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Jlekums 1.
1.1 OcHOBHbBIE IOHATHS U OTIPeIeSIeHUS.

TGOpI/IH MCXaHHN3MOB M MaIIMH 3aHUMACTCA HCCICAOBAHHCM H pa3pa60TK0171
BBICOKOITPOU3BOAUTCIIbHBIX MCXAdHHU3MOB M MAallIH.

Mexanusm — COBOKYIIHOCTBL IIOABHJKHBIX MATCPpUAJIbBHBIX TCJI, OAHO U3
KOTOPBIX 3aKpPCIIJICHO, d BCC OCTAJIBHBIC COBCPIIAIOT BIIOJIHC
OIIPCACIICHHBIC JBHXCHHA, OTHOCHUTCIIBHO HETIOABHUKHOI'O

MaTEpUaIbLHOTO TeNa.

3BeHbsl — MaTepHUAIbHBIC TENA, U3 KOTOPBIX COCTOUT MEXAHU3M.

CroliKa— HETOJBUKHOE 3BEHO.

Croiika wu3o0paxaercs 4&.-- ; KOHQuUrypauus ctoiiku B Kypce TMM He
u3ydaercs. 3B€HO, KOTOPOMY M3HAYalIbHO  COOOIIAETCs JBUKCHHE, HA3bIBACTCS
BXO/IHbIM (Ha4yaJIbHbIM, BEAYIIMM). 3BEHO, COBEpIIAIONIEE JBUKECHHE, IS
BBINIOJIHEHHSI KOTOPOTO MpeJHa3HAYeH MEXaHU3M — BBIXO/IHOE 3BEHO.

Kpusomunno-
MOJI3yHHBIH
MeXaHHU3M

Puc.1

Ecau 310 KOMIIPECCcOop, TO 3B.1 — BXOAHOE, a 3B.3 — BBIXOJHOE.
Ecnmu sto mexanusm JIBC, To 3B.3 — BXOAHOE, a 3B.1 — BBIXOIHOE.
KunemaTrnyeckasi mapa — NmOJBM)KHOE COCIMHEHUE 3BEHBEB, TOIYCKAIOIIEE HX
OTHOCUTEJIBbHOE JIBI)KEHHE. Bce KMHeMaThyeckue Mmapbl Ha cXeMe 0003HadyaroT
OyKBaMU JJaTUHCKOTO andasuta, Hanpumep A, B, C u 1.1.
Eciu & , 1o K.II. — BpamaTensHas ; eciii , +% To IOCTynaresbHas.
[Topsanok HyMepaluy 3BEHbEB:

BXOJIHOE 3BEHO — 1;

CTOWMKA — MOCJIEIHUN HOMED.
3BeHbs OBIBAIOT:

® IIPOCTBIE — COCTOAT U3 OJTHOU JIETAIIN;

® CIIOXKHBIE — COCTOSIT U3 HECKOJIBKUX, JKECTKO CKPEIJIEHHBIX IPYT C

JIPYTrOM M COBEPIIAIOIIMX OJHO JIBUKEHUE.

Hanpumep, matynHas rpynna mexanusma J[BC.
3BEHbs, COEAMHSISICh IPYT C APYTOM, 00pa3ytoT KHHEMATUYECKHUE 1IETH, KOTOphIE
pa3iersoT Ha:

® IIPOCTHIE U CIIOKHBIC;

® 3aMKHYTBIE U Pa30MKHYTHIC;
IIpumep 3aMKHYTOM KMHEMATHYECKON J
L[EeNH Ha puc.l;
IIPUMEDP PA3OMKHYTOH LIETIU:




1.2 Knaccupukanus MammH
MammHa — TEXHMYECKOE YCTPOMCTBO, B pe3yibTaTe OCYIIECCTBICHUS
TEXHOJIOTHUYECKOT0  TpoIlecca OMPeACJICHHOTO poja, MOXKHO
aBTOMATH3UPOBATh WM MEXaHU3UPOBATh TPY/I YEIIOBEKA.
MaivHbl yCJIOBHO MOYKHO Pa3/euTh Ha BUJIBI:
® DJHEPreTUYECKHUe;
® TEXHOJIOTHYECKHUE;
® TPaHCHOPTHEIE,
e uHbOPMAIMOHHEIE.
DHepreTuyecKrue MallluHbl Pa3IeioT Ha:
® IBUTATEIH,
¢ TpaHCc(HOPMHUPYIOIIKE MAIIIHHEI.
JIBUraTeib — TEXHUUECKOE YCTPOMCTBO, MpeoOpasyrollee OAWH BHUI DHEPTHH B
npyrou. Hanmpumep, JIBC.
TpanchopmaTopHasi MamMHA — TEXHUYECKOE YCTPOMCTBO, MOTpeOIIsIoNIee
HHEPTHUI0 U3BHE U COBEpIarollee Mmojie3Hyo padory. Hanpumep, Hacochl, CTaHKH,
MIPECCHI.
TexHuueckoe 00beIMHEHNE JABUTATEINS U TEXHOJIOTHYECKOW (pabodeil MaliuHb) —
Mammnnbiii arperat (MA).

Bremmui Mepenar. PaGouas TexHoornyeckuii cpena
npoiiecc Ne-nw MEexXaHUu3M MawuHa

7 }
rd

Y

CHCTEeMH
YnpasneHus

Mn | &}1\/ M2|
GhH W 1)

JlBuraTenb HMMEET ONPENETICHHYI0 MEXaHMUYECKYH XapaKTepUCTHKY, padouas
MalmHa Toxke. MexaHndeckne XapakTepUCTUKH YKa3aHbl B TEXIIACIIOPTE.
®; — CKOPOCTh, C KOTOPOI BpaIlaeTCs Bajl IBUTATEIIS;
®; — CKOPOCTh, C KOTOPOU OyAET BpalaThCs IrI1aBHBINA BaJl paboueil MalllHbI.
®; ¥ O HY’)KHO TIOCTaBUTh B COOTBETCTBHE JIPYT APYTY.
Hanpumep, uncio o6oporos n; = 700 06/MuH., a n, = 70 06/MuH.
YToOBl PHUBECTH B COOTBETCTBHEC MEXaHWUYECCKUE XapPAKTEPUCTHKU JIBUTATEIS U
pabouell MamIMHBI, MEXIYy HUMH YCTaHABIWBAIOT TIEPEIATOYHBIH MEXaHU3M,
KOTOPBIH UMEET CBOM MEXaHHUECKHE XapaKTCPUCTUKH.

up2=wl/w2=700/70=10

B kauecTtBe nepeaaTovYHOro MCXxaHmn3ma MOryT OBITH MCITOJIb30BAHBI:
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¢ (PUKIMOHHBIE MepeAayu (C UCIIOJIb30BAHUEM TPEHUS);
® [[EMHbIE NIepeiauu (MPUBOJ MOTOIMKIIA);
e 3y0yaTble Nepeaayu.
B kadectBe pabodeil MammHBl ~— HamOoOJee YacTO WCIONB3YIOT PHIYAKHBIC
MEXaHU3MBI.
1.3 OcHoBHBIE BUbI PbIYAaKHBIX MEXaHU3MOB.
1 Kpusowunno-non3yHuwiii MexaHusMm.
a) IIEHTpaIbHBIN (puc.1);
0) BHEOCHBIN (J1I€30KCHUANIbHBIN) (pHC.2);

D € - OKCOCHTPUCHUTCT

T
4

Puc. 2
1-xpuBomMM, T.K. 3B€HO COBEPUIAET MOJIHBIM 000POT BOKPYT CBOEH OCH;
2-IaTyH, HE CBSI3aH CO CTOWKOM, COBEPIIACT TIOCKOE JBIKEHNUCE;
3-MoN3yH (TOPILIEHB), COBEPIIAET MOCTYMATEIbHOE ABMKCHHUE;
4-cToliKa.
2. YemuvipexuiapHupHolil MEXaHu3M.

2
1 B C

A
0 D

A
3BeHbs 1,3 MOTYT OBITH KPUBOIITUTIAMHU.
Ecnu 3B.1,3 — KpUBOILIUIIBI, TO MEXAHU3M JIBYXKPHUBOIIUITHBIIA.
Ecmu 3B.1 — kxpuBommn (coBepiiaeT MOJHBIA 000pOT), a 3B.3 — KOPOMBICIIO
(coBepIaeT HEMOJIHBIN 000POT), TO MEXAHU3M KPHUBOIITUITHO-KOPOMBICIIOBBIH.
Ecnu 3B.1,3 — KOpoMBICTIa, TO MEXAHU3M JIBYXKOPOMBICTIOBBIIA.
3. KynucHviti mexanusm.

1 - xpuBoOILLIHII,

2 - KaMeHb KYyJMCHI (BTYJIKa) BMECTE ¢ 3B.1 coBepIaeT MmojaHbIi 000pOT BOKPYT A
(ol 1 ®2 ogHO M TOXE), a TaKXKe JBMKETCS BIOJIb 3B.3, MPHUBOIAA €ro BO
BpaIllCHUE;

3 - KOPOMBICJIO (KyJnca).



Ha 3B.3 BbIOMparoT TOuKy B3z ¥ BbIOMpaloT B JaHHBIMI MOMEHT Tak,

; yTOOBI OHA COBIIAIaIa ¢ TOYKOH B.
Ve= IAB
D Vos = Vo + Vee
| ABLAB | B,D
4.I'uopoyununop

(B KHHEMATUYE€CKOM OTHOILICHUH MOJI00€H KYJIUCHOMY MEXaHU3MY).

B nporiecce npoekTUpOBaHUsI KOHCTPYKTOP PEILIaeT ABE 3aa4u:
e aHaaM3a (UCCIEIyeT FOTOBBIA MEXAHU3M);
e cHHTe3a (MPOEKTUPYETCS HOBBIA MEXAaHU3M I10 TPEOYEMBIM MapaMeTpam);

Jleknus 2.

Anannu3 PbIYa’KHbBIX MEXaHU3MOB.

B nanHO# rnaBe OyIyT pacCMOTPEHBI BOITPOCHI:

1. CTpYKTypHBIH aHaIM3 MeXaHn3Ma (M3yueHre CTPOCHHSI MEXaHU3Ma);

2. U3y4€HHE KJIAaCCOB U BUJOB KUHEMATHUYECKUX Tap.

3. ompeieNieHUe Ynciia CTeneHel CBOOO bl MEXaHU3Ma U ONIPE/IeNICHne  HAINYUs
WJIM OTCYTCTBUS M30BITOYHBIX CBSI3€H; B ClTydae HAJIU4Ms — JaTh PEKOMEHIAINH
M0 CIOCO0Y UX YCTpaHEHUS;

4. KHHEMAaTUYECKUN aHaJu3 MEXaHU3Ma.

2.1 Knaccupukanusi KHHEMAaTHYECKUX Nap

Ilpumeuanue:.
Kunemarnueckass mapa CyHIeCTBYeT, €CIU HE MPOUCXOIUT AedopMaiuu
3BEHBEB, O0PaA3YIONIUX 3Ty Napy, U HE JOJDKHO MPOUCXOJUTh OTPhIBA 3BEHHEB
OJIHO OT JAPYroro, o0pa3yrwix KHHEMaTHIECKYIO mapy.

Ipumeuanue:
OrpaHudeHusi, HaKJIaJblBacMble Ha HE3aBUCHUMBbIC JBIDKCHHUS 3BEHBLEB,
00pa3yIonux KHHEMaTUYECKYIO Mapy, Ha3bIBAIOTCS — YCJAOBUSI CBSI3U S.

Ywucno creneHein CBO6OI[BI MEXaHHu3Ma
W=S+H,



rae H — moaABHKHOCTD.

JIroboe He3akperuieHHOE TeJ0 B MPOCTPAHCTBE MMEET 6 CTeneHe CBOOOJbI, Ha
IUIOCKOCTH — 3.

Knaccuduxaiys KHuHEMaTHUYECKUX Map MPOBOIST JUOO MO YKHCITY CBsA3eH, JIMOO 1Mo
YUCITY TTOJABUYKHOCTEH:

Yucno cBsa3ent Knacc KII Yucno moaBuKHOCTEN
S=1 P H=5
S=2 P|| H=4
S=3 P||| H=3
S=4 PIV H=2
S=5 Py H=1

CymiecTByeT 5 KI1acCOB KHHEMAaTHYECKUX Tap.
Kunematnueckue mapbl MO XapakTepy KOHTakTa 3BeHbeB, oOpasyrommx KII,
pa3ensoT Ha:
1. Hu3mue:
e BpalllaTEJIbHBIE;
® [IOCTYyIATEJIbHbIC;
2. BBICIIIHE.
Konrakr 3BeHbeB B Hu3men Kl ocymectsisieTcs mo noBepxHocTu. KoHTakT
3BeHbeB B BheIcnier KII — mubo mo jgmHmMHM, 100 B TOUKE.

2.2 CTpyKTYypHbIii aHaau3 Mexann3ma. CTpoeHue MexXaHu3Ma
OnpenesieHue Yuc/ia creneneii cB00OAbI PbIYa:KHbIX MEXaHU3MOB.
2.2.1  Ilnockue mexanuzmol.

B mtockoM MexaHu3Me BCE 3BE€HbS IBUKYTCSA B OJHOU MJIIOCKOCTH, BCE OCH
MapajuiebHbI APYT JPYTY U MEPICHAUKYISPHBI IIIOCKOCTA MEXaHU3MA.
OOPMYJIA YEBBILHIEBA :  W,,=3n -2p, P,

['ae n — 4KCiI0 MOJABMKHBIX 3BEHBEB MEXAHU3MA, Py, — yucio Husmux K11, p, —
yuciio Beicmux KIT.

n=3

P.=4

p==0
W=33-24=1

Puc. 2.1

2.2.2  IlpocmpancmeenHvie MexaHu3mbi.

B npocTpaHCTBEHHOM MEXaHU3ME OCH HEIapaJljieibHbl, 3B€HbsI MOTYT JABUTATHCS B
Pa3HBIX MJIOCKOCTSIX.

W= 6N - (5py+4pnv+3pin+2pu+Pr)
JlomycTuM, 4TO MEXaHU3M, M300pakeHHbIM Ha puc. 2.1 — mpocTpaHCTBEHHBIN U
BCE KHHEMaTHUYECKHE Maphl 5-TO Kiiacca, T.€. OqHONoABUX HBI Ay,By,Cy,Dy, Torna
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W= 60 - (5py+4piv+3punt2pi-pi)
W,,=63-54=-2 - craruuecku Heonpeaenumas Qepma.
Jst monmyueHust W e, =0, HEOOXOAMMO T0OABUTH 3 JTBUKEHUS.

q: Wz[eﬁCTB - Wnp =1- ('2) = 31

rae q — u30bITOYHbIE CBSI3H.
Jns  Toro d4roObl WX YCTPaHUTh, HAAO M3MEHUTh KJIACC HEKOTOPBIX
KMHEeMaTH4YeCKUX TMap, Mpu 3ToM Henb3s u3MeHsaTh kinacc KII A. Iloatomy,
caienaem KII B — cdepuueckum mapHupom, T.e. 3-To Kiacca (1ob6aBum 2
noaBmkHOocTH), a KIT C — 4-ro knacca (mo6aBum 1 moaBmxkHOCTh). Toraa

W,,=63-(52+41+31)=18-17=1

n
DOPMYJIA COMOBA-MAJIBIIIIEBA: W ,=6n-XS;+q
i=1
2.3. KunemaTuyeckMid aHAJIU3 PbIYAKHBIX MEXaHNU3MOB.
2.3.1  OcHosHbie nouamus u onpeoenenus.

3aBUCUMOCTh JIMHEHHBIX KOOpJAMHAT B KakoM-TMOO TOYKE MeEXaHu3Ma  OT
000011IeHHON KOOpAUHATHI — JIUHeHHasi QYHKIUA MOJI0KEeHHUS JaAHHOI TOYKH B
MPOEKIHUAX HA COOTBETCTBYIOLIHE OCH KOOPAHHAT.
Xe= (o)
3aBUCUMOCTh  YIJIOBOM KOOPAMHATHI KaKoro-mmbo 3B€Ha MeXaHHu3Ma OT
0000LICHHON KOOPAMHATHI — YIJIOBasA (PYHKIHUS N0JI0KEeHHs JAHHOI0 3BeHA.
¢2=f(¢1)
[lepBasg mpou3BoAHas JMHEWHOM (YHKLHMH IOJOXKEHUS TOYKH MO OOOOIIEHHOU
KOOpJIMHATE — JIMHEWHAs MepeaTouHasl PyHKIUsl JaHHOW TOYKU B MPOEKUUAX Ha
COOTBETCTBYIOIIME OCH KOOpPAMHAT (MHOTJA Ha3bIBAIOT «aHAJIOr JIMHEHHOMN
CKOPOCTH. ..»)

dx, %
do, ~ V= do, Vo
dx, dt _
dt dg Ve
dx, dt
= c —— a)l
dt de,
Ve _
o, chx
ch = - chx ch = - chy

2 2
nojHast ckopocthb T. C OyaeT V.= VutVy

[lepBas mpou3BojgHAsi YIJIOBOM (YHKIMM TOJIOKEHHUS 3BeHa MO O000OIEHHON
KOOpIMHATE — MepPeIaTOYHOe OTHOILIEHHE.
do, dt @

do, =U, dt ®, = U,
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Bropas mnpousBoaHas JHMHEHHOW (PYHKIMHM TOJOXKEHUS 1O O0O0O0OIIeHHON
KOOpJAMHATe — AaHAJOr JIMHEHHOr0 YCKOPeHMsi TOYKHM B TMPOEKUMSIX Ha
COOTBETCTBYIOLIHE OCH.

d*X. _ d?y, _
d(P12 aqcx d(Plz aqcy

Bropas mpousBoaHas yrioBoll (GyHKUMM TOJOKEHHUS 3BEHA MO 00O0OIIEHHOM
KOOpJIMHATE — AHAJIOT YIJI0BOI0 YCKOPEHUsI 3BeHA.

