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BBEJIEHUE

Kypc «Teopus MexaHW3MOB U MallliH» SBJISETCA OJHOW U3 AUCIUIUINH,
00ecTeYnBaroIInX 00IIETEXHUUECKYIO MOJTOTOBKY CTYJEHTOB
MEXaHUYECKHUX CIIEIINATILHOCTEM.

JlabopaTopHble pabOTHI IO KypCy 3aKperIsSioT TEOPETUIeCKHEe 3HAHUS U
MIPUBUBAIOT MPAKTUYECKHE HABBIKU NMPOBEICHHS MCCIIEI0BAaTENbCKUX paboT
W TIOMOTAIOT CTyJIEHTaM JydIlle MOHSTHh CYTh (PU3UUYECKUX MPOIECCOB U
SIBJICHUI, TPOUCXOJISAIINX B MAITUHAX.

Lens maGopaTopHBIX pabOT — HAYYUTH CTYAEHTOB INPUMEHSTH
OCHOBHBIE METOJIbI MCCICAOBAHMUS K MOJENISIM MEXaHU3MOB, IPOBOAUTH
HU3MEPCHHA U UCHBITAHUA MalllUH U MCXaHU3MOB, O(i)OpMJ'ISITb TEXHUYCCKYIO
JIOKYMEHTAIINIO B BHJE OTYeTa, 00padaThiBaTh pe3yNbTaThl UCCIIEIOBAHNUS,
AHAJIM3UPOBATL IIOJIyYaCMbIC PE3YJbTAaThl U [€JIaThb IO HHUM BBIBOJAbI U
3aKITIOYEHUS.

COAEPKAHUME U OBILIUE TPEBOBAHUSA K OTYETY
IO JABOPATOPHOMI PABOTE

1. Ordyer nOMKEH conepkaTh M OCBEIIATh CJEIYIOIUE pa3Jeibl:
Ha3BaHWEe pa0OTHI; Ienb pPabdOTHI M WCXOIHBIE NaHHBIE; HEOOXOIMMBIE
CXeMBl W PHCYHKH; pacueTHble [aHHbIe; TaONULIBl C pe3yJbTaTaMH
9KCIIEPUMEHTA; BBIBOIBI U 3aKIIIOUYCHHUE 110 pabore.

2. Oryer (puc. 0.1) mumeTcst OT pyKu WM HabUpaeTcs Ha KOMITBIOTEPE.
I[BeT TekcTa U POPMYIT — USPHBIH, CUHUIA WITH (HPUOJICTOBBIH.

3. Ilpu BeIMOJHEHWH 4YepTekeil (ICKU30B) WM TAOIHUI] JOITYCKaeTCs
npumeneHue popmaros A2, A3.



4. Ins obo3HavyeHus: ab3aleB MPOITyCKAaeTCs ISATh 3HAKOB OT JIMHUU
JIEBOT'O MOJIS JIUCTA.

TpeOoBaHus K TEKCTY OTYETA

1. Pasmensl oruera HyMmepyloTcsl apaOckumu 1mdpamu. Homep u
Ha3BaHME pasfena paszlnessitorcss Toukod. HasBanmwe paszgena mnumuercs
IPONUCHBIMU OYKBaMHU IOCEpeluHE CTpaHMLBbl. llepeHochl B Ha3BaHUM
paszenoB He AOILyCKarTCA.

2. Pasmensr moryt Bkmoyath B cebs moapaszmensl. Iloapasmenst
HyMepyroTcs apabckumu nudpaMu B penenax paszaena. Homep u HazBaHue
moJipa3jiesia MUIIYTCS CTPOYHBIMUA OyKBamH (KpOME MEepBOW MPOMUCHON) B
CIEIYIOIEM IOpsIIKE: HOMEp paszena, TOuKa, HOMep IMojpas3zesna, TOUuKa,
Ha3BaHMe noapaszaena. Hanpumep:

1. OHPEJAEJIEHME IIEPEJJATOYHOI'O OTHOILHEHUSA

1.1. PapoBas 3y0uaras nepegaya
1.2. [IlnanerapHas 3y0uarasi nepeaaya

3. CrpaHuubl oT4YeTa HYMEpYIOTCS, BKJIIOYas THUTYJBHBIA JIUCT,
wimrocTpauun 1 npuwioxkenus (puc. 0.1, a—2): HOMepa cCTpaHUL
ykasbiBatotcs B rpade 7 (puc. 0.3 u puc. 0.4).

4. Oruer pgomKeH OBITP HANHMCaH aKKypaTHO, SICHO M YETKO.
CokparueHus ci10B, KpoMe OOLIETIPUHATHIX, HE JOILYCKaKOTCS.

5. ®opMyiibl, IPUBOIUMBIE B OTUYETE, CHAa4Yaja JOJDKHBI ObITh 3aIIUCAHBI
B aHAIUTHYECKOM BHUJE C MOCIEeAYyIomel pacinppoBKol BceX CHMBOJIOB, a
MOTOM C TOJICTAaBICHHBIMU LU(PPOBBIMH 3HAYCHHUSMH BXOAALIMX B HHUX
BEJINYMH M YKa3aHUEM pe3yJIbTaTOB pacueTa, HalpuMmep,

E=my?/2=3-4/2=24 H'Mm.

6. Korma mo omHO# (hopMyJsie BBIITOIHSAETCS HECKOJIBKO PacdeToB, TO B
otueTe 3Ta GopMysia U PacyeThl IO HEl MPUBOJIATCS TONBKO OJIMH pa3, a BCE
OCTaJIbHBIE PE3YJIbTATHl PACYCTOB CBOJISATCS B TAOIUILY.



TpeOoBaHus K MJLTIOCTPALMSM

1. CxemMbl M 3CKHU3bl JOJDKHBI BBIMOJNHATHCA B COOTBETCTBUHU C
tpeboBanmsmu ECK/I.

2. PucyHku 1 TaOIMIIBI JOJDKHBI OBITH 03arJIaBJICHbI M IPOHYMEPOBAHHI.
[Mox pucyHKOM 00si3aTeNbHa MOIIHCE.

3. 3aroioBKH TaOJWI] MOMENIAOTCS CBEPXY, & HA3BaHUS PUCYHKOB —
CHU3Y.

4. PUCYHKHM MOKHO BBITIOJHITH KapaHIAIIIOM.

5. Jlns BBINIOJHEHHS CXEM, PUCYHKOB U TaOJIMI[ KCIIOJIB3YETCs
YEPTEHKHBI UHCTPYMEHT.

5. Ha xaxnprit pucyHOK U TaOIUITy HEOOXOIUMO JIaTh CCBUIKY B TEKCTE
W pa3MeliaTh WUTIOCTPAIMA WM TaOMUIBl HAj0 cpa3y Iocjie MepBOTO
YIOMHUHAHUS O HUX.

6. Tabnuiel cenyeT pacnojarath BEpTHKalIbHO. BricoTa cTpok Tabmui
HE MeHee 8 MM.

TpedoBanusi K 0popMJIEHHIO 0TYETA
no JadoparopHoii paborte

1. Oryer mo mabopatopHoii pabore (puc. 0.1, a—2) mommKeH
odopmisaThcs Ha Oenbix amctax Oymaru gopmata A4 (210X297 Mm) ¢
OJIHOU CTOPOHBI.

2. IlepBeIM NTUCTOM OTYeTa SBIsIETCA TUTYIbHBINA Juct (puc. 0.1, a),
MIpUMep 3aroIHEeHUs TeKCTa MpuBeieH Ha puc. 0.2.

3. Bropoii smct (puc. 0.1, 6), TEKCTOBOH 4YacTH BBIIOJIHACTCS C
OCHOBHOM HAJIIKMChIO B COOTBETCTBUU C puc. 0.3.

4. Octanpapie ymcThl (puc. 0.1, 6—2) BBITOJHAIOTCS C OCHOBHOM
HaJUCHIO, coriacHo puc. 0.4.

5. B rpade 2 (puc. 0.3, 0.4) ykaspiBaeTcs BuA ydeOHOH pabOTHI —
«raboparopuas pabora No...», B rpade 1 — «Ha3BaHHe JTaOOpaTOPHOM
paboTei», B Tpade 9 — Ha3BaHHE TPYNIIBL, B KOTOPOU O0YYAIOTCS CTYICHTHI.

5. JIucTel oTYETA JOIKHBI OBITH CKPETIIICHBI (CKPETKOM, CKOOKOA).
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JIABOPATOPHAA PABOTA Ne 1

CTPYKTYPHBIN AHAJIN3 MEXAHU3MOB

HEJIb PABOTbBI

1. O3HakOMJICHHE C MEXaHM3MaMH W TIPUOOPETEHUE NPAKTUICCKUX
HABBIKOB B COCTABIICHUH KHHEMATHUECKUX CXEM.

2. OmpezeneHre cTeneHeil cBoOO B MEXaHU3Ma.

3. Knnaccudukanus CTpyKTypHBIX TPYII MEXaHH3MA.

OCHOBHBIE CBEJIEHUSA

Teopust mexanmamoB u mamuH (TMM) pa3pabaTeiBaeT M HU3ydaeT
Hay4HbIe TPOOIEeMbl IOCTPOCHHS U HCCIECAOBAHHS MEXaHU3MOB U MAaIHH.

Mawuna — 3T0 YCTPOWCTBO, BBHIMONHSIIONIEE MEXaHHYECCKOE JBIKCHHE
Ui IpeoOpa3oBaHus SHEPTUH, MAaTepHaIoB, HHPOPMAIMHU C LETIbI0 3aMEHBI
WM 00NerdeHus: pU3NYecKoro 1 YMCTBEHHOTO Tpy/ia YeJIOBeKa.

Mexanuzm — 3TO CHCTEMa B3aWMOCBSI3aHHBIX TeNl (3BEHBEB),
npeaHa3HaueHHas Ui peoOpa3oBaHMs 3aJaHHBIX JBMKCHUH OIHOIO WM
HECKOJIBKHX Tel B TpeOyeMoe ABIKECHUE JPYTUX Tedl.

3ajgaueil  CTPYKTYpHOIO  CHHTe3a  SBISETCS  MPOCKTHPOBAHUE
MEXaHU3MOB BBIOPAaHHOH CTPYKTYpbl HO 3aJaHHBIM KHHEMAaTHYECKHM H
JUHAMUYECKUM YCIIOBHUSM.

Cmpykmypuou  cxemoti Mexawusma  Ha3bIBAIOT  Oe3MacmTaOHOe
rpapuueckoe HM300pak€HHE MEXaHW3Ma C I[PUMEHEHHEM YCIOBHBIX
0003Ha4YeHUII 3BEHHEB M TIOABIXHBIX coequHeHHH. Ha CTpyKTypHBIX
cXeMax TOJBIDKHBIE COCIUHECHUS TNPUHATO 0003HAYaTh 3ariiaBHBIMU
JATHHCKUMHU OYKBaMH, a 3BE€Hbs — apaOCKUMHU U PAMHU.



Kunemamuueckaa cxema mexanuzma (puc. 1.1, 6) mpencraBiser coboit
n300paXeHNe CTPYKTYPHOU CXEMBI MEXaHH3Ma, BBIIIOJHEHHOE B MacuiTade
W (M/MM).

Puc. 1.1. MexaHU3M KOMIIpeccopa:

a — KOHCTPYKTHUBHAas CXeMa, 6 — KHHEMaTHYecKasi CXxema

3BCHB$I INIOCKUX MECXAaHHU3MOB COBepH_IaIOT JOBHMXXCHUS B HapaHJIeJ'II)HBIX
mwiockocTax.  CralmoHapHBIE  MEXaHM3MBl  00pa3yloT  IOJBHKHBIE
COEIUHEHHSI C HEMOIABH)KHBIM B OTHOCHTCIBLHOM [IBMJKEHHH 3BE€HOM —
CTOMKOM.

Jlemans — 3TO W3/IENHE, KOTOPOE HENB3s pa3/ie]NTh Ha OoJee MelKue
yacTu 0€3 HapyIICHUs BO3MOKHOCTH HCIIOJIHEHUS €€ ()yHKIIHIA.

36enom Ha3BIBAETCA AETAIb WA HECKOILKO HEIMOABIKHO COSIMHEHHBIX
MeXIy cOOOH jaeraneil, ABIKYIUXCS KaK OJHO IeNoe. 3BEHbsI MeXaHU3Ma
Ha cXeMax U300paKaroTCs YIPOIIECHHO B BUJIC TUHHI MM T€OMETPUICCKUX
uryp.

B 3aBucuMocTH OT Xapaktepa JBWKEHHUS W HA3HAYCHUS 3BEHBS HMEIOT
ompenereHHble Ha3BaHus. [lepeyniciuM  3BEHBS, HCHOJIB3YEMBIE B
pI)I‘-Ia)KHLIX MECXaHHU3MaX.

Kpusowun — Bpamaromeecss 3B€HO MEXaHH3Ma, KOTOPOE COBEPIIAET
MOJTHBIA 000POT BOKPYT OCH, CBSI3aHHOW CO CTOWKOM.

lllamyn — 3BeHO MexaHW3Ma, oOpasylollee KHHEMATHYECKHE Tapbl
TOJIBKO C MOJBHYKHBIMH 3BEHBIMHU.

Tlonzyn, monxamens — 3B€HO, 00pa3yrollee MOCTYMATEIBHYIO Tapy CO
CTOMKOM.

Kamenw —  IOABM)KHOE 3BEHO MeXaHu3Ma, oOpazyroree
MOCTYIATEIBHYIO Mapy C KYJIUCOM.



Kynuca — mogBmXHOE 3BE€HO MEXaHW3Ma, SIBIISIONIEECs HAMPaBISIONICH
JUTSL KaMHS.

Kopombicno — 3BeHO MexaHW3Ma, KOTOPOE COBEpINAeT KoJeOaTeIbHEBIE
JIBWKEHUS BOKPYI HENOJBI)KHOM OCH, CBA3aHHOM CO  CTOMKOM.
Knaccudukanms 3BeHbEB PhIYaKHBIX MEXaHU3MOB MTPHUBEJIeHa B Ta0I. 1.

3BeHbSI MEXaHU3Ma COCIUHSIOTCS MEKIY CO00H KHHEMATHYECCKUMHU
napamMu, 00ecreYnBaOINMH OTPEeTICHHBIN XapaKTep WX OTHOCHTEIBHOTO
JIBHKCHMS. Kunematnueckon napoi Ha3BIBAIOT UJCATbHYIO
YACPKUBAOIIYIO CBS3b MEXKIY ABYMSI TOABHUKHBIMA 3BCHBSIMHU.

CBs13b Ha3BIBACTCS MICATBHOM, €CIIH:

® OTCYTCTBYIOT CHJIBI TpPEHHUS Ha TOBEPXHOCTSAX COMPUKOCHOBEHUS
KHHEMATHIECKHX T1ap;

® BBITONHSIOTCS YCIOBUS TOYHOCTH BBIOJMHEHUS KOHCTPYKTUBHBIX
pa3MepoB M MPABWILHOCTH (DOPM COIPSITaeMBIX 3JEMEHTOB, 00Pa3yHOIIUX
napy.

MaremaTndecKy yAep >KUBaOIIas CBsI3b BRIPaKEHA B BUJIC PABEHCTBA.

COBOKYITHOCTh TIOBEPXHOCTEW, JUHUN WIM TOYKA 3BEHA, KOTOPHIC
KOHTaKTHPYIOT C JOPYTUMH 3BEHBSIMH, 00pa3ys KHHEMaTHYECKYIO TMapy,
HA3bIBAIOT J3JIEMEHTOM KHHEMAaTH4eCKOH mMaphel. 3BEHO C HaWOOJIBIIUM
YHCIIOM 3JIEMEHTOB KMHEMATHUECKUX Tap Ha3bIBaeTcs 0a3oBbiM — T.

IToBepXHOCTH W JIMHHUHM 3JIEMEHTOB, OOPa3yIOMNX KHHEMATHYCCKYIO
mapy, MOTyT OBITh CIUIOIIHBIMH WM TIPEPhIBUCTHIMH. B  ciydae
MPEPHIBUCTOTO KOHTAKTAa NPU OJAHMX U TeX KE KHUHEMATUYECKUX
XapaKTEPUCTUKAX Maphbl HA3BIBAIOT PA3HECCHHBIMH.

OOecneunTh  TOCTOSHCTBO  COCTUHEHHUS  (3aMBIKAHWSA)  3BCHBLEB
KHHEMATHYECKUMH TapaMHd MOXXHO TE€OMETPUYECKUM WU CHIIOBBIM
crmocooom. KumHemarmueckwe mapbsl C CHIOBBIM 3aMBIKAHHEM HA3BIBAIOT
OTKPBITBIMH, C TEOMETPUIECKAM 3aMBIKAHHEM — 3aKPBITHIMHL.

Tun KHHEMaTHYECKOM napbl OTpeesieTCs XapaKTepoM
COTIPUKOCHOBEHUS 3JIEMEHTOB 3BEHLEB. Paznuuaror XapakTep
COTPUKOCHOBEHMSI: BHICIITNI — B, eciti 3BeHbs, 00pa3yromye JaHHYIO Mmapy,
KacaloTCsl 10 TOYKAM WM JIMHUSM (BBICIICH KHHEMATHYECKOH mapoit
SBIIIETCS CONpPsDKEHNE 3yOheB 3y0uaThix kosec [ u 2, puc. 1.1), n HU3MmMHA —
H, 1o moBepxXHOCTH KOHEYHBIX pa3MepoB (IIMIHHAPUIECKON, BUHTOBOM HITH
TUTOCKOH).

ITo xapakTtepy OTHOCHTEIHHOTO ABM)KCHHSI 3BCHBEB KMHEMATHICCKUE
Mapbl  pasfeNsaioTCs Ha IOCTyNaTelbHble (TIOpPIIEHh W [WJIHHID),
BpallaTelbHbIe (BaJI U MOIIUITHIK) U BUHTOBEIC (Mapa «BUHT—TalKay).

10



Kmacc mapel ompenmeneH ducioM — cTemeHed  CBOOOABI  3BEHA
KMHEMATHUYECKOM Tapbl B OTHOCUTEIILHOM JBIDKEHUHM (paBEH YHUCIY
MPOCTEUIITNX BMKECHUHN OJTHOTO 3B€HA OTHOCHUTEIHHO JPYTOro0).

Tadonumga 1.1

Bl/l).]bl 3BEHbEB PbLIYAXKHbBIX MEXaHU3MOB

No VYcaoBHoe
HazBanue JBuxenue OcobenHoCTH
n/n 0003HauecHHE
1 |Croiika R OtcyTcTByeT
WI1-CONST
2 | Kpupormumn | 0, Bpamarensroe | [Tomnbrit 060poT
mea LI BpamarensHoe
3 | Kymuca 2 PRERNNRES pall
KosiebaTebHOe
: N, Her nap,
4 |Iaryn NI Cnoxnoe CBSI3aHHBIX CO
: cToiiKkoi
4
5 | Kopowmsicno o2 WAR Kauatenpnoe | Henomnnblit 060poT
—_— Hanpasmnsromas 3
6 |Kamens 5 T ey CroxHoe
IIOABHIXKHA
— B H
o 03BpaTHO- anpaBJIsrOIIas
7 |Tlomsyn © 3 P p t
b MOCTYTIATENIFHOE | HETIOABIKHA
] Kauarommiics ‘%-:’7\ Konebarensnoe |Ilomsyn 7
TIONI3YH 7 BpamaTeIbHOE | Bpamaercs

[loctynarensHasi, BpamiaTeJbHas M BHUHTOBAsS KWHEMAaTHUYECKHE Mapbl
oTHOCATCA K mapam [ kiacca, WM OJHOMOJABM)KHBIM, a 3alIETUIEHHE BYX
COTIPSKEHHBIX 3yOheB Kojec / W 2 TIpencTaBisieT cOOOW BBICHIVIO Tapy
II k1acca, WM ABYXMOABIKHYIO, (MIPOGHIN MEPEKaTHIBAIOTCS U CKOJIB3ST
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OJMH OTHOCHTEIBbHO Jpyroro). Kmaccudukamms KHHEMAaTHYECKHX map
npuBeaeHa B Tabm. 1.2.
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CBs3aHHasE cHUCTEMa 3BEHBEB, BXOAALIMX B KHHEMAaTHYECKHUE Iaphl,
Ha3bIBaeTCs KMHEMaTH4YeCcKOH 1emplo. B 3aBHCMMOCTH OT TOro, B Kakoe
KOJIMYECTBO Map BXOAUT KaXKJ0€ 3BEHO, PAa3IMYalOT MPOCTHIE IEMH (KaXxKIoe
3BEHO BXOJWT HE Ooyiee 4eM B JBE TMapbl) U CIOXKHBIE (MMeeTCs XOTs OBl
OJTHO 3BEHO, KOTOPOE€ BXOIUT OoJjiee YyeM B ABE Maphl), HE3AMKHYTHIE (€CTb
3BEHBSI, KOTOPBIE BXOJST TOJIBKO B OJIHY Mapy) U 3aMKHYTHIE (KaX/10€ 3BEHO
BXOAWT, MO KpaiHeil Mepe, B 1Be KHHEMAaTHYECKHE Mapbl), IUIOCKHE H
MPOCTPAHCTBEHHBIE.

«MexaHN3MOM Ha3bIBaeTCS Takas KWHEMaTHuyecKas Ielb, B KOTOPOH
IIpY 3alaHHOM JBIDKEHHH OJHOTO MJIM HECKOJIBKUX 3BEHBEB OTHOCHTEIIEHO
m000ro M3 HHUX BCE OCTalbHBIE 3BEHbS COBEPIIAIOT OJHO3HAYHO
onpexneneHnple ABrwkeHUs» [1]. LlapHupHBIM MeXaHW3MOM Ha3bIBAIOT
MEXaHHU3M, 3BE€HbsI KOTOPOT'O COCIMHEHBI TOJIBKO BpallaTeIbHBIMU TapaMU.

Yucno cremeHeidl cBOOONBI KHHEMAaTHYECKOW IIEMM MEXaHH3Ma
OTHOCHUTEIILHO 3BEHA, MPHUHATOTO 32 HEMOABHIKHOE, HA3hIBACTCS CTEIECHBIO
MOJBIKHOCTH U 0003Hauaercs W.

Jiist TIIOCKMX MEXaHHW3MOB IOJABMKHOCTH OTpenelisieTcs 1Mo Gopmyiie
IT.JI. YeObrmena (1821-1894 rr.)

W =3n-2pi—ps,

rJ€ n — YUCIIO MOABUKHBIX 3BE€HbEB; p;— unciio map I kiacca; p, — 4ucio
nap II knacca; uncnoBol KOAIQQUIUEHT, paBHBIA 3, 0O3HAYaET BO3MOXKHOE
KOJIMYECTBO HETIOBTOPSIONINXCS TPOCTEHIINX [BWKEHHH, COBEPIIAEMBIX
3BEHOM Ha IUIOCKOCTH, a Kod(duimeHTs 2 1 1 COOTBETCTBEHHO — YHCIIO
CBﬂSCﬁ, HaJlaracMbIX OJHO- W ABYXIOJABWXXHBIMU KHUHCMATHUYCCKUMU
rapamMu Ha JBH)KEHUS 3BEHBEB.

CreneHsn IOABHKHOCTH w OMpeaAcIACT YHCJIO HE3aBUCHUMBIX MEKAY
co00i 0000IIEHHBIX KOOPAMHAT (3aKOHOB JIBMXKEHHS), KOTOPBIMH HY)KHO
3a/1aThCsl, 9TOOBI BCE TTOJIBMKHBIE 3BEHBSI MEXaHW3Ma OTHOCHTEIHHO CTOWKH
COBEpIIAIM  BIOJHE OINPEACICHHbIE JBUKCHHUA. 3BEHO, KOTOPOMY
NPUNNCHIBACTCS OJHA WM  HECKOJNbKO  OOOOLICHHBIX KOOpIHMHAT,
Ha3bIBaeTCs HadanbHBIM. Y MexanusMma (puc. 1.1) (n=6,p1 =8, p,=1) W=
=3:6-28-1=1, crmemoBarenbHO, BXOJHOE 3BeHO |  sBIgETCA
HAYaJbHBIM, 3aKOH JIBIKEHHS KOTOPOTO MMEET BUA ¢ = ¢i(f), WM ®; =
(%), 31€Cch (@ — yroa MOBOPOTa, a ®; — YIJIOBas CKOPOCTh 3BeHa [, f B
KOHKPETHOM CITydae — BpeMsl.

[Ipu CTpyKTYpHOM aHaNIHM3€ MEXaHM3MOB HEOOXOIWMO HMETHh B BUAY
cnenyromee. Kpome cremneneit cBoOObI 3BEHBEB M CBs3eH (HAKIIAIBIBAIOT
KMHEMAaTHYeCKHWe Taphl), AaKTHBHO BO3JEHCTBYIONIMX Ha  XapakTep
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JIBUKECHHS MEXaHH3MOB, B HHMX MOTYT BCTpEUYaTbCs TaK Ha3bIBAcMbIe
JUIIHAE CTENEHH CBOOOIBI M TMACCHBHBIE CBSI3M, KOTOPHIE HE BIMSIOT Ha
XapakTep IBWKEHHA MexaHmsma B 1enom [1-5]. Ilostomy Ha »rtame
CTPYKTYPHOTO HCCIEIOBaHHA W3 KHHEMATHYECKOM LENUM MeXaHh3Ma
YAAJISAIOT 3B€HbS U KHHEMAaTUYEeCKHE Napbl, KOTOPBIM NMPUHAJIEKAT JUIIHNE
CTeTIeHN CBOOOBI U ycioBHA CBs3U. [Ipu ycTpaHeHNH H30BITOYHBIX CBS3EH
CHIDKAIOT TPEeOOBaHMA K TOYHOCTH HM3TOTOBJICHHMS KHHEMAaTHYECKHX Iap,
IPU 3TOM KOHTPOJMPYIOT 3HAYEHHUS JOMOJHHUTENBHBIX HAarpy3oKk OT
BpEIHBIX KOJIeOaHUH (pacueT KOHCTPYKIMHU Ha KECTKOCTh).

Kunematndeckas 1ens Mexanm3ma (puc. 1.1) JuUmHEX cTeneHei
CBOOOJIbI M TACCUBHBIX CBSI3EH HE MMEET.

CrpykTypHas Kinaccu(pUKaus MIOCKUX MEXaHU3MOB C BpallaTeIbHBIMH
napamMHu BIEpBble ObUla pa3paboTaHa PYCCKUM YYEHBIM Hpodheccopom
JI.B. Accypom (1878-1920 rr.), a 3arem pa3Buta akagemukom V.M. Apro-
oomeBckum (1905-1977 rr.).

OCHOBHOI MPHUHIMI OOpPa30BaHUS MEXAHU3MOB CIIOKHOM CTPYKTYpBI
cocront B cuexyiomeM. JIf0o00i MexaHW3M MOXKeT OBITh 00pazoBaH
MOCIENOBAaTENIbHBIM ~ NIPHUCOEAMHEHWEM K MexaHm3My | Kiacca
KMHEMATUYECKUX LENEN C HYJIEBOM CTENEHbIO MOJABMXKHOCTU. MexaHusm I
Kjlacca, WJIM DJEMEHTapHbBIN, Henb3sl Oojiee pacuiIeHWTh Ha YacTH,
CIOCOOHBIE CAaMOCTOSITEIBHO ITPe0OPa30BLIBATH IBH)KCHHE.

CreneHpb NOABMKHOCTH JIOO0TO MEXaHU3Ma MOXKET OBITh MpeAcTaBlIeHa
B hopme

W=w+0+0+...,

rae W) — creneHb NOJBMXKHOCTH MeXaHM3Ma | Kiacca, COCTOALIEro W3
HAyYaJIbHOTO 3B€HA U CTOWKH, 0ObEINHEHHBIX KHHEMAaTH4YECKON apou.

IIpocreiimyro KMHEMaTHUYECKYIO LeNb C OTHOCUTENbHOH W, = 0, He
pacmajaromyrocss Ha ~ Ooilee  IpOCThIe  KMHEMAaTH4eCKue  IIely,
YIOBIICTBOPSIOLINE TOMY € YCIJIOBHIO, Ha3bIBAIOT CTPYKTYpHOW IPYHIOit
Accypa. Ilpu ompenenenuu Tpymnnm Accypa ydacTHE OJHHUX H TeX Ke
KMHEMAaTUYCCKUX ITap U 3B€HBCB B PA3JIMYHBIX I'PYIIIaX HE JOITYCKACTCA.

