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BBEJIEHUE

AKTyaJlbHOCTh TeMBI. V3BEeCTHO, YTO IPOU3BOJACTBO KOHHYECKHX KOJEC C
KPYTOBBIMH 3yObSMHU BBITOJIHSETCS Ha JIBYX BUAAX 3yOOpPE3HBIX CTAaHKOB, OCHOBAHHBIX
Ha  KOHYCHOBEPUIMHHBEIX ¥  IUIOCKOBEPIIMHHBIX  HPOU3BOMSIIMX  KoJecax.
KonycHOBepIIMHHBIE NPOU3BOISIIME KoOJieca JAal0T TEOPETHYECKH IPaBHIBHYIO
TEOMETpPHIO 3y0beB KOHHMYECKHX KOJIEC B HpelesiaXx TOYHOCTH paboThl CTAHKOB, 33 CUET
UCIIONB30BAHNSI HACTPOHKH HAKJIOHSIOMIETOCS HMHCTPYMEHTAJIBHOTO LINMHHAENS Ha
pacueTHBIN yroyl 3aleIUIEHUs] NPH WCIOJIb30BAaHHHM pPE3LOB C JIOOBIMH 3HAYCHUSIMH
npoGUIBHEIX yriaoB. Ho 3y0ope3Hble CTaHKHM 3TOr0 BHJA KOHCTPYKTHBHO CIIOXKHBI,
JOpOTHE W HE MMEIOT IMUPOKOTO IPUMEHEHUS B MalIMHOCTPOCHHH. VX BBITyCKaloOT B
OTPaHHYCHHOM KOJIMYECTBE HEKOTOPHIE CTAHKOCTPOUTEIbHBIE (UPMBI IMPOMBIIIICHHO-
pa3sBUTHIX CTpaH. 3HA4YUTENBHO IIHpPE IPUMEHSIOTCS 3yOOpe3HBle CTaHKH C
IUTOCKOBEPIIMHHBIM HPOU3BOISIINM KOJIECOM, KOHCTPYKTHBHO OoJiee IpOCTHIE, MeHee
noporue. Ho Takume CTaHKM He JaOT TEOPETHYECKU IPAaBUIBHOW TeOMETpUH 3yObeB
KOJIEC, B CBSI3HM, C 4eM (HUPMBI, BBINYCKalOIIWe 3TH 3yOOpEe3Hble CTaHKH, CHAOXalOT
norpebuTeneil  PyKOBOASIIMMHM  MaTepUalaMH,  IO3BOJISAIOIIHE  HPOM3BOIUTH
KOPPEeKIMH, CHIJKAIOIME  IOTPEHNIHOCTh  M3TOTOBJIEHUs 3yObeB koixec [29,51].
WHCTpYKTHBHBIE  MaTepHajbl 10  HCHOJIB30BAaHUIO  3yOOpE3HBIX  CTaHKOB C
IUTOCKOBEPIIMHHBIM IPOU3BOJSIINM KOJIECOM COAEpIKaT JBa BUAA KOPPEKIHH 3yObeB.

IlepBbIif BUA KOPPEKUHMH IPOU3BOIUTCS 3yOOpPE3HBIM MHCTPYMEHTOM C pe3lamy,
UMEIOIUM pa3Hble YIIbl NpoduiIedl pexymuXx KPOMOK s Hape3aHWs BOTHYTOW M
BEINYKJIOH  CTOPOH  KPYrOBBIX 3yObeB. OTOT BUA  KOPPEKIUH  IO3BOJSET
KOMIICHCHPOBATh YacTh OTKJIOHEHWH mnpoduis 3yobeB. [Ipodunam HakiioHa pexymmx
KpOMOK pe3loB onpenensatorcs B coorBerctBuu ¢ 'OCT 11902-66, T'OCT 11906-66
CCCP, cerogua - sato I'OCT Poccuiickoit ®enepanuu. Cranmaptel EBpomneiickoro
CoofmecTBa B OTHOWIIEHHMH paccMaTpPHUBaeMBIX 3yOOpPE3HBIX TOJOBOK U T'EOMETPHUH
pE3I0B aHAJOTHYHBI. DTH CTaHAAPTHl OXBATHIBAIOT NPAKTHYECKH BCIO HOMEHKIATYPY
KOHMYECKUX 3yO0YaThIX KOJIEC C KpPYTOBBIMH 3yOBSIMH, YUYHTBIBAIOUIUE pPa3MepHl,
MOZYJIH, YIIIbl HAKIOHA U 4YHCI0 3yObeB Koec.

ITo mpuumHE MWHUPOKOTO pa3sHOOOpa3Ws TeOMETPUYECKHX IapaMeTpoB 3yOuYaThIX
KoJieC 3yOOpe3Hble TOJOBKHM BBIIYCKAIOTCS C ONpPENENCHHBIM HOMEPHBIM PSIOM
HOMHHAQJIBHOTO JAHMAaMeTpa M HOPMAJIHM30BAHHBIM HOMEPHBIM pSAOM pPE3NOB ¢
YCTaHOBJICHHBIMH OTKJIOHEHHUSMH YIJIOB NMPOQUIS PEKYIIUX KPOMOK.

ITockoabKy HOMEpHBIE pE3NBl CO CTYNEHYaTHIM pa3MEpHBIM psAOM  He
MO3BOJISIIOT IIOJIHOCTHIO KOMIIEHCHUPOBATh OTKJIOHEHHsS HpOQIIeH KPYroBEIX 3yObes,
MHCTPYKTHBHBIMH MaTepHallaMi IpeIyCMaTPUBAETCsl BTOPOW BHI KOPPEKIUH, ITyTEM
HaJIaJJOYHBIX YCTAHOBOK HCIOJHHUTENBHBIX YCTPOMCTB 3yOOpe3HBIX CTaHKOB. B
PYKOBOJACTBaxX IO SKCINIyaTallHd CTAHKOB INPHBOJISATCS CXEMBI PAacdyeTOB OTKIOHEHUS
npodmieii  3yObeB 10 HOMOTpaMMaM  KOPPEKIMH  HaJaJdO0YHBIX  YCTAHOBOK,
MO3BOJSIIONIME  YacCTHYHO  KOMIIGHCHPOBATh  OTKIJIOHEHHUS npoduns  3yObeB.
OxoHUaTeNbHasi KOPPEKIUs IPOU3BOAMTCS IIOCIE OIEepallu OOKATKH KOHHYECKOMN
nepefayd Ha KOHTPOJIBHO-OOKATHOM CTaHKE METOJOM SMIUPHYECKOTO IPUOIHIKCHHUS
IyTeM IOCIelOBaTeNbHBIX MNPO0 W M3MEHEHWH HalaJoYHBIX YCTaHOBOK CTaHKa,
MO3BOJIIIONINX IMOJNYYUTh (HOpMy 3yObeB NMPUOIIKEHHYIO K TEOPETHYECKH IPAaBHILHOMN
reoMeTpun 3yobeB. [Ipu 3TOM, B OCHOBY IPHUEMKH B IKCILTyaTal[Mi0 KOHMYECKOH Maphl,
MOJIOKEH KPUTEPHH pacIookKeHHs M (OpMBI MATHA KOHTAKTa 3allelICHUs 3yObeB.



W3 BBINIECKA3aHHOTO CIIEAYET, YTO JO HACTOSIIEr0 BPEMEHH HE YCTaHOBJIEHBI
TOYHBIE AHAJIUTHYECKHE 3aBUCHUMOCTH KOPPEKIMH KDPYrOBBIX 3yObEB Ui CTAHKOB C
[UIOCKOBEPUIMHHBIM TIPOU3BOISIIUM KOJECOM.

Takum 00pa3oM, JJIsl BBINYCKA KOHMYECKUX IEpeaad C KPYrOBBIMH 3yObsIMH,
OTBEYAIOIIMM  BBICOKMM  TPe0OOI-'MssM K  KauyeCTBY  3allelUIEHUs, BO3HUKIA
HEOOXOAMMOCTh pa3pabOTKH HOBBIX METOJOB KOPPEKIUH MPOHM3BOJICTBA KOHHYECKUX
KOJIEC ¢ KPYrOBBIMH 3yObsIMH W TIPOBEICHUS TEOPETHYECKUX M IKCHEPUMEHTATbHBIX
UCCIIEIOBaHUM, CJIeNOBATENbHO TEMa JIUCCEPTAMOHHONW paboThl, IOCBSLIEHHAS
PEIIEHUIO TaHHON MpPOOJIEMBI SBISETCS BEChbMa aKTyallbHOM.

Hear w 3agauMm  HMCCJIEAOBAHUS - CO3JAHHE TEXHOJOIMHM KavyeCTBEHHOU
00pa0OTKH KOHHMYECKHX KOJEC C KPYroBBIMH 3yObsiMH Ha 3y0000pabaThIBAaIOIIMX
CTaHKaX IyTeM:

1) pa3paboTku MeTONOB KOPPEKIHH YTIoB Npodmis 3yOOpe3HOro HHCTPYMEHTa W
HAJaJOYHBIX [apaMeTpPoB 3y0Ope3HBIX CTAHKOB IyTEM HCCIENOBaHUS (HAaKTOPOB,
BIMSIOIIMX  HA  OTKJIOHEHHE  MPOQHIIsL KPYroBbIX  3yObeB,  Hape3aHHbBIX
[UIOCKOBEPUIMHHBIM TPOU3BOISIIUM KOJIECOM;

2) cuHTE3a KHHEMAaTHYECKHX CBsi3edl 00paboTKU 3y0UaThIX KOJIEC,

3) mporpaMMHO - MaTeMaTHYecKoe obecredyeHre 00pabOTKM KOHMYECKHX Iepefaad Ha
3y0OpE3HBIX CTAaHKaX.