2.3.2 Ananumuueckuti cnocob onpeoeneHus KUHeMamu4ecKux

napamempos poluaniCHblX MeXaHU3MO8.
Hano: oy, lag, Iss2, lec, lac
OnpenenuTs: Vi, aj, 0y, ;.
JIJIs WccneoBaHus IUIOCKMX PBHIYaKHBIX MEXaHH3MOB IPH PEIICHWM JIaHHOM
3aJa4d  IeJecoo0pa3HO  HCIIOJIB30BaTh METOJI IPOCIUPOBAHUS BEKTOPHOI'O
KOHTYpa Ha OCH KOOpPJIUHAT.
Jliis onpeneseHust GYHKIIMHM TOJ0KeHUsT Touku C MpeIcTaBUM JITMHBI 3BCHBCB B
BHUJIC BEKTOPOB.
YcaoBue 3aMKHYTOCTH JTAaHHOTO KOHTYpA:

IAB+IBC=IAC (1)
| o COS @ + ], COS @, = X, (2
e SN @ — e sing, =y (3)

——

puc. 2.2 u3 (3) cnexyer, 4TO

¢, =arcsin w (4)
BC
[Tponuddepenumpyem (3) mo 0600LIEHHON KOOpAUHATE:

do, IAB'COS(Pl
-COS @y + | oo COSP, - —2 =\/__ L (5)
| ae - COS @, + [~ COS P, do, M?Ty | -cosg, Uz

[Tponuddepennmpyem (2) mo 06001IEHHOM KOOPAUHATE:
de

_IAB'Sin(Pl_ IBC'Sin(PZfd_(pi:chx
chzml.VQCx
V =y 0

V = VotV

Ecnu HeoO6xoaumMo onpeaenuTh GyHKIIMH MOJ0KEHUS LIEHTPa Macc, TO BbI I€JIUM
BEKTOPHBIN KOHTYp ABS,
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VYcnoBrue 3aMKHYTOCTH JIAaHHOTO BEKTOPHOTO KOHTYpa
UMeeT BUJI:

IAB+ IEss,2 - IAS2 (6)
| e COS 0, + IBSZ "COS O, = X,
* |AB-sin 0, — |BSZ -sin @, = ySz

[Tpomud depeniupyem (7) mo o00600IEHHONH KOOpAWMHATE W IMOJYyYUM aHaJIOTH
JMHENHBIX CKOPOCTEN TOUEK Sy B IPOEKIIMAX Ha OCU X U Y:

(7)

Vszx =0 Vqszx
Vszy — O Vqszy (9)
V., = Vet Ve,

Jleknus 3.

AHaJIM3 MAIIUHHOIO arperara.

B nanHoii rmaBe OyAyT pacCMOTPEHBI CIEAYIOIIUE BOIIPOCHI:

1. Cuiibl ¥ MOMEHTBI, AEUCTBYIOIIME B MAIlIMHHOM arperare.

2. Ilepexom OT pacUeTHBIX CXEM MAIIMHHBIX arperaToB K JUHAMHYECCKUM
MOJIEISIM.

3. Pacuer ycunmii B KWHEMATHUECKUX Mapax OCHOBHOTO MeXaHW3Ma  pabodyeit
MaIlUHBI.

4. OnpezneneHue 3aKOHOB JIBH)KEHUS TJIaBHOTO Baja (BXOJHOrO 3BeHa) paboueit
MAalllUHbl MOJ JEHCTBUEM MPUIIOKEHHBIX CHJI U MOMEHTOB MPH PA3TUYHBIX
pexuMax paboThl MAIIIMHHOTO arperara.

3.1 Knaccudguxamusi CHJI 1 MOMEHTOB, 1eCTBYIOIIUX B MAIIMHAX U UX PACUYET
3.1.1  Hsuowcywue cunvt u momenmol Fy u M.

PaboTa ABMKYIIMX CHJI 1 MOMEHTOB 3a IMKJI MoJIoKuTeIbHa: A >0.
LUK — MpOMEXyTOK BPEMEHH, IO UCTEUECHUIO .
KOTOPOTrO BCE KHHEMAaTHYECKHME MapaMeETpPhI
NPUHAMAIOT [E€PBOHAYAIIBHOE 3HAYEHUE, a
TEXHOJIOTUYECKUH MPOLECC, MPOUCXOASIIMM B 0 N’ 2
paGouell MalIMHe, HayMHAEeT TIOBTOPATHCA %1
BHOBbD. IHEA

3.1.2  Cunvt u momenmor conpomuenenust (F,M,).
PaboTa crs1 1 MOMEHTOB COIIPOTHBIICHHMS 3a IIUKJ oTpuiiaTeiabHa: A<0.
3.1.3  Cunvt msocecmu (Gj).
PaboTa cuiibl TsKEeCTH 3a LMK paBHA HYtO: Agi=0.
3.14  Pacuemmvie cunvt u momenmol (Ds; My;).
®s; Mg; — ['maBHBIC BEKTOPHI CHJT HHEPIIMU U TIABHBIC MOMEHTBI OT CHJI MHEPITUH.
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3.1.5  Peaxyuu 6 kunemamuyeckux napax (Qj).

IMonsiTHe 0 MEXaHMYECKUX XapPaAKTEPUCTUKAX.

M,
MexaHuueckas XApaKTCPHUCTHUKA 3-x q)aBHOFO ACHUHXPOHHOTI'O
ABUI'aTCJILA.

W

p.Ma

Nunukaropnas nuarpamma J[BC

. \ H — X0 nopiiHs B HOPITHEBON MaIINHE
p.lla o

(paccrositHue Mexay KpalHUMU
MOJIOKEHUSIMU TTOPIITHS )

HarHeETaHHE

p.Ma
WNHnukaTtopHas quarpamma Hacoca
H S.m
ey Kak nmpaBuiio, U3 macrnopTa U3BECTEH I[I/IaMesz MOPIIHS, 1O
HEMY MOKHO OMPECNIUTh Iuromans S,= mw'd“/4, Torma cuia:
F=pS,

IIpaBu10 3HAKOB CHJI U MOMEHTOB!
e (Cusa cuuTaeTcs MOJ0XKUTEIBHOM, €CJIM OHA 10 HAMPABJICHUIO COBMAIACT C
HaIpaBJICHUEM JBUKECHHS TOTO 3BEHA, K KOTOPOMY 3Ta CHJIa MPUIIOKEHA.
e MOMEHT CUMTAETCS MOJOKUTEIBHBIM, €CJIM €r0 HAMPaBJICHUE COBMAIAET C
HaIlpaBJICHUEM YTJIOBOM CKOPOCTHU BpalllEHUs IaHHOTO 3BEHA.
HMest MeXaHUYECKYIO0 XapaKTePUCTUKY TTOPITHEBON MAIIMHBI U YYUTHIBAS MIPABHIIO
3HAKOB, €€ MOYKHO TMIEPECTPOUTH B TpauK CHIL
OCHOBHO# BBIBOJ:
B Teuyenue Bcero mukiia paboThl MOPIIHEBON MAaIIMHBI CUja, TPUIOKEHHAs K
MOPIIHIO, OYJIET U3MEHSTHCS KaK 0 BEeJMYMHE, TaK U 0 HAMPaBJICHUIO, 3TO B
CBOIO O4Yepeab MPUBOJUT K KOJICOAHHSM YTJIOBONW CKOPOCTH TJIaBHOTO Baja
paboueil MaluHBI.
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3.2 IloHsiTHe O pacyeTHOH CXeMe MANIMHHOIO arperara M mepexoja OT Hee K
TUHAMUYECKON MOJEeJIN.

Ha pacyeTHOl cXxeMe€ MAIIMHHOTO arperata OTMEYAlOT OCHOBHBIE CHIIOBBIC
bakTophl, NEUCTBYIOIIME B MAIIMHHOM arperare; OCHOBHBbIE MAacChl 3BEHbBEB,
BIIMAIONIMX HA 3aKOH JBWKEHHS MAIIMHHOTO arperara; OCHOBHBIE >KECTKOCTH
BAJIOB.

M3 MHOXecTBa MacC BBIJACJIEHBI 3 OCHOBHBIE, OKa3bIBAIOUIME CaMoOe€ OO0JIbIIOE
BHUMAaHUE HA 3aKOH JIB)KCHUS.

PacuetHas cxema — 3-X MaccoBasi AJUHAMUYECKasi MOJIEb.

Jlmst  onmucaHua 3aKoHA JBWXKEHUS 3-X MACCOBOM JMHAMHUYECKOM MOJECIH
HeoOxoaumo 3 nmuddepeHIanbHbIX ypaBHEHUS.

Ecnan monoxuTh XKECTKOCTh €1 —» o0, TO MOYKHO IEPEUTH K JABYMACcCOBOW MOJEIU
(HeoOxoauMo 2 nud. ypaBHEHUS).

Ecau monoxurth )KECTKOCTh C; —» o0, TO MOJIYYHUM OJJHOMACCOBYIO JUHAMHYECKYIO

moensb (puc. 3.1).
Mz

3BEHO
npuveeaeH1A

Puc. 3.1
Mo>kHO UMETH 2 BUIa OJJHOMACCOBEIX JUHAMHUYECKUX MOJIEIICH:
1. Ecnu 3BeHO mpUBEICHUS COBEPIIACT BpaIlaTeIbHOE ABMKEHUE, TO
O0JIHOMAacCOBasl MOJIE/Ib UMEET BUJ]

Mz

—-——,

3BEHOD

npusenesus  3aKOH IBHIKEHUS JOJDKEH OBITH OJIUH,

P = Py o3TOMY Oy = 01, Py = Q1

/UJM=UJ‘

YpaBHEHHE NBUXKEHHUS MOKHO 3alMCaTh OJHUM YPAaBHEHHUEM, B BUIEC U3MCHCHMS
KUHETUYECKON SHEPTHMU:

T _THal{ - Az
IEHB . (05[ (pM KOH p
T_Tﬂaq:(pj‘ MZ d(‘PM

2. Ecnu 3BeHO NPUBCACHNUA COBCPUIACT IMOCTYNIATCIIBHOC ABMKCHUC, TO
oagHoMaccoBasg MOACIIb UMECT BU:

—-c—:-—_:.r‘,: Fl;l:) ;MB X Vj Smkon p
3BEHD o —_— = =
anBE.ﬂEHHﬂ/Q et m?® 2 Tﬂa‘l .[ Fz d S

SM HAY

DTOT BUJ paccMaTpuBaTh HE OyJIEeM.



14

3.4 IlpuBeaeHue CHUJI M MACC K 0OTHOMACCOBOM TMHAMMYECKOH MO/IeJIN.
(o1 — 00001IIeHHAs] KOOpIMHATA.
Ly sy S, 2maz,ls, Hy>Ho onpenennuTs 3aKOH IBUKECHUS 1-ro
3BC€HA JJAHHOT'O MEXaHU3Ma.
Hano: @1, 01, lag, lec, les2, Ga, Gs, F3, ls, Iso.
Onpenenutp, KaKk U3BMEHSIETCSA M.

Puc. 3.2
[Tpu mepexoae OT pacyeTHON CXEMbI K OJHOMACCOBOM MEXaHWYECKOW MOJCIH 3a
3BCHO HpI/IBeI[eHI/IH, KakK HpaBI/IJ'IO, HpI/IHI/IMaIOT TO 3BC€HO, 3aKOH JBHXXCHMHA

KOTOPOIo OImpCACIATOT.
3BEHO IMPpUBCACHUA — 3B. 1; I/I306pa?>I/IM OJHOMACCOBYIO MOJCIIb:

3.4.1 Ilpusedenue macc.

HpI/I nepexoae otT pacquHoﬁ CXEMbI K MOJICIN H€O6XOI[I/IMO 00€ecIreunTh
pPaBCHCTBO KUHETUYECKOU OHCPIrun 3BCHA HpHBeﬂeHHOﬁ MOJCIN M pPCaibHOI'O
MEXAaHHU3Ma.
TMoz(: TMex .
Kunetnueckas OHCPIUA MOACIMU HOOJIKHA 6I>ITI> paBHa KUHETUYECKOU OHCPIUH
BCCIro MEXaHMU3MaA.
TMO,Z[ = THOCT + TBan.l
IHP .(,02 2 2
2 M :zmi'Vi +Z|i'®i
2 2 2

KHHCTHYCCKAA KHHCTHNYCCKAA KHHCTHUYCCKaAsA

JHEPIrus MOJIeJIH JHEPIrus MOCTYIl. JHEPIrusl Bpamar.
ABHMAKYIIL.3BEHbEB JIBHXKYII.3BEHbEB

B namem cnyuqae:

IHP ‘(02 2 2 2
> Mzms'Vc+m2'Vsz+|52'®2+|51'(Dl
2 2 2 2 2

2 2 2 2
TP V V () .
IZ :ms'(w_;] +m2'(0)_;2j +|sz($} +|51'[$}
0y — M

o 2 2 2
IZ “Ms Ve T M Vg + Isz'U21+ |51
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Jleknus 4.

MPs

COOTEETCEBYET 3IBEHY 3

np
Ian(BMecTO Mi; NOCT.ABMX.3B. J)

np
cooTBETCBYET 3BEHY 2 Izn (BMeECTO M, NOCT.ABMX.ZB. 2]

M';';-:——\

I3 (emecTo 10 Bpaw. aBuX.38. 2)

np
My
COOTBETCBYET 3BEHY 1

™ Ii(EMmecTo 1§ Bpauw asmx.se. 1)
E

/mmn= Wy
np 1P P P TP

IZ - IlBP+ IZBP+ |2n+ I3H

HpI/IBe,Z[eHI/Ie MacCC OCHOBAaHO Ha PAaBCHCTBC KHHCTHYCCKHX 3HepFI/If/'I PCAIBbHBIX

3BCHBLCB U 3BCHA IIPUBCIACHUA OHHOMaCCOBOﬁ MOIOCIIN.

Ecnu TpebyeTcst onpenenuTs KaKyo-I1100 COCTaBIIAIONIYIO |§ , HarpuMmep |,. ., TO
3aIIMCHIBAIOT PABEHCTBO:

Tz BP TMOI[
2 P 2
Is, - @ _ l26r " O
2 2
2
mwo ®, | 2
I2BP Isz (COMJ Isz Uz,
4.1 IlpuBeneHue cul.
Ay — pabora CyMMapHOro MPUBEICHHOIO MOMEHTa Ha €ro BO3MOXHOE
IIEpPEMEILCHHE.
T - THaq = AE
I;P o2 Pwm kon .
2 - THAq = IMZ d (PM (1)
Pm HAY

[IpuBeneHue cuia OCHOBAaHO HA PAaBEHCTBE CEKYHIHBIX padOT (MOIIHOCTEN)
peanbHbIX CUJI U MOMEHTOB, MPUIIOKEHHBIX K 3BEHBSIM MEXaHHM3Ma, Ha HX
BO3MOXHBIX TMEPEMENICHUSIX M CYMMapHOTO NPHUBEACHHOIO MOMEHTA,
MPUIOKEHHOTO K 3BEHY MPUBEJEHUS, HA €r0 BO3MOXKHOE MEepEMELIECHUE.

n 1
MP dg, =2 Fds;+> M do, 4

MHZp coy = Y F v, -cos(F, /‘\vi)+ZMi Lo,

v, A o,
MP =>F-——-cos(F *v;)+ > M- —
> oy, (F Vi) Z Lo,

—— =
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nepeaar nepeaaroy
pyHkuus OTHOLIIEHUE

Mlg’ =Y F -V -cos(F, /‘\vi)+ZMi U,

Bwmecto cuitbr 5 — MOMeHT |\, -
3

Ecin HeoO0XoAMMO OmpeneiauTh KakKylo-ITM0O0 COCTaBIISIIOILYI0 CYMMapHOIO
PUBEJCHHOTO MOMEHTA, HAIPUMEP M., , TO HEOOXOMMO 3allHCaTh PABEHCTBO:

Aye =AC

M 3
Me ., =F V. cos(F “V,)
MgP -F Ve .cos(F " V.)

4.2 BoiBoa ¢opmyJibl 1JI51 ONPeAeIeHUS 3aKOHA JIBUKEHHUS 3BeHA NPUBeIeHUA
B (popMe KHHETHYECKOI JHePTruM (oNpeaeieHne ©,,).

u3 BeIpakeHus (1) momyyaem, 4To M, paBHA

2-(A THAq
o= | Bx * Tuns) 2)

IF[P

2
4.2.1 Onpeoenenue Ax(epaguuecxuii memoo).

Juis onpenenenus Ay He00X0AUMO MOCTPOUTh rpadpux My =f(¢p,).

M;P OIIPCACIIACTCA 110 BBINICIIPUBCACHHBIM 3aBUCHUMOCTIM.

I'paduk Ay CTPOHTCSA METOIOM IpahHuecKoro HHTErPUPOBAHHS |\],

CyTh MeTOa: HA MPOJAOHKEHUHN OCHU a0CUUCC CIeBa BHIOMPAETCS MPOU3BOJIBHBIN
oTrpe3ok uHTerpupoBanus OK, uem OH JniuHHEe, TeM OoJjee
nojoruM Oyaetr rpadpuk Ay . 3aTeM IUIOWIA[b MOJ KPUBOU
M(p;) Ha KaXIOH UTEpallMd  3aMEHSETCA  IUIOLIAbIO
PaBHOBEIMKOIO IIPSIMOYTOJIBHHKA.

ME
Hm 3

b M=ty - 14 -OK
Q. Hep
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4.3 Onpenesenune 3aK0HA JBUKEHHUS 3BE€HA NpUBeeHUs B

nuppepeHunanbHON popme (onpeneseHne € 3BeHa NIPUBEACHUS).

YroOnr m36aBuTHCS OT uHTErpana B (1), mpoauddepenmupyem (1) mo 06o6meHHON
KOOPIMHATE @y, IIOTYIHM
1P 2 TP
20|y 4O @, 4|
2.d@ 2.d@
N dﬂ 2 mp
Dy IZ dt +0)M'd|z:MnP
ip " adp M:
dt
TP 2 TP
_Ms  w, 9y
1P 1P
I 3 2-1 D dg (3)

g dt
=My | dt

Ew

d I1P
4.3.1 Onpeoenenue dIZ epaghuyeckum mMemooom .
M

Crtpoum rpadux . IHZP =f(p,)
MP P G IP TP TIP
Iz =l et Lot L
P P
IZ = |
W
const var

1P
III

1o o
z B coorBeTcTBUM C OIpeAcICHUEM MPOU3BOJHOU

MPOBEIEM KAacaTelbHYl0 K KPUBOM B TOYKE 1 H
ONPENEIINM TAHT€HC YTJjia HAKJIOHA 3TOW KaCaTEJIbHOW.

Jlst 3TOrO MpOBEIEM HOpMaJb Yepe3 TOUKy 1. Toraa

C
tgf = —
95 100

d I;P i d(ylgrll’lj) =&dy|gl’ :&tgé
a@ dix,/p) u, 9%, W,

dy K oo
dp 100

100
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4.3.2 Onpeoenenue Eyuppenu NO U3BECMHOMY 2PAPUKY @,=f(P1).

w
Mo
do do do d(y,/u,)
SM:—-—:—-Q):(DM-—:
dt do do d(x,/u,)
T d
) L S 7 T
N K, d(X,) Ko
2 z
= t g
L rae 195= 1705

4.4 Pe:xkumbl pad0Thl MAIIMHHOTO arperara.

@ -
W
Epera ('p BOEMA (p
pERMa Fewia
a) paseou 6) mopmoodceHue (8vibez)

w I

? Bl

® m

e AR
2)

8) 0e3y0apHblli OCMAHO8

puc. 4.1
a),0),B) — HEYCTAaHOBUBIIUHCS PEKUM;
I') — YCTAHOBUBIIUICS PEKUM.

