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BBEJAEHHUE

Y4eOHpIMH TUIaHAMU 00ydJarommxcst HampasieHud nmoarotosku: 35.03.06 —
Arpounxenepus, npodusb TexHudeckue cucteMbl B arpobusnece, 15.03.05 —
KOHCTPYKTOPCKO-TEXHOJIOTUYECKOE oOecrnieueHue MalIMHOCTPOUTENBHBIX
MPOU3BOACTB, MPOoduias TEeXHOMTOTHS MAITMHOCTPOSHUS! OYHOU, 3a0YHOU M OYHO-
3a04HOM (opm oOyueHuss Eienkoro rocynapCTBEHHOIO YHUBEPCHTETA HM.
N.A. byHuHa 1pu W3y4Ye€HHM IHUCLUIUIMHBI «Teopus MEXaHU3MOB M MAaIlWH»
IPEIyCMOTPEHO BBIMIOJIHEHUE KYpPCOBOTO MpoeKTa, 00béMoM 2-3 nmcra Gopmarta
Al rpapuueckoit yactu u nosicaurenbHon 3anucku 20 ctpanunl. KypcoBoii npoekt
ABJIIETCSI TEPBOM CaMOCTOATENBHON pabOTOM CTyJIeHTa B BBICHIEM Y4YeOHOM
3aBEJICHUH, LENbI0 KOTOPOTO SBIJISETCS NPUOOPETEHHE HABBIKOB MPHUMEHEHUS
00X METOJOB NPOEKTUPOBAHUS MEXaHU3MOB W MaIlUH.

B 1aHHOM METOIMYECKOM YKa3aHHUU COJEpHKATCsi TpeOOBaHUS K HAIIMCAHUIO
KypPCOBOI'O IPOEKTA, psJl MPUMEPOB IO BBIIOJHEHUIO €r0 Pa3zAeiioB, OCHOBHBIE
MOJIOKEHUSI TEOPETUYECKUX OCHOB CHUHTE3a AJIEMEHTHOUW 0a3bl MexaHu3MoB u 10
3aJlaHAl Ha MPOECKTUPOBAHUE MO HCCIEAOBAHUIO PA3JIMYHBIX CXEM MEXAHU3MOB,
Ka)KJasl U3 KOTOPBIX cocTOUT U3 10 BapraHTOB.

YacTh mnpencTaBiIEHHBIX HWXKE MaTepHUaloB, TAKUX Kak, TpeOOBaHHUS K
HAlMCaHWIO TOSICHUTEIbHOW 3amucku W oQOopMIICHHIO TIpadUyecKkoil dactu
MPOEKTa, a TakXkKe 3aJaHuid Ha KypCOBOM MPOEKT, 3aMMCTBOBaHa U3
«Meroauueckux yka3aHuUH U COOpHMKA 3aJaHUM [JIsl BBIIOJHEHHS KYpCOBOTO
OPOEKTa II0 OCHOBAaM AaHaju3a W CHHTE3a MAllMH W MEXaHU3MOB» AaBTOPOB
Kopueera A.IO., Kopueea H0.C. u Kob6nesa b.I'. — Opén: Opénl' TV, 2006. —
111 c. B To xe BpeMs JaHHbIE METOAUYECKHE YKa3aHusi  COAEpKaT psij
TEOPETUYECKUX OCHOB M TPUMEPOB pacu€ra OCHOBHBIX IapaMETpPOB
aHAIM3UPYEMOTI0 MEXaHN3Ma, BBIMOJHEHHBIX U3BECTHBIMU aBTOPAMHU, YKa3aHHBIMU
B CIHCKE UCIOJIB3YEMOW JMTEPATYpPbl, W XapaKTEPHBIX JUI1 BBIIOJIHEHUS
KYpPCOBOTO MPOEKTAa CTYJCHTAMU BBILICYKA3aHHBIX HAMPaBICHUN, OOyYaIOIINXCS B

EI'Y nm. . A. bynuna.



1. COAEP KAHUE U PEKOMEHAYEMAS NOCJIIEJOBATEJIBHOCTb
BBIINIOJTHEHUSA KYPCOBOI'O IPOEKTA
1.1. CTpyKTypHBIi aHAJIN3 MeXaHU3Ma

N300pa3uth NpUHIUIHAIBHYIO CXEMYy MeXaHu3Ma. BBIIBUTH KOJIMYECTBO
MOJIBM)KHBIX U HETMOJABMXKHBIX 3BEHbEB U YCTAaHOBUTH. BhiienuTh rpymnmsl Accypa.
[To popmyne UebblieBa onpeIeIuTh CTENEHb MOJIBUKHOCTH MEXaHU3MA.

1.2. KunemaTH4eckoe ucciel0BaHue IVIOCKOT0 PhIYasKHOT0 MEeXaHN3Ma

1.2.1.BblyepTuTh  KUHEMATHUYECKYIO CXEMy  MEXaHu3Ma  HUCIONb3ys
COOTBETCTBYIOIIUNA MacIITAOHBINA KO3(P(PUUIMEHT 1) B IBEHAILIATH TOJIO0KEHHUIX €TI0
BEIYIIETO 3BEHA, HAYMHAs C HYJEBOIO WJIH KPalHEro IOJIOKEHHS, OIpPEIEIINB
HEJO0CTAIONINE pa3Mepbl 3BEHbEB MEXaHU3MaA.

1.2.2.JIn1g Bcex TOJOXKEHWH MEXaHW3Ma IOCTPOUTH IUIaHBI CKOPOCTEH C
orpeseseHueM MacmTabHoro ko3 duuueHTa i, , ykazaB BEKTOpbl  CKOpOCTeH
LEHTPOB MacC 3BEHBEB.

1.2.3. TlocTpouTs YeThIpe IIaHA YCKOPEHHWM 7Sl MOJIOKEHWH paboyero u
X0JIOCTOTO XOJa MEXaHU3Ma, C ONPEJeJICHUEM MAacIITaOHOTO KO3 (ULIUEHTA Uy,
yKa3aB BEKTOPHI YCKOPEHUH IIECHTPOB MacC 3BEHBEB.

1.2.4, ]Jlng omHOW M3 TOYEK BBIXOJHOTO 3BEHA MEXaHM3Ma, K KOTOPOM
IPUJIO’KEHA CHJIAa TIOJIE3HOTO COMPOTUBJICHUSI, TOCTPOUTH METOJIOM IpapHUuecKOro
b epeHupoBaHusL:

a) quarpamMmy nepemertenns S = S (t);

0) nuarpammy ckopoctu V=V (t);

B) nuarpammy yckopenust W=W(t).

1.3. KunerocraTnyeckuii pacyéT njaocKoro MexaHu3ma

1.3.1. BoluepTuTh KHHEMATHYECKYIO CXEMY MEXaHHW3Ma B MacliTade [l JJIs
OJTHOTO U3 MOJIOKEHHUH pabodero xo/a.

1.3.2. TlocTpouTs 1151 BEIOPAHHOTO TMOJIOKEHUSI MEXaHW3Ma TUTaH YCKOPECHUIMA
B MaclTabe y, U ONPENENUTh BEJIWYMHBl U HANPABICHUS TJIABHBIX BEKTOPOB U

I'IaBHBIX MOMCHTOB CHUJI HHCPIIUH.



1.3.3.IlocTpouts B Macmrade up JuarpaMmy 3aBUCHMOCTH CHJIBI TOJIE3HOTO
conpoTuBieHus Py B (QyHKIMM NEepeMEIeHHs BBIXOAHOrO (pabodero) 3BeHa U
ONPEIENUTh CUIY IOJE3HOTO COMPOTHBICHUS JIs MOJOXKEHHM padodero xoja
MEXaHU3Ma.

1.3.4. BbINOAHUTH CUJIOBOM pacyeT B CIEAYIOLIEH IMOCIEA0BATEIbHOCTH:
BBIUEPTUTh CTPYKTYpHYIO TIpymnmy Accypa, HauOojiee YAQJICHHYIO IO
KMHEMaTUYECKOM LENU OT BXOJHOIO 3BEHA, NPWIOKHUTh K €€ 3BEHBSIM B CO-
OTBETCTBYIOIIMX TOYKAX BHEUIHUE CHJIBI U MOMEHTHI (CHJIBI U MOMEHTBI CHII
COMPOTUBJICHUS, CHUJIbI TSXKECTH, CHUJIbI WHEPIUMHA M MOMEHTHl CHJI HMHEPIUN).
OTOpoIieHHbIE CBA3M 3aMEHUTh MX pPEaKUUAMH, KOTOPbIE M MOAJIEkKAT
OIPEEIICHHUIO.

1.3.5.Boiienuth ClEeIyomyl0 CTPYKTYpHYIO Tpymmny Accypa U BBIIOJIHUTH
JUTsl He€ CUIIOBOM pacy€T cornacHo myHKTy 1.3.4.

1.3.6.BbINOJIHUTG CUJIOBOM pacy€T HAYaJIbHOTO MEXaHW3Ma, HMMEIOIIEro
CTOWKY © Bexaymiee 3BeHO. OmnpenenuTs YpaBHOBEIIMBAIOUIYIO CHIY U
YPaBHOBEIIMBAIOIIUNA MOMEHT, MPUIOKEHHBIN K BXOJHOMY 3BEHY.

1.3.7.0npenenuTs ypaBHOBEHIMBAIONIYIO CHUJIYy W YpPaBHOBEUIMBAIOIIUI
MOMEHT C MOMOIIbIO pbryara. JKyKOBCKOrO W CpPaBHUT UX C COOTBETCTBYIOIIMMU
rapamMeTpaMy, HalJIeHHBIMU B XOJI€ CUJIIOBOTO pacuéra.

1.4, lunamuyeckuii pacyét mexanuzma (pac4ét MaxoBHKa)

1.4.1 Tloctpouth auarpaMMy 3aBHCUMOCTH TPHUBEICHHOTO MOMEHTA CHJI
MOJIE3HOTO COMPOTHUBIICHUS B (PYHKIIMHU yTriia IOBOPOTA BEAYLIETO 3BEHA.

1.4.2 Tloctpouth namarpamMmy palOT CHJI TIOJE3HOTO COMPOTHBIICHUS
METOJIOM TpadUYeCKOr0 MHTETPUPOBAHMS JTUATPAMMBbl MPUBEIEHHOTO MOMEHTA
CHII TIOJIE3HOTO COMPOTUBIICHHS. |

1.4.3 Tloctpouth nuarpammy paboOT ABMKYIIHUX CUJI Ha rpaduke padorT.

1.4.4 TloctpouTh quarpamMmy HPUBEICHHBIX MOMEHTOB JBHXKYILIHUX CHJI Ha

rpadrke MOMEHTOB.



1.4.5 Iloctpouth auarpamMmy 3aBUCUMOCTH HPHUPALIECHUAS KHHETHYECKOU
SHEpPruM B PYHKIIMU yTiia MOBOPOTA BEIYILIETO 3BEHA.

1.4.6 TloctpouTh aAuarpaMMy 3aBHCHUMOCTH MPHUBEIEHHOTO MOMEHTA
WHEpLUU B (YHKIIMHU YTIIa TOBOPOTA BEAYIIETO 3BEHA.

1.4.7. Onpenenutb MOMEHT UHEPIIMA MAaXOBUKA, €T0 OCHOBHBIC pa3Mephl U
BBIYEPTUTH ICKU3 MaXOBHKA.

1.5. CuHTe3 KyJIa4YKOBOI0 MEXaHNU3MA

1.5.1. Tloctpouth B TPOU3BOJBHOM MaciiTabe auarpamMmy 3aBUCHMOCTH
YCKOPEHHMS TOJKATENS OT yIJla MOBOPOTA KyJIauKa.

1.5.2. TlocTpouTs auarpamMmy 3aBUCUMOCTH CKOPOCTH TOJIKATes OT YIJia
MOBOPOTa KyJayka METOJIOM TIpapuiyecKOro HMHTETPUPOBAHUS  JTUATPAMMBbI
YCKOPEHHUS.

1.5.3. TlocTpouth AuMarpaMMmy 3aBUCHMOCTH IEPEMEIICHUsI TOJIKATENS OT
yria MOBOPOTa KyjJadyka METOJOM TIpa(U4ecKOTO WHTEIPUPOBAHUS JTUATPAMMBI
CKOPOCTH.

1.5.4. Onpenenuth MaciITabHbie KOADPUITMEHTHI TOCTPOSHHBIX JUATPAMM.

1.5.5. BbINOAHUT, AMHAMHUYECKUNA CHHTE3 KYJA4YKOBOTO MEXaHU3Ma
(ompeaenuTh OCHOBHBIE pa3Mephl KyJIauKOBOT'O MEXaHU3Ma).

1.5.6. BbIMOAHUTL KUHEMATUYECKUN CHHTE3 KYyJA4YKOBOTO MEXaHHU3Ma
(mocTpouTh nMpouiib KyJIauyKoBOM 111ai10bI)

1.6. CuHTe3 3y04aToro 3amenyieHust

1.6.1. BeiOpath kK03 (UIIMEHTHI CMEIIEHUs MO 3aJaHHBIM YUCIaM 3yObeB
KOJIEC.

1.6.2. Onpenenuth pa3Mepbl 3y0UaTOTO 3allCTIICHUS.

1.6.3. Onpenenuth KayeCTBEHHbIE IMOKA3aTEeNM 3alECIICHUs: KO3PQPULIHEHT
NEPEKPBITUSI, KOIPDUIIUEHTHI OTHOCUTEITBHOTO CKOJBXKEHUS, Kod(duiment
yIEIBHOTO JaBJICHHUS.

1.6.4. BeryepTUTh ABOJIBLBEHTHOE 3yOUaTOe 3aleIjIeHHE.

1.6.5. [TocTpouTh TEOPETUUECKYIO U MMPAKTHUECKYIO JIMHUIO 3aICTIIICHUS.



1.6.6. [TocTpouts nyru 3anemyieHus u pabouue ydacTku npoduieii 3yOnes.

1.6.7. IToka3aTh conpspKEHHBIE TOUKH MPOGUIeH 3yObeB.

1.6.8. ITocTpouts TuarpaMmmy K02 (ppuUIIMEeHTOB OTHOCHUTEJILHOTO
CKOJIBKCHHS 1 KPYTOBBIC THATPAMMBI.

1.6.9. IlocTtpoutrs amarpamMmy H3MEHEHUsA Kod3(p(dUIIMEHTAa YACIHHOTO
TTaBJICHMS.

1.6.10. Beraeptuth TaOMMIly OCHOBHBIX IapaMEeTPOB  3y09aToro

9BOJIBBCHTHOT'O 3alICIIJIICHHSI.



2. MPABIJIA O®OPMJIEHUS TPA®HUYECKOHN YACTH
KYPCOBOI'O ITPOEKTA
2.1. O0mme npaBuia opopMieHHs YepTexel

2.1.1 Bce ueptexxku BemosHsSIOTCS Ha ¢dopmare Al (594 x 841) B coort-
BerctBuu ¢ ['OCT 2.301 - 68.

2.1.2 Ha 4eprexxe MOKHBI OBITH MPETyCMOTPEHBI MOJIA: cieBa -20 MM;
CBEpPXY, CHH3Y, CIIPaBa - 5 MM.

2.1.3 Yeprexu BBINOJIHSIIOTCS KapaHAamioM. ToNIIMHA OCHOBHOW JIMHUU
0,5...1,4 mm.

2.1.4BcnomorarenbHble  JTUHUW, HMCHOJB3YEMBIE - JUIA  ITPOMEKYTOUYHBIX
MOCTPOCHUH, BeIOMparoTcs TomuHoi 0,3... 0,5 oT OCHOBHOM JIMHUH.

2.1.5 Jluaun rpamKOB MOKHO BBINOJHSATE UCIOIb3YS Pa3IMYHbIE IO BUIY
1[BETA.

2.1.6 Bce nucthl, BKIOYas cXeMbl W TpaduKH, JOHKHBI UMETh YTJIOBOU
IITaMII, PACIIOJIO’KEHHBIN B IPABOM HUYKHEM YTIIY YEPTEHKHOTO TOJIS.

2.1.7 PacnionoxxeHue cxeMm M rpagukoB Ha YEPTEKHOM IOJ€ JOJKHO OBITH
TOPU30HTATBHBIM.

2.1.8 Haanucu Ha yepTekax BBIOJHAIOTCS 4epTExXHBIM mpudTom mo 'OCT
2 304 — 81.

2.1.9 Cnenyer CTpEMUTHCS K MUHUMYMY HAANMCEN, OJHAKO UX KOJMYECTBO
JOJDKHO OBITH JIOCTATOYHBIM JJIS TIOSICHEHUS CYIIIHOCTUA KYPCOBOTO MPOEKTA.

2.2 OdopmiieHne 3aJaHU HA KHHEMATHYEeCKOe, KHHETOCTATHYeCKOoe U
AUHAMMYECKOEe MCCIe0BAHNE MEXAHN3MOB

2.2.1 IlnaH MoOJIO)KEHUN MEXaHW3Ma CTPOMTCS B JABEHAAIATH IOJOKEHHUIX
€ro BeIyILEro 3BeHa.

2.2.2 Macmtabupiii  K03(GGUIIMEHT TMOCTPOCHUM TUIaHA TOJOKEHUU
BBIOMpaeTcss B pa3MepHOCTH [M/MM]|. CTaHIApTHBIMH SIBISIOTCSI CJIEIYIONINE
MacmTadosr: 0,0001; 0,001; 0,01; 0,1; 1; 10; 100; 0,0002; 0,002; 0,02; 0,2; 2; 20;
200; 0,0005; 0,005; 0,05; 0,5; 5; 50; 500 u T.1.



2.2.4 BennurnHa MacmTabHOrO KOA(pGUIIMEHTa KHHEMATUYECKOM CXEeMbl
BBIOHMpAETCsl TaKUM OOpa3oM, YTOOBI MEXaHHM3M 3aHHMaJl JIEBYIO BEPXHIOIO YeT-
BEPTh UEpTEXKA.

2.2.5 BennunHbel MacTaOHbIX KOA(P(GUIIMEHTOB MPH MOCTPOCHUH TPpa(HUKOB
BBIOMPAIOTCS TaK, 4YTOOBI OPAMHATEI MaKCUMyMa (MUHUMYMa) JIEKaJU B Ipenenax
50... 150 MM, a ochk abcruce - 180.. .300 mM.

2.2.6 Ilpu kMHEMATHYECKOM MCCIICIOBAaHNN Tpa KU pacroiaraioT B MpaBon
yactu (opmarta OJIUH MOJ APYTUM.

2.2.7 Ilpn muHAMHYECKOM HCCJICIOBAaHUH TpaWKH pacroiararmT 0 BCEMY
TMIOJT0; TIPY TOM TpaduKu ¢ OJHOMMEHHBIMH OCSMHU aOCIUCC MPEANOUYTHTEIbHEE
pacnojarats Apyr O] APYroM, a 3CKMU3 MaxOBHKa - B IPaBOM YeTBepTU (opmMara.

2.2.8 'padukn u auarpaMMbl CHAOXKalOT TEKCTOBBIMU HAAMHUCAMHU, a OCH
KOOpAMHAT 0003Ha4al0T OyKBaMHM C paciIu(pOBKOM B TEKCTE MOSACHUTEIbHON
3aIUCKH.

2.2.9 I'paduueckoe perieHrne ypaBHEHUH (TUIaHBI CKOPOCTEH, YCKOPEHHH,
CWI U T.II.) HEOOXOIMMO pacrojaratb Ha CBOOOJHBIX MECTAX UYEPTEKHOTO IOJIS
PSAIOM C PaCCMaTpUBAEMOMN CXEMOM.

2.2.10 Macmrabubie kK03 OUIIMEHTH TIJIaHOB M TpaduKoB HEO0OXOAUMO
HAHOCHUTH Ha I0JIe YyepTexa BOJIU3M COOTBETCTBYIOIIUX OCEH U MOCTPOSHUIA.

2.2.11 BexTopHbI€ BEIMYMHBI Ha IUTAaHAX [OJDKHBI HMETh YKa3aHHOE
HalpaBJIeHUE (CTPEJKY), MPU 3TOM JJIMHA 3a0CTPEHHOIO 3JEMEHTa CTPEJIKU HE
J0JKHA OBITH MEHBIIE 3 MM.

2.2.12 IIpy KMHETOCTATHYECKOM pacuéTe CXeMbl MEXaHW3Ma M IUJIaHbI CHUJ,
OTHOCSILIMECS K HUM, PEKOMEHAYETCSl COBMECTHO pacrmojiaraTb B OJHOM 4YacTu
dbopmara.

2.2.13 TlpaBuiia BBITIOJHEHUS AUArpaMM, U300pakaronux GyHKIIMOHATLHBIC
3aBUCHUMOCTH MEPEMEHHBIX BEJIMYHMH, YCTAHOBIICHBI B pekoMmeHaauusx P 50 - 77 -

88 ECKJ] «IIpaBuia BBITIOTHEHUS JAATPAMM.



2.2.14 3nadeHus BETMYUH PEKOMEHYETCS OTKJIAIbIBaTh MO OCSIM KOOPAUHAT
B BHJIC COOTBETCTBYIOIICH IIIKAJTHI.

