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BucHoBku. TakuM 4YMHOM, OTPUMAHO Ta OOTPYHTOBAHO YMOBY IONEPEYHOT CTIMKOCTI
34JICHOBAHOTO MOPTAJIBLHOIO KOHTEHHEPOBO3a 3 YKOPCTKOIO MiJBICKOIO MPU HASBHOCTI KOCO-
CUMETPUYHUX KIHEMAaTHYHUX 30ypeHb, 110 JTa€ MOXJIMBICTb OOMpATH paIliOHAIbHI PEKUMU
PYXy TaKMX MalldH B yMOBaX TEXHOJOTIYHUX JOPIr.
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CDOPMA__'!'BIPHO'I'HETA.I'II OBEPTAHHA NMPU MUMOBIRKHOMY PO3TALUYBAHHI
I OCI BIBHOCHO OCI OBEPTAHHA WNI®PYBANIBHOIO KPYTrA

Beryn. Ogaum 3 HanpsiMKiB 3a0e3meueHHs] BUCOKOT TOUHOCT1 BUTOTOBIICHHS JeTanei
B MeTaj000poOi1li € 3aCTOCYBaHHS KIHEMAaTHYHOTO crIoco0y (hopMoyTBOpeHHS. Bukopucranus
TaKOTO METOJIy, 30KpeMa, J03BOJISIE MIIBULIIUTH TOYHICTh BUTOTOBJICHHS KAHABOK BHYTPIIIHIX
KUTelb KyJbKOBUX MIAIIMMHUKIB. PeanizyBaTi BKa3aHHI HANPSMOK MOXIJIHMBO LTI yBaHHSIM
UWITIHIPUYHUM KPYroM, IO MEPEeMIIaeThCs B3I0BK BIACHOT OCi 00epTaHHS MUMOODKHOT 10
oci aeraini, iky 00po6usots (puc.1) [1].

O06pobka BKkazaHUM CIIOCOOOM 3MIHCHIOETHCS HUTIPYyBaTbHUM KpyroMm 1, skuii oOepra-
€ThCSI HABKOJIO OC1 2 Ta mepeMilaeTrbest B3AoBxK Hei. [Ipu Takomy mepemirieHHi nutidysaib-
HUH KPYT 3aiiMae 4acTUHY MPOCTOPY, OOMEKEHY IWIIHAPOM 3, Ta HUTIPYye TOBEPXHIO KPUBO-
JIHIMHOT KaHABKM IIMPUHOO L B gerani 4 3 Biccio oOepTaHHs 5. BukopucTaHHs 3amporioHo-
BaHOTO CIIOCOOY BUMAara€e BH3HAUCHHS 3aJIC)KHOCTEH MOMDK (OPMOIO JIETaji, HAaPSIMOM Tie-
pEMIIIIEHHS Ta PO3MipaMH HUTiI(PYBaTbHOTO Kpyra.

IlocTanoBka 3agaui. ['eoMeTpuuHi mapaMeTpu AeTali NpU KIHEMAaTUYHOMY CHOCO01
(OpPMOYTBOPEHHSI BU3HAYAKOTHCSI TEOMETPIEI0 IHCTPYMEHTY Ta 3aKOHOM HOTO PyXy B IPOIECi
00po6ku. Teopernuni ocHoBH KiHeMaTruHOTO (popmoyTBOoperHs onucaHi C.I1.PanzeBuuem [2].
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BoHu He 103BOJSAIOTH BU3HAUYUTH T€O-
METPIEI0 IHCTPYMEHTY Ta TPAEKTOPIIO
foro pyxy 3a HamepeJ 3aJaHUMHU Teo-
METPUYHUMH [apaMeTpaMH KPHBOJIi-
HifHOT KUTbLIeBOT OBepxHi. L{pomy nu-
TaHHIO MPUCBSYEHA poOOTa.
PesynbTaTn podoru. Ilpuiime-
MO, II0 YacTHUHA MPOCTOPY, SIKY MOXKE
3aiiMaTH HUTIQyBaJbHUI KPYT 32 YMOBU
Horo mepemilieHHs B3/J0BXK BJIACHOI OCi
oOepTaHHsI, ONKcaHa LUIIHAPOM pajiy-
coM Rs. Bice oGepranns nerani 3ajaHa
BiaTuHKOM OK, HaXWUJIEHUM [0 OCI IH-
JHJpPA TAKUM YUHOM, IO MPOEKILisd Ky-
Pucynok 1 — Kinemaruunuii crnoci6 nutiyBanHs Ta MOMDK HUMHU Ha TUIOIIMHY iM Mmapa-