4)  co3maHMs  BBICOKOIPOM3BOJUTENBHBIX  CHOCOOOB M HHCTPYMEHTOB  JUIS
3y0oHape3aHus;

Mertoanl WcciaeaoBaHuii. TeopeTHYECKHE HCCIECHOBAHMS KHHEMATHYECKUX
XapakTepUucTHK (GopmMooOpa3oBaHusi 3yObeB KoyieC 0a3supoOBajMCh HAa OCHOBHBIX
MOJIOKEHUAX TEOPETHYECKOW MEXaHWKH, aHAJUTHYECKOW TIEOMETPUM U TEOPUH
MEXaHU3MOB M MAIIUH.

B 9KclepUMEHTAIbHBIX HCCIEAOBAHUAX O00pa0OTKH KOHHYECKHUX KOJEC Ha
3y0Ope3HbIX  CTaHKax, [POBEPKa KadyecTBa  3alElUIEHUS  KOHMYECKOW  mapbl
OTIPENENSAIOCH MOKA3aHUsAMU IOJOXKEHUSI W pa3MepaMH MSTHAa KOHTaKTa. AHAIHM3 W
CHHTE3 DJIEMEHTOB HACTPOMKH OSKCIEHTPUKOBOIO MOAM(HKATOpPA IO  HOBBIM
3aBUCHMOCTSAM  IPOM3BOJMMIICS  METOAOM  KOMIIBIOTEPHOTO  MOJIEIUPOBAHWUS W
9KCIEPUMEHTA.

Hayunass wHoBu3Ha. PaspaGoraHa Maremarhyeckas MoOJelb 00pabOTKH
KOHMYECKUX Iepelad, MO3BOJSIOMAsA OIPEACIUTh aHAIUTHYECKHE 3aBHCHMOCTH
KHHEMATHKH (OPMOOOGPAa30BaHUs IBOJBBEHTH KPYIOBBIX 3yObEeB KOHMYECKHX IeEperad
METOZOM o0OKara Ha 3y0Ope3HBIX CTaHKaX, OCHOBAaHHBIX HAa IUIOCKOBEPIIUHHBIX
MPOU3BOAANIMX KOJecax; OMpeaeeHbl (GOopMyIbl pacdeTra Mpoduieii CTOPOH pPEe3IoB
3y0Ope3HBIX TOJOBOK ISl 00paGOTKM KOHUYECKUX Iiepenad Ha 3yOOpe3HBIX CTaHKax ¢
VIPOIIEHUEM METOIUK BBIYKCIECHHS MapaMeTpoB 00paGoTKH.

PazpaGoranbl MeTOAbI: pacyeTa OTHOCHUTEIBHOW OpHEHTAlMH 3y0Oope3HOi
FOJIOBKH M KOHHYECKOrO KOJIeCa € YyYEeTOM TPaHUYHBIX [apaMeTPOB Hape3aHus
KPYroBbIX 3yObeB Ha 3y0OpE3HBIX CTAHKAaX, BBEICHUSA KOPPEKIMH B OCEBOE W
TUIIOMIHOE IT0JIOKEHUE 3arOTOBKH, YYHUTHIBAIOIUX BIIHMAHHE MHOXeCTBa (AaKTOPOB Ha
CTAHOYHOE 3alleIUIEHUE B PACYETHOM TOYKE, a TaKKe IMOJydeHbl (hOPMyYJIBl pacdera U
HACTPONKHU mapaMeTpoB JKCIEHTPUKOBOTO MoaupuKaTopa o0KaTKH,
00ecreurBaoIEro MEPEMEHHYI0 CHHYCOUAANbHYI0 3aBHCHUMOCTH OTKJIOHEHHs yria
npoduist B mpoiecce oOKaTku ¥ INPOrpaMMHO-MaTeMaTHYecKoe o0ecliedeHue BIOOpa
BEJIMYMH KOPPEKIUH.

I[IpakTHyeckass 3HAYMMOCTH NOJYYEHHBIX Ppe3yabTaToB. Pa3paboTaHHBIE
METOIBl KOppeKuHH (OpPMBI KPYroBoro 3y0a KOHHYECKHX KOJEC IO3BOJSIOT
KayeCTBEHHO 00pabaTeiBaTh Kojeca 3yOOpe3HBIMH TOJIOBKAMH C pe3laMd pa3HbIX
BEJIMYMH, MPOU3BOJIUTH OBICTPYI0, OOOCHOBAaHHYIO M IEJICHANPABICHHYIO KOPPEKIHIO
00pabOTKM B COOTBETCTBHM C OCOOCHHOCTSIMH KOPPEKTHPYIOIIMX yCTPOHCTB
3y0Ope3HBIX cTaHKOB. [lomyueHHass 3aBUCHMOCTH pacdera YIJIOB INpOoQuiIs cTOpoH
pe3oB 3yOOpEe3HBIX TOJOBOK ITO3BOJIIET YNPOCTHTH METOJBl PacdyeToOB I1apaMeTpoB,
OTKa3aThCsl OT MHOTHX IIONPAaBOK Ha CIIELHAIM3UPOBAHHBIX 3yOOpPE3HBIX CTaHKaxX M
SIBIISIIOTCSI OCHOBOM JUIsl pa3pabOTKM MOBOW CHCTEMBI HOMEPHBIX PE3IIOB.

Pa3zpaboTaHHEI MeTOX oOmpeneNieHUs HMapaMeTPOB HACTPOWKH MoOIU(HUKATOpa
00KaTKH IO3BOJSET YIYYIINTh CTeHeHb (OPMUPOBAHHUS NPAaBUIBHON DBOJIHBEHTHI
KpyroBoro 3y0a KOHHYECKOTO Kojieca, YTO IIOBBINIAET IUIABHOCTh, OECIIyMHOCTH
nepeaadyu 1 yBEIMYHBaeT MPOYHOCTHBIE XapaKTEPUCTHKH.

JKOHOMHMYEeCKAass 3HAYMMOCTh MOJYYEeHHBIX Pe3yJbTaTOB.

Pe3ynbTaThl TEOPETHUECKUX M IKCHEPUMEHTANBHBIX HCCICHOBAHHH MOTYT OBITH
UCIOJB30BaHEl B KayecTBE KOMMEPYECKOTO0 MpPOAYKTa IIPH COOTBETCTBYIOIIEH
3aMHTEPECOBAHHOCTH HPEINPUSATHH B Ka4eCTBEHHOM Hape3aHUM KOHMYECKUX IMepenad
C KpYroBBIMH 3yObsMHu. PesynpTaTbl uHcCClieZoBaHHS JOKa3bIBAIOT TIOBBIIICHUE
KayecTBa ¥ IIPOM3BOJUTEIBHOCTH W3TOTOBJICHUS KOHMYECKMX IIepefad: TOYHOCTh
3yOoHape3aHus COCTaBseT 6-7 CTelmeHb, MITYYHOE BpeMs 0O0pabOTKM COKPAaTHIOCH B
1,5-1,8 pa3za.

OcCHOBHBIE MOJOKEHHSI TUCCEPTANNH, BBIHOCHMBbIE HA 3aIIUTY

1) pe3yabpTaThl ~ aHanmM3a  3aBUCUMOCTEHl  KMHEMaTWKH  (GopmooOpa3oBaHUs
9BOJIEBEHTHI 110 BBITYKJIOH M BOTHYTOH CTOPOHAM KPYTOBBIX 3yObeB KOHHUYECKUX
KOoJIeC MeTOJOM o0kaTa Ha 3y0Ope3HBIX CTaHKaxX; IEePeMEHHBIH XapakTep
W3MEHEHHUs] OTKJIOHEHHs yriia mpoduis B Ipolnecce OOKaTKH Maphl Hapezaemoe -
HIPOMU3BOJSIIEE KOJIECO MOCIY)XHJI OCHOBOH i mepecMoTpa (OpMyl pacdera
yIJI0B Ipoduieil CTOPOH pe3loB 3y0Ope3HOH T'OJOBKH;

2) MeToAbl ONpeAeNeHHs ¥ Ha3HAUYCHUS KOPPEKTHPYIOIHMX KOo3(G(GHUINEHTOB B
HaJaJ0YHbIC TapaMeTpbl 3y0000padaThIBAIOIINX CTAHKOB.

3) pe3ynbTaThl AQHAJIUTUYECKOT0 HCCIIeTOBAHUS u BBIYUCIIUTEIBHOTO
MOJICIIUPOBAaHUSl 110 OIPEJCICHHUIO IapaMeTPOB HalaJAKH JKCIEHTPUKOBOTO
Moau(puKaTopa OOKaTKH 0 HOBBIM MOJYYEHHBIM 3aBUCHUMOCTSIM;

4) 0 HeoOXOIMMOCTH HMETh NMEPEeMEHHYI0 CHHYCOHIAIBHYI0 (YHKIHIO M3MEHCHHS
OTKJIOHEHHUS1 yria npoduis OT yriia HOBOPOTa IPOM3BOMAILIETO Kojeca st
MOJY4YEeHUs] HAa BCEM IIPOTSHKCHHH YydYacTKa HpPOQUIMPOBAHMS IPABHIBHON
(hopMBI 5BOJIEBEHTHI 3y0a, a HE TONBKO B PacYETHOH TOYKE U BOKPYT HETO.
JInunblii BKJIag comckaredas. [7aBbl, TOe paccMaTpUBAIOTCS TEOPETUUYECKHE

OCHOBBI BBEJCHUS KOPPEKIMH IpH Hape3aHWH KOHHYECKHX KOJEeC C KPYrOBBIMHU
3yOBbsIMH W OJKCIIEpUMEHTaJbHas IMPOBEpKa TEOPETHYECKUX MOJOXKCHHH HalHCaHBl B
TeCHOM coTpyaHudecTBe ¢ YcybGamartoBeiM P.H.. OcranbHble pa3nensl QUcCepTaluH
pa3paboTaHbl aBTOPOM IHCCEPTAIHH.