2.2.15 JlonyckaeTcss Ha jauarpamMmax HWH()OPMAIIMOHHOTO Ha3HA4YeHUs Ha
OCSIX KOOPJIMHAT YKa3bIBaTh BEJIMYWHBI 0€3 IIKAJIbI, MPU ITOM OCH KOOPJIWHAT
3aKaHYMBAIOT CTPEIKAMHU, YKa3bIBAIOIIMMU HaIpaBJICHUE BO3pacTaHUs 3HAUYCHUMN
BENUYUHBL. PsiIoM cO CTpenkol ¢ Hapy>KHOW CTOPOHBI TOJI YepTeka YKa3bIBaIOT
napameTp U MacmTad MmoCTPOCHHUS.

2.2.16 Enqunuily u3mMepeHus Ha OCsiX KOOPJIWHAT HAHOCAT OJMH pa3 PSIAOM C
MOCJICTHAM YHMCJIOM IITKaJIbI UM B CKOOKaxX BO3JI€ MapaMeTpa.

2.3. OdopMmienue 3a1aHUii HA CHHTE3 MEXaHU3MOB

2.3.1 CunTe3 3yOuYaThiX U KYJIQUKOBBIX MEXAaHU3MOB PEKOMEHIYETCS
BBITIOJIHATH HA JucTax popmara Al.

2.3.2 Macmtab mocTpoeHuil TrpauKoB BBIOMpAETCS TaKUM, 4YTOOBI OCh
abcruce nmena aauny 180...240 MM, a MaKCUMaJIbHOE 3HAUCHUE OpIMHAT

50. ..100 mm.

2.3.3 UcxonHble naHHbIC U TpadUuKu PEKOMEHIYETCS pacnoiaraTh B

JIEBOH TPETH YEPTEKHOTO TOJISI, OJIMH HAJl APYTHM.

2.3.4 Cxemy MexaHU3Ma HEOOXOJMMO pacroyiaraTb B JIEBOM TIOJIOBUHE
YEPTEKHOTO TOJs, a JUHUH, OYEPUYUBAOIINE MMOBEPXHOCTH MEXAHHM3MA, JIOJKHBI
MMETh MAaKCUMAaJIbHYIO TOJIIIMHY He OoJee 1,4 Mm.

2.3.5 [Ipu BHIMONHEHWM CHHTE3a 3yOuaTOro 3alleljieHHus BbICOTa 3y0a Ha
YEPTEKHOM T0JIE JOJIKHA ObITh HE MeHee 50 MM.

2.3.6 Ilpu BBIMONHEHWH CHHTE3a 3y0UaTOTO 3alCTJICHHS M KyJIadyKOBOTO
MEXaHU3Ma JOJKHBI OBITh HAHECEHbl Ka4yeCTBEHHBIE MOKa3aTelau ero paboThl, a

TaK K€ JJMHUH, XapaKTePU3YIOILUEe TEOPUIO €T0 CUHTE3a U PadOTHI.
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3. OOOPMJIEHUE PACUETHO-ITIOSICHUTEJIbHOM 3AITMCKH
3.1. O6uue TpedGoBaHNs K TEKCTOBBIM MaTepHaJiaM

3.1.1 Pacy€THo-mosICHUTENbHAS 3allMCKa SIBJIETCS HEOTHhEMJIEMOM YacCThIO
IIPOEKTA U JIOJKHA COOTBETCTBOBATH CJIEIYIOIIUM BaKHEUIIUM TPEOOBaHUSAM:

* KOHKPETHOCTH M3JI0KEHHUS MaTepuaa;

* JIOTMYECKOM MOCIeA0BATEILHOCTH U YETKOCTH U3JI0KEHUSI MaTepHaa;

* KpaTKOCTH U TOYHOCTH (HOPMYIHUPOBOK, HCKIIOYAIOIMINX BO3MOXKHOCTH
HEO/IHO3HAYHOT'O TOJIKOBAHUS;

* JI0Ka3aTeJIbHOCTH U 0OOCHOBAHHOCTHU BBIBOJIOB U PEKOMEHIAIMH.

3.1.2 OdopmieHre KypcOBOTO MPOEKTa MJOJDKHO BBIMOIHATHCS B COOT-
BeTcTBUM ¢ TpedoBanusimMu ECK/I u crangapTos.

3.1.3 TekcT 3amucKu MO COTJACOBAHUIO C TMPENO/aBaTelIeM MOXKET OBITh
BBITIOJIHEH PYKOIHUCHO YEPHBIMU WJIM CHHUMHU UYEPHWJIAMH C BBICOTOM OYKB HE
MeHee 3 MM Wi HabpaH Ha KOMITBIOTEpE.

3.1.4 TekcT 3anMCKy BRITIONMHSACTCS HA ucTax ¢popmara A4 (210 x 297 mm) ¢
OJIHOW CTOPOHBI U JOJKEH UMETh MoJisl: ciaeBa -30 MM, CBepXy M CHU3Y - 20 MM,
cipasa - 10 MM, pekomMeHayeTCS pa3MeIaTh Ha JUCTe 0K0I0 30 CTpOK.

3.1.5 Hayano Texcra u KakIbIi MOCISAYIONUi ad3al] HaunHAOT, OTCTyIas
15 MM OT rpaHuULbI TEKCTA.

3.1.6 3arooBKM OTIENAIOT OT OCHOBHOTO TEKCTa M BEpPXHEW TpaHMIIBI
CTpaHHUIIBI C TPOITYCKOM B 1 - 2 CTpOKH.

3.1.7 llepBpIM  JHCTOM  pacYETHO-TIOSICHUTEIHHON  3allUCKU  SIBIISIETCS
TATYJAbHBIN JUCT.

3.1.8 Hymeparust cTpanuil AomkKHA OBITh CKBO3HOM: MEPBON CTpaHUIICH -
TUTYJIBHBIN JIUCT, BTOPOU - 3aJaHUE HA IIPOCKTUPOBAHUE U T.[.

3.1.9 Homep cTpaHuIibl TPOCTABIAETCS B MPABOM HIKHEM YTy apaOCKUMU
udpamMu, Ha TUTYILHOM JIUCTE HOMEP HE CTaBUTCS.

3.1.10 YepTuTh paMKy Ui 0OBOJUTH KapaHJAIIOM IOl HE CIIEAYET.
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3.2. CTpyKTYypa pacyéTHO-NOSICHUTEJIbHOI 3aNMCKHU

3.2.1 PacuétHo-TIOSICHUTENIbHAS 3aMKCcKa JOHKHA ObITh pa3OnTa Ha pa3ieibl
B CIEQyIOIIe  MOCIeNOBaTebHOCTU:  TUTYJIBHBIM  JIMCT, 3aJaHUEe  Ha
MPOCKTUPOBAHUE; COJICpKAHUE; BBEJCHUE; OCHOBHAs YacTh, COCTOSIIAs W3
pa3enoB, COOTBETCTBYIOLIUX OTHAEIBHBIM 3aJaHUSM MM JIUCTaM TpadudecKoin
YacTH; 3aKJIFOUEHHE; CTIMCOK MCIIOIb3YEMbIX HCTOYHUKOB; TPUIIOKEHUE.

3.2.2 Paznensl OCHOBHOW 4YacTH HYMEPYIOTCS B Tpeeiiax BCEU 3alUCKH
apabCcKkuMu U paMH.

3.2.3 Kaxaplii paszznen JOJKEH COAepkKaTh 3arojioBOK, COBHAJAIOIIMNA C
HAAMKUCHIO HA YTJIOBOM IITaMIle YepTEKHOTO JIMCTa, B KOHIIE 3aroJioBKa TOYKa HE
CTaBUTCSL.

3.2.4 Tlpn HE0oOXOAUMOCTHU pa3iebl pa30MBAIOT HA ITYHKTHI U MOJ MYHKTHI,
KOTOPBIE UMEIOT HYMEPALMIO BHYTpHU pasneina B cootBercTBun ¢ ['OCT 2.10595.

3.3. TpeOoBaHUA K TEKCTY PACYETHO-NIOSICHUTEIbHOM 3aIIUCKHU

TpeboBanust K TEKCTy pacyETHO-TOSICHUTETBHOW 3allMCKU W3JI0KEHBI B
['OCT 2.105.95. Baxueimme u3 HUX i1 0pOpMIICHUST PACUETHO-TIOSICHUTEIHHON
3alMCKH KYpPCOBOT'O MPOEKTA, a TAKKE€ PEKOMEHJAIMH 10 COACPKAHUIO U 00bEMY
TEKCTa MPUBEICHBI HUXKE.

3.3.1 3arnaBueMm pyOpHK «COAEpKaHWE, BBEIACHUE, 3aKIIOYCHUE, CIHUCOK
UCTIONIb3YEMbBIX UCTOUHUKOBY» JOJIKHBI CITYy>KUTh Ha3BaHHBIC CJIOBA, HAITMCAHHBIC B
Hayaje CTpaHMLbl OTAEIBHONU CTPOKOU.

3.3.2 Pexomenayercs KpaTkue Ha3BaHUS pacIioararh Mo CepeuHe CTPOKH.

3.3.3 BBeneHwe MOMKHO COAEpXKaTh, KaK TMPaBUIIO, XapaKTEPUCTUKY
3HAYEHUs] PacCMATPUBAEMBIX B IIPOEKTE BOIMPOCOB; OLEHKY COBPEMEHHOIO
COCTOSIHMSI ~ Hay4YHO-TEXHHUYECKMX  3HAHUM  paccMaTpuBaeMbIX  MpoOiem;
000CHOBaHME HEOOXOJAMMOCTH Pa3pabOTKU TEMblI MIPOEKTA C 3aKIOUeHHUEM 00 eé
aKTyaJbHOCTU U HOBH3HE; (POPMYIJIMPOBKY LieJeH U 3a/1ay, CTOSIIMX B MPOEKTE, a
TaK € KOHKpDETHbIC CBEICHHS O HOBHU3HE U TEPCHEKTUBAX HCIIOJIb30BAHUS

TEXHUYECKUX pa3paboTok. Pexomenayempiit 00bEM BBeCHHUS 1...2 CTpaHUIIBI.
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3.34B OCHOBHOW dYacTH 3amMMCKU JOJKHBI OBITh TMOAPOOHO W
MOCIIEI0BATEIBHO MU3JI0KEHBI BCE IPOMEKYTOUHBIE U OKOHYATEIbHBIC PE3YIbTaTHI,
OTpaXkarollue B 1EJIOM COAepKaHue MPOJIeTaHHON pabOTHI..

3.3.5Bce OpPUHUMAaeMble  PELIEHUS  JOJKHBI MOITBEPIKIATHCS
COOTBETCTBYIOIIUMH pacuéTaMd M TpH HEOOXOJUMOCTH WIUTIOCTPUPOBATHCS
rpaduyuecKky pUCyHKaMH WJIM CChUIKaAMU Ha JINTEPATypPHbIE UICTOYHUKH.

3.3.6 CokpaiieHue CJlI0B B TEKCT€ M HAANHCIX Ha WUIIOCTpalUsIX He
nyckaercsa. TepMuHbl U OyKBEHHbIE 0003HAYEHHUS Ha MPOTSHKEHUM BCEX Pa3JEsioB
JIOJKHBI IPUMEHSATHCS OJTHO3HAYHO.

3.3.7 YcioBHbIe OyKBEeHHBIE 0003HAYEHUS, a TAK)KE YCIOBHBIE Ipaduueckre
0003HauYeHUs JOJKHBI COOTBETCTBOBATH CTaHIApTaM, IIPU 3TOM B

KETe JAETCs UX MOSICHEHUE.

3.3.8 B Tekcre mepen WM IOCIE 4YHCIa C Pa3MEPHOCTBIO 00s3aTENIbHO
CJIeIyeT YKa3bIBaTh €€ HAaMMEHOBaHUE, HAITPUMED «TMHA BEeKTOpa SO MM».

3.3.9 Enunnna um3MepeHust (QU3M4ecKold BEIMUYMHBI B Tpeaeniax Mpoek-1
JIOJDKHA OBITH OJMHAKOBOW. Eciy MpUBOAUTCS psJi YUCIOBBIX 3HAYEHUW TOU
BEJIMYMHBI, TO Pa3MEPHOCThH YKA3bIBAETCSI TOJIBKO MOCIIE TIOCTIETHETO

qucia.

3.3.10 PesynbTaThl pacu€TOB HECKOJBKUX 3HAYEHHM OJHOTO M TOTO Ke
napameTpa, a TakKe Apyrue Hu@poBble MaTepraibl OPOPMIISIOTCA B BUAE TaOIULI.

3.3.11 TaGnuipl HyMepyrOTCSL B TIpejeniax paszena apadckumu nudpamMu u
MOJIMTMCHIBAIOTCS X HA3BaHME, & B TEKCTE 3aMHCKH JIETACTCA CChUIKA Ha KaKIYIO
TalIuIy.

3.3.12 Tabnumy cnemyeT pa3Mmemiarh MOCIE€ yIIOMHUHAHHS €€ B TEKCTE Ha
CIIEYIOIIEM OTAETHHOM JIUCTe, TMPUYEM Ha OTACTBHOM JIUCTE MOXKET
pacroJyiaraThCsi HECKOJIBKO TaOJHII; CCHUIKY Ha BTOPYIO U TIOCIICIYIOIINE TaOIHUIThI
HEOOXOJMMO JIeNaTh B JIIOOOM MECTE TEKCTa 3alHCKHU IOCJE CChUIKM Ha MEPBYIO

Ta0IuILy.
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3.3.13 B 3arnaBum TaOnuIlbl 3aMMCHIBAIOT HAWUMEHOBAHHE BEPTHUKAIbHBIX
KOJIOHOK, a B 00KOBO# Trpade — 3aroJioBKU CTPOK, BHICOTA CTPOK HE MEHEE 8 MM.

3.3.14 B HauMEHOBaHUMU KOJOHOK WJIM CTPOK 00S3aTEJIbHO YKa3bIBAETCS
pPa3MEepHOCTh MPOCTABJICHHBIX BEJIHYMH.

3.3.15 Ilpu nepeHoce TabAMIBI HA BTOPYIO CTPAHMILY CIEAYET MOBTOPHUTH
3arjaBue TaOJIMIIbI WIIK HyMEPAIMIO KOJOHOK.

3.3.16 Bce dopmynbl B 3amucsSX JOKHBI UMETh HYMEpaIMIo B Ipeaeiax
paszena, a B TeKCTE - CChUIKY Ha MX UCIOJIb30BAaHUE B KPYTJIBIX CKOOKAX.

3.3.17 Bce OykBenHble 0003HaueHUs GOPMYNT TOIISKAT pacmrudpoBKe
HETMOCPEAICTBEHHO TOCJe HamucaHus (popMynbl B TOH ke MOCIEI0BATEILHOCTH, B
KaKkoll OHU BCTpeyaInch B caMoil Qopmyie. IlepByro cTpouky pacmm@poBKu
OYKBEHHBIX CHMBOJIOB HAaYMHAIOT CO CJOBAa «IAE», TBOCTOYHE HE CTABHUTCH.
Kaxyto cTpoKy 3aKkaHYMBaIOT TOYKOH C 3amsTOM.

3.3.18 Eciu oauH M TOT K€ IMApaMeTp BCTPEYAECTCS B HECKOJBKUX
dbopmynax, To A0MyCKaeTcs JaBaTh €ro pacuin(poBKy TOJBKO B IEpBOM (hopMmyiie.

3.3.19 ®opmyinbl pacronaraloTcsi CUMMETPUYHO OTHOCHUTENBHO CEpPEeIUHbI
CTPOKH, PACCTOSIHUE MEX1y (POPMYJION U CTpOKaMu TekcTa He MmeHee 10 Mm.

3.3.20 KonnvecTBo miuttocTpanuii (pUCYHKOB) JIOJDKHO OBITH JOCTATOYHBIM
JUTSI TIOSICHEHHSI TEKCTA, a UX COJIepKAaHUE TTOHSITHBIM U KOHKPETHBIM.

3.3.21 Pucynkn HyMepyrlooTcs TOCIEAOBaTEeIbHO B Tpeenax pasfena
apaOckumu 1 pamMu, U CTABUTCS Ha3BaHWE PUCYHKa (Hampumep, «Pucynok 1.1 -
KuneMatndeckasi cxema MEXaHU3Ma» ).

3.3.22 B TekcTe 3ammMcKyd 00A3aTENILHO OEJIAIOTCS CCBUIKA Ha KaKIbIA
pucyHok. CchUTKa 3aKITI0YAETCS B KPYTJIbIE CKOOKH, HAPUMED: ...(pUCYHOK 2.3).

3.3.23 PuUCyHKHU BBINOJHAKOTCA B COOTBETCTBUU ¢ TpeboBaHusimu ECKJI u
pa3MeImarnTcsl TakuM o00pa3oM, 4YTOOBl WX MOXXHO OBLIO HCIOJIb30BaTh 0e€3
MOBOPOTA 3amucu. Ecin 3TO HEBO3MOXKHO, TO PUCYHOK pacIojararoT Tak, 4TOObI
TUTST ero, pocMoTpa 3aIMCKy HA/I0 OBLIO MOBEPHYTh 1o

4aCOBOU CTpEJIKE.
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3.3.24 Ilpu ucnonbp30BaHUM B TEKCTe (HOPMYJ, YHMCICHHBIX 3HAUYCHUU U
apyroi uHGOpMAIUM, 3aMMCTBOBAHHBIX W3 OMYOJIMKOBAaHHBIX HMCTOYHUKOB,
HEO0OXOIMMO JIENaTh CChUIKY Ha 3TOT UCTOYHUK.

3.3.25 B TekcTe cchulka HAa MCTOYHUK O(POPMIISIETCS B BUIEC MOPSIKOBOTO
HOMEpPA 3TOr0 MCTOYHMKA, 3aKJIIOYEHHOT0 B KBajpaTHble CKOOKHU. Ccbuika JaéTcs
HAa KMCTOYHUK B II€JIOM, OTJACJbHbIE CTPAaHHUIbI, (OPMYJbI U PUCYHKH HTOTO
VCTOYHHKA HE YKA3bIBAIOTCS.

3.3.26 3axioueHue AOKHO COAEpKaTh OIEHKY pe3yJbTaToB paboOThl H, B
YaCTHOCTH, COOTBETCTBME UX 33JaHUI0 Ha KYypCOBOM MPOEKT (BO3MOKHYIO
MPaKTUYECKYIO, HAYUHYIO WM UHYIO 3HAYUMOCTH ).

3.4. CnincoK UCIO0Jb30BAHHBIX HCTOYHHKOB

Conepxxanue W TpeOOBaHUSA K CIHUCKY MCHOJB30BAHHBIX HCTOYHHUKOB B
moisHoM o0wmeme wusnoxkeHol B ['OCT 7.1 - 84. BaxHedmmMu W3 HUX UL
o(opmIIeHHs 3alIUCKUA K KYPCOBOMY MPOEKTY SIBIISIOTCS:

3.4.1 B criucok BKIIIOYAIOTCS BCE MCTIOIB30BAHHBIE UCTOYHUKU WH(OpMAaLIUu
10 MEPE MOSBIICHUS UX B TEKCTE 3aIHCKH.

3.4.2 CBenenuss 0 KHHrax JOJDKHBI BKIIOYaTh (aMUIHIO W HMHULUAIBI
aBTOpa; Ha3BaHME KHUTH; MECTO W3JaHMs; W3/aTelIbCTBO; TOJA H3IaHUs; KO-
JMYECTBO CTPAHULL.

3.4.3 CBeneHus O CTAThAX B MEPUOAMYECKON TeUaTH BKIIOYAIOT: (HDaMIITHIO
Y MHUIMAJbl aBTOPA; Ha3BaHUE CTAThU; Ha3BaHWE U3NaHus (KypHasa, COOpHUKA);
HOMED U3JaHMS; TOJ BBIITYCKA, CTPAHUIIbI CTAThH.

3.4.4 I1pu ncmosib30BaHUN M300pETEHUS MITM TATEHTA YKA3hIBAIOT: (DaMIITHIO
Y MHUIUAJbI aBTOpPa; HAaMMEHOBaHUE U300pETEHMsI; HOMEp M300peTeHUs; U3TaHHe,
B KOTOPOM ONYyOJIMKOBaHbI CBEJEHUSI 00 M300pETEeHNH; TO MyOIHKallUH.

3.4.5 Criicok HMCIOIB30BaHHBIX MCTOYHHUKOB pasMerniaeTcss Ha OTIeabHOM

CTpPaHHUIIE B KOHIIE paCUETHO-TIOSICHUTEIbHON 3aIMCKH.
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3.5. lIpuno:xenus

3.5.1 BcnoMmorarenbHblil Marepuai, TaOJWLbI, YEPTEKU MPOMBIILIEHHBIX
U3JIETTUH U T.11. MOTYT OBITh 0()OPMJIIEHBI B BUJIE MPUIIOKEHHUH K 3aIMCKeE.

