OIl1.9.02.03 TEOPUSA MAILIUH U MEXAHU3MOB
TEOMETPUYECKUWI CUHTE3 INIAHETAPHBIX
3YBUATBIX MEXAHU3MOB C ITIOMOLIBIO 9BM
MeTtoanueckne yka3zaHusi K KypCOBOMY ITPOEKTY

MeTOaHYECKIE YRA3AHUA COCTABICHEL AU CTYACHTOB CIICUUAIBHOCTCH
170900 — «JIoaBeMHO-TPAHCIIOPTHBIC, CTPOHUTETIBHEIE U AOPO/KHBIC MAIIHHBI H
obopvaooBanuey, 150200 - «ABTOMOOHIM H 4ABTOMOOMIBHOS XO3BAUCTBOM,
291300 - «Mexarmsaura 4 aBTOMATH3AMHA CTPOUTEBCTBAY. 170400 - «Mamm-
HBl H OOOPYIOBAHUE JCCHOTO KOMITICKCA», BHIMOIHAKOIOHX KYPCOBOH MPOCKT
IO TCOPHH MEXAHH3MOB H MEXAHUKE MAIIHH,

B YEA3AHUAX NPUBCICHBI ANMTOPUTMBI M MPUKTATHBIC MPorpaMMsel (ZUB,
KOLESO) 314 pacueTOB MO ONMPEICACHAK) YHCCT 3VOBCB KOIEC OCHOBHBIX BHU-
JOB ILTAHCTAPHBIX MEXAHHMOB M TEOMETPHUCCKHX MAPAMETPOB MPAMO3VOBIX
LIUTHHAPIIECKUX KOJCC 3BONIEBEHTHOTO MPO(HILA.



1. CTPYKTYPHBIE CXEMBbI INTAHETAPHbBIX
JYBUATHBIX MEXAHWU3IMOB

[TnaHeTapHbIMY 3yOUATBEIMH MEXaHU3MAaMH HA3bIBAKOTCA Me-
XaHU3Mbl IS epeaaid U npeodpasoBaHUs BPALATEIbLHOTO JIBH-
KEHUS, COAEpIKaIpe 3y0UaThie KONeca ¢ MePEeMEIaLICHCS OChI)
BpaICHHUsT XOTs Obl OHOTO U3 HUX. B MIaHETapHBEIX MEXaHU3Max
OCHOBHBIMH 3BEHBSIMI SIBJSIFOTCS LIEHTPANbHBIE 3yDUaThie KoJjeca,
OCH KOTOPBIX HEITOABHXKHbBI, CATCJUTUTHI - 3yOUaThIe KoJjieca C Ie-
peMeiaeMbIMi OCSIMU BPALLEHHST M BOJAMIIO - 3BEHO, B KOTOPOM
YCTaHOBJIEHbI OCH caTenuToB. Kak npasnno, naaHerapHbie Mexa-
HU3MBI U3TOTABIUBAKOTCS COOCHBIMU. [InaHeTapHbIE MEXaHU3MBbI
MONIPA3ICTIAOTCS Ha TJIAHCTAPHBIC PEMYKTOPB! (WM MYJIBTHUILIH-
KaTopel) U JU(PEepeHUNAIbHEIC MEXaHH3MBL. B aHeTapHBIX Me-
XaHU3Max 00s3aTeNbHO HMeeTCsA XOTs Obl OJHO HEMOABHI)KHOE
(>KeCTKO 3aKpernneHHoe) 3yduaroe Koneco, U OHW 00nanarT OHOH
CTEMEHBI0 MOABUKHOCTH.

Ecnmu B mmaHeTapHOM MEXaHH3Me OCBOOOAHNTH OT 3aKperie-
HHST HETTOABHIKHOE KOJIECO U COOOIUTEL €My BpalleHHe, TO BCe KO-
jeca CTaHyT MOABIWKHBIMH U MeXaHu3M mpespartutcs B Audde-
peHUMAbHEINI, CTENeHb MOJBHMKHOCTH KOTOPOro Oyner paBHa He
MeHee NBYM. M3MEHATh CXeMy MJIaHETAPHOIO PEAYKTOpPa MOKHO C
TTOMOIIBK) TOPMO3HOTO yeTporcTBa. CBOHCTBO 0OpaTHMOCTH TiTa-
HeTapHbIX MEXaHU3MOB MO3BOJISIET TIPUMEHSATE OAUHAKOBbIE METO-
OBl IPOCKTUPOBAHHUS M HCCIETOBAHNA IS TIAHCTAPHBIX PEAYKTO-
poB u auddepeHuranos,

[TnaHerapHbie MEXaHM3Mbl OTJIMYAKOTCA MEHbIIUMH radapiu-
TaMU U BECOM IO CPaBHEHHIQ ¢ JIPYTUMH 3y0UaThIMU NEpenadaMi,
obecneunBaroT Bricokue 3HaucHUs KIIJ (B mpenenax 0,9...0,98) u
Oonbine nepegaTounbie oTHowmeHus (mo 1000 u donee). Caenyer,
OZHAKO, ITOMHHTB, YTO C YBEJIMUYCHHEM IIEPEAATOYHOIO OTHOLIE-
Hust yMenbluaercs KT

B uHKEHEPHON NPaKTUKE NOJYYHIM PACNPOCTPAHEHUE ue-
ThIPE CXEMBbI MPOCTEHINNX TUIAHETAPHBIX MEXaHU3MOB (puc. 1, 2, 3,



4), B KOTOPBIX CATEANUThl (ABOHHLIC - pHC. 1, 2, 3, WU oAMHAPHBIE
- puc. 4) 3aLEIISAIOTCS OOJHOBPEMEHHO C OBYMSI LICHTPAJIbHBIMU
KoJiecaMH. Bce OHHM UMEIOT TPU COOCHBIX Baja, OAUH U3 KOTOPBIX
HEMOABUNHbBIH.

BbiOop TOU WM HMHOW CTPYKTYPHOM CXE€Mbl MMJIAHETAPHOrO
MEXaHU3Ma TIPOBOAAT ¢ YUCTOM TpeOyeMOro MepeaaTOYHOro OT-
HolleHus. B 3anaHKUAX HA KYPCOBOM MPOEKT CXeMa 3aJjaHa.