AnpoGanusi pe3yabTaToB aAHccepranuu. OCHOBHBIE pE3yJIbTAaThl PabOTHI
JIOKJIaIbIBAINCE M ONyONIMKOBaHBI B COOpHUKax TPYIOB ABYX MexXIyHapoIHEIX (B
Bunsaioce u  CeBacrtomoisie), ogmHoil PecmyOmukaHCKOW — Hay4HO-TEXHHYECKON
koH(pepeHnun (bumkeke) u Ha mepBoM cbe3ne MHKeHepoB Kbipreizckoit PecryOmukw,
MOCBSIIEHHBIX MPOOJIeMaM B MAaIIMHOCTPOUTENBEHOH HMpoMbIIeHHOCTH B 1994-2000rr.
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[yonaukanus pesyabraToB. OnybnukoBaHsl 1o TeMe auccepranuu 10 pador, B
TOM 4HCJE JIBE CTaTbU B MOCKOBCKHMX JKYpPHajJax M IATh cTaTeil B pecnyOiIMKaHCKUX
KypHanax, [Ba AOKJIaJa W OJUH TE3UC JOKIaja B COOPHHKAX TPYIOB KOH(EPEHIHH.
[Monmy4eHo mMONOXKUTENBHOE pEHmICHHE Ha 3asiBKy-u3o0pereHue "Cmoco® HapesaHHs
KpYTOBBIX 3yObeB KOHHYECKUX Koyec'.

CtpykTypa u o00beM auccepramum. JuccepranmmoHHas paboTa COCTOHWT U3
BBEICHUS, 4 TlIaB, BBIBOAOB, CIHCKAa HCIIOJNB30BAaHHBIX HCTOYHHMKOB M IPHIIOKCHUIL,
colepKallNX CIPABOYHBIE MaTepHasbl, mporpaMmbl. Padorta comepxut 136 crpaHun
KOMITBIOTEPHOTO TeKcTa, 48 pUCYHKOB, 5 Tabnuu, 129 HanMeHOBaHUIl IUTEPATYPHI.

COJEPXXAHUE PABOTHI

B nepBoii riaaBe mpuHBEACHBI pe3yNbTaThl 0030pa W aHAIKW3a HAYYHO-
TEXHHYECKON TUTEepaTypsl IO TeMe AUCCEPTAallMOHHONW paboTHI.

CHHTE30M KOHMYECKHMX 3yO0YaThIX Iepefad ¢ MOHIKAIOIUMUCS KPYTOBBIMHU
3yObSIMH 3aHHMaJINCh MHOTHE Yy4eHble U, npexne Bcero D.JLJIUTBHH co cBOMMH
ydeHuKaMu. 3a py0exoM BecbMa H3BECTHBIMH SBISIOTCS KOMIBIOTEPHBIE KOMILIEKCHI
HeMeukoid ¢upmbl KnunrenpHOepr u amepukanckod ¢upmel [nmucon. Oprako
OTHCAaHHWE AaNrOPpUTMOB, HA KOTOPBIX OHH IIOCTPOCHBI, B OTKPHITOH JaHTEpaType
MPAaKTHYECKH OTCyTCTByeT. OmyOInKoBaHHBIE MaTepHanbl, KaK MpPaBHUIO, HOCAT
peKJIaMHBIN XapakTep WIM XapakTep MHCTPYKIUH.

AHanu3 UCIONB30BaHUS METOJUK pacueTa IapaMeTpoB 3yOOpE3HBIX TOJIOBOK U
HaJaJOYHBIX XapaKTePUCTHK 3yOOpe3HOro CTaHKa IPH TPOU3BOJCTBE KOHHUYECKUX
KOJIEC C KPYTOBBIMH 3yObsIMH, H3JI0)KCHHOH B pyKoBoAsfmmx wmarepuanax JHUMCa
MIOKa3bIBa€T, YTO OTCYTCTBYET OINpeAeICHHas IOCIEeN0BATEIBbHOCTh IPH Ha3HAYCHUU
KOPPEKTHPYIONINX IONPaBOK B HalaZOYHbIE IIapaMeTpsl 3yOOpe3HOro CTaHKa H
HHCTPYMEHTA, YTO BBIHYXXAA€T BBOAUTH M OTBICKHBATH JONOJHHUTEIbHBIC IOMPABKH
mociae oOKaTKM KOHMYECKOW IMaphl B 3aleTUIEHHH Ha KOHTPOIBHO-OOKAaTHOM CTaHKE.
OT0 00BACHAETCI TeM OOCTOSATENBCTBOM, 4UYTO HPH HCIOIb30BAHHHM PACUETHBIX
3aBHCHMOCTEH He YyYHTHIBaIoTci MHorue ¢akrtopsl. K mpumepy, Ha ceroans
OTKJIOHEHHE PO 3yda pacCUYUTHIBACTCS MO MPUOIIKEHHONH 3aBUCUMOCTH, KOTOPas
BKJIIOYAET TOJABKO JBa mapametpa: Jor = ($m /?,,, a UMEHHO 6"-yeo1 HOXKH H D,, -

YToJI HakJIOHAa KpyroBoro 3yba. OTa 3aBHCHMOCTH BOIIUIA B TOCYJapCTBEHHBIN CTaHAApT
[0 pacyeTy yrioB MpOoQUIsT HOMEPHBIX Pe3L0B 3yOOpPE3HBIX T'OJIOBOK.

IIpakTuka Hape3aHUs KPYrOBBIX 3yObeB KOHHYECKHX KOJEC HOMEPHBIMHU
pe3namu, cupoGUINPOBAHHBIMH IO YKa3aHHOH (hopMyiie, MOKa3bIBAeT YTO, KOPPEKIHUs
¢opmbl 3y0a TPOBOAUTCS YACTHUYHO, M JUATOHAIBHOCTh KOHTakTa 3yba He
yCTpaHseTcsl.

[IpoBeneHHBIE HCCIENOBAHUS BBISBHIN, YTO OTKIOHEHHE yria mpoduias 3yba
HMEET CIIOXHYIO 3aBHCHMOCTb M sIBIfeTcs (QyHKIUedl MHOTHMX mapaMmeTpoB. B obmem
BHJIE 3TO OTKJIOHEHHE TMpexacTaBiseTcs B Buzpe: Aa = /(6., ,, K, ,2,1V,x.a). Yrusl
mpodwmiIs pe3loB HMEIOT CIOXHYIO 3aBUCHMOCTB, B KOTOPYIO BXOIAT CEMb
TreOMEeTPUIECKUX MapaMeTPOB HApe3aeMoro Koeca.

Hayunsle pa3paboTku NMpOBOAMINCH B HAYYHO — HCCIEIOBATEIbCKOM HHCTUTYTE
«®Du3uko - TexHHUeckux mpobiaem» Kreipreisckoro HamumonampHoro Texamueckoro
VYuusepcutera uMm. W.Pa33akosa.

BeiBombl. AHamu3 COCTOSHHS BONpOCa IIOKA3bIBAaeT, 4dYTO JUIi BBIMYCKa
KOHHYECKHX Iepenad ¢ KPYTOBBIMH 3yObSIMH, OTBEYAIOIIMM BBICOKHM TPeOOBAHMAM K
Ka4ecTBY 3ameniaeHus, Heo0XoauMOo MPOBECHHE TEOPETHIECKHUX u
SKCIEPUMEHTATbHBIX  HCCIEIOBAHUI AN BBISIBICHHS  HOBBIX  3aBHCHMOCTEil
npoQIINPOBAaHUS 3BOJNBBEHTH 3yO4yaToW mepenadyd W Ha HX OCHOBE pa3paboTarth
METOABI KOPPEKIIHH.

Bropas riaBa mocBsIeHa TEOPETHIECKOMY OOOCHOBAHHIO M pa3pabOTKe HOBBIX
METOZOB KOPPEKIHHU 10 HACTPOHKe M Hajagke 3y0Ope3HBIX CTAHKOB M MHCTPYMEHTA.

B Hacrosmee Bpems oOTkiIOHeHHe mpoduiast 3yba pacCUMTBIBACTCA IO
IpUOIMKEHHON 3aBHCHMOCTH, KOTOpPHIE BKJII0OYAET TOJIBKO JBa MapameTpa
JAJ =1§Cr *511G, (1)

HccnenoBanus (GakTOpoB, BIMAIONIMX HAa OTKIOHEHHE HPO(PUIST KPYTOBBIX
3y0beB, Hape3aHHBIX IUIOCKOBEPIIMHHBIM IPOM3BOIAIIMM  KOJECOM, IIOKa3aiH
MEePEMEHHYI0 3aBHCHMOCTh M3MEHEHHs yria HpoQuias B Mpolecce OOKaTKH Mapsl
Hape3aeMoe - mpou3Bozsmee koueca. IIpu 3ToM OTKIOHEHHS YIIIOB HMpodmis 3yda s
BOTHYTOH M BBHIIIYKJIOH CTOPOH HE PaBHBI II0 CBOMM a0COJIIOTHBIM 3HAYCHUSM.