3.5.2 [Ilpunoxenuss OQOPMISIIOTCS KaK MPOJOJDKEHHE  PacUETHO-
MOSICHUTEIHHOM 3alMCKU Ha MOCIETYIONINX CTPAHUIIAX.

3.5.3IIpu nHanmumuuum Oojiee OJHOTO MPUIIOKEHUS HX HYMEPYIOT ToOcIe-
JIOBATEIHHO PYCCKUMHU OYKBaMH.

3.5.4 Kaxxoe nmpuIo)KEeHUE JOKHO MMETh COAEpIKATENbHBIA 3aroJIOBOK U

HAYMHAThCS C HOBOU CTpaHUIIbI.
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4. OCHOBHBIE TEOPETHYECKHME ITOJIO’KEHUS 110
BBIITOJTHEHUIO PA3JAEJIOB KYPCOBOI'O ITPOEKTA
U TIPUMEPBI PACUETOB
4.1. CTpYKTYpHbIii aHAIH3 MEXaHNU3MA

[IpousBecTu CTPYKTYpHBII aHAJIN3 MEXaHU3Ma — 3TO 3HAYUT YCTAHOBUTH, U3
KaKHX TPy 3BEHbEB COCTOUT JaHHBIA MEXAaHU3M, U B KaKOM MOCJIE10BATEIbHOCTH
3TH TPYMNIbI 3BEHBEB MPUCOEIUHSIIOTCS APYT K APYTY, ONPEAEIUTh YUCIIO CTEINEHEN
cBO0O/1bI, KJIACC U MOPSA0K MEXaHU3Ma.

BnepBele HaydyHO OOOCHOBAHHYIO  palMOHAJIBHYIO  KIAcCU(]HUKALUIO
MexaHu3MoB Aan pycckuil ydyenslii JI. B. Accyp B 1914 r. Knaccupukanus B
JanbHeWeM Obula pa3BUTa W JONOJIHEHA B paborax pycckux yuenbix M. U.
Apto6onesckoro, H. I'. bpyeBuua u B. B. JIo6poBoasckoro. OCHOBHOM MPUHITATI
o0pa30BaHMsI MEXaHU3MOB 3aKJIIOYaeTcs B ciaeaytouieM. JIroOoi MexaHu3M MOXKET
OBITh 00Pa30BaH MyTEM IOCJIE0BATEIBLHOIO IPUCOECTUHEHHS CHaYala K BeyIeMy
3BEHY U K CTOMKE, a 3aTE€M U K JIFOObIM JPYTUM 3BEHBSIM, KHHEMATUUYECKUX LIETEH C
HYJIEBOI CTENEHbI0 NOABMKHOCTU. KnHeMaTnueckue 1enu, ooaagatoye HyJIeBon
CTENEHBIO MOABUKHOCTH, Ha3bIBAIOTCS IpynnamMu Accypa.

YtoObl U3 MEXaHMW3Ma BBIJECINUTh CTPYKTYpPHBIE IPYIIbl, HEOOXOJUMO 3HATh
UX OCHOBHBIE MIPU3HAKHU:

1. creneHp NOABUAKHOCTH BCErJa paBHA HYJIIO;

2. YUCJIO 3B€HBEB B IPYIIAX JOJIKHO OBITh UETHBIM;

3. cTerneHb MOJBMKHOCTH MEXaHU3Ma MOCIIe OTCOSIMHEHUS TPYMIbl Acypa
HE JA0JHKHA U3MEHATHCS.

Ecnn paccMatpuBaTh KHHEMATUYECKUE TPYIIIBL, B KOTOPBIX OTCYTCTBYIOT

KMHEMaTUYECKHE Taphbl YETBEPTOrO KJlacca, TO CTPYKTYpHas hopmyia

YIPOCTUTCS:
3n-2p, =0,
OTKyJa
o 3N
5 2 ’



rJ€: N — YUCJIO 3BEHbEB KUHEMATUUECKOM TPYIIIbI;
PS — 4KCII0 KUHEMATUYECKUX Map 5-To Kiacca.
Tak kak KOJIMYECTBO 3BE€HHEB U KUHEMATUUYECKUX Mapax MOXKET ObITh TOJIBKO

HOCJIbIMU YHCIIaMU, TO KOJMYCCTBO 3BCHLCB I'DYIIIbI Accypa MOET OBITH TOJBKO

3n
4eTHBIM 4uciioM. ClieoBaTeNnbHO, PAaBEHCTBY p, :? MOXET YJIOBJIETBOPATH

CIICAYIOIINHN PSI] YUCEI:

n 2 4 6

Ps 3 6 9

Kitacc rpymnibt | " i
Accypa

[Ipocretmas rpynma Accypa, coctosimias M3  2-X 3BE€HbEB M  3-X
KMHEMaTUYECKUX Iap, OTHOCHUTCS K |-My Kiaccy; rpymma cocrosmas u3 4-x
3BEHBEB U 6-THM KHHEMATUYECKUX Map OTHOCUTCS KO 2-My KJIACCy U T.1.

Krnacc u nopsgok MexaHu3Mma ONpeAeNsieTes] HAuBBICIIMM KJIACCOM TPYIIIbI
Accypa.

ITo knaccudpukaunu .M. Apro60JeBCKOro Kiiacc KHHEMaTHYE€CKOW T'PYIIIbI
OTIpENENSAETCS YUCIOM KHHEMaTHYeCKUX map, oOpasyrolMx HaumOoJee CIIOKHBIHI
3aMKHYTBI KOHTYp, a MOPSAOK TPYIIbl - YHCIOM BHEHMIHUX (CBOOOJHBIX)
mapaupoB - (1.3). Ilocine pasznoxeHuss wmexaHu3Ma Ha rpynmnbsl  Accypa,
ONpENENEeHNs Kiacca KaXAOW TpyINIIbl M YCTaHOBJICHMS MOPSAKA COEOUHEHUS
IpyNIl COCTaBIAIOT (POpMyINly CTpOEHUS MeXaHu3Ma. Pe3ynbTaThl CTPYKTYPHOIO
aHanu3a MpeACTaBICHHbIE B BUIE (DOPMYINIBI CTPOCHHSI MEXaHU3Ma IO3BOJIAIOT

BBI6paTI> MCTOA U MOPAJOK KHHEMATHYCCKOI'O 1 CHJIOBOI'O paCucTa MCXaHHU3MaA.
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Tadmuna 4.1

HaumeHoBaHue, COIrJIacCHO
Cxema
KjIaccupuKanuu
Mexanu3ma uiau | HaumenoBanme o
rpyNibI ITo Acc
Py ypy ApT000J1eBCKOMY
-— Hcxonnblii
ABI Mexanusm
O (HaYaJIbHBIH Mexanuszm
pOCTEHIITNI 1-To Knacca 1-ro kiacca
77777 P 1-ro mopsinka
MEXaHHU3M)
I'pymnma 1-ro ['pynma 2-ro
JByxmoBoakoBas
KJjlacca KJ1acca
rpyIra
2-TO TopsiiKa 2-T0 TopsiaKa
Oo—19©
['pymnma ['pynma
TpexnoBoakoBas by by
2-T0 KJ1acca 3-ro KJ1acca
rpy1ra
3-ro mopsiaka 3-ro mopsiaKa
['pynna I'pynna
YeThIpexImoBOIKO pyn by
2-T0 KJ1acca 3-To KJjacca
Bas rpyImna
4-ro nopsiaka 4-ro nopsiaka
3aMKHYTBIN I'pynma ['pynma
MOABUKHBIN 3-ro Kiacca 4-ro kiacca
KOHTY] 0-ro mopsika 2-TO TIOpsIIKa

PaccMoTpum npuMep BBINOJIHEHUSI CTPYKTYPHOI'O aHAIM3a MEXAHU3MAa, UMEIOIIETO

CICAYHOIIYIO KHHCMATUYCCKYH0 CXEMY
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1. PaccMarpuBaeMblii MEXaHU3M COCTOMT M3 S5-TH TOJBHKHBIX 3BEHBEB U
OJITHOT'O HETIOJIBU)KHOTO 3BEHA!
0- Croiika O
1- xpuBommn OA;
2- matyH AB;
3- kopombiciio BO;
4- maryn BD;
5- mon3yH D.
MexaHu3M COAEPKHUT CeMb KMHEMaTHIECKUX Tap:
1- croiika O - kpuBommmn OA — 0 - 1,
2- xpusommn OA - matyn AB — 1 - 2;
3- maryn AB - kopombicio BO -2 - 3;
4- xopomsbicio BO - croiika O — 3 - 0;
5- xopompicio BO - maryn BD — 3 - 4;
6- maryn BD - momyn D — 4 - 5;
7- mom3yu D - crotika O — 5 - 0.
Bce kumHemarnueckne mapbl HU3LIETO Mopsaka M 5-ro kiacca. CreneHb
MOJIBYKHOCTH TUIOCKOTO MEXaHu3Ma onpenensercs mo gopmyse Yeobiiena:

W =3n-2p,—p,=3-5-2-7-0=1,

rae: N — YUCIIO MOJBMIKHBIX 3BEHBLEB;
Ps— YKUCIIO KWHEMATUYECKUX Map 5-ro Kjacca;
P4— YHUCII0 KHHEMATUYECKHUX Mmap 4-ro Kiacca.

20



CocTaBUM CTPYKTYpHBIE IPYNIbl MEXaHU3MA U OIPEIETUM €0 KIIACC:

a) croiika O — kpuBommn OA — mexaHu3Mm 1-ro kiacca, | nopsaka;

0) matyn AB — kopombiciio OB — rpynmna 1 knacca, 2 nopsijika;

B) maryH CD — nom3yn D — rpynna 1-ro kiacca, 2-ro nopsaka.

CrnenoBaTenbHO, YKa3aHHBIM pHIUYQXHBIH MEXaHU3M 00JIafjaeT OJHOU
CTENEHbIO NMOABMAKHOCTU. OH 00pa3oBaH MOCIEI0BATENbHBIM IIPUCOEANHEHUEM K
croiike rpynnsl Accypa — ABO, cocrosimeit u3 38eHbeB 2 U 3 U rpymnisl 4 - 5, T.e.
matyHa CD u nonzyna D.

Toraa MokHO 3anucath POpMyIly CTPOEHHUS MEXaHU3Ma!

Ix2(0-1) — lxn(2-3) — lxn(4-5)

P€3YHBTaTI>I CTPYKTYPHOI'O aHAJIM3a CBOOUM B Tal1.

Tabauma 4.2
3BEHbBA Kunematuueckue napsl
< 2 X
T 0 g | T o < = Cxema BBIJICICHHBIX TPYIIII
5 oo B = | g = Q 28 2
s 23 s | g8 9 2 2 '21 2 | Accypa ¢ yKazaHHEM Kiacca U
S0F | 5532 (g2 e—
[ S |8 E SN
S 1o 2
1-xpuBommn | 70 1 0-1 o c D
2-TaTyH 400 2 1-2 °
3-Kyuca 220 3 2-3
A-miatyH 290 | 4 3-0
0-croiika 4-5 ) 5 ¢
5-0 1-kn 1-kn 1-kn
1 mop 2 op 2 mop
W=3527=1 Mexanusm | xnacca Il
TopsiJIKa

Buano, uro crtpykrypHeie rpynmbsl (2,3) u (4,5) oOHOro Kiacca H
CJIeIOBaTEIbHO UWMEIOT €IWHBIA METOJl pacuera, KOTOpPhIH MOXET OBITh
OCyIIeCTBJICH rpadoaHATUTUUECKUM CIIOCOOOM (METOJIOM IUIAHOB) M TMO3TOMY
OTpeJieSIiCHHE MepEeMEIICHUN 3BEHbEB MEXaHU3Ma, a TaK K€ YUCIICHHBIX 3HAYCHUIN
ckopocTelt B Toukax A, B, D mpoBoaum HaunHas OT BEAyIIEro 3BeHa (KPUBOIIUIIA

OA) B mopsanke mnpucoeauHeHus mociaenyrommx rpymnmn. (Eciu 3amanuem
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IpeaycCMaTpuBaeTCsd CUJIOBOM pacyeT MEXaHW3Ma TO €ro MpoBOJAT IO
CTPYKTYPHBIM I'pyIIIIaM B 0OpaTHOM MOPsJIKE OT TOUKH D k A.).
4.2. KunemaTnueckoe HCC/IeJ0BAHUE IVIOCKOT0 PHIYAKHOT0 MEXaHNU3MA

B kypcoBOM mNpOeKTe KMHEMAaTHYECKUH aHAJIN3 MEXaHM3MOB BKIIIOYAET B
ceost:
1.ITocTpoeHue m1aHa Mojg0KEeHUH MEXaHU3Ma;
2.1locTpoeHne IaHOB CKOPOCTEN MEXaHU3Ma;

3. IlocTpoeHue MmIaHoB YCKOPEHU MEXaHU3Ma.
4.2.1. IlocTpoeHue MJIAHA MOJIOKEHUI UCTIOJHUTEIHLHOT0 MEeXaHu3Ma

[InaHOM mMOJOXEHHA MEXaHW3Ma Ha3bIBaeTCAd CXeéMa, Ha KOTOpOM
3a(pUKCUPOBAHO OMPECIIEHHOE IOJIOKEHWE BEAYILIEro 3B€HA M B CBA3U C HUM
MOJIOKEHUE BCEX OCTAIbHBIX 3BEHBEB.

Tak Kak J[BW)KEHHE MCIHOJHUTEIBHOIO MEXaHU3Ma IEpUOANYECKHU
IIOBTOPSAETCA, TO JOCTaTOYHO MCCIIEIOBAaTh €ro JBW)XKEHHE 3a OJHWH IEPHUOL,
KOTOPBIN COBMATAeT ¢ OAHUM OOOPOTOM BEAYIIEro 3BeHa. llepromom IBHKEHUS
MEXaHU3Ma Ha3bIBAECTCS HAWMEHBIINK IPOMEKYTOK BPEMEHHM, IO HCTECYEHUIO
KOTOPOT'0 CKOPOCTh M YCKOPEHUE MEXaHU3Ma MPUHUMAIOT T€ K€ 3HAUYEHHUS, YTO U B
Hayajie 3TOro npoMmexyrtka. OnpeneneHue MnoJI0KEHHsI 3BEHbEB MTPOU3BOAUTCS Ha
KMHEMaTUYECKOW CXeMe MCIIOJIHUTEIBRHOTO MexaHnu3Ma. IIpu aTom deprex cxembl
cleayeT pa3MeCTUTh MPUMEPHO Ha Y4 yacTu jucTta popmara Al U B COOTBETCTBUU
¢ 3TUM BbIOpaTh Macitad mocrpoenus mo 'OCT 2.302-68 (tad:. 4.3)

B oranume ot macmTaba, MPUMEHSEMOro B MHXKEHEPHOW rpaduke B
«Teopun MexaHW3MOB U MAIIMH» HCIHOJIB3YIOT MaclITaOHBIA KO3(PPUIUEHT,
KOTOPBIN MPEACTaBISIET COO0M OTHOIIEHHUE HATYPAJTbHBIX €IMHHI] N300parkaeMoi
BEJIMYMHBI (HapUMep, JJIMHBI, CKOPOCTH, YCKOPEHHS, CUIIbI, MOMEHTA, paboThl) K
eIMHHULIE N300pakarollero OTpe3ka Ha YepTexe — MM.

Macmtabupiit K03 GUITHMEHT ITTUHBI:
M
H = ~ |-
MM
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MacmtabHbIit KO3QPUIMEHT CKOPOCTH:

e
Tabnwna 4.3

M M/mm M M/mm

1:1 0,001 1:10 0,01

1:2 0,002 1:100 0,1

1:2.5 0,00025 1:1000 1

1:4 0.004 1:20 0,02

1:5 0,005 1:50 0,05

Hanpumep: cornacho 3amanuto qnaa kpuBommumna =0,07 m. Ilo Tabmn. 4.3
npuHuMaeM Macitad pl=0,002[m/mMm]. Torga kpuBoIun 0003HaYaeTCs Ha

YEepTEKEe OTPE3KOM, PABHBIM:

[locTpoeHue miIaHa MoNOKEeHUsI MEXaHU3MA CIEAYET HAYMHATH C HAHECEHHUS
IIOJIOKEHUM HENOABWKHBIX LICHTPOB BpalaTEIbHBIX Iap U HANPABIIAIOLINAX
IIOCTYyNATEIbHBIX Nap. 3aTEM, BBIYEPTUB TPACKTOPUIO TOYKM A KPUBOLIMUIIA

(OKpYKHOCTBb PaJUyCOM PaBHBIM JJIHMHE KpuBowmMUNa | , ), ONpeaenuTh «KMEPTBBIE)

WJIY HYJIEBBIE TIOJIOKEHNS MEXAHU3MA.

«MepTBbIe» MOJOKEHHUSI MEXaHU3Ma, B OOIIEM ciydae, MoJIydyaroTcs, Korna
kpuBommn OA  u maryH BA pacnonaraiorcss 1o OJHOM JIMHUM, JHOO
HakianaeiBatorcs (maryn BA nHa kpuBommn OA). 3a Hawano paboyero xoja
NPUHUMAETCA TO W3 JBYX KpaWHHUX IMOJIO)KCHUH, IPU KOTOPOM JBHKECHUE
MEXaHHU3Ma COBEPIIAECTCS MPOTUB HANPABICHUS JNEUCTBUS CHIBI TOJIE3HOTO

COIMPOTHUBJICHUA.

4.2.2. IlocTpoeHHe MJIAHOB CKOPOCTEH U YCKOPEHH MeXaHnu3Ma
PaccMoTpuM IIapHUPHBINA YETHIPEX3BEHHUK PHUC.l, y KOTOpPOro Beayiiee
3BeHO AB JBMXKETCS ¢ TOCTOSSHHOW YIJIOBOM CKOpOCThIO. (ClienoBaTesbHO,

CKOpOCTb TOYKM B kpuBommna A B OygeT NOCTOSHHOM 1O MOAYIIO H
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paBHav; = wl,. HampaBienne ckopocTH  Bceraa NEPIEHIUKYJISIPHO K OCH

M
kpuBomuna AB. Beibupaem maciitaOHbli KO3PGUITUEHT CKOPOCTH 4, [—}
CeK - MM

YW OTKJIAJbIBa€M Ha 4YepTeKe U3 MPOU3BOJIbHOM Touku P (momroca miana

CKOPOCTEH)

Puc. 4.1

OTpe30K ph, COBIMAIAOINIA 10 HATIPABJICHUIO CO CKOPOCTBIO Uy pHC. 4.1 1 paBHbIN

prU—BMM_

H,

UtoOB! onpeieNuTh BEIMYUHY U HalpaBlieHue CKOpocTu TOUku C, HY>KHO

rpauyuecK pemuTh BEKTOPHOE YpaBHEHUE

Uc =Ug T Ucp . 1)
Tak kak Touka C nepemeniaeTcs Mo okpyxHoctu paguyca CO, To HanpaBJICHUE e
ckopoctu Oyaer mnepnenaukymsippo Kk CO. B  ypaBuenun (1) BEKTOpHI,
MOAYEPKHYTHIC OJHON YEepTOW, WM3BECTHHI IO HANpPaBJIEHUIO, a JBYMS — W IO

BEJIMYMHE U 10 HANpaBJIeHHIO. BEKTOp Ugg IpencTaBiiieT cOO0W OTHOCUTEIbHYIO
24



ckopocThb Bpamienus Touku C Bokpyr Touku B. CnenoBatensHo U, L CB. Pemas
rpaduuecku ypaBuenue (1), Haiinem ckopocts Touku C. Ha mmane ckopocrteit u3
KOHI]a BEKTOpa U, MPOBOAUM JIMHUIO, TIEPIECHIUKYIApHYI0 K 3BeHy BC, a u3
HOJI0Ca — JIMHUIO, NepHeHAuKyIsipHyto K 3BeHy CO. Touka mepecedyeHus 3THX

JUHUN U OyJeT UCKOMOW TOYKoM ¢ (cMm. puc. 4.1). OTpe3ok pc, yMHOKEHHBI Ha

MacIITaOHBIA KOAPOUIIUEHT, ONPEACIIUT BETUUYUHY CKOPOCTH TOUKH C:
V. = pc- umlcex

CrpouTh IJIaH CKOpPOCTEM cieayeT Tak, YTOObl BCe OTPE3KH, HIYIIHE W3
MOJIOCA, OMPEAEIISUIM a0COJIOTHBIE CKOPOCTH, & OTPE3KU, COENMHSIONIUE MEXKIY
co0Ol OTHENnbHBIE TOYKH, OMPENEISUIM OTHOCHTENbHBbIE CKopocTH. Hampumep,

OTHOCHUTEJIbHAsI CKOPOCTh BpaleHus: Touku C BOKpYT Touku B
Uy =Cd-v,.
VYrioByro ckopocth Jro0oro 3BeHa (Hanpumep, BC) Haxomar 1o

OTHOCUTEIBHOM CKOPOCTH (Vg ) IBYX TOUYEK STOTO 3BEHA, TaK

UtoObl OmNpeneanuTh HaMpaBJICHUE YIJTIOBOM CKOPOCTH, HAJ0 TMEPEHECTH
BEKTOP OTHOCUTEIBHON CKOPOCTH Ycp B TOUKy C MexaHHW3Ma M pacCMOTPETH €€
JIBIDKEHHUE MO OTHOUIEHUIO K Touke B. Hampumep, B Mexanusme, n3o0paxeHHOM
Ha puc. 4.1, touka C OTHOCHUTEIHLHO TOYKM B, a ciemoBareinbHO, W 3BEHO 2
BpAILAOTCS TPOTUB YACOBOM CTPEJIKHU.

