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AKCNEPUMEHTANBHOE OMPEAEJEHHE NJIOIMAILEN
BbIKPAIIMBAHHSA PABOYUX NMOBEPXHOCTEH 3YBbEB
KOCO3YbbIX KOJEC

A E. BEJISIEB

(IlpeacTasaeHa HAYYHBIM CEMHHAPOM KabCAPLl IPHKIAAHON MEXAHIKH) .

BrisiBseHne Hecyuied crnocnBHOCTH 3v6GYaThiX Hepelad CBs3aHo ¢ MpH-
HATHEM OINpeAe]eHHOTO KPUTEepUs, OLEHMBAIOUIeT0 INDOYHOCTL padouux 1o-
BepxHocTell 3y6wes. Cpenu 6GoJabplIOro uHcsaa IipefjgaraeMsiXx HCCIeA0BATe-
JASIMH KpuUTepHeB (WIyMHOCTh, H3MeHenue KI1J u mepoxoBartocTH 1IOBEPXHO-
CTH W T. 1.) HauGoJjiee onpelesieHHBIM $BJAAETCsT NPHHATHE HEKOTOPOH Cre-
HeHH nopaxeHus pabouux nopepxuocTell 3vObeB BHKPALUHBAHHEM.

B Hacrosiliee BpeMsi GOJABUIMHCTBO pPa3/jHYHBIX ACCAENOBATENEl] CUHTA-
eT BO3MOXKHBIM ONpPeeasiTh HArPV3OUHVIO CHOCOOHOCTL Meperad, HCXOLs H3
JIONYLIEHHST BLIKpAlIUBaHUs (HeOOXOMMMO 3&METHTb, UTO INpPH3HaHHE BO3-
MOXKHOCTH HOpPMaJbHOl PaBoThl Koco3vOLx mepelau ¢ onperetesHoi cre-
fIeHbI0 BBIKpAlIMBAHHUSA sIBJsieTCss BecbMa BakHbIM). [lesmo B TOM, uTO OT-
punaHde 3r1oro (dakTa pPe3Ko MNOHU3NAO Obl Harpy304HYI CIIOCOBGHOCTL
Koco3y6buix Kosec. OcHoBalMeM 15 3TOFO MOLYT CJAyKHThb C/elyioulie I10-
jgoxenus npog. B. H. Kvapaeuesa. '

B oxosonosiiocHoi 3oHe npaMo3v00il NMepenauyd JeHCTBHTeJbHAs JJIHHA
KOHTAKTHOI JIHHHH paBHa LIHPHHe 3y6uyaToro BeHUa (T. e. B padoTe npu
3TOM HAaxXOJAUTCA OJAHa Iapa 3y6bes). B kocosyboii xe meperade KOHTAKT-
HBlIE JIUHUH PACIONO0XKeHbl Ha MOBEPXHOCTAX 3yObeB HaKJOHHO K 00Pa3yvio-

. B '
nieft ocHoBHoro wuanHapa. [lostomy (nmpu — =1 u Gonee) B 3auemiIeHUU
\ P

. aQ
TEOPETHYECKH HAXOIHTCH He MeHee ARVX nap 3y6een. O0mias Harpyska, nc-
peraBaeMasi 3alenJeHHeM, paclpeessieTcs MeKAy T[OJOBKOI M HOXKKOIl
COOTBETCTBEHHO AJHHE KOHTAKTHBIX JIMHHII, IPOXOAAINHX 110 FOJOBKEe H HOXK-
Ke 3y0a. '

BeaencTBHe HeH30eXKHBIX TIOIPEIIHOCTEf H3rOTOBJICHHS, INPUCYLINX
d JI0BOJIbHO TOYHBIM IlepenauaM, B NeDPBOHAYAJDLHLINA 1epHOI BPEMEHH Ha He-
KOTOPBIX y4YacTKax pabouux MOBePXHOCTeil 3yObeB KOHTAKT MOMKET OTCYTCT-
BOBaThb M, CJAeNOBATE/NIbLHO, VIeJbHble HATPY3KH MOIYT Oka3aTbcs GoJblie
TeX, Ha KOTOpBIE paccydTada nepefaya. JTH NOLbIIIEHHBle HATPY3KH M BHI-
20BYT BHIKpAalIMBaHue B 3y0uaToll mepejaye, KOTopoe OLICTPO 1IpeKpaTHTC:
BCJIEACTBHE NPUPAOOTKH Naphl M NepepacipeieseHust 1aBAeHHsT 0 KOHTAKT-
HBIM JIHHUSM,