MexaHu3mMbl MOTYT OBITh 00pa3oBaHBl Takke HPUCOEAWHEHHEM
KHHEMATHYCCKUX uenef/'l C Hy.]'ICBOI\/'I CTCIICHBIO IMOABHXKXHOCTH K HECCKOJIBKUM
Mexanm3maM | kiacca. B 3Tux ciaydasx crenmeHbp MOABMXKHOCTH
MOJTy4YaeMbIX MEXaHM3MOB OyJeT paBHa 4HCIy MeXaHu3MoB | kiacca, K
KOTOpPBIM NPOU3BOAUTCS TAKOE HMPUCOEAWHEHHE, T. €. — YUCIY HAdalbHBIX
3BEHBEB PACCMATPUBAEMOI0 MEXaHU3MA.
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Ecnn B cocraB rpymnmsl Accypa BXOIST TONbKO mapel I kiacca, To
We=3n - 2pir =0 wu pr = (32)n. Orcrona cienyer, 4To, 3aJlaBasich
COYETaHHNEM pi U 1, MOXKHO TIOJTyYUTh IPYIIIBI JIF0O00H CIIOKHOCTH. B cocTa
Ipynil MOTYT BXOAUTH 3aMKHYTBIE KOHTYPHI 3BEHBEB C DPAa3IHYHBIMHU
CTENEHAMH OTHOCHUTENBHOMN MOABMKHOCTU W,

Ilo xmaccudpukarmmn WM.M. AptoboneBckoro, HOMep Kiacca TPYIIIBI
paBeH YMCIy KHHEMAaTHYECKHX IIap, BXOSIIMX B 3aMKHYTHIH KOHTYD,
00pa3oBaHHBI BHYTPEHHHMMH KHHEMAaTHUYECKUMH Tapamu. [ pymnmsl,
COCTOSIIIIME U3 JBYX 3BEHBEB U TPEX KMHEMATHYECKUX Map, oTHeceHkI Ko I
KJaccy.

[Nopsimox rpynmel ompenenseTcs YUCIOM 3JIEMEHTOB KHHEMAaTHUECKHX
map, KOTOPBIMU TpyMIa MPUCOEANHEHA K MEXaHW3My (WM MeXaHH3MaM)
I xnacca.

Bup rpynmsl onpenesieH MECTOM U KOIWYECTBOM pPa3MELICHHBIX Ha HEl
BpaIlaTeNbHBIX M MMOCTYNATEeIbHBIX Map.

IlocTynarenbHble Tapbl, Kak W BpalllaTeJbHbIC, SBISIOTCS NapamMu
I knacca, moATOMY 3aMEHOH BpallaTeNbHBIX Map MOCTYNATEIbHBIMH MOTYT
OBITH TIOMYYeHB! pa3nuuHble BUABI rpynn Accypa. Ha puc. 1.2 mpuBeneno
ISTh BO3MOXKHBIX BHAOB Ipymnmsl Il kmacca BToporo mopsiaka, Ha3BaHHBIX
magamu CunbBecTpa.

Bup 1 Bug 2 Bun 3 Bung 4 Bun 5

< pa e = P
= = = oY =
= = X ~ A~

Puc. 1.2. Bunpl rpynnsl Accypa Il knacca

Kriacc mexaHum3Ma omnpeaessieTcsi HauBBICIIMM KJIACCOM BXOJSINECH B
MEXaHU3M Tpymibl Accypa.

IImockue MexaHu3MBbl MOT'YyT UME€Th B COCTaBC 3BCHbsA, KOTOPBLIC BXOJAAT
kak B Hu3mme | knacca, Tak W B BBICIINE KWHeMaTHueckue mapsl 11 kiacca.
Jns cTpyKTypHOU KinaccH(UKAIMU TaKUX MEXaHH3MOB HEOOXOUMO Maphl
II xmacca 3amenntsh mapamu I kimacca [1-5].

C TOYKM 3peHHs] KONUYECTBA HAJaraeMbIX CBs3eH, KUHEMATHKH
BBIXOJIHOTO 3BEHA M KApTUHBI MEPeJavyd YCHIUN B TUIOCKMX MEXaHHU3Max
Boicmmass mapa Il kmacca JKBUBaJeHTHAa OXHOMY (MKTHBHOMY 3BEHY,
BXOJSIIEMY B JIBE HU3IIKE Mapkl | kiacca.
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Ha puc. 1.3 cTpykTypHas cxema COBMEIIEHAa C KHHEMAaTUYECKOH, KpoMe
TOTO, Ha cxeMe 3y0uaThiX Konec / ¥ 2 MOKa3aH MpoLecC 3aMeHbl BBICIIEH
KMHEMAaTHYECKOH Maphl, T/Ie AJIs HarJIATHOCTH CJieBa OT CXEMbl MEXaHH3Ma
n300paXkeHa KapTHHA CONPSDKEHUs 3yObeB, rae P — IMOJoC 3aLerieHus, O,
u D, — 3BOJBBEHTH, NN — HOpMallb, #f — KacaTelbHas K mpoduio 3yObes
IIPOBEJICHHBIE Yepe3 M0JII0C 3aLEIVICHHUS.

Puc. 1.3. CtpykrypHas Kiaccu(uKaus KoMIpeccopa:

a— 3aMEHa BBICIICH KHHEMATW4eCKOW maphl (3y04aToro 3ameruieHus); 6 —
3aMensironid MexanusM Il kmacca; 6 — mexanmsm | kmacca; e, 0 — rpynmbl
Accypa

II kmacca, 2 mopsinka, 1 Buga; e — rpymma Il kimacca, 2 mopsinka, 2 Buaa

MexaHn3M KOMIIpeccopa UMEeT B COCTaBe JBa 3yOuaThIX Koieca / u 2,
COTPSIKEHHBIC 3yObsl KOTOPBIX 00pasytoT napy Il kiacca.

Jlo 3aMeHBI MeXaHU3Ma, COCTOSIIETr0 M3 Maphl 3y0JaTsix Kosec / u 2, oH
umeetr Wi =3n —2p; — p,=32-2-2-1=1. IIpouecc 3aMeHBI BHICIICH
napsl oTpakeH Ha puc 1.3, a. DBonbBeHTHBIE NPOQUIN 3yObeB Koiec [ u 2
CONPUKACAIOTCS B TOUKE KOHTaKTa P — nomtoce 3auervieHus. Touku Nyu N,
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SABIIIIOTCS IIEHTPaMH KpWBH3HBI mpoduieir, a py = NP u p, = NP
NPEACTaBISIIOT COO0H paaMychl KPUBU3HBI 3BOJBBEHT 3yObeB B Touke P,
nepejada yCUIMH ¢ OJHOro 3yb6a Ha Apyroi mpoucxoauT no guHuu NN,
KOTOpas sIBJIsieTCA 00IIeil HOpMaJIbIO K TPOQUIISIM.

OKBUBAJICHTHBIH 3aMeHSAOmMUN MexanmsMm (puc. 1.3, 6) coctout u3
3BeHbEB / M 2 (MMUTHPYIOIIHNX Kojeca) U PUKTHBHOTO 3BeHa NN, ¢ IByMA

BpAlIATENbHBIMU [APaMH, JUIMHA KOTOporo [y, = pi + ps, a Wi

3aMEHSIONIEr0 MexaHu3ma paBHa 3n — 2p; =3 -3- 2 -4 =1. B 3amensromem
MexaHusme [} = ON, = ry, @ L = ON, = iy, TOC 151 U Fpp — PAAAYCHI
OCHOBHBIX OKPY’KHOCTEH KoJtec.

[TocnenoBaTenbHOCTh MPOBEAEHHS CTPYKTYPHOTO aHalu3a MEXaHHU3Ma
CIIeyroImas: BBIJENAEM dIeMeHTapHbIH Mexanu3Mm | kmacca (puc. 1.3, a),
KOTOPBI COCTOMT M3 BXOAHOro 3BeHa M CToikH. OcraBuryrocs
KMHEMaTHUYECKYyI0 LIeNb pacuieHsaeM Ha Tpu rpynnsl Accypa Il (puc. 1.3, ¢,
0, e). Takum 006pa3oM, MEXaHU3M KOMITpeccopa OTHOCUTCS K MexaHu3mam 11
KJacca.

HccenenyeMblil MEXaHU3M CJIOXKHBIM, TaK KaK €ro CTPYKTypHas CXema
CONIEP’KUT 3BEHO C TpeMsi KHHEMaTHYEeCKHUMHU TIapaMH, Ha3bIBaeMBIMHU
BEPLIMHAMH {.

B pesynprare 0OBEIUHEHUS MEXAY COOOH HECKOIBKHX MPOCTHIX
MEXaHHU3MOB, KOTOpbIE MOTYT CYIIECTBOBaTh Kak Ha IUIOCKOCTH, TaK M B
MPOCTPAHCTBE, MMOJIyYAOT CJIOKHBIE MeXaHU3MbI. [I0JBIKHOCTD CIIOKHBIX
MEXaHU3MOB Wcy ONpENEIIOT 4epe3 CyMMy MOABHXKHOCTEH IPOCTBIX
MEXaHHU3MOB, COCTABIIAIONINX CJIOXHBIHA, C Y4eTOM KOJHYECTBA 3BEHBEB,
YYacTBYIOIIUX B CO€ANHEHUH NTPOCTHIX.

m

Wen =W~ S(K,- 1),

i= I
rae j — TOpAOKOBBIM HOMep oOOLIero 3BeHa; m — YHUCIO 3BEHBEB
COCAMHSIOMINX TPOCTHIE MEXaHU3MBl; { — YUCIO IMPOCTHIX MEXaHH3MOB,

00pa3yomux CI0KHBINA; K — KOJUYECTBO MEXaHH3MOB, OOBCIMHCHHBIX |
3BEHOM.

[ToxBmKHOCTH TIPOCTBIX MEXaHW3MOB Kommpeccopa (puc. 1.4. a, 6, 8)
COOTBETCTBEHHO paBHa W, =1, W>= 1, W;= 2. KonuuecTBO MEXaHU3MOB,
00beIMHEHHBIX 3BeHOM 2, — K>, =2, 38eHOM 3 — K3= 2 1 3BeHOM 4 — K4= 2.

Wen =1+142-[(Ky - D+(Ky - D+ (K, - 1)] =1,
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Yucno »IEeMEHTOB KHHEMAaTHYECKMX Map, MOCPEICTBOM KOTOPBIX
MEXaHHU3M MIPUCOCAMHSIOTCS K CTOlKe, 0003HavyaeTcs S.

= . 4
<= e 1 > S < Iy
= E = o o5
~a ©n oo s
=Y

a o 8
Puc. 1.4. IIpocTbie MeXaHU3MBI KOMIIpECCOpa

C yderoM TpUHATHIX O0O3HAYEHUH OJHUM U3 JOMOJHUTEIHHBIX
TpeOOBaHMIA, ONPENCNAIONINX CYIIECTBOBAaHHE MEXaHHW3Ma, SBIAETCS
yCIIOBHE, COTJIaCHO KOTOPOMY KOJMYECTBO KHHEMaTH4YeCKHX Tmap
MEeXaHHW3Ma p PAaBHO TMOJOBHHE CyMM S ¥ TIPOM3BENCHUH KOJINYECTBa
BEPIIIVH / 3BEHbEB HA YHCIIO 3BEHBEB 7, C JAHHBIM KOJIHMYECTBOM BEPILIUH:

m
p=1/2] Y tn +s
(=T~

ToXaeCTBEHHOCTh yacTeu JIOIIOJIHUTEIBHOT O CTPYKTYPHOT'O
Tpe6oBanus kommpeccopa, tne P =1/2(3 -2+2-5+4) =10  moxreepxknaer
TO, YTO UCCIEIyeMasi CTPYKTYpa ABJISACTCS MEXaHU3MOM.

Knaccugukanum 3BeHbEB, KHHEMATUYECKUX Map U CTPYKTYPHBIX TPYIIT
HCCIIeyeMOT0 MEXaHN3Ma TpuBeIeHs! B Ta0d. 1.3—1.5.

Tab6nuia 1.3
Kaaccupukanus 38eHbeB MEXaHU3MA

Ne YcaoBHOE

HasBanue JBmwxenne | OcoOEHHOCTH
/11 0003HaYCHHE

Tabnuma 1.4
Kuaccudukanuss KHHEMaTHYeCKHX Nap MeXaHU3Ma

I'eomerpuueckoe,
YcnoBHOE ITonBmxHocTh | BrIcmias
Hazsanue CUJIOBOE
0003HaYeHHE napbl HHU3IIas
3aMbIKaHHUE
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Tab6numa 1.5
Knaccudukanus cTpyKTYPHBIX IPYII MeXaHU3Ma

Howmepa 3BeHbEB,

Ne VYcaosHoe
00pa3yromux
n/n 00o03HaueHne TpYIIIBI

Trpyniny

Kiacc Topsnok Bun
TPYIIBI

HOPAAOK BBIITOJIHEHUSA PABOTbI
N ODPOPMJIEHHMSA OTUETA

1. O3HaKOMHUTBCSI C MOJIENbI0O MEXaHH3Ma, OIpPENeIUTh XapaKTep
OTHOCUTEIILHOTO JBH)KEHHS 3BEHBEB.

2. OmpenenuTh YUCIO 3BEHBEB M KUHEMATUYECKHUX Iap M BBIUEPTUTH
CTPYKTYpPHYIO cXeMy (3CKM3) MeXaHu3Ma (OT PyKH B IPOU3BOJHHOM
MacmTade) IpH TaKOM TOJIOKEHUH BXOJHOTO 3BEHA, YTOOBI APYTHE 3BEHbS
OBUIM BUJTHBI IOCTATOYHO HATJISTHO M HE OBIJIO X HAIOXKEHHS

3. KnaccuduuupoBarh 3BeHbsS MEXaHW3Ma U KHHEMAaTHYCCKHE Maphbl.
Pe3ynbTaThl npeACTaBUTH B BUJE TAOIHIIBL.

4. OmpenenuTth CTEEHb NOIBUKHOCTH MEXaHNU3MA.

5. Ilpy HamMuuMM TIACCMBHBIX CBSI3€ W JIMIIHUX CTENEHEH
MOJBIKHOCTH T0Ka3aTh, B YEM OHHU 3aKJIIOYAIOTCS, YAAIUTh T€ 3BEHbS U
KWHEMATHYECKUE Mapbl, KOTOPHIM OHH MTPUHAJIJIECKAT.

6. Ecnn B coctaB MexaHM3Ma BXOJST BHICHINE KHHEMATUYECKUE MaphI,
TO HEOOXOJMMO KaXIyI0 W3 HHX 3aMEHHUTh (PMKTUBHBIM 3BEHOM C JIByMs
mapamu | Kiacca W BBIUEPTHTH OCKU3 3aMEHSIONIETO MEXaHW3Ma,
OTIPEICTUTh CTETICHD MOJIBHKHOCTH 3aMEHSIOIIETO MEXaHU3Ma.

7. BeraepTtuth B MacmTabe KHHEMATHYECKYIO CXeMy MeXaHh3Ma.

8. IlpoBecT CTPYKTYypHYIO KiIacCUpUKAIMIO MeXxaHu3Ma. B mopsike
KOHTPOIISL OTIPENICINTh CTEIIeHb MOIBMKHOCTH KXKAON TPYIIBI Accypa, ee
KJIacc, MOPSA0K U BUI.

9. Ompenenuth  JOMOJHUTENBHBIE  CTPYKTypHBIE  IapaMeTphl,
JTOKA3BIBAOIINE, YTO UCCIIEAyeMasi CTPYKTYpa SBISIETCS MEXaHU3MOM.

10. OdopMHTH TUTYIBHBIH JUCT W OTYET O BBHIMOJHEHHOW paboTe B
YKa3aHHOM BHIIIIE MOPSIJIKE.

11. ChopmynmpoBaTs BEIBOBI 10 TaOOpaTOpHOI padoTe.
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BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. Uro Takoe MalInHa, MEXaHu3M?

2. Yrto Taxkoe aeTajb, 3B€HO?

3. Jlma 4ero W Kak COCTaBIISIOT CTPYKTYpHBIE W KHHEMAaTHYECKHE CXEMBI
MexaHu3Ma?

4. Kaxuie ObIBaIOT TUIIBI U BU/bI 3BEHBEB MEXaHU3Ma?

5. Kakue ObIBatOT BU/IbI KHHEMATHYECKUX T1ap?

6. Kitaccugukanusi KHHeMaTHYECKUX nap.

7. Kak ompenensieTcs moABMKHOCTh MEXaHU3MOB?

8. Uto Takoe CTpyKTypHas rpyIma?

9. Kak xnaccuuImpyroTcsi CTpYKTypHBIC TPYIIIHI?

10. IIpoBeauTe 3aMeHy BBICIIEH KUHEMAaTUYECKOM MapBhl.
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JIJABOPATOPHAS PABOTA Ne 2

IMAPAMETPUYECKHWI CUHTE3
PBIYAKHBIX MEXAHNU3MOB

HEJIb PABOTbBI

1. WzyueHwe ycloBHS IPOBOPAYMBAEMOCTH 3BEHBEB pPBIYAKHBIX
MEXaHH3MOB.

2. Onpenenenue pa3MepoB 3BeHLEB MeXaHu3Ma 13 Taoi. 2.1.

3. [Iloctpoenume KHHEMaTHYECKOHl CXeMBl MeXaHH3Ma COTJIACHO
HaWJICHHBIM JIJTHHAM 3BCHbBCB.

4. OnpezneneHne KpaiiHUX MOJIOKEHUH 3BEHBEB UCCIIEYEeMOI0 MEXaHH3Ma.

OCHOBHBIE CBEJIEHUSA

ITapamMeTpUyecKkUM CHHTE30M MeEXaHHW3Ma Ha3bIBAETCS OIpeaesIeHHue
COOTHOUIEHWH JJIMH €ro 3BEHBEB, YAOBJIETBOPSIOIIUX ONPEAEICHHBIM
YCIIOBUSIM.

BrIsicHUM, KaKOBBI 3T COOTHOILIEHUS Y YETHIPEX3BEHHBIX MEXaHNU3MOB.

B 3aBucumMocTty 0T BbIOOpA B KHHEMATHYECKOH ey BXOJHOTO 3BE€HA U
CTOWKH TIONY4aroT pa3lWYHbIE MEXaHW3MBl C H3MEHEHHBIM XapaKTepoM
OTHOCUTEIBHOTO [BUKEHHS HEKOTOPBIX 3BEHbEB. EciaMm B MIOCKOH
CTPYKTYpHOH CXeMe IIapHUPHOTO 4YeTHIPEX3BEHHHKa, OOpa3oBaHHOTO
TJIOCKOW 3aMKHYTOW KWHEMATHYECKOW IIeTIhI0, CTOWKOW OyaeT 3BeHO [, TO
MOTyYUM KPHUBOIIUITHO-KOPOMBICIIOBBIA MexaHm3M (puc. 2.1, a). Ecim
3aKpenuUTh HETIOIBUKHO HAaUMEHbIIIEe 3BEHO 2 U C/IeTaTh BXOIHBIM 3BEHO 3,
TO oOpasyeTrcsi Apyroil BapHaHT ATOT0 MEXaHW3Ma — JBYXKPHBOIIWITHBIN
(puc. 2.2, 6).

Takol mpueM MOyd4eHUs BapHAHTOB MEXAaHH3Ma M €r0 KOMIIOHOBOK
MOCPECTBOM 3aMeHbl (YHKIMHA OJHOTO 3BeHa (YHKIHAMH JPYTOTO
HasbpIBaeTcs uneepcueli. Vicnonb3oBaHne METOAa HHBEPCHUH BO3MOXKHO NPHU
COOTHOUIEHUSAX JJIUH 3BEHBEB, ONPEAEISEMBIX YCIOBHUEM CYLIECTBOBAaHUS
KPHUBOIIIUTIA B IIAPHUPHOM YETHIPEX3BEHHUKE.

WuBepcuelt KpUBOLIMIHO-TIOI3YHHOTO MeXaHu3Ma (puc. 2.2, a) mpu
MpeBpalleHny Toi3yHa 3 B CTOHKY, a 3BeHa 2 — BO BXOJHOE 3BEHO
MOJTy4aeM MEXaHW3M C TIOCTYTMAaTeNbHO IBIKYIIUMCS 3BeHOM 3 (puc. 2.2,
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0). KprBOIIMIHO-NION3YHHBIH MEXaHHW3M IIPEBPALIAeTCs] B KPHUBOIIUIIHO-
KYJIUCHBIH,

D A

L3
L1
Lo

a 9]
Puc. 2.1. luBepcust MeXaHW3Ma IMAPHAPHOTO YETHIPEX3BEHHUKA

€CITH 3a CTOWKY MPUHATH 3BEHO [, a 3a BXOJHOE 3BEHO — 3BeHO 2 (3BeHO 0
CTaHEeT KYJIUCOMH, puc. 2.2, 8).

TaxkuM 00pa3oM, ¢ MOMOIIBI0 HHBEPCHH MOXHO MOJYYUTH MEXaHU3MBI,
00eCTeYnBaIOIINEe PA3THYHbIN XapaKTep ABIKEHHS BBHIXOIHOTO 3BEHA.

CBsI3b MEXY pa3MepaMH 3BEHBEB UETHIPEX3BCHHBIX MEXaHHU3MOB U UX
JIBIDKEHHEM MOXET OBITh MPEICTaBIeHA MATEMATHIECKH B BUIE HEKOTOPHIX
HEPABEHCTB.

PaccmoTpum citydaii, KOrja 3a BBIXOJHOE 3BEHO MOXET ObITh MPUHSITO
nr000e W3 YeThIpeX 3BCHBEB MEXaHHW3Ma, HO TPH ONPEISICHHOM
COOTHOIIICHUH UX pa3mepoB. ITycTh [, — caMoe KOpPOTKOE 3BEHO MEXaHH3Ma
(puc. 2.3), a [, wm /5 — camoe JITUHHOE.

a 4] 8
Puc. 2.2. laBepcHsi KpUBOIIUITHO-IION3YHHOTO MEXaHN3Ma
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Puc. 2.3. YcnoBue npoBopaurBaeMOCTH 3BEHHEB

Jng toro uroObl mpu BpalleHHMM KpuBoIIMma / Toyka B momana B
HosoxeHue B, He00X0IUMO cOOIII01aTh HEPABEHCTBO

L+ <L+ (21)
U3 CBOMCTB TPEYroJbHUKA CIEAYET TAKKE, UTO IpH [, > [
L+ 1> (22)

Jna mpoxoxaeHuss TOYKM B depe3 MONOXKEeHHEe B3 HEo0X0oauMo
co0JI01aTh HEPABEHCTBO

I—L <h+h, (2:3)
anpu [, > [;caenyert, 9to
b—0L>0L-1L (24)

HepasenctBo (2.1) uckmouaer HepaBeHCTBO (2.3), HepaBeHCTBO (2.4)
UCKIIO4aeT HepaBeHCTBO (2.2). Toraa ans ciydas /, > /3 OIyduM cucteMy
HEpaBEHCTB

L+ < b+ 13,
L+ L <+ L.

Tak xak ll — HaWMCHBIICC 3BCHO, TO IIpHU HanOOJbIIEM 3BEHE lz
HEPABCHCTBO

L+L<lh+ 1 (25)
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00eCIeYnBaeT BBIMOHEHUE OCTATbHBIX yc.]'[OBPIfI. HpI/I HanOOJIbIIIEM 3BEHE
13 YCJIOBUEC NPOXOKACHUSA TOYKHU B qepe3 B, uB; BBIPA’KacTCs HCPABCHCTBOM

L+L<bL+1,. (26)

HepasenctBa (2.5) m (2.6) mo3BoNsIOT c(HOPMYJIMPOBATH YCIOBHE
POBOPAYMBAEMOCTH 3BeHbEB — IpaBmiio @. 'pacroga (1826—1893 rr.).

CaMoe KOpPOTKOE 3BEHO IMapHUPHOTO MexaHm3Mma (puc. 2.4) Oyner
KPHUBOIIUIIOM, €CITH CyMMa JJIMH CaMOT0 KOPOTKOTO M CaMOTO JJIMHHOTO
3BEHBHECB MEHBIIIE CyMMBI JITTHH OCTalIbHBIX 3BE€HbEB. M3 3TOTO CiieyerT, 4To:

® MexaHu3M OyIeT OBYXKOPOMBICIOBBIM (puc. 2.4, a), eciam pa3mepbl
€ro 3B€HBEB HE YIOBJIETBOPSIOT YKa3aHHOMY TIPaBHUILY;

® KPHUBOLIMITHO-KOPOMBICIIOBBIM (puc. 2.4, 6), eciaum pa3Mepbl €ro
YIOBIIETBOPSIOT MPABHITY U KPUBOLIHIT — CAMOE KOPOTKOE 3BEHO;

® IByXKPHBOIIMIHBIM (puc. 2.4,8), ecnu pa3Mepsl €ro 3BCHHEB
YIOBIIETBOPSIOT IPaBUITY U 3a CTOHKY MPUHITO CaMOe KOPOTKOE 3BEHO.

a 0 8
Puc. 2.4. Mogudukanuy mapHAPHOTO YETHIPEX3BCHHNKA

VYcnoBus MpOBOPAYMBAEMOCTH CIIPABEIUIMBBI M IS YETBIPEX3BEHHBIX
MEXaHU3MOB, HMEIOIIMX MOCTYHNATENbHYI0 KHHEMAaTHYECKyI0 Mapy.
PaccmoTpuM mpeoOpazoBaHue BpallaTeIbHON Mapbl B HOCTYHATENbHYIO
nmapy. Tak kak 1eHTp BpamarenbHON mapel C ABIKETCS 1O OKPYKHOCTH
pamuyca D'C (puc. 2.5, a), To KHHEMaTHKa 3BeHbeB | U 2 HE M3MEHseTCH,
€CJI 3BeHO 3 MeXaHU3Ma 3aMEHHTD MOJI3YHOM, JBUTAIOLIUMCS 110 KPYTOBOM
HaIpaBJISIIOLIEN TOTO XKe pajnyca.

[Ipu yBenuueHnu IMHEL /3 3BeHa 3 HANPABIIAIOLIAsl BBIIPIMHUTCS U IIPU
[y = o0 craHeT MPAMOJMHEHHOM. B 3TOM cilydae MeXaHW3M MPEBPATUTCSI
B KPHUBOIITUITHO-TIOJI3YHHEIH (puc. 2.5, 6).

Ecmu mipu /3 = 9 3a cTOMKY IpuHATH 3Be€HO /, a 38€HO 0 OCBOOOAUTH
(puc. 2.5,6), TO TONYyYUM KYJUCHBIH MEXaHU3M C BpaIIAFOIIUMUCT
3BeHBsIMH 2 U 0 cO CBOWMCTBaMH, AHAJIOTMYHBIMHU JBYXKPHUBOIIUITHOMY
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MEXaHU3My, NpUBEIEHHOMY Ha puc. 2.5, 6. Ilpu 3akpemsieHun 3BeHa 2
MOJYYHM JIPYTYIO pa3HOBUAHOCTH KYJIMCHOT'O MeXaHu3Ma (puc. 2.5, 2).

Puc. 2.5. Moaudukaiuu mapHUPHOTO YETHIPEX3BEHHHUKA C TIOCTYIIATCIbHBIMU
napamu

VYBenuuuBash pasMepsl DIEMEHTOB KHHEMAaTHYeCKOW Tapel B W He
M3MCHSS NIUHY 3BeHa [ — [, TONMy4alOT MEXAaHW3MBI JIPYTHX THIIOB, HO
0o0JamalonInx Takod JK€ MPOBOPAYMBAEMOCTHIO 3BEHBEB M KHHEMATHKOH,
KaKk W B IIIAPHUPHOM UYCTHIPEX3BCHHHKE. B 3THMX MexaHm3MmMax 3BeHO [
MIPEBPAIIACTCS B SKCIICHTPHUK C IKCIIEHTPUCUTETOM (CMEIIeHueM) e = [;.

