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YuebGHoe mocodue COOTBETCTBYET YUeOHBIM TTaHaM IMOJTOTOBKHU Oa-
KaJIaBpOB 110 MEXAHUYECKHUM CIEIHAIIBHOCTSIM TEXHUYECKUX BY30B. [loco-
oue BrirouaeT 10 rnaB mo oOmieil Teopuu MaliMH U MEXaHU3MOB. MoxeT
OBITh KCIIOIB30BAHO B JIOOOM TEXHMUYECKOM BY3€ IMPHU YTCHUU JICKIHH MO
mucruinHaM « Teopust MexaHu3MOB B MaIuHy, «IIpukinagHas MexaHuka»
1 «TexHnueckass MEXaHUKay.

[TpennaraemMslii moco6ue BKIIOYACT TPU YACTH:

- CTPOCHHE MAIIUH U MEXaHU3MOB (2 riaBbl);

- TEOpHUS MEXaHU3MOB (3 TJ1aBkbl);

- ITMHAMHKa MaIiyH (5 r1aB).

B omimuue ot cymecTByromeid yueOHOM JIUTEpaTypsl B IUHAMHYE-
CKUX pacyeTax IIMpe HCIOJIb3YIOTCS BEIWYUHBI MEPEaTOUYHBIX OTHOIIIE-
HUW MEXaHM3MOB, MPHUBEJIEHA METOJIMKA TUHAMUYECKOTO pacueTa MallluH
HETMEPUOINYECKOTO JACHCTBUS C IBUTATENSIMUA B BUJIE TUJIPO- U TTHEBMOIIU-
JUHAPOB, PACCMOTPEHO BIMSHUE YIPYTOCTH 3BEHBEB HA KOHCTPYKIIUIO
MaIIUHBI (3alIUuTa OT MEPETrPy30K), a TAKKe, MPUBEICHO OMMCaHue KoJjieOa-
HUW MalIvH Ha pyH/IaMeHTe (BUOPOU3OJISALINS).
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IpeauciaoBue

OpHoll U3 OOIIEUHKEHEPHBIX TUCHUIUIMH, KOTOpPhIE U3Yy4aroT CTY-
JIEHTBHI BTOPBIX-TPETHUX KYPCOB MEXaHMUYECKHX CHEIMATbHOCTEH BBICIIHUX
TEXHUYECKUX YUeOHBIX 3aBeACHUH, siBisieTcss «Teopuss MEXaHU3MOB U Ma-
mMUHY». 3HAYeHUE HTOW JUCUUIUIMHBI B (OPMHUPOBAHMM HHXKEHEpa-
MEXaHHKa 3a TMOCIEIHEE BpeMsl HUCKOJIbKO HE YMEHBIIWIOCh, OJHAKO €€
00BeM U3 TOJla B TOJ 3aMETHO YMEHBINIACTCS B COOTBETCTBUU C HOBBIMH
y49eOHBIMU IIaHAMHU. DTO OOBSCHACTCS BBEICHUEM HOBBIX TUCITUTIINH, Ta-
KHX Kak WHGOPMATHKA, 3aIIUTa YKOJIOTHIECKOW CPEeIbl U JIp., YTO KU3HEH-
HO HEOOXOAMMO, HO UTO B TO K€ BpeMs TpeOyeT mepecMoTpa Coaep KaHus
kypca TMM TtakuMm 00pa3om, 4YTOOBI €ro COKpAaIllEHHE HE CKa3aioch Obl Ha
€ro 3HaYUMOCTH B YCJIOBHSIX OBICTPO PacTylIEro OOHOBJIEHUS COBPEMEH-
HOU TEXHUKH.

Kypc TMM ycnoBHO HIenUTCS Ha TPU YacTU: TEpBasi MOCBSIICHA
CTPOEHHUIO MallIMH ¥ MEXaHU3MOB, BTOpas U3y4aeT reOMETPUI0, KHHEMAaTH-
Ky ¥ CWJIOBBIE COOTHOIIIEHUS OTAEIbHBIX MEXaHU3MOB, TPEThSI pacCMaTpU-
BaeT BOMPOCH! AMHAMUKMA MallnH. BTopas U TpeTbs 4acTh 3aHUMAIOT OC-
HOBHOI 00bEM Kypca, OJTHAKO B MOCJIETHEE BPEMs TPEThEl 4acTH, TO €CTh,
JMHAMHUKE MaIlluH, yAeJseTcs Bce 00Jblliee BHUMaHUE. JTO CBA3aHO C TEM,
YTO OOJBIIMHCTBO COBPEMEHHBIX MAIIUH SIBJISIOTCS BBICOKOHATPY>KCHHBI-
MU CKOPOCTHBIMH MEXaHUYECKHMMHU CHUCTEMaMH C Majoll MeTaJUI0eMKO-
CTBhIO, ¥ TIPU CO3JIaHUM U IKCIUTyaTallMy TaKUX MalluH COBPEMEHHBIN WH-
YKEHEp JOoJKeH 00J1aaTh OCHOBaAMU 3HAHUM MO TUHAMUKE UX (PYHKIIMOHU-
pOBaHUsI, BKJIIOYAs CIOJIa U YIPYTOCTh UX 3BEHbEB, U BUOPOUZOJIAIIUIO.

Hcxons m3 3TOro, B HACTOSAIIEM Yy4eOHOM IOCOOMH YacTh Kypca
TMM, n3yuaromas TMHAMHUKY MallMH U YYUTHIBAIOIIAs COBPEMEHHBIE Tpe-
OOBaHMS TEXHUKH, COOTBETCTBEHHO YBEJIWYECHA B 00BbEME. DTO CIEIAHO 32
CUET TEOPUU MEXaHU3MOB, OTKY/a UCKIIIOUEHBI HEKOTOPBIE TPAIUIIMOHHBIC
TUAAKTUYECKUE TMOAPOOHOCTH, yTpaTUBIIKME CBOE 3HaueHue. Bech Kypc,
TakiuM 00pa3oM, HalleJIeH K €ro BepIlnHe — TMHAMUKE MallluH, KOTopas 3a-
HUMaeT oKoJio 25 % ero oobema.
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BBenenune. O01me moJiokeHus

Kypc «Teopust MEXaHU3MOB U MAILIMH» SIBJISIETCA OOLIEUHKEHEPHBIM
KypcoM, KOTOPBIA HM3y4aeTcs B JIIOOOM MAaIIMHOCTPOUTEIBHOM By3€, HHO-
raa ¢ HeOONbIIMM U3MEHeHHueM o0bema u npodunusanuu. Hampumep, B
TamKeHTCKOM TOCy/1apCTBEHHOM aBUAlMOHHOM MHCTUTYTE 3Ta JTUCLUILIIN-
Ha M3Yy4yaeTcsl Ha BTOPOM Kypce, B BUJE JIEKIUI, TPaKTUUECKUX U J1Jabopa-
TOPHBIX 3aHATUN; KPOME TOTO, BBIIIOJIHAETCS KypCOBOM MPOEKT IO MPOEK-
TUPOBAHUIO MEXAHU3MOB JIETATEJIBHOTO almapara Wil Kakoi 1o TeXHO-
JIOTUYECKON MAIIMHBI, IPUMEHSAEMON TP €ro Mpou3BoAcTBE. UTo Kacaercs
npo(UIN3aUH JEKIIMOHHBIX U MPAaKTUYECKUX 3aHATHI, TO MHOTHE IIpUMe-
pBl MEXAHU3MOB JIAIOTCS U3 JIETATENIbHBIX allapaToB WIM U3 000pyI0Ba-
HUS1, UCIIOJIB3YEMOI0 MPU UX MPOU3BOJICTBE.

Takum o6pazom, TMM — 3710 Hayka 0 MammHax BooOIlIe, O€30THO-
CUTENBHO X (YHKIHMOHAIBLHOrO HazHaueHus. Huxke Oyner mokasaHo, 4ToO
BCE MAIIMHbl UMEIOT MOYTU OJIMHAKOBOE CTPOEHUE, HE YCTPOMCTBO, HO —
CTPOEHHUE, TO €CTh OCHOBOIIOJIArarolas CTPYKTypa BCEX MAIllUH MpaKTHYe-
CKU WJECHTUYHA.

PaccMmoTpuM, 4TO Takoe MallMHa, MEXAaHU3M M Y€M 3aHUMAETCs MX
Teopus. bysaem cuuTarh, 4TO MallMHA — 3TO YCTPOMCTBO, COBEpLIAIOIIEE
MOJIE3HYI0 MEXAaHUYECKYI0 paldoTy Ui oOjeryeHus: (pU3sM4eckoro u ym-
CTBEHHOT'O TPYJla YEJIOBEKA U IOBBIIIEHUS €ro npousBoautTenbHocTH. Co-
IJIACHO 3TOMY OIPEJEICHUIO SKCKAaBaTOp — 3TO MAIlMHA, a KOMIBIOTEP HE
SBJIIETCS MAIIMHOM, TaK KaKk HE MPOM3BOAMT HE MEXaHUYECKYIO padoTy.
BOBIIMHCTBO MalIvH MOBBIIIAKOT POU3BOAUTEIBHOCTD TPYZAa YEJIOBEKA B
JIECSATKH U COTHU pa3, HO ObIBAIOT U MCKJIIOYEHMS, KOI/Ia MallMHa CO3JaeT-
Csl JUIsl COBEpIUEHUsI padOThl BHICOKOM TOYHOCTH, HEJOCTYITHOM YEJIOBEKY,
WM 17151 paOOThI B OMACHBIX ISl UEJIOBEKA Cpeax.

MexaHu3M — 3TO COCTaBHas 4acTh MallMHbBL. BoOT camoe oOuiee
ONpeJeNeHre: MEXaHU3M — 3TO CHCTeMa Tell, coBepuiatrouias Tpedyemble
InBKeHudA. Takke Kak M B MalluHE, 3/1eCh MOJYEPKHYT MPU3HAK IIEJIECO-
00pa3HOCTH, TO €CTh, MEXaHU3M — 3TO HE MPOCTO HA0Op KaKUX-TO JIeTajeH,
HO CHCTEMa JUJIsl COBEPILIEHUS ONPEIEICHHBIX 3a/IaHHbBIX JIBH)KCHHM.

TMM wu3zydaer OCHOBBI CTPOCHHS, (PYHKIIMOHUPOBAHUS U TPOCKTH-
pPOBaHMUS MEXaHU3MOB M MAalllMH HA YPOBHE CXEM. JTa JUCUMUIUINHA YCIOB-
HO JIEJIUTCS HA TPU YacTH:

- CTPOEHME MAIllH U MEXaHU3MOB;

- TEOpHsI MEXaHU3MOB;

- JMHaMUKa MalllVH.
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Yacrs |. CTpoenne MalmuH ¥ MEXaHM3MOB

I'naBa 1. Ctpoenne MammH
§1.1. Biok-cxeMa MalIMHBI

biiok cxema — 3TO 4epTexk, COCTOSIINNA U3 OKPYKHOCTEH WIIN KBaJ-
paToB, coenMHEHHBIX cTpenkaMu. Ha puc. 1.1 o0o3HaueHne 3TUX KBaapa-
TOB CJIEYIOLIHE:

1 — mexanu3M asurarens (31ech U gainee OyAyT paccMaTpUBaThCS
TOJIKO MEXaHWYECKHE YacTH MallMH). J[BUTaTelb SBIAETCS WUCTOYHHUKOM
MEXaHUYECKON 3HEPruy MaluHbl. BOJBIIMHCTBO MallMH UMEIOT JBUTATE-
JU — JJEKTPUYECKUE, TEIUIOBbIE MM Apyrue. JInme HeOosbLIOe KoJInYe-
CTBO MAalllMH HE UMEIOT JIBUTaTeJIei: 3T0 MAIIMHbI C PYYHBIM WM HOXHBIM
NPUBOJIOM — IIBEHHAs MalllMHA, MscOpyOKa, Benocuren u np. Takue ma-
IIMHBI pacCMaTpHUBaTh HE OyAeM.

2 — mepenaToyHbld Mexanu3Mm. OH CIyXUT ISl IpeoOpa3oBaHus U
nepeauyn JBWKECHHsI OT JBHUIarels K JIpPYyrMM MEXaHHW3MaM MalluHBI.
Hanpumep, kopoOka nepenad aBToOMOOMIIs, KOPOOKa CKOPOCTEN TOKAPHOTO
CTaHKa, peAyKTop camojeTa. ECTb MalluHBbI, T/1€ epeJaTOUYHbI MEXaHU3M
OTCYTCTBYET — AJIEKTPOBEHTHIIATOP, TypOOreHepaTop u JIp.

i -l 2 — 7

_>4

Puc. 1.1

3 — WCHOJHUTENBHBI MEXaHW3M. DTOT MEXaHU3M COBEpIIAeT JICi-
CTBHS COTJIACHO HA3HAUYCHHMIO MAIlIMHBI. ITOT MEXAaHU3M SBJISICTCS CaMOM
[JIABHOM W HEOOXOIMMOW 4YacThIO JIIOOOW MalInMHBI. B MalimHe MOXeET He
OBITh MEPEeAATOYHOTO WJIM KaKOTO-HHUOYIh APYroro MeXaHu3Ma, HO €CIH
HET HUCIOJHMUTEIBHOIO0 MEXaHM3Ma, TO HET W MallMHbLI. VICIIOJTHUTEIbHBIM
MEXaHU3MOM aBTOMOOWJISL SIBIISIIOTCSI BENYIIME Kojieca C TMOJyOCSIMHU U
nuddepeHranoM, s TOKApHOTO WM CBEPIUILHOTO CTaHKA — 3TO IIITHH-
JIeJIb B MOAIIUIHUKAX M MEXAHW3M I0JIa4v pe3la Wiu cBepJia. To ecTh,
MallliHa MOXXET UMETh HE OJIMH, a HECKOJbKO HMCIIOJIHUTEIbHBIX MEXaHU3-
MOB, HAIIPUMEP, IIBEITHAS MalllMHA UMEET TPU UCIOJHUTEIBHBIX MEXaHU3-



Ma: MEXAHU3M WIJIOBOAUTENS, MEXaHU3M HUTEBOJUTENS U MEXaHU3M Iie-
peMeleHus] TKaHHU.

4 — BcrioMorateNbHbI MexaHu3M. OH CoBepIllaeT BCIOMOTraTeIbHbIE
JEUCTBUS: TIO MOrPY3Ke U pasrpyske, ynpaBlieHHio u T.1. HekoTopeie ma-
IIMHBI HE UMEIOT BCIIOMOTATEIbHBIX MEXaHU3MOB, JPYTHE MOTYT UMETh UX
HECKOJIbKO. B aBTOMOOMIIE — 3TO MEXaHU3MbI TOPMOXKEHUS U YIIPaBJICHUS,
MEXaHU3M CTEKJIOOYMCTUTENIS; B TPY30BUKE CaMOCBaje — MEXaHU3M OIPO-
KUJIbIBaHUS Ky30Ba U T.]I.

§1.2. Buasl mammn

[1o Ha3HAYEHUIO PA3IUYAIOT CJIEIYIOUIME BUIbl MAILIMH:

- DHEPreTHYECKHE;

- TPaHCIIOPTHBIE;

- TEXHOJIOTMYECKUE;

- KUOEepHETUYECKHUE.

DHepreTuyeckue MallMHbl COBEPLIAIOT IOJE3HYI0 MEXaHMYECKYIO
paboTy 1o npeoOpa3z30BaHUI0 MEXaHUYECKOW SHEPTUM JIBUraTels B Jpyrue
Buabl 3Hepruu. Hawmbonee pacmpocTpaHeHbl MallUMHBI JJS MOJIYYEHUS
AIIEKTPUYECKON SHEPTUU — 3TO TypOOT€HEpPaTOPhl C BOASHBIMU TYpOHMHAMHU
Ha ['OC, ¢ razoBeiMU WM apoBbiMU TypOuHamu Ha ['POC, nusenbrenepa-
TOPBI MaJIbIX JICKTPOCTAHIMMA. [[Burarenu »Tux MamuH (TypOUHBI WK U~
3€eJIM) COEIWHEHbl C HUCIHOJHUTEIbHBIMU MEXaHU3MaMH (IFe€HepaTopamu)
HaIpsMyto 0e3 neperaTouHbIXx MeXaHu3MoB. [IpakTuuecku marobast sHepre-
TUYECKas MallliHa UMEET BCIOMOTAaTEeNbHBI MEXaHU3M aBTOMATHYECKOTO
MOJIICPKaHUST YacTOTHl BPAIICHUS TJIaBHOTO Bajia MPU U3MEHEHUU Harpy-
30K.

TpaHcnopTHbIE MalllMHBI [TPeIHA3HAYEHBI AJIs TepeMelIeHns 00beK-
Ta U3 OJHOW MO3ULUH B JIPYr'yl0. DTO MOJBEMHbBIE KPaHbl, TPAHCIOPTEPHI,
aBTOMOOMJIN, CAMOJICTBI, TU(MTHI U T.1.

TexHonornyeckue MammHbl MPeoOpa3yloT OOBEKT MpPU TOMOIIU
TEXHOJOTMUECKON omepauuu. DTO MallMHBI JIOOBIX OTpaciieil MpOMBbIII-
JIEHHOCTH, CTPOUTENBCTBA, CEJIbCKOro Xo3siiicTBa. Ha mammHocTpouTtens-
HBIX 3aBOJIaX — 3TO METAJUIOPEXKYIIHUE CTAHKH, Ky3HEUHO-IIPECCOBBIE Ma-
MIWHBI, HA (padpuKax TEKCTHIHHON MPOMBINIICHHOCTH — TKAllKHE CTaHKH,
POBHHUYHBIC, MPSIMIBHBIC U IBEHHBIC MAITUHBI, B CTPOUTEIHCTBE — IKCKA-
BaTOpPbI, OYJIbA03€pbl U OETOHOMEIIAIKU; B CEJIbCKOM XO3SIIICTBE — KOM-
OaifHbI, XJIONKOYOOPOUYHBIE MAIIUHbI, KyJIbTUBATOPHI U Tp. OOBEKTOM IS
TOKapHOTO CTaHKa SIBJISIETCSA 3arOTOBKA, TEXHOJOTUYECKAs orepaiusi — To-
YyeHue, pe3ysbTaT — aetaidb. OOBEKTOM JJIs IKCKaBaTopa SIBISIETCA TPYHT,
TEXHOJIOTHUYECKasl olepaiusl — KOIaHue, pe3ysbTaT — TpaHules: Wik KOTJIO-
BaH JJis1 (yHIaMEHTa.

KubepHetnueckue MalIMHbl BBITOJIHSAIOT MOJE3HYI0 MEXaHHUYECKYIO
paboTy, UMHUTHPYS JABM)KEHHE PYKH ueioBeka. Takue MalIMHbl Ha3blBa-
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I0TCSI pOOOTaMM, MX HMCTOJHUTEIBHBIA MEXaHW3M — MaHUMyaatop. [Ipo-
MBIIJIEHHbIE pOOOTHI UMEIOT TPAHCIOPTHOE Ha3HaueHue (Hampumep, Ie-
peMeleHue U 3arpy3ka JeTalied B TEeXHOJIOTMYECKYI0 MAallMHY) WIH BbI-
MOJIHSIOT TEXHOJOTHYecKne (PYHKIMHU (HAampuMep, CBAPOUYHBbIE HIIM OKpa-
COuHbIe poOOThI). POOOTHI UMEIOT Pa3BUTYIO, HHOTIA, CAMOOOYYAIOLIYIOCS
CUCTEMY YIMPAaBIICHUS C JIEMEHTAMU HCKYCCTBEHHOTO MHTeJIeKkTa. YacTo
pPOOOTHI UCTIOJIB3YIOTCSI B MECTaX, OMACHBIX JJIS YEJIOBEKa: paIuOaKTUBHbBIC
30HBI, TOPSAYUE LIEXU, KOCMOC, MMOJBOIHBIN MUP U TIP.

I'naBa 2. CTtpoeHne MexXaHU3MOB
§2.1. CTpoenne MexXaHU3MOB

YTouHuMm oOIIee orpeielieHne MEXaHWU3Ma, IMPUBEJICHHOE BBIIIE.
MexaHu3M — 3TO CHUCTEMa TeJl, MOABUKHO CBSI3aHHBIX APYT C APYroOM, CO-
BepIiaromas Tpedyemble BIKeHUs. Tella B MexaHn3MaxX Ha3bIBaIOTCS 3Be-
HbSIMU, @ TIOJIBUKHBIE COCIMHEHUS — KHHEMATHYECKUMHU MapamHu.

3BEHO — 3TO OJHA JIETaJlb WJIH KECTKAsl CUCTEMA U3 HECKOJIBKUX CBS-
3aHHBIX JAPYT C IPYTOM JAeTajel, COBepIIarolias OnpeaeIeHHbIE TBUKCHUS
B MEXaHMU3Me. 3BEHbsI U300pAKAIOTCA CXEMAaTHUYECKH, TO €CTh, KOHCTPYK-
11 3B€Ha abcTparupyeTcs, a B €ro CXeMe MOKa3bIBalOTCsl HanboJiee cyuie-
CTBEHHBIC 3JIEeMEHThI. KOHCTPYKIIUM U CXEMBbI 3B€HbEB B HEKOTOPBIX CITy4a-
X CYIIECTBEHHO OTJIMYAIOTCS APYT OT APYyra, U OJTHOM W3 3aJlay WHKEHEepa
ABJISIETCS YMEHHUE BUJIETh IO/ KOHCTPYKIHEHN 3BEHA ero cxemy. Ha puc. 2.1
MOKa3aHbl CXEMbI 3y04aToro KoJjiecCa M OJHOTO M3 3BEHHEB CTEPIKHEBOTO
MexaHu3Ma — maryHa. CaMbIMU TJIaBHBIMH 3JIEMEHTaMu 3y04aToro Kojeca
SBJISTFOTCSI 3yO4aThIi BEHEIl, TUCK U CTYIHIIA, YTO U OTPAKAETCA B CXEMeE, a
y IIaTyHA TJIaBHbBIEC JIEMEHTHI — CTEPKEHb U JIBa OTBEPCTUS ISl COeIUHE-
HUS C IPYTUMU 3BEHBIMMU.

Kunemarnueckas napa — 3TO MOJBUKHOE COEAUHEHUS IBYX KOHTaK-
TUPYIOIIMX 3BeHbEB. VX knaccudukaius OyaeT paccMorpeHa B §2.2.

Kaxnoe 3BeHO B MeXaHU3ME UMEET KOHKPETHOE Ha3HAYEHUE C TOUKU
3pEHHS CTPOCHUSI MEXaHU3MOB.

B mexanu3zmax pa3inudaroT BXOJHBIE, BRIXOIHBIE U TPOMEXKYTOUHBIC
3BeHbsl. KpoMe TOro, Ka)XJplii MEXaHH3M HUMEET TOJIbKO OJHO HETIOJIBHXK-
HOE 3BEHO (KOpIyC, CTaHWHA, OCHOBaHHWE), HA KOTOPOM MOHTUPYETCS BCS
CHUCTEMA MOJIBUKHBIX 3BEHBEB. DTO 3B€HO HA3BIBACTCSI CTOUKOM.

BxoaHoe 3BEHO — 3TO 3BEHO, IOJIyYarOUlee JBHUKEHUE H3BHE.
Hampumep, K 5ToMy 3BeHY MOXET OBITh TIOJIBEICHO JBWKEHUE OT JBUTATE-
751 MamuHbl. Kak mpaBuiio, MeXaHU3M UMEET OJHO BXOJHOE 3BEHO, HO OblI-
BAIOT W UCKJTFOYCHHUS, O YeM OYET CKa3aHO HUXKE.
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Puc. 2.1

BrixogHoe 3BeHO coBepiiaeTr TpeOyemMoe IBIKEHHE, TO €CTh, TO
JIBUOKEHHE, JJISI KOTOPOTO M CO3/1aH ME€XaHU3M. MEXaHU3M MOKET HMETh
OJHO WJIM HECKOJBKO BBIXOJHEIX 3BCHBLCB.

[IpomMexyTOUHbIEC 3BEHBSI COCUHSIIOT BXOJTHOE U BBIXOJIHOE 3BCHBDSI.
HxX MOXeT OBITh HECKOJIBKO, OHO MOKET OBITH OJHO M €CTh OOJIBIIOE KO-
YECTBO MEXAHU3MOB, HE HMEIOUIUX ITPOMEXKYTOUYHBIX 3BEHBLEB, TO €CTh,
BXOJHOE 3BEHO HEMOCPEJCTBEHHO CBS3aHO C BBIXOJHBIM, Harpumep, 3y0-
yaTas rnepejaya, cojepikaiiasi BXOJHOE W BBIXOJHOE 3yOuaTthbie KoJieca.

§2.2. Knaccupukanusa KHHeMaTHYEeCKHUX Map

byneMm paznnyaTh KWHEMAaTHYECKHE NAPHI [0 YUCITY CBSA3EU, KOTOPbIE
OHA HAKJIQJIbIBAlOT Ha JBM)KEHHWE 3BEHA. 3BEHO B IPOCTPAHCTBE HMEET
IIECTh CTEIEHEH CBOOOJBI, TO €CTh, IIIECTh BO3MOXKHBIX JIBHKCHUH B J€-
KapTOBOM CHCTEME KOOpAWHAT. ECIIM 3TO 3B€HO COCAMHUTH C APYTUM IPHU
MOMOIIIM KMHEMATUYECKOW Maphl, TO HA €r0 BO3MOKHbBIC JBHXKCHUSI OyayT
HAJIOKEHbl OTPAHUYCHUA. OTH OTPAHWYEHUS] HA3BIBAIOTCS CBS3SIMM, a
OCTaBIIMECH JBHXXEHUS — MOABMKHOCTAMH. CymMMa 4uclia CBSI3€M M TO-
JBIDKHOCTEH paBHa mectu. KuneMatuueckue napbl KJacCUPUIUPYIOTCS IO
KJIaCCaM B COOTBETCTBUU C YHUCJIOM CBS3E€H, HANPUMEpP, KUHEMAaTUYEeCKas
napa, KOTopasi HaKJIaJIbIBa€T OJIHY CBSI3b Ha JIBUKCHUE 3BEHA SIBJISIETCS KU-
HEMAaTUYECKOM IMapoW MEpPBOro Kiacca, IMpU JIBYX CBA3SX — KMHEMaTH4e-
CKOM mapoy BTOPOro Kjacca u T.1.

B Tabaune 2.1 nmpuBencHa Takas KiacCU(pUKAIASI KHMHEMAaTHUYCCKUX
nap U JaHbl IPUMEPHI UX BUJIOB U KOHCTPYKTUBHOTO BBIMOJHEHHUS], HAPU-
Mep, KHHeMaTH4ecKas 1apa TPeThero Kiacca MOXKeT OBbITh Ha TOJBKO c(e-
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PUYECKOM, HO M IUIOCKOCTHOM M MMETh Pa3JIMYHble KOHCTPYKTHMBHBIE HC-
MTOJTHEHUSL.

PaccmoTpum Tabnuity nojnpoOnee. KunemaTudeckasi mapa mepBoro
KJIacca HAaKJIaJbIBAE€T OJHY CBS3b HA JIBH)KCHUE 3BEHA, OCTABIISAS €MY MSTh
BO3MOXKHBIX JIBIDKeHHU. B Tabnuie npuBeaeH npuMep Takol KuHeMaTuye-
CKOW Tapbl, KOTOpPasl HA3bIBAETCS «IIAP-TJIOCKOCTH», U BAPUAHT €€ KOH-
CTPYKTUBHOTO BBITIOJTHEHUSI B BUJE KPYTJOrO CTEPKHA CO chepruyecKum
KOHIIOM, KOHTAKTUPYIOIIETO C PhlYaromM, MMEIOIINAM IUIOIMIAJAKY Ha KOHIIE.

YacTtu 3BEHBEB, BXOJAIIME B KOHTAKT B KHMHEMATHYECKOM Tape,
HAa3bIBAIOTCS 3JIEMEHTAMU KHHEMATUYECKOW Mapbl. B JaHHOM cityyae — 310
map M IIoCKocTh. B TaOnuile mokaszaHbl MSATh MOJBUKHOCTEH, TO €CTh,
IIATh BO3MOKHBIX JIBUKCHHMN CTEpPKHSI OTHOCUTEIIBHO pblUara: BpalllCHUE
BOKPYT TPEX JEKAPTOBBIX OCEW U MEPEMENICHUE BIOJIb ABYX TOPU30HTAIb-
HbIX ocell. [lepemMelieHre BHOJIb BEPTUKAIBHOM OCU BHHM3 OTIPAHUYEHO
IUIOIIAJKOM phlyara, IOIbITKA IIEPEMEILIECHUSI CTEPKHS BBEPX MPUBOIAUT K
VMCUE3HOBEHUIO KMHEMATUYECKOUN mapsl. B mocneaHen KoJIOHKE IPUBEAECHO
cXeMaTH4eckoe M300pakeHHe ITOW KMHEMAaTH4EeCKOM mapbl, KOTOPOE HC-
IIOJIb3YETCS IPU U3YUYECHUU CTPOCHUS U KUHEMATUKU MEXaHU3MOB.

Kunematnueckas nmapa BTOPOTO Kjlacca HAKJIAJbIBAET JABE CBSI3U Ha
JIBIKEHUE 3BEHA, OCTABJISISI €MY YEThIpe MOABUXKHOCTHU. B Tabiuiie mpuse-
JICH TIPUMEP KUHEMAaTUYECKOW Maphbl, KOTOpAas HA3bIBAETCA «IMJIWHJP-
IJIOCKOCTh». KOHCTPYKTHBHOE BBINOJHEHUE JTOM IMApbl AHAJIOTUYHO
npeabIayed, HO BMECTO IUIMHIPUYECKOTO CTEPKHS CO ChepuuecKuM
KOHIIOM, 3J€Ch MPUMEHEH MPU3MATUYECKUN CTEPKEHb C LIUIMHIPUUYECKU
3aKpYIJIEHHBIM KOHIIOM. JTa KMHEMAaTH4YECKasl Iapa OCTAaBIAECT CTEPKHIO
YETHIPE BO3MOXHBIX JABH)KEHUS OTHOCHUTEIBLHO HWKHETO phlyara: ABa Iie-
pEMENIEHUs] BAOJIb TOPU3OHTAIBHBIX OCEW, BpPAlllEHHE BOKPYI BEPTHUKAJIb-
HOW OCU ¥ TIOBOPOT BOKPYT OJTHOM M3 TOPU3OHTAJIBHBIX OCEU, IIOBOPOT BO-
KPYTr' BTOPOM TOPU30HTAIIBHOM OCU HEBO3MOXEH, TaK KaAK KOHTAaKT 3BEHHEB
OyZeT HapyIeH.

KunemaTnueckasi mapa TPETbETO KJIacCa HAKJIAJAbIBAET TPU CBSI3HU Ha
3BE€HO U OCTABJISIET EMY TPU BO3MOKHBIX JIBUKEHUS OTHOCUTEIBHO JAPYrOro
3BeHa. O1Ha U3 Takux map — 3To chepuueckas wiu mapoBoi mapuaup. [lap
Ha KOHIIE BEPXHEro 3B€Ha, KaK MOKa3aHO B TaOJuIle, BXOJUT BO BHYTPECH-
HIOIO cpepy Ha KOHIIE HUKHETO 3BeHAa. KOHCTPYKTUBHO ATO BBIMOJIHSIETCS
Pa3IMYHBIMM CIIOCOOaMU, HO IPUHIIMIT UMEHHO Takoi. BepxHee 3BeHO MO-
JKE€T MOBOPAYMBATHCS BOKPYT TPEX AEKAPTOBBIX OCEH.

Kunematnueckas mapa 4eTBEpTOTO KJIacCa HAKJIAAbIBAECT YXKE YEThI-
p€ CBS3U, OCTaBJISAS 3BEHY JIUIIb JBE MOABMKHOCTU. OHA U3 HUX — LWJIAH-
npudeckasi. KOHCTpYKTUBHO 3TO MOXET ObITh 0(OPMIICHO TaK, Kak TMOKa-
3aHO Ha PUCYHKHU B TaOJHIIE — KPyTJiasg CKaJKa BXOJUT B IMUIMHIPUIECKOEC
OTBEpPCTUE pblUara. Peuar MOXKET HE TOJIBKO JIBUTATHCS BIIOJb CKAJKH, HO
Y [IOBOPAYMBATHCS BOKPYT HEE.
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Tabmuma 1.1

Kiacc

Ha3sa-
HHUE KH-
HEMaTH-
YEeCKOH
apsl

CBS3EH
o-

Yucno
TIBMDKHOCTEN

Hucno

OO01mmit BU
KHMHEMaTH4e-
CKOM Iapbl

Bo3MoxkHbIC
JIBHKCHUS
OJIHOT'O 3BCHA
OTHOCHUTEIb-

HO JIpyroro

Cxema KuHe-
MAaTHUYECKOU
napbl

[Tap-
IJ10C-
KOCTh

Cepu-
gyecKas

[nnuH-
Apu-
yeckas

ITocry-
naTesb-
Has

Vi

Bpama-
TeJIbHAA

S habaPaPIP

;;;;/

Kunemarnueckas mapa msaToro Kiacca, KOTOpas HAaKJIAAbIBACT Ha
3BEHO MSATh CBS3€M, OCTABIISIL EMY TOJBKO OJHY MOJBUXHOCTh, IPUBEICHA
B TA0JIMIIE B IBYX Pa3HOBUAHOCTAX — IMOCTYyNAaTeNIbHASI U BpalllaTeabHasl.

KOHCTpYKTHBHOE BBINOJHEHNE MOCTYNATEIbHOM Naphl, MOKAa3aHHOE
B Ta0JIMIIe, PE/ICTABICHO B BUJIE€ COEIMHEHMS JIBYX 3BE€HBEB IPU MOMOIIH
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MPU3MATUYECKUX HAIMPABIIAIOUIMX, B PE3YIBTATE YETO JIOMYCKAETCS TOJIbKO
JBUKEHUE OJTHOTO 3BEHA BJOJb APYroro (Hampumep, HampaBIIsSIFOIIUME Me-
Taui000pabaThIBaONIMX CTaHKOB). CxeMaThyeckoe H300pakeHHe TaKou
napbl MOXKET OBITh Pa3jIMYHBIM B Pa3HBIX MeXaHU3Max. B ciiydae cTepkHs
B HANpPAaBJISIIONIMX HEMOJBMKHOTO 3BeHA (HEMOJBM)XHOE 3BEHO IMOKa3bIBa-
eTCs MOAIITPUXOBKOM) MHOTIa 100aBISIETCS CTPENKa, MOKa3bIBAIOIAs, YTO
CTEPKEHb MOXKET JBUTaThCA TOJBKO IMOCTYHATEIbHO BIOJIb HAMPABIISIO-
e, HO, KaK MPaBWIO, CTPEJIKU OTCYTCTBYIOT, TaK KaK BO3MOXKHBIE JIBH-
YKEHUSI 3B€HBEB MOHSITHBI U3 CXEMbI MEXaHU3Ma.

BpamarenbHass kuHeMaTtuueckas mapa ISITOrO Kiacca MokKa3aHa B
BUJIC IIWIMHIPUYECKOTO IIAPHHUPA, HO 3TO MOKET ObITh W Baj B MOJIIUM-
HUKaX. JTa mapa JOMyCcKaeT TOJIbKO OJHO JBH)KEHHE 3B€HAa — MOBOPOT OJI-
HOTO 3BEHAa OTHOCUTEIBHO JIPYTOro Ha IIAPHHUPE WM BpaIllCHHE Bajia B
noAmunHUKax. CXembl BpallaTelIbHOW Mapbl pa3IudHbl B 3aBUCUMOCTH OT
€€ UCITOJTHEHUS.

[IpuBenennas kmaccuukaius BKIOYAET MPAKTUYECKH BCE KHHEMA-
TUYECKUE Maphl, UCTIOJIb3YIOLIUECS B MEXaHU3MAX.

B Hamem kypce Mbl OyZieM U3y4aTh B OCHOBHOM IUTOCKHE MEXaHHU3-
MBI, JJIsI KOTOPBIX yIOOHO MOJIB30BaThCsl MHOM Kiaccudukanuent. [lnockue
MEXaHHU3MbI — 3TO T€, B KOTOPBIX 3BEHbsS JIBUKYTCS B OJHON WJIA Hapaj-
JeIBHBIX MIOCKOCTSX. Hanmpumep, kopoOka nepenay aBTOMOOWIS UKW KO-
poOKa CKOpOCTEH TOKAPHOIO0 CTaHKA MMEIOT HECKOJBKO PSAJIOB 3y04aThIX
KOJIEC, HO BCE OHU HAXOJSTCSl B MapauIeIbHBIX IIOCKOCTSX, MTOATOMY ATU
MEXaHU3MBbI SIBJISIFOTCS TJIOCKUMU HE3aBUCUMO OT MX IIUPHUHBI.

OTnenpHO B34TO€ 3BEHO B IJIOCKOCTH MMEET TOJBKO TPU CTEIEHU
CBOOO/IbI WJIM TPU BO3MOXKHBIX ABHMXKEHUS — MEpEeMENIeHUEe BIO0JIb ABYX KO-
OpJIMHATHBIX OCEH W MOBOPOT B IJIOCKOCTU. [[03TOMY, BBIIENIPUBEICHHAS
Kiaccu(ukaiysa KHHEMaTHYECKUX Iap B TOM cllydae HEMPUMEHHUMA. 37eCh
OyZieM HUCIOJIb30BaTh JEICHUE KUHEMATHUYECKHX IMap Ha HUBIINE U BBIC-
muve. B Hu3meln KMHEMAaTHYeCKON Mmape KOHTAaKT 3BEHbEB IMPOUCXOIUT I10
MMOBEPXHOCTH, a B BBICIIEH — B TOUKE WM 1O JIMHUU. C 3TOW TOYKH 3pEHUS,
kuHeMaTtuueckue maphl | u |l kmaccoB u3 Tabmuiel 2.1 SBISIOTCS BBICIIH-
MU, & OCTaJIbHbIE — HU3LIUMH.

Ha puc. 2.2 noxa3aHel KMHEMAaTUYECKHE IAPbI, HUCIOJIb3yEMBIE B
IJIOCKUX MexaHu3Max. Ha puc. 2.2a uzoOpakeHa HU3IIAs BpallaTeibHas
OJIHOTIOJIBIKHAS KHWHEMaTHYeCKasl Iapa; OHa JIOMYCKAaeT TOJBKO OJIHO
JBI)KEHHUE 3B€HA — MOBOPOT OTHOCUTEILHO JAPYroro 3BeHa. Puc. 2.20 u3006-
pakaeT HHUBIIYI TOCTYNATEIbHYI OJIHOMOJBIKHYIO KHHEMAaTHYECKYIO
napy, TJi¢ 3B€HO MOXET COBEpIIaTh TOJBKO MOCTYIATEIbHOE JIBUKEHUE
OTHOCHUTEJILHO IPYTOro (B JAaHHOM CJIy4ae — HEMOABUKHOIO0) 3BEHA.
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Puc. 2.2

Ha puc. 2.2B npuBeeHa BbICIIas JBYXMOABHKHAS KMHEMATHYECKas
napa, JOIyCKarolIas ABa IBWKEHUS (MOCTyHaTebHOE U JIBUKEHUE MOBO-
poTa) OJIHOTO 3B€HA OTHOCUTENIBHO JIPyroro (B JaHHOM Ciyyae — HEIMo-
JBIDKHOTO). 3aMETHM, YTO Takas KWHEMaTHYecKas Iapa B OCHOBHOM HC-
TIOJIB3YETCSI B KYJIAYKOBBIX M 3y0UaThIX MEXaHU3MaX.

§2.3. CxemMbl MeXaHM3MOB, H3Y4YaeMbIX B Kypce

KoHcTpyKkTHBHOE pazHOOOpa3ue MEXaHU3MOB B COBPEMEHHBIX Ma-
IIMHAaX BEJIUKO. PaznuuaroT cienyromuye BUabl MEXaHU3MOB:

- CTEpPKHEBBIE;

- KyJIAYKOBBIE;

- 3y0yaThie;

-(pPUKITMOHHBIE;

- ¢ TMOKMMH CBSI3SMU (B OCHOBHOM — 3TO LIETIHbIE U PEMEHHBIE Iepe-

Jaun);

- MEXaHU3MbI POOOTOB;

- CIIeLIMAJIbHBIE.

Hauboinee ynotpeOUTENIbHBIMU B MAILIMHAX SIBJSIOTCS MEPBHIE TPU
BHJIa MEXAHU3MOB, IIO3TOMY OHH M U3y4aroTcs B Kypce TMM.

Ha puc. 2.3a mokazaHa cxema OJHOTO M3 BO3MOKHBIX CTEP>KHEBBIX
MexaHu3MoB. HenoasmxHoe 3BEHO (CTOMKAa) 3TOr0 MEXaHU3Ma IOKAa3aHO
HE IEJIMKOM, a TOJBKO B TE€X MECTax, IJie OHO 00pa3yeT KMHEeMaTH4eCKue
napbl C HOJBHKHBIMU 3BeHbsIMU. [losTOMy, He ciienyer 3a0bIBaTh — He-
CMOTpS Ha TO, YTO KOJMYECTBO ()parMEHTOB HEMOABMKHOTO 3BEHA, BbIJe-
JICHHBIX MOAIITPUXOBKOM, MOXKET ObITh pa3IMYHBIM B CX€MaX MEXaHU3MOB,
3TO HE 03HAYAET, YTO HEIMOJBM)XHBIX 3BEHBEB HECKOJBKO — OHO BCEr/a OJI-
HO. 3BEHbS MEXaHMW3MOB 0003HAuUalOTCs apaObCKUMU LUPpaMH, CTOHWKA —
HYJIEBOE 3BEHO M Ha cxeme He oOo3Hauaercs. llepBoe 3BeHO — 3TO, Kak
MpaBUiIO, BXOJHOE 3BEHO, BBIXOJIHOE OOBIYHO 00O3HAYAETCs MOCIEAHUM
HOMEPOM.

Kpome Toro, y BXOJHOTO 3B€Ha OOBIYHO MOKA3bIBAETCS CTPEJIKa, TO
€CTh, TO JABWKEHHUE, KAKOE MOJABOJIUTCA K HeMy u3BHE. KuHemaruueckue
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napbl 0003HAYAIOTCS 3arjiaBHbIMH JIAaTUHCKUMHU OykBamu. U3 puc. 2.3a
BHJTHO, YTO MEXAHU3M UMEET TPU ITOJABIKHBIX 3B€HA U OJTHO HEIOJIBUKHOE,
TO €CTh, SBJIACTCS YETHIPEX3BEHHBIM. MEXaHW3M HMMEET 4YeThIpE HU3LINE
KMHEMaTUYECKUE Iapbl — JIBE BpallaTelabHble B TOUKax A u B, u 1Be B TOY-
ke C — BpalaTeNnbHyIO U MOCTYNAaTENbHYIO.

Ha puc. 2.36 npuBeseHa cxema 0OHOTO U3 KyJIauYKOBBIX MEXaHU3MOB.
OTO TOXKE YETBIPEX3BEHHBI MEXaHU3M C TPEMs INOJABH)KHBIMU 3BEHBSIMHU
(BXOZHOE 3BEHO MEPBOE — KYJAYOK), TPEMS HU3UIMMU KUHEMATUYECKUMH
napamu B Toukax A, B u C u oxHoli Beiciuell B Touke K (KOHTaKT Kyjayka
C POJIUKOM).

Puc. 2.3

Ha puc. 2.3B cxemarnuecku MoKa3aH OJUH U3 3yOUYaThIX MEXaHM3-
MoB. IlepBoe u TpeThe 3BEHO (BXOAHOE W BBIXOAHOE) SIBISIOTCS OJUHAP-
HBIMU 3yO4aThIMU KOJIECAMH, a BTOPOE 3BEHO — 3TO CABOEHHOE 3y0uaToe
KoJieco (OJOK-TIECTepHs) C ABYMSI pa3HbIMH 3yO4aThiMU BeHIaMH. KuHe-
MaTHYECKHE Mapbl B 3y0UaThIX MEXaHU3Max HE 0003HAYaI0TCS.

§2.4. Yucso creneHei cB000abl MEXAHU3MOB

[TonsiTHe ymcna creneHed CBOOOIB MEXaHHW3MOB CBSI3aHO C MUHU-
MaJbHBIM KOJMYCCTBOM BapHUAHTOB JIBM)KCHHS €ro 3B€HbEB. UTOOBI B 3TOM
pazo0paTrbcsi pacCCMOTPHUM JIBa CTEPIKHEBBIX MexaHu3Ma. Ha puc. 2.4 moka-
3aH CTEPKHEBOW MEXaHHM3M C TPEeMsI ITOBMKHBIMHU 3BCHBSIMHU.

[ToBepHEM BXOAHOE 3BEHO Ha yroJi ¢ 1 (WJIU, TOBOPST, COOOIINM 3Be-
HY HE3aBHUCHUMYI0 KOOPJIWHATY). JTa KOOPJAMHATA BIOJIHE OMpPENEIseT IMO-
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3uIuio nepBoro 3seHa — AB’. [1on0eHust IByX OCTaJIbHBIX 3BEHBEB JIETKO
HaxOJISTCS METOJIOM 3aceuek: u3 Touku B’ nmpoBonum ayry paaumycom BC,
u3 Touku D — nyry paguycom CD. B mepeceueHun 3THUX JyT HaXOIUTCS
touka C’, coequHuUB ee ¢ ToukaMu B’ u D HaiigemM HOBBIE ITOJIOKEHHUS BTO-
pOTO U TPETHETO 3BCHBLEB.

Puc. 2.4

N3 ckazaHHOTO ClieTyeT BBIBOJ: ISl TOrO, YTOOBI OJHO3HAYHO OIpe-
JICJIATH MOJIOKEHNS BCEX 3BEHbEB MEXaHMW3Ma JOCTATOYHO 3aJaTh OJHY He-
3aBUCHUMYIO KOOpAUHATY. Takoi MEXaHHU3M SIBJISIETCS MEXAHU3MOM C OJTHOU
CTeneHbto cB0OOJbI. OH MMEET TOJBKO OJIHO BXOJHOE 3BEHO, B JAHHOM
ciy4dae — 3BeHO 1.

VYcnoxxHUM MeXaHu3M, J00aBUB K HEMY €lIe OJHO 3BEHO (puc. 2.5),
U MOMnpoodyeM cienaTh TO ke, 4To ObLI0 onucaHo Boiie. [loBepHeM nepBoe
3BEHO Ha YroJl (He3aBUCUMYIO KOOPJIMHATY) (1 U TMOMPOOYyeM OMpeneTuTh
ITOJIOKEHMS 3BE€HbEB 2, 3 U 4. HeTpyaHO BUIETH, UTO 3TO HEBO3MOXKHO, TaK
KaK METOJIOM 3aC€4Y€K HEJIb3sl HAMTU HOBbIE Mo3uluu aAByX Todyek C u D.
YToOBI ONpeAeIUTh MO3UIIUU ITUX 3BEHbEB, HEOOXOIUMO 3aJ1aTh €IIIe OJHY
HE3aBUCUMYIO0 KOOPJAMHATY, HAapUMEp, yrojl mOBOpPOTa 3BE€HA 4, KaK 3TO
MOKa3aHo Ha puc. 2.5. 3Has nojoxeHus Touek B’ u D’ meTogom 3aceuex
HaxoauM Touky C’ U, clieIOBaTEIbHO, MO3ULIMU BCEX 3BEHBEB OMPEICIICHBI.

Takum 00pa3om, B 3TOM MEXaHU3ME JIJIsi OJHO3HAYHOI'O HaXO0KICHUS
MO3UIIMNA BCEX 3BEHBEB TpeOyeTcs 3a7aTh JBE HE3aBUCHUMBIE KOOPIWHATHI.
3HaUUT, MEXaHU3M UMEET JIBE CTEMEHU CBOOOJBI U JBa BXOJHBIX 3BEHA —
3BeHbs | u 4.

Tak KaK, KOOpJIMHATHI BXOJIHBIX 3BE€HHEB HE3ABUCHUMBI, TO HAIIpaBJie-
HUS WX BPAIEHUS U YTJIIOBBIE CKOPOCTH MOTYT OBITH MPOU3BOJIHHBI, B TOM
YUCJI€ UM PaBHBI HYJI0. MUHUMaJIbHOE KOJUYECTBO BAPUAHTOB JIBHXKEHUS
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3BEHbEB TAKOI0 MEXaHU3Ma HailJieM, IPUPABHUBASL K HYJIO YTJIOBbIE CKO-
POCTH OJHOTO WJIM JPYroro BXOAHOTO 3BeHa. Ecin @ 1 =0, a w 4 # 0, TO
MOJTy9aeM TIEPBBIA BapHaAHT JBMKCHHS 3BEHBEB, a eciii w1 # 0, a w4 =0,
TO 9TO OyAeT BTOPOU BapUaHT JIBIKCHHsI 3BeHbEB. O0IIIee K€ KOTMIEeCTBO
BApUAHTOB JIB)KEHUS 3BEHHEB MEXaHHM3Ma HE OTPAaHUYCHO, TaK KakK, TaKXKe
HE OTpaHWYEeHbl KOMOMHAIIMM BEJIMYMH U HAMPABICHUS JBUKECHUS BXO/I-
HBIX 3B€HBEB MEXaHU3MA.

Puc. 2.5

M3 Bcero cka3aHHOTO MOKHO C/IENIaTh TPH BBIBOIA-OTIPEICTICHUS:

a) 4MCIIO cTeneHel cBo00Abl MEXaHNW3Ma PABHO YHCITY HE3aBUCHUMBIX
KOOPJIMHAT, HEOOXOAMMBIX ISl OJTHO3HAYHOTO OTPEICICHUS MTO3UIINA BCEX
3BCHHEB MEXaHU3MA,

0) uMcno cTemeHedl CBOOOJBI MEXaHW3Ma PAaBHO KOJUYECTBY €ro
BXOJIHBIX 3BCHbBEB;

B) YHCJIO CTETIEHEW CBOOOBI MEXaHM3Ma PaBHO MUHUMAIHHOMY KO-
JMYECTBY BAPUAHTOB JBUKEHUS 3BEHBEB.

31ech cleayeT ckazarh, YTO OOJIBITMHCTBO MEXaHU3MOB UMEIOT OJTHY
CTETNIEHb CBOOOIBI, TO €CTh, TPEOYIOT TOJIBKO OJHOTO BXOJHOTO 3BEHA; HC-
KITFOUCHHUE COCTABJISIIOT MEXaHU3MBbI POOOTOB (MaHUMYJATOPHI), 00 ITOM
OyJeT CKa3aHO HUXKE.

Ecnmn MexaHu3M CII0kKHBIM, MHOTO3BEHHBIM, TO aHAJIM3UPOBATH €TI0
OIMMCAHHBIM CIIOCOOOM JIOBOJIBHO CIIOKHO, B 3THX ClydasX HCITONB3YHOTCS

CTPYKTYpHBbIE€ (DOPMYIIBIL.
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§2.5. CtpykTypHBIE (hOPMYJIbI

CrpykrypHas GopMyna i ONpeIesICHHUs Yrciia CTEIeHEeH CBOOO/IbI
IJIOCKUX MEXaHU3MOB IPEIIOKEHA PYCCKUM ydeHbIM UeObimenbim I1.J1. B
Hagasie XX Beka:

W=3n-2py—pg+s (2.1)
rae: W — 9uciio creneHed cBoOO bl MEXaHU3Ma,

N — KOJIMYECTBO MOJIBM>KHBIX 3BEHBEB,;

P »— YUCJIO HU3IIUX KHHEMATHUYECKUX Map;

P s — YHCIIO BBICIINX KHHEMAaTUYECKUX T1ap;

S — 4KCII0 U30BITOYHBIX CBA3EH WM JIUITHUX 3BEHBEB.

N30bITOUHBIE CBSI3M WUJIU JIUIIIHUE 3BEHBSI — 3TO TAKUE 3BEHbS, KOTO-
pble MOXKHO YIQJIUTh U3 MEXaHu3Ma 0e3 HapyUICHUs IBIKCHHS OCTaBIINX-
csl 3BeHbeB MexaHu3Ma. Kak mpaBuio, 3To MpOMEKyTOUYHbIE 3BE€HbsI, KOTO-
pbI€ BBOJSITCS B MEXaHU3M JIJI YBEJIMYECHUSI €r0 HArpy304HOU CIIOCOOHO-
CTH, XKECTKOCTU U mp. To ecTh, JUIIHUMHU MOTYT OBITh 3BEHBSI TOJIBKO B
CTPYKTYPHOM CMBICJIE.

Hcnonszyem 3Ty hopMyity A ONpPEACNICHUs] Ynciia CTereHel CBO-
00JIbl BBILICTIPUBEACHHBIX MeXaHU3MOB. CTEp)KHEBOM MEXaHU3M Ha pUC.
2.4 UMeeT TpU MOABWKHBIX 3BEHA M YETHIPE HUBIINE KUHEMATHYECKUE Ia-
pbl — mapHupsl B Toukax A, B, C u D. Beicimx KuHEeMaTU4YeCKHUX Map u
JIMIITHUX 3BEHBEB HET. 3HAUMT,

W=3-3-2-4=1
BbiBO/I: MEXaHM3M UMEET OJHO BXOJHOE 3BEHO.

CrepkHEBOI MeXaHU3M Ha puc. 1.6 COIEPKUT YEThIPE MOABUKHBIX

3B€HA U MATh HU3IIUX BpPaIlaTeIbHbIX KHHEMATUYECKUX Tap:

W=3-4-2-5=2

BriBoa: MeXaHU3M MMEET JBa BXOJHBIX 3B€HA, TO €CTh JIJIsl IPUBEICHUS B
JEUCTBUE TOr0 MEXaHM3Ma HaJ0 TMOJBECTH JBa ABWKEHHUS K JIByM €ro
3BEHbSIM. 3aMETUM, YTO, TaK KaK MOJABJIAIONIEe OOJIBIIMHCTBO MEXaHU3MOB
UMEIOT OJHY CTEMEHb CBOOOJIBI, TO, MOJYYUB MPU aHAIU3E KaKOTO-JTHUOO
mexanuzMa W = 2 He cieayer cpa3y JiefiaTh BIBOJ O HAJIMYUU B ITOM Me-
XaHU3ME JIBYX BXOJIHBIX 3BE€HBEB, KaK 3TO OBLIO CAENaHO JJIsi MEXaHU3Ma
Ha puc. 1.5. Bropas cTeneHb cBoOObI MOXKET OOBSICHATHCS HATUMYUEM Ka-
KUX-TO JOTOJHUTEJIbHBIX YCIOBUH (CM. HUXKE).

PaccmoTpuM cTEp:KHEBOM MeXaHU3M Ha puc. 2.3a: y HEro Tpu Io-
JBM>KHBIX 3B€HA W YEThIPE HU3LINE KMHEMAaTUYECKHE Mapbl — TPU Bpalia-
TEJIbHbIC U OJIHA TIOCTYIATEJIbHASI.

W=33-2-4=1
BrIBOa: MEXaHU3M HMEET OJHO BXOJHOE 3B€HO (3BEHO 1).

Hamumem ctpyktypHyto dhopMyiny JUisl KyJIJauKOBOTO MEXaHHW3Ma Ha

puc. 2.36. DTOT MeXaHW3M HMEET TPHU TMOJBWXHBIX 3BEHA, TPU HU3IIIHE
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BpaIiaTebHbIe KHHEMaThudeckne napsl — B Toukax A, B u C, u ogHy BbIC-
IIYI0 KHHEMaTUYECKYIO Mapy — Touke KoHTakTa K posnka ¢ KynauykoM:
W=3-3-2-3-1=2

MexaHu3M UMeET JBe CTENEeHU CBOOOIbI, HO 3TO HE 3HAYUT, YTO OH COJIEP-
JKUT JIBa BXOJHBIX 3B€HA, BXOJJHOE 3B€HO OJHO — KyJladok. Bropas cTeneHp
CBOOOJIbI — 3TO MECTHas MOJBUKHOCTh, @ UMEHHO, HE3aBUCUMOE BpallleHHE
pousuka 2. Ilpu xoporieit cMa3ke B OCH pOJIMKa, OH MEepPEeKaThIBAECTCS 110 MO-
BEPXHOCTU KyJlauKa, MpH 3aKIMHUBAaHUU POJMKAa HAa OCH, POJUK OyjaeT
HEMOJIBIYKEH OTHOCHUTENBHO 3B€HA 3 U OYJET CKOJIb3UTh MO MOBEPXHOCTU
Kynauka. B oOmiem ciyyae poJiMK MEpeKaThIBACTCA CO CKOJBKEHHEM, TO
€CTh, IBIDKCHHE €T0 MOYKET OBITh HE3aBUCUMBIM OT JABHKEHUS OCTATHHBIX
3BEHHEB MEXaHW3Ma. BBIBOI: MEXaHWU3M WMEET OJHY TJIABHYIO ITOBHK-
HOCTb — BXOJHOE€ 3BE€HO | M OJHY MECTHYIO MOABM)XHOCThH: HE3aBUCUMOE
JIIBIDKCHHUE 3BE€HA 2.

3yOuaThiii MEXaHU3M Ha pUC. 2.3B COJAEPKUT TPU MOJBUKHBIX 3BEHA
(3yOuatsie komeca 1, 2 u 3), Tpu HU3IIKME BpallaTeibHbIe KHHEMAaTUYECKUE
naphbl U JBE BBICIIKE MMaphl B MECTaX 3alleTUICHUs 3yObeB KOJIEC:

W=3-3-2-3-2=1
BbIBoA: MexaHM3M UMEET OHO BXOJIHOE 3BE€HO: B IaHHOM Cllydae 3youaToe
KoJjeco 1.

JI71s1 BBISICHEHUSI CMBICIIA TIOHATUS «A30BITOYHAS CBSI3b WM JIUIIHEE
3BEHO» PACCMOTPHUM CTEPKHEBOM MeEXaHW3M, MOKa3aHHbIM Ha puc. 2.6a.
Takoil MexaHW3M Ha3bIBAETCS IIAPHUPHBIM IMApAJLIECIOrPaMMOM, TaK Kak
€r0 3BEHbsSI MOMAPHO PaBHBI U MapalJIEbHbI: IEPBOE 3BEHO PaBHO U Mapaj-
JIEIBLHO TPETheMy, a BTopoe — cTtoiike AD. Uwucno creneneir cBOOObI ATO-
ro MEXaHH3Ma PaBHO €UHHUIIC:

W=3.3-2-4=1

Jo6aBUM K 3TOMY MEXaHU3MY €Ille OJHO 3B€HO 4 paBHOE W mapaj-
JICTBHOE 3BEHY 2 MPHU MOMOITU BYX KHHEMAaTHYECKUX map B Toukax E u F
(puc. 2.60). [IpocToTa cxeMbl JaeT BO3MOKHOCTh YOSIUTHCS, YTO ITOT Me-
XaHU3M, HECMOTPS Ha YCIIOKHEHHE, COXPAHUIT TIPEKHIOIO MOABUKHOCTb, TO
€CTb, €r0 YHCJIO CTENEeHeW CBOOOABI MO-MpeKHEMY paBHO eauHuie. OxgHa-
KO pacyeT 1o ¢opmyse YeObleBa gaeT HYJIEBOUW pe3ysbTaT, U3 Yero Te-
OpPETUYECKUA MOXKHO CJIeIaTh BBIBOJ, YTO 3Ta MEXaHUYECKasi CUCTEMA SIBJIS-
€TCSl HEeTOJIBI)KHOM, TO €CTh, 3TO HE MEXaHu3M, a ¢epma. IT0 ObUIO OBI
JEUCTBUTENLHO TaK, €clii Obl 3BeHO 4 He OBLIO0 MmapaiensHo 3BeHy 2. Ho
TaK KaK ATH 3BEHbS MapajjleNbHbI, TO CHCTEMa MMEET MOJBUXHOCTH, TO
€CTh, TO MEXaHHW3M. 3BEHO 4 SBISETCS JIUITHUM B CTPYKTYPHOM CMBEICIIE,
TO €CTh, OHO MOXKET OBITh YJAJICHO M3 MeXaHW3Ma 0e3 HapyIIeHUs MPHUH-
LIUIIOB €ro ABMXeHUs, B hopmyse YeOrbleBa 3TO yUUThIBAETCs, Kak S = 1:

W=34-2.6+1=1



Puc. 2.6

B peanpHbIX MexaHU3Max JAOMOJHUTEIbHBIC 3BEHbSI YCTAaHABINBAIOT-
Csl JUISl YBEJIMYEHUS HArpy304HOM CIOCOOHOCTH M JKECTKOCTH (CIapHUKHU
JIOKOMOTHUBOB, CAaTEJIUTHI TUIAHETAPHBIX PEAYKTOpPOB U Tip.).Jlnst ompene-
JICHUSI YHCIia CTeNeHe cBOOOIbI MPOCTPAHCTBEHHBIX MEXAHU3MOB CITY>KUT
CTpyKTypHas hopmyna MambiiieBa, MpeuioxKeHHast UM B ABAAATHIX TOJaX
XX Beka:

W=6n-5ps—4p,—3p;—2p,—p; +s (2.2)
TZ€ P1, P2, P3, P4 U ps — KOJIMYECTBO KHNHEMATHYECKHUX MAp, KJIACC KOTOPBIX
COOTBETCTBYET UHJIEKCY.

B kauecTBe mpumepa omnpesenieHusl yuciaa CTerneHeid cBoOOIbI TPo-
CTPAaHCTBEHHOI0 MEXaHU3Ma PACCMOTPUM HCIOJHUTENbHBIN MEXaHU3M PO-
060oTa — MaHUTTYJISATOP. Takue MEXaHW3Mbl TPUHIIUITHAIBHO OTIUYAIOTCS OT
MEXaHHU3MOB, ONHCAHHBIX BbIIIE. MexaHnW3Mbl, TOKa3aHHbIE HA pUC. 2.3 —
2.6 1 UM noj0OHbBIC, UMEIOT, KaK MHUHHUMYM, JIBa OOO3HAUYECHUSI CTONKU
(mopmtpuxoBka). Takue MeXaHU3Mbl HA3bIBAIOTCS 3aMKHYTBIMH, TO €CTh,
WX KUHEMAaTH4ecKas IIelb, HA4aBIIMCh KMHEMATUYECKOW mapoii, obpazo-
BaHHOM BXOJHBIM 3BE€HOM M CTOMKOM, OMSATh MPUXOJUT K CTOMKE (3aMbIKa-
€TCs1) uepe3 BBIXOJIHOE 3BEHO (a MOXKET OBITh €IIE U YEPE3 IPOMEKYTOUHBIE
3BEHbSI Y CJIOKHBIX MEXaHU3MOB). MexaHU3Mbl MAHUITYJISITOPOB SIBJISIFOTCS
HE3aMKHYTBIMH, TOJBKO OJTHO W3 TOJIBIJKHBIX 3BEHBEB 00pa3zyeT KHMHEMa-
THUYECKYIO TIapy CO CTOMKOM.

Ha puc. 2.7a mokazana cxema MaHUIYJISITOpa TPAHCIIOPTHOTO POOOTa
M-22. 3TOT MaHUIYJATOP COAEPKUT TPU MOABUKHBIX 3BE€HA, TPETHE 3BEHO
UMeeT CXBaT JJIs 3aKMMa 00beKTa TpaHCropTupoBaHus. Kunemarnueckue
napel: B Touke A — nunuaapuyeckas 1V kiacca, B Touke B — nmoctynarens-
Has V kiacca u B Touke C — cepuueckas |1 kmacca.

Jlnst onipeienieHust yncia cTeneHel cBo0O0Ibl MAaHUTTYJIATOPA UCTOIb-
3yeM popmyny Manbiiepa (2.2):

W=6-3-5-1-4-1-3-1=6
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DTO 03HAYaeT, YTO AJI1 OJIHO3HAYHOTO HAXOXKACHUS MO3ULIUNA BCEX 3BEHBEB
MPEICTaBICHHOIO0 MAHUITYJISITOPA HA/lO 33JaTh IIECTh HE3aBUCHUMBIX KOOP-
JUHAT. YTpaBieHUE KaKI0M KOOPIMHATON MOKET MPOU3BOAUTHCS OT/EIb-
HBIM JIBUTATEJIEM UJIU OT OJTHOTO JABUTATElIs MMPHU MOMOIIU CUCTEM TMepe/iay,
YOPABISIEMBIX MYPT U T.1I.

r
= |»
7
2
AC
3
) o]

Puc. 2.7

W3 aHann3a MaHUITYIATOpA CIEAYET: 3aKIFOUEHUE, CIEIAHHOE BBILIE
O TOM, YTO MOAABJSAIOUIEE OOJBIIMHCTBO MEXAHM3MOB HMMEIOT OJHY CTe-
MEeHb CBOOOJbI, OTHOCUTCS TOJIbKO K 3aMKHYTBIM MEXaHU3MaM, HO COBEp-
LIEHHO HE OTHOCUTCS K MaHUITyJISATOpaM. 3aMETUM TAKXKe, 4TO YUCIIO CTe-
neHel CBOOO/IbI MAaHUITYJIATOPA PABHO CYMME MOJBUKHOCTEH KaXKIOW KH-
HEMATHUYECKOM Mapbl, BXoAsumen B Hero. [loaromy, mojacuer yucia cremne-
Hel cBOOOJIbI MOKET BECTUCH He 1o (hopmyne ManbiiieBa, a MO MOJBUXK-
HOCTSIM KUHEMaTUYECKHUX T1ap.

Paccmotpum a1 mpuMepa MaHUIYJISATOP TPaHCIOPTHOTO pobOoTa
Maskot, cxema KoToporo nana Ha puc. 2.76. Y HEro Tpu MOJBUKHBIX 3BE-
Ha, OJIHa cepryueckas KHHEMaTHIeCKas rmapa B Touke A u aBe cdepuue-
ckue napsl ¢ najbieM B Toukax B u C. Chepuueckas napa uMmeer Tpu mo-
JBUKHOCTH, a c(hepuiecKre Mnapel ¢ NajableM — M0 ABE MOABUKHOCTH, Clie-
JIOBATEJIbHO, MAHUITYJISITOP UMEET CEMb CTENIEHEH CBOOO/IbI.
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KiarueBble ¢j10Ba U onmpeacjacHus

1. MammHa — ycTpoHCTBO, COBEPIIAOIIICE MOJIE3HYI0 MEXaHUYECKYIO
paboty mo objerdeHuo (U3NYECKOr0 U YMCTBEHHOTO Tpy/a YeJIOBEKa U
MIOBBIIIIEHUS €70 TPOU3BOUTEILHOCTH.

2. MexaHu3M — coCTaBHas 4acTh MAaIlIMHBI — OTO CHUCTEMa TeJ, II0-
JBI)KHO CBSI3aHHBIX JIPYT € APYroM, COBepIlaroiias TpeOyeMble IBUKCHHUS.

3. 3BeHO — OJIHA WJIM HECKOJBKO, JKECTKO CBS3aHHBIX JeTajeH, CO-
BEpIIAOIIas OMPEICIICHHOE JIBIXKEHUE.

4. KunemaTtuyeckasi mapa — MoJBHKHOE COCAUHEHUE JBYX KOHTaK-
TUPYIOIIUX 3BEHHEB.

5. Yucio cremneneii ¢cBOOOABI MEXaHU3Ma — TO YHUCIO0 HE3aBUCHUMBIX
KOOPAMHAT, OJTHO3HAYHO ONPEESTSAIONINX MO3UIIUHA BCEX 3BCHBEB.

6. Uucnmo crerneHeil cBoOOABI MEXaHHW3Ma PABHO KOJMYECTBY €ro
BXOJIHBIX 3BCHBECB.

7. Uncno creneHei cBOOOAbI MEXaHU3Ma COOTBETCTBYET MUHHMAJIb-
HOMY YHCJIy BAPUAHTOB JIBUKCHUS €T0 3BCHBEB.

8. MecTHast MOABMKHOCTh — MOABIDKHOCTD 3BE€HA, HE BIIUAIONIAS Ha
paboTy MexaHu3Ma.

9. M30bITOUHAs CBSI3b WIIM JIMIIIHEE 3BEHO — 3BEHO, KOTOPOE MOXKHO
YAQUIUTH U3 MEXaHU3Ma 0€3 HapyIIeHUs IPUHIIUIA €T0 ACHCTBHUS.

KOHTpOJILHbIe BOIIPOCHI

1. YUTo Takoe MamvHa U MEXaHU3M C TOYKH 3peHus TMM?

2. Kakyto paOoTy BBINOJHSIOT 3HEPreTHYECKUE, TPAHCIOPTHBIE,
TEXHOJIOTMUECKHUE U KHOEpHETUUECKIE MAIIUHBI?

3. Kakyto ¢yHKIUIO BBITOJHSIOT TEPEAATOUYHbBIN, UCTIOJHUTEIIbHBIN
Y BCIIOMOTaTEJIbHbIE MEXAHU3MBbI B MaIlIMHAX ?

4. 13 KakuX 3BEHBbEB COCTOSIT MEXaHU3MBbI?

5. YUto Takoe 3BE€HO M KHHEMaTHU4ecKas napa?

6. Kakoil mpu3HaK KWHEMATHYECKUX I[ap HCIOJb3YETCS MpPU UX
Kkiaccuduxanum?

7. Uto Takoe BbICIIAs M HUA3LIAs KHHEMATHYECKUE MTaphl?

8. U3 kakux 3B€HBEB COCTOSIT MEXaHU3MBI?

9. Kakue MexaHu3mbl uzydarorcsi B kypce TMM?

10. Yto Takoe YHCIIO CTEeIEHEN CBOOOIbI MEXaHu3Ma?

11. Yem otnuyaroTcs CTpyKTypHble popMysibl ManbieBa u UeObi-
nmesa’?

12. YUemy COOTBETCTBYET UMCIIO CTETICHEW CBOOOIBI MEXaHU3Ma?

13. Yem oTnu4aroTCsl MEXaHU3MblI POOOTOB OT MEXAHHU3MOB JIPYTHX
MalluH?
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Yacrts |l. Teopust Mmexanuzmosn

Teopuss MexaHU3MOB — 3TO CaMblii OoJIbIION pazaen kypca TMM.
OH wu3y4aeT OCHOBbI CTpO€HUSI W (YHKIIMOHHUPOBAHUS MEXaHU3MOB,
HauOoJiee ynoTpeOuTeNbHBIX B MamMHax. CTep)KHEBbIE, KyJIauKOBBIE U
3yOuaThle MEXaHU3MbI U3YYAIOTCS 1O CIEAYIOIIUM ITyHKTAM:

- 0COOEHHOCTH CTPOCHHS;

- KHHEMATHKA;

- CWJIOBBIE COOTHOILICHUS;

- IPOEKTUPOBAHUE.

I'naBa 3. Crep:xxHeBbIe MEXaHU3MbI

§3.1. ILi1ockue crep:xkHeBbIe MEXaHU3MBbI.
Oco0eHHOCTH CTPOCHUA

B cTep:kHEBBIX MEXaHW3MaX 3BEHbSI HMEIOT B OCHOBHOM BHJI CTEPIK-
Hell. KOHCTPYKTHBHO OHM MOTYT OBITh BBIIIOJIHEHBI CAMBIM PA3JIMYHBIM 00-
pa3oM, HO B CBOEH OCHOBE — 3TO, B OOJIBIIMHCTBE CIy4YaeB, CTEPKEHb, 110
KOHIIaM KOTOPOI'0 PAaCIOJIOKEHBI 3JEMEHThl KMHEMATHYECKUX Map Ui
IIPUCOEINHEHNUS K IPYTUM 3BEHBSM.

@OyHKIMOHAIBHOE Ha3HAUCHHUE 3BEHHEB B MEXAHU3MaX MOXKET ObITh
caMbIM pa3JIMYHbIM, Ha3BaHUS 3BEHHEB COOTBETCTBYIOT MX (DYHKIIMOHANIb-
HOMY Ha3HAUYECHHIO U MOTYT ObITh BeChbMa pa3zHooOpa3Hbl. O HAKO B Kypce
TMM MexaHu3Mbl U3y4aroTcs B CAaMOM OOILEM CMbICIE, U MbI OyJeM ao-
CTparupoBaThCs OT (PYHKIMOHAIBHOTO HA3HAUYECHUS] MEXAHU3MOB U MX 3Be-
HBEB JI0 T€X MOp, MOKA HE U3YYMM MX CBOWCTBA U HE MEpEeiaeM K Impume-
paM uX UCTOJIb30BAHHUS.

C TOUYKM 3peHHS] COBEPIIAEMBIX JBUKEHUN B CTEP’KHEBBIX MEXaHU3-
Ma pa3IMyYalOT LIECTh THUIOB 3BEHBEB: KPHUBOILUMUII, KOPOMBICIIO, MOJ3YH,
HIaTyH, KaMeHb U KyJHucy. PaccMoTpum ux noapooHee.

KpuBommn — 3BeHO, COBEpIIAIOIIEe MOTHBIM 000pOT BOKPYT HEIO-
JBIKHOM ToukH (puc. 3.1a). B GonpIIMHCTBE CiTy4aeB KPUBOIIHUII SIBIISIETCS
BXOJIHBIM 3BE€HOM MEXaHHU3Ma, U €ro CXeMa JIONOJIHAETCSI KPyrOBOW CTpEJI-
KOM, YKa3bIBAIOIIEH HAIIPABIICHUE €TI0 BPALLCHMUS.

KopoMmbIcI0 — 3BE€HO, KOTOPOE COBEPIIAET KAyaTEJIbHOE JBH)KCHHE
OTHOCUTEIBHO HEMOJBHKHOM TOUKHU (puc. 3.10), To ecTh, BO3BpATHOE JIBU-
YKEHUE MOBOPOTA B Mpejenax ONpelesieHHOTo yria. B oTiauune oT cxemsl
KpUBOLIUIA 3/1€Ch HET KPYrOBOM CTPENKH, a B HEKOTOPBIX CIIydasX KOpPO-
MBICJIO U300paxkaeTcs B BUE JByIUIeuero peryara (puc. 3.1B).

[loy3yH — 3BEHO, COBEPILIAIOIIECE JBHKEHHE IO HEMOABUKHBIM
HaIpapJsomuM. B OOJBIIMHCTBE Cy4yaeB 3TH HAINPaBISIOIINUE TPSIMOJIN-
HEHHBI U ABUKEHUE MOJI3YHA SIBJISETCS BO3BPATHO-IIOCTYIATENbHbBIM. Halne
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BCETO TOJI3yH IOKA3bIBACTCS HA CXEMaxX B BHJIC NPSIMOYTOJbHUKA (PHC.
2.1r), uHOT1a — KaK cTepxkeHb (puc. 3.171).

|§ KOUEHb

KYLuco

g € HC
Puc. 3.1

[ITaTyH — 3BEHO, COBEPILAIOIIEE CIOKHOE IBHKEHHUE B IJIOCKOCTH.
[[Tatryn He 0Opa3yeT KMHEMATHYECKUX IMap co cToiikoi (puc. 3.le), HO
TOJBKO C APYTUMH MOJIBUKHBIMU 3BEHBSIMU.

KameHnb — 3BeHO, COBepIIaOIIee IBUKEHUE IO MOJBHXHOW Hampas-
JISIOIICH; TMOJBKHAS HaNpaBJsiollas Ha3bIBaeTcs Kyhaucou (puc. 3.1x).
KameHnb 1 Kynuca He CyIIECTBYIOT B OTJAEIBHOCTH, HO COCTaBIISIIOT €UHYIO
HEpa3phIBHYIO TPYIIY 3BeHbEB. Hampapisitomiue Kylauchl, Kak MpaBUIo,
npssMoauHerHbl. Kynnca, SBISASACh NMOABMKHOW HANpPaBISAIOMIEN KaMHS,
MOXET COBEpIIaTh BCE BUbI JIBMDKEHUMN: MPOCThIE — BpalllaTeIbHOE, Kaya-
TeJIbHOE, TOCTYIMAaTeNbHOE, CJIOXKHOE. TO ecTh, MOXET ObITh, KyJHCa-
KPUBOIIINI, KyJIHCA-KOPOMBICIIO, KyJIMCA-TIOJI3YH U KyJIHCa-IIaTyH.

N3 Takux 3BEHbEB COCTOUT CTEPKHEBON MEXaHM3M JIFOOOW CII0KHO-
CTU. B OCHOBE KOHCTPYKIIMM CJIOKHBIX CTEPKHEBBIX MEXaHU3MOB HAXOST-
Csl MPOCTEHMIINE, KOTOpPhIE W SIBIAIOTCA MPEIMETOM HAIlETO H3Yy4YCHUSI.
[IpocTeliliue CTEp>KHEBbIE MEXAHU3MBI SBIISIIOTCS YETHIPEX3BEHHBIMH, TO
€CTh, COZEpKaT TPHU MOJABUKHBIX 3B€HA U CTOMKY. Ha3zBaHus Takux mexa-
HU3MOB COCTOSIT U3 Ha3BaHMS BXOJHOTO M BBIXOJHOTO 3BE€HbEB. B 3aBuCH-
MOCTH OT KOHCTPYKIIMHU MPOCTEUIIINE CTEPKHEBbIC MEXaHU3MBI JISTSATCS Ha
[IapHUPHBIC, TTOJI3YHHBIE U KYJIUCHBbIE. PacCCMOTpUM KaXblii U3 3TUX TH-
TOB.

B miapHUpHBIX CTEP)KHEBBIX MEXaHU3MaX BCE KHHEMATHUYECKUE Maphbl
— BpamatenbHble. Ha puc. 3.2a npuBeneHa cxema Haubosee yrnoTpeOu-
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TEJIBHOT'O IIAPHUPHOIO MEXaHU3Ma. 3BEHO |1 (BXOJIHOE) — KpUBOLIUII, 3BEHO
2 (IpoMeXXyTOYHOE) — IaTyH, 3B€HO 3 (BBIXOJIHOE) — KOpOMBICTO0. Mexa-
HU3M Ha3bIBAETCA — KPUBOIIMITHO-KOPOMBICTIOBBINA. OH CITYXKUT JUIsl TPeo0-
pa30BaHMs BPAIIATEILHOTO JABUKEHUSI KPUBOIIUIA B KayaTeIbHOE JIBHKE-
HUE KopoMmbicia. Mcrnonb3yeTcs: B Ka4eCTBE UCTIOTHUTEIBHBIX MEXaHU3MOB
TEXHOJIOTUYECKUX MAallUH (Tpecchl, TPOOUIIKHU, TKAIKUE CTaHKU W IIp.), a
TaK)K€ B KAUECTBE BCIIOMOTATEIbHBIX MEXaHU3MOB.

Puc. 3.2

Ha puc. 3.20 noka3aH ABYXKpPHUBOLIUIIHBIN MEXaHU3M, KOTOPBIN enle
Ha3bIBAIOT MEXAHU3MOM IIAPHUPHOIO MapajiesiorpaMMa, TaK KaK 3BEHbS
€ro MomapHO paBHBI U MapajijiebHbl. BXOJHOE U BBIXOIHOE 3BEHbS COBEP-
IaI0T CUHXPOHHOE BpallleHHE, a MATyH COBEPIIAET CI0KHOE JIBUKEHUE B
IUIOCKOCTH TapajielbHO camMomy ceOe. Mcmonb3yeTcss Kak MeXaHU3M
CIIAPHUKOB BEIYIIMX KOJIEC JIOKOMOTHBOB M B HEKOTOPBIX MEXaHU3Max
TEXHOJIOTUYECKUX MAIIUH.

JIByXKOpPOMBICJIOBBI MEXaHWU3M, PUBEACHHBIN HA pUC. 3.2B, MOKET
COCTaBIISAITh OCHOBY MOJIbEMHOTO JEPPUK-KpaHa, IprUieM, Kopombicia 1 u 3
ABJISIIOTCSI €r0 KayalolUMUCI CTOMKaMu, a MIaTyH 2 — CTpesol, Touka B
KOTOpOH (K HEHM KPEmuTCs KPIOK IS TPy3a) MepeMenIaeTcsi IpruOIu3uTeIb-
HO MO MPSMON JTMHUU B MpeJesax HEOObIINX YITIOB KauyaHUsl KOPOMBICE
1 u3.

B moyByHHBIM CTEp)KHEBBIX MEXaHU3MaX HMMEETCS XOTs Obl OJUH
non3yH. Ha puc. 3.3a nmpuBenena cxema Haubosee ynoTpeOUTEIHBHOTO B
TEXHUKE MEXaHW3Ma, KOTOPBIM MpeoOpa3yeT BpalllaTeIbHOE JIBUXKECHUE
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KpuBomMna 1 B BO3BPAaTHO-NIOCTYNATEIbHOE JBUKEHUE MOJI3yHA 3; IIATYH
SBJIIETCS. IPOMEKYTOUHBIM 3BEHOM. Takol MEXaHU3M Ha3bIBAETCS KPUBO-
HIMITHO-TIOJI3YHHBIM. Vcnonb3yeTrcs B KauecTBE HCHOJHUTENBHBIX MeXa-
HU3MOB MEXAaHMYECKHX IPECCOB, TIOPU30HTAIBHO-KOBOYHBIX MAIlWH,
HOPIIHEBBIX KOMIIPECCOPOB, MIBEMHBIX MalllMH U Mp. Eciu BXOIHBIM 3Be-
HOM TaKOro MEXaHU3Ma SIBJSIETCS TIOJ3YH, TO 3TO €CTh MEXAHU3M IOpIIHE-
BBIX JBUTATEJIEH BHYTPEHHETO CrOPaHUSI.

KopoMbICTIOBO-TION3yHHBIA MEXaHU3M, TO €CTh, MEXAaHU3M C BXOI-
HBIM KOPOMBICIIOM U BBIXOJHBIM MOJI3YHOM (puc. 3.30), UCMONB3YyETCs Kak
COCTaBHasl yacTbh O0JIee CIIOKHBIX MEXaHU3MOB.

Puc. 3.3

JIByXmon3yHHBIN MexaHu3M (puc. 3.3B) Haubosiee U3BECTECH, KaK Me-
XaHU3M JJuuncorpada — npu padoTe TaKOro MeXaHu3Ma JIr0asi ToUKa Ia-
TyHa OIKCBHIBAECT DJUIWIC, MapaMeTpbl KOTOPOrO 3aBUCAT OT MOJIOKEHUSA
ATOM TOYKM Ha wIaryHe. Ecinm 3Ta TOUKa pacrnoiokeHa MmocepeauHe mary-
Ha, TO DJUIUIIC BBIPOXKIAETCS B OKPYXKHOCTb. 3aMETUM, 4UTO Npu padbore
ATOr0 MEXaHW3Ma BXOJIHBIM 3BEHOM SIBJISIETCSI MOMEPEMEHHO TO OIWH, TO
JIPYroM MOJ3YyH, 4TO HEOOXOAUMO JJIsi BO3MOKHOCTH MPOXOJa UMHU Kpaii-
HUX TIOJIO)KEHUU. M3BECTEH cCllydall MCIOJb30BaHUS ATOT0 MEXaHW3Ma B
Ka4eCTBE OCHOBHOTO MEXaHW3Ma TMOPIIHEBOrO JBUIaTENsl BHYTPEHHETO
CrOpaHus.

KynucHbie MexaHuW3MBbI cojiepKaT XOoTs Obl oaHy Kynucy. Ha puc.
3.4a mpuBeieHa cXeMa KPUBOUIUITHO-KYJIMCHOTO MEXaHU3Ma C Kadarollen-
Csl KyJIUCOM: BXOJHBIM 3B€HOM 3/I€ChH SIBJIACTCS] KPUBOIIMI 1, TPOMEKYTOU-
HBIM — KaMEeHb 2, BRIXOAHBIM — KyJuca 3. MexaHu3m CIIyKuT JJis mpeodpa-
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30BaHMA BpalllaTCIbHOTI'O ABUKCHUSI KPUBOIIHNIIA B Ka4aTCJIIbHOC ABUKCHUC
KYJIHUCBI. HCHOJ’IBSYGTCSI B Ka4CCTBC MCITOJHUTCIBHBIX N BCIIOMOTI'aTCIbHBIX
MCXAaHHU3MOB HCKOTOPLIX TCXHOJOI'MYCCKUX MAIINH.

)
2
3 B 3
C
r S
6
\_/
Puc. 3.4

Ecau B TakoM MEXaHU3ME PACCTOSIHUE MEXIY LIEHTPOM BpAILICHHS
KpHUBOIIUIIA U TOYKOM Kauanus Kyiaucel (AC Ha puc. 3.4a) cnenaTh MEHbIIE
JUIMHBI KpuBolnna AB, To MexaHW3M C Kadarouiencs KyJaucou MmpeBpaTuT-
Csi B MEXaHU3M C Bpalaronieiics kynucoi (puc. 3.40), mpudeM xapaxrtep
ATOTO BpallleHus OyneT 3aBUCETh OT cooTHoueHus pazmepoB AB u AC.
Briiie 0110 cKkazaHO, YTO KyJuCa, SBJSSICh MOJBWXHOM HapaBJIsIONICH,
MOXET COBEPIIATh JII000€ ABMKEHHUE B INIOCKOCTH — MPOCTOE (BpamiaTeib-
HOE€ WJIM TMOCTyMNarelbHOe) Win cioxHoe. Ha puc. 3.4B mokazaH KpUBO-
IIUITHO-KYJIUCHBIA MEXaHU3M C TOCTYyNaTeIbHO ABMIXKYIICHCS KYJIHCOM.
Kynuca 3 siBnsieTcst moa3yHOM, B KOTOPOM BBITIOJTHEHA HAIMPaBJISIFOIIAS J1JIsI
kaMHs 2. Takod MEXaHU3M MCIOJb3yEeTCd B Ka4€CTBE HCHOJHUTEIbHBIX
MEXaHHU3MOB IPECCOB, HACOCOB U TIp.

Bo MHOrux MaimiMHax KyJHCHBbIE MEXAHU3Mbl HCHOJB3YIOTCA, KakK
MEXaHHU3MbI C KAYaroUMMHUCS THAPOUUIUHIpaMU. Takue MeXaHU3MbI SB-
JISIIOTCST KOPOMBICIIOBO-KyucHbIMUA. Ha puc. 3.5 moka3zano mpeoGpa3oBa-
HUE €ro CXeMbI C OOBIYHBIMH YCIIOBHBIMH 0003HAYCHUSIMU KAMHS M KYJIUCHI
(puc. 3.5a) C MOMOIIBIO MTOCTEIICHHBIX UX M3MeHeHur (puc. 3.56 u 3.58), B
CXEMY CO CIIEeIMAIbHBIMU YCIIOBHBIMUA O003HAYCHUSIMU KaMHS B BUJIE IIITO-
Ka C MOPIITHEM U KYJIUChI B BUJE THAPOLUIUHIpa (puc. 3.51).
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B 2
7 3
A C
2
Puc. 3.5
Ha puc. 3.6a nmokazaHo MCIOJb30BAHUE TAKOIO MEXAHU3MA, KaK Me-
XaHU3Ma OMPOKUIBIBAHUS Ky30Ba aBTOMOOMIIsI-CaMOCBaJia, a Ha puc. 3.60 —

KaK MCXaHH3Ma Y6I/IpaHI/IH HOI'M IMaCcCHu CaMOJICTA.

B 2

A 3
C

Puc. 3.6

3aMCTI/IM, 49TO B HOI[O6HI)IX MCXaHHU3MaX C Ka4aroIMuMCA T'mAPOLIH-
JJUHAPOM BXOAHBIM 3BCHOM SABJEACTCSA IITOK C INOPIIHEM (TO €CTb, KaMCHb
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KYJIMCHOT'O MCXaHI/ISMa), TdaK KaK UMCHHO K HCMY IMOJABOANTCA JIBUXCHHC
HN3BHC — JaBJICHUC JXUAKOCTU THAPOCUCTCMEBI.

§3.2. KuneMaTnka npocredimx cTep:KHEBbIX MEXaHN3MOB.
Heab u 3axa4un

Lenp n3ydeHUs: KWHEMATUKU (KHHEMATUYECKOTO MCCIIC0BaHUS WU
KHHEMaTHYEeCKOTO aHajan3a) CPopMyIHpOBaHa B Kypce TEOPETHICCKON Me-
XaHUKH, 3TO ONPE/ICJICHHE BO3MOXKHBIX JBHKEHUH. [[puMeHuTensHo K Me-
XaHU3MaM — 3TO OMpPEACICHUE BO3MOXKXHBIX JIBUKEHU 3BEHBEB U X TOYEK,
TO €CTbh, T€X JIBHXKCHUH, KOTOPbIC MPUHIIUIIUAIBHO BO3MOXHBI U KOTOPbHIC
HE YYUTHIBAIOT CHJI U MOMEHTOB, ICCTBYIOIINX HA 3BEHbS] MEXaHU3MA.

3a/1aul KHHEMAaTHIECKOTI'0 NCCIICIOBAHHS:

- OIpeJieIeHre TTO3HUIMI 3BEHbEB MEXaHH3Ma B IpoIiecce ero pado-

THI U OIIPEICIICHUE TPACKTOPUIN TOUYEK 3BEHBEB;

- OMPEICIICHNE CKOPOCTEN 3BEHBEB U UX TOYCK;

- pacyeT NepeIaTOuHbIX OTHOIICHUN B MEXaHU3ME;

- OMpEICIICHNE YCKOPEHUM 3BEHBEB U UX TOYEK.

VYkaza"Hble 3a/1a4d MOTYT OBITh PEIICHBI aHATUTHYCCKUMHU, rpadu-
YeCKMMU U TrpadoaHaIUTUUYECKUMHU MeToJaMu. PaccMoTpum perieHus
KaXJIOU 3aa4H.

§3.3. IlocTpoeHue 1MoJ10:keHUN 3BeHbEB MeXaHU3Ma
U TPACKTOPHH X TOYEK

Onpenenenue MO3UIMI 3BEHbEB MEXaHU3Ma B MPOIECCE €ro paboThI
OOBIYHO BeeTCs TpauecKuMU MpUeMaMu C UCIIOJIb30BAaHUEM METO/Ia 3a-
ceyek. [Ipon3BOANTCS MOCTPOEHUE HECKOJIBKUX COBMEIIEHHBIX MOJI0KEHUN
MEXaHU3Ma, TO €CTh, HETIOJBMKHBIC TOUKH MEXaHU3Ma HaXOSTCS B OJTHOM
U TOM ke MecTe. Kak mpaBuiio, CTpOUTCS YETHOE YHUCIIO TTOJIOkKEHUM — 6, 8
win 12, COOTBETCTBYIOIIMX PABHOPACIIONIOKEHHBIM TMO3UIIMSAM BXOHOTO
3BeHa. [lokaxkeM 5TO Ha TpUMEpe HEIEHTPATLHOTO KPUBOIIUITHO-
MOJI3YHHOTO MEXaHWU3Ma, TO €CTh, MEXaHHU3Ma, Y KOTOPOTr0 JIMHUS JBU-
JKEHUsI TIOJI3yHA HE MPOXOJUT uYepe3 IEHTP BpallleHus Kpupoluna (puc.
3.7).