2. YCJIOBHA, KOTOPBIE HEOBXOAUMO BBITIOJTHATH
IIPH 'EOMETPHYECKOM CHHTE3E INVTAHETAPHDBIX
MEXAHN3IMOB

2.1. BoinoJiHeHHe 3AJAHHOI0 NePeJATOMHOI0 OTHOLI €HHU S
Hnst obecrniedeHnst 3aJaHHOTO MEPEIATOYHOTO OTHOLUEHHS §
HYXHO noaodpark 4Mcia 3yObeB KOJEC Tak, 4ToObl MPH MOACTA-
HOBKE UX 3HAUCHUI B BBIPAKCHHUE AN BBIOpaHHOM (UTU 3aJaHHOH )
CXEMbl MEXaHU3Ma TMONYUYUIIOCH TpeOyeMoe UMCICHHOE 3HAUYCHHE

i. C Uenbo YOPOIIEHHs ONpPENeIeHHS YUCTA 3YObEB JTOMYCKAETCS
OTKJIOHEHUE 3HAYEHUS MEePEAATOUHOrO OTHOLIEHHS OT 3aJaHHOTO
10 5 %.

Jlns mexanusmor tunos AA, JJ, AJ (puc. 1, 2, 3) npu Be-

ayuem konece 1, BenoMoM Boauie H U 3axkpenneHHOM KOJIECE 3

{3} __ * (H)
L _l_lf.i' »

rane "’ - nepepatounoe oTHoleHHE MexaHu3Ma OT kojeca | K

KOJIeCY 3 B OOpall€HHOM ABHKEHHH, TO €CTh IMPH OCTaHOB-
senHoM Boauie H 1 ocBobOKIEHHOM OT 3AKPEIIEHUS KOJIe-
ce 3.
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Puc. 2. Cxema nuanerapHoro mexanusma tuna JJ
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Puc. 4. Cxema nnaHeTapHOTO MexaHu3ma tuna AJ



JInist 3TUX ke TUNOR MEXAaHU3MOB TpU BeaylleM Boauae H u
BEeOIOMOM KoJece 1:

l = =
Hi +(3) S(H) °
Ly I- L

IIpu OCTAHOBJEHHOM BOAWIIE MOJYHAECTCA ABYXCTYNEHYATbIH
PAACBOU MEXAHU3M, JUI8 KOTOPOTO
(H) ( l) Z Z é
Z Z B
rie i - HHCJIO nap KOoJneC ¢ BHEUHHMM 3auenﬂeHHem;
A, B — npocTeie Lefble 4nCha;
Zy, £ 2y, Z3— uncna 3y0beB COOTBETCTBYIIHUX KOJIEC.

st mexaanamos Tuna AJ (puc. 4) opu seaymem konece 1,
Be0oMOM BOoause H u 3akpeniieHHOM koJsiece 3

0 =1-i®=1-| L] s
VA
(HJ Zs Zj

= (-1 Z—( VG-

rae

2.2, YcnoBHe COOCHOCTH 3y04ATHIX KOJIEC H BOAHIA

3T0 yciosue TpedyeT, YToOBI HpH PACIIONOKEHHH Ocei KO-
nec 1, 3 ¥ BOAMNIA HA OTHOM NPsAMOI 0DecIeunBaoch 3aleljeHHe
CaTEeJIMTOB C LIEHTPAJIbHLIMU KoJiecaMu. JInsd 3Toro cymma paamy-
COB HAa4aJIbHBIX OKPY>KHOCTEH COOTBETCTBYIOLUMX KOJIEC MOJDKHA
OBITE MOCTOSHHOM!

anst cxembl A4 (puc. 1) ri+tr=r»rt+ri=ryg.
anst exembl JJ (puc. 2) Fi—F;=F;—TF» =Fp;
s cxembl AJ (puc. 3) rite=rs—rr=ry,;
anst cxembl AJ (puc. 4) ritr=ri—r2=rpg,

F3=F; +2?’2



IInaHeTapHbIE MEXaHU3MBI, KaK MPaBUJO, MPOEKTUPYKOT H
M3TOTARJIMBAIOT ¢ HYJCBBIMH KOJIECAMH U OJHHAKOBBIMH MOZIYJIS-
MH 00eHX map kosec. B 3ToM caytdae yciioBUsi COOCHOCTH MOYKHO
3amucaTh B CIIeAYIOLIEeM BUAE!

s cxeMbl AA Z;+Z, =2+ 25,

st cxeMmel JJ Z;—Z,=7Z3-2Z5;

s cxembl AJ Z;+Z,=7Z3—-2Z;

nmsi cxembl AJ Zz3=Z;+ 27,

2.3. YcaoBHe COoCeaACTBA (CMEKHOCTH)

ITO YCIOBHE COBMECTHOTO Pa3MEIleHHs] HECKOJIBKHX caTell-
auToB 1o obmmei okpy:kHOCTH. OHO Tpedyer, uToOBI IPH MHOTO-
CaTENNINTHON KOHCTPYKUMH (Koraa 4ucio catenautoB K Oosblie
eUHHULbl) COCEIHME CATENIMThl HE 3a/]€Bajld CBOMMH 3yObsMU
ApyT apyra. s 3ToTo COrnacHo puc. 5 A0MKHO OBITH:

a.>d, Toectbu,=d,+c,.

rie @, - PACCTOSIHUE MEXKY OCIMH COCEIHUX CATENINTHTOR, MM,
d, — nuameTp OKPYKHOCTH BepIMH 3yObeB HAUOObIIErO
U3 CATEJUTUTOR, MM
Ce — 3330p MEKIY COCCTHUMU CaTETUTAMU, MM.

180°

U3 tpeyronsunka 00;0; a,=2 (r; +r;) Sin

18¢0°

WIH 2 (r; t+ry)-Sin >

i ?

rine K — 491cyio caTeIUTOB,
IIpu HyIEBEIX KOJIECaX 3TO YCIOBUE HMEET CICAVIOMNK BUA,

180°\ Z +2h
> C o
= 7
K Z,tZ,
rae Z. — 4ucio 3yO0beB HAHOOBIICTO H3 CAaTC/UIUTOB;
%
h, - KO3(pPUIMEHT BLICOTHI TOJOBKH 3y0a.

Sin



B 3HameHaTene BbIPAKEHHs 3HAK «IUIKOC» CTABHUTCH MPH
BHELIHEM 3aLCTUICHHH, 4 K MUHYC» — IPU BHYTPEHHEM 3aLICTIJICHIH
OAHHOM Mmapsl KOJeC.