OOBIYHO TaKWe MEXaHW3Mbl KOHCTPYKTUBHO YJOOHO BBIMTONHSATH TIpH /i,
COM3MEPHUMBIX C THaMeTpaMU IIapHUPOB KHHEMATHICCKIX TIap.

Kpaitnue, MEpTBBIE, TTOJIOKEHMS MEXaHU3Ma ONPEACIISIOT
AHAJIMTUYCCKU WIN IpadUueCcKy.

Ecnmn HawanmpHOE W BBIXOIHOE 3BEHBS COBEPIIAIOT BpalaTelbHbIC
NBIDKEHUS, TO KpaifHHe IMOJIOKEHUS B MEXaHU3ME OTCYTCTBYIOT. K Takum
MEXaHW3MaM  OTHOCST, Hampumep, 3yOuarble, JBYyXKPUBOIIUITHBIC
MEXaHU3MEI.

TlokaxeM omnpeneneHue KpallHUX TMOJOKEHUN 3BEHBEB CIEAYIOIIUX
MEXaHU3MOB.

IlycTs BBIXOMHOE 3BEHO MIAPHUPHOTO YETHIPpEX3BEHHWKA (puc. 2.6)
coBepIraeT KojebaTenbHOE (BO3BpaTHO-BpaliaTelbHOE) ABIMKEHHe. Torma
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KpalHUMH TOJIOKEHUAMHU KOPOMBICa OyAyT MOJIOKEHMSI, KOTJa KPUBOLLIUII
I v martyH 2 ckIaapIBalOTCs B OHY JIMHUIO (M0JI0XKeHue 2, puc. 2.6, a), uiu
BBITATHBAIOTCS (TIOJIOKEHHE 4, puc. 2.6, 0).

CooTBeTCTBYIOLIME KpPalHUM TIOJIOKEHUSM KOPOMBICHIA MOJIOXKEHUS
KPHBOILINIIA OTPENEIISIOTCS YIIAMH, Py, Qi

PaGounm X0oOM TaKMX MEXaHHM3MOB, SBIAECTCS IE€pPEMELICHHE
KOpoMbIcia 3 HaBCTPEdy MOMEHTY CONPOTHBICHUSA M., IOATOMY YTJIBI Q14 U
(@1« OIpPENeNsI0T COOTBETCTBEHHO HAdalo W KoHel pabodero xoxa
KopombIciaa 3. OTCUeT MCKOMBIX YTJIOB IpoBOIuTCS OT ocu OX, mpoTHB
IOBIDKEHHS 4YacoBOM CTpPENKM OO 3BeHa [, TOJOXEHHE KOTOPOro
OIpEIEIACTCS.

a 0
Puc. 2.6. Onpenenenre kpallHUX MON0KEHUI APHUPHOTO YE€THIPEX3BEH-
HOT0 MeXaHU3Ma:

a — HA4YaJIbHOE TI0JIOKCHHEC KOPOMBICIIA, 6 — KOHEYHOE ITOJI0KEHUE

B paccmarpuBaemMoMm mpumepe yroa @, = ¢ + 180°, tme @ =
2 2_ 2 2 22
=arccos L)k ,a (p, =arccos o Grh) - .
2(6 = Il 2l + 1)l

3BeHO 3 sABIAETCA BBIXOJHBIM 3BEHOM KPUBOIIUITHO-MOI3YHHOTO
Mmexanm3ma (puc. 2.7). KpaitHue mnonoxeHus moiizyHa 3 ONpEAENSIOTCS
MOJIOKEHUSIMU  KpHBOIIMMA / M IIaTyHa 2 B MOMEHT HUX CKJIaJbIBaHUS
(monosxenue 2) u pactpsamieHus (monoxenue 4). [lockoapKy HampaBieHUE
paboyero xoma NPOTUBOIOJIOXKHO HANPABICHUIO OCHOBHOH CHIIOBOI
XapaKTEpPUCTUKM MEXaHW3Ma — CHJIbl COIPOTUBIEHUs [, KpaillHee JeBoe
NoJjoXxeHue noiusyHa 3 OyzneT HadajaoM pabodero xojaa, a KpaiiHee IpaBoe
MOJIOKEHHUE 3BEHA 3 — COOTBETCTBEHHO KOHLIOM paboyero xoxa. OOpaTHOE
JIBIDKEHUE TIoN3yHa 3, koraa £ = 0, Ha3pIBaeTCA XOIOCTHIM XOJIOM.
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Puc. 2.7. Onpenenenue kpaliHUX NON0KEHUH
KPUBOIIUITHO-MIOJ3YHHOTO MEXaHU3Ma

Ilonoxenue KpuBOIIMIIa B MOMCHT Hadajla JABWIXCHHUA I10JI3yHa 3

XapakTepusyercs yrioMm ¢, = p + 180°, rme P =arcsin . Yron npu

2 1
C,K

KPUBOIIIHNIIE B KOHIIE PaBoUero Xo/a onpeenserca n3 Pix =arcsin R
2t4h
Jlis  KynucHOro MexaHu3Ma C Kavarolehcs Kynucou (puc. 2.8)
KpaHUMH SIBJISTIOTCS TTOJIOXKEHUS, KOTIa KpUBOLIHN / U Kynuca 3 B3aUMHO
MEPICHAMKY/ISIPHBI HJIM, YTO TO JK€ CaMoe, KOrja Kyjuca SBIIICTCS
KacaTeJbHOW K TPACKTOPUH JBHKCHUS BEPIIHHBI B KPUBOIIUTIA.
PacronosxuM  KyJWMCHBIH MEXaHU3M TakK, uYTOObl OJHA U3 €ro
KOOPJMHATHBIX OCEH MPOXOAWa [0 JIMHUH, COCAMHSIONICH IICHTPBI
KAHEMATHYCCKUX TMap, KOTOPHIMH MEXaHH3M MPUCOCTUHSICTCS K CTOMKaM,

FT)

L3

Puc. 2.8. Onpenenenue kpaliHUX MON0XKEHUH
KPHUBOIIMITHO-KYJIMCHOTO MEXaHHU3Ma
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yepe3 CTOMKY KPHBOLIMIA. Y CTAHOBHM HalpaBICHHUE JABM)KCHUSI KPUBOIIMIIA
[0 YacOBOM CTpeiKe, a HampasieHue M. — npotus. Ecnu yrisl KpuBomuma
Piu, Qix ONPEICISIOT HAYAJIIbHOE M KOHEYHOE TOJIOKEHMS KYJHChI, TO X
3HAYeHns BeUCIsIoTes o Py =180° - arccos/l—l ,a Qi =180° +arccosll—1_
0 0

Jns mocTpoeHus IIaHa IOJIOKEHUN I MEXaHU3Ma METOJOM 3aceuek
HEOOXOJMMO OMNPEACTUTh MacIITaOHBIA KOA(D(OUIMCHT JUIMH 3BEHBHCB
MeXaHH3Ma

w=1L/(A4B) (M/Mm),

rae /x — UCTHHHAS JJIUHa KpuBomuna, a (AB) — BRIOpaHHBIM YepPTEKHBIN
pasmep kpusomuna (50...70 Mm).

BriOpaB MecTO pacnojokKeHus] CTOMKH A HayalbHOTO 3BE€HA, CTPOUM
TPaeKTOPHIO (OKPYKHOCTB) JBHKCHUS TIOJIBHKHOM BEPIIUHBI KpUBOIIHIA B
paauycoMm R, = (4B).

[lonoxeHust i BBIXOOHOTO 3BeHa 3, KPWUBOLIMIIHO-KOPOMBICIOBOTO
MexanuzMa (puc. 2.6), COOTBETCTBYIONIHWE BBIOPAHHBIM ITOJIOKCHISIM
KpuBomuna (4B;), onpeaeneHsl TOYKaMHU MEPECeUCHNsT OKPYKHOCTEH R, =
(B:C)
¢ eHTpoM B B; u R; = (DC)) ¢ nenrpom B croiike D, rne (DC) = Ipc/ W,
(AD) = lAD/H-l-

OtknaapBasg (CK) = lex/W, CTpOUM TPaeKTOPHIO (JIMHMIO) TBHXKEHHS
moJi3yHa 3, KPUBOIIUITHO-TIOI3YHHOT0 MexaHu3Ma (puc. 2.7).

BriOpaB mosnoxeHue i BpallaTeIbHOM Hapsl B; Ha TpaeKTOPHH
JBWKEHHS BEPIIMHBI KPHBOILIWIA, TPOBOJUM OKPYKHOCTH paguycoM R, =
(B:Cy), tae (B: C:) = lgc/ . Tlepecedenne TPaeKTOPUU JBHKCHHS MOJI3yHA C
OKPYKHOCTBIO R, TIO3BOJIIET ONPEACIUTh IOJIOKCHHE TOoN3yHa 3,
COOTBETCTBYIOIIEE MOJIOKEHHUIO | KpUBOILIHIA /.

[Ipsimere (DC;), mpoBeieHHBIE Yepe3 CTOWKY [, M MON0KEHUS BEPIIUHBI
B; xpuBommna / cOCTaBJISIOT IUIAH IOJIOKEHUH { KPUBOLIMITHO-KYJIMCHOTO
MexaHu3Mma (puc. 2.8).

HOPAAOK BBIITOJIHEHUSA PABOTBI
N O®OPMJIEHUS OTUHETA

1. O3HaKOMHUTBCS C MOJIENBI0 MEXaHW3Ma, OIPENIENUTh XapaKTep
OTHOCUTEIILHOTO JBI)KEHHS 3BEHBEB.
2. OmpenenuTh CTENEeHb MOABUKHOCTA MEXaHU3MA.
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3. Onpenenuth pa3Mepbl 3BEHBEB U3 YCIOBHUS IMPOBOPAYMBAEMOCTH
3BEHBEB.

4. BeraepTuTh B MacIITa0e KHHEMAaTHIECKYIO CXEMy MEXaHHU3Ma.

5. BpluncauTh yriel Npud KPUBOLIMUIIE, COOTBETCTBYIOIIME KpalHUM
MOJIO’KEHUSIM BBIXOJHOTO 3BEHA.

5. PaccmoTpeTs Apyrue BapuaHThl MEXaHU3Ma.

6. OhopMHUTH TUTYJIBHBIN JUCT U OTYET O BHIIIOJIHEHHOM padoTe.

7. ChopmyupoBaTh BEIBOJIBI 110 J1JaOOpaTOpHOI padoTe.

BOITPOCHI 4J1s1 CAMOKOHTPOJIA

1. Yro Takoe MHBEpPCHUS MEXaHU3MOB?

2. ChopmynupyiiTe YCIOBHE NPOBOPAYMBAEMOCTH 3BEHBEB, mpaBmio .
I'pacroda.

3. [aiiTe nosicHEHUs K METOAY NIOCTPOEHUS MOJIOKEHUN MEXaHU3MA.

4. Kakne o0KeHUs 3BeHhCB MEXaHN3Ma HA3hIBAIOT KpaitHIMU?

5. Kak onpenensitoTcs yriibl KpUBOLIUNA B KpPaWHUX MONTOXKEHUSIX ?
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JIABOPATOPHAA PABOTA Ne 3

KUHEMATHUYECKHU AHAJIN3
3YBUATBIX MEXAHU3MOB

HEJIb PABOTBI

1. O3HakoMIIeHHE C pa3In4YHbIMU BUIAMU 3y6‘laTLIX MCXaHHU3MOB H
COCTaBJICHUEC NX KHHCEMATHYCCKHUX CXCM.

2. HpOBeIleHI/Ie KHMHEMAaTUYCCKOI'0 aHajim3a J3TUX MEXaHU3MOB
AaHAJIMTHYCCKHUM, Fpa(l)I/I‘ICCKI/IM 1 OKCIIEPUMEHTAJIbHBIM METOAAMMH.

OCHOBHBIE CBEJIEHUSA

3y0uaThie niepeaun OTHOCSTCS K MEXaHHMYECKUM U MPeTHA3HAYCHBI JITIS
nepesady BpamaTeIbHOro JBMXKEHUS OT BEAYIIErO Baia K BEJOMOMY C
npeo0pa3oBaHWEM MapaMeTPOB 3TOTO JBMXKCHHS: YIJIOBBIX CKOpOCTEH H
KPYTSALIAX MOMEHTOB.

Tpex3BeHHBI 3y04aThlii MEXaHHW3M COCTOMT W3 JBYX IIOJBIIKHBIX
3BCHLBCB — 3y6‘laTI>IX KOJICC, HaXOoAAIIMUXCsa B 3alCIINIICHUU H O6p33yIOHII/IX
KuHeMaTtuueckyto mapy Il kiacca, W BXOASIIMX BO BpalllaTelbHbIE
KHHEMaTHYeckrue mapbl | kimacca ¢ TpeThUM HEMOABIKHBIM 3BEHOM —
ctoiikoii. OCHOBHBIM KJIACCH()MKAIMOHHBIM MPU3HAKOM TPEX3BEHHBIX
3yOUYaTBIX MEXaHU3MOB SIBIISIETCS B3aMMHOE PACIOJIOKEHHE OCeil BpareHus
Kosiec. PaznuuaroT MexaHU3MBL:

[ ¢ mapamiesHBIMI OCSIME — IWIHHAPUICCKUE psMo3yosie (puc. 3.1, a),
Koco3yoblie (puc. 3.1, 6), meBponHbie (puc. 3.1, ), peeyHbie, ¢ BHCITHUM
Y BHYTPEHHUM 3alleTUICHHEM;
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a o 8 2 0 e 3
Puc. 3.1. Tpex3BeHHBIC 3y0UaThIe MEXaHI3MBI

[ c mepecekaromMMICs ocaMH — KoHHYeckue (puc. 3.1, 2) npsmo3yosie,
KOCO3yOBble, TAHT€HIIUATbHEIE);

0 ¢ mepekpemmuBamIUMHUCI OCIMH — BUHTOBHIE (puc. 3.1, 0),
yepBauHble (puc. 3.1, e), runonansie (puc. 3. 1, 3).

Tpex3BeHHBIE 3yOUuaThle MEXaHW3MBI B PA3IMYHBIX COYETAHHUAX MOTYT
OBITh CKOMOWHHPOBaHBI B MHOTO3BCHHBIX 3yOUaThIX MEXaHH3Max.
Hanpumep psnoBoit MEXaHH3M C MPOMEXKYTOUHBIMU KoJiecamu (puc. 3.2), B
KOTOPOM OKPY’KHBIE CKOPOCTH V; BCeX KOJleC OJMHAKOBEI, a CIIEI0BaTENHHO,
MPOMEXKYTOUYHBIE Koyeca 2, 3 U 4, U3MCHsS HaIlpaBIICHHUE BpAIlCHHS, HE
BJIMSIIOT Ha BEJIMYUHY BBIXOJAHOU YTIIOBOM CKOPOCTH (s.

Puc. 3.2. PsanoBoi 3y0uaTslii MEXaHU3M
C MMPOMEXYTOUYHBIMH KOJIECAMH

Puc. 3.3. PanoBoii cTyneHyaTsIit
3y04aThlii MeXaHU3M

2 Moryr  ObiTb  00pa3oBaHBl  PSAIOBBIC
= 4 CTyIeHYaThle 3y0UaThie MexaHu3MBbI (puc. 3.3), B
KOTOPBIX MPOMEKYTOUYHBIE KOJIeca apamH ycTa-

sl . HaBJIMBAIOTCS Ha OOIIEH OCH ¥ BIUSIOT Ha
HW3MEHEHUE BBIXOJHOW YTJIOBOW CKOPOCTH (.
CymiecTByroT ~ OoJjiee  CIIOXKHBIE  3yOuaThie
MEXaHU3Mbl C TIOABHXKHBIMH OCSIMH  KOJIEC:

Puc. 34.
JuddeperrmansHpnii
MexaHu3M JlaBuaa 34



TuTaHeTapHeie U auddepennmansabie (puc. 3.4), a Takke UX KOMOWHAIIUHU C
paccMOTPEHHBIMH paHee TUITAMH MEXaHU3MOB.

CTpykTypa 3y04aThIX MeXaHH3MOB

[Ipocroii Tpex3BeHHBIN MIOCKUN MeXaHu3M (pHC. 3.5) COCTOHUT U3 IBYX
MWIMHIAPUYIECKUX 3yO04aThix Koiec / W 2, 3aKpEeIUICHHBIX HIAPHUPHO B
croiike 0 (xopmyce). Takoil MexaHW3M HUMEET JBa IIOJBI)KHBIX 3BEHA
(komeca), aBe KuHeMaTWdeckwe mapbl | kmacca p; (MHIHMHAPHICCKUE
IIapHUPHI) W OJHY KuHeMaTudeckyio mnapy Il kmacca p, (3amermuieHue
3yObeB). B cootBercTBUM ¢ (hopMyiioit UeObllieBa CTENEHb MOJABHKHOCTH
takoro mexauusma W =3n-2p - 1p, =3-2-2-2-11=1, 1. e. Bpamenne
BeIymero 3BeHa / (IIeCTepHU) IepeaaeTcss BeAOMOMY 3BeHy 2 (Kojecy) H
OJIHO3HAYHO OMpEENAeT ero MOJOKEHHE.

AHAJIOTMYHO BBITIOJHAETCS pacyeT CTEeNEeHU TMOABIKHOCTA W IS
MHOTO3BEHHBIX PSIOBBIX M CTYNEHYAThIX MexaHu3MoB. [Ipuuem, HecMoTps
Ha yBEJIMYEHHWE 4YHUCJIa 3BEHbEB U KHUHEMAaTHYECKUX IMap, CTENeHb
MOJIBMKHOCTH 3yOUaTBIX MEXaHH3MOB C
HETNOJBM)KHBIMH  OCSIMH  KOJIEC ~OCTaeTCs
paBHOU eIMHULIE.

WNnaue obOctour pemo B 3yOuYaThIX 1
MEXaHHW3Max WMEKIINUX IOABIKHBIE OCH 0
KoJec, — qudQepeHIaIbHbIX MEeXaHu3Max. -
Huddepentmanpuenii  mexanmsMm  JlaBuma
(puc. 3.4) comepxur croiiky 0, Tpm
MOJBIDKHBIX 3yOUaThIX KoJjieca: COJHEYHYIO
IIeCTepHIO [, TIGHTPAJIbHOE KOJECO C
BHYTPEHHUMH 3yObSMH 2 U CaTeJUUT 3, OCh
KOTOpOIO, 3aKpeIUIeHHas B Bojuie 4,
JBWKETCS 1O KPYroBoii opbure BOKpyr Fuc. 3.5. Hpocroii
LEHTpAIbHONM ocu. YHCI0 MOABIKHBIX  TPCX3BCH- HBIA 3y0OuaThIi
3BCHLCB B TAKOM MEXaHHU3ME 1 = 4, KHHEMa-  MeX¥anuam
tiyeckux map | kmacca p; = 4 m aBa 3y0YaThIX 3alEIUICHUS KaXKAble W3
KOTOPBIX 00pa3yroT kmHeMatwueckyio mapy Il kimacca (p. = 2). Ilocne
MOJICTAHOBKH 3HAUCHHUS 71, P1, P> B GopMyiry YeOblmeBa nmeeM

— I —

W =3n-2p - 1p, =34-2-4-12=2.
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DTO0 3HAYMT, YTO JJISl TIOIYYEHHsI 3a8JJAHHOTO 3aKOHA BpAIllCHHS, HApPUMEp
Koyieca 2, He0OXOJMMO COBMECTHO II0/IaTh BpallleHHE Ha IIecTepHio [ u
BOAWIIO 4.

OnHaKo, 3aKpenuB ICHTPAIbHOE KOJIECO 2 HEMOJBIKHO Ha CTOMKE,
MOXKHO TIOJIyYUTHh JPYrod MEXaHW3M C T[OJIBW)KHBIMH OCSIMH —
TUTaHeTapHBIA. JIJI1 HEero YWCIO MOJBIDKHBIX 3BEHHCB YMEHBIIUTCS Ha
eauHuny (n = 3), KUHEMAaTHYECKUX Map MEpBOro Kiacca TaKKe CTaHET Ha
OITHY MEHBIIIE
(p1 = 3), a yncno 3yO4YaThIX 3aleruieHuil He m3MmeHutcs (p. = 2). Tornma
CTeTeHb MMOJBM)KHOCTH IUIAHETAPHOTO MEXaHU3Ma

W =3n-2p -1p, =3 3-23-12=l,

CrnoxxHbIe MCXaHH3MBbI, COCTOAMIUC M3 PACCMOTPCHHBIX BBIIIC BUJIOB
MEXaHNU3MOB, MOT'YT UMETH CTCIICHb IMOJABUKXHOCTHU U Ooublire ABYX.

Kunematuka 3y04aTbIX MEXaHU3MOB

OCHOBHOM 3a/1adeii KWHEMAaTHYECKOTO aHan3a 3y0JaThIX MEXaHHU3MOB
SABIISIETCS  ONpeNeNeHne WX TMepeJaToOvYHbIX OTHOIIeHWH. I3ydenwne
KWHEMATHUKH HaYHEM C MPOCTEHIINX TUTIOB 3y04aThIXx MexaHu3MoB. Ha puc.
3.5 cxeMaTU4HO NOKa3aHa HUIMHAPUYECKas 3y0yaras nepeaada ¢ BHCITHUM
3amerieaneM. CKOpOCTH TOYEK HadallbHBIX  OKPYXXHOCTEH  KoJjec,
HepCKaTI)IBaIOHII/IXCH [prr 10 IprFy 663 CKOJIBKCHHUA, OAJWUWHAKOBbBI U paBHBI
V. CnenoBatenbHO, yTIOBBIE CKOPOCTH BpAIIeHHs KoJjiec OyIayT oOpaTHO
OPONOPLUOHAIBHEL  MX  JHAMETPAM: V =wd, =w,d,. Otcrona
MepeaTOYHOe OTHOIIECHUE i, PAaBHOE OTHOIIEHUIO YIJIOBOH CKOpPOCTH
BEIylIEro  Kojieca K  YIVIOBOM  CKOPOCTH  BEIOMOro,  Oyjaer
W dy z

2
o y - — . IlocnenmHee cooTHOIICHHWE YUCEN 3yOBEB KOJIEC
2 1 2

ho ="—
TIOJIy4€HO BCIIEICTBHE TOTO, 4TO d =Mz, a yCIOBHBIM 3HaK (—) yKa3bIBaeT
Ha TO, YTO BpAIICHHE KOJIEC C BHEIIHUM 3allCTUICHUEM, MPOUCXOASIICe B
OILHOI\/'I IJIOCKOCTH, ABJIICTCA BCTPCUYHLIM. MaxkcumanbHOoe 3HadYeHUE
NepelaTOYHOr0  OTHOILICHHWsT ~ paccMaTpUBacMOW  Mepeiavyd  He
PEKOMEH/TyeTCsl MPUHUMATh OOJIee IMECTH U3 COOOpaKEHUH KOMITAKTHOCTH
nepeadu: JuaMeTp Kojeca OyneT CyIIECTBEHHO OoJjbllie Juamerpa
mrectepHu. Eciu Bce jke HEO0OXOIMMO TIONY4YHTh OOJIblee MepeaaTouHOe
OTHOIIICHHUE, 11E71eco00pa3Ho pa3OUTh Mepeaadyy Ha JABE CTYNMEHH (CM. pHC.
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3.3). B Takom crymeHyaroM 3y04aTOM MeXaHH3ME II€pPEIaTOYHOE
OTHOLICHHUE (C YYETOM TOT0, UTO )y =3 ) paBHO

w (@) w z z
P— 01— 1 3| — 2 4| —(_; :
i 1 -1 -2 - = [ (_ 112)(_ 124)

OO6mee meperaTOYHOE OTHOIIEHWE MHOTOCTYNEHUYAaTOro MeXaHu3Ma OyneT
OIIPENeNIATHCS IPOU3BECHUEM NIEPENATOYHBIX OTHOIICHUHN CTyleHel. 3HaK
NepelaTOYHOT0 OTHOIIGHUS { JIJIsi 4YETHOTO YHCIa COMHOXXHTENEeH —
HOJIOXKUTENIbHBIN  (BpallleHne IEepBOr0 M IOCIETHEr0 KOJEC B OIHY
CTOPOHY), @ JUIsl HEYETHOTO — OTPUIATEIIbHBIM.

B psanmoBeix 3y0OuaTelx MexaHM3Max (cM. pHC. 3.2), B KOTOPBIX
IPOMEXYTOYHbIE KOJIeca BXOIAT B JBa 3yOuaTblX 3alleIlIeHus,

A S | LT | 2 Y|

IepefaToyHoe OTHoIIeHue Oyzxer ! =|-—||-—||-—|= —, T.e.

- - - -

I 22 23 2
NPOMEXYTOYHbIE KoOJieca BIMSIOT HE Ha BEJIUYMHY MEepeiaTOYHOro
OTHOIICHHUS, a TOJILKO Ha €ro 3Hak. [IpUMEHSIOT Takhue MEXaHWU3MBI JUIs
obecriedeHUs] TPeOyeMOro MEXLEHTPOBOTO PACCTOSIHUS WM M3MECHEHHS
HarpaBJIeHHUS BPALICHUSI.

HAns  uccnemoBaHWs  KUHEMAaTHKH — 3yO4aThIX ~ MEXaHHU3MOB  C
MOJBIKHBIMH ~ OCSIMH  KoJieCc (TUTaHeTapHbIX M IuddepeHnrnatbHbIX)
BOCTIOJIb3yE€MCSl METOJIOM MBICIIEHHOTO OCTaHOBa Boauia (Meron Buiuca).
CyTb 3TOro Merojia 3aKJIOYaercsi B TOM, YTO BEChb MEXaHH3M MbICICHHO
HAaYMHAIOT BpaIlaTh BOKPYr MEHTpadpHOW ocu O, — O, C YIIOBOH
CKOPOCTBIO, PABHOH MO BEIUYKMHE U MPOTHUBONOJIOKHOMN YIIIOBOI CKOPOCTH
Boauiaa. B pe3ympTare  3TOrO  CIIOKEHUS  BpAlIeHWH  BOIWIIO
OCTaHABIIMBAETCSI B MPOCTPAaHCTBE. BHOBb MONyYeHHBIH OOpalEeHHbIH
MEXaHU3M TIpeBpamiacTcsi B OOBIYHBIN CTYNEHYATHIM (WM PSIOBOM) C
HETOABWXHBIMU OcsMU Kouyiec. OIpenenuTs IMepeAaToyHoe OTHOIICHHE
00paIeHHOro MeXaHu3Ma MOKHO PACCMOTPEHHBIM BEIIIIE CIIOCOOOM.

Ilepeiinem K TDOpsAAKy NpuUMEHeHus MeTtoga Bwuca s
KHHEMAaTHYECKOTo pacueTa nuddepeHImanbHoro Mexaamsma (puc. 3.6).

Ha Bxon MexaHWM3Ma NOJaHbI [IBE YIVIOBBIE CKOPOCTH: () — YIJIOBas
CKOPOCTh IIECTEPHU PSIOBOIO MEXAaHM3Ma; (y — YIJIOBas CKOPOCTH Bajia
Bonwina JuddepeHInaNLHOrO MexaHu3Ma. [l ompeneneHust YrioBOi
CKOpPOCTH ILIEHTpalbHOro Koieca auddepeHnuana 2’ yMHOXKHM ; Ha
MePeIaTOYHOE OTHOIICHUE [ = — Z5/Z)
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W= (1)1(—) Z/z).