Cxema MexaHu3Ma HM300pakaeTcss B maciiTabe JJIMH. 3AeCh HaJo
CKa3aTh, 4TO B Kypc€ TEOPUM MEXaHU3MOB M MAIIIMH HCIOJB3YIOTCS Mac-
mTadbl, KOTOPBIC SBIISIOTCS OTHOIICHUSIMH JICHCTBUTEIILHON BEITMYMHBI Ha
ee u300paxkeHue Ha cxeme, yeprexe win rpadpuke. M3o0paxenue Ha yep-
TEXE — ATO BCETJIa OTPE30K, U3MEPSIEMbI B MIJIJTUMETpaX, a CAMHUIIA H3-
MEpEHUs IeUCTBUTEIILHON BEJIMYMHBI 3aBUCUT OT BUJA MapaMeTpa, KOTO-
pBIi HAJ0 M300pa3uTh B MacmiTabe — 3TO MOXKET OBITh Macca, Yroi, Mo-
MEHT, CKOPOCTb U T.1I. B Macmrade JiuH IeHCTBUTEILHON BEITUYUHON SB-
JsieTCs JUTMHA, U3Mepsiemasi B MeTpax. Macmtab o0o3HadaeTcsi TpedecKoi
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OyKBO# L C COOTBETCTBYIOIIMM MHICKCOM; B JAHHOM CJIy4ae — 3TO HHJEKC
JuInHEI |

[ [ m
== (3.1)
[ \ mm
rIe: ! — IeHCTBUTENbHAS JJIMHA B M;
1 — I/I306pa)K€HI/Ie ITOU JJIMHBI HA CXEMEC B MM.
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Puc. 3.7

Ha puc. 3.7 mokazanbl 8§ COBMEIICHHBIX IOJIOKEHUI MEXaHU3Ma.
CrposiTcst oM cienyromuM oopazom. [Ipexne Bcero, nzo0paxaercs cxema
ATOTO MEXaHHW3Ma B NEPBOM MO3UIIMH; 3TO MOXKET OBITH JH00ast MO3UITHA,
HanpuMmep, MpyU TOPU30HTAIBLHOM JIEBOM IOJIOKEHUM KpuBomwumna. Ilocne
ATOTO YEPTATCS TPACKTOpUM TOUKH B kpuBommna (OKpy>KHOCTh) ¥ Touku C
non3yHa (npsimasi). OKpy>XKHOCTh TpaekTopuu Touku B genutcs Ha 8 pas-
HBIX YacTe W M300pakaroTCsi BOCEMb PABHOPACIOJIOKEHHBIX TMO3UIUN
KpUBOIIWIA. 3aT€M, U3 KaXJ0H TOUkd B pannycom, paBHBIM JJIMHE ILIATY-
Ha, JENalTCs 3aCE€YKHU Ha NpsAMoil Tpaektopuu Touku C nomsyna. [lomyya-
€M MO3UIIMM T0J3yHa, COOTBETCTBYIOIIKNE Toukam B kpuBommumna. Coenu-
HUB TOYKM S MIaTyHA B KaXJIOW €ro MO3UIMHU IUIABHOW KPUBOU, TOTyUUM
TPACKTOPHUIO 3TOM TOYKH LIATYHA.

CoBMEIIICHHBIEC TOJIOKEHHUST KPHUBOIIUITHO-KOPOMBICIIOBOTO MeXa-
HH3Ma CTPOSATCS MOJ00HBIM 00pa3oM C TOW pa3HHUIIEH, YTO 3aCEUKH U3 TO-
YEK KPUBOIIMIA PAJNyCOM PABHBIM JUIMHE IIaTyHa JEJIAIOTCS HE Ha Mpsi-
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MO TPAaeKTOPUU TOYKHU IOJ3yHA, KAK B KPHUBOLIMITHO-TIOJ3YHHOM Me€Xa-
HU3ME, a Ha JyTe OKPYKHOCTH TPAEKTOPUHU TOYKU KOopombicia (puc. 3.8).

0, @ﬁ[)

Ce Ui G C,
B, : C.
7 2 Sz S'g // (Cg
B;
B Sy S (,
y Sy // 65
A S8 Sel A

B , s S5

B Bs 3 RD

B, N
Puc. 3.8

[TocTpoeHue COBMENICHHBIX TOJIOXKEHUNW KPUBOIIUITHO-KYJIUCHBIX
MEXaHU3MOB 3HAUYMTEJILHO TPOIIE, TaK KaK y HUX TOUKH KPUBOIIIUIIA, KaM-
HS ¥ KyJHCHI cOBMaaroT (puc. 3.9). 3ameTuM, 4To B 3aBUCUMOCTH OT JIJIH-
HbI KPUBOIILIUIA U PACCTOSIHUSL MEXYy LUEHTPaMH BpalleHUs KPUBOLIUIA U
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KYJHUCBI, KyJIMCa MOKCT COBCPIIATh KAa41aTCJIbHOC WJIM BpallaTCIbHOC IBU-
KCHHUC.

§3.4. Buabl ckopocTeil M YCKOPEHH B CTePsKHEBbIX
MeXaHU3MAaX M MeTO/bI HX oINpe/iesIeHUus!

CHauana paccMOTPUM KJIACCHU(PUKALMIO CKOPOCTEH B CTEPIKHEBBIX
MEXaHHU3Max. 3aMETUM, YTO BCE CKAa3aHHOE O TUIAX CKOPOCTEW OTHOCUTCS
U K YCKOPEHHUSIM.

Pa3nuyator cKOpOCTH yIJIOBBIE W JIMHEHHBIE.

VYTJIOBBIMU CKOPOCTSIMU 00JIaIatOT 3BEHbS, B TOM YHCJI€ U IIATYHBI,
KOTOPBIC B KaXKJbIil MOMEHT BPEMEHH MOXHO pacCMaTpuBaTh, Kak MOBOpa-
YUBAIOLIMECS] BOKPYI KaKOW-TO TOYKH (MTHOBEHHBIA IIEHTP BpAILCHUS B
aOCOJIIOTHOM JIBM>KEHHH WJIM IIAPHHUP 3BEHA — B OTHOCHUTENIbHOM). McKito-
YEHUE COCTABJISET MOJI3YH, TAK KaK OH COBEPIIAET TOJIBKO MOCTYNATEIbHOE
JIBIDKCHHUE. YTIJIOBBIE CKOPOCTH 0003HAYAIOTCS TPEUECKON OyKBOM (0, n3Me-
PSAIOTCS B Pajl/C M UMEIOT JIBa HAIMPaBJICHUS: 110 YACOBOU CTPEJIKE U MPOTUB
4aCOBOW CTPEJIKHU.

JIuHENHBIMU CKOPOCTSIMU 0O0JaJat0T TOYKM 3BEHBEB M IMOJI3YH, KaK
3BE€HO, COBEPIIAIOIIEE TOJIBKO MOCTYNATEIbHOE JIBUKEHNE. JIMHENHAs CKO-
pPOCTb — 3TO BEKTOpPHAs BEJIMUMHA, OHa 0003HAYaETCs JATUHCKON OYKBOI V.

Cpenu TUHEWHBIX CKOPOCTEH OyJieM pa3iaudaTh CKOPOCTH aOCOJIOT-
HbIE, OTHOCUTEJIbHBIC U PEIISTUBHBIE.

AOCONIIOTHAasi CKOPOCTh — 3TO CKOPOCTh TOYKH OTHOCUTENBHO CTOM-
Kkd. B sToM ciiydae o0Go3HaueHHE CKOPOCTHM MMEET MHJIEKC 3TOM TOYKH,
Harpumep, Vg, UIA Vs.

OTHOCHTENBHASL CKOPOCTh — 3TO CKOPOCTh OJHOM TOYKHU 3BEHA OTHO-
CUTEJIbHO JIPYrodl TOYKH TOTO K€ 3BeHa. B OoCHOBHOM OyjemM paccMarpu-
BaTh OTHOCUTEIBHBIE CKOPOCTH TOYEK IIATYHOB, HAIIPUMEP, Vcg — ITO CKO-
pocTh Touku C OTHOCUTENIBHO TOYKHU B.

PensiTuBHAsE CKOPOCTH — 3TO CKOPOCTh TOYKH OJHOT'O 3B€HA OTHOCH-
TEJIbHO COBNAAAIOUIEH ¢ HEM TOYKH APYTroro 3BeHa. JTy CKOPOCTb Oyaem
paccMaTpuBaTh TOJIBKO ISl KYJIHMCHBIX MexaHu3MoB. Touka B (puc. 3.9)
peann3oBaHa Ha KpuBowune 1 1 kaMHe 2 B BUJIE€ IIAPHUPA, CBSA3BIBAIOIIETO
KaMEHb C KPUBOIIUIIOM; B JAaHHBII MOMEHT BPEMEHHU C 3TOM TOYKOM COBIIA-
JaeT BooOpaxkaeMasi TOUKa Ha KyJuce 3, TO €CTh, TOUKa, KOTOpasi HUKaK He
peanu30BaHa, HO KOTOpasi Hy»KHa JJI1 paCyeTOB U MOCTPOCHUM. PensaTuBHas
CKOPOCTb Vg3p1 (WM Vp3g2) — 9TO CKOPOCTh TOYKH B3z KyJIHChI OTHOCHTEb-
HO TOYKU B; kpuBommmna (vwim Touku By kaMHsI). YUUThIBasA, 4TO KAMEHb U
KyJMca COBEpIIAIOT JAPYr OTHOCHUTENIBHO ApPYra MOCTYIATEIbHOE JIBHXKE-
HUE, MOKHO CKa3aTh, YTO PEIATHBHAS CKOPOCTbh — 3TO CKOPOCTh KYJIHCHI
OTHOCHUTEJILHO KaMHSI.

Paznmuuarotr rpadoaHaIuTUYECKHE U aHATUTUYECKHUE METOJMBI OIpe-
neneHus: ckopocteit. M3 rpadoananutudeckux HanOosee ynoTpeOuTeIbHbI



34

METOJbl MIAHOB CKOPOCTEH M KUHEMATHYECKUX auarpaMm. AHalauTHye-
CKHE€ METOJIbl 1 KMHEMAaTH4EeCKUE JuarpaMMbl OyIyT pacCMOTPEHBI HUXKE.
3/1eCh pacCCMOTPUM OIPEAECIEHUE CKOPOCTEN IPHU MOMOIIHU IIJIaHOB CKOPO-
CTEH.

[1nan ckopocTelt — 3T0 MHOTOYTOJIbHUK BEKTOPOB a0COJIIOTHBIX, OT-
HOCUTEJIbHBIX M PEISTUBHBIX CKOPOCTEW, MMOCTPOCHHBIN B OMPEICICHHOM
Macitabe, ¢ MOMOIIbI0 KOTOPOTO MOTYT OBITh OIMpeNesieHbl MTHOBEHHBIE
JIMHEWHbIC U YIJIOBBIE CKOPOCTU B MEXaHU3ME, TO €CTh, CKOPOCTU B 3aJlaH-
HOM MO3UIIUM 3TOTO MEXaHU3Ma (a TakXke HaWJEHbI ero NmepeaaTouHbIe OT-
HOIIICHUSI, 0 YeM OYyJIeT CKa3aHO HIKE). B 3TOM MHOTOYTOJILHUKE BEKTOPHI
a0COJIFOTHBIX CKOPOCTEHN BBIXOJSAT U3 OJHOW TOUKH, HA3bIBAEMOU MOIIOCOM
IJIaHa CKOPOCTEH (TOUKa p), @ BEKTOPhI OTHOCUTEIBHBIX CKOPOCTEN COenu-
HSAIOT KOHIIbI 20COJIFOTHBIX.

§3.5. KunemaTnueckuii aHAJIU3 KPUBOIIMITHO-TIOJI3YHHOIO
MeXaHM3Ma NPU NOMOIUM IVIAHOB CKOPOCTEH U YCKOPEHHH

OmnpeneaeHrue CKOPOCTEH 3BEHLEB U MX TOYCK

PaccMoTpuM pemieHne KMHEMAaTHYeCKOM 3aa4l CHavyajla Ha IpuMe-
pe€ KPUBOUIMITHO-TIOI3YHHOTO MeXaHu3Ma. VICXOIHBIMU JAaHHBIMHU 33Jlau
ABJIAIOTCS. T€OMETPUYECKHE MapaMeTphl MEXaHW3Ma — KHHEMaTH4ecKas
cxema B Macmtade W | (puc. 3.10), u ero BXoJHOW KUHEMATUYECKUH Mmapa-
METp — NOCTOSIHHAsl yIJIOBas CKOPOCTh KpuBowMIa o 1. JIMHEWHas cko-
pocTh TOUKM B KpuBoIIMIia MOKET ObITh HailieHa 10 U3BECTHOU (hopmyie

vg = ABo, (3.2)
BekTop 3T0l CKOpOCTH, N300paK€HHBII B MPOU3BOJLHOM MaclTade CKO-

pOCTEi, SIBISIETCS UCXOJIHBIM JUIsl TOCTPOEHUS IJ1aHa cKopocTeld. Macitab
CKOPOCTEM:

V(i m
=~ —— (3.3)
V\C-Mm

rje: V — AeiCTBUTENIbHAS JJUHEHHAs] CKOPOCTh B M/C;
V — n300pakeHue BEKTOPa ITOH CKOPOCTH B MM.
Jlnst ynpouieHust HIOCTPOSHHUM M BBIUMCIEHUH YAO0OHO 3TOT MaciTad
BBIOMPATh HE MPOU3BOJIBHBIM, & TAKUM, YTOOBI M300paKEHUE BEKTOPA CKO-
pocty Touku B KpuBomumna ObUIO paBHO M300paXEHUIO KPUBOIIMIA Ha

cXeMe MeXaHu3Ma, TO ecTh, 4To0bl V = AB. Toraa, ¢ yuerom (3.2), mac-
mTad CKOPOCTE:

Vg AB
C yuerom (3.1) nonyuum:
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M

Hy=Ho ——— (3.4)

Tak xak B JaHHOM ciy4ae M300paK€HHE BEKTOpa CKOPOCTH TOUKH Bpalia-
IOLIETOCsT 3BE€HA PaBHO H300paXEHHUIO PaJANYC-BEKTOpa PACIOJIOKECHUS
ATOM TOYKHU HA 3BEHE, TO TaKOW MacITad CKOpPOCTEH Ha3hIBACTCS MAcCIITa-
OOM HayaJbHOT'O 3B€HA WJIM JJISl HAIIETO CiIyYasi — MacIiTaboM KpUBOIIMIIA.

Byzaewm cTpouTs miaH ckopocrteit B ykazaHHoOM maciirade (puc. 3.10).
CHauvasia U3 nojroca P IpOBOJMM BEKTOP CKOPOCTH TOUKM B KpuBommna B
CTOPOHY, COOTBETCTBYIOIIYIO HAIPABJICHUIO €r0 yIrIOBOM CKOPOCTH. DTOT
BEKTOp IO BBILIECYKA3aHHOMY YCJIOBHIO Oy/IET paBeH U MEPIECHIUKYISPEH

M300PKCHUIO KPUBOIIIMIIA HA CXEME MEXaHW3Ma, TO €CTh, pb =1A4B.

(9T 1 mocaenyromKe ISUCTBUS MPU MOCTPOSHUU IUIaHA CKOPOCTEH IpH-
BEJICHBI B BHUJI€ IIPUMEYaHUM Mo M1aHoM ckopocteil Ha puc. 3.10). Ilepe-
X0IuM K maryHy. Touka B mpuHagIeXUT HE TONBKO KPUBOIIMILY, HO H
HIaTyHY, 3HaYUT CKOPOCTh TOUYKHU B 11aryHa Takas ke, Kak U CKOPOCTb TOY-
k1 B kpuBommna, wid, roBOpAT, KHHEMAaTUYECKHE MapaMmeTpbl Touek B
KpUBOLIMIA W IIaTyHa oauHakoBble. IllaTyH coBepmiaeT ClIOKHOE ABUMKE-
HUE B IUIOCKOCTH, TO €CTh, €T0 JBUKEHUE COCTOUT U3 NEPEHOCHOIO IO-
CTYNATEJIbHOTO CO CKOPOCTBIO TOUKM B M OTHOCUTENBHOIO BpAILIATEIBHOTO
BOKpYT Touku B. UToOBI onpenenuTs ckopocTh TOuku C maTyHa, Ha/l0 pe-
IIUTh BEKTOPHOE YpaBHEHUE:!

Ve =Vg +Vp (3.5)
Touka C NpuHAIEKNAT HE TOIBKO IIATYHY, HO U MOJ3YHY, U CKOPOCTH UX
onvHakoBbl. [lon3yH coBepmiaeT NOCTyNaTENbHOE JBH)KEHHE BJIOJIb
HaIIPaBJISAIOIIMX, 3HAYUT, JIMHUA ACUCTBUSA cKOpocTu Toukn C B Haliem
cllydae ropu30HTalIbHA. Tak Kak 3Ta CKOPOCTh a0COJIIOTHA, TO TOPU3OHTAIb
IIPOBOJUM 4epe3 Noiroc p. OTHOCUTENBHASI CKOPOCTh Vcp MEPIEHANKYIISP-
Ha IIaTyHY, TaK KaK B OTHOCUTEIBHOM JBUKEHHWH OH COBEPILIAET MOBOPOT
BOKpYT ToukHu B. IlosTOMYy, BBINOJHSAS NEHCTBUE TPapUUECKOTO CIOKEHHS
110 BEKTOPHOMY ypaBHeHUIO (3.5), yepe3 TouKy b ruiaHa ckopocrtei mpoBo-
UM MepIEHIUKYISIp K aTyHy. B nepeceuennn 3Tux ABYX JIMHUWA U OyAeT

HaXOJUThCSI UCKOMas TOYKa ¢ MjaHa ckopocteil. Takum obpazom, pC —

3T0 BeKTOp aOcomoTHOH ckopoctr Touku C, a DC ecTh BEKTOp OTHOCH-
TEJIbHON CKOpOCTU TOUKU C OTHOCUTENBHO TOUKH B.

JIns1 HaXOKI€HUsI TOUKU S Ha TJIAHE CKOPOCTEN UCITOIB3YEM TEOPEMY
nonoousi: gurypa, odpazoBaHHasE BEKTOPAMH OTHOCHUTEIBHBIX CKOPOCTEH
TOYEK 3BeHa Mo/I00Ha Gurype 3BeHa. B Hamem cirydae MOKHO CKa3aTh, YTO
OTPE3KM 3BEHA U OTHOCUTEIBHOW CKOPOCTH MPONMOPUUOHAIBHBI. TO €CTh,
€CJIM TOYKa S pacronioxkeHa nocepeanHe maryna BC, To Ha tutane ckopo-

cTeif TouKa S OyJeT HAXOAUTHCS MOCepearHe Mex Ly Toukamu b u c: HS —
BEKTOp a0COJIOTHON CKOPOCTH TOUKH S.
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C moMoMIpI0 MOCTPOSHHOTO TIaHA CKOPOCTEH MOTYT OBITH OIpeje-
JICHBI BEJIMYMHBI M HAIPABJICHUS BCEX CKOPOCTEH B MEXaHWU3ME, TO €CTh,
CKOpOCTEH TOYEK M 3BEHBEB. HampaBieHHs CKOpOCTEH TOYEK BHUIHBI W3
IUTaHa CKOPOCTEH, a WX BEIMYMHY, coryacHo ¢opmyie (3.4), HaliaeM Kak
NPOM3BEICHNE UIMHBI BEKTOpa B MM Ha MacmTad ckopocteil. Hampumep,
ckopocTh Toukd C (WM CKOPOCTH MOJ3YHA):

Ve = PC L, (m/c)

Haiinem yrnoByro ckopocTh maTtyHa. [llaTyH coBepmiaeT CiI0KHOE JBHKE-
HUE€ B IUIOCKOCTH, HO B KQKJIbIi MOMEHT BPEMEHH MOKHO paccMaTpUBATh
€ro JIBWKEHHE, KaK JBW)KEHUE IOBOPOTAa BOKPYI MI'HOBEHHOI'O IIEHTpa
BpalleHUsl B a0COJIOTHOM JBUKEHUHU WM BOKPYT TOYKH B B OTHOCHTENB-
HOM JBJKCHUU C OJHOM M TOW K€ MTHOBEHHOU YTJIOBOM CKOpPOCTBHIO. JTa
CKOPOCTBb ONPEAEISIETCS MPU MOMOIIN CXEMBbI MEXaHU3Ma U IUIaHA CKOPO-
CTEH, KaK YaCTHOE OT JICJICHUSI OTHOCUTEJILHOW CKOPOCTH TOYKH B martyHna
Ha paJuyCc-BEKTOP PACHOJIOKEHHUS 3TOM TOUKM Ha 1IaTyHe (T.e. Ha pa3Mep
BC). 3amensis aeiicTBUTENbHBIE BETMYMHBI UX U300PAKEHUSIMU HA CXEME U
IIJIJAHE CKOPOCTEH, MTOTYyYUM:

Ves _ Vepl, _ by,

" BC BCu,  BCy

w,
I/I II0CJIC COKpaIHCHI/IH:

C
W, = ﬁwl (pan/c) (3.6)

YToOHbI ONpeenTh HalpaBJIE€HUE 3TOM CKOPOCTH, HAJ0 MBICIIEHHO MEepEeHe-

cti Bektop DC w3 mmana ckopocteil B Touky C CXeMbl MEXaHH3Ma M OH

YKa)XeT HalpaBJIeHUE 2, B JAHHOM CJIy4ae, POTUB YaCOBOW CTPEJNIKH (puc.
3.10).

Pacder nepeaToyHBIX OTHOIIEHW B MEXAHU3ME

[lepenaTouHbie OTHOIIEHUS — 3TO OTHOIIEHUSI CKOPOCTEN 3BEHBEB,
TOYEK WJIM 3BEHBEB M TOUEK. BennuuHBbI NMEepeaaTOYHbIX OTHOUICHHWMN HC-
MOJIB3YIOTCSI B IUHAMUYECKHUX pacueTax, a TaKKe ISl PEIICHUS] HEKOTOPBIX
KMHEMAaTHYEeCKUX 3a7a4, B OCHOBHOM, B KYJIAUKOBBIX W 3y0YaThIX Mexa-
Hu3Max. [lepenarounoe oTHoueHne 0b6o3HavyaeTcs OykBOM U ¢ OyKBEHHBI-
MU WA ITUGPOBBIMU MHAEKcaMHu. Harmpumep, Uz — 3TO mepenaTtoyHoe OT-
HOIIIEHUE OT 3B€HAa 2 K 3BEeHY |, uim Usy — MepeIaTouyHOe OTHOUIEHUE OT
TOYKHU S K 3BEHY 2.

bynem pasznuuarh nepenaToyHble OTHOIIEHUS JBYX THIIOB: Oe3pas-
MEpPHBIE U UMEIOIIIAE PA3MEPHOCT.

be3pa3zmepHble MepeaaTOYHbIe OTHOWICHUSI. DTO OTHOUICHHWE YIJIO-
BBIX CKOPOCTEMN WIM JIMHEMHBIX CKOPOCTEU. /{11 CTEPKHEBBIX MEXAHU3MOB
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— 3TO OTHOULIEHUE YTIIOBBIX CKOPOCTEW 3BEHBEB WJIM JIMHEMHBIX CKOPOCTEU
TOUYEK 3BEHBEB (MCKIIIOUEHUEM SIBIISIETCS MOJI3YH, KaK 3BEHO, 00Jagaroliee
TOJIBKO JIMHEMHON CKOpOCThI0). O0IIee KOIMYECTBO NEPENaTOYHBIX OTHO-
IIEHUH B MEXaHU3ME 3aBUCUT OT YMCJIA 3BEHbEB U MOXKET OBITh BEJIMKO, BCE
OHM HE OMNPEHENAIOTCSA, a PACCUUTBHIBAIOTCA TOJBKO T€, KOTOPHIE HY>KHBI
JUIsL TeX WIN MHBIX pacueToB. llepenaTouHble OTHOLIEHHS CTEP>KHEBOTO
MEXaHu3Ma JUIsl 33JaHHOTO €ro IOJIOXKEHUS JIETKO ONPENEISAIOTCS, €CIU
€CThb €r0 CXE€Ma U IIIaH CKOPOCTEH.

@2 &

E=R=LE CTZ=%=|IE
veg =bc L BC acg =bn || BC | 4. =bc
Ve = pcll nanp aig =nc L BC
Vs = ps ac =mc || nanp
ag =ms
Puc. 3.10

Jlnst paccmaTpuBaeMoro KpMBOUIUITHO-TIOJI3YHHOTO MeXaHu3Ma (puc.

3.10) Haitnem nepeaaTroyHOEe OTHOLIEHUE OT IIATyHA K KpUBOLIUMY (C yue-
ToM (3.6)):
@, bcw, bc

w, BCw, BC

Uy =
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@U3NYECKUA CMBICI TAKOTO MEPENATOYHOTO OTHOLIEHUS CIEAYIOLIUM: BO
CTOJIBKO pa3 OJHO 3BEHO Bpallaercsi OblcTpee (WM MEIJIEHHEE) IPYroro.
Crnenyer MOMHHUTB, YTO B CIEAYIOLIEM ITOJIOKEHUN MEXaHU3Ma 3TO Iepesa-
TOYHOE OTHOILIEHHE M3MEHMTCS, TaK KaK O » CTAaHET IpyruMm. Takum obpa-
30M, MEPEAATOYHOE OTHOUIEHUE B CTEPKHEBOM MEXAaHU3ME UMEET TOJIBKO
pacyeTHbIN CMBICT (MCHOIB3YETCs A1 IMHAMUYeCcKuX pacueToB). [IpakTu-
YECKUH CMBICI OHO HMMEET I MEXaHHW3MOB IIepeladd BpAIATEIbHOTO
JBUKEHUS, B YACTHOCTH, JIJIs1 3y0OUaThIX MEXAHU3MOB, IJI€ CKOPOCTH 3BEHb-
€B TIOCTOSTHHBI U TIEPEJaTOYHOE OTHOIICHHE HEU3MEHHO (CM. pa3zeln 3youa-
TBIX MEXaHU3MOB).

Haiinem Tenepb mepenaTOYHOE OTHOIIEHHE OT TOYKH S K MON3YHY
(yuuThIBasi, 4TO CKOPOCTH MOJI3yHA paBHA CKOpocTH TOUKH C):

Vs, _ DS

Ugs = = —
V3 VC :uv pc
DU3UYECKUN CMBICIT 3TOr0 MEPEAATOYHOI0 OTHOIICHUS TAaKOM: BO CTOJIBKO
pa3 MoJI3yH JBIIKETCS ObIcTpee (WM MeJjIcHHee) Touku S. BenndyuHa 31o-
ro MepeIaTOYHOr0 OTHOIICHUS I CTEPKHEBOTO MEXAHH3Ma UMEET TOJIb-
KO PaCUETHBIN CMBICJ, TaK KaK B CJICAYIOIIEH MTO3UIIMK MEXaHU3Ma OHA MU3-
MeHHTCs. [IpakTrueckuii CMbICH MOJ00HOE TIepeaaTOYHOE OTHOIIICHUE MO-
JKET UMETh ISl KJIMHOBBIX MEXAaHU3MOB. Takue MeXaHW3Mbl UMEIOT Orpa-
HUYECHHOE NMTPUMEHEHHE U B HAIIEM KypCE HE M3y4arOTCHl.
IlepenaTounble OTHOMICHUS, MMEIOIIME PA3MEPHOCTh. ITO OTHOIIIE-
HUSI CKOPOCTU TOYKU 3BE€HA (WU TMOJI3yHA) K CKOPOCTU 3BEHA, UM HA000-
POT — OTHOIIIEHUE CKOPOCTH 3B€HA K CKOPOCTH TOUYKH 3BEHA (WJIM MOJI3yHA).
Onpenenum AJis1 HAIEr0 MEXAHU3MaA MEPEAATOYHOE OTHOIIEHUE OT
MOJI3YHA K KPUBOILLIHNITY:
_ Vs Vo _ Vel _ PCH@

Us; o o o o PCLy (M)
DU3UYECKUN CMBICIT 3TOr0 MEPEAATOYHOr0 OTHOIICHUS] TAKOW: Ha CTOJBKO
METPOB MEPEMECTUTCS TIOJI3YH MPHU MOBOPOTE KPUBOIIUIA HA OJWUH PaJHaH.
Tak kak B CleqyIONIEn MTO3UIIMKU MEXaHU3Ma, TO €CTh, B CICIYIOIIEE MIHO-
BEHHUE, 3TO MEPEAATOUYHOEC OTHOIIEHUE U3MEHUTCS, TO €r0 BEJIMYMHA UMEET
TOJIBKO PAaCUETHBbIM CMBICH I JaHHOM mo3uuuu. [IpakTuueckuit CMbICI
moA00HOE MepeIaTOYHOE OTHOIICHUE HMEET JJISI MEXaHU3MOB «IIIECTEPHS-
peViKa» U «BUHT-TAKay, TAE€ €ro BeJIMYNHA MOXKET OCTaBATHC HEU3MEHHOU
npu pabote MexaHu3ma (CM. mpuinoxenus 1 u 2).

AHQJIOTUYHBIM 00pa30M MOTYT OBITh HaJICHBI U JIPyTHUE TIepeaaTou-
HbI€ OTHOIICHHUS OT TOYEK K 3BEHBLSIM MM OT 3BEHBEB K TOYKAM; B IOCICI-
HEM Cily4ae IMepeaToyHOe OTHOIICHHE OYyJeT UMETh pa3MepHOCTh 00paT-

HYIO IPEABIAYIIEMY IPUMEDY.
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OHDCI[CH@HI/Ie YCKOPEHUM 3B€HLEB U MX TOUYCK

[Tono6HO TOMY, KaK CKOPOCTH B MEXaHH3ME HAXOMISITCS TPH MOMO-
MM [JIaHa CKOPOCTEH, YCKOPEHHSI B MEXaHU3ME OTPEIICIISTFOTCS C TIOMOIIBIO
IUTaHa yckopenui. [1maH ycKopeHuid — 3T0 MHOTOYTOJIbHUK BEKTOPOB a0-
COJIIOTHBIX M OTHOCHTEIBHBIX YCKOPCHHMI ToueK. VICXOMHBIMH JaHHBIMH
JUTSL OTIpEZICIICHUS] YCKOPCHHI SBIISIOTCS KHHEMATHUECKash CXeMa MEXaHM3-
Ma U IJ1aH ckopoctei (puc. 3.10).

Tak kak yrioBasi CKOPOCTh KPHUBOIIHUIIA IMOCTOSTHHA, TO KaXKIasi €ro
TOYKa UMEET HOpMaJbHOE (IIEHTPOCTPEMHUTEIIBHOE) YCKOPEHUE, BETUINHA
KOTOPOTO OMPEEIUTCS 1o popmyie:

2
ay = ABw; 3.7)
BeKTop 9TOI'0 YCKOpPCHUA, H306pa)K€HHBIﬁ B IIPOU3BOJIbHOM MacITaoe

YCKOPEHHH, SABISETCS MCXOAHBIM IS TOCTPOCHHUS IUJIaHAa YCKOPEHUH.
Macuitad yCKOpeHHUit:

a M
a\c mm
TJie: a — AEHCTBUTENBHOE IHHEHHOE YCKOPEHHUE B M/C 2;
a — U300pakeHUe BEKTOPA ITOTO YCKOPEHHUS B MM.

[TogoOHO TOMY, Kak 3TO OBUIO ClI€JIaHO MPU MOCTPOCHUHU TIJIaHA CKO-
pocTeld, I yHpOUIEeHUs] MOCTPOEHUM M BBIYMCICHHN YJTOOHO 3TOT Mac-
mTad BIOMPATh HE MPOU3BOJIBHBIM, a TAKUM, YTOOBI H300paKeHHE BEKTOPA
YCKOpEeHHsI TOUKM B KpuBommna ObUI0 paBHO M300paXKEHUIO KPUBOIIMIIA

Ha CXEMe MEXaHW3Ma, TO ecTh, 4ToObl a = AB. Torma, ¢ yuetom (3.7),
MacmTad yCKOpEHUH:

a; ABwf
ILla = — = —
a, AB
C yuerom (3.1) momyuum:
2 M
Hy = H 2 (3.9)
C- MM

Tak kak B JaHHOM clly4ae U300pakeHHUE BEKTOpA HOPMAJIBLHOTO YCKOPEHHUS
TOYKHM BpalIalOUIErocsi 3B€HAa PaBHO M300paKEHUIO pauyc-BEKTOpa pac-
MOJIO’KEHHST ATOM TOUKHU Ha 3BEHE, TO TaKOW MacimTad CKOpPOCTel Ha3biBa-
eTcsl MaclTaboM HayalbHOTO 3B€HA WJIM JJIA HAILETO Clydas — MacliTabom
KPUBOILINIIA.

Bynem cTpouTh miaH yCKOpeHHMH B YyKa3aHHOM Maciitabe (puc.
3.10). CHauvana u3 nojroca T MNPOBOAUM BEKTOP HOPMAJIBHOIO YCKOPEHUS
TOYKA B KpuBoOIINIIa, KOTOPOE HAIPABIECHO K LIEHTPY €ro BpallleHUs, TO
€CThb, OT TOUKH B k Touke A. Ilo BbIllI€yKa3aHHOMY YCIIOBHUIO 3TOT BEKTOP
OyZAeT paBeH U mapajieseH N300pakeHNI0 KPUBOIIUIIA HA CXEME MEXaHU3-
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Ma, 10 ectb, 770 =|| AB . (3t 1 mocneayrome ASHCTBHS IPH IOCTPOE-

HUM TIJIaHA YCKOPEHUM NMPUBEACHBI B BUAE MPUMEYAHHUH O] TJIAHOM YCKO-
penuit Ha puc. 3.10). Ilepexonum k martyHy. Touka B mpuHamiexuT He
TOJIBKO KPUBOLIUITY, HO U IIaTyHY, 3HAYUT YCKOPEHUE TOYKH B maryHa ta-
KO€ ke, KaK U ycKopeHue Touku B kpuBommumna. [llaTyn coBepiiaer ciox-
HOE JIBUKEHUE B IIOCKOCTH, TO €CTh, €0 JIBMDKEHUE COCTOUT U3 Iepe-
HOCHOTO TMOCTYIATEIIbBHOTO W OTHOCHUTEIBHOIO BpAIIATEIIBHOTO BOKPYT
Touku B. 3Haunt, yckopeHue Toukn C OTHOCUTENBHO TOUKM B matryHa co-
CTOUT W3 OTHOCUTEIIBHOTO HOPMAJIBHOTO U OTHOCHUTEIBHOIO TAHTE€HIIUAJIb-
HOro. YToOsl onpeaenutsh yckopenue Touku C maTyHa, Hallo pellnuTh BEK-
TOPHOE YpaBHEHUE:

- =z +acg =dg+alg +acg

Touka C NpuHAUIEKNUT HE TOJIBKO IIATYHY, HO U IOJI3YHY, U YCKO-
peHuss uxX OAMHAKOBBL. II0JI3yH coBeplIaeT MOCTYyNaTEIbHOE IBUKEHUE
BJIOJIb HANpPABIISIIONIMX, 3HAYUT, JIMHUS ACHCTBUA ycKopeHus Touku C B
HalleM Cy4yae ropu30HTalbHA. Tak Kak 3TO yCKOpEHUE a0COJOTHO, TO I'0-
PU30HTAJIb NMPOBOJAMM 4YE€pe3 TOYKY T IUIaHa ycKopeHuil. HopmanbHOe
yckopenue Touku C 1aTyHa OTHOCUTENIBHO TOYKH B maTyHa MOXET OBbITh
OINPEJENEHO, TaK KaK M3BECTHA €ro YIJIOBas CKOPOCTh B OTHOCHUTEIBHOM
JBI>KEHUU BOKpYT Touku B. Onpenenum cpaszy n3o0pa’keHHE 3TOro YCKO-
pEeHUs, TO €CTh, JNIMHY TOTO BEKTOPA, KOTOPBIN CIEAYET IM0KA3aTh Ha IIJIaHE
yckopeHui. BeimomnHss nefcTBue rpaduyeckoro CiaoXKeHHsl, COrJIaCHO BEK-
TOPHOMY YpPaBHEHHIO, 3TOT BEKTOpP HAJI0 OTJOXHTh M3 KOHIIA BEKTOpa
YCKOpEeHUsI TOUKH B, TO ecTh, OT TOYKHM D mapauienbHO MIaTyHy B Harpas-

nennu ot Toukn C K Touke B — K IleHTpy oTHocuTenbHoro Bpamenus (On
Ha puc. 3.10). Jlnuny BekTopa ¢ yuetom (3.6) HalijieM Tak:

acp _ BCw; _ BCu(be)’ o]
He o] (BC)’ myo]

ITocne COKpalICHH: MTOJTYYHUM OKOHYATCIBbHO!

7 N\2
pn = (O
BC

n —7—
acg =bn=

(MMm) (3.10)

JIuHnIO NMEWCTBUS TAaHTEHIMAJIBHOTO OTHOCHUTEJIBHOTO YCKOPEHHUS IPOBO-
JTUM, BBITIOJIHSA IEHCTBUE TPauyeCcKOro CI0KEHHUs, COTJIACHO BEKTOPHOMY

YPaBHEHHIO, U3 KOHIA BekTopa DIl mepneHauKyIspHO maTyHy. B Touke
IIEPECEUEHUs] ITOM JIMHHUHA C TOPU3OHTAJBIO JIMHUU JIEUCTBUA YCKOPEHUS

touku C M HaXOAUTCS MCKOMasl TOYKa C — KOHEI[ BEKTOPOB 7IC (aOCOIIFOT-
Hoe yckopenue Touku C) u ne (TaHreHUMaJIbHOE OTHOCUTENIbHOE YCKOpe-
are Touk C). CyMMa BEKTOPOB HOPMANbHOrO DFl M TaHreHIHATbHOTO
AIC OTHOCHTENBHBIX YCKOPEHUN JacT BEKTOpP IMOJIHOTO OTHOCHUTEIBHOTO
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yckopenust HC. Uto xacaercst yCKOPEHHS TOUKH S, TO aHANOTHYHO BBIIIe-
yKa3aHHOMY JUIsl MJIaHa CKOPOCTEH, TOYKa S Ha IJIaHe YCKOpeHUW Oyner

pacIoNoXkeHa nocepeune otpeska be.

[Inan yckopeHHil NMOKa3bIBAET HANPABJICHHS W MPONOPLUUU JIMHEH-
HBIX YCKOpPEHUH B MeXaHu3Me. BelnyuHbl TMHEHHBIX U YTIIOBBIX YCKOpeE-
HUW HaXOJATCS U3 IJIaHA YCKOPEeHUM 1o GpopMynnam. JInHelHbIe yCKOpEeHUS
— ¢ yueToMm maciurada yckopenuii. Hanpumep, yckopenue nosjsyHa:

a; =ac =7, (M/c?
Yrnosoe YCKOPCHHUC INIaTyYyHAa B €TI0 OTHOCHUTCIIbBHOM IBHXCHHUU BOKPYT
TOYKM B HaleM Kak 4aCTHOE OT JICJICHUS TaHTC€HIIHAJIbHOIO OTHOCHUTEIb-
HOT'0 YCKOPCHUA TOYKH C na PaanyC-BCKTOP PACIIOJIOKCHUA ATOM TOYKH Ha

matyHe (pa3mep BC). 3amensisa neificTBUTENbHbIE BEIMYUHBI HX U300paxe-
HUSIMU Ha IJIaHE YCKOPEHU U CXeMe MEXaHU3Ma, MOJTyUUM:

T — 2

o = Acg  NCU; W
S = —

BC  BCy
I/I II0CJIC COKpaIHCHI/IH HNMCCM.
£, = w0 (pawo) 3.11)
2  — 1 pan/c .

BC

Hanpagiienue yriioBoro yCKOpeHus MIaTyHa YKaXXe€T BEKTOp 71C, MBICIICH-
HO TIEPEHECEHHBIN U3 IUIaHa yCKOpeHui B Touky C cxeMbl MexaHu3ma. B
JAHHOM CJy4ae yriIOBO€ YCKOPEHHUE MIaTyHa HAIpaBJI€HO MNPOTHUB YaCOBOMU
CTPEJIKH, TaK K€, KaK €ro YIrjoBas CKOPOCTh — 3TO 3HAYMT, YTO IIaTyH B
JTAHHBI MOMEHT BPEMEHU JIBHXKETCS YCKOPEHHO.

B 3akiroueHue 3aMeTUM, YTO BEJIMUUHBI YCKOPEHUM TOUEK U 3BEHHEB
WCIIOJB3YIOTCS B CUJIOBOM pPAacyeTe MEXAaHHU3MOB Ul OIPEACIECHUS CHII
WHEPIUU U CUJIOBBIX HHEPIIMOHHBIX MOMEHTOB.

§3.6. KunemaTuyeckuii aHaju3
KPHUBOUIUITHO-KOPOMBICJIOBOT0 MEXaHU3Ma

IPU MOMOLIH IJIAHOB CKOPOCTE M YCKOPEeHUi

OHDCI[CJ'ICHI/IG CKOPOCTEHN 3BEHBEB U UX TOUECK

HanomMHuMm, 4TO IU1aHBI CKOPOCTEN U YCKOPEHUU SABJISIOTCS YHUBEP-
CaJIbHBIM CPEACTBOM ISl OMPEAECICHHUSI CKOPOCTEH, MEepPEeIaTOuYHbIX OTHO-
HICHUI U YCKOPEHUM B CTEP>KHEBBIX MexaHU3Max. Kak mpous3BOaUTCS 3TO
ornpezeneHue, ObUI0 MOKa3aHO B MPEbIIYIIEH JIEKIMU Ha PUMEPE OJHOTO
U3 MPOCTEUINX (YETHIPEX3BEHHBIX) CTEPKHEBBIX MEXaHU3MOB — KPHUBO-
HIMITHO-MIOJI3yHHOT 0. Tenepb pacCMOTPUM, KaK CTPOSTCS TJIaHbI CKOPOCTEN
1 YCKOPEHUN KPUBOILIUITHO-KOPOMBICIIOBOTO MEXAHU3MA.
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CxeMa MexaHW3Ma JJI 3aJIaHHOW TIO3UIIMU CTPOUTCS B MacIiTade L
(puc. 3.11). Iiman ckopocTeit OyeM CTPOUTh B MacIITabe KPUBOIIIUIIA Ly =
w1 (M/c'MM), TP KOTOPOM H300pakeHHUE BEKTOpa CKOPOCTH TOuku B
KPUBOIIIMIIA HA IUIAHE CKOPOCTEH paBHO M300paKCHHUIO KPHUBOIIWIA Ha
cXeMe MeXaHu3Ma (BBIBOJI ATOTO TMOJIOKEHUS CMOTPHU B MPEIBIAYIICH JeK-

uuu). M3 monroca p miaaHa CKOPOCTEH MPOBOJUM BEKTOP pb, paBHBIA U
TIepIeHIUKYIApHBIA Kpusomuny AB | B cTOpoHy, COOTBETCTBYIOIIYIO
HaIIPaBJICHUIO €r0 BpaICHUS: pb =1 AB . (3t u mocnenyromue neii-

CTBUS TIPHU TTOCTPOSHUU IIaHA CKOPOCTEH MPUBEICHBI B BHUIC IPUMEUYaHUN
1o/ TUIAaHOM CKOpocTei Ha puc. 3.11).

AL

Ml@u@u

w;=const
\

Puc. 3.11
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JlanmpHeNe nOCTPOCHUS MPOU3BOMASITCA MO BEKTOPHOMY YpaBHE-
HUIO 111 ckopocTH Touku C martyHa:

Touka C MNPpUHAMJIC)KUT HEC TOJIBKO IIATYHY, HO 1 KOPOMBICITY, IIO3TOMY JIU-

HUSL ICUCTBUS CKOPOCTH V-~ IEPIEHAUKYNIApHA Kopombicay CD. Oty nu-

HHIO IIPOBOJAHM YCPC3 ITOJIIOC IIJIaHa CKOpOCTeﬁ, TaK KaK CKOPOCTb TOYKHU C
abcojrroTHa. JInHUA ,ZIGfICTBPISI OTHOCHUTEJIbHOM CKOpPOCTH TOYKH C maTyHa

Vg TEPHEHIUKYIIAPHA MATYHY, O9TOMY, BBIIOJIHAS JEHCTBHE Tpaduye-

CKOT'O CJIOXKCHU:A, IIPOBOAHUM €€ 4YCPEC3 KOHCH BCKTOPA pb . OTH ABC JIMHUHA

JICVCTBHS NIEPECEKAIOTCS B UICKOMOW TOYKE C IJIaHa CKopocTer. B mepece-
YEHUU ITUX JIBYX JIMHUM U OyJIeT HAXOJUThCSI MCKOMasi TOUKa C TlaHa CKO-
pOCTEN.

Takum oOpa3oM, PC— 3T0 BEKTOp abCOIOTHON ckopoctu Touku C,

a bc — sro BEKTOP OTHOCUTEIBHOW CKOPOCTH TOYKU C OTHOCUTEIBHO TOY-
ku B. [J1s1 HaX0XI€HUS TOUKH S Ha IUIAHE CKOPOCTEN UCIIOJIb3YEM TEOPEMY
moao0usi, corjaacHO KOTopou (urypa, odpa3zoBaHHas BEKTOpaMH OTHOCH-
TEJIbHBIX CKOPOCTEH TOYEK 3BeHa Mmojo0Ha ¢urype 3BeHa. B Hamem cioydae
MOKHO CKa3aTh, UTO OTPE3KH 3BE€HA U OTHOCUTEIIBHOW CKOPOCTH IPOIIOP-
IMOHAJIBHBL. TO €CTh, €ClIM TOUKa S pacrosiokeHa nocepeaunne maryna BC,
TO Ha IUIAHE CKOPOCTEH TOYKa S OyJeT HaXOAUTHCA TOCEPEIUHE MEKITY

Toukamu b u ¢: DS — BekTOp aGCOMOTHOM CKOPOCTH TOUYKH S,

Hcmonp3yemM TIIaH CKOPOCTEH [T HAXOXKICHUS BEIUYHHBI H
HaIpaBJICHUS YIJIOBBIX CKOPOCTEH miaTyHa (3B€HO 2) U KOPOMBbICTA (3BEHO
3). lllaTyH B OTHOCUTEIHLHOM JBM)KEHUU MOBOPAYMBAETCS BOKPYT TOUYKU B
U €ro yrjioBas CKOPOCTh paBHA YaCTHOMY OT JICJICHUSI TUHEHHOW OTHOCH-
TEJILHOW CKOPOCTH Vcg Ha PaJyC-BEKTOp pacmojoxkeHnus Touku C Ha 1mia-
TyHE. 3aMEeHsIsl ACUCTBUTEIbHBIC BEIMYMHBI UX M300pKCHUSIMU Ha TIJIaHEe
CKOPOCTEH U cXeMe MeXaHu3Ma, IoayduM, ¢ yaetom (3.1) u (3.4):

Ve _ Ve My _ bew o,

" BC BCu,  BCy,

ITocne COKpalICHHU:A ITOJTYYHUM OKOHYATCIIbHO!

@,

C
0)2 - Bca)l(paﬂ/c) (312)
HarnpaBiieHre 9TOif CKOPOCTH YKa)KeT BEKTOp DC, MBICICHHO MEpPEHECEH-
HBII U3 IJ1aHa ckopocTeil B Touky C mIaTyHa — OPOTUB YaCOBOM CTPEIKU

(puc. 3.11).
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BennunHa yriaoBoM CKOPOCTHM KOPOMBICHA OINPEAETUTCA MO aHAJIO-

THYHON (hopMyJIe, B KOTOPOH BMecTo DC Hamo MoJCTaBHUTE pcC, a BMecTO

BC - CD:

W; = pca)](paz[/c) (3.13)
CD

HamnpasneHue 3Toi CKOPOCTH yKa3blBaeT BEKTOp P C, MBICIEHHO IEpeHe-
CeHHbII B TOUKy C KOpOMBICIa — MPOTHUB YacOBOM cTpenku (puc. 3.11).

Pacder neperaToyHBIX OTHOIIEHWI B MEXAHU3ME

OmnpeneneHue U CMbICT MEPEJATOUYHBIX OTHOIICHUN B KPUBOUIUITHO-
KOPOMBICJIOBOM MEXAaHU3ME TAKUE K€ U BEJIMYMHBI UX PACCUUTHIBAIOTCS
TakK ke, Kak 3To ObLJI0 onucaHo B §3.95.

Haiinem nepenaTouyHoe OTHOIIEHHWE OT KOPOMBICIA K KPUBOIIUITY.
OT0 OGe3pazMepHOe MepeaaTOuHOE OTHOLIECHUE ONpeeIIsieTcs KaK OTHOLIe-
HUE YTJIOBBIX CKOpOCTel Kopombicia U kpuBotumna. C ygetom (3.13) nocrne
COKPAIIICHUSI TIOJTYUNM:
w3  PC

Ugy = —2 =
31
w, CD
[lepenatoyHoe OTHOIICHHWE OT TOYKH S IMaTyHa K KOPOMBICTY (C
yuyeToM (3.13):

— Vs _ PS 4, CD
W3 PCay
C yuetom (3.4) noclie COKpaIICHUS TTOJTYyUUM:

ps CD g
pC
JIroOble apyrue mepeaaTovyHble OTHOIICHUS PACCUUTHIBAIOTCS aHAIO-
TUYHO.

Uss ()

OHDGI[GJ'IGHI/IG YCKOPEHUM 3B€HbEB U MX TOYCK

[lepexomum k muany yckopenwuii. [lomo6HO Tutany ckopocTeit Oyaem
CTPOUTH €r0 B MAcIITa0e KPUBOLIMIIA [l = [ | ® 2 (M/c?*MM), IIPU KOTOPOM
M300paKEHNE BEKTOpa HOPMAIBHOTO YCKOPEHHS TOYKH B KpuBomuia Ha
IJIaHe YCKOPEHUM paBHO M300paKEHHUIO KPUBOIIIMIA HA CXEME MEXaHHU3Ma
(BBIBOJ DTOTO TOJIONKEHUSI CMOTPU B Tpeablaylieit sekuun). CHayana u3
MOJIFOCA T IPOBOJUM BEKTOP HOPMAJILHOIO YCKOPEHHUs TOYKU B KpuBOIIH-
1a, KOTOpO€ HalpaBJeHO K IIEHTPY €ro BpalleHus, TO €CTh, OT TOUKU B K
Touke A. Ilo BeIlIEyKa3aHHOMY YCJIOBUIO ATOT BEKTOp OyAET paBeH U Ma-
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payutesieH M300paKeHUIO0 KPUBOIIHMIA HAa CXEME MEXaHW3Ma, TO €cCTh,
70 =|| AB. (311 u nocinenyromme aeiicTBUs MNP MOCTPOCHHH IUIAHA

YCKOpPEHUH NpUBEJEHBbl B BUJE MPUMEUYaHUN IMOJ IUIAHOM YCKOPEHHUH Ha
puc. 3.11).

[Tepexonum k matyHy. Touka B npuHauie)KuT HE TOJIBKO KPUBOILIH-
Ny, HO ¥ IIaTyHy, 3HaYUT YCKOpEHUE TOYKU B maTyHa Takoe ke, Kak u
yckopeHue Touku B kpusomuna. 11laTyH coBepiaeT cli0)KHOE IBHKEHUE B
IUIOCKOCTH, TO €CTh, €r0 JABM)KEHHUE COCTOMT U3 IEPEHOCHOTO MOCTyIa-
TEJIBHOTO M OTHOCHUTEIBHOTO BpPAIIATEIBLHOTO BOKPYr TOYKM B. 3Hauwr,
yckopeHre Touykdn C OTHOCHTENbHO TOYKHM B IIaTyHa COCTOUT M3 OTHOCH-
TEJIbHOTO HOPMAJIIBHOIO M OTHOCUTENIBHOIO TaHreHuuanbHoro. C npyroi
CTOpOHBI, Touka C NMPUHAUIEKAT HE TOJNBKO IIATYHY, HO U KOPOMBICIY.
VY ckopeHue 3Toil TOUKU B a0COJIFOTHOM JIBMKEHUHM BOKPYT Touku D cocto-
UT U3 HOPMAJBHOTO M TaHreHuuaiabHoro. [losTomy, 4TOOBI ONpeneauTh
yckopernue Touku C maryHa, HaJ0 COBMECTHO PEIINUTH JBAa BEKTOPHBIX
YPaBHEHUS:

A A n T
d; =8 Tdcg T Aacs
- _n -
a.=ac +a;

B mepBoM ypaBHEHHH HOpMalbHOE yCKOpeHHe TOYkd C OTHOCH-
TEJILHO TOYKU B 11aryHa HaXomuTCs 1Mo M3BeCTHOM (opmyie. Onpenenum
cpasy ero u300pa)keHue, TO eCTh, JJIUHY BEKTOpPa B MM, KOTOPBIH ClIeIyeT
MIPOBECTH Ha IJIaHe YCKOpeHuii (¢ yuetrom (3.12)):

n 2 D V2 .2

2 = 9o _ BCw; BCu(bc) w;
CB — 7N - 2 BC ) 2
M,  H o (BC) o,

[Tocie cokpanieHus noay4nMm:

(3.14)

bn,zjgcj(MM) (3.15)

Bolinonssis neficTBue TpaUuecKoro CIOKEHHs, COTJIACHO NEPBOMY BEK-
TOPHOMY YPaBHEHHIO, 3TOT BEKTOP HAA0 OTJIOKWTH U3 KOHIA BEKTOpA
YCKOPEHHS TOUYKH B, TO €cTh, OT TOYKH D mapaiiensHo maryHy B Hampas-

nennu ot Toukn C K Touke B — K HeHTpy oTHOCHTenbHOTO BpameHus (D1
Ha puc. 3.11). V3 KoHIIa NOJIy4eHHOTO BEKTOpa, TO €CTh, U3 TOYKHU N1, CO-
[JIACHO TOMY K€ BEKTOPHOMY YPaBHEHUIO, MPOBOAUM JIMHUIO JECUCTBUS
TaHT€HIIMAIIBHOTO OTHOCUTEIBLHOTO YCKOPEHHS TOUKU B miatyHa — nepnes-
JTUKYJISIPHO B IIATYHY.

Tenepp mepexoauM KO BTOPOMY BEKTOPHOMY YypaBHEeHHIO. Hop-
MajibHOE yckopeHue ToYkd C KOpoMbIciia MOXKET ObITh HalJeHO MO W3-
BecTHOM (popmyre. Onpenenum ero n300paxkeHue, TO €CTh JJIMHY BEKTOpa
B MM, KOTOPBI{ HaJI0 IPOBECTHU HA IIJIaHE YCKOpeHui (¢ yuetom 3.13):
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n 2 2 2
ag*:””zzac _CD w; :CD,u,(pc) @;

Mo 0] (CD )’ 0]

ITocne COKpalmCHUA IMOJIYyYUM:

—_(pc)
mn, = D (MMm) (3.16)
N3 KOHIIa TOJTy4Y€HHOTO BEKTOPA, TO €CTh, U3 TOUKHU N 2, COTJIACHO BTOPOMY
BEKTOPHOMY YPAaBHEHHIO, MPOBOJUM JIMHHUIO JACHUCTBUSA TAaHTCHIIMAIBHOTO
ycKopeHus Touku C KOpombICia — MEPHEHIUKYISIPHO K KOPOMBICIY Ha
cxeMe Mexanusma (puc. 3.11).
Touka nepecedyeHrst ABYX JIMHUW JACHUCTBUS TAHTCHIMAJIBHBIX YCKO-
PEHHI SBIAETCS KOHIIOM BEKTOPOB TAHTCHUIHUAIBHOTO OTHOCHUTEIBHOTO

p.
yckopeHus Touku C IatyHa dcp = N;C 1 TaHICHUUAIBHOIO a0CoITI0T-

HOTr0 ycKopeHust Touku C KOpoMbIciia aé =n,c. Kpowme Toro, sta Touka
SBJIIETCSI KOHIIOM MCKOMOTO BEKTOpa TOJHOTO a0COJIOTHOTO YCKOPEHUS
touku C MexaHu3ma % =rc , IOJly4€HHOTO B pe3yJibTaTe rpadoaHaiu-
TUYECKOTO PEIICHUs] CUCTEMbI BEKTOPHBIX ypaBHeHHH (3.14). Cymma Bek-

Topos b n ; ¥ N;C 1aeT BEKTOP IOJHOTO OTHOCUTEILHOIO YCKOPEHHS TOY-
ku C maryna dgop = bc. Touka s Ha mIaHe ycKOpeHHil, TaK e KaK Ha

TUIAHE CKOPOCTEM pACIIOJIOKEHA ITOCEPEANHE BEKTOPA bc: 7ws - BEKTOP

a0COJIIOTHOTO YCKOPEHMSI TOUKH S.

Hcnonb3yeM niiaH yCKOPEHUN I HAXO0KACHUS YIIIOBBIX YCKOPEHUN
IaTyHa ¥ KOpOMBICHIA. YTJIOBOE€ YCKOPEHHE IIaTyHa B €r0 OTHOCUTEIBHOM
JNBW)KCHUU BOKPYI TOYKM B HaljgeM Kak 4acTHOE OT JEJICHUS TaHICHIIU-
aIbHOTO OTHOCHUTENBHOTO yCKOpeHUs Toukn C Ha paanyc-BEKTOp pacHo-
JIO’KEHHUs 3TOM Touku Ha maTtyHe (pazmep BC). 3ameHss neicTBUTENbHBIE
BEJIMYMHBI X MU300paXKEHUSMU Ha IJIaHE YCKOPEHUM U CXeME MEXaHW3Ma,
MTOJTYYUM:

T I, 2
£, = Aep _ MCH; @;
BC  BCy
N nociie cokpaiieHuss UMeeM:
g, = 1€ 02 (pan/c) (3.17)
2 - — 1 paa/c .
BC

HamnpasjieHnue yrioBoro yCKOpeHus IIaTyHa YKaXeT BEKTOp /1;C , MBICIIEH-

HO NEPEHECEHHBIN M3 IUIaHa YCKOpeHHUi B TouKy C cxembl MexaHu3Mma. B
JAHHOM CJIydae YIVIOBOE YCKOPEHME IIaTyHa HAIpaBJIC€HO II0 4YaCOBOU
CTPEJIKE, TO €CTh, B CTOPOHY ITPOTHUBOIIOJIOKHYIO €0 YITIOBOM CKOPOCTH —
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ATO 3HAYMT, YTO MIATYH B JIAHHBIA MOMEHT BPEMEHU JBUKETCS 3aMEJICH-
HO.

VYrioBoe ycKOpeHHe KOpOMBICTa HaieM, KaKk 4acTHOE OT JCJICHUS
TaHTE€HIIUAIBHOTO yCKOpeHHUs: Touku C Ha paguyc-BEKTOP PaCIOJIOKEHUS
ATOM TOUKHU Ha Kopombicie (pazmep CD). 3aMeHsst [eHCTBUTEIbHBIC BEIIU-
YHHBI UX M300pKEHUSMHU Ha TUTAHEe YCKOPEHUH U CXeMe MeXaHH3Ma, Io-
JTYIUM:

T . 2
dc _MCH 0

(93 - = —
CD CDy
U mocne COKpalICHNUA UMCEM:
g =2 02 (vanlc) (3.18)
3 i — 1 pana/c .
CD

Hampapienue yriioBoro yYCKOPEHHs KOPOMEBICIA YKa)eT BEKTOp 71,C,

MBICJIEHHO NEPEHECEHHBIM U3 IUIaHa YCKOpEeHHM B TOYKy C cXembl Mexa-
HuU3Ma. B maHHOM ciydae yrioBo€ yCKOPEHHE KOPOMBICIIA HAIIPABJICHO
IIPOTUB YaCOBOM CTPEJIKH, TAK XK€, KAK U €ro yriioBas CKOPOCTb, 3TO 3Ha-
YUT, YTO IIATYH B JAHHBIA MOMEHT BPEMEHU JBUKETCS YCKOPEHHO.

§3.7. KunemaTnueckuii aHAJINU3 KPUBOIIHUITHO-KYJIMCHOTO
MeXaHHM3Ma NPU NOMOIUM IVIAHOB CKOPOCTEH U YCKOPEHUH

OHDGHCH@HHG CKOPOCTEH 3BEHBEB U UX TOUCK

Cxema MexaHuU3Ma JJI 33IaHHOM MO3UIIMU CTPOUTCS B MaciiTade | |
(puc. 3.12). CBoeobOpa3ue 3TOro MexaHu3Ma 3aKJIH0YaeTcsl B HAJIMYUU COB-
najarolux ToOYeK KaMHs U Kyaucel. Touka B peanu3zoBaHa Ha KpUBOIIMIIE
] u xamHe 2 B BHJI€ IIAPHUPA, CBI3BIBAIOLIETO0 KAMEHb C KPUBOIIMIOM. B
JTAHHBIA MOMEHT BPEMEHHM C 3TOM TOUYKON COBMAJaeT BooOpa)kaeMasi TOUKa
Ha KyJuce 3, TO ecTh, TOUKa, KOTOPasi HUKaK HE pealu30BaHa, HO KOTOpas
Hy>XHa JUIsl PacyeToB M MOCTPOCHUH. PensiTMBHAs CKOPOCTh Vpspi (WM
VB3g2) — 9TO CKOPOCTh TOYKH B3 KyJIMCBI OTHOCHUTENIbHO TOYKHM Bi KpuBO-
muna (Wi Touku By kaMHsT). YUuThIBasi, 4TO KaMEHb M KYJIMCa COBEPIIAIOT
JIpYr OTHOCHUTENBHO Jpyra MOCTYMNaTeIbHOE JIBUKEHUE, MOXXHO CKa3aTh,
YTO PENIATHUBHAS CKOPOCTh — 3TO CKOPOCTh KYJIUChl OTHOCUTEJIBHO KaMHS.

[1nan ckopocteli OyneM CTPOUTH B MaciiTade KPUBOIIHUIMA Ly = L O 1
(M/c-MM), TIpH KOTOPOM H300paX€HUE BEKTOpa CKOPOCTH TOUKH Bi Kpu-
BOIIMIIA HA TIJIaHE CKOPOCTEH pPaBHO M300paKEHHUIO KPUBOIIMIIA HA CXEME
MexaHu3Ma (BBIBOJ 3TOTO MOJIOKEHUSI CMOTPU B IIpeablAyie aexkuun). 13

TMOJTIOCA P TLIAHA CKOPOCTEil IIPOBOIMM BEKTOP CKOPOCTH Touku B; — pb;

pPaBHBIM U IEPHEHAUKYJSPHBIN KPUBOLIUITY AB . s CTOPOHY, COOTBET-
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CTBYIOIIYIO HAIIPaBJICHHUIO €r0 BPAILCHUS: pb] =1AB . (3tu u mocne-

JIYIOIINE JEUCTBUS MPU MOCTPOCHHUM IIaHA CKOPOCTEN MPUBEJCHBI B BUJIE
MIPUMEUAHUM T10J] TUTAHOM CKOpocTer Ha puc. 3.12). JlanpHelie mocTpo-
€HUS MPOU3BOJAATCSA MO BEKTOPHOMY YPABHEHUIO NI CKOPOCTH COBIIaJa-

OIIE TOYKU B3 Kyuchl:

Vg3 =Vp; T VB3B]

JIuHus IEWCTBUS CKOPOCTU Vg3 NEPIEHIUKYISAPHA KYJIHCE BC u

TaK KaK 3Ta CKOPOCTh a0COJIFOTHA, TO €€ JIMHUIO JEeHCTBUS MPOBOIUM Uepes
TIOJIFOC TJIaHA CKOPOCTEN. JIMHUS NEUCTBUS PEIATUBHON CKOPOCTH

Puc. 3.12

A3 =bk 1 BC

Ap3p; = bzbs

apsp; =kb; || BC
ag; =nn || BC
ap=nd L BC
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Vp3p] DAacIOIOXeHa BIOIbL KyIMChl (3TO CKOPOCTh KYJIUCHI OTHOCHTEIb-

HO KaMH$), TI03TOMY, BBITIOJTHSS ACHUCTBUE TPA()UUIECKOTO CIOKESHHUS TI0
BEKTOPHOMY YPaBHEHHIO, IIPOBOJIUM Ha IUIAHE CKOPOCTEH uepe3 TOuKy b1

npamyto, napamiensuyio kymuce BC . B nepecedenny >TMX AByX THHMi

JNEHCTBUS HAXOIUTCS MCKOMasl Touka D3 , Tak 9TO, BEKTOP pb3 — 9TO BEK-

TOp aGCOITIOTHOM CKOPOCTH TOUKHM D3 KyJHCE, a BekTop D 1b3 €CTb BEKTOp

pensatuBHOM ckopoctu. [Tonoxxerne Toukn d Ha M1aHe CKOPOCTEH ompe/e-
UM Tak: Touka D pacnonoxeHa Ha KyJMCe U HaAXOJAUTCS Ha MPOJA0JKEHUU
ee yuactka CD, mostoMy, corimacHo TeopeMe mojo0usi, Ha MJIaHe CKOpO-

creit Touka d Gymer pacmonmaraThcs Ha HpOJOJDKEHHMH Bektopa pb; | a
pasMep BeKTopa CKOpOCTH ToUkH D ompeaennTess U3 mponopIyu:

pd CD

pb; CB
OHpCIIeJII/IM YIJIOBYIO CKOPOCTD KYJIUMCBI B HaHHOﬁ O3 MEXAaHHU3MaA.

0. = Vps _ Vpz M, _ Pb; 1y o,
;= — —
BC BCu  BC y

ITocne COKpalmCHUA ITOJIYyYUM:

b
w; =75 o, (3.19)
BC
Hamnpasnenue BpamieHus KyJauChl YKaKET BEKTOP pb , MBICJIEHHO IIepe-

HECEHHBIM W3 IUIAHA CKOPOCTEW B TOYKY B3z KynHMChl, — MPOTUB 4acOBOU
CTPEJIKHU.

PacueT nepe1aToYHBIX OTHOIIEHUN B MEXAHU3ME

Omnpenenenre U CMbICT NepeJaTOYHbIX OTHOLIEHUH B KPUBOUIMITHO-
KYJIICHOM MEXaHH3ME TaKHe K€ U BEJIMUYMHBI X PACCUUTHIBAIOTCS TaK XK€,
KaK 3To ObUIO ornucaHo B §3.5.

Haiinem mepenaToyHOe OTHOIIEHHE OT KYJIHCHI K KPHUBOIIUITY. JTO
0e3pa3mMepHOe TIepeaTOYHOe OTHOIICHHE OIpenemseTcs] KaK OTHOIICHUE
YIJIOBBIX CKOpOCTE Kopombicia U kpuBomuna. C yyetom (3.19) nociie co-
KpaIICHUS MTOTyUrM:

ws_ﬁ

Uy =~ ==42
w, BC
[lepenatouHoe OTHOLIEHHE OT TOYKU D Kynucel 3 K KaMHIO 2 B €ro
PEJSITUBHOM JIBMXKEHHHU (TO €CTh, B IBUDKEHHUH BJIOJIb KYJIUCHI):
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Vp _W

Vezg:s 0iD3

I[pyme NnepeaaTOYHbIC OTHOICHUA HAXOAATCSA aHAJIOTHYHO.

Upop =

OHDGILCJ'I@HI/Ie VCKODGHI/Iﬁ 3BCHLCB U UX TOYCK

[lepexoqum k muany yckopenuil. [lono6HO many ckopocteit Oynem
CTPOMTH €r0 B MacIITa0e KPUBOLIMIIA L 5 = [ @ (M/C?*MM), IIPU KOTOPOM
1300pakeHNE BEKTOPA HOPMAIBLHOIO YCKOPEHHS TOYKH Bi KpuBommma Ha
IUIaHE YCKOPEHHWH PaBHO M300paKEHUIO KPUBOIIMIIA HA CXEME MEXaHHU3Ma
(BBIBOJI 3TOTO MOJIOKEHUS CMOTPH B TIpeabLIylnei sekuun). CHavana us
TOJIIOCAa T TPOBOJAMM BEKTOP HOPMAIBHOTO YCKOPEHHs TOUKH Bi KpHBO-
1M1, KOTOPOE HAMPABJIEHO K LIEHTPY €T0 BPAILEHHs, TO €CTh, OT TOYKH B
K Touke A. ITo BBIIEyKa3aHHOMY YCIIOBHIO OTOT BEKTOP OyIET PABEH U Ia-
pajulesied M300paKEHUIO KPUBOLIMIA HA CXEME MEXaHW3Ma, TO €CTh,

T bl =|| AB . (311 u nocnexnyromnme IeHCTBHS IPH MOCTPOCHUM IIAHA

YCKOPEHHW NPUBEIAEHBI B BHUJIE NPUMEYAHUM IIOJ IUIAHOM YCKOPEHUH Ha
puc. 3.12). TanreHunagbHOE YCKOpEHHE TOYKU B1 OTCYTCTBYET, Tak Kak

@; = const (puc. 3.12).

[Tepexonum k Kynuce. Y CKOPEHUE COBIAMAIOIIECH TOYKU B3 KyJHChbl
CKJIQJIbIBACTCS U3 YCKOpEeHUsl Touku Bi KpuBoiuna (uiau Touku By kaMHs)
U PEIIATUBHOTO YCKOPEHUS, COCTOSIIETO M3 KOPHUOJHUCOBA U TaHTECHIIMAb-
Horo. C Ipyroi CTOPOHBI, YCKOPEHHE TOYKM B3 KyJMCBI COCTOMT U3 HOP-
MaJIbHOTO ¥ TAHT€HIIMAJIBHOTO a0CONIOTHBIX yCKOpeHU. Takum oOpaszom,
4yTOOBI HANTH YCKOPEHUE TOYKH B3 HaZ0 peluTh CuCTeMy U3 JByX BEKTOP-
HBIX YPaBHECHUM:

—  — % p
dp3 =dp; tAapzp; T Ap3p;

_n T
dp3 =apz tdp;

(3.20)

KopuonncoBo yckopeHrne MOXeT ObITh ONPEEIeHO 10 U3BECTHOU U3
TeopeTnueckor Mexanuku popmyne. Halinem ero mzoOpakeHue, TO €CTh,
JUIMHY BEKTOPA, KOTOPBIA HAJ0 OTJIOXKHUTh HA IJIAHE YCKOPEHUU, C YUETOM
3.1)nu (3.8) u (3.19):

J e —bhk= aféggl _ 203Vp3p, _ 2 pb; 0, b;b; 1y @,
B3BI 1 — 2
Hg Hay BC H @
Ilocne coxpanieHus noay4nuM:
— 2pob.b.b,
b,k = pb3b]b3(MM) (3.21)

BC
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Brimonasist aeiicTBue rpaduueckoro CIOXKEHHUS MO TEPBOMY BEKTOPHOMY
ypaBHeHUIO cucTembl (3.20), 3T0 BEKTOp CIeAyeT OTI0KUTh U3 KOHIIA BEK-
TOpa yCKOopeHHsI Touku B, To ecTh, n3 Touku b; minana yckopeHuii B cro-
POHY, KOTOpasi OMpEeEeseTcsl CIEIYIOUUM MPABUIOM: HaIlpaBiIeHUE BEK-
TOpa KOPHUOJIMCOBA YCKOPEHMSI YKA3bIBAET BEKTOP PEJATUBHOU CKOPOCTHU

b1b3 Ha IJIaHE CKOPOCTEH, MOoBEepHYTHIH Ha 90° B CTOpOHY BpalleHUS KY-

nucel (© 3 Ha cxeme MexaHu3ma). M3 Touku K mpoBOAMM JIMHUIO IEHCTBHS
TAHT'€HLIMAJIbHOTO PENIAITUBHOTO YCKOPEHUSI — NAapAJUIENIBHO KYJIHUCE.
Temepp mepexoauM KO BTOPOMY BEKTOPHOMY ypaBHeHHIO. Hop-
ManbHOE yckopeHue Touku C KOpOMBICTA MOXET ObITh HAalIEeHO MO W3-
BecTHOM dopmyre. Onpeaenum ero n300pakeHue, To ecTh ATUHY BEKTOpa
B MM, KOTOPBI/ HaJI0 TPOBECTHU Ha IJIaHE yCKOopeHuid (¢ yueTom (3.19)):
n 2 D 132 .2
4t =<8 _ BCw; _ BCyy(pb; ) o
B3 2 o YaRv 2
M,  H o (BC)"
[Tocne coxkpanieHus NOJIy4HnM:
— 712
(pb3) (M

Tn=

M) (3.22)

W3 KOHIIa MOJIy4EHHOT0 BEKTOPA, TO €CTh, U3 TOYKU N, COTJIACHO BTOPOMY
BEKTOPHOMY YPAaBHEHUIO, IPOBOJUM JIMHHUIO JACHUCTBUS TAaHI€HIMAJIBHOTO
YCKOpPEHUs TOYKHU B3 KyJIuChl — NEPIECHAUKYIISIPHO K KYJIUCE HA CXEME Me-
xaHu3ma (puc. 3.12).

Touka nepecedyeHurst ABYX JIMHUW JACHUCTBUS TAHTCHIMAJIBHBIX YCKO-
PEHHI SBIIETCA KOHLIOM BEKTOPOB TAaHI€HIIMAJIBHOI'O PEJISITUBHOTO YCKO-

T 5
penust TOUKK B Kynucel dp p; = kb3 Y TAaHTCHITMAIBHOTO a0COFOTHOTO

T
YCKOpPEHHUS TOYKHM B3 Kyimcel dp; = nb3 . Kpome Toro, 3ta Touka siBis-
€TCsl KOHIIOM HCKOMOI'O BEKTOpa IMOJHOIO a0COJIFOTHOIO YCKOPEHHS TOY-

ku B3 mexanusma dp; = 7T b , TIOJTy4€HHOT'0 B pe3yibTaTe rpadoanaiu-

TUYECKOTO PEIIeHUs] CUCTEMbI BEKTOPHBIX ypaBHeHHH (3.20). Cymma Bek-

TOPOB b]k U kb3 JIa€T BEKTOP IOJIHOTO PEIATUBHOIO YCKOPEHUSI TOUYKU

Bs maryna dgs;p; = b]b3 .

Hcnonb3yeM miiaH yCKOPEHUN I HaXOXKAEHHUs YIIIOBOIO yCKOpe-
HUS KYJUCHI. DTO €CTh YaCTHOE OT JICJICHUSI TAHTE€HIIUATHLHOTO a0COTIOTHO-
ro YCKOpPEHHsI TOUKU B3 Ha paanyc-BEKTOp pacrojioKeHUsl 3TOM TOUKU Ha
kynuce (pasmep BC). 3aMeHsisi nelicTBUTENbHBIC BETUYNHBI UX H300paxe-
HUSIMU Ha TJIaHE YCKOPEHUN U CXEME MEXaHU3Ma, HOJIYUUM:

_ ap; _ nb; 14 ]
BC  BCy

&3
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W nocne coxpameHus UMeeM:
£ b @7 (pan/c) (3.23)
3 e — )i pan/c .
BC

HamnpapieHie YIIoBOr0 yCKOPEHHMs KYJIHCHl ykaxeT Bektop /b, . mblc-

JIEHHO NIEPEHECEHHBIN U3 IJIaHA YCKOPEHUH B TOUKY B cXxeMbl MexaHu3Ma.
B maHHOM ciy4ae yrioBo€ yCKOPEHHME KYJIMCHI HAIIPABJICHO IIPOTUB 4YacoO-
BOW CTPEJIKH, TO €CTh, B Ty € CTOPOHY, YTO M YIJIOBAasi CKOPOCTb — 3TO
3HAYMT, YTO KyJIMCa B JAaHHBIM MOMEHT BPEMEHHU JIBUKETCS YCKOPEHHO.

§3.8. AHaauTHYecKUl MeTOJ KNHEMATHYECKOT0 AHAJIU3a
CTepP:KHEBbIX MEXaHM3MOB

AHanUTUYECKUN METOJ] OCHOBAH Ha COCTABJICHUH U PEIICHUN alreo-
PaNYECKUX YPAaBHEHHUI aHAIMTUYECKON T€OMETPUHU pacCMaTpUBAEMOIO Me-
XaHHU3Ma B TpeOyeMoil mo3unuu. /[t HaxoXKaeHus MapaMeTpoOB CKOPOCTH U
YCKOPEHUS 3BEHA WM TOUKH 3TH YpaBHEHUS AUPPEpEeHIUPYIOTCS.

AHaNMTUYECKUI METOJ] HE SIBIISIETCS YHUBEPCAIbHBIM B TOM CMBICIIE,
YTO MPU MOMOILIM HEro HEBO3MOXKHO Cpa3y OIpPEAENIUTh BCE CKOPOCTH U
YCKOPEHHSI B MEXaHU3Me, a Tak)Ke, HaIlPaBJICHUS 3THX CKOPOCTEH U YCKO-
PEHHI TaK, KaK 3TO MO3BOJISIOT CHEJIATh IUIAHBI CKOPOCTEW M YCKOPEHUI.
CocraBneHHble (YHKIMU U UX MPOU3BOAHBIE JAIOT BO3MOXKHOCTh HAWTU
NepeMENICHHE, CKOPOCTh U YCKOPEHUE TOJIBKO OJHOIO 3BEHAa WJIM TOJIBKO
OJIHOM TOYKH 3BEHA, HO PE3YJbTAThl MOTYT OBITH MOJYYEHBI C OOJBIION
TOYHOCTHIO. Kpome Toro, Bech mpouecc MOXeT ObITh KOMIbIOTEPU3UPOBAH.
[To3TOMY, aHaTUTUYECKUN METOJ MCHOJB3YETCS I YTOYHEHHUS! COOTBET-
CTBYIOIIMX I'paUyEeCKUX MPUEMOB U JJISi CO3JaHHUSI KOMIIBIOTEPHBIX IMPO-
rpaMM KMHEMATUYECKOTO UCCIIEI0BAHUSI TUIIOBBIX MEXAHU3MOB.

[TokakeM HCIOJIb30BAaHUE AHAIUTUYECKOTO METOJA Ha IpUMEpPE
ONpENENICHUs] KHMHEMAaTUYECKUX MapaMeTpOB II0J3yHAa HELUEHTPAJIbHOIO
KPUBOLIUITHO-TIOJI3YHHOr0 Mexanu3Mma (puc. 3.13).

Jlns onpeneneHuss NEpeMEIIeHHs] S MOJI3yHa 3alUIlIeM BbIPaKEHUS
MPOEKIMI 3BEHbEB MEXaHM3Ma Ha TOPU30HTAIb U BEPTUKAIb.

[Ipoekuys Ha TOPU3OHTAIIb:

s=1cosy —rcosg (3.24)
[Ipoekuust Ha BEpTUKAJIb:
rsing+e=Isiny (3.25)

B pe3ynpTHpyrOIMX BBIPAXKECHUSAX KUHEMATUYECKHX I1apAMETPOB
MOJI3yHa yI00OHO UMETh TOJIbKO pa3Mephbl 3B€HhEB MEXAHM3Ma U €T0 BXO/I-
HOW KMHEMATHYECKUU MapaMeTp — yroJ moBopora ¢ kpupommuna. [loaro-

MYy, BBIPA3HM YTOJI IOBOPOTA IIIaTyHA \J Yepe3 Ha3BaHHBIC TAPaMETPBHI.
N3 (3.25) umeem:
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rsing+e
I

siny =

A

et S _—
Puc. 3.13
BBeas 0003HaueHns
I e
A=—; u=-— (3.26)
r r
MOJIYYHM:
. sing +
sing =P TH (3.27)
. Sinp +
= arcsin SheTH (3.28)

C yuerom (3.26) u3 (3.24) noay4um:
s=r(Acosy —cosp) (3.29)
[ToacraBuB (3.28) mojgyduM OKOHYATENIBHOE BBIpAKEHUE MEpPEMEIICHUS

MOJI3yHA:
S= r{/l oS (arcsin S'n(';rﬂj —CO0S (0} (3.30)

[Iepexons K ONpeneICeHUI0 CKOPOCTH U YCKOPEHHUSI MOJI3YHa, CIEyET
3aMETHUTh, YTO U B 3TOM CiIy4yae yJOOHO MOJb30BATHCS TAKUMHU CKOPOCT-
HBIMH MapaMeTpaMiy U apaMeTpaMH YCKOPEHUs, KOTOpbIe Obl HE MEHSUIUCH
IpU U3MEHEHUH YTJIOBOM CKOPOCTH (® KPUBOIIMIIA, a 3aBUCENN ObI TOJIBKO
OT COOTHOILIECHHW pa3MepOB MexaHu3Ma. TakuMu mapameTpaMu sIBISIOTCS
AQHAJIOT'U CKOPOCTEN U YCKOPEHUM.

AHaJIOT CKOPOCTH — ATO BEJIMYMHA MPONOPLHOHAIBHAS CKOPOCTH, HO
3aBUCAIIAS. HE OT BPEMEHU, a OT yIJIa MOBOPOTA BXOJIHOI'O 3BEHA MEXAHU3-
Ma (371eCh — KPUBOIIIUIIA), TO €CTh, ITO MEpPBasi MPOU3BOIHAS OT MEepeMelle-
HUS HE 0 BPEMEHHU, a 10 Y1y MOBOPOTA ITOTO 3BEHA!
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ds
V=— (3.31)
do
Yro0Obl HAWTH CBA3b MEKIY aHATIOIOM CKOPOCTH M CKOPOCTHIO YMHOKHM U
pas3zenuM 3Ty apoOb Ha dt:

V:chdt
dodt

3neck ds/dt — 3To nMHEWHAs CKOPOCTH (B IAaHHOM cliydae, 1moji3yHa), a de/dt
— yIJI0Basi CKOPOCTh BXOJHOTO 3B€Ha — KpuBoIumna. [Toatomy,

V = v (M) (3.32)
@
AHAJIOT YCKOPEHUs — 3TO BTOpasi MPOU3BOAHAS OT MEPEMEUICHUS 110
yIJIy TIOBOPOTA BXOJTHOTO 3BEHA!

=" (3.33)

Jns HaXOXKIOEHUsI CBSI3M MEXKIYy AaHAJIONOM YCKOPEHHSI M YCKOPEHUEM
YMHOKUM U Pa3ielIuM 3Ty Jpoob Ha dt?;

d’sdt’

do’ dt’

3neck d2s/dt? — aTo nuHelinOE yckopenue nonsyHa, a de?/dt? — kpagpar yr-
JIOBOW CKOPOCTH KpuBoiumna. [loaromy,

A=

a
A= 5 (M) (3.34)
0
3aMeTUM, YTO aHAJIOTU JJUHEHMHBIX CKOPOCTU U YCKOPEHHUSI UMEIOT pa3Mep-
HOCTb JIJIMHBI.
HaitneM BbIpakeHHWe IS aHalora CKOPOCTH Toi3yHa. [lig 3Toro

npoauddepenumpyem (3.29):

Vv :E:r singo—/lsinwd—"” (3.35)
do do
s Haxoxaenus dy/de npoauddepeniupyem (3.25):
rcose =| coswd—l//
do
Otkyna:
dy - 059 (3.36)
dep Acosy

[ToncraBum (3.36) B (3.35):
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V= r(sin(p—lsinﬂj
AcCoSy

Yurs, aro Siny/CoSy = tgy, mocie cokpalieHus HaiaeM:

V =r(sing - cosptg y) (3.37)
IToacrasus (3.28), MOJIyYUM OKOHYATEILHOE BBIPaKEHHE aHAJIOTa CKOPO-
CTH TIOJI3YHA:

: . Sing +
V = r{smgo—cos gotg(arcsm %ﬂ (3.38)
CkopocTh noJ3yHa onpeaenauTcs ¢ yuetom (3.32):

V=r a{sin @ — COS gatg(arcsin W%H (3.39)

Jlnst onpeneneHust aHaaora yCKOpeHus noja3yHa npoaudgepeHupy-
eM (3.37):

dv : 1 dy
A=——=r|COsSp+sSIiNnptgy —COSp——
do cos“y do
C yuerom (3.36) nosyuum:

COS@ COS@
cos® y ACoSy

cos’ @ )

A= r(cosqg+ sinptgy —

[Tocne yMHOKEHUS MTOTYYUM:

Acos®

[ToacraBuB (3.28), ModMy4yMM OKOHYATENHbHOE BBIPAKEHUE ISl aHaiora
YCKOpEHUS MOJ3yHA:

A= r(c05¢+ sinptgy —

A= r[cow +sin gotg(arcsin Mj —

2
— c0s ¢ (3.40)

Ac0s° (arcsin W)

VYckopenue nosizyHa onpenenurces ¢ yuetom (3.34):
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2

: . Sing +
a=rw? cose+sinpty arcsm%

cos® @
sinp+ u

(3.41)
Acos®| arcsin

HampaBneHusi CKOpocTH W YCKOPEHHS TOJI3YHA 3aBUCAT OT 3HAKOB
pe3yabTara pacueToB 1o Gopmyrnam (3.39) u (3.41) B cOOTBETCTBUM C TEP-
BOHAYAJIBHO MIPUHATHIMH YCIOBUSMH O 3HAKaX W HAIPABJICHUSIX.

§3.9. CuJioBoii pacuer cTep:KHEBbIX MEXaAHU3MOB.
Heab u npuHIMI

Pabora peanpbHOro MexaHU3Ma IPOUCXOAMUT MO JACHCTBUEM BHEIII-
HUX CWJI. BHENIHNE CUIIbI BBI3BIBAIOT MTOSIBJICHUE B MEXAHU3ME BHYTPEHHUX
CHJI, TO €CTh CWJI, C KOTOPBIMH OJIHH 3BEHbS IEUCTBYIOT Ha apyrue. Cuio-
BOM pacyeT MMEET LIEJIbI0 OINPEICIICHUE CHJI B3aUMOJCHCTBUS 3BEHBEB B
KMHEMaTHYECKUX Mapax MexaHu3Ma. Eciu oHO 3BEHO JEMCTBYET Ha BTO-
pO€ C OMPENETCHHON CUJION, TO, COTJIAaCHO TpeTheMy 3akoHy HbroTOHA, 3TO
BBI3BIBAET MPOTHUBOJICHCTBUE BTOPOTO 3BE€HA C TaKOM ke cuioil. [loatomy,
CUJIbl B3aUMOJICHCTBUS 3BEHbEB B KHHEMATUUYECKUX NapaxX HAa3bIBAIOTCS CH-
JIaMU peaKklMK WU MPOCTO peakiusiMu U 0003HavaroTcs OykBoi R ¢ coot-
BETCTBYIOILIMMH UHAEKCAMHU, HapuMep, Ro3 — 3T0 cuia, ¢ KOTOpoil BTOpoe
3BEHO JIEMCTBYET Ha MepBoe, a R3» — paBHAast M MPOTUBOIIOJIOXKHAS €l cuia.

3HaHME BEJIMYMH pEaKUUid B KMHEMATHYECKHX Iapax HEoOXOAUMO
JUISL JAJIBHEMILIET0 pacyeTa Ha NPOYHOCTh ATUX KWHEMATHYECKHX Map ¢ 1e-
JBI0 ONPENENICHUsI WX Pa3MEpOB, HAIPUMEpP, NMAMETPA LIAPHHUPA, JJIMHBI
HaIpaBJISAIOIUX U IIP.

CuioBoil pacdyeT MEXaHU3MOB, KaK IMOJBUKHBIX MEXAHMYECKUX CH-
CTeM, IPOU3BOAMUTCS C MCIOJb30BaHHEM MpuHUMNa Jlamambepa: eciu K
MOJBM)KHOW MEXaHUYECKON CHCTEME HapsAly C BHEIIHUMH CUJIAMU MPHIIO-
KUTh CUJIbI UHEPUUHU €€ 3BEHBEB, TO TaKyl0 CHUCTEMY MOXKHO pacCMaTpu-
BaTh B PaBHOBECUHU M PACCUUTHIBATH METOJAMU CTaTUKHU. PaccMOTpuM cHa-
yajia METOJIbl pacyeTa CUJI MHEPLIMH JJIsl 3B€HBEB, COBEPIIAIOLINX MTPOCTHIE
Y CJIOXKHBIE JIBUKECHHUS.
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§3.10. OnpenesieHne CUJI HHEPIUU
U CWJIOBBIX MOMEHTOB HHEPIHH 3BEHbEB

B Hauane 3aMeTuM, 4TO CHJIBI MHEPIIUH — 3TO (DUKTUBHBIE CHUJIbI, HE
CYIIECTBYIOIIIME B MPUPOJIE, a BBEJACHHBIC M yaoOcTBa pacueroB. B pe-
QIBHOCTU J1e7I0 OOCTOUT Tak. Y Tejla €CTh TOJBKO JIBa €CTECTBEHHBIX CO-
CTOSIHUS — TOKOS M PaBHOMEPHOTO MPSAMOJWHENHOTO JIBHXKEHUS, MPU KO-
TOPBIX HA TEJIO HE JCHCTBYIOT HUKAKWE CUJIbI. ECIIM 3TH COCTOSHUS Hapy-
HIAI0TCSA NPU HAIOKEHUU KaKOH-IHOO CBSI3U, TO HA TEJIO JEHCTBYET CUja
pPEaKIU CBSI3U; 3Ta CUJIA BHI3BIBAET MIPOTUBOACHCTBHE, KOTOPOE U MPUHSITO
Ha3bIBaTh CUJION MHEPIUU.

PaccmoTpum ompeneneHue Cuil MHEPUUM W CHUJIOBBIX MOMEHTOB
WHEPIUU JJISI 3BEHbEB, COBEPIIAIOIINX MOCTYIATEIbHOE, BpallaTeJbHOE U
CJIO’KHO€ JIBHXKCHUSI.

[ToctynarenbHo aBukynieecs 3BeHO. [lon3yH, uMmeromuii maccy m,
YCIIOBHO COCPEIOTOYCHHYIO B IIEHTpe Macc, (puc.3.14a) qBuxkeTcs ¢ yCKO-
PEHHEM a, 3HAYUT, COINIACHO BTOPOMY 3akOoHY HbpIOTOHA, K HEMY MPUIIOKE-
Ha cujia UHepuuu F,, HampaBjIeHHas B CTOPOHY, TPOTUBOIIOJIOKHYIO YCKO-
peHnto. BennunHa 3TOM CUJTbI HAXOJIUTCS TakK:

Fy =ma (H)

Bpamaronieecs 3B€HO. 3B€HO ¢ Maccoil m, yCJIOBHO COCPEIOTOYEH-
HOI B 1ieHTpe Macc S (puc. 3.140), ¥ MOMEHTOM MHEPIUHU | OTHOCHTEIBHO
LIEHTPa Macc BPAIlA€TCsl BOKPYT HEMOABUKHOM TOYKH A C YTIIOBOW CKOPO-
CTBIO ® U YIVIOBBIM yckopeHueMm €. CremoBaTesibHO, IIEHTP MacC UMeEET
HOPMaJIbHOE yCKOpeHHe a" M TaHTeHIHabHOE ycKopeHue a’. Mcmomb3ys
BTOpPOM 3akOH HBIOTOHAa MOJKHO CKa3aTb, 4TO Ha 3TO 3BEHO JEUCTBYIOT
HOpMaJbHas W TAHTEHIMAJIbHASI COCTABJISIONIAS] CUJIBI MHEPIIUU U CUJIOBOU
WHEPIUOHHBIA MOMEHT, MPUYEM 3TH CUJIbI U MOMEHT HampaBJe€HbI B CTO-
POHY, MPOTHUBOMOJOXHYIO COOTBETCTBYIOIIMM KHUHEMATUYECKUM IMapaMeT-
pam. VX BETMUMHBI HAMJEM TaK:

- HOpMaJIbHAs CUJIa UHEPLUU

2
Fy;=ma"=mAS " (H) (3.42)
- TAHTCHI[MAIbHAS CUJIa UHEPIINHT
Fy=ma"=mAS ¢ (H) (3.43)
- CUJIOBOM MHEPIIMOHHBIA MOMEHT
M, =1¢& (Hwm) (3.44)

[Ipu paccMOTpeHMHM BpaIIATEIBHOIO ABW)KEHUS 3BEHA HMHTEpEC
MPEJICTABISIOT YACTHBIE CIIy4yad pacyera CUJ MHEPLUMU U CUJIOBOTO HMHEP-
IUOHHOTO MOMEHTA, CBSI3aHHBIE C PABEHCTBOM HYIIO HEKOTOPBIX T'€OMET-
PUYECKUX U KHUHEMATUYECKHUX IMapaMeTPOB 3BEHA.
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Puc. 3.14

1. IlenTp Macc 3Be€Ha HE COBMNAJACT C LIEHTPOM BpAIlICHUSA, YII0Bas
CKOPOCTb 3BE€HA IIOCTOSIHHA! AS #0; w#0; € =0, torma, ¢ Y4E€TOM

n T
(3.42), 3.43)u (3.44), Iy, #0; Fy; =0; M ;; =0. B stom ciyuae na
3BEHO JICHCTBYET TOJIbKO HOpMasibHas (LIEHTPOOESKHAsI CUJIa UHEPIIUH ).
2. lleHTp Macc 3BeHa COBNAAAET C UEHTPOM €ro BpaIllCHUs, yTIIOBas
CKOPOCTh MOCTOSIHHA (CJIy4ail paBHOMEPHOTO BpallleHUs IIEeCTePEH, IIKH-
BOB,  MaxOBHKOB WM  JIPYIrMX  ypPaBHOBCIICHHBIX  3BEHBEB):

AS =0; w#0;, €=0, torma, ¢ yuerom (3.42), (3.43) u (3.44),

Fpn[ =0; FHT =0; MH = (). To ecrp, Ha TaKue 3BEHBS MIPU UX PaBHO-

MEpPHOM BpAIllEHUH HE ICHCTBYIOT HUKAKWE CHUJIbI
3. LlenTp Macc 3B€HA COBIAIAET C LIEHTPOM €ro BpAILEHHUS], YIIIOBast
CKOpPOCTh paBHa HYJIO, & YTIIOBOE YCKOPEHUE CYHIECTBYET (MOMEHT ITyCKa

unn octanoBa): AS =0; = 0; €+ 0, torna, ¢ yuetom (3.42), (3.43) u
(3.44), Fj; =0, F; =0, M, #0.