Jns cxembl MmexaHu3ma tuna AJ yciaosHe cOCencTsa MMEET

CIEAVIOIIHI BH:
i "
gl B B AR,
K Z,-Z,

Ecnu K < 2, T0 Ha yCnoBHE COCEACTBA MPOBEPKA HE NeN1aeTcs.

Puc. 5. K ycnosuio coceacrsa



2.4, Ycnosue cOopkn (yC10BHE PABHBIX YIJIOB MEKAY

CATE/INTAMH)
3yObsa BCcex caTeanuToB (koneca 2 u 2 Ha pucyHkax 1 - 3)

npu cOopKe OOJKHBEI TOYHO BOUTH BO BIAAWHBI LIECHTPAIBHEBIX KO-
nec 1 1 3. DTO yCIOBHE MOYKHO 3alUCATH CIEAYIOLIUM YPABHCHH-

CM:
Z,-Z,+Z, Z,

- ,
K-D
rae D — HanOonbimii 00Ul AenUTeNb Yucen 3yobeB Z2 1 £/
3HAK «MUHYC»— IJIs1 MeXaHU3MOB TUnos A4 u JJ |

3HAK (TLTIOC» — I MexaHu3MoB TunoB AJu AJ

N - uenoe uucho.
Ecnu N He paBHO nenoMy uucny, To cOopka HCBO3MOKHA.

2.5. YcaoBue NpaBUJIbLHOCTH 3aLIENJIeHUS

ITO yCIOBHE QOECMEUMBACTCS MPABHJIBHBIM BHIOOPOM MH-
HHUMAaJBHOIO 4YUCHa 3YObEB (Z,i;) TIPU JIOCTATOUHO HANEKHOH Be-
mnauHe KodhHLreHTa IEPeKPITU &, U IIPH OTCYTCTBHHU MOApe-
3aHUSA HOXKEK 3yObeB.

IIpu a=20" u k(,*=1 OPHUHUMAKOT Ly > 17,

npu By =0,8 - Zpin = 14.

3. METO/IbI HO/IOPA YHUCEJI 3YBLEB 3YBYATDHIX
KOJIEC B IIVIAHETAPHbBIX MEXAHHU3IMAX

H1s mexaan3ama tina AJ (puc. 4) MOKHO BOCTIONB30BATLCS
ABYMS METOJAMM. METOJOM, U3JI0KEeHHbIM B padbore [1], vunu me-
TOJIOM COMHOKHTENIEH, U3JIOKEHHBIM B paboTe [2].

MeTon, u3noKEHHEBIN B pabore [1], uMeeT, B CBOKO O4epensb,
IBa BAPUAHTA PELICHUS.



BapuaHnr 1
1. 3agpaeMcs HAMMEHBIIUM HHUCIOM 3YObeB BeayIuero (mep-
BOro) kojeca Zy.
Z]=I 7.
2. OnpenensiemM 4UCIO 3yObEB TpeThero kojeca Z;:
j(3) A

— 3
1H —]+_,
1

z, =z, -1)

Ecnu nonyyeHHOEe 3HaUe€HUE Z3 OKAXKETCA TPOOHBIM YHCIIOM,
TO OKPYIJIsIEM €ro 10 Omkaliiero Uesnoro.

3. OnpenensieM YHUCIO 3YObEB CaTeINTa £ U3 YCJIOBHS CO-
OCHOCTH.

mZ _ mZ mZ,.
3 2
VA :ZJ‘_ZJ.
? 2

Ecnu monyueHHoOe 3HaU€HHE Z2 OKaXKeTCA OpOOHBIM UHCIIOM,
TO onpeneneHne £z U £, cieayeT NOBTOPUTb, YBEIWHUUB Z; HA
eAMHULLY.
4. Onpenensiem uucno caresuimtoB K, ynaosaeTsopsiolnee
YCIIOBHIO COOPKHU:
Z, +7Z, _N
7 ;
rae /N — nrdoe 1eIoe YUCIo.
PexomeHayeTcst mpyHUMaTh Benuduny K ~ 2. .6, moacTas-
J5isl TOC/IEN0OBATENBHO B HUCXOAALLEM NOPsiAKe OT 6 10 2.
5. IlpoBepsieM yCnoBUE COCEACTBA.
JIJIs1 BHEIHETO 3aIEIIJICHHS

180°

(z,+2,) Sin >Z,+2h.
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JInst BHYTPEHHEro 3aUenieHust:
0
(z,-2,)- Sin 180

*
Jlns HopMmanbHOTO 3y0a i, =I, a s yKopoueHHOro kg,

>Z,+2kh,.
=0,8.

Bapuant 2
[Mpn onpenenennn 4yucen 3yObeB KONEC MCMOJIB3YETCS Clie-

IYHOLWAs CUCTEMa OTHOLIEHNUH
2(3) {3
Z; 'Zg .23 ‘N;; = ’m ((?) ) ’m
' 2

rae Ny- uesoe 4ncio.
Ipumep. Jdna mexaHusma tuna AJ (puc. 4) onpeacnuTs
YUCI0 3yObeB 3yOuaThIX KOJEC MPH CIAEOVIOLINX WUCXOOHBLIX HaH-

HbIX:
iV=5K=3m=4nm,

Pelienue
1. 3anuckiBaeM OQTHOLIEHUE
Zy:Z;: Z3: N,,—z— (5 - 1)—_

2. IlpuBOOUM MPABYK) HACTh OTHOLICHUS K OOLIEMY 3HAME-

HaTes ko (OH paBeH 6) U OTOpacbiBaeM €ro:
ZI.‘ZZ.‘Z}.‘ N0=60.9.. 24: 10.
3. 3Had, YTO ZLyiy = 17, BoiOupaeM oOWMIH COMHOXKHUTENDL ¥

AJ1s IPaBoro paja;
y=23
Toraa mony4uM:
Z,=6-y=6-3=18,
Z,=9.vy=9-3=27,
Z,=24.y=24-3=72,
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N,=10-y=10-3 =30 (N,= 30 - uenoe 4ucno).

4. TlpoBepsieM COOTBETCTBUE TMOJYHEHHBIX HHUCEN 3yObeB
3yOUaThIX KONEC YCIOBUAM COCEACTBA, COOPKH, COOCHOCTH, a Tak-
JKE TIePEaTOYHOTO OTHOIICHHUS - 3aJaHHOMY .

