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BBEOAEHME

HMucuumiuna «Teopus mexann3moB u Mmamun» (TMM) sBisieTcs cocTaBHOM
YaCcThI0 KOMIUIEKCHOM OOIIEUH)KEHEPHOUN MOATOTOBKU CTYJIEHTOB MAIIMHOCTPOHU-
TEJIbHBIX CIENUAIBHOCTEN BY30B.

OCHOBHBIMM 3aJa4aMu TUCHUIUIMHBI « Teopusi MEXaHU3MOB U MAIllUH» SIB-
JSI€TCS: OCBOEHUE METOJIOB U AJITOPUTMOB aHajiu3a U CUHTE3a MEXaHU3MOB U Ma-
IIMH, a TAK)KE TEXHUYECKUX CUCTEM, pa3pa0OTaHHBIX HA UX OCHOBE.

Jucrunmmaa TMM 6a3upyercs Ha 3HAHUAX, MOTYYEHHBIX CTYJIEHTAMU TIPH
M3YYECHHH TAKUX AUCUUIUIMH, Kak «®Pusuka», «Maremartuka», «HaueprarenbHas
reoMeTpus U MHXeHepHas rpaduka», «Teopernueckas mexanuka» u «Mupopma-
TUKa». 3HAHUS W HaBBIKU, MPUOOPETEHHBIE CTYyICHTAMH TIPH U3YYCHUH JUCITUTIIH-
Hbl «Teopus MallluH U MEXaHU3MOBY», CITyKaT 0a30M JJid U3yUYEHUs CIelUaIbHBIX
JUCHMIUIMHBI U TACIUIUIMH CHEIUaTn3aI1u.

Huciuminna «Teopus MamiMH ¥ MEXaHU3MOBY» BKIIOYAET CIEAYIOIINE
pa3aebl:

cmamuka — pas3zell, u3y4yaroluuid METO/Ibl U aJITOPUTMbI aHAJIM3a U CUHTE3a
CTPYKTYpPbl MEXaHU3MOB U MalllHH;

KUHemamuka — pasniell, U3y4yarllil METOAbl U alrOPUTMbI aHAIU3a 3aKO-
HOMEPHOCTEH M3MEHEHHUS KHHEMATHYECKUX MapaMeTpPOB MEXaHU3MOB M MaIllMH B
(yHKUIMY BPEMEHU;

OuHamuka — pa3aei, U3y4yarollnil METOAbl U AITOPUTMBI aHAKU3a AUHAMUYE-
CKHUX IPOLIECCOB, MPOTEKAIOUIMX B MEXaHU3MaX M MalllMHAX MOJ JIEeHCTBUEM IpH-
JIO’KEHHBIX K HUM CUJIOBBIX (PAKTOPOB B PYHKIIUU BPEMEHHU.

[Ipu nzyyennn aucuMILIMHbL « Teoprus MEXaHW3MOB U MalllMH» JI0BOJIBHO Yac-
TO CTY/EHThI UCIIBITHIBAIOT 3aTPYAHEHUS, CBSI3aHHBIE C TOMCKOM METOJIMYECKOro Ma-
TepUaia, OCBELIAOIIEr0 TOT WM MHON ee pazaen. CyluecTByrolmue y4eOHUKU IO
TUCIMIUIHHE « Teoprsi MEXaHU3MOB U MaIllMHy», Pa3paOOTaHHBIE COTPYIHUKAMH Be-
nymux By30B Poccuiickoit @enepanuu, HE BCETa MO3BOJSIOT Pa3pelIuTh BO3HHK-
mue 3aTpyaHeHus. HeoqHO3HaYHOCTh TPAKTOBOK OCHOBHBIX IMOHSTHUA M TEPMUHOB,
NPUBOJIUMBIX Pa3HBIMU aBTOPaMH, elle 0osee yCcyryoseT JaHHyto Ipoliemy.

B nacTosiiiem nmocoOuu riaBHOE BHUMaHHUE yAEJIEHO U3JI0KEHUIO OCHOBHBIX
MOJIOKEHUN AUCHUIIIUHBI «Teopusi MEXaHW3MOB U MalllMH», pa3pabOTaHHBIX Ha
6a3e 0000IIeHHS CYIIECTBYIOMIET0 00heMa JTUTEPATYPHBIX UCTOUYHUKOB C YUETOM
HAKOIUJICHHOTO OIbITa COTpyAHUKaMu kadeapsl « Teopus 1 KOHCTpyUpOBaHHUE Me-
XaHUYECKUX CUCTEM», UCXOJ M3 crenu(UKU MpenojaBaHus AUCHUIUIMHBL «Teo-
pusa MexaHu3MoB U MamnH» B [lonmurexunueckom uHctutyTe ®I'OY BIIO «Cu-
Oupckuil GpeaepanbHbIil YHUBEPCUTETY.

JlanHoe mocoOue mnpu3BaHO Hapsiay ¢ (GyHAAMEHTAIbHBIMU YYE€OHUKAMU
OKa3aTh MOMOIIb CTYJIEHTaM BceX (hopM 00yUeHHs MAITMHOCTPOUTEIIbHBIX CIICIIN-
aNTbHOCTEN BY30B IPU OCBOECHUU U CAMOCTOSITEIHLHOM POPabOTKE TEOPETUIECKOTO
MaTepHuaia JUCUUIUINHBL « Teoprs MEXaHU3MOB U MAILIUH.
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1. OCHOBHBbLIE NOHATUA U ONPEQRENEHMUA

Teopus mexanuzmos u mawurn (TMM) — 370 AUCUUIUIMHA, U3ydaroas 00-
M€ METOAbl MPOCKTUPOBAHUS M MCCIEIOBAHUS MEXAaHU3MOB M MailuH. J[aHHas
JUCLUUIUIMHA SBJISIETCS COCTABHOW YaCThIO OOIIEUMHXKEHEPHOW MUCHUIUIUHBL «Me-
XaHWKay, 3aKJIaJIbIBAIOIIEH OCHOBBI TIOHATHS 00 MHKEHEPHOM MTPOCKTUPOBAHUH.

Hnorcenepnoe npoekmupoganue — 3T0 MPOLECC, B KOTOPOM HAY4YHAS U TE€X-
HUYecKass uH(popMamus UCIONB3YeTCs JJIsS CO3/IaHMS HOBBIX WJIM MOJIEPHU3AIUU
yK€ CYIIECTBYIOIINX MEXaHU3MOB U MAlIWH, MPUHOCSIIINX OOIIECTBY OMpE/eICH-
HYIO0 TIONB3Y. [lpoexmuposarue — 3TO MPOILECC COCTABJICHUS OMUCAHUsI, HEOOXO-
JUMOTO ISl CO3/IaHMS €IIe HECYMIECTBYIOMIETO O0BEKTa IMyTeM MpeoOpa3zoBaHUs
MEPBUYHOTO ONMKMCAHUs, ONTUMH3AINK 33/IaHHBIX XapaKTEPUCTHUK 00BEKTa, yCTpa-
HEHHUSI HEKOPPEKTHOCTH MEPBUYHOTO OIMUCAHUS U IMOCIEI0BATEIbHOTO MPE/CTaB-
JICHUSI OTIUCAHUM Ha PA3JIMYHBIX S3bIKAX.

Crnenuduka TUCIUATUIMHBL « TeopHst MaluH 1 MEXaHU3MOBY» 3aKJII0YaeTCs B
TOM, YTO BMECTO OOIICHPUHSTHIX MOHATHUH, TAKUX, KaK UCC1e008anue U npoeKmu-
posanue, COOTBETCTBEHHO, MCIOJIb3YIOTCA TEPMUHBI ananiu3 U cunmes. IIpu sTom
NOJ aHAIU30M TIOAPA3YMEBACTCS UCCIEIOBAHUE U U3YUCHUE, & TIOJ CUHME30M —
MPOEKTUPOBAHUE UJIM CO3aHNE MEXAHU3MOB M MAIlIMH.

[lene TMM — ananmu3 U CHHTE3 TUIIOBBIX MEXAaHU3MOB M MaIIIMH, a TAKXKE
CHCTEM, CO3/IaHHBIX HA UX OCHOBE.

3aoaua TMM — pa3paboTka 00IIMX METOJOB CUHTE3a U aHalIM3a CTPYKTYPHI,
KMHEMAaTUKU U JTUHAMUKW TUMOBBIX MEXaHU3MOB W MAIIIMH, & TaKX€ CUCTEM, CO3-
JTAHHBIX Ha UX OCHOBE.

B muctumiune «Teopus MeXaHM3MOB U MAIlIUHY» JTHOObIE MEXaHU3MbBI WJIU
MAaIllMHbl PACCMATPUBAIOTCS KaK TEXHUYECKUE CUCTEMBI.

1.1. NOHATUE TEXHUYECKOWU CUCTEMbI
MALLWHBI U UX BUAObI

Texnuueckas cucmema — 3TO OTPAHUYCHHAs 00JACTh pEaIbHOM JCHCTBH-
TEJIBHOCTH, OCYIIECTBISIONIAsA B3aMMOJCHUCTBUE C OKpyxarwmeu cpenou. [lpwm
3TOM MO/ OKpYdHcaroujeli cpedoti TOHUMAETCsl COBOKYTHOCTh BHEIIHUX OOBEKTOB,
OCYIIECTBIISIIOIINX B3aUMOJCUCTBUE C TEXHUYECKOU CHCTEMOM.

Kaxnas texHuueckas cucrema NpeaHa3HAUEHA I BBIIIOJIHEHUS ONpEe-
JICHHBIX (PYHKIIUH U WMEEeT COOCTBEHHYIO CTPYKTypy. B OONbIIMHCTBE CiydyaeB
CTPYKTYpa TEXHHUUECKOW CUCTEMbI COCTOUT U3 AETaJIed, y3JI0B, 3B€HbEB U TUIIOBBIX
MEXaHU3MOB.

Jlemanb — 3TO DIIEMEHT CTPYKTYpbl TEXHHUUYECKON CUCTEMbI, HE MMEIOIIHIA
BHYTPEHHHUX CBSA3EH.

V3en — 3T0 COBOKYMHOCTh HECKOIBKUX JI€Taleil, KOHCTPYKTUBHO MU (PYHK-
[[MOHAJILHO CBSI3aHHBIX MEXY COOOM.
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1. OCHOBHBbIE NMOHATUA U ONPEQEJIEHUA

1.1. MoHATHE TEeXHNYECKON CUCTEMbI MALLMHbI U UX BUAbI

N3yyeHne TEXHUYECKUX CUCTEM OCYIIECTBISIETCS C MTOMOLIBIO 3aMEHSIOIINX
00pa30B WIIN MOJICIICH.

Moodenv — 310 ycTpoHCcTBO (M 00pa3) Kakoro-jimbo oObEeKTa WU siBJIie-
HUS, aJICKBATHO OTpa)Karllee ero cBoucTBa. Moaen MeXaHu3MOB WA MallWH
MCTIOJB3YIOTCSl B KAUECTBE MX 3aMECTUTEJICH UM 3aMEHUTEJICH B HAYYHBIX WJIU
WHBIX ILIENSX.

B 3aBucumocTH OT Lienel v 3a1a4 BBIOJIHIEMOIO BUJla aHAIN3a WM CUHTE-
3a MOJIeJId MEXaHU3MOB M MaIIUH NOAPA3AEISIOTCS:

1o ¢opme npeAcTaBieHus — Ha (U3NYECKUE U MAaTEMATHYECKUE;

0 METOJly aHaju3a — Ha rpaduueckue, YUCICHHbIE (WM aHAIUTUYECKHE),
rpaoaHaTUTHYECKUE, SHEPreTUYECKHe, KMHETOCTATUYECKUEe, IUHAMHYECKUE U
AKCIIEPUMEHTAJIbHBIE.

Mogens 1100010 MexaHu3Ma WM MAlluHbI COCTABIISICTCS 10 KPUTEPHUSIM T10-
no6ust, GopMyIHpPyEMBIM B 3aBUCUMOCTH OT MPHUHSTHIX JOMYIICHUH, OCHOBHBIMU
13 KOTOPBIX SIBJIAKOTCS CIEAYIOIIUE:

1. Bce 3BeHBS MEXaHW3MOB M MAIIMH SBJISIFOTCS a0COJIIOTHO TBEPIBIMH H
’KECTKHUMHU, T. €. HE MOABEPKEHBI AeOopMalMsIiM HUKAKOTO poJa.

2. KoHTaKTHpYIOIIUE MOBEPXHOCTH 3BEHBEB SABJISIFOTCS a0OCOMIOTHO 1A IKUMHU.

3. Bce MexaHu3MBbl IpeAHA3HAUYEHBI TOJBKO ISl TPeoOpa3oBaHUsl JBUKECHUS
Y CUJIOBBIX (paKTOPOB.

[IpuHsThIE MOMYIIEHUsI AAIOT BO3MOKHOCThH CYIIIECTBEHHO YNPOCTUTH aHA-
JIU3 U CUHTE3 MEXaHW3MOB U MallMH Ha HA4aJIbHOM 3Tamne. Tak U3 nepBoro J0my-
HIEHUS CJIEAYET, YTO 3B€HbSl HE U3MEHSIOT CBOUX pa3MepoB. Bropoe nmomynieHue
MO3BOJICT BBINOJIHATh aHAJU3 U CUHTE3 0e3 ydera CUJ TPEHUs] U CBOMCTB Mare-
pHAJIOB, U3 KOTOPBIX M3TOTOBJIEHBI 3TH 3BE€HbSA. COrIACHO TPEThEMY JOMYIICHUIO
aHaJIu3 U CUHTE3 MEXAHU3MOB W MAIllMH MOXHO MPOBOAUTH 0€3 ydeTa peaibHbIX
yCJIOBU MX dKCIUTyaTanuu. B 3aBucUMOCTH OT TpeOyeMOi TOYHOCTH MOTy4aeMBbIX
pPEe3yJIbTaTOB KOJIMYECTBO KPUTEPUEB HIIH JIOMYIIEHUN MOXKET U3MEHATHCS.

Hauboinee pacnpocTpaHeHHbIM BHJIOM MOJIETIEH TEXHUYECKUX CUCTEM SIBJIS-
€TCsl CXeMHBIN 00pa3, Ui cxema. [ 0JJHOTO U TOTO K€ MeXaHU3Ma U MallluHbI
pazinyarT (QYHKIUOHAIBHYIO, CTPYKTYPHYIO, T€OMETPUYECKYI0, KHHEMaThye-
CKYIO U JUHAMHAYECKYIO CXEMBI.

Hcxons u3 BhIIECKA3aHHOTO, MOKHO 3aKJIIOYUTh, YTO OCHOBHBIMU IOHS-
TUSIMH TUCUUIUIMHBI « Teopus MalluH U MEXaHU3MOBY SIBIISIIOTCS MAllIMHA U Me€-
XaHU3M.

Mawuna — 3TO TEXHUYECKAsi CUCTEMA, BBITOJHSIONIASI MEXAHUYECKOE JIBU-
KEHUe JJIsl mpeoOpa3oBaHus SHEPTUU, MaTepuanoB U nHGopmanuu. Bee MammHb
npeaHa3HaueHbl i1 00JerdeHus (PU3MYECKOr0 M YMCTBEHHOI'O TpyZa YelOBEKa,
T. €. IJI4 TOBBIIICHHS €r0 Ka4eCTB U MMPOU3BOIUTEIIBHOCTH.

Bce cymecTBytoiye MaliHbl MOKHO Pa3/IeNIuTh HA YETHIPE BUIA.

1. Duepeemuueckue mawiuHvl — 3TO MAIIUHBI, MPEOOPa3yIOIIUE IHEPTHUIO
OJIHOTO BHJIa B DHEPTHUIO IPYTrOro BUJA.
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1. OCHOBHBbIE NMOHATUA U ONPEQEJIEHUA

1.1. MoHATHE TEeXHNYECKON CUCTEMbI MALLMHbI U UX BUAbI

K sHepreTndeckuM MammHaM OTHOCATCS JBUTATEIN U TEHEPATOPHI.

Jeucamenu — 3TO 3HEPreTUUECKUE MAILUHBI, Mpeolpa3yromue J1o00iBua
DHEPTUH B MEXaHWUYECKYIO SHEPTHUIO (HalpuUMep, MIEKTPOJIBUTATENIA IPeoOpaszyoT
AIIEKTPUIECKYIO SHEPTHUIO, IBUTATENIM BHYTPEHHETO CrOpaHUs MPeoOpa3yroT dHEP-
THIO PACHIMPEHUS Ta30B MPH CTOPAHUU B IIHIUHAPE).

I'enepamopwl — 3TO SHEPrETHUECKUE MAIINHBI, MpeoOpa3yrone MexaHnye-
CKYIO SHEPTHUIO B SHEPTHIO JPYTroro Buja (Hampumep, 3JIeKTporeHepaTop rnpeodpa-
3yeT MEXaHUYECKYIO0 YHEPTUIO MApOBOM WM THAPABINYECKON TYPOUHBIB DIICKTPHU-
4ECKYIO SHEPTHIO).

2. Pabouue mawunsl — 3TO MAITUHBI, HCTIONB3YIOIINE MEXaHUIECKYIO dHEP-
TUIO JIJI COBEPIICHUS Pa0dOThl MO MEPEMENICHUI0 U MPeoOpa3oBaHUI0 OOBEKTOB
VI MaTEPHUAaJIOB.

K pabGounm mammHaM OTHOCSITCSI TPAHCHOPTHBIE W TEXHOJIOTUYECKUE Malllv-
HBI.

Tpancnopmuule mawiunsl — 370 pabovre MAIIWHBI, HCIIOJIB3YOIINE MEXaHH-
YECKYI0 SHEPTHUIO ISl U3MEHEHHSI TTOJIOKESHHSI 0ObEKTOB MIJIH MaTEPHAJIOB.

Texnonocuyeckue mawiuHvl — 3T0 pabodre MalIuHBI, UCTIOIB3YIOIINE MeXa-
HUYECKYIO 3HEPrUI0 1Jis npeoOpa3oBaHusi POpPMBbI, CBOMCTB, pa3MEPOB M COCTOS-
HUs1 00BEKTOB WM MaTEPHAJIOB.

3. Ungopmayuonnvie mawunst — 3TO MAIINHBI, IPEAHA3HAYCHHBIEC IJIs1 00-
paboTKu U npeodpa3zoBaHus HHGOpMAITIH.

K nH(opManmoHHBIM MalIiHaM OTHOCATCS MaTEMaTHYECKHE U KOHTPOJIBHO-
YIPABISIONINE MAITUHBIL.

Mamemamuueckue mawiunbt — 3TO WHPOPMALMOHHBIE MAaIMHBI, TpeoOpa-
3yIOIIKE BXOJHYIO HH(OPMAIMIO B MATEMATUYECKYIO MOJIENIb UCCIEAYEMOTr0 00BeK-
Ta.

Koumponvno-ynpasiatowue mawunst — 3T0 WHPOPMAIMOHHBIC MAIIUHBI,
npeodOpaszyrone BXOAHYH HHMOpManuio (MporpamMmy) B CUTHAIIBI YNpPaBJICHUS
MalTuHaMU JPYTUX BHUJIOB.

4. Kubepnemuueckue mMawiuHbl — 3TO MAIUHBI, YIPABISIIONINE MAaIlIMHAMU
JIPYTUX BUIOB, KOTOPBIE CIOCOOHBI H3MEHSATh MPOTPaMMYy CBOUX JIEHCTBUN B 3aBH-
CHUMOCTH OT COCTOSTHUSI OKPY>KAFOIIEH CPEeIbI.

K HUM OTHOCSATCS MalIuHbI, 00J1a/1aI0IUE IEMEHTAaMH UCKYCCTBEHHOTO HMH-
TEJIEKTA.

1.2. NPUBOAbI U MALLMHHBIE ArPErATbI

C menpio BHINOMHEHUS (YHKIMOHAIHHOTO HA3HAYEHHWsS MAIIUHBI Pa3HbIX
BUJIOB B3aMMOJICHCTBYIOT ApyT ¢ ApyroM. COBOKYITHOCTh HECKOJIBKUX MAIIUH 00-
pasyer NMpUBO/I.
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1. OCHOBHBbIE NMOHATUA U ONPEQEJIEHUA

1.2. [puBOAbLI U MaLUKHHbIE arperaTbl

IIpu6oo — 310 cucTeMa B3aMMOCBSI3aHHBIX YCTPOWUCTB, MpeIHA3HAUCHHAS IS
IpUBEJICHUS B JABM)KEHUE OJHOIO WJIM HECKOJBbKUX 3BEHBEB, BXOSIIUX B COCTaB
MeXaHHU3Ma Win MamuHbl (puc. 1.1).

OyHKIMOHATTPHA ~CXeMa TPUBOJA BKIIOYAET CIEAYIONIME DIIEMEHTHI
(puc. 1.1):

HHEPreTUYECKYIO MAIIHUHY;

pabouyio MalInHy;

nepeIaToOYHbIA WM NPeoOpa3y oMl MEXaHU3M.

Tlepeoamounviii unu
P Pabouas

OHepeemuueckas -
—»|  npeobpazyrowuil —>
Mawuna MawuHa
MexaHusm

Puc. 1.1. ®yHkunoHanpHasi cxema IpHuBoJia

[TepenaTounsiii win npeoOpa3yomuil MEXaHW3M TpeIHa3HAuYeH JIJIsl COTJia-
COBaHUS MEXaHUYECKUX XapaKTEPUCTHK SHEPreTUYECKON MAaIIUHbI C MEXaHHUYe-
CKMMH XapaKTEPUCTUKAMU padoueil MallIuHbI.

Bce npuBoabpl MOKHO pa3IeNIuTh HA TPU OCHOBHBIX BHUJA!

TUIPONPUBOJL, WIIA THIPABINYECKUN;

ITHEBMONIPUBO/, WJIM THEBMATUYECKHUIA;

3JEKTPOIPUBO/, WIH SJICKTPUUECKHIA.

Oxapakrepu3yeM KaxKJIblid BUJ TPUBOJA B OTAEIBHOCTH.

l'uoponpueoo — 310 BUJ NPUBOAA MAIIKH, B KOTOPOM JUIsl Pe0Opa3oBaHUs
JIBUKEHHUS UCIIOJIb3YETCS MEXaHUUECKAS SHEPT Ul )KUIKOCTH.

['maponpuBOI BKIKOYAET B CBOM COCTaB CIEAYIOUIUE AIIEMEHTHI:

TUAPOHACOC — ATO YCTPOMCTBO AJI MPe0oOpa30BAHMS MEXAHUUECKOU SHEPTUH
TBEPAOTO TEJIa B MEXaHUYECKYIO SHEPTUIO KUJIKOCTH;

TUAPOABUTATENIL — 3TO MEXAHUYECKOE YCTPOMCTBO, MPEAHA3HAUYCHHOE IS
npeo0pa3oBaHusd MEXAHUYECKOW IHEPTUU KUJIKOCTH B MEXAHUYECKYIO DHEPTHUIO
TBEPJIOTO TENA;

00CTy’KUBAIOUIYIO M YIIPABJISIOILYIO alapaTypy.

IIneemonpuso0 — 3T0 BUJI IPUBOJA MAIIMH, B KOTOPOM JJI PE0Opa30OBaHUs
JIBUKEHHUSI UCIIOJIb3YETCS MEXaHUYECKAsl SHEPIrys rasa.

[THEBMOIIPUBO/I BKJIFOYAET B CBOM COCTAB CIEAYIOIIUE DIEMEHTHI:

ITHEBMOHACOC — 3TO YCTPOMCTBO JJIsi MpeoOpa30BaHusl MEXaHUUYECKOM 3HEp-
MU TBEPAOTO TEIa B MEXaHUUYECKYIO SHEPTHUIO rasa;

ITHEBMO/IBUTaTEJIb — 3TO MEXaHUYECKOE YCTPOUCTBO, MPEIHA3HAYECHHOE IS
npeoOpa3oBaHUsl MEXaHUUECKON PHEPTUU Ta3a B MEXAaHUYECKYIO SHEPIHIO TBEPIIO-
ro Tena;

i
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1. OCHOBHBbIE NMOHATUA U ONPEQEJIEHUA

1.2. [puBOAbLI U MaLUKHHbIE arperaTbl

00CTy’)KMBAIOLIYIO M YIIPABJISIOLLYIO allapaTypy.

C 1enpr0 yMEHBIIEHUSI KOJMYECTBA COCTABISIONIMX 3JIEMEHTOB B THUIAPO- U
THEBMOIIPUBOIaX MPUMEHSIOT KOMOMHUPOBAaHHBIE YCTPONCTBA, T. €. YCTPOMCTBA,
BBITIOJTHSIONINE TIOCJIEIOBATEIbHO W (YHKIIMA THUIPO- WJIM TTHEBMOHAcOca, W
GYHKUMY TUAPO- UM THEBMOJIBUTATEISI COOTBETCTBEHHO.

Dnexmponpusod — 3TO BUJl IPUBOJIA MAIIIMH, B KOTOPOM JUIsl peoOpa3oBa-
HUSI IBMKEHUS UCTIOJIB3YETCS AJIEKTPUYECKask SHEPTUsl.

DIIEKTPOIPUBO/I BKIIOUAET B CBOM COCTaB CIEAYIOLIUE SJIEMEHTHI:

AJIEKTPOABUIATENb — ITO MEXaHUYECKOE YCTPOWCTBO, NMPEIHA3HAYECHHOE
JUIs1 TIpeoOpa3oBaHusl DJICKTPUUECKON SHEPTUM B MEXaHUUYECKYIO DHEPIUI0 TBEP-
JIOT0 TeNa;

00CTY’KUBAIOUIYI0 M YIIPABJISIOLLYIO almapaTypy.

JIOCTYIHOCTh AJIEKTPONUTAHUS B YUPEXKACHUSAX U OPTaHU3ALUSAX MUPOBOIO
coo0111ecTBa, a TAaK)KE€ CPAaBHHUTENbHAs MPOCTOTA B OCHOBHOM M OOYCIIOBHMJIM Hau-
OoJbIIIEE PACIIPOCTPAHEHHUE IIEKTPOIIPUBOA.

s peanmzanuu GyHKIIMNA KOHTPOJS W yHpaBlIeHUs pabOTON Kak OTIEib-
HBIX COCTAaBIIIONINX DJIEMEHTOB, TaK M BCETO MPHUBOJAA B IIEJIOM B COCTaB (yHK-
LMOHAJIbHOW CXEMBI JIOMOJTHUTEIBHO BBOJAT KOHTPOIbHO-YIPABIISIIOLLYIO U KH-
OoepHeTnyeckyro mamuHy. [lomydeHHas cucTeMa Ha3bIBA€TCS MAIIMHHBIM arpera-
ToM (puc. 1.2) wiu mamuHoi-aBroMatoM (puc. 1.3).

Ilepeoamounviii unu
y

—P» mnonﬁnnovmnnn

Onepeemuyeckas Pabouas
’l«t/\/v\/t/l/lJ‘)/ 'UUU}«WW

mauwuna Mamuna
MEXAHU3M

L I il

Konmponvno-ynpasnarowas mawuna

[ -«

Puc. 1.2. ®ynkuunonanbHasg cxema MalllMHHOTO arperara

Mawunnonii azpecam — 3TO0 TEXHUUYECKas CUCTEMA, COCTOSIIAs U3 HECKOJIb-
KHX COEJIMHEHHBIX IOCIEAOBATEIBHO WM NApaJIEIbHO MAIIWH U NpEJHA3HAYECH-
Hasl JJI BBIIOJHEHUS KaKUX-TMO0 TpeOyeMbIX (PyHKIUH.

MarmmuHHBIA arperaT ABISETCS 0oJjiee CIOKHOW TEXHHMYECKOW CHUCTEMOU 0
CPAaBHEHUIO C MPHUBOJIOM, T. K. HAIMYHE KOHTPOJIBHO-YIPABIISIFONIEH MAlIUHBI 110-
3BOJISIET YIPABIIATH XOJ0M pabOThI BCE CHCTEMBI.

i
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Ilepeoamounuviti unu
P Pabouas

OHepeemuueckas .
—»|  npeobpazyiowull  —» —>

mauwuna mauwluHa
MexXaHu3m
A

A
Y

o KU6€pH€mu1{€CKafl Mauluna

Ll -

[} L]

)
< Oxpyocaiowas cpeda____—>

Puc. 1.3. cDYHKI_II/IOHa.J'HJHaFI cXeMa MalllnHbI-aBTOMAaTa

Bxitouenue B GyHKIIMOHATBHYIO CXeMY KHOEpHETUYECKON MaIlHBI CO3/1a-
€T BO3MOKHOCTh YIIpaBJIEHUSI pabOTOM ITOW CUCTEMBI B 3aBUCHUMOCTH OT COCTOSI-
HUSL OKpYXKaromend cpenbl 0e3 HeMmOCpPEeJACTBEHHOTO y4acTHsl 4deloBeka, oOpasys
MAWUHy-aemomam.

1.3. MEXAHU3MbI U X BUAbI

Bce MaimHbBI COCTOST M3 MEXaHU3MOB, KOTOpbIE MPU3BaHBI 00ECIeUnBaTh
BBITIOJIHEHHE TpeOyeMbIX (GYyHKIMHA. B 3aBUCUMOCTH OT CIOXKHOCTH CXEMBbI Malllu-
HBI MOTYT COJIEpKaTh HECKOJIBKO MEXaHU3MOB OJHOBPEMEHHO.

Mexanuzm — 3TO TEXHUYECKAs CUCTEMa, COCTOSIIIAs U3 MOJABUKHBIX 3BEHBEB,
CTOMKH U KUHEMaTU4eCKUX Map, 00pa3yrommx KHHEMaTHYeCKHUE LEMH.

Bce MexaHu3mbl npeiHa3HaueHbl U MepeAadd U IpeoOpazoBaHus mepe-
MEIIEHUN BXOJHBIX 3BE€HBEB M IMPHJIOKEHHBIX K HUM CHUJIOBBIX (DAKTOPOB B Tpe-
OyeMble TIepeMEeIICHUs] U CUJIOBBIE (PAKTOPHI BHIXOJHBIX 3BeHBbEB. JIr0OBIE Mexa-
HU3MBI JI0JKHBI YAOBJIETBOPATH TPEOOBAHUM, 33/1aHHBIM B TEXHUYECKOM 3a/1aHUU
Ha UX MPOEKTUPOBAHUE, COOTBETCTBUE KOTOPHIM OIpPEAEseT KaueCTBO MEXaHU3-
MOB. B 001iem ciyuyae Ka4ecTBO CTPYKTYpPbl MEXaHHU3Ma ONpPEIEsieTCs: MPOCTOTON
KOHCTPYKILUHU, TEXHOJIOTMYHOCTHIO 3BEHBEB, 3KOHOMHYHOCTHIO, HaJEKHOCTBIO,
JOJITOBEYHOCTBI0, rabapuTaMu U MacCou.

Onenka paboTOCIIOCOOHOCTH MEXaHU3Ma OCYIIECTBISIOTCS MO AKCILTyTall1-
OHHBIM (DaKTOpaMm, K KOTOPBIM OTHOCSTCSI MPOYHOCTb, JKECTKOCTh, M3HOCOCTOM-
KOCTh, BHOPOYCTOWYHBOCTD U TETNIOCTONKOCTD.

Bce MHOroo0pasue MexaHM3MOB MOKHO KIJIACCHU(DPHUIIMPOBATH IO Pa3HBIM
pU3HAKaM.

B cootBeTcTBUM ¢ 00JaCThIO MPUMEHEHUS U (PYHKIIMOHAILHBIM Ha3HAYEHU-
€M BBIJICIISIOT:

MEXaHU3MBI JICTATEIbHBIX aIapaToB;

MEXaHU3MbI CTAHKOB;

MEXaHU3Mbl Ky3HEUHBIX MAIIIMH U TIPECCOB;

MEXaHU3MBbI JIBUTaTeNIell BHYTPEHHETO CTOpPaHus;

MEXaHU3MbI TPOMBIIIIEHHBIX POOOTOB (MaHUITYJIATOPHI);

MEXaHHU3Mbl KOMIIPECCOPOB;

i
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1. OCHOBHBbIE NOHATUA U ONPEOENEHUA
1.3. MexaHu3mbl 1 UX BUAbI

MEXaHH3Mbl HACOCOB.

[To Bumy mepegaToyHOW (YHKIIMM MEXaHW3MBI TMOAPA3ICISIOTCS Ha JIBE
TPYIIIBIL.

Mexanuzmvl ¢ ROCMOAHHOU NepedamoyHol QyHKyuel — 3TO MEXaHU3MBI,
MepeaTOYHOE OTHOIIEHHE KOTOPBIX 3a HUKII paboThl He u3Mensiercs (puc. 1.4).

T 2\:E
40 +=h |3 3
7’77__ 0 1{ 2 4
0 » :“‘:J-/::: 5
2/ 777 H 1
77 0 N| [N
- g
a 0 8

Puc. 1.4. CxeMbl MEXaHU3MOB C TTOCTOSTHHOU TMepeaaTOuHON (QyHKIIHEH

Mexanuszmul ¢ nepemeHHOU nepedamounol hynKyuet — 3TO0 MEXaHU3MBbI, T1e-
peaaToyHOE OTHOIICHUE KOTOPBIX 3a ITUKI PaOOThI MOXKET U3MEHSTHCS B 3aJaHHOM
nyana3oHe (cM. puc. 7.9).

[To BUYy CTPYKTYphl MEXaHU3MbI MOTYT OBITh:

C NOCMOSIHHOU CIPYKMYPOU — 3TO MEXaHU3MBI, CTPYKTYpa KOTOPBIX 3a ITUKII
paboTsl He u3Mensiercs (puc. 1.4, a, 6);

C nepemeHHoU cmpyKmypotl — 3TO MEXaHU3MbI, CTPYKTypa KOTOPBIX 3a ITUKJII
paboThl MOXKET U3MEHSThCS (puc. 1.4, 8).

[To nBM>XEHUIO U PACIIONIOKEHUIO 3B€HBEB B MPOCTPAHCTBE MEXaHU3MBI TIOJI-
pa3zeNsAoTCs Ha MJIOCKUE, TPOCTPAHCTBEHHBIE U cPepuyuecKue.

IInockue mexanuzmvl — 3TO MEXAHU3MBI, 3B€HbSI KOTOPHIX COBEPIIAIOT JIBU-
KEHUS B MapajuieIbHbIX MI0ockocTsX (puc. 1.4, a, 6).

IIpocmpancmeennvie mexaHuzmobl — 3TO MEXAHU3MBbI, 3B€HbSI KOTOPBIX CO-
BEPIIAIOT ABUKEHHUS B IEPIEHIUKYISAPHBIX INIOCKOCTX (puc. 1.4, 8).

Cghepuueckue mexanusmvl — 3TO MEXaHHU3MBI, B KOTOPBIX OJIHO WJIH HE-
CKOJIBKO 3BEHBEB COBEPIIAIOT JBUKEHUS B HECKOJBKUX IIOCKOCTSIX OJHOBPEMEH-
HO.

B neiicTBUTENHPHOCTH BCE MEXAHU3MBI SBISIFOTCS MPOCTPAHCTBEHHBIMH, OJI-
HAKO, CIIeTys pacCMaTpUBaeMOMY IPU3HAKY, HEKOTOPBIC U3 HUX SIBIISIIOTCS TPO-
CTPAaHCTBEHHBIMH MPOCTPAHCTBEHHBIMH, IPYTUE — MPOCTPAHCTBEHHBIMH ILTOCKHU-
MH, a TPEThbH — IPOCTPAHCTBEHHBIMH ChepruueckuMu. [Ipw 3TOM IepBoe CIIOBO
«IPOCTPAHCTBEHHBICY) M3 HA3BaHMS MEXaHHU3Ma B JaJIbHCHUIIIEM HCKIIOYACTC.

ITo Buay npeoOpazoBaHmsl NBYKCHHSI MEXaHU3MBI ITOPA3IACIISTFOTCS:

Ha TIpeoOpa3yroIIre BpallaTeIbHOE ABHKEHUE BXOTHOTO 3BEHA BO Bpalia-
TeJIbHOE JBMKCHHE BBIXOJHOTO 3BeHa (puc. 1.4, a, 0);
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1. OCHOBHBbIE NOHATUA U ONPEOENEHUA
1.3. MexaHu3mbl 1 UX BUAbI

npeoOpa3yrolue BpallaTeJbHOE JIBH)KEHHE BXOAHOIO 3B€HAa B IOCTYIa-
TEJIbHOE IBUKEHHE BBIXOIHOTO (puc. 1.5, a, npu BeayleM 3BeHe 2);

npeoOpa3yrone nocTynaTelbHOE JIBUKEHUE BXOJHOI'O 3BEHAa BO Bpalla-
TEJIbHOE JBUKEHHE BBIXOJIHOTO 3BeHa (puc. 1.5, a, npu Beayiiem 3BeHe 1);

npeoOpa3yroume MoCTyNaTelbHOe ABUKEHUE BXOAHOTO 3BEHA B IMOCTyMa-
TeIbHOE JBUKEHHE BBIXOIHOTO 3BeHa (puc. 1.5, 6).

[

— 1

a o

Puc. 1.5. CxeMbI MEXaHH3MOB C NOCTYNATCJIbHO ABWXYIIHUMCS BEAYIIUM 3BCHOM

B cooTBeTcTBUU C UKMCIIOM MOABMKHOCTEH MEXaHU3MBI MOJIPA3ACIISIOTCS Ha
JIBE TPYIIIIBI:

MEXaHU3MBI C TIOJIBUKHOCTBIO O0JIbIIe eaquHullbl (puc. 1.4, 8);

MEXaHU3MBbI C TIOJIBUKHOCTBIO, paBHOU exunHuIle (puc. 1.4, a, 0).

[To Buy KMHEMATUUYECKUX TIap BBIICISIIOTCS:

MEXAHU3MbL C BbICUIUMU KUHEMAMUYEeCKUMU Napamu — 3TO MEXaHHU3MBI,
CTPYKTypa KOTOPBIX COJEPKHUT XOTS Obl OJHY BBICHIYIO KMHEMAaTHUECKYIO Mapy
(puc. 1.4, puc.1.5);

MEXAHU3MbL ¢ HUBUWUMU KUHEMAMUYeCKuUMu napamu — 3TO MEXaHH3MBI,
CTPYKTypa KOTOPBIX COJIEPKHUT TOJIHKO HU3IINE KUHEMaTHYecKue napsl (puc. 1.6).

YacTHBIM CiTydaeM MEXaHU3MOB C HU3IIUMU KHHEMATHYECKUMU MapaMu siB-
JISIOTCS MAPHUPHBIC MEXaHU3MBI.

LllapHupHwiii mexanuszm — 3TO MEXAHU3M 3BEHbSI, KOTOPOTO0 00Pa3yroT MEX-
1y co00ii TOJIBKO BpalllaTeIbHble KWHEMaTUYeCKHe napsl (puc. 1.6, 6).

[To cnocoOy nepenaun u npeodOpa3zoBaHUs MOTOKA MEXaHUUECKOW SHEPrUuu
NOAPA3ACISIOTCS:

MexXaHU3Mbl GpUKIIMOHHBIE (puc. 1.5, 6, puc.5.4, puc.5.5);

MeXaHu3Mbl ¢ 3aremiaeHueM (puc. 1.4, a, 6, puc.6.1, puc.6.4, puc. 6.5.,
puc.6.6);

BOJIHOBBIE MeXaHM3MEI (puc. 7.10, puc.7.11);

MEXaHU3MbI ¢ THOKOMH ¢BA3bIO (puc. 5.6, puc.5.7);

UMITYJIbCHBIC MEXaHU3MBI.

B 3aBHCHMOCTH OT KOHCTPYKTHBHOTO HCIIOJIHCHHUS 3BCHBEB BBIJCISAIOT Me-
XaHU3MBI pbryakHbie (puc. 1.6); xymaukoBbie (puc. 1.4, a); 3youarsie (puc. 1.4, 0,
puc.6.1, puc.6.4—6.6); snunukianueckue (puc. 1.4, 6, puc.7.4, puc.7.7); BUHTOBBIC
(puc. 1.13); pemennsie (puc. 5.6, a—6); uenusie (puc. 5.6, 2) ¥ KOMOMHUPOBAHHEIE.

[To crenenun MoAENIUPOBAHUS MEXAHU3MBI TOAPA3ACISAIOTCS Ha JCHCTBU-
TeJIbHBIC, TUTIOBBIC (pUC. 1.6), uaeanbHbIC U 3aMEHSIOIINE.

il
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1. OCHOBHBbIE NMOHATUA U ONPEQEJIEHUA

1.4. TUNOBbLIE MEXAHU3MbI

Bce MexaHu3Mpl MalliiH W MPUBOJIOB BBITIOJHSIOT OINPEACICHHOE CITy>KeOHOe
Ha3HAYCHHUE U SIBJISIOTCS JACHCTBUTEIBLHBIMU MexaHu3MaMu. OJIHAKO, CIeays MPUHS-
TBIM JIOMYIICHUSIM, U3y4YE€HHE CTPYKTYPhl MEXaHU3MOB MOKHO BBHITIONIHATE 0€3 yueTa
cnerpuKA UX JaTbHEHUIIEH dKCIUTyaTalliH, YTO TO3BOJIICT Pa30UTh MEXaHU3MbI Ha
TUIIOBBIE TPYIIIBI MO MPUHIMITY CXOJHOCTH CTPYKTYPBI M BOCTIOJIB30BAThCS YKE pa3-
paboTaHHBIMHK JJI1 HUX METOJAAMH M aIrOpUTMaMHU aHaliu3a M cuHTe3a. [lomydeHHble
TaKUM 00pa30M MEXaHMU3MbI Ha3bIBAIOTCS TUIOBBIMU (cM. puc. 1.4, a, 6, puc.1.6).

Tunosou mexanuzm — 3TO NPOCTOM MEXAaHW3M, UMEIOLIUN IIPU PA3ITUIHOM
(GYHKIIMOHATHPHOM HAa3HAYCHUH IIMPOKOE MPUMEHEHUE B MalTMHAX Pa3HBIX BUIOB
(cm. puc. 1.4, a, 6, 2, puc.1.6).

Puc. 1.6. CTpyKTypHBIE€ CXE€MBbI TUITIOBBIX MEXAHU3MOB

B kayecTBe mpumepa THIOBOIO MEXaHHM3Ma PACCMOTPUM KPHUBOILIUITHO-
MOJI3YHHBIH MexXaHu3M (puc. 1.6, @). DTOT MeXaHU3M IIHUPOKO MPUMEHSETCS B Ma-
HIMHAX PA3IMYHBIX BHUJIOB, UMEIOUIMX pa3HOe (PYHKIMOHAIbHOE Ha3HAYEHHUE, Ha-
pUMep: ABUTATEIN BHYTPEHHETO CTOPaHMUs, IIOPITHEBBIE KOMIIPECCOPHI M HACOCHI,
CTaHKH, KOBOYHBIE MAIIMHBI U Ap. B Kaxa0M BapuanTe (PyHKIIMOHAIBHOTO Ha3HA-
YeHUS! TIPU MPOEKTUPOBAHWU HEOOXOAMMO YUYUTHIBAThH CHelupuyeckue TpedoBa-
HUS, IPEAbABIsIEMbIe K MexaHu3My. OJTHaKO MaTEMaTUYECKUE 3aBUCHMOCTH, OITH-
CBHIBAIOIIUE CTPYKTYPY, KHHEMATHUKy M JTUHAMHKY KPHUBOIIHUITHO-TIOJI3YHHOTO MeE-
XaHU3Ma MPU BCEX PA3IMYHBIX BapHAHTaX €ro MPUMEHEHUSX OyIyT MPaKTUICCKU
onuHaKOBBIMH. ClIeIOBATENBHO, 3HAS aJTOPUTMBI MTPOBEACHUS CTPYKTYPHOTO, KH-
HEMATUYECKOTO M JUHAMHUYECKOTO aHAJIU30B THIIOBOT'O MEXaHH3Ma, MOKHO HCCIIC-
JIOBaTh €T0 CTPYKTYPY, KHHEMAaTHKy U JUHAMUKY 0e3 ydeTa ocoOeHHOCTeH (pyHK-
IMOHAIBHOTO Ha3HAYCHHS.

Otnuune aucuuIuiuHbl « Teopus MEXaHU3MOB M MallluH» OT APYruX yueo-
HBIX JUCUMIUIMH, U3yYalOIIUX METOJbl U aJITOPUTMbI IPOSKTUPOBAHUS U UCCIIEH0-
BAHUS MEXAHU3MOB M MAlllMH, 3aKJI0YaeTCA B TOM, 4TO B TMM 0CHOBHOE BHUMa-
HUE yAENAeTCS U3YYCHHI0 METOJ0B CHHTE3a M aHain3a, OOIUX JJIT MEXaHU3MOB
OTIPEICTICHHOTO BHUJIa, HE3aBUCUMO OT MX KOHKPETHOTO (DYHKIIMOHAJIBLHOTO Ha3Ha-
yeHusi. CrienManabHble TUCHUIUIUHBI U3Y4YalOT MEXaHU3Mbl TOJBKO KOHKPETHOTO
HA3HAYCHUS, YACNSsl OCHOBHOE BHHMMaHHE crnernuduueckuMm TpedoBanusm. [lpu
ATOM MIUPOKO MCTIOJB3YIOTCS W 00IMe METOIbI CHHTE3a U aHAlIn3a, KOTOPhIE U3Y-
YaloTCs B IUCHUTIIHHE « Teopuss MEXaHIU3MOB U MAIIIH.
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1. OCHOBHBbIE NMOHATUA U ONPEQEJIEHUA

1.4. TunoBble MexaHU3MblI

O} dexkTuBHOCTH THO00TO THIIOBOTO MEXaHW3Ma OIICHUBACTCS PSAOM Tapa-
METPOB, OCHOBHBIMH W3 KOTOPBIX SIBJISIOTCS TepeaaTouHas GyHKIUS U K03 P PUIin-
entT nosieznoro nevictBus (KII). PaccMoTpuM CyniHOCTh AaHHBIX TEPMHHOB Ha
npuMepe PyHKITMOHAIBHON CXeMbl MexaHu3Ma (puc. 1.7).

Bxoowuoti 1 o Buixoonoii
BX ’ BX BBIX * BBIX
NnomokK nomokK
o — o
MexarHudeckKkou Mexanusm Mexanuveckou
3H€p2uu NBX ’ I/)3.x NBLIX 4 I/Bmx 3H€p2uu

Puc. 1.7. ®yHkunoHanbHas cxema MEXaHU3Ma

OTtHomeHnue CKOPOCTH JABMIKXCHHA BXOJHOI'O 3BCHA K CKOPOCTH JABUKCHHA
BBIXOJHOI'O 3B€HA HA3bIBACTCA nepedamowbm OMHOUIEHUEM .

Q)

BBIX BBIX

Ecnu ananu3 mexaHu3ma BBINOJHSIETCS B TEUEHUE HEKOTOPOTO MPOMEKYTKA
BPEMEHH, TO BMECTO MEPEJATOYHOTrO OTHOLIEHHUS MPUHITO PACCMATPUBATH nepe-
0amoyHyio (hyHKyuio, T. €.

i=f(1).

Kaxxnas Texunueckas cucreMa mpeodpa3yeT BXOJHON MOTOK MEXaHHYECKOM
SHEPTUU B COOTBETCTBYIOIIMK BBIXOJAHOM MOTOK. [Ipr 3TOM BXOIHON M BBIXOJIHOMU
MOTOKW MEXaHWYECKOW PHEPIHH MPUHSITO OICHUBATH yepe3 padory (puc. 1.7). Ot-
HouleHue padoThl A, ., pa3BUBAcMOM Ha BBIXOJHOM 3BEHE, K pabore 4, Ha BXOJ-

bIX 2
HOM 3BEHE Ha3bIBaCTCs Kodpduyuenmom nonesnoco oeticmsus. Ilpu atom KII1J]
MeXaHU3Ma BCerjJa MEHbIlIe eAMHMIIBI, T. K. Ipoliecc Mpeodpa3oBaHus ABUKCHUS
COMPOBOXKIAETCS MOTEPEN MEXaHUUECKOU SHEPTUHU:

T]:ABLIX_§< 1,

X

riae & — kodppuiueHT noreps.

Bce TumnoBeie MexaHU3MbI HE UMEIOT NIOTEPD, T. €. KIIJl 3TnX MexaHu3moB pa-
BEH €/IMHUIIE, YTO BO3MOKHO, TOJILKO €CJIM JAHHBIA MEXAHU3M SIBJICTCS UACATTLHBIM.

HoeanvHolti mexanuzm — 3T0 ME€XaHU3M, 00pa30BaHHBIN TOJILKO aOCOJIFOTHO
YKECTKUMHU 3BEHBSIMU, B KOTOPOM BXOJIHOM MOTOK MEXAaHUYECKOW SHEPrUU Mpeood-
paszyercs B BBIXOJHOM MOTOK 0€3 MOTEPh.

Crnenyst IPUHSTBHIM JOIMYIIECHUSM, 3B€HbS MEXaHU3MOB SIBJISIFOTCSI a0COIOT-
HO JKECTKHUMHU, 4TO TMO3BOJISIET BHIMOJHATh X aHAJIU3 U CUHTE3 0€3 yuera JHOBIX
BUJIOB Jie(hOpMaIIii STUX 3BE€HBEB U CHII TPEHUSI.

i
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1. OCHOBHBbIE NMOHATUA U ONPEQEJIEHUA

1.5. 3BEHbA MEXAHU3MOB

CornacHo omnpenenenuto (cm. § 1.3) MeXaHU3MbI COCTOSIT U3 HECKOJbKHUX
AJIIEMEHTOB, OCHOBHBIMH M3 KOTOPBIX SBJISIFOTCS 3BEHBSI.

36eno (koumyp) — 3TO TEJO WM CUCTEMA KECTKO CBA3AHHBIX TEJ, BXOIALIUX
B COCTaB MEXaHHU3Ma.

3BeHbs (KoHmypsbl) MT0O0TO MEXaHM3Ma MOXHO KJacCU(DUIIMPOBATH MO He-
CKOJIbKUM TMPU3HAKaM.

[To cTpyKTYypHOMY COCTOSIHUIO BBIICTISIOT:

meepooe 36eHO — ITO 3BEHO, ynpyras nedopmaiiys KOTOpOTO HE BHOCHUT CY-
IIECTBEHHBIX U3MEHEHUH B pa0OTy MEXaHNU3Ma;

ynpyeoe 36eH0 — 3TO 3BEHO, ymnpyras aegopManus KOTOPOTO BHOCHUT CYIIe-
CTBEHHBIC U3MEHEHUS B pab0Ty MexaHu3Ma (Mpy>KUHbI, MeMOpaHbl U Jp.);

2ubKoe 36eHo — TO 3BEHO, 00JIaar0IIee CIIOCOOHOCThI0O U3MEHEHUS (POPMBI
pabounx MOBEpXHOCTEH Ajig oOecriedeHus: (PyHKIIMOHUPOBAHUS MeXaHu3Ma (peMm-
HU, 1IeTH, KAaHATBI U Jp.);

JIcUuOKoe 36eHO — ATO 3BEHO, oOsajaroIiee >XKUAKOW CTPYKTypou (Boja,
MacJyo " ap.);

2a3000pastoe 36eH0 — ATO 3BEHO, 00JIaarolee ra3000pa3HoOl CTPYKTYpPOM
(raz, BO3IyX).

[To KOHCTPYKTMBHOMY HCIIOJIHEHHIO 3BEHbSI OBIBAIOT MPOCTHIC U CIIOKHBIC
(puc. 1.8).

lIpocmoe 36eno (OAHO- WM ABYXBEPUIMHHOE) — 3TO 3BE€HO, BXOJAIEE B CO-
CTaB JIBYX M 0oJiee KHHEMAaTHYECKHX Tap, Yepe3 TCOMETPUUCCKUE IIEHTPHI KOTO-
PBIX BO3MOXHO ITPOBECTH OJHY Npsimyto (puc. 1.8, a—e).

Cnooicrhoe, mia cocmasnoe, 36eHo (Tpex- u 0ojee BEpITUHHOE) — ATO 3BEHO,
BXOJIAIIIEE B COCTaB TPeX M 0oJjiee KWHEMAaTUYECKHX Tap, yepe3 T€OMETpUUYECKre
IIEHTPBI KOTOPHIX HEBO3MOXKHO IMPOBECTH OJIHY MPsAMYIO (puc. 1.8, ore—u).

[IpocThie 3BeHbS Ha CXe€MaX MEXaHM3MOB H300pa)kalOT B BHJAE JIMHUU
UM KPUBBIX, a CIIOXKHBIC, UJIU COCTaBHBIC, 3BEHbSI 0003HAYAIOTCS B BUJIC 3aMK-
HYTBIX M HE3aMKHYTBIX T€OMETPUUYECKUX (UTYpP. 3aMKHYThIE T€OMETPUUECCKHUE
burypsl, n300pakaronue CIOKHBIC, WU COCTaBHBIC, 3BEHbs, 3aIITPUXOBHIBA-

toTes (puc. 1.8, o).

i
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1. OCHOBHbIE NMOHATUA U ONPEOENEHUA
1.5. 3BeHbS MeXaHM3MOB

Puc. 1.8. YcinoBHBIE 0003HAUEHUS 3BEHHEB MEXAHU3MOB

CrnoxHble, UM COCTaBHbIC, 3BeHbs (pHC. 1.8, orc—u) 0Opa3oBaHbl HEMOIBUK-
HBIM COEJIMHEHUEM HECKOJIBKUX MPOCTHIX 3BEHHEB, KOTOPhIE HE MOTYT COBEpIIAThH
JIBIKEHUST OTHOCHUTENIBHO JAPYT JIPyra, OJTHAKO MOTYT MEPEeMEIIaThCsi COBMECTHO
KaK eJMHOoe IeJ0e, T. €. OJIHO 3B€HO. B OOJIBIIMHCTBE ClydaeB CIOKHbBIC, WU CO-
CTaBHBIC, 3B€HbS BBOJIATCS B COCTaB MEXaHM3Ma C IIEJIbI0 YBEIIMUEHUS KECTKOCTH
VI JIJIS1 peaTi3aliii CIIOKHOW CTPYKTYPhl MEXaHU3MA.

Paznenenvie 3BeHhEB MEXaHU3MOB Ha CJIOXKHBIC, UM COCTaBHBIE, U TIPOCTHIC
HECOBEPIIICHHO, T. K. HE OKa3bIBAET BIMSHUS HA aHAJN3 U CUHTE3 MeXaHU3MOB. bo-
Jiee aKTyaJbHO pa3JiejieHne 3BEHbEB MEXaHU3MOB 110 YHCIY KOHEYHBIX AJIEMEHTOB
(BepIMH) 3B€Ha, KOTOPHIMH OHO MPUCOETUHSAETCS K IPYTHM 3BEHBAM MEXaHU3Ma U
BXOJIUT B COCTaB KHHEMATHYECKHUX TTap.

[To ciyxebHOMY Ha3HAYEHWIO 3BEHbSI OBIBAIOT 33/IAI0IIMMH U BEJOMBIMHU.

Hauanvnoe, nnm 3adarowee, 36e1o — 3TO 3B€HO, KOOPAMHATA KOTOPOTO TIPH-
HsATa 3a 00001IeHHYI0 KoopauHaty (puc. 1.8, a, 0, e).

Beoomoe 36eno0 — 3T0 3BEHO, HE SBIISIOIICECS HAYATBHBIM (32/Iaf0IIMM) WU
BeyIuM 3BeHOM (puc. 1.8, 6—e, orc—u).

Cornacuo I'OCT 2.703-68 Beayiiee 3B€HO B CXe€MaxX MEXaHU3MOB 0003Ha-
YaeTcsl eIMHMIICH U BBIJCISIETCS CTPEJIOYKOW, KOTOpas yKa3blBaeT Ha BUJl U Ha-
npaBJieHUE coBeplaemMoro aBrxeHus (puc. 1.8, a, 0, e), a 3BeHbs (puc. 1.8, 6—e,
Jic—U),HE OTMEUYEHHBIC CTPEIIOYKAMU, SIBISIOTCS BEIOMBIMHU 3BEHBSIMHU, KOTOPBIC
0003HayaroTcs nMpousBoIbHO. [Ipu 3TOM Mo 0b6obweHHbIMU KOOpOUHamamu To-
HUMAIOTCS HE3aBUCUMBIE JAPYT OT JIpyTa MapaMeTpbl MeXaHu3Ma, OJJHO3HAYHO OII-
pEAEISIONINEe BO3MOKHBIE TOJIOKEHHSI €T0 3BEHBEB B MPOCTPAHCTBE MJIM HA IIOC-
KOCTH B pacCMaTPUBAEMbIii MOMEHT BPEMEHH.

[To xMHEMaTHYECKOMY COCTOSIHHIO BBIICIISIOTCS:

NOOBUIICHOE 36€HO — ITO 3BEHO MEXaHU3Ma, UMEIOIee BO3MOKHOCTh COBEP-
maTh Kakoe-1uoo aBmwkeHue (puc. 1.8, a—u);
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1. OCHOBHBbIE NMOHATUA U ONPEQEJIEHUA

1.5. 3BeHbS MeXaHM3MOB

CMOUKa — 3TO 3BEHO MEXaHMU3Ma, YCIOBHO MPHUHATOE MPHU €ro aHaju3e H
CUHTE3€ 32 HeMOJIBMKHOE 3BeHO (puc. 1.8, k).

B cxemax MexaHH3MOB BCE HEMOJIBH)KHBIE 3JIEMEHTBI OTHOCSTCSI K CTOMKE,
KoTopasi obo3Havaercs 0. 3a CTOWKY MPUHUMAIOT TO 3BEHO, OTHOCHTEIIBHO KOTO-
pOTO MPOU3BOIUTCS U3YUEHUE 3aKOHOB JIBM)KEHUSI BCEX 3BEHbEB MexaHu3ma. Ha-
nmpuMep, MPH aHAIH3€ METATIOPEKYIIUX CTAHKOB, TEXHOJIOTUYECKUX JIMHUM 3a
CTOWKY NMPUHUMAIOT CTAHWHY ¢ (PYHIAaMEHTOM; MPU aHAJIU3€ X COCTABJISIONINX,
PEIyKTOPOB, KOMIIPECCOPOB, HACOCOB — KOPITYC; MPU aHAJIN3€ aBTOMOOWIIEH, Mo-
€3/10B, CaMOJIETOB — KoJjieca Wi 1maccu u T. A. CToiika B cocTaBe MeXaHHU3Ma BCe-
rja OJlHa, OJJHAKO B COCTaBE CXEMbl OHA MOXKET OBITh MPEJCTABIEHA HECKOIbKH-
MU DJIEMEHTAMH: IMMAPHUPHO-HEMOABI)KHBIMUA OTIOPaMHU M HAIPABJISIOMIUMH TT0JI-
3yHOB (puc. 1.8, ), T. €. MPUCOEANHEHUN K CTOMKE MOET OBITh CKOJBKO yTOIHO.
B xaudecTBe CTOMKM MOXKET BBICTYIATh JIIOOOE 3BEHO MEXaHHU3Ma, KOTOPOE B COCTa-
BE CXEMbI IOMEUYAETCS IITPUXOBKOU MOJT yriiom 45°.

[To mpeoOpa3oBaHMIO JIBHIKEHMSI U CHIIOBBIX (DaKTOPOB 3BEHO MOXET OBIThH
BXOJIHBIM, BBIXOJAHBIM U TTPOMEKYTOUHBIM.

Bxoonoe, nnu 6edywee, 36eHo — 3T0 3B€HO MEXaHU3Ma, KOTOPOMY COO0OIIIa-
€TCs 3aJJaHHOE JIBIPKCHHWE W COOTBETCTBYIOIIME CHUJIOBBIC (DAKTOPHI (CHIIBI U MO-
MEHTBHI TIap CHU).

Buvixoonoe 36eH0 — 3T0 3B€HO MEXaHNW3Ma, Ha KOTOPOM IOJIY4YaloT TpedyeMoe
JBUYKEHUE U TpeOyeMble CUIIOBBIE (PAKTOPBHI.

lIpomedsicymounoe 36eH0 — 3TO 3BEHO MEXaHU3Ma, PACHOJIOKEHHOE MEXKITY
BXOJIHBIM M BBIXOJHBIM 3BEHBSIMU U MPEAHA3HAYECHHOE JUISl TIepeIaun ABMXKCHUS U
peoOpa3oBaHus CUIIOBBIX (PaKTOPOB.

1.6. KHHEMATUHECKUE NAPbI

B nponecce aBmkeHHS MEXaHU3Ma 3BEHbsS B3aUMOJEMCTBYIOT PYT C JIPY-
roM, o0pa3yst MOABMKHBIE M HETIOABIKHbIE coeAMHEeHUA. [1oIBIKHBIE COeTMHEHNUS
3BEHbEB Ha3bIBatOTCS KuHeMaTnueckuMu napamu (KI1).

Kunemamuueckas napa — 3T0 NOJBUKHOE COEAMHEHHUE JIBYX CONPUKACAIO-
IIMXCS 3BEHBEB, JOMYCKAIOLIEE OTHOCUTEIbHBIC ABM)KCHHUS.

B 3aBucumMocTH OT KOHCTPYKTHBHOT'O HCIIOJIHEHUS, CIIYyKEOHOTO Ha3zHaue-
HUSl ¥ BUJOB JIBIDKEHUS 3BE€HBEB BCE KMHEMATHUECKHE TMaphl KIACCUDUITUPYIOTCS
10 CJIEAYIOUIUM MPU3HAKAM:

1) IO OTHOCUTENEHOMY JBUKCHHIO 3BEHBEB:

BpalllaTEJIbHBIE;
MOCTynaTeNlbHEIC,
BUHTOBBIE;
MJIOCKOCTHBIE;
chepuueckue;

2) o BUJy KOHTAKTa 3BEHbEB:
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1. OCHOBHBbIE NMOHATUA U ONPEQEJIEHUA

1.6. Kunematnyeckue napbl

HU3Wue — 3TO0 KMHEMAaTUYeCKHe TMaphl, B KOTOPHIX KOHTAaKT 3BEHBLEB, UX
00pa3yrolUX, OCYHIECTBIISIETCS MO TIOCKOCTH WM MO MOBEPXHOCTH;

gvicuiue — 3T0O KUHEMAaTHYECKUE Maphl, B KOTOPHIX KOHTAKT 3BEHBEB, UX
00pa3yronmx, OCyIIECTBIACTCS MO JIMHUU WIN B TOUKE;

3) no crnocodOy obecrieueHusi KOHTAKTa 3BEHbEB, 00Pa3yIOMINX KMHEMaTHue-
CKHE Mapbl:

CUI08ble — 3TO KNHEMATUYECKHE Maphl, B KOTOPBIX MOCTOSHCTBO KOHTAKTa
3BEHBEB OOECIEYMBAETCS 32 CUET JNCUCTBUS CUJ TSHKECTH WJIH CHJIBI YIPYTOCTH
PY>KUHBI;

2eomempuyecKkue — 3T0 KUHEMaTUYECKUE Naphl, B KOTOPHIX MOCTOSTHCTBO
KOHTaKTa 3BEHbEB pEAIM3yeTCs] 32 CUET KOHCTPYKLUUU pabouux MOBEPXHOCTEH
3BEHbEB;

4) o 4KCIly YCIOBUM CBSI3U, HAKJIAJIbIBAEMbIX HA OTHOCUTEILHOE JIBHKEHUE
3BEHBEB, 00PA3YIONINX KHUHEMATUYECKYIO TIapy (YMCIIO0 YCIOBUM CBSI3U OIpPEACIsET
KJIACC KUHEMATHYECKOU Maphl);

5) o 4yuciy MOABM)XHOCTEH B OTHOCHUTEIBHOM JIBHJKEHHH 3BEHBEB (UHMCIIO
MOJABUKHOCTEN OMPeACIISIET OABUAKHOCTh KHHEMAaTUUECKOMN Maphl).

PaccmoTpum Oosiee moipoOHO J1Ba MOCIETHUX TMPU3HAKA KIACCHU(PUKAIMH
KMHEMaTUYECKUX map.

N3BecTHO, YTO YETOBEYECTBO B CHIIYy CIEHU(PHKKA CBOEro OpraHu3mMa BOC-
MPUHUMAET OKPYXKAIOLIUA MHUP TOJIBKO B TpeXMEpHOM mpocTpaHcTBe. Cienoa-
TEJBLHO, B O0IIEM CiTydae CBOOOJHOE a0COIIOTHO TBEPAOE TeO (3BEHO), HAXOSICh
B TPEXMEPHOM MPOCTPAHCTBE, MOKET MAKCUMAJIbHO COBEPIIHUTH IIECTh JBUKEHUM:
TPU BpaLATEIbHBIX — BOKPYr ocer X, Y, Z; TpU MOCTYNaTEIbHBIX IBHKCHUS —
BJIOJIb 3TUX K€ ocel (puc. 1.9). OnHako NBUXKEHUS 3BEHHEB B MPOCTPAHCTBE WIIU
Ha IJIOCKOCTU OTPAHUYMBAIOTCS KOHCTPYKTHUBHBIMH OCOOCHHOCTSIMU KMHEMAaTH4e-
CKOM Mmapel, 00pa30BaHHON 3TUMU 3BE€HbSIMU. KOHCTPYKTHBHBIE OTpAaHUYEHUSI, HA-
JIO’KEHHBIE Ha NEPEMEIICHHs 3BeHhEB KMHEMATUUYECKOM Mapbl, Ha3bIBAIOTCS YCIIO-
BUSIMU CBSI3€U WJIN CBSI3SIMU.

Ces3u — 3TO OrpaHUYCHUS, HAJIOKEHHBIE HA IBUKEHUS 3BEHHEB MEXaHHU3MA,
Jiearole UX HeCBOOOJHBIMU U TMpEeAHA3HAUYCHHBIC NJIs Mepeayu dHEPTUU WIH
nH(pOpMAIIU MEXTy STUMHU 3BEHBIMH.
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1. OCHOBHbIE NMOHATUA U ONPEOENEHUA
1.6. Kunematnyeckue napbl

Z A
5

ATA

Puc. 1.9. Cxema aBmxeHunii cBOOOJHOIO Tella B TPEXMEPHOM MPOCTPAHCTBE

Hucno cBsizel OMpenensaeT KJIAaCC KMHEMAaTHUYECKOW Mmaphl, a YUCIO paspe-
HIEHHBIX JBUKEHUN COOTBETCTBYET €€ MOJABUKHOCTH.

Jlns oOpa3zoBaHusl KWHHEMATHYECKOW Mapbl HEOOXOAMMO HAJIMUHWE KaK MUHHU-
MyM OJHOM CBsI3U, MOO B CiIyuyae pPaBEHCTBA UMCIIA CBSI3E€U HYJIIO 3BEHBS HE B3au-
MOJICMCTBYIOT, T. €. HE COIIPUKACAIOTCA, CIIEIOBATEILHO, KWHEMAaTHUYECKas rmapa He
cymiecTByeT. B 3ToM ciydyae mMeErOTCs ABa Tella, COBEPIIAOIIUX ONPEACICHHbBIC
JIBUYKEHUSI B TPOCTPAHCTBE WJIA HA MJIOCKOCTH HE3aBUCUMO JIPYT OT Apyra. Yucio
CBsI3€M MOJKET OBITH TOJIBKO IIEJIBIM YHCJIOM M JIOJDKHO OBITH MEHBIIE IIECTH, T. K.
B CJIy4ae paBEHCTBA YKCJIA CBS3EH IIECTH 3BEHbSI TEPSIOT CIIOCOOHOCTH COBEPIIAThH
JlaXKe TPOCTEHIINE OTHOCUTENIbHBIC JIBMXKEHUS (BpallaTeIbHbIE WM MOCTYMATEIb-
HbIE) ¥ KHHEMaTHYeCKas mapa IepecTaeT CyIIeCTBOBATh, MOCKOJIBKY COSAUHEHHUE,
00pa30BaHHOE TUMU 3BEHBSAMH, SABJISIETCS HEMOABWKHBbIM. Clie10BaTe€bHO, MakK-
CHMaJIbHO BO3MOYKHOE€ YHMCJIO TTOJABM)KHOCTEM KMHEMAaTHUUYECKOW Mapbl paBHO IISATH,
a MUHUMaJIbHOE — enuHuIe. [Ipr 3TOM 4HCIIO TOABMKHOCTEH TI0001 KMHEeMaTHJe-
CKOM mapbl ONPEAEseTCs M0 BHIPAKEHUIO

H=6-S§

rae S, H — yucno cBA3ei U YUCIIO0 MOJBUKHOCTEH KHHEMaTUYECKON maphl COOT-
BETCTBEHHO.

Hcxong W3 BBINIECKA3aHHOTO, KJIACCHU(UKALMS KUHEMAaTUYECKUX Map IO
JIBYM TIOCJIETHUM TIpU3HAKaM MpeJcTaBieHa B Taou. 1.1.

i
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1. OCHOBHBbIE NMOHATUA U ONPEQEJIEHUA

1.6. Kunematnyeckue napbl

Taomuma 1.1
Ilon-
Hucno IIpocTpancTBeHHas Bun YcnoBHOE
Knacce . | BHX-
CBA3EH cxema KOHTaKTa o003HaUYeHHE
HOCTh
Kunematnueckas napa «lllap — miockocTb»
I
1 Touxka,
1 5
BBICIIIAS
Kunematnueckas napa «l{unuHap — miocKoCTb»
[
2 JIunus, \f/
2 4
BBbICILIAs ~ //
Kunemaruyeckas napa «Cdepuueckas»
I
[ToBepxHOCTB, B d<
3 3
HHU3IIast .
3 Kunematnueckas nmapa «Ilnockoctras
1
ITmockocTs, z B
3 3
HHU3IIast 7
i
4 [0 -22.
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1. OCHOBHbIE NMOHATUA U ONPEOENEHUA
1.6. Kunematnyeckue napbl

[Tponomxkenne Tabdm. 1.1

[Ton-
Yucno 8 [IpocTpaHcTBEeHHAs Bun VYcnoBHOE
Knacce . | BUX-
CBs3EH cxema KOHTaKTa o0o3HaueHHE
HOCTh
Kunematnueckas mapa «Cdepuueckas ¢ maabuem»
[ToBepx- B ]
4 2 HOCTb,
HU3MIasA ]
4
Kunematnueckas napa « lununapuyeckas»
[ToBepx- l k
4 o) HOCTb, —B
HU3LIasA ]
Kunematuueckas napa «lIlocrynarenpnas»
! B
[ToBepx-
5 1 HOCTb, O
HU3IIast .
5
KunemaTtuueckas napa «BpamarenbHas
IToepx- l d_
5 1 HOCTb, _B
HU3Last ]
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1. OCHOBHbIE NMOHATUA U ONPEOENEHUA
1.6. Kunematnyeckue napbl

Oxkonuanue Taom. 1.1

Iox-
Yucno A [IpocTpancTBeHHas Bun VYcnoBHOe
Kiacc . | BIK-
cBsizel cxema KOHTaKTa o003HaueHHE
HOCTb
Kunemarnueckas napa «Bunrosasp»
' B
5 [ToBepx-
5 1 HOCTb,
HU3LIast .

Ctpenouku y KOOpAMHATHBIX oced X, Y, Z Ha MpOCTPAaHCTBEHHBIX CXEMax
IIOKA3bIBAIOT BO3MOXKHBIE BpAILATEJIbHBIE M JIMHEWHBIE OTHOCUTENBHBIE IEpEMe-
LICHUS 3BEHbEB. ECiIM CTpenouka nepeyepKHyTa, TO JaHHOE JIBUKEHHUE B KUHEMA-
TUYECKOW Nape 3alpelieHo, T. €. Ha HEro HaJoKeHa CBA3b. [Ipu 3TOM HECMOTpS Ha
TO, 4TO y KOOPAMHATHOM OCH X, HAa NMPOCTPAHCTBEHHOM CXEME «BUHTOBOW» KHHE-
MAaTH4YECKOM Iapbl HE NIEPEUYEPKHYTHI IBE CTPEIIOYKH, 3BEHBS OTOU Iapbl MOT'YT CO-
BEpILIATh M0 OTHOLIEHHUIO APYT K APYTY TOJBKO MO OJHOMY MPOCTEUILIEMY JABUKE-
HUIO, @ UMEHHO: 3B€HO j — BpallaTeJIbHOE JIBUKEHUE BOKPYT OCH X, 3BEHO I — IO-
CTynaTeJIbHOE ABUKEHHUE BIOJIb 3TOU KE OCH.

1.7. KUHEMATUYECKUE LIENW

Bce MexaHn3Mbl COCTOAT U3 COBOKYITHOCTH 3BEHBEB, O0PA3yIOIIUX KUHEMA-
TUYECKUE Maphl, KOTOPHIE COCTABIISIIOT KHHEMATHYECKHUE LIETIH.
Kunemamuueckas yens — 3T0 cucTeMa 3BEHbEB, 00pa3yOIUX MeXay co0oi
KruHeMaTuueckue napsl (puc. 1.10, puc.1.11).
KunemaTnueckue nenu noapasaeistorcs:
1) Mo KOHCTPYKTUBHOMY HCIIOJIHEHHIO:
npocmas — 3T0 KNHEMAaTHYECKasl LIeb, KAKJI0€ 3BEHO KOTOPOU BXOJMT B
coctaB He 0oJiee IBYX KMHEMAaTHYECKUX Map, T. €. COAEPKUT TOJIBKO OJHO- WIH
JBYXBEPILHHHBIE 3BeHbS (puc. 1.10);
C/I0JICHASA — 3TO KWHEMATHYEeCKasl LIeNb, UMEOIIAsl 3BE€Hbs, BXOJSIINE B
COCTaB Tpex U 0ojiee KNHEMAaTUYECKUX Map, T. €. COAEPKUT XOTs Obl OJJHO 3BEHO C
Tpems uiu Oosee BepimmHamu (puc. 1.11);
2) 1O B3aUMO/JICHCTBUIO 3BEHBEB:
He3aMKHymasi, WIA pa3oMKHYmas — 3TO KUHEMAaTU4ecKas Liellb, B KOTOPOI
XOTs1 ObI OZJHO 3B€HO MUMEET CBOOOIHBIN 3IEMEHT, HE B3aUMOJICHCTBYIOUIHI C APYTH-
MU  3BEHbSIMU W HE O0pasylomuii ¢ HUMH  KHHEMAaTHYECKUX  map
(puc. 1.10, a, puc.1.11. a);
3aMKHYmMas — 3T0 KHHEMaTU4ecKas Lelb, KaXJ10€ 3B€HO KOTOPOl BXOAUT
B COCTaB Kak MUHHUMYM JABYX KnuHeMaTHuueckux nap (puc. 1.10, 6, puc.1.11, 6).
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1. OCHOBHBbIE NOHATUA U ONPEOENEHUA
1.7. KnHemaTtunyeckue uenu

Puc. 1.11. Cnoxable KHHEMATHYECKUE LIETTH

CoenuHeHus: KHHEMAaTUYECKUX LIETIeH CO CTOWKOM 00pa3yloT MEXaHHU3MBI.
B3auMozgeiicTBue KMHEMaTHYECKUX IIeneil Mexay coOoi MPUBOAUT K 0Opa3oBa-
HUI0 KHHEMATUYECKUX COCITMHEHUM.

Kunemamuueckoe coedunenue — 370 KUHEMaTHYECKas Mapa, 0Opa3oBaHHas
3BEHbSIMU HECKOJIBKMX KHHEMATUYECKUX LETICH.

B 3aBHCMMOCTH OT CIIO)KHOCTH CTPYKTYpPbl B MEXAHU3ME MOXET MPUCYTCT-
BOBAaTh HECKOJIbKO KHHEMATUYECKUX COCTMHEHUI.

1.8. CTPYKTYPA MEXAHU3MOB U EE E®EKTbI

N3yueHne MexaHM3MOB HAUMHAETCS C aHaIM3a UX CTPYKTyphl. CTpyKTypa
MexaHu3Ma B oOLIeM cilydae onpenensercs (yHKIMOHAIBHO CBSI3aHHON COBOKYII-
HOCTBIO 3BE€HbEB M OTHOLIEHUI MeXIy HuUMU. [log OTHOLIEHUSMH, COOTBETCTBEH-
HO, II0JIpa3yMEBarOTCs MOJBUKHbBIE U HETIOABM)KHbBIE COEAMHEHHUS.

Cmpykmypa mexaHuzma — 3TO COBOKYIHOCTb 3BEHbEB, 00pa3yroIIUX MOJ-
BIKHBIE M HETIOJBUYKHBIE COCTUHEHUS.

CrpykTypa MeXaHHM3Ma Ha pa3HbIX CTAIUSAX €r0 MOJEIUPOBAHMS OIMUCHIBA-
€TCsl Pa3IUYHBIMU CPEJCTBAaMH, C Pa3HbIM YPOBHEM abCTparupoBaHMs: Ha (QyHK-
UOHAJIBHOM YPOBHE — C IOMOIIBIO (DYHKIIMOHAJILHON CXEMBbI, Ha YPOBHE 3BEHbEB
Y CTPYKTYPHBIX I'PYIIT — CTPYKTYPHOM CXEMOMU U T. .

Cmpyxkmypnas cxema — 3TO rpaduueckoe HM300pakeHHE MEXaHH3Ma, BbI-
NOJIHEHHOE 0e3 cOOI0IeHNs] MacIITabOB ¢ UCIOJb30BaHUEM YCIOBHBIX 0003HAUE-
Hul, pekomeHnoBaHHbIX ['OCT.
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1. OCHOBHbIE NMOHATUA U ONPEOENEHUA
1.8. CTpyKTypa MeXaHM3MOB U ee fedeKTbl

CTpyKTypHasi cxeMa MeXxaHu3Ma COJEPKUT UHPOPMALIHIO O YUCIIE 3BEHbEB U
BUJI€ JBWKEHUI, MU COBEPIIAEMBIX, O YHACIIEC MOABUKHOCTU U KJIACCE€ KUHEMATH-
YECKHUX Map, O YMCJIE M BUAE KMHEMATHYECKUX Lieneil. Bce TUIOBbIE MEXaHU3MBI
00JIaIaf0T PAIMOHAIBHON CTPYKTYPOM, OJHAKO OOJBIIMHCTBO ACHCTBUTEIBHBIX
MEXaHHU3MOB COJEPKUT JTePeKThI CTPYKTYpHI (puc. 1.12).

a o

Puc. 1.12. Cxembl MEXaHU3MOB C IePEKTaMH CTPYKTYPBI

Payuonanenas cmpykmypa — 3TO CTPYKTypa MEXaHU3Ma, HE COepKalas
ne(heKToB.

K nedexraM CTpyKTypbl MEXaHU3MOB OTHOCSITCS U30BITOUHBIE CBSI3U U Me€-
CTHBIC IMOJIBUKHOCTH.

H36b1mounble, WIA naccusHvle, c6s3u — 3TO TaKUE CBI3W B MEXaHU3ME, KO-
TOpPBIC TTOBTOPSIFOT CBSI3H, YK€ UMEIOIITUECS 0 JaHHON KOOpAWHATE, U TIO3TOMY HE
HU3MEHSIOT PealbHOM MOIBMKHOCTH MexaHu3Ma (puc. 1.12, a).

Mecmuvle nodsudsxcHocmu — 3TO TOABMKHOCTH MEXaHU3Ma, KOTOPhIC HE OKa-
3BIBAIOT BIIUSHHS HA €TO MepeaTOuHyI0 (GyHKIIHUIO, @ BBEJCHBI B COCTaB MEXaHU3-
Ma C LEesIMHU UHOTO XapakTepa.

1.9. MEXAHU3MbI C HA3SLLIMU
KUHEMATUYECKUMU NAPAMU

Ucxons w3 onpenenenus, npeacTaBieHHoro B § 1.6, cneayert, 4To s momy-
YeHUsT MEXaHW3Ma C HUBIIMMH KUHEMAaTHYECKUMH TapaMu HE0OXOIUMO, YTOOBI
€ro 3BeHbsI 00Pa30BBIBAIM OBl MEXKIY COOOM TOJILKO HU3IITNE KHHEMAaTHYCCKHUE T1a-
pBI.

Bce MHoOroo0pasue MexXaHM3MOB C HU3IIMMH KHHEMAaTHYECKUMH TapaMu
MOXHO CBECTHU K CJICAYIOIIUM IPYIIIaMm:

KJIMHOBBIE MeXaHu3MbI (puc. 1.13, a);

BUHTOBBIC MeXaHU3MBbI (puc. 1.13, 0);

pBhIYKHBIE MEXaHU3MBbI (cM. puc. 1.6, puc.2.1).

Knunosoti mexanusm — 370 MEXaHHU3M, CTPYKTYpa KOTOPOTO COJICPKHUT TOJb-
KO HU3IIUE TOCTyNaTeIbHbIe KUHEMaTHueckue napsl (puc. 1.13, a).

KnunoBble MexaHHU3Mbl MPEHA3HAUYCHBI Ui Mepeaayu ABMKEHUS U CHUIIO-
BBIX (DaKTOPOB MEXIy 3BEHBSIMH C IIEPECEKaIOIUMMCS OCSIMH BpaleHus. Bce

i
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1. OCHOBHBbIE NOHATUA U ONPEOENEHUA
1.9. MexaHU3Mbl C HU3WKMMMN KUHEMATUYECKUMM Napamm

KIIMHOBBIC MCXAHU3MBbI OTHOCATCA K PA3HOBHAHOCTH MCXAHHU3MOB, Hp€O6p8.3y1-0-
IMUX IMOCTYHATCIIBHOC IBUKCHUC 3BCHA IB IMOCTYIIATCIIbHOC NBUKCHNC 3BCHA 2.

—f P —  ~>N
BRSSO == s
0 1 2 0 0 1 2 0
a o

Puc. 1.13. CTpyKTypHBIE CXeMbI KIIMHOBOTO U BUHTOBOT'O MEXaHU3MOB

-—

Bunmoeou mexanusm — 3TO MEXaHU3M, CTPYKTypa KOTOPOTO COAEPKUT
TOJIBKO HU3IIME KUHEMATUYECKUE Napbl, XOTSA Obl OJJHA U3 KOTOPBIX SIBISIETCS BUH-
ToBOM (puc. 1.13, 0).

BuHTOBBIE MEXaHU3MBI MPEIHA3HAYEHBI IS IEPENAaYM IBUKEHHUS U CHUIIOBBIX
(aKTOpOB MEKTY COOCHBIMH 3BE€HBSIMU. Bce BUHTOBBIE MEXaHU3MbI OTHOCSITCS K pa3HO-
BUJIHOCTH MEXAHU3MOB, IPEOOPa3yIOIMX BpaIllaTeIbHOE IBM)KEHUE B TOCTYIATENBHOE.

CxeMa THUIIOBOrO BUHTOBOI'O MEXAaHHM3Ma COACPKUT CTOMKY M JBa MOABUXK-
HbIX 3BeHa (puc. 1.13. 0). IloaBUKHBIMU 3BEHBbSIMU THUIIOBBIX BUHTOBBIX MEXaHU3-
MOB SIBJIIIOTCS] BUHT | U raiika 2.

Buxm — 3T0 3B€HO BUHTOBOTI'O MEXAHM3Ma, BBIIIOJIHEHHOE B BUJC LUIUHAPA,
UMEIOLIETO BHEIIHIOK pab04yto MOBEPXHOCTh B BUJI€ BUHTOBOW JIMHUU.

l'auixa — 3TO 3B€HO BUHTOBOI'O MEXAHW3Ma, BBIIIOJIHEHHOE B BUJE BTYJIKH,
UMEIONIeN BHYTPEHHIOI pabouyro MOBEPXHOCTh B BUI€ BUHTOBOU JIMHUM.

B BUHTOBBIX MexaHU3Max MpeoOpazoBaHue ABUKCHUS M CHIIOBBIX (DaKTOPOB
OCYULIECTBIISIETCS IIyTEM HENOCPEACTBEHHOI'O KacaHHus paboveil MOBEpXHOCTU BUH-
Ta ¢ paboyeil MOBEpXHOCThIO Tailku. BceiiencTBre pa3HOCTH CKOPOCTEN TBUKEHUS
KOHTaKTHPYIOLIUX MOBEPXHOCTEN 3BEHbEB B 30HE UX KOHTAaKTa UMEET MECTO Tpe-
HUE-CKOJIBKCHHUE, YTO IPUBOJUT K MHTCHCUBHOMY M3HOCY 3THX ITOBEPXHOCTEH, a
TaKke K pocTy mnotepb, ymeHnblieHuto KIIJ[ u pecypca paboTbl mMexaHu3Ma.
JUist 3aMeHbl B BUHTOBOM Iape TPEHUS-CKOJIBKEHHSI HA TPEHUE-KaYEHUE B CXEMY
BUHTOBOTI'O MEXaHU3Ma BBOJST JOIOJIHUTEIBHOE 3BEHO, KOTOPOE HA3bIBAETCS IIa-
puk. C 1enbio noBbIeHus 3)PEKTUBHOCTH HIAPUKOB B CXeME OOBIYHO HECKOJIBKO,
a MIOJyYEHHBI MEXaHU3M SIBJISIETCS WUAPUKO-BUHMOBBIM.

Poryaskuple MexaHu3Mbl OyAyT pAacCMOTPEHbl B CJIEAYIOIIEH TJIaBe.
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2. PbIMAXKHbBIE MEXAHU3MbI

Puoiuaoicuwiit mexanuzm — 3T0 MeXxaHu3M, 0O0pa30BaHHBIN 3BEHBSIMU, BBINOJ-
HEHHBIMU B BUJIC CTEPKHEBBIX KOHCTPYKIIMH-PHIYATOB.