[TocTpouB 1mIaH CKOpPOCTEM, NEPEXOAUM K OIPEICICHUIO YCKOPEHHUM.
Yckopernne Touku B mpu paBHOMEpPHOM BpalleHWH BEAYIIEr0 3BEHA PaBHO
HOPMaJIbHOMY YCKOPEHHIO:

_.n _ 2 2
Ay =a,, =w,l zmlcex”

Jns onpenenenust yckopeHus: Touku C coCTaBiisieM BEKTOPHBIE YPABHEHUS:

Adc =85 +8¢s,8c =3ap +8p. (2)
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PackiianpiBast kaxxa0€ U3 yCKOPEHU B OTHOCUTEIIBHOM JIBUKEHHUM Acg U Acp
Ha HOPMAJIbHYIO Y TAHTCHIIMAJIBHYIO COCTABJISIONINE, TOTYUUM:
. n T .
ac _%"'aca + g

n
8 =8p +8cp +acp.

3)
3I[CCB HCU3BCCTHBI TOJIbBKO TAaHI'CHHHUAJIBHBIC COCTABJIAIOIIUC II0 BCJIMYHMHC

(mo3TOMY OHUM IOIYEPKHYTHI OTHOM 4epToil). HopmanbHbIe yCKOpEHUS

IJie BEIMYUHBI ckopocTeil Uep U Ucp OepyT U3 m1aHa ckopocteid. HopmanbHbie

n
YCKOPEHHUS BCET/Ia HAIIPABIICHBI K IICHTPY BpALICHUs: BEKTOpP Acg OT Touku C K

n
TOYKE B, BEKTOp 8cp oT Touku C K Touke D.
[Iepexoaum K MOCTPOEHUIO IUIAHA YCKOpeHWH. M3 MpOW3BOJILHOW TOYKH T

(moyiroca T1JIaHa YCKOPEHWH) MPOBOJMM, B 3aBUCUMOCTA OT BBIOPAHHOIO

MacmTabHoro  koddduimenta  yCKOpeHUU ,  OTpe3ok  7b,

a 2
CeK - MM
COOTBETCTBYIOIIUN YCKOPEHUIO TOUKH B (puc.l):
a
b == um.
Hy

N3 xoHIa 3toro orpeska napamiensHo 3BeHy CB B HanpasieHud oT C u B
OTKITAJBIBAEM OTPE30K |IcB, MPOIOPIMOHANBHEIH HOPMATEHOMY —YCKOPEHHIO

n t
a CB-BeKTOp TAaHI'CHIUAJIBHOTO YCKOPCHHUA a ce BCCraa IMNCPHNCHIAUKYIISIPCH K
HOPpMAJIbHOMY. HOBTOMy M3 KOHIA OTPE3Ka nCB IMPOBOAHUM MNCPICHAUKYIIAPHYIO

n T
muaA0. Cymma 3THX TpeX BeKTopoB (8 +dcg +8cg) cornacHo ypaBHeHHsIM (3)
paBHa IOJHOMY YCKOpeHWI0 TOYkH C, ISl MOCTPOEHUs KOTOPOro M3 MOJ0CA

) n )
OTKJIJBIBAEM MPONOPLHOHAIBHBIA BEKTOPY Scp OTPE30K, NapajlIeIbHbIA 3BEHY

CD:
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n

Acp

Nep —— MM.

a

W3 ero xoHLa neprneHauKyisapHo K Nep mpoBoauM IMHKIO TaHT€HIUATLHOTO

yckopenuss Touku C. DTa JMHUA AOJDKHA IMEPEecedbCsl C JMHHUEH, MPOBEICHHOU

nepnenaukyaspHo k Neg Touka ¢ ux mepeceuenus u OyaeT HCKOMOI.

OTpe30K, IPOBEIEHHBIN U3 MOJIFOCA B TOUKY C, ONPEAEISIET BEKTOP IMOJHOTO

YCKOPEHUS
a. = 7C- uml cex’.

Ha nurane yckopenuii Tak e, Kak U Ha IUIAHE CKOPOCTEM, BEKTOPBI, HITYLIUE
U3 MOJI0Ca K KaKoM-IMOO TOYKE, ONPEAEIsAIOT MOJIHOE YCKOPEHHE 3TOH TOUKH.
OTpe3ku, COENMHAIOLIIME TOYKM MEXAY COOOM, SBISIOTCS  BEKTOpaMH
OTHOCHUTEIILHOTO yCKOpeHus. Harmpumep, oTpe3ok, COSTUHSIONIHI TOYKU D 1 ¢ Ha
IUTAHE YCKOPEHUH, PEACTaBIIsAET COOO OTHOCUTENBHOE YCKOPEHHE

agg =be- p, ="y +a .

Yro0bl U3 MiIaHa YCKOPEHUH ONPEAENIUTh YIIIOBOE YCKOPEHHE KaKOTo-JIru0o

3B€HA, HAN0 OIPEACHUTb BEJIMYHMHY TAHTCHIMAIBHOIO  YCKOPEHHS B

OTHOCHUTCJIbHOM ABMKCHUM JIBYX TOYCK O3TOr0 3BCHA, a4 3aTeéM pasgciIuTb I3TO

YCKOpPEHHE Ha pacCTOAHUE MEXy Toukamu. Hanpumep,

T —
re Acp =lepta-
YroObl ompenenuTh HalpaBlIeHUE YIIOBOIO YCKOPEHUs, HampuMep, 3BEeHa
T
CD, nano BekTop Acp nepeHectd B Touky C Mexanusma. B naHHOM ciyyae BUJIHO,

4yTO ycKopeHue Touku C OTHOCUTETHLHO HEMOABMKHOM Touku O OyeT HampaBiIeHO

BieBo. CienoBarensHo, €3 HampaBlIeHO MPOTUB YaCOBOW CTPEJIKH.

PaCCMOTpI/IM TCIICPh IIPHUMCP KHHCMATHYCCKOI'O dHaJIM3a KPHUBOIIHUIIHO-

NoJI3yHHOro Mexanu3ma (puc. 4.2). Eciau Beayiee 3B€HO KPUBOILIUI 1 Bparaercs
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C MMOCTOSIHHOM YIJIOBOM CKOPOCTBIO, TO JINHEWHASI CKOPOCTh TOYKH B MOCTOSIHHA 1O

MOJIYJIIO ¥ paBHa Ug = @l ,g.

My

¢ piz) 5 0t

Puc. 4.2

BekTopHoe ypaBHEHHE 151 ONIpeesieHHs] CKOpocTel Touku C 3aluIleTcs B BUE:

Uc = % +Ucp- (4)

[1nan ckopocTeil, moka3aHHbI Ha puc. 4.2, TOCTPOEH COIIACHO YPaBHEHUIO
(4), rae u3 xoHua BekTOpa pb MpOBEACH Jy4 NEPHIEHAUKYIIPHO K MIATYHY 2,
XapaKTepHU3YIOIIUI HaMpaBlicHHE OTHOCUTEILHON CKOpOCTH Ucg- IlpoBens ero ao

MEPECEUCHUs] C JIMHUEW, TMPOXOIAIIEd 4Yepe3 TMOJC p, IAPAUIETBHO
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HaIlpaBJBIIOIIMM  TIOJI3yHA, IIOJYYHUM BEKTOp U.. YCKOPEHHWE TOYKM B 1pu

MMOCTOSIHHOM YTJIOBOM CKOPOCTH (0 KPUBOIIMUIIA PABHO HOPMAIIBHOMY YCKOPEHHIO
_ n _ 2
aB - aBA - IAB'
I[JISI OIIPCACIICHU YCKOPCHUA TOYKH C cocTtaBuUM BCKTOPHOC YpaBHCHHC.

3=2+a68”+%. 5)

Ha puc. 4.2, u3 nomoca m OTJIOKEH OTPE30K 7ch, MPOTIOPIMOHATIBHBIN
n o
YCKOPCHHIO A pp W HANpaBJICHHBIM K IEHTPY BpameHus A. K aromy orpesky

V) n
no0aBiaeH OTpe3oK Ngg, M300paxkaromuii HOpPMaJbHOE YCKOpeHHE & oz B

OTHOCUTCIIBHOM JABHKXCHHH, u3 KOHIIa KOTOpPOI'o IIPpOBCICHA JIMHHUA

t
TaHTCHIMAIBHOTO YCKOpPEHHsI Qg MEpHeHAMKYJIspHas K maryHny BC, 1o

mepecedeHns C JIMHUEH YCKOpeHMsI O¢, maymed w3 nomoca 77 mapauieabHO

HaIPaBJICHUIO JBMKCHUS TOJI3YHA.
4.2.3. [locTpoenue MeToaoM rpadpuueckoro qudgepeHuMPoOBaAHUA
auarpamMMm nepememnierusi S = S (t), ckopoctu V=V (i)
u yckopenust W=W(t).

Kunematuueckne  AuarpaMMbl  TPEJCTaBISIOT  cOOOW  Trpaduyueckoe
n300pakeHne (PYHKITMOHATBHOW 3aBUCHMOCTH TIEPEMEIICHHS, CKOPOCTH |
YCKOPEHHSI TOYKH WJIM YTJIa IOBOPOTA, YIJIOBOM CKOPOCTHU U YTIIOBOTO YCKOPEHUS
BpaIaronerocs Teja OT 3aJlaHHOTO TapameTpa. Eciam peub uACT O ABWUKEHUU
TOYKW WJIM 3BCHA MEXaHW3Ma, TO ATHUM IapaMEeTPOM MOXET OBITh JTUOO BpeMs
(KMHEMAaTUYECKHE AuarpaMMbl C TapaMeTpOM BpEMEHH), JMO0 0000IIeHHAS
KOOpJIMHATa MEXaHW3Ma — KOOpJWHATA BEIyIICH TOYKH WM YTOJ IOBOPOTa
BEJIyIIETO 3BeHA (KWHEMATHYECKUE JUArpaMMBbl C ITapaMeTpOM MEePEeMEIeHUN ).

JuarpaMMbl miepeMenieHud (JTMHEHHBIX WM YIJIOBBIX) MOTYT OBIThH
MOJIYYCHBI B PE3yJIbTaTe SKCIEPUMEHTAIBHBIX WCCIICIOBAHUNA WIIM TpadHUUecKuX
MOCTPOCHUN TIPH pEIICHUH 3a7a4 [0 ONPEJCICHUIO TOJIOKEHUN 3BEHHEB

ME€XaHu3Ma 3a OJUH HUKJI €ro JIBHXCHHI. Kunematnueckue AnarpaMMbl
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CKOPOCTEH M YCKOPEHHH CTPOAT OOBIYHO JUOO MO JAHHBIM IIJIAHOB CKOPOCTEH U
yckopeHu#, nmbo  rpapuueckuMm  aud@epeHIupoBaHUEM ~ TUATPAMMBI

nepemenieHuit S=s(t) mwm p=q(t).

* & SpmSettl
I?! ‘9,
14
Mf
r Vo

Y67 7 7 ¢ 5 ¢ 7 8§ 9 54 |7t
i,mm

5-:\

Py 4 &5 N |7 & 198 W0 s t

R4 I/ 7 B

Puc.4.3.
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PaccMoTpuM 3TOT METOJ HWCCIIEIOBAaHUS MPUMEHUTEIBHO K KOHKPETHOMY
Mexanu3my. [Toctpoum auarpamMmel Sc = Sc (t), ve = v¢(t) u ac = ac(t) ansg rouku C
MOJI3yHA IIEHTPAJIBHOTO KPHUBOIIUITHO-TIOJI3YHHOTO MEXaHW3Ma, KpHUBOIIUI AB
KOTOPOT'O BPaIaeTCs € MOCTOSHHON YTIJIOBOW CKOPOCTBIO (1,

N3BecTHBIM criocoOoM, pa3smedaeMm TpaekTopuu Touek B u C MexaHu3ma.
Otcuert nepemenieHuid Touku C cienyeT BECTU OT OJHOTO U3 KpaHUX MOJIOKEHUN
noJyi3yHa, Hampumep oT jeBoro. [lo ocu aGcmuce cucremsl koopauHat S,t (puc.3)
oTIOXHUM OTpe3ok | (wmm), u300pakaromuii ¢ MOMOIIBIO  MacHITaOHOTO
koaduimenTa y [c/mm] BpeMs omgHOro 000poTa KpuBoIlmma. Eciau yrioBas
CKOPOCTh KPHWBOIIHMMA 3aJaHa YacTOTOW N ero BpalieHUs B MHUHYTY, TO BPEMS

OAHOTI'O 060p0Ta, BBIPAKCHHOC B CCKYHIAAX OIIPCACINTCA:

60
T =22
N
H, CJICA0BATCIIBHO, MaCHITa6 BpeMeHHZ
1 = T 60
Yl ol

Otpesok | ocu abcrmce menuM Ha TO K€ YHCIO PaBHBIX YacTed, 4TO U
TPAGKTOPUIO JBUXKEHUS TOYkU B. Ha opauHatax, mpoBEAEHHBIX Yepe3 TOUYKU
1,2,3,.., OTKJIaIpIBa€M COOTBETCTBYIOIIUE PACCTOSHUS, PO IeHHbIe Toukor C OT
KpaitHero JieBoro mnosioxxenust C, nonzyHa. Eciu orpesku C,C;, CoCy, ... Opath
HEMOCPEICTBEHHO CO CXEMBI, TO MACIITA0 /s JUATPAMMBI Sc=Sc() 110 OCH OPJUHAT
OyZneT paBeH MaciTaly y MJaHa MOJOKEeHU MexaHu3Ma. HaunHas ¢ monoxxeHus
Cs, KOr1a TON3YH 3alMET KpaliHee npaBoe nojoxenue, paccrosiua CgCy, CeC,...
BbIuUTaeM u3 opauHathl (6 — 6') = CoCs.

[TonyuenHass kpuBas MPEICTABISET COOOM aMarpamMmy pacCTOSIHUN WU
yaaneHuit Touku C OT €€ KpalHEeTo JIEBOTO MOJIOKEHHUS.

Ecnu tpebyercs mocTpouth auarpamMmy IMyTH, MpoiaeHHOro Toukod C 3a
BpeMsl OJIHOr0 000pOTa KPUBOIIMIA, TO, HAUWHAS ¢ TOJIoKeHUs 6, paccrosinus Cg
C7, CeCs... cmenyer npubaBmisTh K panee oTiioxeHHOMY oTpe3ky CoCg. Ha puc. 4.3

9Ta 4aCTh KPUBOM IIyTH MOKa3aHa IIyHKTUPOM.
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[Tockonbky @;=CONSt, TO MyTh Sg TOUYKU B KPUBOIIHUIIA, a TAKXKE YrOJl ( €ro
MOBOpOTa MpomopHuoHanbHbl BpemMeHu {. CriemoBaTenbHO, OCh abcuucc Ha
auarpamMme OyZeT TakKe M OChI0 JIMHEHHOTO Sg M YIJIOBOTO () TICPEMEIICHHIA.
Takum oOpaszom, muarpammy Sc=Sc(t) MOKHO paccMaTpuBaTh W Kak JHArpPaMMBI
Sc=Sc(SB).Sc=Sc(®). MacmrabHble KO3()OULUUESHTHI /s U 4, ITUX AUArPaAMM II0 OCH
abcIrcc COOTBETCTBEHHO PABHBI

27l 4 Nga:z—”.
I

Jlns moctpoenust auarpamm v, = 0¢(t) u ac= ac(t) ucmonb3yeM MeTon

Hs=H

rpadguueckoro auddepenuuponanus (meton xopxa). Ha puc. 4.4 nokasan rpaduk
dynkun S=f(t) BeIpaXkaromeil 3aBUCHMOCTh JYTOBOW KOOPAMHATHI JABIKYIICHCS
TOYKU OT BpeMeHu. KoopiuHaThl J1H000# TOYKU 3TOW KPUBOM, HAITPUMEP TOUKH 4,
MOTYT OBITh BBIPA)KEHBI TaK:

T=u(OA); s=us(Aa)

OnpenenuM CpeHIOI0 CKOPOCTh IBHXKEHHMSI 32 TPOMEKYTOK BpeMeHU At:

A ps(8) sy (6)
A (AR

I a — yroJi, 00pa3yeMblil ceKyllen (Xop/1oi) aa’ ¢ 0ChbI0 BpEeMEHHU.
Anamornyno 1o rpaduky v=ov(t) MOxeT OBITh HaHJCHO CpeaHee 3a
paccMaTpUBaeMbIii HHTEPBAT BpDEMEHU TaHTCHITMAIBHOE YCKOPEHHUE TOUKU
My
a‘[cp = _tgﬂ’ (7)
H

rje f— yrona Ha rpaduke v,t, COOTBETCTBYIOIIMIA yriy o rpaduka S, t.




Nrak, 3amana muarpamma Sc=Sc(t); TpeOyercs IMOCTPOUTH JHarpammy
vc=¢(t). DTH AMarpaMMBbl pacloIOXKM OJHY MOA Apyrou (puc. 4.3), mpuHUMas
MacIITaOHBIA KOAPOUIIUEHT iy BPEMEHH IS HUX OOIIKM.

B mpenenax kaxmoro u3 muTepBanioB O—1, 1—2, ... xpuByo Sc=Sc(t)
3aMeHUM xopaoi. Ha npomomkennn ocu abcnuce auarpammbl oc=oc(t) BiIeBo ot
Hayasia O BpIOMpaeM mofroc P, U MpoBOAMM 4Yepe3 HEro Jy4yu, MapajielibHbIe
xopaam 01', 12", ... muarpammbl Sc=Sc(t). JIyuu orcekarorT Ha ocu Ov OTPE3KH,
MPOMOPIIMOHANIFHBIE CPEIHUM CKOpocTsM Touku C 3a MPOMEKYTKH BPEMEHU
coorBerctBeHHo 01, 12, ... . IlpuHMMas moJy4eHHbIE OTPE3KH 3a OPIAMHATHI
auarpamMmmel (v, t), mocTpouM ee B BuIe cTyneHuaro JswmHuu abcdef...
JleiicTBUTENBHBIM TPaUKOM CKOPOCTH SBIISCTCS IUIABHAS KPHUBas, TIepeceKaroas
CTYNIEHYATYI0 JIMHUIO TaK, YTO OJMWHAKOBO 3alllTpUXOBaHHbIe Ha puc. 4.3
TUTONIAJIKK TIoTIapHO paBHBL. Ecnmu mpomexytku Bpemenu 01, 12, ... gmocraTouHO
Majibl, TO MOXHO CYHTaTh, YTO TOYKA KPHUBOW JEHUCTBUTEIBHOTO Trpaduka
CKOPOCTH HaXOJATCS Ha CepeInHAX COOTBETCTBYIONUX cTyrneHew auaun abcdef ...

Omnpenennm MacmTad L, CKOPOCTH Ha quarpamme v, t. Jlomyctum, 4to v —
CpelHee 3HaueHUEe CKOPOCTH JIBMKYIIECIHCS TOUKH 32 IPOMEXYTOK BpeMeHu 1—2;
TOTa

v =y = whyitga.

C npyroii ctopossl, o popmyie (6)

Hs
D= - tg a,
H;
CJIeJOBATEIILHO,
Hs
Jtga =" 9a,
HpNyIg m
OTKyJa
Hg
0= ' 8
Hu h, (8)
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AHanorHYHBIM 00pa30M MO JuarpaMmme v, { MOXHO MMOCTPOUTH TUATPAMMY d,
t. MacmtaGubIi KO3 OHUIUESHT i, YCKOPEHHS AWarpaMMbl d, t B COOTBETCTBUU C
dbopmyioii (8) onpeaenuTcs Tak:

A

- w#h . ®)

Mo

3aMeTuM, YTO B CJly4a€ KpPHUBOJMHEWHOIO JBWKEHHA TOYKU IIyTEM
rpaguyeckoro AUQPpQPEpeHIUPOBAHUS MOXKHO MOJYYUTh JIUIIb  JAUATPAMMY
TaHTCHIIMABHBIX (KacaTeIbHbIX) YCKOPEHUI.

I'paguueckoe unmeecpuposanue. Bo MHOTHMX clydasxX HWHKCHEPHOU
NPaKTUKH, HaOpUMep TMpPU SKCIEPUMEHTAILHOM HWCCICAOBAHUM JIBUKEHUS
UCITOJIHUTENIbHBIX OPraHOB MAIMH MPOEKTHPOBAHUU KYJIaYKOBBIX MEXAaHU3MOB U
T. J1., IPUXOJUTCS pelaTb 00paTHYIO 3a/1a4dy, a UMEHHO; 110 JUarpaMme YCKOpEeHUH
CTPOHUTH JWAarpaMMy CKOPOCTEM WJIM JHArpaMMmy IEpeMElIeHUuH. OTy 3axady
MO’KHO PEIINTh METOJIOM IpapuuecKOro HHTErpUPOBAHUSI.

