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Beeoenue. Cratbs mocsmeHa pa3paboTKe MaTeMaTHYeCKOM MOZENH OJHOMapaMeTpHdecKoro (opmooOpa3zoBaHUs
3ybuatoro m3zmenus. B kadecTBe mpumepa paccMoTpeHo (GopmooOpazoBaHHe OOKOBOW MOBEPXHOCTH 3YObEB Kojeca
nepenadn HoBuKkoBa, IMoKa3aH XapaKTep W BEIMYHMHBI H3MCHEHUS IOTPEITHOCTH (pOopMOoOpa3oBaHUS IO BBHICOTE 3y0a
koneca. llempro paboOTHI sABIsIAch pa3paboTKa MaTeMaTHYSCKOH MOJENH TOBEPXHOCTH 3yObeB W3IENuil, Kak
orudaroIas MpOU3BOIAIICH MOBEPXHOCTH HMHCTPYMCHTA. BBIMOIHEHO PacyeTHO-IKCICPUMEHTAILHOE HCCIICIOBAHUE.
[onyueHHbIe MaTeMaTHUYECKHE MOJIENIM MOTYT HCIIOJIb30BaThCsl B YCTPOWCTBaxX ¢ Komupamu mnpu GopmMooOpa3zoBaHUU
0OOKOBOH MOBEPXHOCTH 3yObeB KoJieca nepenaun HoBrukoRsa.

B kadecTtBe mpuMepa paccMaTpHMBaeTCA XapaKTep OTKIOHEeHHs mnpoduis 3yObeB KoJjieca mepemnaun HoBukoBa ¢
ucxoaubM kKouTypoMm JIJI3 0,7-0,15.

Mamepuanet u memoowt. [Ipr TOCTPOCHUN MOAETH W UCCIICOBAHUU €€ XapaKTEPHUCTHK MCIIONB3YEeTCS MaTeMaTHICCKUI
amrmapar TeOpHH 3alleTUICHHs, METOANKA pacyeTa IITHHIPHISCKIX Tiepeiad — aBTOpCcKue pa3padorku Cummda A. A. B
paboTe mpemIoKEeHB HOBBIE MAaTEMAaTHYECKHE MOJCIN YpaBHCHHH OOKOBOW IOBEPXHOCTH 3YObEB W3JCIHA,
00pa30BaHHOTO C TOMOIIBI0 WHCTPYMEHTa, OCEBOH NPOQHIL KOTOPOTO COBMAJaeT C HCXOJHBIM KOHTypoM. B
paCCManHBaCMOﬁ MOACIN UHCTPYMCHT COBEPHIACT ABUIKECHUE BIOJIb OCH U3JICIIUA IIPU BPAIICHUU MTOCIEAHETO BOKPYT
cBoeil ocu. B Xoze nccnemoBaHus MpoBEICHO YUCICHHOE MOJCTUPOBAHUE JIJIsI OTIPE/ICIICHUST BETMYUHBI TIOTPEITHOCTH
(hopmooOpazoBaHusl MPOQUIIS U3AEITHS C TOMOIIHI0 HHCTPYMEHTA.

Peszynomamor uccreoosanus. Pa3zpaboTaHpl HOBBIE MaTeMaTHYeCKHE MOJETH M NporpaMMHOe oOecredeHwe s
YHCJICHHOTO MOJEIUPOBAaHUS (OopMOOOpa3oBaHUs 3yO4YaTOro H3MCNUS C IIOMONIBI0 HWHCTPYMEHTa C OJHUM
HE3aBUCHMBIM [MapaMeTpOM JBIDKCHUs. Tarke pa3paboTaH anropuTM ONPEACICHUS BEIUYUHBI TOTPEIIHOCTH
OTKJIOHCHUSI PEabHOTO MPOGUIL OT HOMUHAILHOTO IS 3y0a KoJieca nepenaun HoBukosa. [IpuBeaeHs! pemeHus as
TOYHOTO BOCIPOM3BEICHUS Mpoduis 3yoa.