Taxkoe BHIKpallMBaHHe HOKEK, Kak Cosee caalblx 3JIEMEHTOB, MOXKeET
MPOU3OATH NPH HATPY3KAX, BIIOJHE AONYCTHMBIX AJ5 NPAMO3y00i nepenayn.
Ecuu, Kak 3T0 OBIJIC* YKA32HO Bbllle, [IPU3HATL KpHTepHeM HepaboTocnocob-
HOCTH IOSIBJICHHE BbIKpAUIMBAHUS, TO TaKyl0 Hepefayy MOXKHO CYUTATh Bbi-
Llefieil H3 CTPOs, U B 3TOM CMBIC/E 10 Karpy3ouHoil crnocofHocTH oHa Obl-
Ja 6Ll papHOLEHHA, HJIH daxe Xyxe npamosyboii mepepaun. OQHAKO Aandb-
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Hellllee TIOBBIIIEHHe HArpy3kH He BBI30OBeT yBeaHueHHs BbIKpallusauus. bo-
Jet TOro, HeNpOrpPecCHBHOE BHIKPAILLIHBaHHe HOXKKH 3v0a, KoTopoe Oyner
NIPONCXOANTD NPH eHle 0OJ/ibllell Earpyske, TaKxe He BbLIBOAUT 3Ty INepenauy
113 CTpos. '

JiantenbHBIfl ONBIT 3KCIUIyaTalMu 3yBuathix nepenay (NMpsMo3yOHIX,
£0C03yObLIX W 1IEBPOHHBIX), a4 TaKXKe HaO/I0eHUs 3a peAVKTopaMu Ha Y3TM
Il Ha NOJbeMHbIX MamuHax waxt Kysbacca (mocaeiasee HpOBENEHO HaMH
B KOHlLe 50-rofoB) HOATBEPKIAIOT CIPaBeLJHBOCTb BHICKA3aHHOrO BhILE
MHeHHud: 3yOuaTble KoJeca, NMoJBepXKeHHble VCTAaNOCTHOMY BBIKPAIIMBAHHUIO,
npoposkatT paboTaTh BecbMa AJHTEJbHOE BpEMS.

Onunako MHeHHS HCCJAef0BATEEH PacXOJsiTCs, KOrAa pedyb MAET O KOH-
KpeTH3allHH KPHTepHdA, CBS3aHHOro ¢ NopaxkeHueM paBouyux MOBEpPXHOCTeH
3yObeB (0 cTelleHH 3TOro nopa:keHusi). OIHH CBSA3BIBAIOT BLIXOA M3 CTPOH
KoJieca ¢ Onpeje/eHHOH IJIOWA/blo NOpaxeHuss paboyeil OBEDXHOCTH, APY-
rie ¢ KOJMUeCTBOM SIMOK, NMOSABJSIOMIUXCS Ha Hel, TpeTbU ¢ YHCJIOM 3yObes,
OXBAYCHHbIX BAKPallIHBAHUECM.

A. U. Beasiaun [3] B mpoilecce npoBegeHus 3KCIEPUMEHTA TIPOH3BOIUT
CpaBHEHHE COCTOSIHHH paboyux noBepxHOCTeil 3y6beB OMBITHOrO KoJeca
C COCTOSIHHEM 3TaJOHHOIO KOJeca, HOXKH 3y0beB KOTOPOTO OBIIN TIOpaxke-
Hel nuTTHHTOM Ha 30%. OnbiT 3akaHyuBaJcs TOTAA4, KOTAa IIOLOOHOI XKe
CTeNeHbI0 BhHIKpALIUBaHUS ObLIO 0XBaueHO MHHHMYM 709% Bcex 3yObes.
YnoMAHYTHIT KPHTeDHH OB OAMHAKOB KakK JAJs NMPAMO3YObIX, Tak u Aad
KOC03yObIX KOJec.