JIENIbHY CTAaHOBUTH %—a. Bincrans

oMK ocsiMi — 4. BuzHaunMo 3akoH 3MiHM pajiiyca AeTaii 3a Horo JoBXKUHOK0. [[s 1poro
noOyAyeEMO MPOEKIIil HuIiHApa pajaiycom Rs Ta oci obepranHs aetani. OCTaHHIO 3a7aMO Bif-
TuHKOM OK,, pOo3TallioBaHUM HMJKYE Bifl OCI LMITIHIpa Ha BiacTaHi A (puc.2).
Ha pucy.2 pagiyc nerani B mepepisi, pos-
F TAIIOBAaHOMY Ha BI/ICTaH1 X BiJ] Iepepizy 3 MiHIMa-
B: JBHUM JIaMEeTPOM, AOPIBHIOE JTOBXKHUHI BiATHHKA
FK>. Bxkazanuii BIITUHOK € NIYKaHOK HATypajb-
~ AL HOIO BENTMIHHOKO DK — paﬂiyca neraii B ii mepepi-
! 31 3 KoopauHaroo x. Bintunok FK, noOynoBaHuit
O B\ £ 3 ypaxyBaHHSIM HAcTymHUX yMOB. OJUH KiHEIb
BIITMHKA HAaJeXUTh oci obOepranHs (Touka K),
Dy JPYruil — MOBEpXHi, 110 OOMEXY€e YaCTUHY INPOC-
TOpy, Ky MOXe 3aiiMartu mutiQyBaJbHUN KpyT
(Touka D). BinTMHOK, pO3TalIOBaHUM B TIIOIIMHI
HOpMaJIbHIM 10 oci obepranHsa netani (OK), 1 €

C Ki HOPMAJUTIO JI0 JIHII MEpeTHHY MOBEPXHI IIE€I0

’ ji IUIOIKHOK. Po3TamyBaHHs BIATHHKA M1 IPSIMUM

o 1 KyToM 110 oci geraini (OK) 3abe3nedeHo po3raury-
B BaHHAM IIif] IPSIMUM KyTOM Mpoekiii DK BigHO-

CHO TIPOEKIIii, PO3TalIOBaHOI TOPU3OHTAIBHO OCI
nerani (O;K;). YMOBa HOpMaJbHOTO PO3TAIlyBaH-
Hs BintuHka DK 10 IniHii MepeTHHY MOBEpPXHi
TUTOIIMHOO 3a0e3TeueHa HapsiMOM BiITUHKY DK,
akuil B Touli O mepeTuHaE BICh HUIIHAPUYHOI M10-
BEpXHi pajaiycom Rs.