Tax, Hanpumep Ha puc. 4.5 Moka3aHa AUarpaMMma YCKOpeHHi a, t, mpuuem
MacTabHble KOADPUIIUEHTHI [, U | U3BECTHBL. TpedyeTcss MOCTPOUTh JUAarpaMMy

CKOpPOCTEH v, t.

2 e N8

£
v L 4
P 5

| 6 7 & 9 Mon @
ol /7 2 3 ¢ § "
24, 84y iy 7 7

&g
Puc. 4.5



PacnionoxxuMm nuarpamMmbl OJIHY TOJA JAPYTrOM Tak, KaKk 3TO TOKa3aHO Ha
puc.4.5. Ocu abcuucc o0eux [uarpaMm paslieluM Ha JOCTaTOYHO Malible
npoMexyTKU Aty,At,... , B Te4eHUE KOTOPBIX JIBUDKEHUE MOYXKHO PacCMaTpUBaTh KaK
PaBHOMEPHO-TIEPEMEHHOE C HEKOTOPBIM CpPEIHUM YCKOpPEHHEM af, a'v,
BennunHa 3TOro yCKOpeHus J0JKHA ObITh TAKOM, YTOOBI MPUpAIIEHUE CKOPOCTH B
TEYEHUE KaXKJIOr0 M3 IMPOMEKYTKOB COOTBETCTBOBAJIO JCHCTBUTEIBHOMY, T. €.
yTOOBI MPOU3BEJEHUE, HarpuMep a'14t; ObUIO paBHO MIIOMIA[M KPUBOJIMHEHHON
Tparneuuu 11'2'2, yMHOXKEHHON Ha MPOU3BEJACHNUE COOTBETCTBYIOMIMX MacIITa0OB.
C »9TOM 1Eenbl0 KPHUBOJMHEHHYIO Tpaleluil 3aMEHUM  IMPIMOYTOJIbHUKOM,
BEPXHIOIO CTOPOHY KOTOPOTO MPOBOJUM TaK, YTOOBI 3alITPUXOBAHHBIC MIOIIAIHU,
JIeKAaIlUe BBIIIE U HIDKE €€, ObLIM M0 BO3MOXKHOCTH OJIMHAKOBBI. BhicOTa KaXk10r0
U3 TMPSAMOYTOJIBHUKOB, YMHOXXEHHas Ha MacmTad (, JacT COOTBETCTBYIOIIEE
IIPOMEKYTKY CpeJIHEE YCKOPEHHUE a .

Jlanee Ha HEeKoTOpoM pacctosiHuE N, BieBo oT Havaima 0 KOOPIMHATHBIX
oceii rpaduka (a, t) BeIOMpaeM momoc P, #3 KOTOPOrO TPOBOIMM JIY4H,
oTcekaromue Ha ocu Oa oTpe3ku a'y a2, ... Jlyan obpasyior ¢ ockro 01 yrisr By,
... TaHreHChl KOTOPBIX NPOMOPUHMOHAIBHBI CPEIHHM YCKOPEHUSIM a'i a'e...
CrnenoBaTenbHO, UX MOKHO CUMTaTh yIjaMU HaKJIOHa rpauka CKOPOCTH IS
COOTBETCTBYIOIIMX MPOMEKYTKOB Aty, At; ...

[ToCKOJIbKY UCTUHHOE JABUKEHUE B TEUCHHE KAXKIOTO U3 3TUX IMPOMEKYTKOB
paccMaTpHUBAIOCh KaK paBHOMEPHO-TIEPEMEHHOE TO TpauK CKOPOCTH ISl JIFOOOTO
MPOMEXKYTKa MPEJCTABISET COOOM OTPE30K MPSIMON JIMHHUH, NapajijieabHON
COOTBETCTBYIOIIEMY J1ydy. COBOKYIMHOCTh 3THX OTPe3KOB (puc.4.5) naet joManyro
muauto 01'2'3'... | 3ameHsis KOTOPYIO TIJIaBHOM KpPUBOM, MOJTy4YaeM JIUarpammy
v=o(t). MacmTabubii KodpPUIHMEHT 4, O3TOH aUAarpaMMbl TPH 3aJaHHBIX
MacimITaOHbIX KOA((PUIIMEHTaX K, W 4 MOXHO ONpPEACIUTh Ha OCHOBaHUU
dopmyssl (9):

Mo = Uottthar.
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AHAJIOTUYHO TMOKa3aHHOMY Mo jauarpamme (v, t) MOXKHO MOCTPOUTH
nuarpamMmy (S, t) m Ha ocHoBaHuM Qopmynbl (8) onpeneTuTh MacIITaOHBIH
ko3 puieHT

Ho = UottDy.

Juarpammel (v, t) u (o, t) seasiorcs AuddepeHInaIbHBIMA KPUBBIMHU 110
OTHOIIICHUIO COOTBETCTBEHHO K quarpammam (S, t) u (v, t). C npyroi cTopoHsI,
nuarpammsl (S, t) u (v, t) SABIAIOTCS WHTETPAIBHBIMU KPHBBIMHU 110 OTHOIICHHUIO
COOTBETCTBEHHO K jguarpammam (v, t) w (a, t). Ilpu rpadugeckom
mudpepeHIUPOBaHUN W WHTETPUPOBAHUU HEOOXOIUMO WMETh B BHIY, YTO
DKCTPEMAIBHON TOYKE MHTETPAIBHOW KPUBOW COOTBETCTBYET TOUYKA MEPECEUEHUS
muppepeHInanbHON KPpUBOM € OChblo a0clucc, a TOYKe Mepernda MHTErpalbHON

KPUBOM COOTBETCTBYET IKCTpEMalibHas Touka JU(depeHITuanbHON KPUBOU.

4.3. KuHeTrocTaTu4ecKHMil pacyéT IJIOCKOro MexaHmu3ma
B kayecTtBe Impumepa pacCMOTPUM CHJIOBOM pacdeT I[IapHUPHOIO
gyeTbIpex3BeHHuKa (puc.4.6). Cunraem, 4TO 3a/7aHa BHEMIHSS Harpy3ka P U yxe
OIpe/eNieHbl NPUBEIECHHBIM BBIIIE CHOCOOOM WHEPLUOHHBIE CHIbl P, P3; u
MOMEHTHI M>,, M3. Mexanu3M COCTOUT U3 BEAYIIEro 3B€Ha CO CTOMKOM 0, I u on-

HOW CTpyKTypHOU rpynmsl 2, 3. Beimensem rpymnmy Accypa (puc.4.6), 3aMeHsis

HapYHICHHBIC CBA3HW HCU3BCCTHBIMU PCAKIIUAMMU.
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Puc.4.6

Hampasaenue peakiuin B JNICUCTBUTEIILHOCTH MOXET OBITH
[IPOTHUBOMOJIOKHBIM, HO 3TO BBIICHUTCS I10CJIE YUCIIEHHOIO pacyeTa.
CyMMa MOMEHTOB OTHOCHTENIBHO mapHupa C BCeX CHII, ACHUCTBYIOIIMX Ha
3BEHO 2, OyaeT
Mz_R12t|Bc +PRh, =0, (10)
rae hy - medo cuitel Py otHOcHTEbHO TOUKH C (OMPEACIISIOT MO YEPTEXKY C

y4eTOM MaciTada), OTKyaa

R, = M, +Rh, (11)

lsc
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CocraBnsiss Uil 3BeHa 3 AHAJIOTUYHOE YpaBHEHHUE MOMEHTOB CHII
OTHOCHUTEJIBHO TOTO ke IapHupa C, NoIyunM:

M, +Ph—R',l., —PRh, =0, (12)

n _Mg+Ph-Ph,
03 I "
CD
MoOMEHT cuHuTaeTcs IMOJIOKUTCIIbHBIM, €CJIM OH HAIIPAaBJICH IIPOTUB JacOBOU
CTPCJIKH.

BekTopHoe ypaBHEHUE PABHOBECHS CHJI JJISl TPYTIIIBI

Ry +Ry +P +P 4B+ Ry + Rl =0 13)

pemaeM rpauyecKy MOCTPOSHUEM CHIIOBOTO MHOTOYTOJIbHHKA (IU1aHa cui). s

3TOr0 W3 MPOU3BOIBHONH TOYKHM a (puc.4.6) OTKIaABIBaEM C IOMOIIBIO

MacITabHoro ko3 duimenta cun M, otpe3ok ab, nzodpaxaromuii cuity Pp; 3aTeM

oTpe3ku, u3zoOpaxkawmme cuibl P u P;. K kxoHmy Bekropa P, npuodaBiIsieM
BEKTOPR',,, a K Hayany P,— BekTOop R',.O4e€BHMIHO, YTO BEIWYMHBI BEKTOPOB
R",u R",ompenensarcs Toukoi f TiepeceueHus] JIMHWE, TMPOBEICHHBIX

MEPIIEHINKYJIIPHO K KOHIly BEKTOpa R'), M K Ha4ally BEKTOpa R',, , @ UMEHHO:

12

n n
R's = efy,,R"2 = fgu,,.
[lonHpIE peakuny MOJYYUM CIOKEHHEM X COCTABJISIOIINX:
n t . n t

Ry; = R'0s+Ros; R, = R'12 + Rz

[ToctpouB mnaH cun i CTPYKTYpPHOM TPYINIIbI, JIETKO HAWTHU PEAKIIUIO
R,; =—R,,.Eciu, Hanpumep, paccMOTpeTh paBHOBECHE 3B€HA 3, TO

P+P,+R,;+R,;=0. (14)

N3 9TOrO YpaBHEHUA onpeaesaeTcs HEHU3BECTHAs peakuus

R, mpomopuronansHas otpesky fb u nanpasnennas ot f x b. Peaxuus Ry, Gymer

HarpaBJICHa B IPOTUBOMOJIOXKHYIO CTOpOHY — OT b k f.
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Ilepeiinem k pacuery Beaymiero 3BeHa (kKpupomumna). B Touke B Oyner

JICCTBOBATh YK€ ONpEIeIICHHAs paHee peakius Ry W Torjna ypaBHOBEIIMBAIOIIHUI
MomeHT Oyzer paen M, =R, h, e h. mnedo neficteus cunbr Ry (puc.4.6).

U3 ycnosus paBHoBecus 3BeHa 1R =—R,,. Tlpu pacuere Benymiero 3sena cuibl

WHEPINH B JAHHOM CJTy4ae HE YUYNUTHIBAJIHCH.

PaccMoTpuM Temeps KOHKPETHBIN MPUMEDP CHIIOBOTO pacyeTa MEXaHU3Ma,
HarpuMep, JUIsl KOHCTPYKIIMK TApOBOW MAIIIMHBI C IIPUBOJIOM K Hacocy (puc.4.7)
IIPH CIICAYIONINX JaHHBIX:

1) Pa3mepsl 3BEHBEB:
=1, =0,2m,1, =I.. =0,813,1, =1 = 0,481,
I, =1 =0,48m,l, =0,96Mm,1, =0,5Mm, [, = 0,39,
2) Bpalienne KpUBOIIHITA PABHOMEPHOE C YaCTOTOH BpareHus, # = 120 yun™;

3) BHemnue cuiibl, MPUIOKEHHBIE K 3BEHBSIM, P =3140kec U P, =500xkec ;

4) CoOCTBEHHBIN BEC €IMHUIIBI JUIMHBI 3BeHbeB 60 k2/m, Bec 3BeHa 3 G3= 8 ke;
5) LleHTpBl TSOKECTH 3BEHBEB PACIOJIONKEHBI TIOCEpeaUHEe, a y 3BeHa 2 Ha

paccTosiHuN Iy =0, 25l,.

CuitoBOM pacuer MPOBOAUTCA MO CTPYKTYPHBIM IpynnaM Accypa u MO3TOMY
BHayaje MMPOMU3BENEM CTPYKTYPHBIM aHainu3 MexaHu3ma. B 3Tom MmexaHu3me Bce
napbl HU3ILIEro NOpsAKa, OJHA U3 KOTOPBIX MOCTyHaTellbHas U Toraa rno gopmyse
YeOpImeBa 4YMCIIO  CTETNICHEH  CBOOOABI ~ MexaHuW3MmMa  OyJeT  paBHO
W =3n-2p,=3-5-2.7=1

CTpyKTypHBIN aHaJIU3 MEXaHW3Ma HauMHaeM C BblAesieHus rpynmsl |l kiac-
ca, cocTosiel U3 JIByX 3BeHbeB 4, 5 U Tpex kuHematuueckux map D, E, F;
OCTaBIIAsICS 4YacTh OyJeT KPUBOLIMITHO-TION3YHHBIM MexaHu3smMoM. Jlanee
BbIIENIsiEM elne oany rpynny |l kmacca, coctosiuryto u3 3BeHbeB 2, 3. OcTaBiieecs
Beyiiee 3BeHO 1 co croiikoi 0 oOpasyer mexanusMm | kinacca. @opmyia CTpoeHus
MEXaHU3Ma 3alUIIETCs B BULE!

1(01) > 11(2,3) > 11(4,5).
YToOb!I BBHIMOJIHUTH CUJIOBOW pacyeT, Ha/l0 ONpPEAeIUTh HHEPLUUOHHbBIE CUJIBI

N MOMCHTLI; AJIAA 3TOI'0 IIOCTPOUM IIJIaHbI CKOpOCTeﬁ n YCKOpeHHfI.
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[IocTpoeHHE IIJIaHA CKOPOCTEM. CKOpOCTB TOYKU B BCAYLICIrO 3BCHA

oTpeaenum 1no popmyre:

m r-120
vy =@l = %Il =20 -0,2 = 2,51/ cex.
Bri6paB macmtaOHbIi KOAQGUIUEHT CKOPOCTEH p, = 0,06—2— HaxomuM
CeK * MM
pb:U—B=E=50,2MM.
u, 0,05

W3 momioca p miaHa cKOpOCTEH OTKIIA/IbIBAEM OTPE30K pg, U300parkaroluii

ckopocTh TOYkU B (puc.4.7). CoracHO BEKTOPHOMY YPaBHEHUIO Ug = Ug +Ucg,

gepe3 TOYKYy D mpoBoamM TpsMyro, NEpHeHAMKYJSIpHYH maryHy BC, 1o
nepecedyeHust B Touke C ¢ OpsIMON pc, TPOBEAEHHOM M3 IOJIOCA p NapaJLIEIbHO
HaIIPaBJICHUIO JBUKCHUA II0JI3YHA.

HOJII)?)y}ICI) IIpaBUJIOM HOI[O6I/I$I, HaXOJHUM BCIIMUMHY OTPC3Ka bd:

BC _BC .14 —beBR 2539 _ 15 500
BD bd BC 800

OnpenenuB mojiokeHUe TOYKM O , coeauHsAEM ee ¢ TOJICOM p IUIaHa

ckopoctet. CkopocTs Touku D Oyner paBHa:
vy = 4, pd =0,05-42 = 21m/ cex.
CkopocTh TOUKH £ onpenensieM U3 ypaBHEHUS:

Vg = Up + Vep-

[Tposeném yepe3 Touky d MpsiMyro, IEPICHIUKYIApHYIO K matyHy DE, mo
[IepeceyYeHrsl C JIMHUEH, IPOBEICHHOM W3 IIOJI0CA p MNEPHEHIUKYISPHO K
kopombicay EF, Touka nepecedeHus e onpeaenuT BEKTOp CKOPOCTH TOUKH E:

vz = u,pe =0,05-14 =0,7m/ cex

Iloctpoenue 1uiana yckopenuu. llepexn ero mocrtpoeHueM ornpenesieM
YUCJIEHHOE 3HAYEHUE IIOJIHOTO YCKOPEHHUs TOUKU B, KOTOPOE PaBHO HOPMAJIbHOMY
YCKOPEHHIO B 3TOW K€ TOYKE B CBA3M C TEM YTO YIVIOBAas CKOPOCTh KPWBOILIHWIA

aBJIAEeTCA constanta:
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a, =a,," = °l, =12,56%-0,2 = 31,6.m/ cex’.

9 o M
[IpuHrumaeM macmTaOHBIN KO3 UITMEHT YCKOPEHHUI ya=0,32m U

HAXOWM JUTHHY OTpe3Ka, H300paXkarollero Ha Iuiane Bektop ag (puc.4.7):

ag _ 316

=—— =98mm.
u, 032

OTkiagpiBaeM W3 TOJIOCA 77 OTPE30K 7D B HANpaBJICHUH, MapajlieIbHOM

kpuBomuny 4B, or B x A (puc.7). CtpouM janee mjiaH yCKOPEHHM, MONb3YsICh
BEKTOPHBIM YPaBHECHHUEM:

2 2 2
U cs cb
a. =ay +a'ce +a'cs,a"cs = _ Ho(eh) =1,95m/ cex’.

— l, )

yCKOpCHI/IG touku D HaXOJHUM IIO IIpaBUIIy HOI[O6I/IH:

& _ ﬁ;bd _ bcﬁ = 86,5ﬁ = 42,4 vmm.
BD bd BC 200

DTOT BEKTOP YCKOPEHHS N300paKaeTCsi OTPE3KOM rd :

M

C€K2

a, = u,zd =0,32-69 = 22,08

CocraisieM ypaBHEHHE 1JI ONPEAEICHUSI YCKOPEHUS TOUKH E

a. =a, +a"eo +a'e;

ag = a"er +a'er

I'padunueckoe penieHre STUX ypaBHEHUM J1a€T BO3MOXKHOCTb OTIPEICIIUTh

YCKOPEHUE TOYKHU £
a. = u,me=0,32-20,5=06, 56.m/ cex?.

TaHFeHHI/IaJ'IBHI)IC YCKOPCHHA HAXOAUM HCIIOCPECACTBCHHO M3 IIJIaHA YCKOPC-

HUN

'y = 4, (tz) =0,32-86 = 27,52m/ cex’;
t

5y =208 2 20254 41 con;
, 08

a'ey = 1, (tep) =0,32-40=12,8m/ cex?;
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al., 12,8

&, = =" =26,71/ cex?;
I, 0,48

a'se = u,(t;r)=0,32-20=6,4m/ cex?;
t

g =2 6’—48 13,351/ cex?.

l, O
yCKOpCHI/IH OECHTPOB TSKECTU 3BCHBEB S3,54,S5 HAXOAAT IO IIPABHITY
OA00HU:
a,, = 75, =0,32-82 = 26,25m/ cex’;
a;, = m7s, =0,32-405 = 12,95m/ cex?;
a,, = w755 =0,32-10,5= 3,36,/ cex’.
YtoOBbl BBIYUCIIHUTD HHCPIHHUOHHBIC CHJIBI M MOMCHTBI, HAaJI0O 3HATb BCCa,
MaCCbl © MOMCHTBI HHCPIIUHU 3BCHLCB!
G, =60-0,2=12ke; G, =60-0,8 = 48«e;
G, =G, =60-0,48 = 28,8«e.

MoMeHThl MHEPUHUU PhIUaroB OMpEAesieM Mo MpUOIMKEHHBIM (GopMysiam

2
J= % rie kodduiuent C moxk#o BbIOpath B npeaenax C =8-+10. IMpumem B

pacuerax C = 10.

JIns mepBOro 3BEHA CHMJIAMH WHEPIMH MOXKHO NpeHeOpedb. CuuTaem, 4To
KpHUBOIIMIT 1 Bpalaercsi paBHOMEPHO (g =0) M €ro HEHTP TKECTH S; COBMAIACT C
tenTpom BparieHus A(as=0), mosromy P,;=0 u M,; = 0.

[ToacunTacM MOMEHTHI HHEPIIUK:

] _Gl’, _48-08°
? g-10 9,8:10

] _G,?, _288-0,48°
* g10 9,810

=0,314xk2- m-cex?:

=0,0676k2- M- cex’.

Havinem nHEpUIMOHHBIE CUJIBI:
P.=as, & =26, 254—8128, 6xec;
g 9,8

P,=a. %19, 2i =15, 7xec,
g 9,8

u
’

I€ 8. - YCKOpPEHUE 3BEHA 3;
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G4 =12, 95&88 =38xec;

P, —
4 g ’
P % =3, 36& ~10xec.
° g 9,8

HHepHI/IOHHBIC MOMCHTBI CUJI COOTBECTCTBCHHO paBHBI:
M, ,=J,e,=0,314-34,4=10,8xec- m,
M, =J,e =0676-26,7=18kec-m;
M . =J.e =0,0676-13,35=0,9kec - m.
Hanocum Bce IMOJIYYCHHBIC CHUJIBI U MOMCHTBI CHJI Ha CXCMY MEXaHHN3Ma,

BBIMIOJTHEHHYI0O ¢  Y4€TOM  BbIOpaHHOro  MacmrTaOHOro ko3 duimenrta

4 =0,0lu/ mm(puc.4.7) U pacwieHseM MEXaHU3M Ha CTPYKTYpPHBIE TPYIIIbI

Accypa, 3ameHsisl B3 MX peakiusamu (puc.4.7). Pacuer HaunHaeM ¢ Hamboliee
yAQJICHHOU TpyIIibl, 00pa30BaHHOM 3BEHbAMU 4 U O.