3.2. MeToa comHokuTeNeH [2]

ITo sromy Meroay moabop uucen 3yObeB 3y0uaTBIX KOJec
BEETCS TOJBKO MO IRYM YCIIOBUSIM - MEPeaTOMHOMY OTHOLIEHHIO
u coocHoctu. TTocne nondopa uucen 3yObeB neaardTCas MPOBEPKU
COOIIOICHHS VCIIOBHH COOPKH 1 COCEICTRA.

PaccmoTpuM 3TOT METOA Ha NMpuMepe MexaHusMa tuna AJ
(puc. 3).

Ipumep. [TogoOpars uncia 3yObeB ISl HYJEBBIX KOJIEC Me-
XaHU3Ma MPH CJAETYIOUIUX HCXOOHBIX JTAHHBIX:

35
. f 3 N _ _
’m) :?, mHiy 220 3=1mm K=3.

Perwuenue
1. OnpenensieM mMepenaToOYHOE OTHOMICHHE MEXaHU3Ma IpH
QCTAHOBJEHHOM BOIWJIEC,

i = 1-iff) =120 ==

*(H )
]

32
2. llpencraBnsgem uMvcauTesnb U 3HaMeHaTeNnb APoOU — B

-

BHIE MPOU3BEACHHUS MPOCTLIX YHCEN 4, b, ¢, d 1y BCeX BO3MOIK-
HbIX BAPUAHTOB!

Z, Z, b-d 32 4-8 4-8 216

" Z, Z, ac¢ 3 13 31 31
132 132 84 84

1-3 3-1 1-3 31
M3 BOCHMH TIOJIYUCHHBIX BapHAHTOB HY)KHO BBIOpaThb TOT,
KOTOPbIH MO3BOJAET MOJAYYUTh MMHMMANbLHO BO3MOKHbIE 4MCA

3yObeB, TO €CTh

(1)
|’13

12



Z, Z, bd_ 8-4
Z, Z, ac¢ 31

(1)
L3

3. 3amUChIBaeM YCJIOBHE COOCHOCTU MEpEnavu;
Z;+ZZ=Z3- Zgl
HJIH ¢ YIeTOM MozyJiel sanemenus €y (a +b) = ez (d - ¢),
roe €; U €;— 4UCia, KPaTHbIE MOAYJIAM 3aLErJICHUS.
Jaa npocTeliero ¢ayyasi MOXHO MPUHATD,
e;/=d-c e, =a+b.
Toraa ycnoBue COOCHOCTH 3aMUIIETCA B CIEAVIONIEM BUIE!
a(d-c)+h(d-c)=d(a+b)-c(a+h)
Z, Z, b(d-c) d(a+b) b d 8- 4

Z, Z, af(d-c) c(a+b) a ¢ 3-1
4. Onpenensiem uncna 3ybbes 3yduaTbix Kosec:
Zi=a (d-c) =3(4-1)y =9 v,
Z;=b (d-c) =8(4-1) =24 v,
Zy =c (a+th)=1(3+8)y=11 v,
Z3=d (a+b)=4(3+8) - y=44 v,
rae v — OOLHi 3HaMeHaTe b,
Torpa, npu v =2 noayuum:
Z}_le& 22:48, ng:22, Z3:88.
B pabore [2] maeTcst pekoMeHOALWsI OPHEHTHPOBATHLCA Ha
CIEeAVIOME COOTHOLLICHUS
2y>17; £2>20; £3> 83; £Z3-£,> 8.
B namiem npumepe 3TH peKOMEHAALMH COOJTIOIAROTCS,
5. IlpoBepseM ycaoBHe COOPKU;
N — £, - Z,+7Z,-Z, _ 18-22+48-88
K-D 3-2
Ionyuunoce menoe uucno (770), mostomy cbopka Oyaer
obecrneyeHa.
6. [TpoBepsiem yCcrioBue CoOCencTna:

=770

13



180°  Z.+2h,

Sin > ,
K Z, +7Z,
. 180° 48+2-1
Sin > ;
3 18+48
50

Sin 60° > —:
66
0,866 > 0,76,

Y CIIOBUE COCEOCTBA TAKKE BBITIOJIHIACTCA.
7. Pe3ynbTaThl pacyeToB uMces 3yObeB 3y0uaTbiX KOJIeC AJis
BCEX BOCbMH BapHaHTOB (cM. ¢. 13) 3anuceieaem B Tabnuuy 1.

Tabnuna 1

Pe3ynbTathl pacuera uncna 3yObes 3ybHaThIX KOaec

Bapuant Hucna 3y0beB Kosec
Z Z; Zy Zs
1 18 72 54 144
2 54 72 18 144
3 26 52 18 96
4 162 108 18 288
5 87 87 18 192
6 18 87 87 192
7 88 192 72 196
8 18 48 22 88

M3 Tabauue! | BHOHO, YTO HaHMMEHBIOHE TradapuThl OyaeT
HMEThL Nepenayda, CpoeKTHPOBaHHAS 110 BOCLMOMY BapHaHTY pac-
yera unciia 3yObeB KoJiec.

[ToaGop yucen 3yObeR KoMeC MIaHETAPHbLIX MEXaHU3MOB TH-
noB AA u JJ metonom comHoxuTeneit noaApoOHO pacCMOTPEH Ha
mpuMepax B padote [3].

[Toabop uucen 3y0beB KOJICC TIJIaHCTAPHBIX 3yOUATHIX MeXa-
HU3MOB MO 3aZaHHOMY NepeiaTOuHOMY OTHOLIEHHIO TpedyeT Bbl-
MOJIHEHHS 3HAYMTEILHOIO YHCIa MaTeMaTHYECKHX Onepaunii, rno-
3TOMY 3Ty 3aauy LUeaecoodpa3Ho pewaTsh ¢ NoMoLib IBM.
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B 0oabLIMHCTBE 3alaHWit HA KYPCOROE MPOCKTUPOBAHUE TIO
TMM 1ns CTYOCHTOB IOHCBHOM M 3204HONH dopM OOVUCHHSA
Tpebyercsi MPOU3BECTH T'€OMETPHUECKHI CHHTEe3 IIJIAaHEeTAPHOTO

MexaHusma Tuna AJ |, N03TOMY B HaCTOSLIUX METOAUYECKUX YKa-
3aHUSIX MPHUBOAATCA mporpamma «ZUB» nms nmopdopa uncen 3yOb-
€B 3y0UaTHIX KOJIeC B IJIAHETAPHBIX MEXaHH3MAaX 3TOTO THIIA, MPO-
rpamMa « KOLESO» nnis pacuera OCHOBHBIX T€OMETPHUECKHX Ma-
pPaMETPOB BHELIHEH napbl NPAMO3YObIX KOJIEC 3BOJIbBEHTHbIX
npodunei ¢ HEMOABUKHBIMH OCSIMHU.