Prruakabie MeXaHU3MBI IUPOKO PACIIPOCTPAHEHBI B MAaIlIMHAX MTPAKTHUYECKU
BCEX BHUOB.

2.1. KNACCUDPUKALIUA PbIYAXHbIX MEXAHU3MOB

Bce MHOroo6pasue pblyaxHbIX MEXaHU3MOB KIACCU(PUIUPYETCA MO BUILY
KMHEMAaTHYECKOM LIETIH U CTPYKTYpeE.

[To Buy KHHEMATHYECKOM 1IN BBIACTSIOT JIBE TPYIIIIHI.

Mexanuzmbi ¢ 3aMKHYMOU KUHEMAMUYecKol yenvto — 3TO pPblUuaXHbIe MeXa-
HU3MBI, KOTOPBIC COJEPKAT B CBOEH CTPYKTYpE TOJIHKO 3aMKHYThIC KMHEMATHYC-
ckue nenu (cM. puc. 1.6, puc.2.1).

Mexanuzmvl ¢ He3aMKHYmMOU KUHEMAMU4ecKou yenvo — 3TO PhIYaKHBIE Me-
XaHU3MBI, KOTOPBIE COJIEPKaT B CBOEH CTPYKTYype TOJBKO HE3aMKHYThIe KMHEMa-
TH4Yeckue 1enu (cM. puc. 1.4, 6, puc.2.7).

B GonblMHCTBE Cily4yaeB pbhlya)KHbIE MEXaHU3MBbI, 00J1a/1al0IINe 3aMKHYTOM
KMHEMAaTHYECKOU IENbI0, SBISIOTCS TUIOCKUMHU MEXaHW3MaMHU, a PhIYaKHbIE MeXa-
HU3MBI C HE3aMKHYTOW KHHEMATHYECKOM 11EeTIhI0 — MPOCTPAHCTBEHHBIMH.

[To cTpykType phlYakHBIE MEXaHU3MBbI MOTYT OBITh AJIEMEHTAPHBIMHU, TIPO-
CTBIMH U CJIO’KHBIMU.

DnemenmapHvle Mexanu3Movl — 3TO MEXaAHU3MBI, CTPYKTYpPY KOTOPBIX HEJb3s
pacuJIeHUTh Ha YacTH, CIOCOOHBIE CaMOCTOSITENBHO MPE0OPa30BHIBATH JBUKCHHE
(puc. 2.3).

IIpocmoble mexanusmvl — 3TO PbIYAKHBIE MEXAHU3MBI, CTPYKTypa KOTOPBIX
COCTOUT M3 OJHOTO DJIEMEHTAPHOTO MEXaHW3Ma U OJHOW CTPYKTYPHOU TPYMIIbI
(puc. 1.6, puc.2.1).

CnoorcHble Mexanusmbl — 3TO PhIUAXKHBIE MEXAHU3MBI, CTPYKTypa KOTOPBIX
COCTOUT M3 OJTHOTO WJIM HECKOJBKHX 3JIEMEHTAPHBIX MEXaHU3MOB U JIBYX WA 0O-
Jee CTPYKTYPHBIX TPYIII.

CrnosxHbIe phIYaKHBIE MEXaHU3MBI TTOAPA3IEISIFOTCS:

Ha OOHOMUNHblE — ITO CIOKHBIE PHIYAKHBIE MEXAHU3MBbI, CTPYKTYpa KOTOPBIX
COJEPUT OJMHAKOBBIC PJIEMEHTAPHbBIE MEXaHU3MbI U TIOJIOOHBIE CTPYKTYPHBIE TPYTI-
bl 3BEHBEB;

MHO2OMUNHblE — ITO CIIOKHBIC PHIYAKHBIE MEXAHU3MBI, CTPYKTYpa KOTOPBIX
COICPKHUT pPa3HbIC JJIEMEHTAPHBIE MEXAaHWU3Mbl U Pa3HbIE CTPYKTYPHBIC TPYIIIBI
3BEHBEB;

KOMOUHUPOBAHHbIE — ITO CIIOKHBIE PBIYAYKHBIE MEXAHU3MBI, CTPYKTypa KOTO-
pBIX 00pa3oBaHa B pe3yJjbTaTe OOBEAMHEHUS OJHOTHUITHBIX U MHOTOTHITHBIX MEXa-
HU3MOB.

Bce mpocthie phlYaskHbIe MEXaHU3MBI SBISIOTCS TIOCKUMH MEXaHU3MaMH,
KOTOpBIE, B CBOIO OU€pElb, MOAPA3IACISIOTCS HA OCHOBHBIE TUITOBBIE CXEMBI:

HIAPHUPHBIN MeXaHU3M (cM. puc. 1.6, 0);
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KPUBOIIUITHO-TIOI3YHHBIN MEXaHU3M (CcM. puc. 1.6, a);

KYJIUCHBIA MeXaHu3M (puc. 2.1, a);

TaHT€HCHBIA MeXaHu3M (puc. 2.1, 6);

CUHYCHBINA MexaHu3M (puc. 2.1, 8).

[TonBuxkHBIE 3BEHbSI MIOCKMX PBIYAKHBIX MEXAaHHW3MOB MOTYT COBEpIIATh
KaK MpOCTEHIINE BUJIbI JABUKEHUM (BpalllaTelIbHbIE W TMOCTyNaTEIbHBIE), TaK W
CJIOKHBIE JBUKCHHSI.

a 4] 6

Puc. 2.1. CTpyKTypHBIE€ CXE€MbI TUIOBBIX MJIOCKUX PHIYaKHBIX MEXAHU3MOB

K 3BeHBSM, COBEPIIAIOIIMM BpAIIATEIbHBIE ABUKEHUS, OTHOCATCS KpPUBO-
KT, KOPOMBICIIO, KYJIMCA U KaYaloIUUCS MOI3YH.

Kpusowiun —3T0 3B€HO PHIUAKHOTO MEXaHU3Ma, BXO/SIIEE B COCTAB TOJIBKO
BpallaTeJIbHbIX KMHEMAaTHYECKUX Map W o0Jajaroniee BO3MOXHOCTBIO IOBOPOTA
BOKPYT OCH BpallleHHs Ha yroa 6oziee 360° (cm. puc. 1.6, puc.2.1, 38eHo 1).

Kopombicno —3T0 3B€HO pbIYa)XKHOI'O MEXAHU3Ma, BXOSAIIEE B COCTAB TOJIb-
KO BpallaTesIbHbIX KHHEMaTHYEeCKUX Map U 00J1a/1ao11iee BO3MOKHOCTHIO TIOBOPOTA
BOKPYT OCH BpalieHus Ha yroj MeHee 360° (cum. puc. 1.6, 3BeHO 4).

Kynuca — 3T0 3BE€HO PBIUAXXKHOTO MEXaHM3Ma, BXOJAIIEE B COCTAB Bpallla-
TEIbHBIX U MOCTYINATEIbHBIX KHUHEMATUYECKUX Hap U 00J1aJaro1ee BO3MOKHOCTBIO
NOBOPOTa BOKPYT OCH BpallleHus Ha yroa MmeHee 360° (puc. 2.1, 3BeHO 5).

Kauarowuiics nonzyn —3T0 3BE€HO PHIUAXKHOTO MEXaHU3Ma, 00pa3yroliee mo-
CTYNAaTeJIbHY}0 KHHEMAaTUYECKYIO Mapy CO IITOKOM U BpalaTeIbHYI0 KHUHEMaTH4e-
CKYI0 IIapy CO CTOMKOM.

Bce mpencraBiieHHbIE 3BEHBS B3aMMOJEUCTBYIOT CO CTOWKOHM. Ilpm stom
KPUBOLIUI B OOJIBIIMHCTBE CIIy4aeB SIBJISIETCS HAyajbHBIM, 33]1aBAEMbIM WJIM BE-
JYIIAM 3BEHOM.

K 3BeHbsIM, COBEpLIAIOIIUM MTOCTYNATENbHbBIE ABUKEHUS, OTHOCATCS MON3YH,
KaMEHb U IITOK.

Ilon3yn —3TO 3BeHO, 0Opa3yloliee MOCTYNaTeIbHYI0 KHHEMATHUECKYIO Mapy
co cToiKOM (cM. puc. 1.6, 38eHO 3).

Kamenv — 310 3BeHO, 00pa3yroliee MocTynarelibHyt0 KHHEMAaTUYECKYIO Ta-
py ¢ Kynucoit (puc. 2.1, 3BeHO 6).

[lImok —3T0 3BE€HO, 00pa3yrollee MOCTYNATEIbHYI0 KHHEMATHYECKYIO MTapy
C KaUaronMMCs WA HENOIBUKHBIM MOJI3yHOM (puc. 2.1, 3Be€HO 7).

3BEHBSIMHU, COBEPILAIOIIMMHU CIIOKHBIEC JBUKEHUS, SBIISAIOTCS IIATYHBI.
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lllamyn — 3TO 3BEHO PHIYAXKHOTO MEXaHM3Ma, 00pasyrollee KhHeMaThye-
CKH€ Mapbl TOJIBKO C MOJBUKHBIMH 3BE€HBSIMU, HE UMECIOIUMM CBSI3€A CO CTOMKOM

(cm. puc. 1.6, 3BeHO 2).
2.2. CTPYKTYPHbIA AHANU3 PbIYAXHbLIX MEXAHU3MOB

[Ipu nccnenoBaHUM CTPYKTYPHI JTFOOOTO PHIYAKHOTO MEXaHU3Ma Pa3INyaoT
JIBa HAMPABJIEHUS: CTPYKTYPHBIN aHAJU3 U CTPYKTYPHBINA CUHTE3.

CmpykmypHblti aHaau3 — 3TO MPOLIECC MCCIEI0BAaHUS CTPYKTYpPbl MEXaHU3-
Ma, T. €. ONPEJCIICHUE 4YKCIIa 3BEHbEB U BHUJOB JIBH)KEHHS, UMU COBEpPUIAEMBIX,
Yyuciaa U BUJla KWUHEMAaTUUECKUX Tap, CTPYKTYPHBIX TPYNI U KUHEMATUYECKUX IIe-
new, yucia NoABUAKHOCTEN U HaTu4us 1e()EeKTOB.

CTpyKTypHBIN aHaIN3 MEXAaHW3MOB MPOBOJUTCS C LENBIO BBISBICHUS JI€-
(EKTOB UX CTPYKTYPBI, KOTOPHIE MPU HEOOXOAUMOCTH YCTPAHSIOTCS.

B kauectBe mpumepa uckitoueHus (ycrpaHeHus) 1e(eKToB CTPYKTyphl pac-
CMOTPUM TUUIOCKUH PHIYaKHBIA MEXaHU3M 00JIa/IalolIei HepallMOHAIbHON CTPYK-
Typort (cM. puc. 1.12, a). JlaHHBIA MeXaHW3M COXpaHsSIeT PabOTOCTIOCOOHOCTH
TOJILKO MPHU YCIIOBUH, YTO JJIMHBI 3B€HHEB HAXOJATCS B CIEAYIOIIUX COOTHOIICHH-
ax: Ly, =l Ly =1y =1,- 1 l,, =1,.. CllenoBaTeibHO, TOUKH MEXaHU3Ma 00pa-

3y1oT ¢urypy OABC, Bceraa npeacTaBIsIIONIyI0 coO0M mapauienorpamm. Torna,
HE U3MEHSS COBEPIAEMbIX JBMKCHUI 3BEHBEB MEXaHM3Ma, MOXKHO yAAJUTh Ia-
TyH 2, T. K. JaHHOE 3BEHO, 00pa3ys co 3BeHbsIMH | U 4 KHHEMAaTHYECKHE Taphl C
IIEHTPaMH MAPHUPOB B TOUKax D u F, Hajaraet Ha 5TU 3BCHbsI YCIOBUS CBS3H, HE
OKa3bIBAIOIIME BIUSHUS HAa XapakTep WX ABMKEHUs. [Ipu 3TOM ycloBus CBSI3U, Ha-
JIO’)KEHHBIE TIATYHOM 2 Ha 3BEHbsI | U 4, ABISIOTCS MAaCCUBHBIMU, WM U30BITOYHBI-
MU. B cBOIO ouepe/ib, MOJABUKHOCTH KHHEMAaTHYECKHUX Tap ¢ [EHTPaMH IIApHUPOB
B Toukax D u E npeacTaBisioT coO0M MpUMeEpP MECTHBIX MOJABUAKHOCTEH, T. K. TIPH
UX OTCYTCTBUM TOJBMKHOCTh OCTaJIbHBIX 3BEHHEB MEXaHM3Ma HE HM3MEHUTCH.
AHasloru4yHasi cutyanusi OyJeT UMETh MECTO M NMPH HCKIIOUCHHH U3 CTPYKTYPBI
MEXaHMU3Ma BMECTO IIAaTyHa 2 maTyHa 3.

Jlnst uckmoueHust 1e(heKTOB CTPYKTYPhI HEOOXOIUMO TOYHO 3HATH O HAJU-
YUU B CXEME MEXaHW3Ma M30BITOYHBIX, WJIM TTACCUBHBIX, CBSA3CH U MX KOJIMYECTBO.
s pacdeTta uynciaa W30BITOYHBIX, WJIM TACCUBHBIX, CBS3CH HCIIOIB3YETCS Clle-
JyIoIas 3aBUCUMOCTb:

q=Wo+ WutW,

rne W,, W,, W — 3amanHas, MECTHasi U pacyeTHas MOJBUKHOCTD.

N306wITOUHBIC, WM TTACCUBHBIE, CBSI3M UMEIOTCS TOJIBKO B 3aMKHYTHIX KH-
HEMAaTHUYECKUX LEMSAX C HECKOJIbKHMHU KOHTypamu. B MexaHHW3Max pa3iuyaroT
JIBa BUJIa KOHTYPOB: 3aBUCHUMbIC U He3aBUcCUMBble. KOHTYp siBisieTcst He3agucu-
MbIM, €CIIM OH OTJIMYAETCS OT APYTUX KOHTYPOB XOTsS Obl Ha OJHO 3BEHO. 3asu-
cuMble KOHmMYpvl TyOTUPYIOT IPYyT APYra, a 3BEHbs, UX 00pa3yromue, CO3Mar0T
U30bITOYHBIC, WM MAacCHUBHBbIE, CBA3U. Tak CTPYKTypa MexaHu3Ma, MpeJCTaB-
JIEHHOTO Ha puc. 1.12, conepkut HECKOIbKO KOHTYpOB — OABC u ODEC. Kon-
TYpPBI SBISIOTCS 3aBUCUMBIMU, T. K. OHU 00pa30BaHbl OJIUHAKOBBIM KOJIUYECTBOM
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Y BHUJAMM 3BEHbEB. [Ipu 3TOM paHee Mbl BBIACHWIM, UTO CTPYKTypa JaHHOTO
MEXaHU3Ma UMEET NePEKThI, T. €. COJCPKUT U30BITOUHBIC, VTN MTACCUBHBIC, CBSI-
31 U MECTHBIE IOJABUXHOCTHU, UYTO MOATBEPKAACT HAJIWYUE 3aBUCUMBIX KOHTY-
poB. CrnenoBaTenabHO, ISl ONpPEAEIeHUsl KOJIUYECTBA 3aBUCUMBIX KOHTYPOB He-
00X0IMMO 3HATh 00IIEe YUCIIO KOHTYPOB MexaHu3ma. OnpejeneHue yucia KoH-
TYPOB MPOBOJUTCS MO BBIPAKEHUIO

K=p-n,

TAC p — YUCJI0 KHHCMATHYCCKHUX IIap B CTPYKTYPC MCXAaHHU3MaA, 71 — YUCJIO0 IIOABUIK-
HBIX 3BCHBCB MCXaHHU3Ma,

n=k-1,

371ech k — 0011Iee YMCIIO 3BEHbEB MEXaHN3Ma, BKIIIOYask CTOMKY.

ITocne wuckmodeHUs: AePEKTOB CTPYKTYPHI OIpEaeisieTcs KOJUYeCTBO
CTPYKTYPHBIX TPYII, YACIO ¥ BHJ KHHEMAaTUYECKHUX Iap, YUCIO OCHOBHBIX TIO/I-
BM)KHOCTEH, a 3aTEM, HauMHas C BBIXOJHOT'O 3B€HA, M3 COCTaBa MCXaHU3Ma BHIJIC-
JISTIOTCS. TPYIIIBI 3BEHBEB, COBMECTHO OOJAMAIONINX IMOABUKHOCTHIO, pPAaBHOU HY-
mto. IIpu 3TOM HEOOXOIUMO CICANTH, YTOOBI 3BEHbS, OCTAIOIINECS B MEXaHU3ME,
HE TEPSUTN CBSI3U C BEAYIIAM 3BEHOM.

B o6miem cimydae CTpyKTYpHBIN aHAJIM3 PhIYaKHBIX MEXaHU3MOB CBOJIUTCS K
PEIICHHIO CIICYIONMINX 3a/1a4:

0J151 NPOCMPAHCMBEHHBIX MEXAHUZMOB:

1) onpeneneHue MOABIKHOCTH MEXaHU3MA,

2) ompejielieHue MaHEBPEHHOCTH MEXaHU3Ma.

07151 NAOCKUX MEXAHUZMOG:

1) onpeneneHue MOABMIKHOCTA MEXaHU3MA,

2) aHAJIN3 COCTaBa CTPYKTYPbl MEXaHU3MA.

PaccmoTpeB npeacTaBiaeHHBIC 3aa9H CTPYKTYPHOTO aHAIN3a, MOYKHO OTME-
TUTh CXOJCTBO IEPBOM 3aJauu Il 000MX BHJIOB PHIYaKHBIX MeXaHu3MOB. I[lpu
ATOM BTOPBIE 33/1a4l, HECMOTPS Ha HEKOTOPBIC pa3nyus GopMyIHpPOBOK, MpecIie-
JYIOT OJIHY TICJIb — BBISBJICHHE HATUMYIHS TEPEKTOB CTPYKTYPHI.

MopaBUXHOCTL ME@XaHWU3MOB

Iloosusicnocms mexanuzma — 3TO YUCIO HE3aBUCUMBIX 000OIICHHBIX KOOP-
JIMHAT, OJTHO3HAYHO OMPEJESIONINX MOJ0KEHUS 3BEHEB MEXaHW3Ma Ha TUIOCKO-
CTU WJIH B MIPOCTPAHCTBE B pacCMaTPUBAEMbIii MOMEHT BPEMEHH.

CtpykTypHBIE (HOPMYIBI ISl OMPEACICHHS TMOJBUXKHOCTH TPOCTPAHCT-
BEHHBIX MeXaHHU3MOB ObuTH ToydeHbl [1. 1. CoMOBBIM, a 11 IUIOCKHX MeXa-
Hu3MOB — I1. JI. YeObimieBbIM. B 0CHOBY 000HMX CTPYKTYPHBIX (POPMYIT TOJIOKEHBI
OJIMHAKOBbIC MPUHIUIBI UX MOCTPOEHUS, CIEAOBATEIHLHO, B OOOOIICHHOM BHU/IE
CTPYKTYpHBIE (POPMYJIIBI MOKHO MPEJCTABUThH KaK
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W=H-n+zn:(H—i)pi,

i=1

rae H — 4uciio creneHen moABMKHOCTH (JUIs POCTPAHCTBEHHBIX MEXaHU3MOB / = 6,
JUId  TUIOCKMX MexaHu3mMoB H = 3); p;, — UUCIO KUHEMAaTWYEeCKHX Tap i-
1 HOABMKHOCTHU,
[ — YUCJIO MOABMKHOCTEN KUHEMATUUYECKOM TapHhl.
CtpykTrypHbie (OPMYITBI UMEIOT TI0 J1B€ (POPMBI 3aITUCH:
1) B k1accax KUHEMAaTUYECKUX Tap:
JUTSl TUTOCKUX MexaHu3MoB (opmyna I1. JI. YeOwriena:

W=3n-2p,—p,,
JUTS IPOCTPAHCTBEHHBIX MexaHu3MoB (popmyna I[1. K. Comona:
W=6n-5p;—4p,=3p;=2p, — Py

TAE Ps, Pa, P3» P2, P1 — YACIO KUHEMATUYECKUX Iap, COOTBETCTBEHHO, MSATOrO, YET-
BEPTOro, TPETHEr0, BTOPOrO U MEPBOI0 KJIACCa;
2) B CTEMEHAX MOJABM)KHOCTEH KMHEMAaTHYECKUX Map:
JUTst TUTOCKHUX MexaHu3MoB (opmyna I1. JI. YeOrrmiera:

W=3n-2p,—p,,
JUTSI IPOCTPAHCTBEHHBIX MexaHu3MoB (popmyia I[1. K. Comona:
W=6n-5p —4p,=3p;=2p,— s,

311€Ch P1, P2, P3> P4, P5s — YUCIO KUHEMATUUYECKUX Tap, UMEIOIIMX OAHY, ABE, TPH,
YETBIPE U MATh MOABUKHOCTENW COOTBETCTBEHHO.

CoctaB CTPYKTYPbI PbI4aXHbIX MEXaHU3MOB

Jliist pelieHus 3a7a4 aHaJld3a U CUHTE3a PhlYaXHBIX MEXaHU3MOB Mpodecco-
pom JI. B. Accypom Oblila mpeasioxkeHa OpUrHHANIbHASI CTPYKTYpHas Kiaccuduka-
111, COTJIACHO KOTOPOW MEXAaHM3Mbl, HE MMEIOIINE U30BITOYHBIX CBSI3€M U MECT-
HBIX TMOJBIKHOCTEH, COCTOSIT W3 IMEPBUYHBIX (JIIEMEHTAPHBIX) MEXaHU3MOB U

CTPYKTYPHBIX TPYIII 3BeHbEB (puc. 2.2).

i
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CmpykmypHhwiii cunmes

Mexanuzm =\|\IM|+..+|IIM| + | CI3|+..+| CI3

Cmpykmyphwiii ananus

Puc. 2.2. CocTaB cTpyKTyphl MexaHU3Ma o Accypy
Ilepsuunwviii mexanuzm (IIM) — 3TO d1IEeMEHTapHBIA MEXaHU3M, COCTOSIIUN

U3 MOJABUKHOTO M HETOJIBI’KHOTO 3BEHBEB, KOTOPhIE 00pa3yl0T KUHEMATHYECKYIO
napy ¢ OJIHOM WJIM HECKOJIbKUMU TOJIBIXKHOCTAMH (puc. 2.3).

‘7 HQpGU‘IHbl@M@XClHUS’MbZ —¢

¢ nooausicrocmoio W =1 ¢ noosudicHocmoio W > [
V4 YA

4 A
B
X X

Puc. 2.3. [lepBuuHble MEXaHU3MBI

CoryacHO OIpeAeNIeHUI0 BCE MEPBUYHBIE (2JIEMEHTAPHBIE) MEXAHU3MBI 00-
pPa30BaHbl COBOKYIMHOCTBbIO OJHOIO MOJBHUYKHOTO 3BE€HA CO CTOMKOW M SIBISIOTCA
MEXaHW3MaMH MEepBOro kiacca. [Ipu 3Tom Kinacc COOTBETCTBYET KOJIUYECTBY MOJ-
BIJKHBIX 3BEHBEB.

Cmpyxkmypnas epynna 36enves (CI73) — 3T0O KHHEMaTH4ecKas 1eTb, 00pa3o-
BaHHAsl MOJABMWKHBIMU 3BEHBbSIMH MEXAHU3Ma, MOJIBU)KHOCTh KOTOPOUM B MPOCTpPAH-
CTBE M Ha IJIOCKOCTU paBHA HYJIIO B JI00OW MOMEHT BPEMEHH, U HE pacnajarolas-
c1 Ha Oojlee mpoOCThIe Ienu, oOJagarIMe IMOJOOHBIMH  CBOMCTBaAMU
(puc. 2.4., puc.2.5., puc.2.6).

N3navansHo cTpykTypHas kinaccudukanus JI. B. Accypa oxBarbiBasia TOJIBKO
IUIOCKHE PBIYAKHBIE MEXAHW3MbI C BpallaTE€IbHbIMH KHHEMAaTUYECKUMU IapamH.
B nmampneiimem npodeccop U. M. ApToOONIEBCKHIT  YCOBEPIIEHCTBOBATT JTAHHYIO
KJIacCU(HKALINIO, PACIIPOCTPAHUB €€ Ha IUIOCKUE PhIYaKHbIE MEXaHU3MbI U C MOCTY-
MaTEJIbHBIMU KWHEMATUYECKUMHU MapaMH, YTO MOJIOKUIO OCHOBY JUISl CO3MAHUS TEO-
pUU CTPYKTYPHBIX I'PYII, COTIACHO KOTOPOM CTPYKTYPHOU TPYIIION SBIIAECTCS KUHE-
MaTHYECKasl LIEMb C HU3MINMHA KHHEMATHYECKUMH [TapaMu, yIOBJIETBOPSIOIIAs YCIIO-
BUIO

WCT:3.nC.F_2‘p1_p2:O)

i
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rae W, , n, — HNOIBWXHOCTb U YUCJIO IOJABHMKHBIX 3BEHBEB CTPYKTYPHOH IpyII-

c.r

IIBl; p1, P2 — YUCIIO KHHEMATHYECKUX [1ap COOTBETCTBYIOLIEH MTOJABUKHOCTH.

OCcO0OEHHOCTBIO CTPYKTYPHBIX TPYMI SIBISIETCS MX CTaTUYECKasl Heolpeze-
auMocTh. Ecnu cTpyKTypHYIO rpyminy cBOOOAHBIMU 3J€MEHTaMU 3BEHbEB IPUCOE-
IUHUTH K CTOMKE, TO 00pasyeTcsl craTuuecku Heonpenaenumas depma. Vcnonb3ys
JTAHHOE CBOMCTBO CTPYKTYPHBIX T'PYIII, YI0OHO MPOBOAUTH CTPYKTYPHBIN, KHHE-
MAaTUYECKUN U CHJIOBOW aHAJIW3 MEXAHU3MOB. BO BCEX CTPYKTYpHBIX IpyIIax Ko-
HEYHBIE 3BEHbSI BOJIAT B COCTAB TOJIBKO OJHOM KMHEMAaTHUYECKOW Mapbl U MMEIOT
CBOOOJIHBIN 351eMeHT 3BeHa. [10/100HbIe 3BeHbsI HA3bIBAIOTCS TOBOJIKH.

1106000k — 3TO KOHEUHOE 3BE€HO CTPYKTYPHOU TI'pyNIbl, OJHUM 3JIEMEHTOM
BXOJIAIIEE B COCTaB OJJHOM KMHEMAaTHUECKOW Maphl U MMEIINee BTOPOH CBOOO-
HBII DJIEMEHT 3BEHA.

CTpyKTypHBIE IpyNIbl MOTYT ObITh 00pa30BaHbl TOJBKO YETHBIM KOJIUYECT-
BOM IOJBUKHBIX 3BEHbEB (CM. puc. 2.4-2.6). CTeneHb CI0KHOCTU CTPYKTYPHOU
IpyIIIBI XapaKkTepusyercs ee KiaccoM. Kitace cTpyKTypHOM IpyIIIbl ONpeaeseTcs
KOJIMYECTBOM 3BEHbEB M KUHEMATHUYECKUX Map C YYETOM YHCIIa BEPIIMH HauboJsee
CJI0KHOTO 3BeHA. CII0KHOCTh CTPYKTYPHBIX IPYII ONpEAEseT KIIacC MEXaHU3Ma.
CoOTBETCTBEHHO, KJIaCC MEXaHHM3Ma OIpEAENseTCcs] KJIAacCOM HamOojee CII0XKHON
CTPYKTYpPHOU I'pYIIIbI, BXOASIIEH B €r0 COCTaB. B mpenenax kinacca CTpyKTypHbIE
IpyNIbl NOAPa3AEHsaoTCA Ha TOpAIKH. [lopsaIoKk CTpyKTYypHO#M IpyIIbl COOTBETCT-
BYET YHCITY IIOBOJKOB.

B cTpyKkType phluaKHbIX MEXaHHU3MOB HanboJee YacTO BCTPEUAIOTCS CTPYK-
TypHBIE TPYIIIbI, COCTOSIIINE U3 JBYX 3BEHbEB (2 U 3) M TpeX KUHEMaTUYECKUX nap
nATOro kiacca (puc. 2.4). /laHHbple CTpyKTypHBIE TPYIIIBI COAECPKAT JABA IOJIBHK-
HbIX 3B€HA, UMECKOIIMX [0 JIBE BEPIIMHBI, YTO COOTBETCTBYET BTOPOMY KIIAcCy.
CTpyKTypHBIE TPYIIIBI BTOPOTO KJIacca UMEIOT HE MEHEe ABYX IMOBOJKOB, YTO CBU-
JIETENIBCTBYET O IPUCYTCTBUM BHYTPH KJIacCa HECKOJIbKUX NOPAIKOB. B HacTosee
BpeMsi HauOoJIblllee paclpoCTpaHEHUE MOJIYUYMIIUM CTPYKTYpPHBIE TPYIIBI BTOPOTO
KJIacCca BTOPOTO MOPSI/IKA, XapaKTEPHOH OCOOEHHOCTBIO KOTOPBIX SIBJISIETCA HaJIH-
yue nsATyu BUAOB (puc. 2.4).

Bun cTtpykTypHOI TpyIIibl onpenensercs ee CTpyKTypHOU (hopMysion, Ko-
TOpasi COCTAaBIJIAETCS B 3aBUCHMOCTH OT BHJA M KJacca KWHEMATUYECKHX Map.
CtpykTypHas TpyIia BTOPOro Kjiacca BTOporo nopsaka (puc. 2.4, a) obpa3zoBaHa
JBYMsI 3BEHbSIMU, ABYMSI TOBOJAKAMH U COAECPKUT TPU BpallaTEIbHbIX Maphl MATO-
ro KJjlacca, UMeeT CTpYKTypHyto ¢opmyiny BBB, uto cooTBeTcTBYyEeT nmepBoMy BuU-
ny. Bropoii Buj rpymnibsl BTOPOTro Kiacca BTOPOTo nopsiaka (puc. 2.4, 0) noiaydaer-
Cs MyTEM 3aMEHbl OJHOW M3 KpallHMX BpAIlaTEeJIbHBIX KMHEMATHYECKUX Map IO-
CTynarelbHOM napoii nstoro kinacca. CTpykTypHas Gpopmylia Moxy4eHHON Tpynibl
oynet umets Bua BBII wiu T1BB.
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Puc. 2.4. CtpyKTypHbI€ TpYyHIIbI BTOPOTO KJlacca BTOPOro MOpsIKa

Tpernii BHUA CTPYKTYpPHOW TpyIIblI BTOPOTO Kjlacca BTOPOro IOpsIKa
(puc. 2.4, 8) umeer cTpykTypHyto Gopmyiry BIIB u obpa3syercs BcnencTsue 3aMeHbl
CpEeIHEH BpAaIlaTENbHOM KHHEMAaTUYECKOW Iaphl IMOCTYIIATENBHOM MNapod IMSTOrOo
KJ1acca. YeTBepThli BU TPYII BTOPOrO Kilacca BTOPOro nopsaka (puc. 2.4, 2) moiy-
YaeTcs 3aMEHOM 000MX KpallHMX BpalATENIbHBIX KHHEMAaTHUECKUX Iap MATOro Kilac-
ca MOCTYIaTEeIbHBIMU ITapaMu, YTO COOTBETCTBYET CTpyKTypHOU (popmyne [IBII. 3a-
MEHa OJHOW M3 KpalHUX U CPEIHEH BPAILATEIBbHBIX KUHEMATHYECKHUX Map MOCTyIa-
TEJIBHBIMH TIapaMH MO3BOJISIET NOJYYHUTh IISITHIA BUJ IPYIIIBI BTOPOrO KJacca BTOPO-
ro nopsizaka (puc. 2.4, 0), uMmeroiei crpykrypuyto ¢popmy:ty [I1B wm BIIIL

MexaHn3MBbl, colepkKalye TOJIBKO CTPYKTYpPHBIE I'PYIIIBI BTOPOrO Kiacca,
SBJIAFOTCSI MEXaHU3MaMHM BTOPOTO KJIacca.

TeopeTndecku CynieCTBYIOT CTPYKTYpPHBIE IPYIIIbI U OOJIBIIKMX KJIACCOB, OA-
HAaKO B CWJIy HMX MaJOd pacnpOCTPaHEHHOCTH B YYE€OHOM Kypce OrpaHuYUMCS
CTPYKTYPHBIMH IPYIIIIAMH BTOPOTO KJIacca.

MaHeBpeHHOCTb MPOCTPAHCTBEHHbLIX PbI4aXHbIX MEXaHN3MOB

Hawnbonee pacripocTpaHeHHBIMHU MPEACTABUTEISIMU MMPOCTPAHCTBEHHBIX PhI-
Ya)KHBIX MEXaHU3MOB SIBJISIFOTCSI MAHUIYJISATOPHI (puc. 2.5, a).

Manunynsamop — 3T0 NPOCTPAHCTBEHHBIN PHIYAKHBINM MEXAHU3M, OCYIIECTB-
JSFOLIMNA IEUCTBUS, aHAIOTUYHBIC IEMCTBUSIM PYKH YEIOBEKA.

MaHunynsaTopsl nIpeIHa3HauYeHbl IS K3MEHEHUS MOJI0KEHUS 00BEKTOB.

3BEHbSI MAHUIMYJATOPOB IPOMBIIIJICHHBIX POOOTOB 0Opa3yrOT TOJIBKO pa-
30MKHYThI€ KUHEMAaTUUYECKUE 1ETH, COACPKAIIUEC KUHEMATUUECKHUE Tapbl Pa3HbIX
KJIACCOB, YTO ITO3BOJISICT IOJOOHBIM MeXaHW3MaM HMETh MOJABHMIKHOCTH OOJIBIIIE
eauHuIbl. OHAKO Uil MAHUITYJISITOPOB XapAKTEPHO HAIMYME BO3MOXKHOCTH H3-
MEHEHHUSI CTPYKTYphl MEXaHHM3Ma B Ipollecce ero paborel. B cooTrBeTcTBHHM CO
CITy>keOHbIM Ha3HAYE€HHEM BO3MOKHBI J[Ba BapHaHTA.
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Puc. 2.5. Cxema MexaHM3Ma MaHMITYJIATOpPa IPOMBILUIEHHOTO poOoTa

Ilepswiti 6apuanm: TpeOyeTcss U3MEHUTH TMOJIOKEHHE HETOABUKHOTO Mpe-
Meta (puc. 2.5, a@). B HayanbHBIII MOMEHT BpEMEHU MPEAMET, MOJIOKEHUE KOTOPOTO
TpeOyeTcss U3MEHUTh, JICKUT Ha HEMOBUKHON TUIOCKOCTH M HAXOJUTCS B COCTOSI-
HUU NIOKOsI. COOTBETCTBEHHO, NMPEAMET U INIOCKOCTh HAKJIAABIBAIOT APYT HA Apyra
onpeneseHHble CBA3U. [Ipn 3TOM ecnu B3anMOCBSA3b INIOCKOCTHA U NIPEAMETA HE U3-
MEHSIET €r0 KHHEMATUYECKOI0 COCTOSIHUA, TO UX MOYKHO paCCMaTpPUBATh KaK OJHO
HEIOJBM)XHOE 3BEHO, ABJIIOLIEECS CTOMKOM. B MOMEHT BpeMEeHH, COOTBETCTBYIO-
LM 3aXBaTy BBIXOJHBIM 3BEHOM pacCMaTpUBAaEMOI0 IPEAMETA, JAHHOE 3BEHO
TaK)K€ CTAHOBUTCS HEMOJBUKHBIM U €r0 HEOOXOUMO pacCMaTpUBATh KaK 3JIEMEHT
croiiku (puc. 2.5, 6). COOTBETCTBEHHO, YUCIIO MOJABHKHBIX 3BEHBEB B CTPYKTYpe
MEXaHU3Ma YMEHBIIAETCA HA €IMHUILY, @ PA30MKHYTass KUHEMaTU4YecKas Lelb, KO-
TOPOM 10 TOr0 MOMEHTa 00J1a/1al MEXaHU3M, CTAaHOBUTCSI 3aMKHYTOM, YTO MPUBO-
JUT K YMEHBIIECHUIO €ro MOJABWKHOCTH. B ciieyrommii MOMEHT BPEMEHN BO3HUK-
HET HeOOXOIMMOCTh OTPhIBA MPEAMETa OT HEMOABMUKHON TIOCKOCTH C IIENIBI0 €ro
nanpHeinero nepemenieHus. OIHAKO A7 BBIOJIHEHUS OJ00HOTO JIEHCTBUS Ma-
HUMYJISATOP, 00Mafaromuii B JAHHBII MOMEHT BPEMEHHU 3aMKHYTOW KHHEMaThde-
CKOW LEMNbl0, TOJKEH MMETh IOJBHKHOCTBIO, KAK MHUHUMYM PaBHYIO €IUHULIE.
Kak Tonbko npeaMer OyneT OTAeNIeH OT HEMOABUKHOW MIIOCKOCTH, OH YTPaTUT pa-
HEe CYIIECTBOBABIIKE B3aNMOCBS3H C 3TOU IJIOCKOCTHIO, U B TAJIBHEMIIIEM €T0 He-
00XOQMMO paccMaTpuBaThb BMECTE C BBIXOJHBIM 3BEHOM KakK OJHO IOABH)XKHOE
3B€HO. B MOMEHT BpeMEHM BOCCTAHOBJICHHs IOABUXHOCTH BBIXOJHBIM 3BEHOM
KMHEMaTU4eCKas LEellb MAaHUITYJISTOPA OMSATh CTAHOBUTCS PA30MKHYTOM, UYTO MPH-
BOJIUT K MIPEKHEN MOJBUKHOCTU MEXaHNU3MAa U CIOCOOHOCTH MepeMeIIaTh MpeIMeT
110 3aJaHHOMY 3aKOHY.

Bmopou éapuanm: TpeGyeTcs yCTaHOBUTH JETalb B OTBEPCTUE OIpPEIEIICH-
HOW (HhOPMBI, BBHIIIOJHEHHOE B HEMOJBMKHOW MOBEPXHOCTU. B MOMEHT BpemeHw,
COOTBETCTBYIOIIMHN YCTAaHOBKE BBIXOJIHBIM 3BEHOM JIE€TAJU B OTBEPCTHUE, BBIXOIHOE
3BE€HO OCTAeTCsl NMOABMKHBIM, 4 KHHEMATHYECKas LIENb MAHUITYJISTOPA 3aMBbIKACTCS
(puc. 2.5, ). Ilpu 3TOM 4KCIO MOJBHKHBIX 3BEHBEB COXPAHSETCS, a MOABUKHOCTb
MEXaHU3Ma U3MEHAETCS MPONOPLUHUOHAIBHO MOABUKHOCTH HOBOW KHHEMATUYECKOM
napbl, 0Opa30BaHHOM JETajJbl0 U HEMOABM)XHOW MOBEPXHOCTHIO, B KOTOPYIO OHA
yCTaHABJIMBAeTCA. B MOMEHT mpeKpanieHusl CBSI3M BBIXOJHOI'O 3BEHA C JACTANbIO

gﬁ Teopua MexaHN3MOB 1 MaLwnH. Y4eb. nocobue -36-



2. PbIYAXHbIE MEXAHU3MbI

2.2. CTPYKTYPHbIW aHanu3 pbl4aXHbIX MEXaHU3MOB

KAHEMATHYeCKasl [IeNb CTAHOBHUTCS PAa3OMKHYTOH, a MEXaHH3M BOCCTAHABJIHBAET
CBOU CBOWCTBA.

W3 paccMOTpeHHBIX CUTYyallUil CIENyeT, UTO o0ecreueHrne paboTocrnocoOHO-
CTH MaHUITYJIATOPA BO3MOKHO TOJIBKO TIPY BBIITOJIHEHUH CIICTYIOMIETO YCIOBUS:

m>1.

IZIe M — MAaHEBPEHHOCTh MaHUITYJIATOPA.

Mamnespennocms — 3TO TOABUKHOCTHD MAHMUIYJISITOPA INPU HETOJIBHKHOM
BBIXOJIHOM 3BEHE.

MaHEeBpPEHHOCTb MPOCTPAHCTBEHHBIX MEXAHU3MOB OIIPEIEISAETCINO BbIPA-
KEHHIO, TTOJIyYeHHOMY Ha ocHOBe (hopMybl ComMoBa:

m=6n-5p;—4p,—3p,—2p, - p,
e Bce K03 (ULIUEHTHl UAEHTHYHBI ITPEICTABIEHHBIM B § 2.3.

2.3. CUHTE3 PbIYAXHbIX MEXAHU3MOB

CuHTE3 MEXaHU3MOB BBITIOJHSAETCS B ABa dTama. [lepBbIil ATanm Ha3bpIBaeTCA
CTPYKTYPHBIM CHHTE30M, a BTOPOH — METpHYECKUM CHHTE30M. OOmUMHU KpHUTE-
PHUSAMH, KOTOPBIMH PYKOBOJICTBYIOTCS Ha Ka)KJIOM dTaIle, SABISIOTCS: MHHUMHU3AIIHS
rabapuTHO-MACCOBBIX XapaKTEPUCTHK M CEOCCTOMMOCTH MEXaHWU3Ma, a TaKKe
oOecrieueHre TEXHOJIOTMYHOCTH 3BCHBEB M BBINOJHEHUE YCIOBHHA pabOTOCIIOCO0-
HOoCTH. OTHAKO KaXbIKM 3TAIl MpeclieIyeT pa3HbIe 1EIH.

OxapakTepu3yeM KaKJIbIi U3 3TAarOB B OT/ACIIBHOCTH.

CmpyxkmypHulll cunme3 — 3TO MPOIECC MPOSKTUPOBAHUS HOBOM WIIM MOJIEp-
HU3aIMK (YCOBEPIICHCTBOBAHMS) YK€ CYIIECTBYIOIMICH CTPYKTYpPhl MEXaHH3Ma,
obnamaroreit TpeOyeMbIMU CBOMCTBAMHM: 3aJJaHHOE YHCIIO MOJBM)KHOCTEH, OTCYT-
CTBHE MECTHBIX TMOABMKHOCTECH M W30BITOYHBIX CBS3CH, MUHUMYM 3BEHBEB, HC-
MOJIb30BaHUE KNHEMATHYECKUX Tap OMPECIICHHOTO BHU/IA.

Ha srtame cTpyKTypHOTO CHHTE3a OCYIIECTBISICTCS (POPMUPOBAHUE CTPYK-
TYpHOH CXEMbI MEXaHM3Ma, KOTOpas OMPE/ISIAeT YUCIIO 3BEHBEB, KOJIMYECTBO, BH/I
Y TIOJIBIPKHOCTh KHHEMAaTUYECKHUX TIap, a TAKXKE YUCIIO U3OBITOUYHBIX CBSA3EH M Me-
CTHBIX TOJABWXHOCTEH. BBeZieHNE B CTPYKTYpPHYIO CXEMy MEXaHHM3Ma KaKI0H U3-
OBITOYHOM CBSI3M U MECTHOH MOJABMKHOCTU HOJKHO OBITH JOKa3aTEILHO 00O0CHO-
BaHO. OCHOBHBIMH yCIIOBUSIMH TIPH BBIOOPE CTPYKTYPHOM CXEMBI SBIISIOTCS 3aJ1aH-
HbIC MMapaMeTphl: TpeOyeMoe YHCIO TMOJABMKHOCTEH, OTCYTCTBHE MECTHBIX IOJ-
BHOKHOCTEH M M30BITOYHBIX CBSA3EH, MUHUMH3AIIUSI KOJINYECTBA 3BEHLEB, UCIIOIL30-
BaHME KMHEMATHYECKUX I1ap ONMPEJEICHHOr0 BUIa WM Kiacca. B To ke Bpems om-
PENETSIONTUMH YCIOBHSIMHE SIBJISTFOTCS: 3a/IaHHBIN 3aKOH JIBIDKEHUS U PACIIONIOKCHHE
0CEH BXOIHOI'0 M BBIXOJHOTO 3BE€HBLEB. ECIM OCH BXOAHOI'O M BBIXOJHOI'O 3BEHLEB
MeXaHW3Ma MapaijieabHbl, TO BEIOUPACTCS TUIOCKas CTPYKTypHas cxema. [Ipu me-
PECeKaIOMIUXCs WIN CKPEIIMBAIOIINXCS OCSIX BXOJHOTO M BBIXOJHOT'O 3BEHBEB HC-
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MOJIB3YETCA MPOCTPAHCTBEHHAsI cxema. B OOnbIIMHCTBE cllydaeB 3ajada CTPYyK-
TYPHOTO CHHTE3a CBOJMUTCS K BHIOOPY CTPYKTYpPHOH CXEMBI MEXaHHW3Ma U3 Habopa
TUIIOBBIX CXEM.

CTpyKTYpHBIN CHHTE3 MNIOCKUX PHIUYAKHBIX MEXaHU3MOB BBITIOJIHSETCS B CO-
OTBETCTBHUU CO CTPYKTypHOU knaccudukanueit JI. B. Accypa (cm. puc. 2.3). B ka-
YECTBE MPHUMEPA PACCMOTPUM CTPYKTYPHBIMA CHHTE3 KPHUBOLIMITHO-IIOJI3YHHOIO
MexaHuzMa (puc. 2.6).

Puc. 2.6. Cxema cTpyKTypHOI'O CUHTE3a KPUBOIIUITHO-MOJA3YHHOTO MEXaHU3Ma

Pe3ynbTar mepBoi 3ajaud CTPYKTYPHOI'O aHajiu3a IOKa3blBa€T, YTO IOJ-
BIKHOCTh MEXaHU3Ma paBHA €JIMHULIE, CJIENI0BATEIbHO, B KaYECTBE IEPBUYHOIO
MEXaHHU3Ma BbIOMpAEM IpyIIy 3BEHbEB COOTBETCTBYIOIIEH MOABM)KHOCTH, 3BEHBS
KOTOpOil 00pa3yloT BpallaTeIbHYI0 KHHEMaTHYECKyl0 Mapy MSITOro Kiacca
(puc. 2.6, a). K BpIOpaHHOMY NEPBUYHOMY MEXAHU3MY IPHUCOEAUHSIEM CTPYKTYp-
HYIO0 IPYIITY 3BEHBEB 2-TO Kjacca 2-ro nopsaka 2-ro sujaa (puc. 2.6, 6). Ilomyden-
HBI TaKuM 00pa3oM MexaHu3M OyneT o0sagaTh palMOHaIbHOW CTPYKTYpOil, T. €.
ero CTpyKTypHasi cxema He OyIeT cofepKaTh AedeKTOB CTPYKTYpHI (puc. 2.6, ).

Bonee cnoxHble CTPYKTYpHBIE CXEMbI MOKHO MOJIYYUTh MOCIIEI0BATENBHBIM
IPUCOEIUHEHNEM TpeOyeMOro 4ucia CTPYKTYPHBIX TPYII COOTBETCTBYIOLIEIO
KJjlacca, Buja u nopsaka. [Ipu s3Tom HEOOXOIUMO CIIEIUTh, YTOOBI CTPYKTYpa Me-
XaHU3Ma OCTaBAJIaCh PALMOHAJIBHOM MPU BBIIIOJIHEHUHM BCEX OCTAJIbHBIX 3aJaHHBIX
YCIIOBHIA.

Pe3ynpTaToM BBINOJHEHHS 3Tala CTPYKTYPHOTO CHUHTE3a SBIISIETCS CTPYK-
TypHasi CXeMa MEXaHU3Ma, YAOBJIETBOPSIONIAsl IPUHATHIM KPUTEPUSIM.

Mempuueckuu cunme3 — 3TO MPOLECC ONPEEIEHUS OCHOBHBIX '€OMETpHUYE-
CKHUX pa3MEPOB 3BEHbEB MEXaHW3Ma U KOH(pUrypauuii npoduiei padouyux mo-
BEPXHOCTEH, KOTOPbIE HAMTy4IIUM 00pa3oM YJOBJIETBOPSIIOT 3aJaHHBIM YCJIOBUSM
1 00€CIIeYMBaIOT ONTUMAJIBHOE COYETAHUE KaUYECTBEHHBIX ITOKA3ATENECH.

3ajauaMy METPUUECKOTO CUHTE3a SIBJIIOTCS:

) cuHTE3 KMHEMAaTHYECKOM CXeMbl MEXaHM3Ma 110 3a/IaHHBIM I0J0KEHUAM
BXOJIHOT'O MJIM BBIXOJIHOT'O 3BEHA;

2) CHHTE3 KMHEMATHYECKOM CXEMbl MEXaHW3Ma M0 33JaHHBIM I'€OMeTpuye-
CKHM IIapaMeTpam;

3) CUHTE3 KMHEMAaTUYECKOM CXEMbl MEXAHHM3Ma [0 33JaHHOMY 3aKOHY JIBH-
KEHMSI BBIXOJJHOTO 3BEHA;
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4) cuHTE3 KMHEMATUYECKON CXEMbl MEXaHM3Ma IO 3aJlaHHBIM KUHEMAaTH4e-
CKUM TapaMmeTpaMm: CpelHEeH CKOPOCTH BBIXOJHOTO 3BEHA, KOA(P(UIIMEHTY HEpas-
HOMEPHOCTH CPEJIHEeN CKOPOCTH;

5) CUHTE3 KHHEMaTUYECKOW CXeMbl MEXaHHU3Ma MO 3a/IaHHOW BEJIMYMHE YyTia
JABJICHUS WIH yTJIa [epeayu.

PemenneM 3a1a4 METPUYECKOIO CHHTE3a SIBJIICTCS KMHEMATHYECKas cxema
MEXaHU3Ma, yI0BIETBOPSIONIAs KpUTEPUSIM 000MX 3TANOB CUHTE3A.

Kunemamuueckasn cxema — 310 rpaduueckoe U300pakeHue MeXaHH3Ma, Bbl-
MOJIHEHHOE B OMPEIEIEHHOM MacIITa0HOM KO3((PUIIMEHTE C UCIIOIb30BAHUEM YC-
JIOBHBIX 0003HaueHni, pekomenaoBaHHbIX ['OCT.

KunemaTtuueckasi cxema coJep>KUT UH(OPMAIMIO O YKCIIE 3BEHbEB U BUJIE
JBW)KEHUH, UMH COBEPIIAEMBIX, O YHCIIE TTOJABUKHOCTU U KIJIACCE KUHEMATUYECKUX
nap, 0 4uciie ¥ BUJe KUHEMAaTHYECKHUX LENel U O pa3Mepax 3BEHbEB.

[Ipu peniennu 3aaa4 METPUUYECKOTO CUHTE3a PhIYaXKHBIX MEXAHU3MOB PYKO-
BOJICTBYIOTCSI CIEAYIOITUMU KPUTEPUSIMU:

1) ycnoBue mpoBOpauMBaEMOCTH 3BEHbEB — CIPOECKTUPOBAHHBIA MEXaHU3M
JOJKEH 00€cTeunBaTh I BXOJHOTO MJIM BBIXOJHOTO 3BEHHEB BO3MOKHOCTH IO-
BOpoTa Ha yrou oonee 360°;

2) KOHCTPYKTUBHBIE OTPAHWYEHUSI HAa radapuThl MEXaHU3Ma — CIPOEKTUPO-
BaHHBIM MEXaHU3M JIOJKEH 00j1a7aTh rabapuTHBIMU pa3MepaMi, YKJIaJbIBalOIIU-
MUCS B 3a/IaHHbIE JUANIa30HbI;

3) TOYHOCTH OOECIIeUeHHs 3aJJaHHOTO 3aKOHA JABM)KCHUS WM 3aJaHHBIX I10-
JIO’)KEHUW 3BEHBEB MEXaHH3Ma — CIPOCKTUPOBAHHBIA MEXAaHHM3M JIOJDKEH obecrie-
YUBATh BBHIMIOJHEHUE 33JJaHHOTO 3aKOHA JBWKCHUS WM 3aJaHHBIX TOJIOXKEHUM
3BEHBEB C TPEOYEMOI TOUHOCTHIO;

4) orpaHUYEHUE TI0 YCIIOBUSM TIEpeladd CHIIOBBIX (DaKTOPOB — TEKYIIee
3HAYEHHUE YyIJIa JaBJICHUS CIIPOCKTUPOBAHHOTO MEXaHU3Ma HE JOJIKHO MPEBBIIIATH
JOITYCTUMOM BEIIMYUHBI;

5) npyrue yciaoBus U TpeOOBaHUS, YUUTHIBAIOIINE crielnPuKy QYHKIIMOHHU-
POBaHMUS U SKCILTyaTallud MEXaHU3MA.

K MeTonaM cuHTE3a MEXaHU3MOB OTHOCSITCSI CUHTE3 METOJIaMHU aHallu3a
U METOJIbl MPSIMOTO CHHTE3a (aHATIUTUYECKUM, Tpaduueckuil u rpadoaHaIuTH-
YeCKUH).

Metpudeckuii CHHTE3 MEXaHU3MOB rpadOaHATUTUYECKUMHU METOJIaMH OCY-
HIECTBIISIETCS B ONPEEICHHOM MACIITaOHOM KO3 (ULIUEHTE.

Macwmabnulil Koa¢hghuyuenm — 3TO OTHOIICHUE KaKON-INOO NEeWCTBUTEINb-
HOU BEJIMYUHBI /, B3ATON B METpax, K JUIMHE OTpe3Ka |1 , I3MEPSIEMOr0 B MHJLIIU-
MeTpax U M300paKaroIIero 3Ty BEJIUYHHY B COCTaBE KHHEMATUYECKON CXEMBI.

Macwma6b Onun — 3TO OTHOIIEHUE JJIMHBI OTpe3Ka |l , M300paXkaroiero
KaKyr0-JIM0O BEIMYUHY B MUJUIUMETPAX, K ACHCTBUTEIBHON BeIMYUHE / B METpax.

Macmtab sBiseTCs CTaHIAPTU30BAHHON BEIWYMHON, 3HAUEHUS KOTOPOU
KECTKO pernameHTHpoBanbl nojoxkenusmMu ['OCT. U3 monoxxeHuid JUCIUTUIMHBI
«mxenepHas rpaduka» M3BECTHO, UYTO ACHCTBUTEIBHBIA MaclITad MMEET COOT-
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HoueHue 1x1, mpu 3TOM CyLIeCTBYIOT psifibl MacIITa0OB YBEIMYEHHUS U MacIITa-
00B ymeHbleHusa. MacmtaOHbid ko3 pUiMeHT sBiseTcss oOpaTHOW BETUYMHOMN
MaciTaly ¥ He SIBJISETCS CTaHJAPTU30BAaHHON BEIMYMHOM. 3HAUeHUSI MacIITaOHO-
ro ko3(hduirenTa MPUHUMAIOTCS MPOU3BOIBHO B 3aBUCHMOCTH OT 3a/IaHHBIX yC-
JIOBUH U 1eNIel pelIeHus TpedyeMbIX 3a1ad.

PexkoMenayeTcsi CHHTE3 KMHEMAaTHUYECKUX CXEM MEXaHHU3MOB BBITIOJHATH B
MacitabHoM Kod(phulieHTe KPUBOIIUIIA, M/MM:

lOA

"~ lo4

9

1)

rae [, — neiCTBUTEIbHAS JUIMHA KPUBOILINIIA,;

OA| — MIPOU3BOJIbHBIN OTPE30K.

2.4. KAYECTBEHHbIE NMOKA3ATEIA
PbIYAXHbIX MEXAHU3MOB

OrpaHudeHus ¥ yCIOBUS METPUUECKOTO CUHTE3a (POPMUPYIOT 3HAUCHHUS Ka-
YECTBEHHBIX MOKa3aTese, ¢ MOMOIIbI0 KOTOPBIX BBIMOJHSAETCS OIIEHKAa KayecTBa
PBIUKHBIX MEXaHU3MOB.

KauecTBeHHBIMU TTOKA3aTESIMU PHIYAKHBIX MEXaHU3MOB SIBIISIFOTCSI:

KO3 (PUIIMEHT MMOJE3HOTO ACHCTBUA 1;

X0J MexaHnu3ma H,

K03 (PULIEHT HEPAaBHOMEPHOCTH CPEHEN CKOPOCTH K;

yToJ JIaBleHus J;

yToJ nepeav L.

Koaghduyuenm noneznoeo oeticmeus m — 310 0e3pa3MepHasi BeIUUNHA, Xa-
paKkTepu3yIolas KOJWYECTBO IMOJE3HO HMCIOJIb3yeMOW MEXaHU3MOM CyMMapHOM
sHepruun. Kak ormedanocs B § 1.4, koahHUIMEHT MOJIE3HOTO JEHCTBUS MEXaHU3Ma
BCErla MEHbIIIE SAMHUIBL, T. K. MPOIIECC TPeoOpa30BaHus IBHKEHHS COIPOBOXK 1A~
€TCsl MOTePSIMU MEXaHUYECKOW SHEPTUU, BHI3BAHHBIMU HAJIMYUEM TPEHUS B KUHE-
Matudeckux mapax. Uem Ommke 3Hauenue KIIJ[ k equnuie, TeM MeHbllle OTEPH,
CJIeI0BATEIbHO, BBIIIE KAYECTBO PHIYAXKHOTO MEXaHU3MA.

Pabouyto 30HY MIOCKMX PBIUAKHBIX MEXAHU3MOB MPHUHSATO OIIEHUBATH IO
JMATIa30Hy MEePEeMEIEeHNN BBIXOTHOTO 3BeHA, Ha3bIBAEMOMY X0JIOM MEXaHH3MA.

Xo0 mexanusma — 3TO PacCTOSTHUE MEXKIYy HAYaJIbHBIM M KOHEUHBIM IOJIO-
YKEHUSIMU BBIXOJIHOTO 3BEHA.

JIJ1st KpUBOIIUITHO-TION3YHHOTO (pHcC. 2.7, a), cunycHoro (puc. 2.7, 2) v TaH-
reHcHoro (puc. 2.7, 0) MEXaHU3MOB XOJ] BBIYMCIISIETCS] COTJIACHO OMPEEICHUIO
JAHHOTO TapameTpa, a i mapHupHoro (puc. 2.7, 6) u KyaucHoro (puc. 2.7, 8)
MEXaHU3MOB 3HAUYE€HHE JTAHHOTO TTapaMeTpa MOXKET ObITh HAHCHO MO BBIPAKEHUIO

H=vy-I,

i
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2. PbIYAXHbIE MEXAHU3MbI

2.4. KayecTBEHHbIE MOKa3aTeNn pbl4aXHbIX MEXaHU3MOB

rne /, \y — JUIMHA U yTOJ, paj, pa3Maxa BBIXOJIHOTO 3BCHA.

Yeon pasmaxa xopomvicia WM Kyaucvl \y — 3TO yTOJI MEKIY HadaIbHBIM H
KOHEUYHBIM MOJO0KEHUSIMA KOPOMBICTIA WU KYJIUCHI (puc. 2.7, 0, 8).

BoNBIMMHCTBO TIOCKUX PHIYAKHBIX MEXaHH3MOB HMMEET IMEPUOINIHBIN
XapakTep pabOThI, T. €. MO UCTCUCHUHU OMPEICICHHOTO MPOMEXKYTKa BPEMEHU
BCE MPOIIECCHI, MPOTEKAIONINE B MEXaHU3Me, MOBTOpsitoTcs. [Ipu aTOM muki pa-
060THI TI000T0 MexaHW3Ma JnenuTcs Ha (as3pl pabodero m xojocToro xoma. Ha
¢daze pabodero Xojaa OCYHIECTBISCTCS BBINOJTHEHHUE CIIY)KEOHOTO Ha3HAUYCHUS
MeXaHu3Ma, a (a3za XO0JIOCTOro Xoja NpeaHa3HayeHa I 3aBEPIICHUS ITHKJIa
JMBWOKCHUS Y CHSATHSI OCTATOYHBIX HAMPSHKEHUH ¢ pab0dYuX MOBEPXHOCTEH 3BEHB-
eB. COOTHOIIICHHE BPEMEHHM, 3aTPAYyMBAEMOI0 Ha BBIMOJHEHUE pabodero m xo-
JIOCTOTO XOJOB, MPHUHATO OIECHUBATH C MOMOIIBIO KO3 PHUIIMEHTa HEpaBHOMEP-
HOCTH CPEAHEN CKOPOCTH.

Koagpgpuyuenm nepasnomeprnocmu cpeoueti ckopocmu — 310 Kod3PHULIUEHT,
XapaKTepU3yIOIIUN OTHOIIEHUE BPEMEHH X0JIOCTOro xofa I K BpeMeHHu paboue-

ro xoja 7;)(:

8 2 0

Puc. 2.7. Cxemsbl OIPCACIICHUA X0Aa PhIYaKHBIX TUIIOBBIX MCXaHU3MOB

il
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2. PbIMAXHBIE MEXAHU3MbI
2.4. KayecTBEHHbIE MOKa3aTeNn pbl4aXHbIX MEXaHU3MOB

8 2 0

Puc. 2.8. Cxembl onpesiesieHus: yIiaoB AABICHUS TUIOBBIX PhIYaKHBIX MEXaHU3MOB

I[J'IH OIOCHKH Ka4dCCTBaA IMCPCaadn CUJIOBBIX q)aKTOPOB MCKAY 3BCHbAMMU I1JIO-
CKHUX PbIYaKHBIX MCXAHNU3MOB HCIIOJBb3YCTCA YI'OJI JaBJICHUA 9.

—

Yeon oaenenus — 310 OCTPBIA Yrojl MEXIy BEKTOPOM aKTUBHOW cwibl P,

JEHCTBYIOIIEH CO CTOPOHBI MPEAMICCTBYIOMIECTO 3B€HA, U BEKTOPOM CKOPOCTH TOY-
KU ee npuiioxkeHus (puc. 2.8).

3HadeHue yriia AaBieHus (GOPMHUPYET YCIOBHSI TIEPEIauu CUII MKy 3BCHbB-
SIMH, OTIPENIETISISE BETMYMHY JIBIDKYIICH CHITBI Mexanu3ma Q:

Q=P -cos(9).

N3 aHanu3a BRIpAKEHUS CIIEIYET, YTO YMEHbBIICHUE 3HAUEHUs Yyria JiaBiie-
HUS TPUBOIUT K POCTY 3HAUYECHUS JIBUKYILIEH CUJIbI, @ YBEJIIMUECHHUE yTJia TaBICHUS,
COOTBETCTBEHHO, CHIDKAET 3Ty CHily. B mpoiiecce paboThl phIYa’KHBIX MEXAaHU3MOB
yrojl nasieHusi Bcerga 3 < 90°. Ilpu Benuuune yria aaiaeHus 3 > 90° B mexa-
HU3MaxX MOXXET BOBHUKHYTb 3aKJIMHUBAHUE, UM CAMOTOPMOKEHHE.

Camomopmooicenue, WA 3aKIUHUBAHUE — ITO COCTOSHUE MEXaHU3Ma, CO-
MIPOBOXKJIAEMOE 3HAYEHUSIMU YIJIOB JIaBJICHHUS, JEJIalOUIMMU HEBO3MOXKHBIM JIBU-
YKEHUS 3BEHBEB MPHU CKOJIb YTOJIHO OOIBIIOM 3HAYEHUU JIBUXKYIIIECH CUJITBI.

JIJist uckItoueHus MoI0OHBIX CUTYAIi MIPU CUHTE3€ MEXaHU3MOB 33JJal0TCS
JOTTYCTUMBIMHU 3HAYCHUSMHU YTJIOB JAaBJICHUS [3], pYKOBOJICTBYSCH CIIECIYIONUMU
pPEKOMEHJAIMAMU: JJIsI MEXaHU3MOB, 3BEHBSI KOTOPBIX 00pa3yrOT TOJILKO Bparia-
TeJbHbIC KHHEMATUYECKUE Maphl, JOMYCTUMBIN yroj AaBJICHUS JISKUT B AUANIA30HE

i
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2. PbIYAXHbIE MEXAHU3MbI

2.4. KayecTBEHHbIE MOKa3aTeNn pbl4aXHbIX MEXaHU3MOB

[9] =45-60°, a 1 MEXaHU3MOB, UMEIOIIMX COYETAHWE BpallaTeNIbHbIX U MOCTY-
naTeJbHbIX KUHEMaTH4YecKuX map, — [9] = 30—45°.

[Tpu 3HaueHnsx yria naienus [$] = 90° MexaHU3M HaxXOIUTCS B TaK Ha3bI-
BAa€MbIX «MEPTBBIX» MOJIOKEHUSX, UYTO B CTATUKE MPUBOJIUT 3aKIIMHUBAHUIO 3BEHb-
€B, B JIBUKCHUU (IMHAMUKE) MEXaHU3M IPEOJ0JIEBACT MOJOOHBIC MOJOKEHUS 3a
CYET JIOTOJHUTEILHOTO0 00BheMa KHHETUUECKOM YHEPTUH.

JI71s1 OlleHKHM KayecTBa MIAPHUPHOTO MEXaHU3Ma MTOMUMO YTJjia JIaBJICHUS HC-
MoJIb3yeTcsl yrod nepenayuu | (puc. 2.8, 0).

Y2on nepedauu — 310 yroii, onpenensoNuil B3aUMHOE PACIOJIOKEHUE OCe
1IaTyHa ¥ KOPOMBICIIA IAPHUPHOT'O MEXAHU3MA.

3HaveHus yIJIOB Mepe/laur U JaBJICHHUS B3aUMOCBSI3aHbI:

9+p=90°.

AHanu3 BbIpaXeHHs MTOKA3bIBAET, YTO YBEJIMUCHUE yTJiia JaBJICHUS IPUBOJIUT K
YMEHBIIIEHUIO YTJIa epelau ¥ Ha000pOT POCT 3HAUEHUH yTiia Tepeadn — K CHUXKE-
HUIO yria faBiaeHus. OTHOBPEMEHHBIN POCT WIIH MaICHUE 3HAYCHUI YTJI0B JaBie-
HUS U NIepe/layr HeBOo3MOXeH. [Ipu paBeHCTBE HYJIIO OJTHOTO U3 YIJIOB 3HAUEHUE
BTOPOTI'O yIJja JOCTUraeT MakCuMymMma, T. €. 90°..
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3. KWHHEMATUYECKMMA AHANU3
MMAOCKMUX MEXAHU3MOB

Kunemamuueckuii ananusz mexanuzmos — 3T0 OJUH U3 BUIOB HUCCIICIOBAHUS
MEXaHHU3MOB, BBITIOJTHSAEMBIA 0€3 yuera CHIIOBBIX (haKTOPOB, JEHCTBYIOIIUX HA MX
3BEHBS B (DYHKITMU BPEMEHHU.

[]envio KNHEMATHUYECKOTO aHANIW3a SABJSETCS OINPEACIICHUE BEIWYHUH, Ha-
MPABJICHUN JIEVCTBUS U 3aKOHOMEPHOCTEW U3MEHEHHSI KHNHEMATUYECKUX MapaMeT-
POB HCCIIeyeMOro MexaHu3Ma B (yYHKIIUU BPEMEHH.

B pamkax KMHEMaTHYECKOrO aHajau3a MIOCKUX PhIYaKHBIX MEXAHU3MOB pe-
HIAI0TCSI CIICAYIONINE 3A0aUU:

1) BBISIBJIEHHE BO3MOJKHBIX TOJIOKEHHUNM BCEX 3BEHBEB MEXaHM3Ma 3a pac-
CMAaTPUBAEMBIN MTPOMEKYTOK BPEMEHU;

2) omipejielieHue BEJIMYUH JIMHEHMHBIX U OTHOCUTEIBHBIX CKOPOCTEH Xapak-
TEPHBIX TOUYEK MEXaHM3Ma, a TAKKE€ BBIABICHUE 3HAYCHWM W HANpPaBICHUH YTJO-
BBIX CKOPOCTEHN BCEX 3BCHBEB;

3) onpeneneHrue BEJIMYUH JTMHEUHBIX U OTHOCHUTEJIBHBIX YCKOPEHHUM Xapak-
TEPHBIX TOUYEK MEXAHW3Ma, a TAKXKE BBISIBIICHUE 3HAUYCHWUW W HAIIPABJICHUHW YTJIO-
BBIX YCKOPEHUH BCEX 3BEHBEB.

[Ipn KMHEMATHYECKOM aHaM3€ HWCIOJIb3YIOTCS aHATWTUYECKUM, Tpadude-
CKUM U rpad0aHaTUTHUECKUI METOIBI.

K rpadoananurrnueckum METOIaM KHHEMATUYECKOTO aHAIN3a OTHOCSTCS:

METOJI KHHEMAaTHYECKHUX IUIAaHOB (METO/I IUIAHOB);

METOJI KHHEMATUYECKUX AUarpaMm (METOJI huarpaMm).

O6a MeTo/1a 1atf0T MPUMEPHO OJIMHAKOBBIN 110 TOYHOCTH pe3yibTar. OaHaKo
METO/]I IMarpaMM B OCHOBHOM MPUMEHSETCS JIJI ONPEACIICHUS 3aKOHA IBUKEHUS U
KMHEMATUYECKUX MapaMETPOB XapPAKTEPHBIX TOUEK BBIXOJHBIX 3BEHHEB MEXAHU3-
Ma. MeTo1 TUIaHOB MO3BOJISET HAWTH KMHEMAaTHUECKHE TTapaMeTphl JIIOOBIX TOYEK,
MIPUHAJJICIKAIMX 3BEHbSIM MEXaHU3MA.

3.1. NMNAH NONOXEHUA MEXAHU3MA

B OonpmimHCTBE CiIy4dacB ABMKCHHE TUIOCKUX PHIYQKHBIX MEXaHH3MOB HO-
CUT TIEPUOJUYHBIN XapakTep, T.e€. MO0 HCTCUCHUH ONPEISICHHOTO MPOMEKYTKa
BPEMEHH BCE€ TMPOIECCHI, UMEIOIINE MECTO B MEXaHH3Me, MoBTopstoTcs. CrenoBa-
TEIbHO, KWHEMATHUYECKUN aHAJIU3 TUIOCKUX PHIYKHBIX MEXAHW3MOB BBIOITHSIOT
JUIsl OTHOTO TIepuojia UX paboThl, T. €. 32 OAUH 000POT BEAYIIEro 3BeHa (KPHUBO-
I1Ia).

PemenneM mepBoil 3amaun KMHEMATHYECKOTO aHaM3a rpadoaHauTAde-
CKHM METOJIOM SIBJISICTCS TUTAH MOJIOKEHUN MEXaHU3Ma.

IInan nonoscenuil mexanuzma — 310 rpapuueckoe U300pakeHUue B3aUMHOTO
PacIoJIOKEHHUST 3BEHBEB MEXaHHW3Ma 3a pacCMaTPUBAEMBIN TPOMEKYTOK BPEMEHH,
BBITIOJTHEHHOE B ONPECIICHHOM MaciTabHOM Kodddunuente (puc. 3.1).
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3. KHHEMATUYECKUIA AHATTN3 MIIOCKUX MEXAHU3MOB

3.1. MnaH nonoxeHW MexaHu3ma

0 .

) O 0

A.

1

Puc. 3.1. I1nan monoxeHui KpUBOIIUITHO-TIOJI3yHHOTO MEXaHU3Ma

[TocTpoeHue TIaHOB MOJIOKEHWM HAUYMHAIOT C U300pa)KeHHs 3JIEMEHTOB
CTOMKH, T. €. IAapHUPHO-HENOJABMKHBIX OINOP W HampaisAtomux. [anee mocie-
JIOBATEJIbHO M300pakaroT BEAYIIHME 3BEHbSI B 3aJIAaHHBIX IOJOKEHHSAX U CTPYK-
TYpPHBIE TPYIIbl 3B€HbEB. [10J10KEHU MOABUKHBIX XaPAKTEPHBIX TOYEK OIpe-
JIEJISIFOTCS. C TMOMOIIBI0O METOJIa 3acedyek. Ecnu Beayliee 3B€HO COBEPIIAET PaB-
HOMEPHOE BpalllaTeIbHOE IBUKEHUE, TO TPACKTOPHUEN IBUXKECHUS OJHOU W3 €ro
XapaKTePHBIX TOYEK SBJSETCS OKPYXKHOCTh. JlaHHYIO TpaekTopuio (OKpYK-
HOCTh) JEJIAT Ha paBHbIe yacTu: 12, 24, 36, 48 u 1. 1. Kaxkaoi nosydeHHON TOUKE
MIPUCBANUBAETCS] COOTBETCTBYIOIINI HOMED. 3a HAYaJIbHOE MOJ0KEHUE MPUHUMAET-
Cs1 OZTHO M3 KpalHUX MOJI0KEHUN BBIXOHOTO 3BeHa (puc. 3.2).

[Ton kpallHUMU TOJIOKECHUSIMU TOAPA3yMEBAKOTCS TAKUE IOJIOXKEHUSI BbI-
XOJIHBIX 3BEHBEB, B KOTOPBIX OCH KpuBolumna 1 u maryHa 2 coBnaaarot. [101006-
HBIC MOJI0KEHUS TOUKU B HalijieM, mpoBeis u3 ToUku O AyTu paanycaMu

R =|4B|-|04

b

b

R, =|4B|+|04

rae |AB

Y KpUBOILINIIA.
[Tonoxenuss TOUKH A, COOTBETCTBYIOIINE KPAWHHUM IOJIOKEHUSM TOUYKH B,

HaiieM, IpoBeas U3 TOYKU O OKPYKHOCTb PaJUyCcoM R, = |OA| (puc. 3.2).J1ns no-

0A| — OTPE3KHU, MPONOPIUHUOHAIBHBIE IEMCTBUTEIBHBIM JIJIMHAM IIaTyHA

b

CTPOEHHUS TUTaHA MOJIOKEHUN MEeXaHU3Ma HEOOXOUMO OT HayalbHOTO MOJIOKEHUS
KPUBOULINIIA B HAIIPABJICHUH €r0 BPALICHUs OTJIOXHUTh TPEOyeMbIi yron ¢,, CooT-

BETCTBYIOIIMI CJICIYIOMIEMY MOJOKEHUIO KpUBOIIHIIA. /{7151 orpeneneHus moIoKEHUs
TOYKH B U3 TOYKU A MPOBOAUTCA Iyra PagnycoM R, = |AB|. CoennHYB BBIBJICHHBIC

TOYKH, ITOJTYyYUM HOBOC ITOJIO’KCHUC 3BCHBCB MCXaHMU3MA.
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3. KWHEMATUYECKUA AHAIN3 NMITOCKUX MEXAHU3MOB
3.1. MnaH nonoxeHW MexaHu3ma

Puc. 3.2. CunTe3 KpallHUX MOJI0KEHUN 3BEHbEB MEXAHU3MOB

[Ipotiecc mocTpoeHus: MOBTOPSIETCS O TMOJHOTO 3aBEPUICHUSI MMOCTPOCHUS
IUTaHa TIOJIOKEHUH, coiepKallero TpedyemMoe YHCIIo MOJI0KEHHUI BEyIIEro 3BeHa.

3.2. METO KWHEMATUYECKUX OUATPAMM

[Tocne mocTpoeHHs TUIAHOB TOJIOXKEHHM TEPEXOASIT K IMOCTPOCHUIO Oua-
epammsl nymu. BeiopaB cucteMmy xkoopausat (puc. 3.3, a), 3agaeMcsi MacITaOHBI-
MU K03 HUIIMEHTAMH OCH ITyTH S, M/MM, U OCH BPEMEHHU ¢, MUH/MM:

H 60

“S:E’ l"lz ﬁ)

-1
rJi€ 7 — YUCJI0 00OPOTOB KPUBOIIINIA, MUH ; |V|, [ — MPOU3BOJILHBIE OTPE3KU, MM.

y
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3. KHHEMATUYECKUIA AHATTN3 MIIOCKUX MEXAHU3MOB

3.2. MeToq KMHEMaTUYECKMX AnarpamMm
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Puc. 3.3. Kunemaruueckue auarpamMmmabl

OnHO M3 KpalfHMX MOJIOKEHUH BBIXOTHOTO 3BEHA IIPUMEM 33 HayaJlbHOE I0-
noxxenue (cM. puc. 3.1). MIsmepus oTpe3ok |BOB1 , OTIPEJICIIUM NIEPEMEILECHHUE BBI-

XOJIHOTO 3B€HA OTHOCUTEIBHO MEPBOrO MOJOKEHUS KpuBowIHIa. OTIOXKHUB Hail-
JEHHBIN OTPE30K, MMOJIYYUM TOYKY JWAarpaMMBbl IIyTH, COOTBETCTBYIOIIYIO IIEPBOMY
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3. KHHEMATUYECKUIA AHATTN3 MIIOCKUX MEXAHU3MOB

3.2. MeToq KMHEMaTUYECKMX AnarpamMm

MOJIOKEHUIO KpuBomuna. [IpoBens aHamoruyHble NEWCTBHS, ONPEACIUM TOYKH
JUarpaMMbl MyTH JUISE BCEX OCTAJIbHBIX MOJIOKEHUH KpuBomuna. CoequHuB Hail-
JIEHHBIE TOYKH TJIaBHON KPUBOM, MOJYyYHUM AMArpaMMmy IyTH, SBISIONLYIOCS (DyHK-
nuen ot BpemeHu S = f (t) (puc. 3.3, a). U3BecTHO, YTO KPUBOUIUI COBEPIIACT

BpalllaTeIbHbIC JBIKEHUS C IMOCTOSHHOM YIJIOBOM CKOPOCTBIO, CIICJOBATEILHO,
MOJKHO YTBEP)KIaTh, YTO 3a OJUHAKOBBIC IIPOMEKYTKH BPEMEHH KPUBOIIIHMII TIEpe-
MEIIAeTCs Ha OJJUHAKOBBIC YIJIOBBIC PACCTOSHUSA. DTO MO3BOJISIET C OChIO BPEMEHHU
COBMECTHUTH OCh YIJIa TIOBOPOTa KPHBOIIUIA (P, & TIOJYYSCHHYIO JUArpaMMmy CUH-
TaTh PyHKIMEH OT 3TOrO MapameTpa S = f ((p)

Jlist perieHust BTOPOM 3a7aud KMHEMaTHYECKOro aHallv3a, UCIONb3ys Tpa-
buyeckoe auddepeHmpoBaHue KPUBOU MyTH, CTPOST OUACPAMMY AHAN02A CKOPO-
cmu. MacmtaOHbIi KO3()PUITMEHT OCH BpEMEHHU CHCTeMbl KoopAauHaT (puc. 3.3, 0)
npupaBHsAEeM K MacITabHOMY KO3(()ULIMEHTY aHaJOTHYHOM OCH AUarpaMMbl MyTH.
Ha mponmomxeHnn ocu BpeMEHHM OTJIOXKHM OTpe30K h;. B pesynpraTe momydum
TOUYKY pi, ABIAIONIYIOCS TOJIOcOM nuddepeHnupoBanus. MacmraOubiii ko3hdu-
IIUEHT OCH aHaJiora CKOPOCTH, M/(C-MM), oipeiesiuM 1o popmyrie

“‘ds = “S :
dt hl "M,

Yepes TOUKH, JIeKaIME HA KPUBOM IyTH U COOTBETCTBYIOIIME KaXJAOMY I10-
JIO’KEHUIO KPUBOILNIIA, ITPOBEAEM KacaTelbHble K JaHHOW KpUBOW. Uepes momtoc
mudepeHnrpoBanus (TOUKY p;) TPOBEIEM JIyUH MapaiebHO KaXI0M KacaTelb-
HOW. ToukM nepeceueHus: OCH aHajora CKOPOCTH C JydyaMHU OTCEKAIOT OTPE3KH,
IPONOPLUOHATIBHBIE 3HAYEHUSIM CKOPOCTH BBIXOJAHOI'O 3BE€HA OTHOCHUTEIBHO KaXK-
JIOTO TOJOXEHHs Kpupowmuma. OTIOKUB HAWJEHHBIE OTPE3KH, NOJYYUM TOYKH
JarpaMMbl aHaJora CKOpPOCTH OTHOCUTENBHO BCEX MOJOKEHHMM KpuBommna. Co-
€IVHUB 3TU OTPE3KHW IUIABHOW KPUBOH, MOJYYUM JHArpamMMy aHajora CKOpOCTH,

ABJIAIONIYIOCS (DYHKIIMEN OT BpEeMEHH % =f (t) (puc. 3.3, 6). Tak kak quarpamma

OyTH — 3TO HE TOJNBKO (PYHKLHSI BPEMEHHU, HO U (PYHKIUS yIjia MOBOPOTa KPUBO-
NI (, TO MOJYYEHHAas IrarpaMMa aHajora CKOpoCTH Takxke siBisieTcs (pyHKuuen

. ds
BpeMeHH 1 (DYHKITUEH yTIIa TOBOPOTa KPUBOIIHUIIA (@, T. €. . =f ((p)

Jlnis perieHus TpeTher 3aaun KMHEMAaTHYEeCKOro aHajlu3a, UCIOJIb3ys Ipa-
¢uueckoe nuddepeHupoBaHre TUarpaMMbl aHAJIOTa CKOPOCTH, CTPOSIT ouazpam-
My aHanoea yckopeuus. MacmtabHbIil KO3 (GUIIMEHT OCH BPEMEHHU CHCTEMBI KO-
opauHar (puc. 3.3, g) npupaBHsieM K MacIITaOHBIM KO3 PUIIUEHTaM aHATOTUYHBIX
ocell MpeANmecTBYOMNX auarpaMM. Ha mpomomkeHun ocl BpEMEHH OTIIOKUM OT-
pe3ok /. B pe3ynbpTaTe moiy4um TOUKY p,, SBISIONIYIOCS MOT0COM TuddepeHim-
poBasus. MaciTabHbIH K0d3DOUIUEHT OCH aHAmoOra ycKopeHus, M/(c>-MMm), pac-
curtaeM 1o popmyre
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3. KHHEMATUYECKUIA AHATTN3 MIIOCKUX MEXAHU3MOB

3.2. MeToq KMHEMaTUYECKMX AnarpamMm

Has

dt

“dzs ) hz 'ut -

a

Uepes ToUKH, JIeKalue Ha KPUBOM aHAJI0Ta CKOPOCTH U COOTBETCTBYIOLIME
KaXXJA0MY IOJIOKEHHUIO KPHBOILIMIA, ITPOBENEM KacaTeJIbHbIE K JTaHHOM KPHUBOM.
Yepes nomoc quddepenurpoBanus (TOUKY p,) MPOBEAEM JIyUH MapajuieNbHO Ka-
KJIOW KacaTtenbHOU. TOUKM nmepeceyeHus OCU YCKOPEHUN € JIydaMu OTCEKaroT OT-
PE3KH, TPONOPIMOHAIIBHBIE 3HAYEHUAM YCKOPEHUS BBIXOJIHOTO 3B€HA JUISl KAaXKI0-
ro NnoJ0KeHus KpuBomuna. OTI0KUB HAWIEHHbBIE OTPE3KH, ITOIYYUM TOUYKHU JThA-
rpaMMbl YCKOPEHHSI OTHOCUTEIBHO BCEX IMOJIOKEHUIN KpuBowmnna. CoOeTUHUB ATU

TOYKH IJIAaBHOM KPUBOMH, MOJIYUYUM JUATPAMMY aHAJIOTAa YCKOPEHUSI, ABJISIOLIYIOCS
2

. d’s
(yHKIMER OT BpeMeHu A f(¢) (puc. 3.3. 6). Tak Kak AUAarpaMma aHaJora cKo-
t

POCTH — 3TO HE TOJBKO (DYHKIHMS BPEMEHH, HO U (DYHKIIMS yIjia TOBOPOTa KPUBO-

mumna ¢, To MOJy4YeHHAs AuarpaMMa aHajora yCKOPeHHs TakKe ABIsSeTcs] QyHKIIN-
2

. . d’s
il BpeMeHHU ¥ (PYHKIIMEH yria IoBOpoTa KPUBOIIMIIA @, T. €. ? =f (q))

PaccMoTpenHbIii MprMep KMHEMAaTHYECKOTO aHainu3a METOJIOM JuarpaMm
OCHOBaH Ha epaguueckom ouppepenyuposanuu. OgHAKO B psijie caydae TpeOyeT-
csi 00eCneunTh 3aKOH JIBMKEHHs BBIXOJHOTO 3BE€HAa MeXaHuW3Mma. B aTom cimyuae
UCIIONIb3YETCSl epaghuyeckoe ummezpuposanue. BpiOpaB cucTeMy KOOpAMHAT U
MacTabHble KO3(PQUIHUEHTH OCEH YCKOPEHUS @ U BPEMEHHU f, MOCTPOUM JHa-
rpammy yckopeHus (puc. 3.3, ) coriacHo 3aJJlaHHOMY 3aKOHY.