B. Kanbkepr [9} H3Mepsii HOCHTeNbHYW IIOWAAL GOKOBOH IOBEPXHO-

cth (Vg ), nOBpex 1entOl NUTTHATOM:
’ __TJA0WaAbk, NOKPBITAA PAKOBHHAMHU

09%.
o0lasA (aKTHBHAfA) IJIOWALbL KOHTaKTaIO

3amepLl NJOUIANH BHINOJHSAMCE C TOMOM[BK H3MePHTENbHOI JVIbI
25-KpaTHOro yBEJHUYEHHS ¢ penleTyaToil WKajnol. B KauecTBe BeIHUHHBL
~ MONMYCTHMOTO BbIKpallinpaHus OGbli10 npuHATo 3HaveHne Ve = 0,6% (npu
Pa3JHYHBLIX VAEJbHbIX 1aBJEHHUSAX).

I'. Human u B. Puxtep [10, 11] gns Bcex HcnblTaHHBIX 3yO6uaThIX me-
peray 3a JOMYyCTHMYX BeJIMYHHY BBIKPALIMBAHHS NPHHHMAIOT 3HauyeHHe

‘ G=Gl+62:2%7
F
= 29100 % u G, = L% .100 o,

rue G,

B nocrennux BoipameHusx:
Fo, n Fg,— niiomane paxkoBHH HAa paGoumXx MOBEPXHOCTAX 3yObLen
LIeCTEPHU M KOJIeCca COOTBETCTBEHHO;
Fa, n Fu —o6was naomans paGounx MOBEPXHOCTEH COOTBETCTBEHHO
LIeCTeDHH H KoJeca.

Huomanu Fo u Fa npu 3HauuTenbHGM uHCle 3y0beB ompenelIsnuch
He McHee, yeM Ha 30 3yCbax, a OPH MaNOM —- C Y4eTOM BceX 3y6bes, Yka-
SaHHDLIH KPATEPHH YCTAMOCTH NPUHHMAJICSI aBTOPAMH NPH MCTIBITAHHH H IPH-
MO3yOBIX, H KOCO3YOLIX KoJec.

1. T'. Kucrpad cuutaeT, 4TO B KOCO3VOBLIX Iepegauax U3 VJYYLIeiHHbIX
cTajefl NMpH- MaJjofl PasHoCTH B TBEPAOCTU PaboOuUUX TMOBEPXHOCTeH 3vOben
LIeCTePHH M KoJeca MOXKHO JAONVCKATH JHILb HENPOIPECCHBHOE YCTAJOCTHOE
BBIKpallHBaHHe HOXeK 3yObeB y OLHOTO U3 ABYX 3y0uaThiX KOJec.

B xauecTBe KpHTepusi yCTaJjoct# B padote [5] npuHHMasoch moBpex:-
nende 5—6 SIMKaMM BBIKpAUIMBAHHWSl IIOBEPXHOCTH 3y0a, ecaAM IpU 3TOM
BHIKDAIHINBAHHE OXBaTblBaJg0 He MeHee TpPexX YeTBepTell 3yObeB HCIBITVEMOro
xoJsecca.
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. Hasuncon u Ky [8] onmpexeastnu u dukcupoBanu nossiende NHTTHHR
da 1 3ybe, 3-x 3yObsax u Ha 50% or obuero uucnaa 3ybves (£=28). B xa-
YeCcTBe KPHTePHA Obl0O NPHHSATO IIOABJEHHE BHIKPAILHBAHHA Ha 3-X JHOOBIX
3vObAX (MIPH YCIOBHH, eCJIH OHH He OBIIN PAJOM). '