Haitnem cymMmmy MOMEHTOB JIJ1sl 3B€HA 5 OTHOCUTEJIBHO TOUKH E:

Rtosls +Pgshy —M =0, Rt05 = Mys — Fisle = 0,9-10-0,23 = 2,9kec.
I 0,48

CYMMa MOMCHTOB IJIs1 3BCHA 4 OTHOCHUTEJIBHO TOYKH E 6yz:eT

_ M, +P,h, _1,8+38:0,05
0,48

M, ,+Ph, Rt A, =0, Rt =7, T1kec.

|4
Rn Rn o
UtoObI ONpeIe/IUTh PEAKIUU 24» N\ o5y HaJI0 IOCTPOUTH CUIIOBOU MHOI'OY-

o — t
ronsuuk. [To cpasuennio ¢ cunoit Py =900xec cumer R'yg, R 4, R 5, R',, commxom
Majbl 1 UMU MOXHO NpeHeOpeub. [IpuHumMaem MacmtaOHbIA KOA(HUIMEHT cuil

My =12,5Kkec/ vm W CTPOMM CHIIOBOM TPEYTOJBLHHMK MO BEKTOPHOMY YPAaBHEHUIO

(puc.4.7)
R+ Ros + R'24 = 0.

N3 miana cun onpenensiem:
R”05 =12,5-27 =337«["; R”24 =12,5-55=687«kec.

Teneps nepexoanM K CTPYKTYPHOU TPYIINE, COCTABIEHHOM U3 3BeHbEB 2 a 3

(puc.4.7). CocraBinsieM ypaBHEHUE MOMEHTOB OTHOCUTEILHO TOYKH C:
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Rn42hn _Mu2 _Pu2h2 _Rtlzlz =0;
_ Rh42h -M ,—-P,,h, _ 687-0,31-10,8-128,6-0,37
, 0,8

R, . =193kac.

J_Iﬂﬂ OHPCHGHGHI/IH Rnlz nu R03 COCTABIIsLICM ypaBHeHHe paBHOBeCI/I}I rpyHHBI:
R"2 + R'2 + P,+ R"4, +P, +£+% =0

U CTpOMM IL1aH cui (puc.4.7) ¢ yaéToM BEIOpaHHOTO MacTabHOro kodddummenrta

L, =25kl [ mm, 13 KOTOPOTO OIPEEIACM:
R", =25-118,5=2960xI"; Ry, = 25-37 = 925kec.
W3 3TOrO0 K€ TUIaHa CHJI HaXoIuM peaknuio Ry, = Ry, cocTaBuB ypaBHeHUE

PaBHOBCCHA IJI1 3BCHA 3:

R, +P,+P+R,;=0;R,; =25-131,5=3290xec.

CunoBoii _pacuer BeAaymero 3BeHa. Peakuus P, IpaKTHUYECKH paBHA

R",, = 2060xzc, Tak kak cocrasisiomas R', =193kec o cpaBHEHHIO ¢ Heil 04CHb
Majia. Peaknust co CTOpOHBI CTOMKHM Ha TOUKY A paBHA
Ry = R,; =2960xec.
VYpaBHOBEIIMBAIOIIWKA MOMEHT, ACUCTBYIOIIMI Ha Ban A, Oyner paBeH
(puc.4.7)
M, =R, =2960-0,15 = 444kec - m.
IIpoBeprM TMONMYUYEHHBIM PE3YIBTAT, UCHONB3YSA NpaBWio JKyKOBCKOTO O
«KECTKOM pbluare». J{ms 3Toro mosepHéM mmaH ckopocreii Ha 90° B cTopoHy

BpallCHMs KPUBOIIMWIIA M IPHUKIIAABIBACM K HEMY B CXOACTBCHHBLIX TOYKaX BCC

BHEIIIHUE CUJIbI U CHJIbI MHEepUuHU (puc.4.7), a MOMEHTBI 3aMeHsieM nlapamu cuil. 13-
32 OYEHb MallbIX 3HA4YeHMH TnpeHeOperaem cuinamu P, ,Psu  MoMeHTaMH

Mu4’Mu5
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P, = “2:%213,51«2&
. 08

CocraBnsiem YPaBHCHHUC MOMCHTOB OTHOCHUTCIILHO ITOJIFOCA

(P + Pu3) pc+P,h, — P, ,bc—PRh, —P pb=0;

5 _ (P+P;)pc+P,h, — P, bc—Ph _
y pb
B (3140+15,7)-0,038+128,6-0,013-13,5-0,025—-500-0,013

= 2290«kzc.
0,05

Torga ypaBHOBEIIMBAIOIMIMM MOMEHT OYJET paBEH:

M, =Pl =2290-0,2=458KZC'M.

[Tomyunnoce pacxoXaeHue ¢ NpeablIyLlUM pacyeToM Ha 14xec - m, uto co-

craBisieT 0koyo 3%. OT1o A0IIYCTHUMO, TaK KaK OImUOKa He JOJDKHA ITPCBLIIIATD 5%.

4.4, InHAMUYeCKHUI pacuyéT MexaHu3Ma (pacuyéT MaxoBHKa)

D
OCHOBHBIM pa3MepoM MaxoBHKa (puc.4.8) SBISIETCS pacCTOSTHUE R:E OT

OCH BpallleHUs JI0 IIEHTPa TSHKECTH MOMEPEYHOTo ceueHus ero oboaa. Bennuuns
R 1 D Ha3pIBalOT COOTBETCTBEHHO PAINYCOM M IMAMETPOM MaXOBHKA.

3amaBasch KOHCTPYKTHBHO paJWyCOM MaxoBHKa R, yduThIBacM, dYTO
OKpYXHasi CKOPOCTh €0 HE JOJDKHA MPEBBINIATH OMPENCIECHHON BEJMYWHBI, IS
CTalbHBIX MaX0BUKOB v < 70 + 120 m/c .O003Ha4nM 4epe3 M,, MacCy MaxOBHKa,
MIPUBEACHHYIO K €r0 paanycy R ¥ TOra MOMEHT WHEPIIMH €T0 MOKHO BBIYHCIUTH
10 3aBUCUMOCTHU:

m D’

IM = mnpR2 = "2 (15)
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L

IR

N |

2R,
2R,

e NF——ANY |
F=z8

‘Ea

—-|._._|

N
N

Puc 4.8

2
Bennyuna m,,D” Ha3zpIBaeTCA MaXOBBIM MOMEHTOM.
1 _
OOBIYHO Macca CIHII COCTABIISIET OKOJIO /3 Maccel oboxa; M, = § m_ ;. Mo-

MCHT HHCPHOHUH CIIUL OIIPCACIIACM, paCCMATpPHBAA HX KAK OJHOPOIHBIC TOHKHC

CTEP>KHU JJIMHOU R:

I, :%mmR2 :émﬁR2 :% l ..
Orcrona
ly=1,+1, —%Ioﬁ.
WUmu 1, =0,9 ly, ,T.€. moﬁR2 =0,9 m,,pRZ, OTKy/a Macca 000/1a
Moz = 0,9M,,,,;
Macca CITHIT
1

cn

m, = §m06 =0,3m,,.

NcTnaHAas Macca MaxoBHUKa

my =m, +m, =12m,_.

[IpakTHuecku NpUHUMArOT

m, =@ 2+1, 3)mnp,

T. €. Ha 20—30% OosbIe TPUBEICHHONW MACCHI.
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Teneps onpeaenrM pa3Mepbl MOMEPEYHOTO ceueHHs 000/1a MaXOBHKA.
O0603HaunM vepe3 b 1 h COOTBETCTBEHHO MIUPUHY U BBICOTY MOTIEPEYHOTO

CCUCHMUA 06oz[a, a 4CpeC3 p — INIOTHOCTb MaTCpHajia 0602[8,. TOFIIa Macca o60na

m,, = pV, , = pbhzaD

b
3aaBasicb OTHOUIEHUEM e B, umeem
2
mo6 = p ﬂ'] 7ZD ’

OTKyZa

h — m06

D
OmnpenenuB h, HaX0 MM BHYTPEHHHUI Y HAPYKHBIN PaINyChl MAXOBHKA:
h h

=R-—;R,=R+—.
R 2" 2

4.5. CuHTe3 KyJ1a4KOBOI'0 MEXaHNU3MAa
PaccmoTpum  mpumep MHOCTpOoeHHS Mpo@uiisl Kyjladyka KyJIauKOBOTO
MEXaHHU3Ma €CJIM U3BECTHBI CIEAYIOLIUE UCXOAHBIEC TaHHbIE:

1. CxeMa Ky1auKOBOTO MEXaHHM3Ma:
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. 3aKOH JBMKEHHSI TOJIKATEIS: aHAJIOT YCKOPEHUS — KOCUHYCOU/IA.
. MakcumanpHoe nepemerinenne tonkarens h ., =104m=0,01lm da3oBbie yribl

@, =60°,¢, = 30°,goy =90°

. Kymnauok Bpawmaercs pasHomepro @ =100/,

M i a, =30°
. MakcuMajbpHO JOIMYCTHMEIH yrou aaBieHus o, = 30"

. 3aMbIKaHUE BBICIIEH MMapbl CUJIOBOE (MPYKUHA).
[Topsaaox pacy€ToOB ClETyIOIIMIA:

I. Crpoum auarpammy ananora yckopenus toikarens (puc. 4.10) mis yero mo
ocH abiucc oTioxuM oTpe3ok L=120im, KOTOpBIA COOTBETCTBYET pabodyemy
yIIIy KyJlayka:

P =P, TPy +@p = 60° +30°+90° =180°.

Onpenenum MacTaOHbINA KOd(PPUIueHT ha3oBbIX YIIIOB:

?ps 1802pao 15 epao
"L, 120mm T um

Torma oTpe3ok (_oj COOTBETCTBYIOIIMK Y1y yaajaeHus, OyaeT paBeH:

—~_ P _ 902pao 601t
" u, L15zpaolmm
s : _
Mg r-4 _ . .

| / [ IBF N\

- & 3’ h_!

7] '
L 2 3 ¥ 5§ N N T
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OTpes3ok ¢,, COOTBETCTBYIOUIMH YTy AadbHErO BBICTOS, OyAET paBeH

— _ @z 302pao

@y = = 20mm.

H, " 1,52pao | mm

OTpe30K ¢,, COOTBETCTBYIOIINIA YIITy BO3BPAIEHHS

o a0
#, L1,5epaol mm
Eciu yriiel u3amepsaTes B paguanax, TO
° 3,14/180°
p, =L ~1,5-3,14/180=0,026 1.
L MM
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Pa306bEM 0Tpe3ok ¢, - Ha 6 yacTeil, a ¢, - Ha 4 4acTH.

KOCI/IHYCOI/I,ZIY CTPOHUM IIO IIpaBUJIaM TCXHUYCCKOI'O YCPUYCHHA. Tak kak YTJIbI

YOAJIICHUA ®, N BO3BpAallICHUA ¢, HC PABHBI MCKIAY CO6OI>1, TO BBIYUCJIMM BCINYMHBI

aMIuTYn h'um h", cooTBeTcTBYyIOmME (ha3zaM ymajaeHus U BO3BPAICHUS.

2
LU
h” ¢y
’ 60}
Bri6upaem h" =54mm torna h' = h”(&j :54(%j 24 mm.

(23

Tenepp ~ MeTOIOM  IpaUUECKOr0  WHTEIPUPOBAHUSA  JAUArPAMMBI

2

dg?

—@CTPOUM  JUArpaMmy :—S—go, BBIOpaB  TIOJIFOCHOE  PACCTOSTHUE
®

OP,=H, =15um. 3aTeM UWHTErpuUpys MOJyYECHHbIH Tpadux S—S—go, noJry4yaem
@

rpaduk nepemenieHuit S =¢. [Ipu 3ToM momtocHoe pacctosuue OP, = H, BeiOupaeM

PaBHBIM U300pakeHuIo 1 paanana, TO €CTh:

_Ipao Ipao

H =
" u, 0,026pao/mm

=38, 46 .

Omnpenenum MacimTabHbie KOIDPHUITUEHTHI TUATPAMMBI:

h o001
N 9% 500033/
"=y 30 o

Mmakc

KU .
=S —-75-0700033M y
#i; /,I(P'Hl 1 %‘/LM

e
1, = g, -@, =0,00033-100 = 0,033 < ;

@ MM

Hgs
_ & 0,00033
Hos =7 "H,  0,026-15

d(p2

—0,000846 %z L

M
2
My = H o -*, =0,000846-100% =8, 464.

2 MM
de
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ds
Tenepp mocTpouM auarpamMmy S—d— JUIL OIpEeNesIEeHUsT MHUHHUMAaJIbHOTO
@

paauyca kynadka. [IpoBeném ocu KooOpauHAT S H :_s Ha och s nmepenocum u3
®

TUarpaMMmbl s—¢ Tiepemenienus Toiakarens 1-1, 2-2, 3-3 u 1.1, Tak kak Kymadok
BpaIiaeTcss M0 YacOBOW CTpENKe, TO BCE paBHO OyaeM OTKIAAbIBATh OTPE3KU
aHaAJIOTOB CKOPOCTH TOYKH B ToJIKaTess IpHu moabéMe B Maciitade i . OTpes3ok,

U300paXaroInii aHAJIOT CKOPOCTH TOYKU B B MIEPBOM MOJIOKEHUH, Oy/IeT paBeH

luds

* do
1-1 =(1—1’)—“’.
Hs
Ho nomtocHoe paccrositHue H; Mbl B3sJId paBHBIM H300paKEHUIO OJHOTO

paguaHa, T.e. 3846 MM, T.€. NO3TOMY f, =/, W OTJIOKHM OTpPE3KH

do

1-1,2-2',3-3'1 T.H., B3ATbIE U3 JAUATPAMMBI j—s—(p ot touek 8,9,10. CoenuHum
@

NOJIy4eHHbIe TOYKM 1°,2°,3" M T.1. IJIaBHOM KpUBOH. DTO M OyAeT auarpamma

ds o
S——. KacarenpHO K HeW clieBa M ClOpaBa MO 33JaHHBIM  YIJIOM

do
nasnenns @,,, =30° mpoBeaéM NMHHK, KOTOpHIC IEPECEeKasch OOpasyloT 30HY
BO3MOJXKHBIX IIEHTPOB KyJIauka (3allITpUXOBaHHas 30Ha). Tak KaK SKCIICHTPUCHTET
(=0, TO LEHTpP BpalllCHUs KyJayka BBHIOMpPAEM Ha MPOJODKEHHMH OCH S B
3aIITPUXOBAHHOM 30HE (Touka O)).

Torpa MUHMMAaIIBHBIN paiNyC

r, =O,B, - 1, = 69,5-0,00033-% = 0,023 = 2311.
MM

[ToctpouM Temeps mpoduiib Kynauka B MacmrTade u, =0,0005% 40 (410

COOTBETCTBYET uepT&xkHOMY Macmtady M 2:1). Torga oTpe3ok, n300paskaromimii

MUHUMAJIBHBIN paInyCc B 3TOM MaciTade:



Omnpenennm nepeMerieHus ToJKaTeNsl B MacTade yepTexa.

Bolz(l_l).&’ HO &:M =0, 666.
4, 4, 0,0005

Torma B,1=(1-1)-0,666 =3-0,666 = 2.:u;

2=(2-2)-0,666 =8-0,666 = 5,33m1;
3=(3-3)-0,666 =16-0,666 =10, 66,111
4=(4-4)-0,666 = 220,666 =14,651;
5=(5-5)-0,666 = 28-0,666 =18, 65111
6=(6-6)-0,666 =30-0,666 = 20u1;
7=(7-7)-0,666 =30-0,666 = 20ax;
8=(8-8)-0,666 = 260,666 =17,3u;
9=(9-9)-0,666 =15-0,666 = L0ax;
BOIO —(10-10)-0,666 = 5-0,666 = 3,33u1.

PaguycoM r, = 46,uIIPOBENEM OKPYXHOCTH ¢ IEHTPOM B Touke (. Ot

BEPTHUKAJIU, MPOBEAEHHOW uepe3 TOYKYy (J; NPOTUB YacOBOM CTPENKH, T.€. B
CTOPOHY, TPOTUBOIOJIOKHYIO HAIpaBICHUIO BpallCHUs Kyjlauka, OTJIOXHUM

(aszosbie yraer @, =909, =30°,¢, =60°, 1 pasgenruM HMX B COOTBETCTBHH C

JICJIEHUEM OCH @, T.€. Yrol ¢y pasfenuM Ha 6 4acTei, a yroia ¢, — Ha 4 yacrtu.
Uepes Touku nenenus nposeném jryau | ILIHILIV,V u 1.1

Ha BepTukanu oT OKpy:KHOCTH paauyca r, OTI0KUM oTpe3ku Bol,By2,Bo3 u
1.1. Haiiném Touky mepeceuenms 1 myua 1 ¢ myroit pammyca O;l, Touky 2
nepecedenns ayda |l ¢ gyroit pammyca 0.2 u t.1. Touku 17,2°,3", ... coemuamM
IUIABHOM KPUBOW M TIOJIYYMM TEOPETHUYECKHM (IIEHTPOBOM) Mpopmib Kysadka.
(pnc.4.10)

JIjist mocTpoeHus MPaKTUYECKOro (padouero) npoduiast OmpeeInM paanyc ¢

pomuka r,. Ilpu BeIOOpPE paguyca poJMKa JOJDKHBI  OBITH  COOJIIOIEHBI

COOTHOILIEHUS:
r, <0,4r,

< O’ 8pMMH
P, =p. 11, =32,5-0,0005=0,01625x =16, 25.1m.
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e
]
- .
- Folovuyd

nﬁog:mb

Puc. 4.10
Torxa r, =0,4-23=92mum; r, =0,8-16,25 =13mm
r, 9.10°
Brioupaem r, =9um. Ha ueprexe r,=—= =18mum. DTUM pagnycom
4, 0,0005

npoBeAEM MHOXKECTBO OKPYXKHOCTEH C IEHTpaMU Ha TEOPETHUECKOM IMpoQuie.
Orubaromiast 3THUX OKPYKHOCTEH M ecTb pabounii mpodunp Kyjadka. Takum

00pa3oM, Kylayok JUlsl NEepeMElIeHUsl TOJKaTelsl Ha BHICOTY h

MaKc

=0,0lm, Torma
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aHaJIOT YCKOPEHHS TOJKAaTeNd H3MEHSETCS MO KOCHHYCOWJEe, W paboumii yroma

9,.; =180° OyIeT NMeTh CleTyIoNmue TapaMeTpbl:
MUHUMAaJIbHBIN paglyc TEOPETUUECKOTO IPOpMIIs r, =23mm;
MUHHUMAJIBHBIN PAIAYC MPAKTUYECKOTO TPOPHIIA r) =1, — r,=23-9=14mm,
pagnyc ponuka r, =9mm,

MaKCHUMAaJIbHBIN PaInyC MPAKTUYECKOTO podusis r

e =T+ =23+10=33mm.
4.6. CunTe3 3y04aToro 3auenjieHns

Pacder BHemiHero 3arernyieHds Mapbl 3yOUaThIX KOJEC PACCMOTPHUM IS
BOXHOTO B TEXHUKE CiIydash OTCYTCTBHUS yJapa B 3YObsSX IMPH PEBEPCHPOBAHUHU
BpallleHus, T. €. MPH OTCYTCTBHM OOKOBOTO 3a30pa MEXAy 3yObsiMu (3a30p,
oOpa3yronuiics BCICACTBHE JIONMYCKOB Ha pasMepbl 3yObeB M MEXKOCEBOE
paccrosinie, He yuuThiBaeM). IIpu pacuere 3yObeB OOJIbIIOE 3HAYEHUE UMEET
KOPPUTHPOBaHUE, TPUHUMAEMOE B CIACAYIOIINX, YaCTO BCTPEUAIOIITUXCS CydasX:
1) xorma Ha Koyiece TpeOyeTcsl Hape3aTh TaKoe YHCIo 3yObeB (MeHbIe 17), mpu
KOTOPOM MOXKET IPOM30MTH MOJIPe3 HOXKEK (NP Hape3aHWW HHCTPYMEHTOM C
PECYHBIM KOHTYPOM);

2) KorJa TMPOEKTUPYETCs Iepeiada ¢ 3aJaHHBIM MEKOCEBBIM pPacCTOSIHHEM A,

NepeaTOYHbIM YMCIOM |, MOAYJIEM m W TPU 3TOM YHUCIIa 3yObeB MOIYYarOTCS

m
TaKUMH, ‘{TOE(ZI +2,)# A, TIDU 9TOM YHCJIO 3yOb€B OJJHOTO U3 KOJIEC MOXKET OBITh

MeHsbIne 17;
3) st YBEJIMYCHUS MPOYHOCTH 3yObeB nmyTeM nX YTOJIILCHHUS.
[IpuBeneM OCHOBHBIC 3aBHCHMOCTH JUIS OIpEASISHUS TapamMeTpoB 3y0uaToro
3aIleTICHUS, TTOKa3aHHOTO Ha puc.4.11; uucna 3yObeB Z; U Z; yKe OnpeIeIeHBI 0
3aJJaHHBIM BearuuHaM A, i 1, M.