Obcyoicoenue u 3axntouenusi. IlapaMeTprYecKiil Cmoco0 aHATUTHICCKOTO OIHMCAHUSI TIOBEPXHOCTH, HCIIOJIH30BAHHBIN B
pabote, ympomaeT BBIYHCICHUS IEPEMEIICHUI pPEeXyIIero MHCTPYMEHTa B 3aJadaxX YHCIOBOTO IPOTPAMMHOTO
ynpaBieHus. Pemenne 3a1aqn CHHTE3a TEXHOJOTHH 00pabOTKH MOBEPXHOCTH JeTallell Ha METaUIOPEKYIINX CTaHKAX
MpeaycMaTpuBaceT pa3padoTKy OIMUCAHUS BCETo mporecca GopMooOpa3oBaHus U TpeOyeT MpeACTaBICHUS TOBEPXHOCTH
JeTad B BHIE MaTeMaTHdecKoi Moaenu. IlomydeHHbIe pe3yabTaThl MOTYT OBITh HCIIOJIB30BAHBI B MIPOIECCE CO3TAHMUS
OTIENOYHBIX METOJOB O0pabOTKM 3yObeB, NpH TOBBIIICHHHM KadecTBa 3yOuUaThIX KOJIEC W Tepeiad, a TakKe
MIPOU3BOIUTEIBHOCTH 00PabOTKH.

Knrouegvte cnosa: 3yOuaThle W3Jenus, MareMarTH4ecKas MoOJeib, OJHOmapamerpuieckoe (opmMoodpasoBaHue,
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Mathematical model of shaping toothed products using volumetric tool with one motion
parameter

A. A. Silich, Eh. M. Yusupova
Tyumen Higher Military Engineering Command School (Tyumen, Russian Federation)

Introduction. The development of a mathematical model of one-parameter shaping of a toothed product is considered.
As an example, shaping of the side surface of the teeth of the Novikov gearing is studied; the mode and magnitude of
the change in the shaping error heightwise the wheel tooth are shown. The work objective was to develop a
mathematical model of the surface of the product teeth as a generating surface envelope of the tool. A computational
and experimental study is carried out. The mathematical models obtained can be used in devices with copiers when
shaping the side surface of the teeth of the Novikov gear. As an example, we consider the deviation behavior of the
teeth profile of the Novikov gear with the original profile of DLZ 0.7-0.15

Materials and Methods. When building the model and studying its characteristics, the mathematical tools of the gearing
theory, calculation procedure for cylindrical gears (A.A. Silich’s author development) were used. The paper proposes
new mathematical models of the equations of the lateral surface of the gear teeth formed with atool whose axia profile
coincides with the original one. In the model under consideration, the tool moves along the axis of the product while the
latter rotates on its axis. In the course of the study, numerical modeling was carried out to determine the error value in
shaping the product profile using the tool.

Results. New mathematical models and software have been developed for numerical simulation of the shaping of a
toothed product using a tool with one independent motion parameter. An algorithm has also been developed to
determine the deviation error of the real profile from the nominal one for the tooth of the Novikov gear. Sol utions to
accurately reproduce the tooth profile are provided.

Discussion and Conclusions. The parametric method of analytical description of the surface used in the work simplifies
the calculation of the cutting tool displacements in the problems of numerical control. Solving the problem of
synthesizing the technology of workpiece surface treatment on metal -cutting machines provides the development of a
description of the entire shaping process and requires the representation of the workpiece surface in the form of a
mathematical model. The results obtained can be used under creating finishing methods for processing teeth when
improving the quality of gear wheels and gear drives, as well as production efficiency.
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Beenenne. PaccmarpuBaercst mpouecc GpopMooOpazoBaHUsl OOKOBOH ITOBEPXHOCTH 3y0a Kojeca Iepenadn
HoBukoBa ¢ HCIIOJIB30BaHUEM CHELYIOLIETO AITOPUTMA!

—  ONHCBIBAETCS MPOU3BOAANIAS OBEPXHOCTh HHCTPYMEHTA B CUCTEME KOOPAUHAT 3TOT0 HHCTPYMEHTA;

— peasbHas TOBEPXHOCTHh 3yObeB Koseca (opMmupyeTcs Kak orudaromas HMpOM3BOISIIEH MOBEPXHOCTH
MHCTPYMEHTA NPU JABHKEHUHU TOCJIEAHEr0 OTHOCUTEIBHO KOJIECA C HE3aBUCUMBIMU MTapAMETPaMU;

— IPOBOJATCS YHUCICHHBIE HCCIEIOBAHMS IO OTKIOHEHHIO PEalabHOIl MOBEPXHOCTH OT TEOPETUYECKOH H
aHaJIN3 TTOJIyYEHHBIX PE3yNIbTaTOB.