Binnmosigno mo puc.l rimotenysa tpukytHuka D,K>F gopiBHIOE BicTaHi BiJ OCi AeTa-
71 10 1uTiyBaNbHOTO Kpyra B po3riasiHyromy nepepizi. Jloexkuna katera D>F nopiBHIOE 10B-
xuH1 Bigruaka D;C. OnmyCTHBIIN TPOMDBKHI EPETBOPEHHS, 3aIUILIEMO 3HAYSHHS pajiyca je-
Taii sk GyHKIT BIACTaHl X :

Pucynok 2 — CxeMa KiIHEeMaTHYHOTO
1t yBaHHS. B OPTOTOHATBHUX
MPOEKIIIAX

Rs x2 cos2 (a)

\/x2 cos> (a)+A2 1_C052(0‘)

+ A% (1)
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Bignosinuo 1o Bupasy (1) paaiyc noBepxHi, yTBOPEHOI B IpoLieci MexaHiuHO1 00p00-
KU, 3QJIKHUTh BiJ TPbOX T€OMETPUYHHUX BeNMYMH. BUOOpOM iX 3HAUE€Hb MOXKHA 3a0€3MEUUTH
TpH MapaMeTpH, SKi BU3HAYAIOTh F'€OMETPII0 OTpUMaHOi noBepxHi. Pasiiyc o6pobienoi nerani
3MIHIOETHCS CUMETPUYHO MOYATKy OCi KOOopAMHAT. MiHIMaIbHUNA pajiyc peani3yeThCsl, KOIH
x =01 nopisutoe pisHuiti 4 — Rs. Ilpu mbomy A > Rs > 0. Bumagok Rs =0 Binnoinae
o0poO1i JieTani IHCTPYMEHTOM 3 MPSIMOJIHIHHOIO PI3aJIbHOIO KPOMKOIO, HANPHKIAJ, TOKap-
HUM DpI3LEeM, pi3aIbHy KPOMKY SKOT'O PO3TAaIIOBYIOTH Ta MEPEMIIal0Th B3J0BXK MPSAMOi, MH-
MOODKHOT 10 oci obepTanHs aerani. [Ipu oMy 06pobiaeHa noBepxHs Oyae MaTu GopMmy oJi-
HOTIOJIOCHOTO Tinep6onoina odeprans. @opma TBIpHOT Oy/ie 3MIHIOBAaTHUCH 32 TiepO0JITYHOI0

3aJIEKHICTIO:
R s’ (@) o
1- cos? ()

2)

VY Bunagky 4 = Rs =0 Maemo cxemy TpaauuiiiHOTO criocoOy TouinHsA. Kyt Haxuiy

nexuth B Mexax 0 <o < % . Bunanox « =0 Biamosigae nutiyBaHHIO TOpLEM ILTi()yBaIb-

HOTO Kpyra, BUIAQJOK « = % — TpajuUifHOMY HUTIQYBAHHIO IMIIHAPUYHOIO MOBEPXHEIO

Kpyra 3 Biccio 00epTaHHs MapaieIbHOI0 OCl JeTati.

Jlo 3anexxHocti (1) BXOAATh TUIBKM JiHINHI BeTUYUHU. BignmoBinHo 3a Oyab SKUX 3Ha-
YeHb OJMHHUIb BUMIPIOBAHHS CIIBBIJHOIICHHS 3aJIMIIATHCS HE3MIHHUMHU. 3 BUKOPHUCTAHHSIM
OTPUMAHOI 3aJIEXKHOCTI pajilyca JeTail BiJ] XapakTepy B3a€MHOIO pO3TallyBaHHS ii oci, oci
1T yBaIbHOTO Kpyra Ta oro paaiyca nodynysamu gopmu tBipHOT netani (1). Ha puc.3 dop-
Ma TBIpHOT YTBOPEHOI NOBEpPXHI MMOOYI0BaHAa MPH PI3HUX 3HAUCHHSX pajiiyca HuliyBaIbHOTO

Kpyra 3a He3MIHHOTO 3HAYEHHS KyTa HaxXuily o = %O .

BignosigHo 10 HaBeaeHoro rpadika s NPUHHATUX MEX 3MiH apaMeTpiB 3MiHa pa-
aiyca nutiyBasbHOTO Kpyra MpU3BOAUTH JI0 MPAKTUYHO JIHIMHOT 3MIHU pajiyca JeTai.