[Ipu 3a1aHHOM MEKOCEBOM PACCTOSIHUM A YTOJI 3aIleTICHHs KOJIeC B COOpKe

OIpCACIIACTCA N3 BIPAKCHUA
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Azg(zlJrzz)—COS%

cosa,, (16)
cosa —arccosm(z +1,)
e 2A 1 2 )

I€ o, — YTOJ 3alelIeHUs 3yOOpe3HOro MHCTPYMEHTA, OOBIYHO OH PaBeH
20°.
OmnpenenuB yrom d.s, HAXOIAT IO TabIUIIaM BETUIMHY €r0 HHBOJIIOTHI INVoL

(CM. IPUIIOXKEHHUE), a 3aTEM OMPEACIISIOT CyMMY KOA(PhHUIIMEHTOB CABUTra
Dé=[¢+&]:

inver, —inva

Z§:[§1+§2]: p(zl+22)_ (17)

29,
Ecnu z; u z, nopo3up 6omb1ie 17 (T. €. OTCYTCTBYET MOApe3 3yObeB), TO, BO

n30eKaHue OIMacHOCTH 3a0CTpPCHUA, K03(1)(1)I/I]_II/IGHTBI CABHUTI'A KOJICC HGJIGCOO6p33HO

PaCpCaACIATh ITPOIIOPIUOHAJIBHO YK CJIaM SY6B€B, T. €.

S5, (18)

Zl Z2
MOCKOJIbKY CyMMAapHBIN CABHUT U3BecTeH u3 ¢opmynsl (17), To, pemas COBMECTHO

ypaBuenwust (17) u (18), momyunm:

=Y
2,+1, (19)
= Z§ - é:l'
Ecnau omHo u3 konec (Hampumep, Kojieco 1) uMeeT 4ucio 3yObeB MEHbIIIe
17, To, 9TOOBI HE MPOU3OMIENT MOJPE3, MUHUMAIIbHBIA KOI(DPUITMEHT' caBura s

ATOTO KOJieca JTOJDKEH ObITh onpezesieH no Gpopmyre

17—z,
&= 17 ' (20)
IpU 3TOM
= Z%E - (:Zl' (21)

[pu HyneBoM 3aneriennn[& +&,]=0, mostomy ecmu 217, mo & =&,
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N3noxeHHsnidi MeToa ompeneiacHus Kod(pQUIMeHTa CABUTOB OCHOBAaH Ha
T€OMETPUYECKON TEOPHH SBOJBBEHTHOTO 3aIEIJICHUS MUIMHIPHIESCKUX KOJIEC C
PSIMBIMU 3YOBSIMH.

['eomeTpuueckue mapameTphl 3aleIJICHUs ONPEACAIOT MO CIEIYIOIUM
bopmynam:

1) pamuychl IETUTEIBHBIX OKPYKHOCTEH:

mz mz
Ralle;Roz :TZ; (22)

2) paanycbl OCHOBHBIX OKPY>KHOCTEH:
ly =R, C08,;1, =R, c0sax,, (23)
rae o, = 20°—yron HaKJIOHA PEXYIEH rPaHd HHCTPYMEHTA (PENKH);

3) paarychl HAYaIbHBIX OKPY>KHOCTEH:

A
Ry = —
A | (24)

R,,=A-R.

HauanpHubie OKPYXHOCTH JIBYX HaxOAsAINMUXCA B 3alCIINICHUN SY6anBIX

KOJIEC KaTATCS JAPYT MO JpYyry O€3 CKOJBKEHUS; TOYKAa WX KaCaHWs JISKHUT Ha
MEXOCEBOM JIMHUM B TOJIOCE 3alEIJIEHUs W JCNUT 3Ty JIMHUIO OOpaTHO

MPOTIOPIIMOHAIIBHO YTJIOBBIM CKOPOCTSIM 3yOUaThIX KOJIeC, T. €.

o R 25
= T Rn (25)

4) pagnychl OKPYXKHOCTEH BaauH (HOXKEK):

Rg; =R,,—1,25m+&m;

(26)
Rg, =R, —1,25m+&,m;
S) paauychl OKpYHOCTEH TrOJIOBOK (3arOTOBKH):
R,=A-R,,—0,25m;
el B2 (27)

R, = A—R,, —0,25m.
IIpumeuanune. Mexay OKpyKHOCTSMM BIIAJWH OJHOTO KOJIECa U TOJIOBOK
JIPYroro NpeaycMOTPEH paiuaibHbIN 3a30p, paBHbId 0,25 m, HEOOXOIUMBIH JJ1s1

HOPMAaJILHOM paOOThI 3y04aTOro 3aIeTICHHS.
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Pacyer 3amemsieHuss 3akaHuMBaeTcs  omnpeaeneHHeM  Kod(dduimeHrta

NEePEKPBITUA 110 (HopMyIIe

2 .
. JR%— 1, +4/R%2 — 1’ — Asina,,

ZMCOS &, (28)

Kosddumment mnepexppiTus MOKa3bIBae€T, CKOJbKO TMap 3yObeB OJ-
HOBPEMEHHO MOJKET HAaXOJWUTHCS B COCTOSHWW KOHTaKTa (B 3aIlCTUICHHH); CCIIH,
Hampumep, & = 1,45, To 3TO 3HAYMUT, YTO BO BpEMs JIBHKEHUsI 3y0a MO Ayre
3ariernyieHus Oe3yCIOBHO B 3allCIUICHUM HAXOAWTCS OAHa mapa 3yOneB, a 45%
WHTEpBajIa JABWKCHHS TI0 JyTe B 3alCTUICHUHM HAXOASITCS JBE TAphl (JaHHAs Mapa
3yObeB HauMHaeT paboTaTh J0 BBIXOJIA U3 PabOTHI MPEAbIAYIIEH Mapbl U KOHYAET
paboTy 1mocJje Toro, Kak y»Ke Hayaja paldoTaTh NOCHEAyIolas mapa).

Ecnu ¢ = 1,0, 370 3HA4YUT, YTO Aake OJHA Tapa 3yObeB Bcerja HaXOAUTCS B
3aIleTUICHUN JIUITh TEOPETHUYECKHU, a (PaKTHUUECKH MPH TOM IUIABHOCTH Iepeaadn
HapyluaeTcs, JaHHas napa 3yObeB MOXKET Ha4aTh padoTy C yIapOM.

MunumansHo aomyctuMoe 3HadeHue & = 1,03+1,10. 3amac B 0,03 +0,10
JTAeTCs Ha JOITYCK MPH U3TOTOBIICHNH KOJIEC ¥ Ha HETOYHOCTh cOOpKu. Ecin xe ¢ <
1,0, To mepenaya Oynet paboTath ¢ yaapamu, ¢ OOJBIIUM TyMOM M TTOBBIIICHHBIM
n3HocoMm. Iloatromy ecnm okaxkercs, uro € < 1,1, To HEoOXOAMMO 3aHOBO
BBITIOJTHATH BECh PacyeT, M3MCHUB UCXOIHBIC TaHHBIC, HAIIPUMED, YHCIIa 3yObeB Z;
U Z, uiu ko3 purrieATs! casura & néy

ITepemady crmemyer mpoBEpUTHh Ha OTCYTCTBHE 3A0CTPEHUSA, T. €. UYTOOBI
TOJIIIIMHA 3yObEB MO OKPYXHOCTH TOJIOBOK HE OKa3aJlaCh MEHBIIE OMYCTHUMOU
BenuuuHbl 0,3 m [cM. dopmysl (33)], ¥ HA OTCYTCTBUE 3aKJIMHUBAHUS, JJII YETO
paguyc OKpPY)KHOCTH TOJIOBOK OOJIBIIEro Kojieca HE JOJDKEH IPEBBIMIATH

AOIMyCTUMOTO 3HAUCHUA, HAITPHUMCD:

R

2 ain2 2
e2max \/A sin acﬁ + IF02 ' (29)
Hpencz[e YCM IIPUCTYIIUTH K BBIYCPUYHUBAHWUIO KAPTUHBI 3allCIINIICHUA, CIICAYCT
nmoacuyuTaTrb TOJIITHWUHBI 3y6BeB mo ayram Ka}K)IOP’I N3 TICPCUYHUCICHHBIX BBbIIIC

OKPY’KHOCTEM:
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10 AyraM JIEJIUTEIbHBIX OKPYKHOCTEM:

zTm
801 = T+2§1mtgap,

(30)
S,, :%+2§2mtgap;
10 1yraM OCHOBHBIX OKPY>KHOCTEM:
S, .
Soy = 21y | —2-+inve, |,
2R,
(31)
Sop :
Sw = erZ(ZFZ; +|nVapj,
10 AyraM HAYAJIbHBIX OKPYKHOCTEM:
Sot ; A
S =2Ry,; Eﬂnmp —inve,; |;
0l (32)
S,y -
Sy, = 2RH2(2§:2 +|nVa06j;
10 AyraM OKPYXHOCTEHN T'OJIOBOK:
S i .
S =2Ry, | == +Inve, —inve, |;
2 0l
(33)

S., =2R,, [%+ inver, — inV%z]’

02

rac

) ) r
invee =in varccosR—O.

e

Ecnu tonmuna 3yObeB MO OKPY>KHOCTU TOJI0BOK OyneT meHee 0,3 m, HY>KHO
YMEHBIIUTh PaTUyC OKPY>KHOCTH TOJOBOK, HO TaK, 4TOOBI KOA(PPUIIMEHT € He
okazajicsi MmenHbme 1,1. Ecam 3T0 craenars HEBO3MOXKHO, TO HEOOXOIUMO
BBHITIOJTHATH 3aHOBO BECh PacyeT 3alleTUIeHUs, W3MEHUB KOA(h(DUIIMEHTHI caBUra ¢&;
(B CTOpPOHY YMEHBIIIEHHS) 1 COOTBETCTBEHHO &, WJIM YKCJIa 3yObeB Z; U Z».

JIist U3roToBiIeHUsS 3y0UaThIX KOJEC Ha 3yOOpe3HbIX CTaHKaX, paboTarouuX
M0 METOy OOKAaTKH, HEOOXOJAMMO HWMETh CIEAYIOIIHEe TapaMeTphl KaxKIoro

KoJIeca:
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1) paguyc 3aroToBKU Re, paBHBII pagryCy OKPYKHOCTH TOJIOBOK 3YObCB;

2) MOy 3yOOPE3HOTO HHCTPYMEHTA 11, KOTOPBIN OMPEIEIIIeTCS U3
YCIJIOBUM MPOYHOCTU U TAOAPUTHBIX Pa3MepoOB KOJIeca;

3) urcio 3yObeB Z Hape3aeMoro Koyeca;

4) koadurment capura &, He0OXOIUMBIH IS HaJaJAKH CTaHKa, €CIIH KOJIECO
Hape3aeTcs CO CABUTOM MHCTPYMEHTA.

[Tocne BBIMOJHEHUST BCEX MPUBEACHHBIX BBIINIE PAcYETOB MOXKHO
IPHUCTYIHUTh K BRIYCPUNBAHUIO KAPTHHBI 3anericHus (puc.4.11).

PexoMeHtyeTcs cleayromuii mopsioK padoThl:

1. HameTuTh 1IEHTpHI 3yO0UaThIX KOJIEC M COCAUHUTHh X MEKOCEBOW JIMHUI
0,0..

MacmTab noctpoenus Opath 00s3atenbHO 110 coopHuky ['OCTos
«YepTexxu B MAIIMHOCTPOCHUNY.

2. [IpoBecTn HavanbHbIE U OCHOBHBIE OKPYKHOCTH.

3. [IpoBecTn dYepe3 TOIOC 3alEIUICHUs OOIIYI0 KacaTeabHYyI0 K 00enMm
OCHOBHBIM OKPY>KHOCTSIM. OnpeieIuTh M0 BEIMYMHE TAHT€HCA 3HAYCHUE YTIa O,
MOJYYEHHOTO Ha 4YepTexe, W YOeIuThCs B COBIAJEHUM €ro C pacueTHOU
BEJIMYUHOM.

4. TTocnenoBaTenbHBIM OOKATBLIBAHWEM KacaTEIbHOM II0 KaXIOH U3
OCHOBHBIX OKPYKHOCTEH MNOCTPOUTH H3BOJIbBEHTHI sl 00pa3oBaHUs MpoQuien
3yObeB. JIJisl 3TOTO C MOMOIIBI0 U3MEPHUTEIBHOTO ITUPKYJISI MHOTOKPATHO OTJIOKHUTH
OTPE30K JMHOW 20 MM OT MPOW3BOIBHOM TOYKH M IO OCHOBHOM OKPYKHOCTH,
OoTMeYas KOHIIEBbIC TOUKH /, 2, 3, ... Uepes KaKayro TOYKY MPOBECTH KacaTeIbHYIO
U OTJIOXKHUTh Ha HEH B3ATHIA OTPE30K (OT MEPBOM TOYKH OAWH pa3, OT BTOPOU —
JIBa pa3a, OT TPEThell — TpH pa3za u T. [I.); COCIUHUB KOHIIEBbIE TOYKH TIJIaBHOM

KPUBOU, MTOJyYUM 3BOJIbBEHTY.
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5. [TocTpouTh Ha KaXKAOM KOJIECE HE MEHEE TpeX 3yObeB.

6. Iloka3aTe Ha YepTeKe OCHOBHBIC TAPAMETPHI 3aALICTIIICHHS:

a) IPEJICIIBHYIO (TEOPETUUSCKYIO) JIMHUIO 3alerieHus AoBy;

0) nelcTBUTENbHYIO (MPAKTHUECKYI0) JMHUIO 3arleTuieHust AB;

B) nyry 3anerienus (cb).

6. Onpenenuts Benuuuny AB 1o uepTexxy u moacuutath KodhGUimeHT

NepeKphITUs 1o hopmysie
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rne Codp m ty — nmyra 3amemyieHWs W mar Mo OCHOBHOW OKpyxHoOcTH. [Ipu
CpPaBHEHUHU C PE3yJbTaTOM aHAIUTHYECKOTO pacuera (opmyna 28 pasHulla HE
JOJDKHA MpeBbImaTh 1—2%.

7. OnpenenuTh TpaHuIbl pabovrnx y4acTKOB moBepxHocTer 3yoneB (ef u kl na

puc.4.11).

Jns  Oonpiiedl TOYHOCTM M HArJSAHOCTH TOCTPOCHUSI YEPTEX KaAPTUHBI
HBOJIBEHTHOTO 3alleTUICHHUs] CJEAYeT BBINOJIHATE B BO3MOXHO ~ OOJIbIIEM
macitabe. [ToaToMy pekoMeHyeTcsl Mmoka3aTh JIMIb MOJIOBUHBI OKPYXHOCTEH,
YTO TMO3BOJIUT YBEJIWYUTh HA YEpPTEkKE OTPE30K, H300pa)karouIuil MEKOCeBOe
pacctosiHue A.
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3AJIAHVE Ne 1

Ha KprOBOﬁ IMPOCKT MO AUCHUILUINHE «TGOpI/Iﬂ MCXaHHU3MOB U MallliH»
HpOI/I3BeCTI/I pacqéT " CIIPOCKTUPOBATH MEXAHU3M IIPUBO/JA ITAaroBOro KOHBCﬁepa MOJIO‘IHO-TOBapHOP'I (bCpMI)I.

Crynenty TPYIIIBI BapUaHT
CXeMBI PBIYaKHOTO M KyJTauKOBOTO 3aKOH U3MEHEHUs I'papux
MEXaHU3MOB CHUJIBI TTOJIE3HOTO YCKOpEHHs
COIIPOTHUBJICHUSL TOJIKATEIIS
F il
1
i o)
0 ozn H U
) |m-¢ )
[TapameTpsl 00603 Pa3mep- Bapuant
Ha- HOCTh | 1 2 3 4 5 6 7 8 9 10
YEHUsI
Pa3mepnl 3BeHbEB loa MM 150 | 160 180 100 120 130 145 90 110 | 100
IAg MM 600 | 620 750 400 460 460 500 400 430 | 440
Isc MM 300 | 400 480 300 540 500 520 280 300 | 380
lcp MM 380 | 420 480 400 580 520 560 420 450 | 450
Ipe MM 250 | 260 400 300 400 300 280 300 280 | 200
Paccrosinue X MM 520 | 680 740 520 800 850 900 560 500 | 660
y MM 350 | 300 460 360 400 280 310 400 400 | 420
Bec nosnsyHa G H 80 | 90 100 120 140 110 100 120 140 | 120
VnenrHas macca p KI/M 5 6 7 8 7 6 6 9 10 6
CTep)KHEN
VYrioBast CKOpOCTh ® ¢t 20 | 22 24 18 16 21 23 22 19 | 20
Ionesnas Harpyska F kH 12 | 15 16 14 12 11 10 11 10 |12
X0 TOJIKATEeNs ht MM 40 60 80 60 70 45 55 65 75 90
@a30BbIE YIIIBI Qy rpaj 60 | 140 55 70 80 50 60 70 50 |90
Qs rpan 60 |25 60 20 10 60 30 40 50 |0
Qup rpan 70 | 150 65 80 90 70 80 70 60 | 100
Uucno 3yObeB Z; - 11 12 13 14 15 16 17 18 19 20
Z, - 22 |23 24 25 26 27 28 29 30 |31
Monyib m MM 7 8 9 10 11 12 13 14 15 16
IIpenonasarens Jlata
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3AJIAHUE Ne 2

Ha kypcoBoii mpoekT no AuciuIuinie «Teopust MexaHM3MOB U MaIIuH
[IpownsBecTy pacu€T 1 CIPOEKTUPOBATH MEXaHN3M IPHUBO/IA TIPOCEUBAHIS 36PHOBBIX KYIBTYD.