JIJist TOCTpOeHUs JuarpaMMbl CKOPOCTH BOCTIONB3yeMCsl TpapUYeCKUM HWH-
TErpUPOBAHUEM, T. €. MPUPAILIEHUE CKOPOCTH 3a MPOMEKYTOK Bpemenu 0—1 mpo-
nopuuoHansHO miomanu ¢urypsr 0011. Ha cepeaune otpeska ocu Bpemenu 0—1
BO3bMEM TOUYKY b, uepe3 KOTOPYIO MapaieIbHO OCH YCKOPEHUW MPOBEAEM Mps-
Mmyto bb. ITpupaBHSIB OTpe30K |bb| K OTPE3KY |1 1| U OTJIOKHUB €r0 B IIEPBOM I10JI0-

YKEHUH, MOJYyYUM TOYKY MCKOMOW AuarpaMMmbl ckopoctu (puc. 3.3, 6). IlpoBens
aHaAJIOTUYHbIE JEMCTBUS, HalJIeM OTPE30K |cc|, 3HA4YE€HUE KOTOPOTO MPONOPLHUO-
HAJILHO MPUPAILEHUIO CKOPOCTH BBIXOJHOTO 3BEHA 3a MPOMEXYTOK BpeMeHu 1-2.
OTNOXUB OTPE30K |22 , PaBHBIIl CyMMe OTPE3KOB |bb| u |cc , IOJTly4YlM TOYKY HC-

KOMOH ArarpaMMbl CKOPOCTH BO BTOPOM TIOJIOKEHHH. [IpoBe/s aHaIOTHYHBIC JTCH-
CTBHUSI, TIOJIYUYUM AUArpamMmy CKopoctu V = f (t) (puc. 3.3, 6). [lo ananoruu mno-

CTPOMM Auarpammy nyta S = f (t) (puc. 3.3, a).
3.3. METOA KWHEMATUYECKKUX NNAHOB

[Limanbl CKOPOCTEN U YCKOPEHUH ABJISIOTCS PELIEHUEM BTOPOU U TPEThEU 3a-
Jla4y KUHEMAaTHYECKOTo aHanu3a. [locTtpoeHne iaHoB CKOPOCTEN U yCKOPEHUN BBI-
HOJIHSIETCS. B COOTBETCTBYIOLIEM MaclITaOHOM KOX((UIMEHTE U OCHOBAHO Ha
rpaUyecKoM pelIeHWH BEKTOPHBIX YpaBHEHUI paclpelesieHus BEIMYUH CKOpO-
CTEH U yCKOPEHNUU MEXKY XapaKTepHbIMU TOYKAMHU MEXaHU3Ma.
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MpuHUMNbI 00pa30BaHMA BEKTOPHLIX YPaBHEHUI

PaccmoTpum nipuHIUI 00pa30BaHKs BEKTOPHBIX YPaBHEHHH, Pa3/Ie/IUB THIIOBbIS
pbIYaKHBIE MEXaHU3MBbI Ha JIBE TPYMIIbI IO IPUHLMITY ABHKEHUSI XapaKTEPHBIX TOUEK.

llepsviii cnyuau oeudscenus (puc. 3.4). JIBe TOYKM NpHHAAIEKAT OJHOMY
3BEHY W yAaJIeHbI APYT OT Apyra Ha HeKoTopoe paccrosiHue. [lomoOHas cutyanus
XapakTepHa Jyis maTyHoB 2 (puc. 3.4, a) u kopombicia 3 (puc. 3.4, 0).

BexTop ckopoctu Touku B, mpuHamnexaimiei maryHam 2 (puc. 3.4, a, 0),
NPECTaBISIET COO0N TeOMETPUIECKYI0 CYMMY BEKTOpPA CKOPOCTH TOYKH A U BEK-
TOpa CKOPOCTU OTHOCHTEIHHOI'O BpAIATEIbHOTO JBWXEHHS TOYKH B BOKpYT yc-
JIOBHO HETOJBUXHON TOUYKHU A, MIPUHAJIEKALIEH 3TOMY *Ke IaTyHy 2:

Vy=V, +V,,.

TpaekTopueil OTHOCUTENBHOIO BPAIaTEILHOIO JBUKEHUS TOYKU B BOKPYT
YCJIOBHO HEMOJBUXHON TOYKU A SBISAETCS OKPYKHOCTb, PaAuyC KOTOPOW PaBEH
JnedcTBUTENbHON JmuHe mmaTtyHa 2 (puc. 3.4, 6, 2). U3 paznena «KunemaTukay
JTUCHUIIINHBI « TeopeTnueckas MEXaHUuKa» U3BECTHO, YTO JIMHUS JECUCTBUSI BEKTO-
pa CKOpPOCTH TOYKH, COBEpINAIONIEH BpalaTeabHbIe JBUXKEHUS, SBJISIETCS Kaca-
TEJIbHOM K €€ TPACKTOPUHM, IIPH I3TOM U3 Kypca AUCHUIUIMHBI «['eoMeTpusi» n3BeCT-
HO, YTO KacaTeJbHasi K OKPY>KHOCTH OJJTHOBPEMEHHO SBJISICTCS MEPIECHIUKYIISIPOM K
ee paauycy. CrieoBatesbHO, TUHUSA JEUCTBUSI BEKTOPA OTHOCUTEIBHONW CKOPOCTH

V., ABISETCS NEPIEHAUKYJIPOM K OCH IIaTyHa 2, a Ha IUIAHE CKOPOCTEH OH Ha-

MPaBJICH K TOYKE b, T. K. TOYKA B CTOUT MEpPBOI B MHAECKCE MPU BEKTOPE I3TON CKO-
pOCTH.

BekTop yckopenust Touku B, npuHaiexaiei maryHam 2 (puc. 3.4, a, 0),
MPECTaBIAeT COO0N TeOMETPUUECKYI0 CYMMY BEKTOpa YCKOPEHUSI TOUKU AU BEK-

TOPOB HOPMAJIBHOTO YCKOPEHHUS d,, ¥ TAHTCHINAILHOTO YCKOPCHHUS d .

- = —-n —~T
aB—aA +aM+a/M,

r7le TeOMETpHUYECKasi cyMMa BEKTOPOB d,, U d;; SIBISETCS BEKTOPOM OTHOCH-
TEIBHOTO YCKOPEHMS d,,, XAPAKTEPU3YIOIIET0 OTHOCHUTEIBHOE BpaIaTEIbHOE

JNBUKEHUE TOYKH B BOKPYTI YCIOBHO HEIOJABW)KHOM TOYKH A, NMpUHAIIEKALIEH
JTHM K€ IIaTyHaMm 2, T. €.

—n -1 >
Apy +dp, =dp,.
(v —n
HpH 9TOM JIMHUA ACHUCTBUS BCKTOPA HOPMAJIBHOI'O YCKOPCHHUSA dp, IIapall-

JenpHa ocu maryHa 2 (puc. 3.4, 6, 2), a BEKTOp HampaBjeH K IEHTPY BpallleHHUs,
T. €. OT TOYKH, CTOSIIEH NEPBOM B UHJACKCE MPU BEKTOPE ITOTO YCKOPEHUS, K TOYU-
K€, CTOSIIEH BTOPOM B 3TOM K€ MHJEKce. JIMHUS IeMCTBUS BEKTOPA TAHT€HIHAb-

HOTO YCKOPCHMSI G°, SBIACTCS MEPHEHANKYISIPOM K ocH maryHa 2 (puc. 3.4, 6, ),

a BEKTOp Ha IUIAHE YCKOPEHUU HANPAaBJICH K TOW TOYKE, KOTOpAasi CTOUT IEPBOM B
WHJIEKCE TIPU BEKTOPE ITOTO YCKOPEHUS.
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L AB/

/4B 4

Puc. 3.4. Cxema neicTBHsI BEKTOPOB OTHOCHTENIBHBIX CKOPOCTEN U YCKOPEHUI
(TIepBbIil BU JTBUKECHHUS)

Touka B npuHAANEXKUT U IATYHY 2, U NOJ3yHY 3, CIE€I0BaTEIbHO, BEKTOPHI
CKOpPOCTHU U YCKOpPEHUs TOUKH B, nmpuHajyiexkaiien nomsyny 3 (puc. 3.4, 0), 1eicTBy-
10T TI0 JIMHUH, NapauIenbHON NpAMoi OB, T. K. MOA3yH 3 MOXKET COBEPIIATH TOJIBKO
BO3BPATHO-IIOCTYNATENbHOE JBW)KEHHE MapajuiebHO npsamoil OB, T.e. 173 51
ay||OB.

s touexk B u C, npuHauiexxammux kopombicay 3 (puc. 3.4, 6), KapTUHA CO-
OTHOLIEHHSI CKOPOCTEW M YCKOPEHUW aHAJIOTWYHA OINKMCAHHOW BBILIE CUTYallWH,
T. €. BEKTOp CKOPOCTH TOYKHM B, mpuHamiexanieil kopomeiciy 3 (puc. 3.4, e),
IPEICTaBIIAECT COOOW F€OMETPUUYECKYIO CYMMY BEKTOpa CKOPOCTH TOYKH C U BEK-
TOpa CKOPOCTH OTHOCUTEJIBHOTO BpalIaTEIbHOIO ABUKEHHUS TOYKU B BOKpYT He-
NOJABM>XKHOU TOUkH C, IpUHAAJIEKAIIEH 3TOMY K€ KOPOMBICTY 4:

—

V,=V.+V,.

TpaekTopueld OTHOCUTENIBHOIO BPAIATEIbHOIO ABUKEHUS TOUYKU B BOKPYT
HEMOABWKHOU TOUKU C ABISETCA OKPYKHOCTb, PaAMyC KOTOPOUl paBEH JECHCTBH-
TeIbHOU IJinHe Kopombicia 3 (puc. 3.4, e). CnenoBaTenbHO, TUHUS JEHCTBUS BEK-
TOpa OTHOCUTENBHOU CKOPOCTH VBC ABJIIETCS IEPIEHANKYIISIPOM K OCH KOPOMBIC-
na 3 (puc. 3.4, e), a HA TJIaHE CKOPOCTEW OH HAIpaBJI€H K TOW TOYKE, KOTOpas CTO-
UT NIEPBOW B MHJIEKCE MPU BEKTOPE ITOW CKOPOCTH.

i
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BekTop yckopenus Touku B, npuHajyiexaieii kopomsicny 3 (puc. 3.4, 0),
IPEACTaBIIAET COOOM T€OMETPUUECKYIO0 CyMMY BEKTOpa yCKOpeHHs TOUKH C U BEK-

TOPOB HOPMAJIBHOTO YCKOPEHHUS @y Y TAHTCHIIHATBHOTO YCKOPEHUS dy -
- _ = —n -1
Ap=0ac +dapc +ap.-

TpaekTopueli OTHOCUTEIBHOIO BPAIaTEIbHOIO JIBUKEHUS TOYKU B BOKpPYT
HENMOABW)XHOU TOUKH C SIBISIETCS OKPY>KHOCTB, PaANyC KOTOPOMl paBeH NEHCTBHU-
TeIbHOU ajinHe Kopombicia 3 (puc. 3.4, e). CnenoBaTenbHO, TUHUS JEUCTBUS BEK-

TOpa HOPMAJIBHOTO YCKOPEHUS dy. MapajulesbHa OcH KopoMmbicna 4 (puc. 3.4, e),

a BEKTOp HAIpaBJI€H K LICHTPY BPAIlCHUS, T. €. OT TOUYKU B, CTOSIIECH NEpBO B UH-
JIEKCE TIPU BEKTOPE ATOr0 YCKOPEHUS, K Touke C, CTOSIIEN BTOPOU B ITOM KE UHIACK-

ce. JInnus nefcTBHS BEKTOPA TAHTCHIIMATBHOTO YCKOPEHUS Gy~ SIBISIETCS TIEPIICHIU-

KYJISIpOM K Ocu KopoMbiciia 3 (puc. 3.4, e), a BEKTOp Ha IUIaHEe YCKOPEHUI HaIlpaBjIeH
K TOM TOYKE, KOTOpasi CTOUT MEPBOM B MHJIEKCE MPU BEKTOPE ITOIO YCKOPEHHUSI.

Bmopoti ciyuaii osusicenus. JIBe TOUKW MPUHAIIEKAT JBYM Pa3HBIM 3BEHbBSIM,
00pa3yronmM KUHEMAaTUYECKYIO MOCTYTATEbHYIO Mapy, U B JaHHBIA MOMEHT COBIa-
JAK0T, T. €. TOUKa A MPUHAUICKUT KpUBOIIUITY 1, a Touka B — nomyHy 2 (puc. 3.5).

BekTop ckopoctu Touku A, npuHaIexamiend 3BeHbsM 1 (puc. 3.5, a—s),
MPEICTaBIAECT COO0I FeOMETPUUYECKYI0O CYMMY BEKTOpa CKOPOCTH TOUYKH AU BEK-
TOpa CKOPOCTH OTHOCHUTEIBHOTO BPAIATENIbHOTO JIBUKEHUS TOUYKU A BOKPYT He-
MOABMKHOM TOUKU O, IPUHATIEKAIIEH CTONKE:

— —

V, =V, +V,,.

TpaekTopueill OTHOCUTENBHOIO BpalIaTEILHOTO JBUXKEHUS TOUYKU A BOKPYT
HEMOJABM)XHOU TOUKU O SIBISETCS OKPYKHOCTb, pauyc KOTOPOH paBeH JIEHCTBU-
TeapbHOU JuinHe Kpupomuna 1 (puc. 3.5, e, 0) unm kynuckl 1 (puc. 3.5, e). Cneno-

BaTEJIbHO, JTUHMS JCHCTBHs BEKTOPA OTHOCUTEIBLHOU CKOPOCTH V,, ABISAECTCS IEp-

NEHUKYJISIPOM K OCH 3B€Ha 1, a Ha IJIJaHEe CKOPOCTEH OH HAIpPaBJIEH K TON TOUKE,
KOTOpasi CTOUT NEPBOM B MHJIEKCE MPHU BEKTOPE ITON CKOPOCTH.

i
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Puc. 3.5. Cxema aeiicTBUSI BEKTOPOB OTHOCUTENBHBIX CKOPOCTEN U YCKOPEHUN
(BTOpOM BUJ IBHXKEHUS)

Bektop yckopeHus: Touku A, npuHaaiiexaiei 3BeHbsM 1 (puc. 3.4, a—s),
MPEICTABIIAECT COOOM reOMETPUUECKYI0 CYMMY BEKTOpa YCKopeHus TOUku O U BEK-

TOPOB HOPMAJIBHOTO YCKOPEHHUS d',, U TAHTCHI[HATBbHOTO YCKOPEHHS d j;

— _ = —-n —~T
CZA‘—af +aA‘i +aA‘[*,
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rJe T€OMETPUYECKAsk CyMMa BEKTOPOB " W d;; SBISETCS BEKTOPOM OTHOCH-
TEJIBHOTO YCKOPEHMs d ,,, XapaKTEPU3YIOIIErO0 OTHOCHUTEJIBHOE BpaIllaTEIbHOE

JBUKEHUE TOYKU A BOKPYT YCJIOBHO HEMOJBMXKHOM TOuku O, NMpUHAJJIeKaIen
ATUM XK€ IIaTyHam 2, T. €.

—n -1 >
A, Ta,; =ay -

JIuHus JeHCTBHS BEKTOpAa HOPMAJbHOTO YCKOPCHMS ¢’ NapalllellbHa OCH

3BeHa 1 (puc. 3.5, 2—e), a BEKTOp HaIpaBieH K LIEHTPY BPAILECHHUS, T. €. OT TOUKH,
CTOSIIIEM TNEPBOM B MHJEKCE MPU BEKTOPE ITOr0 YCKOPEHMS, K TOUYKE, CTOSALIEH
BTOPOM B 3TOM ke MHJAEKce. JIMHUA NelCTBUA BEKTOpa TaHTCHIIMAIBHOTO YCKOpE-

HUSL G° ) SIBIIICTCS IICPICHANKYISIPOM K ocH 3BeHa 1 (puc. 3.5, e—e), a BEKTOp Ha

IJIJAHE YCKOPEHUU HANPABJIEH K TOW TOYKE, KOTOPAsi CTOMT IEPBOU B MHJEKCE IPU
BEKTOPE 3TOr0 YCKOPEHHS.

Bektop ckopoctu Touku B, mpuHaAIexkaiien noiazyHam 2 (puc. 3.5, a-s),
MPEICTaBIIAECT COOON FeOMETPUUYECKYI0O CYMMY BEKTOpa CKOPOCTU TOYKU A U BEK-
TOpa CKOPOCTH IBH)KEHHUS TOYKH B OTHOCHUTEIBHO YCIOBHO HEMOJBUKHOM TOY-
KU A, IpuHajiexaiiei 3seny 1:

—

V,=V,+V,,.

—

IIpu 3TOM NHMHMSA NEUCTBUS BEKTOpa OTHOCUTEIIBHOM CKOpocTH V), mapai-

JelbHa OCH, COOTBETCTBEHHO, KyJuchl 3 (puc. 3.5, o), cunycouna 3 (puc. 3.5, 3)
U TaHreHconna 3 (puc. 3.5, u), a Ha TUIaHE CKOPOCTEH ITOT BEKTOP HAMpPaBJICH K
TOW TOYKE, KOTOpasi CTOUT MIEPBO B MHJIEKCE MPH BEKTOPE 3TON CKOPOCTH.

BekTop yckopeHus TOUKH B, npuHamiexamei noiazysam 2 (puc. 3.5, a—s),
IPECTABISIET COO0N TEOMETPUUIECKYI0 CYMMY BEKTOpPa YCKOPEHUSI TOYKU A, BEK-

Topa KopronucoBa ycKopeHus dy, M BEKTOpa PajualbHOTO YCKOPEHUS G, OTHO-
CUTEJIbHO JBUKEHUS TOUYKU B BOKPYT YCIOBHO HETOJBUKHON TOUKU A:

d,=a,+dy, +dy,.
Hanpasnenue nericrBust Bekropa KopuonucoBa yckopeHUs ég . OIIpENeIIs-
€TCs MOBOPOTOM BEKTOPa OTHOCUTEIBHOU CKOPOCTH 173 , Ha 90° B HampaBiieHUU
NENCTBUA yriaoBou ckopocTH 3BeHa 1 (puc. 3.5, a—e). JIuHUA NEeWCTBUS BEKTOpa

paanaJIbHOI0 YCKOPCHUA Ei; 4 AIBIBICTCS IICPHCHAUKYJIPOM K JIMHUA I[CﬁCTBH)I BCK-

Topa Kopronncos yckopeHus Wiv napasuiesabHa ocu 3BeHa 3 (puc. 3.5, owe—u), a Ha
IUIaHE YCKOPEHUM JaHHBIA BEKTOp OyJeT HalpaBlIeH K TOM TOYKE, KOTOPasl CTOUT
NEPBOI B UHJAEKCE NPU BEKTOPE ITOI'O YCKOPEHUSI.

Touka B mpuHAIJIEKUT U MTOJA3YHaM 2, U 3BeHbsAM 3 (puc. 3.5, a—s). Bextop
CKOPOCTHU TOYKHM B, mpuHaanexaien kynuce 3 (puc. 3.5, a), npeacrasisieT coooin
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TEOMETPUIECKYI0O CYMMY BEKTOpa CKOpocTH TOUku C M BEKTOpa CKOPOCTH OTHO-
CUTEITLHOTO BPAIATEIIFHOTO ABMIKEHUSI TOUKU B BOKPYT YCIOBHO HEIOJBHKHOU
Ttouku C:

—

V,=V.+V,..

—

JIuaus [NEeNCTBHS BEKTOpa OTHOCHUTEIBHOM CKOpPOCTH V. sBIseTcs Iep-
NEHJIUKYJISIPOM K ocH Kyauckl 3 (puc. 3.5, k), a Ha MJIaHe CKOPOCTEHl ITOT BEK-
TOpP HAamIpaBJIEH K TOM TOYKE, KOTOpas CTOUT IEPBOM B MHJAEKCE NMPHU BEKTOPE
ATON CKOPOCTH.

Bekrop yckopenust Touku B, npuHaiexaiiei kynauce 3 (puc. 3.5, a), npea-
CTaBJIsieT cOO0M reOMETPUUYECKYIO CYMMY BeKTOpa ycKopeHust Touku C U BEKTOPOB

HOPMAaJIbHOTO YCKOPEHUS d,- W TAHTCHIIMAIBHOTO YCKOPEHHUS dp. -
- = —n =T
Ap =dc +dpe +ape-

TpaekTopuell OTHOCUTENBHOIO BPalIaTEIbHOIO JIBUXEHUSA TOYKH B BOKPYT
HEMOABWKHOU TOUKU C SBISETCA OKPYKHOCTb, PaANyC KOTOPOUl paBeH AECHCTBH-
TeIbHOU AnuHe Kynuchl 3 (puc. 3.5, k). CrnenoBaTenbHO, TUHUAS AEUCTBUS BEKTOPA
HOPMAJIbHOTO YCKOPEHMS dy. NapaijieinbHa ocu Kynucsl 3 (puc. 3.5, k), a BEKTOp

ATOr0 YCKOPEHMS HaIpaBjeH K UEHTPY BpAIllEHUs, T. €. OT TOUKHU B, crosuieil nep-
BOM B MHJEKCE IIPU BEKTOPE 3TOr0 YCKOPEHUS, K Touke C, CTOSIIEN BTOPOM B 3TOM
’Ke nHueKce. JINHUS 1efCTBUA BEKTOpa TAHTCHIUATBHOTO YCKOPEHHS G, SBISIET-
sl IEPIEHANKYIISIPOM K ocH KyJuchl 3 (puc. 3.5, k), a BEKTOp Ha TUTaHEe YCKOpPEHUN
HaIpaBJIEH K TOW TOYKE, KOTOpask CTOUT MEPBOM B MHAEKCE IPU BEKTOPE 3TOIO yC-
KOPEHHUS.

BekTopbl CKOpPOCTH M YCKOpPEHUs TOYKHM B, mpHHamIexalel cuHycoumy 3
(puc. 3.5, 1) u Tanrencouny 3 (puc. 3.5, m), ASUCTBYIOT MO JIMHUSAM, Mapalieib-
HbIM NpsMbIM BC, T. K. JaHHBbIE 3B€HbS 3 MOTYT COBEpILATH TOJBKO BO3BPATHO-

NOCTYTATeNIbHbIE ABMKEHUS NapauienbHo npsamoil BC, 1.e. V, u ay || BC.

lMnaH ckopocTen

IInan ckxopocmeii — 3TO My4OK BEKTOPOB, BBINOJHEHHBII B ONpEAeIEHHOM
MacimTabHOM KO3 (UIIUEHTE, Tydd KOTOPOTO HU300paKarOT BEKTOPHI JTMHEHHBIX
CKOpPOCTEH XapaKTEepHbIX TOUEK MEXaHU3Ma, a OTPE3KH, COCIUHSIIONINE UX BEPILIU-
HbI, COOTBETCTBYIOT BEKTOPaM OTHOCHUTEIbHBIX CKOPOCTEH.

Macmtabublii K03Q(UIHMEHT TUIaHa CKOPOCTeH, M/(C:MM), pPacCUMTHIBAETCS
o ¢hopmyiie

VAO
| pa

Wy =

9
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rae | pa | — MIPOU3BOJIBHBIA OTPE30K, MM.

N3 onpenenenus miaHa CKOPOCTEN BBITEKAIOT €T0 CEOUCMEA:

1) Bce BEKTOpPHI, COCTABIISIIONINE TIJIaH, SIBJISFOTCS BEKTOPAMHU CKOPOCTEH Xa-
PAKTEPHBIX TOUEK MEXAHU3MA;

2) Bce BEKTOPBbl CKOPOCTEH, BBIXOJSIIME W3 MOJI0ca IUaHa (TOYKU p),
ABJISIFOTCSI BEKTOPAMU JINHEMHBIX CKOPOCTEN XapaKTEPHBIX TOUEK MEXAHU3MA;

3) Bce BEKTOPBI CKOPOCTEH, HE MPOXOAIINE Yepe3 MOJI0C TulaHa (TOUKY p),
ABJIIFOTCS] BEKTOPAMU OTHOCHUTEJIBHBIX CKOPOCTEW XapaKTEPHBIX TOYEK MEXAHNU3MA,

4) CKOPOCTH XapaKTEPHBIX TOYEK MEXaHU3Ma, PABHbIE HYIIIO, H300paaroTcs
TOYEUYHBIMM BEKTOPAMH, COBIAJAOMIMMU C MOJIOCOM IUIaHA CKOpPOCTEH
(TOUKOIii p).

[Tocnie mocTpoeHus MIaHa CKOPOCTEW U OINPEECIICHUSI 3HAYCHUN CKOPOCTEN
BCEX XapPAaKTEPHBIX TOUEK MEXAHU3Ma MEPEXOIAT K ONPEACICHUIO 3HAYEHUN U Ha-
IIPABJICHUHN JIEVCTBUS YTIIOBBIX CKOPOCTEN 3BEHBEB MEXaHU3Ma.

Yenosasa ckopocms — 3T0 OTHOLIEHUE CKOPOCTU OTHOCUTEIBHOTO JIBUKECHUS
COOTBETCTBYIOLIETO 3B€HA MEXAHU3MA K JEHUCTBUTEIIBHOMN JJIMHE 3TOr0 3BEHA.

Harmpasiienue nencTBust yriioBOM CKOPOCTH 3BEHBEB, COBEPILIAOIIUX Bpa-
IATEJIbHBIC WJIM CJIOXHBIE JIBUKCHUS, YKAa3bIBAET BEKTOP OTHOCHUTEIBHOW CKO-
POCTH XapPAKTEPHBIX TOUYEK COOTBETCTBYIOILIErO 3BEHA, NEPEHECEHHBIN C MJIaHa
CKOPOCTEH B OJHOMMEHHYIO TOYKY, NPUHAIEKAIIYIO 3TOMY 3BEHY Ha CXEMe
MexaHusMa. [Ipu 3ToMm paspbeIiBaeTCs CBSI3b pacCMAaTPUBAEMOrO 3BE€HA C IPYTHUMH
3BEHBSIMH, @ K CBOOOJHOW XapaKTEpHOW TOYKE MPUKIATBIBACTCS MIAPHUPHO-
HENOJBW)KHAs omopa. B 3ToM ciayuyae gaHHas TOYKAa CTAHOBUTCS YCIOBHO He-
MOJIBUJKHOW, 4 OJJTHOUMEHHAS! TOYKAa COBMECTHO CO 3BEHOM IIOJI ICHCTBUEM BEK-
TOpa OTHOCHUTEIIBHOM CKOPOCTH NOJY4YaeT BO3MOXHOCTb COBEPIIATH Bpalla-
TEJIBHOE JBUKEHHUE BOKPYT YCJIOBHO HEMOJBUXHOM TOUKHU B HAIPABICHUM JECH-
CTBHUSI ATOTO BeKTOpa. IlollydeHHOE HampaBieHUWE BPAlIATEIBHOIO JIBUXKEHUS
paccMaTpuBaEMOTO 3BEHA SIBJISIETCS HANIPABICHUEM JICHCTBUS YTIIOBOM CKOPOCTH
ATOrO 3BE€HA. YTJIOBAsi CKOPOCTh 3BEHBEB MEXAHU3MOB, COBEPIIAOIINX MTOCTYyNa-
TEJIbHBIE JBUKCHUS, paBHA HYJIIO.

MnaH yckopeHun

IInan yckopenuii — 3TO TMyYOK BEKTOPOB, BBITIOJIHCHHBIA B OMPEACICHHOM
MaciTabHOM KOd(PUIMEeHTe, JIydd KOTOPOTro U300pa)xaroT BEKTOPhI aOCOTIOTHBIX
YCKOPEHHI XapaKTEPHBIX TOUEK MEXaHW3Ma, a OTPE3KH, COCTUHSIONINE UX BEPIIIH-
HbI, COOTBETCTBYIOT BEKTOPaM OTHOCUTEIbHBIX YCKOPEHUM.

MacuitabHblii K09(QQUIMEHT IaHa yCKOPeHHit, M/(c>-MM), BBIMUCISIOT IO

dbopmye

n
aOA

a:
|TCCZ

u

9

rac |TECZ| — HpOHBBOJ’ILHBIﬁ OTPC30K, MM.
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3. KHHEMATUYECKUIA AHATTN3 MIIOCKUX MEXAHU3MOB

3.3. MeTop, KMHeMaTU4eCKNX NNaHOB

N3 onpenenenus miaHa yCKOPEHUHN BBITEKAIOT €0 CE0UCMEA:

1) Bce BEKTOPBI, COCTABISIOIINE TUIAH, SIBISIOTCA BEKTOPaMHU YCKOPEHH Xa-
PAKTEPHBIX TOYEK MEXAHU3MA,

2) Bce BEKTOpPbI YCKOPEHUH, BBIXOJALINE W3 IMOJIIOCA IUIaHA (TOYKH T), SB-
JSIOTCA BEKTOpaMH a0COIOTHBIX YCKOPEHHUM XapaKTepHbIX TOUEK MEXaHU3Ma;

3) BCce BEKTOPBI YCKOPEHUH, HE MPOXOSALIME YePe3 MOIIOC IU1aHa (TOUKY T),
ABJISIIOTCS. BEKTOPAMU OTHOCHUTEJIBHBIX YCKOPEHUN XAPAKTEPHBIX TOYEK MEXaHU3-
Ma;

4) ycKOpeHUs XapaKTepHbIX TOUEK MEXaHNU3Ma, paBHbIE HYJII0, H300paXkaroTcs
TOYEYHBIMHM BEKTOPAaMH, COBIAIAIOIIMMY C ITOJIFOCOM IIJIaHa YCKOPEHUH (TOUKOH TU).

Cneocmeue u3 ceoucmea 4. Ecniyu TaHTeHIMAIbHBIE WIN PAJIAAJIbHBIE YCKO-
pPEHUS XapaKTEpHBIX TOUEK MEXAaHW3Ma PaBHbBI HYJIIO, TO OHU HM300pa)karoTcs TO-
YEYHBIMU BEKTOPAaMH, COBIIAJAIOIIMMU HA IUIAHE YCKOPEHUN C BEPIIMHAMU BEKTO-
poB (HOpMasibHBIX WM KoprosincoBa) yCKOpEHHI 3TUX K€ TOUEK MEXaHU3Ma.

[Tocnie mocTpoeHus miaHa yCKOPEHUN U OINPEIEIICHUsI 3HAUEHU YCKOPEHUM
BCEX XapaKTEPHBIX TOYEK MEXAHU3MA MEPEXOAAT K ONPEACIICHUIO0 3HAYEHUN U Ha-
IIPABJICHUN IEVCTBUSA YIJIOBBIX YCKOPEHUN 3BEHbEB MEXaHU3MA.

Vanoeoe yckopenue — 3T0 OTHOIIEHHE TAHT€HLIUAIBHOTO (KacaTeJIbHOI0) yC-
KOPEHUS 3BEHA MEXaHU3Ma K JEHCTBUTEIBLHOM JNIMHE 3TOTO 3BEHA.

HanpaBnenne neucTBust yriaioBOro yCKOPEHHsI 3BEHBEB, COBEPIIAOLINX
BpalllaTEJIbHbIE WJIM CJIOKHBIE JBUKECHUS, YKA3bIBAET BEKTOP TAHT€HLIHMAIBHOTO
YCKOPEHHSI XapaKTEPHBIX TOYEK COOTBETCTBYIOLLETO 3BEHA, IIEPEHECEHHBIN C
IJJaHA YCKOPEHHU B OJNHOMMEHHYIO TOYKY, IPHUHAJIEKAIIYIO0 3TOMY 3BEHY Ha
cxeMme MexaHu3ma. [lpu 3TOM paspbeiBaeTcsi CBA3b pacCMaTpPpHUBAEMOTO 3BEHA C
IPYTUMU 3BEHBSIMHU, & K CBOOOJIHON XapaKTEepHOUM TOYKE MPUKIAABIBACTCS IIap-
HUPHO-HEIOABUXKHAas onopa. B 3ToM ciydae njaHHas TOYKa CTAaHOBUTCS yCJIIOBHO
HENOJABM)KHOM, a OJHOMMEHHAass TOYKa COBMECTHO CO 3BEHOM IIOJ JACHCTBHEM
BEKTOpA TAHIECHIMAIBHOIO YCKOPEHMS II0Jy4aeT BO3MOXHOCTh COBEpILIATH
BpAIllaTEIbHOE JIBUKEHUE BOKPYT YCIOBHO HEIIOABUKHOW TOYKU B HAIIPABICHUU
JNEUCTBUSA ITOTO BeKTOpa. [loyuyeHHOE HallpaBiIeHNE BPallaTeIbHOTO IBUKECHUS
paccMaTpuBaeMoro 3BEHa SBIISICTCS HAIPABICHUEM JEUCTBUS YITIOBOI'O YCKOpe-
HUsI OTOrO0 3BEHA. YTIJIOBOE YCKOPEHHE 3BEHBEB MEXAHM3MOB, COBEPIIAIOMINX
IIOCTYIIaTEJIbHbIE ABUKCHUS, PABHO HYJIIO.

Teopema nopobus

Mogenu MmIoCKUX PhIYaKHBIX MEXaHHU3MOB MOTYT COJIEP)KaTh XapaKTepHBIC
TOUYKH, SIBJISIOUIMECS LEHTPaMH KHHEMAaTHYeCKUX IMap, KOTOphle 00pa3oBaHbI
3BCHBSIMH, HE HMCIOIIUMU CBSI3EH C AIIEMEHTaMu CTOWKH. OmnpeneneHne CKOpoCcTe
U YCKOpPEHUH TOJO0OHBIX TOYEK OCYIICCTBIBICTCS MO meopeme nooodus, KOTopas
dbopMynupyeTcsi CAenyIonM 00pa3oM: OTPE3KH, COCTUHSIONNE TOUYKA Ha CXEMe
(MIaHe MOJNOXKEHH) MeXaHu3Ma, U OTPE3KH, COEIUHSIONINE OJHOMMEHHbIE TOUKU
Ha TUIAHAX CKOPOCTEW UM YCKOPEHHUI, 00pa3ytoT MoJoOHbIE (PUTYPHI.
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3. KHHEMATUYECKUIA AHATTN3 MIIOCKUX MEXAHU3MOB

3.3. MeTop, KMHeMaTU4eCKNX NNaHOB

Ecnu mopsimok OykB mpu 00x0J/ie IO KOHTYPY B BHIOPAaHHOM HaIpPaBJICHUH
OJINHAKOB, TO MOJIOOHBIE (PUTYPHI K TOMY K€ U CXOJCTBEHHO pacrnoioxeHbl. Ou-
rypa, IoJly4eHHasl Ha TUIaHEe YCKOpPEHUH, OyJeT MOBEpHYyTa OTHOCUTEIBLHO HCXOJ-
HOU (GuUrypbl cxeMbl (IJIaHA MOJOXKEHUN) MeXaHW3Ma Ha HEKOTOPBIM Yroyi B Ha-
IIPaBJICHUH BPAILICHUS BEAYLIErO 3BEHA.

CornacHo (OpMyIHPOBKE TEOPEMBbI TTOJO0MS, XapaKTepHasi TOYKa, SBIISIO-
miasicsl IEHTPOM KMHEMAaTHYeCKOM Mapbl, 00pa30BaHHON 3BEHBSIMU MEXaHU3Ma, HE
VMMEIOIINMU CBSI3EU CO CTOMKOM, JIEKUT HA CXEME MEXaHM3Ma Ha HEKOTOPOM 3BEHE,
CJIE0OBATEILHO, OJHOMMEHHAs TOYKA KAK HA IJIAHE CKOPOCTEM, TaK U HA IJIAHE YC-
KOpPEHHUH pacrnojioKeHa Ha OTpe3Ke, U300pakarolieM 3TO 3BEHO B COCTaBE 00OMX
m1aHoB. COCTaBUB MPOMOPLHUIO, XAPAKTEPUIYIONIY0 OTHOIIEHUE JEUCTBUTEIIBHBIX
JUTMH 3BE€HBEB U OTPE3KOB, COOTBETCTBYIOIIMX ATHUM IapamMeTpaM B COCTaBE Iia-
HOB, HAWJEM JUIMHY OTPE3Ka, OINPEACISIIOIIETO IMOJIOKEHUE PacCMaTpUBAEMOU
TOYKH KAK Ha IUIAaHE CKOPOCTEM, TaK M Ha IUIaHE yCKOpeHui. OTI0KUB JIMHY TO-
JY4EHHOr0 OTPE3Ka HA IUIaHAX CKOPOCTEM M YCKOPEHHUM, YCTAHOBUM IIOJIOKEHUE
UCKOMOM TOYKH. COEMHNUB HAWJICHHBIE TOYKHU C MOJIFOCAMU IUUIAHOB, MOJYYUM OT-
PE3KH, MPOINOPLUUOHAIBHBIE, COOTBETCTBEHHO, BEKTOPaM CKOPOCTH U YCKOPEHHS
paccMaTpuBaEMON XapaKTepHOW TOYKH. lloirydeHHBIE BEKTOPBI CKOPOCTH U yCKO-
peHusi OyayT HaIpaBJEHBI OT IMOJIOCOB IJIAHOB K HAMICHHBIM TOYKaM. 3HAUYCHHE
CKOPOCTH M YCKOPEHHSI PacCMaTPUBAEMOW XapaKTEPHOM TOYKM PACCUMTAEM Kak
MPOU3BEJCHUE JUIMHBI OTpe3Ka C COOTBETCTBYIOUIETO IJIaHA HAa €ro MaclITaOHBIN
KO3 PUITUEHT.

i
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4. AMHAMMKA NMNNOCKUX PbIYMAXKHbIX
MEXAHU3MOB

Junamuxa — 3T0 paznen AUCUMILIUHBI « T€opur MEXaHHW3MOB M MallliH»,
U3YYaIOIUNA METOABI W aJTOPUTMbI aHANIM3a AMHAMHUYECKUX MPOLECCOB, MPOTE-
KalOIMX B MEXaHU3MaX W MalllWHaX, MO ACHCTBUEM MPHIOKEHHBIX K HUM CHJIO-
BbIX (DAKTOPOB B (DYHKI[MU BPEMEHHU.

L]envio maHHOTO pasnesa SBISETCS U3YUYCHHE MPOIIECCOB UM SBICHUH, TPO-
TEKAIOIINX B TEXHUYECKUX CHCTeMaxX IMOJ JCHCTBUEM CHIIOBBIX ()aKTOpPOB B (DyHK-
MM BPEMEHU, a TAKXKE OMNpeleSieHne 3HaYeHUH U 3aKOHOMEPHOCTEH HM3MEHEHUs
JTUHAMUYECKUX TapaMETPOB UCCIIEAYEMOM CUCTEMBI.

JluHamMuyeckre mapaMmeTphl JIF00OM TEXHUYECKOW CHCTEMbl JIESTCS Ha JIBE
TPYIIIIBL:

CUJIOBBIC — CHJIBI U MOMEHTHI T1ap CUIT,

UHEPIMAIbHBIE — MACChl 1 MOMEHTBI HHEPIIMH 3BEHBEB.

JlocTikeHue 1enel TMHaMUKH 0OecTieunBaeTCsl pelIeHueM OJTHOM U3 clie-
TYIOIINX 3a0ay:

npamas 3a0a4a OUHaAMuKy — OTIPEJICIICHUE 3aKOHA JIBMXKCHHS TEXHUYECKOU
CUCTEMBI IPU 33JaHHOM YTPAaBIISIONIEM CHIIOBOM BO3/ICHCTBUY;

obpamuas 3a0a¥ya OUHAMUKU — OTIPEACIICHHE TPEOYEeMOro YIPaBJISIONIETO
CHJIOBOTO BO3/ECUCTBUS, 00ECIEUNBAIOIIETO 33aHHBIN 3aKOH JIBUKEHUS TEXHUYE-
CKOU CHCTEMBI.

4.1. AUHAMUYECKWE NAPAMETPbI
NNOCKUX PbIYAXHbIX MEXAHU3MOB

Pemenue 3agau nMHAMUKH MPEIyCMaTPUBAET aHAIN3 MOJABUKHBIX TEXHUYE-
CKUX cucTeM. YTOOBI 3aCTaBUTh TEXHUYECKYIO CHCTEMY MEepeMeliaThcs ¢ He00Xo-
JUMOM CKOPOCTBIO U B TPEOYEMOM HaIpaBJICHUH, CIEYyET COBEPIIUTh PabOTy Ha
3TOM CUCTEMOM.

Paboma — 3T0 uHTEerpasn CKaJsIpHOTO MPOM3BEIEHHUS BEKTOpa CWIbl F U
BEKTOpPA 3JIEMEHTAPHOTO IPUPALIEHUS IEPEMEIICHHUS TOUKH €€ MTPUIIOKEHUS dS :

A:TF-dS-cos (F,dg),
So

rac So, Sy — KOHCUYHOC M HAYAJIbHOC IICPEMCIHICHHUC TOYKHU IIPUIOKCHUA BHEIIIHEH

—

cuJbl F; (F ,dS ) — OCTPBIM yIOJI MEXIY BEKTOPOM CUJIbI I W BEKTOPOM JJIEMEH-

TAPHOTO MPUPAILICHHUS ITEPEMEIICHUS TOYKHU €€ IPUITOKECHUS ds .

JIrobas pabota, coBepiiiaemasi HaJl TEXHHYECKON CUCTEMOM, 3armacaeTcsi 3Ton
CHUCTEMOM B BHJIC SHEPTUU. DHEPIusl JIFOOON TEXHUUECKON CHUCTEMbI U3MEHSETCS B
3aBUCUMOCTH OT BHJia pabOThI, COBEPIIIAEMOM Ha/l 3TON CHCTEMOM.
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4. AMHAMUKA NMJIOCKUX PbIYAXHbIX MEXAHU3MOB

4.1. InHamnyeckune napaMmeTpbl NAOCKUX PblYaXHbIX MEXaHU3MOB

OHuepausi — 3TO CIOCOOHOCTh TEXHUYECKOM CHCTEMBI COBEPILIATH PadoTYy.

B TexHWYeckHxX cucTeMax pa3MyYaroT JIBa BUIA SHEPIUU: KMHETHYECKYIO £
Y MOTeHIMaNIbHY10 U.

Kunemuueckas snepeuss — 3T0 HaKOIJICHHAsI padoTa, coBepIliaeMasi HaJl TeX-
HUYECKOW CUCTEMOM C LIEJIbI0 COOOIIEHUS 3TOM CUCTEME HEKOTOPOTO YCKOPEHHUSI U
NPUHYKJEHUSI COBEPILIATh ONpPENETICHHbIE BHKEHHUSI C TpeOyeMOM CKOPOCThIO B
HEO0OXOMMOM HaIlpaBJICHUU.

Kunernueckast s3Heprusi TEXHUUYECKOM CUCTEMBI pacCUUTBIBAETCS 10 (popmyiie

p+k 2 r+k 2
Z m. -V Z J. o

14 — 1 Sl _|_ Sl 1
P 2 2 )

i=l1

rae m, — Macca i-ro 3BeHa, KI; V; — CKOpOCTb LIEHTpa Macc i-ro 3BeHa, M/C;

J. — MOMEHT MHEpIHH i-TO 3B€Ha OTHOCHUTEIHHO €ro IEeHTpa Macc, KI-M’;

Sl

: -1
®, — YIJI0Bast CKOPOCTH i-IO 3BE€HA, C ; 7 — YUCJIO 3BEHBEB, COBEPIIAIOIIUX Bpa-

IaTEJIbHOE JNBMXXEHUE; p — KOJIMYECTBO 3BEHBEB, COBEPIIAIONIMX MOCTYNATEb-
HOE JIBUXKEHUE; k — YHCIIO 3BEHbEB, COBEPIIAIONINX CI0KHOE IBUKCHUE.
llomenyuanvhas sHepeuss — ITO HAKOIUIEHHAas paboTa, coBepiiaemasi Ha
TEXHUYECKOU CUCTEMOM C LEBI0 TIEPEMEIIECHUS 3TOU CUCTEMBI WU €€ 3JIEMEHTA B
MOTEHIIUAILHOM I10JI€ U3 TOYKHU C HU3KUM MOTEHI[MAJIOM B TOUKY C 00Jie€ BBICOKUM
MTOTEHIIHAJIOM.
[ToTeHnMaNbHAS YHEPTUS TEXHUISCKOU CUCTEMBI BBIYUCIIIETCS 10 (popmyIie

c Ci'&Piz X ki°85i2
I AR LR

i=1

IJie ¢, — KpyTWIbHAsl )KECTKOCTb i-I'O 3BEHa; O¢, — yIioBas JepopMalys i-ro 3BeHa;

k, — nuHelHas KECTKOCTb i-T0 3BEHA; Os, — JIMHEWHas nedopMmanus i-ro 3BEHA;

@ — YUCJIO 3BEHHEB, MOJIBEPKEHHBIX CKPYYMBAHMIO; § — KOJIMYECTBO 3BEHBEB, HC-
NBITHIBAIOIIMX JTUHEHHYIO 1e(OopMalUIO.

XapakTepuCTUKON TEXHUYECKON CHCTEMbI, MPU3BAHHON UHPOPMUPOBATH 00
U3MEHEHUN €€ SHEPIrHH, BbI3BAHHOM CMEHOW BHAa pabOThI, COBEpIIaeMON HaJ
ATOM CUCTEMOU 33 HEKOTOPBIN IPOMEKYTOK BPEMEHHU, SBJISETCS MOILIHOCTD.

Mownocms — 3T0 IPOU3BOAHASI pAOOTHI IO BPEMEHHU.

CpeoHsas mowHocms — 3TO OTHOLIEHHE COBEPILIEHHOW pabOThl KO BPEMEHU
€€ BBIIOJHEHUS.

DOnemeHTapHas paboTa CHIOBBIX (DaKTOPOB, JEHCTBYIOMINX HA TEXHUYECKYIO
CUCTEMY, ompeaensercs mo Gopmye

dA = i(Fl -dS, - cos (E,dgi)) +i(Mi -d(pl.),

i=1 i=1
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4. AMHAMUKA NMJIOCKUX PbIYAXHbIX MEXAHU3MOB

4.1. InHamnyeckune napaMmeTpbl NAOCKUX PblYaXHbIX MEXaHU3MOB

TOT'JIa MOIITHOCTE DTOM CUCTEMEI

; o
N:%:;(E.Vi.cos (FZ_,VI,))JFZ:(MI_.COZ.),

—

rie ( 17"1 , 171) — OCTpBII Yroj MEKIYy BEKTOPOM CHJIbI F, U BEKTOPOM CKOPOCTHU TOY-

KH €€ IMPHUIIOKCHUA 17, m — 4YHCJIO BHCIIHUX MOMCHTOB, I[eﬁCTBYIOI]_[PIX Ha 3BCHbBA
1

CHCTEMBI; f — KOJIMYECTBO CHJI, IEHCTBYIOIUX HA 3BEHbS CUCTEMBL; V, — CKOPOCTb
IPUJIOKEHUS BHEIIHEN CWIbI; M, — BHEIIHUN MOMEHT, IE€HCTBYIOIIMN Ha I-€ 3BE-
HO;

®, — YII0Basi CKOPOCTh i-T'0 3BEHA.

4.2. KNACCUDPUKALIUA CUNOBBLIX ®AKTOPOB

Bce cunoBsie GakTophl, AEWCTBYIONINE HA 3BEHbS] TEXHUYECKUX CHUCTEM, JIe-
JISITCSL HA TPH TPYIIIBI: BHEIUHUE, BHYTPEHHHUE U TEOPETHUYECKHUE.

Buewmnue cunosvie ¢pakmopsl — 370 CUIbI U MOMEHTHI TIAp CHJI, JE€HCTBYIO-
[[Me Ha TEXHUYECKYIO CUCTEMY (MEXaHU3M) CO CTOPOHBI BHEIIHUX CUCTEM (MeXa-
HU3MOB) U COBEpILAIONINE padOTy HaJ 3TOM CUCTEMOM (MEXAHU3MOM).

K BHEmHUM CUIIOBBIM (haKTOpaM OTHOCSTCS:

osudicyujue cunogvle hakmopsl — 3T0 BHEIIHNUE CHIJIBI 1 MOMEHTHI Iap CHJl,
COBEPIIAIOIINE MOJOKUTEIbHYIO padOTy, T. €. SHEPIUs TEXHUUECKON CUCTEMBI O]
UX JIEHCTBHEM YBEJINYUBACTCS;

cunogvle haxmopvl conpomusieHus — 3T0 BHEIIHUE CUJIbl U MOMEHTHI Iap
CHJI, COBEpIIAIOIINE OTPULIATEIbHYIO palboTy, T. €. SHEPTUS TEXHUUYECKON CUCTEMBbI
NOJ1 UX JICCTBUEM YMEHBIIIAETCS.

B cBoro ouepenp, criioBbie (PaKTOPBI COMPOTUBIICHUS ACTSATCS:

Ha cun08vle (hakmopsl NONE3H020 CONPOMUBIEHUsT — 3TO CHIJIBI U MOMEHTHI
nap CWJI CONPOTHUBJIECHMS, ACHCTBYIOUIME HA 3BEHbS TEXHUYECKOW CHCTEMBI IpU
BBINIOJIHEHUHU 3TOM CUCTEMOM CBOET0O CIYKEOHOTO HA3HAYEHUS;

cunogwvle (hakmopvl mpeHuss — 3TO CUIIbl U MOMEHTBI Nap CHJI CONPOTHUBIICHUS,
BO3HHMKAIOUIME B MECTax CBS3ed W  ONpeAeNsieMble YCIOBUSMH  (PU3UKO-
MEXaHUYECKOI0 B3aUMOJEHCTBUSL padOUYMX MOBEPXHOCTEH 3BEHBEB, OOPA3YIOLIMX
KhHeMaThyeckue napbol. Pabora cuoBbIX (hakTOpOB TPEeHMsI BCETIa OTpULIATeNIbHASL.

Brympennue cunoevie pakmopvl — 3TO CUJIBI 1 MOMEHTHI IIap CHJI, EHCT-
BYIOIIIME MEXIY 3BEHBbSIMU TEXHUYECKOW cucTeMbl. PaboTa BHYTPEHHHUX CHIIOBBIX
(dakTOpoB HE U3MEHsAET 00bEMa IHEPIHH TEXHUUYECKON CUCTEMBbl. B TexHHueckux
cUCTeMax K BHYTPEHHHUM CHUJIOBBIM (DAKTOpaM OTHOCSTCS pEeaKlUU CBsI3el KMHEMa-
TUYECKUX Tap.

Teopemuueckue, WA pacuemHuule, CULOGblEe PAKMOPbl — ITO CUIIbl U MOMEH-
ThI IIap CHJI, KOTOPBIE HE CYLIECTBYIOT B PEAIBHOCTH, a UCIOJB3YIOTCS B pPa3iny-
HBIX BHJIaX aHAJIN3a TEXHUYECKUX CUCTEM C LENbI0 UX YIIPOILEHUS.
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4. AMHAMUKA NMJIOCKUX PbIYAXHbIX MEXAHU3MOB

4.2. Knaccudmkauma cunoBbIx hakTopoB

K teoperrueckum cHIOBBIM (haKTOpaM OTHOCSTCS:

cunogvle Gaxkmopwvl uHepyuu — 3TO TEOPETUUYECKHE CHUJIIBI U MOMEHTHI Iap
CHJI, UCITOJIB3yEMBIC B CHJIOBOM aHAJIH3E C IIEJIBIO €T0 YIPOIICHMUS;

npugedenuvie, WIH 0000ueHHble, CULosble Pakmopvl — 3TO TEOPETUUECKUE
CWJIBI 1 MOMEHTHI Tap CUJI, COBEpIIAOIINE PadoTy M0 000OIIEHHON KOOpaUHATE,
paBHYIO pabOTe COOTBETCTBYIOIIEH PeaIbHOW CUJTBI HJIM MOMEHTA Maphl CHJI HA JK-
BUBAJICHTHOM TIEPEMENICHUH TOYKU WX TPUIIOKCHHUS.

Bo Bcex mepeuncneHHBIX ONPEACNICHUSIX MOJ[ CHJIaMU MTOHUMAIOTCSl PaBHO-
JIEHUCTBYIONTNE COOTBETCTBYIOIIMX paclpele/ieHHbIX Harpy30K, a Mol MOMEHTaMHU
nap CWJI — Maphbl CUJI, SKBUBAJIEHTHBIX IO JICUCTBUIO ATUX HATPY30K.

BHewHue cunosble hakTopsbl

Kaxoe 3BeHO TEXHHYECKOM CHCTEMBI, 00yafass cOOCTBEHHOW Maccol, Ha-
XOJIUTCS MOJ ACHCTBUEM CHIIbI TsDKECTH (Bec). CHIbI TSHKECTH SIBIISIFOTCS CICACT-
BHEM BO3JICHCTBHS HA 3BCHBS TEXHUYCCKOU CUCTEMBI MIPUTSHKCHHUS 3€MJIU M OTHO-
CSITCSI 9TH CHJIBI K BHEIITHUM JBYKYIIIUM CHJIOBBIM (DaKTOPaM.

Cuna tspxecTH (Bec) i-ro 3BeHa, H, paccuuteiBaercs o gpopmylie

G =g-m,

: 2
rZie m, —Macca i-ro 3BeHa, KI'; g — YCKOpEHUE CBOOOHOI0 MaieHMs], M/C”.
Macca i-ro 3BeHa, KT, OIpeaensieTcs CAeAYIOIUM 00pa3om:

3aech [, k. — mmHa 1 KO3 PUIHUEHT yAeIbHON MACCHI I-I'O 3BEHA.

KoaddumuenT ynenpHOM Macchl BRIOMPAETCS U3 CIEIYIONUX HHTEPBAJIOB:
JUISl KpUBOIIUIIOB — 8—12 Kr/M;

Ju1st aTyHoB — 15-20 kr/m;

JUTSI KOPOMBICEI U KyJuc — 25-40 xr/m.

Macca noszyHa, Kr, BRIYUCIISCTCS 110 BHIPAKEHUIO

mnz(O,S...O,7)-mm,

rope m,, m — COOTBCTCTBCHHO, MaCCa II0JI3yHa U MaccCa IIaTyHa, 06p8,3y}OHI€I‘O C

o
3THUM NOJI3YHOM BPallaTeIbHYI0 KHHEMATHUUECKYIO TIapy.

[ToMuUMO CuJI TSIKECTH K BHEIIHUM JBMKYILAM CUJIAM OTHOCSITCSI CUJIBI JaB-
JICHHUS], IEUCTBYIOLIME HA BBIXOJAHBIC 3BEHbSI TEXHUYECKUX CUCTEM, 3HAYCHHUE KO-
TOPBIX 33J1a€TCS AUArpaMMOi JaBjieHus, ABIsIONIecs yHKIMEH OT BpeMEHU WK
yIJla MOBOPOTa BEAYIIETO 3B€HA. BUJ CHII COMPOTUBIEHUS ONPEAEISIETCS YCIOBH-

eM 3a1aun. B OOJBIINHCTBE CJIy4dacB CHJIbI COITPOTUBJICHUA MMPCACTABJICHLI CHJIaMHU
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IMOJICBHOI'O COIIPOTHUBIICHUS, 3HAYCHHUC KOTOPLIX YUYUTBIBACTCA TOJIBKO B ITOJIOKC-
HUAX TCXHUYCCKHUX CHUCTCM, BXOIAIINX B COCTAB pa6oqer0 Xozaa.

BHyTpeHHUe cunoBble ¢hakTopbl

Kak cregyer u3 knaccudukamnuum cuii, B TEXHUYECKUX CUCTEMaX K BHYTpPEH-
HUM CHJIOBBIM (DaKTOpaM OTHOCSTCSI PEakIMM CBsI3eM KMHemaThueckux map. Pac-
CMOTPUM PEAKIMH CBSI3CH KMHEMATHYECKUX Tap, 0Opa30BaHHBIX 3BEHBSIMHU ILIO-
CKHX PBIYaKHBIX MEXaHU3MOB 0e3 yuera TpeHus (puc. 4.1).

Ilocmynamenvhas Kunemamuyeckas napa.

Bapuanm 1. 3Benns 1 u 2 sBnsaroTcs noaBuxHbIME (puc. 4.1, a). Cs3u, Ha-
JIO’KEHHBIE 3BEHOM | Ha OTHOCUTEIBHOE JABUKEHHUE 3B€HA 2, 3allpPElIatoT MOoCTyna-
TEIbHOE JBM)XKEHHE ATOr0 3B€Ha BIOJIb OCU Y UM OTHOCHUTENIbHOE BpallaTelbHOE
JBIDKEHUE BOKPYT ocu X. VICroap3ysi MPUHIUIT «UCKIIOUEHUS CBS3EH», 3aMEHsIEM

CBA3U COOTBETCTBYIOUIMMU peakuusaMu. B pesynbrare moiydaem peakuuro R, u

—

MOMEHT napsl cun M,, (puc. 4.1, 0). Bextop peakuuu R, IPUIOKEH K TOUKE A,
a JIMHWS €ro JEWCTBHS COBMANAET ¢ HOPMAJIBIO K KOHTAaKTHPYIOIIUM MOBEPXHO-
CTSIM 3BEHbEB, O0PA3YIOIIUX JAHHYIO KHHEMaThuyecKyto napy. [Ipu aTom 3HaueHue
Y HallpaBJIeHHUE JEHCTBUS peakluu ﬁlz Y MOMEHTA Tapsl CWl M |, HEN3BECTHBI.

Bapuanm 2. 3BeHo 1 HemoJIBW)XHOE, a 3BEHO 2 SIBISETCS MOJBUXKHBIM
(puc. 4.1, 8). CBs31, HaJTO)KEHHBIC 3B€HOM | Ha OTHOCUTEIBHOE JBMKEHHUE 3BEHA 2,
3ampellanT MOCTyNaTeIbHOE JABMKEHHUE ATOr0 3BE€HAa BAOJb ocu Y. Mcnonb3ys
MPUHIIUAIN «UCKIIOUCHHS CBS3€H», 3aMEHSIEM CBSI3M COOTBETCTBYIOIIMMU peaKis-

Mu. B pe3ynprare nosydaem peakiuio R12 (puc. 4.1, 2). BexTop peakuuu R12 npu-

JIO)KEH K TOYKE A, a JUHUA €ro JACHUCTBUS COBIAJAET C HOPMAJbIO K KOHTAKTH-
PYIOIIMM MOBEPXHOCTSIM 3BEHBEB, 00OPA3YIONIUX JaHHYI0 KHHEMAaTHYECKYIO Mapy.

IIpu 3TOM 3HaYEHHE U HAIIPABICHUE NCUCTBUA PEAKUUN R, HEU3BECTHBI.

Bpawamenvnas kunemamuueckas napa.

3BeHbst | U 2, aBisitoTcst MOABMXKHBIMU (puc. 4.1, 0). CBsA3U, HAJIOXKEHHbIC
3BEHOM | Ha OTHOCHUTENBHOE JIBM)KEHUE 3BEHA 2, 3alpellaroT MOCTYIAaTelbHbIC
JIBWKEHHE BIOJb oced X u Y. Mcnonb3ysl NpUHLINMI «UCKIIFOYEHHS CBSI3E€M», 3aMe-
HACM CBS3M COOTBETCTBYIOIIMMH PEAKIHSIMH. B pesynbprare momydaem peak-

1005004) R12 (puc. 4.1, e). Bexktop peakuuu R12 MIPUJIOKEH K TOYKE B, a JIUHUS ero
NEUCTBUA, 3HAYCHUE U HampaBlieHHE HeW3BeCTHBI. C LENbI0 YMEHBIIEHUS YHCIia
HEU3BECTHBIX PACKJIAJIbIBAEM PEAKIIUIO f@lz Ha HOPMaJIbHYIO U TAHTCHIIMAIBHYIO
coctaBisironiue. [Ipu 3ToM IuHUA NEWCTBUS peaklu f?l"z napajuielibHa, a peak-

mmu R, NepreHaAnKyIsSpHa K OCH 3BeHa 2.
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Puc. 4.1. Peakuuu cBs3eil KHHEMaTHUECKUX Map IUVIOCKUX PhIYAXKHBIX MEXaHU3MOB

Buvicwan kunemamuueckas napa.

3BeHbst 1 U 2 ABASAOTCS MOABMXXHBIMU (puc. 4.1, orc). CBs3U, HAIOKEHHbBIC
3BEHOM | Ha OTHOCHTENIBHOE IBH)KEHHE 3BEHA 2, 3alpelaloT IMOCTYIATeIbHOE
JIBW)KEHHE B HampabieHun ocu Y. Mcnonb3ys NPUHIMIT «UCKIIOYEHUS CBSI3EN»,
3aMEHSIEM CBSI3U COOTBETCTBYIOIIMMH peakiusaMu. B pesynbTaTe mojiyyaem peak-

oo R, (puc. 4.1, 3). Bexrop peakuuu R, npuinoxeH K Touke C, a JMHHA €r0
JCUCTBUS COBIALAET C HOPMaJbl0 K KOHTAKTHPYIOIIUM IOBEPXHOCTSAM 3BEHBCB,
00pa3ylonMX JAHHYH KHHEMAaTH4YecKyro mapy. IIpu sToM 3HaYeHHMe M Hampa.ie-

HHE JCUCTBUA peaKUuu R, HEU3BECTHBIL

TeopeTuyeckue cunoBble hakTopbl

[TycTh i-€ 3BEHO TEXHUYECKON CHUCTEMBI COBEPIIACT CIIOXKHOE JBIKCHHE
(puc. 4.2, a). U3BecTHO, 4TO JH000€ 3BEHO COCTOUT M3 MHOXKECTBA TOYEK, COBEP-
IIAIOIINX JBYKEHUS 110 COOCTBEHHOW TPAaeKTOPUU C HEKOTOPHIM YCKOPEHHEM .

Kaxxnas Touka sToro 3BeHa, o0y1ajiasi COOCTBEHHOM MacCOM, HAXOJIUTCS MO IEHCT-

BHEM CHJIbI MHCPLHUU F'é . HOJ’Iy‘-ICHHaH CUCTCMa CHUJI MHCPLUUU ABJIACTCA IJIOCKOM

CHUCTEMOM MPOU3BOJIBLHO PACIONIOKEHHBIX CUJl. C 1eIbI0 YMEHBIIECHUS YUCIIa HEU3-
BECTHBIX BCE CHJIBI MHEPIIMH, BXOASIINE B IJIOCKYIO CUCTEMY CHJI, 3aMEHSIEM TJI1aB-

HBIM BEKTOPOM CHJI MHEpUUU [}, KOTOPBII MPUIOKEH K LEHTPY Macc i-ro 3BEHA

B TOUKE S, U K IIape CUJI HHEPLHH ¢ MOMEHTOM M, (puc. 4.2, a).
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Puc. 4.2. Teopernueckue cumoBbie PakTOpPHI i-TO 3BEHA

Cuny unepiuu, H, Haxoaum o ¢popmyiie
F,=m -a,

. . 2
rJe m, —Macca i-ro 3B€Ha, KI; a,;, — yCKOPEHHUEe [IEHTpa Macc i-ro 3BeHa, M/c”.

I[H?I OIpCACICHWA JIMHUN 1 HAIIPABJIICHUA I[GIZCTBH)I TJIaBHOI'O BCKTOpaA CUJIbI
HHCPIHUH BOCIIOJIB3YCMCA YPAaBHCHHUCM

3Hak «—» B (hopMyJie O3HAYAET, YTO BEKTOP CHJIBI MHEPIIUH JICKUT Ha JTUHUU
JICUCTBUSI YCKOPEHHUSI LIEHTPA MAacC I-r0 3B€HA M HAIPABJIEH 3TOT BEKTOP MPOTHUBO-
MOJIO’KHO HAIPaBJICHUIO JACHCTBHS BEKTOpa yCKOpEeHUd LieHTpa Macc (puc. 4.2, 0).
[Ipu 5TOM BEKTOpP YCKOPEHHUS LIEHTPA MACC i-I'0 3B€HA ONPENECIAETCS C MOMOIIBIO
TEOPEMBI 0100 HA TJIAaHE YCKOPECHUIA.
MowmenT napsl cuit uaepiuu, H-Mm, BerauciseM mo ¢popmyiie
M, =-J, ¢,

(2 St

. 2

rae J,, — MOMEHT MHEPLHH [-T'0 3B€HA OTHOCHUTEIBHO €ro LIEHTpa Macc, KIr-M”;
. -2
€, — YTII0BOE YCKOPEHUE I-I'0 3BEHA, C .

3HaK «—» B QopMyJie 03HAYAET, UTO HANPABICHUE NEHCTBUS MOMEHTA Maphbl
CHJI MHEPIIMH i-TO 3BE€HA MPOTHUBOIOJIIOKHO HAMPABJICHHUIO IEHCTBHUS YTIIOBOTO YC-
KOPEHHUsI 3TOT0 K€ 3BeHa (puc. 4.2, 0).

Teopemqecxue cunosble (t)aKTOpr 4N YaCTHbIX Clly4yaeB ABUXEeHUA

36eno osudxcemcs nocmynamenbHo ¢ HEKOTOPBIM YCKOPEHHUEM.
Cnyyau 1. 3BeHO 2 JBHWXETCS IMOCTYNATEIbHO MO IMOJBUXHOMY 3BEHY |
(puc. 4.3, a). LlenTp Macc 3BeHa 2 sBIISETCS MOABMXHBIM, CJIEIOBATEIHHO, Ha 3Be-

i
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—

HO JIEUCTBYET BEKTOP CWJIBI MHEPLUMU F},, HAIIPABICHHBIA IPOTUBOIIOIOXKHO BEK-
TOpPY YCKOPEHHs LIEHTPa MacC, U MOMEHT IIapbl CUJI MHepuuu M, , NeHCTBYIOIINN

IPOTHUBOIIOJIOKHO HAMPABICHUIO YIJIIOBOIO YCKOPEHUS 3TOrO 3BEHA.
Crayuaii 2. 3BeHO 2 OBWKETCS MOCTYIATENIBHO IO HEMOABUKHOMY 3BEHY |
(puc. 4.3, 6). llenTp Macc 3BeHa 2 SBJISICTCS MOJABUKHBIM, CII€JIOBATENIbHO, HAa 3BE-

HO JIEHCTBYET BEKTOP CWJIBI MHEPLUMU F},, HAIIPABICHHBIA IPOTUBOIIOIOXKHO BEK-
TOPY YCKOPDEHHS LIEHTpa MAacC, a MOMEHT IIapbl CUI1 MHepuuu M., paBeH HYIIO,

T. K. yIJIOBO€ YCKOPEHHE ATOT0 3B€HA PaBHO HYJIO, T. €. £, =0=>M ,=0.

EisZ A Ac_is2 Fv B o (03 = const M A 0)1 = const
M 2 u3 u3 B u A
» N 42 7 M 3
IR s :
2 ) T3S e 3OS, 2
9 c =¢ Fo o C sz C d,
T 2 1
~1 SN N SN N
a o 8 2 0 e

Puc. 4.3. TeOpeTI/I‘IeCKI/Ie CHJIOBBIC (l)aKTOpBI AJIs1 YaCTHBIX CIIYHacB ABUKCHUSA 3BCHBCB

36eno coeepuiaem epawyamenbHoe 08UNCEHUE.

Cnyyau 1. 3BeHO 3 coBepumiaeT BpamaTelbHOE ABHKEHUE C HEKOTOPBIM YC-
KOpEHHEM, a LEHTP Macc 3TOro 3BeHa HE COBIAJAET C OChIO BpaIlEHUS
(puc. 4.3, 8). LlenTp Macc 3BeHa 3 sBIAETCS MOABMXHBIM, CIIEIOBATEIHHO, Ha 3Be-

HO JIEUCTBYET BEKTOP CWJIBI MHEPLUMU F},, HAIIPABICHHBIA IIPOTUBOIIOIOKHO BEK-
TOPY YCKOPEHHS LIEHTpa MaccC, U MOMEHT Iapbl CUJI MHepuuu M ,, NeNCTBYIOIINN

IPOTHUBOIIOJIOKHO HAMPABICHUIO YTIIOBOIO YCKOPEHUS 3TOrO 3BEHA.

Cayuaii 2. 3BeHO 3 coBeplIaeT paBHOMEPHOE BpalllaTeNbHOE IBHKEHHE, a
LEHTpP Macc 3TOr0 3B€Ha HE COBMAAAET C OChIO BpaileHus (puc. 4.3, 2). Llentp macc
3BeHA 3 ABJISIETCS MOABUKHBIM, CJIEIOBATEIbHO, HA 3BEHO JIEUCTBYET BEKTOP CHUJIbI

—

UHEpUMU F},, HalpaBJICHHBIH TPOTHBOIIOJIOKHO BEKTOPY YCKOPEHHUS LIEHTPa Macc,
a MOMEHT Iapbl CHJI MHEpIMU M, paBeH HyIIO, T. K. yIJIIOBOE YCKOPEHHE JTOTO
3BCHA PAaBHO HYNIO, T. €. £, =0=>M ., =0.

Cayuaii 3. 3B€HO 2 coBeplIaeT BpallaTeIbHOE JBUKEHUE C HEKOTOPBIM yC-
KOPEHHEM, a IIEHTP MacC 3TOTO0 3B€Ha COBMAJaeT ¢ OChIO BparieHus (puc. 4.3, 0).
[{enTp Macc 3BeHa 2 SIBISICTCS HETIOABUKHBIM, CIICIOBATEIHHO, HA 3BEHO JICUCTBY-
€T MOMEHT Napbl CUJI UHEpUUH M, ,, HAlPaBJICHHbIH MPOTUBOIOJIOKHO YIIOBOMY

YCKOPEHUIO 3TOT'0 3BEHA, CUJIa HHEPLUH PaBHA HYIIO, T. K. yCKOPEHUE LIEHTPa Macc
paBHO HyNIO, T. €. a, =0=F ,=0.

Crayuaii 4. 3BeHo 1 coBepliaeT paBHOMEpPHOE BpalllaTeNbHOE IBUKECHHE, a
[IEHTP Macc 3TOTO 3BEHA COBMAJaeT ¢ OChio BpameHus (puc. 4.3, e). Llentp macc
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3B€HA 2 SBJSETCA HEMOABUXKHBIM, CIEA0BATEIbHO, HA 3BEHO HE JIEUCTBYET HU CHJIA
WHEPILUHU, HI MOMEHT Napbl CUJI MHEPIUH, T. K. YCKOPEHUE LIEHTpAa MacC paBHO HY-
mo, T. €. a, =0=F,, =0, 1 MOMEHT Napel CWJI HHEPLIUU PAaBEH HYJIO, T. K. YIJIO-

BO€ YCKOPEHHUE 3TOr0 3B€HA PaBHO HYyJO, T. €. £, =0=> M, =0.

4.3. AMHAMUYECKWUE MOJENN U UX NAPAMETPbI

HccnenoBanne TMHAMUKA TEXHUYECKUX CHUCTEM BBITIONHSIETCS IO MX JUHA-
MUYECKUM MOJIEIISIM.

Junamuueckas mooenb — 3TO MOJAEIb TEXHUYECKON CUCTEMBI, MpeAHa3Ha-
YeHHas JJI UCCIEAOBaHMS €€ MapaMeTpOB B (DYHKIIMH BPEMEHH.

K Meronmam obecriedeHns SKBUBAJICHTHOCTH JUHAMUYECKONW MOJIENIA OTHOCST-
cs:

KUHemoCmamu4eckuti Mmemoo — 3TO METOJI 00eCredeHUsI SKBUBAJICHTHOCTH
JTUHAMUAYECKON MOJIETH 10 OTHOIIECHUIO K COCTOSIHHIO TEXHUYECKOW CHUCTEMBI, OC-
HOBAHHBIN Ha ypaBHEHHUAX CUIOBOIO PAaBHOBECHS;

SHepeemuyeckull Memoo — 3TO METOJ[ 00eCIeueHUs YKBUBAJICHTHOCTH -
HAMUYECKOW MOJIETU 10 OTHOIIECHUIO K COCTOSTHHIO TEXHUYECKOW CHUCTEMBI, OCHO-
BaHHBIN HA YPABHEHUSIX SHEPT€TUUECKOIO0 PABHOBECHS.

B cooTBeTcTBHMM ¢ MeTOmMaMHM OOECTICUCHHsI SKBHUBAJCHTHOCTH IWHAMUYC-
CKOW MOJENW B pasieiie AMHAMHUKA pa3InyaloT JBa BHJAa aHAM3a TEXHUYECKHUX
CUCTEM:

CHJIOBOM aHaJIu3;

TUHAMAYECKUI aHaJIN3.

He3aBucuMo oT Buja aHaIM3a TEXHUYECKON CUCTEMBI €€ JUHAMUYECKUE MO-
JISJTA COCTABIIIOTCS C TIOMOIIIBIO METOAa TIPUBEACHMS, KOTOPBII TO3BOISIET 3a1a9y
0 JIBIDKCHHUH CHCTEMBI 3BEHBEB CBECTH K 0OJiee TPOCTOM 3a7a4e O IBMKEHUN OHO-
ro 3B€Ha U TMOJBMIKHOM TOYKH 3TOrO 3BeHA. J[aHHOE 3BEHO HA3BIBACTCS 36€HOM
npusedenus, a ero TOABWKHAS TOYKA — MouKou npusedenusi. B kadecTBe 3BeHa
pPUBEACHUST PEKOMEHIYETCSl BHIOMpATh BEAyIee 3BEHO, a 3a TOUKY MPUBEICHUS
MPUHUMATh TIOJIBIKHYIO TOUYKA 3TOTO 3BeHa (puc. 4.4).

a

Puc. 4.4. Jlunamuyeckre MOAEIN TEXHUUECKUX CHCTEM
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Junamuueckas mooenv ona cunosozo auvanuza (puc. 4.4, a) cocTaBisieTcs C
VCIIOJIb30BaHUEM KMHETOCTATUYECKOIO METOJA, COINIACHO KOTOPOMY ISl COXpaHe-
HUSI SKBUBAJICHTHOCTHA MOJIEIIN IO OTHOLIEHUIO K COCTOSIHHIO TEXHUYECKOU CHUCTE-
MBI JIOCTATOYHO YUYECTh TOJBKO CHUJIOBBIE NAPAMETPBI, T. €. CUJIbl U MOMEHTHI Map
cui. [Ipu sTOoM Bce cuioBbie (hakTOphI, TEUCTBYIOIME HA TTOJABUYKHBIC 3BEHBS TE€X-
HAYECKOW CHCTEMBI, 3aMEHSIOTCA OJTHOW CHJION, KOTOpas Ha3bIBAETCS ypaBHOBE-
IIMBAIOIIECH CUJION.

Ypasnosewuseaowas cuna Fy — 310 TEOpETHYECKAs CUIIA, IEHCTBYIOIIAs Ha
3BEHO MPUBEJCHUSI C 1IEJIbI0 00ECIIeUEHHUsI 3aJJAHHOTO 3aKOHA JIBUKEHUS.

BekTop ypaBHOBEMIMBAIOIIEH CHJIBI MPUKIIAIBIBAETCA K TOUKE NMPUBEICHUS,
a JINHUS €ro JIEWCTBUA SBIIIETCS MNEPHEHAUKYISAPOM K OCH 3BE€HA NPUBEICHUS, U
BEKTOP 3TOM CWJIbI HAIIPABJIEH IO JIBMKCHUIO 3B€HA npuBencHus. Hanuuue ypas-
HOBEIIIMBAIOIIECH CHJIBI HA 3BEHE NPUBEACHUS CIYKUT IPUYMHOU BO3HUKHOBEHUS
YPaBHOBEIIHMBAOIIETO MOMEHTA MAPbI CUJL:

M,=F,-l,

rac ln — PaCCTOAHUC MCKIY TOYKOU IMPUBCACHUA 1 OCbIO BpAIlICHUS 3BCHA IIPUBC-

JeHus (JUTMHA 3BCHA TIPUBCICHHS ), M.

Vpasnosewusarowuii momenm napvr cun M, — 3T0 MOMEHT TEOPETUYECKOU
napsl CUJI, ISUCTBYIOIIEH Ha 3BEHO MPUBEJCHUS C IEJIbI0 00SCIICUCHHS 3aJaHHOTO
3aKOHA JIBFKCHHS.

Junamuueckas modensv 05 ounamuveckozo ananuza (puc. 4.4, 6) cocTapiis-
€TCSl C HCIIOJB30BAaHUEM JHEPreTHYECKOTO METOJIa, COTJIACHO KOTOPOMY IS CO-
XpaHCHHS PKBUBAJICHTHOCTH MOJICIH IO OTHOIICHUIO K COCTOSHUIO TEXHHUYCCKOU
CHUCTEMBI HEOOXOJIMMO YYECTh CHJIOBBIC M MHEPIHAIbHBIE MMapamMeTpsl. [Ipn sTom
BCE CHJIOBBIEC (haKTOPHI, ICHCTBYIOIINE HA BEIOMBIC 3BEHbS TEXHHUYECKON CHCTEMBI,
3aMEHSIOTCS OJHOW CHJIOM, KOTOPAasi Ha3bIBACTCS IIPUBEACHHOM.

Ilpusedennas cuna — 3TO TEOPETUYECKAs CHIIA, KOTOpas BBIHYKIAeT 3BEHO
MPUBEJCHUST Pa3BUBATh MTHOBEHHYIO MOIIHOCTH, PaBHYIO CYMME MTHOBEHHBIX
MOIITHOCTEH, pa3BUBACMbBIX IIPHBOIMMBIMU CUJIAMMU:

F — _i=1

oy

I

2

n
rae ZNl. — CyMMa MTHOBEHHBIX MOIIIHOCTEW, Pa3BUBAECMbBIX MPUBOJUMBIMHU CH-

i=1
namu, H; V. — ckopoCTh TOUKM NMPUBEACHMS, M/C; 71 — KOJUYECTBO NMPUBOJUMBIX
3BEHbEB TEXHUYECKON CUCTEMBI.

BekTop npuBeaeHHON CUIIBI ITPUKIAABIBACTCS K TOUKE NIPUBEICHUS, HAIIPaB-
JICH IPOTUB JIBMKCHUS 3BEHA IPUBEICHUSA, a JIMHUA €r0 JCHCTBUS SBIISIETCA MEp-
MEHJAUKYJIAPOM K OCH 3BeHa. Hanmuue npuBeneHHON CHIIBI HA 3BEHE NMPUBEICHUSA
CIIY>KUT IIPUUYNHON BOSHUKHOBEHUS NMPUBEICHHOTO MOMEHTA Maphl CUIIL:

M _=F. .l
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IIpusedennwiii MomMeHm napwvl cui — 3T0 MOMEHT TEOPETHUYECKON Maphl CHII,
KOTOPBIM BBIHYX/JIA€T 3B€HO MPUBEACHUS PAa3BUBATh MTHOBEHHYIO MOIIIHOCTh, PaB-
HYIO CyMM€ MTHOBEHHBIX MOIIIHOCTEN, Pa3BUBAEMbIX IPUBOJUMBIMU CUJIAMMU:

>N,

M. =

1 b

.

1

-1
rae o, — yrioBasa CKOpPOCTb 3B€HA IIPUBEIACHUAA, C

CyMMa MTHOBEHHBIX MOIITHOCTEH pa3BUBAEMbIX IMPUBOIUMBIMH CHIIAMH,
paccuuThIBaeTcs 1mo hopmyse

>N = (57, -cos(Fu))+ (M,

i=1 i=1

30€Ch O, — YIJIOBasid CKOPOCTb I-TO 3BCHA, f; m — COOTBCTCTBCHHO, KOJHNYCCTBO

BHEIIIHUX CUJI ¥ BHEIITHUX MOMEHTOB Tap CHJI, ICUCTBYIOIIMUX Ha BEJIOMbIC 3BEHbSI.

Kaxxnoe 3BE€HO TEXHHMYECKOM CHUCTEMBI 00J1aacT MacCoi, ClIeqOBaTENILHO,
JUISL COXPAHEHUS SKBUBAJICHTHOCTU JMHAMMYECKON MOJIEIN MO OTHOIIEHHUIO K CO-
CTOSTHUIO TEXHUYECKON CHCTEMBbI MAcChl MPUBOJUMBIX 3BEHBEB 3aMEHSIOT MPUBE-
JIEHHOM MacCOH.

lIpusedennas macca — 3T0 TeOpETUUYECKAsi Macca, MPUKIaAblBacMas K TOUKE
MPUBEJICHHUS U 00J1a/laroIias KHHETUYECKOW YHEpruei, paBHOM yJIBOCHHON CymMMe
KMHETUYECKUX SHEPTU MPUBOJIUMBIX 3BEHBEB!

S
— i=1

H_T

I

m

b

rac ZE ; — CyMMa KMHCTHYCCKHX BHGPFHﬁ IMPUBOJAUMBIX 3BCHBLCB.
i=1
HpI/IBeI[eHHaH Macca IPUKIAABIBACTCA B TOUYKY IIPUBCACHHA H SABJIICTCA
HpI/I‘II/IHOI\/’I BO3HUKHOBCHUA ITPUBCACHHOI'O MOMCHTA MHCPILIUN:

. 2
J =m_-I".

IIpusedennviii Mmomenm unepyuu — 3TO TEOPETUUYECKUNA MOMEHT HMHEPLUH,
KOTOPBIM JIOJIKHO 00J1a/1aTh 3B€HO MPUBEICHUS, YTOOBI €r0 KWHETHYECKasi IHePTus
OblJ1a paBHA YABOCHHOW CyMMe KMHETHUECKUX SHEPTHM MPUBOJUMBIX 3BEHBEB:

S
J =——

i 2
0\).1-

CyMMa KHHETUYECKUX SHEPTUH MPUBOJUMBIX 3BEHBEB OIMPEACISICTCS IO
dbopmyiie

i
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p+k m VZ r+k JSi.O)iZ
IR ANy EA

i=1

rje m, — Macca i-ro 3B€Ha, KI; V, — CKOpOCTb LIEHTpa Macc i-ro 3B€Ha, M/C;
J; — MOMEHT UHEPLUH i-I0 3B€Ha OTHOCUTEIIBHO OCH, IIPOXOAAIIEH uepe3 ero LeHTp

2 . -1
MacC, KI-M ; O, — yIjloBasgd CKOPOCTb I-I'O 3BC€H4, € , 7 — YHUCIO 3BCHBLCB, COBCP-

HIAIOIINX BpalllaTeIbHOE JBUKECHHUE, p — KOJIMYECTBO 3BEHBEB, COBEPIIAIOIIMX I1O-
CTyMaTeabHOE IBUKEHUE; kK — KOJIMYECTBO 3BEHbEB, COBEPIIAIOIINX CIOKHOE JBUXKE-
HUE.

N3 ananuza nmoay4eHHBIX BBIPAXKEHUM JIJIs1 IPUBEACHHBIX BEJIMUUH CIICTYeT:

1) npuBeneHHas cujla U IPUBEJICHHBI MOMEHT CHJI 3aBUCSIT OT OTHOIICHUS
CKOpPOCTEN MPUBOJMMBIX (BEAOMBIX) 3BEHbEB K CKOPOCTU 3BEHA MpPUBEICHUS (Be-
JyIIETO 3BEHA);

2) npuBeJEHHAs Macca U MPUBEICHHBI MOMEHT UHEPIUU ABISIOTCS (YHK-
UUAMH KBaAPATOB 3TUX K€ OTHOIICHUMH;

3) Bce NMpUBEICHHbBIC BEIUUYUHBI SBISIOTCS (QYHKIUAMU OT BPEMEHH, Clie-
JIOBATENbHO, SIBISIIOTCS W (YHKIUAMHU OT Yrjla MOBOPOTa 3BE€HA MPUBEACHHUS:

F,=f(9),M,=f(9), F,=f(9), M, =f(9), m,=f(9).J, = f(9).
4.4. CANOBOWU AHANMU3 NNOCKUX MEXAHU3MOB

Cunogoii ananuz — 3TO BUJl UCCIEAOBAHUS TEXHHUYECKUX CUCTEM, M3Yyyaro-
M TPOLIECChl, UMEIOIINE MECTO B 3TUX CUCTEMax MO ACHCTBUEM CHUIIOBBIX (pak-
TOPOB, UCXOJI U3 YCIOBUM CTATUKHU.

3ajauamMu CUJIOBOTO aHAJM3a SIBIISIOTCS:

ONPEAEIICHNE 3HAYCHUN U HAIIPABIICHUH JEHUCTBUS YPABHOBEIIUBAIOUIEN CHU-
JIbl U YPABHOBEIIMBAIOIIETO MOMEHTA (CHJIOBOTO YIPABJISIONIETO BO3ICUCTBUA);

ONPEAECTICHNE 3HAYCHUN W HAIIPABICHUM JIEHUCTBUS PEAKIMU CBSI3€M KMHEMA-
THUYECKHX Iap.

MeToabl cunosoro aHanu3a

Cmamuueckuii — 3TO MCTOA CHJIOBOI'O aHa/In3a TCXHHUYCCKHX CHCTCM, 0a3u-
pyfomm”lc;{ Ha YPAaBHCHUAX CTATUYCCKOI'O PABHOBCCUA, UMCIOIIUX CJ'IC,Z[YIOHII/Iﬁ BU/:

-

> F, =0,

'M\

~
Il
—_

M, =0,

4

I

Il
—_

L
rac E — BHCIOIHHUC CHJIbI, IMPUJIOKCHHBIC K MCXAaHU3MY WM €TI0 3BCHBIM,
Mi — BHCIIHHC MOMCHTHI CWJI, IIPUIIOKCHHBIC K MCXAHU3MY HIIN €TI0 3BCHBAM,

f— KOJIMYCCTBO BHCIIHUX CHJI; M — KOJIMYCCTBO BHCIITHUX MOMCHTOB.

i
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CraTnyeckuil METOJ CHJIOBOTO aHAJIM3a MPUMEHSAETCS ISl aHaln3a TEXHU-
YECKHUX CHCTEM, HAXOAIINXCSA B MOKOE WJIA JBUKYIIUXCS C MAJIBIMU CKOPOCTSIMHU,
B Cly4asix, KOrJja HEU3BECTHbI MacChbl U MOMEHTHI MHEPLUHMHU 3BEHHEB CUCTEMBI,
T. €. Ha 3Tanax, IpeJuIeCTBYIOMNX 3CKU3HOMY NMPOCKTUPOBAHUIO.