Teneps B COOTBETCTBHH C METOJIOM Buummica MBICIIEHHO MpeoOpazyem
MeXaHHU3M, COOOIIMB BparieHue IuQQepeHIUaTEHOMY MEXaHH3MY BOKPYT
LIEHTPAJIbHON HETOJBUKHOM OCH C YIJIOBOM CKOPOCTBIO BOJMJIA Wy, HO B
oOpaTHOM HampaBiicHHMU. BpaleHue BoJWiIa W MBICICHHOE 00paTHOe
JOBHKECHUE
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Puc. 3.6. I'padudeckre METOIbI ONIPEIEICHUS MTEPEeIaTOYHOTO OTHOIIIEHHUS:

a — KMHEMAaTH4YecKas cXeMa 3aMKHYToro quddepeHiana; 6 — miaH CKOpOCTeil TOUeK 3BEeHbEB 3aMKHYTOTO auddepeHnunana;
6 — ITaH CKOPOCTEH TOYEeK 3BEHBEB MIPU HEMOIBIKHOM KoJiece 2 ; 2 — IUIaH YIJIOBBIX CKOPOCTEH 3BCHBCB



CKIafbIBAIOTCA M B CyMME JalOT Hyjdb, T.€. BOIWIO MBbICICHHO
OCTaHaBJIMBAETCSA, a BCE OCTAJbHbIE KOJIeCa IMOJyYalOT JIOMOJHUTEIBbHYIO
OTpULIATEIbHYIO CKOPOCTh Boania my. IIpu 3TOM Bece ocu KoJleC MBICIEHHO
npeo0pa3oBaHHOTO MEXaHHW3Ma CTAHOBSTCS HEMOJBIKHBIMH, T. €. 3TO
CTyNeHYaThli MexaHu3M. [IBibkeHHMe B OSTOM MeXaHu3Me OyJer
nepenaBaTbcs OT LIEHTPAIBHOIO Kosleca 2, MBICIEHHO BpalllaeMOIo C
YTIIOBOM CKOPOCTBIO (D' — Dy, Uepe3 OJIOK caTemuToB 3-3° ¢ HEMOABMKHOM
OCBI0, K COJTHEUHOHU LIECTEpPHE 4, CKOPOCThb BpALIEHHUs KOTOPOH OylneT ws—
wy. Jas 1mpeoOpa3oBaHHOIO CTYIEHYAaTOrO0 MEXaHU3Ma IepelaTOdHOe
OTHOLICHHUE
Lo =2 O gy =+ - 2
Wy - Wy Zy Zy

IToMHOXXMM TIPaBYIO U JIEBYIO YacTh Ha (04 — M), MOTYUYUM

_| _ 2324
Wy = Wy =) = (04 - 0 ).
22'23'
Wy W12
0\)27 :U‘)Z :— -
VuuTBIBas, 4TO i, z, » HOIydYaeMm
w z Zq2Z ZhZ
Wz __ 354 324
- Wy = — Wy +——wy |
2 “2Fy 222y
1503051
Wz  Z2Z ZaZ,
141 324 __ 434
S Tyt Wy =Ty,
2 Zyzy Zyzy

Hatinem w4 gepe3 nepenatounyro GyHKIIMIO MEXaHU3Ma:
VAVASYAY Zn'Zrt

e G SR P O S Wy .

25232y 232y

w, 4

Bapbupyst 3Hau€HHsI BXOJHBIX YIJOBBIX CKOPOCTEM Wy U ), @ TAKKE MX
HampaBjieHHUs] (3HAKW), BCEr/la MOXKHO OIpPEACTUTh IO BEIHMYMHE U
HaIlpaBICHUIO JICUCTBUTEIBHYID CKOPOCTb (D4 BBIXOAHOTO  Baja
HCCIIEyEMOTO MEXaHN3MaA.
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3anaBas yIrJoBYIO CKOPOCTH (0; PABHOW HYJIIO (IUIAHETAPHBIH MEXaHU3M
C OJTHMM HEMO/IBM)XHBIM LIEHTPAILHBIM KOJIecoM 2”), MoydaeM

Zz’Z}’

Wy =0y |1+
232,

HJIK ICPEAaTOUYHOC OTHOUICHUC INIAHETAPHOI'O MCXaHU3Ma

LWy 235
ll'[J'l - - .
Wy Z3Z4 tZyZy

Hpyroii cmoco® ompeneneHuss B3aUMOCBSI3M  YITIOBBIX CKOPOCTEH
muddepeHInanTsHOro Mexann3ma — rpaduueckuii. TO4YHOCTH 3TOrO MeToaa
HIDKE, 4YeM y MeToja Bumimca, W CyImIECTBEHHO 3aBHCHT OT TOYHOCTH
TeOMETPUUYECKHX IOCTpoeHHH. PaccMoTpum mnpuMeHeHue rpaduyeckoro
METO/Ia Ha MpUMEpe TOro ke AuddepeHnnanbHoro Mexanu3ma (puc. 3.6).
3amaguM Touke A 3yOuaToro Kojeca / TPOHM3BOJBHYIO CKOPOCTh Vy H
n300pa3uM ee BEKTOPOM Ha IUIaHe CKopocTell puc. 3.6, 6, OTKIIaAbIBast €ro
BJIEBO OT BEPTHKAIbHOM OCH HYJNEBBIX CKOPOCTEH — IOJIOKHUTEIbHOE
HanpasJeHne BpamieHns. Ock BpalieHus Kojeca / 0CTaeTcs HEeTOABIKHOM,
clefoBaTeIbHO, Touka O, Jiexalas Ha 3TOH 0CH, IMEET CKOPOCTb, PaBHYIO
HYyJIIO, U Ha IUIAHE CKOPOCTEH pPACIOJIaraeTcs Ha BEPTUKAIBHOU HYJIEBOU
muand. [Ipsmas, coemunsromas Touky O; M KOHEIl BeKTopa V, Ha IulaHe,
ABJISIETCSl IMHUEH KOHLIOB BEKTOPOB CKOPOCTEH TOYEK Kosieca [, JesKamux
Ha ero pajanyce, 1 Ha3bIBaeTCs JUarpaMMoil CKkopocTeil Touek 3BeHa /.

Touka A npuHAIEKUT OJHOBPEMEHHO H KOJIECY 2, CIIEZIOBATENBHO, OHO
UMeET B ATOHM TOYKE Ty K€ CKOPOCTh, a Touka (), Ha €ro OCH HETOJBHKHA.
IIpoBenem depe3 TOukM KOHIAa Bektopa V, u O, Ha NjaHe CKOpOCTel
MPSIMYIO JIO TIEPECEUeHHsI C JIMHUEW HaIlpaBlIEeHUs] BEKTOpa CKOPOCTH Vi,
NpUHAUIeXKAaLIed TOMy K€ 3BEHY, 4TO U Kojeco 2. JTa mpsaMas SBIseTcs
JMarpaMMoi CKOpOCTeii 3BeHa 2.

Tenepp 3amaauM Touke C BoAwia, JIeXKalled Ha OCH BpalleHUA
CaTeJUTUTOB, MIPOU3BOJIBHYIO CKOPOCTb Ve, HalpaBJCHHYIO
MIPOTHBOIIOJIOKHO CKOPOCTH V), (OTpUIaTeIbHOE BpAllEHHE), U, COEIUHUB
MPSIMOM KOHIIBI BEKTOPOB CKOpoCTed Vp M Ve, Monydum auarpaMmy
CKOpOCTEeH paguaibHBIX TOYeK Oyioka catesuuToB. llo 3Toif nuarpamme
HalileM TOJ0KEHHE KOHLIA BEKTOpa CKOPOCTH V)p, KOTOpyro OyAeT MMeTb
Touka D, mpuHamnexamas u carenmty 3 u kxonecy 4. CoenHUB KOHEII
BEKTOpa ckopocTtd Vp ¢ Toukoil (O, Ha IUIaHE CKOPOCTEH, MOIyYuM
JuarpaMMy CKOpocTel pajuaibHBIX TOUEK Koyeca 4.
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HepefmeM K YIJIOBBIM CKOPOCTAM BpaAOICHUSA KOJIEC MCEXaHHU3Ma.
I/I3B6CTHO, YTO JIMHEHHBIC CKOpPOCTH TOYCK MNPONMOPLHUOHAIBHBI HUX
PaCcCTOAHUIO OT LCHTpPa BpPALICHUA V =wr. CJ'IG,Z[OB&TCJ'II)HO, yrioBas

Vi _ .
CKOpOCTh ®; =— =12 @;, YTo Ha IUIAHE CKOPOCTEH COOTBETCTBYET
r-
r

TAHTeHCYy YyIJla HAKJIOHAa tg (; AWarpaMMbl CKOPOCTEH i-r0 3BeHa K
BEPTHKAJILHOW OCH, MO KOTOPOM OTKJIaJBIBAETCSl PACCTOSTHUE ¥ OT LIEHTpa
BpaIlleHUs 10 TOUYKH, UMEIOIIEN COOTBETCTBYIOIIYIO JIMHEHHYIO CKOPOCTb.

BrIpasuM cKOpoCTH TOoYeK 3yO0dYaThIX 3alleTUIEHHH 4epe3 paauychl U
YTIIBI AUarpaMMBbl CKOPOCTEN:

1) Vy =ntge =ntgo,;

D)V =rtgqy =(r3 +13 - X)tg@s;

3NVe =ry gy =(ry - X)tgys;

HVp =rytgq, =xtge;y,

Pemrast mony4eHHyI0 cucTeMy anreOpandecKux ypaBHEHHH COBMECTHO,

mojiy4ya€M BBIPpAXCHUC I TaHT€HCa YyIjla JuarpaMMmbl CKOpOCTeﬁ
BBIXOAHOI'O 3BCHA:

Hrry 1y
HOCKOHLKy npu OAWHAKOBOM MOAYJIC 3alCIUVICHUSA paJuycC ,I[eJ'IHTeJ'II:HOfI

mz
OKPY’>KHOCTH KOJIECa paBE€H 7 :7, TAHI'CHCBI YTJIOB pPaBHbI YTJIOBBIM

CKOpPOCTSIM 3BEHBEB, a 3HAK (—) ONPEJCNAETCS OTPUIATEIBHON CKOPOCTHIO
BOJMJIA — Wy, TIOTYYCHHOE BHIPAKECHHE MOJIHOCTHIO aHAJIOTMYHO YPaBHEHHUIO
no metroay Bummuca.

PaccMoTpuM MOpSAIOK HCCIeqoBaHus IpadUUeCKUM METOAOM Oolee
MPOCTOr0 IUIAHETAPHOIO MEeXaHU3Ma, /Il dero 3agaauMm tg @;= 0. Toraa B
oOmiem cirydae

}"2'1”3'

tg gy =1+ te ¢y,

37
a [epeaaTovYHoC OTHOUICHUE
_Boy . nn
tggy oy Fnry

1
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OTO OTHOIIEHHE MOXXHO OIIPEETUTh M YUCTO rpaUuecKy, IOCTPOUB IJIaH
YIJIOBBIX CKOpocTei. i1 3TOro mpoBeAEeM TOPU3OHTANBHYIO JUHHUIO (CM.
puc. 3.6, ¢) W U3 TMPOW3BOIBHOIO TIONIOcCa P OmycTUM Ha Hee
NepHeHIuKyIsIp /. 3aTeM U3 moistoca P 1mox yrioM @ H (4 MIPOBEIEM IBE
MpsIMBIE J0 MEPEeCeYeHrsl ¢ TOpU30HTabI0. [loayunnn nqBa NpsMOYTOIBHBIX
Tpeyronbanka POA u POB, ¢ yriamMu y BepIIVH (y U (P4 COOTBETCTBEHHO H
o0mum mnpuieraromuMm katetom PO = h. CrnenoBaTelbHO, OTHOLICHHUE
TAHTE€HCOB YIJIOB OYyJEeT OMNpEeNeNsAThCS OTHOLICHHEM MPOTHUBOJIECKAIINX
KaTeTOB:

_1gpy _%
tgeqp, OB°

1

MOPSAIOK BBIIIOJTHEHUSI IABOPATOPHOM PABOTBI

1. PazpaboraTh W BBIUEPTUTH B MacliTabe KHHEMATHYECKYIO CXEMY
rcciaeayeMoro 3youatoro Mmexann3ma. O003HAYUTEL TMOPSIKOBEIM HOMEPOM
KaX10e U3 3y0uaThix Koec Mexanu3ma. CrpaBa OT CXEMbI OCTaBUTh MECTO
JUISL TIOCTPOEHUS TIIaHa CKOPOCTEH.

2. CocTaBuTh TaONHIy YhCeN 3yOhEB KOJIEC, B3sB JaHHBIC, YKa3aHHBIC
Ha MakeTe 3y0uaToro MexaHu3ma.

Z1 ) z3 Zn

3. Boigenuth ¥ KiIaccu(UUMPOBAaTh BCE KUHEMATHYECKHE Mapbl U
3BCHbS, BXOAAIIUC B COCTAaB MCXaHMU3Ma, OIPECACIUTh €ro CTCICHb IMOABUK -
HOCTH.

4. Onpenenuts MepeJaTOuYHOE OTHOLICHHWE CJIOXKHOro 3y0daToro
MEXaHu3Ma aHaJIUTHYCCKHM MCTOAOM MBICJICHHOI'O OCTaHOBa BOAWIIA
(meron Bumnnca).

5. OnmpenennuTes NEPEeNaTOYHOE OTHOLIEHME JTOr0 KE MeXaHW3Ma
rpadMuecKUM METOIO0M, IOCTPOUB IIaH CKOPOCTEH TOYECK 3BEHBEB.

6. [IpoBepuTh MOMyYCHHBIC PE3YIbTAThl SKCIIEPUMEHTAIBHO, JIJIS 3TOTO
BXOAHOM BaJl MOBEPHYTh HA M OOOPOTOB, OAHOBPEMEHHO OTCUMTHIBAS
YUCIO0 00OPOTOB 7y, KOTOPOE COBEPIIUT BHIXOAHOHM Bayl. VX oTHOIIEHHE
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nBX

BbIX

n OMpeACTUT MCPEAATOUYHOC OTHOIICHUC MCXAaHU3MaA. 3KCHCpI/IMGHT

MOBTOPHUTD TPH pa3a MPU PA3IHUHBIX #y. Pe3ynbTaTel 0hOpMUTD B TAOIUILY.

Ne

n/m

cpeanee

Hpx

HMypix

Lot

7. ChopMynupoBaTh BBIBOJ O IPOJIEIAHHOW pPabOTEe M JOCTHXKCHUU

IIOCTAaBJICHHBIX ueneﬁ.

BOITPOCHI JJIs1 CAMOKOHTPOJIA

O 001NN KWk —

. B gem 3axumrouaercst pusuaeckuii cMpeica merona Brumca?

. Kak onpenenuts cTerneHs moABIKHOCTH MeXaHU3Ma?

. Uto Takoe mepeaaTovYHoe OTHOIICHHE, IepeIaTOYHas (DYHKIUSA?

. B uem otnnune nuddepeHanbHOro U MIaHETAPHOTO MEXaHU3MOB?

. Ha3Batb ocHOBHbIE 3BeHbs qu(hepeHInaTbHOTO MEXaHU3Ma.

. HazBaTtp ocHOBHBIE KiTacCH(UKAMOHHBIC TPU3HAKA 3y0UaThIX MEXaHI3MOB.
. IlopsaoK moCTpoeHus M1aHa CKOPOCTEN TOUEK 3BEHBEB.

. Uto Takoe miaH yrioBbIX CKOPOCTEH 3BEHbEB?

. B gem oTiimume psaoBOro U CTyNeHYaToro 3y0uaThlX MEXaHHU3MOB?

10. Kakum 00pa3oM MOXHO BBIPa3UTh YIJIOBYIO CKOPOCTH dYepe3 IUIaH

JUHEHHBIX CKOPOCTEH TOUeK 3BeHa?
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JIABOPATOPHAA PABOTA Ne 4

N3YYEHUE METOA0OB
MN3I'OTOBJIEHUA
3YBYATBIX KOJIEC

HOEJIb PABOTbBI

1. MBy4yenne Teopun 3y0UaTOro 3alleTUICHUS.

2. OcBoeHHE TeOMETPUH 3y0UaThIX KOJec.

3. UccnenoBanue BO3MOKHOCTEH YITy4LIeHUS Harpy304HbIX
XapaKTePUCTUK 3y0UaThIX KOJIEC.

4. N3ydeHne crioco00B U3rOTOBJIEHHS 3y04aThIX KOJIEC.

OCHOBHBIE CBEJIEHUSA

OcHOBBI TeOpPUM 3aLeNVIeHUs] 3Y0YATHIX MEXaHM3MOB

Hasnauenne 3y0uaThIXx MEXaHH3MOB — 00ECHEYUTh HENPEPHIBHYIO
nepefavyy BpalleHUss OT OJHOTO Kojieca K JPYromy. OTO YCJIOBHUE
BBHITMIOJIHSACTCS,, €CIM  COONIONAeTcsl  TMOCTOSIHCTBO — MEPEAaTOYHOrO
OTHOIIICHUSA
(f= const). [TocTossHHOE TIEPEATOYHOE OTHOIICHUE B 3y04aTOM MEXaHU3ME
obecrieunBaeTcss 32  CYeT  NPaBWIBHOrO  moabopa  mpoduiei
COTIPUKACAIOIINXCS 3yObeB. Y CIOBHA, KOTOPBIM JIOJKHBI OTBEYATh KPUBHIE,
odepumBaroIye Npodun 3yObeB 3y0UaThIX KOJEC, ONpEAeNsieT OCHOBHAS
TeopeMa 3alleIUICHHUS.

OcHoBHas1 TeopeMa 3alelJIeHUsI

OcHoBHas Teopema 3arneruieHus (Bwmuca) rimacut: Obwas Hopmans 6
mouKe KOHMAKMA  CONPAJICEHHbIX npouiaell 6 000U  MOMEHm
83aUMOO0CUCNBUsS.  OO0JJICHA  NPOXOOUMb  Yepe3  NONIOC  3ayenjieHus,
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NOJNIOJICEHUE KOMOPO20 HA MeJNCOCe8ol JUHUU Oelum ee HA OMmpe3Ku,
00pPAMHO NPONOPYUOHATLHBIE CKOPOCHISAM BPAWEHUS. KONIeC, YUACMBYIOUUX
6 3ayenjieHu, T. €.

_o _OP

I, =— =const
12 w, OP , 4.1

rae O, O, — IEHTPHI BPaIICHNsI COOTBETCTBEHHO IIECTEPHU M 3y0UYaTOTO
kojeca, a 0,0, — MEXICHTPOBOE (MEXOCEBOE) pacCcTosHHe; P — Toiroc
3anerenus (puc. 4.1).

[Ipodunm 3yObeB, yAOBIETBOPSIOMIIE TPEOOBAHIIO OCHOBHOUW TEOPEMBI
3alleTJICHAs, HA3bIBAIOTCS CONMPsKeHHbIMH. Takux mpodwmieldi MOXKHO
nogoOpaTb JAOBOJIBHO MHOTO, HO IIUPOKOE PaclpoOCTpaHEHHE B
MAaIIMHOCTPOECHUH U MPUOOPOCTPOSHNUN HALUIN MpeAoKeHHbIE Diliepom —
3BOJIbBEHTHL

Puc. 4.1. B3aumojeiicTBre ABYX IBOJIBBEHT

JBoJIbBEHTA M €€ CBoiicTBa

OBOJBBEHTON Ha3bIBAaeTCSI KpWBasg, KOTOpas OMMCHIBACTCS TOUYKOM
npsmoit muauK b (puc. 4.2), npu nepeKaThIBAHUH MOCIIEAHEH 0 OCHOBHOM

OKpYXKHOCTH 7} .
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Ipsmas  nmuHMs b, oOpasylomas  3BOJBBEHTY,  Ha3bIBaeTCS
npouszeooaueli, a OKPYXKHOCTb, IO KOTOPOM OHa IepeKaThIBaeTcs,
OCHOBHOUL OKPYICHOCMbIO WIH 26010MOIL, Y il IPUCBAUBACTCS UHICKC b .

Teomempuueckoe mecmo  yewmpog  KpususHvl JHOOU  KPUBOIU
(260106eHmMBL)  HA3BIGAEMCA  960710MOU.  DBOJBBEHTY M 3BOJIOTY
XapaKTepHU3YIOT CIEIYIONINe T€OMETPUYECKHE CBOMCTRA!

® HBOJBBEHTA HAYMHAETCI HA OCHOBHOW OKPY)XHOCTH U BCerAa
HaXOAWTCS BHE €€;

® DHBOJIBBEHTA SIBJIETCS PAa3BEPTKOIl 3BOJIOTHI, T.€. OHA OMHCHIBACTCS
TOYKOH TPSMO, KOTOpasl MepeKaThIBAETCS IO BOIIOTE 0€3 CKOJBXKEHHA,
MO3TOMY pPajuyC KPUBHU3HBI ABOJBBEHTHl PAaBEH IJIMHE COOTBETCTBYIOIEH
JIyTH 3BOJIOTHI;

® KacaTellbHas K DBOJIOTE SBISETCS HOPMAJBIO K BOJIBBEHTE;

® TOYKa KacaHUs C DBOJIOTOM HOPMalM K DSBOJIBBEHTE SIBISACTCS
LEHTPOM €€ KPUBHU3HBI.

~_ 2 o=
e

(/Y
(3

ad

Po | _P»

Aq 1Y AS

Puc. 4.2. OGpa3zoBaHue 3BOJILBEHTHI Puc. 4.3. O6pa3oBanue
9BOJIBBEHTHBIX Npoduiieii 3yObeB

O6pa3zoBanue SBOJIbBEHTHI XapaKTepHU3yeTCs CIICTYIOIITUMHU
napaMeTpaMmu: pajuycoM-BEKTOPOM R, pajuycoM OCHOBHOW OKpPY>KHOCTU
73, , YIJIOM TIOBOpoTa O pafmyca-BekTopa R ¥ yIiIOM JaBIICHUS.

Jnuna oTpe3ka Npou3BOAALIEHM OpsIMOW  paBHAa  JUIMHE  JAYyrH
OKPY>KHOCTH, 3aKJTIOYCHHOMN B TIpeienax yriioB 0 u o :

b=n0+a). (4.2)
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JnuHy TpoM3BOIAINCH TPAMOM b MOXKHO Takke ONpeACIuTh U3
MPSIMOYTOJIBHOTO TpeyronbHuka OEP:

b=ntgo. (4.3)

IIpupaBHSB TpaBble 4YacTH YypaBHEHWH W CHAEJTaB MaTeMaTHYECKHE
npeo0pa3oBaHusl, OIPEAEINM YTIoJI HOBOPOTa Paguyca-BEKTOpa:

0 =inva =tga- o, (4.4)

Bennuuna yrma 0 mpu pacderax Oosblie M3BECTHA KaK 3BOJIbBEHTHAS

¢GyHkous ~ INVO (YuTaeTcst  «MHBOJIOTa»), 3HAYEHUS  WHBOJIOT

TaOynmupoBaHKl MW TIpuUBelAeHBI B Tabm. 4.1. be3 momomum TaGmwmi
3BOJILBEHTHYIO (DYHKITIO MOXKHO OIPENIEIUTh 10 (hopMyJie

. o
mvo=tgo- —
8 57,296 (.5)

W3 tpeyronsarka OEP onpezenseM BEINYUHY pauyca-BeKTOpa:

Ty

R= (4.6)

cosa

Panuyc KpuUBU3HBI HBOJIBBEHTHI, HAYMHASA C TOYKH A, SBISETCS
MepeMEHHON BEIMYMHON, B JFOOOH TOYKE DBOJBBEHTHI OH COOTBETCTBYET
JUTMHE TIPOM3BOJIAIICH MPSIMOK b, KOTOpas onpeaesseTcs mo Gopmyie

b :JR2 - rhz . 4.7

OBOJEBEHTHEIE TTPO(HIIN 3yObeB IMMIHMHAPUICCKUX KOJIEC BHEITHETO U
BHYTPEHHETO 3alCIUICHUS CTPOSTCS OT OOIlIeH OCHOBHOW OKPY)KHOCTH
(puc. 4.3). PaccrosHme Mexmy JIOBYMS COCEAHMMH 3BOJIBBEHTaMH,
U3MEPEHHOE II0 KacaTeJIbHOM K OCHOBHOM OKpPYXHOCTU  SIBISIETCS
nmoctossHEBIM. OHO  paBHO JIMHE [JyTM OCHOBHOW  OKPY)KHOCTH,
3aKIIOYCHHOW MEXJy HadalbHBIMU ToukamMu Ai, A», As, ..., As IByX
COCEJTHUX IBOJILBEHT, Y HA3bIBACTC OCHOBHLIM UALOM:

py =2 48)

z

re Z — YKCIo 3yObeB.
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Ecmn onmna sBombBeHTa (puc. 4.4), Bpamasch ¢ MOCTOSHHOW YTJIOBOM
CKOPOCTBIO, BO3JICHCTBYET Ha JIPYTYIO 3BOJILBEHTY, TO OHa OyIeT coo0IaTh
eil TakKe MOCTOSHHYIO YIJIOBYEO CKOPOCTh HE3aBHCUMO OT PACCTOSHUS
M@Ky IEHTPAMH HX OCHOBHBEIX OKpYXHOCTEH. OTHOIICHHE CKOPOCTEH
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114

Taéauua 3HaYeHnii NV o =tg o; - o;

Tabonumad.l

o H;f;' o | s | 100 |15 | 200 | 25 | 300 | 35 | 400 | 45 | 500 | 55 H;(f}f‘ a
10 | 0,00 | 17941 | 18397 | 18860 | 19332 | 19812 | 20299 | 20795 | 21299 | 21810 | 22330 | 22859 | 23396 | 0.00 | 10
11| 0,00 | 23941 | 24495 | 25057 | 25628 | 26208 | 26797 | 27394 | 28001 | 28616 | 20241 | 29875 | 30518 | 0,00 | 11
121 0,00 | 31171 | 31832 | 32504 | 33185 | 33875 | 34575 | 35285 | 36005 | 36735 | 37474 | 38224 | 38984 | 0.00 | 12
13| 0,00 | 39754 | 40534 | 41325 | 42126 | 42938 | 43760 | 44503 | 45437 | 46291 | 47157 | 48033 | 48921 | 0.00 | 13
14 | 0,00 | 49819 | 50729 | 51650 | 52582 | 53526 | 54482 | 55448 | 56427 | 57417 | 58420 | 59434 | 60460 | 0.00 | 14
15| 0,00 | 61498 | 62548 | 63611 | 64686 | 65773 | 66873 | 67985 | 69110 | 70248 | 71398 | 72561 | 73738 | 0.00 | 15
16| 0.0 |07493 | 07613 | 07735 | 07857 | 07982 | 08107 | 08234 | 08362 | 08492 | 08623 | 08765 | 08889 | 0.0 | 16
171 0.0 | 09025 | 09161 | 09299 | 09439 | 09580 | 09722 | 09866 | 10012 | 10158 | 10307 | 10456 | 10608 | 0.0 | 17
18 | 0.0 | 10760 | 10915 | 11071 | 11228 | 11387 | 11547 | 11709 | 11873 | 12038 | 12205 | 12373 | 12543 | 0.0 | 18
19| 0.0 | 12715 | 12888 | 13063 | 13240 | 13418 | 13598 | 13779 | 13963 | 14148 | 14334 | 14523 | 14713 | 0.0 | 19
20| 0.0 | 14904 | 15098 | 15203 | 15490 | 15689 | 15890 | 16092 | 16296 | 16502 | 16710 | 16920 | 17132 | 0,0 | 20
21| 0.0 | 17345 17560 | 17777 | 17996 | 18217 | 18440 | 18665 | 18891 | 19120 | 19350 | 19583 | 19817 | 0,0 | 21
22| 0.0 | 20054 ] 20292 | 20533 | 20775 | 21019 | 21266 | 21514 | 21765 | 22018 | 22272 | 22529 | 22788 | 0.0 | 22
23| 0.0 | 23049 | 23312 | 23577 | 23845 | 24114 | 24386 | 24660 | 24936 | 25214 | 25495 | 25778 | 26062 | 0.0 | 23
24| 0.0 | 26350 | 26639 | 26931 | 27225 | 27521 | 27820 | 28121 | 28424 | 28729 | 29037 | 20348 | 29660 | 0,0 | 24
25| 0.0 | 29975 | 30293 | 30613 | 30935 | 31260 | 31587 | 31917 | 32249 | 32583 | 32920 | 33260 | 33602 | 0,0 | 25
26| 0.0 | 33947 | 34294 | 34644 | 34997 | 35352 | 35709 | 36069 | 36432 | 26796 | 37166 | 37537 | 37910 | 0,0 | 26
27| 0.0 | 38287 | 386606 | 39047 | 39432 | 39819 | 40209 | 40602 | 40997 | 41395 | 41797 | 42201 | 42607 | 0,0 | 27
28 | 0.0 | 43017 | 43430 | 43845 | 44264 | 44685 | 45110 | 45537 | 45967 | 46400 | 46837 | 47276 | 47718 | 0,0 | 28
20| 0.0 | 48164 | 483612 | 49864 | 49518 | 49976 | 50437 | 50901 | 51368 | 51838 | 52312 | 52788 | 53268 | 0,0 | 29
30| 0.0 | 53751 | 54238 | 54728 | 55221 | 55717 | 56217 | 56720 | 57226 | 57736 | 58249 | 58765 | 59285 | 0,0 | 30
31| 0.0 | 59800 | 60336 | 60866 | 61400 | 61937 | 62478 | 63022 | 63570 | 64122 | 64677 | 65236 | 65799 | 0,0 | 31




61

32| 0,0 |66364|66934| 67507 | 68084 | 68665 | 69250 | 69838 | 70430 | 71026 | 71626 | 72230 | 72838 | 0,0 | 32
33| 0,0 |[73449 | 74064 | 74684 | 75307 | 75934 | 76565 | 77200 | 77839 | 78483 | 79130 | 79781 | 80437 | 0,0 | 33
34| 0,0 |[81097 | 81760 | 82428 | 83100 | 83777 | 84457 | 85142 | 85832 | 86525 | 87223 | 87925 | 88631 | 0,0 | 34
35 0,0 |[89342 | 90058 | 90777 | 91502 | 92230 | 92963 | 93701 | 94443 | 95190 | 95942 | 96698 | 97459 | 0,0 | 35
36 0, |09822 (09899 | 09977 | 10055 | 10133 | 10212 | 10292 | 10371 | 10452 | 10533 | 10614 | 10659 | O, 36
37 0, 10778 | 10861 | 10944 | 11028 | 11113 | 11197 | 11283 | 11369 | 11455 | 11542 | 11630 | 11718 | O, 37
38 0, 11806 | 11895 | 11985 | 12075 | 12165 | 12257 | 12348 | 12441 | 12534 | 12627 | 12721 | 12815 | O, 38
39 0, 12911 | 13006 | 13102 | 13199 | 13297 | 13395 | 13493 | 13592 | 13692 | 13792 | 13893 | 13995 | O, 39
40 0, 14097 | 14200 | 14303 | 14407 | 14511 | 14616 | 14722 | 14729 | 14936 | 15043 | 15152 | 15261 0, 40
41 0, 15370 | 15480 | 15591 | 15703 | 15815 | 15928 | 16041 | 16156 | 16270 | 16386 | 16502 | 16619 | 0, 41
42 0, 16737 | 16855 | 16974 | 17083 | 17214 | 17336 | 17457 | 17579 | 17702 | 17826 | 17951 | 18076 | O, 42
43 0, 18202 | 18329 | 18457 | 18585 | 18714 | 18844 | 18975 | 19106 | 19238 | 19371 | 19505 | 19639 | O, 43
44 0, 19774 | 19910 | 20047 | 20185 | 20323 | 20463 | 20603 | 20743 | 20885 | 21028 | 21171 | 21315 | O, 44
45 0, |21460 | 21606 | 21753 | 21900 | 22049 | 22198 | 22348 | 22499 | 22651 | 22804 | 22958 | 23112 | O, 45
46 0, |23268 | 23424 | 23582 | 23740 | 23899 | 24059 | 24220 | 24382 | 24545 | 24709 | 24875 | 25040 | O, 46
47 0, |25206 | 25374 | 25543 | 25713 | 25883 | 26055 | 26228 | 26401 | 26576 | 26752 | 26929 | 27107 | O, 47
48 0, |27285 (27465 | 27646 | 27828 | 28012 | 28196 | 28381 | 28567 | 28755 | 28943 | 29133 | 29324 | O, 48
49 0, |29516 | 29709 | 29903 | 30098 | 30295 | 30492 | 30691 | 30891 | 31092 | 31295 | 31498 | 31703 0, 49
50 0 31909 | 32116 | 32324 | 32534 | 32745 | 32957 | 33171 | 33385 | 33601 | 33818 | 34037 | 34257 | O 50




BpallleHus IBYX OBONBBEHT, ACWCTBYIOIIMX OJHA Ha Jpyrylo, Oyner
O6paTHO IpONOpHHUOHATIBHO paanycaM UX OCHOBHBIX OprX(HOCTCﬁZ
Wy _Tho

) 4.9)
Wy 1y

DTO OTHOIICHHE HA3bIBAIOT nepe()amouﬂbm OMHOWuerHuem.