B cootBerctBum ¢ I'OCT 13 755-81 mi1st pexxyiiero HHCTpyMEHTa CTaHAapT YCTaHABIMBAET HOPMATHBHBIHN psij
MOJyJel U ONpe/ielICHHbIE COOTHOICHUS MEX/Y pa3MepaMu 3JIEMEHTOB 3y0a. DTH COOTHOMLIEHUS ONPEAEISIOTCS IS
3yO4aThIX KOJEC MapaMeTpaMu HCXOJHOW peiiku depe3 mapaMeTphbl e HOPMAIBHOTO CEYEHHs] — HCXOAHBIA KOHTYp. B
Ka4yecTBE MHCTPYMEHTA B paboTe paccMOTPEH IMITH(OBAIBEHBINA KPYT.

OTHOCHUTENBHOE ABMKEHHUE 3BEHBEB IIepeiaun WM HHCTPYMEHTA 1 3aTOTOBKH IPH 00paboTKEe MOXKHO OTHCATh
OIHMM WJIN ABYMsI HE3aBUCHMBIMH Iapamerpamu. [loBepXHOCTH 3yObeB NEpBOrO 3BEHA SIBISIETCS OTMOaromeit
OJIHOTIAPAMETPUYECKOr0 MM JBYXNapaMEeTPHYECKOTO CceMeicTBa MOBEpXHOCTEH BTOporo 3BeHa. OueHp 4acTo
TIOBEPXHOCTH 3yOhEB M3JENHI B IIpoIecce ero o0paboTKu popMupyeTcs Kak orudaromas Iponu3BOIsIIeH TOBEPXHOCTH
HHCTPYMEHTa NpU JABWKEHMH IIOCIEIHEr0 OTHOCUTEIbHO U3AENHs C OJHMM HE3aBHUCHUMBIM IapameTpoM. B
OOJIBIIMHCTBE CJIy4acB B KAUECTBE TAKOI'0 NTapaMeTpa BIOMPAIOT YToJl IOBOPOTa U3/EIIHA.

Teopernueckas MOBEpXHOCTh 3yObeB Kojieca B Tpouecce ero (uHHIIHON 00paboTku abpa3uBHBIM
HHCTpYMEHTOM (hopMupyeTcst Kak orubaromias MpoU3BOASLICH TOBEPXHOCTH HHCTPYMEHTA MIPU JABHKEHHH MOCIEIHETO
OTHOCHUTEIIBHO KOJIeCa C HE3aBHCHMBIMHU TapaMeTpamu. TeopeTndeckoil moBepxHOCThIO, B cooTBeTcTBHU ¢ ['OCT
16 530-83, sBisieTcst kKaxaas U3 IByX NOBEPXHOCTEH (OOKOBBIE MOBEPXHOCTHU JIBYX 3yObeB), 0OeCIeUnBaIONIUe IPH HX
B3aMMOJICHICTBHUU 33JaHHOE NIEPENaTOYHOE OTHOIICHUE .
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B cBs3M ¢ BBINIEH3I0KEHHBIM OblIa MOCTABJIEHA 3aj[aya MO0 ONPE/IEICHUIO YPaBHEHNH OOKOBOI MOBEPXHOCTH
3yOpeB m3zmemus. IloBepxHOCTH 00pa3oBaHBI C IMOMOINBI0 HHCTPYMEHTA, OCEBOM MPO(MIF KOTOPOTO COBMANAacT C
UCXOIHBIM KOHTYpoM. [Ipn 3TOM MHCTpYMEHT COBEpINAET JBIKCHHE BJOJb OCH H3JENNs, a KOoJieca — COTJIACOBAaHHOE
BpalleHHE BOKPYT CBOCH ocH. Tak Kak BpalleHHWE H3JENIUs M TEPEMENICHHE MHCTPYMEHTa CBS3aHBI MEXTy cOoOOH
aHAJTUTUYECKON 3aBHCHMOCTBIO, TO B Ka4eCTBE HE3aBUCHMOIO Mapamerpa (opmMooOpa3oBaHMs 3yO04UaToro W3NS
BBIOpaH yToJ HOBOPOTA U3AEIHUS (.

