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KaJIaBpOB 110 MEXaHUYECKUM CIECIHAIBHOCTSM TEXHUYECKUX BYy30B. [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);

- IMHAMMKa MaIyH (5 ri1aB).

B omimuue ot cymecTByromeid yueOHOM JIUTEpaTypsl B IUHAMHYE-
CKHUX pacyeTax IIUpe HUCIOJIb3YIOTCS BEIWYUHBI MEPelaTOYHBIX 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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IMpeaucaoBue

OpHoll U3 OOIIEUHKEHEPHBIX TUCHUIUIMH, KOTOpPhIE U3Yy4aroT CTY-
JIEHTHI BTOPBIX-TPETHUX KYPCOB MEXaHMYECKHX CHEIHMaTbHOCTEN BBICIIUX
TEXHUYECKUX YUeOHBIX 3aBeACHUH, siBisieTcss «Teopuss MEXaHU3MOB U Ma-
mUHY». 3HAYeHUE HJTOW JUCHUIUIMHBI 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, 3aIUTa YKOJIOTHIECKOW CPEeIbl U JIp., YTO KU3HEH-
HO HEOOXOAMMO, HO UTO B TO K€ BpeMs TpeOyeT mepecMoTpa Coaep KaHus
kypca TMM TtakuMm 00pa3om, 4YTOOBI €ro COKpAILlEHHE HE CKa3aioch Obl Ha
€ro 3HaYUMOCTH B YCJIOBHSIX OBICTPO PacTylIEro OOHOBJIEHUS COBPEMEH-
HOU TEXHUKH.

Kypc TMM ycnoBHO HIenUTCS Ha TPU YacTU: TEpBasi MOCBSIICHA
CTPOEHHUIO MAallMH U MEXaHU3MOB, BTOpas MU3y4aeT reOMETPUI0, KHHEMAaTH-
Ky U CWJIOBBIE COOTHOIIICHUS OTAEIbHBIX MEXaHU3MOB, TPEThSI pacCMaTpHU-
BaeT BOMPOCH! AMHAMUKMA MallnH. BTopas U TpeTbs 4acTh 3aHUMAIOT OC-
HOBHOI 00bEM Kypca, OJTHAKO B MOCJIETHEE BPEMs TPEThEl 4acTH, TO €CTh,
JMHAMHUKE MaIlluH, yACJsIeTCA Bce 00Jblliee BHUMAHKE. JTO CBA3aHO C TEM,
YTO OOJBIIMHCTBO COBPEMEHHBIX MAIIUH SIBJISIOTCS BBICOKOHATPY>KCHHBI-
MU CKOPOCTHBIMH MEXaHUYECKHMMHU CHUCTEMaMH C Majoll MeTaJUI0eMKO-
CTBIO, ¥ TIPU CO3JIaHMM 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-
TUPOBAHMIO MEXAHU3MOB JIETATEJIBHOIO almapara Wil Kako 1ubo TeXHOo-
JIOTUYECKON MAIIMHBI, IPUMEHSAEMON TP €ro Mpou3BoAcTBE. UTo Kacaercs
npo(UIN3aUH JEKIIMOHHBIX U MPAaKTUYECKUX 3aHATHI, TO MHOTHE IIpUMe-
pBl MEXAaHU3MOB JAIOTCS U3 JIETATENBHBIX allapaToB WM U3 000pyI0Ba-
HUS1, UCIIOJIB3YEMOI0 IPU UX MPOU3BOJCTBE.

Takum o6pazom, TMM — 3710 Hayka 0 MammHax BooOIlIe, O€30THO-
CUTENBHO UX (YHKIHMOHAJIBLHOrO 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, COBEpPLIAIOIIEE
MOJIE3HYI0 MEXaHUUYECKYI0 paboTy /uisd obsieryeHus: (pU3Mueckoro u ymcT-
BEHHOI'O TpyZa YE€JIOBEKa W IMOBBILIEHUSA €r0 MPOU3BOAUTEIBHOCTH. Co-
IJIACHO 3TOMY OIPEJEICHUIO SKCKAaBaTOp — 3TO MAIlMHA, a KOMIBIOTEP HE
SBJIIETCS MAIIMHOM, TaK KaKk HE MPOM3BOAMUT HE MEXaHHYECKYIO 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 COCTaBHAasl 4acTh MalllMHbL. BOT camoe oOuiee orn-
peielieHne: MEXaHUu3M — 3TO CUCTEMa Tell, COBEpIIANIIas TpeOyeMble
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)KCHHI.

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

- CTPOEHME MAIllH U MEXaHU3MOB;

- TEOpHsI MEXaHU3MOB;

- JMHaMUKa MalllVH.
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Yacrs |. CTpoenne MalmuH U1 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-
JM — DJIEKTPUYECKUE, TEIUIOBBIE WM ApyrHe. JIump HeOoIbIIoe KOIUIeCT-
BO MAIlIMH HE UMEIOT JBUTATENEH: 3TO MAIMHbBI C PYYHBIM WU HOXHBIM
NPUBOJIOM — IIBEHHAs MalllMHA, MscOpyOKa, Benocuren u np. Takue ma-
IIMHBI pacCMaTpHUBaTh HE OyAeM.

2 — mepenaToyHbld Mexanu3Mm. OH CIyXUT ISl IpeoOpa3oBaHus U
Iepeadn JIBWKEHHS OT JABUIATelNsd K IPYrMM MeEXaHW3MaM MamuHbl. Ha-
npuMep, KopoOka rmepenay aBTOMOOWIS, KOpoOKa CKOpPOCTEH TOKAapHOTO
CTaHKa, peAyKTop camojeTa. ECTb MalluHBbI, T/1€ epeJaTOUYHbI MEXaHU3M
OTCYTCTBYET — AJIEKTPOBEHTHIIATOP, TypOOreHepaTop u JIp.

N e I e IS

—| 4

Puc. 1.1

3 — UCTIOTHUTEIBHBIA MEXaHU3M. DTOT MEXaHU3M COBEPIIIACT JICUCT-
BUSI COTJIACHO HA3HAYCHHUIO MANIMHBI. JTOT MEXAHHU3M SBISETCSI CaMOH
[JIABHOM W HEOOXOIMMOW 4YacThIO JIIOOOW MalInMHBI. B MalimHe MOXeET He
OBITh MEPEeAATOYHOTO WJIM KaKOTO-HHUOYIh APYroro MeXaHu3Ma, HO €CIH
HET MCIOJHHUTEIHLHOIO MeXaHW3Ma, TO HEeT M MalluHbl. VCIOoJIHUTEIbHBIM
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,
MallrHa MOXKET MMETh HE OJWH, a HECKOJIbKO HMCIIOJHHUTECIBHBIX MEXaHM3-
MOB, HAIIPUMEP, IIBEITHAS MalllMHA UMEET TPU UCIOJHUTEIBHBIX MEXaHU3-



Ma: MEXAHU3M WIJIOBOAUTENS, MEXaHU3M HUTEBOJUTENS U MEXaHU3M Iie-
peMelleHus: TKaHH.

4 — BcrioMorateNbHbI MexaHu3M. OH CoBepIllaeT BCIOMOTraTeIbHbIE
JENUCTBUS: TIO MOrPY3Ke W pasrpyske, ynpaBiieHuio u T.1. HexkoTopeie 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€JIM) COEAMHEHBI C UCIIOJIHUTEIbHBIMU MEXaHU3MaMu (TeHepaTopaMm) Ha-
npsaMyro 0e3 meperaToyHbIx MexaHu3MoB. [IpakTuuecku mo0ast sHEpreTu-
Yeckas MalllMHAa MMEET BCIOMOTaTeNbHbIA MEXaHH3M aBTOMAaTHYECKOTrO
MOJIICPKaHUST YacTOTHl BPAIICHUS TJIaBHOTO Bajia MPU U3MEHEHUU Harpy-
30K.

TpaHcnopTHbIE MalllMHBI [TPeIHA3HAYEHBI AJIs TepeMelIeHns 00beK-
Ta U3 OJHOM MO3ULMUHU B JIPYryl0. DTO MOJBEMHbBIE KPaHbl, TPAHCIOPTEPHI,
aBTOMOOMJIN, CAMOJICTBI, TU(MTHI U T.1.

TexHonornyeckne MamuHbl MPeoOpa3yloT OOBEKT MPU TOMOITU
TEXHOJOTMUECKON omnepauuu. DTO MAallMHBI 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.

KubepHeTnyueckne MalIMHbl BBITOJIHSAIOT MOJE3HYI0 MEXaHHUYECKYIO
paboTy, UMHUTHPYS JABM)KEHHE PYKH ueioBeka. Takue MalIMHbl Ha3blBa-
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I0TCSI POOOTaMH, MX HMCTOJHUTEIBHBIA MEXaHW3M — MaHUMyaarop. [Ipo-
MBIIJIEHHbIE POOOTHI UMEIOT TPAHCIOPTHOE Ha3zHaueHue (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. CTtpoeHue MeXaHU3MOB
§2.1. CTpoenne MexXaHU3MOB

YTouHuMm oOIIee orpeielieHne MEXaHWU3Ma, IMPUBEJICHHOE BBIIIE.
MexaHu3M — 3TO CHUCTEMa TeJl, MOABUKHO CBSI3aHHBIX APYT C APYroOM, CO-
Bepmiatoas TpeOyemble ABMKEHHs. Tela B MeXaHM3Max Ha3bIBAIOTCS
3BEHBSIMU, a IOJIBUKHBIE COCIMHEHUS — KHHEMAaTHUYECKUMHU MapamHu.

3BEHO — 3TO OJHA JIETaJlb WJIH KECTKAsl CUCTEMA U3 HECKOJIBKUX CBS-
3aHHBIX JAPYT C APYroM JeTajel, COBepIlIarolias OnpeeIeHHbIE TIBKEHUS
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 MHXKEHEepa
ABJISIETCS YMEHHUE BUJIETh IO/ KOHCTPYKIHEN 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 MEXaHHU3MOB.

B mexanu3zmax pa3inudaroT BXOJHBIE, BRIXOIHBIE U TPOMEXKYTOUHBIC
3BeHbsl. KpoMe TOro, Ka)Jplii MEXaHU3M HUMEET TOJIbKO OJHO HETOJBHXK-
HOE 3BEHO (KOpIyC, CTaHWHA, OCHOBaHHWE), HA KOTOPOM MOHTUPYETCS BCS
CHUCTEMA MOJIBUKHBIX 3BEHBEB. DTO 3B€HO HA3BIBACTCSI CTOUKOM.

BxoaHoe 3BeHO — 3TO 3BEHO, MoJiydarollee ABUXKEeHUe u3BHE. Ha-
pUMeEp, K 3TOMY 3BEHY MOXKET OBbITh TMOJIBEJICHO JBM)XCHHUE OT JIBUTATEIIS
MaruHbl. Kak mpaBuio, MexaHu3M MMEET OJHO BXOJIHOE 3BEHO, HO ObIBa-
10T ¥ UCKITFOUEHHUSI, O YeM Oy/IeT 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
OJIHO VI HECKOJIBKO BBIXOJHEIX 3BEHBEB.

[IpomMexyTOUHbIEC 3BEHBSI COCUHSIIOT BXOJTHOE U BBIXOJIHOE 3BCHBDSI.
HX MOkeT OBITh HECKOJILKO, OHO MOXKET OBITH OJHO M €CTh OOJIBIIIOE KOJIH-
YECTBO MEXAHU3MOB, HE HMEIOUIUX ITPOMEXKYTOUYHBIX 3BEHBLEB, TO €CTh,
BXOJHOE 3BEHO HEMOCPEACTBEHHO 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
HAJIOKECHbl OTPAaHUYCHUS. DT OTPAHUYEHHS HA3BIBAKOTCS CBSI3SIMHU, & OC-
TaBUIMECS JBWKECHUS — MOABMKHOCTAMU. CymMMa 4yunclia CBS3EW U TOABHXK-
HOocTel paBHa miecTd. KuHemarnueckue mnapbl KiIaCCUPUIIUPYIOTCS TIO
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 KiacCH(pUKAINASI KHHEMAaTHUYCCKUX
nap U JaHbl IPUMEPHI UX BUJIOB U KOHCTPYKTUBHOTO BBIMOJHEHHUS], HAPU-
Mep, KHHeMaTH4ecKas Iapa TPeThero Kiacca MOXKeT OBbITh Ha TOJIBKO c(e-
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PUYECKOM, HO Y TUIOCKOCTHOM M HMMETh PA3JIMYHbIE KOHCTPYKTHBHBIE HC-
MIOJTHEHUS.

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-
CKOM IMapbl, KOTOPasi Ha3bIBAETCS «IIAP-TIJIOCKOCTh», U BAPUAHT €€ KOHCT-
PYKTUBHOI'O BBITIOJHEHUS B BHUJE KPYIJIOTO CTEPXKHSA CO ChHEepUYecKUM
KOHIIOM, KOHTAKTUPYIOIIETO C PhlYaromM, MMEIOIINAM IUIOIMIAJAKY Ha KOHIIE.

YacTu 3BEHBEB, BXOASIIME B KOHTAKT B KHHEMAaTUYECKOW Mape, Ha-
3bIBAIOTCA 3JIEMEHTAMU KMHEMATUYECKOM Mapbl. B naHHOM cityyae — 310
map M IIoCKocTh. B TaOnuile mokaszaHbl MSATh MOJBUKHOCTEH, TO €CTh,
IIATh BO3MOYKHBIX JIBUKEHHI CTEPXKHSI OTHOCUTEIIBHO pblUara: BpaILCHUE
BOKPYT TPEX JAEKAPTOBBIX OCEH U MEPEMENICHUE BIOJb ABYX TOPU30HTAIb-
HbIX ocell. llepemMelieHrne BIOJIb BEPTUKAJIBHOM OCU BHHM3 OTIPAHUYEHO
IUIOIIAJKOM phlyara, IOIBITKA IEPEMEIIECHUSI CTEPKHS BBEPX MPUBOIAUT K
VMCUE3HOBEHUIO KMHEMATUYECKOUN mapbl. 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». KOHCTPYKTUBHOE BBIITOJHEHHUE 3TOW Mapbl aHAIOTUYHO TIpe-
JBIAYIIEH, HO BMECTO MIIMHAPUUECKOTO CTEPKHS CO C(PepruecKUM KOH-
IOM, 37€Ch NMPUMEHEH NMPU3MATHUUYECKUI CTEPHKEHb C IUJIUHIPUYECKUA 3a-
KPYTJIEHHBIM KOHIIOM. JTa KMHEMAaTH4YeCKas Mapa OCTABJISECT CTEPKHIO Ye-
THIPE BO3MOXHBIX JBWKECHUS OTHOCHUTEIBLHO HUKHETO phlUara: JBa Iepe-
MEILIEHUs BJIOJb TOPU30HTAJIBHBIX OCEU, BpalllEeHUE BOKPYI BEPTUKAIbHOMU
OCH U MOBOPOT BOKPYI OJHOM U3 FOPU3OHTAIBHBIX OCEU, IIOBOPOT BOKPYT
BTOPO TOPU30HTAILHOW OCH HEBO3MOKEH, TaK KaK KOHTAKT 3BEHbEB OyIeT
HapyLICH.

KunemaTnueckasi mapa TPETbETO KJIacCa HAKJIAJAbIBAET TPU CBSI3HU Ha
3BE€HO U OCTABJISIET EMY TPU BO3MOKHBIX JIBUKEHUS OTHOCUTEIBHO JAPYrOro
3BeHa. O1Ha U3 Takux map — 3To chepruueckas 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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Tadomuma 1.1

Kiacc
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YEeCKOH
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(V)
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Bo3MoxkHbIC
JIBHKCHUS
OJIHOT'O 3BCHA
OTHOCHUTEIb-

HO JIpyroro

Cxema KuHe-
MAaTHUYECKOU
napbl

[Tap-
IJI0C-
KOCTb

Cepu-
gyecKas

[nnuH-
Apu-
yeckas

ITocry-
naTesb-
Has

Vi

Bpama-
TeJIbHAA
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Kunemarnueckas mapa msaToro Kiacca, KOTOpas HAaKJIAAbIBACT Ha
3BEHO MSITh CBS3EM, OCTABIISIL EMY TOJIBKO OJHY MOJBUKHOCTH, 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, HampaBisSIFOIIUME Me-
Taui000pabaThIBaONIMX CTaHKOB). CxeMaThyeckoe H300pakKeHHe TaKou
napbl MOXKET OBITh Pa3jIMYHBIM B Pa3HBIX MeXaHU3Max. B ciiydae cTepkHs
B HaNpaBJISIIONIMX HEMOJIBIKHOTO 3BeHA (HEMOJBM)XHOE 3BEHO MOKa3bIBa-
eTCs MOAIITPUXOBKOM) MHOTIa 100aBISIETCS CTPENKa, MOKa3bIBAIOIAs, YTO
CTEPKEHb MOXKET JBUTaThCA TOJBKO IMOCTYHATEIbHO BIOJIb HAMPABIISIO-
e, HO, KaK MPaBWIO, CTPEJIKH OTCYTCTBYIOT, TaK KaK BO3MOXKHBIE JBH-
YKEHUSI 3B€HBEB MOHSITHBI U3 CXEMbI MEXaHU3Ma.

BpamarenbHass kuHeMaTtuueckas mapa ISITOrO Kiacca MokKa3aHa B
BUJIC IIWIMHIPUYECKOTO IIAPHUPA, HO 3TO MOKET ObITh W Bajl B MOJIIUM-
HUKaX. JTa mapa JOMyCcKaeT TOJIbKO OJHO JBH)KEHHE 3B€HAa — MOBOPOT OJI-
HOTO 3B€HAa 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 UX IIWPHUHBI.

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 HCIONb30BaTh JEJICHUE KMHEMATHUYECKHX IMap Ha HUBIINE W 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 Tabmuie 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
OJIHOTIOJIBIDKHAS KWHEMaTHYeCKasl Iapa; OHa JIOMYCKAaeT TOJBKO OJIHO
JBI)KCHUE 3BEHA — IMOBOPOT OTHOCHUTENIHLHO JIpyroro 3BeHa. Puc. 2.26 uzo-
OpakaeT HUBIIYIO TMOCTYHaTEIbHYIO OJHOIMOABMKHYIO KHUHEMATHYECKYHO
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 npuBeseHa BbICIIasl JBYXIOJBUKHAS KMHEMaTHUYECKas
napa, JOIyCKarollas ABa JBWKEHUS (MOCTyHaTeNbHOE U JABUKEHUE MOBO-
pOTa) OJJHOTO 3B€HA OTHOCUTEIBHO APYroro (B JAaHHOM CiIy4ae — HEHOJ-
BIDKHOTO). 3aMETHUM, YTO Takas KHMHEMaThuyeckas Inapa B OCHOBHOM HC-
MOJIB3YETCS B KyJIaUKOBBIX U 3y0O4aThIX MEXaHH3MaX.

§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 TOJIBKO B TE€X MECTAaX, I'Jleé OHO 00pa3yeT KMHEMaTHUeCKHUe
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
BHJIHO, YTO MEXAHU3M UMEET TPH MOJABUKHBIX 3B€HA U OJJHO HETIOJBHKHOE,
TO €CTh, SIBJIAETCS YETHIPEX3BEHHBIM. MEXaHU3M 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 IOJABH)KHBIMU 3BEHBSIMHU
(BXOZHOE 3BEHO MEPBOE — KYJAYOK), TPEMSI HU3LIMMU KUHEMaTUYECKUMH
napamu B Toukax A, B u C u oxHoli Beiciuell B Touke K (KOHTaKT Kyjayka
C POJIUKOM).

p .
§I
1
1

T,
3

Puc. 2.3

Ha puc. 2.3B cxemarnuecku MoKa3aH OJUH U3 3yOUYaThIX MEXaHM3-
MoB. IlepBoe u TpeThe 3BEHO (BXOAHOE W BBIXOAHOE) SIBISIOTCS OJUHAP-
HbIMU 3yO4yaThIMU KOJIECAMH, a BTOPOE 3BEHO — 3TO CABOEHHOE 3yOuaToe
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 KOJMYECTBOM BapHUAHTOB JIBM)KCHHS €ro 3BeHbEB. 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 (WJIM, TOBOPST, COOOIINM 3Be-
HY HE3aBHUCHUMYI0 KOOPJIWHATY). JTa KOOPJAMHATA BIOJIHE OMpPENEIseT IMO-
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3ULMIO 1TepBOTo 3BeHa — AB’. [1oy10KeHUS 1BYX OCTAJIbHBIX 3BEHBEB JIETKO
HaXOJATCSI METOJIOM 3aceuek: U3 Touku B’ mpoBogum nyry pagumycom BC,
u3 Touku D — nyry paguycom CD. B nepeceueHun 3TUX Ayr HaXOAUTCA
touka C’, coenquHuB ee ¢ Toukamu B’ n D Haiinem HOBbIE IIOJIO’KEHUS BTO-
pOT0 U TPETHETO 3BEHBEB.

Puc. 2.4

W3 cka3aHHOTrO ciaeAyeT BBIBOJI: IJIs TOrO, YTOOBI OJJHO3HAYHO OIpe-
JICJIATH MOJIOKEHNS BCEX 3BEHbEB MEXAHMW3MA JOCTATOYHO 337aTh OJAHY HE-
3aBUCHUMYIO KOOpAUHATY. Takoi MEXaHHU3M SIBJISIETCS MEXAHU3MOM C OJTHOU
CTeneHbto cB0OOJbI. OH MMEET TOJBKO OJIHO BXOJHOE 3BEHO, B JAHHOM
ciy4dae — 3BeHO 1.

VYcnoxxHUM MeXaHu3M, J0OaBUB K HEMY €€ OJHO 3BEHO (puc. 2.5),
U MOMnpoodyeM cienaTh TO ke, 4To ObLI0 onucaHo Boiie. [loBepHeM nepBoe
3BEHO Ha YroJl (HE3aBUCUMYIO KOOPJIMHATY) (1 U MOMPOOyeM OMNpeeIuTh
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 HaXOKICHUS
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
YUCJIE U PaBHBI HYJI0. MUHUMaNbHOE KOJUYECTBO BAPUAHTOB JIBUKEHUS
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3BEHbEB TAKOI0 MEXaHU3Ma HailJieM, IPUPABHUBASL K HYJIO YTJIOBbIE CKO-
POCTH OJHOTO WJIM APYroro BxojaHoro 3BeHa. Ecim @ 1 =0,a ® 4 # 0, TO
MOJTy9aeM TIEPBBIA BapHaHT JABMKCHHS 3BEHBEB, a eciii @ 1 # 0, a 0w 4 =0,
TO 9TO OyJeT BTOPOU BapUaHT JIBIKCHHsI 3B€HbEB. 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 cBo0oAbl MEXaHNW3Ma PaBHO YHCIIY 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.

3nech cieayeT cka3arb, YTO OOJIBITMHCTBO MEXaHU3MOB UMEIOT OJTHY
CTETNIEHb CBOOOIBI, TO €CTh, TPEOYIOT TOJIBKO OJHOTO BXOJHOTO 3BEHA; HC-
KITFOUEHHUE COCTABJISIIOT MEXaHU3MBI POOOTOB (MaHUMYJATOPHI), 00 ATOM
OyJeT CKa3aHoO 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)
rac: W — uncio creneneun CBO6OI[I>I MCXaHH3Ma,

N — KOJIMYECTBO MOJIBM>KHBIX 3BEHBEB,;

P x— YUCJIO HU3IIUX KHHEMAaTHUYECKUX Map;

P s — YHCIIO BBICIINX KHHEMAaTUYECKUX Tap;

S — 4KCII0 U30BITOYHBIX CBA3EH WM JIUITHUX 3BEHBEB.

M30bITOUHBIE CBSI3U WUJIU JIUILIHUE 3BEHBSI — 3TO TAKUE 3BEHbS, KOTO-
pble MOXKHO YIQJIUTh U3 MEXaHu3Ma 0e3 HapyUICHUs IBIKCHHS OCTaBIINX-
csl 3BeHbeB MexaHu3Ma. Kak mpaBuio, 3T0 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 ATOr0 MEXaHM3Ma HaJ0 TMOJBECTH JBa ABWKEHHUS K JIByM €TO
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 HATUYUEM Ka-
KUX-TO JOTOJHUTEJIbHBIX YCIOBUH (CM. HUXKE).

PaccmoTpum cTep>KHEBOM MEXaHHM3M Ha puc. 2.3a: y HEro Tpu MO/I-
BIDKHBIX 3BE€HA M UYETHIPE HU3IIME KMHEMAaTUYECKUE Mapbl — TPU Bpalia-
TEJIbHbIC U OJIHA TIOCTYIATEJIbHASI.

W=3-3-2-4=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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BpaIiaTeibHbIe KHHEMaTHuYecKne mapsl — B Toukax A, B u C, u ogHy BbIC-
Y10 KHHEMaTUYECKYIO Mapy — ToOuke KoHTakTa K posnka ¢ Kynauykom:
W=3-3-2-3-1=2

MexaHu3M UMeEET JBe CTEeNEeHU CBOOO/bI, HO 3TO HE 3HAYMT, UTO OH COJIEP-
JKUT JIBa BXOJHBIX 3B€HA, BXOJJHOE 3B€HO OJHO — KyJladok. Bropas cTeneHp
CBOOOJIbI — 3TO MECTHas MOJBUKHOCTh, & UMEHHO, HE3aBUCUMOE BpallleHHUE
pousuka 2. Ilpu xoporieit cMa3ke B OCH pOJIMKa, OH MEepPEeKaThIBAECTCS 110 MO-
BEPXHOCTHU KyJauka, MpU 3aKIMHUBAHUU POJIMKA HA OCHU, POJUK OyJeT He-
MOJIBYKEH OTHOCUTENILHO 3BeHA 3 U OyIeT CKOJB3UTH MO MOBEPXHOCTU KY-
Jadka. B o6memM cioyyae posvK mepekaThIBaeTCsl CO CKOJIBKEHUEM, TO €CTh,
JBIDKEHWE €r0 MOKET OBITh HE3aBHUCHUMBIM OT JIBIDKCHHSI OCTaJbHBIX
3BEHHEB MEXaHW3Ma. BBIBOI: MEXaHWU3M WMEET OJHY TJIABHYIO ITOBHK-
HOCTb — BXOJIHO€ 3BE€HO | M OJHY MECTHYIO MOABM)XHOCThH: HE3aBUCUMOE
JIIBIDKCHHUE 3BE€HA 2.

3yOuaThiii MEXaHU3M Ha pUC. 2.3B COJAEPKUT TPU MOJBUKHBIX 3BEHA
(3yOuateie komeca 1, 2 u 3), Tpu HU3IIKME BpalaTebHbIe 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 TIOHATHS «U30BITOYHAS CBSI3b WIIM JIUIITHEE
3BEHO» PACCMOTPHUM CTEPKHEBOM MeEXaHW3M, MOKa3aHHbIM Ha puc. 2.6a.
Takoil MexaHW3M Ha3bIBAETCS IIAPHUPHBIM IMApAJLIECIOrPaMMOM, TaK Kak
€r0 3BEHbS MOMAPHO PaBHBI U MapalJIEbHBL: IEPBOE 3BEHO PaBHO U Mapaj-
JIEIBHO TPETheMy, a BTopoe — cTtoiike AD. Uucno 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 CTENEeHEeW CBOOOABI MO-MIpeKHEMY paBHO eauHuie. OaHa-
KO pacyeT 1o ¢opmyse YeObleBa gaeT HYJIEBOUW pe3ysbTaT, U3 Yero Te-
OpPETUYECKUA MOXKHO CJIeIaTh BBIBOJ, YTO 3Ta MEXaHUYECKasi CUCTEMA SIBJIS-
€TCsl HEMOJIBU)KHOM, TO €CTh, 3TO HE MEXaHu3M, a ¢epma. ITO ObUIO OBI
JEUCTBUTEILHO TaK, €clid OBl 3B€HO 4 He OBLIO MapauieasHo 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
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Puc. 2.6

B peanpHbIX MexaHU3Max JAOMOJHUTEIbHBIC 3BEHbSI YCTAaHABINBAIOT-
Csl JUIsl YBEJIMYEHUS HArpy304HOM CIOCOOHOCTH M KECTKOCTH (CIapHUKHU
JIOKOMOTHUBOB, CAaTEJIUTHI TUIAHETAPHBIX PEAYKTOpPOB U Tip.).Jlnst ompene-
JICHUS YWCiia CTeNeHed CBOOOIbI MPOCTPAHCTBEHHBIX MEXAaHU3MOB CITY)KUT
CTpYKTypHas popMyina MaibliieBa, MpeyIoKeHHAs UM B JIBAJIIATHIX T'0/1ax
XX Beka:

W=6n-5p;—4p,—3p;—2p,—p;+s (2.2)
rA€ P1, P2, P3, P4 ¥ Ps — KOJIMYECTBO KHHEMATUUYECKUX IMap, KIACC KOTOPBIX
COOTBETCTBYET UHJEKCY.

B kadecTBe mpumepa omnpeseraeHus 4uciaa cTerneHed CBOOOJIBI Mpo-
CTPAHCTBEHHOTO MEXaHM3Ma PaCcCMOTPUM HCIIOJHUTEILHBIA MEXaHU3M PO-
0ota — MaHUIYyIATOp. Takue MeXaHU3MbI IPUHIUITHAIBHO OTINYAIOTCS OT
MEXaHU3MOB, OIMMCAHHBIX BbIIIE. MexaHu3Mbl, OKa3aHHbIE 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-
BaHHOW BXOJHBIM 3B€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, TOJIBKO OJTHO M3 ITOJIBI)KHBIX 3BEHBEB 00pa3yeT KMHEMa-
THUYECKYIO TIapy CO CTOMKOM.

Ha puc. 2.7a mokazana cxema MaHUITYJIATOPa TPAHCIIOPTHOTO PoOOTa
M-22. 3TOT MAaHUIYJATOP COAEPKUT TPU MOABUKHBIX 3BE€HA, TPETHE 3BEHO
MMEET CXBaT JJIs 3aKMMa 00bEeKTa TpaHCIIOPTUpOoBaHUsA. KuHeMarndeckue
napel: B Touke A — nunuaapuyeckas 1V kiacca, B Touke B — nmoctynarens-
Has V knacca u B Touke C — cepuueckas |1 knacca.

st onpeesieHust yucia cTerneHeil CBo00 bl MAaHUTTYJISITOPA UCTIONb-
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/0 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
=117
7
2
AaC
3
o ]

Puc. 2.7

W3 aHann3a MaHUITYIATOpA CIEAYET: 3aKIFOUEHUE, CIEIAHHOE BBILIE
O TOM, YTO MOAABJISAIOUIEE OOJBIIMHCTBO MEXAHMU3MOB HMMEIOT OJIHY CTe-
MEeHb CBOOOJbI, OTHOCUTCS TOJIbKO K 3aMKHYTBIM MEXaHU3MaM, HO COBEp-
LIEHHO HE OTHOCUTCS K MAHUITYJISTOpaM. 3aMETUM TAaKXe, 4TO YHCIIO CTe-
neHel CBOOOIbI MAHUITYJIATOPA PABHO CYMME MOJBUKHOCTEH Ka)KIOW 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 ¢ nanbiieM B Toukax B u C. Cdepuueckas napa uMeet Tpu Mmo-
BIKHOCTH, a c(hepryeckue mapel ¢ najableM — MO ABE MOJBUKHOCTH, 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. MexaHusM — cocTaBHas 4acTh MAIIIMHBI — 3TO CHCTEMa TeEJ, IIO0J-
BIDKHO CBSI3aHHBIX JIPYT C APYTOM, COBEpIIaroiias 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 ONPESTSIONINX MO3UIIUHA BCEX 3BCHBEB.

6. Uucnmo crereHeil cBoOOAB MEXaHHW3Ma PABHO KOJMYECTBY €TI0
BXOJIHBIX 3BCHBECB.

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

8. MecTHast MOABMKHOCTh — MOABIDKHOCTDL 3BEHA, HE BIUSIOIIAS 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 KUHEMATHUYECKUX I[ap HCIOJb3YETCS MPU HUX
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 opMysbl ManbimeBa u YeObi-
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 u3ydaeTr OCHOBBI CTPOCHUS U (YHKIIMOHUPOBAHUS MEXAHU3MOB, Hau-
Oosee ynorpeOuTeNbHBIX B MalnHax. CTep)>KHEeBbIE, KyJIauKOBbIE U 3y0ya-
TBIE MEXAHU3MbI U3Y4aIOTCS IO CIICAYIOIINAM ITyHKTaM:

- 0COOEHHOCTH CTPOCHHS;

- KHHEMATHKA;

- CWJIOBBIE COOTHOILICHUS;

- IPOEKTUPOBAHUE.

I'naBa 3. Crep:xxHeBbIe MEXaHU3MbI

§3.1. ILi1ockue crep:xkHeBbIe MEXaHU3MBbI.
Oco0eHHOCTH CTPOCHUA

B crepxHeBbIX MeXaHU3MaX 3BE€HbSI UMEIOT B OCHOBHOM BHJI CTEPIK-
Hell. KOHCTpYKTUBHO OHM MOTYT OBITh BBIITOJTHEHBI CAMBIM PA3TUYHBIM 00-
pazoM, HO B CBOEH OCHOBE — 3TO, B OOJIBIIMHCTBE CIIy4acB, CTEPIKEHb, 11O
KOHIIaM KOTOPOTO PACHOJIOXKEHBI AJIEMEHThl KMHEMAaTUYECKUX map s
MPUCOEANHEHHUS K JPYTUM 3BEHbSIM.

OYHKIIMOHAIBHOE HAa3HAYCHHE 3BEHHEB B MEXAHHU3MaX MOXKET OBIThH
CaMbIM Pa3JIMYHBIM, HAa3BaHUS 3BEHbEB COOTBETCTBYIOT MX (PYHKIIMOHATb-
HOMY Ha3HAUYECHHIO U MOTYT ObITh BeChbMa pa3zHooOpa3Hbl. O HAKO B Kypce
TMM mexaHu3Mbl U3y4aloTCsl B CaMOM OOIIEM CMbICIIe, U MbI OyjieM abCT-
parupoBaThCs OT (PYHKIIMOHATHLHOTO HA3HAUYCHUSI MEXAaHU3MOB U UX 3BEHb-
€B JI0 TE€X MOp, MOKAa HE M3YyUYHUM HMX CBOWCTBA M HE MEpPEHIeM K mpumepam
WX UCIOJIb30BAHMUSI.

C ToYKHM 3pEeHUSI COBEPIIAEMbIX JBUKEHUN B CTEP>KHEBBIX MEXaHM3-
Ma pa3iMyaloT MIeCTh TUMOB 3BEHLEB: KPUBOIIUI, KOPOMBICIO, MOJI3YH,
IaTyH, KaMeHb U Kynucy. PaccMoTpum ux nompoOHee.

KpuBommn — 3B€HO, COBEPIIAOIIEe TOJHBI 000POT BOKPYT HEIO/I-
BIDKHOUM ToukH (puc. 3.1a). B GonblIMHCTBE clydyaeB KPUBOIIMIT SIBIISIETCS
BXOJHBIM 3B€HOM MEXAaHHU3Ma, U €ro CXeMa JOMOJHAETCS KPYroBOW CTpeEI-
KOM, YKa3bIBaOLICH HAIIPABIICHUE €0 BPALLICHUS.

KopoMBICHIO — 3BEHO, KOTOPOE COBEPIIAECT KayaTeIbHOE JBHKCHUE
OTHOCUTEIBHO HEMOJBHKHOM TOUKHU (puc. 3.10), To ecTh, BO3BpATHOE JIBU-
JKEHHE TIOBOPOTa B Mpejeax ONpe/iesIeHHOro yria. B oTinune oT cxembl
KPUBOIIIMIA 3]IECh HET KPYTrOBOM CTPEJKH, a B HEKOTOPBIX CIydasx KOpo-
MBICJIO U300pakaeTcs B BUJIE JIBYIUIeUero poiyara (puc. 3.1B).

[lon3yH — 3BEHO, COBEpIIAIOIIEe ABMKCHHUE MO HEMOJBMXHBIM Ha-
MpaBisAONUM. B OOJBIIMHCTBE ClydaeB ATH HAMPABISIONIME MPSMOIU-
HEWHBI U IBUKEHHUE MOJI3yHA SIBJIAETCS BO3BPATHO-TIOCTyNaTEIbHbIM. Yarie
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BCETO TOJI3yH IOKA3bIBACTCS HA CXEMaxX B BHJIC NPSIMOYTOJbHUKA (PHC.
2.1r), uHoTr1a — KaK cTepxkeHb (puc. 3.171).

KOaUeHb

KYLuca

g & /8
Puc. 3.1

[ITaTyH — 3B€HO, COBEPIIAIOIIECE CI0KHOE ABMKEHUE B IUIOCKOCTH.
[[Tatryn He 0Opa3yeT KMHEMATHYECKUX IMap co cToiikoi (puc. 3.le), HO
TOJBKO C APYTUMH MOJIBUKHBIMU 3BEHBSIMU.

KameHnb — 3BeHO, COBEpILIAOIIEE ABUKEHUE MO MOJABMKHOW HaIpas-
JSIOIICH; MOJBY)KHAS HANpaBJstolias Ha3biBaeTcs Kyiaucou (puc. 3.1xk).
Kamens u kynuca He CyHIECTBYIOT B OTAEIbHOCTH, HO COCTABIISIOT €ANHYIO
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, KyJIMUCA-TIOJI3yH U KyJIHCa-IIaTyH.

N3 Takux 3BEHbEB COCTOUT CTEPKHEBON MEXaHM3M JIFOOOW CII0KHO-
CTU. B OCHOBE KOHCTPYKIIMM CJIOKHBIX CTEPKHEBBIX MEXaHU3MOB HAXOST-
Csl MPOCTEHUIINE, KOTOpPhIE U SBIAIOTCA MPEIMETOM HAILETO H3Y4YECHUSI.
[IpocTeliliue CTEp>KHEBbIE MEXAHU3MBI SBIISIIOTCS YETHIPEX3BEHHBIMH, TO
€CTh, COZEpKaT TPU MOJABUKHBIX 3B€HA U CTOMKY. Ha3BaHus Takux mexa-
HU3MOB COCTOSIT M3 Ha3BaHMS BXOJHOTO M BBIXOJHOTO 3BEHbEB. B 3aBUCH-
MOCTH OT KOHCTPYKIIMHU MPOCTEUIIINE CTEPKHEBbIC MEXaHU3MBI JISTSATCS Ha
[IapHUPHBIC, TTOJI3YHHBIE U KYJIUCHBbIE. PacCCMOTpUM KaXblii U3 3TUX TH-
MOB.

B mapHUpHBIX CTEP)KHEBBIX MEXaHU3MaX BCE KHUHEMATHUECKHE Maphbl
— BpamatenbHble. Ha puc. 3.2a npuBeneHa cxema Haubosee yrnoTpeOu-
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TEJIBHOT'O IIAPHUPHOIO MEXaHU3Ma. 3BEHO |1 (BXOJIHOE) — KpUBOLIUII, 3BEHO
2 (IpoMeXyTOYHOE) — IaTyH, 3B€HO 3 (BBIXOJIHOE) — KOpOMBICTO0. Mexa-
HU3M Ha3bIBAETCA — KPUBOIIMITHO-KOPOMBICTIOBBIA. OH CITYXKUT JUIsl TPeo0-
pa30BaHMs BPAIIATEILHOTO JABUKEHUSI KPUBOIIUIA B KayaTeIbHOE JIBHKE-
HUE Kopombicia. Mcnonb3yeTcs: B KaueCTBE UCIOTHUTEIBHBIX 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 BpallleHUE, a MAaTyH COBEPIIACT CIOKHOE JBIXKCHHUE B
IUIOCKOCTH TapajielbHO camMomy ceOe. Mcmonb3yeTcss Kak MeXaHU3M
CIIAPHUKOB BEIYIIMX KOJEC JIOKOMOTHBOB M B HEKOTOPBIX MEXaHU3Max
TEXHOJIOTUYECKUX MAIIUH.

JIByXKOpPOMBICJIOBBI MEXaHWU3M, PUBEACHHBIN HA pUC. 3.2B, MOKET
COCTaBIISAITh OCHOBY MOJIbEMHOTO JEPPUK-KpaHa, IprUieM, Kopombiciaa 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



27

KpuBomMna 1 B BO3BPAaTHO-NIOCTYNATEIbHOE JBUKEHUE MOJI3yHA 3; IIATYH
SBJIIETCS. IPOMEXKYTOUHBIM 3BEHOM. Takol MEXaHH3M 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), HUCMONB3YyEeTCs Kak
COCTaBHasl yacTbh O0JIee CIIOKHBIX MEXaHU3MOB.

Puc. 3.3

JIByXmon3yHHBIN MexaHu3M (puc. 3.3B) Haubosiee N3BECTEH, KaK Me-
XaHU3M JJuuncorpada — npu padoTe TaKOro MeXaHu3Ma JIr0asi ToUKa Ia-
TyHa OIKCBHIBAECT JJUIUIC, MAapaMEeTPpbl KOTOPOTO 3aBUCAT OT MOJIOKEHUA
ATOM TOYKM Ha maryHe. Eciy 3Ta TOUKa pacnoJiokeHa MocepeauHe mary-
Ha, TO DJUIUIIC BBIPOXKIAETCS B OKPYXKHOCTb. 3aMETUM, UTO Mpu padbore
ATOr0 MEXaHW3Ma BXOJIHBIM 3BEHOM SIBJISIETCSI MOMEPEMEHHO TO OIWH, TO
JIPYroM MOJ3YyH, 4TO HEOOXOAUMO JJIsi BO3MOKHOCTH MPOXOJa UMHU Kpaii-
HUX TIOJIO)KEHUU. V3BECTEH cCllydyall MCIIOJIb30BaHUS 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 KyJIMLCOM: BXOJHBIM 3B€HOM 3/1€Ch SIBJIAECTCS KPUBOIIMUM 1, MPOMEKYTOU-
HBIM — KaMEeHb 2, BRIXOAHBIM — KyJuca 3. MexaHu3m CIIyKuT JJis mpeodpa-
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30BaHMA BpalllaTCIbHOTI'O ABUKCHUS KPUBOIIHNIIA B KaYaTCIIbHOC IBUKCHUC
KYJIHUCBI. HCHOJ’IBSyeTCH B KQ4CCTBC HCITOJIHUTCIBHBIX M BCIIOMOI'aTCIBbHBIX
MCXAaHHU3MOB HCKOTOPLIX TCXHOJOI'MYCCKUX MAIINH.

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

Ecaum B TakOM MEXaHU3ME PACCTOSIHUE MEXKIY 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 MEXaHW3M C Bpalaromieiicss kynucoi (puc. 3.40), mpudeM xapaxrtep
ATOTO BpallleHus OyneT 3aBUCETh OT cooTHoueHus pazmepoB AB u AC.
Beiiie 0110 cKazaHO, YTO KyJuCa, SBISSICh MOJBWXKHOM HapaBIISIONICH,
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 Kau€CTBE HCIOJHHUTEIBHBIX
MEXaHHU3MOB IPECCOB, HACOCOB U TIp.

Bo MHOrux MaimiMHax KyJHCHBbIE MEXAHU3Mbl HCHOJB3YIOTCA, KakK
MEXaHHU3MbI C KAYaroUMMHUCS THAPOUUIUHIApaMU. 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 MOMOINIBIO MMOCTEIICHHBIX UX M3MeHeHu# (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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Puc. 3.5

Ha puc. 3.6a nokazaHo MCIOJb30BAHUE TAKOIO MEXAHW3MA, KaK Me-
XaHU3Ma OMPOKUIBIBAaHUS Ky30Ba aBTOMOOMIIsI-cCaMOCBaJia, a Ha puc. 3.60 —
KaK MeXaHu3Ma yOupaHHsi HOTH LIaCCH CaMoJIETa.

N

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 MGX&HI/ISMa), TdK KaK MMCHHO K HCMY IIOABOAHTCA IABUKCHHUC
HN3BHC — JABJICHUC ) KUAKOCTHU THAPOCHUCTEMBI.

§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. [[puMeHuTeNnbHO K Me-
XaHU3MaM — 3TO OMpPEACTICHUE BO3MOXKHBIX JIBUIKEHUN 3BEHBEB U UX TOUEK,
TO €CTbh, T€X JIBHXKCHUH, KOTOPbIC MPUHIIUIIUAIBHO BO3MOXHBI U KOTOPbHIC
HE YUYUTHIBAIOT CHJI U MOMEHTOB, ICHCTBYIOIINX HA 3BEHbS] MEXaHU3MA.

3a/1aun KHHEMAaTUYECKOTI'0 NCCIICIOBAHHS:

- OIpeJieIeHre TTO3HUIMI 3BEHbEB MEXaHH3Ma B IpoIiecce ero pado-

THI U OIIPEICIICHUE TPACKTOPUIN TOUYEK 3BEHBEB;

- OMPEICIICHNE CKOPOCTEN 3BEHBEB U UX TOYCK;

- pacyeT MepelaTOYHbIX OTHOIIICHUN B MEXaHU3ME;

- OMpEICIICHNE YCKOPEHUM 3BEHBEB U UX TOYEK.

VYkaza"Hble 3a/1a4d MOTYT OBITh PEIICHBI aHATUTHYCCKUMHU, rpadu-
YECKMMHU M TpadoaHATUTHICCKUMU METolaMHu. PaccMoTpum perieHus Ka-
JKIION 3aJa4H.

§3.3. IlocTpoeHue 1MoJ10:keHUN 3BeHbEB MeXaHU3Ma
U TPAEKTOPHH UX TOUYEK

Onpenenenue MO3UIMI 3BEHbEB MEXaHU3Ma B MPOIECCE €ro paboThI
OOBIYHO BeeTCs TpauecKuMU MpUeMaMu C UCIIOJIb30BAaHUEM METO/Ia 3a-
ceyek. [Ipon3BOANTCS MOCTPOEHUE HECKOJIBKUX COBMEIIEHHBIX MOJ0KEHUN
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 HM300pakaeTcsi B maciiTabe JJIMH. 3AeCh Hajo
CKa3aTh, 4TO B Kypc€ TEOPUM MEXaHU3MOB M MAIIIMH HCIOJB3YIOTCS Mac-
mTa0bl, KOTOPBIC SBIISIOTCS OTHOIICHHUSIMH JICHCTBUTEIILHON BETUYMHBI 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
JunHeI |

[ m
— (3.1)

71 oo

rae: | — nelictBuTeNbHAS UIMHA B M;
| — u300pakeHne ITOM JINHBI HA CXEME B MM.

Ha puc. 3.7 mokazanbl 8§ COBMEIICHHBIX IOJIOKEHUI MEXaHU3Ma.
CrposiTcst oM cienyromuM oopazom. [Ipexnae Bcero, nzo0paxaercs cxema
ATOTO MEXaHHW3Ma B IEPBOM IMO3UIIMH; ITO MOXKET OBITH JTr00as MMO3UITHA,
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 3aCEYKHU Ha NpsAMoil Tpaektopuu Touku C nomsyHa. [lomyya-
€M TO3UIIMM T0J3yHa, COOTBETCTBYIOIIME 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 pa3HHUIICH, 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 Jyre OKPYKHOCTH TPAEKTOPUHU TOYKU KOopombicia (puc. 3.8).
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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 KPUBOILIUIA U PACCTOSIHUSL MEXY LIEHTPaMH BpalleHUs KPUBOLIUIA U
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KYJHUCBI, KyJIMCa MOKCT COBCPIIATh KAa41aTCJIbHOC WJIM BpallaTCIbHOC IBU-
KCHUC.

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

CHauana paccMOTpUM KJIACCHU(UKALMIO CKOPOCTEH B CTEPKHEBBIX
MEXaHHU3Max. 3aMETUM, YTO BCE CKAa3aHHOE O TUIAX CKOPOCTEW OTHOCUTCS
U K YCKOPEHHUSIM.

Pa3nuyator cKOpoCTH yIJIOBBIE U JIMHEHHBIE.

VYTJIOBBIMU CKOPOCTSIMU 00JIaIatOT 3BEHbS, B TOM YHCJI€ U IIATYHBI,
KOTOPBIC B KaXKJbIil MOMEHT BPEMEHH MOXHO pacCMaTpuBaTh, Kak MOBOpa-
YUBAIOLIMECS] BOKPYT KAaKOW-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 Oy/ieM pa3iaudaTh CKOPOCTH aOCOJIIOT-
HbIE, OTHOCUTEJIbHBIC U PEIISTUBHBIE.

AOcCoI0THasi CKOPOCTh — 3TO CKOPOCTh TOYKH OTHOCUTENBHO CTOM-
Kd. B 3TOM ciiydae 0003HaueHHEe CKOPOCTU UMEET UHJEKC 3TOM TOUKHU, Ha-
npuMmep, Vg, UM Vs.

OTHOCHTENBHASL CKOPOCTh — 3TO CKOPOCTh OJHOM TOYKHU 3BEHA OTHO-
CUTEJIbHO JIPYrodl TOYKH TOTO K€ 3BeHa. B OoCHOBHOM OyjemM paccMarpu-
BaTh OTHOCUTEIBHBIE CKOPOCTHU TOYEK IIATYHOB, HAIIPUMEP, Vg — 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
paccMaTpHuBaTh TOJIBKO ISl KYJIHMCHBIX MexaHu3MoB. Touka B (puc. 3.9)
peann3oBaHa Ha KpuBowune 1 1 kaMHe 2 B BUJIE€ IIAPHUPA, CBSA3BIBAIOIIETO
KaMEHb C KPMBOILIUIIOM; B JAHHBII MOMEHT BPEMEHH C 3TOM TOUYKOM COBIIA-
JaeT BooOpaxkaeMasi TOUKa Ha KyJuce 3, TO €CTh, TOUKa, KOTOpasi HUKaK He
peanu30BaHa, HO KOTOpasi Hy»KHa JJI1 paCyeTOB U MOCTPOCHUM. PensaTuBHas
CKOPOCTb Vp3p; (MJIM Vp3gp) — 3TO CKOPOCTh TOYKH B3z KYJIHCHI OTHOCHTEb-
HO TOYkH B; kpuBommmna (win Touku B, kaMHs1). YUuThIBasA, 4TO KaMEHb U
KyJMca COBEpPUIAIOT APYr OTHOCHUTENIBHO Apyra MOCTYIATEIbHOE JIBHXKE-
HUE, MOKHO CKa3aTh, YTO PEIATHBHAS CKOPOCTbh — 3TO CKOPOCTh KYJIHCHI
OTHOCHUTEJILHO KaMHSI.

Paznmuuarotr rpadoaHaIUTUYECKHE U aHATUTHYECKHUE METOJMBI OIpe-
neneHus: ckopocteit. M3 rpadoananutudeckux HanOosee ynoTpeOuTeIbHbI
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METOJbl TIAHOB CKOPOCTEN M KUHEMATUYECKUX AuarpaMm. AHaauTHye-
CKHE€ METOJbl 1 KUHEMAaTHYEeCKUE AuarpaMMbl OyIyT pacCMOTPEHbI HUXKE.
3/1eCh pacCCMOTPUM OIPEAECIEHUE CKOPOCTEN IPHU MOMOIIHU IIJIaHOB CKOPO-
CTEH.

[1nan ckopocTelt — 3T0 MHOTOYTOJIbHUK BEKTOPOB a0COJIIOTHBIX, OT-
HOCUTEJIbHBIX M PEISATUBHBIX CKOPOCTEH, IMMOCTPOCHHBIN B OMNPEIEICHHOM
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-
HSFOT KOHITBI 20COJTIOTHBIX.

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

OmnpeneaeHrue CKOPOCTEH 3BEHLEB U MX TOYCK

PaccmoTpuM penieHne KMHEMaTU4eCKOW 3a7jaun cHavajla Ha MpuMe-
pe€ KPUBOUIMITHO-TIOI3YHHOTO MeXaHu3Ma. VICXOIHBIMU JAaHHBIMHU 33Jlau
ABJIAIOTCS. T€OMETPUYECKHE MapaMeTphl MEXaHW3Ma — KHHEMaTH4ecKas
cxema B macmtade W | (puc. 3.10), u ero BXoJHOW KUHEMATUYECKUI mapa-
METp — MOCTOSIHHAsI YIJIoBasi CKOPOCTh KpHBOLIMNAa @ ;. JIuHelHas cko-
pocTh TOUKM B KpuBoIIMIia MOKET ObITh HailieHa 10 U3BECTHOU (hopmyie

vy = AB@y (3.2)
BekTop 3T0l CKOpOCTH, N300paK€HHBII B MPOU3BOJLHOM MaclTade CKO-

pOCTE, SIBISIETCS UCXOJIHBIM JUIsl TOCTPOEHUS IJ1aHa cKopocTeid. Macitab
CKOPOCTEM:

V( M
== —— (3.3)

V\C:-mm
rje: V — AeiCTBUTENIbHAS JJUHEHHAs] CKOPOCTh B M/C;
V — H300paeHKe 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. Torma, ¢ yuerom (3.2), mac-
mTad CKOPOCTE:

vg AB
y,=8="20

vg AB
C yuerom (3.1) nonyuum:
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My =H o —— (3.4)
C - MM

Tak kak B JaHHOM cCily4ae M300paK€HHE BEKTOpA CKOPOCTU TOYKH Bpa-
HIAIOUIErOCs 3B€HA PABHO M300pPaXKEHUIO PaJNyC-BEKTOpPA PACHOJIOKEHUS
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

I/I306pa)K€HHIO KpHUBOIIHUIIA HA CXEMC MCXAaHHU3Ma, TO CCTb, pb :J_AB

(9T 1 nocaenyromKe AEUCTBUS 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 €CTb, €M0 JIBUKEHHE COCTOMUT U3 IEPEHOCHOTO IO-
CTYNATEJIbHOTO CO CKOPOCTBIO TOUKM B M OTHOCUTENBHOIO BpAILIATEIBHOTO
BOKpYT Toukd B. UToOBI onpenienuTs ckopocTh ToOuku C maTyHa, Ha/I0 pe-
IIUTh BEKTOPHOE YpaBHEHUE:!