3BEHO, COBEPIIAIOIIECE CIOKHOE JIBMKEHHME B miockoctH. [laTtyH c
Maccoi M, coOCpelOTOYEHHOM B IIEHTpE Macc, ¥ MOMEHTOM uHepuuu | ot-
HOCHUTEJIBHO IIeHTpa Macc (puc. 3.14B) coBepilaeT ABUKEHUE C YIIOBBIM
YCKOPEHHEM €, CIIEIOBATENIbHO, €r0 LIEHTP MacC UMEET JINHEWMHOE YCKOpe-
Hue a. [To Bropomy 3akoHy HploTOHA Ha 3TOT matyH OyJeT NelCTBOBATH
CUJa WHEPUMHU U CWIOBOW MOMEHT MHEPLHWH, MPUYEM HX HANPABICHUE
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IMPOTHUBOIIOJIOKHO COOTBCTCTBYIOIIMM KHHCMATHYCCKHUM IIapaMeTpamMm, a
BCJIMYUHBI OIIPCACILIATCA TAK:

Fy=ma (H
M, =1¢ (Hw)

N3noxennasa MCTOJMKA OIIPCACICHUA CHUJI HHCPHUHN U CHUIIOBBIX
HHCPUOHNOHHBIX MOMCHTOB ITOKA3bIBACT, 4YTO IS UX OIPCACIICHUA, KPOMC
KMHEMAaTUYEeCKUX TMapaMeTpoB (YCKOpEHHs), HEOOXOIUMO 3HATh WHEPIIH-
OHHBIC ITapaMCTPhI 3BCHLCB. NX MACChI m (KF), YCJIOBHO COCPCOAOTOYCHHEIC
B ICHTPC MACC, KaK MCPbl HHCPTHOCTHU TCJI COBCPIIAOIINX ITOCTYIIATCIIBHOC

ABHKCHHUC, U MOMCHTBI HHCPIIUH I (KFMz) OTHOCHUTCIIBHO IICHTPpAa MACC, KaK
MCPBI HHCPTHOCTHU TCJI COBCPIIAOINX BpaIllaTCIbHOC IBHUKCHHC.

§3.11. CuiioBoii pacuer
KPHUBOUIUITHO-TIOJI3YHHOT'0 MeXaHU3Ma

[lokaxxem, Kak IPOBOAMUTCS CHUJIOBOM PAacyeT Ha IMPUMEPE KPHUBO-
HIUITHO-TIOI3YHHOTO MeXaHu3Ma. /(s pemienus Takoi 3aga4uu He00X0JuMO
YEeThIpE BUIA ApaMETPOB: TEOMETPUUECKUE (CXeMa MEXaHU3Ma B MacIlTa-
0€), KuHeMaTH4ecKre (BXOJHOM KMHEMAaTWYECKUW MapameTp, IUIaHbl CKO-
poCTeil U YCKOpPEHUI), NHEPUUOHHBIE (MAacChl U MOMEHTBI HHEPLIUH 3BEHb-
€B) U CUJIOBbIC (BHEIIHUE CUJIbI U CHJIOBBIE MOMEHTHI). KuHeMarnueckue u
VWHEPLMOHHBIE MMapaMeTpbl HCIIOJIB3YIOTCS Ul pacyeTa CUJI U MOMEHTOB
CWJI HHEpLUH.

Ha puc. 3.15a nokazaHa cxema KpUBOIIUITHO-TIOI3YHHOTO MEXaHM3-
Ma C rmapameTpaMu, HEOOXOAUMBIMH JIJIsl CUJIOBOTO pacuera. [ eomerpuue-
CKHE MapaMeTphl 3a/laHbl CXeMOM MexaHu3Ma B MacuiTale |\, KHHeMaTuye-
CKH€ — BXOJHBIM KHHEMATHYECKUM MapamMeTpOM: MOCTOSHHON YTJOBOM
CKOPOCTBIO ®1 (IOpa3yMeBaeTCs, UYTO IUIaHbl CKOPOCTEH M YCKOPEHMM
TaK)Ke IMOCTPOEHbI). MHeplroHHbIE mapaMmeTpbl: Macca M; W MOMEHT
uHepuu |, maTtyHa, Macca M 3 moji3yHa (MOMEHT MHEPLIMM €ro He 3aJaH,
TaK Kak IMOJ3yH COBEPLIAET TOJBKO MOCTYIATEIbHOE JIBH)KEHHE); NHEPIU-
OHHbIE MapaMeTpbl KPHUBOILIWIIA HE 3a/JaHbl, TAK KaK CUUTAETCS, YTO OH
YPaBHOBEIIEH, TO €CTh, LICHTP €r0 MACC COBIAJIAET C LICHTPOM BpaLCHUS —
B 3TOM YaCTHOM CJIy4yae BpAILATEIbHOTO JBHUKEHUS 3BEHA, KAK CKA3aHO
BBIIIIE, HA HErO HE JIEUCTBYIOT HUKAKUE WHEPLUUOHHBIE CHJIBI U MOMEHTHI.
CuiioBble TMapaMeTpbl: BXOAHOW CHJIOBOM MOMEHT Mj, MPUIIOKEHHBIA K
KpUBOLIMIY, cujia Fc , MpUIIOkKEHHAs K MOJ3YHY (CHJIA MOJIE3HOTO COMpO-
TUBJICHUA), CUJIBI TsDKeCTH ImIaryHa Gy u noisyHa Gs. 3agada CHIIOBOTO
pacueTa: omnpenenuTh peakuuu B mapHupax A, B, C u B Hampasistoiei
MOJI3YHA.
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Puc. 3.15

3agava pemiaercs He JJI MEXaHU3Ma B LEJIOM, a JJIsd, TaK Ha3bIBae-
MBIX, CTATUYECKN ONPEIETUMBIX IPYII 3BEHBEB [2] 7TOr0 MEXaHU3Ma — 3TO
TaKue TPYIIbl MOJBUKHBIX 3BEHBEB, JIJII KOTOPBIX KOJIMYECTBO HEU3BECT-
HBIX (peakiyii) MEHbIIIE WM PaBHO YUCIY ypaBHEHUU (B JaHHOM Ciydae,
YUCITY YCJIOBHM CTaTHYECKOTO PABHOBECHS), IO KOTOPBIM 3TH HEM3BECTHBIE
MOTYT OBITH omnpefeneHsl. sl mpocTeNInX YeThIPEX3BEHHBIX CTEpPKHE-
BBIX MEXaHU3MOB 3TO TPYMIbI «IIATYH-TOJA3YH» U «KPUBOLIUI» (TpyImia,
COCTOsILIAsl U3 OJHOTO 3BEHA) B CIy4yae KPUBOILUIUITHO-TION3YHHOTO MeXa-

HHU3MQa, «IIaTyH-KOPOMBICIIO» W «KPUBOIIMUID» — I KPHUBOILIUIIHO-
KOPOMBICJIOBOTO U «KYJIMCA-KaAMEHb» U «KPUBOILIUI» — JJIsI KPUBOILIUITHO-
KYJIUCHOTO.

PaccMoTpum paBHOBecHe TpyMIbl «IIaTyH — Noi3yH» (puc. 3.150).
Ha nee neticrByrot BHenHue cuibl G 2, G3 u Fc, cunbl unepuwn Fip , Fus
Y CWJIOBOW MHEPUUOHHBIA MOMEHT M ypp. OTCYTCTBUE KPUBOLIUIIA KOMIIEH-
cupyercs peakuueit Rz, To ecTh CUIION, ¢ KOTOPO#l KpuBoluUIl 1 AeicTByeT
Ha IIaTyH 2; 3Ta peaklus YCIOBHO pa3lOKE€HAa Ha JBE COCTAaBIIAIOLIUE:
HOPMAaJIbHYIO, IEUCTBYIOILIYIO BIOJIb IIaTyHA, U TAHTCHIIMAIbHYIO, MIEpPIICH-
TUKYISPHYIO K MIaTyHy; Ha puc. 3.150 3Tu peakuuu moka3aHsl, Kak R"» u
R*2 0e3 okpyxHocrteil. Hampasienue peakiuii BBIOpaHO MPOU3BOJIBHO,
JAbHEHIINA pacyeT MOKAXKET MX JACUCTBUTENIbHOE HampaBieHue. OTcyT-
CTBUE CTOMKHM KOMIIEHCUPYETCS peakiueil Ros, TO €CTh CUJION, ¢ KOTOPOM
HaIIpaBJISIONIAs IEMCTBYET HA MOJI3YH; 3Ta PEAKIHS YCIOBHO NMPHUIOKEHA K
touke C moJI3yHa ¥ IPEABAPUTEIBLHO HAIIPABIICHA BBEPX.
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JInst HaXOXKIEHUST peaklMil UCTOJb3yeM JIBa YCJIOBUSI CTATUKH: pa-
BEHCTBO HYJIIO CyMMbl MOMEHTOB BCEX CHJI M PABEHCTBO HYJIIO CYMMBI BCEX
BekTOpoB cuil. [lepBoe yciaoBue HCHONb3yeM sl pacdyeTa peakuuu Rz ,
MO3TOMY 3alHIIEM ypaBHEHHE MOMEHTOB OTHOCUTEIbHO ToukH C, mpeaBa-
PUTEIBHO YCIOBHUBIIMCH, YTO MOMEHT, HANpaBJICHHBIH MPOTHUB YaCOBOM

CTPCJIKU ITOJIOKUTCIICH, a 110 4acoBOM CTPCJIKU — OTPHULATCJICH:

>Mc=R,BCuy =My, +Gyhypy — Fyyhy =0
N3 3TOro ypaBHEHHUSI MOKHO HAWTH BenuuuHy peakuuu R, . Jlerko Bu-
JI€Th, YTO B 3aBUCUMOCTH OT BEJIMYMH YJIEHOB YPaBHEHUS PE3yJbTaT MO-
YKET TOJIYYUTHCS TMOJOKUTEIIbHBIM WJIM OTpULIATENIbHBIM. Eciu pesynbrar
MOJIOKUTEIICH, TO MPEIBAPUTENIHHO 33JJaHHOE HANpaBJIEHUE 3TOW peaKuu
MPaBUJILHO, €CJIM OTPHUIIATENICH, TO 3TO HAIIPABJICHUE CJIEAYET U3MEHUTH Ha
MIPOTHUBOMOJIOKHOE, JloMyCcTUM, pe3yJbTaT OTPULIATENIEH, TO €CTh,

: My, =Gohp+ Fyy by
R, = H)<0
BC 1y

Ha puc. 3.150 Bektop R*12 3auepkuBaemM U MPOBOJAUM MPOTUBOIOIOKHBIN
€My BEKTOp, 0003HaYEHHE KOTOPOTO OEPEM B OKPYKHOCTb.

Jlst HaxoxaeHus AByx peakiuit R", u R o3, THHAN TEHCTBUS KOTO-
PBIX U3BECTHBI, UCIIOJIB3YEM BTOPOE YCIOBUE CTATUKHU — Ipaduueckasi Cym-

Ma ci1 paBHa Hymo /' = (), mpuuem HauMHATB 3Ty CyMMy HAI0 C OJi-
HOW HEM3BECTHOW BEJIMYMHBI, 4 3aKAHUYNBATH IPYTOM:

AR+ F,+G+ Fy; +G,+ Fo+Ry; =0
[TocnenoBaTeabHOCTh APYTUX CUJ MOXET OBITh MPOU3BOJIBHOM, HO NpU
ATOM HaJI0 U30erarh Cily4aeB HaJOKEHUSI BEKTOPOB JAPYT Ha JIpyra.

BeKTOpHBII CUIOBOM MHOTOYTOJIBHHK CTPOMM B IPOU3BOJIBHOM
macmrade cui W (H/Mm), kak mokazano Ha puc. 3.150. CHavana mpoBo-
UM JIUHUIO neicTBus peaknuu R"1; mapamiensHo maryny. M3 mpousBosib-
HOM TOYKM ATOW JIMHUU, CUUTAS], YTO ATA TOUKA €CTh KOHEIl OyyIIero BeK-
TOpa, IPOBOAUM BEKTOP cUJiibl R*12, a 3aTeM, OJIMH 3a IPYTUM, BCE OCTalb-
Hble BEKTOpbl. 3 KOHIa BekTOopa cuibl Fc MpPOBOAMM BEpTUKANIb JTUHUU
nencTBus peakiuu R g3. JIBe muaun nevictBus — peakiuu R"» u peaknuu R
03, TIEPECEKyTCsl B TOUKE, KOTOpasi Oy/eT KOHIIOM BEKTOpa peakuuu R gz u
HayayioM BekTopa peakmuu R"p. O003HAaYEHUS 3THX BEKTOPOB B3ATHI B
OKPY>KHOCTH, KaK HailZlcHHbIE HEU3BECTHBHIE.

CyMMa HOpMaJIbHOM M TaHT€HIMAJbHOW COCTAaBIISIIOLIMX AACT BEK-
TOp noJiHOU peakuuu R 12. Peaknusa B mapaupe C, To ecTh cuia, ¢ KOTOpOut
noJi3yH 3 nercTByeT Ha matyH 2 — R3, MoxkeT ObITh HaiifieHa, Kak CyMMa
BEKTOPOB CHJI ICUCTBYIOIIMX Ha MO3yH (puc. 3.150):
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YroObl HAWTH peaklMIO B MIApHUPE A, TO €CTh CHILy, C KOTOPOW CTOMKa
nercTByeT Ha KpuBommn 1 — Roi, cieayer paccMoTpeTh paBHOBECHE KpU-
Bomuma (puc. 3.158). Ha Hero nelictByer BHemHuid MoMmeHT Mj (puc.
3.15a), peakuusi co cTopoHbl maTyHa Ry u Hem3BecTHas peakuus Roi, ko-
TOPYIO MPEIBAPUTEIHHO MPUKIAABIBAEM K TOYKE A KPHUBOIIWIIA B MPOU3-
BOJILHOM HampasiieHuu. [ ynoOcTBa pacueToB 3aMEHMM BHEIIHUA MO-
MEHT M1 CWJIOW, JEUCTBYIOIIEH HAa KPUBOIIMII B TOYKE B M meprneHauKy-
JSpHOW eMy. DTa Cuiia JOJDKHA YPAaBHOBEIIMBATH PEAKIUIO CO CTOPOHBI
1IaTyHa, I03TOMY OHa Ha3bIBaeTCs ypaBHOBewmMBarwoued — Fy. Ee Bennun-
Ha ONPEJIETUTCS U3 YCIOBUS PABEHCTBA HYJIO CYMMbl MOMEHTOB CHJI OTHO-
CUTENIbHO TOUKU A (puc. 3.158):
SM, =R, h;—F, AB=0

F, = Ry
AB

Peakmuio R o3 Haliiem U3 ycloBUsI paBEHCTBA HYJIO BEKTOPHOW CYMMBI
CHIIL:

YF=R,,+F,+Ry;=0
I[JIH 9TOro, CTpouM CI/IJIOBOﬁ MHOI'OYT'OJIbHUK B MacmTa6e CHJI (pI/IC.
3.15B). CHavasia O/IMH 3a JAPYTUM MPOBOAUM BEKTOpPHI cui Ry u Fy, a 3a-
MBIKAIOIIM SIBJISETCS UCKOMBIN BEKTOp peakiuu R o3.
Cut0BOM pacyeT MAapHUPHBIX U KYJMCHBIX MEXaHU3MOB IPOBOIUATCS
AHAJIOTHUYHO.

§3.12. IIpoekTUpoOBaHUE MPOCTEHILINX
CTEP:KHEeBBIX MEXaHU3MOB

Bunsl npoekTHpOBaHus

Paznuyaror Tpu BUAAa NPOEKTUPOBAHMS MEXAHU3MOB HAa CXEMHOM
YPOBHE:

- CTPYKTYpHOE;

- KHHEMAaTUYECKOE WA FEOMETPUYECKOE;

- TMHAaMHUYECKOE.

CTpyKTypHOE POEKTUPOBAHUE — 3TO pa3pabOTKa CTPYKTYpPHOU cxe-
MbI MEXaHHU3Ma, TO €CTh, €r0 CXEMbI 0€3 ONpeIeTICHUS Pa3MEPOB 3BEHBEB.

Kunematnueckoe (reoMeTpudeckoe) MPOCKTUPOBAHUE IpeaycMart-
pHUBAET OIpe/elieHHe pa3MEPOB 3BEHHEB MEXaHU3Ma 3aJaHHOTO THUIIA IO
3aJIaHHbIM T€OMETPUUYECKUM U KUHEMAaTHUYECKUM MTapaMeTpaM.

[Ipn nUHAMUYECKOM MPOEKTUPOBAHUW YUUTHIBAIOTCS W JTUHAMUYE-
CKHE (CHJIOBbIE U MHEPLIMOHHBIE) MTapaMeTPbl MEXaHU3MA.

O CTPYKTYpHBIX CX€Max HPOCTEUIIUX CTEPKHEBBIX MEXaHU3MOB
ObUIO JOCTAaTOYHO CKa3aHO BbIlIe. J[MHaMHUYeCKOe MPOEKTUPOBAHUE HC-
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MOJIB3YETCS JIUIIb AJI1 HEKOTOPBIX CHEIHAbHBIX ciay4yaeB. Tak 4To, B OC-
HOBHOM, TPOM3BOJUTCA KUHEMAaTHYECKOE MPOEKTHPOBAHUE, KOTOPOE I0-
CTaTOYHO pa3paboOTaHo.

Paznuuaror crneayromue BUAbl KHHEMAaTHYEeCKOTO IPOSKTUPOBAHUS:

- 110 3aJJaHHBIM I10JIO’KEHUSIM BXOJIHOTO U BBIXOJTHOTO 3BEHBEB;

- TI0 CpEeIHEHN CKOPOCTH BBIXOHOTO 3BEHA;

- 10 KOA(PHUIMEHTY U3MEHEHHS CPEHEH CKOPOCTH BBIXOHOTO 3BEHA;
- IpYTHE BUJIBI.

[Tpu mr060M BHIE TPOSKTUPOBAHUS MEXAHU3MOB HEOOXOIUMO CO-
OJTI0/IeHNE HEKOTOPBIX KOHCTPYKTUBHBIX YCIOBH, B YACTHOCTH, JUISI ME€Xa-
HU3MOB C KPUBOLIUIIAMH HAJ0 COOI0OIaTh YCIOBUE CYIIECTBOBAHUS KPH-
BOIIIMIA, O YeM Oy/EeT CKa3aHO HUXKE.

PaccMoTpuM HEKOTOpBIE BUABI KHHEMATHYECKOTO MTPOESKTUPOBAHUS.

[IpoekTUpOBaHKE LICHTPAJIBHOTO KPUBOIIMIHO-IIOJI3YHHOI'O
MEXaHM3Ma [0 CPEJAHEH CKOPOCTH MOJI3YHA

B aTom ciydae, HCXOHBIE JaHHBIE CIEAYIOIINE:

- CpeNHsAs CKOPOCTh MOJ3YHA V3ep (M/C);

- YaCTOTa BpallleHus1 KpuBouumna Ny (00/MUH);

- OTHOIICHHE JUTHH IIaTyHa B KpuBomwmma A = Iy / 1.
TpeOyeTcst HalTH JJIMHBI KPUBOILIMIIA U MIATYHA.

[Tpu paboTe HEeHTPaIbHOrO KPUBOIIMITHO-TIOJI3YHHOTO MEXaHU3Ma
1-2-3 (puc. 3.16) OH IPOXOAUT JBAa MEPTBHIX MOJIOKEHUS, XapaKTEPHU3YIO-
[yecs TeM, YTO KPUBOIIMI W IIATyH HAXOJISATCS HA OJHOM MPsSMOW — Io-
noxenuss AB'C' u AB"C" Ha puc. 3.16, a mon3yH 3aHUMAeT KpallHUE MTO3U-
uuu. M3 paccMOTpeHusi CXeMbl MEXaHHW3Ma MOXHO CHAENaTh JBa BBIBOJA:
BO-TIEPBBIX, MOJI3YH IEPEMECTUTCS U3 JIEBOM KpaWHEMN MO3ULHMU B IIPABYIO
KpalHIOI0 3a BpeMs 1moBopora kpupomuna Ha 180°, 1o ecTh, Ha MOJIOBUHY
obopoTa, u3 nmo3uiuu AB’ B mo3uiuio AB”; BO-BTOpBIX, JJIMHA XO/1a TOJI-
3yHa paBHA YJIBOGHHOU JUIHHE KpuBoIluna. Takum oOpa3oM, CripaBeIuBbI
PaBEHCTBA:

H=v;t (3.45)
rae t — BpemMsi HoBOpOTa KPUBOILIKIIA HA TTOJIOBUHY 000pOTa.
[,=05H (3.46)

YtoObl HaTHU BpeMs MTOBOPOTA KPUBOUIMIIA HA MOJOBUHY 000pOTa,
JOCTATOYHO COCTABUTh U PEIIUTH MPOIOPLHUIO: KPUBOIIUI COBEPILIAET N
000pOTOB 3a OHY MUHYTY — 60 CeKyH]I, a MOJIOBUHY 000pOTa OH COBEP-
T 3a t cexyHna:

n — 60
05—t
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Puc. 3.15
Orcrona
0,5-60
I=——— (0 (3.47)
n
[Toncrasus (3.47) B (3.45) nony4yum:
30v
=5 () (3.48)
n
[Toncrasus (3.48) B (3.46) HalineM JJIMHY KPUBOIIMIIA:
15v
3¢
= s (M)
n
Jnuna maryHa:

[TpoekTpoBaHre KPUBOIIUITHO-KYINCHOTO MEXAHU3MA
110 KO DUIIMEHTY U3MEHEHUS CPEJTHEN CKOPOCTU KYJIUCHI

KpuBommmnHo-kynucHbIi Mmexanu3M (puc. 3.16) npeodbpasyer pas-
HOMEpHOE BpallaTeIbHOEe ABM)KEHUE KpUBOIIUIIA | B KauaTeIbHOE IBUKE-
HUE KYJUCHI 3 ¢ MEPEMEHHOM CKOPOCTHIO. 3a OJUH 000POT KPUBOILIHUIIA KY-
JHca COBEpILAET OJHO KayaTelbHOE IBUKEHUE, TO €CTh, ABM)KEHHE TTOBO-
poTa B HampaBJI€HUH YaCOBOW CTPEJIKU Ha yroJ 3 ¥ Ha TOT K€ yroJ B 00-
paTHOM HampaBJICHUH.

[Ipu ykazaHHOM Ha cXe€M€ HaNpaBJICHUU BpPAIICHUS KPUBOIIIMIIA, TOBOPOT
KYJIMCBI B HalpaBJIEHUU YacOBOU CTpesiku u3 nosioxkeHus: CD’ B mosoxe-
aue CD” cooTBeTCTBYeT MOBOPOTY KpubBomuma Ha yroi (180° + B). su-
YKEHHE KYJIUChI B 0OpaTHOM HaIpaBJICHUH, TO €CTh, U3 mosioxkenuss CD” B
nonoxenne CD’ cooTBeTCTBYET MOBOPOTY KpHBommma Ha yroa (180° - B).
W13 sToro cienyer, YTO MOBOPOT KYJIMCHI B HAIIPABICHUU YaCOBOM CTPEJIKH
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MIPOUCXOJIUT C MEHBIIIEH CPEeTHEH YTIIOBOW CKOPOCTHIO, & €€ TTIOBOPOT B 00-

paTHOM HaNpPAaBJICHUU — C OOJIBIICH.

X
-

Puc.3.16

OOBIYHO, B TOJOOHBIX CITy4asx, IBUKEHUE 3BEHA C MEHbIIIEH CKOPOCTHIO
Ha3bIBAIOT pabounM x0/10M (px Ha puc. 3.16), a ¢ 60IBIIEH CKOPOCTHIO —
XOJIOCTBIM X0JI0OM (XX Ha puc. 3.16). Vnu roBopsIT: mpsaMoi X011 U o0pat-

HBIN XOJI.
HcxonHbie TaHHBIE JIs1 TOTO CiIydasl CIEAYIOIINE:

- K03 (PUITUEHT U3MEHEHHS CPEHEN CKOPOCTH KYJIUCHI — OTHOIIECHUE

CPEIHUX CKOPOCTEH XO0JIOCTOrO M pabodero xoa;

- paCCTOAHNEC MCKAY LHEHTPOM BPAllCHWA KPUBOIINWIIA U TOYKOM KauyaHUs

Kynucel H.
TpeOyeTcst HalWTH AJIMHY KPUBOIIMIIA.
KoaddurmenT namenenus cpeHeil CKOpOCTH KYJIHUCHI:

k:a)3x

>1
(OR »
TAE: M 3x — CPEAHSS YIIIOBAask CKOPOCTh KYJIMChI HA XOJIOCTOM XOAY;

® 3p — CPEAHSAS YTIIOBasi CKOPOCTh KYJIHCHI Ha pabodyeM XO.y.
Cpennue yrioBble CKOPOCTH KYJIMChI HAMIEM TaK:

B, P
x ' 3p —
L, t,

oF

(3.49)
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Tak kak BpeMs MOBOPOTa KYJIHCHI ITPU pabodeM U XOJIOCTOM XOJTy PaBHO
BpeMeHH NoBopoTa kpuBommina Ha yrisl (180° + B) u (180° — B), To:

_180-5 . _180+p8

p
@ @

HOI[CTaBHB 9TU BLIpa)KeHI/UI B HpCI[BII[yHII/IC, HOJIyLII/IM:
0. = po, 0. = P o,
T180-B) P (180+ )

[ToacraBuB T BeipaxkeHus B (3.49), noixyuum hopmymy s pacuera Ko-
s dunrieHTa U3MEHEHUS CPEHEN CKOPOCTH:

I 180+ p
180—-p
Pemus (3.50) oTHOCUTENBHO [ MOTYyYUM BBIpaKEHHE JIJISl pacuera yria Ka-

YaHHS KYJIUCHI 110 3aJaHHOMY KO3 GHUIIUCHTY U3MEHEHUS CPEIHEH CKOpO-
ctu K:

X

(3.50)

p=1 80;: (3.51)

JImuHy KpUBOIIMIIA HAWIEM U3 NPAMOYTOJIBHOTO TpeyroyibHuka AB’C no
3ananHoMy H u 3Hauenuto 3, paccuntaHHOMY 1O BhIpaxxeHuto (3.51):

[ ZHSin'BZHSiI’lQOH
2 k+1

YcioBue CyIecTBOBAHUS KPUBOIIIUTIA

[Ipu TpOEKTUPOBAHUM MEXAHU3MOB, COJEPKAIUX KPUBOILIUIM, HAJIO0
YYUTBIBATh, YTO KPHUBOIIHUII — 3TO 3BEHO, COBEPIIAOIIEE MOJHBIN 000pOT.
Hanuuue Takoro 3BeHa B MEXaHM3ME BO3MOXKHO MPHU COOJIIOJICHUHU OIIpe-
JEJIEHHBIX YCJIOBHM. PaccMOTpHM yCIIOBHS CyHIECTBOBaHWS KPHWBOILIMUIIA
JUISL Pa3IMYHBIX MPOCTEUIINX CTEPKHEBBIX MEXAHU3MOB.

KpHuBOIMITHO-TOJI3YHHLIN MEXAHU3M.

Pa3znuyarorT HEeHTpaNbHBIA KPUBOIIMIIHO-TIOJI3YHHBIM MEXaHU3M, B
KOTOPOM JIMHUS ABWKEHUS TOJ3YHA MPOXOAUT Yepe3 LEHTP BpallleHUs
KPUBOIIINIA, U HE IIEHTPAIbHBIN WM, TOBOPSAT, IKCIICHTPUYHBIN (J1€3aKCH-
aJbHBIN).

B nenTpairHOM Me€XaHU3ME, Kak 3TO BUJIHO U3 puc. 3.17, ans toro,
yTO0OBI 3BeHO AB OBLIIO KPUBOIIIMIIOM, TO €CTh, IIPOBOPAYMBAIIOCH HA IOJI-
HBIN 000pOT, cieayeT BoimoHuTh BC GonbiuMm, yem AB:

[,>1,




Puc.3.17
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SN

Puc. 3.18

B HeneHTpaabHOM MeEXaHW3ME JIMHUS JBHXKCHUS TMOJI3yHa HE MPo-
XOJIUT YePe3 LEHTP BpalICHUsI KPUBOIIINIA, 3 HA HEKOTOPOM  PACCTOSTHUU
OT HEro, Ha3bIBaeMOM HKclieHTpucuTeToM € (puc. 3.18). B stom ciyuae,
4yTOOBI 3BeHO AB OBUIO KPUBOIIUIIOM, CiienyeT BHIMOIHUTE BC GombImm,

yeM cymma AB u e:
[,>1,+e

KDI/IBOHIHHHO-KODOMBICJIOBBIP'I MCXAaHHN3M.

Cxema Takoro MexaHusma IokazaHa Ha puc. 3.19, npuuem coOrro-

ACHO YCJIOBHUC:

L4

lr +1,

Puc. 3.19

[, <l,<l;<l,

VYcioBue — CylIecTBOBaHUSA
KpUBOLUMIIA HaWIeM, pac-
CMOTpEB MTOJIO’KEHHE
AB1C1D, ipu xoTopom kpu-
BOIIUIT pacroJjiaraercsi Ha
JIMHUW, COCIUHSIONICH He-
NOABWKHBIE TOYKH. Pucy-
HOK TIOKa3bIBaeT: YTOOBI
38eH0O AB Morio mpoopa-
YUBATBCA, TO €CTh, OBITH
KPUBOIIIUIIOM, pa3mepbl
3BCHBEB JIOJDKHBI

TaKOBEI, YTOOBI TOuka C; B
MOKa3aHHONW IMO3HUILIMM  HE

Haxoauaack Ha npsimoit AD, To ecth, uyToOBI purypa B1C1D Bcernma Onina
TPEYTOJIBHUKOM. ITO BO3MOXKHO TIPH CIICAYIOIIEM YCIOBUU:

[, +1,<,+1

OTcroza ciienyeT yCJIOBUE CYIIECTBOBAHMS KPUBOIIUIIA: B IIIAPHUPHOM Ye-
THIPEX3BEHHOM MEXaHU3ME CaMO€ KOPOTKOE 3B€HO MOXKET OBITh KPUBOIIIH-
MOM, €CJIM CyMMa CaMOI'0 KOPOTKOT'O M CaMOTI0 JIJTMHHOTO 3BE€HHEB MEHBIIIE

CYMMUEI JIBYX OCTAJIbHBIX 3BCHLCB.
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KpuBONMIMITHO-KYIUCHBIN MEXAHU3M.

Puc. 3.20

Pa3inuaroT KpUBOLIMITHO-KYJIMCHBIE MEXaHU3MBbI C Ka4arOLIEHCs U C
BPAILIAIOLICHCA KYJIUCON. Y KPUBOLIUIMHO-KYJIMCHOTO MEXaHW3Ma C Kada-
fouerca kynucol (puc. 3.20a) paccrogaue H mexay neHTpoMm BpalieHus
KPHUBOIIWITA U TOYKOW KadaHWsI KYJIHCHI O0JIbIe JUTHMHBI KpuBommuna | (H >
l1), a y KpHUBOIIMITHO-KYJIMCHOTO MEXaHHW3Ma C BpPANIAFOIIEHCS KYJIHCOM
(puc. 3.200) 3TO paccTosiHUue MeHbIIIe ATuHbI Kpupomwmna (H < |y).

Takum o0Opa3oM, yCJIOBHEM CYILIECTBOBAaHHUS KPHUBOILIWIIA B KYJIHUC-
HBIX MEXAaHM3Max C KAyarolIEeWCs WJIM BPAIIAOLICUCS KYJIUCOW SIBIIACTCS
BBIPAKECHHE:

H#1,

[Ipn mpoekTUpOBaHWM HEKOTOPHIX MEXAaHHU3MOB HEOOXOIMMO CO-
OJIt0/ICHHE YCTIOBUS MEepeadl yCHIMM MEXKITY 3BEHbSIMH, YTO YYUTHIBACTCS
IIPU TOMOIIIM IOMYCTUMBIX YTJI0B JaBJI€HUs. PaccMOTpUM 3TO Ha mpuMepe.

HDOGKTI/IDOBEIHI/IG KOPOMBICJIO0BO-KYJIHMCHOI'O MCXaHM3Ma
C YUCTOM JONYCTHUMBIX VIJIOB JABJICHUA

VYron gaBiaeHUs — 3TO OCTPBIN YroJl MEXIy BEKTOPOM CHUJIBI U BEKTO-
POM CKOPOCTU TOYKH TPHUIIOKEHHS 3TOM CHJIBbI, KaK 3TO MOKa3aHO Ha puC.
3.21a. 13 pucyHka BUHO, YTO HAWIYUIIEE YCIOBUE MEPEAAYN CUIIbI UMEET
MECTO B TOM Cily4yae, KOrja JUHUU JIEUCTBUS CHJIBI U CKOPOCTU COBMAAAIOT,
TO ecTh, o0 = 0. Uem Oouibllie yroJ 1aBJI€HUS, TEM XYK€ YCIOBUE MepeIavn
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CWJIBI, TaK KaK €€ COCTaBJISIOIIasi, CIIOCOOCTBYIOMIAS JIBIJKCHHIO 3BEHA,
CTAaHOBUTCS MEHbINIE, a COCTaBIIAIONIAs, MPEMSATCTBYIONIAs JBUKEHUIO
(mpoxojsiias yepe3 UeHT MOBOpoTa 3BeHa A Ha puc. 3.21a) — Oonbie. DTa
COCTAaBJISIIONIAs] MPEMSITCTBYET JBM)KCHHUIO, TaK KaK BBI3bIBAET TPEHUE B
mapHupe A. Koraa o = 90° gBIKEHHE CTAHOBHUTCS HEBO3MOKHBIM, 3TO O3
ydeTa TpeHus B mapHupe A. Eciiu jke ero y4uThiBaTh, TO Mepeaada CUIIbl U
JBUKECHHE 3BEHA CTAHOBUTCSA HEBO3MOYKHBIM IIpU yrie aasiaeHus 90° mu-
HyC yron TpeHus (00bIYHO yron Tpenus ¢r = (3 + 5)° B 3aBucHMOCTH OT
TPYLIUXCS MAaTEPHAIIOB U CMA3KH).

Bo BpeMs pabOTHI CTEP>KHEBBIX MEXaHM3MOB 3HAUCHUE yTJia JaBje-
HUS TIPU TIepeJadye CUJIbl OT OJHOTO 3BEHA K JPYroMy HM3MEHSETCS, HO HE
JOJDKHO TPEBOCXOJUTh BEIUYHMHBI JIONYCTUMOTO yria JaBiieHus [ao],
Ha3HA4YaeMOro MPHY MPOSKTUPOBAHUHN MEXaHU3MA.

v

Puc. 3.21

PaccmoTpum, KaK yYUTBIBA€TCS 3TOT yroJ MPU NPOEKTUPOBAHUU ME-
XaHMW3Ma C KayarouMMCcs THAPOUUIUHIPOM, KOTOPBIA MOKa3aH Ha PHC.
3.210 B Bue MexaHW3Ma OMPOKHIBIBAHUS Ky30Ba (MPOEKTHUPOBAHUU YOU-
paroleiicss Horu caMoJjieTa IPOUCXOAUT aHainoruyHo). Ilpu ero mpoekTu-
POBaHMM JIOJKHBI YUUTHIBATHCS YCJIOBHS MEPEIadyn CUJIbI OT IITOKA 2 TH/I-
poumwmHApa 3 K Ky30BYy 1. DTH yCIIOBUSI MOTYT MEHATHCA B 3aBUCUMOCTH
OT MecCTa pacrnojioxkeHuss Toukn C KayaHus TUAPOLMIMHApA. Meroauka
ONPEAEIICHUS MOJIOKEHUS 3TOW TOUKH JlaHa Ha puc. 3.21B. Mcxonnsie naH-
HBIE CIICTYIOIIHE:

- nvuHa 3BeHa AB;
- yroJi moBopota 3BeHa AB, To ecTb, ero kpaiinue no3uuuu AB’ u AB”;
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- MUHUMAJIBHOE PACCTOSIHUE MEXKAY TOYKOW KauaHUU TUAPOLUIIUHIpA U
toukoi B, To ecTtb BChjin;
- IOIYCTUMBIW YTOJI AaBieHus [a] B Touke B.
TpeOyeTtcs onpenenuTs nojgoxenne Touku C kauaHus THAPOUMINHAPA.
Haubonee cnokHble yCIOBHS TEpelayd yCWIMM HMEIOT MECTO B
KpallHUX TO3UIUSAX MEXaHU3Ma, TI0ITOMY clieJlaéM HeO0OXOAMMbIE TTOCTPO-
enus s nosuiuii AB’ u AB” 3Bena. Illtok ruaporuiauHapa Oyaer mnpu-
coeMHEH K 3BeHYy AB B Touke B, 3HauuT cuna oT ruaponuiauHapa Oyner
nepeiaBaThCsl 3BEHY B ATOM TOYKe. BeKTOp CHIlbl MOKET 00pa30oBBIBAThH C
BEKTOPOM CKOPOCTH TOYKH B m000# yroj, HO B mpejenax JOMmyCTHMOTO
yria gasienusi. Uepe3d Touky B’ mpoBenem JTHMHHIO ACHCTBUSI CKOPOCTH
ATON TOYKU — MEPIEHAUKYISP K 3BEHY, U OTJIOXKHUM OT ATON JUHUU YIJIbI
[o] B HampaBIeHMHM YaCOBOM CTPEIKH U B MIPOTHUBOIOJIOKHOM HAIPaBICHUH
C TOU CTOPOHBI 3B€HA, B KOTOPOH OyJeT HaxoauThcsa Touka C KayaHus TU/I-
pouunuHapa. BHyTpH 3TOro ABONWHOTO yrila MOXET HAXOOUTHCA BEKTOP
CWJIbI THUJIPOLIMIIMHIpA, Ui otpe3ok B’C, coenunstonmii Touky B’ ¢ Tou-
KOW KayaHus ruapouniusapa. CueiaB aHaJOTMYHOE MOCTPOEHUE B TOUKE
B”, yBuauMm, 4To J1Ba ABOMHBIX yria [o], OTJI0KEHHBIX U3 Touek B’ u B”,
HAKJIQJBIBAIOTCA IPYT HA APyra U UMEIOT OOIIyI0 30HY — I'paHuUIla 3TOH 30-
HBI 3alITpuxoBaHa Ha puc. 3.21B8. Ecnu cuna, nepenaBaemasi OT TUAPOLIU-
JUHJpa 3BEHY uepe3 ToukKy B Oyner HaxoAWThCs BHYTPU STOH 30HBI, TO
YCIIOBHSI TIEpPEeayu 3TON CUiibl OyAyT OJaronpusiTHeI AJid 00enux KpalHUX
MO3ULIAN 3B€HA. 3HAYUT, BHYTPU ITOM 30HBI MOXKET PACIOAaratbCsi TOYKa
Ka4aHus THApOUMIMHIApa Ha paccTOIHUU BCrin oT Touku B’. KoHkpeTHOE
MecTo Touku C Ha ayre ¢ paguycoM BCpin MOXET 3a7aBaThCs JTOMOJIHU-
TEJIbHBIMU KOHCTPYKTHUBHBIMHU YCJIOBUSIMHM, a €CJIM OHU OTCYTCTBYIOT, TO
BBIOMPAETCS POU3BOJIBHO.

Kiar4deBble ¢cj10Ba U onpeacjacHusd

1. CrepxHEBOM MEXaHU3M — MEXaHU3M, 3BEHbs KOTOPOTO MMEIOT, B
OCHOBHOM, BU/I CTEP/KHEM.

2. KpuBommn — 3BeHO, COBEpIIAOIIEe MOJHBI 000pOT BOKPYT He-
MOABMKHOM TOYKHU.

3. Kopombiciio — 3BeHO, KOTOPOE COBEPIAET KauaTeIbHOE IBIKCHHEC
OTHOCHUTEIbHO HEMOABMKHOM TOUKH.

4, Tlom3yH — 3BEHO, COBEpIIAIOIIEE IBIKEHUE MO HEMOJBUKHBIM
HaMNpaBJIAIOLIAM.

5. lllaTyH — 3BeHO, COBEpIIAIOIICE CIIOKHOE ABUKEHHUE B TIJIOCKOCTH.

6. Kamenp — 3BEHO, COBepIIAOIIEe JBUKCHHE IO IOJBHXKHOM
HANPaBJISIOLIEH.

7. Kynuca — noJiBu»Hasi Halpasisio1as sl KaMHSI.

8. lllapHupHBIN MeXaHU3M — MEXaHU3M, BCe KHHEMAaTHYECKHE ITaphl
KOTOPOTO — IIAPHUPHI.
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9. [Nom3yHHBI MEXaHU3M — MEXAHHU3M, COJIEPXKAIIUNA XOTS ObI OJMH
MOJI3YH.

10. KynucHbIil MEXaHU3M — MEXaHU3M, COJEPKAIUN XOTs Obl OJIHY
KYJHCY.

11. AGcomtoTHasE CKOPOCTh — 3TO CKOPOCTh TOYKH (MJIM 3BEHA) OTHO-
CUTEJIBHO CTOMKHU.

12. OtHOCUTENBHAS CKOPOCTh — 3TO CKOPOCTh OJAHOW TOUYKH 3BEHA
OTHOCHUTEJILHO JIPYTOM TOYKU TOTO K€ 3BE€HA (/IS IIaTYHOB).

13. PensTuBHAs CKOPOCTh — 3TO CKOPOCTh TOYKH OJHOTO 3BEHA OT-
HOCHUTEJIBHO COBIAJAIONIEH C HEM TOYKH JIPYroro 3BeHa (i1 KYJHCHBIX
MEXaHU3MOB).

14. Macca — Mepa HHEPTHOCTH TeJla, COBEPILIAOIIETO MOCTyNaTelb-
HOE JBKEHHUE.

15. MoMeHT MHEepIHMH — Mepa UHEPTHOCTH TeJa, COBEPIIAIOIIETO
BpaniaTeIbHOE WM KayaTelIbHOE JBUKEHUE.

16. Hpunmun JlamamOepa: eciau K MOJBHKHOW MEXaHWYECKOW CHU-
CTeMe, Hapsily ¢ BHEIIHUMU CUJIaMU, IPWIOKUThH CUJIbl HHEPLIUU €€ 3BEHb-
€B, TO €€ MOXHO pacCMaTpUBaTh B PABHOBECHUH.

17. Peakuust — cuiia B3aUMOJICUCTBUS JBYX 3BEHbEB B KMHEMaTH4e-
CKOM Tape.

18. YpaBHOBemMBaomas Cuiia — Cujia OT JABHUTaTeNs, yCIOBHO MPH-
JI0’)KEHHAsl K KPUBOIIKITY YPaBHOBEIIMBAIOIIASI BCE BHEUIHUE CUJIbI U CUJIBI
WHEPLIHH.

19. TIpoekTHpoBaHUE CTEPIKHEBBIX MEXaHU3MOB — ATO OIpPEACIICHUC
JUTUH €T0 3BEHBEB U PACIOJIOKEHUSI HEMOJABUKHBIX TOYEK, UCXOJs U3 3a-
JTAHHBIX TPeOOBaHUM.

20. YcnoBue CyniecTBOBaHUS KPUBOIIIMIIA — 3TO TAKOE COOTHOIIICHHUE
JUIMH 3BEHBEB, IPU KOTOPOM CaMOE€ KOPOTKOE 3BEHO MOXET COBEPILIATH
MTOJTHBIA 00O0POT.

21. VYron nmaBieHUs — 3TO OCTPBIM Yrojl MEXAY BEKTOPOM CHIIBI U
BEKTOPOM CKOPOCTHU TOYKH MPUIIOKEHUS 3TON CUJIBI.

KoHTpoJibHBbIE BONIPOCHI

1. YUto Takoe CTEPKHEBOM MEXaHU3M?

2. CKOJIBKO 3BEHBEB COJEPKHUT IPOCTEMIINX CTEPKHEBOM Mexa-
HU3M?

3. Kak cTpoutcs Ha3BaHUE MPOCTENIINX CTEPKHEBBIX MEXAaHU3MOB?

4. KakoBbl IJ1aBHbIE MPU3HAKUA IIAPHUPHBIX, MOJ3YHHBIX U KYJIHUC-
HBIX MEXAaHU3MOB?

5. T'ae u KaKk ucCnoiab3yrTCsl MPOCTEHIITNE CTEPKHEBBIE MEXaHU3MBbI?

6. Kak oOpasyeTcss MexaHU3M ¢ Ka4aroIIMMCs TUIPOLUIUHIAPOM ?

7. KakoBbl 3alaul KMHEMaTHYE€CKOIO HCCIIEI0BAaHUS CTEPKHEBBIX
MEXaHU3MOB?
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8. Kak paznuuaroTcst abCONMIOTHRIE U OTHOCUTEILHBIE U PEISITUBHBIC
KMHEMaTHUYeCKUe MapaMeTpbl MEXaHU3MOB?

9. Uro Takoe mepeNaTOYHbIe OTHOIICHHWS U KaKOBbl MX BHUJBI B
CTEP>KHEBBIX MEXaHU3MaX?

10. KakoBbl BO3BMOXHOCTH ILJIAHOB CKOPOCTEN U YCKOPEHUIA?

11. KakoBbI 3aJ1a4¥l CUJIOBOTO pacueTa CTEPKHEBBIX MEXaHU3MOB?

12. KakoB MeTO/ CUJIOBOTO pacyeTa MEXaHU3MOB?

14. Kak onpenenuTsh CUIbl HHEPIIUU 3BEHBEB, COBEPIIAONINX TOCTY-
naTeyibHOE, BpalllaTeIbHOE U CII0KHOE JIBUKEHUS?

15. Kakue yclioBUSI CTaTUKH HCIOJIB3YIOTCS IIPU CHUJIIOBOM pacuere
MEXaHU3MOB?

16. Kakue cymecTBYIOT BUIbI MPOSKTUPOBAHUS CTEPKHEBBIX MeXa-
HHA3MOB?

17. B yem 3akioyaeTcsi MPOEKTUPOBAHUE KPUBOIIUITHO-TIOJI3YHHOTO
MEXaHU3Ma 110 CPeIHEeN CKOPOCTH MOJI3yHa?

18. Yto takoe ko3 OUIIMEHT U3MEHEHUS CPETHENH CKOPOCTH BBIXOJI-
HOTO 3BEHA CTEPKHEBOTO MeXaHU3Ma?

19. Kakue reoMeTpruiecKue napaMeTpbl ONpeaesssioTcs Ipu KHHeMa-
TUYECKOM MPOCKTUPOBAHUU CTEPKHEBBIX MEXaHU3MOB?

20. YTo Takoe yroJ IaBJI€HUS U KaK OH YYUTBHIBAETCS MPU MPOEKTHU-
POBaHUU CTEP)KHEBBIX MEXAHU3MOB?
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I'naBa |V. KyiaaukoBbie MEXaHM3MBbI

B kynaukoBbIX MeXaHHU3Max JABH)KEHUE 3BEHbEB omperensercs Gop-
MOM BXOZHOTO 3B€HA, HAa3bIBAEMOI'0 KYyJa4KOM; 3BEHO, KOHTAKTUPYIOILEE C
KyJIauKoM, Ha3biBaeTcs TojkareneM. Ha puc. 4.1a nana cxema oxHOrO M3
IIPOCTENIINX KyJIAYKOBBIX MeXaHn3MoB. Kymnadok 1, mmerommuii ompene-
JeHHylo (popmy — mpoduib, BpalaeTcsl BOKPYT HEMOABMXKHON TOYKHU; C
KyJAYKOM KOHTAaKTHUPYET TOJKATENb 2, UMEIIIHNA BO3MOYKHOCTH COBEP-
1aTh BO3BPATHO-NIOCTYIIATEJIBHOE JBHKCHHUE 0 HENOJBHKHBIM HaIlpaB-
JsroIUM. XapakTep ABMKCHHS TOJKATENs OIpeaenseTcss mpoduiaeM Ky-
nadyka. Bo Bcex mocienyrommx npuMepax KyJadok Oynem o0003HayaTh
nudpotii 1, a TonkaTens — nudpoit 2.

§4.1. Knaccupukanus KyJa4KOBbIX MEXaHU3MOB

UtoO0BI pa3zoOpaThCsi BO BCEM MHOT00OOpa3uu CXeM KYJIauKOBBIX Me-
XaHU3MOB, YJ00HO BOCIIOJB30BaThCS WX Kiaccuukanuend Mo Xapakrep-
HBIM TIpu3Hakam. [Ipu 3ToM clieyeT MOMHUTB, 4TO Jt00ast KiiacCu(puKaius
OTHOCUTEJbHA, TO €CTh, HE MOXET ObITh COBEPIICHHO IOJHOW, & MOXET
OBITh BUJOM3MEHEHA WJIM JIOMOJHEHA MPU BBISBICHUM HOBBIX MPU3HAKOB
KJIaCCU(UIIMPYEMBIX TTPOILIECCOB, SIBICHUN WM MEXaHU3MOB. 311eCh OyaeM
pasnuyaTh KyJIayKOBbIE MEXaHU3MBI 11O IIECTH MPU3HAKAM.

1. ITo 06beMHOMY IPU3HAKY:

a) TUIOCKUE;
0) MPOCTpaHCTBEHHBIE.

B miockoM KyJlauKOBOM MEXAHU3ME 3BEHbS ABUKYTCS B OJTHOW WIIU
napajiebHbIX TIOCKOCTAX (puc. 4.1a), a ecnu 3T0 ycinoBue He coOioaa-
€TCs, TO MEXAHU3M SBJISIETCA MPOCTPAHCTBEHHBbIM. OIMH U3 TaKMX MeEXa-
HU3MOB TOKa3aH Ha puc. 4.10: xymauok 1 mpezacramisier coOoi crakaH,
Kpail KOTOpOTO Cpe3aH OIpeAesICHHBIM 00pa3oM U 00paszyeT npodpuib Ky-
nauka. Kynadok Bpaimaercst B IJIOCKOCTH, MEPIEHANKYIISIPHON U300pake-
HUIO0, a TOJIKATEJb 2 ABUKETCS B INIOCKOCTU U300paKEeHHUS.

2. Ilo xapakrepy ABMKEHHS KyJladKa:

a) C BpallaloluMcs KyJIauKoM;
0) ¢ Ka4arolmuMCs KyJIauKoM;
B) C IOCTYMNATEIbHO JBIKYIIUMCS KYyJIauKOM.

KynaukoBbie MexaHu3Mbl Ha puc. 4.1a u 4.16 umeroT Bpalaroumiics
kynadok. Ha puc. 4.1B nmokazaHa cxema KyJadyKOBOIrO ME€XaHHM3Ma C Kaya-
IONUMCS  KYJIAYKOM: KYJa4OK TPEJCTaBIsET COOON CEKTOp, HWMEIOIIHIA
BO3MO>KHOCTh KayaTbCsl OTHOCUTENILHO HEMOABWKHOM Touku. Ha puc. 4.1r
MPUBE/ICHA CXeMa KYJIauKOBOTO MEXaHW3Ma C MOCTYMATEeNbHO JBHKYIIHM-
Csl KYJIQauKOM, 3TOT KYyJIa4OK COBEPILAET BO3BPATHO-TIOCTYIMATEIbHOE JBU-
YKEHHE MO HETOJIBH>)KHBIM HAITPaBIISIOIINM.
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Puc. 4.1

3. Ilo xapakTepy ABMKEHHS TOJIKATENS:
a) C MOCTYMATEJIbHO JIBHXKYIIIUMCS TOJIKATEIEM;
0) ¢ KavaroIMUMCs TOJKaTeIeM;
B) C TOJIKATEJIEM, COBEPIIAIOIINM CJI0KHOE JBUKCHHUE.

Bce KynaykoBble MEXaHU3MBbI, CXEMbl KOTOPBIX IMOKa3aHbl Ha PUC.
4.1 uMmeroT NocTynaTelbHO JBHXKYIIKEcs TojikaTenu. Ha puc. 4.2a npuse-
JIEHa CX€Ma KYyJIAauKOBOTO MEXaHHM3Ma C KaYaroIMMCS TOJIKATEJIEeM: TOJIKa-
T€JIb 2 UMEET BO3MOKHOCTh Ka4aTbCs OTHOCUTEIHHO HEMOABUKHON TOUKH,
a XapakTep ero JBIKEHHUS 3aBUCUT OT mpoduis Kymadka 1. Cxema Kynay-
KOBOI'0O ME€XaHHM3Ma, TOJKATEIb KOTOPOr0 COBEPUIAET CI0KHOE JBUKEHUE,
nokazaHa Ha puc. 4.26. Tonkartenb 2 SBISETCA MIATYHOM CTEP>KHEBOTO
HIAPHUPHOTO MEXaHM3Ma, U TPACKTOPUU JIBMXKEHHUS €r0 TOYEK 3aBUCST OT
pa3MEPOB 3BEHBEB ATOTO MEXAaHM3Ma, a XapaKTep €ro JBUKEHUS, TO €CTh,
CKOPOCTH M YCKOPEHUS onpeAessitoTcs npoduiem Kynauka 1.

4. T1o KOHCTPYKIIUU TOJKATENISI — UMEETCSl B BUAY YacTh TOJIKATEs,
KOHTAKTUPYIOIIAs ¢ KYJIauKOM:
a) C OCTPOKOHEUYHBIM TOJIKATEIIEM;
0) ¢ 3aKpYTJICHHBIM TOJIKATEJIEM;
B) C IUIOCKHUM TOJIKATEJIEM;
T') C POJIMKOBBIM TOJKATEIIEM.
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Puc.4.2

Cxema KyJIauKOBOTO MEXaHHM3Ma C OCTPOKOHEYHBIM TOJIKATEJIEM Ja-
Ha Ha puc. 4.1a, ¢ 3akpyrJIiecHHbIM — Ha puc. 4.10. B o0oux »Tux ciydasx B
KOHTAKTE€ TOJIKATENS C KyJIauKOM MMEET MECTO BbICIIAsi KUHEMATHYEeCKas
napa, ¥ TEOPETUYECKU KOHTAKT MPOUCXOAUT B Touke. OIHAKO, B ACHCTBU-
TEIbHOCTU, B PE3YyJIbTaTe YNPYIroro CXaTus SJIEMEHTOB KUHEMAaTUYECKOU
napel Mpu Mepeiaue yCUius OT KyJadka K TOJIKATeIt0, Ha KOHTaKTUPYIO-
IIUX TTOBEPXHOCTSAX 00pa3yrTCs IUIOMIAIKN KOHTAKTA, U 4eM OOJiblle dTa
MJIOIIA/IKA, TEM JIY4Ille YCIOBUS TIepeadyul YCUIUM, TO €CTh, YCIOBUS pado-
ThI KyJJAUKOBOTO MEXaHHU3Ma. Y KyJIauKOBOTO MeXaHu3Ma Ha puc. 4.1a atu
YCJIOBUSI HAaUXY/IIIIME, TaK KAK KOHEIl TOJIKATEsl BHIIOIHEH OCTPhIM. Takoii
KYJQYKOBBIM MEXaHM3M HE MOXET MPUMEHSThCA JUIs Tepeaadyur OOJbIINX
YCUJIUH, OH HUCIOJB3YETCSl TOJBKO B U3MEPUTENBHBIX CHUCTEMaX, TaK Kak
o0JnasaeT CBOWCTBOM Han0oJiee TOYHO OTCIIEKUBATH MPOPUIH KyJlauKa.

KynaukoBble MEXaHM3MbI, HMEIOIINE 3aKPYTJICHHBIA TOJIKATEIh
(puc. 4.10), UCHIOJIB3YIOTCS B KAUECTBE CHUJIOBBIX, NMpUYEM, YeM OOJIBbITHI
paanyc KPUBU3HBI 3aKPYTJICHHONW YaCTH TOJIKATENs, TeM OOJIbITIas TJI0MIa -
Ka o0pa3yeTcss B KOHTAKTHOW 30HE M TEM JIy4Ille YCJIOBHS TEpeaadn yCHU-
nuii. Ha puc. 4.2B nmoka3zaHbl JBa 3aKpYIJICHHBIX TOJIKATENsl, KOHTAKTUPY-
IOIIKE C KyladkoM 1. Y tonkarens 2a paanyc KpUBU3HBI p 3aKPYTJICHHOM
yacTu OOJIbIe, YeM Yy TOJIKaTess 2; MOXKHO CKa3aTh, YTO y TOJIKATess 2a
KPUBHU3HA 3aKPYTJICHHOW YacTU MEHbIIE, YeM y TOJKATeNs 2, TO €CTh, YeM
OoJIbIlIe paJuyC KPUBHU3HBI, TEM MEHBIIE KpUBU3HA. YCIOBUS PaOOTHI y
TOJIKaTess 2a JIydllle, TaK Kak IUIollaaka KoHTakTa Oombiine. KynauykoBsie
MEXaHHU3MbI C 3aKPYTJIEHHBIMU TOJKATEIIIMU C YCIIEXOM NMPUMEHSIOTCS B
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CUCTEMaxX ra3opacrpejieieHusl MOPIIHEBbIX JBUTaTeliei, isl OTKPbIBAaHUS
Y 3aKpbIBAHUSI KJIAMTAHOB KOMIIPECCOPOB U T.]I.

[Ipu yBenuyeHuun paaryca KpUBU3HBI TOJIKATENS O OECKOHEYHOCTH
KpUBHM3HA YMEHBIIAETCS N0 HYJA M TOJIy4aeTcsl IUIOCKUH TOJIKaTeNb C
HanOOJIbIIIEH KOHTAKTHOW IUIOIIAJIKOM MEXY TOJKATENIEeM U KyJauKoM H,
COOTBETCTBEHHO, HAWJIYYIIMMH YCIOBUAMHU Tiepenaun cuil. Cxema Kyjad-
KOBOI'O MEXaHW3Ma C IUIOCKUM ToJIKaTelieM TNoka3zaHa Ha puc. 4.2r. KoH-
CTPYKLIMSI TOJKATENs TAKOBA, YTO BKIKOYAET CTEPKEHD U TUIOCKYIO TapEKYy,
Ha3BaHHYIO TaK M3-3a Kpyrioi ¢opmbl B miaHe. [logo0HbIE MEXaHU3MBI
HaXOJAT HIIMPOKOE UCIIOJIb30BAHUE B TEXHUKE.

OO1mMM HETOCTAaTKOM KYJIa4YKOBBIX MEXaHU3MOB C OCTPOKOHEUYHBIM,
3aKPYIVICHHBIM M IUIOCKAM TOJIKATEJIEM SBIISIETCS HAJIM4YUE TPEHUS CKOJIb-
KEHUS MEXKIy KyJIauKOM M TOJKarejaeM npu ux padore. KynaukoBbie me-
XaHU3MBI C POJUKOBBIM TOJIKATeJIeM JIMIIECHBI 3TOTO HeaocTaTka (puc. 4.18,
4.1r, 4.2a, 4.26). OgHako, HaTU4Ke JAOMOTHUTEIBHOTO 3BeHA (POJIMK) U 3a-
30pa BO BpAIIaTEJIbHON KMHEMATHYECKOW Mape «POJIMK-TOJIKATENb» Orpa-
HUYMBAIOT HUCIOJb30BAaHUE TAaKMX MEXAHU3MOB IIPU BBICOKHX YaCTOTaX
BpaIleHUs KyJlauka 13-3a BO3MOKHBIX BUOpaIIUK.

5. Ilo cnocoby obecnieueHns MOCTOSIHCTBA KOHTAKTa MEXKAY TOJIKa-
TeJIeM M KyJIauKoM (TI0 c1oco0y 3aMbIKAHMUS):

a) C CUJIOBBIM 3aMbIKAaHHEM;
0) ¢ KHHEMAaTUYECKUM (T€OMETPUUYECKUM ) 3aMbIKAHUEM.

CunoBoe 3aMblKaHUE MPEAYCMATPUBAECT NPHKUM TOJIKATENId K KY-
JIAYKy TPU TOMOIIU CHUJIBI TSKECTH, CUJIbI MPYKUHBI WM CHJIbI CIIEHAITb-
HBIX MPWKUMHBIX YCTPOUCTB (MHEBMO- WIM TuapolminHApbl). Hanbonee
pacnpocTpaHeH MpUXKUM HpyRUHOU (puc. 4.2a), mapameTpbl KOTOPOMl pac-
CUMTBIBAIOTCSI TAKUM 00pa30M, 4TOOBI HE JOMYCTUTh OTPHIBA TOJKATEINS OT
KyJlayKa MMPU BBICOKUX YaCTOTAX BPAICHUS.

CMBICT KUHEMATUYECKOTO (T€OMETPUUYECKOT0) 3aMbIKaHUSI 3aKTF0Ya-
€TCsl B TOM, YTO TOJIKATENIb HE MOKET OTOMTH OT Mpoduis Kyjadka, 6iaro-
Japsi KOHCTPYKTUBHBIM OCOOEHHOCTSIM MexaHu3Ma. OpHa U3 BO3MOXKHBIX
KOHCTPYKIIMH MoKa3zaHa Ha puc. 4.3. 31ech pojuK 3 TOJKaTenst 2 BXOJIUT B
a3, BBIMIOJHEHHBIN MO Mpo@io Kyinadka B aucke 1. JIJis BO3ZMOXHOCTH
NepeKaTbiBaHUs POJIMKA BHYTPU Ma3za, AUAMETP POJIMKA AOJDKEH OBITh
MEHbIIIE MIMPUHBI Ma3a, YTO JIOCTATOYHO SICHO BHJIHO Ha pa3pe3e B BUIEC
cieBa. JTO MPUBOJUT K TOMY, YTO MPHU KakJAOM 000pOTE KyJlauka MpOUcC-
XOJIUT TEpeKIajika 3a30pa MEXKIY KyJauKOM M POJUKOM, TO €CTh, POJIUK
OKa3bIBACTCS IPUKATBIM TO K OJHOM CTOPOHE masza, To K apyrout. IIpm
OOJBIINX CKOPOCTSIX ATO SIBJICHUE COMPOBOXKAACTCS yapaMu, O3TOMY 00-
JIACTh UCIOJIb30BAHUS MOJOOHBIX MEXaHU3MOB OTPaHUYEHA OTHOCHUTEIHHO
HU3KHUMHU CKOPOCTSIMH.

6. ITo BO3MOKHOCTH pETyIUPOBAHUSA:

a) HEPETyJIUPYEMBbIE;
0) perynupyemsie.
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Puc. 4.3

Bce MexaHu3mbl, paCCMOTPEHHBIE IO CUX MOP, SABISIOTCA HEPETYIIH-
pyeMbiMu. HO €CTh OCTaTOYHOE KOJIMYECTBO PETYIHPYEMBIX KYJIAUKOBBIX
MEXaHHU3MOB, TO €CTh MEXaHM3MOB, MapaMeTPbl KOTOPHIX MOTYT OBITH U3-
MEHEHBI. PerynmpoBarbCsi MOXKET PACIIONOKEHHUE TOJIKATEIS, X0 TOJKATE-
a5 1 npodusb kynauka. Ha puc. 4.30 moka3zaHa BO3MOXHasi KOHCTPYKIIUS
KyJladka ¢ peryiupyemMbiM npodusieM. CeKTop OmpeaeneHHOTro MpoQuis
[IAPHUPHO YCTAHOBJIEH HA JMCKE U MOXKET OBITh 3aKPEIUICH B Pa3IMUHbIX
MO3UIIMAX TIPY MOMOIIIM BUHTA, YEM U JOCTUTAETCS U3MEHEHHE MPOUIIs.

Bce ykazaHHbIE IECTh KOHCTPYKTUBHBIX ITPU3HAKOB MOTYT XapaKTe-
pU30BaTh OTACIBHBIN KYJIAUKOBBIM MeXaHu3M. Hampumep, MexanusM, mo-
Ka3aHHbIA Ha puc. 4.2a B JOCTAaTOYHO TOJHOM MEpE OIpeleseTcs Tak:
IUIOCKUM HEPETyJIUPYEMbIH KYJIAUKOBBIM MEXaHW3M C BPalAIOMIUMCS KY-
JTAYKOM, POJIMKOBBIM KAUAOIIUMCS TOJKATEIEM U CUIIOBBIM 3aMbIKAHHUEM.

§4.2. 'eomeTpusi ¥ KHHEMATHKA NMPOCTEHILIET0
KYJIA4YKOBOI'0 MeXaHHU3Ma

['eoMeTpuss ¥ KMHEMAaTHKa KYyJIAYKOBBIX MEXaHU3MOB HEOTICITUMBI
JIpYT OT Jpyra, Tak Kak ¢opma KyJiadyka HETOCPEJACTBEHHO BJIUSET Ha Xa-
pakTep IBIKEHUS TOJKaTeas. PaccMOTpUM 3TO Ha MpHUMeEpe KyJadyKOBOTO
MEXaHU3Ma C BPAIIAOIIMMCS KYJa4KOM W IOCTYIAaTeIbHO JIBHKYIIUMCS
OCTPOKOHEUHBIM TOJIKaTesieM (puc. 4.1a).
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Haunewm c¢ xymauka. B GonpmmHCTBE ciiy4yaeB, mpoduis KyJadka co-
CTOUT W3 JABYX IyT KOHIICHTPHUYECKHX OKPYKHOCTEU, CONMPSIKEHHBIX KPH-
BBIMH JUHUAMH (puc. 4.4); dopma 3TUX JIMHUN MOXKET OBITh pa3iMyHa U
3aaeTCsl TpPH TPOSKTUPOBAHMU. MeEHbIasi OKPYKHOCTh Ha3bIBACTCS
OKPY>KHOCTBIO MUHUMAJIBHOTO Pagnyca Imin 1 HAXOAUTCS B OCHOBE KOH-
CTPYKIIUH JIFOOOTO Kyjauka. TOYKH COMPSHKEHHS OYT OKPY>KHOCTEH C KpH-
BeiMU (Touku |, Il 111, IV Ha puc. 4.4) aBastOTCSA XapaKTePHBIMU TOYKAMU
npouIIs, OrpaHUYMBAIONIMMHA €r0 yJacTku. Ha cxeme Kyrnadok mokas3aH B
TIOJIOKEHUH, KOTJIa TOJIKATE]Ib KOHTAKTHUPYET C HAM B TOUKeE |.

YL

Puc. 4.4

PaccMoTpuMm aBHKEHME TOJIKATENs NpPU BpalleHuU Kynadka. [Ipum
IIOBOPOTE KyJlauKa B HAIIPaBJICHUM BpalleHUs (MPOTUB XOJa YacOBOU
CTPEJIKHM) Ha YroJ @'y TOJKaTesb OyleT yAalasaTbCs B HAIIPABICHUM OT LIEH-
Tpa Kyjauka, o 3ToMy y4yacTtok npoduis |-1l Ha3piBaeTcsa yuacTkom yna-
JIEHMsI, @ COOTBETCTBYIOIINNA 3TOMY yYacTKy LEHTPaJIbHBIA Yroa ¢'y — mpo-
¢bunbHBIM yriaoMm ynanenus. Ilpu nanpHeieM moBOpoTe Kyjayka 10 TeX
nop, MOKa TOJKATeNlb OyAeT KOHTaKTUpOBaTh ¢ npodusieM Ha ydactke |-
I1l, BEINOTHEHHOM MO Ayre OKPY>KHOCTH, TOJKaTedb OyAEeT OCTaBaThCs He-
MOABWKHBIM B TO3MIIMHU, HauOojiee yHaJIeHHOW OT IeHTpa Kyjadka. Ilo-
ATOMY, 3TOT Y4aCTOK MPOQUIs HA3bIBAETCS YYACTKOM JAJbHETO CTOSIHUS, a
COOTBETCTBYIOILIUNA €My LIEHTPaJbHBIM YroJl Kyjauka (', Ha3bIBaeTcs Mpo-
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(GUIBHBIM YTJIOM JadbHErO CTOSHUS. BO Bpemsi KOHTaKTa TOJKATENs C
yaactkoM I-1V npodwuns, Tonkarens, IBUTasCh MO HANPaBIISIONIAM, BO3-
BpallaeTcs M0 HaMpaBJIEHUIO K IEHTPY KyJadka. [loaTomy, 3TOT y4acTok
npoduiis Ha3bIBACTCS YYaCTKOM BO3BpAIEHUS, @ COOTBETCTBYIOLIUNA €My
HEHTPaAIbHBIN YTroJl KyJlauka @'y — Tpo(HIbHBIM yIiIoM Bo3BpalieHus. [1pu
KOHTaKTe ¢ yyactkoM V-1, Toikarens ocTaeTcsi HEMOABUKHBIM B TIO3UITUU
HamOoJiee OJIM3KOM K LIEHTPY KyJiauKa, COOTBETCTBEHHO 3TO Y4aCTOK Ha3bl-
BAETCSl yYaCTKOM OJIMKHETO CTOSHUS, a YroJl KyJnayka ¢'s — Npo(puiaIbsHeIM
YTIIOM OJIMYKHETO CTOSHUS.

['oBOpst 0 reoMEeTpUYECKHX M KMHEMAaTHYECKUX NapameTpax KyJay-
KOBBIX MEXaHU3MOB, CIEAyeT OTIMYaTh MPOQHIbHbIE YIIbl Kylauka u (a-
30BbI€ YTJIbI KyJaukoBOro MexanusMa. [IpoduiabpHble yribl Kynadyka — 3TO
LEHTpaJIbHbIE YIJIbI KyJlauKa, OrPaHUYMBAIOLIME XapaKTEPHbIE YUACTKU €T
npoduiis; npo@uiIbHBIC YIJIbl TPUHAANEKAT KYJIauyKy, TO €CTh, SIBISIOTCS
€ro reoOMEeTPUYECKUMH TapaMeTpaMu; 3TO T€ YIJIbI, KOTOpbIe OBLIU pac-
CMOTpEHBI Bbile. Pa30BbI€ YIIIbI KYJIAYKOBOTO MEXAHU3Ma — 3TO YIJIbI MO-
BOpOTa Kyjaudka (Qy, Py, Qs U Pg), KOTOPBIE COOTBETCTBYIOT (ha3aM JBUXKe-
HUS TOJKATENs: yJaJCHUIO, BO3BPAIICHUIO, JalbHEMY U OJIMKHEMY CTOS-
Huto. Da3oBbie yribpl MPUHAMIEKAT KYJaUKOBOMY MEXAHU3MY U SIBIISIIOTCA
€ro KHHEMAaTUYECKUMH ITapaMeTpPaMH.

[Ipodunbhable 1 (pa3zoBbie yIIIbI COBHNAAAIOT TOJIBKO B CiIy4ae I€H-
TPAJIBHOIO KYJIAYKOBOTO MEXaHU3Ma C OCTPOKOHEUYHBIM IOCTYIATEIbHO
JBIKYIIIMMCS TOJIKATEJIEM; Y HEHTPAIbHOIO MEXaHU3Ma JIMHUS JIBUKECHUS
TOJIKATEeJIs MPOXOUT uepe3 IEHTpP BpaleHus Kynaudka (puc. 4.4). [Tokaxem
HEeCcOBMaJeHUE NTPOPUIBHBIX U (PAa30BbIX YIJIOB HA IPUMEPE HELIEHTPAIBbHO-
ro KyJJauKOoBOro Mexanusma (puc. 4.5). 3aech TUHUS IBHXKEHHS TOJIKATEIS
HE MPOXOJUT Yepe3 LEHTP BpalleHusl KyJayka, a OTCTOMT OT HEro Ha pac-
CTOSIHUE €, HAa3bIBAEMOE JKCLEHTPUCUTETOM. MexaHu3M MOKa3aH B MOJIO-
YKEHUU, KOT]1a TOJIKATeJIb KOHTAKTUPYET C KyJIauKOM B TOUKe |.

Jlis ananmu3a pa®oOTBhl 3TOTO MEXaHU3Ma HCIOJIb3yeM MeETo] 00pa-
HIEHHOT'O JBUKEHUS, IPU KOTOPOM KYJIAYOK CTAHOBUTCS HEMOJIBH>KHBIM, a
TOJIKATEII0 BMECTE C HaIPaBJISIOIIMMU COOOIIAETCSl BpAIICHHUE BOKPYT
LEHTpa KyJjadka ¢ YIJIOBOW CKOpPOCTBIO -®1, TO €CTh, B HAIPaBJICHUU 00-
paTHOM HamNpaBJIEHUIO BpallleHUs Kynaudka. [Ipum moBopoTe 3TOM crucTeMbI
TOJIKATENb, IEPEMEIIASICh BIOJIb HAMPABISAIOIINUX, OyIeT CIEeIUTh 3a MpPOo-
bunem Kynauka.

N300pa3uM ToJIKaTeNb, KOHTAKTUPYIOIIUN C KYJIauyKOM B XapakTep-
HbIX Toukax npoduis I, 111 u V. B atux no3umusx tonakarenb Oyner pac-
M0JIaraThCs BAOJb KACATENbHBIX, MPOBEAECHHBIX UX ATUX TOUYEK K OKPY>KHO-
CTH C PAIUyCOM €. YTJIbI MEXK/Ty STUMH TO3HIIUSAMHU TOJIKATEINs OyIyT paB-
HBI yTJIaM TTOBOPOTA KyJladka, COOTBETCTBYIOIIMM (ha3am JBUKEHUS TOJTKA-
TeJsl, TO €CTh, (Pa30BbIM yriiam. YUTOOBI MOKa3aTh 3THU YTJIbI, TPOBEAEM pa-
JINYCHI U3 TOUYEK KaCAHMsI; YTJIBI MEXKIY ITUMH paguycamu u OyayT dazo-
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Puc. 4.5

BbIMH yriamu. U3 puc. 4.5 BUJIHA pa3HULIA MEKIY BEITUYMHAMU NPOPUIIb-
HBIX ¥ (pa30BbIX YIJI0B: (Pa30BbIi YroJl yJaleHus ¢y Ooblle MPo(UILHOTO
@'y, a (pa3oBBIl yroja BO3BpalleHMs] @y MEHbLIE NpoduibHOro ¢'s. Ha
y4acTKax JaJbHETO u OJMKHErO CTOSHUS 3TH YTIIbI OIMHAKOBBHI.

§4.3. KunemaTuka npocreiinero KyJJa4koBOro MexaHm3ma.
Kecrkue u MArkue yaapbl

3ajauell KHHEMaTUYECKOTO UCCIEI0BaHUs KyJIauKOBBIX MEXaHU3MOB
ABJIIETCSI ONIPENIEIICHUE XapaKTepa JIBHKEHHsI TOJIKATENsl U pacyeT rnepeaa-
TOYHBIX OTHOLICHHWH. XapakTep IABHKEHUS TOJIKATENs IOAPa3yMeEBaeT
OINPENENICHUE €r0 KUHEMATUYECKUX MMapaMETPOB: NEPEMEIIECHHS], CKOPOCTH
U YCKOpPEHHUs. DTHU MapaMeTpbl MOTYT OBITh HaWIEHBI AJIS1 OTAEIBHBIX 3a-
JAHHBIX MO3UIMI MEXaHU3Ma MpU IMOMOLIM IUIAHOB CKOPOCTEH U yCKOpe-
HUHM (CM. HUXKE), HO YacTo TpeOyeTcsl 3HaTh XapaKTep U3MEHEHHs] KUHEMa-
TUYECKUX NapaMeTpoB TOJIKATENs B Ipolecce padoTel MexaHusMma. [
ATOTO CTPOSTCA KUHEMATUYECKUE TUArpaMMbl, TO €CThb, IpaMKH JArOIINe
NpeACTaBIeHnE 00 U3MEHEHUH MepeMENIEHUs, CKOPOCTH U YCKOPEHHUSI TOJI-
KaTeJsis pu MOBOPOTE KyJlayKa.
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[locTpoeHNe KMHEMATUYECKUX AUArpaMM
IPOCTEHUIIECTO KYJaYKOBOI0 MEXaHM3Ma

JI1st moCTpoeHUsI JuarpaMMbl TEPEMEIIeHUs] TOJIKATENsl UCXOIHON
CIIY’)KUT CXE€Ma KyJauKOBOTO MEXAaHM3Ma, BBHIMOJHEHHAs B OMPEEICHHOM
Mmacitabe mmH (puc.4.6). [Ipu aHanusze KMHEMaTHKU KYJIayKOBBIX MeXa-
HU3MOB HUCIOJIb3YeTCS METOJI OOpAaIllEHHOTO JBUXKEHUS, MPU KOTOPOM KY-
Ja40K OCTAHABIUBAETCS, a TOJIKATEII0 BMECTE C HAIpPaBJSIIOIIMMH COOO-
[IaeTCsl BpalleHHE BOKPYT LEHTpa KyJadKa C yIrJIOBOW CKOPOCTBIO -®1, TO
€CTb, B HallpaBJICHUM OOpATHOM HAMpPAaBIICHUIO BpalleHHus Kyinauka. [Ipu
MIOBOPOTE 3TOM CUCTEMBI TOJIKATENb, IEPEMEIIASICH BIOJIb HAIIPABJISAIOIINX,
Oyznet cnenuTh 3a npoduiaeM Kymnadka. Ha cxeme MexaHu3ma MOKa3bIBaeT-
Csl HECKOJIBKO MO3MIMI TOJKATENs B Mpejeiax YIJIOB yAAJIEHUS U BO3Bpa-
HICHUS, IPUYEM KOJUYECTBO MO3UIUN ONpENECIIeTCS pa3MepaMH 4epTeka
U TpeObyeMoil TOUYHOCThIO mocTpoeHuil. Ha puc.4.6 maHbl necsaTh MO3UIIMIMA
TOJIKATEJISI: MATh B Mpejiesax yria yjaajaeHus (C mepBo Mo MATyio) U MiaTh
JPYTUX B MpeJenax yria BO3BpalleHus (C MecTol Mo IeCATYIO).

UToObI yBUJIETh HA YEPTEKE MEPEMEIICHUS TOJIKATEIIS, TPOIUM JIH-
HUIO €r0 JIBI)KEHUS B KaXKJIOW MO3UIMU 10 IeHTpa Kynadka. O003HauYUM
TOYKM KOHTaKTa TOJIKATeNs ¢ KyJaukoM OykBoi K ¢ COOTBETCTBYMOIIUM
MHJIEKCOM, & TOYKHU MEPECCUCHUS JINHUN ABUKCHUS TOJKATENS C OKPYHKHO-
CThIO MUHUMAJILHOTO paguyca — OykBou D. 13 yepTexa moHITHO, YTO Tie-
pEMENIEHUs TOJIKATEN U3 CBOCH MCXOJIHOW IEPBOM MO3MIMKA PABHBI OT-
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peskam CD B COOTBETCTBYIOIMMX MO3UIUAX (C yU4ETOM MaciTada JJIMH): B
nepBoil mo3unuu nepemenieHue pasHo Hyo u Touku C u D coBmagartor,

BO BTOpOﬁ MO3nuMn ICPEMCIICHNUC TOJIKATCIIA SZ = D2K , B TpGTBGﬁ -

S3 = D3K 3 U T.A. B oOmem cirydae MOXKHO 3aIIMCAaTh:
s; = DK,

[Tomy4yeHHBINH YepTekK JaeT BO3MOXKHOCTH IMOCTPOUTH KMHEMATHYeE-
CKH€ JAMarpaMMbl TOJIKATENsl, TO €CTh, TpaduKH, TO3BOJISIIOIIUE BUICTh Xa-
pakTep U3MEHEHUS MEepPEMENICHHs, CKOPOCTU U YCKOPEHUS TOJIKATEIs MpHU
oBOpoTe Kyiauka. Haunem ¢ rpaduka S(@) mepeMelicHus TOJKATENs B
GbyHKIIMU yriia moBopoTa Kyjnadka (puc. 4.7). Macmrab ocu opauHaT —
MacmTad MepeMEelIEHUN TOJIKATENs |ls, SIBISETCS MPOU3BOJIBHOW BEJIUYU-
HOM, B YaCTHOCTH, OH MOXET OBITh TaKUM K€, KaK MacIiTad | CXeMbl Me-
xaHu3Ma Ha puc. 4.6. Macmrad ocu adcuucc — MacuTad yrioB MoBopoTa
KyJIayKa, TOXKE MPON3BOJIbHAS BETUYMHA U OTIPEACISETCS TaK:

/

_ %o
My = ——(rpan/mMmm) 4.1)
Py
rae: ¢p — pabounii yroja KyJauKoOBOTO MEXaHM3Ma B I'pajl, paBHBI CyMMe
($a30BBIX YIJIOB YAAJICHHS, TATLHETO CTOSHUS ¥ BO3BPAIIEHHUS, TO €CTh,

§Dp — gDy + ¢() + @6
@, - n3o0paxkeHrue pabodero yria Ha ocu adciuce rpaduka B MM.

N300paxkenne paboyero yriia — 3TO IPOU3BOJIBHBIA OTPE30K Ha OCU alc-
cce rpaduka, pasMep KOTOPOro 3aBUCHT OT pa3MepoB yepTexa. ITOT OT-
pe30K pa3OMBaeTCsi B COOTBETCTBUM C JCHCTBUTEILHBIMH BETMUYUHAMU (a-
30BBIX yrioB. Kpome mMacmiraba yrioB moBopora Kyjauka B IpalyCHOM Me-
pe HEOOXOAUMO PacCUMTaTh BEJIMYMHY 3TOTO Maciitaba B paAHaHHON Me-

pe:

, 7T
My, = Hy 180 (pa/mm) (4.2)

Pazgenum oTpe3ku yriioB yJaj€HUs W BO3BpAIICHUS HAa PaBHbIC YaCTH Tak
K€, KaK Ha CXeMe MEeXaHu3Ma, M 4epe3 TOUKHU JCJICHUN MPOBEAEM BEpTH-
Kai. Tak kKak MaciitaObl epeMelieHuid Ha rpaduke U Ha cXeMe Mexa-
HH3Ma BBIOpaHbl OJMHAKOBBIMHU, TO HAa 3TUX BEPTUKAJAX OTIIOKHUM COOT-

BCTCTBYIOIIHMEC OTPE3KHU DiKi H3 CXEMbl MCXaHH3MaA. COCJII/IHI/IB KOHIIBI

ATUX OTPE3KOB, MOJIYYUM I'pauK nmepeMenieHus: ToNKaTeas B QyHKIUN yT-
ja MOBOPOTA KyJlayka. 3aMEeTHM, 4YTO 3TOT rpauK HE MEHSETCS MPU U3Me-
HEHUU YIJIOBOM CKOPOCTHU KyJiIauKa, OH 3aBUCUT TOJBKO OT (pOpMbI Mpodu-
TS KyJIayKa.
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Puc. 4.7

[lepexons Kk KHHEMATHYECKUM JUarpaMMam, OTPaKaloIUM U3MEHe-
HUSI CKOPOCTH U YCKOPEHHUs TOJKATeNsl, CJIeAyeT 3aMETUTh, YTO U B ATOM
ciiy4ae yaoOHO MMETh rpaduKH TaKMX CKOPOCTHBIX MapaMeTpoB U Tapa-
METPOB YCKOPEHHs, KOTOpbIe Obl HE MEHSIUCh NIPU MU3MEHEHUU YTIOBOU
CKOPOCTH KyJIauKa, a 3aBUCETN Obl TOJBKO OT (hopMbl ero npoduis. Taku-
MH [apaMeTpamu SIBJSFOTCS aHAJIOTH CKOPOCTEN U YCKOPECHUM.

[IpuMeHUTENBHO K CTEP)KHEBBIM MEXaHU3MaM 00 aHaiorax ObUIO
cka3aHo B §3.8. [loBTopuM 3TO 37€Ch I KyJTa4YKOBBIX MEXaHU3MOB.

AHaOT CKOPOCTH — 3TO BETTMYMHA MTPOMOPIHUOHATIbHAS CKOPOCTH, HO
3aBHCSINAs HE OT BPEMEHH, a OT yIiia MOBOPOTa BXOJHOTO 3BEHAa MEXaHM3-
Ma (371ech — KyJadka), TO €CTh, 3TO MepBas MPOU3BOAHAS OT MEPEMEIICHHUS
HE TI0 BPEMEHH, a TI0 yTIIy TOBOPOTA ATOTO 3BEHA:

b “3

YroObl HAWTH CBSA3b MEKIY aHAJIOIOM CKOPOCTH M CKOPOCTHIO YMHOKHM M
pasaenuM 3Ty ApoOb Ha dt:

- dsdt
dodt

3nech ds/dt — 31O NMHEHHAs CKOpPOCTh (B JaHHOM Cilydae, TOJIKATeNs), a
do/dt — yrioBas CKOpOCTh BXOJHOTO 3BeHA (B TaHHOM ClTydae, Kyjauka).
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[ToaTomy,
V=""(w (4.4)
@

AHaJIOF YCKOpeHI/ISI — 3TO BTOpa}I HpOI/ISBOI[HaSI oT HepeMemeHI/m I10
er'Iy HOBOpOTa BXOJIHOI'O 3BCHA.
2
d’s
A= o (4.5)
I[J'ISI HaxXOoXKACHUA CBIA3U Me)KI[y aHaJIOI'OM YCKOpeHHH U YCKOPCHI/IGM
YMHOKHM U Pa3zielIuM 3Ty Apobb Ha dt?:

2 4.2
d”sdt

2 4.2
do” dt
3neck d2s/dt? — 310 NMuHENHOE ycKOpEHUs (B JAHHOM CIIydae, TOJIKaTeNs),
dp?/dt? — xBagpaT yrI0BOI CKOPOCTH (B JaHHOM Clydae, Kyaadka). [103To-

MYy,

A=

(M) (4.6)

3aMeTuM, 4TO aHAJIOTH JIMHEHHBIX CKOPOCTH U YCKOPEHHS IMEIOT pa3Mep-
HOCTbH JIJTUHBI.

['padmkn aHATOTOB CKOPOCTH M YCKOPEHUSI TOJKATENs COBMEIICHBI
Ha puc. 4.7 B oHO# cucteme koopauHaT. CTpOSTCS OHM METOAOM rpadu-
yeckoro auddepenurponanus. I'paduk aHamora CKOpOCTH CTPOUTCS Me-
TogoM Tpaduueckoro AuddEepeHIIMpoBaHUS JUArPaAMMBbl TIEPEMEIICHHUS
TOJIKATEJS.

Mo>XHO cKa3aTh, YTO aHAJIOT CKOPOCTH, KaK MPOU3BOJIHAS OT Iepe-
MEIICHUs 0 YTy MOBOPOTa, MPOMOPIMOHATIEH OTHOLICHUIO 3JIEMEHTap-
HBIX mpupamieHnii AS u A@ ¢ ydyetoMm macimraboB u300paxeHui, Kak 3TO
noka3aHo Ha puc. 4.7 Ha ydactke 3-4. OTHOIIIEHHE KAaTETOB MOJYYEHHOIO
IPSIMOYTOJIBHOTO TPEYroJIbHUKA PaBHO TAHTEHCY yriia [31 HaKJIOHa €ro TH-
MOTEHY3bI K ocH abcuucc rpaduka. Ilepexons k 6eCKOHEUHO MaJIbIM MOX-
HO HAIKCATh:

ds
V:d'usztgﬂl’us (4.7)
P Hy Hy

Taxkum 00pazoM, aHAJIOT CKOPOCTH TOJIKATEJIsS Ha 3aJaHHOM YYacTKE TOBO-
poTa KyJiauka €CTh BEJIMYMHA, MPOTIOPIIMOHAIbHASI TAHTCHCY YIJIa HAKJIOHA
KacaTelbHONH K TpaduKy MepeMernieHril TOoJIKaTeNlss B CEpeUHE DITOTO

y4acTKa.
Uto0b1 M300pa3uTh 3Ty BEIMUYMHY TpadUdecKd B CHCTEME KOOPIH-
HAT JWarpaMMbl aHaJIOTa CKOPOCTEH, MOCTYMaeM CIEIYINIUM 00pa3oM.
Ocp abcmuce rpaduka mpojIeBacM BJIEBO U OTKIIAILIBAEM HA 3TOM IPO-
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JOJDKEHUH TIPOU3BOJIBHBIN O0Tpe30K Ki, HazpiBaemblil 06a30ii rpaduueckoro
nuddepentiupoBanus. M3 koHIa stoit 6a3bl p1 (momtoc auddepeHnupopa-
HUS) TIPOBOJUM JIy4, Mapajlie/IbHBIA KacaTelbHOH K rpaduky S(¢) 10 ee
nepeceyeHus ¢ 0cbio opauHar. [lomyueHHBI HA OCH OpJUHAT OTPE3OK SIB-
JsieTCsl N300paKeHNEM aHaJIoTa CKOPOCTH TOJIKATENs, TaK KaK €ro BeJIUYu-
Ha MPOMOPIMOHATIbHA TAHTEHCY yria [31 HakJIOHa KacaTenbHOU (puc. 4.7).
Macirab storo nzodpaxenus ¢ yuetoMm (4.7) u puc. 4.7, onpeaeauTcs Tak:

Ly = K — tg IB 1 H
V. u,kitgp
[Tocne cokparnienus moxydaeM (Gopmyrny MaciiTada aHamora CKOpOCTEH:
My = L‘L (M/MM) (4.8)
:u(p k]

Tak Kak NOJy4YEHHBIN OTPE30K SBIISETCA M300paKEHUEM aHAJIOra CKOPOCTH
TOJIKATed Ha y4acTKe 3-4, TO U3 TOYKH MEPECEUEHUS Jyda C OChK0 OpJIU-
HaT MPOBOJMM TOPU30HTalb, @ U3 CEPEIMHBl y4dacTKa 3-4 — BEpTUKAJIb.
Touka nepecedyeHus 3TUX NPSAMBIX OyAET JiexKaTh Ha rpauke aHajiora CKo-
poctel tonkarend. [IponsBens onucaHHbIE MOCTPOEHUS B KaXJIOM y4dacT-
Ke, MOJyYrM KHHEMaTHYECKYIO IMarpaMMy aHajora ckopocteit V(o).
Kunematnueckass auarpaMMa aHajiora yCKopeHuid Ha puc. 4.7 mo-
CTpO€HAa B TOM K€ CUCTEME KOOPAMHAT MPU MOMOIIM Ipaduueckoro aud-
(bepeHpoBaHMs AUarpaMMbl aHajora ckopocteil. K atomy rpaduky B ce-
pEeAMHE KaKJI0TO y4yacTKa MPOBOASTCS KacaTelbHble (Ha puc. 4.7 moka3aHa
OJIHAa U3 HUX — HA y4yacTke 4-5, HaKJIOHEHHas K OCTH aOCLMCC MOJ yIioM
B2), HA MPOJOKEHUH OCU aOCITUCC OTKJIaJbIBAETCS MPOU3BOJLHBIN OTpe-
30K — 0a3a rpaduueckoro auddepeniuposanus Ky, depes3 moiroc p, mpo-
BOJSITCS Jy4H, MapajljiesibHble KacaTeJbHbIM U T.I., TaK e, KaK 3TO ObLIO
ONMCAHO BbIIIE. B pe3ynprare moiayyaeTcs quarpaMma aHajaora yCKOpEeHHM
A(¢). Macutab nuarpaMmMbl pacCUYMTBIBAETCS] aHAIOTHYHO (4.8):
1w, = () 4.9)
/u(p kZ

AHann3 KHHEMaTHYEeCKUX HapaMEeTpOB TOJKATCIA
10 KMHCEMATHYCCKHUM JHarpaMmam

Kunematnueckue nuarpaMMbl HEOOXOUMBI JJI aHAINU3a JBUKCHHUS
TOJIKATEJNS IOJIOOHO TOMY, KaK IUIaHbl CKOPOCTEH U YCKOPEHUHN HY>KHBI JJIs
pacyera KOHKPETHBIX BEIUYUH ATUX MapaMeETPOB.