4. METOIANWYECKHE YKA3SAHUA
K ITPOTPAMMAM «ZUB», <KOLECO»

4.1. Onpegenenne unce 3y0bes Z;, Z>, Z3 1 YhcIA
caresiuToB K

[IporpaMma cocTaBiicHa € YUCTOM CICAYIOWINX YCIOBHI [4].
YcoBue coceacTBa:

Sin % S(Z,+2)(Z,+Z,)

Ycnorue cOopku:
Li+Z:=a-K,
CA€ @ — LEJI0E NOJOKHUTENBHOE YNCHO.
YcnoBue COOCHOCTH:
Z2: (Z3-Z;) /2
JiA pacyeTra nepeaToyHOre OTHOUIEHHS Nepeaayd HCIIOUIb-
3yeTCs OJHA U3 ClieayroluX (OopMyJl B 3aBUCHMOCTH OT TOTO, Ka-
KO€ 3BE€HO B 3aJaHHOM CXEME Nepenavn NPHHATO 3a CTOHKY H Ka-
KOE€ BEIYLUUM:

i) =ZNZ,+Z,); il=Z,(Z,+Z,);

H.I
i =(Z +Z,) 7 ”»’—(Z +Z,)/Z,

Hy>1<H0 BLIOpaTh Takue 3HavueHus Z;, Z» . £3 u K, xotopbie
Obl yIOBJNIETBOPAJN NEPEUHCAEHHbIM BbIILE YCJIOBUSM W olecre-
YMBAJIM C JOCTATOYHON TOYHOCTBHK) MEPENATOUHOE OTHOLIEHHE,
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onpeaenseMoe Mo COOTBETCTBYIOLLEN NS 3aJaHHOH cxembl (op-
MyJie.

[Ipu pelieHUH 33144 HYKHO BBIOPATh M3 HECKOJBKUX BapH-
AHTOB ONTHUMAJIBHBIH, T.¢. 0OCCTICUMBAKOLINA HANMCHBLINE rada-
PUTHBIE Pa3MEPHI ITEPEaavu.

[Ipn cocTaBneHMM MNPOrpaMMbl MCMOABL30BAH CJIEAYIOUIHI
ANrOPUTM.

1. 3amaemcs 3HaueHHEM £;=17.

2. PaccuuThHIBa€M UYHCNO 3YObEB Z3 MO ONHOM U3 GOpMyN B
3aBHCHMOCTH OT TOTO, KaKO€ 3BEHO 3a/1aHO BEIyIUHM H KaKoe He-
MOABHKHBIM:

Zs= Z;(1-1,) / iy, xorna Benyuee 3seHo — Boauno H, He-
MOABHAKHOE — KOJeco 3, Koneco 4 (BHEUIHEeH OTKPBLITON nepeaayu)
HaXOJHUTCS HAa OJTHOM BaJly ¢ kKojiecoM I

(TIP=1; i =i’)):

Zs=Z;4, / (1-iy ), xorna Benyiee 3geHe — Boauno H, ue-
MOMBUKHOE - Kojeco I, koneco 4 (BHEIHEH OTKPBITON Mepenayin)
HAaXOAUTCS HA OJTHOM Bajly C KOJECOM 3

(TIP=2; i, =i}7)

Zs=£,; / (i,-1), xorna Benyuiee 3BEHO — KoJeco 3, HENOA-
BUKHOE — Koneco I, koneco 4 (BHElIHeN OTKPBITON nepeaaiu) Ha-
XOMUTCA HA OTHOM Bany ¢ Bonuiaom H

(TIP=3; i, =i{}));

n_ "3H/-
Z;=£,;-(i,-1), xorna Beayuiee 3BeHO - KONeCO I, HEMOABMIK-
HOC — Koneco 3, koneco 4 (BHENIHEH OTKPHITOH mepenavyu) Haxo-
JTUATCS HA OMHOM Bally ¢ Boauaom H
(TIP=4; i =i{).
B cnyudasax nonyueHust ApPOOHBIX 3HA4YeHUI uucen 3yObes
OHU OKPYTJIAIOTCS A0 LENbIX YHCel, MPUYEM TakuM 00pa3oM, uTo-
Obl uucno (Z3- Z2) nenunoch 0e3 ocTarka Ha 2,
3. OnpenensieM M3 YCIOBHS COOCHOCTH 3HaueHue Z,. Ecnm
OKaxKeTcsi, uTo £ < 17, To BCE NMpeAblayLMe 3Talbl HY’KHO MOBTO-
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pATBh, TIPEOBAPUTENBHO YBENUUHBAs Z; HAa €OHHHLY OO TeX Top,
MokKa BCe yucia 3yObeB KoleC NIaHeTapHOrO MexaHu3Ma He OyayT
Oonbiue 17,

4. ITpunumaeM K ot 6 10 3 ¥ npoBepsieM MOCICACBATENBHO

ycioBue cocenactra. Ecnu nonydaem, uto Sin| — (Z +2)
K iZ +Z, ’
npuHumMaem K=2 (mpu K=2 ycnoBue cOCEACTBA BBIMOJHAETCA BCe-
raa).
Ecnau nonyuum, uto an — (Z +2) yeenuunBaem K
’ iZ +Z,)

Ha €IMHULY U BHOBb MPOBEPSEM, BBIMOJHAETCA 1M YCIOBHE CO-
CE/CTRA.
Haxonum Takoe 3HaueHue K, npu koTopom

Nz, +2) fz,+2)
(Z +1) ( +Z)

5. Beruucnsiem cymmy Sy=Z3;+Z; u nposepsieM, NCTUTCS JIH
S, na K 6e3 ocratka.

Ecmu menurcs, To 3anauda pemena. Ecnu .$; nemurces Ha K ¢
OCTaTKOM, TO HE YAOBJIETBOPAETCs yCiIoBHE cOOpKH. B nTOoMm ciy-
4ae HY:KHO yMeHbUWUTh K Ha €IUHULY U BHOBbL MPOBEPUThL YCIO-
Bue coopxu. I1pu K=2 370 yCIOBUE BCeraa BbITOJIHAETCS,

B kKypcoBOM TpOEKTE KPOME CHMHTE3a IIAHETAapHOTO 3y0ua-
TOr0 MeXaHN3Ma TPeOyeTCsl TakKe BBIMOJHUTh T'€OMETPHUECKUI
pacyeT MIMHAPHIECKOH 3y04aToil rmepeaavyd BHELIHErO 3arernie-
HUSI.