Touka C NpuHAIEKNAT HE TOIBKO IIATYHY, HO U MOJ3YHY, U CKOPOCTH UX
onvHaKkoBbl. [lod3yH coBEpIIaeT IMOCTYNATENBHOE IBUKEHUE BIOJIb Ha-
IPaBJISAIOIIUX, 3HAYNUT, JUHUSA AEHUCTBUSA CKOpOCTH Touknu C B HAIleM Cly-
yae ropu3oHTaslbHA. Tak Kak 3Ta CKOPOCTh aOCOJIIOTHA, TO TOPU3OHTAJIb
IIPOBOJUM 4epe3 NoIroc p. OTHOCUTENBHASI CKOPOCTh Vg MEPIEHANKYIISP-
Ha IIaTyHY, TaK KaK B OTHOCUTEJIBHOM JBHKEHUU OH COBEPILIAET MOBOPOT
BOKpYT ToukHu B. IlosTOMYy, BBINOJHSAS NEHCTBUE TPaPUUECKOrO CIOKEHUS
110 BEKTOPHOMY ypaBHeHUIO (3.5), yepe3 TouKy b ruiaHa ckopocrtei mpoBo-
UM MepIEHIUKYISIp K aTyHy. B nepeceuennn 3Tux ABYX JIMHUWA U OyAeT

HAaXOJIUTBCSI UCKOMas TOYKa ¢ IaHa ckopocreil. Takum obpasom, pC —

9TO BEKTOp aOCOMIOTHOM cKopocTh Touku C, a bc ecrn BEKTOP OTHOCH-
TEJIbHON CKOpOCTU TOUKU C OTHOCUTENBHO TOUKH B.

JIns1 HaXOKIeHUsI TOYKH S Ha TIJIAHE CKOPOCTEU 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-

cTeil Touka S Gy/eT HAXOMUThCA MOcepenuHe MexIy Toukamu b u c: bS —
BEKTOp a0COJIOTHON CKOPOCTH TOUKH S.
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C moMoMIpI0 MOCTPOSHHOTO TIaHA CKOPOCTEH MOTYT OBITH OIpeje-
JICHBl BEJIMYMHBI M HAIMPABJICHUS BCEX CKOPOCTEH B MEXaHW3ME, TO €CTh,
CKOpOCTEH TOYEK M 3BEHBEB. HampaBieHHsS CKOPOCTEH TOYEK BHIHBI W3
IUTaHa CKOPOCTEH, a UX BEIW4YMHY, coryacHo ¢opmyne (3.4), Halizem Kak
NPOM3BENICHUE UIMHBI BEKTOpa B MM Ha MaciiTad ckopocteil. Hampumep,
ckopocTh Toukd C (WM CKOPOCTH MOJ3YHA):

Ve = PC 4, (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:

Vep _ Vepl, _ bepyo,

" BC BCu;  BCy

@
U moce cokparieHus:
C
@, = ——m; (pan/c) (3.6)
BC

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

CTH BEKTOP bc w3 nnana ckopocteil B Touky C cXembl MeXaHu3Ma U OH

YKa)XeT HalpaBJIeHUE 0, B TAHHOM CJIy4ae, IPOTUB YaCOBOU 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, Up; — 3TO mepenaTtoyHoe OT-
HONIEHUE OT 3B€Ha 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 3BEHBbEB (MCKIIIOUEHUEM SIBIISIETCS MOJI3YH, KaK 3BEHO, 00Jyagaroliee
TOJIBKO JIMHEMHON CKOpOCThI0). O01Iee 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.

b
vy = pb=1A4B CT;:%:HE
ves =bc L BC aly=bn || BC | 4 —pc
ve = pell nanp aty =nc L BC
Vs = ps ac =mc || nanp

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 OAHO 3BEHO Bpallaercsi OplcTpee (WM MEIJIEHHEE) IPYroro.
Crnenyer MOMHHUTB, YTO B CIEAYIOLIEM ITOJIOKEHUN MEXaHU3Ma 3TO Iepesa-
TOYHOE OTHOILIEHHE M3MEHMTCS, TaK KaK ® , CTAaHET IpyruMm. Takum obOpa-
30M, MEPEAATOYHOE OTHOUIEHUE B CTEPKHEBOM MEXAaHU3ME UMEET TOJIBKO
pacyeTHBIN CMBICT (MCHOIB3YETCS Ul IMHAaMU4Yeckux pacueTtos). [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 _ vSluv — ps

Ugs = —= — —
V3 VC :uv )44

DU3UYECKUN CMBICIT 3TOr0 MEPEAATOYHOI0 OTHOILICHUS TaKOM: BO CTOJIBKO
pa3 MoJI3yH JBIIKETCS ObIcTpee (WM MeJjIcHHee) Touku S. BenndyuHa 31o-
ro NepeJaTOYHOro OTHOIICHUA JIJII CTEP>KHEBOTO MEXaHU3Ma MUMEET TOJIb-
KO PacyeTHBIM CMBICI, TaK KaK B CICAYIOIIECH MO3UIIUM MEXaHU3Ma OHA U3-
MeHHTCS. [IpakTrueckuii CMBICH MOJ00HOE TepeaaTOYHOE OTHOIIICHUE MO-
J)KET UMETh JIJISI KJIMHOBBIX MEXaHW3MOB. Takue MEeXaHU3Mbl UMEIOT Orpa-
HUYECHHOE NMTPUMEHEHHE U B HAIIEM KypCE HE M3y4arOTCHl.

IlepenaTounble OTHOMICHUS, MMEIOIIME PA3MEPHOCTh. ITO OTHOIIIE-
HUSI CKOPOCTHU TOYKU 3BE€HA (WU TMOJ3yHA) K CKOPOCTU 3BEHA, UM HA00O0-
POT — OTHOIIIEHUE CKOPOCTH 3B€HA K CKOPOCTH TOUYKH 3BEHA (WJIM MOJI3yHA).

Onpenenum AJis1 HAIEr0 MEXAHU3MaA MEPEAATOYHOE OTHOIIEHUE OT
MOJI3YHA K KPUBOILLIHNITY:

_ Vs _ Vo _ Vel _ POy
Us; o o o o PC Ly (M)

DU3UYECKUN CMBICIT 3TOr0 MEPEAATOYHOr0 OTHOIICHUS] TAKOW: Ha CTOJBKO
METPOB MEPEMECTUTCS TMOJ3YH IIPH MOBOPOTE KPUBOIIIUIIA HA OAWH paJINaH.
Tak kak B CleqyIONIEn MTO3UIIMKU MEXaHU3Ma, TO €CTh, B CICIYIOIIEE MIHO-
BEHHUE, 3TO MEPEAATOUYHOEC OTHOIIEHUE U3MEHUTCS, TO €r0 BEJIMYMHA UMEET
TOJIBKO PACUETHBIM CMBICI JJISI JTaHHOM MO3ULMH. [IpakThUecKkuil CMbICI
moA00HOE MepeIaTOYHOE OTHOIICHUE HMEET JJISI MEXaHU3MOB «IIIECTEPHS-
peviKa» U «BUHT-TalKay, TJE€ €ro BeJIMYNHA MOXKET OCTaBAThC HEM3MEHHOU
npu pabote MexaHu3ma (CM. mpuinoxenus 1 u 2).

AHQJIOTUYHBIM 00pa30M MOTYT OBITh HaJICHBI U JIPyTHUE TIepeaaTou-
HbIEC OTHOIIIEHMS OT TOYEK K 3BEHBSIM WJIM OT 3BEHLEB K TOYKaAM; B ITOCJIC]I-
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 yckopeHui. [1maH ycKopeHuid — 3T0 MHOTOYTOJIbHUK BEKTOPOB a0-
COJIIOTHBIX M OTHOCHTEIBHBIX YCKOPCHHMI ToueK. VICXOMHBIMH JaHHBIMH
JUTSL OTIpEZICIICHUS] YCKOPCHHIA SIBIISTIOTCS KHHEMATHUeCKasi 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:

n 2
ap = ABw; (3.7)
BekTop 3TOro yckopenusi, n300pa>keHHbIN B MPOU3BOJILHOM MaciiTade yc-

KOPEHHUH, SBISIETCS MCXOAHBIM JJIsi MOCTPOEHUS IIaHA YCKOpeHuid. Mac-
mTad yCKOPEHUI:

a M
a\c mMm
rie: a — AeiCTBUTENBHOE THHEHHOE YCKOPEHHe B M/C ]
a — U300pakeHne 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 MeXaHu3Ma, TOo ecTh, uToObl a = AB. Torma, ¢ yuetom (3.7),
MacmTad yCKOpEHUH:

a; ABw’
ILla = = —
ag AB
C yuerom (3.1) momyuum:
2 M
Ha=paf| 5 (39)
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 MacTaboM HayalbHOTO 3B€HA WJIW JJIA HAILIETO cllydas — MacllITaboM
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, 70 =|| AB. (3t 1 nocnenyromye AeiiCTBHS 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 ciiox-
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:

- =dap+acg =g+ ajg + acg

Touka C mpuHAIIEKUT HE TOIBKO IIATYHY, HO U MOJI3YHY, U YCKO-
peHuss UX OAMHAKOBBI. [lON3yH coBepmiaeT MOCTYINATEIbHOE IBUKECHUE
BJIOJIb HAIPABJISAIONIMX, 3HAYUT, JIMHUS NIEUCTBUS yCKOpeHus Touku C B
HaIlleM CJIy4ae ropu30oHTajlbHa. Tak Kak 3TO yCKOpeHue adCOII0THO, TO T'O-
PU30HTAIb IPOBOAUM YEPE3 TOUKY T IUIaHa ycKopenuil. HopmanbsHoe yc-
kopeHue Touku C maTyHa OTHOCHUTENIBHO TOYKM B miaTyHa MoXXeT ObITh
ONPEAEICHO, TaK KaK M3BECTHA €r0 yIJIOBas CKOPOCTb B OTHOCHUTEIIBHOM
JBI>KEHUHU BOKpYT Touku B. OmnpenenuMm cpaszy n3o00pa’keHHUe 3TOro YCKo-
PEHHUsI, TO €CTh, JJIMHY TOTO BEKTOpPA, KOTOPBIN CIEAYET MOKa3aTh Ha IIAHE
yCKOpeHuil. BeimonHsst aeiictBue rpaduyeckoro CoKeHHs, COTJIaCHO BEK-
TOPHOMY YPaBHEHHUIO, 3TOT BEKTOpP HAJO OTJIOKUTH M3 KOHI[A BEKTOpa ycC-
KOpEHHsI TOUKU B, TO ecTh, OT TOuku b mapaiesabHO MaTyHy B HampasJie-

aun ot Touky C K Touke B — K 1eHTpy oTHOcuTenpHOro Bpamenus (b1 na
puc. 3.10). Jlnuny BekTopa ¢ yuetom (3.6) HalijieMm Tak:

2 A N2 .2
. acg BCw; BCu(bc) w;

= 2 T 2 2
H, y e (BC)” yw;
HOCHG COKpaH_IeHI/IH HOJ’IY“IHM OKOHYATCJIBHO.

7 \2
bn = (Z;c()j(MM) (3.10)

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

ypaBHEHHIO, U3 KOHIA BekTopa D7l meprneHmuKyIspHO maTyHy. B Touke
MEPECEUYEHUs] 3TOM JIMHUU C TOPU3OHTAJIBIO JIMHUU JIEUCTBUSL YCKOPEHHS

Touku C ¥ HaXOAUTCS MCKOMAasi TOUKa C — KOHEI] BEKTOPOB 7IC (abCoJIIOT-
HO€ ycKopeHue Touku C) u AIC (TaHTeHIIMAIbHOE OTHOCUTEIBHOE YCKOpe-
aie Toukd C). CyMMa BEKTOPOB HOPMAIBHOrO D7l M TaHreHIHATBHOTO

NIC OTHOCUTEJIbHBIX YCKOPEHUW JaCT BEKTOP MHOJHOTO OTHOCHUTEIBHOIO
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yckopennst bc . 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-
HUN HaXOJATCS U3 IJIaHA YCKOPEeHUM 1o GpopMynnam. JInHelHbIe yCKOpEeHUs
— ¢ yueToMm maciurada yckopenuii. Hanpumep, yckopenue nosjsyHa:

_ — 2
VYrioBoe yCKOpeHHME IIaTyHa B €r0 OTHOCUTEJIBHOM JBMKEHHHM BOKPYT
TOUkM B HaliieM Kak 4acTHOE OT JEJI€HUS] TAHTE€HIMAIbHOTO OTHOCHUTEIb-
HOTro ycKopeHus Touku C Ha paguyc-BeKTOp pacloIOKEHUsI 3TOW TOUYKH Ha
matyHe (pa3mep BC). 3amensis neificTBUTENbHbIE BEIUYUHBI HX U300paxe-
HUSIMU Ha IJIaHE YCKOPEHU U CXeMe MEXaHU3Ma, MOJTyUUM:
T — 2
_Acp _NCH 0
BC  BCy

N nocne COKpalCHUA UMCCM:

&

nc -
&) = ﬁa)l (pan/c) (3.11)
Hampapnenue yrioBoro yCKOpeHHUs IaTyHa YKaKeT BEKTOp HC, MBICJICH-
HO TIEPEHECEHHBIA U3 TUIaHa yckopeHuil B Touky C cxembl MexaHu3Mma. B
JTAHHOM CJTy4ae yrioBO€ YCKOPEHHE IaTyHa HAMpaBJIEHO MPOTUB YaCOBOM
CTPEJIKH, TaK K€, KaK €ro YyIJIoBas CKOPOCTh — ATO 3HAYMUT, YTO IIATyH B
JAHHBI MOMEHT BPEMEHHU JBIKETCS YCKOPEHHO.
B 3akmoueHne 3aMeTHM, 9TO BETUYHHBI YCKOPSHUHN TOUYEK U 3BEHHCB
UCITOJIB3YIOTCSI B CHJIOBOM pacueTe MEXaHWU3MOB Uil OTPEICICHHUS CHII
WHEPITUU ¥ CHJIOBBIX HHEPITMOHHBIX MOMECHTOB.

§3.6. KunemaTuyeckuii aHaju3
KPHUBOUIUITHO-KOPOMBICJIOBOT0 MEXaHU3Ma

IPU MOMOLIH IJIAHOB CKOPOCTE M YCKOPEeHUi

OHDGHCH@HHG CKOPOCTEH 3BEHBEB U X TOUEK

HanomMHuMm, 4TO IU1aHBI CKOPOCTEN U YCKOPEHUU SABJISIOTCS YHUBEP-
CaJIbHBIM CPEACTBOM ISl OMPEAECICHHUSI CKOPOCTEH, MEepPEeIaTOuYHbIX OTHO-
IICHUI W 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. Ternepb pacCMOTPUM, KaK CTPOSTCS TIJIaHbI CKOPOCTEN
1 YCKOPEHUN KPUBOILIUITHO-KOPOMBICIIOBOTO MEXAHU3MA.
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CxeMa MexaHW3Ma JJI 3aJIaHHOW TIO3UIIUU CTPOUTCS B MacIiTade L
(puc. 3.11). Iinan ckopocTeit OyneM CTpOUTh B MacIiTabe KpUBOIIUIA L\ =
Wwo; (M/c'MM), TP KOTOPOM H300pakeHHE BEKTOpa CKOPOCTH TOuku B
KPUBOIIIMIIA HA IUIAHE CKOPOCTEH paBHO M300paKCHHUIO KPHUBOIIWIA Ha
cXeMe MeXaHu3Ma (BBIBOJI ATOTO TOJIOKEHUS CMOTPHU B TPEIBIAYIICH JIeK-

nun). U3 montoca p miaHa cKOpocTed MpOBOAUM BEKTOP pb, paBHBIN U
TIepeHIUKyIApHbIA kpusomuny A B, B cTopoHy, COOTBETCTBYIOIIYIO

HaIPaBJICHUIO €r0 BpaIlCHHUS: pb =1 AB. (3tn u nocnexnyromme neicT-

BUS TIPU TIOCTPOCHHHM IIaHA CKOPOCTEW MPHUBEACHBI B BHJIEC MPUMEYAHHMA
1o/ TUIAaHOM CKOpocTei Ha puc. 3.11).

M

w,;=const

Puc. 3.11
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JlanmpHeNe nOCTPOCHUS MPOU3BOMASITCA MO BEKTOPHOMY YpaBHE-
HUIO JJ11 cKopocTH ToukH C martyHa:

VC - VB + VCB
Touka C IMPUHAJJIC)KUT HE TOJIBKO HIATYHY, HO U KOPOMBICILY, IIO3TOMY JIH-

HHUS IEUCTBUS CKOPOCTU V(- IEpHEHIUKYIsApHa Kopombiciy CD. Oty nu-

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

Vg TEPHEHIMKYIIAPHA IIATYHY, II0O3TOMY, BBIIOJIHAS JIEHCTBHE Tpaduye-

CKOI'0 CJIOKCHUS, ITPOBOJAUM €€ YCPC3 KOHCI] BCKTOpaA pb . OTH JABC JIMHUH

JICVCTBHS NIEPECEKAIOTCS B NICKOMOW TOYKE C IJIaHAa CKopocTen. B mepece-
YEHUHU 3TUX JIBYX JIMHUMA U OyJIeT HAXOJIUThCSI UCKOMasl TOUYKA C TiaHa CKO-
pOCTEN.

Taxum oOpasoM, PC— 3T0 BEKTOp abCOOTHOU CKopocTH Touku C,

a bC — 9T0 BEKTOp OTHOCHTEIBHON CKOPOCTH TOUKM C OTHOCHTENBHO TOY-
ki B. /{151 HaX0KA€HUsI TOYKH S HA TUIAHE CKOPOCTEMN HCIIOIB3YEM TEOPEMY
noj00usi, CoriacHO KOTopoi (urypa, oOpa3oBaHHas BEKTOPaMH OTHOCHU-
TEJIBHBIX CKOPOCTEH TOoUueK 3BeHa 1ojjo0Ha purype 3BeHa. B Hamewm ciyyae
MOXHO CKa3aTh, YTO OTPE3KHU 3BE€HA U OTHOCHUTEIBHON CKOPOCTH IMPOIOP-
MOHaNBHBL. TO ecTh, eciu Touka S pacronoxeHa nocepeaune maryna BC,
TO Ha IUIAHE CKOPOCTEH TOYKa S OYJET HAXOIUTHCA MOCEPEANHE MEXKIY

Toukamu b 1 ¢: DS — BekTOp aGCOMOTHOM CKOPOCTH TOUKH S.

Hcmonp3yeM TUTaH CKOPOCTEH ISl HaXOXKJICHHS BEIUYMHBI U Ha-
MpaBJICHUS YTIOBBIX CKOPOCTEH maTyHa (3BeHO 2) U KOpoMbIcia (3BeHO 3).
[[TaTyH B OTHOCHUTEIHLHOM JBWKEHUU MOBOPAUYUBACTCS BOKPYT TOUKH B u
€ro yrjioBas CKOpPOCTb paBHa YaCTHOMY OT JI€JIEHUs JIMHEWHOW OTHOCH-
TEJILHOW CKOPOCTH Vcg Ha PaJlyCc-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):

Vep _ Ve My _ bew o,

:BC_BC,ul_ BC y,

[Tocne cokpalieHus Moay4nuM OKOHYATEIbHO:

@,

C
0)2 = B(ja)](pall/C) (312)
HarnpaBiieHre 3T0i CKOPOCTH YKakeT BEKTOp DC, MBICICHHO HEpEHECeH-
HBII U3 IJ1aHa ckopocTeil B Touky C mIaTyHa — OPOTUB YaCOBOM CTPEIKU

(puc. 3.11).
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BennunHa yrioBoM CKOPOCTHM KOPOMBICHA ONPEAEIUTCA MO aHAJIO-

THYHOM (hopMyJIe, B KOTOPOH BMecTo DC Hamo MoJcTaBUTE pcC, a BMecTO

BC - CD:

W3 = pca)l(paz[/c) (3.13)
CD

HamnpasneHue 370l CKOPOCTH yKa3bIBa€T BEKTOP PC, MBICIEHHO IEpEHeE-
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
COKpAIIICHUS TTOTYYUM:
w3  PC

w, CD
[lepenatoyHoe OTHOIIIEHHE OT TOYKHM S IIAaTyHAa K KOPOMBICTY (C
yueroMm (3.13):

Uz =

v psuCD
P o pCa,

C yuetom (3.4) noclie COKpaIICHUS TTOJTYyUUM:
ps CD g
pC
JIroOble apyrue mepeaaTovyHble OTHOIICHUS PACCUUTHIBAIOTCS aHAIO-
THYHO.

Uss (M)

OHDCHCHGHI/IG YCKOPEHHUM 3B€HbEB U MX TOYCK

[lepexomum k muany yckopenwuii. [lomo6HO Tutany ckopocTeit Oyaem
CTPOUTB €ro B MACIITA0e KPUBOLIKIA [L, = [ @ > (M/C**MM), IPH 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,
7t =|| AB. (311 u nocnenyomue eiicTBUS IPU IOCTPOCHHH IIIAHA yC-

KOPEHUI MPUBEJCHBI B BUJE NTPUMEUAHUN IO/ MJIAHOM YCKOPEHUH Ha puC.
3.11).

[Tepexonum k maryHy. Touka B npuHauie:)KuT HE TOJIBKO KPUBOILIH-
Iy, HO ¥ IIaTyHY, 3HAYUT yCKOpEHUe TOUkU B miatyHa Takoe e, Kak U yc-
KopeHue Touku B kpuBommmna. [llatyH coBepiaeT CloXKHOE IBUKEHHUE B
IUIOCKOCTH, TO €CTh, €r0 JABM)KEHHUE COCTOMT U3 IEPEHOCHOTO MOCTyIa-
TEJIBHOTO U OTHOCHUTEIBHOTO BpallaTEIbHOIO BOKPYT TOUKH B. 3HauwurT, yc-
KopeHue To4ku C OTHOCHUTEIBbHO TOYKM B miaTyHa cOCTOMT 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 HOPMAJILHOTO U TaHT€HIMaNbHOro. [l03TOMY, 4TOOBI ONPEIETUTH yC-
KopeHue Touku C maTyHa, HaJlo COBMECTHO PEIIUTH J1BA BEKTOPHBIX ypaB-
HEHUS:

A A n T
d; =8 T dcg T dcs
P

d. =ac +a;

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

n 2 D 2 .2

o pp s _ BCw; BCu(bc) w;
dep = 0N = = 2 T BCY ol
M,  H O (BC)" 1y o;

[Tocie cokpanieHus noay4nMm:

(3.14)

bn, = BC(MM) (3.15)

Bolinonssis neficTBue TpaUuecKoro CIOKEHHs, COTJIACHO NEPBOMY BEK-
TOPHOMY YPAaBHEHHIO, 3TOT BEKTOP HAJO0 OTJIOKHUTh M3 KOHIIA BEKTOpa yC-
KOpEHUs TOYKU B, TO ecTh, OT TOUKM D mapajuiebHO MAaTyHy B HampasJie-

Huu ot Touku C K Touke B — K meHTpy oTHOcuTenbHOro BpameHus (D7
Ha puc. 3.11). V3 KoHIIa NOJIy4eHHOTO BEKTOpa, TO €CTh, U3 TOYKHU Ni, 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 (opMmyie. OnpenenuM ero n300paxeHue, To eCTh JUIMHY BEKTOpa
B MM, KOTOPBI{ HaJI0 IPOBECTHU HA IIJIaHE YCKOpeHui (¢ yuetom 3.13):
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— " CD®. CDu(pc)w’
no_ _ Ao _ w; (pe) ;
ac=7n, = = = 5
Hq  H o (CD )" o,
HOCH@ COKpaHlCHI/I}I HOHY‘II/IM:

——_(pc)’

7Z-n2 - CjD (MM) (316)

N3 KOHIIa TOTy4YeHHOTO BEKTOPA, TO €CTh, U3 TOUKHU N, COTJIACHO BTOPOMY
BEKTOPHOMY YPAaBHEHHIO, MPOBOJUM JIMHHUIO JACHUCTBUSA TAaHTCHIIMAIBHOTO
yckopeHus Touku C Kopombicia — MEPHEHIUKYJISIPHO K KOPOMBICIY Ha
cxeMe Mexanusma (puc. 3.11).

Touka nepecedyeHrst ABYX JIMHUW JACHUCTBUS TAHTCHIMAJIBHBIX YCKO-
PEHHI SBISIETCA KOHIIOM BEKTOPOB TAHT€HIUAIBHOTO OTHOCHUTEIBHOIO yC-

T
KOPCHUA TOYKHU C IaTyHa aCB = nIC U TAaHI'CHIINAJIBbHOI'O a0COJIFOTHOT'O

yckopeHusa Touku C KOpombIcia aé =n,C. Kpome Toro, 3Ta Touka siB-
JSI€TCS. KOHIIOM MCKOMOTO BEKTOpa  IMOJIHOTO aOCOMIOTHOTO YCKOPEHHS
touku C MexaHu3ma CTC = 7%, MOJIYYeHHOTO B pe3yibTaTe rpadoananu-
TUYECKOTO PEIICHUS] CUCTEMBI BEKTOPHBIX ypaBHEeHHH (3.14). Cymma Bek-

TOpPOB b n ] U n IC J1aeT BEKTOP IIOJIHOI'O OTHOCUTEIBHOTO YCKOPEHUS TOY-

ku C maryHa Qqg = bc. Touka S Ha mIaHe YCKOPEHMIA, Tak ke Kak Ha

IIaHe CKOPOCTEH PacIIoNoKeHa mocepeanHe Bektopa DC: TS — BekTop

a0COJIIOTHOTO YCKOPEHMSI TOUKH S.

Hcnonb3yeM niiaH yCKOPEHUN I HAXO0XKACHUS YIIIOBBIX YCKOPEHUHN
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 . 2
g, = dep _ MCH @)
BC  BCy

N nociie cokpaiieHuss UMeeM:

&, =1 0 (pano) (3.17)
2 Bic 1P .

Hampasiienue yriioBoro yCKOpEHMs MiaTyHa yKaXXeT BEKTOp 71;C , MBICIICH-

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: Toukh C Ha paguyc-BEKTOP PaCIOJIOKEHUS
ATOM TOUKHU Ha Kopombicie (pazmep CD). 3aMeHsst [elCTBUTEIbHBIE BEIIU-
YHHBI UX M300pKEHUSMHU Ha TUTAHE YCKOPEHUH U CXeMe MeXaHHW3Ma, I0-
JTYIUM:

T N 2
dc _ MCH 0

83 — =
CD CDy
N nocne COKpalICHNUA UMCEM:
g =2 0?2 (panlc) (3.18)
3 e —— )i pana/c .
CD

Hanpapnenue yrioBoro yCKOpPEHHs KOPOMBICIA YKaKeT BEKTOp F1,C,

MBICJIEHHO NEPEHECEHHBIM U3 IUIaHa YCKOpEeHHM B TOYKy C cXembl Mexa-
HuU3Ma. B maHHOM ciydae yriaoBo€ yCKOPEHHE KOPOMBICIA 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
1 u xamHe 2 B BHJI€ IIAPHUPA, CBI3BIBAIOLIETO0 KAMEHb ¢ KPUBOIIMIIOM. B
JTAHHBI MOMEHT BPEMEHHM C 3TOM TOYKON COBMAJaeT BooOpa)kaeMasi TOUKa
Ha KyJuce 3, TO ecTh, TOUKa, KOTOPasi HUKaK HE pealu30BaHa, HO KOTOpas
Hy>XHa JUIsl PacyeToB M MOCTPOCHUH. PensiTUBHAs CKOPOCTh Vpspi (WM
Vp3g2) — 9TO CKOPOCTh TOYKH B3 KyJIMCBI OTHOCHUTEIIBHO TOYKHM B; KpuBO-
muna (Wi Touku B, 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 B Kpu-
BOIIMIIA HA TIJIaHE CKOPOCTEH pPaBHO M300paKEHHUIO KPUBOIIMIIA HA CXEME
MexaHu3Ma (BBIBOJ 3TOTO MOJIOKEHUSI CMOTPU B IIpeablAyie aexkuun). 13

MOJIIOCA P MJIaHA CKOPOCTEH MPOBOJAMM BEKTOP CKOPOCTU TOUKHU By — pb :

paBHBIA W TepHeHAUKyIapHsIi kpuomuny AB, B cTopory, coorBercT-
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BYIOILLYIO HAIPABJICHUIO €r0 BPAILLCHHUS: pb] =1AB. (Omu u nocne-

JIYIOIINE JEUCTBUS MPU MOCTPOCHHUM IIaHA CKOPOCTEN MPUBEJCHBI B BUJIE
MIPUMEUaHUK TI0J] TIJIAaHOM CKopocTedl Ha puc. 3.12). JlanpHeiiivde Tmo-
CTPOEHHUS MMPOU3BOJSATCS 110 BEKTOPHOMY YPAaBHEHHUIO JIJIs CKOPOCTH COBITA-
JTAIOIIEN TOYKU B3 KyJIHCHI:

Vg3 =Vp; T Vp3p]
Jlunus 1efCTBASL CKOPOCTH Vi ; mepnenaukysipHa kymce BC n

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

vy, = pb, =1 AB ag, =nb,=| AB
Vg3p; = bibs |l BC dp3p =bk 1 BC
; . (apzp =bb;
VB3:pb3—LBC aB3B]:kb3 || BC
vp =pd Ll BC af3=7rn | BC a,,=7b,
ag; =nb; L BC
ap,=nd L BC

Puc. 3.12
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Vp3p DAacnoyio)KeHa BIOJb KyJIHUChl (9TO CKOPOCTh KYJIMChI OTHOCHUTEIb-

HO KaMH$ ), TI0O3TOMY, BBITIOJTHSS ACHUCTBUE TPA)UIECKOTO CIOKECHHUS TI0
BEKTOPHOMY YPaBHEHHIO, IIPOBOJIUM Ha IUIAHE CKOPOCTEH uepe3 TOuKy bg

npamyio, napamtensayio kymce BC . B mepeceuenuu >Tux IBYX NHHHI

JNEHCTBUS HAXOIUTCS KCKOMasl Touka D3 , Tak 4TO, BEKTOP pb3 — 3TO BEK-

TOp a0COIFOTHOM CKOPOCTH TOYKHU D3 KYJIHCBI, a BEKTOP b1b3 €CTb BEKTOp

pensatuBHOM ckopoctu. [Tonoxxerne Toukn d Ha M1aHe CKOPOCTEH ompe/e-
auM Tak: Touka D pacnonoxkeHa Ha KyJKMce U HAXOJAUTCS Ha MPOJA0JKEHUU
ee yuactka CD, mostoMy, corimacHo TeopeMe mojo0usi, Ha MJIaHe CKOpO-

cTeit Touka d GyjeT pacmonaraThcs Ha MpoOAOIKeHHH BekTopa pbs, a
pa3Mep BEeKTopa CKOpOCTH ToUkH D ompeaennTes: U3 mponopIuu:

pd CD

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

0. = Vps _ Vg3 M, _ Pbs 1 o,
;= — —
BC BCyu  BC

ITocne COKpalmCHUA ITOJIYyYUM:

b
®; = L% b ; (3.19)
BC
Hamnpasnenue BpamieHus KyJauChl YKaKET BEKTOP pb , MBICJIEHHO IIepe-

HECEHHBIM M3 IUIAHA CKOPOCTEW B TOYKY B3 KynmHMChI, — MPOTHUB 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:

@3 _ Py

Uy =— =52
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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Vo _ pd
Vgag1 0103
I[pyFI/Ie Hepe,Z[aTOIIHLIe OTHOIICHHNS HAXOAATCA aHAJIOT'NYHO.

Upop =

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

[lepexoqum k muany yckopenuil. [lono6HO many ckopocteit Oynem
CTPOHTH €ro B MacIITabe KPHBOIIMMA L, = [ ®° (M/c**MM), IIPH KOTOPOM
n300pakeHHe BEKTOpa HOPMAJIbHOTO YCKOPEHMsI TOUKH B; KpuBomIumna Ha
IUIaHE YCKOPEHHUH paBHO M300paKCHUIO KPUBOIIMIIA HA CXeME MEXaHU3Ma
(BBIBOZ, 3TOrO TOJIOKEHMSI CMOTpU B Ipeaplaymie yekuun). CHavana u3
HOJIIOCa T TPOBOJMM BEKTOP HOPMAJIBHOTO YCKOPEHHs TOYKU B; kpuBo-
IIMI1a, KOTOPOE HANPaBJICHO K LIEHTPY €ro BpalleHUs, TO €CTh, OT TOUKU B
K Touke A. Ilo BbIIeyKa3aHHOMY YCJIOBHIO 3TOT BEKTOp OyJeT paBeH U Ia-
paisienieH u300pakeHHI0 KPHUBOILIMIIA HAa CXEME MEXaHU3Ma, TO €cCTh,

T bl =|| AB. (3tn u nmocnemyromue meHCTBUA IPH MOCTPOSHHH IUIaHA

YCKOPEHHW NPUBEIAEHBI B BUJE NPUMEYAHUM IOJ IUIAHOM YCKOPEHHW Ha
puc. 3.12). TanreHunagbHOE YCKOpEHHE TOYKU B; OTCYTCTBYET, Tak Kak

@; = const (puc. 3.12).

[Tepexonum k Kynuce. Y CKOPEHUE COBIAMAIOIIECH TOYKU B3 KyJHChb
CKJIQJIbIBACTCS U3 YCKOpEeHUsl Touku B; kpuBomuna (uiau Touku B, kaMHs)
Y PEIATUBHOIO YCKOPEHUS, COCTOSIIETO M3 KOPHOJHUCOBA U TaHTCHIIMAJb-
Horo. C IpyroM CTOpPOHBI, YCKOPEHHE TOUYKM B3 KyJMCBI COCTOMT U3 HOP-
MaJIbHOTO ¥ TAHT€HIIMAJIBHOTO a0CONIOTHBIX yCKOpeHU. Takum oOpaszom,
4yTOOBI HANTH YCKOPEHUE TOYKU B3 HaZ0 peluTh CUCTeMy U3 JBYX BEKTOP-
HBIX YPaBHECHUM:

—  — % r
dp3 =dp; +Apszp; T dp3p; (3.20)

——_ n T
dp3 =dp3z +dp;

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 k= 02331 _ 2w;3Vp3p) _ 2 pb; @, b,bs 1 @,
B3B1 1 D 2
H, H, chj/h‘”]
Ilocne coxpanieHus noay4nuM:
b = 2P bibs (3.21)
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Brimonasist aeiicTBue rpaduueckoro CIOXKEHHUS MO TEPBOMY BEKTOPHOMY
ypaBHeHUI0 cucTemsl (3.20), 3T0 BEKTOp CleAyeT OTI0KUTh U3 KOHIIA BEK-
TOpa yCKOpeHHsI Touku B, To ecTh, n3 Touku b; minana yckopeHuii B cTo-
POHY, KOTOpasi OMpEeEeseTcsl CIEIYIOUUM MPABUIOM: HaIlpaBiIeHUE BEK-
TOpa KOPHUOJIMCOBA YCKOPEHMSI YKA3bIBAET BEKTOP PEJATUBHOU CKOPOCTHU

b]b3 Ha IJIaHE CKOPOCTEH, MOoBEepHYTHIH Ha 90° B CTOpOHY BpalleHUS KY-

nucH (® 3 Ha cxeme MexaHu3ma). M3 Touku K mpoBOAMM JIMHUIO AEHCTBHS
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 12 L2
' =<8 _ BCw; _BCyy(pb;) o
B3 2 I Yah Y 2
My Mo (BC) o,

ITocne COKpalmCHUA IOJIYyYUM:

— 7 \2
n (pr) (MM
C

W3 KOHIIa MOJIy4EHHOT0 BEKTOPA, TO €CTh, U3 TOYKU N, COTJIACHO BTOPOMY
BEKTOPHOMY YPAaBHEHUIO, IPOBOJUM JIMHHUIO JACHUCTBUS TAaHI€HIMAJIBHOTO
YCKOpPEHUs TOYKHU B3 KyJIMChl — NEPICHAUKYIISIPHO 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
penust TOUKH B Kynucel dp g3 = kb3 Y TAaHTEHIIMAJIBHOTO a0COJIFOTHOTO

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

ki B; mexanusma dg; = 7T b, , nonyuennoro B pe3ynprare rpaoaHaiu-

TUYECKOTO PEIICHUs] CUCTEMBI BEKTOPHBIX ypaBHeHMi (3.20). Cymma Bek-

TOPOB b]k 51 kb3 JIa€T BEKTOP IOJIHOTO PEIATUBHOIO YCKOPEHUSI TOUYKU

Bz miatyna dgsp; = b1b3 :
Hcnonb3yeM miiaH yCKOPEHUN I HaXOXKAEHHUs YIIIOBOIO yCKOpe-
HUS KYJUCHI. DTO €CTh YaCTHOE OT JICJICHUSI TAHTE€HIIUATHLHOTO a0COTIOTHO-
ro YCKOpEHHsI TOUKU B3 Ha painyc-BEeKTOp pacrojioKeHUsl 3TOM TOUKU Ha
kynuce (pasmep BC). 3aMmeHnsisi neiicTBUTENbHBIC BETUYMHBI UX U300pae-
HUSIMU Ha TJIaHE YCKOPEHUN U CXEME MEXaHU3Ma, HOJIYUUM:
T 2
_apz _nbs py o;
£; = =
BC  BCy




52

W nocne coxpameHus UMeeM:
g = s @7 (pan/c) (3.23)
3 e — i pan/c .
BC

HamnpapieHie YIIoBOr0 yCKOPEHHMs KYJIHCHl ykaxeT Bektop #b, ., mbic-

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, UYTO M YIJIOBAasi CKOPOCTb — 3TO
3HAYMT, YTO KyJIMCa B JAaHHBIM MOMEHT BPEMEHHU JIBUKETCS YCKOPEHHO.

§3.8. AHaauTHYecKUl MeTOJ KNHEMATHYECKOT0 AHAJIU3a
CTepP:KHEBbIX MEXaHM3MOB

AHaNTUTUYECKUNA METOJI OCHOBAH Ha COCTABIICHUU U PEIICHUH areo-
panyecKux YpaBHEHUN aHAIMTUYECKON T€OMETPUH paccMaTpPUBAEMOTro Me-
XaHU3Ma B TpeOyeMoi no3uiiuu. JlJis HaxoKJIeHUs MapaMeTPOB CKOPOCTH U
YCKOPEHHUS 3B€HA WM TOUYKH 3TU ypaBHEHUs AuddepeHupyroTcs.

AHaNMTUYECKUI METOJ] HE SIBIISIETCS YHUBEPCAIbHBIM B TOM CMBICIIE,
YTO MPHU MOMOIIM HEro HEBO3MOXKHO Cpa3y OINpPEAENIUTh 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 HUX MPOU3BOAHBIE JAIOT BO3MOXKHOCTh HAWTU
NepeMENICHHE, CKOPOCTh U YCKOPEHUE TOJIBKO OJHOIO 3BEHAa WJIM TOJIBKO
OJIHOM TOYKH 3BEHA, HO PE3YJbTATBl MOTYT OBITh MOJYYEHBI C OOJBIION
TOYHOCTHIO. Kpome Toro, Bech mpouecc MOXeT ObITh KOMIbIOTEPU3UPOBAH.
[To3TOMY, aHaTUTUYECKUN METOJ MCHOJB3YETCS I YTOYHEHHUS! COOTBET-
CTBYIOIIMX TpauuecKuX MPUEMOB U IS CO3JaHHS KOMITBIOTEPHBIX IMPO-
rpaMM KMHEMATUYECKOTO UCCIEOBAHUS TUIIOBBIX MEXAHU3MOB.

[TokakeM MCIOJIB30BAHUE AHATUTUYECKOTO METOJIa Ha MPUMEPE OIl-
peneneHuss KHHEMAaTHYECKUX NapaMeTpoB MOJI3yHAa HEUEHTPAIbHOIO KpU-
BOIIUITHO-TIOI3YHHOTO MeXanu3ma (puc. 3.13).

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

[Ipoekuys Ha TOPU3OHTAIIb:

s=lcosy —rcosgp (3.24)
[Ipoekuust Ha BEpTUKAJIb:
rsinp+e=Isiny (3.25)

B pe3ynpTHpyrOIMX BBIPAXKECHUSAX KUHEMATUUYECKHUX IapAMETPOB
MOJI3yHa yIOOHO UMETh TOJIBKO pa3Mephl 3B€HhEB MEXAHH3Ma U €T0 BXO/I-
HOW KMHEMATHYECKUU MapaMeTp — yroJ moBopora ¢ kpupommuna. [loaro-

MYy, BBIPA3HM YTOJI IOBOPOTA IIaTyHa \J Yepe3 Ha3BaHHBIC TApaMETPHI.
N3 (3.25) umeem:
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rsingp+e

Ssiny = |

N
1, ¥
- I
Q
~2 4 |
07
e S _—
Puc. 3.13
BBeas 0003HaueHns
I e
A== u=- (3.26)
r r
MOJIYYHM:
. in
Si nw = w (3_27)
A
. Sinp +
W = arcsi nS(DTﬂ (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 cos(arcsin Wj —COS (p} (3.30)

[Iepexons Kk OIPENeICEHUI0O CKOPOCTU U YCKOPEHHUSI MOJI3YHA, CIEYET
3aMETHUTh, YTO U B 3TOM CiIy4yae yJOOHO MOJb30BATHCS TAKUMHU CKOPOCT-
HBIMH MapaMeTpaMiy U apaMeTpaMH YCKOPEHUs, KOTOpbIe Obl HE MEHSUIUCH
IpU U3MEHEHUU YTJIOBOM CKOPOCTH (® KPUBOILMIIA, a 3aBUCENU 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 IPOU3BOIHAS 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:

- ds dt
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 HaXOXKIEHUs CBSI3M MEXK/y aHAJIIOTOM YCKOPEHHUSI U YCKOPEHUEM YyM-
HOXHM H PaselinM 9Ty Ipo6b Ha dt’;

d’sdt’

do’ dt’

3neck d?s/dt? — ato muHeliHOE yekopeHue mom3yHa, a do’/dt? — kBampar yr-
JIOBOW CKOPOCTH KpuBoiumna. [loaromy,

A=

4= aZ () (3.34)
()]

3aMeTUM, YTO aHAJIOTU JJUHEHMHBIX CKOPOCTU U YCKOPEHHUSI UMEIOT pa3Mep-
HOCTb JIJIMHBI.
HaitneM BbIpakeHHWe IS aHalora CKOPOCTH Toi3yHa. [lig 3Toro

npoauddepenumpyem (3.29):

V :ﬁzr singp—/lsim//d—w (3.35)
do do
s Haxoxaenus dy/de npoauddepenimpyem (3.25):
rcose =| cosz//d—l//
do
Otkyna:
d 1d = 059 (3.36)
dep Acosy

[ToncraBum (3.36) B (3.35):
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V = r(singo—/isinﬂj
Acosy

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

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

: . Sing +
V = I’[SI Ng — COS gotg(arcm n#ﬂ (3.38)
CkopocTh noJ3yHa onpeaenauTcs ¢ yuetom (3.32):

V=r co[si Ne — COoS (ptg(arcsi nsm(p%ﬂ (3.39)

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

dVv : 1 dy
A=——=r|COS@+sIinptgy —CoOSp——
do cos“y do
C yuerom (3.36) nomyuum:

COS@ COSQ
cos? y ACosy

cos’ @ J

A= r(cos<a+ sinptgw —

[Tocne yMHOKEHUS MTOTYYUM:

Ac0s°

[ToncraBuB (3.28), moaydrM OKOHYATEIHLHOE BBIpaXKEHUE JJIsl aHAJloTa yC-
KOPEHUS MOJI3yHa!

A= r(cow +sinptgw —
A= r{cow + singotg(arcsinm%) —

cos’ @
Acos® (arcsi nsmgﬁ/;“)

(3.40)

VYckopenue nosizyHa onpenenurces ¢ yuetom (3.34):
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2

. . SIng +
a=rm°| cose +sinpty arcsmwT#

cos’ @
Sinp + u

(3.41)
Ac0s3| arcsin

HampaBneHusi CKOpocTH W YCKOPEHHS TOJI3YHA 3aBUCAT OT 3HAKOB
pesynbrara pacueroB mo gopmynam (3.39) u (3.41) B COOTBETCTBHH C TIEep-
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. BHENIHME CuIIbl BBI3BIBAIOT MOSIBJICHUE 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 OMPENETICHHON CHIION, TO, COTJIACHO TpeTheMy 3akoHy HbroTOHA, 3TO
BBI3BIBAET MPOTHUBOJICUCTBUE BTOPOTO 3BEHA C TAKOM ke cuiion. lloatomy,
CUJIbl B3aUMOJICHCTBUS 3BEHbEB B KHHEMATUUYECKUX NapaxX HAa3bIBAIOTCS CH-
JIaMU peaKklMK WU MPOCTO peakiusiMu U 0003HavaroTcs OykBoi R ¢ coot-
BETCTBYIOILIMMH MHAEKCAMHU, HapUMep, Ry3 — 3T0 cuia, ¢ KOTOpoil BTOpoe
3BEHO JIEHCTBYET Ha MepBoe, a Ry — paBHAast M MPOTHUBOIIOJNIOXKHAS €l cuia.

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

CuioBoil pacyeT MEXaHU3MOB, KaK MOJBM)KHBIX MEXaHUYECKHUX CHC-
TeM, MPOU3BOJUTCS C HCIOJIb30BaHMEM mnpuHuuna [lamamOepa: eciu k
MOJBM)KHOW MEXaHUYECKON CHCTEME HapsAly C BHEIIHUMH CUJIAMU MPHIIO-
KUTh CUJIbI UHEPUUHU €€ 3BEHBEB, TO TaKyl0 CHUCTEMY MOXKHO pacCMaTpu-
BaTh B PAaBHOBECUU M PACCUMUTHIBATH METOJAMHU CTAaTUKHU. 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
WHEPILUU JJISI 3BEHbEB, COBEPIIAIOIINX MOCTYIATEIbHOE, BpallaTeJbHOE U
CJIO’KHO€ JIBHXKCHUSI.

[ToctynarenbHo aBukynieecs 3BeHO. [lon3yH, uMmeromuii maccy m,
YCIIOBHO COCPEIOTOUYCHHYIO 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
HOpPMaJILHOE yCKOPEHHE 4" M TaHTeHIMallbHOE yckopeHue a'. Mcronb3ys
BTOpPOM 3akOH HBIOTOHAa MOJKHO CKa3aTb, 4TO Ha 3TO 3BEHO JEUCTBYIOT
HOpMaJbHas U TaHTEHIMAJIbHASI COCTABJISIONIAS CUJIBI HHEPIIMU U CUJIOBOM
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
Fyp=ma"=mAS®° (H) (3.42)
- TAHTCHI[MAIbHAS CUJIa UHEPIINHT
Fy=ma" =mAS¢ (H) (3.43)
- CUJIOBOM MHEPIIMOHHBIA MOMEHT
MH =1 & (Hw) (3.44)

[Ipu paccMOTpeHMHM BpaIIATEIBHOIO ABW)KEHUS 3BEHA HMHTEpEC
MPEJCTABISAIOT YACTHBIE CIIy4ad pacyera CUJl MHEPLMU 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), I, #0; F;; =0; M ;; =0. B s1om 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, rorma, ¢ yuerom (3.42), (3.43) u (3.44),

F ; =0, F HT =0; M u = (). To ecth, Ha TaKHe 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

unu octanoBa): AS =0; @=0; £# 0, torna, ¢ yuerom (3.42), (3.43) u
(3.44), Fj; =0, Fy =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 IIapaMCeTpamM, a
BCIIMYHUHBI OIIPCACIIATCS TaK:

Fy=ma (H)
M, =1 (Hw)

Hznoxennasa MCTOJMKA OIIPCACICHUA CHUJI HHCPHUHN U CHUIIOBBIX
HHCPOHNOHHBIX MOMCHTOB ITOKA3bIBACT, 4YTO IS UX OHPCACIICHUSA, 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

2
ABHKCHHUC, U MOMCHTBI HHCPIIUH I (KFM ) 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. /[ pemienus Takoi 3aaa4uu He00X0JuMO
YEeThIpE BUIA ApaMETPOB: TEOMETPUUYECKUE (CXEeMa 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 cxemMa KpUBOIIUITHO-TIOI3YHHOTO MEXaHM3-
Ma C rmapameTpaMu, HEOOXOAUMBIMH JIJIsl CUJIOBOTO pacuera. [ eomerpuue-
CKHE MapaMeTphl 3a/laHbl CXeMOM MexaHu3Ma B MaciTale |\, KHIHeMaTuye-
CKH€ — BXOJHBIM KHHEMATHYECKUM MapamMeTpOM: MOCTOSHHON YTJOBOM
CKOPOCTBIO ®; (IOJpa3yMeBaeTCs, UYTO IUIaHbl CKOPOCTEH M YCKOPEHHM
TaK)Ke IMOCTPOEHbI). MHeplroHHbIE mapaMmeTpbl: Macca M, W MOMEHT
uHepuuu |, martyHa, macca M 3 noja3yHa (MOMEHT MHEPIIMU €ro He 3ajiaH,
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 MapaMeTpbl: BXOAHOW CHJIOBOM MOMEHT M;, MPUIIOKEHHBIH K
KpUBOLIMIY, cUiia Fc , MpUIIOkKEHHas! K MOJ3YHY (CHJIa MOJE3HOTO COMpO-
TUBJICHUA), CUJIBI TsDKeCTH ImIaryHa G, u moisyHa Gz, 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, CTATUYECKH OMPEAETUMBIX TPYMI 3BEHBEB [2] 7TOr0 MEXaHU3Ma — 3TO
TaKue TPYIIbl MOJBUKHBIX 3BEHBEB, JIJII KOTOPBIX KOJIMYECTBO HEU3BECT-
HBIX (peakiyii) MEHbIIIE WM PaBHO YUCIY ypaBHEHUHU (B JaHHOM cCiydae,
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» M «KPUBOIIMUID» — I KPHUBOILIUIIHO-
KOPOMBICJIOBOTO U «KYJIMCA-KaAMEHb» U «KPUBOILIUI» — JJIsI KPUBOILIUITHO-
KYJIUCHOTO.

PaccMoTpum paBHOBecHe TpyMIbl «IIaTyH — Noi3yH» (puc. 3.150).
Ha nee netictByror BHentHue cuibl G, G3 u Fc, cunbl uaepumn Fyp, , Fis
Y CWJIOBOW MHEPUUOHHBIA MOMEHT M 1. OTCYTCTBUE KPUBOLIUIIA KOMIICH-
cupyercs peakiueit Ry, , To ecTh CHIION, ¢ KOTOPO# KpuBomIUIl 1 AeiicTByeT
Ha IIaTyH 2; 3Ta PEaKlUsl YCIOBHO pa3jOKE€HA Ha JIBE COCTaBIIAIOLIUE:
HOPMAaJIbHYIO, IEUCTBYIOILIYIO BIOJIb IIaTyHA, U TAHTCHIIMAIbHYIO, MIEpPIICH-
JUKYJISPHYIO K IIAaTyHy; Ha puc. 3.1506 Tu peakuuyu nokasassl, kak R", u
R, 06e3 okpyxHocteit. HampasneHue peaxiuii BHIOPAHO MPOM3BOJIBHO,
JATbHEHIINNA pacyeT MOKAXKET UX JCUCTBUTENbHOE HanpaBieHue. OTcyTcT-
BUE€ CTOWKHM KOMIIEHCUpYETCs peakuuen Rys, TO €CTh CUIION, ¢ KOTOPOM Ha-
MpaBJIsoNas ASWCTBYET Ha MOJ3YH; 3Ta peakius YCIOBHO MPUIIOKEHA K
touke C moJi3yHa v MpeaBapUTEIILHO HAMPABJIEHA 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 cuiI. IlepBoe yCliOBHE MCIONB3yeM Ul pacueTa peakuuud Ry,
MO3TOMY 3alHIIEM ypaBHEHHE MOMEHTOB OTHOCUTEIbHO ToukH C, mpeaBa-
PUTEIBHO YCIOBHUBIIMCH, YTO MOMEHT, HANpaBJICHHBIH MPOTHUB YaCOBOM

CTPCJIKH ITOJIOKHUTCIICH, a I10 4acOBOU CTPCIIKU — OTPHULATCIICH:

XMc =R, BCy =My, +Gyhy = Fyyhy =0
W13 3TOro ypaBHEHUsI MOKHO HaiiTh BenmuuHy peakimu Ry, . Jlerko Bu-
JI€Th, YTO B 3aBUCUMOCTH OT BEJIMYMH YJIEHOB YPaBHEHUS PE3yJbTaT MO-
YKET TOJIYYUTHCS MOJOKUTEIIbHBIM WJIM OTpULATeNIbHBIM. Eciu pesynbrar
MOJIOKUTEIICH, TO MPEIBAPUTENHHO 33JJaHHOE HANpaBJIECHUE 3TOW peaKuu
MpaBUJIBHO, €CIIM OTPUIIATEINICH, TO ATO HAMpPABICHUE CIEyeT U3MEHUTh Ha
MPOTUBOMOJIOKHOE, Jl0MyCcTUM, pe3yJIbTaT OTPULIATENIEH, TO €CTh,

o My, =Gohyy+ Fyshy
R;, = H)<0
BC 1y

Ha puc. 3.156 BekTop R';, 3auepkuBaeM U IMPOBOIUM IPOTHBOIOIOKHBIN
€My BEKTOp, 0003HaYEHHE KOTOPOTO OEPEM B OKPYKHOCTb.