Kunemarnueckue nuarpaMMbl JArOT MOJHOE MPEACTABICHUE O JIBU-
YKEHUU TOJIKaTelNs Mpu paboTe KylIauKOBOTO MEXaHW3Ma. AHAIU3UPYS KHU-
HEMATHYECKYIO auarpammy S(¢), MOKHO BHUAETh, YTO Ha (a3e yaaJeHHUs
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KpUBasl MEpEMENICHUs] TOJKATeNsl — IUIaBHAs KpHUBas JIMHUA, NPUYEM €€
KpyTH3Ha (KpyTH3HA KPUBOW — ATO HAKJIOH KacaTeJIbHOM K ATOW KPUBOU
OTHOCUTEJIBHO OCH a0CIlIMCC) CHavalla yBEJIMUMUBAETCS OT HYJs B 103. 1 10
KAaKON-TO BEJIMYUHBI B M03. 3, MOCJE YETO YMEHBIIAECTCS ONSATH /10 HYJS B
no3. 5. Touka KpuBOM B 103. 3, T/I€ YBEIMUYECHUE KPYTU3HBI CMEHSIETCS €€
YMEHBIIIEHUEM, Ha3bIBAECTCS TOUKOW mepernda. AHAJIOTUYHBIA BUJl UMEET
9Ta KpUBas U Ha (ha3e BO3BpaICHHUS.

['paduk aHamora cKOpOCTH MOKA3bIBAET, YTO BO BpEeMs MEPBOU IMO-
JOBHHBI (a3bl yJaIEeHUs, CKOPOCTh TOJKATENs MJIABHO BO3PACTaET OT HYJIA,
JOCTUTasi MaKCUMyMa B 1103. 3 (B mo3uimH, rae rpaduk S(¢) mMeer mepe-
ru0), a 3aTeM TaK)Ke IJIABHO YMEHbIIIAETCS 10 HYJIS B 103. 5 — Havasa ¢asbl
nanbHero crosHus. Ha ¢aze Bo3BpallieHus XapakTep U3MEHEHHsS] CKOPOCTH
TOJIKATEJ sl aHAIOTUYeH, HO Tpaduk V(@) pacrolokeH B OTPUIATEIbHON
00J1aCTH, YTO TOBOPUT O MPOTHBOIOJIOKHOM HANPABICHUH ABUKEHUS TOJI-
KaTeJis [0 CPaBHEHUIO ¢ (a30i yAaJIeHHUS.

Jnarpamma aHanora yCKOpPEHHUS MOKa3bIBa€T, YTO B M03. 1 mmeer
MECTO CKa4OK YCKOPEHUS TOJIKATEJN OT HYJIS 10 KAKOW-TO BEJIMYHHBI, I10-
CJIE YEero MPOUCXOAUT IIABHOE YMEHBIIEHHE YCKOPEHHUs 10 HyJIS B I103. 3
(B mo3uIuM, TIe CKOPOCTh MAaKCUMalbHA — MAaKCUMyM (YHKIIMH COOTBET-
CTBYET HYJIIO €€ IIPOU3BOAHOMN), ITOCJIE YETO YCKOPEHHE MEHSET 3HaK. AHa-
JIM3UPYsL COBMECTHO JAMArpaMMbl aHAJIOTOB CKOPOCTU U YCKOPEHUs, MOKHO
yTBEpXkAaTh, YTO B IEPBOM NOJOBHHE (a3bl yJaleHHUs U BO3BpAllCHUs
TOJIKATENb JIBMXKETCSI YCKOPEHHO, TaK KAaK 3HAKU CKOPOCTH U YCKOPEHHS
COBIAJAIOT, & BO BTOPOM MOJOBUHE 3TUX (Pa3 — 3aMeIJIEHHO, TaK KaK UX
3HAKH MPOTUBOIIOIOKHBI.

[lo KMHEMATUYECKUM THArpaMMaM MOKHO ONPENEIINTh KOHKPETHBIE
napaMeTpbl IBHKEHUS TOJKATeNsd B 3aJaHHOM no3uuuu. Halimem nmepeme-
IIEHUE, CKOPOCTh U YCKOpPEHHUE ToJIKaTed B 103. 7 (puc. 4.7).

[lepemenienne TOJKATENS, TO €CTh, €r0 OTCTOSIHUE OT ITO3HIIUH,
HanOosee OJIM3KOM K IICHTPY KyJlauKa:

S7 =87 K (M)
rIe g — OpJIMHATA IUarpaMMBbl IepeMenieHuH B 1o3. 7.
CkopocTh TONKaTemst HaleM ¢ yueToMm (4.4):
v, =V, 1y, @ (wic)
rIe 177 — OpIWHATA UarpaMMbl aHAJIOTa CKOPOCTH B 1O3. 7.
Yckopenue TosikaTens HalaeM ¢ yueTom (4.6):

a, = A, 1 ,0° (we?)

TIe A7 — OpJMHAaTa AUarpaMMbl aHAJIOra YCKOPEHUS B 103. 7.
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3aKk0HBI JIBMKEHUS ToakaTens. JKeCTKUi U MITKHUH VIApbl

XapakTtep IBWKEHHUS ToJIKaTelsd Ha (a3ax yJaJleHUs U BO3BpAICHUS
MOET OBITh Pa3IMYHBIM B 3aBUCUMOCTH OT Npoduis Kynauka. Eciau pac-
CMaTPUBATh 3TO ABUKEHUS C TOUKU 3PEHUS] U3MEHEHUSI CKOPOCTH TOJIKaTe-
75, TO CIEAYeT U3YYUTh €r0 paBHOMEPHOE JBM)KEHHE, PaBHOIEPEMEHHOE
JBIKEHUE U 001U ciiydaid, TO €CTh, IBMKEHUE C IEPEMEHHBIM YCKOPEHU-
eM.

PaBHOMepHOE qBUKEHME ToJIKaTeNs (puc. 4.8a), TO €CTh, €ro JABUMKE-
HUE Ha (azax yJaJeHUs U BO3BPAILIEHHUS C MOCTOSHHOW CKOPOCTHIO, MOKa-
3BIBAaETCS Ha TpaduKe ero CKOPOCTH (MM aHAJIOTa CKOPOCTH) B BUE TOPH-
30HTAJIBHBIX OTPE3KOB. I'paduku nmepeMenieHnil Toukarens Ha 3TuxX (aszax
— 3TO HAKJIOHHBIE MpSAMbIE. YCKOPEHHUS TOJIKATENsI B 3TOM CIy4ae paBHbI
HYJII0, HO B HA4YaJIe U KOHIIE 3TUX YYaCTKOB IMIPOUCXOISIT CKAUKH YCKOPEHUS
B IUTIOC WJIM MUHYC O€CKOHEUYHOCTh. SIBJIEHHE CKauKa YCKOPEHUsI B OECKO-
HEYHOCTh M OOpAaTHO HA3BIBACTCS KECTKUM YJIApPOM, OHO COOTBETCTBYET
CKayKy CKOPOCTH Ha KOHEUHYIO BEIIMYMHY M U3JIOMY Tpaduka rnepemerie-
HUS TOJIKATEJS.

DTO SIBIICHHUE OTPULIATENBHO IO CIAEAYIOIIUM MPUYUHAM. Y CKOPEHUS
MPOTMOPIIMOHANIBHBI CHJIAaM MHEPIIMHU, CJIEI0BATEIbHO, B Y3JIOBBIX TOUKaX (B
HayaJyie U KOHLIE (pa3bl yAaJIeHHs] U BO3BPAICHUS ) Ha TOJIKATEIb IEUCTBYIOT
OECKOHEYHO OOJIBILIME CUJIbI HHEPLUH, YTO TEOPETUUYECKU JOJDKHO MpUBE-
CTU K pa3pylICHUIO Me€XaHW3Ma. B peasbHbIX MEXaHH3MaxX 3TOro He Mpo-
HCXOJUT U3-3a YNPYTOCTH 3BEHBEB M HAJIUYMS 3a30pOB B MexaHusme. Oj-
HAKO CWJIbl MHEPIIMHU JOCTUTAIOT 3HAYUTEIbHBIX BEJIUYUH, TOATOMY TaKHUX
PEXKUMOB CcTaparoTcsi u30eratb, BBOJS MEPEXOAHBIE YUaCTKH, KOTOPBIE 3a-
MEHSIOT U3JIOM rpaduka rnepeMenieHnil Ha TutaBHbie KpuBbie. KynaukoBbie
MEXaHU3Mbl C PABHOMEPHBIM JIBM)KCHHEM TOJIKATEIsI UCIOIB3YIOTCS B TO-
KapHBIX aBTOMAaTax JUisl MPUBOJA CYNIOPTOB, B HIBEWHBIX MAIIMHAX IS
HAMOTKUA HUTHU Ha MMyJbKy U T.1. [Ipodunm ydacTKkoB ynajaeHus U BO3-
BpaIeHUs] KYJIAuYKOB TaKUX MEXaHHU3MOB BBIMOJHSIOTCS MO Crupaiu Ap-
XuMesa.

PaBHonepeMeHHoe ABMKEeHHE Tojkatens (puc. 4.80) mpearosaraet
JBIDKCHUE TOJIKaTelNsa Ha (a3ax yAaJIeHUs U BO3BPAILCHUS C MOCTOSHHBIM
YCKOPEHHUEM WM 3aMEIJICHUEM, @ UMEHHO, B T€YE€HUE MEPBOM MOJOBUHBI
(da3bl JBIDKEHHUE MPOUCXOAUT C YCKOPEHUEM, a B TEUEHHUE BTOPOU MOJOBU-
HBI — C 3aMeJIJIeHUeM (C OTpHUIIaTeNIbHBIM yCKopeHuem). Ha rpaduke ycko-
pEHUsI Mbl BUJIUM TOPU30HTAJIbHBIE OTPE3KU B MOJOXKHUTEIBLHON U OTpUIla-
TenpHOU oOyacTsax. B Hawane ¢a3 ynaneHust ¥ BO3BpaIllEHUs] U B UX Cepe-
JMHE MMEIOT MECTO CKA4YKH YCKOPEHHS Ha KOHEYHYIO BEIIMYWHY. DTHUM
CKauykaM COOTBETCTBYIOT M3JIOMBI Tpaduka CKOPOCTH, a Tpaduk mepeme-
IICHUI TOJKATENs OCTAeTCs IIaBHBIM. SIBICHHE CKayKa yCKOPEHUS Ha KO-
HEYHYIO BEJIMUYUHY HA3bIBACTCSI MSTKUM yJIapoOM. DTO SIBJICHHE HE CTOJIb
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Puc. 4.8

OTPULATENBHO, KAK SIBJIEHUE )KECTKOTO yJapa, U KyJauKOBbIE MEXaHU3MBI,
I7ie IBM)KEHHME TOJKATEeNsl COMPOBOXKAACTCS MSATKMMHU yAApaMH, TOCTaTOY-
HO LIMPOKO MCHOJIb3YIOTCS B TEXHUKE. JTO MPOUCXOAMT, B YACTHOCTH, I0-
TOMY, YTO MPOQUIN KYJIAUYKOB TaKUX MEXAHU3MOB MPOCTHI B MPOEKTUPO-
BaHWU U U3TOTOBJIEHUU, HAIPUMEP, OHU MOTYT OBITh COCTABIIEHBI U3 CO-
NPSDKEHHBIX 1yT OKpYyKHOCTel. IIpn 3TOM ciexyer HOMHUTh, YTO HECMOT-
psl Ha IJIABHOCTh CONPSDKEHUS YYaCTKOB MPO(duUis, B TOYKAX COMPSKEHUs
UMEIOT MECTO MSTKHE yZAapbl, YTO MPUBOAUT K CKA4yKy WHEPLUUOHHBIX
Harpy30K M 4TO JIOJDKHO YYMTBIBATHCS IIPU CUIIOBOM pacyeTe W JajbHEu-
IIEM pacueTe Ha MPOYHOCTb 3BEHbEB MOJOOHBIX MEXaHU3MOB.
KunemaTuueckue nuarpamMmbl JBHXKEHHUS TOJIKATeNs JUIisl OOILEro
ciydasi, TO €CTh, JJI CiIy4as €ro JBH)KEHHSI ¢ NIEPEMEHHBIM YCKOPEHHEM
npuBeAeHbl Ha puc. 4.88. dopma AuarpaMMbl YCKOPEHHS MOXET OBITh
Pa3IMYHOM, BO3MOKHBI CKAYKH YCKOPEHHS B XapaKTEPHBIX TOUYKaX, HO Hau-
Jy4yliedl ¢ TOYKW 3PEHHs] MHEPIMOHHBIX HArpy30K, SIBJISIETCS JuarpaMmma
0e3 CKayKOB YCKOPEHHS; IPU 3TOM H3JIOMbI Tpadrika BOZMOXKHBI (OJUH U3
Takux TrpadUKoB yCKOpEHHs TMoka3aH Ha puc. 4.8B). Kymauok, obOecreun-
BAaIOIMI JIBI)KEHUE TOJIKaTeNss 0e3 CKAauKOB YCKOPEHHs HasbIBaeTcs Oe3-
ynapHbIM. Takue KyJauku 0ojiee CIOXKHBI B IPOECKTUPOBAHUU U H3TOTOB-
JIEHUU, YEM KYJIAUKHU C )KECTKUMHU U MATKHMH yJapaMH, HO OHU C yCIIEXOM
UCIOJIB3YIOTCS OJ1arofiaps XOpoIuM JTUHAMUYECKUM KadecTBam. OHaKO
CyllecTByeT Oe3ynapHbld KyJdauOK OY€Hb MPOCTOM B MPOEKTUPOBAHWUU U
U3TOTOBJICHUH — 3TO AKCIEHTPUK (puc 4.9). Ero nmpodguib — 3T0 OKpyxK-



89

Puc. 4.9

HOCTb, LICHTP KOTOPOW CMEIEH OTHOCUTEIBHO LIEHTPA BpALEHUs KyJlayKa.
Tak kak npo¢uib Kyjgauka — KpuBas MOCTOSSHHOW KPUBU3HBI, TO HUKAKHX
CKA4KOB U YJapOB OH He IpeArnoaraeT. Takon KyJlayoK UMeeT TOJIBKO J1Ba
npoUIbHBIX yIiia — yJaleHHsl U BO3BpalleHus. biaronaps mpocrore KoH-
CTPYKLHUH KYJIAYKOBBIE MEXAHU3MBI C SKCIIEHTPUKOBBIM KYJa4KOM IIMPOKO
WCIIOJIB3YIOTCS B TEXHHKE.

B 3aximouenue 3amerum crnenyromee. IIpu nmoctpoeHun KuHeMaTu-
YECKOW JuarpaMMbl YCKOPEHHMS TOJKATENs] HAJIO YYUTHIBATh, YTO BBICOTHI
ATOM JMarpaMMbl Ha ydacTKaxX yJaJeHHs W BO3BpalleHHs oOpaTHO Mpo-
NOPLIMOHATIBHBI KBaJPATaM COOTBETCTBYIOIIUX (PA30BbIX YIJIOB:

P 2
4 _ P
— 2
a, ¢

rae: d,, — BBICOTA rpaduka yckopeHnus (Uiu aHajiora yCKopeHus) Ha ¢ase

yaaneHus (cM., Harpumep, puc. 4.80);

a, — BeICOTa rpadyKa yCKOpeHus Ha (ha3e BO3BPAILCHUS.

§4.4. Ili1anbl CKOpOCTEl U MepeAaTOYHbIEe OTHOIIEHUS
B KYJIAQYKOBBIX MEXaHU3MAaX

Il1al CKOpOCTEN M IEPEATOUYHOE OTHOIIEHUE KYJIAYKOBOTO
MEXaHW3Ma C MOCTYIIATEIbHO JBWKVIIIUMCS TOJKATEIEM

Kunematnueckue auarpammbl AArOT NPEACTABICHUE O XapakTepe
JBIDKEHUS TOJIKATEINs B mpejernax Bcero padodero yria. Ecnu tpebyercs
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HAaWTH CKOPOCThH TOJIKATENsI B KOHKPETHOW ITO3HMIMHM KYJIAYKOBOT'O MeEXa-
HU3Ma, TO MOXHO OOONTHCH 0€3 CII0KHOM Mpolenypbl IOCTPOEHUSI KUHE-
MaTUYECKUX AUarpaMM, a UCIIOJIb30BaTh METOJ IUIaHA CKOPOCTEH U Iepe-
JTATOYHOTO OTHOILIEHUS.

PaccMoTpuM nocTpoeHue miaHa CKOpOCTEH MPOCTEUIIEro KyJIayKo-
BOTO MEXaHH3Ma C OCTpPOKOHEUHbIM ToskateneM (puc. 4.10). Ero cxema
n300paxkeHa B MacwuTade L . 3aMETHUM, YTO JIMHUS JIBUKEHUS TOJKATEJs
ATOTO MEXaHW3Ma HE MPOXOJUT Yepe3 LIEHTP BpalleHUs KyJadkKa, TO €CTbh,
MEXAHU3M SBISIETCSI HELIEHTPAIbHBIM (JI€3aKCUAIBHBIM WM 3KCLEHTPUY-
HeIM). [lman ckopocteil Oyaem CTpouTh B MacliTabe HadajabHOIO 3BEHA
(cMm. BbILIE — cTp. 33), B HalleM cilydae, B MaclITabe BXOJAHOIO 3BE€HA — Ky-
JIa4Ka, TO €CTh, Ly = L 1.

W3 monroca p MpOBOAMM BEKTOP CKOPOCTU TOYKH Ki, TO €CTh KOH-
TaKTHOW TOYKH KyJIauKa, paBHBIA U MEPHNEHIUKYISIPHBIA panycy BEKTOPY
OK pacnonioxeHust 3T0M TOYKU (3TO U MOCJIEAYIOIINE ACHCTBUS TTPUBEIE-
HbI Ha puc. 4.10 B Buae npumeyanuii). BeKTop cKOpoCTH KOHTAKTHOM TOY-
ku K, Tonkaress HaiiieM U3 BEKTOPHOTO YpaBHECHUSI:

Vk2 = Vi1 T Vioki

CornacHo TeopHM BbICHIEH KMHEMATHYECKOW Mapbl, OTHOCUTEIbHASA CKO-
POCTh KOHTAaKTHBIX TOYEK TOJIKATEJsd M KyjayKa HalpaBlieHa BIOJIb Kaca-
TEJIBHOM K MpOUIIO KyJlayka, IPOBEJACHHONW B TOUKe KOHTakTa. [loaTomy,
BBITIOJIHSS JIEHCTBUE TpadUyuecKoro CIOXKEHUsS, U3 KOHIIA BEKTOpa CKOPO-
cTH TOYKH K; mpoBezeM npsMyto, mapajuieibHYI0 KacaTelbHOH T-T. AOCO-
JIOTHAs CKOPOCTh KOHTAKTHOW TOUkHM K; TonKaTens mapajienbHa ero
HaNpaBJIAIOIMM, TIO3TOMY, U3 MOJIKOCA TIJIAHA CKOPOCTEN MPOBOIUM BEPTHU-
KaJib. B Touke mepecedeHus AByX MPAMBIX OyAyT HAXOAUTHCS KOHIBI BEK-
TOPOB a0COTIOTHON U OTHOCUTEIILHON CKOPOCTH KOHTAKTHOM TOYKH TOJIKA-
TEJIs.

[Tomy4yeHHBIN IIaH CKOPOCTEM JAET BO3MOKHOCTH HAWTH 3HAYECHUE
CKOPOCTH TOJIKATEJIS B 3aJaHHOW MO3ULIMHU KYJIAYKOBOI'O MEXaHU3Ma!

Haiinem Ty e CKOpPOCTb, MOJB3YSACh METOAOM IEPENATOYHOTO OT-

HOULIEHUS KYJIAYKOBOTO MeXaHu3ma. llepegaTounoe OTHOMIEHHE OT TOJKa-
TEJA K KyJIauKy:

V)
Uy ==+ (4.12)

VYuuteiBas (4.10), nonyuum:
pky o,
Uy =———=pk, t; (v (4.12)
@
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A

T~ pl,= LOK
Vieokey— kikz =T

U, =PK,IIRanp

Puc. 4.10

Takum 00pa3zom, oTpe3ok PKy sBIsSETCS M300paKCHUEM IepeaaToy-
HOTO OTHOIIIEHUS Uy B MaciiTade [ | . O1HaKo, 3TOT OTPE30K MOXKHO HANTH
0€3 MoCTpOeHUs MIaHa CKOPOCTeH, OoJiee mpocThiM crocobom. [lepeiinem
K 3TOMY CIIOCOOY, BBITIOJHUB BCIIOMOTATEJIbHBIE ITOCTPOEHUSI.

[ToBepHeM man ckopoctei Ha 90° B CTOPOHY, IPOTHBOMOIOKHYO
HaIIPaBJICHUIO BPAIlICHUS KyJlauKa, a 3aTEM IEPEHECEM €r0 Ha CXeMy MeXa-
HU3Ma TaK, 4TOOBI MOJIOC TJIaHA COBMAN C IIEHTPOM BpalIeHHUS KyJauka
(puc. 4.10). Torma BekTop pkKi coBmazer ¢ paguyc-Bekropom OK, BekTOp
OTHOCHTEIIbHOM CKOPOCTH KiKz pacmosiosxxuTcst B0ab HOpMaId N-N, poBe-
JICHHOHM dYepe3 KOHTAKTHYIO TOYKY, a BEKTOp PK, KOTOpBIH M SBISCTCS
M300paKEHUEM TIEPEeIaTOYHOr0 OTHOIIEHUS, Oy/IeT JieaTh Ha TEepIICH -
KyJIsipe K JIMHUU JBIKCHUS TOJIKATENs, MPOBEICHHOM U3 LICHTpA BpalleHUs
KyJlayka.

PaccMoTpeHne MoBEpHYTOro IUIaHa CKOPOCTEH, COBMEIIEHHOTO CO
CXeMOW MEXaHM3Ma, JAaeT BO3MOXKHOCTh C(OPMYIHUPOBATH CIEAYIOIICe
MIPaBUJIO.

Jns HaxoXKACHUS MEPEeIaTOYHOTO OTHOIIEHUS Up; KYJIAaYKOBOTO Me-
XaHW3Ma, Ha €ro CxeMe JOCTATOYHO ITPOBECTU JBE MpsMbIC: HOPMaJb K
npoIto KyJadyka yepe3 KOHTAKTHYIO TOUKY M MEPHEHIUKYISIp K HampaB-
JISIFOIIUM TOJIKATENSl Yepe3 LEHTP BpalleHus KyJladyKa; OTPE30K 3TOro mep-
MEHIUKYJIIpa MEXKIy LIEHTPOM BpalleHUsl KyJlauka M TOUYKON €ro rnepece-
YEHUSI C HOPMAJIbIO U OyJAeT SBIATHCS M300pKEHHEM UCKOMOTO Tepesa-
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TOYHOrO OTHOLIEHHS U ,; B Macmrade L , KaK 3TO MOKa3aHo Ha puc. 4.11.

CrnenoBaTesbHO, CKOPOCTh TOJKATENS B MO3UIMH KYJIAYKOBOI'O MEXaHU3Ma,
MOKa3aHHOW Ha cxeme, ¢ yueToM (4.11) onmpenenurcs Tak:

Vo SUp @) =Upp fy O (i)

M J/L) 2

Puc. 4.11

Il1aH cKOpOCTEN M IEPETATOYHOE OTHOIIIEHUE KYJIAYKOBOTO
MEXaHW3Ma C KQUarONIMMCS TOJKATEIEM

PaccMoTpum Ternepp KyJlauyKOBBbIM MEXAHU3M C KAa4aroIIUMCS TOJIKA-
TEJIEM H MPOJAEIAEM BCE BBIIICONUCAHHBIE MPOUEIYPHI AJISI HAXOMKICHUS
MTHOBEHHOW CKOPOCTH TOJIKATEJNI METOAOM IUIaHA CKOPOCTEM U METOIOM
NEPEeIATOYHOTO OTHOIICHHS.

Cxema KyJIa4yKoBOIO MEXaHH3Ma C KAYaroUIMMCs TOJIKATEJIEM IOKa-
3aHa Ha puc. 4.12 B Macmrabe [, TUIaH CKOpPOCTel OyaeM CTPOUThH B Mac-
mTabe HavyaIbHOTO 3BEHA — KyJIauKa, [Ly= L | 1.

13 montoca p MpOBOAMM BEKTOP CKOPOCTU TOYKH Ki, TO €CTh KOH-
TaKTHOM TOYKH KyJilauKa, paBHBIM U MEPIECHIUKYJISIPHBIA PaNyCy BEKTOPY
O:K pacnonoxxeHnust 5Tol TOUKH (3TO U MOCICAYIOIINE ICUCTBUS TTPUBEIEC-
HbI Ha puc. 4.12 B Buae npumeyanuii). BeKTop cKOpoCTH KOHTaKTHOW TOY-
ku Ky Tonkaresst HaiiieM U3 BEKTOPHOTO YPaBHCHUS:

Vi2 = Vir Y Vioki
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CornacHO TEOpHUM BbICHIEH KMHEMATHYECKOW Mapbl, OTHOCUTEIbHAS CKO-
pPOCTh KOHTAaKTHBIX TOYEK TOJIKATENd M KyJjauyka HalpaBlieHa BIOJIb Kaca-
TeJIbHOU K MpOoUIII0 KyJlauyKa, MPOBEJICHHOW B TOYKE KOHTakTa. [ToaTomy,
BBITIOJIHSA JICHCTBHE Ipad)UuecKoro CIOXKEHUsI, U3 KOHIIa BEKTOpa CKOpPO-
CTH TOYKH Kj IpoBeaeM MpsIMYIO, HapauiebHyI0 KacaTeabHOU T-T. AOCO-
JIOTHAs CKOPOCTh KOHTAKTHOW TOYKHU ky Kadaromierocs TOJIKaTeNs MepIieH-
JUKYJISIPHA K PaJInyC-BEKTOPY PACIIOJIOKEHHUS 3TOM TOYKH, MOITOMY, W3
MOJIFOCA TUJIaHA CKOPOCTEN MPOBOJAUM MPSIMYIO HNEPIECHAMKYISPHYIO K OT-
pe3ky O2K Ha cxeme mexanusma. B Touke nepecedeHus IByX NPSIMbIX Oy-
YT HaXOIUTHCS KOHIIbI BEKTOPOB a0COIIOTHOW M OTHOCHUTEIILHOW CKOpPO-
CTH KOHTAKTHOM TOYKH TOJIKATEIIA.

[TosydyeHHBIN UIAH CKOPOCTEW JA€T BO3MOXKHOCTh HAWNTHU 3HAYCHUE
CKOPOCTH TOJIKATENSA B 3aJJaHHOM MO3UIMU KYJTaYKOBOTO MEXAHU3MA:

_ Vi2 _ Pk o
0,K O,K y

[locne coxkpanieHus Moay4nM:

w,

’ ”
Ho =Ho 150
HaiizieM Ty e CKOPOCTb, HOJIb3YSICh METOAOM IIEPENATOYHOTO OTHOIIEHHUS

KyJIAYKOBOT0 MexaHu3Mma. [lepegaTouHoe OTHOIIEHUE OT TOJIKATENS K Ky-
JauKy:

(4.13)

W,
Uy = (4.14)
1
VYyuuteiBas (4.13), momyunm:
I pk; o,
21 T A~
0,K w,
[Tocie cokpanieHus noay4nMm:
k
u, =242 (4.15)
0,K

OpmHako, 3TO OTHOIIEHUE MOXKHO HAaWTHU O€3 MOCTPOCHUS TIaHa CKO-
poctel, 6osiee pocThiM criocoboM. Ilepeitaem k 3ToMy crocoOy, BBINOJI-
HUB BCIIOMOTaTEJIbHBIE TTIOCTPOCHHUSI.

[ToBepHeM mian ckopocteil Ha 90° B CTOPOHY, IPOTUBOINOIOKHYIO
HaIpaBJICHUIO BPAIIEHUs KyJadKa, a 3aTeM MEePEHECEM €ro Ha CXeMy MeXa-
HU3Ma TaK, YTOOBI MOJIOC TJIaHA COBMAJ C IIEHTPOM BpalICHHUS Kyladka
(puc. 4.12). Toraa Bextop pKi coBmaneT ¢ paguyc-Bektopom O;1K, BekTop
OTHOCHUTENIbHOM cKOpOoCcTH KiKy pacmonoxuTcst BAOIb HOpMaik N-N, mpoBe-
JICHHO# Yepe3 KOHTAKTHYIO TOUYKY, a BeKTop PK, Oyaer mapaiienaeH oTpes-
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Ky O2K tonkarens. B mepeceuennn Bekropa Kik; ¢ orpeskom 0102 oTme-
TUM TOCKY P.

u T T

Puc. 4.12

Paccmotpenue aByx TpeyrombHuKOB: AOPK u  AO:Pk; cBume-
TeNbCTBYET 00 ux noaoduu. [losTomy:

pky _ OF
0,K O,P
C yuerom (4.14) u (4.15) MOXHO 3amcaTh:
w, O,P
Uy = = (4.16)
w, O,P

PaccmoTpeHne MOBEpHYTOIrO IJlaHA CKOPOCTEH, COBMEUIEHHOI'O CO
CXeMOW MEXaHM3Ma, JAeT BO3MOXKHOCTh C(OPMYIHUPOBATH CIEAYIOIICe
MPaBUJIO.

Jns HaXOXJEeHUs TMepelaTOYHOr0 OTHOIICHHUS KyJIa4yKOBOrO MeXa-
HU3Ma, HA €r0 CXeMe JOCTaTOYHO TMPOBECTU JBE MpPSMBIE: OJHY — Yepe3
IIEHTPHI BpaIllEeHUsI KyJlauKa U TOJIKATEJsl U BTOPYIO — HOpMaJib K IPOHUITIO
KyJauka 4depe3 KOHTakTHYH Touky (puc.4.13). Touka mepecedeHus 3THX
NPSIMBIX Pa3JICIUT OTPE30K, COSAUHSIONINI LIEHTPHI BpAIlICHUS KyJlauka U
TOJIKATeJII Ha 4acTH, OOpaTHO MPOIOPIIMOHATIBLHBIE YIJIOBBIM CKOPOCTSM
KyJayka u tonkarens. [Ipudem, nmeer 3HaU€HUE HAIPABICHHE OTPE3KOB
O1P u O2P: ecnu oHM HampaBiieHbl B TPOTUBOMNOJIOKHBIE CTOPOHBI (KaK Ha
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puc. 4.13), To nepenaToyHOE OTHOIIEHUE OTPHULIATENIBHO, YTO CBUJIETEIIb-
CTBYET O TOM, YTO B JaHHOW MO3UIIUH KYJIAYKOBOTO MEXaHHU3Ma, KyIauoK 1
TOJIKaTeh BPAIIAIOTCS B MIPOTUBOTIOJIOKHBIX HampaBieHUsIX. Eciu ke oT-
pe3ku O1P u O,P HanpasieHsl B 0JJHy CTOPOHY, TO €CTh, TOUKa P HaxoauT-
csi BHe oTpeska 0107, TO mepegaToyHoe OTHOLIEHUE TMOJIOKHUTENIBHO, 3Ha-
YHUT TOJIKATEIIh TIOBOPAYUBACTCS B TY )K€ CTOPOHY, UYTO M KYJIadOK.

Puc. 4.13

Bennuuny yriioBoi CKOpocTy ToJIKaTesst HaieM u3 (4.16):

0P
2 @]

§4.5. YcaoBus nepegaum 1BUKeHUS
B KYJAUYKOBOM MeXaHH3Me. YTo0J1 nepeaaydn IBUKeHus!

VYcnoBus nepenadn IBUKEHUA OT KyJIauKa K TOJIKATENI0 3aBUCAT OT
CUJIOBBIX COOTHOILEHUM, @ UMEHHO, OT COOTHOILIEHHUS MEXAY BEJIMYMHAMU
CHJIbI CTIOCOOCTBYIOIIEH NBUKEHHUIO TOJKATEN U CHIIbI, MPENSITCTBYIOLIEH
TOMY ABUXEHUI0. PaccMoTpuM 310 nmoapobOHee.

CornacHo Teopuu BBICIIEW KMHEMAaTHUYECKOM IMApkl, CUJIA, C KOTOPOU
KyJauoK JIEUCTBYET Ha TOJIKATENb, HAMpPaBJIEHA BIOJIb HOPMaJIU K MpOdu-
o Kynauka (cuna R Ha puc. 4.14). PaznoxuM 3Ty cUily Ha JB€ COCTaBJIS-
fomue: cuiy Q, HampaBlIEHHYIO BIOJb JIBMXKEHHS TOJIKAaTens, U cuiay T
MEePIEeHIUKYISIPHYIO 3TOMY ABU)eHUI0. Cuna Q crnocoOCTBYET IBHXEHUIO
TOJIKATeJIsA, TaK KaK HalpaBJeHa BIOJIb €r0 HaIlpaBIIOIIMX, a cuia T mpe-
IATCTBYET 3TOMY JBMKEHUIO, TAK KaK CTPEMUTCS IIEPEKOCUTH TOJIKATEIb B
HaIPaBJISIIOIIUX U YBEJIMYUBAET TPEHHUE MIPU €0 JBMKEHUU. 3HAYUT, yCIIO-
BUE Mepelayll CHIIbl 3aBUCUT OT cOoOoTHoueHus BenuuuH cun Q u T. Ilpu
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pa60Te KYyJIa4KOBOIro McxXxaHu3Ma 3TO COOTHOHICHHUC MCHIACTCA, TAK KakK
HaKJIOH HOpMaJId N-N K HAaIIPaBJICHUIO ABUXKCHUS TOJIKATEIIA U3MCHACTCA OT

T

7

<l

R

Puc. 4.14

HYJIA Ha ydacTKaxX JaJIbHETO U OJMXKHEro CTOSHUS (B 3THX ciiydasx cuia T
OTCYTCTBYET) /10 HEKOTOPOH KOHEYHOM BEJIMYMHBI. I3 MpPUBEACHHOTO CHU-
JIOBOTO PA3NIOKEHHs CIeAyeT: Uil Jydled paboThl KyJIauyKOBOTO MeXa-
HU3Ma C TOYKU 3PEHUsSl YCJOBHUH Mepejauyu IBUKEHUS (WU, TOBOPAT, C
TOYKHU 3PEHUS TUHAMUKHU) HaJ0, YTOObI cuia Q, crmocoOCTBYIOMIAs IBUMKE-
HUIO, OblTa Oousblneit, a cuna T, NpensTCTBYIONIAsl ABWXKEHHIO, ObLia
MEHBIIECH.

Jlnst ymporieHus: aHajau3a COOoTHomIeHus BeauunH cul Q u T wc-
MOJIB3YETCS TTapaMeTp, KOTOPBI Ha3bIBACTCS yroJ TMEepeladu IBIKEHUS W
0003HaYaeTCsl rPeYecKoil OYKBOM y: 3TO OCTPBIM yroyi MeXAy KacaTeabHOU
K Tporiito KyJauyka W JUHUEH JBWKCHUS KOHTAKTHOW TOYKH TOJIKATEIIS
(puc. 4.14). Tak kak Takoi k€ YroJ Y HAXOJAUTCS MEXKIY BeKTopaMu cuii Q
u T, TO MOXKHO cenarh CICAYIOMNNA BBIBO: JJIS JIYUIIICH, C TOYKH 3PCHHUS
JTUHAMUKH, pa0O0ThI KyJa4KOBOTO MEXaHWU3Ma HaJ0, YTOOBI YTOJ Mepeaadu
JIIBYOKEHUS ObLI OOIBIIINM.

3aMeTHM TakKe, YTO YToJl Y HAaXOJUTCA U B TUIAHE CKOPOCTEH MEXKITY
BEKTOpaMHU a0COJIFOTHOM W OTHOCUTEIBLHON CKOPOCTBIO TOJIKaTeNs (puc.
4.10). D10 3ameyanue OyIeT UCIOJIb30BAHO B JIAJIbHEUIIIEM.

[Ipu paboTe KyIauyKoBOTO MEXaHU3Ma 3TO yroji Mensercsa ot 90° na
ydacTKaX CTOSHUS J0 HEKOTOPOH MHHHMAIbHOW BETUYMHBI Ha (azax yja-
JeHus ¥ Bo3BpanieHus. [loaTomy, Oojlee KOHKPETHO BBINICYKa3aHHOE Ipa-
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BUWJIO BBITJISIAUT TaK: IPU MPOUYUX PABHBIX YCIOBHUSX TOT KYJIAYKOBBIA Me-
XaHU3M OyzieT paboTaTh Jyulle, y KOTOPOro MUHUMAaJIbHBINA YTOJ Mepeadyn
JBUKEHUS OOJIbIIIE.

C 3TO#1 TOUYKH 3pEHUS CIIENYET CPAaBHUBATh Pa3HbIEC KyJIauKOBBIE Me-
XaHU3MbI, 00€eCTIeUnBaIOIINE OANH U TOT K€ XapaKTep JBMKCHHS TOJIKATe-
jeil. Y Takux MEXaHHW3MOB OJIMHAKOBBIC (Da30BBIE YIIIbI, OJUHAKOBBIN XOJ]
TOJIKATENsl (XOJ TOJIKATENST — ATO PACCTOSHUE MEXIY €ro KpalHUMHU MO3HU-
UMW) U UASHTUIHBIA MPOPMIN Ha yYJacTKaX YAAJICHHUS W BO3BpAICHHUS.
Pa3Huia 3Tux KyJadyKOBBIX MEXAHU3MOB COCTOUT TOJBKO B pa3zMepax Ky-
JaYKa, TO €CTh, B pa3Mepe OKPYKHOCTM MUHHUMAJIBHOTO pajuyca Imin. Ha
puc. 4.15 coBMeIIeHbI ABE CXEMbI IECHTPAIbHBIX KYJIAYKOBBIX MEXAHU3MOB,
00eCcreunBaOIIUX OJMHAKOBOE ABMKEHUE CBOMX TOJKATENEH, HO NMEIO-

Puc. 4.15

IIUX pa3Hble pa3Mepbl KyJa4yKOB, TO €CTh, pa3HbIE PAAUyChl MUHUMAJIbHBIX
okpyxHocTel. OcTanbHble NapaMeTpbl OJWHAKOBBI: (PA30BbIE YIIIbI, X0/
ToJiKkaTelsis h (B TaHHOM Cllydae — 3TO PAcCTOSIHUE MEXIY OKPYKHOCTSIMH
MUHUMAJIBHBIX U MaKCUMaJbHBIX PAJIMyCOB HAa y4acTKax JAJLHErO CTOS-
HUs); KPOME TOTO, MPOPUIN KyJauKOB Ha ydacTKax yAaJIeHUs U BO3Bpa-
IIEHUS BBINOJHEHbI NOJ00HBIMU. O0a KyJIauKOBBIX MEXaHU3Ma MMOKA3aHbI B
OJIMHAKOBBIX MO3UIUAX, TO €CTh, YIJIbl OBOPOTA KYyJIaYKOB OTHOCUTEIHHO
TOJKaTeNss OAMHAKOBBI. C MaslbiM KyJIa4KOM TOJIKaTelb KOHTAKTUPYET B
touke K’, a ¢ 6ompmmm — B Touke K”. Uepe3 KOHTaKTHBIE TOYKU TPOBEIEC-
HBI KacaTeybHble T-T" U T -T .
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U3 puc. 4.15 BUIHO, YTO YroJl Mepenadyu ABMKEHUS sl OOIBIIOTO
KyJIauKOBOTO MeXaHu3Ma Ooubllie, 4eM A Majoro. B oOmem ciydae
MO’KHO 3aIiCcaTh:

ecau Mmin > Mmin, TO Y > 7.

OTcroma MOXKHO cJienaTh BBIBOJ: MPHU MPOYHX PABHBIX YCIOBHSX,
yeMm OoJblne TadapyuThl y KyJauKOBOTO MEXaHHM3Ma, TeM Jy4Ille YCIOBHUS
nepesayn IBHKEHHUS OT KyJlayka K TOJKATeIt0, WM, TOBOPST, TEM JIy4Ile
TUHaMHKa paboThl KyJIauKoBOro MexaHusma. OmHaKo, 3TO TWHAMUYECKOE
YCIIOBUE BXOJUT B IIPOTUBOPEUHUE C OJHUM U3 TJIABHBIX YCIOBUN MPOEKTHU-
POBaHMSI MAILLUH — YCJIOBUEM MUHUMAJIbHBIX Ta0aprUTOB KOHCTPYKIIUH.

Tabmnura 4.1
MUHUMAJILHO JIOITyCTUMbIE
KynaukoBbie MEXaHU3MBI YTJIBI TIepeIauu
JIBUKCHHSI Y, TPaJl
C OCTPOKOHEUYHBIM TOJIKATEJIEM 50+ 60
C 3aKpYTJICHHBIM TOJIKaTEJIeM 40 + 50
C POJIMKOBBIM TOJIKATEIEM 30 +40

YToObl yIOBIECTBOPUTH ABYM YKa3aHHBIM YCIOBHUSIM, NMPU MPOCKTH-
POBAaHUM KYJAYKOBBIX MEXaHM3MOB YUMUTHIBAIOTCS 3HAYEHUSI MUHUMAIIBHO
JONMYCTUMBIX YIJIOB TEpefaydl ABMIKECHUS Ymin , KOTOPbIE MPUBOMASTCS B
CIIPaBOYHOU JUTEpaType I Pa3IUYHBIX TUIIOB KYJIAUKOBBIX MEXaHU3MOB.
B taGnuie 4.1 npuBeneHbl HEKOTOPHIE U3 ATUX 3HAUCHHI.

§4.6. IIpoekTUpOoBaHHE KYJAYKOBBIX MEXAHU3MOB

B npeapiaymieii gekuuu ObUTO MOKAa3aHO, YTO TabapuThl KyJauyKOBO-
ro MEXaHW3Ma, ONpPEAEseMble BEIMYMHOM MHHUMAJIBHOIO paauyca Ky-
JlayKa, 3aBUCAT OT 3HAYEHUM JONMYCTUMBIX YIJIOB Nepeadn ABUKEHUA. be3
y4eTa 3TOW 3aBUCMMOCTH HEBO3MOKHO MPOCKTUPOBAHHE MEXAHU3MaA C 3a-
JaHHBIMU TIapaMeTpamMu. Ha mpumepe mpoCTeuIlero KyJayKoBOTO MeXa-
HHA3Ma MTOKaXEM METOJIUKY OINMPEICICHUS MUHUMAJIBHOTO pajinyca KyJjadka
M0 3aJaHHBIM 3HAYEHUSAM MHUHUMAJIbHO JOMYCTUMBIX YIJIOB MEpeaaydu
JIBUKEHUS.

OnpeneneHne MUHUMAaIbHOTO pajuyca Kyjaadyka

B ocHOBE METOAMKH ONpPENENICHUs] MUHUMAIIBHOTO pajuyca KyJjladyka
[0 BEJIMYMHE YIUIa IEPEeNadd ABMIKECHUS JICKUT ONPENEIICHHE, COIVIACHO
KOTOPOMY, yroJj Nepenadyd ABWKECHUSA B 3aJaHHOU ITO3HMIMHU KYJIAYKOBOI'O
MeXaHHU3Ma — 3TO YroJl MEXy BEKTOpaMu aOCOIIOTHONW M OTHOCHUTEIHHOU
CKOPOCTBIO TOJKATENIs B 3TOM MO3ULUU. DTOT YroJl MEHSETCA IO MeEpe
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BpalleHusl Kynayka. YToObl MOTYYUTh KOMIIAKTHYIO KApTUHY M3MEHEHHUS
ATUX YIJIOB U CBA3aTh MX C MUHHUMAJBHBIM PaJlyCOM KYJIa4Ka BBIIOJIHUM
CJIEIyIOLIME ACUCTBUS.

Ha cxeme mexaHu3ma, BBIIIOJHEHHOW B Maciutade W (puc.4.16), no-
KaKeM TpeOyeMoe YHCIIO TO3UIIUN TOJKATEeIs B OOPAIIeHHOM JIBYKCHHH:
Ha puc. 4.16 gano 10 no3unmit. J{nsg onHol u3 no3unuii (Ha puc. 4.16 — s
YETBEPTON) MOCTPOUM IIIaH CKOPOCTEH B MacmTade [y = Ll | 1, KaK 3TO
ObLIO TIOKa3aHo B §4.4: BeKTOp cKopocTh PKi KOHTAKTHOM TOYKHM KyJayka
PaBEH U NEPIECHAMKYJSIPEH pPaanyC-BEKTOPY TOUKH K4, BEKTOp OTHOCH-
TenbHON cropocT KiK. mapaseneH kacarenbHOW K MPOQWIIO Kyladka,
IIPOBEJICHHON Yepe3 KOHTAKTHYI0 ToukKy Ks, a BekTop abCcomoTHON CKOpO-
CTH ToJIKaTesst pky mapanieneH HalpaBJIeHUIO ABUKEHUS TOJKATENS BJIOJb
HaIpaBJISAIOIIMX, B pPAaccMaTpPUBAEMOM cllydae — IMapajuiesieH paauyc-
BEKTOPY TOUKH Kj.

Teneps moBepHEM IIIaH ckopocTel Ha 90° B HampaBIeHny BpalIeHUs
KyJlauKa ¥ 3aT€M COBMECTHM €ro CO CXEeMOW MEXaHHM3Ma TaK, YTOObI MOJIIOC
TUIaHa coBIall ¢ KOHTakTHOM Toukod K4. Torma BexTop pKi coBmazer ¢ pa-
auyc-BekTopoM ToukH Ka, Bektop KiK; Oymer nmapaieneH HopManu K mpo-
(w0, TPOBEICHHOW Yepe3 KOHTAKTHYIO TOUYKY, a BeKTOp pK, mepreHu-
KYJISIPEH K HAIPaBJICHUIO JBMKEHUS ToJIKaTelssd. g ynpouieHus yeprexa
Touka Ki He 0003Ha4YeHa, a o0o3HaueHHe K, 3ameHeHo mudpoii 4 HoMepa
HO3ULIUN.

[IoBepHYTHIE IUIAHBI CKOPOCTEW, COBMELIEHHBIE CO CXEMOW Mexa-
HU3Ma, BO BCEX OCTaJbHBIX MO3ULHUAX MOKHO CTPOUTH 0€3 Mpe/IBapUTEb-
HBIX JICUCTBUM, a 10 IpaBujiaM MpeapIayiero adb3ana.

[loBepHEM Bce IUIaHBI CKOPOCTEW B BEPTHUKAJIBHYIO MO3ULHIO, TO
€CTh, B TIO3ULMIO, TJI€ TOJKATEIh MOKAa3aH BepTUKaAIbHO. [[oBepHyThIE BEK-
TOpbl pK; TUTAHOB CKOPOCTEH COBMamyT APYyr ¢ apyrom (Ha puc. 4.16 3tn
BEKTOpbl He ToKa3zaHbl). [loBepHYThIE BEKTOPBHI aOCOJIOTHBIX CKOPOCTEH
ToJKaTest pKy pacmosiararoTcss TOPU3OHTAIBHO M 0003HAuYeHbI IHdpamMu
COOTBETCTBYIOIIMX MNMO3ULMKA Tonkarens. IloBepHyThle BEKTOpPBI OTHOCH-
TENBHBIX CKOpocTel KiKo COGAMHSIOT IIEHTp BpaIeHUs Kyauyka ¢ KOHI[aMU
MOBEPHYTHIX BEKTOPOB a0COIIOTHBIX CKOPOCTEN TOJIKaTeNsl, 0003HAaUEHHbIX
udpamu.

CoriacHO OINpeeNeHNI0, IPUBEICHHOMY BBIIIE, YIIIbI MEKIY BEKTO-
pamu aOCONIOTHBIX U OTHOCUTENIbHBIX CKOPOCTEW TOJIKATeNsl — €CTh YIJIbI
nepeiadn ABMKEHUS Y B PA3JIMUHBIX MO3ULHUAX KYJIaYKOBOTO MEXaHW3Ma
BHYTpH (ha3 yJaseHus U Bo3BpauieHus. 3 pucyHka BUIHO, YTO YTOJI Y TEM
MEHBIIIe, YeM OOJIBIIUI HAaKJIOH K BEPTUKAJIM UMEET JIMHUS, COSANHSIOIMAs
LEHTP KyJlauKa ¢ KOHILIOM BEKTOpa abCOMIOTHON CKOpPOCTH ToJiKaress. Uto-
Obl HAMTH MUHUMAJIbHBIE 3HAYECHMS YTJIOB Mepefayu JBUKEHHUS Y HAJl0 CO-
CAVMHUTH KOHI[BI BEKTOPOB a0COJIIOTHBIX CKOPOCTEW IIJIABHOW JIMHHEH H
IIPOBECTH K HEH KacaTelabHbIE U3 LICHTPA KyJlaydKa.
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Puc. 4.16

3aMeTuM, U4TO BEKTOPHI CKOPOCTEH, BBHIMTOJHEHHBIE B MaclITade [y =
W 1, SBISIOTCS BEKTOpAMHU aHAJIOTOB CKOPOCTEH, KaK 3TO CIeAyeT W3
dbopmynnl (4.4) §4.3. TloaToMy MOXHO CKa3aTh, YTO BhIIICYKa3aHHAs KPHU-
Basi, COCAMHSIONIAs KOHIIBI BEKTOPOB, SIBISETCS TpadUKOM 3aBUCHMOCTU
HIepeMEIIEHUS TOJIKATeNs OT ero ananora ckopoct — S(V) (puc. 4.16).

OtMeruM HekoTOphie cBolicTBa rpaduka S(V), KOTOpble MOTYT TIO-
HAJ0O0UTHCS TIPH OTMPEICTICHN MUHUMAIBHOTO Painyca Kylauka:

a) HarpaBiieHHe 00xoaa rpaduka S(V) NpOTUBOIMOIOKHO HAlpaBIie-
HUIO BpallleHUs KyJIauKa;

0) eciu KyJladoK BpallaeTcsl MPOTUB YacOBOW CTPENIKU (Kak Ha pucC.
4.16), To neBas uacth rpaduka S(V) (dactb rpaduka, HaXOA[IIAsACS CIeBa
OT OCH OpJWHAT S) COOTBETCTBYET (pa3e yaalieHus TOJKATENs, a MpaBas —
(haze Bo3BpalICHUS;

B) U HA0OOPOT, €CIM KyJIayOK BpallaeTcsl MO 4acOBOM CTpPEIKH, TO
neBast yacTh rpaduka S(V) coorBeTcTBYET (haze BO3BPALICHUS TOJIKATEIS, a
npaBas — paze yjaajaeHus;

r) KacatenbHble K Tpaduky S(V), IpoBeIeHHbIE 0] MUHUMAIIbHBIMU
yriaamMu y Ha ¢aszax yIJaJeHHs W BO3BpAIICHUS, MEPECEKYTCS B IEHTPE
OKpPY>KHOCTH MUHUMAJILHOTO pajinyca KyJauka.

I'padux S(V) moctpoen Ha puc. 4.16 B pe3yabTare aHanIM3a Cylile-
CTBYIOILLIETO KYJA4KOBOIO MeXaHu3Ma. UYTOObI MCIOJIB30BaTh IMOA0OHBIN
rpaduK Mpu NPOEKTUPOBAHUHU KYJIAYKOBOTO MEXaHU3Ma Jis ONpeesIeHus



101

MUHUMAJIBHOTO pajiyca KyJiadyka, HaJl0 €ro MOCTPOUTh, MCTOIb3Ysl KUHE-
MaTUYECKUE JTUarpaMMbl IEPEMEIICHHS U aHAJIOTa CKOPOCTH TOJIKATEJIS.

Ha puc. 4.17 noka3ano noctpoeuue rpaduka S(V) u3 KuHeMaTHue-
CKUX JIMarpamMM IepeMelIeHUsI U aHajora CKOpPOCTH TOJKATess, BBINOJI-
HEHHBIX B OJIMHAKOBBIX MacliTadax, To ecTh, || =L v. [Ipu paBeHCcTBE Mac-
mTab0B yKa3aHHBIA TPpaQUK CTPOUTCS MPSAMBIM TEPEHOCOM COOTBETCTBY-
IONUX OTPE3KOB M3 JAMarpaMM IEepeMENIeHUs] U aHaJOrOB CKOPOCTH, Kak
ATO W TIOKa3aHO Ha pucyHke. Ecim macmTaObl quarpaMM HE paBHBI, TO TIPH
MOCTPOEHUU 3TO HEOOXOJIMMO YUUTHIBATh, TAK KaK OCH KOOpAUHAT rpadu-
ka S(V) 10JKHBI KMETh OJJUHAKOBBIM MacIITal.

3HaueHUs] MUHUMAJIBLHO JOIYCTUMBIX YTJIOB TEpelayd JIBHXKECHUS
Ymin 3JaHBI IPU TPOSKTUPOBAHUU WJIM BBIOPAHBI KOHCTPYKTOPOM M3 CIIpa-
BOYHOW JIUTEpaTypbl. BeMWUuWHBI 3THUX YTJIIOB MOTYT OBITh Pa3IuYHBI HA
ydJacTKax yaaneHus u Bo3Bpamienus. K rpaduky S(V) npoBoxstces nBe Ka-
caTeJbHbIE, HAKJIOHEHHBIE K OCH a0CHHCC HA 3TH YTIBI Y min U Y min (PHUC.
4.17). TeopeTnyecku, Kak yKa3aHO B IIyHKTE I') CBOMCTB rpaduka (CM. BbI-
1I€), 3TU KacaTeJIbHbIC TIEPECEKYTCS B IIEHTPE OKPY>KHOCTH MUHUMAIBHOTO
paauyca kymauka. OgHAKO MPAKTHUYECKH, JJI MCKIIOUEHUS MPEeeTbHBIX
ciIy4aeB, Oy/IeM CUMTaTh, YTO MEHTP OKPYKHOCTH MUHUMAJILHOTO pajnyca
MIPOCKTUPYEMOTO KyJayKa PacIoJIOKEH BHYTPU 30HBI WU 00JIACTH, OTpa-
HUYEHHOW 3TUMU KacaTeiabHbIMU. Ha puc. 4.17 rpanuisl 3Toit 061actu mo-
Ka3aHbl KOHTYPHBIMH JIMHHSMHU CO INTPUXOBKOH. OTCTOSIHME IIEHTpa KY-
JavKa OT TPAHUIIBI ONPEACIISICTCS KOHCTPYKTOPOM C YIETOM CJICAYIOIIETO:
geM OOJIBIIIE OKPYXKHOCTh MUHUMAJBHOTO paandyca, TEM JIYYIe YCIOBHS
paboTHl KyJIa4KOBOI'O MEXaHM3Ma, HO TeM OoJibllie OyJaeT HapyIIeHO Tpe-
OoBaHME MUHUMAJBHBIX Ta0apuTOB KOHCTpYKIHH. [loaToMy, 3TOT pasmep
JoJDKeH ObITh HeOombimM, He 6omee (10 + 20)% oT paccTosiHUS MEXKIY
TOYKOM TMEepeceueHs] KacaTeIbHBIX M HayaloM KoopauHat rpaduka S(V).
PaccrosiHre Mexay IIEHTPOM BpallieHHUs KyJladka U HadaJloM KOOpPIWHAT H
OyIeT SABAATHCS MUHUMAJIBHBIM PAINYCOM KyJIauka Imin.

3amMeTHM, 4TO TOJIOKEHUE TICHTPA Kyjladyka BHYTPH JOMyCTHMOM 30-
HBI 3aBUCHUT TAKKE U OT KOHCTPYKIIMKM MexaHu3Ma. Hampumep, ecnm mMexa-
HU3M IEHTPAIbHBIN, TO IEHTP KyJIauyKa pacroioKeH Ha MPOJAODKEHUH OCH
opauHat rpaduka S(V), eciu MexaHH3M HELEHTPaIbHbIHN, TO IIEHTp Kyjau-
Ka CMEIIIEH OT 3TOM OCH Ha BEIMYMHY 33IaHHOTO dKCIIeHTpucurera. Ecim
K€ KOHCTPYKIIMS MEXaHHW3Ma 3apaHee He OmpejeiieHa, TO €CTh BO3MOXK-
HOCTh, pacrioyiiaras IEHTp BpalleHUs Kyjiadka CIpaBa WIA CJIeBa OT OCH
opauHaT rpaduka S(V), yIydiuTh ycaoBHus paboThl MPOSKTUPYEMOTO KY-
JAYKOBOTO MexaHW3Ma Ha ¢ase yaajieHus, Tak Kak IMEHHO Ha 3To (asze
MIPOUCXOJIMT TIepeaada CUITbI OT KyJIauKa K TOJKATEITIO.

Tak, u3 rpaduka S(V) Ha puc. 4.17 BuaHo, uTo (aza ymaacHUs TOJI-
KaTelsl COOTBETCTBYET ydacTKy 1-5 rpadwmka. UTOOBI yIyYIIUTH YCIOBHS
nepeaur CHI Ha 3TOM Y4acTKe, HaJI0 BO3MOKHO YBEIMYHTH YTJIbI TIEpe/1a-
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Yy ABWXKEHUS B no3uiusx 2, 3 u 4. [loaTomy, €CTh CMBICT MEPEMECTUTH
IEHTpP KyJlayka BJIEBO OT OCHU OpAMHAT rpaduka.

LS, Mo kS,

2 oL6 7

11 2 3 _ 4 |5 6 V.
V.
MV:/U“S
—
1 2 3 4 5 6

Puc. 4.17

Euie onHo 3amedyaHue OTHOCHUTENBHO HAIIPaBJICHUS BpAILCHUS KY-
nauka. 3 puc. 4.17 BumHO, 4yTO HampasiieHHe 00xoaa rpaduka S(V) — mo
4acOBOW CTpEJIKE, 3HAYUT, MPOCKTUPYEMBIN KyJadoK OyleT BpalmiaTbCs
MIPOTUB YAaCOBOM CTPEJIKH, KaK 3TO M MOKa3aHO Ha pucyHke. Eciu ke mpo-
EKTUPYEMbIH KyJIa4oOK JIOJDKEH BpallaThCs B MPOTHUBOIOJIOKHOM Hampas-
JICHHMH, TO CJIEyeT U3MEHHUTH HampasjcHue o0xonaa rpaduka S(V), pacmo-
JIOKUB €T0 3€PKATHHO OTHOCUTEIHFHO OCH OpJIMHAT.

OnucaHHBI MeTOH OTpeIeCHUSI MHHUMAIBHOTO paanyca KyJadka
MPUTOACH TSI KYJa4KOBBIX MEXaHH3MOB C OCTPOKOHEYHBIM, 3aKPYTJICH-
HBIM W POJIMKOBBIM TOCTYIATEIBHO IBIKYIIUMCS TOJIKATEIEeM. METOIbI
OTIpEJICIICHUSI MUHUMAJIBHOTO pajgdyca KyJladka I KyJTadKOBBIX MeXa-
HU3MOB C IIJIOCKUM TOJIKATEJIEM U Ka4aroIIMMCS TOJIKATEIEM PAaCCMOTPEHBI
B[2]u[l7].

OnpenenuB pa3Mep OKPY>KHOCTH MHUHUMAIBLHOTO pajadyca, Mbl
HaIUM Tpouiie Kyllauyka Ha ydacTKe OJvKHero crosiHus Tonkarens. Cie-
JTYIOIIMI 3Taml MPOEKTUPOBAHUS — ITO ompenencHue GopMbl Kyladka Ha
JIPYTUX YYaCTKaX, WK IpoQUIMpoBaHUE KyJiauka.

ITpodunmupoBanue Kyiaadyka

[IpodunupoBanue, WM MOCTpOoeHUE MPoPuiIs KyjJayka — 3TO IPO-
1ecc, 0OpaTHBIA aHaIM3y KyJauKOBOI'O MEXaHM3Ma, TO €CTh, IOCTPOEHUIO
JMarpaMMbl MEPEeMEIEHUs TOJIKaTeNsd MO0 U3BECTHOMY MPOUIII0 KyJlayka
(aToT mpouiecc onucad B §4.3). 3HAUUT, UCXOAHBIMU JAHHBIMU ISl TPOdu-
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JIMPOBAHMA ABJEIOTCA JUAarpaMmMa HNEPEeMCEIICHUS TOJIKATCIIAA U OKPY’KHOCTD
MUHUMAJIBHOTI'O paJnyCa KyJIadKa.

Puc. 4.18

[Toxaxkem, Kak IPOU3BOAUTCS MpO(UIUpOBaHUE KyJauka MPH IMPo-
€KTUPOBAaHUM KYJAYKOBOI'O MEXAaHHM3Ma C IOCTYIATEIbHO ABUKYIIUMCS
POJIMKOBBIM TOJIKATEJIEM.

[Ipexxne Bcero, B MPOM3BOJIBHOM MacluTabe IJuH L H300paxaem
OKPYXHOCTh MUHUMAJIBHOTO paaunyca Imin (puc. 4.18). M3 npou3BoiabHOTO
noJsioxkeHus (Ha puc. 4.18 — ropu30HTAIBHOTO0) OTKJIA/IbIBaeM (ha30BbIC YT-
Jbl YIAJIEHUS ¢ y, JAIBHETO CTOSHUS (@ ; U BO3BPAILLICHUS @ , B HAIpaBIIe-
HUU TPOTUBOIOJIOKHOM HAIpaBJICHUIO BpalleHus Kyiauyka. lIposens
BCIIOMOTATENIbHYIO OKPYKHOCTb OOJIBIIOT0 paanyca (IJisl yBEJIMUYEHUS TOY-
HOCTH TOCTPOEHHUI), IETUM 3TH YIJIbl Ha YacTH TaKUM XK€ 00pa3oM, Kak
OHM OBLIM pa3/ieJIeHbl HA KHHEMAaTUYECKON TnarpaMme repeMenieHus: ToJ-
karens (puc. 4.17). Ha nosydeHHBIX JiydaX OT OKPYKHOCTH MUHUMAJIbLHOTO
paauyca OTKJIAIbIBAEM COOTBETCTBYIOIIME OTPE3KU M3 JAMArpamMMbl mepe-
MELIEHUH. DTO JEWCTBHE CIPABEVIMBO TOJBKO MPHU YCIOBUU PABEHCTBA
MAacIITaboB s — JUarpaMMbl IIEPEMEIICHUN U | — CXEMBbI IIPOEKTUPYEMO-
ro MexaHu3Ma.

Ecnu 5T MacimitaObl HE paBHBI, TO MX OTHOIICHHE JIOJKHO YUUTHI-
BaTbCsl MPHU NEPEHOCE OTPE3KOB U3 JUarpaMMbl Ha cxeMy mexanusma. Co-
€MHUB KOHIbI OTPE3KOB MEpPEMEIECHUN TOJIKaTelNs IJIABHOM KpUBOHM (Ha
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y4acTKax JaJIbHEro U OJMXKHErO CTOSIHUM — 3TO OyAYT AYTH OKPYKHOCTEH)
MOJIyYMM TEOPETHUUECKUN Npoduib Kyjnauka, Ui TPAeKTOPHUIO LIEHTPa Po-
JIMKa TOJIKAaTelNs B OOpallleHHOM JBM)XEHHH. Tenepb Ha 3TOM TpaeKTOpUU
cllelyeT U300pa3uTh OKPYKHOCTHU C PaINyCOM pOJIUKA Ip,. JleiicTBUTENbHBIN
npoduiib Kyjaayka OyJIeT BIUCAH B OKPY>KHOCTHU € PAJMYCOM POJIHKA.

|

Puc. 4.19

Panuyc ponnka Ha3HA4YaeTCs C YUETOM JBYX KOHCTPYKTUBHBIX YCIIO-
BUH.

1. YcnoBue cooTBeTcTBUS TabapuToB. Paguyc posrka 10IKEH COOT-
BETCTBOBATh MUHUMAIBHOMY PAJINYCy KyJlauKa CIEAYIOIIUM 00pa3oM:

l’p = (0,2 = 0,4)7"m

2. Papguyc ponmka goikeH ObITh MEHBIIE MUHUMAJIBLHOTO paguyca
KPUBHU3HBI PODUIIS:

in

r p < IO min
HeyueT BTOpOro yciaoBHsl MOXKET MIPUBECTH K 3a0CTPEHUIO JICHCTBU-
TeabHOro npoduiis Kymnadka (puc. 4.19a), 1 Takol KyJadoK CTaHET Hepa-
00TOCIIOCOOHBIM, WM K TOMY, YTO TOJIKAaTeldb HE OyAET OTCIEeXKUBATH €ro
npoduas (puc. 4.196), yTo npuBEAET K UCKAKCHUIO XapaKTepa JBHKCHUS
ToJIKaTensl. MeTouKa OmpeesieHnss MUHUMAJIbHOTO paJnyca KPUBHU3HBI
npoduiis Kynadka onucana B [2].

[locne1oBaTEILHOCTh MPOCKTUPOBAHUS

HOCHC}IOB&T@HBHOCTB IMPOCKTUPOBAHHA KYJIAYKOBOI'0O MCXaHMU3Ma 3a-
BHCHUT OT 3a/laHH HAa IIPOCKTUPOBAHHC. n 3A€Ch BOSMOJKHEI JIBa BapHUaHTa.



105

1. Xapakrep ABMXKEHUS TOJKATENs 3aJaH. [aKkOW Ciaydaul MOXKET
MMETh MECTO MPU MPOECKTUPOBAHUU KYJIAUKOBBIX MEXAHU3MOB KYJIAYKOBBIX
MalIuH-aBToMaToB. Paboune opranbl Takux MallvH MPUBOJISTCS B JIBUXKE-
HUE€ KyJJAaYKOBBIMU MeXaHu3Mamu. Hanmpumep, B TOKapHOM aBTOMAaTe IMpo-
J0JIbHO-(aCOHHOTO TOYEHHUSI HEOOXOAUMO OO0ECIeYUTh PABHOMEPHOE JBU-
YKEHHE CYIIIOPTOB ¢ pe3lamu. [Ipu npoeKkTHpoBaHUH MEXAHU3MOB CUCTEM
VIOPABJICHUS] CAMOJIETOM TaKKe€ MOXET ObITh MOA0OHAass HEOOXOJIUMOCTb.
Hampumep, moBOpoT 3aCIOHKH TPYyOOIPOBOJA CUCTEMbI KOHAMIIMOHUPOBA-
HUS BO3AyXa JOJKEH MPOUCXOIUTH C 33JJaHHBIM 3aKOHOM M3MEHEHHS CKO-
pOCTH.

2. XapakTep IBUXECHHS TOJIKATENsI HE 3aJaH. Takou ciiydyaid UMEET
MECTO TpPHU MPOEKTHUPOBAHUU KYJIAUYKOBBIX MEXaHM3MOB, KOTJa XapakTep
JIBIDKCHUST pa00YMX WJIM BCIIOMOTATENbHBIX OPTaHOB MAIlIUH, TPUBOAUMBIX
OT TOJIKATENsl, HE UMeET 3HaueHus. Hampumep, npu OTKpbIBaHUHU KJIAlIaHOB
KOMIIPECCOPOB WJIA JIBUTATENIE BHYTPEHHETO CrOpaHus, MPU OTBOJE JI0JI-
Osika OT 3arOoTOBKU B 3y00J10JI0€KHOM CTaHKE, MPU 3aMbIKAaHUU U Pa3Mbl-
KaHUU KOHTAKTOB B 3JIEKTPOTEXHUUECKUX YCTPOMCTBAX.

PaccmoTpuM McXOAHBIE JAHHBIE U XOJ MPOEKTUPOBAHUS B 3TUX CIIy-
qasx.

XapakTep ABUKEHUS TOJIKATEIS 3a/1aH.

HUcxonHble TaHHEIE:

- TUI KyJIa4KOBOT'O MEXaHU3Ma;

- 4acTOTa BpAIlICHUS KyJladyKka B 00/MUH;

- (ha30BBIC YIJIBI KYJAYKOBOTO MEXaHU3Ma B Ipaj;

- X0J1 (MaKCUMaJIbHOE TIEPEMEILICHHE) TOJIKATEsl B MM MPU MOCTYTIa-
TEJILHO JBIKYIIEMCSI TOJIKATENe, WK B Tpajl IPU KayaroleMcsl TOJIKaTeNe;

- XapakTep ABUKEHUS TOJIKATENs, 3aJJaHHbId aHAJTUTUYECKU B BUJIC
MaTEeMaTUYeCKON 3aBUCUMOCTH, WM Tpauuecku B BUI€ KHHEMATHYECKOM
JarpaMMsl.

X0 MPOEKTUPOBAHUS.

1. ITocTpoeHune quarpaMMbl IEPEMEILICHUS TOJIKATENS.

2. IlocTpoeHue auarpaMMbl aHAJIOra CKOPOCTH TOJKATENS] METOJ0M
rpaduueckoro nuddepeHiupoBanus rpaduka nepeMenieHus (KeinaTeabHo,
B TOM K€ MaciiTade).

3. IlocTpoenue rpaduka aHagora CKOpoCTd B (DYHKIIMU MEpeMelie-
HUSI KOHTAKTHOM TOYKHU TOJIKATENs IMyTeM rpauuecKoro UCKIIOUYEHUs yr-
JIOBOTO TMapaMeTpa U3 AuarpaMm nepeMenieHrs U aHajiora CKOpOCTH.

4. TlpoBeaeHue K TMOJy4EeHHOMY TrpaduKy ABYX KacaTelbHbIX,
HAKJIOHEHHBIX K OCH a0CIHCC MOJ MUHUMAIBHO JOMYCTUMBIMU YTJIaMH TI€-
penayu IBUKEHUS, JUIsl ONPEIeNICHUs] 30HbI PACIIONIOKEHUS [IEHTpa Kyjau-
Ka U HaXOXKJEHUS €r0 MUHUMAJIbHOTO pajnyca.

5. [IpodunupoBanue Kynadka.

XapakTep ABUKEHUS TOJIKATENS HE 3a/1aH.
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B 3TOM ciiydyae KOHCTPYKTOp caM BBIOMpAaeT XapakTep IBUKCHHS
TOJIKATENS, PYKOBOACTBYSICh JIMHAMUYECKUMHU COOOPAKEHUSIMU: HATUYME
WIM OTCYTCTBHE JKECTKUX U MATKUX YIapOB, 3aKOH U3MEHEHUSl YCKOPEHUS.
[ToaTomMy, B UCXOAHBIX JAHHBIX OyAET 3aJlaH HE XapakTep ABUKEHUS TOJ-
Karess, a XapakTep M3MEHEHUs €ro YCKOpPEHMsl B Ipolecce padoThl.
OcTanpHble HCXOJHBIE JAaHHBIE TaKHE XK€, KaK U B IPEbIIYIIEM CIIydae.

X0/ POEKTUPOBAHMUSL.

1. IlocTpoeHre quarpaMMbl aHAJIOra YCKOPEHUN TOJIKATEIS.

2. Iloctpoenue nuarpamMbl aHajgora CKOPOCTH TOJKATENS METOJI0M
rpaduueckoro HHTErpUpOBaHUs rpaduKa aHAIOra YCKOPEHHIA.

3. [locTpoeHune nuarpaMMsbl IEPEMEILIEHUN TOJIKATENSI METOAOM I'pa-
(udeckoro MHTErpUpOBaHus rpaduka aHaIora CKOPOCTH.

OcTanbHbI€ MyHKTHI T€ K€, YTO U B IPEABLAYIIEM CIIyYae.

KiroueBsble cj10Ba u onpeacjacHus

1. KymaykoBbIli ME€XaHU3M — 3TO MEXaHU3M, B KOTOPOM XapakTep
JIBUKEHMSI 3BEHBEB ompezensercs (opMoil BXOJAHOTO 3BEHA, Ha3bIBAEMOTO
KYJIQYKOM.

2. TonkaTens — 3TO 3B€HO, KOHTAKTUPYIOIIIEE C KYJIa4KOM.

3. 3aMblKaHME KYJA4KOBOTO MEXaHH3Ma — OOEeCIeYeHUe IMOCTOSH-
CTBa KOHTAKTa MEX/y TOJIKATEIEM U KYJIaYKOM.

4. IlpodunbHble YIIIBl — 3TO LEHTPAJIbHBIE YIJbl KyJladKa, ONpese-
JISIOLLME XapaKTEPHbBIE YYACTKH €ro Mpouis.

5. ®a30BbI€ YIIIBI — 3TO YIJIBI TOBOPOTA KYJIauKa, COOTBETCTBYIOIIHE
dhazaM IBHKEHUS TOJIKATEIIS.

6. MeTon1 00paIlieHHOTO JABMKEHUSI — 3TO METOJ, IPU KOTOPOM KY-
JA4OK OCTaHABIIMBAETCA, a TOJKATENI0 BMECTE C €0 HAINPABISIOIIUMH CO-
oOIIaeTcs yriaoBasi CKOPOCTh - (M.

7. I'paduueckoe quddepeHmpoBaHue — METOMA, MPU KOTOPOM MPO-
U3BOJIHAsA (PYHKIMHU MPONOPIUOHAIIbHA TAHTEHCY YIjla HaKJIOHA KacaTesb-
HOM B rpaduKy 3Toi PyHKIUU.

8. KecTkuii ynap — siBJI€HUE CKauKa YCKOPEHHUs TOJIKaTess B OeCKo-
HEYHOCTh U 0OpPATHO.

9. Msrkuil yaap — sIBJI€HUE CKauKa YCKOPEHHS TOJKATEIsl Ha KOHEY-
HYIO BEJIUYHHY.

10. Yron nepenauu IBUKEHHS] — 3TO OCTPBIN yroJl MEXKIy KacaTellb-
HOM K mpOo(UIIIO Kyjlauka B KOHTAKTHOW TOYKE M HANpaBJICHUEM JBHKECHUS
9TOM TOYKH TOJIKATEIIS.

11. Yron nepemnaun ABUKEHUS — 3TO OCTPHIMYTOJl MEXIAY aOCOIIOT-
HOW U OTHOCUTEIBHOU CKOPOCTBIO TOJIKATES.

12. MuHUManbHBIN paguyc Kyjladka — paguyc OKPY>KHOCTH y4acTKa
OJIM)KHETO CTOSTHUS KyJlauKa.



107

13. IIpodunupoBanue Kyjgauka — MOCTPOCHUE MPOGUIIS KyJadka 1o
IrarpaMMe JIBIDKEHHSI TOJIKATeNsl IPH M3BECTHOM MHUHHUMAJBHOM pajnyce
KyJlauKa.

KoHTpoJibHBbIE BOIPOCHI

1. UTo Takoe KyJauyKOBbIA MEXaHU3M?

2. Kakue nBUKEHUS MOT'YT COBEPIATH KYJAYOK M TOJIKATEIb?

4. B 4eM cOCTOST NPEUMYLIECTBA U HEJAOCTATKH KYJAYKOBBIX MEXa-
HU3MOB C POJINKOBBIMU TOJIKATEISIMU?

5. B uem pa3HuIa KyJ1auKOBBIX MEXaHU3MOB C CHJIOBBIM U C KUHEMa-
TUYECKUM 3aMbIKaHUEM ?

7. Yto Takoe MeTo]1 00palIeHHOrO IBYXKECHHUS?

8. B yem 3axmrodaercs pa3zHULA MEXKIY NPOPUIbHBIMU U (pa30BbIMU
yriiamu?

9. B KakoM KyJIauKOBOM MeXaHU3Me MpoduibHbIe U (a30BbI€ YTIJIbl
paBHBI?

10. YUto Takoe aHaJIOT CKOPOCTH U aHAJIOT YCKOPEHUSI?

11. B uem 3akimouaercst rpadguueckoe nuddepeHnupoBaHue KuHe-
MAaTHYECKUX AUArpPaMM KYJIaYKOBBIX MEXaHU3MOB?

12. Kak paccuMThIBalOTCSl MacIITadbl OCEll KOOpAUHAT KUHEMaTHYe-
CKHMX Jarpamm?

13. YUem xapakTepu3yIOTCS >KECTKUE M MSTKHE yJaphbl Ipu padote
KyJIauKOBBIX MEXaHU3MOB?

14. Kak u30exaTh yJapoB MpH MPOSKTUPOBAHUH KYJAUKOBBIX MEXa-
HU3MOB?

15. Kak Ha3bIBaeTCsi caMblil MPOCTOM Oe3yIapHbIid KyJadoK?

16. KakoBa MeToMKa MOCTPOEHUS IJIAHOB CKOPOCTEN KYJIaUYKOBBIX
MEXaHU3MOB?

17. Kak ucnonb3yroTcst BeIMYMHBI IEPEJATOYHBIX OTHOLLIEHUH 1715
HAXOXKJEHUS CKOPOCTH TOJIKATEISI B 3aJJaHHOM I10JI0KEHNUN KyJIa4KOBOTO
MeXaHHu3Ma?

18. Uto Takoe yrou nepeaavu IBUKECHUS B KyJIaYKOBOM MEXaHU3Me?

19. Yemy paBeH yroi nepeaadn IBMKCHHS B KYJIaUKOBOM MEXaHMU3-
M€ C IUTOCKUM TOJIKaTenem?

20. Kak 3aBUCHT BeJIMYMHA yTiia MepeJay IBHKEHUSI OT radapuToOB
KYyJJAYKOBOT'O MeXxaHu3ma?

21. B yeM 3akntovaeTcs npouIMpoBaHue KyJiayka?

22. KakoBbl Tpu yclIOBHS BbIOOpa pajuyca poJMKa MpU MPOSKTUPO-
BaHHMH KYJAYKOBOI'O MEXaHU3Ma C POJMKOBBIM TOJIKATEIEM?

23. KakoBa mnocieaoBaTEIbHOCTh MPOEKTHUPOBAHUS KYJIAYKOBOTO
MEXaHU3Ma [IPU 33JJaHHOM XapaKTepe ABUKEHUS TOJKATEIIS?
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I'naBa 5. 3y0uarbie MeXaHU3MbI

3yOuaTble MEXaHU3MBbI SIBISIIOTCA HamOoJiee YNOoTpeOUTEIbHBIMHU B
TexHUKe. Takue MexaHu3Mbl Jie)KaT B OCHOBE KOHCTPYKILHWHU IOYTH BCEX
NepeJaTOYHBIX MEXaHU3MOB, MCIIOJIB3YEMbIX B MallMHax. BoTr Hamnboiee
o011ee OnpeeeHne 3TUX MEXaHU3MOB: B 3y0UaTOM MEXaHU3MeE JABUKECHUE
IepeaeTcsl MOCPEACTBOM CIELMAIBHBIX BBICTYIIOB Ha 3BEHBSX, CMEHSIO-
KX IpYr Apyra B mpouecce paboThl; 3TU BBICTYIBI Ha3bIBAIOTCA 3yObSIMH,
a 3BeHbd — 3yOuaThiMU Kojecamu. CyLIECTBYET UCKIIOYEHHE — OAHO U3
3BEHbEB 3y0YaTO-pPECUHOI0 MeXaHu3Ma SBIsSIeTCs 3yOuaroi perikoit. Ho
OOJBIIMHCTBO 3BEHBEB 3y0UaThIX MEXaHHU3MOB — 3TO 3yOuaThIie Kojeca, Kak
IpaBUJIO, KPYIJIbIE, XOTSA U CYLIECTBYIOT 3yO4aTble MEXaHU3MbI C HEKPYT-
aeIMu Konecamu [1], [2].

Paznmuuaror aBa BuAa 3yO4yaThIX MEXAHHM3MOB: C HEMOIBUKHBIMU
OCSIMU KOJIEC U C MOJBUKHBIMHU OCSIMM HEKOTOPBIX KoJjec. B MexaHusmax
NIEPBOT0 BUAA OCH KOJIEC HEMOJIBUKHBI OTHOCUTEIIBHO CTOMKH: PEAYKTOPHI
MOJBbEMHBIX KPAaHOB, KOPOOKHU Tepeiady aBTOMOOMIIEH, KOPOOKH CKOpPOCTEH
METAJIOPEXKYIIUX CTAHKOB U T.JA. B 3yOuaThiX MeXaHHW3Max BTOPOTO BHJA
OCH HEKOTOPBIX KOJIEC ITOJABUKHBI OTHOCUTEIBHO CTOMKHU. Takue mexaHus-
MBI Ha3bIBAIOTCSl IUIAHETAPHBIMU, OHU JIEKAT B OCHOBE KOHCTPYKLUH IIJIa-
HETapHBIX PENYKTOPOB, MCIOJIb3YEMBIX, B OCHOBHOM, B TPAHCIIOPTHBIX
MalluHaX, B YaCTHOCTH, B CAMOJIETAaX U BEPTOJIETaX ISl Mepeaadn JBUXKE-
HUS OT JIBUraTessl K BUHTY U B CUCTEMax YIIPABIICHUS.

§5.1. Buabl 3y0uarbix nepegau

OCHOBY KOHCTPYKIMU JIFOOOT0 CIOXKHOTO 3y04aToro MexaHu3ma co-
CTaBJIAIOT MPOCTEUIHE 3y0UaTble MEXaHU3MbI, Ha3bIBa€MbIE MepeaadaMu
(Tounee, 3ybuaTeiMu Tiepenadamu). [lepenada sBisieTCs TPEX3BEHHBIM Me-
XaHU3MOM, OHa COJIEPKUT JBa 3yOUaThIX Kojieca U CTOWKY. Pasnnyarot Tpu
BU/JIa MTepeaau:

- C IapaJuUIeIbHBIMU OCSIMH KOJIEC;

- C IEPECEKAIOIIMMHUCS OCSIMU KOJIEC;

- C IEPEKPELIUBAIOLIMMUCS OCAMHU KOJIEC.

PaccMmoTpum ux monpoOHee.

[lepenauu ¢ napajyieabHbIMU OCSIMH KOJIEC.

VY 3y0uareix KoJIEC TaKUX Tepeaad 3yObsl pacrosararorcs mo oopa-
3YIOIIMM IUIUHAPOB. [103TOMYy OHHM HA3BIBAIOTCS IMJIMHAPUYECKUMU TIe-
penadamu. CxemMa HWIMHAPUYECKON Mepeadr MokazaHa Ha puc. S.la. B
KMHEMAaTHYEeCKMX CXEMaxX MalliH TaKylo Tepefady 4acTo H300pakaioT B
BUJIE MIPSMOYTOJLHUKOB, KaK TO MOKa3aHo Ha puc. 5.16. Kpectuku BHyTpH
NPSIMOYTOJIBHUKOB 3yOUaThIX KoJieC 0003HAUaIOT MX KECTKOE KpeIyieHUe
Ha Bajax. PaznuyaroT HMIMHApPUYECKHE Mepefadd MpsiMo3yOble, KOCOo3Y-
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Oble M C IIEBPOHHBIMU 3yObsIMH. 3yObsl MPsAMO3yObIX KOJEC MapajlieiabHbI
UX 0CSAM, 3yObsi KOCO3yObIX KOJIEC pacIojararoTcs M0 BUHTOBBIM JIMHUSAM
HA OWIMHApaX. YOIl HAKJIOHA 3yObeB K ocH koneca B = (10 + 15)° (puc.
5.10). Jlerko nmpencTaBuTh, 4TO U3-3a UCIIOIB30BAHUS HAKJIOHHBIX 3yObEB B
KOCO3YyOBIX TMeperadax BOSHUKAIOT OCeBbIe HAarpy3ku. UToObI n30exkaTh ux,
B TSDKEJIO HAarpYKEHHBIX Mepeayax HCIOIb3YIOT 3yObs ¢ IBOWHBIM HAKIIO-
HOM, TaK Ha3blBaeMble HIEBPOHHBIE 3yObs (puc. 5.1B). Hamo ckazate, 4To
TaKHhe 3yOuaTbie KOoJeca CIOXKHbI B U3TOTOBJICHHUH, [I03TOMY HCIOJIb3YIOTCS
peaxo (Hampumep, B MPOKATHBIX CTAHAX).

Ilepeaun ¢ nepeceKaroUMHUACS OCSIMU KOJIEC.

VY 3y0uathIX KoJieC TakuX Iepenad 3yObs pacrosiararoTcsi Ha oOpa-
3YIOUIMX YCEUYEHHBIX KOHYCOB, IIO3TOMY OHH Ha3bIBAIOTCS KOHUYECKUMHU
nepenayaMu. Cxema KOHHYECKOW Mepeayu MpuBeaeHa Ha puc. 5.1r. Yron
HepeceyeHus 0ceil KoJIeC MOKET ObITh JIIOOBIM, HO B OOJIBIIIMHCTBE CIy4acB

_T7 [ N[
a 6
0
> |~ | <
2 2 2

(7774
N
Lo

777, T

Puc. 5.1

stoT yron paseH 90°. Konnueckyro mepejady 4acto M300paskaloT B BHUJIE
YCEUEHHBIX KOHYCOB, KakK 3TO MMOKa3aHO Ha puc. S5.1a. Tak ke, Kak U B
NpeabIAyIEeM cllydae, KPECTUKA O3HAYAIOT KECTKOE KperJIeHHe Kojiec Ha
Banax. Cpeny KOHMYECKUX Mepeay pa3indatoT NpsaMo3yoblie, Koco3yOble U
nepesadn ¢ KpyroBbIMU 3yObsiMU. 3yObsi MPSMO3YOBIX KOJIEC pacroJiara-
I0TCSI BJIOJIb OOpa3yroOIIMX YCEUYEHHBIX KOHYCOB, KOCO3yObIX — IO BHHTO-
BBIM JIMHMSIM Ha KOHYCaxX, a KpPYroBble 3yObsi B IJIaHE OYEpPUYEHBI IO
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OKPYXHOCTSIM (IJIs1 YIPOILEHHs TeXmpouecca, Takue 3yObs oOpasyrorcs
KPYTOBBIM PEKYIIIUM HHCTPYMEHTOM).

[lepenayn ¢ mepPeKPEIMBAIOITUMUCS OCIMHU KOJIEC.

3yObsl KoOJieC TaKMX Mepeaad pacnojiaraloTcs 1o oOpasyrolluM THd-
nepOoonioB BpamieHus. ['umnepOomon BpaimieHUsT 00pa3yeTcsi ClIeayro-
mmM oOpa3oMm. Ecnmu k ocw, Haxonsmeics B MOMIIUIMHUKAX (puc. 5.2a)
KECTKO TPUKPEIMUTh PEHKY, PACTIOIOKEHHYIO B IPYTOH IJIOCKOCTH, U MIPH-
BECTH 3Ty KECTKYIO CUCTEMY BO BpallleHHE BOKPYT OCH, TO peiKa OCTaBUT
B MPOCTPAHCTBE CJeJ, SBIAIOIMUNCS runepOononaom Bpamienus. He cmoT-
ps Ha TO, YTO TUNEPOOJION BPAIICHUS — 3TO MOBEPXHOCTh JBOMHON KpH-
BU3HBI, OH 00pa30BaH MpH MOMOIIX NpsaMoi iuHuu. [loaToMy, ecnu K TH-
nepOoIoN1y BpaIICHUs B OMPEICICHHOM MOJOKEHUHU MPHIIOKUTD MPSMYIO
JUHEHWKY, TO OHA JISDKET Ha €ro MOBEPXHOCTh 0e3 3a30pa. Baois atux mpsi-
MBbIX, 00pa3yIoluX TUIEPOOJIONa, U pacrnojiaratorcs 3yobs kojec. Coot-
BETCTBEHHO, TaKUE Nepeaur Ha3bIBAIOTCS TUIIEPOOTOUTHBIMU.

Puc. 5.2

Jlis oOpa3oBaHus 3y0UaThIX KOJEC MCIOJB3YETCSl HE BECh THIepOo-
JouJ, a ero oraenbHble yacTu. Ecnu [1s 3yOuaThix Kojiec B3siTa CpeaHss
4yacTh runepOosonaa BpamieHus (¢ Ha puc. 5.2a), To Takue koJjieca 0opasy-
I0T BUHTOBYIO mepenauy (puc. 5.26). OObIHO, B TakoW mepegave yroi
ckpemuBanus BanoB paseH 90°, a 3yObs pacroNoKeHbl Ha BUHTOBBIX JIU-
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HUSX, YTOJI noabeMa Kotopeix — 45°%. C Bumy 91U Koeca mogo6HbI KOCO3Y-
OBIM IUIUHAPUICCKUM, HO ¢ OOJBIIUM YTJIOM HakjIoHA 3yObeB. KpuBu3Ha
rurnepooJIONIHON TOBEPXHOCTH Ha MaJIOW IIMPUHE KoJieca He 3aMETHA.

Ecnu asist 3y04uaThix KoJyiec B3siTa KpalHsIs 9acTh runepoosona (K Ha
puc. 5.2a), To Takue KoJjieca 00pa3yloT TUIOWAHYIO nepenady (puc. 5.2B).
OObIYHO, B TAKOW Tepenaye, Kak U B MPEAbIAYIIEM Cly4yae, YroJl CKpenu-
Banus paseH 90°. C Buay Koleca TUIOMIHBIX IIepeaad MOJ00HEI KOCO3Y-
ObIM KOHHYECKUM, HO C OOJNBIIMM YIJIOM HakjoHa 3yOneB. KpuBusHa ru-
nepOOIONIHOM TOBEPXHOCTH He3aMeTHA. | MmouaHble Tepesayd HUCIOJb-
3yIOTCS B aBTOMOOWJIAIX M TPAKTOpax B KadecTBE IIABHOW Mepefadd K Be-
JTYUIUM KoJiecaM JUIsl BBITIOJHEHHs] TPeOOBaHUI MOBBIIIECHUS MPOXOIUMO-
CTH WM YCTOWYUBOCTU ATUX KOJECHBIX TPAHCIIOPTHBIX MAIIIHH.

K mepenadam c mepekpeniuBaroIMMUICS OCSIMH KOJIEC OTHOCHTCS H
yepBsyHas nepenaya (puc. 5.2r). Yepssk 1 — 310, Kak MpaBuUio, OJHO3a-
XOIHBIN BUHT. 3yObsl YEPBSUHOIO KOJIECAa 2 OXBAThIBAIOT YEPBSK B Mpeje-
Jax OmpeJieleHHOro yria. YepBsiuHas mepepadya MOXKET MMETh OOJIBIIOE
NepeaTOYHOE OTHOILEHUE, HO €€ HCII0JIb30BaHHE MPHU OOJIBLIINX MOIIHO-
CTSIX OTPaHMUYEHO K3-3a OOJIBLIMX MOTEPh HA TPEHHUE.

§5.2. OcHOBHO¥ 3aKOH 3aleNJIeHUs.
IBOJILBEHTA U €€ CBOMCTBA

Teopust 3y0UaThIX 3allCTUICHUI, T€OMETPUUYECKUE MapaMeTphl 3y0da-
TBIX KOJIEC M KMHEMaTHhKa 3y04aThIX Mepenad 0a3upyroTcsi HA OCHOBHOM
3aKoHe 3auemienus [2], [17]. 3anemienue — 3To KapTUHA KOHTAKTa 3yObheB
JIBYX COMPSDKEHHBIX (TO €CTh, HAXOSAIIMXCS B 3alleMJIEHUN) 3y0UaThIX KO-
nec. JlJisi 1eMOHCTpalui OCHOBHOI'O 3aKOHA 3allCIUICHHUS] MOXHO HE pac-
CMaTpHUBaTh BceX 3yObEB B KOHTAKTE, IOCTATOYHO OTPAaHUYMUTHCS M300pa-
YKEHHEM TOJIPKO TeX JacTel mpoduiis 3yObeB, KOTOPhIE 00pa3yrOT BBICIIYIO
KHHEMAaTUYECKYIO TIapy.

