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YACTb 1

_ KOHTPOJIbHASI PABOTA
CTPYKTYPHBIN 1 KNHEMATUYECKUN AHAJIN3 MEXAHV3MOB

KoHTponbpHas paboTa COCTOUT U3 IBYX 3a/JaHUil, B IEPBOM M3 KOTOPBIX MPOBO-
JIUTCS CTPYKTYPHBIN aHAJIU3 CXEMBI IPOCTPAHCTBEHHOTO MEXaHMU3Ma MaHUITYJISTOpa
WM MPOMBIIIJIEHHOTO po00Ta, a BO BTOPOM 3a/IaHUU BBITIOJIHAETCSI KHHEMATUYECKUM
aHaJIN3 CJI0YKHOTO 3y04aToro MeEXaHu3Ma.

Bbl60p BapuaHTa 3a/aHus

uppom, Mo KOTOpOMy BbIOMpPAETCS TOT WM MHOW BapUaHT KOHTPOJILHOW pa-
00ThI, siBNIIETCS HOMEp Baiteii 3a4eTHON KHIKKHU (CcTyAeHdYeckoro ounera). Cxemy
3ajaHus (BapHaHT) cJieayeT BbIOUpPaATh 1O nociednei uuppe mudpa, BApuaHT
YHMCJIOBbIX 3HAYEHUH Ompeae/sieTcsi M3 Ta0JMUbI JAHHBIX IO Hpeonocieonel
uu¢ppe mudppa. Hudpa «0» B mmdpe coorBerctByeT Hudpe «10» Bapuanra pado-
THI.

OgpopmrieHne paboTel

1. KontponbHas paboTa BBIIOJIHAETCS B YYEHUUECKOM TeTpaIu.

2. Ha 00noke TeTpaau 4eTKO yKa3bIBalOT HOMEP KOHTPOJbHON paboThl U Ha-
3BaHWE UCLUUIUIMHBI, (paMUINS U MHULUAIBI CTYAEHTa, ero mudp 1 MOYTOBBIA aj-
pec.

3. Ha nepBoii cTpaHuue TeTpaau yKa3bplBaloT WHUQP C BBIACICHUEM JBYX MOC-
aeAHUX UUdp U MOJHOE HAMMEHOBAHUE JINTEPATYPHBIX MCTOYHHMKOB, UX aBTOPOB,
roja M3JaHus, MO KOTOPBHIM BBIMOJHSIACH KOHTpOJbHas paborta. Bee cTpaHUIlbl
TETPaaN JOJKHBI ObITh IPOHYMEPOBAHBI.

4. PemieHue KaXa0ro 3a/1aHusl HAUMHAETCA Ha HOBOW CTpaHUIE. Y CIOBUE 3a/1a-
HUS TTOJTHOCTBIO IEPEHOCUTCS B TETPAJlb BMECTE C MOJTYYEHHBIM PUCYHKOM M YHCIIO-
BbIMU JaHHBIMM U3 TaOnuibl. [lanee nuiiercs 3arojloBok «Pemienue 3aianus» U HU-
K€ BBIMOJIHAETCS BCE, YTO TPEOYETCS MO €ro PelIeHHUIO.

5. Jlnst 3anucu BO3MOKHBIX 3aMe4YaHui Mo paboTe ¢ JIEBOM CTOPOHBI JIUCTA Clie-
JyET OCTABJISAITH MOJIE MUPUHON HE MeHee 25 — 30 MMm.

6. B koH1e paOoThl yKa3bIBae€TCA J1aTa €€ BBIIOJHEHHS U MOANKUCH UCIIOTHUTE-
TS

Hcnpapnenue ommO0OK B KOHTPOIBHOW pabOTe MOCHE PELICH3UPOBAHUS IIPOU3-
BOJMTCS B TOM K€ TETPaaM Ha OCTABIIMXCA CBOOOJHBIX JucTax. [Ipu aTom cienyet
MPEACTaBUTh MOJPOOHBIE MOSICHEHUS [0 BCEM 3aMEUaHUSM, CIEJAHHBIM PELICH3EH-
TOM.

Ha 3amuTe KOHTpOJIBHON paOoThl, MPOBOJUMON A0 cladyu 3adyeTa (dK3aMeHa),
CTYJEHT JOJKEH MOKa3aTh XOPOUIME 3HAaHMS 1O BBINOJIHEHHOW paboTe U yMEHHe
CaMOCTOSITEIILHO PEIIaTh aHAJIOTUYHBIE 3aJaUH.

[Ipu cocTaBieHUM JaHHOTO COOpPHMKA 3aJJaHUI 332 OCHOBY ObLIN B34Thl «MeTo-
JIUYECKUE YKa3aHUs U 3aJlaHus JUIsl KOHTPOJIBHBIX pabOT U KYpCOBOIO MPOEKTa» MO
auciuIuinHe « Teoprs MEXaHU3MOB M MAIlIUH JJIS CTY/IEHTOB—3a0YHUKOB BBICIINX
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y4eOHBIX 3aBEJICHUN MHKEHEPHO-TEXHUYECKUX CHEIUATbHOCTEN, BHIMYIICHHBIC U3-
naTtelbcTBOM «BrIcmas mkoma» B 1980 r.

Manunynamop — Kak IpaBUJIO, OTKPbITass KUHEMAaTUYECKasl LI€IIb, COOTBETCTBY-
I0111as1 PyKE 4YeIOBEKA.

OnHMMHM W3 OCHOBHBIX JTallOB NPOEKTUPOBAHMS MAaHUIYJSITOPOB SIBIISIOTCS
CTPYKTYPHBIM aHAJIM3 U CHUHTE3 €r0 KUHEMAaTUYECKOU LIENH, B PE3yJIbTaTe KOTOPOro
BbIOMpAETCs palMoHaIbHAs CXeMa MEXaHHU3Ma U 33J1al0TCsl ONPEACIICHHbBIE €r0 KIHEe-
MAaTUYECKUE CBOWCTBA.

IIpennaraemoe 3a1aHue 1aeT BO3MOXXHOCTb YCBOUTH U IIPAKTUYECKU 3aKPEIUTH
MOHSTHUS U TEPMUHBI, MTOJIOKEHHBIE B OCHOBY CTPYKTYpPHOI'O aHanu3a (CUHTE3a) Me-
XaHU3MOB MaHMUIIYJISITOPOB.

YKazaHus K BbIroJ/IHEHUIO 3a4aHns 1

JlaHa cxema MaHUIYJISATOPA.

CrnenyeT onpeaeuTh KOJWYECTBO CTENEHEW MOABUKHOCTU PYKH (CXBaTa) Ma-
Hunynaropa (W), a Takxke NpocTpaHCTBEHHYIO (1) 1 0a30BYIO (715) MAaHEBPEHHOCTH
cXBarTa.

KonuuecTBo cTeneHeit moABMKHOCTU (CBOOO JBUXKEHHUS) PYKH MaHUITYJISTOpa
onpenensercs hopmynoit ComoBa-Masnbiiena:

W=6n-5ps—4p,—3p;—2p,—1py, (1)

r71€ 7 — KOJIMYECTBO MOJBUKHBIX 3B€HbEB MPOCTPAHCTBEHHON KMHEMAaTHUECKOM 1ie-
1,

Ds, P4, P3, P2, P1 — KOJIMYECTBO KUHEMATHUECKUX Map MATOTO (OJHOMOIBUXKHBIX ),
YEeTBEPTOro (IBYXMOJABMKHBIX), TPETHErO (TPEXIOABUKHBIX), BTOPOro (YEThIpEX-
MOJABUYKHBIX) U MIEPBOTO (MSTUIIOBUKHBIX) KIIACCOB (npunosicerue A).

OO61iee ynciio creneHel NoJBUKHOCTH MAHUIYJISATOPA CKIAAbIBAETCS U3 YUCIIA
CTEIIEHEN MOABWKHOCTU YCTPOMCTBA JJIs1 TO3UIIMOHUPOBAHUS U YCTPOMCTBA OPUECH-
Taluu JETaH.

MeHee miectu cteneHed MOJBUKHOCTH JOCTATOYHO MPU CUMMETPUU TNEpeme-
naeMou JeTaliy, HanmpuMmep, MpU 3axBare MpeMeTa, SIBISIOLIErocs TeJIOM Bpallle-
HUSL.

Jiist pa®oThl ¢ 00bEKTaAMH, TPOU3BOJIBHO OPUEHTUPOBAHHBIMU B MPOCTPAHCTBE,
MaHUIYJSITOPY AOCTaTOYHO wuiecmu cmeneHeli TOABUAKHOCTH. B 3ToM ciyuyae BO3-
MO>XHO MPOU3BOJIBHOE MO3UIMOHUPOBAHUE AETAIM B HEKOTOPOM O00OBEME Tpexmep-
HOT'O IPOCTPAHCTBA U €€ OPUEHTALMSI.

Mexanudeckasi pyka, 00Jiajaroias CeMbI0 CTENEHSIMU MOJBUKHOCTH, B COYe-
TaHUU C JIBMDKEHHEM CXBAThIBAaHUS CTAHOBUTCS MEXaHHU3MOM, CIIOCOOHBIM BO MHO-
I'UX CIy4asiX BBIMOJIHATH (DYHKLIMH PYKHU YesoBeka (npunoocenue b, puc. b.4).

C nenbio ynpouieHusi yrnpaBieHUsi B OTACIbHBIX CIydyasx yAO0OHO MPUMEHSTH
pa3zielibHOE YNpaBJICHUE KaXIbIM JBIMKeHUEM (mpuBoaom). OpaHako npu padorte ¢
peaMeTaMH, 00pa3yoIUMU KHHEMAaTUYECKYIO CBSI3b C HEMOABUKHBIM 0OBEKTOM,
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IIECTH CTETICHEH MOABMIKHOCTH TIPH Pa3eIbHOM YIPABICHUN MOXET OKa3aThCs He-
noctatouHno. Hanpumep: tpedyercst 60T K BCTaBUTh B OTBEPCTHUE U 3aBEPHYTH €0
(puc. 1.1).

B Takux cimydasx 1S BHITTOJTHCHHSI 3aIaHHOW OPUEHTAITUH MPEAMETA U BBIMOJ-
HEHUS BCEU oreparuy He0OXOIMMO HCTIOIb30BaTh CIOKHYI0 KOMOWHAIIMIO U3 IIeC-
TH JABWKCHUN WJIM OCHACTUTh MaHUITYJISITOP JOMOTHUTEIBHBIMU TTOJIBM)KHBIMU 3BE-
HbSIMH C TPUBOJOM (JIOMIOJIHUTEIHLHOE BpAICHUE — POTAIMIO, 3BEHbS NEPEMEHHOM
JUTUHBL U T. 1. (puc. 1.2)). D11 npuUBOJbLI OyAYT BKIHOYATHCA TOJIBKO B CIydae HE0O-
XOJMMOCTH, B CBSI3U C Y€M BBOAUTCS MOHATHE MAHEBPEHHOCTY MAHUITYIISITOPA.

Manespennocms MaHHUITYISATOpA OIpPEAETSeTCS TaKUM KOJIMYECTBOM CBOOOJ
JBUKEHUS, KOTOPOE JacT BO3MOXHOCTh MaHHITYJIMPOBATH 3BCHBSIMHU TPHU JKECTKOM
COCIMHEHUH TyOOK CXBaTa C HEMOIBIKHBIM MTPEIMETOM.

Paznuuarotr npocmpancmeennyro (0011y10) m U 06a308y10 Mg MAaHEBPEHHOCTH,
onpenensembie o Gpopmynam, npeaioxkeHHbM npod. O.I. O3om0m

m=2 fu =6, )
mg =2 fs =3, 3)

riae X fi — CyMMa CBOOOJI ABUKEHHUS BCEX KHHEMATHUUECKHUX Map, 00eCeynBaronux
MPOCTPAHCTBEHHYIO OPUEHTALIMIO CXBaTa (0011ee ynucio creneneid ceodbon W);

Y fo — cymma cBOOO ABMXKEHUSI KWHHEMATUUECKUX Tap, 00eCTeUnBAIOIINX JIBU-
KEHHE 3BEHbhEB B 0a30BOM MJIOCKOCTU (Hampumep, B miockoctu YO,X) mpu Henoj-
BHJKHOM CXBare.

Y
A
B ('? N

~

Oialy, A
Z
Puc. 1.1 Cxema npocTpaHCTBEHHON Puc. 1.2. Manunynarop
KMHEMATUYECKOMN LIENU MaHUIYJIATOpa C JOTOJHUTEIbHBIMU MTOABUKHBIMH

3BCHBsIMHU



Manespennocmes Manunyisitopa (6a3oBasi) onpeaensiercs TakKuM KOJIUYECTBOM
cBOOOJ] IBUKEHUS, KOTOPOE 1a€T BO3MOKHOCTh MAaHUITYJIMPOBATh 3BEHBIMU B 0a30-
BOM TJIOCKOCTU (Hampumep, B Mmiaockoctu YOX) mpu KEeCTKOM COEAMHEHUU T'yOOK
CXBaTa C HEMOJBUHBIM MPEIMETOM.

Eciu m > 0 u mg > 0, npuuemMm m = mg — MaHUNYJIATOP 00J1aJa€T MaHEBPEHHO-
CThIO TOJIbKO B 0a30BOM IJIOCKOCTH M CIOCOOEH HAa MPOU3BOJBHYIO OPHEHTALHIO
CXBaTa B MPOCTPAHCTBE B MpeiesiaX KOHCTPYKTUBHBIX MapaMETPOB CXEMBI.

Eciu m > 0 u mg > 0, npudem m < mg — MaHUNYJATOP 00J1a1a€T MaHEBPEHHO-
CThIO B 0230BOM MJIOCKOCTH, HO UMEET OTPAHUYEHHYIO OOIIYI0 MaHEBPEHHOCTh U HE
crnocobeH obecneyuTh psij MOJOKEHUH cXBaTa B MpocTpaHcTBe. B sTtom ciyuae
HEO0OXOIUMO M3MEHUTh OPUEHTALMI0O HOCHUTENI — OCHOBAHMS MaHMITYJsTopa (MOA-
BIDKHOT'O M HEMOJABUKHOTO).

Eciu m > 0 u mg > 0, ipudemM m > mg — MaHUIYJISITOP HAaMOOJIee YHUBEPCAJICH,
OH 00J1aJJaeT MaHEBPEHHOCThIO KaK B 0a30BOM MJIOCKOCTH, TaK U B MPOCTPAHCTBE U
crnoco0eH padoTaTh NpU HEMOABUKHOM CXBATE.

B ciayuae m < 0 u mg < 0 MaHUDYIATOP CMOCOOEH BBINIOJIHUTH OT'PaHUYEHHBIE
MepeMeIeHHs KaK B IJIOCKOCTU, TaK U B IPOCTPAHCTBE, HO HE CIIOCOOEH paboTaTh C
00BEKTaMH, KHHEMATUYECKU CBSI3aHHBIMU C HEMOJBM)KHOM 0a30H, Tak Kak cxema
MaHUITYJISITOpa B 3TOM CJlydae TepsAeT BCSIKYH MOJBHUXKHOCTh M IpEBpallaeTcs B
KECTKYIO (hepMmy.

[loBbIllIEHHAass MaHEBPEHHOCTh YBEJIMYMBAET BO3MOXHOCTH JJIsi BBIIIOJHEHUS
CJIOXHBIX OMepaluii ¢ 00BEKTOM MaHUITYJIUPOBaHUSA HauOoJiee pallMOHATIbHBIM Y-
TEM MpU HAIUYUU MPENATCTBUI B paboyeil 30He, OAHAKO YCIOXKHSET 3a7auy yInpas-
JICHUS! TAKUM MAaHUMIYJSATOPOM, MOCKOJbKY MPUBOJIUT K HEOJHO3HAYHOMY PELLIECHHUIO
3a/layu ABUKEHUS CXBaTa.

Ilpumeuanue.

Breibop Buga u kOMOMHAIMP KUHEMATHUYECKUX Map MNPHUBOJA MEXaHUYECKOM
PYKH SIBIIIETCSA KOMIPOMHCCHBIM pPEUICHUEM MEXKIY Pa3IMYHBIMU TPeOOBaHUSIMH,
MPEAbABISIEMbIMA K MAHUITYJIATOPY.

[IpsimoyroJibHas cuctemMa KoopauHat (pabouasi 30Ha — MapajuiesienuIe]) B ycT-
poiicTBaxX MO3ULMOHUPOBAHUS MPUMEHSETCS B CXE€MaXx CIELHATIM3UPOBaHHBIX po0O-
TOB, BBIMOJHAIOIINUX TEXHOJOTUYECKHUE ONEpaluy, B YaCTHOCTH, cOOpOYHbIE. 3/1E€Ch
CYLIECTBEHHOE 3HAY€HHE MMEET MPOCTOTA MOJIHOTO JIBHIKEHMSI, MPEACTABICHHOIO
€ro COCTABJISIFOIIMMU IO KOOPAUHATAM.

Haubonpiee pacnpocTpaHeHHe cpeau NPOMBIILIEHHBIX POOOTOB, CO3/IaHHBIX
JUISL eJie TpaHCTIOPTUPOBKH, MOJYYUIIM KOHCTPYKLIUU B UUITUHAPUYECKUX KOOPIH-
HATHBIX OCsIX (pabouas 30Ha — [WIMHAPUYECKUNA CETMEHT).

Cdepuueckas cucremMa No3uIIMOHUPOBaHUS (pabouasi 30Ha — cPeprUUeCcKuii cer-
MEHT) MO3BOJISIET COYETAaTh KOMIAKTHOCTh U MOBBIIIEHHYIO KECTKOCTbh, JOMYCKat0-
YO0 BBICOKHE TUHAMHYECKHE HArpy3KH.



IIpumep 1. Ha puc.l.] npuBeneHa KHUHEMAaTHYECKasl CXEMA MaHUITYJISITOPA, CO-
JepKalas WecTh MOJBHKHBIX 3BEHBbEB, 00pa3yIOIIUX MSATh KMHEMATUYECKUX Map
nsAToro kiacca (tpu Bpamatensusie — Oy, C, [/ u aBe nocrynareiabHble — A U E) u
OJIHY C(epUUECKYIO TPEXIOABIKHYIO napy B.

1. Jug paccmaTpuBaeMon cxeMbl uMeeM n = 6, ps = 5 u p;= 1. B a3Tom cityuae
KOJIMYECTBO CBOOO]I IBUKEHUSI MAHUITYJISITOPA COCTABUT

W=66-55-31=8.

2. MaHeBpeHHOCTh MaHUIYJISATOPA B MIPOCTPAHCTBE NIPU HETOJABUKHOM CXBAaTE
(KOJIMYECTBO MOJIBUKHBIX 3BEHbEB PUMEM PaBHBIM 71 — 1)

m=Yf. —6=(66-55-31)-6=2.

3. MaHeBpeHHOCTb MAaHUMYJSATOPa B 0230BOM MJIOCKOCTU (HAIPUMED, B ILJIOC-
koctu YOX) npu HENOJBUKHOM cXBaTe OyJleT 00ecneunBaThCs MOIBHKHOCTBIO KH-
HeMaTudeckux nap 4, /{, E v oqHuM u3 Tpex BpalleHui cepuieckoil napsel B.

4. HccnenoBaHue CTpYKTYypbl MAHUITYJIATOPA JA€T OCHOBAHUE CJIENIATh BBIBOJ O

TOM, YTO MpU m = 2 U mg = 1 MaHUIyISATOp 00JaAaeT MAaHEBPEHHOCTHIO B IIPOCTPAH-
CTBE U CI0cOOEH padoTaTh MPU HEMOABUKHOM CXBaTe.

Ilpumep 2. JInia TpEX3BEHHOW LIENIM MAHUITYJISATOpA, NPUBEACHHOM Ha puc. 1.2,
3BEHbS KOTOPOT0 COoeAMHEHbI nmapamu Tpethero (O;), yetBepToro (4) u nsatoro (B)
KJIACCOB, BBIMIOJHUM CJICIYIOIINUE BHIUUCICHUS

W=63-51-41-31=6,
m=63-51-41-31-6=0,
mg=3-3=0.

Takum o0Gpa3zoM, JaHHBIM MAHUIYJISATOP CMOCOOEH OopueHTHpoBaTh cxBaT C B
paboueM oOBEMe, HO HE CIOCOOEH padoTaTh C MpPeIMETaMu, KHUHEMaTUYECKHU CBSI-
3aHHBIMU C HETMOJBUKHBIMU O0OBHEKTAMU.

Benenue B 11enb 3BeHa 415 IEpeMEHHOMN JITTUHBI (JIOTIOTHUTEIbHAS KHHEMAaTH-
yeckas napa £ — TeJIeCKOMUYeCKUil pa3beM CO CBOMM MPUBOJIOM) Ja€T BO3MOXKHOCTh
MOBBICUTh MAaHEBPEHHOCTh MAHUMYJIATOPA, BBHIIOIHATH O0Jee CIIOKHBIC ABUKCHHUS B
OrpaHUYEHHOM paboueM 00beMe, YMEHBIIUTh SHEPro3aTpaThl MPU MEpeMENICHUU
00bEKTa U3 OJIHOM TOYKHU B JIPYTYIO MPU HAJTUYUU MPETSITCTBUM B 30HE 00CITY>KUBa-
HUSL.

B sToMm ciyuae W=64-52-41-31=7,

m=64-52-41-31-6=1,
mg=4-3=1.



YKazaHus K BbINOJIHEHNIO 3a4aHNs 2

Jljis ipeicTaBIeHHON CXeMbl 3y04aToro MexXaHu3Ma CIEyeT ONpPEeIUTh €ro
OOLIYI0 CTENEHb MOJBUKHOCTH, HEM3BECTHOE YHUCIIO 3yObEB KaKOro-inbo Kojeca,
NepeaTOYHOe OTHOIICHHE OT BXOJIa /10 BBIXOJa MEXaHM3Ma U YaCTOThl BPAILLECHUS
OTJEIbHBIX €ro 3BeHbEB. ISl KaKa0il CXeMbl MepeuyeHb HEU3BECTHBIX MapaMeTpOB
COJIEP KUTCS B KOHIIE BapHaHTa 3afaHust maoauywl 1.1.

[Ipu onpeneneHnn HEU3BECTHBIX YUCEN 3yObEB B 3y0UaTOM MEXaHU3ME HEOOXO-
JUMO YYECTh YCJIOBHE COOCHOCTH AU((dEepeHInaIbHON YacTh MEXaHM3Ma, a TaKXKe
TO, YTO MOJYJIM BCEX KOJIEC JJIsl YIPOILIEHUS pACU€TOB MPUHATHI OJTMHAKOBBIMH.

Pemenue 3agaun mo omnpeneiaeHU0 KMHEMaTHYECKUX MapamMeTpOB CIOXHOTO
3y04aToro MexaHu3Ma ciaeAyeT HauyaTh C BBIACHEHMSI CTPYKTYPbI 3TOI0 MEXaHU3MA.
B HeM Heo0X0AMMO BBIAEHUTH NU(PPEpeHIINAIbHYIO YaCTh U 3yOuaThle psAJibl, a 3a-
TE€M COCTABUTh BBIPAXKEHUS JJI MEePeAaTOYHBIX OTHOUIEHUHN Ka)XJA0W U3 3TUX BbIJIE-
JICHHBIX YacTei.

Ha puc. 1.3 npencraBnena cxema 3y04aTtoro Mexanusma. B xauectse nmpumepa
BBINIOJIHUM €r0 KUHEMATUYECKUU aHajau3. DTOT MEXaHU3M MOXHO OTHECTH K ILIOC-
KHM MEXaHU3MaM U OINPEAENUTh CTENEHb ero NOJBUKHOCTH MO (popmyiie YeObImeBa

W=37’l—2p5—1p4, (4)

ra€ n — KOJIMYCCTBO IIOABHXHBIX 3BCHBCB IIOCKOW KHUHEMATHUYECKOM OCIIN,
P5 — KOJIMYCCTBO KHHEMATHYCCKUX Iap IIATOI0 Kjacca (OI[HOHOI[BI/I)KHBIX);
P4 — KOJIIMYCCTBO KHHEMATHYCCKUX IMap YE€TBEPTOro Kiracca (I[BYXHOI[BI/I)KHBIX).

du3nYeCKuii CMBICT YUCIIA, TIOJYYCHHOTO U3 BBIpAXKECHUS (4), TPAKTyeTCs Kak
KOJIMYECTBO 0OOHOBPEMEHHO BXOAHBIX (BEIYIIHUX ) 3BEHbEB 3y0UaTOro MEXaHU3Ma.

PaznenmurensHbie TUHUN

Zs zg Brixon
Zg Z7 o Zl(-)-
Bxon A1 T 1 77
. 1 4L |# T
z4 :///: NZ2777% 3
— 1 77;' o)
L ] / —
ey
| | T
Z) wha Z3
L0 LT
U= U4 Ui = Upg Umn = Ug-10

Puc. 1.3. OTKpBITBIN CIOXKHBIN 3y0UaThIii MEXaHU3M



J171s1 pacueTHON CXEMBI
n=6; ps=6; ps=5 W=36-26-15=1.

3/1ech, HAMOMHUM, 3y04aToe KOJIeco JIFoOO nepeiaud ¢ MEHBIITUM YUCIIOM 3Y-
ObEB MPUHSTO HA3BIBATH uiecmepHeli, a ¢ OOJBIINM YUCIOM — Kolecom (3youamuvim
konecom). Ilpn oguHakoBOM uucie 3yObeB KoJiec Mepeayd HIeCTepHeW Ha3bIBAIOT
Beylllee KOJIECO, a KOJIECOM — BEJIOMOE.

llepedamounoe omnouienue SIBASIETCS OCHOBHOW KHHEMATUYECKON XapaKTepuc-
TUKON 3y04aToro mexanusma. [lepenaTtoyHbiM OTHOIIEHHEM MEXaHM3Ma, Mepeaaro-
IIETO BpallaTeIbHOE JBIKEHUE, MPUHATO HA3bIBaTh OTHOIICHHUE YTIOBOH CKOPOCTH
BXOJHOTO (BEIYIIEro) 3B€Ha @ K YrJIOBOM CKOPOCTU BBIXOJIHOTO (BEOMOTO) 3BEHA

@, 1 0003HAYaTh Yepe3 U}, T. €.
U, , = ay
-2 = .
)

OTtHoleHne yucia 3yobeB Kojieca z; K YMCIly 3yObeB IECTEPHH z| IPUHATO Ha-
3bIBaTh TMEPEJATOUYHBIM YHUCIOM (U1;) 3yOuaToil mepemauu. Eciau eedywum 3ybua-
MbIM KOJIeCOM S8Iemcsl wecmepHs, mo 0 maKol nepeoadu nepeoamoyHoe OmHo-
wenue (iy,) u nepedamounoe yucio (Uy,) npeocmasisitom coool 00HY U my e Ge-
auyuny [3]. Ilepenarounoe oTHolieHUe — Oosee 00111ee MOHITHE MEXaHUKH.

B o0miem ciryuae asist UIMHAPHYECKUX 3y0UaThIX Mepeiay 3anuiieM

.| _ _n/ _Tn _Z,/ _
"2l T e, T n, T S, T Sz T Ml
2 2 Wl 1

I7I€ 7] U Ny — YacCTOThI BPAILLEHUS KOJIEC, /'y U Fyp — PAJINYChl HAYAIBHBIX OKPY>KHOC-
Tel KoJec, z; U z; — 4yucia 3yObeB KoJiec.

PacuetHas cxema mexanusma (puc. 1.3) COCTOUT M3 JIBYX MPOCTBIX 3yOUaThIX
psagoB u nuddeperumranbHoi yacTu. [lepBblil 3yOuaThlil psii BKIOYAET 3yOuaTthble
koneca I — 4. ludpdepeHunanbHblil psJl COCTOUT U3 3y0UaThIX Kosec 5 — 8 U Boauia
H (pbryara, ynepuBaromiero caTeJUIMT B 3allelyieHun). Bropoii 3yOuatsiii pss co-
cTout u3 kKojec 9 — /0.

W3 xuHeMaTnyeckol Lenu MeXaHu3Ma BbIIEIUM ero JuddepeHnnanbHyto ya-
CTb. DTO JEJIEHUE HA OTAEIbHBIE YaCTH Ha puc. 1.3 MOKa3aHO BEPTUKAJIbHBIMHU JINHU-
SIMH, TIPOBOJJUMBIMHU TI0 HETIOJBMKHBIM OMOpaM — CTOHKaM. Bech MexaHH3M, TaKuM
o0pa3oM, MpeCTaBUM B BHUJIE TPEX (PParMEeHTOB, UMEIOIINX CBOU MEPEJATOYHBIE OT-
HOILIEHHUS (IIepeaaTOYHbIEC Ynca)

u =U,_0 = UlyUy = U4 Up_oU =" (5)
Bxog-Beixoxn ~ 1-10 — I II%II — **1-4*H-8*9-10 — ”10.

HepeHaTOqHOC OTHOIIICHUEC HepBOﬁ qgacTta — 3Y6anOFO pAga — OIpeCaAcIaCTCA
OTHOIIICHUEM YHUCCIT 3Y6BCB KOJIEC, BXOAAIIUX B OTOT PAA
Z,Z n
_ q <2<4 _ "M
Z41—4 - (_ 1) - ’
Z1Z4 ny



IJIe ¢ — YUCIIO BHeuHUX 3alleTUIeHUH B 3y0uaTom psay (31ech g = 2),
-1
1| ¥ N4 —YaCTOTHI BpallleHus konec [ u 4, c .

Mmuosxkurens (—1)? B 3y0uaThix MeXaHM3MaXx C IapauleIbHBIMU OCSMM Bpallie-
HUS 3BEHbEB OIpPEEIIseT 3HaK MepeaTOyHOro oTHoueHus. Ecim g — yeTHoe uucio
niu 0 — mepeIaTouyHoe OTHOILIEHUE TOJIOKUTENIBHO, BXOIHOE (3BEHO /) U BBIXOJHOE
(3BE€HO 4) 3B€Hbs JTAaHHOT'O y4acTKa LENU BpallaloTcs B OJIHY U Ty e cTopoHy. Ecnu
¢ — HEYETHOE YUCIIO — MepeJaTOUYHOE OTHOLIEHUE OTPULIATEIbHO, BXOJJHOE U BbIXO/-
HO€ 3BEHbs JAHHOTO y4YacTKa KMHEMAaTUYEeCKOH 1enu OyAyT BpalaTbCsl B pa3HbIE
CTOPOHBI.

Jlist onpeneneHusi NepeaaToyHOro OTHOLIEHUSI BTOPOM YacTh — auddepeHu-
aNbHOIO psfa CleayeT MPU OCTaHOBIEHHOM Boawie (Meroa Bumnmca) cocTtaBUTH
BBIPAKEHUE NEPEIATOYHOTO0 OTHOLIEHHUSI OT KpaHEro JIEBOTO /10 KpailHEro mpaBoro
3y04aThiX Kojiec nuddepennnana

02648 _ N5 — Ny — Ny

us's =(=1) = = . (6)
Zs27 Ng—Np Ng—Ny

PazgenuB yuciauTens U 3HaAMEHATENb MPAaBOM YacTH BeIpakeHUs (6) HA ng, TO-
TyYuM

Teneps nociie npeoopazoBaHuil UMeeM
H
_ Usyg
Uy g = H 1
Us g —
[lepenaTouHoe OTHOIIEHHE TPEThEW YaCTH — 3yOUaToro psja — ONpeaemseTcs
OTHOIIIEHUEM 4YHcell 3yObeB KoJiec 9 u (), BXOASIIUX B ATOT PsJl
. 1210 _ Mo
Ug o =(-1) —=—.
Z9 My
[Ipu onpenenenun uuciaa o0OpOTOB caTesuiuTa (Kojiec 6 U 7) ciaeayetr B nud-
(dbepeHIMaIbHOM PsIIy UCKIIOYUTH BCE KoJieca J0 careuiuTa (C Jr00i ero cropo-
HBI) — CJIeJIaTh CaTeJUTUT KOHEUHBIM KojiecoM nuddepennnana (puc. 1.4).
Jl71st mpe/icTaBIC€HHOM CXEMBI MPU PEIICHUN ITOU 3a1auu (ng = 17 = ?7) JOJKHBI
OBITH 3aJ]aHbI YKCJIa 3yObEB BCEX KOJIEC M YaCTOTa BPAIlEHUs BOAMIIA.
3anuieM nepesaToyHoe OTHOIIEHHE OT 5 K 6 3BEHY IPU OCTAaHOBJIEHHOM BOJIU-
ne H
H 046 _Ns— Ny —Hy
Us o = (-1 —= = : (7)
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YucneHHoe 3HaYEHHE 7y 3[ECh ONPEEISIETCS U3 BBIPAKEHUI

Ny =Ny, U —77 n —77
o=y Uy = s My =
n, Uj_y4

Y TIOJIyYE€HHOE Ay TIoJicTaBsieTcsa B popmyay (7) A BBIYUCIECHUS g = N7.
Zs

- Z6 Z7

\\\\q R\\\
T

T

Puc. 1.4. K onpenenenuto yucia o00pOTOB caTeyInTa

[TpuMep KHHEMATHYECKOTO pacueTa 3aMKHYTOro TuddepeHITMaIBHOTO
3y04aToro MexaHuszma

CxeMa 3TOro MexaHu3Ma MpeJcTaBieHa Ha puc. 1.5. 31ech HaM 3aJlaHbl Yucia
3yObeB kojiec I — 2 u 4 — 6. OnpeieieHuto NoAJICKUT BEIUUYNHA MePEIaTOYHOrO OT-
HOILIEHHS OT BXOJIHOTO Bajla K Koprycy OapabaHa u;.3 U KOJIMYECTBO 3yObeB, Hape-
3aHHBIX Ha TOPIIEBOM YaCTH MEPEropoJku Kopmyca 6apadana (z3).

JlaHHBI MEeXaHU3M — 3aMKHYTBINA Ju(pepeHInanbHblil peTyKTop rPpy30M0abEeM-
HOT0 ycTpoiicTBa. 3yOuateie kosieca / — 3 1 Boauio H npeactasistoT co0oi audde-
PEHIUANIBHYIO YacTh, a Kojeca 4 — 6 — mMpOoCTOi 3y0UaThlid psI.

CreneHb MOABUKHOCTH 3TOT0 MEXAHU3Ma ONPEIETUM U3 BBIPAKECHUS

W=35-25-14=1.
HeussectHoe 4ynciio 3yObeB KoJjieca 3 ONPEAEIUM U3 YCIOBUS COOCHOCTH IU(-

(dhepeHInaIbHOM YacTu, T. €.
Ry =R, + 2R,,

rae R , 3 — paanycCel IEJIUTEIbHBIX OKPYKHOCTEN Kosec [ — 3.
OTU paguycChl 1ajiee ClelyeT 3aMEHUTh U3BECTHBIM COOTHOIICHUEM

_mz
r71€ M — MOJyJIb 3y04aToro 3aleruieHns; z — YUcio 3yObeB KoJjieca.
[Tpu paBeHCTBE MOyl BceX KOJIeC KOHEUHBIN pe3yabTaT MPEICTaBUM B BUC

z3 =211 22,.
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[lepenaTounoe otHouieHue qudpepeHnanTbHON YacTh ONPEIeIUM U3 BhIpaxKe-
HUS
H _ 123 _ Iy —hy
us =) —= : (8)
Zy Ny —ng
3nech 3 = Ng, Ny = Hy.
Hckomoe cooTHOIIEHUE )3 MOKHO 3aIIUCaTh B BUJIE
_m
u1_3 - .
ny
Pazgenum nmpaByro yacTh paBeHCTBA (8) Ha /3 U MOTYYUM

n, _nyg

H Z3 n, ny U3 —Uyg
2= = . ©)

U3 =-— n B
2 1-"4 Uy
n,

N3 (9) uckomas BennurHa OyneT paBHa
_ . H
u_y =us(l—uy g)+uy .
HeusBecTHast Ha JTaHHBI MOMEHT BEIUYHHA U4 — MEPEIATOUHOE OTHOIICHUE
3y04aToro psjaa — ONpeieauTCs U3 BbIPaXKEHHUS
1 2526 Z6

uyg s =(=1 =——.

Z4Zs Z,

u 3areM nojcrasisiercs B (9). [lonyueHHoe ypaBHEHHE pelIaeTcsi OTHOCUTENBHO OJ1-
HOT'O OCTaBILIETOCS] HEU3BECTHOIO — U3 .

z3 Zg
23— 5T
e H—
T |4 A
Z1 Z4
_—M_ _ 74773
5;;/ \

Co00OCHOCTE BaJIOB

I T

Puc. 1.5. 3aMKHYTBIN CHOXHBIN 3y0OUaThlii MEXaHU3M
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Jlanee mpeCcTaBIICHBl BapUAHTHI 3aJaHUM JJIs BBHITIOJHEHUS KOHTPOJIBHOU pa-
OOTHI.

IIpumep sv100pa ucxoownvix oannwvix (lIpunoscenue I').

udp crynenra 3akanuuBaetcs uudpamu 03.

B stom cnydae crienyet OpaTh:
® BapuaHT cxeMmbl MaHumnysitopa — 3 (Bapuant 3 Ha cTp.16 —3anava 1);
® BApUAHT CXEMBbI IUIAHETApHOTO 3yOuaToro Mexanusma — 3 (Bapuant 3 Ha cTp. 18
—3ajava 2);
® BAPUAHT YMCJIOBBIX 3HAUEHUHM MCXOIHBIX JIAHHBIX JJI PELIEHUs 3aJa4M 10 KUHE-
MaTUYECKOMY aHaiu3y 3youaTbix MexaHu3sMoB — 10 (nns 3aganus 3, maoa. 1.1 Ha
ctp. 20-21).

Bapuanr 1

3agaua 1. [{ng 3a1aHHON KMHEMATUYECKOM Lienu MaHunynaropa (puc. 1.6, Ba-
pUaHT /) ONpeaeauTh KOJIUYECTBO CBOOO/ IBHKEHUS, MPOCTPAHCTBEHHYIO (OOIIYIO)
1 0a30BYI0 MAaHEBPEHHOCTh, HA OCHOBAHHH KOTOPBIX CETaTh BBIBOJBI O paboTOCIIO-
COOHOCTH MpeasiaraeMon CXeMbl U, €CJIM 3TO HEOOXOAUMO, MPEJIOKUTH CIIOCOOHI €€
YCOBEPIICHCTBOBAHUSI.