IIpennaraemasi 3aBUCHMOCTb OIpPEJIENCHUS BEIMYMH OTKJIOHEHHS mnpopmis 3yda
HMEET CIEeAYIOIUN BUI.

1eacog B, , u
Aa = azcl™ws; am(<p; + [I)Jn  accl% —— - azcwiya cos [, "]
coSe;
I11b AL -bleosgY -2 AL eoSeAT—fe VO Hra) o
<P\ ~-aeccos — +azcco$ f<
24K,, co$0, 24H,co8s
rie Kor - cpenHee koHycHoe pacctosHue; ©Or - yrom HOXkH 3yba; A - pammyc

IBIDKEHUSI 3yOOpE3HOW TOJOBKH; T - HOMUHAJIBHBIA pagmyc 3yOope3Hod rojoBku; V/ -
BEJIMYMHA Pa3BOAa PE3LOB; a - yroa mpoduis 3yba rmiockoro koieca; b - BbicoTa
HOXKH 3y0a. 3Haku (+ ): - BEpXHUH - [UIsI BOTHYTOH, HIKHUI - A7 BBITYKJIOW CTOPOH
3y0a.
Ha pwuc.l, mpencraBineHsl rpadudeckue u3oOpaxeHus orkioHeHus Ja(cp) mo
¢dopmyne mpegnaraeMoil B HacTosmiei padore (2), Mo CIeAYIOIIUM UCXOTHBIM TaHHBIM:
A =45,88747vMm; T = 44,45mm; S, = 53,639607mm;0,= 4,141189°; 6, = 49,14°;

5r =40,86°; b, =3,0045623mm = b,; 5 =45°;, P,=35° V/= 1mMm.

OTkiIOHEeHHE Tpoduis 3yda UMEeeT MecTO 1Mo Bcel BbIcoTe 3y0a. /g mosydeHus
Oonee TouHOTO Mpodmis 3y6a HEOOXOAUMO HU3MEHHTh TE€OMETPUI0 PEXYIIUX KPOMOK
pe3noB 3y0ope3Ho# ronoBkd. KoMmmeHcHpyeMoe MONpaBOYHOE OTKIOHEHHE NpOQHIIs
3yObeB pE3IOB B 3TOM Clydae AOJDKHO OBITH paccuuTaHo mo Qopmyne (2) mpu
YCIOBHH, YTO PEXYLIHMEe KPOMKH OyIyT NMPOXOAMTH TOYKY IOJIOCA 3ALCIUICHHS Iaphl:
Hapes3aeMoe - MPOMU3BOJIIEE KOJIECO.

AHanu3 BENWYMH OTKJIOHEHUS mnpoduis 3yda, pacCYUTAHHBIX IO MNPUHATOU B
MaIIMHOCTPOCHUHU 3aBHUCHUMOCTH (1) ¥ MO yTOYHEHHO# 3aBHCHMOCTH (2), MOKa3bIBaeT
Ha CYLIECTBEHHBIC PACXOXJCHMS BEJIMYMH OTKJIOHCHHS B aOCONIOTHBIX 3HAYCHMAX, KaK
JUIL BOTHYTOM, Tak M Ul BBIIYKJIOH CTOPOH KpyroBoro 3yGa. [Ins HarisgHOCTH Ha
puc.l, mpexacraBieHbl rpaduKu OTKIOHEHHs yria mpoduis kpyroBoro 3yba Jla B
3aBHCHUMOCTH OT M3MEHEHHS OJHOTO HapameTpa - BEJIMYMHBI yria HOXKH 3yba  ©r
OpH  OJMHAKOBBIX HCXOAHBIX TI'EOMETPHYECKHX MapaMeTpax Kojeca. I'paduxu
paccuMTaHbl 1O JBYM BapHaHTaM, a HMMEHHO - II0 NPHHATON B MalIMHOCTPOCHUH



3aBucuMocTH Jla (1) ¥ MO HOBBIM YTOYHEHHBIM 3aBUCHMOCTSM Ui BOTHYTOH [la, u
BBINYKIOH [la, cTopoH Kpyrosoro 3yba (2).
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Puc.1. 'paduk 3aBUCUMOCTH OTKJIOHEHHUs yria mpoduis [a ot yria obkara cp.
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R L~ 41494474, a—~ F0° , p = 3s°

ry_A4.45 -3

o =2 - s ef ° (rpasx.)

Puc.2. I'paduk oTkIOHEHHS yria npoduns A B 3aBUCHMOCTH OT YIjla HOXKKH O¢

TeopeTHuecKUe MOJOXKEHHUS O HEPABEHCTBE YIJIOB OTKJIOHEHHs mpoduis 3yba mo
€ro BOTHYTOH ¥ BBINYKJIOil CTOpOHaM IO aOCOJIIOTHBIM 3HAYCHHSAM IOATBEPIKAAIOTCS
HPAKTHYCCKH.

3y6uaTsle mepenaun, oOpaboTaHHBIE pe3laMu 3yOOPE3HBIX TOJOBOK M PEXyIIue
KPOMKHM KOTOPBIX CHPO(GMIMPOBAHBl II0 HOBBIM 3aBUCHMOCTSM, AAIOT IPaBHIBHOE
ISTHO KOHTAaKTa B 3aleIUICHUH Napbl. OTO OOCTOSTENBCTBO MOXKET CIYXKHUTh
OCHOBaHHEM [UIsi IIEPECMOTPA M3BECTHBIX IOJOXEHHH U pa3paboTKu HOBO#
HOPMATHBHO-TEXHUYECKOW HTOKYMEHTAallMH Ha TIEOMETPHI0O HOMEpHBIX  pE3LOB
3yOope3HbIX roioBOK. C  [eNnbl0 COKpAIICHHS HOMEHKJIATYPBl  HCIIOJb3yEeMBIX
HOMEpHBIX pE3L0B B JAajbHeillieM nenecooOpa3Ha pa3paboTKa HOBBIX METOAUK IIO
HaCTpoiike M HajaJke 3yOOpPEe3HBIX CTAHKOB Ha OCHOBE BBIIICHU3JI0KEHHBIX MOJOXKCHUH
Ui TIONy4eHHs HEeoOXOJMMOHW TeOMETPHHM M MPABHIIBHOIO pPAcHOJ0XKEHHS MSATHA
KOHTaKTa B 3alleIUICHUH 3y0uaToil mepenay.

W3BeCTHO, YTO KOPPEKTUPOBAHUE IBIKCHMS OOKAaTKH B 3yOOpE3HBIX CTaHKaX
JUI  Hape3aHUs KOHMYECKHX KOJIEC C KPYTOBBIMH 3yObsIMH SIBISETCS OCHOBHBIM
CPEACTBOM BO3JCHCTBUS Ha MNOBEPXHOCTH 3yObEB Hape3acMOi IIECTEpHH B LENAX

OpUAAHKUS UM TpPEJHAMEPEHHBIX OTKIOHEHHUIl A MOJNYYEHUs HaIJIeKallUX Pa3MepoB,
(GOpMBI ITHA KOHTAKTa U YCTPaHEHHsS OTKJIOHCHHH, HAPYLIAIOIIKX 3alleIUICHHE.

BBeneHue KOpPpEeKIMH B HACTPOHKY M HalajKy 3yO0OpE3HOT0 CTaHKa I03BOJIACT
JHKBUIUPOBATh PA3HHUIy MEXAY pacyeTHbIM yrioMm JlaplJ IO BBIIYKJIOH M BOTHYTOH
CTOPOH KpYroBOro 3y0a M CTyNEHYaThIM HOMEPHBIM DPSJOM YIJIOB HPOGHIS Pe3loB
3y00pe3HOro MHCTPYMEHTA.

Bsedenue _ocesoco _cmewenus. TIlpu  KOPPEKTUPOBAHUHM JBIKCHUS OOKATKH
NPOMCXOAUT H3MEHEHHE YyIja 3alelUleHHs, BIHAomero Ha (OpMy IOBEPXHOCTH
9BOJBBEHTH KPYroBOro 3y0a.

W3MeHeHHe yrila 3aleIUICHHs IpU  BBEICHHUHM  IIOJIOKHTEIBHOTO OCEBOTO
cvenienus (+ J[x) xapakTepu3yeTcs HOBBIM YIJIOM NpOQuIs pe3la a,:

(K, + JK)*  C05%2C0500

a, = arccos / W
K, 515
", +AK)*135-MHUg 5 -arcst co3

KKT+ Z[JI’

(3)

rae 5 - yrom AeIHTEIbHOTO KOHycCa;p'- M3MEHEHHE yTia CIHpald OIpefeNseTcs IO

paHee u3BecTHOH Qopmyie

P'= dCslll K, - AK)*+—(22, 5111 p-K,
22 ( }( -/gli pK.)