Aprop paboTe [7],cuMTan KpuTepueM NOCTHXKEHHs TNpelesa VCTaloCt-
HOTO BBIKpaWIMBaHus Hajauuue He MeHee 10 kpynupix uau 20 MenxHX pakc-
BHH, PABHOMEDPHO pachpeleneHHBIX Mo Bcel AnuHe 3y6a. B katuecTtBe ocHOB-
HOro nokaszatenasa palboTbl nepegaud (npAMo3y6oH M Koco3yGoi) Huxe ad
BbIllie TIpeena YCTajJoCTH NPHHHMAAOCh OTCYTCTBHE HJIH HajJH4He Hporpec-
CHBHOI0 BLIKDALUIHBAHHA Ha pa-
$0YHX NOBEPXHOCTAX 3y(beB KO-
aec. Ilpu stoMm cunraaoces, uro
paspylienHc noBepXIOCTH 3yba
N0 BCEH MJIHHC OKOJIOMOJIOCHOI
30HBl TOBOPDHJIO O TOM, UTO Aali-
Hasi nepejpaua paboraer npH Ha-
IPy3Ke, MNpeBsliamLell npeel
YCTaJOCTHOrO  BLIKpaLIHBaHIIA,

B pabore [6] npu mcnwita-
HHH KOCO3YOBIX 3YGUaThIX mnepe-
Jay yCTaHaBJHBAJCS KPHTepui
YCTad0CTH, KOTOPLIl  (PHKCHPO-
BaJg He (PaxT HaJHYHI YCTAJA0CT-
HOTO BBIKpAIIHBAHUS HA OJXHOM
H3 3y0yarblX KoJec, a MNOosiBJC-
IHe sIMOK BBLIKpalUHDaHUS Kak
Ha HOJKKe, Tax H Ha IOJOBKe 3y-
Oa HAM Ke Ha HOMKKax 060X
CONPSAKEHNBIX KOJeC,

Ananus pPaccMOTPEHHBIX
KPDHTEPHEB BLIHOCJAHBOCTH NOKa-
3pIBacT, 4TO BCe Ol B OHpeC-
JEHHOH CTeNeHN HOCAT YCAOBHBIH
Xdapakrep no ABYM NPHYHHAM:

CyObeKTHBHOCTD BLIOPAHHOTO

KpurepHua I BO3MOXKHadA TOY-

Puc. 1. Ipunuunnavhas cxema npubopa ans  HOCTh ero Quxcauuud. ITo 1pH-
OnpefeaeHus MLI0Laded BEIKPAHBAHHSA BOAUT K TOMY, UTG BeJI4HIA JO-

NYCTHMOIO TIODarKeHHs paKkoBil-
HaMu  JexuT B uHTepsate ot 0,6 [9] ao 10+25% [4, 6] or obmei
MICIATH padoylX NOBepXHOCTeH, YTO 3aTPyAHseT CcpaBHenHe Hecylei
Crtoco6HOCTH  3y0uaThIX Tepemau.

B nponecce npoperenust Hawmx sKcnepuMentos B MaGopaTopun 3yGua-
Toix nepenad (JI3II) [1] o6bekTHBHO (HKCHPOBAJIOCHL COCTOSHUE PabOUMX
NOBEPXHOCTell 3YObeB, HAUWHAS OT NEPBEIX SIMOK JI0 MOPAXKeHHS OBEPXHO-
CTeH Mpy NpeneabHLIX Harpyskax [2].

TaxnMm o6pasoM, Bce pa3BHTHe mpouecca BHKPALIHBAHMS HAXOAHJIOCH
NOT NOCTOAHHBIM KOUTpOJEM. B KOHLIe HCOBITAHHS [eJajcs BLIEOA O Ha-
IHUHH MJIM OTCYTCTBMM [POrPECCHPYIOLICTro BBIKDAlUMBAHMS TIOBEPXHOCTE|]
3yObeB (pasBHTHe Npolecca BLHIKPAIUMBAHHA Ha 3YObAX, HMEBUIMX IO ilu-
PHHE KOHIEHTPALHIO HArPy3KH, BO BHUMalHe He IPHHEMANO0Ch).