Marepuansl u Meroabl. [ ToNydeHHS ypaBHEHUS HOMHHAIBHOW TIPOM3BOJSILICH ITOBEPXHOCTH
HWHCTpYMEHTa B paboTe OblIa MCIIOJIb30BaHA CHCTEMa KOOPJIMHAT, KECTKO CBSI3aHHAs C peiikoil. B xauecTBe MCXOAHOTO
KOHTypa INpPHHATO HOpMasibHOEe ceueHue peliku. Ha puc. 1 B kauyecTBe mpuMmepa moka3zaH 0OOOIIEHHBIH MCXOIHBINA
KOHTYP, B3SThIil U3 UCClleN0BaTeNbCKUX paboT [1, 2]. KoHTyp cocTaBiieH U3 YT OKPY)KHOCTEH, KOTOPbIE MOT'YT ILUIABHO
COIIPATATBHCS MEX/Ty COOOI MM TIepeceKaThCsl, YTO 3aBUCUT OT THIIAa HCXOJHOTO KOHTYpA.

Ha puc. 1 uudpamu B Kpy*kKax TMokazaHbl HOMepa yuacTkoB (i=1,2,3,...7). ['paHHIBI yYaCTKOB BBIZEICHBI
KpymHBIMA Toukamu. Kpome atoro, Ha puc. 1 mpunsaTel ciemytomune obozHauenus: § (X;Yi;Z) cucTeMbl KOOpIWHAT,
CBSI3aHHBIC C |-THIM Y4YaCTKOM HCXOTHOTO KOHTypa. Hadamo KOOpAMHAT TakoW CHCTEMBI COBMELICHO C LEHTPOM
OKpY)KHOCTH Y4JacTKa, a HalPaBJIEHHE OCEH COBNAAET C HANPaBIECHUEM OCEH CHCTeMBI KOOpAMHAT perku S, (Xp; Ypr Zp).

Pemenne 3amaun pa3buro Ha aBa 3tama. Ha mepBoM 3rTame CTpOHWTCS MaTeMaTHdecKas MOAETb 0OBEMHOTO
WHCTPYMEHTa B BHWJE Tella BpalleHus (Hanpumep, IUCKOBOrO HUTH(OBaILHOTO Kpyra WM IUCKoBOW ¢pessr). Ha
BTOPOM 3Tare ¢ MOMOIIbI0 MHCTPYMEHTa (GopMooOpasyercsi 3y0uaToe M3JeNIUe C OJHUM HE3aBHCHMBIM IapaMeTpoM
JBUKCHUS.

MaremaTuueckasi MojieJib HHCTPYMEHTa

IlonyunM TEOPETUUYECKYIO IIPOU3BOJAILYIO MMOBEPXHOCTb, IPUBS3aB IIOBEPXHOCTh MHCTPYMEHTA C CHCTEMOML
koopauHat S, (X,;Y,;Z,), HanpaBUB OCh Z, BAOJb OCH BpalleHus: HHCTpyMeHT. Och X, pacronokuM TakuMm o0pa3oMm,
4TOOBI OHAa NMPOXOJMJIA Yepe3 pacyeTHYIO TOUKYy, B KauyecTBE KOTOPOH NMPWHMMAaeM TOYKY KacaHHi MHCTPYMEHTa M
n3AenHs B HadaJbHBII MOMEHT BpeMeHH. Och Y, HampasiieHa TakK, YTOOBI BCE OCH COCTABISLIM IIPABYIO NEKAPTOBYIO
cructeMy KoopauHaT. C HCXOZHBIM KOHTYPOM CBs3aHa COOCTBEHHas CHCTeMa KoopamHaT S,(X,;Y,), ocH KOTOpOif
pacronoxkeHsl TakK, 4TOOBl OCh Z, COBNajaga C JAENUTENBHONM NpPAMOH HMCXOJHOro KOHTypa, a ock X, Obina eif
MIEPIECHANKYIISIPHA U HAPaBJICHA B CTOPOHY OCH HHCTPYMEHTA.