Kunemocmamuueckuti — 310 METOJl CUJIOBOTO AHAJIM3a MOJIBUYKHBIX TEXHHYE-
CKUX CHCTEM, OCHOBAHHBIN Ha npunyune /larambdepa, KOTOPHIA UMEET CJCIYIOIIYIO
(GhOpMYJTUPOBKY: €CITU K BHEIITHUM CHUJIOBBIM (haKkTOpam, JECHCTBYIONTUM Ha 3BEHbBSI TE€X-
HUYECKON CHUCTEMBI, 100aBUTh CHJIbl U MOMEHTHI Map CHJI MHEPIUH, TO JaHHAsI CHUCTE-
Ma Oy/IeT HaXOUThCS B KBa3UCTATUISCKOM PAaBHOBECHH W CHIJIOBOM aHAIIN3 STOW CHC-
TE€MBI MOKHO BBITIOJIHATH C HCMOJBb30BAHUEM YPABHEHHU KMHETOCTATHYECKOTO PaBHO-
BECHSL:

%A
S

rae F,,, M,. — COOTBETCTBEHHO, CUJIa MHEPLUMHU U MOMEHTBI OT Iapbl CUJI UHEP-

cis
WY, JACUCTBYIOIIMX HAa i-€ 3BEHO TEXHUYECKON CHUCTEMBI; ¢ — KOJMYECTBO CHJI
WHEPLIUH;

k — KOMMYECTBO MOMEHTOB ITap CHUJI HHEPIIUH.

Kunerocratnueckuii MeTOJ] CUJIOBOTO aHaIM3a MPUMEHSETCS IS aHaIU3a
MOJABMKHBIX TEXHUYECKUX CUCTEM MPH U3BECTHBIX MaccaX M MOMEHTAaX WHEPIUU
3BEHBCB.

Kunemocmamuueckuii ¢ yuemom mpenuss — 3TO METOJ CHUJIOBOTO aHau3a
MOABMIKHBIX TEXHUYECKUX CHUCTEM, 0a3upYIOUIUNCS Ha ypaBHEHHUSX PaBHOBECHS,
UMEIOITUX CJICAYIOIINI BU/I:

-

o

S t
Z:;E+ Fni+ZF;pi:

rac F M — CHJa U MOMCHT TPCHHSA COOTBETCTBCHHO; ! — KOJMYECTBO CHII

Tpi 2
TPCHUA, p — YUCJIO MOMCHTOB TPCHUA.

Kunerocratnueckuii MCTOA CHJIOBOI'O aHalIn3a C y4CTOM TPCHHUA IIPHUMCHA-
€TCA IJId aHaJIn3a IIOABUXHBIX TEXHUYECKON CUCTEMBI IIpHU U3BCCTHLBIX pa3Mepax U
XApPaKTCPUCTHKAX MATCPHUATIOB 3JICMCHTOB KHHCMATUYCCKHUX IIAp.

OHPEAEHEHMG Yucna Hen3BeCTHbIX MPU CMNOBOM aHanuse

BI)I60p MCTOJa CHJIOBOI'O aHaJIn3a TEXHUUYECKOM CHUCTEMBI OCYHICCTBIIACTCA
B 3aBUCHMOCTH OT 4HCJIa HCHU3BCCTHBIX M KOJIHMYCCTBA HC3aBHCHMbIX ypaBHeHI/Iﬁ
pPaBHOBCCHAL. I[J'I?I ONpcACICHNA YNCJia HCU3BCCTHBIX HCOGXOI{I/IMO npcaABapUTCIIb-

i
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HO IPOBECTU CTPYKTYPHBIA aHAJIU3 U ONPEIECIUTh KOJIMYECTBO U30BITOUHBIX CBS-
3eil U MecTHBIX moaBmxkHOCTEH. [locne ycTpaneHus: AeeKTOB CTPYKTYPhl TEXHH-
YECKOW CHCTEMBI M YCTAHOBJICHMS KBA3MCTATHYECKOIO PABHOBECHUS BBISBIACTCA
YUCJIO HEHW3BECTHBIX, COJAEpIKAIIEeCs B YpaBHEHUAX paBHoOBecuda. lIpu atom ecim
YUCJIO0 HEU3BECTHBIX NPEBBIIIAET KOJIUYECTBO YPABHEHHMI PABHOBECHS, TO 3a/ada
ABIIAETCS. cmamuyecku Heonpeoeaumou. JIns pacKpbITUSl CTaTUYECKOM HEOoIpese-
JIMMOCTH C LEJIbIO PEHIEHNs ITOCTABICHHON 33/1a4yl K CUCTEME YPAaBHEHUW KMHETO-
CTaTUYECKOT0 PABHOBECHS HEOOXOAUMO 100aBUTh ypaBHEHUS Ae(popMalii 3BEHb-
€B.

CyMMapHO€E 4MCII0 HEU3BECTHBIX, COAEPKAILIUXCS B TEXHUUYECKON CHCTEME,
paccumThIBaeTCs 1Mo hopmyse

H-1

n =W, +> (H~-i)p,

i=l1

rae W, — OCHOBHas NOJABMXKHOCTB; /1 — YHUCIIO NOABHYKHOCTEH 3BEHBEB (B IIPO-
cTpaHcTBe /1 = 6, Ha TuIOCKOCTU /{ = 3); p, — YNCIIO KHHEMAaTUYECKUX I1ap.

KuHeTocTaTuyeckuin aHanus CTPYKTYPHbIX rpynn BTOPOro Knacca

Jlano: ctpyktypHas rpynna 2-eo kaiacca 1-eo suoa (puc. 4.6, a). Ctpykryp-
Has rpynna BCD umeet cTpykTypHyto ¢popmyiny BBB u coctouT u3 nByx 3BeHbEB
(2 1 3) u 1Byx moBOAKOB (3BeHbs 1 1 4). Ha 3BeHBSI CTPYKTYpHOU T'PYIIBI JEHCT-
BYIOT CWIIbl F,, F, 1 MOMEHTHI map cuit M, u M, .

Pewenue. Toukn B n D ABASIOTCA NEHTPAMU BpallaTEIbHBIX KHHEMATHYE-
CKHX Iap, CIEA0BATENBHO, HCIIOIb3YS MPUHIUI «UCKIIOUYEHUS CBI3E», 3aMEHSIEM
CBSI3HM, HAJIO)KCHHBIC MOBOAKAMH | UM 4 Ha JBMIKCHMS 3BEHBEB 2 U 3, COOTBETCT-

BYIOIIMMHU peakiusamu. [lomydyaem peakuun Rlz 151 R43 (puc. 4.6, 6), 175 KOTOPBIX

HN3BCCTHBI TOJIBKO TOYKH HX IIPHIIOKCHUA. C OCJIBIO Pa3pCHICHUA MOCTaBJICHHOM
3aJa491 pPa3JIOKHNM KAXKAYIO pCaKIINIO HAa COCTABJIATOIINC:

D _ pn Dt
R21 - R21 + R21’

D _ pn DT
R43 - R43 + R43'

B pesynbTaTe npoaenaHHbIX MEpONpUATHI CTpyKTypHas rpynmna BCD Ha-
XOJIUTCSI B PABHOBECHU.

i
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Puc. 4.6. Kunerocrarnueckuii aHaJiu3 CTpYKTYpHOM Tpymnibl 2-To Kiacca 1-ro Buaa

3anuiieM ypaBHEHHE paBHOBECUsI CTPYKTypHOU rpymmsl BCD (puc. 4.6, 0):
R +R,+F,+F+R,+R},=0.

HonyquHoe YPAaBHCHHUEC COACPKUT YCTBIPEC HCU3BCCTHLIX, CICAOBATCIIBHO,
paccMaTpuBacMasd CUCTEMA TPUIKAbI CTATUYCCKH HCOIIPCACINMA. C LCJIbIO CKPbI-

TSI CTaTHYECKON HEONpPEeAEIMMOCTH HalJeM 3HaueHus peakuuit R;, u R,,. Jns
ATOTO PACCMOTPUM KaxKJ10€ U3 3BeHbEB 2 U 3 0€3 ydera IpyT Jipyra.

36en0 2 HAXOIUTCA MOJ JIEHCTBUEM CHIIBI 172 , peakuii fz;l , R;l 1 MOMEHTA
napsl cun M,. Hanpasnenue neicTBus BEKTOPOB ]_égl, fe;l HEU3BECTHO, CJICI0OBA-
TEJIbHO, MPU COCTABICHUU YPABHEHHUS MOMEHTOB 33Ja€MCsl INPOU3BOJIbHBIM Ha-
MPABJICHUEM JICMCTBUS BEKTOPOB ATHUX CWJ. ECiuM mocie onpeaesieHus 3HaYEeHUH
JIAHHBIX PEAKIUN MOJTYYUM OTPULIATEIbHBIN PE3yJIbTaT, TO HCTUHHOE HAIPaBJICHUE
JIEUCTBUSA BEKTOPOB ITPOTUBOIIOJIOKHO TPUHATOMY.

3anuiieM ypaBHEHUE MOMEHTOB BCEX CHJI OTHOCUTEIBLHO TOUKH C:

Y M(F).=0, M.(F)+M.(R)+M,=0.

ITpu sToM M . (R;l) =0, T. K. JIUHUS ACHCTBHUS BEKTOPA R), MPOXOIUT Yepes

TouKy C.
MowmeHT peakiuu R;, OTHOCUTENBHO Touku C

T\ _ pTo,
MC(R21)_R21 ZBC’
TOrJa YPAaBHCHHUC MOMCHTOB IIPUHUMACT BUI

M (F)+R;, - lye + M, =0,
OTKyI[a UMEEM

i
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M (F,)+M,

T — —
R21_

lBC

3HAK HCKOMOI PEaKIui R, ONpeaenseTcs 3HAKOM MPaBO YaCTH MOCIIEIHE-
21
r'0 BBIPaKEHHUS.
36eno 3 HaXOOUTCS 1O AeUCTBUEM cuibl F,, peakuuii R.,, R, v T1apbl CUI
3 43> 43

n

c moMeHTOM M ,. HampaBnenue neiictBus BekTopoB R);, R,, HEHM3BECTHO, CIE0-

BATEJIBHO, NPU COCTABJIECHUHU YPAaBHEHUsS MOMEHTOB 33aJa€MCsl POU3BOJIbBHBIM Ha-
IIPaBJIICHUEM JEUCTBUSI BEKTOPOB ATUX cwi. Eciau mocne ompeneneHus BEIUYUH
ATUX PEAKLUMH MOJYyYUM OTPULATEIIbHBIN PE3yJIbTaT, TO UCTUHHOE HaIPaBJICHUE
JICUCTBHS BEKTOPOB IMPOTUBOIIOI0KHO TPUHATOMY .

3anuiieM ypaBHEHHE MOMEHTOB BCEX CHUJI OTHOCUTENBHO TOUKHU C:

D M(F).=0, M,(F)+R5l,+M,=0,

n - pn
IIpu sToM M (R43) =0, T. K. IMHUA ACUCTBUA BEKTOpa R,; MPOXOIUT Yepe3

Touky C.
MowmeHT peakiuu R;; 0THOCUTENbHO Touku C

CD>»

T \_ pT
MC(R43) _R43 1
TOTr1a ypaBHCHI/IC MOMCHTOB HpI/IHI/IMaCT BU

MN(F;)"'RL Aep + My =0,
OTKYyIa UMCCM
M (F)+M,

T — —
R43—

lCD

3HaK MCKOMOI peakimu R,, ompenenseTcss 3HaKOM MpPaBOH YacTH MOIydeH-

HOTO BBIPAXKEHHS.
B pesynbrare npoBeneHHBIX JEHCTBUI B YPAaBHEHWH PABHOBECHUS HEU3BECT-

HBl TOJBKO peakuuu R), u Rj,, a cTaTHueckas HEONPEAETUMOCTb CHCTEMBI

YMEHBIIWIACH 0 €AUHUIIBL. BeTuurHbl HEM3BECTHBIX PEaKIMi HaWeM, HUCIIONb-
3ys miaH cwi. [locTpoeHue miaHa CHJl MPOU3BOAUTCS B MaciITabHOM Kod(hduim-

eHTE CHJI |, ¥ OCHOBaHO HA IPHHIIMIIE: BEPIINHA MPEIBIAYIIET0 BEKTOPA ABIISACT-
Cs1 HaYaJoM MOCJIeAYIONIEero BekTopa (puc. 4.6, 6).
Jl1st pacueTa 3HaYeHUH peakuil R), u R,, UCIONb3yeM BBIPaKCHUS

n o __ n
Ry = ‘RZI

.”'F’
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n o __ n
Ry = ‘R43

3HaueHMs NOJHBIX peakuuid R, U R,; BbIYUCINM 110 (popMyaam
2 2
Ry = \/(R21) + (R21) )
2 2
Ry = \/(R43) + (R43) :

Jlnst onpenenenust peakiuii B mapHupe C cOeMHUM TOYKU b, d ¢ TOUKOHU ¢

—

Ha 1utaHe cun (puc. 4.6, ). B pesynbrare noiyduM BEKTOPBI peakuuil R,; =R,
3HAUYEHHUSI KOTOPBIX OMPEJEITUM MO BHIPAKEHHUIO

Ry=Ry, = |bC| "Hp = |dC| "Hp-

Jlano: cTpykTypHas rpyima 2-eo kiacca 2-eo euda (puc. 4.7, a). CTpykTypHas
rpynna BCD umeet ctpykTypHyo dopmyiry BBIT u cocrout u3 nByx 3BeHbeB (2 u 3)

U JIBYX MOBOJIKOB (3BeHbs | 1 4). Ha 3BeHbsS CTPYKTYpHOUH T'PYNIBI AEHCTBYIOT
cunsl F,, F, u MmomenTsl ap cuit M, u M,.

Pewenue. Touku B u D ABIAIOTCSA UEHTPAMHU, COOTBETCTBEHHO, BpaIllaTelb-
HOW Y TOCTYNATEIbHOW KMHEMATUYECKHUX I1ap, CIEIOBATEIbHO, UCIOJIb3YS MPUH-
LIUIT «MCKJIFOUCHUS CBs3€i», 3aMEHSIEM CBS3U, HaJIOXKEHHBIEC MoBoAKaMu 1 u 4 Ha
JIBU)KEHUSI 3BE€HBEB 2 M 3, COOTBETCTBYIOUIMMM peakiusamu. llomydaem peak-

1007051 Rlz u R43 (puc. 4.7, 6), I KOTOPBIX U3BECTHBI TOJIBKO WX MPUIIOKECHHS U JIU-
HUS IEUCTBUS pPEaAKIINH RB COBMAJIa€T C HOPMAJIbIO K KOHTAKTUPYIOIIUM TOBEPXHO-
CTSIM 3B€HBEB 3 U 4, 00pa3yrolux NOCTyNaTebHYI0 KuHemMartudyeckyto napy. C ue-
JIbIO PA3pELEHUs TOCTABJIEHHOW 3aJJa4l Pa3JI0kKUM PEAKIIHIO ﬁlz Ha COCTaBJISIOLIUE:

D _ Dn DT
R21 - R21 + R21 .

B pesynbrare mpoaenaHHbIX MEPONPUATHI CTpyKTypHas rpynna BCD Ha-
XOJIUTCSI B PABHOBECHH.

i
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Puc. 4.7. Kunerocratnueckuii aHaJln3 CTPYKTYPHOM TPYyMNIIbI 2-TO Kjacca 2-ro BUaa

3anwuiieM ypaBHEHUE PaBHOBECUS CTPYKTYpHOI rpymmbsl BCD (puc. 4.7, 6):
D Dt I I D _
R, +R,+F, +F, +R,=0.
[TomyyeHHOE ypaBHEHUE COJAEPKUT TPU HEM3BECTHBIX, CIEI0BATEIBHO, pac-
cMaTpuBaeMas CHCTEMa JBAXKIbl CTaTUYECKH Heompenenuma. C LEIbl0 CKPBITUS
CTaTUYECKON HEOoNpe[eNTuMOCTH HalaeM 3HaueHus peakuuu R, . [lig storo pac-

CMOTpHUM 3BeHO 2 0e3 yueTa 3BeHa 3.
36eno 2 HaxOAUTCS NOJ ACUCTBHEM CHIIBL F,, peakuuil R),, R, 1 MOMeHTa

n

napsl cun M,. Hanpasnenue neiicTBust BEKTOpoB R, R, HEU3BECTHO, CIe0Ba-

TEJIBHO, IIPU COCTABJICHUM YPABHEHHMS MOMEHTOB 3aJaeMCs NPOU3BOJIBHBIM Ha-
IIPaBJICHUEM JIEUCTBUSA BEKTOPOB 3THX CWJ. Eciy mocne onpeneneHus 3Ha4eHUun
JAHHBIX PEAKLIUH MOJyYUM OTPULIATEIIbHBIN PE3YJIbTAT, TO UCTUHHOE HAIPABJICHUE
JNEUCTBUA BEKTOPOB IPOTHUBOIMOJIOKHO IPUHATOMY .

3anumeM ypaBHEHUE MOMEHTOB BCEX CHJI OTHOCUTEIBHO TOUKHU C:

Y M(F). =0,  M.(F)+M.(R;)+M,=0.

ny\ _ v Dn
ITpu stom M . (R21) =0, T. K. TMHUAA IEUCTBUA BEKTOpa R), MPOXOAMT Yepes3

TouKy C.
MowmeHT peakiuu R;, oTHOCUTENbHO Touku C

T\ _ pT
M, (RZI) =Ry, - lep,
TOTrJa YPAaBHCHHUC MOMCHTOB IIPUHUMACT BUJ]

M (F)+R;, Iy + M, =0,
OTKyI[a HnMEEM
v [ Mc(E)+ M,

21

ZBC

i
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3HaK UCKOMOU peakuy R, ompenensercs 3HaKOM IIPaBOil 4acTu MOCIIeIHe-

IO BBIPA)KCHHS.
B pe3ynprare npoBeIeHHBIX IEUCTBUI B YPAaBHEHUU PABHOBECHUSI HEU3BECT-

Hbl TOJBKO peakuun R), u R,,, a cTaTHueckas HEONPEAEIUMOCTb CHCTEMBI

YMEHBIIMIIACh 10 €AMHUIBL. BeTUUnHBl HEU3BECTHBIX PEAKIMN HalaeM, UCIOJIb-
3ys 1wiaH cuil. [locTpoeHune mana cuil MPOU3BOJUTCS B MAacIITaOHOM KO3 UIH-

€HTE CUJI |, U OCHOBAaHO HA IPHUHIMIIE: BEPIIMHA IIPEBIIYLIETO BEKTOpA SBIISACT-
Cs1 HauaJoM MOoCJeayomero Bekropa (puc. 4.7, 6).
Jl1st pacueTa 3HaYeHUH peakuid R), n R,, NCIONb3yeM BBIPAKCHUS

Ry, =|R;

21

etk
Ry = ‘R43"HF :
3Ha4yeHHe MOJHOW Peakiu R,, BBIYUCIHM 110 HOpMyIIe
n 2 T 2
Ry = \/(RZI) + (RZI) :
Jlnst onpenienieHns peakiyii B mapaupe C COeIUHUM TOYKH b, d ¢ TOYKOM ¢ Ha

wiaHe cui (puc. 4.7, ). B pe3ynbrare nosrydyum BEKTOpPHI peakuuii R,, = R,, , 3Haue-

HUSl KOTOPBIX HalJIeM aHAJIOTUYHO aHAJM3y MPEIIEeCTBYIOMIEH CTPYKTYpHOU IpyT-
TIBL.

Jlano: cTpykTypHas rpyrmmna 2-eo kiacca 3-eo euda (puc. 4.8, a). CTpykTypHas
rpynna BCD umeet ctpykTypHyo dopmyiny BIIB u cocrout u3 nByx 3BeHbeB (2 1 3)

U IBYX NOBOJKOB (3BeHbs 1 u 4). Ha 3BeHbsI CTPYKTypHOU I'pyNIbl JE€HCTBYIOT
cunsl F,, F, u MoMenTsl apel cut M, u M, .

Pewenue. Toukn B u D ABASIOTCA NEHTPAMU BpallaTEIbHBIX KHHEMATHYE-
CKHX Iap, CIEA0BATENBHO, HCIIOJIb3YS PUHIUI «UCKIIOUECHUS CBI3€», 3aMEHIEM
CBSI3M, HAJIOKECHHBIC MOBOAKaMU |1 M 4 Ha JIBMIKCHMS 3BEHLBEB 2 U 3, COOTBETCT-

BYIOIIMMHU peakuusiMu. [lonydaem peakuun Rlz 151 R43 (puc. 4.8, 6), 15 KOTOPBIX

HN3BCCTHBI TOJIBKO TOYKH HX IIPHIIOKCHHUA. C OCJIbIO pa3pCUICHUA MOCTaBJICHHOMN
3ala49d Pa3JIOKHUM KAKAYIO pCaKIINIO HAa COCTABJIATOIINC!:

D _ Dpn DT
R21 _R21 +R21’

D _ Dpn DT
R43 - R43 + R43'

B pesynbrare nmpoaenaHHbIX MEPONPUATHI CTpyKTypHas rpynna BCD Ha-
XOJIUTCS] B PABHOBECHU.

i
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“F Rgl

b,d

Puc. 4.8. Kunerocratnueckuii aHajin3 CTPyKTYpPHOU IPyIIIbI 2-ro Kiacca 3-ro BUja

3anuieM ypaBHEHUE paBHOBECUS CTPYKTYpHOM rpynmnsl BCD (puc. 4.8, 6):
R}, + R}, + Fy + F, + Riy + R}y = 0.

ITosrydeHHOE ypaBHEHHE COIEPKHT YEThIPE HEU3BECTHBIX, CIEAOBATEIBHO,
paccmarpuBaeMasl cucTeMa TPHXKIbl cTaTUdecku Heomnpeaenuma. C Leablo CKpbI-
THsI CTATUYECKOM HEONpeAeIrMOCTH HaliieM 3HaueHus peakuuil Ry, u R;. s
ATOT0 PACCMOTPHUM KaXJI0€ U3 3BEHbEB 2 U 3 0e3 ydeTa JIpyr Apyra.

n

36eno 2 HaxoaUTCs MOA JAeiicTBueM cuibl F,, peakuuil R),, R), 1 MOMEHTa
n

napel cuil M, . HanpaBieHue neicTBUsS BEKTOpPOB R),, R, HEU3BECTHO, Cle/l0Ba-

TEJIbHO, MPU COCTABIICHUU YPABHEHUSI MOMEHTOB 3aJaeMCsl ITPOM3BOJIBHBIM Ha-
IIPABJICHUEM JIEMCTBUSL BEKTOPOB ATHUX CWII. Eciuy mocie ompeneneHus 3HAYEHUM
JAHHBIX PEAKIUH MMOJTyYUM OTPULIATEIIbHBIN PE3YbTAT, TO UICTUHHOE HAPABICHUE
JEUCTBUSI BEKTOPOB MPOTUBOIOI0KHO TPUHATOMY.

3anuiieM ypaBHEHHE MOMEHTOB BCEX CUJI OTHOCUTENBHO TOUKHU C:

Y M(F). =0, M.(F)+M.(R;)+M,=0.

ITpu sToM M . (R2”1) =0, T. K. IUHKA JEHCTBHUS BEKTOpa R), MPOXOIUT Yepes
TouKy C.

MowmeHT peakiun R;, OTHOCHTENBHO TOuku C
T\ _ prt
M. (RZI) =Ry, 'ZBC >
TOrJia YPaBHEHHE MOMEHTOB IIPUHUMAET BU

M (F)+R;, -1, + M, =0,
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OTKyI[a nMeemM
M (F 2 ) +M,

ZBC

3HaK UCKOMOU peakuy R, ompenensercs 3HaKOM IIPaBOil 4acTu MOCIIeIHe-
'O BBIPKECHHUS.
36eno 3 HaxonuTCs NoJ feiicTBueM cwibl Fy, peakuuil F;, R,, 1 napsl CHJI C

n

MoMeHTOM M, . HanpaBnenue neiictBust BekTopoB R,,, R,, HEN3BECTHO, CIeI0Ba-

TEJIbHO, MPU COCTABJIICHUU YPABHEHUSI MOMEHTOB 3aJaeMCsl ITPOM3BOJIBHBIM Ha-
IIPaBJICHUEM JEUCTBUSI BEKTOPOB ATUX Ccwi. Eciam mocne omnpeneneHus BEIUYUH
ATUX PEAKLUMH IMOJYyYUM OTPULATEIIbHBIM PE3yJIbTaT, TO UCTUHHOE HAIIPaBJICHUE
JIEUCTBUS BEKTOPOB IMPOTHUBOIIOI0KHO TPUHATOMY .

3anuiieM ypaBHEHHE MOMEHTOB BCEX CHUJI OTHOCUTEIBHO TOUKHU C:

D M(F).=0, My(F)+R5;ly,+M,=0.

[Tpu sTom M . (ng) =0, T. K. TUHUSA IeicTBUS BEeKTOpa R,, MPOXOIUT uepes

TouKy C.

MowmeHT peakiuu R;; oTHOCUTENbHO Touku C

MC(RL):RL -l

cD>
TOTrJda YPAaBHCHHUC MOMCHTOB IIPUHUMACT BUJ]
T —
MN(F3)+R43 'lCD +M3 =0,
OTKyJa UMEEM

M (F,)+M,

T — —
R43_

lCD

3HaK UCKOMOI peaknuu R,, ompenensercss 3HaKOM MPaBON YaCTH MOJydeH-

HOTO BBIPAXKEHUS.
B pesynbrare npoBeneHHBIX JEHCTBUM B YPABHEHUN PAaBHOBECHUS HEU3BECT-

Hbl TOJBKO peakuun R), u Rj;, a cTaTHueckas HEONPEAEIUMOCTb CHCTEMBI

YMEHBIIWIACH 0 €AUHUIIBL. BeauurHbl HEM3BECTHBIX PEaKLMi HaleM, HUCIONb-
3y4 miaH cui. [locTpoeHue miaHa cuil MPOU3BOAUTCS B MaciITaOHOM Kod(hduim-

€HTE CHJI |\, U OCHOBAHO Ha MPHHLUIIE: BEpIINHA MPEIbIIYIIEr0 BEKTOpa SBIIET-
Cs1 HauaJoM MOCJIeAYIONIEero BekTopa (puc. 4.6, 8).

i
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Jlns pacueTa 3HaYeHUH peakuil R), U R;; UCIONb3yeM BbIPAKEHUS

n o __ n
R, = ‘Rzl

'“F’

n o __ n
R43 - ‘R43

Hp -

3HaueHMs NOJIHBIX peakuui R, ¥ R,; BbIYKACINM 110 (popMyaam
2 2
Ry = \/(R21) + (R21) )
2 2
Ry = \/(R43) + (R43) '

Jlis onpenenenust peakuui B mapHupe C coeqMHUM TOYKH b, d ¢ TOUKOU ¢
Ha 1utaHe cuna (puc. 4.8, 6). B pesynbrare noiyduM BEKTOPBI peakuuil R, =R, ,

3HAYEHUSI KOTOPBIX HANAEM AaHAJIOTMYHO AHAINU3Y MPEAUIECTBYIOIIUX CTPYKTYp-
HBIX TPYyMII.

lano: ctpykTypHas rpymmna 2-eo kuacca 4-eo euda (puc. 4.9, a). CtpykrypHas
rpynmna BCD umeet ctpykTypHyto hopmyiy [IBIT u coctout u3 n18yx 3BeHbeB (2 u 3)
U JIBYX MOBOJKOB (3BeHbsl 1 U 4). Ha 3BeHbs CTPYKTYpHOU I'pynmbl A€HCTBYIOT
cunel F,, F, ¥ MOMeHTBI map cun M, u M,.

Pewenue. Touku B u D sBIAIOTCS LEHTPaMU IIOCTYIIATENIbHBIX KUHEMaTU4e-
CKUX Tap, CJIEAOBATENIbHO, MCMOJb3YsS MPUHIUI «UCKIIOUEHHUSI CBS3€i», 3aMEHsIEM
CBSI3M, HAJIO’KEHHBIE TIOBOJIKaMU 1 1 4 Ha IBWKEHUS 3BEHBEB 2 U 3, COOTBETCTBYIOIIIH-

—

mu peakuysiMu. lomydaem peakuuu R, u R,; (puc. 4.9, 6), 47151 KOTOPBIX W3BECTHBI

TOUYKU MX NPUIOKEHHS U JIMHUS JEHCTBHS, COBIAAAOIINE C HOPMAISIMUA K KOHTaKTHU-
PYIOIIMM TIOBEPXHOCTSIM 3BEHBEB, OOpa3yIONIMX MOCTyIMATeIbHbIE KHUHEMATUYECKUE
TapBblL.

B pesynbrare npoaenaHHbIX MEpPONpUATHN CTpyKTypHasa rpynna BCD Ha-
XOJIUTCSI B PABHOBECHHU.

R

a 7] 43 8

Puc. 4.9. Kunerocrarnueckuii aHaJlu3 CTPYKTYpPHOM TPyMIIbI 2-T0 Kiacca 4-ro Bujaa
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3anuileM ypaBHEHUE paBHOBECUS CTPYKTYpHOI rpynmsl BCD (puc. 4.9, 6):
R,+F, +F, +R,=0.

[TonydyeHHOE ypaBHEHHE CONEPKUT IBA HEM3BECTHBIX, CIEAOBATEIBHO, pac-
CMaTpUBAaEMasl CUCTEMA CTAaTUUYECKHU OIpeneinMa. BenndnHbl HEN3BECTHBIX PEak-
AW HaWJEeM, UCTIOJIB3Ys TUIaH cuil. IlocTpoeHue miana CUil MpoOu3BOIUTCS B Mac-

ITa0HOM KO3((UIMEHTE CUJI |, U OCHOBAaHO Ha IPUHLUIIE: BEpIINHA MPEAbIAY-

IIEr0 BEKTOpa SBJISETCS HayaJloM MOCIeIyoIIero BekTopa (puc. 4.9, g).
Jlnst pacdera 3HaUEHUM peakiMi R, u R,, UCHONb3yeM BBIPAKEHHUS

R, :|R21| "Hps
R, :‘R43" He.

Jliis onpeaenenust peakuuii B mapaupe C COEAMHUM TOUKHU b, d ¢ TOUKOH ¢ Ha
wiane cui (puc. 4.9, 6). B pe3ynpTare noiry4yuM BEKTOpPHI peakuuil R,, = R,,, 3Hade-
HUS KOTOPBIX HAWJEM aHAJIOTMYHO aHAJIU3Y MPEIIIECTBYIOIINX CTPYKTYPHBIX TPYIIII.

/lano: ctpykrypHas rpynna 2-2o knacca S-eo éuoa (puc. 4.10, a). CtpykrypHas
rpynna BCD umeet cTpykTypHyto ¢opmyiy [1I1B u cocrouT u3 aByx 3BeHbeB (2 1 3)

U JIByX NMOBOJAKOB (3BeHbs 1 W 4). Ha 3BeHBbS CTPYKTYpPHOU IpyMIbl ACHCTBYIOT
cunsl F,, I, ¥ MOMeHTHI ap cun M, u M.

Pewenue. Touku B u D SIBIAKOTCS LIEHTPaMU, COOTBETCTBEHHO, ITOCTYIIATEb-
HOM M BpallaTeIbHOM KMHEMATUYECKUX Map, CIEAOBATEIbHO, UCIIOIb3Ys MTPUHIIAIL
«UCKIIIOUCHHS CBS3€i», 3aMEHSIEM CBSI3H, HAJIOKEHHBIC IMTOBOJIKaMH 1 U 4 Ha JBIMKE-

HM 3BEHBEB 2 U 3, COOTBETCTBYIOIMMH peakuusamu. [lomydaem peakuuun R, u R,
(puc. 4.10, 6), AJIst KOTOPBIX U3BECTHBI TOJIBKO UX MPUIIOKECHUS U JTUHUA JACHCT-
BHS pEaKIUU Elz COBIIAIACT C HOPMAIBIO K KOHTAKTUPYIOIIHUM IOBEPXHOCTAM
3BeHbEB | 1 2, 00pa3yrolux MOCTyNaTelbHYI0 KHHeMaThuyeckyto napy. C 1einbko
pa3penIeHns NOCTAaBICHHON 3a]a4 Pa3IOKUM PEAKLUI0 R43 HA COCTaBJIAIOLINE:

D _ pn DT
Ry=R;+R,;.

B pesynbrarte npoaenaHHbIX MEpPOINPUATHI CTpyKTypHas rpynna BCD Ha-
XOJIUTCSI B PABHOBECHU.

i
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Puc. 4.10. KunetoctaTuueckuil aHajiu3 CTPYKTYPHOU TpyIIIbl 2-r0 Kiiacca 5-ro BUa

VYpaBHeHue paBHOBeCHS CTpYKTypHOM rpynmbl BCD (puc. 4.10, 6) imeeM BHL
D oy I _b‘f _’n _
R, +F, +F, +R,+R;;=0.

[TomyyeHHOE ypaBHEHUE COJEPKUT TPU HEU3BECTHBIE, CIIEIOBATEIBHO, pac-
cMaTpuBaeMas CHCTEMa IBAXK]bl CTaTUYECKH Heompeneanma. C LEIbl0 CKPBITUS
CTaTHUECKON HEONpeAeTMMOCTH HaiiieM 3HaueHus peakuuu R,,. Jlns storo pac-
CMOTpUM 3BeHO 3 06e3 yuera 3BeHa 2.

—

36eno 3 HAXOAUTCA MOJ AeWCTBUEM cuibl [}, peakuuil R,;, R;, 1 MOMEHTa

n

napsl cun M, . Hampasnenue peiictBust peakuuil R;;, R,, HEU3BECTHO, CleI0Ba-

TEJIbHO, IIPU COCTABJICHUM YPAaBHEHUS MOMEHTOB 3a1aeMCs, IPOU3BOJIbHBIM Ha-
IIPaBICHUEM JCHUCTBUA DTUX CWI. EciM mociie onpeneieHus BEIIMYUH 3TUX Peak-
IU{ TOJYyYUM OTPULIATENBHBIN PE3yIbTaT, TO UCTUHHOE HANPABICHUE IEHCTBUS
BEKTOPOB MPOTHUBOIOJI0KHO IPUHATOMY.

3anuiueM ypaBHEHUE MOMEHTOB BCEX CHUJI OTHOCUTEIBHO TOUKHU C:

ZM(F;)C:O, MD(F;)+MC(R2T3)+M3:0‘

n s D
ITpu sToM M . (R43) =0, T. K. TMHUA JEWCTBUSA BEKTOPa R,; TIPOXOIUT Yepes

Touky C.
MowmeHT peakiuu R,, OTHOCUTENIbHO TOUKH C

T\ _ DT
MC(R43)_R43 lep s
TOrAa YpaBHCHUC MOMCHTOB IIPUHUMACT BUA

MC(F3)+ i lep + M =0,
OTKYyJla UMEEM
M. (F)+M,

‘E T —
R43 =

ICD

i
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3HaK UCKOMOM pCaKkunun RZ} OIIPCACIIACTCA 3HAKOM HpaBOfI HaCTHu IMOCJICIHC-

I'O BBIP@KEHUS.
B pesynbrare npoBeneHHBIX JEHCTBUM B YPAaBHEHWN PABHOBECHUS HEU3BECT-

Hbl TOJBKO peakuun R, u Rj;,, a cTaTHueckas HEONPEAETUMOCTb CHCTEMBI

YMEHBIIIWIACH IO €IMHUIIbL. BeIUurnHbl HEU3BECTHBIX PEaKIUi HaWIeM, HCIOJIb-
3y4 miaH cwi. [locTpoeHue miaHa cuil MPOU3BOAUTCS B MacITaOHOM Kod(hduim-

CHTE CWJI |1, U OCHOBAHO HA IPUHLUIIE. BEPUIMHA IPEABIIYIIEr0 BEKTOpa ABJIECT-
Csl HavajoM mocJieayrlIiero Bekropa (puc. 4.10, 6).
Jl1st pacueTa 3HaYeHUH peakuil R,, u R,; UCIONb3yeM BBIPAKCHUS

Ry, :‘RL “Hp,

R, :‘Rlz"“r

3Ha4eHue MONMHOH peakuu R,; BBIYUCIUM IO (popMyJie

Ry = (Re) +(R5)'

Jlist onpenenenust peakuui B mapHupe C coeMHUM TOYKU b, d ¢ TOUKOU ¢

Ha 1uiaHe cun (puc. 4.10, 6). B pesynpraTe noirydum BeKTOphl R,; = R,,, 3Ha4eHHs
KOTOPBIX HalIeM aHAJIOIMYHO aHAIU3Y MPEIIIECTBYIOIUX CTPYKTYPHBIX IPYIIIL

KuHeTocTaTM4yeCKMI aHann3 NepBUYHOrO MeXaHu3ma

B o6mem cinyyae nepBUYHBIA MEXaHU3M COCTOMUT M3 KPHUBOILMWIIA U CTOUKH,
o0pa3yrolux BpalareabHyl0 KHHEMAaTHYECKyI0 napy S5-ro kiacca. [lox nerictBu-
€M CHJIOBBIX (DAKTOPOB MEPBUUYHBIA MEXaHU3M HE HAXOJUTCA B paBHOBecuu. [[ms
TOTO YTOOBI PABHOBECHE UMENO MECTO, HEOOXOJIMMO JTOMOJHUTEIBLHO BBECTH CUITY
WIN Tapy CWI, KOTOPbIE YPaBHOBEIIUBAIN Obl CHCTEMY CHUJIOBBIX (DaKTOPOB, MPHU-
JIO’)KEHHBIX K KpuBommmy. K mogoOHbIM CHIOBBIM (haKTOpaM OTHOCSITCS YPaBHO-
BEIIMBAIOIIAS CUJIA WM YPABHOBEIIMBAOIIMA MOMEHT Maphl CHUII.

Jlano: MEpBUYHBIN MEXaHM3M, COCTOAIIUM W3 KPUBOIIMIA U CTOMKH, 00Opa-
3YIOIIUX BpallaTelibHyl0 KHHEMaTW4eckyro mapy S-ro kiacca (puc. 4.11, a),

HaXOAMTCA IOJ, ACUCTBUEM CHIIbI F|, MOMEHTa naphl cuil M, u peakuuu R, , y4u-

THIBAIOIICH BIUSHUE CHIIOBBIX (DAKTOPOB, MPHUIIOKEHHBIX K BEJIOMBIM 3BEHbBSIM.
Pewenue. Touka O siBRsieTCS LIGHTPOM BpaILIATEIbHON KHHEMATUYECKOW Taphl,

CJIEIOBATENIbHO, MCMOJB3Ys MPUHIMIT «UCKIIOUEHHUS CBS3€i», 3aMEHAEM CBSI3H, Ha-

JIO’)KEHHBIC CTOMKOW (0 Ha MBW)KEHMS KpuBolIuIa 1 COOTBETCTBYIOIIECH peakiuei. B

pe3yJIbTare moiydaeM peakuuro R, (puc. 4.11, 6), KOMIEHCUPYIOLIYIO JEHCTBHE HA
KPUBOILMIT CUCTEMBI CHJIOBBIX ()aKTOPOB, COCTOSIIEH M3 CHiIbl [, MOMEHTa Iaphbl

—

cwi M, v peakiyu R,,. g peakuuu R, M3BECTHA TOJIBKO TOYKA €€ IPUIIOMKEHHUI.

C LEIIbIO PA3PCIICHUA MOCTaBJICHHON 3aJla4y Pa3JIOXUM pCaKIUIO Ha COCTABJLAIOIINC!
D _ pn DT
R()l - RO] + RO] N
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JIns mpuBeAeHUs MOJIYYEHHOW CUCTEMBblI B PaBHOBECHUE K TOUKE A IMPHUKIIA-
JBIBACM BEKTOP YPAaBHOBCLIMBAIOLICH CUIIbI [, JIMHUS ICHCTBUS KOTOPOTO SIBIIS-

€TCS MEPHEHAUKYIAPOM K OCHM KpPUBOILIMIIA. B pe3ynbTaTe NMPOBEIECHHBIX MEPO-
MPUATHN IEPBUYHBIN MEXaHU3M HAaXOJIUTCSI B PABHOBECHUH.

Puc. 4.11. KuneroctaTudeckuii aHalu3 MEPBUYHOTO MEXaHU3Ma

3anuiieM ypaBHEHUE PAaBHOBECHS IEPBUYHOTO Mexanu3ma (puc. 4.11, 6):
I D I _'T _’n _
F+R, +F +R;,+R),=0.

[TonydeHnHOe ypaBHEHNE PaBHOBECHS CONEPIKUTCS TPU HEU3BECTHBIX, CIE0-
BaTEJIbHO, pacCcMaTpUBacMasl CUCTEMa IBaXKIbl CTaTUYECKU Heomnpenenuma. Ha-

—

IPABIICHUE [EHCTBUS BEKTOPOB CUI Rj, Rj W F, HEM3BECTHO, CIEIOBATENLHO,

IPU COCTABJICHUU YPABHECHUS MOMEHTOB 3aJ1a€MCS IIPOU3BOJILHBIM HaNpPaBJICHUEM
JEUCTBUSI BEKTOPOB ITUX CWJI. Ecim mocne onpeneneHus: 3Ha4eHUW JaHHBIX Peak-
AN TOJYYMM OTPULATENBHBIA pPE3yJbTaT, TO UCTUHHOE HAIPABJICHUE ACHCTBUA
BEKTOPOB MPOTUBOIOJI0KHO MPUHATOMY HarpapiieHUI0. C LEeJIbI0 paCKPHITHS CTa-

THUYECKOM HEeoNpeneIMMOCTH HallleM 3HaueHue peakuu R, .

3anuieM ypaBHEHHE MOMEHTOB BCEX CHJI, JICUCTBYIOIIMX Ha KpUBOIMIUI 1
OTHOCHUTEIHHO TOYKH A:

M(F),=0, MA(F1)+MA(RSI)+M1 =0.

ITpu sTOM M | (R(’)’l) =0, M, (Rzl):O uM, (Fy) =0, T. K. INHUU JEHCTBUA

BEKTOPOB Ry, R, u F, TIPOXOAAT 4epe3 TOUKy A.

MowmeHT peakiuu R;, OTHOCUTEIBHO TOUKHU A
T\ _ DT
M, (ROI) =Ry, 'IOA’
TOTrJda YPAaBHCHHUC MOMCHTOB IIPUHUMACT BUJ]

M ,(F\ )+ RS, 1o, + M, =0,

OTKyaa UMEECM

i
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M, (F,)+M,

T — —
ROI_

ZOA

3HaK UCKOMOH peakuu Rj omnpenensercst 3HakoM MPpaBoil yacTu MOCIIe/IHe-

I'0 BBIPAKEHMUS.
B pesynbrare npoBeneHHBIX JEMCTBUM B YPAaBHEHUH PABHOBECUS HEU3BECT-

Ha TOJNBKO peakuus Ry W cuna F, a craTuyecKas HEONpPEeIeNMMOCTh CHCTEMBbI
YMEHBIIWIACH 10 €OUHUIbl. BenuunHbl HEU3BECTHBIX CUJI HAMAEM, MCIOIbL3Ys

wiad cwi. [locTpoeHue miuaHa cuil IPOU3BOAUTCS B MaciITabOHOM Kod(duiimente
CHJI |1, ¥ OCHOBAHO Ha IPUHIUIIE: BEPIIMHA MPEAbIIYILIEro BEKTOpa sSBIsAETCS Ha-

qaJioM nocieayromero Bekropa (puc. 4.11, g).
Jnst pacuera 3HaYeHUI peakiuii Cuiibl Ry 1 F UCIIONB3yeM BBIPAKCHHUSI

n o __ n
Ry = ‘Rm

.MF’

F,=|F,

‘Hp-

3HayeHue MOIHOM peakuu R, BBIYUCINM 10 popmyiie

Ry = (R, ) +(R;)

Haiinem ypaBHOBENIMBAOIIUNA MOMEHT:

M,=F,l,,.
3HaueHUEe YpPaBHOBEIIMBAIOIIETO MOMEHTa MPOMOPLIHMOHAIBHO BEIUYMHE
CUJIOBOTO YIPABJISIONIETO BO3/IEUCTBUSA, KOTOPOE HEOOXOAUMO MPUIIOKUThH K Be-
NylIeMy 3BE€HY MEXaHH3Ma, 4TOObI MPUBECTH €ro B JBMIKEHHE COIJIACHO 3aJ/IaH-
HOMY 3aKOHY.

Teopema U. E. XykoBckoro

Pemienune 3amau cuiIoBOro aHajau3a MOXKHO 00ecleduTh M 0osiee IMpOCThIM
METOZ0M, BOcIoabp30BaBmnch Teopemont M. E. XKXykosckoro. Mcnons3oBanue nas-
HOM TEOPEMBI JUIsl BBIIIOJHEHUS CUJIIOBOTO aHAIN3a INIOCKMX PBIYAKHBIX MEXaHU3-
MOB I103BOJISIET ONPENEINTh CUJIOBOE YIIPABISAIOIIEE BO3IEUCTBUE.

Dopmynupoexa meopembi: €CIU KaKOU-T1M00 MEXaHU3M C MOJBUKHOCTBIO,

paBHOM enMHULE, IO AEUCTBUEM CUCTEMBI cul F|, F,, ..., I, IPUIOXKEHHBIX
K ToukaMm D, F, ..., G, HaXOJUTCS B paBHOBECHH, TO B PABHOBECUU HAXOJUTCS U

NOBEPHYTHIM Ha 90° muiaH CKOPOCTEW, pacCMATPUBAEMBIN KaK <GKECTKHM pBbI-
yary, Bpallaronics BOKPYT IOJI0CA MJIaHa CKOPOCTEW U HArpy>KEHHBIN TOU XKe

i
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— — —

cucremon cun F, F,, ..., F, TOPUIOXKEHHBIX K OJIHOMMEHHBIM TOYKaM

n
d,f, ..., g dTOro IJaHa.

N3 dpopmynupoBKu T€OpeMbl CIAEAYET, YTO JJisl BBHIIOJIHEHHUS CUJIOBOTO aHa-
JU3a paccCMaTpUBaeMbIM METOJIOM HEOOXOIUMO MOCTPOUTH MJIaH CKOPOCTEH, B KO-
TOPOM BCE€ OTPE3KH, U300pa)KarOIINE BEKTOPHI JIUHEHUHBIX U OTHOCHUTEIIBHBIX CKO-
pocTel, TOBEPHYTHI MO OTHOIICHHUIO K JEHCTBUTEIHLHBIM MX HaIlpaBjieHUsIM Ha 90°.
Takoii 1aH CKOpOCTE HA3bIBACTCS HOBEPHYMbIM.

[TocTpoenne moBEepHYTOTO IJIaHa CKOPOCTEH MPOU3BOAMUTCS B JIFOOOM Mac-
mTadHOM K03 (UITUEHTE Ly, T. K. YCIOBUE PAaBHOBECHUS TEXHUUECKON CHCTEMBI HE
3aBHCUT OT Pa3MEPOB IJIaHA CKOPOCTEH.

Paccmotpum npumenenne Teopemsl WM. E. dKykoBckoro Ha mpumepe KpHUBO-
HIUITHO-TIOJI3YHHOTO MEXaHU3Ma.

Jlano: xuHemaTuueckas cxema mexanusMma (puc. 4.12, a), miaH ckopocTteit
(puc. 4.12, 6), nvHa KpUBOIIUIA /oy, JUTUHA MIATYHA /3, 3HAYCHUS BCEX KHHEMA-

—

TUYECKUX IapamerpoB. Ha 3BeHbS MexaHusma AEUCTBYIOT cwibl F,, F,, F),

MOMEHTHI nap cui M, u M,.
Pewenue. Vicxonsa u3 (GpopMynUpOBKH TEOPEMBI, 3aMEHSIEM MOMEHTHI M, U

M, cOOTBETCTBYIOIUMHU NTAPAMHU CHUJI, 3HAYEHHUS KOTOPBIX HAUJEM I10 BBIPAKCHUAM

\ M
FMzzFMzzl_z-
04

JUisd coXpaHeHHs SKBMBAJIECHTHOCTH ICHCTBUSA MOMEHTOB M, u M, 3ame-

HSIOIIME Maphl CUJI MPUKIAJIBIBAEM K KPAHUM TOYKaM COOTBETCTBYIOUIUX 3BEHb-
eB. [Ipu 3TOM NMHUK EHCTBUSI BEKTOPOB JAHHBIX CHJI SIBJISIIOTCS MEpPIIEHIUKYJIS-
paMH K OCSIM 3THUX K€ 3B€HbeB. HampaBieHue AeHCTBUS MOJYyYEHHBIX Map CHII CO-
OTBETCTBYET HAIIPaBICHUIO MOMEHTOB M|, u M, (puc. 4.12, 6).

i
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M, 4 M, P Ky

Puc. 4.12. Teopema XKyKOBCKOI0 Jii1 KPpUBOUIUITHO-ITOJI3YHHOIO MEXaHHU3Ma

B macmtabHom K03 puUIeHTe [ CTPOUM NMOBEpHYTHIN Ha 90° m1aH cKopo-
CTeH, TOBOPOT OCYHIIECTBJISIEM B  HAIpaBJICHUU JBUKEHUS  KPUBOIIUIIA
(puc. 4.12, 2). B oqHOMMEHHbBIE TOYKH MOBEPHYTOIO IUIAHA CKOPOCTEN C KMHEMa-

—

TUYECKOU cxeMoW mexaHusMma (puc. 4.12, ) IepeHOCUM BC€ BHELIHWE CWIBI [,

F, F,F,,F,,,TF,,,~F,,, eiCTByOIie Ha 3BeHb] MexaHn3mMa (puc. 4.12, o).

M1>
JIns1 ycTaHOBIIEHHS] pABHOBECHS MOJYYEHHON CUCTEMBI K TOUKE @ MEPIECHINKYIISIP-
HO K OTPE3KY | pa| MIPUKJIA/IBIBAEM BEKTOP YpaBHOBeIIMBaroUIeH cuibl. C LEIbIO

ONpE/ICIICHUS] 3HAYCHUSI YPAaBHOBEIIMBAIOIICH CUJIBI COCTAaBUM CYMMY MOMEHTOB
BCEX CHUJI, ICUCTBYIONIMX HA JIAHHYIO CUCTEMY OTHOCUTEJIBHO TOJIFOCA TTOBEPHYTO-
ro IJIaHa CKOPOCTEM:

2M(F ), =0,
M, (F,)+M,(F )+M,(F,)+M,(F )+
+M,(Fy,)+M,(Fy,)+M,(F,,)=0.
IIpu sToMm ZMP (Fﬂ;l):O, T. K. JJUHUSA JEUCTBUS BEKTOPA 17“]"41 MPOXOJUT

4yepes MOJI0C MIaHa CKOPOCTEH.
MomeHT ypaBHOBEHIMBAIOLICH CUIIbI F, OTHOCHTEIIBHO IOJIFOCA TIIaHa CKO-

pocren

i
gﬁ Teopus MexaHU3MOB 1 MalLKH. Y4eb. nocobue -87-



4. AMHAMUKA NMJIOCKUX PbIYAXHbIX MEXAHU3MOB

4.4. CunoBoM aHanu3 NNOCKUX MexaHu3moB

M,(F,)=F,-1,,.

y

TOraa COCTaBJICHHOC YPAaBHCHHC MOMCHTOB IIPUHHUMACT BHUJ

Fy-lpg+M,(F,)+M,(F, )+ M ,(F,

0 3 +

+ M, (Fy )+ M, (Fy,)+ M, (Fy,)=0,
OTKya UMECM

M, (F)+M,(F )+ M, (F )+ M, (Fin )+ M, (Fo) + M, (Fio)

ZOA

YPaBHOBCI_HI/IBaIOI_HI/Iﬁ MOMCHT HaﬁﬂCM II0 aHaJIOTHH C KHHCTOCTAaTHYCCKUM
AHAJIN30M IICPBUYHOI'O MCXaHHU3MaA.

4.5. INHAMWYECKWUA AHANU3 NNOCKUX MEXAHU3MOB

Junamuyeckuii ananuz — 3T0 BUJ UCCIEAOBAaHUS MOJBUKHBIX TEXHUYECKUX
CUCTEM, M3YyYaroIlMi MpOLECChl, MPOTEKAIOIINE B 3TUX CUCTEMaXx O] AeHCTBUEM
CUJIOBBIX (paKTOPOB B (PYHKIIMU BPEMEHHU.

PeXxumbl ABMKEHUA TEXHUYECKON CUCTEMbI

JItobast TexHuYecKas CUCTEMA, HAXOIACh B HETIOJBUXKHOM COCTOSIHUH, 00J1a-
JTa€T HEKOTOPHIM 00bEMOM KMHETHYECKOU IHEPTHUH, 00€CTICYMBAIOIIIUM CYIIECTBO-
BaHue 3TOU cuctembl (puc. 4.13). Jlnga Havana ABUKEHUS TEXHUUYECKOU CHCTEME
HEOOXOMMO COOOITUTH JOTOTHUTEIBHBIA 00beM KUHETUYCCKON YHEPTUHU, COBEP-
IUB paboTy HaJ ATOM cucteMol. B 3aBucHUMOCTH OT BUAA pabOThI, COBEPIIaEMON
BHEITHUMU CHJIOBBIMU (paKTOopam, AJisi JII0OOH TEXHUYECKON CUCTEMBI pa3inyaroT
TPU peKUMa JBUKECHUS: Pa3rOH, YCTAHOBUBILIEECS IBUKEHUE U TOPMOKEHUE.

Q) _
o=/l
A
0. = const
cp
\i P
Henoosuoicroe Yemanosusweecs Henoosuoicroe
Pazeon Topmoorcernue
CoOCmosHuUe osuoiceHue cocmosHue

Puc. 4.13. Pe:xxuMbl IBHKEHNAS MEXAaHU3MA WJIH MAIIIHHBI

i
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Paz2on — 310 pexuM ABUKEHUS] TEXHUYECKOW CUCTEMBI, IPU KOTOPOM pado-
Ta ABUXKYIIUX CHUII 0OJIbIe paOOThI CHUJT COMPOTUBIICHHUS:

A > A4

i c?

CJICIOBATENIbHO, CyMMapHas paboTa MeXaHu3Ma B PEKHME pa3roHa BCerja IOJIo-
XKUTEIbHAs, T. €.

4. >0.

Yemanosusuieecs ogudicenue — 3T0 peKUM JIBUXKEHUSI MEXaHU3Ma, TIPU KO-
TOpOM paboTa ABMKYIIUX CHII paBHA pabOTE CHIJI COPOTUBIICHUS:

A=A,

CJICA0BAaTCIIbHO, CyMMapHasd pa60Ta MCXaHn3Ma B PCIKHUMC YCTAHOBHUBHICTOCA
ABUKCHUS paBHA HYJIHO, T. €.

AZZO.

TOpMOZ)fC@HI/le — 9TO PCKUM ABWKCHUS MCXAaHHU3MaA, IIPU KOTOPOM pa60Ta
ABWKYIIUX CHJI MCHBIIC pa6OTBI CHJI COITPOTUBJICHUA:

A, <A,

CJICOOBATCIIbHO, CyMMapHast pa60Ta MCXAaHHU3Ma B PCKUMC pa3roHa BCCraa OTpH-
narciibHasd, T. €.

As <0.

PexxuMBI «pasroH» U «TOPMOKEHHE» COMPOBOKIAIOTCS MTEPEXOTHBIMU TIPO-
IIECCaMH U B 3aBUCHMOCTH OT CTPYKTYPbl TEXHHYECKOH CHCTEMBI U XapakTepa
JICHUCTBYSI CUJIOBBIX (DAKTOPOB MPOTEKAIOT B MEPHUOJ OT HECKOJIBKHX JOJICH 70 Je-
CATKOB CeKyHJ. OCHOBHBIM PEKUMOM JIBIKEHUS SIBISETCS PEKUM YCTAaHOBHBIIIC-
rOCsl IBIKEHUS, T. K. HA 3TOM PEKHUME OCYIIECTBISICTCS BBIMOJHEHNUE CITY>KEOHOTO
Ha3HAYCHHSI TEXHUYECKOW CUCTeMbl. Ha pexnume yCTaHOBUBIIETOCS IBUKEHUS Be-
Tylee 3B€HO TEXHUUYECKOW CHCTEMBI HAXOAUTCS MO BO3JCHCTBHEM BHEUTHUX CH-
JIOBBIX (PAKTOPOB M B KK MOMEHT BpEMEHHU UMEET pa3HOE 3HAYCHHE CKOPOCTHU
JBWOKCHHsSI. MTHOBEHHOE 3HAYEHHUE CKOPOCTU JIBIDKEHHS BEIYIIETO 3BEHA TEXHU-
YeCKON cucTteMbl (GOPMHUPYETCS COOTHOIICHHEM JBYX TPYII BHEIIHUX CHUIIOBBIX
(aKkTOpOB: NBIKYIIUX CHUIOBBIX (PAKTOPOB M CHIIOBBIX (DAKTOPOB COMPOTHUBICHHUS.
Benuunna IBHKYIIUX CHUIIOBBIX (DAKTOPOB OMpeEesieTcs apaMeTpaMu dSHEPreTH-
YECKOW MaIllMHbl U JaHHOW CUCTEMBI, a 3HAaYCHUE CUJIOBBIX (DAKTOPOB COMPOTUB-
JeHust GOPMHUPYETCS YCIOBUSAMHU SKCIUTyaTaIllMU TEXHUUYECKOU CUCTEMBI.

i
gﬁ Teopus MexaHU3MOB 1 MalLKH. Y4eb. nocobue -89-



4. AMHAMUKA NMJIOCKUX PbIYAXHbIX MEXAHU3MOB

4.5. luHamnyeckn aHanu3 niocKMx MexaHm3mMoB

[TockonpKy Kak JBMKYIIHE CHIIOBBIE (DaKTOPHI, TAK U CUIIOBBIE (PaKTOPHI CO-
MIPOTUBIICHUS HE SIBIISIOTCS TIOCTOSHHBIMHU BEJIUYMHAMH, TO CKOPOCTH JIBUKEHUS
BEIYIIETO 3BEHA TEXHUYECKOW CHCTEMBI TAaK)Ke HE SBIAETCS KOHCTAHTOM. 3Hade-
HUE CKOPOCTH JABWKCHHUS BEIYIIET0 3BEHA TEXHUYECKOW CHCTEMBI KOJICOJETCS B
TEYCHUE PACCMATPUBAEMOTO IMPOMEXKYTKa BPEMEHU B HEKOTOPOM JHAIa3oHE OT
MaKCcUMyMa 0 MUHUMyMa B HaoOopot. KoneOanus 3Haue€HUN CKOPOCTH JIBHKE-
HUS BEAYIIETO 3B€HAa TEXHWYECKOW CHCTEMBI BBI3BIBAIOT M3MEHEHUE BEIWYUH pPe-
aKIUH B KWHEMATUYECKUX Tapax, 4TO KakK CIEJCTBUE SBISCTCS OAHOU W3 MPUINH
BO3HMKHOBEHUS YIPYTHUX KoJieOaHU# 3BeHbeB. Hammune B TEXHUYECKOH cHcTeMe
YOPYTUX KoJeOaHUil — OCHOBHAs MPUYMHA HEPABHOMEPHOCTH JBUXKEHHUS BEIyIIe-
ro 3BEHa, HA3BIBAIOIIASCS HEPAGHOMEPHOCMbIO X00d, JUISl OIEHKU KOTOPOW HC-
NoJIb3yeTcst KOdPHUIIMEHT HEPaBHOMEPHOCTHU XO/1a:

6 __ _max min __ _ max min
- - s
O)ﬁé I/ﬁé
rae ., , O ., 0O, —MaKCUMaJIbHOEC, MUHUMAIbHOE U CPEHEE 3HAUCHUS YTII0BOU
CKopocTH Beaywero 3sena; V.., V., V, — MakcumangbHOe, MHHHMAajbHOC U

CpenHee 3HAUYCHMSI IMHEWHON CKOPOCTH TOYKH, MPUHAJICKAIIEH BETyIIIEMY 3BEHY.

3HadeHus KO3(P(GUIIMCHTOB HEPAaBHOMEPHOCTH XOJa SIBISIOTCS CTaHIAPTH-
30BaHHBIMU BEJIUYMHAMU U OTPEACIISIOTCS MO CIPABOYHOU JTUTEPATYPE B 3aBUCH-
MOCTH OT THIIa TEXHUYECKOM CUCTeMBbI (Tadma. 4.1).

Taonuma 4.1
TexHuueckas Iil(;z;(gg);;;:;T Texauueckas If{(;;(gg)f;f:; '
cucTeMa HOCTI cucTeMa HOCTIH

Hacocsl % - %0 TypOoreneparopst %OO - %00
Komnpeccopsr %O - %OO DIeKTpOreHepaTophl %00 - %00
CenbXx03MalIiHbI % - %0 JlBuraTenu cynoBble % 00~ % 50
Meramnopexyine CTaHKu % 0- %0 ii?g:;:n BHYTPCHHETO %0 B %00
ﬁ;ﬁiﬁ;}i’ MYKOMOIBHBIC %0 - %0 JIBUraTeny aBUAlMOHHBIE %00 -~ %00

HepaBHomepHOCTh X0/1a 1000 TEXHUYECKONW CHUCTEMBI MOXET OBITH 00Y-
CJIOBJICHA:

i
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1) HecoBnazieHMEM 3aKOHOB U3MEHEHHUSI MPUBEACHHBIX JBHXKYIIUX CUIOBBIX
(haKTOpPOB ¥ MPUBEICHHBIX CHJIOBBIX (DAKTOPOB COMIPOTUBIICHUS;

2) HENOCTOSIHCTBOM 3HAYEHUM MPUBEJACHHOTO MOMEHTA UHEPIIUH.

[IepBas nmpruunHa ABISETCS CIEACTBHEM HAJIW4UsA JBYX BapUAHTOB COOTHO-
LICHHS 3aKOHOB U3MEHEHUS PUBEICHHBIX MOMEHTOB CHIJL.

1. [IpuBeneHHBIF MOMEHT CHUJI COMPOTUBIICHUS — (DYHKIIUS yTia MOBOPOTa Be-
JYILErO 3BEHA, a PUBEACHHBIA MOMEHT JBMKYIINX CHJI — BEJINYMHA IOCTOSTHHAS:

M, =const, M =f((p1).

2. IlpuBeneHHBII MOMEHT JBMKYIIMX CHII — (DYHKITUS YTJIa TOBOPOTA BEIyIIle-
'O 3B€HA, a PUBEICHHBIA MOMEHT CUJI COITPOTUBIICHHUSI — BEJIMYUHA [TOCTOSIHHAS:

M, =const, M :f((pl).

[TepBbIii BapUaHT XapakTEePEH JJI1 MEXaHU3MOB CTAHKOB, ITOPIITHEBBIX HACO-
COB, & BTOPOU — JUIsl MEXAHU3MOB JIBUTATEIEH BHYTPEHHETO CrOPAHUs W MapOBBIX
MalIIFH.

Bropas npuunHa BO3HMKHOBEHHSI HEPABHOMEPHOCTH XOJ1a SIBISETCS CIICH-
CTBUEM HEMOCTOSIHCTBA 3HAYEHUN KHMHEMATHYECKUX MapaMeTpOB TEXHUYECKOU
CHUCTEMHI.

HepaBHOMEPHOCTH X0/1a OTPUILIATEIBLHO CKA3bIBAETCA HA OCHOBHBIX IMTOKa3a-
TeNsAX PaboTOCIOCOOHOCTH TEXHUYECKOW CHCTEMBI. J[JI1 MUHUMMU3AIUUA BIUSHUS
HEPABHOMEPHOCTH JBIKEHUS HA pabOTy TEXHUYECKOW CHUCTEMBI HEOOXOIUMO pe-
IUTh 3aJa4yy PEryJIMpOBaHUS 3HAYEHUM CKOPOCTU JIBUKECHMSI BEAYILETO 3BEHA.
N3meHenrne Macchl TEXHUYECKOW CHUCTEMBI Ha BEIIMYUHY JOIOJHUTEIBHOM MaxXo-
BOW MAaCCHI MTO3BOJISIET PEIIUTH MTOCTABJICHHYIO 3a7a4uy. Pojib 1OMOMHUTEIBHON Ma-
XOBOM MacChbl BBIMOJHSIET MAaXOBOE€ KOJIECO WJIM MaxOBHK, KOTOPbIC BBOIATCS B
CTPYKTYpPY TEXHHUYECKOW CUCTEMbI B KQUECTBE JOMOJHUTEILHOTO 3BeHA. Hanuuune
JIOTIOJTHUTEJIbHON MaXxOBOM MAacChl B CTPYKTYpPE TEXHUUECKOW CUCTEMBI UCKITIOYAET
BO3MOXHOCTh TIOSIBJICHUSI HEOJIArOMPUATHBIX PEKUMOB JIBIIKEHUS BEAYIIETO 3BE-
Ha:

sedyuee 36eH0 0BUNICEMC S C YCKOpeHUueM, T. €. padoTa IBIKYIIUX CHII TIpe-
BBHIIIIAET pabOTy CUJI COMPOTUBIICHUS, CIIEIOBATEIbHO, MAaXOBOE KOJIECO aKKyMYJIH-
pyeT NpHUpalllcHUE KUHETUYECKOU YHEPTUH;

sedyujee 36eH0 08UNCemcsl ¢ 3amednenuem, T. €. paboTa CUJI COMPOTUBIICHUS
MpeBBIIAeT PaboTy ABIKYIIUX CHUJI, CJIEIOBATEIbHO, MaXOBOE KOJIECO OTAAET pa-
HEE HAKOIUICHHYIO KHHETUYECKYIO YHEPTHIO.

B caydasix, korjga BBEIEHUE B CTPYKTYPY TEXHUUYECKOW CUCTEMBI JIOMOJIHU-
TEJIBHOTO 3B€HA HEBO3MOYKHO MO KOHCTPYKTUBHBIM WJIA MHBIM IPUYUHAM JJIs pea-
JI3allUA MaXxOBBIX MAacC MCIIOJb3YIOTCS 3BEHBS, YK€ CYIIECTBYIOIIUE B CTPYKTYpPE
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TEXHUYECKOU CUCTEMBI, HO COBEPIIAOIINE TOJIBKO BPAIIATENIbHBIE JBUKECHUSA: PO-
TOp SHEPreTHUYECKOW MAIMHBI, COCIUHUTEIbHBIE MY(THI, 3yOuaTbie Kojeca, Ky-
JIAYKH, IIKUBBI, 3BE30UYKHU U JIP.

MeTopa Buttenbayapa

JIns pacuera BEJIWYMHBI JOMOJHUTEIBHOW MaxOBOM MAacChl HMCHOJIb3YETCS
meton Burtrenbayspa, coriacHO KOTOpOMY 3HA4€HHE MaxOBOW MacChl MPOIOP-
[MOHAJILHO BEJIMYMHE €€ MOMEHTa MHepuuu. [ onpeneneHus 3Ha4eHU MOMEH-
Ta MHEPIUH MaXoBOM Macchl cTpouTcs auarpamma A4 = f(J,), KoTopas sABIsSeTCS

3aMKHYTOM KPHUBOM M HAa3bIBACTCSA AuarpaMma «aouepeus-macca». KacarenbHble,
IIPOBEJEHHBIE K AUArpaMMe «IHEpPrusi—Macca», ONPENEIIOT BEJIMYMHY OTpE3Ka,
IPONOPUHOHAIBHYIO 3HAYEHUI0O MOMEHTAa WHEPLUHUH JIONOJIHUTEIBHOM MAaXOBOU
Macchbl MEXaHU3MA.
JUIs TOCTpOEHHUsl AMarpaMMbl «IHEprusi—Macca» HEOOXOIMMO COCTaBUTh
JUHAMHUYECKYIO MOJIENIb TEXHUYECKON CUCTEMBI U IIOCTPOUTH ABE JUATPAMMBI:
U3MEHEeHUs KuHeTnueckou sneprun AE = f(9,);

IPUBEJCHHOTO MOMEHTa uHepuuu J, = f(9,).

I[HarpaMMa W3MEHEHMS KUHETUYCCKOU 9HCPIruM IIOJIYYaCTCsa MOCPCACTBOM
MHOCJICA0BATCIBHOI'O HpeO6pa3OBaHI/I$I AuarpaMm  IIPpUBCACHHBIX  MOMCHTOB

M, = f(9,) upador 4= f(9,).

PaccMoTpuMm mocTpoeHue auarpaMMbl «3HEprusi—Macca» Ha NpUMepe aHa-
JN3a KPUBOLIUITHO-TIOJI3YHHOTO MEXaHU3Ma JBYXTAKTHOI'O JBUIATENsl BHYTPEHHE-
ro cropanus (puc. 4.14).

Jlano: xuHeMatuueckas cxema Mexanuzma (puc. 4.14, @), nauHa KpUBOIIIH-
na /,,, AnuHa maryHa /,,, 3Ha4eHUsl BCEX KMHEMATUYECKUX MapaMeTpPOB. 3BEHbs
KPUBOIIIMITHO-TIOJI3YHHOTO MEXaHHW3Ma HaXOJATCS MOJ JEUCTBUEM CHII TSKECTH.
Ha nonsys 3 nelcTByeT cuja IMoie3HOro CONpOTUBIICHUS F“H.C .

JInst cocTaBieHUs] TMHAMUYECKOW MOJIENI BOCMOJIb3yeMCSl METOJIOM IpHUBE-
neHusi. B kadecTBe 3BeHa NMpHUBEACHUS BHIOEpEM KPHUBOIIMUII 1, a 32 TOUKY MpUBE-
JICHUSI TPUMEM TOJIBUKHYIO TOUKY A 3Toro 3BeHa (puc. 4.14, 0). Ins nBurarens

BHYTpPEHHETO cropanus (puc. 4.14, a) xapakTepHO CIeIyIOllee COOTHOIIEHUE MPH-
BEJICHHBIX MOMEHTOB CHII:

Mr[.c ICOHSt, Mn.n :f((Pl)

Paccunraem niprBeI€HHBINT MOMEHT ABHXKYIIUX CHII:

M., = i%cos (él,lzl)i%cos (éz,lzz)ir

%cos (@,I@)i%COS (ij‘ﬁ’VB)’

1 1

+
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I7ie 3HaK «+» BBIOMpaAeTcs B Clydae, €Clid BEKTOP CUJIbl M BEKTOP CKOPOCTH TOUKH
IIPUJIOKEHHS ITOTO BEKTOPA COBMNAJAIOT 110 HAIPABJIEHUIO, «—» — €CJIM HallpaBJie-
HHE 3TUX BEKTOPOB MPOTHUBOMOJIOKHO JAPYT APYTY.

[IpuBeieHHBIT MOMEHT CUJI CONIPOTUBIICHUS SIBJISECTCS NOCTOSHHON BEJINYHU-
HOM U JIEWCTBYET Ha MPOTSKEHUU BCETO LIUKJIA pabOThl MEXaHU3MA:

_ =l
M = ,

0
M, A1234567809101112 1
Sl AT N | [ | 83
/ X | /) ‘y‘ 4
YN X
0 /l | 5
@| N K, g
6
A A P | g
A
Ha / \\< . 10
/ N 11
/ T 12
;/’—” Ac (E
0 ) n, 9
AEA AE
Haz PEEBNSEEE et
A TT LTI NGEFE=——"—1
(Z-—--—--—--— -—————————I _—_—_:—_—_—_—:—:—__—"—
0 123456789101112M‘pl 0

0 ¢ oHc

Puc. 4.14. lunamMmyuyeckuii aHaJIN3 KPUBOIIUITHO-TIOJI3yHHOT'O MEXaHU3Ma
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PEISpCHII/IB IMOJIYYCHHBIC BBIIIC BBIPAKCHUA OTHOCUTCIIBHO 3a/ITaHHOI'O YHUCJIa
MOJIOKEHU I BCAYIICTO 3BCHA, ITIOCTPOUM JUArpaMMy IIPHUBCACHHBIX MOMCHTOB CHIJI

(puc. 4.14, ).
Macmtabubiii KO3()PUIIMEHT OCH TPUBEAEHHBIX MOMEHTOB CHJI PaBEH
_ Ml'[ max
MM - ’
b
30ecb M — MakCHMajbHOE 3HaY€HHUE IIPUBEIEHHOIO MoMeHTa, H/wm; y| — MpOMU3-

BOJILHO BBIOPAHHBIA OTPE30K, M300PAXKAIOIINI MaKCUMaJIbHOE 3HAYCHUE TTPUBE/ICH-
HOTO MOMEHTa Ha JuarpamMme, MOCTPOCHHOM B MaciiTabHOM KO3(pQUIMEeHTe, MM

(puc. 4.14, 6).

KpuBas paGoT ABMXKYIIUX CHJI CTPOUTCS METOJIOM TpadruecKoro MHTETrpu-
pOBaHUs AUarpaMMbl IPUBEACHHBIX MOMEHTOB 3TUX cul (puc. 4.14, 2):

A, = ]EMH_ﬂd(p.
0

3HaueHUE NPUBEICHHOIO MOMEHTA CHJI CONPOTHUBIICHUS HE U3MEHSIETCSA Ha
MPOTSHKEHUU IUKIJIAa PabdO0Thl pacCMaTPUBAEMOUM CHUCTEMBI, TOTJIa JJIsl TIOCTPOCHUS
KpUBOW pabOT CUJT COMPOTUBIIEHUS HEOOXOIUMO COCTMHUTD MPSIMON HAYaJIbHYIO U
KOHEYHYIO TOYKH KPUBOM pabOT JBUXKYIIMX CHII:

4, =TMH.cd<P=MH.c Q.
0

Haxoaum Macmrabupii K03QGUIreHT ocu padoT:
My =Hy My -A@-m,

rae W,, A — MacmraOHbi KOOQPUIMEHT U 1WAr OCH yriia HOBOPOTA 3BEHA MPH-

BeJICHUS; M — KOA(DPUIIMEHT YMEHBIIIEHUS MocTpoeHus, m =1, 2, 3, ...
KpuBas u3zMeHeHUs] KWUHETUYECKOW 3HEPruu MPeACTaBIIeT cO00il pa3HOCTb
paboT ABIKYIIMX CUIT M CUJI CONTpOTUBIeHUs (puc. 4.14, 0):

AE = A, — 4,.

MacmtabHbiii K09()PHUIMEHT OCH U3MEHEHHUS KHHETHYECKON SHEPTUU paBeH
MaciTabHOMYy KO3 PUIIUEHTY Ocu paboT:

Hap = Hy-

[IpuBeneHHBIIT MOMEHT UHEPIIMU paccuuTaeM 1o hopmyie
2 2 2

(’02 V2 VB
J,=J, +J, | — | +my| == | +my| —
QX W, W,

Hcnonb3ys naHHbIe, TOJy4YEHHBIE 110 MPEACTaBICHHON (hopmye, B BRIOpaH-
HOM MacITabHOM Ko3(duuueHTe |, MOCTPOMM AMArpaMMy IPUBEICHHOTO MO-

MeHTa uHepiuu (puc. 4.14, e).

i
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Macmtabublii KO3 PUIMEHT OCU MPUBEIEHHOTO MOMEHTa MHEPLUU HailieM

110 BBIPAXKEHUIO
J.

i max

x

W, =

3/1€Ch |x| — TIPOU3BOJIbHO BBIOPAHHBIA OTPE30K, M300PAKAIOIIMA MaKCUMAabHOE

3HA4YCHUC IMMPUBCACHHOIO MOMCHTA MHCPIHUH B MacITabHOM KOG)(b(bI/IHI/ICHTC, MM,
2
JH max — MAKCHUMAJIBHOC 3HAYCHHUC IIPUBCACHHOIO MOMCHTA HWHCPHOUU, KI -M

(puc. 4.14, e).
MetoaoMm rpadyuuecKoro UCKIIOYCHHUS 3HAYCHUI yTJia TOBOPOTA 3BEHA MPH-
BEJICHUS, TTIOCTPOUM KPHUBYIO 3aBUCUMOCTH M3MCHCHUS KMHETHYCCKOW SHEPTHH OT

npuBeJeHHOro MoMeHTa uHepiuu. [lonyuennas kpuBas siBisietcss AE = f (JH) 51

Ha3bIBAETCS UarpaMmma «dHeprus—maccay (puc. 4.14, o).

Jlns onpeneneHys MOMEHTa MHEPIIMKM MaxOBOM MacChl K AUarpamme «dHep-
rusi—Macca» J0 nepecedeHus ¢ ocbto AE IpOBOJATCS KacaTelbHbIe. YTIbl HAKIOHA
KacaTelIbHbIX COOTBETCTBYIOT MaKCUMalbHOMY U MUHHMAJIbHOMY 3HAYEHUSM YT-
JIOBOM CKOPOCTH BEAYIIETO 3BeHa Mexanu3ma (puc. 4.15).

AE:f((pl)

\Ilmin

Puc. 4.15. Ananu3 quarpaMmsl «3HEpPIUs—Macca»

VYTIIbl HAKJIOHA KacaTeNbHBIX OMPEIENM M0 (hopmyiaM

Y =arctg L(1+8)-o)2 ,

2“ I.Cp
AE

Y, 2

Y iy = AICLE K(l =8)-wpg, |»
AE
-1
rae o, 5, — CpeAHCC 3HAYCHUEC 3BCHA IIPUBCACHUS, C
— (Dmax + (Dmin
(Dn.cp - B :

i
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MoMeHT MHEPIHHI MaX0BOH MacChl paccyuTaeM 1o (popmyiie
ab|-1,x
M.M = 8 0)2

.cp

>

31CCh |Clb| — OTPC30K, J]C)K&HII/Iﬁ Ha OCH U3MCHEHHUSI KHHETUYECKOU OHCPIrUU MCKOY

KaCaTCJIbHBIMU K JHAIrpaAMMC «OQHCPIrUA—Maccar.

4.6. BUBPO3ALLUTA MEXAHU3MOB U MALLUH

[Ipu nBuxkeHuU JIF0OOM TEXHUYECKOU CUCTEMBbI, HaXOsIencst o JEHCTBU-
€M JBYX T'PYII BHEIIHUX CHUJIOBBIX (DaKTOPOB, B ATOM CHCTEME BO3HUKAIOT yIPY-
rue KoseOaHusl, MPUBOIAIIME K MOSBICHUIO BuOpanuii. Hanuuue BuOpanuii BbI3bI-
BaeT POCT CWJI TPEHHUS, COMTPOBOKIAIOIINXCS MOTEPSIMU KUHETHUECKOM YHEPTUU Ha
HarpeB 3BEHLEB, CHIDKCHUEM MPOYHOCTH KOHTAKTUPYIOIIUX MMOBEPXHOCTEH, YTO
cnocoOcTByeT ymeHbienuto 3nauenus KIIJI, pecypca paboTel 1 KHHEMATHYECKON
TOYHOCTH TEXHUYECKOWU CUCTEMBI.

JIisi MUHUMM3AIUK BIUSHUS BUOpAIMK Ha pabOTOCIOCOOHOCTh TEXHHUYE-
CKOM CHUCTEMBI UCTIOIB3YIOT CIAEAYIOIINE MEPOTIPUSITHS:

1. Vpasnosewuesanue, vnu odanancuposka. IlpoBonutcst Ha cTtaguu 000UX
ATANOB CHHTE3a TEXHUYECKOM CHUCTEMBbI M MpEAyCMaTpPUBAET pealn3alyi0 Mepo-
MPUSATUHN, HATIPABIICHHBIX HA CHIDKEHUE BUOPOAKTUBHOCTHU ATOM CHCTEMBI.

2. 3awuma om enewHux 6o30eticmeuti. BoIONMHACTCS Ha CTaJAUU JTOBOJOY-
HBIX palOT W MpeaycMaTpUBAECT pPEaM3alMI0 CPEJICTB 3aIIUThl KaK TEXHUYECKON
CUCTEMbl OT BHEIIHUX BUOpAIUid, UCXOIAIIUX OT APYTUX TEXHUYECKUX CHUCTEM,
Tak 1 paboyero-oneparopa oT BUOpaIuii caMoil CHCTEMBI.

K BUOpO3aiuTHBIM yCTPOMCTBAM OTHOCSTCS:

OuHamudecKull eacumeisb, WA aHmMueuopamop — 3T0 yCTPOUCTBO BUOPO3a-
IIUTHI, B KOTOPOM BO3HUKHOBEHHE BUOpAIIU UCKIIFOYAETCS TTOCPEACTBOM M3MEHE-
HUS COOCTBEHHBIX YACTOT CUCTEMBI U YACTOT BO3MYILAIOIIUX CHII,

BUOPOUZOAAMOP — ITO YCTPOUCTBO BUOPO3AIIUTHI, B KOTOPOM BO3HUKHOBE-
HUE BUOPAIMI MCKITIOYAETCS MOCPEICTBOM YMEHBIICHHUS aMIUIUTY KojieOaHuM 3a
CYeT HaJIM4YMUsi COOCTBEHHBIX YIPYTUX U AEMI(PUPYIOIIHNX CBONCTB.

PaccMoTpuM TEXHUYECKYIO CUCTEMY, KOTOpasi COCTOUT M3 JIBYX MOJIBHXKHBIX
3BEHBEB, 00PA3YIONUX MEXKIy COO0N KHHEMAaTUYECKYIO TTapy M 00JIaJaronuX BO3-
MOHOCTBIO COBEPILIATH MOCTYIATENbHBIE IBUKEHUS TOIBKO BIOJIb OCH X.

Bzaumooeiicmeue 08yx noosudicuvix 3eenves. Oba 3BeHa 00Ja7aI0T COOCT-
BEHHOM MacCOM, a Ha 3BEHO 2 JEHCTBYET CHUJIA ﬁz, JefcTBUE CUJ TSKECTH 000uX
3BEHBEB HE yuuThiBaeM (puc. 4.16).
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Puc. 4.16. BzaumoaeiicTBue AByX MOABUKHBIX 3BEHHEB

3anuileM ypaBHEHUS IBUKECHUS TEXHUYECKON CUCTEMBI:
m,-a, =R,
m,-a,=—R, + F,
rae mp, My, di, A, — MacChl U YCKOPEHHUs, COOTBETCTBEHHO, 3B€HbEB, 1 U 2;

R>1, R\, — peakniuy B KHHEMATHYECKOH Mmape, 00pa3oBaHHOM 3BeHbsIMH | U 2.
ITon nedictBUEM CHIbL [, 3BEHO 2 NMEPEMECTUTCS HA PACCTOSHUE X, A 3BE-

HO 1 moa BO3AEHCTBHEM 3BE€HA 2 — HA paccTosiHue X;. JlomycTUM, 4TO 3BEHbS SIB-
JISIFOTCST @0COJIIOTHO YKECTKMMM, U KOHTAKT MEXJly HUMU B IPOLIECCE IBUKEHUS HE
Hapymaercs. Cie1oBaTeIbHO, PACCTOSHUA X| U X;, HA KOTOPBIE NIEPEMECTATCS 3BE-
Hbs | 1 2, OyayT paBHBIMU APYT IPYTy:

X=X =X,
TOT/1a YCKOPEHMsI, ¢ KOTOPBIMU IIEpeMEIA0TCs 3BeHbs 1 U 2, Takke OyayT ofnHa-
KOBBIMM:

a=a, =a,.

C YUYCTOM MPHUHATBIX I[OHYH_IGHI/II;’I IPHUBCACM YPAaBHCHHA IBUKCHUA 3BCHLCB
TEXHUYECKOM CUCTEMBI K BUY

R, =F,—m,-a=m,-a,
TOr/Ia yCKOPEHHUE TEXHUIECKOM CHCTEMBI

— Ry, — b - R,
a=—== .
m, m,

[IpoBeast COOTBETCTBYIOIIME NPEOOPA30BaHUsA, MOITYYUM BBIPAKEHHUE IS
ONpEIEIECHUS PEaKIUU KUHEMATHYECKON Maphl:
m
R, =F,——.
m, +m,

Kunernueckyro sHEpPIruio TEXHUYECKOW CUCTEMBI HaljieM 1o hopmyiie

i
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2
E :(m1 +m2)7.

[ToreHumanbHas SHEPTHUS TEXHUUECKOW CUCTEMbI paBHA HYJIIO:
U =0.
3anuiieM ypaBHEHHE SHEPTreTUYECKOTr0 PaBHOBECUSI TEXHUUECKOU CUCTEMBI:
E-U=E.

AHaJIU3 TOJIyYEHHOT'O YPaBHEHMS MOKAa3bIBAET, YTO BCS DHEPTUS] TEXHUYE-
CKOM cHuCTeMbI Mpeodpazyercs B KUHETHYECKYI0 SHEPTUI0 MPU PaBEHCTBE MOTEH-
nuanbHou 3Heprun vyt (U = 0), 4TO CBUIETEIBCTBYET O HAJIMYUM B ATOU CHUCTE-
Me yIpyTHuX KojaeOaHuil win BUOparui.