OcHOBHbBIE reoMeTpUYECKHE APaAMETPBI,
XapaKkTepu3ywInue 3yduaTbie Kojeca

[lonsaTus W TEpMUHBI, OTHOCALIMECS K TIEOMETPUHM U KUHEMaTHKe
3y04aThIX Tepenad, CTaHAapTH30BaHbl. CTaHAapTaMH YCTaHABIMBAIOTCS
TEPMHHBI, ONpeIeNeHNs] M OO0O3HA4YeHHs, a TakXe METOABl pacyera
TreOMETPUUYECKHUX N1apaMeTPOB.

HamomuanM, d9ro MeHbIIee U3 Tapbl 3yO0YaThIX KOJEC HAa3BIBAIOT
wecmepHet, a Ooinblee — konecom. [lapameTpaM I€CTEpHU NPUIUCHIBAIOT
uHAekc 1, a mapamerpam komeca — 2 (puc. 4.4). Ilepedamounvim uuciom
Ha3bIBAIOT OTHOILIEHHE YKCIIa 3yObeB KoJieca K YHCITy 3yObeB HMIECTEPHH.

_Z2

up =, (4.10)

7

Kacanue aByx B3anMoJIEHCTBYIOLINX SBOJIBBEHT IPOUCXOIUT TOIBKO HA
obmieit kacarenpHON FE\E, K HWX OCHOBHBIM OKpYXHOCTsM. OOmas
KacaTesJbHas K JBYM OCHOBHBIM OKpPYKHOCTSIM HAa3bIBACTCS JuUHUEl
3ayenieHus. YJacCTOK JIMHUW 3allEIUICHUS, OTPAHUYEHHBIA OKPYHCHOCAMU
gepuiun 3y0ves ab =g , Ha3bIBACTCS AKMUSHOU JUHUel 3aCTIICHHS.

Jlrobas ToUKa JIMHUM 3aLETUICHUS] MOXET OBITh nosocom 3ayennenus P.
VYron, oOpa3oBaHHbI oOmield KacaTenbHOH K  JBYM OCHOBHBIM
OKPY>KHOCTSIM M MNEPHEHIUKYSIPOM K JIMHUM WX LEHTPOB, Ha3bIBaeTCS
yenom 3ayenienus 0., .

OTHOCHTENTFHOE JBMKCHUE JBYX SBOJBBEHT MOXET OBITH MPEICTABICHO
[WJIMHAPAMH, BPAIIAIOIIAMHUCS OTHOCHUTEIBHO IPYT Ipyra MOCPEIACTBOM
TpeHusl, 6e3 CKOJIbXKEeHUs. Takue IUITHHIPBI HA3bIBAIOTCS HAYANIbHbIMU, & UX
IUaMETPhl — ouamempamu Hauanvhvlx oxpyscHocmei (dw 1 dw). Y
CONMPSDKEHHOW  mapbl ~ HEKOPPErHMPOBaHHBIX  3yOuyaThiX  KOJIEC,
paboTaNUX MPU NPABUILHOM MEXOCCBOM PACCTOSHUH, OeaumenbHble
OKDYIICHOCMU COBIAJIAIOT C HAYATbHbIMU.
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Puc. 4.4. T'eomerpuyeckue napameTpsl 3y0UaToil nepenadn

Jenumenvhas OKPYXHOCTh — TapameTp, BBEACHHBIA IS yI00CTBa B
pacueTax, onpee/iieMblil uepe3 MOLYJIb U YHCIIO 3yOheB KOJIEC:
d =mz. (4.11)

[Tapamerpam, OTHOCSIIMMCA K JETUTENHHOW IMOBEPXHOCTH WIIH
OKPY>KHOCTH, TOMOJHUTEIBHOIO HHAEKCA HE MPUIKCHIBAIOT.

Modyre — 3TO 4YacTh JMaMeTpa JIENUTEIBHOH  OKPY)KHOCTH,
MIPUXOIIasICS Ha OfMH 3y0 Koeca (MM):
d

m —=—.
z
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Mopaynp yaie omnpeaensercss Kak OTHOIIEHHE Ilara p IO AEIUTEIbHON
OKPY’KHOCTH K YHUCITY T

m =

—. (4.12)
T

Psan Monmynei, HIpUMEHSEMBIX MU LWIAHIPUYECKHUX, LIEBPOHHBIX,
KOHUYECKUX U YepBSUHBIX Tiepenay, crangaptuzoBad ('OCT 9563-60).

Hcxoonvim xowmypom Ha3bIBaeTcsi KOHTYp 3yOuaToll peiiku B
HOPMaJbHOM K HAampaBleHUIO 3yObeB ceueHHH. MCXOOHBIN KOHTYp IUis
MUWIMHAPUYICCKUX KoJIeC BHCUIHETO u BHYTPCHHETO 3alCIIJICHUA
NpeACTaBiIsIeT co0oi 3y04aryro peiKy ¢ NpsSMONMHEHHBIM HpOoQHIeM B
npexenax ryouHsl 3axoma hy; =2m  (puc. 4.5). Ilox riyOuHON 3axoja
MMOHUMAETCS BBICOTA 3y0a, KOTOpast y9acTByeT B padoTe.

Yron npodpmis o =20°, HOpMalbHas BEJIUYMHA PAJIUATBHOTO 3a30pa
pasua ¢ =0,25m | a pamuyc 3aKkpyriaeHus y KOpHs 3y6a HCXOIHOTO KOHTYpa
cocrassier #; =0,40m

Z]e/fumE/szﬂﬁ
N (@/AJ npamas //ﬂ"

2m

hg=
177

Vo

4
=

Puc. 4.5. UcxonHblil KOHTYp

Pacuernbie popmynbl mpuBeaeHs! B Tabm. 4.2.

Tabnuma 4.2
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®opMyIbl VISl pacyeTa reOMeTpHYECKUX NaPaMeTPOB HEKOPPernpOBAHHbBIX
NPSAMO3YObIX HMJIMHAPUYECKUX KoJIeC BHEIIHEr0 M BHYTPEHHer 0 3alenJIeHus

Ne 0603Ha- Pacuernas popmyna
/T Hapamerp YeHUS
n BueriHee 3ariemnjicHue |BHyTpeHHee 3aICIUICHHE
1 [Ilepenarounoe Zy
9HCII0 U2 U2 ==
2
2 (Mogynb, MM
m ITo T'OCT 9563-60
3 |HopmanbHsblit
iar, MM Pn Pn = mmn
4 |OCHOBHOM 1Iar,
MM Pp P, = mm cos a, rme o =20°
5 |duametpnl
JICTUTENBHBIX d d\=mz,
OKPYKHOCTEH, d»=mz,
MM
6 |AuameTpsl
OKpYI)KHOCTEi d da=d+2m da=d+2m
BEPIIKH 3yObEB, a dp=d,+2m dn=d, 2m
MM
Py ] dp=dr—2,5m dp=d>+2,5m
BIIQJIMH, MM.
8 |BricoTa 3y0a, i h=h, +h; =2,25m
MM ‘
9 |BricoTa roIoBKH _
3y6a, MM h, h, =m
10 |BeIicoTa HOXKKHN hf’ hf» =1,25m
3y0a, MM :
11 |PangnanbHbIi c ¢ =hy - h, =0,25m
3a30p, MM :
12 |Iupuna
3y0uaToro b o 10m
BEHIIa, MM
13 |MexoceBoe dy+d, 71+ 2, dy- d, Zy- 2z
a,, = = , = =m
paccrosHHe, MM wo [y > s w
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KoppernpoBanmue 3y04aThbIxX KoJjec

Koppezuposanuem 3y04aThIX KOJEC HA3bIBAIOT MPEIHAMEPEHHOE
W3MEHEHHE CTaHJApTHBIX NPONOPIHNA 3yObeB, 3aJaHHBIX HCXOIHBIM
KOHTypoM. Yarie Bcero KOpperupoBaHUE MPOU3BOJIAT, YTOOBI YCTPaHUTH
noopesanue 3yobeB (puc. 4.6, a), BO3HUKAOIIEE MPH HAPE3aHWH KOJEC C
MaJIBIM YHUCIIOM 3yObEB METOJIOM OOKATKH, W MOIy4YaTh PaBHYIO MPOYHOCTh
Yy CONpSOKECHHON mapbhl — IIECTEpHUM M Koneca. [loape3aHue CHUXKaeT
MPOYHOCTh 3yObEB, COKpAIaeT MPOJOJDKUTENLHOCTh WX 3alleIUICHHUS H
OTpUIIATEIHHO BIUSET Ha IUIABHOCTh paboThl. HamMmeHblee uncio 3yObeB
HIeCTepHH, CBOOOIHOE OT MOAPE3aHus, ONPEIENCTCS U3 YPaBHEHHS

Zmin :%’ (413)
sin” a
TIOE Zmin =17 TpHu o :200 .

HmmHapuyeckue Kojeca ¢ YUCJIOM 3yObeB MEHBIIE Zpyi, HEOOXOAMMO
KopperupoBaTh.  KopperupoBanue  3yO4aTblXx  KOJeC  MPOU3BOJIT
CMEILIEHUEM PEXYILIEro HHCTPYMEHTa PEEYHOro THUIA NP Hape3aHUH
3yObeB. IlpuHIMI CMelIeHUs] HHCTPYMEHTA MPH KOPPETUPOBAHUH TOKa3aH
Ha puc. 4.6. 3a HyJeBOE TOJOXKEHHUE MPUHUMAIOT TAKOE IMOJOXKEHUE WH-
CTPYMEHTa, IIPH KOTOPOM JEJINTENIbHAs OKPYKHOCTh PaJlyCcoM ! KaTHTCS
0 cpeHeN TUHUM [ pelKN UCXOIHOTO KOHTYpa.

[Ipn M3MEHEHHH IOJIOKEHMS PEXYIIEr0o MHCTPYMEHTa OTHOCHUTEIBHO
LEHTpa Hape3aeMoro 3y0uaToro Kosieca AEIMTEIbHAS OKPY)KHOCThH OyJeT

LA

.- !
/™

ff=1.25m B =i
[ ]

Hadpesanue . '/
'l
S/

a Y/

Puc. 4.6. Cmenienne 3y00pe3HOT0 MHCTPYMEHTA IIPH KOPPETUPOBAHUH
3y04aThIX Kojec
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KAaTUTHCS TI0 JIETUTEILHON TPSIMOH 2, CMEIIIEHHOM OTHOCHTENIFHO CpemHeH
JIMHUHA Ha BEJINYNHY

O =xm. (4.14)

CMmemeHne  cpeqHed  JTUHUM  pPEeHKH  OTHOCHUTENBHO  JIETUTEIHHOM
OKPY’KHOCTH B HAIPABICHWW OT OCH KOJieca Ha3bIBAIOT HOLOMNCUMETbHbIM
cMmeujeHuemM, a B HAIIPaBIEHUM K OCH KOJIECA — OMpuUyamenbHbviM CMelle-
HUEM.

Kosgpuyuenmom cmewenuss X HA3BIBAIOT OTHOIIECHUE BEIMYMHBI
paaualbHOTO CMEIICHUS JAETUTENbHON JIMHUM HCXOJHOTO KOHTypa K
MOJIYJIIO, X =—.

m

HauGonbpmee pacmpocTpaHeHHe MOJTyYNIIH JBa crniocoba
KOPPETUPOBAHMS 3y0UaTHIX KOJIEC — 8blCOMMUbLU U yen06otl. IIpu BEICOTHOM
KOPPETUPOBAHUH IIECTEPHIO M3TOTOBIISIOT C IMOJIOKATEIBHBIM CMEIICHHEM
UCXOTHOTO KOHTypa (X;> 0), a Koieco — ¢ paBHBIM €My IO aOCOJTIOTHON
BEITMIMHE OTPHUIATCIBHBIM cMereHreM ( X, < 0). Cymma kodhdunmeHToB
cMeleHus paBHa Hymo (X + X, = (). BrpicoTHOoe KopperupoBaHue
XapaKTepU3yeTcsl N3MEHEHUEM OKPY>KHOU TOJIIHUHBL, TUAMETPOB BEPIIUH U
BIaJuH 3yObeB. [Ipruem y mecTepHH IuaMeTp BEPIIMH M BHAJIWH 3yObCB
BO3pacTaeT Ha BENIWYHNHY, PAaBHYIO YIBOEHHOMY CMEMIEHHUIO, a y KoJeca Ha
3Ty K€ BENUYMHY YMeHbIIaeTcs. MeXoceBoe pacCTOSHHE U Yroj
3alCTUICHUS Y KOPPETUPOBAHHOM 3y0UuaTol Mapbl OCTAOTCSA HEM3MEHHBIMH.,

[Ipu yrimoBoM KOpperupoBaHUH CyMMa KO3 (HUIIEHTOB CMEMICHUS He
paBHa Hymo (X + X, # 0). MexoceBoe pacCTOsHUE KOPPErHpOBaHHOU

3y04yaToil mapbl OyIeT OTIMYATHCS OT HEKOPPETMpPOBAaHHOW. M3MeHHTCS
TaK)Ke W YToJ 3aleruieHus 3y0uaToi mapsl. YTIOBOE KOPPETHpPOBAHNE TIPH-
MEHSIOT B TOM ClIydae, ecii HeoOX0oauMo 3y0UaTylo mapy CpoeKTUPOBATh
C 3alaHHBIM MEXOCEBBIM pPACCTOAHUEM HJIM OJHOBPEMCHHO IIOBBICUTH
MPOYHOCTH 3yObCB IIECTEPHH U KOJIECa.

Hapesanmne 3yObeB C BBICOTHBIM H YIJIOBBIM KOPpPETHPOBaHHUEM
MIPOU3BOMAST CTAHIAPTHBIM 3yOOPE3HBIM HHCTPYMEHTOM.

B T1abn. 4.3 mpuBeneHsl (OpMyINBI JUIS pacueTa T'e€OMETPUYCCKHX
MapaMeTpoB KOPPETUPOBAHHBIX MPAMO3YOBIX HWIMHIAPUYECKHX KOJIEC
BHEIITHETO 3alleTUICHUSI.
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Tab6numa 4.3

@opmyJibl VISl pacyeTa reoMeTpH4ecKHX NapaMeTpoB NPsMo3y0bIX
NUIHHAPHYECKUX K0JIeC BHEIIHEro 3aleNJIeHUs IPH YII0BOii KoppeKkuuu

Ne 0O603Ha-
TTapamer; Pacuernas ¢popmyna
/i P p YEHUS opmy
1 [Ilepenarounoe uncno Z5
Uy U, =—=
2]
2 [Momymnb, MM
m ITo TOCT 9563—-60
3 | Koadpdurment (Zyiny - 2)H*
CMEIIEHHS [IECTEPHH X = , THE Zumin = 17
Zmin
4 |Koadpuuument -0
CMEIIEHUS KoJIeca 2 Xp =YV, IIpU 22> Zmin
5 |duamerpsl —mz
JIEITATSITEHBIX d d] _ le
OKPY>KHOCTEHN, MM i ?
6 | uBOmroTA yria . .

y . inv o, = 1nv o + [2 (xi+x2)/(z1+22)] tg a,
3alleTUICHUS nv o, re 6 =20°
repeiauu, paj.

7 |HopmanbHblii Luar,
MM Py Pp = mx
8 | OcHOBHOI IIar, MM
DPp Pp =mmcosa, rae o =20°
9 HaMeTpPhbI
anam) }i X d d.1 = d cos a/cos o,
. " d.2= d>cos 0/cos O,
OKPYXHOCTEH, MM
10 | lnameTpbl OCHOBHBIX di» = d, cos o,
OKPYXHOCTEH, MM dy dyr = d> cos o,
11 | Beicota 3yb6a, MM — —
yoa, h h=h, +hp =2,25m
13 | BeicoTa romoBku P o
1y /1(, _ham
3y0a, MM
14 | BeicoTa HOXKH 3y0a, hf’ hy =1,25m

MM
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OkoHuaHue Tab6i 3.3

Ne Iapamerp OGosiia- PacueTHas dopmyna
/m YeHUSA
15 Z[HaMeTpI)I dul :dl +26] +2h: :n’l(Zl +2+2X])
OKpYKHOCTEH —
BEpILIHH 3yObEB, MM d, il \ ,
d,, =d, +20, +2h, =m(z, +2 +2x,)
<z 2
dyo
16 | AmameTpsr dpy =d; +28 - 2hy
OKPYXHOCTEMH ' T =m (21— 2,5+ x1)
BIAUH, MM dy 3 !
d/zz —dz +262 - 2/’1f
dwo =m (Zz— 2,5+ xl)
17 [ Tommuuna 3v.y6a 1o Si=m (02 + 2ntg )
JEUTETHHON S So= m (2 + 20 tg 1)
OKPYKHOCTH, MM
18 |Mexocesoe a,, aw = (m/2)(z1 + z2)(cos 0/cos O.,)
paccTosiHue, MM
19 [Yron npoduns 3ybda dy
Ha OKPYKHOCTH o, =arccos| ——
BEpLINH, MM o al
d
0, =arccos b2
a2
20 Iﬁ““;f‘;jﬂ;yfﬁa o < Su1=du (Si/dy + inv o — inv o)
by “ Si= dua (S/do+ inV @ —inv o)
BEpIIHH, MM
21 | Homyckaemas
MUHHAMAIbHAS
TommuHa 3y6a mo| [S.] [S.]1=(0.1..03) m
OKPYKHOCTH

BCpLIINH, MM
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OneHnka KayecTBa 3aneNJIeHus

Koadduumentsr cmemenns X, W X, BIMSIOT HE TOJBKO Ha
TeOMETPHUECKHIE TTapaMeTphl 3y04aToil epenadr, HO M Ha ee KaueCTBEHHBIC
MOKAa3aTely.

KauecTBeHHBIE MTOKa3aTENN B3aNMOACHCTBHUS JBYX COIPSKEHHBIX KOJIEC
OTIPENIENISAIOTCS.  XAPAKMEPUCMUKAMY — 3ayeniienus.  Kod(puyuenmom
nepekpulmus, YOeIbHbIM CKOAbICEHUEM, NPAGUILHOCHbIO 3AYENIeHUs —
omcymcemeuem unmepghepeHyuu.

1. Kosgppuyuenm
nepexkpoimus. Jns  miaBHON U

0e3ymapHoit paboThI napsl
3y0uaThIX KOJIEC JIOJDKHO OBITh
BBITIOJTHEHO yCIIOBHE

HENPEPHIBHOCTH CMEHBI  3yObeB.
D10 00ecneunBaeTcs: TOIbKO B TOM
ciydae, Korja Iocieayromas mapa
3yObeB HayHeT 3aLeIuieHIe
paHblle, 4YeM NpeAblIymas ero
3aKOHYUT. HenpepsiBHOCT
3alleTyieHusT 3yObeB OIICHUBACTCS
ko3 dumenTom TOPLIEBOTO
MEPEKPBITHA € .

Yron moBopora 3y09aroro
KoJieca OT TIOJIOKEHMs Bxoja 3y0a
B 3allEIUVIEHHE [0 BBHIXOJAa W3
3aleTyICHUs] Ha3bIBAETCS  yTJIOM
nepekpelTus  koneca. Jlig  Toro
YTOOBI BBINOJIHSUIMCH YCJIOBHSL HEIIPEPBHIBHOCTH B3aUMOJICHUCTBHS 3yObeB,
3TOT YTOJI JIOJKEH OBITh OOIbIIe YTIoBOTO mara T (puc. 4.7).

OTHolIEeHHE yIiIa NEepeKphITUs Kojleca K €ro yIJIOBOMY IIary
Ha3bIBaeTCsl K03(Q(UIMEHTOM TOPIEBOTO MEPEKPBITHS €,

_Pa = 2n

« L, TAe T— YIJIOBOH Imar, s

Puc. 4.7. Onpenenenne kodddurmenra
MIEPEKPHITUS MIPSIMO3Yy00ro 3aleuIeHHs

€

s = g(l i g(l
R
pp  TUNCOSOL

niIn
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1
£, = i tg o, +2tg o,y - (z; +25) tg aw} . (4.15)

VYcnoBue  HENMpPEephIBHOCTH — B3aMMOJACHCTBUSL 3yObEB  BBIpaXKaeTCs
ycnoBusAMH @, >T u €,>1. B 3aBUCHMMOCTH OT TEXHOJIOTHYECKOTO
npouecca 00paboTKH 3y04aThIX Npoduiieii Ha OCHOBE OINBITHBIX JAaHHBIX
HAaWMEHBIIUE BEIUYMHBI KOAP(UIIMEHTOB MEPEKPHITUS €, PEKOMEHIYeTCs
opats ot 1,05 1o 1,35.

Kocsennvim — npusnakom — nogvliueHuss — KOHMAKMHOU — NPOYHOCTU
sAensemcs yeenuvenue yeaa sayenienus O.,,. MaKCUMaJbHO BO3MOYKHOM
KOHTAKTHOH TIPOYHOCTH COOTBETCTBYIOT O.,, =20..27° . Bonee BHICOKHE

(L, OTPAaHWYHMBAIOTCS SABJICHHEM 3a0CTPEHHUS 3yOheB NpPH 3HAYUTEIHHOM
MOJIOKUTEIILHOM ~ CMEIICHWH, a TakkKe CHIDKCHHEeM Kod(d uimeHTa
MIEPEKPHITUS €, .

HpI/I3HaKOM MOBBINICHUST KOHTAKTHOM IIPOYHOCTU ABJIACTCA TaKXKe
0osiee BhICOKAs BEIHMYMHA MEKOCEBOTO PACCTOSHUS d,, TIO CPAaBHCHHH C
JISTUTEIbHBIM MEXOCEBBIM paccTossHueM ¢ (B HYJICBOM Tmiepefaue OHH
COBIIAAIOT).

2. 3y0bsl 3alCTUISIONIMXCSI KOJIEC TMEePEeKAThIBAIOTCS U CKONB3AT APYT
mo Jpyry. XapakTepUCTHKOW CTCICHU CKOJBKCHUS SBISICTCA YOelbHoe
CKOMbIICeHUe N — OTHOLICHUE CKOPOCTH CKOJIBKEHHSI Vj; B TOYKE KOHTAKTa
K x TaHreHIuManbHOM COCTABISIIONICH 3TOM ckopoctu 7' (puc. 4.8, a).
CKOpOCTh CKOJIBKCHHUSI OMNpEJeNIAeTCs KaK Pa3sHOCTh TaHTCHIMATbHBIX
COCTaBIIIOMUX aOCONIOTHBIX CKOPOCTEH Vg, U Vg,, a YJAelbHOe

CKOJIBXXCHHUE JJId IEPBOTO U BTOPOT'O KOJIECa 6y11€T COOTBCTCTBCHHO

T T T T
Vi -V Vs =V
=2y g, =K (4.16)
VK1 VK2
=T _ N — o0 Ay —1- =T
Tak kak B Touke E; — Vg =0, 10 M == 1 Ay =1; B Touke E> — Vs
=0u Ay =—o0, A= 1. B nomoce P uMeeM Vg, = Vg, H, CIIEIOBATEIBHO,

M =0wu Ay =0. Pe3yabTarsl pacyeTOB BEJIUUMH YOCIbHO20 CKOIbICCHUS
KoJiec y00HO NpeACTaBUTh B BUE Tabm. 4.4.

Bocnoas3oBaBOIucy, 3TUMH U IMPOMEKYTOYHLIMU 3HAUCHUAMUA )\-1 nu 7\-2
IUTA pa3iIMIHBIX TOUCK KOHTaKTa BYGBGB Ha JIMHHUU 3alCTIIICHUA E1E2, MOXKHO
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MOCTPOUTH TpaduKu U3MeHeHus 3TuX Benuunu (puc. 4.8, 6). Uem Oombime
YENbHOE CKOJNBXEHHE, TEM CHUJIbHEE BO3MOXKHOE M3HAIIMBaHUE NMPOduiIeH.
®dakTuyeckue  yIelbHbIE  CKONBKEHHS ~ OTpaHMYCHbl  3HAUCHHSIMH,
COOTBETCTBYIOIIMMH I'PAHAIIAM aKTUBHOM JINHHUN 3aLleTIeHUs ab.