Kak ykasbiBanoch sblille, OLEHKA NPHUHATHIX KPHTEeDHEB- BLIKPa IIHBAHHUSI
(n1011aMell BEIKPAIIHBAHKHS) PA3AHYHBIMH HCCJIEAORATENAMHU NPOU3BOAHICH
AH00 ¢ NOMOLIbIO Jyll MHOTOKDPATHOrO YBeJIMUECHHSI ¢ PELIeTYATOl WIKAJION
[9], iu6o na rias, Hanpumep, cpaBuHBas c ONPEALTAOMNIM 3TATOHHBIM
xosecom [3].
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I1H cniocobul Onpeienenyss abCOMIOTHBIX MOLIANel BhIKpAlUHBAHHS SIB-
JAI0TCS B 3HAUUTENbHOMN CTeneHH cVObeKTHBHHIMHA H TPYIOEMKHMH, a TaKXKe
(1 3TO ABASIETCS TJIABHBIM) Jai0OT MHOTOKDATHYIO CWMHOKY, He OTBeYas CO-
BPEMEHHBIM TPeGOBAHUAM TOUHOCTH H3MEPEHHS.

Hcnosb3yst MeTON CHATHS CJACNKOB C NOMOIIBIO JIUIIKOH JIEHTbI, HaKjaa-
ABIBaEMOfi Ha 3aKOMUeHHYIO NMOBepXHOCTh (npemnoxen I'. Humamom), Mol
OHEeHHBaJH KaK a6COMIOTHYIO, TAK H OTHOCHTEJABHYIO CTeNeHb BHKPAIINBAHHKA
pabouux HoBepXHOCTEH 3yOeeB ¢ moMomibio coszjansoro B JI3IT mpuGopa
(prc. 1)*). .

Yerpoiicteo mpufopa OCHOBAHO Ha 3aMepe BeIMUHHBl 3JEKTPHYECKOro
CUFHasa OT (GOTO3JeMeHTa 3JeKTPOH3MEDUTENbHHME NMpHGopaMu. IIeKTpH-
yecku#l TOK B doToaaeMente (1) BO3HHKAET 10T JEHCTBHEM CBETOROIO Jyua
cTaOUAH3HPOBAHHOIO HCTOUHKHKA cBeTa (2), IPOXOALLIEro yepes HeraTHp (3}
HJAH OTpakamulerocs or ¢ortorpaguu (3), nmosyyeHHoil co ciaenka 3yoa.
Cusenok 3y6a moayyaetcsi HaJOXeHHeM NIPO2PadyHoll HAH Oesol JHIKON - 1eH-
Thl Ha 34KOIMUEHHYIO MOBEPXHOCThL 3y0a, B pe3yasTaTe 4ero caxxa, pacnosno-
JKeHHAst B YrayO/eHUsX MeCT BBIKDAIIMBAHHS, Ha JeHTY He Haaunaer. 4
doxycupoBku H3o6paxenusd nepen (HOTOIIEMEHTOM ycTauaBauBaeTcs 00F-
extus |[4]. Peskoctb u300paxeHns NpoBepsieTcs Ha MAaTOBOM cTekge (5),
KOTOpOe TIPU MOMOLIH CIENHAJLHOr0 HOBOPOTHOIO YCTpoiicTBa {6) verauas-

M

A/c/xi='§ﬁ2'/’f75 A’é"ao‘"cq :2:?2'/17? A =2‘,‘5".5"’r"/“'7?
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Woe=2 18737, Nespsor — -4;’-/97_, Giw =288 o

Puc. 2. Caenxd, cHATBIC ¢ 3yObeB NPH Pa3fHYHBIX CTAAHAX PAa3pYUIeHHs HX pa-

G0UHX HOBEPXHOCTEH. N yy — WHCJO LHK/IOB NEpeMEH HANPMKeHHi Koaeca; N yosu

— obuiee YHC/IO LHKJOB IePeMeH HampsiKeHuil; K gy — xo3pduuuenr Hecyluei
c1ocoBHOCTH 3y0uaThIX Mepegad

JUBaeTCsi HA MecTo (oTosaementa. Fla 3ToM ke mNOBOPOTHOM YyCTpolicTBe
pacnoJiaraercst KOHTPOJbHEI (oTO3AeMeNT (7), KOTOPBIH GI1YKHT JJaA KOHT-
posst cTaGUABHOCTH IOKa3aHKil paboyero orosneMeHTa H MOCTOSHCTBA AP-
KOCTH HCTOUHHKA cBeTa (2).