4.4.1 Onpeodenenue 3aKoHO08 O08UNCEHUSL 36€HA NPUBEOCHUS OOHOMACCOBOLL
OUHAMUYECKOU MOOeNU NPU HEYCMAHOBUBUIEMCS pedicume padbombl

MAWUHHO2O0 azpezcamada.

VYrioBast ckopocTh onpezensiercs no (2).
YrinoBoe yckopenue onpeaensercs mo (3).

Bpewms pexuma onpezensiercs o Gopmyre:
( KOH d(pM

t=j(DM

¢ Hay




19

Jlekums S.
5.1 Omnpenenenue 3aKOHOB JBHKEHHS /JI YCTAHOBHMBILIEIrOCS PpPeKUMA
padoThI.
Wy
\\)‘f\\)‘f\\)‘_ |
Q)] +® .
) _ UM max M min
Oyamin| Pop e Oy cp = 5

OTKIIOHEHHS] YTJIOBOM CKOPOCTH OT CPEOHEr0 YPOBHS  XapaKTEepU3YyeTCs
K03 PuIeHTOM HEPABHOMEPHOCTH O

Oy max ~ OM min
o=
Oy cp

Koadduument O omnpenensercss S3KCOEPUMEHTAIBHO U I PA3IUYHBIX MAallluH
UMeeT 3HAUCHUS:

1.2 MAaIIUHBI YAAPHOTO JEHCTBUS (ITPECChI, MOJIOTHI)
5 10

1 1
— = nojaurpaguyeckKre MaluHbl (HACOChI)
20 50

1 1
— s ANEKTPOreHepaTOPbl IEPEMEHHOIO TOKA
50 100 P patTop P

1
.1 ANIEKTPOTre€HEPATOPhI MOCTOSIHHOTO TOKA
~100 500

Jli1s onpeniesieHrst yriiloBOM CKOPOCTH

v~ | P !
>
P P P
e Iz =L 1
W

const var

Jlnst Toro 4ToOBI yAEpKWUBAaTh KOJEOAHWUS YTJIIOBOM CKOPOCTH , B 3aJlaHHBIX
npenesnax, onpeaeasieMbix K03 GUIIMEHTOM HEPaBHOMEPHOCTH O, TIEpBasi rpyIina
3BCHBEB JOJDKHA UMETh (|, ) mosx

5.2 Bbi6oo popmynvt Ons onpedenenust (|, ) usosx -

W3meHeHnE My OT My max AO Oy min TPUBOJUT K H3MEHEHHMIO KHHETHYECKOM
SHEPruM NepBoi rpyibl 3BeHbeB (AT)), KOTOpOE paBHO:
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AT D = (I:_IP)HEOBX '(Dlz\dmax B (I :_IP)HEOBX '(Diflmin _
|

(IHP) i i
=%'(@MW_(DMmm)'( max+0)Mmin)

_(DM max T OM min
Oy cp = 5

8_(DM max — OM min

Oy cp
(AT|)MAX = ( FP)HEOBX -0 (Di/[ CP
(AT))
(IFP)HEOEX = N leAX (2)
"M cp

TN, [ y ]
) =——, |pawc
'M CP 30
[Ipn ycraHoBUBLIEMCS pexuMe padOThl NpHU ompenaeiaeHuu o, Gopmyny (1)
HANpSMYIO MCIOJIb30BaTh HENb3S, T.K. HEU3BECTHO Ty,q, MO3TOMY 3aJ1a4y PEIIAIOT,
ucrob3ys Mmetoa Mepuasosa (cm. MY o KII).

OmnpenesieHue peakuuii B KHHEMATHYECKUX MApPax PbIYAaKHBIX MEXaHU3MOB
0e3 yuera TpeHHS.

JlanHas 3a1aua MOKET OBITh pericHa:
1. aHAIUTUYECKHUM CIIOCOOOM;
2. TpaduyecKkuM crocodoom.

Ananumuueckuii cnocoo:

N300pa3uM cxeMy KpHUBOIIUITHO-TIOJI3YHHOT'O MEXaHU3Ma.
Hano:
F3, G1, @s1, Mo, Gy,
Ds,, Mgz, Gz, D3,
ji, &, Vi, 4;.

Fz  OnpenenuTs:
M; u Qj

3agady HAUYMHAIOT pElIaTh C TOTO 3B€HA, K KOTOPOMY MPUIIOKEHA U3BECTHAS CUJIa
i MoMeHT. KpoMe Toro, BBeJIeM MOHSITHE BXOJAHOM 1IapHUpP (TPOCKIUU PEaKIUn
Q Ha OCH X W y MOJOKUTEIbHBI) U BBIXOAHOM MmapHup (mpoeknnu peakuuu Q Ha
OCH - OTPULIATEIIbHBI).

PaccTostHue OT BXOJHOIO IIApHHpA A0 LEHTpa MacC 3B€HA — P, a PACCTOSIHUE OT
BBIXOJ/IHOTO IIAPHHPA JI0 IIEHTpa Macc 3BeHa — (.
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3BeHo 1
[[TapHup A - BXOJHOU

[ITapuup B - BeIXOgHOM

3BeHO 2
[Tapuup B - BxogHOMI

[apuup C - BEIXOAHOU

3BeHO 3

[Ipu pemenuu 3amaum ucnob3yercs npuHiun Jlanambepa

CDSi =M, 'asi
Mo=—8&" ISi
3 3BEHO:
X
Qc = F3+q)83
Y
Qc + Q34 - Gs
2 3BEHO:

Q.- Q.=
Q;_QZ:®;(2+GZ

Q,*P,~ Q.*T,= M.,
Q,p.-Q,p,-Q.-0, +Q. 0, = M.

1 3BeHO:
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Q.-Q,=d.
Q.-Q.-d.+G,
Q.*P.~Q,*T,~ M.=M.,
Q.p,~Q.p.-Q, 0 +Q, 0 - M= M.

CocTaBUM CHCTEMY YPaBHEHHI B MAaTPUYHOUN (hopMme:
nemsBectH [ Qa" | Qa | Qg | Qg” | Q¢ | Qc” | Qaq M;
ble
F3t+®Ds4 0 0 0 0 1 0 0 0 Qn"
Gs 0 0 0 0 0 1 1 0 Qn’
D" 0 0 1 0 -1 0 0 0 Qg”
Dg,+ 0 0 0 1 0 |-1 0 0 Qp’
G, = X
Mo 0 0 p | Pt | -0y | @y 0 0 Qc’
Ds,” 1 0 -1 0 0 0 0 0 Qc’
Dg,+ 0 1 0 |-1 0 0 0 0 Qs34
G,
Mo p | -pt o | G 0 0 0 -1 M;
b A X
Orta cucreMa pemaercs Metofom [aycca.
Y4er TpeHus NpH oNpeae/IeHNH Peakluil B KHHEMaTHYeCKHUX Iapax.
Tpenne ABJISIETCS CJI0KHBIM (U3MKO-XUMUYECKUM IIPOLIECCOM,

CONPOBOXKIAIOIIMICA  BBIACIEHMEM  TEIUIAa. OJTO  BBI3BAHO  TEM,  4TO
MEPEMEIIAIOIINECS TEJIA OKA3bIBAKOT COMTPOTUBIIEHNE OTHOCUTEILHOMY JBHKEHMUIO.
Mepoil MHTEHCHBHOCTH  COINPOTMBIICHHS OTHOCHUTEIIBHOMY  II€PEMEIICHUIO
ABJIETCS cuiia (MOMEHT) TPEHUSI.

Pa3nuyaror TpeHue KauyeHWs, TPEHUE CKOJIBKEHHMS, a TAKXKE CyXO€, TPAHUYHOE U
KUJKOCTHOE TPEHHE.

Ecnn CyMMapHas BBICOTA  MHUKPOHEPOBHOCTEH B3aUMOJICHUCTBYIOLINX
ITIOBEPXHOCTEM:

e (oJIblIE, YEM BBICOTA CJIOS CMA3KH, TO - CyX0e TPEHHUE.

® PpaBHA BHICOTE CJI0S CMA3KH, TO - TPAHHMYHOE TPECHUE.

e MeHbIIe, YEM BBICOTA CJIOS CMA3KH, TO - KHIAKOCTHOE .

Yuem mpeHnus 6 nocmynameﬂbHod KUuHemMamu4eckou nape.

be3 yuera TpeHuMs peakuusi HaIpaBjieHA MO HOPMAaId K B3aUMOJICMCTBYIOLIUM
noBepxHoCTsAM. [Ipu yueTe TpeHus pe3yabThpyromas peakiuus Q,; OTKIOHSETCS OT
oO1iet HopMaJii Ha YroJl TPeHHUs @ B CTOPOHY MTPOTUBOIIOJIOKHYIO HAMPABICHUIO

1 e

s
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ABUXKCHUS.
oe3 yucTa TpCHUA C YUCTOM TPCHUA
Q, Via FTp:inz'tg (P
— tgo=f
FTp:inZ'f

Ko3ygdunnent Tpenus f onpenensercs SKCIEPUMEHTAIBLHO U 3aBUCUT OT MHOTHX
(hakTOpoB.
Yuem mpenus 6o epawjamenbHoll KUuHeMamuyeckou nape.

//2 // [
04
¢ 1 - nanda
o I'y - paauyc nandgsl
A - 3a30p
p - paJnyc Kpyra TpeHus;
p= OlC

0o,C
O,K
M.= le'OlC = Q12' ru'Sin ¢

[Mpu maneix yrmax ¢ Sin @ =tg ¢ =f. Torna :

M= Qu 1y f
IIpu yuere TpeHus Bo BpawmarenbHor KII pesynprupyromas peakuus OTKIOHSAETCS
OT 00IIIel HOpMaJIM Ha YroJl TPEHUS (¢ U MPOXOIUT KACATEIbHO K KPYIy TPeHHs

pamuyca p

N3 AO;CK = =singp =2 0,C=0:Ksin @

5.3 Kpamxkue ceedenus no onpedenenuio KIIJ/[ (1) mawunnozo acpecama.

A yerper KIIJ[ mammHHOTrO arperara paBeH OTHOIICHHUIO PadOThl CUII

II.C.

n= AHI/IKﬂ—yCT.peX(. MOJIE3HOTO COMPOTHUBJIEHUS K padoTe IBIXKYIIMX CHJl 3a
AR CHIL LMKJI YCTAaHOBUBILIETOCS PEKUMA.
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I1.C

T] __t _ Pn.c _ Mc * Mgyix 38 _ Mc
A}:[B,C P;[B.c Mﬂg,c ’ O‘)BXBB M;IB_C' uBX.—BbIX
t
(’OBX 3B
uBX.—BbIX = 0)— n<l1
BBIX.3B
a) onpenenenue KII/ mpu nocienoBaTeibHOM COCIMHEHUN MEXaHU3MOB.
PBXOI[ = P;[
- Pa Il R -1 Ps Fousx
Pl = P;[ "

P,=P, .= Pﬂ'nl'nz
PBBIX= Pm.l'ﬂm = Pu'nl'nz'-u'nm

Py, my
:PBbLX: A =N M, M,

Pax P,
n= lm[ N

6) OIIPpCACIICHUC KHI[ IIpH 11apaJuICJIbHOM COCAMHCHNHN MCXAdHHU3MOB.

P
= _-' Pewxi
PﬂE
PBHII

| ! P.n. Mz |—=Feuxa
ABHUI-Nb — k
.P L]

A _.'-Psuxnjn

n

Pm:Bl'P);[
PI[ZZBZ ’P;[
Pﬂm:Bm 'P;[

rjae Pi — ko3 HUIMEeHTHI pacnpeiesIeHus] MOIIHOCTH.
Prt PotPst... +Pm=1
Kaxnpiii B onpeaensercs Ha3HaYCHUEM CIECITHATHICTA.
Pibix = Peox1t Peeix2 7+ Pooixm

_ PBBIX: PuMm+Pp M2+ Py M

Pex |Z)21
P B APy B M+ APy B M
= -,

n

=By M +By M+ + By

n=il3i ‘M

"Mm
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Jleknus 6
BuOpoakTUBHOCTH M BUOPO3AIUTA MAILIMH

6.1 O0mme moJ10KeHus

BuOpauum HanuM MoJe3HbIE TPUMEHEHUss B TexHuke. [Ipumepamu 3TOTO
SBJIAIOTCSL pa3liMyHble BUOpOMAacca)xepbl, BUOpoTpaHcHopTepbl U T.1. OgHAKO
pabora C UWHCTPYMEHTOM, OCHOBAaHHOM Ha BHOpaluu, MPUBOAUT K
npodeccuoHanbHBIM  TpaBMaM ©  3abosieBaHusM. (OCHOBHBIE MEpPOIPHUSITHS,

CBS3aHHBIC C BBISBJICHHEM HWCTOYHHMKA BHOpAIlU, C IEIbI0 TOCICTYIOIIETO

CHW)KCHHUSI €r0 BHOPOAKTUBHOCTH WM IIOJHOTO €r0 YCTpPaHEHHWsS, Ha3bIBAIOT

BHOPO3AaIIMUTOIM.

Bubpo3amuTa ocymecTBIsIeTcs O CASAYIOMUM OCHOBHBIM HAIPABIICHUSM:

1. YMeHbIIEHHE  aKTUBHOCTH HMCTOYHHMKA C  TIOMOIIBIO  CTaTHUYECKOTO
YpaBHOBEIIMBAHUS MEXaHU3MOB (TIOJIHOTO WJIM YacTUYHOT0), a TakKkKe
ypaBHOBEIIMBAHUS POTOPOB.

2. H3MmeHeHWe KOHCTPYKIIMM OOBEKTAa: YCTaHOBKA TacUTelled KoJieOaHUH,
nemidepoB, BUOPOU30IISTOPOB.

6.2 CTaTnyeckoe ypaBHOBEIIUBAHUE PHIYAKHBIX MEXaHU3MOB.

Ecm  @,=0, TO Takoil MEXaHH3M Ha3bIBaCTCs

CTaTHUYCCKH YPABHOBCHICHHBIM.
Ecau Mq)s =0, TO TaKOM MEXaHHU3M Ha3bIBaE€TCs

MOMCHTHO-YPAaBHOBCHICHHBIM.

PaccmoTpuM citydaii, Koraa Heo0X0MMO yPaBHOBECHTH CTaTUYECKH,
T.e. (P, =0. DTOro MOKHO JOOUTHCS TONBKO TOT/IA, KOraa g, =0, T.K.

@D.=M 3, S2>A
Korzma neHtp macc coBMelleH ¢ A, TO OH CTAaHOBHUTCS HEMOJBHKHBIM. DTOrO
J0OMBAIOTCS C IOMOILBIO JIByX IIPOTHBOBECOB, OJIMH U3 KOTOPBIX YCTaHABIIMBAETCA
Ha IPOJIOJDKEHUH IIaTyHa, a JIPyroi Ha MPOJ0JLKEHHN KPUBOIIIXIIA.
Jnsg  Toro 49robGbl paccyMTaTh MAacchl NPOTUBOBECOB, IPUMEHSIOT METOJ
3aMENIAIOIINX MACC, CyTh KOTOPOI'O 3aKJII0YAETCs B TOM, YTO Macca KaxJ10ro 3BeHa
YCIIOBHO DAa3HOCUTCS IO JBYM TOuYKaM. IIpH 5TOM JOJKHBI BBITOJHATBCS
CJEyIOLINE YCIOBHUS:

® pa3HeceM Maccy 3TOro 3BeHa no tToukam A u B
A e A Tak, YTOOBI TIOJIOKEHHE IIEHTpa Macc He
L s T .g H3MEHHJIOC.
lse m=ma+ Mg
2 " lag = las + s

Malas = Mg lgs
Cocpenorounm maccy 3-ro 3BeHa B T.C
Maccy 2-ro 3BeHa pa3zHeceM 1o mapHupam B u C.
Ecnu Ha mnpomomkeHMu 3BeHAa 2 MOCTaBUTh
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IPOTHBOBEC MAaCCOM My,» M HA PAcCTOSHMM OT T.B
paBHOE ly,, TO HEHTp Macc 3BEHBEB 2 M 3
nepeMecTuTcs B T. B, npu sTom

Myp2 L2 = (Mo + M3c) lsc
[Ipu sTom OO 3amar0TCs Maccod MPOTHUBOBECa U
ONPENeIsioT Ly, 160 3anatores |y, 1 onpenenstoT
Maccy MpoOTUBOBECA.

Mypi lp1 = (Mg + Mypot Mg+ Mact Mac) lag

[locne Bcex yka3zaHHBIX MEpPONPHITHI, LEHTP MacC MEPEMECTUTCS B TOUKY A,
OJIHAKO HE BCErjJa KOHCTPYKTUBHO BO3MOXKHO YCTAHOBUTH IPOTHUBOBEC Ha
MPOJIOKEHUH 1IaTyHA U OTPAaHUYMBAIOTCS YCTAaHOBKOW MPOTHUBOBECA Ha 3BEHE 1.
B sTOoM ciydae 1ieHTp Macc cUCTeMbI cMearoT Ha JTuHUI0 AC, U 3TOT LIEHTP Mace
MEePEMEIAETCS C TOCTOSIHHBIM YCKOPEHUEM: a = const
B 3TOoM ciydae MexaHW3M — YacTHUYHO CTAaTHYECKH YPABHOBEIIAHHBIN, €ro

m, g+ Moo +Mog+ Mg+ My

HEXENaTeJIbHO YCTAaHABIMBATh Ha BBICOKOM (PYyH/IaMEHTE, T.K. IVIABHBIM BEKTOP
CUJI MTHEPIIMU CO3/1a€T ONTPOKUIBIBAIOIINI MOMEHT, YTO HEIOIIYCTUMO.

B deTrpIpexmapHUpHOM MEXAHU3ME LIEHTP MAcC CUCTEMBI PA3HOCUTCS IO TOUKaM A
u D, a mpoTUBOBECHI yCTaHABIMBAKOTCS HA ITPOJIOJKEHUN 3BEHBEB | U 3.

6.3 baiancupoBka poropa.

Porop — Teno moboit reoMmeTpuueckod (Popmbl, HMMEIOIEe CBOE OCHOBHOE
JBUKEHUE — IB)KEHHE BpallleHus (KOJIeHBal, KOJIeCO TYpOUHBI U T.1I.).

[IycTh B CHITy KaKMX-TMOO MPUYUH LIEHTP MAcC POTOPA CMEIIEH OT OCH BpalIEHUS
O Ha ITOCTOSTHHYIO BEJIUYHUHY €.