Tabnuua 44
3HaveHUs BEJIMYHH YAeJIbHOI0 CKOJIbKEHHS KOJIeC

I 3HayeHuss X, MM
apaMeip 0 x=EP g =E,E,
7¥1 - © 0 1
)Lz 1 0 -0

PacuetHbie hopmybl st M u Ny umeror CIEAYIOUIUI BUL:

h =1+, - gizl uhy =l+ip - i, (4.17)
X

g- X

rae ) — mepeiarovHoe OTHOILIEHHE OT Kolieca K ecrtepue; & =L, —
JUITMHA JIMHUM 3alericHus (B MM), Oepercs W3 TMOCTPOCHHUS C YYETOM
MacmTaba, X — pacCTOSHHE OT TOYKH £ 10 TeKymield TOYKM HA JTMHUH
3aLEIUICHUS, X =& (puc. 4.8, 6). VI3 onbiTa KCIUTyaTalluy CIEIyET, YTO
yIIEIbHOE CKOJIbKEHHE HEe JIOJDKHO OBbITh Ooubiie A = | 3 |.
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Puc. 4.8. CkopocTu B 3alleIIEHUN

Makcumanvnas usHococmoiikocms 06ydem obecheueHa 8 cayuae
paeeHcmea MAKCUMAIbHbIX op()uHam CYMMApPHbIX OMHOCUMETIbHbIX
CKOIbOICEHUTl TECTePHN M KOJIeca; Ha ATOT KPUTEPHH BIHSIOT BEJWYUHBI
CMEIICHUH MHCTPYMEHTA, TO3BOJISIONINE TepeMeniath Touku ¢ u b, Ha
JMHWH 3aLETUICHNUS 32 CUET N3MEHEHUS JHaMETPOB BEPIITHH.

3. Unmepghepenyus 3yoves. llpaBunbHOE 3allelieHUe 3yOUaThIX KOJec
MMPOUCXOAUT JIMIIb B TOM CiIy4da€, €CJIM TOYKa KaCaHUsA I3BOJIBBECHTHBLIX
y4acTKOB Tpoduis B3aUMOJEHCTBYIONINX 3yObeB HAXOMUTCS Ha JIMHHUH
3anerieHus. [loatoMy momkHa OBITH yCTpaHEeHa BO3MOXHOCTh KacaHUS
ITHX NpOQHIICH BHE TMHUU 3alETICHUS, YTO HMEET MECTO MPU KPOMOUHOM
Kacanuu, KOTaa B paboOTy BCTYMAIOT KPOMKH 3yObeB (TOYKH TepeceueHUs
npoduie ¢ MOBEpXHOCTSIMH BEPLIMH 3yObEB).

HpI/I‘II/IHaMI/I KpOMOYHOI'O KaCcaHus SABJISAIOTCA HeIlOCTaTO'—IHBIfI
Ko (PHUIMEHT TepeKphITHs €, <l, TOTPENIHOCT, OCHOBHOTO IIara,
Ype3MepHoe CONMKEHUE OCel MTPH MOHTaXe Mepelay U HHTepepeHITHs.

Humepgepenyuetl 3y0ve6 HA3bI18aemcs 8CAKOE HENPABGUIbHOE KACAHUE
npoguneli 6He AKMUBHO20 Y4ACMKA TUHUU 3ayenjieHus, m.e. sleHue, K020a
MpaeKmopust KpomMKu 00H020 3yba nepecekaem npo@uib CORPIHCEHHO2O
3y6a. [1pn 3TOM 3y0 OIHOTO KOJIeca Bpe3aeTcsi B TeJo 3y0da Apyroro Kojueca.
DTO UMeeT MeCTO TpH padboTe Maphl 3y0UaTHIX KOJIEC W OOBIYHO HA3BIBACTCS
6HeOperuem TIpO(UIICH, KaK U TPH HApe3aHHWH METOJOM OOKaTKH, KOrna
MIPOUCXOJIUT nodpe3anue 3y0pee 00padaThIBAEMOT0 KoJjieca.

IIpu npogpurvrou natepdepentun (puc. 4.9, 6) kpoMka 3yda OgHOTO
KoJIeca BHEIPSETCS B DBOJIBBEHTHYIO YacTh MPOQHIIs 3y0a COmpsKEHHOTO
koseca. [Ipu untepdepeHiuu ¢ nepexoornou kpusot (puc. 4.9, a) KpoMka
3y0a OJHOTO W3 3yO0YaThIX KOJIEC IMEepPEeCceKaeT MEePeXOTHYI0 IMOBEPXHOCTh
JIpyroro 3yOdaroro koieca. B ciyuae HapesaHus 3yObeB METOIIOM
00KaTKM MHTEepQEpEHIHsI KPOMKH WHCTPYMEHTA MPUBOJUT K MOJPE3aHUI0
3yObeB Kojieca 2, a mHTepEepeHITsS KPOMKH 3y0a Hape3aeMoro Kojieca ¢
npoduiieM MHCTPYMEHTa MPUBOAUT K Cpe3y 4YacTh NMpOoduis y TOIOBOK
3yObeB koseca .

Kax ykaspIBanochr BbIIIE, OTpaHUYEHUSAMH I 3HAYEHWUH KO3 uIm-
€HTOB X SABIISIETCSI HE TOJILKO Mojpe3aHue 3yoneB. [loaToMy 3amava BeIOOpa
KOA((PUIIMEHTOB CMEIICHUs JJIsl 3y04aToro 3aleIUICHUs peliaeTcs Kak
3aJada OINTUMHU3AIUH JIBYX IapaMETpPOB Xl H xz IIpu HECKOJBbKUX
KPUTEPUIX B 3aBUCHMOCTH OT KOHKPETHBIX TpeOOBaHMIA K MPOSKTUPYEMOMY
3y04yaroMy 3alerieHuIo. B 3ToMm ciydae 001acTh JOMyCKAaeMbIX PELICHHUH
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NpeACTaBIsIeT COO0H IIOCKOCTh, Ha KOTOPOH B CUCTEME KOOPAHMHAT X| U

X, (puc. 4.10)
s

Ow

g i

0; 5

Puc. 4.9. Uatepdepennus 3yoObeB

HAHECCHBI OTPaHMYCHHS TIPU BBIOOPE KOIP(DUIIMEHTOB CMEIICHHIA:
OTCYTCTBHE TMOJIPE3aHUS U 3a0CTPEHUS 3yObeB, MUHUMAIILHBIC TOTTYCTHUMBIC
KOO PHUIMEHTBI TEPEKPHITUS W T. 1. IJTa 007acTh IS ONPEACICHHOTO
coyeTtaHuss 3yObeB Z; W Z, HA3bIBACTCS ONOKUPYIOWUM KOHWYPOM.
I'panuyHbIe NMMHUW ONOKUPYIOMIETO KOHTYpa OTHOCATCA K TpEAeIbHBIM
3HaYE€HUSAM IIapaMeTPOB
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Puc. 4.10. bnoxupyrouuii KOHTyp

3anemienus: / — rpaHuna HHTepepeHInd Ha HOXKKe 3y0a BTOPOTo Kojeca;
2 — NUHUAS MUHMMAJIBHO JOIMYCTUMOTO KO3(G(HUIKEHTa MEPEeKpBITHI; 3 —
rpanuiia MHTEpepeHH Ha HOXKe 3y0ba TepBoro Koseca; 4 — rpaHMLa
3a0CTpeHus 3y0a Ha epBOM KoJjiece; 5 U 6 — JIMHUH, ONPEICIISIOIIUE TOIpe-
3aHME OHBOJBBEHTHOTO MNpoQuisl 3auerUiromuxcs 3yobeB. [lns onrtu-
MaJIBHOTO T000pa KO3(M(GUIIMEHTOB CMEIIECHUH BHYTPH OJOKHPYIOIIETO
KOHTypa HM300paKeHbl JMHUH, COOTBETCTBYIOIIME HAWIYUIINM 3HAUYCHUSIM
Ka4eCTBEHHBIX IIOKa3aTeliel 3aleIUICHHs: d — ONPENeNSIOUINe PaBHYIO
MPOYHOCTH 3yObeB 000MX KOJieCc Ha M3rub mpw BeAylueM kojece I, 6 — TO
e, TIPH BeAyIleM Kojiece 2; ¢ — peKOMEHIyeMoe 3HaueHne Koddduiuenrta
nepekpeitusa €, = 1,2.

CMmelieHre HMHCTPYMEHTa IIPU HApe3aHUU IBOJBBEHTHBIX KOJIEC
pacumpsieT BO3MOXKHOCTH 3BOJIbBEHTHON 3y04aToi nepesayuy, a UMEHHO:

1) mpenoTBpariaer noape3anne 3yobeB mpu Z;< 17;

2) NO3BOJIAET BHIPABHATH OTHOCHTEJIBHBIE CKOJIB)KEHUSI U TE€M CaMbIM
YBEIMYUTHh U3HOCOCTOHKOCTH, paOOTOCIIOCOOHOCTh TTOBEPXHOCTEN 3yOBEB H
YMEHBIINTh ONACHOCTh 3a€JaHus;

3) moBBITIIaCT H3THOHYIO TIPOTHOCTH 3YOBEB;

4)Bo Bcex ciydasx oOecreyrBaeT HEMoApe3aHHe 3yObeB ILECTEPHH,
TOJIIIMHA 3y0ObeB 1O BepmmHaMm S, > 0,25m u kodpPUIHEHT IEepEKPLITUS

£, > 1,2.

MeToabI M3rOTOBJIEHUS 3Y0UATBIX KoJIeC

OBoNbBeHTHBIE  Mpoduian  3y04aTeIX  KOJec  Hape3aloT  Ha
METaJUIOPEKYIINX CTaHKaX MeToAoM konuposanus (puc. 4.11) u merogom
obkamxu vnu o2ubanus (puc. 4.12).

1. Memoo konuposanus 3aKm0O4aemcs 8  NHOCAEO08AMENTbHOM
¢peseposanuu enaoun mexncdy 08ymsa 3yovsamu. Ilpoduns WHCTpyMEHTa
JIOJDKEH COBMAJATh C MpoduiIeM BIaJUHBI MEXAY 3yObSMH Hape3aeMoro
koneca (puc. 4.11, 6). 3a omWH TPOXOJ HMHCTPYMEHT Hape3aeT OJIHY
BIIAJMHY MEXIy IBYMSI COCEOHHMH 3yObsMH. 3areM BO3BpamiaeTrcs B
MCXO/HOE TOJIOKEHUE U 3ar0TOBKA TTOBOPAYMBAETCS HA yron T,

Wuctpymentom Mmoryt ObiTh MopnyibHas (puc. 4.11, a), auckoBas
MoayipHas (pe3a WM TanbleBas MomyibHas ¢pe3a (puc. 4.11, 6),
CTPOTaJbHBINA WM JOJIOEKHBINA pe3el], MPOTHKKA, NUTU(GOBAIBHBIA KPYT U

Ap.
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Hedocmamox wmeroma — Oonbllas HOMEHKJIATypa IPUMEHSIEMOTro
MHCTPYMEHTa, TaK Kak JUii KOJeC C Pa3HbIMH YHCIaMu 3yObeB HYXeH
HOBBI MHCTPYMEHT W3-32 M3MEHEHHs npoduis BraguHbl. Kpome aroro, B
nporecce Hape3aHusl 3yObeB KOJEC PEeXyIIMH MHCTPYMEHT M3HALIMBAETCS,
M3MEHAA MPOQWIb PEXYIIMH YacTH, a TakKe NPH HM3TOTOBICHHU CAMOTO
WHCTPYMEHTa HEW30€XHBI TOTPEIIHOCTH, KOTOpble IEpPEeHOCITCS Ha
Hape3aeMoe KOJIECO, B PE3YyIbTaTe YETr0 TOYHOCTDH 3ALECIUICHHS CHUXKAETCS.
s BHeceHUs1 U3MEHEHUH B reOMETpPHIO 3yObeB HEOOXOIUMO HM3TOTOBUTH
HOBBIH (CIIEIUAIbHBIA) HHCTPYMEHT, YTO TPYTOEMKO M HEOKOHOMHUYHO.

a 6 8
Puc. 4.11. MeTonp! KOTUPOBaHMS ISl HAPE3aHUS 3y0UaThIX KOJIEC

st yMeHbIIEHUs] HOMEHKJIATYPbl HHCTPYMEHTOB AOIYCKAeTCsl OAHUM
MHCTPYMEHTOM Hape3aTh Kojieca OJMHAKOBOIO MOXYJS C OJWHAKOBOM
¢dopmoii BmagmHBI MeXAy 3yObsiMu (KOoraa dYHCIO 3yObeB Koiec
HE3HAYMTENbHO pa3nudaercs, Hanmpumep, z = 10...12), mpu 3ToM BHOCHTCS
JOITyCTUMAasi IOIPEIHOCTh 3T OTOBJICHHUSL.

2. Memoo obxamku (oruOaHus) 3aKIIIOYAETCI B TOM, YTO PEXYIIEMY
WHCTPYMEHTY M 3arOoTOBKE COOOINAeTCs Takoe K€ OTHOCHTEIBHOE
IOBIDKEHHE, KOTOPOE COBEpIIAIOT 3y0daThle KoJieca, HaxXoIsIIuecs B
3aLeTICHNH.

B kadecTBe HMHCTpyMEHTa NMPHUMEHSIOTCS NPOU3BOAALICE Kojeco 2 —
Odoabsax (puc. 4.12, 6), npousBonsmas perika 2 (epebenka) (puc. 4.12, a)
C IPpSAMOJHMHEHHBIM npoduiieM 3yObeB, yepssaunas ¢gpeza 2 (puc. 4.12, 6)
u JIp.

WHCTpyMEHT, IPUMEHSEMBIN NIPU HApE3aHUH KOJIEC METOJIOM OOKaTKU
Ha 3y0OCTpoTralbHBIX U 3yOO(pE3epHBIX CTaHKaX, CTaHAAPTHU30BaH. YTON
npopuist  peiku o =20°, k03()PUIMEHT BBHICOTHI TOJOBKH 3yba JuIs

HOpPMaJIbHBIX 3yObeB hz =1, 1 yKOpOYEHHBIX — h: =0,8 (puc. 4.5).
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Tpeumywgecmeom metona (ornbanus) OOKATKH SIBISAETCS TO, YTO OJTHUM
U TEM K€ MHCTPYMEHTOM M3TOTABIUBAIOT KOJECa C PA3IMYHBIMH YHCIIAMU
3yObeB, IMO3TOMY HOMEHKJATypa 3yOOpEe3HOr0 HHCTPYMEHTa MOJY4aeTcs
3HAYUTEILHO MEHBIICH, YeM MPH M_eToz[e\KoingBaHm.

T O T T T
2 ’ I%

Puc. 4.12. Meron oOKaTku

[Ipu Hape3aHunu 3yOuaThIX KOJEC KONHUPOBAHWEM U OTMOaHHEM MOTYT
UMETh MECTO COOTBETCTBEHHO HaJlOKeHHUe (MHTepepeHIrs) U Moape3aHne
HOXKH 3y0a. Uncino 3y0reB, Ipyu KOTOPOM IPOMCXOIUT MOIPE3aHNE HOKKHI
3y0a, Ha3bIBAIOT MUHUMAIIbHBIM.

Onucanue 1a60paTOPHOIi yCTAHOBKH

Jlaboparopnast ycraHoBka TMM-2 (puc. 4.13, a) uwaim TMM-3
(puc. 4.13, 6) ToO3BONIAET MOAETUPOBATEH MPOIIECC MU3TOTOBICHUS 3y04aToro
Kolleca  MeToioM  orubaHust  (OOKatkm) —  Hape3aHus  3yObeB
MHCTPYMEHTAIbHON PEHKOA.

YcranoBka TMM-2 cocTOWT: M3 MOJIBHMXHOW KapeTKu 3, Ha KOTOPOH
KpenuTcss pedka 2; MOBOPOTHOTO AWCKAa [, HAa KOTOPOM KpEMmUTCA C
MOMOIIIBIO 32)KUMHOTO JUcKa 9 1 BuHTa /() OyMakKHBIH JAUCK-3aroToBKa /17
KJIABUILHU 5 U 38)KMUMHOTI'0 pblyara 4; IpHKUMHBIX BUHTOB 6; HaIPaBJIIOIIECH
MIPOBOJIOKHU 8 U PYKOATKH 7.
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Ha aroif ycraHOoBKe OyMaxHBIN TUCK /] UMUTHpPYET 3aTOTOBKY Kolleca,
3yOuarass pelika 2 — HCXOOHBIM TNPOU3BOIAMINN KOHTYP PEXYILETO
WHCTpYMeHTa. B mporecce aBmkenms peiika ormbaet mamck [/ xak MIIK
3aroToBky. Ilpu nmepememienun peilku 2 BIEBO Ha OAUWH war Ay 3aroToBKa
noBopaunBaeTcs Ha yron Ag = Ay/r. [lpu mocienoBaTensHOM 00BeAeHUH
3yObE€B pEMKM KapaHAalmloM Ha JUCKE TMOJydaloTcs Npoduin 3yObes,
KOTOpblE  MOJCJMPYIOT B peaJpHOM Macmrabe 3yObs — Koleca,
M3rOTaBIMBAEMOI0 Ha CTaHKe.

Peliky 2 MOXHO cMemaTh OTHOCHUTENBHO 3aroToBKH (fucka //) B
panuanbHOM HalpaBICHUH ¢ (UKcalel ONM0KEHHs Ha IMHEHHOH LIKaJe.

a 0
Puc. 4.13. JJTabopaTopHbie ycraHOBKH TMM

MMOPAAOK BBIITIOJIHEHUSA PABOTBI

1. [TonyunTh y mpernojgaBaTeNis Wid ydeOHOro macrepa (Jiabopanra):
ycraHoBKY TMM-2 (puc. 4.13, a) umu TMM-3 (puc. 4.13, 6) u OymaxxHbIit
JTACK.

2. Beimucarp (13 Taba. 4.5 u ¢ 1ab0paTOpHON YCTAaHOBKH) HMCXOIHBIC

. *
JaHHBIE JIIS pacyeTa reOMEeTPHYECKUX MTapaMeTpoB Komec i , /i, ,
3. OnpexnenuTs 4UCIIO z; 3yObeB KoJieca, HApe3aeMOoro Ha YCTaHOBKE, 110

dbopmyie 5, Tabm. 4.3.

%k
¢ ,dlam'
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4. Hanectn Ha OyMaXXHbI OUCK [ JETUTENBHYI OKPYXHOCTH [/
JIHAMETPOM ).
5. YcranoBuTh OyMakHBIA JUCK / Ha ycTtaHoBKYy. Ocmabuth BHHT /()
(puc. 4.13) u yctaHOBUTH OYMa)kKHBIH TUCK /.
Taonumad.s

Hcxoanble JaHHBIE

Hassanme napamerna Howmep Opuransr
BaHME MapaMeT
pametp 2 [ 3 4 G
IIepenarounoe uucno ih | 2 1 2 1
KoaddrmmeHT BEICOTHI # ¥ _
h h, =1

roJIOBKH 3y0a a a
Koapduurent paguanbHOro |

beprunerit - paz c ¢ =0,25
3a30pa, MM
Monyns, MM m C nabopaTopHO# yCTaHOBKH
AematennHbiid aMeTp d, C nmabopaTtopHOH YCTaHOBKA
LIECTEPHHU, MM
VYron npoduist perku, rpa. o 20

6. Ocnabutp BUHTHI 6 U YCTAaHOBUTH peiiKy 2 B HYJIEBOE TIOJOXKECHHE.
IIpu »TOM pricka Ha pelike 2 JAOJDKHA COBIAAATh C HYJIEBOW OTMETKOW Ha
HIKaJe, a JEJIUTENbHAS TpsMasi PeHKH KacaThCsl IENUTENBHON OKPYKHOCTH
M3rOTaBIMBAEMOro (Hape3aeMoro) Koieca.

7. TloBepHYyTh pblYar 4 B CTOPOHY KJIaBUIIM 5 U MEPEMECTUTH PEUKY 2
BIIPaBO 110 ynopa. [Ipy HeoOX0oauMOCTH OBOPOTOM PYKOSTKH 7/ OCIAOHUTh
HaTsDKEHUE MPOBOJOKH 8 M MOBEPHYTHh TUCK / B HadaJbHOE IOJIOKEHUE.
PykosATKy 7 BepHyTh B UCXOJHOE NIoJiokeHHe. HaxkuMmas Ha kjnaBuy J U
0o0prcoBbIBast KapaHAamoM npoduin 3yObeB peky, MOIydUuTh Ha JUCKE [
TPU YETKUX NPO(uUIs 3yObeB LIECTEPHU. Y OEIUTHCS B NOOPE3aHUs HOMCKU
3yb0a Ha W300paKCHWW 3aroTOBKM TMPH 4YHCJIEe 3yObeB z; MEHbIIE
MHUHHUMAIIBHOTO Zmin, AJIS CITy4as 3aLETUICHUS C PEUKOM.

8. HaiiTi MUHHMabHOE CMEIIeHUe perku O, o popmyie (4.14).

9. Ocnabuts BunTHl [0 (puc. 4.13) m ycraHOBUTH peiiky 2 B
TIOJIOKEHUE COOTBETCTBEHHO BEIMYMHE MHHHMAIBHOTO CMEIICHUS O IS
NpeAOoTBpAILEeHHs OAPE3aHus HOKKH 3y0a.

10. IlepeycraHoBuTs AWCK [ IS  BO3MOXKHOCTH — H300pakKeHUS
KOpperupoBaHHbIX Mpoduiei 3yobeB. 1t 3Toro He0OXOAMMO BBITOJIHUTD
JEUCTBUS 1. 7.
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11. IloBTOopuTh Hapezanue npoduiei 3yoreB (cM. . 7). YOenuTbcs B
omcymcmeuu noope3anus HOXKU.

12. Paccunutath B COOTBETCTBMH C Tabm. 4.3 TEOMETPHYCCKHE
napaMeTphl PSIMO3YOBIX IMIMHIPUYECKUX KOJIEC BHEITHETO 3alleIUICHUs, Y
KOTOPBIX OyJEeT NCKIIIOYEHO MOIpe3aHue HOXKKH 3y0a.

J YroOsI TOYHO, bi e} rpaaycos,
) OTIPEICTUTH YTOJ 3alleTUIeHIsI TIepeaadn 1o
Ll 3HAYEHHIO WHBOJIIOTEI, HeO0X0IUMO
JWI"'D.I. BBIITOJIHUTH I/IHTepHOJISIIII/IIO.

N3 puc. 4.14 caegyer nuHeiHas
B3aMMOCBS3b MTapPaMeTPOB:

a;a a; o inva-inva;, _ o-o;

invo;-inve; o) - o

Puc. 4.14. T'paduk TuHEHHOM 13. CHatp pauck [ ¢ YCTaHOBKH U
HHTEPIIOJSIIN 0003HAYNUThL HAa HEM BCE T'€OMETPUYCCKUC
nmapameTprl coraacHo puc. 4.4 u Gpopmynam

Tabdum. 4.3.

14. Usmeputh Ha paucke [ mapaMeTpsl 3y04aToro 3aLeruieHHS,
nepevyrcieHHbie B Ta0d. 4.3, ¥ COMOCTaBUTh WX C PACUETHBIMHU 3HAYECHUSIMHU.
JlaHHBIE CpaBHUTENBHBIX PACUETOB IOMECTUTH B Ta0II. 4.6.

Tabnuuma 4.6

CpaBHeHHe reoMeTPHYECKUX MApaMeTPOB KoJiec, MOJTYYeHHBIX PH Hape3aHuu
€ pacuyeTHBIMHU NapaMeTpaMHu

N 5 ITorpemnocTs
o KCIepu- A-T
[apamerpsr PacqeThbie |\ o pranpuse | O ZTIOO %

1 Ilar mno jgenuTeabLHON
OKPY>KHOCTH p, MM
Tonmuua 3y0a o
2 | penuTenpHON
OKPYKHOCTH S, MM
TommuunHa 3y0a no
3 | OKpYXXHOCTH BEpIIHH S,
MM

Vron 3aleIICHUs

nepenadu, ¢ rpam.
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15. Ha d¢opmate A4 (A3) wu300pasuTh B3aUMOJEHCTBHE JBYX
9BOJILBEHTHBIX ITpoduieit (puc. 3.1) mo pazmepam, BEIYUCICHHBIM COTJIACHO
Tabmn. 4.3, 1 0003HAYUTH BCE I'€OMETPHUYECKHUE IMApaMETPhl COIMPSKEHHBIX
kosiec (cMm. puc. 4.4).

16. OueHHTH Ka4eCTBO 3aleIIeH s KOJIEC, Ul 3TOr0 BEIYUCIHTD €, IO
dopmyne (4.15) u Ay, A, o popmynam (4.17).
17. OdopmMuTE OTUET.

COJAEP)KXAHUE OTYETA

1. lepBbIiif TUCT OTYETA NOJDKEH COAEPKATh: IETb PAOOTHI; UCXOTHBIE
nanHele (B hopme Tadm. 4.6).

2. Mocnenyronye JUCTHI JOJKHBI  COAEPIKATh MOCNE0BATEIBHOE
U3J0KEHUE XO0Jla PabOTHl C MOSICHEHHUSIMHU, PACUCTHBIMH (GopMmynamu (u3
Tabm. 4.3).

3. IMocnemHuii TUCT JOMDKEH COJEPIKAThH BBIBOIBI MO padoTe.

4. K CKpEIUICHHOMY OTYeTy HPUJIOKHUTh OYMaKHBIM IHCK-3arOTOBKY C
3yObsimu  miecTepHu (puc. 4.15), Hape3aHHbIMM 0O€3 CMEUICHHS U CO
CMEIIeHNEM HHCTPYMEHTA.

Puc. 4.15

BOITPOCHI 4J1s1 CAMOKOHTPOJIA
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1. ChopmynupoBaTh OCHOBHOM 3aKOH 3y04YaToro 3aneIuieHus..
2. IlpuBectn mpuMepbl mpoduiei 3yOheB, COOTBETCTBYIOIIHE OCHOBHOMY
3aKOHY 3y04aroro 3alleruieHHs.
JlaTh MOHSATHE 3BOJIBBEHTHI OKPY)KHOCTH.
IIpenmyiecTBa MPUMEHEHHUS 3BOJBBEHTHOTO MPO(UIIS 3yObEeB.
[MonsiTne Moyss 3y04aToOro 3arenseHus.
CriocoObI M3rOTOBJICHHUS 3y0UaThIX KOJIEC.
UYro Takoe KopperupoBaHue 3y04aThIx Kojec?
J11s1 uero BBIMOJHSAIOT KOPPErupoBaHue Koec?
Kakue BUIbI KOPPETHPOBAHUS CYIIECTBYIOT?
10. Kak BwiOHparoTcs K03()(OUIMEHTHI CMEIICHUS COIPSDKCHHBIX KOJEC B
3aBHCHMOCTH OT BHJIa KOPPErHPOBaHU?
11. Tlo xakuM mapamerpam MOXKHO OLIEHHTh KaueCTBO 3alleTlICHHs?
12. Metamnopexylide CTaHKM H HWHCTPYMEHTBI, HCIOJb3yeMble IS
Hape3aHus 3y0uaThIX KOJIeC.
13. OTimure METOAOB KONMUPOBAaHUS W OTHOaHWS (OOKATKH) W3TOTOBJICHUS
3y04aThIX KoJIec.

WP AW
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JIABOPATOPHAA PABOTA Ne 5

ONIPEJAEJIEHUE HNPUBEJAEHHOI'O
KO9®PUIUEHTA TPEHUS U KOSOOPUIIUEHTA
ITOJIE3HOI'O AEMCTBUA BUHTOBOMU ITAPBI

HOEJIb PABOTbBI

1. 3ydenune TpeHust B BHHTOBOM Tape.
2.  Ompenenenue  NpUBEACHHOro  Kod3h(UIMEHTa TpeHHA |
koaddunmenta nonesHoro aericteus (KI1J]) BuATOBOM TIApHI.

OBIIUE CBEAEHUA

Tpenue mpexncraBisieT CcoOOOW  COMPOTHBICHHE OTHOCUTEIHLHOMY
MEePEMEINICHUIO JIBYX TEJ, BO3HUKAIOIIEe B KAacaTeIhLHOM HAIPaBICHUH B
30HE MX CONMPHUKOCHOBeHHS. CHjla COMPOTHUBIICHUS SBISIETCS CUIION TPEHHUSL.