Ha puc. 5.3 npuBeseHa cxeMa KOHTaKTa 3yObeB JBYX 3yO4aThIX KO-
aec. UToObl Mmoka3aTh MPUHAIICKHOCTh KOHTAKTUPYIOIINX YacTel 3yObeB
3yO4aThiM KosecaMm | u 2, OHU COEIUHEHBI C COOTBETCTBYIOIIUMHU IIEHTPA-
MHu Bpauienus kosec O1 u Oy.

[Ipsimasi, mpoBeieHHAsI Yepe3 LIEHTPhl BpPaIllCHUs KOJIEC, HA3bIBAECTCS
auHAEW 1eHTpoB. COryIaCHO TEOPUM BBICHIEH KWMHEMATUYECKOW Iaphl, de-
pe3 Touky kKoHTakTa K M0oHO poBecTH 00IIyI0 HOpMaibk N-N K mpoduisim
3yObeB. BekTop cuiibl, mepenaBaeMoi OoT MepBOro Kojieca Ko BTOpomy, 0y-
JIET pacrojaraTbCs BJ0JIb TOM HOpMaJH, TOATOMY, OHAa Ha3bIBAETCS JIMHU-
el IercTBus. B Touke nepecedueHuss HopMaiau C JUHUEN LIEHTPOB HAXOAUT-
csl Touka P, Ha3pIBaeMasi MOJIFOCOM 3alleIICHUS.
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Puc. 5.3.

OCHOBHOM 3aKOH 3alleTUICHUST (POPMYTUPYETCS CICAYIOIMHUM 0o0pa-
30M: JIMHUS JACHUCTBUS JCIUT JIMHUIO LIEHTPOB HA 4acTH, OOpaTHO MPOIOp-
[IUOHAJIbHBIE YTIIOBBIM CKOPOCTSIM COMPSIKEHHBIX 3y0UYaThIX KOJIEC.

OTHO1IEHNE YTIOBBIX CKOPOCTEW — 3TO MEPEAATOYHOE OTHOLICHHS,

MOATOMY, MOKHO 3aIlIUCaTh:
w, O,P
w, O,P
BbIBO/I aHAJIIOTUYHOTO BBIPAXKEHUS, 4, CIIEI0BATEIbHO, © OCHOBHOTO 3aKOHA
3ariernyieHus npuseaeH B §4.4 — cm. puc. 4.12 u popmyny (4.16).

3ameTuMm, 4TO B 9TOM (opMylie UMEET 3HAUYEHUE HE TOJIbKO BEIUYH-
Ha otpe3koB O1P u O,P, HO 1 ux HanpasneHue. st cxeMbl Ha puc. 5.3 3Tu
OTPE3KH HamNpaBJIeHbl MPOTHUBOMNOJIOKHO. CleqoBaTEeIbHO, OTHOIIEHUE HUX
JIUTUH, OTHOILIEHHE YTJIOBBIX CKOPOCTEW U TMepeaTOYHOE OTHOIIEHUE — OT-
pHUIIATENILHO, YTO TOBOPUT O MPOTHUBOIOJIOKHOM HAMpPaBICHUU BpallCHUS
COTIPSDKEHHBIX 3y04aThIX KOJIEC.

PaccmoTpumM, Kak MOXET U3MEHSThCS KapTHUHA 3alEIJICHUS] U Tepe-
JTATOYHOE OTHOIIEHUE B MpOIecce Nepeaaun IBrkeHus. s sToro n3o0-
pa3uM eIe OJIHO MOJIOKEHHE 3y0UaThix Kojec (3BeHbeB 1 u 2) (puc. 5.4).

B mnporecce mepemaun JABMKEHHS KOHTAKTHPYIOUIUE MPOQUIH
CKOJIB3SIT APYT MO APYTY U KOHTAKTHAsI TOYKA MMEPEMENIACTCsl IO KAKOW-TO
JVHUM. ['eOMeTprUUYECcKUid ciie]l KOHTAKTHOM TOYKH HA3bIBAETCS JIMHHUEH 3a-
uerieHus (puc. 5.4).

B nepBoii no3unun HopMasib N’-N°, TPpOBEAEHHAs Y€Pe3 KOHTAKTHYIO
touky K’, mepecekaer JIMHUIO LIEHTPOB B mojtoce P’, 3HauuT, nepenaroy-
HOE OTHOIIICHHE:

' O,P
“2 = o
1
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Bo BTOpo#l mo3uumu HOopMasib N”-N”, MPOBEACHHAs Yepe3 KOHTAKT-
Hyt0 Touky K”, mepeceuer nuHMIO IEHTPOB B noJitoce P, KOTOpblid, B pac-
CMaTpUBaEMOM cllyyae, He coBmajaer ¢ noitocom P’°. [lepemarouHoe oT-
HOIIIEHHE BO BTOPOU MO3UIINH:

1" 4
" _OP
12 = A pr
O,P
W3 puc. 5.4 BUIHO, YTO OTHOIICHHE OTPE3KOB B MEPBOU MO3UIIMHU U
BO BTOPOM PA3JIUYHO, CIIEIOBATEIBHO:

AUHUA  FAYUENLEHUS

Puc. 5.4

OTtcrona cieayer NpocTOM BBIBOJ: €CJH YIJI0Bas CKOPOCTh MEPBOIO
3y04aToro Koseca MocTosiIHHa, TO €CTh, OHO BPAIllaeTCsd PaBHOMEPHO, TO, B
paccMaTpuBaeMOM Clly4ae, yIJioBasg CKOpPOCTh BTOpPOTO Kojeca OyaeT
HEIMOCTOSTHHOM, TO €CTh, OHO OyJIeT BpaIaThCsi HEPABHOMEPHO.

Opnnaxko, 17151 OOJNBIIMHCTBA CITy4aeB, ATO SBISACTCS HETIPUEMIIEMBIM.
B mammuax ciemyer UCmosib30BaTh 3y0uaThle MEXaHU3MBbI, 00eCTIeUnBal0-
II1€ OCTOSIHHYIO YIJIOBYIO CKOPOCTh 3BEHbEB, TO €CTh, HEOOXO0IUM 3y0Oua-
THI MEXaHU3M C TTOCTOSTHHBIM MEePEaTOYHBIM OTHOILIEHUEM

u;, =const
st cobmoieHnst 3TOro ycnoBus nNpoduiau 3yObeB JOJKHBI OBITh

TaKOBbI, YTOOBI 00111asi HOpMaJib, IPOBEICHHAS Yepe3 TOUKY UX KOHTAKTa B
10001 MO3UIMK, TPOXOAUIIA YEPE3 OJHY U Ty e TOouKy (rmontoc P) Ha nu-
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HUU LIEHTPOB, TO €CTh, B Mpoliecce 3alleruieHus: nojoc P He nomkeH Me-
HSTh CBOETO MOJIOKEHUS HA JTUHUU IICHTPOB.

TakoMy TpeOOBaHHIO OTBEUYalOT MPOGUIN 3yObEB, OUEPUCHHBIC IO
HEKOTOPBIM KpPHUBBIM, HanOoJiee yHNOTPEOUTEIbHOM U3 KOTOPBIX SIBIISIETCS
HBOJIbBEHTA OKPYKHOCTU. boJiee IByXCOT JIeT TOMy Hazajl 3Ty KPUBYIO IS
npouiupoBaHusi 3yObeB NPEIJIOKUI MCIOIB30BATh PYCCKUN YUYEHBIH
HEMELIKOTO MpoucxXoxkaeHus Diiep. M ¢ Tex mop 3BOIBBEHTHBIN MPOpUIb
3yObEB C YCIIEXOM HCIOJIb3YETCS B MOABIISIONIEM OOJBIIIMHCTBE 3y0UaThIX
MEXaHHU3MOB MAIlIMH BO BCEM MUpE.

IHIpouzbogstwast
NPSTLLAST

ITpabast
26o0avberma

Jlebas
26oavberma

Ocrobros
OKPYICHOCIMD

Puc. 5.5

O6pa3oBaHuE ABOJILBEHTHI MOXKHO MPEJICTABUThH CICAYIOIMIUM 00pa-
3oM. Ha 6apaban (puc. 5.5) HaMOTaHa HUTH B HAIIPABJICHUU JIBHXKCHUS da-
COBOM CTpeJIKU. bynem pa3MmaTheiBaTh 3Ty HUTh, COXPAHSSA €€ HATSKECHHUE.
Konen HUTH ONUCHIBAET KPUBYIO, SIBIISIIOILYIOCS 3BOJIBBEHTOM.

Bo3moskeH ipyroit crnoco0: npu nepekaTbIBAHUHN MPSIMOM MO OKPY K-
HOCTH TOYKa 3TOM MPSIMOW OIUCBHIBAET 3BOJILBEHTY. [Ipsmass Ha3biBaeTcs
MMPOU3BOIAIIECH MPSMOM, a OKPYKHOCTH — OCHOBHOM OKPYKHOCTBIO. Ilo-
ATOMY, MOXKHO CKa3aTh: IBOJIbBEHTA 00pa3yeTcs MpH MepeKaTbIBAaHUU TIPO-
M3BOJALLIEH IPSMON IO OCHOBHOM OKPY’KHOCTH.

N3 cnocoba mosry4eHus YBOJIBBEHTHI CIICYIOT €€ CBOWCTBA, U3 KOTO-
PBIX OTMETHUM TOJBKO T€, KOTOPBIE UCIIONB3YIOTCS IPU 00pa30BaHUM 3yOb-
€B KOJIEC U B IPOLIECCE 3aLICTIIIEHUS.
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1. HopManp K DBOJIBBEHTE SIBJISIETCA KACATENbHOM K OCHOBHOM
OKPYHOCTH.

2. lleHTp KpUBU3HBI 3BOJIBBEHTHI HAXOIUTCS HA OCHOBHOM OKPY’KHO-
CTH.

3. Pagnyc KpHMBHU3HBI 3BOJIBBEHTBHI B ONPEIACICHHOW TOYKE PaBEH
JUIMHE TyTH, CMOTaHHOM C OCHOBHOW OKPY>KHOCTH.

Korna HuTh cMmartbiBaeTcsi ¢ OapabaHa IPOTUB YacOBOM CTPENIKH, TO
oOpa3yeTcsi mpaBasi 3BOJbBEHTA, TaK KaK OHA MPO(UIUPYET MpaBylO CTO-
poHy Oynaymero 3y0a koseca. EciM HHTh HamMOTaHa IPOTHUB YacOBOM
CTpPEJIKH, a CMATBIBAETCA 110 YACOBOM CTPEJKHU, TO OOpa3yeTcs JieBasi 3BOJIb-
BEHTA, porIMpyroIIas JICBYI0 CTOPOHY 3y0a (puc.5.5).

§5.3. 'eomerpuyeckue mapamMmerpsbl IBOJIbBEHTHOIO
HYJIEBOI0 3y04aToro KoJieca

YToO6BI NOIYyYUTH 3BOJIBBEHTHOE 3y0UaToe KOJIECO, TO €CTh, 3y0UyaToe
Kojieco, npoduiau 3yObeB KOTOPOTO OYEPUEHBbI IO 3BOJBBEHTAM, HaJ0
LEHTP OCHOBHOM OKPYKHOCTH, OT KOTOPOH M 00pa3yeTcsi 3BOJIbBEHTA, I10-
MECTUTh B IIEHTp 3yOuaToro kojeca. HauOoibliee pacnpocTpaHeHue B
TEXHUKE MMEIOT, TaK Ha3bIBa€MbIE, HOpMaJbHbIE WM HYJIEBbIE 3yOuaThle
Kosieca (B OTJIMYHE OT HEHYJIEBBIX — MOJIOKUTEIBHBIX WA OTPUIIATEIbHBIX;
pa3HUIIA MEKIY 3TUMHU KoJjiecaMu OyJIeT onrcaHa HIXe).

['eomeTpryeckue mapaMeTpsl YBOJIBBEHTHBIX 3y0UaThIX KOJEC CTaH-
JapTU30BaHbl. PaccMOTpUM 3TH mapaMmeTpsl Ui HOpMadbHOTO (HYJIEBOTO)
KoJeca.

K nelicTBUTENBHBIM MapamMeTpaM 3y0uaToro Kojeca OTHOCATCA Clie-
JyIOIMe: 4YUCIO 3yObeB Z, OOKOBBIE CTOPOHBI KOTOPBIX OYEPUYEHBI IO
3BOJILBEHTAM; PAJNYC OKPYXHOCTU BEPUIMH [; paANyC OKPYKHOCTH BIa-
nuH I (puc. 5.6). OcranbHbIe MapaMeTphl SBISIIOTCA pacdeTHbIMU. 3y0 110
BBICOTE YCJIOBHO JEIUTCS Ha JBE YaCTH — I'OJOBKY M HOXKY MPU MOMOIIU
JIEUTENIbHON OKPYXHOCTH ¢ paauycoMm I. BeicoTa 3y0a, TO ecTh, paccTos-
HHE MEXIY OKPYKHOCTSIMH BIAQJUH W BEPINUH, 00O3HA4aeTcs OykBoii h,
BBICOTA T'OJIOBKH 3y0a — h,, BeICOTAa HOXKH 3y0a — Ny, mpuuem, B COOTBET-
CTBHH CO CTaHJIAPTOM,

h,=125h, (5.2)

Panuyc OCHOBHOW OKpPY>KHOCTH, OT KOTOPOW 0Opa3yeTcsi HBOJIbBEH-
Ta, Ib. DTa OKPYKHOCTh MOXET OBbITh OOJbIIE MM MEHBLIE OKPYKHOCTU
BIIAJIMH, B 3aBUCUMOCTH OT YHMCJIa 3yObeB KoJieca. DBOJIbBEHTA 3y0a obpa-
3yeT C OKPY>KHOCTBIO BEPILHUH OCTPYIO KPOMKY, @ Y OCHOBaHHs 3y0a 3BOJIb-
BEHTA IIJIJABHO NEPEXOAMUT B OKPYKHOCTh BIAJUH IPHU MOMOLIM BCIIOMOTa-
TEJIbHOM KPUBOM, Ha3bIBAEMOU TaJITEIIbIO.

OnHMM M3 OCHOBHBIX IapaMeTpoB 3y0UaTOro KoJjeca sIBJSETCS Iiar
3yObEB MO JAECTUTEILHON OKPYKHOCTH P — 3TO PACCTOSIHUE, U3MEPEHHOE 10
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OKPYXHOCTH, MEXJTy OJTHOMMEHHBIMHU NPODUIIMH TBYX CMEKHBIX 3yObeB
(puc. 5.6). IlomoBuHY Iara COCTaBIIS€T TOJIIMHA 3y0a MO JCIUTEITHHON
OKPY>XHOCTH — S, TO ecTh, S = 0,5p.

DBOJILBEHTA, UCIOJIb3yeMasi JiJisi oOpa3oBaHus nmpoduist 3y0da, Hauu-
HAETCSl OT OCHOBHOM OKPY>KHOCTH U CPE3aeTCs OKPYKHOCTHIO BEPIIHUH. DTa
YacTh 9BOJILBEHTHI ONMPEALISAETCS TPOOUIBHBIM YTIIOM O — 3TO YTOJ MEXY
JBYMSI KacaTeIbHBIMHA K JIETUTEIHPHOW W OCHOBHON OKPY>KHOCTSIM, TPOBE-
JICHHBIMHU W3 OJTHOW TOUYKH JIETUTENHHOU OKpYy>KHOCTH. [lompoOHee o mpo-
¢unbrOM yrite cM. [2], [17]. st crangapTHBIX 3y6uaThix Konec o, = 20°.

Puc. 5.6.

W3 BhImIENEpeUnCICHHBIX MMapaMeTPOB HAI0 BBIOpATh OJIWH CTaH-
JTAPTHBINA, C KOTOPBIM ObUTH OBI CBSI3aHBI BCE OCTANIbHBIE. [Iprdem, 3TOT ma-
paMeTp JIOJDKEH OBITh TaKMM, YTOOBI €r0 3HAYEHHUE OMPEACISUIO BETUUIUHY
3y0a. bosbIiie Bcero Mjist 3TOro MpUCIOCOOICH ImIar 3yObheB:

2wr
p=— (5.3)
z

OpnHako BbIpaKEHUE BEJIMYMHBI 11ara BKIOYAET UPPALMOHATIBHOE YUCTIO T,
ABJISIIONIEECS] OCCKOHEUHOU JeCITUYHOU poOnto. [loaToMy, mar crangap-
TU30BaTh HEYJOOHO. Y A00HO clenaTh CTaHJAPTHOM YacTh 3TOTO BhIpaXe-
HUs 0e3 yucna . JTa BeJIMYMHA Ha3bIBAETCS MOYyJIeM 3y0a M:
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2r
m="" (5.4)
z
3Ha‘IeHI/Ie MOI[y.TIﬂ CBs3aHO C BCHH‘IHHOﬁ 3y6a, a UMCHHO, MOI[YJ'IB YUCJICH-

HO paBeH BBICOTE I'OJIOBKU 3y0a, TO €CTb,
m=h, (5.5)

Mopyip siBIsI€TCSI CTaHIAPTHOM BEIMYMHOU U U3MEPSETCS B MM, I10-
3TOMY, BCE pa3Mepbl 3yOuaThIX KoJjiec U3MepstoTcss B MM. CorjiacHo CTaH-
JapTy, CYIIECTBYIOINN P MOLYJIEH BKIHOYACT 3HAYEHUS OT JOJIEW MUJI-
aumetpa 10 100 mm. BOT Toiabko HEKOTOpBIE 3HaUeHUs1 Moayieil: m = 0,5;
1; 1,5; 2; 2,5; 3; 4; 5;...100 mM. 3anumiem GhopmyJibl, CBS3BIBAIOIINE T€O-
METPUYECKUE IMapaMeTphbl 3yOUaTOro KoJjieca ¢ YUCIO €ro 3yObeB, CTaH-
JapTHBIM MOJIYJIEM M CTaHAAPTHBIM IIPOQUILHEIM yrioMm o = 20°;
- paauyc JeIUTEIbHON OKPYKHOCTH, C yueToM (5.4):

mz 56)
yr=—— .
2
- painyc OKpY>KHOCTH BEpIIUH, C yueToM (5.5) u puc. 5.6:
r,=r+m (5.7)
- painyc OKpPY>KHOCTH BIaJIMH, ¢ y4eToM (5.2) u puc. 5.6:
iy:r—125m (5.8)
- paJyc OCHOBHOM OKPY>XHOCTHU, U3 pUC. 5.6:
I, =rcosa (5.9)
- BeIcOTa 3y0a, ¢ yueTom (5.2) u (5.5):
h=225m (5.10)
- 11ar 3y0beB MO JIeTUTEIbHON OKPYKHOCTH, ¢ yueToM (5.3) u (5.4):
p=rmrm (5.11)
- TOJIIIMHA 3y0a M0 JIETUTEIIBHON OKPYKHOCTH:
S = P (5.12)
2

N3 stux Gpopmyn cinemyer: yToObl ONPEAEIUTh BCE TE€OMETPUUECKHE
pa3Mepbl CTaHJApPTHOIO HOPMAJBHOTO 3y04yaToro KoJjieca JIOCTAaTOYHO
3HATh TOJILKO JBE BEJIMUUHBI — YUCIJIO 3yObEB Z U MOAYJIb M.

§5.4. U3rorosjieHne 3y04aThIX KoOJIEC.
HonoxuTenbHBIE U OTPUIIATEIBHBIE KOJIECA.
TexHonoru4ecKue OrpaHuYECHUA

CymiecTByeT JABa METOJ]a U3TOTOBJICHUS 3y0UaThIX KOJIEC: METOJ] KO-
MUPOBAHUS U METOJT OOKATKHU.
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MeTon komupoBaHUSI TpeAroiaraeT KonupoBaHue (GopMbl HHCTPY-
MEHTa, MPU MOMOIIM KOTOPOT'O BBIPE3AIOTCS BIATUHBI MEXIY 3yObsIMU B
3aroToBKe Kojeca. B OONBIIMHCTBE Cly4aeB, STUMH UHCTPYMEHTAMU SIB-
JISIFOTCS. MOJIYJIbHBIE JIUCKOBBIC WIIM TajblieBbie (pe3nl (puc. 5.7). Opessw
Ha3bIBAIOTCS MOJYJbHBIMH, TaK Kak Kaxkjaas ¢pe3a MOKET BbIpe3aTh B 3a-
TOTOBKE KoJIeca BIAIUHY MEXKY 3yObsSIMH BITOJIHE OMPEICIICHHOTO MOTYJIS.
Opnnako (opma 3yObeB OJIHOTO M TOTO K€ MOIYJIS MOXET OBbITh pa3HOMH,
OHA 3aBHCHT OT YHCJa 3yObEeB B KOJIECE. DTO CIEIyeT U3 TOTO, YTO KPUBHU3-
Ha SBOJIbBEHTHI 3aBUCUT OT paJuyca OCHOBHOW OKpyx HOCTHU. COOTBET-
CTBEHHO Pa3HOU ABJsIETCSA U (popMa BITATUHBI MEXAY 3yObSIMH Pa3HOTO MO-
yJisg. 3HAYUT, KOJMYECTBO (Ppe3 OAHOTO MOAYJS COOTBETCTBYET KOJIMYE-
CTBY 3yOYaTBIX KOJIEC C Pa3HBIM YHCIOM 3YObEB 3TOTO MOAYJS M MOXKET
OBITH OYEHD BEIIHKO.

JTuckobast
MOGYILHAST

pPesza

Haivuebost
MOGYALHOST

ppeza

UT0OBI yMEHBIIUTH KOJUYECTBO (hpe3, CleyeT AOMYCTUTh HEKOTO-
PYIO MOTPeIIHOCTh (hOpMBI 3y0a u oOpabaThIBaTh 3yOUaThie Koieca ¢ 0JIu3-
KUM 4duciioM 3yObeB (Hampumep, 20, 21 u 22) omHON MOIYyIBHOU (Ppe3oid.
[ToaToMy, Ha MOTYNBHBIX (hpe3ax MAPKUPYETCS MOYJb U AUANA30H YUCE
3yObeB 3y04aThIX KOJIEC, KOTOPhIE MOTYT OBITh Hape3aHbl 3TOH (pe3oit.

OpnHako, 5TO HE €AUHCTBEHHBIN HEIOCTATOK METOJa KOTHUPOBAHMS.
[Toce BIpe3aHust OAHOW BITAJIMHBI, 3aTOTOBKY 3y0YaToOro KoJjeca ClIeayeT
MOBEPHYTh Ha OJMH YTJIOBOW IIar, Ipope3aTh CICIYIONIYI0 BIAJAWHY U T.1.
JI0 TE€X Top, TIOKa He OyayT Hape3aHbl Bce 3yObs. KpoMe HEeBBICOKOH TOU-
HOCTH 3TO METOJI BeChbMa Hempou3BoauTeacH. [IoaToMy, B HacTosIIee Bpe-
MsI, METOJI KOTIMPOBAaHMS TPH W3TOTOBJICHHH 3yOUYaTHIX KOJIEC PE3aHHEM
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IPaKTUYECKH HE UcIonb3yeTcs. OH UCIOb3yeTCsd B MAaCCOBOM MPOMU3BO/I-
CTBE NPU U3TOTOBJICHUM 3yOUaThIX KOJEC JUTHEM M IUTAMIIOBKOM (Celb-
X03MAaIIMHOCTPOEHUE, MPUOOPOCTPOEHHUE), a TaKkKe, B aBTOMOOUIIECTpOE-
HUU IIPU UCIIOJIB30BAHUH CIIELUAIIBHBIX PEXKYIIUX T'OJOBOK.

B nacrosiiee Bpemsi, B OOJIBIIMHCTBE CIIy4aeB, UCIOIb3YETCS METOA
obOkatku. [IpeacraButh ero MoXHO cieayroumuMm obOpaszom. Ilonoxum Ha
CTOJ 3y04aryro peilky ¢ TpamnelneuaibHbIMU 3yObsIMH, OOKOBBIE CTOPOHBI
KOTOpHIX HaknoHeHbl Ha 20° x ocm 3y0a. [{MIMHIPHYECKYIO 3aroTOBKY
3yOuaToro Kojeca U3 MATKOro mMaTepuaia (M3 BOCKa, WJIM U3 TUIACTUIIMHA)
BJIaBUM B OTy PEUKY M IPOKATHUM I10 HEW. B pe3ynprare 3T0r0 AEUCTBUS Ha
3aroTOBKE 00pPa3yrOTCs SBOJIbBEHTHBIE 3yObs. BO3MOXHOCTB 3TOr0 CBsi3aHa
CO CBOMCTBaMHM 3BOJIbBEHTBI, KPUBOU IMOJy4EHHOW NpH OOKAThIBAHUHU 00-
pa3yromen nNpssMOM JIMHUM 10 OCHOBHOM OKpYXHOCTU. OgHAKO peanbHas
3aroTOBKa 3y04aToro Kojeca BBIIOJIHEHA W3 TBEPAOro Marepuasa, mo3To-
My, €e He YyJacTcs Tak MpocTo oOkaraTh mo 3yOuaroit pelike. [loatomy,
JBUKEHHE OOKAaTKU JOMOJHAETCS JBUKEHUEM PE3aHMsl, JIsl Yyero 3youaras
peiika BBINOJIHIETCS W3 TBEPAOro MaTepuaia, a Ha ee npoduie Gopmupy-
I0TCS PEXKYILHE KPOMKHU.

Ha puc. 5.8 noka3ana cranaapTHas peiika, HCIOoab3yeMas sl U3ro-
TOBJICHUSI 3BOJILBEHTHBIX 3yOUaThIX KOJIEC; OHA HA3bIBAETCS MHCTPYMEH-
TaJlbHOW PEUKON C UCXOIHBIM Mpou3BoAsiuM mnpoduiieM. [Ipu momomu
TaKOW PEeHKH MOTYT OBITh M3TOTOBJIEHBI 3yOUaThle KoJieca OMpPEIeIEHHOTO
MOJYJIS C JIFOOBIM YUCIIOM 3YOBEB.

AUHUST bepuwuH

. P
c*m, < LPOAHUMHOAST NPSTUOST
\
/f\\ /f\
3 /N /] O\
\ \ U \ \
O<4/
c*m,

CPOAHUMHOST NMPAUAST

AUHUST dnagur

CPEGHSIST AUHUST PEeUKU

Puc. 5.8
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Peiika umeer TpamneneuaanbHble 3yObs, UX OOKOBBIE CTOPOHBI CO-
NpsHKEHbl ¢ BEPIIMHAMM U BIAJIMHAMM MPU TOMOIIM rajTenei (CKpyrie-
Hbl). [IpsiMble, Ipoxoidiue Yyepe3 BEPIIMHbI U BIAJAUHBI HAa3bIBAIOTCS CO-
OTBETCTBEHHO JMHUSMU BEPUIMH M BIAJIMH; MpSMbIC, OIrPaHUYUBAIOIINE
NPSIMOJIMHEWHbIE YacTH OOKOBBIX Mpoduieil, Ha3bIBAIOTCS T'PaHUYHBIMU
npsmeiMu. [lo BbicoTe 3y0 NEnUTCS Ha JBE paBHbIE YACTU MPHU MOMOIIH
CpEIIHEW JINHUU PEUKU.

['eomeTpuueckue mnapameTpsl cieayromue. PaccrosHus Mexay
CpPEIHEN JIMHWEM W TPAHUYHBIMM IPSAMBIMM PaBHbI MOIYJIO M. BbicoTa
rajrtene, To €CTh, pACCTOSTHUE MEXKY I'PaHUYHBIMU MPSIMBIMU U JIMHUSIMU
BEpUINH, WM BIIAJIMH, HA3bIBACTCA paJUAIIbHBIM 3a30poM c*M, rae c* —
K03 GUIIUEHT paguanbHOro 3a3opa. HasBanue «paauanbHBIA 3a30p» CBsI-
3aHO C T€M, YTO MpHU 3alEIUICHUU 3yO4aThIX KOJIEC MEXKIY BEpUIMHAMU
3yObEB OJJHOTO KOJIeCa M BIAJUHAMHM MEXIY 3yObsSMU JPYroro MMeeTcs
paauanbHbIi 3a30pP; TAKOM K€ 3a30p €CTh U B 3aLEIJICHUU NHCTPYMEHTAIIb-
HOW pEeWKH U 3aroTOBKH 3y04aToro Kojeca, B TaK Ha3bIBAEMOM CTaHOYHOM
zanerienuu. Illar 3yoneB p = © m (puc. 5.8), TonmunHa 3y6a peiiku S = 0,5
P, YTOJI HaKJIOHA CTOPOHBI 3y6a o = 20°.

Paccmotpum ctanouHoe 3anemienue. Ha puc. 5.9, B cpenneit ero ya-
CTH, IT0Ka3aHO CTAaHOYHOE 3alCIUICHUE HHCTPYMEHTAIBHON PEUKU C HYyJIe-
BBIM KOJIECOM. B 3TOM citydae cpenHssl JIMHHS PEUKU KAcaeTcsl C ACIIUTEIb-
HOM OKPYHOCTBIO Hape3aemMoro 3youaroro kojeca. CTpenkamMu Moka3aHo
JBUKEHHE OOKAaTKU: peliKa JABIMXKETCS ClieBa HallpaBo, a 3y04yaToe KO0JIeco
MOBOPAYUBAETCS MPOTUB YaCOBOM CTPEJIKU BOKPYT HEMOABUKHOTO LIEHTpA.
JIBr>KeHue pe3aHusi, TO €CTh, BO3BPATHO-TIOCTYIATEIbHbIE IBMXKCHUS PEii-
KM MEePIEeHIUKYISPHO IOCKOCTH YepTexka, MOKa3aHbl CHU3Y B BUJE KpecTa
Y TOYKH B OKPYKHOCTSIX (XBOCTOBHUK M OCTPHUE CTPEIIBI).

Hano cka3aTh, 4TO peiika He cpa3y Bpe3aeTcsi B 3arOTOBKY Ha IOJI-
HYIO TJIyOHHY, TO €CTh, OHA HE Cpa3y 3aHMMAET MOJIOKEHHE, TOKa3aHHOE Ha
puc. 5.9; peiika Bpe3aeTcsl MOCTENEHHO, MPU MOMOIIU, TaK Ha3bIBaEMOM,
panuanbHON nojaun. Mexay OKpy>KHOCTbIO BEpIIMH KoJyieca (OKPYKHOCTb
C IMaMETPOM 3aroTOBKH) W JIMHUEW BNAJAWH PEHKH BCErAa OCTAECTCS paau-
aNbHBIN 3230p ¢*M (cM. puc. 5.8). IT0 3HAYUT, 4TO OOKOBBIE CTOPOHBI 3y0a
peiiku (OpMUPYIOT SBOJIBBEHTHBIE YacTH 3y0a Kojeca, a BepIInHa 3y0a
KOJIECa — 3TO LWJIMHIPUYECKAs YacTh €ro 3aroTOBKH. YTO Kacaercs BIagU-
HBI MKy 3yObsSIMU KOJieca, TO OHa MOJHOCThIO (POPMUPYETCS BEPIIMHAMU
3yObeB MHCTPYMEHTAIBLHON PEIKH.

Ecnu, nmpu HapezaHuu 3y0uaToro koseca, peika mnocie paguaibHON
M0/Ia4M OCTAHOBUTCS B MIO3UIMU, KOT/Ia €€ CPEIHSs JIUHUS HE KacaeTcs Je-
JUTENBHOW OKPYXHOCTH KoJieca (JieBast yacTh puc. 5.9), To npu oOKaTke
oOpa3zyeTcs MOJIOKUTENBHOE KoJieco. B aToM citydae cpeHsis TuHus peiku
HAXOJUTCA HAa HEKOTOPOM PACCTOSIHUM OT ACIUTENbHON OKPYXHOCTH, TO
€CTh JaJblIe OT LIEHTPa KOJeca, YEM B CiIydae Hape3aHUs HYJIEBOI'O KoJje-
ca. Y TOJOXUTENBHOTO KOJieca MOJYyJb, YUCIO 3yObeB U PaAUyC IENH-
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TEJILHOW OKPYXKHOCTH TaKHe K€, KaK W y HYJIEBOrO KOJjeca, a paJryChl
BIIJIMH, BEPIIMH U MPOQuIIb 3y0a MOJOKUTEIBHOTO KOJIeCa OTIMYAI0TCS
OT COOTBETCTBYIOIIUX MTApaMETPOB HYJIEBOTO KOJIeca.

CwMmellieHre peiku OT HYJIEBOTO MOJOKEHUS (TO €CTh, OT MOJIOKEHUS,
KOTJIa €€ CPEIHSS JIMHUS KacaeTcsl ACTUTEILHON OKPYKHOCTH), B CTOPOHY
OT LIEHTpPA KOJIeCa HA3bIBACTCS MOJIOKUTEIHHBIM CMEIIICHHEM HHCTPYMEHTA
A (puc. 5.9), npuuem

A=xm
rae X — Ko3QPUIUeHT NoJI0KUTEITHEHOTO CMETIEHUS.
I[ToroxmcumeivHoe Hyaeboe OmpuyameibHoe

Koaeco Koaeco Koaeco

AN\
A=xm % Q —A=—axm

Puc. 5.9

Ecnu, mpu Hape3anuu 3y04yaToro koJieca, peika mnocjie paguaibHOM
M0JIaYl OCTAHOBUTCS B TIO3UIIMH, KOTJa €€ CPEAHSISI JTUHUS TIEPEeCceKaeT Je-
JUTENbHYIO OKPY>KHOCTh KoJjieca (mpaBasi 4acTb puc. 5.9), To nmpu oOKkaTke
oOpasyercsi OTpHULIaTEIbHOE KOJIeco. B 3ToM citydae cpeqHsist TUHUS peiiku
HaXOAMUTCS Ha HEKOTOPOM PACCTOSHUU OT JEIUTENIbHOM OKPYXHOCTH, HO
OnmKe K LEHTPY Kojieca, YeM B cilyyae Hape3aHus HyJIeBOTO Koieca. Y OT-
pPHUILIATETLHOTO KOJieca MOAYJb, YHCIO 3yObE€B W pPaauyC IEIUTEIbHOU
OKpPY>KHOCTH Takue >K€, KaK W y HYJIEBOrO KoJjieca, a paJuychl BIAJHH,
BEpIIMH U Mpoduiib 3y0a OTPUIATENILHOTO KOJieca OTJIMYAOTCS OT COOT-
BETCTBYIOIIMX MapaMeTpOB HYJEBOTO KoJieca.

CwMmellieHre peidkH OT HYJIEBOTO MOJI0KEHUS (TO €CTh, OT MOJOKEHHUS,
KOTJla €e CpeNHss JIMHUS KacaeTcsl ACTUTEeNbHON OKPYKHOCTH), B CTOPOHY
K [IEHTPY KOJIeca Ha3bIBaCTCS OTPUIIATEIHHBIM CMEIIEHUEM HHCTPYMEHTA
-A (puc. 5.9), npuuem
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—A=—xm
rae -X — k03 PUIHMEeHT OTPUIIATETFHOTO CMELICHHUS.

WNHorna 3y04areie Koyeca, HAPE3aHHBIE CO CMEIICHUEM WHCTPYMEH-
Ta (MOJIOKUTEIFHBIE M OTPUIATEIBHBIC) HA3BIBAIOT KOPPUTHPOBAHHBIMU
KoJjiecaMu, a KO3((GUIMECHT CMEIICHHS Ha3bIBAlOT KOYPDHUIIMEHTOM KOpP-
PEKITHH.

Pasauiry mexny npoduiasiMu 3yObeB HYJIEBOTO, IMOJIOXKHUTECIBHOTO U
OTpHIIATENIFHOTO Kojiec moka3aHa Ha puc. 5.10. [lo cpaBHeHuio ¢ 3y6om
HYJIEBOTO KoJieca 3y0 TMOJOXHUTEILHOTO KOJIeca TOJIIE Y OCHOBAaHUS, HO
TOHBIIE TIpu BepimHe. [Ipu oO6pazoBaHrN OOKOBOTO MPO]HIIS UCTIONB3YET-

3y6 3y6
NOLONHCUTNELLHOZ20 oMmpuuarmeiLsHoO20
Koaeca Koaeca

/ HYy1ebozo
Koaieco

cst OoJiee MOJIOTUi y4acTOK dBOJIbBEHTHI. Takoii 3y0 npodHee 3yda HyJIeBO-
ro KoJieca, MOATOMY IMOJOKUTEIbHBIE KOJIECA HCHOJB3YIOTCS B TSDKEIO
Harpy>kKeHHbIX CHJIOBBIX Iepeiayax. 3y0 OTpHIIATEILHOTO KOJIeca IO CpaB-
HEHHIO ¢ 3yOOM HYJIEBOTO KOJieca TOHbIIIE Y OCHOBAaHHUS U TOJILE MPU Bep-
muHe. Takoit 3y0 cinabee HyJI€BOTO, HO MOTPEUTHOCTH MPU U3TOTOBICHUU
OTPULIATEIBHOr0 KOJieCa MOTYT ObITh MEHbIIE, TaK KaK MpU 00pa30BaHUU
O6oxoBoro npoduiis 3yda UCHoab3yeTcs: 00Jiee KPYyTOl Yy4acTOK DBOJIbBEH-
Thl. OTpULATENbHBIE KOJIECA, KaK 00Jiee TOUHbIE, YEM HYJIEBbIE, MOTYT HUC-
MOJIB3YIOTCSl B U3MEPUTEIbHBIX KMHEMATHUYECKUX IEMSAX MAIlUH U B MPHU-
Oopax.

Bennuuabsl k03 PUITMEHTOB CMEIIEHNUS WHCTPYMEHTAIBLHON perKH
CTaHJIaPTU30BAaHbI U MPU HEOOXOJUMOCTU BBIOMPAIOTCS U3 CIIPABOYHUKOB
WIM PACCUUTHIBAIOTCS B 3aBUCUMOCTH OT 4Mcia 3yObeB Kojieca U YCIOBUMN
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ero paboTel. 3/1eCh OTMETUM TOJBKO HEKOTOPbIE TEXHOJIOTHYECKHE Orpa-
HUYEHUS MIPU BBIOOpE KOI(PPUIIMEHTOB CMEIIEHUS, CBSI3aHHbBIE C YMEHbBIIIEe-
HUEM TOJIIMHBI 3y0a Y BEPIIUHBI MOJOKUTEIHLHOTO KOJIECAa U Y OCHOBAHUS
OTPHUIIATEIBHOTO KOJIeca.

Uem Oosibllie MOJIOKHUTEIIBHOE CMEIICHHE PEeKU, TeM ToJIe 3y0 y
OCHOBAaHMsI, HO TOHBIIIE MPU BepiuHe. B npesene TonumHa 3y0da npu Bep-
IIMHE MOKET ObITh HYJIEBOU, TO €CTh, 3y0 3a0CTPUTCS, UTO HEIOITYCTUMO
10 COOOPAKEHUSM POYHOCTH.

Yem OoJibllie OTPUIIATEITLHOE CMEIEHHUE PEHKH, TeM TOHBIIE 3y0 y
ocHOBaHMs. IIpy HEKOTOPOM KPUTHYECKOM CMEUIEHUH BEPIIMHBI 3yObEB
MHCTPYMEHTAJILHOM peliku OyayT cpe3aTh IBOJBBEHTHYIO YacTh 3y0a y ero
OCHOBAHUS MPUMEPHO TAK, KAK MOKA3aHO B MpaBou vactu puc.5.9. [loapes
HBOJIbBEHTHOM 4acTH 3y0a HEIOMyCTUM IO COOOpaKeHUSIM TPOYHOCTH.

Taxoe xe siBJI€HHE MOpE3a IBOJBBEHTHOM YacTH y OCHOBaHUS 3y0a
MOKET MPOU30MTH NPU U3TOTOBJICHUH HYJIEBOT'O KOJIECA C MAJIBIM YHCIOM
3yobeB. CrernuanbHblid pacyeT [17] mokas3plBaeT, 4TO YKHCIO 3yOheB HyJe-
BOT'O KOJIeca, U3TOTOBJIEHHOr0 0€3 Mo/ipe3a, He MOXKET ObITh MeHbIle 17.

Chopmynupyem OTAETBHO 3TU TEXHOJIOTUYECKUE OTPaHUYECHHUSL.

1. BennunHa NOJI0KUTEIBHOTO CMEIIEHUS HHCTPYMEHTA OrpaHUYeHa
HEJIOIyCTUMBIM SIBJICHHEM 3a0CTPEHUs BEPILMHBI 3y0a KoJeca.

2. BennuuHa OTpULATENBHOTO CMEIIEHUSI HHCTPYMEHTA OrpaHu4YeHa
HEJIOIYCTUMBIM SIBJIEHUEM MOJIpe3a HBOJIbBEHTHOM YacCTH Y OCHOBAHUS 3Y-
oa.

3. MuHuManbHOE YHUCo 3yObeB HYJEBOIO KOJeca Zmin = 17.

§5.5. 3y0uartoe 3aneniieHue U ero napamMeTpsbl

Bynem u3ydath HyJeBOE€ IBOJIbBEHTHOE 3y04aToe 3allerieHHe, Kak
HamOoJiee yIOoTpeOUTENIbHOE, B TOM YHUCJIE U B CaMOJIETOCTpoeHUH. Takoe
3alleTVICHUE COCTOMT W3 JIBYX HYJIEBBIX 3yO4aThIX KojieC (B OTIWYHE OT
HEHYJIEBBIX, TO €CTh, MMOJOKUTENbHBIX WM OTPHUIATEIbHBIX ), HAXOASIIUX-
Cs B KOHTAaKTE, WJIH, TOBOPAT, COMPSIKEHHBIX KOJEC. DTH KOJeca UMEIOT
OJIMH MOAYJb M U 4YHClia 3yObeB Z1 U Zp.

Ha puc. 5.11 nmokazaHo Takoe 3aLeIuieHHe, IEPBOE KOJIECO CIIEBA —
MEHbIIIEE, a BTOPOE clpaBa — OoJibliiee. MeHbliiee 3youaToe Kojaeco oObIy-
HO HaszbiBaeTcsa mectepHen. [lo puc. 5.11 nBukeHue nepemaercs OT IIe-
CTEpHHU K KOJIECY.

['eoMeTpuyeckre mapaMeTpbl HIECTEPHUA U KOJIECA OMPEAEIISIOTCS 10
dbopmysiam, TPUBEICHHBIM B MPEAbIAYIIEH JIEKIUU. Y COMNPSHKEHHBIX 3Yy0-
YaThIX KOJIEC €CTh OKPY>KHOCTH, KOTOPbIE KAacaloTCs APYT pyra U MpH pa-
00Te mepeKaThIBAIOTCs 0€3 CKOJIbKEHUS. DTH OKPYKHOCTH HMEIOT painy-
Chl w1 U ly2 U HA3bIBAIOTCS HaYaJbHBIMHU OKPYXHOCTAMHU. B ciyuae Hy-
JIEBOM Iepeaayu, TO €CTh, B TOM CJIy4dae, KOTOPBIM celdac paccCMaTpUBAET-
Csl, HAYAJIbHbIE OKPYKHOCTH (OKPY>KHOCTH, IMPUCYIIHE TEpeaaye) paBHbI
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JeNTUTENLHBIM OKPYKHOCTSIM 3y0UaThIX Kojiec (OKPY:KHOCTSAM, IPUCYIIUM
OTJIEEHBIM 3y0UaThIM KoJecaM): Iy = I1 U Ty2 = I2. 371€Ch clieyer 3ame-
THUTb, YTO BCE FeOMETPUUECKHE TTapaMeTphl, PUCYIINE nepeaaue (a He OT-
JeNTbHBIM KOJIECcaM), UIMEIOT HHEKC W.

PaccTosiHMEe MeXIy OKpPYXKHOCTAMM BEpIIMH OJHOTO KoJieca |
OKPYKHOCTSMHU BIAJUH JPYroro — C'M — Ha3bIBaeTCs PajualbHBIM 3a30-
poM, a ¢ — 9T0 K0 DUIMEHT PaJNANBHOTO 33a30pa; B CTAHAAPTHAIX Mepe-
navax C =0,25.

Puc. 5.11

Touka KOHTaKTa IBOJILBEHT 3yObEB KOJIEC SIBJSIETCS BBICIICH KHUHE-
Mathdeckoi napoi. Uepes 3Ty Touky (Ha puc. 5.11 oHa HaxoAUTCS HA JIU-
HUU [IEHTPOB) MOKHO MTPOBECTH OOIYI0O HOPMaJh K YBOJIbBEHTaM COTIPS-
YKEHHBIX 3yObEB M COTJIACHO CBOMCTBAM 3BOJIbBEHTHI, O UeM TOBOPHUJIOCH B
npeasiayeM naparpade, stTa HopMaiab OyAET KacaThbCsl OCHOBHBIX OKPYIK-
HOCTEH COMPSKEHHBIX 3y0OUaThIX KoJiec. YTOJ MEXIy 3TOM KacaTebHOU U
MEePIEHIUKYJIIPOM K JUHUU LIEHTPOB HA3bIBAETCS YTJIOM 3alICTUICHUS Oy
Jlns cTanaapTHOM HYJIEBOM MepeAadu 3TOT YyroJl paBeH NpoUuiIbHOMY YTy
HCXOJHOTO TMPOM3BOJAIIECTO KOHTYpa: Ow = o = 20°. PaccrosiHue mexmy
IIEHTPaMH BpalleHUs COMPSHKEHHBIX 3y0UaThiX KOJIEC &y Ha3bIBACTCS MEXK-
LEHTPOBBIM (MEKOCEBBIM) PACCTOSIHUEM.

B mporecce pabotel 3yOuaToi mepenayu, TO €CTh, B MPOIECCe 3a-
IETJICHUS, KOHTAKTHAs TOYKa Oy/eT 3aHUMAaTh Pa3JINYHbIC MO3UIINH, OJTHA-
KO, B JJIOOOM TMOJIO’)KEHUHU HOPMaJIb K OOKOBBIM MOBEPXHOCTSIM 3yObeB Oy-
JIET SIBISATHCSI KacaTEIbHOM K OCHOBHBIM OKPY>KHOCTSIM, YTO CIEAYET W3
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CBOMCTB 3BOJIbBEHTHI. B mporiecce 3airemniieHus KOHTaKTHAsE TO4ka Oyner
nepeMeIaThCs BAOJIb O0IIEeH KacaTeIbHOW K OCHOBHBIM OKPYXHOCTSIM, I10-
ATOMY 3Ta KacaTelbHas SBISCTCSA JIMHUEW 3alleTUICHUs HBOJIBBEHTHOW IIe-
penauu. Takum oOpa3oM, JIMHUSA 3alETVIEHUS YBOJBBEHTHON Mepeiayu €CTh
npsiMasi, HAKJIOHEHHAs IOJ YIJIOM 3alEIUICHUS OT NEPHEHAMKYJIApa K JIN-
HUU LEHTPOB.

Pa3nnyaroT TEOPETHYECKYI0 M INPAKTHUYECKYIO JIMHUW 3alCTUICHHUS.
TeopeTndeckast TMHUAS 3aUECIUIEHNS. — 3TO OTPE30K MEXAY TOYKAaMH Kaca-
HUs BBIIEYKA3aHHOM MPSAMOW C OCHOBHBIMH OKpYKHOCTSIMU — AB Ha puc.
5.11. Ho Tak Kak 3BOJIbBEHTHI 3yObEB OIPaHUYEHBI OKPYKHOCTSIMU BEPIIMH
3yOUYaThIX KOJIEC, TO KOHTAKT OOKOBBIX MOBEPXHOCTEH 3yOhEB MPOUCXOAUT
10 TPaKTHYECKOM JMHUM 3aleTyieHnss ab , KOTopasi OTCeKaeTcsl Ha Teope-
TUYECKON OKPYXHOCTSIMU BepiuuH. [Ipu pabote 3yOuaToil nepeaadu B co-
OTBETCTBUU C HAIIPaBJICHUEM BpAILEHUS KOJEC, TOKa3aHHBIM Ha puc. 5.11,
IIEPEMEIICHNE KOHTAKTHOM TOYKM IMPOMCXOAMUT MO MPAKTUYECKOW JIMHUH
3aIleIJICHUS] OT TOYKU & JI0 TOYKH D, TO ecTh, B TOUke & 3yObsi BXOIAT B
KOHTAKT, a B TOYKe D — BBIXOIAT U3 KOHTAKTa. 3aMETUM 3/IeCh, UTO TEOPE-
TUYECKH 3aLEIJICHUE CUMTAeTCsl 0€33a30pHbIM, KaK 3TO MOKA3aHO Ha pHC.
5.11, To ecTh, OOKOBOM 3a30p MEX]Y 3yObsIMU OTCYTCTBYET; OJIHAKO, B pe-
aJIbHBIX Nepenayax OOKOBOM 3a30p €CTh U €r0 BEJIMYMHA 3aBUCUT OT CTEIle-
HU TOYHOCTH U3TOTOBJIEHUS KOJIEC.

Pa3nmnyaroT 1Ba KOJMYECTBEHHBIX IOKa3aTeNs 3yO4aTod mepenadu:
F€OMETPUYECKUM U KMHEMATHYECKHUM. | eOMeTpHUeCcKni MOKa3areslb — 3TO
MEXLEHTPOBOE PACCTOSHUE:

mz, miz,
m(z,+2,)
w 2

KunemaTnueckuil moka3aresib — MEepeIaTOYHOE OTHOIIEHUE, PABHOE OTHO-
HICHUIO YTJIOBBIX CKOPOCTEH (MJIM 4acTOT BpalllEHUs) BXOJHOTO U BBIXOJI-
HOT'O KOJIECA C YUYETOM 3HAKA:

_ W
Ujp =—
@,
CornacHO OCHOBHOMY 3aKOHY 3alleTUICHUS,
L mz2, I
u12 - 7__72 y U12 = -

B coOTBETCTBUM C 3TUMHU KOJIMYECTBEHHBIMU MOKA3aTEISIMU pa3iiu-
4aloT 3y0uaThie Tiepe/ladi BHEIIHWE U BHYTPEHHUE, 3aMEISIFOIINE U YCKO-
pSOIIME.

Ha puc. 5.12 noka3zana cxema BHEIIHEW Nepenayu, npuuaem Zzj < Zo.
['eomeTpruuecknii napaMeTp 3TOU Nepeadn — MEXKLUEHTPOBOE PACCTOSHUE
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_m(z,+2,)
2

Kunemarnueckuii napamerp — NepeIaToyHOe OTHOLIEHUE; €T0 BEIU-
Y1HA 3aBUCHUT OT TOI'0, KAKOE KOJIECO SIBIIETCS BXOJAHBIM 3BEHOM.

(5.13)

Puc. 5.12

Ecnu BXOJHBIM KOJIECOM SIBJISICTCS MCHBIIIEE, TO TEPEIaTOYHOE OT-
HOIIICHUE OIpeIesieTCs o hopMyIie:

U, = =—— (5.14)
@; Z
3HaK MHHYC YKa3blBa€T Ha IPOTHUBOIIOJIOXKHOE HAMpPABICHHE BPALCHUS
3yOuartbix kojiec. Tak kak Z; < Z, TO aDCOJIOTHOE 3HAYEHHUE MepeaaToy-
HOTO OTHOwWEHHs |Ugp | > l,a m < w;. Takas nepenava sABIAETCS 3aMe-
JSIOLLEH U Ha3bIBAETCS PEAYKTOPOM.
Ecnu BXxoaHBIM sBIIsIETCS O0IIbILIEE KOJIECO, TO
u21=a)2=—zl (5.15)
W =
B osrom ciywae, aOCONIOTHOE 3HAYE€HUE NEPEAATOYHOTO OTHOUICHUS
| U12 | <1, a o1 > wy. Takas nepenaya gABIsETCS YCKOPSIOUIEH U HAa3bIBa-
€TCS MYJIbTUILTUKATOPOM.

Ha puc. 5.13 noka3zana cxema BHyTpeHHEH 3y04aToii nepenayu. Tak
ke, KaK U B IPEAbIIYIIEM ciiyyae Z1 < Zz, HO TIEPBOE KOJECO C BHEUTHUMHU
3yObsIMA HaXOJIUTCS BHYTPH BTOPOTO, UMEIOIIET0 BHYTPEHHHUE 3YOhsl.

['eomeTpruuecknil mapameTp TakoM Mepeaadu — MEXLIEHTPOBOE pac-
CTOSIHHE:

_m(z,~z;)

aW
2

(5.16)
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Kunemarnueckuii mapaMmeTrp 34€Ch — NEPENaTOYHOE OTHOLIEHUE —
BCET/ia MOJIOKUTEIIBHO, TAK KAaK KOJIECA BPAILAIOTCS B OJTHOM HaIlPaBJICHUM.
Ecnu BXOOHBIM SIBIISIETCS TIEPBOE KOJIECO, TO 3TO PELYKTOP:

(5.17)

Puc. 5.13

ECJII/I BXOJHBIM SIBJISICTCA BTOpOG KOJICCO (C BHYTpCHHHMI/I SY6BHMI/I), TO
9TO MYHBTHHHHKaTOp:

W, ZzZ

W, Zz

Ha,Z[O CKa3aTI>, YTO B IIOAABJIAKOIICEM 6OJ'II>HII/IHCTBC COBpeMeHHBIX

MalllnuH HCHOJ’IBBYI‘OTC?I SY6LI3TI>IG MEXAaHHU3MBbI B BUJIC peIIYKTOpOB, OHHU pe-
IyLUPYIOT, TO €CTh, YMEHBIIIAIOT CKOPOCTh BPAILICHUS IBUTATENIEC MAIllHH,
KOTOpBIe JJIA YMeHB]_HeHI/IH Ux Fa6apI/ITOB BBIITOJIHAKOTCSA BI)ICOKOO60pOT-
HBIMU.

§5.6. KosgppunueHT nepekpbITUA.
JIByxnapHoe 4 oOHONIApPHOE 3allenJjeHue

['maBHBIM KaueCTBEHHBIM MOKa3aTeIeM 3y0UuaToil mepenayu sSBaseTcs
HEIMPEPHIBHOCTh M MJIABHOCTH €€ paboThl. Cynas mo puc. 5.11 mocne Toro,

KaK ojiHa mapa 3yObeB BBIMJET W3 3allCIUICHUS B TOYKe D, BTOpas mapa
3yObEB BOMET B 3allCTUICHHWE B TOYKE &, TOTOM BTOpasl mapa 3yObeB BbIN-
JIeT U3 3alleTyIeHUs, B 3alleTJIeHue BOWIeT TpeThs napa u T.4. [Ipu 3ToM He
TPYAHO TMPEANONOKHUTh, YTO MPU TAKOH mNepenade IBUKEHUS BO3HUKHET
IPEPBIBUCTOCTh U YAaphl MEXY 3yObsSIMU, OCOOCHHO €CJIM Y4eCTh HaIHune
OOKOBBIX 3a30pOB B pealbHbIX 3yOUaThIX MexaHu3zMax. YToObl u30exaTh
yIapoB M CJeNaTh Nepeaavy ABMKEHUS HEMPEPHIBHON M 1O BO3MOXKHOCTHU
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IUTABHOM, HEOOXOAMMO OOECHeuHuTh YCIOBHE, NMPU KOTOPOM MepBas mapa
3yObEB HE BBIIIET U3 3aLIECIJICHUS A0 TEX MOp, [TOKa BTOpPas Iapa BOMIET B
3allelJIeHne. DTO YCJIOBHE Ha3blBaeTcs mepekpbelTheM. [IoHATHO, yTO ueM
OoJbllie OJHa Mapa 3yObeB NEPEKPHIBAET APYIYIO0 Ha MPAKTUYECKOW JINHUU
3alleIJIEHNs], TEM C OOJIbIIEH YBEPEHHOCThIO MOKHO YTBEP)K/IaTh, 4TO pa-
0oTa nepeaaun OyAeT HEMPEPHIBHON U TJIABHOM.

SIBneHME MEpEeKphITUS OLICHUBAETCA KOI(DPUIMEHTOM NEPEKPHITHSL.
Ha puc. 5.14 y — yrnoBoi#i mar 3y0neB, | — mimHa mpakTudeckoi THHIH 3a-
LEIUIEHUs. YUUTHIBas, YTO, COTJIACHO CBOMCTBaM 3BOJIBBEHTHI, JUIMHBI OT-
PE3KOB Ha JIMHMM 3alleTVICHUs] PaBHbBI AyraM Ha OCHOBHOM OKpPY>KHOCTH, a
3TU JYTU NPONOPLHOHAIBHBI LIEHTPAJIBHBIM YIJIaM, MOXKHO YTBEpPXAATb,
4TO O — YroJj MOBOPOTa KOJIeCca 32 BpeMs IIEpEMEILLIEHUS] KOHTAKTHON TOUKU
N0 MPAaKTHUYECKOW JIMHUM 3aUEIUIeHHs, a Pp — War 3yObeB MO OCHOBHOM
OKPYXHOCTH.

. Oy

Puc. 5.14

KoadduiimeHT nepekprbiTus — 3T0 OTHOIIEHHUE yria O K YIJIOBOMY
miary 3yobeB Y WM OTHOIIEHUE JJIMHBI MPAKTUYECKOMN JIMHUU 3alleTUICHUS
K 11ary 3yObeB [0 OCHOBHOW OKPY>KHOCTH:

o I
E=—=—

Y Pb
Y4uuTeIBas, 4TO
DPp =P COSOL=TT M COS
MOJIYYUM

/
E=— (5.19)
7Tmcosx
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Hcnonb3ysi aHAIUTUYECKOE BBIPaKEHUE JJIMHBI MPAKTUYECKOW JTUHUU 3a-
nerieHus: (BbIBOA CM. mpuiioxkeHue 3 wiau [17]) momyuum popmyny s
pacueTa k03 dUlIMeHTa IEPEKPHITHSI HYJIeBOM 3yOuaToil nepenayu:

2 2 2 2 :
7T MCOSx

Teopernuecku BeanunHa KodhUIIMEHTa TEPEKPHITUS HAXOIUTCS B
npenaenax ot eAUHUIIBI 10 JIBYX, OJHAKO, MPAKTUYECKU

12< ¢ €18.

N3 BBIIECKA3aHHOTO CJIEAYET, UTO B MPOLIECCE 3ALEIIIEHUS UMEET
MECTO HEMPEPHIBHOE YEPEIOBAHUE IBYXIIAPHOTO U OAHOMAPHOIrO 3allerlie-
HUS, TO €CTh, YaCTh BPEMEHU B 3alICTIJICHUU HAXOJATCS JIBE Napbl 3yObeB, a
4acTh BPEMEHU — OJIHA. B pe3ynbrare, mpu AByXHapHOM 3allCIJIEHUU BCS
nepegaBaemMas 3y04yaToil mepenadei Harpy3ka pacrupenensercss MeExXAy
JIBYMsI TlapaMu 3yObeB, a IPU OJHONIAPHOM 3alleIJICHUU BCS Harpy3ka npu-
XOJIUTCSL HA OJIHY mapy 3yObeB. Takum 00pa3zoM, HECMOTpPS Ha TO, YTO B
KMHEMaTUYE€CKOM OTHOILIICHUM Tepe/iava sIBJISIETCS MJIaBHOW B pe3yJIbTare
MEePEKPBITUS, TIPU pabOTe MOJ HArpy3Koi 3yOuaras mepenada TPUHIUIMH-
aJbHO SIBJSIETCA MPEPBIBUCTOM, B YACTHOCTHU, IIYM IpU paboTe 3y0daThix
repenad €CTh CIEACTBUE 3TOM MPEPBIBUCTOCTH. J[JIsI yBETMUYECHUS TIABHO-
CTH pabOThl U YMEHBIIEHHUS IIymMa HCIOJB3YIOT KOCO3yOble Mepeaauu, B
KOTOPBIX KOI(PPUIUEHT MEPEKPHITUS MOXKET ObITh 3HAYUTEIBHO OOJIBIIIE,
4yeM B IIPsIMO3YyObIX Mepeaadax u3-3a HaKJIOHA 3yObeB.

CymecTByromiasi METOAMKA OMPEIECIICHHs TPOLEHTa BPEMEHH JBYX-
MapHOTO ¥ OJHOIMAPHOTO 3alleTuIeHus (CM. PHIOKEHUE 4) AaeT BO3MOXK-
HOCTb CKa3aTh, 4TO, Hanpumep: npu € = 1,25, 40% BpeMeHHn UMeeT MeCTO
JIByXIapHoe 3auerienue, a 60% — omHomaphoe; ecnu € = 1,7, TO AByX-
napHoe 3arneruieaue — 82%, ognonapHoe — 18%.

(5.20)

§5.7. Cinoxuble 3y0uaTbie MEXaHU3MbI
€ HEeMOABUKHBIMHU OCSIMU KO0JIeC

Bynem paccmaTtpuBaTh TOJBKO CIIOKHBIE 3yOUaThle MEXaHU3MBI, CO-
CTOSILIME U3 HWIMHIPUUECKUX Nepenad. B Hauase 3Toil rioaBbl ObUIO CKa3a-
HO, 4TO Pa3JIMYaroT JBa BUJA TAKMX MEXAHU3MOB: C HEIIOJABUKHBIMHU OCSIMU
KOJIEC U C MTOABMKHBIMU OCSAMH HEKOTOPBIX KoJiec. HauHeM ¢ mepBBIX.

Ocu KoJeC TaKUX MEXAHU3MOB HETOJBH)KHBI OTHOCUTEIBHO CTOMKH,
TO €CTh, OTHOCUTENBHO Kopmyca. K HUM OTHOCSTCS KOpPOOKH CKOpOCTEH
CTaHKOB, KOPOOKH mepeady aBTOMOOMIIEH, peyKTOPbI MOABEMHBIX KPAHOB
U T.J.
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Puc. 5.15

Ha puc. 5.15 nmoka3aHo cxeMaTuyeckoe n300pakeHre IIIaBHOTO BUAA
U BHJIa CBEPXY OJIHOTO M3 BO3MOXHBIX BAPUAHTOB CIIOKHOTO 3y04yaToro
MEXaHU3Ma C HEMOABW)XHBIMH OCSMU KojieC. B KMHEMaTHYEeCKUX CXeMax
OOBIYHO MOKAa3bIBAIOT OJIMH BUJ, KaK MPaBUIIO — BUJ CBEPXY WU COOKY.

MexaHu3M COAEpKHUT YeThIpe MOJABMKHBIX 3BE€HA: 3B€HO 1 — 3yOua-
TO€ KOJIECO C YHCIIOM 3yObeB Z1, )KECTKO 3aKpEIJICHHOE Ha Bally; 3BEHO 2 —
OJIOK-11IECTEPHS, TO €CTh, JIBA KECTKO CBSI3aHHBIX 3y0UaThIX KOJieca C YHC-
JamMu 3yObeB Z2 U Z’», CRBOOOTHO Bpalllalolieecs: Ha HEMOABM)KHON OCH; 3Be-
HO 3 — OJIOK-TIECTepHS C YUCIaMH 3yObeB Z3 U Z’3, )KECTKO 3aKPEIICHHOE
Ha BaJly; 3B€HO 4 — 3y04aroe KoJieCO C BHYTPEHHUMH 3yObsIMU U YUCIIOM
3yObEB Z4, ’KECTKO 3aKpEIUVICHHOE Ha Bally. MeXxaHu3M NpeaHa3HayeH Jis
YMEHbIIICHUST (PeAyLUPOBAHUS) YTJIOBOM CKOPOCTH OT IMEPBOrO 3BEHA K
YETBEPTOMY U COCTOUT M3 TpeX Mepead — JIByX BHEIIHUX U OAHOW BHYT-
peHHen. Takoll MeXaHW3M Ha3bIBACTCSA TPEXPSAHBIM WM TPEXCTyINEHYa-
TBIM: TI€pBasi CTYNEHb Z1-Z2 — OBICTPOXO/IHASI, BTOPAs CTYNEHb Z'7-Z3 — MPO-
MEXYTOYHAs! U TPEThsI CTYNEHb Z'3-Z4 — TUXOXOHASI.

Kunemarnueckuii aHanu3 3y04aTbIX MEXAaHU3MOB 3HAYUTEIIBHO
IPOLLE, YEM ISl CTEPKHEBBIX M KYJIa4KOBBIX MEXaHU3MOB. MBI Ipeanosa-
raem, 4yTo Bce 3yOuaThie Kojieca BpalllaloTCsl paBHOMEPHO, a 3ajauell KuHe-
MaTHYECKOI'0 pacyuera sIBJISIETCS OMpeJesIeHNue YIIOBBIX CKOpOCTel 3yOua-
TBIX KOJIEC NPU U3BECTHOW YIJIOBOM CKOPOCTH OJHOTO M3 3BEHHEB, Yalle
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BCEro, BXOJIHOTO 3BEHA. 3a/iaya pelaeTcsi Mpy MOMOIIM NepeaTOYHbIX OT-
HOILIEHUI B MEXaHU3ME.

Jliia mexaHu3ma Ha puc. 5.15 yrioBasi CKOPOCTh M4 BBIXOJHOIO 3BE-
Ha MOKET OBITh HaijeHa u3 (HOPMyJbl IEPETATOYHOTO OTHOIIEHUS MeXa-
HU3Ma:

W
Uy =— (5.21)
Wy

BriBegem pabouyio ¢hopMyily rmepeaaTouHOro OTHOIIEHUS, ISl Yero
YMHOXHUM U Pa3AesiuM 3Ty Ipo0b Ha YIJIOBbIE CKOPOCTH BTOPOTO U TPEThE-
ro 3BeHbeB. [IpuueM, 4TOOBI paznuyarh JBa 3y04aThIX KoJieca B OJHOM
3BEHE, TO €CTh, Z2 U Z'» B 3B€HE 2 U Z3 U Z'3 B 3B€HE 3, HCIIOJIB3YEM M2 = M2
H 3= @'3.

W, 0,0
W, W3 Wy

OTHOIIICHNE YTIIOBBIX CKOPOCTEH M1/®; — 3TO TepelaTouHOe OTHO-
IICHUE TEePBOW CTYNEHH 3y0UaTOro MeXaHH3Ma, COOTBETCTBEHHO, M'2/m3 —
HIepeIaTOYHOE OTHOIICHUE BTOPOM CTYNEHH U ®'3/®4 — EPEIATOYHOE OT-
HOILIEHUE TPEThEH CTyNeHH. 3HAUUT MOYKHO 3alHUCaTh:

Upg =UppUpzlUszy (5.22)

CornacHo ¢opmyne (5.22), nepegaTOYHOE OTHOILIEHUE CIOMXKHOIO
3yO0uaTOro MeXaHW3Ma PaBHO IMPOU3BEIEHUIO MEPENAaTOUHBIX OTHOIICHUN
BXOJISIINX B HETO Tepeay.

Hcnone3yst popMyIibl TTepe1aTOUYHBIX OTHOIICHU BHEIIHEH W BHYT-
penHeit nepenad (5.14 u (5.17) u3 npeapiayuiero naparpada, 3anuiieM pa-
00uyI0 (popMyiy EpeAaTOYHOTO OTHOIIEHHUS] MEXaHU3MA:

N SN R )
14 ’ '
2 Z2)\%3
Teneps u3 popmyinsl (5.21) MOKHO HAaWTU UCKOMYIO YTJIOBYIO CKOPOCTb
YETBEPTOTO, BBIXOJHOTO 3BEHA.

3anuiieM GopMylly Ie€peIaToYHOr0 OTHOIICHHS B OOLIEM BUJE IS

3y0uaTOro MexaHu3Ma C N MOIBHKHBIMH 3BEHBSIMU:

2,232, (_]k)

2,2 'Z,(n—l)
rac k — KOJIMYCCTBO BHCIIHUX BaHeHHeHHﬁ. 3HaK nepecaaTo4YHoOro OTHOIIC-
HHA MCHACT TOJIBKO BHCIIHAA IICpPCaAada.
[To aTo#i popMyie MOTYT OBITH pAaCCUYUTAHBI MIEPEIATOYHBIE OTHOIIIE-
HHUA JIIO6OF0 CJIOJKHOT'O 3y6an0r0 MEXaHU3Ma C HCIIOABUXHBIMHU OCSIMHU
KOJICC.

uln =

(5.23)
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Puc. 5.16

PaccmoTpum Temneph ClI0XKHBIA 3yOUaThlii MEXaHU3M, CX€Ma KOTOPO-
ro OTJIMYAETCS OT MPEABIYIIEr0. DTO MEXaHU3M IOKa3aH Ha puc. 5.16.

OTiMure 3TOro MexaHu3Ma OT IPEABIAYIIEr0 COCTOMT B TOM, UYTO
BCE €ro 3y0yaTblie Kojeca HaXOJATCA B OJHOM Sy, TO €CTh, 3TO — OJHO-
pAAHBINA 3yOUaThiii MexaHu3M. /{1 peleHns: KHHEMaTHYeCKOW 3aa4l 3TO-
ro MexaHu3ma ucrnosb3zyeM popmymy (5.23):

2,252 3
u,, = 253% (_ ] )
!/ !/
212,23
OpmHako, U3 cXeMbl MEXaHH3Ma BUJIHO, UTO 3BEHBS 2 U 3 HE SIBJISIOT-

sl OJIOK-TIIECTEPHSIMHU, & UMEIOT 110 OJTHOMY 3y04aTOMY BEHILY, TO €CTh,
Z, = Z'7,a 23 = Z'5. [loaTOMY, MOCIIE COKpAIIEHUS] UMEEM:

Upg = Z(‘13)

W3 dhopmynsl ciaemyeT, 4TO MPOMEKYTOUHbIE 3yOuaTrhie Kojieca He
BJIMSIFOT HA BEJIMYMHY MEPEAATOYHOIO OTHOIICHUS MEXAHU3Ma, Ha ITy Be-
JIMYHHY BIIMSIOT TOJIBKO IEPBOE U IMOCIEIHEE KOJIECa, HAXOIAIIMNECS B O~
HOM psany. M3-3a 3TOro mpoMeXyTOYHBIE KOJIECA B TAaKOM MEXAaHU3ME
Ha3bIBAIOTCS Mapa3uTHbIMU. [lapa3uTHbie 3yOUuaThie Koeca UCTIONb3YIOTCS,
€CJIM HaJI0 U3MEHUTH 3HAK MEePEJaTOYHOr0 OTHOUIEHUS (M3MEHUTh HaIpaB-
JICHUE BpaIleHHs), WIM B MEXaHU3Max C OOJBIIMM PACCTOSHUEM MEXIY
OCSIMM BXOJHOTO M BBIXOJIHOTO KOJIEC.

N3 paccMOTpeHHUs 3TOTO MeXaHu3Ma ClieyeT OOIINi BBIBO ISl K-
HEMAaTHUYECKOI0 pacyeTa: €CJii B KHHEMAaTUUECKOM 1IeMH HECKOJIbKO 3yOua-
TBIX KOJIEC PACHOJIOKEHBI B OJJHOM PsIIy, TO HAa BEJIUYMHY MEPEAATOYHOTO
OTHOILICHUS BIMSIOT YKciia 3yObeB TOJIBKO MEPBOI0 U MOCJIEIHETO KOJeC B
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3TOM PSAAY, IPOMEKYTOUHBIE (ITAPa3UTHBIE) KOJIECA BIMSIOT JIMILID HA 3HAK
[IepEJaTOYHOr0 OTHOLLICHMUS.

§5.8. Ili1aneTapHble MeXaHU3MbI

CrnoxHble 3yOuaThle MEXaHU3MBI C TIOJBUKHBIMU OCSIMU HEKOTOPBIX
KOJIEC HA3BbIBAIOTCA IUIaHETapHbIMUA. Cxema MHpOCTEHIIEr0 IUIAHETAPHOTO
MeXaHHU3Ma IpuBesieHa Ha puc. 5.17. 3ybuatoe kosieco 1 u 38eHo H moryt
BpAILlaThCsl BOKPYT HENMOABWKHOW TOukH. Ha 3BeHe H pacnosoxeHn neHtp
BpalleHMs 3y0UaToro kKojieca 2, BXOIAIIErO B 3allEIUIEHHE C KOJIecoM 1.

3BeHbsa 1 u H MoryT BpamaThCsi HE3aBUCUMO JIPYT OT APYyTa, TO €CTh,
BpallaThCsl C PAa3HbIMH CKOPOCTSIMH, B OJJHOM HJIM INPOTHUBOMNOJIOKHBIX
HampaBieHusx. [Ipu paboTe mMexaHH3Ma KOJECO 2 COBEPIIAET CIIOXKHOE
JBUKEHHE, OOKaThIBasiChb Mo Kosiecy 1. J[BH>KeHUE 3BEHBEB HAIIOMUHAET
JBWKECHUE IJIAHET B COJHEYHOM CHUCTEME, ITO3TOMY 3BEHO | Has3bIBaeTcs
COJIHEUHBIM KOJIECOM, 3B€HO 2 — 3TO CaTeJUIuT, a 3BeHo0 H — Boaumo (mwu
CaTEJUIUTOIEPKATEID).

Puc. 5.17

ConHeyHOE KO0JeCO W BOAUIIO — 3TO BXOJHBIC 3BEHBS, a BBIXOIHBIM
SABIIAETCS caTeuT. MCcnonp30BaTh CaTEIUIUT, COBEPIIAOIIMN CJI0XKHOE
JIBIDKCHHUE, JIJIS IPUBOJA pab0YHMX MJIM BCIIOMOTATEIIFHBIX OpraHOB MaIlliH
3aTpyaHUTENbHO. UTOOBI yHmpOCTUTH 3Ty 3a7ady MNPUIILIOCH YCIOXKHUTH
MPOCTEHIIININ TUTAaHETAPHBIM MEXaHU3M, JO0OaBUB K HEMY €Ille OJHO IICHT-
pansHOe koJieco 3 (puc. 5.18), ¢ BHyTpeHHUMU 3yObsIMHU, BXOJSIIEE B 3a-
LETIJICHUE C CAaTEIUIUTOM — KOPOHHOE KOJIECO.

Cnenyroniee yCIOKHEHUE KOHCTPYKLIHMM IIAHETAPHOIO MEXaHU3Ma
CBSI3aHO C T€M, YTO C OJHUM CaTEJUIUTOM TaKOW MeXaHu3M paboTaTh He
MOXET U3-3a HEYPABHOBEIICHHOCTH: TIPU OOJIBIITUX CKOPOCTSIX BpaIlleHUs
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Puc. 5.18

HEYpPaBHOBEILICHHAs] Macca CAaTeJUIMTa BBI3OBET MOSABICHHUE OOJBLION CHIIBI
WHEPIIUHU, KOTOpasi MOKET MPUBECTH K Pa3pyLIEHUIO MeXaHu3Ma. MuHu-
MaJbHOE KOJIMYECTBO CATEILIUTOB B IJIAHETAPHBIX MEXaHU3MaxX — JBa, OJI-
HAKO, UX YHCIIO MOXKET ObITh OOJIBIIUM M IOCTUTATh AECATH U JaXe ABEHA-
JUATU. DTO CBS3aHO C BO3MOXKHOCTBIO YMEHBUIECHUSI Ta0apUTOB MEXAHM3-
Ma: IPU OJHOM M TOM K€ IMEPEeIaBacMON MOIIHOCTH IIJIJAHETAPHBIM MeXxa-
HU3M C JIECATHIO CATEJUNIMTAMU MOXET ObITh 3HAYMTEILHO MEHee rabapuT-
HBIM, YEM MEXaHU3M C JABYMS caTeuiMTamu. BHyTpu MexaHu3Ma mnepenaa-
BaeMasi MOIIHOCTh JEIUTCS Ha YMCIIO MOTOKOB, PABHOE YHCITYy CATEIIUTOB.
B pe3synbraTte, y MexaHu3ma C AECATHIO CATEIUIMTAMU MOTOK MOIIHOCTH,
MPOXOSIIUNA Yepe3 3youaroe 3arerieHue, OyJIeT B MATh pa3 MEHbIIIE, YeM
y ME€XaHHU3Ma C IByMs CaTeJUIMTAMH, 3HAYUT, MOKHO YMEHBIIUTh MOAYJIb,
MEXOCEBOE PACCTOSTHUE U, B O0LIEM, Ta0apPUTHI.

Mexanusm Ha cxeme puc. 5.18 coaepKuT 4eTbIpe caresuinTa, KOTo-
pbI€ YCTAaHOBJIEHBI HAa BOJUJIE, BHIMOJIHEHHOM B BUJE KpecTOBUHBI. Ha Buze
cOOKY, KOTOPBII OOBIYHO MCIIOJIB3YETCS] B KHHEMAaTUYECKUX CXeMax, MoKa-
3bIBAETCS TOJIBKO OJIMH CATEJIUT.

Onpenenum 4ucIo cTeneHel cBOOOIbI MIIaHETAPHOTO MEXAHU3Ma Ha
puc. 5.18 mo ¢popmyne Ueobsimena (2.1):

W=3n-2p,—p,+s
Yuciio noABUAKHBIX 3BEHBEB N = 7: COJTHEYHOE U KOPOHHOE KOJIECA, BOJIUIIO

(I_ICHTpaJ'IBHBIe 3B€HBH) M 4YCTBIPC CaTCilIMTa. KonnuecTBO HU3IIMX KHHE-
MAaTHUYCCKUX IIAP Pu = 7: KaXXI0€ NCHTPAJIbHOC 3BCHO 06pa3yeT KHMHEMAaTHu-
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YECKYIO Mapy CO CTOMKOW, a KaKJbIA CATEJUIUT — C BOAWIOM. UHCIIO BbIC-
IIMX KUHEMATHYECKUX Map Py = 8: YEThIPE BHEIIHUX 3ALEIJIEHUS CaTEIUIU-
TOB C COJIHEUHBIM KOJIECOM W YETBIPE MX BHYTPEHHUX 3aLECIUICHHS C KO-
POHHBIM KoOJIecOM. YHCIIO N30BITOYHBIX CBS3EH WJIU JIMIIIHUX 3BEHBEB S = 3.
BbIIIE OBLIO CKa3aHO, YTO TpH careiuiuTa 4, 5 U 6 BBeJCHBI U3 COooOpaxke-
HUW YypaBHOBEUICHHOCTH, MPOYHOCTU M TabapuUTOB, HO B CTPYKTYPHOM
CMBICIIE SIBIISIIOTCSI TUITHUMU 3BeHbsIMU. [lofcTaBuM 3HaueHus B Gopmyiy
YeObiiiena:
W=3-7-2-7-84+3=2

[InaneTapHbIii MEXaHU3M UMEET JBE CTEINEHU CBOOOJBI: OH MOXKET
MMETh JIBa BXOJIHBIX 3B€HA U OJHO BBIXOJHOE, WJIM OJHO BXOJHOE U JBa
BBIXOJHBIX. Takol MEXaHWU3M HCIIOJL3YETCS B BHAEC cymMMaropa u audde-
peHmana.

CyMMmaTop uMeeT JBa BXOJHBIX 3B€HA, 0OBIYHO, IICHTPAJIbHBIE KOJIE-
ca, ¥ OJHO BBIXOJHOE 3BE€HO — BOAMII0. Hampumep, eciau COMHEYHOE KOJIECO
MOBEPHETCS Ha 5 000POTOB, a KOPOHHOE — Ha 3, TO BOJMJIO MOBEPHETCS Ha
KOJIMYECTBO 00OPOTOB, MPOMOPIHUOHATEHOE BOCEMU. CyMMAaTOphl OOBIYHO
CoZIepKaT KOHUYECKHUE MEepeNayl U HCIOJIb3YIOTCA B MEXaHU3MaX MOJayu
CTAHKOB C IPOTPaMMHBIM YIIPABIICHHEM.

Huddepennnansl UMEIOT OAHO BXOAHOE 3BEHO, OOBIYHO, BOAWIO, U
JIBA BBIXOJHBIX 3BEHA — IIEHTPaJbHBIE KOJeca. BBIXOIHBIE 3BEHBbS MOTYT
BpalllaThCsl HE3aBUCUMO OJTHO OT JPYIoro, U XapakTep UX ABUKCHUS 3aBU-
CUT HE TOJIBKO OT KOHCTPYKIIUM MEXaHHW3Ma, HO U OT BHEIIHUX YCJIOBUH.
Huddepenumanel, Takke Kak U CyMMAaTOphI, COAEpKaT HE IUIUHIpUYE-
CKHE, a KOHMYECKHUE Tepeaadyu, U UCTOJb3YIOTCS B KOJIECHBIX TPAHCIOPT-
HbIX MallHaxX (aBTOMOOWJIM, TPAKTOPHI) JUIsl MPUBOAA BEAYIIMX KOJIEC.
[IpaBoe u JieBO€ BeaylIre KoJieca MOTYT BpallaThCsl HE3aBUCHUMO OJHO OT
JPYroro COTJaCHO YCJIOBUSIM, NUKTYEMBIMU HX pa3MepaMH U JOPOTOil.
Hampumep, eciu aBTOMOOWIH MOBOpAaYMBaET HAJEBO, TO JIEBOE KOJIECO
MpOAET MEHBIINI MyTh, YEM MPABOE, 3HAYUT, 32 OJTHO U TO K€ BpEMS Jie-
BOE KOJIECO COBEPIIUT MEHBIIIE 000POTOB, YEM MPaBOE, TO €CTh OyAET Bpa-
IATHCS C MEHBILIEHW YIII0OBOW CKOPOCTHIO.

Opnako 6oJiee MUPOKOE PACIIPOCTPAHEHUE B TEXHUKE UMEET MOJIEP-
HU3UPOBAHHBIN IUIAHETAPHBIM MEXAHU3M: €CJIM OCTAHOBHUTH OJHO W3 ILICH-
TpaJbHBIX 3y0UaThIX KOJIEC, TO TJIaHETAPHBINM MEXaHU3M C JIBYMS CTEIEHSI-
MU CBOOOJIbI MPEBpAIACTCS B IJIaHETAPHBIN PEIyKTOp, TO €CTh, B MeXa-
HU3M C OJHOM CTEMEHbI0 CBOOOIbI, C OJJHUM BXOJHBIM M OJTHUM BBIXOJIHBIM
3BeHOM. [lmaHeTapHble peayKTOPHI UCIOJIB3YIOTCS B TEXHOJOTHYECKUX U
TPAHCIIOPTHBIX MallMHAX, B TOM YHUCJIE, B Ka4eCTBE TJIABHBIX PEIYKTOPOB
CaMoJIETOB U BEPTOJIETOB.
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§5.9. [lnanerapHble peAyKTOPBI.
Tunbl 1 KHHEMATHKA

Haunem ¢ kmHemMaTwku. 3ajadya KHMHEMAaTHUYECKOTO aHalIn3a 3]1eCh,
KaK ¥ B JIIOOOM 3y0uaTOM MEXaHU3ME CBOJIUTCS K OMpPEACIICHUIO Tepesa-
TOYHOTO OTHOIIICHUs. HamoMHUM, 4TO pedb UIET O MJIaHEeTapHBIX PEAYKTO-
pax, KOTopble 00pa3yloTcsl U3 IJIaHETapHBIX MEXaHU3MOB IPH OCTAHOBKE
OJTHOTO W3 IIEHTPAJBbHBIX 3yOuaThIX KoJjiec. Yare ApYruX HCIOIb3YIOTCS
MJIAaHETApHBIE PEAYKTOPHl C OCTAHOBJICHHBIM KOPOHHBIM KoOJIeCOM (pHuC.
5.19). BXoaHbIM 3BEHOM 3JI€Ch SIBJISICTCS COJIHEYHOE KOJjeco 1, a BBIXOJ-
HBIM — Boamiao H.

YtoOnI BeIBECTH (POPMYITY TTEpEAATOYHOTO OTHOIICHUS 3TOTO PEIyK-
TOpa, BOCIOJIB3YEMCS METOJIOM OOpaIIeHHOTO ABUWKEHHS. (3aMETUM, YTO
ATOT METOJ MCIIOIb3YeTCs I aHaJIu3a KWHEMATHUKHU JII000ro IUIaHETapHO
ro mexanusma). Ocranoum Boawio H. Torna comHedHoe u KOPOHHOE KO-
Jieca Mmojaydar JOTOJHUTEIBHYI0 CKOPOCTh - @y (puc. 5.19), a ruraneTapHbIii
PEIYKTOp IPEBpaTUTCS B 3yO4YaThIi MEXaHM3M C HEMOJBHUKHBIMU OCSIMH
KoJiec. 3anuiineM (GopMyiny mepeaaTOYHOr0 OTHOIICHHUS 3TOTr0 MEXaHU3Ma
oT kosieca 1 k kosecy 3 (TO ecTh, NEPEeAATOYHOTO OTHOIICHUS MEXY LICH-
TpaJIbHBIMHU KOJIECAMHU IUIAHETAPHOIO MEXaHM3Ma MPU OCTAHOBJIICHHOM BO-

JIATIe):
3

Puc. 5.19

13 —

Ota Qopmyina sBISETCS MaTEeMaTUUECKON 3aITUChI0 TeopeMbl Buiu-
ca [2], cBA3BIBAIONICH YIJIOBBIE CKOPOCTH IIEHTPAJIBHBIX 3y04aThIX KOJIEC
MJIAHETAPHOTI'O0 MEXAHU3MA.
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B namewm ciyyae oz = 0 (Tak Kak B pacCMaTpUBA€MOM IIaHETAPHOM
peayKTOope KOPOHHOE KOJIECO HEMOABUKHO), TOITOMY:
uH =% Dy
13 1H
Otcrona noxyyum (popmyiy nepeaaToqyHoro OTHOIIEHUST paccCMaTpUBaEMO-
o IUIAHETAPHOTO PEyKTOpa:
Uy =1-uf} (5.24)

Benmunna U™13 HasbIBaeTCs XapaKTEPUCTHKOM ILUIAHETAPHOTO MEXa-
HH3Ma — 3TO NEPEJATOYHOE OTHOLIEHNE MEXKAY €r0 LHEHTPAIBHBIMHA KOJIE-
CaMH IIpY OCTAHOBJIEHHOM BOJIAJIE.

®opmyna (5.24) MoxeT ObITh UCIOJIb30BaHA MpPU pacyeTe rnepesa-
TOYHBIX OTHOIICHHM JIFOOBIX IJIAHETAPHBIX PETYKTOPOB.

PaccmoTpum Tpu BrJa MPOCTEHIINX TUIAHETAPHBIX PEIYKTOPOB: pe-
nykrop Jkeiimca, IBYXpsIHBIN pEAYKTOp U peaykrop laBuna.

Penykrop JlxeriMca — 3TO ONHOPSIAHBIN IUIAHETAPHBIA PEAYKTOp C
HETOIBMYKHBIM KOPOHHBIM WJIM COJIHEUHBIM KOJIECOM. Hallle UCIOIb3yITCs
PEAYKTOPBI C HEMOABMKHBIM KOPOHHBIM KOJIECOM, CXE€Ma TAKOTO PENYKTO-
pa nana Ha puc. 5.20. CornacHo (5.24), nepeaTouHO€ OTHOIICHUE TaKOTO
penykropa:

23
p =1+ (5.25)
= z;
s
2t Penykrop ucnons3yeTcs B ciayyasx, Koraa
25<Uup<8
. (\ I — B peaykrope [IxelimMca ¢ HENMOABUYKHBIM COJIHEY-
1 - / HBIM KOJIECOM JBHMKEHUE NEPENAETCS OT KOPOHHO-
L ro KOJieca K BOJMILY:
z z
{) usy =1+°1 (5.26)
23
Puc. 5.20 Penykrop ucnons3yercs B ciydasx, KOrjaa
1,2 <UH < 1,8

Penykropbr JlxelMca MIMPOKO UCMONB3YIOTCI B KOPOOKAaX CKOPO-
cTeil 1 OOPTOBBIX TEpenavax Ha3eMHBIX TPAHCIOPTHBIX MAIWH, B TPY30-
MOABEMHBIX MAIlIMHAX, B KAUE€CTBE IJ1aBHBIX CUJIOBBIX PEIYKTOPOB camoJie-
TOB U BEPTOJIETOB JJIS MEpe/lauyd BpaIlEHHUs] OT JBHUrarejied Ha BUHTHI, a
TaKke, B MEXaHW3Max CUCTEM YIIPABIICHHUSI.

JIBYXpsIHBIN IIJIAHETAPHBIN PEAYKTOP UMEET CIIBOCHHBIA CATEIUIUT U
HEMOJABM)XHOE KOpOHHOE Kosieco (puc.5.21). BXoaHbIM 3BEHOM SIBIISETCS
COJIHEYHOE KOJIECO, a BBIXOJHBIM siBiIsieTcst Boauiio. CornacHo (5.24), me-
peIaToYHOE OTHOIIEHUE PEIYyKTOpa:
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T £ ) =1+ 22 Zf (5.27)
=124 2142
2 [+ U3 QopMynsl BHIHO, 4YTO Hepena-
TOYHOE OTHOILIEHHE TAKOTO PEIYKTOPa MOMKET
(\ — — ObITH OoJIbIIIE, UeM y penykTopa Jxeiimca. On
“ H UCIIOJIb3YETCS, KOTrAa
27 == e
8 < Ui < 15.
Zq Hcnonp3yercss B KayecTBE CHUIIOBOTO
U peayKTopa, B TOM YMCIIE, B CAMOJIETAaX U BEp-
TOJIETaX.
Puc. 5.21 Ecmu penykrop JlxeiMca v IByXpsiTHBIN

PEAYKTOp COAEpPKAT COJHEYHOE M KOPOHHOE
KOJIECO, TO peaykTop JlaBuia MOXET UMETh JBA COJIHEYHBIX WJIM JIBa KO-
poHHbIX Kojeca. Ha puc. 5.22 noka3an penykrop JlaBuaa ¢ 1ByMs COIHEU-
HBIMHU KOJIECAMH, OJTHO U3 KOTOPBIX, KOJIECO 3, HEMOABUXKHO. B Takom pe-
OYKTOpE NBHKEHUE mepeaaercs oT Boauna H k

T COJIHEUHOMY KoJiecy 1.
— z4 [lepenaTouHoe OTHOIICHHE PEAYKTOPA:
2| |t 1
T Uy, =— (5.28)
— N ] — 223
NH \@ﬁ’ z, 2,
<= I N3 dopmynst (5.28) BugHO, UTO YeM OJmxKe
Z3 IpoOb B 3HAMEHATEJ e K AUHHUIIC, TeM OOJIbIIIC Be-
JMYHMHA TIePEATOYHOTO OTHOIIEHUS TAaKOTO pe-
Puc. 5.22 nykropa. OH ucnoae3yercs, Koraa

15 < Un1 < 10000 u 6o1ee.
Hampuwmep, ecnu z; = 100, 2, =99, 2, = 100 u zz = 101, T0

i
= 99,101 = 10000
100-100

OpnHako TakWe PEAyKTOPBI HE MOTYT HCIOJIb30BAThCS KaK CHUIIOBBHIC
n3-3a OOJIBIIIUX TIOTEPh Ha TpeHHUE. PenyKTop ¢ mepeaaToyHbiM OTHOIIICHHU-
eM Uyr = 10000 umeer koaddumment monesnoro aeiicteust n = 0,04, To
€CTh, TOJIbKO 4% TOJABOJAMMON K HEMY MOIITHOCTH MOET OBITh UCIIOJIb30-
BAHO Ha BBIXOJE, a 96% MOIIHOCTU TEpsIETCS HA TPEHUE BHYTPU PEAYKTO-
pa. [TogoOHbBIE penyKTOPHI UCTIOJIB3YIOTCSI B U3MEPUTEIbHBIX KHHEMaTH4e-
CKHX LIETISIX, B MpUOOpax U B aCTPOHOMUU JJ1sl TOBOPOTA TEJIECKOTIOB.
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§5.10. IIpoekTpoBaHME MJIAHETAPHBIX PEAYKTOPOB

[lenap mpoeKTUpOBaHUS — MO 33JJaHHOMY 3HAYEHHUIO MEPEAATOYHOrO
OTHOUIEHUS BBIOPATh CXEMY PEIYKTOPA, ONPEAEIIUTh YHUCiia 3yObeB €ro Ko-
JIEC ¥ YUCJIO CATEJUTUTOB C YYETOM KOHCTPYKTHUBHBIX YCIOBUH.