1. ®=0 > Ha omoOpHI IEHUCTBYET TOJILKO cHiia TshkecTn G=mg.

2. w=const

1) e ceu 2)

w = const
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Ecaiu 3ameHuTH BO3,H€I>’ICTBHG OIIOPhI peaKHI/Ief/i n 3almcartb T
YCIIOBHE CTaTHYECKOro paBHoBecHs (1o Jlanambepy):

Ds+G+Q12=0

o Que

W3 paccMOTpeHHs JaHHOTO TPEYTOJIbHHKA CIEAYeT, YTO IPH
BpalllcHWd pOTOpa Ha €ro Onope BO3HMKACT 3HAKOIepeMeHHas Harpyska Qio,
KOTOpasi JOCTUTAaeT MakcuMmyMa, korjga @s u G HanpaBlieHbl BHU3, 1 MUHUMYMA,
KOTJIa 3TH BEKTOpa HAIIPaBJICHbI 110 BEPTHKAIIA B Pa3HbIC CTOPOHEI.
CocTostHEE pOTOpa , XapaKTEPHU3YIOMIETOCsd TaKUM PaCIHpeleICHHeM Macc, MpH
KOTOPOM Ha €ro OInopax BO3HHKAcT 3HAKOIIEpEMEHHas Harpyska, Ha3bIBaeTCs
HEYPABHOBENIEHHOCTHIO POTOpA.
[TprurHBI BBI3BIBAIOIINE HEYPABHOBEIIEHHOCTh POTOpA:
1. HETOYHOCTH U3TOTOBIICHUS POTOPA;
2. HETOYHOCTH COOPKH;
3. pa3nMuYHBbIC BKIIOUEHUS TIPU OTIUBKE YaCTEH pOTOPA;
4. mepemajbl TEMIIEpaTyp.
Mepoii HeypaBHOBEIIEHHOCTH poTopa sBiserca aucbaaame (D) — Bexrop,
HATIPaBJICHHBI 110 Og M OTIMYAIOIIMICS OT HEro B ®” pas:

NMNOCKOCTb D - m ' eCT ’[I‘ MM]

aucbananca JUis ~ TOro  4YTOOBl  ONPEICIWTh  BEIMYMHY U
® yron HampaiieHue D, B pacCMOTpPeHHE BBOJSAT IUIOCKOCTH
ancbananca JTEcOaNaHCca, B KOTOPOH 3TOT BEKTOP PACIOJIOKEH, H
yroa aucoOanaHca.
Mepornpusitie, CBSI3aHHOE C ONPEICIICHUEM BEJTHIHHBI
W HampaBlieHus D, ¢ Tenpi0 ero MmociaeAyoIero
YMCHBIIICHUS, HA3bIBACTCI  YPABHOBENIMBAHHEM
poTopa.
CymecTByIOT 3 BH]a HCYPaBHOBEIICHHOCTH:

1.cTarnyeckas;

2.MOMEHTHa;

3.1mHAMuYecKas (0Omuii cirydait).

Jleknus 7.

7.1 Cmamuueckas neypagHogeulenHOCHb pomopa u cnocoowvl ee YCmpaHeHus.
Craruyeckasi HeypPaBHOBEIIEHHOCTb XapaKTEpU3yeTCs TEeM, UTO TJIaBHas
LEHTPaJIbHASI OCh MHEPLIMU POTOPA PACIIOIOKEHA TAPAIIJIENBHO OCH €r0 BpalleHus,
a IIEHTP Macc poTopa CMEILEH OT OCH BpalICHUS! HA BEJIMYHMHY € CTAaTUYECKOE.
Cratudeckasi HEypaBHOBEIICHHOCTh MPOSBIISIETCS B CTATUKE: €CIIM OCh BpallleHUS
poTOpa YCTAaHOBUTh HA MPHU3MBI, TO POTOP, CTPEMSCH 3aHATH MOJOKEHUE
YCTOWYMBOTO MOJIOKEHUS paBHOBECHs, Oy/IeT TOBOPAYNBATHCS.
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poTop

OCb MHEPUMM

I DET rnaeHaAd UeEHTpanbHaA

OCb EpaleHHA
poToOpa

LA

CT

A
Z 4
pama K = const
—rm
Dy

),

[Ipu BpaiieHuu potopa BO3HUKAET cTaTudeckuid aucdananc D,. [ns ycrpanenus
CTaTUYECKOW HEYPAaBHOBEUIEHHOCTM MO JMHHUM JeictBuA D, ycTaHaBIuMBaroT
KOPPEKTHPYIOIIYIO MacCy My Ha pPACCTOSIHUM €k OT OCH BpalleHUs, U OTa
KOPPEKTUPYIOIas Macca CO3/1aeT JucOaianc:

Dk =m-g¢
JI71st cTaTUYecKoro ypaBHOBEIIMBAHUS HEOOXOAMMO, YTOOBI

— Dk =Decr
IIPU 3TOM MOXHO 33/1aThCSl BEJIMUMHOW My U ONPEIAETUTh €y , WU 3aJaThCA € H
HAWTH M.
B pesynbraTe ypaBHOBENIMBAHUA TJIABHAS LIEHTpajbHAsd OChb MHEPUUM JOJLKHA
COBIACTh C OChIO BPAIICHHS.
Opnako OBIBAIOT ClOydaw, Korja B CHIY
KOHCTPYKTHUBHBIX OCOOEHHOCTEN pOTOpa HENb3s
YCTAaHOBUTHh OJIHY KOPPEKTUPYIOLIYIO Maccy.
Torma ycTraHaBIMBaKOT ABE KOPPEKTUPYIOIINE
Macchl B pa3HbIX INIOCKOCTSIX.
briBaer IpyTrou ciay4dan CTaTUYECKOU
HEYPaBHOBEILIEHHOCTH, KOTAa POTOP IO CBOEMY
o0beMy  HMMEeT  Kakue-TuOO  BKIIOYCHHS D,
CTOPOHHHX MPEIMETOB WJIA YACTHII. ) = const
Kaxxnas wactuna co3maet nucoananc: Dy, Doy Ders.
Bo3HukaeT BOpoc, Kak pacnoyIOKUTh KOPPEKTUPYIOILIYIO MacCy?

ECTI + ECTZ + Ecﬁ + BK =

ol

CtpouTcs miaH qucOanaHcoB.
E.ECT DSGT DK :m.éK
Benuuuny n Hanpasiienue Dy orpeesnisror U3 riaHa.

Dier 3I€CHh TAKXKE JTHOO 3aJal0TCS BEIIMIMHON My U OMPEIEIISIOT €y,
1100 3a0a10TCA € 1 HaXOIAT My.

7.2 MoMeHTHAasi HeypaBHOBEIIEHHOCTh POTOPA U CMOCOOBI €€ YCTPaAHEHMSI.
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MomMeHTHasI HCYPABHOBCHICHHOCTb XapaKTCPU3YyCTCA TCEM, YTO LICHTP MaccC
PoTOpa PACIIOJIOKECH Ha OCH €I0 BpallCHHA, I'NIaBHAsd LCHTpPaJIbHas OCb MHCPLHUHU
IMOBCPHYTA OTHOCUTCJIbHO OCH BPAIICHHUA Ha HGKOTOPBIﬁ yromay.

rAaeHad UeHTpanbHan iﬁK

OCb HHEPLMH an

MowmeHTHast HeypaBHO-
BEITAHHOCTH TPOSBIIACTCS
N TOJIBKO TPH BPaIICHUH
— - == poTopa (MOSABIISIOTCS
I\a—]"z OueHus Ha Oropax).
my i _
T

JINHAMUYECKMHA  MOMEHT,
/////////////// é BO3HHMKAIOIIUMN pu
Ik . BpAIICHUU POTOpa
My = Dyln
Jnst ycTpaHeHHs MOMEHTHOM HEYpPaBHOBEIICHHOCTH BBIOUPAIOT B MPOU3BOJLHOM
MECTE JBE KOPPEKTUPYIOIINE TIIOCKOCTH.

BriOepeM ux Tak, 4ToOBI OJJHA TPOXOAMIA Yepe3 Oonopy A, Ipyras — uyepe3 onopy
B.

Dk =m-€; B 00eux IIOCKOCTAX

OCb BpaleHwA \R m

poTopa

const

Mk =l xDx
I[.TIH MOMCHTHOI'O YPaBHOBCIIHNBAHUA HCO6XOI[I/IMO YTOOBI
Mk =—Mpg

Takum oOpa3oMm, Uil yCTpaHEHUsI MOMEHTHOM HEYpPaBHOBEIIEHHOCTH HEOOXOUMO
MMETh JIBE KOPPEKTHUPYIOIIME  MAacChl, KOTOpbIE pa3MEIalT B  2-X
KOPPEKTUPYIOIINX INIOCKOCTSX.

7.3 IluHaMu4YecKasi HEYyPaBHOBEIIEHHOCTh POTOPA M CMOCOOBI ee yCTPAHEHMSI.

JlnHaMu4yeckasi  HEyPABHOBENIEHHOCTb  SIBJISIETCS ~ OOIIMM  CilydaeM
HEYPaBHOBEIICHHOCTH POTOPA, & UMEHHO MMEET MECTO KaK CTaTU4YeCKas, TaK U
MOMEHTHAas1 HEypaBHOBEIICHHOCTH.

[Ipy STOM UEHTp Macc poTopa HE JIEKUT HAa OCH BpAIllEHHs, U TJIaBHas
LEHTpaJIbHASI OCh MHEPLUU MTOBEPHYTA Ha YroJl Y OTHOCUTEIBHO OCH BPAILICHHUS.



Der Dy
3 n /l
“\ —
Dan
E-::T |'/_\' B
~ 4
v v R J
# w=const | kIl
. Ik
D1l
o
Bri6epem B IpOM3BOJIEHOM MECTE JIBE KOPPEKTUPYIOIIHUE IIOCKOCTH (OMOphl A U

B).
BGKTOp III/IC6EUIaHCEl Pa3HCCEM I10 3THUM IITIOCKOCTAM Tak, IITO6I)I

BCT = BICT +52T

JlnHaMHU4YEeCKHI MOMEHT IIPEACTABUM B BUJIE IIAPBI CUI

Dai =Dnn My = Dyly I1= lap
VYpaBHOBEIMIMBAHUE OCYIIECTBIISIETCS B KAX0M MIIOCKOCTH OTAEIBHO.
B 1-0i1 mi0cKoCTH HaXOAUM PE3YIbTUPYIOITUN BEKTOP AucOaiaHca.
Jns ypaBHOBemmBanus D; HEOOXOAMMO Ha JIMHUU €Tr0 JIEUCTBUS YCTaHOBUTH
KOPPEKTUPYIOIIYI0O Maccy My, Ha PACCTOSTHUU €, TaK, YTOObl OHAa coO3/1aBalia
TucOaaHC KOPPEKTUPYIOIIEH MacChl B 1-0M MJIOCKOCTH

D) =-Dk

Dki=my -8y
Bo 2-o0ii mutockocT

D =-Dku

D =my, -8,
JlunamMuyeckass HEYPaBHOBELICHHOCTb YCTPAHAECTCS IIyT€M YCTAHOBKU JABYX
KOPPEKTUPYIOIUX MacC B JBYX KOPPEKTHUPYIOIIUX IUIOCKOCTsAX. [Ipu sTom
nucOanaHchl KOPPEKTUPYIOMX Macc B 1-0il U BO 2-0i1 MJIOCKOCTAX HEpaBHBI U
HenapauIeIbHBI.

Jleknus 8.
AHAJIM3 ¥ CHHTE3 MEXaHN3MOB C BbICHIMMYU KHHEMATHYECKUMHU MMapamMu
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8.1 B stoMm paznene OyayT pacCMOTPEHBI MepeaaTOYHbIe MEXaHU3MbI C BBICIICH

KIT:

1. nunuHapUYeckue 3y0yaThle Nepeadyd C ABOJBLBEHTHBIM IpoduiaeM 3yObeB H
MIOCTOSIHHBIM M€PEIATOUYHBIM OTHOIICHUEM;

2. TUTaHETapHbIC MEXaHU3MBI C MTOABIKHBIMUA OCSIMH 3y04aThIX KOJIeC.

JlocTonHecTBO MexaHu3MOB ¢ Boiciiel KII:

1. mainble rabapuThl U BEC;

2. BO3MOXKHOCTb TOYHOTO BOCITPOM3BECHUS 3aKOHA JIBIKCHHSI BBIXOIHOTO 3BEHA
(IO CpaBHEHUIO C PHIYAKHBIMM MEXAHU3MaMHU 3y0dYaThle IMepelayd HUMEIOT
MEHBIIIE 3a30POB);

3. Boicokmit KITJ] (0,85 — 3yOuaTas mepenaya.

Henocrarku:

Hannuue Boiciier KII MmoxkeT npuBeCcTH K MOBBIIICHHBIM YEIbHBIM JaBICHUSIM
B TOUKE KOHTAKTa. JTO B CBOIO OYEPE/Ib MOKET MPUBECTH K BBIKPAIIMBAHUIO
MaTepHuayioB (MUTTUHT).

8.1.1 Ycnosue cywecmsosanus gvicuien KI1

Jnst Toro 4ToObI HE OBUIO OTpPHIBA WM BHEAPEHUS TMOBEPXHOCTEH 3BEHBEB,
obOpazyronux Beiciryto KII, HeoOxoanmo, 4ToObI MPOEKIIUU JIUHEHHBIX CKOPOCTEH
B3aMMOJICUCTBYIOIINX TEJ Ha OOIIYI0 HOpMallb, IPOBEJACHHYIO B TOYKE KOHTAKTA
T€J, ObUIH PaBHBI.

Jlns  ompeneneHus MTHOBEHHOTO IIEHTpa
cKopocTelt Tena 1 v tena 2 B OTHOCUTEIIbHOM
JNBIKCHUU TIPUMEHUM METOJ] OOpaIleHus
JNBWKECHUSI, B COOTBETCTBUU C KOTOPBIM
MBICJICHHO COOOIIMM Ka)JIOMY U3 3BEHBLEB,
BKJIFOYAst CTOMKY, JIOTIOJIHUTEIHLHOE
JIBUXEHHE C YTIIOBOW CKOPOCTBIO - (.
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puc. 8.1
Torna B oOparieHHOM JABM>KEHUH

oy = +(~0;) =0
Wy =, +(—0) =0, — @y

"
Ve =lp -0 =lyp - (0, — )

Hns naxoxaenus MIIC K OTHOCHUTEIBHBIM JIMHEHUHBIM CKOPOCTAM Vo1 U Vi

BOCCTAHABJIMBAIOT MEPICHIUKYJISPHI, HA MEPECEUCHUN KOTOPBIX MOTYyYAIOT TOUYKY

P. — MIIC B OTHOCHUTEIIFHOM JABH)KCHHH.

Touka P. — nomaroc 3anenieHus.

Ecnu 3anemnsionuecs Teaa UMEIOT HapyKHbIE 3yObsi, TO mojtoc P. pacnonoxen

Mexay ocsiMu O1 u O, .

Ecau xoTs OBl 0JTHO M3 KOJIEC UMEET BHYTPEHHHE 3yObs, TO Mmojtoc P pacnonoxen

3a muauen O,0,.

8.2 OcHoBHas TeopeMa 3aneNJICHUS

Conpsi’keHHbIE TOBEPXHOCTH — IIOBEPXHOCTH, KOTOPBIE ITOCTOSIHHO WIIA C
ONPEJEICHHON MEPUOIMYHOCTHIO BXOIAT B 3aLEIJIEHUE IPYT C APYTOM.

[To OTHOIIEHHIO K HAYaJbHBIM OKPY>KHOCTSAM CONPSIKEHHBIE MOBEPXHOCTU MOTYT
3aHUMAaTh pa3UyHbIEe MOJOXKEHUSA. [IpaBUIBLHBIM TMOJIOKEHUEM SIBJISIETCS TO,
KOTOpPOE YJOBJIETBOPSAET OCHOBHOM TEOPEME 3alleIICHUS], TEOPEME O MTHOBEHHOM
nepeaTOYHOM OTHOIIEHUH, KOTopas PopMyIupyeTcs:

Oowan mHopmans, npoeeOeHHAs 6 MOYKe KOHMAKMA CONPAIHCCHHBIX
nogepxnocmeii, npoxooum uepe3 aunuro uenmpoe 0,0, u oderum 3my
JIUHUIO Ha Yacmu, 0OpAmHO NPONOPUUOHATIbHBIE OMHOUWEHUIO Y2108bIX
CKopocmelil.

Ilepenatounoe OTHOLICHWE
® O,P
U,=——2=——2-(cm. puc. 8.1)
®, O,P
ConpspkeHHbIe TPOGUITN TOJKHBI YAOBIETBOPSITH CIEAYIOIIUM TPEOOBAHUSIM:
1. OBITH IPOCTHIMH B U3TOTOBJICHUU (TEXHOJIOTHIHBIMHU);
2. umetb Beicokuit KITJI.

Takum TpeOOBaHUSAM YJIOBIETBOPST SBOJIHBEHTHBIE IPODUITH.

8.3 IlocTpoeHue U CBOIICTBA IBOJIbBEHTHI
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JBOJIbBEHTa 00pa3yercsl IyTeM IepeKaTblBaHus NpousBoisiied mpsamoi KyN,
0€3 CKOJIBKEHHSI 10 OCHOBHOW OKPY>KHOCTHU PAJINyCa Tp.
Panuyc npousBonbHOM okpyxHOCTH — Iy. ONy || Tt
W3 tpeyrompanka ONyKy cienyer, uto
r
b

r=—"— (1)
cosa,

T.xk. KNy mepekarbiBaeTcsi 0€3 CKOJIBXEHUS II0 OCHOBHOM OKPY)KHOCTH, TO
KN, =K N,
(By + ay) = rptg ayy
Oy=tgoy- oy (2)
Oy =Inv ay
0y — MHBOIIIOTA;

VYpauenus (1) U (2) sBastoTcsl ypaBHEHUSAMH 3BOJIBBEHTHI B MapaMeTPUUYECKON

dbopwme.

Oy — YTOJI IpOQHIA SBOJBBEHTH AN ToukH Ky, nexamed Ha IPOM3BOJIBHOM

OKPY’KHOCTH.

o — yroyq mnpoduis 3BOJBBEHTHI s TOukd K, mexameld Ha JIeauTeIbHON

OKPY’KHOCTH pajuyca T.

VYron npoduiist 3BoJIbBEHTHI 1151 TOUkU Kp, nexarnieil Ha OCHOBHOW OKpPYKHOCTH,

paBeH HyI0: op=0.

CBoiicTBa IBOJIbBEHTHI.

1. ®opMa »5BONBBEHTHI 3aBUCHUT OT pajgdyca OCHOBHOM OKpyxHOCTH. Ilpu
CTPEMIJIEHUHU T,—> o0, IBOJIbBEHTA MPEBPALIAETCS B MPSAMYIO JIMHUIO (IpUMEp -
peiika).