HoBerif yrom mpoduns pesna a, NpH BBEACHHH OTPUIATEIBHOIO OCEBOTO

cvemenns (- [ K) Oyzer cnenyrommm:

(K,  +AK}$5c05°/3co5a @
K, ,5\n6

qJIT-JIJI

ay = arccos

-8 s P

rae p' IO yKe U3BECTHOH (opmyie

1 '

1
P' = arcBr ) (M +  on)t—(2e, 3mp-si,,)
2

CoBMmecTuM B oguH rpaduk (puc. 3.) M3MeHeHue yria npoduis a, HPH BBEACHUU
OTPHLATEIBHOrO ¥ IMOJOXKHUTEIBHOT'O OCEBOTO CMELICHHUS CTOJNa 3y0OpPEe3HOro CTaHKa U
[POaHAIU3UPYEM.



(ww)
Puc.3. BiusitHue oTpuniaTeaIbHOrO U MOJOXUTEIbHOTO cMmerneHus + JIK
Ha MCKOMBIH yroj HmpoQuis ay

Ananu3 rpaduka MOKa3blBaeT, YTO CYLIECTBYeT HEOJHO3HA4YHAas, HEJIHMHEHHas
3aBHCHMOCTb MEXJy HM3MEHEHHEM YIJla 3alelUICHHs U BBEICHHEM OCEBOI'0 CMEIICHHS,
KOTOPBI U3MEHSETCS MPU Pa3lIuYHOM HCXOJHOM HOMepe pesla 3yOope3HOW TOJOBKH H
HCOJMHAKOBO BeAET ceOsl MPpH BBEACHHM OTPULATEIBHOTO U MOJOXKUTEIBHOTO OCEBOTO
CMEIIEHHH, YeM MOXXHO OOBSCHUTh CYLISCTBYIOI[ME 3aTPYAHEHHsS B Ha3HAYCHHUH
KOPPEKTUPYIOLIUX IIONPAaBOK B OCEBOE CMEIIEHHE CTOJIa 3yOOpE3HOro CTaHKa.

Bsedenue eunoudnozo _cmewgenus.  JIas  BBISAICHEHHSI  BIMSHHUS —THIIOHIHOTO
cvemennss JIE Ha usmenenuwe yrina npoduns [la wucnoib3yeM TEOpUI0 BUHTOBOTO
NBWOKCHHS, TaK KaK MPH THIOMIHOM CMCIICHHU OCH HApe3aeMOT0 U MPOU3BOISAIIETO
KOJIEC HE MEPECEKAITCs, a CKPCU[MBAIOTCS Ha HAaWMKpaTYaIilieM pPacCTOSHUHU, PaBHBIM
BenuuyuHe runounHoro cmeuenuss JE. OTHocuTenbHOE IBHIKEHHE MEXIYy HUMH B
3TOM ciydae OyJeT BHUHTOBBIM M OIpPENENsIeTCss MTHOBCHHOH OCBIO BpalleHHs -
CKOJIBKCHHS M TapaMeTPOM BHUHTA P.

OTkioHeHHe yria npoduis pesna 3ybope3Hoit ronoBku Jlor B 3aBHCHMOCTH OT
BBEJICHUA KOppeKuuu B runougHoe cmeuienue J(E Oyner BBIYMCIATHCS MO cleAyrolen

bopmyie

+ AEXIIIS 5'm{8 - 6,)* le0 cox’ B

rae 8c -MeXOCeBOi yron nepegadu, P - HaXOAUTCS B COOTBETCTBUH ¢ GopMysiaMu

Cosz1 =7;;‘3€05 / ”,,'=°—372:[£ V-2.FCB P
2 2

3Haku () CTaBATCS B COOTBETCTBUM C NPUHLUMIOM e2co3a =T T, co3a, 1

I'paduueckoe H300pa)keHHE MONYYCHHBIX 3aBUCUMOCTEH yria mnpoduis pes3oBoil
TOJIOBKM OT BBEJICHHMS THIIOMIHOIO CMEIICHUS B Hajagky 3yOOpe3HOro CTaHKa
nokazaHo Ha puc.4.. M3 rpaduka BUAHO, YTO MOJNOKHUTEIHHOE M OTPHLATEIBHOE
THIIOUHOE CMEICHHs PAa3JInYHO BIMSAIOT HA Yrojl mpoQuiis pe3loBOl TOJOBKH.
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Puc.4. 3aBHCHUMOCTh U3MEHEHUs OTKJIOHEeHHs yria npoduns Jla npu BBegeHHUH
OTPULIATEIBHOTO U MOJOXHUTEIBHOTO I'MIIOUIHOI'O CMEIICHHUS.

Hcnonvszosanue sxcyenmpuxosoeo _moougukamopa oodkamku . IlocrosHHas
CKOpPOCTb OTHOCHTEIIBHOTO JBMXKCHUS NPU O0OKaTKe He Bcerja obecrnedynBacT xejlaeMoe
Ka4yecTBO 3alleIUICHUs JJa)Ke MpPU BBEJCHHH KOPpeKTyp. boiee mmpokne BO3MOKHOCTH
B OTOM OTHOLICHHH JOCTHUTAIOTCS NPUMECHEHHEM MEPEMEHHOW CKOPOCTH OOKaTKH,
HePEMEHHOT0 yIJia 3alelIeHus Wi MoAuduKanuei oOKaTKH.

Ecnu KOppE€Kuusa, BBOAUMAasA B OCCBOC MW THUIOUIHOC IIO0JOKCHHUE 3arOoTOBKH,

M3MEHSJIM YIJIBl ¢ 1 P Ha NOCTOSIHHYIO BEJIHYUHY, TO NPH MOAU(DUKAMH OOKATKH a U
P u3MeHSIOTCS HENpephIBHO B Ipolecce OOKaTKH MO CHHYCOMIAIbHOMY 3aKOHY B
GyHKUMHU OT mepeMeHHoro yria ¢assl O.

Nmes B BuAy, 4dYTO MEXaHH3M MojauduKanuu oOkaTku obecreuyuBaeT
JIOTIOJTHUTEIbHOE CHHYCOUIAIBHOE BUXKCHUSI HENPEPhIBHO B IIpoliecce 0OKATKU M €ro
BIMSHUE Ha OTKJIOHeHHe yria mnpoduns J[la, B o0meM ciaydae ONHCHIBACTCS
cieay e 3aBUCUMOCTBIO.

Aa, =E* $1(Dn* + ©), (6)

rae, E - oskcuentpucurer poiuka Mmoaudpukaropa, ®m - cuBur (aspl ycTaHOBKH
JKCLEHTpUcUTeTa ponuka Moaupukaropa, @ - yronm ¢asel 0OKaTkM HENPEPHIBHO
M3MEHSIOINICS NPy Hape3aHuu Kaxjaoro 3y6a. Kak BumHO n3 ¢popmynsl (6) ABHKEHHE
Moau(HuKaTOpa UMEEeT CHHYCOUAAIbHBIA XapakTep C OIpPEACTICHHOW aMIUIUTYZOH u
caBuroM (aspl. YCTaHOBUM CBsI3b MEXAY 3aBHCHMOCTBIO JBHXKCHUS MoJudukaropa
onuchiBaeMbIM (opmynoil (6) M H3MEHEHHEM OTKJIOHeHHs yria mnpoduins Ja no
BOTHYTOW cTOpoHe 3y0a xapakrepusyeMbiM ¢Gopmynoit (7). Jns pemenns 3Tol 3agadu
Ha OCHOBE aHalW3a MPeabIIymuX (GopMyli, MONydYeHbl 3aBUCHMOCTH B TrpadUuecKoM
BUJE C IOMoOIIbi0 mnporpammupoBanus Ha MaJlCaite 2000 Pro{e35tOmal, koTopsbie
npuseneHsl Huxe: (7,8,9)

Jal'l, = * alad” lan@ p) * 5TI(y31, - N1+ P » o 1 -(Kb)
)
CMozienupyeM M MONy4nuM rpadyK CHHYCOHMBI HPH COOTBETCTBYIOIICH aMIUIMTYIe
Halll, := dallmax- Smf(4/31() * p] A

MareMaTH4ecKyl0 MOJeIb MOXHO ONKCATh CIEAYIOLIMM 00pa3om
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Aallll]; = Aallmax- sin[(w“i _Pn+ kﬂ) . p:|
: )]

Jlns cpaBHEHHMs 3aBMCHMMOCTEH OTKIOHEHMA yrna npoouns Acall, Aalll u
Aall11 omnuceiBaeMbiX cooTBeTcTBeHHO ¢opmynamu (7), (8) u (9) cemem Bce
rpaduku B OQMH pUCYHOK (puc.6.). Kak mokassiBaeT aHaiu3 rpa)MkoB, MMPOM3OLLIO0
nonHoe cosnaaeHune GpyHkumit Acll u Aall11 npu usmMenstowemes napamerpe @31 -
yrjie noBOpoTa TNPOM3BOAAILEr0 KOjeca Ha Y4acTKe npo%)unupoaaﬂux 3yba
KOHHYECKOro KOJIeca M HEKOTOpoe pasnnuue Ha ywactke ot 240° mo 320°, koropoe
CYyLIECTBEHHBIM 00pa3oM He BIHAET Ha ()OPMHPOBAHHE BOJILBEHTHI 3y0a, MO3TOMY UM
MOXHO npeHeOpeub. [na HarnsgHoctd naauM rpaguku: Aall(g31) - pacuerHoi
BEJIMUMHBI OTKJIOHeHHWs yrna npoduns u Aalll1(p31) - BbIBeAEHHOH 3aBHCHMOCTH
HacTpoiiku Moaudukatopa oOKaTKM B JManas’oHe YIJIOB Hauyaja M KOHUA
npodUIMPOBaHHsA BOJIBBEHTbI 3y0a KOHHYECKOro KOJeca Ui BOTHYTOH CTOPOHBI
(puc.7.). Kak BuaHO W3 rpaduka MMeeTcs MOJHOE COBMAJEHHE NBYX 3aBHCHMOCTEH,
pacyeTHO U BHIBEAEHHOM, B qHana3oHe MpodUINpOBaHHs BOJIbLBEHTHI 3y6a.
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Puc.6. CpaBHuTeNbHbIE rPaMKH OTKIIOHEHHIT yriia npoHIs 1Mo BOMHYTOH CTOPOHE
3y0a, ONMUCBIBaEMbIX pa3IHYHBIMH 3aBUCUMOCTAMHU: Aall - popmyna (7),
Aalll - popmyna (8), Aal111 — popmyna (9).