Ha puc.4 ¢popma TBipHOT MOOYAOBaHA MPU PIZHUX 3HAUEHHSIX KyTa HaXWIIy OCi JeTali
Q Ta 3a He3MIHHOTO pajiyca unrigyBansHoro kpyra Rs =10wmM, Ha puc.5 — npu 3MiHHOMY
3HAYEHHI KyTa ¢ Ta pajiyca nuripyBansHoro kpyra Rs =0.

Rdet, MM
Rdet, MM 140
1554 (a+1)-715, pan
138
1504 0
. 136
1454
134
140
xvuMm 0 3 g 2 DR;,MM 0 32 4 & 8 10% MM

Pucynok 3 — 3miHa pajiyca CUMETPHUYHOT
yactunu netani Rd et 3a ii JOBXUHOIO X
IpHU PI3HUX BEIUYMHAX pajiyca nutidy-

Pucynox 4 — 3miHa pajiyca CUMETPUYHOL
yacTuHM netaini Rd et 3a i JOBXKUHOIO X
IIPU PI3HUX 3HAYCHHSIX KyTa HAXUIY O

BaJIbHOTO Kpyra Rs

[Ipu manux 3HaueHHsAX KyTax « (puc.4) mpoekuii oceil meram Ta nuIihyBaIbHOTO
Kpyra Ha IUIOIIKHY, IM IMapalielibHy, PO3TallloBaHi MPAKTUYHO ITij] MpsMuUM KyToM. Hacmigkom
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BKA3aHOT'O € CyITeBa 3MiHA pajiyca 3a JOBXkHUHOWO netaii. Komn o HabmmkaeTbes 10 77 ,

B3a€MHE PO3TAIlyBaHHS OCI JeTaji Ta HUTi(yBaTIbHOTO KPyra HaOJIMKA€ETHCS 0 MapaylelbHO-
ro, pajiyc JeTaii — 10 CTaJl0i BEIMYMHH. 32 HYJIbOBOTO 3HAYECHHs JiaMeTpa Huli(yBaTIbHOTO
Kpyra pizajJbHUM IHCTPYMEHTOM MO’KHAa BBA)XKaTW 3BMYaiiHM pizenb. [Ipu 1ipoMy yTBOpeHa
noBepxHs Oyze rinep0osoinoM 0b6epTaHHs 3 OAHIEIO MOPOKHUHOI. TakMM METOJOM MOXHA
70 1LTipYBaHHS IPOTOYUTH KaHABKY.

ORdet, %
= 01
Rdet, MM - 002
1 L =04
145- 0 (a”)‘fﬂii pan L 006
1
14 %[2
144 3
LLLLTTTTT,

xMM10 & 6 4 3 0(a+l)ndS, pan

Pucynox 5 — 3miHa pajiyca CUMETpUYHOL Pucynok 6 — Po3noiin BiTHOCHOT TOXHOKH
vacTuHu getani Rd et 3a il JOBKHHOIO X pamiyca nerani Rdet y BimcoTkax 3a
IPU YMOBHO HYJIBOBOMY JiaMeTpi ILLTi- JIOBJKMHOIO il CUMETPUYHOT YaCTUHU X B
(byBajIbHOIO Kpyra 3aJIKHOCTI Bil BITHOCHOT MOXUOKU KyTa X

Otpumani Buile rpadiuHi 3aJ€XKHOCTI MOKA3YIOTh, 10 HAWOLIBII BIUIMBOBUM YUHHHU-
KOM € KyT Haxuiy oci fgetani ¢ . TOYHICTb B3a€MHOIO pO3TallyBaHHs IUTi(YBaIbHOIO 1H-
CTPYMEHTY Ta JeTalli BIUIMBA€ HA TOYHICTh BUTOTOBJIEHHS OCTaHHBOI. 31 CXeMHU ITihyBaHHS
(puc.2) BuHO, 110 TOXHOKA po3Mipy 4 MPU3BOIUTH A0 BIANOBIAHOT MOXMOKHU y 3a0€3MeYeHH1
MPOEKTHOTO pajiyca nerani Rd et .