2. TlpouwsBopsmias mpsmMast KyNy sBisieTcas HOpMasbl0 K 3BOJBBEHTE B JAHHOU
TOYKE.

3. DBOJbBEHTAa HAYMHACTCSI OT OCHOBHOW OKPYXKHOCTU. BHYTpH OCHOBHOIA
OKPYKHOCTH TOYEK 3BOJIbBEHTHI HET.

8.4 OcHOBHBIE TAapaMeTPhI IBOJIbBEHTHOI0 3y04aToOro KoJjeca.

Jle1uTeIbHONH OKPYKHOCTBK) HA3bIBACTCA OKPYKHOCTh CTaHIApTHBIX IIara p,
MOJZyJIA M U yTiia npopuis o.

Hlar — paccrosiHre MEXIy OJHOMMEHHBIMU TOYKAMH ABYX COCEIHUX Mpoduieit
3yObeB, U3MEPEHHOE T10 AYT'e€ COOTBETCTBYIOILEH OKPYKHOCTH.
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MoayJjem  Ha3bIBa€TCAd  4YacTb  JUAaMETpa  JICJIUTEIIBHOM  OKPY’KHOCTH,
NPUXOASAIIAscs Ha OJIUH 3YO0.
Monyns m,[MM] — cTaHzapTHasi BEJIMYMHA U OMpEAeNsieTcs MO CIPaBOYHUKAM,
UCXO/JIS U3 TPEX PAJIOB:

1 psin — HauboJliee MPeANOYTUTENbHBIN;

2 psan — cpeaHel NpeanoYTUTENbHOCTH;

3 psin — HaMMEHee MPEANOYTUTEIbHBIMN.
Monyns XapakTepu3yeT BBICOTY 3yOa. Uem Oombine 3y0, Tem Oojee NIyMHOU
CTaHOBUTCS 3yOuaras rnepeaaya.
Yroa npoduass — yron MexXAy KacaTeJbHOM K 3BOJILBEHTE B JIAHHOM TOYKE U
paanyc-BEKTOPOM JAHHOW TOYKH (CM. YEPTEK IBOJIBBEHTHI).
Yron mpoduis Ajis TOYKH, JIEKAIIEH Ha JCTUTENBHON OKPY>KHOCTH, SIBIISIETCS
BEJIMYHMHOM CTaHIapTHOM U paBHOM 20°,

8.4.1 OcHosuvie pacuemuvie 3a8ucumocmu OJisi ONpedeleHUs Nnapamempos
9601b8EHMHO20 3)Y0UAMO20 Kojecd.

U3 (1) caemyer, 4To paguyc ACTUTECIBHON OKPYKHOCTH
r
r=—2> r, =r-cos o (3)
CoS o

moxyJib o 'OCTy onpenensiercs

m=p/n p=mm 4)
2nr=pz
_pz_m2z 5
' 21 2 )
21Ty =pyz
r r r, - COS cos
LB > popop R _p R
Lo, r,  r,-cosa, = COS o,
cos 20
= 6
’ " cos a, (©)
110 OCHOBHOM OKPYHOCTH
ay=0 -> pp,=pcos20° (7)
8.4.2 Buowl 3y6uamuix xoiec.
p=s+e (8)
s= g+ Am 9)

rae A — k03¢ puuMeHT N3MEHEHU TOJIUHBI 3y0a.
B 3aBucumMocTu ot 3Haka koddduimenTa A pa3nyaroT BUABI 3y04aThIX KOJIEC:

1. A=0 s=e=p/2 HYyJIeBOe 3y04aToe KOJeco;
2. A>0 s>e MOJIOKUTEJIbHOE 3y04aToe KOJIECO;
3. A<O0 s<e oTpuIaTeJbHOE 3y0uaToe KoJieco.

rae S — ToimuHa 3y0a Mo ASIUTEIIEHON OKPYKHOCTH,
€ — IUPUHA BIAUHBI.
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JBOJIbBEHTHAs 3y0UaTas nmepeaaya u ee cBoiicrna (puc. 9.1).

DBOJLBEHTHYIO 3yOUaTyto nepeaady COCTaBiIsIOT, KaK MUHUMYM, U3 2-X 3y0UaThIX
KOJIEC, TPU O3TOM B PACCMOTPEHHUE BBOJSTCA JABE HayajbHbIE OKPYKHOCTH
pagnuyCaMH Iy U Typ.

Menbiiee 3y0uaroe KoJeCcO B OOBIYHOM TOHMKAIOIIEH 3y04aToil mepenaue
Ha3bIBACTCS IIECTEPHS.

Bmecro mnpowusBomsmied MNpsAMOW 34€Ch BBOJWUTCS B PACCMOTPEHUE JIMHUSA
3anemieHns N;N,, koTopas 0THOBPEMEHHO KacaeTcsl 2-X OCHOBHBIX OKPY>KHOCTEN
Ib1 ¥ Tp2.

JInaua 3amemuieHMst SBIIETCS TE€OMETPUYECKMM MECTOM TOYEK KOHTAaKTa
COTIPSKEHHBIX 3BOJBBEHTHBIX Mpoduieil. B Touke B; mapa 3BoabBEHT, KOTOpHIE B
JAHHBII MOMEHT BPEMEHM KOHTAaKTHPYIOT B Touke K, Bxomar B 3aueruieHue. B
TOYKE B, 3BOJIBBEHTHI U3 3aLEIIICHUS BBIXOAT.

Ha nuuum 3anemnenus N;N, Bce B3auMoaeicTByIOIIUE 3BOJIBBEHTHI IpU
3allelJIeHUH KacaroTcst Ipyr apyra. Bue yuactka N;N; 5BosibBeHTHI Hepecekarorcs,
U €CJIM TaKO€ CIYYUTCS], TO MPOU30UJET 3aKJIMHUBAHUE 3y0UaToro KoJeca.

Yron 2 N;0,P = 2ZNyJ,P = a, — yron 3anermieHus.

Jlis epeiaumn, COCTABIEHHOM U3 HYJIEBBIX 3y0UaThIX KOJEC Ohy=20°

Jliist Iepenayum, COCTABIEHHOM U3 MOJIOKHUTENBHBIX 3. K. Oiy>20°

Jliist mepeiaum, COCTABICHHON U3 OTPHIATENBHBIX 3. K. 04y, <20°

c=c*m - paauMaJbHBIA 3a30p, BEJIMYMHA CTaHAApPTHAs, HEOOXOAUM MJis
HOpPMaJIbHOI'O 00€CIEUEHUs CMa3KHU.

C* - ko3(ppuument pagnanbuoro 3azopa, no 'OCT c¢*=0.25 (c*=0.35).

Mexay JeNnUTeIbHBIMU OKPYKHOCTSMHU Yy M — 3TO BOCIIPUHAMAeMOe CMeLIeHUe.
y — Ko3pduUHEeHT BOCIPHHMMAEMOr0 CMEIIECHUsl, OH HMEEeT 3HaK, U B
3aBUCHMOCTH OT 3HAKa Pa3IN4aroT:

1. y=0 ym=0 — nyaeBasi 3y0uaras nepenaya;

2. y>0  ym>0 — moso:kuTeIbHAs 3y0Uaras nepeaaya;
vy m>0

B

y-m

3. y<0  ym<0 — orpuuartejibHas 3y0yaTas nepejaya;



y-m

CBoiicTBa 3B0JIbBEHTHOI0 3aLleIICHHA.

1. DBOJIBBEHTHOE  3allEIVICHUE  MOJOYYBCTBUTEIBHO K  IOTPEIIHOCTSIM
U3rOTOBJIICHHUS, T.€. IPHU OTKJIOHEHHWH MEXOCEBOI'O PACCTOSHUA OT HOMMHAJIA
IepPeaTOYHOE OTHOLICHHE 3y04aTol repenadyu He N3MEHHUTCS.

2. Jluaus 3anerienus NiN, sBusercs oOmieii HOpMalblo K CONPSKEHHBIM
9BOJIbBEHTHBIM MPOQPHUIISM.

3. KoHTakT 3BOJIBBEHT OCYIIECTBIISIETCS TOJIBKO HA JIMHUU 3alICTIIICHHUS.

Jleknus 9.

9.1 OcHoBHbIE pacyeTHbIe 3aBHUCHMOCTH JIJI ONpeeJIeHUusI NmapaMeTpoB
IBOJIbBEHTHBIX 3y0UaThIX Mepeaay.

1. OHpe,[IeJIGHI/Ie yTJjia 3aleIICHus.
A +A,
z,+2,

inv o, =inva + (1)
rae Ay A, — U3MEHEeHHE TOIIUHEI 3y0a;

Z1 , Zy — 9HCIIO 3YObEB.
2. OrmpeneneHre MeKOCEBOT0 PACCTOSHUS 3yOUaThIX Tiepeiay.

Ay = Ty + Fup = My 4 Tp _ M-z-COSa_ M-Z,-c0sa_M-Zy -COSa )
cosa, COS a,, 2-CoS o, 2-cos o, 2-CoS o,
Is =21+ 2>

3. Omnpenenenune kodhPuIeHTa BOCIPUHUMAEMOTO CMEIIEHUS Y.
ay=nr+rnr+ ym
m-zy -COSO_m-z

m-z
L+ 2+ym
> Y

2-CoS o, 2

_ Zy COS o

="z | 2% g 3
y 2 (cosa, ®)

9.2 KauecTBeHHBIE IOKA3aTeJH 3y0UaThIX Nepeaay.

K HUM OTHOCSITCSI:

1. Ko3dduuueHT nepeKpbITHS .
XapakTepusyeT IJIaBHOCTh pabOThl 3yOdaTod mepegaud M TOKa3bIBaeT,
KaKoe YMCJI0 3yObeB OJHOBPEMEHHO YYaCTBYIOT B TIEPEKPBITHH 3allCTIIICHHSI
(HACKOJIbKO OJTHA Tapa 3yObeB MepPEeKphIBaET padoTy APYyron).
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Teopernyecku €, MOXKET paBeH 1, © 3TO O3HAYAET, YTO KaK TOJIBKO OJIHA
napa 3yObeB BbIIIIA U3 3aLCIUIEHUs, CIEAYIOLas rapa cpa3y e BOILIA B
3alleTICHHUE.
Ecmn €,<l, To mpeabiaymas napa 3yObeB W3 3alEIUICHUS BbIIUIA, a
clenyolas napa B 3aleIUICHHe He Boluia. Takas mepenada paboTaer c
yZlapaMy, U €€ NPUMEHEHHE HeNolmycTUMO. [I03TOMYy KOHCTPYKTOpBI IIpH
IPOEKTUPOBAHUH MEPEIAYU CUUTAOT MUHUMAJIBHO JOIYCTUMBIM €, PaBHBIM
1.05.
Kak mpaBuiio, 3BofbBEHTHAs 3yOuaras rnepeaada ¢ npsMo3yObIMH KOoJecaMmu
uMeeT KodPPuImeHT nepekpoitus €,=1,1...1,5. JInsg xoco3yObIx koiec 3a
CYET OCEBOTO MEPEKPHITHS 3yObeB €5=¢, €, €21 2 €=2,1...2,5
3y0Ouaras mepegada ¢ KOCO3yObIMH KoJiecaMH paboTaeT OoJiee TUTaBHO.

2. KoagduuneHr yaeabHOro JaBjaeHuUs V.
XapakTepuszyeT IPOYHOCTHBIE XAPAKTEPUCTUKHU MEPENayd C TOUYKU 3PEHHUS
KOHTAKTHBIX HanpsikeHui B Beiciieit KI1.

3. KoadpuumeHT y1eabHOr0 CKOJIbKEHUS A.
XapakTepu3yeT U3HOCOCTOMKOCTh 3y04aToil mepenaun B Beiciieit KII.

9.2.1 Onpeoenenue kosghghuyuenma nepexpvimus cpaguueckum cnocoboM.
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Puc. 9.1

BB, pabounii yuactok nunuu 3anerniaeHus NiNo.

B Touke B; mapa 3BOJBBEHT BXOAWT B 3allCIUICHHE, IIPH ITOBOPOTE Ha YIOJ
1,=360°/z; nmepsas mapa 5BoabLBEHT Kacaercs B T. K, a B 1.B; B 3anemienue Bomuia
clemyronias mapa SBOJBBEHT, W ydacTok KB, o0e mapel 3BOJBBEHT MPOXOISAT
BMECTE, T.€. BTOpas mapa 3BOJLBEHT NEPEKPHIBACT pabOTy MepBoii mapel. Toraa g,
paBeH

_ Qu1
8(1_ OL’
T

I7I€ (Pg1 — YTOJI IEPEKPBITHS MIEPBOIO KOJIECA.

Qo1 = rbl'lvé
rbl '1?

a

T.x. 5UHHMS 3alerieHds IepeKaThIBaeTCs 110 OCHOBHOM OKPYXKHOCTH 0€3
CKOJIbXEHHUS, TO

13=B,B,, 12=B;K
BlBZ
B,K

€a

9.3 MeTtoanbl Hape3aHusi 3y04aThIX KoJiéc. CTaHOYHOeE 3alleNJIeHue.

CYHIGCTBYI-OT ABa OCHOBHBIX croco0a M3roTOBJICHUS 3Y6‘laTI)IX KOJICC:

1.

KONMUpoBaHue: nMpodusib 3y0a HHCTpYMEHTA (MPOTSAkKKA) IEPEHOCUTCS, U OH
octraBisier cied. Crnoco® OYeHb HETOYHBIM, MaJONpPOU3BOAMUTENBHBIN H
TpeOyeT HaJu4Yhe MHCTPYMEHTA B OOJIBIIIOM aCCOPTUMEHTE, pa3InuaEeMbIX 110
MOIYJI0 U KOJU4YecTBY 3yObeB. IlpumeHsiercss B  MEIKOCEPHUITHOM
IPOU3BOJICTBE.

orm0aHue: MHCTPYMEHTY U 3aroTOBKE COOOLIAIOT TaKO€ OTHOCUTEIBHOE
JBI)KCHUE, TIPU KOTOPOM OTubaroias K TMOJOKEHHUIO PEeXyIIeld KpoMKe
WHCTPYMEHTA OYEpPUYMBACT OBOJBBEHTY. MHCTpyMeHT MoxeT ObITh
Pa3IUYHBIM: peUKH (TPeOCHKN), TOTOIKU U (PE3bI.

9.3.1 llonamue o npou3zsooauem UcXoOHOM KOHMYpe peedH020 UHCMPYMeHmA.

IHpousBoasuii UCXOAHBIM KOHTYP — IPOSKUMs PEXKYIIEH I'PAaHU UHCTPYMEHTA
Ha MJIOCKOCTb, MEPICHIUKYJISIPHYIO OCH BpaIllleHUs 3aTOTOBKHU.

Peiika — 3y0yaToe K0JIECO C TEOPETUUECKH OCCKOHEUHO OOJBIIUM KOJIUYECTBOM
3yObeB. Kak npaBuiio, ux ObiBaer 8.

I, = o0, IO3TOMY BCE OKPY)KHOCTH U 3BOJIbBEHTA — MIPSIMBIC.
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npdaMan aenAaTenbHanA
BNnagwnviH npAaA~aq

A
\ /

N/ ] c'm

rpaHHU4YHHE NpAMBEe

Y £\

npaAmMan
EEpLWWH

Bce [MapamMCTpbl II0 ,HCHHTCHBHOﬁ HpHMOﬁ H II0 IIPAMBIM, IIapaJlICIbHBIM
HCHHTCHBHOP'I HpHMOﬁ, CTaHIapTU3UPOBAHLI.

a=20° ; hy* - kosdpduimenT BeicoTs 3y0a (mo TOCT h *=1).

9.3.2 Cmanounoe 3ayennenue.

CraHo4HoOe 3a1eIeHne — 3alCTICHUE 3arOTOBKH U HHCTPYMEHTA.

[TapameTpbl, OTHOCSIIHMECS K HHCTPYMEHTY, UMEIOT UHJIIEKC ;)

€, — LIMPHUHA BHAJUHBI HHCTPYMEHTA MO JCJIUTEIBHOU MPSIMOHU,

S, — TOJIIMHA 3y0a HHCTPYMEHTA IO JIeTUTEIHHOM MPSMOH.

Y UHCTpYMEHTA BCETA €, = So, Mwo = I.

B craHOYHOM 3aleIUIEeHMM HadaldbHas OKPYKHOCTb BCErJa COBHAJAET C
JETUTEILHON OKPY)XHOCTBIO, T.K. HEOOXOAMMO TIEPEHECTH C HWHCTPYMEHTA
CTaHJapTHBIE TapaMEeTPhI: IIar p, MOAYJIb M U YroJ Npoduiis o.. ITU CTaHAAPTHHIC
[apamMeTpbl UMEKT MECTO Ha JEIUTEIIbHOM OKPYXKHOCTH WJIM Ha NPSMOW,
MapaJlyICIbHON IEIUTEIBHON MPSIMOM.

[Io OTHOWIEHHIO K NEIHUTEIBHOW OKPYKHOCTH 3arOTOBKH, JEIUTENIbHASA IpsMas
MOYKET 3aHUMAaTh CJIEAYIOLINE MOJIOKECHUS:

1.

WHCTPYMEHT OTOJIBUIA€TCSl OT LEHTpa 3aroTOBKM M MEXAY JCIUTEIbHON
OKPYHOCTBIO 3arOTOBKH U JICJIUTEIBHON MPSAMOIl HHCTPYMEHTA UMEET MECTO
CMEIIEHUE XM, T1e X — KOAI(P(ULIHUEHT CMEUIEHUSI MHCTPYMEHTA, KOTOPBIH
MMEET 3HAK.

B paccmarpuBaemom ciydae x>0, xm>0 — Hape3aeTcs IOJIOKMTEIbLHOE
3y0uarToe KoJ1eco.

[Ipsimas UHCTpyMEHTa, KacaTeabHas K ACUTEIbHON OKPYKHOCTH 3arOTOBKH —
CTAHOYHO-HAYAJIbHAS NPAMas.

JeUTENbHAs MpAMasi UHCTPYMEHTA SABJISIETCS CTAHOYHO-HAYaJIbHOW NPSIMOM,
T.€. KacaeTcsl JeIUTENbHON OKpYKHOCTH. X=0, xm=0 — HyJeBoe 3y0uaToe
K0J1eCO.

IpU CMEIIEHHWH HWHCTPYMEHTa K ILEHTPY 3aroTOBKH, MEXIY AEIUTEIbHOU
OpsIMOM M JIEJTUTEIBHON OKPYXHOCTBIO CMEIICHUE xm<0, x<0 —
oTpuIaTeJIbHOE 3y0uaToe K0JIeco.