[TpoBeneHHbIH aHaIM3 MO3BOJIAET CAEAaTh BBIBOA O TOM, YTO BbIBEAECHHAs
¢dopmyna (9) Hactpoiiku Moaudukaropa oOKaTKH MpPH Hape3aHHH BOTHYTOH CTOPOHBI
3yba, yIOBAETBOPSET YCIOBHIO MOJYYEHUS HA BBIXOAE MEPEMEHHON CHHYCOMIANbHOMN
3aBHCHMOCTH OTKJIOHEHHMs yrjia mpoduns B mpouecce oOKaTKH Mapbl Hape3aemoe —
npousBoasmee koseca. [Io3TOMy MOXHO MOCTaBMTh COOTBETCTBHE  MEXAY
napaMeTpamMH HacTpoitku Moamdukaropa obkatku (popmyna (6) u (9)). IMonyuaem
clieayolee  COOTBETCTBME  JUIs  BOTHYTOM  CTOpOHBI  3y0a: E = Aallmax;
D, = (B, +kMN))2, ©=y31,
rne E - xapakrepusyer ammauTyay kosebaHui MM OKCLEHTPHCHTET pOJiHKa
moaudpukaropa; mnocpeactsom ®, noabupaem yron casura ¢asbl, @ - yros obkaTku
napsl Hape3aeMoe — MPOM3BO/ALIEE Koneca, M3MeHstomiics B npeaenax ot 0° xo 360°.

= Aa 1111 o e I R

Lt vi3 .yR -
(rpaq)

Puc.7. 'padmku Al 1 u Ao22 - KpUBBIE TEOPETHYECKHUX MCCENOBAHHMH OTKIOHEHHH
yrna npoduis no BOrHYTOMH M BBIMYKJIOH CTOPOHE B AHana3oHe NpodUINpoBaHUs
3BOJIbBEHTHI 3y6a, rpaduku Actl111 u Ax2222 — KpUBbIe MOJETUPOBAHUA HACTPOIKH
MozaudHkaTopa 0OKaTKH TS MOJIyYeHHs pacueTHBIX OTKJIOHEHHUH yria npoduns no
BOTHYTO# M BBIMYKJIOH CTOpOHE 3yba

Memoouka _pacuema _omrnonenuii _31emeHmo8 _nogepxHocmu__Kpy208blx__3ybveg
KOHUYeckux xonec_npu_eéeedenuu _xoppexyuu. KoppekTupoBaHHe NBHKEHHA OOKaTKH,
M3MEHEHHs [MapaMeTPOB MHCTPYMEHTa TMpPH Hape3aHMH KOHHYECKHX KojieC C
KPYroBbIMH 3yObSMH MIOCKOBEPLUIMHHBIM MPOM3BOAAILNM KOJECOM €T OTKJIIOHEHHE B
reoMeTpuH MoBepxHocTel 3yba. MMeercs 6 3/1eMEHTOB, XapaKTepH3yIOIIHe KayeCTBO
Hape3aHus 3y0OyaTbiX map H mnorpewHocTd ¢GopMbl 3yObeB; OTKJIOHEHWE yria
3aueryieHus  Ac,,, OTKIOHEHHE KpHBHM3HbI npoduns 3yba A&, koadduumeHT
M3MEHEHHMs KpHBHM3HbI mpoduns nuHuM 3y6a D, ko3dduUMEHT H3MEHeHMs yrna
npoduns BAONL JMHMM 3yba O, OTKIOHEHHE HanpaBlieHus JIMHUH 3y6a AfS,,
OTKJIOHEHHE KPUBH3HbI JIHHUH 3y6a AN.

AHanu3 TMOJyYeHHBIX 3aBHCHMOCTeHi M rpadHMKOB J[aeT OCHOBaHHA s
pa3pabOTKH YTOUHEHHBIX MapaMETPOB OLEHKH OTKJIOHEHHH HOPMBI KpYroBbIX 3yObeB
KOHMYECKHX KoJieC

; t
Aa = arctg [lg&, sin(p -, + B8,)F [arclg L‘zﬂ" ~ arctg (tga cos B, )J] * (10)
cos
§
rae A +(R,, cos0, f ~(r£W /2t higa)® .
@ =arccos
24R,, cosb,
OTKI0HEHHE yria B 3a]aHHOM TOUKe MPOoduIs B CpeIHEM CeueHHH 3yba:
Aa,, =+1g6  sin(arccos (r, /r,)sin 6 /cos 0, -, + B, )F (11)

1,
F [amlg Ll ctz P - arctg (1ga cos B, )]
cos 6,

OTKJIOHEHHS KpHBH3HBI Npo¢us 3yba NpeAcTaBiseTcs B BUAE
H g (12)

———+ig\r+atlAa
cos’(y +a £ Aa) el ):I

Ag=

ry €OS al:

rae i =|+1g6, cos sind y-0,+8, sind
’ cosf, cosf,

KoadduuneHt usmenenus yrna npopuas Baoab JHHHH 3y6a



P=1+/88/co/ coSif' ++|—1WQ/*+ —Lsaemp, . 2:C050, (13)
as6. ) Qb &+Ilya@p, (1+( acoSPJ 2 LYTA

I +C05 0))* -/(°

22K.CI08,

rac

Kos¢pdpuumeHT n3aMeHeHUST KPUBU3HBI MPOGUISA BIOJIb JHHUH 3y0a

(£ AaJlH cos® cova((IENDH(sm 27y /2y - (1L HWX™ cos  AaJl/+ o3 (14)
1 (2, Q8 af\+el'4 + (31 2C )/ 2))'

rae /I =3m8/coa0,,px = arc3mo, ' = co3(co3<Y/co3<” + p,),

B = {2-¢030,)/2epl\-co’, y =y +a + Jla,y = arccos(ry / 2,),

Aa =y;0,3m"co3™co3»?, + P)+\aec!l§ CO(;(;SI - aec/8"3a cog p,

OTKJIOHCHUS HalpaBiIeHHUS JTUHUHU 3yba [IP, B 3aBHCHUMOCTH OT OTKJOHEHHS NpOodHis
3yba nuMeem.
AP =+£1%a{("0> * 1¢p,, +180,%*co3/?,,] (15)
OTKIIOHEHHE KPUBU3HEI IMHHUH 3y6a ompenensercs mo hopmyie
ﬁlé}px " ll]eAa
w03 Ja co3’ P,
rae O, B - mpuBeneHsl B mpeAbAyIIHX (OpMyIIax.

[Momyuennsie ¢dopmynsr (10), (11), (12), (13), (14), (15), (16) oTknoHEHHH
3JIEMEHTOB IIOBEPXHOCTH KPYroBOT0 3y0a KOHHYECKOTO KoJieca IO3BOJIAIOT ITO-HOBOMY
OLICHUTH KAa4eCTBO Hape3aHMs 3yO4YaTHIX Iap, MOBEJCHHE M NapaMeTphl NATHA KOHTAKTa
U MOTYT IOCIY>XKHTh OIPaHHMYHUBAIOIIMMH yCIOBHIMH IPH pacdeTe HalaZoK CTAaHKOB.

Tperbsi raaBa COJICPXHT pa3paboTKy alTOPUTMOB pacyeTa IapaMeTpoOB
PE3LOBBIX TOJIOBOK M HAJIaJOYHBIX XapaKTEPHUCTHK 3yOOPE3HOTO CTaHKA.

Hmeercs Oompimoe pa3sHooOpaswme METONWK pacdyeTa HalaIOYHBIX JaHHBIX
3ybope3HsIXx cTaHkoB. K mpuMepy, pa3paboTaHBl NaKeThl KOMIIBIOTEPHBIX IPOrpaMM
UL Hape3aHWs KOHMYECKHX Iepelad ¢ KPYTrOBBEIMH 3yObsMH, CpeiHM HUX,
IpOTpaMMHEIA KoMIUIekC «Boxara», BeimosHeHHBIH mox pykooactBoM M.I'. Cerans,
«OkcmepT», co3naHHBIH B «CTaHKMHE», HW3BECTHH KOMIBIOTEPHBIE KOMIUICKCEHI
HeMenkoil ¢pupMbel KinnmHrensHOSpT M aMepuKaHCKOH ¢upMmbl I'mucoH.

VYkazaHHOe MHOroo0pa3sHe METOOWK pacdera, MOAXONOB K PENICHHIO OJHOW H
TOH JK€ 3aJa4d MOXHO paccMaTpHBaTh KaK apryMEHT HEPELICHHOCTH MHOTHX IIpodiemM
3alleIUICHUsT KOHWYECKUX Iepenad, GopmMooOpa3oBaHUs KPYroBBIX 3yObeB KOHHMYECKUX
KoJiec, Hape3aHHBIX IIOCKOBEPIINHHBIM MPOHU3BOMSIIIAM KOJECOM.