s hopmooOpa3oBaHus IPOU3BOISIICH TOBEPXHOCTH HHCTPYMEHTA MPUMEHSIOTCS YCTPO#CTBa, paboTaromue
C TIOMOIIIBIO KOMHPA, JIMOO0 YCTPOWCTBA, BOCIIPOU3BOASAIINE TPACKTOPHIO JIBM)KEHHS MPABAIIETO ajiMa3a MM 3aTOYHOTO
HHCTpyMeHTa ¢ noMoupio cucrembl UITY. Jlnst nmro0oro M3 9THX ClydaeB MaTeMaTHYeCKOe ONHMCaHWE IPOU3BOISIICH
IOBEPXHOCTH HHCTPYMEHTa Gyet oqHoTHIHEM ™ 2 [3].
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Puc. 1. Ucxonnsiii koutyp AJ13-0,7-0,15

Ha puc. 2 moka3aHo B3aMMHOE PAaCIOJIOKEHHWE HHCTpyMeHTa 1, MCXOJHOTO KOHTypa 2, Komupa 3, CXEMBI

! Kpusomeiixun, A. B., Hypmyxamenos JI. X., [Tepensrun C. B. MaTemaTuueckoe MOJETHPOBAHHE B MPUOOPHBIX cHCTeMaX : yuel. mocobue. CII6.
2019. 108 c.
2 31036K0B, B. M. MaTemaTHuecKas JIOTHKA H TEOPHs aITOPUTMOB : yuel. mocoGue. T. 2015. 236 c.
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MIPaBUJILHOTO YCTPOWCTBA M IPUHSTHIE CUCTEMBI KOOP/IMHAT, CBS3aHHbIE C KOIIMPOM U MHCTPYMEHTOM.
MaremaTH4ecKyl0 MOAENb MPOW3BOIAIICH MOBEPXHOCTH HMHCTPYMEHTa OyAeM paccMaTpHBaTh Kak CIEI
JBIDKCHUS] KOHTYpa KONMpA IPH €r0 BPALICHNH BOKPYT OCH Z, C YIIIOBBIM IAPAMETPOM JIBIDKCHUS ¢,
B cucreme xoopaunat S, ypaBHeHne Npoduis Konmpa, BKIIOYArOMUe Y4acTKu 1, 2 m 3 MOKHO 3amMcaTh
CIIEAYIOMINM 00pazoM:
X, = p; *sinv; + b;;
p = Pi " COSV; T Cj;

rae 0003HaYeHHe BENUYUH B3STHI U3 paboT [4-6]: p; — pamuyc KpUBH3HBI i-r0 ydacTKa HOPMajbHOTO mpoduis 3yba
peliku; v; — KpPHBOJIMHEHHAs KOOpJMHATa MPOM3BOJSILECH MOBEPXHOCTH pPEHKH, Hayalo OTCYeTa KOTOPOW HIET Io
94acoBOM CTpesKe OT 0CH Z,; ¢j — aNIIMKaTa MON0KEHHUs IEHTPa KPHBU3HBI COOTBETCTBYIOIIETO YUacTKa B CHCTEME S,
bi — abcimcca neHTpa KPUBU3HBI COOTBETCTBYIOIIETO yUacTKa B CHCTEME KOOPIHHAT S,

. X v XKoo Yo s

I'n

AN AsHEIR pesel

Puc. 2. Cxema popmMooOpa3oBaHuss HHCTPYMEHTA C IIPHHITONH CHCTEMOW KOOpPIUHAT

Kpome 3T0oro Ha puc. 2 0003HaueH pacyeTHHIH pajnyCc HHCTPYMEHTa I,
Bocmonb30BaBIIMCE BHIOPAaHHBIMH CHCTEMaMH KOODAWHAT, BBEIACHHBIMH OOO3HAYEHHSIMH W METOAWKON
v3 o
(opMooOpa3oBaHus MOBEPXHOCTEH ", MOJYyYNM ypaBHEHHE NMPOU3BOJAIICH MOBEPXHOCTH MHCTPYMEHTA B NMPOCKIIMU HA

OCH KOOPANHAT:

Xui = €05 @y " (p; ~ sinv; +b; — 1,);
Ty =Y = = sin@,; - (p; - sinv; +b; — 1,); @
Z,; = —p; COSV; — (.

i monmydeHus MaTeMaTHUeCKOM MOJENM H3JeNus MOHAJO0OWTCS ypaBHEHHE HOPMAalH K IPOM3BOISIICH
MOBEPXHOCTH MHCTpyMeHTa. I[loaToMy, UCIONb3ysh M3BECTHYIO MeTOAMKY [3] M oOImyckas IpOMEXYTOYHbIC
mpeoOpa3oBaHue, 3aUIIEM YpPaBHEHH OpTa HOpMaJIU K IIPOU3BOASIIECH MOBEPXHOCTH B CIEIYIONIEM BHE:

€xui = — COS @, * Sinv;;
ey,i = sing, - sinv;; 3
€,,i = COSV;.