JIns HaxOoXIeHUS IBYX PEAKLIMM R", u R 3, TuHUM neiicTBUS KOTO-
PBIX U3BECTHBI, UCIIOJIB3YEM BTOPOE YCIOBUE CTATUKHU — Ipaduueckasi Cym-

Ma ci1 paBHa Hymo Y = (), mpuuem HauMHATB 3Ty CyMMYy HAJIO C OJi-
HOW HEM3BECTHOW BEJIMYMHBI, 4 3aKAHUYNBATH IPYTOM:

AR+ Fy,+G+Fy+ G+ Fo+Ry; =0
[TocnenoBaTenbHOCTh JIPYTUX CHJI MOXKET OBITh MPOU3BOJBHON, HO TPHU
ATOM HaJI0 U30eraTh ciiydaeB HAJIOKEHUSI BEKTOPOB IPYT Ha JpyTa.

BeKTOpHBII CUIOBOM MHOTOYTOJIBHHK CTPOMM B IPOU3BOJIBHOM
macmrade cui W g (H/Mm), kak mokazano Ha puc. 3.150. CHavana mpoBo-
JUM JMHUIO aeiicTBus peakiuu R"y, napamiensHo matyny. Y3 mpou3Bosib-
HOM TOYKM ATOW JIMHUU, CUUTAS], YTO ATA TOUKA €CTh KOHEIl OyyIIero BeK-
TOpa, MPOBOIUM BEKTOp cHiibl R'y5, a 3aTeM, OUH 3a JPYTrUM, BCE OCTalb-
Hble BEKTOpbl. M3 KOHIIA BEKTOpa CWibl Fc MpOBOAMM BEPTUKAJIb JIMHUU
neicTBus peakuuu R o3. JIBe muHUM aeiicteus — peakuun R", u peakimu R
03, IEPECEKYTCS B TOUKE, KOTOpasi OyJeT KOHIIOM BEKTopa peakuuu R o3 u
HavaoM BexTopa peakuun R"j,. OG03HAUEHHUS STUX BEKTOPOB B3ATHI B OK-
PY’KHOCTH, KaK HaliJICHHbIE HEU3BECTHBIEC.

CyMMa HOpMaJIbHOM M TaHT€HIMAJbHOW COCTAaBIISIIOLIMX AACT BEK-
TOp NoJIHOU peakuuu R 1,. Peaknus B mapaupe C, T0 ecTh cuia, ¢ KOTOPOu
noJByH 3 nmeicTByeT Ha maTyH 2 — Rgp, MOXKeT ObITh HalifieHa, Kak CyMMa
BEKTOPOB CHJI ICUCTBYIOIIMX Ha MO3yH (puc. 3.150):

Ry =Fy; +G; + F + Ry;
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YroObl HAWTH peaklMIO B MIApHUPE A, TO €CTh CHILy, C KOTOPOW CTOMKa
nercTByeT Ha KpuBowmn 1 — Ry, cieayer paccMoTpeTh paBHOBECHE KpU-
Bomuma (puc. 3.158). Ha Hero nelictByer BHemHuid MoMmeHT M; (puc.
3.15a), peakuusi co cTopoHbl maTyHa Ry u Hem3BecTHas peakuus Rog, ko-
TOPYIO MPEBAPUTEIHHO MPUKIAABIBAEM K TOYKE A KPHUBOIIWIA B MPOU3-
BOJILHOM HampasiieHuu. [ ynoOcTBa pacueToB 3aMEHMM BHEIIHUA MO-
MEHT M; CWJIOW, JEUCTBYIOIIEH HAa KPUBOIIMUII B TOYKE B M meprneHauKy-
JSApHOW emy. DTa Cwiia JO0JDKHA YPaBHOBEIIMBATH PEAKIUIO CO CTOPOHBI
1IaTyHa, I0O3TOMY OHa Ha3bIBaeTCs ypaBHOBewmMBarwoled — 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 = RZ] h3
AB

Peakmuio R (3 HaliiemM W3 ycloBUs paBEHCTBA HYJIO BEKTOPHOW CYMMBI
CHIIL:

YF=R,,+F,+Ry; =0
I[JBI 9TOro, CTpouM CI/IJIOBOﬁ MHOI'OYT'OJIbHUK B MacmTa6e CHJI (pI/IC.
3.15B). CHavasia O/IMH 3a JAPYTUM MPOBOAUM BEKTOpPHI cuil Ry u Fy, a 3a-
MBIKAKOIIUM ABJIACTCS I/ICKOMBIﬁ BCKTOP pCaKIIn R 03:
Cut0BOM pacyeT MAapHUPHBIX U KYJMCHBIX MEXaHU3MOB IPOBOIUATCS
AHAJIOTHUYHO.

§3.12. IIpoekTUpoOBaHUE MPOCTEHILINX
CTEP:KHEeBBIX MEXaHU3MOB

Bunsl npoekTHpOBaHus

Paznuyaror Tpu BUAA NMPOEKTUPOBAHMS 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 BbIle. J[MHaMHUYeCKOe MPOEKTUPOBAHUE HC-
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MOJIB3YETCS JIUIIb AJI1 HEKOTOPBIX CHEIHAbHBIX ciay4yaeB. Tak 4To, B OC-
HOBHOM, TPOM3BOJUTCS KMHEMATUYECKOE MPOEKTUPOBAHHUE, KOTOPOE J10C-
TaTOYHO pa3paboTaHo.

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 KHHEMAaTHYECKOTO MTPOESKTUPOBAHUSI.

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

B aTom ciydae, HCXOHBIE JaHHBIE CIEAYIOIINE:

- CpeHssA CKOPOCTb MOI3YHa V3, (M/C);

- YaCTOTa BpallleHus1 KpuBouumna Ny (00/MUH);

- OTHOIIIEHHE JUIVH 1aTyHa u KpuBommma A = I, / ;.
TpeOyeTcst HalTH JJIMHBI KPUBOILIMIIA U MIATYHA.

[Tpu paboTe HEeHTPaIbHOrO KPUBOIIMITHO-TIOJI3YHHOTO MEXaHU3Ma
1-2-3 (puc. 3.16) OH IPOXOAUT IBAa MEPTBHIX IMOJIOKEHUS, XapaKTEPHU3YIO-
HIMecsl TeM, YTO KPUBOIIMI M IIATYH HAXOASATCS HA OAHOW MPAMOW — TO-
noxenuss AB'C' u AB"C" Ha puc. 3.16, a mon3yH 3aHUMAeT KpallHUE MTO3U-
uuu. 13 paccMoTpeHns cxeMbl MEXaHHW3Ma MOYKHO CJeJIaTh J1Ba BBIBOJA:
BO-TIEPBBIX, MOJI3YH IEPEMECTUTCS U3 JIEBOM KpaWHEMN MO3ULHMU B IIPABYIO
KPAifHIOO 3a BpeMsi MOBOPOTa KprBouiwa Ha 180°, To ecTh, Ha MOTOBHHY
obopoTa, u3 nmo3uiuu AB’ B mo3uiuio AB”; BO-BTOpBIX, JJIMHA XO/1a TOJI-
3yHa paBHa yJBOCHHOMU JUIMHE KpuBowuna. Takum oOpa3om, ClipaBeJIMBbI
paBEHCTBA:

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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NN
Puc. 3.15
Orcrona
0,5-60
[=—— (0 (3.47)
n
[Toncrasus (3.47) B (3.45) nony4yum:
30v
="y (3.48)
n
[Toncrasus (3.48) B (3.46) HalineM JJIMHY KPUBOIIMIIA:
15v
3¢
= 0P (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 HaNpaBIICHUU.

[Ipu ykazaHHOM Ha cXe€M€ HaNpaBJICHUU BpPAIICHUS KPUBOIIIMIIA, TOBOPOT
KYJIMChI B HalpaBJIEHUU YacOBOU CTpesiku u3 nosioxkeHus CD’ B mosoxe-
are CD” cooTBETCTBYeT MOBOPOTY KpuBoiuia Ha yroi (180° + B). IBu-
YKEHHE KYJIUChI B 0OpaTHOM HaIpaBJICHUH, TO €CTh, U3 mosioxkenuss CD” B
nonoxerne CD’ cOOTBETCTBYeT MOBOpOTY KprBommmna Ha yroi (180° - ).
W13 sToro cienyer, YTO MOBOPOT KYJIMCHI B HAIIPABICHUU YaCOBOM CTPEJIKH
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MIPOUCXOJIUT C MEHBIIIEH CPEeTHEH YTIIOBOW CKOPOCTHIO, & €€ TTIOBOPOT B 00-

paTHOM HaNpPaBJICHUU — C OOJIBIIEH.

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
s »
TAC: @ 3x — CPCAHAA YTIIOBAA CKOPOCTH KYJIMCBI HA XOJIOCTOM XO4Y,

® 3p — CPEIHSIS YIIIOBAsi CKOPOCTh KYJIHCHI HA Pab0OYeM XOLy.
CpenHue yriioBble CKOPOCTH KYJIUChI HAMIEM TaK:

o=l P

S t,

(3.49)
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Tak kak BpeMs MOBOPOTa KYJIHCHI ITPU pabodeM U XOJIOCTOM XOJIy PaBHO
BPEMEHH MOBOPOTA KPUBOIIIMIA Ha yTJbl (1 80° + B)wu (1 80° — B), To:

_180-p ., _180+p

p
@ @

HOI[CTaBHB 9TU BBIpa)KeHI/ISI B HpGI[BII[YHII/Ie, HOJIyLII/IM:
0. = po, w0, = po,
T180-B) P (180+ )

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

L, _180+p
180 - 3
Pemus (3.50) oTHOCUTENBHO [ MOTYyYUM BBIpaKEHHE JIJISl pacuera yria Ka-

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

X

(3.50)

k—1
B=180" " (3.51)
k+1
JImuHy KpUBOIIMIIA HAWIEM U3 NPAMOYTOJIBHOTO TpeyroyibHuka AB’C no

3ananHoMy H u 3Hauenuto 3, paccuntaHHOMY 1O BhIpaxxeHuto (3.51):

[ :HSinﬂzHSin90k_]
2 k+1

YcioBue CyIecTBOBAHUS KPUBOIIIUTIA

[Ipu TpOEKTUPOBAHUM MEXAHU3MOB, COJEP)KAIUX KPUBOIIUIM, HAJ0
YYUTBIBATh, YTO KPHUBOIIHUII — 3TO 3BEHO, COBEPIIAOIIEE MOJHBIN 000pOT.
Hanuuue Takoro 3BeHa B MEXaHM3ME BO3MOXKHO MPHU COOJIIOJICHUHU OIIpe-
JIEJICHHBIX YyCJIOBHI. PaccMoTpuM yCJIOBUSI CYIIECTBOBAaHUS KPHUBOIIHWIIA
JUISL Pa3JIMYHBIX MPOCTEUIIINX CTEPKHEBBIX MEXaHU3MOB.

KpHuBOIMITHO-TOJI3YHHLIN MEXAHU3M.

Pa3znuyarorT HEeHTpaNbHBIA KPUBOIIMIIHO-TIOJI3YHHBIM MEXaHU3M, B
KOTOPOM JIMHUS JIBM)KEHHUS TOJI3yHA MPOXOAUT Yepe3 ILIEHTP BpalleHUs
KPUBOIIINIA, U HE IIEHTPAIbHBIN WM, TOBOPSAT, SKCIICHTPUYHBINA (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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NN

Puc. 3.18

B HeneHTpaabHOM MEXaHW3ME JIUMHUS JBHXKEHUS IMOJI3yHA HE MPO-
XOJIUT YePe3 LEHTP BpalICHUsI KPUBOIIINIA, 3 HA HEKOTOPOM  PACCTOSTHUU
OT HEro, Ha3bIBaeMOM HKclieHTpucuTeToM € (puc. 3.18). B stom ciyuae,
4yTOOBI 3BeHO AB ObUTO KpuBOIIMIIOM, cieayeT BbINodHUTh BC Gomnblium,

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

KDI/IBOHIHHHO-KODOMBICJIOBBIP'I MCXAaHHN3M.

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

ACHO YCJIOBHUC:

Ly

lr +14

Puc. 3.19

[, <l,<l;<l,

VYcioBue — CylIecTBOBaHUSA
KpUBOLIMIIA HaWIeM, pac-
CMOTpEB MTOJIO’KEHHE
AB;C,D, ipu xoTopom Kkpu-
BOIIUIT pacroJjiaraeTcsi Ha
JIMHUW, COCOUHSIONICH He-
NOABWKHBIE TOYKH. Pucy-
HOK IIOKa3bIBaeT: YTOOBI
38eH0O AB Morio npoBopa-
YUBATBCA, TO €CTh, OBITH
KPUBOIIIUIIOM, pa3mepbl
3BCHBEB JIOJDKHBI

TaKOBBI, YTOOBI TOuKa C; B
MMOKa3aHHOM IO3UIIMHU HE Ha-

xonunack Ha mpsmoit AD, To ecth, utoOnl ¢purypa B;C;D Bcerma Onuna
TPEYTOJIBHUKOM. ITO BO3MOXKHO TIPH CIICAYIOIIEM YCIOBUU:

L +1,<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

PaznnuaroT KpUBOIIUITHO-KYJIUCHBIE MEXaHU3MBbI C Ka4aloUIeHCs U C
BpAIAIOMIEHCS KYyJIUCOM. Y KPUBOLIMITHO-KYJMCHOIO MEXaHM3Ma C Ka-
yatoreiicss kynucout (puc. 3.20a) paccrossnue H mexay 1meHTpom Bpaiiie-
HUS KPUBOIIIMITA ¥ TOYKOH KauyaHUs KYJUCHI OOJIbIIE JUTMHBI KPpUBOIIHIIA |y
(H > 1), a y KpHBOLIIMITHO-KYJIMCHOTO MEXaHHW3Ma C BPAIAIOIIEHCs KYJIH-
coii (puc. 3.200) 3TO paccTosHUE MEHbIIE JIIMHBI KpuBomwuma (H < 1y).

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 YVUCTOM JONYCTHUMBIX VIJIOB AdBJICHUA

VYron gaBiaeHUs — 3TO OCTPBIN YroJl MEXIy BEKTOPOM CHUJIBI U BEKTO-
POM CKOPOCTU TOYKH TIPHUJIOKEHHS 3TOM CHJIbI, KaK ATO MOKa3aHO Ha pHC.
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



69

CWJIBI, TaK KaK €€ COCTaBJISIOIIasi, CIIOCOOCTBYIOMIAS JIBIJKCHHIO 3BEHA,
CTAaHOBUTCS MEHbILIE, a COCTaBIIAIONIAs, MPEMSATCTBYIONIAs JIBUKEHUIO
(mpoxojsias yepe3 UeHT MOBOpoTa 3BeHa A Ha puc. 3.21a) — Oosnbie. ITa
COCTAaBJISIIOIIAs] MPEMSITCTBYET JBM)KCHHUIO, TaK KakK BBI3bIBAET TPEHUE B
mapHupe A. Korna o = 90" IBIKEHHE CTAHOBHTCS HEBOBMOYKHBIM; 3TO 0€3
ydeTa TpeHus B mapHupe A. Eciiu jke ero y4uThiBaTh, TO Mepeaada CUIIbl U
JIBIDKCHHE 3BEHA CTAHOBHTCSI HEBOBMOXHBEIM IpH yrie aasierns 90° mu-
HyC yron Tpenus (06bI9HO yrom TpeHus @, = (3 + 5)° B 3aBHCHMOCTH 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
JIOJKHO MPEBOCXOAUTH BEJIMYMHBI JIOMYCTUMOIO yrjia AaBlieHus [o], Ha-
3HAYaeMOTO MPHU MPOCKTUPOBAHUHN MEXaHU3MA.

v

Puc. 3.21

PaccmoTpum, Kak yYUTBIBA€TCS 3TOT YTOJl MPU NPOECKTUPOBAHUU MeE-
XaHMW3Ma C KayaroUMMCcsS THAPOUUIUHIPOM, KOTOPBIA MOKa3aH Ha pHC.
3.210 B Bue MexaHW3Ma OMPOKHIBIBAHUS Ky30Ba (MPOEKTHUPOBAHUU YOU-
paroleiicss Horu caMoJjieTa IPOUCXOAUT aHainoruyHo). Ilpu ero mpoekTu-
POBaHMM JIOJDKHBI YUUTHIBATHCS YCIIOBHS MEPEIaun CUJIbI OT IITOKA 2 TH/I-
poumwmHApa 3 K Ky30BYy 1. DTH yCIIOBUSI MOTYT MEHATHCA B 3aBUCUMOCTHU
OT MecTa pacnojioxkeHuss 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 ectb BCpyin;
- JIOTYCTUMBIN yTroJ1 1aBjaeHus [o] B Touke B.
Tpebyercs onpenenuTs nojoxxkeHue Touku C KauyaHus THAPOIMIHMHAPA.
Hanbonee crmoxkHbIE YCIOBHS Iepeladyd YCUJIMA HUMEIT MECTO B
KpalHUX TIO3MIMSAX MEXaHU3Ma, IOATOMY CJiejlaéM HeoOXOIuMbIe II0-
ctpoeHus s no3uuuii AB’ u AB” 3Bena. IllTok ruapoumnunapa Oyaer
npucoeAnuHEH K 3BeHy AB B Touke B, 3HaUUT cuia OT rufipoiinHapa 0y-
JIET TIEpeIaBaThCs 3BEHY B 3TOM TOUKE. BEKTOp CHIIBI MOXKET 00pa30BBIBAThH
C BEKTOPOM CKOPOCTH TOYKH B 11000# yromi, HO B Ipeaenax JO0MyCTUMOTO
yria gasienusi. Uepe3d Touky B’ mpoBenem JTHMHHIO ACHCTBUSI CKOPOCTH
ATON TOYKU — MEPIEHAUKYISP K 3BEHY, U OTJIOXKHUM OT ATON JUHUU YIJIbI
[o] B HampaBiIeHHHM YaCOBOM CTPEIKH W B MIPOTHUBOIIOJIOKHOM HAIPaBICHUH
C TOUM CTOPOHBI 3B€HA, B KOTOPOU OyAeT HaxoauThcs Touka C KayaHUs TU-
poumwMHApa. BHYTpH 3TOro JBOMHOTO yTIJIa MOXKET HAXOJUTHCS BEKTOP
CHJIBI THIAPOLMIIMHAPA, Wi oTpe3ok B’C, coequnsronuii Touky B’ € Tou-
KOW KadaHus ruapoiuiansapa. CrejlaB aHAIOTUYHOE TTOCTPOCHUE B TOUKE
B”, yBuauMm, 4To J1Ba ABOMHBIX yria [o], OTJI0KEHHBIX U3 Touek B’ u B”,
HaKJIaIpIBAIOTCS APYT HA Apyra U UMEIOT OOIIYI0 30HY — I'paHHIlA 3TOM 30-
HBI 3alITpuxoBaHa Ha puc. 3.21B. Eciau cuiia, nepegaBaemas OT THIPOIU-
JIMHJIpa 3BEHY 4epe3 TOUKy B Oyner HaXoauThCsl BHYTPHU 3TOM 30HBI, TO yC-
JIOBUS MepeAavy 3TOM CUJIbI OYIyT OJAaronpusATHBI JUisl 00€UX KpalHUX I0-
3UIUHM 3B€HA. 3HAYUT, BHYTPH 3TOM 30HBI MOXET PACHOJIaraTbCsl TOYKA Ka-
yaHusl rugpouniiuHapa Ha paccrossHun BCpi, oT Toukum B’. KonkpetHoe
MecTo Touku C Ha ayre ¢ paguycoM BCpi, MOXET 3a7aBaThCs JOMOJIHU-
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. Tlon3yH — 3B€HO, COBEpIIAOIIEe JBUKEHHUE TT0 HETIOIBH)KHBIM Ha-
MPABJISIOIINM.

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

6. KameHnp — 3BeHO, coBepIaroiiee ABMKEHHWE MO MOABMXKHOM Ha-
MIPaBJISIOLIEH.

7. Kynuca — noJiBu»Hasi Halpasisio1as sl KaMHSI.

8. lllapHupHBIN MeXaHU3M — MEXaHU3M, BCe KHHEMAaTHUYECKHE ITaphl
KOTOPOTO — IIAPHUPHI.
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9. [Nom3yHHBI MEXaHU3M — MEXAaHHU3M, COJEPKAIIUN 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. OtHOCUTENBHASI CKOPOCTh — 3TO CKOPOCTh OJAHOW TOYKH 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 MOCTyNaTellb-
HOE JBUKCHHE.

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

16. [Mpunmun JlamamOepa: eciau K MOABUKHOM MEXaHUYECKOM cuc-
TeMe, Hapsay C BHEIIHUMH CHJIAMU, IPUIOKUTH CUJIBI MHEPIIMH €€ 3BEHb-
€B, TO €€ MOXHO pacCMaTpUBaTh B PABHOBECHUH.

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

18. YpaBHOBemMBaromas Cuiia — Cujia OT JBHTaTeNs, yCIOBHO MPH-
JI0’)KEHHAsl K KPUBOIIIMITY YPaBHOBEIIMBAIOIIASI BCE BHEUIHUE CUJIBI U CUJIBI
WHEPLIHH.

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

20. YcnoBue CyiecTBOBaHUS 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 KMHEMAaTHYECKOTO HMCCIIEIOBAHUS CTEPIKHEBBIX
MEXaHU3MOB?
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8. Kak paznuuaroTcst abCONMIOTHRIE U OTHOCUTEILHBIE U PEISITUBHBIC
KMHEMaTHUYeCKUe NapaMeTpbl 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-
naTeIbHOE, BPAIaTEIbHOE U CII0KHOE IBYKCHHS ?

15. Kakue yclioBUSI CTaTUKH HCIOJIB3YIOTCS IIPU CHUJIIOBOM pacuere
MEXaHU3MOB?

16. Kakue cymecTBYIOT BUIbI MPOSKTUPOBAHUS CTEPKHEBBIX MeXa-
HU3MOB?

17. B yem 3akitoyaeTcsi 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 MEXaHM3MbI

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 JBHKEHHUE 0 HEMOJBHUKHBIM 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

Urto06s! pa3zoOpaTbcsi BO BCEM MHOTI000pa3uu CXEeM KYJIauKOBBIX Me-
XaHU3MOB, YJ00HO BOCIOJb30BaThCS WX Kiaccu(uKanuend Mo Xapakrep-
HBIM TIpu3Hakam. [Ipu 3ToM clieyeT MOMHUTB, 4TO Jt00ast KiiacCu(puKaius
OTHOCUTEJbHA, TO €CTh, HE MOXET ObITh COBEPIICHHO IOJHOW, & MOXET
ObITh BUJJOM3MEHEHA WJIM JIONOJIHEHA MPHU BBISIBICHUHU HOBBIX MPU3HAKOB
KJIaCCU(UIIMPYEMBIX TTPOILIECCOB, SIBICHUN WM MEXaHU3MOB. 311eCh OyaeM
pasnuyaTh KyJIayKOBbIE MEXaHU3MBI 11O IIECTH MPU3HAKAM.

1. ITo 06beMHOMY IPU3HAKY:

a) TIJIOCKHE;
0) MPOCTpaHCTBEHHBIE.

B miockoM KyJlauKOBOM MEXAHU3ME 3BEHbS ABUKYTCS B OJTHOW WJIU
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) ¢ KauarIMUMCS KyJIayKOM;
B) C IOCTYMNATEIbHO JBIKYIIUMCS KYyJIauKOM.

KynaukoBbie MexaHu3Mbl Ha puc. 4.1a u 4.16 umeroT Bpalaroumiics
kynadok. Ha puc. 4.1B mokazaHa cxema KyJJayKOBOTO MEXaHU3Ma C Ka-
YaOMIMMCS KYJQuKOM: KyJIadOK MPECTaBIseT co00il CEeKTOp, MMEIOIIHA
BO3MOYKHOCTh Ka4aThCsl OTHOCUTEJIBHO HENOJABMXKHOW Touku. Ha puc. 4.1r
MPUBE/ICHA CXeMa KYJIauKOBOTO MEXaHW3Ma C MOCTYMATEeNbHO JBHKYIIHM-
Csl KyJJAYKOM, 3TOT KyJa4OK COBEpPILAET BO3BPATHO-IOCTYNATENBHOE JBU-
YKEHHE MO HETOJIBH>)KHBIM HAITPaBIISIOIINM.
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iW//

BHLHIBEN

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 TOJKATEJNISI — 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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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
YCUJIUHN, OH HUCIOJB3YETCS TOJIBKO B M3MEPUTENBbHBIX 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-
muii. Ha puc. 4.2B moka3zaHbl JBa 3aKpPYyTJECHHBIX TOJKATENsl, KOHTAKTH-
pyromue ¢ KyjaadykoM 1. Y ToskaTtens 2a paguyc KpUBU3HBI p 3aKPYTJICH-
HOM YacTu OOJIblle, YeM Yy TOJIKATeNs 2; MOXKHO CKa3aTh, UTO Y TOJIKATENs
2a KpUBH3HA 3aKPYIJICHHOW YacTW MEHbIIEe, YeM y TOJIKaTess 2, TO eCTh,
yeM OOJIbIlI€ PaauyC KPUBHU3HBI, TEM MEHbIIIE KPUBU3HA. Y CIOBUS PaOOTHI
y TOJIKaTeNs 2a Jaydile, Tak Kak IUIoaaka KoHTakTa oosbiine. KynaukoBsie
MEXaHHU3MBbI C 3aKPYTJIECHHBIMU TOJKATEIIIMU C YCIEXOM NMPUMEHSIOTCS B
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CUCTEMaxX ra3opacrpejieieHusl MOPIIHEBbIX JBUTaTeliei, isl OTKPbIBAaHUS
Y 3aKpbIBAHMSI KJIAIAHOB KOMIIPECCOPOB U T.]I.

[Ipu yBenuyueHuun paauryca KpUBU3HBI TOJIKATENS O OECKOHEYHOCTH
KpUBHM3HA YMEHBIIAETCS 10 HYJISA U TIOJIy4aeTcs TUIOCKUI TOJIKaTellb C Hau-
OOJbIIeH KOHTAKTHOM TUIOMIAJIKOM MEXIY TOJKATeJIeM M KyJIauyKOM U, CO-
OTBETCTBEHHO, HAWIYYIIUMH YCIOBUAMM Tepeaaun cuil. Cxema KyJaadko-
BOr0 MEXaHW3Ma C TUIOCKMM TOJKaTeldeM Ioka3zaHa Ha puc. 4.2r. KoHct-
PYKLMSL TOJIKATENsl TAaKOBA, YTO BKJIOYAET CTEPKEHb U IUIOCKYIO TapeliKy,
Ha3BaHHYIO TaK M3-3a Kpyrioi ¢opmbl B miaHe. [logoOHbIE MEXaHU3MBI
HaXOJAT HIIMPOKOE UCIIOJIb30BAHUE B TEXHUKE.

OO1mMM HETOCTAaTKOM KYJIa4YKOBBIX MEXaHU3MOB C OCTPOKOHEUYHBIM,
3aKPYIVICHHBIM M IUIOCKAM TOJIKATEJIEM SBIISIETCS HAJIM4YUE TPEHUS CKOJIb-
KEHHST MEX]Ty KyJauKOM M ToJKaTeleM npu ux padore. KymaukoBbie 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 BpAllaTEJIbHON KMHEMATHYECKOW Mape «POJIMK-TOJIKATENb» Orpa-
HAYMBAIOT HCIOJb30BAaHUE TAKMX 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-
JAYKy TPU TOMOIIM CHUJIBI TSKECTH, CUJIbI MPYKUHBI WM CHJIbI CIIEHHAIIb-
HBIX MPWKUMHBIX YCTPOUCTB (MHEBMO- WIM TUApolminHApbl). Haubonee
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 BO3MOKHBIX
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 MOJAO0HBIX MEXaHU3MOB OTPaHMYEHA 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 KYJIAYKOBBIX
MEXaHHU3MOB, TO €CTh MEXaHM3MOB, MapaMeTPbl KOTOPHIX MOTYT OBITH U3-
MEHEHBI. PerynmpoBarbCsi MOXKET PACIIONIOKEHHUE TOJIKATEN, 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 yka3aHHbIE 1IECTh KOHCTPYKTUBHBIX MTPU3HAKOB MOT'YT 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 KyJiadka HETOCPEJACTBEHHO BIHUSCT 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 U3 JABYX IYI KOHIIEHTPHUYECKHX OKPYKHOCTEU, CONMPSIKEHHBIX KPH-
BBIMH JUHUAMH (puc. 4.4); dopma 3TUX JIMHUN MOXKET OBITh pa3iMyHa U
3aJaeTCsl TIPH TPOSKTUPOBAHWU. MeEHbBIasi OKPYKHOCTh Ha3bIBACTCS OK-
PY’KHOCTBIO MUHHUMAIILHOTO pajguyca Iy, ¥ HAXOIUTCS B OCHOBE KOHCT-
PYKITNH JTF000T0 Kyiadka. TOYKH COMpsDKEHUS IyT OKPYKHOCTEH ¢ KPUBBI-
mu (touku I, I, Ill, IV Ha puc. 4.4) aABisI0TCS XapaKTEPHBIMU TOYKaAMU
npouIIs, OrpaHUYMBAIONIMMHA €r0 yJacTku. Ha cxeme Kyrnadok mokas3aH B
TIOJIOKEHUH, KOTJIa TOJIKATE]Ib KOHTAKTHUPYET C HAM B TOUKeE |.

T

Puc. 4.4

PaccMoTpuMm aBHKEHME TOJIKATENs NpPU BpalleHuU Kynadka. [Ipum
IIOBOPOTE KyJlauKa B HAIIPaBJICHUM BpalleHUs (MPOTUB XOJa YacOBOU
CTPEJIKH) Ha YroJl ¢'y ToJKaTesb OyAeT yNalsaThCs B HAIPABICHUH OT LEH-
Tpa Kyjauka, o 3ToMy y4yacTtok npoduis |-1l Ha3piBaeTcsa yuacTkom yna-
JIEHUS], @ COOTBETCTBYIOIUM 3TOMY y4YacTKy LIEHTPaJIbHBINA YToJl ¢'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 Yroyl KyjJadka ¢'; Ha3bIBaeTcs Mpo-
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(GUIBHBIM YTJIOM JAJIbHETO CTOSIHUS. BO BpeMsi KOHTaKTa TOJIKaTeNs ¢ yJa-
ctkoMm 11-1V npoduis, TonkaTensb, ABUTAsACh 1O HAMPABIISIIONIUM, BO3Bpa-
HIaeTcs MO HAIMpPaBJIEHUIO K LIEHTPY Kyiaudka. [loaTomy, 3TOT ydyacTok mpo-
(buis Ha3bIBAETCS YYACTKOM BO3BpAIIEHUS, @ COOTBETCTBYIOIINI €My IIeH-
TpaJIbHBIA YTroJl KyJiauka ¢'; — IpodUIbHBIM yriioM Bo3BpamieHus. [Ipu
KOHTaKTe ¢ yyactkoM V-1, Toikarens ocTaeTcsi HEMOABUKHBIM B TIO3UITUU
HamOoJiee OJIM3KOM K LIEHTPY KyJiauKa, COOTBETCTBEHHO 3TO Y4aCTOK Ha3bl-
BAETCSl yYAaCTKOM OJMKHETO CTOSHUS, a YroJl KyJnayka ¢'s — mpopuiabsHbIM
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
LEHTPaAJIbHbIE YTJIbI KyJlauKa, OrPaHUYMBAIOIIME XapaKTEPHbIE YUACTKU €ro0
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 KyJIauka (Qy, ¢y, s U Pg), KOTOPbIE COOTBETCTBYIOT (pa3aM JBHIKE-
HUS TOJKATENs: yJaJCHUIO, BO3BPAIICHUIO, JalbHEMY U OJIMKHEMY CTOS-
Huto. Da3oBbie yribpl MPUHAMIEKAT KYyJIaUKOBOMY MEXAHU3MY U SIBIISIOTCA
€ro KHHEMAaTUYECKUMH ITapaMeTpPaMH.

[Ipodunbhable 1 (pa3zoBbie yIiIbl COBHNAAAIOT TOJBKO B CIIy4ae LEH-
TPAJIBHOIO KYJIAYKOBOTO MEXaHU3Ma C OCTPOKOHEUYHBIM IOCTYIATEIbHO
JBIKYIIIMMCS TOJIKATEJIEM; Y HEHTPAIbHOIO MEXaHU3Ma JIMHUS JIBUKECHUS
TOJIKATEeJIs MPOXOUT uepe3 IEHTpP BpaleHus Kynaudka (puc. 4.4). [lokaxem
HECOBMaJeHUE NTPO(PUIbHBIX U (PAa30BbIX YIJIOB HA IPUMEPE HELIEHTPAIbHO-
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 |.

Jlisa ananu3a pa®oOThl 3TOTO MEXaHU3Ma HCIIOJIb3yeM METo] 00pa-
HIEHHOT'O JBUKEHUS, IPU KOTOPOM KYJIAYOK CTAHOBUTCS HEMOJIBH>KHBIM, a
TOJIKATEII0 BMECTE C HaIPaBJISIOIIMMU COOOIIAETCSl BpAIICHHUE BOKPYT
LEHTpa KyJjauka ¢ YIJIOBOW CKOpPOCTBIO -®;, TO €CTh, B HAIlPaBJIEHUU 00-
paTHOM HamNpaBJIEHUIO BpallleHUs Kynaudka. [Ipum moBopoTe 3TOM crucTeMbI
TOJIKATENb, IEPEMEIIASICh BIOJIb HAMPABIAIOIINX, 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 yriiaMm. UToOBI MOKa3aTh 3THU YTJIbI, TPOBEAEM pa-
JINYCHI U3 TOUYEK KaCAHMsI; YTJIBI MEXKIY ITUMH paguycamu u OyayT dazo-
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T,

Puc. 4.5

BbIMH yriamu. U3 puc. 4.5 BUJIHA pa3HULIA MEKIY BEITUYMHAMU NPOPUIIb-
HBIX U ()a30BBIX YIJIOB: (PA30BBIM Yroj yAalneHus @, 00JblIe MPO(UIBHOTO
@'y, a (ha30BBIA yYroJ BO3BpAIEHHA ¢, MEHbIIC IMpoduiabHOro ¢'s. Ha yua-
CTKaX JAIBHETO U OJMKHETO CTOSHUS 3TU YTl OJJUHAKOBHI.

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

3ajauell KHHEMaTUYECKOTO UCCIEI0BaHUs KyJIauKOBBIX MEXaHU3MOB
ABJIIETCSI ONIPENIEIICHUE XapaKTepa JIBHKEHHsI TOJIKATENsl U pacyeT rnepeaa-
TOYHBIX OTHOIIEHUW. XapakTep IBWKECHHs TOJIKATENS MMOAPa3yMEBAET OIl-
penelIeHne €ro KNHEMaTHYECKUX MapaMeTpOB: MEPEMEIIECHHS], CKOPOCTH U
YCKOpEHUs. DTH MapaMeTpbl MOTYT ObITh HalIEHBI AJIs1 OTJEJIbHBIX 3aaH-
HBIX MO3WUIMKA MEXaHU3Ma MPU MOMOUIM IIJIAHOB CKOPOCTEW M YCKOPECHUH
(cM. HUXE), HO YacTo TpeOyeTcsl 3HaTh XapaKTep U3MEHEHHs] KHHEMaTHuye-
CKUX MapaMeTpoOB TOJIKATENs B Ipoliecce paboThl MexaHuszma. st aToro
CTPOSTCA KUHEMATUYECKUE TUarpaMMbl, TO €CTh, FpaUKU JAOIIKE Mpe/I-
CTaBJeHUE 00 M3MEHEHUU MEPEMEIEHHUS, CKOPOCTU U YCKOPEHHUSI TOJIKaTe-
JISL TIPU TTIOBOPOTE KYyJIAuKa.
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[locTpoeHNe KMHEMATUYECKUX AUArpaMM
IPOCTEUIIETO KYJIaYKOBOIO 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 TOJIKATEIIO BMECTE C HAIpPaBJSIOMIMMH COO0-
[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 MO3UIMI TOJKATENs B MpeAeax YIJIOB yAAJIEHHUS U BO3Bpa-
HICHUS, IPUYEM KOJIUYECTBO MO3UIUN ONpENECIsIeTCS pa3MepaMH 4epTeka
U TpeObyeMoll TOYHOCThIO mocTpoeHuil. Ha puc.4.6 maHbl necsiTh MO3UIIMMA
TOJIKATEJISI: MATh B Mpeiesax yria yjaajaeHus (C mepBoi Mo MATyI0) U MSITh
JPYTUX B MpeJenax yria BO3BpalleHus (C MecTol Mo IeCATYIO).

UToObI yBUJIETh HA YEPTEKE MEPEMEIICHUS TOJIKATEIIS, TPOIUM JIH-
HUIO €r0 JIBI)KEHUS B KaXKJOW MO3UIMU A0 IeHTpa Kynauka. 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 MO3UIMKA PABHBI OT-
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pe3kam CD B COOTBETCTBYIOIMMX MO3UIUAX (C y4€TOM MaciiTada JJIMH): B
nepBoil Mmo3unuu nepemenieHue pasHo Hyio u Touku C u D coBmagartor,

BO BTOpOﬁ MO3nuMn ICPEMCIICHNUC TOJIKATCIIA S2 = D2K2 , B TpGTBGﬁ -

S3 = D3K 3 U T.1. B o0Omem cirydae MOKHO 3alucaTh:
s; = DK,

[Tomy4yeHHBINH YepTekK JaeT BO3MOXKHOCTH IMOCTPOUTH KMHEMATHYeE-
CKH€ JAMarpaMMbl TOJIKATENsl, TO €CTh, TpaduKH, TO3BOJISIIOIIUE BUICTh Xa-
paKkTep U3MEHEHUS MIEPEMEIICHHS, CKOPOCTH U YCKOPEHHS TOJIKATENs MPU
noBOpoTe Kyiauka. Haunem ¢ rpaduka S(@) mepeMelieHus TOJKATENsS B
GbyHKIIMU yriia moBopoTa Kyjnadka (puc. 4.7). Macmrab ocu opauHaT —
MacmTad MepeMEIIEHUN 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:

!

_%p
My = —— (rpan/mm) (4.1)
Py
rae: ¢, — pabounii yroa KyJaukoBOIO MEXaHM3Ma B Ipajl, PaBHbIA CyMMe
($a30BBIX YIJIOB YAAJICHHS, TATLHETO CTOSHUS ¥ BO3BPAIIEHHUS, TO €CTh,

(Dp = (Dy + (Dd + (06
gfp — n3o0pakeHrne 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:

.
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 kak 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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[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:

V = das (4.3)

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

- ds dt
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)
@

AHaJ'IOF YCKOPCHHA — 3TO BTOpPAdA IIPOU3BOAHAA OT IICPEMCIICHUA I10
YIJ1y IOBOPOTA BXOAHOI'O 3BCHA!
d’s
4= io? (4.5)
I[J'ISI HaXOXKICHUA CBA3U MCKAY aHAJIOTOM YCKOPCHHA U YCKOPCHHCM YyM-
HOXHM U Pa3IelIiM 3Ty Apo0s Ha dt’;

2 4.2
d sdt

2 4.2
do” dt
3neck d’s/dt? — 9To muHeliHOE ycKkopeHns (B JAHHOM Clydae, TOIKATEIs), a
do?/dt? — kBazpar yriIoBoii CKOpoCTH (B TAHHOM Ciy4ae, Kynaduka). [109To-

MYy,

A=

A= a2 (M) (4.6)
(0

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 [3; HaKJIOHA €ro TH-
MOTEHY3bl K ocH abcuucc rpaduka. Ilepexons k 66CKOHEYHO MaJIbIM MOX-
HO HAIKCATh:

ds
Vzdﬂsztgﬂlﬂs (4.7)
P H, Hy

Taxkum 00pazoM, aHAJIOT CKOPOCTH TOJIKATEJIsS Ha 3aJaHHOM YYacTKE TOBO-
poTa KyJadka e€CTh BEJIMYMHA, MPOTIOPIIMOHAIbHAS TAHTCHCY YIJIa HAaKJIOHA
KacaTeJbHON K IrpaduKy MepeMeneHud TOJIKATEeNsI B CEpeIMHe ITOT0 yda-

CTKa.
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 K;, HazpiBaemblil 06a30ii rpaduueckoro
nuddepentiupoBanus. U3 koHia stoit 6a3bl p; (momtoc auddepeHupona-
HUS) TIPOBOJUM JIy4, Mapajlie/IbHBIA KacaTelbHOH K rpaduky S(¢) 10 ee
nepeceyeHus ¢ ocbio opauHat. [lomyueHHBIN HA OCH OpJUHAT OTPE3OK SIB-
JsieTCsl N300paKeHNEM aHaJIoTa CKOPOCTH TOJIKATENs, TaK KaK €ro BeJIUYu-
Ha MPOMOPIMOHATIbHA TAHTEHCY yria [3; HaklIoHa KacaTenbHOU (puc. 4.7).
Macirab storo nzodpaxenus ¢ yuetoMm (4.7) u puc. 4.7, onpeaeauTcs Tak:

1, = K _ tg ﬂ 1 M
V - __ JE—
V. wu,kitgp,
[Tocne cokparnienus moxydaeM (Gopmyrny MaciiTada aHamora CKOpOCTEH:
My = LL (M/MM) (4.8)
lugo 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).
Kunemarnueckass auarpamMma aHajora yCcKOpeHHi Ha puc. 4.7 mo-
CTpO€HAa B TOM K€ CUCTEME KOOPAMHAT MPU MOMOIIM Ipaduueckoro aud-
(bepeHMpoBaHMs 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 rpapudeckoro auddepeHnupoBanus Kp, depes mosroc p, mpo-
BOJSITCS JIy4H, MapajljiesibHble KacaTeJlbHbIM U T.J., TaK )K€, KaK 3TO ObLIO
OIKCaHo BhILIE. B pe3ynpraTe mosyyaeTcs: AuarpaMma aHajiora yCKOpeHuin
A(¢). Macutab nuarpaMmMbl pacCUYMTBIBAETCS] aHAIOTHYHO (4.8):
1= () 4.9)
/u(p k 2

AHann3 KHHEMaTHYEeCKUX HapaMEeTpOB TOJKATCIA
10 KMHCEMATHYCCKHUM JHarpaMmam

Kunematnueckue nuarpaMMbl HEOOXOIUMBI 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 TOJIKAaTelNs Mpu paboTe KyJIauKOBOrO MeXaHu3Ma. AHAIU3UPYs KU-
HEMATHUYECKYIO Auarpammy S(¢), MOKHO BHIETh, YTO Ha (ase yHalieHus
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KpUBasl MEpEMENICHUs] TOJKATeNsl — IUIaBHAs KpHUBas JIMHUA, NPUYEM €€
KpyTH3Ha (KpyTH3HA KPUBOM — ATO HAKJIOH KacaTeJIbHOW 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€ YBEJIMUYCHUE KPYTU3HBI CMEHSIETCS €€
YMEHBIIIEHUEM, Ha3bIBAECTCS TOUKOW mepernda. AHAJIOTUYHBIA BUJl UMEET
9Ta KpUBas U Ha (ha3e BO3BpaICHHUS.

['paduk aHamora cKOpOCTH MOKA3bIBAET, YTO BO BpEeMs MEPBOU IMO-
J0BHHBI (ha3bl yJaICHHsI, CKOPOCTh TOJIKATENsI TUIABHO BO3pAacTaeT OT HyJIs,
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
TOJIKATEJII aHAJIOTWYCH, HO Tpaduk V(@) pacrmonokeH B OTPHIIATSILHOM
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 4Eero MPOUCXOAMUT IUIABHOE YMEHBIIIEHUE YCKOPEHUs 10 HyJs B I103. 3
(B mo3umuM, rIe CKOPOCTh MAaKCUMajlbHAa — MAKCUMYyM (YHKIIH COOTBET-
CTBYET HYJIIO €€ IIPOU3BOAHOMN), ITOCJIE YETO YCKOPEHHE MEHSET 3HaK. AHa-
JM3UPYsL COBMECTHO AMArPaMMBbl 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).

[lepemenieHre TONKATENSA, TO €CTh, €T0 OTCTOSIHAE OT MO3ULINH, HAU-
Oomee OIU3KOM K IIEHTPY KyJlauka:

S7 =87 H (M)
rIe 5 — 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, 11,0° e

TIe A7 — OpJMHAaTa AUarpaMMbl aHAJIOra YCKOPEHUS B 103. 7.



87

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 TO 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 BO3BPAILLIEHHUS 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 ¥ KOHLE (pa3bl yAaJeHus 1 BO3BPAIICHUS) HA TOJKATENb IEUCTBYIOT
OECKOHEYHO OOJIbIINE CUIJIbI HHEPLUHU, YTO TEOPETUYECKH JAOJHKHO MpPHUBEC-
TH K pa3pylICHUIO MEXaHU3Ma. B pealbHbIX MeXaHU3MaxX 3TOro HE MPOMUC-
XOJIUT W3-3a YIPYTOCTH 3BEHBEB U HAIMUYUA 3a30pOB B MexaHu3me. OaHako
CUJIbl MHEPIUMU JIOCTUTAIOT 3HAUYUTENIbHBIX BEJIMYMH, MOITOMY TaKUX pe-
KMUMOB CTaparoTcsi u30eraTh, BBOSI NMEPEXOHBIE YYaCTKU, KOTOPhIE 3aMe-
HSIOT M3JI0OM Tpaduka nepeMenieHnil Ha TiaBHble KpuBble. KynaukoBbie
MEXaHU3Mbl C PABHOMEPHBIM JIBM)KCHHEM TOJIKATEIsI UCIOIB3YIOTCS B TO-
KapHBIX aBTOMAaTax JUisl MPUBOJA CYNIOPTOB, B HIBEWHBIX MAIIMHAX IS
HAMOTKMA HUTHU Ha MITyJbKy W T.J. [Ipodunm y4acTKOB ynaneHus 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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OTPULATENBHO, KAK SIBJIEHUE )KECTKOTO yJapa, U KyJauKOBbIE MEXaHU3MBI,
I7ie IBM)KEHHME TOJKATEeNsl COMPOBOXKAACTCS MSATKMMHU yAApaMH, TOCTaTOY-
HO IIMPOKO MCHOJIB3YIOTCSI B TEXHUKE. JTO MPOUCXOANT, B YACTHOCTH, I10-
TOMY, YTO MPOQUIN KYJIAUYKOB TaKUX MEXAHU3MOB MPOCTHI B MPOEKTUPO-
BaHWU U U3TOTOBJIEHUU, HAIPUMEP, OHU MOTYT OBITh COCTABIIEHBI U3 CO-
NPSDKEHHBIX 1y OKpYyKHOCTel. 1Ipu 3TOM cinegyer mOMHUTh, YTO HECMOT-
psl Ha IJIABHOCTh CONPSDKEHUSI yYacTKOB MPOdUis, B TOUKAX CONPSKEHUS
UMEIOT MECTO MSATKHE yAapbl, YTO MPUBOIAUT K CKAYKy MHEPLUOHHBIX Ha-
IPY30K U YTO JIOJDKHO YYUTBIBATHCS IPU CHIIOBOM pacyeTe U JaJbHENIIEM
pacuere Ha MPOYHOCTh 3BEHbEB MOJOOHBIX MEXAHU3MOB.

KunemaTuueckue nuarpamMmbl JBHXKEHHUS TOJIKATeNs JUIisl OOILEro
cilydasi, TO €CTh, JJI CIIy4as €ro JBH)KEHHSI ¢ NIEPEMEHHBIM YCKOPEHHEM
npuBeAeHbl Ha puc. 4.88. dopma AuarpaMMbl YCKOPEHHS MOXET OBITh
Pa3IUYHON, BOBMOXHBI CKAUKH YCKOPEHHS B XapaKTEPHbIX TOUYKaX, HO Hau-
Jy4yliedl ¢ TOYKW 3PEHHS] MHEPIMOHHBIX HArpy30K, SIBJISETCS auarpamma
0e3 CKayKOB YCKOPEHHS; IPU 3TOM H3JIOMbI Tpadrika BOZMOXKHBI (OJUH U3
Takux TpaduKOB yCKOpEHHs TMoka3aH Ha puc. 4.8B). Kymadok, 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 Oe3ynapHbId KyJdauOK OY€Hb MPOCTOM B MPOEKTUPOBAHWUU U
U3TOTOBJICHUH — 3TO AKCIEHTPUK (puc 4.9). Ero nmpodguib — 3T0 OKpyxK-
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Puc. 4.9

HOCTb, LICHTP KOTOPOW CMEIEH OTHOCUTEIBHO LIEHTPA BpALEHUs KyJlayKa.
Tak kak npoguib 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-
CTPYKUHUH KYJIAYKOBBIE MEXAHU3MBI C SKCIIEHTPUKOBBIM KYJAa4KOM IIMPOKO
WCIIOJIB3YIOTCS B TEXHHKE.

B 3aximouenue 3amerum crnenyromee. IIpu nmoctpoeHun KuHeMaTu-
YECKOW JuarpaMMbl YCKOPEHHMS TOJKATENs] HAJIO YYUTHIBATh, YTO BBICOTHI
ATOM JMarpaMMbl Ha ydacTKax yJaJeHHs W BO3BpallleHHs oOpaTHO Mpo-
NOPLIMOHATIBHBI KBaJPATaM COOTBETCTBYIOIIUX (PA30BbIX YIJIOB:

2
4y _ P
— 2
a,

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

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

a, — BbICOTA rpaduKa yCKOpeHUs Ha (pase BO3BpALICHHU.

§4.4. Ili1anbl CKOpOCTEl U MepeAaTOYHbIEe OTHOIIEHUS
B KYJIAQYKOBBIX MEXaHU3MAaX

Il1al CKOpOCTEN M IEPEATOUYHOE OTHOIIEHUE KYJIAYKOBOTO
MEXaHW3Ma C MOCTYIIATEIbHO JBWKVIIIUMCS TOJKATEIEM

KuneMarnueckue auarpamMmbl JalOT TMPEICTABICHUE O XapaKTepe
JBIDKEHUS TOJIKATEINs B mpejenax Bcero padodero yria. Ecnu tpebyercs
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HAaWTH CKOPOCThH TOJIKATENsI B KOHKPETHOW ITO3HMIMHM KYJIAYKOBOT'O MeEXa-
HU3Ma, TO MOXXKHO OOONTHCH 0€3 CII0KHOM Mpolenypbl IOCTPOEHUSI KUHE-
MaTUYECKUX AUarpaMM, a UCIIOJIb30BaTh METOJ IUIaHA CKOPOCTEH U Iepe-
JTATOYHOTO OTHOILIEHUS.

PaccMoTpuM nocTpoeHue IiaHa CKOpPOCTEH MPOCTEUIIEro KyJIayKo-
BOTO MEXaHH3Ma C OCTpPOKOHEUHbIM ToskateneM (puc. 4.10). Ero cxema
n300paxkeHa B maciuTade L . 3aMEeTUM, YTO JIMHUS JIBHKEHUS TOJIKATEJs
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. BbIIE — cTp. 33), B HAILIEM Cilydae, B MaclITabe BXOAHOIO 3BE€HA — KYy-
JIa4Ka, TO €CTh, Ly = Ly 0.

W3 monroca p mMpoBOAMM BEKTOP CKOPOCTU TOYKH Kj, 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, Tonkaresst HaiiieM U3 BEKTOPHOTO ypaBHECHUSI:

V2 = Vir T Vi2ki

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 TOYKHU K; mpoBezieM mpsMyto, MapajuiebHYI0 KacaTeabHOH T-T. AOCO-
JIOTHAsi CKOPOCTh KOHTAaKTHOM ToukM K, ToJKaTens mapajieiibHa ero Ha-
MPAaBJISIONIMM, MMO3TOMY, M3 MOJIOCA IJIaHA CKOPOCTEN MPOBOAUM BEPTHU-
KaJib. B Touke mepecedeHus ABYX MPAMBIX OyAyT HAXOIUTHCS KOHIBI BEK-
TOPOB a0COTIOTHON U OTHOCUTEIILHON CKOPOCTH KOHTAKTHOW 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-

HOIICHHS KYJIAYKOBOTO MexaHu3Ma. llepenarouHoe OTHOILIEHUE OT TOJIKA-
TEJIS K KYJIAuKy:

v
Uy, = 2 (4.11)
W
VYuuteiBas (4.10), nonyuum:
pky o,
U, = =pk, 1 (m (4.12)

@
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T =ph=L0R
Vieoke,— kiké T

V=PIl Hanp

Puc. 4.10

Takum 00pa3zom, oTpe3ok PK, sBIsSETCS M300paKCHUEM IepeaaToy-
HOTO OTHOIIIEHUS Up; B MaciiTade [ | . OgHaKo, 3TOT OTPE30K MOYKHO HANTH
0e3 MoCTpoeHus MJIaHa CKOPOCTel, OoJiee mpocThiM criocobom. [lepeiinem
K 3TOMY CITIOCO0Y, BBITIOJTHUB BCIIOMOTaTEIIbHBIE TTIOCTPOCHHUSI.

IToBepHeM mian ckopocteil Ha 90° B CTOPOHY, MPOTHBOIOIOKHYIO
HaIpaBJICHUIO BpaIllEHUs KyJlayKa, a 3aTeM MepeHeceM ero Ha CXeMy MeXa-
HU3Ma TaK, 4TOOBI MOJIOC TJIaHA COBMAN C IIEHTPOM BpalIeHHUS KyJauka
(puc. 4.10). Torma BekTop pkK; coBmazer ¢ paguyc-Bekropom OK, BekTOp
OTHOCHTEIIbHOM CKOPOCTH KiKy pacmosiosxxuTcst B0ab HOpMaau N-N, poBe-
JICHHO# uepe3 KOHTAKTHYIO TOUKY, a BEKTOp PK,, KOTOPBIH U SBJISETCS U30-
OpakeHrneM MepeaTOYHOTrO OTHOIICHHUSI, OYIET JeKaTh HA MEePIEHINKYIIS-
pe K JTUHUU JIBYKCHHSI TOJIKATEIsI, TPOBEICHHOM M3 IICHTPA BPAIICHUS KY-
JayKa.