3agaua 2. B mianerapHoMm 3yOuaTom MexaHusme (puc. .7, BapuaHTt [) ompe-
JICIATh HEU3BECTHBIC KMHEMATUYECKUE TAPAMETPhl B COOTBETCTBUU C MCXOIHBIMH
JTAHHBIMU, MIPEJICTABICHHBIMU B mao.. 1.1.

Bapuant 2

3apaua 1. [{ng 3a1aHHON KMHEMATUYECKOM Lienu MaHunynaropa (puc. 1.6, Ba-
pUaHT 2) ONpeaeauTh KOJIUYECTBO CBOOO/] IBHKEHUS, MPOCTPAHCTBEHHYIO (OOIIYIO)
1 0a30BYI0 MAaHEBPEHHOCTh, HA OCHOBAHHH KOTOPBIX ClIeNaTh BBIBOJBI O paboTOCIIO-
COOHOCTH MpeasiaraeMon CXeMbl U, €CJIM 3TO HEOOXOAUMO, MPEJIOKUTH CIIOCOOHI €
YCOBEPIICHCTBOBAHUSI.

3agaua 2. B mianerapHoMm 3yOuaToMm MexaHusMme (puc. .7, BapuaHT 2) ompe-
JICIATh HEU3BECTHBIC KMHEMATUYECKUE TMAapaMeTPhl B COOTBETCTBUU C HCXOJTHBIMH
JTAHHBIMU, MIPEJICTABIICHHBIMU B mao.. 1.1.

Bapuanrt 3

3apaua 1. [{ng 3a1aHHON KMHEMATUYECKOM Lienu MaHunynaropa (puc. 1.6, Ba-
pHUAHT 3) ONpeaeIuTh KOJIUYECTBO CBOOO/] IBHKEHUS, MPOCTPAHCTBEHHYIO (OOIIYIO)
1 0a30BYI0 MAaHEBPEHHOCTh, HA OCHOBAHHH KOTOPBIX CII€JIaTh BBIBOBI O pabOTOCIIO-
COOHOCTH MpeasiaraeMon CXeMbl U, €CJIM 3TO HEOOXOAUMO, MPEJIOKUTH CIIOCOOHI e
YCOBEPIIIEHCTBOBAHHSI.

3agaua 2. B mianerapHoM 3yOuaToMm MexaHusMme (puc. .7, BapuaHT 3) orpe-
JICTATh HEW3BECTHBIC KMHEMATUYCCKUE TTApaMETPhl B COOTBETCTBUU C MCXOIHBIMHU
JTAHHBIMU, MIPEJICTABICHHBIMU B mao.. 1.1.
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Bapuant 4

3apaua 1. [{ng 3a1aHHON KMHEMATUYECKOM Lienu MaHumnynaropa (puc. 1.6, Ba-
pHUAHT 4) ONpeaeauTh KOJIUYECTBO CBOOO/] IBHKEHUS, MPOCTPAHCTBEHHYIO (OOIIYIO)
1 0a30BYI0 MAaHEBPEHHOCTh, HA OCHOBAHHH KOTOPBIX ClIeJIaTh BEIBOBI O pabOTOCIIO-
COOHOCTH MpeasiaraeMon CXeMbl U, €CJIM 3TO HEOOXOAUMO, MIPEJIOKUTH CIIOCOOHI e
YCOBEPIIIEHCTBOBAHMSI.

3agaua 2. B mianerapHoM 3yOuaToMm MexaHusMme (puc. .7, BapuaHT 4) ornpe-
JICIATh HEU3BECTHBIC KMHEMATUYECKUE TTApaMETPhl B COOTBETCTBUU C MCXOIHBIMU
JTAHHBIMU, MIPEJICTABICHHBIMU B mao.. 1.1.

Bapuanrt 5

3apaua 1. [{ng 3a1aHHON KMHEMATUYECKOM Lienu MaHunynaropa (puc. 1.6, Ba-
pHUAHT J) ONpeeauTh KOJIUYECTBO CBOOO/] IBHKEHUS, MPOCTPAHCTBEHHYIO (OOIIYIO)
1 0a30BYI0 MAaHEBPEHHOCTh, HA OCHOBAHHMH KOTOPBIX CIIeJIaTh BEIBOABI O pabOTOCIIO-
COOHOCTH MpeajiaraeéMon CXeMbl U, €CJIM 3TO HEOOXOAUMO, MPEJIOKUTH CIIOCOOHI €
YCOBEPIIIEHCTBOBAHMSI.

3agaua 2. B mianerapHoM 3yOuaToMm MexaHusMme (puc. .7, BapuaHT J) ompe-
JICTATh HEU3BECTHBIC KMHEMATUYCCKUE TTApaMETPhl B COOTBETCTBUU C MCXOIHBIMU
JTAHHBIMU, MIPEJICTABIICHHBIMU B mao.. 1.1.

Bapuant 6

3apaua 1. [{ng 3a1aHHON KMHEMATUYECKOM Lienu MaHunynaropa (puc. 1.6, Ba-
pHUAHT 6) ONpEeETUTh KOJIUYECTBO CBOOO/] IBHKEHUS, MPOCTPAHCTBEHHYIO (OOIIYIO)
1 0a30BYI0 MAaHEBPEHHOCTh, HA OCHOBAHHH KOTOPBIX CIIeJIaTh BEIBOABI O paOOTOCIIO-
COOHOCTH MpeasiaraeMon CXeMbl U, €CJIM 3TO HEOOXOAUMO, MPEJIOKUTH CIIOCOOHI e
YCOBEPIIIEHCTBOBAHMSI.

3agaua 2. B mianerapHoM 3yOuaToMm MexaHusMme (puc. .7, BapuaHT 6) orpe-
JICTATh HEU3BECTHBIC KMHEMATUYCCKUE TIApaMETPhl B COOTBETCTBUU C MCXOIHBIMU
JTAHHBIMU, MIPEJICTABICHHBIMU B mao.. 1.1.

Bapuant 7

3apaua 1. [{ng 3a1aHHON KMHEMATUYECKOM Lienu MaHunynaropa (puc. 1.6, Ba-
pHUAHT 7) ONpEeeIuTh KOJIUYECTBO CBOOO/] IBHKEHUS, MPOCTPAHCTBEHHYO (OOIIYIO)
1 0a30BYI0 MAaHEBPEHHOCTh, HA OCHOBAHHH KOTOPBIX CIIeJIaTh BEIBOABI O pabOTOCIO-
COOHOCTH MpeasiaraeMon CXeMbl U, €CJIM 3TO HEOOXOAUMO, MPEJIOKUTH CIIOCOOHI €
YCOBEPIIIEHCTBOBAHHSI.

3agaua 2. B mianerapHoM 3yOuaToMm MexaHusMme (puc. .7, BapuaHT /) orpe-
JICTATh HEU3BECTHBIC KMHEMATUYCCKUE TIApaMETPhl B COOTBETCTBUU C MCXOIHBIMU
JTAHHBIMU, MIPEJICTABICHHBIMU B mao.. 1.1.

Bapuant 8

3apaua 1. [{ng 3a1aHHON KMHEMATUYECKOM Lienu MaHumnynaropa (puc. 1.6, Ba-
pUaHT §8) ONpeNeIUuTh KOJIUYECTBO CBOOO/] IBHKEHUS, MPOCTPAHCTBEHHYIO (OOIIYIO)

u 6a3OBYIO MaHEBPCHHOCTb, HA OCHOBAHHWH KOTOPBLIX CACIIATH BLIBOABLI O pa60Tocn0—
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COOHOCTH MpeasiaraeMon CXeMbl U, €CJIM 3TO HEOOXOAUMO, MPEJIOKUTH CIIOCOOHI e
YCOBEPIIIEHCTBOBAHMSI.

3agaua 2. B mianerapHoM 3yOuaToMm MexaHusMme (puc. .7, BapuaHT §) orpe-
JICTATh HEU3BECTHBIC KMHEMATUYCCKUE TTApaMETPhl B COOTBETCTBUU C MCXOIHBIMHU
JTAHHBIMU, MIPEJICTABICHHBIMU B mao.. 1.1.

Bapuant 9

3apaua 1. [{ng 3a1aHHON KMHEMAaTUYECKOM Lienu MaHumnynaropa (puc. 1.6, Ba-
puaHT 9) onpeaeauTh KOJIUYeCTBO CBOOO/] IBHKEHUS, MPOCTPAHCTBEHHYIO (OOIIYIO)
1 0a30BYI0 MAaHEBPEHHOCTh, HA OCHOBAHHMH KOTOPBIX CIIeJIaTh BEIBOABI O pabOTOCTIO-
COOHOCTH MpeasiaraeMon CXeMbl U, €CJIM 3TO HEOOXOAUMO, MPEJIOKUTH CIIOCOOHI €€
YCOBEPIIIEHCTBOBAHHSI.

3agaua 2. B mianerapHoMm 3yOuaTom MexaHusme (puc. .7, BapuaHT 9) omnpe-
JICTATh HEU3BECTHBIC KMHEMATUYCCKUE TIApaMETPhl B COOTBETCTBUU C MCXOIHBIMU
JTAHHBIMU, MIPEJCTABICHHBIMU B mao.. 1.1.

BapuanT 10

3apaua 1. Jlnsg 3agaHHON KMHEMaTHYECKOM 1ienu Manunymstopa (puc. 1.6, Ba-
puanTt /() onpeaenuTh KOITUIECTBO CBOOO ABUKEHHUS, MPOCTPAHCTBEHHYIO (0OIIYIO)
1 6a30BYI0 MAaHEBPEHHOCTh, HA OCHOBAHWHU KOTOPBIX CAEIAaTh BEIBOJIBI O PaOOTOCTIO-
COOHOCTH MpejIaraéMon CXeMbl U, €CJIH 3TO HEOOXOUMO, MPETIOKUTH CIIOCOOBI €€
YCOBEPIICHCTBOBAHHUSI.

3agaua 2. B mnanerapHom 3yOuatom mexaHusme (puc. 1.7, Bapuant () omnpe-
JCNINTh HEW3BECTHBIE KMHEMATHUECKUE MapaMeTPhl B COOTBETCTBUU C MCXOIHBIMU
JTAHHBIMU, MIPEJICTABICHHBIMU B mao.. 1.1.
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Puc. 1.6. CxeMbl MaHUITYJSTOPOB
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Puc. 1.6. Oxonuanue (Hayaao Ha c. 16)
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Puc. 1.7. CxeMbl mi1aHeTapHbIX 3y0UaThIX MEXaHU3MOB
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Puc. 1.7. Oxonuanue (Hayaao Ha c. 18)
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Tabnuyal.l Hexoouvle Oannvie 015 pewierus 3a0a4u N0 KUHEMAMuKe

3y6qamblx MEXAHUIMOB

= = = EE g %70 Yucna 3y0beB Kosec
B8 E5Z 85 ¢
melMmES|T g z1 | zo | z3 | za | zs | z¢ | z7 | zs | z9 | zZio
1 8 50 | 60 | 40 | 60 | 40 ? 35 | 50 — —
2 11 40 | 60 | 45 | 50 | 40 ? 40 | 45 — —
3 9 35 | 50 | 40 | 45 | 40 ? 35 | 40 — —
4 6 38 | 57 | 45 | 50 | 25 ? 30 | 45 — —
1 5 4 35 145 | 50 | 75 | 35 ? 25 | 40 — —
6 7 18 | 24 | 32 | 36 | 18 ? 21 | 32 — —
7 8 19 | 27 | 20 | 32 | 21 ? 18 | 38 — —
8 10 21 | 29 | 23 | 27 | 19 ? 24 | 35 — —
9 5 23 | 42 | 31 | 25 | 22 ? 21 | 43 — —
10 7 24 | 39 | 31 | 29 | 26 ? 23 | 34 — —

B BapuanTe 1 onpenenuts:

W, Heu3BeCTHOE YHCIIO 3YObEB, U3, Ny, Ny,

O 00 1IN DN K~ W~

[S—
e

11
14
10
9
8
5
4
12
17
13

40
45
40
45
50
19
21
22
24
20

60
50
45
50
75
31
27
34
37
28

50
40
35
38
35
24
24
21
32
18

60
60
50
57
45
27
36
33
41
37

100
90
120
140
120
95
97
102
94
106

40
45
40
35
40
25
26
22
24
26

N N0 N0 D N D D N D D

110
100
140
155
125
100
90

98

93

104

B BapuanTe 2 onpenenurs:

W, Heu3BeCTHOE YHCIIO 3YObEB, U3, Ny, He,

O 00 1IN DN K~ W=

[S—
S

14
15
9
11
12
8
11
13
7
6

19
22
18
24
27
35
40
20
45
30

24
29
27
31
34
50
60
45
35
55

R I R s R R R B W}

64
69
68
82
88
125
135
100
120
115

21
23
25
19
25
30
35
40
45
50

97
68
71
44
72
120
105
140
120
120

23
24
22
25
27
32
35
38
42
45

34
29
31
33
40
48
50
57
49
55
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IIpoooncenue maon. 1.1

v

3HAYCHUU

-1

Uucna 3yobeB KoJiec

Bapuant
3a/laHus
Bapuant
YHUCIIOBBIX
Yacrora
BpalIeHus
ny, C

Z1 ¥4) Z3 Z4 Zs Z6 Z7 Zg Z9 Z10

B BapuanTe 3 onpenenuts: W, HEM3BECTHOE YUCIIO 3YOBEB, U].g, Ny, N3, Ng.

1 7 30 ( ? |110| 50 | 60 | 40 | 60 | 45 | 49 | —
2 9 20 | 7?7 | 110 40 | 60 | 45 | 50 | 47 | 53 | —
3 11 40 | ? | 140 35 | 50 | 40 | 45 | 42 | 48 | -
4 10 30 | ? | 120 38 | 57 | 45 | 50 | 40 | 46 | —
4 5 13 351 ? |115) 35 | 45| 50 | 75|50 | 62 | —
6 12 191 ?2 |73 123|149 | 26|34 |31 |52 | -
7 17 22 10?7 |78 121 | 34 | 26 | 41 | 23 | 38 | -
8 16 24 | 7 | 88 [ 25 |29 | 21 | 38 | 25 | 36| —
9 11 27 17 199 | 24 | 32|27 35|31 |39 -
10 9 18 | ?2 | 70 | 21 |29 | 24 | 31 | 24 | 38 | —

B BapuanTe 4 onpenenuts: W, HEU3BECTHOE YUCIIO 3YOBEB, U] 9, Ny, Ny, Ho.

24 | 67 | 22 | 32 | 83 | 23 | 36 | — -
27 175 120 | 23 | 64 | 27 | 35 | — —
29 | 81 | 19 | 25 | 63 | 21 | 36 | — —
32 | 82 | 18 | 25 | 65| 24 | 29 | — —
37 1 98 | 22 125 | 71 | 26 |31 | — —
30 | 85 | 30 | 50 | 120 | 32 | 48 | — —
35 190 | 32 | 45 | 112 36 | 45 | — —
35 {104 | 40 | 48 | 126 | 38 | 57 | — —
40 | 110 | 35 | 42 | 109 | 42 | 49 | — —
15 45 130 25 | 39 | 98 | 45 | 50 | — —

S0V IAUL A WN—
[—
N

B BapuanTe 5 onpenenuts: W, HEU3BECTHOE YUCIIO 3YObEB, U], Ny, Ny, Hs.

[

11 18 | 24 |72 119 | ? | 29 |21 | 24 | 66 | —

2 12 19 | 31 | 74 | 21| ? | 2819 |23 |63 | -
3 9 21 | 27 | 82 |23 | ? |32 (22|27 |72\ -
4 8 24 129 | 73 122 | ? |27 (25|29 | 81 | —
6 5 7 18 | 26 | 76 | 18 | ? | 32 |20 | 27 | 71 | —
6 8 32 | 48 | 120 30 | ? | 50 | 25 | 40 | 135 | -
7 11 36 | 45 | 12525 | ? | 60 | 35 | 45 | 135 —
8 12 38 | 57 |120 40 | ? | 50 | 40 | 50 | 140 | -
9 9 42 149 | 115135 | ? | 50 | 50 | 45 | 145 | -
10 10 45 | 50 | 110 30 | ? | 45 | 55 | 40 | 150 | —

B BapuanTe 6 onpenenuts: W, HEU3BECTHOE YUCIIO 3YObEB, U] 9, Ny, N4, Ho.
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IIpoooncenue maon. 1.1

= E z EE g ET Yucna 3y0beB Kojec

=S5 E28 (g%

S|l S |8 s S

mslmES 7T g z1 | zo | z3 | za | zs | z¢ | z7 | zs | z9 | zZio
1 11 21 | 27 | 73 | 21 | 24 ? 21 | 25 | 32 —
2 12 22 | 32 | 88 | 24 | 29 ? 23 | 27 | 34 —
3 13 24 |1 29 | 75 | 19 | 25 ? 19 | 26 | 34 —
4 7 19 | 27 | 81 | 22 | 27 ? 23 | 34 | 39 —

7 5 14 25 133 190 | 25 | 28 ? 18 | 29 | 37 —
6 12 32 | 41 | 115 35 | 32 ? 32 1 42 | 60 —
7 13 42 | 49 | 125 | 35 | 36 ? 36 | 37 | 60 —
8 9 37 | 63 | 130 | 25 | 42 ? 38 | 32 | 50 —
9 8 43 | 54 | 125 | 30 | 38 ? 42 | 30 | 49 —
10 5 51 | 62 | 115| 25 | 40 ? 40 | 36 | 63 —

B BapuanTe 7 onpenenuts: W, HEU3BECTHOE YUCIIO 3YObEB, U] 9, Ny, Ns, Ho.

1 7 19 | 25 ? 27 |21 | 24 | 23 | 72 | — —
2 9 20 | 27 ? 31 | 18 | 33 | 24 | 58 | — -
3 11 21 | 28 ? 28 | 20 | 30 | 21 | 65 | — -
4 12 22 | 24 ? 31 |19 | 37 | 24 | 72 | — -
2 5 13 23 | 33 ? 32 118 | 35| 25|69 | — —
6 15 20 | 32 ? 40 | 34 | 36 | 32 | 81 — —
7 12 40 | 55 ? 50 | 40 | 55 | 36 | 78 | — —
8 16 35 | 50 ? 45 | 31 | 54 | 45 | 94 | — —
9 14 38 | 57 ? 50 | 42 | 53 | 54 | 96 | — -
10 17 35 | 45 ? 35119 | 40 | 63 | 102 | — -
B BapuanTe 8 onpenenuts: W, HEU3BECTHOE YUCIIO 3YObEB, U], Ny, Ns, Hs.
1 11 25 140 | 25| 2?2 | 75| 30 | 40 | 30 | 42 46
2 14 30 140 | 22| ? |72 |25 | 35| 25| 40 44
3 12 27 | 36 | 28 | ? | 78 | 32 | 40 | 28 | 42 50
4 5 35140 | 30| ? | 90 | 40 | 50 | 40 | 52 56
9 5 7 32 140 | 32| ? [ 92|30 |44 | 25| 29 36
6 8 18 | 26 | 17 | 2?2 |57 |21 | 24| 19 | 26 39
7 9 19 | 23 |18 | 2?2 | 62 | 22 | 27 | 21 | 25 36
8 5 21 | 25 | 21 2 171 | 23129 | 20 | 27 31
9 7 22 126 | 22| ? |76 |24 | 27 | 22 | 28 32
10 8 24 129 | 23 | ? | 81 | 23 | 32| 21 | 26 29

B BapuanTe 9 onpenenuts: W, HEU3BECTHOE YUCTIO 3YObEB, U] 10, Mg, Ha, H1p.
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Oxonuanue maban. 1.1

= E z EE g ET Yucna 3y0beB Kojec

=S5 E28 (g%

S|l S |8 s S

N z1 | zo | z3 | za | zs | z¢ | z7 | zs | z9 | zZio
1 9 65 | 20 | 35 ? 30 | 55 (25 )60 |170 ]| —
2 11 73 | 30 | 32 ? 40 | 40 | 22 | 50 | 175 | —
3 7 66 | 23 | 40 ? 35 1 65 | 28 | 75 | 180 | —
4 5 70 | 20 | 38 ? 40 | 55 |1 30 | 60 | 180 | —

10 5 4 58 | 30 | 42 ? 44 | 46 | 32 | 60 | 180 | —
6 11 43 | 21 | 20 ? 22 (22 | 17 | 50 | 130 | —
7 8 56 | 18 | 23 ? 20 | 30 | 19 | 23 | 63 —
8 12 70 | 24 | 17 ? 19 | 31 | 18 | 22 | 60 | —
9 13 64 | 21 | 19 ? 23 | 30 | 22 | 28 | 78 | —
10 14 71 | 23 | 23 ? 18 | 32 | 19 | 27 | 71 —

B BapuanTe 10 onpenenuts: W, HEU3BECTHOE YUCIO 3yObEB, U] .9, Ny, N5, 9.
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YACTb 2

KYPCOBASA PABOTA
KWHEMATUYECKOE 1 CUJIOBOE UCCJIELJOBAHUE MEXAHW3MOB

KypcoBas pabota cocTouT U3 3a7jaHuii, B IEPBOM U3 KOTOPBIX MPOBOIAUTCS KH-
HEMAaTUYECKUU aHaJIU3 PhIYAKHOTO MEXaHHM3Ma, BO BTOPOM — CHHTE3 paboyero mpo-
¢buns Kylnayka B KyJaukoBOM MexaHu3zMe. O0beM paboThl MOXKET KOPPEKTHPOBATh-
Csl IpenojaBaresieM, IPOBOASIINM ayIUTOPHBIE 3aHSATHU.

Bbl6b0p BapuaHTa 3a4aHus

udpom, 1o KOTOPOMY BHIOMPAETCS TOT UM UHOM BapHaHT KypCOBOM pabOThI,
ABJIsIETCS HOMep Barieit 3aueTHON KHUXKKH WIH CTyJIeHUeckoro ouierta. BapuanT 3a-
naHus (cXxeMbl) CJI€yeT BEIOMpATh MO mocjaeaHel nuppe mmudpa, BapuaHT YUCI0-
BbIX 3HaYeHMi omnpenenseTcs mpeanocjenHeii nuppoit mmeppa. [Hudppa «0» B
mudpe coorBeTcTBYET U pe «10» BapuanTa pabOTHI.

OgpopmrieHne paboTel

I'paduyeckas yacTh KaXJA0ro M3 JBYX 3aJaHUN BBIMOJHSACTCS Ha OTIEIbHBIX
muctax ¢opmata Al (594 x 841 mm). Odopmnenue rpapuyeckol 4acTu AOJIKHO
cooTBeTcTBOBaTh TpeboBaHusiM ECK/I.

PacuetHast yacTh B BHJI€ MOSICHUTEIBHOM 3aMUCKU BBIMOJHIETCS B CBOOOIAHOM
dbopme Ha 0HOM cTOpoHE AUCTOB Oymaru ¢opmata A4.

Conep>xkaHmne paboTsl

JIucr 1 — kunemamuueckuil aHaiu3 poliariCHO20 MeXaHUu3Ma — COIECPAKUT:
e 0§ COBMEILIECHHBIX [JIAHOB MOJIOKEHUH UCXOAHOTO MEXaHU3Ma, N300paKEHHbIX
OTHOCHUTEJIBHO HEMOJIBUKHBIX OIOD;
e 6 IJIAaHOB CKOPOCTEH 11 MEXaHU3Ma, U300pakKeHHbIX U3 0011ero nomitoca P,;
e 3 [ulaHa yCKOPEHMH JIJI MEeXaHu3Ma, U300pakeHHbIX U3 o0ulero noitoca P,.

Jluct 2 — cunmes npogpuns Kynayka — COIEPKUT:

e rpaduku QYyHKIMU TOJOXKEHUS W JIBYX IMEPEAATOYHBIX (DYHKIMN BEIOMOTO
3BEHA KYJTaYKOBOTO MEXaHU3Ma;

® [IOCTpOEHUE paboyero (TEOPETUUYECKOro U MPAaKTHUYECKOro) Npoduiis Kynauka
B KyJIaYKOBOM MEXaHHU3ME;

® [IOCTPOCHHUE HAa TEOPETUYECKOM Mpoduie Kynadka (Ha pabodyeM U XOJOCTOM
X0/1aX) YIJIOB JIaBJICHHsI B TOYKAX, COOTBETCTBYIOIIMX MAaKCUMAIbHOMY 3HAYEHUIO
NepBOM nepesaTouHol G yHKIHH.

[losicHuTenbHas 3amUcKa Ha MPOBEPKY CAAETCS B OPOPMIIEHHOM U CILIUTOM BH-
ne. Ha nepBoM — TUTYJIBHOM JIMCTE — yKa3bIBA€TCA HAa3BAaHUE y4eOHOrO 3aBE/ICHUS,
Kaeapbl U TUCHUIUIMHBI, TEMa KypCOBOW paboThl, H@p, rpynna u GaMuiaus cTy-
JI€HTa, J1aTa BBINOJHEHUS padOoThl U MOJANKUCH aBTOpa. BTOpoW JUCT — IBYXCTOPOH-
HUM OJIaHK 3aJjaHUs JUIsl UICTIOJTHUTENS (KOMUU CXEM PBIYaKHOTO U KYJa4YKOBOTO Me-
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XaHU3MOB) C BIUCAHHBIMU B MYCTHIE KJIETKU TaOJIUI] HEIOCTAIOUIMMU HCXOAHBIMU
JaHHBIMU II0 BCEM pa3jielaM KypcoBod pabotel. Ha mocienyromux nucrax ¢ KoM-
MEHTapHUsIMU U3JlaraeTcsl pacueTHas 4yacTh Bcel paboThl. B koHIe paboThl popMyu-
PYIOTCSL BBIBOJBI M JA€TCsl CIMCOK MCMIOJb30BAHHOW JUTEpaTyphl. Bece cTpaHuIbl
MOSICHUTENILHON 3aMUCKU JOJKHBI UMETh CKBO3HYIO HyMEpaIHIO.

Bo BpeMs 3amuThl KypcoBOW pabOThI CTYAEHT AOJKEH MOKa3aTh XOPOIIUE 3Ha-
HUS IO BBINIOJHEHHON paboTe U YMEHHE CaMOCTOATEIbHO pPellaTh aHAJOTUYHBIE 3a-
Jadu.

[Ipu cocTaBieHUU TAHHOTO COOPHHUKA 3aJlaHUM 3a OCHOBY ObLIM B3SITHl «KOHT-
POJIbHBIE 3a/IaHUsI» IO TEOPUU MEXAHHW3MOB U MAIIUH U MPUKIATHON MEXaHUKE IS
CTYJIEHTOB BBICIIMX Y4YEOHBIX 3aBEACHUI WHXKEHEPHO-TEXHUUECKUX CHEeIUaTbHOC-
Tell Bcex popm 00yueHus, BeinyuieHHble Ha kadenpe TIIM CIIT'YT/L B 2007 r.

YkazaHnsa k BbinosiHeHuo ncra 1

1. 3a ncxomHOE MOJIOKEHHE PBIYAKHOIO MEXaHU3Ma CIEAYET MPUHATH I0J0-
KEHHUE, IPU KOTOPOM €ro KPUBOIIMI OTHOCUTENBbHO CTOMKH O pacnoyiokeH ropu-
30HTaJIbHO CMpaBa, T. €. yroja noBopora kpusowuna ¢; = 0. [ToBopoT kpuBoIMIA OT
FICXOIHOTO TOJIOKEHHs Ha Kaxasie 60° 1aeT 6 MOIOKeHNH BEIOMOIl 4acTH phIYax-
HOT'O MEXaHHU3Ma.

2. BpaiieHue BXOJHOIO 3B€HA CIEAYET MPUHUMATH OT UCXOJHOTO MOJOXKECHHUS
IIPOTUB YaCOBOM CTPEIIKH.

YKazaHus K BbIMOJIHEHNIO JINCTE 2

1. Ha oxHOW NOJIOBHHE JHMCTE C YYETOM IOJIYYEHHOTIO BAapHUaHTA YHCIOBBIX
JaHHBIX U300pa3UTh CIEIYIOUIME KUHEMATHUYECKIE 3aBUCUMOCTH
e (PYHKIUIO TTOJIOKEHHUS BEJJOMOTO 3BE€HA KYJauKOBOTO MeXaHU3Ma Lo = [(9k);
® [IEPBYIO TEOMETPUUECKYIO NEPeAATOUHYI0 QYHKUUIO f'rom = IT'(@k);
® BTOPYIO FT€OMETPUUECKYIO MEePEeNaTOUHYI0 PYHKIMIO B"rom = I1"(0k).

Ha BTOpOI#i MOJIOBUHE 3TOr0 K€ JIMCTAa B COOTBETCTBUU C BHIOPAHHBIM BapHaH-
TOM MOCTPOUTH MPOPUiIb camoro Kyinauka. [Ipu moctpoeHun npoduiist UCOIB30-
BaTh METOJI OOPAIIEHHOTO ABWXKEHUS (npunoscernue B).

2. BeimonHenue npoduiis Kyjayka Ha4aTh ¢ UCXOAHOTO MOJIOKEHUS MEXaHU3-
Ma. B kauecTBe MCXOAHOTO (CTAPTOBOIrO) MPUHSATH MOJOKEHHUE, TP KOTOPOM BEJO-
MO€ 3BEHO — TOJIKAaTeNIb HAYMHAET NEPEMEILICHHUE ITPU CKOJIb YTOJHO MAJIOM MOBOPO-
T€ BEAYLIErO 3B€HA — KyJIauKa.

3. HampasneHue BpalleHHsI Kyjadka 3aJaeTcsl BPAllEHHMEM KpPHUBOILIMIA PBbI-
Ya)KHOTO MEXaHHW3Ma M HAJIMYMEM B KHHEMATUYECKOW LIEMU OJAHOM CTYNEHU BHENI-
HETro MWIMHAPUYECKOrO 3aleTUICHUS.

4. Ha nomyd4eHHOM TeOopeTHYeCcKOM Mpoduiie B Mpeenax y4yacTKOB ¢ MaKCH-
MaJbHbIM 3HAY€HUEM MEepBOM mnepenaToyHol (yHKUMH (Ha pabodyeM U XOJIOCTOM
X0J1aX) MOCTPOEHUEM ONPENETUTh BEIUUYMHBI YIIIOB JABICHUS. 3HAYEHUS MOJIyYeH-
HBIX YIJIOB CPaBHUTH C UX MPEAECIbHBIMU 3HAYEHUSAMH JUJIS JAHHOTO THUIA KYJIAuKO-
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BbIX MEXaHHU3MOB U CJI€JaTh BBIBO/IBI O pab0TOCIOCOOHOCTH KOHCTpYKIMHU. [1o Bugy
rpauKoB MepBOM U BTOPOM T€OMETPUUECKUX NEPENATOYHBIX (PYHKIUI cenaTh Bbl-
BOJBl O JMHAMHUYECKOM AKTMBHOCTU MEXaHU3Ma [0 HAJUYUIO KECTKUX U MATKUX
YAApHBIX HAIPYy30K.

Ilpumep svi00pa ucxoonvix oannwvix (Ilpunoscenue I').

[udp crynenrta 3akaHuuBaeTcs, Hapumep, udpamu 03.

B stom cnydae cienyet OpaTh:
® BapHUaHT 33JIaHUS (CXEMBbI) PHIYAKHOTO MEXaHU3MA JIJIl KHHEMAaTHYECKOTO aHAJIH-
3a — 3 (BAJAHUE 3 Ha ctp. 29), koTopoe konupyercsa Ha popmat A4;
® BapUAHT YKCIIOBBIX 3HAYCHHUH UCXOIHBIX JTAHHBIX JIJIST BBITIOJIHCHUS KHHEMATHYe-
ckoro pacuera — 10 (st cxemsl 3 — cM. mabn. 2.11 Ha ctp. 37); 3TU TaHHBIEC BIUCHI-
BaIOTCS B mab./1. 2.3 CKOMMPOBAHHOIO OJIaHKa CBOETO 3aJ[aHuS;
® BAapHUAHT CXEMbl KyJ1aukoBoro mexanusma — 3 (Bapuant 3 Ha ctp. 40);
® BapUAHT NapPaMETPOB KYJIAYKOBOTO MEXaHHM3Ma JJIS 3a7aHusl 3 (TUIT MEXaHU3Ma —
10 (ma6a. 2.13 na ctp. 40); 3TH JaHHBIE BOUCHIBAIOTCS B mab. 2.12 cKonupoBaHHOU
000pOTHOM CTOPOHBI OJIAHKA CBOETO 3a]aHuS;
® BapUAHT JAHHBIX s mocTtpoeHus npoduis kyrnauka — 3 (BAPUAHT 3, cwm.
mab6n. 2.16 Ha cTp. 47); UCXOIHbBIC JTAaHHBIC, B3ATHIC OTCIO/IA, TAKXKE CIEAYET BIIUCATh
B mao6.. 2.12 6iaHKa CBOETO 3aJaHusl.
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MuHucTepcTBo 06pasoBaHna U Haykn Poccunckon degepaumm

depnepanbHoOe rocyaapcTBeHHoe BlookeTHOe obpasoBaTeribHOe yupexaeHue
BbICLLIEro NpodeccroHansHoro o6pasoBaHus

«CAHKT-METEPBYPICKMW rOCYOAPCTBEHHbLIA YHUBEPCUTET TEXHONOI N 1 AN3ANHA»

Kadbenpa TeopeTndeckomn 1 NnpuknagHon MexaHuKu

Crynent IIpenonaBaTens
I'pynma Jlata Bblaun paboThl 20 1.
3AJIAHUE 1 _
Y
- Yacrora BpameHus
1 BXOJIHOT'O 3BEHA
S1 C n = Cil.
Zy 1 Q X
) B ? Cuia TEXHOJIOTHYECKOTO
\( \ ,% ’ \ e COIPOTUBJICHUS
] Y Pe=__ H
O s 3
2\ V2 : Cuna P, HampaBieHa B
/ D CTOpPOHY, HPOMUBONO-
o JIOHCHYIO CKOPOCTU TOUYKH
ee MPUII0KEHUS.
X 5 p
Kynauok ™ E

Coneprxanue pabOThI:

JIncr 1. KnHemaTndeckuii aHaimm3 phl4aKHOIO0 MEXaHU3MA.
Jluct 2. CunoBoii (KUNHETOCTAaTUYECKHI) aHAIN3 PhIYaKHOTO MEXAHN3Ma (Bumonn. no ykas. npenozas.)
JIuct 3. CuHTE3 KYJIauKOBOT'O MEXAHU3MA.

Tabruya 2.1. Ilapamempsi poiuaxcHo2o Mexanuma, m

01A AB AC CE X2 B4 B 0151 AS2 CS4
0,18 0,1 0,17 0,1 0,02 0,1 0,02 0,12 | 0,04

Oxonuanue maboa. 2.1

MoMeHTBI HHEPpUIHUN (I[I/IHaMI/I‘IeCKI/Ie
2
MOMCHTBI I/IHepI_II/II/I), KI''M
mi my nms mgy ms JS1 JS2 JS3 JS4 JS5

Macchl 3B€HbEB, KT
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MuHucTepcTBo 06pasoBaHna U Haykn Poccunckon degepaumm

depnepanbHoOe rocyaapcTeeHHoe GlookeTHOe obpasoBaTenibHOe yupexaeHue
BbICLLIEro NpodeccroHansHoro o6pasoBaHus

«CAHKT-METEPBYPICKUW TOCYOAPCTBEHHbLIA YHUBEPCUTET TEXHONOTI MU 1 OU3ANHA

Kadbenpa TeopeTndeckomn 1 NnpuknagHon MexaHuKu

Crynent IIpenonaBaTens
I'pynma Jlata Bblaun paboThl 20 1.
v 3AJIAHUE 2
A Py
Yacrora BpaieHus: BXOIHOTO
X 3BcHa
- n = Cil.
Vo Cuna TeXHOJIOTHYECKOTO
COTMPOTHUBJICHUS
P..= H.

Cwuita P, HarpaBJIeHa B CTOPOHY,
NPOMUBONON0IHCHYIO CKOPOCTH TOUKU
€€ MPUWIOKEHUSI.

Copeprxanue pabOThI

Jluct 1. Kunematnueckuii ananus
PBIYAXKHOTO MEXAHU3MA.

Jluct 2. CunoBoit (KHHETOCTATUYECKUI) aHAJIU3 PHIYAKHOTO MEXAHN3MA (Bhinon. no ykas. npenosas.)
JIuct 3. CuHTE3 KYJIauKOBOIO MEXaHU3MA.

Tabruya 2.2  Ilapamempol poluadcHo20 Mexanusma, m

04| AE | AC | CD | DO, X1 X) 1 )% 0151 | Asy | Css | Osss
0,27 | 0,08 | 0,16 | 0,12 | 0,15] 0,23 | 0,1 | 0,02 | 0,02 | 0,1 0,07 | 0,08

Oxonuanue maon. 2.2

MoMeHTBI HHEPpUIHUN (I[I/IHaMI/I‘IeCKI/Ie
2
MOMCHTBI I/IHepHI/II/I), KI''M
mi my nms mgy ms JS1 JS2 JS3 JS4 JS5

Macchl 3B€HbEB, KT
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MuHucTepcTBo 06pasoBaHna U Haykn Poccunckon degepaumm

depnepanbHoOe rocyaapcTeeHHoe GlookeTHOe obpasoBaTenibHOe yupexaeHue
BbICLLIEro NpodeccroHansHoro o6pasoBaHus

«CAHKT-METEPBYPICKUW TOCYOAPCTBEHHbLIA YHUBEPCUTET TEXHONOI N 1 AU3ANHA»

Kadbenpa TeopeTndeckomn 1 NnpuknagHon MexaHuKu

Crynent IIpenonaBaTens
I'pynma Jlata Bblaun paboThl 20 1.
3AJIAHUE 3 _
YA D 5 E, 4
Yacrora BpaieHus: BXOJIHOTO
_ 3BEHA
n = Cil.
¥, Cuaa TEXHOJIOTHIECKOTO
COTMPOTHUBJICHUS
Y - P.=  H.
* Cuna P, HanpaBiieHa B CTO-
POHY, HPOMUBONOJIONHCHYIO CKO-
Vy I pocTH TOYKH ee MPHUIIOKEHHS.

Kynauoxk Coneprxanue pabOThI:

JIncr 1. KuHemaTnuecknii aHan3 pblY4aKHOIO MEXAHU3MA.