I'paayupoBanHe 3/EKTPOH3MEPHTENbHOrO NpHGOpa (MHKpOoaMOepMer-
pa) ¥ nocTpoeHHe TAPHPOBOYHON KPHBOH TPOU3BOIUIIH, HCNOAB3YS GoTorpa-
(MU KM HeraTHBH C 3aBeJOMO H3BECTHBIMH ILIONIANSMH BHIKPAIIHBAHUA,

* TNpubop cosnar M. M. Kuiumossim, B. JI. Jlesanosum, I. B. Edumosbim,
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0T KOTOPBIX OTPAXKaeTCcsA AW TIPOXOAHUT CTAaOHJIN3UPOBAHHEIN JAyd cBeTa. [las
3Toil uesau ¢ Qorosgementa (1) npu noMomu MUXpoaMiepMeTrpa CHHMaeTcst
0TCYeT, COOTBETCTBYIOIIMI AaHHOH a6COIOTHOH UJIH OTHOCHTENbHOH H3BecT-
HOlf miomany Buikpalmnsanua. UHlkama saexTpomsMmepuTesabHoro 1puopa
OTrpaayHpoBaHa KaK B a0COJMIOTHBIX, TAK U B OTHOCUTENbHBIX ILIOMIANAX.

C nmoMouiplo ONHCAHHOTO Bbilie npuGopa Oblla npoBeleHa oOpaboTka
CHATHIX CJlenKoB (npH cxkopoctsix 20 u 40 m/cex Ha 3yGuaTHIX Ieperayax
C MOAyJaeM 2,5 mMm). .

Ha puc. 2 noxasanel (pOTOOTTHCKH CJENKOB IIOBEPXHOCTH HOBOro 3y6a
H CJeNKH TOro Ke 3y6a ¢ IOCTENEHHO YCHJHBAIOWIe}iCH CTeNeHbIO Iopaxke-
Mg pabouey MOBEPXHOCTH, BBHI3BAHHOII Bce BO3pacraioulell HarpyskoH. (Pe-

3yabTaThl 06paboTky maoulanell npuBenens B tabiile 1).
Ta6naunal

OKpyKHAs CKOPOCTh, M/CeK
20 |* 40
Unzaekcol ciaenkos

AbcomoThad 1-1-1 ] 2-1-1 | [-2-2 | 2-2-2 2-2-1 | 1-2-1 | 2-1-2 | 2-2-1
NIOMIAAb BBIKPAILK-
Banust Spyxp %

7,86 16,72 | 7,85 | 7,05 | 6,92 | 7,44, 13,2 | 10,5

Kak caeayer u3 TaGuawulel, 3HauyeHHe NJoOLIafell, OXBAYEHHHX BbIKpA-
UIMBAHHEM, [IPH NPUHSATOM HAMH KDHTEPHM M TIPeIe/bHON Harpyvske Koieb-
aetcst B npegeaax 6—15%, npuueM aGcoII0THOE 3HAUCHHE B % npu 20 m/cex
B cpenHeM B 1,3 pa3a MeHblile, YeM NPH CKOPOCTH 40 m/fcek.

CunTasa 3TH Pe3yJbTaThl A4J€KO He HCUEDPILIBAIOIIHME, MOXKHO OIHAKO
3aMeTHTh, YTO APHHATHIA B pabotax [9, 10, 11] kpuTepuit ycTasoCTHOTO BhI-
KpallMBaHKs, CBA3AHHBII C Nopa)enueM paGouHX NMOBEPXHOCTel 3y0bes, 3na-
YHTEJbHO 3aHMKAET HArPY30UHYIO CIIOCOOHOCTh 3yGuaTbIX nepeaad.
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