MaremMaTnueckasi MOJIeJIb H3IeJTHsI

I'eomerpo-kuHeMaTndeckas cxema (GopMooOpazoBaHUs OOKOBOM MOBEPXHOCTH 3y0a H3JACIHS C IOMOIIBIO
WHCTPYMEHTa C COOTBETCTBYIOIIUMH CHCTEMaMH KOOpDJHMHAT IIOKa3aHa Ha puc. 3. YYacTKH IPOU3BOISIICH
MOBEPXHOCTH HMHCTPYMEHTa 3aiaHbl B cucteme koopauHat S,(X,; Y, Z,), KECTKO CBS3aHHOH C HHCTPYMEHTOM.
Cucrema xoopauHat S, (X;Y,;Z,) *KeCTKO CBsi3aHa ¢ 00pabaThiBaeMbIM H3JeHeM (HampuMmep, 3y04aThiM KOJIECOM).
HenonsukHble BCroMorarelbHble CHCTEMbI KoopauHat koneca S, (Xou; You;Zow) ¥ mHCTpyMeHTa S (Koo, Yor, Zow)s
CBSI3aHHBIEC CO CTOMKOM.

B kauecTBe HE3aBUCHMOTO MMapaMeTpa OTHOCUTEILHOTO ABMIKCHHS IPU 00pabOTKE HU3ICIUS IPUMEM BETHUHHY
@y, YACIICHHO PAaBHYIO yIJIy IOBOPOTa Kojieca BOKPYr ocu Z. IlepemerieHHe MHCTPYMEHTAa BIOJb OCH HU3ICIHS

® Paunes, I. T., Tapacenko A. IT. HTeIeKTyabHbIe CPEICTBA H3MEPEHHi : yue. mocoGue. M. 2016. 280 c.
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0003HAUCHO KaK S, YTOJI HAKJIOHA JTHHUU 3y0a u3nenus — f,. MexoceBoe paccTossHie — a=ry+ i+ Xy.

x.'v.

| —

Puc. 3. 'eomerpo-kuHeMaTHyIeckas cxema GopmMooOpa3oBaHus MPouitst 3yda U3aeHss HHCTPYMEHTOM

PeanpHas moBepXHOCTH 3y0a M3AenHs, KaKk OruOaromas OJHONAapaMeTPUYECKOro CeMEWCTBAa IMPOW3BOAAIICH
MOBEPXHOCTH MHCTPYMEHTA, ONpEeNeIsIeTCs CICAYIOIINM ypaBHEHMAMH [ 3]:

= Akui ' f;l a)
74 0 6)} ! (4)

rae f, — MaTrpuia-cTojaoer, COCTaBICHHAsI 3 MPOCSKIHHA MPOU3BOSIICH MOBEPXHOCTH WHCTPYMEHTA, 3alUCaHHON B
cucreme KoopauHar S,; A,,; — MaTpuiia epexoa oT CHCTeMbl KOOpAuHAT S, K cucteMe KoopauHar S; V,; — amanor
BEKTOpa OTHOCHTEIBHOW CKOpPOCTH IO TapameTpy ¢,; €, — OpPT HOpPMall K MPOHM3BOIAIICH IOBEPXHOCTH
HHCTPYMEHTA, MPOESKIIUU KOTOPOro Ha OCH KOOpIUHAT X, Y,, Z, pe/IcTaBlIeHbl ypaBHEHUIMH (3).