Bzaumooeticmsue 08yx noosudicHvix 36eHves yepes gubpousonamop. Jns uz-
MEHEHUSI PHEPIeTUYECKOTO COCTOSIHUS TEXHUYECKOW CUCTEMBI BBEJIEM B €€ CTPYKTY-
py BHOPOHM3OJIATOP, COCTOSIUMI W3 YHOPYroro M JeMI(PUPYIOIIErO 3JIEMEHTOB

(puc. 4.17)

X

Puc.4.17. BzaumonaeicTBIE ABYX IOABIKHBIX 3BEHBEB UEPE3 BUOPOU30JIATOP

O6a 3BeHa 065agaroT cOOCTBEHHOM Maccoi, a Ha 3BE€HO 2 NEHUCTBYET Ccuiia
F,, neficTBUE CUIT TSDKECTH 000X 3BEHHEB HE YUUTHIBACM.
3anuiieM ypaBHCHUE ABHKCHUSI TEXHIYECKOW CUCTEMBI C BUOPOH30IISITOPOM:

ma, +cAx+kAx* =0,
mya, +cAx—kAx*+F, =0,
TZie m;, m, — Macchl 3B€HbEB | ¥ 2 MEXaHMU3Ma; ¢, kK — COOTBETCTBEHHO, KECTKOCTb
yIOPYTOTO U IeMI(UPYIONIEro JIeMEHTa BUOPOHU30IIATOPA.
[Ton neiictBueM cuiiel F, 3BeHbsA 1 M 2 TaHHON MEXaHUYECKON CHCTEMBI IIe-

PEMECTATCS Ha HCONUHAKOBBIE PACCTOAHUA X1 U X3, T. €. X, # X,. HpeI[HOJIO)KI/IM,

i
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4YTO X; > X{, CIEAOBATEIIbHO, KWHETUYECKAs] YHEPIUsl TEXHUYECKOU CUCTEMBI MPU
HAJIMYUUA BUOPOM3OIISITOPA OMUCHIBACTCS BBIPAKECHUEM

2 2
m-a, m,-d,
_ +

2 2

E

b

TOTJIa MOTCHIIMAIIbHA SHEPTUS
U= c-Ax’ ,
2
re
Ax=x,—x,.
AHaH3 MOJYYCHHBIX BBIPAXXCHHUH MOKA3bIBACT, YTO HAJIUYHE BHUOPOU3O0JIS-
TOpa B TEXHUYCCKOW CHCTEME BBIHYKJIAET CUCTEMY, IIOMUMO PaCXOJOBAHMS YaCTH
o0beMa paboThl BHEIIHUX CHJIOBBIX ()aKTOPOB HAa M3MEHEHUE KMHETHUECKOU DHEP-
T'HH, 9aCTh 00beMa paboThl BHEITHUX CHUJIOBBIX (DAKTOPOB MEPEBOANUTH B IMOTCHIIH-
BHYIO PHEPTUIO YIIPYTOro 3JIEMEHTa, a 4acTh o0beMa padoThl TEPATH B JieMrdu-
pyroriem aieMenTe. Jlemndupyronuii 31eMeHT TEXHHUECKOW CHCTEMBI PaCCEUBaET
MOJIYYCHHYIO SHEPTUIO B OKPY’KAIOIIYIO CPeNy, T. €. IEPEBOJAUT B TETUIOBYIO U Tie-
pemaer B atMochepy.
Bzaumooeiicmeue 08yx noosudicHvix 36eHbe8 uepe3 OUHAMUYECKUL 2acU-
menb. BBegeM B TEXHHUYECKYIO CHCTEMY MTOMHUMO BHUOPOHM3O0JATOpA JUHAMHUYE-

ckuid racutens (puc. 4.18).

Puc. 4.18. B3aumopeiicTBre ABYyX MOJABMXHBIX 3BEHBEB UEPE3
JIUHAMHYECKUH TacUTENb

O6a 3BeHa o0saaroT cCOOCTBEHHONW MaccoM, a Ha 3BE€HO 2 JEUCTBYET cuia

—

F,, IeCTBHUE CUIl TAKECTU 000MX 3BCHBEB HE YUUThIBacM. B 3TOM cilyuae 3B€HO

2 CTAaHOBUTCS YaCTbIO JAUHAMHYCCKOI'O I'aCHUTCJIA.

i
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JInHaMU4YeCKUI racuTeNb, WK aHTUBUOPATOp, MPUMEHSETCS AN CHUXKE-
HUSl PE30HAHCHBIX YacTOT, BOSHHUKAIOIIMX B TEXHUYECKOW cucteMe Ha (asze yc-
TaHOBUBILETOCS JBM)XEHUS. [[MHaAMUYeCcKue TacuTeNn BBITIOJIHSAIOTCS B BUJIE YII-
pyroro wiu ¢uznyeckoro MastHuka. Hactpoiika [TMHaAMUYECKOTO TacuTens 3a-
KJIFOYaeTCsd B MoA0Ope e€ro COOCTBEHHOW 4YacTOThI, T. €. COOCTBEHHAs 4acToTa
racuTess OJDKHA ObITh paBHA 4acTOTE TeX KoJieOaHWM, aMIUTUTYIy KOTOPBIX
HEO0O0XOIMMO YMEHBIIIUTD.

CoOcTBEHHYI0 YacTOTY AMHAMHUYECKOTO FaCUTENIs ONpeesisieM 1o hopmyie

rae m , ¢. —Macca " XKXECTKOCTD IIPYKNHBI ATNHAMUYCECKOT'O I'aCUTECIIA.

3anuiiem YPAaBHCHHUC JIBUKCHHA MEXaHMYECKOM CHUCTEMBI C JUHaAMHU4YCCKHUM
TraCuTCJICM:

m -a,+cx +c -Ax+k -Ax=F,,

m_-a —c -Ax—k -Ax=0,

rac c, kr — COOTBCTCTBCHHO, KCCTKOCTb YIIPYIroro u ,Z[GMH(i)I/Ipy}OHIeI‘O OJICMCHTOB
JUHAMHYCCKOI'O IraCHUTCIIA.

KI/IHCTI/I‘ICCKYIO 9HCPIUIO TEXHUUYECKOM CHCTEMBI IIpru HAJIWMYIUN AUHAMUYC-
CKOT'O I'aCUTCJI BBIYUCJIIUM I10 BBIPAKCHHUIO

E:ml'Vlz_i_mz'sz
2 2

b

[ToTeHIMANIbHYIO SHEPTUI0 TEXHUUECKON CUCTEMBI MIPU HAIMYHUU JUHAMUYE-
CKOTI'0 TacUTeJIsl paccyuTaeM 1o popmyiie

o AX N c.-Ax’

2 2

U

b

3]1eCh
Ax=x,—x,.

AHanu3 MOJIy4YEeHHBIX BBIPAXKECHUM ITOKA3bIBACT, YTO HAJTUYKME JUHAMUYECKO-

IO racuTeNsl B TEXHUYECKOW CHCTEME PE3KO CHMXKAET BUOpAaLMU U BBIHYKAAET 3Ty
CHCTEMY, IOMUMO PacxXoJl0BaHUs PabOThl BHEUIHUX CHUJIOBBIX ()aKTOPOB Ha H3Me-

HCHUE KUHETUYECKOU 9HCPIUH, 49aCTb oO0beMa pa6OTBI, COBepHIaeMOﬁ BHCIITHHUMMH

i
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CWJIOBBIMM (PaKTOpamu, MEPEBOJUTh B MOTEHLUAJIbHYIO SHEPTUI0 YIPYIroro sje-
MEHTa, a 4acTb pabOThl 3TUX (PAKTOPOB TEPATH B AEMI(PUPYIOMIEM 3JIEMEHTE.
JeMnpupyrouuii 31eMeHT paccerBaeT MOIYYEHHYIO SHEPIHIO, T. €. IEPEBOJUT €€
B TEIUIO M OTHAET B OKpYKaroUlyro cpeny. OQHaKo B 3TOM CiIy4ae B TEXHUYECKOU
CHUCTEME BMECTO OJHON COOCTBEHHOM 4acTOThl mosiBisieTcs ABe. CieaoBareibHo,
JUHAMUYECKHUE racutenu 3QPEeKTUBHBI TOIBKO B Y3KOM JIMAMAa30HE YacTOT, Pacio-
JIOKEHHBIX BOJU3M 4aCTOTHl HACTPOMKHU TaCUTES.
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B mpenpiaymux riaaBax pacCMaTpUBANIMCH 3a7a4M aHAIA3a U CHHTE3a TEX-
HUYECKHX CHCTEM C HM3IIMMU KMHEMaTHuYeCKUMHU mapamu. Husmme napsl obecrie-
YUBAIOT Mepeady 3HAUUTENIbHbIX CHIIOBBIX (hakTOopoB. OHAKO peanu3aius CTpyK-
Typ TEXHUYECKHX CHCTEM TOJIbKO HU3LIMMU MMapaMy He BCErja Lenecooopa3Ha us3-
3a CII0)KHOCTH KMHEMAaTUYECKOM CXEMBbI. B Takux cilydasx HCIOJIb3YIOT MEXaHU3-
MBI C BBICHIMMU KMHEMATHYECKUMU IIapaMH, KOTOPBIE MTO3BOJISIOT BOCIIPOU3BECTH
IPAaKTHUECKU JHOO0ON 3aKOH JBMKEHMS MPU MUHUMAJIbHOM uucie 3BeHbeB. Hamu-
Yyye BBICIIEH KMHEMAaTHYECKOM Iaphl IO3BOJISIET COKPATUTh YHUCIIO IMOIBHKHBIX
3BEHbEB, YTO MPUBOAUT K YMEHBIIECHUIO TabapuTOB MeXaHU3Ma. THUIIOBOM Mexa-
HU3M C BBICIIEH KMHEMAaTHYECKON IapOM COCTOUT M3 CTOMKHU M JABYX IOJBWKHBIX
3BeHbEB. [l0JBU)KHBIE 3BEHBS, B3aUMOJECUCTBYSI CO CTOMKOW, O0Opa3yrOT HU3IINE
KMHEMAaTHUYECKHUE Maphl, a MKy COOOM COCTaBISAIOT BBICHIYI0 KMHEMATHYECKYIO

napy.

5.1. TEOPEMA O BbICLLEN KHHEMATUYECKOW NAPE

[ToBepXHOCTH 3BEHBEB, OOPA3YIOIIMX BBICHIYIO KHHEMAaTUYECKYIO Mapy H
00€CIeurBaOIINE 3a/1aHHBIE 3aKOHBI UX OTHOCUTENIBHOTO JBUKEHMSI, HA3bIBAIOTCS
CONPAINCEHHbIMU, UIIA HAYATbHOIMU.

Ha otHOCHTENBHOE NBHKEHNME HAYaJIbHBIX ITIOBEPXHOCTEN 3BEHBEB HAKIIAbI-
BaeTCs OIPaHUYEHUE, KOTOPOE HA3BIBAECTCS MEOPEeMOl O 8blCUlell KUHEMAMUYECKOU

nape: B KOXI0U TOYKE KaCaHMs HAYaIbHBIX IMOBEPXHOCTEH, BEKTOpP CKOpocTu Vp

ATOU TOUYKH JISKHUT Ha MEPICHIUKYISIpEe K 001Iell HopMaan n—n, TPOBEACHHON Ye-
pe3 Touky Kacanus (puc. 5.1).

Puc. 5.1. BekTOp cKOpOCTH TOUKH KOHTAKTa COIPSKEHHBIX TOBEPXHOCTEN

YcnoBre OCHOBHOW TEOPEMBI BBICILIEH MAPHI:
8 BEKMOPHOM UOe

—

VP ‘N = O s
6 AHAIUMUYECKOM 6UOE

VP-n-cos(VP,ﬁ) 0,
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5. BBEAEHWE B TEOPUIO BbICLUEN NAPbI

5.1. Teopema 0 BbICLIEN KNHEMATUYECKOW nape

r7ie /1 — €IMHUYHBIN BEKTOP, HAIIPABJIEHHBIN 10 00IIIel HOpMalu n—.

Teopema nokas3pIBaeTCa «OT IPOTUBHOrO». Ecim yciioBue T€opemMbl HE BbI-
IIOJIHAETCSA, T. €. BEKTOP CKOPOCTM TOYKHM KOHTAKTa HA4daJbHBIX ITOBEPXHOCTEN HE
JeKUT Ha TEPIEHAUKYIApe K OOIIeil HOpMasH, TOTAa MMEETCSl COCTaBIIAIOIIAs
ATOW CKOPOCTH, HampaBlieHHas 1Mo oOuieil Hopmanu. B 3Tom ciywyae mpoucxoaut
100 OTPHIB OJJHOM MOBEPXHOCTH OT JIPYroi, JIMOO BHEAPEHUE ITHX MOBEPXHOCTEN
JIpYT B APYra, 4TO HEIOMyCTUMO IS CYLIECTBOBAaHUSA KMHEMATHUYECKOM Naphl Kak
NOJBMKHOTO coequHeHus. Ciie10BaTeNIbHO, COCTABIISIIONIAs CKOPOCTH TOYKU KOH-
TaKTa HaydaJbHBIX MOBEPXHOCTEN HE JECTBYeT MO OOILIel HOpMalld, a 3TO BO3-
MOXHO TOJIBKO IIPH YCJIIOBUH, YTO BEKTOP CKOPOCTH 3TOU TOYKHU JIEKUT HA IEPIICH-
IUKYJIIpe K O0IIeld HOpMaiH, T. €. YCIOBUE TEOPEMBI BhINONHAETCA. Teopema 10-
Ka3aHa.

5.2. NONKOC U LEHTPOUAbI

PaccMOTpuM TEXHUYECKYIO CUCTEMY, COCTOSLIYIO U3 JBYX aOCOJIOTHO TBEP-
JbIX 3BEHBEB | M 2, COBEPIIAIOIIMX CIOKHBbIE ABMXKEHHUS. CBsDKEM CO 3BEHOM 1
cucremy Koopaunat O,X,Y, a co 3B€HOM 2, COOTBETCTBEHHO, CHCTEMY KOOPIU-

nHar O,X,Y, (puc. 5.2).
Y.
1 44 2
A
V4
b 2

S
\/

v <

Puc. 5.2 . Cxema pacrnosioskeHusi HIEHTPOUL B BBICIIEH KUHEMAaTHYECKOM Iape

CroxHoe ABMKEHHE 3B€HA | OTHOCHUTENBHO 3BE€HA 2 B pacCMaTpHUBAEMBbIA
MOMEHT BpeMEHU Oy/eT SKBUBAJIEHTHO BPAIICHHUIO 3BE€HA 2 BOKPYT MTHOBEHHOTO
LIEHTPAa CKOPOCTEM, COBITAIAIOIIETO C ITOJIOCOM COIPsKEHU P.

llonoc conpsocenus (3alEIUICHHUs]) — 3TO TOYKA KacaHWsS HayajlbHBIX I1O-
BEPXHOCTEN 3BEHBEB, 00PA3YIONINX BHICIIYIO KHHEMAaTUYECKYIO Mapy.

MrHOBEHHOE TOJIOKEHHE TOJIKOCA COMPSHKEHUsT P ompenelseTcs: nepeceye-
HUEM TNEPIECHAUKYJIAPOB C JIMHUAMU JECUCTBUSI BEKTOPOB CKOPOCTEN TOUEK A U B,
NpuHaJIeXKaX 3BeHy 2. B cienyromnuii MOMEHT BpeMEHU TOUYKU 4 U B u3MeHsr
CBOE MOJIOKEHUE, CIIEIOBATENIBHO, MOJIOC CONPSKEHUsS P TakkKe MepEeMECTUTCH.
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5. BBEAEHWE B TEOPUIO BbICLUEN NAPbI

5.2. Monkc n ueHTpouabI

PaccmarpuBas nepemerieHue 3BEHbEB 3a HEKOTOPBIA IIPOMEXYTOK BPEMEHHU, I10-
JYy4YUM TIE€OMETPUYECKOE MECTO IIOJIIOCOB COIpPSDKEHUA. I'eoMeTpudeckoe MecCTo
HOJIIOCOB CONPSDKEHMs B cucTeMe Koopaunar O\X|Y}, Ha3bIBaeTcs NOIBMKHOM

nenrpoujou 11, a B cucreme koopaunar O,X,Y, — HENOABMKHOM LeHTpoua0H L1,

(puc. 5.2).
Llenmpouoa — 3TO TEOMETPUIECKOE MECTO MTHOBEHHBIX IIEHTPOB CKOPOCTEH

ABIIAIOIIMXCS TOJFOCAMU COMNPSKEHUA (3aLeIUICHNs) KOHTAaKTHUPYIOLUIUX Hayallb-
HBIX MTOBEPXHOCTEHN 3BEHBEB, 00PA3YIOIIUX BBICIIYI0 KHHEMATHUYECKYIO Tapy.

B mponecce nBukeHNs 3BEHbEB LICHTPOUIBI KOHTAKTUPYIOT APYT C APYTOMB
MIHOBEHHBIX LEHTpaxX CKOpPOCTEH, T.€. MEepeKaThIBAlOTCA Jpyr MO Jpyryoes
CKOJIb)KE€HHS. B 3TOM cilyyae TOUKM LHEHTPOU/, JIEKAIIKE B MOJTIOCE CONPSIKEHUS, B
CHEYIOIINI MOMEHT BPEMEHU OKAXYTCS B NOJOKEHUAX C; 1 C; COOTBETCTBEHHO.
[Ipu 3TOM MyTh, IPONHACHHBIN pacCMAaTPUBAEMBIMH TOYKAMU OOEHMX LIEHTPOU] 32
HEKOTOPBIA MPOMEXKYTOK BPEMEHHU, OyJEeT OJMHAKOBBIM, YTO BO3MO>KHO TOJBKO
IIPU PABEHCTBE HAYAIBHBIX CKOPOCTEH, CIIEIOBATEIIBHO, CKOPOCTH JAHHBIX TOYEK B
IIOJIFOCE CONPSDKEHMS PaBHBI APYT APYTY, @ CKOPOCTh OTHOCUTEIBHOTO JIBUKCHUS
paBHa HYJIIO, T. €.

Ver =Vpas
Vera =Vpy = 0.

[TonmyyeHHbIe BBIpaXKE€HUsI MPEICTABISAIOT COOOM OCHOBHOE CBOMCTBO BbIC-
el KHHEMAaTHYeCKOW Mapbl, U3 KOTOPOrO CIEIYET: CKOPOCTH TOYEK LIEHTPOUJ B
HIOJIIOCE COMPSIKEHUS PaBHBI APYT APYTY, & CKOPOCTh OTHOCUTENIBHOTO JABM)KEHUS
ATUX TOYEK paBHA HYJIIO.

5.3. OCHOBHASA TEOPEMA CONPAXEHWUA (SALEMNEHUA)

B mutockux MexaHn3max C BBICIIMMHM KHHEMATHYECKUMU ITapaMu BMECTO CO-
NPSKEHHBIX WJIM HAYaJbHBIX MMOBEPXHOCTEH pPacCMATPHUBAIOT CONPSIKEHHBIE WIIU
HavaJIbHbIE TPO(UIIN (OKPYKHOCTH).

Conpsoicennble WA HaA4aibHble NPOQUIU — 3TO KPUBBIE, TIOTy4yaeMbIe B Ce-
YEHUHU CONPSDKEHHBIX WM HAYAJIBHBIX IOBEPXHOCTEHN IJIOCKOCTBIO, ITPOBEACHHON
NapajuiesIbHO INTIOCKOCTH UX JBUKECHHUS.

ITyctb 3BeHbs 1 1 2 TIIOCKOrO MEXaHW3Ma C BBICHICH KMHEMAaTU4EeCKON Mapoil
COBEpILIAIOT BPAIIATENbHBIE IBHKEHUS BOKPYT NMAapAJUIEIbHBIX OCEM B PA3HBIX HAIIPaB-
aenusix (puc. 5.3). Ilpu 3TOM TOuKa A NpPUHAIUIEKUT 3BeHYy 1, a Touka B — 3BeHy 2.
3HavyeHus1 CKOpOCTel TOYEK A U B BhIpakaroTCs:

VA:le'(”lv
Ve=1p-,.

3BeHbst | 1 2 00pa3yloT BBICHIYIO KHHEMATHUECKYIO Mapy, CIEA0BATEIbHO,
KOHTAaKT Ha4daJIbHbIX NpoQuiiel paccMaTpUBaeMbIX 3BEHbEB UMEET MECTO B IOJIIO-
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5. BBEAEHWE B TEOPUIO BbICLUEN NAPbI

5.3. OcHOBHas Teopema conpsikeHus (3aLenneHns)

ce conpsbkenus P. [lomtoc conpsipkenus P SBIIIETCS MTHOBEHHBIM LIEHTPOM CKOPO-
CTEH B OTHOCUTEIILHOM JIBUJKECHUU 3BEHBEB.

Puc. 5.3. K BeiBOty (hOpMyJIBI [71s1 IEPEIATOYHOTO OTHOIICHHS
IUIOCKMX MEXAHU3MOB C BBICILIEH KHHEMAaTUYECKON apoil

N3 Teopemsl 0 BBICIIEH KHHEMATUYECKOM Mape CIEAYyET: BEKTOpPa CKOPOCTEU
TOYEK KOHTaKTa HadaJbHBIX MpOo]uIei, pacroioKEHHbIE B MOJIIOCE COMPSIKEHUSI,
JNEUCTBYIOT MO NPSIMOM, SIBISIOLIEHCS MEePIEeHAUKYISIpOM K obuieil Hopmanu. O0-
njasi HopMajib HayaJdbHBIX MOBEPXHOCTEN coBnajaer ¢ npsamot OC, cienoBaTelb-
HO, MOJIIOC P JOJDKEH JIeKaTh Ha MEPIEeHAUKYIJISIpe K 3Tor npsiMmoil. Kpome Toro,
MTHOBEHHBINA HEHTP P goibkeH jexarsh Ha npsaMoir OC, T. K. TOIBKO B TOUKaX 3TOU
PSAIMOM BEKTOpPA CKOPOCTEN TOUEK 4 U B MMEIOT OIMHAKOBOE HallpasiieHue. B mno-
JIIOCE COMPSIKEHUS CKOPOCTh OTHOCUTEIIBHOTO JIBH>KEHUS 3B€HBEB | U 2 paBHA HY-
JII0, @ CKOPOCTHU TOYEK A U B paBHBI APYT APYTY:

Wy lop =0y lep,
OTKy/a CJIeyeT
@,

OSSR

L

W3 npoBeneHHOrO aHanu3a clieayeT: oOlas HopMallb B TOUKE KacaHHs Ha-
YJaJbHBIX Tpoduiiel MPOXOAUT Uepe3 MOIOC COMPSHKEHUsI P, KOTOPBINA JEIUT Me-
#oceBoe paccrosuue OC Ha 4acTH, OTHOLIEHUE 3HAYEHU KOTOPBIX 00paTHO MpPO-
NOPLIMOHAIIBHO OTHOUIEHUIO YTIIOBBIX CKOPOCTEH 3BEHBEB.

B teopun 3yOuaThiX MEXaHW3MOB CIIETIAaHHBIM BBIBOJI HOCUT HAa3BaHHUE OC-
HOBHOU meopembl 3ayenieHus, Kotopasd nokazana Bumnucom. OcHOBHas TeopemMa
3alEIJIEHUs] pPAcCMAaTPUBAET OTHOIIEHUE YTJIOBBIX CKOPOCTEW 3BEHBEB, KOTOPOE
Ha3bIBAETCA KHUHEMATUYECKUM MEPENATOYHBIM OTHOILICHUEM:

i
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5. BBEAEHWE B TEOPUIO BbICLUEN NAPbI

5.3. OcHOBHas Teopema conpsikeHus (3aLenneHns)

[TommydyeHHOE BBIpaXKEHHE OMPEENIIeT OCHOBHOE CBOMCTBO TEOPEMBI 3alleTl-
JIeHUSI, KOTOpasi MUMEET CIEAYIOIyI0 (HOPMYIHPOBKY: MEPEAaTOYHOE OTHOIICHHE
3BEHbEB, COBEPIIAIOIINX BpalllaTeIbHbIC TBUKECHUS, IPAMO MPOMOPLHUOHAIBHO OT-
HOILIEHUIO YTJIOBBIX CKOPOCTEM M OOpaTHO MPOMOPIMOHATIBLHO OTHOLICHHUIO pac-
CTOSIHUHM OT EHTPOB BpaILlEHUs 0 MOJIOCa.

5.4. MEXAHMU3MbI C BbICLLMMHU
KUHEMATUYECKUMU NAPAMU

Mexanuzm ¢ evicuiel KuHeMamuyeckou napou — 3T0 MEXaHU3M, CTPYKTypa
KOTOPOTO COJIEPKUT XOTSI ObI OJIHY BBICIIYIO KHHEMATUYECKYIO Tapy.

K TumnoBbiM MexaHM3MaM TAaHHOTO BUJIa OTHOCSATCS:

MeXxaHU3Mbl GPUKIUOHHBIE (puUC. 5.4, puc.5.5);

MEXaHU3MBbI C THOKMMHU 3BEHbsIMU (puc. 5.6, puc.5.7);

MeXaHU3MbI MajbTulickue (puc. 5.8, a);

MEXaHU3MBbI TTOBOJIKOBBIE (puc. 5.8, 0);

MeXaHU3MBbI 3y0daTsie (puc. 6.1, puc.6.4, puc.6.5, puc.6.6);

MEXaHM3MBbI 1IeBOUYHbIE (puc. 6.3.);

MEXaHHU3Mbl KyJaukoBbie (puc. 9.1).

DpUKYUOHHBIY MEXAHUZM — ITO MEXAHU3M C BBICIIEH KMHEMATUYECKOW Ma-
poii, B KOTOPOM Tiepeaya JABMKEHHUS U MpeoOpa3oBaHKe CUIIOBBIX (PaKTOPOB OCY-
HIECTBIISIETCS 33 CUET CUJI TPEHUS WIIH CLETIIICHUS.

OpHUKITMOHHBIC MEXaHU3MBbI 00JIAA0OT PSAOM JOCTOMHCTB: MPOCTOTA KOHCT-
PYKIIMH, OCCITYMHOCTh PaOOThI, MpeIoXpaHEHHUE OT TEPErpy30K, BO3MOXKHOCTH
OeccTyneHyaToro M3MEHEHHs MepeAaTOYHOr0 OTHOIIEHHUS, YTO TMOJATBEPKIACTCS
UX MPUMEHEHHUEM MPAKTUYECKH B MAIlIMHAX BCEX BUJIOB.

Bce ¢dpuknmoHHble MeXaHU3MBI JIESTCS HA JBE TPYIIIBI: TUIOBBIE (TPO-
CThI€) MeXaHU3MBbI (puc. 5.4) u BapuaTopsl (puc. 5.5).

CxeMma THUMOBOTO (PPUKIIMOHHOTO MEXaHU3Ma COJIEPKHUT: CTOMKY U JBa MO/I-
BIDKHBIX 3B€HA, KOTOPBIMU SBJISIIOTCS KaTku 1 1 2 (puc. 5.4, a—2), kaTtok 1 u quck 2
(puc. 5.4, 0) u xarok 1 u mrockocts 2 (puc. 5.4, e).

[IpocThie (PPUKITMOHHBIE MEXAaHW3MBI MOAPA3NCITSAIOTCS Ha CICTYIOIINE
TPYIIIBI: MEXaHU3MBI C MTAPAJUICTLHBIMU OCSIMUA ¥ MEXaHU3MBI C TIEPECEKAIOIITHMH-
cst ocsimu. K mpocThiM (PpUKITMOHHBIM MEXaHU3MaM OTHOCSITCS MUIUHAPUUYECKHE C
BHEIIHUM (puc. 5.4, a, 6) uiu BHyTPEHHUM KacaHueM (puc. 5.4, g), a MeXaHU3Ma-
MU C TMEPECEKAOIIMMUCS OCSIMH SBISIFOTCS KOHWYeckue (puc. 5.4, 2) u JI0OOBBIC
(puc. 5.4, 0). JIoOOBBIMU HAa3BIBAIOTCSI KOHMYECKHE (PUKIIMOHHBIE MEXaHU3MBI,
UMEIOIIME 3HAUCHUE yTJIa IepeceueHns 0cel MOABMXHBIX 3BeHbEB O = 90°.

i
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5. BBEQEHWE B TEOPUIO BbICLLUEW NAPbI
5.4. MexaHu3MbI C BbICWUIMMW KWNHEMATUYECKUMU Napamu

Puc. 5.4. CtpykTypHBIE CXeMbl (PUKITHOHHBIX MEXaHU3MOB

Bo ¢puxkumnoHHBIX MexaHuW3Max MNpeoOpa3oBaHUE ABMXKEHHS M CHJIOBBIX
(bhaKTOpOB OCYIIECTBIISIETCSA MyTEM HEMOCPEACTBEHHOI'O KacaHus pabouyux MOBEpX-
HOCTEH MHOJIBWKHBIX 3BeHbeB. OQHAKO IJISI CO3JaHHUS JOCTATOYHOM II0 BEIIMYMHE
CUJIBI TPEHUSI HEOOXOJAMMO HAJIUYHUE JOMOJHHUTEIHHOTO CHJIOBOTO YCHWJIMS, YTO
MPUBOJUT K AedopmaiusaM padounx MOBEPXHOCTEH 3BEHBEB, BBI3BIBASI UX MOBBI-
HIEHHBIN W3HOC. HEMOCTOSHCTBO MEepe1aTOYHOr0 OTHOIIEHHUSI CYIIECTBEHHO CyKa-
€T 00J1aCTh MPUMEHEHUS IAaHHBIX MEXaHU3MOB.

OPUKITMOHHBIE MEXAHW3MBbI, 00JIaJIal0lIMe BO3MOXKHOCTBIO M3MEHEHHUS Tepe-
JTATOYHOTO OTHOUIECHUS B 33JaHHOM JIMAlla30HE, HA3bIBAKOTCS BapuaTOpaMu
(puc. 5.5). BapuaTopbl NpUMEHSAIOTCS B MalllMHaX Pa3HOr0 Ha3HAauyeHWUsl, TPeOyro-
IIUX TJJABHOTO U3MEHEHHS! CKOPOCTH JBHXKEHHSI BEJOMBIX 3BEHBEB B TPEOYEMBIX
npejennax mno 3aJJaHHOMY 3aKOHY.

i
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5. BBEQEHWE B TEOPUIO BbICLLUEW NAPbI
5.4. MexaHu3MbI C BbICWUIMMW KWNHEMATUYECKUMU Napamu

f’l //1 P 1
T .7
- 7z
7>

Puc. 5.5. CtpykTypHbIe cXeMbl (PPUKIIMOHHBIX BAPHATOPOB

BapuaTopsb! gensiTcst Ha 1B€ TPYIIIbI:

8apuamopuvl ¢ HeNnOCPeOCHMBEHHbBIM KACAHUEM 36eHbeg — 3TO BapuaTophbl, B KO-
TOPBIX PETYJIUPOBAHKE 3HAUCHUI TIepeAaTOuHON (PYHKIMU (TIEPEeAATOYHOrO OTHOIIIE-
HUS1) OCYILIECTBIISICTCS 3a CUET MEePEMEIICHHS OHOTO U3 3BEHbEB-KATKOB (puC. 5.5, a);

8aAPUAMOPBL C NPOMENHCYMOUYHBIM 36€HOM — 3TO BApUATOPBI, B KOTOPBIX pe-
TYJIUPOBaHUE 3HAUCHUN TEpeNaTOYHON (PYHKIUHU (MepeaaTOYHOTO OTHOIICHUS)
OCYUIECTBJISICTCS 32 CUET MEPEMEILCHUs POMEKYTOUHOTO0 3BeHa (puc. 5.5, 0, 8).

[Tepenatounas ¢yHkOus (MepeaaTOYHOE OTHOIICHUE) BapHATOPOB OeccTy-
MEHYaTO U3MEHSETCS B Ipeenax oT 2,5 1o 5.

Mexanuszmul ¢ 2uOKUMU 36eHbAMU — ITO MEXAHU3MBI C BBICIIUMU KUHEMATHU-
YECKUMU Mapamu, B KOTOPBIX Mepeaada ABUKEHHS OCYIIECTBISECTCS 3a CUET HAJIU-
4usi THOKOTO 3BEHA.

Cxema TUIIOBOTO MeXaHM3Ma ¢ THOKMM 3BEHOM COAEPIKUT: CTOMKY W TPH MO/I-
BIDKHBIX 3B€HA, KOTOPHIMU SIBJISIFOTCS THOKOE 3BeHO 3 M mIKKBHI 1 u 2 (puc. 5.6, a, 6)
win Basiku 1 u 2 (puc. 5.6, ) vnu 3Be310uku 1 u 2 (puc. 5.6, 2). B xauectBe rudkux
3BEHbEB BBICTYMAIOT: PEMHHU, ITHYPbI, KAHATHI, TPOCHI MTPOBOJIOKA, JIEHTBI, LIEMH U JIp.
Mexanu3mbl ¢ THOKMMH 3BEHBSIMH OOJIQAlOT PSIZIOM CYIIECTBEHHBIX JOCTOMHCTB:
MPOCTOTa KOHCTPYKIIMH, TUIABHOCTH PA0OTHI, BO3MOXKHOCTh TEpPEIadyr BHKCHHS Ha
OOJIbIIINE PACCTOSHUS TIPY MAJIOM YHCJI€ 3BEHBEB, UTO MOATBEPKIACTCS UX MPUMEHE-
HUEM MPAKTUYECKd B MAaIIMHAX BCEX BUJOB, a TaKke B MpubopocTtpoeHuu. Mexa-
HU3MBI C THOKUMH 3BEHBSIMH TTOJIPA3ACIISIOTCS HA MEXaHU3MBbI C (PPUKITMOHHBIM CIIe-
IUIEHUEM — peMeHHbIe (puc. 5.6, a, 6), MEXaHU3MBbI C HEMOCPEICTBEHHBIM KPEIICHU-
eM (puc. 5.6, 8) U MEXaHU3MBI C 3alleIieHueM — 1ienHbie (puc. 5.6, 2). PeMeHHbIie Me-
XaHU3MbI 1 MEXaHU3MbI C HEMOCPEACTBEHHBIM KPEIIEHUEM MOAPA3JIEISIIOTCS Ha Me-
XaHU3MBI C MapaJICILHBIMUA OCSIMU WJIH OTKPBITHIE (PHC. 5.6, a, 8), MEXaHWU3MBI Tepe-
KPECTHbIE U MEXaHU3MbI CO CKPEIIMBAIOIIUMUCI OCSIMU WU TOJYyHEPEKPECTHBIC

(puc. 5.6, 0). llermHbie MEXaHU3MBI OBIBAIOT TOJBKO OTKPHITHIME (pHC. 5.6, 2).
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Puc. 5.6. CtpyKkTypHBIE CXEMbBI MEXaHU3MOB C THOKUMU 3BEHBSIMHU

B Mexanu3max ¢ THOKMMH 3B€HBSIMU IIPE0Opa30BaHNE ABMXKEHUS U CUIIOBBIX
(aKTOpOB OCYIIECTBISAETCS MMOCPEICTBAM U3MEHEHUSI (POPMBI pabOUYMX MOBEPXHO-
cTeil ruOkoro 3BeHa. Hamuuue npockanb3blBaHUsA M BBITATMBAHUA PEMHEH, KaHa-
TOB M TPOCOB B PEMEHHBIX MEXaHU3MAX U MEXaHU3MaX C HEIOCPEACTBEHHBIM Kpe-
IUICHUEM, TOBBIIIEHHBIN U3HOC LIETIEH B LEMHBIX MEXaHU3MaX, a TAKXKE HEIOCTO-
SIHCTBO ME€PEAATOYHOTO OTHOLIEHUS BCEX BUJIOB MEXAHU3MOB C THOKMMU 3BEHBSIMU
CYILLIECTBEHHO CYXaeT 00JIacTh UX NPUMEHEHUs. YaCTHBIM CIly4aeM MEXaHU3MOB C
THOKMMH 3BEHBSIMH SIBJISIIOTCS IIaPUKOBBIE MEXaHU3MbI, 00pa3oBaHHbIE THOKUM
[IJIAHTOM ¥ HA0OpOM IIapuKoB (puc. 5.7).

Puc. 5.7. CTpyKTypHBIE CXEMBI IIAPUKOBBIX MEXaHU3MOB

B TumnoBbIx cxeMax MapUKOBBIX MEXaHU3MOB TMOKHI IUIAHT SIBJISIETCS DIie-
MEHTOM CTOMKH 0, a B KauecTBe TMOABIKHBIX 3BEHBEB BHICTYMAIOT Iiapuku 1. Hamu-
Yrie¢ THOKOTO IUIAHTA B MIAPUKOBBIX MEXAHW3MaxX OOECTIEUYMBACT BO3MOKHOCTH TIpe-
00pa3oBaHus IBUKEHUS U CUJIOBBIX (DaKTOPOB Ha OOJIBIIHME PACCTOSHUS MPU TPOU3-
BOJILHOM PAaCTIONIOKEHUH OCe 1 MUHIUMAJIBHOM YHCIIE 3BEHBEB, YTO 00SCIICUNBACTCS
HEMOCPEJCTBEHHBIM KaCaHUEM IIapUKOB APYT ¢ aApyrom (puc. 5.7, a). C nenblo uc-
KJIIOYCHUS KOHTaKTa MIapuKoB 1 MeXy coOOl B MEXaHW3MaXx JaHHOTO BHUJIA MpUME-
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5. BBEQEHWE B TEOPUIO BbICLLUEW NAPbI
5.4. MexaHu3MbI C BbICWUIMMW KWNHEMATUYECKUMU Napamu

HsieTCs THOKMI cenaparop 2 (puc. 5.7, 0), 4TO 3HAUUTENLHO CHUKAET U3HOC pabOUunX
MOBEPXHOCTEN 3BEHBEB, MOBBILIAS JOJITOBEYHOCTh U PECYPC PabOThl MEXaHU3MA.

Manemutickuu  mexanusm — O3TO MEXaHHU3M, COAEpKAIIUN KpPHUBOILMII,
UMEIOIINIA CHEeIMaNbHBIA BBICTYT-MAJel] MPEePHIBUCTO CIETUIAIOMUNACA C Ma30M
BBIXOJIHOTO 3BeHa (puc. 5.8, a).

Puc. 5.8. CxeMbl MAIBTUICKOTO ¥ ITOBOAKOBOT'O MEXAHU3MOB

ManbTuiickue MexaHu3Mbl TpeAHa3HAYCHBI NJis1 MpeoOpa3oBaHUs Bpalla-
TEJIHOTO JIBUKEHUS BEAYILIETO 3BEHA B MPEPBIBUCTOE JBHKEHUE BBIXOJHOTO 3BE-
Ha, COMPOBOXKJAEMOE OCTAHOBKAMH UJIM BBICTOSIMHU TPEOyeMOM MpPOIOJIKUTEIbHO-
cti. OJIHOW M3 Pa3HOBUHOCTEH MaJbTHHCKUX MEXAHU3MOB SIBJISIIOTCS TTOBOJKO-
BbI€ MEXAHU3MBI.

Ilogooxo6uvlll MexaHuzm — 3TO MEXaHW3M, TOJIBIJKHBIE 3BEHbS KOTOPOTO
UMEIOT CIIeIMANIbHBIC [IMIMHIPUYECKUE BBICTYTBI-NANbBIIBI (pHC. 5.8, 0).

[ToBOAKOBBIE MEXAaHHM3MbI MPEAHA3HAYEHBI IS MEPENAYd BPAIIATEIbHOTO
JIBI>KEHUSI MEXKTY 3BEHBSIMU C MepeceKaronmmucs ocsiMu. Ocu BpallleHUsl 3B€HbEB
MOBOJIKOBBIX MEXaHM3MOB MOT'YT M€pECEKAThCs MO/ JIt0ObIM yriioM d. [Ipu & = 90°.
MTOBOJKOBBIE MEXAHU3MBI SIBJISIFOTCSI OPTOTOHAJIbHBIMH.

OpmozoHanvHblll Mexanusm — TO MEXaHW3M, O00pa30BaHHBIN 3BEHBSIMU C
F€OMETPUUECKUMU OCAMHU BPAILLICHUS MEPECEKAIOIIMMUCS IO MPAMBIM YIJIOM,
T. €. 0 = 90° (puc. 5.8, 0).

MayIbTUHCKHE U TOBOJAKOBBIE MEXAHU3MbI UMEIOT IIMPOKOE PaCIpOCTpaHe-
HUE B MIPUOOPOCTPOCHUH, B U3JIETUAX TOUHOTO MAIIIMHOCTPOCHHUS U SBJISIIOTCS 4ya-
CTHBIM CJIy4a€M MEXAaHU3MOB 3alCTUICHUS.

i
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6. 3YBUATBHIE MEXAHU3MbI

3ybuamolii mexanusm — 3TO MEXAHU3M C BBICIIICH KMHEMAaTUYECKOM Mapoi, B
CTPYKTYPY KOTOPOTO BXOJST 3BEHbS, CHAOKEHHBIE CIEIMAILHBIMU BBICTYIIAMU-
3yOBsIMHU.

3yOuaTbie MEXaHW3MbI 00JAAI0T PSAJIOM MOJIE3HBIX CBOMCTB, O0YCIOBUBIINUX
UX IIHPOKOE PaCIpOCTPAHEHUE MPAKTUUYECKH BO BCEX BUAAX MalIUH. B mpombiii-
JICHHOCTH TIPUMEHSIOTCSI MAIIIUHBI, COCTOSIIINE TOJIBKO U3 3y0UaThIX MEXaHU3MOB.
Onnako HanOoJIbIlIEe paclpoCcTpaHeHHe 3yOuaTbie MEXaHU3Mbl TIOJIYYUIIN B Kaude-
CTBE MEPEAATOYHBIX WM MPeoOpa3yloMX YCTPOMCTB, UCIOJb3yeMbIX B 0Ooliee
CJIIOKHBIX TEXHUYECKUX CHCTeMaxX JUIsl COTJIAaCOBAHMS XapaKTEPUCTUK pabouel u
SHEPreTUYECKOW MAIIVH.

3yOuaTble MeXaHWU3Mbl MpPEHA3HAYEHBbI JJIs TMEepeJadyd BpallaTeabHOTO
JBUKECHUSI MEXKIY 3BECHBSMH, a TAKXKE Il U3MEHEHUS] 3HAUYCHUU YTJIIOBOW CKO-
pOCTH U CWIOBBIX (hakTOpoB. 3yOUaThie MEXaHHW3MBbI, MPEIHA3HAYCHHBIC IS
YMEHBIIICHHUS YIJTIOBOM CKOPOCTH BBIXOJHOI'O 3B€HA C OJHOBPEMEHHBIM IOBBI-
HIEHUEM KPYTSIIEr0 MOMEHTA IO CPAaBHEHUIO C BXOJAHBIMHM 3HAUECHUAMHU ITUX
napaMeTpoB, HA3bIBAIOTCS pedykmopamu, a 3yOuarble MEXaHU3Mbl, TpeaHa3Ha-
YEHHBIE JJI1 YBEJIUYEHUS YIJIIOBOM CKOPOCTH C MOTEpPEW 3HAYEHHSI KPYTAIIETO
MOMEHTa Ha BBIXOJHOM 3BEHE, — MYIbMUNAUKAMOPAMU.

TunoBoil 3yOuaTblii MEXaHW3M COCTOUT M3 CTOMKM M JBYX IOJIBHKHBIX
3BEHBEB, KOTOPHIE HA3BIBAIOTCS 3yOUaTHIMHU KOJIECAMH.

3ybuamoe Koseco — 3TO 3BEHO 3yOUaTOro MexaHu3Ma, CHaOKEHHOE CIICIIH-
aJIbHBIMU BBICTYTIaMU-3yObsIMHU.

B 3aBucuMocCTH OT OCOOEHHOCTEHW CTPYKTYpBI, BCE 3y0UaThle MEXaHU3MBI
MOAPA3ICIISIIOTCS HA JIBA BUA: ITPOCTHIE U CIIOXKHBIE.

6.1. NPOCTbIE 3YBYATbIE MEXAHU3MbI

IIpocmoii 3y6uamviii Mexanuzm — 3TO TPEX3BEHHBIA MEXaHU3M, COCTOSIIIUI
U3 IByX 3yOUaThIX KOJEC U CTONKH.

B mpocthix 3y0uaThix MexaHH3Max 3yOuaTbie Kojieca 00pa3yroT MEXay CO-
001 BICIINE KUHEMATUYECKHUE TIaphl, a CO CTOMKON CO3/Iat0T HU3IINE KUHEMaTHye-
CKHe€ Maphl (IMOCTYNATENbHbIE WA BpallaTelIbHbIE).

Benymiee 3BeHO mpocToro 3y04aToro MexaHu3Ma Ha3bIBACTCS uleCmepHs, a
BEJIOMOE 3BEHO — 3yOuamoe koseco. IlapaMeTpsl mecTepHr 3y04aToro MexaHmu3ma
MPUHATO 0003HAYATh C MHJACKCOM 1, a mapaMeTphl 3y0UaThIX KoJieC — ¢ WHICKCa-
MU, COOTBETCTBYIOIIMMHA HOMEpaM MX KOJiec.

PaGota mpocThix 3yOuUaThIX MEXaHW3MOB OCHOBaHA Ha WCIOJIb30BAHUH
NPUHIMIA pblYara, T. €. MpeoOpa3oBaHUE JIBMIKECHUS OCYIIECTBIIICTCS MOCPEICT-
BOM Ha)kaTHsl 3yObeB IIECTEPHHU Ha 3yObs Kojeca.

[TpocThie 3y0UaThie MEXaHU3MBI KJIaCCUPUIIUPYIOT:

1) mo popme HayaIbHBIX TOBEPXHOCTEH:

KoHuyeckue (puc. 6.1);
riiobougHbIe (puc. 6.2);
nuIuHapudeckue (puc. 6.4, puc. 6.5., puc. 6.6);
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6. 3YBYATbIE MEXAHU3MbI

6.1. NpocTbie 3yd4aTbie MeXxaHU3Mbl

2) MO pacroI0KEeHUIO 3BEHbEB B MPOCTPAHCTBE:
MPOCTpaHCTBEHHbIE (puc. 6.1, puc.6.2);
mockue (puc. 6.3, puc. 6.4., puc. 6.5., puc. 6.6);
3) 10 PacnoIOKEHUIO TEOMETPUUECKUX OCEH:
C MapajiebHBIMU TFeoMeTpruuecKuMu ocamu (puc. 6.3, puc. 6.4., puc.
6.5., puc. 6.6);
C TIEpPECEKAOIIUMHUCS TEOMETPUUECKUMHU OcsIMHU (puc. 6.1);
CO CKPEILMBAIOIIMMUCS T€OMETPUUECKUMHU OCcsiMU (puc.6.2);
4) no popme npoduist 3yda:
C DBOJIbBEHTHBIM MPOPUIIEM;
C IUKJIOUIATILHBIM Tpoduiiem;
C KpyroBbIM npoduinem (nepenauun Hosukosa);
¢ npoduneM no «ynutkam llackansy;
5) mo popme nuHUM 3y0a:
C TIPSIMBIM 3y0OOM HJIH TIPSIMO3YOBIE;
C KOCBIM 3y0OOM HJIU KOCO3YOBIE;
IIICBPOHHBIE;
C KPUBOJIMHEHHBIM 3y00M;
6) o hopme u BUAY 3yOUaThIX KOJIEC:
C KpyribIMU Kojiecamu (puc. 6.4, puc. 6.5., puc. 6.6);
C HEKPYTJIBIMU KOJIECAMHU.

6.2. NPOCTPAHCTBEHHbIE MEXAHU3MbI
C BbICLLEN KWHEMATUYECKOW NAPOU

IIpocmpancmeennviii Mexanusm ¢ @vicuiell KUHeMamuieckou napou — 3TO
MEXAaHU3M C BBICIIEH KMHEMAaTH4YECKOW Mapou, 3B€Hbsl KOTOPOI'O COBEPIIAOT JBU-
YKEHHUSI B TIEPECEKAIOIINXCS TUIOCKOCTSIX.

K mexanu3maM JaHHOTO BUJAa OTHOCSITCS:

KoHnueckue (puc. 6.1);

yepBsuHbIe (puc. 6.2).

Konuueckuii 3y6uamolii mexanuzm — 3TO TPOCTPAHCTBEHHBI MEXaHU3M C
MEePECEKAIOIUMUCS OCSIMU BpalleHUsl 3y04aThIX KOJIEC, KOTOPhIE MMEIOT Hadallb-
HbIE KOHUYECKHUe MOBEepxXHOCTH (puc. 6.1).

Konunueckue 3yOuarbie MeXaHU3Mbl NPUMEHSAIOTCA [Jis1 MpeoOpa3oBaHUs
JBUYKEHUS U CHIIOBBIX (DAaKTOPOB MEX]Yy 3BEHBSIMU C MEPECEKAIOIIUMHUCS OCSMHU.
Ocu 3y04aTbIX KOJIEC B KOHUYECKUX MEXaHHU3MaxX MOTYT COCTaBISATh JIIO00M yroi
(puc. 6.1, a, 6), omHaKO HauOoJIbIIee PACIIPOCTPAHEHUE TTOJYUHIIA OPTOrOHATILHBIE
KOHHMYECKHE 3y0uaThie MeXxaHu3MbI (puc. 6.1, 8).
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6. 3YBYATbLIE MEXAHU3MbI
6.2. [[pocTpaHCTBEHHbIE MEXaHWU3MbI C BbICIIEN KMHEMATMYECKON Napon

Puc. 6.1. CxeMbl KOHHYECKUX MEXAHU3MOB

Konunueckue 3y0uyaTble MEXaHU3MBbI SIBJISIFOTCSI PEBEPCUBHBIMH, T. €. MO3BO-
JISIFOT 3BEHBSIM COBEPLIATH BPAILATENIbHBIC IBMYKEHUS KaK 10 XO1Yy 4aCOBOU CTpPEI-
KU, TaK U MIPOTHUB JIaHHOT'O HAIIpaBJIEHUS, a TAKXKE MOTYT paboTaTh B PEXKUME pe-
JYKTOPA WM MYJIbTUILNIUKATOPA, YTO MPUBOJIUT K HAJIMYUIO IBYX BUJIOB Iiepena-
TOYHBIX OTHOIIICHU: MPSIMOTO U 0OPATHOTO.

IIpsamoe nepedoamounoe omnouienue — 3TO NEPEeJATOYHOE OTHOLIEHUE MEXa-
HHA3Ma OT BXOJIHOT'O 3B€HA K BBIXOJTHOMY 3BEHY:

rae z,, z,, n, r, — COOTBETCTBCHHO, YHUCJIa 3Y6B€B U paanycChbl JCIIUTCIBbHBIX I10-

BEPXHOCTEN mecTepHu | u xoneca 2.
Obpamnoe nepedamounoe omHouienue — 3TO NEPEIATOYHOE OTHOLICHHUE
MEXaHHU3Ma OT BBIXOJIHOT'O 3B€HA K BXOJJHOMY 3BEHY:

rae i, — OpsMoe MepeAaTOuHOe OTHOLIEHHE.

Konnueckne 3yOuarbie MexaHu3Mbl 3(PPEKTUBHBI IJIs1 peain3aluu mnepesa-
TOYHEIX OTHOIICHUH 10 5 1 o6ecneunBarot KIIJ] 0,96—0,98.

Yepesaunviti mexaHu3m — 3TO MNPOCTPAHCTBEHHBIM MEXaHM3M CO CKpEIIM-
BAIOIIUMUCS OCSMH BpallleHusl 3B€HbEB (puc. 6.2), OJTHO U3 KOTOPHIX UMEET pado-
YYyI10 IOBEPXHOCTbH, BHIMOJIHEHHYIO B BUJI€ BUHTOBOM JIMHUH.

3BEHO UYEpBSYHOIO MEXaHW3Ma, MUMErollee padouylo MOBEPXHOCTh, BBIMOJ-
HEHHYIO B BHJI€ BUHTOBOW JIMHUM, HAa3bIBAECTCSA YEPBIK 1, a BEIOMOE 3BEHO — Yep-
BAYHOE KoJjieco 2 (puc. 6.2). B uepBSYHBIX MEXaHU3Max MOBEPXHOCTH 3yObeB yep-
BAYHOIO KoJjieca 2 Oru0aroT MoJ ONpPEETICHHBIM YIJIOM MOBEPXHOCTH BUTKOB Yep-
BsKa | ¥ KOHTAaKTUPYIOT C HUMH IO JIMHUSIM, YTO MOBBIIIAET HECYLIYIO CIOCOOHOCTD
MexaHu3Ma. B O0NbIIMHCTBE Cily4yae B KAUECTBE HAYAIbHBIX IOBEPXHOCTEN UepBsKa
BBICTYTIAIOT MIIMHAPKL. [10100HBIE YepBsYHbIE MEXaHU3MbI HA3bIBAIOTCS IMJIMH/I-
puueckumu (puc. 6.2, a). Jns 4epBSKOB € HMWIMHAPUYECKUMU HAYaJIbHBIMHU I1O-
BEPXHOCTAMH XapaKTEPHO MOCTOSIHCTBO 3HAYEHHMSI yIJia OJIbEMA BUHTOBOM JIMHUH.
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6. 3YBYATbIE MEXAHU3MbI

6.2. [[pocTpaHCTBEHHbIE MEXaHWU3MbI C BbICIIEN KMHEMATMYECKON Napon

OpmHaKko MPUMEHSFOTCSI YePBIYHBIE MEXAaHU3MbI, B KOTOPHIX YEPBSIK UMEET Hauallb-
HYIO TIOBEPXHOCTH B BHJIE TOPA WX TJI000UAA, TAKUE YEPBSIUHBIC MEXaHU3MBI, COOT-
BETCTBEHHO, HA3BIBAIOTCS moposbimu (puc. 6.2, 6) unu erobouousvimu (puc. 6.2, 8).

Puc. 6.2. Cxembl 4epBSIYHBIX MEXAHU3MOB

UepBsiuHbIE MEXAHU3MBI SIBJIIIOTCS PEBEPCHUBHBIMH, OJJHAKO B OCHOBHOM HC-
MOJIB3YIOTCSl B PEXKUME PEAYKTOPA.
IlepenaToyHoe OTHOLIEHHUE YEPBSIYHOTO MEXaHU3MA

i _(Dl _4
12 = = >
w0, Z

rle z,, z, — COOTBETCTBEHHO, YNCJIA 3aX0J10B YepBsKa | u 3yObeB Koneca 2.

YepBsiuHbIE MEXaHU3MBI MMO3BOJIIOT PEATN30BaTh OOJBIITNE MEPEIaTOUYHbBIE
4yucia, 0JIHaKo uMetroT cpaBHuTenbHO Hu3kui KI1JI (0,6—0,97).

6.3. MNOCKWUE 3YBYATbIE MEXAHU3MbI

IInockuii 3y6uamoiii MexaHu3m — 3TO MEXaHU3M, B KOTOPOM 3yOuaThie KoJjie-
ca COBEpUIAIOT ABMKEHUS B OJHOM MJIOCKOCTH.

K MexaHu3mam 1aHHOTO BH/1a OTHOCSITCS:

1eBouHsbIe (puc. 6.3);

uuinuHapuyeckue (puc. 6.5);

TopieBbie (puc. 6.6, a);

peeunsie (puc. 6.6, 0).
Leounwlii mexanusm — 3T0 MEXaHHU3M C TapauIeIbHBIMA T€OMETPHUUCCKIUMHU

OCSIMU BpAIIIEHUSI 3BEHBHEB, OJHO M3 KOTOPHIX UMEET CICIHUAIbHbBIC MUIUHIApUYC-
CKH€ BBICTYTBI-1IEBKH (puc. 6.3).
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6. 3YBYATbIE MEXAHU3MbI

6.3. nockue 3yb64aTble MEXaHU3MblI

Puc. 6.3. CxeMbI IEBOYHBIX MEXaHU3MOB

CmpyxkmypHuiii ananu3. lleBouHble MEXaHU3MBI ABJISIIOTCS IPEACTABUTEIIAMU
IJIOCKUX MEXaHHU3MOB, CIIEIOBATEIbHO, ONPEACICHUE MOABUKHOCTU MPOBOAUTCS
no ¢opmysie UebrnieBa, NpeICTaBICHHON B CTETICHSAX MOJABUKHOCTEH KMHEMATH-
yeckux nap. CTpyKTypa IIEBOYHBIX MEXaHU3MOB COAECPKUT: CTOMKY 0, 3Be3/104Ky |
U ueBouHoe kojeco 2. IIpu 3ToM 3Be3mouka 1 ¥ 1IEBOYHOE KOJIecO 2 SIBISIOTCS
MOABMKHBIMU 3BEHbSIMU, CIEAOBATEIbHO, 1 = 2. [IoABUKHBIEC 3BE€HbSI, B3aUMO/ICH-
CTBYSl CO CTOMKOM, 00pa3yroT JBE BpalllaTesIbHbIE KUHEMAaTHUUYECKUE Maphl C MO/I-
BIDKHOCTBIO, paBHOU enunuile: 0 — 1, 2 — 0, a KOHTAaKT NOJIBUKHBIX 3BEHBEB JIPYT C
JPYTOM CBHJIETEIIBCTBYET O CYIIECTBOBAHUM BBICIIEH KMHEMATHYECKOW Maphl C
IOJIBUYKHOCTBIO, paBHOU ABYM: 1 — 2, cienoBatensHo, p, =2, p, =1.

[ToacTraBuB mosly4eHHBIE JAHHBIE B CTPYKTYPHYIO (OPMYITY, TTOTYIUM
W=3.2-2.2-1=6-4-1=1.

PesynbTaT 03Hauaer, 4yTO AJISI OJTHO3HAYHOTO OMPEACIICHHUS] B3aUMHOT'O pac-
MIOJIOKEHUST 3B€HhEB MEXAHM3MOB JAHHOTO BHJIA JOCTATOYHO OJHOW 000OIICHHON
KOOPJIMHATHI.

B nieBouHbIX MexaHu3Max npeoOpa3oBaHUE IBUKEHUS U CUIIOBBIX (haKTOPOB
OCYIIECTBIISIETCS IMyTEM HETIOCPEICTBEHHOTO KacaHus paboveil TOBEPXHOCTH 3BE3-
nouku 1 ¢ paboYMMu MOBEPXHOCTSIMH IIE€BOK IIEBOYHOro koseca 2 (puc. 6.3, a).
BcnenctBue pasHocTH CKOpOCTEN JIBUXKEHUSI 3BEHBEB B 30HE MX KOHTAKTa MMEET
MECTO TPEHHE CKOJIbKEHHUS, YTO MPUBOJUT K HMHTEHCUBHOMY U3HOCY 3THX MOBEPX-
HOCTEM, a TaKXkKe K pocTy nmotepb, yMenbienuto KI1/{ u pecypca paGoThl 11€BOYHO-
ro MexaHu3ma. /{7151 3aMeHbI B BBICIIEH KHHEMAaTUYECKON Mape TPEHUS CKOJIbKEHUS
Ha TPEHUE KAUYCHHS B CTPYKTYypE LIEBOYHOTO MEXaHW3Ma I[EBKU BBIMOIHSIIOTCS B
BUJIE OTJCIHHOTO 3BEHA 3, 00JaJaroIero BO3MOXXHOCTBIO COBEPIIICHUS Bpalia-
TEJIBHOTO JIBM>KEHUSI BOKPYT CBOEW Oocu. B3amMmojencTBue 1IIEBKM 3 C LIEBOYHBIM
KOJIECOM 2 TIPUBOJUT K O0Opa30BaHUIO KMHEMATHYECKOW Maphl C MOJBUXHOCTBIO,
paBHoit enunuile: 3 — 2 (puc. 6.3, 6). [loaBUKHOCTh 3TOM KHHEMATUYECKON Maphl
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6. 3YBYATbIE MEXAHU3MbI

6.3. nockue 3yb64aTble MEXaHU3MblI

HE M3MEHSET MOJBM)XHOCTH I[EBOYHOTO MEXaHW3Ma W HE BIMSICT Ha €ro mepenua-
TO4YHbIE (YHKIIUHU, & SBIISETCS MECTHOM TOJIBHIKHOCTBIO.

Lununopuueckuti 3y0uamulil Mexanuzm — 3TO 3y0UaThli MEXaHU3M C Tapal-
JICTBHBIMUA T€OMETPUIECKUMHU OCSIMH KOJIEC, KOTOPHIE HMEIOT HadadbHbIC ITAIUH/I-
pUYECKHE TTOBEPXHOCTH.

JIis IPOCTHIX IWIMHIPHYECKUAX 3y0YaThIX MEXaHU3MOB XapaKTEPHO HaJIH-
YHe IBYX BUJIOB 3allCTNICHUS: BHECIITHETO M BHYTPEHHETO.

Bunewmnee 3ayennenue — 3TO BUJ 3allCTUICHUS LUIUHAPUYECKUX 3yO0daThIX
KOJIEC, B KOTOPOM T€OMETPUUYECKHE IIEHTPHI 3TUX KOJIEC JIeXkAT MO Pa3HbIE CTOPO-
Hbl OTHOCUTEJIBHO HOPMAJIM 7 — 1 K JJUHUM LEeHTpoB npsimoit 0,0, , NpoBeeHHON

yepes MoIroc 3anermieHus (puc. 6.4).

1
/;0 1 V: SR AN

A4

1
L L L
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Puc. 6.5. Cxema npocToro 3y04aToro MexaHmu3Ma ¢ BHyTPEHHHUM 3allellJIEHUEM

BHympeHHee sayenjierue — 3TO BUA 3alCINICHUA TUINMHAPHUYICCKUX BY6‘13TI>IX
KOJIEC, B KOTOPOM I'€OMETPUYICCKHUE HCHTPLI OTUX KOJEC JICKAT 110 OJHY CTOPOHY

OTHOCHUTEIILHO HOPMAJIU /1 — 1 K JIMHUU LIeHTpoB npsamoi O,0,, IPOBEACHHON Ye-

pe3 noJtoc 3anemieHus (puc. 6.5).

Cmpyxkmyphoiti ananu3. llunmaaapudeckue 3y0daTeie MEXaHU3MBI SBIISTFOTCS
MPEACTABUTEIISIMU TNIOCKMX MEXaHHU3MOB, CII€IOBATEIIbHO, ONPESICHNE MOIBHX-
HOCTH TIpOBOIUTCS 10 (hopmysie UeObIeBa, MPeJACTaBICHHON B CTEICHSAX IOJ-
BIDKHOCTEH KHHEMAaTHYECKHX TIap.

HezaBucumo oT Buaa 3alleruieHus], HWIMHAPUYECKUE 3yOUaThle MEXaHW3MBbI
(puc. 6.3, puc. 6.4) o6pa3oBaHbI ABYMS MTOJIBUKHBIMU 3BEHBSIMHU 1 1 2, ClIeI0BaTEIILHO,
n=2. IlogBrwKHBIC 3BEHBS U CTOHKA 0Opa3yroT JBE BpalllaTeJIbHbIC KHHEMATHYCCKHE
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6. 3YBYATbIE MEXAHU3MbI

6.3. nockue 3yb64aTble MEXaHU3MblI

Iapsbl C MOABUKHOCTBIO, paBHOM enuHule: 0 — 1, 2 — 0, u 0Hy BBICIIYIO KHHEMATHYE-
CKYIO IIapy C IOJBMXKHOCTBIO, paBHOM IBYM: 1 — 2, ciienoBarensHo, p, =2, p, =1.

[ToncTaBuB MoNTy4eHHbIE JaHHBIE B CTPYKTYPHYIO (OpMYITy, UMEEM
W=3.2-2-2-1=6-4-1=1.

Pe3ynbrar 03HayaeT, 4To AJI1 OAHO3HAYHOTO OINpPEAENIEHHUsS B3aUMHOIO pac-
MIOJIOKEHUST 3B€HhEB MEXAHM3MOB JAHHOTO BHJIA JOCTATOYHO OJHOW 000OIICHHON
KOOPAWHATHI.

Kunemamuueckuu ananuz. JIns pelieHust 3a7a4 KAUHEMATUYECKOTO aHAJIM3a
BOCIIOJIB3YEMCS XapaKTePHBIMU TOYKAMH MEXaHHM3Ma, B Ka4eCTBE KOTOPHIX BBHIOHMpa-
€M F€OMETPUYECKHE LEHTPbl KNHEMAaTHYECKUX nap. CKOPOCTH OCTaIbHBIX TOYEK OIl-
penenuM, UCToJib3ys cBorcTBa rojgorpadoB ckopoctel. [Tox ronorpadom ckopocteit
TOUYEK 3BEHA MEXaHMU3Ma MMOHUMAETCS NpsiMasi, IPOXOAIIasi Yepe3 BEPIIMHY BEKTOpa
CKOPOCTH XapaKTEPHON TOYKM U MTHOBEHHBIN LIEHTP CKOPOCTEN TAHHOTO 3BEHA.

CKOopoCTh TOUKH A, IpUHAANEKAIIEeH Koyecy 1 mpoctoro 3y0yaToro mexa-
Hu3Ma (puc. 6.4, puc. 6.5),

rie d, — JenuTeNbHbIN AuaMeTp Koieca 1.

CkopocTh TOUKH A4, MPUHAJISKAIIEH KOJeCy 2 MPOCTOro 3y04aToro Mexa-
HHU3Ma,
d
VA - (Dz * _2,
2
rae d, — IeNUTeIbHbIA JUaMeTp Koieca 2.

He3aBucuMo ot Bua 3alemieHns, KOHTAKT 3y04aThIX KOJIEC MPOUCXOINT B
IIOJIFOCE 3aLCTUIEHUS, & U3 OCHOBHOM TEOPEMBI 3alICIUJICHUS CIIEAYET PAaBEHCTBO
CKOPOCTEH TOYEK COMPSIKEHHBIX Mpoduiei:

d, _ d, .
@ =0y T
2 2
peoOpa3oBaB, MOIyYaeM MIPSIMOE IIEPEAATOYHOE OTHOILEHUE
0 d z
®, d, Z

3HaK «—» O3HAYaeT, YTO BXOJHOE W BBIXOJHOE 3BEHbS LIMJIMHIPUYECKOTO
3y04aToro MexaHu3Ma C BHEIIHUM 3aIlCTUICHUEM BPAIAOTCSl B Pa3HBIX HaIpaBJie-
HUAX, T. €. MPOUCXOAUT CMEHA HAMPABJICHUS BPAILCHHUS HA BBHIXOJHOM 3BEHE IO
CpPaBHEHMIO C HAMPABJICHUEM BpalllEHUs] HA BXOJAHOM 3BeHe (puc. 6.4). 3HaK «+» B
BBIPAKEHUU TOBOPUT, YTO BXOJHOE U BBHIXOJHOE 3BEHbS LIMJIMHAPUYECKOTO 3yOUa-
TOr0 MEXaHW3Ma C BHYTPEHHHUM 3allCIJICHUEM BPAIlalOTCs B OJIHOM HaIlpaBJICHUH,
T. €. CMEHbI HaIlpaBJICHUsI BpAlllCHUS HAa BBIXOJHOM 3BEHE, 10 CPABHEHHUIO C Ha-
IPaBJICHUEM BpPAILIEHUS HA BXOJAHOM 3BEHE, HE MPOUCXOIUT (puc. 6.5).
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6. 3YBYATbIE MEXAHU3MbI

6.3. nockue 3yb64aTble MEXaHU3MblI

[unuaapudeckue 3y0UyaThle MEXaHU3MBI SBJISIOTCS PEBEPCHBHBIMU U MOTYT
paboTaTh Kak B peXKUME PEIYKTOPa, TAK U B PEKUME MYJIbTUIUTHKATOPA, YTO MPH-
BOJIUT K HAJTMYUIO JBYX BUIOB IEPEIATOUYHBIX OTHOIICHUH.

OOpaTHOE TIepe1aTOYHOe OTHOIIIEHUE

1€ «—» U «+» — COOTBETCTBEHHO, ISl BHEIIIHETO M BHYTPEHHETO 3alCTUICHHI.

HauGomnbiiee pacnpocTpaHeHHe MONMYUYWIH MPSMO3YyOble HNUIUHAPUYECKUE
3y04aThle MEXaHHU3MBI, T. €. MEXaHU3MbI, 00Opa30BaHHBIC 3yOUaTHIMU KOJIECAMH C
npsaMoit TuHHUEH 3y0oneB (puc. 6.6, a). OqHako NpsSAMO3yObie IMTHHAPUIECKHE 3y0-
yaThle MEXaHM3MbI PA0OTalOT mpu HEOONBIUX (MEHbIIE 3 M/C) WU CPEaHUX
(ot 3 10 15 M/C) OKPYKHBIX CKOPOCTSIX M MX HArpy304YHas CIIOCOOHOCTH MPOTIOP-
IIMOHAJIbHA TA0APUTHBIM pa3Mepam.

— — — —
] [ ]
EEOAS AoV RESON - ROl B
i = ad = B ad =
0 0 [ 0 § 0 [
IJLAI | IJLAI 2l v § 2l 2
' [ ' 777 |- e
j\z ‘\2 §\2 “2
a 3] 8 2

Puc. 6.6. Cxema opm imaMH 3y0a MPOCTHIX 3yO0UaThIX MEXaHU3MOB

[ToBpIlIeHNE HArPYy304HON CIIOCOOHOCTH MPH COXPAaHEHUH rabapuToB 0Oec-
nedynBaeTcs (HOPMUPOBAHUEM LMIMHIPHUUECKUX 3yOUyaThIX MEXaHH3MOB C 3y0Oua-
THIMU KOJIECAMH, UMEIOIIUMHU KOCYI0 (puc. 6.6, 6) WM KPUBOJUHEUHYIO JIMHUIO
3yObeB (puc. 6.6, 6). JlaHHbIE BUJIbI LIMIIMHIPUYECKUX 3yOUaThIX MEXaHU3MOB pa-
ootarot npu cpeaHux (ot 3 go 15 m/c) mnam 6oapmmx (Bbime 15 M/C) OKpy X HBIX
CKOPOCTSIX ¥ UMEIOT CYIIECTBEHHBIX HEJOCTATOK: MOSBICHUE B MpoIiecce paboThl
JIOTIOJIHUTENbHBIX OCEBBIX YCHUIUH. VICKIIIOUNTh JAaHHBIM HEJOCTATOK IO3BOJISAIOT
HIEBPOHHBIC LIUJIMHAPUYECKUE 3yOUaThle MEXaHU3MBI (puc. 6.6, 2), KOTOpble 00a-
naroT Oosiee BBICOKOM HAarpy304HOW CIOCOOHOCTBIO, UTO SIBISIETCSA CJEICTBUEM
YBEJIMYECHUS IUIOMIAN KOHTAKTa 3yObeB KOJIEC.

OpHoM U3 pa3HOBUIHOCTEN IMJIMHAPUYECKUX MEXAHU3MOB SIBJISIIOTCS MeXa-
HU3MbI C TOPLEBBIM 3aLEIUICHUEM, WM TOPLEBbIE MEXaHU3Mbl (puc. 6.7, a).
CTpyKkTypa mOJOOHBIX MEXaHU3MOB COJIEP’KUT CTOMKY M JBa 3yOuaThIX KoJjeca C
TOPLEBBIMH 3yObsIMHU, UMEIOIINE BBIMYKIIbIe padoune nmoBepxHocTH. Llunnuapuye-
CKHME MEXaHH3MBbI C TOPLEBBIM 3alCIUICHHUEM COYETal0OT OCHOBHBIE JIOCTOMHCTBA
WIMHIPUYECKUX U KOHUYECKUX MEXaHU3MOB.
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6. 3YBYATbLIE MEXAHU3MbI
6.3. nockue 3yb64aTble MEXaHU3MblI

YacTHBIM CIy4aeM LWIMHAPUYECKUX MEXAHHU3MOB SIBJISIOTCS PECUYHBIE Me-
xaHu3Mbl (puc. 6.7, 6). CTpyKTypa peeuHbIX MEXAHU3MOB COJAEPKUT CTOWKY U J1BA
KOJIeca, OJJHO M3 KOTOPBIX MMEET pabouyyl0 MOBEPXHOCTh B BHJE PAa3BEPTKH Ha-
YaJIbHOW LMJIMHAPUYECKON OKPYXKHOCTH M Ha3bIBaeTCs peiika 2. MexaHu3Mbl 1o-
JNOOHOTO BUJA SIBJSIOTCA PEBEPCUBHBIMU U MOTYT pabOTaTh Kak B PEKUME PEAYK-
TOpa, TaK U B PEKUME MYJIbTUILIMKATOPA, CJIE€I0BATEIbHO, 00Ia1at0T ABYMS BUIA-
MU NIEPEIATOYHOTO OTHOILICHHUS.

A
: 2
Y
LL L
o L7
0

a

Puc. 6.7. CxeMbl YaCTHBIX CIy4yaeB LWINHIPUYECKUX MEXaHU3MOB

Hp;IMoe NnepeaaTo4YHOC OTHOIICHUEC

. 0,
Ly = V_ =

4 Orn
rac VA — JIUHEWHasd CKOpPOCTb TOYKH KOHTAKTa 3BC€HBCB MEXaHMU3MaA, I’i — paanyc

JENUTENIbHON OKPYKHOCTH 3yOuaToro koseca 1.
OO6parHoe niepe1aToyHoe OTHOIIICHKE

Peeunbie MexaHW3MBI MPUMEHSIOTCS I TTpeoOpa30BaHUs BPAIIATEIHLHOTO
JBYDKEHUS Kojieca | B MOCTynaTeIbHOE JBMKEHUE PEUKHU 2 Wi HA000POT.

6.4. 9BONIbBEHTA OKPYXXHOCTW U EE CBOUCTBA

O6pasyromieit npodusneid 3yObeB NUIUHIPUYECKUX KOJIEC SIBISETCS KpUBas
BTOPOTO TOpSAKa. B CHily TpOCTOTHI MOCTPOEHUS M HATWYHS psga TOJE3HBIX
CBOICTB HauOOJIbIIIEE PACTIPOCTPAHEHHUE MOJYYMIT SBOJIBBEHTHBIN MPOPUIb 3yOb-
€B, T. €. MPOQHIIb 3yObEB, BHITOTHEHHBIN MO SBOJIBBEHTE OKPYKHOCTH.

Jeonveenma — 310 KpuBass M M., TEOMETPUUECKUM MECTOM LIEHTPOB KpPH-

BU3HBI KOTOPOU SIBJIAETCA JIpyrasi KpUBasi, Ha3bIBaeMasi YBOJIFOTOM.
Deontoma — 310 4acTh 1yru M N, OCHOBHOU OKPY>KHOCTH, COOTBETCTBYIO-

rasg rcoMCTpuICCKOMY MCCTY HCHTPOB KPUBHU3HbBI 3BOJIbBCHTHI.

i
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6. 3YBYATbIE MEXAHU3MbI

6.4. DBONbBEHTA OKPYXHOCTU U €€ CBOWCTBA

OcHo8HAsL OKPYIAHCHOCHL — 3TO TEOPETUYECKasi OKPYKHOCTh, COEAUHSIONIAs
TOYKH 3apOKICHHUS IBOJIbBEHT.

DBOJIBBEHTHI OKPY’KHOCTH OIMCHIBAKOTCA TOYKAMH MPOU3BOASALIEN NPSAMOU
IpU ee MepeKaThIBAaHUM M0 OCHOBHOM OKPYKHOCTH 0€3 CKOIbkeHus (puc. 6.7).
[IpousBonsmas npsiMasi SIBIIIETCSI HOPMAJIbIO K ABOJIBBEHTE B pacCMaTpUBAEMOM
MPOU3BOJILHOW TOYKE M; U COOTBETCTBYET KaCaTEIbHOM K OCHOBHOW OKPYHOCTH
B Touke N;. Otpe3ok Hopmanu M;:N; pou3BOAIICH MPAMOl paBeH paguycy Kpu-
BU3HBI BOJIbBEHTHI, T. €.

MN; =p=r,-tg(a),

rze o — yroji npogus.
[TonoxkeHne TEKylIed TOYKA HA HBOJIBBEHTE M; oOmpenensiercsa paauyc-
BeKTOpoM OM;, yIIIOM pa3BepHYTOCTH U U 3BOJIOTHBIM yrioM 0 (puc. 6.8):

IM,=r=r/cos(a);
oa+0=o+inv(a);
O=inva=tg(a)—o.

Hwxe npuBeeHbl CBONCTBA 3BOJIBBEHTHI OKPYKHOCTH.

1. ®opma 3BOJIBBEHTHI ONPEACIISIETCS TOJABKO 3HAYEHUEM pPaJuyca OCHOBHOM
OKPY>KHOCTH 7. [Ipu cTpemieHun pajnyca OCHOBHON OKPY>KHOCTH K OECKOHEYHO-
CTH (¥,—>00) S3BOJIbBEHTA NEPEXOJIUT B MPSIMYIO JTUHUIO.

2. DBOJIbBEHTA UMEET JABE BETBU U TOUYKY BO3BpaTa M, J€kKallyr0 HA OCHOB-
HOM OKpPYKHOCTHU. [Ipn nmepekarsIBaHUM NPOU3BOIALLIECH ITPSAMON IO OCHOBHOM OK-
PY’KHOCTH B HANPABJICHUM XOJA YACOBOM CTPEJIKM IOIYYaeM IOJIOKHUTEIBHYIO
BeTBL D' DBONLBEHTHI, 4 MPH TIEPEKATLIBAHUM MPOM3BOJAIIEH MPAMOii IO OCHOB-
HOU OKPY’KHOCTH B IPOTUBOIIOJIOKHOM HaIlPaBJICHUU — OTPULIATEIBHYIO BETBb O .
DBOJILBEHTA HE UMEET TOUEK BHYTPU OCHOBHOM OKpY>KHOCTH (puc. 6.8).

3. Bce 3BOIBBEHTHI OJHOII OCHOBHOM OKPY>KHOCTH SIBJISIFOTCSI DKBUAUCTAH-
TaMH JIPYT K JAPYTY.

i
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6. 3YBYATbLIE MEXAHU3MbI
6.4. DBONbBEHTA OKPYXHOCTU U €€ CBOWCTBA

Puc. 6.8. Cxema pacrnosoxeHus
BETBEU 3BOJIBBEHTHI OCHOBHOW OKPYKHOCTH

4. Touku, CBsI3aHHBIC C IPOU3BOSAIICH TIPAMON M;N;, HO HE JIeKallle Ha ITOU
IIPSIMOU U PACIIOJIOKEHHBIE BBILIE TOUKH M, ONIMCHIBAIOT YKOPOUEHHYIO BOJIBEHTY,
a PaCIOJIOKEHHBIE HMXKE TOYKH /V; ONUCHIBAIOT YJIMHEHHYIO SBOJILBEHTY.

6.5. 9BONIbBEHTHOE 3ALIENNEHUE U EFO CBOUCTBA

Konraktupyromue npoduiiv 3y0beB KOJEC, BHIIOTHEHHBIE IO 3BOJbBEHTAM
OKPY’KHOCTEH, 00pa3yrOT 3BOJIbBEHTHOE 3allCIVICHHE.

OCHOBHBIMU TE€OMETPUYECKHUMH IapaMeTpaMu 3BOJbBEHTHOrO 3y04aToro
3alIeTUICHUS ABJISIIOTCS MEXKOCEBOE PACCTOSTHUE U Yol 3aterienus (puc. 6.9).

DBOJILBEHTHOE 3aLICTUIEHNE UMEET JBa BUJA MEKOCEBOT'O PACCTOSHUS:

Ha4aJIbHOC:
a, = dwl ';dwz :
JCIUTEIBHOE:!
g d +d, .
2

rae d,i, dy», di, dy — COOTBETCTBEHHO, JUAMETPhl HAYaJIbHBIX U JEIUTEIbHBIX OK-
PY’KHOCTEH IIECTEPHU U KOJIECA.

[Ipodunu 3yObeB, 00pa3yroMIMX 3BOJIBBEHTHOE 3allCIUICHUE, KOHTAKTUPYS
JIPYT C IPYyroM, 00pa3yroT YroJl, KOTOPBIN Ha3bIBaeTCs yeon 3ayenienus. Onpene-
JICHUE 3HAYCHMS yTJa 3allellJICHUs] OCYIIECTBISICTCS MOCPEACTBAM pacdyeTa WHBaA-
JIIOTHI ATOTO yTJIA.

MHBoIOTA yTi1a 3a1enIeHus:

: 2-x,-tg(a) .
inv(a,) = 2% tg(0) +inv (o),

z,+2,
IJIe Xy — CyMMapHbIH KO3()PHUITUEHT OTHOCUTEITLHOTO CMEIIEHUST; O — YroJl mpodu-

7151 3yObeB.

i
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6. 3YBYATbIE MEXAHU3MbI
6.5. 3BONbLBEHTHOE 3aLienrneHne n ero CBoOMCTBa

[Ipu paBeHcTBEe HYJIO KOIPPUIMEHTOB OTHOCUTEIHLHOTO CMEIICHUS 000X
3yOuaThIX KOJIEC HAYAJbHOE U JIEJIUTEIHbHOE MEXXOCEBbIE PACCTOSHUS SBOJIbBEHT-
HOTO 3alleTUICHUs PaBHBI, HaYallbHAsl U JACUTENbHAs TOBEPXHOCTH KaXK0TO KOJIe-
ca COBMAJAIOT, a yToJI 3alleTJICHUs paBEH YTy IpouiIs.

Lt

Jlunus
3ayenjienus

Jlunus akmueHo2o ‘

3ayenjienus

Puc. 6.9. I'eomeTpudeckue napaMmeTpsl SBOJIBLBEHTHOTO 3y04aToro 3arerniecHus

Hwxe npuBeieHbI CBOMCTBA 3BOJILBEHTHOTO 3AICTUICHUS.

1. IlepenaToyHoe OTHOIIEHUE 3BOJIBLBEHTHOIO 3allCIUICHUS OMPEACIsAETCS
TOJBKO OTHOILIEHUEM BEJIWYUH PAJINYyCOB OCHOBHBIX OKPYKHOCTEU U SIBIIAETCS Be-
JIMYMHOM TTOCTOSHHOM:

@ _ 7} " COS () _Ip

i, = 22 — const.
12
@, hy-cos(a,) 7y
TJIE 7', I'p1 — PAAHYCHI OCHOBHBIX OKPY;KHOCTEH KOJIEC.
2. IIpu U3MEHEHHUH MEKOCEBOr0 PACCTOSHHUS B HBOJIbBEHTHOM 3allCILICHUU
€ro mepeaaToYHOe OTHOIICHHUE HE H3MEHSICTCS:

!
g ®, 1, CO08 (o)) Ty
2= = <

/ =—==1p.
o, rblcos(ocw) Tt

3.3a mpenenaMu JIMHUW aKTUBHOrO 3auervieHus A B, (puc. 6.9) BerBu

HBOJILBEHT HE UMEIOT O0Iel HOpMalld, CIeI0BaTeNbHO, MPO(uin 3yObeB, BBINOJ-
HEHHBIE TI0 3TUM KPHUBBIM, OyIyT nepecekatbes. [lepecedenune npoduseil sBusercs
OPUYUHON BOSHUKHOBEHHSI MHTEP(EPEHIIMH 3BOJIBBEHT, YTO MPUBOJIUT K 3aKIMHU-
BaHUIO KOHTaKTUPYIOLUX Mpoduiieit 3yObeB KoJec.

i
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6. 3YBYATbIE MEXAHU3MbI

6.6. 9BOJIbBEHTHbIE 3YBYATbIE KONECA U UX MAPAMETPbI

Deonveenmuoe 3ybuamoe Kosieco — 3TO 3BEHO 3y04aTOro MexaHusma, CHao-
KEHHOE CHCTEMOW 3yObeB, MPO(MIN KOTOPHIX BBIMOJIHEHBI MO 3BOJILBEHTAM OK-
PYKHOCTH.

['eoMeTpusi BOJBBEHTHOIO 3y04aTOro KOJIECA XapaKTepU3yeTcs Te€OMETpH-
YyeckuMu mnapaMerpamMu. K OCHOBHBIM T'€OMETPUYECKUM MapameTpaMm 3BOJIbBEHT-
HOTO 3y04YaToro Koyieca OTHOCSTCS: MOIYJb M, IIar p, yroia nNpopuias o, YUCIO
3y0ObeB z U KOA(PDUIIMEHT OTHOCUTENIBHOTO cMeleHus x (puc. 6.10).

Monynp 3aleIuIeHUs COOTBETCTBYET JIMHEWHOW BEJIMYMUHE, B T Pa3 MEHb-
el OKPY’KHOTO I1ara, Wi OTHOLIEHMIO I11ara Mo 000 KOHIIEHTPUUYECKON OK-
PY’KHOCTH 3y04aToro kosieca K yuciy m. Ha xonece M0XHO mpoBecTH Oecuuc-
JIGHHOE MHOECTBO OKPY>KHOCTEH, Ha KaXJ0H M3 KOTOPBIX OyJAET UMEThCSI CBOMU
MOJyJb. B 3aBUCUMOCTH OT BHJa OKPYKHOCTH, IO KOTOPOM ONPEAETAECTCA MO-
IyJb, PA3JIUYaIOT HECKOJIBKO OCHOBHBIX BUJOB MOJAYJIEH: NEIUTEIbHBIN, OCHOB-
HOM, HavyanbHbIN. J[J11 KOCO3yOBIX KOJieC JOTOJIHUTEILHO Pa3inyaioT: HOpMajb-
HBIW, TOPLIEBOU U OoceBOM Monynu. ns orpanndenus uucia moayJsieir '[OCTom
YCTAHOBJICH CTaHAAPTHBIM PAJl €r0 3HAYCHUU, KOTOPBIE ONPEACIISIIOTCS 110 IEIIU-
TEJIBHON OKPYKHOCTH.

Mooyne — 3TO YKMCIO MUUIMMETPOB AHAMETpa JETUTEIbHON OKPYKHOCTH
3y04aToro Kojeca, mpuxosIIeecs: Ha OuH 3y0.

Henumenvuas okpyscHocms — 3TO TEOPETHUYECKAst OKPYKHOCTh 3y04aToro Ko-
jeca, Ha KOTOPOM MOAYJb U IIar MPUHUMAIOT CTaHAapTHbIE 3HaueHus (puc. 6.10).

JlnameTp AeIUTENbHON OKPYKHOCTH, MM,

d=z-m.

[Ipu paBeHcTBe KO3 (ULIMEHTA OTHOCUTEIHHOTO CMEIIEHUS AETUTeNbHas
OKPY>KHOCTb COBIIAJIA€T C HAYaJIbHON OKPYKHOCTBIO.

Hauanvuas oxkpysjcnocms — 310 TeopeTUUecKas OKpPYKHOCTh 3y04aToro Ko-
Jeca, IpuHauIeKalas ero Ha4ajabHOW MOBEPXHOCTHU.