PaccMoTpeHne MoBEepHYTOro IUlaHa CKOPOCTEH, COBMEIIEHHOTO CO
CXeMOW MEXaHM3Ma, JAeT BO3MOXKHOCTh CQOPMYIHUPOBATH CIEAYIOIIEe
IPaBUIIO.

JIst HaXOXACHUS TIEPEIaTOYHOTO OTHOMICHUS Uy KYJAYKOBOTO MeE-
XaHU3Ma, Ha €r0 CXEME JOCTAaTOYHO TIPOBECTH JIBE MPSAMBIC: HOPMaib K
npoIto KyJadyka yepe3 KOHTAKTHYIO TOUKY M MEPHEHIUKYISIp K HampaB-
JISTIOIAM TOJIKATEJIs Yepe3 IIEHTP BpallleHusl Kynadka; OTPE30K ATOrO IMep-
MEHUKYJSIpa MEXKIY LIEHTPOM BpalieHusl KyJladka ¥ TOYKOU ero rmepece-
YEHUSI C HOPMAJIbIO U OyJAeT SBIATHCS M300pKEHHEM UCKOMOTO Tepesa-
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TOYHOI'0 OTHOLIEHMS U ,; B Macmrale Ly , KaKk 9TO IoKa3aHo Ha puc. 4.11.

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

Vo S Uy O = Uy By @ Guke)

MLJ%) 2

Puc. 4.11

Il1aH cKOpOCTEN M IEPETATOYHOE OTHOIIIEHUE KYJIAYKOBOTO
MEXaHW3Ma C KAUarONIMMCS TOJKATEIEM

PaccMoTpum Ternepp KylauyKOBBIM MEXAHU3M C KaYarOIIUMCS TOJIKA-
TEJIEM | MPOJAEIAEM BCE BBIIICONUCAHHBIE MPOUEIYPHI ISl HAXOMKICHUS
MTHOBEHHOM CKOPOCTH TOJIKATENsl METOAOM IUJIaHa CKOPOCTEH U METOJ0M
NEPEeIATOYHOTO OTHOIICHHS.

CxeMa KyJauKOBOTO MEXaHM3Ma C KaudaloIUMCs TOJIKaTeJIeM MOKa-
3aHa Ha puc. 4.12 B macmrabe [, TUIaH CKOpPOCTeil OyaeM CTpOUThH B Mac-
mTabe HavyaIbHOTO 3BEHA — KyJIauKa, [Ly= 1| 1.

13 montoca p MpOBOAMM BEKTOP CKOPOCTU TOYKH Kj, TO €CTh KOH-
TaKTHOM TOYKH KyJilauKa, paBHBIM U MEPIECHIUKYJISIPHBIA PaNyCy BEKTOPY
O;K pacnonoxxeHust 5Tol TOUKH (3TO U MOCIEAYIOIINE ICUCTBUS TIPUBEIC-
HbI Ha puc. 4.12 B Buae npumeyanuii). BeKTop cKOpoCTH KOHTaKTHOW TOY-
ku K, Tonkarest HaiiieM U3 BEKTOPHOTO YPaBHCHUS:

Vio = Vi1 T Vkoki
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CornacHO TEOpHUM BbICHIEH KMHEMATHYECKOW Mapbl, OTHOCUTEIbHAS CKO-
pPOCTh KOHTAaKTHBIX TOYEK TOJIKATENd M KyJjayka HalpaBlieHa BIOJIb Kaca-
TeJIbHOU K MpOoUIII0 KyJlauyKa, MPOBEJICHHOW B TOYKE KOHTakTa. [ToaTomy,
BBITIOJIHSA JICHCTBHE Ipad)UuecKoro CIOXKEHUsI, U3 KOHIIa BEKTOpa CKOpPO-
CTH TOYKH K; MpoBexeM IpsIMylo, mapaulebHyl0 KacaTeabHOu T-T. AOCO-
JIOTHAs CKOPOCTh KOHTAKTHOW TOYKHU k) Ka4aromierocs TOJIKaTess MepIieH-
JUKYJISIPHA K PaJInyC-BEKTOPY PACIIOJIOKEHHUS 3TOM TOYKH, MOITOMY, W3
MOJIFOCA TUJIaHA CKOPOCTEN MPOBOJAUM MPSIMYIO HNEPIECHAMKYISPHYIO K OT-
pe3ky O.K Ha cxeme mexanuszma. B Touke nepecedeHus IByX NPSMbIX Oy-
YT HaXOIUTHCS KOHIIbI BEKTOPOB a0COIIOTHOW M OTHOCHUTEIILHOW CKOpPO-
CTH KOHTAKTHOM TOYKH TOJIKATEIIA.

[TosydyeHHBIN UIAH CKOPOCTEW JA€T BO3MOXKHOCTh HAWNTHU 3HAYCHUE
CKOPOCTH TOJIKATEJISI B 3aJJaHHOW MO3UIIMHU KYJIa4KOBOI'O MEXaHU3Ma!

_ Vi2 _ Py o
0,K O,K

[locne coxkpanieHus Moay4nM:

w,

’ ﬂ
Ho =Ho 100
HaiizieM Ty e CKOPOCTb, HOJIb3YSICh METOAOM IIEPENATOYHOTO OTHOIIEHHUS

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

(4.13)

2%,
Uy = (4.14)
@,
VYuureiBas (4.13), monydum:

_ PTCza)J

Uy = —
21
0,K o,

[Tocie cokpanieHus noay4nMm:
Uy = Pk; (4.15)
0,K

OnHako, 3TO OTHOIIEHHE MOXKHO HalTH 06e3 MOCTPOCHHMs TIaHa CKO-
poctel, 6osiee pocThiM criocoboM. [lepeitnem k aTomy crocoOy, BBINOJI-
HUB BCIIOMOTaTEJIbHBIE TTIOCTPOCHHUSI.

IToBepHeM man ckopocteil Ha 90° B CTOPOHY, MPOTHBOIOIOKHYO
HaIpaBJICHUIO BPAIIEHUs KyJadKa, a 3aTeM MEePEHECEM €ro Ha CXeMy MeXa-
HU3Ma TaK, YTOOBI MOJIOC TJIaHA COBMAJ C IIEHTPOM BpalICHHUS Kyladka
(puc. 4.12). Toraa Bexktop pK; coBmaneT ¢ paguyc-Bektopom O;K, BekTop
OTHOCHUTENIbHOU CKOpOCTH KiKy pacmonoxuTcst BAOIb HOpMak N-N, mpoBe-
JICHHO# Yepe3 KOHTAKTHYIO TOUYKY, a BeKTop PK, Oyaer mapasienacH oTpes-
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Ky O,K tonkarens. B nepeceuennn Bekropa KK, ¢ orpeskom O;0, orme-
TUM TOCKY P.

AL T T
M ( i ) P -

L wkzkiﬂZTT

= W - _ ]
Moo= M@ wkszkz L OZK
Puc. 4.12

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

pk, _OP
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 CIEAYyIOIICe
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
O;P u O,P: ecnu oHM HampaBiieHbl B IPOTUBOMNOJIOKHBIE CTOPOHBI (KaK Ha
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puc. 4.13), To nepegaToOYHOE OTHOIIEHUE OTPULIATENLHO, YTO CBUJIETEIbCT-
BYEeT O TOM, YTO B JIAHHOW MO3UIIMK KYJA4YKOBOTO MEXaHHW3Ma, KyJayoK U
TOJIKaTeh BPAIIAIOTCS B MIPOTUBOTIOJIOKHBIX HampaBieHUsIX. Eciu ke oT-
pe3ku O;P u O,P HanpasieHsl B 0JJHy CTOPOHY, TO €CTh, TOUKa P HaxoauT-
csi BHe oTpeska O;0,, TO mepegaToyHoe OTHOLIECHUE MOJIOKHUTENIBHO, 3HAa-
YHUT TOJIKATEIIh TIOBOPAYUBACTCS B TY )K€ CTOPOHY, UYTO M KYJIadOK.

Puc. 4.13

Bennuuny yriioBoii CKOpOCTH ToJIKaTesl HailieM u3 (4.16):
O,P
w P, =—0 1
O,P

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

VYcnoBus nepenaun IBMKEHUS OT KyJladka K TOJIKATENIO 3aBHUCST OT
CWJIOBBIX COOTHOILEHUI, @ UMEHHO, OT COOTHOILIECHHS MEXKy BEJIMYNHAMHU
CHJIbI CTIOCOOCTBYIOIIEH NBUKEHHUIO TOJKATEN U CHIIbI, MPENSITCTBYIOLIEH
TOMY ABMXKEHUI0. PaccMoTpuM 31O nmoapooOHee.

CornacHo Teopuu BBICIIEN KUHEMAaTHUYECKOM IMAphI, CHJIA, C KOTOPOU
KyJauoK JIEUCTBYET Ha TOJIKATENb, HAMpPaBJIEHA BIOJIb HOPMaJIU K MpOdu-
o kynadka (cuna R Ha puc. 4.14). Paznoxxum 3Ty CHily Ha JIB€ COCTaB-
asromye: cuity Q, HampaBJIEHHYIO BIOJIb IBMXKEHMS TOJIKaTess, u cuity T
MEePIEeHIUKYISIPHYIO 3TOMY ABU)eHUI0. Cuna Q crnocoOCTBYET IBHXEHUIO
TOJIKATEJsI, TAK KaK HaIlpaBjeHa BJIOJb €ro HampaBJSIIONIMX, a cuia T mpe-
ISATCTBYET 3TOMY ABUKEHUIO, TAK KaK CTPEMUTCS IIEPEKOCUTD TOJKATEIb B
HaITPaBJISIOIMX U YBEIUYUBAET TPEHUE TP €r0 JIBMXKEHUH. 3HAYUT, yCIIO-
BUE Mepelayll CHIIbl 3aBUCUT OT cOOoTHoueHus BenuuuH cun Q u T. Ilpu
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pa60Te KYJIaQ4YKOBOT'O MCXaHN3Mad 3TO COOTHOIMCHNC MCHACTCA, TAK KaK Ha-
KJIOH HOpMaJIM N-N K HaIIpaBJICHUIO ABMKCHU S TOJKATCIS U3MECHSICTCS OT

T

T

< g

I

Puc. 4.14

HYJIA Ha ydacTKaxX JaJIbHETO U OJMXKHEro CTOSHUS (B 3THX ciiydasx cuia T
OTCYTCTBYET) 10 HEKOTOPON KOHEYHON BEIMYMHBI. M3 MpUBEACHHOTO 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 rpeuecKoil OYKBOM y: 3TO OCTPBIA Yyroy MEXAy KacaTeabHOU
K pouiit0 Kynayka ¥ JTUHUEH JIBM)KCHHUS KOHTAKTHOW TOYKH TOJIKATEJIS
(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.

IIpu paboTe KyJIauKOBOTO MEXaHH3Ma 3T0 yrox mensercs ot 90° Ha
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 OynieT paboTaTh Jydlle, y KOTOPOro MUHUMAaJIbHBINA YTOJ Mepeadyn
JBUKEHUS OOJIbIIIE.

C 3TO#1 TOUYKH 3pEHUS CIIENYET CPAaBHUBATh Pa3HbIEC KyJIauKOBBIE Me-
XaHU3MbI, 00€eCTIeUnBaIONINE OANH U TOT K€ XapaKTep JABMKCHHS 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.
PasHnma 3Tux KyJadykoOBBIX MEXAHU3MOB COCTOMT TOJBKO B pasmepax Ky-
JAYKa, TO €CTh, B pa3Mepe OKPYKHOCTM MUHHUMAJIBHOTO pajuyca Iyip. 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 PaANyChl 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 OTHOCUTEIBHO
TOJKaTeNss OAMHAKOBBI. C MaslbiM KyJIa4KOM TOJIKaTelb KOHTAKTUPYET B
touke K’, a ¢ 6ompmmm — B Touke K”. YUepe3 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 Oounbllie, 4eMm A Majoro. B oOmiem ciydae
MO’KHO 3aIiCcaTh:

eCIu M min > M min , TO Y > 7.

OTcroma MOXKHO cJielaTh BBIBOJA: MPHU MPOYUX DPABHBIX YCIOBUSX,
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 ABWKECHUS Ymin , KOTOPBIE MPUBOMASTCS B
CIIPAaBOYHOU JUTEpAType AJISl PAa3IMUHBIX TUIIOB KYJIAYKOBBIX MEXaHU3MOB.
B taGnuie 4.1 npuBeneHbl HEKOTOPHIE U3 ATUX 3HAUCHHI.

§4.6. IIpoekTUpOoBaHHE KYJAYKOBBIX MEXAHU3MOB

B npeapiaymieii gekuuu ObUTO MOKAa3aHO, YTO TabapuThl KyJauyKOBO-
ro MEXaHu3Ma, ONpPEAEseMble BEIMYMHON MHHUMAIBHOIO 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 3HAYEHUSM MHUHHUMAJIbHO JIOMYCTUMBIX YIJIOB MEpeaayu
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 TOJKAaTelasl B ATOW MO3ULHMHA. DTOT YroJl MEHSETCS IO MeEpe
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BpalleHusl Kynayka. YToObl MOTYYUTh KOMIIAKTHYIO KApTUHY M3MEHEHHUS
ATUX YIJIOB U CBA3aTh UX C MUHHUMAJIBHBIM PaJNyCOM KyJIa4Ka BBIIIOJHUM
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 no3unuii. Jnsg onHol u3 no3unuii (Ha puc. 4.16 — s
YETBEPTOI) MOCTPOUM IJIaH CKOPOCTEH B MacmrTabe |y = [l | ®;, KaK 3TO
ObLIO TIOKa3aHo B §4.4: BekTOp cKOpocTh PK; KOHTAaKTHOM TOYKH KyJIayka
PaBEH U NEPIECHAUKYJSIPEH paanyCc-BEKTOpPY TOYKH Ky, BEKTOp OTHOCH-
TenpHON cropocT KK, mapasneneH kacarenbHOW K MPOQWIIO Kyladka,
IIPOBEJICHHON Yepe3 KOHTAKTHYI0 ToukKy Ky, a BekTop abCcomoTHON CKOpo-
CTH ToJIKaTess pk, mapanieneH HalpaBJICHUIO ABUKEHUS TOJKATENS BJIOJb
HaIlpaBJLIOIIMX, B paccMaTpUBAaeMOM Cily4ae — IApajUIeieH paauyc-
BEKTOPY TOUKH Kj.

Teneps MOBEpHEM ILIaH CKOPOCTEN Ha 90° B HAIpaBJICHUHU BPALEHUS
KyJlauKa U 3aT€M COBMECTHM €ro CO CXEMOW MEXaHH3Ma TaK, YTOOBI MOJIIOC
TIUIaHa coBIaJl ¢ KOHTakTHOM Toukoi Ky. Torma BexTop pK; coBmazer ¢ pa-
auyc-BekTopoM ToukH Ky, Bektop KiK, Oymer napaieneH HopManu K mpo-
(w0, TPOBEICHHOW Yepe3 KOHTAKTHYIO TOUYKY, a BeKTOp pK, mepreHmu-
KYJISIPEH K HAIPaBJICHUIO JBHKEHUS ToOJIKaTelsd. I ynponieHus yeprexa
Touka K; He 0o003Ha4YeHa, 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/IBapUTEIb-
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 pK, pacmosiararoTcss TOPU30HTAIBHO M 0003HAuYeHbI IHdpaMu
COOTBETCTBYIOIIMUX MNMO3ULMKA Tonkarens. IloBepHyThle BEKTOpPBI OTHOCH-
TENBHBIX CKOpocTel KiK, COeIMHSIOT IIEHTp BpaIeHUs Kyauyka ¢ KOHI[aMU
MOBEPHYTHIX BEKTOPOB aOCOIIOTHBIX CKOPOCTEN TOJIKATeNsl, 0003HAUEHHBIX
udpamu.

CoriacHO OIpeeNeHNIO, 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, BBHIMIOJHEHHBIE B MacuITade L, =
L ®, 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 3aBUCHMOCTHU
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) HarpaByieHHe 00xoa rpaduka S(V) NpOTUBOIMOIOKHO HAlpaBIie-
HUIO BpAIlEHUs KyJlauKa;

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 HA00OOPOT, €CIM KyJIayOK BpallaeTcsl 0 4acOBOM CTpPEIKH, TO
aeBas yacThb rpaduka S(V) cooTBeTcTBYeT (ha3e BO3BpAICHHS TOJIKATENs, a
npaBas — paze yjaajaeHus;

r) KacatenbHble K Tpaduky S(V), npoBeIeHHbIE 110 MUHUMAJIbHBIMU
yriaamu y Ha ¢a3ax yJalleHus W BO3BpAIlEHUs, TIEPECEKyTCs B IICHTPE OK-
PYXHOCTH MUHUMAJIBHOTO paauyca KyJlayka.

I'padux S(V) moctpoen Ha puc. 4.16 B pe3ysbTaTe aHaIU3a CYIIECT-
BYIOIIETO KYJauKOBOIo MexXaHu3Mma. YToObl UCIOJIb30BaTh MOIOOHBIN Ipa-
¢uK mpu NMPOEKTHUPOBAHMHM KYJIAaYKOBOTO MEXaHHM3Ma JUIsl OINpeaesieHUs
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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 €cTh, \L| =L y. [Ipu paBeHCTBE Mac-
mTab0B yKa3aHHBIA TpaduK CTPOUTCS MPSMBIM TMEPEHOCOM COOTBETCT-
BYIOIIIUX OTPE3KOB U3 JAMarpaMM MEPEeMEIICHUS U aHAJIOTOB 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 3@4aHBI IPU TPOSKTUPOBAHUU WJIM BBIOPAHBI KOHCTPYKTOPOM M3 CIIpa-
BOYHOW JIUTEpaTypbl. BeMWUuHBI 3THUX YTJIOB MOTYT OBITh pa3IuYHBI HA
ydJacTKax yaaneHus u Bo3Bpamienus. K rpaduky S(V) npoBoxstces nBe Ka-
caTeJbHbIE, HAKJIOHEHHBIE K OCH a0CHMCC 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 IIECHTPE OKPY>KHOCTH MUHUMAIBHOTO
paauyca kymauka. OgHAKO MPAKTHUECKH, JJI UCKIIOUEHUS MPEeTbHBIX
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 MUHUMAJIBHOTO pajandyca, TEM JIYYIe YCIOBHS
paboTHl KyJIa4YKOBOI'O MEXaHM3Ma, HO TeM OoJibllle OyJeT 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 PAIAYCOM 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), eciiu MexaHH3M HELEHTPaIbHbIHN, TO IIEHTp Kyjau-
Ka CMEIIIEH OT 3TOM OCH Ha BEIMYMHY 3a/IaHHOTO dKCIeHTpucutera. Eciu
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
MIPOUCXOJINT TIepeaada CHIIbI 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, €cTb CMBICT NEPEMECTUTD

IEHTpP KyJlayKa BJIEBO OT OCU OpAMHAT rpaduka.
1 S, L /{’LS k S’ A

1 6 V,.u
2 Hy=Hg
L\ V,.u
Hy=Hg
—~
12 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 TTOCTYIATEIBHO IBIKYIIUMCS TOJIKATEIeM. METOIbI
OTIpEJICIICHUSI MUHUMAJIBHOTO pajgdyca KyJladka I KyJTadKOBBIX MeXa-
HU3MOB C IIJIOCKUM TOJIKATEJIEM U Ka4aroIIMMCS TOJIKATEIEM PAaCCMOTPEHBI
B[2]u[l7].

OnpenenuB paMep OKPY>KHOCTH MHUHHUMAJILHOTO pajnyca, Mbl Ha-
U npoQwib KyJladyka Ha ydacTKe ONMMKHEero ctostHus Toikarens. Cre-
JTYIOIIMI 3Tal MPOEKTUPOBAHUSI — ITO ompenencHue GopMmbl Kyradka 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 JTAHHBIMU U1l TPOdu-
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JIMPOBAHMA ABJEIOTCA JUAarpaMMa HNEPEeMCEIICHUS TOJIKATCIIA U OKPYKHOCTD
MUHUMAJIBHOT'O paJnyCa KyJIadyKa.

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 Ly H300paxaem
OKPYXHOCTh MUHUMAJIBHOTO paaunyca Inmi, (puc. 4.18). M3 npou3BoiabHOTO
noJsioxkeHus (Ha puc. 4.18 — ropu30HTAIBHOTO0) OTKJIA/IbIBaeM (ha30BbIC YT-
1Bl YAQICHUS ¢ y, JAIBHETO CTOSIHUA () ; U BO3BPAILEHHS ( , B HAIpaBJe-
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 nosiydeHHBIX JIydaX OT OKPYKHOCTH MUHUMAJIbLHOTO
paauyca OTKJIAIbIBAEM COOTBETCTBYIOIIME OTPE3KU M3 JAMArpamMMbl mepe-
MELIEHUH. DTO JEWCTBHE CIPABEVIMBO TOJBKO MPHU YCIOBUU PABEHCTBA
MAacIITaboB s — JUarpaMMbl MIEPEMEIICHUN 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



104

y4acTKax JaJIbHEro U OJMXKHErO CTOSIHUM — 3TO OyAYT AYTH OKPYKHOCTEH)
MOJIYYMM TEOpPETHYECKUM NMpoduiib Kynauka, WM TPAEKTOPHUIO LIEHTPa PoO-
JIMKa TOJIKAaTelNs B OOpallleHHOM JBM)XEHHH. Tenepb Ha 3TOM TpaeKTOpUU
ClIelyeT U300pa3suTh OKPYKHOCTH C PaJilyCOM POJIUKA I,. JleliCTBUTENbHBIN
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:

Vp = (0,2 + 0,4)I”m

2. Papguyc ponmka fofkeH ObITh MEHBIIE MUHUMAJIBLHOTO pajguyca
KPUBHU3HBI PODUIIS:

in

Yo < Pmin
HeyueT BTOpOro yciaoBHsl MOXKET MIPUBECTH K 3a0CTPEHUIO JICHCTBU-
TeabHOro npoduiis Kymadka (puc. 4.19a), U Takoi KyJadoK CTaHET Hepa-
00TOCIIOCOOHBIM, WM K TOMY, YTO TOJIKAaTeldb HE OyAET OTCIEKUBATH €ro
npoduas (puc. 4.196), yTo npuBEAET K UCKAKCHUIO XapaKTepa JBHKCHUS
ToJIKaTensl. MeTouKa OmpeesieHnss MUHUMAJIbHOTO paJnyca KPUBHU3HBI
npoduiis Kynadka onucana B [2].

[locnenoBaTeIbHOCTh NPOCKTUPOBAHUS

HOCHC}IOB&T@HBHOCTB IMPOCKTUPOBAHHA KYJIAYKOBOI'0O MCXaHMU3Ma 3a-
BHCHUT OT 3a/laHH HAa IIPOCKTUPOBAHHC. n 3A€Ch BOSMOJKHEI JIBa BapHUaHTa.
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1. Xapakrep ABMXKEHUS TOJKATENs 3aJaH. [aKkOW Ciaydaul MOXKET
MMETh MECTO MPU MPOECKTUPOBAHUHU KYJIAUKOBBIX MEXAHU3MOB KYJAUYKOBBIX
MalIuH-aBToMaToB. Paboune opranbl Takux MallvH MPUBOJISTCS B JIBUXKE-
HUE€ KyJJAaYKOBBIMU MeXaHu3Mamu. Hanmpumep, B TOKapHOM aBTOMAaTe IMpo-
J0JIbHO-(aCOHHOTO TOYEHHUSI HEOOXOAUMO OOECIEYUTh PABHOMEPHOE JBU-
YKEHHE CYIIIOPTOB ¢ pe3namu. [Ipu mpoeKTUpOBaHUHN MEXAaHU3MOB CHUCTEM
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
JBH>KEHUSI pa0d0YMX WJIM BCLIOMOTATENbHBIX OPTaHOB MAIIIUH, TPUBOAUMBIX
OT TOJIKATENsl, HE UMeET 3HaueHus. Hampumep, npu OTKpbIBaHUHU KJIAlIaHOB
KOMIIPECCOPOB WJIA JIBUTATENIE BHYTPEHHETO CrOpaHus, MPU OTBOJE JI0JI-
Osika OT 3aroTOBKU 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;

- (ha30BBI€ YIJIBI KYJAYKOBOTO MEXaHU3Ma B Ipaj;

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

- XapakTep ABUXKEHUS TOJIKATENs, 3aJJaHHbIi aHAJTUTUYECKU B BHUJIC
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. TlpoBenenue k mojydeHHOMY TpaduKy ABYX KacaTeIbHbBIX, Ha-
KJIOHCHHBIX K OCH a0CIMCC MOJ] MUHUMAJILHO JIOMyCTUMBIMU YTJIaMU Mepe-
Jlayul JBUKEHUS, JJIs OTIPEICTICHUS 30HbI PACTIOJIOKEHUS LIEHTPA KyJlauka U
HaX0XJICHUSI €0 MUHUMAJIBHOTO paJiInyca.

5. [IpodunupoBanue Kynadka.

XapakTep ABUKEHUS TOJIKATENS HE 3a/1aH.
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B 3TOM ciiydyae KOHCTPYKTOp caM BBIOMpAaeT XapakTep IBUKCHHS
TOJIKATENS, PYKOBOACTBYSICh JMHAMUYECKUMHU COOOPAKEHUSIMU: HAJIUYME
WIM OTCYTCTBHE JKECTKUX U MATKUX YIapOB, 3aKOH U3MEHEHUSl YCKOPEHUS.
[ToaTomMy, B UCXOAHBIX JaHHBIX OyAET 3aJlaH HE XapakTep ABUKEHUS TOJ-
Karessl, a XapakTep M3MEHEHHUsl €ro yCKOpeHus B mpoiecce padoTsl. Oc-
TaJIbHBIE UCXO/IHbIE JAHHBIE TAaKHUE K€, KaK U B IPEJbIAYILIEM CIydae.

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 IPEABLIYLIEM CIIydae.

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. 3amMbIKaHUE KYJIAaUKOBOTO MEXaHHU3Ma — 00ECIEYEHHE MOCTOSHCT-
Ba KOHTAKTa MEX/y TOJKATEJIEM U KyJIauKOM.

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. MeTtos1 00paIlieHHOTO JABMKEHHSI — 3TO METOJl, IPU KOTOPOM KY-
JA4OK OCTaHABIIMBAETCA, a TOJKATENI0 BMECTE C €0 HAINPABISIOIIUMH CO-
oOIITaeTCs yriaoBasi CKOPOCTh - (.

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

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

9. Msarkuil yaap — sIBJI€HUE CKauKa YCKOPEHHS TOJKATEJsl Ha KOHEY-
HYIO BEJIUYHHY.

10. Yron nepenauu IBUKEHHS] — 3TO OCTPBIN yroJl MEXKIy KacaTellb-
HOM K MpOo(UIIIO Kyjlauka B KOHTAKTHOW TOYKE U HANpaBJICHUEM JBIKECHUS
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.
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13. IIpodunupoBanue Kynauka — MOCTPOCHUE MPOGUIS KyJadka 1o
IyarpaMMe JIBMDKEHHsSI TOJIKATeNsl IPH U3BECTHOM MHUHHUMAJIBHOM 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 00palIEeHHOrO IBHXKCHHUS?

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 3akimouaercs rpaduueckoe nuddepeHnupoBaHue KuHe-
MAaTHYECKUX AUArpPaMM KYJIaYKOBBIX MEXaHU3MOB?

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

13. YUem xapakTepu3yIOTCS JKECTKUE M MSTKHE yaapbl Tpu padote
KYJIa4KOBBIX 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 mnociea0BaTEIbHOCTh MPOEKTHUPOBAHUS KYJIAYKOBOTO
MEXaHU3Ma [IPU 33JJaHHOM XapaKTepe ABUKEHUS TOJKATEIIS?
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I'naBa S. 3y0uarTbie MeXaHU3MBbI

3yOuaTble MEXaHU3MBbI SIBISIOTCS HamOoJee ymoTpeOUTEIbHBIMU 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-pPEEUHOI0 MeXaHu3Ma sBIIsIeTCs 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 OCSIMHM HEKOTOPBIX KoJjec. B MexaHusmax
NIEPBOT0 BUAA OCH KOJIEC HEMOJIBUKHBI OTHOCUTEIIBHO CTOMKH: PEAYKTOPHI
MOJBEMHBIX KPaHOB, KOPOOKHU Iepeiady aBTOMOOMIIEH, KOPOOKH CKOpPOCTEM
METAJIOPEXKYIINX CTAHKOB U T.A. B 3yOuaThiX MexaHHW3Max BTOpPOTO 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
KMHEMAaTHYECKHUX CXeMaX MAIlMH TaKyl Tepeaady 4acTo M300pakaioT B
BUJIE MIPSMOYTOJLHUKOB, KaK TO MOKa3aHo Ha puc. 5.16. Kpectuku BHyTpH
NPSIMOYTOJIBHUKOB 3yOUaThIX KoJieC 0003HAYalOT UX JKECTKOE KpEIUICHHE
Ha Bajax. PaznuyaroT HMIMHApPUYECKHE Mepefadd MpsiMo3yOble, KOCOo3Y-
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Oble M C IIEBPOHHBIMU 3yObsIMH. 3yObsl MPsAMO3yObIX KOJEC MapajlieiabHbI
UX 0CsAM, 3yObsl KOCO3yObIX KOJIEC pacIojararoTcs M0 BUHTOBBIM JIMHUSAM
Ha IWJIMHIpax. YTOJ HaKJIoOHa 3yObeB K ocu koyeca 3 = (10 + 15)0 (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
TaKHle 3yOuaTbie KoJeca CIOXKHbI B U3TOTOBICHHUH, IO3TOMY 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
nepenauamu. Cxema KOHMUECKOH Ieperayu npuBesieHa Ha puc. S.1r. Yron
HepeceyeHus 0ceil KoJIeC MOKET ObITh JIIOOBIM, HO B OOJIBIIIMHCTBE CIy4acB

_T7 [ N[ 17
o \716 ] 6
0
=7 | |
2 2 2

s
o
s

Puc. 5.1

ATOT Yroj paBeH 90°. Konuueckyro mepenauy 4acTo u300pa’karoT B BHUJIEC
YCEUEHHBIX KOHYCOB, KaK 3TO MOKa3aHo Ha puc. 5.1x. Tak ke, Kak U B mpe-
JBIIYIIEM Clly4ae, KPECTUKUA O3HAuYaloT JKECTKOE KPEIUICHHE KOJIEC Ha Ba-
nax. Cpeay KOHMYECKHX Tepeliad pa3inyaroT IpsiMo3yOble, KOco3yOble U
nepesadn ¢ KpyroBbIMU 3yObsiMU. 3yObsi MPSMO3YOBIX KOJIEC pacroJiara-
I0TCS BJIOJIb OOpa3yloOIIMX YCEUYEHHBIX KOHYCOB, KOCO3yObIX — MO BHHTO-
BbIM JIMHHMSIM Ha KOHYCaX, a KpyroBble 3yObsi B IUIaHE OYEPUYEHBI MO OK-
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PY>KHOCTSIM (ZI7Is1 YIIPOIIIEHUSI TEXTPOIECCa, TaKue 3yObsi 00pa3yroTCs Kpy-
TOBBIM PEXYITUM HHCTPYMEHTOM).

[lepenayn ¢ mepPeKPEIMBAIOITUMUCS OCIMHU KOJIEC.

3yObsl KoOJieC TaKMX Mepeaad pacnojiaraloTcs 1o oOpasyrolluM THd-
nepOoonioB BpamieHus. ['umnepOomon BpaimieHUsT 00pa3yeTcsi ClIeayro-
M obpazom. Ecim k ocu, Haxonasmeics B Mo IIMIHAKAxX (puc. 5.2a) xe-
CTKO MPHUKPETHTh PEHKY, PACIOIOKEHHYIO B JPYTrod IUIOCKOCTH, U TPH-
BECTH ATy KECTKYIO CUCTEMY BO BPAIIICHUE BOKPYT OCH, TO PEiika OCTaBUT
B MPOCTPAHCTBE CJeJ, SBIAIOIMUNCS runepOononaom Bpamienus. He cmoT-
psl HA TO, YTO TUIIEPOOJIONT BPAIIEHUS — 3TO MOBEPXHOCTh JTBOWHON KpHU-
BU3HBI, OH 00pa30BaH MPH MOMOIIM NpsMoi auHUU. [loaTomy, ecinu K TH-
nepOoJIon Ty BpaIleHUsI B ONIPEICTICHHOM TOJIOKEHUHU TTPUIIOKUTE MPSIMYIO
JUHEWKY, TO OHa JISHKET Ha €ro MOBEPXHOCTh 0e3 3a30pa. Baois aTux mpsi-
MBbIX, 00pa3yIoluX TUIEPOOJIONa, U pacrnojiaratorcs 3yobs kojec. Coot-
BETCTBEHHO, TAaKUE MEpeAadn Ha3bIBAIOTCS TUIEPOOTIONTHBIMHU.

Puc. 5.2

Jlis oOpa3oBaHus 3y0UaThIX KOJEC MCIOJB3YETCSl HE BECh THIepOo-
JouJ, a ero oraenbHble yacTu. Ecnu [1s 3yOuaThix Kojiec B3siTa CpeaHss
4yacTh TunepOosonIa BpamieHus (¢ Ha puc. 5.2a), To Takue koJjieca 0opasy-
I0T BUHTOBYIO mepenauy (puc. 5.26). OObIyHO, B TakoW mepemave yroi
CKpeniBaHus BajoB paBeH 907, a 3yObs pacrojoKeHbl Ha BUHTOBBIX JIU-
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HUSIX, IO nobemMa Kotopbix — 45°. C Bumy 5Ti Koseca mojo0HbI KOCO3y-
OBIM IUIUHAPUIECKUM, HO ¢ OONBIIUM YTJIOM HakiIoHa 3yOneB. KpuBu3Ha
rurnepooJIONIHON TOBEPXHOCTH Ha MaJIOW IIMPUHE KoJieca He 3aMETHA.

Ecnu i1 3y04UaThix Kosiec B3sTa KpalHsA 4acTh runepooonaa (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-
Barus paseH 90°. C BuIy KoJeca THIIOMIHBIX Tepeqad MOZOOHBI 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 mepenadyam ¢ mepekpeniuBaroIMMHICS OCSIMH KOJIEC OTHOCHUTCS 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
NepeJaTOYHOE OTHOILEHUE, HO €€ HCII0JIb30BAHME MPHU OOJIBLIIMX 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 KMHEMaTuka 3y04aThIX Mmepeniad 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 BpauieHus kosec O; u O,.

[Ipsimasi, mpoBeeHHAsI Yepe3 LIEHTPhl BpPaIlEHUs KOJIEC, HA3bIBACTCS
auHAEW 1eHTpoB. COryIaCHO TEOPUM BBICHIEH KWMHEMATUYECKOW Iaphl, de-
pe3 Touky kKoHTakTa K M0oHO mpoBecTH 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 HopMaiu 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 u ux HanpasneHue. st cxeMbl Ha puc. 5.3 3Tn
OTPE3KH HamNpaBJIEHbl MPOTHUBOMNOJIOKHO. CleqoBaTEIbHO, OTHOIIEHUE UX
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-
JaTOYHOE OTHOLIEHUE B MpOLlecce Nepedadyu ABUKEHUs. s 3Toro uzo-
Opa3uM elre 0aHO MOJIoKEHHE 3y0UaThIX KoJiec (3BeHbeB 1 u 2) (puc. 5.4).

B nmnporecce mnepemaun JABMKEHHS KOHTAKTHPYIOUIUE MPOPUIH
CKOJIB3SIT APYT MO APYTY U KOHTAKTHAsI TOUKA MMEPEMENIAETCS MO0 KAKOW-TO
JVHUM. ['eOMeTprUUYECcKUid ciie]l KOHTAKTHOM TOYKH HA3bIBAETCS JIMHHUEH 3a-
uerieHus (puc. 5.4).

B nepBoii no3unun HopMasib N’-N°, TPpOBEAEHHAs Yepe3 KOHTAKTHYIO
touky K’, mepecekaer JIMHUIO LIEHTPOB B mojtoce P’, 3HauuT, nepenaroy-
HOE OTHOIIICHHE:

' O,P
“ = op
1
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Bo BTOpo#l mo3uumu HOopMaslb N”-N”, MPOBEAECHHAs Yepe3 KOHTAKT-
Hyt0 Touky K”, mepeceuer nuHMIO LEHTPOB B noJiroce P, KOTopblid, B pac-
CMaTpUBaEMOM cllyyae, He coBmajaer ¢ noitocom P’°. [lepemarouHoe oT-
HOIIIEHHE BO BTOPOU MO3UIINH:

" "
_O,P
U, = 70—}),,
1
N3 puc. 5.4 BUIHO, YTO OTHOIIIEHHWE OTPE3KOB B MEPBOM MO3ZUIIMHU U

BO BTOPOH pa3iWYHO, CIICAOBATEIBHO:
4 "

Ujy #Uj)

AUHUSA FA0YENLEHUS

Puc. 5.4

Otcroza ciaeayer MpocTOi BBIBOJ: €CJIM YIVIOBAasl CKOPOCTh MEPBOIO
3yOuyaToro Koseca MOCTOsIHHA, TO €CTh, OHO BpaIlaeTCs paBHOMEPHO, TO, B
paccMaTpuBaeMOM Cilydae, yriioBas CKOPOCTh BTOPOro Kosieca OyAeT He-
MOCTOSTHHOM, TO €CTh, OHO OYyJIeT BpalllaThCsl HEPABHOMEPHO.

Opnnaxko, 17151 OOJNBIIMHCTBA CITy4aeB, ATO SBISACTCS HETIPUEMIIEMBIM.
B mammHax cienyeTr UCchoiib30BaTh 3yOUaThle MEXaHU3MBI, 00€CIeurnBalo-
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 MOJIOKEHHUS HA JTUHUU IIEHTPOB.

TakoMy TpeOOBaHHIO OTBEUYalOT MPOGUIN 3yObEB, OUEPUCHHBIC IO
HEKOTOPBIM KpPHUBBIM, HanOoJiee yHNOTPEOUTEIbHOM U3 KOTOPBIX SIBIISIETCS
HBOJIbBEHTA OKPYKHOCTU. boJiee IByXCOT JIeT TOMy Hazajl 3Ty KPUBYIO IS
npoduinpoBaHus 3yObeB MPEIIOKUIT UCTIOIb30BATh PYCCKUN YUEHBIN He-
MELKOT0 MPOUCXOXKAeHUsT Ditniep. M ¢ Tex mop 3BOJBBEHTHBIA MPOQPUIIH
3yObEB C YCIIEXOM HCIOJIb3YETCS B MOJABIISIONIEM OOJBIIIMHCTBE 3y0UaThIX
MEXaHHU3MOB MAIlIMH BO BCEM MUpE.

IIpouzbogsswast
NPSTLAST

Ipabast
aboavbernma

Jebasg
26o0ivberma

OcrHobros
OKPYICHOCTMYL

Puc. 5.5

O6pa3oBaHuE ABOJILBEHTHI MOXKHO MPEJICTABUThH CICAYIOIMIUM 00pa-
3oM. Ha G6apaban (puc. 5.5) HaMOTaHa HUTH B HAIIPaBJICHUM JIBHXKCHUS Ya-
COBOM CTpeJIKU. bynem pa3MmaTheiBaTh 3Ty HUTh, COXPAHSSA €€ HATSKECHHUE.
Konen HUTH ONUCHIBAET KPUBYIO, SIBIISIIOILYIOCS 3BOJIBBEHTOM.

Bo3moskeH ipyroii crnoco0: npu nepekaTbIBAHUM MPSIMOM IO OKPY K-
HOCTH TOYKa 3TOM MPSIMOW OIUCBHIBAET 3BOJILBEHTY. [Ipsmass Ha3biBaeTcs
MMPOU3BOIAIIECH MPSMOM, a OKPYKHOCTH — OCHOBHOM OKPYKHOCTBIO. Ilo-
ATOMY, MOXKHO CKa3aTh: HBOJIbBEHTA 00pa3yeTcs MpH MepPEeKaTbIBAHUU 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. Hopmans K 3BOJBBEHTE SABISAETCA KAacaTEJIbHOM K OCHOBHOW OK-
PYKHOCTH.

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. 'eomeTprueckue mapamMeTpbl 3B0JILBEHTHOIO
HYJIEBOI0 3y04aToro KoJieca

YToO6BI NOIYyYUTH 3BOJIBBEHTHOE 3y0UaToe KOJIECO, TO €CTh, 3y0UyaToe
Kojieco, npoduiau 3yObeB KOTOPOTO OYEPUEHBbI IO 3BOJBBEHTAM, HaJA0
LEHTP OCHOBHOM OKPYKHOCTH, OT KOTOPOH M 00pa3yeTcsi 3BOJIbBEHTA, I10-
MECTUTh B IIEHTp 3yOuaToro kojeca. HauOoibliee pacnpocTpaHeHue B
TEXHUKE MMEIOT, TaK Ha3blBa€Mbl€, 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 HOPMaabHOTO (HYJIEBOTO)
KoJeca.

K nelicTBUTENBHBIM MapamMeTpaM 3y0uaToro Kojeca OTHOCATCA Clie-
JyIOIMe: 4YUCIO 3yObeB Z, OOKOBBIE CTOPOHBI KOTOPBIX OYEPUYEHBI IO
IBOJILBEHTAM; PAJNYC OKPYXHOCTH BEPLIMH [,; paAHyC OKPYKHOCTU BIa-
nuH I (puc. 5.6). OcrajbHbIe MapaMeTphl SBISIIOTCA pacyeTHbIMU. 3y0 110
BBICOTE YCJIOBHO JEIUTCS Ha JBE YaCTH — I'OJOBKY M HOXKY MPU MOMOIIU
JIETUTENIbHON OKPYXHOCTH ¢ paauycoMm I. BeicoTa 3y0a, TO ecTb, paccTos-
HHE MEXIY OKPYKHOCTSIMH BIAQJUH W BEPINUH, 00O3HA4aeTcs OykBoii h,
BBICOTA TOJIOBKH 3y0a — h,, BBICOTa HOXKKHU 3y0a — hy, mpruem, B COOTBETCT-
BUU CO CTaHAAPTOM,

hy =125h, 52)

Panuyc OoCHOBHOW OKpPY>KHOCTH, OT KOTOPOW 0Opa3yeTcsi 3BOJIbBEH-
Ta, Ih. 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, 8 Y OCHOBaHUs 3y0a 3BOJIb-
BEHTA IIJJABHO NEPEXOAMUT B OKPYKHOCTh BIAJUH IPHU MOMOLIM BCIIOMOTa-
TEJIbHOM KPUBOM, Ha3bIBAEMOU TaJITEIIbIO.

OnHMM M3 OCHOBHBIX MApaMeTpoB 3y0UaTOro Kojeca SIBISETCS Iuar
3yObEB MO JAECTUTEILHON OKPYKHOCTH P — 3TO PACCTOSIHUE, U3MEPEHHOE IO
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OKPYXHOCTH, MEXJTy OJTHOMMEHHBIMHU NPODUIIMH TBYX CMEKHBIX 3yObeB
(puc. 5.6). IlomoBuHY mIara 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 JIETUTEIPHOW W OCHOBHOW OKPY>KHOCTSIM, IPOBE-
JICHHBIMHU W3 OJTHOW TOUYKH JIETUTENHHOU OKpYy>KHOCTH. [lompoOHee o mpo-
duasHOM yrite oM. [2], [17]. s crangapTHBIX 3y6uateix konec o, = 20°,

Puc. 5.6.

W3 BhImIENEpeUnCICHHBIX MMapaMeTPOB HAI0 BBIOpATh OJIWH CTaH-
JTAPTHBINA, C KOTOPBIM ObUTH OBI CBSI3aHBI BCE OCTANIbHBIE. [Iprdem, 3TOT ma-
pamMeTp TOJDKEH OBITh TAaKUM, YTOOBI €r0 3HAYCHHUE OIPEACIISIIO BEIIMYUHY
3y0a. bosbIiie Bcero Mjist 3TOro MpUCIOCOOICH ImIar 3yObheB:

2y
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
3HaUIGHI/IC MOI[YJ'ISI CBsI3aHO 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 MOJLY/IEM M CTAHIAPTHBIM IPOGHIBHEIM yriioM o = 20°:
- paauyc JeIUTEIbHON OKPYKHOCTH, C yueToM (5.4):

mz (5.6)
r=— :
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:
rp = 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=7mTm (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. U3roroBjieHune 3y04aThIX KoJIeC.
HonoxuTenbHBIE U OTPUIIATEIBHBIE KOJIECA.
TexHonoru4ecKue OrpaHuYECHUA

CymiecTByeT JABa METOJ]a U3TOTOBJICHUS 3y0UaThIX KOJIEC: METOJ] KO-
MUPOBAHUS U METOJT OOKATKHU.
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MeTon KomMpoBaHMSI MpPEAIoNaraeT KonupoBaHue (HOpMbl UHCTPY-
MEHTa, MPU MOMOIIK KOTOPOTO BBIPE3AIOTCS BIAIWHBI MEXITY 3yObSMH B
3aroToBKe Koseca. B OONbIIMHCTBE Cllyd4aeB, STUMHU WHCTPYMEHTAMH SIB-
JSIOTCST MOYJIbHBIE AMCKOBBIE WM MajblieBbie Ppesbl (puc. 5.7). dpesbl
HA3bIBAIOTCS MOAYJIBHBIMH, TaK KaK Kaxkaas (pe3a MOKET BbIpe3aTh B 3a-
TOTOBKE KOJIeCa BIAJAUHY MEXAY 3yObsSIMU BIIOJIHE OMPEICTICHHOTO MOJTYJIS.
Opnako ¢gopma 3yObEB OJHOTO U TOTO K€ MOJIYJSI MOXET OBITh pa3HOM,
OHa 3aBUCHT OT YHCIa 3yObeB B KoJiece. JTO CIEAyeT U3 TOTO, YTO KPUBHU3-
Ha 3BOJIBBEHTHI 3aBHCHUT OT PaJNyca OCHOBHOW OKPYKHOCTH. COOTBETCT-
BEHHO pa3HOM sBNsieTCS U (opMa BHAIWHBI MEXKIY 3yObSIMU Pa3HOTO MO-
TyJsi. 3HaYUT, KOTUYECTBO (Ppe3 OAHOTO MOAYIS COOTBETCTBYET KOJTHUYECT-
BY 3y0YaThIX KOJIEC C PA3HBIM YHCIIOM 3yOhEB 3TOTO MOAYJIS U MOXKET OBITh
OYEHb BEJIHKO.

Jluckobast
AMOGYILH ST

Qpesza

Hoaavuebast
MOGYILHOAST

pPesza

UT0OBI yMEHBIIUTH KOJUYECTBO (hpe3, CleTyeT JAOMYCTUTh HEKOTO-
PYIO MOTPeIIHOCTh (hOpMBI 3y0a u oOpabaThIBaTh 3yOUaThie Koieca ¢ 0JIu3-
KUM 4duciioM 3yObeB (Hampumep, 20, 21 u 22) omHON MOIYyIBHOU (Ppe30il.
[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 M3TOTOBJICHUM 3yOUaThIX KOJEC JUTHEM M IUTAMIIOBKOM (Cellb-
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 ¢ TpamneneuaibHbIMU 3yObsIMH, OOKOBBIE CTOPOHBI
KOTOpBIX HAaKJIOHEHBI Ha 20° k ocu 3yOa. L{MJIMHIPUYECKYIO0 3arOTOBKY
3yOuaToro Kojeca U3 MITKOro MaTepuaia (M3 BOCKa, WM 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-
pasyromen npsMol JIMHUKM M0 OCHOBHOM OKpYKHOCTH. OJIHaKO peayibHas
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 U3 TBEPAOro MaTepuaia, a Ha ee npoduie Gpopmupy-
I0TCS PEXKYILHE KPOMKHU.

Ha puc. 5.8 noka3ana cranaapTHas peiika, HCIOoab3yeMas sl U3ro-
TOBJICHUSI 3BOJIBBEHTHBIX 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.

AUuHUSE bepuwun

p
c*m B S;' 2P AHUMHOST NPSTILOST
| -
\ N\ [\ [\
ANARAR
s \/ \
S—— \__/ \__/ -
ol
c*m

CPOHUMHAST NMPAUAST

AUHUST bnoagur

CPegHAL AUHUS PeuKuU

Puc. 5.8



120

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

['eomeTpruyeckue mapaMeTpbl cleAyromue. PaccTosHust Mexmy
CpPEIHEN JIMHWEM W TPAHUYHBIMM IPSAMBIMM PaBHbI MOIYJIO M. BbicoTa
raJiTesei, To eCTh, PACCTOSTHUE MEXKAY IPaHUYHBIMU MPSMBIMUA M JIMHUSIMH
BEpILMH, WM BIAJNH, HA3bIBACTCS PaTUaIbHBIM 3a30poM c*M, rae c* —
K03 GUIIUEHT paguanbHOro 3a3opa. HasBanue «paauanbHBIA 3a30p» CBsI-
3aHO C TE€M, YTO NpPU 3aLEIUICHUU 3y04aThiX KOJEC MEXAY BEpIIMHAMU
3yObEB OJJHOTO KOJIeCa M BIAJUHAMHM MEXIY 3yObsSMU JPYroro MMeeTcs
paauanbHBINA 3a30p; TAKOU K€ 3a30p €CTh U B 3allCIVIEHUU UHCTPYMEHTAIb-
HOW pEeWKH U 3aroTOBKH 3y04aToro Kojeca, B TaK Ha3bIBAEMOM CTaHOYHOM
zanerienuu. Illar 3yoseB p = m© m (puc. 5.8), Tonmunaa 3y6a peiiku S = 0,5
P, YroJI HaKkyIOHa CTOpOHbI 3y6a o = 20°.,

Paccmotpum cranouHoe 3auemienue. Ha puc. 5.9, B cpenneit ero
YacTH, MOKAa3aHO CTAHOYHOE 3alleTJICHUE UHCTPYMEHTAJIBHOU pEeWKH C HY-
JEeBBIM KoJiecOM. B 3TOM cilydae cpenHss JUHUS PEUKH KacaeTcs C JIeu-
TEIbHON OKPYHOCTBIO HApE3aeMoro 3youaroro kosneca. Ctpenkamu moka-
3aHO JBMKEHHE OOKATKH: peiika JBUKETCS ClIeBa HalpaBo, a 3ydyaroe Ko-
Jeco TIOBOPAYMBAETCS MPOTHB YACOBOW CTPEIKH BOKPYT HEMOJBHUKHOTO
1eHTpa. [[BmxeHne pe3aHusi, TO €CTh, BO3BPATHO-TIOCTyNATENbHbIE JBUKE-
HUS peiKU MEepIEeHANKYIISIPHO TIOCKOCTH YepTerka, MOKa3aHbl CHU3Y B BU-
JIe KpecTa ¥ TOYKH B OKPY)KHOCTSIX (XBOCTOBUK U OCTPHE CTPEIIHI).

Hano ckazaTh, uTO peiika HE cpa3y Bpe3aceTcsl B 3arOTOBKY Ha MOJI-
HYIO TTyOMHY, TO €CTh, OHA HE Cpa3y 3aHUMAET MOJIOKEHHE, TOKa3aHHOE Ha
puc. 5.9; peiika Bpe3aeTcsl MOCTENEHHO, MPU MOMOIIU, TaK Ha3bIBaEMOM,
panuanbHON nojaun. Mexay OKpy>KHOCTbIO BEpIIMH KoJyieca (OKPYKHOCTb
C JMaMETPOM 3arOTOBKH) U JIMHUEH BINAJUH PEHKU BCEraa OCTaeTcs paau-
aNbHBIN 3230p ¢*M (cM. puc. 5.8). IT0 3HAYUT, 4YTO OOKOBBIE CTOPOHBI 3y0a
peiiku (OpMUPYIOT SBOJIBBEHTHBIE YacTH 3y0a Kojeca, a BepIInHa 3y0a
KoJIeca — 3TO IMJIMHAPUYECKasi YacTh €ro 3aroToBku. YTo kacaercs BHaau-
HBI MKy 3yObsSIMU KOJieca, TO OHa MOJHOCThIO (POPMUPYETCS BEPIIMHAMU
3yObeB MHCTPYMEHTAIBLHON PEIKH.