CyliecTBYIOT TpEHHE CKOJBXKEHHS U TpEeHUE KadeHus. TpeHue
CKOJBKCHHUSI MMEET MECTO IpPH OTHOCHTEIHFHOM [IBIDKEHHUU JBYX T,
CKOPOCTH KOTOPBIX B TOYKaxX KacaHWsA pa3nuyHbl. TpeHue KadeHUs
BO3HUKAET B BBICIINX KHHEMATHYECKUX Iapax, CKOPOCTH KOTOPHIX B TOUKAX
KacaHWsI OJMHAKOBEI [0 BEIMYMHE U HATIPABICHUIO.

Paznuyarot nBa BHa CHII TPEHHS CKOJIBKEHUS: CHIIa TPEHHUS TP TIOKOe
Y CHJIA TPSHUSI TIPH JIBUKCHUU.

TpeHne ckoabkeHNs NPH MOKOE

[lpy moOMBITKE CABHHYTH OJHO TEJNO IO MOBEPXHOCTH JAPYIOro B
TUIOCKOCTH COTIPUKOCHOBEHHSI TNl BO3HHMKAET CHJia TpeHus (WM cuia
CIICIJICHUS), KOTOpask MOXKET MPHHUMAThH JIIOOBbIE 3HAYCHUS OT HYNSA J0
BEJIMYUHBI Fyp, HA3BIBAEMOU NnpedefibHOl CUNO MpeHUs.

DKCIEPUMEHTATEHO KO(DPHUIMEHT TPeHHUS MOXHO HAHTH ¢ TIOMOIIBIO
npudopa (puc. 5.1). 'opuzonTanphas maura AB n npsmoyronbHeiil opyc C
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W3rOTABIMBAIOTCS W3  MaTepUalioB, Uil  KOTOPBIX  OMNPEAEIseTCs
K03()(HUIIEHT TPEHUS TTOKOS.
Ha opyc C Oyayr nmelicTBoBaTh cujia TshkecTd (), ypaBHOBEIICHHAS
HOpMaJIbHOM peakuued miuTel N, U cABUTAOIIas cuiia F, Kotopas npu
-

““‘i‘“““\‘“

B i

Puc. 5.1. Onpenencane ko3 Puirnenra
TPEHUSI CKOJIBKEHUS

MOKOE ypaBHOBELIMBAETCS CUIION TpeHus F; (cuna F yicieHHO paBHA Becy
rpy3a). MeHss Tpy3sl, HaxoAuM Harpy3ky F*, mpu koTopodt Opyc
TPOTAeTCs C MECTA.

[IponenaB psii OMBITOB, MOKHO YOEAMTHCS, YTO MPU U3MEHEHHH CHIIBI
Tshxectn Q Opyca C BenuuuHa F* Bo3pacTaeT NponopuuoHaaIsHo Q.

OMBITHI TTOKa3bIBAIOT CIIEIYIOIIEE.

1. Bennuuna mnpenenbHOHW CHIBI TpeHUS Fy, paBHA NPOU3BEACHUIO
ko3 dunrienTa TpeHus MoKos fo (CTaTHIECKOro Kod(hpHUIUEeHTa TPeHUs) Ha
HOPMAJTBHYIO peakiuio (HopMaIbHOE JTaBIeHHE):

Fup = foN.

VYuuTtbiBas, 4to Fi, = F* u N = Q, Haxoaum

f:an :F_*
Y 0

JI1s NaHHBIX YCIIOBHIA OTIBITa 3HAYCHHE fo — BETMYMHA MIOCTOSHHASL.
Koaddumnment tpenust nmokos f; (crarudeckuii KodppuuueHT TpeHus)
OmnpejensieTcs  OMBITHBIM  MyTeéM M 3aBUCHUT OT  MaTepuana
COTIPUKACAIOMIMXCS Tell W COCTOSHHS TIOBEPXHOCTEH (IIepOX0BaTOCTH,
TEMIIEPaTyPHhl, BIAKHOCTH, HAJTHIHUS CMa3KH H JIp.).
2. BenuuuHa mnipefenbHOM Cuiibl TpeHUs: Fy, B IMIMPOKHUX Mpeaenax He
3aBHCHUT OT Pa3MePOB COMPHUKACAIOIINXCS MPH TPEHUH TTOBEPXHOCTEH.
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O6’B€Z[I/IH$I$I BMECTE ITOJI0XKEHHUSI A 1 B, ojry4acM, 4TO IMpu paBHOBECHUU
CHuJia TPCHUS IOKOA (cnna CICINICHUA TCJ1a C HOBerHOCTBIO)

F. <Fy,, wm F; <fN.

CrnenoBaTenpHO, TIOKa TEO HAXOAWUTCS B TMOKOE, cujia TpeHus F, paBHa
cABHraromiei cuiie F, a He BenuuuHe Fyp, = foN. Cuna Tpenus F, NpuHUMaeT
3Hauenne F,, = foN TONBKO TOTHa, KOTJa TIOJOKEHHWE PaBHOBECHS
CTaHOBUTCS TPEACTHHBIM.

Peakuuu mepoxoBarbiX cBsi3eid. YroJ TpeHust

Peakiust peanbHO# (mIepoxoBaToil) CBsi3u OynmeT ciaraTtbCsi M3 JBYX
COCTABJISIFOIIMX: U3 HOPMAJIBHOM peakunu N U NEPHEHAMKYJISIPHOU K HEl
CUJIBI TpeHUs [

[Nonnas peakuust cBsi3n R OyIeT OTKIOHEHA

OT HOpPMaJd K TIIOBEPXHOCTH Ha HEKOTOPBIH AN s
1 ’

yrod. [Ipu u3MeHeHUH CUITbI TpeHHs F, OT HyJs ! ;| |

no Fy, cuna R Oyner meHstbest ot N 10 Ry, a ee 7 T

YroJ ¢ HOPMajblo OyAeT pacTd OT HyJid 10
HEKOTOPOrO  MNPENENBHOTO  3HAYEHUs Qo Pyc. 5.2. JIBukeHue Tena

(puc. 5.2). HauOompmmii yros o, KOTOPBIH 110 LLIEPOXOBATOI
IoJHasgs peaKkiusa IHep0XOBaTOI71 CBSI3U O6pa3yeT MOBEPX- HOCTHU
C HOPMAJThIO K TIOBEPXHOCTH, HA3bIBACTCS YTIIOM
TPEHUs
t R
gWy =— = .
N N

Tax xak Fyp=_folV, nMeeM

tg o= fo.

HpI/I paBHOBECHU pCaKLUA HlepOXOBaTOP'I CBI3U R B 3aBUCUMOCTH OT
CABUTaOIUX CHJI MOXCT NPOXOAWUTH II€ YrOAHO BHYTPHU YIJIa TPCHHA.
Korya paBHOBeCHe CTAaHOBUTCS MpPEEIbHBIM, peakius R OyleT OTKIOHEeHa
OT HOPMaJH Ha yToJ (o.

Cuia TpeHusi Ipy ABUKeHUHU
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Cuita TpeHHs HaIlpaBJIeHa B CTOPOHY, IPOTUBOMOJIOKHYIO JIBIKCHUIO,
paBHa MPOW3BEACHUIO NUHAMHYECKOro Kod(duuueHta TpeHus [ (majiee
k03 UIMEHT TPEeHNs) HA HOPMAITBHYIO peakiuio (HOPMaIbHOE JIaBJICHUE):

F, =fN.

OT0 BBHIpaXEHHE TpeAcTaBisier coboi 3akoH KyrnoHa—AMOHTOHA,
YCTAHOBJICHHBII OIBITHBIM ITyTEM.
3naueHuss Ko3(hGUIIMCHTa TPEHUS [ 3aBUCSIT OT MaTepuaa, COCTOSHUS
MOBEPXHOCTEH M B HEKOTOPOW CTEMEHUM OT CKOPOCTH ABUKEHHS Tei. B
OOJBIIMHCTBE CITydaeB C TOBBIIIEHHEM CKOpPOCTH BEIMYMHA [ CHadaja
HECKOIIbKO YOBIBAET, a 3aTEM COXPaHsIEeT MOYTH ITOCTOSHHOE 3HAUYCHHE.
Koaddumment tpenns

f=arctgo.
BenuunHy ¢ Ha3BIBAIOT YIJIOM TpeHHA NpH ABMKeHUH. Koaddumment
TpeHus f ONpeAenseTCs OMBITHBIM MyTEM.

BunroBasi mapa

BunroBas mapa mpexacraBisier coOOi JBE neTaiu (BHHT W Taiiky),
COCJIMHCHHBIC TI0 BUHTOBOW MOBEPXHOCTH. BUHTOBYIO Mapy HCIOIB3YIOT
JUTs ipeoOpa3oBaHusl BPalllaTeJIbHOTO BMXKEHUS B IOCTYIATEIBHOE, WIH
Ha00O0POT.

BunTOBBIE TApHI OBIBAIOT C TPEYTOIBHBIM, TPIMOYTOIBHBIM U KPYTIIBIM
npoduieM BUHTOBOH MIOBEPXHOCTH.

B TexHHKE BUHTOBYIO MOBEPXHOCTh YaCTO HA3bIBAIOT Pe3b00ii. Pe3b0nI ¢
TPEYTONBHBIM TpOo(UIeM TOAPa3ENIIOT Ha METPUYECKHE, JTIOWMOBHIC,
TpancuengajIbHbIC U YIIOPHBIC.

A b e P

Puc. 5.3. T'eomerpu- Puc. 5.4. Yron nogbema pe3n0Obl
YeCKHE  MapaMeTpsl
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METPHYECKOH Pe3bObl

OCHOBHBIC T'COMETPUYCCKHE MapaMeTpbl METPHUYECKOW pPe3nObl 110
I'OCT 9150-81 (puc. 5.3):

H — BBICOTa MCXOAHOTO MPOQHIIs (PABHOCTOPOHHUHN TPEYTOJIHHUK);

d, d>, d\ — naMeTpbl HapyXKHBIA, CPEAHMI M BHY TPCHHHUI;

Puc. 5.5. BuHTOBBIC IapHI C IPSMOYTOIBHON U TPEYTOJIBHOMN pe3b0oii:

B — BUHT, I' — raiika, P u d, — 1ar u cpeHuil 1uamerp pe3b0bl

mar P — paccTosiHue MeXy ONMKaHIINMHU CXOJICTBEHHBIMH TOYKAMH
KOHTYPa TI0 JIMHHH, NTApaJUIEIEHOI OCH pe3bOb;

yrou npoduins o. = 60°;

YTOJI TTOJTheMa BUHTOBOH JINHUH pe3b0bI Y (puc. 5.4).

[lepenaToyHoe OTHOLIEHHWE § BHHTOBOM
napel paBHO OTHOLIGHHIO OKPYKHOH V, u
0CeBoil V, ckopocTeii raiiku (BuHTa) (pHC. 5.6).

v, 1 . Vit ma
wim ! -

Vi

] =———

Vv, tgy

31ech ¢ — mepuo ] BpamaTeIbHOTO JBUKEHUSI.
Tlepuon BpamaTeaIsHOTO IBUXKEHUS Talku
mn

21 _ 60
[ =—— = D =—
30

w n

>

Puc. 5.6. BunroBas napa:
rie O W 7 — YIJIOBasg CKOPOCTb M 4YacToTa

BpaIllEHUs] TaliKH.
CKOpOCTh TIOCTYHATEIBHOTO MEPEMEIICHUS
raku

Viu V,— okpyxHasi 1 oceBast
CKOpocTH Talikm; dp —
Hapy>XXHBIM AuaMeTp raikuy;
Y — yroil IoabeMa BUHTOBOM
JIMHUH
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_P_Po_Pn
“ 2 60

Tpenne B BUHTOBO mape

PaccMOTpUM BHHTOBYIO Mapy ¢ MPSIMOYTOJIbHBIM TpoduieM pe3bObl
(puc. 5.7). Ilonaraem, 4to oceBas Harpy3ka F, Ha BUHT COCPEJOTOYCHA Ha
OJIHOM BHUTKE M YTO peaklus FafKu MPUIIOKeHa M0 CpeAHel JTHHUN Pe3bObl,
T. €. 10 db.

Puc. 5.7. K onpenenenuto cui TpeHHsl B BAHTOBOH nape

C IIPSIMOYTOJILHBIM NIpodriieM pe3b0bl

Ilepemenienue raiku 1o BUHTY MOKHO PacCMaTpUBATh KaK JBM)KCHHE
MOJI3yHA 110 HaKIIOHHOM MJIOCKOCTH C YTIJIOM HakIJIoHa Y (puc. 5.8).

IIpu paBHOMEpPHOM JABMKEHHE TIOJ3yHAa CIPAaBEAJUBBIM SIBIIAETCS
CIIeyIoIlee YpaBHEHHE PaBHOBECHS:

SF=F+F +R+F, =0,
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Puc. 5.8. Cunbi, Puc. 5.9. Tlnan cun,
JIEHCTBYIOIIKE Ha MOJI3YH JEUCTBYIOIUX  Ha
MOJI3YH

rae F, = M/r, — TOpU30HTAIbHAS CWJIA, NEHCTBYIOMAs HA TONM3YH (TaKy),
M — kpyTAImmMii MOMEHT Maphl CUJI, IPUJIOKEHHBIX K Taiike Ha PacCTOSHUU
7, OT OCH BUHTA B TUIOCKOCTH, MEPIICHAUKYJIIPHOW OCH (B TOPH30HTAIBHOM
IJIOCKOCTH).

W3 nnana cun (puc. 5.9) BugHO, 4TO ABMXKYILIas cuia F;, HeoOxonumas
JUIL paBHOMEPHOTO JIBWKCHUS TOJI3yHa BBEPX IO HAKIOHHOW TIOCKOCTH,
CBsI3aHa C BEJINYMHOM 0CEBOM CHIIBI F; COOTHOLIEHUEM

Fi=Fatg(y + o),
a KpyTSAIMHUKA MOMEHT M maphbl, IPUIIOKEHHBIN K raike, OyaeT
M=Frn=F,tg(yto)nr.
N3 3akona Kynona—AMOHTOHa ciiefyeT
F.=fN=Ntgo.
W3 nnana cun ompenenauM CUIy TPEHHd, AEUCTBYIOLIYI0 B BUHTOBOM
nape:
sing

F,. =Rsingp =F, ——.
sin(y+q)

PaznmenuB uncnurTenh W 3HAMEHATENb ATOTO BEIPAXXEHHWS Ha COS @ U
YUHATHIBASL, UTO f= tg @, MOITyIHM

sin @
Fp=F %% _—_ g —F — S .
"sin(y+¢) siny+tgq-cosy ' siny+ /fcosy
cos
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B BuHTOBOI Tape ¢ TpeyrosbHOH pe3rdoit HopMmambHas cuina N > F,
(puc. 5.10), mosToMy cwia TpeHus [, Oounblie, 4eM B PacCMOTPEHHOM
BHIIIIE BHHTOBOW TIape ¢ MPSAMOYTOJBHBIM  TpoduieM  pe3bObl.
COoOTBETCTBEHHO

Puc. 5.10. CooTHOLIEHUS] MEXAY HOPMaIbHON Fg

N
L4
. 2
1 OCEBOM cuilaMM B BUHTOBBIX IIapax C TPEYrOJIbHBIM P
1 IIPSIMOYTOJIBHBIM NPOQHIISIMU PE3bOBI

yroil TpeHus @ U KodpuuueHt TpeHus f y
BUHTOBOMU Mapbl C TPEYroJbHON pe3b0oi OyayT Oouible, YeM B BHHTOBOM
nape ¢ npsSMOYTOJIBHBIM MPOPHIIEM PE3BOBI.

B BHHTOBOII ape ¢ TpeyroibHOM pe3p0oi K0d(D(ULMEHT U YTOJl TPEHHUS
OynyT

. f , _arctg f
/= a u ¥ o
Cos— cos—

2 2

[lonmy4yeHHble i1 BUHTOBOM Hapbl ¢ TPEYTOJBHBIM MPOQHIEM pe3bObl
ko3 dument ' u yroi ¢  TpeHUs Ha3BIBAIOTCS MPUBEICHHBIMU KO3(hhu-
LUEHTOM H YTJIOM TPEHHS.

Ko3¢ppuumeHT mos1e3H0ro AelicTBUsI BHHTOBOM Mapbl

CpaBHuBasi 3aTpaThl MOTCHIUMANBHBIX DPHEPIUM NpHU MOIBEME Tela ¢
cwioll Tshkectd G = mg 10 HAKJIOHHOW TUTOCKOCTH (TI0 BUHTOBOMW JIMHHH)
0e3 TpeHHs U C TPEHHEM, TTOTYIHM

A _GH _ mdytgy  tgy
Ay GH' mdyteg(y+q)  ta(y+q)

n=
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Puc. 5.11. K onpenenenuto KIT/]
BUHTOBOM IMaphl

rae Anos — TONE3Has padoTa, 3aTpaynBaeMasi Ha IOABEM Ipy3a MO IIaIKOH
HAaKJIOHHOW MOBEPXHOCTH; Asmp — paboTa, 3aTpaunBaeMas Ha MOABEM IPy3a
10 IIEPOXOBATON HAKIOHHOW IMOBEPXHOCTH TPEYTOJBHOTO MPOGMIsL, ¢ —
MIPUBEICHHBIN YT O TPEHNUSI.

OIIPEAEJIEHUE ITPUBEJIEHHOI'O
KO®OUIIMEHTA TPEHUA U KIIJI BUHTOBOMU ITAPBI

DKCnepuMeHTallbHAs ycTaHOBKa (puc. 5.12) cocTouT W3 TMTH [/, B
BEPTHKAJIBFHONW CTEHKE KOTOPOH BBIMOJHEHO OTBEPCTHE JJISI yCTAaHOBKH
BUHTOBOH mapsl (Oonta 2 u raiiku 3). K mumre / mpukperieHa ckoba 4,

nepeMelieHue  KOTOpPOH  (UKcHpyeTcs
x VHIMKaTOPOM YacOBOTO THIIA J.
‘ B BepTukanpHO# CTEHKE IUUTHI [
1 BBIMIOJIHEHA pacTodyka IOJ  YIOPHBIN
MAPUKOTIOJIIUITHUK 0, KOTOPBIN
MpeqHa3HauYeH /I yYMEHBIICHUS TPEeHUs
MEXJy TOpPLUOM Tralku 3 W TIuToH 1.
Toperr raifiku 3 B3aUMOJEHUCTBYET C
[IAPUKOTIOAIIUITHIKOM 6 Yepe3 maidy 7.

ITpu OTpaHUYECHUU 0OCEBBIX
MepeMEILICHUI 3JIEMEHTOB BUHTOBOU Mapbl
(Oonta ¥ raiikv) U MpH BpaIIEeHUH OJHOTO
U3 €€ JJIEMEHTOB (raiiki) B BUHTOBOI mape
BO3HUKHET oceBas cwna F,. OceBas cuia

Puc. 5.12. Cxema F, Oyner BbI3bIBaThH AeQOpMannio CKOOBI.
OKCIICPUMCHTAJIbBHON YCTAHOBKH BpaHleHI/Ie raiiku OCYLLIECTBIISIOT
JMHAMOMETPUYECKUM KITIOYOM (Ha

PUCYHKE HE HOKaSaH), KOTOpBIﬁ IMO3BOJIACT
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KOHTPOJIMPOBaTh  BEJIMYMHY  KpyTsamero MomeHta M (MoMmeHTa
3aBUHYMBAHUs), IPUKJIAJABIBAEMOTO K TalKe.

MMOPAAOK BBIITIOJIHEHUSA PABOTBI

1. W3 ycrnoBus MpOYHOCTH OONTa OMPEAECIUTH BEPXHIOID TpPaHUILY
BEJIMYMHBI OCEBOU CUIIBI [

(F) _md; [0,]

max 4 n

rae dy — BHyTpEeHHUN TuaMeTp pe3nOs! Oonra (Tadi. 5.1); [o,] = 200 MIla—
npenen TeKydecTn MaTtepuana Oonra; n = 5..10 — xosdduuueHt 3amaca
MPOYHOCTH.

2. BriOpath dYeTwIpe 3HAYCHHSI OCEBOM CHIBI F,, KOTOPBHIMH OyIem
Harpyxatb BUHTOBYIO mapy: Fi = 0,25(F)max, £2 = 0,50(F)max, F3 =
0,75(F)max 1 Fa = (F2)max-

3. Bemmuunsl cuit, negopmupyromux ckody (puc. 12), KOHTPOIUPOBATH
Mo TIOKa3aHWAM (JeneHusM) Ay HWHIUKAaTOpa YacoBOro THIa J,
YCTaHOBJICHHOT'O Ha CKOOe.

TapupoBoYHas 3aBUCUMOCTD CHIIBI OT BETMYMHBI 1e(hOPMAIIUH CKOOBI

F =396Ay, H.

4. YKa3aHHbIE B M. 2 BEIUYUHBI F;, U COOTBETCTBYIOIINE UM 3HAUCHUS
Ay 3anectu B Ta0m. 5.2.

Tab6nuia 5.1
HekoTopbie reoMeTpuyecKne napaMeTpbl BUHTOBBIX Map

Tum BUHTOBOM Taps! (pe3bOsl)

[Mapamerpsr*
MeTpUYecKast Tparernen1anbHast

d,m-107 14 16 18 20 14 | 16 | 18 | 20
di,m-10° | 11,84 | 13,84 | 1529 | 1729 | 12 | 14 | 16 | 18
do, M- 107 12,7 | 14,7 | 16,38 | 18,38 | 13 15 | 17 | 19
P,m-107 2 2 25 | 25 2 2 2 2
y, rpas 2052 | 2°28' | 2°47' | 2°29' | 2°48' | 2°26' | 2°8' | 1°55'
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*TOCT 9150-81; 'OCT.6958-78.

5. CoOpaTh Ha SKCTIEPUMEHTaILHOI YCTaHOBKE BUHTOBYIO mapy (0onT u
raiiky). Topel raiiku orepeTs Yepes maiidy Ha IMIapruKOIOAITHITHHUK.

6. I'aliky 3aTSHYTb OT PyKH.

7. BbICTaBUTH CTpEJKy HHIMKATOpa 5 Ha CKOOE IMOCPEICTBOM €ro
CMEILIEHNSI OTHOCHUTENbHO CcKOObL. Ilpu cMemeHun crpenka JOJDKHA
COBEPILINUTH JBa 000poTa. 3ah)UKCUPOBATH MHAMKATOP BUHTOM (Ha cxeMe He
MOKa3aH) U YCTAHOBHUTH «HOJIbY» Ha TIOABIXHOM IIKaJle HHAWKATOPA.

8. JluHaMOMETpUYECKUM KIIIOUOM BpalaTh rakKy J0 pealu3alud B
BUHTOBOHU mape oceBoil cuibl F = 0,25(F,)msx. (Ilepen Bpamenuem raiiku
YCTaHOBUTH CTPENIKY MHJIMKAaTOpa AWHAMOMETPUYECKOTO KItoYa B HYJIEBOE
TTOJIOKEHHE. )

9. llpu nmoctmwxennu Fy = 0,25(F,)mex 3adukcupoBats nokazanusi AK
WHAMKAaTOpa AMHAMOMETPHUECKOT0 KJI0Ya U 3arucaTh X B Ta0I. 5.2.

10. BemnuuHy KpyTsImero MoMeHTa M, TIPUKIaAbIBAEMOTO K BUHTOBOM
nape, ONpeAeIUTh 10 TAPUPOBOYHOM 3aBUCHMOCTH TUHAMOMETPUYECKOTO
KITI0Ya:

M=K, -AK,H - M,

rne K, = 0,5977; 0,5715; 0,4981 — tapupoBodHBIe KOIPPHUITHEHTHI
muHamomeTpudecknx kmroued Ne 1, 2 m 3; AK — mokasanus (nmenenws)
WHAMKATOpa JMHAMOMETPHYECKOTO KITFoYa.

11. IloBroputh paboTy B cooTBeTCTBHH ¢ mir. 8—10 mis 3HAUEeHUN
OCeBBIX cuil: Fo, I3 u Fu.

12. Ucnonw3ys 3HaueHus F, u M, ompenenuTh IMpUBEIEHHBIA yroi
TpeHHs ¢ B BUHTOBOU mape 1o hopmyiie

, 2M
¢ =arctg| ——1- Y,
a™2
rae d, — cpefaHuil fuaMeTp pe3bObl; y — Yroj moabema pes3bos! (tadum. 5.1).
13. Onpenenuts npuBeieHHbIC KOAPQUIMEHTH TpeHus /B BUHTOBOU

nape:

[ =1g(@).
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14. Omnpegenuth 3HadeHUS KOI(PPHUINEHTOB TIIOIE3HOTO JEHUCTBUSL
(KI1) BunTOBOI apsl M 1o ¢popmyiie

n-=

tgy
tgy+q)

15. Bce onbITEI TOBTOPHUTE TPH pa3a.
16. BeruucnuTh cpeiHUe 3HAUCHUS / cp ¥ Mep. 3anecTH ux B TadI. 5.2.

PesysbTaThl pacyeron

Tab6numa 5.2

ITapameTpsbl

3Ha4YEeHHST OCEBOM CUIIBI F,

F

F

Fs

Fi

En.
H3M.

Cepus
OITBITOB

Cepus
OIIBITOB

Cepus
OTIBITOB

Cepus
OTIBITOB

1213

1213

1213

1]2]3

OceBas cuna F,

[Toxazanus
WHAWKAaTOpa
CKOOBI Ay

Hemn.

ITokazanms
WHAWKAaTOpa
kmroua AK

Hemn.

MomenT
Ha Kiroue M

[IpuBenennslit

yroji TpeHus B

BHUHTOBOII mape
N

I'pan.

IIpuBeneHHbIH
K03 unmeHT
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TPEeHUs B
BHUHTOBOW Tape f

KIIJI BuHTOBOI
TapHbI 1 ¢p

Cpennmii
MIPUBEACHHBII
ko3P unmeHT

TpPEHUs B

BHUHTOBOM

nape fop

Cpennuit KITJ
BHUHTOBOU —
Iapbl Nep
17. Toctpouts rpaduku, WUTIOCTPUPYIOIIUE W3MEHEHHE B BHHTOBOM
Tnape cpeiHNX 3HAYEHHil MPUBEEHHOro Kod(uIienTa Tperus f, cp u KITJI
Tep OT BEJIMYUHBI OCEBOM CHIIbI F, (puc. 5.13).
18. IIpoananu3upoBaTh pe3yabTaThl U CAEIATH BBIBOI.

0 Fl Fz F3 F4
OceBag cuia F,
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Puc. 5.13. 3aBucuMOCTh fcp U My OT BEIMYMHBI OCEBOM CHIIBI F,

COAEP/KAHUE OTYETA I10 PABOTE

1. Ilenb paboTHI.

2. CxeMa 3KCIepUMEHTAIbHONW YCTAaHOBKHU.

3. Pe3ynbTaThl 3KCIIEPUMEHTOB U pacueTOB 3alKcaTh B TAOIUIY 2.
4. 3aBUCUMOCTH CPEIHUX 3HAYCHHUH [ '¢p M Mcp OT OCEBOU CHIIBI F,.
5. BriBog.

BOITPOCHI 4JIs1 CAMOKOHTPOJIA

1. Yro takoe TpeHue?

2. Buael TpeHus.

3. Yo siBisiercst KoopHUIIMEHTOM M YITIOM TpeHUs?

4. I'eomeTpHuecKre MapaMeTpbl BUHTOBOH Mapbl (METPHUYECKOH Pe3bObl).

5. Kakue cuibl efiCTBYIOT B BUHTOBOW Mape M Kak OHU CBSA3AaHBI MEXKIY
coboit?

6. ITlouemMy npUMEHSIOT B pacdyeTax BHHTOBBIX TMap MPUBEICHHBIN
ko3 dunment tpeHus f'?

7. IlpuBeeHHBIN YroJ TPEHHS (¢ = B BUHTOBOM mape.

8. Meroauka pacdeTa NMpUBEACHHOTO KO3 QHIIMEHTa TpeHUs /' B BUHTOBON
nape.

9. Meronuka pacueta KI1/] ) BUHTOBO HapHl.

10. laTe aHayu3 pe3ysibTaToOB 3KCIEPUMEHTOB.
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JIABOPATOPHAA PABOTA Ne 6

BAJTIAHCHUPOBKA KECTKHUX
POTOPOB

HOEJIb PABOTbBI

1. O3HaKOMIIEHHE C YCTPOHCTBOM OalaHCHPOBOYHOTO CTaHKA.
2. CraTudeckoe ypaBHOBEIIMBAHNE POTOpA.
3. JIuHamMu4ecKkoe ypaBHOBEIIMBAHUE POTOPA.