JlnaMeTp HavaabHOU OKPYKHOCTH, MM,

q = g.cos (o)

w

cos (a,) ’

r7ie oL — yroi npoguis; o, — yroJ 3alenaeHus.

JlenuTenbHas OKPYKHOCTD JENUT 3y0 Ha TOJIOBKY U HOXKKY (CM. puc. 6.6).

T'onoska 3yba — 310 4acTh 3y0a, pacmojIoKeHHasT MEXIy ACTUTEIBHON OK-
PY>KHOCTBIO 3y0YaToro Koyieca u ero OKpYy>KHOCTHIO BEPIITHH.

Hoorcka 3y6a — 310 4acTh 3y0a, pacroyioKeHHAss MEXIY IEIUTEIbHOU OK-
PYKHOCTBIO 3y04aToro Kojieca u ero OKpy>KHOCThIO BITQ/IHH.

CyMMa BBICOT I'OJIOBKH /1, U HOKKH /1 COOTBETCTBYET BBICOTE 3yObEB /1:

h=h,+h,.

Bricora 3yObeB, MM,
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6. 3YBYATbIE MEXAHU3MbI

6.6. DBONbBEHTHbIE 3y6yaThle Koneca u ux napameTpbl
_ d,—d,

h=—"7—,
2

rie d,, dy— COOTBETCTBEHHO, IMAMETPBI OKPY)KHOCTEH BEPIIUH U BIIAIUH, MM.
OxpyarcHoCcmb 6epuitH — 3TO TEOPETUUYECKasE OKPYKHOCTh 3y0UaToro Koseca,
COCIMHSIONIAs BEPIIUHBI €ro 3yObeB (puc. 6.10).
JlmameTp OKpy>KHOCTH BEPIIIIH, MM,

d, :d+2m(h:+x—Ay),

%
rae x — Ko3(QQUIUEHT OTHOCUTEIIBHOTO CMEUICHU; /i, — KOI()(MUIUEHT BBICOTEHI
roJIoBKH 3y0a; Ay — k03 (PULIMEHT ypaBHUTETHLHOT'O CMEILICHHS:

a,—a

Ay = x5 — I

311eCh a,,, @ — HA4aJbHOE U JEITUTEIILHOE MEKOCEBBIC PACCTOSTHUS.
OxpyosicHocmb 6nadul — 3TO TEOPETUIECKAsT OKPYKHOCTh 3y04aToro Kojeca,
coeMHsIONIas Bce ero Braauubl (puc. 6.10).
JlnameTp OKpy>KHOCTH BITaJINH, MM,

df=d+2m(x—h;),

%
rae i, — Koa(pUIHEHT BBICOTHI HOKKH 3y0a.

OKpyoicHoti wae, WA wiae p — 3TO PACCTOSHHUE MO Iyre AENUTEIbHON OK-
PY>KHOCTH MEXIY OJTHOMMEHHBIMU TOUKaMu Npoduiieil CoceTHUX 3yOheB.

K 0106Kd

Puc. 6.10. 'eomeTpuyeckue mapaMmeTpsl 3BOJILBEHTHOTO 3y0UaToro Koyeca

i
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6. 3YBYATbIE MEXAHU3MbI

6.6. DBONbBEHTHbIE 3y6yaThle Koneca u ux napameTpbl

Oxpy>KHOW 1Iar Mo AeIUTEIbHON OKPYKHOCTH, MM,
p=m-m.

[ToMuMO OKpYKHOTO I1ara JOMOJHUTENIBHO pa3inuydaoT (puc. 6.10):

Yen060u uiae — 3TO IEHTPATBHBIN YTroJl, OXBaThIBAIOIIUHN IyTY JAETUTEIHHOM
OKPY>KHOCTH, COOTBETCTBYIOIIUN OKPY>KHOMY IIIAry:

360
T=—,
z

uaz no OCHOBHOU OKPYIICHOCMU — ITO PACCTOSHUE IO Ayre OCHOBHOM OK-

PYKHOCTH MEXITYy OJJHOUMEHHBIMH TOYKaMH MPOQUIIEH COCETHUX 3yObeB:

P, = p-cos(a).
JlnameTp OCHOBHOM OKPYKHOCTH
d,=d-cos(a).

OxpyxHOH mar 3y64aToro kosieca Mo AETUTEIbHONW OKPYKHOCTH JEIUTCS
Ha TOJIIIMHY 3y0a § MO JeNUTENbHON OKPYKHOCTU U IIUPHUHY BIAIUHBI € MO JIeJIH-
TEJILHOM OKPY>KHOCTH:

p=s+e.

Tonwuna 3y6a s no 0enumenbHOU OKPYHCHOCMU — 3TO PACCTOSHUE 10 AyTe
JENUTENIbHOM OKPYKHOCTH MEX]y Pa3HOMMEHHBIMU TOYKaMU Ipoduiied 0JHOTrO

3y0a (puc. 6.10):
s = 2-m(§+x-(tg a)].

Hlupuna enaoumsl e no OerumenbHOlU OKPYHCHOCMU — ITO PACCTOSHUE MO
Jyre JACIUTETHbHON OKPYKHOCTH MEXIY Pa3HOMMEHHBIMU TOYKaMu mpoduien co-

ceaHux 3yoneB (puc. 6.10):

e=p-s.

B crangapTtHOM 3BOJBBEHTHOM 3y04aToMm 3aneruieHuu npu x = (0 mupuHa
BIIaJIMHBI U TOJNILIKWHA 3y0a paBHBI IpYT APYTY, T. €.

m
s=e=T—.
2

3y0 5BOJILBEHTHOTO 3yO4YaTOro Kojieca MOXHO paccMaTpuBaTh Kak KOH-
COJIbHYIO OaJIKy TIEpEMEHHOTO Ce4eHHs. B 3aBUCUMOCTH OT BUAA OKPY>KHOCTH, IO
KOTOPOH M3MeEpSeTCsl TOJIIMHA 3y0a, JOMOIHUTEIHHO pa3indaroT HECKOJIbKO BU-
JIOB JJaHHOTO MapameTpa (puc. 6.10).

Tonmwyuna 3yoa s, N0 OCHOBHOU OKPYICHOCMU — ITO PACCTOSHHE 1O IyTe OC-
HOBHOM OKPYKHOCTH MEXy Pa3HOMMEHHBIMU TOYKaMU Mpoduiiei 0aHoro 3yoa.

Tonwuna 3y6a s, no OKpyICHOCMU 8epuiul — 3TO PACCTOSHHUE IO AYTe OK-
PYKHOCTH BEPILUH MEXAY Pa3HOMMEHHBIMU TOYKaMHU Mpoguiiel ogHoro 3yoda:

i
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6. 3YBYATbIE MEXAHU3MbI

6.6. DBONbBEHTHbIE 3y6yaThle Koneca u ux napameTpbl

= mM(E+ A_Z(inv (a,)—1nv (OL))),

cos (a, )\ 2

rae A — koophUIMeHT U3MEHEeHHS TOIIIUHBI 3y0a; o, — Yoy IpoQuis Ha OKPYK-
HOCTH BEPILKH.
KoadduimenT namMeHeHust TONIMUHbI 3y0a

A=2xtg(a).

Yeon npoghuns oo — 3TO OCTPBINA yroy MKy KacaTelnbHOU ¢ — ¢ K TPodmIto
3y0a B TOYKeE, JIeKallleld Ha JeTUTEIbHON OKPYKHOCTU 3y04aToro Kojeca u paau-
yC-BEKTOPOM, IPOBEJICHHBIM B JIAHHYIO TOYKY M3 €ro reOMETPUYECKOrO LEHTPA

(puc. 6.10).
Yron npodusis Ha OKPY>KHOCTH BEPILIUH

db
oL, = arccos 7
a
3HaueHus yria npouis crangaptusoBanbl. Hanbomnpliee pacnpoctpaneHue
noyuunia yroia npoduist oo = 20°. B To e BpeMs MpUMEHSIOTCs 3y0uaTbie KoJieca C
yriaamu npo@uiisi, 3Ha4eHUsI KOTOPbIX MEHbIIIe WK Oosbiie 20°.

6.7. METOAbI NONYYEHUA
©OPMOOBPA3YIOLLEN NOBEPXHOCTU
NPO®UNEN 3YBbEB

B ocHOBy cylecTByrOIMX BapUAHTOB MOJYy4YEeHUST (POpMOOOpa3yIOMIKX T0-
BEPXHOCTEW 3yObEB 3BOJIbBEHTHBIX KOJIEC MOJIOKEHBI ABA METOJA: METOJI KOIUPO-
BaHUS U METOJ OTUOaHMUSI.

Cywnocmos memooa KOnupoeanus 3aKIIOYAeTCs B ClEAylouleM: padbouue
KPOMKHU PEKYIIEro HHCTPYMEHTA 10 (popMe o0pa3yroleil KpuBOil COOTBETCTBYIOT
npodwtro BnaauH 3yduaToro koneca. [Iponece hpopmupoBanus npodumeit 3yobeB
KoJIeca COTPOBOXKIACTCS TTOCIIEIOBATEIHLHON 00paOOTKOM BIAUH, YTO CBUICTEIIb-
CTBYET O MAJIOW TOYHOCTH M HU3KOU MPOU3BOJIUTEIBHOCTH JaHHOrO Metonaa. K Ba-
puaHTaM moxydeHus GopMooOpa3yIoMUX KPUBBIX 3y0UaThIX KOJIEC MO METOAY KO-
MUPOBAHUS OTHOCSTCS:

Hapeszanue 3y6uamoeo xoneca npouauposanHou OUCKOBOU UNU NATbYe8OU
@pes3oti. [Ipu >TOM MeTO/Ie Hape3aHHe MPOU3BOAUTCS B CICAYIOLIEM MOPSIKE: Ipope-
3aeTcs BIaJUHA MEPBOro 3y0a, 3aTEM 3ar0TOBKA C IMOMOIIIBIO IEIUTEILHOTO YCTPOU-
CTBa (JETUTEIHLHON TOJIOBKH) TTIOBOPAYMBACTCS HA TPEOYEMBIN YTII0BOM MIar U Mpope-
3aeTcs cienayromas BraguHa. Onepaiuy MOBTOPSIFOTCS 10 TeX MOp, MoKa He OyIyT
MIPOpPE3aHbl BCe BNAAWHBI. JIaHHBIN c11oco0 001a1aeT HU3KOM TPOU3BOIUTEIBHOCTHIO,
HEBBICOKUMH TOYHOCTBHIO U KA4eCTBOM 00padaThIBa€MbIX TTOBEPXHOCTEH.

Omauska 3youamozo koneca 6 ¢opmy. llpy naHHOM MeTO/AE BHYTPEHHSS
MOBEPXHOCTh JUTEHHON (POPMBI ¢ HAPYKHON MOBEPXHOCTHIO 3yOUaTOro Koseca
00pa3yroT KOHTPYIHTHYIO mapy. Meton oOnanaeT BBICOKOM MPOM3BOAMTEIHHO-
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6. 3YBYATbIE MEXAHU3MbI

6.7. MeTtogbl nony4yeHus hopmoobpasyroiein noBepxHocT npodunen 3ybLeB

CThIO U TOYHOCTHIO, OJIHAKO IOJIyYEHHE BBICOKOM MPOYHOCTH U TBEPAOCTH IIO-
BEPXHOCTH 3yObEB BEChMa 3aTPYIHCHO.

B ocHOBY memooda ocubarus I0OJI0KEHO CBOMCTBO COMPSHKEHHBIX MPODUIICH.
W3BecTHO, YTO COMpsKEHHBIE MPO(HIN 3y0UaThiX KOJEC SBISIOTCS B3aUMHOOTH-
OarmuMu KpUBBIMH. METOJT TOIpa3yMeBaeT, YTO PEXKYIIMA WHCTPYMEHT U 3aro-
TOBKa 33 CYET KHHEMATHUECKOH IeNMH 000pYyIOBaHUS BBITIOJIHSIIOT ONpeAeiiCHHbIC
JBUKEHUS, KOTOPblE UMUTUPYIOT 3y0daroe 3alerieHue. JDTo mo3Boiisger oOpabda-
THIBaTh BCE BMAAWHBI KOJeCca MPAKTHUECKU OJJHOBPEMEHHO, YTO MO3BOJISIET 3HAYH-
TEIBHO COKPATUTh BpeMs (hopmupoBanus npoduieit 3yobeB Kojeca.

K BapuanTam nomydeHusi (opMooOpa3yroImux KPUBBIX 3y0UaThIX KOJEC IO
METOJTy OTHOAHUSI OTHOCSITCS:

Obpabomka 3youamvlx Kolec Ha 3Y00@pe3epHblx unu 3y0000710eHCHbIX
cmankax. Meton obnamaeT JOCTATOYHO BBICOKOW MPOM3BOAUTEIHHOCTHIO, TOUYHO-
CTBIO M3TOTOBJICHHUS, YUCTOTa 0OPaOOTKH MOBEPXHOCTEH 3y0UaThIX KOJIEC CPETHSIS.
B03M0>XHO U3rOTOBJICHHE KOJIEC U3 HETBEPABIX MaTEPHAJIOB.

Hakamxa 3y6ves. Meron obecriednBaeT BBHICOKYIO MPOU3BOAUTEIHHOCTh H
XOpOIIY YHUCTOTY 00paboTku moBepxHOcTed. [IpuMeHsercs st W3roTOBIICHUS
KOJIEC U3 TUIACTUYHBIX MAaTEpUAJIOB Ha 3Talax 4epHOBOM 00pabOTKH.

Obpabomka 3youamelx Koaec Ha 3yoouwnugosanrvubix cmankax. MeTon
NPUMEHSETCS KaK OKOHYaTeNlbHasl Olepamus mociie 3yOOHape3aHus WM HaKaTKh
3yObeB M TepMHUUECKON 00paboTKu. OOecreuynBaeT BRICOKYIO TOUHOCTh U YUCTOTY
00paboTku moBepxHocTel. [IpuMeHnseTcs 1Ji1 U3rOTOBICHUS KOJIEC U3 MaTepHAIIOB
C BBICOKOH ITPOYHOCTBHIO.

6.8. UCXOMHbIA KOHTYP
W NCXOAHbIX NPOU3BOAALLIUNA KOHTYP

JIns coxpameHnss HOMEHKIATypsl pexyiiero nacrpymenra ['OCT ycranas-
JIMBA€T HOPMATHUBHBIN Psii MOJYJIEH, ONPEAEIAIOMMNX COOTHOIIEHUSI MEXKIy Hapa-
METpaMU 3JIEMEHTOB 3y0a, KOTOPbIE OMPENEISIOTCS: IS 3y0UaThIX KOJIEC T€OMET-
PUYECKUMH NapamMeTpPaMH UCXOOHO20 KOHmYpd, a JUIsl PEXYILLEro MHCTPYMEHTa
T€OMETPUYECKUMHU MMAPAMETPAMU UCXOOHO20 NPOU3B00AUE20 KOHMYPA.

Hcxoauplii KOHTYp M UCXOIHBIN MPOU3BOIAIIMN KOHTYP 00pa3yrT MEXIY
co00¥ KOHTpYIHTHYIO napy (puc. 6.11), T. €. OIMH KOHTYP 3aIlONHIET APYTON KOH-
Typ 0e3 3a30pa. OAHAKO C LEIbI0 UCKIIIOUECHHS 3aKJIMHUBAHMS 3yObEB OJHOTO KO-
jeca BO BHAJMHAX APYroro B 30HE MPSMOM BEPIIMH 3yObEB MCXOAHOIO KOHTYpa
IIpEAyCMaTPUBAETCS HAJIMYUE PASUAIBHOTO 3a30Dpa.

i
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6. 3YBYATbLIE MEXAHU3MbI
6.8. McxoaHbIN KOHTYP U UCXOAHBLIW NPOU3BOAALIMN KOHTYP
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Hcxoonwiii konmyp

Puc. 6.11. Cxema KOHI'py?HTHO apsl

BpIcoTa HCXOHOTO MPOU3BOIAIIETO KOHTYpPa
*
hy = hy -m,

k
rae s, — Ko3(Q(QUIHMEHT BBICOTHI HCXOAHOTO IMPOU3BOIAILEIO KOHTYPA.
BricoTa ncxoqHoro KoHTypa

h=h,-c,
31€Ch ¢ — PaauaJIbHBIN 3a30D:

%
31ech ¢ — KO3 (PHUIMEHT paauanbHOTo 3a30pa.
BhIcoTa HCXOAHOTO KOHTYpa ¢ yueToM Ko3dduiimeHTa paguaibHOro 3a30pa

h=m (ho* —c*) :
BricoTa uCXOAHOTO KOHTYpa pacKiiaJbIBAETCsl Ha BHICOTHI TOJIOBKH U HOXKKH:
* %
h = ha + hf .
BricoTa rooBku 3y6a

hy=hy-m,

a

*
riae h, — ko3 UIUEHT BBICOTHI TOJOBKH 3y0a.
BricoTa HOXKH 3y0a
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6. 3YBYATbIE MEXAHU3MbI

6.8. McxoaHbIN KOHTYP U UCXOAHBLIW NPOU3BOAALIMN KOHTYP

hy=h,-m,

*
rae h i KO3 (UILIMEHT BBICOTHI HOKKH 3y0a.

Cornacuo I'OCT 13755-81, nipu yrie npoduiis oo = 20° 1 BeJIMUUHE KOA(-
dburmenTa oTHOCUTEIBHOTO cMmelneHust x = 0 3HaueHus Kod()PUIIMEHTOB U Mapa-
METPOB MUCXOJHOTO MPOU3BOISIIETO KOHTYPA JOJKHBI ObIThH CIIETYIOIINMHU:

%
KO3(QHULMEHT BBICOTHI HCXOAHOTO IPOU3BOASIIIETO KOHTYpa h, =2,5;

KO3 GUIIMEHT pajraibHOTO 3a30pa ¢ =0,25;
KO3 (UIIUEHT BBICOTHI HICXOAHOTO KOHTYpa h'=2,25;
KO3((PUITMEHT BBICOTHI TOJIOBKH 3y0a h: =1;
KO2(PHULIMEHT BBICOTHI HOXKKH 3y0a b= 1,25;
pagnyc CONPSIKEHUS r,=0,384-m.

6.9. BUOlbl 3YBYATbIX KOJIEC

B 3aBucHMOCTH OT pacmnoyIOKEHUS UCXOJHOTO NPOU3BOASIIIETO KOHTYpa OT-
HOCHUTEJIBHO UCXOJHOTO KOHTYpa 3arOTOBKM KOJIECA, Pa3MyaroT TPU BapraHTa Ha-
CTPOUKHU CUCTEMBI «CTAHOK—3arOTOBKa».

CranouHnas HadanbHas npsamas CHII sBisieTcst kacaTeIbHOU K JIETUTEIbHOM
OKpY>KHOCTH KoJieca, a nenurenbHas npsmasa Il pexyiiero nHCTpyMeHTa COBIIa-
JeT ¢ 3Tou npsiMolt (puc. 6.12, a). Hactpoiika cucteMbl «CTaHOK—3aroTOBKa» CO-
OTBETCTBYET U3TOTOBIICHUIO H)J1€8blX KoJlec WH Konec be3 cmewenus (x = 0). Ilpu
ATOM JENUTENbHAS U HadaJdbHasi OKPYKHOCTH COBIAJAIOT, a TOJIIMHA 3y0a 1Mo Jie-
JIUTEIIbHOM OKPYXKHOCTH S PaBHA IIMPUHE BIIAIUHEI €, T. €.

s=e.

Cranounas HavanbHadg npamas CHII aBisieTcst kacaTenbHOU K EITUTENbHON
OKPYKHOCTH KoJieca, a AenutenbHas npsimas [II1 pexyiiero nHCTpyMeHTa cMellie-
Ha OTHOCHUTEIBHO 3TOW MPSIMOM HA BEJIWYUHY X -7 B MOJOKUTEIBHOM HallpaBiie-
Huu ocu X (puc. 6.12, 6). Hactpoiika cucteMbl «CTaHOK—3aroTOBKa» COOTBETCTBY-
€T U3TFOTOBJICHUIO NOJIOACUMENbHBIX KOJIeC WIH KOJleC C NOJIOACUMENbHbIM cMelye-
Huem (x> 0). [Ipu 5TOM HavalbHAst OKPYKHOCTh CMENIAETCS TAKUM 00pa3oM, YTO-
Obl JenuTeNbHas MpsMas PeXYIIEro MHCTPYMEHTa SBJsIach Obl KacaTeNbHOU K
ATOM OKPYXKHOCTH, a TOJIIMHA 3y0a MO JACIUTEIBLHON OKPYKHOCTH § CTAHOBUTCS
00JIbIIIe UPUHBI BIAIUHEI €, T. €.

s >e.

i
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6. 3YBYATbIE MEXAHU3MbI
6.9. Bugbl 3yb4aTtbIx konec

CHII v

Puc. 6.12. BapuaHTbl HACTPONKH CUCTEMBI «CTAHOK-3arOTOBKa»

Cranounas HavanbHasg npamas CHII aBisieTcst kacaTebHON K IEIUTENbHON
OKpY>KHOCTH KoJieca, a AenutenbHas npsmas 1 pexyinero nHCTpyMeHTa cMellie-
Ha OTHOCUTEJILHO 3TOW MPsIMON Ha BEJIWYUHY XM B OTPUIIATEIHLHOM HaIlpaBiie-
Huu ocu X (puc. 6.12, 8). HacTpoiika cucTeMbl «CTAHOK—3aroTOBKa» COOTBETCTBY-
€T U3TOTOBJICHUIO OMPUYAMeIbHbIX KoJleC WIA KOJeC ¢ OMpUuyameibHbiM cmeuye-
Huem (x <0). [Ipu 5TOM HavasbHAst OKPYKHOCTh CMEIIAETCsl TAKUM 00pa3oM, YTO-
OBl JIeNUTENbHAS TpsiMasi PEXKYILET0 MHCTPYMEHTA SIBJISIIACh KacaTeJIbHOM K 3TOU
OKPY>KHOCTH, a TOJIIMHA 3y0a MO JEIUTEIbHON OKPYHOCTH § Obljla MEHbIIIE 1111~
PUHBI BIIaJIUHBI €, T. €.

s<e.

[Ipu Hapezanuu 3yOuaThIX KOJEC CO CMelleHHeM mpoduieodpasyromnas
KpHUBast 3y0a U3MEHSIETCS U CTAHOBUTCS OTIUYHON OT SBOJIBBEHTHI, T. K. JJI €€ 00-
Pa30BaHMsI HCTIOIB3YIOTCS YYACTKH Pa3HBIX 3BOJLBEHT.

6.10. UHTEP®EPEHLIUA 3YBYATbIX KONEC

OmHUM U3 OCHOBHBIX YCJIOBHI pabOTOCTIOCOOHOCTH SBOJBBEHTHBIX 3yOUaThIX
MEXaHU3MOB SIBIISIETCS OTCYTCTBHE HWHTepdepeHmu mnpoduieit 3yobeB. CylHOCTH
SIBJICHUSI MHTEP(PEPEHIINN 3aKITIOYAeTCs B CICAYIOMIEM: TEOpETHYeCKas 4acTh Tpo-
CTpaHCTBA 3aIleTICHHUS OKA3bIBAETCSI OJTHOBPEMEHHO 3aHATOU MPOQPHUISIMU KOHTAKTH-
pYIOIINX 3yOBEB KOJIEC, COCTABIISIONTNX IBOJILBEHTHOE 3arieruienue. MaTepdepermms
npoduiel MPUBOANT K 3aKIIMHUBAHUIO 3yObE€B OJHOTO KOJIeca BO BIMaUHAX JAPYTOTO.
JIis uckmodeHnss WHTEp(EPEHIIMA B ABOJLBEHTHOM 3allCTUICHUU TOYKH KacCaHWHS
npoduiell 3yObeB Kojec JODKHBI BCET/Ia HAXOAWUTHCS Ha JIMHUM 3alCTUICHUS, YTO
obecrnieunBaeTcs mpH yrire npoduist oo = 20° ynciaoM 3yOobeB KoJiec Oosbiie 17.

[Ipu Hape3aHWW SBOJBBEHTHBIX 3yO0YaTBIX KOJIEC C YHCIAMHU 3yObEB MEHbB-
me 17 umeer mecto uHTepdepenims yactu npoduis 3yda koneca u npoduien
3yObeB PEXYIEro NHCTpyMEeHTa. B 3TOM ciyuae pexyIue KpOMKH WHCTPYMEHTA
cpe3aroT yacTh (hopmMooOpasyrorei KpuBou npoduiieit 3yoreB KoJieca.
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6.10. UHTepdepeHumsa 3y64aTbIX Konec

[Ipy MONOKUTENBHBIX 3HAYEHUSX KOI(PPUIMEHTa OTHOCUTEIBLHOIO CMeIlle-
HUSI UMEeT MecTO mHTepdepeHus npoduiieit 3yObeB pexyIero HHCTPyYMEHTa U
9acTH 3BOJBBEHTHOTO TPOQWIIs, TMPUHAJICKAIIETO TOJIOBKE 3yda Koieca, 4To
IPUBOJUT K Cpe3y 3Toi yactu npoduiid. B 3ToMm ciiydae nuMeeT MecTo 3a0CTpeHue
3y0a xoisieca. B pesynbrare nenurenbHas OKPYKHOCTh HE U3MEHSIET CBOETO pa3Me-
pa, mpouib 3y0a yBeIUINBACT paguyC KPUBHU3HBI, PaINyC OKPY>KHOCTH BIAJAUH U
TOJIIIIMHA 3y0a MO JEIUTEIHHON OKPY)KHOCTH YBEIWYHBAIOTCS, PAIUyC OKPYKHO-
CTH BEPILHH U TOJIIMHA 3y0a MO 3TO OKPYKHOCTH U BBICOTA 3y0a yMEHbIIAIOTCS
(puc. 6.13, a). I3menenue npoduieii 3y0ObeB KOJeC MPUBOAUT K YBEIUUYCHHUIO Ha-
TPYy304HON CIIOCOOHOCTH MEXaHHU3Ma. 3a0CTPEHHUE TOJOBOK 3yObeB 3y0UaThIX KO-
Jiec SIBISETCSI HEXKENATeIbHBIM, T. K. 3TO MPUBOJUT K CHUYKCHUIO KHHEMAaTHYECKOM
TOYHOCTH MEXaHH3Ma U BBI3bIBAET YBEIMYEHHE CKIOHHOCTU 3yObEB K CKaJlbIBa-
HUIO.

3y0 3y04aToro Kojieca CYMTACTCS HE3a0CTPEHHBIM, a 3y04aThlii MEXaHU3M — OX-
PaHSIONIUM PabOTOCIIOCOOHOCTH TP BHITIOTHEHHUH CIICAYIONIETO YCIOBHUS:

SaZ[Sa],

rae [sa] — JIOIyCKaeMO€ 3HaUYCHHE TOJIIUHBI 3y0a 10 OKPY>KHOCTH BEPIIHH S,
JUUISI CUJIOBBIX MEXAHU3MOB [sa] =0,4m,

JUI KHHEMAaTUYEeCKUX MEeXaHU3MOB [sa] =0,25m.
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6. 3YBYATbLIE MEXAHU3MbI
6.10. UHTepdepeHumsa 3y64aTbIX Konec

Sa ¥

-
-«

A

ra+ S*

Puc. 6.13. 3meHeHne mapaMeTpoB 3yObEB KOJIEC CO CMEIICHUEM

[Ipu oTpuatenbHbIX 3HAYCHUSX KOA(D(HUIIMEHTa OTHOCUTEIHLHOTO CMeIIe-
HUSI OTHOCUTEIHHOTO, UMEET MECTO MHTEpQEepeHIH MPoduiIeii 3yObeB PeXKyIIETO
WHCTPYMEHTA M YaCTH 3BOJBBEHTHOTO MPOGUIIs, MPUHAMISKAIIETO HOXKE 3y0a
KoJIeca, 9TO MPUBOAUT K Cpe3y 3ToW dactu npoduis. B aTom ciiyqae umeer Mecto
nojApe3aHue yactu npoduiis 3yda kojieca B €0 OCHOBAHUU B 00JIACTH NIEPEXOTHOM
KpuBOW. B pe3ynbrare nenwtenbHas OKPY)KHOCTh HE M3MEHSIET CBOETO pa3Mepa,
npodwie 3y0a yMEHbBIIAET pajnyC KPHUBHU3HBI, PAJIAyC OKPYKHOCTH BITAJUH U
TOJIIIMHA 3y0a MO IEIUTEIbHON OKPY)KHOCTH YMEHBINAIOTCS, PAARYC OKPY>KHOCTH
BEPIIMH M TOJIIMHA 3y0a MO 3TON OKPYKHOCTH M BBICOTA 3y0a yBEIMUYUBAIOTCS
(puc. 6.13, 6). I3menenue npoduieii 3y0ObeB KOJIeC MPUBOAUT K YBEIUUCHUIO KH-
HEMATUYECKON TOYHOCTU MexaHu3Mma. [lonpezanne HokeK 3yObeB 3y0UaThIX KOJIEC
SBJISIETCS] HEXKEJIaTeIbHBIM, T. K. 3TO OCJIa0JIsIeT HOKKY 3y0a Kojieca, 4TO MPUBOIUT
K YMEHBIIICHUIO HArpy304HOM CHOocOOHOCTH MexaHu3Ma. 3y0 3yOuaToro kojeca
CUHMTAETCS] HE TIOJIPE3aHHBIM, a 3y04aThlii MEXaHU3M — COXPAHSIOIAM PaboOTOCTIO-
COOHOCTD MPH BBHITIOJIHEHUH CIIEAYIONIErO yCIOBUS:

X2 (h: —Zsin? ocj.
2

MunnManbHOEe 3HaYeHHE KOA((OUIMEHTa OTHOCUTEIHHOTO CMEIICHUS, MPH
KOTOpOM 0OOecreyuBaeTcss OTCYTCTBHE MOJpe3a HOXKEK M 3a0CTPEHHE TOJIOBOK
3yObeB 3y0UaThIX KOJIEC, OMPEENIIECTCS MO BHIPAKEHUIO

17—z

xmin = .
17

B HCKOTOPLIX ClIydasaXx € LCJIbIO oOecneueHus Tpe6yeMoro COUCTaHHUA Kadc-
CTBEHHBIX MOKa3aTeleu 3y6an0r0 MCXaHHU3Ma CO3HATCJIbHO HMAYT Ha BBCACHHC
CMCUICHUA. HpI/I 9TOM IIOJIOKUTCIIBHBIC KOJIECa MCIIOJB3YIOTCA B CHJIOBBIX MCXa-
HHU3MaXx, a OTpUIATCIbHBIC IIPUMCHAIOTCA B KHHEMATHYCCKUX MCXAaHHU3MaX.
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6. 3YBYATbIE MEXAHU3MbI

6.11. BNIOKUPYIOLUUWA KOHTYP

[Ipotiecc onpeneneHus reOMETPUUECKUX TapaMeTPOB IBOJILBEHTHBIX 3y0Oua-
THIX KOJIEC C yY4€TOM 3HA4YeHHA KOA(P(OUIIMEHTOB OTHOCUTEIHHOTO CMEIIECHUS Ha-
3BIBACTCS Koppueuposaruem 3yodaTbix kKojec. s BeiOopa 3HaueHui koddduim-
€HTOB OTHOCHUTEJIPHOTO CMEIICHHUS, YAOBICTBOPSIONINX YCIOBUSM OTCYTCTBHS 3a-
OCTpPEHUS TOJIOBOK U MOJIpe3a HOXKEK 3yOheB 3y0UaThIX KOJIEC, UCIOIB3YIOTCS OJ10-
KUPYIOITUE KOHTYpa.

Bnoxupyrowuii koumyp — 310 007acTh coueTaHusI KO3PPUIMEHTOB OTHOCH-
TEJIBLHOTO CMEUIEHUSI Mapbl 3yOUaThIX KOJIEC, YAOBJIETBOPSIOIIUX OTPAHUYEHUSIM
10 MOPE3y M 3a0CTpeHUI0 mpoduieit 3yobeB, 00ecrneunBaroIias ONTUMAIbHOE CO-
YeTaHWEe KaueCTBEHHBIX MoKazaTesel (puc. 6.14).

['panunbl Onokupyromero kKoutypa (puc. 6.14) orcekaroT Te 3HaY€HUS KO-
3¢ (OUIIMEHTOB OTHOCUTEIBHOTO CMEIICHUS, KOTOPbIE HE YJIOBJICTBOPSAIOT 3aJlaH-
HBIM YCIIOBUSIM. 3Ha4YCHHUs, KOAP(HUIIMEHTOB CMEIICHUS, PACIIOJIOKEHHBIE BHYTPH
OJIOKUPYIOIIETO KOHTYPA, SIBJISIIOTCS TIOMYCTUMBIMU, U KaXA0U mape koddduiuen-
TOB CMEILEHHUSI COOTBETCTBYET OIPEIEJICHHOE COYETaHHE KaueCTBEHHBIX MOKa3a-
teneit. [{ns BeiOopa k03P GUIIMEHTOB CMEIIEeHUsT Ha OJIOKUPYIONIUI KOHTYp HAHO-
CATCS U30JIMHUY Ka4eCTBEHHBIX MTOKA3aTelNei, C UCIOJIb30BAaHUEM KOTOPHIX BHYTPHU
KOHTYpa BbIOMpAETCs TOYKA, COOTBETCTBYIOIIAs COUETAHUIO 3HAUCHUN KO3 (HULIH-
€HTOB CMEIIEHUS Maphl 3y0UaThiX KOJec, 00ECIeUunBaOIINX ONITUMAaIbHOE COUeTa-
HUE Ka4eCTBEHHBIX MOKa3aTenel 3y0uaToro MexaHusma.

brokupyroumit kouTyp (puc. 6.14) oOpa3yeTcsi B3aUMOJIEHCTBUEM CIIETYyIO-
IIMX OTPAHUYUBAIOIINX JIMHUM:

1 — nunus 3HaYeHU K03 OUIIMEHTA TOPLIEBOTO MEPEKPHITUS E;

2 — TMHUS TOJIIMHBI 3y0a Koseca 1 o OKpyKHOCTH BEPIITUH S,;

3 — MHUS TOMYCTUMBIX MOJIpe3aHuii 3yOneB Kojieca 2;

4 — TUHUS TOMTYCTUMBIX TTOApE3aHuii 3yObeB Koyeca 1;

5 — nuHUA uHTEpPEPEHIUN WU 3aKIMHUBAHUSI.

Ha oGnactp, pacnoyioxkeHHYI0 BHYTPH OIPAaHHYMBAIONIMX JUHUNA 1-5, mo-
MOJTHUTENIbHO HAKJIAIbIBAIOTCS JIMHUU KaUECTBEHHBIX [TOKA3aTee:

6, 7 — IMHUY ONTHUMAJILHBIX 3HaUEHUHN KOd((uUIlMeHTa TOIIIHNHEI 3y0a KoJie-
ca 2 110 OKPYXKHOCTHU BEPILUH S,;

8 — NMHUA paBEHCTBA 3HAUEHUN KOA(P(ULMEHTOB YJENbHBIX CKOJIBXKEHUM
kojec 1 u 2 (A =Ay);

9, 10 — MMHMK ONTUMANIBHBIX 3HAYEHUN KO3 (ULIMEHTA TOJIIIUHBI 3y0a KO-
aeca 1 Mo OKpy>KHOCTH BEPUINH S,1;

11 — nuHuA paBeHCTBa 3Ha4YeHUI Ko3(dduieHTa cMenieHus koineca 1 mMu-
HUMAJIBHO JIOIIyCTUMBIM BEJTMUMHAM;

12 — auHMS paBeHCTBA 3HAYCHUN KO3(PPUIMEHTa CMELIEHUs Kojieca 2 MH-
HUMAJIBHO JIOITYCTUMBIM BEITUYHHAM;

13 — nuHMs 3HaYeHUH KO3 PUIIUEHTA TOPLIEBOTO NEPEKPHITUS E.
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6. 3YBYATbLIE MEXAHU3MbI
6.11. BnokMpyLWMA KOHTYP
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Puc. 6.14. bnokupyromuii KOHTYp

Kax b1t 6JI0KUpYIOIIUIT KOHTYpP CTPOMUTCS MOJ KOHKPETHOE COYETaHUE YU-
cell 3yObeB 3yOuaThIX KOJIEC, 00pa3yIOUIMX 3BOJBBEHTHOE 3allCIUIEHHE C YYETOM
TpeOyeMoro coyeTaHusi KaueCTBEHHbIX MoKa3aresnell. Bee O1okupyronme KOHTypa
CTaHJapPTU30BAHbI U BBIOMPAIOTCA IO CIIPAaBOYHOM JIUTEpATypE.

6.12. KAMECTBEHHbIE NMOKA3ATENHA
3YBYATbIX MEXAHU3MOB

K kauecTBEHHBIM TMOKa3aTENSIM ITUIMHAPUIECKOTO SBOJIBBEHTHOTO MPSMO-
3y00r0o MEXaHu3Ma OTHOCSATCS:

KOA(DPUIIUEHT MOJIe3HOTO JEHCTBUS N;

KOA((UIUEHT MEPEKPBITUS €y

KOA(DPUIIMEHT YISTBHOTO CKONBKCHUS A;

koahumrenT Gpopmel 3yoa Y;

KO3 (PULIMEHT yAEIbHOTO TABIECHUS J.

Kosgppuyuenm nonesnoco oeticmsusi — 3T0 BEIWYUHA, XapaKTEpU3YIOIIas
KOJIMYECTBO IMOJIE3HO UCTIOIb3YEMON MEXaHM3MOM CyMMapHOU SHEPTUH.

KIIJI mexanu3mMa onpeaessieTcs 1o BhIPaXKECHUEO

:ABLIX:ABX_§< 1,
A Ay

n

rjae & — kod(ppuueHT noreps.
Koagpduyuenm nepexpoimus — 370 OTHOILIEHUE yTia MEPEKPHITHS ¢, 3yOua-
TOTO KOJIeca K €ro yrjioBoMy Iiary T:
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6. 3YBYATbIE MEXAHU3MbI

6.12. KauecTBeHHbIe nokasaTenu 3yb4aTbix MEXaHU3MOB

YVeon nepexpvimus — 3TO yroji, Ha KOTOPBIM MOBOPAYUBAETCS 3yOUaTOE KO-
Jieco 3a BpeMsl 3alleTUICHHUs OJTHOM Mmaphl 3yObeB.

Jlns HopMmabHOM pabOThl ABOJBLBEHTHOrO 3y0UaToro mMexaHu3ma HEOO0Xo-
MO 00€CTIeUYnTh HEMPEPBIBHOCTH 3alICTICHHSI KOJIEC, T. €. KaKas MOCIIeayomast
napa 3yObeB KOJIeC JTOJDKHA BOWTHU B 3alICTUICHUE 10 MOMEHTA BBIXOJIa U3 3alleTlie-
HUS TIPEAINIECCTBYIONIEH Maphl 3yObeB. Jlsi coXxpaHeHUs HENPEPHIBHOCTHU 3allerie-
HUSI HEOOXOMMO BBITIOJIHEHHE CIIEYIOIIETO YCIOBUS:

e, >1,06.

Koaddumment nepekpriTus XapakTepuszyeT KOJUYECTBO Hap 3yObeB KOJec,
OJIHOBPEMEHHO HaXOSAIIMXCS B 3aLEIJICHUH, U OMPEACIIAETCS M0 BEIPAKEHUIO

€, =ﬁ(tg (o) —tg (aw))+i(tg (o,,)—tg(a,)),

rue z,, z,, &, , 0, — IapaMeTpsl 3y0UaTeIX Konec 1 u 2, Haxoadmuxcs B 3a1e-

MIJICHU .

B 3aBucumoctu oT popMbI TMHUM 3y0a, 3HaUYeHUs KOI(P(PULIUEHTA TePEKPbI-
THS JIEXKAT B MpEJeax:

JUTSL TIPSIMO3YOBIX KoJiec €, = 1,06—1,30;

JUIS1 KOCO3YOBIX Kosiec €, = 1,30-1,60;

JUUIs1 IEBPOHHBIX Kojiec &, = 1,60—1,98.

Haubonee GmaronpusiTHBIMUA 3HaYEHUSIMHU KOd(D(PHUIIMEHTa MEPEKPHITUS SIB-
JISTIOTCS TIENIbIe YMCTIa, YTO BO3MOXKHO OOECIEYUTh TOJIBKO TPHU HCIIOIh30BAHUU
PEXYIIET0 UHCTPYMEHTA C YrioMm mpoduis He paBHbIM 20°. J[[poOHBIE BEIMYHHBI
JAHHOTO KO3 (UIIMEHTA BHI3BIBAIOT U3MEHEHHUE )KECTKOCTH 3y0UaToro MexaHu3ma,
YTO MOXKET NMPUBECTHU K MOSABJICHUIO KOJICOAHUN.

Kosgppuyuenm yoenvrnoco cxonviiceHus UCTIONb3YETCS MIPU TEOMETPUIECKUX
pacyeTax 3y04aThlX MEXaHU3MOB JIJIsI OIIEHKU CKOJIbKEHUS:

Ve
v’
C
rac VC, VCt — COOTBECTCTBCHHO, CKOPOCTh CKOJIBbKCHUA WU IIPOCKIHA 3TOU CKOpOCTH

Ha KOHTaKTHYIO HOpMaJib, M/C.

OTHOCHUTEIBHOE CKOJIbKEHNE aKTUBHBIX YacTeil mpoduieil 3yObeB, B 3HAYH-
TEJIbHOW CTETEHU OKAa3bIBACT BIMSIHHME Ha BEIMUMHY UMX M3HOca. CKOPOCTh CKOJIb-
KEHHUS B TOUKE KOHTaKTa Mpoguiel 3yObeB onpenensieTcs 0 BRIPaKeHUI0

V. :((ol J_ro;)z)-l:rb((o1 J_rooz)-(tg (a)—tg(a,)),

i
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6. 3YBYATbIE MEXAHU3MbI

6.12. KauecTBeHHbIe nokasaTenu 3yb4aTbix MEXaHU3MOB

rzie / — paccTosiHUE OT TOYKM KOHTAaKTa JI0 TIOI0Ca 3aleTUIeHHs, 3HAK «» MPUHAMA-
eTCsl UTSl BHYTPEHHETO 3alleTICHHS, 3HAK «—» — JIJIsl BHEIIHETO 3alleTUICHHs KOJIeC.
Kosgppuyuenm gpopmul 3y6a Y ucrionb3yeTcs sl OLEHKH BIUSHUS T€OMET-
puu 3y0a Ha ero u3ruOHyto npodHocTs. Koaddumment dhopmsl 3yda onpenensercs
gyepes nmapameTpbl 0ajaku napadonYecKoro ceueHus, KOTopasi BIUCHIBAETCS B KOH-
Typ 3y0a Koieca TakuM oOpa3oM, 4TOOBI BepIIMHA MapadOJbl MPOXOIUiIa depes3
TOUKY MEPECEUCHHUs] OCH CUMMETpPUHU 3y0a ¢ HOpMalbio K Ipoduiaro 3yda B €ro
BEpUIMHE, a BETBM MapaboJibl Kacaiuch npoduias 3yda B €ro OCHOBAaHUU

(puc. 6.15).
Koaddunment dhopmel 3yda Y onpenensercs 1o BRIPAKEHUIO

S2

_ p
6-m-1’

rae S, — TOJIHMHA 3y0a 0 XOp/ie OKPYKHOCTH, IPOXOSALIEH Yepe3 TOUKN KacaHHs
napabonsl 1 poduineit 3y0da; / — BpICOTa OT BEPIIMHBI BIIMCAHHON Mapaboibl 10
TOUYEK KacaHus mpoduis 3yda B ero OCHOBaHUU ¢ napabosnoit (puc. 6.15).

Koagpduyuenm yoenvnoco daenenus xapaktepusyeT BIHMSHHUE T€OMETpUYe-
ckoit (hopmbI Tpodutst 3y0a Ha KOHTAKTHYIO MPOYHOCTD:

rAe p, — IPUBEIEHHBIN paguyC KPUBU3HBI KOHTAKTUPYIOLUX DBOJIBBEHT, MM:

P P>

H_plipz’

3I€Chb P, U P, — PaaAUyChl KPUBU3HBI NPO(UICH B KOHTAKTHON TOYKE, 3HAK «»

OTHOCHUTCA K HMUJIMHAPUICCKHUM SY6IIaTBIM MCXaHHN3MaM C BHCHIIHHM 3allCIINICHUCM,
a «—» — K TUWIMHIAPHUYICCKUM SY6‘-IaTLIM MCXaHHW3Ma C BHYTPCHHHUM 3allCTIJICHUCM.

n

Puc. 6.15. Cxema onpenenenust kodpdummenta popmsl 3yda

i
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6. 3YBYATbIE MEXAHU3MbI

6.12. KauecTBeHHbIe nokasaTenu 3yb4aTbix MEXaHU3MOB

3HaueHus kod¢pduIMeHTa yAeTpHOrO JaBICHUS 3aBUCAT OT BHJA 3allerie-
HUS 1 MeCTa KOHTakTa npoduieit 3yobeB kojec. [y mpsiMo3y0oro HuaInHApUIE-
CKOTO 3y04YaToro MexaHu3Ma C BHEIIHUM 3aleIlUIeHueM KO3((ULHEHT YIeIbHOTO
JIaBJICHUS B MOJII0CE KOA(D(GULMEHT OIMpeIesieTCsl 0 BRIPAXKEHUIO

2 x

z,-z,-tg(a,)-cos (o)

I7I€ Xs — CYMMAapHbIil KO3 (OUIIMEHT OTHOCUTENBHOTO CMEIICHUS; oL — YT Mpodu-
7151 3yObEB; O, — YIOJl 3aLEeIJICHUS.
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7. CNNOXKHbLIE 3YBYATbBIE MEXAHU3MbI

B GonpmmHCTBE ciiyuyaeB mepes WHKEHEPOM-KOHCTPYKTOPOM CTOMT 3ajadya
W3MEHEHHS BXOJIHBIX IMApaMETPOB B BBIXOJIHBIC TTApaMETPhI B IMTUPOKOM HAIA30-
HE, a TAKXKE Tepeadn ABMKCHUS Ha OONBIIME PACCTOSHUS TIPU 00ECTICUCHUH Tpe-
OyeMoro HampaBJICHHs BPAIICHUS BBIXOIHOTO 3BEHA, UTO JenaeT Hed(HEKTUBHBIM
MIPUMEHEHUE MPOCTBIX MEXaHU3MOB. B 3TOM citydae [ pelieHus JaHHOH 3a/1auu
MIPUMEHSIOTCS CIIOKHBIC 3yOUaThie MEXaHU3MEI.

CroorcHoltl 3y0uamblil Mexanusm — 3TO 3y0daThlii MeXaHU3M, 00Opa30BaHHBIN
YHCIIOM 3y04aThIX KoJieC OOJbIIE IBYX.

CrnoxxHble 3y04aTble MeXaHU3Mbl TIOJIPa3IESI0TC:

1) 110 KOJTUYECTBY PAIOB:

OJIHOPSIAHBIC MeXaHU3MBbI (puc. 7.1, a);
MHOTOpSIIHbIE MEXaHU3MBbI (pUc. 7.2, a);
2) MO YKCcIy HOTOKOB MEXaHUYECKOW SHEPTUU:
OJHOTIOTOYHBIE MEeXaHU3MbI (puc. 7.1, a, puc.7.2, a);
MHOT'OMOTOYHBIE MEXaHU3MBI (puc. 7.3, a);
3) 10 KUHEMATUYECKOMY COCTOSIHUIO OCEM BpallleHUsI 3y04aThiX KOJIEC:
MEXaHU3MbI ¢ HEMOIBUYKHBIMH OCSIMU BpailieHus kosec (puc. 7.1, a, puc.7.2,
a, puc. 7.3, a);
MEXaHU3MBbI C TIOJIBUKHBIMHU OCSIMU BpallieHus kojec (puc. 7.4);

4) 10 KOJIMYECTBY BXOJHBIX U BHIXOJIHBIX 3BEHBEB:

MEXaHU3MBbl C OJIHUM BXOJIHBIM M OJIHUM BBIXOJHBIM 3Be€HOM (puc. 7.1, a,
puc. 7.2, a, puc. 7.3, a, puc. 7.4);
MEXaHU3Mbl C OJIHUM BXOJHBIM U HECKOJBKHUMHU BBIXOJHBIMH 3BEHbSIMHU

(puc. 7.9, a);
MEXaHU3Mbl C HECKOJIbKMMH BXOJHBIMH M OJHHMM BBIXOJHBIM 3BECHOM

(puc. 7.9, a);
MEXaHU3MBbI C HECKOJIBKUMH BXOAHBIMH U BBIXOJTHBIMU 3BCHBSIMU;
5) no Buay nepenaTouHou PpyHKIUU:
MEXaHU3MBbI C TIOCTOSIHHOM nepeaaTouHon pyHkuuei (puc. 7.1, a,
puc. 7.2, a, puc. 7.3, a);
MEXaHU3MBbI C IEPEMEHHOM NepeaaToyHon GpyHkiuen (puc. 7.9);
6) 0 BUY 3BEHBEB:
MEXAHU3MBI C )KECTKUMU 3BeHbIMU (puc. 7.1, a, puc. 7.2, a, puc. 7.3, a,
puc. 7.4);
MEXaHU3MBI C IeOpMUPYEMBIMH 3BeHbsAMHU (puc. 7.10, puc. 7.11).
PaccMoTpuM pa3sHOBUAHOCTU CIOKHBIX 3yO4aThIX MEXaHH3MOB, COCTOSIIUX
U3 HUJIUHIPUYECKIX MEXaHU3MOB.

7.1. OOHOPALQHBLIE 3YBYATbIE MEXAHU3MbI

O0oHopAoHbIUL 3y0uamulil MexaHu3m — 3TO CJIOXKHBIM 3yOUaThlii MEXaHH3M,
00pa30BaHHBIN TOCIEAOBATEIIEHBIM COCIUHEHNEM MPOCTHIX 3yOUaThIX MEXaHW3-
MOB C PacIlOJIOKEHHEM BceX 3y0uaThIX Koyiec B ouH psa (puc. 7.1, a).

gﬁ Teopua MexaHN3MOB 1 MaLwnH. Y4eb. nocobue -138-



7. CJIOXKHbIE 3YBYATbIE MEXAHU3MbI

7.1. OgHopsAgHble 3y64aTble MEXaHU3MbI

Cmpyxkmypnoiti ananu3. CXema CIOXHOTO OJHOPSJIHOTO 3y04yaToro mexa-
Hu3Ma (puc. 7.1, @) obpa3oBaHa MOCIEAOBATEIIEHBIM COEAMHEHUEM MTPOCTHIX 3y0-
YaThIX MWIMHAPUYECKUX MEXaHM3MOB, OTHOCSIIMXCS K IUIOCKUM MeXaHU3MaM,
CJIe0BATEIbHO, PACCMATPUBAEMBI MEXaHU3M TaKXKe SBISETCA IJIOCKUM, MOJ-
BIDKHOCTh KOTOPOTO orpesensercs mo popmyse YeOwIena.

a 8

Puc. 7.1. Cxema oqHOpSAAHOTO 3y0UaToro MexaHu3Ma

N3 ananmza cxeMbl MEXaHM3Ma BBITEKACT: CIIOKHBIA OJTHOPSTHBIM 3yOUaThIi
MEXAaHU3M COCTOMUT U3 CTOMKH 0, MPEACTABIEHHOW TPEMS IIIAPHUPHO-HETIOABUKHBIMH
OIopaMH M TPeX MOJABUKHBIX 3B€HbEB 1, 2, 3, T. €. n = 3.

Croiika 0 ¢ TOABMKHBIMU 3BEHbSIMU 1, 2, 3 cO37a€T TPU OJHOIOIBUKHBIC
kuHeMatuueckue napei: 0 — 1, 2 — 0, 3 — 0, a 3y06uatsie koseca 1, 2, 4 Mmexay co-
0011 00pa3yroT JAB€ BBICIIME KMHEMAaTUUeCKUe mapbl: 1 — 2, 2 — 3 ¢ MOABUKHOCTHIO
paBHOM IBYM, TOorAa p; = 3, a p, = 2.

[ToacraBuB 3HaueHus ko3P puuueHToB B hopmyny YebblieBa, Hoay4um

W=3.3-2.3-2=1.

Pe3ynbTaT 03Hauaer, 4yTO AJIS OJTHO3HAYHOTO OMPEAEIICHHUs] B3aUMHOTO pac-
MOJIOKEHUS] 3BEHBEB CJIOKHOTO OAHOPSIHOTO 3yOuaroro Mexanusma (puc. 7.1, a)
JIOCTaTOYHO OAHON 000OIIEHHONW KOOPANHATHI.

Kunemamuuecxuii ananuz. CHOXHBIA OJHOPSIHBIN 3yO04aThIi MEXaHU3M
(puc. 7.1, @) o6pa3oBaH MocCieI0BATEILHBIM COSIMHEHUEM MPOCTHIX 3y0UaThIX Me-
XaHU3MOB, CJIEJI0BATEIbHO, MEPEIAaTOYHOE OTHOIIECHHE JTAaHHOTO MEXaHu3Ma pac-
KJIaJIbIBAETCS HA TIEPEAATOUYHbIE OTHOIIEHUS MPOCTHIX MEXAHU3MOB:

Ly =1y 1ys,

rae i,, i,; — NepelaTOYHbIE OTHOIIEHUS MPOCTHIX 3y0YaThIX MEXaHU3MOB.

i
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7. CJIOXKHbIE 3YBYATbIE MEXAHU3MbI

7.1. OgHopsAgHble 3y64aTble MEXaHU3MbI

Hepej:[aTquLIe OTHOHICHUWA IIPOCTHIX SY6‘-IaTBIX MCXaHHN3MOB:

i = @, __ %2
2= = )
0, Z
i = ©, _Zs
23 T 9
®; Z,

rae ®;, Wy, O3, Z1, Z2, Z3 — YIIOBBIE CKOPOCTH M YKCIIa 3yOheB Kojiec 1, 2 u 3.

[ToacTaBuB mocnenHue 1Ba PaBEHCTBA B MPEAIISCTBYIONIEE UM BBIPAKCHHE
U peoOpa3oBaB, MPUBEIEM K BUTY

P (R
Z Z Z

[TonydyeHHOE paBEHCTBO MPEACTABISET COO0OM MpsIMOE MepPeIaTOYHOE OTHO-
IIEHUE CJIOKHOTO OJHOPSIHOTO 3y0uaToro MexaHusma ot miectepHu 1 (Bemyrero
KoJieca) K BBIXOJIHOMY KoJjiecy 3. 3HaK «+» 03Ha4yaeT, 4To MmeCTepHs 1 ¥ BBIXOJIHOE
3BEHO 3 BpalarTcs B OJHOM HaIpPaBJICHUU. AHAIN3 BBIPAKCHUS IMOKA3BIBACT, YTO
NepeaTOYHOE OTHOIIEHHUE CIIOKHOTO OJHOPSAHOTO 3y0UaToro MeXaHu3Ma He 3a-
BHUCHT OT ITApaMETPOB KoJieca 2, SBIISIONIETOCS Mapa3uTHBIM 3y04aThIM KOJIECOM.

llapasumnoe 3ybouamoe xoieco — 3TO 3yOUaTOE KOJECO, TEOMETPUUECKHUE
mapaMeTpbl KOTOPOTO HE OKAa3bIBAIOT BIMSHHUS HA TIEPENAaTOYHBIC OTHOIICHUS
CJIOJKHOT'O MEXaHU3Ma.

[Tapa3zutHbie 3y04aThie KoJieca BBOJMUTCS B CTPYKTYPY CIOXKHBIX 3yOdaThIX
MEXaHU3MOB C IEJIbI0 U3MCHEHUS HAIIPABJICHHS BPAIICHUS BBIXOHOTO 3BEHA.

CrnoxHBIE ONHOPSAHBIC 3yOdaThle MEXaHU3MBI SIBIISIOTCS PEBEPCHUBHBIMU,
MOTYT paboTaTh B peKUME PEAYKTOpa WM MYJbTUILIUKATOPA M UMEIOT KaK Ipsi-
MO€, TaK U 00paTHOE MePeIaTOUYHOE OTHOIIICHHE:

JUist BBISIBIIEHUS COOTHOUIEHUS JIMHEWHBIX U YTJIOBBIX CKOPOCTEH MOJBUXK-
HBIX 3BEHBEB CJIOKHOT'O OJHOPSAHOTO 3yOuaroro mexanusma (puc. 7.1, a) BbiOe-
pPEM XapaKTEpHbIE TOUKH, SIBJISIOIIMECS UEHTPAaMU KMHEMAaTUYECKUX Map, 3a KOTO-
pbie ipuHumaeM Touku O, C, D. AHanu3 BelleM OT IIECTEpHU | K BRIXOJHOMY 3Be-
HY 10 KOHTYPY CXEMBI CJI0KHOT'O OJTHOPSIAHOTO MEXaHHU3Ma.

Touka O 5eXUT HAa TEOMETPUYECKOM OCH LIECTEpHM 1, KOTOpas sIBIAETC
HENOJBUXHOU ocbio (puc. 7.1, a). CnenoBaTenbHO, CKOPOCTh TOUKM O paBHA HYJIIO
B JIF000K MOMEHT BpeMeHu. Cieayroleid TOUKOU SBIseTCs ToUKa A, CKOPOCTh KO-
TOPOU A ONPENETUM IO BBIPAKEHUIO

i
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V,=0,—,

r1e d, — AEeTUTENbHBIN TuaMeTp mecTepHu 1.
Touka A TpUHAIIEKUT U KOJIECY 2, CIEA0BATEIBHO, MOJIYIUM

d
V,=o,—=,
2
rae d, — JeIUTeNbHBII InaMeTp Kojeca 2.
Touka A ABIAIOTCA IOIIOCOM 3allEIUICHUS NIeCTepHH | U Koseca 2, cieoBa-
TCJIIBHO, JIMHENHEIE CKOPOCTH 3THUX KOJICC paBHBbI, T. €.

0o
2 2

BbIpa3uM M3 MOJTy4EeHHOTO PaBEHCTBA YIIIOBYIO CKOPOCTH KoJleca 2:
O, =, "1,

rzie i — 00paTHOE NepeaaToOuHOE OTHOIIEHUE MPOCTOro 3yOUaToro MexaHu3Mma c
BHEIIHUM 3alleTIeHueM, 00pa30BaHHOro Kojiecamu 1 u 2:

Touka B aBIIsIeTCs MOJIIOCOM 3allCIUICHUS KoJiec 2 U 3, CICIOBATENbHO, JIU-
HEWHBIE CKOPOCTH ITUX KOJIEC PaBHBI, TOTJ1a UMEEM

rae dp, d; — NenuTeNbHbIe TUaMETPhl KoJieC 2 U 3 COOTBETCTBEHHO.
W3 nmosryueHHOT0 paBeHCTBA BBIPA3UM YTIIOBYIO CKOPOCTh KoJjeca 4:

O3 =0, I3,

rae iz; — o0paTHOE MepelaTOYHOe OTHOILIEHUE MPOCTOro 3y0YaToro MexaHu3ma ¢
BHYTPEHHHM 3alleIlJIeHueM, 00pa30BaHHOTO Kojecamu 2 u 3:
d z
T — 2 __ 2
I, =+—2=+-2

3 z

3

Hcnonb3ys moslydeHHbIE PaBEHCTBA, BBIPA3UM YTIIOBYIO CKOPOCTh Kojieca 3
yepes3 yIIIoBYI0 CKOPOCTh Kojeca 1:

O3 =0 L "L, =0 Iy,

'I N
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/i€ i3; — o0OpaTHOE MepeaaTOuYHOE OTHOIICHHUE OJHOPSATHOTO MEXaHU3Ma.
Ucnonp3ys rpadoaHaTuTHIECKUd METOM, MOCTPOUM IUIAHBI JIMHCWHBIX H
YTJIOBBIX CKopocTel (puc. 7.1, 0, 6).
MacmraOnpiii K03 GUIMEHT T1aHa CKOpoCcTed, M/(MM - C),

— VA
|44

u

5

371€Ch |AA1| — MPOU3BOJIHLHO BHIOPAHHBIN OTPE3OK, MM.

JIJ1 OCTPOEHUS TUTaHa JIMHEWHBIX CKOPOCTEN B BHIOPAHHOM MacIITaOHOM KO-
adduImeHTe 0TKIabIBaeM OTPE30K AA |, N300pAKAIOIIHNI BEKTOP CKOPOCTU TOUKU A
(puc. 7.1, 6). CoenunuB Touky O u A, MOTy4YHM ToAorpad ckopocrteil Touek, mpu-
Hajuexammx mecrepHe 1. Touka A sBIsSETCS MOMIOCOM 3aleTUIEHUs] ECTEPHU | U
KoJsieca 2, CIIeIOBATENIbHO, BEKTOP CKOPOCTH TOYKHU A MpUHAIEKUT U Konecy 2. Co-
€AUHUB TOUKY A; ¢ Toukoil C, Jexanieil Ha TeOMETPUUYECKOM OCH KoJieca 2, MOIyYuM
rogorpad ckopoctel Touek kojeca 2. Mcnonb3ys cBoiicTBO ronorpadoB, MpoyieBa-
em rogorpad AC; no nepeceuenus ¢ npsmoit BB,. [lonydennsiii otpe3ok BB, sBiid-
€TCsl BEKTOPOM CKOpPOCTH TOYKHM B, mpuHajiexameil konecy 2. Touka B sBisercs
NIOJIFOCOM 3allEIUIEHUs Kojlec 2 U 3, CIIEA0BATENIbHO, BEKTOP CKOPOCTH TOYKHU B Mpu-
HAUICKUT U Koisecy 3. CoequHuB TOUKY B ¢ TOUKOW D, nealen Ha reoMeTpuye-
CKOM ocH KoJieca 3, MmoiiydyuM rojorpad CKOpoCTed TOUYEK, MPUHAIUICKAIIUX ITOMY
kosiecy. [lomyuennas kaptuna (puc. 7.1, 6) u OyAeT SBISATHCSA TUIAHOM JIMHEWHBIX
CKOpPOCTEH CII0KHOTO OJTHOPSAHOTO 3y04aTroro Mexanmsma (puc. 7.1, a).

JUIsi MOCTpOEHUs TUIaHA YTIOBBIX CKOPOCTEH CII0KHOTO OJHOPSAHOTO 3yO-
4aToro MexaHu3Ma crpoenupyem rojgorpadsl ckopocteit mecrepuu 1 u xoinec 2, 3
Ha OCh YIVIOBBIX CKOpOCTe. I 3TOr0, CIOJIb3ysl METO/I apaJUIEIbHOT0 IEPEHO-
ca, CHOCUM IMpsIMble, NapajieibHble rogorpagam CKOpOCTEH, TakuM o0pazoM,
yTOOBl OHM TPOLUIM Yepe3 MOJIIOC IIaHa, T.e. TOukKy p. llomydeHHas kapTuHA
(puc. 7.1, 8) u OyAeT ABAATHCA IJIAHOM YTJIIOBBIX CKOPOCTEU CIIOKHOTO OJHOPS/I-
HOTO 3yOuaroro mexanusma (puc. 7.1, a).

3HauYEHHUs YIJIOBBIX CKOPOCTEHN BEAOMBIX 3BEHbEB HAMIEM U3 NPONOPLIHH

0, O, 0,

1]~ [02] o3

b

02

-1
VYTr0BbIE CKOPOCTH 3BEHBEB 2 U 3, C

M 9

FH€|01

O3| — OTPE3KHU C IJIaHA YTIIOBBIX CKOPOCTEM.

|02|
T

|03|
0, =0, |01|.
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C HCJIBIO IMPOBCPKHU IIPABUIIBHOCTHU ITOCTPOCHHUA IINIAHOB BbBIPpA3HUM IICpPCAa-
TOYHOC OTHOIICHHUC OAHOPAAHOTO INIAHCTAPHOTO MCXAaHH3Ma 4YCPC3 IJJICMCHTHI
IJIaHa YTJIOBBIX CKOpOCTGﬁZ

A€ 3HAK «+» oOecrnieunBaeTcs COBIIAJACHUCM HaHpaBJIeHI/Iﬁ OTPC3KOB |Ol| u |O3| Ha

IJ1aHe yTIJIOBBIX CKopocTeit (puc. 7.1, 8).

CnoxxHble OHOPSAHBIE MEXaHU3MbI 3(DPEKTUBHBI TPU HEOOIBIINX MEepeaa-
TOUHBIX 4yucHax (# <5), T. K. MEXaHU3MbI C NEPEJATOYHBIMU UYUCIAMM BBILIE 5
UMEIOT 00JIbIINE rabapuTHBIE Pa3MEPBI U 00JIaJal0T HEBBICOKON IPOYHOCTRIO. J1Jist
peain3aluy NepeAaTovyHbIX yncen Ooblie S5 MPUMEHSIOTCS CII0KHBIE MHOTOCTY-
NIEHYAThIEC WM MHOTOPSIHBIE MEXAHU3MBI.

7.2. MHOIOPAQHbIE 3YBYATbBIE MEXAHU3MbI

MHnoeocmynenyamsiii, WA MHO2OPAOHBLU, 3Y0UAMbIL MEXAHUSM — 3TO
CIIO>KHBIN 3y04aThlii MexaHu3M, 00pa30BaHHBIN MOCIEIOBATEIbHBIM COEIUHEHUEM
MPOCTBIX 3yOUaThIX MEXAHU3MOB C PACIOJIOKEHHUEM 3y0UaThIX KOJEC MO HECKOJb-
KUM psigaMm (puc. 7.2, a).

Cmpyxkmypnoiti ananuz. CXxema CI0OKHOTO MHOTOPSJTHOTO 3y04aToro mexa-
Hu3Ma (puc. 7.2, a) obpa3oBaHa MOCIEAOBATEIIBHBIM COEAMHEHUEM MTPOCTHIX 3y0-
YaThIX IUIMHAPUYECKUX MEXAHU3MOB, OTHOCSIIUXCS K IJIOCKMM MEXaHHU3MaMm,
CJIEI0BATEIbHO, PACCMATPUBAEMbBIA MEXAHM3M TAKXKE SBIAECTCA IUIOCKUM, IOJ-
BIDKHOCTh KOTOPOTO onpesensiercs no popmyse YeOwImiena.

N3 aHanu3a cxemMbl MEXAHM3Ma BBITEKAET: CJIOKHBIA MHOTOpPSIIHBINA 3yOua-
TBIA MEXAHU3M COCTOUT M3 CTOMKH (), MPEACTABICHHOW TPEMs IIAPHUPHO HEMOM-
BIDKHBIMU OTIOpaMU M TPEX MOABWKHBIX 3BE€HbEB 1, 2, 4. Koneca 2 u 3 xecTko co-
€MHEHBI JIPYT C IPYroM U 00pa3yroT OJIOK 3yO0UaThiX KOJIEC, KOTOPBIA paccMaTpu-
BaeTCs Kak OJIHO 3BeHO 2. B aToMm ciyuae n = 3.

bnox 3y6uameix konec — 3TO 3BEHO CIIOKHOTO 3yO4UaTOro MexaHu3Ma, Co-
CTOSAIIEE M3 HECKOJIBKUX JKECTKO CBSI3aHHBIX 3y04YaThIX KOJEC, UMEIOIUX OOILyIO
F€OMETPUYECKYIO OCh U OJIMHAKOBYIO YIJIOBYIO CKOPOCTb.

Croiika 0 ¢ mOJBWKHBIMU 3BEHbSIMHU 1, 2, 4 0oOpa3yeT Tpu OJHOMOABHKHBIC
kuHematudeckue napsli: 0 — 1, 2 — 0, 4 — 0, a 3yGuarsie koneca 1, 2, 4 mexnay co-
00i 00pa3yroT ABE BHICIIME KHHeMaThuueckue mapel: 1 — 2, 3 — 4 ¢ moABMXHOCTHIO
paBHOM IBYM, TOra p, =3,a p, =2.

[ToncraBuB 3HaueHUs1 KOd3PhuireHTOB B popMyy UelOrnimera, morydyum

W=3.3-2.3-2=1.

PesynbTar 03Ha4aeT, 4To A OJTHO3HAYHOTO OTPECNICHUs] B3aMMHOTO pac-
TIOJIOKEHUST 3B€HBEB CII0KHOTO MHOTOPSTHOTO 3y0yaToro Mexanusm (puc. 7.2, a)
JIOCTaTOYHO OJHOM 000OIIEHHOM KOOPAUHATHI.
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a 6

Puc. 7.2. Cxema MHOTOpSITHOTO 3y04aToro MexaHu3zma

Kunemamuueckuti ananuz. CnoxXHbI MHOTOPSIIHBINA 3yOuYaThlii MEXaHU3M
(puc. 7.2, a) oOpa3oBaH MOCIIEJOBATEIbHBIM COEIMHEHUEM MTPOCTHIX MEXAHU3MOB,
CJIEIOBATENIbHO, NEPEAATOYHOE OTHOIIEHUE PACCMATPUBAEMOr0 MEXAaHU3Ma IPEJ-
CTaBJIIETCS B BUJIE

Ly =y Iy,

rac i12 ) i34 — NepCaAaTOYHbIC OTHOMICHUA ITPOCTHIX SY6‘IaTBIX MCXaHH3MOB.
Hepez[aTquBIe OTHOHICHUS IMMPOCTBIX SY6"I8,TBIX MCXaHHN3MOB:

=2
2= = )
©, z
()] Z
.0, Zy
ly=—"=+—,
0, Z3

rac g, Wy, M3, W4, 21, Z2, Z3, Z4 — COOTBETCTBCHHO, YIJIOBBIC CKOPOCTHU M 4YHUCJIAd
3yObeB kojec 1, 2, 3 u 4.

[ToxcraBuB mocieIHUE JBa PaBEHCTBA B MPEIIECTBYIOIIEE UM BBIPAKCHHUE
1 Ipeo0pa3oBaB, MPUBEIEM K BULY

z z Z,°Z
2 || 424 o224

Z Z3 Z)°2Z4

[TommydeHHOE PABEHCTBO SIBISIETCS MPSIMBIM IE€PEIaTOYHBIM OTHOIICHHEM
CJIO)KHOTO MHOTOPSITHOTO 3y04aToro MexaHw3Ma OT MIeCTepHU | K BBIXOAHOMY
3y0yaToMy kojiecy 4. 3HaK «—» O3HauJaeT, 4yTo mectepHs | u 3yOuaToe koyeco 4
BpAIAlOTCS B Pa3HBIX HAIPABJICHUAX. AHAINU3 BBIPAKCHUS MTOKA3bIBACT, UTO TIEpe-

i
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JTAHHOE OTHOIIEHUE CII0)KHOTO MHOTOPSITHOTO 3y04aToro MEeXaHW3Ma 3aBUCUT OT
napaMeTpoB BCEX KOJIeC, €ro 00pa3yroIuX.

CroxHbIE MHOTOPSIIHBIE 3y04aThle MEXaHU3MBbI SIBJISIIOTCS PEBEPCUBHBIMU,
MOT'YT pa0OTaTh B PEXXUME PEAyKTOpa WU MYJIbTUILIMKATOPA U UMEIOT Kak Mpsi-
MoO€e, TaK U 00paTHOE MepPeIaTOuYHOE OTHOIIICHHE:

1 z

R I

Iy =~ = .
Ly Z, Zy 2yt 2y

JI1s BBISIBIIEHUS! COOTHOLIEHHUM JIMHEWHBIX U YIVIOBBIX CKOPOCTEM ITOJABUKHBIX
3BEHbEB CJIIO)KHOI'O MHOTOPSTHOTO 3yOuaToro mexaHusma (puc. 7.2, a), UCHOIb3Ys
rpad0aHaTUTUYECKUI METOJ, MOCTPOUM IIIaHbl JIMHEWHBIX W YTJIOBBIX CKOPOCTEH
(puc. 7.2, 6, 8). 3a xapakTepHble TOUkH MpuHUMaeM Touku O, C, D, nexaiye Ha
TreOMETPHUECKUX OCSAX IIeCTEepHH 1, 3yOuaThiX Kozec 2, 3, a Touku A U B SBISAIOTCA
MIHOBEHHBIMH IOJIFOCAMU 3aLEIUIEHUS 3TUX K€ KoJiec. AHAJIN3 BEIEM OT LIECTep-
HU | IO KOHTYpY CXEMBI MEXaHNU3Ma.

CkopocTh TOUKH 4, TpUHAAIEKAIIEH mecTepHe 1, HaliieM 110 BBIPAKEHUIO

Touka A MPUHAOJICIKUT U KOJICCY 2, CJICOAO0BATCIIbHO, ITIOJIYYHUM

d
V,=o, —=,
2
rae d, — JeNUTeNbHBIN AuameTp Koseca 2.
Touka A sBJISIETCS MOJIOCOM 3alleIIeHus ecTepHu 1 u Koseca 2, cieaoBa-
TEJBbHO, JIMHEHHbBIE CKOPOCTH ATUX KOJIEC PABHHI, T. €.
d d,

0)1?1:(027.

BhIpa3uM M3 MOJTy4eHHOTO PaBEHCTBA YIIIOBYIO CKOPOCTH KoJleca 2:
W, =, "1y,

rac i21 - 06paTHO€ nepeaaTo9YyHoC OTHOIMCHHUEC IIPOCTOTO BY6113.TOFO MCXaHHN3Ma C
BHCIIHHUM 3alCIIJICHUCM, 06p330BaHHOFO Koiecamu 1 u 2:

d,__z,

1. = =
21 .
d, Z,

Jlist 6;oka 3y09aThix Kojec 2 B 3 XapakTEepHO PaBEHCTBO YIJIOBBIX CKOPO-
CTEH, T. €. ; =, .

Touka C sSBASETCS IMOJIOCOM 3alleIJICHUs Koiec 3 U 4, cleaoBaTeabHO, JIU-
HEHWHBIE CKOPOCTH ITHX KOJIEC paBHBI, TOTJIa UMEEM

i
gﬁ Teopus MexaHU3MOB 1 MalLKH. Y4eb. nocobue -145-



7. CJIOXKHbIE 3YBYATbIE MEXAHU3MbI

7.2. MHoropsigHble 3y64aTble MeXaHU3MblI

d d
Vi = o, = W, =5
2 2
rac d3 ) d4 — COOTBECTCTBCHHO, NCIUTCIIBHBIC TUAMCTPHBI KOJICC 3nd4.

W3 mosry4eHHOT0 paBeHCTBA BBIPA3UM YITIOBYIO CKOPOCTb Koseca 4:

WOy = O3 " 13,

rac i43 - 06paTHO€ nepeaaTo9YyHoC OTHOIMCHHUEC ITPOCTOTO BY6113.TOFO MCXaHHn3Ma C
BHYTPCHHHM 3allCIINICHHUCM, 06p3.30BaHHOFO KonecaMu 3 u 4:

S¥

z
: 3 _
Iy =+
z

+_
d4 4
Ucnonb3ys mosiydyeHHbIE PaBEHCTBA, BHIPa3UM YTJIOBYIO CKOPOCTH Kosieca 4
yepe3 YIJIOBYI0 CKOPOCTh Kosieca 1:

Wy =0 ~ 1y,

rje iy; — o0OpaTHOE NepeaaTOyHOE OTHOIIEHHE MHOTOPSTHOTO MEXaHU3MA.
KunemaTndeckuii aHaim3 CIOXKHOTO MHOTOPSITHOTO 3y04aTOro MexaHu3ma
(puc. 7.2, a) 6onee HATISAHO MOXKET OBITh peaTn30BaH TpadoaHATUTHICCKUM Me-
TOJIOM, TOCTPOEHUEM TUTAHOB JIMHEWHBIX U YTIOBBIX CKOpocTei (puc. 7.2, 0, 8).
JIns onpenenieHus 3HAYEHUN YTIIOBBIX CKOPOCTEW BEIOMBIX 3BEHBEB COCTA-
BHUM MPOIOPIHUIO:

0, o0, o,

01] ~[02] |04

b

02

-1
VYrioBbie CKOPOCTH 3BeHBEB 2, 3 u 4, C

rae |01 , , O3| — OTPE3KHU C IIJIaHA YTIIOBBIX CKOPOCTEM.

02
W, =0; = 1|0_1:

04
W, = wlm.

C uenbo MPOBEPKU MPABWIBHOCTH MOCTPOEHHMS IUIAHOB BBIPA3UM Iepejia-
TOYHOE OTHOIICHUE OIHOPSIHOrO IUIAHETAPHOTO MEXAHW3Ma 4YEpe3 SIEMEHTHI
IIJIAHA YTJIOBBIX CKOPOCTEM:

o, |01|
1 ="
14
o, |04
rie 3HaK «—» o00ecrneuynBaeTCsl MPOTHUBOIOIOKHBIM HAMpPaBICHUEM OTPE3-
KOB |01| u |O4| HAa TUTaHE YTJIOBBIX CKopocTeit (puc. 7.2, 8).

b

i
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CnoXHbIif MHOTOPSIIHBIN 3y04aThiii MexanusMm (puc. 7.2, a) oOpa3oBaH mo-
CJIeIOBATENbHBIM COCIMHEHUEM JBYX MPOCTHIX MeXaHu3MoOB. [Ipu kommdecTse
HPOCTBIX 3yO0uUaThIX MEXaHHU3MOB OOJIBIIE JBYX MEPEeIaTOYHOE OTHOLIEHHE CIIOXK-
HOT'O MHOTOPSITHOTO MEXaHU3Ma ONPEEIISIETCS MO BHIPAKEHUIO

.. . _ k 2y et Zy,
llﬂ —_ l12 ‘ees l(}’l*])n — (_1) ‘ ] s
2y e 2

TI€ 112, i(y-1)» — MIEPEIATOYHBIE OTHOLICHUS IEPBOTO U MOCIEAHEr0 IPOCTHIX 3yOua-
TBIX MEXaHU3MOB COOTBETCTBEHHO; Z|, Z2, Z(,-1), Z» — 4YHMCIA 3yObeB Kosec 1, 2,
MIPEANOCIICTHETO U BBIXOJHOTO COOTBETCTBEHHO; 7 — KOJIMYECTBO 3yOUaThIX KOJIEC;
k — 9uCIIO IPOCTHIX 3y0UaTHIX MEXAHU3MOB C BHEIITHUM 3aIICTICHUCM.

7.3. MHOIOMNOTOYHbIE 3YBYATbIE MEXAHU3MbI

Bce 3y0uarbie MeXaHU3Mbl PaCCMOTPEHHBIX BHUJIOB SIBJISIIOTCS OJHOMOTOYHbI-
MU, T. €. B IpolEcce Nepeadynd U Mpeodpa3oBaHusi BXOJHOM MOTOK MEXaHUYECKOU
SHEPIruy He MpEeTEepIieBACT pa3AeieHHs 0 HECKOJIbKUM MOTOKaM. OJTHAKO B HEKOTO-
PBIX CIIydasiX yCJIOBHS TEXHMUYECKOI'O 3a/laHMsI HE MO3BOJISIOT MCIOIb30BaTh 10100~
Hbl€ MEXaHu3Mbl. B 3TOM cilydyae NPUMEHSIOTCS MHOTOIOTOYHBIE MEXaHW3MBbI
(puc. 7.3, a).

MHnozonomounvlii 3y6uamvlti MexaHusm — 3TO CIOXKHBIA 3yOuaThli Mexa-
HU3M, CTPYKTypa KOTOPOTO COJEPKUT KMHEMATHYECKUE LENU, 00pazyrolue He-
CKOJIBKO 3aMKHYTBIX KOHTYPOB, U BXOJIHOM MOTOK MEXaHWYECKON PHEPruu B MpO-
1ecce nepeiadyrd M npeoOpa3oBaHUs JIETUTCS MO HECKOJIBKMM IMOTOKaM, a 3aTeM
CYMMHPYETCSl B OJIMH IMOTOK HA BBIXOJHOM 3BEHE.

Pa3nenenne BXOAHOrO MOTOKA MEXAHUYECKOM DHEPTUU 10 HECKOJIBKUM II0-
TOKaM IO3BOJISIET pAaCIpPEEIUTh IEUCTBUE CUIIOBBIX (PAaKTOPOB 10 OOJIBIIEMY YHC-
JIy KHHEMATUYECKUX Map, YTO IPUBOAUT K CHUKEHUIO 3HAYEHUN PEAKLUM CBA3EU U
MO3BOJISIET YMEHBIIUTh rabapuTHBIE pa3Mepbl U MacCy MEXaHU3MOB.

CmpyxkmypHotti ananu3. Cxema CI0XKHOTO MHOTOIOTOYHOIO 3y04aToro me-
xaHu3Ma (puc. 7.3, a) oOpa3oBaHa MOCIEI0BATEIbHBIM U MMApPaNIETbHBIM COEANHE-
HUEM MPOCTBIX 3y04aTbIX MEXaHW3MOB, OTHOCSIIMXCA K IJIOCKUM MEXaHHU3MaM,
CJIeI0BAaTEIbHO, pAacCMAaTPUBAEMbIi MEXAHHM3M TaKXKe SIBISETCA TUIOCKUM, TOJI-
BIKHOCTB KOTOPOTO ompezensiercs no Gopmyiie YeObiiena.

W3 ananu3a cxembl MexaHu3Ma (puc. 7.3, a) BBITEKaeT: CTPYKTypa MHOTOIIO-
TOYHOTO 3y04aToro MexXaHu3Ma COCTOMT W3 CTOWKHM 0, MpencTaBIeHHOW Tpems
[IAPHUPHO HETMOJABIKHBIMH OTOPAaMH, BYX OJIOKOB 3yOuarbix kosec 1 u 2 u moa-
BKHOTO 3BeHA 4. Komeca 2 u 3 BXomaT B cocTaB OJIoKa 3y04aThIX KOJIEC, pac-
CMaTPUBAIOTCA KaK OJIHO 3BeHO. Cxema MeXaHU3Ma COJEPKUT U30BITOYHYIO CBA3b,
MpEeACTaBICHHYIO BTOpPhIM OJOKOM Kosiec 2 u 3. M30bITOuHasi CBs3b BBEJICHA B
CTPYKTYPY MEXaHU3Ma C LIeJIbI0 YMEHbIIIEHUsI 3HaY€HUN CHIIOBBIX (DAKTOPOB, Jei-
CTBYIOIIIMX B 3alleIUICHUsAX 3yOneB kojec 1 u 2, 3 u 4. CnegoBaTeiabHO, MPU OMpe-
JIeJIEHUU MOJIBU’KHOCTH HEOOXOJMMO UCKJIIOUYHUTh M3 CXEMbl MEXaHHU3Ma Je(eKTh
CTPYKTYPBI, T. €. BTOpoii 0J10k Kosiec 2 u 3. B aTom ciiydyae n=3.
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7.3. MHOronoTo4Hble 3y64aTbie MeXxaHU3Mbl

Croiika 0 ¢ mOABMXKHBIMU 3BEHbsIMU 1, 2, 4 cO37a€T TPU OJHOIOBUKHBIC
kuHematuueckue napel: 0 — 1, 2 — 0, 4 — 0, a 3ybuarsie koneca 1, 2, 4 Mmexay co-
0011 00pa3yroT JBE BBICIINE KHHEMaTH4YecKue napel: 1 — 2, 3 — 4 ¢ MOABMKHOCTHIO,
paBHOI AByM. JlomonHuTenbHbIe psanbl kosnec 1-2 u 3—4 (puc. 7.3, a) sABIAIOTCA
M30BITOYHOUM CBSI3bI0, MOJTOMY MOJIBMOKHOCTh JTAHHBIX KHHEMATHYECKHUX Map He
YYMTBIBAEM, TOTHA p, =3,a p, =2.

IToncTaBuB moydeHHBIC Pe3yabTaThl B (popMyny UelOrnimieBa, morydyum

W=3.3-2.3-2=1.

PesynbraT 03HadaeT, 4TO IS OJHO3HAYHOTO OMpEICNICHUS B3aHMMHOTO pac-
MOJIOKEHHUSI  3BEHBEB  CIIOKHOTO ~ MHOTOMOTOYHOTO  3y04Yaroro MexaHuW3Ma
(puc. 7.3, @) 10CTaTOYHO OJIHON 000OIIIEHHON KOOPIUHATHI.

Kunemamuueckuu ananusz. IlpsMoe mepegaToyHOE OTHOIICHUE CIOXHOTO

MHOTOIIOTOYHOTO 3y04aToro MexaHu3Ma OT IIecTepHU | K BBIXOJHOMY Kosecy 4
(puc. 7.3, a) BeIpakaeTcs B BUJE
;o Z2Za
14 :
21725

3HaK «—» B BBIPOKEHUU O3HAYaAET, 4To IecTepHs | u 3yOuatoe kosieco 4
BpallaloTCsl B Pa3HbIX HANpaBJIEHUSIX. AHAIU3 BhIpaXEHHUS MOKA3bIBAET, UTO Mepe-
JTAHHOE OTHOLIEHUE CII0KHOTO0 MHOTOPSIIHOIO 3y04aToro MexaHus3Mma 3aBUCUT OT
napaMeTpoB KOJIeC, ero o0pa3yroIiux.