Jluct 2. CunoBoit (KHHETOCTATUYECKHI) aHAIIU3 PHIYAKHOTO MEXAHM3MA (Bhinon. no ykas. npenosas.)
JIuct 3. CuHTE3 KYJIauKOBOI'O MEXaHU3MA.

Tabruya 2.3. Ilapamempsbi poiuadxcHo2o mexanuma, M

01A AB BOz E02 X1 Vi B 0151 AS2 02S3

0,2 0,18 0,3 0,2 0,11 | 0,14 | 0,03 | 0,08 | 0,12

Oxonuanue mabn. 2.3

MoMeHThI nHepIuU (TUHAMUYECKUE
Maccsl 3BEHbEB, KI' 2
MOMEHTBI HHEPIIMHU ), KT*M
mi my nms mgy ms JS1 JS2 JS3 JS4 JS5
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MuHucTepcTBo 06pasoBaHna U Haykn Poccunckon degepaumm

depnepanbHoOe rocyaapcTeeHHoe GlookeTHOe obpasoBaTenibHOe yupexaeHue
BbICLLIEro NpodeccroHansHoro o6pasoBaHus

«CAHKT-METEPBYPICKMW rOCYOAPCTBEHHbLIA YHUBEPCUTET TEXHONOI N 1 AN3ANHA»

Kadbenpa TeopeTndeckomn 1 NnpuknagHon MexaHuKu

Crynent IIpenonaBaTens
I'pynma Jlata Bblgaun paboTh 20 1.
3AJJAHUE 4
Y
A Yacrora BpaieHus: BXOJIHOTO
\Y) B

3BC€HA
-1
n = c .

MOMEHT TEXHOIOTHUYECKOTO
3. CONPOTHBICHHUS

M, = H-wm.

MowmeHT M, HalpaBJIcH B
CTOPOHY, NPOMUBONOJIONHCHY'IO
YIJIOBOM CKOPOCTH 3BE€HA, K KO-
TOPOMY OH IPHJIOKEH.

Kynagox Conepxanue paOOTBhI:

JIuct 1. Kunemaruueckuii
aHalli3 PhIYAKHOIO MEXaHHU3MA.
Jluct 2. CunoBoil (KHHETOCTATUYECKHI) aHAIIU3 PHIYAKHOTO MEXAHN3MA (Bhinon. no ykas. npenosas.)
JIuct 3. CuHTE3 KYJIaUKOBOI'O MEXAHU3MA.

Tabnuya 2.4. Illapamempobl poluaxicHo2o MexaHuma, m

01A AB B02 D02 CO3 0,0, X y 0151 AS2 02S3 O3S5
0,12 0,09| 0,05| 0,09 0,11 | 0,16 | 0,1 | 0,02 | 0,07 | 0,03 | 0,04

Oxonuanue maon. 2.4

MoMeHTBI HHEPLUH (IMHAMHYECKHE
2
MOMEHTBI HHEPIUH), KI*M

mi my ms mgy ms JS1 JS2 JS3 JS4 JS5

Macchl 3B€HbEB, KT

30



MuHucTepcTBo 06pasoBaHna U Haykn Poccunckon denepaumm

depnepanbHoOe rocyaapcTeeHHoe GlookeTHOe obpasoBaTenibHOe yupexaeHue
BbICLLIEro NpodeccroHansHoro o6pasoBaHus

«CAHKT-METEPBYPICKMW rOCYOAPCTBEHHbLIA YHUBEPCUTET TEXHONOI N 1 AN3ANHA»

Kadbenpa TeopeTndeckomn n NnpuknagHon MexaHukm

Crynent IIpenonaBaTens
I'pynma Jlata Bblgaun paboTh 20 1.
3AJIAHUE 5

Yacrora BpaiieHus: BXOIHOTO
3BEHA

1

n = c .

Cuia TEXHOJIOTHUYECKOTO
COTMPOTHUBJICHUS
P..= H.

Cuna P, HaripaBJIeHa B CTO-
POHY, NPOMUBONONONHCHYIO CKO-
POCTH TOUKH €€ MPUITOKEHUS.

Coneprxanue pabOThI:

JIucr 1. Kunemaruueckuii ananus
PBIYaKHOTO MEXaHHU3MA.
Jluct 2. CunoBoii (KUHETOCTATUYECKHIA) aHAIU3 PhIYaKHOTO MEXAHN3Ma (Bumonn. no ykas. npenozas.)
JIuct 3. CuHTE3 KYJIauKOBOI'O MEXaHU3MA.

Tabnuya 2.5. Illapamempbl poluaxicHo20 MexaHuma, m

01A B02 C02 CD X1 X2 y 0151 02S3 CS4
0,18 | 0,09 | 0,13 | 0,01 | 0,06 | 0,12 | 0,015| 0,07 | 0,08

Oxonuanue maobn. 2.5

MoMeHTBI HHEPpUIHUN (I[I/IHaMI/I‘IeCKI/Ie
2
MOMCHTBI I/IHepHI/II/I), KI''M
mi my nms mgy ms JS1 JS2 JS3 JS4 JS5

Macchl 3B€HbEB, KT
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MuHucTepcTBo 06pasoBaHna U Haykn Poccunckon degepaumm

depnepanbHoOe rocyaapcTBeHHoe BlookeTHOe obpasoBaTenbHOe yUpexaeHue
BbICLLIEro NpodeccroHansHoro o6pasoBaHus

«CAHKT-METEPBYPICKMW rOCYOAPCTBEHHbLIA YHUBEPCUTET TEXHONOI N 1 AN3ANHA»

Kadbenpa TeopeTndeckomn 1 NnpuknagHon MexaHuKu

Crynent IIpenonaBaTens
I'pynma Jlata Bblgaun paboTh 20 1.
3AJIAHUE 6 _

Yacrora BpaieHus: BXOIHOTO
3BEHA

-1
ny = c .

MOMEHT TEXHOIOTUYECKOTO
CONIPOTUBIICHUS
M, = H-wm.

L.

X MowmeHT M, HanpaBieH B
CTOPOHY, NPOMUBONOJIONHCHY'IO
YIJIOBOM CKOPOCTH 3BE€HA, K KO-
TOPOMY OH IPHJIOKEH.

Kynavox
yl1aqo Coneprxanue pabOTHI:

JIncr 1. KuHemaTnuecknii aHaimn3 pblY4aKHOIO MEXAHU3MA.
Jluct 2. CunoBoii (KUNHETOCTATUYECKHI) aHATU3 PbIYayKHOTO MEXAHN3Ma (Bumonn. no ykas. npenozas.)
JIuct 3. CuHTE3 KYJIauKOBOI'O MEXaHU3MA.

Tabruya 2.6. Ilapamempwbi pbiuaxcHo2o mMexanuma, m

01A AB B02 CO3 X1 X2 Y1 B 0151 AS2 02S3 O3S5
03| 03] 022| 03| 0,26| 0,19] 0,23 | 0,02| 0,25| 0,12 | 0,1

Oxonuanue maobn. 2.6

MoMeHTBI HHEPpUIHUN (I[I/IHaMI/I‘IeCKI/Ie
2
MOMCHTBI I/IHepHI/II/I), KI''M
mi my nms mgy ms JS1 JS2 JS3 JS4 JS5

Macchl 3B€HbEB, KT
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MuHucTepcTBo 06pasoBaHna U Haykn Poccunckon degepaumm

depnepanbHoOe rocyaapcTeeHHoe BlookeTHoe obpasoBaTenibHOe yupexaeHue
BbICLLIEro NpodeccroHansHoro o6pasoBaHus

«CAHKT-METEPBYPICKMW rOCYOAPCTBEHHbLIA YHUBEPCUTET TEXHONOI N 1 AN3ANHA»

Kadbenpa TeopeTndeckomn 1 NnpuknagHon MexaHuKu

Crynent IIpenonaBaTens

I'pynma

JlaTa BbIIaUU pabOTHI 20 1.

3AJJAHUE 7

Yacrora BpaieHus
BXOJIHOTO 3BEHA
n = C

Z1 71.
Cuia TEXHOJIOTHYECKOTO
COTMPOTHUBJICHUS

P, = H.

Cuna P, HanpaBieHa B
CTOPOHY, NPOMUBONOJLOMHC-
HYI0 CKOPOCTH TOUYKH €€
MIPUIIOKEHUS.

Conepxanue

Kymasox 2, paGoTHI:

JIncr 1. KuHemaTnuecknii aHan3 pblY4aKHOIO MEXAHU3MA.
Jluct 2. CunoBoii (KUNHETOCTAaTUYECKHI) aHAIN3 PhIYaKHOTO MEXAHN3Ma (Bumonn. no ykas. npenozas.)
JIuct 3. CuHTE3 KYJIauKOBOI'O MEXaHU3MA.

Tabnuya 2.7. Illapamempbl poluaxicHo20 MexaHuma, m

0,4 AC CD X y 0181 As» Csy
0,32 0,22 0,2 0,08 0,02 0,12 0,09
Oxonuanue maon. 2.7
Macchi 3BCHbEB, K MoOMEHTBI HHEPITUU (I{I/IHaMHqgcm/Ie
MOMEHTBI MHEPITNH ), KT*M
mi my nms mgy ms JS1 JS2 JS3 JS4 JS5
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MuHucTepcTBo 06pasoBaHna U Haykn Poccunckon degepaumm

depnepanbHoOe rocyaapcTeeHHoe GlookeTHOe obpasoBaTenibHOe yupexaeHue
BbICLLIEro NpodeccroHansHoro o6pasoBaHus

«CAHKT-METEPBYPICKMW rOCYOAPCTBEHHbLIA YHUBEPCUTET TEXHONOI N 1 AN3ANHA»

Kadbenpa TeopeTndeckomn 1 NnpuknagHon MexaHuKu

Crynent
I'pynma
Y
Kynauox A
\ -

G
O,

.

]

IIpenonaBaTens

JlaTa BbIAaUU pabOTHI

3AJIAHUE 8

TC

e

20 1.

Yacrora BpameHus
BXOJIHOTO 3BEHA

-1
n = c .

Cuia TEXHOJIOTHUYECKOTO
COMPOTHUBJICHUS

P, = H.

Cuna P, HampaBieHa B
CTOPOHY, HPOMUBONOJLONHCHYIO
CKOPOCTH TOUYKH €€
MIPUIIOKEHUS.

zy Olés I

JIncer 1. KuHemaTndecknii aHain3 pblY4aKHOIO MEXAHU3MA.
Jluct 2. CunoBoii (KMNHETOCTATUUECKHI) aHAIU3 PhIYaKHOTO MEXAHN3Ma (Bumonn. no ykas. npenozas.)
JIuct 3. CuHTE3 KYJIauKOBOI'O MEXaHU3MA.

Z]

Coneprxanue pabOThI:

Tabruya 2.8. Ilapamempsbi poiuadxcHo2o mexanuma, M

0,4

AB

X

VB

sk

0151

AS2

0,15

0,07

0,015

0,12

+ 0,04

3HaK yp* — Ha YCMOTPEHHE MCIOIHUTES.
Oxonuanue maon. 2.8

MOMEHTBI HHEPpUIHUN (I[I/IHaMI/I‘IeCKI/Ie
2
MOMCECHTHI I/IHepHI/II/I), KI''M

JS2 JS3 JS4

Macchl 3B€HbEB, KT

my nms mgy JS1 JS5
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MuHucTepcTBo 06pasoBaHna U Haykn Poccunckon degepaumm

depnepanbHoOe rocyaapcTeeHHoe GlookeTHOe obpasoBaTenibHOe yupexaeHue
BbICLLIEro NpodeccroHansHoro o6pasoBaHus

«CAHKT-METEPBYPICKUW TOCYOAPCTBEHHbLIA YHUBEPCUTET TEXHONOTI MU 1 OU3ANHA»

Kadbenpa TeopeTndeckomn 1 NnpuknagHon MexaHuKu

Crynent IIpenonaBaTens
I'pynma Jata Bblgaun paboTh 20 1.
3AJIAHUE 9
y
Kynauok X3 YacroTa BpIIeHUS BXOHOTO

3BC€HA
-1
n = c .

Cuia TEXHOJIOTHUYECKOTO

COHpOTHBHGHHH
P, = H.

Cuna P, HaripaBJIeHa B CTO-
POHY, NPOMUBONONONHCHYIO CKO-
POCTH TOUKH €€ MPUITOKEHUS.

X1

Coneprxanue pabOThI:

JIncer 1. KuHemaTndecknii aHain3 pblY4aKHOIO MEXAHU3MA.
Jluct 2. CunoBoil (KHHETOCTATUYECKHI) aHAIIU3 PHIYAKHOTO MEXAHN3MA (Bhinon. no ykas. npenosas.)
JIuct 3. CuHTE3 KYJIauKOBOI'O MEXaHU3MA.

Tabruya 2.9. Ilapamempsi pbiuaxcHo2o mMexanuma, m

0114 AC CD D02 X1 X2 Y1 B 0151 AS2 CS4 02S5
0,32 02| 0,11} 0,2 | 0,34| 0,08 0,09| 0,02| 0,12 | 0,15 0,04

Oxonuanue maon. 2.9

MoMeHTBI HHEPpUIHUN (I[I/IHaMI/I‘IeCKI/Ie
2
MOMCHTBI I/IHepHI/II/I), KI''M
mi my nms mgy ms JS1 JS2 JS3 JS4 JS5

Macchl 3B€HbEB, KT
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MuHucTepcTBo 06pasoBaHna U Haykn Poccunckon degepaumm

depnepanbHoOe rocyaapcTeeHHoe GlookeTHOe obpasoBaTenibHOe yupexaeHue
BbICLLIEro NpodeccroHansHoro o6pasoBaHus

«CAHKT-METEPBYPICKMW rOCYOAPCTBEHHbLIA YHUBEPCUTET TEXHONOI N 1 AN3ANHA»

Kadbenpa TeopeTndeckomn n NnpuknagHon MexaHukm

Crynent IIpenonaBaTens
I'pynma Jata Bblgaun paboTh 20 1.
3AJIAHUE _10_

YacroTa BpaliCHUA BXOOAHOT'O 3BCHA

-1
ny = c .

Cuia TEXHOJIOTHUYECKOTO
COTMPOTHUBJICHUS
P.= H.

Cwuia P, HarpaBJIeHa B CTOPOHY,
NPOMUBONONONHCHYIO CKOPOCTU TOUKU €€
TIPUIIOKEHHUSL.

M1
¢ Kynagox Conepxanue pabOThI:

JIucr 1. Kunemarnueckuii ananus
PBIYAKHOTO MEXaHHU3MA.

Jluct 2. CunoBoii (KUNHETOCTAaTUYECKHI) aHAIN3 PhIYaKHOTO MEXAHN3Ma (Bumonn. no ykas. npenozas.)
JIuct 3. CuHTE3 KYJIaUKOBOI'O MEXAHU3MA.

Tabnuya 2.10. Ilapamempwsi pbluancHo2o MexaHuma, m

01A B02 BC X1 B4 2 0151 02S3 BS4
0,3 0,2 0,02 0,17 0,08 0,03 0,15 0,08

Oxonuanue maobn. 2.10

MoMeHTBI HHEPLUH (IMHAMHYECKHE
2
MOMEHTBI HHEPIMH), KI*M

mi my nms mgy ms JS1 JS2 JS3 JS4 JS5

Macchl 3B€HbEB, KT
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Tabnuya 2.11. Hcxoouvle Oannvle 0151 BbINOJHEHUS KUHEMAMUYECK020 U
CUTI08020 PACYEMO8 PbIUANCHO20 MEXAHUZMA

- -

5 & |RES|2ES|| O & |mES|g8¢€
2 g |7 & s e |7 &
; 0,032 ;g ; 0,033 g:?
L oo | o o0 5

I 2 0,05 g:g 2 2 0,045 ii’
g 0,05 5?4 g 0054 |
190 0,06 451? 190 0,06 3421
; 0,05 ;g ; 003 | ¢,
i 0,06 g:g i 0,032 g:g

3 2 0,07 g:g 4 2 0,034 ig
g 0,08 5?7 g 0,036 ;‘;
o | 0 |3 o | 00| 3
; 0,022 ;i’ ; 005 | ¢,
i 0,03 6?8 i 0,055 g:g

5 2 0,035 g:g 6 2 0,06 ig
; 0,045 5?8 ; 0,07 ;‘;
190 0,05 451:2 190 0,08 ii




0 ‘lu
-
guHIIRdg

BIOLOBER

1\ 410
enumogndy
eHULT

Oxonuanue maon. 2.11

iHendegqg

BINOX))

0 ‘lu
-
guHIIRdd

BLOIOBER

1\ 410
enumogndy
eHULT

iHendegqg

BINOX))

6,2
6,4
5,8
5,5
4,3
4,1
3,3
3,5
3,2
6,8
6,2
6,4
5,8
5,5
4,3
4,1
3,3
3,5
3,1

0,02
0,025
0,03
0,04
0,05
0,04
0,045
0,05
0,06
0,07

10

7,5
7,3
6,7
6,5
6,2
5,7
5,5
4,9
7,6
7,2
6,6
6,3
6,1
5,7
5,2

0,04
0,05
0,06
0,07
0,08
0,03
0,04
0,05
0,06
0,07
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Tabnuya 2.12. Cxembl KYI1a4K08020 MEXAHUIMA

g Pa3mepsl KynaukoBoro YTl 1OBOPOTA KyJlauKa

8
o g % MEeXaHHU3Ma, MM _ B rpaz[ycvax _
= g % S Pabouwnit I[EU'IBHI/I\JI/I XomnocToit
T g E ¥o p e max XOZL, BBICTOM, XOJ,

= (Pu) Ppx PnB Pxx

3akoHbI 6€3pa3MEPHOro YCKOPEHHsI BEOMOI0 3B€HA
Pabounit (mpsimoit) xo XomnocToii (00paTHBIN) X0
Pasber Bri6er Ao OB Pasber Bri6er y) 5B
Si AY) Si AY) PR S AY) Si AY) T

BapI/IaHTBI CXEM KYJIAYKOBBIX MCXaHU3MOB

&)

¥

Bapuanr 3

3|€ ,

Bapwuanr 1 Bapuanr 2

c

Bapuasnr 5

a
@%V/

BapwuanTt 9

EgaEI/IaHT 4

ASSNNY
ANNNN
Bapuant 7
Bapuanr 6 gk S5 Bapuanr 8

@;t
Bapwuanr 10 §
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Tabnuya 2.13. Ilapamempsi Ky1auko8020 MexXanuzma

= < Pa3Mmepsl KynaukoBOro VYIubl IOBOPOTA KYyJIauKa
= 5 MeXaHHu3Ma, MM B rpajycax
= =
3 2 S PaGounii | Janeuuit | XomocToit
g E Yo P e ('énaa)c XOZL, BBICTOM, X0q,
s = " Ppx DB Pxx
1 120 12
2 122 10
3 124 8
4 126 6
2 }?2 fg 60 | 70 150 20 120
7 118 14
8 114 18
9 112 20
10 110 22
1 70 12
2 72 10
3 74 8
4 76 6
2 22 144 20 | 60 160 0 180
7 66 16
8 64 18
9 62 20
10 60 22
1| 60 14
2 | 70 4
3 68 6
4 66 8
2 gg } g 15 60 120 120 120
7 58 16
8 56 18
9 54 20
10 62 21




IIpoooncenue maon. 2.13

= < Pa3Mmepsl KynaukoBOro VYIubl IOBOPOTA KYyJIauKa
= 5 MeXaHHu3Ma, MM B rpajaycax
= =
3 2 S PaGounit | Janbuuii | XonocToi
g E Yo P e ('énaa)c XOZL, BBICTOM, X0q,
= = . Ppx Pns Pxx
1 62 12
2 64 10
3 66 8
4 68 6
2 gg 144 20 | 72 150 60 150
7 58 16
8 56 18
9 54 20
10 52 22
1 140 10
2 138 12
3 136 14
4 134 16
2 gg ;g 60 | 70 210 40 100
7 128 22
8 126 24
9 124 26
10 122 28
1 138 12
2 140 10
3 142 8
4 136 14
2 g‘z‘ }g 70 | 75 180 20 120
7 130 20
8 128 22
9 126 24
10 124 26
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IIpoooncenue maon. 2.13

g Pa3mepsl KynaukoBoro VYTl TOBOPOTA KyJlauKa
o g ‘é’ MeXaHu3Ma, MM B rpajgycax
z g g S PaGounii | Hampauii | XojgocToi
an § E 7o p e ('énw)c XO[I, BBICTOH, X0JI,
— - @PX (DZ[B @XX
1 80 10
2 82 8
3 84 6
4 86 4
5 78 12
7 5 76 14 30 72 120 60 180
7 74 16
8 72 18
9 70 20
10 68 22
1 87 9
2 83 13
3 85 11
4 81 15
5 90 6
8 5 79 17 36 90 180 0 180
7 77 19
8 91 5
9 89 7
10 92 4
1 110 20
2 115 15
3 120 10 fgoo
4 | 125 5 |¢
5 100 30
9 65 180 20 100
6 115 15
7 110 20
8 105 25 u =6200
9 100 30
10 95 35
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Oxonuanue maobn. 2.13

= < Pa3Mmepsl Kyn1aukoBOIo Yrubl IOBOPOTA KYyJIauKa
s 3 MEXaHU3Ma, MM B Ipajycax
| g pay
5 2 Pabounit | JaneHuii | XomocToit
g E Yo P e (*S;naa)c XOJL, BBICTOM, X0n,
s = " Ppx Pns Pxx
1 124 8
2 120 12
3| 118 | 14 :6(1 5
4 | 116 | 16 |“
122 1
10 2 114 lg 70 180 20 100
7 112 20
g | 110 | 22 Sgso
9 | 108 | 24 |“
10 106 26

Tabnuya 2.14. Bapuanmol UCXOOHbIX OAHHBIX 0151 NOCMPOEHUS NPOPUILSL KYIauKa

BAPUAHT 1
3akoHbI 6€3pa3MEPHOro YCKOPEHUS BEIOMOT0 3BEHA
Pabounit (mpsimoit) xo XomnocToii (00paTHBIN) X0
Paz6er Bri6er Paz6er Bri6er
Si AY) Si AY) Arx |OPrx Si AY) Si AY) Axx | P
0403 |02 |02 ] 17035 1 0 04 | 0,6 1 0
PaGounit xon Tonkartens
VYyacTtok pazbera
goKyJZ epaa ﬁmomc MM ﬁl”l’IOJlK MM ﬁl”:IOJlK MM
0 0 0 0

4,77 0,0323 1,16 27,5

9,54 0,253 4,46 50,7
14,32 0,820 9,39 66,3
19,09 1,84 15,2 71,7
23,86 3,36 21,2 71,7
28,63 5,37 27,2 71,7
33,40 7,88 33,1 71,7
38,18 10,9 38,9 62,1
42,95 14,3 43 35,9
47,72 18 44.6 0
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Oxonuanue maoan. 2.14

Pabounii xoq Toskarens

Y4acTOK IOCTOSIHHON CKOPOCTH

gDKyJZ epaa ﬁWIOJlK MM ﬁf’i’IOJlK MM ﬁf’:lOJlK MM

47,72 18

50,87 20,4

54,02 22,9

57,17 25,3

60,32 27,8

63,47 30,2 44,6 0

66,62 32,7

69,77 35,1

72,92 37,6

76,07 40

79,22 42.5

VYuacTtok BeIOETa

79,22 42.5 44,6 0
86,3 47,9 42.6 -29,8

93,38 52,9 37,9 —-42,2

100,46 57,3 32,7 —-42,2

107,53 61 27,5 —-42,2

114,61 64 22,3 —-42,2

121,69 66,5 17,1 —-42,2

128,77 68,3 11,9 —-42,2

135,84 69.4 6,64 —-42,2

142,92 69,9 1,94 -29,8
150 70 0 0

XO0JIOCTOM XOJ TOJKATEHIs
VYyacTtok paz0era

170 70 0 0
176 70 -0,924 -17,6
182 69,7 - 3,67 —34.8
188 69,1 - 8,18 -51,1
194 68 -14,3 — 66,2
200 66,1 -22 -79,6
206 63,3 -30,9 -91,1
212 59,6 —41 - 100
218 54,7 -51,9 - 107
224 48,7 - 63,3 —111
230 41,4 -75 —-113
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Oxonuanue mabn. 2.14

XO0JIOCTOM X0 TOJKATEIA

VY4acTok MOCTOSTHHOM CKOPOCTH OTCYTCTBYET

VYyactok BbIOera

goKyﬂ epaa ﬁmO]lK' MM ﬁ”’nOﬂK MM ﬁ”’:lOJlK MM
230 41,4 -175 0
236 33,6 —173,5 29,1
242 26,1 - 69 56,3
248 19,3 -61,9 79,6
254 13,3 -52,5 97,5
260 8,33 —41,7 109
266 4,57 -30 113
272 2,04 - 18,5 104
278 0,627 - 8,79 79,6
284 0,0802 -2,29 43,1
290 0 0 0

Tabnuya 2.15. BAPUAHT 2

3aKkoHbI 0€3pa3MEePHOr0 YCKOPEHHS BEIOMOT'O 3BEHa

Pabounit (mpsimoit) xo XomnocToii (00paTHBIN) X0
Paz6er Bri6er Paz6er Bri6er
Si AY) Si AY) Arx |OPrx Si AY) Si AY) Axx | P
05105 |01 | 0,1 |1,25/0,15| 0 1 0,15 0 1 0,15
PaGounit xon Tonkartens
VYyacTtok pazbera
gokyﬂ Zp a() ﬁ MoK MM ﬁ YIVIOJIK MM ﬁ r';;omc MM
0 0 0 0
7,91 0,0449 0,973 14
15,83 0,354 3,8 26,6
23,74 1,17 8,19 36,6
31,65 2,67 13,7 43
39,56 4,99 19,9 45,2
47,48 8,16 26 43
55,39 12,1 31,6 36,6
63,3 16,8 36 26,6
71,21 22 38,8 14
79,13 27,4 39,7 0
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IIpoooncenue mabn. 2.15

Pabounii xoq Toskarens

Y4acTOK IOCTOSIHHON CKOPOCTH

gDKyJZ epaa ﬁWIOJlK MM ﬁf’i’IOJlK MM ﬁf’:lOJlK MM

79,13 27,4
80,42 28,3
81,72 29,2
83,02 30,1
84,32 31
85,61 31,9 39,7 0
86,91 32,8
88,21 33,7

89,5 34,6

90,8 35,5

92,1 36,4

VuacTtok BeIOETA

92,1 36,4 39,7 0
98,89 41,0 37,0 - 36,2
105,68 452 32,7 - 36,2
112,47 48,8 28.4 - 36,2
119,26 51,9 242 - 36,2
126,05 54,5 19,9 - 36,2
132,84 56,6 15,6 - 36,2
139,63 58,2 11,3 - 36,2
146,42 59,3 7,02 - 36,2
153,21 59,9 2,73 - 36,2

160 60 0 0

XO0JIOCTOM XOJ TOJKATEHIs
VYyacTtok paz0era

160 60 0 - 28
170,76 59,5 -5,23 -27,6
181,51 58 -10,3 - 26,6
192,27 55,6 —15,2 -24,9
203,03 52,4 -19,7 -22,6
213,79 48,3 - 23,7 -19,8
224,54 435 -27,1 -16,5
2353 38,2 -29,8 -12,7
246,06 32,4 -31,8 — 8,65
256,81 26,3 -33 —4,38
267,57 20 —335 0
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Oxonuanue mabn. 2.15

XO0JIOCTOM X0 TOJKATEIA

VY4acTok MOCTOSTHHOM CKOPOCTH OTCYTCTBYET

VYyactok BbIOera

goKyﬂepa() ﬁmO]lK'MM ﬁ”’nO]lKMM ﬁTZIOﬂKMM
267,57 20 —33,5 28
274,81 16 -29,9 28
282,06 12,5 - 26,4 28
289,3 9,35 —22,8 28
296,54 6,68 -19,3 28
303,79 4,47 — 15,8 28
311,03 2,7 -12,2 28
318,27 1,38 — 8,69 28
325,51 0,502 -5,15 28
332,76 0,0739 - 1,69 24,2

340 0 0 0
Tabnuya 2.16. BAPUAHT 3

3aKkoHbI 0€3pa3MEePHOr0 YCKOPEHHS BEIOMOT'O 3BeHa

Pabounit (mpsimoit) xo

XomnocToii (00paTHBIN) X0

Paz6er Bri6er Paz6er Bri6er
S Y S Y Frx |OPex S Y S Y x| P
0 0,1 1 0 1,21 02 | 0,1 0 0,5 0,5 1 0,2
Pabouuit X0 ToIKaTENIS
VYyacTtok paz0era
goKyﬂepa() ﬁWIOJlK MM ﬁ;HOJlK MM ﬁ;:IOJlK MM
0 0 0 933
3,86 0,211 6,28 933
7,71 0,846 12,6 933
11,57 1,9 18,8 933
15,43 3,38 25,1 933
19,29 5,29 31,4 933
23,14 7,61 37,7 933
27 10,4 44,0 933
30,86 13,5 50,2 933
34,72 17,1 56,5 933
38,57 21,1 60,5 0
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IIpoooncenue maobn. 2.16

Pabounii xoq Toskarens

Y4acTOK IOCTOSIHHON CKOPOCTH

gDKyJZ epaa ﬁWIOJlK MM ﬁf’i’IOJlK MM ﬁf’:lOJlK MM

38,57 21,1
39,71 22,3
40,85 23,5
41,98 247
43,12 25,9
4425 27,1 60,5 0
45,39 28,3
46,52 29,5
47,66 30,7

48,8 31,9
49,93 33,1

VYuacTtok BeIOETa

49,93 33,1 60,5 —77,7
56,94 39,9 51,1 -76,8
63,95 45,6 41,8 -73,9
70,95 50,2 33 - 69,3
77,96 53,7 25 -62,9
84,97 56,3 17,7 —55
91,97 58,1 11,6 —45,7
98,98 59,2 6,6 —35,3
105,99 59,8 2,96 - 24
112,99 60 0,745 -12,2

120 60 0 0

XO0JIOCTOM XOJ TOJKATEHs
VYyacTtok paz0era

240 60 0 0
24477 59,9 - 3,84 -72,4
249,55 59,3 - 9,87 -72,4
254,32 58,2 -15,9 -72,4
259.1 56,7 -21,9 -72,4
263,87 54,6 - 28 -72,4
268,64 52 - 34 -72,4
273,42 48.9 —-40 -72,4
278,19 453 - 46,1 -72,4
282,96 41,2 -52,1 -72,4
287,74 36,7 - 58,1 -72,4
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Oxonuanue maba. 2.16

XO0JIOCTON XOJ TOJKATEIs
Y4acToK NOCTOAHHON CKOPOCTH OTCYTCTBYET
VYyacTtok BeiOera
gol(yﬂepa() ﬁmomc MM ﬁl”l’IOJlK MM ﬁl”:lOJlK MM
287,74 36,7 — 58,1 0
294,96 29,4 — 56,7 22,4
302,19 22,5 —-52,6 42.5
309,42 16,2 —46,1 58,6
316,64 10,9 — 38 68,8
323,87 6,66 -29,1 72,4
331,1 3,57 -20,1 68,8
338,32 1,56 - 12 58,6
345,55 0,473 — 5,55 42,5
352,77 0,06 -1,42 22,4
360 0 0 0
Tabnuya 2.17. BAPUAHT 4

3aKkoHbI 0€3pa3MEPHOr0 YCKOPEHHS BEIOMOT'O 3BeHa

Pabounit (mpsimoit) xo XomnocToii (00paTHBIN) X0
Paz6er Bri6er Paz6er Bri6er
Si AY) Si AY) Aox |OPrx Si AY) Si AY) Axx | P
0,251 0,25 | 0,1 0O |1,15]0,12| O 1 0,5 | 0,5 1 0,12
PaGounit xon Tonkartens
VYyacTtok paz0era
goKyﬂepa() ﬁn’IOJlKMM ﬁl”HOJIKMM ﬁl”:IOJIKMM
0 0 0 0
7,11 0,0819 1,95 30,4
14,23 0,617 7,07 49,2
21,34 1,89 13,4 51,8
28,45 3,95 19,9 51,8
35,56 6,82 26,3 51,8
42,68 10,5 32,7 51,8
49,79 14,9 39,1 51,8
56,9 20,2 45,5 49,2
64,01 26,2 50,6 30,4
71,13 32,6 52,6 0
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IIpoooncenue maobn. 2.17

Pabounii xoq Toskarens

Y4acTOK IOCTOSIHHON CKOPOCTH

gokyﬂepaa ﬁWIOJlKMM ﬁ;HOJlKMM ﬁYZIOJlKMM
71,13 32,6
72,07 33,5
73,01 34,4
73,95 35,2
74,89 36,1
75,83 37 52,6 0
76,78 37,8
717,72 38,7
78,66 39,5
79,6 40,4
80,54 41,3
VYuacTtok BeIOETa
80,54 41,3 52,6 —45
87,49 47,3 47,1 —45
94,43 52,7 41,7 —45
101,38 57,4 36,2 —45
108,33 61,5 30,8 —45
115,27 64,9 25,3 —45
122,22 67,6 19,8 —45
129,16 69,7 14,4 —45
136,11 71,1 8,93 —45
143,05 71,8 3,47 —45
150 72 0 0
XO0JIOCTOM XOJ TOJKATEHs
VYyacTtok pazbera
210 72 0 - 58,1
217,5 71,5 -7,57 -574
225 70 -15 - 55,2
232.5 67,6 -22 -51,7
240 64,3 - 28,4 —47
247.5 60,2 —34,2 —-41,1
255 55,4 -39,2 -34,1
262,5 50 —43,1 —26,4
270 44,1 - 46 -17,9
277,5 38 —47.8 -9,08
285 31,7 — 48,4 0
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Oxonuanue maon. 2.17

XO0JIOCTOM X0 TOJKATEIA

VY4acTok MOCTOSTHHOM CKOPOCTH OTCYTCTBYET

VYyactok BbIOera

goKyﬂepa() ﬁmO]lK'MM ﬁ”’nO]lKMM ﬁTZIOﬂKMM
285 31,7 — 48,4 0
2925 25,4 —47,2 17,9
300 19,4 —43,8 34,1
307,5 14 — 38,4 47
315 9,42 -31,7 55,2
322,5 5,75 —24,2 58,1
330 3,08 - 16,7 55,2
337,5 1,35 -9,97 47
345 0,409 - 4,62 34,1
352,5 0,0518 - 1,18 17,9
360 0 0 0
Tabnuya 2.18. BAPUAHT 5

3aKkoHbI 0€3pa3MEePHOr0 YCKOPEHHS BEIOMOT'O 3BEHa

Pabounit (mpsimoit) xo XomnocToii (00paTHBIN) X0
Paz6er Bri6er Paz6er Bri6er
Si ) Si ) Ay |OBpx Si ) Si ) x| P
0,2 | 0,3 1 0 1,7 1025 05 | 05 | 04 | 02 | 1,2 | 0,25
PaGounit xon Tonkartens
VYyacTtok paz0era
goKyﬂepa() ﬁn’IOJlKMM ﬁl”HOJIKMM ﬁl”:IOJIKMM
0 0 0 0
5,8 0,0621 1,8 33,8
11,6 0,453 6,16 47,8
17,39 1,32 11 47,8
23,19 2,68 15,8 47,8
28,99 4,53 20,7 47,8
34,79 6,86 25,5 47,8
40,59 9,69 30,4 47,8
46,38 13 35 41,4
52,18 16,7 38,4 23,9
57,98 20,7 39,6 0
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IIpoooncenue mabn. 2.18

Pabounii xoq Toskarens

Y4acTOK IOCTOSIHHON CKOPOCTH

gDKyJZ epaa ﬁWIOJlK MM ﬁf’i’IOJlK MM ﬁf’:lOJlK MM
57,98 20,7
60,51 22,4
63,04 242
65,58 25,9
68,11 27,7
70,64 29.4 39,6 0
73,17 31,2
75,71 32,9
78,24 34,7
80,77 36,4
83,31 38,2
VYuacTtok BeIOETa

83,31 38,2 39,6 - 28,1
95,97 46,3 334 -27,8
108,64 53 27,4 - 26,7
121,31 58,4 21,6 -25,1
133,98 62,6 16,3 -22,8
146,65 65,6 11,6 -19,9
159,32 67,7 7,56 —16,5
171,99 69 4,32 -12,8
184,66 69,7 1,94 — 8,69
197,33 70 0,487 —4.4

210 70 0 0

XO0JIOCTOM XOJ TOJKATENIs
VYyacTtok pazbera

250 70 0 0
255,06 69,9 -2,03 —45,5
260,12 69,5 —-7,91 — 86,6
265,17 68.4 -17,1 —-119
270,23 66,4 — 28,6 — 140
275,29 63.4 —-41,4 — 147
280,35 59,1 —54,2 — 140
285,41 53,8 — 65,8 —-119
290,47 47,6 -74,9 — 86,6
295,52 40,7 - 80,8 —45.5
300,58 334 - 82,8 0
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Oxonuanue maon. 2.18

XO0JIOCTOM X0 TOJKATEIA

VY4acTok MOCTOSTHHOM CKOPOCTH OTCYTCTBYET

VYyactok BbIOera

goKyﬂepa() ﬁmO]lK'MM ﬁ”’nO]lKMM ﬁTZIOﬂKMM
300,58 334 - 82,8 0
305,52 26,4 - 78,9 86,8
310,47 20 -69,3 123
315,41 14,5 — 58,7 123
320,35 9,86 —48,2 123
325,29 6,16 - 37,6 123
330,23 3,38 -27 123
335,17 1,51 - 16,7 113
340,12 0,464 -179 86,8
345,06 0,0593 —-2,05 47

350 0 0 0
Tabnuya 2.19. BAPUAHT 6

3aKkoHbI 0€3pa3MEePHOr0 YCKOPEHHS BEIOMOT'O 3BeHa

Pabounit (mpsimoit) xo

XomnocToii (00paTHBIN) X0

Paz6er Bri6er Paz6er Bri6er
S S, S S, Apx |OBrx S S, S S, Ax | OB
0,2 | 0,4 0 1 1,5 10,25| 0,5 0,5 1 0 1,2 | 0,25
Pabounit xo1 ToIKaTENIS
VYyacTtok pazbera
goKyﬂepa() ﬁn’IOJlK MM ﬁl”"IOJlK MM ﬁl”:IOJlK' MM
0 0 0 0
5,28 0,0536 1,71 35,2
10,55 0,39 5,83 49,7
15,83 1,14 10,4 49,7
21,11 2,31 15 49,7
26,39 3.9 19,6 49,7
31,66 5,91 24,2 49,7
36,94 8,35 28.6 45,9
42,22 11,2 32,4 35,2
47,5 14,3 34,9 19
52,77 17,6 35,8 0
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IIpoooncenue mabn. 2.19