KosgpunueHT n3meHeHusi TOJIMHBI 3y0a A:



40

A=2Xtga
BOHpOCZ B KAKOM AHaIia3oHe MOXET IEPEMCIIATECA I/IHCprMeHT?
onactoe S »0.2m .S <0.2m
ceyeHHAe
onacHoe
ceyeHHAe
X min Xmax -
X
X £ X min Xmin < X< Xmax X >Xmax
20Ha 30Ha
noapeza 380CTPpEHWA
*
_ ha '(Zmin _Z)
Xmin -
Zmin

T7I€ Xpmin — MUHUMAJIbHBIN KO3 (PUIIMEHT CMEIIeHUsI MHCTPYMEHTa, IPU KOTOPOM
HacTyIaeT nojpes 3yoa.

Ecnmu B; Beiiiger 3a N, To Oyner noape3 ( B; — Touka nepecedeHusi rpaHUYHON
psMOI peliku ¢ JIMHKUEH 3aneruieHns, a N — Touka KacaHus JIMHUM 3alleTUICHHS C
OCHOBHOM OKPY>KHOCTBIO).

Zmin — MUHUMAJIBHOE KOJMYECTBO 3yObEB HYJIEBOTO 3yOUaToro Kojeca, KOTOpoe
MO>KHO Hape3aTh 0e3 mojpesa.

2-h;,

7 =2
sin? o

min
rme oo =20°, h, = 1.

= % =17.01
sin“ 20°

T.K. Z TOJDKHO OBITH IEBIM, IIPH Zyin = 18 rapaHTUPOBAHO, YTO MOJIpe3a He OyeT.

Zmin

9.3.3 Ocnosuvie pacuemuvie 3agucumocmu OJisl ONpeoeileHUss napamempos
3y0uamo2o Koneca, UcXo0si U3 Cxemvl CMaHOYHO20 3aYenieHUs.

1. Paanyc OKpY>KHOCTH BEPIIIHH T
r.=r+xm+h, m—Aym (1)

Aym — ypaBHHTEJbHOE CMelleHHe HHCTPYMeHTa (PacCTOSHHE MEXIy
I'PAaHUYHOM MPSIMON HHCTPYMEHTA M OKPY>KHOCTBIO BEPIITUH 3aTOTOBKH ).
Ay BBOJIUTCS B pacueT JJIs TOTO, YTOOBI IPH CO3JIaHHMM 3yOuaToi Iepeaadn ¢
KoJ€ecCaMH Z; U Z; ObUIO OBl 00€ECIIEYEHO 3alleIUICHUE dTUX KoJieC 0e3 OOKOBOIO
3a30pa IPHU CTaHIaPTHOM paaualbHOM 3a30pe.

2. Pampnyc okpyXHOCTH BIQJWH Tf.

F=r—h,m—cm+xm (2)
3. Ompenenenre BHICOTHI 3y0a.
h=r,—rs=2h,m+cm-Aym (3)

4. Omnpenenenue ko3¢pULMEHTa U3MEHEHUS TOJIIUHBI 3y0a.
A=2Xtga
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Jlekums 10.
AHAJIN3 U CHHTE3 CJIOKHBIX 3y0UATHIX MEXaHU3MOB

10.1 Il.1aHeTApHBIM HA3bIBAETCS MEXAHMU3M, UMEIOIIMI B CBOEM COCTaBE XOTs Obl

OJIHO 3BE€HO C MOJIB)KHOM T€OMETPUYECKOM OChbIO B TIPOCTPAHCTRBE.

3BeHO, UMEIOIIee MOJBIKHYIO T€OMETPUUECKYIO OCh B IIPOCTPAHCTBE, HA3bIBACTCS

caTeJUIuT.

3BEHO, Ha KOTOPOE YCTAHABJIMBAIOT OCh CAaTEILUIUTOB, Ha3biBaeTcsa BoaAnJIo (H).

3ybuaTbie  Kojieca, HMEIOIINE HETMOJABMKHYI0O TE€OMETPUYECKYI0 OCh B

POCTPAHCTBE, HA3BIBAIOTCS HEHTPAJIbHBIMH.

[lenTpanpHOE KOJIECO, UMEIOIIIEE BHEIITHHUE 3YObsl, HA3bIBACTCS COJTHEUHOE KO0JIeCO.

[lenTpanpHOE KOJIECO, MMEIOLINE BHYTPEHHHE 3yObs, Ha3bIBACTCS KOPOHHAasI

1ecTepHs (OMOPHOE KOJIECO).

JIOCTOMHCTBA TJIAaHETAPHBIX Mepeay:

1. umeroT mMaibie TabapuThl U BEC U3-3a TOTO, YTO TTOTOK MOIIHOCTH, MOIBOAMMBIi
K LIEHTPAJIbHOMY KOJIECY, pacIpeliesieTcsl 0 K caTeuiutaM (K — KOJIMYECTBO
caTeJUIMTOB). 3aTeM IMOTOK MOIIHOCTH COOMpAaeTcs Ha BBIXOJHOM 3BeHe. Ha
OJTHOM IJIaHETapHOU Nepejaue MOKHO OCTaBUTh 10 24 caTeIUTOB.

2. ouenb Beicokui KIIJI, - mo 0.99.

Hepocrarku:

Ecau yucno caremnutoB HepaBHO 3, TO HEOOXOAUM CIEUHUAIBHBIA MEXaHU3M,
KOTOPBI OBl BBIPAaBHHMBAJI HArpy3Ky MEXIy CaTeUIMTaMU. JTOT MEXaHU3M
YTSDKETISIET U YIOPOKAET KOHCTPYKIIUIO.

10.2 CpaBHUTEJbHBIIi aHAJM3 Tepedad ¢ HEMOABWKHLIMH OCSIMH H
IJIAHETAPHOIi mepeaayvn.

Ha nepBoe koiieco nogaercs KpyTsIIUil MOMEHT, & CO BTOPOTO CHUMAIOT.

Ocob B HemnoaBmxHa Ocpb B nnogBmxHa
ws B 2 koneco 5 Z Koneco
C—%I— e Th— H

la 1a |7
0 __ 0, 0, o
= =) koneco C_E_ =
w, w, 1 koneco
_0_ 7 _ 0
Upp=—=—-— Up=—
0, 7 o

Yepes uncio 3y0beB Uy 3amucaTh HENB3s, T.K. OCb B — MoABUX HAas OCh.
YroObl 3amucaTh TEPEIaTOYHOE OTHOIICHHWE Yepe3 YHUCIIO 3yObeB, NMPUMEHUM
MeTOJ1 OOpalleHUsl TBUKEHUS:
MBICJICHHO COOOIIIMM BCEM 3BEHBSIM MEXaHHW3Ma, BKIIIOYas CTOMKY,
JOTIOJTHUTEIPHOE  JIBIDKCHHWE C  YIJIOBOM  CKOPOCTBHIO  -®,. Ilomydum
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oOpallleHHbI TUTAHETapHBIH MEXAaHW3M C HEMOJABIKHBIMH OCSMHU 3yOuaThIX

KOJIEC.
B oOpamieHHOM JIBMKEHMM 3BEHbS 3TOTO MEXaHU3Ma OyIyT UMETh CIEAYIOLIue
YTJIOBBIE CKOPOCTH:

(1)1* = M — 0y
@y =yt (— o) = 02— oy
(DH* —g— g-— 0
(Hz) =01 _ T O - (popmyJia Buimca
®, O, 0y

10.3 AHaJIu3 ¥ CHHTE3 IJIAHETAPHBIX MEXaHNU3MOB
IInanemapuwiii 00HOPsAOHBIU Mexanusm (mexanuzm J[oceimca).

u®, =25..8
[lepenaToyHO€ OTHOIIEHUE MOXKHO ONPENCTUTH:
1. rpaduyueckum criocoOOM IO YEPTEKY;
2. aHAMTUYECKUM CIIOCOO0OM, UCTIONB3ys (popmyny Busmca.
['padurueckuii ciocob ornpeaeneHus nepeaaTouHoro OTHOIICHHUS.

C ”

T2 3

[ 1]

—

I
SN

SN

(

Bri6epem Ha Bonuie H touky F koTopast pacnosiookeHa Ha TOM K€ pacCTOSTHUU OT
ocu Oy, YTO ¥ TOYKA A.

Ocu O; 1 O, pacnoJiokKeHbI Ha OTHOM YPOBHE.

Jns naHHOM CXeMbl BXOJHOE 3BEHO — 3BEHO | (COJHEYHOE KOJECO), BBIXOIHBIM
aBisercs Boauiio H.

3amanuMcs oTpe3koM AA’, KOTOPBIN H300pakaeT JIMHEHHYI0 CKOPOCTh Kosieca 1 B
touke A. T.k. koneco 1 Bpamaercst BOkpyr Oj, TO 3aKOH paclpeeieHus JIMHEHHOM
CKOPOCTH TIO MEPBOMY 3BEHY M300paxaercs npsmout nuauet OA’°. Catemut 2 B
T.A UMEET TaKyl Xe€ JIMHEHHYI0 CKOpOCThb, uTo U koneco 1. B 1.C carennut 2
umeer MIIC B aOCONMIOTHOM JABMXKEHHH, T.K. HAET KOHTAaKT C HEMOJBHUXKHBIM
KojecoM 3. 3aKOoH pachnpelereHusl JUHEHHOW CKOPOCTH MO BTOPOMY KOJIECY
nzoopaxkaerca npamoi nuaueir CA’. B 1.B carenur numeer JIMHENWHYIO CKOPOCTD,
KoTopasi u3oOpaxaercs oTpeskom BB’, ognako T.B sBisiercs Takxke U OChIO
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Boauia H, kotopoe Bpaiaercst BOkpyr O,. CinenoBaTeiabHO, 3aKOH pacipeaeieHus
JUHEWHOU CKOPOCTH MO BOAWIY M300paszutcs npsimoi muaueit O,B’. s touku F
BOJWIIA TUHEHHAsI CKOPOCTh U300paxkaeTcst orpe3kom FF’.
Ot BepTUKaNM 10 JIMHUU PACHPENEIICHUS] CKOPOCTEN MO BOAWIY HU3MEPSEM YTOJ
Wy, @ OT BEPTUKAIN JI0 JIUHUU PACIpPENEIICHUsI CKOPOCTEN MO KoJiecy | uamepsiem
yroia ;. T.K. YIibl y; U Yy OTJIOKEHBI OT BEPTHKAJIW B OJHOM HAIIPaBJICHHUH, TO
ATO MOKa3bIBAET, YTO BXOJAHOE 3BEHO | M BBIXOJHOE 3BEHO BPALIAIOTCSA B OJHOM
HaMpaBJICHHUM.

U :

1 2

v,/O4  AA/O A tgy, AA
v /O,F  FF/O,F tgy, FF'
AHQJIUTUYECKUNA CIOCOO OMpeIesIeHHs IePeAaTOYHOT0 OTHOILICHHS.

o), -2

[IpumenuM MeToj; OOpallleHUs] ABWXKEHUS, OOpaTUB IUIAHETapHBIM MEXaHU3M B
HETUIAHETAPHBIN.

Ul =

(H) _ ® — Oy O, (3)
U3 = = =1-uy
() _ (H)
U _ —1_ U1_3
Z Z Z o
uﬁ)H =1 211 =2 ||=1®=2 — nmocoBoii MEXaHH3M.
Z, Z, Zy
Jlekums 11.

11.1 Ilpumepsl aHAIN32 U CMHTE3A IJIAHETAPHBIX MEXaHU3MOB
11.1.1 /Inanemapmsiii MexaHuzm co CMEULAHHBIM 3ayenieHuem
(C 0OHUM 8HEWHUM U OOHUM BHYMPEHHUM 3aYeNnIeHUeM).

u$, =10+ 24

BxonHoe 3BeHO — mepBoe
3BEHO;
BrixogHoe — BOauio.
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1- conHeYHOE KOJIECO;
2,3 — OJIOK caTeJJINTOB;
4 — KOpOHHAasI MIECTEPHS;
H — Boauno.

Bri6epem Ha BeIXOJIHOM 3BeHe (Ha Bogwie) Touky F tak, ato0osr O;A=0,F (O u

O, coocHHI).
1. I'paduueckuii criocod onpenesaeHus nepeaaTouHoOro OTHOIICHUS
o, V,JOA AA/OA

“4) __ 1
“w =% V. JOF  FF/OF

u® = gy,  AA'

gy,  FF
OTtpe3ok AA' 6epeM ITPOU3BOJIBHO.

2. AHaTUTUYECKHN CITOCO0 OmpeesIeHUs IEPEIaTOYHOTO OTHOIICHHUS.

O6paTI/IM MBICJICHHO HHaHCTapHBIﬁ MECXaHHU3M B MCECXAdHU3M C HCIIOJABUXXHBIM
BOAWJIOM, A TOIO YTOOBI HCITOJB30BaTh (bOpMYJIBI I MCXaHHM3Ma C
HCIIOABHUXHBIMHU  OCAMH BY6‘-IaTBIX KOJICC (HpI/IMeHI/IM MCTOJ O6paIHCHH5[

JIBHDKCHMS ).
B o0OpaiiieHHOM ABUKEHUU KaX0€ U3 3BEHbEB OyIET UMETh:
1 3BeHO: ® 1= 1 + (o)
2 3BEHO: ® 2= ® 3= My + (~oy)
33BEHO: ® 3= ® 2= W3 + (~oy)
4 3BEHO: ® 4= Oy + (~oy) = -0,
53BEHO: ®© 4= O, + (~o,) =0

(H) _ ((H) [ (H)
Uj_4=Uj 5 Uz 4
® o ®m—0 ()
(H) _ "1 3 _ H _ 1 (4)
u1_4__*._*_—_1__ 1_u1—H

ecnu (1) mepenucath 4epe3 KOJIMIECTBO 3yObEB, TO

H) _| _Z2 || %4
Uia=| =27 |'| o
Z, Z3

y4 Z

ul =1@=2.24
Z, Zg

IUIFOCOBOU MEXAHU3M

1)
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11.1.2 Mexanusm ¢ 08yms 6HymMpeHHUMU 3aYenieHUsMU.

u®y =20 +50

J U

BxoaHoe 3B€HO — BOJMIIO;
BrixogHoe — nepBoe kojeco.
u y=1/u®
1H H-1
Hanpumep, eciu u(4)H,1= 20, To U(4)17H =1/20.

1. I'pagpuueckuii cnocoo.
Bri6epem Touky F Ha BxogHOM 3BeHe Tak, yToObI O1F = O,B.
Touka C 111 JTaHHOM CXEMbI MOXKET PaclojararbCsl Kak BbIIIE, TAK U HUXKE TOUKU
A. B 3aBucumoctu ot nosioxkeHust Touku C miaH cKopocTei OyAeT pa3HbIil.
Y1 U 9, — HANpaBIICHBI B PAa3HbIE CTOPOHBI OT BepTUKaIN. Cle0BaTENbHO,
BOJWIO U KOJIeCO | BpalaroTcst B pa3Hble CTOPOHBI.
g Qu _ v,/0,B _ BB'/O,B
" o Vv./OF FF/OF
u® = v, _ B_B'I
tgy, FF

2. Ananumuueckuit cnocoo.
[IpumeHuM MeTo ] oOpaleHus IBKEHUS.
4 — (H)
U i g=1-Uu"14
3anuiieM nepesaTouHoe OTHOIIIEHUE YePe3 YUCTIO 3yObEB:

(H) _| 22 |.| 24
Uia =| 27 '
21 ) \Z3
MuHycoBOM MEXaHU3M

11.1.3 IInanemapnulti Mexanuzm ¢ 08YMsl 6HEUWHUMU 3aYenieHUSMU.
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=
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Mexanu3m /laBuaa
[IpumensieTcs B MprUOOPHBIX YCTPOMCTBAX, TaK KaK u®y 1 o 10 000.
Henocrarok — Huskumii K.I1. /]

1. I'pagpuueckuii cnocoé.
Brei6epem Ha Bogmie H touky F Tak, uroosr O,F=0;A (Bamer O; 1 O, COOCHBI).
Touka C MOKeT OBITE BBIIIE UM HUKE TOUYKH A.
FF' — npou3BoabHBIM 0Tpe30K (JIMHEWHAs] CKOPOCTh TOUKH F).
Just xonec 2 u 3 Touka C — MIIC.

4
u® =

H-1

@, Vv,/0B BB/OB
o, Vv,/O A AA/OA

1

u® _gy, _BB'

"oy, A4

2. Ananumuueckuil cnocoo.

H _| 22 Z,

Z, Z3
=12k
) Z, Z3

MuHyCcOBOW MEXaHHU3M.
CuHTe3 (MPOEKTUPOBAHNE) IJIAHETAPHBIX MEXAHU3MOB.

[Tox cuHTE30M B 3TOM Kypce OyZeM NOHUMAaTh No00p (OMpeaeseHnEe) YUCEN
3yObEB IJIaHETAPHBIX MEXAHU3MOB IIPH YCIOBHH, YTO 3yOUaThie KoJieca HyJIEBbIE, a
pajralibHBIN Ta0apUT MEXaHU3Ma MUHUMAJTbHBIH.
Pacyet Ha MPOYHOCTH HE MPOBOAMM, HO OH 0053aTEIBHO JOJHKEH OBITh IPOBEJCH
IIPU NPOEKTUPOBAHUMU.
[Tpu npoeKkTHpOBaHUM KOHCTPYKTOP 00s13aH BBIITOJIHUTE PSAJT YCIOBHIA:
1. OTkyI0OHEHUE OT 3aJaHHOTO MEPEAATOYHOTO OTHOLIEHUS HE T0JKHO
npesbimath 10% (5%).
2. OO0ecreyuTh OTCYTCTBHE MOAPE3a Y HYJIEBBIX 3y0UaThIX KOJIEC:
VY KoJiec ¢ BHENTHUMU 3yObsIMU Z1, Zp, Z3 >18 ;
VY Kosec ¢ BHyTpEHHUMU 3yObsiMH Z >85.
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Ecnu xoneca He Hyl€BbIE, TO Zmi, 40 7 WK A0 56.

3. OO0ecneyuTh OTCYTCTBUE 3aKJIMHUBAHUS B 3aICTIJICHUU CATEILITUT —

KOPOHHAsI IIeCTEPHSI.
3aKIMHUBAHUSA HET, €CHU Ziy — Zear = &

4. OOecneunThb BHITIOJIHEHUE YCIOBHS COOCHOCTH BXOJHOTO U BBIXOJIHOTO
3BEHBEB.

5. Heo6xomumo obGecniednTh BHIMOJHEHUE YCIOBUE COCEICTBA
(OKpY>KHOCTH BEPIIIMH COCETHUX CATENIMTOB HE JOJKHBI KaCaThCs APYT
Apyra).