éin —

Sin

4.2, PacyeT reOMeTpHYECKUX NAPAMETPOB Napbl
3y0UaTBIX KOJIec
MuUHUMATBHBIA KOPPUIIMEHT CMEUICHUS s MIeCTEPHH 4
npu Z,<17 onpenensiercst no hopmyne:
17-Z,
Xin = 74
17
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3HadeHHue x; MPUHUMAETCA PaBHBIM X, WIH Oonblie (OK-
PYTJIHTD A0 AeCATHIX AOJCH).
Koaddpuument cmemenus misg 3y0daToro koneca 3 Xs mpu-
HHMAETC S
a) paBHBIM X4, B 3TOM Cjydae MPOEKTHPYETCS PpaBHOCMeE-
IEHHOE 3aleIuieHue; npH Zs < 27 He peKOMEHAYETCS MPHU-
HUMATh |¥5 [>0,2 BO U3DCIKaHUE MOAPE3aHUST HOXKKHU 3y0a;
0) paBHBIM 0;
B) M3 YCIOBHS HAHOONbIIEH KOHTAKTHOM MPOYHOCTH,
r) no ONOKMPYIOLIEMY KOHTYPY M3 YCIOBUS odecnedeHus
HAUOONBIIETC X3 U APYTUX YCIOBUH,
Jlanee, ¢ y4eTOM Xy X5 U 33JIAHHBIX 3HAUCHUI M, Zyu Zs |
10 NPHUBEACHHbIM HIDKE (OPMyIaM PacCUHTBHIBAIOTCA PaguyChl
OCHOBHBIX, JCJIUTCIBHBIX, HAYAIbHBIX OKPYKHOCTCH, a TakyKe OK-
PY>KHOCTEH BEPLIMH M HOKEK 3yObeB, TOJNMHEI 3yObeB MO ANH-
TENbLHOW, HA4YaJbHOH, OCHOBHOH, a TaKXe MO OKPYXKHOCTH BEp-
IIHMH, BBICOTA 3YObEB, YroJ 3alleIeHH, KO3(PIUITHECHT NepeKphI-
THSL.
Pacuer OCHOBHBIX NapaMeTrpoB 3y0YaToro 3auenyieHus npo-
M3BOANTCA MO CEAYIOILHM (opMmyam.
Panuycel A€TUTENBHBIX OKPYKHOCTEH, MM
r~=0,5 mZ,,
F'5:0,5 mZ 5.
Pannycel OCHOBHBIX OKPYYKHOCTEH, MM
Fpy=FsCOS O,
Fp5—F5CO8 (A,
roe a@=20" - yron Haknona npodus 3y0a HAPE3AMOLIEro HHCTPY-
MEHTA,
Paanycel Ha4anbHbIX OKPYKHOCTEH, MM:
Fivs=Fps/COS Gy,
¥.5=Fp5/COS G,
TOe Oy — YIoJT 3aLeIICHHS.
Pagnycel OKpyKHOCTEH BIAAHH, MM
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re=03 m(Z,— 2,5 +2X);
f’f5=0,5 m{Zs—25+2Xs).
MexoceBOe pacCTOsIHUE, MM:
d=Pws T Pys = 0,5m (£, + Z5) cos a /cos a,,.
TpuronoMmeTrprueckass (GYHKUHS HHBOJIOTHL Yria 3aLerie-
HIA
inva,=inva+2[(X,+X)NZ,+ Z£5)] tg a,
rae thy o =1g & — a.
(yron a 6epercs B pannanax, « = 20° = 0,349 pan);
inva =10 0149
[Io BBIMHCIEHHOMY 3HAUYEHHIO iNV O, 110 Tabmuie (CM. IpH-
NOXKEHUE) HUJTH HOMOrpamMe [5,6] HAXOAUTCS yron 3aLenieHNs ¢,.
Panauycsl BepirH 3yObeB, MM:
Fag =thy—Fp5— 0,25 m;
Fas= e —Fg— 0,25 m.
[ar 3auennenus, MM:
p=mm.
TonuiMHa 3y6bER MO ASNTUTENBHOUN OKPYKHOCTH, MM
S =m(0,5x +2X, 1g a);
Ss=m(0,57 +2X;51g a).
TonmuHa 3yObeB 110 HAYANBHOH OKPY>KHOCTH, MM!
St =g [(Se/ ¥y + 2(inv a — inv a,)],
Sus =15 [(S5/75) + 2(inv a — inv a,)/.
TonmuHa 3y0beR MO OKPYKHOCTH BEPLIHH, MM:
Soi =21 f( 0,5+ 2X gg 0) / (£, Hinv o — inv a4y,
S5 =2rs[( 0,57+ 2X5 tg a) / (Zs+ inv a —inv a,5),
TA€ IRV Gat = IE Gap— Oay , INY Gus = 18 Cg5 — Qg5 |

r
= arecos 2=

o = (H‘CCO?—J .
af ' ® "
a5

rn4
3HaueHHus napameTrpoB Suy U S5 HE AOKHBI OBITH MEHbLIE
0,23 m BO H30€KaHHUE 3a0CTPECHUA 3yObEB.
PaauanbHBINA 3a30p, MM;
*

c=c m,

ay
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*

rie ¢ - kKO>QOPUIHEHT paaranbHOTO 3a30Pa;
® -
¢ =025
Bricora 3yda, Mm:
h=(h, +c —Ay)m,
rae k- k03 PUIHEHT BHICOTHI FOIOBKH 3y0a