K,
3<E _________
- 4
2\| C | |
——t - ———-
A
L ALZC7 L Y
+——+-0-—tH——F-
75+ / 7X7D
0 | | 0
A 777
204+
3 i
a 6

Puc. 7.3. CxemMa MHOTOIIOTOYHOTO 3y04aToOro MexaHu3ma

CroxHble MHOTOIMOTOYHBIE 3yO0UaThle MEXaHU3MbI SBIISIIOTCS PEBEPCUBHbI-
MHUHU MOTYT pa0oTaTh B P&KUME PEAYKTOPa U B PEKUME MYJIbTUIUIMKATOPA, CIEH0-
BaTEJIbHO, JIJI1 MEXaHU3MOB JJAHHOT'O BHJIa XapaKTEPHO HAJIUYME KaK MPsIMOTo, TaK
¥ 00paTHOrO MePeIaTOYHOIO OTHOLLICHHUS:

i
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7.3. MHOronoTo4Hble 3y64aTbie MeXxaHU3Mbl

1 z-z

Ly 252y

B3anMOoCBSI3b TMHEWHBIX U YTIOBBIX CKOPOCTEH MOJIBMKHBIX 3BEHBEB CIIOXK-
HOTO MHOTOPSITHOTO MHOTONOTOYHOTO 3yOuyaTtoro mexanumsma (puc. 7.3, a) Ha-
TJISITHO XapaKTepU3yeTcsl TPU MMOMOIIY TUTAHOB JIMHEWHBIX M YTJIOBBIX CKOPOCTEH
(puc. 7.3, 6, 8).

Jlist onipeienieHnsi 3HaYEHUH YTIIOBBIX CKOPOCTEH BEIOMBIX 3BEHBEB COCTa-
BUM TPOTIOPITHIO:

0, o0, o,

01] 02| |04

b

rﬂe|01

02 O3| — OTPE3KHU C IJIaHa YTIIOBBIX CKOPOCTEH.
1

YTrioBble CKOPOCTH 3BE€HbEB 2,3 n 4, C :

b b

02
O,=0;, =0, 17—,

'lot

o

O, =0, |01| .

C uenpio MpOBEPKU MPABWIBHOCTU MOCTPOEHUS IUIAHOB BBIpa3UM Iiepeia-
TOYHOE OTHOUIEHUE OJHOPSIHOIO IJIAHETAPHOIO MEXaHW3Ma Yepe3 3JIEMEHTHI
IIJIaHA YTIIOBBIX CKOPOCTEM:

TR
" e, o4

b

rme  3HaK  «—»  00ecreumBaeTcsi  MPOTHUBOMOJIOKHBIM  HaIpPaBJICHUEM
KOB |01| u |04| Ha MJIaHe YIJIOBBIX CKOpocTel (puc. 7.3, 8).

7.4. ANUUUKNUYECKUE 3YBYATbBIE MEXAHU3MbI

OI[HOpHI[HBIC, MHOTOPAJAHBIC 1 MHOT'OITIOTOYHBIC 3}76‘-IaTBI€ MCXaHHU3MBbI AB-
JAKOTCA MMPCACTABUTCIIAMU CIIOKHBIX SY6anBIX MCXaHHM3MOB C HCIIOABHXHBIMH
OCsIMH BpallCHUSA 3Y6anBIX kojiec. C MMOMOIIBIO MCXAHU3MOB ICPCUNCICHHBIX
BHIOB HC BCCra yaacTCA 00eCIeUnTh BBINOJTHEHHUE 3aJaHHBIX YCHOBHﬁ. B sTom
ClIydyac INpUMCHAIOTCS CJIOKHBIC 3}76an]'::1€ MECXaHU3MBbI C ITOABUXXHBIMH I'€OMCT-
PHYCCKUMH OCAMH BpallCHHUA KOJICC. HOI[O6HI)IC MCXAaHU3MbI HA3bIBAIOTCA JIIH-
OUKINYCCKHUMMU.

i
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7. CJIOXKHbIE 3YBYATbIE MEXAHU3MbI

7.4. dnmumknuyeckue 3ybyaTblie MeXaHU3MbI

Onuyuxiuyeckuti 3y0Mamulil. MexaHuzm — 3TO CIOXXHBIM 3yOdaThlii Mexa-
HU3M, UMEIOIINI B CBOEH CTPYKTYpE XOTs Obl OJHO 3BEHO C MOJBHKHOW I'€OMET-
pHYECKON OChIO BpAILICHHUS.

K osnunuknnyeckuM 3y0yaThiM MeXaHHW3MaM OTHOCSITCS: IIJIaHETapHBIC
(puc. 7.4) u nuddepeHunaibHbie MEXaHU3MBI (puc. 7.9, a).

IInanemapuwiii 3y6uamolii MexaHu3m — 3TO SMUMUKINYECKUA 3y0UaThiii Me-
XaHU3M C MOJIBUKHOCTBIO, PABHOU €IMHULIE.

K TUnoBbIM m1aHETapHBIM MEXaHU3MaM OTHOCSTCS:

OJTHOPSIAHBIN TJIAHETAPHBIA 3yOUaThlii MEXaHU3M C OJJHUM BHEIIHUM U OJ-
HUM BHYTPEHHHM 3auerieHueM (puc. 7.4, a);

JIBYXPSAJHBIN TIaHETapHbIA 3yOUyaThlii MEXAaHU3M C OJJHUM BHEUIHUM U OJ-
HUM BHYTPEHHHM 3aniersienueM (puc. 7.4, 0);

JBYXPSAJIHBIN MJIaHETapHBIN 3y0OUaThlii MEXaHU3M C JIByMsI BHEIIIHUMHM 3alle-

wieHusimu (puc. 7.4, 6);
JIBYXPSTHBIN TTAHETApHBINA 3y04aThlii MEXaHU3M C JBYMs BHYTPEHHUMH 3a-

uerieHusimu (puc. 7.4, 2).

T3 T T T3
-T-_. L4 ) _}I \ > =13 2 ,_:J \
2? o 1| T 1\“T 4 N g
paaW (NN AN ANNN O ANN ONN AN AN
' ' K~ ' N ' \ K~ ' Y
AT Tl Tl T
0
- | — | T T
a o 8 2

Puc. 7.4. CxeMbl 1aHETapHBIX MEXaHU3MOB

HezaBucumo ot cxemsl (puc. 7.4), CTpyKTypa IUTAHETAPHBIX 3yOUaThIX Me-
XaHU3MOB COJIEPKUT CIICIYIOIINE 3BEHbS: COJTHEYHOE KOJECO, KOPOHA, OJUH HIIH
HECKOJIBKMX CaTEJUIUTOB U BOAMIIO.

Conneunoe Koneco — 3T0 3y04aToe KOJIECO C BHEIIHUMH 3YObSIMHU, PACIIONO-
YKEHHOE B IICHTPE MIAHETAPHOTO MEXaHU3Ma.

Kopona — 310 3y0uaroe Kojieco MiIaHEeTapHOI0 MEXaHU3Ma C BHYTPEHHUMHU
3yObsSIMU.

Camennum — 310 3y04aToe KOJECO TUIAHETAPHOTO MEXaHU3Ma, FreOMeTpHrYe-
CKasi OCh BpallleHUs KOTOPOTO SBISETCA IMOIBHKHOM.

Boouno — 310 noaBMKHOE 3BEHO IJIAHETAPHOTO MEXaHU3Ma, Ha KOTOPOM YC-
TAHOBJICHBI CATEIJIJTUTHI.

ConHeuHoe K0JIeCO B cXeMax IUIaHEeTapHbIX MEXaHU3MOB (puc. 7.4, a—g) npea-
CTaBJICHO TMO/IBM>KHBIM 3BE€HOM 1, a B cxeme (puc. 7.4, 2) COMHEYHOE KOJIECO OTCYTCT-
ByeT. [Ipu 3TOM cxema 1utaHeTapHoro Mexanusma (puc. 7.4, 6) IOMUMO MOJABUKHOTO
COJIHEYHOI'0 KoJjieca |1 COIEpMUT M HENOABHKHOE coiHeuHoe Koiieco 4. KopoHoil B
cXeMax IUIaHeTapHbIX MeXaHu3MOB (puc. 7.4, a, 6, 2) SBISIETCS HEMOABIKHOE
Kosieco 4, a B cxeme (puc. 7.4, ) KOpoHa OTCYTCTBYET. [Ipr 3TOM cXxeMa IIaHETapHOTO
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7.4. dnmumknuyeckue 3ybyaTblie MeXaHU3MbI

MexaHu3Ma (puc. 7.4, 2) IOMUMO HEMOJBUKHOW KOPOHBI 4 COACPKHUT U TOJIBUKHYIO
KopoHy 1. CaTelmuTOM B IUTAHETAPHBIX MEXAHW3MAaX SIBJISIETCS MOABUKHOE KOJIECO 2.
B cxeme (puc. 7.4, a) caremnuT NOpeACTaBICH OIHUM KOJECOM, a B CXeMax
(puc. 7.4, 6—2) caremmuT — 3T0 OJIOK 3yOuaThiX Kosec 2 u 3. Boamiio Bo Bcex cxemax
TUTAHETAPHBIX MEXAHU3MOB IPEJICTABICHO B BUJE PhIUAXKHOW cUCTEMBI H U mpeaHa-
3HAYEHO JIJIs1 YCTAHOBKHU CaTEJUTUTOB M OOECTICUEHHs BpaIlaTeIbHOTO IBHXKEHUS dTUX
3BEHBEB KaK BOKPYT COOCTBEHHOM OCH BpAILIEHUS, TAK U BOKPYT OCH BpAIlCHUsI BOJU-
na H.

B 3aBHCMMOCTH OT CXEMBI IUIAHETAPHOIO MEXaHW3Ma BO3MOXHAS peain3a-
uus coueranuit 3HaueHur KIIJ[ m BenmyrMH mepemnaToyHbIX YMCEN MPECTaBIICHA
B Ta0a. 7.1.

Taomuma 7.1
Cxema Puc. 7.4
TTAHETAPHOTO
MeXaHu3Ma a o 6 e
[IepenaTounoe uncio 3-9 3-25 20-250 30-300
KIIJ 0,97-0,99 0,96-0,98 0,90-0,93 0,90-0,93

Cmpyxkmypusiti ananuz. Bce cxembl miIaHeTapHbIX MEXaHU3MOB (puc. 7.4) 00-
pa3oBaHbl MOCIEIO0BATEIbHBIM COSMHEHUEM MPOCTHIX 3yOUYaThIX MEXaHU3MOB, KO-
TOpBIE SIBJIAFOTCS IUIOCKUMHU MexaHu3Mmamu. CrenoBaTelbHO, AJI OIpPEACIICHHUS
MOJIBIPKHOCTU JTAHHOTO MEXaHHW3Ma MOXHO BOCIIOJIb30BaThcsa Popmyroit Uebbirie-
Ba.

N3 aHanu3a cxeM IUIaHEeTapHBIX MEXaHU3MOB (puc. 7.4) BBITEKAET: BCE ILIa-
HETapHbIE MEXaHU3MBbI COCTOAT U3 CcTOMKU 0, TpeX MOABUKHBIX 3BEHbEB 1, 2 u H.
Kopona 4 siBrisieTcsi HEMOABUKHBIM 3BE€HOM, CJIEA0BATEILHO, SIBISETCS AJIEMEHTOM
croriku 0. B atom cinyuae n=3.

Bce cxembl miiaHeTapHbIX MEXaHU3MOB (puc. 7.4) conepkaT Mo TpU OJHOMO/I-
BIDKHBIC KuHeMaTtnueckue napsl: 0 — 1, 2 — H, H — 0 1 o ABE BbICIIME KHHEMATHYE-
ckue napsl: 1 —2, 2 — 0 ¢ IOABUKHOCTBIO, PABHOU IBYM, TOrna p, =3,a p, =2.

[ToacraBuB 3HaueHus ko3P puuneHToB B hopmyny UebblieBa, moay4um

W=3.3-2.3-2=1.

Pe3ynmbrar 03HayaeT, 4ToO A OAHO3HAYHOTO OINPEACIICHUS B3aWMHOTO pac-
MOJIOKEHUS 3BEHBEB JI000H CXEMBI TUTIOBOTO TUIAHETAPHOTO MeXxaHu3Ma (puc. 7.4)
JOCTaTOYHO OJHOM 000OIICHHOM KOOPAMHATEHI.

7.5. KAHEMATUYECKWA AHANK3
NNAHETAPHbIX 3YBYATbIX MEXAHU3MOB

[lepenarouynpie OTHOILIEHHS IUIAHETAPHBIX MEXAHU3MOB OIPEACISAIOTCS C
nomoIipo hopmyisl Bumnuca. ®opmyna Bumca BRIBOIUTCS ¢ UCIIOJIB30BAHUEM
MeTo/ma oOpaimeHHoro nBmwkeHus. CywHocms memooa oOpauweHH020 OBUMNCEHUS
3aKJIFOYAETCSl B CIEAYIOLIEM: €CIIA B HEKOTOPBIM MOMEHT BPEMEHHU MOABHKHOMY
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7.5. KnHemMaTUyeckuit aHanm3 nnaHeTapHbIX 3y64aTbiX MEXaHU3MOB

3BEHY KaKoro-iu0o MeXaHu3Ma COOOIIUTh TAKYO K€ 0 BEJIMYMHE YTJIOBYIO CKO-
pOCTb, C KOTOPOH JTaHHOE 3BEHO COBEPILIAECT BpalllaTelbHbIE IBUKEHUS, HO IIPOTH-
BOIIOJIO’KHOTO HANpaBJI€HUs, TO 3TO 3BEHO B JaHHBIH MOMEHT BPEMEHU MOXKHO
paccMaTpuBaTh Kak yCIOBHO HEMOABHKHOE.

Ucnonb3ys meron obOpaieHHoro ABuxkeHus (puc. 7.4, a), cooOuM BceM
3BEHbSIM IUIAHETAPHBIX MEXAHU3MOB YIJIOBYIO CKOPOCTh, PABHYIO IO BEJIMYUHE YT-
JIOBOM CKOpOCTU BOJMIA [, HO IPOTUBOMOJIOKHOTO HanpasiieHus. B aToM citydae
yriioBasi CKOpocTh Boawina H Oynetr paBHa Hymo (®y =0), U 3TO 3B€HO MOXKHO
CUMTATh YCJIOBHO HEMOJBIKHBIM, a TUIAHETapHBbIE MEXaHU3MBI MPeodpa3yroTcs B
OJIHO- WJIM MHOTOpSAHBIE 3y0UaThle MEXaHU3MbI C HETOABM)KHBIMU T€OMETpHYe-
CKMMHU OCSIMH BpalieHus Kojec. [lepenaTouHbie OTHOIICHHS TMOJYYCHHBIX MeXa-
HU3MOB Haii/ieM 10 BBIPAKEHUIO:

[Tonyuennoe BeipakeHue sBisieTcsa popmynoi Bumiuca, xapakrepusyronien
BHYTPEHHEE MepeJaTOYHOE OTHOIICHHE IJIAHETAPHOTO MEXaHU3Ma.

Buympennee nepedamounoe omuouienue — 3T0 TEPEATOYHOE OTHOUIEHUE
IUTAHETApPHOI'0 MEXaHU3Ma MpY HEMOABMKHOM Bojuie H.

Paccmotpum nmpumenenue (opmynbl Buiuca Ha mpumepe OJTHOPSIHOTO
IUTAHETAPHOTO 3y04YaToro MexXaHu3Mma C OJHUM BHEUIHUM U OJIHUM BHYTPEHHUM
3arerienueM (puc. 7.5, a).

K,
Cf

B
2
o 4
AENN

g m—

a 6

Puc. 7.5. [1nanbl ckopocTel At OJHOPSTHOTO TUIAHETAPHOT0 3y0YaToro MexaHm3ma

KopoHa 4 HenoaBW)XKHA, CII€OBATEIbHO, YIJOBas CKOPOCTb 3TOr0 3BEHA
paBHa HyII0, T. €. ®, =0, Toraa popmyna Bumutuca npuBoauTes K BULY

i
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H (DI_COH (’DI_Q)H 4
14 — = :l_llH'
— 0-o
0)4 O)H H

[IpeoOpa3oBaB TaHHOE BBIPAKECHHE, TTOTYIUM
4 H
Ly =1—1iy,
rmue iﬁ — BHYTpPEHHEE IepeIaTOYHOE OTHOIIICHHE INIAHETAPHOTO MEXaHHU3Ma.

BHyTpeHHee nepenaTouHoe OTHOIIEHUE OJHOPSATHOTO TUIAHETApHOTO 3yOUa-
TOro MexaHusMma (puc. 7.5, a)

z, zZ,

Z Z, Z

H . .
by =l by =

C y4eToM BHYTPEHHETO MepeJaTOYHOr0 OTHOLICHHS (pOopMyJIa Ui IPSIMOTO
IepeIaTOYHOrO OTHOIICHHUSI TIPUMET BUJ
, z
it =1+24,
Zl
OHOPSIHBIN TUIAHETAPHBINA 3y0UaThlil MEXaHHU3M SIBIISIETCSI PEBEPCHBHBIM H
MOXET paboTaTh B PEKHME PEAYKTOpa M B PEKHME MYJbTHILIHKATOPA, CIEI0Ba-
TeNbHO, [UIs JAHHOTO MEXaHW3Ma XapaKTepHO Halnyhe 00PaTHOro MepeaToqHoro

oTHoueHus (puc. 7.5, a):

M 11 oz
H1 — .4 - :
Ly 14% Ztz,
z

JIns1 BBIABIEHUSI COOTHOIIEHUM JIMHEWHBIX M YIJIOBBIX CKOPOCTEW 3BEHBEB
OJTHOPSATHOTO IJIAHETapHOTO 3yO0UaToro MexaHu3Ma, UCIOJb3ys rpadoaHaTuTHIC-
CKUU €IOCc00, MOCTPOUM IUIAHBI JIMHEHHBIX U YTJIOBBIX CKOpocTel. [[ns mocTpoe-
HUS TUTaHa JIMHEWHBIX CKOPOCTEM BhIOMpaeM XapaktepHbie Touku O, A, B, C, O,
(puc. 7.5, a). OtknageiBaeMm oTpe30k AA;. CoennHUB TOUKy A; ¢ Toukoil O, moiy-
9UM Tofo0rpad CKOpOCTell Touek, MPUHAAJIEKAINX COTHEYHOMY Kosecy 1, a co-
eAUHUB ee ¢ Toukod C, MOJIyduM rojaorpad CKopocTeil TOYeK, MpUHAJIeKAIIUX
caresuty 2. Ha mepeceuenun romorpada caremiura 2 ¢ npsimoil BB monydum
TO4Ky B). IlonyuyeHHblll 0Tpe30K BB ABISIETCA BEKTOPOM CKOPOCTH TOYKH B, npu-
Hajiexkanieit careruuty 2. CoeAMHUB TOUKY B ¢ Toukoit O;, noiaydum rogorpad
sl Touek Boawia H. IlocTpoeHHas kapThHA SIBISETCS IUIAHOM JIMHEWHBIX CKOPO-
creit (puc. 7.5, a). Ilepenecs Bce rogorpadsl TaKuM 00pa3oM, 4TOOBI OHH MPOXO-
T Y4epe3 TOUKY p, SIBISIOLLYIOCS MOJTKOCOM IUIaHa, MOJYyYUM IUIaH YIJIOBBIX CKO-
pocteit (puc. 7.5, a).

JIns onpenesieHusl 3HaAYEHUM YIJIOBBIX CKOPOCTEW BEJOMBIX 3BEHBEB COCTA-
BUM IIPONOPLHIO:

0, O, ()%

01 02| [oH

5

02

rae |01 , , 0H | — OTPE3KHU C IJIaHa YTJIOBBIX CKOPOCTEM, MM.

i
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-1
VYTrnoBbIe CKOPOCTH 3BEHBEB 2 U I, C

|02|
©, = o 1
o]
Oy =0, 77—
ot

C uenpo TPOBEPKU MPABWIBHOCTH MOCTPOCHHUS TUIAHOB BBIPA3UM IEepejia-
TOYHOE OTHOLICHUE OIHOPSAHOIO IUIAHETAPHOTO MEXaHW3Ma Yepe3 BJIEMEHTHI
IIJIAHA YTJIOBBIX CKOPOCTEM:

o

hg =

TA€ 3HAK «t» obecrnieunBaeTcs COBIIAACHUCM HaHpaBJIeHI/Iﬁ OTPC3KOB |01| )41 |0H|

Ha IIJIaHe YTJIOBBIX CKOpocTel (puc. 7.5, 8).

7.6. ANOOEPEHUWANDBHBIE 3YBYATbBIE MEXAHU3MbI

Jluppepenyuanvuviii 3y6namoviii Mexanuzm — 3TO SIUIUKIAYECKUN 3y0da-
TBHII MEXaHU3M C MOJIBUKHOCTBIO OOJIbILIE €IUHUIIBI.

HuddepenunanpHple 3y0uaTbie MEXaHU3MbI WM AU depeHIranbl OTHOCST-
Cs K PA3HOBHJIHOCTSIM MEXaHHM3MOB C HECKOJIBKUMH BXOJHBIMH WM BBIBOJIHBIMHU
3BEHBSIMU.

B 3aBrCHMOCTH OT COOTHOIIIEHUS KOJIMYECTBA BXOJHBIX U BBIXOJAHBIX 3BEHbB-
eB auddepeHmanbl IesSTCs Ha CYMMUPYIOIIUE U Pa3AeIIsSIoIIHe.

Cymmupyrowuii 3youamoiii oughgepenyuan — 310 auddepeHmaibHbIi 3y0-
YJaThli MEXaHWU3M, B KOTOPOM HECKOJIBKO BXOIHBIX ITOTOKOB MEXaHHYECKOU DHEP-
TUH CyMMHUPYETCS B OJWH BBIXOJIHOHN MOTOK. CTpyKTypa CyMMHpYyOmUX audde-
PEHITNATIOB IMEET HECKOJIBKO BXOIHBIX 3BEHBEB U OJTHO BHIXOHOE 3BEHO.

Pazoensrowuii 3y6uametit ougpgpepenyuan — 310 auddepeHimaibHbii 3y0-
YaTbld MEXAHU3M, B KOTOPOM BXOJIHOM NMOTOK MEXaHUYECKOU SHEPTUU pa3/ieIIsaeT-
Csl B HECKOJILKO BBIXOJIHBIX MOTOKOB. Paznenstomue quddepeHnnans IMEIOT 0JTHO
BXOJIHOE 3B€HO U HECKOJBKO BBIXOJIHBIX 3BEHBEB.

Pazpensromume nuddepeHimansl TpUMEHSIOTCS B TPAHCTIOPTHBIX MAITMHAX C
1EIbI0 00eCIeYeHUs! pa3HbIX CKOPOCTEHN BpallleHUs KOJEC MPHU JIBHKEHHUH MO KPH-
BOJIMHEWHOW TPACKTOPHH.

C menpio yNpoIeHUs] pacCMaTpUBAEMON 3aJaud MPEACTaBHUM TPaHCIIOPT-
HYIO0 MAIINHY B BHUJIE CUCTEMbI MAaT€PUATIBHBIX TOUEK, MMEPEMEMNIAIOIIEHCS IO KPHU-
BOJIMHEHHOU TpaekTopuu (puc. 7.6).

CKOpOCTh ABMKEHUS TPAHCTIOPTHOM MAIIIUHbI

V=w-p,

i
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7. CINIOXHbIE 3YBYATbIE MEXAHU3MbI
7.6. AnddepeHumanbHbie 3ydo4aTbie MeXaHU3Mbl

I€ ®, P — YIJI0Basi CKOPOCTh U PaAnuyC KPUBU3HBI TPAEKTOPUHU JBHKECHUS.

Tpaexmopus 08udiceHus
npagwvlx Kofec

Cummempuynolil
oughghepenyuan

Tpaexmopus 0eudicenus
yenmpa macc
MPAaHCnOPMHOU MAULUHbL

Hecummempuunviii
oughghepenyuan

Py
Tpaekmopus 08udiceHus.
J1egvix KoJec

Puc. 7.6. Cxema TpaekTopuii IBMKEHHS SJIEMEHTOB TPAHCIIOPTHOW MalIHbI

Hcxons u3 paccMarpuBaeMoi CHTYaIldd, TIPH MIOBOPOTE TPAHCIIOPTHOM Ma-
IIIMHBI JIEBOE KOJIECO MPOXOIUT MEHBIIINHN IyTh, YEM IIPABOE KOJIECO ITOH Ke Tapbl
(puc. 7.6). Ilpu xecTKOM COCIMHEHUU KOJeC JAaHHAas KapTUHA MPUBOJUT K Clie-
TYIOIIEH CUTyaIluH: KOJIECO, TIepEeMEIIaroIIeecs 0 TPACKTOPHH OOJBIIETO paany-
ca, OyzmeT mpoOyKCOBBIBATh, YTO MIPUBEIET K YBEIMYCHHUIO MMOTEPh HA TPEHHE H T10-
BBIIIEHHOMY U3HOCY pabo4nXx MOBEPXHOCTEH KOJIEC, T. €.

O‘)n'pn:V:(’On'pn’

TJI€ ©y;, Oy, Py, Pn — YIVIOBAS CKOPOCTh U PAINyC KPUBU3HBI TPACKTOPUU JBUIKEHUS
JIEBOTO U TIPABOTO KOJIEC COOTBETCTBEHHO.

AHanu3 JaHHOTO PAaBEHCTBA MOKA3BIBAET, YTO P, < Py, CICIAOBATEIBHO, yT-
JIOBBIE CKOPOCTH BpAIIEHUS KOJEC OJHOM Maphl HE OAMHAKOBEL: ;> M, YTO CBU-
JIETEIBCTBYET O PA3HOCTH CHJIOBBIX (DAKTOPOB, NEHCTBYIONIUX HA OTHU 3BEHBA, U
OPUBOJUT K HEPABHOMEPHOCTH M3HOCA PabOYMX MOBEPXHOCTEH KOJec OJHOM Ma-
DB

B 3aBucuMocTy OT 0becrieunBaeéMOro COOTHOIICHUSI 3HAUCHUI CHIIOBBIX (PaK-
TOPOB, JCHCTBYIOIIMX Ha BBIXOIHBIC 3BEHBS, pazaeisonme nuddepeHIraibHbIe
3y04aThie MEXaHU3MBI JICTISATCS HA CAMMETPUYIHbBIC 1 HECUMMETPUIHBIC MEXaHU3MBI.

Cummempuunwiii 3y6uamolil ouggepenyuan — 310 nuddepeHImanbHbIN 3y0-
YaThlii MEXaHU3M, OOSCTICUMBAIOIIHIA TBHYKECHHIE BHIXOAHBIX 3BEHBECB C PA3HBIMHU CKO-
POCTSIMH TIPH COXPAaHEHHHM PABEHCTBA CHUJIOBBIX (DaKTOPOB, NCHCTBYIOIIMX Ha ATH
3BCHBSI.

Hecummempuunwiii 3y6uamoiii ougpgepenyuan — 310 auddepeHuaibHbIn
3yO04aThlii MEXaHWU3M, OOECIIEUYMBAIOIINN JIBF)KCHHE BBIXOJHBIX 3BEHBEB C Pa3HbBI-
MU CKOPOCTSIMU TIPH HEPABEHCTBE CUJIOBBIX (PAKTOPOB, NEUCTBYIOIIMX HA TH 3BE-
HbBSI.

Cummerpruunbie mud@epeHIranbl  YCTaHABIUBAIOTCS MEXIY 3BEHBSIMH,
UMEIOIIMMH OOIIYI0 OCh BpAIICHUs, a HECUMMETpUUIHBIC TU(PepeHITnanbl pacmo-
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7. CJIOXKHbIE 3YBYATbIE MEXAHU3MbI

7.6. AnddepeHumanbHbie 3ydo4aTbie MeXaHU3Mbl

JararoT MEXy 3BEHbSMHU TPAaHCIOPTHBIX MAallllH, BOCIPUHUMAIOIINX HEOJUHAKO-
BbI€ CUJIOBBIE (hakTOpHhI (puc. 7.6).

Cxembl THIOBBIX MU depeHIIaTbHBIX 3y0UaThIX MEXaHW3MOB MOKHO IO-
JTY4YUTh, €CJIU B TUMOBBIX CXEMax IUIaHETAPHBIX MEXaHU3MOB (puc. 7.4) pa3pemuThb
nepeMeniaThes 3BeHy 4 (HETOABIKHOE 3BEHO).

B kauecTBe mpumepa pacCMOTPHM CXeMY ABYXPAIHOTO UG depeHIINanbHOTO
MEXaHHM3Ma C OJIHUM BHEIIHUM U OJJHUM BHYTPEHHUM 3alieruieHnuem (puc. 7.7, a).

P

a 6

Puc. 7.7. Ilnansl ckopocTeit AByxpsaHoro nuddepeHmaibsHoro 3y04aToro Mexanusma
C OJIHAM BHEIIIHUM U OJTHUM BHYTPEHHUM 3allCTUICHHEM

Cmpyxmypuoii  anaauz. JluddepeHnnanbubiii  3yOuaThlii  MEXaHU3M
(puc. 7.7, a) umeeT OJHO BXOJHOE 3BEHO (KoJjieco 1) M JBa BBIXOJHBIX 3BeHA (KO-
poHa 4 u Bogwio H). Cxema MexaHHW3Ma UMEET YeThIpe MOJABHKHBIX 3BeHa 1, 2, 4 1
H. CnenosarenbHo, n =4. Croiika 0 mnpexacraBieHa TpeMs MIAPHUPHO-
HEMOJBIKHBIMU onopamu. CtpykTypa auddepeHimana CoaepKUT YEThIpe OTHO-
MOABM)XHBIE KNHEMaTtndeckue napel: 0 — 1, 2 — H, H— 0, 4 — 0 u 1Be BhICIINE KU-
HeMaThdeckue napsl: 1 —2, 3 — 4 ¢ NoABMKHOCTBIO, PABHOU BYM, Toraa p, =4, a

p,=2.
[ToacraBuB 3HaueHus k03PppuunueHToB B hopmyny UebblieBa, moay4um

W=3n-2p,—p,=3-4-2-4-2=2.

Pe3ynprar 03HayaeT, 4To A1 OAHO3HAYHOTO OINPEAENIEHHUsS B3aMMHOIO pac-
MOJIOKEHUST 3BeHbeB aubdepeHnnansHoro 3ybyaroro mexanusma (puc. 7.7, a)
JIOCTaTOYHO JIBYX 00OOIIEHHBIX KOOPAUHAT.

Kunemamuuecxkuti ananusz. Jlna pazpenstomux auddepeHnnanbHbIX MexXa-
HU3MOB XapaKTEpHO HAJIMYHE HEOIPEACIIEHHOCTH JBUKEHUS BBIXOJIHBIX 3BEHbLEB,
YTO MPUBOJUT K 3aTPYJHEHUSM MPU BBITOJIHEHUH KHHEMATHYECKOro aHanu3a. Jis
YOPOUIEHUSI aHalIM3a CYUTAeM, 4YTO JIu(PepeHIHalbHbIA 3y04aThlii MeXaHU3M
(puc. 7.7, a) sBAsSeTCSs CyMMUPYIOIIUM, T. €. UMEET JBa BXOJHBIX 3BEHA: KoOJe-
calu4 u ogno BeIxoaHoe 3BeHO H. Hcnonb3ys dopmyny Bumnuca mist o6oux
BXOJIHBIX IIOTOKOB, TIOJy4YHM:
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7. CJIOXKHbIE 3YBYATbIE MEXAHU3MbI

7.6. AnddepeHumanbHbie 3ydo4aTbie MeXaHU3Mbl

6x00 ¢ koneca 1

_COI—(!)H_ z,

Ly, = )
O, —O4 Z

6x00 ¢ koneca 4

0, —0 z
.4 H 3
=" =+—.
0, — O, z,

Pa3I[CJ'II/IM IICPBOC BBIPAKCHHUC HA BTOPOC:

(OI—COH (04—(,01_1 _ Z, i

0, — O, 0, — O, z, z,
Yupoctus, oayuum

O, -0y __22'24 _:H

=y

0, —0, Z, " 2,
[IpeoOpazoBas, puBeeM K BUIY

H
Lo, ot
1_ H 1 1_ H
Ly Ly

®, = ,.

[TonydyenHoe BhIpaKeHUE OMPEACISIET 3aBUCUMOCTh YTIIOBOM CKOPOCTU BBI-
XOJIHOTO 3B€Ha /{ OT 3HaYEHUI YIJIOBBIX CKOPOCTEN BEAYINX 3BEHBEB | U 4.

[InaH TUHENHBIX CKOPOCTEW CTPOUTCS B CIEAYIOLIEH MOCIEI0BATEIIBHOCTH.
B BeiOpannomM macmtabHoM ko3dduiinente oTkiaaabiBaeM otpesku AA4A; u CCy,
n3o0paxaromue BekTopa ckopocteit Touek 4 u C (puc. 7.7, a), COOTBETCTBEHHO,
pUHAJICKAIINE BEAYIIUM 3BeHbsM | u 4. ['ogorpadsl ckopocTel TOUYeK, TPUHAI-
JeXanmx 3BeHbSIM | U 4, MOJyYuM MyTeM COEIUHEHUS Touek Touku A; u C; ¢
toukoi O. CoenunuB Touku A; u C; Mexay coOoil, Haitnem rogorpad ckopocrteit
JUIs Touek 3BeHa 2. Mcmonb3ysi cBOMCTBO rogorpadoB, Ha MEPECEUCHUU OTpE3Ka
A,Cy
C IpsAMOM BB, onpeneiuM 1ojioxeHue Touku By. [lonydeHHbI OTpe30K B SBIISIET-
Cs BEKTOPOM CKOpPOCTU TOYKHU B, mpuHamiiexaien caresnuty 2. CoeIMHUB TOUKY
By ¢ Toukoit O, nexaieil Ha TEOMETPUUECKON OCU Bojwia H, moayyum romorpad
CKOPOCTEH TOYEK, MpUHAJIeKAIMX 3ToMY 3BeHY. [lonydyennas kaptuna (puc. 7.7, a)
U OyJeT SIBISATHCS IUIAHOM JIMHEHHBIX CKOPOCTEH ABYXpSAIHOTO muddepeHmaib-
HOTO 3yOuaToro Mexanusma (puc. 7.7, a).

JIJist mocTpoeHwMsI TJIaHa YTJIOBBIX CKOPOCTEH ABYXPSIIHOTO nuddepeHimaib-
HOT'0 3y04YaToro MexaHu3ma Ccrpoenupyem rojgorpadsl ckopocrteit 3BeHbeB 1, 2,4 u H
Ha OCh YIJIOBBIX CKOpocTel. [lyist aToro nepeneceM roaorpadsl CKOpoOCTe TakuMm
00pa3zoM, 4ToOBl OHHM MPOXOAMIIA Yepe3 MOJII0C TUIaHa, T. €. TOuKy p. [lomyuennas
kaptuHa (puc. 7.7, a) u OyJeT SABIATHCA IIAHOM YTJIIOBBIX CKOPOCTEH JIBYXPSITHOTO
g depeHInaTbHOro 3y04aToro Mexanu3ma.

i
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7. CJIOXKHbIE 3YBYATbIE MEXAHU3MbI

7.7. 3SAMKHYTbIE AU®PEPEHLUANBHBIE
3YBYATbIE MEXAHU3MbI

JIJIsl MCKITFOUCHHSI HEOTTPEACIICHHOCTH JIBMDKCHHS BBIXOJHBIX 3BEHBEB CXEMY
pasnenstomero auddepeHimana Kak Obl «3aMbIKaloT». [ o0pa3oBaHus 3aMKHY-
TON CXeMbl HEOOXOIUMO (PYHKIIMOHAIBHO CBSI3aTh MEXAY COOOM BBIXOJHBIC 3BE-
Hbs. [TonydeHHBINH TakuM 00pa30M MEXaHU3M Ha3bIBACTCS 3aMKHYTHIM JubdepeH-

nuanom (puc. 7.8, a).

Puc. 7.8. Cxema 3amkHyTOTrO 1M Peperunana

3amxuymotti 3youamelii ougpepenyuan — 310 audpepeHImaIbHbIN MeXa-
HU3M, B KOTOPOM BBIXOJIHbIE 3B€HbsI COCIMHEHBI JIPYT C APYrOM 3aMbIKAIOIIEH Te-
penayeit ¢ HEMOABUKHBIMH OCSIMU BpalIEHHUS KOJIEC.

3amkHyThIe AU(dEpeHITHANBl SBISIIOTCS MHOTOTMOTOYHBIMU MEXaHH3MaMH,
YTO MO3BOJIAET pealin30BaTh OOJNBIINE MepeaaTounbie yncia npu Beicokom KITJI.
3amkHyThIe IU(dPepeHInaTbHbIE 3y0UaTble MEXAHU3MbI UMEIOT 00JIee CIOKHYIO
CTPYKTYPY ¥ OTHOCSITCS K MEXaHWU3MaM C MOJBUKHOCThIO, PAaBHOW €JIMHUIIC.

Cmpyxkmypnoiti ananu3. CTpykTypa 3aMKHYTOTO JuddepeHnaaIsHoro Me-
xaHu3Ma (puc. 7.8, a) umeer IsTh MOJABWKHBIX 3BeHbeB 1,2 —3,4—-5,7-8u H -
6. CnenoBarenbHo, n =5. Croiika 0 ¢ TOABMKHBIMU 3BEHBIMH 00pa3yeT MATh OJI-
HOIOJIBMKHBIX KMHeMaTtndeckux map: 0 — 1,2 - H, H—-0,4 -0, 7 — 0, u 4yeTsipe
BBICIIINX KMHEMATUYECKUX Napbl C MTOJABUKHOCTBIO, paBHOU IByM: 1 —2,3 -4, 5 -7,
8 —6, Torma p,=5,a p,=4. [loncraBuB BbIABICHHBIE 3HaUEHUS KOA()(PULIIMEHTOB

B (hopmyiry YebObiieBa, Oy1eM UMETh

W=3-n-2-p.—p,=3-5-2-5-4=1.
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7. CJIOXKHbIE 3YBYATbIE MEXAHU3MbI

7.7. 3aMKHyTble auddepeHuManbHble 3y6yaTble MeXaHWU3MbI

Pe3ynprar 03HayaeT, 4To A1 OAHO3HAYHOTO OINPEAENIEHHUsS B3aMMHOIO pac-
MOJIOXKEHUSI 3BE€HBEB 3aMKHYTOro AH(PQEepeHManbHOro 3y04aToro MexaHu3ma
(puc. 7.8, a) nocTaTO4HO OJTHON 000OIIEHHON KOOPIUHATHI.

Kunemamuuecxuii ananuz. J{jist onpeneneHus NepelaTOdHOrO OTHOLICHMS
3aMKHyTOro auddepeHnrana pa3aeinuM cXxemMy MexaHu3Ma Ha auddepeHiuaib-
HYI0 ¥ 3aMBIKAOIIYIO YaCTH.

Ilepenatounoe oTHomeHue AuQGepeHInaIbHOM YacTh MEXaHu3Ma C UC-
noJib3oBaHueM (opmyiisl Buiinca npumer Buj

H 0‘)l_c")H__Zz'Z4

Ly =

O, -0,  ZZ
I[TepenaTouHOe OTHOLIEHUE 3aMBIKAIOLIEN YaCTH
_Z17 %
QF Zs " Zg .
C y4eToM paBeHCTB O, = ®; U O, = ®, TPUBEIEM BBIPAKEHHUE K BUILY

Z+Z
— _ 7 6
®, =—0 .
Zs Zg

[ToncraBnsss mocneaHee PaBEeHCTBO B BBIPAKEHHE ISl EPEAATOYHOrO OT-
HoIlleHUs TudPpepeHInaTIbHON YacTH, MOITYIUM

Oy zzg Zy0z4 1
i, =— = +
o, ZsZg  Z,"Z Zs Zg

27 Zg

B3anMOCBs3b TMHENHBIX U YTJIOBBIX CKOPOCTEW MOJBUKHBIX 3BEHBEB 3aMK-
HyTOro AuddepeHmaIb»HOro Mexanusma (puc. 7.8, a) HariasaAHO XapaKTepu3yeTcs
IIPY TIOMOIIIY TJIAHOB JTMHEHHBIX (puc. 7.8, @) u yrioBwix ckopoctel (puc. 7.8, a).

7.8. KOPOBKWU NEPEOAY

Bce crnoxnbie 3yOuaTbie MEXaHU3Mbl PACCMOTPEHHBIX BUJIOB OTHOCATCS K
MEXaHU3MaM C TOCTOSTHHBIM IEpelaTOYHbIM OTHOIIeHueM. OJHAKO CYIIECTBYET
MHO>KECTBO MAallIUH U YCTPONCTB, TPEOYIOMINX HAIUYUS BO3MOKHOCTH U3MEHEHUS
NepeIaTOYHOro YKcia B Mpolecce ero paboTel B TpeOyeMbIxX Mpeaenax. MexaHus-
MBI, 00JIaialoIIne MoJOOHBIMU BO3MOXKHOCTSIMHU, HA3bIBAIOTCS KOPOOKAMHU CKOPO-
CTEW WJIM Iepeaay.

Kopobka — 370 cnoXHbI 3y0UaThlii MEXaHU3M, 00JaAaroldidi BO3MOMXKHO-
CThIO U3MEHEHUS MEePEIaTOYHOTO OTHOIICHUS B TpeOyeMOM Juaria3oHe.

i
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7. CNOXHbIE 3YBYATbIE MEXAHU3MbI
7.8. Kopobku nepegay

Cxema THIOBas KOpoOKa COCTOUT U3 JIBYX PSAZOB 3yOUaThIX KOJIEC C Hallu-
YreM BO3MOKHOCTH HepeMelIeHus 0JI0Ka 3y0uaThiX Kojiec 2 U 4 BIOJIb TEOMETPH-

yeckoit ocu (puc. 7.9, a).

T3 s D [N
2

I I Ny ST M}‘-}L
j4 Z\T- — -0 E; ~3
/
H

IZZAZAI

| 7_<7 lLiél_
kRl

H I—I
|

o/
IT_I__ 5 e -

Puc. 7.9. Cxembl kopoOOK

B 3aBucumocTH OT psnma KoJjiec, HaXOMAIIUXCS B 3aICTUICHUH, THIIOBAsl KO-
pobxa (puc. 7.9, a) MOXKET UMETh JIBA 3HAUCHUS TIEPEJATOYHOTO OTHOILIICHUS:

paol
R A
I, = = )
0, Z
pao 1l
. (03 _ Z4
by=—"=7"
®, z

N3meHenue 3HaYeHHI NepeaToyHOro OTHOIIEHUs B 0oJiee MIUPOKOM JUa-
Ma30HE MOXHO Peain30BaTh B KOPOOKaX, MOCTPOCHHBIX HAa OCHOBE MJIAHETAPHBIX
MexaHu3MoB (puc. 7.9, 6). IlnanerapHas kopoOka cHaOXeHa dJIeMEHTaMU YIIpaB-
JEHUs, B Ka4eCTBE KOTOPBIX BBICTynaroT Topmosa I, u I,. B 3aBucMMOCTH OT

BKJIIOUEHHOI'0 TOPMO3a, roay4daercs psan I wim 11.
P50 1 — npu BkItoueHnu TopMo3a I; Kojeco 4 CTaHOBUTCS HETOABHKHBIM,

a KoJieco 6 BpalaeTcsa BXOJIOCTYIO, TPU 3TOM MEPEAATOYHOE OTHOIIEHUE
2 Zy

4 _ .H_ _ _“2 . _“4 _ _
iy =1-i, =1 =1
Z Z3 Zy 23

Z,-z,

Pso 11 — npu BkiroueHun Topmosa 7, Kojeco 6 CTAHOBUTCS HETIOABH)KHBIM,
a Koseco 4 Bpallaercsi BX0JIOCTYIO, IPY 3TOM MEPEJATOYHOE OTHOIIEHUE

A %6

+_
1 Zs

Peanusanus nepenaTouHbIX YUCEN B elle 0osee IMHUPOKOM JHaIa3oHe BO3-
MO’KHa C OMOIIBI0 AuQdepeHnnaIbHbix Kopoook. Juddepenimanbapie KOpoOKU

4 _ .H_ _ ZZ.Z6
it =1-i" =1- =1+276

z Zy Zs
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7. CJIOXKHbIE 3YBYATbIE MEXAHU3MbI

7.8. Kopobku nepegay

(puc. 7.9, 8) 06nana0T BO3MOXXHOCTBIO W3MEHEHHS TEPENaTOYHOrO0 OTHOIICHUS
0e3 pa3pbIBa MOTOKAa MEXAHUUYECKOW IHEPTUU MpU Manbix radapurax. s odpazo-
BaHUs KOpOOKHU mepenad B cxeMy auddepeHinana BBOJIATCA YNPaABISAIOIIUE YCT-
pOICTBa, B KayecTBE KOTOPHIX MOMUMO My(pThl M BbicTymaer topmo3 7. Ilpu
BKJIFOYEHHOM TOpMO3¢€ 1 U BBIKIIFOUEHHOU My(]pTe M MpOuCXOauT OCTAaHOBKA KOJIe-
ca 3, a MexaHu3M npeodpasyercs B ITaHETAPHBIA OJHOPSTHBIN MEXaHU3M C OJTHUM
BHEIITHUM W OJTHUM BHYTPCHHMM 3anerieHueM. [Ipu BkmoueHHo#i MmydTe M 1 BbI-
KIIFOUEHHOM TOpMO3€ 7 BEChb MEXAaHM3M Bpalaercs Kak eauHoe nenoe. [Ipu ogHo-
BPEMEHHOM BKIIIOUEHUH MY(PTBI M 1 TOpMo3a T MEXaHU3M TEpSET CBOIO pabOTO-
CIIOCOOHOCTb.

7.9. BONHOBbLIE MEXAHU3MbI

Bonnosoii 3y6uameiii Mexanuzm — 3TO MEXaHU3M C BBICHIUMHU KUHEMaTHYe-
CKMMH TapaMu, COJIepXKalluili B CBOEH CTPYKType COUYETAHHE KECTKUX U THOKUX
3y0UaThIX KOJIEC.

N3 omnpenenenus ciemyer, 4To CTPYKTypa MEXaHU3MOB JAHHOIO BHJA COIEP-
JKUT XOTS ObI OJJHO 3y04YaToe KOJIECO, BHIMOIHECHHOE B BU/IC TOHKOCTCHHON 000JIOUKH,
YTO TIO3BOJISIET ATOMY 3BEHY HCITBITHIBATH yIPyTHe NehOopMaIiy B MPOIECcce 3arlen-
JICHUS C JKECTKUMH 3yOUaThIMU KoJjiecamu. Hammmdme BO3MOXHOCTH yIpyrou aedop-
MaIlM{ OJTHOTO U3 3y0UaThIX KOJIEC MO3BOJISIET COKPATUTh UX KOJUYECTBO.

TurnoBbie BOJIHOBBIE 3y04aThie MEXaHW3MbI MOT'YT ObITh MOJIYYEHBI BCIIEICT-
BHE MOJIU(HUKAIIUN TUIIOBBIX TUIAaHETAPHBIX MEXaHU3MOB (puc. 7.10).

CrpykTypa paccMaTpuBaeMoOro BOJHOBOTO mexaHusma (puc. 7.10) coctout
u3 cToiiku () U MOJBMXKHBIX 3BEHBEB. [Ipu 3TOM cTOlKa MpeacTaBiieHa AByMs Iap-
HUPHO HETOJABKHBIMH OIopaMu. B To e Bpems 3y0uaToe Kojieco 4 sSBIsIeTCs He-
MOJBH>KHOM KOPOHOW U TAKXKE€ OTHOCHUTCSA K 3yeMeHTaM CTOMKHU (. K moBuxHbIM
3BEHBSM OTHOCATCS: BEAYIIMU Basl |; KapAaHHBIA MEXaHHM3M 2; 3y04yaToe KOJeco
(caremut) 3 u BoaMIIO H.

BosiHOBBIE MEXaHU3MBI SIBJISIFOTCSI PEBEPCUBHBIMH, MOTYT pabOTaTh B PEKHU-
M€ pEeAyKTOpa WJIM MYJbTUIUIMKATOpa M 00JaJaloT, aHAJOTHYHO IUIAHETAPHBIM
MEXaHU3MaM, TPEMsI BUJAMU NEPEJATOYHBIX OTHOIIECHUM.

g —

Puc. 7.10. Cxema THIIOBOTO BOJIHOBOTO MEXaHU3Ma
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7. CJIOXKHbIE 3YBYATbIE MEXAHU3MbI

7.9. BonHoBble MeXaHWU3MbI

[lepenaTounbie OTHOIIEHUS BOJHOBOro 3yOuartoro mMexanusma (puc. 7.10)
onpenenstorca no ¢opmyne Buiimca, Torga, MpUMEHUB METOJ[ OOpaIlEHHOTO
JBUKEHUS, TIOJTyYUM

) M _q_Za_Z =7

Ly Ly =l = 5

Z3 Z3
(4)  J(H
rac l:gH), l§4 ) — HpﬂMOC u BHYTpeHHee HepejlaTOIIHBIe OTHOH_IeHI/IH; Z3 ) Z4 — YqUcCJia

3yObeB 3y04aThIX KOJIEC BOJIHOBOT'O 3y04aToro MexaHu3ma.
OOGpaTHOoe IepeaaTOuHOE OTHOIIIEHUE BOTHOBOTO Mexanu3Mma (puc. 40)

=t 1 __=
i3(i1) _E 3z
z

AHanu3 MOJYyYEHHBIX BBIPAKEHUN MOKA3BIBAET, YTO YUCIIO 3yObeB KOPOHHI 4
Bcerza 6omblie uncia 3yObeB caremuiura 3, T. €. z, > z3. CiieoBareabHO, MPSIMOE U
oOpaTHOE TepeaaTOYHbIe OTHOIICHHS BOJHOBOTO MexaHm3Mma (puc. 7.10) OyayT
OTPHUIIATETHLHBIMHU.

Kapnannelii Bast 2 peanu3oBaH B BUJE YHUBEPCAJIbHOIO IIAPHUPA, SBISIO-
nierocst mapuupom I['yka. [llapnup ['yka nipeaHa3zHadyeH sl NEepelayd Bpaila-
TEJIBHOTO JABUKEHUS U CUJIOBBIX (DAKTOPOB MEXKIY CATEIUIMTOM 3 UM BXOAHBIM Ba-
JoM 1 mpu 3HAYMTENBHBIX IMEpPEeKOocax Ooced BpalleHWs 3THX 3BeHbeB. Hanuuwue
mapHupa ['yka B CTPYKType BOJIHOBOTO MEXaHHU3Ma YCJIOXKHSAET €ro CTPYKTYpPY
BCJIEAICTBUE OOpa30BaHMsI JIOMOJHUTEIBHBIX KUHEMATHYECKUX Tap, YTO CHIDKAET
TOYHOCTh M HaJ€KHOCTh BOJTHOBOTO MexaHu3Ma (puc. 7.10).

HckitoueHre AaHHBIX HEAOCTATKOB MPH HAJIMYUU BO3MOKHOCTH peayin3a-
MU enle OOJBIINX MEePeJaTOUHbIX YHUCEN BO3MOXHO, €CJIM CaTe/UIMT 3 caenarh B
BUJIe THOKOrO 3yOuaroro koneca. B atom ciydae Boamio H Oyner sBASTHCS TeHe-
paTopoM BOJIH, T. K. IPH €r0 BPAILEHUH 30HA 3aleIUICHUs1 3yObeB KOJeC mepeme-
IIaeTcs, CO3/1aBasi MOCIeI0BaTEeNIbHYI0 BOJIHOBYIO Aedopmaruto catesura 3. [e-
HEpaTOp BOJIH BBIMOJHSETCS B BHUAC pbluara, CHa0XEHHOTO IehOPMHPYIONUMU
aneMeHTaMu. B kadecTBe neOpMHUPYIOMUX SIEMEHTOB TPUMEHSIOTCS POJIUKA
(crIIOBBIE MEXaHW3MBI) WM KYJIAYKH CIIENAATBLHON (POpMBI (KHHEMATHICCKHE Me-
XaHu3Mbl). B 3aBucuMocTH OT uMcia 1e(OpMUPYIOIIHMX 3JEMEHTOB IeHepaTopa
BOJIH, BOJIHOBBIE 3yOUaThle MEXaHU3MBI IEJIATCA HA IBYXBOJHOBbIE (puc. 7.11, a) n

MHOT'OBOJIHOBBIE (puc. 7.11, 0).

i
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7. CJIOXKHbIE 3YBYATbIE MEXAHU3MbI

7.9. BonHoBble MeXaHWU3MbI

Puc. 7.11. Cxembl ABYX- (@) 1 MHOTOBOJHOBBIX (6) BOJTHOBBIX MEXaHHU3MOB

BonHoBBIE MeXaHM3MBI 00JIAAIOT PSAOM JOCTOMHCTBO, YTO OIPEISTUIIO0
pacrpocTpaHeHHEe MEXaHU3MOB JA@HHOT'O BHJIa MPAKTUYECKH BO BCEX BHUJIAX Ma-
muH. OCHOBHBIM JIOCTOMHCTBOM MEXaHHW3MOB JIaHHOTO BHJA SIBJIAETCS HaJU4YWC
MaJioil pa3HOCTH Yuced 3yObeB Az Kojiec, ero oOpasyromux. Yem MeHbIe pas-
HOCTb YHCEII 3yObeB, TeM OOJIBIINM IEepPeJaTOYHBIM YUCIOM 00JIalaeT BOJHOBOM
3yOuaThiii MexaHu3M. UToOBI MOJIYYUTh TaKoe e NepeaaTOYHOe YHCIIO IPH TI0-
MOIIM CJIOKHBIX 3yO0YaThIX MEXaHHU3MOB C HETOJBHKHBIMU OCSMH BpAIIICHHUS KO-
jec, moTpedyeTcss ropa3ao Oosblliee KOJIMYECTBO 3yOdUaThiX Kojec. Mamast pas-
HOCTh 4rces 3yObeB KOJIEC IPUBOJUT K CYIIECTBOBAHUIO MHOTOMAPHOTO 3arleriie-
HUS, YTO CYIIECTBEHHO IMOBHINIAET HATPY30YHYIO CIIOCOOHOCTH BOJIHOBBIX MeEXa-
HHU3MOB U MMO3BoIsIeT obecreunth Oonbimue 3HadueHus KII/[. Omgnako mcmnonb3oBa-
HUE ABOJBBEHTHBIX 3yOuaThIX KoJiec, oOyamaronmx Az = 2—3, HEBO3MOXHO, T. K.
3TO MPUBOJUT K BO3ZHUKHOBEHUIO MHTepdepeHnu npoduieit 3yobes komnec. Jis
CXEMbI BOJTHOBOTO MEXaHHM3Ma, MpeJICTaBIeHHOTo Ha puc. 7.10, uHTepdepeHus
OTCYTCTBYET IIpU Az > 7.

i
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8. CUHTES 3YBYATbBIX MEXAHU3MOB

Cunmes 3y6yamuvlx Mexanu3mos — 3TO MPOIecc MOMCKa HadallbHbIX (COMpsi-
KEHHBIX) Tpoduiiel 3yObeB, (pOPMUPYIOIINX T€OMETPUUYECKUE MTapaMETPhl 3BEHHEB
3y04aToro MexaHu3Ma C IeJIbl0 00ecTeueH s 3aJaHHbIX YCIOBUH.

CuHTe3 3y04aTbIX MEXaHHW3MOB BBINIOJIHAETCS B JBa J3Tama: CTPYKTYpPHBIH
CHUHTE3 U METPUUECKUI CHHTES.

Ha sTame cTpykTypHOTOo CHHTE3a OCYLIECTBISIETCS (POPMUPOBAHUE CTPYK-
TYpPHOM CXE€Mbl MEXaHU3Ma, T. €. 0OOCHOBBIBAIOTCSI YHUCIIO MOABM)KHBIX 3BEHBEB U
BUJIOB JIBIDKCHHI, MU COBEPILIAEMBIX; KOJUYECTBO AJIEMEHTOB CTONKM; YHCIIO,
KJIaCC ¥ MOJBIKHOCTh KMHEMAaTHYECKUX Map; KOJTUYECTBO U BUJ KHHEMATHUYECKHUX
Lenei, a Takke JOMOJIHUTEIbHO OOOCHOBBIBAETCS BBEJACHUE B CTPYKTYpPY Mexa-
HU3Ma KaKJ0W M30BITOYHOW CBS3M M MECTHOW MOJBIKHOCTHU. JIJIsT TUTIOBBIX 3y0-
YaThIX MEXaHM3MOB JaHHas 3ajada CBOAMTCA K BHIOOPY CTPYKTYPHOH CXEMBI U3
Habopa CXeM THUIOBBIX MEXAaHHU3MOB, UCXOJS W3 3aJaHHBIX YCIOBUHA. OCHOBHOE
BHUMAaHUE YJIEISIETCS BO3MOXXHOCTH pealn3allii 3aJaHHOTO MePEAaTOYHOrO YHCIia
¥ B3aMMHOMY PACTIOJIOKEHHIO OCEH BXOAHOTO U BBIXOJIHOTO 3BEHBEB.

Ortan METpPUUYECKOTO CHUHTE3a IpelycMaTpuBaeT OMNpelesieHue reoMerpuye-
CKUX IapaMeTpoB 3yO4YaThIX KoJieC, POPMHUPYIOUIMX KayeCTBEHHbIE I1OKa3aTelu
3y04aToro MexaHumsma, a TaKke 00eCIeYMBAIOIINX BBIITOJIHEHHE OCHOBHBIX YCJO-
BHI pab0OTOCIIOCOOHOCTH MEXaHMU3MOB JJAHHOTO BH/JIA.

Hwoke mpuBeIeHBI YCIOBHS METPHUYECKOTO CHHTE3a 3y0UaThIX MEXaHU3MOB.

1. Ocnoenoe ycnosue cunmesa. JJlanHoe yciioBue 3akiiroyaeTcst B odecreue-
HUM 3a/laHHOTO 3aKOHA JBIDKEHHUS BBIXOJIHOTO 3BEHA, T. €. (PAKTUYECKHI 3aKOH
JBUKEHMSI BBIXOJHOTO 3BEHA JIOJDKEH OTJIMYAThCSA OT 3aJlaHHOTO C HAauMEHbIIEH
MOTPEITHOCTHI0, YTO 00ECIIeYNBACTCSI TOCTOSHCTBOM MEPEIATOYHOTO OTHOIICHUS
IPOCTOr0 3y04aToro MexaHu3Ma:

. W,
i,, =— =const.
0‘)2

2. Obsazamenvroe ycnosue cunmesa. JJaHHOe yCcIoBUE Mopa3yMmeBaeT obec-
NeYCHUE CYIIECTBOBAHUS 3y0UaTOro MEeXaHM3Ma KaK 3aMKHYTOHW KHHEMAaTHYeCKOU
IEMNH, T. €. 3aKOHBI ABUKEHUSI BEJOMBIX KOJEC MEXaHW3Ma He JIOJDKHBI UMETh pPa3-
PBHIBOB, a HadajbHbIC MPOQUIH 3yObEB JOKHBI TOJBKO CONpPHKAacaThes. Hamnume
pa3phIBOB B 3aKOHAX JBIKECHUS 3BEHHEB TOBOPUT O MOTEPE KOHTAKTA IJIEMEHTOB
BBICIIICH KWHEMATHUYECKON IMaphl, a MEepeceueHre HavYalbHBIX MPOQUICH CBUIC-
TEIBLCTBYET O CYIIECTBOBAaHUU MHTep(depeHInu npoduiieit 3yoneB KoJiec.

3. JKenamenvnoe ycnosue cunmesa. JlaHHOE ycloBHe MOjpa3zyMeBaeT obec-
neyeHne mpeoOpa3oBaHus JABMKCHHUS U CHJIOBBIX (PaKTOPOB C HAWMEHBIIUMHU TI0-
TEPSIMH, T. €. KOOPPUIIUEHT TOJE3HOTO JASHCTBHS 3y04aToro MeXaHW3Ma JO0JKEH
OBITh MAKCUMAJIBHO BO3MOYKHBIM.

MeTpudeckuii CHHTE3 3yO0UaThIX MEXaHU3MOB IIPEIOIaraeT BhIMOJHEHUE U
JIPYTUX TpeOOBAaHUN M YCIOBUH, YUUTHIBAIOIINX CIICIIM(PUKY COCTaBa CTPYKTYPHI U
YCIIOBHI IKCITTyaTalMK KaKI0TO KOHKPETHOTo MexaHu3Ma. K mogo0HbIM yC1oBH-
SIM OTHOCSITCSI: MPOCTOTa KOHCTPYKIIMU M TEXHOJOTHYHOCTh 3BEHBEB; HATMYME
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8. CUHTE3 3YBYATbIX MEXAHU3MOB

MOJIHOW WJIM YACTUYHOW B3aMMO3aMEHAEMOCTH 3BEHBEB; BO3MOKHOCTh PETYJIIHUPO-
BaHUS MEXXOCEBOTO PACCTOSHUS WM U3MEHEHUS TlepeAaTOuHON (QyHKIIMU B 3a/1aH-
HOM JTHara3oHe; 0eCIryMHOCTh pa0OThl; MUHUMAJIbHEIE TA0APUTHI U JP.

8.1. CUHTES 3YBYATbIX MEXAHU3MOB
C HENOABMWXHbIMAU OCAMU KOIEC

B GonbmmHCTBE ciydaeB Ha dTamne CTPYKTYPHOTO CHHTE3a OCYIIECTBIISACTCS
BBIOOP CTPYKTYPHOM CXeMbl W3 HabOpa THUMOBBIX CXEM IMPOCTHIX 3yOUaThIX MeXa-
HU3MOB, HCXOJS W3 3aJaHHOTO PACIOJOXKECHHSI OCeH BXOJHOTO M BBIXOJHOTO
3BeHBEB. [Ipu mapamieIbHOM PacroyIOKEHUN OCEH TaHHBIX 3BEHbEB MPUHUMACTCS
cXema IWIMHIPUIECKOTO MEXaHU3Ma, MPH MEePECEKAIOIIMNXCS OCAX — KOHUYECKOTO,
a TIPHU CKPEIIUBAIOIINXCS OCSAX MCTIOIB3YIOTCS YePBIUYHBIC MEXaHU3MBI.

Ha »Tane meTpudeckoro CuHTE3a NUIUHAPUYECKHUX MEXaHW3MOB YHCIIO
3yObeB IIecTepHH | BHIOMpPAETCS UCXOMS U3 YCIOBHS OTCYTCTBHUSI HHTEp(epeHnn
WM TTOpe3a 3yObeB KOJIEC C BHEITHUMH 3yObsSIMHU:

4 1 2z min 2
rje npu yrie npoduwis oo = 20° MUHUMaIBHO BO3MOYKHOE YUCIIO 3yObEB Zyin = 17.
Yucno 3yObeB Kosieca 2 OnpeIeiuM MO BBIPAKEHUIO

Zy=Z Uy,

IZi€ U1 — epeJaTOuyHOe YHUCIIO MPOCTOro 3y0YaToro MexaHusma.

[Ipu onpenenenuun yncen 3yObeB HUIUHIPUIECKUX 3yOUaThIX MEXAHU3MOB C
BHYTPEHHHM 3alierieHueM Kojec (puc. 6.3) B AOMOJHEHHE K MPEAIICCTBYIOMIEMY
YCJIIOBUIO HEOOXOIMMO YUYECTh M YCIOBHUS OTCYTCTBHS 3aKIMHUBAHUS 3yObeB KOJIEC
BO BHYTPEHHEM 3alleIUICHNH, T. €.

z . 2>20,
z.., =85,

(ZBHAS - ZBAS) 2 8

TJ€ Zp3, Zsns — YUCIO 3yOBEB KOJIEC C BHEITHHUMH U BHYTPCHHUMH 3YOBSIMU COOT-
BETCTBEHHO.

Ha sTame MeTpu4ecKkoro CHHTEe3a CIIOKHBIX 3y0UaThIX MEXaHU3MOB C HETIO/I-
BIDKHBIMHU OCSIMU BpAIl[EHUSI KOJIEC MPOW3BOIUTCS MPEACTABICHHUE 3aJaHHOTO TIe-
pEAaTOYHOTO YKCIIa B BHJIC IIPOU3BEIACHUS IIEPEIaTOYHBIX YHCEI IIPOCThIX 3y0Ya-
THIX MEXaHH3MOB, COCTABJISAIONINX CIIOXKHBIN MexaHu3M. Uuncna 3yObeB KoJlec Kax-
JIOTO TIPOCTOTO MEXaHW3Ma OTPEEIIIOTCS B 3aBUCUMOCTH OT BUJA 3aICTUICHUS TI0
AQHAJIOTUH C MPEIIIESCTBYIOIUMHU CIyYasiMHU.

B kauecTBe mpumMepa pacCMOTPUM OIPECIICHHE YHCEN 3yOhEB KOJIEC CIIOXK-
HBIX OJTHOPSIHBIX U MHOTOPSITHBIX MEXaHU3MOB.

Cnootcnwiti 00Hopsaousii mexanusm (puc. 8.1, a). Beipazum mepemaTounoe
OTHOIIICHUE MEXaHU3Ma Yepe3 YKclia 3yObeB KoJieC, €ro 00pa3yromuX:
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8. CUHTE3 3YBYATbIX MEXAHU3MOB

8.1. CuHTe3 3y6yaThbIX MEXaHU3MOB C HeMOABWXHbLIMU OCAMU Konec

z z z
. S . . _ 2 . 3 — 3
Ly =1l 1y = + .
Z Z, Z

U3 JAaHHOTI'O BBIPAKCHHUA I10JIydacM
Z; =130

[TepenaTouHoe OTHONICHHWE MPOCTOTO MEXaHW3Ma, 0OOpPa30BAaHHOTO KoJieca-
MU | U 2, ipe/icTaBUM B BUE

Zy, =1, 2.

[Ipu ycnoBumM OTCyTCTBUSI HMHTEpEpeHIMHM WM ToApe3a 3yObeB Kojec ¢
BHEIIHUMHU 3yObsSIMHU BBIOMpaeM 4MCIIO 3yObeB miecTtepHH 1. Jlanee mo moaydeHHBIM
BBIpaKEHUSM OIIpeiessieM unciia 3yobeB kojiec 2 u 3. HalineHHble 3HaUeHuUs MpoBe-
psieM O YCJIOBHUIO OTCYTCTBUS 3aKJIMHUBAHUS 3yObeB BO BHYTPEHHEM 3alleTIIICHUH.

2~ F K Yy
AAA\ 2 - 3 /4
-'_|_W 3 N 22z
0 4 T
1 1 [ \\\I |/ L /|- 0 £LLL
T T T T T T -|_|'
A TN TR T

a o

Puc. 8.1. CxeMbl CIOKHBIX 3y0UaThIX MEXaHU3MOB
C HETIOABM)XHBIMU OCSMHU BpAIlICHUs 3y0UaThIX KOJeC

Cnooicnbiti MHo2opaousli mexanusm (puc. 8.1, 6). Beipazum nepenaTounoe
OTHOIIIEHHE MEXaHM3Ma Yepe3 uncia 3yOpeB Koyec ero o0pa3yromnumx:

z z
ST B N B
Ly =ly by = +

z z

1 3
[lepenaroyHoe OTHOIIEHHE MPOCTOIO0 MEXaHU3Ma, 0OpPa30BaHHOIO KoJieca-
MU 1 U 2, ipeicTaBUM B BUJIE

Zy =y 2y,

[lepenarouHoe OTHOILIEHHE MPOCTOIO MEXaHU3Ma, 0OpPa30BAHHOIO KoJjeca-
MU 3 U 4, IPEICTaBUM B BUJE

Z, =l 2y,

IIpu ycnoBuM OTCYTCTBUSI MHTEp(EPEHIMHU WM HOJpe3a 3yObeB KOJEC C
BHEIIHUMH 3yObsIMH BbIOMpaeM 4Hciio 3yObeB MIECTepHH 1, a IpU YCIOBUU OTCYT-
CTBUS 3aKJIMHUBAHUS 3yObEB BO BHYTPEHHEM 3allCIJICHUU OIpPEACNIAeM YHCIO
3yObeB Kojeca 3. Jlanee 1mo mojyuyeHHBIM BBIPAXKEHUSIM OTIpE/IesisieM yuciia 3yObeB
kojec 2 u 4. [lomydyeHHbIE 3HAYEHUS ITPOBEPSAEM Ha COOTBETCTBHE 3aJaHHOMY IIE-
pEAATOYHOMY YHUCIly 3y0UaTOro MEXaHu3Ma.
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8. CUHTE3 3YBYATbIX MEXAHU3MOB

8.2. YCNOBUA CUHTE3A NNAHETAPHbIX MEXAHU3MOB

Dtar CTPYKTYpPHOT'O CUHTE3a IJIaHETapPHBIX MEXaHU3MOB 3aKJII0YAETCS B BbI-
Oope CTPYKTYpHOU CXeMbl MeXaHHM3Ma W3 HabOpa CXeM THUIIOBBIX MEXaHHW3MOB
naHHoro Bujaa (puc. 8.4). MeTpuueckuil CUHTE3 TUIOBBIX IUIAHETAPHBIX MEXaHU3-
MOB CBOAMTCS K MOAOOpPY yHcen 3yObeB KOJIeC, U3 KOTOPBIX OH cocTouT. [logbop
yrcell 3yObeB JOJKEH OCYIIECTBISITHCA C y4€TOM KakK OOIIMX YCJIOBHM CHHTE3a
3y04aThlX MEXaHU3MOB, TaK W YCJIOBHM, YYUTHIBAIOMIUX CHEIUMUKY CTPYKTYpPHI
MEXaHU3MOB JaHHOTO BHJA, T. €. HA TaHHOM J3Tale CHHTE3a HeoOXxoauMo obecrie-
YUTh:

1) 3amanHOE IEpeIaTOYHOE YUCIIO C TPeOyeMOi TOYHOCTHIO;

2) COOCHOCTh BXOJIHOT'O U BBIXOJIHOTO 3BEHBEB;

3) cocencTBO CaTeIIUTOB;

4) cOOpKY MEXaHHU3Ma,

5) oTcyTCTBHE MMOJIpe3a 3yObeB KOJISC ¢ BHEITHUMU 3YObSIMU;

6) OTCYTCTBHE 3aKJIMHUBAaHUS 3yObEB KOJIEC BO BHYTPEHHEM 3alLICIIICHUY;

7) obecrieueHre MUHUMAJIbHBIX Ta0apUTHBIX pa3MEPOB MEXaHU3MA.

PaccMmoTpum 0COOEHHOCTH TIPEICTABICHHBIX YCIOBUN METPUYECKOTO CUHTE-
3a Ha MPUMEPE IBYXPSATHOTO IJIAHETAPHOIO MEXAHU3Ma C OJHUM BHEIIHUM U OJ-
HUM BHYTPEHHHM 3aueriienueM (puc. 8.2, a).

Vcnosue 1. Ecniu TouHOCTh 0O€cmieueHus 3aJJaHHOTO MepeAaTOYyHOro 4yucia
0COOBIMH YCIIOBHSIMH HE OTOBOPEHA, TO HEOOXOIMMO O00SCIICUNTh PeaTM3aIIHIO T1e-
pPEAaTOYHOIO YUCIA C TOYHOCTBIO 15 %, T. €. mepeaaToyHoe OTHOLIEHUE CIIPOEK-
TUPOBAHHOTO MEXaHM3Ma JOJIKHO JIeXKaTh B CJIEIYIOLIEM JUana3oHe:

ugy = (0,95-1,05)-u,,

TIE Uy, Uy — GAKTHYECKOE U TEOPETHUYECKOE (33aHHOE) MEPEAATOYHbIE YHCIA CO-
OTBETCTBEHHO.

Ycnosue 2. YciioBue COOCHOCTH MPEINOJIAaraeT COBNAJCHUE OCEN BpaILLlCHUS
colnHeyHoro koisieca 1 m Boguna A, 4TO BO3MOKHO IIPU PABEHCTBE MEXKOCEBBIX
paccTosiHUI B 000UX PSJIOB 3y0YaThIX KOJIEC, T. €. MEKOCEBBIX PACCTOSHUH IPO-
CThIX 3yO4YaThIX MEXaHM3MOB, COCTABJISIONIUX PACCMATPUBAEMbIN IJIAHETAPHBIN

MexaHu3M (puc. 8.2, a):
ap = dmn,

TJIE aj, A — MEKOCEBBIC PACCTOSIHUS MPOCTHIX 3yOUaThIX MEXaHU3MOB.

MesxoceBbIe PAaCCTOSHHUS TPOCTHIX 3yO0YaThIX MEXaHHU3MOB IPEJCTaBUM B
BHUJIE
d,

-4
a, =—+

d
2 27
d, d
W=

rae dy, d», ds, dy — TnaMeTphl ACNUTENbHBIX OKpYKHOCTEHN Kozec 1, 2, 3 u 4.
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8. CUHTE3 3YBYATbIX MEXAHU3MOB
8.2. YcnoBusl cuMHTE3a nnaHeTapHbIX MeXaHU3MOB

2<_ 3#_— 2 3
a, + -4 ay
AN\ | BN,
'?Fv' \ =<
o 1”4 H 2 2
T
a o

Puc. 8.2. Cxema nByXpsIIHOTO IJIAHETAPHOTO MEXaHU3Ma C TPEMsI caTeITUTaMu

HpI/IpaBH}IB COCTABJICHHBIC BBIPAKCHUA, ITIOJTYYHUM

o _d dy
2 2 2 2
Cuuras 3yOuaThle Kojeca MJIaHEeTapHOro MeXaHu3Ma O0JaIaroMMHU OJHA-

KOBBIMH MOIOYJIIMH W BBIIIOJIHCHHBIMHU oe3 CMCUICHUA, T. €. HYJICBBIMU, IIPCACTA-
BHM BLIPpAKCHHUC B BUAC

m-z +m-z2 _m-z, m-z
2 2 2 2

YHpOCTI/IB AaHHOC PaBCHCTBO, ITOJYYHUM YCIOBHCM COOCHOCTH IJIA ABYPAI-
HOr'o IIaHETapHOTO MEXaHu3Ma ¢ OAHUM BHCUHIHUM M OJHUM BHYTPCHHHM 3allCII-

nenusmu (puc. 8.2, a):
Z1 T 2= 24— 23,

TAe z1, 22, Z3, Z4— YUCIa 3yOneB koiiec 1, 2, 3 u 4 COOTBETCTBEHHO.

[To aHAJIOrMM MOJIYYHUM YCIIOBHS COOCHOCTH IS OCTaJIbHBIX CXEM THITOBBIX
IUTAHETAPHBIX MEXaHU3MOB:

00HOPSIOHBLI naanemaphwvlil mexanusm (puc. 7.4, a)

z,=2z,+2z,;

O08YXPAOHBLU NIAAHEMAPHBINL MEXAHUZM C O08YMsL GHEUHUMU 3ayenIeHUsMu
(puc. 7.4, 8)

zZ,+z, =2z, +2y;

08YXPSOHbIU NIAHEMAPHBIUL MEXAHUM C O8YMSL BHYMPEHHUMU 3aYeneHUsMU
(puc. 7.4, 2)

Z,—Z,=Z,—Z4.
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8. CUHTE3 3YBYATbIX MEXAHU3MOB

8.2. YcnoBusl cuMHTE3a nnaHeTapHbIX MeXaHU3MOB

Vcnosue 3. YcnoBue coceicTtBa mpeanosiaraer o0ecredeHUue OTCYTCTBUS
KOHTaKTa CaTeJIUTOB APYT ¢ ApyroM. IIpoBepka JaHHOTO yCIIOBUS BBITIOTHSIETCS
TOJILKO TPH YHCIIE CaTeUTUTOB (TIOTOKOB) OoJbIle equHuIle. Eciu B cxeme rmiiaHe-
TapHOTrO MexaHu3ma (puc. 8.2, 6) uMeeTcs HECKOJIbKO CaTeJUIMTOB, PACIIONIOKEH-
HBIX Ha HEKOTOPOW OKPY>KHOCTH, TO MOKET BOSHHKHYTh CUTYyaI[usi, KOT/Ia BEPIIH-
HBI 3yOBEB KOJIEC CaTeJUIUTOB OYyIyT 3a/1eBaTh ApyT Apyra. Mckiouenne mogooHo-
O SIBJICHUS BO3MOJKHO TPH BBITIOJIHEHUHU YCIIOBHS COCEICTBA:

max 2,3

. TC z +2
sin| — [>——————
z,tz,
rje k — 9ucio CaTeuIUTOB (TIOTOKOB); Zmax2,3 — OOJIbIIEE YUCIO 3yObEB KOJEC ca-
TEJUTNTA.

Vcnosue 4. YcnoBue cOOpku Mpeanosaraer odecredeHre coOupaemMocTu
IUTAaHETapHOTO MexaHu3Ma. [laHHoe ycIoBHe MPOBEPSETCS MPHU YKCIE CATEIUTUTOB
(TOTOKOB) OOJIBITIE SAMHUITEL. B TUTaHeTapHBIX MEXaHW3MaX YCTaHOBKA CATEIIIIUTOB
BO3MOYKHA TOJIbKO B OJTHOM M TOM e ToyioxkeHnu. COopka IIaHEeTapHOTO MeXa-
HU3Ma (puc. 8.2, a), UMEIOIIETO HECKOJIBKO CATEIIIIUTOB, BBITOTHICTCS B CIICIYIO-
e MOCJIeI0BaTeIbHOCTH: 3yObsi COMHEYHOrO Kojieca | pacrmoyiaraloT OTHOCH-
TETbHO 3yObeB KOPOHKI 4 TakUM 00pa3oM, 4ToObI 3yObs KoJiec catesuinta 2—3 BXO-
JIWTA BO BIAJIMHBI Kojiec | U 4, MO3BOJSIsE YCTAHOBUTH MepBbIi careruT. [locie
YCTAaHOBKH TIEPBOTO CaTEJUINTA 3yObsl COTHEYHOTO Koyieca | U KOpOHBI 4 pacmoJio-
KaTCsl OTPENIETICHHBIM 00pa30M OTHOCHUTENLHO 3yOheB KoJiec careiuTa 2—3. Yc-
TaHOBKAa BTOPOTO CaTEUINTAa BO3MOXHA TOJBKO B ATOM e MOJoKeHuH. [ Bo-
300HOBJICHUS] TO3ULIMOHUPOBAHUS 3yObEB COJIHEUHOIO Kojieca | OTHOCUTENBHO
KOPOHBI 4 C 1eJIbI0 YCTAHOBKH BTOPOTO CaTEJUTUTA HEOOXOIUMO BHITIOJIHUTH TIOBO-
poT Boawia H Ha HEKOTOpPBIN yroi. B pesynbrare coqHeyHoe kKoieco 1 coBepiur
IIEJI0€ YHCIIO MOTHBIX 000POTOB, a MIEPBBIN CATEIUTUT MEPEMECTUTCS Ha YTOJI, 3Ha-
YEeHUE KOTOPOTO MPOIMOPIHMOHAIBLHO YHUCTY caTesIuToB. [lpu 3TOM 3yObsi coHEu-
HOTO KoJieca | ¥ KOPOHBI 3 pacIoiokKaTCsi TAKUM 00pa3oM, YTO YCTaHOBKA BTOPO-
ro caTeJUIMTa CTaHET BO3MOXKHA. JIJisT yCTAaHOBKU BCEX MOCHEAYIOIIMX CATEIUTUTOB
TIPOIIECC TTOBTOPSIETCS.

J11st IpoBEpKHU yCIIOBUSI COOPKHU UCTIONB3YETCS CIAEAYIOIIEe BhIpaKeHHE:

ifH%(1+k-p)=B,

IZie p — YUCJIO MOJIHBIX 000POTOB; B — 11e510€ YKCIIo.

VYcaoBue cOOpKH BBINOJIHAETCSA, €CIU MPHU 3aJaHHOM YHCJIE CATEJUIUTOB (I10-
TOKOB) M JIIOOOM 3HAUEHUHU p TapameTp B paBeH TOJBKO IesbIM unciaM. Ecnu ke
CYILIECTBYET XOTsI Obl OJHO 3HAYEHHE MapameTpa p, MPU KOTOPOM B SBISIETCS HE
LEJIBIM YUCJI0, TO YCJIOBUE COOPKHU HE BBIMOIHIETCS U MOJTYUYEHHBIN BapUaHT COOT-
HOILICHHSI YHCeNl 3yObEeB KOJIEC IJIAHETAPHOIO0 MEXAHHM3Ma SIBJISIETCS HEOOIYCTH-
MBIM, ¥ UCTIOJIb30BaTh €T0 JUIsl BBIMOJHEHUSI METPUYECKOTO CUHTE3a TUIAHETAPHOTO
ME€XaHU3Ma HEBO3MOKHO.
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8. CUHTE3 3YBYATbIX MEXAHU3MOB

8.2. YcnoBusl cuMHTE3a nnaHeTapHbIX MeXaHU3MOB

Vcnosue 5. Tlogpe3anne HOXKEK 3HAYUTENBHO OCHa0sieT 3yObs KoJiec ¢
BHEIITHUMU 3yObsIMU, YTO MPUBOJUT K CHUKEHUIO HATPY309YHON CIIOCOOHOCTH 3y0-
4aTOro MexaHu3ma. VICKIIOUNTh TaHHOE SBJICHUE BO3MOKHO IIPU BBINIOJHEHUH YyC-
JIOBUSI OTCYTCTBHSI HHTEP()EPEHIINHN:

Zj > Zmins

TJI€ Zj, Zmin — COOTBETCTBEHHO, YUCIIO 3yObEB i-I'0 KOJIeCa C BHEIIHUMU 3yObSIMU U
MUHUMAJILHOE YUCJIO0 3yObEeB, MIPU KOTOPOM OTCYTCTBYET MOApe3aHue 3yObeB; Mpu
BenM4MHe yria npodpuis oo = 20°, COOTBETCTBEHHO, Zyin = 17.

Vcnosue 6. UnTepdepeHiis BO BHyTPEHHEM 3alICTIIICHUH KOJIEC IPUBOIUT K
3aKJIMHUBAHMIO 3yObEB OJHOTO Kojeca BO BIaJuHaX Jpyroro koieca. OTCyTCTBUE
3aKJINHUBaHUS 3yObeB BO BHYTPEHHEM 3alCIUIEHUN 00ECIIEUMBAECTCSI IPU BBINOJ-
HEHUHU CIEAYIOLIETO PsAJla YCIOBHMA:

z . 2>20;
Z.., =85

(ZBH.3 - ZB.S) 2 8

Ycnosue 7. JlaHHOE yCI0BUE UCHOIB3YETCA Ul IPUHATHAS OKOHYATEIBHOIO
pelIeHUs] IPU HaJUYMUM HECKOJIbKMX BapUaHTOB COUYETaHUsS 4duced 3yObeB Kojec
IJJAHETAPHOIO MEXAHU3Ma, YIOBJIETBOPAIOIMX yciaoBuAM 1—-6. B sTtom ciyuae
HauboJee MPEANOYTUTEIbHBIM CUUTACTCA TOT BAPUAHT, KOTOPBIN MO3BOJIUT IIJIaHE-
TapHOMY MEXaHU3My MMETh MHUHUMAJIbHO BO3MOXHBIE TraOApUTHBI MPU COXpaHe-
HUU CHIOCOOHOCTH BBINIOJIHEHHUS CITY>KEOHOTO Ha3HAYEHHsS] U COOJIIOJIEHUS yCIOBUN
CUHTE3a 3yOUyaThIX MEXaHW3MOB U JOIMOJIHUTENbHBIX YCIOBUN CHHTE3a IUIAHETap-
HBIX MEXaHU3MOB 1—6.

8.3. CUHTE3 OJHOPALHbIX
NNAHETAPHbIX MEXAHU3MOB

Omnpenenenne yncesn 3yObeB KOJIEC OJHOPSAHOIO MJIAHETAPHOIO MEXaHU3Ma
(puc. 7.4, a) BBINIOJNIHSAEM B HHXKEIPUBEICHHON MOCIEI0BATEIbHOCTHU
CornacHo yciioBuIO 1, BbIpakaéM BHYTpPEHHEE MepeJaTOuHOE OTHOUIECHUE:

[IpeoOpazyem nosry4eHHOE PaBEHCTBO B BHUJIC
_GH
z, =1, 2.

IIo YCJIOBHUIO COOCHOCTHU 2 COCTaBUM PaBCHCTBO

i
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8. CUHTE3 3YBYATbIX MEXAHU3MOB

8.3. CuHTE3 OHOPAAHbIX NNaHeTapHbIX MEXaHM3MOB

z, =2z +2z,.

[ToacTaBuB B MOyYE€HHOE PABEHCTBO MPEIIECTBYIOIIEE BHIPAKEHHUE U TIpe-
00pa3oBaB €ro, MoJIy4YuM

Z, = %(Zﬁ - 1) .

N3 ycnoBus 5 BeiOupaem 4mciio 3yObeB COHEYHOro Kojeca 1. 3areM 1o mo-
Jy4YEHHBIM BBIPOXKECHHSIM ONpeiessieM uncia 3yoneB catenuTa 2 u kopoHsl 4. Ilo-
Jy4YECHHbIE JaHHbIE TIPOBEpsieM Ha BblIOJIHEHUE YycioBuii 6,3 u4. Ecnu
ycaoBusM 6, 3 ¥ 4 yIOBIETBOPSIIOT HECKOJIBKO COYCTAaHUN YHCEN 3yObEeB KOJIEC, TO
MPOBOJIUM HMX CpaBHEHHE MO ycioBuiO 7. OKOHYATENHbHO BHIOMpAeM TOT BapUaHT
COUYCTaHUs YHCENI 3yOhEeB, MPU KOTOPOM OOECIICUMBAIOTCS MUHUMAIBLHO BO3MOXK-
HBIC Ta0APUTHI I OAHOPSTHOTO TUTAHETAPHOTO MEXaHU3MA.