B cB3M C BBINICH3IOKEHHBIM IPOBEACHO TEOPETHYECKOE HCCIEIOBaHHUE II0
NaHHOH npoOieMe W MOJIy4eHBl HOBBIE 3aBHCHMOCTH IIO: pacueTy YIJIoB Hpouis
pe3noB 3yO0Ope3HOH TONOBKH, BBEAEGHHIO OCEBOTO M THIIOWJHOTO CMELICHHS B
[IOJIO)KCHHE 3arO0TOBKH, pacdeTy I1apaMeTpoB HACTpoiikm MoamdukaTtopa OoOKaTKH, a

JIK =+lga P1gB,%TPy (16)

Takke OBUIM pa3pabOTaHBl HMH)KEHEPHBIE METOAMKH BBEACHHSA KOPPEKIHH B
HaJaJ0YHbIC JaHHBIE CTaHKAa M pacueT MapaMeTPOB PE3LOBEIX T'OJIOBOK.

YerBepTasg rjaBa IOCBSIICHA OSKCICPHUMEHTAJIBHOH IPOBEPKE METOJIOB
KOPPEKIIMH B MPOU3BOJCTBE KOHHYECKHUX KOJIEC C KPYTOBBIMH 3yObSIMH.

Pe3ynpTaTBl TEOPETHYECKUX HCCICHOBAHWH, BBIIBUBIINE HOBBIE 3aBHCHMOCTH
yrioB mpoduis a 10 BOTHYTOH M BBITYKJIOH CTOPOH 3y0a, 3aKOHOMEPHOCTH IIPH
Ha3HAYCHUH KOPPEKTHPYIOMIMX IOINPAaBOK B OCEBOE M THIOMIHOE CMENICHHE CTOJa
3y0Ope3HOro CTaHKa, OBIM 3SKCIEPHMEHTAIBHO IIPOBEPEHBI B IIPOM3BOACTBEHHBIX
ycinoBusx 3aBoga AO «DIeKTPOTEXHUK.

Jlns Hamangku W HAacTPOWKH 3yOOpe3HOro IOIyaBTOMara Ha 00paboTky
9KCIIEPHMEHTAIbHON KOHMYECKOW IepeJadyn Ha OCHOBE MHXKEHEPHBIX METOIHMK pacyeTa
mapamMeTpoB 3yOOpe3HBIX TOJOBOK W HaJaJOYHBIX TaHHBIX 3y0Ope3HOro CTaHKa,
N3JI0)KEHHOH B TpeThed TilaBe, ObUIa COCTaBICHAa KapTa HaJTagKd II0 KCOpOH
HACTPaMBAIOTCS BCE HCIIONHHUTEJIBbHBIC MEXaHU3MBI M yIPABIISAIOIINE OPTaHbl CTaHKA.

OKcnepuMeHTalbHas KOHHYecKas Iiepefada IIOKa3aH Ha depTexe puc.8.. [ns
IIPOBEPKU TEOPETUUYECCKHUX IIOJOKEHHH O HEPAaBEHCTBE YIJIOB NPOQHIA MO BOTHYTOH U
BBIITYKJIOH CTOPOH 3y0a IpH HCIOIB30BAHUU IEPBOTO METOJA KOPPEKIUH, PaCCUUTAHBI
W H3TOTOBIICHBI CHELHAJBHEIC pe3Nbl 3yOOpe3HOH TOJOBKH, BHENIHHH Yroa Npoduis
KoTOpoi paBeH - 17°2838", a BHyTpeHHuUi - 22°36'15". OcranbHble NMapaMeTpsl pesla
IoKa3aHbl Ha deprexe puc.9.. Ilociae 00pabOTKM KOHMYECKHX KOJIEC Ha 3yOOpE3HOM
nosryaBTomare SC270I1 (puc. 10.) OBITM TMOTY4YeHBI KOHHYECKHE Iaphl C KPYTOBBIMH
3yObsSMH, OTBEYAIONINE BBHICOKMM TPCOOBAHHMAM KadecTBA IO NATHY KOHTAKTA.
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Puc.9. DOkcnepuMeHTanbHas  3ybopes3Has
Puc.8. Kommueckas mepegaya ¢ ToloOBKa C  yrioM  mpoduias  pesma
KPYTOBEIMH 3yObIMH CIIPOEKTHPOBAHHOMY II0 HOBBIM pPacYeTHBIM
3aBHCUMOCTSIM

H3BecTHO, UTO TJIaBHBIM KpHUTEpUEM KOHTpPOJIS KauyecTBa HU3TOTOBJIEHUS
KOHHYECKHX IIepefiad ¢ KPYTOBBIMH 3YObSIMH SBIseTCS Hanudue Tpebyemol GHopMbl U
MPaBWJIBHOTO PAacHONOKEHUs] NATHA KoHTakTa. [lIsi TNpOBEpPKHM IO KPHUTEPUIO MATHA
KOHTaKTa Obl1a 00KaTaHa SKCIEpUMEHTalbHas KOHMUYecKas nepenada (puc. 11.) B



Puc.10. Ipouecc o0pabotku Puc. 11. IlpoBepka mNATHA KOHTaKTa
KOHHYECKHX KOJIEC. nocye 00KaTKH KOHMYECKOH Iepenadn.

IPUCTIIOCOOJIEHNH C MaJloil Harpys3koi, Korga mo cieny TUHorpadckoil Kpackw,
HAaHECCHHOW Ha KO0JIeCO, Ha OOKOBOH IMOBEPXHOCTH IIECTEPHH MOXXHO CYIUTH O (opme
U PACIIOJIOKECHUHU IIATHA KOHTAaKTa. AHann3 ngTHa KOHTaKTa IIOKa3bIBA€T, 4YTO OHA
MMeeT LEHTpANbHOE pachojoxeHue WM Qopma ee 3anuMmaeT no jpiauHe 60%, a mo eé
BeicoTe 40%. Takue mnokazarenu NSATHA KOHTaKTa XapaKTepU3YIOT ONTHMAJIbHYIO
q)OpMy U OTBE€YAIOT CaMbIM BBLICOKHUM JKCILJIyaTallMOHHBIM TpeGOBaHI/IHM.

3akj0ueHue

OCHOBHBIE BBIBOJBI M Pe3yJIbTAThl 110 paboTe CleoyIOuIHe:

1. AHanu3 BENIMYMH OTKJIOHEHHUs Npoduis 3yba, pacCUMTAHHBIX IO MPUHATOH B
MAaIIMHOCTPOCHUH 3aBUCUMOCTH (1) M IO YTOYHEHHON 3aBUCHMOCTH (2), MOKa3bIBaeT
Ha CYHIECTBECHHbLIC PACXOXACHUS BCIWYHUH OTKJIOHCHUSA B a6COJ’[IOTHbIX 3HAYCHHUAX, KaK
JUIs BOTHYTOW, Tak M Ui BBIIYKJIOW CTOPOH KpyroBoro 3y0a, dYTO 3acTaBisieT
IEePECMOTPETh CYIIECTBYIOIIUE PACUYEThl MOTPEUIHOCTH T€OMETPHHM 3y0a M METOAMKH
X KOPppPEKLHHU, UCIIOJIB3YEMBIX KaK PYKOBOACTBAa B IPOU3BOJACTBCHHBIX YCJIOBHUMIX.

2. TlonydeHHsle (GopMynbl HPOGUINPOBAHUS CTOPOH pe3LOB 3yOOpe3HBIX
TOJIOBOK II03BOJIMJIM pa3paboTaTh HOBBIE IMOJIOKEHHS IO BBIOOPY HOMEPOB PE3LOB IS
Ka4eCTBEHHOII 00pabOTKM KOHMYECKHX Iepelad Ha 3yOOpe3HBIX CTaHKax. BBIsSBICHO,
4YTO OTKJIOHEHHE Hmpoduist 3yda MMeeT MecTo 1o Bcei BbicoTe 3yOa. Jloka3aHo, 4To 1ist
nonyueHus: Oosiee TouHOoro mpodpwmis 3yda HEoOXOAMMO H3MEHUTh  T'€OMETPHUIO
peXyLIMX KpOMOK pe3noB 3ybope3Hoil ronoBku. KommneHcupyemoe mnompaBouHOE
OTKJIOHEHHEe npoduisi 3yObeB pe3LOB B ITOM cliydyae JOJDKHO OBITh PacCYUTAHO MO
¢dopmyiie (2) npu YCIOBUH, YTO PEXYyL[HMEe KPOMKH OyAyT HPOXOAHUTH TOYKY HOJIOCA
3allelUIeHUs Hapbl: Hape3aeMoe - Ipou3BoAdliee Kojeca. 3ybuaTble mnepenayd,
oOpaboTaHHble pe3laMu 3yOOpE3HBIX TOJOBOK, pEXYIIME KPOMKH  KOTOPBIX
Cl'lpO(bPlJ'[l/lpOBaHbl II0 HOBBIM 3aBHUCHUMOCTAM, HarlOT INPaBUJIIBHOC IIATHO KOHTAaKTa B
3aleIICHUH Taphbl.

3. Mony4yeHsl aHaMUTHYECKHE 3aBUCHMOCTH pPacdyeTOB T'PAHUYHBIX MapaMeTpoB
npoQUINPOBAHUS KOHUYECKHUX KOJEC C KPYTOBBIMH 3yObSMH, OLEHKH OTKJIOHCHHU
JJIEMEHTOB IOBEPXHOCTH KPYroBBIX 3YyObeB KOHHYECKHMX KOJIEC TIpU BBEACHUH
KOPPEKILUH, YTO MO3BOJISIOT IT0-HOBOMY OLIEHHTH KaueCTBO Hape3aHus 3yO0uaThIX map.