(h. =1 — pna nopmanbHoro 3yba; k. =0,8 — i yKOPOYEHHO-

ro 3yda),
Ay — k03 PHIHEHT YPaBHATEIHHOTO CMEMICHHS;
Ay =X+ X5,
rae y — ko3prumest BOCNpHHHMAEMOro CMelleHUs
y=(a,—a)/m;
a=ryt+rs,

rIe ¢ — OEIUTENbHOE MEKOCEBOE PACCTOSHIIE, MM.
KoadduumeaT TOpLHOBOTO NEPEKPHITHS:

o 2 2 2 2 ye e
g, = K.Jr(” —-r, +Jf’,,5 -t —a, -Sina, )/ (P-wsa)]

3HayeHHe KO3PPHIIHCHTA &, AOTKHO ObIThL OOJbIIE 1,2,

4.3. Tlopsanoxk padoTHI ¢ NMPHKIAAAHBIMH NPOrPpAMMAMH
ZUB u KOLESO

ITporpaMmel HaxXOAATCS HA XKECTKHX AMCKAX MEPCOHATBHBIX
KOMIILIOTEpOB B Oubnunoreke « TMM», Kaxknas nmporpaMMa UMEET
no Tpu daiina;

1. @aiine ZUB.FOR u KOLESO.FOR, Ha KOTOpBIX 3amuca-
HBI JIMCTHHIH (TEKCTHI) nporpamm Ha sa3bike FORTRAN.

2. @aitel ZUBEXE u KOLESO.EXE — BBIIOJNHACMEBIC
daiiner,

3.@aiinbl ZUB.DAT u KOLESO.DAT, na koTOpbIX 3arnmu-
CHIBAXOTCS M COXPAHSIKOTCA HEOOXOMUMBIC UCXOJIHBIC TAHHBIE,

Pabota ¢ mporpaMMamMu TPOUZBOAUTCS B CICAVIOMIEM TO-
psaOKe:
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1. 3anuChIBAIOTCHS M COXPAHAIOTCH HMCXOJHblE AaHHbIE. [
BTOTO HYKHO BbICIUTH HasaHue aiina (ZUB.DAT wunu
KOLESO.DAT) u Haxkatuem KnaBHLIM BBICBETHTb HA JKpPaHe
coaepxaHue ¢aiina ans  pepakruposaHus. OTpesakTHPOBATH
(BMHCATh CBOW HCXOJHbIE JaHHbIE) U 3aTEM COXPAHHUTb HAXKATHEM
KJIABH LU . BeIiiTH U3 pexxuma peaakTHPOBAHUS, HAXAB KJIABU-
my ESA

2.  Beinenuts Haszeanue daiina (ZUBEXE  wunu
KOLESO EXE) u 3anycTuth nporpaMmy Ha CHeT HAKATHECM Kia-
guiu [ENTER|.

3. IIporpaMma pou3BEaeT pacueThl U COXPAHUT PE3yJIbLTaThl
B aBToMatudecku co3maHHoMm  ¢aiime  ZUB.OUT  wunu
KOLESO.OUT.

4. Buimeants Ha3zpaHue (aina BBIXOOHBIX  JAHHBIX
ZUB.OUT unu KOLESO.OUT u Haxkatuem kiasuwn [F3 BICBe-

THTBb €10 COACPIKAHHUEC HAd JKPaH AHCILICA OJIA IIPOCMOTPA H dHAJIH-
3a.

5. TlepenucaTtb pe3yabTaThl B COOTBETCTBYKOLIWN pa3aci
pPacyeTHO-MOACHUTEbHON 3aMUCKH (UM CAENATh pacreyaTky).
6. Ilocne 3apeprieHus padOThl BBIATH U3 PEKUMA PEaKTU-
posaHusi, Haxxas knasuily [ESC| u biiiTH u3 Ondmuotexku « TMM,
ITPUMEYAHHWSA: 1. UcXOTHBIMHA MaHHBIMU JJIsT POTPaMMBI
ZUB aBIAOTCS TUI MeXaHu3Ma (BO BCEX
380AHMSIX HA [POCKTUPOBAaHHE 3T0 4"
THIL, KOTJA BPALICHUE MEPEenaeTcss OT Ko-
geca 1 x sBoauny H npu HEnoasM:kHOM
Kojnece 3) M MepesaTOuHOe OTHOLIEHHWE
MJTAHETAPHOTO MEXaHH3Ma.
2. McxonHpIMH AAaHHBIMH JJIST IIPOTpaM-
mbl KOLESO sBistorcs umcna 3yObes
Konec Z; U Zs BHEIHEH CTYIICHH, MOIYJb

m 3TUX konec M KO3PPULIHEHThI cMelle-
Hus Xy Xs.
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Tabnuua 2
O003HauYeHKs NapaMeTpoB 3y0uaToi nepeaayu U 3y0uatbix KOJaec

0O6o3Ha- HUaentu-
HanmeHnoBaHue napamMeTpoB X
UCHHC (duxaTop

1. Hucno 3yObeB 3ybuaroro koeca | Z; Z1
2. Yucno 3y0ObeB 3yOuaToro koseca 2 Z Z2
3. Hucno 3y0ObeB 3y0uaToro koneca 3 Z; Z3
4. Yucno 3y0beB 3yOuaToro koneca 4 Z, Z4
5. Yucno 3ydbeB 3y0uaToro komeca 5 Zs VA
6. KoanuecTBO CaTeILIUTOB K, K
7. TlepenatouHoe OTHOIIEHHE i U
8. Moaynb 3auennenus, Mm m M
9. Vron 3anenjicHus, rpan Ch, AL
10. KosdpduuueHT TOPLOBOTO Tmepe-

KPBITHS Eur EA
11. Panuyc nenurenbHOH OKPYKHOCTH

KoJjeca 4, MM Fy R4
12. Papuyc nenuTenbHOW OKPYKHOCTH

KoJieca S, MM rs RS
13. Paguyc OKpy:XHOCTH BIaJAuH 3yObCB

KoJeca 4, MM Frs RF4
14. Pagnyc OKpY;KHOCTH BHaJAWH 3YObEB

KOJIECa 5, MM s RFS
15. Paanyc Okpy:KHOCTH BEPLUHH 3yOb-
eB xojeca 4, MM Yas RA4
16. Pagiyc OKpy>XHOCTH BEPUIUH 3Y0Ob-
€B KoJIeca 5, MM Fus RAS
17. Paguyc OCHOBHOUW OKPYKHOCTH KO-
neca 4, Mm 7, RB4
[8. Paauyc OCHOBHOH OKPYXHOCTHU KO-
neca 5, MM Tbs RB5
19. BBICOTa FONOBKH 3y0d, MM h, HA
20. BricoTta 3y0a, MM h o
21. PagnanbHelii 3a30p, MM ¢ C
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IMponon:keHue Tada. 2