6. ObGecnieunTh BBINOJHEHUE YCI0BHS cOOpkH. ONpenennTs yClIoBre
cOOpPKH, UCXO/IS U3 YePTEKa HEBO3ZMOKHO, HEOOXOAUMO MPOBEPUTD
BBITIOJTHEHUE 3TOTO YCIOBUS M0 YPABHEHHUIO (CM. Aajee).

IIpoexmuposaHnue 00HOPAOHO20 NIAHEMAPHO20 MEXAHUIMA.

Hano:

U(4)17H =6

m= 1 Mm

K = 3 — KOTMYEeCTBO CaTEIIIMTOB
OnpenenuTs:

21,2y, Z3 — ?

P MUHUMAJIbHOM pagualbHOM radapure;
KOJIeCa — HYJIEBBIE.

uP, =1+ > B_y®, -1=6-1=5

VA z
1 1
3amaaumcst YuciaoM 3yObeB Z; Tak, YTOOBI BBIIIOJIHAJIOCH YCIIOBUE 2, Toraa z; = 18,
Z3=5"18=90=>85.

YCHOBI/Ie COOCHOCTH 3aIIMCBhIBACTCS B BUAC
OlB = 02B
+rn=rn—-r
mzl+m22_m23 m22
2 2 2 2
21t 2,=23— 2y
2 2

36

Jlexnus 12.
12.1 YcaoBusi cOOPKH, COCEACTBA B IVIAHETAPHBIX PeIYKTOPAX

ITomyyuM ycioBHUE COCENCTBA.
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m
OB, =1+, :?(21"‘22)

ZB|q = B|B|| = m(Zl + Zz)
Fa2 = F + XM+ h,*m — Aym

T.x. kosieca HyneBble, TO Xm = 0 1 Aym = (
o =, +h,*m

razzg (2o+2h*)
2ry = M(Z; + 2h,*)
[TonctaBum (3), (2) B (1)
. 180° z,+2h,*
810 >
k z,+2,

(1)

VYcnoBue cocelicTBa: OKPYKHOCTH BEPIINH
COCEHUX CATEJUIMTOB HE KAacaroTCs JIPYyT
Jpyra
BiBiy>2ry
PaccmoTpum Tpeyronpauk O1B(q :
BB =2B(q
(o]
B,q _sin 180
O,B, k
0
B,q=0,B,sin 180

(2)

(3)

(4)

YpaBHEHHE COCEICTBA CIPABEIJIMBO JJIsl BCEX CXEM, TOJIBKO JJIsi cXeM 2, 3 u 4 B
3HaAMEHATeJIe CTOUT IpaBasi UK JIeBasl 4YacTh YCJIOBHUS COOCHOCTH, @ B UHUCIIUTEIIC

BMECTO Z, CTaBSIT YUCJIO 3yObeB HAUOOJBIIETO U3 CATEINIUTOB.
VYcnosue cOopku:

Bbynem cuuTaTh, 4TO Kbl MOCIETYIOMIUM OJIOK CaTEeIMTOB YCTAaHABJIMBACTCS B

no3uuu B,.
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YT100bI 0CBOOOANTH MECTO, HY)KHO MOBEPHYTH BOAMIO Ha yroi (360° / K).
[Ipu ycraHoBke |-To caremnuTta 3yObs MEHTPAIBHBIX KOJEC OPHUEHTHPOBAHBI
OTHOCHTEIFHO OCH CHMMETPHH.
Ecnu Ha ayre AB ykmanbIBaeTcs eJIoe€ YUCIIO IaroB, TO PU MOBOPOTE BOJIMIIA HA
yroa (360°/k) 3y0Obs LEHTPadbHEIX KOJEC OYAyT OPUEHTUPOBAHLI OTHOCHUTEILHO
OCH CUMMETPHUHU TOYHO TaK ke, KaK ¥ MPU YCTAHOBKE TIEPBOTO CATEIUIHTA.
Ecnu Ha yka3aHHOU qyre HE YKJIaIbIBASTCS I€10€ YHCIIO I1aroB, TO MPH TTOBOPOTE
Boauia Ha yroiu (360°/ k) 3y6 1-ro Koseca He BCTaHET Ha TO K€ MECTO M TOI'/IA,
YTOOBl YCTAaHOBUTH CICAYIOUIMI CaTeJUIMT, HY)KHO OT mo3uuuu B, caenats p
JIOTIOTHUTEIBHBIX O0OPOTOB BOJAMIA, YTOOBI 3a CYET BBHIOOPKM YTJIIOBOTO Iara
MPAaBUJIBHO OPHUEHTHUPOBATH 3yObsl IICHTPAIbHBIX KOJIEC.
VYpaBHeHUE COOPKH UMEET BUI:

z,uy _ _

B (1+kp)=vy ,rmey— memoe 4ucio.
st vamero ciydas: 186 (1+ 3p) /3 =36 (1+3p)
YcnoBue coopku BoinosiHsgeTcs npu p = 0.
[Tocne nogdopa ymncen 3yObeB ONPEAEISAIOT PagUyChl JEIUTEIbHBIX OKPYKHOCTEN
KOJIEC:

h= mzzl =—1.218 =9MMm

r, = mz, =@=18MM
2 2

Iy :%2@245MM
2 2

[To mosrydeHHBIM JaHHBIM CTPOUTCS CXeMa MEXaHU3Ma B MacITabe U MpOBEPSIETCS
BBITIOJTHCHHE TTEPEAATOYHOTO OTHOIIICHHUS.
12.1.1 [Ilpoexmuposanue nianemapHoc0 MeXaHusmMa cO CMEUlaHHbIM
3ayenneHuem.

Hano:
ul”, =21
m=1 MM
OnpenenuTs:
21, 29, 23, Z4
MIPU yCJIIOBUU:
k=3
paauanbHble TabapuThl —
min
KoJieca — HYJICBBIC.

Ucxonnas popmyina:
. Z4
Zl * 23
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Z2 %4 @ 1=21_-1=20
21'23

[IpeacraBum uncio (20/1) B BUsie mpou3BeeHUN COMHOKUTENCH:
C,-C, 4.5 210 1.20
¢-¢ 11 11 11

I'me Ci~2; nipu 3toM C,, C,, Cs, C4 — B3aUMHO
Co~2, MPOCTBIC YHCIIA, TO €CTh HE UMEIOT
Cs~75 OOIIUX EUTEIIEN.
Cy~24
VYKa3bIBalOTCS BCE BO3MOKHbBIE PA3JIOKEHUS
1: C=1 C,=4 (Cs=1 Csz=5
3anuiieM ycioBUE COOCHOCTH JIAHHOTO PEyKTOpa
OlB:OZB

M+rh=r—1r
M(z1+2)=m(z4-23)

z z
z,|1+-2 |=z,]1-=2
l( ZJ 4( ZJ
zl(l+%j:z4(l—%]

1 4

B pesynbraTe npeobpazoBanuit
21:C1(C4—C3)q
2,=C4(C1+Cy)q

rae q — Ko3(Q(UUHUEHT MPONMOPIUOHAIBHOCTUH — JK00€ YHUCIO HO TaKoe,
YTOOBI Z OBLIO LEIBIM.

22£1+;—1) = z{i—“—l}
2 3

Toraa
2,=C,(Cs—C3)q
23=C3(C1+Cy)q

2,=1(5-1)q=4q 2, =20
2,=4(5-1)q=16q z,=80
z;=1(1+4)q=5q ;=25
2,=5(1+4)q=25q 2, = 125

g Ha3HA4JaeTcs Tak, YTOOBI HEe OBLIO MOApE3a, HaIpuMep q = 5.
ITpoBepsieM BBITIOJIHEHUE YCIIOBHS COCE/ICTBA:

. 180° z,+2h,*

SI
k zZ,+2,
sin60°® > 2021 _ 4o
20+80
0,87 > 082

VY citoBHue coceicTBa BBITIOJTHAETCS.
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[IpoBepsieM BBINOJHEHUE YCIOBUS COOPKH:

(3)
Z,U;”
A= (14 kp) =y @
20 21( 1+3p) /3 =140 nmpup =0
Jlns mepemad co CABOCHHBIMHU caTejuuTaMu ¢opmyia (a) HE sBISETCS
oOmreit. Oomen Gopmysoit siBiseTCs:

2,-25- U, —y
K- HOI[ (Z, 25
w =700 — renoe
3'5(20 25)

YcnoBue cOOpKHU BBITTOTHSAETCS.

Eciu xots OBl OAHO W3 YCJIOBUM HE BBIMOJTHICTCS, TO HEOOXOIAMMO
PacCMOTPETh CIEAYIOIIHNM BApUAHT PA3NIOKEHUS HA POCTHIE MHOKHUTEIIH.

Ecnu, mepeOpaB Bce BO3MOXHBIE BapUAaHTHl PA3JO0KEHUSA, HE YJAJOCh
nono0parh 4yuciia 3yObeB, TO JOMYCKAETCs HM3MEHUTH 3aJaHHOE TMepeaTOuHOe
otHouieHue B peaenax 10 %.

Jlns  apyrux cxeM uyucia 3yObeB moj0uparoTcss 1o  popmysam,
IIPE/ICTABICHHBIM B TAOJIHIIE:

2 BHYTPEHHUX 2 BHEILHUX 3alleIJIeHUs
3allCTIJICHUS Cxema 4
Cxema 3
YcnoBue COOCHOCTH 21— 2y =724— 13 1t 2,=24t 23
Z Ci(Cs—GC5)q Ci(Cs+C3)q
Z; C(Cs—C5)q C(Cs+C5)
Z3 G (Ci-Cy)q Ci(Ci+Cy)q
Z4 Cs(Ci—-Cy)Q Ci(CitCo)Q
Jleknus 13.

AHAJIU3 U CHHTE3 KYJIAYKOBbIX MEXaHU3MOB
13.1 IlpenmyiiecTBa U HEAOCTATKH KYJIAYKOBBIX MEXAHU3MOB

KynaukoBbIM Ha3bIBACTCS MEXAHU3M, KOTOPBIM COAEPKHUT JIBA OCHOBHBIX
3BEHA: KYJIAYOK U TOJIKaTeJNb, 00pa3yIOIIHNX BHICIIYIO KHHEMAaTUYECKYIO Mapy.

KynaukoBble MeXaHW3MBl HalUIM I[HPOKOE MPUMEHEHHE B CHCTEMAaxX
razopacnpenenenuss [IBC, B cucteMax ymnpaBieHHUs 3JIEKTPOLIENE B BaroHax
METPONOJIUTEHA (KOHTPOJIEPHI) U JIP.
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JIoCTOMHCTBA KYJIAaUKOBBIX MEXAHU3MOB:
1. BO3MOXXHOCTb BOCIPOU3BEJACHUS IMPAKTUUYECKU JHOOOr0 3aKOHA JBUKEHUS
BBIXOJTHOT'O 3BCHA;
2. Majioe KOJIMYECTBO JeTalel (KyJauoK U TOJKATelNb), YTO IMO3BOJISIET MPOCTO
U3TOTaBIIMBATh U 0OCITYKHUBATh.
Henocrarok:
HaJINYME BBICHIEH KHUHEMATHYECKOW mMapbl, B KOTOPOM MOTYT BO3HHUKATh
MTOBBILICHHBIE YAECIbHBIC NABJICHHS, YTO MOXKET NPUBECTHU K Pa3PYLICHUIO
MTOBEPXHOCTH KYJIayKa.

1 — kysna4ok
2 — TOJIKaTeJIb
3 — poJuk

4 — mpyKuHA
5 — KOHTAKTBI

IToBepxHOCTH KyJlayka, c KOTOpOH
B3aUMOJICUCTBYET TOJIKATellb — padouuii mpoduib
KyJaudka (JIelCTBUTEIbHBIN).

[ToBepxHOCTh, MNpoXOndmias 4Yepe3 Touky B wu
oTcTosilliasi OT  JIGUCTBUTENBHOrO Mpoduias Ha
pacCTOSIHUM paguyca poOJIMKa — TEOPETUYECKUM
poQUIIb.

TEOpETHHECK HA
oo b HIE

13.2 OcHOBHBIE BUIBI KYJAYKOBbIX MEXaHU3MOB.
13.2.1 Kynauxogwviti Mmexawusm ¢  HNOCMYNAMENbHO  OBUINCYUSUMCS
moJikamerem.

a) C UEHTPaJIbHBIM TOJIKATENEM (OCh TOJKATENs MPOXOJUT dYepe3 OCh
BpAIllEHUS KYyJIauKa);

€ 320CTPEHHBIM
TOJIKATEJIEM

€ — IKCIEHTPUCUTET
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BHCOCHOCTBD JICBas, T.K. OCh TOJIKATCJIA ITPOXOAUT CIIpaBa OCHU BpalICHUA KYyJIadKa.

13.2.2 Kynaukosulti MexaHusm ¢ Kauarowumcsl
MoKamenem.

3B€HO 2 (TOJKAaTedb) COBEPILIAECT BO3BPATHO—
Bpallaroneecs: JBUKCHUE C IICHTPOM BpaIlEHUS B
touke O,.

13.3 OcHoBHBIC TapaMeTPbI KYJIA4YKOBbIX MEXaHU3MOB.

B mpomecce paboThl TONKATENh COBEPIIAECT B
9 I COOTBETCTBHUU C PUCYHKOM JBUKEHHSI:
1. nmocrynaTenabHO BBEPX — B ATOM CIIy4ae
TOJIKATEIb B3aUMOJICUCTBYET ¢ yyacTkom 01;
2. CTOWUT Ha MeCTe (BBICTOM) —
KOHTAKT C y4acTKOM 12.
3/1ech TOCTOSIHHBIN painyC KPUBU3HBI.
3. TOJIKaTeNb OImycKaeTcs (COMMKEHNE) — KOHTAKT C
y4acTKOM 23.
B neproii daze nmogremy Tosikatens (dhasza ynaneHus) Ha
npoduie Kynadyka COOTBETCTBYET YTOM Wyyax;
B (pa3e BBICTOS — Wy,
@y B (1)336 cOMMKeHust — Ve6-Wynan + Wasic + Ve = Wpas —
pabounii yros npoduis Kyiadka.
YroJa npoduiisi Kyagyka MOKHO MMOKa3aTh TOJBKO Ha KyJlaudKe.
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¥Yroa noBopora Kyjiauka, COOTBETCTBYIOIINIA
BHIIIE YKa3aHHBIM (a3zaM MepeMelIeHus
TOJIKATENIs, OMPEICIIAIOT, WCIOIB3Ys] METOJ
oOpaleHusi JIBUXKCHHS, B COOTBETCTBUU C
KOTOPBIM BCEH CHCTeMe, BKJIIOYasl CTOWKY,
MBICIICHHO COOOINAI0T JABM)KCHHUE C YTIIOBOU
ckopocteio  (mp).Torma B  oOparieHHOM
JBUKCHUH KyJIa4yOK CTaHOBUTCS
HETIOIBUKHBIM:

0*; =0 + (-01) =0,
a OCh TOJIKAaTeJsl BMECTE CO CTOMKOW OyayT
nepeMenarbes B HanpasiieHuu (—o;). U yron
MIOBOPOTA KYJIAYKA, COOTBETCTBYIOIIUMWA TOWU
WM WHOU (pase JABWIKEHUSA, ONPEEISIeTCS 110
yIJ1y MOBOPOTA OCH TOJIKATENs B 0OpaIiEHHOM
JIBUKEHUM Ha COOTBETCTBYyIOIIEM YydacTke. Ocbhb TOJKaTens B OOpalieHHOM
JBUKEHHUH B JIFOOOM IOJIOKEHUU OYAET KacaTbCs OKPYKHOCTU Paguyca Te.
[ToBopoT Kynauka Ha y4yacTKe :

0l-@o1 12—¢1 23— @23
paboumii yroa NoBOpOTa KyJIauKa @pas:
Qpac = Qo1 T P12 T @23
(y0)  (Beic)  (cO)
Bceerna HE3aBUCHMO OT CXEMBI MEXAHU3MA Ppag = Wpag, &

(PYH 7£ \Vyz[a (pBLIC ?ﬁ \VBLIC) (Pc6 ?ﬁ \Vc61
AJIs1 BCEX CXEM, KPOME KYJIAYKOBOI'0O MCXaHH3Ma C HCHTPAJIbHBIM TOJIKATCJICM.

13.4 IlocTpoeHue rpaduka mnepeMellleHHH TOJKATeJAsl NPH 33aJaHHOM
npoguie Kyjaqka.
[lepemenienuss OTCUMTHIBAKOTCS ~ OT
HavyaJIbHOM OKPYKHOCTH paJInyca r,.
Touka B nipuHaJIEKUT TOJTKATEIIIO,
KOTOPBIN OBOPAYNBAETCSI BOKPYT OCU
C, 1.e. T.B nepemeniaercs 1o ayre
OKPYXHOCTH paguycoMm r = .. U3
TOYKH | MPOBOJUM OKPY>KHOCTH I = |,
JI0 TIEpECEUCHUS C OKPYKHOCTEIO,
paanyc KOTOPOM paBeH pacCTOSTHUIO
mexay TO; u TC: r = ay,. Touka
nepeceyeHns T.C; — MOJ0KEHUE OCH
BpaIeHUs TOJKATENIsI B 00paleHHOM
JBUKEHUH, KOTIa TOJIKATENb
KOHTAKTUPYET C MOBEPXHOCTHIO
KyJadyKa B
touke 1. 13 1.C; npoBOIUM ZyTy
OKPYXKHOCTH T = |, 10 mpeceyeHus ¢
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HAYaJIbHOM OKPYXHOCTHIO. Toraa nepemenienre Touku B OyneT paBHbIM AnHeE
nyru 11%*. Ha yuactke 12 tonkarens He nepemeniaetcs. Ha ygactke 23
NepeMEIICHHE TOYKHU B nIlleTcst aHalornyHo nepeMenieHnio Ha ydactke 01.

No 0 1 2 3
Sg,MM 0 11* 22 * 0
=SB 1* o %
MM
0 1 2 3
9% | B | s | ®rpan

13.5 ¥Yroa naBjieHusi B KyJa4KOBOM MeXaHH3Me M €ro CBA3b C pa3MepaMu
KYJIAYKOBOM 1IAHOBI

Yroa naBjeHusi — Yroj MEX/y BEKTOPOM JIMHEHHON CKOPOCTH BBIXOJHOTO 3BEHA
(Tonkarensi) W peaklueu, IeHCTBYIOLIEH C BeAyllero 3BeHa (KyJlayka) Ha
BBIXOJTHOE 3BEHO. JTa peakius Oe3 ydeTra CUJl TPEHHUs HalpaBjeHa Mo oOmiei
HOpPMaJM K B3aMMOJICVCTBYIOIIUM IMOBEPXHOCTAM. YTOJ AABICHUS ONPEHEISIETCS
KCHEpUMEHTaNbHO. {114 KyJa4KOBOIO MEXaHH3Ma C TOCTYNaTENbHO
JBIDKYIIIMMCS TOJIKATENIeM JOIMYCTUMBIHN YroJl faBieHus paBeH: [0] = 25°+35°.