Ecnu, nmpu HapezaHuu 3y0uaToro koseca, peika mnocie paguaibHON
M0JIaY¥ OCTAHOBUTCS B TIO3UIINH, KOTJA €€ CPEAHsS JTMHUS HE KacaeTcs Jie-
JUTENBHOU OKPYXHOCTH KoJieca (JieBast yacTh puc. 5.9), To npu oOKaTke
oOpa3zyeTcs MOJIOKHUTETBHOE KoJieco. B 3TOM ciyyae cpeaHsist TMHUS PEHKn
HaXOAWTCS Ha HEKOTOPOM PACCTOSHHUHM OT JIEIUTEIHLHOW OKPYXHOCTH, TO
eCTh Jaybllie OT LIEHTpa KoJjeca, YeM B CiIydae Hape3aHHs HyJIeBOIO KoJie-
ca. Y TOJOXUTENBHOTO KOJieca MOJYyJb, YUCIO 3yObeB U PaAUyC IENH-
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TEJILHOW OKPYXKHOCTH TaKHe K€, KaK W y HYJIEBOTO KoOJjeca, a pagryChl
BIIAJIMH, BEPIIMH U MPOQuIb 3y0a MOJOKUTEIHHOTO 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.
IHoromumeavHoe Hyaeboe OmpuvameasHoe

Koaeco Koaeco Koaeco

Puc. 5.9

Ecnu, mpu Hape3anuu 3y04yaToro koJieca, peika mnocjie paguaibHOM
MO/Ia4M OCTAaHOBUTCA B MO3UIMU, KOTJA €€ CPEIIHAS JTUHUS MePECEKaET Jie-
JUTENbHYIO OKPY>KHOCTh KoJieca (mpaBasi 4acTh puc. 5.9), To mpu oOKkaTke
oOpa3zyeTcsi oTpUIIaTeNIbHOE Koyieco. B aToM ciyuae cpenHsst TMHUS perdKu
HaXOAMUTCS Ha HEKOTOPOM PACCTOSHUU OT JAETUTENIbHOM OKPYXHOCTH, HO
OnmKe K LEHTPY Kojleca, YeM B clyyae Hape3aHHs HyJIeBOTO Koieca. Y OT-
pPHUILIATETFHOTO KOJIeca MOJYJIb, YUCIIO 3yObEeB U PaUyC NEIUTEIbHON OK-
PYXKXHOCTU TakHe e, KaKk M y HYJIEBOIO KoJjeca, a paJuycChl BIaJuH, Bep-
IMH ¥ Tpouiib 3y0a OTPULIATEIHLHOIO KOJIECAa OTIMYAIOTCS OT COOTBETCT-
BYIOIIMX NTapaMeTPOB HYJIEBOTO KoJjeca.

CwMmellieHre peidkH OT HYJIEBOTO MOJI0KEHUS (TO €CTh, OT MOJOKEHHUS,
KOI'/Ia €€ CPElIHsIsl IMHUSA KacaeTcsl IETUTENbHOW OKPYKHOCTH), B CTOPOHY
K LICHTPY KOJIeCca Ha3bIBAECTCS OTPULIATEIIbHBIM CMEIIEHUEM MHCTPYMEHTA
-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-

3Yy0 3y6
NOLOHCUIMEILHO20 0MPUU AN EILHO20
Koaeca Koieca

/ Hyaebozo
Koieca

cst OoJiee MOJIOTUH y4acTOK DBOJIbBEHTHI. Takoii 3y0 npodHee 3yda HyJIeBO-
ro Kojeca, IO3TOMY IMOJIOKUTEIbHBIE KOJIECA HUCMOIb3YIOTCS B TSAXKEIO Ha-
IpPY’>KEHHBIX CHJIOBBIX Mepenayax. 3y0 OTpHULIATEIbHOIO KOJIeca IO CpaBHE-
HUIO C 3yOOM HYJIEBOTO KOJIECa TOHbBIIIE Y OCHOBAHUS U TOJILE MPU BEPLIU-
He. Taxoit 3y0 cnabee HyJIeBOro, HO MOTPEIIHOCTH MPU U3TOTOBICHUM OT-
pHULIATEIBHOTO KOJieca MOTYT ObITh MEHbIIIE, TaK KaK MpU 00pa3oBaHUM 00-
KOBOTO Tpodusi 3y0a MCHOJIb3yeTCsl 0ojiee KPyTOM y4acTOK ABOJILBEHTHI.
OtpuiarenbHble Kojieca, Kak 0oJjiee TOYHbIE, YeM HYJIEBbIE, MOTYT UCIIOb-
3YIOTCSl B U3MEPHUTENbHBIX KHHEMAaTHYECKUX LEMNSIX MalIiH U B TPUOOpax.
Bennuunbsl k03 PUITMEHTOB CMEIIEHNUsS WHCTPYMEHTAILHON perKH
CTaHJIaPTU30BAaHbI U MPU HEOOXOJUMOCTH BBHIOMPAIOTCS U3 CIIPABOYHUKOB
WIM PACCUYUTHIBAIOTCS B 3aBUCUMOCTH OT 4Mcia 3yObeB Kojieca U YCIOBUMN
ero paboThl. 3/1eCh OTMETUM TOJIBKO HEKOTOphIE TEXHOJIOTHMYECKHE Orpa-
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HUYEHUS TIPU BBIOOpE KOI(PPUITMEHTOB CMEIIEHHUS, CBSI3aHHBIE C YMEHBIIIEe-
HUEM TOJIIMHBI 3y0a Y BEPIIUHBI MOJOKUTEIBLHOTO KOJIECAa U Y OCHOBAHUS
OTPHUIIATEIBHOTO KOJIeca.

Uem Oosibllie MOJIOKHUTEIIBHOE CMEIICHHE PEelKU, TeM ToJIe 3y0 y
OCHOBAaHMsI, HO TOHBIIIE MIPU BepiuHe. B npesene TonmHa 3y0da npu Bep-
IIMHE MOKET ObITh HYJIEBOU, TO €CTh, 3y0 3a0CTPUTCS, UTO HEIOITYCTUMO
10 COOOpaKEHUSM MMPOYHOCTH.

Yem Oombllie OTPUIIATEITILHOE CMEIEHUE PEHKH, TEM TOHBIIE 3y0 y
ocHOBaHMs. [Ipy HEKOTOPOM KPUTHYECKOM CMEIIEHWUU BEPIIUHBI 3yOhEB
WHCTPYMEHTAJILHOUN peiiku OyAyT cpe3aTh ABOJIBBEHTHYIO YacTh 3y0a y ero
OCHOBAHUS MPUMEPHO TAK, KAK MOKA3aHO B MpaBou yactu puc.5.9. [logpes
HBOJILBEHTHOM YacTH 3y0a HEIOMYCTUM MO COOOPaKEHUSIM IPOYHOCTH.

Takoe ke sBJI€HUE MOpe3a ABOJILBEHTHOM YacTH y OCHOBaHUSs 3y0a
MOXET MPOU30MTHU MPU U3TOTOBJIEHUH HYJIEBOI'O KOJIECa C MajbIM YHUCIOM
3yobeB. CrernuanbHbiid pacyeT [17] mokas3plBaeT, 4TO YKHCIO 3yOheB HyJe-
BOT'0 KOJIEca, U3rOTOBJICHHOTO 0€3 MoJIpe3a, HE MOKET ObITh MEHbIIE 17.

Chopmynupyem OTIEIbHO 3T TEXHOJOTUYECKUE OTPAaHUYCHUSI.

1. BennunHa NMOJ0XKUTEIHHOTO CMEIIEHUSI MHCTPYMEHTa OrpaHruCHa
HEJIOMYCTUMBIM SIBICHUEM 3a0CTPEHUS BEPIIMHBI 3y0a KoJeca.

2. BenrnunHa OTpULIATENIBHOTO CMENIEHUSI MHCTPYMEHTA OTPaHUYCHA
HEJIONMYCTUMBIM SIBJICHHEM TOJpe3a IBOJILBEHTHOM YaCTU y OCHOBAHUS 3Y-
oa.

3. MuHuManbHOE 4uciio 3yObeB HYJIEBOTO KoJieca Zyin = 17.

§5.5. 3y0uartoe 3aneniienue U ero napamMeTpsbl

Bynem u3ydath HyJeBOE€ 3BOJIbBEHTHOE 3y04aToe 3alleruieHHe, Kak
HamOoJiee yNoTpeOUTENIbHOE, B TOM YHUCJIE U B CaMOJIETOCTpoeHUH. Takoe
3aIleTJICHUE COCTOUT U3 JIBYX HYJIEBBIX 3yOUaThIX KoJieC (B OTJIMYUE OT He-
HYJIEBBIX, TO €CTh, MOJOKUTEIBHBIX WM OTPHUIIATEIIbHBIX ), HAXOISIIUXCS B
KOHTAKTE, WJIH, TOBOPST, COMPSKEHHBIX KOJEC. DTHU KOJEca UMEIOT OJUH
MOAYJb M U YKclia 3yObeB Z; U Zp.

Ha puc. 5.11 noka3zaHo Takoe 3al€IlIeHHE, IEPBOE KOJIECO CJIEBA —
MEHbIIIEE, a BTOPOE cIpaBa — OoJibliiee. MeHbliiee 3youaroe Kojaeco oObIy-
HO HasbiBaeTcs mectepHei. [lo puc. 5.11 gBukeHue nepemaercs ot mec-
TEPHU K KOJIECY.

['eomeTpuueckue mapaMeTpsl MECTEPHU U KoJieca OMPEACIISIIOTCS 110
dbopmysiaMm, TPUBEICHHBIM B MPEAbIAYIIEH JIEKIUU. Y CONPSHKEHHBIX 3Yy0-
YaThIX KOJIEC €CTh OKPYKHOCTH, KOTOPBIE KacaroTcs APYT JIpyra U MpH pa-
00Te mepeKaThIBAIOTCs 0€3 CKOJIbKEHUS. DTH OKPYKHOCTH HMEIOT painy-
Chl Iyy U Iy, W HA3bIBAIOTCS HaYaJIbHBIMHU OKPYXHOCTAMHU. B ciayuae Hy-
JIEBOM Iepeaayu, TO €CTh, B TOM CJIydae, KOTOPBIM cerdac paccMaTpUBAET-
Csl, HAYAJIbHbIE OKPYKHOCTH (OKPY>KHOCTH, MPUCYILIHE IEepeaaye) paBHbI
JIETUTENILHBIM OKPYKHOCTSIM 3y04aThIX KoJieC (OKPYKHOCTSM, MPUCYIITIM
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OTIIETLHBIM 3y04aThIM KOJIecaM): lyy = 1 B lyp = I, 37€Ch CIenyeT 3ame-
THUTb, YTO BCE TEOMETPUYCCKHE MapaMeTphl, IPHUCYIIUE Iepeaade (a He OT-
JETBHBIM KOJIecaM), HMEIOT UHICKC W.

PaccrosiHre MeXIy OKpYKHOCTSIMH BEPIIMH OJIHOTO Kojieca U OK-
PY’XHOCTSIMH BITaJHH IPYroro — C'M — Ha3bIBaeTCs paguaIbHBIM 3a30POM,

a ¢ —23To KO3 (UIKMEHT paauaIbHOTO 3a30pa; B CTAHAAPTHBIX Meperadax
*
c =0,25.

Puc. 5.11

Touka KOHTaKTa IBOJILBEHT 3yObEB KOJIEC SIBJISETCS BBICIICH KHUHE-
MaTu4yeckou mapoit. Yepes Ty Touky (Ha puc. 5.11 oHa HaXoaUTCS HA JTU-
HUU [IEHTPOB) MOKHO MTPOBECTH OOIIYI0O HOPMaJh K YBOJIbBEHTaM COTIPSI-
YKEHHBIX 3yObEB U COTJIACHO CBOMCTBAM 3BOJILBEHTHI, O YEM TOBOPHIIOCH B
npeapIayieM naparpade, 3Ta HopMaib OyleT KacaTbCsl OCHOBHBIX OKpYXK-
HOCTEH COMPSKEHHBIX 3y0UaThIX KoJiec. YTOJ MEXIy dTON KacaTebHOU U
MEPHEHIUKYJIIPOM K JIMHUM LIEHTPOB HA3BIBACTCS YIJIOM 3alCIICHUS Oy.
Jlns cTanaapTHOM HYJIEBOM MepeAadu 3TOT YyroJl paBeH NpoUuiIbHOMY YTy
HCXOJHOTO TMPOM3BOJAIIECTO KOHTYpa: o = o = 20°. PaccrosiHue mexmy
IIEHTPaMH BpalleHUs COMPSHKEHHBIX 3y0UaThiX KoJieC &, Ha3bIBACTCS MEXK-
LHEHTPOBBIM (MEXOCEBBIM) PACCTOSIHUEM.

B mporiecce paboTsl 3y0uaToii nepenayu, TO €CTh, B TIpoliecce 3alie-
IJICHUS, KOHTAKTHAs TOYKa OyJeT 3aHUMAaTh Pa3InyHbIe TO3UIINU, OJTHAKO,
B JIFOOOM TIOJIOKEHUU HOPMajibh K OOKOBBIM TOBEPXHOCTSIM 3yObeB OyjeT
ABJISITBCS  KAacaTeJIbHOM K OCHOBHBIM OKPYXKHOCTSIM, YTO CJEAYeT U3
CBOICTB PBOJIbBEHTHI. B mporiecce 3aierieHns KOHTaKTHash TOYka Oynaer
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nepeMenaThCs BAOJIb O0IIeH KacaTenbHOM K OCHOBHBIM OKPYXHOCTSIM, TO-
ATOMY 3Ta KacaTellbHas SBIIACTCS JIMHMEW 3alleTUICHUs BOJIBBEHTHOM IIe-
penauu. Takum oOpa3oM, JIMHUSA 3alETVIEHUS YBOJBBEHTHOM Iepeiayu eCTh
npsiMasi, HAKJIOHEHHAs IO YIJIOM 3aleIUICHUS OT NEPHEHAMKYJIApa K JIH-
HUU LEHTPOB.

Pa3nnyaroT TEOPETHYECKYI0 M INPAKTHUYECKYIO JIMHUW 3alCTUICHHUS.
Teopernueckass TUHUA 3aUECIUVIEHUS — 3TO OTPE30K MEXIY TOYKAMU Kaca-
HUs BBIIEYKa3aHHOM MPSAMOW C OCHOBHBIMH OKpYKHOCTSIMU — AB Ha puc.
5.11. Ho Tak kak 3BOJIbBEHTHI 3yObEB OIPaHUYEHbI OKPYKHOCTSIMU BEPIIHH
3yOUYaThIX KOJIEC, TO KOHTAKT OOKOBBIX MOBEPXHOCTEH 3yOhEB MPOUCXOAUT
10 TIPaKTUYECKOM JMHUM 3aleTieHnss ab , KOTopasi OTCeKaeTcsl Ha Teope-
TUYECKON OKPYXHOCTSIMU BepluMH. [Ipu pabote 3yOuaToil nepeaadu B co-
OTBETCTBHUM C HAIIPABIICHUEM BpalEHUs KOJIEC, TOKAa3aHHBIM Ha puc. 5.11,
IIEPEMEIICHNE KOHTAKTHOM TOYKM IMPOMCXOAMUT IO MPAKTUYECKOW JIMHUH
3aIleIJICHUs] OT TOYKU & JI0 TOYKU D, TO ecTh, B TOUke & 3yObsi BXOIAT B
KOHTAKT, a B TOUYKe D — BBIXOIAT U3 KOHTAKTa. 3aMETUM 3/IeCh, UTO TEOPE-
TUYECKH 3alEIICHUE CUMTAeTCsl 0€33a30pHbIM, KaK 3TO MMOKA3aHO Ha pHC.
5.11, To ecTh, OOKOBOM 3a30p MEX]Y 3yObsIMU OTCYTCTBYET; OJIHAKO, B pe-
aJIbHBIX Iepenayax OOKOBOM 3a30p €CTh U €r0 BEJIMYMHA 3aBUCUT OT CTEIle-
HU TOYHOCTH U3rOTOBJIEHUS KOJIEC.

Pa3nmnyaroT 1Ba KOJMYECTBEHHBIX IOKa3aTeNsl 3y04aTod mepenadu:
F€OMETPUYECKUM U KMHEMATHYECKHM. | eOMeTprUeCcKni MOKa3aresb — 3TO
MEXLEHTPOBOE PACCTOSHUE:

mz, mz,
a,=nh+r,= +
2
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:

)

_ Wy

Ujp = —

@,

COFJ'I&CHO OCHOBHOMy SaKOHy 3alCIIJIICHUA,

L mz 2 7,
U12—_—_21 Up =——
L mz Z,

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

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

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

(5.13)

Puc. 5.12

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

Uy, = =— (5.14)
W, Z
3HaK MUHYC YKa3bIBaeT Ha MPOTUBOIIOJIOKHOE HAMpaBJICHUE BpAIICHUS
3y0uaThiX KoJjiec. Tak kak Z; < Z,, TO aOCOJIFOTHOE 3HAYEHUE IepeaToy-
HOT'O OTHOILICHUS | u12| >1,a w; < w. Takas nepenaya sBISICTCS 3aMe/I-
JISIFOIIEH M HA3bIBAETCS PEAYKTOPOM.
Ecnu BXOgHBIM siBiIsieTCs O0JIbIIIEE KOJIECO, TO
Uy, :&:_i (5.15)
W Z;
B »aTtomM ciywae, aOCoNIOTHOE 3HAYEHHWE TMEPEAATOYHOIO OTHOUICHUS
| U | <1, a o; > o,. Takas nepenaya gABISAECTCS YCKOPSAIOUIEH U HAa3bIBa-
€TCS MYJIbTUILTUKATOPOM.

Ha puc. 5.13 noka3zana cxema BHyTpeHHEH 3y0uaToii nepenayu. Tak
ke, KaK U B IPEAbIIYIIEM ciiydyae Z; < Zp, HO TIEPBOE KOJECO C BHEUTHUMHU
3yObsIMA HaXOJIUTCS BHYTPH BTOPOTO, UMEIOIIET0 BHYTPEHHHUE 3YOhsl.

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

:m(ZZ_Z])

aW
2

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

(5.17)

Puc. 5.13

ECJII/I BXOJHBIM SIBJISICTCA BTOpOC KOJICCO (C BHYTpCHHHMI/I SY6BHMI/I), TO
9TO MYJ'IBTI/IHJ'II/IKaTOp:
W, z
U, =—2="1<«1 (5.18)
w; 2z
HaI[O CKa3aTB, YTO B IIOJABJIAKOIICM 6OHBI_HI/IHCTBG COBpeMeHHBIX
MalllnuH HCHOJ’IB?)YI‘OTC?I SY6LI3TI>IG MEXAaHHU3MBbI B BUJIC peIIYKTopOB, OHHU pe-
TYIHUPYIOT, TO €CTh, YMEHBIIIAIOT CKOPOCTh BpAIICHUS JIBUTATEICH MaIllnH,
KOTOpI)Ie JJIA YMeHB]_HeHI/IH Ux Fa6apI/ITOB BBITIOJITHAKOTCA 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 BBII/IET U3 3alleTJICHUs 10 TeX MOop, IOKa BTOpas rapa BOUIET B
3allelJIeHne. JTO YCJIOBHUE Ha3blBaeTcs mepekpblTheM. [IoHATHO, uyTO ueM
Ooublie ofHa Mapa 3yObeB MEPEKPHIBACT APYTYIO HA MPAKTHUECKON JIMHUU
3alleIUIeHUs], TeM C OOJIbIIeH YBEpEHHOCTHIO MOXKHO YTBEpHKIaTh, YTO pa-
0oTa nepegauu OyneT HEMPEPHIBHOM U TJIABHOM.

SIBieHue MEpeKphITHA OICHUBACTCS KOI(D(UIIMEHTOM MEePEKPHITHSL.
Ha puc. 5.14 y — yrnoBoii mar 3y0ObeB, | — muimHa mpakTH4ecKoi IMHUH 3a-
LEIUIEHUs. YUUTHIBas, YTO, COTJIACHO CBOMCTBaM 3BOJIBBEHTHI, JUIMHBI OT-
PE3KOB Ha JIMHHUU 3alleTUICHUs] paBHBI AyraM Ha OCHOBHOHM OKPYXHOCTH, a
3TU YT NPONOPLUOHATBHBI HEHTPAIBHBIM YIiaM, MOXKHO YTBEPXKAATb,
4TO O — YroJj IOBOPOTa KOJIeca 3a BpeMs IEPEMEILLEHUS] KOHTAKTHON TOUKU
10 MPAKTUYECKON TUHUM 3aEIUICHNUs, a P, — IIar 3yObeB M0 OCHOBHOM OK-
PYXHOCTH.

.
N /

L
Sy

|
|I““i|

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
E=—=—

Y Dp

YuurteiBas, 4TO

HOquI/IM

[
& mcosa (5.19)
7T.mcoso
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Hcnonb3ysi aHAIUTUYECKOE BBIPaKEHUE JJIMHBI MPAKTUYECKOW JTUHUU 3a-
HerieHus: (BbIBOA cM. mpuiioxkeHue 3 wiau [17]) momyuum popmyny s
pacueTa k03 dUlIMeHTa IEPEKPHITHSI HYJIeBOM 3yOuaToil nepenayu:

2 2 2 2 :
77 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 3alICTJICHUU HAXOJATCS JIBE Mapbl 3yObeB, a
4acTh BPEMEHU — OJIHA. B pe3ynbrare, mpu AByXHapHOM 3allCIJIEHUU BCS
nepegaBaemMas 3y04yaToil mepenaudeil Harpy3ka pachpenensieTcss MeExXIy
JIBYMsI TlapaMu 3yObeB, a IPU OJHONIAPHOM 3alleIJICHUU BCS Harpy3ka npu-
XOJUTCS 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 yBETMUYEHUS 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 W3 BO3MOXHBIX BAPUAHTOB CIIOKHOTO 3y04yaToro
MEXaHU3Ma C HEMOABW)XHBIMH OCSMU Kojiec. B KMHEMaTHYEeCKUX CXeMax
OOBIYHO MOKAa3bIBAIOT OJIMH BUJ, KaK MPaBHUJIO — BUJ CBEPXY WU COOKY.

MexaHu3M COAEpKHUT YeThIpe MOJABMKHBIX 3BE€HA: 3B€HO 1 — 3yOua-
TO€ KOJIECO C YHCIIOM 3yObeB Zj, )KECTKO 3aKpEIJICHHOE Ha Bally; 3BEHO 2 —
OJIOK-11IECTEPHS, TO €CTh, JIBA KECTKO CBSI3aHHBIX 3y0UaThIX KOJieca C YHC-
JaMHu 3yObeB Z, B Z°5, CBOOOJTHO BpalllaroIieecs Ha HEMOABMIKHON OCH; 3Be-
HO 3 — OJIOK-IIECTEPHS ¢ YUCIaMU 3yObEB Z3 M Z’3, )KECTKO 3aKPEIUICHHOE
Ha Bally; 3B€HO 4 — 3y04aroe KoJieCO C BHYTPEHHUMH 3YObSIMU U YHCIIOM
3yObEB Z4, ’KECTKO 3aKpEIUIEHHOE 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 Z;-Z, — OBICTPOXO/IHASI, BTOPAs CTYNEHb Z'p-Z3 — MPO-
MEXYTOYHAs! U TPEThsI CTYNEHb Z'3-Z4 — TUXOXOHAS.

Kunemarnueckuii aHanu3 3y04aTbIX MEXAaHU3MOB 3HAYUTEIIBHO
IPOLLE, YEM ISl CTEPKHEBBIX M KYJIa4KOBBIX MEXaHU3MOB. MBI Ipeanosa-
raem, 4yTo Bce 3yOuaThle Kojieca BpalllaloTCsi paBHOMEPHO, a 3ajaueil KuHe-
MaTHYECKOI'0 pacyuera sIBJISIETCS OMpeJesIeHNue YIIOBBIX CKOpOCTel 3yOua-
TBIX KOJIEC MPU WU3BECTHOM YIJIOBOM CKOPOCTH OJHOTO M3 3BEHBEB, Yalle
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BCEro, BXOAHOI'O 3BCHA. 33[[3‘-121 pemaeTc;I HpI/I IIOMOIIIN HepeHaTO‘-IHBIX OT-
HOIIIEHUN B MEXAHU3ME.

I[JISI MCXaHHU3Ma Ha pHUC. 515 yrjoBasa CKOPOCTb (04 BBIXOAHOI'O 3BC-
Ha MOKET OBITh HaijeHa u3 (HOPMyJbl IEPETATOYHOTO OTHOIIEHUS MeXa-
HHU3Ma.

@,
Uy =" (5.21)
@y

BriBegem pabouyio ¢hopMyily rmepeaaTouHOro OTHOIIEHUS, ISl Yero
YMHOXHUM M Pa3JieuM 3Ty JpoOb Ha YIIIOBBIE CKOPOCTH BTOPOTO U TPEThe-
'O 3BCHLBCB. HpI/ILICM, LITO6I:'I pa3iiiyaTtb ABa SY6IIaTI>IX KOJIECa B OOJHOM
3BEHE, TO €CTh, Z; U Z'; B 3B€HE 2 M Z3 U Z'3 B 3BE€HE 3, HCMOJIB3yEM Wy = M
H 03 = (D'3.

W, 0,0
W, 0; O,

OTHOIIICHHE YIJIOBBIX CKOPOCTEH M(/®, — 3TO MMEpPeIaToOuHOEe OTHO-
IICHUE TEePBOW CTYNEHH 3y0YaTOro MeXaHH3Ma, COOTBETCTBEHHO, M'p/m3 —
nepeaaTo9YHoC OTHOIICHHC BTOpOfI CTYIICHH U (1)'3/(1)4 — IISpCAaTOYHOC OT-
HOIIICHUC TpCTBGﬁ CTYIICHHU. 3Ha‘lI/IT MOXHO 3alIluCaThb.

Upg =UppUszUsy (5.22)

CornacHo ¢opmyne (5.22), nepegaTOYHOE OTHOILIEHUE CIOMXKHOIO
3y04aToro MexaHu3Ma PaBHO MPOU3BEJICHUIO MEPENaTOUYHBIX OTHOIICHHMA
BXOJISIIIUX B HETO TIepeaay.

Hcmonb3yst popMynbl IEpeTaTOYHBIX OTHOIICHW BHEIIHEH U BHYT-
penHeit nepenad (5.14 u (5.17) u3 npeapiayuiero maparpada, 3amnuiieM pa-
0ouyto (popMyiTy nepenaTouHOro OTHOIICHUSI MEXaHU3Ma:

Z, Z; || 24

Uiy =|— , ,
2 Z2)\%3
Teneps u3 popmyinsl (5.21) MOKHO HAaWTU UCKOMYIO YTJIOBYIO CKOPOCTb
YETBEPTOr0, BHIXOIHOTO 3BEHA.
3anuiieM GopMylly Ie€peIaToYHOr0 OTHOIICHHS B OOLIEM BUJE IS

3y6an0r0 MEXaHu3Ma ¢ N NOJABUKHBIMUA 3BCHBSIMMU .
ZZZ:))...ZI’Z (_]k)

Z,z' 'Z,(n—])
rac k — KOJIMYECCTBO BHCHIHHUX BaHeHHeHHﬁ. 3HaK nepecaaTo4YHoOro OTHOIIC-
HHA MCHACT TOJIBKO BHCIIHAA IICpPCaAada.
[To »Toit popMyIie MOTYT OBITH paCCUYUTAHBI MIEPEIATOYHBIE OTHOIIIE-
HUA JH06OF0 CJIOKHOTI'O 3y6an0r0 MEXaHUu3Ma 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 3y0yaThle Kojeca HaXOJsATCA B OJHOM Sy, TO €CTh, 3TO — OJHO-
pAAHBINA 3yOUaThiii MexaHu3M. /{1 peleHns: KHHEMaTHYeCKOW 3aa4l 3TO-
ro MexaHu3ma ucrnosb3zyeM popmymy (5.23):

_ 22324 (_ 13)
! !
212223
OnHako, U3 CXeMbl MEXaHU3Ma BUHO, YTO 3BE€HBS 2 U 3 HE SBIAIOT-

sl OJIOK-TIIECTEPHSIMHU, & UMEIOT 110 OJTHOMY 3y04aTOMY BEHILY, TO €CTh,
Z, =75, a23= 2. [loaTOMy, OCIIe COKpAICHUS] UMEEM:

Uy = Z(—F)

W3 dhopmynsl ciaemyeT, 4TO MPOMEKYTOUHbIE 3yOuaTrhie Kojieca He
BJIMSIFOT HA BEJIMYMHY MEPEAATOYHOIO OTHOIICHUS MEXAHU3Ma, Ha ITy Be-
JIMYMHY BJIMSIOT TOJIBKO IEPBOE U ITOCIEIHEE KOJeca, HAXOIAIMNECS B O1-
HOM psiny. M3-3a 3TOro nmpoMeKyTouHbIe KOJieca B TAKOM MEXaHHU3ME Ha-
3BIBAIOTCS Tapa3uTHbIMU. [lapasuTHplie 3y04aThie KoJieca HCTIOJIB3YIOTCH,
€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 BEJIWYMHY 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 OTHOLLIECHMUS.

§5.8. Ili1aneTapHble MeXaHU3MbI

CrnoxHble 3yOuaThle MEXaHU3MBI C TIOJBUKHBIMU OCSIMU HEKOTOPBIX
KOJIEC HA3BbIBAIOTCA IUIaHETapHbIMUA. Cxema MIpOCTEHIIEr0 IUIAHETAPHOTO
MeXaHHU3Ma IpuBesieHa Ha puc. 5.17. 3ybuatoe kosieco 1 u 38eHo H moryt
BpAILlaThCsl BOKPYT HENOABWKHOW TOukH. Ha 3BeHe H pacnosoxen neHtp
BpalleHMs 3y0UaToro kKojieca 2, BXOIAIIErO B 3allEIUIEHHE C KOJIecoM 1.

3BeHbsa 1 u H MoryT BpamaThCsi HE3aBUCUMO JIPYT OT APYyTa, TO €CTh,
BpallaThCs C pa3HbIMU CKOPOCTSIMHU, B OJJHOM HJIM IIPOTUBOIIOJIOKHBIX Ha-
npasieHusix. [Ipu paboTe MexaHuU3Ma KOJiecO 2 COBEPIIACT CIOKHOE JIBU-
KeHHe, OOKaThIBasiCh Mo Koiyiecy 1. /IBukeHHe 3BEHbEB HAllOMUHAET JBU-
JKEHUE IIJIAHET B COJHEYHOW CHCTEME, MO3TOMY 3BEHO | Ha3bIBAeTCs COJI-
HEYHBIM KOJIECOM, 3BEHO 2 — 3TO caTeulMT, a 38eH0 H — Boauno (umm ca-
TEJUTUTOIEPIKATENbD).

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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7 A2
Ws

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 JIOCTUTATh JAECATH U JaXe ABEHA-
JIUATU. DTO CBSI3aHO C BO3MOXKHOCTBIO YMEHBUIEHUSI 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,
MPOXOSIIUN Yepe3 3youaroe 3arerieHue, OyJeT B MATh pa3 MEHbIIE, 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 noABUKHBIX 3BEHBEB N = 7: COJTHEYHOE U KOPOHHOE KOJIECA, BOJIUIIO

(I_ICHTpaJ'IBHBIe 3B€HBH) M 4YCTBIPC CaTCilIMTa. KonnuecTBO HU3IIMX KHHE-
MAaTHUYCCKUX IIAp Py = 7: KaXXI0€ NCHTPAJIbHOC 3BCHO 06pa3yeT KHMHEMAaTHu-
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YECKYIO0 Mapy CO CTOMKOM, a KaKIbIA CATEJUIUT — ¢ BOAWIOM. UHCIIO BbIC-
IIMX KKHEMATHUYECKUX Map P, = 8: UeThIpe BHEUIHUX 3aLICTUICHUS CaTEeIUIU-
TOB C COJHEYHBIM KOJIECOM U YEThIPE UX BHYTPEHHUX 3allCTUICHHS C KO-
POHHBIM KoJIecOM. YHCIIO N30BITOYHBIX CBS3€H 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

[TnaneTapHbIi MEXaHU3M UMEET JIBE CTETICHH CBOOOJBI: OH MOXKET
UMETh JIBa BXOJHBIX 3B€HA W OJIHO BBIXOJHOE, WJIM OJTHO BXOJHOE W JIBA
BBIXOJHBIX. Takol MEXaHWU3M HCIIOJL3YETCS B BHAEC cymMMaropa u audde-
peHumana.

CyMMmaTop uMeeT JBa BXOJHBIX 3B€HA, 0OBIYHO, IICHTPAJIbHBIE KOJIE-
ca, ¥ OHO 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
coJiepKaT KOHUYECKUE Tepeaud U UCTIOIb3YIOTCS B MEXaHU3MaX IMojadu
CTaHKOB C IIPOTrPAMMHBIM YIIPaBJICHUEM.

Huddepennnansl UMEIOT OAHO BXOAHOE 3BEHO, OOBIYHO, BOAWIO, U
JIBa BBIXOJIHBIX 3BE€HA — IIEHTpaJibHbIC Koyieca. BBIXO/IHbIE 3BEHBS MOTYT
BpaIaThCs HE3aBUCUMO OJTHO OT APYTOro, U XapaKTep WX JIBIKCHHS 3aBU-
CUT HE TOJBKO OT KOHCTPYKIIMM MEXaHW3Ma, HO U OT BHEIIHUX YCIIOBHM.
Judbdepennmansl, Takke Kak ¥ CyMMATOPBI, COACPKAT HE NUIUHAPHYC-
CKHME, a KOHMYECKHUE TIepeauu, U UCMOJb3YIOTCS B KOJECHBIX TPAHCIOPT-
HbIX MallHaxX (aBTOMOOWJIM, TPAKTOPHI) JUIsl MPUBOAA BEAYIIMX KOJIEC.
[IpaBoe u JleBO€ BeAylIre KoJjieca MOTYT BpallaThCsl HE3aBUCUMO OJHO OT
JPYTOro COTJIACHO YCIIOBHUSM, TMKTYEMBIMU UX pa3MepaMu u joporoil. Ha-
IpUMEp, €CIIM aBTOMOOMIIb TTOBOPAYUBAET HAJIEBO, TO JIEBOE KOJIECO MPOM-
JIET MEHBIINKA MyTh, YEM IPaBOE, 3HAYUT, 3a OJHO U TO K€ BpPEMSs JIEBOE
KOJIECO COBEPIIUT MEHBIIE 00OPOTOB, YeM MpaBOe, TO €CTh OyAeT Bpa-
IAThCSI C MEHBIIEN YIIIOBOW CKOPOCTHIO.

Opnako 6oJiee MUPOKOE PACIIPOCTPAHEHUE B TEXHUKE UMEET MOJIEP-
HU3UPOBAHHBIN TJIAHETAPHBIA MEXaHU3M: €CIIM OCTAaHOBUTH OJIHO U3 IICH-
TPaJBHBIX 3y0UaTHIX KOJIEC, TO IUIAHETAPHBIA MEXAHHU3M C JBYMS CTCTICHS-
MU CBOOOJIBI TIPEBpAIacTCsS B IUIAHCTAPHBIA PEAYKTOP, TO €CTh, B MEXa-
HU3M C OJTHOM CTETICHBIO CBOOOIBI, C OJJHUM BXOJAHBIM M OJHUM BBIXOHBIM
3BeHOM. [lmaHeTapHbIC PEeayKTOpPHI MCIOJB3YIOTCS B TEXHOJIOTHYCCKUX U
TPAHCIIOPTHBIX MaIllMHAX, B TOM YHCJIE, B KQYeCTBE TJIABHBIX PEIYKTOPOB
CaMOJIETOB U BEPTOJICTOB.
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§5.9. [lnanerapHble peAyKTOPBI.
Tunsl 1 KHHEMATHKA

HayneM ¢ kumHeMaTuku. 3ajlaya KMHEMATHYECKOTO aHajau3a 37€ECh,
KaK U B JIOOOM 3yO04aToM MeXaHHU3ME CBOJUTCS K OMpPENeNICHUIO Mepesia-
TOYHOTO OTHOIIEHUs. HamoMHMM, 4TO pedb UIET O MIaHETAPHBIX PEIYKTO-
pax, KOTopble 00pa3yroTCsl U3 MJIAHETAPHBIX MEXAHU3MOB MPU OCTAHOBKE
OJTHOTO W3 IIEHTPAJBbHBIX 3yOuaThIX KoJjiec. Yare ApYruX HCIOIb3YIOTCS
MJIAaHETApHBIE PEIYKTOPHl C OCTAHOBJICHHBIM KOPOHHBIM KoOJIeCOM (pHC.
5.19). BXOoJIHBIM 3BE€HOM 3/1€Ch SBISIETCA COMHEYHOE KoJieco 1, a BBIXOJ-
HbIM — Bojmu10 H.

YtoOnI BeIBECTH (POPMYITY TTEpEAATOYHOTO OTHOIICHUS 3TOTO PEIyK-
TOpa, BOCIOJIb3YEMCS METOJOM OOpalleHHOTO ABUXKEHHS. (3aMETUM, UTO
ATOT METOJ| UCIOJIb3YeTCs JJIsl aHall3a KHHEMATHKHU JI000r0 TUIAaHETapHO
ro mexanusma). OcranoBum Bojuio H. Toraa conHeuHoe U KOPOHHOE KO-
Jieca MmoJrydat JOTOJHUTENIbHYI0 CKOPOCTh - Oy (puc. 5.19), a muianeTapHbIi
pPEAYKTOp TpeBpaTUTCS B 3y04aThli MEXaHWU3M C HEMOJBH)KHBIMU OCSIMHU
KoJjec. 3anuiieM GopMyily MEpelaTOYHOr0 OTHOLIECHUSI 3TOr0 MEXaHHU3Ma
oT koseca 1 k kojecy 3 (TO ecTh, IePeAATOYHOTO OTHOIIEHUS MEXY 1ICH-
TpaJbHBIMU KOJIECAMH IUIAHETAPHOTO MEXaHU3Ma MPH OCTAaHOBJIEHHOM BO-
JIATIe):

Puc. 5.19

13 —

Ota Qopmyina sBISETCS MaTEeMaTUUECKON 3aITUChI0 TeopeMbl Buiu-
ca [2], cBA3BIBAIONICH YIJIOBBIE CKOPOCTH IIEHTPAJIBHBIX 3y04aThIX KOJIEC
MJIAHETAPHOTI'O0 MEXAHU3MA.



137

B namewm ciyyae oz = 0 (Tak Kak B paccMaTpUBAa€MOM ILIaHETAPHOM
peayKTOpe KOPOHHOE KOJIECO HEMOABUKHO), TOITOMY:
uH=P17% 1 D _q_y
13 1H
Otcrona noxyyum (popmyiy nepeaaToqyHoro OTHOIIEHUST paccCMaTpUBaEMO-
o IUIAHETAPHOTO PEyKTOpa:
Uy =1-uf} (5.24)

Benuunna U™ HaspiBaercs XapaKTEpUCTUKOMN IUIAHETAPHOTO MeEXa-
HU3Ma — 3TO NEPEJATOYHOE OTHOLIEHNUE MEXKAY €r0 LEHTPAJIBHBIMHA KOJIe-
CaMH IIpY OCTAHOBJIEHHOM BOJIAJIE.

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

PaccMoTpumM Tpu BUAA IMPOCTEUIINX IJIAHETAPHBIX PEIYKTOPOB: pe-
nykrop Jkeiimca, IBYXpsIHBIN pEAYKTOp U peaykrop laBuna.

Penykrop JlxerimMca — 3TO OJNHOPSIAHBIN IUIAHETAPHBIA PEAYKTOp C
HETOIBMYKHBIM KOPOHHBIM WJIM COJIHEUHBIM KOJIECOM. Hallle UCIOIb3yITCs
PEIYKTOPBI C HETOIBUKHBIM KOPOHHBIM KOJIECOM, CX€Ma TaKOTO PEAYKTO-
pa nana Ha puc. 5.20. CornacHo (5.24), nepeaTouHO€ OTHOIICHUE TaKOTO
penykropa:

z
_ 3
f =1+ (5.25)
= Z;
T
2t Penykrop ucnons3yeTcs B ciayyasx, Koraa
25<upy<8
. (\ — H — B penykrope [Ixelimca ¢ HEMOABUKHBIM COJIHEY-
1 - / HBIM KOJIECOM JBMKEHUE NEPENAETCSI OT KOPOHHO-
L ro KOJieca K BOJMILY:
Z z
{) uyy =1+°1 (5.26)
23
Puc. 5.20 Penykrop ucnons3yercs B ciydasx, KOrjaa
1,2 < Uy < 1,8

Penykropbr JlxelMca MIMPOKO UCMONB3YIOTCI B KOPOOKAaX CKOPO-
cTeil 1 OOPTOBBIX TEpenadax 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
COJIHEUHOE KOJIECO, a BBIXOJHBIM siBNIsseTcsl Boamiio. CornacHo (5.24), me-
peIaToYHOE OTHOIIEHUE PEIYyKTOpa:
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T ) uH{:1+Z”? (5.27)
~ g Z;Z,

2| |+ U3 QopMynsl BHIHO, 4YTO Hepena-
TOYHOE OTHOIIEHHE TAKOTO PEIyKTOPAa MOMKET

o (\ 7 — ObITH OoJIbIIIE, UeM y penykropa Jxelimca. On
| / UCIIOJIb3YETCS, KOTrAa
! 8 < Uy < 15.
Zs Hcnonb3yercss B KayecTBE CHUIOBOTO
1./ pEIyKTOpa, B TOM YHCIIE, B CAMOJIETAX U BEP-
TOJIETaX.
Puc. 5.21 Ecmu penykrop JlxeiMca v IByXpsiTHBIN

PEAYKTOP COJEpKaT 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-
OYKTOpPE [BHKEHUE mepenaercsa oT Boauna H k

T COJIHEUHOMY KoJiecy 1.
— Zg [TepegaTouHOE OTHOIICHHE PEAYKTOpA:
“2| |+ 1
T u HI = ? (528)
L N ] — 2“3
T H \@H Z] Z’2
2= I N3 dopmynst (5.28) BugHO, UTO YeM OJmxKe
Z3 IpoOb B 3HAMEHATEN e K €AUHUIIC, TeM OOJIBIIIEC Be-
JMYHMHA TIePEATOYHOTO OTHOIIEHUS TAaKOTO pe-
Puc. 5.22 nykropa. OH ucnoae3yercs, Koraa

15 < uy; < 10000 u Goee.
Hampumep, ecnu z; = 100, z, =99, z', =100 u z3 = 101, T0O

i
= g9, 10) = 10000
100-100

OpnHako TakWe PEAyKTOPBI HE MOTYT HCIOJIb30BAThCS KaK CHUIIOBBHIC
n3-3a OOJIBIIIUX TIOTEPh Ha TpeHHUE. PenyKTop ¢ mepeaaToyHbiM OTHOIIICHHU-
eM Uy; = 10000 umeer korddumment monesnoro aeiicteus n = 0,04, o
€CThb, TOJILKO 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
OTHOIIICHHS BBIOPATh CXEMY PEAYKTOpa, ONMPEETUTh YKciia 3yObeB €ro Ko-
JIEC ¥ YUCJIO CATEJUTUTOB C YYETOM KOHCTPYKTHUBHBIX YCIOBUH.

Kak ObL710 CKa3aHO BBIIIE, CXeMa PEAYKTOpa 3aBUCUT OT TPeOyeMoro
MepeJaTOYHOrO OTHOLIEHHS. A UMEHHO:

- eciii Upy < 8 — penykrop Jkeiimca;

- eci 8 < Uy <15 — nBYXpSIHBIN PENYKTOD;

- eciii Uy > 15 — penykrop JlaBuma.

Uucna 3yObeB KOJeC pelyKTOpa pacCUUTHIBAIOTCS MPU COBMECTHOM
pelieHun anreOpanvyeckux BbIPAXKEHHUM NEepeIaToyHOro OTHOLIEHUsS pe-
JTYKTOpa U PACCTOSHUSI MEXK]y OCSAMH LEHTPAJIbHBIX KOJEC U CaTEJUIUTOB.
Metoauka onpenenenus yucen 3yobeB npuBeneHa B [2] u [13]. Ilpu pere-
HUU 3TOH 33/1a4u, a TaKXKe, IPU ONPENEICHUN YUCIIa CaTeJUIMTOB PEIyKTO-
pa JOJKHBI YUUTHIBATHCS KOHCTPYKTUBHBIC YCIOBUS COOCHOCTH, COCEJICTBA
U cOOpKHU. YCIOBUE COOCHOCTU BBITEKAET W3 TOTO, YTO IUIAHETApHBIA pe-
JTYKTOP SIBJIIETCSI COOCHBIM, TO €CTh, OCH €0 BXOJIHOT'O U BBIXOJHOTO BaJIOB
HaxOJATCA HA OJHOW INPSAMOW. YCIOBHE COCEACTBA OTPAHUYMBAECT YHUCIIO
CaTeJUTUTOB PEAYyKTOpa, a YCJIOBUE COOPKH MPOBEPSET BO3MOXKHOCTH CO-
MPSKEHUSI BCEX CATEJUIMTOB PEAYKTOpa ¢ LIEHTPAIbHBIMU Koyiecamu. Pac-
CMOTPHM 3TH YCJIOBHS TOAPOOHEE.

Y ca0BUE COOCHOCTH.

Hns penykropa JIxedimca (puc. 5.20) coBmajeHue oceil BOJUIIA,
BXOJHOTO U BBIXOJIHOT'O BaJIOB JOCTUTAETCS, €CIIN

n+2r =r
C yueTom (5.6) umeeM:
mz mz mz
1 + 2 2 _ 3
2 2 2

[Tocne cokpameHusi MOJyYUM YCIIOBUE€ COOCHOCTH UJISI PEAYKTOpA
Jxenmca:

Z,+22, =1, (5.29)
Hns nByxpsgHoro peaykropa (puc. 5.21) COOCHOCTh JOCTHTaeTcs,
eciu

n+nL=rn-rn (5.30)
[Tocne mpeoOpazoBaHMii, aHAJTOTUYHBIX BBIMICTIPUBEICHHBIM, TIOJTYyYUM YyC-
JIOBHME COOCHOCTH JJISl IBYXPSATHOTO PEAYKTOpa:
YcioBHe cocencTna.

OTO yCJIOBHE MO3BOJISIET ONPENEIUTH MAKCHMaJIbHO BO3MOXHOE
YUCJIO CAaTENIUTOB peaykropa. [lpu nmpoekTupoBaHUM CHIIOBBIX MJIaHETap-
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HBIX PEAYKTOPOB, HaJI0 UMETh BBUIY, YTO YeM OOJIbIIE CATEJUIMTOB UMEET
pPEAYKTOp, TEM Ha OOJbILIEE YUCIIO BETBEU JEJIUTCS 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 PELYKTOPA, 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:

21, =2(r, + m)=2 %+m =m(z, +2)

Takum 00pazom,
[+, =m(z,+2) (5.32)

Puc. 5.23

Ternepb CBsHKEM pAacCTOSIHUE MEXY LIEHTPAMH CaTEJUIUTOB C UX KO-
nmnuectBoM. 3 AAOC umeem:
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AB=2AC = 2AOsin§ =2(r, + rz)sing =
:Z(mZ1 + mZ2jsiné
2 2

[Tocne mpeoOpa3oBaHuii, a TAKXXE YUYUTHIBASI, UTO
B 27

rac K — gucio CaTCININTOB, ITIOJIYUHUM:
. It
AB =m(z, + 22)3|nE (5.33)

[ToncraBuB (5.32) u (5.33) B ucxoanoe HepaBeHCTBO (5.31), moxyyum yc-
JIOBHE COOCHOCTH ISl OTHOPSITHOTO TIAHETAPHOTO PEAYKTOpa:

z,+2<(z; + ZZ)SiI’lZ (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 COJIHEUHOI'O U KOPOHHOT'O KOJIEC U KOJUYECTBOM CATEITUTOB. ITO
COOTHOIIIEHHE HA3bIBAETCSl yCJIOBHEM 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 ITIOCKOCTbh, KaK 3TO UMEET MECTO B JICHCTBUTEIBLHOCTH, a B IIapaj-
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 COCEJICTBA UTHOpUpyeTcs. ['nsaas Ha puc. 5.24 MOXKHO 3aMETUTh, YTO
IpU HENOJBM)KHOM KOPOHHOM KOJIECE BTOPOM CaTEJUIUT MOYKET OBITh
BCTaBJICH, €CJIM COJIHEYHOE KOJIECO NMOBEPHYTh Ha OAWH 3y0, TOUHEE, Ha
OJIMH YIJIOBOM wIar ¢ j. Boauio mpu 3TomM NoBEpHETCA HA KAKOW-TO yTOJ

¢ p, BEIMYMHA KOTOPOTO 3aBUCUT OT MEPEAATOUYHOIO OTHOIIEHUS PEAYKTO-
pa. 3HauuT, 00IIEe YUCIO CATEJUIMTOB, KOTOPhIE MOTYT OBITh BCTABJICHHI B
Pa3HBIX MJIOCKOCTAX (0€3 COOMI0IEHUs YCIOBHUS COCE/ICTBA) TAKOBO:

n= 2r (5.35)

Py
YToObl HAUTH (@ y, UCTIOIB3YEM OMNPENICIICHHUE: MTePEJATOYHOE OTHO-
ICHUE PACCMATPUBAEMOTO PEAYKTOpPA — 3TO OTHOILICHUE YTJIIOBBIX CKOPO-
CTEU COJIHEYHOTO KOJIeca U BOAUJIA, WJIM UX YIJIOB IOBOPOTA:

]
Uiy =
Py
Otcrona:
2
Py =+ (5.36)
Ui

BripazuM uucnauTens U 3HaMEHATeNb 3TOUW JIpoOu uepe3 uucia 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+=23="1-23 (5.38)
Zy Z
[ToncraBus (5.37) u (5.38) B (5.36), nomyyum:
21

Py =
Zl+22
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[Tocne moacTaHOBKH 3TOro BbIpakeHUd B (5.35) mojlydnM 3HAaY€HUE MaK-
CUMaJIbHO BO3MOXKHOI'O YHCJIa CATEJUINTOB penykropa (0e3 coOioaeHus
YCIIOBUS COCEJICTBA):

I[CﬁCTBHTeHLHOC YHUCJIO CAaTCIINIUTOB, PAaCCUNTAHHOC U3 YCJIIOBUA COCCIACTBA
JOJIKHO OBITH MEHBIIIE N U KpaTHO €My, TO €CTh,

_4atiy

5.39
" (5.39)

rIe: ¢ — JIr000e€ 11eJI0€ YUCIIO;
K — arcio careummToB pemyKTopa.
Bripaxxernue (5.39) u ecTb ycinoBrue cOOpKH.
B ycroBusix cocenctBa u cOOPKU IBYXPSAAHBIX IJIAHETAPHBIX 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. llar 3yObeB — 9TO paccTOSHHE, U3MEPEHHOE IO OKPYXHOCTH
MEXIy OJJHOUMEHHBIMU MPOQPUISIMH JIBYX CMEKHBIX 3yObEB.

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

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

11. TlonoxuTenbHble W OTpHUIATENIbHBIE 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. [IpakTuueckas TMHUS 3aLEIVICHHUS] OTCEKAETCs] Ha TEOPETUUECKON
OKPYXHOCTSIMU 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. BHemHss nepenaya — 3TO MepeAada ¢ MPOTUBOIOJIONKHBIM Ha-
IIpaBJICHUEM BpPAILECHUS KOJEC M OTPULATEIbHBIM NEPENATOYHBIM OTHOILE-
HUEM.

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

18. Penyktop — 3T0 3ameiiAronIas nepeaaya.

19. MynpTUILIUKATOP — 3TO YCKOpSIOLIas rnepeaaya.

20. TTapa3uTHOE KOJECO — ATO 3yOUaTOE KOJIECO, KOTOPOE HE BIIUSIET
Ha BEJIMYMHY [IEPEAATOYHOTO OTHOLICHHUS.

21. TlepenatoyHoe OTHOILEHHUE CIIOKHOTIO 3yO04aTOro MexaHH3Ma C
HEIOJABM)KHBIMH OCSMHM KOJIEC PABHO IPOM3BEICHUS MEPENATOUYHBIX OTHO-
HIEHUI BXOJSIIUX B HETO Mepeay.

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

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

24. [TnaneTapHBIN PEAYKTOP — 3TO IIAaHETAPHBIA MEXaHU3M C OJTHAM
HEMOJABW)XHBIM LIEHTPAJIbHBIM KOJIECOM, C OAHUM BXOJIOM M OJHHMM BBIXO-
JIOM.

25. Penykrop [xeitmca — 3TO OHOPSIIHBIN TUIAHETAPHBIA PEIYKTOP
C HEMNOJIBMYKHBIM KOPOHHBIM MJIM COJTHEYHBIM KOJIECOM.

26. Penyktop JlaBuma — 9T0 IBYXPSIIHBIN TUTAHETAPHBIN PEIYKTOP C
JIBYMsI COJITHEUHBIMU WUJI JIBYMSI KOPOHHBIMH KOJIECAMU.

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 yclioBHE 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 oOpa3yeTcst mpakTudecKast JUHUS 3aleTuIeHUs?

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 Mexanusma?

24. YeM xapakTepu3yeTcsl OJHOPSIIHBIN 3yOuaThlii MEXaHU3M C Ta-
Pa3UTHBIMU KoJiecamu?

25. Kak o0pa3yeTcst mpoCTeHIniil TiIaHeTapHbIN MEXaHU3M?

26. Uto Takoe cymmatop u nuddepeHiman 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 CIPOSKTUPOBAJI MAIIUHY U3 MEXaHU3-
MOB, OH JOJDKEH YMETh ONpPENeuTh: OyAeT JU 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,
HEO0OXOJMMO YMETh BBECTH KOPPEKIUIO B KOHCTPYKITUIO MAIIIUHBI JJIS 10C-
THUKEHUS JKeJIaeMOoro pe3ylibrara. Pernenue 3Toil 3a1auM OTHOCUTCS K, TaK
HA3bIBAEMOM, JUHAMUKE MAIIIUH C KECTKUMU 3BEHBIMH.

[Tpu n3ydeHnn MEXaHU3MOB MBI TPEJIITOJIarail, 4YTO UX 3BEHbs a0COo-
MoTHO KecTku. OnHaKo, B JIEWCTBUTEIILHOCTH, 3TO HE Tak. Bce Tena B
npupojie 00J1aal0T KOHEYHOH KECTKOCThIO, TO €CTh, BCE OHM YIPYTH. YTI-
PYTOCTh 3BE€HBEB MAITUHBI MOXKET BJIUATH Ha €€ pabOTy MOJTOKUTEITHHO UITH
OTpHUIIATEIHHO, B YACTHOCTH, MOKET BbI3BaTh YMEHBIIICHHE Harpy3o0k B Ku-
HEMAaTUYECKHUX MEMAX, WIM WX YBEIUYCHHE, BIUIOTh JI0 HEXKEIATCIIbHBIX
MepPerpy30K, MOTYIIIUX MPUBECTH K aBapUUHBIM cuTyarusaM. CraemnoBareib-
HO, HAJl0 YMETh YYUTHIBATh YIIPYTOCTh 3B€HHEB MAIIWH IS UX 3aIIUTHI OT
NEPErpy30K.