4. BroiBeneHHBbIE 3aBUCHUMOCTM yIjla 3allelJIeHUs a, HPOU3BOIALIETO U
Hape3aeMoro Kojiec B mpoilecce OOKAaTKM OT BBeneHUs oceBoro JIJI, W THIOMIHOTO

cmemenns JIE,, MO3BOJMIIO LENEHANPABICHHO H 0OOCHOBAHHO BBOAUTH KOPPEKLHIO B
HACTPOWKY M HaJaiKy 3yOOpe3HOro MoJyaBTOMAaTa, A1 OOecleYeHHs BBICOKOTO

Ka4yeCTBa 3BOJIBBCHTHOT'O 3aLCIIJICHUA, OTBCYAKIINM Tpe6OBaHI/I$[M 0 IIATHY KOHTAaKTa.

5. Pa3paboTaHbl MeTOIBI OIpEIENCHUs] KOPPEKTUPYIOMIHMX KOIPUIMEHTOB
JKCLEHTPUKOBOro  Moaupukaropa OOKaTkd, o0OecleyuBaroOLero  MEepeMEHHYIO
CHHYCOUJAJIBHYIO 3aBHCHMOCTb OTKJIOHEHHs yria mnpoduis B Ipolecce OOKaTKH.
JlokazaHo 4YTO HAacTpPOHKOW MoaudukaTopa OOKaTKM OTAEIBHO 10 BOTHYTOH |
BBINYKJION CTOpOoHaM 3y0a BO3MOXXHO IOJIYy4YCHHE 3aJaHHOTO IIEPEMEHHOT0 OTKIOHCHHS
yria npoduis B Auana3oHe NpoQUIMPOBAHHUS IBOJBBEHTH 3y0a Il KaueCTBEHHOTO
Hape€3aHusg KOHUYCECKUX I€pelad ¢ KPYroBbIMU 3y6]>ﬂMI/I.

6. Pa3paboTaHo mporpaMMHO-MaTeMaTHYeckoe obecredeHne 00paboTKH
KOHMYECKUX TIepelad Ha 3y0Ope3HBIX CTaHKax BKIIOYAIOLIee: METOIMKHM pacueTa
NaHHBIX M HapaMeTpoB o0pabOTKM Iiepeiad IpU BBEICHHHM YIJIOBOH KOPPEKLUH
MHCTPYMEHTA, KOPPEKIIMHA OCEBOI'0 U T'HIIOUJHOTO CMEIICHUH CTOJIa, KOPPEKTHPYIOIIUX
HONpPaBOK B Hajagky Moaupukaropa OOKAaTKH; METOAMKH M HPOTPaMMBl pacueTa
KOPPEKTUPYIOIIMX MOIPAaBOK B HallaJ04YHbIe JaHHbIE 3y0OOpPE3HOr0 CTaHKa.

7. Pe3ynbTaThl DKCIHEPUMEHTAIBHBIX HCCIEJOBAHUNH 00pabOTKM KOHHYECKHX
nepenay ¢ KpyroBbIMH 3yObsiMM Ha  3yOOpe3HOM  CTaHKE MOATBEPXKIAIOT
pa3zpaboTaHHbIE TEOPETHYESCKUE TOJIOKEHHSI KHHEMATHKH (opMooOpa3oBaHus 3yObeB.

8. Jloxa3aHO, UTO HCHNOJb30BaHHE IpeIjaraeMblX METOJUK HACTPOIKHU
3y60pe3Hle CTAaHKOB IIOBBICHMJIO Ka4Y€CTBO H MPOU3BOAUTCIBHOCTL H3TOTOBJICHUA
KOHMYECKUX IIepelady: TOYHOCTh 3yOOHape3aHus COCTaBWIO 6-7 CTEHeHb, IITYYHOES
BpeMsi 00paboTku cokparuiock B 1,5-1,8 pasa.
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Kopytyuny
CamcanveB Anpap AMANTACBHYITHI
TerepexTyy THLITEpMEHEH KOHYCTYY Ilepefadyasiap/bl calaTTyy Aasipaoo 6oloHYa
KOPPEKIMSIHBIH METOATOPBIH >KaHa acHanTap/bIH >Ka6ayyIyKTapblH HIITeN Tabyy
KYMyIUIYHa
Kecunuuiuk 05.02.08

TerepekTyy THIITEpMEHEH KOHYCTYy Ilepefavyajap, THIIKECYy TecTepJjep
J)KaHa acranrap, 9BOJIbBEHTaHbIH (pOpPMachlH TY3Yy, ©HI00, KOPPEKIHSLIOO,
yuTapbl THHHIIMIT TYPraH >X€pPAUH TaKTapbl, TAKTHIK.

Byn mucceprauMsuIbik  SKyMyInl JKaHbl TEOPETHKAJIBIK Ma3MyHY MeHEeH
TasTHTAH TETepeKTYy THINTEPAMH JBOJbBEHTAaHBIH (DOpPMachlH Ty3yy GOIOHYA
KOHYCTYy  Iepeayajap/bl canaTTyy JAasipZo0oro KOPPEKUUSHbIH MeTOATOPBIH
>KaHa aclanTapAblH >KaGAyyJIyKTapblH HINTeN TaOyyCchlHA apHAJITaH.

JKyMymrTyH SKbIMBIHTBITBI GOJIyIl MaTeMaTHKAJbIK MOJEIZAEPU >KaHa OCbKO
)K€  TUIOMATO  JKBUIABIPYY KHUPru3yy, . OOGKAaTKaHbIH 3KCIEHTPUKAJIBIK
MOAM(MPUKATOPAbIH  ©JYOMYHO OHJA00 KHUPIU3YYy JKaHa THIIKECYy IOJIOBKAHBIH
npoduauHHH 6ypuTapblHa KOPPEKILHSIBIK ©3TepTYJePYHYH KOJeMyH 3CenTee
QJIOPUTMJIEPUH TY3YY GOJIyIl 3cenTelier.

Dyn wumresun YbIKKaH MaTeMaTHKaJbIK MOJENJEepPH JKaHa  ICENTee
QAITOPUTMIEPU MAUIMHEKYPYY/Aa JKOIOPKY TAKTBIKTArbl Terepek THUIITYY KOHYCTYY
nepefavyajapabl Kypyy/Aa KeHUPH KOJJIOHYJIYIly MYMKYH.

Pesiome
CamcanueB AHBap AMaHTaeBHY
Pa3paboTka METON0B KOPPEKLIMH H HHCTPYMEHTAIbHOMH OCHACTKH U1 KAUE€CTBEHHOrO
M3rOTOBJIEHHS KOHHYECKUX Nepeay ¢ KpYyroBbIMH 3yObsiMH
CneunanbHocTb 05.02.08

Konuueckas nepenaya c KpyroBbIMH 3yObsiMM, 3yOOpe3Hblii CTAHOK M
HHCTPYMEHT, ¢opM006pa303aune 3BOJILBEHTBI, HAJIaAKa, KOPPECKLUHA, MATHO KOHTAKTA,

TOUHOCTb.
JuccepraunonHas pabora mnocesuleHa pa3paboTke METOAOB KOPPEKUHH H
MHCTPYMEHTAJIbHOM OCHACTKM AJISi KAUECTBEHHOrO H3rOTOBJIEHH KOHMYECKHX nepenay
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Ha OCHOBE HOBBIX TEOPETHYECKUX MOJIOXKEHHH (GOpMOOOpa3OBaHUS 3BOJIBBEHTHI
KpyroBoro 3y6a.

PesynbrataMn paboT SBAAIOTCA CO3JaHHE MaTeMaTHYECKHX MOJenei |
QIFOPUTMOB pacyeTa BeJHYHH KOPPEKTHPYIOLIMX MOMPABOK B OCEBOE U I'MMOMOHOE
CMEIIenne, HAIAICUILIC MapamMeTpnl MKCHCHTPHKOROTO M()}uuhlmmnpu obkarkn i
yribl pod s 3yO0pe3HOH roOBKH.

Pa3paGoTanHble MOJENM M ANrOPUTMBI  pacyeTa MOTyT OBITB IIMPOKO
MCTO/Ib30RAHLI MPH CO3JAHWHM BBICOKOTOUHBIX KOHMYECKHX Mepefad C KpPYroBBIMH
3yObLAMH B MALIMHOCTPOEHU Y.

The resume
of Mr. Samsaliev Anvar Amantaevich
Working of the correction methods and tool rigging for qualitative making of the
conical gearings with circular teeth.
Specialty 05.02.08.

Conical gearing with circular teeth, gear cutting machine and tool, forming of
evolvent, setting up, correction, contact spot, accuracy.

The Dissertation is devoted to working of the correction methods and tool
rigging for qualitative making of the conical gearings on the basis of new theoretical
positions of forming of circular tooth evolvent.

Creation of mathematical models and algorithm of quintile calculation
correcting modifications in the axled and hypoid displacement, the fixing operation
factors of the eccentric modifier of the rolling and angles of thread gear-cutting
capping are results of this dissertation.

Worked out the methods and the algorithms of calculation can be extensively
used at the creation of high-accuracy conical gearings with circular teeth in mechanical
engineering.
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