Pabounii xoq Toskarens

Y4acTOK IOCTOSIHHON CKOPOCTH

gokyﬂepaa ﬁWIOJlKMM ﬁ;HOJlKMM ﬁYZIOJlKMM
52,77 17,6
55,77 19.4
58,77 21,3
61,77 23,2
64,77 25,1
67,77 26,9 35,8 0
70,77 28,8
73,77 30,7
76,77 32,6
79,77 34,4
82,77 36,3
VYuacTtok BeIOETa

82,77 36,3 35,8 0
92,49 42.4 35,4 -5,19
102,21 48,3 34,1 -10,2
111,94 53,9 31,9 - 15,1
121,66 59 29 -19,5
131,38 63,7 25,3 -23,4
141,11 67,6 21,1 -26,8
150,83 70,8 16,3 -29,5
160,55 73,1 11,1 -31,5
170,28 74,5 5,6 -32,7

180 75 0 -33,2

XO0JIOCTOM XOJ TOJKATEHs
VYyacTtok pazbera

200 75 0 0
205,45 74,9 -2,06 -42.9
210,91 74,5 - 8,04 - 81,6
216,36 73,3 -17,3 -112
221,82 71,1 -29,1 -132
227,27 67,7 —-42,1 - 139
232,73 63,1 - 55,1 -132
238,18 57,3 - 66,8 -112
243,64 50,4 -176,1 - 81,6
249,09 42.9 - 82,1 -42.9
254,55 34,9 — 84,2 0
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Oxonuanue mabn. 2.19

XO0JIOCTOM X0 TOJKATEIA

VY4acTok MOCTOSTHHOM CKOPOCTH OTCYTCTBYET

VYyactok BbIOera

goKyﬂepa() ﬁmO]lK'MM ﬁ”’nO]lKMM ﬁTZIOﬂKMM
254,55 34,9 — 84,2 116
261,09 26,1 -171 114
267,64 18,7 — 58,2 110
274,18 12,8 —46 103
280,73 8,17 —34,7 93,6
287,27 4,79 —24,7 81,8
293,82 2,48 - 16,1 68
300,36 1,06 -9,17 52,5
306,91 0,315 —-4,12 35,8
313,45 0,0395 - 1,04 18,1

320 0 0 0
Tabnuya 2.20. BAPUAHT 7

3aKkoHbI 0€3pa3MEePHOr0 YCKOPEHHS BEIOMOT'O 3BeHa

Pabounit (mpsimoit) xo XomnocToii (00paTHBIN) X0
Paz6er Bri6er Paz6er Bri6er
Si ) Si ) Ay |OBpx Si ) Si ) Axx | P
0,5 | 0,5 0 1 1,2 10,15 O 1 0,25 | 0,25 1 0,15
PaGounit xon Tonkartens
VYyacTtok pazbera
gok'yﬂepa() ﬁn’IOJlK'MM ﬁl”HOJlKMM ﬁi”:IOJlKMM
0 0 0 0
4,95 0,0396 1,37 31,5
9,9 0,312 5,35 59,8
14,86 1,03 11,5 82,4
19,81 2,35 19,4 96,8
24,76 4,4 28 102
29,71 7,2 36,7 96,8
34,67 10,7 44,5 82,4
39,62 14,8 50,7 59,8
44,57 19,4 54,6 31,5
49,52 24,2 56 0
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IIpoooncenue maon. 2.20

Pabounii xoq Toskarens

Y4acTOK IOCTOSIHHON CKOPOCTH

gDKyJZ epaa ﬁWIOJlK MM ﬁf’i’IOJlK MM ﬁf’:lOJlK MM

49,52 242

50,63 25,3

51,73 26,4

52,84 27,4

53,94 28.5

55,05 29,6 56 0
56,15 30,7

57,26 31,8

58,36 32,8

59,47 33,9

60,57 35

VYuacTtok BeIOETa

60,57 35 56 0
66,51 40,8 55,3 — 13,3
72,46 46,4 53,3 -26,2

78.4 51,8 49,9 — 38,5
84,34 56,8 453 —-49,9
90,29 61,2 39,6 - 60
96,23 64,9 32,9 — 68,6
102,17 68 25,4 - 75,6
108,11 70,2 17,3 - 80,7
114,06 71,5 8,76 — 83,8

120 72 0 — 84,8

XO0JIOCTOM XOJ TOJKATEHs
VYyacTtok pazbera

180 72 0 —35,3
190,12 71,4 -6,22 -34,9
200,25 69,8 -12,3 —-33,6
210,37 67,1 - 18 -31,5
220,5 63,5 -23,4 — 28,6
230,62 58,9 - 28,1 - 25
240,74 53,6 -32,1 -20,8
250,87 47,6 -35,4 -16
260,99 41,1 -37,8 -10,9
271,12 343 -39,2 —5,53
281,24 27,3 —39,7 0
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Oxonuanue maoan. 2.20

XOJIOCTOM XOJ TOJKATEIA

VY4acTok MOCTOSTHHOM CKOPOCTH OTCYTCTBYET

VYyactok BbIOera

goKyﬂepa() ﬁmO]lK'MM ﬁ”’nO]lKMM ﬁTZIOﬂKMM
281,24 27,3 —39,7 0
289,12 21,9 - 38,3 20,8
296,99 16,9 -344 33,6
304,87 12,5 —29,6 353
312,74 8,77 —24,7 353
320,62 5,71 -19,9 353
328,5 3,31 —15 353
336,37 1,58 -10,2 353
34425 0,517 —5,34 33,6
352,12 0,0685 - 1,48 20,8

360 0 0 0
Tabnuya 2.21. BAPUAHT 8

3aKkoHbI 0€3pa3MEepHOr0 YCKOPEHHUS BEIOMOTO 3BEHA

Pabounit (mpsimoit) xo

XomnocToii (00paTHBIN) X0

Paz6er Bri6er Paz6er Bri6er
S S, S S, Apx |OBrx S S, S S, Ax | OB
1 0 0,25 0 1,251 0,2 | 0,1 0,1 0,5 0,5 | 1,05 | 0,2
Pabounit xo1 ToIKaTENIS
VYyacTtok pazbera
goKyﬂepa() ﬁn’IOJlKMM ﬁl”"IOJIKMM ﬁl”:IOJlKMM
0 0 0 0
8,71 0,0388 0,764 10
17,42 0,309 3,04 19,8
26,14 1,04 6,76 29,1
34,85 2,44 11,9 37,7
43,56 4,7 18,2 45,3
52,27 8,02 25,6 51,9
60,99 12,5 33,9 57,1
69,70 18,4 42.9 61
78,41 25,6 52,4 63,3
87,12 34,3 62,1 64,1
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IIpoooncenue maon. 2.21

Pabounii xoq Toskarens

Y4acTOK IOCTOSIHHON CKOPOCTH

gDKyJZ epaa ﬁWIOJlK MM ﬁf’i’IOJlK MM ﬁf’:lOJlK MM
87,12 343
88,79 36,1
90,45 37,9
92,11 39,7
93,77 41,5
95,43 433 62,1 0
97,09 45,1
98,76 46,9
100,42 48,7
102,08 50,5
103,74 52,3
VYuacTtok BeIOETa
103,74 52,3 62,1 -51,3
111,37 60,1 55,2 -51,3
118,99 67 48.4 -51,3
126,62 73 41,6 -51,3
134,25 78,1 34,8 -51,3
141,87 82,2 27,9 -51,3
149,5 85,5 21,1 -51,3
157,12 87,8 14,3 -51,3
164,75 89,3 7,51 — 48,8
172,37 89,9 2,07 -30,1
180 90 0 0
XO0JIOCTOM XOJ TOJKATEHIs
VYyacTtok pazbera
180 90 0 0
187,12 89,8 -3,93 —49,7
194,23 89 -10,1 —49,7
201,35 87,3 -16,3 —49,7
208,46 84,9 -22.,5 —49,7
215,58 81,7 — 28,6 —49,7
2227 77,8 —34,8 —49,7
229,81 73,1 —41 —49,7
236,93 67,6 —-47,2 —49,7
244,05 61,4 -53,4 —49,7
251,16 54,4 -57,3 0
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Oxonuanue maon. 2.21

XO0JIOCTOM X0 TOJKATEIA

VY4acTok MOCTOSTHHOM CKOPOCTH OTCYTCTBYET

VYyactok BbIOera

goKyﬂepa() ﬁmO]lK'MM ﬁ”’nO]lKMM ﬁTZIOﬂKMM
251,16 54,4 -57,3 0
262,05 43,6 - 55,9 14,6
272,95 334 - 51,8 27,8
283,81 24,1 —45,5 38,3
2947 16,2 -37,5 45,1
305,58 9,89 — 28,6 47,4
316,46 5,29 -19,8 45,1
327,35 2,31 - 11,8 38,3
338,23 0,702 - 5,47 27,8
349,12 0,0891 -1,4 14,6

360 0 0 0
Tabnuya 2.22. BAPUAHT 9

3aKkoHbI 0€3pa3MEePHOr0 YCKOPEHHS BEIOMOT'O 3BeHa

Pabounii (mpsimoit) xo XomnocToii (00paTHBIN) X0
Paz6er Bri6er Paz6er Bri6er
Si AY) Si AY) Aox |OPrx Si AY) Si AY) Axx | P
0 1 04 |03 |16|03]| 04 | 04 1 0 1 0
PaGounit xon TonkaTtens
VYyacTtok pazbera
goKyJZ epaa ﬁmomc MM ﬁf”nOJlK' MM ﬁf”:lOJlK' MM
0 0 0 47,6
6,16 0,275 5,1 47
12,32 1,09 10,1 45,3
18,46 2,43 14,8 42.4
24,64 4,26 19,2 38,5
30,79 6,53 23 33,7
36,95 9,2 26,4 28
43,11 12,2 29 21,6
49,27 15,4 31 14,7
55,43 18,8 32,2 7,45
61,59 22,3 32,6 0
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IIpooonscenue maon. 2.22

Pabounii xoq Toskarens

Y4acTOK IOCTOSIHHON CKOPOCTH

gDKyJZ epaa ﬁWIOJlK MM ﬁf’i’IOJlK MM ﬁf’:lOJlK MM

61,59 22,3
65,02 243
68,44 26,2
71,87 28,2

75,3 30,1
78,73 32,1 32,6 0
82,15 34
85,58 36
89,01 37,9
92,44 39,9
95,86 41,8

VYuacTtok BeIOETa

95,86 41,8 32,6 0
104,28 46,5 31,5 - 14,9
112,69 51 28.4 - 25,8
121,11 54,8 242 -29,8
129,52 58,1 19,9 -29,8
137,93 60,7 15,5 -29,8
146,35 62,6 11,1 -29,8
154,76 63,9 6,87 -217.,5
163,17 64,7 3,26 -21,1
171,59 65 0,847 -11,4

180 65 0 0

XO0JIOCTOM XOJ TOJKATEHs
VYyacTtok pazbera

200 65 0 0
204,73 64,9 -2,38 —-56,9
209,46 64,5 -9,15 — 105
214,19 63,3 -19,3 — 137
218,92 61,3 -31,2 — 149
223,65 58,2 —43,5 — 149
228,38 54,1 — 55,8 — 149
233,11 49 - 67,7 — 137
237,84 42.9 -77,9 — 105
242,57 36,2 — 84,6 —-56,9
2473 29,1 — 87 0
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Oxonuanue maon. 2.22

XO0JIOCTOM X0 TOJKATEIA

VY4acTok MOCTOSTHHOM CKOPOCTH OTCYTCTBYET

VYyactok BbIOera

goKyﬂepa() ﬁn’IOJlKMM ﬁl”l’IOJIKMM ﬁl:lOJlK'MM
2473 29,1 — 87 149
252,57 21,7 - 73,4 147
257,84 15,6 - 60,1 141
263,11 10,6 —47.5 132
268,38 6,8 -359 120
273,65 3,99 - 25,5 105
278,92 2,07 -16,6 87,3
284,19 0,879 -9,48 67,5
289,46 0,262 —4,26 45,9
294,73 0,0329 —1,07 23,2
300 0 0 0
Tabnuya 2.23. BAPUAHT 10
3akoHbI 6€3pa3MEPHOro YCKOPEHUS BEIOMOT0 3BeHA
Pabounit (mpsimoit) xo XomnocToii (00paTHBIN) X0
Pazber Briber Pazber Briber
S S S S Apx OB px S S S S Ax | P
0,5 | 0,5 1 0 1,8 103] 03|04 | 02 0,2 1 0
PaGouwnii xo1 ToaKaTens
VYyacTtok pazbera
gokyﬂ Zp a() ﬁ MoK MM ﬁ YIVIOJIK MM ﬁ r';;omc MM
0 0 0 0
5,46 0,0347 1,09 22,7
10,93 0,274 4,25 43,1
16,39 0,902 9,18 59,3
21,85 2,06 15,4 69,8
27,32 3,86 22,3 73,3
32,78 6,31 29,1 69,8
38,24 9,39 35,3 59,3
43,71 13 40,3 43,1
49,17 17 43.4 22,7
54,63 21,2 44.5 0
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Pabounii xoq Toskarens

Y4acTOK IOCTOSIHHON CKOPOCTH

gDKyJZ epaa ﬁWIOJlK MM ﬁf’i’IOJlK MM ﬁf’:lOJlK MM

54,63 21,2

57,34 23,3

60,04 25,4

62,74 27,5

65,44 29,6

68,15 31,7 44,5 0
70,85 33,8

73,55 35,9

76,23 38

78,96 40,1

81,66 422

VYuacTtok BeIOETa

81,66 422 44,5 —40,7
91,49 49,3 37,6 -40,2
101,33 55,1 30,8 — 38,8
111,16 59,9 243 -36,3
120,99 63,5 18.4 -33
130,83 66,2 13 - 28,8
140,66 68 8,5 —24
150,5 69,2 4,85 - 18,5
160,33 69,7 2,18 -12,6
170,17 70 0,548 —6,37

180 70 0 0

XO0JIOCTOM XOJ TOJKATEHs
VYyacTtok pazbera

200 70 0 0
205,34 69,9 -2,71 —-56,8
210,68 69,3 -10,1 —98.3
216,02 67,9 -20,2 - 114
221,36 65,6 -30,8 - 114
226,7 62,2 —-41,4 - 114
232,04 57,9 -52 - 114
237,38 52,5 -62,3 — 105
242,72 46,3 -71 — 80,3
248,07 39,4 -76,9 —-43.,4
253,41 32,1 - 78,9 0
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XO0JIOCTOM X0 TOJKATEIA

VY4acTok MOCTOSTHHOM CKOPOCTH OTCYTCTBYET

VYyactok BbIOera

gol(yﬂepaa ﬁn’IOJlKMM ﬁi”HOJlKMM ﬁi:lOJIKMM
253,41 32,1 ~ 78,9 0
258,07 25,8 ~ 75,5 80,3
262,72 19,9 — 67,2 114
267,38 14,9 ~ 57,9 114
272,04 10,5 48,7 114
276,7 6,94 ~39,5 114
281,36 4,11 ~30,2 114
286,02 2,03 ~21 114
290,68 0,695 11,8 114
295,34 0,0953 ~ 3,44 80,3
300 0 0 0
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IIpunoxcenue A

CTPYKTYPA MEXAHVW3MOB
KUHEMATUYECKUE TTAPBI N UX KTIACCUOUKALINA

Mexanu3m npejacraBisieT coooit kunematuueckyro nens (KLI), 3BeHbst koTopoit
00J1aat0T MOJIHOM ONpPEeEIeHHOCThIO ABMKEHUS. B CBOIO ouepeab Kaxabie J1Ba 3Be-
Ha KII coequnsitorca Mexay co00il KHHEMAaTUYECKUMU MapaMHu.

Kunemamuueckas napa (KII) — noaBuxHoOe cCoeIMHEHNE ABYX 3BeHbEB. CrOCO-
Obl coennHeHus 3BeHbeB ¢ nomounpio KIT Beckma pa3sHooOpasuel. [Ipu coenunenuu
IBYX (MM HECKOJIBKMX) 3BeHbeB nocpeAcTBOM KII Ha X OTHOCHTENBHOE NBHXKEHHE
HAKJIQJ[bIBACTCSI HEKOTOPOE YMCIIO OIPaHUYEHUN, HA3bIBAEMbIX C8A34AMU, 3aBUCSIIIEE
OT XapaKTepa KUHEMAaTUYECKUX 3JIEMEHTOB 3BEHBEB.

Kunemamuueckuii snemenm (K3) — Touka, TUHUS WIH MOBEPXHOCTh, MO KOTO-
POl mponcxoauT coenrHenue 38eHbeB KI1.

B oOmiem ciyuae Bcsikoe CBOOOJHO JABMIXKYIIEECS B MPOCTPAHCTBE aOCOJIOTHO
tBepaoe Teno ABC (puc. A.1) obiiaaeT mecThI0 cTeNeHsIMU CBOOOABI. JIBIKEeHNE
TAKOro Tejla MOXET OBbITh MPEICTaBIECHO KaK BpalleHHE BOKPYT M CKOJIBKEHHE
BJIOJIb TPEX TPOM3BONBHO BHIOPAHHBIX B3aMMHO MEPIEHIMKYIAPHBIX (L) oceit X, ¥,
Z.

Puc. A.1

Bxoxxnenne 38eHa B KII ¢ 1pyrum 3BeHOM HajlaraeT Ha OTHOCHUTEIBHOE JIBHKE-
HUE dTUX 3BCHBEB OMPEACICHHBIC YCIOBUS CBsA3U. OYEBUIHO, YTO YHCIIO ATUX YCIIO-
BUW CBSI3U MOXET OBITh TOJBHKO IIEITBIM YUCJIOM U JIOJDKHO OBITh < 6, TaK KaKk B TOM
cllydae, KOT/Ia YMCJIO YCIOBUH CBSI3U = YHCIY CTENEHEH CBOOOJBI, 3BEHBbSI TEPSIOT
OTHOCUTENIbHYIO MOJIBIWKHOCTh U KII mepexoauT B ®KECTKOE COCTUHECHUE JBYX 3BE-
HbEB (CTaTHYECKas mapa).

TouyHO Tak ke YKCIIO YCIOBHUH CBSI3W HE MOXKET OBITh MEHBINE 1, T. K. B ClTy4ae,
KOTJIa YUCJIO YCIOBUH CBsi3u = 0, 3BEHBs] HE MOTYT CONPUKACAThCA, CIIEJIOBATEIBHO,
KII nepecraer cymiecTBOBaTh U MBI Oy/IeM UMETh J1Ba CBOOOIHBIX Teia, IBYKYIITHX-
Csl B IPOCTPAHCTBE HE3ABUCUMO JPYT OT JIpyTa.
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IIpooonocenue npun. A

Takum oOpa3om, YKCIIO YCIIOBHM CBS3U, HAJTOKEHHBIX Ha OTHOCUTEIBHOE JIBU-
xeHne kaxaoro 3seHa KII, uamensercs B npeaenax ot 1o 5. CaenoBarenbHO, Ync-
7o cteneHeid cBo6o bl 3BeHa KII B OTHOCHUTEILHOM JIBUXKEHUU MOKET OBITh BhIpa-
KEHO YCIOBUEM

H=6-8 (A1)

rae H — ducno creneneid cBo0o bl 3BeHa nocie ero npucoeauHenus B Kll;
S — uucno ycnoBuii cBsizu, Hanaraemeix KII (u3smensiercst ot 1 g0 5).

N3 (A.1) cnenyet, uto H Takke MOXKET U3MEHSTHCSA TOIBKO OT 1 110 5.

Wtak, cBs3M, HAJOKEHHBIC HA OTHOCUTENIbHOE JABMXeHHUE 3BeHbeB KII, orpanu-
YUBAIOT T€ BO3MOXXHBIC OTHOCUTEIIBHBIC JBUKEHUS, KOTOPHIMH 00JIaTaf0T 3BCHBS.

PaccMoTpuM mpuMep TIOCKOTO IBYKCHHSI.

CB00OOIHOE TEIIO HA INIOCKOCTH 00JIafaeT 3 CTEIEeHSIMU CBOOOARI, T. €. Teio [ u
teno Il o6nanatoT (kaxkaoe) 3-Ms creneHsiMu cBo001bl. COeTMHUM UX MEXKIY CO00M
TaK, 9YTOOBI OCTAJIOCh TOJBKO OJIHO BO3MOXXHO€ OTHOCHUTEIBHOE JIBIDKCHHE MEXKIY
HuMmd. Y tena | HaBapum mwmn, a B tene Il cBepaum oTBEpPCTHE, COOTBETCTBYIOLIEE
nuametpy muna. [locne coequHeHus 3TUX IBYX Tel Y HUX U3 6 ocTaHeTcs 4 cTere-
HU CBOOOBI: 3 BO3MOXKHBIX COBMECTHBIX JBIKEHHUS W | BpaiieHue APYr OTHOCH-
TEJBHO ApYyra.

Y H
&)\° &
[ 11 [
N e _
) X
Puc. A.2

CoOTBETCTBYIOIIMM MOJ00POM COMPUKACAIOLIUXCS DJIEMEHTOB 3BEHBEB MOXHO
YCTPaHUTh OJJHO U3 BpallaTesIbHbIX JABMXKEHUI BOKPYT KAKON-THOO OCHU UM OJIHO U3
MOCTYMATEIbHBIX IBMXKEHUM BJOJIb KAKOW-IMOO OCH WIJIM OJTHO BPAILATEIbHOE U OJ-
HO IIOCTYIIaTEJIbHOE OJHOBPEMEHHO WM JBa BpalaTEJIbHbIX OJHOBPEMEHHO U T. I.
OcTraBuinecs: BO3MOXHBIE IBUYKEHUS MOT'YT OBbITh HJIM HE3aBUCUMBIMU JIPYT OT JIpyra
WM K€ OBITh IPYT C APYTrOM CBsSI3aHbl KAKUM-JTMOO TONOJIHUTEIbHBIM T€OMETPUYEC-
KUM YCJIOBUEM. DTH JONOJHUTENIbHBIE YCIOBUS M. 0. BBIPAXKEHBI B BUI€ HEKOTOPHIX
YpaBHEHUH, MO3BOJIAIOMIMX OMNPENETUTh (YHKUMOHAIBHYIO 3aBHCHUMOCTb MEXKIY
CBA3aHHBIMHU JIBM)KCHUSIMH.

OcraBuimecs: He3aBUCUMBbIE BO3MOXKHbBIE IBUKEHUS OyAYyT XapaKTepHU30BaTh YH-
cio creneHeit cBo0o bl 3BeHbeB KII B MX OTHOCUTENBHOM JBUKEHUHU.
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IIpooonocenue npun. A

Paccmorpum KII ¢ He3aBUCMMBIMU BO3MOKHBIMHU JBH)KCHUSIMU 3BEHBEB. Bce
KII noapaznendrorcst Ha 5 OCHOBHBIX KJIACCOB IO KOJUYECTBY CBSI3EH, HAJTOKEHHBIX
Ha OTHOCUTEJILHOE JBUKCHHUE 3BCHBEB.

Kunemamuuecxue napwt I xnacca — takue KII, B KOTOpbIX HA OTHOCHUTEIBHOE
JBH>KEHUE KaXKJI0r0 3B€HA HAJIOXKEHO | orpannuenue [1].

Puc. A.3

3/1eCch YUCII0 YCIOBUM CBS3U (YUCIO OrpaHUueHH) S = 1, yucio cTeneHei cBo-
0o1bl (cTeneHel MOJABMXKHOCTU) H = 5, BO3MOXXHBIC JIBHKEHUS: 3 BpalleHus u 2
MOCTyNaTEIbHbIC IBUKEHUS.

2-1i 6u0 napwl 1 xnacca: 2 BpalieHus: U 3 MOCTyNaTeNbHbIE JIBHKEHUSI CO3/1aTh
Heb3sl, T. K. €CIIU Mbl OyJIeM UMETh COMPUKOCHOBEHUE KaKUX-TUOO JBYX F€OMETPU-
YECKHUX JIEMEHTOB, TO BCETJ]a OTHOCUTEIIBHOE MOCTyNaTeIbHOE ABUKEHUE B HaIpa-
BJICHUM HOPMAJIA K ITUM BJIEMEHTAM YK€ s8/1semcs Hedo3modxicHuim. Hanpumep, npu
COMPUKOCHOBEHHUH IIapa C MIOCKOCTHI0O HEBO3MOXKHO €ro MOCTYMHaTeIbHOE JBHXKE-
HUE B HampaBJIEHUM OCU Y, KOTOpas CIY>XUT HOPMaJbIO K COMPHUKACAIOIIUMCS Te-
naM. naue roBops, Henb3st mogao0path Gopmy annementa KII, koTopas npu compu-
KOCHOBEHUHU JIONyCKayia Obl HallMuMe TPeX MOCTyNnaTeabHbIX JIBHKEeHUN. Beerna xo-
Ts ObI OJIHO MOCTyNAaTEIbHOE JBUKEHHE OYIeT UCKITFOYEHO.

Kunemamuuecxue napwr Il xnacca HanaralOT Ha OTHOCHUTEIBHOE JBUXKCHUE
KaXXJIOT0 U3 BXOJASIIUX B HUX 3BEHbEB 2 orpaHuueHus (4ucio ceszei S = 2). Yucno
creneHeil ceoboasl H = 4. [lapel 1-ro Buga gomyckator 3 BpaileHus v 1 mocTyma-
TEJbHOE JBUKEHHUE KaXKJI0TO U3 3BEHHEB.

1 Bun:

67



IIpooonocenue npun. A

ITaper II-ro knmacca 2-ro Buaa JONYCKarOT 2 BpallleHUS U 2 TOCTYIATENbHBIE
JBUKEHHUE KK OTO U3 3BEHBEB.

2 BUL:
Y

Puc. A.5

Teopernueckn Bo3MOkHBI napsl 1I-ro kmacca 3-ro Buaa, nomyckaronme | Bpa-
HIEHNE U 3 MOCTyNaTeabHble ABMKEHUS. [[pakTHYecKu ke 3TU mapbl BOCIPOU3BEIE-
HbI OBITh HE MOTYT.

Kunemamuuecxue napwor IIl knacca HanaratroT Ha OTHOCUTEIBHOE JBUKEHUE
KaXXJIOT0 U3 BXOJSIIUX B HUX 3BEHbEB 3 orpaHuueHus (yucio ceazein S = 3). Uucno
creneneit ceoboabl H = 3. [lapsl 1-ro Buaa 10MycKarOT TOJIBKO 3 BpalleHUsT KaxI0-
ro u3 3BeHbeB (IIpocTpancTBenHsblid mapuup ['yka win chepruyeckuii mapHup).

1 Bu: YcioBHOE

0003HaYeHHUE

chepuueckoro
/ IIapHMpa Ha

CXEMCEC

Puc. A.6

ITaper III knacca 2-ro Buaa I0OMyCcKaroT 2 BpalleHUs U 1 MOCTynaTenbHOE JIBU-
KEHUE KaXK10T0 U3 3BEHHEB.

2 Bun: VYcioBHOE

o0o3HaUYeHUe
chepuueckoro
IapHApa ¢
najablieM Ha
cxeme
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IIpooonocenue npun. A

ITapmr III kitacca 3-ro Bua AOMYCKarOT 2 MOCTYNATENbHBIX JBMKEHUSA U 1 Bpa-
LIEHNE KaX0T0 U3 3BCHBEB.
3 BuUxA:

Puc. A.8

[Mapsr 1T xnacca 4-ro Buga (3 nocrynaTtenbHble ABUKEHUS) — KIMHOBOM MeXa-
HU3M — Ha MIPAKTUKE BOCIIPOU3BEIEHBI OBITH HE MOTYT.

Kunemamuuecxue napvr IV xknacca HanararoT Ha OTHOCUTEIBHOE JBUKCHUE
KaXXJIOT0 U3 BXOJAIIUX B HUX 3BeHbeB 4 orpanuuenus (S = 4). Hucno creneHeit cBo-
6oapl H = 2. Ilapel IV knacca 1-ro Buaa JomycKaroT 2 BpalleHHUs] KaXJA0ro U3 3Be-
HBEB. Y

1 Bux:

FE
)

Puc. A.9

ITaper IV knacca 2-ro Buga gomyckaroT 1 Bpamenue u 1 mocTynarenbHOe J1BU-
KEHUE KaXK10TO U3 3BEHbHEB.

2 Bun: Kauenue nununapa

7 / 0 IUIOCKOCTH C
OOIHOBPEMCHHBIM €TO
4 —_— ,U

-~

IMPOCKAJIb3bIBAHHUCM.

Puc. A.10

Kunemamuueckue napwi V knacca HanaratoT Ha OTHOCUTENBHOE IBUKEHUE KaXK-
JIOTO U3 BXOJSIIMX B HUX 3BE€HbEB 5 orpanndeHuit (S = 5). Uucno creneneit cBo00abI1
H=1.Tlaps V knacca 1-ro Buia 100ycKaroT TOIbKO | BpalieHne KakJI0ro 13 3BEHb-
eB (BpalaTeiabHas napa, mIoCKUil MapHup).
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IIpooonocenue npun. A

1 Bug: VYcnoBHble 0003HaYEHUS MJIOCKUX IIAPHUPOB HA CXEME

PN =

Puc. A.11

[Taper V knacca 2-ro Buja JOMYCKAKOT TOJBKO | MOCTyNaTeNbHOE JBUKEHUE
KaXXJIOT0 U3 3BEHbEB (MOCTYyIAaTeNIbHAS TIapa).

2 BHJL: YcnoBHBIE 0003HAYEHUS ITOCTYMATEIbHON

” napbl Ha CXeMe

—

=

Puc. A.12

Ocy1ecTBieHHe 3aJJaHHOTO OTHOCUTENIBHOTO JBM)KECHHUSI BBEJICHHEM 3BEHHEB B
KII tak, 9T0OBI OJWH AJEMEHT Mapbl HAXOAWUJICS B HEMOCPEJCTBEHHOM KOHTAKTE C
APYTUM DJIEMEHTOM, B HEKOTOPBIX CIy4asX HeyJ00CH ¢ TOUKH 3PEHUS KOHCTPYKTHB-
HOW 1enecooOpasHocTu. CoequHssl BO BpalllaTelIbHYIO Mapy ABa 3B€HA, MBI 4acTO
BBOJIMM KaK MPOMEXYTOYHOE 3BEHO IIAPUKOTOIINITHUK C IIENBI0 YMEHBIIICHUS Tpe-
HUS B mape. Tak MBI oJlydaeM COeAMHEHHE, KOTOPOe, CTPOTO TOBOPS, HE MPECTaB-
asieT coboit KII, Tak kKak UMeeT B CBOEM COCTaBE Psij MOABMKHBIX 3BEHBEB.

HeTpyaHo yBUAeTh, YTO €CIM OTHECTH IMIAPUKOMOIIIMITHUK K OJHOMY U3 CO-
YJICHSIEMBIX OCHOBHBIX 3BEHBEB Mapbl, TO OTHOCHUTEIHHOE JIBIKEHHE 3BEHHEB IMaphl
He u3MeHutcs. Takum oOpa3zoM, 3TO coeuHeHue OyneT mapoi V kiacca.

[Tpu paccMOTpeHHH BO3MOXKHBIX IBHKEHHH, KOTOPBIMHU 00JIaJJalOT 3BEHbS Map
B UX OTHOCHUTEIHHOM ABMXCHHH HEOOXOJWMO MMETh B BHIY, UYTO OTH JABMKCHUSA
JOJDKHBI pACCMATPUBATHCS JIMIIB KaK BO3MOYKHBIC IS JAHHOTO MOMEHTA BPEMEHH.

Paccmotpennsie KII oTHOCHIUCH K mTapam, AJisi KOTOPBIX MTHOBEHHBIE BO3MOXK-
HBbIC JIBM)KCHUS WX 3BEHBEB HE 3aBUCSAT JAPYT OT ApyTa.

B texnuke BcTpevatorcs KII, a5 KOTOpBIX OTHOCUTENbHBIC ABIKEHUS MX 3Be-
HBEB CBS3BIBAIOTCS KAKON-TUOO JOMOIHUTEIHHON T€OMETPUUYECKON 3aBUCUMOCTHIO.
B kauectBe npumepa paccmorpum ciaydail takod KII, nHanbonee yacto BcTpeuaro-
IIelicsl B MEXaHU3Max.

[Ipeanonioxkum, 4To OMpeaeICHHOMY Y1y MOBOpPOTa (@) OJHOTO 3BEHA COOT-
BETCTBYET OMpEACNIEHHOE OCTynaTeabHoe ABMkKeHHE () BIONb TOH ke OCH. 3/1ech
JOMONMHUTENbHAs cBs3b S = flp). Ota mapa ssnserca KII V kmacca u HocUT Ha3Ba-
HUE GUHIMOBOU NApWL.
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IIpooonocenue npun. A

[lo Buny xunemamuuecxoeco snemenma (K3) KII nenstcs Ha HU3IINE U BBICIIHE.

Huzwumu KII Ha3pIBatOTCS NAphl, B KOTOPBIX CONPUKOCHOBEHME 351eMeHTOB KII
IIPOUCXOJUT IO HOBEPXHOCHIU.

Bovicuwumu K11 Ha3bIBaOT Mapel, B KOTOPBIX CONPUKOCHOBEHHE 351eMeHTOB KII
MIPOUCXOJUT IO JIUHUYU WIIA MOUKE.

JIJIsi TOCTOSIHHOTO CONPUKOCHOBEHHS AJIEMEHTOB B Mape OHHU JOJIKHBI OBIThH
3aMKHYTbI. 3ambikaHue KII MoxeT ObITh KHHEMATHUECKUM HIIA CUIJIOBBIM.

Kunemamuueckoe 3amvixanue peaan3yeTcs KOHCTPYKTUBHON QopMoOil 351eMeH-
TOB, BXOJSIIIUX B Mapy.

Cunogoe 3amvikanue pealn3yeTcsl UCIOIb30BAHUEM CHJIbI BECA, YIIPYTOCTH 3a-
MBIKaIOIEN MPY>KUHBI U T. 1.

a 0 B

Puc. A.13. Beicime KII: a — KOHTaKT Mo ToYke, O — KOHTAKT I10 JIMHUH,
B — Hu3Mas K11 — KOHTaKT Mo moBEpXHOCTH.

CBOVICTBA HU3LLINX KIT

1. ¥V Hnsmmx KII oTHOCHMTENBHBIE TPAEKTOPUM COBIIAIAIONIUX TOYEK 3BEHBEB,
BXOJAIIMX B Mapy, TOXKIECTBEHHBI, T.€. HU3LIME Mapbl 00Jafat0T 0OpPaTUMOCTHIO
JIBUKEHHUS, T. €. BUJ TPACKTOPUHM B OTHOCUTEIBHOM JABMKEHHM HE 3aBUCHUT OT TOTO,
KAaKO€ U3 3BEHBEB NPUHATO 3a HenoAswkHoe. Bo BpamarensHoit KII TpaexkTopus —
OKPYKHOCTH OJIMHAKOBBIX PAINYCOB HE3aBUCHUMO OT TOTO, KAKOE U3 3BEHbEB BpAIA-
ercs (1 wm 2).

Puc. A.14

B nmoctynarenpHON nape — COBIMAIEHUE OTPE3KOB KOHTAKTHBIX NMPSIMBIX, B BUH-
TOBOM Iape — COBNAJEHNE BUHTOBBIX JIUHUM.

2. laBnenne mexnay nosepxHocTsaMu y Husmmux KII pacnpenenserca no mo-
IaJs M KOHEYHBIX Pa3MEPOB M, MMOAITOMY YJEJIBHOE NABICHUE, 4, CIEA0BATEIBHO, U
MTOBEPXHOCTHBIM M3HOC 3BEHBEB OKA3bIBACTCS CPABHUTEIIBHO MEHBIIE, YEM Yy BBIC-
IUX nap.
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3. Husmue napel pocThl 1 OTHOCUTENBHO JIEIEBbI B U3TOTOBJICHUHU.

4. CuHTE3 MEXaHM3MOB C HU3IIMMH MapaMu JI0 HACTOSIIEr0 BPEMEHH B 00IIEM
BU/JIE HE PEILIECH.

5. Tpenne B Hu3mux KII npexacrasnser coOoi TpeHHE CKONBKEHHSI U MOTEPU
Ha TPEHHE JIOCTUTAIOT 3HAYUTEIbHON BETMYUHBI.

6. [ToBepxHocTtu conpukocHoBeHus: HU3MUX KII nomxHbl ObITH Takoi (HOpMBI,
YTOOBI 3B€HbSI MOTJIM MEPEMELIATLCS APYT OTHOCUTENBHO Jipyra 0e3 HapyIlIeHHUs UX
KOHTakTa. OJIHaKO CYHIECTBYIOT TOJNBKO 3 (hOpMBI MOBEPXHOCTEMN, TPU KOTOPHIX OHU
MOTYT II€PEMEIAThCA OHA OTHOCUTENILHO JPYTOM:

— TWIMHJPUYECKHE MTOBEPXHOCTU MOTYT CKOJIb3UTh OJIHA IO APYTrod BIOJIb UX
oOpazyroriei;

— MOBEPXHOCTH BPAILEHUS MOT'YT BpallaThCsi BOKPYT UX OOIIEH OCH CUMMETPUH;

— BUHTOBBIE MOBEPXHOCTH MOTYT MEPEMENIAThCS OJIHA MO IPYTOil.

Otcrona ciieyeT, YTo HU3IIKME Napbl MOTYT OBITh TOJIBKO 3-X THUIOB: IMOCTYyMa-
TEJIbHBIMH, BPAIlaTEIbHBIMA U BUHTOBBIMH.

CBOVICTBA BbICLLIMX KIT

Ceoticmeo 1. TpaekTOpuu COBNAAAOIINX TOUEK 3BEHBEB B BBICIIMX Mapax, Kak
MpaBWJIO, Pa3IuyHbl, T. €. BBICIIME Mapbl HE 00JIaJJal0T CBOWCTBOM OOpPaTUMOCTH
IBUKEHUS (BUJl TPAEKTOPUU B OTHOCUTEIBHOM JABUKEHUU 3aBUCUT OT TOr0, KaKOE
U3 3BEHBEB MPUHATO 32 HEMOABUKHOE.