Kak ObL710 CKa3aHO BBIIIE, CXeMa PEAYKTOPa 3aBUCUT OT TPeOyeMoro
NepeaTOYHOr0 OTHOIICHHS. A UMEHHO:

- eciii Ui < 8 — penykrop Jkeiimca;

- eci 8 < Uy <15 — ABYXpSIHBIN PETYKTOD;

- eciii Uy > 15 — penykrop JlaBuma.

Uucna 3yObeB KOJeC pelyKTOpa pacCUUTHIBAIOTCS MPU COBMECTHOM
pelieHun anreOpanvyeckux BbIPAXKEHHUM NEepeIaToyHOro OTHOLIEHUsS pe-
TYKTOpPa W PACCTOSHUS MEXKIY OCSIMH IEHTPAIBHBIX KOJEC M CaTeILIUTOB.
Metoauka onpenenenus yucen 3yobeB npuBeneHa B [2] u [13]. Ilpu pere-
HUU 3TOH 33/1a4u, a TaKXKe, IPU ONPENEICHUN YUCIIa CaTeJUIMTOB PEIyKTO-
pa JTODKHBI YUUTHIBATHCS KOHCTPYKTUBHBIC YCIIOBUS COOCHOCTH, COCE/ICTBA
U cOOpKHU. YCIOBUE COOCHOCTU BBITEKAET M3 TOTO, YTO IUIAHETApHBINA pe-
JTYKTOP SIBJIIETCSI COOCHBIM, TO €CTh, OCH €TI0 BXOAHOTO M BBIXOTHOTO BaJIOB
HaxOJATCA HA OJHOW INPSAMOW. YCIOBHE COCEACTBA OTPAHUYMBAECT YHUCIIO
CaTeJUTUTOB PEAYyKTOpa, a YCJIOBUE COOPKH MPOBEPSET BO3MOXKHOCTH CO-
NPsHKEHUST BCEX CAaTEIUIMTOB PEIyKTOpa ¢ LEHTpalIbHBIMU Kojecamu. Pac-
CMOTPHM 3TH YCJIOBHS TOAPOOHEE.

Y ca0BUE COOCHOCTH.

Hns penykropa JIxerimca (puc. 5.20) coBmajeHue oceil BOIUIIA,
BXOJIHOTO Y BBIXOJTHOTO BaJIOB IOCTUTAETCS, €CITU

C yueTom (5.6) umeeM:
mz mz mz
1, M4 M43
2 2 2

[Tocne cokpameHusi MOJyYUM YCIIOBUE€ COOCHOCTH UJISI PEAYKTOpA
Jxenmca:

Hns nByxpsgHoro peaykropa (puc. 5.21) COOCHOCTh JOCTHTaeTcs,
eciu

n+h=L-r (5.30)
ITocne Hp606pa30BaHHﬁ, AHAJIOTUYHBIX BBIHICIIPUBCACHHBIM, IIOJYYHUM
YCJIOBUE COOCHOCTH JJIsl IBYXPSTHOTO PEAYKTOpA:
2y +2y=123—1,
YcnoBue coceAcTBa.

OTO yCJIOBHE MO3BOJISIET ONPENEIUTH MAKCHMaJIbHO BO3MOXHOE
YUCJIO CAaTENIUTOB peaykropa. [lpu nmpoekTupoBaHUM CHIIOBBIX MJIaHETap-




140

HBIX PEAYKTOPOB, HaJI0 UMETh BBUIY, YTO YeM OOJIbIIE CATEJUIMTOB UMEET
pEeAyKTOp, TEM Ha OOJIbIlIEE YUCIIO BETBEH AEIUTCS BXOJHAs MOIIHOCTb U
TEM MEHEE NPOYHBIMH, TO €CTh, 00JIe€ MEIKHUMHU, MOTYT OBbITh 3yObsl €ro
KoJiec. 3HAUUT, YTOOBI CIIPOEKTUPOBATh PEAYKTOP C MUHUMAJIbHBIMU rada-
pUTaMH, HaJ0 IOMECTUThH B HETO MaKCUMAJIBHOE YHCJIO CATEIIJIUTOB.

Ha puc. 5.23 npuBesneHa cxema OAHOPSIAHOTO PEIYKTOPA, CATEIUIUTHI
KOTOpPOTO HaXOAATCS B MPEACIbHO BO3MOXHOM IIOJIOKEHUH, TO €CTh, Ka-
caroTcs JIpYT Apyra OKpy>KHOCTSIMHU BEPILUH 3yObeB. Y CIIOBUE COCEACTBA B
JTAHHOM CJIy4ae MOKHO c(pOopMyJIMpOBaTh TaK: PACCTOSIHUE MEX]y LIEHTpa-
MU COCETHHX CaTEJUIUTOB JOJDKHO OBITh OOJIbIIE CYMMBI PAINyCOB BEPIIHH
ux 3yObeB. [1o puc. 5.23 M0KHO 3anucarh:

I+, < AB (5.31)

BrIpazum cymMMmy pagmycoB depe3 MOIYJIb M YHCIO 3yObeB Mo (GopMyam
(5.6) u (5.7) c yueTom TOTO, 4YTO CATEIIUTHI UMEIOT OJIMHAKOBHIE Pa3MEpHI:

2, =2(r, +m)=2 %er =m(z, +2)

Takum 00pazom,
g+ oy =M(2, +2) (5.32)

fa

Puc. 5.23

Ternepb CBsIKEM PACCTOSIHUE MEXY LIEHTPAMH CAaTEJUIUTOB C UX KO-
nmnuectBoM. 3 AAOC umeem:
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AB =2AC =2A0 singz 2(r, + rz)sing =

= Z(mzzl + mzzjsinﬁ

2 2
[Tocne mpeoOpa3oBaHuii, a TAKXXE YUYUTHIBASI, UTO
B 27
K

TrAc K — uncno CaTCININTOB, ITIOJIYUHUM:
. T
AB =m(z, + zz)slnE (5.33)

[TonctaBuB (5.32) u (5.33) B ucxonHoe HepaBeHCTBO (5.31), moiydyum
YCIIOBHE COOCHOCTH TSI OJTHOPSTHOTO TUTAHETAPHOTO PEIYKTOPA:

z,+2<(z,+z, )sin;: (5.34)

YcaoBue cCOOpKH.

OpauH caTe/UTMT MOYKHO BCET/Ia BCTAaBHTh MEXKIY IICHTPAIBHBIMU KO-
JecaMu PeIyKTopa, COOTBETCTBEHHO IMOBEPHYB UX TaK, UYTOOBI 3yObs ca-
TEJUIMTA TOTAJId BO BIAJHHBI MEXKIY 3yObSIMH COJTHCYHOI'O M KOPOHHOTO
koJjec (puc. 5.24). JIa u 6ojiee caTeIMTOB MOYKHO BCTaBUTh TOJIBKO B TOM
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cllydae, €CJU COOJIIOJIEHO OMpPENEICHHOE COOTHOILIEHUE MEXIy YHCIOM
3yObEB COJIHEUHOTI'O M KOPOHHOT'O KOJIEC U KOJUYECTBOM CATEILTUTOB. ITO
COOTHOIIIEHHE HA3bIBAETCSl yCIOBUEM COOpKU. UTOOBI BBIBECTH (HOPMYITY
ATOTO YCIJIOBHS, HAAEM CHayajla MaKCUMaJIbHOE YKCIIO CAaTEJUIMTOB, KOTO-
pble MOT'YT OBITh BCTaBJIEHBI MEXK/y COJIHEUYHBIM U KOPOHHBIM KOJIECOM HE
B OJTHOM ITOCKOCTbh, KaK 3TO UMEET MECTO B JCHCTBUTEIBHOCTH, a B apaj-
JIETBHBIX IUIOCKOCTSIX, TO €CTh, 3 MEPBBIM CATEJUIMTOM, WX MEPE]l HUM; 110
puc. 5.24 — 3a MJIOCKOCTBIO YepTexka, Uik Ipeja Hel. B aTom ciydae ycio-
BHE COCEJCTBA UTHOpUpyeTcsa. [ nsaas Ha puc. 5.24 MOXHO 3aMETUTh, YTO
IpU HENOJBM)KHOM KOPOHHOM KOJIECE BTOPOM CaTEJUIUT MOYKET OBITh
BCTaBJICH, €CJIM COJIHEYHOE KOJIECO NMOBEPHYTh Ha OAWH 3y0, TOUHEE, Ha
OJIMH YIJIOBOM wIar ¢ 1. Boauio nmpu 3ToM NoBEpPHETCSA HA KAKOW-TO yTOJ

¢ H, BEJIMYMHA KOTOPOTO 3aBUCUT OT NIEPENATOYHOTO OTHOIIEHHUS PELYKTO-
pa. 3HauuT, 00IIEe YUCIO CATEJUIMTOB, KOTOPhIE MOTYT OBITh BCTABJICHHI B
Pa3HBIX MJIOCKOCTAX (0€3 COOMI0IEHUs YCIOBHUS COCE/ICTBA) TAKOBO:

n= 2r (5.35)

Py
YToObI HAUTH (O g, UCIIOIB3YEM ONPENICIICHHUE: MePEJATOYHOE OTHO-
IICHUE PACCMATPUBAEMOTO PEAYKTOpPA — 3TO OTHOIICHUE YTJIOBBIX CKOPO-
CTEU COJIHEYHOTO KOJIeca U BOAUJIA, WJIM UX YIJIOB IOBOPOTA:

I Z1
Uip =~
Py
Otcrona:
%1
Py =+ (5.36)
Uiy

BripazuM uuciauTens U 3HaMEHATeNb 3TOW JIpoOu depe3 vucia 3yObeB KO-
nec. Tak Kak (1 — 3TO YyIriIOBOM MIAr COJHEYHOTrO KoJieca, TO

27

Z
[lepenarouHoe oTHomICHHE peaykTopa JlkeiimMca mpu HEMOJABHUKHOM KO-
poHHOM KoJjece (5.25):

@ (5.37)

Z Z, +1
Uy =1+=3="2-23 (5.38)
Zy Z
[ToncraBus (5.37) u (5.38) B (5.36), nomyyum:
27

Py =
Zl+22
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[Tocne moacTaHOBKH 3TOro BbIpakeHUd B (5.35) mojlydnM 3HAaY€HUE MaK-
CUMaJIbHO BO3MOXKHOT'O YHCJIa CATEJUINTOB penykropa (0e3 coOiroaeHus
YCIIOBUS COCEJICTBA):

HeﬁCTBHTCHBHOC YHUCJIO CAaTCIIINTOB, paCCUNTaHHOC U3 YCIOBHA COCCIACTBA
JOJIDKHO OBITH MEHBIIIE N U KpaTHO €EMY, TO €CTbh,

_hata

5.39
" (5-39)

rIe: ¢ — JIr000e€ 11eJI0€ YUCIIO;
K — arcio careummToB pemyKTopa.
Bripaxxernue (5.39) u ecTb ycinoBrue cOOpKH.
B ycnoBusix coceacTBa U COOPKH ABYXPSAAHBIX TUIAHETAPHBIX PEIyK-
TOPOB YUUTHIBAKOTCA IMAPAMETPBI CIBOCHHOTO CATEJUIATA [2].

KiroueBble cj10Ba u onpeacjacHus

1. 3y0uaThlii MEXaHU3M — 3TO MEXaHHU3M, B KOTOPOM JBUKECHUE Tie-
penaercsi NOCPEICTBOM CIELUATIbHBIX BBICTYIIOB HA 3BEHbBSIX, CMEHSIOIINX
JpyT apyra B mpoiecce padoTshl.

2. unuHpuyeckas nepeada — nepeaada ¢ napajjieIbHbIMU OCAMU
KOJIEC.

3. KoHnueckas nepenada — nepeada ¢ NEPECEKAIONIUMHUCS OCSIMU
KOJIEC.

4. 'unepOonongHas nepenayva — nepeaayda ¢ nepeKkpernuBaromMMUCs
OCSIMH KOJIEC.

5. JIuHuA 3auernieHns — 3TO TEOMETPUYECKHUM CIIET KOHTAKTHBIX TO-
YeK.

6. DBOJIBBEHTA — 3TO KpHBas, oOpa3ylomascs MpHu MepeKaTbIBAHUH
MIPOU3BOIALLEN IPSMON IO OCHOBHOU OKPY>KHOCTH.

7. Moaynp — 3TO OHOIIEHHE JEIUTEIBHOTO JUaMeTpa K YHCIy
3yObeB.

8. Illar 3yObeB — 3TO pacCTOSHHE, U3MEPEHHOE IO OKPYXHOCTH
MEXIy OJJHOUMEHHBIMU MPOQPUISIMH JIBYX CMEKHBIX 3yObEB.

9. MonayneHast auckoBas ¢pe3a — 3T0 (pe3a Juisl U3TOTOBJICHUS
HBOJIbBEHTHBIX 3y04aThIX KOJIEC 10 METOLY KOITMPOBAHMS.

10. MoaynbsHast depBsiuHass ppe3a — 310 dpe3a AJIsI U3rOTOBJICHUS
HBOJIbBEHTHBIX 3yOUaThIX KOJIEC [0 METOTY OOKATKHU.

11. TlonoxuTenbHble W OTpUIATENIbBHBIE KOJeca — 3TO KoJeca,
U3rOTOJIBEHHbIE MPHU MOJOKUTEIBHOM WM OTPUILATEIbHOM CMEIICHUH
WHCTPYMEHTA.

12. Yron 3auenieHus — 3TO OCTPbIM Yroj MexXy JIMHUEH 3alerie-
HUS U MIEPIICHANKYJISIPOM K JTUHUU LEHTPOB.
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13. [IpakTuueckast TMHUS 3aLEIJICHUS] OTCEKAETCs] Ha TEOPETUUECKON
OKPYXHOCTSIMHU BEPIIIHH.

14. Teopetnueckas JIMHUS 3aEIUVICHUS] — 3TO KacaTeslbHasi K OCHOB-
HBIM OKPY’KHOCTSIM COIPSIKEHHBIX 3y04aThIX KOJIEC.

15. IlepekpriTiie 3yObeB COMPSKEHHBIX KOJIEC — 3TO YCIOBUE, MPU
KOTOPOM OJIHA TMapa 3yObeB HE JOJKHA BBIXOJUTH U3 3aILICTUICHUS TIPEXK]IE,
4yeM clielytolias mapa He BOWJIET B 3alleTICHHUE.

16. BuemHsisi nepegaya — 3TO MepeAadya C MPOTHUBOMIOJIOKHBIM
HaIlpaBJICHUEM BpALIECHUS KOJEC W OTPHUILATEIbHBIM MEPEAATOYHBIM OTHO-
HICHUEM.

17. BHyTpeHHsIsl epe/iaya — 3TO Mepeiada ¢ OJMHAKOBBIM HaIpaB-
JIEHUEM BpAIICHHS KOJIEC U MOJIOKUTEIBHBIM MTEPEAATOYHBIM OTHOILIEHHEM.

18. Penyktop — 3T0 3ameJiAroNIas nepeaayva.

19. MynpTUILIUKATOP — 3TO YCKOpSIOLIas rnepeaaya.

20. TTapa3uTHOE KOJECO — ATO 3yOUaTOE KOJIECO, KOTOPOE HE BIIUSIET
Ha BEJIMYUHY NIEPETaTOYHOTO OTHOLICHMSL.

21. TlepenatoyHoe OTHOILEHHUE CIIOKHOTIO 3yO04aTOro MexaHH3Ma C
HENOJBUKHBIMU OCSIMH KOJIEC PaBHO NMPOU3BEACHUS MEPEAATOUHBIX OTHO-
IIEHUH BXOJSALINX B HETO Iepe/ay.

22. CyMmmaTop — 3TO IUIAHETAPHBIM MEXaHU3M C JBYMSI BXOJaMHU U
OJTHUM BBIXOJIOM.

23. luddepeniman — 3To TUTAHETAPHBIA MEXAHU3M C OJJHUM BXOOM
U IBYMS BBIXOJaMHU.

24. ITnaneTapHBIN PEAYKTOP — 3TO IJIAHETAPHBIA MEXaHU3M C OJTHAM
HETOJIBMKHBIM LIEHTPAITBLHBIM KOJIECOM, C OJTHUM BXOJIOM M OJHHM BBIXO-
JIOM.

25. Penykrop [xeitmca — 3TO OHOPSIIHBIN TUIAHETAPHBIA PEIYKTOP
C HETIOABM>KHBIM KOPOHHBIM WJIM COJIHEYHBIM KOJIECOM.

26. Penyktop JlaBuma — 9T0 NBYXPSIIHBIN TUIAHETAPHBIN PEIYKTOP C
JIBYMSI COJITHEUHBIMU WJIA IBYMSI KOPOHHBIMU KOJIECAMHU.

KoHTpoJbHBIE BONIPOCHI.

1. Yro Takoe 3yOuatThiii MexaHu3M?

2. CKOJNBbKO 3BEHBEB COJAEPKHUT MPOCTEUIINK 3yOUaThlii MEXaHU3M —
nepenayva?

3. KakoBbI BUIbI UIUHIPUYECKUX, KOHUUYECKUX U TUTIEPOOJIONTHBIX
nepenay’?

4. Yro Takoe 3auemieHue?

5. KakoBa opmynupoBKa OCHOBHOTO 3aKOHA 3allCTIIICHUS ?

6. UTo Takoe JTMHUS 3alleTICHUS?

7. KakoBo yclioBH€ TIOCTOSIHCTBA MEPEAATOYHOTO OTHOIICHUS B 3y0-
YaThIX MEXaHU3Max?

8. UTo Takoe 3BOJIbBEHTA M KAKOBBI €€ OCHOBHBIC CBOMCTBA?
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9. Uto Takoe Moaynb 3yOuaToro kojeca?

10. Kak cBsi3aHbl MOJlyJIb M YHCIIO 3yObEB C JUAMETPaIbHBIMU pa3-
MepaMu 3youaToro kKojeca?

11. Kak cBsizaH miar 3yObeB O JEIUTEIbHON OKPYKHOCTU C MOJY-
nem?

12. Yto Takoe npoHIIbHBIN YT0JI SBOJLBEHTHI?

13. Yem paznuuaroTcsi METOJIbI U3TOTOBJIEHUS 3yOUaThIX KOJeC: KO-
NUPOBaHUS U OOKATKU?

14. Kak o0pa3yroTcs HyJeBbI€, TOJOKUTEIbHBIE U OTPUIATEIILHBIC
3yO4YaThie IBOJIBBEHTHBIC KoJieca?

15. Yem otnmuaercst 3y0 HYJIEBOTO Kojieca OT 3yObEB IMOJIOKUTEITh-
HOTO M OTPULIATENBHOIO KoJiec?

16. Kak o6pa3yeTcst nmpakTU4ecKas JMHUS 3arlerieHus?

17. Kak HaiiTu paboure y4acTKH KOHTaKTUPYIOIINX 3yObeB?

18. Kak obecneunBaeTcs KWHEMaTU4YeCKas IUIABHOCTh PabOTHI
ABOJILBEHTHOW mepenadn?

19. KakoBbl 3HaueHus kodhduiieHTa NepeKpoITUsi y MUINHApUYE-
CKOM MpsiMo3y0oii repenayun’?

20. Yro Takoe 0JHOMAPHOE U IBYXIIaPHOE 3alleTuIeHnE?

21. Yto Takoe peayKTop U MYJIbTUILTUKATOD?

22. Yto Takoe MHOTOCTYNEHYATHIM WM MHOTOPSTHBIA 3yOdaThIii
MEXaHU3M?

23. Kak onpenenuts nepeaaToyHOe OTHOIICHUE CIIOKHOTO 3y0daTo-
ro MexaHu3ma?

24. YeM xapakTepu3yeTcsl OJHOPSIIHBIN 3yOuaThlii MEXaHU3M C Tia-
Pa3UTHBIMU KoJiecamu?

25. Kak o0pa3yeTcst mpoCTeHIniil TiIaHeTapHbIN MEXaHU3M?

26. Uto Takoe cymmaTop u nuddepeHnman u riae OHU UCTOIb3YIOT-
cs?

27. KakoBbl Hanbosee ynoTpeOuTeIbHbIE CXEMbl TUIAHETAPHBIX pe-
JYKTOPOB U T'JI€ OHU UCIOJIB3YIOTCS?

28. MoxeT i ObITh TIepeJaTOYHOE OTHOIICHHE IIJIAHETapHOTO pe-
JTyKTOpa OOJIbIe ThiCSUn?
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Yacrsp |11, /IlunaMuka MmamuH

N3 TGOpeTHHGCKOﬁ MCXaHHMKH HU3BCCTHO, YTO AMHAMHUKa 3aHHUMACTCs
HN3YyUCHUCM I[BI/I)KGHI/II‘/II TOYKH, TCJIa NJIN CUCTCMBI TCJI 110/ I[Cf/iCTBHCM Impu-
JJOXXCHHBIX K HUM CHII. PaCCMOTpI/IM 9TO NMPUMCHHUTCIBbHO K MallTKMHAM.

I'1aBa 6. O01Me MOJIOKEHU S TUHAMUKHN MAIIUH
§6.1. 3ajaun TMHAMMKN MAIIUH

[Tocne Toro, Kak KOHCTPYKTOP CIPOSKTUPOBAII MAIIUHY U3 MEXaHU3-
MOB, OH JOJDKEH yMETh ONpPENeIUTh: OyAeT JM COOTBETCTBOBATH paboTa
MAaITuHbI 33IaHHBIM TpeOOoBaHMSIM. TO €CTh, MMPEXKAEC YeM OTIaBaTh CIIPO-
EKTUPOBAHHYIO UM CXEMY MAaIllMHBI Ha KOHCTPYHUPOBAHHE, N3TOTOBIICHUE H
UCITBITAaHNE, OH JIOJDKEH PaCUYCTHBIM ITyTEM OTBETUTH Ha BOIPOC: Kak OyaeT
paboTaTh MalIMHA B PEaIbHBIX YCIOBHUSIX IO ICHCTBHEM BHEIIHUX HArpy-
30Kk. 1 ecnm pacder mokakeT, 4To MalIMHa OyaeT paboTaTh HEYAOBIETBO-
pUTEIBHO, TO €CTh, €€ paboTa He OyJIeT OTBEYaTh 3a/IaHHBIM TPEOOBAHUSM,
HEOOXOJMMO YMETh BBECTU KOPPEKIUIO B KOHCTPYKIIUIO MAIIUHBI JJIS J10-
CTHDKCHHS JKeJlaeMoro pesyibTaTa. Pemenne 3Toit 3a1a4i OTHOCUTCS K, Tak
HA3bIBAEMOM, JUHAMUKE MAIIIUH C KECTKUMU 3BEHBIMH.

[Tpu n3ydeHnn MEXaHU3MOB MBI TIPEJIITOJIArail, YTO UX 3BEHbs a0CO-
MoTHO KecTku. OnHaKo, B JIEWCTBUTEIILHOCTH, 3TO HE Tak. Bce Tena B
npupojie 00J1aal0T KOHEYHOH KECTKOCThIO, TO €CTh, BCE OHM YIPYTH. YTI-
PYTOCTh 3BEHBCB MAITMHBI MOXKET BJIMATH Ha €€ pabOTy MOJOKUTEIHHO WU
OTpHUIIATEIHHO, B YACTHOCTH, MOKET BbI3BaTh YMEHBIIICHHE Harpy3o0k B Ku-
HEMAaTUYECKHUX MEMAX, WIM WX YBEIUYCHHE, BIUIOTh JI0 HEXKEIATCIbHBIX
MepPerpy30K, MOTYIIIUX MPUBECTH K aBapUUHBIM cuTyarusaM. CraemnoBareib-
HO, HAJl0 YMETh YYUTHIBATh YIIPYTOCTh 3B€HHEB MAIIWH IS UX 3aIIUTHI OT
NEPErpy30K.

JIro6as mammHa paboTaeT Ha yIPyroM OCHOBAHWH, HAIIPUMED, aBTO-
MOOWIIb — Ha II1aCCH, TEXHOJOTUYECKasi MalnHa — Ha pyHaamenTe. Heus-
OexHbIe KoJeOaHus MalllMHbI (BUOpAIMK) HA 9TUX YIIPYTUX OCHOBAHUSIX BO
BpeMs ee paboThl MOTYT OTPHUIIATEIBHO BIMATH Ha paboOuMil mpoIrecc U Ha
OKpyXeHue MaruHbl. [103TOMy, Hal0 YMETh YUUTHIBATh OTU KOJICOAHUS U
MPUHUMATh MEPBI I UX YMEHBIIEHUS U 3alTUThl OT HUX CaMOW MaIlIWHBI
U €€ OKPYKCHUSI.

Chopmynmupyem 3a1aun TMHAMHUKA MaIIIHH.

1. lnHaMuKa MaIlIvH C )KECTKUMH 3BEHbSIMH:

a) OMNpeACIICHHE XapakTepa JBW)KCHHS MAIUHBI T107 JICHCTBHEM
BHCIITHUX CHIT;

0) eciu ATOT XapakTep HEYIOBJICTBOPUTEJICH, BBEJACHNE KOPPEKIIUU
B KOHCTPYKITMIO MAIIIMHBI IS JJOCTHXKEHUS KEJTAEMOTO pe3yJibTaTa.
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2. Yder BAUSHUS YIPYTOCTH 3BEHHEB HAa KOHCTPYKIIUIO MAIIWHBI U
ee paboTy (3aluTa OT eperpy3oK).
3.YMmenbllieHne KojebaHuii MaluHbl Ha pyHIaMeHTe (BHOpo3amuTa

¥ BUOPOU30JIAIINSA).
§6.2. /luHaMHYeCKHe TapaMeTPbl MALIMH

PaznuyaroT MHEPIIMOHHBIE U CHJIOBBIE NTApaMETPhl MALIHH.

HuepunonHble mapameTpbl. K HUM OTHOCSTCST MacChl U MOMEHTHI
MHEPLIUY 3BEHbEB MAILUH.

Macca — 370 Mepa UHEPTHOCTH TeJa, COBEPIIAIOIIErO NOCTyNaTeb-
Hoe JBrkeHne. Macca 0603HauaeTcst OyKBOM M U UMEET pa3MEPHOCTB K.

MoOMEHT MHEpUMU — 3TO ME€pa MHEPTHOCTH Teja, COBEPIIAOIIETO
BpauiaTesibHOE JABM)KeHHME. MOMEHT uHepuuu oOo3Hauvaercs OykBoul | u
MMEET Pa3MEPHOCTH KTM2,

CunoBele nmapaMeTpbl. K HUM OTHOCSITCSI CUJIBI M CUJIOBBIE MOMEHTBI.

Cuna o0Oo3Hauaercs OykBoM F, sBieTCSI BEKTOPHOW BEJIMYMHON H
MMeEET pasMepHOCThb H.

CunoBoil MOMEHT (WJIM MOMEHT CHJIbl) 00o3HavaeTcsi OykBod M u
MMEET JBa HAIIPABJICHMS: TI0 YACOBOM CTPEJIKE U IIPOTUB YACOBOW CTPEIIKHU.

Pa3znuyaroT BHEIIHUE U BHYTPEHHUE CHIIOBBIE MapameTpsl. (B nanb-
HEHIIeM JIJIs ypoleHus: 0y/1eM FOBOPUTH TOJIBKO O CUJIaX, YUUTHIBAs, YTO
TO 7K€ CaMO€ OTHOCUTCS U K CHJIOBBIM MOMEHTAM).

BHemnue cuibl, AeMCTBYIONINE HA MalIUHY, AEISATCS Ha CUJIBI JBU-
rartessi, CUJIbl MOJIE3HOT'O COTMPOTUBIICHUS M CUJIBI TshKeCcTH. PaccMoTpuM nx
noipoOHee ¢ TOUKHU 3PEHUSI TPOU3BOAUMON UMHU PaOOTHI.

JIBuratensb SBISETCS HICTOYHUKOM MEXaHWYECKOM SHEPTrUU MallliHBI,
MO3TOMY, CHJIA ABUTATEIIS MPOU3BOJUT MOJOKUTEIbHYIO PaboTy:

Ay >0
Opnnako ObiBarOT uckItoueHus. Ha puc. 6.1a nokazano nonoxenue AB1Cq
KPUBOILUITHO-TIOJI3YHHOTO MEXaHW3Ma JBHUraTelsi BHYTPEHHETO CrOpaHus
BO BpeMs pabouero xona. Pacmupsitomascsa paboyasi cMech JaBUT Ha MOp-
IIeHb C CHJION aBuratens Fj, KoTopas ABUraeT MopuieHb BHU3 U uepe3 Iia-
TYH MOBOPAYMBAET KOJICHYATHIM Baj II0 4acoBOM crpeinike. HampasieHue
CHJIbI COBIAJAeT C HAIPABJIEHUEM CKOPOCTU MOPILUHA, TO €CTh, CUJa MPHU
paboueM Xxoje CrocoOCTBYeT ABWKEHHUIO, 3HAYUT, €€ padoTa MOJIOKH-
TenbHa. Bropoe nonoxenne AB,C, MexaHn3mMa COOTBETCTBYET XOIy CiKa-
Tus. Paboyasi cMech CONMPOTHUBISETCS CHKATUIO U MO MPEKHEMY JaBUT Ha
NOPILIEHb C CUJION JBUTATENs (BEMYMHA €€ MOXKET OBITh APYro, 4eM IMpH
paboueM xoze). Cusa HampaBjeHa BHU3, & CKOPOCTh MOpIHs — BBepx. Cu-
Ja TPEensTCTBYET IBUXKEHHUIO, 3HAUMT, €e paboTa OoTpuLaTEIbHA, KaK 3TO
nokaszaHo Ha puc. 6.1a. Koneuno, BenmuurHa oTpuLaTeaIbHON pabOThl CUI
JIBUTATENS] MEHBLIE, YEM MOJIOKUTEIBbHON U pe3yJbTUPYIOIast paboTa BU-
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raTcirl IMOJIOKHUTCIbHA, COOTHOIIICHUEC BCJINYMH MOJI0KUTEIbHOM U oTpuLa-
TEIBHOM pa60T BJIIMACT Ha K.II.J. ABUIATCIIA. 38.M€TI/IM, YTO OIMCAHHBIN
cnyqaﬁ OTHOCHUTCA TOJIBKO K IIOPIIHCBBIM ABHUTATCIIIM BHYTPCHHCTO CIr'oO-
PaHu:A. I[pyme ABUTI'aTCIIN BBIITOJIHAIOT TOJIBKO ITOJIOKUTCIIBHYTO pa60Ty.

Puc. 6.1

CuJibl OJIE3HOTO CONMPOTUBIICHUS! HA3BAHbI TaK, IOTOMY YTO UMEHHO
JUISL UX TIPEOJIOJICEHUS U co3AaHa MamnHa. [IpeooneBas 3TH cuiibl, MaliMHa
IPOU3BOJUT MOJIE3HYI0 MEXaHHWYecKyro pabdoTy. EcrecTBeHHO mpenmnosio-
XKHUTh, YTO ITH CUJIbI IPOU3BOJAT OTPULIATEIBHYIO paboTy:

A-<0

Opnako ¥ 3/1ech BO3MOXHBI McKiIoueHus. Ha puc. 6.16 mokazana cxema
UCIIOJTHUTENIbHOTO MEXaHU3Ma IMOJBEMHOr0 KpaHa, COCTOsIIero u3 Oapa-
0aHa ¢ TpocoM, K KOTOpOMY MojBeleH rpy3. Ha rpy3 nelictByer cuia ero
TSXKECTH, KOTOpast Ui MOJABEMHOIO KpaHa SIBJIIETCS CUIJION MOJIE3HOTO CO-
npotuBiieHus Fc, HanpasnenHoi BHU3. Korpa Gapaban Bpaliaercst poTHB
4acOBOW CTPEJIKH, MPOUCXOAUT MOAHUMAHUE TPYy3a, TO €CTh, €T0 CKOPOCTh
HarpaBieHa BBepx. Cuna Fc npenarcTByer NBHKEHHUIO W, 3HAYUT, MPOU3-
BOJUT OTpullaTeibHyl0 padory. Korma Gapaban BpamaeTcs Mo 4acoBOU
CTpeJIKe, TPOUCXOIUT OIYCKAHHUE IPy3a U €ro CKOPOCTh HAMpaBlIeHA BHU3.
Cuna TsDKeCTH Tpy3a COCOOCTBYET ABHMKEHHUIO, TO €CTh, MIPOU3BOJIUT TO-
JIOKUTENIbHYIO paloTy.
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Cunbl TSXKECTH 3BEHBbEB MAIIMH HampaBieHbl Bcerga BHU3. Korma
OHU CHOCOOCTBYIOT JBMXEHHIO 3BE€HA, TO IPOU3BOJAT IOJOKUTEIBHYIO
pabdoTy, KOrjaa NpensaTCTBYIOT — OTPULIATENBbHYIO, KaK 3TO [T0Ka3aHO Ha pUC.
6.1B s BpalalOLIErocsl 3B€HA CO CMEIIEHHBIM OTHOCUTENIBHO OCH Bpa-
IIEHUS LIEHTPOM Macc. B 001ieM, MOXHO HanucaTh:
Ag 20
BHemHue cuiibl IEHCTBYIOIIME HAa MAILIUHY BBI3BIBAIOT IOSIBJICHUE
BHYTPEHHUX CHJI — 3TO CHJIbI B3aUMOJICHCTBUS 3B€HbEB B KNHEMAaTUYECKUX
napax (CUJbl peakluu, WK IPOCTO — PEAKIMK) U CUIIBI TpeHUs B HUX. Pe-
akuuu R He OKa3pIBalOT BIMSHMS Ha JABM)KEHUE MAIIMHBI, TaK KAK B3aMMHO
YHUUYTOXAIOT JAPYT Ipyra: CUiIa, C KOTOPOH OAHO 3BEHO JIEWCTBYET HA APY-
roe, paBHa U MPOTHUBOIIOJIOKHA CUJIE, C KOTOPO BTOPOE 3BEHO JEHCTBYET
Ha NIepBO€. DTU CHJIbI HE MPOU3BOJAT PaboOTy:
Ay =0
Ho uMeHHO 3TH CHIIbI, B COYETAHUN C OTHOCUTENLHBIM JIBHKCHHEM 3BEHb-
B, BBI3BIBAIOT MOSIBJICHHUE CHJI TpeHHs T B KHHEeMaTudeckux mapax. Tpenue
BCEr/a MPEMnsATCTBYET IBMXKEHHIO, IOATOMY padoTa CHJI TPEHHUS BCErAa OT-
puLaTenbHa:

A <0
OOBIYHO B TUHAMUYECKUX pacueTax paboTa TpeHHUs OLIEHUBAETCS MPHU TO-
MOIIH K.I1.J. MamuHsl [2], [17].

§6.3. IluHaMn4ecKUe TUIIHI MAILIMH

B Hauame xypca Mbl KiIacCH(DHUIIMPOBAIM MAIIMHBI 110 MX Ha3Haye-
HUIO, 9TO OBIIM MAaIIMHBI dHEPreTUYECKUe, TPAHCTIOPTHHIC, TEXHOJOTHYE-
CKHE U KuOepHeTndyeckue. Ternepb pacCMOTPUM MAIIUHEI 110 IPYroMY TpH-
3HaKy, a IMEHHO, C TOUKH 3PCHHUS JUHAMUKHU MX PabOTHI, TO €CTh, C TOUKU
3peHus ux aercTBud. C 3TOM TOYKH 3pEHUS Pa3INYaloT:

- MaIllIMHbI HEMPEPHIBHOTO ACHUCTBUA,
- MAlIUHBI IEPUOANYECKOTO JCUCTBHS,

- MAIllIMHbI HEEPUOJUYECKOTO JIEUCTBUSI.

bynem paznuuarh 3TM MalIMHBI 110 YETBIPEM MapaMeTpam: Mo JJIu-
TEJILHOCTU PabOThI, IO OCOOCHHOCTSIM KOHCTPYKLMH, MO JUHAMHYECKUM
rapamMeTpam U Mo TUIY ABUTATEIS.

MaiivHbl HEeNpPephIBHOTO JAEHCTBUSL pabOTAIOT B TEUCHHUE JJIUTEIb-
HOTO BPEMEHH, COJIEPKAT 3BEHBSI TOJIHKO POTOPHOTO THIA (3yOuaThie KO-
jeca, MIKUBbI, MaXOBUKH, OapabaHbl U TIp.), UMSIOT HEU3MEHHBIE JUHAMM-
YECKHUE MapaMeTphbl U JBUTATENIb BpallaTeIbHOrO ABMAKEHUA. K Takum ma-
IIIMHAM OTHOCSITCS TYpOOTE€HEpaTOphl, TOKAPHBIC U CBEPJIUIBHBIC CTAHKH,
AJIEKTPOBEHTHIIATOPHI, TypOOPEAKTUBHBIE U TypOOBHHTOBBIE CAaMOJICTHI U

mp.




150

MaiuyHbl NepUoANYECKOTO AHCTBHUS pabOTaIOT B TE€UCHHUE ITTUTEIb-
HOTO BPEMEHHM, COJEPKAT CTEPKHEBBIE U KYJIAYKOBBIE MEXAHU3MBI, UMEIOT
NEPUOANYECKU (LMKINYECKH) U3MEHSEMbIE JTMHAMUYECKUE MapaMeTpbl U
JIBUTATENIM BPAIATEIBHOIO JIBWKEHHUS. YK€ OJHO IPUCYTCTBHE CTEPIKHE-
BBIX U KYJIAUKOBBIX MEXaHU3MOB B 3THX MAaIlIMHAX CBUJETEIbCTBYET O LIMK-
JMYECKU U3MEHSEMBIX NHUHAMHYECKUX IAapaMeTpax, BCIEACTBUE IEPEMEH-
HOCTH NEPEJAaTOYHBIX OTHOLICHUM B MexaHu3Max. K TakuM MammnHaMm OT-
HOCSITCSl TU3€JIb-TEHEPATOPBI, aBTOMOOMIIN, KPUBOILLIUITHBIE MTPECCHI, TKall-
KHE CTAaHKH, [IBENHBIE MALIMHBI U TIP.

MaiyHbl HENEPUOAUYECKOTO JIEUCTBUAS MMEKOT KPAaTKOBPEMEHHBIN
epuoJl paboThl B PEKUME «ITyCK-OCTaHOBY», COJIEPKAT CTEPKHEBBIE U KY-
JJAYKOBBIE MEXAHU3MBI, UMEIOT U3MEHIEMbIE TUHAMUYECKHUE MapamMeTpsl U
JBUIaTENIA TOCTYIATEIIbHOTO JBHWKECHMS. JIBATATenM IMOCTyNaTeIbHOIO
JBHWKEHUS — 3TO THIPO- U NMHEBMOUMIMHAPHL. K TakuM MammHaM OTHO-
CATCA TUIAPABIMYECKUE IIPECCHI, TMAPABIMYECKUE HKCKaBaTOPbl, MeXa-
HU3MbI yOHPAIOIIErocs MIacCu camMojeTa, MEXaHU3MbI ONPOKU/IbIBAHUS KY-
30Ba caMocBaia (WM OyHKepa XJIONKOyOOPOYHOW MAIlIMHBI), MEXaHU3MbI
OTKpbIBaHUs JBepei B aBroOyce u mp. [locnennue Tpu mpumepa — 3TO
BCIIOMOTaTEJIbHbIE MEXaHU3Mbl MAIlIMH, HO C TOYKHU 3PEHUS IUHAMUKU —
3TO MAaIIMHBI, TaK KaK UMEIOT COOCTBEHHBIN JBUTATEIb U MOTYT paboTaTh
aBTOHOMHO.

§6.4. MexaHn4yeckne XapaKTepUCTUKU MALUINH

MexaHnnueckasi XapaKTepUCTHKAa — 3TO 3aBUCUMOCTb CHJIBI OT Tiepe-
MEILEHUS I CKOPOCTH TOYKHW MPUIIOKEHUS 3Tor cuiibl. Kaxas maivHa
MMEET JB€ MEXaHMYECKHE XapAKTEPUCTUKU — JBUTATENs W HCIOJIHH-
TeIbHOTO MexaHu3Ma. OOBIUHO MEXaHUYECKUE XapaKTEPUCTUKU 3a1ar0TCS
B BHJI€ TPA(PUKOB CHJI WJIK MOMEHTOB B (DYHKIIMH TEPEMEIIECHUS WU CKO-
poctu. [Tokaxkem 3TO Ha Tpex npumepax.

Ha puc. 6.2 npuBeleHbl CX€Mbl U MEXAHUYECKHE XAPAKTEPUCTUKHU
nusenb-reHeparopa (puc. 6.2a), BelpyOHOTO mpecca (puc. 6.20) U Mexa-
HHU3Ma OMPOKHUJIBIBAaHUS Ky30Ba camocBaa (puc. 6.2B).

VY nuzennp-reHepatopa (puc. 6.2a) MexaHUUYecKas XapaKTEepUCTHKA
nBuratens (qu3ens) naHa B Buae rpaduka cuiel asuratens Fj (cumel naB-
JeHust paboyeit cmecu) B GyHKIMM niepeMentenus nopiss S. ['paduk nme-
€T JBe 00JIACTH — MOJOXKUTEIBHYIO U OTPUIATEIbHYIO, TaK KaK CUJia JBU-
raTess B JAHHOM CJIy4yae BBIMOJHSAET U TMOJOXKUTEIbHYIO, U OTPUIIATEIIb-
HYI0 paboTy, Kak 00 3ToM ObLIO CKa3aHO BhIIe. CieayeT OTMETUTD, YTO B
TEXHUYECKOU JIuTepaType 00€ BETBU ATOM MEXaHMUECKON XapaKTEPUCTHUKH,
HAa3bIBAEMOM MHJIMKATOPHOW JTHArpaMMOW, PaCloJIararoTcsl B MOJI0KUTEIb-
HOM 00J1acTH, HO MPU JUHAMHUYECKOM pacueTe MaIIUH C MOJO0OHBIMU JIBU-
ratelisiMi HaJ0 YYUTHIBaTh PA3HOCTh 3HAKOB BBIMOJHIEMBIX UMH PalOT.
MexaHn4ecKkon XapaKTEPUCTUKOW HCIIOJHUTEILHOIO MEXAHU3Ma — TEHe-
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patopa, SIBIsSIeTCS 3aBUCMMOCTbh CHJIOBOTO MOMEHTa Ha Bally T€HepaTopa
(MOMEHT TMOJIE3HOTO COMPOTHUBJICHUS Mc) OT €ro yrioBOll CKOPOCTH .
['paduk pacmonoxkeH B OTPUIIATETLHONU 00IaCTH.

MexaHU4ecKOor XapakTEePUCTHKON JBHUTATENIs BBIPYOHOTO TIpecca
(puc. 6.20) siBnsieTcs TpaduK 3aBUCUMOCTH KPYTSILIEr0o MOMEHTa M Ha Ba-
Jqy ABHUTraTeist OT €ro YIJIOBOM CKOPOCTH ®, a MEXaHH4YecKas XapaKTepH-
CTUKa HWCIHOJHUTEIHLHOTO CTEP>KHEBOIO MEXaHW3Ma Ipecca JaHa B BUJIE
JarpaMMbl CHJIBI CONPOTHBJIEHUS (BBIpYyOKH) Fc, mpuiokeHHON K IyaH-
COHY B )YHKIIMH €T0 MepeMeIieHus S.

Fﬁ 1

Fﬂ —
o
o0

Puc. 6.2

Y mexaHu3Ma ONpOKHUIBIBaHMS Ky30Ba CaMOCBajla JIBUTATENIEM SB-
JSASI-€TCA TUAPOLMIIMHAP UM €r0 MEXaHWYECKasl XapaKTEePUCTHUKA 3aJaHa B
BUJIe Tpaduika cuibl aBuratens Fjy (CHIbI TaBiIeHHS KUJIKOCTH) B 3aBUCHU-
MOCTH OT CKOPOCTH IITOKA V. MEeXaHM4YECKON XapaKTEPUCTUKON UCITOIHHU-
TEJIBHOTO MEXaHHW3Ma, TO €CTh, Ky30Ba Ha MOBOPOTHOM OIOpE, SIBIAECTCS
MOMEHT CONPOTHUBIIEHUS M IBUKEHHIO Ky30Ba B €r0 3aBUCUMOCTH OT yT-
Jla TOBOPOTa Ky30Ba (0. MOMEHT CONPOTUBIICHUS SIBJISICTCS BEJIUYUHOW Iie-
PEMEHHOM, OH OMNPENEIIAETCS CUIION TSHKECTH Ky30Ba M Tpy3a B HEM, pac-
MOJIOKEHUEM LIEHTPA MAacC Ky30Ba M I'py3a, K3MEHEHUEM JTHUX BEJIWYUH B
npoiiecce pasrpysku. [Ipu omyckanuu Ky3oBa 3TOT TpaduK pacroaraercs
B TIOJIOKUTEIHHONW 00JIaCTH, TaK KaK CHJIA TSHKECTH Ky30Ba B OTOM ClIydae
COBEpIIIAET TMOJOXKUTENIbHYIO padoTy. [l mpemoTBpalieHus najaeHus Ky-
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30Ba B THAPOIWIMH/P TOAETCS MPOTUBOJIABIIEHNE, KOTOPOE CO3/1aeT TOP-
MO3SIIHHN 3P DEKT.

3aMeTHM, YTO €CJIM MEXaHWYECKasl XapaKTEepUCTHUKA MPECTaBICHA B
BUJIE CHJIBI (MM MOMEHTA), 3aBUCSIICH OT CKOPOCTH, TO UMEETCS B BUIY,
4TO OT MEpPEMEIICHUS 3BeHA MPHIIOKEHUS (Bajla JBUTATENs WM pabodyero
OpraHa MallliHbI) OHa He 3aBUCHT. 11 Hao0OpOT, eciam MexaHWdyeckas Xa-
paKkTepHCTHUKA 3a/laHa B BHJIC CHJIbI, 3aBHCSIICH OT TEpPEeMEIIECHUs, TO OHa
OCTaeTCs MOCTOSTHHOW MPU U3MEHEHUH CKOPOCTH.

Bo3MOXHBI Citydan, KOTJla CHja WJIM MOMEHT (IBUTATENsI WA T10-
JIC3HOTO COMPOTHUBIICHUS) 3aBUCAT U OT CKOPOCTH M OT TIEPEMEIICHUS 3BeHA
npuiiokeHusi. OHAKO AT Clydad HE MPEJCTAaBISAIOT OOIIEro MHTepeca ¢
TOYKHU 3PEHUS TEOPUH MEXaHW3MOB M MAIlIMH M TI03TOMY 37eCh HE pac-
CMaTPHUBAOTCS.

B nonansromnieM 60JbIIMHCTBE CIy4YaeB, Y MAIlIUH MEPUOIUIECKOTO
U HENEPUOJUYECKOTO JCHCTBUS OJHA M3 MEXaHUUYECKHX XapaKTEPUCTHUK
€CTh 3aBUCUMOCTb CHJIBI OT CKOPOCTH, a JIpyras — 3aBUCUMOCTh CHJIbI OT
nepeMeIeHHUS.

§6.5. Peskumbl 1BUKEHUSI MAILIMH

PaccmarpuBasi [uHaMuKy paOOThl MalIWHBI, OOBIYHO OTPaHUYMBA-
FOTCS MEXAHUYECKOM CUCTEMOM, MPUBOAUMON B JIBUKECHHUE OJHUM JBUTA-
TeJieM. 3BEHbS TON CUCTEMbl KHHEMATUYECKU CBSI3aHBI IPYT C APYroM, MO-
ATOMY, TOBOPS O PEXUME padOThl MAIIMHBI, OyIEM UMETh B BUJIbI XapaKTep
JIBH>KEHUSI OJTHOTO U3 €€ 3BeHbeB. {711 MallluH HENpPEephIBHOTO U MEPUOIU-
YECKOro JEUCTBUS ATO OOBIUHO IIaBHBIN Basl, HA KOTOPOM ECTKO Mocaxe-
HbI BXOJIHBIE€ 3BEHbS UCIOJHUTEIBHBIX U BCIOMOTaTeIbHBIX MEXaHU3MOB, a
JUJISL MaIlIMH HETIEPUOIUYECKOTO JCHCTBHS — pabOYMii OpraH.

Kak npaBuio, pexxumbl ABUKECHHSI MAIIMH MPEACTABIAIOTCA B BUIE
JMarpaMM U3MEHEHHsS] CKOPOCTH TJIAaBHOTO Bajia UM pabouero opraHa. Ta-
KHe TpaduKy Ha3bIBAIOTCS TaxorpamMmMaMu. M3MeHeHne cKopocTH JaeTcs B
GbyHKIMA BpEMEHHU, peke — B (DYHKIIMH MEepEMEIICHUs TJIaBHOTO BaJia WM
pabouero oprana. Ha puc. 6.3 moka3zaHbl TaxorpaMMBbl BCEX TPeX AUHAMU-
YECKUX TUIOB MAaIlIUH.

Taxorpamma MamuHbl HEMPEPBIBHOTO AeicTBUs (puc. 16.3a) BKito-
4yaeT TpPU peXKHUMaA: MycK (pasroH) t,, ycraHoBHBIIEeCs IBMXKEHHE ty, U
ocTaHoB (BbIOEr, TopMOkeHHE) t,. B mponecce ycTaHOBUBILIETOCS JABUXKE-
HUSI CKOPOCTh TJIABHOT'O Baja OCTAETCS MOCTOSIHHOM, TaK Kak JUHaMHU4e-
CKHME TapaMeTpbl MalllMHbI HENPEPHIBHOTO JCHCTBUS HEU3MEHHBI. Jlu-
TEJIbHOCTh YCTAHOBUBILETOCS JIBUKEHUS OMPEIETACTCS MPOI0TIKUTEIBHO-
CTBIO pa0OTHI MAIIIUHBI U MOKET OBITh OYE€Hb OOJIBIIION, YTO TTOKA3aHO pa3-
PBIBOM TaXOTPaMMBL.

TaxorpamMma MaIMHBI MTEPUOAUYECKOTO JercTBUsA (puc. 6.30) co-
JEPKUT TE K€ PEKUMBI ABUKEHHS: MYCK, YCTAHOBUBILEECS ABUKECHHE U
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OCTaHOB. [J1aBHBIM OTJIMYMEM TaxOTPaMMbl MAaIllMHbl TEPUOJIUUYECKOTO
NENUCTBUS OT MpPEIbIAYIIEH SBIsSETCA TO, YTO B PEXKHME YCTaHOBUBILIETOCS
JIBUKEHUS YTIIOBasi CKOPOCTh IJIABHOTO Bajla HE OCTAeTCsl MOCTOSIHHOM, OHa
NEPUOJIMYECKA MEHSETCS BHYTPH KaXKIOro Iukia (BpeMs mHukia — t, Ha
puc. 6.30), 4TO SABISETCS CIEICTBHEM IMEPEMEHHOCTH JTMHAMHYECKHUX Ia-
paMeTpoB 3TON MaIIUHBI.
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Puc. 6.3

[Ipu mycke paccMaTpuBaeMbIX MAIllMH CKOPOCTh TJIABHOTO Bajia yBe-
JUYUBACTCS OT HYJIS 10 PACYETHOM BEJIMUUHBI, PUUYEM BpeMs MyCKa, a Co-
OTBETCTBEHHO, U TJIABHOCTh MTyCKa, MOTYT OBITh Pa3JIMUHbI B 3aBUCUMOCTHU
OT THUIIOB JIBUTATEJEN U UCIIOIb3YEMBIX ITyCKOBBIX YCTPOUCTB.

Bpems octanoBa (1 €ro 1miaBHOCTh) TOKE MOXET ObITh Pa3IUYHBIM B
3aBUCUMOCTH OT MPUMEHSIEMOTO criocoba octaHoBa. Ecii ocTaHOB mpou3-
BOJUTCS MPOCTO OTKIIOUEHUEM JBUraTelisl MAllUHbI, TO BPEMsS OCTAaHOBA
MOXET OBITh JOBOJIBHO BEIIMKO, KaK TO MOKa3aHo Ha puc. 6.3a. Mcmoas3o-
BaHME TOPMO30B yMEHbIIaeT BpeMsi octaHoBa (puc. 6.3B). Eciu B KoH-
CTPYKIIMHM MAaIIUHBI MPEITyCMOTPEHO YCTPONUCTBO (PUKCHPOBAHHOTO OCTa-
HOBa, TO €CTh, OCTAHOBA I'JIABHOT'O BaJjia B OMPEACICHHOM IOJIOKEHHUH, TO
BpeMsI OCTAHOBKH MOKET OBITh JOBOJIBHO MaJIbIM (J10JIM CEeKYH/IbI). OHAKO
B OTOM CJydyae JUHAMHYECKHE HArpy3KUd B OCTAHABIMBAEMOU CUCTEME pe3-
KO BO3pACTalOT, TaK KakK BCS €€ KWHETHYECKas HHEPrHs pacCeuBaeTcs B
npoliecce KpaTKOBPEMEHHOI'O K0J1€0aTeIbHOTO JIBHXKEHUSI BOKPYT (DUKCH-
POBAaHHOTO TOJIOXKEHUS (puc. 6.31).
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TaxorpaMma MamMHbI HENEPUOJUYECKOTO JCHCTBUSI BKIIIOYAET
TOJIBKO J[BA PEKMMa: PEKUM paboudero xona (Bpems pabouero xoaa — tpx Ha
puC.6.31) U pEeKUM XOJOCTOTrO Xoa — tyx. ITU pPEeKUMBI HE3aBUCUMBI JAPYT
OT Apyra, 6oJjiee TOro, OHU MOTYT OBITh pa3/ieNIeHbI JIOObIM MPOMEKYTKOM
BpeMeHU. B mpenenax paboyero miam XoJ0CTOTO X0Jla CKOPOCTh pabouero
OpraHa MalllMHbI MOXET MEHSTHCA 0 ONPEACIICHHOMY 3aKOHY, 3aBUCSILIE-
My OT MEXaHMYECKUX XapAaKTEPUCTUK MPUBOIHOIO TUAPO- WU ITHEBMOILIU-
JUHAPA U UCIOJHUTEIBHOIO MEXaHU3MA, U, €CIIM HE MPEAYCMOTPEHBI CIIE-
[[AAJIbHbIE TOPMO3HBIE YCTPONCTBA, B KOHIIE X0Jia MPOUCXOAUT MpaKTH4e-
CKM MTHOBEHHasi OCTaHOBKa. TakuM oOpa3oM pabOTarOT MPOMBIILJICHHBIC
pPOOOTHI, IACCH CAMOJIETOB, MEXaHU3MBbI pa3rPy3KH MAIlIUH U JIp.

Paccmotpum Tenepb TpedyeMble COOTHOIICHHS padOT BHEIIHUX CHII,
HEOOXOMMBIX JIJIsl TIOJJIEPKAHUS TOTO WM MHOTO pekuMa (yHKIITMOHUPO-
aHusg MalvHbL. [Ipy 3TOM OorpaHUYUMCs PEKUMOM yCTAaHOBUBILETOCS JABU-
YKEHUS MAIIUH MEPUOIUYECKOTr0 ACHCTBUS U PEKUMaMHU paboyero u XoJio-
CTOTO XOJ/la MAalINH HEMEPUOANYECKOrO JIECUCTBUA, TAK KaK B JaJIbHEHIIIEM
OyZeT paccMaTpuBaThCs TUHAMHUKA PaOOThl MAIIMH UMEHHO B 3THX PEXH-
Max.

XapakTepHOil 0COOEHHOCTBIO PEKMMa YCTAaHOBUBILIETOCS JBUKCHUS,
COTJIaCHO TaxorpamMMme Ha puc. 6.30, sSBisieTCs eproudYecKoe Koiebanue
BEJIMYMHBI YIJIIOBOM CKOPOCTU TJIABHOTO Baja MAaIlMHBI BOKPYT KaKOTO-TO
CPEIIHEr0 3HAYEHHUS, KOTOPOE OCTAETCS MOCTOSHHBIM 32 BPEMSI YCTaHOBUB-
nierocst ABMxeHus. To ecTh, yrioBas CKOPOCTh U3MEHSIETCS TOJIBKO BHYTPH
OJIHOTO LIMKJA, a OT IIUKJIA K IUKITy OCTaeTcsl Hen3MeHHOW. OUeBUIHO, YTO
ATO BO3MOKHO TOJIBKO B TOM Clly4ae, Korja cymmapHas padoTa BHEUIHUX
CWJI, CIOCOOCTBYIOUIMX JABMKEHHUIO, paBHA CyMMapHOW paboTe BHEUIHUX
CUJI, IPEMSATCTBYIOIIMNX JIBUKEHUIO, 32 OJMH ITUKIL.

YuuThiBasi, 4TO MUKJIOBas paboTa CUJT TSXKECTH 3BEHbEB PaBHA HYIIIO
(cM. BBIIIE), MOYKHO CHENATh CIEIYIOIIEE 3aKIIOYCHHE: TJIABHBIM yYCIIOBUEM
peXKUMa yCTAaHOBUBILETOCS JABUKEHUS SBJISIETCS PABEHCTBO IIMKIIOBOW pa-
OOTBI CUJI IBUTATEIS IUKIOBOM paboTe CHIT MOJIE3HOTO COMPOTUBIICHUSI:

Aﬂ = A (6.1)

TaxorpamMma MaIIMHBI HETIEPHOIUYECKOTO JercTBUs (puc. 6.31) 1o-
Ka3bIBAET, YTO CKOPOCTh pabouero o/1a B pexumMe pabouero uin XoJI0CToro
X0Jla U3MEHSETCA OT HYJI B Hayase UK J0 KaKOW-TO KOHEYHOU BEJIMYHU-
Hbl B KOHIE UMKIAa. OUEeBUAHO, YTO JJII BO3MOXKHOCTH TaKOTO JIBHXKEHUS
HE00X0AMMO, YTOOBI cyMMapHasi paboTa BHEUIHUX CHJI, CIOCOOCTBYIOIIUX
JBIKEHUIO, Obutla OOJbllle CyMMapHON paOOThl BHEIIHUX CHJI, MPEMsT-
CTBYIOIIMX JIBJKEHHIO. B 3TOM cilydae cieyer yuuThIBaTh U paboTy CHUI
TSKECTU 3BEHBEB, TAK KaK. B OTJIMYME OT MAaIUH MEPUOJIUYECKOrO JeH-
CTBUs, paboTa 3TUX CHJI 3a LIMKJI paboyero Wiu XOJOCTOTO XOja He paBHA
HYJIIO, YTO OOBSICHIETCSI KOHCTPYKTUBHBIMU OCOOCHHOCTSIMHM MAIIMH Herle-
PUOJIMYECKOTO AEHUCTBUS:
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A(ﬂ+G) > A(C+G) (6.2)

rae: Agre) — CyMMapHas paboTa CHJI ABHUraTesst U CHII TSDKECTH, CIIOCO0-
CTBYIOIIMX JIBUKCHHUIO;

A(c+G) — CyMMapHas paboTa CHJI MOJIE3HOTO CONPOTUBIICHUS U CHII TSi-
KECTH, NPEMSTCTBYIOIUX JBUKEHUIO.

§6.6. KosgppuuueHT mo1e3HOro 1eiicTBUSI MAIIMHBI

Boznukaromue npu paboTe MalIuHbl BHYTPEHHHE CHJIBI BPEIHOTO
COMPOTHUBJICHUS BBI3BIBAIOT HEOOPATUMBbIE MOTEPHU IHEPTUU UITU MOITHOCTH
JBUTATElIsl MAIlMHbBI, KOTOPHIE YYUTBHIBAIOTCA B JIMHAMUYECKUX pacyeTax
pY MOMOIIN KO3 (UILIMEHTA MOJIE3HOTO ICUCTBUS MAIITHBI.

KoadduimeHT nose3Horo AeMcTBusi — 3T0 KOJIMYECTBEHHBIN MOKa3a-
T€JIb, KOTOPBI JAET BO3MOKHOCTh OIIEHUTh OTHOCUTEIBHBIE MOTEPU MO~
HOCTH WJIA DHEPTUM JBUTATENsl Ha TpeHue B maruHe. OCHOBHOE MECTO
3/1eCh 3aHUMAIOT MOTEPU HA TPEHHUE y KMHEMATHUYECKUX Iapax, OJHAaKO,
BO3MOXXHBI MOTEPU U HA NIEPEMENIMBaHUE U Pa3OpbI3TMBaHUE Maciia, €Cliu
MEXaHU3M pab0TaeT B MACJISTHOM BaHHE, MOTEPU HA COMPOTUBJICHUE BO3/Y-
Xa B CKOPOCTHBIX Me€XaHu3Max U mp. To ecTb, mpu padboTe MalIUHBI JIBUTa-
T€JIb HE TOJIbKO MPEOOJIEBAET IMOJE3HbIE CONMPOTUBIEHUS, HO YaCTh €ro
MOITHOCTH TPATUTCS HA MPEOJOJICHUE BPEAHBIX COMPOTUBICHUN U TEPSAECT-
csi 0e3BO3BpaTHO, MEPEXO/isi B TEIUIO, KOTOPOE HArpeBaeT TpYyIIHecs Mo-
BEPXHOCTH 3BE€HbEB, CMAa304YHOE MACIIO U TIp.

Takum o6pazom, KOAPGUIMEHT MOJIE3HOTO JAEHCTBUS MAIIWHBI T103-
BOJISIET OIICHUTH 3HaYeHUE TpeOyeMol paboThl MO OTHOIICHHWIO K 3aTpa-
YEHHOW, WM 3HAYCHHE TO0JIE3HOM MOIIHOCTH 110 CPABHEHUIO C MOLTHOCTHIO
nsuratens. CrenoBaTeibHO, KOAGOUIIMEHT T0JIE3HOTO JEHCTBUS — 3TO OT-
HOIIEHUE PabOThl (MOITHOCTH) CHJI MOJIE3HOTO COMPOTHUBJIEHUS K padoTe
(MomHOCTH) nBurarens. MIHOrga roBopsT: «OTHOIIEHHWE BBIXOAHOW MOTII-
HOCTH K BXOJTHON» WJIM «OTHOIIIEHUE TpeOyeMoil pabOThI K 3aTPAauCHHOM»:

A P
n= c_"C (6.3)
Aﬂ Pﬂ

W3 BBIIEU3IOKEHHOTO, a Takxke, u3 Gopmynsl (6.3) ciaeayer, 4yTo
3/1eCh pacCMaTpUBAETCAd MEXaHUYECKHM KOA(P(UIMEHT TMOJIE3HOro IeH-
CTBHUSI, 3HAUEHUE KOTOPOrO 3aBUCHUT TOJBKO OT MEXaHUYECKUX MOTEpPh Ha
TpeHUE. DIEKTPUUECKUE TOTEPH B ANEKTPOABUTATENSAX, TEIJIOBbIE — B TEM-
JIOBBIX JIBUTATENSIX CloJla He OTHOCATCS. OqHaKo, i1 KpaTKOCTU H3JI0Ke-
HUS CJIOBO «MEXaHUUYECKUI» OyIeM OMmyCKaTh.

3Hadyenne Kod(puimeHTa MOJAE3HOTO AEHCTBUA (K.ILJ.) MOXKET
HaXOJUTHCS MEXKY HYJIEM U €IMHULICH:

0<n<lI
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O4eBHUIHO, YTO HE CYIIECTBYET MAILIUHBI C K.I.JI. PABHBIM €JUHUIIE,
HO K.II.J. MOKET PaBHATHCS HYJIIO, HAIIPUMED, MpU pabOTe MAIIUHBI BXOJIO-
CTYI0, KOTJ]Ja OHAa HE MMPOU3BOAUT HUKAKOTO MOJIE3HOTO JACHCTBUSI.

Kak yxe ObUIO CKa3aHO, JBUTaTelb MallMHbl TPATUT CBOIO MOIII-
HOCTh Ha MPEOO0JIECHUE MOJIE3HOTO COMPOTUBJICHUS C OJJHOM CTOPOHBI, a C
JIPYroil — Ha TPEHUE, TO €CTh:

Py=P.+P, (6.4)

riae Pt — MOUIHOCTB CHIT TpEHUS.
Pemas ypaBHenue (6.4) oTHocuTenbHO Pc U moacTaBisis pe3ynbTar B

bopmymy (6.3), momydnMm:

P,—-P
n=-A "1 Tyt (6.5)
Py Py

OTHo1ieHre MOIIHOCTH (pabOThI) CHII TPEHHUS K MOLTHOCTH (paboTe)
JIBUTATEJISI Ha3bIBAETCSl KOA(D(DUIIMEHTOM MOTEPh:
P
=" (6.6)
Pﬂ

Ntak, ko3pduimeHT norepp — 3TO KOJIMYCCTBCHHBIA IOKA3aTellb,
KOTOPBIH, KaK B KO3(PPHUIIMEHT TOJIE3HOTO MEHUCTBHSI, AeT BO3ZMOXHOCTH
OLICHUTh OTHOCHUTEIBHBIE MOTEPHU MOIIHOCTH Ha TpeHue. OTHAKO MEeXTy
ATUMHU KOXP(UIIMEHTAMH €CTh KaueCTBEHHAs pa3HUIlA, 3aJ0KEHHAs B WX
Ha3BaHWM, U B TOM, 4TO B dopmyse (6.3) K.M.J1. TPUCYTCTBYET MOJIe3HAS
MOIITHOCTh Pc, a B popmyie (6.6) kordduiinenta norepb — MOIIHOCTh Tpe-
Hus Pr.

Kosddurment nmone3Horo AeHCTBUS — 3TO XapaKTEpUCTUKA MalllH-
HBI, TOYHEE, 9TO KaYeCTBEHHBIN MOKa3aTelb (DYHKIIMOHUPOBAHUS MAIIIUHBI,
MOKAa3bIBAIOIINI, HACKOJIBKO TOJHO HCIOJIb3YEeTCS] MOIIHOCTH JIBUTATENs
JUTSI BBITIOJIHEHUSI TIOJIE3HOM paOoThl. 3HaYeHUE K.I.J. 3aBUCHUT HE TOJIHKO
OT KOHCTPYKIIMM MAIlIMHBI, HO U OT pekuMa ee (pyHKIMoHupoBaHus. Tak,
npu paboTe MalllMHbl C MOJIHOM Harpy3koil ee K.I.J. JOCTUTaeT MAaKCH-
MaJbHOW BEIIMYUHBI, TIPH HETOJHOW HArpy3Ke K.IT.J. MOXKET OBITh MCHBIIIC
MaKCHMaJbHOTO 3HAYEHUS, a IIPH XOJIOCTOM XO/I€ OH paBeH HYJIIO.

B dopmyne korddunrienta noreps nosiesHas MOIHOCTh Pc oTCyT-
CTBYET, TO3TOMY IPH MOMOIIM ATOTO 3HAYEHHUSI YAOOHO OIEHUBATh MOTEPU
Ha TPEHUE HE B MalllMHE, a B MEXaHU3ME, TaK KaK OH caM To ceOe MoIe3HOn
paboThI HE BBIMONHIECT. bygem cuutaTh, 94TO0 KOAIPGUIUEHT MOTEPh — ITO
XapaKTEPUCTHKA MEXaHU3Ma WJIM KOMIUIEKCA MEXAaHHM3MOB, BXOJSIIUX B
MamuHy. Ero 3HaueHue 3aBUCUT OT KOHCTPYKIIMM MEXaHHU3Ma, COCTOSHUS
MOBEPXHOCTEH KMHEMATHYECKUX Tap, CMa3Ku. JDTO COOCTBEHHAsI XapakTe-
pPUCTHKAa MEXaHWU3Ma, HE 3aBHCSIIAsl OT peXruMa (PYHKIIMOHUPOBAHUS Ma-
1111715158
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3Has (Hampumep, Mo CIPaBOYHON JUTeparype) KodhpuineHTsl mo-
TEpb OTIENIBHBIX MEXaHW3MOB, MOKHO PAacCUMTaTh OOIUN KO3 (UIHEHT
HOTEPh BCETO KOMIUIEKCA MEXaHM3MOB, BXOJSIIMX B MalIMHY, a 3aT€M —
MaKCUMAaJIbHO BO3MOYKHBIHN K.I1.J]. MAIIIMHBI:

n=I1-y (6.7)
DT0 BhIpaxeHue aBisieTcs cineactsueM hopmy (6.5) u (6.6).

B texnudeckoit nutepaType BMecTO KO3(PQPHUIMEHTa MOTEph YacTo
WCITOJIB3YIOT K.I1.]T., PACIIPOCTPaHSS 3TO MOHATHE M Ha MeXaHU3MBbI. [lomMHs
O BBIIICONMCAaHHOM (PU3MYECKOM CMBICIIC 3THX KO3()(PHUIIMECHTOB, BBIBEICM
dbopmyiTy OOIEero K.II.J. BCEro KOMILICKCA MEXaHH3MOB, BXOJISAIINX B Ma-
IIMHY, PACCMOTPEB TOCIEAOBATCIbHOE, MapaJIeIbHOE M CMEIIIAHHOE CO-
CIMHCHUEC MCXaHU3MOB.

[TocnenoBarensHOE COCAMHEHUE MEXAHU3MOB TMIPEICTABICHO HA PUC.
6.4a. O603HAUYCHHS CIICAYIOIIHE:

P1 — BXOaHAs MOIITHOCTH TIEPBOTO MEXAaHU3MA;

P, — BBIXO/THAst MOIITHOCTH MTEPBOT'O MEXaHNU3Ma M BXOAHAS MOTII-

HOCTB BTOPOTO;
P3 — BBIXO/THAst MOIITHOCTHh BTOPOTO MEXaHW3Ma M BXOJIHASI MOIII-
HOCTB TPETHETO;

P4 — BBIXO/THAss MOTITHOCTH TPETHETO MEXaHU3MA,

N1, M2 U M3 — K.IL.J. MCXaHU3MOB.

OOmuMii K.1.J1. paBE€H OTHOIIECHUIO BBIXOJHOM MOIITHOCTH K BXOJTHOM:

n= d (6.8)
P] .
Beipa3um P4 uepe3 P1 u k.. 1. MeEXaHU3MOB:

P,=Pn,
P,=P,n,=Fnmn,
Py =Pn;=PFnn,n;

[ToncTaBuB mocieaHee BbIpaxkeHue B (6.8) MOJyduM pe3yabTUPYIOLIYIO
dbopMyITy K.IL.JI. TOCIIEIOBATEIHLHOTO COSMHEHUSI MEXaHU3MOB:

n=mn;mn;m; (6.9)
Teneps paccMOTPUM TMapaieIbHOE COCTMHEHNE MEXaHU3MOB, TIOKa-
3aHHOE Ha pHC. 6.40. O603HaUEHNUs 3/1ECh CIIETYIOIINE:
P — oOmias BXogHast MOIIHOCTB;
P’ u P” — cocraBnstomue 0011ell BXOTHON MOIIIHOCTH, KOTOPBIE CYTh
BXO/IHBIC MOIITHOCTH TIEPBOTO M BTOPOTO MEXAHU3MOB;
P1 1 P, — BBIXOJIHBIC MOIITHOCTH;

M1 4 M2 — K.IL.Jl. MEXaHU3MOB.
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|

7734
—17/; =17/ <
774

6
Puc. 6.4
OOMH K.II.1.:
n= P+ P,
P

Bripasum Py u P, yepe3 BXogHbpIE MOIIHOCTH U K.I1.J. MEXAHU3MOB:
! " ! "
Pn+Pn, P P

= = +7
7 P P771 P772

BBens monsiTHe kKoadunmenTa pacrnpeneneHus MomHocTH Ky u Ko, mosy-
YUM OKOHYATENIbHYIO (hOPMYITy Ul K.I1.JI. NApAJUIEIbHOTO COEIUHEHMSI Me-
XaHU3MOB:

n=k;n +k,n, (6.10)
roe ks =P’/P u k, = P”/P.
Tak xak P’ + P” = P, 3nauut K; + K, = 1. B 3T0# cBsi3M yKakeM Ha
YaCTHBIM CIIy4yaH, KOTZa 11 = T2, TO €CTh NApaUIEIbHOE COEAUHEHUE CO-
CTOUT U3 OJIMHAKOBBIX MEXaHNU3MOB:

=1

To ecTb, 00mMIT KO3(PPUITMEHT TOTEPH MAPATIICTIBHOTO COCTUHECHUS MeXa-
HU3MOB C OJJMHAKOBBIMH K.II.JI. PABEH K.IL.J. OJTHOTO U3 HUX.

Hakonetr, paccMOTpUM CMEIIIaHHOE COSTMHEHNE MEXaHU3MOB, KOTO-
PO€ CONIEPKUT JIBE YaCTH — TOCIIEAOBATENBHYIO U MapallJIeIbHYI0. DTO CO-
€IMHEHUE NMPUBEIICHO Ha pucC. 6.4B, T1€:

ks u K4 — k03 puninenTs pactpeaeneHuss MOITHOCTH;

N1, N2, N3, U N4 — K.IL.A. MCXaHHU3MOB,

N34 — K.I.JI. TAPAJUIETHHOTO COSTUHEHUS.
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MokHO paccMaTpuBaTh 3Ty CUCTEMY KaK IMOCJIEIOBATEIHLHOE COCIMHCHHE
MEXaHU3MOB, UMECIOIIUX K.II.J. N1, M2 U Masa. [locneanuit kordduiyeHt
ompenensieTcs corinacHo hopmyie (6.10):

N34 =ksn; +kym,
ITo dhbopmyie (6.9) o6 K.I1. 1.

n=mnm, (k3 ns; +k, 774) (6.11)

[Ipumep. PaccuutaTh MOIIHOCTH AJIEKTPOJBUTATENS] MAlIUHBI He-
MPEPBHIBHOTO JEHCTBUS, CXeMa KOTOPOW JlaHa Ha puc. 6.5, 1o CleAyronuM
JTAHHBIM:

- YacTOTa BpaIlEHUs Basa anekTpoasuratens Ny = 1420 o6/muH;

- MOMEHTBI 0JIe3HOTo conpoTuBiieHust Mc; = 100 Hm, M, = 80 Hwm;

- K.JI.J. YOPYTroil COeIMHUTEIbHON My(THI (3Ta My(pTa TakKe SBIIS-
€TCSl DJIEMEHTOM IIOTEPh, TaK KaK JIOMYCKAET OTHOCHTEIBHOE IBM)KCHHE
CBOMIX JICTAJICH B IIpoIlecce Tepeaadn BpalleHHsI, HallpuMep, B PE3yJIbTaTe
HECOOCHOCTH HJI TIEpeKoca coequHsIeMbIX BajloB) Ny = 0,99;

- K.IL.J. TUIUHApHUYeckor nepenaun 1y = 0,98;

- K.II.JI. KOHU4YecKo# nepenayu Nk = 0,97;

- K.ILJ. TTapbl Onop (KakIbIi BaJl UMEET JBE OMOPHI; B COBPEMEHHBIX
MalrmHaxX — 3To, KaK MPaBUIIO, TIOIITUITHUKH KadeHus) no = 0,99.

Yucina 3y0beB 3y0UaThiX KOJIEC JaHbI HA CXEME.

50
= 17 18

o5 M Mo
Puc. 6.5

Pemienue. MomHoCTh aBUTaTens onpeaeauTcs mno Gopmyne (6.3):
p,="c

JIns HAXOXKIEHHUS MOITHOCTH TIOJIE3HOTO COMNPOTHUBICHHUS Pc ompenennm

YTJIOBBIE CKOPOCTHU BBIXOJHBIX BaJIOB. Y UUTHIBAS, YTO
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_thy

30
110 YPaBHEHUIO KHHEMATUYECKOTO OartaHca uMeeM:
o, = 714202517 _ 37,16 pae
30 50 34
0, - 7142025 18 _ 2478 pan
30 50 54

MOHIHOCTB IMOJIC3HOI'O COIIPOTUBJICHUA:

P. =Mg; @, + Mg, @, =100-37,16 + 802478 =
= 65984 Bm

[Ipu pacuere oOIIETO K.I.J. MAIIWHBI 1] YYUTHIBAEM, YTO MEXaHWU3MBI €€
COCTaBJISAIOIIME 00pa3yloT CMENIaHHOE COCIMHEHHUE, TO €CTh, YacTh dJie-
MEHTOB TIOTEpPh COCIMHEHA IOCIIEI0BATEILHO, YaCTh — MapajuIeIbHO, ITPHU-
4eM, B TapaJUICTbHOW YaCTH WUMEIOTCS JIBE€ KOHHMYECKHE Tepenadd M JIBE
napel OMOp, 3HAYUT K.I1.JI. 3THX JIBYX COCTABJISAIONINX MapauIeIbHON YacTH
onuHakoBo. [Ipu pacuere pasaenuM MOCIEAOBATEIBHYIO U IMAPaUICIEHYIO
JaCTH CKOOKaMH:

1= 1y ) (11 10) = (0,997 -0,99° -0,98)
x(0,97-0,99)= 0,89

MOHIHOCTI) QICKTPOABUI'aTCJIA MAIINHBI:

Pﬂ = w =6401,3 Br = 6,4 xBr
0,89

b
Kiar4deBble ¢j10Ba U onpeacjacHus

1. luHaMuKa MallllH — 3TO U3YYEHUE ABUKEHUSI MAIIUHBI MO ACH-
CTBUEM BHEIIHUX CHUJL.

2. BHemHne CWIbl — 3TO CHJIBI IBUTATENISA, TTOJIE3HOTO COMPOTHUBIIEC-
HUS U TSKECTHU.

3. BHyTpeHHME CUIJIBI — 3TO CHJIBI PEAKIIMU U TPEHUS B KUHEMaTUyYe-
CKHMX Mapax.

4. MexaHnuyeckas XapakTepUCTHUKA — 3TO 3aBUCUMOCTb CHJIbI OT Ii€-
pEMENIEHHS UM CKOPOCTU TOYKH MPUIIOKEHUS 3TOU CUIIBI.

5. PexxuM IBMKEHUSI MAalIMHBI — 3TO 3aBUCUMOCTh CKOPOCTH TJIaBHO-
ro BaJia WM paboyvero oprana OT BpeMEeHH.
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KonTposabHbBIE BOIPOCHI.

1. [lepeunciivte MHEPIIMOHHBIC U CUJIOBBIE TAPAMETPHI MAIIIHH.

2. Kakyto paboTy COBEpIIAIOT CUJIbI ABUTATENS, MOJIE3HOTO COMPO-
TUBJICHUS U TSKECTU?

3. Kakyro paboTy BBITIOJHSIOT CHIIBI PEAKIIMU U TPEHUS?

4. HazoBuTe AMHAMUYECKUE THUIbI MAIIWH, TaUTEe UX ONPEIECICHHS U
MIPUMEPHI.

5. Yro Takoe MEXaHMYECKHE XapaKTEPUCTUKH MAILIWH?

6. Kakue pexuMbl IBH>KEHHSI HIMEIOT MECTO IIPU padOTe MalluH He-
MPEPBIBHOTO, IEPUOJUUECKOTO U HENEPHOJUUECKOTO ACHUCTBUSA?



162

I'nmaBa 7. IlunamMu4veckasi MoaeJib MAIIUHbI

3nech ¥ B JajpHEHEM OylieM paccMaTpuBaTh JUHAMUYECKUE pac-
YeThl MAIllUH MEPUOJNYECKOTO U HENEPUOINYECKOro neucTBus. JluHamu-
YEeCKHUIl pacueT MalluH HENPEPBHIBHOTO JEHCTBUS HE NMPEACTABISAET 0OILEro
MHTEpeca C TOYKU 3pEHUS TEOPUH MAILIVH.

[TpakTruecku nmr00asi COBpeMEHHasi MalllMHA MEPUOIUYECKOTO U He-
NEPUOANYECKOTO JEHCTBUS MPENCTaBIsET COO0M MHOTO3BEHHYIO MEXaHU-
YECKYI0 CUCTEMY C IEPEMEHHBIMU KMHEMAaTHYECKHMMH U JUHAMUYECKUMHU
rapamMeTpaMu, NpsSIMOM AMHAMUYECKUN PAacdeT TaKOW CHUCTEMBI CIIOXKEH,
MO3TOMY B OOJIBIIMHCTBE CIy4aeB MOJIBHKHYIO YAaCTh MAllMHBI 3aMEHSIOT
ee TMHAMUYECKOM MOoJenbto. To ecTh, Mbl OyAeM ISl COKpaIleHUs] TOBO-
pPUTH O JMHAMUYECKON MOJENH MalllMHbI, HO Oy/1IeM UMETh B BUJIy MOJENb
€€ MOJBMKHOM MEXaHMYECKOW cHCTeMbl 0€3 Kopmyca WM CTaHuHbL. O
BJIMSIHUU KOPITyCa WJIM CTAaHWHBI MAallIMHbI HA €€ paboTy peub OyneT UATU B
CJIEYIOLIUX JICKIUSAX.

§7.1. Ilmnamuyeckasi MoJeJib MAIIUHBI U €e apaMeTPhI

JluHamuueckass MOJIENb MAIIMHBI — 3TO OJHO BOOOpa)kaeMo€ 3BEHO,
BPAILAOIIEEC BOKPYT OCH WM JBUXKYILEECS 10 HANPABIIIOIINM, [IPUYEM
OChb BpAILEHUS W HaIPaBISIONIME MOTYT OBITh HEMOJBMXHBIMU WJIM TO-
JNBHKHbIMU. KMHEMATHUECKH 3TO 3BEHO COBMELIAETCS C OJJHUM U3 3BCHHEB
MAaIlIAHBI, KaK MPaBWIIO, C IJIaBHBIM BAJIOM MAlIMHBI IEPUOJAYECKOTO JIEH-
CTBUS, WJIA C pabOYUM OpPraHOM MalIMHbI HENEpUOAuUeCcKoro aencteus. C
JUHAMUYECKOM TOYKH 3PEHHS, 3TO THIIOTETUYECKOE 3BEHO JOJIKHO OBITh
MOJIHOCTHIO MJIEHTHYHO MAlIUHE, TO €CTh, OHO JOJDKHO 00JafaTh TaKUMHU
K€ TMHAMUYECKMMH NapaMeTpaMy, 4yTo W MamuHa. CienoBaTenbHO, BCE
WHEPLUHOHHBIE U BCE CUJIOBBIE ITAPAMETPBI MAIIMHbI HAJI0 3aMEHUTh JABYMS
CyMMapHbIMU (IPUBEACHHBIMH): UHEPLUUOHHBIM U CHJIOBBIM MapaMeTpamu
IuHamMuueckor Mozaenu. [Ipu onpeneneHuu 3TUX napameTpoB yI00HO CBS-
3aTh UX C KWHETUYECKON YHEPTUEN U MOIIHOCTHIO MOJEIN U MAllIUHBI.

Takum 00pa3oM, nMHAMUYECKass MOJEIb MAlllMHbI — 3TO OJTHO BOOO-
pakaeéMo€ 3BEHO, KMHETHYECKas JHEPrus KOTOPOr0 B KaXKIbIH MOMEHT
BPEMEHH PaBHA KMHETUYECKOW YHEPTUM BCEX 3BEHBEB MAILMHBI, U KOTOPOE
Harpy>k€HO CWJIOW WJIA CWJIOBBIM MOMEHTOM, MOLIHOCTH KOTOPOIO B KaX-
JbI1 MOMEHT BPEMEHH PAaBHA MOIIHOCTH BCEX CUJI U CHIJIOBBIX MOMEHTOB,
MIPUJIOKEHHBIX K 3BEHBSIM MAIlIMHBI.

W vHEpUMOHHBIE U CHUJIOBBIE IMAPAMETPHl JTHUHAMHUYECKON MOZIEIU
HAa3bIBAIOTCS IPUBEICHHBIMH, TAK KaK MacChl U MOMEHTHl UHEPLWHU 3BEHb-
€B, CWJIbl U CWJIOBBIE MOMEHTHI HaJ0 IIPUBECTH OT PA3JIMYHBIX 3BEHBEB U
TOYEK 3BEHbEB MAILMHBI K €€ MOJEIN, COBMEILIEHHOW C OJHUM U3 3BCHBHEB
MaluHbl. JTO 3B€HO B JAHHOM CJIy4ae Ha3bIBAETCS 3BEHOM IPHUBEICHUS.
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To CCTb, CKOPOCTb I[PIHEIMH‘-ICCKOﬁ MOJICJIN, KOTOpAasd MOAJICKUT OIIPCALCIIC-
HHIO B JMHAMHWYCCKOM PACUCTC, CCTh CKOPOCTH 3BCHA ITPUBCACHUSI.

w( 1 np( )

Puc. 7.1

Ha puc. 7.1a nmpuBegeHa nuHamuyeckas MOJI€NIb MAIIMHBI B BUJE
3BCHA C MEPEMEHHBIM MPUBEIACHHBIM MOMEHTOM mHepimu 1"(¢), koTopoe
BpaIlacTCs C MEPEMEHHON YIIIOBOH CKOPOCThIO ®(() MO JCHCTBUEM MPH-
BEJICHHOT'O CHJIOBOr0 MoMeHTa M™(@;®). JInHamMu4yeckass MOJelb Ha PHC.
7.16 — 910 3BEHO ¢ Maccoii M™(S), ABMKYIIEECS MOCTYIAaTeIbHO CO CKOPO-
CThIO V(S) Mo aeficTBHeM MpHuBeaeHHON critbl F™(S;V). 3aBUCUMOCTD MTPH-
BEJIEHHOTO CUJI0OBOro MoMeHTa M™ u mpuBeneHHON cuiibl F™ HEe TOTBKO OT
MOJIOKEHUS] TUHAMUYECKON MOJIENI, HO U OT CKOPOCTH, CBSI3aHA C MEXaHMU-
YECKUMHM XapaKTEPUCTUKAMU IBUTATENEH (CM. BBILIE).

Pacuer mapaMeTpoB AMHAMUYECKON MOJIENHM MOKaKeM Ha KOHKPET-
HOM mpumepe. Ha puc. 7.2a gana cxema MalivHbl. ITO MOXKET ObITh MeXa-
HUYECKHUH TIpecc, A0J0eXKHbIN CTaHOK, JopMOBOUYHast MamuHa u ap. ['eo-
METpUUYECKUEe, KHHEMAaTUYECKUE U IMHAMUYECKHUE MTapaMeTphbl MAalllMHbI 13-
BECTHBI.

['eomeTpuueckue napameTpbl:

- yncya 3yObeB MEeCTePHU Z1 B KoJieca Zp ePeJaTOYHOTO MEXaHU3-
Ma;

- CXe€Ma UCHOJIHUTEIBHOTO U BCIIOMOTaTEIbHOTO MEXAHU3MOB
(CTepHEBOTO M KyJIa4KOBOTO) B MacIITade Ll |.

Kunematnueckue napaMeTpsbl:

- BXOJTHOM KHUHEMATUYECKUU TTapaMETp, HATIPUMED YIII0BAsI CKOPOCTh
TJIAaBHOTO BaJla 1]

- IJTaH CKOPOCTEH CTEP>)KHEBOTO MEXaHW3Ma B MaciiTade Ly (Ha puc.
7.2 He TOKa3aH);
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- IepeJaTOYHBIC OTHOIICHHSI MEXaHU3MOB.

JlnHaMu4ecKue mapameTphl:

a) MHEPITMOHHBIE

- Macchl ImaTyHa 2, moyidyHa 3 W Tojkarens T: Mz, M3 u Mt B KT,
IpUYeM Macca IaTyHa COCpeAoTOYeHa B IIEHTPE Macc S; MacChl poTopa
JIBUTATEIIS M 3y0UaThIX KOJIEC HE YUUTHIBACTCS, TaK KaK 3TH BpAIArOIIAeCs
3BEHbSI SBJISIIOTCS] 3BEHBbSIMHA POTOPHOTO THUIIA, TO €CTh, MX IIEHTP MacC COB-
najacT ¢ MEHTPOM BpaIleHUs U, CIICOBATEIBHO, Macca HE OKa3bIBACT BIIU-
SHUSI Ha JBIDKEHUE MAIIMHBIL, Macca Kpupomuna 1 u kynauka K Taxke He
YYHUTHIBACTCS, TAK KaK BMECTE C TJIABHBIM BaJIOM, HA KOTOPOM OHU 3aKper-
JICHBI, 3TO COCIUHECHHUE C HEOOJBIION MOTPENTHOCTHIO TOXKE MOXKET CUH-
TaThCS 3BEHOM POTOPHOTO THUTIA;

- MOMEHTBI MHEPIMHM BCEX 3BEHHEB, COBEPIIAIONIUX BPAMIATEIHLHOE
WM CJI0XKHOe JBiKeHue: |y (potop snekrpoasurarens), |1 (raBHbIN Ba C
KPUBOLIMIIOM M KysaukoMm), Iz, l,1, |2 B krm?;

0) crIIOBBIC

- CUJIOBOM MOMEHT aBurarens My B Hwm;

- CHJIBI TIOJIE3HOTO COMPOTUBJICHUS F3 u Fy, IpuiIo’KeHHBIC K TTON3Y-
Hy 3 u tonkaremo T B H;

- CWJIBI TSDKECTH, IIPUIIOKCHHBIC B IIEHTpax Macc 3BeHbeB: Gy, Gz u
Gt B H (cumraercs, 9To aiisi mMod3yHa 3Ta chja MpuiokeHa B Touke C, a
JUTSL TOJIKATENsI TOUKA TPIIIOKEHUS HE MMEET 3HAYCHMSI, TaK KaK OH JBHU-
YKETCSl BEPTUKAIIBHO).

3aMEHUM MallUHY JUHAMUYECKON MOJICJIBI0 B BUJE BPALIAFOIIErOCs
3B€HA, KHHEMATHYCCKH COBMEIICHHOI'O C TJIABHBIM BaJIOM MAIIHUHBI, TO
€CTh, IMCIOIIIETO B pacCMaTPpUBACMbIii MOMEHT BPEMEHU TY KE CaMyIO yT-
JIOBYIO CKOPOCTh 1 (puc. 7.20). Takum oOpa3oM, 3ajada OnpeaesICHUs Ia-
paMeTpoOB AMHAMHYECKON MOJICNIM MAIlIMHBI CBOJIUTCS K MPUBEACHUIO BCEX
e¢ TMHAMHYECKHX MapaMeTpOB K TJIABHOMY Bally, JIJISl Y€TO HUCIIOIB3YIOTCS
YCIIOBHSI PAaBEHCTBA KMHETHYECKUX SHEPTUHA W MOIIHOCTEH MAIIMHBI B MO-
JieTu.

Mowment unepruu |"™ nuHaMUYecKoW MoaeNIH HalAeM U3 YCIOBHS
paBEHCTBA KHHETHYCCKUX SHEPTHI:

Tvion = Tham
Kunernueckas sHeprusi fuHaMuueckoi mozaenu (puc. 7.20):
np 2
T I'" w;
Monq —

2
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Puc. 7.2.