Crynenty [pYIIIbI BApUAHT
CXeMBI PBIYaKHOTO U KYJIAYKOBOTO 3aKOH U3MEHEHUS CUIIB I'padux
MEXaHU3MOB MIOJIE3HOTO YCKOPEHUs
COTIPOTHBIICHUS TOJIKATEIIS

N N

ﬁ
— ]
RN}
fP,l P

P

[TapameTpsr 00603 Pazmep- Bapuant
Ha- HOCTh | 1 2 3 4 5 6 7 8 9 10
YeHHs
Pa3mepsl 3BeHBEB loa MM 80 100 120 140 160 180 200 170 165 145
IAB MM 180 160 140 130 160 200 200 190 160 180
Isc MM 90 120 110 150 140 180 200 165 180 160
Isp MM 340 320 400 450 460 500 550 420 480 400
x MM 10 10 20 10 10 20 30 10 20 40
Paccrosinue y MM 20 30 40 40 50 60 50 60 50 20
Bec nomsyna G H 100 110 120 120 140 150 160 140 110 100
VY aenpHast Mmacca p KI/M 8 6 7 8 7 9 10 6 6 5
CTEpIKHEN
YrioBas CKOpoCTh ® ¢t 40 50 45 30 35 40 30 45 40 50
[one3nas Harpyska F kH 5 4 6 7 8 8 10 7 4 5
XoJ ToaKaTels hr MM 40 50 70 60 80 55 100 75 65 85
®Da30BbI€ yTIbI Qy rpaj 90 70 80 60 75 60 145 145 100 90
Qs rpaj 20 O 20 60 25 35 0 30 40 60
Pup rpaj 100 70 90 60 80 100 155 165 70 65
Yucno 3yOneB 7 - 11 12 13 14 15 16 17 18 19 20
2, - 20 21 22 23 24 25 26 27 28 29
Mopynb m MM 10 11 12 7 8 9 10 11 12 13
IIpenonaBarens Hara
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3AJIAHME Ne 3

Ha KprOBOﬁ IMPOCKT IO JUCHHUIITINHC «Teopnﬂ MCXaHU3MOB 1 MallIH)»
HpOI/I3BeCTI/I pacqéT " CIIPOCKTHUPOBATH MEXAHU3M IIPUBOJA HOJ'IyHaBeCHOI\/'I I[BYX6pyCHOI>'I KOCHIIKHU

CTyI[eHTy TPYIIIbI BapUaHT
3aKOH U3MEHEHUS I'paduk ycxopenus
CHJIBI TIOJIE3HOTO TOJIKATEIIs
CXeMBI PBIYaKHOTO U KyJauKOBOTO COIPOTHUBIICHUS

MCXaHHU3MOB

o
o

>

| .
L ‘ |/
2 5 e |0
-
ITapameTpsl 0603 Pa3mep- | Bapuanr
Ha- HOCTH 1 2 3 4 5 6 7 8 9 10
YCHUS
Pasmepsl 3BeHBEB loa MM 100 | 120 | 140 | 160 | 90 110 | 130 | 125 | 105 | 130
laB MM 300 | 360 | 480 540 300 350 | 400 325 360 | 400
Isc MM 400 | 450 | 480 | 460 320 300 350 320 240 | 300
lco MM 200 | 180 200 150 100 100 90 100 80 | 100
Ice MM 500 | 400 | 450 | 400 300 250 270 350 240 | 250
Paccrosiaue x MM 350 | 300 450 500 280 300 420 300 300 | 380
y MM 250 | 200 220 120 100 80 120 150 120 | 125
Bec nonsyHa G H 150 | 120 160 180 120 100 90 110 140 | 120
VY nenpHas macca p Kr/M 8 7 9 10 8 9 8 10 11 9
CTepKHEH
VTI0Bast CKOPOCTh o) ¢t 10 |12 8 10 11 12 10 13 14 |10
[one3nas Harpyska F kH 5 6 8 10 7,5 4.5 5 6 6,5 | 8,5
Xon ToakaTeis hr MM 70 80 100 75 60 40 60 80 70 100
®a30BbIC YIIIBI Qy rpan 135 | 145 130 150 145 160 60 80 145 | 90
Pgp rpan 0 15 30 20 30 0 60 0 60 | 20
Prp rpan 145 | 160 180 160 155 165 80 90 150 | 120
Yuco 3yObeB Z; - 15 | 16 17 18 19 20 21 22 23 | 24
Z> - 20 |21 22 23 24 25 26 27 28 | 29
Mopynb m MM 7 8 9 10 11 12 13 14 15 16
IIpenonaBarenb Hara
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3AJIAHUE Ne 4

Ha xypcoBoii npoekT no aucuuiuinee « Teopusi MEXaHU3MOB U MaIlIMH»
[TpousBecTr pacu€T U CIPOSKTUPOBATHL MEXAHNU3M IPUBO/IA MTOJYHABECHOM ABYXOPYCHOM KOCHIKU

Cryznenty TPYIIIBI BapUaHT

CxeMEBI PBIYa)KHOI'O U KyJIaYKOBOT'O 3aKOH U3MCHEHHUS CHIIBI Fpa(bI/IK

MCXaHHU3MOB TIOJIC3HOI'O YCKOpEHUA
COIIPOTHUBJICHUSL TOJIKATCJIIA

4

F d's

8 »7
1
2T N \
0 06H 09H ¢ —~—
L ¥ P, L Py
E———— I |
[TapameTpbt 0603 Pazmep- Bapuant
Ha- HOCTh | 1 2 3 4 5 6 7 8 9 10
YEHUSI
Pa3mepsl 3BeHBEB loa MM 120 | 150 | 160 | 180 | 130 | 170 | 140 | 160 | 130 | 190
IAB MM 360 | 480 | 600 | 760 |540 | 600 |800 | 720 | 600 | 900
Isc MM 480 | 500 | 640 |800 |600 |570 |440 | 800 | 720 | 800
leo MM 260 | 240 | 200 | 300 |[300 |260 |200 | 200 | 250 | 300
Ioe MM 600 | 600 | 750 | 900 | 800 | 700 | 700 |500 | 500 | 600
Paccrosinue x MM 200 | 300 | 410 | 600 | 400 | 400 |950 |900 | 750 | 600
y MM 480 | 350 | 500 |360 |450 |400 | 300 | 600 | 450 600
Bec nmon3yna G H 200 | 180 | 160 | 220 | 190 | 190 | 170 | 180 | 150 | 200
VY nenbHas macca p KI/M 15 12 14 16 13 15 13 13 11 12
CTEpKHEHN
VYrIioBas CKOpOCTh ® ¢t 24 | 15 22 18 28 26 24 19 20 | 21
[Tone3nas Harpyska | F xH 5 4 5 8 7 6 5 7 11 | 45
XoJ ToaKaTels hr MM 40 50 60 45 65 60 75 80 55 60
®Da30BbI€ YTIIbI Qy rpaj 70 | 60 90 75 70 60 90 75 65 | 80
Pss rpag 30 |30 90 0 40 20 20 45 35 |10
Prp rpan 90 |80 100 | 75 80 90 90 85 85 |90
Yucno 3y0OneB Z; - 12 | 13 14 15 16 17 18 19 20 | 21
y2) - 20 |21 22 23 24 25 26 27 28 |29
Monyns m MM 10 | 11 12 13 14 15 14 13 12 |11
IIpenonasaTens Hata
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3AJIAHME Ne 5

Ha xypcoBoii npoexT no guciuiuinie « Teopus MexaHU3MOB U MaITuH
IIpousBecTr pacu€T 1 CIPOEKTUPOBATH MEXAHW3M IIPUBOJIA MAIIWH [T OPUKETUPOBAHHS OTXO/I0B
JKUBOTHOBO/ICTBA.

Crynenty IPYIIIbI BAPUAHT
CXeMBI pBIYaKHOTO 3aKOH U3MEHEHHUS CHIIBI I'padux yckopeHus
¢
oy’

i

so\ /-—‘P
TN Y

P 0w | P
IMapametper | 0603 | Pa3smep- Bapuast
Ha- HOCTh | 1 2 3 4 5 6 7 8 9 10
YCHUSI
Pasmepsi 3BeHbeB | lop MM 100 | 120 | 140 | 150 | ITO | 160 | 140 | 130 | 170 | 150
IAB MM 400 | 440 | 450 | 500 | 420 | 520 | 600 | 480 | 600 | 560
Isc MM 300 | 360 | 480 | 440 | 380 | 500 | 480 | 420 | 430 | 450
lcp MM 100 | 120 | 150 | 90 100 | 120 | 80 160 | 110 | 90
Ipe MM 250 | 300 | 225 | 200 | 280 | 300 |210 | 320 | 300 | 250
PaccrosiHue X MM 400 | 220 | 230 | 240 | 200 | 290 | .300.| 220 | 280 | 300
y MM 120 | 180 | 160 | 100 | 80 100 | 100 | 145 | 120 | 80
Bec mon3yna G H 80 120 | MO | 100 | 90 140 | 140 | 120 | 120 | 110
YnenbHas macca p KI/M 11 10 12 9 10 12 14 11 9 10
CTepxKHEN
VYrnosas ® ¢t 20 18 16 19 21 18 22 25 24 26
CKOpPOCTH
TTonesuas F xkH 3 25 |4 6 45 | 4 5 65 |55 |7
Harpyska
KoaddunueHt ) - 1/25 | 1/30 | 1/35 | 1/40 | 1/45 | 1/50 | 1/45 | 1/40 | 1/35 | 1/30
HEPaBHOMEPHOCTH
xo/1a
Xom TonkaTeis hr MM 40 60 75 60 75 48 56 45 30 50
dazoBble yribl Qy rpag 60 45 70 45 60 50 60 50 45 45
Qs rpan 20 15 0 30 30 20 10 30 10 40
Pup rpan 80 60 90 60 80 70 70 65 65 45
Yucno 3y0beB Z; - 11 12 13 14 15 16 17 18 19 20
Z, - 22 23 24 25 26 27 28 29 30 31
Moaynb m MM 10 11 12 13 14 15 14 3 12 11
IIpenonaBarens Jlata
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3AJIAHME Ne 6

a KprOBOﬁ IMPOCKT MO JUCHUILINHE <<Teop1/151 MCXaHU3MOB U MallIH»

S N

§ TYAeHTy

{€MBI PbIYa>KHOT'O

KYyJIa4KOBOI'O MEXaHU3MOB

3aKOH U3MEHECHHS CHJIBI

TIOJIE3HOTO COMPOTHUBIICHUA

POM3BECTH PACcUET U CIIPOCKTUPOBATH MEXAHU3M MPUBOJIA BOJSIHOTO HACOCA
TPYIIIBI BapUaHT

I'paduk yckopenus

TOJIKATECIIA
153

£ s
0 \ ¢
ol 1.8
02H H B | Ga | D
[TapameTpsr 00603 Pasmep- Bapuast
Ha- HOCTH | 1 2 3 4 5 6 7 8 9 10
YeHHUSI

Pa3smeprl 3BeHBCB loa MM 160 | 200 | 180 | 140 | 190 | 200 | 130 | 115 | 105 | 125

IAB MM 640 | 800 | 540 |420 | 660 | 740 |580 |500 | 320 | 360

Isc MM 480 | 480 | 600 |360 |620 |600 | 340 |380 | 250 | 430

lcp MM 120 | 100 | 100 | 120 | 180 | 160 |190 | 140 | 110 | 120

Ipe MM 280 | 250 | 240 |400 | 340 |380 |380 |360 |300] 240
Paccrostaue X MM 480 | 550 330 260 880 | 980 | 440 | 475 150 | 440

y MM 460 | 400 | 500 |360 |640 |500 | 320 |260 | 250 | 400
Bec nosnsyHa G H 120 | 110 | 100 | 140 | 130 | &0 90 100 | 120 | 140
VnenpHasa macca p KI/M 14 15 12 18 8 7 8 9 14 17
CTepKHEN
YrioBast CKOpOCTh ® ¢t 16 |14 15 12 18 16 18 19 18 | 17
[None3nas Harpy3Ka F xkH 5 6 7 5 3,5 6 3,5 4.5 4 2,5
XoJ Tonkarens ht MM 60 | 40 65 45 60 55 70 55 50 | 75
®da30BEIC YIIIBI Oy rpaj 60 | 50 45 65 48 40 50 60 60 | 70

Qs rpan 20 | 10 30 0 35 20 40 0 5 |0

Oup rpan 90 | 60 60 75 65 50 80 60 70 | 70
Yucno 3y0beB Z; - 14 | 15 16 17 18 19 20 21 22 | 23

Z, - 27 | 28 29 30 31 32 33 34 35 |36
Monynb m MM 10 12 13 14 15 16 15 14 | 13

IIpenonaBareins Hata
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3AJIAHUE Ne 7

Ha KprOBOﬁ IMPOCKT MO AUCHUILUINHE «TGOpI/Iﬂ MCXaHHU3MOB U MalllH»
HpOI/ISBCCTI/I pacqéT U CIIPOCKTUPOBATL MCXAHM3M IIpMBOJa K KadarolleMyCAa

KOHBEHEPY.

Crynenry

IPYIIIBL

BapHaHT

[TapameTpbl 0603 Pazmep- Bapuant
Ha- HOCTB 1 2 3 4 5 6 7 8 9 10
YCHUSI
Xop mom3yHa H MM 180 190 | 200 | 210 | 220 | 230 | 240 | 250 | 260 | 270
Yrabl, Gukcupyromme
KpaiHHe MOJIOKESHHS 01 rpan 70 65 60 60 60 55 55 50 50 65
KOpOMBICTIa [0 rpaj 120 115 | 120 | 120 | 120 | 110 | 115 | 105 | 100 | 100
Jluna 38eHa O,A lo 2 MM 20 30 40 50 45 35 25 30 40 50
Koagpdurment
A=lep/ o3¢ - - 3 3,5 4 45 5 45 4 3,5 3 2,5
N=los.c!/l oss - - 1,3 135 | 14 1,45 | 15 145 | 1,4 1,35 | 1,3 1,25
Koopaunater Touku Os X03 MM 300 310 | 320 | 340 | 350 |360 | 370 | 380 | 390 | 400
Yo3 MM 120 125 | 130 | 135 | 140 | 150 | 160 | 170 | 180 | 190
Y1 BBIOPATh CAMOCTOSATENLHO
YacroTa BpaleHUs Nip 00/MHUH 100 95 90 85 80 75 60 70 65 60
KPUBOILHUIA
Ilepenarounoe orHomenue | Uj, H 3 29 2,8 2,7 2,6 2,5 2,4 2,3 2,2 2,1
Yucno 3yObeB mecTepHA Z; T/M 17 18 19 20 21 22 23 24 25 26
Mopayns konec m ¢t 8 9 10 10 10 11 12 8 9 10
Xop Tomkarens hr kH 30 35 40 45 50 55 60 65 70 75
®azoBbIe YIIIbI oy MM 60 70 80 90 100 | 110 | 120 | 130 | 140 | 150
Pup 60 70 80 90 100 | 110 | 120 | 130 | 140 | 150
Bec 3BeHbeB Gs rpan 0,30 0,35 | 040 | 045 | 0,50 | 0,55 | 0,60 | 0,65 | 0,70 | 0,75
Gy rpaj 0,32 0,36 | 040 (044 (048 (052 |056 |060 |064 |0,68
Gs - 0,64 0,72 (080 (088 (09 |104 |112 | 120 | 128 | 1,36
Gs - 1,2 1,4 15 1,6 1,8 1,7 1,9 2,0 2,1 2,2
CuJia MmoJie3HOTro P max MM 7 8 9 10 11 12 13 14 15 16
CONPOTHBIICHHS
Koadpduiment ) - 0,04 0,05 | 0,06 | 0,07 (008 (009 |00 |0,11 |0,12 | 0,12
HEpPaBHOMEPHOCTH X0/
IIpenogaBatens Hata
3AJIAHVE Ne 8
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Ha KprOBOfI MMPOCKT IO JUCHHUIITINHC «Teopnﬂ MCEXaHU3MOB 1 MallIH)»
HpOI/I3BeCTI/I pacqéT 1 CIIPOCKTHUPOBATH MEXaHU3M MIPUBO/A I'POXOTA.

Crynenry TPYIIIBI BapUaHT

| 0
B
3 2
@, __[ P Pnp
il
IIpenonaBatens Jlara

[Mapametpsr 0603 | Pazme Bapuant

HayeH | pHocT | 1 2 3 4 5 6 7 8 9 10
JlnuHa kpuBOIIMIIA loa MM 150 160 170 180 190 200 210 220 230 240
Jnuna matyHa AB lag MM 140 150 160 170 180 190 200 210 220 230
JlnuHa KopoMbIcia loss MM 150 160 170 180 190 200 210 220 230 240
Mesxoceoe paccrosHue | lgoz MM 50 55 60 52 54 56 58 62 64 66
Jnnaa matyHa BC lsc MM 350 360 370 380 390 400 410 420 430 440
Paccrosnue ot mapuupa | lag MM 70 75 80 85 90 95 100 105 110 115
A J10 1IeHTpa TSHKECTH
Paccrosnue ot mapHupa | losss MM 75 80 85 90 95 100 105 110 115 120
O3 710 IEHTpA THKECTH
PaccrosHue oT mapHupa | lggs MM 105 120 125 130 130 150 150 140 145 160
B 110 nenTpa TsKEcTH
Cuuta mose3Horo F kH 1,0 1,0 1,0 1,4 1,5 1,5 1,6 1,7 1,8 1,9
CONPOTHBJICHHUSI
Macca maryna AB m, KI' 3,0 3.2 34 3,6 3.8 4,0 4,2 44 4,6 4.8
Macca kopomsica ms KT 4,0 4,2 4,4 4,6 4,8 4,9 52 54 5,6 5,8
Macca matyna BC my K[ 7,0 7,2 7.4 7,6 7.8 8,0 8,2 8,4 8,6 8,8
Macca nonsyHa ms KT 14,0 145 15,0 16,0 16,0 16,0 17,0 17,0 18,0 20,0
Koaddurment ) - 0,05 0,07 0,09 0,1 0,12 0,1 0,09 0,08 0,07 0,06
HEpaBHOMEPHOCTH X0
YacroTa BpalieHus Noa 00/ 60 62 64 66 68 70 72 74 76 78
KPUBOILHIIA MHUH
Yucno 3yObeB LIECTEpHU | 71 - 11 12 13 14 15 16 17 18 19 20
Yucno 3yObeB koneca Zy - 17 18 19 20 21 22 23 24 25 26
Monynb m MM 1,75 15 2,5 25 4,0 5,0 4,5 4,0 35 3,0
THI KpHBOH d’s/r | - 1 2 3 1 2 3 1 2 3 1

do?
XoJ1 ToJKaTes hr MM 12 14 16 18 20 18 16 14 22 24
®dazoBbIe YTITBI 0y rpag 70 80 90 100 110 120 130 140 150 160

Pss rpag | 0 30 40 50 60 50 60 50 60 50

Qup rpaj 160 150 140 130 120 110 100 90 80 70
DKCIEHTPUCUTET e MM 15 14 13 12 11 10 9 8 7 6
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3AJIAHUE Ne 9

Ha kypcoBoii npoekT no gucuuiuivnee « Teopuss MEXaHU3MOB U MallIuH»
IIpousBecTy pacyér U CIPOEKTUPOBATH MEXAHU3M MPUBOJIA K HATIOJbHOMY KadyaroleMycst
KOHBeHepy.

Crynenty TpYIIIBI BapHUaHT

0
° \ /|
(Pyﬂ - L' "Pqn
TTapametpst 06031 | Pazme Bapuant
aueHH | pHOCT | 1 2 3 4 5 6 7 8 9 10
b b
YacToTa BpamieHus n, 06/ 60 70 80 90 100 110 120 130 140 150
MHUH
PaccrosiHue X MM 165 160 155 150 145 140 145 150 155 160
y MM 92 95 100 105 100 90 95 100 110 90
V1 BpIOpaTh caMOCTOSATENBHO
JiniHa 3BeHa loia MM 56 60 65 70 60 55 65 70 65 65
Iag MM 186 190 195 200 180 175 190 200 180 190
loac MM 200 205 210 215 220 215 210 205 200 200
los MM 115 120 125 130 135 140 145 150 155 160
lcp MM 1000 950 900 850 800 850 900 950 1000 900
Bec 3Bena G, Hx 10> | 2 3 4 5 6 7 6 5 4 3
Gs Hx10* | 5 55 6 6,5 7 9 8 7,5 7 5
G, Hx 10> | 10 11 12 13 14 15 16 17 16 12
Gs Hx 10> | 50 60 70 75 70 65 60 55 50 60
Cuila II0JI€3HOTO Pc kH 10 9 8 9 10 11 12 13 14 15
COIIPOTUBJICHUS
Koa¢durment ) - 0,1 0,05 0,1 0,05 0,1 0,05 0,1 0,05 0,1 0,05
HEpaBHOMEPHOCTH X0fa
Xon Tonkarens hr MM 10 12 14 15 18 20 22 20 19 17
®a3oBble yribl Oy rpan 150 145 140 135 120 115 100 80 70 90
Pss rpaj 10 15 20 25 30 35 40 45 50 40
Oup rpag 150 145 140 135 120 115 100 80 70 90
VYron naBieHus [B] rpan 30 35 30 35 30 35 30 35 30 35
Yucno 3y0beB 1IECTEPHU 71 - 18 19 20 21 22 23 22 21 20 19
Yucno 3y0ObeB koieca sy - 49 52 54 56 58 62 64 59 49 37
Monyis m MM 5 6 7 8 9 10 9 8 7 6
IIpenonaBaTenn Jara
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3AJIAHUE Ne 10

Ha KprOBOfI MMPOCKT IO JUCHHUIIIINHC «TeopI/m MCEXaHU3MOB 1 MallIH)»»
HpOI/I3BeCTI/I pacqéT U CIIPOCKTHUPOBATH MEXAHWU3M ABUT'ATCIIA BHYTPCHHET'O CrOpaHus.

Crynenty TPyIIBI BapHaHT

d%
d’z

-1

2
G Do
[Mapametpst 006031 | Pa3zme Bapuant
ayeHu | puoct | 1 2 3 4 5 6 7 8 9 10
s b
YacroTa BpaIleHus Ny 0o/ 350 330 370 422 445 400 380 410 430 395
MHH
JlnvHa 3BEHBEB loa=loc | Mm 150 180 210 240 160 190 220 250 170 200
Koapdumment - - 3,5 3,6 3,7 3,8 3,9 3,6 35 4,0 3,6 35
A=l aglloa=lpc/loc
Bec 3BeHbeB G,=G, | Hx10° | 10 11 11,5 12 13 14 13 12 11 10
Gy=Gs | Hx 10° 63:65:262
Cuiia 1moJjie3Horo Pg=Pp | xH 15 18 20 25 30 35 32 28 24 16
COMPOTHBICHHS
Koaddurment 5 x 107 2 2,5 3 3,5 4 45 5 6 7 8
HEPaBHOMEPHOCTH X01a
Xon Toakarens hr MM 8,5 10 12 14 16 18 20 22 19 13
DKCIEHTPHUCHUTET e MM 0 3 0 5 6 0 6 5 4 3
®dazoBbie yria Oy rpan 60 50 80 90 50 55 60 55 80 90
Qs rpan 0 10 30 40 25 20 15 10 0 0
Qp rpan 60 50 80 90 50 55 60 55 80 90
Tum KpUBOiA d’sit | - 1 2 3 2 1 2 3 2 1 3
dd?
Yron naBiaeHus [B] rpan 27 30 35 33 29 28 30 32 35 30
Uncno 3yObeB MIECTEpHH V&) - 18 19 20 21 22 23 24 25 26 27
Yucno 3y0beB koneca sy - 35 38 42 44 50 55 60 62 66 70
Mopnyib m MM 10 11 12 13 14 15 13 17 10 8
IIpenonaBareins Hata
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