Hanpumep:

— TpaekTopuen Touku B, nmpunHannexaiien Tonkarento, (puc. A.15) B ABUKEHUU
OTHOCUTEJBHO KYJIaUKOBOW IIAWOBI siBNIsieTCS NpOo(UIIb 3TOM MaliObl; TpaeKTopuen
e TOYKH, MPUHAIJIe)KAIIEH 11aiide, SBIseTCsI HEKOTOpask KpUBasi, MPOXosiias ve-
pe3 Touky B.

TpaexkTopusi TOUKH, NpUHAJIEKALLEH
% E __— 1aibe 1, OoTHOCUTENBHO TONKATENSA 2.

\/

Puc. A.15

— ©CJIM B3ATh KOJIECO Ha PelbCce, TO BMECTE OHU MPEACTABISAIOT COOOH BBICIIYIO
KIT (puc. A.16 a). Touka A koJjieca MpU Ka4eHUU MO pelibCy O0€3 MPOCKAIb3bIBAHUS
onuIIeT HUKIouay (puc. A.16 6, 6, 2, 0); Ta *e Touka A, NMpUHAJJIEKAIIAs PEIBCY,
P €r0 OOKATBHIBAHUH 0€3 MPOCKAIL3BIBAHUS 110 KOJIECY OMHIIET SBOILBEHTY Kpyra.
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OUKJIOHOA

HBOJIBBEHTA Kpyra

SIMHUIOHUKIONIA

[Ipu oOkaTbIBaHMHU Kojeca 0e3 MPOCKaIb3bIBaHUS MO BBITYKIOW KPUBOM TOYKA
A KoJieca ONHUIIET SMULUKIOUAY; 0 BOTHYTON KPUBOW — TUIIOIIUKIIOUAY.

Csouicmeo 2. 3noc B Beiciux KII ouens Beank. CONpUKOCHOBEHHE MO TOYKAM
VI JIMHUSAM BEAET K TEOPETUUYECKH OECKOHEYHO OOJIBIIMM YAEIbHBIM JIaBICHUSM B
TOYKAaX KOHTAKTa 3JIEMEHTOB Maphl.

Ceouicmeo 3. BeIcuine mapel CI0KHBI U JJOPOTH B U3TOTOBJICHHH.
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THIIonuKIonaa

[Tponomkenue puc. A.16

Ceoticmeo 4. 110BbIIEHHBIN U3HOC MTOBEPXHOCTEN CONPUKOCHOBEHHUSI BIICUET 32
co00Oll M3MEHEHUE TeOMETPUYECKHX XapaKTePUCTUK AeTalled MEXaHU3MOB. DTO B
CBOIO OuY€pe/b BbI3bIBAET U3MEHEHHE XapaKTepa TPACKTOPUA OTHOCUTEIBHOIO JIBU-
’KEHUS 3B€HbEB. B KauecTBe KOMIIEHCALIMK HEOOXOIUMO MPUMEHSTh METO/IbI TOBEP-
XHOCTHOTO ynpouyHeHus: snemeHToB KII (azotupoBanue, neMeHTauus, 3aKajika U T.
1.), YTO TAK)K€ BBI3BIBAET yIOPOKAHUE UX U3TOTOBJICHUS.

Cesoticmeo 5. Tpenue B Boiciiux KII mMenble, yeM B HU3MIUX (3€Ch MPEUMY-
IIIECTBEHHO TPEHHUE KAYCHUS ).

Cesoticmso 6. Beiciine KII moryt ocymiecTBisTh 6ojiee pa3HOOOpa3HbIE BHJIbI
OTHOCHUTENbHBIX JIBHKCHHI.

ITo Buay cBa3u KII nenstcs Ha yoeparcusarowjue n Heyoeparcusaioujue.

LLLLL

|

7SS IS S S S
a 0

Puc. A.17. a — yaepxuBaromas KII; 6 — neyaepxuparomas KII

st pabotel KII ¢ HeyaepskuBaromiel cBsi3blo TpeOyeTCcsl €€ CUIOBOE 3aMblKa-
HUE.

ITo Buny otHocutenbHoro aeuxkenus KII nenstcs Ha nirockue u npocmpancm-
gennvie. I1pu nmnockux KII Bce TOUKM 3BEHBEB NMEPEMEIIAIOTCS B OAHOM WIIM Mapa-
JIENbHBIX (32 CUET TOJIIMHBI 3BE€HBEB) MIIOCKOCTSX; MpH MpocTpaHcTBeHHbIX KII — B
IIPOCTPAHCTBE.

®opma snemenToB KII 1 uX KOHCTpYKTHBHOE O(OpMIIEHHE UTPAeT OOJIBLIYIO
pOJIb B KOHCTPYUPOBAHUM MaIlMH. B nepByro odyepeap BO3ZHUKAET BOIPOC O CBA3U
(OpMBI AIIEMEHTOB Map C UX MPOUYHOCTHIO U U3HOCOCTOMKOCTHIO. [1o 3TM XapaxTe-
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puctukam npeanoututeabHo npuMeHenne Husmux KII. Beicmme KIT umeror cBou
3HAYUTEIbHBIE JOCTOMHCTBA. VICcrIop30BaHNE HE TOJIBKO HU3MIKNX, HO U BhicIIuX KII
B OOJIBIIMHCTBE CJIy4aeB YMPOIIAeT KOHCTPYKIIMM MEXaHU3MOB, YMEHBIIIAET UX Ta-
OapuThl, MO3BOJISIET OCYIIECTBUTH TPeOyeMOe NBUKEHUE C MEHBIIUM KOJUYECTBOM
3BEHBEB U T. 1. BO MHOTHX COBPEMEHHBIX OBICTPOXOJIHBIX MAITMHAX IITUPOKO MpUMeE-
HSAIOTCSL U, OYEBUIHO, OYJYyT MPUMEHATHCSI TaKUE MEXaHU3MBI C BBICIITUMU MapaMH,
KaK KYJIaUKOBBIE, MAJIbTUMCKUE KPECTHI, IEBOYHBIC U UHBIE.

Ipunosxcenue b

[TIPOCTPAHCTBEHHBIE CCTEMbl KOOPAUHAT TNEPEMELLIEHNA CXBATA
MAHUITYJIATOPA

Tpem creneHs M MOABUKHOCTU (CBOOOIaM JBUXKEHHUSI) YCTPOMCTBA TO3UIIMOHHU-
pPOBaHUSI MEXaHMYECKOW PYKH — CXBAaTa MaHHUITYJISITOPAa COOTBETCTBYIOT TpH 0000-
HIEHHbIE KOOPAUHATHL. B 3aBUCHUMOCTH OT BBIOOpA 3THX KOOPAMHAT Pa3invaroT yCT-
poiicTBa MAHUMYJSATOPOB C MPSIMOYTOJbHOM, IWJIMHIPUYECKON, cpepruueckor niu
YIJIOBOM KOOPAMHATHBIMU cucTteMamu [4], [S].

B npsAMoyrosbHOM cUCTEME KOOPAMHAT TOYKA CXBaTa IEPEMEIIAETCS BIIOJIb
ocer X, Y, Z. B 1MIIMHAPUYECKON CHUCTEME KOOPAMHAT — BIIOJIb PagnyC-BEKTOpa R,
YIPaBJIsEMOro yIJIOM €0 MOBOPOTA ¢ B OAHOM M3 INIOCKOCTEN CUCTEMBI KOOPAMHAT
X, Y, Z. B chepuueckoil cucteMe KOOpAMHAT — BJIOJbL pajuyc-BeKTopa R, ynpasise-
MOT'O YIJIOM €r0 IOBOPOTA (@ B OJTHOU U3 INIOCKOCTEN CUCTEMBI KoopauHat X, Y, Z u
YTJIOM €ro MOBOPOTA ¥ B APYTOM INIOCKOCTH TOW K€ CUCTEMBI KOOPJAMHAT.

IIpy NO3MIMOHMPOBAHUM B NPSIMOYTOJBHBIX KOOPAMHATAX CXBAaT HE MEHSAET
cBOeil opueHTanuu. B nunuHapuyeckod U chepuieckoil KOOpAUHATHBIX CHUCTEMaX,
IJI€ 3TO MPOUCXOAUT, JOOABIAIOTCS KHHEMATHYECKHUE Mapbl, KOMIEHCUPYIOLIUE T0-
BOpPOTHI cxBaTta. [lonogHuTeNbHBIE TAPHI, pA0OTAIOLINE B CBOEH CHUCTEME KOOPAHMHAT,
JIEUCTBYIOT B OOpPAaTHOM HAIpaBJIE€HUHU MO OTHOLIEHUIO K COOTBETCTBYIOUIUM KHHE-
MAaTHYECKUM IapaM B OCHOBHOM KOOpAMHATHOW cucteMe. KomneHcupytomue napsl
BCEr/a TOTrO e TUIA, YTO U UX «aHTHUIObD» (BpallleHHe — BpallleHue U T. 1.).

Ilox pabouum npocmpancmeom (paboueti 30H0U) MAHUIYJIATOPA TOHUMAIOTCS
IIPEAENbl, B KOTOPBIX BO3MOKHO YNPABISIEMOE MEPEMELIEHNE UCTIOJIHUTEIBHOTO Op-
ra”a (cxBarta). Y MaHUMYJISTOPOB PA3IMYAIOT YEThIPE OCHOBHBIE UCIIOJTHEHUSI.

Hcnonnenue Il ¢ npssMOyroiabHOHN (eKapTOBOM) cucTeMoi koopauHaT. Pabouee
MPOCTPAHCTBO BBIXOJIHOTO 3BE€HAa — napainenenuned. KuHemarnyeckas cxema H
KOHCTPYKIIMSI TAKOIO MAHHUITYJIATOpA NpeacTaBieHa Ha puc b. 1.

JI1s1 MO3MIMOHMPOBAHUSI CXBAaTa UCMOJB3YIOT TPH MOCTYIATEIbHbIE IBUKEHHUS,
IUIsl ODMEHTUPOBAaHUS — J1Ba BpameHus. Manunynsaropsl ucnoysiHenus 11 nanum npe-
MMYIIECTBEHHOE MPUMEHEHUE HA TEXHOJIOTMYECKUX ONEPAIUAX, B YACTHOCTU — Ha
cOopke, Ipu 00CITY)KMBaHUM aBTOMAaTHYECKUX JIMHUMN, 00ecreynuBas TOUHOE MPSIMO-
JIMHEWHOE JBUKEHUE JICTAJIU.
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IPOCTPAHCTBO —
napasuIesenurne]]

Puc. b.1. Ucnionueunue I1.
a — KHHeMaTH4ecKas cxema; 6 — KOHCTPYKTUBHOE UCTIOJTHEHHE.

Henocrarok ucnonnenus I1 — upeamepHsie rabaputsl yctpoiictsa. Kpome 31o-
ro, Ipu IOCIEAOBATEIILHOM IEPEMELIECHUN NETAINA [0 TPEM KOOPAMHATHBIM OCIM
HECKOJIbKO YBEJIIMUMBAETCS O01Iee BPeMs BBIMOJIHEHUS ONEpPaLlUH.

HUcnonnenue 1] ¢ uMIMHAPUYECKONW cUcTeMOM kKoopauHaT. Pabouee npocTpaH-
CTBO BBIXOJIHOT'O 3BEHA — YUNUHOPUUECKUL ceemenm WA ol nunHap. Kunema-
TAYECKask CXeMa M KOHCTPYKLMS TAKOTO MaHUIYJISATOpa NpeAcTaBieHa Ha puc b.2.

Cpenu npoMbIlUIEHHBIX pOOOTOB, MPEIHA3HAYEHHBIX ISl BHIOJIHEHUS] MHOTO-
KpPaTHO MOBTOPSIIOIIMXCS OMNEpallvil, JaHHAs CXeMa Halula HauOoJblliee MpUMEHe-
HUe. B KOHCTpYKIMAX TaKMX MaHUITYJISTOPOB JUISl MO3WLIHOHMPOBAHUS CXBaTa MC-
MOJIB3YIOTCS JIBA MOCTYIATENbHBIX U OJHO BPAILATEIBHOE JBUKECHUS, 11 OPUECHTH-
poBaHuA — JBa BpalleHus. VX nporpaMMHpOBaHNE MAKCUMAJIbHO YIPOLIEHO.

Pabouee npocTpaHCTBO —
WINHIPUYECKANA CETMEHT
a 0
Puc. b.2. Ucnonnenue 11,
a — KUHEMaTH4ecKas cxema; 0, B — KOHCTPYKTHUBHBIE HCIIOTHEHHUS.
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IIpononxenue puc. b.2

Henocrtatok ucnonnenus 1] — 3aTpyaHeHHOCTh 00CTYy>KUBaHUS MPU 00pabOTKe
JeTaJIeld, pacro0KEHHbIX Ha HEOONbIION BHICOTE — YMEHbBIIEHa padoyasi 30Ha Ma-
HUITYJISTOPA.

Hcnonnenue C co chepudeckoil (mossipHoil) cuctemoin koopauHat. Pabouee
MPOCTPAHCTBO BBIXOJHOIO 3BeHA — cepuyeckuti ceemenm. Kunematuueckas cxema
Y KOHCTPYKIMSI TAKOTO MaHUMYJISITOpAa MpeAcTaBieHa Ha puc b.3. [ns no3uuuoHu-
pOBaHUS CXBaTa MPEAYCMOTPEHBI OJHO MOCTYIMAaTeIbHOE JIBUXKCHUE U JBa Bpalle-
HUS; JJIsl €r0 OPUEHTUPOBAHMS — JBA BpAIllCHUS. TaKue UCIOTHEHUS MaHUITYJISTO-
POB TMPUMEHSIOTCS MPEUMYIIECTBEHHO Ha OMepanusax, He TpeOyromux OobIioi
TOYHOCTH OTPaOOTKH JIBMKEHUN CXBaTa — MPU OKPACKE, HAHECEHUU 3allIUTHBIX IMO-
KpbITUW U T. 1. Mcrionap3yeMble CXeMbl COYETAOT KOMITAKTHOCTb U MOBBINICHHYIO
KECTKOCTh, JIOMYCKasi 3HAUUTEIbHbIE JUHAMHYECKHUE HATrpy3ku. MaHUMyJIsaTOPHI C
ATOW CHCTEMOW KOOPJAMHAT, KakK MpaBUJIO, ClIOXHee, yeM ucrnoiaHeHue LI, omnHako
OHM B CpaBHEHHU C ucronHeHueM I 0onee KOMIMaKTHEI.

Bce xonctpykumu (puc. b.3) 10 cxBata UMEIOT MSATh CTENEHEN MOJBUKHOCTH;
BMECTE C JBMKEHHUEM CXBAThIBAHUSI pyKa UMEET IIECTh MOJIBHKHOCTEH.

B Hacrosmiee BpeMsi TOSIBUIIOCH OOJIBIIIOE KOJMYECTBO HOBBIX CXEM, pasiiny-
HBIM 00pa30M peaau3ylInX pa3HOOOpa3HbIe ABMKEHUS. B yacTHOCTH 3TO MIapHUP-
Hble (aHTpOoTIOMOpP(HBIC) MAHUMYJSATOPHI UCHONHEHUss Y C YTJIIOBOM (aHTYJSPHOM)
cucrteMor koopauHat (puc. b.4 a). Ix pabouee nmpocTpaHCTBO B IUIAHE — TMOJIHBIN
uunuuap (puc.b.4 6), Ha Buae cOOKy — cocTtaBHOU cerMeHT (puc.b.4 ¢) OHu umMeroT
TOJIBKO BpalaTeIbHbIe KHHEMATHYECKUE TIaphl; TI0 CXEME HATIOMHHAIOT PYKY Yello-
Beka. biarogapst BO3MOKHOCTH CKJIaIbIBAThCS, 00J1aat0T HAaHOOIbIIEH KOMIIAKTHO-
CTBIO, CITOCOOHBI O0XOUTH MPETISITCTBUS, OJTHAKO HanOoJIee CJI0KHBI B YITPABICHUH.

Ha mpakTike MaHUTYJISATOPHI PEIbHBIX POOOTOB 00J1a1atl0T M30BITOYHOCTHIO
YKCJia CTENICHEH MOBIKHOCTH M B HUX Yallle BCETO PEATM3YIOTCS Pa3IMUHbIC KOM-
OWHAIMY YITOMSHYTBIX OCHOBHBIX THITIOB UCIIOJTHCHHH.
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PaGouee mpocTpaHCTBO —
chepruyecKuil CerMeHT

Puc. b.3. Ucnonaenue C.
a — KHHeMaTh4ecKas cxema; 0, B — KOHCTPYKTUBHbBIC UCTIOJTHEHMUS.

> >
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Puc. b.4. Ucnonuenue VY.
a — KHHeMaTh4eckas cxema; 6 — pabouee MpoCTPaHCTBO B IJIAHE;
B — pabouee MpOoCTPaHCTBO Ha BUIE COOKY.
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MaHeB,DeHHOC Tb MaHuriyJsidropa

B nponecce BBINOMHEHHS pa3IMUHBIX OINEpaluil ¢ NmepeMelnieHueM OOBbEKTOB
HanOoJiee YaCcTO MaHUITYJISITOPbl UMUTHPYIOT IBH)KEHUE PYK desoBeka. [1o aToil mpu
MPUYMHE CTPYKTYpHAsi CXeMa MaHUMNYJsATOpa JAODKHA 001alaTh KHHEMATUYECKUMHU
XapaKTepUCTUKaMU, aHAJIOTMYHBIMU XapaKTEPUCTUKAM PYK YEJIOBEKA.

[TonBM>XHOCTH, UMEIOLLIMECA Y PYKH 4eroBeka (0e3 yyeTa MOJIBUKHOCTH Hallb-
LI€B), MOXHO 00ECIEUUTh C MOMOILbIO MPOCTPAHCTBEHHOW LEMNU, NMPUBEICHHON Ha
puc. b.5.

Pyka nmeeT B 1uieue u B 3amsicTbe cpepuueckue BpauatenbHbie napsl [ kimac-
ca (cepuueckue mapHUPHI), B JIOKTE — BpaliaTeabHyo napy V kiacca (IJIOCKUM
mapHup). Mcronb3ys A1 OLIEHKU CTENEHH MOABUKHOCTH PYKHU YesoBeka GopMyy
ComoBa-MaubiinieBa, 0e3 ydera IBUKEHUS KUCTU ((aJlaHT U MaNIbIIEB PYKH), MOTY-
yuM W =7; a c y4eTOM BCEX 3BEHHEB U B CaMOM KUCTU nostyuum W =27 [2].

OnpIT pabOThI C HEOPUEHTUPOBAHHBIMU OOBEKTAMHU MOKA3BIBAET, UTO MaHUITY-
JATOP AOJDKEH UMETh, 110 KpalHEN Mepe, HE MeHee 7 CTENEeHEH MOABUKHOCTU. Tpu
CTeNeHU HEeOOXOAMMBI JIJIsl epeMEUIeHUs] UHCTPYMEHTa B JIIOOYIO TOUYKY 30HBI 00-
CIY’)KUBaHUs, €I1e TPU — JUIsl OPUEHTALIUU MHCTPYMEHTA, HAIPUMeEp, dJIEKTPOI0AEP-
KaTelsd, KpacKonynbTa U T. A. M, Kak MUHUMYM, OJJHA CTENEHb CBOOOBI JIOJKHA
OBITH y CXBaTa.

Kaxxnas creneHb MOABUIKHOCTH YIPaBISE€TCS WHAMBUAYAJIbHBIM MPHUBOJOM, B
pe3yJIbTaTe Yero MCIOJHUTENbHBINA OpraH (CXBaT) MOJyYaeT BIOJHE OMpPEaEICHHOE
HaIpaBJIEHHOE JBUYKEHUE.

HanomHuM, 4T0 OCHOBHOE MpeHa3HAYEHUE MAaHUTTYJISATOpA — 3aMeHa (pu3nyec-
KUX (PYHKLIHNA PYKU YeJIOBEKa MPU BHIIIOJHEHUH MOHOTOHHBIX, OMACHBIX U BPEAHBIX
pabot. Bece nBHKEHUS MaHUITYJISITOPA YCIOBHO pa3/iesIuM Ha TPU OCHOBHBIE TPYIIIIBI
JIBHOKCHU M :

e Ti00aIbHBIC,

® pEervoHajIbHbIEC U

® JIOKaJbHbIE.

IIneqo JIokoTh 3anscrbe CxBaT (KUCTb PYKH)

Puc. b.5
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I'nobanvhvie TBUKEHUS PEATM3YIOTCS MMyTEM MEpEeMEeIIeHHs TTOIBUKHOTO OCHO-
BaHUS MaHUTYJIATOpA. B CTalMOHApHBIX YCTaHOBKAaX TI100aTbHBIC IBUKCHUS OTCYT-
CTBYIOT.

Pecuonanvuvie NBIXEHUS — IEPEMEIICHHUS CXBaTa MAHUITYJIATOPA B Pa3IMYHBIC
30HBI pabo4ero MPOCTPAHCTBA, OTPEACIAEMOTO pa3MepaMu 3BEeHbEB MEXaHU3Ma.

JlokanvHvle MBIKEHUS — TIEPEMEIICHHS CXBaTa MAaHUITYJIATOPA, COU3MEPUMBIC C
ero pasmepamu (OpUEHTAIUSI B MaJIOW 30HE paboyero mpocTpaHCTBA).

Wuorna rmobanabHbIe W PETHOHAIBHBIC ABM)KCHUSI HA3BIBAIOT MPAHCHOPIMUPYIO-
wumMU, a JTOKATBHBIC — OPUEHMUDVIOUUMUL.

Bo3MOXXHOCTH coBepIliaTh HE3aBUCHUMBIC JIBHXKCHHUSI MO IIECTH KOOpJWHATaM
MPUHIUIHAIBHO 00ECIEUYNBAET MUHUMAJILHO HEOOXOAUMBIC i MPOMBIILICHHOTO
poOoTa MaHUMYJSIUUA. YBEJIWUYEHUE YUCIIa CTETICHEH MOJBHXXHOCTH CBBIIIE IIECTH
MPUIAET MAHUITYJISITOPY LIEHHOE CBOMCTBO MAHEBPEHHOCHIU.

N30bITOYHBIE CTENEHU TMOJBHXXHOCTH TMO3BOJISIIOT BhIOMpATh Hanbomee ynoo-
HBI BapUaHT ABWKCHUS (MAaHUITYJSIUS TPU HATWMYHHA TPETSATCTBUI). ITO CBOWUCT-
BO XapaKTEepPHO ISl Y3KO CIEIHATM3UPOBAHHBIX MAHUMYJIATOPOB. B mpoMbllieH-
HBIX KOHCTPYKIIUSX YBEIIMUEHHUE YHCIIa YIIPABISIEMbIX KOOPAUHAT CBSI3aHO CO 3HAYM-
TEJbHBIM YCJIO)KHEHHEM BCEU KOHCTPYKIIMH, BEJET K BO3PACTAHUIO €€ CTOMMOCTH U
MOHUXEHUIO TOYHOCTU TMO3UIIMOHUPOBAHUS. BOJBIIMHCTBO YHUBEPCATbHBIX MaHU-
MyJISTOPOB UMEIOT MSATH-IIECTh CTETICHEH MOJABUKHOCTH U MaHEBPEHHOCTh, PABHYIO
HYJTIO.

MaHeBpEeHHOCTh 3aBUCUT OT KOJIMUECTBA MOJABUKHBIX 3BEHbEB MEXaHU3Ma, KO-
JUYECTBA U KJlacca MPUMEHSIEMbIX KHHEMATHYECKUX Tap M UX PACIOJIOKEHUS B KHU-
HEMATUYECKOM LIETTOYKE.

KoncTpykTrBHO Hanbosee MpocTo OCYIECTBUTh MPUBO/JI BpallaTeIbHBIX map V
kiacca. Kunematnueckue nenu ¢ napamu [ — IV k1accoB MOXKHO 3aMEHHUTH SKBUBA-
JEHTHBIMU UM 1ensiMu (W = const) ¢ napamu Tosibko V kiacca. [Ipu aTom, ogHako,
CYILIECTBEHHO yBEIUYMBAETCS 00I1lee YHUCIO 3BeHbEB 1ienH (puc. b.6).

3BeHo 1 3BeHO 3

Puc. b.6. Cepuueckuii mapHup ¢ naiableM (p4) U €ro KOHCTPYKTUBHBIC UCTIOJIHEHUS
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KunemaTnueckyro cxeMy MexaHH3Ma, COACPX ALy TOJBKO mapbel V Kiacca,
WHOTJIa Ha3bIBAKOT OCHOBHOU CXEMOU, 3 UMEIOIIYIO BBICIINE NAPbI — IKEUBANEHMHOU.

B kauecTBe npumepa NpOUJITIOCTPUPYEM OCHOBHYIO M DKBUBAJIECHTHYIO CXEMBI
MEXaHW3Ma MaHMUMIyJATOpa «MackoT», a TaKke €ro KOHCTPYKTUBHOE HCIIOJHEHHE
(puc. b.7).

JI711 OCHOBHOM CXEMBI YMCJIO CTENEHENW MOABUKHOCTH MAHUITYJISTOPA:

W=66-56-40-30-20-1-0=6;
MaHEBPEHHOCTh OOLIas:
m=65-56-40-30-20-10=W-6=0;
MaHEBPEHHOCTh B 0a30B0i1 miiockocTu (Hanpumep, B Y OX):
ms=Xf;—3=3-3=0;

JJIs1 YKBUBAJICHTHON CXEMBI:
W=63-50-43-30-20-10=6;
m=62-50-43-30-20-10=0;

m;=%f;—3=3-3=0.

Puc. b.7 a — ocHOBHas cxema Ma"unysstopa «Mackor»;

0 — PKBUBAJICHTHAs CXE€Ma, B — KOHCTPYKTHUBHOE UCTIOTHEHHE
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IIpoooncenue npun. b
CepBuc MaHuysTopa

He3aMkHyTas KuHeMaTu4eckas el MaHUIYJISITOPa C HECKOJBKAMH CTEICHS -
MU TIOJIBUKHOCTH TIO3BOJISIET CXBATy 3aHUMATh PA3TUYHBIC TIOJIOKEHHUS B HEKOTOPOM
o0beMe pabouero MpoOCTPAHCTBA, OTPAHUYEHHOM JJIMHAMU 3BEHbEB U KOHCTPYKIUS-
MU KHHEMATHYECKHX TIap.

PaGourm 00beMOM MaHUMYJSTOpa MPUHITO HAa3bIBaTh 00BEM, OIPaHUYEHHBIH
MOBEPXHOCTHIO, OrMbOaroIieil Bce BO3MOXKHBIE MOJ0KeHHs cxBaTa. Kiaccudukanus
BO3MOJKHBIX JBIDKCHUN PYKH MaHUMYJSATOpa MpeAcTaBieHa B mab..b. 1 v mokazana
Ha puc. b.§.

Uneanvunas ¢opma pabodero obdbema MaHumysisitopa — cdepa. JBuxeHUro
cXBaTa B MOJHOM pabodeM o0beMe BCer/a MPEensTCTBYIOT HEKOTOPhIE CTPYKTYpPHBIE
Y KOHCTPYKTHBHBIC OTPAHUUYEHUS B KHHEMATHUECKHUX Tapax, rabapuThsl, XapaKTepuc-

Tabrnuya b.1

Howmep knacca

TBUKEHUS OrpaHuyeHusi, HakJaJblBa€Mble Ha JBUKEHUE CXBaTa B padoueM
cxBaTa o0beMe
(xmacc KI1)
I OrpanudeHust OTCyTCTBYIOT (puc. b.8 a)
II Nmeercst moCTOpOHHUIM 00BEKT, KOTOPBIH HEOOX0AUMO 00OUTH
MPOU3BOJILHBIM 00pa3oM (puc. b.8 0)
I CXBar 10MKEH ABUTAThCA MO 3aJaHHOM IJIOCKON WM
MIPOCTPAHCTBEHHOM KpuBOH (puc. b.8 6)
v HNmeercst mOCTOPOHHUI OOBEKT, a TaKKe HEOOXOIUMOCTh

JIBIDKEHMSI CXBaTa M0 3aJlaHHON TpaekTopud (puc. b.8 2)
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IIpoooncenue npun. b

TUKU MPUBOJIOB | T. 1. DTU OTPaHUYEHHUSI HE MO3BOJSAIOT MOJABOIUTH CXBAT K 3a/1aH-
HOM TOYKe pabodero mpocTpaHCTBa MOJ JitOObIM yrioMm. B pesynbrare B pabouem
o0beMe MOSABISAIOTCA TaK Ha3bIBAEMbIE 30HBI CepBUCA (30HBI 00CITYKUBAHNUA).

JUis kaxaoid TOukM pabouero oObemMa MaHUMYJIATOPA MOXKHO OIpPEACIUTh He-

KOTOPBIN TEJIECHBIN YTOJl |, BHYTPU KOTOPOI'O CXBAT MOKHO IOJBECTU K OTOU TOYKE.

VYTroa y npuHATO Ha3bIBaTh YIJIOM CEPBHUCA, a OTHOIIEeHUE O = y/4m — koahu-
YueHmom cepsuca B JTaHHOU TOUKe.

3naueHuss @ MOXET MEHATHCS OT HYJS (IUIsl TOUEK, PACTIONOKEHHBIX HA TPaHH-
e paboyero MpoCTPaHCTBA) /10 €IMHHUILIBI (111 TOYEK Tak Ha3zbiBaeMoi 30HbI 100 %
WJIA TIOTHOTO CEpBHCA), B KOTOPBIX CXBAT COBEPINACT MOTHOE CPEPUUECKOE JBUNKE-
HUE.

[TonubiM KO3 (UIIMEHTOM CEepBUCA MAHUITYIIATOPA HA3BIBACTCS CPEAHSS BEJIH-
yrHa Kod(puiueHTa cepBuca B paboyemM MpoCTPaHCTRE.

VY peanbHOrO MaHUMYJSTOpPa C OTPAaHUYCHUSMHU Ha JBIKEHUE BO BCEX IIAPHHU-
pax BenmnumHa Kod(duimenTa cepruca Bceraa MeHble eanHuIbl. OneHKa KnHeMa-
TUYECKUX CBOMCTB MaHUMYJSATOpPA ¢ MOMOIIBI0 KOd((UIIMEHTa CepBHCa MO3BOISIET
BbIOpaTh HanOOJee BBITOIHBIM BapHAHT KOHCTPYKIIHH.

Pacnpenenenue napka npomsiiieHHbIX po6oToB (I1P) B Mupe
1o obyacTaMm npuMeHeHus B % (OCHOBHOE MPOU3BO/JICTBO)

BceroB | CBapka Oxpacka, Coopka | JIutee 3arpyso-pasrpy- [Ipouue
MHpe OTJEJIKa 304HBIC Pa0OTHI
24,5 14 8,2 6 40,3 7

B coctaB n06oro po6ota (0T YEHICKOTO «robota» — TSXKENbIA MOTHEBOJIBHBIN
TPYyA) BXOJUT HCIOIHUTEIHLHOE YCTPOMCTBO, KaK MPABWIO, OJUH WM HECKOJIBKO
MaHHUIYJIATOPOB — MEXaHUUECKUX pyK. X mporpaMMHoOe JBHKEHHE O00ecreunBaeT-
Csl YCTPOMCTBOM aBTOMAaTUueckoro ymnpamieHus. [locnennee BkiatouaeT B ceOst 4yB-
CTBUTEJIbHBIC (CEHCOPHBIE) YCTPOMCTBA — «OPTaHbl UYBCTBY» pO0OTa, yCTPOUCTBA 00-
paboTKK U XpaHeHus MHGOpMalUK (BBIYUCIUTENb) — «MO3T» poOOTa, YCTPOMCTBO
yOpaBJeHUs TMPUBOJIAMU MaHUITYJISITOPOB, a TaKXKe YCTPOWUCTB mepeaBuxkeHus (y
MOJABUYKHBIX POOOTOB).

Po6oT — mammHa aBTOMaTHYECKOTO JAEHCTBUS, KOTOpas O0bEIUHSAET CBOMCTBA
MallliH padounx U UHPOPMAIMOHHBIX, SBISSACH, TAKUM 00pa3oM, MPUHIIUIHATILHO
HOBBIM BHJIOM MAIIIHH.

OnHa W3 OCHOBHBIX 33/1ay POOOTOTEXHUKH — 3aMEHa pado4MX, 3aHSATHIX Ha
BCIIOMOTaTeIbHbIX onepaiusax. [[puroM, 4To CTOMMOCTh BCIIOMOTATEIbHBIX OTepa-
M B TPU-YETHIPE pa3a HUXKE, YEM OCHOBHBIX, CTENEHb UX aBTOMATHU3AIMM TAKXE
MOYTH BJIBO€ HUKE, YeM OCHOBHBIX. B pesynbTate OK0JIO MOJIOBUHBI pabouyux, 3a-
HATHIX B MPOMBIIIJICHHOCTH, pabOTaOT HA TaKUX HAUMEHEE MPECTUKHBIX U HE Tpe-
OYIOIIMX BBICOKOM KBAIM(PUKAIIMU PYUHBIX OTIEpAIUsX.
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IIpoooncenue npun. b

BricBoOOXIeHNE 3aHATHIX HA MOJACOOHBIX OINepanusx pabouux 3a CYET MpUMe-
Henust [1P siBisieTcst He TOMBKO OAHUM M3 OCHOBHBIX IyTEH pelieHus MpoOIeMbl TPY-
JIOBBIX PECYpPCOB, HO M HauOoJiee pallMOHATBLHBIM UX UCIIOIb30BAaHUEM, T. €. UMEET
00JIBIIOE COIMATBHOE 3HAUYEHHUE.

PoGoTtu3npoBaHHbIe TEXHOJIOTHYECKUE KOMIUIEKCHI, B KOTOpbIX [P ncmonb3y-
IOTCSI HAa BCIIOMOTATENIBHBIX OMepalusx Mo o0CIy>KMBaHUID OCHOBHOI'O TE€XHOJIOTH-
yeckoro odopynosanusi, u camu [IK kmaccudunupyroTcst no BUAYy OCHOBHOTO TEX-
HOJIOTMYECKOI'0 MPOLiecca WU BBIMOIHSIOMIETO €r0 OCHOBHOI'O TE€XHOJOTUYECKOIO
obopynoBanusi. OCHOBHBIMU IO 3HAYEHHUIO, TAaKUM oOpa3om, ctaHoBsitcsa [1P mexa-
HOOOpaOOTKHU, MITAMIOBKH, TPECCOBAHUSI TJIACTMACC, TOPSAYEH KOBKU U IITAMIIOBKH,
JUTHS MOJ] JaBJIEHUEM, BHYTPUIIEXOBOTO TPAHCIIOPTA U T. I.

Pacnpenenenue 1P nmo BcmomoratenbHbIM ONEpAlUsIM B PA3IMYHBIX 00JIACTIX
UX MPUMEHEHUs B MaIlIMHOCTPOCHUU crieayrotiee (B %):

e MexaHooOpaboTka — 33;

IITaMITIOBKA X0JoaHas — 46;
JINThE — 2;

rajbBaHukKa — 3;
TpaHcroptupoBanue — 10;
npouee — 6.

Amnanoruyto knaccupunupyrotrcs [IP B oTpacisx, riae poOOThl MPUMEHSIOTCS
Ha BCTIOMOTATEIbHBIX ONEPaIUIX, B HEMAIIUHOCTPOUTEIBHBIX OTPACIISX XO3SIHUCTBA.

[Tpumepbl TPUMEHEHUS CPEICTB POOOTOTEXHUKU B HEMAITUHOCTPOUTEIIBHBIX
o0acTax

OcHoBHBIE TpeOOBaHUS K

Onepanus
MaHHUMYJIATOpamM

Yeonvnas u copnooobwisarowas NPOMBIILIEHHOCTH

VYcranoBka kpemnu B 3a00e [TonBMXHBIA POOOT C TEXHUUECKUM
3pEHUEM U ABYMs MAaHUIIYJIATOPAMHU.

bypenue mypnos MHOTrOMaHUITYJIATOPHBIN IMOABUKHBIN
pOOOT-OypUTBIIIUK C HABUTAIIMOHHOM
CUCTEMOH

Otaenenue yris OT MOPOALI Po6oT ¢ TexHHUEeCKUM 3peHUEM U
JPYTUMH CPECTBAMHU OYYBCTBJIECHUS

ITorpy3ka ropHoi maccsl [HonBM>XHBIA POOOT-MOTPY3UUK

[Torpy3o-pa3rpy3ounbie pabOThI B
000raTUTEIHLHOM MTPOU3BOJICTBE

Memannypeus
3arpy3ka 4ylieKk M MeTajuiojioMa B Ieub | MaHUIyasiTop ¢ py4YHbIM
yIpaBJICHUEM
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IIpoooncenue npun. b

PeMOHT OrHEYyNIOpHOM KJIaJIKU I1E€YEH,
JIOMEH

[IpoGuBKa KOpPKH I1IJIJaKa U YCTPAHEHUE
aHOJIHOTO 3 (eKTa Ipu FIAEKTPOIU3E
ATIOMHUHUS

W3BrieueHne mThIpen B DJIEKTPOIU3EPAX
U UX NEPECTAHOBKA

Vknaaka u o0BsI3Ka MAKETOB UYIIEK, UX
MOTPy3Ka U JOCTaBKA

[ToaBu>KHBIN pOOOT

Cenbckoe X0

3TUCTBO

Y6opka oBorieit u GpyKTOoB
IIpononka 1 npopexUBaHUE OBOLIEH

Po6o0T ¢ TeXHHYECKUM 3pEHUEM st
paboThI, B TOM YHUCJIE B KOMIUIEKCE C
MIPOPEKUBATEIIEM

OO0cy»uBaHUE TETUTUIL

[ToaBukHBIN poOOT (1J1s1 BRIpaAIIUBa-
HUS paccajibl, yOOPKH MPOIYKIIUU U
T. 11.)

ToBapnas 70opaOOTKa MJI0J00BOILIHON
MPOAYKUUHU (COPTUPOBKA U 3arpy3Ka B
KOHTEHHEPHI)

OO6cnyxuBaHUE CBUHOBOIYECKHUX
KOMILUIEKCOB U KOMIUIEKCOB JUJISI KPYITHOTO
poraroro ckora

Jloiika u canutapHas 00paboTka
BBIMEHU KOPOB

Crpmxka oBery

[Torpy3o-pa3rpy3ouHbie pabOThI
CEJIbCKOXO3MCTBEHHOM NPOAYKIIUH, CEHA,
cuioca, yioOpeHuii u T. 1.