HanmeHnoBaHUE MapaMeTpoOB Ob6ozna- | MacHTu-
YCHUE dmkaTop

22. Hlar 3auenieHus, MM p P
23. Tomumua 3yOBEB TIO ACNUTENBHOIM
OKPYXKHOCTH KoJieca 4, MM Sy S4
24. TonwnHa 3yObeB 1O OeIHUTeNbHOH
OKPY>KHOCTH Kosieca 5, MM S5 A%
25. ToauHa 3yObeB Mo HavaJbHOM OK-
PYKHOCTH KOJIECA 4, MM A Sw4
26. ToammuHa 3yO0BCB O HAYANIBHON OK-
PY’KHOCTH KOJleca 5, Mm S5 SWs5
27. TonwuHa 3yObeB MO OCHOBHOH OK-
PY;KHOCTH KoJieca 4, MM Shs SB4
28. TonwmuHa 3yObeB MO OCHOBHOM OK-
PYXXHOCTH KOJieca 5, MM Shs SB3
29. TomunHa 3yOBCB IO OKPYKHOCTH
BEPLIHH KoJieca 4, MM Sas SA4
30. TomwmnHa 3yObeB MO OKPYKHOCTH
BEPLIUH KOJieca 5, MM S.s SA3
31. JenutenbHoe MEXKOCEBOE pPaccTos-
HUE, MM a A
32. MeXOCEBOE PACCTOSIHHE, MM My AW
33. Koadpduunent BOCPUHUMAEMOIO
CMELLIEHHUA y ¥
34.  Koapduuuent ypaBHUTEIBHOTO
CMELEHMUS Ay DY
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IIpunoxenune 1

3HaueHHs 5BOJILBEHTHON PpyHKUNM inva = §=Ig a — @

VYroa ¢ | lopsapox | 0,07 | 100 | 207 | 30° | 40 | SO
20 0,0 149 | 153 | 157 | 161 | 165 | 169
21 0,0 173 | 178 | 182 | 187 | 191 | 196
22 0,0 200 | 205 | 210 | 215 | 220 | 225
23 0,0 230 | 236 | 241 | 247 | 252 | 258
24 0,0 263 | 269 | 275 | 281 | 287 | 293
25 0,0 300 | 306 | 313 | 319 | 326 | 333
26 0,0 339 | 346 | 353 | 361 | 368 | 375
27 0,0 383 | 390 | 398 | 406 | 414 | 422
28 0,0 430 | 438 | 447 | 455 | 464 | 473
29 0,0 482 | 491 | 500 | 509 [ 518 | 529
30 0,0 337 | 547 | 557 | 567 | 577 | 588
31 0,0 398 | 608 | 619 | 630 | 641 | 652
32 0,0 664 | 675 | 686 | 698 | 710 | 722
33 0,0 734 | 747 | 759 | 772 | 785 | 798
34 0,0 811 | 824 | 838 | 851 | 865 | 879
35 0,0 893 | 908 | 922 | 937 | 951 | 967
36 0 098 | 100 | 101 [ 103 | 1045 | 106
37 0 108 | 109 | 111 | 113 | 1145 | 116
38 0 118 | 120 | 122 | 123 | 125 | 127
39 0 129 | 131 | 133 | 135 | 137 | 139
40 0 141 | 143 | 145 | 147 | 149 | 151

25



OCT | §T0| 091 [ LIT|TPO|O9T | TI'T | 9€°0 | €91 | TOT | T€0 | €T [ LLO | OTO [ €¥T | ™ | '

160 TTL|#90]92°0 | TTL | €F0 | 0L0 | COTL | TE0 990 | £670 | STO| €90 [ 850 [ 0€0 | "X

UL 1€0 [ €€T| €0l [ 81 [ 8P 1| ¥60 | 9€0 | 81 | 88°0 | TEO | €51 [ £90 [ 1TO | 0€1 | X
8870 | #C 1| <0 | 920 | 811 | 0F0 | 8970 | 201 | 620 | 890 | 260 | 020 | £9°0 | s£0 [ ogo |~ | <"
00T | 9¢0 | 80T [ 060 [8£0]0CT |80 | LEO|OET | TLO|VEO | THT| €0 |TTO[EOT ||,
98°0 | 01 [ 0870 | $L°0 [ 801 [ 8F°0 | £9°0 | €670 [ 0£70 [ €90 €870 [ €170 {090 |9L0f0€0|™X] "~
€810 | Th0 | 98°0 | 1870 | 0F0 | ¥610 | TL0 | 860 | TOT | €90 S€0 | ¥OT | 8410 | 9T0 | 880 | X | .

€80 [9TT[98°0|TLO|FOT[650]€90]|680|0t0]|090]|6L0|9T0|LS0[0L0[0€0 |
L90 | 6€°0 | 89°0 [ £9°0 [ 8€0 | ¥9°0 | S0 | TEO | €L 0| 820 | 8TO | 990 |~ |

£9°0 [ €670 | 8970|0970 | 1870 [ 0970 [ €S0 [ ££70 | 8€°0 [ 8670 | 2970 | 0€°0 | X

PO | FEO | FS0 | 90| 6T0 | +9°0 | €€0 | STO [ 1970 | X
FS0 | L0 | 750 | 80 | 790 | 7€0 | 6F0 | 250 [0£0 | ™| *
PE'0 | 8T0 | S0 | #€°0 | TTO | 0€70 | °X ol
PO | 80 [ SHO| €O | €C0|0€0 | ™| 7
9£0 | £T0 |80 | ™|

9€°0 | LY'0 | 8€°0 | X

d o e | ) € d ) € d Q E d ) E
8¢ (44 81 <1 ar X |z
¥z

26

OTMHET'OLE KMHOUaULOAIOD W HIJONHOLOOJOHEH — 9 “QUIEH BH MIOOHROA — O THIJOHROJI HOHINELHOM
EMHSMIMEOL OJSMILUOQURH — £ JHHAOLIDA €1 BdALHON OJOHTOXOU KUHIMAKD 0LHAHT(EON BUHAIhEHE
7 oMHaXOUUd]