BinxunenHs paaiyca jaerani MpomnopliifHe 1 BIAXWJIEHHIO pajiyca ITiQyBaibHOTO
Kpyra Ta camomy paaiycy Rs. BimHocha moxubka pamaiyca oOpobitoBanbHOi nerani Rd et
NepEeBHUIILYe 3HAUEHHs BIIHOCHOT MOXMOKHU pajiyca nutipyBasbHOTO Kpyra Rs, sIKIIO JiaMeTp
OCTaHHBOT'O y CiM pa3iB MEPEBHILYE MHUPHUHY 0OpOOIIOBATbHOT KAaHABKU NMPU HE3MIHHUX 1H-
IIMX MTapaMeTpax .

Posmoin BinHOCHOT TOXMOKHU pajiyca aetani O Rd et y BincoTkax 3a JIOBKHHOIO il
CUMETPUYHOI YaCTMHU X B 3aJIeKHOCTI B/l BIAHOCHOI MOXMOKHM KyTa ¢ HaBEIEHO Ha puc.6.
HaBenenuii po3noin A03BoJisi€ 3pOOUTH BUCHOBOK, IO BIAXWJICHHS pajiiyca AeTalli HeliHik-
HO 3pOCTa€ 31 3pOCTaHHSAM BIJICTaH1 Bij epepizy 3 HAWMEHIINM pajilycoM Ta 31 3MEHIIEHHAM
KyTa o .

[IpakTHyHe 3aCTOCYBaHHS 3alPOIIOHOBAHOTO CHOCOOY HUTipyBaHHS BUMAarae BU3Ha-
YEeHHsI B3a€EMHOTO PO3TAIllyBaHHS JETalli, MITiyBalIbHOrO Kpyra Ta HOro aiamerpa 3a po3Mi-
pamu MoBepxHi (KaHaBKM) JeTali, Ky Tpeba BUTOTOBUTH. ['abapuTHI po3Mipy KaHABKH BU-
3HAYAIOThCS ii MIHIMAJIBLHUM Ta MAKCUMAJIBHUM pajilycaMu 1 BIICTAHHIO IIOMDK TepepizaMu ix
posramryBaHHs. Tak MiHIMaJIBHUH pajilyc KaHaBKH 3a0€3MeYyEThCS 32 HACTYITHOI yMOBH:

Rjet min = A= Rs . 3)
MakcumanbHuii patiyc
1
L> 2 % I’ cos’ (a) 2
Rpax =|1—Rs 7 cos (a)+4 +A4°, (4)
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ne L — mmpuHa KaHaBKH.
HasBHICTh TphOX IapamMeTpiB (A,a,RS) B3a€MHOTO PO3TAIllyBaHHS €JIEMEHTIB 3/iic-
HEHHsI TEXHOJIOT1l KIHEMaTHYHOTO (OPMOYTBOPEHHS WLTIPYBaHHSIM HaJa€ MOXIIMBICTH 3a-

0e3MeunTH I11e 0IHy YMOBY. Takol0 yMOBOIO MOKe OyTH yMOBa 3a0e3IeueHHsl pajiiyca KaHaB-
KU B TIepepizi MOMDK HepepizaMyu MaKCUMaJIbHOTO Ta MIHIMAJIbHOTO PaJilycCiB:

Rs Li,,, cos? (a)

R...=|1-
o \/Li,,, cos® (@) + (Ryetmin + Rs)2 1-cos’ (a)

+ (Rdet min T RS)2 , ()

ne L or BiZICTaHb IMIOMDK IIE€pepi3aMy 3 MIHIMAJIBHUM Ta IPOMDKHUM pajilycaMu.