Boxenue TpakTopoB U Apyrux
CEJIbCKOXO35MCTBEHHBIX MAIlIMH

Pob6ot-TpakTopuct

Jlecozacomosumenvroe IMPONU3BOACTBO

Banouno-naketupytomiue poOoTh J1s
JIECOCEK

Hanmnuue crienmanu3npoBaHHOTO
MaHUMYJISTOPA

Jlepesoobpabamvisarouyee IPON3BOICTBO

[Torpy3ouHbie pabOThI

Po060ThI, aHaTOrHYHBIE TPUMEHAEMBIM
B MalIMHOCTPOUTEIHHOM
MIPOU3BOJICTBE

CmpoumenbHas TPOMBIIIEHHOCTh

Yknaaka kupnuieun
CopTupoBKa KUpIUYEl Ha KOHBEHEpe
3arpy3Ka U BBITpY3Ka [euell KUPIIUIOM

Po6oT-kaMeHImuK
Po6oT ¢ TeXHMYECKUM 3pEHUEM U
JNAJIbHOMEPHOM CUCTEMOM
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Oxonuanue npun. b

O061110BOYHbIE PAOOTHI.

PoGort 11 MoHTa)ka 00JIUIIOBOYHBIX
IUTUTOK (B TOM YHCJIE IO ONpeieeH-

HOMY PUCYHKY)

MoHTax METaNIOKOHCTPYKIIH
(3maHuii, MOCTOB, pe3epBYapoOB U T. I1.)
OxpacouHble pabOThI

Po60T-MOHTaKHUK-BBICOTHUK

Po6oTt-massip

Jleckas u nuwesas p

OMBIIIIJICHHOCTH

OO6cnyxuBaHUE OCHOBHOI'O TEXHOJIOTH-
4ecKoro o0opyoBaHus (MPSIUIbHBIX U
IIBEHHBIX MalllMH, arperaToB, popMupy-
IOIIUX CUHTETUYECKUE HUTH, IPECCOB I'0-
psideil ByJlkaHU3aluu, eyen s o0xura
KepaMUYECKHUX U3JIETUHN U T. [1.)

BHyTpu1eX0BbIE IOTPY30-pa3rpy304HbIC
Y TPAHCIIOPTHBIE paOOThI

Packpoyt Koku U Apyrux MaTtepuaion

VYkianka B Tapy koHder, oBolieH (mpu
KOHCEPBUPOBAHUM) U T. 1.

[Torpy3o-pa3rpy30uHbie paboThI B
XOJIOANIbHUKAX.

Tpancnopm

[Torpy3o-pa3rpy3ounbie pabOThI

PernamenTHOE 00CITy)KMBaHUE HKEJIE3HO-
JOPOKHBIX ITyTEeU

[ITararomye TpaHCIOPTHBIE MAILIMHBI

Meouyuna

Xupyprust (MUKPOXUPYPTHUsl, TUCTAHIU-
OHHAas XUPYPrus, CTEPUIbHAS XUPYPTusl,
XUPYprusi BHYyTPEHHUX OPTaHOB C BBEJIE-
HHUEM BHYTPb MAaHUNYJISITOPA WM MUHU-
poborta)

[Ipore3npoBaHne KOHEUHOCTEN

VYxo/1 3a O0JBHBIMU U UHBATUAAMU

[Tomo1ip npu NepeIBUKEHUH CIIETBIX
JOJIeH, IpU peabuIuTalu UHBATUIO0B U
OOJIbHBIX

Pobot-cunenka

Po6oT-noBo1bIpb, poOOT AJIA Maccaxa,
(bu3HYECKUX YIPA)KHEHUH,
TPEHUPOBKHU

Cohepa obcnyscusanus

[Torpy3o-pa3rpy3ouHbie pabOThI
Y6opka nomenieHuit

Molika OKOH BBICOTHBIX 3JaHUN
Vxo/1 3a 1eTbMH

PoGor-noMmoxo3siika

Po06oT-HsIHbKA M UTPYIIKa

Cneyuanvrvle BUAbI pabOT

HOI[BOI[HBIG, KOCMHUYCCKHUEC U NHBIC ‘
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Ilpunoorcenue B

KYJIAHYKOBbIE MEXAHW3MbI. OBLLNE CBELIEHVIA

[Ipu KOHCTPYyHpPOBaHUU MAIIUH MEXaHU3MBI MOJAOUPAIOT TaK, YTOOBI BHIXOJHOE
3BEHO (3BEHBS) COBEPIIAJIO JABMIXKEHHE IO 3aJaHHOMY 3akoHy. PaGouue mporecchbl
MHOTUX MAaIlIUH BBI3BIBAIOT HEOOXOJAUMOCTh UMETh B UX COCTABE MEXaHU3MBI, JIBU-
KEHUE BBIXOJHBIX 3BE€HHEB KOTOPBIX CJIEAYET BBIMOJHSITH C May3aMU U COTJIACOBBI-
BaTh C JIBMOKEHUEM APYrux Mexanu3aMoB. Hanbosee Haie)KHBIMU, TPOCTHIMU U KOM-
MAKTHBIMU JIJIs1 BBITIOJIHEHUS] TAKOU 3a7a4M SIBIISIOTCS K)JIAYKO8ble MEXAHUIMbL;, BOC-
MPOU3BEICHUE JIBMKCHUSI BBIXOJHOTO 3BEHA — MOJKamens — OHU OCYIIECTBISIOT
TEOPETUYECKH TOUHO. X BXOJIHOE 3B€HO HA3BIBACTCS K)JIAYKOM, BBIXOJAHOE — MOJI-
KameJjiem I KOPOMbBICTIOM.

OTU MeXaHU3Mbl 00JIaJal0T MIUPOKUMU BO3MOXKHOCTSMU BBIMOJHEHUS CIIOXK-
HBIX 3aKOHOB JIBM)KCHHS BBIXOJHBIX 3BeHbEB. KylauKoBBIMU ME€XaHM3MaMH MOXKHO
OCYIIECTBUTh TOUHBIA BBICTOM (OCTAHOBKY TOJKATEJNsI MPU JABMKYIIEMCS KYJIAuyKe)
WM HECKOJIBKO BBICTOEB TOJIKATENsl Ha OMPEACTICHHBIX YyYacTKaxX HUKJIa padoThl
MaIIlUHbI, YTO MPAKTUYECKU UCKITI0UAETCS TPU paboTe PhIUaKHBIX MEXaHU3MOB.

Bce kynaukoBble MEXaHU3MBI 10 XapaKTepy JBMXXEHUSI TOUYEK 3BEHBEB MOYKHO
pa3eNuTh Ha JIBE OCHOBHBIE TPYIIIIBI: MEXaHU3MBbI NIOCKUE U NPOCMPAHCIBEHHDbLE.
[IpoexTupoBaHue U U3TOTOBJICHUE MPOCTPAHCTBEHHBIX MEXaHU3MOB 00Jiee CIIOXKHO
B CPAaBHEHHUU C TUIOCKUMU, HO UX MIPUMEHEHHUE YacTO YIpoIaeT o0y KHHEeMaTu-
YECKYI0 CXEMY aBTOMAaTHUYECKOTO YCTPOMCTBA, TaK KaK MPH ATOM OTHagaeT HeoOXo-
JTUMOCTb MIPUMEHEHUS JJOTIOJHUTEIILHBIX MTPOCTPAHCTBEHHBIX TIepeay.

B mammHax-aBTOMaTax C JKECTKUMH CBS3SMH KYJIAUKOBBIE MEXaHU3MBI MPOU3-
BOJSIT <GKECTKOE» MPOrPAMMHUPOBAHUE BBIMOIHIEMOTO TEXHOJOTHUYECKOTO MpOIleC-
ca. B mammnHax-aBTomMaTax ¢ 3JIEKTPUYECKUMHU, THIPABINYECKUMU U MTHEBMATHYEC-
KHUMU CBSI3SIMU KYJIaYKOBBIE MEXaHU3MbI YaCTO BHITIOTHSIIOT (QYHKIIUU YIPABICHUS C
MOMOIIBIO CHEASIIUX YCTPOUCTB. OpHAKO, HECMOTPS Ha SBHOE TMPEUMYIIECTBO,
OTpaHUYEHHOE MPUMEHEHHUE KYJIAUYKOBBIX MEXaHU3MOB CBSI3aHO C PSIIOM HMX HEHO-
ctaTkoB. KuHemaTudeckas mapa «KyJaK-TOJKATENIb)» OTHOCUTCS K «BBICIIUMY Ta-
paM, TJie KOHTAKT MEXJY COINPHUKACAIOMIMMUCS 3BEHbSIMU TECOPETHUUYECKU MPOUCKO-
JIUT 110 JIMHUM WM TOYKE, HO MPAKTUYECKU C YU€TOM YNPYTOCTH 3BEHbEB — MO TUI0-
maau. [Ipu 5ToM B 30HE KOHTAaKTa BOSHUKAIOT 3HAUUTENIbHBIC Y/EIbHbIE JaBICHUS U,
CJIeI0BaTeNIbHO, OOJBIIION HM3HOC MOBEPXHOCTEH; MOITOMY pabouas MOBEPXHOCTH
KyJauKa YIPOUHSETCS XUMHYECKUM, XUMHUKO-TEPMUYECKUM JTUOO0 MEXaHUYECKUM
criocobamu.

OcCHOBHBIM TpeOOBaHUEM KaueCTBEHHON pabOThl MEXaHU3MOB SIBJIICTCSI HETIPe-
PBIBHBIN KOHTAaKT B KHHEMAaTUUECKOM Mape «Kyjak-Toikarenby. [Ipu padoTe kynau-
KOBBIX MEXaHH3MOB B BBICOKOCKOPOCTHBIX MAaIllMHAaX BO3MOXHA IMOTEPsl KOHTaKTa
(OTpBIB) 3a CUET 3HAUUTENHHBIX BEJIUYUH CUJI MHEPIIMU TOJIKATENS. ITO 00CTOSTEINb-
CTBO BEJET K HapYIICHUIO TEXHOJIOTMYECKOrO IMKIIA, 4, CIEJOBATEIbHO, K CHIXE-
HHIO KAa4E€CTBA BBITYCKAEMOU MPOAYKIMH. TakoM HEJOCTATOK MOKHO MCIIPABUTH OIl-
TUMAaJIbHBIM BRIOOPOM 3aKOHA YCKOPEHUS TOJKATENs, IPU KOTOPOM CJIEAYET YUUThI-
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IIpooonicenue npun. B

BaTh KO0JIEOATENbHBIC MPOIIECCHI, MPOUCXOASAININE B KYJIAUKOBBIX ME€XaHH3MaX. BbI-
00p 3aKOHa JBMKEHUS TOJIKATEJs YaCTO OCYIIECTBIISIETCS C MOMOIIbIO MeToaa 0e3-
pa3MEPHBIX XapaKTePUCTUUECKUX (YHKIUHI, N3JI0XKEHHBIM B [11].

N3 Bcero MHOrooOpasusi CBEIEHUN O KYJAYKOBBIX MEXaHU3MaX OCTAHOBHMCS
JUIIb Ha UCCIIEIOBAHUM FeOMETpUH MPOoUis Bpallatoulerocs Kyjayka (aHajau3e U
CUHTE3€ 3aKOHA JIB)KEHMSI TOJKaTeNs). DTO B CBOIO OUYEPE/b CBSI3AHO C TEMOM BbI-
MOJIHAEMOI0 CTY/ICHTaMH KypCOBOTO IPOEKTa — CUHTE3 Npoduiid Kyjgaduka U BbIOOD
ONTUMAIbHBIX KOHCTPYKTHUBHBIX Pa3MEPOB KYJIAUKOBBIX MEXaHU3MOB MPHU 33JJaHHOM
B 0e3pa3MepHoOit (hopMe 3aKOHE YCKOPEHUSI TOJIKATEIS.

KynaukoBslif MEXaHU3M NpeCTaBIseT COOON TPEX3BEHHBIM MEXaHU3M, COCTOS-
YN U3 CTOMKH, BXOJIHOTO 3B€HA — KYJIauKa U BBIXOJIHOTO 3B€HA — ToJKarens (puc. 1).

Mapbl
TonkaTtenb g g/ 5-ro knacca

\\\\\\ Mapbl

4-ro knacca

Ponuk

Kyna4ok

Mapsbl
5-ro knacca

Puc. B.1. KynaukoBbie MexaHU3MbI OOLIET0 BUA

Ha puc. B.1 npencTaBieHbl MEXaHU3MBI C TOCTYNATEeIbHBIM JIBIDKEHUEM TOJIKA-
TEJsI, OKAHYMBAIOIINECS OCTPUEM HIIM POITMKOM (TTAaCCHBHBIM 3BEHOM).

CreneHp MOABMKHOCTH KYJIaYKOBOI'O MEXaHM3Ma 0e3 ydeTa poJInKa Ompeess-
etcs popmynoi YeOrblena.

W=3n-2ps—1p,=33-22-11=1,
T 71 — YUCJIO TMOABIKHBIX 3BeHBEB (11 = 3);
Ps — 4UCIIO0 KUHEMAaTUYECKHUX nap 5-ro kiacca (ps = 2);
P4 — UMCIIO KUHEMaTH4eCcKuXx mnap 4-ro kinacca (ps = 1).

CornacHo ¢opmyiie UeOrbIlieBa cTeneHb MOBMKHOCTH TAKOTO MEXaHU3Ma PaB-
Ha CAUHUIIC.
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IIpooonicenue npun. B

Ha puc. B.2 npencraBiaeHbl pa3IMuHbIE TUIIBI KYJIAUKOBBIX MEXAHU3MOB.

N > iz

X 3
Puc. B.2. Tunsl KyJ1laykOBBIX MEXaHU3MOB

KynaukoBble MeEXaHU3MBI MOTYT OBITh IJIOCKUMU (puc. B.2 a — ac) n npocTpan-
CTBEHHBIMU (puc. B.2 3). Ilpu 3TOM ToJIKaTeNlb KyJ1auKOBOTO MEXaHU3Ma MOXET CO-
BEPILAThH Pa3TNYHbIC ABIKCHUS:

® T[IOCTYNAaTEeIbHOE,

e BpalaTeNbHOE,

e CJIOXKHOE (TJIOCKOE WJIA MPOCTPAHCTBEHHOE).
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Ha puc. B.3 npencraBieHbl MEXaHU3MBI C TTOCTYIATEILHBIM JBUKCHUEM TOJIKA-
tenst (puc. B.3 a, 6, 2, 0, oc, 3, K) ¥ BpallaTeIbHbIM JIBIOKEHUEM ToJikaTens (puc. B.3
0, e, u).

Puc. B.3. Mozenu KyJa4ykoBbIX MEXaHU3MOB U KYJIAUKOBBIN BaJl,
I — kynak, 2 — Toynkaresnsb; 3 — CTOMKa,
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[locTOAHHBIA KOHTAKT TOJIKATeNs W Kynauka (ps) oOecrneunmBaeTcs CHIOBBIM
WIH KUHEMAaTHYeCKUM 3aMblkaHueM. CHUJIOBOE 3aMBIKaHUE peau3yeTcs NeHCTBUEM
NPYKUHBI, CUJION TSXKECTU WM JaBJIEHUEM XUAKOCTH (puc. B.2 a, 6, 2, 0; puc. B.3
u). Kunematnueckoe — yCTaHOBKOW KOHTpKyJnaka (puc. B.2 e), Tonkareis B BHIE
paMku (puc. B.2 0), na30BbIX KyJIaukoB (puc. B.2 o, 3; puc. B.3 6, 6, 2, 0, e, k).

Ha puc. B.3 n npeacTtaBieH KyJadykoBblid (pacnpenenutenbHbiil) Ban J(BC.

OCHOBHBIE OrIPEAEJIEHNA N ObO3HAYEHWA B KYJIAYKOBbIX
MEXAHU3MAX

Jlanee npuBezeM OCHOBHBIE OIpeAesieHus U 0003HaYeHUs, UCIIOJIb3yeMble TIPU
aHaJIM3€ U CUHTE3€ KYJIaYKOBBIX MEXaHU3MOB.

BBuay 3Ha4MTENIBHOIO MHOTOOOpa3us CYIECTBYIOIUX KOHCTPYKUUNA B JAHHOU
paboTe pacCMOTPUM JIMIIb JIBA TUIIA MEXaHU3MOB: KyJIauKOBbIE€ MEXaHU3MBI C MOC-
TyHaTeJIbHbIM U BpPaIIaTeIbHbIM ABUKEHUSMH TOJIKATEIS.

OTH KylTa4yKOBbIE MEXaHU3MbI MOTYT OBITh LIEHTPAJIbHBIMU U HELIEHTPAJIbHBIMHU.

Llenmpanvholii Ky1auKo6wlil Mexanusm — KyJIayKOBBIA MEXaHU3M C MOCTYIaTeNb-
HBIM JIBIDKEHHEM TOJIKATENs, IPU 3TOM JIMHUS IBHXKEHUSI TOJIKATENS IPOXOIUT Yepe3
OCh BpalieHus kynauka (puc. B.4).

Heyenmpanohoiii (6Heyenmpennsiil) Ky1auKosvlii Mexanusm — KyJIauKOBbIA Me-
XaHU3M C MOCTYHaTeJbHBIM JBHKEHUEM TOJKATEs, MPU 3TOM JIMHMS JIBHIKCHHS
TOJIKaTeJIs CMEIlleHa OTHOCUTENIbHO OCH BpallleHus KyJiauka (puc. B.5).

JlaHHO€ cMelIeHre HA3bIBACTCS IKCYEHmpucumemom, 0003HaYaeTCsi CUMBOJIOM
«&». B KOOpAMHATHBIX OCSIX SKCIEHTPUCUTET MOXKET NPUHUMATh KaK MOJOXKHUTEIb-
HO€, TaK U OTPUIATEeIbHOE 3HAUCHUS.

3aKoH JBMKEHUS TOJIKATeNsl onpejaensercs npoduieMm Kynadka. Ecim Tosnka-
TeIb OKAHYMBAETCS POJIMKOM, TO Pa3IUYaAIOT APAKMUYECKUL W meopemuyecKuti
npoduin Kynadka:

npakmu4eckuti npoguib — KpuBasi, OrpaHMYMBAIOLIAsl BHELIIHIO MOBEPXHOCTh
Tena Kyjnadka, Ha KOTOpPOW MPOUCXOJUT KOHTAKT TOJKATENs (POJIMKA TOJIKATEINs) C
KyJIauKOM;

meopemudecKuli npo@uib — KpuBasi, IpoXoasdilas 4yepe3 LEHTP poIuKa U Mpo-
BEJICHHAsl HKBUJMCTAHTHO (PaBHOYJAJIEHO) MO HOPMaju K MPaKTUYECKOMY Mpodu-
JII0 Ha PAacCTOSIHUM pajnyca posuka (puc. B.4).

Hauanvuas waiiba — OKpY>KHOCTb C HAMMEHBIIUM PaJnycoM Npouisl Kyjaad-
Ka, MPOBEJICHHAs U3 €ro LIEHTpa BpallleHHUs;
¥, — paguyC HadaJbHOM MIaliObl MPAKTUYECKOrO IPOQHIIS;

R, =1, +p — paguyc HavaJIbHOW MAai0bI TEOPETUUECKOrO NMPOdUIs, raAe p — pa-

JUYC POJIUKA.
[Ipoduip Kynauka, obecreynBarOIUi 3aKOH JBUKEHUS TOJIKATENs, AEIUTCA Ha

YYaCTKH C COOTBETCTBYIOLIMMHU MPOPUIBHBIMH YTJIAMHU.
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§ E Tonkatenb
Pscr="6
CT _
BIII Pya ="Yyn
A
B max TeopeTuyeckni
Ponuk
MakcumanbHoe f D Tonkaren I'IpaZf:t?;VcIE:ﬁ
nepemelleHne —
TonkaTens // §\\ ~ npocunts
Ro/ /r A W\
OH 9 ! \
! > I
\
AN BO3 \\ / \
A <
W - Taer/ 7
N
N A /
~ ~_ 7
Pacr= Tner

(pBO3 = YBO3

Puc. B.4. LlenTpanbHblil KyJIaUKOBBIM MEXaHU3M

(psos =igo3 9

Puc. B.5. HenlenTpasibHbI# (BHELIEHTPEHHBIN ) KyJIaYKOBBIM MEXaHU3M



IIpooonicenue npun. B

lpoghusibHbIE Yriibi:

yeon npoghuns yoanenus (yyﬂ ) — o]l AEUCTBUEM 3TOTO PO TPOUCXOIUT

yJlaJleHue TOJIKAaTeNs OT HYJIEBOTO B KpaiiHee JajibHee MOJIOKEHHE;
yeon npouns danere2o 6bicmos (Y ger ) — HOJ ACUCTBUEM 3TOTO NPODHIIS PO-

WCXOJUT BBICTOM TOJKATeNs B KpallHEM AayibHeM mosioxkeHuu. Kpusas mpoduis
MPEJICTABIIICT COOO0M YTy OKPY)KHOCTH, ITPOBEACHHYIO U3 IICHTPa BpaIeHUs KyJad-
Ka;

yeon npogpuns eosspaujerus (Ygos) — MO AEHCTBHEM 3TOTO NMPOQUIIA TONKA-
TeJb BO3BPAIAETCs B HYJIEBOE (MCXOAHOE) MOJO0KECHUE;

V2ol npo@uist OIUNHCHE20 BbICMOS (y6CT) — MOJ JEWUCTBHEM ATOTO MpOus

TOJIKaTeJIb BHICTAMBAET B HYJIEBOM MoJoXeHUH. KpuBas npoduis npeactapisieT co-
00l IyTy OKpY>KHOCTHU pajiiyca HadaJbHOW IaHOBbI.
CymMa podHITbHBIX yII0B paBHa 27 win 360°:

Tyn T Yaer + Veos T Y6CT =360°.

[IpodusibHBIE YTiABl YYUTHIBAIOTCS MPU M3TOTOBICHUM KyladkoB. [Ipu ananuze
U CHUHTE3€ KYJIAYKOBBIX MEXaHM3MOB HCIOIB3YIOTCA nOGOpOmHble YIibl () Kylad-
Ka.
[10BOPOTHbIE YI/ibl:

NOBOPOMHDIIU Y20/l YOAIeHUs ((pyﬂ ) — IIpU MOBOPOTE KyJlauKa Ha JaHHBIN yroj
MPOUCXOANT yaJeHHE TOJIKATENs OT HYJEBOTO MOJOXKEHHS B KpaiiHee JallbHee;
nogopomuuii y2on danere2o 6o.cmost ((Pper ) — MPU MOBOPOTE KyJIavKa Ha JaH-

HBIW YTOJI IPOUCXOAUT BBICTOM TOJIKATENSA B KPAUMHEM JTAJIbHEM IOJIOKEHUU;
noeopomuuiii yeon 6osépaujeruss (Pgqys) — IPU TOBOPOTE KyJlayKa HAa JaHHBINA
YTOJI TOJIKATEIh BO3BPAIIAETCS B HYJIEBOE (MCXOIHOE) MOJIO0KECHUE;
NOBOPOMHDIU V2Ol ONUNCHE20 BbICIOsL (([)6CT) — MpU TOBOPOTE Kyjlauyka Ha

JaHHBIA YTOJ TOJKATENb BBICTAMBAET B HYJIEBOM IOJIOKEHUU.
CyMMa TOBOPOTHBIX YIJIOB TaK e, Kak M MPOoGUIBHBIX yIiIoB, pasHa 360°:

Pyn T Quer T Ppos T (P6CT:3600‘

Hns yenmpaneHo2o KyaadkoBOTO MEXaHHW3Ma MOBOPOTHBIE M MPO(UIbHBIE YT-
JIbl paBHbI MEX]1y CO00i

Pyn =Yyn > Psoz=Vsoz> Puer =Vmer: Pger =Voer:

Hns HeyenmpanvbHoeo KylnayKOBOI'O MEXaHHW3Ma IOBOPOTHBIE U MPOQUIbHBIE
YIJIBl Ha y4acTKaxX yJaJdeHHUsS U BO3BPAIICHHS OTIMYAIOTCS Ha HEKOTOPBIN TOTIOIHH-
TenbHbId yron 0 (puc. B.5).
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IIpy MONOKUTENHLHOM 3HAKE IKCIEHTPUCUTETA
Py =Yy +9; Pgo3 =Vpoz —6-
IIpy OTpHLIATENHLHOM 3HAKE IKCIEHTPUCUTETA
Py =Yyn —9; Pgo3 =Vposz +9-

Ha y4acTkax qajibHETo U OJIMKHETO BBICTOEB IIOBOPOTHBIC U MPO(HIBHBIE YIIIbI
paBHBI MEX]1y COOOIA.
Oner =Vmer:  Pger =Voer

[TpodwiibHBIE ¥ TTOBOPOTHBIC YTJIBI 1T KOPOMBICIIOBOTO KYJIAYKOBOTO MEXaHH-
3Ma TaKKe pa3InyaroTCs Ha JTOTOJHUTENBHBINA yron 0 (puc. B.6).

Puc. B.6. KopoMBICTIOBBIN KyI1auKOBBIA MEXaHU3M

94



IIpooonicenue npun. B

CTPYKTYPA 3AKOHA ABVDKEHWA U BESPASMEPHBIE XAPAKTEPUCTUKN

NHxeHepHas NpakTUKa B HACTOSALIEE BpeMs IIMPOKO HUCIOJIB3YET BCEBO3MOXK-
HbI€ aHAJIMTHUYECKHE METOJbl CHHTE3a (UCCJIEIOBAaHUS) KYJIAaYKOBBIX MEXaHU3MOB,
ONMpAOIIKECS, B TOM YHCJIE HA UCIIOJIb30BAHME ammapara 0e3pa3MepHbIX XapakTe-
pucTHUEeCKUX (YHKUMIA 3aKOHOB JIBH>KEeHMs. [IprMeHeHue 3Toro mMerona CyiecTt-
BEHHO O00JIEr4aeT MpoLECC BBIOJHEHUS PAacyeTOB U JA€T BO3MOYKHOCTb CONOCTAaB-
JATh KUHEMAaTH4YEeCKUE U JUHAMUYECKUE CBOMCTBA PAa3JIMYHBIX 3aKOHOB JBHIKCHUS
BBIXOZHOT'O 3BEHA.

Oyukuueit nonoxenus 11(¢p;) nnu I1 kynaukoBoro MexaHu3Ma CIyXKHUT F€OMET-
pHuecKas 3aBUCUMOCTD, CBSA3BIBAIOIIAS IEPEMEILIEHUE TOJIKATENS f ¢ YTIIOM ITOBOPO-

Ta KyJnauka ¢ (puc. B.7).
p=1(p). (B.1)

[Ipu mocTynareabHOM JABHXKEHUU TOJKATENs KOOpAHMHATa f u3MepsieTcs B JIH-
HEMHBIX pa3Mepax, Mpu KOPOMBICIOBOM ToJIKaTese — B yrioBbiX. [Iponuddepenim-
pyeMm (B.1) no Bpemenu:

dp :dry do/ . dzﬁ/ de dly d%
dt= " Jde /dt’ dr* = Jde*| /dt do /dr?

31ech 'B/ ,Bnd'B

TOJKATENS,

d%gp =1T'(p,) m d 2%(02 =TI1"(¢,) — cooTBeTCTBEHHO TIEPBast U BTO-

pas nepenatouHble (PYHKIHH.

Kak u B ppruaxkubix mexanusMmax [I'(px) o0o3Havaercs kak ananoe ckopocmu, a
I1"(pk) — Kak ananoe ycxopenusi.

Haubonee yacto (npu ycTaHOBUBIIEMCS ABHKEHUH) YIJIOBasi CKOPOCTh KyJay-
Ka o = do/dt — sBAsieTCS BEIMYUHOM NMOCTOSHHOM, MO3TOMY CKOPOCTbh U YCKOPEHHE
TOJIKATeJIsl U3MEHSIOTCS 1O 3aKOHY, onpenensieMomy pyukuusamu I1'(pk) u I1"(pk),
T. €.

) = ,3 — COOTBETCTBEHHO CKOPOCTh U YCKOPEHHE

dt

ﬁ2 :V2 :a)KH'((DK)ﬂ 132 =a§ :a)IfH”((Dl)'

CuHTe3 3aKOHa JBMKEHHUS BBIXOJHOTO 3BEHA MPEIOJaraeT OIpeaesieHue
¢bynkuunii [(pk), [T'(pk) 1 [1"(¢k), nocae 4ero nosiBiAsieTCss BO3MOXHOCTh PACCUUTATH
U MOCTPOUTH NpopuiIb KyJayka, 00ecreurBaroui nepeMeleHne ToIKaTels mo 3a-
JAHHOMY 3aKOHY.

[lepeMernienre ToskaTenass MOXeET cooTBeTcTBOBaTh npsimomy (I1'(¢k) > 0) wim
oopatHomy (IT'(px) < 0) xomam. AITOPUTMBI BBIIIOJIHEHHSI PACYETOB MPSIMOro U 00-
paTHOrO XOJ0B MJICHTUYHBI, pacUe€THbIE (POPMYIIbI — TAKAKE, TOATOMY MOJAPOOHO OC-

TAHOBHUMCH JIMIb HA IIPAMOM XOAY TOJIKATCIIA.
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B macrosiiee Bpemsi HamOoJiee TPOTPECCHBHBIM CUYHTACTCS TPEXIEpUOTHAS
CTPYKTypa 3aKOHa MEepPEeMEICHUS] BEJOMOTr0 3BeHa (@) B KyJIauKOBOM MEXaHHU3ME.
Ona mpennonaraeT MocjaeAoBaTEILHOCTh TPEX Y4acTKoB — paszoera (1), paBHOMep-
HOTO JBWXKEHUs (2) — nocmosinHot ckopocmu v Bbioera (3) BbIXOAHOTO 3BeHa. [Ipu
ATOM MOPa3yMeBaAET OTCYTCTBUE YIapOB Ha TPAHUIIAX 3TUX yYaCTKOB.

)
1l
,Bmax = ,B]]]
11
Bu
1
Bi
i
— ¢ -
0 1 or 2 on 3 Om Q= Wt

Puc. B.7. TpexnepuoaHblii 3aK0H NepeMeIleH s TOIKaTesl (KOpoMbIciia)

Yuacmok pazbeea.

Baecb 0 < p<pu0<¢p<gp,. H'(qDK) >0, H"(qDK) >0.

PaccMmoTpruM HEekoTOpOe TeKkyllee 3HaueHHe f; Ha ydacTke pa3dera, COOTBETCT-
BYIOILIEE, HAIIPUMED, TOUKE I.

Jlajee 3amuiuem % =1T; ’% = 0,(r]) — Ge3pa3mepHas xapaKTepHc-
1 1

Tuyeckas QyHkuus (0e3pa3mMepHoe NnepeMenieHne) — 3aKOH JIBHXKEHUSI TOJIKaTelsd Ha
y4JacTKe ero pasbera. 371ech 7 — MapaMmerp, XapakTepU3yIOLIi BpeMs, MpeacTaB-
JeHHoe B Oe3pa3zmepHoi popme.

Ecnu ¢pynkuus O(z)) 3agaHa, nepeMenieHue ToJkaTelns f 1 yroji noBopoTa Ky-
JlayKa ¢ OIpPEIESIUM U3 BBIPAKCHUMN:

p = p1 O1(11); ® = 1T

s onpenenenus nepenarounbix Gyukuuii [1'(px) u I[1"(px) npoauddepeniu-
pyem S = f; ©1(1;) KaK CIOXKHYIO QYHKIIHUIO

' d d® d '
W)=, =%, T, =P el

1" _ dH/ _ ﬁ/ d@; dTl _ ﬁ/ ®" .
(®,) do, o, dr, do, (012 (7))
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Oynknus O;'(r;) MoHOTOHHO Bo3pacTaeT oT 0 10 O = O4'(1).

MakcuManbHoe 3HaueHHUE 'y, HA3BIBAIOT NUKOM 0e3pa3MepHOl CKOPOCHU.
DTa MOCTOSHHASI TTOKA3bIBACT, BO CKOJBKO pa3 MaKCHMMaJlbHas CKOPOCTh Ha JTAHHOM
yuactke Oonbine cpenneid. [loctosHHyrO ©"y.x Ha3BIBAIOT HUKOM Oe3paA3smMepHO20
VCKOPEHUsL.

Pacrionoxenue 3Toro sKCTpeMymMa OTHOCUTEILHO TPAHUIl YIaCTKa MOXKET OBITh
Pa3TUYHBIM W 3aBUCHUT OT BEIOpAHHOW Oe3pa3MepHOI XapaKTePUCTUKH.

OtHomieHue O"ax / O1'max MMOKA3BIBAET, BO CKOJIBKO pa3 MaKCUMaJbHOE YCKO-
peHue OOJbIIe CPETHETO.

Yuacmox nocmosannou ckopocmu. 3pec fi < L <pn A ¢1 = ¢ < ¢11.
Paccyxmast aHAJIOTHYHO TPEIBIIYIIEMY, 3alHIIIeM

_ B —B N
p=p PPy @-op)
H'(gok):d'%(ozﬁ” - B A =const, I1"(p )=0.

Yuacmok evibeza. 3nech frr < L <P A O = @ < Q1.
Ha sToM ydacTke nmpomexyTo4yHasl TOUKa IIPOXOAUT OTPE30K KpuBou ot /1 no I11.
B kaudectBe O0e3pazMepHbIX XapaKTEpUCTUK MPUMEM

,3111—%[[[_’3[[:@3@3)’ Pir — ¢ =1,

Prir-opy
Hanee monyanm f = B — (Bu— FOs(13), @ = our— (o — ¢1)ts,

H'((DK) — d%(o — ﬁ[[[ - ﬁ” . @;(T3)9
" d’p _— B —by) O
o) do’ (@ — )’ 3(72).

Cwmpbicn ¢pyHkiui s, 05', 03" u 01, ', ®;" NOTHOCTHIO COBNAAAIOT, TIOATOMY
noApoOHBIN aHaNKU3, IPOBEECHHBIHN JIs yyacTKa pa3dera, OTHOCUTCS U K BbIOETY.

N3menenneM (DyHKIIMM MOJIOKEHUS U MEPeNaTO4YHbIX (QYHKIMM Ha ydacTKax
pazbera u BbiOera ympanisieT Oe3pa3MepHasi xapakrepuctruka O(7) u ee mpou3BO/I-
Hble O'(7) u ©"(7); MHOXKUTEIM, CTOSIINE TEPEe] HUMHU, UCTIOTHSAIOT POJIb MaclITal-
HbIX KO3 puimenToB. be3pasmepHble xapakTepucTHueckiue GyHKIMH MOXKHO 3aJa-
BaTh B AHAJUTUYECKOM BHJIE WJIM B BUJE TAOJMI], YTO CYIIECTBEHHO OOJEeryaer mnpo-
L[ECC CUHTE3a MPOPUIIs KyJayKa.

MHO0X€eCTBO BapMaHTOB CHHTE3a, CBA3AHHOE C Pa3jJM4YHBIMU 3HAYEHUSIMU MaK-
CUMAaJIbHBIX MEepEMEUICHUN TONKATENs, YTJaMUd OBOPOTA KyjladKa ¢ pa3HbIMH COOT-
HOILICHUSIMU MEXIY YYaCTKAMH JABUKEHUS U CKOPOCTHBIMHU PEKUMAMU, OTPAKAETCS

MOCTOSIHHBIMU MHOHTEJISIMH, CTOSIIIUMU Tepe 0e3pa3MepHbIMU (DYHKIIUSIMHU.
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IIpooonicenue npun. B
CBOVICTBA BE3PA3MEPHbBIX XAPAKTEPUCTUK

Ha yudacTkax pazbera u BpiOera TOJIKATENs €ro JBIKEHHUE 3a71aeTCsl B BUJC He-
KOTOPOTr0 3aKoHa Oe3pa3MepHOro yckopeHusi. KoHcTtaHThl O6e3pa3MepHBIX XapakTe-
pUCTHK O'hax U O1",x — OCHOBHBIE MApaMETPbl, YYUTHIBAEMBIE MIPU CUHTE3€ ONTH-
MQJIBHBIX 3aKOHOB JIBUKEHHUS. 3HAUEHUIMU O ' U O3'hax XapaKTEPU3YETCS MAKCH-
MaJlbHasi CKOPOCTh; MaKCUMaJIbHOE YCKOPEHUE TOJIKATeNsl Ha pa3dere u BeiOere om-
penenseTcsa 3HaUCHUSAMU O" .« 1 O3"ax.

[locTosiHHBIE, 3aJI0KEHHBIE B 0€3pa3MEpHBIX XapaKTEPUCTUKAX, OMPEACIISIOTCS
u3 reopeM 1 u 2.

Teopema 1.
Iux 6e3pazmepnoii ckopocmu ©',,,, 06pamuo nponopyuoraien 3nadenuro 1,
20e 1, — abcyucca yenmpa masxcecmu Qpuaypul, coomeemcmeyoujell be3pazmepHomy

VCKOpeHuto, m. e.
Onax = ¢
Y
CnencrtBus:
e J[ns BCEX CHMMETPUYHBIX JITIOp 0€3pa3MEPHBIX YCKOPEHUHW MUK Oe3pa3mep-
HOM CKOpPOCTH O'1,x = 2, Tak Kak 3mopsl ®"(7) Takoro Buja Beceraa umeror t, = 0,5.

e HecumMmeTpuuHbIM smropam 0e3pa3MepHBIX YCKOPEHUM COOTBETCTBYIOT 3HA-
YeHUs O'1ax, OTIUYHBIE OT 2; 371€Ch NpHU 7y < 0,5 O'pax < 2. [pu 7, > 0,5 O'pax > 2.

Teopema 2.
o [lux b6espazmepHozo yckopenus O, npamo nponopyuoHaieH 3HaveHuIo nu-
Ka 6e3pazmepHoli ckopocmu Oy, u 0bpamuo nponopyuoHanien Kod3Pp@uyuenmy 3a-

NOJIHEeHUA |, m. €.
" _®’ _ 1
O == Vit ey

rae
4
H= ®mu/ " = F% .
®max F (0)
ITPUMEPBI.
e [IpAMOYroiapHBIM 3aKOH U3MEHEHHS O€3pa3MepHOro YCKOpPEHUs
@N
®"max
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IIpooonicenue npun. B

3naech t; = 0,5; 4= 1; O'ax = 2; O"ax = 2.
e TpeyronbHblii 3aKOH U3MEHEHUSI 0€3pa3MEPHOro YCKOPEHUS

@N
"
@ max

0 [ I

3necb 1, = 1/3; £ =1/2; O'pax = 1 /1-1/3 = 3/2; O"ax = 3 /2:0,5 = 3.
e KocuHycouianbHbIi 3aKOH U3BMEHEHUS] O€3pa3MepHOro YCKOpEHUs

@ 1
®"maX c
1T
b / L
0 |y I

3nech c=2-1/r u F=2-1-0Q" s/, 0oTKYHa UMEEM O'p0y = 7/2; O" oy = /4.