Matpuiy nepexona A,,; HaiileM BOCIIONB30BABIINCH METOJMKON H3JIOKEHHOH B paborax [3,7]. Omyckas
MIPOMEKYTOUHBIC TIPEOOPA30BAHHS, TaHHYIO MATPHILY IIPEICTABIM B CIICAYIOIIEM BHUJIC:

COS @, sinB, -sin ¢, — cos B, -sing, a - Ccos @,
i |- sing,  sinp, - cos g, — cos B, - cos @, —a-sing, )
Kui 0 cos S, 1 =5,
0 0 0 1
s =(pr<'r1< =(pK'm'Z}<
°  tanf, 2 - sin B
a=n+X+rm, =%+X}(+Tu.

BocCI1071530BaBIUIMCH METOIMKON OJJHOIIAPAMETPUYECKOro (popMO0Opa3oBaHus MOBEpXHOCTEH [ 3], IPUHATHIME
CHCTEeMaMd KOOpIHMHAT M TI'E€OMETPO-KHHEMAaTHYeCKOW cxemoil (opmoobOpasoBanus (puc.3), a TaKKe OIyCKas
[OPOMEKXYTOYHBIC TIPE0OPa30BaHsl, yPaBHCHHE PEaIbHBIX IOBEPXHOCTEH 3yObeB M3/IENHsI MOXKHO 3aIlUCaTh TaK:

X = COS @, " COS @, *sin B - sing, -sing, ' (p; *sinv; + b; — 1) +)
+ cos B, - sing, - (p; - cosv; + ¢;)
Vi = Sing, - cos @, - sin @, - sin B - cos @, - (p; - sinv; + b; — 1,) +
+ cos B - cos @, - (p; - cosv; + ¢;)
Zq = —cos B -sing, - (p; " sinv; + b; — 1) —
—sin By (p; - cOSV; +¢;) — @i "1y " ctg Py
VICIIONB3yst METOMKY MOIYdYeHHs YPAaBHEHHs 3aleruienus (4 6)°, OKOHUATEIbHO 3alAIIEM €ro B CIIeAyIOmeM

(6)

BHUJE.

4 Paunen I'. T., Tapacenko A. IT. MHTemekTyanbHbIe cpecTBa n3Mepenuit. 280 c.
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cos By * [sing,; - sinv; - (¢; — 1 " sin B + X - tan B + 7, - tan ;) — ™
—cosv; " (1, + X)) =0
rze X, — CMEIIEHHUs UCXOAHOT0 KOHTYpa.

Pe3ysbTaThbl HcCIe0BAHUS

Jnst onpeneseHns BEIMYMHbI TOIPENIHOCTH (HOpMOOOpa3oBaHus NPOGHIS H3AEIHUS C IOMOIIBI0 HHCTPYMEHTA
OBLJT MCIIOJIB30BAH CIEIYIOMHMH alrOpUTM:

1. PeanbHas 1 HOMHHAQJIBHAS ITOBEPXHOCTH 3yObeB M3ENNUS 3allCHIBAIMCH B OJHOH CHCTeMe KOOpAMHAT. B
KayecTBe HOMHHAIBHOW MOBEPXHOCTH 3yOheB M3IENNH OBUIH B3STH ypaBHEHHS OOKOBOI OBEPXHOCTH 3yObeB Koeca,
06pa30BAHHBIX C IOMOIIBIO peiiku® [3].

2. 3ajaBanoch TeKylllee 3HaUCHHE He3aBUCHUMOTO TapaMerpa vj, rae j=1, 2, 3—N — TeKyIuii HoMep TOYKH Ha
npoduite 3yda KoJeca.

3. Ilpunumas Z4=CONSt, ompejensaoch 3HAUYEHHE BTOPOTO HE3aBHCHMOIO MapaMeTpa ¢, HOMHHAIbHOTO
poQuIIA U3AEIHUS.

4. Yepes Tekymyro TOYKy o mpodmis 3yda H3AENHs TNPOBOJHIACH OKPYKHOCTB, ONpPENENIANOCh e
HepeceyeHue ¢ peaJbHBIM NpodHIeM 3y0a H3IeusL.

5. B kawectBe morpemHocTH (HOpMOOOpa30BaHHUS NPHHUMAIIOCH PACCTOSHHE IO XOpAE MEXAY TOYKAMH
HOMMHAJIBHOTO U PEasIbHOTO MPOQMIIS, PACIIOI0KEHHBIX HA OJTHOM U TOH JkKe OKPY)KHOCTH.