JIrobas mammHa paboTaeT Ha YIPYroM OCHOBAHHWH, 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 ITU KOJCOAHUS U
MPUHUMATh MEPBI I UX YMEHBIIEHUS U 3alIUThl 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) eciM ATOT XapakTep HEYIOBJICTBOPUTEIICH, BBEJACHNUE 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 Neperpy3oK).
3.YMmenbllieHne KojebaHuii MaluHbl Ha pyHIaMeHTe (BHOpo3amuTa

¥ BUOPOU30JISAIINSA).
§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 WHEPTHOCTH Teja, COBEPIIAOIIETO
BpaulaTesibHOE JABM)KeHHE. MOMEHT uHepuuu oOo3Hauvaercs OykBoil | u
FIMEeT Pa3sMEePHOCTh KIM-.

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 ypoIleHus: 0y/1eM roOBOPUTh TOJIBKO O CUJIaX, YUUTHIBAs, YTO
TO 7K€ CaMO€ OTHOCUTCS U K CUJIOBBIM MOMEHTAM).

BHemnue cuibl, AeMCTBYIOLINE HA MAalIUHY, JEJISATCS Ha CHUJIbI JBU-
rartessi, CUJIbl IOJIE3HOT'O COTMPOTUBIICHUS M CUJIBI TshKeCTH. PaccMoTpuM nx
noipoOHee ¢ TOUKHU 3PEHUSI TPOU3BOAUMON UMHU PaOOTHI.

JIBuratensb SBISETCS HICTOYHUKOM MEXaHWYECKOM SHEPTrUU MallliHBI,
MO3TOMY, CHJIA ABUTATEIIS MPOU3BOJUT MOJOKUTEIbHYIO PaboTy:

Ay >0
Opmnako ObIBarOT uckItoueHus. Ha puc. 6.1a nokazano nonoxenue AB;C;
KPUBOILUITHO-TIOJI3YHHOTO MEXaHW3Ma JBHUraTelsi BHYTPEHHETO CrOpaHus
BO BpeMsi pabouero xona. Pacuupsitomascs paboyas cMech JaBUT Ha IMOp-
IIEHb ¢ CWJION nBUrarens Fjy, koTopas ABUraeT MOPLIEHb BHU3 U Yepe3 IIa-
TYH MOBOPAYMBAET KOJICHYATHIM Baj II0 4acoBOM crpeinike. HampasieHue
CHJIbI COBIAJAeT C HAIPABIEHUEM CKOPOCTU MOPILUHA, TO €CTh, CHJIA 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 aBUTATENS (BETUYMHA €€ MOXKET ObITh APYTOM, YeM Ipu
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 BIMACT HA K.II.4. JBUTaTCIIA. 3aMCTI/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, HanpaBnenHoi BHU3. Korma Gapaban Bpaliaercsi 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 €r0 CKOPOCTh HANpaBlieHAa 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 IOJOKUTEIBbHYIO
paboTy, Korjaa npensaTCTBYIOT — OTPULIATENIBbHYIO0, KaK 3TO IT0Ka3aHO Ha pUC.
6.1B s BpalalOLIErocsl 3B€HA CO CMEIIEHHBIM OTHOCUTENIBHO OCH Bpa-
IIEHUS LIEHTPOM Macc. B 001ieM, MOXHO HanucaTh:
A2 0
BHemHue cuiibl IEHCTBYIOIIME HA MAIMHY BBI3BIBAIOT IMOSBIICHUE
BHYTPEHHUX CHJI — 3TO CHJIbI B3aUMOJICHCTBUS 3B€HbEB B KNHEMAaTUUYECKUX
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. luHaMHn4YecKUe THIIbI 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 OCOOEHHOCTSIM KOHCTPYKIHMH, MO JUHAMHUYECKUM
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 BpalllaTeIbHOrO ABWXEHUA. K Takum ma-
IIIMHAM OTHOCSITCS TYpOOTE€HEpaTOphl, TOKAPHBIC U CBEPJIUIBHBIC CTAHKH,
AJIEKTPOBEHTHIIATOPHI, TypOOPEaKTUBHBIE W TYpOOBHHTOBBIE CaMOJIETHI U

mp.
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MaiuuHbl NepUuoANYECKOTO AHUCTBHUS pabOTaIOT B TEUCHHUE ITTUTEIb-
HOT'O BPEMEHHM, COEPKAT CTEPKHEBBIE U KYJIAUKOBBIE MEXAHU3MBI, UMEIOT
NEPUOANYECKU (LMKINYECKH) U3MEHSEMbIE JTMHAMUYECKUE MapaMeTpbl U
JIBUTATENIM BPAIATEIBHOIO JIBWKEHHUS. YK€ OJHO IPUCYTCTBHE CTEPIKHE-
BBIX U KYJIAUKOBBIX MEXaHU3MOB B 3TMX MAIIMHAX CBUJETEIBCTBYET O LIMK-
JMYECKU U3MEHSEMBIX NHUHAMHYECKUX IAapaMeTpax, BCIEACTBUE IEPEMEH-
HOCTH NEPEJAaTOYHBIX OTHOIICHUM 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
nepuoJl paboThl B PEKUME «ITyCK-OCTAHOB)», COJIEPKAT CTEPKHEBBIE U KY-
JJAYKOBBIE MEXAHU3MBI, UMEIOT U3MEHIEMbIE TUHAMUYECKHUE MapamMeTpsl U
JBUIaTENId TOCTYIATEIIBHOIO JBHWKECHMS. JIBATaTenu IOCTyNaTeIbHOIO
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 (Wiu OyHKepa XJIONKOyOOPOYHOW MAIlMHBI), MEXaHU3MbI
OTKpbIBaHUs JBepei B aBroOyce u mp. [locnennue Tpu mpumepa — 3TO
BCIIOMOTaTEJIbHbIE MEXaHU3Mbl MAIlIMH, HO C TOYKH 3PCHUS 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. OOBIYHO MEXaHUYECKHE 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
IBUraTels (au3ens) JaHa B BUAe rpaduka cuibl gsurarens Fj (cunisl gas-
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 BbIIe. CieayeT OTMETUTh, YTO B
TEXHUYECKOM JIuTepaType 00€ BETBU ITOM MEXaHMUECKOU 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 HCIIOJHUTEIBHOIO MEXaHU3Ma — IEHe-
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patopa, SIBIsSIeTCS 3aBUCMMOCTbh CHJIOBOTO MOMEHTa Ha Bally T€HepaTopa
(MOMEHT TMOJIE3HOTO COMPOTUBIECHUSI M) OT €ro yrioBOll CKOPOCTH .
['paduk pacmonoxkeH B OTPUIIATETLHONU 00IaCTH.

MexaHu4ecKo XapaKTEPUCTHKOW JBHUTATENsl BBIPYOHOTO TIpecca
(puc. 6.20) aBnsieTcs TpaduK 3aBUCUMOCTH KPYTSILEro MOMEHTa M Ha Ba-
Jqy ABHUTraTeist OT €ro YIJIOBOM CKOPOCTH ®, a MEXaHH4YecKas XapaKTepH-
CTHUKa HWCIHOJHUTEIBLHOTO CTEP>KHEBOIO MEXaHU3Ma Ipecca JaHa B BUJE
JarpaMMbl CHJIbI CONPOTHBJIEHUS (BBIpYyOKH) Fc, mpuimokeHHON K IyaH-
COHY B )YHKIIMH €T0 MepeMeIieHus S.

l
Fy

Puc. 6.2

Y mexaHu3Ma ONpOKHUIBIBaHMS Ky30Ba CaMOCBajla JIBUTATENIEM SB-
JSASI-€TCA TUAPOLMIIMHAP M €r0 MEXaHWYECKasl XapaKTEePUCTHUKA 3aJaHa B
Bujie rpaduka cuibl Asuratens Fj (cuibl 1aBIeHUs KUJIKOCTH) B 3aBUCH-
MOCTH OT CKOPOCTH IITOKA V. MEeXaHM4YEeCKOU XapaKTEPUCTUKON UCITOIHHU-
TEJIBHOTO MEXaHHW3Ma, TO €CTh, Ky30Ba Ha MOBOPOTHOM OIOpE, SIBIAECTCS
MOMEHT CONPOTHUBIIEHUS M IBHKEHHIO Ky30Ba B €r0 3aBUCUMOCTH OT yT-
Jla TIOBOPOTa Ky30Ba (0. MOMEHT CONPOTUBIICHUS SIBJISICTCS BEJIUMYMHON 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 MOJOXKUTEIBHYIO padoTy. Jlns mpemoTBpaiieHus majeHust 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-
CMaTPHUBAIOTCS.

B nonansromnieM 60JbIIMHCTBE CIy4YaeB, Y MAIlIUH MEPUOIUIECKOTO
U HENEPUOJUYECKOTO JCHCTBUS OJHA M3 MEXaHUUYECKHX XapaKTEPUCTUK
€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 MAIlIMHBI, OYJEM 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-
Kue TpaduKy Ha3bIBAIOTCS TaxorpammaMmu. VM3MeHeHne ckopocTu 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 MamvHbl HEMPEPBIBHOTO AeicTBUs (puc. 16.3a) BKito-
4aeT TPU PeXHMMa: IycK (pasron) t,, ycraHoBuBHIeecs IBUKeHHE ty; M OC-
TaHOB (BbIOEr, TopMOkeHHe) t,. B mporecce ycraHOBHUBIIETrOCs ABUKEHUS
CKOpPOCTh TJIaBHOT'O BaJla OCTA€TCs MOCTOSIHHOM, TaK KakK JIUHAMHYECKHUE
napaMeTphbl MalllMHbl HEPEPHIBHOTO AEHCTBUS HEM3MEHHBI. J[JTUTETbHOCTD
YCTAaHOBUBIIETOCS JABUKEHUS OMPEACISICTCS] MPOJAODKUTEILHOCTRIO pabo-
Thl MAIIIUHBI B MOXET ObITh OYEHBb OOJIBIION, YTO TIOKA3aHO PAa3PHIBOM Ta-
XOTPaMMBI.

TaxorpamMma MaIMHBI MTEPUOAUYECKOTO JercTBUsA (puc. 6.30) co-
JEPKUT TE K€ PEKUMBI ABUKEHHS: MYCK, YCTAHOBUBILEECS ABUKECHHE U
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OCTaHOB. [J1aBHBIM OTJIIMYHMEM TaxOTPaMMbl MAaIllMHbl TEPUOJIUYECKOTO
NEUCTBUS OT MpPEabIAYIIEH SBISETCA TO, YTO B PEXKHUME YCTaHOBUBILIETOCS
JIBUKEHUS YTIIOBasi CKOPOCTh IJIABHOTO Bajla HE OCTAeTCsl MOCTOSIHHOM, OHa
NEPUOJIMYECKA MEHSETCS BHYTPH KaXKIOro Iukia (BpeMs Hukia — t; Ha
puc. 6.30), 4TO SABISETCS CIEICTBHEM IMEPEMEHHOCTH JTMHAMHYECKHUX Ia-
paMeTpoB 3TON MaIIUHBI.
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[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 TOBOJILHO BEJIMKO, KaK TO MOKa3aHo Ha puc. 6.3a. Mcmons3o-
BaHUE TOPMO30B YMEHbIIAET BpeMsi octaHoBa (puc. 6.3B). Ecau B KOHCT-
PYKIIMU MaIlTUHBI TIPETyCMOTPEHO YCTPONCTBO (DMKCUPOBAHHOTO OCTAHOBA,
TO €CTh, OCTAHOBA TJIABHOTO BaJia B OINpPEJEICHHOM TOJIO)KEHUH, TO BpeMsI
OCTAaHOBKM MOKET OBITh JIOBOJIBHO MalibiM (0JIU CEKYH[bl). OQHAKO B
ATOM cCllydae ITMHAMUYECKUE Harpy3Kd B OCTaHABJIMBAEMOUN CHUCTEME PE3KO
BO3pACTalOT, TaK KaK BCSI €€ KMHETUUYECKas PHEPrusi paccerMBaeTcsl B MPo-
1[ecce KpPaTKOBPEMEHHOTO KOJe0aTeIbHOIO JBWXKEHUS BOKPYT (DUKCHUPO-
BaHHOTO T0JIOXKeHus (puc. 6.3r).
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TaxorpamMma MalllMHBI HENEPUOAMYECKOTO JEHCTBHS BKIKOYAET
TOJIBKO JBAa PEKUMA: PEKHUM pabodero xozaa (Bpems padouero xona — t,, Ha
pHuC.6.31) U peKUM XOJOCTOrO Xoa — ty. ITU peKUMBI HE3aBUCUMBI JIPYT
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-
LMaJbHbIE TOPMO3HBIE YCTPOMCTBA, B KOHIIE XOAa MPOUCXOIUT MpaKTUye-
CKM MTHOBEHHasi OCTaHOBKa. TakuM oOpa3oM pabOTarOT MPOMBIILJICHHBIC
pPOOOTHI, IACCH CAMOJIETOB, MEXaHU3MBbI pa3TrPy3KH MAIlIUH U JIp.

Paccmotpum Tenepb TpedyeMble COOTHOIICHHS padOT BHEIIHUX CHII,
HEOOXOJUMBIX JJISl MOJACPKAHUS TOTO WJIM MHOTO pekuMa (yHKIIMOHH-
poaHuss MamMHbBL. [IpH 3TOM OrpaHMYMMCS PEKHMOM YCTaHOBHBILETOCS
JBUKEHUSI MAIllUH MEPUOJUYECKOTO JEUCTBUSA M peXUMamMu pabouero u
XOJIOCTOI'O XOJa MAIUWH HENEPUOAUYECKOTO JEHCTBHS, TaK KaK B Jallb-
HeliimeM OyneT paccMaTpuBaThCsl JMHAMUKa pabOThl MallMH MMEHHO B
ITUX PEKUMAX.

XapakTepHO! 0COOCHHOCTBIO PEKMMa YCTaHOBHUBIIIETOCS JIBHIKEHUS,
COIJIACHO TaxorpamMme Ha puc. 6.30, sABiseTCs MepUoauUYecKoe KojaebaHue
BEJIMYMHBI YIJIIOBOW CKOPOCTH IJIaBHOTO Bajia MAalIMHBI BOKPYT KaKOrO-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. OUeBHUIHO, YTO
ATO BO3MOXKHO TOJIBKO B TOM Clly4ae, KOrja cymmapHas padoTa BHELIHUX
CWJI, CIOCOOCTBYIOUIMX JABMKEHHUIO, paBHA CyMMapHOW paboTe BHEUIHUX
CHJI, TPENATCTBYIOIMX JIBHKEHHIO, 33 OJIMH LIUKIL.

VYuuTteIBas, 4TO LUKIIOBas paboTa CHII TSXKECTH 3BEHbEB PaBHA HYIIIO
(cM. BBIIIE), MOKHO CJlIeaTh CAEAYIOIIEe 3aK/IF0UEHHUE: TJIaBHBIM YCIOBUEM
peXrMa yCTaHOBUBLIETOCS JIBMXKCHMSI SIBJIIETCSI PABEHCTBO LIMKJIOBOM pa-
OOTBI CUJT JBUTATENS LIUKIOBOM pabOTe CUII MTOJIE3HOTO COMPOTUBIICHUS:

Ay =A4c (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, Obl1a OOJbIIE CyMMapHOW paObOThl BHEIIHUX CHUJ, MPENSTCT-
BYIOIIMX JBW)KEHUIO. B 3TOM ciywae cieayeT ydyuThiBaThb U pabOTy CuUI
TSXKECTU 3BEHBEB, TaK KaK. B OTVIMYME OT MAILUH MEPUOIUYECKOrO JEHCT-
BHUsI, pab0Ta 3TUX CUJI 32 IUKJI pab0Yero WiM X0JI0CTOr0 X0/1a HE paBHA HY-
J10, YTO OOBACHSAETCS KOHCTPYKTUBHBIMH OCOOEHHOCTSIMU MalIUH Heme-
PUOJIMYECKOTO AEHUCTBUS:
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A 1:6)> Acio) (6.2)

rae: Agig) — CyMMapHas paboTa CHJI ABUTATENs M CHII TSKECTH, CIIOCOOCT-
BYIOIIMX JIBUKCHUIO;

A(ctg) — cyMMapHas paboTa CHJI IOJIE3HOIO CONPOTHBIICHUS U CHII TS-
’KECTH, IPEIATCTBYIONINX JBUKEHHIO.

§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, KOTOPBIA 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 MPEOJOJECBACT MOJIE3HBIE CONMPOTUBIICHUS, HO YacTh €r0
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 00pazom, KOIDPUITUEHT MOJE3HOTO JACHCTBUS MAIIUHBI TM0-
3BOJISIET OILICHUTHh 3Ha4Y€HHE TpeOyeMoil pabOoThl MO OTHOIICHHUIO 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
UZACZPC (6.3)
A A

W3 BBIIEU3IOKEHHOTO, a Takxke, u3 Gopmynsl (6.3) ciaeayer, 4yTo
3/1eCh pacCMaTpUBAETCA MEXAHMYECKUH KOA((UIIMEHT MOJE3HOro JEUCT-
BUS, 3HAYEHHE KOTOPOTO 3aBHCHUT TOJBKO OT MEXaHMYECKHX IOTEPh Ha
TpeHHEe. DIEKTPUUYECKUE MTOTEPH B DJIEKTPOJIBUTATEIISIX, TEIJIOBBIE — B TEIl-
JIOBBIX JIBUTATENsAX CoAa He oTHocATcsA. OmHaKo, i KPaTKOCTH H3JI0XKe-
HUS CIIOBO «MEXaHUYECKHUI» Oy/1eM OIyCKaTh.

3Hadenne kod(puImeHTa moge3Horo aedcTBus (K.MM.JI.) MOXKET Ha-
XOJUTHCSI MEXKY HYJIEM U €IUHULEH:

0<n<l
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O4eBHUIHO, YTO HE CYIIECTBYET MAILIUHBI C K.I.JI. PABHBIM €JUHUIIE,
HO K.IT.J. MOXKET PaBHATHCS HYJIIO, HAIlpUMEp, MpU paboTe MaIlIUHbI 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:

P,=P.+P; (6.4)

rae Pt — MOITHOCTD CUJT TPEHHUS.

Pemas ypaBHenue (6.4) oTHocuTenbHO P U moAcTaBisis pe3ynbTar B

bopmymy (6.3), momydnMm:

P, —P

A TT ] — P7T (6.5)
Pﬂ Pﬂ

OTHo1ieHre MOIIHOCTH (pabOThI) CHII TPEHHUS K MOLTHOCTH (paboTe)

JIBUTATEJISI Ha3bIBAETCSl KOA(D(DUIIMEHTOM MOTEPh:
P
y=_" (6.6)
Pﬂ

Utak, k03QPUIMEHT MOTeph — 3TO KOJIMYECTBEHHBIA MOKA3aTelNb,
KOTOPBINA, KaKk U KOA(PPUIIMEHT MOJE3HOTO IACHCTBHS, JA€T BO3MOXHOCTH
OLICHUTh OTHOCHUTEIBHBIE MOTEPHU MOIIHOCTH Ha TpeHue. OTHAKO MEeXTy
TUMH KO3 (UIIMEHTaMH €CTh KadeCTBEHHAsl pa3HUIla, 3aJI0KEHHAs B HMX
Ha3BaHWM, U B TOM, 4TO B dopmyse (6.3) K.M.J1. TPUCYTCTBYET MOJIe3HAS
MOITHOCTH Pc, a B popmyie (6.6) kordduimenta norepb — MOIIHOCTh Tpe-
HUs Pr.

Kosddurment nmone3Horo AeHCTBUS — 3TO XapaKTEpUCTUKA MalllH-
HBI, TOYHEE, 9TO KaYeCTBEHHBIN MOKa3aTelb (DYHKIIMOHUPOBAHUS MAIIIUHBI,
MOKAa3bIBAIOIINI, HACKOJIBKO TOJHO HCIOJIb3YEeTCS] MOIIHOCTH JIBUTATENs
JUISL BBIMIOJIHEHUS TOJI€3HOM paboThl. 3HaYEHUE K.I.J. 3aBUCUT HE TOJIBKO
OT KOHCTPYKIIMM MAIlIMHBI, HO U OT pekuMa ee (pyHKIMoHupoBaHus. Tak,
npu paboTe MalllMHbl C MOJIHOM Harpy3koil ee K.I.J. JOCTUTaeT MAaKCH-
MaJbHOW BEJIMYUHBI, IPU HETIOJHOW HArpy3Ke K.I.JI. MOXET ObITh MEHBIIIE
MaKCHMaJbHOTO 3HAYEHUS, a IIPH XOJIOCTOM XO/I€ OH paBeH HYJIIO.

B dopmyne korddunrienta noreps mosiesHas MOIIHOCTh Pc oTCyT-
CTBYET, TO3TOMY IPH MOMOIIM ATOTO 3HAYEHHUSI YAOOHO OIEHUBATh MOTEPU
Ha TPEHUE HE B MallIMHE, a B MEXaHU3ME, TaK KaK OH caM Mo cede MmoIe3HOn
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

]7:
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3Has (Hampumep, Mo CIPaBOYHON JUTEpaType) KodhPUIHUeHTH 1o-
TEpb OTIENBHBIX MEXaHW3MOB, MOKHO PAacCUMTaTh OOIUI 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 U Ha MeXaHU3MBbI. [TomMHs
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:

P; — BXOaHAs MOIITHOCTH TIEPBOTO MEXAaHU3MA;

P, — BBIXO/THAst MOIITHOCTH MTEPBOT'O MEXaHMW3Ma M BXOAHAS MOTII-

HOCTB BTOPOTO;
P3 — BBIXO/THAst MOIITHOCTHh BTOPOTO MEXaHW3Ma U BXOJIHASI MOIII-
HOCTB TPETHETO;

P4 — BBIXO/THAsE MOTITHOCTH TPETHETO MEXaHU3MA,

N1, N2 U M3 — K.IL.J. MEXaHU3MOB.

OOmuMii K.1.J1. paBE€H OTHOIIECHUIO BBIXOJHOM MOIITHOCTH K BXOJTHOM:

n= f (6.8)
P] .
Beipa3um P, uepe3 Py u k.. 1. MeEXaHU3MOB:

P,=Pn,
P,=Pn,=PFnmn,
Py =Pn; =P n,n;

[ToncTaBuB mocieaHee BbIpaxkeHue B (6.8) MOJyduM pe3yabTUPYIOLIYIO
dbopMyITy K.IL.JI. TOCIIEIOBATEIHLHOTO COSMHEHUSI MEXaHU3MOB:

n=n;17;3 (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;
P, n P, — BeIXO/1HBIC MOIITHOCTH;

N1 4 N2 — K.II.IA. MEXaHU3MOB.



158

Q‘ 777 —
B B I 5 P
;»777 - 772 =~ 7)3 p—= e
a
9]

7734
74 >

6
Puc. 6.4
OOMH K.II.1.:
n= P+ P
P

Beipasum P; u P, uepe3 BXoaHbpIE MOIIHOCTH U K.I1.J. MEXAHU3MOB:
! " ! "
Pn+Pn, P P

= = +7
7 P P771 P772

BBens monsitre kKoadunmenTa pacrnpeneneHus MomHocTH Ky u Ky, mosy-
YUM OKOHYATENIbHYIO (hOPMYITy Ul K.I1.JI. NApAJUIEIbHOTO COEIUHEHMSI Me-
XaHU3MOB:

n=k;n,+kym, (6.10)
rae ki = P’/P u k, = P”/P.

Tak xak P’ + P” = P, 3nauut K; + K, = 1. B 3T0#i cBsI3M yKakeM Ha
YACTHBIM CIIy4yaH, KOTZa 11 = T2, TO €CTh NApaUIEIbHOE COEAUHEHUE CO-
CTOUT U3 OJJMHAKOBBIX MEXaHNU3MOB:

n=m
To ecTb, 00mMIT KO3(PPUITMEHT TOTEPH MAPATIICTIBHOTO COCTUHECHUS MeXa-
HU3MOB C OJJMHAKOBBIMH K.II.JI. PABEH K.IL.J. OJTHOTO U3 HUX.

Haxkowner, paccMOTpUM CMEIIaHHOE COETUHEHHE MEXaHU3MOB, KOTO-
PO€ CONIEPKUT JIBE YaCTH — TOCIIEAOBATENBHYIO U MapallJIeIbHYI0. DTO CO-
€IMHEHUE NMPUBEIICHO Ha pucC. 6.4B, T1€:

ks u K4 — k03 punmenTs pactpeaeneHuss MOITHOCTH;

N1, N2, N3, U N4 — K.ILL.A. MCXaHHU3MOB,

N34 — K.IL.J. IAPAJUIETBHOTO COSAMHEHUS.
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MokHO paccMaTpuBaTh 3Ty CUCTEMY KaK IMOCJIEIOBATEIHLHOE COCIMHCHHE
MEXaHU3MOB, HIMEIOIINX K.IL.JA. N1, N2 U N34 [locnenuuit koaddunmeHT on-
penensercs cornacHo dhopmyie (6.10):

M3q = k315 +kyy
ITo dhbopmyie (6.9) o6 K.I1. 1.

n=mn,(ksn; +k,;n,) (6.11)

[Ipumep. PaccuutaTh MOIIHOCTH AJIEKTPOJBUTATENS] MAlIUHBI He-
MPEPBHIBHOTO JEHCTBUS, CXeMa KOTOPOW JlaHa Ha puc. 6.5, 1o CleAyronuM
JTAHHBIM:

- 4aCTOTa BpalllEHUs BaJla dneKTpoasurarens Ny = 1420 06/muH;

- MOMEHTBI 0JIE3HOTO conpoTuBiieHuss Mc; = 100 Hm, M, = 80 Hwm;

- K.JI.J. YOPYTroil COeIMHUTEIbHON My(THI (3Ta My(pTa TakKe SBIIS-
€TCSl 3JIEMEHTOM IIOTEPh, TaK KAaK JIOMYCKAET OTHOCHTEIBHOE JBM)KCHHE
CBOMIX JICTAJICH B IIpoIlecce Tepeaadn BpalleHHsI, HallpuMep, B PE3yJIbTaTe
HECOOCHOCTH WJI IepeKoca coenHsieMbIX BajioB) Ny = 0,99;

- K.IL.JI. uInHApudyeckoil nepeaaun 1y = 0,98;

- K.II.JI. KOHU4YecKo# nepenayu N = 0,97;

- K.ILJ. TTapbl Onop (KakIbIi BaJl UMEET JBE OMOPHI; B COBPEMEHHBIX
MalIuHaxX — 3TO, KaK MPaBUIIO, TIOIITUITHUKH KadeHus) no = 0,99.

Yucina 3y0beB 3y0UaThiX KOJIEC JaHbI HA CXEME.

50

' 17 18

RN ~
L 34 54
C>-£ | L
T T
25 M Mz
Puc. 6.5

Pemienue. MomHoCTh aBUTaTens onpeaeauTcs mno Gopmyne (6.3):
p,="c

JIns HAXOXKIEHHUS MOITHOCTH TIOJIC3HOTO COMNPOTHUBICHHUS Pc ompenennm

YTJIOBBIE CKOPOCTHU BBIXOJHBIX BaJIOB. Y UUTHIBAS, YTO
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_thg

30
110 YPaBHEHUIO KHHEMATUYECKOTO OartaHca uMeeM:
0, = 71420 2517 _37.16 mane
30 50 34
0, = w1420 25 18 _ 2478 vanc
30 50 54

MOHIHOCTB IMOJIC3HOI'O COIIPOTUBJICHUA:

P. = MCla)1+MC2a)2 :10037,16 +8024,78:
=6598,4 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 U JIBE
napel OMOp, 3HAYUT K.I1.JI. 3THX JIBYX COCTABJISAIONINX MapauIeIbHON YacTH
onuHakoBo. [Ipu pacuere pasaenuM MOCIEAOBATEIBHYIO U IMAPaUICIEHYIO
JaCTH CKOOKaMH:

0 =7k 0 1) (1 10) = (0,997 0,99 0,98 )
(0,97 -0,99)= 0,89

MOHIHOCTI) QICKTPOABUI'aTCJIA MAIINHBI:

Pﬂ = WZ 6401,3 Br = 6,4 xBrt
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?
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I'nmaBa 7. IlunamMu4veckasi MoaeJib MAIIUHbI

3neck U B JanpHEieM OyneM paccMaTpuBaTh TUHAMHYECKHE pac-
YeThl MAIllUH MEPUOJNYECKOTO U HENEPUOINYECKOro neucTBus. JluHamu-
YEeCKHUIl pacueT MalluH HENPEPBHIBHOTO JEHCTBUS HE NMPEACTABISAET 0OILEro
MHTEpeca C TOYKU 3pEHUS TEOPUH MAILIVH.

[TpakTruecku r00asi COBpeMEHHasi MalllMHA MIEPUOIUUYECKOTO 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 AMHAMUYECKON MOJENHM MAaIlMHbI, HO OyZIeM UMETh B BHJy MOJEb
€€ 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 MOZI€NIb MAIIMHBI — 3TO OJHO BOOOpPa)KaeMo€ 3BEHO,
BPAILAOIIEEC BOKPYT OCH WM JBUXKYILEECS 10 HANPABIIIOIINM, [IPUYEM
OChb BpallleHUSl M HaIpPaBIIAIOIIME MOTYT ObITh HEMOABUXHBIMU WJIU TIOJ-
BIKHBIMU. KMHEMaTHYECKH 3TO 3BEHO COBMEUIAETCS C OJHHMM M3 3BECHBHEB
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 YHEPIUM 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 MHEpIMOHHBIE U CUIJIOBBIE NTAPAMETPhl TUHAMUYECKOW MOJIEIIN Ha-
3bIBAOTCS] IPUBEICHHBIMH, TAK KaK MacChl 1 MOMEHTBI MHEPLIUH 3BEHBEB,
CUJIbL U CUJIOBBIE MOMEHTHI HAJI0 PUBECTH OT PA3JIMYHBIX 3BEHBEB U TOUEK
3BEHBEB MAIIMHBI K €€ MOJIEJIA, COBMEILIEHHOW C OJHUM W3 3BEHbEB MAIllU-
Hbl. DOTO 3BEHO B JIaHHOM CJIy4a€ Ha3bIBa€TCS 3BEHOM NpHUBEACHHUS. 10
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CCTb, CKOPOCTHb I[HH&MH‘-IGCKOﬁ MOJICJIN, KOTOpad MOAJICIKUT OIPCACIICHUIO
B TMHAMHWYCCKOM PACUYCTEC, CCTh CKOPOCTb 3BCHA ITPHUBCACHH.

Puc. 7.1

Ha puc. 7.1a nmpuBegeHa nuHamuyeckas MOJI€NIb MAIIMHBI B BUJE
3Be€Ha C MEPEMEHHBIM MPHUBEIEHHBIM MOMeHTOM mHepuuu 1"P(¢), KoTopoe
BpaIlacTCs C MEPEMEHHON YIIIOBOH CKOPOCThIO ®(() MO JCHCTBUEM MPH-
BEJIEHHOTO CHJIOBOro MoMmeHnTa M'(¢;®). JlnHamMuyeckas MOJEIb Ha PHC.
7.16 — 510 3BEHO ¢ Maccoi M™(S), ABMKYIIEECs MOCTYNATEABHO CO CKOPO-
¢TI0 V(S) 1O aelicTBHEM TpUBEAEHHON cribl F'P(S;V). 3aBUCMMOCTD TIpH-
BEJICHHOTO CHJI0BOro MomMenTa M™ u npusenenHoi cuibl F™* He TobKO 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 IMEeCTePHU Z; B KoJieca Z; epeJaTOYHOTO MEXaHU3-
Ma;

- CXe€Ma UCHOJIHUTEIBHOTO U BCIIOMOTaTEIbHOTO MEXAHU3MOB
(CTepXHEBOTO M KyJIa4KOBOTO) B MacITade L |.

Kunematnueckue napaMeTpsbl:

- BXOJTHOM KHUHEMATUYECKUU TTapaMETp, HATIPUMED YIII0BAsI CKOPOCTh
IJIAaBHOTO BaJla (g;

- IJTaH CKOPOCTEH CTEP)KHEBOTO MEXaHu3Ma B Maciitabe L, (Ha puc.
7.2 He TOKa3aH);
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- IepeJaTOYHBIC OTHOIICHHSI MEXaHU3MOB.

JlnHaMu4ecKue mapameTpshl:

a) MHEPITMOHHBIE

- Macchl ImaTyHa 2, moyidyHa 3 W Tojkarens T: My, M3z U My B KT,
IpUYeM Macca IaTyHa COCpeloTOYeHa 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-
nmajacT ¢ IEHTPOM BpalleHUs W, CIEJOBATEIbHO, Macca HE OKa3bIBaCT
BIIUSIHUS Ha JIBIDKCHHE MAITUHBI, Macca KpuBommna 1 u kynauka K Takxe
HE YYHUTHIBACTCS, TaK KaK BMECTE C TJIaBHBIM BajiOM, HA KOTOPOM OHH 3a-
KPEIUJICHBI, 3TO COCIWHEHHE C HEOOJBINONW TMOTPEIIHOCTHIO TOXKE MOXKET
CUHMTATHCSI 3BEHOM POTOPHOTO THUIIA;

- MOMEHTBI MHEPIMHM BCEX 3BEHHEB, COBEPIIAIONIUX BpPAMIATEIHLHOE
WIN CIIOXHOe ABwkeHue: |y (porop anexkrpoasurarens), |y (ryiaBHbIA Bal ¢
KPUBOIIIMIIOM M KYJIa4KoM), |z, I,1, 1,2 B KTM?;

0) crIIOBBIC

- CUJIOBOM MOMEHT aBurarens My B Huw;

- CHJIBI TIOJIE3HOTO COMPOTUBJICHUS F3 u F1, IpuiIo’KeHHBIC K TTON3Y-
Hy 3 u tonkaremo T B H;

- CWJIBI TSDKECTH, IIPUIIOKCHHBIC B IIEHTpax Macc 3BeHbeB: Gy, Gz u
Gt B H (cumTaercs, 9To ais mMoa3yHa 3Ta cujia MpuioxkeHa B Touke C, a
JUTSL TOJIKATENsI TOUKA TPIIIOKEHUS HE MMEET 3HAYCHMSI, TaK KaK OH JBHU-
YKETCSl BEPTUKAIIBHO).

3aMEHUM MaIlUHYy JUHAMUYECKON MOJICJIBI0 B BUJE BPALIAOIIErOCs
3B€HA, KMHEMATHYCCKH COBMEIICHHOI'O C TJIABHBIM BaJOM MAIIUHBI, TO
€CTh, IMEIOIIETO B pacCMaTpUBACMbIii MOMEHT BPEMEHU Ty KE CaMyIO yT-
JIOBYIO CKOPOCTh ; (puc. 7.20). Takum oOpa3oM, 3ajada OnpeacsICHUs Ia-
paMeTpoOB AMHAMHYECKON MOJICNIM MAIlIMHBI CBOJIUTCS K MPUBEACHUIO BCEX
e¢ TMHAMHYECKHX MapaMeTpOB K TJIABHOMY Bally, JIJISl Y€TO HUCIIOIB3YIOTCS
YCIIOBHSI PaBEHCTBA KMHETHYECKUX dHEPTUHA U MOIIHOCTEH MAIIMHBI B MO-
TIEITH.

Mowment unepuuu |"° gMHAMMYECKON MOIENN HalIeM U3 YCIIOBHS
paBEHCTBA KHHETHYCCKUX SHEPTHI:

Tvion = T

Kunernueckas sHeprusi fuHaMuueckoi mozaenu (puc. 7.20):
np .2
I'" w;

fwon =5
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Puc. 7.2.

Kunernueckas sHeprus mMamuHsl (puc. 17.2a):

1 2 1 2 1 2 1 2 1 2
T =l 0,+- 1. 0,+-1 .0 +—-1 0 +—1,w0 +
MAIILI 2 P 5 21977 2 22 W; 2 1D P 2 Wy

+m +]mv +]I71V2
22 23C2TT

ITocne MMOACTAHOBKH 3THUX BBIPAKCHUA B UCXOJHOC PABCHCTBO U ITO-
CJIC €ro pCUICHUA OTHOCHUTCIBbHO IMPUBECACHHOIO MOMCHTA MHCPIHU I1OJTY-
YUM:

2
w’ o’ @’ @’ @
=1, F+1, F+1, L+, +1,"2+
601 wz a)l @ @
U
+m, S +my 5 +mp 5
o) co] @

OTHOLIEHUS CKOPOCTEN €CTh Hepe,uaTquLIe OTHOH.IGHI/I?I IO3TOMY:
np __ 2
I =1uy +1 luﬂ] +1.,+1, +m2u51 +

2
+1, ”21 +m; ucz +myr Uy,

OO6mwmit Bua (Gopmyibl Juisl ompeneseH!s] MPUBEIESHHOTO MOMEHTa
VHEPLHU CIICTYIOLINM:
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I =3(Lu, +mug,;) (7.1)
rae: | j ¥ m; — MOMEHT MHEPIIMH U Macca 3BeHa ]
U j; — MepeIaTOYHOE OTHOIICHUE OT 3BEHA | K 3BEHY IPUBEICHUS;
U sj1 — IepeJaTOYHOE OTHOIICHKE OT IIEHTPA MAcC 3B€HA 1 K 3BeHY MpHU-
BEJCHUS.
CuiioBOM MOMEHT JIMHAMUYECKOW MOJIeNIM HaiJieM U3 yCJIOBHUS pa-
BEHCTBA MOIIHOCTEW MOJEIN U MAIIUHBL:

Pyon = Pyamr
MONIHOCTh TUHAMUYECKOW MOJIEH €CTh MOIIHOCThH MPHIJIOKEHHOTO
K HEll IpUBEJIEHHOTO CHJIOBOTO MoMeHTa (puc. 7.20):

MOoOIHOCTh MAllIUHBI - 3TO MOITHOCTh BCEX CHJI M BCEX CHIIOBBIX MO-
MEHTOB, MPUJIOKEHHBIX K TOYKaM 3BEHbEB U 3BEHbSIM MallliH (puc. 7.2a):

I7€ O — YIOJl JaBJIECHUS — OCTPBIM YTrOJI MEX]Y CHJIION U CKOPOCTBIO TOYKH
MIPUJIOKEHUS ATOM cuitbl (puc. 7.2a).

Hnst cun conportuBneHus F3 u Fr yribl gaBineHust paBHbI HYJIO, MO-
ATOMY, KOCUHYCBHI UX PaBHbI €IMHUIIC U, COOTBETCTBEHHO, HE YKAa3aHbI B
BBIPAKCHUM MOIIHOCTH MAIIWHBL. JIJIsl CHJIBI TSKECTH TPETHhETO 3BEHA
(moJi3yHa) yroJi JaBJICHUS paBEH 90°, MIOATOMY MOIIHOCTh 3TOM CHJIBI PaBHA
HYJIIO.

[IpaBuno 3HaKOB MONIHOCTEW cieayrouiee. Ecin MOMEHT, mpuiio-
YKEHHBIN K 3BEHY, COBIIAJIAET 110 HAMPABJICHUIO C YIJIOBOM CKOPOCTBHIO 3TOTO
3B€HA, TO OH Pa3BHUBACT IMOJOKHUTEIBHYIO MOIIHOCTh, U Ha000poT. CoOT-
BETCTBEHHO, €CJIM CWJa, IMPUWIOKEHHAsI K TOYKE 3BE€HA, COBMAJAET MO Ha-
MPABJICHUIO CO CKOPOCTHIO 3TOW TOYKH, TO OHA PAa3BUBAET MOJIOKHUTEIBHYIO
MOIITHOCTh, U Ha000poT. Ecim ke MexXay CHIOW M CKOPOCTBIO HMEETCS
YTOJI, TO TAKKM e 00pa3oM clielyeT CpaBHHBATh HAIIPaBJICHUE CHJIBI U Ha-
MPABJICHUE MPOCKIIMUA CKOPOCTH HA JIMHUIO ICHCTBUS CHUJIBI.

[IpupaBHAB mpaBble YACTH MOCIECAHUX BBIPAKEHUN U PELIUB MOJIY-
YEHHOE YpPaBHEHUE OTHOCUTEIBHO MPUBEACHHOIO CHUIOBOIO MOMEHTA, IMO-
JTYYUM:

@ 1% 1%
MY =M, = +G 2 cosa — F ~-F 1T +G;
@ 0)1 0)1 @ @
Tak Kkak OTHOLLICHUS CKOpOCTCﬁ CCThb ICPCAATOYHBLIC OTHOIICHMSA, TO
np _ _ _
M™ =M ju;, +Gyug,cosa— Fyuc; — Frup, + Grug,

OO6muit BuaA GopMysbl IJid ONpeAeeHUs MPUBEACHHOTO CHUIIOBOTO
MOMEHTA:

M =Z(EMu;; )+ 2 [£F ug, cos(Fy ;v )] (7.2)
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rae: M j — CHIIOBOI MOMEHT, IIPHJIOKEHHBIH K 3BEHY I,
U j; — MepeIaTOYHOE OTHOIICHUE OT 3BeHA | K 3BEHY MPUBEICHUS;
Fx — cuna, npunioskeHHas K Touke K;
U k1 — epegaTouyHoe OTHOIIeHHE OT Touku K K 3BeHy MpuBeeHUS;
(Fk;VK) — OCTpBIif yros1 MeKIy CHIION, IPUIIOKEHHOM K Touke K 1 cko-
POCTBIO ATOM TOYKH.

®opmyisl (7.1) u (7.2) npeana3sHadeHbl I OMPEICIICHHS MapaMeT-
POB TWHAMHUYECKOW MOJICTTM B BHJIC Bpallaromierocs 3BeHa. Ecmu momens
MPE/ICTAaBIICHA B BUJIE MOCTYMATEIbHO JIBHXKYIIETOCS 3BEHA, TO MPUTOTHBI
TE K€ camble popmyiisl, HO BMecTo I'™? Hamo moacraBuTh M™, a BMecTto M™
— F™. Pa3MepHOCTH I€peIaToOuHbIX OTHONICHHUI M3MEHSTCS, B PE3YJILTATE
Yero, BMECTO MPUBEICHHOTO MOMEHTA MHEPIIMU B KTM™ TIOJyUUTCS TIPUBE-
JIEHHAash Macca B KT, a BMECTO MPUBEICHHOTO CHJIOBOTO MOMeHTa B Hwm -
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 [MOKa3bIBACT MEPEMEHHOCTh 3TUX MapaMeTpoB. JledcTBUTENbHO, 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-
HATHCS B COOTBETCTBHUH C MEXAaHWYECKHMH XapaKTCPUCTUKAMHU ITHUX Ma-
muH. [[ocTOSHHBIME B OOJBIIMHCTBE CITy9aeB OCTAIOTCS TOJBKO TIepea-
TOYHBIC OTHOIICHHS 3y04YaThIX MEXaHH3MOB, a TaK)KE MAacChl 1 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 BpallAroLIEeUcss TUHAMUAYECKOU
MoJiend. JIBMKEHUE MOCTYyNaTeIbHO ABMKYLIECUCS TUHAMUYECKOW MOJEIU
OyZIeT OMUUHATHCS TEM K€ YPaBHEHUSIM, HO C COOTBETCTBYIOIICH 3aMEHOM
YIJIOBBIX KHHEMATUYECKUX U JUHAMUYECKUX NTapaMETPOB Ha JINHENHBIE.
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bynem paznuyats aBe (GOpMbI ypaBHEHUHN JBUKCHHS JUHAMUYECKOM
MOJIEJIN: dHEepreTudeckyro u nuddepeHunaibayro. O6e 3tu hopmbl 6a3u-
PYIOTCSL Ha YpaBHEHUU U3MEHEHHUS] KUHETUYECKOW SHEPTUU, U3BECTHOM M3
TEOPETUUECKOU MEXAaHUKH:

rae. Tn To — TCKyIICC U HAaYaJIbHOC 3HAUYCHHUC 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,= él”f’ - élgp @,

rae: ™" u 1™y — Texyniee 1 HauaNbHOE 3HAUEHKME IPUBEIECHHOIO 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 NEPEMEIIEHHS, U OT CKOPOCTH JTUHAMUYECKOU MOJIEIIA, OJTHAKO 3]IECh
OyJleM YYUTBHIBATh €r0 3aBUCUMOCTh TOJILKO OT IepeMereHus. Toraa:

%4
A=[M"dg (7.4)
0

HpI/IpaBHHB IIPaBbIC YdACTHU JABYX ITOCIICIHHNX BBIp&)KGHHfI, HNMCCM:

1 1 A
2I”p o’ —21;;‘1’ w, = [M" do
0

Otcroa nojiy4aeM BbIpa)KeHUe ISl yTI0BOM CKOPOCTH:

_ 2 9 np I(}}p 2
a)_\[”p £M dg0+[npa)0 (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 JBUTATEISIMU [12]. DTO BhIpakeHUE BBIBEACHO M3 YPaBHCHHUS 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, Torna:
i ]Inp a)z = an
do
Bo3bMeM IPOU3BOAHYIO IPOU3BEICHHUS:
IIHPZ da) ] d[np 2 :an
2 dgo 2 do

VYMHOKHM U pa3/IeluM MEePBBIN YICH JeBOH YacTu Ha dt

np
Inpa)da) dt 1dI a)z

+ — =M"
dt dp 2 do
YuuteiBas, 4to B nepBoM wicHe do / dt = @, mocie cokparieHus moTyIuM:
pdo 1dI”
dt 2 do
O6b1uHO 0603HauatoT do / dt = d¢ / dt ,= ¢” 1 ® = ¢, TOr/Ia HOMyHHM:
1dI'”
I"o" + — @ =M" (7.7)
2 do

VYpaBuenue (7.7) ecTb HEOMHOPOJIHOE HEITMHEHHOE ypaBHEHHE BTO-
poro mopsjaka ¢ nepeMeHHbIMUA Kod(purrenTamu, tak kak 1" 1 M™ ecTpb
GyHKIUK (. DTO ypaBHEHHE MOXKET OBITh PEHICHO AHATUTHUYCCKH, CCIIH
I""(@) u M™(p) ecth MaTemaTnueckue pyukiun. Ho, B 0011em ciaydae, 3Tu
(YHKIIMKA MOTYT OBITh COBEPIICHHO MPOU3BOJILHBIMHU, TIO3TOMY YPaBHEHHUE
pelaeTcss WM YHCICHHBIMA METOJaMU WM rpadoaHaaIuTUYeCKu. To ke
caMoe OTHOCHUTCS U K BeIpakeHH0 (7.5) B 4aCTH ONpe/e/icHHs HHTerpasia B
MOJAKOPEHHOM BbIpakeHUU. B crenyromux naparpadax OyayT paccMoTpe-
HbI Tpa)OaHATUTHYCCKIE METOIBI.

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 MOJENb MAIIWHBI MEPUOJANYECKOT0 M HENEPUOJUYECKOrO IEHCT-
BUSI?

3. M3 Kakoro ycioBusl ONPEAEISIETCS NPUBEICHHBIA MOMEHT WMHEp-
[IUU TUHAMUYECKON Moaenn?

4. N3 xakoro ycioBHsl HaXOAMUTCS MPUBEICHHBIA CHUIOBOM MOMEHT
JTUHAMHUYECKOH Moaenn?

5. BeiBenere ypaBHEHUE ABMKEHUS 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 MallMHaM HENEPUOINYECKOTO TEHCTBUS
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-
BOYHbIe MamuHbl. Crofa e MOryT ObITb OTHECEHbl MHOTME BCIIOMOra-
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 XapaKTEPUCTHKA ABUTATENs, B JAHHOM CIIy4yae T'MJIPOLIMIIAH/I-
pa M naeBMouuIuHapa. Paccmorpum ee nonpoOHee.

§8.1. MexaHn4yeckne XapaKTepUCTUKU THAPO-
¥ THeBMOUMJIUH/IPOB

PaccmoTpuMm cHayana MEXaHWYECKYH) XapaKTePUCTHUKY THAPOIPH-
BoJia. B 3TOM ciyuae aBuUrareineM MallMHbI ABJISETCA TUAPOUMIUHIAD 4
(puc. 8.1a), BKIIFOUCHHBIN B THAPABINYECKYIO CUCTEMY, COJEPIKAIIyI0 Oak
1 ¢ pabGoueli KUIKOCTHIO, TUAPOHACOC 2 U OPTaH YIpaBieHUsS (30J0THUK)
3, cBs3aHHbIe TpyOompoBogamMu. OnpeaesonuM MoKa3aTesieM THAPOCHUC-
TEMBbI SIBIIIETCS TEXHUYECKAsl XapaKTepUCTHKA THMAPOHACOCA, TO €CTh, €ro
MIPOU3BOJIUTEIIBHOCTD U JABJICHHUE KUJAKOCTU Ha BBIXOJIE (IOTEPSIMU CKOPO-
CTU W €€ JaBJeHUs B TPyOONpOBOJAX M OpraHax ympaBJeHUs 3]1eCh Ipe-
HeOperaem, ux y4ert AaH B [4]).
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B ruapornpuBoiax TpaHCHOPTHBIX, TEXHOJIOTUYECKUX MAIIUH U PO-
O0TOB HUCTIOJIB3YIOTCA IPEUMYIIECTBEHHO 1IECTEPEHHbBIE, MIYHKEPHbIE, 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].

6 F
L 0 G L¢
[
a
Fﬂ ) G Fﬂﬂ
Fﬂmo&x o Fﬂmwg
O 6
: - ) ‘ 1)
Vmin Ymax Vmax

Puc. 8.1.

[Ipu nonokeHuu 30JI0THUKA, IOKAa3aHHOM Ha puc. 8.1, )KHUIKOCTh OT
Hacoca MoJIaeTcs B MOPIIHEBYIO MOJIOCTh 5 THAPOLMIUHPA U TTOPIIEHB CO
IITOKOM TIEpeMENIaeTcs CjaeBa HarpaBo (OOBIYHO 3TO COOTBETCTBYET pado-
YeMy XOJy UCHOJIHUTEJIbHBIX OPraHOB MalivH). Eciu BHEHHssA cujia mo-
JIE3HOTO COMPOTUBJIECHUS Fc U CUJIBI TPEHUSI MEXKY MOPIIHEM, 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 riomas nopmrHg. C ydyeroMm mpeoOpa3oBaHUs
pPa3MEPHOCTEN UMEEM:

Q

V _—
" 15000 D

rjae: Q — Mpou3BOAUTENIHLHOCTD THAPOHACOCA B JI/MUH;
D — nuameTp ruApOLIMIUH]IPA B M.

S (M/e) (8.1)
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3aMeTUM, YTO MPAKTUYECKU MOPILICHb HUKOT/AA HE JIOCTUTaeT MakK-
CUMaJIbHOM CKOPOCTU M3-3a HEU30EKHOTO TPEHUS B YIUIOTHEHUAX MEXIY
MOPIITHEM, IITOKOM W HWJIMHAPOM; KpPOME TOTO0, >KUJIKOCThb W3 IITOKOBOMN
MOJIOCTU B OaK CIMBAETCS C MPOTUBOJABICHUEM H3-3a TPEHUS B TPYyOOIpoO-
BOJIaX U JPOCCEIUPOBAHUS B OpraHax yIpaBIICHHUS.

Ecnu x mITOKY MPUIOKUTH CUITy CONPOTUBIEHUs Fc, TO ero cko-
POCTh YMEHBIIMUTCS, a JaBJICHUE B MOPIIHEBOU MOJOCTH (M CHJIa IBUTATEIIs
Fn) Bo3pacTeT, IpuueM yMEHBIIEHHE CKOPOCTU OYAET MPONOPLUOHAIBLHO
yBeIuYeHUo cuibl. ClienyeT cka3arh, YTO 3Ta 3aBUCUMOCTb CHJIbI OT CKO-
POCTH ISl TUAPOLUUIIMHIPOB, TUTAEMBIX HACOCAMH Pa3HbBIX TUIIOB, MOXKET
OBITh pa3MyHa, OJHAKO BO BCEX YNMOMSHYTBIX clly4asix (TO €CTh, C Hacoca-
MU IIECTEPEHHBIMH, aKCUATIbHO-TIOPIIHEBLIMU, TTYHKEPHBIMU U TUIACTHH-
YaThIMHU) OHA OJM3Ka K JuHEeUHOU. [ToaTOMy MOXKHO cUMTaTh, 4YTO padoyas
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, ¢ yBenmnueHueM BHEIIHEW CUJIBI TIOJIE3HOTO COMPOTHUBICHUS F¢
CKOPOCTh IITOKA MaJaeT, a Cujia TUAPOIMWINHAPA PACTET 0 BIOJHE OIpe-
JIEJICHHOM BEJIMYMHBI, JUKTYEMOW MAaKCUMAJIbHBIM JaBJICHUEM THUIPOHACO-
ca. JTa MaKCUMaJibHasl CUJIa JIBUTATEIIsl PACCUMTHIBACTCS IO (popMyJie:

F 10° p D’

max

(H) (8.2)

IZie p — AaBJEHUE, pa3BUBaeMoe rugponacocom B Mlla.

[Ipu AOCTHKEHUU TUAPOIUIUHIPOM MAKCUMaIbHON CHIJIBI CKOPOCTh
MOPIIHS CTAHOBUTCSI MUHUMAJIBHOU Vin (puc. 8.10). Benuunna naneHus
CKOPOCTH 3aBHCHUT OT THIIa Hacoca M ammnapaTyphbl ynpaBiieHus. B cpennem
MO>KHO CUMTaTh, 4TO 3TO najenue gocturaet (20 + 30) %, To ecTb,

v, =(07+08)v, .