TTPUMEYAHUE.
Ecnu kakag-nmu60 miomaas orpaHuueHa (pyHKIUER sin WIH COS, apryMEHT KO-
TOpOM M3MeHsieTcs B npeaenax ot 0 10 7/2, To mapaMmeTpbl 3TOU MIIOLAAL ONpeIes-

OTCA COOTHOILICHUAMU
F = 2“% ; c=20/
1 1

3nech F — moniaab 3MI0Pkl; @ — JJIMHA OCHOBAHUS 3MMIOpHI (a = 1); b — Hanbob-
mas opauHata (b = ©".x); ¢ — paccrosinue 1mo ocu 0-t ot nentpa Tsxectd dmrops (1)
710 TOYKH, B KOTOPOW OparHaTa KpuBoii oopariaercs B 0.

e CUHYyCOMJAJIbHBIN 3aKOH U3MEHEHUsI 0€3pa3MEPHOI0 YCKOPEHHUS
@N

For
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IIpooonicenue npun. B
3nech 7, =0,5; Ohax = 2; O'x = 7
TTPUMEYAHUE.

[Tpu abCOMIOTHO KECTKUX 3BEHBSIX ONTUMAJIBHBIM 3aKOHOM M3MEHEHHUS YCKOpe-
HUU SBIIACTCS MPSMOYTOJIBHBIN 3aKOH, TAK KaK 3TOMY 3aKOHY OTBEUaeT HAUMCHBIIIEEe
3HaueHue O"y,x. OHAKO Bce peajbHble MEXaHU3MbI 00J1aJ1al0T YIIPYTUMU CBOWCTBA-
Mmu. [Tpu ckauko0Opa3HOM U3MEHEHHH YCKOPEHUH Ha HEKOTOPYIO BETUUNHY (MsAeKUlL
yoap) B HUX BO30YXAat0TCA CBOOOIHBIE KOJIEOAHUs YIIPYTrOi CUCTEMBI, B pE3yibTaTe
YeT0 3aKOH U3MEHEHUS YCKOPEHUSI MOYKET OKa3aThCsl 3HAYMTEIIBHO NCKAKCHHBIM.

[Ipu ckaukax ckopoctu (dcecmkux yoapax) AOTNOTHUTEIbHBIE YCKOPEHUs J0-
CTHUTAIOT e1lle 00JIee 3HAUNTEIHbHBIX BETMYHH.

[Tpu ckayke yCKOpEHHS B Hadaje NBMKCHHS MAaKCHMAJIBHOE YCKOPEHHE BO3pac-
TaeT MPAKTUYECKU B J[BA pa3a, a MPH CKavKe, CBI3aHHOM C M3MECHEHHEM 3HaKa, 3TO
YCKOPEHHE MOXET BO3PAcTH 110 Tpex pas. [IpuBeneHHbIe MUPPHI OPUESHTUPOBOYHBI,
TaK KaK He YYUTHIBAIOT A3 PeKT oT kosieOaHuM, BO30YKIaeMbIX B MPEIbIAYIINX ITHK-
nax (puc. B.8) [11].

B OBICTPOXOIHBIX MEXaHU3MaX TEKCTUIBHBIX MAIIMH M MAITUH JIETKOW TPOMBI-
IUJICHHOCTH CIIEJTYET UCTOJIb30BaTh 3aKOHBI JIBIXKEHUSI 0€3 MATKUX U TeM Oojee 6e3

KECTKHX yJIapOB.
a
! ap — peanbHOE YCKOPEHHE C yYETOM y1apoB

VAVAVAV!WW/ o — UICAILHOE YCKOPEHUE

AAAAA!‘\A’IAAAAAAA _—
Ve
LR -

AAAAAAAAAAAA
[Ty

Puc. B.8

AHanu3 paboThl KyJa4YKOBBIX MEXaHU3MOB IO3BOJISIET CJIeJIaTh BBIBOJ, YTO BO
MHOTHUX CydasiX IPOCKTUPOBaHUs (CUHTE3a) MPpous KyJlauka XOpoIlIue pe3yibTa-
ThI JIa€T UCIIOJIb30BaHUE 3aKOHA YCKOPEHUM B BUJIE MOOUDPUYUPOBAHHOU mMpaneyuu,
OOKOBBIE CTOPOHBI KOTOPOU SIBJISIFOTCSI OTPE3KaMu CUHYCOUBI (puc.B.9).

Ha3znayenue 4nciioBBIX 3HAYEHUN aOCIUCC PTUX CUHYCOHWH S) U S, MO3BOJISAET
CHUHTE3UPOBATh MHOXECTBO PallMOHATIbHBIX BUJIOB 0€3pa3MepHBIX XapaKTePUCTHK.

@N
®"max ‘
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IIpooonicenue npun. B

CUHTE3 3AKOHA TNEPEMELLEHUA TOJIKATEJIA

Kpome Oe3pazmepnbix xapakTepucTuk ®(7) U Os(r3) 3aKOH JABUXKEHUS TOJKA-
TEJsl XapaKTepU3yeTcs uiecmovio CTPYKTYPHBIMU apaMeTpamu: fy, o1, fu ¢u, fur, Q-
OTu mapaMeTpsl HE MOTYT 3a/aBaThCsl MPOU3BOJBHO, TaK KaK OHU CBSI3aHbI JBYMS
yCIIOBUAMM 0€3yJJapHOTr0 Mepexo/ia Ha IPAHULIAX YYaCTKa MOCTOSIHHOW CKOPOCTH:

,3/ ® ' _ B — B
?r [ P —Pr

B — B _ B - ,311/ @3'max_
P — P P — P

[Ipu cuHTe3e 3aKoHA JBMIKEHHUS TOJIKATENSI MOXXHO 3aJaTh, TaKMM 00pa3oM,
BCETO Yembipe NOTOJHUTENbHBIX YCIOBUSA, TUKTyeMble TPeOOBAaHUAMH KOHKPETHOM
3alayd. DTU YCIIOBUS JIOCTATOYHO Pa3HOOOpa3HbI U 371€Chb MUMEET CMbICI OrpaHH-

YUTHCS TOJIBKO TPEMsI TUIIOBBIMHU 3aJjladyaMi, UMEIOLIIMMHU HauOOoJblIee MPUMEHEHHE
B MH)XXEHEPHOW IPAKTHUKE.

3aga4da 1.
Hano: S, o, O1(71), O3(z3), OB = Pu _’B/ , f =P _(DH/
B @

1
Of} omnpenesnser OTHOCUTENBHYIO BEIMYUHY YUIACTKA MOCTOSHHOM CKOPOCTH,
f — oTHOIIEHKE YIIIOB IOBOPOTA KyJauka (MM BpEMEHHU) BbIOera U pasbera.
TpeOyercs onpenenuts by, g1, fu @i
[Ipu pemiennun 3101 334241 BOCIIOIb3YEMCSI COOTHOLIEHUSIMU:

!
V) = ®1ma%'
®3max

A s L

_op—0;/ _(1+v )P
e Awlf )P + (1= )1+ f)O] oy
oF = (1—5¢)¢1%+ o o= (=7 5¢)¢”%+ f

ITopsiIOK BBIIIOJTHEHUS PACUETOB:
® ONpEJICIICHUE 0Q;

e onpenenenue By, o1, P, ¢

3agaya 2.

) o
Jano: Sy, om, ©1(71), O3(73), 94, 4 = Primas B | = “m/
3max

"
3max
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IIpooonicenue npun. B

31ech ,Blmax (I,.) ® | ,B3max (113, )| — MakcuMainbHbIe 3HAYEHHs yCKOpe-

HUM (BTOpOI nepenaTouHol GyHKIMK) Ha pa3zbere u BbIOere.

TpeOyercs onpenenuts by, g1, Pu, P
[Tpu pereHnyn 3TON 3a/1a4u BOCTIONB3yEeMCsI COOTHOIIICHUSIMH, @ UMEHHO:

O max _ V1
vy = O o LA

3agava 2 CBOJUTCS K YCJIOBHAM 3aaauH 1.
ITopsiIOK BBIIIOJTHEHUS PACUETOB:

® ONpeeeHHE Vs

e orpejereHue f;

® OnpejeeHue op;

e onpejeneHue b, ¢, fu, Pu-

3agada 3.
Jano: Sur, ¢u, 4, T, = %( '

TpeOyercs onpenenuts by, g1, Pu, ¢

Ota 3aja4a CHHTE3a BO3HUKAET B Ciydae, KOTJa TOJIKATENb JOJKEH IepeMe-
LIaTbCsl HA HEKOTOPOM Y4YacTKE C 3aJaHHOM MOCTOSIHHOW CKOPOCTBIO WJIM C 3aJaH-
HBIM IIOCTOSIHHBIM COOTHOILLIEHUEM CKOPOCTEH BXOJAHOI'O U BBIXOJHOI'O 3BEHBLEB.
[Ipumep — cuHTE3 MpoduiIs KyJayka B MEXaHU3ME pacKiiauMKa HUTH, CUHTE3 MPO-
¢duseit KylaykoB B MEXaHU3MaX METAJJIOPEKYIUX CTAHKOB-aBTOMATOB U T. .

IIpu pemrennu 3ToM 33241 BOCIOJIB3YEMCSI COOTHOLLICHUSMMU:

e 1pu 3agaHHOM 3Hauenuu 11~ dukcupyercs yron HakioHa mpsmoit I-11

max
(puc. B.7), orobpaxaronuit pyHKIHIO TiepeMenieHus: f(¢) Ha y4acTKe MOCTOSHHOM
CKOPOCTH.

ITpu 3TOM A’B =117 . %{,
rne AP = By —,31, A§0 =@ — 9.

Orcrona
Avi/vy)+1
Ap=KAB u U=HI72 |
Y P (A vlz /vy)+1
® J1aJiec 3alluIIcM
5 = Ao/ _ BuK®OymaU—ou/ ’
P (O1maxU — Doy

_ A,y _ B KO max U — (0111/ , _
B B K(O1max U —1)
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IIpooonicenue npun. B

[IpuBeneHHbIE COOTHOIIEHUS MO3BOJSIOT CBECTH JAHHYIO 3a7a4y K MCXOJIHBIM
ycioBusM 3agauu 2. CylliecTBOBaHUE PEUISHU 3a7a4i 3 BO3MOXKHO MPU YCIOBHUAX:

e AL>0wu Ap > 0;

e 3HaueHus Af U Ap NOMKHBI ObITh HUXKE 3HAYEHUN fi U @pp; TOIBKO B 3TOM
clly4ae y4acTKu pa3z0era v BblOera OTJIMYHBI OT HYJIA, T. €.

B K <o < By KO, U.

ITopsiIOK BBIIIOJTHEHUS PACUETOB:

® OIIPEACIICHUE V| U V>,

e omnpenenenue U,

® [IPOBEPKA CYILIECTBOBAHUS PEIICHUS 110 MIOCIEAHEMY IPUBEICHHOMY HEPABEH-

e omnpeaeneHue og u of;
e onpeJeneHue f;
e onpenenenue By, ¢, B, o

[MpMep BbINOMHEHUSA PACYETOB MO CUHTE3Y I'IpOCIDW'IFl KyJ1a4Ka

PaccMoTprM cuHTE3 3aKOHA TBWKCHHS TOJIKATENSI HA PUMEPE, COOTBETCTBYIO-
uieM 3ajaaue 2.

3agansl cienyroiue napameTpsl (maon. 2.12 m 2.13):

— TUI TPOEKTUPYEMOT0 KYJIa4KOBOT'O MEXaHHW3Ma C OCHOBHBIMH pa3MepamHu (1o
3aJIaHUIO0 Ha KYJAYKOBBI MEXaHU3M);

— yIrJI0Basi CKOPOCTh KyJjlavka — m;

— MaKCHUMAaJIBHBIN X0 TOJKATEIS — By WM Siax;

— yroa ynaneHus (pabounit Xon) — Ppy ;
— YOIl IAJIbHETO BBICTOS (JIATIbHETO CTOSHUSA) — (1 ;

— YroJ1 BO3Bpara (X0IOCTOM XOx) — Py ;

OT€eNBHO JUist pabOYEro U XOJIOCTOTO XOJ0B 3aIAl0TCS

— OPpx 1 OPyx — MapaMeTpsl, XapaKTepHU3yIOIHe OTHOCHTEIBHYIO BEINUHHY
y4acTKa MOCTOSTHHOM CKOPOCTH Ha pabodyeM U XOJIOCTOM XO1aX;

— Apy U Ayy — HapamerTpbl, XapaKTepH3yIOIIHe OTHOIICHHE MaKCHMAIIbHbIX
3HAUEHUN YCKOPEHHH (BTOPBIX MEepeaTOUHbIX PYyHKIMI) Ha pa3dere u BblOere;

/4 "
— O7(r,) u O3 (r3) ans pabouezo xoda — 3aKOHbI YCKOPEHHS TOJIKATEIS IS

Y4acTKOB pazbera v BeiOera B BUE dM0p MOAUMUIIMPOBaHHOM Tpaneiuu (puc. B.10)
C COOTBETCTBYIOIIMMU 3HAUCHUSAMU S| U S, (1151 pabouezo xo0a);,
— 81 u S, ona pazbeea pabouero xona u S u S, (011 8vibeca pabovero xonaa);

— O7(r,) u O%(73) M5 X010cM020 X00a — 3AKOHBI YCKOPEHHS TONKATENS JUIs
Y4acTKOB pazbera v BeiOera B BUE AM0p MOAUMUIIMPOBaHHOM Tpaneruu (puc. B.10)
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IIpooonicenue npun. B
C COOTBETCTBYIOIIMMHU 3HaUCHUSIMU S| U Sy (W11 X010cmo20 x00a);
— 81 u S, ona pazbeza xonoctoro xoaa u Sy u S, (015 8vibe2a XOIOCTOTO X0O/a).

JInst ApyruxX THUIMOBBIX 3a/iad PEUICHUE BBITIOJIHICTCS aHAJIOTUYHBIM CIIOCOOOM
NP 33J]aHUU COOTBETCTBYIOLINX UCXOTHBIX JIAHHBIX.

B cBsi3u ¢ TeM, 4TO METOJIMK pacueTa JUisl pado4yero U X0JI0CTOrO XOJ0B OJIHA U
Ta K€, MPUMEP MPUBEIEM TOJIBKO JIJIsl pad0Yero Xo/1a TOJIKATeIsl MeXaHH3Ma.

[Mpu permennn NMPUMEPA cnenyer BeIOTHUTD cnez[y}omne 3TaHBI’
1. OHpeIICJ'H/ITB IIOCTOAHHBIC ®lmax (Tl ) ®3max (TB ) ’ lmax (Tl ) 3max (TB )

BEJIMYMHBI MUKOB 0€3pa3MEPHBIX CKOPOCTEH M YCKOPCHHUN;
2. OnpenenuTb BCIOMOTaTellbHbIE TApaMeTPhl Vi, Vs, f, 0¢;
3. OnpenenuTh CTPYKTYPHBIE IApaMeTpsl f1, Bu, @1, @1

4. Hoctpouts muarpammel § = I1(@), ' =11'(p) u B" =11"(¢);

5. [loctpouTk poduiIb KyJauka.

30ecy 6ce onpedensemvie gerUYUHBL 3ABUCAM OM 8UOA INIOPLL OE3PAZMEPHO20
YVCKOpeHus, m. e. om napamempos S; u S, 011 paboye2o u X010Ccmo20 X0008.

Jramn 1. OnpeneneHHe MIUKOB 6e3pa3MepH131x CKopOCTeﬁ U YCKOPEHUU
lmax (Tl) ®3max (TB)7 lmax (Tl) 3max (73)

Jlnst yuactka pazbeza pabodero xojia smopy 0e3pa3MepHOro YCKOpEeHUs mpej-
CTaBUM B BUJi€ puc. B.10.

®"1 ‘
Tm

d T2 3

L)

28,/n 1 T

Sl S2

Puc. B.10. Dntopa 6e3pa3MepHOro yCKOpeHHUs Ha ydacTke pa3zbera pabouero xoaa
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ITpu 3apansbIX S; u S, MWIOMIAb BCEU SMIOPBI COCTOUT U3 TPEX IUIOMIAACH:

F) — nnomaas purypel, OrpaHUYeHHON CUHYCOUAOW C OCHOBAaHUEM, PABHBIM S;
F, — nnomaapr npsAMOyroiabHUKaA C OCHOBAHUEM, paBHBIM 1 — (S] + 5,);

F3 — momaaes Gurypel, OrpaHiYEeHHON KOCUHYCOUJION C OCHOBAaHUEM S);
OO61mast mromaab 3Mopsl 0e3pa3MEPHBIX YCKOPEHUHN ONPEEIUTCS U3

Fs =F +F, +F;.
Jlnst onpenenenus nuka 6e3pasmMepHoii ckopoctn OF . (7,) ucnonszyem

1 Fr, +F,t,+F.T
= mery =— =22 33 (B.2)
— Ty, : F+F, + F,

Ty — abcuucca eHTpa TSKECTH 3II0phl 0e3pa3MepHoro yckopenus 0"i(z)).
[Tnomanyn oTnenbHBIX (GUTYP ¥ KOOPAUMHATHI MX IEHTPOB TSHKECTH OMPEICITAM

F, = [1_(51 + Sz)]®1'max ;o Te, = [1_(S12+ Sz)} +5;;

p=2ab) 25O L 12/ 25y

[Tonyuennsle 3HaUeHUs nojicTaBiseM B (B.2).
Jliis pacdera nuka 6e3pa3MEepHOro YCKOPEHHUs CleAyeT IMpeaBapUuTeabHO OIpe-
JeNUTh KOA(DPUIUEHT 3ar0THEHUS U

_Fqb —FZ/

/4
— IUIOLIA/Tb OMMCAHHOTO 0KOJI0 omopbl O (T,) mpsiMoyrosibHUKa.

'
1max

nus:

"
1max

rne F=1-

3aTeM pacCUUTHIBACTCS

" = ;maX/ = % .
fmax po /Suld-rt,)

Jlns ydacTka gvibeca pabodero xoja 3Mopy Oe3pa3MepHOro YCKOpPEHHUsS Tpej-
CTaBUM B BUJIE puc. B.11.

31ech OCHOBHBIMU PacUETHBIMU 3aBHCUMOCTSIMU OyayT:

— 001mas MIoIIab JMIOPEI Oe3pa3sMepHEIX yekoperuit Fy = F) + F).

y oo _Fr + T,

— UK 6e3pa3MepHoii ckopoctn O3 = ——— rOe T(| = .
max 05

l+ 2

105



IIpooonicenue npun. B

[Inomaan oTnenbHBIX GUTYp U KOOPAMHATHI UX LEHTPOB TSHKECTH ONPEIETUM

F,=2ab/ 25,05 [, =24/ = 25%;

y 1-§
F,=(1-8)03 ; 7 = 21+S1.

Jliis pacdera nuka 6e3pa3MEepHOro YCKOPEHHUs CIAEAYeT MpPEeBAPUTENBHO OIpe-
NeauTh KOd()PUIIUEHT 3aM0THEHUS U

_Fqb —FZ/

rae F=1-07% . — Wiomans onucaHHoro okoio smopsl O (75) npsaMoyronsHuKa.

3max
'
— 3%/
max :
@H ‘Ll
3 ‘
T2

Tcl

nus:

3aTeM pacCUUTHIBACTCS

o=

C,

0 28|/ 1 T
S|

Puc. B.11. Dntopa 6e3pa3mMepHOro yCKOpEeHUs Ha yyacTKe BbiOera pabodero xojia

Jrtan 2. OnpeneneHue BCIOMOraTeNlbHbIE TAPAMETPEI Vi, Va, f, 0¢.
Bocrnonb3zyemcs COOTHOLIEHUSIMA

_ @ima% — ®i'ma% — ;tvl/
Vl ®'3max ’ V2 ®gmax ’ f V2 .
50 (1+v, /)38
(1+v,/)3B+ (1= 5B)1+ ))O]

b
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Irtan 3. OnpejeneHue CTPYKTYPHBIX TapaMeTpoB 1, B, @1, @

Bocronb3zyemcs COOTHOLIEHUSIMA

1-66 1- fv,5B

B = L+ fv, ——— By vm By = I+ fv, B M,
1-o6 1+ 79,
¢, = — ~ Py YU Tpan, Oy = J(DIH YT TPa.

1+ f 1+ f
MakcumanbHoe nepemenieHue ToakaTesst (S = Smax) U paboduii yroj moBopo-
Ta KyJadka Mpy JaTbHEM BBICTOE TOJKATEIS ((r) 3a1aHbl B UCXOIHBIX JIAHHBIX.

ran 4. [loctpoenue nuarpamm B = I1(@), B ' =11'(p) u " =11"(¢).

Jljist mocTpoeHus [uarpaMM MCHoJib3yeTcs pacrnedarka, noiaydensas ¢ I[IK moc-
Jie IPOBEPKU OCHOBHBIX MMapaMeTpoB pacueTa. B pacneyaTke s ydacTKOB pasOera,
MOCTOSIHHOM CKOPOCTH M BblOera Ha paboyeM M XOJOCTOM Xoaax Bbimaercd mo 10
3HAYEHUH OoNpeesieMbIX TapaMEeTPOB, a TAK)KE 3HAYCHUS YIJIOB JaBJICHUS.

CryzneHTsl 3a04HOM POpMbI 00yUEHHUS UCTIONB3YIOT TOTOBbIE TAHHbBIE, TOMEILIEH-
Hble B maon. 2.14 — 2.23.

Jrtamn 5. [loctpoenue npodusisa Kynauka.

[TocTpoeHune npoduieil KyJaaukoB MOSICHIAETCS ajee.

CUHTE3 MPO®UJIA KYJIAYKA 4J14 PA3JINYHbBIX BU/OB KY/IAYKOBbIX
MEXAHV3MOB

[Ipoduip Kynayka MOXHO CHPOEKTUPOBATH ABYMS METOAAMU: TpadoaHaTUTH-
YECKUM U aHAJTIMTUYECKUM. ['padoaHanuTHUECKUl METOJT ABJISIETCS] TPUOIUKEHHBIM.
OH BBINOJHAETCS JJI1 MPOBEPKU PACUETOB, BBIMOIHEHHBIX AHATUTUYECKUM METO-
JI0OM, KOT/JIa MPY pacyeTe U M3roTOBJIEHUHU Kyjauka ucrnoisb3yercs [1K.

st cuHTe3a npoduiisl KyjJauka HEOOXOJIMMO MMETh KMHEMAaTUYECKYI0 CXEMY
MEXaHM3Ma U 3aKOH nepemMenienus tonkatens S = ().

3aKOH MepeMEIICHNs TOJIKATENs B OOJIBIIMHCTBE CIIY4aeB MOJIy4aroT C UCIOJIb-
30BaHHEM MeToa 0e3pa3MEpHBIX XapaKTEPUCTUUECKUX (PYHKIUH, YUUTHIBAIOLIETO
3aJlaHHbIE JUHAMUYECKUE XapaKTEePUCTUKN MEXaHHU3Ma.

OcHOBHbIe rniapaMeTpbl gnarpammbl = (@)

Ha puc. B.12 npeacraBnena nuarpamma nepemenenus tonkatens f = [1(p), roe
[ — AMHENHOe Wi YIIIOBOE NEPEMEIICHUE TOIKATENS, ¢ — YTOJ MOBOPOTA KyJIayKa.
JnarpaMMy nepeMeleHus ToIKaTess IPeICTaBUM B BUJI€ HEKOTOPOU MOCe10-
BaTEJIbHOCTH TPEX YUACTKOB:
® yyacTka pabouero (IpsiMoro) xo/a;
® yYacTKa JIaJbHEr o BHICTOS;
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IIpooonicenue npun. B

® y4acTKa X0JIOCTOro (00paTHOro) xoja.
(YuacTok OiM>KHEro BBICTOS, KaK MPaBUIIO, HE pACCMATPUBAETCH).

OTH y4yacTKH XapaKTepU3YIOTCs CIEIYIOIIMMU OCOOEHHOCTSIMMU:

W yuacmok pazdeza — N3MEHEHHE CKOPOCTH TOJIKATENS OT HYJIS 10 MAKCUMYMa;
B Y4acmoK NOCMOSAHHOU CKOPOCMU — CKOPOCTb TOJIKATEISI OCTOSTHHAS;

W Yuacmok 6blbe2a — U3MEHEHHUE CKOPOCTH TOJIKATENsl OT MAaKCUMYyMa J10 HYJIS;
Ha yuacTke X010CTOro Xo0jJa WHTEpPBANl JABUWXKEHUSI TOJKATENs C MOCTOSHHOM

CKOPOCTBIO JIJIsl yMEHbIIEHHS] 00beMa pabOThl CTYACHTY UCKITIOUAeTCS.

3aKOH JBUKEHMS TOJKATeNsl (BEIOMOIrO 3BE€HA) ONpPENEISETCs MO CIEAYIOUIUM

JTAHHBIM

® S — MakCHMAJIbHBIH X071 ToKaTens (Spax);
® (0 + ¢y) — yros pabouero xoja, (@PX);
® (pm ~ @1v) — YrOJI IaIbHEro BLICTOS (P et );

® (¢1v = @yi) — Yroi XomocToro xona (Qyy );
® 3aKOHAM yCKOPEHHMS TOJIKATENA IS y9aCTKOB PabOYero U X0JI0CTOrO XOI0B.

i ‘ PaGouwnit Jansauit XomnocToit brnvxunmit
(npsimoit) xon BBICTOU (oOpaTHbIil) X071 BBICTO
III 1Y
Pm Brv
II
Pu | V Ly
VI
I Bvi
B
i i
VII )
— —0 D——
0 24 ¢; 8 ¢ (DLI P Py Y (A% ?vn 360"
AN N N
Pazber Bri6er Pasber Bri6er
Y4acTOK IOCTOSTHHOU CKOPOCTH Y4acTOK TOCTOSTHHOW CKOPOCTH
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IIpooonicenue npun. B

B pe3ynbrare BBINOJHEHHBIX Pacue€TOB MO METOAMKE, U3JI0KEHHOM paHee, CTy-
JEHT ONpeNeNsieT CTPYKTypHbIe mapaMeTpsl AuarpaMmel f = I1(¢) (koopauHaThl Oc-
HOBHBIX TOYEK IHArpaMMbl):

L(By ) TL(B 1@ 17 )5 TI(B s @ gy )s TV(B IV’(pIV);V(B V’(PV); VI(B V> @ VI)‘

ITocne npoBepku Ha IIK KOHTpOJIBHOrO MpUMeEpa CTYAEHT NOJIYy4YaeT pacnedar-
KY JAHHBIX JUJIs TAarpaMM:

[ =1I(¢) — nepememienune Tonkarens;

[' =11'(¢) — neppas nepenarounas GpyHKIMS (aHATOT CKOPOCTH);

[" =11"(¢p) — Bropas nepenarounas GpyHKius (aHATIOT YCKOPEHHUS).

CryneHTsl 3a09HOK (hOPMBI OOYUICHHSI HCTIONB3YIOT TOTOBBIC JaHHBIE, TTOMEIICH-
Hble B maon. 2.14 — 2.23.

Kak yxe oTMeuanoch, KaXIblii U3 y4aCTKOB pabO4Yero M XOJOCTOTO XOJIOB B
pacrieyatke mo ocu adcuucce pasnaeneH Ha 10 paBHbIX yacTel, T. €. umerorcsa 10 To-
YeK C COOTBETCTBYIOIIMMH KOOPAUHATAMM, 110 KOTOPBIM CTPOSIT AUArpaMMsl S(p),

B(@), '(9).

[Ipumep Takoi 1uarpaMMsl IPUBENIEH HaA puc. B.13.

[ToHATHE 0 MeToge 05,DaLLIeHHOI' O [IBM>KEHUA

Jlist HaxoJIeHUus NpopuiIsl Kynadka 000 KOHCTPYKIIMU MEXaHU3Ma YA0O0HO
UCIIOJIb30BaTh METOJ| obpaujeHnozo osudicenus. CyTb METO/a COCTOUT B TOM, YTO
BCel cucteme (KyJaadoK M TOJKATelb) 3a/1a€TCs JOTOIHUTENbHOE JIBUKEHHE BOKPYT
OCH BpAILEHUs KyJlauKa C YIJIOBOM CKOPOCTHIO (—60KyJI ). Kynauok, umest yrioByro

CKOPOCTh (Q)Kyn) U TIOJIyYUB JOMOJHUTEIBHYIO YTIOBYIO CKOPOCTh (—coKyJI ),

OCTaHAaBIIUBAETCSI, a TOJKATENb JABMKETCSI BOKPYT KyJIauKa CO CKOPOCTHIO ( ~O ).

IIpu obpawennom osudicenuu xapaxmep OmMHOCUMENbHBIX NepeMeuyeHUl MeHc-
0y KYIauKoM U moJKameem ocmaemcs maxkum e, Kak U npu 00bIYHOM OBUNHCEHUU

lpaghoaHannTuueckmi METOA CMHTE3a NMPogusIs Ky/1iadka
CUHTE3 rpoghusis Kysniadka rpu rnocTyrnatTesibHOM [ABVYXXEHUN TOJIKATEIS

Paccmotpum cunTe3 npoduiis Kynadka sl HeyeHmpaibHo2o (HeYeHmMpPeHHO20)
KyJIa4KOBOTO MEXaHU3Ma.

[Tpu cuHTe3e PO M KyIauyka UCIIONIB3YIOTCS CIASAYIONINE TaHHBIC:

¥, — paAuyC Ha4aabHOM IIANHObI MPAKTHYECKOTO MPOQUIIS;

p — paxuyc poJInKa;
R 0 =", TP — pasryc Ha4aIbHOM Iai0bl TEOPETHYECCKOTrO NPOPHIIS;
€ — DKCLEHTPUCUTET;
B((p) — JJaHHBIE IMAarpaMMBbl IEPEMELEHHS TOJIKATEN (CM. PacIeyaTKy).
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Cunre3 nmpoduIs KyJayka HadHeM ¢ BbIOopa maciuTaba K,, ncxoms u3 ImiaHu-
pyemoro pasMmepa ueptexa (puc. 7, 6). I3 uentpa O1 MIPOBOJIUM OKPY>KHOCTH Pajiui-
ycom R . Ot uenrpa O, Ha paccTOsHHM, PaBHOM SKCIEHTPHCHTETY «€), HPOBO-

UM JIMHUIO IBHXKEHUS LIEHTPA POJIMKA ToJKarens. Ha nepeceyeHnn 3Tou npsamMon u
MPOBEACHHON OKPYKHOCTH IOJY4aeM TOUKY BO‘ JlaHHast TOUKa COOTBETCTBYET HY-

JIEBOMY MOJIOKEHUIO LEHTPa posika Tosikatens. OT TOUKu BO Ha TPACKTOPUU LIEHT-
pa posiKa OTI0KKM B Maciutabe K,, MakCHMaJbHBINA X0/ TOJIKATEIS U 0003HAYUM
104Ky ;. Coenuumum Touky By ¢ nentpom O .

‘52-“'

a.020

2015}
aom}
0,005

St s

Puc. B.13. Inarpammsl pynkuuu nonoxenus [1(pg), nepsoit I1'(¢k), 1 BTOpOI

I1"(pk), nepenaTouHbIX GyHKIMIMA
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3amanuM CHCTEME «KYJaK-TOJIKaTellb» OOpalleHHOE JBM)KEHHE BOKPYT LEHTpa

C YIJIOBOM CKOPOCTBHIO (—60KyJI ). Ilpu 3TOM Kyjak OCTaHAaBIMBAETCS, a TOJKATEIb

OyJeT BpalaThCsi BOKPYT IIEHTpa O1 CO CKOPOCTBIO (—coKyJI ). Touka BIH Oyner me-

pemMeniaTbesl M0 OKPY>KHOCTU pajanyca OlBIH’ MPOXOJIA MOCJIEI0BATEIbHO MOBO-

poTHBIE yribl (P ;. OTMETUM Ha IOCTPOCHHOU OKPY>KHOCTU KOHIIBI YT COOTBETCTBY-
*

IOIIHUX YIJIOB MOBOPOTA KaK (P i
JInHus ABVOKCHUS OCHTPA POJIMKA OOJDKHA BCCTJAa HAXOAUTHCA Ha pAaCCTOSAHHUH
OKCHCHTPUCUTETA «C» OT HCHTpPA Ol . I[J'ISI BBIITOJIHCHHSA 9TOTO YCIIOBUA ITPOBCIACM U3

nentpa O OKpYXHOCTH pammycom OlK =¢. Torma xacarenbHasi K 9TOH OKpYXK-

HOCTH B OOpaIieHHOM JIBM>KEHHUH OYJeT JIMHUEH ABMKEHUS LEHTpa POIMKa TOJIKaTe-
T8,

[Ipy mOCTpOEHMH TEOPETUUYECKOTO M MPAKTUYECKOro nmpoduien Kyinauka pac-
CMOTPHM MOCTPOEHHE TOJIBKO Il OHOTO NOJIOKEHUS MexaHusMma (puc. B.14, a).

lTocTpoeHne ﬂpO¢Mﬂﬂ KyJsiaqyka A/ I-ro rosioXKeHuss MexaHn3mMa
rIpon3BOANTCA B CﬂeﬂnyLuel;I’ roc/1e4oBaTe/IbHOCTU.!

1) Ha OKPY>KHOCTHU, MPOBEJICHHOUN painycoOM OlB 11> OT TOYKH BIH OTJIOKUM B

HanpasjieHuu (— ) Jyry, COOTBETCTBYIOLIYIO TOBOPOTHOMY yriy (; ¥ 0003Ha-

Kyl
*
4UM €€ KOHell ; ;
2) mpoBeneM U3 TOYKU (), KAaCaTeIbHYIO K OKPY)KHOCTH pajmnyca OlK =e. Ha

KacaTeJIbHOM OyJIeT HaXOAUTHCS TOYKA TEOPETUYECKOro MPOoPuiIs KyIadka;
3) OTJIOXKHUM OT BO nepeMelenne Toikatens [3;. 3aTem npoBeneM JAyry paany-

coMm OlBi B HAMpaBJICHUU YTJIOBOU CKOPOCTHIO (—Q)Kyﬂ) 710 TIepecedeHus ¢ Kaca-

TenbHOM. ITonyueHnas ToYKa mepecedeHuss — TEKyLIas TOUKa TEOPETHIECKOrO Mpo-
uis Kynauka Jist OJOKEHUS « I ».

Cnedyem samemums, ¥mo mouxy « L » MOJNCHO NOCMPOUND, OMAONCUE PACCIO-
anue P, na kacamenvholi om mouku nepeceenus ee ¢ OKpYICHOCHLIO HAYATb-

HOU watibvl. Imom memoo Modxcem Oblmbv O0jlee MOUHbIM, MAK KAK NPU NOCMpoe-
HUU 0ye 601bUL020 PadUyca Modxcem Obimb CO8US YEHMPA OKPYHCHOCHIU.

PekomeHiyeTcst cHayana NOCTPOUTh OCHOBHBIE TOUKU MPOUIS KyJlauka, KOTO-
pble COOTBETCTBYIOT I'PaHMIIAM y4yacTKa pa30dera, ydacTka MOCTOSSHHOM CKOPOCTH U
BbIO€ra, 111 pabo4ero U X0JI0CTOro X0J0B, a 3aTEM COIVIACHO pacledyaTKe MOJYy4YHUTh
MIPOMEKYTOUYHBIE TOUKU Ha JAaHHBIX y4acTKaXx.
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o,
VT
B (max)
Bi
MpakTnyeckuii L
npodunb O ( Bo
k
a §E V.

------

ey
s
- .
.-
-

TeopeTnyeckmnn
npodunb

Puc. B.14. Iloctpoenue npoduiis HELEHTPATBLHOTO KyJIa4KOBOIO MEXaHHU3Ma
112



IIpooonicenue npun. B

JlJisi mocTpoeHusl OCHOBHBIX TOoueK mpoduuist kynauka (puc. B.14, 6) OoTI0XKUM
HA TPAEKTOPHH TOYKH [}y, IpUHANIEKAIIEH TONKATENO IPK IBUKEHHH €€ B 00pa-

IEHHOM JIBMKeHMH BOKpYr mentpa O Jyru, COOTBETCTBYIONIME TTOBOPOTHBIM YT-
naMm @, @y, Oppps Prys> Pys Oyps Py ¥ 0003HAUMM KOHIIBI YT

QP @yp> P> Pryvs Pys Py Pypr -
M3 naHHBIX TOYEK MPOBENEM KacaTelbHbIE K OKPY)KHOCTH paanyca dKCIEHTPHU-
CUTETA «é». 9TI/I HpﬂMBIe 6YIIYT JIMHUAMMAW ABUXXCHUSA HCHTpa pOHI/IKa TOJKATCIIA B

oOpallleHHOM JIBI>KEHUU. 3/1€Ch MaKCUMaJbHbIN X0/ ToskaTtens — 10 (*) D.
3aTeM Ha TPAeKTOPUM LIEHTPA POJIUKA OT TOUKHU BO oTJI0%kHMM B Macmitabe K,

paccrostaust By, By, Brys Brys By Byps By u mposenem us nentpa O myru
pammycamu O,B;, OBy, OBy, OBrys OBy, OBy, OBy 2o mepeceue-

HUS C COOTBETCTBYIOIIMMU JIMHUSIMU JCHUCTBUS TOJKATENsl B OOpAIlleHHOM JIBUXKe-
Huu. llonyuyennsie Touku nepeceuenus I, II, I, IV, V, VI — ocHOBHBIE TOUKU TEO-
petudeckoro nmpoduis kynauka. Ha kaxxaom u3 yyacTkoB mpoduist Kyjadka (corsia-
CHO pacreyaTke) MOXKHO MONyduTh 10 MPOMEKYTOYHBIX TOUEK, MOCTPOCHUE KOTO-
PBIX AHAJIOTMYHO TTIOCTPOEHHIO TOUKHU « I ».