8.4. METOZ} COMHOXWTENEW

OmHuM U3 METONIOB OMpe/eIeHHs Ynuce 3yObeB KOJIeC ABYXPSAIHBIX TUIaHE-
TapHBIX MEXAHU3MOB SIBIIIETCSI METOJ[ COMHOXKHUTEJEH, KOTOPBIM MO3BOJIAET 00be-
JIVMHUTH B pacdeTHble (opMyIbl ycioBus mogodopa 1, 2, 5 u 6. Beimonnenue oc-
TaJIbHBIX yCJIOBUA (3, 4, 7) 71l BRIOpAHHBIX COYETAaHUHN YHCEN 3yObeB MPOBEPSETCS
JIOTIOJIHUTENIHHO.

N3 ycioBus 1 BeipakaeM BHYTPEHHEE MEPEAaTOUYHOE OTHOIICHUE ABYXPSi-
HBIX IUJIAHETAPHBIX MEXaHU3MOB (puc. 7.4, 6—e):

H _ %) Z4
Iy = :
Z) 23

Bripasxaem 4yncna 3yObeB KOJIEC Yepe3 COMHOKHTEIN:
A=z; B=z,; C=z;; D=z,.
CoMHOXKHTENN MOTYT OBITH IPOU3BOJIBHBIMH LENBIMA YHCIAMH, COOTHOIIE-

HUE KOTOPBIX JOJKHO OBITH PaBHO BHYTPEHHEMY NEPEeIaTOYHOMY OTHOIIEHHUIO
JIBYXPSHOTO IJIAHETAPHOTO MEXaHU3MA:

. B D
114 :ZE

I[JIH CXCM IBYXPAOHBIX IINIAHCTAPHBIX MCXAHU3MOB H€O6XO,ZII/IMO, YTOOBI
3HAUYCHUS COMHOXKHUTENCH 00eCIIeurMBaIM COOTHOIICHHS I TICPCaAaTOYHBIX OTHO-
IICHU U IMPOCTBIX 3Y6‘IaTBIX MCXaHHN3MOB B 3aBUCUMOCTH OT BHJA 3alCIITICHUA:

i
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8. CUHTE3 3YBYATbIX MEXAHU3MOB

8.4. MeTop, comHOXUTENEN

6HEUlHee 3ayenjlieHue

B_z_ (1-6);
A4 z
BHYmMpeHHeEe 3ayenlenue
2=ﬁ=(1,1—8).
C z

W3 ycioBus 2 BeIpa3uM 4epe3 COMHOKUTENH YCIOBUE COOCHOCTH TIaHETap-
HBIX MEXaHU3MOB:

08YXPAOHbBIU NIAHEMAPHBIL MEXAHUM C OOHUM BHEUHUM 3ayenjieHuem U
0OHUM 6HYmMpeHHUM 3ayenieruem (puc. 7.4, a)

A+B=D-C;
08YXPAOHbBIU NIAHEMAPHBIU MEXAHU3M C O08YMS BHEUWHUMU 3ayenieHusmu
(puc. 7.4, 8)

A+B=D+C;

08YXPAOHDBIU NIIAHEMAPHbIL MEXAHUIM C O8YMS 6HYMPEHHUMU 3aYenieHUAMU
(puc. 7.4, 2)

A-B=D-C.

CoxpaHsis TOXKIECTBa, BBEJIEM B YCIOBHS COOCHOCTH JIBa JOTOJHUTEIBHBIX
COMHOXKHUTEJIS:

O0BYXDSIOHbBII NAAHEMAPHLIN MEXAHUZM C OOHUM BHEUHUM 3ayenjieHuem u
00HUM 6HYympeHHUM 3ayenienuem (puc. 7.4, a)

a(A+B)=b(D-C),

a (D—C),

b=(A4+B);

O0BYXPSIOHbBIU NIAHEMAPHBIU MEXAHU3M C O8YMS GHEUWHUMU 3aYeNneHUIMU
(puc. 7.4, 8)

a(A+B)=b(D+C),
- a=(D+C),

b (A+B);
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8. CUHTE3 3YBYATbIX MEXAHU3MOB

8.4. MeTop, comHOXUTENEN

08YXPSIOHbIIU NIAHEMAPHBLL MEXAHUIM C O8YMSL GHYMPEHHUMU 3AYeNnIeHUIMU
(puc. 7.4, 2)

a(4—-B)=b(D-C),
rae

a (D—C),

b=(A-B).

[IpoBess COOTBETCTBYIOLIME IPEOOPA30BAHUS, OITYyUYUM
zy=a-4A-q, z,=a-B-q, z,=b0-C-q, z,=b-D-q,

1€ ¢ — IPOU3BOJIbHBIM MHOKUTEIb, 00E€CIIEUNBAIOIMI BBIITOJHEHHE YCIOBHM S U 6.

3yObsi KOJieC NBYXPSAOHBIX IUIAHETAPHBIX MEXaHW3MOB, PAaCCUUTAHHBIE IO
MOJIYYEHHBIM BBIPAKEHHSIM, yIOBIETBOPSIOT ycaoBusiMm 1, 2, 5 u 6. 3aTteM npose-
psieM yCIIOBHE COCE/ICTBA 3 U B CIIyyae €ro BBINOJIHEHUS [TPOBEPSEM YCIOBHE COOPKU
4. Ecnu 3TH yCJIOBHS BBINIOJHSIOTCS, TO MOJYYEHHBI BapUaHT COYETAHUWA YHCEIN
3yObEB KOJIEC CUMTAEM OJHHMM W3 BO3MOXHBIX pemieHuid. Ecimm ycaoBusMm 3 u 4
YJIOBJIETBOPSIIOT HECKOJIBKO COYETAHUN Yuces 3yObeB, TO MPOBOJIUM UX CPABHEHHE
1o ycioBuio 7. OKOHYATENbHBIM CUUTAETCS TOT BAPUAHT COYETAHUS YUCEIl 3yObEB,
Opyu KOTOPOM OO0ECHeYMBAaeT MHHMMAJIbHO BO3MOXXHbIE Ta0apUTHBIE pa3Mepbl
JIBYXPSAHBIX MJIaHETAPHBIX MEXaHU3MOB.

8.5. ONTUMU3ALINA NMPU CUHTE3E
3YBYATbIX MEXAHU3MOB

OnTuMusanus NpU CUHTE3€ MEXAHW3MOB IPHUMEHSETCS C LEIBIO IOBBIIIIE-
HUs 3 (HEKTUBHOCTH 000UX ITANIOB CUHTE3A.

IIpumenenne [IOBM Ha sTamax Kak CTPYKTypHOTO, TaK M METPHUYECKOIO
CHHTE3a 3yOuaThIX MEXaHU3MOB C HETIOJABM)XHBIMU OCSIMH BpAILlEHUS! KOJEC 03BO-
JSIeT 32 OTHOCUTEIBHO KOPOTKUN NMPOMEKYTOK BPEMEHM MOJIYUUTh OOJIBLIOE KO-
JIMYECTBO BO3MOKHBIX pemeHui. ConocTaBiss BapUaHThl MTOJYYEHHBIX PEIICHUN,
00eCreunBaIOIINX COUYETaHUsI YHUCET 3yObEB KOJIEC, ONPENENAETCS TOT BapHaHT,
KOTOPBI HaWIy4dlIMM 00pa3oM yAOBJIETBOPSIET 3a/laHHBIM YCIIOBHSIM, BBICTYIAIO-
MM B KadecTBe Kpurepues ontumuzauuu. [lpu sTom nepebop BapuaHTOB yucel
3yObEB KOJIEC BBINOJIHAETCS B Mpeneax 3aJaHHbIX OTPaHUYEHUN 10 KaKoi-To OI-
peneneHHon crpareruu. [IporpaMmel ONTUMANbHOTO CHHTE3a MOTYT WJIM UCIOJb-
30BaThb METOJ COMHOXHUTEJNEH WIM NPUMEHSTh Mepedop MOMYCTUMbIX 3HAYEHUU
COOTBETCTBYIOIIMX MAPAMETPOB U OCYLIECTBIIATh MX IPOBEPKY HA COOTBETCTBHE
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8. CUHTE3 3YBYATbIX MEXAHU3MOB

8.5. OnTMmMmn3auma npu cuHTe3e 3y64aTbiXx MEXAHU3MOB

3a/IaHHBIM YCJIOBHUSIM WJIM NMPUHATHIM KputepusiM. McnonszoBanue II9BM Ha 060-
UX JTanax CUHTE3a OAHOPSANHBIX U MHOTOPSAHBIX IUIAHETAPHBIX MEXaHU3MOB I10-
3BOJISIET COKPATUTh BPEMS CHHTE3a MEXaHU3MOB PAaCCMaTPUBAEMOI0 BU/IA U IIOBBI-
CUTbh Ka4e€CTBO MOJIYYEHHBIX PE3yJIbTATOB.

Teopusi MexaHN3MOB M MawwwuH. Yueb. nocobue -174-



9. KYNNIAMKOBbIE MEXAHU3MbI

Kynauxoeviu mexanuzm — 3T0 MEXaHU3M C BBICIIEH KMHEMATHYECKOM ITApOM,
o0nagaronvii BO3MOKHOCTBEO OOECIIEUEHHsI BBICTOEB BBIXOHOI'O 3BE€HA, a CTPYKTYpa
COJIEPKUT XOTs ObI O/IHO 3BEHO C paboueli MOBEPXHOCTHIO NEPEMEHHON KPUBU3HBI.

KynaukoBble MexaHU3Mbl MpeIHA3HAUYEHBI JUJISl MPEeoOpa3oBaHUs JIBHIKEHUS
BEIYLIETO 3B€HA B TPeOyeMbli BUJ JIBUKEHUS BBIXOJHOI'O 3BEHA COIVIACHO 3a/1aH-
HOMY 3aKOHY.

CxeMa TMIOBOTro KyJauKOBOIO MEXaHHW3Ma UMEET CTPYKTYpPY, COJEpKAILYIO
CTOMKY W JBa MOABMXKHBIX 3BeHA (puc. 9.1). ITpu 3TOM B KyJ1auKOBOM MEXaHHU3ME
IpU IBYX MOABM)KHBIX 3BEHBAX MOKHO pEaln30BaTh MpeoOpa3oBaHUE JABIKEHUS U
CUJIOBBIX (PaKTOPOB 10 3aKOHY JO00M CI0KHOCTH.

Puc. 9.1. KunemMatnueckne cxembl KyJauKOBBIX MEXaHU3MOB

B TunoBbIX cxeMax KyJIauKOBBIX MEXaHM3MOB BEIyIIEE 3BEHO HA3bIBACTCS
KV1a4KoM, a B Ka4eCTBE BBIXOJHOTO 3BEHA BBICTyIaeT moaxamensv (puc. 9.1, a)
uiu kopomvicio (puc. 9.1, 0).

Kynauox — 3TO 3BEHO KyJIauKOBOTO MEXaHH3Ma, UMEoIlee pabouyro Io-
BEPXHOCTb [TIEPEMEHHON KPUBHU3HBI.

Tonkamensb — 3TO BBIXOJIHOE 3B€HO KYJIAYKOBOTO MEXAHW3Ma, COBEPIIAIOIIEE
MOCTYIIATENbHBIE JBUKECHUS.

Kopomvicnio — 370 BBIXOIHOE 3BEHO KYJAYKOBOI'O MEXAHHM3Ma, COBEPIIAIO-
1Iee TOJIbKO BpAIllATEJIbHBIC JBWKCHUS U HE MMEIOIIEEC BO3MOXKHOCTH OCYIIECTB-
JISHUS ITOBOPOTA Ha yroj 6ojee 360°.

B kynaukoBbIX MexaHH3Max MpeoOpa3oBaHKE IBUKEHUS U CUIIOBBIX (aKTO-
POB OCYIIIECTBIISICTCA MyTeM HEMOCPEICTBEHHOTO KacaHus paboueill MOBEPXHOCTH
KyJIauKa C IOBEPXHOCTHIO BBIXOJHOI'O 3B€HA. B 3TOM cilyyae BCIeACTBUE Pa3HOCTH
CKOpPOCTEMN JBUKECHUS KOHTAKTUPYIOLIMX 3BEHBEB B 30HE MX KOHTAKTa UMEET MecC-
TH TPEHUE CKOJIbKEHHS, YTO MPUBOJUT K MHTEHCUBHOMY M3HOCY 3THX IOBEPXHO-
CTeH, a Takke K pocTy norepb, ymenbinenuto KIIJ[ u pecypca paboThl Ky1aukoBO-
ro Mexanusma. J{is 3aMeHbl B BBICIIEH KWHEMATUYECKOM Mape TPEHUS CKOJIbKEHUS
Ha TPEHUE KAYEHHS B CXEMYy KYJIAQUKOBOTO MEXAaHU3Ma BBOJAT JOMOJHUTEIBHOE
3BEHO, KOTOPOE Ha3bIBaeTCsl PoJIMKOM. Ponmuk oOpa3yeT ¢ BBIXOAHBIM 3BEHOM OJI-
HOTIOJIBMKHYIO KHHEMAaTHYECKYI0 mapy 5-ro kiacca (puc. 9.2). [TogBuKHOCTb 3TOM
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9. KYJIAYKOBbIE MEXAHU3MbI

KHHEMAaTHYECKOU IMapbl HC OKa3bIBACT BJIMAHUSA HaA IICPCAATOYHYIO (i)YHKIlI/II-O KYy-
JIJAYKOBOI'O ME€XaHU3Ma U SIBJISICTCS MECTHOM IIOABUIKHOCTBIO.

Puc. 9.2. KuneMaTnueckne cxembl KYJa4KOBBIX MCXaHU3MOB C POJINKOM

[Tpu BBeeHUU B CXEMY JOIOJHUTEIHHOIO 3B€HA — POJIMKa — MpeoOdpa3oBa-
HUE JBUKEHUS U CUJIOBBIX (DAaKTOPOB OCYILECTBISETCS MOCPEACTBAM CONPUKOCHO-
BEHUsl paboyeil MOBEPXHOCTU KyJlauyKa C MOBEPXHOCTHIO POJIMKA, KOTOPBIM B3au-
MOJICHCTBYET C BBIXOJHBIM 3B€HOM. B 3TOM ciyyae Kynadyok MMEeT JBa BHJA MPO-
¢duneit (puc. 9.3): KOHCTPYKTUBHBIA U TEOPETUYECKHIA.

0

Teopemuueckuii 3
(yenmpoeoti) npoghune

Koncempyxkmuenviii
(pabouuit) npoguns
a o

Puc. 9.3. Bunb npoduneit kyjgadka B KyJa4KOBBIX MEXaHHU3MaX

Koncmpyxkmusnwiii (pabouuii) npoguns — 370 HApyKHBIA MPOPUITH KyJIadKa.

Teopemuueckuti (yenmpogoti) npoguib — 310 NPOPUIIb, KOTOPBII OMUCHIBA-
€T LIEHTP POJIMKA MPHU €T0 MePEeKAThIBAHUK 0€3 CKOJBKECHHSI 110 KOHCTPYKTUBHOMY
npoUITIO KyJIadKa.

9.1. KNACCUDPUKALIUA KYNAYKOBbIX MEXAHU3MOB

KynaukoBbie MEXaHU3MBI KJIACCHPHUITUPYIOTCS:
1) mo ciny:xeOHOMY Ha3HAYEHUIO:
KyJIaYKOBbIC MEXaHU3MbI, 00ECIIEUYMBAIOIINE TEPEMEIICHNE BBIXOJIHOTO
3BEHA 110 33JIaHHOMY 3aKOHY JIBH)KCHUS;
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9. KYJIAYKOBbIE MEXAHU3MbI
9.1. Knaccudmkaumsa KynaykoBbIX MEXaHU3MOB

KYJIaYKOBBIE MEXaHU3MbI, OOECIIEUMBAIOIINE TOJIBKO 3a/JaHHOE MaKCHUMallb-
HOE TEpPEeMEIICHUE BBIXOJHOTO 3BEHA (XOJ TOJIKATENs WM Yrojl pa3Maxa KOPOMBbIC-
na);
2) 1O pacroyIOKEHHUIO 3BEHbEB B IPOCTPAHCTBE:
MJIOCKHUE KyJIauKOBble MeXaHu3Mbl (puc. 9.1, puc. 9.2);

IPOCTPAHCTBEHHBIE KYJIAYKOBbIE MEXaHU3MBbI (puc. 9.4);

Puc. 9.4. CxeMbl IpoCcTpaHCTBEHHBIX KYJAUKOBBIX MEXaHU3MOB

3) no BUAY ABMKEHUS KyJlauKa:
KYJIAYKOBBIE MEXAHHU3MBbI C BpaIllaTEIbHBIM JBH)KEHHUEM KyJlauka (puc. 9.2);
KyJIAUKOBBIE MEXAHW3MBI C ITOCTYTATEbHBIM JIBUKEHUEM KyJiauka (puc. 9.5);
KYJIAYKOBBIE MEXaHU3MbI C BHHTOBBIM JIBUKEHHUEM KYyJ1auKa;

Puc. 9.5. Cxemsbl KyJIa4KOBBIX MCXAaHU3MOB C MMOCTYNATCIbHBIM IBMKCHHUEM KyJIadyKa

4) mo BUY JBUKEHUS BBIXOJHOTO 3BEHA!
KYJA4KOBBIC MEXAHU3MbI C IIOCTYNATCIbHBIM JIBH)KCHHUEM BBIXOIHOTO
3BeHa (puc. 9.1, a, puc. 9.2, a, puc. 9.4, a, puc. 9.5, a);
KYJIQ4KOBBIE MEXaHU3MBI C BpAIlaTEIHHBIM JIBIIKCHHEM BBIXOJHOTO 3BCHA
(puc. 9.1, 6, puc. 9.2, 6, puc. 9.4, 6, puc. 9.5, 0);
5) 10 HAJTUYHUIO POJIMKA B COCTABE CXEMBI:
KYJa4KOBBIE MEXaHU3MBI C POJIMKOM (puc. 9.2, puc. 9.4, puc. 9.5);
KyJIA4KOBBIC MEXaHHU3MBbI ¢ Oe3 posnka (puc. 9.1);
6) 10 BUIy KyJIauKa:
KyJIQYKOBBIE MEXaHU3MBI C IJIOCKUM KyJiaukoM (puc. 9.1, puc. 9.2, puc.

9.5);
KYJIQ4KOBBIC MEXaHU3MBI C MTUIMHAPUICCKAM KyJTadkoM (puc. 9.4);
KyJIAYKOBbIE MEXaHU3MBbI C TJIOOOUIHBIM KylaukoM (puc. 9.6, a);
KyJIa4KOBBIE MEXaHU3MBI CO ChepHUEeCKUM KynaukoMm (puc. 9.6, 0);

i
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9. KYJIAYKOBbIE MEXAHU3MbI
9.1. Knaccudmkaumsa KynaykoBbIX MEXaHU3MOB

a o

Puc. 9.7. Cxemnl AC3aKCHUAJIBHBIX KYJIAYKOBBIX MCXaHNU3MOB

7) no ¢opme paboyeil MOBEpXHOCTH BBIXOIHOI'O 3BEHA!
KYJIa4KOBBIE MEXaHU3MBI C 3a0CTPEHHON pabodeii TOBEPXHOCTHIO BBIXO/-
Horo 3BeHa (puc. 9.1, g, puc. 9.7, 6, puc. 9.8, 6);
KYJA4KOBBIC MEXaHH3MBI C TUIOCKOHN pabodeii MOBEPXHOCTHIO BBIXOIHOTO
3BeHa (puc. 9.7, a, puc. 9.8, a);
KYJQ4YKOBBIE MEXaHHM3Mbl C IWJIUHIPUYECKON padboueil MOBEPXHOCTHIO
BBIXOJIHOTO 3BeHa (puc. 9.2);
KYJa4KOBBIE MEXaHU3MBI CO C(HEPUICCKON pabodeil MOBEPXHOCTHIO BHI-
XO0JIHOTO 3BeHa (puc. 9.7, 6, 2, puc. 9.8, 8, 2);
8) 10 HAJTMYHIO CMEIIICHUS:
Jie3aKCUAJIbHBIC KYJIauKOBbIE MEXaHU3MBI (puc. 9.7);
aKCUaJIbHbIC KYyJIa4YKOBBIE MEXaHU3MBI (puc. 9.8).
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9. KYJIAYKOBbIE MEXAHU3MbI
9.1. Knaccudmkaumsa KynaykoBbIX MEXaHU3MOB

Puc. 9.8. CxeMbl akCHaIbHBIX KYJIaUYKOBBIX MEXAHU3MOB

esaxcuanvuslii Ky1aukoewvlli Mexanu3m — 3TO KyJauKOBBIM MEXaHU3M, B KO-
TOPOM OCh ITYTH BBIXOJHOI'O 3B€HA CMEIIEHAa OTHOCUTENLHO LIEHTPa BpalCHUs KYy-
JayKa Ha HEKOTOPYIO BeluuuHy (puc. 9.7). BennunHa cMellleHHs] Ha3bIBA€TCS IKC-
LEHTPUCUTET, WIH JIe3aKCHall, 1 0003HayaeTcs e.

AKcuanvhvlll Ky1auKkoeblltl MeXanu3m — 3TO KyJAYKOBbIM MEXaHU3M, B KOTOPOM
0Cbh ITyTH BBIXOJHOT'O 3BE€HA IMPOXOJUT Yepe3 LIEHTP BpallleHus KyJauka (puc. 9.8).

9.2. CNOCOBbI 3AMbIKAHUA INEMEHTOB
BbICLLEN KWHEMATUYECKOW NAPDI

B nporiecce aBMKEHUS KyJAUYKOBBIX MEXaHM3MOB BO3MOYKHA CUTYAITUs MPH-
BOJSIIAS K MOTEPE KOHTAKTA TOJIBIKHBIX 3BEHBEB, YTO MPUBOJNUT K Pa3MbBIKAHHIO
3JICMCHTOB BBICIICH KHHEMATHYECKOU maphl. Pa3MbIkaHHE 3JICMEHTOB BBICIIICH KH-
HEMaTHYEeCKOM IMaphbl MPUBOJUT K MPEKPAIICHUIO €€ CYIIECTBOBAHUIO, UTO OTpaXka-
€TCsI Ha 3aKOHE JBIDKCHHS 3BEHBEB B BUJIC HAJIMUNS Pa3phIBOB U HEIOITYCTUMO JIJIs
HOPMAaJIbHON PabOThI KyJa4KOBBIX MEXaHW3MOB. J[7s oOecreueHus MOCTOSTHCTBA
KOHTaKTa 3BE€HHEB, 00PA3YIOMNUX BBICITYI0O KHHEMATHYECKYIO Mapy, B KyJa4KOBBIX
MEXaHU3MaX UCIOJIb3YIOTCS CIEIYIONINE CITIOCOOBI 3aMbIKAHUS

Cunosoe 3amvikanue — 3TO CIOCOO oOecIeUeHUs] MOCTOSHCTBA KOHTAKTa
3BCHBEB BBICIICH KHHEMATHYECKOM Maphl MMOCPEICTBOM MCIIOJIB30BAHUS CHII TSDKE-
CTH 3BEHBCB WJIM CHJI YIIPYTOCTH NIPYKUH (puc. 9.9).

B xynadkoBBIX MeXaHHW3MaX C CUJIOBBIM 3aMBbIKAHUEM 3BEHBEB, 00Pa3yIOIINX
BBICIITYIO Tapy, JBM)KCHUE BBIXOAHOTO 3BEHA Ha (pa3e yJajaeHUs OCYIICCTBIISICTCS
3a CYET BO3JICUCTBHS KOHTAKTHOM MOBEPXHOCTH KyJIaukKa Ha KOHTAKTHYIO TTOBEPX-
HOCTh BBIXOJHOTO 3BEHA, T. €. BEAYIIUM 3BECHOM SIBISICTCS KYJIAdOK, a BEIOMBIM
3BEHOM — BBIXOJHOE 3BEHO: TOJIKATENIb MM KOpoMmbIciio. Ha da3ze cOmmxeHus BbI-
XOJIHOE 3BEHO JBWIKETCS BCIICJCTBUE JNEHCTBUS CHJIBI YIIPYTOCTH TPYXUHBI WA
CHJIBI TSDKECTH BBIXOJIHOTO 3BCHA, T. €. BEAYIIUM 3BEHOM SIBJISICTCS BBIXOJHOE 3BE-
HO: TOJIKaTeJIb WK KOPOMBICIIO, a BEJIOMBIM 3BEHOM — KYJIAuOK.
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9. KYJIAYKOBbIE MEXAHU3MbI
9.2. CnocoObl 3aMbIKaHMSA 3NIEMEHTOB BbICLLEW KNHEMATUYECKOW Napbl

a o

Puc. 9.9. Cxembl KyTauKOBBIX MEXAHW3MOB C CHJIOBBIM 3aMbIKAHUEM

T'eomempuueckoe 3amvikaHue — 3T0 CIOCOO 0OecTieueHus MOCTOSHCTBA KOH-
TaKTa 3BCHBEB BBICIICH KWHEMAaTUYECKOW Maphbl MOCPENCTBaM KOoHpHrypamuu pa-
0oumnx MmoBepxHocTen Kynauka (puc. 9.10).

Buympennss pabouas
NOBEPXHOCMb

Hapyoicnas pabouas
N0B8EepPXHOCMb

Puc. 9.10. Cxembl Ky1auKOBBIX MEXAHU3MOB C TEOMETPUUECKUM 3aMbIKAHUEM

B kynaukoBbIX MexaHU3MaX C T€OMETPUUYECKUM 3aMbIKaHUEM 3BEHBEB, 00-
Pa3yIOMUX BBICHIYIO Mapy, ABMKEHUE BBIXOJHOTO 3BEHA Ha (pa3e ymajieHus ocy-
HISCTBIISIETCS 32 CUET BO3JIEUCTBUSI HApYKHOUM paboueill MOBEPXHOCTH KyJadyka Ha
KOHTaKTHYIO TIOBEPXHOCTh BBIXOJHOTO 3BeHA. J[BM)KeHHE BBIXOJHOrO 3BeHa Ha (ha-
3¢ CONMMKEHUS SBIIAETCS CIIEICTBUEM BO3CHCTBUS BHYTpEHHEH pabouel moBepx-
HOCTH KyJlauKa Ha KOHTaKTHYIO MOBEPXHOCTh BBIXOJHOTO 3BeHA. Ha obeux dazax
BEIYIIMM 3BCHOM BBICTYIIAET KYJIAYOK, @ BEIOMBIM 3BEHOM SIBIIIETCS BBIXOIHOE
3BEHO: TOJIKATEJIb WU KOPOMBICIIO.
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9. KYJIAYKOBbIE MEXAHU3MbI

9.3. OCHOBHbIE MAPAMETPbI
KYNAYKOBOIO MEXAHU3MA

KynaukoBbie MeXaHU3MBI, 00pa30BaHHBIC HAa 0a3€ TUITOBBIX CXEM, OTHOCATCS
K [UKJIOUIATbHBIM MEXaHU3MaM C TIEPHOIOM pabOThI, paBHBIM 27T, M XapaKTEpH-
3YIOTCSl HAIMYMEM HECKOJBKUX (a3 ABMKCHUS BBIXOAHOTO 3BeHa (puc. 9.11):

Gaza yoanenus — 310 ($aza ABMKCHHUS 3BCHBECB KYJIAYKOBBIX MEXaHHU3MOB,
COTIPOBOXAaeMasi TEPEMEIICHHEM BBIXOIHOTO 3BEHA M3 HIDKHETO IOJIOKCHHS B
BEpXHEe;

paza eepxneco cmosiHus unu eblcmos — 370 (aza IBIKEHUS 3BEHbEB KyJlau-
KOBBIX MEXaHU3MOB, COIIPOBOXKIAEMAs CIMOAHUEM UIU 8bICIOEM BBIXOHOTO 3BEHA
B BEPXHEM TOJIOKECHHH;

Gaza conuxicenus — 310 daza ABUKEHUS 3BEHHEB KYJIAYKOBBIX MEXaHU3MOB,
COIIPOBOXIaeMasl MEePEMEIICHUEM BBIXOIHOTO 3BEHA M3 BEPXHETO IOJOXKCHHS B
HIDKHEE;

Gasza HudxCHe20 CMosAHUsA UIU 8blcmosi — 3TO (pa3a IBUKEHUS 3BEHBEB KyJlad-
KOBBIX MEXaHU3MOB, COITPOBOXKIAEMAS CIMOAHUEM UL 8bICIOEM BBIXOTHOTO 3BEHA
B HIDKHEM TTOJIOKCHUH.

S A

Henoosuoichoe
cocmostue I

Tloosuocroe cocmosinue

2 O
Dasza Dasza -
Dasza Dasza
8epXHe20 HUIICHE20
yoaneHus conudiceHus
8bICMOSL 8bICMOS
(py (PB,B (Pc (PH.B
< > >l >le >
< P >l Prx >

Puc. 9.11. ®a3pl qBMKEHMS BBIXOJHOTO 3BE€HA KYJIAYKOBBIX MEXaHU3MOB

Kaxxnas ¢aza nBuKeHUS 3BEHbEB KYJAUKOBBIX MEXAHU3MOB XapaKTepU3yeT-
Cs1 COOTBETCTBYIOILIMMHM JIBYMs BUAaMH yIJioB (puc. 9.12):

@ az06viti yeos ¢ — 3TO yroja MOBOPOTA KyJayKa 3a BpeMs JACHCTBUS OIpee-
JIEHHOM (pa3bl IBUKEHUS BBIXOJIHOTO 3BEHA;

npogunvrblll y2os O — 3TO yIJIOBask KOOpJIUHATA paboUeil TOUKU TEOpeTHYE-
CKOro MpoQuiIst KyJilayka, COOTBETCTBYIOIIAs TEKylIeMy (Pa30BOMY yTIy.

B cootBercTBHHM ¢ knaccudukammeit ¢has, ¢pazoBbie yIIbl ASTATCS HA YEThIPE
Buja (puc. 9.11):

(asoBelii yron ynanenus @y (puc. 9.12);
(ha30BbIN YOI BEpXHETO CTOSTHUS WIH BBICTOS @y 5, (pHC. 9.12);
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9. KYJIAYKOBbIE MEXAHU3MbI
9.3. OCHOBHbIE NapaMeTpbl KyNa4ykoOBOro MexaHu3ma

¢azoBbIit yron commkenus ¢, (puc. 9.12);
(a30BBIN Yo HUXKHETO CTOSIHUS WJIM BBICTOS @y (puc. 9.12).

Puc. 9.12. ®a3oBble U NpoPUIbHBIE YIIIbI KyJIaYKOBBIX MEXaHU3MOB

CyMMa Bcex yeTbIpex (pa3zoBbIX yIi0B 00pa3yeT HUKIOBOU (a30Bblil yroJ:
(P = (Py + (PB.B + (Pc + (PH.B = 27[’

CyMMa nepBbIX TpeX (pa30BbIX YIJIOB COCTaBISIET (ha30BbIA Yroy pabouyero
X0/J1a KyJIauKOBOT0O MexaHu3zMma (puc. 9.11):

(Pp.x = (py + (pB.B + (Pc'

®a30BBIN YOI XOJIOCTOTO XO0Ja KyJIauKOBOTO MEXaHHW3Ma paBeH (pa3zoBoMy
yTJIy HUKHETO BeICTOS (puc. 9.11), T. €.

(px.X = (PH.B'

Kaxxgoii (aze nBrKeHHUS 3BEHBEB KYJAUYKOBBIX MEXaHU3MOB COOTBETCTBYET
CBOM NPO(UIIbHBIN YTOJI, YTkl TAKXKE JEIATCS Ha YeTbipe Buaa (puc. 9.12):

yroJ yajneHus Oy;

yTOJI BEPXHETO CTOSIHHSI MU BBICTOS Oy ;

YTOJI CONMMKEHUS O;

YTOJI HUKHETO CTOSTHUS TN BBICTOS Oy .

B ob6mem cnydae (a3oBbIii U mpodUIBHBIA YIIBI COOTBETCTBYIOLIUX (a3
JBUYKCHUSI 3BEHBEB THUIOBBIX KYJAQUKOBBIX MEXaHHU3MOB HE PaBHBI JPYT IPYTY:

¢ # 0.

PaBeHcTBO ha30BBIX UM MPOPUIBHBIX YTJIOB COOTBETCTBYIOMMX (Da3 ABUKeE-
HUS 3BEHBEB XapaKTEPHO TOJIBKO Ha (pa3ze HIKHEro BeICTOS (puc. 9.12), a ans oc-
TaNbHBIX (Da3 IBMKEHUS 3BEHBEB MMEET MECTO TOJIbKO JJISi THUIMOBBIX KyJIauKOBBIX
MEXaHU3MOB 0€3 pojIuKa.

i
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9. KYJIAYKOBbIE MEXAHU3MbI

9.4. CTPYKTYPHbIN AHANU3
NNOCKUX KYNAYKOBbIX MEXAHU3MOB

3BEHBS TUIOBBIX KYJAYKOBbIE MEXaHM3Mbl COBEpPIIAIOT JIBUKEHUS B Mapaj-
JIEJIBHBIX IUIOCKOCTSIX, CJIEAOBATENIbHO, JAHHBIE MEXAHU3MBI SIBJISIOTCS INIOCKUMH,
HOJIBUKHOCTh KOTOPBIX pacCcUUThIBaeTCs Mo popmysie YeObiena.

Kynauxosvie mexanuzmor 6e3 poruxa (puc. 9.1). Ctpyktypa 000UX BHIOB TH-
NOBBIX KYJIAYKOBBIX MEXaHW3MOB COCTOUT W3 TPEX 3BEHBEB, U3 KOTOPBIX KyJIA4OK 1 u
TOJIKATEb UM KOPOMBICIIO 2 SIBJISIOTCS OABHKHBIMU 3BEHbSIMU, a cTOMKa () — Heno1-
BIKHBIM 3BEHOM, CJI€0BATENBHO, 77 = 2. CTOMKA NPEICTAaBICHA B CXEME MEXaHU3MA C
TOJIKaTEJIeM OJTHOM IapPHUPHO-HEMOABUKHON OMOPOM M HEMOABIKHBIM TOI3YHOM, a B
CXE€ME MEXAHHW3MOB C KOPOMBICIOM — JBYMS HIAPHUPHO-HETIOJBMKHBIMUA OIOpPAMHU.
[ToaBukHbIE 3BEHBS M CTOMKA 00pa3yIoT JIBE BpalllaTeIbHble KHHEMAaTUYECKUE Taphl C
MOJIBUKHOCTBIO, paBHOU equnumie: 0 — 1, 2 — 0 1 oHy BBICIIYI0O KHHEMAaTHYECKYIO Ta-
Py C MOABHKHOCTBIO, paBHOW ABYM: | — 2, crienoBaTensHo, p; =2, pr = 1.

[loacTaBuB MOIyYEHHBIE JAHHBIE B CTPYKTYPHYIO (POPMYITY, OJTYUHM

W=3.2-2.2-1=6-4-1=1.

Pe3ynprar 03HayaeT, 4To A1 OAHO3HAYHOI'O OINPEAEIICHHUs B3aMMHOIO pac-
MIOJIO’KEHUS 3BE€HbEB MEXaHU3MOB JJAHHOTO BHJIA JIOCTATOYHO OJHOW 0000IIEHHON
KOOPJMHATHI.

Kynauxosvie mexanuzmol ¢ poauxom (puc. 9.2). CxemMbl 000UX KyJIA9KOBBIX
MEXaHU3MOB COCTOSIT U3 YETHIPEX 3BEHBEB, U3 KOTOPBIX KYJA4YOK 1, TONKaTenb WIn
KOPOMBICIIO 2 Y POJIMK 3 SIBJISIOTCS NMOABUKHBIMU 3BEHBSMH, a CTOMKa 0 — Hemox-
BIDKHBIM 3BEHOM, CJIEZIOBATENBHO, 7 = 3. CTOMKA NPEACTABIIEHA B CXEME MEXaHU3Ma C
TOJIKATEJIEM OJHOM IIAPHUPHO-HETIOABUKHOM OITOPON M HETIOABHKHBIM ITOJI3YHOM, a
B CXEME MEXaHH3MOB C KOPOMBICIOM — JBYMs [IAPHUPHO-HETIOABHKHBIMU OTIOPAMH.
[TonBmxHBIE 3BEHbS U CTOWKA 00pa3yloT TpU BpalllaTesIbHbIe KUHEMATUUYECKUE Taphl
C MOABMKHOCTBIO, paBHOM equnmie: 0 — 1, 2 — 3, 3 — 0 u ogHy BBICIIYIO KHHEMATH-
YECKYIO Iapy € MOABWKHOCTBIO, paBHOM 1BYM: | — 3, cenoBarensHo, p; =2, pr = 1.

[ToacTaBuB MOy4eHHbIE JAHHBIE B CTPYKTYPHYIO (POPMYITY, OJTYYHM

W=3.3-2.3-1=9-6-1=2.

Pacuer o ¢opmyne UeOblmeBa Al TUMOBBIX KYJAYKOBBIX MEXaHH3MOB C
POJIMKOM MOKa3bIBAET, YTO MOJABUKHOCTh paBHA ABYM. Pe3ynbTaT roBOpUT O HaJu-
g 1e(EKTOB CTPYKTYPhl B CX€MaX THUIOBBIX KYJAYKOBBIX MEXaHHU3MOB C POJIU-
KOM, YTO CBUJETENBCTBYET O HAJIUYUHU JBYX BUAOB MOJBHKHOCTEN pa3sHOro (hyHK-
LMOHAJILHOTO Ha3HaueHMs. [0ABMKHOCTH TUMOBOrO IJIOCKOIO KYJIAYKOBOTO Me-
XaHU3Ma C OJIHUM BEIYIIMM 3BEHOM, 00pa3yIoluM NMEPBUYHBIA MEXaHU3M C TMOJI-
BIJKHOCTBIO, PABHOW €MHUILIE, paBHA €IMHMIIE, CIEAOBATEIbHO, BTOpas €AUHULA
MOJABM)KHOCTU TPHUXOAMUTCS HA JOJ0O MECTHOM MOJBHUKHOCTH, 0Opa30BaHHOM PO-
JIMKOM C BBIXOJHBIM 3BEHOM:

W=2=W,+W, =1+1,

rae Wy, W, — COOTBETCTBEHHO, OCHOBHAs (pacueTHasl) U MECTHas MOJBUKHOCTb
KyJIAYKOBOT'O MEXaHU3Ma.
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9. KYJIAYKOBbIE MEXAHU3MbI

9.5. KUHEMATUYECKUA AHANKU3
NNOCKUX KYNAYKOBbIX MEXAHU3MOB

JIns mpoBeneHnss KMHEMAaTHYECKOr0 aHalu3a THUIOBBIX KYJIAYKOBBIX MeEXa-
HU3MOB HEOOXOJMMO 3HAaTh OCHOBHBIE pPa3Mepbl BCEX €r0 3BEHbEB MJIM 3aKOH JIBU-
JKEHUS BBIXOJHOTO 3BEHA.

B obmem cnyyae 1enpi0 KHHEMAaTHYECKOrO aHajM3a THUIIOBBIX KYJIaYKOBBIX
MEXAHU3MOB IIPU 33JJaHHOW CXE€ME€ MEXaHU3Ma SIBIISIETCS OINPEACIICHUE 3aKOHA JIBU-
YKEHUS BBIXOJHOTO 3BEHA, a MPU U3BECTHBIX OCHOBHBIX pa3Mepax BCEX 3BEHBEB — OIl-
peneneHne 3aKOHa IBUKEHUS BBIXOIHOTO 3BEHA.

3aKOH JIBM)KEHUS BBIXOJHOTO 3B€HA OMPEEISIIOT KaK (PYyHKIIMIO OT yIJia Imo-
BOPOTa KyJlauKa MUCXOJAS U3 OCOOEHHOCTEW CTPYKTYPhl KYJAUKOBOTO MEXaHU3Ma U
3aJIaHHBIX [1APAMETPOB:

S=A9),

TJIe (¢ — YroJl IOBOPOTa KyJIauKa.

Jlannas pyHKIIMOHATEHAS 3aBUCIMOCTb MOYKET OBITh MOy4YeHA aHATUTUIECKUM
WM Tpad0aHAUTUTHYECKIM METOIOM. AHAIUTHYECKUA METOT, KaK M TIPH aHAJTU3E Me-
XaHU3MOB JIPYTHX BHUJIOB, ITO3BOJISCT IMOMyYUTh 0OJIC€ TOUHBIC JaHHBIC, OJJHAKO Tpa-
(hoaHATUTHYECKHUI METOJT OOJIee MPOCT M JAaeT HATJISIHBIA Pe3yJbTar, uTo U 00YCIIo-
BWJIO €T0 IIMPOKOE PACIIPOCTPAHEHUE B WHXKEHEPHBIX pacueTax Ui MOJy4YeHHUs mep-
BUYHOTO TIPEJICTABIICHUS O 3HAYCHHUAX M 3aKOHOMEPHOCTSX M3MCHEHUS] KHHEMaTHUe-
CKHX ITapaMeTPOB KYJIAYKOBBIX MEXaHU3MOB UCXOIS M3 33JJaHHBIX YCIIOBHH.

I paghoananumuueckuii Memoo KHHEMaTHYECKOTO aHAJIM3a MOXKET OCYIIECT-
BIISITECS IBYMsI METOJAaMH: METOJOM KHHEMAaTUYECKHX TUarpaMM WM METOJIOM
KMHEMAaTHYeCKUX TUTAaHOB. METOJ TUTAaHOB NMPHMEHHUTEIBPHO K aHAJIM3y THITOBBIX
KYJIa4KOBBIX MEXaHU3MOB OCHOBAH Ha MCIOJb30BaHUHU 3aMCHSFOIIMX MEXaHU3MOB.

3amensowuii MexaHuzm — 3TO MEXaHU3M, CTPYKTypa KOTOPOTO COJEPKHUT
TOJIBKO HU3IINE KHHEMATUYECKHE Maphl, MMCIONINE MPU OMPEACICHHBIX TOJ0XKE-
HUSAX BEIYIIETO 3BCHA T€ )K€ MEPEMEIICHUS, CKOPOCTH U YCKOPECHUS JJISI BBIXOIHO-
T'O 3BCHA, YTO M COOTBETCTBYIONIUH €My MEXaHHU3M C BBICIIICH MTapOM.

[Tpu BBIOOpE CXEMBI 3aMEHSIOIIETO MEXaHU3Ma OCHOBHOE BHUMAHUE Y-
IOT COXPAaHEHHUIO 3aKOHOB JIBI)KCHHUS BEIYIIIETO U BBIXOTHOTO 3BCHBEB KYJIAYKOBBIX
MEXaHW3MOB M B3aHMHOMY PAaCIIOJIOKECHUIO OCel 3TH 3BeHbeB. Kakmass BwICIIas
KMHEMaTH4ecKas mapa 3aMeHsIeTCs] IByMsI HU3IIMMU TTapaMH, YTO TMPUBOJUT K TIO-
SIBIICHUIO B CTPYKTYpPE 3aMEHSIONIETO MeXxaHu3Ma GUKTHBHOTO 3BeHa 3. Mcxomst u3
BBIIIIECKA3aHHOTO, C YYETOM BH/IA B ABUKCHUS, COBEPIIAEMOTO BEIXOIHBIM 3BCHOM,
CXEMBI KYJIaYKOBBIX MEXaHH3MOB 3aMCHSIOT COOTBETCTBYIOIIEH CXEMOW THUIIOBOTO
PBIYAKHOTO MEXaHU3MA.

KunemaTudeckuii aHajau3 THUIOBBIX PHIYKHBIX MEXaHU3MOB PAaCCMOTPCH
BBIIIE (CM. TJI. 2).

B GosbmivHCTBE ciiydaeB 3aKOH JABUKEHUSI BBIXOJHOTO 3BEHA THUIIOBOTO KY-
JAYKOBOTO MEXaHW3Ma 3aJlaH MOCPEICTBAM BTOPOUM MPOW3BOIHON MYTH IO YTy
MOBOPOTAa WJIM IO BpEeMEHH (HaJOr YCKOpeHHWs). B 3ToM ciydae mis moydeHUs
HETOCPEJICTBEHHO 3aKOHA JIBF)KCHHS BBIXOJHOTO 3BEHA MCIOJIB3YETCS METOJ KH-
HEeMaTU4YeCKuX auarpamm (puc. 9.13).
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9. KYJIAYKOBbIE MEXAHU3MbI

9.5. KuHemaT4eCKMi aHanu3 NOCKUX KynaykoBbIX MEXaHU3MOB
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Puc. 9.13. Kunematnueckuii aHainu3 KyJ1auKOBBIX MEXaHU3MOB METOJIOM IUarpamMm

HpOHCCC OIIpCACIICHNA 3aKOHAa ABHMIXCHHA OCYIICCTBIIACTCA B HHIKCIIPUBC-
,Z[QHHOﬁ IHOCJICAOBAaTCIBHOCTH.
BHa‘{aJIC, HCXO0AA N3 3aJlaHHBIX YCHOBHﬁ, CTpOUTCA uarpaMma aHajaora ycC-

d’s
==f ((p) (puc. 9.13, a). 3arem, BOCTIOIH30BABIINUCH TPAUUECKUM HH-
do
TErPUPOBAHUEM JUArpaMMbl aHajora yCKOPEHHS, CHadanga GOpMHUPYIOT Juarpam-

KOpEHUS

My aHAJ0ra CKOPOCTH j—s = 1 () (puc.9.14, 6), moToM, HCIIONB3Ys rpaduIecKoe
¢

VHTETPUPOBAHUE JUArpaMMbl AaHAJIOTa CKOPOCTH, MOJYYaKOT IHArpamMMy IIyTH

s=f(¢) (puc.9.13, 6).
KuHeMaTH4ecKHii aHAIM3 T03BOMSET TONYyYUTh HEOOXOAUMBIE JAHHBIE IS
Tmepexosa K 9Taly METPUUECKOTO CHHTE3a KylIauyKOBBIX MEXaHH3MOB.

9.6. CUHTE3 NNOCKUX KYNAYKOBbIX MEXAHU3MOB

OCHOBHBIMHM KPUTEPHUSIMHU, KOTOPBIMH PYKOBOJACTBYIOTCS NMPU PELUICHHUM 3a-
Jlad CUHTE3a KYJAYKOBBIX MEXAHHU3MOB, SIBJISIIOTCS: MUHHUMH3AIMS TrabapuTHO-
MAaCCOBBIX XapaKTEPUCTUK W 3HAYCHUH YIJIOB JABJICHHS, a TaKke oOecreueHue
TEXHOJIOTUYHOCTH KOHCTPYKTHBHOTO MPODUIIS KyIauKa.

CuHTe3 TF000T0 KYJIauKOBOTO MEXaHM3Ma BBITIOJHSIETCS B JIBa 3TAra: CTPYK-
TYPHBIA CHHTE3 U METPUUECKHUI CUHTE3.

Ha stame cTpykTypHOTO CHHTE3a OCYIIECTBIISIETCS (DOPMHUPOBAHUE CTPYK-
TYpHOH CXEMBbI KyJTa4YKOBOTO MEXaHU3Ma, T. €. 0OOCHOBBIBACTCS YUCIIO 3BEHHCB

i
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9. KYJIAYKOBbIE MEXAHU3MbI

9.6. CMHTE3 NNOCKMX KyNayKkoBbIX MEXaHU3MOB

NOABHMKHBIX 3BE€HBEB M BUJbI JBH)KEHHUS, UMH COBEPIIAEMOI0; KOJIUYECTBO M
BHJI 3JIEMEHTOB CTOMKH; YHUCJO, KJacC M NOABHKHOCTh KMHEMATHYECKUX Tap,
KOJIMYECTBO M BUJ KMHEMAaTHYECKHX Lenei. J[OMmoJHUTENbHO 00OCHOBBIBAETCS
BBEJCHUE B CTPYKTYPY KYJIA4YKOBOTO MEXaHW3Ma KaK0M M30BITOYHOU CBSI3H U
MECTHOM MOJBIXKHOCTH. ONpeAeNsionMMUA YCIOBUSIMU MPU BbIOOpPE CTPYKTYp-
HOM CXEMBbI ABJISIOTCS: 3aJaHHbIe 3aKOHBI TPe0Opa3oBaHus ABUKEHUS BXOJTHOTO
Y BBIXOJHOT'O 3BEHBEB U B3aUMHOE PACIIOJIOKEHUE OCEH 3TUX 3BE€HbEB. Eciin ocu
BXOJHOTO M BBIXOJIHOTO 3BE€HBEB MapajlIeIbHbI, TO BRIOMpPAETCA IUIOCKAsg cXema
Mexanusma. [Ipu nepecekarommxcs WIM NePEeKPEUIMBAIOIIUXCS OCSIX HEOOXOAM-
MO HCHOJIb30BaTh MPOCTPAHCTBEHHYIO cXeMy. B KyllaukoBBIX ME€XaHU3Max, pa-
OoTaromuX MoJ JAEHCTBUEM HEOOJBIIMX CHIIOBBIX (DAKTOPOB, UCHOJB3YIOT BbI-
XO/JIHO€ 3BEHO C 3a0CTPEHHOM paboyeill MOBEPXHOCThIO. B KylauKoBBIX Mexa-
HU3MaX, paboTaromuX Mo JSUCTBUEM OOJBIIUX CHJIOBBIX (PAKTOPOB, C IEIbIO
MOBBIIIEHHS JOJITOBEYHOCTU M YMEHBIIIEHUSI U3HOCA B COCTAB CTPYKTYPY BBOAST
POJIMK WJIM yBEJIWYMUBAIOT MPUBEACHHBIA pajlyC KPUBU3HBI KOHTAKTUPYIOIIHMX
MOBEPXHOCTEH 3BEHBEB.

Ha stane meTpuueckoro CuHTE3a ONpeesIIOTCS OCHOBHBIE pa3Mephl 3BEHb-
€B KYJA4KOBOTO MEXaHU3Ma U KOHpUrypalusi paboynx MmoBepxHocTel npodusieit
KyJaudka, obecrieunBaronas peajnu3alnio 3aJaHHbIX 3aKOHOB JIBIDKCHUS U TIepeia-
TOYHON (PYHKIMH UM MAKCUMAaJIbHOTO MEePEMELIEHHUS BBIXOJHOTO 3BEHA.

9.7. 3AKOHbI ABUXEHUA BbIXOAHOIO 3BEHA

Ecnu B TeXHUYECKOM 3aJJaHUU YCIIOBUSIMU METPUYECKOIO CUHTE3a KYJIAuKO-
BOI'0 MEXaHU3Ma 3aKOH JIBUKEHUSI BBIXOTHOTO 3B€HA HE 3aJ]aH, TO €r0 HEOOXO0IUMO
CaMOCTOATENbHO BBIOpAaTh W3 HAOOpa TUIIOBBIX 3aKOHOB JABUKEHUS, KOTOPHIE Jie-
JSITCA HAa TPU TPYIIIIBL:

3aKOHBI Oe3yaapHbie (puc. 9.14);

3aKOHBI C )KECTKHUMHU ynapami (puc. 9.15);

3aKOHBI C MSATKUMU yaapamu (puc. 9.16).

OCHOBHBIMH MPEICTABUTEISIMU O€3yAapHBIX 3aKOHOB JIBHKEHUS BBIXOJIHBIX
3BEHBEB SBIISIIOTCS: CUHYyCOMAaNbHbIN (puc. 9.14, a) u TpaneneuganbHbIil 3aKOHBI
nekeHust (puc. 9.14, 6). Ob6a 3akoHa 00eCIEeUUBAIOT TUIABHYIO pabOTy MEXaHU3-
Ma, OJHAKO MMEIOT CYIIECTBEHHBIM HEJOCTATOK, BBIPAXKAIOIIMIICA B MEIJICHHOM
HapacTaHUM MEPEMEIICHUSI BBIXOJHOTO 3B€HA, COMPOBOXKAAEMOT0 OOJIBIIUMU 3HA-
YEHUSIMU YCKOPEHUI.
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9.7. 3aKOHbI ABUXEHMUS BLIXOQHOTO 3BEHa
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Puc. 9.14. be3ynapHbie 3aKOHbBI JBH>KEHUS BBIXOJHOTO 3B€HA KyJIa4YKOBOI'O MEXaHU3Ma

besynapHble 3aKOHBI JTBM)KCHUSI BBIXOIHBIX 3BEHBEB SIBIISIOTCS MPEAIOYTH-
TEJBHBIMH C TOYKU 3PEHUS BOCTIPUSTHS 3BEHBSIMHU KYJIAYKOBBIX MEXaHU3MOB CHIIO-
BbIX (akTopoB. Kymaukw, peann3oBaHHBIC MO O€3yJapHBIM 3aKOHAM JIBHYKCHHS,
UMEIOT KOHCTPYKTHBHBIE Mpoduisi Oosiee CIIOKHOM KOH(UTYypaluy, U3roTOBJICHHE
KOTOPBIX TEXHOJIOTUYECKH CIIOKHO, T. K. TpeOyeT MPUMEHEHHUS BEICOKOTOYHOTO 000-
PYJIOBaHHUS, MIOATOMY WX W3TOTOBJICHHE CYIIECTBCHHO Jopoke. KymaukoBeie mexa-
HU3MBI ¢ O€3y/lapHBIMH 3aKOHAMH BBIXOJIHBIX 3BEHBEB IIEJIECOO0OPA3HO MPUMEHSTH
IIPU BBICOKHUX CKOPOCTSX M KECTKHX TPEOOBAHMSIX K TOYHOCTH U JIOJITOBEYHOCTH.

S S
2m / \; 2m
d£ A ‘([V) dis A | (p
do 2‘71‘ do 2‘75‘
428 ? as | M
A A
do? [+ o0 + o0 do? | N
Y } 2n 2m
a o6

Puc. 9.15. 3akoHbl IBUKEHUS BEIXOIHOTO 3B€HA KyJaYKOBOIO MEXaHU3Ma
C )KECTKUMH yJapamu

i
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9.7. 3aKOHbI ABUXEHMUS BLIXOQHOTO 3BEHa
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Puc. 9.16. 3akoHBI JBMKEHMS BBIXOHOTO 3B€HA KYJIAYKOBOIO MEXaHU3Ma
C MATKMMH yJapaMu

OCHOBHBIMU TIPEICTABUTEIISIMU 3aKOHOB JIBUXKEHUSI BBIXOJHBIX 3BEHBEB C JKE-
CTKUMH yJIapaMH SBIISIIOTCS: TUHEHHBIN (puc. 9.15, @) u JTUHEHHBIH ¢ NepeX0 HbIMU
KpuBbIMU (pHc. 9.15, 0). Iy 3aKOHOB C KECTKUMHU YJapaMu XapaKTEPHO HATMYHUE B
HayvaJie ¥ KoHIle (a3 yaaneHus u cOMMKEHUS TOUEK, UMEIOIINX 3HAUYEHUsI YCKOPEHUH,
TEOPETUUYECKU PABHBIX OCCKOHEYHOCTH, YTO BBI3BIBACT B 30HE KOHTAKTa 3BEHHEB KY-
JJAYKOBOTO MEXaHW3Ma TIOSBIICHHE CHJI MHEPIMH, TAKKE PAaBHBIX OECKOHEYHOCTH.
JlaHHOe sBJIEHUE CBUAETENBCTBYET O BOBHUKHOBEHUHU COYJIApPEHUsI pab0UMX MOBEpX-
HOCTEW KOHTAKTUPYIOIIUX 3BEHBbEB. 3aKOHBI C KECTKUMH yAapaMu HUMEIOT OTrpaHu-
YEHHOE MPUMEHEHNE M WCIOJB3YIOTCS B HEOTBETCTBEHHBIX MEXaHU3MaX, paboTaro-
IIUX TIPH HU3KUX CKOPOCTSX IBUKEHUSI M HEBBICOKOU JTOJITOBEYHOCTH.

Jiis oGecrieueHrs] KAYECTBEHHBIX TMOKa3aTenel KyJIadyKoBOro MexaHu3Ma Hau-
0oJ1ee MPeANOYTUTEILHBIMU SIBISIIOTCS 3aKOHBI JIBUKEHUS BHIXOHBIX 3BEHBEB C MSIT-
KMy yaapamu. K mogo0HpIM 3aK0OHaM OTHOCSTCS: PaBHOYCKOPEeHHBIH (puc. 9.16, a),
KOCUHYCOUAAIBHBIN (puc. 9.16, 6), nuHEHHO-yOBIBatoImil (puc. 9.16, 8) u IUHEHHO-
Bo3pacTtarommii (puc. 9.16, 2).

3aK0HBI ¢ MATKUMU yAapaMH JOMYyCKAIOT HAIMYNE COyAapeHus pabouux mo-
BEPXHOCTEN KOHTAKTUPYIOUIMX 3BEHBEB KYJAYKOBOIO MEXAHM3Ma, BO3ZHUKAIOIIWE
IIPU MTHOBEHHOM M3MEHEHHUH 3HAYEHUN YCKOPEHHI TOYEK KOHTAKTa Ha KOHEYHYIO
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9. KYJIAYKOBbIE MEXAHU3MbI

9.7. 3aKOHbI ABUXEHMUS BLIXOQHOTO 3BEHa

BEJIMUMHY. MArKue yaapsl MEHEE ONIacHbl. Peann3annst JaHHBIX 3aKOHOB OCYIIIECT-
BJISIETCSI B ME€XaHU3Max, padOTaoIUX C HEOONBIIMMU CKOPOCTSAMU NPHU BBICOKOU
JOJITOBEYHOCTH.

B neiictBuTenbHOCTH HanOOMIbIIEE PACIPOCTPAHEHHE MMEIOT KOMOMHHUPO-
BaHHBIE 3aKOHBI, T. €. 3aKOHBI JBHXECHHs, 0Opa30BaHHBbIC OJHOTUIHBIMH (DYHK-
IUSAMU WK QYHKIUSMU pa3HbIX TPYIIIL.

9.8. ONPEAENEHME PAOIUYCA
UCXOOHOIO KOHTYPA KYJTAYKA

["aGaputHbie pa3Mepsl KyJIayKOBOTO MEXaHH3Ma OIpPeNessSIoTCs mapaMeTpa-
MU UCXOJHOTO KOHTypa Kyiaudka. [[ojokeHHne HeHTpa BpallleHHs KyJlayka COBMeE-
IIAETCA C TE€OMETPUYECKUM LEHTPOM HMCXOJHOTO KOHTYpa M JOJKHO YJIOBJIETBO-
PATH YCIOBHIO: TEKyLIEE 3HAaYEHHUE yTiia JaBiI€HUS B 000N TOYKE KOHCTPYKTHB-
HOTO NpoduIsd KyJauka He JOHKHO MPEBBIIATh T0MYCTUMOM BennuuHbl. Ecnu Ky-
JAYOK SIBJISIETCS TUIOCKUM M COBEPIIAET BPAIIATENbHbIE IBUKEHUS, TO €0 UCXOM-
HBIM KOHTYPOM SIBJISIETCS OKPY>KHOCTb. B 3TOM ciydae mponecc noucka UCXOaHO-
ro KOHTypa CBOJIUTCS K ONPENEIICHUIO €r0 paguyca.

B GospimnHCTBE cilydaeB KyJlayoK BpallaeTcs TOJIbKO B OJHOM HallpaBiie-
HUU, OJIHAKO MPU MPOBEJACHUU PEMOHTHBIX PabOT HEOOXOAMMa BO3MOKHOCTh pe-
BEPCUBHOI'O JIBI)KEHMS KyJjauka. [Ipy M3MeHeHuH HampaBieHHUs IBHKEHUS (a3bl
ylajgeHus: U COMMKEHUs] MEHsIoTC MecTaMmu. [ onpezenenust o6iacTu JoIyc-
TUMBIX DEIICHUN, T. €. 00JIaCTU BO3MOXHOTO PACIOJIOKEHHS LIEHTpa BpAaILCHUS

ds
KyJIauka, CTpOUTCs nuarpamma S = f o I'padprueckn o0xacTh AOMYCTUMBIX

PELIEHUI ONMPEAEIACTCI CEMEUCTBOM KacaTEbHBIX, IPOBEACHHBIX K IMOJYYEHHOU
KpPUBOW MOJI YrjlaMd HAKJIOHA C COOTBETCTBYIOIIMMH 3HAYEHHUSIMU JIOIYCTUMOIO
yria nasienus (puc. 9.17, puc. 9.18).

BriOop neHTpa BpallieHus: KyJiauka MPOU3BOJUTCS TOJIBKO BHYTPHU OOJACTH
JONMYyCTUMBIX penieHuid. [Ipu 3ToM nOoKHBI 00ecreunBaThCs HauMEHbIIUE Trada-
PUTHBIE pa3MeEpbl KYJAuyKOBOIO MEXaHW3Ma. MUHUMaIbHBIA PagAyC HMCXOIHOIO
KOHTYpa R, TOJIy4aeTcs MOCPEACTBAM COCIMHEHUS BEPITUHBI 00JaCTH JOMYCTH-
MBIX penieHuil Touku O ¢ Ha4ajaoM CHUCTEMBI KOOpAWHAT TOukoH 0, T. €. Ry = Ry,
(puc. 9.17, puc. 9.18).

Paamyc MCXOMHOTO KOHTYpa aKCHAJbHBIX KYJAYKOBBIX MEXaHHW3MOB C TOJI-
KaTeJieM IpU paBeHCTBE (Pa30BbIX YIVIOB yAaJleHHUs U commxenus (puc. 9.17, a) co-
OTBETCTBYET MUHUMAJIBHOMY paguycy, T. €. Ry = Ruin. Onpenenenue paauyca uc-
XOJAHOTO KOHTYpPA aKCUAJIbHBIX KYJAYKOBBIX MEXAHU3MOB C TOJKATEIEM IIPU HEpa-
BeHCTBE (ha30BbIX YTIOB yAaleHus U comkenus (puc. 9.17, 6) ocyuecTBisieTcs
MOCPEJICTBOM COCIMHEHMS Havayla CUCTEMbI KoopauHaT Touku 0 ¢ Toukon O, pac-
MOJIOKEHHOU B 00JIACTH JOMYCTUMBIX PEIICHUH U SBIIAIONICHCS TOUYKOM mepeceue-
HUS OCH MIyTH C OJTHOM U3 KacaTelbHbIX, T. €. Ry = R;.
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9.8. Onpegenexune paguyca MCXOQHOrO KOHTYpa Kynayka
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Puc. 9.17. CxeMmblI onpeieNieHus pagnyca UCXOJHOTO KOHTYypa
KYJIa4YKOBBIX MCXaHU3MOB C TOJIKATCIIEM

JUts onpeneneHus paanyca UCXOJHOTO KOHTYpa JAE€3aKCHAIBHBIX KYJAayKo-
BbIX MEXAaHHU3MOB C TOJIKaTeJIeM HEOOXOJIMMO MapajjIeIbHO OCU IMYTH S MPOBECTU
JBE€ TpsAMbIEC, CMEIICHHBIE OTHOCUTEIBHO OCH IIyTHM HAa BEIWYMHY, IPONOPLHO-
HaJIbHYIO 3HAUYEHUIO 3KcleHTpucuTeTa (puc. 9.17). Ha nepeceuennun kacaTeabHbIX,
OTrpaHUYMBAIOLIMX 00JIACTH IOMYCTUMBIX PELIEHHUH, C JAHHBIMU MPSAMBIMU HalJ1eM
touku O, u O;. CoeaunsieM Touku O, 1 O3 C UEHTPOM Hayajaa CUCTEMbI KOOPJIUHAT
toukoit 0. [Tonyuenuslie paguycel R, u R; OyayT HECKOJIBKO OOJIbIIE MUHUMAJIBHO-
IO pajinyca UCXOJHOTO KOHTYPa Rpin.

JUIsl 1e3aKCuanbHBIX KyJIauKOBBIX MEXAHU3MOB C TOJKATEJIEM IPU PaBEHCT-
Be (a30BBIX YIIIOB yaaneHus u commnkenus (puc. 9.17, a) panuycel R, u R; Oyayt
paBHBI IO BeJIMYMHE. B 3TOM ciydae 3a paauyc MCXOJAHOTO KOHTYpa IPUHUMAETCS
TOT pagnycC, KOTOPBIA COOTBETCTBYET 3aJaHHOMY PACIOJIOKEHUIO dKCLIEHTPUCHTE-
Ta (MpaBblid WK JeBbIN). /{1 1e3aKcuanbHbIX KyJauKOBBIX MEXaHU3MOB C TOJIKA-
TeJeM MpU HepaBEHCTBE (DA30BBIX YIJIOB yJaneHus U cOmmkeHus (puc. 9.17. 6)
paauycel R, u R; He OyayT paBHBI 110 Benu4uHe. B 3TOM ciydae 3a paguyc Ucxoi-
HOT'O KOHTYpa IPHHHMMAETCS TOT PAJHYC, KOTOPBIA MMEET MEHblIee 3HaueHue. B
4acTHOCTH, R, > Rz, T. €. Ry= R;.

B Kyna4koBbIX MEXaHU3MAaX C KOPOMBICIIOM IPH 33JaHHOM MEXOCEBOM pac-
CTOSIHUM a,, ToJoxeHuss Toyek Os u Os HallleM Ha MEpecedeHuu IyI'u ¢
paauycoM R = a,,, IpoBeJeHHOW 13 Touku E ¢ kacareabHbiMU (puc. 9.18. a). Co-
eauHuB TOYKU Osu OsC HAYaJoM KOOpAMHAT TOYKOW 0, MOaydyuM paaunycel Rs U
Rs. 3a paamyc MCXOAHOrO KOHTypa NMPUHHUMAETCA TOT PAguyC, KOTOPBIM HMEET
MeHbllIee 3HaueHue. B yactHocTH, R4 > Rs, T. €. Ry= R4.
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Puc. 9.18. Cxemsl onpezeneHus pagnyca HCXOJHOIO KOHTypa
KyJIAYKOBBIX MEXaHU3MOB C KOPOMBICIIOM

Jlns onpeenieHus: pajinyca UCXOJJHOIO0 KOHTYpa KyJIaUKOBBIX MEXaHU3MOB C
KOPOMBICJIOM TP 3aIaHHOM YTJI€ (09 HAXOAUM NoJ0xeHUs Touek O u O7 Ha nepe-
CEYEHUHU MPSMOU, MPOBEAECHHON Yepe3 TOUKY £ MOJ YIJIOM (g, OTI0KEHHBIM OT

OCH aHajiora CKOpOCTH — ¢ KacaTenbHbIMU (puc. 9.18, 6). CoenuauB Touku Og U
do

O; ¢ HayaJIoM KoopauHaT Toukoi 0, mosy4dum paanycel Rg 1 R;. 3a pagnyc ucxon-

HOTO KOHTYypa IPUHHUMAETCS TOT PajnycC, KOTOPbIA MMEET MeHbllee 3HaueHue. B

YaCTHOCTH, R¢> R7, T. €. Ry= R;.

9.9. BbIbOP PAINYCA POINUKA

[Ipu BBIOOpE paauyca pojHKa PYKOBOJACTBYIOTCS CIEIYIOIIMMU IOJO0KEHUS-
MU:

1. Ponuk siBiIsSIETCSL MPOCTOM JE€TalbIO, MPOLECC U3TOTOBJICHUSI KOTOPOH He-
cinoxeH. [loaToMy Ha ero pabodeil MOBEPXHOCTH MOXHO OOECHEYUTHh BBICOKYIO
KOHTaKTHYIO MPOYHOCTb. /[ Kynauka, BCIEACTBUE CIOKHON KOH(Urypauuu pa-
Ooueil MOBEepXHOCTH, 0OecredeHre BBICOKOW KOHTAKTHOM MPOYHOCTH BechMa 3a-
TpyaHeHo. C 1enpl0 o0ecnedyeHusl JIOCTATOYHOTO COOTHOIIEHMSI KOHTAKTHBIX
IPOYHOCTEN paboyux MOBEPXHOCTEN Kyjadyka M poJIMKa MpU BeIOOpE paauyca po-
JIMKA 7oy YUUTBIBAIOT CIEAYIOIIEE YCIOBUE:

Boon =0,4-R,,

rae Ry — paauyc UCXOAHOTO KOHTYpa KyJadka.
BrlinonHeHne 3TOT0 COOTHONICHHS] O0ECIEYMBAET MPUMEPHOE PABEHCTBO
KOHTAKTHBIX MPOYHOCTEH pabouux MOBEPXHOCTEH Kyjaduka U posuka. Paauyc po-
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JIMKa 3HAYUTEIIbHO MEHBINE pajuyca UCXOJHOTO KOHTypa KyJiauka, CIe0BaTellb-
HO, POJIMK Bpamiaercs ¢ OOJbIIeH Mo BEIMYUHE YTIIOBOW CKOPOCTHIO, @ TOUKH €0
paboueli MOBEpXHOCTH BCTYIAIOT B TOPa3i0 OOJIbIIee YUCIO KOHTAKTOB, YTO TIPH-
BOJUT K HEPABHOMEPHOCTH M3HOCA KOHTAKTHPYIOIIUX MOBEPXHOCTEH KyJauka U
ponuka. Jlns obecrieueHUs PaBHOMEPHOCTH M3HOCA PabOUMX TOBEPXHOCTEH Ky-
Jadka M pOJIMKA, TIOBEPXHOCTh POJIMKA JOJDKHA 007a1aTh OOJBIICH MO BETUYHHE
KOHTAaKTHOM MPOYHOCTHIO.

2. KoncrpyktuBHbIi (pabounii) npoduiib KyjJadka HE JOJKEH OBITh 3a0CT-
PEHHBIM WK cpe3aHHbIM (puc. 9.19, a). [ToaTomy Ha BeIOOp paauyca poiauKa Ha-
KJIQJ[bIBACTCS] OTPAHUYCHHE:

rpon = 097 'pmin’

rZe p,,, — MUHUMAJIbHBII pagunyC KPUBU3HbBI TEOPETUYECKOr0 MPOPUIIA KyJIauKa.

3a0CTpeHHBIN WK Cpe3aHHbId Npodmib Kynauka (puc. 9.19, 6) He TO3BOIUT
POJIMKY TIEPEKATUTHCS YePEe3 €ro BEPIINHY, YTO MPUBOIUT K MOBPEKICHUIO pabo-
YUX TTOBEPXHOCTEH 000MX 3BEHBEB M K MOTEpe pabOTOCIIOCOOHOCTH KYJIa4KOBOTO
MEXaHU3Ma.

3. 3HaueHHe pamnuyca pojuKa BEIOMPAETCS U3 CTAaHIAPTHOTO Ps/la HATYypalb-
HBIX IIEJIBIX YHCEII B CIACAYIONIEM TUarna3oHe:

Fpon = (0,35-0,45)R,.

[Ipu BBIOOpE pagmyca pojiMka HEOOXOIUMO JIOMOJHUTEIHHO YYHUTHIBATH
CIEAYIOUIME MOMEHTHI: YBEJIMUCHHUE 3HAUECHUS PAINyCa POJIMKA MPUBOJIUT K POCTY
rabapuTOB M MAacChl BBIXOJHOTO 3BEHA, YTO YXYJIIAET JUHAMUYECKHUE XapaKTepH-
CTUKHM KYJIAUKOBOTO MEXaHHW3Ma U YMEHBIIAET YIJIOBYIO CKOPOCTh pojiuka. CHuU-
KEHUE 3HAUYCHMS paJiiyca POJIMKa MPUBOJIUT K YBEITUUCHHUIO rabapuTOB Kyjladka U
€ro MaccChl, YTO BBI3BIBAET POCT BEJIWYUH YTJIOBOW CKOPOCTH POJIMKA U CHUXKCHUE
Harpy304HOM COCOOHOCTH U pecypca paboThl KyJauKOBOTO MEXAHU3MA.

P Cpesannasn yacmo
min
pabouezo npogu.is

Koncmpykmuenwiil unu
pabouuii npogus

Teopemuueckuii unu
YeHmpoesoil npoghus

Puc. 9.19. Cxema ¢opmupoBaHus BEPUIMHBI KOHCTPYKTHBHOTO MPOGUIIS KyTauka
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B HekoTOphIX ciydasix BBOJ B COCTAaB CTPYKTYpPbl KyJIaUKOBOTO ME€XaHHU3Ma
JIOTIOJIHUTEJILHOTO 3BeHa (POJiMKa) HEBO3MOXKEH MO psAny NMpU4uH. B 3TOM ciydae
MECTHAsl OJABUXKHOCTb, 3aMEHSIIONIAsl TPEHUE CKOJIbXEHUS TPEHHEM KaueHUs, OT-
CyTCTBYET, a Ha BBIXOJHOM 3BEHE OOECIICUMBACTCS OUYCHb HEOONBIIONW pabouunii
Y4aCTOK C KPHUBOJIMHEMHOM NOBEPXHOCTHIO. TOYKM KPUBOJIMHEMHOIO ydYacTKa
CKOJIB3SIT MO paboyueil MOBEpXHOCTH KyJlauKa, T. €. U3HOC MOBEPXHOCTU BBIXOJHOTO
3BeHA SIBNIsIETCA 00Jiee MHTCHCHBHBIM. [[1s1 CHMKEHUS M3HOCAa pabouyuil ydacTok
BBIXOJIHOT'O 3BEHA BBIMOJHSAIOT CKPYTJICHHBIM. YBEJIMYCHHUE pajilyca CKPYIJICHUS
HE BBI3BIBAET POCT rabapuUTOB U MAacChl BBIXOJHOIO 3BEHA, OJHAKO MPUBOAUT K
YMEHBIIIEHUIO Pa3MEpPOB KOHCTPYKTUBHOTO Tpoduiia kymauka. cxons u3 atoro,
paguyc CKpyIJIeHUs paboueil MOBEPXHOCTH BBIXOJIHOTO 3BEHA MOKHO NMPUHUMATH
JIOCTATOYHO OOJIBIINM IO BEJTUYUHE.

9.10. CUHTE3 NPO®UNEN NNOCKUX KYNAYKOB
BPALLATEINbHOIO ABUWXEHUA

Hezaxcuanvhule Kynauxkosvie mexanuzmvl ¢ moakamenem. Iloctpoenne npodu-
JIeil KyJlauKa MPOBOJIUTCS B HUXKETIPUBEAECHHOW TTOCIEA0BATENBHOCTH (puc. 9.20):

1. Onpenensercst MacITaOHbIN KOAPGUIIMESHT JUTHH L.

2. Ha cBoOoHOM MecTe BBHIOMpAETCsl MPOU3BOJIbHAS Touka O, SBISIOMIASACS
[IEHTPOM MCXOJIHOTO KOHTYpa KyJauKa.

3. U3 Be1OpanHOi Touku O B MacmTabHOM KOA(h(UIIMEHTE JUTHH MTPOBOIAT-
Csl KOHIIEHTPUUECKUE OKPYKHOCTH € pajnycaMu Ry U e.

4. K oKpy>KHOCTH PaINyCOM e MPOBOJUTCS KacaTelibHas 10 NMEPECCUCHHUS C
OKPY>KHOCTBIO Rj, MOJyuyeHHas TOYKa IMEPECEUECHHs SBIISIETCS HayajloOM OTCYeTa
OCH TIyTH S.

5. Ot Hauana oTcuera Ha OKPYKHOCTH PanycoM R, B HAapaBIICHUU Bpallle-
HUSI KPUBOIIIMIIA OTKJIAABIBAIOTCS (Pa30BbIE YIJIbI, 2 HA OCH MyTH B MacIITaOHOM
KOd(pGUIUEHTE [ — IEPEMEILECHHUS TOTKATEIS.

6. Jlyru uCXOAHOTO KOHTYpa, COOTBETCTBYIONINE (Pa30BBIM YTJIaM yIaJICHHS
U CONMMKEHMSI, ISTMM Ha PAaBHBIC YACTH, KOJIMYECTBO KOTOPHIX PABHO YUCIY TOYEK,
BXOJAIIUX B cocTaB ¢a3 ynaneHus u commkenus. [lonyyeHHble TOUKU cOeqUHsIEM
¢ Toukoi O, ABIAIONIEHCS LICHTPOM BpallleHHsI KyJIauKa.

7. 3 kax10M TOYKH JIeJICHUSI IPOBOJISATCS KacaTellbHbIe K OKPY>KHOCTH pa-
TYCOM e.
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N Pabouuii npoghuns

Fpon Teopemuueckuii npoguno
Puc. 9.20. Cunres AC3aKCHUAJIBHOTO KYJIAYKOBOI'O M€XaHH3Ma C TOJIKATCIIEM

8. I3 Touku O, SABISIOLIEHCS LIEHTPOM OKPYKHOCTH PAaanycoM R, MPOBO-
UM OKPYHOCTH paJiyCaMH, PaBHbBIMU CyMMe Ry U COOTBETCTBYIOLIETO IEpeMe-
IICHUS TOJKATENS A0 MEPECEUEHUS C KacaTeIbHBIMU K OKPYKHOCTH PaJUyCOM e.

9. [lonyyeHHbIE TOUYKH COEAUHSIOTCS MJIaBHOM KpHUBOM, 00pa3ys TeopeTuye-
CKMIi PO MIIb KyJIauKa, COBIAJAIONIMN HA JAHHOM 3Tare ¢ paboyum npodusem.

JUts cuHTE3a 1€3aKCHANIBHBIX KyJIauKOBBIX MEXaHU3MOB C TOJKATEIEM U PO-
JMKOM HEOOXOJIUMO JOTOIHUTEIBHO BBIIOJHUATD CIEAYIOIIEE:

10. Micxons 13 3aJaHHBIX YCIOBHUI ONPENENIETCS PAARYC POIUKA Fpoy.

11. I3 npou3BOABHO BHIOPAHHBIX TOYEK TEOPETUYECKOrO MPOPMIIs KyJlauka
IPOBOJUM PAJUYCAMHU Fpo; OKPYKHOCTH, UMUTHPYIOLIUE TONI0KEHUS POJIMKA B CO-
CTaBE CXEMbI KyJIAYUKOBOT'O MEXaHM3Ma.

12. IIpoBens oru0aroIyr0 KPUBYIO OTHOCHTEIIBHO BCEX IMOJ0KCHUN POJIHKA,
noJiy4aem pabouunii mpoP b KyJiadyka.

Axcuanvuvie Kynaukogvie mexanusmol ¢ moaxamenem. lloctpoenue npodu-
Jeil KyJlayka MpOBOJIUTCS B TAKOM MOCIEA0BATENBHOCTH (puc. 9.21):

1. Onpenensercs MacimTaOHbIA KOA(PDUIIMESHT IJIHUH L.

2. Ha cBoOoHOM MecTe BBHIOMpAeTCsi MPOU3BOJbHAS Touka O, SBISIOMIASACS
LEHTPOM HUCXOJIHOTO KOHTYpa KyJIauKa.

3. U3 Be1OpanHo# Touku O B MacmTaOHOM KOd(DPUITMEHTE JTUH MPOBOIUT-
Cs1 OKPYKHOCTB C PauycoM R,.
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Teopemuuecxuii npoghuv

Puc. 9.21. CuHTe3 akcnaabHOro KyJauKOBOI'O MEXaHHU3Ma C TOJIKATEIEM

4. Ocp yTH S' COBMEUIAETCS C BEPTUKAIBHOM OCBIO CUMMETPUM OKPY’KHO-
cTH paauycoM R,. Ha nepecedeHnn ocu yTH S ¢ OKpY>KHOCTBIO paguycoM R mo-
Jy4yaeM Hadaylo orcuera Touky 0.

5. Ot Hayana oTcyeTa Ha OKPY>KHOCTH PaguycoM R, B HAIlpaBJICHUU Bpalle-
HUSl KPUBOIIMIIA OTKJIAAbIBAIOTCS (Pa30BbI€ YIJIbl, @ HA OCH MyTH B MacIITaOHOM
KO3 GUIUEHTE ; — IEPEMEILEHUs TOTKATEIS.

6. Jlyru uCXOAHOTO KOHTYpa, COOTBETCTBYIOIIME (PAa30BBIM YIJIaM yJIaJeHHUS
U COJIMKEHHUS, IEJTUM Ha PaBHBIE YaCTH, KOJIMYECTBO KOTOPHIX PAaBHO YUCIY TOYEK,
BXOSIIINX B cocTaB (a3 ynaneHus u cOmmkenus. [lomydeHHbIe TOUKH COeTUHAEM
¢ Toukoil O, ABIAIOUIEHCA LICHTPOM BpAILICHUS KyJauKa.

7. I3 Toukn O, ABASAOUIENCS HEHTPOM OKPYKHOCTH pagnycoM Ry, POBO-
MM OKPY’KHOCTH paJuyCaMH, PaBHBIMU CyMMeE Ry U COOTBETCTBYIOIIETO Iepe-
MEIIEHUS] TOJKATEeNsd 0 NEPECEYEHUS] MNPAMBIMH, COCIUHSAIOIMMHU TOYKy O
C TOYKaMHU JECJICHUS.

8. IloiayueHHBIE TOUKH COENMHAIOTCS IUIABHON KpPUBOMW, 00pasysl TeopeTnye-
CKUM npo¢uiib Kyjauka, COBIAAAOIINN HA JTaHHOM 3Talle ¢ paboyuM MpopuiIeM.

JI1s cuHTEe3a aKCHAJIBHBIX KYJIAYKOBBIX MEXaHU3MOB C TOJIKATEJIEM U POJIK-
KOM HEOOXOAMMO JOIMOJHUTENIBHO BBIIIOIHUTD CIEIYIOIIEE:

9. Mcxons U3 3alaHHBIX YCIIOBUM ONPEACIACTCA PAIUYC POJIUKA 7oy
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10. VI3 npon3BONIbHO BHIOPAHHBIX TOUYEK TEOPETUUECKOTO MpOoduis Kynadyka
IPOBOJUM PATUYCAMHU Fpo; OKPYKHOCTH, UMUTHPYIOLIME TOJI0XKEHUS POJIHMKA B CO-
CTaB€ CXEMbI KYJJAYKOBOI'O MEXaHU3MA.

11. TIpoBeast orubaroIIy0 KPUBYIO OTHOCUTEIBHO BCEX MOJIOKEHUN POJIHKA,
noyiyyaeM padounii npouib Kyaadka.

Kynaukoevie mexanuzmol ¢ kopomwiciom. Iloctpoenue npoduiield Kyigauka
MIPOBOAMUTCS B TAKOM MOCJIEIOBATENHHOCTH (puc. 9.22):

1. Onpenensiercst MacmITaOHbIN KOAPGUIIUESHT JTHH L.

2. Ha cBoOOAHOM MecTe BBIOMpPAETCS MPOU3BOJbHASA TOUKa (O, SIBISIOIIASACS
LEHTPOM HUCXOJIHOTO KOHTYpa KyJIauKa.

3. Co cxemsl 15 ONpeeeHUs painyca UCXOJHOTO KOHTYpa B 3aBUCUMOCTHU
OT 3aJIaHHBIX yCJIOBUM niepeHocuM TpeyroabHuku AOEQO, (puc. 9.18, a) wiu AOEO;
(puc. 9.18, 6).

4. 3 touku E pagumycoM R = OF mpoBOauM Ayry, COOTBETCTBYIOIIYIO OCHU
nyTH S.

5. Or Hayana oTcuera Ha OKPYKHOCTH panycoM R, B HApaBJICHUH Bpallie-
HUSl KPUBOIIMIIA OTKJIAABIBAIOTCS (ha30BbIe YIJbl, @ HA OCU IyTH B MacIITaOHOM
K03 pULIeHTE Ll — TEPEMEIICHHS] KOPOMBICIIA.

6. Jlyru UCXOAHOTO KOHTYpa, COOTBETCTBYIONIME (DA30BBIM yrilaM yJajaeHus
U COJIMDKEHHUS, IEJTUM Ha PaBHBIC YaCTH, KOJIMYECTBO KOTOPHIX PAaBHO YUCITY TOYEK,
BXOJSIIKX B cocTaB ¢a3 ynaneHus u cOmmkenus. [lonyyeHHble TOUKU cOeqUuHsIEM
¢ TOUkO#l O, ABIAIOUIEHCA LIEHTPOM BpPAILICHUS KyJayKa.

7. I3 Touku O, ABASOUIENCS EHTPOM OKPYKHOCTH paanycoM Ry, MpOBO-
UM OKPY>KHOCTH PaJuyCaMH, paBHBIMH CyMMe€ R; U COOTBETCTBYIOILIErO Iepe-
MEIIEHUS TOJIKATEeNs A0 NEepecedyeHuss NPSMBbIMH, COCIUHSIOIMUMU TOYKy O C
TOYKAMU JEJICHHUS.

8. [lodmyyeHHBIE TOUKH COENUHSAIOTCS TUIABHON KPUBOU, 00pasys TeopeTude-
CKM MpOopMIIb KyJIauKa, COBIAJAIONIMNA HA JaHHOM 3Tarie ¢ paboyum npoduiem.

i
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Paboyuii npoghuns

Teopemuueckuii npogus
Puc. 9.22. CunTe3 Ky1aukoBOTO MEXaHU3Ma C KOPOMBICIIOM

JUis cUHTE3a KyJauKOBBIX MEXaHU3MOB C KOPOMBICIOM M POJIMKOM HE00XO-
JUMO JIOIIOJIHATEIBHO BBIIOJIHUTH CIIEYIOLIEE:

9. Mcxoas U3 3alaHHBIX YCIIOBUH ONPEAEIACTCA PAUYC POJIAKA Fpoy.

10. M3 npoun3BoiIbHO BBIOPAHHBIX TOUEK TEOPETUUECKOro Mpoduis Kyjadyka
IPOBOJUM PATUYCAMHU Fpo; OKPYKHOCTH, UMUTHPYIOLIHE TOJI0XKEHUS POJIHMKA B CO-
CTaB€ CXEMbI KYJJAYKOBOI'O MEXaHU3MA.

11. TIpoBeast orubaroIIy0 KPUBYIO OTHOCUTEIBHO BCEX MOJIOKEHUN POJTHKA,
noytyyaeM padounii mpoduib Kyaadka.

i
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