Ecmu BHemHss cuna Fe cranHoButTcs Oojbllie, YeM MaKCHUMAallbHas
cujla TUAPOLMINHAPA Fjmax, TO MOPIIEHb OCTaHABIMBAETCS, O] HUM CO-
XpaHseTcsl MaKCUMalibHOEe NaBiieHre (0 Ha puc. 8.10), a M30BITOK >KUIKO-
CTH CIIMBaeTcs B 0ak 4epe3 IpeaoXpaHUTEIbHBIN KialaH (Ha cXeMe pHcC.
8.1a He mokasan).

Takum o0pa3oM, CTPOUTCS MEXaHWYeCKas XapaKTePHCTHKA IIPH pa-
O0oueM xoze.

[Ipu X0J0CTOM XOJIe MEXaHWYeCKasi XapaKTePUCTUKA THAPOIMINH -
pa UMeeT aHAJIOTUYHBIN BUJI, HO MaKCUMaJIbHAsi CKOPOCTh 3/1eCh OOJIbIIIE, a
cuja MEHbIIE, TaK KaK UJIKOCTh IMOJ JaBJICHHE MOCTYNaeT B IITOKOBYIO
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MOJIOCTh C MEHbIIEH IIOMAJAbI0 IOINICPEYHOTIO CCUCHUA, a4 U3 HOpIHHGBOfI
CIuBaeTcs B OaK:

o 0
max ~— 2 2
150007(D* —d?)
z(D*-d*)

max =1 0° p y (H) (8.4)

(M/c) (8.3)

[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
MPUBO/IA BCIIOMOTaTeNIbHBIX MEXaHHU3MOB, Yallle BCEro — 3TO MEXaHU3MBbI
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. MakcumanbHas CKOPOCTh MOPIIHSA M CHUJIa MTHEBMOIWJIMHIpPA pac-
CUUTHIBAIOTCS IO BBHIMICTIPUBEACHHBIM (hOpMynaM, HO C y4EeTOM 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 MMHEBMOCETH,
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 3aBOJCKHMX IMTHEBMOCETSX MOXKET JO-
xomuth 10 0,5 MIla, oqHako Npy MHKEHEPHBIX pacueTax CleAyeT NMPUHU-
MaTh MeHblIee 3Hauenue — 0,48 MlIla [3].

Yrto KacaeTcs CKOPOCTU MCTEUEHHS CKATOTO BO3/yXa, TO ATy Xapak-
TEPUCTUKY THEBMOCETH YAOOHO BBIPA3UTh Uepe3 MPOU3BOIUTENHHOCTD Q,
M3MepsAeMyI0 B M°/MHH, KaK 3TO NPUHATO B MHEBMOCETSX. IIpH CpPeIHHX
ckopoctax ucreuenus (12 + 15) m/c u nuamerpax orBepctus (10 + 15) mm
9Ta MPOM3BOAUTEIBHOCTE MOXKeT ObITh mprasita 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 MHAYe, TaK KakK MPOU3BOJUTEIBHOCTH 3/1€Ch 3aja-
€TCS HE B JI/MUH, a B M3/ MUH.

[Tpu npsimom (paboyem) xoze:

== (wk) (8.5)
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[Tpu ob6paTHOM (XOIOCTOM) XOJ€:

.. 0
" ISg(D* -d?)
Btopas 0co6eHHOCTh 3aKJIF0YaeTCs B TOM, UYTO IIPH YBEJIMUYCHUHU Ha-
IPY3KH Ha IITOKE OT HYJS JI0 MaKCUMaJIbHO BO3MOKHOW BEJIMYUHBI €0
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
xoJ1ax paccuuthiBaeTcs o Gopmynam (8.2) u (8.4), rae p = 0,48 MlIla.
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).

(M/c) (8.6)

§8.2. IlpeanocbuIKU pemieHUus1 JMHAMUYEeCKOH 3a1a4n

JIMHAMHYECKYIO MOJIEb B PACCMATPUBAEMbIX MallHHAX yI00HO CO-
BMEIIATh C MOPIIHEM THAPO- WIK IMHEBMoOUMIMHApa (puc. 8.2), mpuiyeM B
JAHHOM CJIydYae IMOKa3bIBAIOTCS JIBE NMPHBEICHHBIC CHIIBI: 3aBUCSIIAS OT
ckopoctu FP(V) (cuia mBuraress) ¥ 3aBucsmias ot nepemenienus F(S)
(OT CHIIBI TIOJIE3HOTO COMPOTHBIICHHUS M TSHKECTH).

mﬂ@(g)

Puc. 8.2.

COOTBETCTBEHHO 3TOMY, YPaBHEHHE JIBUKEHUS TUHAMUYECKOW MO-
Jeau B (popMe KHHETHUSCKUX SHEPTUM 3aIUIIEeTCs TaK:

2 np .2
As— A, (8.7)

m?v: my v, B
2 2
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rae: M™ u V — TekyIiye 3HaueHust IPUBEIEHHON MAaCChl M CKOPOCTH JMHA-
MHUYECKOM MOJICIIH;
m™g ¥ Vo— Macca ¥ CKOPOCTh B HaYaJjle pacCMaTpUBaEMOro MHTEpPBaja
JIBUYKEHUS;
As — paboTa NpUBEICHHON CUJIbI, 3aBUCSIICH OT IEPEMEIICHMUS;
Ay — TO e JJIs IPUBEJICHHOM CHUIIbI, 3aBUCSIIENH OT CKOPOCTH.

PaGota As MokeT OBbITh ompejiereHa BHYTpU JI0OOOr0 HHTEpBaja
JBIO)KCHUS, TaK KaK MEXaHU4YECKas XapaKTePUCTUKA CHJIbI CONMPOTUBIICHUS
3amaHa B (pyHkuu mepeMemienus. Yto kacaercs paboTel Ay, TO OHA HE
MOET OBITh ONpPENENEHA, TAK KaK JaXke, €CJIM M3BECTHO 3HAUEHHUE CHJIBI
Fvo B Hauane MHTEpBaJia, TO €€ MU3MEHEHUE M KOHEYHOE 3HAYCHUE HEU3-
BECTHBI MOTOMY, YTO MEXaHUWYECKash XapaKTepUCTHKA CWJIbI JBUTATENs
(TMapo- WK MTHEBMOIMIIMHIIPA) 3a7aHa B (YHKIIUA CKOPOCTH.

CornacHo Merony, npemioxkeHHomy CkypunuasiM M.A. [14], sTa
paboTa MOXeT OBbITh Ompe/iesieHa MPUOIMKEHHO, €CITU MPENOIOKUTh, YTO
cwia Fy u3MeHsieTcs 1o JMHEHHOMY 3aKOHY BHYTPU JOCTATOYHO MAjoro
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
MOXET OBITh 3HAUYUTEJILHO YIIPOIIEH M3-3a TOTO, YTO 3HAYCHUS] 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 3HAUYCHUSIMU CKOPOCTHBIX
napameTpoB (HarmpuMep, CKOPOCTH LIEHTPOB MAacCC 3BEHbEB OOBIYHO HE JI0C-
turatoT 0,1 M/c), a CUIOBBIE MapaMeTPhl, Kak MPABUIIO0, BEJIUKHU.

Hcxons u3 3T0r0, BMECTO JIEBOM YacTu ypaBHeHUS (8.7) MOKHO Ha-
MUCATh HOJIb. Y YUTHIBAs, UTO paboTa Ag OTpHUIATENbHA, TOTYYUM:

(3ameTuM, 4TO B HEKOTOPHIX CIy4asx padora Ag MOXET OBITh TOJIO-
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).

YuuteiBasi, 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™P(S) U3MEHSIOTCS 10 JIMHEHHOMY 3aKOHY BHYTPH 3TOTO WH-
TepBaJia, MOKHO BOCIOJIb30BATHCSI YCPEAHEHHBIMUA 3HAYEHUSAMU 3TUX IPU-
BEJICHHBIX CUJI, TO ecThb, Ay = F'P\, Asu Ag = F™Ps As. Torna:

FP =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 MaITMHAX PACCMAaTPUBAEMOTO 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
I03BOJISIET, BO-TIEPBBIX, ONPEICIUTh HEM3BECTHYIO CHiTy F'Py B IFOOOM I10-
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'paduueckuii 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 orpuuareiabHa. B mpaBoil BepxHeil
YacTH pa3MeNaroTCsl MEXaHUYECKHIE XapaKTePUCTUKU TUAPOIMINHIIPA IPU
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Puc. 8.3.
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npsMoM u oopatHoM xoze (puc. 8.30). Y1oO6HO, 4TOOBI OCH abCIUCC ATUX
IBYX TpaukoB ObUIA PACMONOKEHbI HA OJHOW ropu3oHTaIu. MacmTalsl
oceil opauHaT (MaciTadbl CHUJT) TOKHBI OBITh OMHAKOBBIMH.

Tenepb NpeACTOUT MOCTPOUTH IPaPUK CKOPOCTH JUHAMUYECKONU MO-
JIeIM B 3aBUCUMOCTH OT €€ TIepEeMEIleHUs], UCTIONb3Ys paBeHCTBO (8.9). [ns
ATOTO B JIEBOW BEpXHEW YaCTH YepTeka CTPOUM BCIIOMOTATEIbHbIE KPUBBIC
cummerpuuHble rpadukam Fc.c)(S) 1 F'™ci)(S) oTHOCHTENBHO OCH abc-
nucc (puc. 8.3a). CornacHo ycioBuio (8.9), B KaKJI0M MOJIOKEHUU JTHHA-
MUYECKOW MOJIEIN CyMMapHasi CHJia COPOTUBJICHUS U TSDKECTH paBHA CH-
ae asurarens (rugporuuHapa). [loaTomy, U3 COOTBETCTBYIOIIHUX TOUYEK
BCIIOMOTATEJIbHONM KPUBOU ITPOBOJAUM T'OPU30HTAJIM JI0 IIEPECEUYECHUS C Ipa-
¢uxamu Fp(V) u F’5(Vv). Ecau nomyueHHble TOUKH NEpecedeHus CIPOeIU-
pOBaTh Ha OCh a0CHMCC, TO MOJTYYHUM 3HAYEHUSI CKOPOCTEH NMHAMUYECKOU
MOJIETHN, COOTBETCTBYIOLIUE €€ OIpeAeeHHbIM MosiokeHusaM. 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 onucaHHOTO TpaduyuecKkoro mprema, mpu JUHEHHOM
XapaKTEPUCTUKE THAPO- WM MHEBMOIMIMHAPA, MOTYT OBITh JIETKO BbIBE-
JICHBl aHATTUTHYECKHUE 3aBUCUMOCTHU JIJISl OTIPECNICHUsI CKOPOCTH TUHAMU-
YECKOW MOJIEIIN.

['padwkn CKOpPOCTHM TOKA3BIBAIOT, YTO B MAIMHE C THAPO- HIIU
MTHEBMOIIMJIMHAPOM CKOPOCTh AMHAMUYECKON MOjenu (WM 3BEHA TIPHBE-
JICHUs) B HaYaJIbHOM TIOJIO)KCHHH HE paBHA HYJIIO, TO €CTh, B MOMEHT Haua-
Ja ABWKEHUS OHA MTHOBEHHO MPUOOpETaeT KOHEUHYI0 BelnuuHy. Teope-
TUYECKU ITO COOTBETCTBYET JKECTKOMY YIapy, KOTOPBIA B I€UCTBUTEIILHO-
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 mo 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:

t=— (8.10)

ch

Cpenssas CKOPOCTb V., HAXOAUTCS U3 TPa(UKOB CKOpocTH (puc. 8.3r), mms
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 TOpU3OHTANSIMU. OpJIMHATHI MPOBEACHHBIX T'O-
pU3OHTaNe U OYyIyT SBISATHCS H300paXKEHUSIMU CPEIHUX CcKopocTed. B
OOJBIIMHCTBE CIIy4aeB MPOBEICHUE TOPU3OHTAIM CpPEJIHEH CKOPOCTU MO-
KET TPOU3ZBOAUTHCS MPUOIUZUTETHHO, TaK KaK Bpemsi cpabaThiBaHUsS 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 HEMEPUOAUYECKOIO 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 MEXAHHUYECKOM XAPAKTEPUCTUKHU
TUAPOLMIIMHAPA U THEBMOLMIIMHApA?

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'mapa 9. /IluHaMu4ecKuid pacuet
MAIIVH NEePUOANYECKOTO 1eHCTBUS

§9.1. [luky10BbIE BO3MYIIEHUS U 321241 TUHAMUYECKOTO
pacyera MalllMH NMEePHUOAUYECKOTO AeHCTBUS

K wMammHaMm nepuoauyeckoro JeWCTBUSI OTHOCSITCS ~MAIIWHBI,
UMEIOIINE UTUTEIBHBIA ITUKIINISCKAN XapaKkTep padoThl. 31ech OyaeT pac-
CMOTpEHa JAWHAMHUKa PaOOThl TaKWX MAIMH B PEKHME YCTAaHOBHBIIIETOCS
JIBI>KEHUSI. B mpoliecce 3TOro ABMXKEHUS MapaMeTphbl JUHAMUYECKOW MO-
JIeTIM ATUX MAalluH MEPEMEHHBbI BHYTPU KaXJOr0 IUKJIA (HAIOMHUM, YTO
OJIMH IMKI (PYHKIIMOHHUPOBAHUS COOTBETCTBYET, KaK IPABUIIO, OJHOMY
000pOTy IJ1aBHOTO Baja MaimiuHbl). [lepeMeHHOCTh AMHAMUYECKUX —Tapa-
METPOB BBI3BIBAET LIUKJIOBOE BO3MYIIEHUE PEKUMa PAaBHOMEPHOTO Bpallie-
HUS TJIABHOTO Bajia MAIIMHBI (2 TaKXKe JIPYTUX BaJIOB, KHHEMATUYECKH Ke-
CTKO C HHMM CBSI3aHHBIX). [lepeMEeHHOCTh NPUBEACHHOTO MOMEHTa CHII
M"™(¢) Ha3bIBaeTCS CUIOBBLIM BO3MYIIEHHEM, a TIEPEMEHHOCTH MIPUBEIECH-
HOro MoMmenTa uHepuuu |1"°(¢p) — MHEPUHOHHBIM BO3MYyIIeHHEM. MICTOUHM-
KOM IMKJIOBBIX BO3MYILIEHUI SIBIISIOTCS, KaK MIPABUJIO, CTEPKHEBBIE U KY-
JTAYKOBbIE MEXAHU3MBbI HU3-32 TOrO, YTO UX NEPEAATOUYHbIE OTHOIIEHUS Me-
HSIOTCS BHYTPU Kakaoro nukia. [Ipumepamu Takux MamivH MOTYT CIy-
XKUTh JTU3EJIb-TEHEPATOPhl, aBTOMOOMIH, 3y000JI0€KHbIE CTaHKH, KPUBO-
IIUITHBIE TTPECCHI, TKAIKUE CTAHKHU.

3ajaun AMHAMUYECKOT0 pacuera CieayIolue.

1. Pacuer nose3HOM MOUTHOCTH MAIlIMH (JJIs1 MAIUKH C MOPIIHEBBIMU
JIBUTATEJIIMU BHYTPEHHETO CTOpPaHMs) WM pacyeT 3aTpauyuBacMOil MOIITHO-
CTH MAaIlIMHBI U BBIOOP JBUTATEIIS (711 MAIIMH C DJIEKTPOBUTATEIISIMH ).

2. OnpeneneHue CTENEHW HEPABHOMEPHOCTH BpalICHUS TJIABHOTO
Bajia MaIlINHBbI.

3. Pacuer MmomeHTa MHEPIIMM MaxOBHUKa (€CIM OH HEOOXOJIUM), OTI-
peleeHne ero Macchl, pa3MepoB U MECTa yCTAaHOBKH.

4. OnpezneneHue yrioBOrO YCKOPEHHUs TJIaBHOTO Baja MAalIUHBI B
TpeOyEeMOM IOJIOKEHHUH.

[lepBas u TpeThsi 3amauul SBISIOTCS 3aJa4aMH MPOCKTUPOBAHUS,
BTOpasi U 4eTBEpTask — 3TO 3a/1auu uccieaoanus. [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) MalllUHbI C TOPIIHEBBIMU JBUTATENSIMU BHYTPEHHETO (M BHEIIHE-
r0) CropaHusi, rie¢ HICTOUHUKOM IIMKJIOBBIX BO3MYIIECHUH SIBISETCS JIBUTA-
TEJIb, COACPIKALINMA CTEPKHEBBIE U KYJIaUYKOBBIE MEXaHU3MBI;

0) MalMHBI C AIEKTPOJABUTATENSAMHU, TJ€ HCTOYHUKOM IIMKJIOBBIX
BO3MYUICHUN SIBJISETCS WCIOMHHUTEIBHBIN CTEPKHEBOM WMIIM KyJIa4KOBBIN
MEXaHU3MBI.

Crnyyail, KOorja UCTOYHUKOM BO3MYILEHUH SIBISETCA U JIBUTaTeNb U
UCTIOJTHUTENbHBIM MeXaHu3M (HampuMep, MOPIIHEBOH KOMIIpECcop C MpH-
BOJIOM OT JIBUTaTeNsl BHYTPEHHETO CrOpaHus), 37€Chb HE pacCMaTpHUBAeTCH,
oH aaH B [18].

[Ipy nuHaMUYECKOM pacyeTe MallWH C TMOPIIHEBBIM JBUTATEIEM
BHYTPEHHETO CrOpaHus OOBIYHO M3BECTHA MEXaHMUYECKas XapaKTEPUCTHKA
aBuratens (MHAUKaTtopHas auarpamma). OmpeneneHuro NOMJIEKUT MoJIe3-
Has MOIIHOCTb MAIIMHBI, CHJIBI U MOMEHTBI IOJIE3HOIO CONPOTUBICHHUS,
BEJIMUYMHA KOTOPBIX CUMUTAETCS MOCTOSIHHOM, HE 3aBUCSIIECH OT mepemelie-
HUS BBIXO/IHBIX 3BE€HbEB MAILIUHBI.

[Tpu [MHAMUYECKOM pacueTe MallluH C 3JEKTPOJBUTATEIIMU OObIYU-
HO 33/1a€TCsl MEXaHUYECKasl XapaKTePUCTHKA UCTIOJHUTEIbHOTO MEXaHU3Ma
B BUJI€ rpauueckoil 3aBUCUMOCTH CHJIbI UJIM MOMEHTA IOJIE3HOTO COIPO-
TUBJICHUS OT MEPEMEIIEHUsI BBIXOJHOTO 3BeHa. B 3TOM ciywae omnpenens-
€TCsl MOIITHOCTD, 3aTpaurBaeMasi MalllMHOM, M BBIOMpPAETCS DIEKTPOBUTA-
TEJb M0 KaTaJoTy.

PacueT mone3Hoil (3arpaurBaeMoil) MOIIIHOCTH BENETCA IO TJIABHO-
My IMHAMHYECKOMY YCIOBHUIO YCTAaHOBHUBIIIETOCS IBUKECHHSI, COTIACHO KO-
TOpoMy paboTa cui (MOMEHTOB) JBUraTelis paBHa padoTe cuil (MOMEHTOR)
MIOJIE3HOTO COMPOTUBIICHUS 32 UK PaOOThl MAIIMHBI:

Ay =4 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 (yHKIIMU TEepeMeIlle-
HUSA 3TOro oprasa. [1o 3ToM MeXxaHUYeCKOW XapaKTEPUCTUKE CTPOUTCS U a-
rpaMMa IPHUBEACHHOTO CHIIOBOI'O MOMEHTA COMPOTHBIICHUS B (DYHKIIUU YT-
Jla TIOBOPOTa JUHAMUYECKON MO (3B€HA MPUBEACHHS — TJIABHOTO BaJia
mamae) — M™Pc(¢) 3a OIUH IUKIT WK 32 OAWH 000pOT IIaBHOTO BaJa.
Ot1o rpaduk pacmosaraeTcsi B OTPHIATEILHONW 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 MHTEIPUPOBAHHS THa-



182

rpaMMbl TIPUBEIEHHOTO MOMeHTa. KpuBas pacmojiaraeTcsi B OTpHUIIATEIIb-
Hol obnactu (puc. 9.16). Macmtad padot onpenaensiercs o ¢hopmyJie

My =ty Ly ke (/) 9.2)

rjae: Wy — Macmrad rpaduka mpuBeAeHHOTO MOMEHTa B HM/MM;

L o — MaciuTal yrioB IOBOPOTa TUHAMUYECKOW MOJEIH B PA/MM;

k — 6a3a muddhepeHIMpoBaHMs B MM.
Opnaunara rpaduka B KOHIIE IMUKJIA SBISETCS M300pakeHHEM paboThI CO-
IIPOTUBJICHNUS 34 IUKII Ac.

TLp n
MM=£[;; M Hu Mgp(@)
P
a ¢, pag
pog
k2 THT)
.k Mt (p)
A, TTone E
M4 :gzg Ag(@) _
Ag
|
6 — ¢
A,
Ae(¥) !
Puc. 9.1

Tak kak paboTta cui conpoTuBieHus, corjacHo (9.1), paBHa pabote
JBUraTels, TO Ha rpaguke paboT opauHara pabOThl ABUraTens Aj paBHa
opauHate Ac U TMPOTUBOMOJIONKHA €U, TO €CTh, HAXOJUTCS B MOJIOKUTEIb-
HOM oOslacT. MOMEHT ABUTATENIS CUMTAETCS BEJIMUYMHOM, HE 3aBUCSIIEN OT
NepeMeNIeHHs], TTOCTOSTHHOM, ClieIoBaTeIbHO, TpaduKOoM paboOThl MPHUBE-
JIEHHOTO MOMEHTA JIBUTATENs OyAeT mpsMasi, COSANHSIONAs Hayalo KOOp-

auHat rpaduka paboT ¢ KOHIOM opauHAThl Aj rpaduka Aj(p) Ha puc.
9.16.

I'padmueckn muddepennupys auarpammy A j(¢), moaydnm rpadux
IPHUBEICHHOTO MOMeHTa aBuratens M™ (@), KOTopblil H300paxkeH Ha puC.
9.16 B BU/I€ TOPU3OHTAILHOM MPSMOM B MOJOXKUTEIbHON 00J1aCTH rpaduka
MOMEHTOB, OTCTOSILICH OT ocu abciuce Ha BenmnunHy M™ .

[To 3TOM BenMUYMHE OMpPENENseTCs MOUIHOCTb, 3aTpauynBaeMas IJeK-
TPOJIBUTaTEIEM MAIIUHBbIL:
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:MZ{),UM”’?]
A 1730

rjie: N1 — 3aJaHHas YacTOTa BpalleHUs] HAYaJIbHOTO 3B€HA UCIIOJTHUTEIIHHO-
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 C paccuuTaHHOM. He cMOTps Ha TO, YTO HOMUHAb-
HBIN KPYTAIIUA MOMEHT OKaXXETCsl MPU 3TOM OOJIbIIE PacYeTHOIO, PaBEeH-
cTBO (9.1) OyAeT BBIMNOJIHATHCS B pe3yJibTaTe CaMOPETYJIUPOBAHUS DJICK-
TpoaBHraress (00 ITOM CM. HUXKE).

(Bt) (9.3)

§9.3. Onpenesienne cTeneHn HEPABHOMEPHOCTH BpallleHUSI
IJIABHOT'0 BaJIa MAIIIUHBI

B pesynprare IUKIOBBIX BO3MYILIECHHM IJIABHBIM Baj MAIIWHBI Bpa-
HIa€TCsl HEPAaBHOMEPHO, TO €CTh BEJIMYHMHA €r0 YIJIOBOM CKOPOCTH HE OCTa-
€TCs MOCTOSHHOMN. a KOJICOJIETCS OT MUHUMAIBHOI'O 3HAYEHUST Opmin 10 MaK-
CHMAJIBHOTO (Omax BOKPYT CPEHETO 3HAYEHHSA (M, (PHC. 9.2a).

Cpennee 3HayeHUE YIIOBOM CKOPOCTU OyJIeM CUUTaTh CPEIHHUM
apu(PMETUIECKUM MEKTY MUHUMAIbHBIM U MAKCUMaJIbHBIM:

o, = WO ax + DO rin (9.4)
v 2

CreneHb HEPAaBHOMEPHOCTH BpAUIEHUS! YIIIOBOW CKOPOCTH BaJla WM
OTHOCHUTEJIbHYIO BEJIUYMHY KOJIeOaHUM €ro yrioBOHW CKOPOCTH YyAO0OHO
OLICHUTb MPU MOMOILIU KOA(DPUIIMEHTAa HEPABHOMEPHOCTHU BpAILCHHUS:

S = Opax — Opin (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-7,=A4

Tekylee 3HaYCHHE KMHETHYECKON SHEPIUU JUHAMHYECKON MOIECIU
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
pased 1""i), 1 T, H3MEHSAIOMIETOCS B 3aBUCUMOCTH OT IEPEMEHHOM CO-
CTaBJIAIOIIEH MPUBEICHHOTO MOMEHTa MHEpUUU (YrioBas CKOPOCTh IpHU
3TOM OCTAETCs IOCTOSHHOW M PaBHOU My, PUC. 9.2a),TO €CTh,

I'=T,+1y (9.6)
1 np 2
I'=—1"w (9.7)
2
rae: |"P] — mocTostHHAs COCTaBIISIONIAS MIPUBEAECHHOTO MOMEHTA HHEPLIUU
(I"™1 = 1" in = const, puc. 1.26);
(® — TEKYyIIe€ 3HAYEHUE YIIIOBOKU CKOPOCTU JTUHAMUYECKOU MOJETIH.
1
_tognp 2
T, = ZIH W, (9.8)
rae: 1™, — TEKYyILIEE 3HAYCHUE NIEPEMEHHON COCTABIIAIOLIEH IPUBEAEHHOTO

MOMCHTA MHCPILUH.
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KoaddurmenT HepaBHOMEPHOCTH CBSI3aH ¢ U3MEHEHHEM (O, BXOIS-
et B popmyny (9.7) nna Ty, moaTomy, nojacrasisieM (9.6) B ucxomgHoe
ypaBHEHUE ABMKCHUS U PEITaeM €ro OTHOCUTETHHO 1!

Iy =A-T; +1
Y100BI OIIPpCACIINTD 8, HCO6XO,HHMO 3HATh MAaKCHUMAJIbBHOC HM3MCHC-

HUE KMHETUYECKOW DHEPTUU M pabdOoThl B Mpeneax MUKIA. Y YUTHIBAsI, YTO
Ty = const, u3 nocneaHEro ypaBHEHUSI HAXOIUM

AT, =A(A-Ty,) 9.9)

M3meHeHne nepBOro ciaraéMoro KuHeTudeckou sHeprun AT; B
npeenax UKiIa ONpeaesieTcs aHaIUTUYECKU CIETYIOIINUM 00pa3oM:
1 1
— _ _ tgqmwp 2t ogmp 2 _
AT] _T}max TImin _211 @ 2]] Omin =

max min

] 2 2
= 711’1]? [0)) — .
2 I ( max mm)

[Tocne nmpeoOGpa3zoBaHusi 3TOro BeIpaxkeHust ¢ yuetoM (9.4) u (9.5), momy-
YUM:

AT, =1 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
]I 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 IEPEMEHHOCTH MOMEHTAa UHEPIUU JUHA-
MHUYECKON MOJENH, a C APYTrOil — yUUTHIBAETCS TOJIBKO MOCTOSIHHASI COCTAB-
nsrornas MomedTa uuepimu ™). Jins yrounenus stoit Gopmyisl JIyknuen
JI.M. [7] npemmoxui ciaeayromlyio mompaeky: Bmecro 17y = 1", cemyer
YUUTHIBATHh CpeAHee apu(PMETHUEeCKOe MEXKIY 3HAUCHUSIMHU MPUBEACHHBIX
MoMeHTOB uHepuud I u 1™, cOOTBETCTBYIOMIMMHM MaKCHMAILHOMY M
MUHUMaJIbHOMY 3HaueHusM Benuuusbl (A - Ty) BHyTpu nmkia. Torma pe-
3yJAbTUpYIOas GopMysia MIPUMET CICTYIOIIUA BU/:

2A(A-T
O = p '( ~ I )2 (9.11)
(1I™"'+1 )a)cp

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-
IIIECHUMH.

CuiioBO€ BO3MYIIIEHHE ONPEIEIAETCS EPEMEHHOCTBIO ITPUBEIEHHO-
IO MOMEHTa CHJI, & €r0 MHTCHCUBHOCTh — MAaKCUMaJIbHbIM W3MEHEHUEM
CyMMapHoOi paOOTbl IPUBEIEHHOTO MOMEHTa cuil AA B mpenenax IuKia.
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;+A4-+ 4;
N300paxeHreM MaKCHMalbHOTO M3MEHEHHs] CyMMapHOH paboThl B
npenenax IUKIa SBISETCA PAaCCTOSHUE MEXAY MAKCUMYyMOM M MUHUMY-

MOM, U3MCPCHHOC 110 BCPTUKAJIH. MHTEHCUBHOCTH CHJIOBOIO BO3MYIICHUA
OIMpCACIINUTCS TaK:

AA=AA pu, (k) (9.12)

W HEepIMOHHOE BO3MYIIICHUE ONPEACIACTCS MEPEMEHHOCTHIO MPHUBE-

JICHHOTO MOMCHTA MHEPIIMH, a €r0 HHTCHCUBHOCTh — MAKCUMAJIbHBIM H3Me-

HCHMEM BTOPOTO CllaraeéMoro KHHeTHdeckod sHepruum AT B mpemenax
ukia. CortacHo gopmysie (9.8),

ﬂm A, nc

My —_—
AA A (A=Ty)

a @ ~ N\

N 7,
\.‘\y/%/// T

(A=Ty ) ()

I"eu?
K2
LNTHT)
O i
]n=p/
| | @
Puc. 9.3
1 1 " "
AT 2 ]H max cp Ea)cp (]m[;x Im]z?n) (9.13)

JIns HaxOoXIE€HWST WHTEHCUBHOCTM WHEPLUOHHOIO BO3MYILECHUSA
MOYKHO HCIIOJIb30BaTh TpaduK MpHUBEIEHHOro MomeHTa uHeprmu |™(g),
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KOTOPBIA CTPOUTCS MOJ TpaduKoM CyMMapHOW pabOThl U UMEET TOT K€
MaciTad 1o 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 IPOM3BOIBHOM PacCT paCCTOHHI/II/I oT KpuBoii. CoryiacHo rpaduKy:

;7
AT[ _ Hmax;ll cp (TTx) (9.14)

CpaBHEeHHME WHTEHCHUBHOCTEH IIMKIJIOBBIX BO3MYIICHUN MPUBOJUT K
TPEM BO3MOXKHBIM CIIy4asiM JUHAMUYECKOTO pacyera:

a) CUJIOBOE€ M MHEPLUHMOHHOE BO3MYIIEHHUS PAaBHO3HAYHBI U 00a y4u-
TBIBAIOTCS IIPU PACUETE;

0) OCHOBHBIM LIMKJIOBBIM BO3MYIIICHUEM SIBJIICTCSI CUJIOBOE, HHEPIIU-
OHHBIM BO3MYIIIEHHEM TpeHebperaem (cumraem, ato I™° = const);

B) OCHOBHBIM MHEPLIMOHHBIM BO3MYIIIEHUEM SIBJISIETCS HHEPIIMOHHOE,
CHJIOBLIM BO3MYILEHHEM NpeHedperaeM (cuurtaeM, uro 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, SIBISAIOTCSA BETUYUHAMU OJHOTO MOPS/I-
Ka, TO €CTb,

0,1 < ﬂ <10,
AT,
TO JIsl omnpenesienns kKoddduirenTa HepaBHOMEPHOCTU HEOOXOIUMO YUH-
THIBaTh 00a IMKJIOBBIX BO3MYIIEHUS — CHJIOBOC M WHEPIMOHHOE. B 3TOM
ciydae, coryiacHo ¢dopmyre (9.11), Hamo nmoctpouth rpaduk (A - Ty)(e)
(puc. 9.3a). OH cTpouTcs B cucTeMe KoopauHaT rpaduxka A(¢) myreMm
rpaUIecKoro BEIYUTAHUS M3 OPAUHAT CyMMapHOH paboTel A opauHar Ty
B MacmTabe [l,, IS 9ero MCIOJIb3yeTcs rpaduK MPUBEICHHOTO MOMEHTA

(puc. 9.36):
T, = 1w Y (9.15)
,UA
Ha puc. 9.3a BugHO, 4TO MOJydYEeHHAs] KpUBasi pPACMHOJIATA€TCs IO/
rpadukoM A(@). MI3MepeHHOE MO BEPTUKAINU PACCTOSHUE MEXIY MaKCH-
MYMOM ¥ MHHUMYMOM Tpaduka (A - T))(¢) Oyaer sBIAThCS N300paKeHH-
em 3HaueHust A(A - T))), HeoOxonumbIM st pacyeta O o popmyne (9.11).
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COOTBETCTBYIOIIME 3TUM 3HAYCHHUSM IMPUBEACHHBIE MOMEHTHI HHEPIIUH
Oepyres us rpaduka 1" (¢):
2A(A-T
(] +1 ) Hy a)cp

0) Ecnu 3nauenust AT B necars u OoJiee pa3 MeHbIe, ueM AA, TO

€CTb,

A
AT,

TO CHJIOBOC BO3MYIICHUC ABJISICTCA OCHOBHBIM, 4 HHCPIIMOHHBIM BO3MYIIC-

HHEM MOKHO IIpeHeOpedb, TO ecTh, cuutaeM, 9ro ATy =0, a I = I"P;, =
|Hp|:

s 10,

AA
O = w2 (9.17)
1 min a)cp
B) Ecnu 3nauenue AA B necsaTth u Oonee pa3 MeHsle, yeM AT, To
eCTh,

A

TO OCHOBHBIM ABJIICTCS MHCPLHUOHHOC BOSMYIIICHUC, @ CUJIOBBIM BO3MYIIC-

HUEM TpeHeOperaem, To ecTh, cuutaem, uto AA = (. CormacHo dopmyie
(9.11):

< 0,1,

(Le +10 o,

max min

3HaKk MHUHYC Iiepes coMHOkuTeneM AT) He yduThIBaeTCs, Tak Kak OH HE
umeeT cmbicaa. B 3Hamenarene Bmecto 1™ u 1™ nossisarores 1™pay 1
I in, 100 OYEBHIAHO, YTO MAKCUMYMy W MHHHMYMY KpuBoi T (¢) OymyT
COOTBETCTBOBATh MAKCUMAIIBHOE 1 MUHHUMAJIbHOE 3HAYCHUS IPUBEICHHOTO
MoMeHTa uHepuuu. OqHako ctpouth rpaduk T (@) HET HEOOXOIMMOCTH.
YyuuteiBas (9.13), u3 npeapiayiei GopMyIIbl MOTYyUUM:

§ = “max_min (9.18)
[max + Imin

To ecTh, B JTaHHOM Ciy4yae BeJIMYMHA O He 3aBUCHUT OT YIJIOBOM CKOPOCTH.
OnpIT AMHAMUYECKUX PACUYETOB IMOKA3bIBAET, YTO B COBPEMEHHBIX
MalImHax OoJjblIee pachHpoCTpaHEHHEe UMEET He OOIui ciaydai a), Korja
CWJIOBO€ M MHEPIIMOHHOE BO3MYIIEHHE PAaBHO3HAYHBI, UJIM MOYTHU PaBHO-
3HAYHbI, a YacTHbIE ciay4yau O) M B), KOIJa IJIaBHBIM BO3MYILECHHEM,
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BJIMSFOIIMM Ha PadOTy MAIWHBI, SBISETCS WM CHIIOBOE, WIA WHEPIUOH-
HOE.

CuiioBoe BO3MYIIEHHE MOXKET OBITh MOAABISIONIMM B MAaIIMHAX TH-
KeJIOW MPOMBIIUIEHHOCTH, B METAJUI000pa0aThIBAIOIINX MallIMHAX, TJe CHU-
JIBI TIOJIE3HOTO COTIPOTUBJICHUS BEJHMKH (TIPecchl, HOXKHUIBI U Ap.). UHep-
IIIOHHOE BO3MYIIECHHE IMPEBATUPYET B MAIIMHAX JIETKOW U TEKCTHIHLHON
NPOMBIIIJICHHOCTH (CUTO-BECUHBIE MAIIMHBI, TKAlIKUE CTAHKH), a TAaKXKE B
HEKOTOPBIX METAJUIOPEKYIINX CTaHKaX MEePHOAMYECKOTO JEHCTBUS C He-
OOJMBIIMMHU CHJIAMU TIOJIE3HOTO COMPOTUBICHUS (HAmpUMep, 3y001070e%k-
HBIC CTaHKH).

PaccmoTpuM Teneps crocoObl MOBBIMICHUS PABHOMEPHOCTH Bpallle-
HUS TJIABHOTO BaJla MaIIVH.

§9.4. Pacuer maxoBuKa

Ecnu paccuntanHas BelIMYMHA O BXOAWT B PEKOMEHIYEMBINA IS
JAHHOW MAIllMHbl JWana3oH 3Ha4eHUuN Kod(PuimeHTa HepaBHOMEPHOCTH,
WU MEHbIIIE, YeM 3TH 3HAYEHHUS, CYUTACTCS, YTO MallnHa OyAeT padoTaTh
YAOBJIETBOPUTENbHO. Eciu ke moiydeHHas BeauyuHa Koddduiuenta He-
PaBHOMEPHOCTHU OOJIbIIE PEKOMEHYEMbIX 3HAYEHUIH, HEOOXOAUMBI CIEIU-
aJbHBIE MEpPHI JIJIs MOBBILICHUS] PABHOMEPHOCTH BpallleHUsl TJIAaBHOTO Bajia
MaIlIUHBI.

Hapsiny ¢ Mepamu, CBSI3aHHBIMH C COBEPIIICHCTBOBAHHEM pPabOYEro
MPOIIECCa MAIIWHBI, CYHIECTBYET BO3MOXHOCTh MCHOJIb30BAHUSI OJHON W3
CJIEIYIONTUX KOHCTPYKTUBHBIX JTOPAOOTOK MAITUHBI:

a) UCTIOJIb30BAHUE TUHAMUYECKUX TaCUTEIICH;

0) MpuUMEeHEeHNe ITUKIIOBBIX pa3rpyxKaTeei;

B) YCTAaHOBKA MaxOBUKa.

B cnydyae nuHaMU4eCKOTro racuTeNs, B KOHCTPYKIIMIO MalllMHbI BBO-
JUTCSl YIPYTO YCTaHOBJIEHHAs! JOMOJHUTENbHAS Macca, 4acToTa U (haza Ko-
nebaHui KOTOPOH PacCUUTHIBACTCS TaKUM 00pa3oM, YTOOBI, CKJIaAbIBAsICh C
KOJICOAHUSIMU CKOPOCTH, BBI3BAaHHBIMU HUKJIOBBIMU BO3MYILIEHUSIMU, B HE-
KOTOPOM CTENEHU UX HEUTpanu3osarth [17].

B ocHOBe KOHCTPYKIIMH HMKJIOBBIX pa3rpyxareieidl HaXOoIsuTcs Ky-
JJAYKOBBIE MEXAHU3MbI C CHJIOBBIM 3aMBbIKaHHUEM, KOTOphIC, Oyyuyn KWHE-
MAaTHYECKHU CBSI3aHBI C TJIABHBIM BAJIOM MAallMHbI, CBOUMU CUJIOBBIMHU BO3-
JNEUCTBUSMH KOMIIEHCUPYIOT BIUSHUE LIMKJIOBBIX BO3MYIICHUN Ha Xapak-
Tep ABWKEeHMS MamuHkbI [10].

PaccMoTpeHHbIE KOHCTPYKTUBHBIC MPUEMBl YIYUILICHHUS JTHUHAMUKHU
paboThl MalIMH HE HAXOAAT IIMPOKOTO MPUMEHEHHS H3-3a TOTO, YTO HC-
MOJIb3yEeMbI€ MPU ATOM MEXaHU3MBI JIOCTATOYHO CJIOKHBI U CIIOCOOHBI Ja-
BaTh MOJIOKUTEIbHBIA A(DPEKT JUIIh B y3KOM JHANa30HE CKOPOCTHBIX U
JTWHAMUYECKHUX MMapaMeTPOB MaIlliH.
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HaunGonee yHuBepcanbHBIM M PACTIPOCTPAHEHHBIM CIIOCOOOM ITOBBI-
IICHUS PAaBHOMEPHOCTH BpAIlCHHS SIBJISICTCS YCTaHOBKAa MaxOBHKa. Bpa-
IIAFOIIUICSA MaXOBUK SIBIIICTCS aKKyMYJISITOPOM KHHETHYECKOM SHEPTHUHU.
OH BBIpaBHUBAET BpallleHHe OJjlarojaps CBOeH CIIOCOOHOCTH 3amacaTh KH-
HETHYCCKYIO DHEPTHIO TIPU YCKOPCHHUH JBIKCHUS W OTIAaBaTh €¢ IMPHU 3a-
MEJICHUH.

MoOMEHT MHepIMM MaxoBHUKa |y, YCTAaHOBJICHHOTO Ha TJIABHBIA Bajl
MAITUHBI, OMPEACISICTCS 0 33JaHHOMY 3HaueHUI0 KodddummeHTa Hepas-
HOMepHOCTH [J]. IIpu 3TOM yuHTHIBaE€TCS, YTO MOMEHT WHEPIIUU JUHAMU-
YECKON MOJICTTH YBEIIMYMJICS Ha BEIHYUHY |y

Takum oGpazoM, ecnu B BbipakeHUsx (9.16), (9.17) u (9.18) 3ame-
HUTH O Ha [O] U 106aBUTH |y, @ TOTOM PEIINTH UX OTHOCUTENBHO |y, TO TIO-
Jy4uM CcleAyromue GopMyIIbl IO OMPEACIICHHI0 MOMEHTa MHEPIIMA MaXo-
BUKa:

- IS CITydasi, KOTJIa YYUTHIBAIOTCS 00a ITUKIOBBIX BO3MYIIICHUS,

I = ANA-Ty)p, (I""+1"")py

= 9.19)

3 (

[0] o, 2

- UL ClIydasd, Koraa YYUThIBACTCA TOJIBKO CHJIOBOC BO3MYIIICHHC,
AA
J o= =2 _w (9.20)
5 2 min

[ ] a)cp

- IJI Cliydas, KOorja YUYUTbIBACTCA TOJIBKO MHEPIUMOHHOC BOSMYIIICHUC,
G (L N i

]M — mgx[5]min __ “max 5 min (9.21)

MaxoBHUKHM BBINOJHSAIOTCS U3 CTalIM M yyryHa. Macca, ¢popma u pas-
Mepbl MaXxOBHKa ONPENEIISIOTCS, UCXO0s U3 3HauYeHHs |y 1 KOHCTPYKTHUB-
HbIX cooOpaxxkenuil. Hanbonee 3¢ peKTUBHBIMU SBISAIOTCS MaXOBUKH B BU-
JIe MacCUBHOT0 000/1a, CBSI3aHHOTO C BAJIOM IPHY MOMOIIM CHUI] WJIH JIHUCKA.
Ecnu npeneOpeuyb MOMEHTOM HMHEPLUMH ATHX CBI3YIOLUIUMX YacTed (CrHil
WIM JUCKa), TO QopMmysia, CBA3BIBAIOIIAS MOMEHT MHEPLUHU TaKOTO Maxo-
BHKa, €r0 Maccy U pa3Mepsl OyaeT uMmeth Buj [15]:

LM:JEy(D2+d2)

rae: My — Macca MaxOBHKA B T;
D u d — BHENIHWI ¥ BHYTPEHHHI JHAMETP MaXOBHUKA B M.
Macca MaxoBHKa CBsI3aHa C €ro rabapuTaMu CIEAYOLEH 3aBUCUMOCTbIO:
prb ) 2
my,="(D"=d”) (9.22)

3.
r7ie: p — IUIOTHOCTh MaTepuaia MaxoOBUKa B T/M';
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b — mupuHa 00012 MaXOBHKA B M.
PesysbTupytomas GopMmysia UMeeT BUI:

I, = "Zb(DZ +d? (D’ -d’) (9.23)

B atoit dopmyne Tpu HemsBecTHBIX: D, d u b. 3amaBasce nByms u3 Hux,
UCXOMs U3 COOOpakeHUN BO3MOKHBIX Ta0apUTOB, ONPEACTSIOT TPETUH.

PaccunTaHHbIi MaXOBUK MOET OBITh YMEHBIIICH, €CIIH y4eCTh Me-
XaHUYECKYIO XapaKTePUCTUKY JABUTATENS MAIIUHBI.

§9.5. BaiusiHue MexaHU4eCKO XapaKTePUCTUKHU ABUIaTe sl
HA MOMEHT MHEePUHUH MAXOBUKA

B mpenpinymmx pacuerax CHUIOBOM MOMEHT JIBUTATENs MAallWHbI
MPEANOarajicss BEJIWYMHOMW MOCTOSIHHOW. B JEHCTBUTEIBHOCTH, CHIIOBOM
MOMEHT JIBUTATENS 3aBUCUT OT YTJIOBOM CKOPOCTH BpauleHus ero Bayia. Ha
puc. 9.4a mpencrtaBiieHa MEXaHWYECKas XapaKTEPUCTHUKA ACMHXPOHHOTO
AIIEKTPOABUTATENS, HanboJIee YIOTPEOUTEIHPHOTO B TEXHOJOTMYECKUX Ma-
IIMHAX.

PabGora aBuratesneil B MalinHax MPOUCXOIUT MPHU CKOPOCTIX U Ha-
rpy3Kax, COOTBETCTBYIOIIUX MPABOW YaCTH MEXAHMYECKOW XapaKTEPUCTH-
KM, TIOTOMY, 3Ta 4YacTh KPUBOW Ha3bIBaeTCsl paboyeill XapaKTepUCTUKOU
neurarens. Kak npaBuiio, ykazaHHas HUCHaAarolas 4acTh KpUBOM OJn3Ka
K IPSIMO JINHUY, CJIEA0BATEIbHO, pa00UYI0 XapaKTePUCTUKY JBUTATEIICH B
OOJIBIIIMHCTBE CIIy4aeB MOXHO CUUTATh JIMHEHHOM.

CornacHo paboueit xapakTepucTuke (puc. 9.4a), ecam HOMUHATBHON
YIJIOBOM CKOPOCTH BpAllCHUsI Baja JBUTATENIsi COOTBETCTBYET HOMHUHAJb-
HBIM CHJIOBOM MOMEHT (wp, U M;), TO ¢ YBEJIMYEHHEM CKOPOCTH MOMEHT
YMEHBIIACTCS (®Omax B Mpin), @ C YMEHBIIIGHHEM CKOPOCTH MOMEHT BO3pac-
TaeT (Omin ¥ Mmax). DTO CBOHCTBO JIBHTATElsl YBEIMYMBATH CBOM CHIIOBOM
MOMEHT MPH 3aMEIJICHUU BPALICHUS] U YMEHBIIATh €r0 MPU YCKOPEHUHU Ha-
3BIBAETCSI CAMOPETYJITUPOBAHUEM.

UYem Oosbllie BBIPAXKEHO CBOMCTBO CaMOPETYIMPOBAHUS, TEM MEHb-
1Ie MOXET ObITh MaxXOBHK, MOCKOJIbKY YacTh 3aJayd IO BBIPABHUBAHUIO
CKOPOCTH BpallleHusl ABUraTesab 0epet Ha ceOs. Hampumep, eciin ckopocTh
YMEHBIINUTCS, CUJIOBOM MOMEHT JIBUTATEN YBEJIUYUTCS, MIPENATCTBYS ITO-
MY 3aMEIJICHUIO.

BennumHa camoperyivpoBaHus IBUTaTENsA, Kak 3TO BUAHO U3 PUC.
9.4a 3aBUCHUT OT KPYTHU3HBI paboUeil XapaKTepUCTUKH, & UMEHHO, YeM KpYy-
Y€ XapaKTEpPUCTHKA, TEM CHIIBHEE CaMOpEryIupoBanue. Bennuuny camope-
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M
& M, VM g
Wo=0_
O
/A Mmomj _.
wWn
M, | Mq
M in @ X
T i - Q)
.,
> — AMQ " 0
Wamnin 0
. ) ‘
Wmax —
o CQ CQO “
Puc. 9.4

TYJIMPOBAHUSI MOXKHO OLICHUTH MPU MOMOIIN KOA((UIMEHTa HAKJIOHA pa-
Oodeli XxapaKTepUCTUKH K:

k=" (9.24)

rJie: M, — HOMUHAJIbHAS yIJI0Bas CKOPOCTh (COOTBETCTBYET MOMEHTY M,);
o — 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 auHus: K = 0. CHiioBOH MOMEHT JBHMTaTesisi HEe 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, OOJIBITUHCTBO JU3eicH u anekTpoasurarencii). Korma K= 1, to
XapaKTepUCTUKA CTAHOBUTCS BEpTUKaIbHOU JiMHUEH (puc. 9.41). CKopoCcTh
MOCTOSTHHA HE3aBUCUMO OT MOMEHTAa. JTO XapaKTEPUCTHUKA 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-
qyre Xapakrepuctuku (puc. 9.4B). Jlpuratenu BHYTPEHHETO CropaHus 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 xapakrepuctuky ¢ K < 0,9, To ero camoperyiaupoBa-
HHUE OTHOCHUTEIBHO HEBEIMKO M, MO3TOMY, MOKET HE YUHMTBHIBATHCS IIPU
pacuere maxoBuka. Ho ecnu nBuraresns MalimHbl UMEET XapaKTEPUCTUKY C
k> 0,9, To ee MaXOBHK, paCCYUTAHHBIN 1O OJJHOMY W3 H3BECTHBIX METOJIOB
JTUHAMHUKHA, MOYKET ObITh YMECHBIIICH:

I, =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=1- [55 k (9.26)
\ ¥ k—1
(ng+G)
TIae. 7/ = n—a,
M(g+G)cp

M™ c16)a — AMILINTY 12 H3MEHEHUSI TIPUBEACHHOTO MOMEHTA OT CHJI
COIPOTHBJIEHUS M TSHKECTH BHYTPH LIUKJIA;
M™ c16)p — CpEIHEE 3HAYEHUE ITOTO 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 ¢
HOMHUHAJIBHOU YacTOTON BparieHus N, = 1440 06/MUH 1 paccyuTaH MOMEHT
WHEpIIUA MaxoBHKa |y = 2,5 KM,

Jlst BBIOpAHHOTO DJIEKTPOJBUTATENSI PACCUUTHIBAEM KOI(PHUIIUEHT
HaKJIOHa pabouelt xapaktepuctuku (9.24), yuuTbiBas, 4TO MaKCHUMaJIbHAS
4acTOTa BPAIlIEHUS 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-""2 =0,28
052 \1-096
CrnenoBaTelbHO, MOMEHT HWHEPIIUH JIEHCTBUTEIBHOTO MaXOBHKAa MOXKET
OBITh MEHBIIIE €r0 pacueTHOro 3HadeHus (9.25):

1, =028-25=07

0e3 yBennueHus KodhPuimeHTa HepaBHOMEPHOCTH.

Ecnu B pesynbrare mogoOHOTO pacuera moiydaercs KodGuimeHT

yMEHbIlIeHUs1 MaxoBUKa o € 0, TO 3TO 03HAYAET, YTO B MAXOBHUKE HET He-
00XOMMOCTH, TaK KaK JABUTaTeIb OepeT Ha cedsl BCIO pabOTy 10 BbIpaBHU-
BaHUIO KOJEOAHUN CKOPOCTH JIO0 HY’KHOM BETMYMHBI.

B camomMm nerne, GOJIBIMIMHCTBO MAllMH HE UMEIOT CHELMAIBHBIX Ma-
XOBUKOB. /{711 HUX TOCTaTOYHO MMETh BpaLIAOLIUECs MacChl, HEOOXOM-
MbI€ B KOHCTPYKIMU (3y0OdaTble KoJieca, IKUBbI, 3BE€3/I0UKH LIETTHBIX Mepe-
Ja4 U T.1.), 4TOObI 00€CIeUYnTh HEOOXOAUMYIO PAaBHOMEPHOCTH BpaIlCHUS
IIPU MOMOIIY ACUHXPOHHOTO JIBUTATEJIS.