Pa3paboTaHHBI aIrOPUTM IO ONPENENCHHIO IOrpemHOCTH (opMooOpa3oBaHHsl OBUI peajn30BaH B BHIEC
porpamMmel B riporpammHuoii cpeae MathCAD.

B kauectBe mpumMepa Ha puc. 4 TOKa3zaH XapakTep HM3MEHEHHUsI pealbHOro MpoQuisl, MO CPAaBHEHUIO C
HOMHUHAIIBHBIM, M HalpaBleHue orcyeTa mnorpemHoctd A ¢GopmoobpasoBanus mpoduns 3yba koieca meperayu

HoBuxoga.

)
.

0 X

Puc. 4. Xapakrep oTkioHeHuns npoduis 3yObeB Kojeca nepeaaun Horkosa:

— HOMHUHAJBHBIN MPOQUITE; — peaNbHBII MPOPUITH

PeanbHble 3HaueHMs MOrpelIHOCTEN Ajj IPUBEIEHHl HA puC. 5 s 3ybuaroro koneca nepenaun HoBukosa c
ucxoguasiM koHTypoMm JJI3 0,7-0,15 m ciaenyromuMu reoMeTpUYECKUMHU MapaMeTpamMH: MOIYJb 3allerieHus: My=5,
4KCII0 3yObeB KoJieca Z=50, yroy HakjIoHa JnHuK 3y0a £,=20°, cMeleHnsT KICXOAHOTo KOoHTypa X,=0.

=1
i

13 ] 132 134 L6 136 iy, mia

Puc. 5. OtkioHeHne peansHOro Npo s OT HOMHHAIBHOTO JUTS 3y0a KoJeca nepenadn HoBukosa

5
3r03pKk0B B. M. Maremartudeckast JIOTHKA H TEOPHs aTOPUTMOB. 236 c.
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k2 o

Kak BumHO u3 rpaduka Ha puc. 5, MUHMMaJIbHOE 3HAYCHHE OTKJIOHEHMS! HAXOMISTCS B paliOHE JEIUTEIbHOTO
panuyca Kojeca, a MaKCHMaJIbHbIE 3HAYCHMSI HAOIIOJAr0TCS HAa TOJIOBKE M B OCHOBAHWM 3y0a Koneca. MakcuMalbHbIE
BeNMM4UHBI (hopMOOoOpa3oBaHus NPodMIIL 3aBUCAT OT BHAA HCXOJHOTO KOHTYpa, YMcIa 3yObeB, yIila HAKIOHA JIMHUH
3y0a, a TakXKe OT JUAMETPAIbHBIX Pa3MEPOB HHCTPYMEHTA.

O6cy:xnenne u 3aKka04enns. Paspaborana MmareMaTryeckasi MOAEIs GOPMOOOPa3OBaHHS 3y0UaTOTO M3AEIH
C TTOMOIIBIO HHCTPYMEHTA C OJHUM HE3aBUCHMBIM [TapaMETPOM JBHKEHHUS.

1. YucneHHble UcCIEIOBaHUS MOKa3bIBAIOT, YTO IO JAHHOH cXeMe 00pabOTKHM HEBO3MOXKHO TEOPETHYECKH
TOYHO BOCIIPOM3BECTH KOHTYp 3y0a W3JeNus, €clM INPOM3BOAALIAs HOBEPXHOCTh HHCTPYMEHTa O0Opa3oBaHa IO
TIPOQHITI0 UCXOAHOTO KOHTYpa 00pabaThiBacMOT0 N3AEIHSI.

2. MakcuManbHble HMCKaXeHMs Npo¢uis HaOJIOJArOTCS Ha TOJIOBKE M HOXKe 3yOa koneca (y anamerpa
BBICTYIIOB ¥ BII4JMH) M UX BEJIMYMHA TEM OOJbIIE, YeM BBIIIE HCXOAHBIA KOHTYp, OOJIbIIE MOIYNIb 3aLCIIIICHHS, MCHBIIIE
qHUCIIo 3yObeB 1 OOJIBINE YyroJl HaKJIoOHA 3y0a.

3. Jlna ToyHOrOo BOCHpOM3BEIEHHA mpoduis 3yda HeoOXoJuMa KOPPEKTHPOBKA KOIHMpPa, IO KOTOPOMY
OCYIIECTBIISICTCS MPABKa U 3aTOYKA UHCTPYMEHTA.
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