Kunernueckas sHeprus mMamuHsl (puc. 17.2a):

Lo 5 1, 5 1 LR AP R R
T = Il,o;,+—-1 ,0,+—-1,0;+-1,0;, +—-1,0; +
manr = S A O T S e @O T S L2 @ T L O TS 22 @

+m +]mv +1mv2
22 23C2TT

ITocne MMOACTAHOBKH 3THUX BBIPAKCHUA B UCXOJHOC PABCHCTBO U ITO-
CJIC €ro pCUICHUA OTHOCHUTCIBbHO IMPUBECACHHOIO MOMCHTA MHCPIHU I1OJTY-
YUM:

o’ W’ D
=1, F+1, 2+, L+1,"L+1,72
@ @ 0)1 0)1 0)1
2 2 2
+m272+m372+m]~72
W @ o)
OTHOLIEHUS CKOPOCTEN €CTh IEPEAATOUYHbIE OTHOIIEHUS, TIOATOMY:
np __ 2 2 2
I —Iﬂum +121”ﬂ1 +1 ,+1,+myug, +

2 2 2
+1,uy +myuc; +mypug,

OO6mwmit Bua (Gopmyibl Juisl ompeneseH!s] MPUBEIESHHOTO MOMEHTa
VHEPLHU CIICTYIOLINM:



166

I'"P =X(Lu, +mug, ) (7.1)
rae: | i 1M — MOMEHT MHEPIIMH U Macca 3BeHa i
U1 — IepeaTOYHOe OTHOIIICHHE OT 3BeHA | K 3BE€HY ITPUBE/ICHUS;
U si1 — MepeaaTovyHOe OTHOIICHHUE OT IICHTPA MacC 3BEHA 1 K 3BE€HY MPHU-
BEJCHUS.
CuiioBOM MOMEHT JIMHAMUYECKOW MOJIeNIM HalJieM U3 yCJIOBHUS pa-
BEHCTBA MOIIHOCTEW MOJEIN U MAIIUHBL:

Pyion = Py
MONIHOCTh TUHAMUYECKOW MOJIEH €CTh MOIIHOCThH MPHIJIOKEHHOTO
K HEll IpUBEJIEHHOTO CHJIOBOTO MoMeHTa (puc. 7.20):

— np
Pyor =M™ o,

MOoIHOCTh MallIUHBI - 3TO MOITHOCTh BCEX CHJI M BCEX CHIIOBBIX MO-
MEHTOB, MPUJIOKEHHBIX K TOYKaM 3BEHbEB U 3BEHbSIM MallliH (puc. 7.2a):

IJ€ O — YroJj JABJIEHUS — OCTPBIM YIOJI MEXKIY CUION U CKOPOCTBIO TOUKHU
MIPUJIOKEHUS ATOM cuitbl (puc. 7.2a).

Hnst cun conportuBneHus Fs u Fr yribl gaBineHust paBHbI HYJIO, MO-
ATOMY, KOCUHYCBHI UX PAaBHbI €IUHUIIEC U, COOTBETCTBEHHO, HE YKAa3aHbI B
BBIPAKCHUM MOIIHOCTH MAIIWHBL. JIJIsl CHJIBI TSKECTH TPETHhETO 3BEHA
(mon3yHa) yron gasieHus paseH 90°, mo>TOMy MOIIHOCTE 3TOI CHIIBI paBHA
HYJIIO.

[IpaBuno 3HaKOB MONIHOCTEW cieayrouiee. Ecin MOMEHT, mpuiio-
YKEHHBIN K 3BEHY, COBIIAJIAET 110 HAMPABJICHUIO C YIJIOBOM CKOPOCTBHIO 3TOTO
3B€Ha, TO OH Pa3BUBAET MOJOKUTEIHHYIO MOIIHOCTh, U HA000poT. CoOT-
BETCTBEHHO, €CJIM CHWJIa, MNPWIOKEHHAs K TOYKE 3BEHA, COBIAAAET IO
HAIMPAaBJICHHUIO CO CKOPOCTBIO 3TOW TOUYKH, TO OHA PAa3BUBAET MOJIOKUTEIb-
HYIO0 MOITHOCTh, 1 HA000pOT. Eciu jxe MeX1y CUIION U CKOPOCTHIO UMEET-
Csl YroJl, TO TaKUM k€ 00pa3oM clieJlyeT CpaBHUBATh HAINPABIEHUE CHIIBI U
HaIlpaBJICHUE MPOEKIUNA CKOPOCTU HA JIMHUIO JEHCTBUS CUJIBI.

[IpupaBHAB mpaBble YACTH MOCIECAHUX BBIPAKEHUN U PELIUB MOJIY-
YEHHOE YpPaBHEHUE OTHOCUTEIBHO MPUBEACHHOIO CHUIOBOIO MOMEHTA, IMO-
JTYYUM:

@ % 1% 1% %
M" =M, " +G,5? cosa—F; C—F T +G T
@ @ @ @ @
Tak Kkak OTHOLLICHUS CKOpOCTCﬁ CCThb ICPCAATOYHBLIC OTHOIICHMSA, TO
np _ _ _
M™ =M juy, +Gyug,cosa—Fyuc; — Frurp, + Grug,

OO6muit BuaA GopMysbl IJid ONpeAeeHUs MPUBEACHHOTO CHUIIOBOTO
MOMEHTA:

M =Z(tM u;; )+ 2 [L£F up, cos(Fy,;vi )] (7.2)
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rae: M j — CHIIOBOI MOMEHT, IIPHJIOKEHHBIH K 3BEHY I,
U i1 — MepeIaTOYHOE OTHOIIICHUE OT 3BeHA | K 3BCHY MPUBEICHUS;
Fk — cuna, npuiioskeHHas K Touke K;
U k1 — epegaTouyHoe OTHOIIeHHE OT Touku K K 3BeHy MpuBeIeHUS;
(Fk;Vk) — OCTpBIif yroJ1 MEKIy CHIION, IPUIIOKEHHOM K Touke K 1 cko-
POCTBIO ATOM TOYKH.

®opmyisl (7.1) u (7.2) npeana3sHadeHbl I OMPEICIICHHS MapaMeT-
pPOB IMHAMUYECKOW MOJIEU B BUJE Bpalaromierocs 3seHa. Ecnu monens
MIPE/ICTABIICHA B BUJIE MTOCTYMATEILHO IBMKYIIETOCS 3BEHA, TO MPHUTOTHBI
Te Xe camble popMyIbl, HO BMecTo |"P Hajmo moacTaBuTh M™, a BMmecTo M™
— F™. Pa3mepHOCTH TIepeaaTOYHBIX OTHOIICHUNW M3MEHSATCS, B PE3yJbTaTe
4ero, BMECTO IIPUBEIECHHOIO MOMEHTA MHEPLMHU B KI'M? IIOJYYHUTCS IIPUBE-
JIeHHAas Macca B KI, a BMECTO MPHUBEIECHHOTO CHJIOBOTO MOMeHTa B HM -
npuBeeHHas cuia B H.

3ameTum, uto B popmynax (7.1) u (7.2) 3BeHOM NpUBEACHUS SBISET-
Csl 3B€HO 1, OJJHAKO B KOHKPETHBIX CIydasX UM MOXKET OKa3aThCs JIPYroe
3BEHO, YTO MPUBENET K COOTBETCTBEHHOMY M3MEHEHUIO UHJIEKCAIH Tepe-
JTATOYHBIX OTHOIIICHUH.

PaccmoTpenue dopmyn mapameTpoB JUHAMUYECKON MOJENTH Mallu-
HbI MMOKa3bIBACT MEPEMEHHOCTh 3TUX MapaMeTpoB. JleHcTBUTENBHO, Mepe-
JTATOYHBIC OTHOIICHUS CTEP)KHEBBIX M KYJAYKOBBIX MEXaHHW3MOB ITEPEMEH-
HBbI BHYTPH KA ()YHKIIMOHUPOBAHUS MAIIMHBI TIEPUOJNICCKOTO W HETIe-
puonnydeckoro aeicTBus, CHIbI U CHUJIOBBIE MOMEHTHI TaK)Ke€ MOTYT Me-
HSATHCS B COOTBETCTBHUH C MEXaHWYECKHMH XapaKTCPUCTUKAMHU ITHUX Ma-
muH. [[ocTOSHHBIME B OOJBIIMHCTBE CITy9aeB OCTAIOTCS TOJBKO Tepena-
TOYHBIC OTHOIICHHS 3y04YaThIX MEXaHH3MOB, a TaK)K€ MAacChl I MOMCHTHI
WHEPIIMU 3BEHHEB MAIIMH, XOTS BO3MOXKHBI BapUaIlMU U ATHX MapaMeTpOB
(cM., Hammpumep, [8] o0 IBMKEHUM MAIMH C IEPEeMEHHBIMU MacCaMU 3BEHb-
eB  [1] 0 3y0uaThIx MEXaHH3Max C MEPEMEHHBIMH MEePEAATOYHBIMU OTHO-
IICHUSMH ).

B cooTBercTBUM C 3THM, AMHAMHYECKAash MOJENIb MAIlIMHbBI, TO €CTh,
TUIMOTETUYECKOE 3BEHO C TIEPEMEHHBIMU JUHAMUYECKUMHU MapaMeTpamu, B
olIeM cirydae, MOXKET JBUTaThCs TOJIBKO C TMEPEMEHHOM CKOpocThio. Oj-
HOM W3 3a/1a4 JUHAMUKH SBJISIETCS OMpEIeTICHHE XapaKTepa 3TOTO JIBIKE-
HUs. PaccMoTpuM cHavasia ypaBHEHUS JBWKCHUS THHAMHYECKOW MOJICIH B
00111eEM BHJIE.

§7.2. YpaBHeHUs ABHKEHUS JUHAMHYECKON MO

PaccMoTpenune orpaHnyuM cilydyaeMm BpallaroLIencss TUHAMUAYECKOU
MoJiend. JIBMKEHUE MOCTYyNaTeIbHO ABMKYLIECUCS TUHAMUYECKOW MOJEIU
OyZIeT MOIYUHATHCA TEM K€ YPaBHEHUSIM, HO C COOTBETCTBYIOIIEH 3aMEHOM
YIJIOBBIX KHHEMATUYECKUX U JUHAMUYECKUX NTapaMETPOB Ha JINHENHBIE.
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bynem paznuyats aBe (GOpMbI ypaBHEHUHN JBUKCHHS JUHAMUYECKOM
MOJIeNIU: dHepreTudeckyro u nmuddepenuuansuyto. O6e 3tu popmbl 6a3u-
PYIOTCSL Ha YpaBHEHUU U3MEHEHHUS] KUHETUYECKOW SHEPTUU, U3BECTHOM M3
TEOPETUUECKOU MEXAaHUKH:

rae. TuTy— TCKYIICC U HAYAJIbHOC 3HAYCHHUC KUHETHYECKOM SHCPIruu au-
HaMHUYECKOU MOJICIIH,
A — pa60Ta IIPHUBCIACHHOI'O0 CHUJIOBOTO MOMCHTA, 3aTpauCHHAsI HAa H3MC-

HCHHE KUHETUYECCKOM OHCPIUMU.
B cooTBeTcTBHHU C pHuc. 7.1a MOXKHO 3aIliCaTh:

T-T, =§1"Pa)2—é " @,

riae: I"P u 1"y — TekyIee u HayaaIbHOE 3HAUYCHHE PUBEICHHOIO MOMEHTA
VHEPLUHH TUHAMHAYECKON MOJIEIIH;
M U O o — TEKYIIEE U HAYAIbHOE 3HAYEHHUE YTIIOBOW CKOPOCTH JUHAMU-
YECKOM MOJICIIH.
Ha puc. 7.1a nokazaHo, 4To IPUBEACHHBI CUIIOBO MOMEHT 3aBUCUT
Y OT NEPEMENIEHHS, U OT CKOPOCTH JTUHAMUYECKOW MOJIEIIA, OJTHAKO 3]IECh
OyJleM YYUTBHIBATh €r0 3aBUCUMOCTh TOJILKO OT IepeMereHus. Toraa:

4
A=[M"dgp (7.4)
0

[IpupaBHAB MpaBbI€ YACTU ABYX IOCJIECIHUX BBIPAXKECHUHN, UMEEM:

0
;]”p w’ —;I(’}p w; = [M™ de
0

Otcroa nojiy4aeM BbIpa)KeHUe ISl yTI0BOM CKOPOCTH:

20 v
W = I (j)M pdgp+1?wa)02 (7.5)

Bripaxkenue (7.5) ynoOHO aJisi OmpenesieHus: XapakTepa JBHKCHUS
pabounx OpraHOB MalIMH HETEPUOJUYECKOro JIEHCTBUS MpPU CcUjlaX, 3aBU-
CSIIIMX TOJIBKO OT MEpPEMENICHUs] 3BEHbEB, HAPUMEpP, MAILIUH C MPYKUH-
HbIMH JBUTATENSIMU [12]. DTO BbIpa’keHUE BBIBEACHO M3 YpPaBHEHHUS IBU-
YKEHUS JUHAMUYECKON MOJIeNI B SHEPreTuYeckoi opme.

YtoObl moayuuTh nuddepeHnraibayo GopMy ypaBHEHUH IBUMKE-
Hus, npoaudepenpyem ucxogHoe ypapaenue (7.3):

d(T-1,)=dA (7.6)

[Ipeanonoxum, 4TO HayalbHOE 3HAUYEHHWE KUHETHUYECKOW SHEpPIruu
ecTh BennunHa noctosiHHas. Torma dTo = 0. Ucnonw3yst (7.4), u3 (7.6) no-
JTYYUM:
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dT =M™ do

PaSIICJ'ISISI 00e yacTu PaBCHCTBA Ha d([), HNMCCM:

dr _
do
Ho T = I"™ ®?/2, Toraa:
DL\,
dp\ 2
Bo3pMmeMm IMPOU3BOAHYIO ITPOU3BCACHU !
np
]]”pZa)dw +1d1 @’ =M™
2 dp 2 do

VYMHOKHM U pa3/IeluM MEePBBIN YICH JeBOH YacTu Ha dt

do dt 1dI"
I w + = W’ =M"
dt dp 2 do
YuuteiBas, 4to B nepBoM wicHe do / dt = @, mocie cokparieHus moTyIuM:
np
o 49 LA 2 o
dt 2 do
O6b14H0 0603Ha4aroT dw / dt = d%p / dt ;= ¢” u ® = ¢, Torma nomy4uMm:
1dI™”
P (0” + E ; ¢f2 — M (7.7)

VYpaBuenue (7.7) ecTb HEOMHOPOJIHOE HEITMHEHHOE ypaBHEHHE BTO-
poro mopsijka ¢ mepeMeHHbIMHU Kod(pduiinentamu, Tak kak 1™ u M™ ectpb
GYHKIIUH @. DTO ypaBHEHHE MOXET OBITh PEIICHO aHAIUTUYCCKH, SCITU
I"°(p) 1 M™(¢p) ecTb MaTemaTndeckue pyHkiuu. Ho, B 001mem ciryuae, 3Tu
(YHKITUM MOTYT OBITH COBEPIICHHO MPON3BOJIBHBIMU, ITO3TOMY ypaBHEHHE
pelaeTcsl WM YHCICHHBIMA METOJaMH WU TpadoaHaTuTHUSCKH. To ke
camMoe OTHOCHUTCS M K BbIpaxeHHIo (7.5) B 4aCTH OIpeneNeHHs] HHTeTpajia B
MOJAKOPEHHOM BbIpakeHUU. B crenyromux naparpadax OyayT paccMoTpe-
HBI Tpa)OaHATUTUIECCKUE METO/IBI.

KiaroueBble cjioBa U onpeacjacHusi

1. JluHamMudeckass MOJIelb MAIIMHBI 3TO OJTHO BOOOpakaeMoe 3BEHO,
oOmnamaroree TMHAMHUYECKUMU TTapaMeTpaMH BCEil MAlllMHBI.

2. IIpuBeieHHBIIT MOMEHT MHEPLUHUHU — 3TO MOMEHT WHEPIUH, OIpe-
JIEIIIEMbIN U3 PAaBEHCTBA KUHETUYECKUX SHEPTUM MOAEIN U MAILUHBI.
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3. IlpuBeneHHBIN CUITOBOM MOMEHT — 3TO CUJIOBOM MOMEHT, OIpE/e-
JIIEMBIN U3 PaBEHCTBA MOITHOCTEW MOAEIN U MAIIIMHBI.

KoHTpoJbHBbIE BOIPOCHI

1. aiiTe onpeaeneHue TMHAMUYECKON MOIEIN MAIlIUHBI.

2. C KakuM 3BE€HOM OOBIYHO KMHEMATHYECKH CBSI3bIBACTCS IMHAMU-
Yeckass MOJeNIb MAallMHbl MEPUOAUYECKOTO U HENEPHOJUYECKOTO JIEH-
CTBUSI?

3. M3 Kakoro ycioBusl ONPEAEISIETCS NPUBEICHHBIA MOMEHT WMHEp-
[IUU TUHAMUYECKON Moaenn?

4. N3 xakoro ycioBHsl HaXOAMUTCS MPUBEICHHBIA CHUIOBOM MOMEHT
TUHAMHYECKOM MOAEIN?

5. BeiBenere ypaBHEHUE ABUKEHUS AUHAMUYECKON MOJEIU B DHEP-
reTHYECKOU Gopme.

6. BeiBeieTe ypaBHEHUE JIBUKEHUS! TUHAMUYECKOW MOJIEIN B AUQ-
depeniuanpHON hopme.
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I'naBa 8. /luHaMmn4ecKuil pacyeT MallllH
HENepuoANYEeCKOro aecTBUs

Kak 0bu10 cka3zano B §6.3, K MalIMHaM HENEPUOINYECKOTO JEHCTBUA
OTHOCSITCSI MAIlIMHBI, pa0OTaIOIIUE B PEKUME «IIYCK-OCTAHOBY», UMEIOIINE
NEPEMEHHbIE TUHAMUYECKUE MAapaMeTphl, CTEP’KHEBbIE U KYJIAYKOBBIE Me-
XaHU3MBbI B OCHOBE CBOEU KOHCTPYKIMH, a TAK)KE, UMEIOIIUE, B OCHOBHOM,
IPUBOJBI (IBUTATEIM) MTOCTYATENBHOIO JBUKEHMSI: ITHEBMO- U TUAPOIIH-
auHapsl. K TakuM MalivHaM MOXHO OTHECTH TMJIPaBIMYECKUE MPECCHI U
TUJIpaBIMYECKUE HKCKABATOPbI, MAIIUHBI Il TOUYEYHON CBapkKu U (opMmo-
BouHble MamuHbL. Ciofa e MOTYyT OBbITh OTHECEHbl MHOTHE BCIIOMOTa-
TEJIbHbIE MEXAHU3MbI MAIlIMH, UMEIOIINE COOCTBEHHBIN JBUTATENb, TO €CTh,
C TOYKH 3pEHUSl TUHAMUKH, 3TH BCIIOMOTATEIbHbIE MEXAHU3MBI SIBISIOTCS
MalIgHaMU. OTO — MEXaHU3M ONPOKHJIbIBaHHSA Ky30Ba caMocBaja WJIU
OyHKepa XJIOMKOYOOPOYHON MAaIIWHBI, MEXaHU3M YOUPAIOIIErocs IIaccu
camoJieTa, MEXaHU3M I0JIayd 3aroTOBOK B padoOdyl0 30HY TEXHOJIOTHYe-
CKOM MalllUHbI, MEXaHU3Mbl MaHUIYJIATOpa poOOTa, MEXAaHU3M MOJbEMA
HO’Ka KyJIbTUBATOpa U T.[.

3ajauell JMHAMUYECKOTO pacyeTa TAKMX MAIIWH SBIISETCA OIpele-
JIEHHE XapaKTepa JABMKEHHUs padouero opraHa U BpeMsi CpabaThIBaHUS, TO
€CTb, BpeMs MPSMOT0 U OOpaTHOrO XOja, HapUMEp, BpeMs yOupaHus u
BBIITYCKaHUs HOTH IIACCU CaMOJIETA.

Oco0eHHOCTBIO paccMaTPUBAEMbIX MAIIMH C TOYKU 3pEHUsl TUHAMU-
KU SIBJISIETCS TO, YTO MEXAaHUYECKUE XapaKTEePUCTUKH ABUTATENICH 3a/1aHbI B
BUJIe TpaduKa CUiibl B (DYHKIIMHM CKOPOCTH, B TO BpeMsl KaK MEXaHUYECKHE
XapaKTEPUCTUKU HUCTIOJHUTENbHBIX MEXaHU3MOB €CTh 3aBUCHUMOCTU CHJI B
(GyHKUMU NTepeMenieHus: pabo4yrx OpraHoB.

Pemmaroiiee BIMsSHUE HA TMHAMHUKY pabOThl MAlllMH OKAa3bIBAET MeE-
XaHUYECKasl XapaKTEepPUCTHKA ABUTATelsd, B JAHHOM Ciy4yae T'UIpOLMIIUH-
Jpa WM THEBMOUMIUHAPA. PaccMoTpum ee moapoOHee.

§8.1. MexaHn4yeckne XapaKTepUCTUKU THAPO-
¥ THeBMOUMJIUH/IPOB

PaccmoTpuMm cHayana MEXaHWYECKYH) XapaKTePUCTHUKY THAPOIPH-
BoJia. B 3TOM ciyuae aBUraresneM MalllMHbI ABJISIETCA TUAPOUMIUHIAD 4
(puc. 8.1a), BKIIFOUCHHBIN B THAPABINYECKYIO CUCTEMY, COJEPIKAIIYI0 Oak
1 ¢ pabGoueli KUIKOCTHIO, TUAPOHACOC 2 U OPTaH YIpaBieHUsS (30J0THUK)
3, cBs3aHHbIe TpyOompoBogaMu. OmnpenessionuM MmoKa3aTesieM THAPOCH-
CTEMBI SIBJISIETCSI TEXHUYECKAs XapaKTEPUCTUKA THAPOHACOCA, TO €CTh, €r0
MIPOU3BOJIUTEIIBHOCTD U JABJICHHUE KUJAKOCTU Ha BBIXOJIE (IOTEPSIMU CKOPO-
CTH U €€ JIaBJICHHs B TPYOOIPOBOJIax W OpPraHax ynpaBJeHHs 3/1€Ch IIpeHe-
OperaeMm, UX y4er JaH B [4]).
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B ruapornpuBoiax TpaHCHOPTHBIX, TEXHOJIOTUYECKUX MAIIUH U PO-
00TOB UCTIOIB3YIOTCA IPEUMYIIECTBEHHO IIECTEPEHHbBIC, TIYHKEPHbIE, aK-
CUAJILHO-TIOPIIIHEBbIE U TUIACTHHYATHIE HACOCHI C MPOU3BOIAUTEIBHOCTHIO
oT 10 1o 200 TUTPOB B MUHYTY M pa3BUBAEMbIM JIABJICHUEM KUJIKOCTH OT
0,5 no 10 MIIa [16].

5 + 6 [
N e r

Fﬂmom

‘ - ) ‘ -1
Vmin Ymax YUmax

Puc. 8.1.

[Ipu nonokeHuu 30JI0THUKA, IOKAa3aHHOM Ha puc. 8.1, )KHUIKOCTh OT
Hacoca MoJIaeTcs B MOPIIHEBYIO MOJIOCTh S5 THAPOLMIUHPA U TTOPIIEHB CO
IITOKOM TIEpeMENIaeTcs CjaeBa HarpaBo (OOBIYHO 3TO COOTBETCTBYET pado-
YeMy XOJy UCHOJIHUTEJIbHBIX OPraHOB MalivH). Eciu BHEHHssA cujia mo-
JIE3HOTO COMPOTUBJICHUS Fc U CUJIBI TPEHUS MEXKY MOPIITHEM, IITOKOM U
UJIMHAPOM OTCYTCTBYIOT, TO MOPIIEHb OYJET MBUTaThCA C MAKCUMAJIBLHOM
CKOPOCTBIO, ONPEAEIIIEMON MPOU3BOIUTEIBHOCTBIO HACOCA, & JABJICHUE B
MOPIITHEBOM TIOJIOCTH, 3HAYUT, M CHJIA JIBUTatessi, OyayT paBHBI HYIIIO.
KunakocTh U3 MITOKOBOM MOJIOCTH 6 TIPH TOM CIIMBAETCS B OaK.

MakcuMalibHasi CKOpPOCTb MOPIIHS ONpPEAEIsAeTCs ACICHUEM POU3-
BOJMTEJIIBHOCTH Hacoca Ha Iiomass mopirHa. C yuyeroMm mpeoOpa3oBaHUs
Pa3MEPHOCTEN UMEEM:

) 0

" 50007 D

rjae: Q — Mpou3BOAUTENIHLHOCTD THAPOHACOCA B JI/MUH;
D — nuameTp ruApOLIMIUH]IPA B M.

5 (u/e) (8.1)
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3aMeTUM, YTO MPAKTUYECKU MOPILICHb HUKOT/AA HE JIOCTUTaeT MakK-
CUMaJIbHOM CKOPOCTU HM3-3a HEU30EKHOTO TPEHUS B YIUIOTHEHUAX MEXKIY
MOPIITHEM, IITOKOM W HWJIMHAPOM; KpPOME TOTO0, >KUJIKOCThb W3 IITOKOBOMN
MOJIOCTU B OaK CIMBAETCS C MPOTUBOJIABICHUEM U3-3a TPEHUS B TPYOOIIPO-
BOJIaX U JPOCCEIUPOBAHUS B OpraHax yIpaBIICHHUS.

Ecnu x mITOKY MPUIOKUTH CUITy CONpPOTUBIEHUs Fc, TO ero cko-
POCTh YMEHBIIMUTCS, a JaBJICHUE B MOPIIHEBOU MOJOCTH (M CHJIa IBUTATEIIs
Fr) Bo3pacrteT, mprUueM YMEHBIIEHHE CKOPOCTH OYJET MPOMOPLHUOHAIBHO
yYBEIUYEHHIO CcHIIbl. ClenyeT cKa3aTh, YTO 3Ta 3aBUCUMOCTb CHJIBI OT CKO-
POCTH ISl TUAPOLUUIIMHIPOB, TUTAEMBIX HACOCAMH Pa3HbBIX TUIIOB, MOXKET
OBITh pa3MyHa, OJHAKO BO BCEX YIMOMSHYTHIX cliydasx (TO €CTh, C Hacoca-
MU IIECTEPEHHBIMH, aKCUATIbHO-TIOPIIHEBLIMU, TTYHKEPHBIMU U TUIACTHH-
YaThIMHU) OHA OJIM3Ka K JUHEUHOU. [ToaTOMY MOXKHO CUMTaTh, 4YTO padoyast
4acTh MEXaHMUYECKOW XapaKTEPUCTUKU THAPOIMIMHIpA (a Ha puc. 8.10) —
ATO MpsiMas TUHUS, HAKJIOHEHHAas! K OCH a0CIIUCC.

YMeHbIIIeHHE CKOPOCTH TMOPIIHS MPU YBEIIMUYEHUU HArPy3KH 00bsic-
HSETCSI MHOTMMU MIPUYUHAMH, TJJABHBIMH M3 KOTOPBIX SBJISIIOTCS YTEUKHU B
TUAPOHACOCE M OpraHax YNpaBJICHUS, & TaKkKe, CKUMAEMOCTb >KUAKOCTU
IIPY BBICOKUX JIaBJICHUSIX [4].

Wtak, ¢ yBenmuueHuEeM BHEIIHEW CHUJIBI TIOJIE3HOTO COMPOTHUBICHUS F¢
CKOPOCTb IITOKA MaJiaeT, a CUja THAPOLMIMH]PA PACTET J0 BIIOJHE OIpe-
JIEJICHHOM BEJIMYMHBI, JUKTYEMOW MAaKCUMAJIbHBIM JaBJICHUEM THUIPOHACO-
ca. JTa MaKCHUMaJIbHAsl CUJIA JBUTATENS paCCUUTHIBAETCS MO (popmyIe:

6 T DZ
Foo..=10 pT (H) (8.2)
IZie p — AaBJEHUE, pa3BUBaeMoe rugponacocom B Mlla.

[Ipu AOCTHKEHUU TUAPOIUIUHIPOM MAKCUMaIbHON CHIJIBI CKOPOCTh
MOPIIHS CTAHOBUTCS MUHUMAIBHON Vmin (puc. 8.10). Bennuuna naaenus
CKOPOCTH 3aBHCHUT OT THIIA HAcOcCa M anmaparypsl ynpasieHusd. B cpeanem
MO>KHO CUMTaTh, 4TO 3TO najenue gocturaet (20 + 30) %, To ecTb,

Viin = (0’7+ 0’8)vmax

Ecnu BHemHsas cuna Fc cTtaHOBUTCS OoJibllle, 4eM MaKCHMaJIbHAs
CWJIa THIPOIMIMHIPA Frmax, TO TIOPIIEHb OCTAHABIMBAETCS, O]l HUM CO-
XpaHseTcsl MaKCUMalibHOEe naBieHne (0 Ha puc. 8.10), a M30BITOK JKUJIKO-
CTH cluBaeTcs B 0ak uepe3 MpeloXpaHUTEIbHBINA KianaH (Ha CXeME DHC.
8.1a He mokasan).

Taxkum oOpa3zoM, CTPOUTCS MEXaHUYECKash XapaKTEPUCTHKA MPHU pa-
Oouem xoe.

[Ipu xo0JI0OCTOM XOJiI€ MEXaHMYECKasi XapaKTEePUCTHUKA THUIPOIUINH-
Jipa UMEeT aHAJOTUYHBIN BUJ, HO MaKCUMaJibHasi CKOPOCTh 3]/1eCh OOJIbIIIe,
a CWJIa MEHbIIIE, TaK KaK *UIKOCTh MO/ JaBJICHHE MMOCTYINAET B IITOKOBYIO
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MOJIOCTh C MEHbIIEH IIOMAJAbI0 IOINICPEYHOTIO CCUCHUA, a4 U3 HOpIHHGBOfI
CIUBaeTCs B OaK:

_—_— )
Vimax = 2 2
150007(D° —d’ )

2 g2
'zzmax=106p”(D4 )y

(M/c) (8.3)

(8.4)

[lepeitnem Teneps K mHEBMONpUBOAY. [[HEBMONIPUBO/I B BUJIE MTHEB-
MOIIWJIMHIpA TPUMEHSETCS B TPAHCIOPTHBIX M TEXHOJOTUYECKUX Mallu-
HaX, a TaKXKe, B MPOMBILIUICHHBIX pOOOTaX.

B TpaHCHOPTHBIX MalllMHAX MHEBMOLMJIUHIPHI HCHOIB3YIOTCS IS
IPUBOJA BCIIOMOTATENbHBIX MEXaHU3MOB, Yallleé BCErO — 3TO MEXaHWU3MbI
TOPMOKEHHUS TSHKEJIBIX aBTOOYCOB, TPY30BUKOB U 1M0Oe3710B. [[HEBMOLIUINH-
Jpbl BKJIIOYAIOTCA B CXEMY, aHAJIOTUYHYIO NOKAa3aHHOM Ha puc. 8.la, rae
BMECTO THJIPOHACOCA — KOMIIPECCOp, a BMECTO 0aka ¢ KUAKOCTBIO — aTMO-
chepa. MakcumanbHass CKOPOCTh TMOPIIHS M CHJa MHEBMOIWIMHIPA pac-
CUUTHIBAIOTCS IO BBHIMICTIPUBEACHHBIM (DOpMyIaM, HO C Y4ETOM TEXHUYe-
CKOM XapaKTepUCTUKU KOMIIPEccopa.

Opnnako HauboJsiee MIMPOKO MHEBMOIIPUBOJ MCIIONb3YETCs B TEXHO-
JIOTUYECKUX MalIMHaX M poOOTax, YCTAaHOBJICHHBIX Ha MPOMBIIIICHHBIX
OPEIIpPUITUSIX, TJ€ CKAThIM BO3AYyX MOAAETCA U3 3aBOJACKON MTHEBMOCETH,
NUTAEMON CTALlMOHAPHBIM KOMIIPECCOPOM OO0JIBILION MPOU3BOJUTEIBLHOCTH.
TexHn4YecKuMHU MOKa3aTeasIMU ITHEBMOCETH SIBJSIETCS JABJIEHUE CKATOTO
BO3/[yXa U CKOPOCTh €ro MCTEYECHUs M3 LITYLEpa, NpeaHa3HAYEHHOTO Jis
NUTAHUS TEXHOJIOTUYECKON MAIIMHBI WM MPOMBILUIEHHOTO po0oTa.

JlaBieHne c:kaToro BO3AyXa B 3aBOJCKHX ITHEBMOCETSX MOXKET JI0-
xomuth 10 0,5 MIla, ogHako Npy MHKEHEPHBIX pacueTax CleayeT MPUHU-
MaTh MeHblIee 3Hauenue — 0,48 MlIla [3].

Yrto KacaeTcs CKOPOCTU MCTEUEHHS CKATOTO BO3/yXa, TO ATy Xapak-
TEPUCTUKY MTHEBMOCETH YAOOHO BBIPA3UTh Uepe3 MPOU3BOIUTENHHOCTD Q,
M3MEPAEMYIO B M>/MHH, KaK 3TO NPHMHATO B IMHEBMOCETsX. IIpu cpemHmx
ckopoctax ucreuenus (12 + 15) m/c u nuamerpax orBepctus (10 + 15) mm
5Ta IPOM3BOAMTENLHOCTL MOKET ObITh puHsaTa Q = (0,06 =+ 0,16) M*/MuH.

MexaHudeckue XapakTEPUCTHUKUA IMHEBMOIMIMHIPOB CTPOSITCS Ta-
KHM K€ CIoco0OM, Kak 3TO OBLIO OMHMCAHO IS THAPOLUMIMHIPOB, HO C
YUETOM CIIEAYIOUIMX OCOOEHHOCTEH.

MaxkcumanbHasi CKOPOCTh HOPIIHS MPH paboYeM U XOJOCTOM XOAax
OyAeT pacCUMTHIBAThCS MHAYye, TaK KakK MPOU3BOAUTEIBHOCTH 3/1€Ch 3aja-
eTCsl He B JI/MUH, a B MS/MHUH.

[Tpu npsimom (paboyem) xoze:

v, =5 (M 8.5
max ]57Z'D2 (m/c) (8.5)
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[Tpu ob6paTHOM (XOIOCTOM) XOJ€:

o0
" 15n(D? —d
Btopas 0COOCHHOCTH 3aKjIOYaeTCs B TOM, UYTO IPU YBEIMYCHUHU
Harpy3k Ha IITOKE OT HYJIA JI0 MAaKCUMaJIbHO BO3MOYHOUM BEJTUYUHBI €ro
CKOPOCTb U3MEHSETCS 10 JTUHEHHOMY 3aKOHY OT MaKCHMAaJIbHOTO 3HAYCHUS
HE J10 KOHEYHOM BEJIWYMHBI, KaK B TMAPOUWIMHApPA, a 70 Hyas [9]. D10
0OBSICHSICTCS Pa3HBIMU CBOMCTBAMHU >KUIAKOCTH (B THIPOCUCTEME) H Tra3a (B
ITHEBMOCHUCTEME), B OCHOBHOM, 3HAYUTEIBLHO OOJIbIIEH CKMMaeMOCThIO Ta-
3a 10 CPABHEHUIO C JKUJIKOCTBIO.
MakcumanbHasi cuia TMTHEBMOITWJIMHApPA MPU pabodeM U XOJIOCTOM
x0/1ax paccuutbiBaetcs o gopmynam (8.2) u (8.4), rue p = 0,48 MlIa.
Takum oOpa3oMm, MEXaHHYECKas XapaKTePUCTUKA MHEBMOIMIUHIPA
MPEACTABIACT COOOU MPSIMYIO JIMHUIO, COCIUHSIONIYIO TOYKY MaKCUMAJIb-

HOWM CKOPOCTH Ha OCH aOCIHCC W MaKCUMaJbHOW CHIJIBI Ha OCH OpJMHAT
(puc. 8.1B).

S (w/o) (8.6)

§8.2. IlpeanocbuIKU pemieHUus1 JMHAMUYEeCKOH 3a1a4n

JlMHAMHWYECKYyI0 MOJENIb B paccMaTpUBaeMbIX MallliHAX yIO0OHO
COBMEIIATh C MOPIITHEM THPO- WK MTHEBMOIMINHApPA (puc. 8.2), mpuyeM B
JTAaHHOM CJTydae TIOKa3bIBAIOTCS JIBE TPUBEICHHBIC CHJIBI: 3aBUCSIIAS OT
ckopoctr F™(V) (cria aBuraTelns) W 3aBUCSIIAs OT mepemerneHus F'P(S)
(OT CHUIBI ITOJIC3HOT'O COMPOTHUBIICHUS U TSHKECTH).

mﬂ@(§>

Puc. 8.2.

COOTBETCTBEHHO 3TOMY, YPaBHEHHE JIBUKEHUS TUHAMUYECKOW MO-
Jeau B (popMe KHHETHUSCKUX SHEPTUM 3aIUIIEeTCs TaK:

2 np 2
A — A, (8.7)

m"?v m’v,
2 2
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rae: M™ 1 V — TeKyluye 3Ha4eHUsl IPUBEIEHHON MacChl U CKOPOCTH JINHA-
MUYECKON MOJIEIIH;
M™p U Vo— Macca U CKOPOCTh B Hayajie pacCMaTpuBaeMOro HHTEpBaia
JIBUYKEHUS;
As — paboTa npuBEICHHON CUJIbI, 3aBUCSIICH OT IEPEMEIICHMUS;
Ay — TO e JJIsl IPUBEJICHHOM CHUJIbI, 3aBUCSIIENH OT CKOPOCTH.

PaGota As MoxkeT OBbITh ompejereHa BHYTpU JI0OOOr0 HHTEpBaja
JBIO)KCHUS, TaK KaK MEXaHU4YECKas XapaKTePUCTUKA CHJIbI CONMPOTUBIICHUS
3amaHa B (pyHkuu mepeMemenus. Yto kacaercs paboThl Ay, TO OHA HE
MOET OBITh ONpPENENEHA, TAK KaK JaXke, €CJIM M3BECTHO 3HAUEHHUE CHJIBI
Fvo B Hauane WHTEpBaJia, TO €€ U3MEHEHUE M KOHEYHOE 3HAYCHUE HEU3-
BECTHBl NOTOMY, YTO MEXaHUYECKas XapaKTEPHUCTHKA CHUJIbl JBUTATEIS
(rupo- Wiu MHEBMOIUIIMHPA) 3a/1aHa B QYHKIIMU CKOPOCTH.

CornacHo Merony, npemioxkeHHomy CkypunuasiM M.A. [14], sTa
paboTa MOXeT OBbITh Ompe/ieseHa MPUOTMKEHHO, €CITU MPENOI0KUTh, YTO
cwia Fy u3MeHsieTcs Mo JMHEHHOMY 3aKOHY BHYTPHU JOCTATOYHO MAaJOro
WHTEpBAJIa IEPEMENIECHUS TUHAMUYECcKo Moenu. Jlanee 3ajaya pemaercs
rpaduyuecKu ¢ UCTOIB30BAHUEM 00EHUX MEXaHUUECKUX XapaKTEPUCTHK.

Opnako ucnonb3oBaHue Metoja CKypuanHa I PELICHUs TUHAMU-
YECKOW 3aJayd MAIllMH C THAPO- MHEBMOUMJIMHApPAMU IOKAa3ajlo, YTO OH
MOKET OBbITh 3HAYUTENBHO YIPOIIEH M3-3a TOr0, YTO 3HAUEHUS KMHETHYE-
CKHUX DHEPruil JUHAMUYECKOM MOJENM MPEHEOPEeKUMO Majbl MO CpaBHE-
HUIO C BEJIMYMHAMH pabOT MPUIIOKEHHBIX K HeW cuil. Jleno B TOM, 4To pa-
00Ta TakMX MaIIUH XapaKTepU3yeTCs MaJIbIMH 3HAUYEHUSIMU CKOPOCTHBIX
napameTpoB (HarpuMep, CKOPOCTH LIEHTPOB MacC 3BEHbEB OOBIYHO HE J10-
cturatot 0,1 mM/c), a cunoBbIe MapaMeTpbl, KaK MPaBUIIO, BEIHKH.

Ncxonss u3 3TOro, BMECTO JIE€BOM 4YacTH ypaBHEHHs (8.7) MOXKHO
HAIMCaTh HOJIb. Y YUTHIBAs, UTO paboTa As OTpHUIIATENIbHA, TOTYIHM:

(3ameTuM, 4TO B HEKOTOPHIX CIydasx padora As MOXET OBITh TIOJIO-
JKUTEJIbHOW, HAllpUMep, IPU OMyCKaHUU Ky30Ba CaMOCBaJla WU MIPU BHI-
MyCKaHWUU HOTH Iaccu camodiera. OgHaKko, JJIsl ONPEIEeIEHHOCTH JBHXKE-
HUSl, 3TOrO CTAapalOTCsl HE JAOMYCKaTh, BBOJS IOMOJIHUTEIBLHO COMPOTHUBIIE-
HUE B BUJIC TPOTHUBOJIABIICHUS B TUAPOIMIHHIPE).

VYuuteiBasi, 4T0 paboThl Ay U As pacCMaTPUBAIOTCS HA OJJHOM U TOM
K€ JI0CTAaTOYHO MAJIOM MHTEpBAJC ABUKEHUS AS U, IPEANOI0XKUB, UTO CH-
ae1 F™P(V) u F™(S) u3MEHSIOTCS 10 JIMHEHHOMY 3aKOHY BHYTPH 3TOTO HMH-
TepBaJia, MOKHO BOCIOJIb30BATHCSI YCPEAHEHHBIMUA 3HAYEHUSAMU 3TUX IPU-
BEJICHHBIX CHJI, TO €cTh, Ay = F™y As u As = F"Ps As. Torna:

F¥ =Fgf (8.9)

Takum oOpa3om, OT ypaBHEHUS TUHAMUKH (8.7) MBI PUIIUIA K ypaB-

HEHHIO CTaTUKH (8.9), TO ecTh, TMHAMUYECKUM METO PEIICHUS 3a/1au ITie-
PEXOJIUT B CTATUUECKU B PE3YJIbTATE MPEANPHUHATHIX YIPOIIEHUN METO1a
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CkypuamHa, OCHOBAaHHBIX Ha pEaJbHBIX COOTHOIICHUSX KHHETHYECCKUX
9HEpruil u paboT B MalTMHAX PACCMAaTPUBAECMOTO THUIIA.

Ypasaernue (8.9) TOBOPUT O TOM, UTO B JTFOOOM IOTOKCHUH THHAMHU-
YeCKOW MOJIETM MPUBEACHHAS CUJIa, 3aBHCSINAs OT MEpPEMEIIECHUs, paBHa
MPUBEACHHOM CuIie, 3aBUCSIICH OT CKOPOCTH MOJAENIU. DTO 3aKIIOYECHHE
MI03BOJISICT, BO-TIEPBHIX, OMPEICIUTh HEM3BECTHYIO cuity F'Py B mobOom mo-
JIOKEHUHM MOJICNIM, a BO-BTOPBIX, HANTH XapaKTep IBIMKEHHUS MOJICIH, TO
€CTh, XapaKTep U3MEHEHUS €€ CKOPOCTH B 3aBUCUMOCTH OT TIEPEMEIIICHHSI.
Ota 3a7adya MOXET OBITh pelieHa TpapUUecKu WU aHATUTHYCCKH, CCIH
M3BECTHO MAaTEMAaTUYECKOE OINHMCAHNE MEXaHWYECKON XapaKTePUCTUKH
TUAPOIMITHH/IPA.

§8.3.I'padpuuecknii npuem onpeaeseHust
XapakKTepa JABUKECHUS

OObnacTh uepTeka pa3dbuBaeTcs Ha YEThIpe YacTU. B neBoil HMxKHEH
Y4acTU CTPOUTCA rpauK NPUBEICHHON CUJIBI, 3aBUCSIIECH OT MepeMeIIeHUs
JTUHAMHYECKON MOJIENH (CUJIbl COMPOTUBIICHUS U TSKECTH, IPUBEACHHBIE K
HNOPUIHIO THUAPO- WM IHEBMOLMJIMHAPA) B IMPOU3BOJIBHBIX MacIiTadax
(puc. 8.3B). DTa 3aBUCUMOCTb CTPOUTCS JJI MPAMOTo (MMoj0xkeHus 1 — 6) u
oOpaTtHoro xojaa (mosioxxeHust 7 — 12) u pacnonaraercs B OTpULATEIbHOM
oOnacTu rpaduka, Tak Kak padora As oTrpuuareiabHa. B mpaBoil BepxHeit
YacTH pa3MeNaroTCsl MEXaHUYECKHE XapaKTePUCTUKU TUAPOLUIHHIIPA IPU
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npsMoM u oopatHoM xoze (puc. 8.30). Y1oO6HO, 4TOOBI OCH abCIUCC ATUX
NBYX TpauKoB ObUIM PACTONOKEHBI HA OJHOW ropu3oHTaIM. MacmTalsl
oceil opauHaT (MaciTadbl CHUJT) TOKHBI OBITh OMHAKOBBIMH.

Tenepb NpeACTOUT MOCTPOUTH rPaPUK CKOPOCTH JUHAMUUYECKOU MO-
JIeIM B 3aBUCUMOCTH OT €€ TIepEeMEIleHUs], UCTIONb3Ys paBeHCTBO (8.9). [ns
ATOTO B JIEBOW BEpXHEW YaCTH YepTeka CTPOUM BCIIOMOTATEIbHbIE KPUBBIC
cuMMeTpruHble TpadukaM F™Pcic)(S) 1 F’™cic)(S) oTHOCHTENBHO OCcH abC-
nucc (puc. 8.3a). CornacHo ycioBuio (8.9), B KaKJI0M MOJIOKEHUU JTHHA-
MUYECKOW MOJIEIN CyMMapHasi CHJjla COPOTUBJICHNUS U TSHXKECTH paBHA CH-
ae asurarens (rugporuuHapa). [loaTomy, U3 COOTBETCTBYIOIIHUX TOUYEK
BCIIOMOTATEJIbHONM KPUBOU ITPOBOJAUM T'OPU30HTAJIM JI0 IIEPECEUYECHUS C Ipa-
¢uxamu Fp(v) u F’p(v). Eciu momydeHHbIE TOYKH MEPECEYCHUsT CIPOCIIU-
pOBaTh Ha OCh a0CHMCC, TO MOJTYYHUM 3HAYEHUSI CKOPOCTEH NMHAMUYECKOU
MOJIeJIA, COOTBETCTBYIOIINE €€ OMpe/IeJIeHHbIM nojoxkenusM. Ha puc. 8.3
JIMHUEHN CO CTpEJIKaMU MOKa3aH X0/ 3TOM MpOoLEeyphl 1715l TO3UILINU 3.

[To Tu 3HaYEHUSM B MIPaBOM HUYKHEH YACTH YepTeka CTPOUTCS Tpa-
(UK 3aBUCUMOCTH CKOPOCTH JUHAMUYECKON MOJICNIU OT €€ MepeMeNIeHHs B
MIPOU3BOJIBHBIX MacIiTadax (puc. 8.3r).

Ha ocHoBaHuu ommcaHHOro rpaduueckoro mpuema, mpu JUHEHHOM
XapaKTEPUCTUKE THAPO- WM MHEBMOIMIMHAPA, MOTYT OBITh JIETKO BbIBE-
JICHBl aHATTUTHYECKHUE 3aBUCUMOCTHU JIJISI OTIPECNICHUsI CKOPOCTH TUHAMU-
YECKOW MOJIEIIN.

['padwkn CKOpPOCTHM TOKA3bIBAIOT, YTO B MAIWHE C THAPO- HWIIU
MTHEBMOIIUJIMHAPOM CKOPOCTh AUHAMUYECKON MOojenu (WMIv 3BEHA TPHBE-
JICHHs) B HAUaJIbHOM TOJIOKEHUU HE paBHA HYIIO, TO €CTh, B MOMEHT Haya-
Ja ABWKEHUS OHA MTHOBEHHO MPUOOpETaeT KOHEUHYI0 BelnuuHy. Teope-
TUYECKU ITO COOTBETCTBYET JKECTKOMY YIapy, KOTOPBINA B JIEHCTBUTEILHO-
CTH 3HAYUTEJIBHO CMsATYaeTcsi Ojarojapsi CBOMCTBAM >KHUJIKOCTH, CKATOTO
BO3]lyXa, MPOIIECCaM B CHCTEME YIIPABICHUS U T.1I.

Bpems cpabaTbiBaHMsI MAIIMHBI C TUIPO- WM THEBMOIIPUBOJIOM, TO
€CTh BpEMs IEepeMelIeHus] TUHAMHYECKOW Mojenu (B JTaHHOM Cllydae,
IITOKA TUAPOLMIIMHIPA) U3 HAYAJIHLHOTO TOJIOKEHHSI B KOHEYHOE, MOXKET
OBITH ompenenieHo rpaduuecku o MeToay auddepeHIupoBaHus 00paTHOM
byukiuu (cMm. [11], ctp. 110-111), unu rpadoaHaqIuTUYECKH CIACAYIOITUM
oOpa3oM. Eciiu HaliTH CpeiHIO CKOPOCTh JUHAMUYECKONW MOJENU NPH €€
MEPEeMEIICHIM Ha BEIMYMHY XoJa H, TO Bpems 3TOTO JIBMKEHHUS OMpere-
JIUTCS U3 YPaBHEHUSI PAaBHOMEPHOTO JABUKCHUS:

e (8.10)

ch

CpenHsst CKOPOCTh V¢, HAXOAUTCA U3 TpauKoB cKOpocTH (puc. 8.3r), mis
Yero Ha HUX MPOBOJSATCS TOPU3OHTAJIbHBIC JIMHUMA TaKUM 00pa3oM, YTOOBI
IUIOIIA/IM, 3aKJIIOUEHHBIE MEXIy HHUMH M OCbl0 abcuucc, ObLTUM paBHBI
IUTOINASM, 3aKJIIOYCHHBIM MEXTy KpUBBIMU V(S) 1 V’(S) U 0ChIO abcIucc.
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B stom ciydyae OyayT paBHBI M IUIOMIAM 3aIITPUXOBAaHHBIX Ha pHC. 8.3r
buryp Mexmy KpUBbIMH U TOpU3OHTAISIMU. OpJIUHATHI MPOBEACHHBIX T'O-
pU3OHTaNe U OYyIyT SBISATHCS H300paXKEHUSIMU CPEIHUX CcKopocTed. B
OOJBIIMHCTBE CIIy4aeB MPOBEICHUE TOPU3OHTAIM CpPEJIHEH CKOPOCTU MO-
KET TPOU3ZBOJUTHCS MPUOIUZUTEITHHO, TaK Kak Bpemsi cpabaThbiBaHUS B
WHKEHEPHBIX pacueTax He SBJISICTCS TOUHOW BEJIMYUHOM.

KiarueBble cj10Ba U onpeacjacHusi

1. MamvHa HEnepruoAUYECKOT0 IEUCTBUS — 3TO MallluHa, paboTaro-
11asl B PEKUME «IIYCK-OCTAHOBY» M UMEIOIIAsl IBUTaTENb OCTYIIATEIBHOTO
JBUKCHUSL.

2. Mexannyeckass XapakTepUCTHKA THIPOLMWIMHAPA — ITO 3aBUCH-
MOCTb CHJIBI TUAPOLMINHIPA OT CKOPOCTH €r0 IITOKA.

3. Bpems cpaOaTpiBaHMsI MalllMHbl HEMEPUOAUYECKOTO JEHCTBUS —
9TO BEJIMYMHA, PaBHAsl YACTHOMY OT JICJICHHS XO4a JUHAMUYECKOU MOJCIIH
Ha €€ CPEIHIOI CKOPOCTb.

KoHTposabHbIE BONPOCHI.

1. Kakoi1 nBuraresnb MCHOJB3YETCS B MAIIMHAX HEMEPUOIAYECKOTO
JICUCTBUS?

2. KakoBbl riaBHBIE IMAPAMETPbl MEXAHWUYECKOM XAPAKTEPUCTUKHU
TUAPOLUMIVH/PA U THEBMOLMINHAPA?

3. Kak ucnonb3yercs meron CKypuauHa B JUHAMUYECKOM PacyeTe
MAaIllMH HENEPUOINYECKOTO AEUCTBUS?

4. B yem coctouT Tpaduueckuil mpueM IWHAMHYECKOTO pacyeTa
MalIuH HENEPHOAUYECKOTO ACUCTBUSA?

5. KakoBa 1ie1p AMHAMUYECKOr0 pacyeTa 3THX MallluH?

6. Kak ompenenuth Bpemsi cpabaThIBaHUS MallUHBI HEMEPHOIUYE-
CKOT'O JEHCTBUS B HHKEHEPHOM pacyeTe?

7. UTo Takoe MallMHa HEEPUOUYECKOTO ICICTBUS?

8. IIpuBeauTe npUMephl MalllMH HETIEPUOIUYECKOTO TEHCTBHS.
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I'naBa 9. /lunamuuyeckuii pacuer
MAIIVH NEePUOANYECKOTO 1eHCTBUS

§9.1. [luky10BbIE BO3MYIIEHUS U 321241 TUHAMUYECKOTO
pacyera MalllMH NEePUOAUYECKOTO AeHCTBUS

K MamumHaM meprogudecKoro ASUCTBUS OTHOCSTCS MAITUHBI, UMe-
IOIINE JUIUTENIbHBIA HUKIMYECKU XapakTep padoThl. 3aech Oyner pac-
CMOTpPEHA JAWHAMHUKa PabOThl TaKWX MAIMH B PEKUME YCTAaHOBUBIIIETOCS
JBIDKEHUA. B mporiecce 3TOro ABMKEHHS MapaMeTphl JUHAMUYECKON MO-
JIeW 3TUX MAIlWH TMEPEMEHHBI BHYTPHU KaKJIOTO ITWKIA (HATOMHHUM, YTO
OJIMH IMKI (PYHKIIMOHHUPOBAHUS COOTBETCTBYET, KaK IPABUIIO, OJHOMY
000pOTy IJ1aBHOTO Baja MaiiuHbl). [lepeMeHHOCTh AMHAMUYECKUX —Tapa-
METPOB BBI3BIBAECT IIMKJIOBOE BO3MYIIEHUE PEKMMa PAaBHOMEPHOTO Bpallle-
HUS TJIaBHOTO Bajia MallMHbI (2 TaKXKe JIPYruX BajoB, KMHEMAaTUYECKU
KECTKO C HUM CBsI3aHHBIX). [lepeMeHHOCTh MPUBEICHHOTO MOMEHTA CHUJI
M™(p) Ha3bIBaeTCS CUJIOBBIM BO3MYVIICHHUEM, a MIEPEMEHHOCTh MPHUBE/ICH-
HOro MomeHTa nHepuuu 1"°(¢p) — HHEPIIMOHHBIM BO3MYIlIeHHEeM. McTouHu-
KOM IIMKJIOBBIX BO3MYIIICHHUM SBIISIFOTCS, KaK MPaBUJIO, CTEPKHEBBIC U KY-
JJAYKOBBIE MEXAaHU3MBI M3-3a TOTO, YTO UX MEPEJATOUYHbIE OTHOIICHUS Me-
HSIOTCS BHYTPU Kakaoro nukia. [Ipumepamu Takux MamivH MOTYT CIy-
XKUTh JTU3EJIb-TEHEPATOPhl, aBTOMOOMIH, 3y000JI0€KHbIE CTaHKH, KPUBO-
IITUITHBIC TTPECCHI, TKAITKAE CTAHKH.

3ajaun AMHAMUYECKOT0 pacuera CieayIolue.

1. Pacuer nose3HOM MOUTHOCTH MAIlIMH (JJIs1 MAIUKH C MOPIIHEBBIMU
JBUTATEIISIMU BHYTPEHHETO CTOpPaHUs) WIIM pacyeT 3aTpauyruBaeMOil MOIITHO-
CTH MaIlIMHBI U BEIOOP JBHUTATENS (I MAITUH C DJICKTPOABUTATEIISIMH).

2. OnpeneneHue CTENEHW HEPABHOMEPHOCTH BpalICHUS TJIABHOTO
Bajia MaIlINHBbI.

3. Pacyer MOMeHTa MHEpIMM MaxOBUKa (€CIM OH HEOOXOaHM),
OMpEIeJICHHE €r0 MacChl, pa3MEPOB U MECTA YCTAHOBKH.

4. OnpezneneHue yrioBOrO YCKOPEHHUs TJIaBHOTO Baja MAalIUHBI B
TpeOyEeMOM IOJIOKEHHUH.

[lepBas u TpeThsi 3amauul SBISIOTCS 3aJa4aMH MPOCKTUPOBAHUS,
BTOpasi U Y€TBEpTasi — 3TO 3ajauu uccieaopanus. [Ipu nuHamMmuyeckom pac-
4yeTe 3a/laud pelarTcsl B YKa3aHHOM MOCIIeIOBAaTEeIbHOCTH. PaccMoTpuM
NIepBBIC TP 3aJaun. PerieHre yeTBepTOi 3a1auu aaHo B [12].

§9.2. Pacuer MOIIHOCTH ABUTATEJISI MAIIMHbBI

Pewenne 5ToM 3a1aun pa3anyHO B 3aBUCUMOCTH OT THIIA JIBUTATENs
MAaIIMHBI, SBJSIOUIETOCSI MCTOYHMKOM MOIIHOCTH M MOTYIIETro OBITh HC-
TOYHHMKOM BO3MYILEHHI. C 3TON TOUKH 3pEHUS PA3IUYAIOT:
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a) MAalIWHBI C TTOPITHEBBIMU JIBUTATEISIMU BHYTPEHHETO (M BHEIITHE-
r0) CropaHus, IJI¢ UCTOYHUKOM IMKJIOBBIX BO3MYIICHUHN SIBISICTCS JBUTaA-
TeJb, COJICPKAIINUNA CTEP>KHEBBIEC U KYJIAUKOBBIE MEXAaHU3MBI,

0) MalMHBI C DJIEKTPOABUTATENAMH, TJ€ HCTOYHHUKOM IHKIOBBIX
BO3MYIICHUHN SIBISIETCS UCIHOJHUTENBHBIN CTEPKHEBOM WM KyJIauKOBBIM
MEXaHU3MBI.

Cnyuaii, Korja UCTOYHHUKOM BO3MYIIEHUMN SIBISICTCS U JBUTATENb U
WCITOJTHUTEIILHBIN MEXaHU3M (HampuMep, MOPITHEBONH KOMIIPECCOp C MpH-
BOJIOM OT JIBUTATEJs BHYTPEHHETO CTOPAHMsI), 3/1eCh HE paccMaTpUBaeTCs,
oH aaH B [18].

[Ipn nuHAMHUYECKOM pacyeTe MAaIliH C TOPITHEBBIM JBHUTATEIEM
BHYTPEHHETO CropaHusi OOBIYHO M3BECTHA MEXaHWYECKasl XapaKTepUCTHUKA
nBurarens (MHIUKaTOpHas nuarpamma). OnpenencHuto MoIeKUT Moje3-
Hasi MOIIHOCTh MAIlIMHBI, CHJIBI U MOMEHTHI MOJE3HOTO COMPOTHUBIICHHUS,
BEJIMYMHA KOTOPBIX CUUTAETCS MOCTOSHHOW, HE 3aBUCSIICH OT mepeMelie-
HUS BBIXOJTHBIX 3B€HBEB MAIIIUHBI.

[Ipy nMHAMUYECKOM pacyeTe MaIIUH C JEKTPOJABUTATEIIMH OObIU-
HO 33JIa€TCSl MEXaHUYECKasl XapaKTEPUCTUKA UCIIOJIHUTEILHOTO MEXaHU3Ma
B BUJIe Tpa)uecKoil 3aBUCUMOCTH CHJIBI WJIM MOMEHTA MOJIE3HOTO COMPO-
TUBJICHUS OT MEPEMENICHUS] BBIXOJHOTO 3BeHa. B 3ToM ciyuae ompenerns-
€TCSl MOIITHOCTh, 3aTpadyrBacMasi MAIIHHOM, U BBIOMPAETCS JICKTPOIBHUTA-
TEeJb TI0 KaTaJIoTy.

PacueT mone3Hoil (3arpaurBaeMoil) MOIIIHOCTH BENETCA IO TJIABHO-
My TWHAMHYECKOMY YCJIOBHUIO YCTAHOBHUBIIIETOCS JIBHKEHUS, COTIIACHO KO-
TOpoMy paboTa cui (MOMEHTOB) JBUraTelis paBHa padoTe cuil (MOMEHTOR)
MIOJIC3HOTO COTIPOTHRIICHHMS 3a ITUKJT PA0OThI MAIIWHBI:

Aﬂ = A (9.1)

3mech MOKaKeM, KakK pelraeTcs dTa 3ajada I MalluH ¢ AJIEKTPO-
JMBUTATESIMU. MaluHbl C TMOPIIHEBBIMH JBUTATEISIMH PACCMOTPEHBI B
[12].

JIJist MaIlmuHbl ¢ JIEKTPOJABUTATENIEM (9TO MOXKET OBITh JH00ast TeX-
HOJIOTHYECKasi MallliHA) WU3BECTHOW SIBIISIETCS MEXaHMYECKash XapaKTepu-
CTHKA MCIIOJHUTEIHHOTO MEXaHN3Ma, 3aJlaHHasi B BUJIE CUJIbI (MU CUIIOBO-
ro MOMEHTA), MPUJIOKEHHON K pabodyeMy opraHy, B (PyHKIMU MEepeMelie-
HUSA 3TOro oprasa. [1o 3ToM MeXxaHUYeCKOW XapaKTEPUCTUKE CTPOUTCS U a-
rpaMMa IPHUBEACHHOTO CHIIOBOIO MOMEHTA COMPOTHBIICHUS B (DYHKIIUU YT-
Jla TIOBOPOTa JUHAMUYECKON MO (3B€HA MPUBEACHHS — TJIABHOTO BaJia
MaiuHbl) — M™¢(p) 32 OAWH MK WU 332 OAWH O0OPOT TJIABHOTO Baa.
Ot1o Tpaduk pacmosaraeTcsi B OTPHIATEIILHONW 00JIaCTH JUarpaMMbl, Tak
KaK CHJIBI COTIPOTUBJICHUS BBITIONHSIOT OTPHUIIATENIbHYIO paboTy (puc. 9.1a).

['padux paboOTHI PHUBEACHHOTO MOMEHTA CHJIBI TOJIE3HOTO COTMPO-
TUBJIEHUSA Ac((Q) CTPOUTCS METOIOM IpadUuecKOro MHTEIPUPOBAHMS THa-
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rpaMMbl TIPUBEIEHHOTO MOMeHTa. KpuBas pacmojiaraeTcsi B OTpHUIIATEIIb-
Hol obnactu (puc. 9.16). Macmtad pabot onpeaensercs mo dhopmyJie

My =y Hyk (/) 9.2)

rjae: W v — Macmrad rpaduka mpuBeAeHHOTO MOMEHTa B HM/MM;

L ¢ — MaciTad yrioB MOBOPOTA TUHAMUYECKON MOJIENU B Paji/MM;

k — 6a3a muddhepeHIMpoBaHMs B MM.
Opnaunara rpaduka B KOHIIE MUKJIA SBISETCS W300pakeHHEM paboThI CO-
MIPOTUBJIEHUA 32 LUK Ac.

np
p— A MgP(%)
ir”
o v.pag
pog
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Puc. 9.1

Tak kak paboTta cui conpoTuBieHus, corjacHo (9.1), paBHa pabote
JBUTATENsI, TO Ha rpaduke padoT opauHaTa paboThl ABUTartess Aj paBHa
opauHaTe Ac ¥ IPOTUBOMOJIONKHA €U, TO €CTh, HAXOAUTCS B MOJIOKUTEI b-
HOM oOslacT. MOMEHT ABUTATENIS CUMTAETCS BEIMYMHOM, HE 3aBUCSIIEH OT
NepeMeNIeHHs], TTOCTOSTHHOM, ClieIoBaTeIbHO, TpaduKOoM paboOThl MPHUBE-
JIEHHOTO MOMEHTA JIBUTATENs OyAeT mpsMasi, COSANHSIONAs Hayalo KOOp-

TUHAT Tpaduka pabOT ¢ KOHIIOM opauHathl Aj rpaduka Apx(¢) Ha puc.
9.10.

I'paduuecku auddepenuupys muarpammy Ap(@), momyuum rpapuk
NPUBEJICHHOTO MOMeHTa ABuratesis M™ (), KOTOpbIi H300paXkeH Ha PHLC.
9.16 B BU/I€ TOPU3OHTAILHOM MPSMOM B MOJOXKUTEIbHON 00J1aCTH rpaduka
MOMEHTOB, OTCTOSIEH OT OCH abcuuce Ha BenuuuHy M™p.

[To 3TOM BenMUYMHE OMpPENENseTCs MOUIHOCTb, 3aTpauynBaeMas IJeK-
TPOJIBUTaTEIEM MAIIUHBbIL:
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p. - M 1y mn,
A n30
rjie: N1 — 3aJaHHas YacTOTa BpaIleHUs] HAYaJIbHOTO 3B€HA UCITOJTHUTEIIHHO-
ro MexaHu3ma (TJIaBHOTO Bajia MallliHBbI );
1 — K03 PUITUEHT MOJIE3HOTO ACUCTBUS MAIIMHBI.

Hcxonsa u3 pacCUMTaHHOW BEJIMYMHBI MOIIHOCTH, 33JaHHOM YaCTOTHI
BpalllcHUsI Baja JBUTATENsl M €ro THUIMla, MO KaTajJory BbIOMpacM MapKy
aNeKTpoABUraTens. JIBuraTenab BeIOUpaeTcs ¢ Oymkaiiiieil 0oabpiiei Mol-
HOCTBIO IO CPABHEHHUIO ¢ paccuuTaHHOM. He cMOTps Ha TO, 4TO HOMHUHAb-
HBIN KPYTAIIUA MOMEHT OKaXXETCsl MPU 3TOM OOJIbIIE PacYeTHOIO, PaBEeH-

ctBO (9.1) OymeT BBIMOTHATHCSA B PE3yJIbTaTe CaMOPETYIMPOBAHUS JIICK-
TpoaBHraress (00 ITOM CM. HUXKE).

(Bt) (9.3)

§9.3. Onpenesienne cTeneHn HEPABHOMEPHOCTH BpallleHUSI
IJIABHOT'0 BaJIa MAIIIUHBI

B pe3ynbrare MUKIOBBIX BO3MYIICHHUM TJIABHBIA Baj MaIlWHBI Bpa-
[aeTCd HEPAaBHOMEPHO, TO €CTh BEJIMUMHA €r0 YTJIOBOM CKOPOCTH HE OCTa-
€TCsl TOCTOSIHHOM. a K0JI€0JIeTCSI OT MUHUMAJILHOTO 3HAYEHUST Mmin 10 MaK-
CUMAaJIbHOTO ®max BOKPYT CPETHETO 3HAYEHUSI O (PHC. 9.22).

Cpennee 3HayeHUE YIIOBOM CKOPOCTU OyJIeM CUUTaTh CPEIHHUM
apu(PMETHICCKUM MEKTy MUHIMAIHHBIM U MaKCUMaJTbHBIM:

a)c — wmax + wmin (9. 4)
P 2

CreneHb HEPAaBHOMEPHOCTU BPAILICHUS YTJIOBOM CKOPOCTH Baja WIH
OTHOCHUTEJIbHYIO BEJIUYMHY KOJIeOaHUM €ro yrioBOHW CKOPOCTH YyAO0OHO
OIICHHUTH MPHU TTOMOIIH KOd(DPHUITMEHTa HEPABHOMEPHOCTH BPAIICHHMS:

S = Opax — Omin (9.5)

@,

CymiecTByIOT NMPaKTUUYECKUE PEKOMEHIAINUU O JOMYCTUMBIX 3HaYe-
HUAX K03 UIIMEHTa HEPABHOMEPHOCTH [ O] JJIsl MAIIMH PA3JIMYHBIX THUIIOB:

- CEJIbXO3MAIIUHBI 0,05-+0,2

- TEKCTUJIbHBbIC MAIlIUHBI 0,02+0,1

- IPECCHI U HOKHUIIBI 0,1 +0,15

- METAJTI000pa0aTHIBAIOIINE CTAHKH 0,02 =+ 0,05
- TU3eb-TeHEPaTOPhI 0,01 =+ 0,008

Takum 00pa3oM, CMBICT OIpPEAENICHUS CTEIICHU HEPAaBHOMEPHOCTH
BpAIllCHHs TJITABHOTO Baja MPOECKTUPYEMOW MallMHbI CBOJMUTCS K PacyeTy
kod(durreHTa HepaBHOMEPHOCTH BPAIIICHHS STOTO Bajia U CPaBHEHUS €T0
C PEKOMEHIyEMbIMHU WJIU 3aJaHHBIMU 3HAYCHUSIMH.
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Puc. 9.2

CymiecTByeT HECKOJIbKO METOJOB ONpeneieHus: Ko3ppuureHra He-
paBHOMEPHOCTH. [IpuBeneHHbIN 34€Ch TMHAMUYECKANM pACcUYeT OCHOBAH Ha
metone Mepuanosa H.U. [17].

Hcxonubm 1151 onpenenieHns kodhdUiiMeHTa HepaBHOMEPHOCTH SIB-
JSI€TCSl YPAaBHEHUE JBUKEHUS JUHAMUYECKOW MOJENH B SHEPreTUYECKOU
dopme (7.3):

Tr-T,=A4

Tekyliee 3Ha4eHNE KMHETUYECKOW YHEPTUM JUHAMUYECKOW MOJEIH
M3MEHAETCS BHYTPHU IIMKJIA, BO-TIEPBBIX, U3-32 U3MEHEHHUS YIJIOBOM CKOPO-
CTH, BO-BTOPBIX, M3-3a MEPEMEHHOCTU MPUBEAECHHOIO MOMEHTa WHEpPUUU
nuHamMuyeckor moaenu (puc. 9.26). [loatoMy, yno6HO paccMaTpuBaTh KU-
HETUYECKYIO YHEPTHIO KaK CyMMY JIBYX ciaraemsbix: T, U3MEHSIOLIErocs C
U3MEHEHHEM ® (TPUBEICHHBIM MOMEHT WHEPILUU MPHU ITOM IMOCTOSHEH U
paBeH 1™nin), u Ty, U3MEHAIOMIETOCA B 3aBUCMOCTH OT MEPEMEHHOMN CO-
CTaBJIAIOIIEH MPUBEICHHOTO MOMEHTa MHEpUUU (YrioBas CKOPOCTh IpHU
3TOM OCTAETCs MOCTOSHHOW U PABHOU ®cp, PHC. 9.22),TO €CTb,

r=1,+1y (9.6)
I
T, = 2]}”’ w’ (9.7)

rae: |"P1 — mocTosiHHas COCTaBIIsAIONIasl IPUBEICHHOTO MOMEHTA UHEPLIUU
("™ = I"Pmin = const, puc. 1.20);
(® — TEKYyIIe€ 3HAYEHUE YIIIOBOKU CKOPOCTU JTUHAMUYECKOU MOJETIH.

1
Ty =1 7o, 9.8)

rjae: I"Py — TexyIiee 3HaueHUe EPEMEHHON COCTaBJISIFOLICH MTPUBEACHHOTO
MOMEHTA HHEPLIUH.
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Koaddurment HepaBHOMEPHOCTH CBS3aH ¢ U3MEHEHHEM (O, BXOIS-
e B popmyny (9.7) nna Ti, moaTomy, nojacrasisieM (9.6) B ucxomgHoe
ypaBHEHUE JABWKCHUS U PEIIaeM €ro OTHOCUTETHHO T1:

T,= AT, +T,
LITO61>I OIIPpCACIINTD 8, HCO6XOI{HMO 3HAThb MAKCHMAJIBHOC HN3MCHC-

HUE KMHETUYECKOW DHEPTUU M pabdOTHl B Mpeneax MUKIA. Y YUTHIBAsI, YTO
To = const, u3 nocneaHEro ypaBHEHUsI HAXOIUM

AT, =A(A-T),) 9.9)

N3MeHeHne mepBOro cliaraéMoro KHHETH4YecKou sHepruum AT; B
npejenax MUKJa OnpeIeNsIeTCs] aHaTUTHYECKH CIIeIYIOIMMUM 00pa3oMm:

I ., 1

AT] - T}max _Timin - 2]]”pa)max o 71;1pa)r2nin -
1
= Zl;lp(a)ﬁlax _a)rfnn)

[Tocne nmpeoOGpa3zoBaHusi 3TOro BeIpaxkeHusi ¢ yueroM (9.4) u (9.5), nomny-
YUM:

AT, =1P S, (9.10)

[IpaBas yacTh ypaBHeHus (9.9) onpenensercss rpaguyecku U3 auarpamm
paboT U PHEPTUH.
[ToncraBum (9.10) B (9.9) u pelium ypaBHEHUE OTHOCUTEIBHO O:

5_AA-T,)

np .2
II a)cp

Ota pe3ynbTUpyromas (GopMmyna meroga MepuanoBa SBISETCS J10-
BOJILHO MPUOIMKEHHOM, TaK Kak COJEPKUT HEKOTOPOE MPOTHUBOpEUHUE: C
OJTHOW CTOPOHBI, B HEW HMCHOJIb3YETCS BTOPAsl COCTABIAIONIAS KUHETHUYE-
ckoi sHepruu T\, 3aBUCAIIAs OT MIEPEMEHHOCTH MOMEHTAa UHEPIUU JUHA-
MHUYECKON MOJENH, a C APYTrOil — YUUTHIBAETCS TOJIBKO MOCTOSIHHASI COCTAB-
asiroras MomenTta uneptu 1™y, st yrounenust atoit hopmyssl Jlykuden
JM. [7] npemnoxun caeayroomyto nomnpasky: BMecto 1" = "y, ciemyer
YUYUTHIBATHh CpeAHee apu(PMeTHUecKoe MEXIy 3HAUCHHUSIMU TPUBEICHHBIX
MOMeHTOB uHepuuu [ u ["™P”) cOOTBETCTBYIOIIMMH MaKCHUMaJIbHOMY U
MUHUMaJIbHOMY 3HaueHusM BenuuuHbl (A - Ty) BHyTpu nukia. Toraa pe-
3yJAbTUpYIOas GopMysia MIPUMET CICTYIOIIUA BU/:

2A(A-T,
S = P ,( -~ 1 )2 (9.11)
(I™"'+17" ),

Hcnonp3oBanue 3Tol (OPMYJIIBI 3aBUCUT OT XapaKTepa U MHTCHCUB-

HOCTH IMKJIOBBIX BO3MYIICHH, MMOSTOMY, PACCMOTPUM CHavana (usnye-
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CKUH CMBICII M CHIOCOOBI OMpeeNieHUs] MHTEHCUBHOCTH ITUKJIOBBIX BO3MY-
IICHUM.

CuiioBO€ BO3MYIIIEHHE ONPEIEIAETCS EPEMEHHOCTBIO ITPUBEIEHHO-
IO MOMEHTa CHJI, & €r0 MHTCHCUBHOCTh — MAaKCUMaJIbHbIM W3MEHEHUEM
CyMMapHOi paOOTbl IPUBEIEHHOTO MOMEHTa cuil AA B mpefenax UK.
J71 HaxOKIACHHSI TOM BEIMYUHBI CTPOUTCS Tpaduk cyMMapHOi paboThl B
GbyHKIIUM yria moBopoTta AuHamudecko moaenu A() (puc. 9.3a). Opau-
HaThI ATOTO rpadrKa ONpPEaEISIFOTCS TaK:

A=A;+Ac+ 4;

N300paxeHreM MaKCHMalbHOTO M3MEHEHHs] CyMMapHOH paboThl B
npenenax IUKIa SBISETCA PAaCCTOSHUE MEXAY MAKCUMYyMOM M MUHUMY-
MOM, U3MEPEHHOE N0 BEPTHKAIU. VIHTEHCUBHOCTh CHUJIIOBOI'O BO3MYILEHHS
OIIPENEIIUTCS TAK:

AA=AA u, (Tx) (9.12)
I/IHGDHHOHHOG BOSMVYIIICHUC OIIPCACIIACTCA IICPCMCHHOCTBIO ITPHUBC-
ACHHOI'O MOMCHTA MHCPILIMH, a €I'O HHTCHCUBHOCTb — MAKCUMAJILHBIM U3MC-

HCHHEM BTOPOTO CllaraeéMoro KHHeTHdeckod sHepruum ATy B mpemenax
ukia. CortacHo gopmysie (9.8),

Sl VA, /o
S STI)

A A (A‘Tn)

a ﬁ§\

" 7 ",
\-\\y/t// ¢ L

(A=Ty ) ()
[m?rcu,LZ
M %ﬁz
6 (
o
| | @
Puc. 9.3
AT, = ]lnp 2 _ 1 2 P P
i — 5 I]maxa)cp - Ea)cp max min) (9.13)

JIns HaxOoXIE€HWST WHTEHCUBHOCTM WHEPLUOHHOIO BO3MYILECHUSA
MOJKHO HCIOJIb30BaTh rpaduK MPUBEICHHOrO MoMeHTa uHepimu 1™(¢),
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KOTOPBIA CTPOUTCS MOJ TpaduKoM CyMMapHOW pabOThl U UMEET TOT K€
MaciTad 1mo ocu abcruce (puc. 9.36).

[TockonbKy B 3TOM rpaduKke UHTEPEC MPEACTABIACT MepEMEHHAsI CO-
CTaBJIAIOIIAS MTPUBEJACHHOTO MOMEHTA, TO MAacIITad OCH OpJUHAT BBHIOpaH,
HCXO0JIs U3 yI00CTBa M300pakeHUsT ATOM 00acTu rpaduka, a OCh adCIHCC
MPOBE/ICHA Ha MPOM3BOIBHOM PACCT paCCTOHHI/II/I oT KpuBoii. CoryiacHo rpaduKy:

I’
AT] _ 11 max M1 @, cp (TTx) 9.14)

2

CpaBHEeHHME WHTEHCHUBHOCTEH IIMKIJIOBBIX BO3MYIICHUN MPUBOJUT K
TPEM BO3MOXKHBIM CIIy4asiM JUHAMUYECKOTO pacyera:

a) CUJIOBOE€ M MHEPLUHMOHHOE BO3MYIIEHHUS PAaBHO3HAYHBI U 00a y4u-
TBIBAIOTCS [IPU PACUETE;

0) OCHOBHBIM LIMKJIOBBIM BO3MYIIICHUEM SIBJIICTCSI CUJIOBOE, HHEPIIU-
OHHBIM BO3MYIIICHHEM TpeHeOperaem (cuutaem, yro |I"™P = const);

B) OCHOBHBIM MHEPLIMOHHBIM BO3MYIIIEHUEM SIBJISIETCS HHEPIIMOHHOE,
CHJIOBBIM BO3MYIIIEHHEM ITpeHeOperaem (cuutaem, uto M™ = 0).

3HaHWE COOTHOIICHUS WHTEHCUBHOCTEW ITMKJIOBBIX BO3MYILCHUH,
KpoMe BbIOOpa Hanbosiee MPoCcToro crnocoda pacuera, MO3BOJISIET OIEHUTH
paboTy MaIIMHBI JJIs TTOMCKAa HanboJiee BEPOSTHHIX MyTEH COBEPIICHCTBO-
BaHMUS JUHAMHKHA €€ pabOThl, B YaCTHOCTH, MOBBIIMICHUS PaBHOMEPHOCTH
BpAILICHUS €€ TJIABHOIO BaJa.

PaccMoTpuM TpH yKa3aHHBIX CITydas.

a) Ecnu 3nauenust AA u AT SIBISIOTCS BETUYUHAMU OJHOTO MOPS/I-
Ka, TO €CTb,

Q]<AA<10,
AT,
TO JIsl omnpenesienns kKoddduirenTa HepaBHOMEPHOCTU HEOOXOIUMO YUH-
THIBaTh 00a IMKJIOBBIX BO3MYIIEHUS — CHJIOBOC M WHEPIIMOHHOE. B 3TOM
ciydae, coryiacHo ¢dopmyre (9.11), Hamo moctpouts rpaduk (A - Tiy)(e)
(puc. 9.3a). OH cTpouTcs B cucTeMe KoopauHaT rpaduxka A(¢) myreMm
rpaUYecKoro BEIYUTAHUS M3 OPAUHAT CyMMapHOH paboTel A opauHat Ty
B MacmTabe [la, IS 9ero MCIOIb3yeTcs rpaduK MPUBEICHHOTO MOMEHTA

(puc. 9.36):
T, =1 % (9.15)
ﬂA
Ha puc. 9.3a BugHO, 4TO MOJydYEeHHAs] KpUBasi pPACMHOJIATA€TCs IO/
rpadukoM A(@). MI3MepeHHOE MO BEPTUKAINU PACCTOSHUE MEXIY MaKCH-
MYMOM ¥ MHHUMYMOM Tpaduka (A - Ti)(¢) Oyaer sBIsThCS U300pakeHH-
em 3HaueHust A(A - Tyj), HeoOxoaumbIM st pacyeta O o opmyne (9.11).
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COOTBETCTBYIOIIME 3TUM 3HAYCHHUSM IMPUBEACHHBIE MOMEHTHI HHEPIIUH
Oepytcs u3 rpaduka 1" (p):
2A(A-T
! "
(I +1 ) H a)cp

0) Eciu 3nauenust ATy B necars u 06oJiee pa3 MeHble, ueM AA, TO

€CTb,

A
AT,

TO CHJIOBOE BO3MYIIEHHUE SBJISIETCSI OCHOBHBIM, @ HHEPLUMOHHBIM BO3MYIIE-
HUEM MOXHO IpeHedpeyb, TO ecTh, cuntaeM, uto AT =0, a 1™ = "Py, =

|an:

s 10,

AA
1 min a)cp
B) Ecnu 3Hauenue AA B necatb u 6osee pa3 Mmenbiie, yem ATy, To
€CTb,

A
AT,

TO OCHOBHBIM ABJIICTCS MHCPLHUOHHOC BOSMYIIICHUC, @ CUJIOBBIM BO3MYIIC-

HUEM TpeHeOperaem, To ecTh, cuutaem, uto AA = (. CormacHo dopmyie
(9.11):

< 0,1,

2AT,
n n 2
(Lo + Lopin ) O,

max min

3HaKk MHUHYC Iiepes; cOoMHOkHTeneM AT) He yduThIBaETCsA, Tak Kak OH HE
nMeeTr cMbiciia. B 3ramenarene Bmecto 1™’ u I"™” mosBiarorcs |"™max U
I"™Pmin, KOO OYEBHIHO, YTO MAKCUMyMy M MHHUMyMYy KpuBod Ty(¢p) OymyT
COOTBETCTBOBATh MAKCUMAJIBHOE 1 MUHHUMAJIbHOE 3HAYCHUS IPUBEICHHOTO
MoMeHTa uHepuuu. OqHako ctpouth rpaduk Ti(@) HET HEOOXOIMMOCTH.
YyuuteiBas (9.13), u3 npeapiayiei GopMyIIbl MOTYyUUM:

I,Z]sz o ]:111)71
O = v (9.18)
max + min

To ecTh, B JTaHHOM Ciy4yae BeJIMYMHA O He 3aBUCHUT OT YIJIOBOM CKOPOCTH.
OnpIT AMHAMUYECKUX PACUYETOB IMOKA3bIBAET, YTO B COBPEMEHHBIX
MallliHax OoJIplliee paclpoCTpaHEHHE MMEET He OOIui ciydai a), Korma
CWJIOBO€ M MHEPIIMOHHOE BO3MYIIEHHE PAaBHO3HAYHBI, UJIM MOYTHU PaBHO-
3HAYHBI, 2 YAaCTHBIE CIy4yau 0) U B), KOTJIa TJIABHBIM BO3MYILIEHUEM, BIIUS-
IOIMM Ha pabOTy MAIlIUHBI, SIBISETCS WIH CUJIOBOE, UM UHEPLIMOHHOE.
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CuiioBo€ BO3MYIIEHHUE MOKET ObITh MOJIABIISIIOIIAM B MAalllMHAX Tsi-
JKEJION MTPOMBIIIICHHOCTH, B META/NI000pa0aThIBAIONIUX MallIMHAX, IJ1e CH-
JIbI TIOJIC3HOT'O COMPOTHUBIICHUS BEJIHMKHU (MPECChl, HOKHUIIBI U Ap.). Hep-
IIMOHHOE BO3MYIIICHHE MPEBATUPYET B MaIlIMHAX JIETKOM W TEKCTUJILHOU
MIPOMBINIJICHHOCTH (CUTO-BEEYHBIC MAIIIMHBI, TKAlIKUE CTAaHKH), a TaKKe B
HEKOTOPBIX METAJUIOPEXKYIIMX CTaHKaX MEPHOINYECKOro JIEHCTBHUS C He-
OOJIBIIMMH CHUJIAaMH TIOJIE3HOTO COMPOTHUBIICHHS (Hampumep, 3y0010J10eXK-
HBIC CTaHKH).

PaccMmoTpum Temeps CrmocoObl MOBBIMICHUS] PABHOMEPHOCTH Bpalle-
HUS TJIABHOT'O Bajia MaIllWH.

§9.4. Pacuer MmaxoBuKa

Ecnn paccuntanHas BelMuYMHA O BXOAMT B PEKOMEHAYEMBIM s
JAaHHOW MAIllMHBI AMAINa30H 3HAYeHUN KO3(PUIMEeHTa HEPAaBHOMEPHOCTH,
WJIM MEHbILIE, YeM 3TH 3HAYEHMS, CYUUTAETCS, YTO MalllhuHa OyJeT paboTarh
YIOBJIETBOPUTENBbHO. EciM e nojydeHHasi BeInuyuHa KO3 (ULHUEeHTa He-
PaBHOMEPHOCTU OOJIbIIE PEKOMEHYEMbIX 3HAUEHUI, HEOOXOAUMBI CIEIU-
aJIbHbIE MEpPBI JIJIs1 TIOBBIIIEHUS PABHOMEPHOCTH BpAlIEHUs TJIABHOTO BaJa
MalIUHBI.

Hapsigy ¢ MepaMu, CBSI3aHHBIMH C COBEPIIEHCTBOBAHUEM pPabOYEro
Ipolecca MalluHbl, CYIIECTBYET BO3MOKHOCTh MCIOJIb30BAHUS OJHOW W3
CJIEYIOIMX KOHCTPYKTUBHBIX 1I0PaOOTOK MaIIUHBbI:

a) UCIOJIb30BaHNE JUHAMUYECKUX racUTeNeH;

0) MpuMEeHEeHNe ITUKIIOBBIX pa3rpyxKaTeei;

B) YCTAaHOBKA MaxOBUKa.

B ciyuyae TMHaMHM4YECKOro TacHUTENsl, B KOHCTPYKILMIO MAlIUHbI BBO-
JUTCSI YIIPYTO YCTaHOBJIEHHAs JOMOJIHUTENbHASI Macca, yacToTa u (asza Ko-
nebaHui KOTOPOH PacCUUTHIBACTCS TaKUM 00pa30M, YTOOBI, CKJIaAbIBAsICh C
KOJICOAHUSIMU CKOPOCTH, BbI3BAHHBIMU LIMKJIOBBIMU BO3MYIICHUSIMU, B HE-
KOTOPOM CTENEHU UX HEUTpanu3osarth [17].

B ocHOBe KOHCTPYKIMM LMKJIOBBIX pa3rpykareieid Haxondarcs Ky-
JAYKOBBIE MEXAHU3MbI C CHJIOBBIM 3aMbIKaHUEM, KOTOpbIE, Oyyuyn KUHE-
MAaTHUYECKU CBSI3aHbI C TVIABHBIM BaJOM MAILIUHbBI, CBOUMHU CUJIOBBIMH BO3-
JNEUCTBUSAMHU KOMIICHCHPYIOT BJIMSHUE LIHMKJIOBBIX BO3MYILIEHUN Ha Xapak-
Tep ABWKEeHMS MamuHkbI [10].

PaccMOTpeHHBIE KOHCTPYKTHBHBIE MPUEMBI YJIYUIIECHHUS JUHAMUKH
paboThl MalllMH HE HAaXOJAT LIMPOKOrO MPUMEHEHHUs H3-3a TOro, 4yTo HC-
MOJIb3YEMBIE MPH 3TOM MEXAHU3MBI JOCTATOYHO CJIOXKHBI U CIIOCOOHBI J1a-
BaTh MOJIOKUTENBHBIN 3PQEKT JUIIb B y3KOM JHANa30HE CKOPOCTHBIX U
JTMHAMUYECKHUX MapaMeTpOB MalllKH.

Haunbonee yHuBepcanbHbIM M pACIPOCTPAHEHHBIM CIIOCOOOM IOBbI-
HIEHUS PAaBHOMEPHOCTH BpAIlIeHHs SBJISETCS YCTAHOBKAa MaxoBUKa. Bpa-
HIAIOUIUICSA MAaXOBUK SIBIISIETCA aKKyMYJISITOPOM KHHETHYECKOW >HEpruu.
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On BeIpaBHUBAET BpallleHHuEe Oiarogaps CBOE€W CIOCOOHOCTH 3amacaTh KH-
HETUYECKYIO0 DHEPTHIO MPH YCKOPEHHMH JBM)KCHHUS W OTJaBaTh €€ IMpU 3a-
MEJIJICHHUU.

MoMeHT nHepuuH MaxoBHWKa |y, YCTaHOBJIEHHOIO Ha TJIABHBIN Baj
MAIIIUHBI, OTpeJeseTcs M0 3aJaHHOMY 3Ha4YeHUI0 Kod(duiimeHTa Hepas-
HOMepHOCTH [O]. [Ipu 3TOM y4IUTHIBAE€TCS, YTO MOMEHT MHEPIIUU JUHAMHU-
YECKOUW MOJIeNIA YBEINYUJICS Ha BEJIMUUHY |y

Taxkum oOpazoMm, eciu B BeipakeHusx (9.16), (9.17) u (9.18) 3ame-
HUTH O Ha [O] U 106aBUTH |y, @ TOTOM PEIINTH UX OTHOCUTENBHO |y, TO TIO-
JYy4YUM cleAyromme GopMyIibl MO ONMPEASTICHUI0 MOMEHTAa HHEPLIMH Maxo-
BHKA!

- IS CITydasi, KOT/JIa YYUTHIBAIOTCS 00a ITUKIOBBIX BO3MYIIICHUS,

_AA-Ty ) py (I ITT )y

[ 5] a)cp 2
- Ui ClIydasd, Koraa YYUThIBACTCA TOJIBKO CHJIOBOC BO3MYIIICHHC,
AA
ly=———5-1" (9.20)
S 2 min
[ ] a)cp

- IJI Cliydas, KOorja YUYUTbIBACTCA TOJIbKO MHECPIUMOHHOC BOSMYIIICHUC,
np _ ynp np np
I (A S|

IM — maZx[éjmln 5 min (9.21)

MaxoBHUKH BBITIOJIHAIOTCS M3 CTaIM M yyryHa. Macca, doopma u pas-
Mepbl MaxOBHKa ONpPEAEIAIOTCA, UCXOs U3 3HA4eHMs |y U KOHCTPYKTHB-
HbIX cooOpaxkenuil. Hanbonee 3¢ pexkTUBHBIMU SBIISAIOTCS MAXOBUKHU B BU-
JIe MacCUBHOT0 000/1a, CBSI3aHHOTO C BaJIOM IPHY MOMOIIM CHUI] WJIH JIHUCKA.
Ecnu npeneOpedyb MOMEHTOM HMHEpPLUMH ATHX CBI3YIOUIUMX YacTed (Crwil
WIM JUCKa), TO Qopmysia, CBA3BIBAIOIIAS MOMEHT MHEPLUHU TaKOTO Maxo-
BHKa, €r0 Maccy U pa3Mepsl Oyaetr uMmetb Bua [15]:

1, =’”§4(Dz+d2)

rae: My — Macca MaxOBHKA B T;
D u d — BHEIIHUH ¥ BHYTPECHHHI JHAMETP MaXOBHKA B M.
Macca MaxoBHKa CBsI3aHa C €ro rabapuTaMu CJIeIyIONel 3aBUCUMOCTBIO:
prb 2
my,=~——(D"—-d") (9.22)
rJie: P — INIOTHOCTh MaTepUaja MaxoBUKa B T/M°,

b — mmprHa 00012 MaXOBHKA B M.
PesynbTupyroias hopMysia UMEET BHI:
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I, = "4’”’(1)2 +d?)(D? -d?) (9.23)

B aroii popmyiie Tpu HemsBecTHhIX: D, d u Db. BamaBasce nBymMs 3 HUX,
UCXO/JIS U3 COOOpaXKEHUN BO3ZMOKHBIX Ta0apUTOB, ONPEACIISAIOT TPETUH.