§9.6. MecTo yCTAHOBKH MaX0OBHKA

HecMoTpst Ha BBIBOJ, CIEIaHHBIA BHIIIEC, O HEHY)KHOCTH MaXOBHKa
JUTs1 OOJTBIIMHCTBA MAITUH C ACHHXPOHHBIMH JIBUTATEIISIMUA, UMEETCSI 11€JIbIN
PSI MalllvH, TJI€ MaXOBUK HE00X0auM. B 3TOM citydae mosiBisieTcss BOIpOC
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 pPa3Mepbl MaxOBUKa MOTYT TO-
JYyYUTHCS OOIBIIMMH ¥ BOSHHKAET €CTECTBEHHOE CTPEMIICHUE 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 MEXKTy HCTOYHUKOM BO3MYIICHUH U MaXOBHKOM H
YMEHBIIICHUIO JUHAMHUYECKUX Harpy30K B OCTAJIbHOW 4acTH KWHEMAaTHYe-
CKOM LIETIH MAalIUHBI (TO €CTh, 32 MAXOBUKOM). JTO YTBEPKICHHUE CIIETYyET
U3 pacyeTa KoJieOaTeNbHBIX MPOIECCOB B KWHEMATHUYECKOW e MAaIlTMHbI
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. J[purarens | depe3 nepeaaToOuyHbI Mexa-
HU3M [IM npuBOINUT B IBHKEHHUE UCIIOJHUTENbHBIN MexaHnu3m M. Ilepe-
JTATOYHBIM MEXaHU3M

MAX MAX
M UM A M
i ln = N Tt i i
HenpobuilbHO HenpobuilbHO
MAX MAX
M um u M

TV e |62 A

NPabULLHO NPadbULLHO

oL 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 MAIIMH NEPUOJAYECKOTO AEHCTBUS C JJIEKTPOJABUTATENSIMU
HaxOJATCS, B OCHOBHOM, CTEP)KHEBBIE MEXaHHU3Mbl. B BepxHel cxeme Iie-
pENATOYHBIM MEXAaHNU3M PACIIOJOKEH MEXKIY MaXOBUKOM M HCHOJHUTEIb-
HBIM MEXAHU3MOM — UCTOYHUKOM BO3MYILEHHM, TO €CTh, B 30HE MOBBILICH-
HBIX JTMHAMUYECKUX Harpy3oK. 3HAYUT, MaXOBUK, YCTaHOBJICHHbII BOIU3U
JBUTaTellsd, HATPYKAEeT NEePENaTOYHbIM MEXAHU3M, YTO OTPULATEIBHO CKa-
3bIBAETCS HA HA/JEKHOCTU W JOJITOBEYHOCTH MalluHbl. Cxema He IMpueM-
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 noka3zaHbl cXeMbl YCTAHOBKM MaxOBHKa B MAalllMHE 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 JBUTATENIs
Y pa3rpyaeT nepeaaTouyHbIi MEXaHU3M.

OOt BEIBOJI, KOTOPBIA CJIEAyeT W3 MPUBEIACHHBIX NMPUMEPOB, Cle-
JYIOIIWI: JJI YMEHBIIEHUN TMHAMUYECKUX HArPpy30K B MPHUBOJEC MAIIWHbI
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 BO3MYIIEHUE — 3TO HUKIMYHO U3MEHSIOIASICS BEIMUYMHA
MIPUBEICHHOTO CUJIOBOTO MOMEHTA.

2. lHepumoHHOE BO3MYILIEHUE — 3TO [MUKIWYHO U3MEHSIONIAsCA BE-
JUYMHA [IPUBEICHHOTO MOMEHTA UHEPLIHH.

3. MaxoBHK — aKKyMYJIATOp KHHETUYECKOW SHEPTUU.

4. CaMmoperyinmpoBaHue JIBUTATENS — 3TO €r0 CIOCOOHOCTh YBEJIMYHU-
BAaTh MOMEHT IIPU 3aMEJICHUU U YMEHBIIATh — [P YCKOPEHUMU.

5. Koadduiment HepaBHOMEPHOCTH — 3TO YaCTHOE OT JICJICHHS aM-
IUTUTY/AbI KOJIEOAHHSI CKOPOCTH Ha CPEHIOI CKOPOCTh BpaIllCHUs TIaBHOTO
BaJia MAIlINHBI.

KOHTpOJILHbIe BOIIPOCHI

1. KakoBa uenp AMHAMUYECKOTO 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 LMKIIOBBIX BO3MYIIE-
HUM HA METOJIMKY JUHAMHUYECKOro pacyera’?

6. Kakum o0pa3om MaxoBHUK CIIOCOOCTBYET BhIPABHHBAHUIO KOjeOa-
HUM YTJIOBOM CKOPOCTH TJIaBHOTI'O Bajia MAIIMHBI EPUOJAYECKOTO JAEUCT-
BUS?

7. Kak BimsieT MeXaHUYEeCKasi XapaKTePUCTHUKA 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 npeapiaymux JIEKIUSAX MO0 JMHAMHUKE MAIIWH C )KECTKUMU 3BEHb-
SMH OBLIO CIIEJIaHO JOMYIIEHUE, YTO KOMIUIEKC MEXaHH3MOB, COCTaBJISIO-
X MaIIuHY, TPEACTABISICT COO0N TOBIKHYIO CUCTEMY aOCOIIOTHO Ke-
CTKUX TeJI, yCTAHOBJICHHYIO Ha aOCOIIOTHO JKECTKOM OCHOBAaHUHU. ITO ObI-
JIO CAENaHO Jig YNPOUIEHUs (PU3UUYECKOTO0 U MAaTeMaTUYECKOro OMUCAHUS
JTAHAMHAYECKHUX MTPOLECCOB B MOJIBUKHBIX CUCTEMAX MAIIINH, CBEJCHHBIX K
IruHaMu4deckum mozensm. [locne pemenus 3Tor riIaBHOM 3a/1adyd TUHAMMU-
KM PacCCMOTPHUM TEIEPb, KaK BIUAECT peajibHasl YIPYrocTh 3BEHbEB MEXa-
HU3MOB U peajibHas yNnpyrocth (yHIaMeHTa (MM MOJBECKH) MAIlluH Ha
ATU TUHAMUYECKUE TIPOIIECCHI.

§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 YCJOBUSX 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 pesynbTare TOrOo, 4TO 3BEHBS MAIIMH HE a0OCOJIFOTHO JKECTKHUE, a
yIpyrue, moj ASHCTBUEM ITUKIIOBBIX BO3MYIIEHUN OHM MOJIBEPraroTCs Ie-
peMeHHBIM AedopMalvsiM, BOSHUKAIOT YIIPyrue KojiebaHus 3BeHbeB. OHU
U BBI3BIBAIOT JUHAMUYECKUE HArpy3KH, a UHOTJA U MEPEerpy3KHu, 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-
oore [5]. B aTOi JNeKIMM paccCMOTPUM TOJBKO OOIME TOJIOKEHUS M pe-
3yJbTaThl 3TUX HMCCIEIOBAHUN, UCHOJIb3yEeMbI€ MPU MPOCKTUPOBAHUM Ma-
IIKH.

Wtak, 3BeHbs MEXaHU3MOB YIIPYTH, TO €CTh, OHU 00JIaJIal0T OrPaHU-
YEHHOM KECTKOCThI0. JKeCTKOCThIO 3B€HAa HA3BIBAIOT OTHOIIIEHUE HArPYy3KH,
NPUIOKEHHOW K 3BeHy, K ero nedopmanuu. Ha puc. 10.1 nmokaszansl Ha-
rpy3ku u aedopmairu Opyca ¢ JMHEHHOU *kecTKocThio (puc. 10.1a) u Bana
C KpYTUIIbHOM skecTKOCThIO (puc. 10.10).

B nipenwiayiieit iekuuu ObUIO CKa3aHO, YTO Haubosiee YyBCTBUTEb-
HBIM K JTMHAMUYECKUM Harpy3kam sBISI€TCA NepPeAaTOUHbI MEXAaHU3M, 3TO



198

MeXaHU3M Hanbosee ynpyruii (HaunMeHee )KeCTKUN) U3 BCEX MEXaHU3MOB B
KMHEMaTUYeCKOM I1ienu MaimuHbl. PazdepeMcss B 3ToM 0OoJiee MmoapoOHO.
MainHa UMeeT CIeayIONIME OCHOBHBIE MEXAaHM3MbI: JBUTATEIs, Mepeaa-
TOYHBIN M MCIIOJHUTEIbHBIN. JIBUraTelh TEXHOJOTHUECKON MaIIUHBI JICK-
Tpudeckuil. Ero mexaHndeckasi )K€CTKOCTh OY€Hb BBICOKA, TaK KaK OH CO-
JICPKUT TOJIBKO OJIHO MOJIOKHUTEJIBHOE 3B€HO — pOTOp. B OCHOBE KOHCT-
PYKIIMHA WCTIOJHUTEIBHBIX MEXAaHU3MOB HAXOMSITCA B OCHOBHOM CTEpXKHE-
BbIC MEXAHU3MBbI. JTU MEXaHU3Mbl UMEIOT HU3IINE KHHEMATUYECKHUE Taphl,
B KOTOPBIX KOHTAKT 3B€HHEB MPOUCXOJIUT MO MOBEPXHOCTH. JKecTKOCTh Ta-
KX KHHEMAaTUYEeCKHUX Tap, a, CJIEIOBATEIIbHO, CTEPKHEBBIX MEXaHU3MOB,
JIOCTaTOYHO BEJIMKA.

7 ” F
YNPY20Ccma
- S baaa
a
i YNPYz0cma
= x 20U eNAeHUST
A7
YNPYz0cma
UWNOHKU __| _
==
YNPY20cmy
boao
O
6
Puc. 10.1

OCHOBY KOHCTPYKLIMHM TMEPEAATOYHBIX MEXAHU3MOB COCTABISIOT
3y04aThle Mepeaadyu ¢ BBICIIMMU KUHEMATHYECKUMH Tapamu, B KOTOPBIX
KOHTAKT 3BE€HBEB MPOUCXOJUT TEOPETUUECKU B TOUKE WM O JuHUH. JKe-
CTKOCTb TaKOTO KOHTaKTa, TO €CTh, BBICIIEH KMHEMATUYECKOW Maphl, 3HA-
YUTEIBHO HUKE )KECTKOCTH HM3IIEH KMHEMATUUYECKOW napbl. Eciu yyects
€IIe YNPYrocTh BaJOB M DJIEMEHTOB (hUKCAIUU 3yOuaThIX KOJIEC Ha ITHUX
BaJiax, TO OKaKETCs, UTO 00I1ast )KECTKOCTh 3y04aToi mepeayu J0CTaTod-
HO Mana. Ha puc. 10.1B mpencrapiieHa cxema 3y04aToi rnepeaadu ¢ ynpyro
nehopMUPYEMBIMU IJIEMEHTAMH.

[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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[Ipu paGoTe mammHbBI, B €€ KHHEMAaTHYECKOW IIEMH, HArpyKEHHOU mepe-
MEHHBIM CUJIOBBIM MOMEHTOM, BO3HMKAIOT JUHAMUYECKHUE HArpy3ku. B me-
peaaToOuYHOM MEXaHU3ME, B PE3yJIbTaTe ero ynpyrux aeopmanuii koneda-
TEJILHOTO XapaKTepa, 3T TUHAMUYECKUE HArpy3KU MOTYT MPEBBICUTH 3HA-
YEeHUs!, pacCUUTaHHbIE 0€3 ydeTa YIPyrocTH 3BEHbEB.

Junamuyeckast OJIOK-CX€Ma MAIIMHBI [EPUOJUYECKOro JIEUCTBUS
n3zo0pakena Ha puc. 10.2a. UToObI BBIIEAUTH TONBKO JUHAMHYECKHUE 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. VICTIOMHUTENIBHBI MEXaHU3M —
3TO MCTOYHHK IUKJIOBBIX BO3MYIIEHUI: CHIIOBOTO Mc(() ¥ MHEPIIOHHOTO
I(p). B x01¢ paboOThI MaIIMHBI B IEPEIATOYHOM MEXaHU3ME C JKECTKOCTBIO
C BO3HUKAET CUJIOBOM MOMeHT M. TakuM oOpa3om, B COOTBETCTBUU C TEO-
puel ynpyrux kosieOaHui, MallMHA MPEACTaBISET COOOM JBYXMAacCCOBYIO
YIPYTYIO CHCTEMY ¢ MOMeHTamu uHepuu |; u 1(¢) u ¢ ’xKecTKoCThIO C, Ha-
TPY’KEHHYIO BHEITHHMH MOMeHTaMH My 1 Mc(@). 31ecy npuBeaeM JnIb
MIPEANOCHUIKH pacyeTa v pe3yJIbTaThl HCCIETOBAHUS TAKOW CUCTEMBI.

Ecnu npeneOpeyb ynpyrocTelo MepeaaToyHOro MEXaHW3Ma, TO Ha-
rpy’kKaroluii ero MOMeHT M OylieT paBeH LUKINYECKOMY MOMEHTY, KOTO-
PBI 3aBUCUT TOJIBKO OT IIUKJIOBBIX BO3MYILICHHUIA:

- M=M= f[M(g):1(p)]

rne M — uuknudeckuii MOMEHT, pacCUUTAHHbIH O€3 yueTa yIpyrocTH Iie-
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)c;o]

rae M — nunamuueckuit MOMEHT, PACCUUTAHHBIN C YYETOM KECTKOCTH
(ynpyrocTtu) nepeiaTrouHoro MexaHu3ma.

B pe3ynbraTe MareMaTH4eCKOro ONMMCAHUSA U UCCIEAOBAHUS IPHUBE-
JIEHHBIX BBIPAKEHUU MOJydeH rpaduk, moka3zaHHblii Ha puc. 10.26. ItoT
rpaduK Ha3bIBAETCS AMIUIUTYAHO-YACTOTHOM XapaKTEPUCTUKOW YIpPYrou
CUCTEMBbl MAlIMHBI; OH J1a€T BO3MOYKHOCTh M3YUYUTh CBA3b MEXKIY MOMEH-
TOM B NEPEAATOYHOM MEXAHU3ME C OJHOW CTOPOHBI, €TO KECTKOCTBIO H
CKOPOCTBIO BpalleHHs IJIaBHOrO Bajia — ¢ Jipyroil. [lo ocu opaunat rpadu-
Ka OTJI0)KEHO OTHOUIEHWE LMKJIOBOTO M JTWHAMUYECKOTO MOMEHTOB, a IO
ocu abcuucc — yrjioBasi CKOpOCTh TJIaBHOTO Bajla MalIMHbBI (TakKUM oOpa-
30M, MOMEHTHI B IIEPEJATOYHOM MEXAaHU3ME U €r0 KECTKOCTb SIBIIAIOTCSA
napaMeTpamu, IpHUBEIECHHBIMH K TJaBHOMY Baiy). I'paduk mokxasbIBaer,
KAaK MEHSETCS COOTHOLIEHWE MOMEHTOB IIPU PA3JIMYHBIX CKOPOCTAX IJIaB-
HOTI'O BaJa.
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[Toka ckopocTh Bajia Maja, OTHOIIEHHE MOMEHTOB OJM3KO K €IUHU-
e, TO €CTh, JUHAMHUYECKU MOMEHT Maj0 OTJINYAETCS OT UUKIHNYECKOTO.
Ilo Mepe yBenu4eHus: CKOPOCTH OTHOLIEHHE MOMEHTOB PACTET, OHO JIOCTH-
raeT CBOEro MaKCUMMAJIBHOTO 3HAYEHHUsI B COCTOSIHUM PE30HAHCA UCCIELye-
MOH yHpyrou cucteMsl. MI3BECTHO, 4TO 3TO COCTOSHUE HACTYNAEeT NP pa-
BEHCTBE YaCTOThl COOCTBEHHBIX KOJIEOAHUI yIPYroll CUCTEMbI C 4aCTOTOU
BBIHYKJCHHBIX KOJIEOAHUM, TO €CTh, C YaCTOTOW BHEIIHMX Harpy3ok. B
JAHHOM CJly4ae, BHEIIHHUMH Harpy3kamH SIBJISIOTCS LIMKJIOBBIE BO3MYIIE-
HUsl, 4aCTOTa KOTOPBIX COOTBETCTBYET YIJIOBOM CKOPOCTH TJIABHOTO BaJd.
N3BeCTHO Takke, 4TO SBJICHUE PE30HAHCA B PACCMATPUBAEMOM CIydae OT-
pULIATENIbHO, TaK KaK MPUBOAUT K 3HAYUTEIbHOMY YBEJIMYECHUIO JUHAMMU-
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-
JlaeéM B 3apE30HAaHCHYIO0 00J1acTh (B OTJIMYUE OT JIOPE30HAHCHOM), T1ie OT-
HOIIICHHE MOMEHTOB YMEHbBIIIAETCs BIUIOTH 10 eauHullbl (puc. 10.26). D10
COCTOSIHUE, KOTJIa JUHAMUYECKUA MOMEHT CTaHOBUTCSI PAaBHBIM ITUKJIMYE-
CKOMY MOMEHTY, pacCUYMTaHHOMY 0€3 y4yeTa ynpyrocTy 3B€HbEB, HACTyIa-
€T IIPU OINPEJIETICHHOM 3HAYEHUN YTIIOBOW CKOPOCTH:
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rac: ¢ — HpI/IBCI[eHHaH KECTKOCTDH HepeJ:[aTquoro MCX&HI/IBMa;
|Hpcp — CpCI[HCC 3HAYCHUC l'IpI/IBeIleHHOI‘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 MPAKTUUECKUM BBIBOJ, HaieM HeoOXo-
JMMO€ 3HAYEHHUE >KECTKOCTH MEepeAaTOYHOr0 MEXaHWU3Ma, MPU KOTOPOM
JTUHAMUYECKUM MOMEHT OYyJIeT MEHBIIIE [TUKJINYECKOTO.

W3 nocienHero BEIpaXEHUs HIMEEM
Iy @,

2
B 3TuX ycnoBusx TMHaAMUYECKUH MOMEHT MOXET OBbITh MEHBIIIE ITUKINYe-
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

o =

a >

C <
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IIPY TIyCKE U OCTAHOBE, KOT/Ia KPYTUIIbHBIE KOJICOaHUsI MOTYT 3HAYUTEIIHHO
BO3pAacTaTh 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

JIrobast mMalmHa MEPUOUYECKOTO JEHCTBUS SIBISIETCS UCTOUHUKOM
BUOpalMii UM MeXaHW4YecKuX KoJjieObaHuil. M3BecTHO, 4TO BUOpaInuu ObI-
BaIOT T0JIE3HbIE U BpeaHble. [lone3Hble BUOpAMM UCIIOJIB3YIOTCS IS CO3-
naHus pabodero Impolecca B HEKOTOPBIX CHEIHUAIbHBIX MallnHax (BuO-
pPOTpaHCTIOPTEPhI, BAOPOHOKHUIIBI U TP.) U 3/1€Ch HE PacCMaTPHUBAIOTCS.
byaem u3ywath BpeaHble kosieOaHusi (BUOpaluu), KOTOpPbIE MOTYT Hapy-
IIUTh PadOTy MAallMH U KOTOPBIE MOATOMY CTPEMATCS YMEHBIIUTh. XOTS,
HAJI0 cKa3aTh, IPUPOA U BPEIHBIX, U NOJIE3HBIX KOJIEOaHU OHA U Ta XKeE.

[IpyurHamMu BUOpaLMii B MallMHAX MEPUOAUYECKOTO JEUCTBHS SIB-
JSI0TCST HEYPAaBHOBEIIEHHOCTH HMX MexaHu3MoB. CyllecTByeT W Apyras
NPUYMHA, CBSI3aHHASI C MEPUOJUYHOCTBIO paboyero rmnporecca MamivH, 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-
HUU.

HeypaBHOBEIIEHHOCTh CTEPKHEBBIX M KYJAYKOBBIX MEXaHU3MOB
MallvH 3aJI0)KEHA B CAMOW KOHCTPYKLIMM 3THUX MEXaHHU3MOB, TaK KaKk OHU
UMEIOT TIEPEeMEHHbIE KMHEMATHYECKHE W JUHAMUYECKHUE MapaMeTpbl. A
MMEHHO, MpHU padoTe TaKUX MEXAHU3MOB LEHTPbl MACC 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.

3ybuarble MEXaHU3Mbl TEOPETUUECKH YPABHOBEILLEHBI, TAK KaK UMe-
10T 3BEHBS TOJBKO POTOPHOTO THMNa. OJHAKO 3TH MEXAHU3MBI TAKXKE SIBJIS-
IOTCS. UICTOYHUKOM BUOpanuil WM, TOBOPAT, HICTOYHUKOM BHUOPOAKTHUBHO-
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 3BEHbEB MAIMHBI BbI3bI-
BalOT ee Kojebanus Ha pyHgamente. CorjgacHO BBILIEU3IIOKEHHOMY, 3TO
SBJICHHE HEU30€KHO B MPUHIIMIE, U JOJHKHO OBITh BCEMEPHO YMEHBIIIECHO,
TaK KakK BbI3bIBAE€T OTPHULATEIbHbIE BO3JECHCTBHUS. A UMEHHO, BO-TIEPBBIX,
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BUOpAIUU MPUBOAT K TOBBINIEHHOMY U3HOCY 3B€HBEB B KHHEMATHYECKUX
rapax, OHM MOTYT BbI3BaTh NEPErpy3KU 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-
OpY)KCHHSI, CTaHKH, a TakKe, Ha JIOJeH, OOCTY)KHMBAIOIINX MAIUHY WM
MPOCTO HAXOSIINXCS Ha HEOONBIIOM (a2 MHOTJA, U Ha OOJIBIIIOM) paccTos-
HUW OT MaIWHBL. B OONBIIMHCTBE CITydaeB 3TH BUOpAIMN HEXEIIaTCITbHBI
U, TIOATOMY, TaKK€ JOJDKHBI OBITh YMEHBITICHBI. Mepbl, MPUHUMAEMBIE IS
YMEHBITICHUS BIUSHUS KOJIeOaHW MallTiHBI HAa €€ OKPY)KCHHUE, Ha3bIBAIOT-
Csl BUOPOM3OJIAIMENH MAIWHBL. MeTo I BUOPO3AIUTHl M BUOPOU3OIISIINH
MallIuH UACHTUYHBI: YTOObI YMEHBIIIUTh BIUSHUE BUOpPAIMU, HYKHO, MIpe-
K7€ BCEro, CHU3UTh aMIUIUTYAY KoJieOaHU MaliuHbl Ha yHIaMEHTE Ha-
CKOJIBKO 3TO BO3MOJKHO.

st Toro 9ToOBI pa3oOpaThCs B 3TOM BOIPOCE, PACCMOTPHUM YIIPO-
HICHHYIO MOJIeNIb KosieOanuii MamuHbl Ha pyHaamenTe. [Ipu sTom orpanu-
YUMCSl HEYPaBHOBEIICHHOCTHIO BPAIAIOIIUXCS MAacC U JUIIb BEPTUKAIb-
HBIMU KOJIEOaHUSMHM MAaIlIMHBI. DTa MOJEb MpeacTaBicHa Ha puc. 20.3a.
O0603HaueHMs HA PUCYHKE CIEAYIOIIHE:

My — Macca HeMOABMKHBIX YaCTeH MAIlIMHEI (CTAaHWHBI, KOPITyCca);

M — IpuBEICHHAs! Macca BCEX BpalaoIUXCs HEYPABHOBEIIEHHBIX

3BCHBEB;

€ — paJinyC HEypaBHOBEIIEHHOCTH (9KCUEHTPHUCHUTET);

C — )K€CTKOCTh (DYyH/IaMEHTAa;

b — koaddunment nemmndupoanus GyHIaMEHTa; OH OLICHUBACT

CIIOCOOHOCTH (hyHAaMEHTA IOTJIONIATh SHEPTHIO KOJIeOaHU ;

X — OCh KOJIcOaHUI;

( — TEKyIIee 3HaYeHHE yTJia MOBOPOTA TJIABHOTO BaJia MAIITUHBI.

Macca MammHBI My; MOJ JEHCTBUEM CHIIBI WHEPIIMA HEYpaBHOBE-
IIEHHOM BpalllatoIIeiicsi MacChl M COBEPIIIACT BEPTUKAIBHBIE KOJICOAHUS Ha
yIIPyroM OCHOBAaHHH, COCTOSIIEM U3 MPYKUHBI ¢ 1 neMiidepa b. [TpyxuHa
MOJIETUPYET YIPYrocTh (PyHIaMEHTa, €ro ClIOCOOHOCTh BOCIIPUHUMATH U
aMOPTHU3UPOBATh (CMsAT4aTh) Koyiebanus MmarmuHbl. demmdep b conmporus-
JSIeTCSL KOJeOaHWsIM MAIIUHBI B Pe3yJIbTaTe BO3HUKAIOIIETO B HEM CYXOTO
WM, dYale, BS3KOTO TPEHUS, OH MOJCIHUPYET TUCCUTIATUBHBIE CBOMCTBA
dbyHIaMeHTa, TO €CTh, €r0 CBOMCTBA pacCeUBaTh WM TOTJIONMIATH YHEPTHUIO
KOJIeOaHMIA.

[TonpobHOe ommcaHue KoJieOATEIBHBIX MPOIECCOB TAKUX CHCTEM
MPUBECHBI B TUTEpATYpE M0 Teopuu Kojebanuii [19]. 3nech orpanrnanmMcs
O00BSCHEHHEM PE3YIbTUPYIOIINX YPAaBHCHHUI JIBIOKCHUS W CICJTaHHBIMH Ha
OCHOBAaHHH MX aHAJIN3a MPAKTUIECCKHUMH BBIBOJIAMH.
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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=meq@'” sinp+me@"cosp (10.1)

I"P@"=M" +mx"e cos @ (10.2)
Unens! ypaBaenus (20.1) umerot ciaenyromuid GU3nIeCKuil CMbICIT:
My X — CHUJIa UHEPLUH KOJIEOJIOIICICS CUCTEMBI,
b X’ — cuna nemndupoBaHus (IUCCUTIATUBHAS CHJIA); 9TO CHJIA, C KO-
TOpoH (PyHAAMEHT COMPOTUBIISIETCS KOJIEOAHUAM, MOTJIOMIAS
UX 3HEPIHIO;
C X — CHJIa ynpyroctu (pyHAaMeHTa;
me (p’2 Sin @ — MPOEKIUs HOPMATBHOM CHIJIBI HHEPIIMU HEYPaBHOBE-
IIEHHOW MacChl HAa OCh KOJIEOAHMI;
M € @” COS (@ — MPOEKIHUS TAHT€HIIUATIBLHON CUJIbl HHEPLIMU HEYPAB-
HOBEUIEHHOM MacChl Ha OCh KOJIEOaHUH.
B ypaBuenuu (10.2):
I"" @” — MOMEHT OT CHJI HHEPIIUHU BPAINAIOIIEHCS CHCTEMBI,
M"™ — npuBeIeHHBIN CUITOBOM MOMEHT Ha TTABHOM BaJly MAlllMHBI;

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 MapaMeTrpamu. PaccMOTpeHHe 3THUX ypaBHEHUU IOKa3bIBA€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 M3-32 HATWYUS
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 BPAIIaTEIbHOTO JBMKCHUM, JJIS aHAIM3a KOJIeOaHUN MalluHbI
Ha pyHIAMEHTE JOCTaTOYHO TOJIbKO ypaBHeHus (10.1).

[Ipenmomnarasi, 4To TJIaBHBIN Bajl MalIMHBI BpallaeTCs PaBHOMEPHO,
a, CIIeIOBaTEIbHO, @ = ol M TaHreHIMalbHAs CUJa MHEPLHMH MEeE” paBHA
Hy0, U3 ypaBHeHus (10.1) momyqaem:

2 .
my, x"+bx'+cx=mew” sinot
OO11ee perieHre 3Toro ypaBHEHUSI UMEET BUJL

mew’ sinwt

X = (10.3)

Jc+my0’ P +b o’
Korma ¢ = ot = /2 (puc. 10.3a), To nepemernieHue Maccel 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
— aMIUIUTYAHO-4acCTOTHYIO Xapaktepuctuky (puc. 10.36). Ilo mepe pocra
CKOPOCTH aMILIUTyJa KoJIeOaHUH yBEJIMYUBAETCS 10 MaKCUMaJIbHOIO 3Ha-
YEeHUsI, COOTBETCTBYIOLIETO PE3OHAHCY, KOTJa YIJoBas CKOpPOCTh paBHA
COOCTBEHHOMW 4acTOTe KoJieOaHUil MallIHbI Ha yHIaAMEHTE:
C
a) —_— I
| my
Jlanee, ¢ yBEeTMYCHUEM CKOPOCTH, aMIUIMTY 1A YMEHBIIACTCs U KpuBast a(m)
ACMMTOTHYECKH MPUOIMKAETCS K ropu3onTanu me/my, (puc. 10.30).
I'paduk a(®) mo3BoJIsET caeNIaTh BHIBOA, YTO JJISl JOCTHXKEHHUS J0C-
TATOYHO MaJOW aMILTUTY Il KOJeOaHu
me
a~ —— (10.4)
v
HaJlo o0ecneyuTh paboTy MaluHbl B pexxknMax o < 0,3 mpe; 10pe30HaHC-
HOM obnactu uiau ® = 1,3 ®,e; 3ape30HaHCHON 00JIACTH.
st mope30oHaHCHOM 00JIaCTH COOTHOIICHUE MEXKIY YIIIOBOM CKOPO-
CTBIO M JKECTKOCTHIO IMEET BU/I;
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Tax xak mammHa paboTaeT MpU BIIOJIHE ONPENEICHHOW CKOPOCTH Bpalle-
HUS TJIaBHOTO Bajia, TO PEIIMM 3TO HEPABEHCTBO OTHOCUTENIBHO KECTKOCTH
dbyHIaMeHTa MaIIUHBI:

2
c>9my, w

CornacHo 31o#1 (hopmynie, KeCcTKOoCTh (yHAaMEHTa JOJKHA OBbITh OYEHb
OO0JBIIION, YTO MPAKTHUECKA HEJOCTHKUMO ISl COBPEMEHHBIX MAIIWHBI C
OONBIIMMHU MacCaMy M BRICOKUMHU CKOPOCTSIMH BpallleHus! BaJloB. B ciyda-
X, KOTJa 3TO JOCTHYKUMO, TO TIOUTH BCET/Ia OKa3bIBACTCS SKOHOMHUYCCKU
HEIes1eco000pa3HbIM U3-3a BHICOKOW CTOMMOCTH (PyHIaMeHTa.

B sTOM cMBICIIE TydITUM BapuaHTOM SIBIISIETCS paboTa MalluHBI B
3ape30HaHCHOM 30HE, Korja 1o rpaduky Ha puc. 10.36

w-13 ¢

|y,
B sTom ciyuae

c<036m, o

TO €CTh, ’KECTKOCTh (PyHIaMEHTa MOXKET OBITh, 110 KpaiiHel mepe, B 25 pas
HIKE, 9eM npu paboTe B IOpEe30HAHCHOW 30HE. [IpakTHdecku, BMECTO
dbyHIaMeHTa MalllMHA YCTAHABJIMBACTCS HA CIElUaIbHbIe (DyHIaMEHTHBIC
MOAYIIKA MaJjoW KECTKOCTH, 00JIaJarolue XOPOUTUMU aMOPTU3UPYIOIIH-
MU U IeMI(PUPYIOMUMHA CBOMCTBAMU. DTH MOAYIIKA UMEIOT MaJible pa3Me-
pPBl U MOTYT OBITh Pa3TUYHBIX KOHCTPYKIIMM B 3aBUCUMOCTH OT MacChl U
Ha3HadueHus MamuHbL. [TogpodHee 06 »3To cM. rinaBy 10 B kaure [17].

[TonoxxeHne TOpU3OHTAIBHOM TIpsiMOit 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 ¥ YMEHBIIUTh 3HAUYECHHUE HEypaBHOBEIIEHHOCTH ME. [lepBas BO3-
MO>XHOCTb HE€ TPEANOUYTHUTENbHA, TOCKOJBKY OHA BEIET K YBEIUYEHUIO
pacxoja MaTepuaia U BO3pacTaHUIO CTOMMOCTh MamuHbl. [loaTomy cTpe-
MSATCS PEaIN30BaTh BTOPYIO BO3MOKHOCTh — YMEHBIIIUTh HEYPABHOBEIIICH-
HOCTh BpAIIalONINXCsl 3BEHHEB IMyTEM MX CTATHUUYECKOW W JUHAMHUYECKOU
OanmaHCUpOBKH (CM. HMIKE), OCOOCHHO I MAaIlliH C BBICOKOW CKOPOCTBIO
BpallleHUA IrJ1aBHOTO Bana [2, 17].

B 3akmodeHue caenaeM HeOOJBIIOE 3aMEYaHHUE OTHOCUTEILHO
BIIUSHUS KOJIeOaHWUH MaIlMHBI Ha TPEOYEMYH0 MOIIHOCTh €TI0 JBUTATEII.

Peub uyer o mepeHOCHOM MOMEHTE CHJIBl HHEPIIUHA HEYPaBHOBEIIICH-
HOM Macchl Ha TUIeUe €, TOYHEE Ha TUIeUe, PAaBHOM IIPOSKITMH DKCIICHTPUCH-
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TeTa Ha JUHUIO, MEPIEHANKYISIPHYIO KOJICOaHUSIM, TO €CTh, B TAHHOM CITy-
yae — Ha ropu3oHTaslb. Kak cieayer u3 BbIpaXKEHHUs] 3TOr0 MOMEHTa (BTO-
poe ciaraeMoe IpaBoi yactu ypaBHeHus (10.2)), ero BenuuuHa nepuoau-
YECKU W3MEHSETCS B COOTBETCTBUM C YAaCTOTOW BPAILLECHUS U 3aBUCUT HE
TOJIBKO OT yIJIa IIOBOPOTA BaJla, HO U OT BTOPOM MPOU3BOAHOU OT IEpeMe-
IIEHHs 3TOTO Baja MpU KOoJeOaHUsAX MAIIMHBI; CIEJ0BATEIbHO, IIPU PE30-
HAHCE BEJIMYMHA 3TOT0 MOMEHTa MOXET 0Ka3aThCs 3Ha4UTeNIbHOM. Ha npe-
OJIOJICHHE MEPEHOCHOTO MOMEHTA TPATUTCS 3HEPIrHsl JABUTATENs, TO €CTb,
YacTh CBOEM MOUIHOCTH JIBUTaTelb 3aTPayMBAET HA MOJJEP)KAHUE HEH3-
OeXHBIX KoeOaHui MamMHbI Ha ¢yHIameHTe. M Tak Kak mpu pe3oHaHce
DHEPrus 3TUX KOJECOAHWN 3HAUYUTEIIBHO BO3PACTAET, TO IS IIEPEX0Ja Yepes
pPE30HAHC MPU MYCKE MAIIMHBI JBUTATENb JTOJDKEH 00J1a1aTh JOCTATOYHBIM
3a11acoM MOLIHOCTH, KOTOPBIN U ONPEIENSIeTCs 110 BEJIMYMHE PE30HAHCHOTO
3HAYEHHUS [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 OMACHOCTH ATOro 3(dekrta: 1 OOJIbIIMHCTBA MAIIMH Tpe-
OyeMoe yBeIMYeHUE MOIIHOCTHU JABUTaTeNsl He mpeBblmaet 5 + 10 npouen-
TOB.

§10.3. YpaBHOBemIMBaHMEe BPALIAIOIIMXCH MAaCC

YpaBHOBENIMBAHKUE BPAIAIOIIMXCS MAacC HEOO0XOJIUMO TMpaKTHye-
CKH BO BCEX COBPEMCHHBIX MallliHAaX, B YACTHOCTH, BCJICICTBUE TOTO, YTO
B pe3yJIbTaTe HEM30CKHON HETOYHOCTH U3TOTOBJICHHUS LIEHTP Macc JaeTajeh
POTOPHOTO THITa OKA3bIBAETCS CMEIICHHBIM OTHOCUTEIBHO OCH BpAIllCHUSI.
Kpome Toro, Hepenko Ha Bajiax MOMHMO CHMMETPHYHBIX JeTalield Haxo-
JATCSL JIeTAd HECUMMETPUYIHON (OPMBI, YTO BBI3BIBACT 3HAYUTEIHHOC
CMEIIeHHUE IIEHTPa Macc.

CMereHue 1eHTpa Macc 3BE€Ha OT €0 OCH BPAIICHHUsS BBI3BIBACT I10-
SIBJICHUE TMHAMUYECKUX JaBJICHUH Ha onopbl. OCOOSHHO BEJIMKHU 3TU JaB-
JICHHSI MOTYT OBITh B ClIydae, KOTJa 3BEHbS O0JIAAIOT 3HAYUTCIIHHBIMU
MaccaMH M BPAIAIOTCs C OOJIBIITMMHE yTIIOBBIMU cCKopocTsmu. K unciy ta-
KHX 3BEHBEB MOXKHO OTHECTH BaJlbl OBICTPOXOJHBIX JBHTATEIICH, POTOPHI
TypOWH ¥ TUPOCKOTOB, Oapabanbl eHTpU(dyT, cenapaTopoB. YacTora Bpa-
IIICHUS HEKOTOPBIX M3 Ha3BaHHBIX 3BeHbeB jgocturaer 20000 + 50000
o0/mMuH U 60ree. BenencTBue BparieHus: CUIIbI JaBJICHUS HA OTOPHI SBJIS-
IOTCSI TIGPEMEHHBIMH TI0 HANpPaBJICHUIO, a TIPU HEYCTAaHOBHBIIUXCS PEXKH-
Max M 10 BEJIMYMHE. DTH CHIIbI IEPEIAF0TCS CTaHWHAM W (DYHIaMEHTY B
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BUJIE TIEPUOAMYECKUX CUIIOBBIX BO3/AECUCTBUM, BBI3BIBAIOIIUX BUOpAIUH, O
4yeM OBbLIO CKa3aHO BBIIIIE.

JUi1 yMEHbILIEHUSI aMIUIMTYbl BUOpaluii Ipuberalor K ypaBHOBE-
MIMBaHMIO Bpalaromuxcs macc. Ha npakTuke ObICTpOBpallaronuecs aera-
JY MAalllMH TOJBEPraroTcs MpeIBAPUTENIBHON NMPOBEPKE HA OalaHCHPOBOY-
HBIX MalllMHaX C LENbI0 ONPENEIUTh MECTA, B KOTOPBIX HEOOXOUMO yC-
TQHOBUTbH JIOIIOJIHUTEIBHBIE MACCHl WIM YCTPAHWUTH JIMIIHEE KOJINYECTBO
Marepuana.

PaznuyaroT craTMueckoe M AMHAMHUYECKOE ypaBHOBelIMBaHHE (Oa-
JAHCHPOBKY) BPAIIAIOIINXCS Macc.

Crartnyeckoe — 3TO TaKO€ YPaBHOBEIINBAHKE, [P KOTOPOM 3BEHO HE
B COCTOSIHMM IPHUJATH BO BPAlaTEIbHOE JBWKEHHE II0J JIEUCTBUEM CHUII
COOCTBEHHOT0 BECa, JaKE B CIIy4ae OTCYTCTBUSI TPEHUs (LEHTP Macc COB-
NaJa€eT C OChIO BPAIICHMS], [JIABHBII BEKTOP CUJI HHEPLIMU PaBEH HYIIIO).

JIMHaMW4YECKOE — OTO TaKOE YPaBHOBEIIMBAHUE, IIPU KOTOPOM HE
TOJIBKO TJIaBHBIM BEKTOP, HO U IJIaBHBIII MOMEHT OT Mapbl CHJI MHEPLMH
PaBHBI HYJIIO (U1 3BEHBEB POTOPHOTO TUIA C OOJIBLION AJIMHOM).

[Ipu Masoil JJIMHE pOTOpa YPABHOBEIIMBAOT TOJIBKO TJIABHBIA BEK-
TOpP CWJI MHEPILIMH, & BEJIMYNHOMN IIABHOTO MOMEHTa OT Iapbl CWJI HHEp-
UM TpEeHEeOperaT, TO €CThb OIPaHUYMBAIOTCS TOJBKO CTaTUYECKOW Oa-
JAHCUPOBKOM. B 3TOM cilyyae MOKHO CUMTATh, YTO BPAILLAOIIUECS MACCHI
HaxOJATCSA B OJHOM IUIOCKOCTH, NEPIEHAUKYIISIPHON OCH BpAILIEHUS.

[Ipu 3HAUMTENBHON AJIMHE POTOpa M OOJBIIOKW CKOPOCTH €ro Bpa-
IICHUS] HEJNb35, KaK B MPEAbIAYIIEM Cilydae, MpeHeOperat HeypaBHOBE-
LIEHHBIM TJIABHBIM MOMEHTOM OT Napbl CHJI MHEpPLUU. B 3TOM Ciydae
CJIEAyeT OCYIIECTBUTh MOJIHOE YPABHOBEIIMBAHUE BPAIIAKOLINXCSA MACC, TO
€CTh BBINIOJHUTH HE TOJIBKO CTaTUYECKYIO, HO U TUHAMUYECKYIO OanaHCu-
POBKY.

Teoputo CTaTHYECKOTO M AMHAMHYECKOTO YpPAaBHOBEIIMBAHUS pac-
CMOTPUM Ha npuMmepe OalaHCUPOBKU BpalIAIOLIEHCs CUCTEMBI C U3BECT-
HBIM pPAcCIOJIOKEHHEM HeypaBHOBelmleHHbIX macc. Ha puc. 20.4 nmokaszana
3Ta CUCTEMA, MPEACTABISIIONIAs COOOW BaJl C 3aKPEIUIEHHBIMU Ha HEM IIfI-
THIO IUCKaMU (3TO MOT'YT OBITh POTOPHI TYpOUH, 3yOUaThie KoJjieca U T.1I.).

Tpu cpennux aucka Ty, T, u T3 UMeOT HEYpaBHOBEHIEHHBIE MACCHI
My, M, © M. JIBa KpallHUX OHCKA CHEUUAIBHO MPEIHA3HAYEHBI I pa3-
MelleHus1 0anaHCUPYIOLIUX MPOTUBOBECOB: Ha JAUCKE Ty yCTaHABIMBAETCS
Macca My AJis1 CTaTUYECKOW OaJaHCUPOBKU WJIM Macca My AJisd TUHAMHYe-
CKOM OallaHCUPOBKH, a Ha Jucke Tp — mMacca MPOTUBOBeca My JJIsl TWHA-
MUYECKOMN OaTaHCUPOBKHU.

Ecnu Bai ¢ quckamu cTaTUYeCKU HEYPaBHOBEIIEH, TO OH MPUXOIUT B
JBUKEHUE MTPAKTUYECKU U3 JIFOOOT0 YIIOBOr0 MOJIOKEHHUSI, YPaBHOBEIICH-
Hasl e CUCTEMA OCTAETCs HEMOABMKHONW. JIMHAMUYECKH HEYpaBHOBEIICH-
HBI BaJl ¢ JUCKaMH MPU BPALEHUU OKAa3bIBAET MEPUOJIUUYECKHUE TaBICHUS
Ha CBOU OMOPHI (Ha 0alaHCHPOBOYHBIX CTAaHKAX 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 HEYPABHOBEIICHHBIE MAaCCHI
My, M, 1 M3 BbIBBIBAIOT cuiibl uHepuuu Fyy, Fyp u Fys. YpaBHosemuBa-
HUE CUJI MHEPIIUU U €CTh CTaTUYEeCKas OalaHCUPOBKA Macc my, M, ¥ m.
[lepeHecem ykazaHHbIC CWJIBI B OONIYH) IUIOCKOCTh To — MJIOCKOCTh
npuBenenust (puc. 20.4). Torma ux MOXHO ypaBHOBECUTh WHEPLUOHHOU
cunoit Fyy nebanancHoi Macchl my, yCTAHOBICHHOW HA HEKOTOPOM paJny-
ce [y U MOJ ONPENETIEHHBIM YIJIOM (¢ Ha AuUCcKe Ty. Y CI0BUE CTATUYECKOTO
paBHOBeCHs OyIE€T UMETh BUI:

CuItbl MHEPIIMU €CTh MPOU3BEJCHUS MAacC Ha PaJInyChl MX YCTAaHOBKU W Ha
. 2
KBaJpaT yrioBoi ckopocTH. [locie cokpamenus o u3 (20.5) moaydunm:

mr, +m,r, + Mgl + Myl =0 (20.6)
rae Iy, I ¥ I3 — paguychl pacoj0XKCHHUs HCYPaBHOBCIICHHBIX Macc.

Bekropubie Benuuunbl M C COOTBETCTBYIOMMMHU MHIECKCAMU Ha-

3bIBAOTCA HCYPABHOBCHICHHOCTAMH, a BCIMYHHA mO ro — CTaTH4YCCKUM

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 (03 PABHBI
yrilaM pacIoJIOKEHHUSI HEypaBHOBEIICHHBIX Macc Ha puc. 20.4. Bekrop, Ko-
TOPBIM 3aMBIKAET MHOTOYTI'OJIbHHUK, €CThb BEKTOP CTaTUYECKOro JedanaHca

Mgl . C ncnonb3oBanueM macmrada fic CIEAYET ONPEAECIUTh BEIUYMHY

CTaTUYECKOro jebanaHca B I''MM, 3aTe€M, 33JIaBIIMCh PAJMyCOM YCTaHOBKH
lp, HAJO PacCUMTaTh MAacCy MPOTUBOBECA My U YCTAHOBUTH €0 MOJ YTIIOM
(@ Ha aucke Ty.

Ha »Tom KoHUaeTcs mepBasi cTaaus ypaBHOBEIIMBaHUs. BreinoiHe-
HO TO, YTO HA3bIBACTCS CTATUUYECKOUN 0alaHCUPOBKOM, TO €CTh, YCTPAHEHO
CMEIIEHHE IIEHTPa MacC BPaIAIONICICS CUCTEMBI OT OCH BpallleHUS.

L P e

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 1eHTPOOEKHBIE CHUIIBI HHEPIIMU B TJIOCKOCTh MPUBEACHUS
Ty, HEOOXOMMO MO TpaBUaM 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
Ms = FH3|3

rae ly, I u I3— paccrosaus mexay auckom Tou auckamu Ty, T, u Ta.

B ypaBHOBEHIMBAaHUU 3THX MOMEHTOB M 3aKII0YacTCS JUHAMHYC-
cKas OalaHCHPOBKA BPAIIAIOIIUXCS Macc my, My U mga.

BekTopHOe ypaBHEHHE ¢ y4YE€TOM YPaBHOBEIIMBAIOIICIO MOMEHTA
My uMeeT BUJI:

M, +M,+M3;+M, =0 (20.8)

YpaBHOBEMIMBAKOIIAN MOMEHT MOHO CO3/1aTh OJHON JOTIOJIHUTEIBHON
MacCcoM My, pa3MEIICHHON B MPOM3BOJIBHON IUIOCKOCTH HcnpaBieHus. On-
HaKO, 3TO MNPUBEAET K HAPYLUICHUIO YK€ BBINOJHEHHOIO CTATHYECKOIO
ypaBHOBemMBaHus Macc. [103ToMy, ypaBHOBEIIMBAIOIIMI MOMEHT CHEAYET
CO3/1aBaTh Mapoi LEHTPOOEKHBIX CUJI MHEPLUUHU JBYX PaBHBIX JOIMOJHHU-
TEJIbHBIX MAacC Mg, PACIOJOKEHHBIX B JIByX MPOU3BOJIBHBIX IUIOCKOCTSX
uctpasieHus. st ynoOcTBa oqHy U3 IJIOCKOCTEW HCIPABIEHUS COBME-
LIAI0T C IUIOCKOCTHIO NpuBeneHus To. BTopas miaockocTh COBNagaeT ¢ AuC-
koM Ty, ymanenusiM ot qucka Ty Ha paccrostame lg (puc. 20.4). Torma us

ypaBHenus (20.8), ¢ yuetom BeipakeHui (20.5), (20.6) u (20.7), noxyuum:

m,rl; + mynl, + merl; + myryly, =0 (20.9)

BeKTOpHI::IG BeanuuHbl M rl C COOTBCTCTBYIOIIMMH HMHIACKCaAMHU

Ha3bIBAIOTCS MOMEHTAMH 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 Mmoka3aHo Ha puc. 20.56. BekTop, KOTOpbIN 3aMbIKaeT

MHOT'OYTOJIHUK, €CTh BEKTOpP AMHaMHU4eCKoro nebamanca Myl Id . C uc-

N0JIb30BaHUEM MaciuTada |y CIEAyeT ONPEAEIUTbh BEIUYMHY JUHAMUYE-
ckoro jgebajianca B I*MM*, 3aTeM, 3aJ]aBIIUCh PAJINYCOM YCTAaHOBKH Iy, HAI0
paccuMTaTh Maccy IMPOTHUBOBECA My M YCTAHOBUTH €ro IO YIJIOM (g HA
mucke Tq.  Btopas momomHuTenbHas Macca My, HEOOXOaUMAS IS COXpa-
HEHHUs CTAaTUYECKON OaJaHCUPOBKH, YCTAHABIMUBACTCA B IUIOCKOCTU TIPHU-
BefeHust Ty C IIPOTHBOIIONOKHON CTOPOHBI OT OCH BpameHns (¢g - 180°)
Ha TOM ke paaunyce rq (puc. 20.4).

B miockoctu Ty, TakuM 00pa3oM, OKa3bIBAIOTCS JIBE MACCHI: My U My,
YCTAHOBJICHHBIE HA PA3HBIX PaWyCaxX U C Pa3HbIM YIJIOBBIM PaCMHoJIOkKeE-
HueM. [Ipu HE0OXOAMMOCTH X MOXKHO 3aMEHUTH OJIHOM Maccod mgg, 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. XKecTkoCTh 3B€HA — 3TO OTHOLIEHUE HATPY3KU Ha 3BEHO K €ro je-
dbopmaruu.

2. AMIIUTYIHO-4aCTOTHAsI XapaKTEpUCTUKA — 3TO rpauK 3aBUCHU-
MOCTH aMILTUTY Il KOJIEOaHUI K 4acTOTE BPAILEHUS TJIABHOTO Baja Malllu-
HBI.

3. 3BeHO MaJioi JKECTKOCTH B MPUBOJIE MALIUHBI — 3TO yHpyras MyQ-
Ta WIM PEMEHHAs Mepeaayva.

4. Amoptuzupymonie-aemMndupyromue cBoiictBa GyHIaMEHTa WU
MOJIBECKM MAIUHBI — 3TO UX CHOCOOHOCTH BOCIPHUHHMATh U PAcCEUBATH
DHEPTHIO KOJIeOaHUM.

KoHTpobHbIE BONPOCHI

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».

[Ipu moBopote miectepun 1 Ha oguH obopoTt (27) pelika mepemec-
TUTCS Ha BEIIUYWHY, PABHYIO JUIMHE OKPYXHOCTH (2mR), OATOMY mEpe-
JAaTOYHOC OTHOHICHUC

Ur1 = vio = 2nR/2n =R (M)

OU3NYECKNN CMBICIT 3TOr0 MEPEIATOYHOTO OTHOIICHUS TAKOB: PEHKa
MIEPEMECTUTCS Ha BEJIMUMHY, PABHYIO PAJINYCY LIECTEPHU, IPU €€ TOBOPOTE
Ha OJIUH paJINaH.

Ipuiaoxkenue 2. IlepenaroyHoe OTHOLIECHHE MepeAaYd «BHHT-
ramka».

[Tpu noBopote BUHTa 1 Ha oiMH 000POT (27) raiika 2 mepeMecTuTCs Ha
OJIMH 1mar t 0JHO03aXx0HOTO BUHTA, IOATOMY, MEPEIaTOYHOE OTHOIICHUE
Urq = vio =t/2n (M)
PU3UYECKUN CMBICII 3TOTO MEPEAATOYHOTO OTHOIIEHUS: HA TAKYIO
BEJIMUMHY B METPaX MEPEMECTUTCS raiika Mpu MOBOPOTE BUHTA HA 1 paau-
aH.
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Ipuio:xkenue 3. BbIBO aHATUTHYECKOTO0 BHIPAYKEHUA TJTUHbBI
NMPAKTUYECKOI JIMHIH 3aleTNJIeHNs].

A w

BblpaBI/IM MJINHY HpaKTHLIGCKOﬁ JIMHHUHN 3alCIIICHUA ab qcpe3 OTpE3-
KH TGOpGTPI‘lGCKOﬁ JIMHHNH 3alCIIIICHUA AB:

ab = aP +bP =(aB — BP)+(Ab— AP)
ITocne rpynnupoBKY MOIYIUM:
ab =(aB + Ab)— (AP + BP) (1)
Ternepp BbIpa3uM OTPE3KM TEOPETUUECKOM JIMHUU 3aLECTUICHUS Yepe3
paanycChl, MEXKIIEHTPOBOE PACCTOSTHUE U YTOJI 3ALICTUICHHUS.
N3 npsimoyronsHoro AaBD umeem:

)
aB =.|r,, — 1, (2)

13 npsmoyroneaoro AADC crienyer:

Ab = \/rj] —r (3)

N3 mpsmoyronbabix AAPC 11t ABPD cOOTBETCTBEHHO HMEEM:
AP =r,, sing,,
BP =r,, sing,,
CymMa JByX MOCHeIHUX BbIpakeHui (BTopasi ckoOka B (1)):
(AP +BP)=(r,, +r,,)sine,, =a,sina,, ()
[Toacrasus (2), (3) u (4) B (1) moy4nM aHATUTUYECKOE BbIpAXKEHHE
IPAKTUYECKOM JINHNU 3alEIIICHUS:

2 2 2 2 :
ab = /ry —hy +- /L, — Ty — @, Sina,,



216

IIpunoxenue 4. OnpenesieHue MPOUEHTa BPeMEHH ABYXIIAPHOIO
¥ OJHOIIAPHOI0 3aLeNJICHUS.

\ Xy

KoadduureHT BpeMeHn IBYXIapHOTo 3aleIJIeHUs] — 3TO OTHOIICHUE
JUTUHBI IBYXIAPHOTO 3alleTUICHUs (Ha PUCYHKE BbIJEJICHA TOJICTOU JIMHUEH )
Ha MPaKTUYECKOW JIMHUM 3alleTUICHUs K OOIIeil JUIMHE MPaKTUYECKON JH-
HUU 3alEIIICHUS.

JInuHa qByXHapHOTro 3aleTICHUS:

=2 (l - Pb)
rae: | — qHa npakTHYecKo# IMHUH 3allCIUICHNUS,
Py — 1Iar 3yObeB 10 OCHOBHOM OKPY>KHOCTH.
KoaddunmeHnT BpeMeHn IBYXITapHOTo 3alleIJICHUS:

T2212:2(Z_pb):2 ]_];b

[ [

Ho I/p, = € (cm. § 5.6), ciemoBatesbHO:
1
&

Hampumep, ecnu € = 1,25, To k03QPULIMEHT BpEMEHU ABYXIIAPHOTO
3alleTUICHUS:

1
r,=2/1--"_|=04
29
KoadduureHT BpeMeHr 0 JHONapHOTO 3aIleTIICHUS:

r,=1-04=0,6