3HaueHHs BENMUYUH RS Ta @ MarOTh OyTH BU3HAUYEHI 3 PO3B’S3aHHS CHCTEMHU PIBHSHB
(4) Ta (5).

V 30Hax CHJIOBOI B3a€MOIII TUI KOUCHHS T4 KAaHABKH IIAIIUITHUKIB BUHUKAIOTh KOHTAKT-
Hi HAnpYy)KeHHs. BeMunHN IUX HANPY>KeHb CYTTEBO 3aJIKATh BiJl KPUBU3HU MMOBEPXOHB T,
10 B3a€MOJIIOTh. 3MEHIIIEHHS! OCTAaHHIX MOXJIMBO IUISXOM Y3TO/DKeHHs ixHiX Gopm. Y3ron-
KEHOI0 Mae OyTH KpHBU3HA KaHABKU Ta TUT KOYEHHsS B Mepepi3ax, YTBOPEHUX TUIOMIMHAMH,
10 TPOXOJATh KPi3b TOUKM KOHTAKTY Tl KOUEHHS 3 KAaHABKOIO Ta BIiCh KUIBIlS MiAIUITHUKA.
Texnonorii ans nutigyBaHHsS 30BHIMIHIX KAHABOK BHYTPIIIHIX KUI€lb MIAIIUITHUKIB KOYESHHS

B Iepepi3i MiHIMaJIbHOIO pajiyca (x = 0) Mae 3a0e3rnedyBaTH 3a/laHy KpUBHU3HY TBIPHOT Ka-
HaBku K . [lpupiBHsiemo ii apyriit noxinHii ¢yHkuii 3Minu paniycy (1) B nepepisi (x = 0).

OnycTuMO IPOMDKHI IEPETBOPEHHS, MAEMO IIyKaHY 3aJIEKHICTB!

cos’ (a
K = (Rt min + RS)6 ((cos2 () —I)Rs _Rdetmin)z—()-
cos (a)—l

3HayeHHd BeJMYMH RS Ta @ A7 LBOro BUMNAJKY MAalOTh OYyTHM BH3Ha4YeH1 3
PO3B’si3aHHS CUCTEMH PiBHSHB (4) Ta (6).

BucHoBkH. 3amponoHoBaHa cxema KIHEMAaTHUYHOro (OpPMOYTBOPEHHS HUTI(YBaHHAM
KPHUBOJIHIHHOT KaHABKH J03BOJISIE 32 3HAUEHHAMH ii JiaMeTpiB B TPbOX Mepepizax, BKIOYHO i
B Ilepepi3i 3 MIHIMAJIBHUM JiaMeTpoM abo 3a 3HAYEHHsM il JlaMeTpiB B IBOX Iepepi3ax, B TO-
MY YHCII 1 B TIepepi3i 3 MIHIMAJIbHUM JlIaMeTPOM Ta KPUBH3HOIO TBIPHOI B TOUII, pO3TallIOBa-
Hill Ha HalIMEHIIIi{ Bi/ICTaHi BiJ OCi, BU3HAUATH B3a€MHE PO3TAIIYBAaHHS €JIEMEHTIB KIHEMaTH-
YHOTo crnocoOy 1iTi)yBaHHs KaHABOK KPUBOJIIHIHHOTO CUMETPUYHOrO MpOo(dito, BKIOYHO i
KaHaBOK BHYTPIIIHIX KUIEIb MiJIIMITHUKIB KOYSHHS, YUM MMIBUIIYETHCS AKICTh 0OPOOKH LUX
MOBEPXOHb. HampsiMKOM TOAANbIIOro PO3BUTKY NOCITIDKEHHS MOXeE OyTH JOCIHIKCHHS Ta
po3po0OKa creriaai3oBaHuX BepcTaTiB Ha 0a31 TEXHOJOT T KIHEMaTUYHOTO ()OPMOYTBOPEHHS.

(6)
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