Jns  KyJauykoBOrO MEXaHHW3Ma C KayalolUMCSl TOJIKATeNIeM JIOMYCTUMBIA YroJl
naBiieHus paBeH: [0] = 35°+40°.

Peakiyro MOXHO pa3yIoKHUTh Ha JIBE
cocrapisromue: FHyu F.
Ecnu, B crity Kakux-mub0 IpUYUH, YO

naByeHus OyIeT yBeIMuuBaThes, To Fy; Oyaer

YMEHBIIAThCA, & F;— YBEIUIUBATHCS.

[Ipu noctuxeHuu yrioB O0JbIIE JOMYCTUMOTO,
BO3MOKEH MEPEKOC OCHU TOJIKATENS B
HaIPABJISIOLIEH.

13.5.1 Bw»i600 opmynvl 0ns onpedenenus
1B yena 0asneHust 8 KYIauKO8OM MeXaHusme.
N3 tpeyronsauka AKBP:

So
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KP
tg6 = — 1
90=" 5 (1)
KP:O]_P—O]_K:O]_P—G
OP-e
tgg=—"—— 2
J S, + Sg @)
Tpeyronsauk AO;BP nmogo6en tpeyronsauky AABC. Toraa
Vv % Vg, -O;B
2B2_ Bl 3 Qp=-B2 -1
o,P OB Vg,
Vg1= O)l'OlB
_Ve2-0,B _

o,P =V
1 V|31 . OlB gB2

[ToncTaBum 3TO BhIpaxkeHue B (2):

Vv te
B2
tgo=—"——
S, +Sg
3HaK “ — " — 14 IpaBOM BHEOCHOCTH;

3HaK “+ ” — i1 JIEBOM BHEOCHOCTH.
VYroun naBieHus B KyJa4yKOBOM MEXaHU3ME 3aBUCUT OT pa3MepOB KyJIadyKOBOM
maiobl: YeM OHa OO0JIbIIIe, TEM YTOJI AaBJICHUS MEHBIIIC.

Jleknus 14.

14.1 Cunre3 (MIpPOEeKTHPOBAHME) KYJAYKOBbIX MEXAHU3MOB 10 32JAHHOMY
3aKOHY JIBUKEHHSI TOJIKATEJIS.

[Ton cuHTE30M KyIauKOBOTO MexaHM3Ma OyaeM MOHUMAaTh MOCTpOoeHue Mmpoduis
KyJlayka, B KaXIOM TOYKE KOTOPOTO YIrojl JaBJCHUS HE TpEeBHIIan Obl
JOMYCTUMOT0, @ pa3MePbl caMOro Npoduiis ObUIM O MUHUMAJIBHBI.

JlaHHas 3agaya pemaercs B 3 dTana:

1. Crpowutcs rpaduk 3aJaHHOTO 3aKOHA JBIKEHHS (KaK MpaBWiIoO JIMOO rpaduk
YCKOpEeHHs TOYKU B Tonkarens kak (GyHKIUS yria moyiokeHus — ag = (1),
1160 rpaduK JIMHEHHOU CKOpOoCcTH Touku B — Vg= f((1)). TpeOyercst mocTpouTh
rpaduk nepemeleHuss Toukd B kak (yHKIUIO OT yria MoBOpOTa Kyjadka Sg=
f(@1).

2. OmnpeneneHre MUHUMAIBHOTO pa3Mepa KyJIayKOBOM MIailObl MpU YCIOBUHU, YTO
yroJ J1aBJieHUs B JII0OOH TOUKe MpoduiIs HE MPEBBIIIAET TOMYCTUMOTO.

3. Tloctpoenue npoduiisa Kyiadka.

14.1.1 Ilocmpoenue 3axoHa 08UdICEHUST OCU MOTIKAMEIIA.
Jano: Hano noctpours:
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BuA rpaduka ag= (1), Sy rpaduku ag = f{(¢1)
a,

MaKCHUMAaJTbHBIHA XOJT ve= (1)

ToJIKaTeNsT h, sg= f(¢p1)

b, MM
Ppaf = Ypab
Pys _ Pos

L

(L)

a

-7

)
[}

1=
[} ?,

1 2 3

b — 6a3a rpaduka (CKOIBKO OTBOJAUTCS Ha rPpaduK MO OCH (1).

0

[Topsimok mocTpoeHus:
1. TIpousBosbHO BeIOUpaeTcs 6asza rpaduka.
2. Cuntaem macuTad mo ocu @s:

2'7[ /
'u(ﬂ:T’ pa,[[ MM

3. Ecnm 3aman cumMeTpuaHbIN BUJ Tpaduka, TO:
Pyn = Pco > bya = bc6
B o0uieM ciydae 3akoH IBUKEHUS MOKET ObITh HECUMMETPUYHBIM.
4. 3amanumcs pou3BoJIbHBIM 00pa3zoM a;= 40 + 50 mm. Torga
a,= ai/v
Paccrosiane X HaXoIdT U3 yCIOBUSI PABEHCTBA IIOMIAJEH MOJT U HaJ OCBIO (1.
a,-x=a,(0,,,~X)

a,-X=a,-b a, - X

oyn

_ 3.2 ¢ b(pyII

a, +4d,
DOU3NYECKUN CMBICH IUIOLIAAM MO KPUBOM YCKOPEHUS HA IUIOMIAAKE X —
CKOpPOCTb TOJIKATEJISI HA JAHHOM y4YacCTKeE.

OU3NYECKUH CMBICH IIJIOLAAM IO KPHBOM CKOPOCTH Ha YYacTKE @y, —
MakcuMaibHOe yaaneHue (mepemeunieHue T.B Tonkarens). Ecnu miomanu He

X
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OyayT paBHOBEIWKHUMH, TO TOJIKATelIh, TOJHSABIIMCH HAa OJHY BEJIMYUHY,
OITYCTUTCS Ha JAPYTYIO.

[ToctpouB Trpaduk ycKOpeHUs, CTPOUM TpadUK CKOPOCTH METOIAOM
rpauueckoro MHTETpUPOBaHMS, BbIOpaB oTpe3ok wuHTEerpupoBanus OKj.
Wurerpupys rpaduxk ckopoctu (¢ orpe3skoM wuHTerpupoBanusi OK,, o00bI4HO
OK;=0Kj), momywyaem rpadux mnepememenuss T1.B Tonkarens. I[lomydeHHyro
JIOMaHYIO JIMHUIO 3aMEHSIOT MJIaBHOU KPUBOM.

Pacuer macmira0a:

(YSB)max Ha Tpaduike MepeMEICHHH MOJTydaeTCsl aBTOMATHICCKH, H €TI0 BEeJIMYNHA
3aBucuT oT orpe3ka OK,. Torma, 3Has X0 TOJIKATENsl, MaciuTad MnepeMenieHus
Oyner:
_h
Hs™ ys  m
3areM B TepBOM MPHUOMMKEHUHM TNPUHUMAEM, YTO KyJadoK Bpallaercs
pPaBHOMEPHO, TOTJIa YroJ MOBOPOTA KyJlauKa MPONOPLUUOHATIEH BPEMEHU TOBOPOTA,

¥ OCH ¢ ¥ t COBIIA/IAOT, HO KaX/1asi OCh MMEET CBOM MacmTal.

2.7 /
ﬂ¢:T, paa/Mm

riae b — B [MM]; 9acToTa BpameHus Kynadka n — [00/MUH]; @pas — [Tpan].
Macmtab ckopocTH:

ey =t M
ds/de ,U(p'OKl "M

Macmtab yckopeHus:
p  owmk?

Hyzs g = 4, -OK, mm

14.2 Onpenenenne MHHHMAJIBHOIO Ppaauyca KYJA4KOBOl MAHOBLI 1O
32JJaHHOMY 3aKOHY JIBHKE€HHS TOJIKATEJIs.

14.2.2 a) ona Kynauka ¢ nOCMYRamenbHoO 0BUNCYULUMCI M OJIKANENleM:

Hano: sg=f(¢1); Ve= f(¢1); [0]

OnpenenuTs: To min

Py yCIIOBWUW, YTO YTrOJ JaBJCHUS B JIO00M Touke mpoduias KyjJadyka HE

MIPEBBINIACT JOMYCTUMBIN.

IHopsinok mocrpoeHusi rpagpuKka KHHEMATHYECKUX OTHOLICHHUI:

1. mpoBOaUTCS BepTUKAIbHAA OCh Sg,MM BJOJb KOTOPOH OT MPOU3BOJHHO
BbIOpaHHOW TOoukum B, (Hawanmo oTcuera) OTKIAIBIBAIOTCS  OTPE3KH
nepemenieanss T.B, B3sTeie ¢ Tpaduka sg=f(¢;). Macmrab mo ocu g
NepEeMEIICHU MOXKET ObITh paBeH MaciTady rpaduka nepeMeneHni L.



sp 2. B KaXJ0W M3 MOJYYECHHBIX TOYECK
;/,/ N OIIPEIENISIOT OTpE3KHU
- ., KMHEMATUYECKUX  OTHOIICHUH,
MIOCUUTAHHBIE B MaclTade g, U
OTKJIQJBIBAIOT UX IMOJ YIJIIOM B
: o, B, - ; 90° mo HampaBJICHHIO BpaLICHUS
KyJayKa.
y*(Vgi) = y(Vi)L
[8] Hy -0
o7 ef T ey Tawm, rae OTPE30K UMEET
MaKCUMAJIbHOE 3Ha4YECHHUE,
BOCCTAHABJIMBAETCS

NePHEHIUKYIIAp, U ToA yrioM [0]

IIPOBOJUTCS JTyY.

3. Ecnu yuutTeIBaTh peBepc, TO
BTOPOM JIyd TPOBOAAT  TMOJ
yrioM  [0] uepe3  oTpe3ok
KMHEMAaTUYECKHUX OTHOILICHUH, OTIIOKEHHBIN 1O yriioM B 90° 110 HanmpaBJICHUIO
peBepca U UMEIOLIUN MaKCUMaJIbHOE 3HAYEHUE.

Ecnu peBepc He yuMTBIBATh, BTOPOM JIy4 MPOBOAAT uepe3 T.Bo mox yriom [0].

Ecnu pomyckaercss BHEOCHOCTb, TO OHa OyZeT paBHa €;*. Eciaum BHEOCHOCTh

paBHa HYJIIO, TO LIEHTP KyJjauka Oyaer B T.O;:

r, = 0B,

Ecnu BHEOCHOCTh 3aJaHa B TEXHHYECKOM 3aJlaHUU, HAIpUMEp JIEBasl, TO

IPOBOJAT MpPSIMYIO, IMapauienbHyto npsmoi O;B, m oTcrosdmas or Hee Ha

paccTosiHUM, PaBHOM BEJIMYMHE BHEOCHOCTH €1, C YYeTOM Maciurtada s+ B

UTOTE TOJIYy4aroT Touky O **.

14.2.2 6) 0na Kynauka ¢ Kauaowumcsa mojaKkamesiem:

Mopsaxok mocrpoenusi: B npousBoasHOM MecTe BbiOUpaercss Touka C,, H3
KOTOPOH pajilycoM, PaBHBIM JJIMHE TOJKATENs, MPOBOJAT Ayry OKpy:kHOcTH. [lo
XOpJaM OTKJIaAbIBatOT nepemMeneHus T.B. [lonydeHHble TOUKH TOCIIET0BATEIBHO
coenuHAIoT ¢ T.C,,.

1. Ha »Tux mnOpsAMbIX UM Ha HUX MNPOAOHKEHUM OTKIAABbIBAIOTCS OTPE3KU
KMHEMATUYECKUX OTHOIICHHWM, TMOCYMTaHHbIE B MacliTade s 10
BbIIIeNpUBeACHHONW (opmyne. Tam, rae OTpe3oK HMMEEeT MaKCUMaJbHOE
3HaY€HWe, BOCCTAHABIMBACTCS MEPHEHIUKYIAp, U 1ox yriaoMm [0]
IPOBOJUTCS JTyY.

MM

-~

0
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2. Ecmu
YYHUTHIBATh
peBepc, TO
BTOPOM JIy4
MPOBOJST MO
yriioMm [0] uepes
OTPE30K
KMHEMaTUYECKU
X OTHOLLICHUMH,
OTJIO)KEHHBIN
IO/ YTJIOM B
90° mo
HaINpPaBJICHUIO
peBepca u
VMEIOLINI
MaKCUMAJIbHOE
3HaYCHHUE.
LlenTp xynauka
oyner B 1.0 *:
r, = O.Bo

Ecnu peBepc He ydHTBIBaTH, TO BTOPOM JIyd MPOBOIAT depe3 T.Bo mox yriom

[0]. LlenTp kynauka Oyaer B T.01™*:

r, = 0,*Bo

Jlekumus 15.
15.1 IlocTpoenue nmpouiis KyJaadka.

a) ¢ MOCTYMAaTeNbHO JABMKYIIUMCS ToskaTenem (puc. 15.1 a):
Jano:

I'o min, BHEOCHOCTb JIEBASI €, Qpag = Wpags> D=M1, Sg = (1)
Tpebyercs mOCTPOUTh MPODHIIH KyJIauKa.
B oOpaiiieHHOM JBM)KEHHHM KYJIAYOK BpAIIaeTcsl ¢ YIJIOBOM CKOPOCTHIO, PABHOM:
o + (—(01) =0.

[Topsinok mocTpoeHus:
Ha oxpyxHOCTH, paiuyCOM I =T, , IPOBEICHHON B MacIITade |, C J€BOH CTOPOHBI
ot ocu O; Ha pacCTOSTHUM € BbIOMpaeTcsi Touka B, (mepeceyeHue ocu TOJKATENs,
OTCTOSIINIEN Ha BEIWYHMHY € OT TOYKH O, C OKPYXHOCTBIO Ty min). 104Ky B,
coequHsOoT ¢ neHtpoM O;. OT momydyeHHoro jyda B,O; B HampabieHuH (—;)
OTKJIAJBIBAIOT YIOJ Qpas=Vpag U TPpOBOAAT siyd O;1Bio. Ilomyuennas nyra B,Big
nenutrcss Ha 10 paBHbIX yacTed. B kaxpoil u3 mosumuit 1,2... mpoBoAuTCA
MOJIO’KEHHE OCH TOJIKATEeIsl B 0OpaIleHHOM JBHKEHUH, IPH 3TOM OCh TOJIKATEJI,
nepeMeniasch B HampaBieHUH (—®;), OyAeT Bce BpeMsi KacaThCs OKPYKHOCTU
paamyca e, mpoBeneHHON u3 1eHTpa O; ¢ ydetom macmTaba L. B xaxmoit u3
MO3UIIMKM OT Touek 1,2,3... OTKIIaABIBAIOT MepeMelieHus T.B TonkaTens B1oiab ocu
TOJIKATEJsI, B3SAThIE C TpaduKka MepeMEeIIeHN ¢ Y4ETOM COOTHOIIEHUSI MacITaboB
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W u Y. [Tomyuennbie Touku 1*,2* 3% .| coeqMHSIOT TUIABHOW KPUBOH U MOTY4YaIOT
LHEeHTPOBOM WK TeopeTnueckuid npoduis. Jjis moctpoeHus padouero mnpodus
HEOOXOJMMO 3HATh paauyCc poJiuka ToikaTtens. Ecium oH He 3amaH, TO ero
BBIOMPAIOT U3 KOHCTPYKTHUBHBIX COOOpaKEHUIA:

1 1
MN={ —+~—— {Tomin
4 16

Kpome Toro, paamyc posiMka JOJKEH OBITh TaKWM, 4YTOOBI MPU TOCTPOCHUU
npoduis Kynaduka He ObUIO 3a0CTpEeHHsI B BEpIIMHE Kynadka. BriOpaB paamyc
pOJMKa, U3 JIOOBIX TOYEK TEOPETHYECKOro mpoduis Kyjlauka (4eMm daiie, TeM
Jdydnie) HPOBOIAT IyrM OKPYXKHOCTH I=T, BHYTpeHHUM oOpaszoM. IIposens
OrMOAIOIYyI0 K JyraM, MoJIy4aroT padounii npoduias Kynauka. Ecinu TpedyeTcs
NOCTPOUTH MPOPWIb KyJlayka C TOCTYNATEIbHO MABMXKYUIUMCS TOJIKATEIeM U
BHEOCHOCTBIO €=0, TO MOPSA0K MOCTpOeHUsI MPOduUsi OyET TAKUM Ke, TOJIBKO OCh
TOJIKATeJs OyIeT MPOXOAUTH Yepe3 LIEHTpP BpalieHus Kyaadka O;.

puc.15.1a puc. 15.1 6
0) ¢ kagaromumcs TosikareneM (puc. 15.1 6):
Jano:
Fo mins bts @Ppas = Wpass O=01, Sg = f(@1), 8y (M3 UepTexka IS ONPENSICHUS T,

min)
TpeOyeTcst mocTpouTh MPOdUITH KyIauka.

[Topsanok nocTpoeHus:
B macmraGe Ly mpoBOASTCS OKPY>KHOCTH pajuycaMu I, U a,. B mpou3BoIbHOM
MeCTEe OKpYKHOCTH ¢ r = a,, BbioepeM T.Cy. Coenunum Touky Cy ¢ Toukoit O;. Ot
IIOTYYEHHOIO JIyda B HAIPaBICHUHM (—®1) OTIOXKUM YION Qpas = Wpas, HOIYUUM
Touky Cio. Hyry CoCio paszmenum Ha 10 paBHBIX YacTel (MOIYyYUM TOYKH
C1,C,,C3...— TIONOXKEHME OCH TOJKarels B oOpalieHHOM JBWkeHuu). U3
MOJYYEHHBIX TOYEK IPOBOJUM OKPYKHOCTH paguycoM I, 10 mepeceueHus ¢
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OKPYKHOCTBIO Ppafnyca I min. M3 moiydeHHsIXx TOYek 1,2,3... mo xopmam
COOTBETCTBYIOIIUX IYI OTKJIAABIBAIOT TNepeMmelieHus T.B TonkaTens, B3ATHIX C
rpaduka mepeMenieHus ¢ ydetoMm maciTabda . [lomydeHHbie Toukm 1%*,2%* 3%, .
COCIIMHAIOT IUIABHOW KPUBOM — TeopeTudeckuil mpoduib Kyrnauka. Pamamycom
poJiiKa TPOBOJSAT Jyrd BO BHYTPh W CTPOST OruoOaronryr. IOTO U eCTh
JNEeUCTBUTENBHBIN NMPOdUIH KyJIauKa.
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