J71st mostyueHust KpUBOM TEOPETUUECKOTO MPOdUIIsi TOCTPOSHHbIE TOYKH COEIH-
HSAIOT JICKAQJhHOW KPUBOM M 3aT€M METOJOM OOKATKH MOJIy4aloT SKBUUCTAHTHBIN
(paBHOYIaNeHHbIN) npakTHueckuil npoduns (puc. B.15).

Posuk Tonkarens TeopeTnyeckum

\ ! npéd)mnb

\

[MpakTnyeckmm
npodp ub

p — paiiyc poyKa

Puc. B.15. Meton oOkaTku
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CuHTE3 npoqb//lﬂ,q KyJiadKa rpun Bpalljates/ibHOM ABW)KEHUN TOJIKaTesisd

PaccmoTpum cuHTe3 mpoduiis Kyjgadyka sl KOPOMBICIOBOIO KyJIauKOBOTO Me-
XaHHU3Ma.

ITpu cunTe3e npoduiis Kyaauka UCIIONb3YIOTCS CIEAYIOUINE JaHHBIE:

¥, — paauyC HadaJlbHOW MIali0bl IPAKTUYECKOTO NMpodus;

p — paauyc poauKa,
R o = 1, 7P — paanyc HayanbHOM [aiObl TCOPETHIECKOTO NPOGHILS;

{ — nvHA KOPOMBICIA;
Xpy» Yy, — KOOPAMHATBI OCH BPAIICHHUS TOJIKATENSA-KOPOMBICIIA;

B((p) — JJaHHBIE TUArPaMMBbl IEPEMEIICHHSI TOJIKATENS (CM. pacreyaTky).

B 3aBHCHMOCTH OT YCJIOBHI MOCTAaBICHHOH 3a/1audl MEpPEMEIICHUE TOJIKATENs
MOJKET OBITh BBIPAKEHO B Ipajlycax, paJuaHax WU JJIMHON JyTH TPACKTOPHH IEHT-
pa poiuka Toskarens. PaccMoTpuM ciydaid, Korjia nepeMerieHne ToiakaTens (Kopo-
MBbICJIa) 33JIaHO B rpajycax.

Haunnaem cunTes npoduiist Kymnauka ¢ BeiOopa maciitabda K,, ucxoxas u3 mia-

HEPYEMOTO pasmepa depTexa (puc. 16, 6). U3 nentpa O MpoBOIHM OKPYXHOCTH
paauycom R . U3 nenrpa O, mpoBOIMM YTy PaJHycoM, PaBHEIM JJTHHE KOPOMBI-
cna {. Ha mepeceyeHnu 3TOM Tyru U OKPY>KHOCTH MOJIY4aEM TOUKY BO . JlanHas Tou-

Ka COOTBETCTBYET HYJIEBOMY IOJIOKEHHUIO LIEHTpa poiuka ToJikarens. CoeluHUB
TOYKY BO ¢ uentpom O, , MOIYYUM HYJIEBOE MOJOKEHUE TOIKATES.

3amanuM CHCTEME «KYJIaK-TOJIKATeNIb» OOpalleHHOe JABMKCHHE BOKPYT IIEHTpa
O, ¢ yrnoBoii ckopocThio (—® ). IIpr 5TOM Ky/Ia4yoK OCTAHABIUBAETCS, a TOJIKA-
1 KyJl

Tenp BMecTe co croiikoit O, Gyzmer Bpamathes BOKpYr mentpa () O CKOPOCTEHIO
(—coKyJI ). Touxa O, Gyzer mepemernarsest o okpyxknoctd pamnyca 0,0, , po-
XOJIS1 TIOCTIEI0BATENBHO yTH, COOTBETCTBYIOIINE IOBOPOTHBIM yrilaM @, .

lTocTpoeHne ﬂpO¢Mﬂﬂ KyJsiaqyka A/ I-ro rosioXXKeHuss MexaHn3mMa
rIpon3BOANTCA B cneﬂyfou/e//? roc/1e40BaTEe/IbHOCTU.!

1) Ha OKpY>KHOCTH, MPOBEJICHHON DPAaJINYyCOM 0102 , OT TOYKH 02 OTJIOKUM

IyTy B HaIpaBJICHUU (—coKyJI ), COOTBETCTBYIOIIYIO MTOBOPOTHOMY YTIIY ¢, u 000-

3HaunM ee Konen O, ;

2) u3 touku O i MIPOBEAEM NIyTY pagnyCcoM JJUHBI Kopombiciaa . Ha nanHo#

Jyre JTOJDKHA HAXOJUThCS TOUKAa TEOPETUUECKOTO MPoduiIs Kylauka;
3) OT HyJ€BOr0O MOJIOKEHMSI TOJIKATENS 02 B ( OTIOXKHMM IEpeMEIEHUE TOJIKa-
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Tens 3 ;» B IAHHOM CJTy4ae B Tpajycax, M MPOBEAEM AYTy PaauyCcoM O1 Bi 110 Tiepe-
CEUEHUs C IyroM, MPOBEACHHON U3 TOUKHU 02:. paanycoM JJIMHBI KOpombIcia €.

HonyquHaﬂ TOYKA MEPECCUYCHUA OYI' — TOUKA TCOPETUUYCCKOI O npoqmnﬂ KyJa4-
Ka U1 ITOJIOXKECHUSA «1 .

Puc. B.16. Cunte3 npoduiiss KOpOMBICIOBOTO KyJlauka
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PekoMeHIyeTCsl CHayajga MOCTPOMTH OCHOBHBIE TOUKU HPOQMISA Kydauka s
pabouero u X0JIOCTOro XOI0B, KOTOPBIE COOTBETCTBYIOT IPAHMIIAM y4acTKa pasbera,
y4acTKa MOCTOSIHHON CKOPOCTH M BBIOETA, & 3aTeM, COIJIACHO PACIIEYaTKe MOIYUHUTh
IPOMEKYTOUHBIE TOUKHU HA JAHHBIX Y4aCTKaX.

JInst nocmpoenusi OCHO8HBIX MOYeK NPOPUISL UCROLb3YEM NPAGULO NOCMPOCHUSL
1 -1i MOYKU NPOGUIA, ONUCAHHO0 BbLULE.

1. Ha oxpyxHnoctH, nposenennoit paguycom O, 0, B HanpaBneHnu (—COKYH)
ot npsamoit O, O, OTIOKHM JyTH, COOTBETCTBYIONIHE TOBOPOTHBIM yIJIaM

Q> O Prip> Prvs Pys Py Py
1 0003HAYUM KOHIIBI UX YT 02,,{ , 02,,{[ , 02,{1[ , Osz, 021/, 021/[

2. V3 na"HBIX TOUYEK Osz IIPOBEJEM AYTH PaAuycOM JIJIMHBI Kopombicaa £. Ha

ATUX IyTax JOKHbI HAXOJUTHCS TOUKH TEOPETUUECKOTO MTPOdUIIs Kyauka.
3. OTn0XKUM OT HYJIEBOTO MOJOKEHUS TOJIKATENs 02[3 o TePEeMCILCHIs TOJIKA-

remt B, By By Brys Bys Byp Pyy  # mposenem myru pamuycom OB’ no

nepeceucHus ¢ AyraMmu, nmpoBCACHHBIMH U3 TOYKH Osz paanyCcomM JJIMHBI KOPOMBIC-
na L. HOHY‘IGHHBIC TOYKHU MEPECCUCHUS ITUX AYT €CTh TOYKH TCOPECTHUYCCKOTO IPO-

buns xymauxa [, I, III, IV, V, VI .

TPA@OAHATINTUYECKIV METO/] OPEAE/IEHNS YITI0B JABJIEHNS
LVIA PA3JINYHBIX TUTIOB KYJIAHYKOBbIXMEXAHW3MOB

IIpy KOHCTPYUPOBAHUU KYJIAYKOBBIX MEXaHU3MOB CYLIECTBYIOT OIIPEACICHHBIC
orpannuenns no KIIJI u koHcTpykTuBHBIM pazmepam. KIIJ[ 3aBuUCUT, B OCHOBHOM,
OT CWJI TPEHUS B KHHEMAaTU4YeCKHUX mapax. ['abaputel MexaHM3Ma ONpPEENSIIOTCS pa-
JUYCOM HayaJIbHOM IMIaiObl M JJMHON MOJMIIMIHUKOBOM OMOPHI (ISl KYJIAYKOBBIX
MEXaHU3MOB C MOCTynaTeNbHbIM ABMAKeHUEM Tojkarens). Kak KIIJI, Tak u rabapu-
Thl MEXaHU3Ma CBA3aHbl ¢ MAKCUMAJIBHBIMU YIJIAMU JABJICHUS.

[Ipu pabGoTe mMexaHHW3Ma JBHKEHHUE TEpeaaeTcsl OT KyJadyka K Tojkarento. B
BBICIIEH KMHEMaTHYeCKON nape (KyJIak—pOJUK TOJIKATeNs) BO3HUKAET peakuus R,
KoTopas 0e3 ydyeTa CUJl TPeHHs HalpaBlieHa M0 HOPMaU n-n K NPOQUII0 KyJladKa.
Pa3znoxxum naHHyr0 peakiuio Ha JIB€ cocTaBisitomux (puc. B.17):

P — nonesnaa cocmaenarowiasa npeojoeBacT COINPOTHUBIICHUE, CBA3AHHOE C
BBIIIOJIHEHUEM TEXHOJIOTMYECKOIO IPOLIECCA U SABIIICTCSA BEIUYMHONU U3BECTHOU;

H — gpednaa cocmaenauian BbI3BIBAET MOBBIIIEHHOE TPEHUE B ONOPAX TOJI-
KaTessl, YTO MPUBOAMUT K BOZMOXHOMY €ro 3akJMHUBaHMIO. [Ipy OonbIIMX 3HaYEHU-
X BpeIHas COCTABIIIONIAS MOXKET MPUBECTH K Pa3PYLUCHUIO IETAIEN KYJIauYKOBOIO
MEXaHU3Ma.
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Yeon a, 3axnrouennviit mesxcoy nopmanvio R-N K npopunio Kyarauka u
WIUHUEIl 0eliCMEUsn) CKOPOCHU MOJIKAMeEs, HA3bl8AemcA y2i10mM 0a61eHUA
6 K)J1auK08OM MexaHnusme.

[Ipy npoeKTHUpOBaHUU KYJAYKOBBIX MEXaHHW3MOB HEOOXOJUMO NMPUHUMATh Me-
PbI K YMEHBILIECHUIO COCTABIIAIOLIEH H, T. €. K MUHUMU3ALUYU 3HAYEHUN yIJIa .

[Ipu cunoBOM 3aMbIKaHUM BXOAHOE 3BEHO (KYJIayOK) SIBJISIETCS BEAYLIUM TOJb-
ko Ha (aze ynanenus. Ha ¢gaze Bo3BpaleHus Ky1adok sBIsSETCs MO0 BEIOMbBIM, JTU-
00 BeIyIIMM B 3aBUCUMOCTH OT COOTHOILECHHS MEXAY 3aMbIKAIOUIEH CHIION, CUIOH
MHEPIUH U BHEIIHUMH (PAaKTOpPaMH, IEUCTBYIOIMMHU Ha KYJa4yOK.

B sTOM citydae yron gaBieHus 1enecoo0pa3HO ONpelessiTh TOJIbKO Ha y4acTKe
yYAQICHUS.

[Ipu reoMeTprUvYecKOM 3aMbIKAaHUM BXOJHOE 3B€HO MOXKET OBbITh BEIYIIMM Kak
Ha (pa3e yaayneHus, Tak U Ha (pa3e Bo3BpalleHus. B 3ToM ciydae yron aaBieHus om-
pexaensercs Ha 00eux Qaszax.

HeveHTparibHbIVi Ky/1a4KoBbIf MEXaHN3M

Jlis pacueTa yria JaBjeHUs] HEOOXOAMMO HaJIMYHME CIAEAYIOLUIUX IapaMeTPOB:
¢ npoduib Kynauka U3BECTEH;

¢ [}; — nepeMelneHue TOKATENS U3 HYJIEBOTO MOJIOKEHHS B OJNIOKEHUE «I);
¢ Ry — pannyc HayaapHOM MaOBI TEOPETHYECKOTO PODHUITS, MM;

¢ ¢ (1) — KCUEHTPUCUTET C YUETOM 3HaKa, MM;

¢ I1'(p) — nepBas nepenarouHasi GyHKIIHS, MM.

PaccMmoTpuM citydyan pacyeTa yriia JaBjeHHUs C yUETOM 3HaKa «ey.

Cnayuan 1. Oxcuentpucuret «e» > 0 (puc. B.17, a)

Jlist Kynayka ¢ U3BECTHBIM IPOdUIEM MOCTPOUM CHCTEMY KOOpPJIMHAT C Haya-
JIOM KOOpAMHAT B LIEHTpe BpaiieHus Kynadka O;. Ha paccTossHum skcueHTprucuTeTa
«e» oT O MpoBeIeM JIMHUIO 1eUCTBUSA Tonkared. i onpeneneHns yria JaBICHUs
0. IPOBEJIEM HOPMAJIb 71-11 YEPE3 TOUKY KOHTAKTA TOJIKATEIS U TEOPETUYECKOIO IPO-
¢uns kynauka. [lanee u3 nenrpa O; npoBeaeM NpsSMYyIO MEPHEHIUKYISIPHO JIUHUU
JNEUCTBUS TOJIKATEIIS 0 IepeceYeHust €€ ¢ HOpMaIbIO n-n. TOUKy nepecedeHus mpsi-
MbIX 0003HauuM «K». Touky mepeceueHust TMHUM JEUCTBUS TOJIKATENs C MPSIMOM
O;K o0003HaunM «Cy.

B xypce TMM noxassiBaetcs, 4yTo orpe3ok O;K, BbINOJHEHHBIH B MacmTade
cxeMbl Ky, YMCIICHHO PaBeH BEJIMYHMHE NIepBo nepeaaTounon Gyukiuu I1°(p).

N3 tpeyronbauka ACK nmeem

ta—%
84T AC
rie CK=0,K-0,C=M'(p)—e; AC=p, +R, —e” .
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Teneps dhopmyna s pacyueTa yria AaBICHUS o TPUMET BUJT
[
(@) —e

:Bi +‘\/R§ _ez |

B 3aBHCHMOCTH OT 3HaKa SKCIEHTPUCHUTETA «E) YUCIUTEIb JPOOU MOXKET OBITH
Pa3HOCTBIO MM CYMMOM. JIJIs1 JOKa3aTesIbCcTBA PACCMOTPUM CiIydau 2.

o =arctg

Cnayuan 2. Jxcuentpucuret «e» < 0 (puc B.17, 6)

N3 tpeyronbauka ACK nmeem
o CK
gad =—,
AC
rie CK=0,K+0,C =II'(p) - (-e)=IT'(p) +e; AC =B, ++|R; —¢€” ;
o =arctg ‘H'((D)‘ e
[ 2 2
:Bi + RO —e
3Hak "-" B unciuTENE CTABUTCS B TOM citydae, ecinu Touku "C" u "K" pacnono-

XKEHBI 10 00HY cmopoHy ot Touku Oy (puc. B.17, a).
3Hak "+" B uncnuTene NPUMHUMAIOT B TOM ciy4ae, ecinu Toukn "'C" u "K" pacno-
JI03KEHBI 10 pazHvle cmoponwl oT Touku Oy (puc. B.17, 6).

a
Puc. B.17. K onpenenennio yrioB JaBiaeHUs IPU NOCTYIATEIbHOM JIBUKEHUN

TOJIKATEJIs
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KyﬂaLIKOBbII;I’ MEXaHU3M C BpalllaTeJlbHbIM ABUXKEHUEM TOJIKATEJIA

JI7st pacdueTa yria JaBjieHus HeOOXOMMO HATHYHE CIICAYIONINX MapaMeTpPOB:
¢ npouITb KyTauKka H3BECTEH;

¢ [}; — nepeMelneHue TOKATENS U3 HYJIEBOTO MOJIOKEHHS B OJNIOKEHUE «I);
¢ Ry — pannyc HayaapHOM 1Ma0BI TEOPETHUYECKOTO TPODHUIIS, MM;

¢ { — nnvHa KOpoMBICIIa, MM;

¢ L — MexoceBoe pacCTOSIHUE, MM;

¢ II'(¢) — neppas nepenarounas GpyHkuus.

KopoMbICIOBBIN KyTauKOBBI MEXaHU3M MPEICTABICH Ha puc. B.18. Jlis onpe-
JIEJICHHs] YIJIa J1aBJIEHUs MPOBEJEM HOPMallb #—1 B TOYKE KOHTAKTa TOJIKATENS U
TeopeTHyecKoro npopuis Kyiaadka. M3 toukn O mpoBeaeM NpsAMyIO TEPIEHIUKY-
JSIPHO JIMHUM JEUCTBUS BEKTOPA CKOPOCTU TOJIKATENs, T. €. MapajuIeIbHO KOPOMBIC-

ny AO, = [ 1o ee nepeceveHus ¢ HOPMaIbIO n—n. TOUKY TepeceYeH s STHX MPAMBIX
o0o3Hauum "K".

IlepemeHHBIN 10 3HAKY
DKCLEHTPUCUTET

Puc. B.18. K onpenenennto yrioB JaBiaeHUs IPU BpaIlaTENbHOM JBUKEHUN
TOJIKATEJISI
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IIpooonicenue npun. B

Touky InepeceyeHust TUHUMU ACUCTBUS BEKTOpPA CKOPOCTH TOJIKATENS C IPSAMOU
O,K o6o3nauum "C". U3 tpeyronabHuka ACK numeem
) CK
ga =-——,
AC
s onpenenenus orpe3koB CK u AC coeiMHUM LEHTPHI BpallEHUs KyJlayka U
TOJIKATEeNsl U 0003HAYUM MEXIIEHTpoBoe paccTosiHue 010, = L.
OnycTtuM NEpHneHauKyYJIsIp U3 LEHTpa BpalleHus Tojkartenss O, Ha MpOJOJIKe-
Hue npsamou O1K u nocraBum touky "D". Jlanee 3anumem

AC = 02D =L sin ,BI*; CK= 01K— 01C,
e OK=11'C; O,C=Lcosp;*—{=¢.

[i* — yron Mexay KOpOMBICIOM U IPAMOH, coeaunsomen nuentpsl O u O,
OIpEAEACTCS CYMMOU

pi*=pit+w.

Vron y onpenensercs u3 tpeyronsuuka O1Ay O,

JIIss. KOPOMBICIIOBOTO KYJa4yKOBOIO MeXaHusma oTpe3ok O;C sBiseTcs nepe-
MEHHBIM DKCLEHTPUCUTETOM €, KOTOPLIM MOXKET NPHUHUMATH KaK IOJOXKHUTEILHOE,
TaK U OTPULATENLHOE 3HAYEHHS, T. €. HAXOAUTHCA CJI€BA MM CIIPaBa OT TOUKH O

CK=0K-0,C=1"1-7%.

C y4eToM NOJyYEHHBIX BBIPAKEHUN U MOCJIEIYIOIINX ITOJCTAHOBOK UMEEM pac-
YETHYIO (OpMYILy JJIsl ONIPEACIICHUs yTila AaBICHUS «0»»

‘H'ﬁ—(Lcos,Bi*—K) mo'le-2
a = arclg — =arclg——.
Lsin S, Lsin S,
HpI/I €~ > () B UMCIIMTENC 6YI[CT PasHOCTb, IIPH €~ <0- CymMmMma, T. €.
mje+e
o =arctg——— .
Lsin B,

3Hak "+" B uncanTesie NpUHUMAIOT B TOM ciy4dae, korna Touku "C" u "K" pac-
9
TIOJIOXKEHBI 110 pasHble cTOpoHbl oT Touku (J1, a 3HaKk "-" TaM ke — B ciydae, Koraa
touku C 1 K pacronaokeHsl 1o ogHy cTopony ot touku Oy.

Ha npakTuke B KyJ1auKOBOM MEXaHHU3ME C TIOCTYMATEIbHO JIBUKYIIIUMCS TOJKA-
TeJIeM MOTEepPU Ha TPEHUE B KWHEMATUUYECKOM Mape JOCTaTOUHO BEJIHMKHU. J{Jis UCKITIO-
YeHUs 3aKJIMHUBAHUS U U3JIOMa TOJKATENs JOMyCKaeMOe 3HAUYCHHE yrIJia JaBJiICHUs
3J1ECh ClIelyeT MPUHUMATH B npenenax [a] = 30 + 40°.

JI71s1 KOPOMBICTIOBOTO KYJIAYKOBOTO MEXaHW3Ma MOTepU HAa TPEHHUE BO Bpallla-
TEJIbHOM Nape 3HAYUTEJIbHO MEHBIIIE, TOATOMY 311€Ch [a] = 45 + 50°,
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IIpooonicenue npun. B

Crnenyer 3aMEeTUTb, YTO 3HAYCHMSI IOITyCKAEMbIX YIJIOB JABJICHUS MOXXHO MOBBI-
CUTh, €CIIM MOA0OpaTh MaTepHalbl JJII KHHEMAaTUYECKUX Map, AArOIIHe MEHBIIHMA
K03 (PULIMEHT TpeHus, a TakKe 00eCTeunTh ONTUMAaNIbHBIE YCIOBUS CMa3KH B Mape.

OlNPEAEJIEHNE OCHOBHbIX PASMEPOB KYJIAHYKA NCXOA4A U3
YCJI0BUn OrPAHNYEHNN YTTIA JABJIEHUA

[Ipu mpoekTUpOBaHNU HOBOTO MEXaHU3Ma U BbIOOpE €ro rabapuTHHIX pa3MepPoB
HEO0OXOJMMO YUYUTHIBATH JIOMyCKaeMble yIiibl qaBienus. [Ipu uccneqoBanun paboThl
CYILIECTBYIOIIETO0 MEXaHU3Ma HEOOXOJAMMO OINpEAeTUTh MaKCHMAJIbHbIC 3HAUYCHUS
YIJIOB JABJICHUSI U CPABHUTH UX C JOMYCKAEMbIMH YTJIaMH JABJICHUS.

KyﬂaLIKOBbII;I’ MEXaHU3M C MNOCTYrarTes/IbHbIM ABVMXXEHNEM TOJIKATe/Id

Cnyuan 1. OnpeneneHve MUHUMAJIBLHOTO pajuyca HadadbHOW MAaNObl Rymi, U
AKCIICHTPUCUTETA «e» MPU U3BECTHBIX 3HAUEHUSX YTIOB JaBJICHUs [a].
OrnpeneneHunto NoaJjIexar:

m Ry — paauyc HavaabHOM Maiibbl TEOPETHUECKOTO MPODHUIIS;
B € — DKCIICHTPUCHUTET.

J1J1st BBITIOJTHEHHSI pacueTa HE0OX0IUMO UMETh:

V [ — MaKCUMAJILHOE MEPEMEIEHHE TOIKATEIS;

V fB(p) — rpaduk nepeMenieHus 1eHTpa PoJIMKa TOJIKATENS;
Vv ' =11'(¢) — rpadux nepsoii nepenaTounoii GpyHxImmy;
V¥ [a] — nonyckaeMble yriibl JaBIeHUs;

¥ Ky — macmTab cxemsl MeEXaHH3MA.

[lycTh myis JaHHOTO MEXaHW3Ma B pe3yJibTaTe KMHEMAaTUUYeCKOro aHajiu3a Io-
ctpoenbl rpaduku S(@) u I1'(p) nus mectn nonoxennit (puc. B.19). Ha tpackropun
LEHTpa pOJIMKA TOJKATEs OTI0KHM MaKCHUMaJIbHOE MepemMelleHue Py B Macmrabde
Ky u cornacho rpaduky f(¢) HaneceM Ha Hem Touku 0, 1. 2, 3,4, 5, 6 OT na"HbIix
TOYEK MEPHNEHIUKYJISIPHO K TPACKTOPUH IIEHTPA POJIMKA (TOPU30HTAIBHO) OTI0XKUM
oTpesku /;, npeacrasnsromue co0oit 3navenns pynkuun I1°(p) B macmrabe Ky,

hlzni(% ) hzzng(% 5 ,hszng(% .
M M M

Otpesku /1; OTKIAABIBAIOTCS COTIIACHO MPABMILY:

Ha ¢hasax yoanenus u eéozeépawjenus moaxamens ompesku h; 0onoscuvl 6uimo

0
NOGEPHYMbL NO OMHOUWIEHUIO K eKmop)y ckopocmu moaxamens Ha 90° 6 cmopony
V2080l CKOPOCMU KYAAYKA Oy
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IIpooonicenue npun. B

CoeauHuM KOHILIBI OTPe3KOB h; miiaBHOW KpuBO# B 3aMKHYTYIO ¢urypy. [Ipose-
JI€EM K 3TOW KPHUBOM JIB€ KacaTelibHbIE MOJ YriaMu [a] K JUHUM JACHUCTBUSA BEKTOpa
CKOpPOCTH TOJIKATEJIs ISl yYaCTKOB yAAJICHUs U BO3BpalleHus Toakarens. [lepeceue-
HUE JTaHHBIX KAacaTEJIbHBIX ONpENEISET MOJIOKEHUE LIEHTpa BpalieHus Kynadka Oy,
BEJIMUYMHY pajiiyca HayalbHOW IMIaiiObl TeopeTHuecKoro mpoduiid Kyiaadka Romin U
AKCLIEHTPUCUTETA «e», 00ecleunBaouX padoTy KyJauKOBOIO MEXaHU3Ma C yria-
MM J1aBJICHMs, HE NPEBBIIAIOIIUMHA TOIYCTUMBIE UX 3HAUCHHUS.

B nanHOM citydae mosty4aeTcss HEEHTPAJIbHBIN KYJauKOBBIM MEXAaHU3M C JKC-
LIEHTPUCUTETOM «e».

JUisi mony4deHus: LEHTPaJbHOr0 KyJIauKOBOTO MEXaHM3Ma HEOOXOAUMMO IEHTP
BpalleHMs Kyjauka BHIOpaTh B 3aIUTPUXOBAHHOW 00JACTH HA JTMHUM JBUKEHUS TOJ-
karens. [Ipu 3ToM paanyc HayaabHOM II1aObl YBEIMYHMBAETCS 110 CPABHEHUIO C Ipe-
IbITyIIUM BapuaHToM. [Ipu BeIOOpe LieHTpa BpalleHus KyjJayka B 3alITPUXOBAHHOM
00JIaCTH MOJYYUM MEXAHU3M, JIJIsl KOTOPOTO YIJIbI AaBJICHUS HE MPEBBIIAIOT JOIMYC-
KaeMbIX 3HAYECHHUM.

Credyem 3amemums, 4mo MAKCUMAIbHble Yalbl 0AGIeHUs He 8ce20d U He 8e30e
COOMBEMCMEYIOM MAKCUMAIbHbIM 3HAYEHUAM Nepeoll nepedamoyHol QyHKyUu.

h 4M1e)
W «
;
h1 h2
1 2 3 4] 5] /B o
h] hg

Puc. B.19. I'paduk nepsoii nepegatounoit pynkuun ' = I1'(@)

Cnyuan 2. Ilpu uccnenoBanuu pabOTHl CYIIECTBYIOIIMX MEXaHHU3MOB MOXET
BO3HUKHYTH 3ajlaua onpejeicHus: PakTUUeCcKUX MaKCUMaJIbHBIX YIJIOB JaBJICHUS U
CpPaBHEHHUSI UX C JIOMYCKAEMbIMU 3HAYCHUSIMH.

PaccmarpuBaercst citydail, KOrja U3BECTHO IOJO0XKEHHE LEHTpa Kynadka Ojgaxr
1 HEOOXOJMMO ONPEICIUTh MAKCUMAJIbHbBIC 3HAUCHUS YTJIOB JIABIICHUS Oy -

Jlst 3TOr0 M3 neHTpa BpaueHus Kynadka Ojgpuq HEOOXOJUMO MPOBECTU Kaca-
TeJbHBIE K 3aMKHYTOW (UTrype, MOCTPOECHUE KOTOPOH PaCCMOTPEHO BhIIIE. 3aTEM B
TOYKaX KacaHUs MPOBECTH MpsIMbIE MapajjieibHbIe JIMHUHU, COOTBETCTBYIOIINE JBHU-
KEHUIO TOJIKaTeNs. YTJIbl, 00pa30BaHHbIC ’TUMU MPSMBIMHU U KacaTebHBIMU — MaK-
CUMAaJIbHBIE YTJIbI JaBJICHUS Oiyax HAa YUACTKAX YAAJICHUS U BO3BpaTa TOJIKATEIIS.
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IIpooonicenue npun. B

JlaHHOE TOCTPOEHHE BBINIOJHEHO HA puc. B.2() mMITpUXOBOW JTUHUEH.

[Ipsimoii (pabounii) X0 TOIKATEIS § OOGpaTHbIil X0 TOJIKATENS

Puc. B.20. K onpenenenuro rabapuTHbIX pa3MepOB KyJIauKOBOTO MEXaHU3Ma C
MOCTyNaTEIbHBIM ABUKEHUEM TOJIKATES

KyﬂaLIKOBbII;I’ MEXaHU3M C BpalllaTteJlbHbIM ABWXKEHUEM TOJIKATEJIA

[Ipu BpamaTeaIbHOM JBHXKEHHH TOJKATENS ONMPEIENIAIOTCS
m Ry — paauyc HavaabHOM Maiibbl TEOPETHUECKOTO MPODHUIIS;
m L = 0,0, — Mexx0ceBOE PacCTOSHUE.
JUis BBITIOJIHEHUS pacyeTa HEOOX0AUMO UMET:
V¥ By — MakcuMabHOE MEPEMEIEHHE TOIKATES;
V¥ [(@) — rpaduk nepeMenieHus eHTpa POJIMKa TOJIKATEIS;
V IT°(¢) — rpaduk nepsoii nepenaTouHoil GpyHKIKHM;
V¥ { — uiuHy KOpOMBICIIA,;
V¥ [a] — nonyckaeMble yriibl JaBIeHHUS;
¥ Ky — macmTab cxemsl MeEXaHH3MA.
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IIpooonicenue npun. B

Metoauka pacuéra 374eCh Ta K€, KaK JJIs HELEHTpPaJIbHOro MexaHusma. s
JAHHOTO MEXaHW3Ma MepeaTouHas QyHKIuUs ABisgeTcs 0e3pa3MepHON BETUYNHOM.

YToOBI OTPE3KHU /; UMENH PA3MEPHOCTh «MUILTUMETPBI», HEOOXOJUMO 3HAYEHUS
nepeIaToYHbIX PYHKUUNA YMHOXKHUTH HA IJIMHY KOPOMBICTIA, T. €.

hﬁgﬁ@&é ’%:JH@&Q’ ,hfguwgé‘
M M M

OTtpe3ku A; OTKIABIBAIOTCA HA JMHUSAX TOJKATENsl C YYETOM IpaBuja IMOBO-
pota. Jlns cxeMbl MexaHHu3Ma, U300pakKeHHOW Ha puc. B.2] Ha ydacTKe yAalleHUs
TOJIKaTeJNsl OTPE3KH /; OTKIIAJIbIBAIOTCS BJIEBO, HA YYaCTKE BO3BpAILEHHS] — BIPABO.
Ecnu mMakcuManbHble yIibl TaBIE€HUS Oimax PUKCUPOBAHBI, TO LEHTP BPALLIEHUS KY-
"a4ka Ojgaer HAXOOUTCSA HA MEPECEUEHUH KACATENIbHBIX. T€M CaMbIM ONpPEIEIIsieTCs
BeIUYUHA Rypar ¥ MEKOCEBOE paccTOssHUE 0107 = Larr.

Bbibop pagnyca posvka

Panuyc ponuka Tonkarens «p» BbIOUPAIOT MO YCIOBUIO KOHTAKTHOM MPOYHOC-
TH C YyY4ETOM HENPEPHIBHOCTH KOHTAKTA MEXKIY POJIMKOM M KYJIA4KOM, TOJIIMHBI PO-
JIMKa, MEXaHUYECKUX XapaKTEPUCTHK MaTepuaioB, pabouynX MOBEPXHOCTEH poOJMKa
Y 33JJaHHOM JOJITOBEYHOCTH BCETO MEXAHU3MA.

Ha npakTuke 00bIYHO PUHUMAIOT

p<0,7p5,.

K ) )
rjae O.°  — MUHUMaIbHBIA PajMyc KPUBHM3HBI NPOQHIsS Kyladka, ONpeessieMblii

AKCTIEPUMEHTATBLHO HA OTCYTCTBUE €T0 3a0CTPEHUS.
Kpomke 3Toro, paguyc pojiika OrpaHMuMUBAETCS YCIOBUEM

P = 0,4(7"0 +p)

3/1eCh BEIMUMHA «p» HE J0JKHA npesblath 40 % BEMMUYMHBI pagnyca Hayallb-
HOU MalObl TEOPETUYECKOTO PO IS Kynadka.

[IpakTnyeckoe 3HaUEHUE «pP» BBHIOMPAIOT KaK MEHbLIEE U3 JIBYX 3aJaHHBIX yC-
JIOBUM B COOTBETCTBUHU CO CTAHAAPTHBIM PAJIOM JUAMETPOB U JUIMH, NPUHSITHIM B
MaIIHHOCTPOEHUH.
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Oxonuanue npun. B

IIpssmoi1 Xxo1 KOpoMBICIa 3 OOpatHbIi X0 KOPOMBICIIA

Puc. B.21. K onpenenennto rabapuTHbIX pa3MepOB KyJIa4KOBOTO MEXaHU3Ma
C BpAILIATEIbHBIM JIBUKEHUEM TOJIKATENS
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Hpunoxcenue I’

MpumMep BblbOpa 3aAaHUs ANt KOHTPOJIbHOW PaboTbl M KYPCOBOIO NMpPOeKTa

udp crynenra XX XXX 03.
3ananue 1.
PacueTHas cxema MaHUIYJISATOPA

Yy

B

Z Bapuant 3

3anganue 2.
PacuetHas cxema miaHeTapHOTO 3y0UaTOrO MEXaHU3Ma

Zy Zg
4
BXOI[ KU Z7
Z] — T 77
(V7. JLa 1 B
T T bIXO/I
+ |H N /
) -~ 7
— =t
Z3 Zs Zg
Bapuant 3

UucnoBble 3HAYEHUSI UCXOAHBIX JAHHBIX JJISI PEIICHUS 3a/1a4d 10 KMHEMAaTUKE
3y04aThix MexaHu3MoB — 10 (17151 BapuanTa 3a1anus 3):
n==06 c_l; 21=30;2,=55;23=?,24=115; z5 = 50; z = 120; z; = 45; zg = 55.
Onpenenenuto nomnexar: W, zs, uyg, ny, n3, ng.
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IIpoooncenue npun. I’
MuHucTepcTBo 06pasoBaHna U Haykn Poccunckon degepaumm

depnepanbHoOe rocyaapcTBeHHoe BlookeTHoe obpasoBaTenibHOe yupexaeHue
BbICLLIEro NpodeccroHansHoro o6pasoBaHus

«CAHKT-METEPBYPICKMW rOCYOAPCTBEHHbLIA YHUBEPCUTET TEXHONOI M 1 AN3ANHA»

Kadbenpa TeopeTndeckomn n NpukNagHon MexaHukm

Crynenr VM BAHOBB.B. [IpenonaBarens
I'pymma 2 — T3, mupp XXXXX 03 Jlarta BeIauu paboOTHI 20 1.
3AJIAHUE 3
YA D 5 E, 4

Yacrora BpaleHus BXOIHOTO
3BEHA

Cuia TEXHOJIOTHUYECKOTO
COTMPOTHUBJICHUS
P.= 120 H.

Cwuna P, HanipaBieHa B cTO-
POHY, NPOMUBONONONHCHYIO CKO-
POCTH TOUKH €€ MPUITOKEHUS.

Kynavox
Conepxanue pabOThI:

JIncr 1. KuHematnueckuil aHanu3 ppl4aKHOTO MEXaHU3Ma.

Jluct 2. CunoBoit (KHHETOCTATUYECKHI) aHAIIU3 PHIYAKHOTO MEXAHN3MA (Bhinon. o ykas. npenosas.)

Jluct 3. CuHTE3 KyJIlayKOBOTO MEXaHU3MA.

Tabnuya 2.3. Illapamempyol pviuasxcnozo mexanuzma, m (cmp. 29 u 37)

01A AB BOz E02 X1 Vi B 0151 AS2 02S3
0,09 0,2 0,18 0,3 0,2 0,11 0,14 | 0,03 0,08 | 0,12

Oxonuanue maon. 2.3

MoMeHTBI HHEPpUIHUN (I[I/IHaMI/I‘IeCKI/Ie
2
MOMCHTBI I/IHepHI/II/I), KI''M
mi my nms mgy ms JS1 JS2 JS3 JS4 JS5

1,4 2,9 3,1 0,4 4,9 0,05 0,1 0,11 | 0,07 —

Macchl 3B€HbEB, KT
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Oxonuanue npun. I’
Tabnuya 2.12. [lapamempol Kyrauko8o2o mexanuzma oas wugpa 03
(cmp.40, mabn.2.13 u 47, mabn. 2.16)

g Pa3mepsl KynaukoBoro VYTl 1OBOPOTA KyJlauKa
s| 2 MEXaHU3Ma, MM B rpajycax
Sz| T "
z 2| E S Pabounii | [ameauii | XomocToit
T g > ¥o p e ('énw)c X0, BBICTOH, X0/,
= 11
= Ppx P Pxx
3 10 62 21 15 60 120 120 120
3akoHbI 6€3pa3MepHOro yCKOpeHus BeoMoro 3BeHa juis mudpa 03 (ctp.48)
Pabounit (mpsimoit) xox XomnocToii (00paTHBIN) X0
Pasber Bri6er Pasber Bri6er
Apy 19, Avy |6
Si ) Si ) rx |OBpx Si ) Si ) xx | P
0 0,1 1 0 1,2 1 0,2 | 0,1 0 0,5 | 0,5 1 0,2

BapI/IaHTBI CXEM KYJIAYKOBBIX MCXaHU3MOB

eg g p
i @
@_ g0
A,
g apuasr | Bapuant 2 Bapuant 3 Bapuanr 4
ASSNNY
ANNNGN
% Bapuant 7 @
Bapuanr 5 Bapuanr 6 gk S5 Bapuanr 8
.- a
@W
1@\\1

a
BapwuanTt 9 Bapwuanr 10 ﬁ
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