PaccunTaHHbIii MaxOBUK MOKET ObITh YMEHBIIEH, €CJIU y4eCTh Me-
XaHUYECKYIO XapaKTePUCTUKY JIBUTATEIS] MAITUHBI.

§9.5. Brusinue MexaHU4eCKOM XapaKTePUCTUKHU ABHUTaTe sl
HA MOMEHT MHEePIUH MAXOBUKA

B npeapinymux pacuerax CHJIOBOM MOMEHT JBWTATENs] MalIWHbI
IIPEAIOJIAarajics BEJIMYMHOM IOCTOSIHHOW. B JAEHCTBUTEIBHOCTH, CUIIOBOM
MOMEHT JIBUTATEIsI 3aBUCUT OT YIVIOBOM CKOPOCTH BpallleHus ero Bana. Ha
puc. 9.4a mpencraBieHa MEXaHUYECKasl XapaKTEPUCTHKA ACUHXPOHHOTO
AJIEKTPOJIBUTATEINSI, HAMOOJIEe YIOTPEOUTENHHOTO B TEXHOJIOTHYECKUX Ma-
IIMHAX.

PabGorta paBurareneld B MaliMHaxX MPOUCXOJUT MPU CKOPOCTIX H
Harpy3kax, COOTBETCTBYIOIIMX IIPABOW YaCTHU MEXaHUYECKOM XapaKTepu-
CTHKH, TO3TOMY, 3Ta YaCTh KPUBOU Ha3bIBAETCs pabouel XapaKTEepUCTHKOM
neurarens. Kak npaBuiio, ykazaHHas HUCHaAarolas 4acTh KpUBOM OJiv3Ka
K IPSIMO JINHUY, CJIEA0BATEIbHO, pa00UYI0 XapaKTePUCTUKY JBUTATEIICH B
OOJBIIMHCTBE CIIy4aeB MOKHO CUUTATh JIMHEHHOM.

CornacHo paboueii xapaktepuctuke (puc. 9.4a), eciim HOMUHAIBHOU
YIJIOBOM CKOPOCTH BpalICHHS Bajla JBUTATENsl COOTBETCTBYET HOMHUHAJIb-
HBIM CHJIOBOM MOMEHT (n U My), TO ¢ YBEJIMYEHHEM CKOPOCTH MOMEHT
YMEHBIAETCS (®max ¥ Mmin), @ C YMEHBIIIEHUEM CKOPOCTH MOMEHT BO3pac-
TaeT (Omin © Mmax). DTO CBONCTBO JBUTaTelisl YBEIMUYUBATH CBOUM CUIIOBOM
MOMEHT TpU 3aMEIJICHHHM BpAICHHS W YMEHbBIIATh €r0 MpPU YCKOPEHUU
HAa3bIBACTCS CAaMOPETYJIUPOBAHUEM.

Yewm Oosbllie BBIPaKEHO CBOMCTBO CaMOPETYIMPOBAHUS, TEM MEHb-
e MOXET OBbITh MaxXxOBHK, MOCKOJIbKY YacTh 3aJayd IO BBIPABHUBAHUIO
CKOPOCTH BpallleHusl ABUTraTeab 0epet Ha ceOs. Hampumep, eciin ckopocTh
YMEHBIINUTCS, CUJIOBOM MOMEHT JIBUTATEIN YBEIUYUTCS, MPENATCTBYS TO-
MY 3aMEJIJICHUIO.

BenuunHa camoperyinupoBaHus JBUTATENsA, KaK 3TO BUIHO U3 PUC.
9.4a 3aBUCHUT OT KPYTHU3HBI paboUeil XapaKTepUCTUKH, & UMEHHO, YeM KpY-
Y€ XapaKTEPUCTHKA, TEM CHIIBHEE CaMOpEryIupoBanue. Bennunny camope-
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Wop=0_
O
! -— )
Wn
| Ma
M nin @ \
T T - Q)
W, W
> - AMg n 20
Wonin 0
Wn, 2
Wmax
o OQ Q)O W
Puc. 9.4

TYJIMPOBAHUSI MOXKHO OLICHUTH MPU MOMOIIN KOA((UIMEHTa HAKJIOHA pa-
Oodeli XxapaKTepUCTUKH K:

k=" (9.24)

rJie: ™, — HOMUHAJIbHAS yIJI0Bast CKOPOCTh (COOTBETCTBYET MOMEHTY My);
wp — MakcuMaibHas ckopocts (M = 0, puc. 9.4a).

3nauenus K moryt menstbes ot 0 10 1. Ha puc. 9.4 crpaBa nipej-
CTaBJICHbl paboyre XapaKTePUCTUKU PA3IMUHBIX JBUraresieid. XapakTepu-
CTUKa JBUraress 6e3 camoperyiaupoBanust (puc. 9.40) M 3TO TOPU30OHTAIIb-
Hast guHus: K = 0. CHii0oBOH MOMEHT JBHMTaTessi HE 3aBUCHT OT YIJIOBOM
CKOPOCTH €ro Bajia (Mpy>XKUHHbIC U THPEBbIE ABUTaTENn). J[BUrarenu c ca-
MOPETYJIUPOBAHUEM UMEIOT pabouyl0 XapakTEPUCTUKY B BUJIE HAKIOHHOU
auHuU (puc. 9.4B). B 3aBUCUMOCTH OT KPYTH3HBI XapaKTEPUCTHKU KO (-
¢durrent K moxxeT ObITh paznuunbiM: 0 < K < 1 (TypOuHBI, KapOIOpaTOPHBIC
JBUTATETH, OOJIBIIUHCTBO JU3eicH u anekTpoasurarencii). Korma K= 1, to
XapaKTepUCTUKA CTAHOBUTCS BEpTUKaIbHOU JiMHUEH (puc. 9.41). CKopoCcTh
MOCTOSIHHA HE3aBUCUMO OT MOMEHTAa. JTO XapaKTEPUCTHKA HEaTbLHOIO
JIBUTATEJIsl, MAXOBUK B JIAaHHOM ciiydae He HyxeH. CyIecTBYIOT JBUTaTe-
JIM, KOTOPBIE B ONPEACIICHHOM JHana3oHe Harpy30K UMEIOT TaKyl Xapak-
TEPUCTUKY (CTAIlMOHAPHBIC JW3EJIM, CHUHXPOHHBIC DJJICKTPOJBUTATEINHN).
BBuay 60mb1mmx rabapuToB OHU HCTIOIB3YIOTCS, B OCHOBHOM, B DHEPTETHU-
YECKUX MalInHax (Iu3eIb-TeHePaTOPhl, CTAIIMOHAPHBIE KOMIIPECCOPHI).
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Haubonee ynorpeburenbHble ABUTATEIN HUMEIOT HAKJIOHHBIE pado-
qre XapakTepuctuku (puc. 9.4B). JlpuraTenu BHYTPEHHETO CrOpaHHs 00-
Jaal0T XapaKTePUCTUKONW C MaJlol KPYyTU3HOM (YroJl HaKJIOHA XapaKTepH-
ctuku main). CrenoBaTesb, cCaMOpPEryJIUpPOBaHUE ATHX JBUTaTeied BbIpa-
XKeHO ciiabo. HampoTuB, aCHHXpPOHHBIC JABUTATEIH, UCTOIb3yEMbIE MMOYTH
BO BCEX TEXHOJIOTMUECKUX MaIllMHAX, UMEIOT KPYTYIO XapaKTepPUCTUKY ¢ K
= (0,92 + 0,98), ux camoperyJInpoBaHHEe BhIPAKECHO CHUIIHHO.

CornacHO TeopuHM aBTOMATHYECKOTO PETyJIMPOBAHHUA, €CIU JIBUTA-

TEJIb UMEET pabouyro xapaktepucTuky ¢ K <€ 0,9, To ero camoperyaupoBa-
HUAE OTHOCUTEIBHO HEBEIMKO MU, MO3TOMY, MOKET HE YUYMUTBHIBATHCS IIPU
pacuere MaxoBuKa. Ho ecnu n1BUrarens MamvMHbl HIMEET XapaKTEPUCTUKY C
k > 0,9, To ee MaxOBHK, paCCYUTAHHBIN IO OJJHOMY U3 H3BECTHBIX METOJIOB
JTUHAMHUKHU, MOXET ObITh YMEHbILICH:

Iy, =al,, (9.25)
rac: ||\/|0 — MOMCHT MHCPIIMU MAaXOBHKaA, paCCLII/ITaHHBII\/'I oe3 y4ucTa XapaKTe-

PUCTHKHU JBUraTEls MAIINHBL,
o — Kod(ppuImeHT yMeHbleHust MmaxoBuka [17]:

2 2
a= 11— [5! k (9.26)
\ 4 k—1
_ MG
rae: Y = S
M(C+G)cp

M™c+G)a — aMILIUTY1a U3MEHEHUS IIPUBEICHHOTO MOMEHTA OT CUJI
CONIPOTUBJICHUS U TSHKECTH BHYTPH ITUKJIA;
M™ c1G)ep — CpEIHEE 3HAUEHHE 3TOT0 MOMEHTA.

[Ipumep. B pe3ynbrare IMHAMHUYECKOTO pacdyeTa MalTuHbI IEPHUOIH-
yeckoro nevctus ¢ Y = 0,5 1 HeoOXoauMbIM KOI(PGUIIMEHTOM HEPABHO-
MepHocTH [0] = 0,02 BeIOpaH acCMHXPOHHBIN AeKkTpoaBUraTens 4al124y3 ¢
HOMHUHAJIBHOW 4acTOTON BparieHus N, = 1440 06/MUH 1 paccyuTaH MOMEHT
MHEPIMU MaxoBuKa lyo = 2,5 Krm?,

JIst BEIOpAHHOTO 3JIEKTPOJBUTATENSI PACCUUTHIBAEM KOI(PHUIIUEHT
HaKJIOHa pabouelt xapaktepuctuku (9.24), yuuTbiBas, 4TO MaKCUMaJIbHAS
4acTOTa BPAIllEHUS PaBHA CHHXPOHHOM yacToTe Ng = 1500 06/MuH:

n _]440_096

n

n, 1500

Torna xoadduneHT ymeHbIieHus: MOMeHTa uHepiinu Oynet (9.26):

’
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2
0,02 0,96
a=1-"" = 0,28
052 \1-096
CrnenoBaTelbHO, MOMEHT HWHEPIIUH JIEHCTBUTEIBHOTO MaXOBHKAa MOXKET
OBITh MEHBIIIE €r0 pacueTHOro 3HadeHus (9.25):

1, =0,28-25=07

0e3 yBennueHus KodhPuimeHTa HepaBHOMEPHOCTH.

Ecnu B pesynbrare mogoOHOTO pacuera moiydaercs KodGuimeHT

yMeHbllIeHUs1 MaxoBuka o € (0, TO 3TO O3HA4aeT, YTO B MAXOBHUKE HET
HEO0OXOJMMOCTH, TaK KaK JBUTaTeslb OepeT Ha ce0s BCo padoTy MO BbIpaB-
HUBAHUIO KOJI€OaHUI CKOPOCTH 110 HY>KHOM BEJIMYMHBI.

B camomMm nerne, GOJIBIMIMHCTBO MAllMH HE UMEIOT CHELMAIBHBIX Ma-
XOBUKOB. JlJI1 HUX OCTaTOYHO MMETh BpaLIAOLIUECs MacChl, HEOOXOM-
MbI€ B KOHCTPYKIMU (3y0OdaTble KoJieca, IKUBbI, 3BE€3/I0UKH LIETTHBIX Mepe-
Ja4 U T.1.), 4TOObI 00€CIeUnTh HEOOXOAUMYIO PAaBHOMEPHOCTH BpalleHUS
IIPU MOMOIIY ACUHXPOHHOTO JIBUTATEJIS.

§9.6. MecTo yCTAHOBKH MaX0OBHKA

HecMoTpst Ha BBIBOJ, CIAETaHHBIA BBHIIIE, O HEHY)KHOCTH MaXOBHKa
JUTs1 OOJTBIIMHCTBA MAITUH C ACHHXPOHHBIMH JIBUTATEIISIMUA, UMEETCSI 11€JIbIN
pSiIl MallliH, Te MaxOBUK HEOOX0IMM. B 3TOM cirydae mosiBIsieTCsl BOMPOC
0 MECT€ YCTAaHOBKUA MaXxOBHUKA B KWHEMAaTUYECKOM IIEMTU MAIINHBI.

B mpeapiaymux pacuerax mpeanoiaraioch, YT0 MaXOBUKH TIPEUMY-
IIECTBEHHO YCTaHABJIMBAIOTCS Ha TJIaBHBIN Bay MamuHbl. Ho ecnmu ckopo-
CTH BpallleHUS TJIaBHOTO BaJia HEBEJIHMKA, TO Pa3Mepbl MaxOBUKa MOTYT T10-
JYyYUTHCS OOIBIIMMH ¥ BOSHHKAET €CTECTBEHHOE CTPEMIICHHUE TIEPECTABUTh
MaxoOBUK Ha Oosiee OBICTPOXOITHBIM BaJl, TAK KaK €r0 MOMEHT HWHEPITUU
YMEHBIITUTCS TIPOTOPITMOHAIEHO KBAJApATy MEePEAaTOYHOTO OTHOIICHUS OT
IJIaBHOTO Bajia A0 Oojee ObicTpoxoaHoro. OaHAaKO MPU ITOM HEJb3s HE
YYHUTBIBATh TOTO OOCTOSTENLCTBA, YTO YCTAHOBKA MaXOBUKA JJISI BRIPABHU-
BaHMS KOJICOAHHMI CKOPOCTH MPUBOJIUT K POCTY TUHAMUYECKHX HArpy30K B
KHHEMATHYECKOW e MEXTy HCTOYHUKOM BO3MYIICHUH U MaXOBHKOM M
YMEHBIIICHUIO JUHAMHUYECKUX Harpy30K B OCTAJIbHOW 4acTH KWHEMAaTHYe-
CKOM LIETIH MAalIUHBI (TO €CTh, 32 MAXOBUKOM). JTO YTBEPKICHHUE CIIETYyET
U3 pacyeTa KoJieOaTeNbHBIX MPOIECCOB B KWHEMATHUYECKOW e MAaITMHbI
U 371eCh IPUHUMAETCs O3 aHaImn3a.

HauGonee ynpyrum, a ciieioBaTeibHO, Han00JIee YYBCTBUTEIHHBIM K
JUHAMUAYECKUM Harpy3kaMm y4acTKOM KHHEMAaTUYeCKOW IIeTH SIBIISETCS
3y04aThlil MEepeIaToOYHbIi MEXaHU3M MaIIuHBI (IMoapoOHEee 00 3TOM CM.
cieayomyw jekinuio). [loaToMy, MaxoBUK JOJDKEH OBITh YCTAaHOBJIEH Ta-
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KM 00pazoM, 4TOObl HE HArpyKaTh, a pa3rpyXaTh MEPEJATOYHBIN Mexa-
HHU3M.

Ha puc. 9.5a noka3zaHbl IB€ CXE€Mbl PACHOJIOKEHUS MaXxOBHUKA B Ma-
IIMHE C 3JIeKTpoaBurareneM. Jlpurarens I depe3 nepeaaToOuyHbI Mexa-
HU3M [IM npuBOINUT B IBHKEHHUE UCIIOJHUTENbHBIN MexaHnu3m M. Ilepe-
JTATOYHBIM MEXaHU3M

MAX MAX
1M UM A 1M
A N T2 [ A e
HenpabuibHOo HenpabuibHo
MAX MAX
M Um A M

AN = = A

NPadbULLHO NPabuUiIbHO

o O

Puc. 9.5

NOKa3aH B BUJIE MPY>KUHBI, IOTOMY YTO OH SIBJIsIETCS HauOoJiee ypyruMm H,
CJIeIOBAaTENbHO, HauboJiee YyBCTBUTEIbHBIM K JUHAMHUYECKUM Harpy3kam
Y4aCTKOM KMHEMATHYECKOM Lenu. VICIIONMHUTENBHBIN MEXAHU3M SBISETCA
VMCTOYHUKOM ILIMKJIOBBIX BO3MYIIEHHI, OH IMOKAa3aH B BUJE KPHUBOILMITHO-
MTOJI3YHHOTO MEXaHU3Ma, TaK KaK B OCHOBE KOHCTPYKIMI UCIIOJHUTEIbHBIN
MEXaHU3MOB MAIlIMH MEPUOJAYECKOTO JEHCTBUS C JJIEKTPOABUTATEISIMU
HaxOJATCS, B OCHOBHOM, CTEP)KHEBBIE MEXaHHU3Mbl. B BepxHel cxeme Iie-
pENATOYHBIM MEXAaHNU3M PACIIOJOKEH MEXKIY MaXOBUKOM M HCHOJHUTEIb-
HBIM MEXAHU3MOM — UCTOYHUKOM BO3MYILIEHHI, TO €CTh, B 30HE MOBBIIICH-
HBIX JTMHAMUYECKUX Harpy3oK. 3HAYUT, MaXOBUK, YCTaHOBJICHHbII BOIU3U
JBUTaTellsd, HATPYKAEeT NEePENaTOYHbIM MEXAHU3M, YTO OTPULATEIBHO CKa-
3bIBAETCS HA HA/JEKHOCTU W JOJITOBEYHOCTH MalnHbl. Cxema He MpUeM-
nemMa. IIpaBUIbHOM SIBISETCS HUXKHAA CXEMa, I'ZIE MAaXOBUK YCTAaHOBIICH
BOJIM3M MCHIOJHUTEIPHOTO MEXaHU3Ma; B 3TOM CIIy4yae MaxOBHK pasrpyxa-
eT MepeIaTOUHbII 3y0UaThIii MEXaHU3M.

Ha puc. 9.56 nmoka3zaHbl cXeMbl YCTAHOBKM MaxOBHKa B MAIlIUHE C
JBUTaTeJIEeM BHYTPEHHETO CropaHus. B Takoi mMammHe MCTOYHMKOM ITUK-
JIOBBIX BO3MYILIEHUH SIBISETCS IBHUraTellb, MO3TOMY, BEPXHSS CXema He-
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BEPHA, TAK KaK MAXOBUK HATPYXaeT MEPEIATOUYHbIM MEXaHWU3M, 4 BEPHOU
OKa3bIBAETCS HIDKHSS CXEMa, TJIe MaXOBUK YCTAHOBJICH BOJIM3U JBUTATEIIs
Y pa3rpyaeT nepeaaTouyHbIi MEXaHU3M.

OOt BEIBOJI, KOTOPBIA CJIEAyeT U3 NMPUBEACHHBIX MMPUMEPOB, Cle-
JYIOIIWI: JJI1 YMEHBIIIEHUN TUHAMUYECKUX HArpy30K B MPUBOAEC MaIUHbI
MaxOBHK HAJI0 YCTaHABIWBATh BOJIU3H UCTOUYHHMKA IIMKJIOBBIX BO3MYIIICHHUH.
JIs MaluHbI ¢ 3JIEKTPOJIBUTATENIEM 3TO MOKET OBITh BaJl KPUBOIIIMIIA KC-
MOJIHUTEJIBHOTO MEXaHU3Ma, a JUISI MAlllMH C MTOPIIHEBBIMU J.B.C. — KOJICH-
YaTBINA Bajl 1.B.C.

Kiarw4yeBble cj10Ba U onpeaecjJacHus

1. CunoBoe BO3MYILIEHUE — 3TO [UKJIMYHO U3MEHSIONIASCA BEIMUYNHA
MIPUBEJECHHOTO CUJIOBOTO MOMEHTA.

2. THepIIMOHHOE BO3MYIIIEHUE — 3TO [UKJIMYHO M3MEHSIONIAsACA Be-
JIMYMHA TPUBEJACHHOIO MOMEHTA MHEPLIUH.

3. MaxoBUK — aKKyMYJIATOP KHHETUYECKON YHEPTUH.

4. CamoperynupoBaHue JIBUTATEIIsl — 3TO €ro CIOCOOHOCTh YBEIIUYUH-
BaTh MOMEHT IPU 3aMEIJICHUM U YMEHBILIATh — IIPU YCKOPEHUHU.

5. KoadduruentT HepaBHOMEPHOCTH — 3TO YaCTHOE OT JICJICHUS aM-
IUTUTYAbI KOJIEOAHHSI CKOPOCTH Ha CPEHIOI0 CKOPOCTh BpaIllCHUs TIaBHOTO
BaJIa MaIlIMHEI.

KoHTpoJbHBIE BONIPOCHI

1. KakoBa 1uenp IMHAMUYECKOTO pacuera MallhH MEePUOIAYECKOro
JIEUCTBUS?

2. KakoBbl BenmnurHbI K03 PuIimeHTa HepaBHOMEPHOCTH JIJIsl MaIlTuH
MEPUOANYECKOTO JIEUCTBUS PA3IMYHOTO HA3HAYCHHUS ?

3. B yeM cOCTOUT OCHOBa AMHAMHYECKOTO pacyeTa MAIHUH MEepPUO-
JUYECKOTro ACMCTBUS MO0 MeToay MepianoBa?

4. Yto Takoe UHUKIOBbIE BO3MYILIECHHUS?

5. Kak BiausieT COOTHOLIEHNE UHTEHCUBHOCTENW LIMKIIOBBIX BO3MYIIE-
HUM HA METOJIMKY JUHAMHUYECKOro pacyera’?

6. Kakum o0pa3om MaxoBHUK CIIOCOOCTBYET BhIPABHHBAHUIO KOjeOa-
HUM YIJIOBOW CKOPOCTH TJIABHOTO Baja MAIIWHBI IEPUOJUYECKOTO JCH-
CTBUSA?

7. Kak BimsieT MEXaHUYECKasi XapaKTePUCTUKA JBUTATEIIs] MAIlIUHBI
Ha BEJIMYMHY MaxOBHUKa?

8. B KkakoM MecTe KHUHEMATHYE€CKOM 1IeMU MAIlIMHBI CIEAYET YCTaHO-
BUTHh MaXOBUK, YTOOBI MIEPEIATOYHBIN MEXaHU3M OBLT Pa3rpyKeH?
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I'naBa 10. Yupyrocrb 3BeHbEB
U KOJIeOAHUA MAIIMHbI HA PyHIaMeHTe

B mpeaplaymux JeKUuax mo AMHAMUKE MAIIUH C KECTKUMH 3BEHb-
MM OBLIO CIIEJIaHO JOMYIIEHHE, YTO KOMILJIEKC MEXaHU3MOB, COCTABIISIO-
IUX MAIlWHY, TPEICTaBIsIeT COOOW MOABMKHYIO CHUCTEMY aOCOIIOTHO
KECTKHUX TeJ, YCTAHOBJICHHYIO Ha a0COJIFOTHO KECTKOM OCHOBaHUHU. JTO
OBUIO CAENaHo JJIsl YNpoUIeHUs (U3MIECKOTO U MAaTeMaTHUECKOTO OIHca-
HUS TUHAMUYECKHUX MPOIECCOB B MOJIBUXKHBIX CUCTEMax MaIllIuH, CBEJICH-
HBIX K JUHAMUYECKHM MojeisiM. [lociie pemeHuss 3TOM TiaBHOM 3ajayu
JTWHAMUKHA PACCMOTPUM TENEph, KaK BIMSIET peajbHas YIPYroCTh 3BEHBHEB
MEXaHU3MOB U peajbHasi ynpyroctb GpyHaaMeHnTa (MM MOJIBECKH) MaIIUH
Ha 3TU JUHAMHYECKHE MMPOLECCHI.

§10.1. Bausinue ynpyrocTu 38€HbeB MalllUHbI
HA ee JUHAMHUKY. 3alUTA OT Meperpy3oK

[Ipu paGoTe MamuH NEPUOIUUECKOTO JCHCTBUS B UX KHUHEMaTHYe-
CKHMX IIEMIX BO3HMKAIOT JUHAMUYECKHUE HArpy3KH, KOTOpBIE IpPHU OmIpese-
JICHHBIX YCJIOBUSX MOTYT JIOCTMYb BEJIMYMH, OMACHBIX JJIsl IPOYHOCTH MeE-
XaHU3MOB. BeposSsTHOCTh 3TOr0 0COOEHHO BEJIMKA B MalllMHAX C MaXOBHUKa-
MU ¥ C JIBUTATEISIMU, 00JIaIafOIMHA KPYyTOr (’KECTKOM) pabodeii xapakTe-
PUCTHKOM, OJHAKO OHA CYIIECTBYET JJIS JIFOOBIX MAIMH MEPUOTUYECKOTO
JICUCTBHS, TAK KAK OCHOBHOW MPUYUHOW JUHAMUYECKUX HATPY30K SIBJISIOT-
Csl IIUKJIOBBIE BO3MYIIICHUS.

B pesynbpTare TOrO, 4TO 3BEHBS MAIMH HE aOCOJIFOTHO JKECTKHUE, a
yIpyrue, moj ASHCTBUEM ITUKIIOBBIX BO3MYIIEHUN OHM MOJIBEPraroTCs Ie-
peMeHHBIM AedopMalvsiM, BOSHUKAIOT YIIPyTrue KojebaHus 3BeHbeB. OHU
Y BBI3BIBAIOT JUHAMUYECKUE HArpy3KH, a MHOTJA U MEPEerpy3Ku, CHUKAO-
[[1e HAJICKHOCTh U YMEHBIIIAOUIUE JOJTOBEYHOCTh MAIIIUHBI.

Bonpocsl BIUsHUS YIIPYTOCTH 3BEHBEB Ha JIBUKEHUE MEXaHUUYECKUX
CHUCTEM IPHUBOJSTCA B JIUTEpATypE MO MPUKIIATHOW TEOPUU YIIPYTHUX KOJie-
OaHui, a IPUMEHUTEIILHO K MaIllMHaM OHM HCCJIeIOBAaHbI, HAIlpUMEp, B pa-
oote [5]. B 2Toi JeKIUM pacCMOTPUM TOJIBKO OOIME TIOJIOKEHUS M pe-
3yJBTaThl 3TUX HCCIEIOBAHUM, UCIOJIB3YEMbIE MTPU MPOCKTUPOBAHUU Ma-
IIKH.

Wtak, 3BeHbs MEXaHU3MOB YIIPYTH, TO €CTh, OHU 00JIaJIal0T OrPaHU-
YEHHOM KECTKOCThI0. JKeCTKOCThIO 3B€HAa HA3BIBAIOT OTHOIIIEHUE HArPYy3KH,
NPUWIOKEHHOW K 3BeHy, K ero nedopmaruu. Ha puc. 10.1 noka3zansl
Harpy3ku u aedopmanuu Opyca ¢ JHMHEHHOU xKecTKOoCThio (puc. 10.1a) u
BaJia ¢ KPYTUJIIbHOM )KeCcTKOCThIO (puc. 10.10).

B nipenwiayiieit iekuuu ObUIO CKa3aHO, YTO Haubosiee YyBCTBUTEb-
HBIM K JTMHAMUYECKUM Harpy3kam sBJISI€TCA NepPeAaTOUHbI MEXAaHU3M, 3TO
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MeXaHU3M Hanbosee ynpyruii (HaunMeHee )KeCTKUN) U3 BCEX MEXaHU3MOB B
KMHEMaTU4eCKO 1enu MaiuHbl. Pazbepemcsi B 3Tom Oonee moapoOHO.
MaimnHa uMeeT CIeayrolue OCHOBHBIE MEXaHU3MBI: JBUTrATels, Hepena-
TOYHBIN U UCIIOJHUTENIbHBIN. /[BUraTellb TEXHOJIOIMYECKON MaIlHbI JJIEK-
Tpuueckuil. Ero mexanndeckas )K€CTKOCTh OYE€Hb BBICOKA, TaK KaK OH CO-
JIEPKUT TOJIKO OJIHO IOJIOKUTEIBHOE 3BEHO — poTOp. B OCHOBE KOH-
CTPYKLIMU MCIIOJIHUTEIBHBIX MEXaHU3MOB HAxXOAATCS B OCHOBHOM CTEPXK-
HEBBIE MEXAHU3MBbI. DTH MEXAHU3Mbl UMEIOT HU3IINE KUHEMATUYECKHUE Ma-
PBI, B KOTOPBIX KOHTAKT 3BE€HBEB MTPOUCXOAUT IO MOBEPXHOCTU. KECTKOCTh
TaKAX KHHEMATHYECKUX Tap, a, CIEA0BATEIbHO, CTEPKHEBBIX MEXAHU3MOB,
JIOCTATOYHO BEJIMKA.

7 n F
YNPYaocms
— S baia
a
i ynpyaocmy
BOLMQTM%@HM%
7 1
Yynpyzocms
WNOHKU __ |
=
ynpyzocmy
5 boao
M Hu b
e \pag
Puc. 10.1

OCHOBY KOHCTPYKLIMHM TMEPEAATOYHBIX MEXAHU3MOB COCTABISIOT
3y04aThle Mepeaadyu ¢ BBICIIMMU KUHEMATHYECKUMH Tapamu, B KOTOPBIX
KOHTAKT 3BEHBEB IPOUCXOJUAT TEOPETUYECKH B TOUKE WM MO JIMHUMU.
7KecTKOCTh TaKOro KOHTAaKkTa, TO €CTh, BBICIIEH KMHEMATHYECKOW Mapshl,
3HAYUTEJIPHO HUXKE KECTKOCTM HHU3IIEM KUHEMATHYECKOM mnapel. Eciu
Y4ECTh €Ille YIPYTrOCTh BAJIOB U AJIEMEHTOB (PUKCAIMK 3yOUaThIX KOJIEC Ha
ATUX BaJlax, TO OKAXKETCsI, YTO OO0IIas KeCTKOCTh 3y0uaTol mepenadyu Jo-
cratouHo Mmana. Ha puc. 10.1B npencraBiena cxema 3y04aToi mepenayu ¢
yapyro 1ehopMUpPyEeMbIMU JIEMEHTAMH.

[TepenaToyHbIii MEXaHU3M MaIlIUHBI MOXET BKJIIOYATh OOJIBIITOE KO-
JMYECTBO 3yOUaThIX MEpeaad M ero )KECTKOCTh Oy/IeT Topa3 o HUKE KECT-
KOCTH OCTaJIbHBIX MEXaHU3MOB MAIINHbBI, TO €CTh, OH OyJET MPEACTABISAThH
co0oit HamOoJIee MOMATIMBBIA y4aCTOK KHHEMATUYECKOW IeMU MaITUHBI.
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[Tpu paboTte MamuHBL, B €€ KMHEMATHMYECKOM 1INy, Harpy>KeHHOU mepe-
MEHHBIM CHJIOBBIM MOMEHTOM, BO3HUKAIOT AUHAMUYECKUE HAarpy3ku. B me-
pPEIAaTOYHOM MEXaHU3ME, B Pe3yJbTaTe €ro ynpyrux aedopmarnuii koneda-
TEJIBHOTO XapakTepa, ’TH TMHAMHYECKUE Harpy3Kd MOTYT IIPEBBICUTH 3HA-
YEeHHUsI, pACCUUTAHHbIE O€3 yUeTa yIpyrocTH 3BEHbEB.

Junamuueckas OJOK-cXeMa MalIMHBI MEPUOJUYECKOrO JEHCTBUS
n3zo0paxena Ha puc. 10.2a. YToObl BBIAEIUTH TOJIBKO TUHAMUYECKHUE MPO-
LIECCHI, MPOUCXOAAIIME B MEPEAATOYHOM MEXaHU3ME, MPEAINOararT, 4TO
JIBUTATENIh UMEET a0COJIIOTHO JKECTKYIO XapaKTepucTuky (puc. 9.4r), B pe-
3yJbTATE YE€ro CKOPOCTh BPAIIEHHUSI €T0 BaJla MOCTOSIHHA, KaKUM Obl HU OBLI
MOMEHT TOJIE3HOTO CONMPOTUBICHUS Mc. VICTIOMHUTENBHBIT MEXaHU3M —
9TO MCTOYHHK IUKJIOBBIX BO3MYIIEHUI: CHIIOBOTO Mc(() M MHEPIIOHHOTO
I(¢). B x0me paboThl MalIMHBI B IEPEIATOYHOM MEXaHU3ME C KECTKOCTHIO
C BO3HHUKaeT cuiioBoi MoMeHT M. TakuMm o0pa3oM, B COOTBETCTBUU C TE€O-
puell ynpyrux koyieOaHui, MallMHA MPEACTAaBISET COOOM JBYXMAacCCOBYIO
YIPYT'YI0 CUCTeMY ¢ MoMeHTamu uHepiuu lg u () u ¢ xecTkocThIO C,
Harpy>KeHHYI0 BHEITHUMH MOMeHTamu My u Mc(). 3mech mpusenem
JIMIIB MTPEANOCHUIKN pacyeTa v pe3yJIbTaThl HCCIEN0BAHUS TAKOU CUCTEMBI.

Ecnu mnpeHeOpeyb yHNPYrocTel0 NEPEAATOYHOTO MEXaHU3Ma, TO
Harpy>karouuii ero MoMeHT M OyZeT paBeH LHMKINYECKOMY MOMEHTY, KO-
TOPBIN 3aBUCHUT TOJBKO OT LUKJIOBBIX BO3MYILIEHUN:

- M=M= f[M():I(p)]

rne M — nuxamdeckuit MOMEHT, pacCUNTAHHBIA 6€3 ydeTa yIpyrocTH Tie-
pPENaTOYHOTO MEXAHU3MA.
Ecnm ydects ynpyrocts nepegaTouHoro MexaHus3ma, TO IepeiaBac-
MbIil MOMEHT M Oyner paBeH JMHAMUYECKOMY MOMEHTY, KOTOPbIN 3aBUCUT
HE TOJIBKO OT LMKJIOBBIX BO3MYILEHUH, HO TAKXKE OT JKECTKOCTH Iepera-
TOYHOT'O MEXaHMU3Ma U OT YIJI0OBOM CKOPOCTH IJIABHOT'O Bajla MAILIMHBL:

M=M=f[M(p)I(p)ca]

rae M - JVHAMUYECKUM MOMEHT, PACCYUMTAHHBIN C YUETOM KECTKOCTH
(ynpyrocTtu) nepeiaTrouHoro MexaHu3ma.

B pe3ynbraTe MareMaTH4eCKOro ONMMCAHUSA U UCCIEAOBAHUS IPHUBE-
JIEHHBIX BBIPAKEHUU MOJydeH rpaduk, moka3zaHHblii Ha puc. 10.26. ItoT
rpaduK Ha3bIBAECTCS AMIUIUTYAHO-YACTOTHOM XapaKTEPUCTUKOW YIpYyrou
CHUCTEMbI MAlIMHBI;, OH JAa€T BO3MOYKHOCTb U3YYUTH CBSA3b MEXKIAY MOMEH-
TOM B IIEPENATOYHOM MEXaHU3ME C OJHOU CTOPOHBI, €ro KECTKOCTHIO U
CKOPOCTBIO BpalleHUs IJIaBHOrO Bajia — ¢ ipyroil. [lo ocu opaunat rpadu-
Ka OTJIO)KCHO OTHOIICHUE LUKJIOBOIO U JUHAMUYECKOIO MOMEHTOB, a IO
ocu abcuucc — yrjioBasi CKOpOCTh TJIaBHOTO Bajla MalIMHbBI (TakKUM oOpa-
30M, MOMEHTBI B MEPEAATOYHOM MEXAHU3ME U €r0 YKECTKOCTH SBIISIOTCS
napaMeTpamu, IpHUBEIECHHBIMH K TJaBHOMY Baiy). I'paduk mokxasbIBaer,
KaK MEHAETCS! COOTHOILIEHUE MOMEHTOB IIPU PA3JIUYHBIX CKOPOCTAX IJIaB-
HOI'O Baja.
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[Toka ckopocTh Bajia Maja, OTHOIIEHHE MOMEHTOB OJM3KO K €IUHU-
e, TO €CTh, JUHAMHUYECKU MOMEHT Maj0 OTJINYAETCS OT UUKIHNYECKOTO.
[To mepe yBenu4eHusi CKOPOCTH OTHOLLIEHUE MOMEHTOB PACTET, OHO JOCTH-
raeT CBOETO0 MAKCHMMAJbHOTO 3HAYEHHUS B COCTOSIHUM PE30HAHCA UCCIIETye-
MOH yHpyrou cucteMsl. MI3BECTHO, 4TO 3TO COCTOSHUE HACTYNAEeT NP pa-
BEHCTBE YaCTOThl COOCTBEHHBIX KOJEOAHUI yIPYroll CUCTEMBI C YaCTOTOU
BBIHYKJCHHBIX KOJIeOaHUM, TO €CTh, C YaCTOTOW BHEIIHMX Harpy3ok. B
JJAHHOM CITy4ae, BHEUIHUMHU HArpy3Kamu SBJSIOTCS LWKJIOBBIE BO3MYIIIE-
HHUSI, 4aCTOTa KOTOPBIX COOTBETCTBYET YIJIOBOM CKOPOCTH TJIAaBHOTO BaJja.
N3BECTHO Takke, 4TO SIBIICHUE PE30HAHCA B PACCMATPUBAEMOM CJIydae OT-
pULIATENIbHO, TaK KaK NPUBOAUT K 3HAYUTEIbHOMY YBEJIMYECHUIO AUHAMMU-
YECKUX HAarpy30K; MPU HEKOTOPBIN YCIOBUAX ITUHAMUYECKHUN MOMEHT MO-
JKET MPEBBICUTh NUKINYECKUM B 15 + 20 pa3, 4To MOXKET BBI3BATh pa3py-
neHne Hanbosee cliadbiX 3BEHEB MEXaHU3MA.

[Ipu nanpHeieM yBEeIWYEHUH CKOPOCTH TIJIaBHOIO Bajla Mbl MOMa-
JTa€M B 3apE30HAHCHYIO 00acTh (B OTJIMYKE OT JOPE30HAHCHOW), TNIe OT-
HOIIICHUE MOMEHTOB YMEHBIIIAETCs BIUIOTH 10 eauHullbl (puc. 10.26). D10
COCTOSIHUE, KOTJIa JUHAMUYECKUA MOMEHT CTaHOBUTCSI PAaBHBIM ITUKJIMYE-
CKOMY MOMEHTY, pacCUMTaHHOMY 03 y4yeTa ynpyrocTH 3BEHbEB, HACTyIla-
€T TPHU ONPEICIICHHOM 3HAYEHUU YTIIOBOU CKOPOCTH:
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rac: ¢ — HpI/IBCI[eHHaH KECTKOCTDH HCpCHaTO‘IHOFO MCX&HI/IBMa;
|Hpcp — CpCI[HCC 3HAYCHUC HpI/IBe,HeHHOI‘O MOMCHTA I/IHepHI/II/I HUCIIOJIHU-
TCIBHOI'O MCXaHU3MaA.

HpI/I ﬂaHBHeﬁmeM YBCIMYCHUN CKOPOCTHU I[I/IHaMI/I‘IeCKI/Iﬁ MOMCHT
MpoaoJIKACT YMCHBIIATHCA. To CCTh, CCJIN

2c
o

TO TUHAMHYECKHUN MOMEHT MOJKET CTaTh MEHBIIIC [TUKIIMYECKOTO.

DTO 3aKII0UYEHUE HE TIO3BOJISIET C/IeJIaTh MTPAKTUUECKOTO BBIBOJIA, TAK
KakK JiroOasi MalirHa Mepuogu4ecKoro JASHCTBUS BO BpeMsl YCTaHOBUBIIIETO-
csl pexkrma paboTaeT MpHU BIIOJHE ONPEEICHHON YIII0BOM CKOPOCTH IilaB-
HOro Basia. YTOOBI cenath 3TOT MPAKTUUYECKUM BBIBOJ, HaiieM HE0OXO-
JMMO€ 3HAYEHHUE >KECTKOCTH MEepeAaTOYHOr0 MEXaHWU3Ma, MPU KOTOPOM
JTUHAMUYECKUM MOMEHT OYyJIeT MEHBIIIE [TUKJINYECKOTO.

W3 nocienHero BEIpaXEHUs HIMEEM

2
B 31X ycloBusSX TMHAMUYECKHH MOMEHT MOXET OBbITh MEHBIIIE ITUKINYEC-
CKOI0O MOMEHTa, PaCCUMTAaHHOTO 0€3 y4eTa yIpyrocTy 3BeHbEB IMepeaaToy-
HOIO MEXaHHW3Ma, IPUYEM, YEM MEHBIIIE KECTKOCTh MEPEJATOUYHOIO0 MeXa-
HHM3Ma, TeM MCHbIIIC JUHAMHUYECKUM MOMEHT.

YucnoBble MCCIEI0BaHUSA, MPOBEACHHBIC JJI1 Pa3IUYHBIX MaIIWH
MEePUOANYECKOTO IEUCTBUS, MMOKA3BIBAIOT, YTO JIJIsI TOCTUKEHUS YKa3aHHBIX
YCJIOBUH JKECTKOCTh MEPEJATOYHOTO MEXaHU3Ma JIOJKHA ObITh BEChbMa Ma-
oM BenuurMHOW. OHAKO SCHO, YTO JUISl pEAIbHOTO MEXaHM3Ma 3Ta BEJIU-
YHHA HE MOXET OBITh MPOU3BOJILHO MAJIOM, TaK KaK €r0 KECTKOCTh 00bsIC-
HAETCS HEOOXOIWMOW MPOYHOCTHIO SJIEMEHTOB KOHCTPYKLMH (3yOuarbie
KoJieca, Bajbl U T.1.). [lo3TOMy, B KOHCTPYKIIMIO TPUBOJIOB MAIIUH BBOJIST
JIOTIOJTHUTEJILHBIE AJIEMEHTHI MAJIOM JKECTKOCTH B BUE YIPYTHX COCAUHHU-
TEJIBHBIX MY(PT Pa3IMUHBIX TUTIOB WU KIMHOPEMEHHBIX nepenad. OObaHO
yOpyTryro My(pTy YCTaHABIMBAIOT MEXIY JBUTATEIIEM W TMEPEIaTOUYHBIM
MEXaHU3MOM WJIM MEXIY MEepelaTOYHbIM U HCHOJHHUTEIbHBIM MEXaHU3-
MOM, a MHOT/Ia PUMEHSIOT IB€ MY(PTHI cpasy.

Yrpyrue mydTol (MM KIMHOpPEMEHHBIE Tepeiadi) 00eCIeunBarOT
paboTy MamuHbl B TPEOYEMBIX 3apE30HAHCHBIX PEXUMAaX, 3allUIas mepe-
JTATOYHBIE MEXAHU3MBI OT MEPETPY30K U OMACHBIX KPYTUIIbHBIX KOJICOAHUM.
OpmHako HAIO0 UMETH B BUIY, YTO NMPUMEHEHUE YIIPYTUX JIEMEHTOB MOXKET
3aTPYJHUTh TEPEXO]] MAIlUHbI Yepe3 HEM30CKHbI PE30HAHCHBIN PEXUM

) =

w >

C <
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IIPU TIyCKE U OCTAHOBE, KOT/Ia KPYTUIIbHBIE KOJICOaHUsI MOTYT 3HAYUTEIIHHO
BO3pacTaTh M3-3a TOTO, YTO YIPYTHE DJIEMEHTHI JIOMYCKAIOT OTHOCUTEIHHO
oonpive aedopmaruu. UToObl OCIa0MTH ATO OTPHUIATEIBHOE SIBJICHUE,
MPUMEHSIOT MEPBI 110 YMEHBIIICHUIO BpEMEHH ITyCKa U OCTAHOBA MAIIIUHEI.

§10.2. Kosiebanusi Mammubl Ha pyHIaMeHTe.
Bubpousosasuus

JIrobasi MammHa TMEPUOJUYECKOTO ACHCTBUS SBIACTCS UCTOYHHUKOM
BUOpalMii UM MeXaHW4YecKuX KoJjieObaHuil. M3BecTHO, 4TO BUOpaInuu ObI-
BAIOT TOJIe3HbIe U BpenHbie. [lose3Hbie BUOpaluy UCTIONB3YIOTCS ISl CO-
3aHus paboyvero mnpoiecca B HEKOTOPBIX CIEIUATBHBIX MalIMHaX (BUOPO-
TPaHCIIOPTEPHI, BUOPOHOKHHUIIBI U TP.) U 37ECh HE paccMmaTpuBaroTcs. by-
JIEM U3y4aTh BpeJHbIE KoyeOaHus (BUOpalnu), KOTOpble MOTYT HApYLIUTh
paboTy MAaIIMH U KOTOPBIE MOATOMY CTPEMSTCS YMEHBIIUTh. XOTs, HAJO0
CKa3aTh, IPUPOJIa U BPEAHBIX, U MOJIE3HBIX KOJIEOaHUH OJTHA U Ta JKE.

[IpyurHamMu BUOpaLMii B MallMHAX MEPUOAUYECKOTO JEUCTBHS SIB-
JSI0TCST HEYPAaBHOBEIIEHHOCTH HMX MexaHu3MoB. CyllecTByeT W Apyras
NPUYMHA, CBSI3aHHASI C NEPUOJUYHOCTBIO paboyero mpoiecca MalllH, OJ1-
HAKO, JUI1 YIOPOLIEHUS 3a/1a4d, OCTAaHOBUMCS TOJBKO Ha IEPBOW NPUYMHE,
TeM 00Jiee YTO METO/Ibl PEIICHUS [TOJ00HBIX 3a/1a4 U BBIBOJBI IPUKIIATHOTO
XapakTepa MPaKTUUYECKU OJIMHAKOBBI, HE3aBUCUMO OT MCTOYHUKOB KoJieha-
HUM.

HeypaBHOBEIIEHHOCTh CTEPKHEBBIX M KYJAYKOBBIX MEXaHU3MOB
MallvH 3aJI0)KEHA B CAMOW KOHCTPYKLIMM 3THUX MEXaHHU3MOB, TaK KaKk OHU
UMEIOT TIEPEeMEHHbIE KMHEMATHUYECKHE U JUHAMUYECKHUE MapaMeTphl. A
MMEHHO, MpHU padoTe TaKUX MEXaHU3MOB LEHTPbl MAacC 3BEHbEB MEPHUOIU-
YECKU MEHSIOT CBOE MOJIO)KEHHE OTHOCUTEIBHO CTOWKH, NEPHOIUYECKOE
M3MEHEHHUE MEePEeAATOYHBIX OTHOIIECHU MPUBOJUT K MIEPEMEHHOCTH TIPHUBE-
JIEHHBIX JMHAMUYECKUX MapameTpoB. sl yMeHbIIEHUs HEYpaBHOBEILIEH-
HOCTH TaKWX MEXaHU3MOB IMPHHUMAIOTCS CHElHalbHble MEphl (YCTaHOBKA
POTUBOBECOB, JMHAMUYECKUX pa3rpyKaTeyiei u T.J.), HO MOJIHOE YpaBHO-
BELIMBAaHUE NPAKTHUECKH HEBO3MOXHO, HEOOJIbIIas 4acTb HEypaBHOBE-
LIEHHOCTH OCTAETCsl, HE CMOTPS HA BCE IPUHSATHIE MEPHI.

3ybuarbie MEXaHU3Mbl TEOPETUUECKH YPABHOBEILIEHBI, TAK KaK UMe-
10T 3BEHBS TOJBKO POTOPHOTO THMNa. OJHAKO 3TH MEXAHU3MBI TAKXKE SIBJIS-
IOTCS. UICTOYHUKOM BUOpaluil WM, TOBOPAT, UICTOYHUKOM BHOPOAKTHUBHO-
CTM MamuH. /[e1o B TOM, 4TO B pe3yJbTaTe€ HETOYHOCTH M3rOTOBJICHHMS
LHEHTPbl Macc 3y04aTblX KOJEC HE COBMAAAIOT C MX LIEHTPaMU BpallleHHUS,
CJIEI0BATEIbHO, BO3HUKAET HEYPABHOBEIIEHHOCTb.

Cunpl MHEPIMHM BCEX HEYPABHOBEIICHHBIX 3BEHHEB MAIIMHBI BBI3bI-
BalOT ee Kojebanus Ha pyHgamente. CorjgacHO BBILIEU3IIOKEHHOMY, 3TO
SBJICHHE HEU30€KHO B MPUHIIMIE, U JOJHKHO OBITh BCEMEPHO YMEHBIIIECHO,
TaK KaK BbI3bIBAE€T OTpPHULATEIbHbIE BO3IECHUCTBUS. A MMEHHO, BO-TIEPBBIX,
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BUOpalMK MPUBOJIAT K MOBBIIIEHHOMY U3HOCY 3BEHBEB B KHHEMATHYECKHUX
rapax, OHM MOTYT BbI3BaTh IEPErpy3KU 3BEHHEB U UX pa3pylleHHE; BUOpa-
MY HapyIIaloT pabouuii mpoliecc MalluH, HallpuMep, CHUYKAETCS KaueCTBO
00paboTKM JIeTalie B TEXHOJIOTHYECKUX MalluHax. Mephbl, MpUuHUMaeMble
JIUIS YMEHBIIIEHUS BJIMSIHUS KOJieOaHWN MalllMHBI Ha €€ pa0oTy, Ha3bIBAIOT-
csi BUOpO3amuTON MaiuHbl. BO-BTOpBIX, KoJieOaHUsI MaIlMHBI 4Yepe3 ee
GbyHIaMEHT MOTYT MpeIaBaThCs Ha OKPYKaroIue ee 00bEeKThI: 3aHus, CO-
OpYKEHUSI, CTAaHKH, a Tak)Ke, Ha JIIoAeH, 00CIyKUBAIOIIUX MAIUHY WU
MPOCTO HAXOJSIINXCS Ha HEOOJBIIOM (a4 MHOTJA, U Ha OOJIBIIIOM) paccTos-
HUU OT MAalllMHbL. B OONBIIMHCTBE CilydaeB 3TH BUOpAIllMU HEXKEJIATEIIbHbI
U, IOATOMY, TaK)K€ JOJDKHBI OBITh YMEHBITICHBI. Mepbl, MPUHUMAEMBIE IS
YMEHBIIICHUSI BIUSHUS KOJICOAHUN MAIIMHBI HA €€ OKPYKEHUE, HAa3bIBAIOT-
csi BUOpoM3oIsMend MaluHbl. MeTo bl BUOPO3AIIUTHl U1 BUOPOU3OIISILIU
MalIuH WUIACHTUYHBI: YTOObI YMEHBIIWTHh BIMSHUE BUOpAIMH, HYXKHO,
MpeXJie BCEro, CHU3UTh aMIUIUTYly KOoJeOaHui MamuHbl Ha QyHIaMEHTE
HACKOJIBKO 3TO BO3MOXHO.

st Toro 9ToOBI pa3oOpaThCs B 3TOM BOIPOCE, PACCMOTPHUM YIIPO-
HICHHYIO MOJIeNIb KosieOanuii MamuHbl Ha pyHaamenTe. [Ipu sTom orpanu-
YUMCS HEYPaBHOBELIEHHOCTHIO BPAIAIOIINXCS MAacC W JIUIIb BEPTUKAIb-
HBIMU KOJIEOaHUSMHM MAaIlIMHBI. DTa MOJEb MpeacTaBicHa Ha puc. 20.3a.
O0603HaueHMs HA PUCYHKE CIEAYIOIIHE:

My — Macca HeMOIBIXKHBIX YacTel MallliHbI (CTAHUHBI, KOPITyCa);

M — IpuBEICHHAs! Macca BCEX BpalaoIUXCs HEYPABHOBEIIEHHBIX

3BEHBEB,;

€ — paJinyC HEypaBHOBEIIEHHOCTH (9KCUEHTPHUCHUTET);

C — )K€CTKOCTh (DYyH/IaMEHTAa;

b — koaddunment nemmndupoanus GyHIaMEHTa; OH OLICHUBACT

CIIOCOOHOCTH (hyHAaMEHTA IOTJIONIATh SHEPTHIO KOJIeOaHU ;

X — OCh KOJIcOaHUI;

(0 — TEKYIllee 3HaYCHHE yIJIa OBOPOTA INIABHOTO BaJla MAIIMHBI.

Macca MaimmHbl My MO JEWCTBUEM CHJIBI MHEPIIMU HEYpaBHOBE-
IIEHHOM BpalllaloIIeiics MacChl M COBEPIIIACT BEPTUKAIBHBIC KOJICOaHUs Ha
yIIPyroM OCHOBAaHHH, COCTOSIIEM U3 MPYKUHBI ¢ 1 neMiidepa b. [TpyxuHa
MOJIETUPYET YIPYrocTh (PyHIaMEHTa, €ro ClIOCOOHOCTh BOCIIPUHUMATH U
aMOPTHU3UPOBATh (CMsAT4aTh) KoseObanus MmarmuHel. demdep b comporus-
JSIeTCSL KOJeOaHWsIM MAIIUHBI B Pe3yJIbTaTe BO3HUKAIOIIETO B HEM CYXOTO
WJIU, Yallle, BA3KOTO TPEHHUS; OH MOJEIHPYET AUCCUIIATUBHBIE CBOIICTBA
dbyHIaMeHTa, TO €CTh, €r0 CBOIMCTBA paccenBaTh WX MOTJIONMIATH YHEPTHUIO
KOJIeOaHMIA.

[TonpobHOe ommcaHue KoJieOATEIBHBIX MPOIECCOB TAKUX CHCTEM
MPUBECHBI B TUTEpATYpE M0 Teopuu Kojebanuii [19]. 3nech orpanrnanmMcs
O0OBSICHEHHEM PEe3yJbTUPYIOIINX YPAaBHEHUHN JABWIKEHUS M CICIAaHHBIMHU Ha
OCHOBAHWHU UX aHaJIM3a MPAKTUYECKUMHU BHIBOIAMH.
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Puc. 20.3

HOBGI[CHHC MalllMHbI Ha (bYHIIaMeHTC OIIMCBIBACTCA ABYMS YpaBHC-
HUAMHW ABUKCHUA: K0JIEOATEILHOI'O U BpallaTCJIbHOIO.

my, X" +bx' +cx=me@'” singp+meq” cos @ (10.1)

I"PQ"=M"" + mx"e cos ¢ (10.2)
Unens! ypaBaenus (20.1) umerot ciaenyromuid GU3nIeCKuil CMbICIT:
My X — CUJIa UHEPLUU KOJIEOJTIOIICICS CUCTEMBI,
b X’ — cuna nemndupoBaHus (IUCCUTIATUBHAS CHJIA); 9TO CHJIA, C KO-
TOpoH (PyHAAMEHT COMPOTUBIISIETCS KOJIEOAHUAM, MOTJIOMIAS
UX 3HEPIHIO;
C X — CHJIa ynpyroctu (pyHAaMeHTa;
m e ¢’2Sin ¢ — IpoeKIMsS HOPMAIBbHOM CUIIBI UHEPLIUH HEYPABHOBE-
IIEHHOW MacChl HAa OCh KOJIEOAHMI;
M € @” COS (@ — IPOEKIHUS TAHTCHIIUATBLHON CUJIbl HHEPLIMU HEYPAB-
HOBEUIEHHOM MacChl Ha OCh KOJIEOaHUH.
B ypaBuenuu (10.2):
I"P @” — MOMEHT OT CUJI MHEPIIMHU BPAIAIOIICICS CUCTEMBI,
M™ — mpuBEeCHHBIN CUJIIOBOM MOMEHT Ha I'JIJaBHOM BaJly MalllVHBbL;

M X’ € COS (p — NEpPEHOCHBIN MOMEHT CUJIbl NHEPLUU HEYPAaBHOBE-

IIIEHHOW MAacChl Ha IUIEYE €; 3Ta CUJIbI SIBJISIETCS CIIE]I-
CTBUEM KOJICOaHHUI MaITNHBI.
VYpaBaenue (10.1) sBiseTcss ypaBHEHUEM KOJeOaTEILHOIO JIBHKE-
HUS MalllMHbBI Ha QpyHnaMmeHnte, a ypaBHeHue (10.2) — ypaBHeHHEM Bpallia-
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TEJIBHOTO JBUKEHHSI TJIABHOTO BaJia MAIIMHBI C TPUBEACHHBIMHU IUHAMUY e-
CKUMH IapaMeTrpamu. PaccMOTpeHHe STUX ypaBHEHUU IOKa3bIBAE€T, YTO
NPUYMHAMH, BO30YXKAAIONIMMU KojieOaHWe MalluHbl Ha (QyHIaMEHTE, SIB-
JISIIOTCS CUJThI MHEPIIMK BpaIIAoONUXCsl HEYpaBHOBEIICHHBIX Macc. B cBoro
ouepesib, ITH KoJieOaHUsl BIMSIOT Ha BpallleHUE TJIaBHOTO Baja MAalIWHBI,
BBI3bIBAsl YBEJIMYEHUE TPeOyeMOil MOIIHOCTH ABUTATeNId M3-3a HAIWYUS
nepeHocHoro MmomeHTa m x’e (10.2). O6 »tom (eHoMeHe OyAeT ckazaHO
HIDKE, a ceifyac 3aMEeTHM, YTO, HE CMOTpSl HA B3aMMHOE BJIMSHHE KoJieOa-
TEJIBHOTO M BPAIATENIbHOTO JBHKEHUM, JJI1 aHAJIU3a KOJEOAHUI MallllHbI
Ha pyHIAMEHTE JOCTaTOYHO TOJIbKO ypaBHeHus (10.1).

[Ipeanonaras, 4To rIaBHBIA BaJl MAallMHBI BPAILAETCS PABHOMEPHO,
a, CIIeI0BaTeIbHO, @ = ol M TaHreHIMalbHAs CUJa MHEPLHMH MeE” paBHA
HyI10, U3 ypaBHeHus (10.1) nomyqaem:

2 .
my, x"+bx'+cx=mew’ sinwt
OO11ee perieHre 3Toro ypaBHEHUSI UMEET BUJL

mew’ sinwt

X = (10.3)

Je+mye’ P + b0’

Korma ¢ = ot = /2 (puc. 10.3a), To nepemernieHue Maccbl My OyneT paBHO
aMIUTATY 1€ KOoJeOaHus X = a. AHAMU3UPYS C YI€TOM ATOTO 3aMEYaHUS BbI-
paxenue (10.3), MO)KHO MOMYYUTh TpadUK 3aBUCHUMOCTH AMIUIATYABI KO-
nebaHusl MalIMHBL Ha (YHAAMEHTE OT YIJIOBOM CKOPOCTH €€ TJIaBHOTO Baja
— aMIUTUTYIHO-4aCTOTHYIO0 XapakTepuctuky (puc. 10.36). I[To mepe pocta
CKOPOCTH aMILIUTY/1a KOJeOaHUil yBeIMYUBACTCA 0 MAaKCUMAJILHOTO 3Ha-
YEeHUsI, COOTBETCTBYIOLIETO PE3OHAHCY, KOTJa YIJoBas CKOpPOCTh paBHA
COOCTBEHHOMW 4acTOTe KoJieOaHUil MallIHbI Ha yHIaAMEHTE:
C
= |——
My,
Jlanee, ¢ yBEeTMYCHUEM CKOPOCTH, aMIUIMTY 1A YMEHBIIACTCs U KpuBast a(m)
ACMMTOTHYECKH MPUOIMKAETCS K ropu3onTann me/my (puc. 10.30).
['padux a(w) mo3BOISET caenaTh BBIBOJ, YTO IS JOCTHUKEHUS J10-
CTATOYHO MAJIOW aMIUTUTYbI KOJeOaHui
me
a~ —— (10.4)
My
HaJ0 obecreunTh padoTy MaluHbl B pexxnMax o < 0,3 mpe; JOpe3oHaHC-
HOM obnacti Ui ® = 1,3 mpe; 3ape30HaHCHOM 00acTu.
st mope30oHaHCHOM 00JIaCTH COOTHOIICHUE MEXKIY YIIIOBOM CKOPO-
CTBIO M JKECTKOCTHIO IMEET BU/I;
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\ my,
TaK KaK MallluHa pa60TaeT HpI/I BITOJIHC OﬂpeﬂeﬂeHHOﬁ CKOpOCTI/I Bpame-
HUS T'JIAaBHOT'O Baﬂa, TO peH_H/IM 9TO HepaBeHCTBO OTHOCUTCJIIBHO KCCTKOCTHU

dbyHIaMeHTa MaIlIuHBI:

2
c>9my, 0

CornacHo 31o#1 (hopmynie, KeCcTKOoCTh (yHAaMEHTa JOJKHA OBbITh OYEHb
OOJBIION, YTO MPAKTUYECKU HEIOCTHUKUMO JJII COBPEMEHHBIX MAIIUHBI C
OOJBIIMMHU MAacCaMH U BBICOKMMH CKOPOCTSIMU BpallleHUs BajoB. B ciyya-
X, KOrJIa 3TO JIOCTHXKMMO, TO MOYTH BCET/la OKa3bIBAETCS YKOHOMHUYECKH
HEIEJIeCO00Pa3HBIM U3-3a BEICOKOW CTOMMOCTH (hyHIaMEHTA.
B sTOM cMBICIIE TydITUM BapuaHTOM SIBIISIETCS paboTa MalluHBI B
3ape30HaHCHOM 30HE, Korja 1o rpaduky Ha puc. 10.36
w>13 |-
My
B sTom ciyuae

c<036m, o

TO €CTh, ’KECTKOCTh (PyHIaMEHTa MOXKET OBITh, 110 KpaiiHel mepe, B 25 pas
HIDKE, YeM Mpu padoTe B JOpPE30HAHCHOUW 30He. IIpakThyecku, BMECTO
dbyHIaMeHTa MalllMHA YCTAHABJIMBACTCS HA CIElUaIbHbIe (DyHIaMEHTHBIC
MOAYIIKA MaJjoW KECTKOCTH, 00JIaJarolue XOPOUTUMU aMOPTU3UPYIOIIH-
MU U IeMI(PUPYIOMUMHA CBOMCTBAMU. DTH MOAYIIKA UMEIOT MaJible pa3Me-
pBl U MOTYT OBITh PA3IUYHBIX KOHCTPYKIIHMHA B 3aBUCUMOCTH OT MAacChl U
Ha3HadueHus MamuHbL. [TogpodHee 06 »3To cM. rinaBy 10 B kaure [17].

[TonoxxeHne TOPHU3OHTAIBHONM NpsiMoit Ha rpaduke a(w) (puc. 10.36),
TO €CTh, MHHUMAJIbHOE 3HAYEHWE AMIUIATYABl KOJeOaHWHA MaIlWHBI Ha
bynnamente, onpenensiercs no Beipaxkenuto (10.4). 13 Hero cnenyert, yto
JUTSl YMEHBIIICHHS 3HaY€HUs MUHUMAJIbHOW aMIUTUTYIbI KOJEOaHMI CyIie-
CTBYET JIB€ BO3MOXKHOCTH: YBEJIMYUTHh MACCy HEMOJABI)KHBIX YacTEH MaIu-
Hbl My U YMEHBIIUTh 3HaUYEHHUE HEypaBHOBEIIEHHOCTH ME. [lepBas BO3-
MO>XHOCTb HE€ TPEANOUYTHUTENbHA, TOCKOJBKY OHA BEIET K YBEIUYEHUIO
pacxoja MaTepuaia U BO3pacTaHUIO CTOMMOCTh MaruHbl. [loaTomy cTpe-
MSATCS PEaIN30BaTh BTOPYIO BO3MOKHOCTh — YMEHBIIIUTh HEYPABHOBEIIICH-
HOCTh BpAaIalONINXCsl 3BEHhEB IMyTEM MX CTATUUYECKOW W JUHAMUYECKOU
OanmaHCUpOBKH (CM. HMIKE), OCOOCHHO I MAaIlliH C BBICOKOW CKOPOCTBIO
BpallleHUA IrJ1aBHOTO Bana [2, 17].

B 3akimoduenue caenaeM HEOOJBIIOE 3aMeYaHue OTHOCUTEILHO BJIU-
STHHSI KOJIeOaHWH MaITMHBI Ha TPEOyeMyI0 MOIITHOCT €ro JBHUraTeis. Pedb
UIET O TIEPEHOCHOM MOMEHTE CHJIBI MHEPIIMH HEYPaBHOBEIICHHON MacChl
Ha TJIeYe €, TOYHEE Ha IIeue, paBHOM MPOEKIMU AKCIICHTPUCUTETA HA JIH-
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HUIO, MEePIEHANKYISPHYIO KOJeOaHusM, TO €CTh, B JaHHOM Cily4ae — Ha
ropusoHTanb. Kak cienyer u3 BelpaXkeHHs] 3TOr0 MOMEHTa (BTOpOE cliara-
emoe npaBoil yactu ypaBHeHus (10.2)), ero BenuunHa NEpUOIUYECKU W3-
MEHSETCS B COOTBETCTBUU C YACTOTOM BPAILECHUS U 3aBUCUT HE TOJBKO OT
yria IOBOPOTA Baja, HO U OT BTOPOH NPOU3BOJHOM OT IIEPEMEILEHHS] 3TOIO
Bajia MpHU KoJeOaHUsAX MAIIUHBI; CIEOBATEIbHO, IPU PE30OHAHCE BEINYMHA
3TOr0 MOMEHTa MOJKET OKa3aTbCs 3HauuTenbHOW. Ha mpeoponeHune mnepe-
HOCHOTO MOMEHTA TPATUTCS DHEPrus JBUTATENs, TO €CTh, YaCThb CBOEH
MOIIIHOCTH JBUTATENlb 3aTPAYMBAECT HA MOJJIEPKAHUE HEU30EKHBIX KOJIe-
Oanuii MammHbl Ha ¢yHIaMeHnTe. M Tak Kak Mpu pe3oHaHCE SHEPTUsl 3TUX
KoJIeOaHUH 3HAYUTENBHO BO3pPACTAET, TO AJS Iepexojia yepe3 pe3oHaHC
IIpU IIyCKE MAILWHBI JBUTATENb JOHKEH 00JaaaTh JOCTaTOYHBIM 3alacoM
MOIIIHOCTH, KOTOPBIA M ONpPENENseTCs M0 BEIUYMHE PE30HAHCHOTO 3Haye-
HUS IEPEHOCHOI0 MOMEHTA.

[Tpu HeydeTe 3TOro OOCTOATENBCTBA, TO €CTh, €CIU JBUIATEIb HE
o0nazaeT AOCTATOYHBIM 3allacoM MOIIHOCTH, MallliHa TIpU pa3roHE He
CMO’KET MPOUTH COCTOSTHUE PE30HAHCA, TAK KAK BCS MOIIHOCTbH JABUTATEIIS
OyZAeT 3aTpaurBaThCs Ha pacKauMBaHHE MAIIMHBI B PE30HAHCHOM PEXUME.
10 siBieHue Ha3biBaeTcs 3ppextom 3omMmepdenbia U ero pacyeT JaeTcs B
crielManbHON JauTepaType. OJHAKO CIpaBeUIMBOCTH paau, HE OyneM mpe-
YBEJIMYHUBATh ONACHOCTh 3TOro 3P ¢eKTa: Ay OOJIBIIMHCTBA MAalIUH TPEOy-
€MO€ yBEJIMYEHNE MOIITHOCTH ABUTATENS HE MpeBbIaet S5 + 10 mponeHTos.

§10.3. YpaBHOBemIMBaHKE BPALIAIOLIMXCH MAaCC

YpaBHOBENIMBAaHNE BPAIAIONIMXCS MAacC HEOO0XOJIUMO TIpaKkTH4e-
CKA BO BCEX COBPEMEHHBIX MAIlIMHAX, B YACTHOCTH, BCJICACTBUE TOTO, YTO
B pe3yibTaTe HEM30EKHON HETOUHOCTH U3TOTOBIICHUS IIEHTP Mace JeTalei
POTOPHOTO THITA OKA3BIBACTCS CMEIICHHBIM OTHOCUTEIIBHO OCH BpaIlCHUS.
Kpome Toro, Hepeako Ha Bajgax MOMHUMO CUMMETPHYHBIX JeTajiell HaXo-
JATCSL JIETald HECUMMETPUYHOM (OPMBI, YTO BBI3BIBACT 3HAYHMTEILHOE
CMEIICHHUE IICHTPa Macc.

CwMmeliieHne 1eHTpa Macc 3B€Ha OT €ro OCH BpAIIEHUsS BbI3bIBAET TO-
SIBJICHUE TMHAMUYECCKUX JaBJICHUH Ha onopbl. OCOOSHHO BEJIMKHU 3TU JaB-
JICHHSI MOTYT OBITh B ClTy4ae, KOTJa 3BEHbS O0JIAAIOT 3HAYUTCIIHHBIMU
MaccaMH M BPAIAIOTCs C OOJIBIITMMHE yTIIOBBIMU cCKopocTsmu. K unciy ta-
KHX 3BEHBEB MOXKHO OTHECTH BaJlbl OBICTPOXOJHBIX JBHTATEJICH, POTOPHI
TypOWH ¥ TUPOCKOTOB, Oapabanbl eHTpU(yT, cenapaTopoB. YacTora Bpa-
IICHUS HEKOTOPBIX M3 Ha3BaHHBIX 3BeHbeB jgocturaer 20000 + 50000
o0/mMuH U 60ree. BenencTBue BparieHus: CUIIbI JaBJICHUS HA OTOPHI SBJIS-
IOTCSI TIGPEMEHHBIMH TI0 HaNpaBJICHUIO, a MPU HEYCTAHOBHBIIUXCS PEXKU-
Max M 10 BEJIMYMHE. DTH CHIIBI IEPEIAF0TCS CTaHWHAM W (DYHIaMEHTY B
BUJIC TICPUOJAMYSCKHUX CHIIOBBIX BO3JICWCTBUM, BBI3BIBAIOIINX BUOPAIUH, O
4yeM OBLJIO CKa3aHO BHIIIIE.
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Jl7is yMeHbILIEHUsI aMIUTMTYAbl BUOpaluii mpuberaloT K ypaBHOBE-
MIMBaHMIO Bpalamuxcs macc. Ha npakTtuke ObICTpoBpalaronuecs aera-
JY MAalllMH TOJBEPraroTcs MpeIBAPUTENILHON MPOBEPKE HA OalaHCUPOBOY-
HBIX MaIllMHAaX C LEJNbI0 ONPEEIUTh MECTa, B KOTOPBIX HEOOXOIUMO
YCTAaHOBUTH JONOJHUTENBHBIE MACCHI WJIM YCTPAHUTH JIMIIHEE KOJINYECTBO
MaTrepuana.

PaznuyaroT craTMueckoe M AMHAMHUYECKOE ypaBHOBelIMBaHue (Oa-
JAHCUPOBKY) BPAIIAIOIINXCS Macc.

Crartnyeckoe — 3TO TaKO€ YPaBHOBEIINBAHKE, [P KOTOPOM 3BEHO HE
B COCTOSIHMM IPHUJATH BO BPAlaTEIbHOE JBWKEHHE II0J JEUCTBUEM CHUII
COOCTBEHHOT0 BeCa, AaKE€ B CIIy4ae OTCYTCTBUSI TPEHUs (LIEHTP MAacc COB-
[aJaeT C OChIO BPAICHMSI, [JIABHBII BEKTOP CUJI HHEPLIMU PaBEH HYIIIO).

JIMHaMUYeCcKOe — 3TO TaKOE ypPaBHOBEIIMBAHHUE, IPU KOTOPOM HE
TOJIBKO TJIaBHBII BEKTOP, HO U IJIaBHBIII MOMEHT OT Mapbl CHJI MHEPLMH
PaBHBI HYJIIO (U1 3BEHBEB POTOPHOTO TUIA C OOJIBLION JJIMHOM).

[Ipu Masoil JJIMHE pOTOpa YPABHOBEIIMBAOT TOJIBKO TJIABHBIA BEK-
TOpP CHJI UHEPILIMH, & BEJIMYMHOMN IVIABHOTO MOMEHTa OT IIapbl CHJI HHEp-
UM TpEeHEeOperaT, TO €CThb OIPaHUYMBAIOTCS TOJIBKO CTaTHYECKOW Oa-
JAHCUPOBKOM. B 3TOM cilyyae MOKHO CUMTATh, YTO BPAILAOIIUECS MACCHI
HaxXOoJATCS B OJHOM IIJIOCKOCTH, IEPIIEHIUKYIISIPHON OCH BPAILLICHHUS.

[Ipu 3HaUMUTENBHON UIMHE POTOpPA U OOJBIIONH CKOPOCTH €ro Bpa-
IIEHUS] HEJNIb35, KaK B MPEAbIAYIIEM Cilydae, peHeOperatb HEypaBHOBE-
LIEHHBIM TJIABHBIM MOMEHTOM OT Tapbl CHJI MHEpPLUU. B 3TOM Ciydae
CJIEAYyET OCYIIECTBUTh MOJIHOE YPABHOBEIIMBAHUE BPAIIAKOLINXCSA MACC, TO
€CTh BBINOJHUTH HE TOJIBKO CTAaTUYECKYIO, HO U TUHAMUYECKYIO0 OanaHCcu-
POBKY.

Teoputo CTaTUYECKOTO M AMHAMHYECKOTO YpPAaBHOBEIIMBAHUS pac-
CMOTPUM Ha NpuMepe OalaHCHPOBKU BpalAIOLIEHCs CUCTEMBI C U3BECT-
HBIM pPAcCIOJIOKEHHEM HeypaBHOBemleHHbIX macc. Ha puc. 20.4 nmokaszana
3Ta CUCTEMA, MPEACTABISIIONIAs COOOW BaJl C 3aKPEIUIEHHBIMU Ha HEM IIfi-
THIO IUCKaMU (3TO MOTYT OBITh POTOPHI TYpOUH, 3yOUaThie KoJjieca U T.1I.).

Tpu cpennux aucka Tq, Tr u Ts nMer0T HEYpaBHOBEHIEHHBIE MACCHI
M1, Mz 1 M3. JBa KpallHUX OHCKA CHEUUAIBHO MPEIHA3HAYEHBI I pa3-
MelleHus1 0alaHCUPYIOLUX MPOTUBOBECOB: Ha JAUCKE Tg yCTaHABIMBAETCS
Macca Mo A1 CTaTUYECKOW OaJaHCUPOBKM MJIM Macca My AJisd TUHAMHYE-
CKOM OallaHCUPOBKH, a Ha Jucke Tp — mMacca MPOTUBOBeca My JJIsl TWHA-
MUYECKOMN OaTaHCUPOBKHU.

Ecnu Bain ¢ quckamu CTaTUYECKU HEYPaBHOBEIIEH, TO OH IPUXOIUT B
JBUKEHUE MTPAKTUYECKU U3 JIFOOOT0 YIIOBOr0 MOJIOKEHHUSI, YPaBHOBEIICH-
Has )K€ CUCTEMA OCTAETCS HEMOABM>KHON. /[MHaMu4eckn HeypaBHOBEIICH-
HBII BaJl ¢ JUCKaMU IPU BPALICHUHU OKAa3bIBACT MEPUOAUYECKHUE TABICHUS
Ha CBOHU OMOPHI (Ha 0alaHCHPOBOYHBIX CTAHKAX 3TU JaBJICHUS yJIaBIMBa-
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IOTCA CIICHMaJIbHBIMUA I[aT‘II/IKaMI/I). Ecnu xe Ban JUMHAMHN4YCCKHU cOalaHcH-
POBaH, TO 3TH AABJICHUA OTCYTCTBYIOT.

Puc. 20.4

CTraTnyeckoe YPaBHOBEIIIMBAHUE

[Ipu paBHOMEpPHOM BpalllCHUU POTOPa HEYPABHOBEIICHHBIC MAaCChI
M1, M2 1 m3 BbIBBIBAIOT cuiibl uHepuuu Fyy, Fip u Fys. YpaBHoBemuBa-
HUE CUJI MHEPIIUU U €CTh CTaTUYEeCKas OaJlaHCUPOBKA Macc my, My ¥ ms.
[lepeHecem ykazaHHbIC CWJIBI B OOIIYH) IUIOCKOCTh To — MJIOCKOCTh
npuBeneHust (puc. 20.4). Torma ux MOXHO ypaBHOBECUTh WHEPIIMOHHOU
cunoit Fyo nebanancHoi Macchl mo, yCTAHOBJICHHOW HA HEKOTOPOM paJny-
ce o ¥ MOJ ONPENETIEHHBIM YIJIOM (o Ha AUCKe Tg. Y CI0BUE CTATUYECKOTO
paBHOBeCHs OyIE€T UMETh BUI:

Cuiibl MHEPIIMU €CTh MIPOU3BEICHUSI MAacC Ha PaJuyChl UX YCTAaHOBKU U Ha
KBaJpaT yriaoBoi ckopocth. Ilocie cokpamenns o? u3 (20.5) momydum:

myr; +m,k, + Mgl +myly =0 (20.6)
rae I, I, ¥ '3 — pagunychl pacoj0XKCHUsI HCYPaBHOBCIICHHBIX Macc.

BCKTOpHBIC BCIINYHHBI mr c COOTBCTCTBYIOIIMMH HHJACKCAMU

Ha3bIBAIOTCS HEYPABHOBEIICHHOCTAMH, a BennuuHa [Tyl — crarnyeckum

nebaTlaHCoM.
VYpapaenue (20.6) pemraercs rpapudeckd B IPOU3BOJILHOM MacIITa-
0e, KaKk ATo Mmoka3aHo Ha puc. 20.5a.
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VYTl NOBOPOTA BEKTOPOB HEYPABHOBELIEHHOCTEN (1, (P2 U ()3 PABHBI
yriaM pacIoJIOKEHUsI HEypaBHOBEIICHHBIX Macc Ha puc. 20.4. Bekrop, Ko-
TOPBIM 3aMBIKAET MHOTOYI'OJIBHHUK, €CThb BEKTOP CTaTUYECKOro JebdanaHca

Myl . C ucnons3oBanueM MaciiTada pic CIEAYET ONPEAETUTh BEIUIUHY

CTaTUYECKOro jebanaHca B I''MM, 3aTe€M, 33JIaBIIMCh PAJMyCOM YCTaHOBKH
lo, HAJO PacCUMUTaTh MACCy MPOTUBOBECA My U YCTAHOBUTH €0 MOJ YTIIOM
¢@o Ha aucke To.

Ha »Tom KoHUaeTcs mepBasi cTaaus ypaBHOBEIIMBaHUs. BreinoiHe-
HO TO, YTO HA3bIBACTCS CTATUUYECKOUN 0alaHCUPOBKOM, TO €CTh, YCTPAHEHO
CMEIIEHHE IIEHTPa MacC BPaIAIONICICS CUCTEMBI OT OCH BpallleHUS.

AL AL P ( MM)
L
2, ( ) o

Puc. 20.5
Takum oOpazom, s CTaTHUECKOW OaTaHCHPOBKU BPAIAFOIIMXCS
Macc JOCTaTOYHO OJHOTO MPOTHBOBECA, 3aKPEIJICHHOTO B MPOU3BOJBHO

BBIOPAHHOM TJIOCKOCTH.

HI/IHaMI/I‘ICCKOG YPAaBHOBCIINBAHHC

BTopbiM 3TanoM ypaBHOBEIIMBAHUS BPaIIAIOIIUXCS MACC SBIISIETCS
YpaBHOBEIIMBAHKE TJIABHOTO MOMEHTA OT IEHTPOOCKHBIX CHJI MHEPIIUU C
MTOMOIIIBIO JIOMTOJTHUTEIBHBIX Macc.

[Tepenocs 11eHTPOOEKHBIE CHUJIBI MHEPIIUU B TJIOCKOCTh MPUBEACHUS
To, HEOOXOMMO MO TpaBUjaM MepeHoca J00aBIsATh MOMEHTHI Maphbl CHII,
paBHBIC TIPOU3BEACHUSM TMEPEHOCHMBIX CHJI Ha PacCTOSHHE TepeHoca. B
HaIlleM clIydae 3TO cleayrone MOMEeHTHI (puc. 20.4):
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Ml - FHlll
M, =F,,l, (20.7)
Ms = FHSIB

rae |y, I u Is— paccrosaus mesxay auckom Tou auckamu Ty, T, u Ts.

B ypaBHOBEHIMBAaHUU 3THX MOMEHTOB M 3aKII0YacTCS JUHAMHYC-
cKas OalaHCHPOBKA BpAIIAIOIIMXCS Macc my, My U ms.

BekTopHOe ypaBHEHHE ¢ y4YE€TOM YPaBHOBEIIMBAIOIICIO MOMEHTA
My umeeT BUI:

YpaBHOBEMIMBAKOIIAN MOMEHT MOHO CO3/1aTh OJHON JOTIOJIHUTEIBHON
MAacCOM Mg, Pa3MEIICHHON B MPOU3BOJBHON IUIOCKOCTH HcnpaieHus. On-
HaKO, 3TO MNPUBEAET K HAPYLUICHUIO YK€ BBINOJHEHHOIO CTATHYECKOIO
ypaBHOBemMBaHus Macc. [103ToMy, ypaBHOBEIIMBAIOIIMI MOMEHT CHEAYET
co3JaBaTh Napod HEHTPOOESKHBIX CHII MHEPUUU [BYX pPaBHBIX JOIOJIHU-
TEJIbHBIX MAacC Mg, PACIOJIO0KEHHBIX B JIBYX IPOM3BOJBHBIX IUIOCKOCTSX
uctpasieHus. st ynoOcTBa oqHy U3 IJIOCKOCTEW HCIPABIEHUS COBME-
LIAI0T C IUIOCKOCTHIO NpuBeneHus To. BTopas miuockocTh COBNAagaeT ¢ AuC-
koM Tg, ymanenuasiM ot qucka To Ha paccrostame lg (puc. 20.4). Torma us
ypaBHenus (20.8), ¢ yuetom BeipakeHui (20.5), (20.6) u (20.7), noxyuum:

m,rl; + myrl, + merl; + myryly, =0 (20.9)

BGKTOprIe BenUuuHBEl M rl C COOTBCTCTBYIOINIMMHN HHACKCAMH

Ha3bIBAIOTCA MOMEHTAaMH HEYPaBHOBELIEHOCTEH, a BenuuuHa My rdld —

ITUHAMUYECKUM Ae0alaHCOM.

bynem cuutaTh, 9YTO HampaBlieHUS BEKTOPOB MOMEHTOB HEypaBHO-
BEIIICHHOCTEH COBMAJAIOT C HANpPaBICHUSIMU BEKTOPOB HEypaBHOBEIICH-
Hocted. Torma ypaBHenue (20.9) pemaercs rpaduueckd B MPOU3BOJILHOM
MacmTabe Tak, Kak mokasaHo Ha puc. 20.56. BekTop, KOTOpbII 3aMbIKaeT

MHOT'OYTOJIHUK, €CTh BEKTOpP JMHaMH4ecKoro aebananca Myl Id . C uc-

MOJIb30BAaHUEM MaciuTada Ly CIeAyeT ONpPENeTUTh BEIUUYMHY JTHUHAMUYE-
ckoro gebanaHca B I'MM?2, 3aT€M, 33JaBIIKCh PAIXyCOM YCTAHOBKH o, HAI0
paccuMTaTh Maccy IMPOTHUBOBECA My M YCTAHOBUTH €ro IO YIJIOM (g HA
mucke Tq.  Bropas momomHuTenbHas Macca My, HEOOXOaUMAs IS COXpa-
HEHHUs CTAaTUYECKON OaJaHCUPOBKH, YCTAHABIMBACTCA B IUIOCKOCTU TIPHU-
BejeHus Ty ¢ MPOTHBOIOJIOKHOM CTOPOHBI OT ocH BpamieHus (@4 - 180°)
Ha TOM ke paaunyce rq (puc. 20.4).

B miockoctu To, TakuM 00pa3oM, OKa3bIBAIOTCS JIBE MACCHI: Mg U My,
YCTAHOBJICHHBIE HA PA3HBIX PaWyCaxX U C Pa3HbIM YIJIOBBIM PaCMHoJIOkKeE-
HueM. [Ipu HE0OXOAMMOCTH X MOXKHO 3aMEHUTH OJIHOM Maccod mgo, He-
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YPaBHOBEIIEHHOCTh KOTOPOM, paBHAa CyMM€ HEYPaBHOBEIIEHHOCTEHN 3ame-
HsSIEMBIX Macc [2].

[Ipn HEOOXOAUMOCTH, HAIpUMEp JJIsI OOJBIIEH TOYHOCTH, OIMKMCAH-
Has 3aj7a4ya M0 YPaBHOBEIIMBAHUIO MOXKET OBITh perieHa He rpaduuecKuM
MIPUEMOM, a AaHATMTUYECKH C UCIIOJIb30BaHUEM MPOEKIUH BEKTOPOB CTATU
YECKMX U TMHAMUYECKUX HEYPaBHOBEIIICHHOCTEH.

YpaBHOBENIMBAHKUE TEJ BpAICHUs ¢ HEM3BECTHBIM PaCIIOI0KCHUEM
HEYPaBHOBEIICHHBIX MacC MPOU3BOIUTCS Ha CIEIUaIbHBIX OaTaHCHPOBOY-
HBIX MaIllMHaX, B YaCTHOCTH, K HUM OTHOCUTCS cTaHOK IlluTukosa [2].

KiroueBsble cj10Ba u onpeacjacHus

1. JKecTKOCTh 3B€Ha — 3TO OTHOLIEHUE HATPY3KU Ha 3BEHO K €ro Je-
dbopmaruu.

2. AMIIUTYIHO-4aCTOTHAsI XapaKTEpUCTUKA — 3TO rpauK 3aBUCHU-
MOCTH aMILTUTY/Ibl KOJIOaHUI K 4acTOTE BPAILEHUS TJIABHOIO Baja Mallu-
HBI.

3. 3BeHO MaJioi JKECTKOCTH B MPUBOJIE MALIUHBI — 3TO yHpyras MyQ-
Ta WIM PEMEHHAs Mepeaayva.

4. Amoptuzupymonie-aemMndupyromue cBoiictBa GyHIaMEHTa WU
MOJIBECKM MAIMHBI — 3TO MX CHOCOOHOCTH BOCIPUHMMATh U PAcCEUBATh
DHEPTHIO KOJIeOaHUM.

KoHTpoJibHBIE BONIPOCHI

1. UTo Takoe KECTKOCTh U YIPYTrOCTh 3B€HbEB MEXaHU3MOB Malllu-
HbI?

2. Kakoil MexaHu3M MalluHbl CYMTaeTCsl Haubosee ynpyrum?

3. KakoBa aMIIUTyJHO-4aCTOTHASI XapaKTEPUCTUKA YIIPYTOMl CUCTE-
MbI MaIlIUHBI?

4. B kakoW 30HE aMIUIMTYJHO-4YaCTOTHOM XapaKTEPUCTUKH JTOJKHA
paboTaTh MalIMHBI IEPUOAUYECKOTO JECUCTBUS U TTOYEMY?

5. Uto Takoe amopTuU3upyolle-aeMnupyomnme cBoiictea (yHaa-
MEHTAa CTal[MOHAPHOW MAIIMHbI WIH MOJBECKHA TPAHCIIOPTHON MaIIMHbI?

6. B dem cMbICI aMIUTMTYJTHO-4aCTOTHOM XapaKTEPUCTUKHU Kojieha-
HUS MalllHBI Ha PyHIaMeHTe?

7. B Kakol 30H€ aMIUIMTYJAHO-YaCTOTHOW XapaKTEPUCTHUKU IOJLKHA
paboTaTh MaluHa AJi1 €€ BUOPO3AIIUTHl U BUOPOU3OISAIINN?
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punoxenus

Ipuiaoxenue 1. Ilepenaroynoe oTHOLWIEHHE NepeJaYu «IIecTep-
HSA-peiKa».

T

[Ipu moBopoTe miectrepHu 1 Ha oauH 000pOT (27) peiika mepeme-
CTUTCSI Ha BEJIMYMHY, PaBHYIO JUTMHE OKPYKHOCTH (27TR), IOATOMY Tiepe-
AaTOYHOC OTHOILICHUC

Uz = VIo = 2aR/2n = R (m)

OU3NYECKNN CMBICIT 3TOr0 MEPEIATOYHOrO OTHOIICHUS TAKOB: PEHKa
MIEPEMECTUTCSI Ha BEJIMUMHY, PABHYIO PAINYCY IIECTEPHU, IPU €€ TTOBOPOTE
Ha OJIUH paJINaH.

Ipuiaoxkenue 2. IlepenaroyHoe OTHOLIECHHE MepeAaYd «BHHT-
ramka».

[Tpu noBopote BUHTa 1 Ha oiMH 000POT (27) raiika 2 mepeMecTuTCs Ha
OJUH mar t 0HO3aX0IHOTO BUHTA, TOATOMY, ITEPEIATOYHOE OTHOIIIEHUE
U1 = VIo = t/21 (M)
PU3UYECKUN CMBICII 3TOTO MEPEAATOYHOTO OTHOIIEHUS: HA TAKYIO
BEJIMYMHY B METpax NEPEMECTUTCS Tailka IIpU MTOBOPOTE BUHTA HA 1 pajiu-
aH.
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Ipuio:xkenue 3. BbIBO aHATUTHYECKOT0 BHIPAKEHUS TJTUHbI
NMPAKTHYECKOI JIMHIH 3aueTJIeHus].

BblpaBI/IM MJINHY HpaKTHLIGCKOﬁ JIMHHUHN 3alCIIICHUA ab qcpe3 OTpEC3-
KH TGOpGTPI‘lGCKOﬁ JIMHHNH 3alCIIIICHUA AB:

ab=aP+bP =(aB— BP)+(Ab— AP)
[Tocne rpynnupoOBKH MOITYYUM:
ab=(aB+ Ab)— (AP + BP) (1)
Ternepp BbIpa3uM OTPE3KM TEOPETUUECKOM JIMHUU 3aLECTUICHUS Yepe3

pannycsl, MEXXLIEHTPOBOE PACCTOSTHUE U YIOJl 3aLEIUICHHUS.
N3 npsimoyronsHoro AaBD umeem:

aB = x/rjz - rb22 (2)

13 npsmoyroneaoro AADC crienyer:
2 2

a
N3 mpsmoyronbabix AAPC 11t ABPD cOOTBETCTBEHHO HMEEM:

AP =r,, SIng,,
BP=r,,sIng,,
CyMMma IByX MOCHEIHUX BbIpakeHUH (BTopas ckodka B (1)):
(AP +BP)=(r,, +r,,)sin, =a,sina, 4
[Toacrasus (2), (3) u (4) B (1) moy4nM aHATUTUYECKOE BbIpAXKEHHE
MPAKTUYECKOMN JIMHUM 3aleTIICHUS:

ab=./r7 -3 +./r5 -5 —a,sina,
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IIpunoxenue 4. OnpenesieHue MPOUEHTa BPeMEHH ABYXIIAPHOIO
¥ OJHOIIAPHOI0 3aLeNJICHUS.

KoadduureHT BpeMeHn IBYXIapHOIo 3aleJIeHUs] — 3TO OTHOIICHUE
JUTUHBI IBYXIAPHOTO 3alleTUICHUs (Ha PUCYHKE BbIJEJICHA TOJICTOU JIMHUEH )
Ha MPaKTUYECKOW JIMHUM 3alleTUICHUs K OOIIeil JUIMHE MPaKTUYECKON JH-
HUU 3alEIIICHUS.

JlmuHa IBYXTapHOTO 3alleTUICHUS:
szU—pﬂ
rae: | — qHa npakTHYecKo# IMHUH 3allCIUICHNUS,
Py — 1Iar 3yObeB 10 OCHOBHOM OKPY>KHOCTH.
KoaddunmeHnT BpeMeHn IBYXITapHOTo 3alleIJICHUS:

L, 2(/-
A

Ho l/py = € (cm. § 5.6), ciieqoBaTeIbHO:

72:2(]—ij

Hampumep, ecnu € = 1,25, To k03QPULIMEHT BpEMEHU ABYXIIAPHOTO
3alleTUICHUS:

r=2l1-1 |04
1,25

KoadduureHT BpeMeHr 0 JHONapHOTO 3aIleTIICHUS:

r,=1-04=0,6