OCHOBHBIE CBEJEHUSA

ITon ypaBHOBEIIMBAaHUEM BPAILAIOIIUXCSA 3BEHBEB IIOHUMAETCS 3a]1a4a,
CBSI3aHHAsl C PAacIpelEeICHHEM MAcC 10 3BEHY JUIsl CHU)KEHMs JaBJICHUS Ha
cTOlKy MexaHu3ma. IIpocreiiiell 3amadyeil 3Toro Tumna sIBISETCS 3a1ada
YPaBHOBEIINMBAHUS BpaIAIOIIETOCs 3B€HA, KOI1a MOJHOCTHIO WM YaCTHYHO
YCTPAHSAIOTCS JIMHAMUYECKUE PEaKIMM Ha €ro ONOphl, T. €. PEaKLUH,
3aBUCSIIME OT CWJI HMHEpUUHU. [[1s1 MOJHOrO YCTPAaHEHHsI ITHX PEaKLM

HE00XO0AMMO, YTOOBI TJIaBHBIN BEKTOp F,, ¥ IIaBHBI MOMEHT CHJI HHEPLHU

M, ObUIH paBHBI HYJIIO B JTIOOOM MOMEHT JIBHXKCHUS:
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F, =0, (6.1
M, =0, (6.2)

HNHorma orpaHMYMBAIOTCS BBIMOJHEHHEM TONBKO ycioBus (6.1),
KOTOPOE€ PaBHOCWJIBHO YCIOBHIO PACIOJIOXKEHUS IICHTpa MacC Ha OCH
BpaieHus 3BeHa. llepepacrmpeneneHne Maccel 3BeHA, NEPEBOMAIIEE €ro
LEHTP MacC Ha OChb €ro BpAaIlEHUs, HA3bIBAETCS CTAaTHUYECKUM
YPaBHOBEIIMBAHIEM BPAIAIONIETOCS 3BCHA.

CraTH4yecKoe ypaBHOBelIMBaHHE BPALal0IIUXCH 3BeHbEB

Ecmm ycmoBue (6.1) He BBITIONHEHO, TO 3BEHO HA3BIBACTCS CTATHUICCKU
HEYpaBHOBEIIEHHBIM. 3a Mepy CTaTHYECKOW HEypaBHOBEIIEHHOCTH WIIH
CTaTHYEeCKOro aucOaiaHca MPUHUMAIOT BEIMYMHY CTATUYECKOTO MOMEHTa
Macc 3B€Ha OTHOCHUTEIBHO OCH BpPAICHUS:

A=m.r, . (6.3)
3mecp M — Macca 3BEHA; /', — PACCTOSHUE OT IIEHTpa TSHKECTH 0 OCH
BpaLCHUS.

HeypaBHOBEHIEHHOCT, B paccMaTpUBacMOM  CIIydae Has3bIBaeTCs
CTaTUYECKOH, TAK KaK €€ MOXKHO OOHApy>KUTh CTATUYECKUM HcIbITaHueM. C
9TOM LENbI0 OCh 3BCHA YCTAHABIMBAIOT HA JBAa T'OPH30HTAJIBHBIX HOXa
(omopsl). Ecniu ieHTp Macc pacnosioKeH Ha OCH BpallleHHs], TO 3BeHO OyJeT
HaxXOIUThCS B PABHOBECHUHU IIPU JIOOOM IOJIOKEHUH, B MPOTUBHOM Cllydae
OHO TOKAaTuTcs W OylNeT IBUraTbCs, MOKa HE JIOCTUTHET YCTOWYHMBOTO
paBHOBecHs, TIpPH KOTOPOM IIEHTP Macc MMEeT camMoe HHU3KOe
pacIooxKeHue.

[Ipu U3roTOBNCHNN MPAKTUYECKH HEBO3MOYKHO COBMECTHUTH LIEHTP MAacc
JIETaJIH C €€ OCBhI0 BpalICHUs], T.€. IEHTP Macc BpallaouIencs aeTanu OyneT
CMeEIIeH Ha HEKOTOPYIO BEJINYKHY OT €€ OCH.

s craTrdyeckoro ypaBHOBEIIMBAHUS JETAIM HEOOXOANMO B
HaIllpaBJICHUHU, IMPOTHUBOIIOJIOKHOM LOCHTPY Mmacc, YCTaHOBUTH

KOPPEKTHPYIOLIYI0O Maccy /1, Ha PacCTOSHMHU 7, OT OCH BpalleHus (puc.
6.1).

myr, ==mr . (6.4)
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Ecnu Oyzer BoimonHeHo ycnosue (6.4), TO cuiia MHEPLUUH IPOTUBOBECA
F.« OKaxercs paBHOW © TNPOTUBOMOJOXKHOW cuie wuHepuun [
HEYPaBHOBELIEHHOI'O 3BEHA!

F, =Aw’*. (6.5)

PesynpTHpylomas cwia WHEPUUH TPH STOM YCIOBHHM OyJeT paBHA
HyJi0. Ycnosue (6.4) gocTuraercst 00b19HO myTeM mpob. Horaa ycraHoBKYy
NPOTHBOBECA 3aMEHSIOT yJlaJIeHHeM (HarpuMmep, BHICBEPIMBAaHUEM) MacChl

my . lenTp ynansieMoil Macchl U IIEHTP Macc 3BE€HA PacIoJiaraloTcsi B 3TOM
CIIy4ae Mo OJIHY CTOPOHY OT OCH BpPaIICHHUS.

])L“

77 777

Puc. 6.1. Cratnueckas GaaHCHpPOBKa poTOpa:
1 —potop, 2 — HOxH (o10pa), 3 — YpOBCHb

Ilocne  ycTaHOBKM  KOPPEKTHPYIOLIEH  Macchl my potop
MOBOpPAaYMBalOT BOKPYr ocu Ha yroa 90° u ornyckawT. Ecim
KOppEeKTUpYIOIlas Macca Oblia BbIOpaHa MPaBWIbHO, TO IEHTP Macc
poTopa OyIeT Ha OCH BpalleHWS W OTHYIICHHBIH POTOpP OCTaHETCS
HEMOABUXHBIM. Ecnu KoppekTupyloias Macca Ha MpEAbIAYIIEM 3Tare
Obuta ToOmOOpaHa WJIM YCTaHOBJICHA HEMPABUILHO, TO POTOP OISTh
MPUIET BO BpaIlleHHE M TOCJIE HECKOIbKUX KOJIeOaHMH OCTaHOBHUTCS.
Ilocne ocrTaHOBKM poTOpa yCTaHaBIHMBAKOT (YIajsioT) HOBYIO
KOPPEKTUPYIONIYI0O MacCy W ONHCAHHBIC BBINIC MCIBITAHUS MOBTOPSIOT.
Tak mocTymaroT 10 TeX Mop, MoKa poTop He OyneT cOamaHCHPOBaH.

CTaTuyeckoro ypaBHOBELIMBAHUSA JOCTATOYHO TOJBKO ISl 3BEHBEB,
MMEIOIIUX MayI0 OCEBYIO MPOTSHKEHHOCTh (HAIIPUMED, IIKUBBI, MAXOBHKH,
¢maHIBL, 3y04aThle Koyieca, AWCKOBBIE (pe3bl, aBUAIMOHHBIC BHUHTEI,
BEJIOCUTIEIHbIC Kolieca U T. 1.). [lig 3BeHbeB apyroii ¢opMmbl (Hampumep,
JUTSL BaJIOB) JOJDKHBI OBITh BBIMIOJHEHBI 00a YCJIOBUS YPaBHOBEIICHHOCTH
3BeHa (6.1) u (6.2) — TIaBHBIA BEKTOP W TJIABHBIA MOMEHT CHJI HHEPITUU B
3TOM CJIy4yae paBHbI HYJIO U MOJHOCTBIO YCTPAHSETCS NAaBJICHUE HA CTOMKY
OT CHJI MHEPIIHH.
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IToHoe YPaBHOBCIIUBAHUE BPAIlAlOIIUXCH 3BEHLEB

[lycTts HEOOXOAMMO BBINOJHUTH MOJHOE YPAaBHOBEIIMBAHHE TBEPAOTO
TeJla, Bpalaroerocs B omnopax (puc. 6.2).

[Toxaxkem, 4To 1r00YI0 BPALIAIOUIYIOCS 1€Tajb MOKHO YPaBHOBECHUTDH C
IIOMOIIIbIO YCTAHOBKU JIBYX KOPPEKTHUPYIOIIMX MacC B ABYX IPOU3BOJIBHO
BBIOpaHHBIX IIOCKOCTAX Koppekuuu I u 11.

[Ipu BpameHuu TBEpAOro Teja Ha €ro J00YyI0 3JIEMEHTapHYI Maccy,

HampuMep /7; , IeHCTBYeT HEeHTPOOeKHAas CHIla MHEpUuH F; .

=
F, =rmw”,

rjae Fg — paauyc BEKTOp 3JEMEHTAapHON Macchl 777; .

3aMeHUM 3Ty  LEHTPOOEXHYH cuiy uHeprmu  Fy  aBywms
MapajuleIbHBIMU  CWJIAMH, PACIHOJOXKEHHBIMM B JABYX IPOU3BOJIIBHO
BBIOpaHHBIX TIOCKOCTAX Koppekuuu [ u 11:

(6.6)

Puc. 6.2. IlonHoe ypaBHOBELIMBAHKE BPAIAIOLIETrocs Tena
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Haiinem cuisl nHEpLUHU OT BCEX AJIEMEHTAPHBIX Macc, paclpeeleHHbIX
BIONb OCH BpameHusa. Jlnd KakOoW CHiIBl  BBIIOJIHUM TPOLEAYPY
npuBeneHus K miockoctd | u Il mo dopmynam (6.6), Haiinem cymMmapHbBIe
CHJIbI MHEPLIMH, AciicTByrowmue Ha [ u Il minockocTsx.

-l _ -l
Fni _ZFI/I[’

Fd il 11
Fm’ :Z Fm’ .

1

I 11
Torma koppexTupylonme Maccel m, u m, aua mwiockoctn 1 u 11
COOTBETCTBEHHO MOTYT OBITh BHIOpaHBI M3 YCIOBHH paBEHCTBA MOJYJICH
JI1cOaaHCcoB B JBYX IIOCKOCTSIX:

I

Ll
mg, =mor,

ml.lrk.” =m'. (6.7)

Vsl PACIIOJIOKCHHUA 3TUX MAaCC HAXOAATCA U3 ypaBHeHHﬁI

I 1
o, =0 +7,

al =a" +m.
YCTaHOBUB COOTBETCTBYIOIUME KOPPEKTUPYIOIIME Macchl B JIBYyX
IUIOCKOCTSIX KOPPEKIHH, MBI TIOJIHOCTBIO COaTaHCUPYEM JAeTalb.
OKCIEpUMEHTAIBHOE OTpe/ieTIeHNE HEYpaBHOBEUIEHHOCTH
BpAaLIAIOLIErocs 3BeHa M €€ yCTpaHEHHE HasbiBaeTcs OanmaHcupoBkoi. OHa
IIPOU3BOAUTCS Ha 0aaHCUPOBOUYHBIX CTAHKAX.

YpaBHOBeIIMBaHHE KeCTKOTO pOTOpa
Ha 0AJTAHCHPOBOYHOM CTaHKe

Ha puc. 6.3 m3o0pakeHa NMpUHIIMIHAIBHAS cXeMa 0aTaHCHPOBOYHOTO
cradka b.B. Ilutukoga.
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T

I = 7

Puc. 6.3. banancupoBOYHBIN CTaHOK:

1 — pama; 2 — HeNOABMXHAs ONOpPa; 3 — MOJBHXKHAA
onopa; 4 — poTop; 5 — U3MEPHUTEIBHOE YCTPOICTBO;
A n B — onops; [ u Il — mnockoct koppekuuu

[IpuaIKI paboTel GaTaHCHPOBOYHOTO CTaHKA OCHOBAaH HAa M3MEPEHUH
aMIUIATYIbl KOJICOAHMI MEXaHUYECKOH CHCTEMBI C OJHOH CTENCHBIO
cBOOO/IBI TPH BHIHYKACHHBIX KOJICOAHUAX HA PE30HAHCE.

N3 Tteopum KoneOaHWH W3BECTHO, HYTO AaMIUTUTY/a BBIHYXICHHBIX
KOoneOaHUM MEXaHWYECKOM CHUCTEMBI C OJHOM CTEIEHbI0 CBOOOALI Ha
pEe30HaHCEe MPsSMO MNPONOPLUUMOHANBHA BBIHYXAAIOIIEH cuie. AMIUIMTYJa
KojebaHnit A W rapMOHMYECKasl BhIHYXIaromlas cuwia F, B 3TOM ciydae

CBSI3aHbI COOTHOILIEHUEM

4 =uky, (6.8)
rae Y — k093 GHUIUEHT TPONOPIUOHATIBHOCTH, 3aBUCAIINI OT MapaMeTpOB
CTaHKa.

Ilpennonoxum, YTO  POTOP  HUMEET  HEKOTOPYIO  TOUYEUHYIO
HEYpPaBHOBEIICHHYI0 Maccy /1,, KOTOPYK) YCJIOBHO paclojiO)KUM B
mockocty Il Ha paccTositHuM 7. OT ocu BpamieHus. [Ipu Bpaienuu potopa
4 c YrIOBOW CKOPOCTBIO () Ha €ro HEypaBHOBEIIEHHYIO Maccy /7, OymeT
JIeCTBOBATh

HeHTpO6€)KHaH Chjla HWHEpHUH Fn :Wl‘cl”\.(,o2

KOTOpast MOXET OBITh

pasioxeHa Ha BEPTHKAIbHYIO [, ¥ ropusoHTaNbHy0 F. COCTaBISIONINE:

F,, =F, coswt |
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F,. =F, sinwt,

30eCh ! — BpeMms.

BeprukanbHas COCTABIAMOIAsS TAPMOHUYECKOM CHIBI HHepuuu Fy
poTopa BBI3OBET KONEOAHWS  paMbl BOKPYT HEMOJIBM)KHON OMOpHI 2,
TOPU30HTAJbHAS COCTABJAONIAs CHWIbI WHepuuu [}, mpuBemeT K
BO3HUKHOBEHMIO TUHAMHUYECKON peakIMy B OTOpE.

Ecnu ¢ noMolpio U3MEPUTENHHOTO YCTPOUCTBA 5 U3MEPUTH aMIUTUTY 1y
BEIHYK/ICHHBIX KOJICOAaHWH paMbl C POTOPOM Ha pEe30HAaHCe, TOTAa W3
ypaBHenus (6.8) MOXHO ompeaenuTh WY, M XapaKTePHCTHKY
HecOalaHCUPOBAaHHOCTHU POTOpa — Jucbananc A =m,r, .

Ilocnme a3Toro, 4TOOBI cOamaHCHPOBATH POTOP, HY)KHO B IUIOCKOCTH
KOPPEKIUN YCTAaHOBUTh KOPPEKTUPYIOUIYI0 Maccy /M, Ha PacCTOSHHUH /i
TaK, 4TOOBI:

® BHINOJHSAJIOCH PABEHCTBO

A=m.r, =mr; (6.9)

® KOpPPEKTHPYIOIIas cuia WHEPLUU ObLTa HampaBJiieHa
MPOTHUBOIIOIOXKHO CUJIE HHEPLUU HEYPABHOBEUIEHHOW MAaCCHI.

Hnst Toro uytoOBl yCTpaHuTh aucOanaHC, NPUBEACHHBI KO BTOPOii
TUIOCKOCTH KOPPEKIMH, HYXXHO IE€pPECTaBUTh POTOP, IIOMEHSB OIOPHI
MECTaMU, U IOBTOPUTDH BBILICU3I0KEHHBIE OMEpaLUH.

Takum 00pa3zom, IUIS MPAKTHUECKOTO peIleHHs 3aiadd OaJaHCHPOBKH
poropa B oOmbITax TpeOyeTcss s KaXIOW TIUIOCKOCTH KOPPEKIHH
OTpEeAENUTh: MOXIYNb JAucOaliaHCca, HaNpaBleHHE CHIBI  WHEPUIUU
HEYPaBHOBEILIEHHOU MACCBHI.

Juaamuyeckoe YpaBHOBEIINBaHNE JKECTKHIX poTOpOB Ha
0aaHCHPOBOYHOM CTaHKE BBITIOHSAETCS CIEAYIOUINM 00pa3oM.

1. YcranaBnuBaeM B CTAaHOK POTOP, MOJIEKALIHN OaaHCHPOBKE.

2. Beibupaem miockoctr Koppeknun. Ito miockoctr | u 1. B kaxmoit
IJIOCKOCTU KOPPEKIUH MpoBoauM ock OX.

3. BrimoyaeM CTaHOK M pacKpy4yrBaeM POTOP Tak, YTOOBI €ro 4acToTa
BpalleHus Jiekajia B 3ape30HaHCHO 00acTy.

4. OTkII09aeM CTaHOK U IMIEPEBOIUM POTOP B PEIKUM BBIOETA.

5. Ilpu mnpoXoXXJEHHM pEe30HaHCA C TOMOIIBID H3MEPUTEIBHOTO
YCTPOMCTBA 5 M3MepsieM aMILIMTYdy Kosebanumii 4;. B coorBercTBUM C

(6.8) onpenenurcs Uk, =4, .
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6. HemnsBecTHast HeypaBHOBEIICHHAS IIEHTPOOEKHAS CHJIa MHEPIMU Ha
pe3oHaHce OyIeT paclojioKEeHa B IOMEPEYHOM CEUYEHHH POTOpa TOA
HEKOTOPBIM yriioM O k ocu OX (puc. 6.4, a).

Puc. 6.4. PactionoxeHue CUII MHEPIUH B TUNIOCKOCTH
KOPPEKITUH
7. YCTaHOBUM Ha pacCTOSHUM '3 OT OCH BpallleHUd Ha MJIOCKOCTH
koppekiuu Il Maccy 71, B IpOW3BOJIBLHO BHIOPAHHOM MeCTe (HampuMmep, Ha
ocu OX). llpu BpameHuud poTopa OT 3TOH OMOTHUTEIBHONH MacChl
BO3HUKHET cuiia uHepuuu ) , 11 KOTOPOH CIIPaBeIMBO PABEHCTBO

O, =m0’ (6.10)

8. Tlocie 3akperuicHUs TOMOJHUTEIBHON MAacChl BKIHOYaeM CTAHOK H
packpydyrBaeM pOTOp TaK, YTOObI €ro 4YacToTa BpalleHHs Jexaia B
3ape30HaHCHOM 001aCTH.

9. OTKJII0YaeM CTaHOK M MIEPEBOUM POTOP B PEXKUM BhIOETa.

10. Tlpu NpOXOXKICHHH pE30HAHCA C MMOMOINBI0 HM3MEPUTEIHLHOTO

YCTPOUCTBA 5 U3MepsieM aMIUTUTY Ly KojdeOauuii A, .
B cootBeTcTBUM ¢ (6.8) BO BTOpOM OmbITe ompemenurcs WR; =4, rue
R, — BextopHas cymma cwi uneptun O u I, (puc. 6.4, 6).

11. [lepeycranaBimBaemM Maccy 7; Ha TOM K€ PACCTOSHUHU 'y OT OCH

BpalieHus, UBMCHAA 3HAK KOOPAWHATBI MECTOIIOJIOKCHUA MACChl HA OCHU
OX.
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12. Ilocne 3akpemieHus TONOJHUTEIBHOW MAacChl BKIOYAeM CTaHOK,
packpyuuBaeM pOTOpP TaK, YTOOBl €r0 4YacTOoTa BpaIlEHUS Jiexkaia B
3ape30HAaHCHOW OOJAcCTH, OTKII0YaeM CTAaHOK M MEPEBOJUM pOTOpP B
peXuM BBIOETA.

13. Tlpm mHpOXOXAEHHUU pE30HAHCA C TIOMOIIBIO H3MEPUTEIHHOIO
YCTPOWCTBA 5 W3MepseM aMIUIMTYay KojeOauuii 4;. B cooTBETCTBUH C
(6.8) B TperheM ombITe ompemenurcs WR, =A4;, rtme R,— moayns
BEKTOPHOM cyMMbI cuit uHepuun O> u I, (puc. 6.4, 8).

14. Haxonum moxynu cun O u O, OT yCTaHOBKHM JOMONHUTETHHBIX
Macc. /{711 Toro coBMecTUM IUTaHBI CHIT Ha puc. 6.4, 6 u 6.4, 6.

B pesynbrare 3THX ACUCTBUI MONMy4YUMM MapaieorpaMM, KOTOPBI
n300pakeH Ha puc. 6.4, 2.

Jlns mapasiesniorpaMma co croponamu 4,0, ¢, d u nuaronansmu e, f
CHpaBeIMBbI COOTHOLLICHHUS:

a> +b% +c* +d* =’ +f2
AIN

24° +2b° :e2+f2,

OTKya

I

o

C yuerom (6.8) momyunm

-, (6.11)

Jnst xoshunrenTa NponopuruoHaIbHOCTH CIIPABEIITUBO
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4

w=—- 6.12
mﬂr:lco2 ' 6.12)
15. Onpenensiem aucOamaHC poTOpa, YUUTHIBAs, 4TO corjacHo (6.8)
u (6.12)

a TaKXKe

2 — A2
F, =mr,0” =An”,

OTKyJ1a CleayeT

A

— —“1

A =myr, = m,r,.
i\

16. OmnpenensieM napameTpbl KOPPEKLIUH U3 YCIOBUS
A =m.r, =mr, . (6.13)

1. 3amaBas, Hampumep, pamuyc /i 1o (6.13), HaiimeM BeTMYUHY
KOppEeKTUpYyIOIel Maccel /7, , KOTOpPYI0 HaJo YCTaHOBUTh Ha
KOPPEKTUPYIOIIEH MIOCKOCTH.

2. Haxoaum yroJi, Ha KOTOPBIM HYKHO OTKJIOHUTH OT ocu OX panuyc F
NpU yCTAaHOBKE KOppEeKTHUpylolled wmacchl. s ompeneneHus —yria
pPacCMOTPUM TPEeyroibHUK co cropoHamu d, f.d (puc. 6.4, 2). B
COOTBETCTBHH C TEOPEMOI KOCHHYCOB HMEEM:

f? =d* +da’- 2ad cosa,
OTKyz1a
d*+a’ - f°
o =arccos————— + km (6.14)
2ad ’ :
Tae k :O, 1, 2,
3. Ilocne moacranoBku B (6.14) ammmuTy ] Kone6aHUA B COOTBETCTBUH
¢ puc. 6.4 yron OKOH4YAaTEIBHO OMPEACTUTCS:
AP+ AT - Ay
o =arccos———————+km
24,4 : (6.15)

[locnennee ypaBHeHMe naeT JBa 3Ha4YeHUs yria. UroOwsl y3HATH,
KOTOPHIi W3 YIJIOB SIBISIETCS HMCTUHHBIM, HEOOXOJNMO TIPOBECTH
JTOTIOJTHUTENBHBIA SKCIIEPUMEHT. J[si 3TOoro ycraHaBmMBaeM Ha JeTallb
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KOPPEKTUPYIOIIYI0 Maccy MO/ JIIOOBIM YIJIOM W3 HalJIEHHBIX IO (opMyIie
(6.15).

Bxiroyaem CTaHOK M HOCHE pasrOHa POTOpa IEPEBOAUM €0 B PEKUM
BbIOeTra. Bo Bpemsi pezoHaHca w3MepsieM aMIiuTyay. Ecnum ammutyzaa
CcTajla 3HQYUTCIbHO MCHBIIC, YEM ObLIa py IN€pBOM HUCIIBITAHUU, TO YT'OJI
BbIOpaH mpaBwibHO. Ecim ammmuTyma ocranack OOJNBIIONH, TO Yroil ObLT
BBIOpaH HEBEPHO U KOPPEKTHUPYIOIIYKD Maccy HaIo IMepeyCTaHOBUTH, a
9KCIIEPHUMEHT [TOBTOPHTb.

Ha »stomM OanaHcupoBKa JeTald BO BTOPOH KOPPEKTUPYIOIIEH
TUIOCKOCTH 3aKOHYEHA.

[lepeycranaBnuBaeM pOTOp B CTAHKE U MPOBOJUM €ro 0alaHCHPOBKY B
HepBOﬁ IIJIOCKOCTH KOPPCKOHMU B COOTBETCTBHU C BbIIICOIIMCAHHBIM
AITOPUTMOM.

HOPAAOK BBIITOJIHEHUSA PABOTBI
N COCTABJIEHUA OTYETA

1. O3HaKOMUTbCA € KOHCTPYKUMEH UM NOPHUHLMUIIOM JCHCTBUS
0amaHCUPOBOYHOM  MaIIMHBl ~ PE30HAHCHOIO  THUMA. Y CTAHOBUTH
pPETYIIMPOBOYHBIMH ~ BHHTAMH  MAaATHUKOBYI0  paMy  MallWHBI B
TOPU30HTAIBHOE TIOJIOKEHUE W JIUCKH KOPPEKTHUPYIOUINX IUIOCKOCTEH B
HYJIEBOE TTOJIO’KEHHE.

2. Bprueptuth cxemy 0anaHCHPOBOYHOM MAIIMHBI. 3alycaTb 3HAYCHUS
JIOTIOJTHUTENILHOM MacChl ¥ pailyC €€ yCTaHOBKH.

3. IlpoBectu OamaHCHPOBKY POTOpPa B COOTBETCTBHU C OINHMCAaHHBIM
BBIIIIE aITOPUTMOM. AMIUTUTY/IBI B KQXKJIOM OIBITE U3MEPSITh MHHUMYM TPH
pa3a. B pacuerax ucnosip3oBaTh CpeIHIE 3HAUYCHHS aMIUIUTYI.

Beraucnute aucbananc.

OnpenenuTh yroi yCTaHOBKH KOPPEKTUPYIOIEH MacChl.

3azaB Maccy, HallTH painyc YCTaHOBKH KOPPEKTHPYIOIIETO Tpy3a.
YCcTaHOBUTH Maccy B MMPOPE3U IUCKA MAIIWHBI COTIIACHO pacueTaM.
IIpoBecTn omeIT [UIA ONpEAENEHUs] CHHXEHHS aMIUIMTYABl U B
CIy4ae €ro yBEIWYEHHsS MEepeyCTaHOBUTH IPOTHUBOBEC B JWAMETPAIBHO
MIPOTHBOTIOJIOKHOE MTOJIOKEHHE.

9. 3akpenuTh OKOHYATENBHO MPOTHUBOBEC B MPOPE3U AMCKA MAIIWHBI
MoJT yriioM O , Tpr KOTOPOM aMIUTUTY/Ia KoJeOaHuil paMbl MUHIMAJIbHA.

10. OdbopMuTh OTUET.

XNk

BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. OT4ero MalKMHbL IYMAT ¥ BUOPUPYIOT?

98



. Kak 6oproTcs ¢ BuOpanusiMu B ManimnHax?

. Kak 6oprotes ¢ BubparusmMu poTopoB?

. Kakwe cymiectByoT MeToabl 6alaHCHPOBKH POTOPOB?

. B uem cocrout pusnueckuii cMpica OalaHCUPOBKH POTOPOB?

. Korna npoBogsit cratndeckyro 6aiaHCHPOBKY pOTOPOB?

. Korna npoBonsaT nuHaMu4eckyio 6aJaHCHPOBKY pOTOPOB?

. Kak npoBogst cratndeckyro 6agaHCHpPOBKY pOTOpOB?

. Kak mpoBonsaT muHaMudeckyio 6a1aHCHPOBKY POTOPOB?

. Jst gero Hy»Ha JOIIOJTHUTENbHAs Macca U Kak ee BBIOHpatoT?
. Kak ompenensrot yros ycTaHOBKH KOPPEKTHPYIOILEH MacChl?

— OV IAN U DWN

—_—
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