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UCCJEJTOBAHUE CUJOBBIX 3ABUCUMOCTEM ITPU AJIMA3ZHOI
I'IAJKKE

3aitnues Xyooiioepou Myxuoounosuu
Cmasicép-npenooasamens
byxapckuii unscenepno-mexnonocuueckuil UHCmMumym
Annomayua. B cmamve paccmompenvl cunosvie 3a8UcCUMOCmu Npu AiMAa3HoU
VMIOJHCKe 8 HAUane OBUNCEHUS C PA3TUYHBIMU ONPABKAMU, 8 OMAUYUE OM ONPABKU C
HCECMKOU KOHCMPYKYUEL. NHEBMOONPABKOU U NHEBMOONPABKOU HA NPYHCUHAX.
Knwuesvie cnoea: anmasznoe ymiodceHue, nHeBMAmMuieckas onpaseka Ha
NPYAHCUHAX, HCECMKAsL ONPABKA, KAIUOpo8anue, NHeMamuieckas onpaska, mpenue.
B mnpouecce aima3zHOro riaxeHus JOeTalied ¢ KpyIibIM mOpoduiiemM ycuiue
[JIAKCHUST MOXET U3MEHAThCS W MEHSTh HalpaBlICHHE TMPU KCIOJb30BAHUU
Pa3JIMYHBIX KOHCTPYKIUI OnpaBoK. [Ipy n3MEeHEeHNH HaIpaBIICHUS CUJIbI U3MEHSETCS
TPEHHUE O MOBEPXHOCTb, UTO BJIMSIET HA M3HOC UHCTPYMEHTA.AJIMa3HOE YTHOKEHUE
MOXET MTPOU3BOJIUTHCS KAK C Hayaia ABUKEHUS JIETalld, TAK U BO BPEMSI €€ JBUKECHHUS
[1, 2].B mporecce 00pabOTKH OCEBBIX JieTalie M30eKaTh MepeMEIeHU HHICHTOpa
HEBO3MOXXHO. PaauanbHOE€ B3MaxXMBaHME MOJXKET IMOBJIMATH Ha 3TO. AJMa3HbIN
HAaKOHEYHUK MOXXET BUOpPUpPOBATH BIepe] M Hazaj 3a oauH obopot. Ilpu sTom
MPOUCXOJIUT 3a€IaHUE UHCTPYMEHTA. DTO MPOUCXOJUT TaK OBICTPO, UTO BU3YAJILHO HE
3aMETHO, TPYJHO UCIIPABUTh U MOXKET CUIILHO MOBIUATH HA TTapaMeTPhbl TOBEPXHOCTH
JIeTand ¢ UHCTpyMeHTaMu. To ke caMoe MPOUCXOAUT, KOrJa HauyWHAETCS
nepemMenieHue. [ IpoucxoquT  CKa4oK  COCTABJISIIONICM  CWJIBI  CIJIQXKMBaHUS,
HaIpaBJICHHOW MPOTUB HANpPaBJIEHUS JBHKEHUS WHJICHTOPA, TO €CTh CUJIbI TPEHUS
[3].9TOT cnydaii MOXHO HCIPaBHTh SKCIEPUMEHTAIBHO. TeopeTHdyeckn yCHIue
JOJDKHO YBEJIMYMBATHCS, HO TEOPHS HANMCaHa JUIs CIy4aeB C KECTKOM OIPaBKOW.
Heob6xoammo BOCIIpon3BECTH MPOIIECC C ONMPABKAMHU JIPYTOH JKECTKOW KOHCTPYKIIUU.
B kagectBe o0OOpymoBaHUA JUIS  OKCIIEPUMEHTa MHCIOJIb3yeM TOKapHO-

BUHTOpE3HbIN cTaHOK 1K62. JIjs Bcex AKCIEPUMEHTOB HMCHOJb30BaIU MHIECHTOP C
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CUHTETHYECKMM anma3oM paauycoMm R1,5 mm. [Ins cpaBHUTENBHBIX OIBITOB
HCIIOJIb30BAJIM YacTh cTepkHA 3 Marepuana 12X18HI0T misa BHemHel oOpabOTKH.
JleTanb ycTaHaBIMBAETCs B LICHTPHI cTaHKA. UTOOBI n30ekaTh palaibHOTO XJIOTIAHMS,
Hapy»Hasi TOBEPXHOCTh JI€Talu IOJBEPraeTcs MeXaHuuyeckoh oOpadoTke. Jlis
BHYTpEHHEH 00pabOTKH MCIONb3yeTcsl AeTalb ¢ oTBepcTHeM u3 marepuana J[16T.
BMecTo pesnenep:karens yCTaHOBJIEH TPEXKOMIIOHEHTHBIM auHamomeTp S5233Al1
bupmbi«Kuctiep» [4], HETOCPEACTBEHHO HA HETO 3aKPETUICHBI Pa3JIMYHBIC OMPABKH C
aJIMa3HbIM HAKOHEYHUKOM. OChb TJIaJUIbHOTO YCTPOKUCTBA JOJDKHA TOYHO COBIAAATh C
OCBIO LIEHTPOB MamuHbl. MaaycTpuanbHoe Maciio M-20 ucnonp3yercs s MIaKEeHUs
CO CMAa30YHO-OXJAXKJAKIIEH XKUAKOCThIO. B mpoliecce ammMa3HOro IIaKeHHsl Ha
TOKApPHOM CTAaHKE pa3IMYarOT [JBa JBIIKCHUS: JBIIKCHUE BpAICHUS JETalud MU
JBWKEHUE noaadn. Bee n3menenus cun O0ynyT (UKCUpOBATHCS HAa KoMIbioTepe. Jis
3aMETHOr0 OTOOpa)K€HUsl BCErja €CTh BpEMEHHas Iay3a Mexay aeuctBusmu. llpu
CPAaBHEHUM PA3JIUYHBIX KOHCTPYKIMI OIPAaBOK HCIOJIB30BAIUCH CIEAYIOLINE
Hapy>KHbI€ TJaJWJIbHBIE OINPABKU: a) YKECTKas ompaBka; 0) IWHAMOMETpUYECKas
orpaBKa (CHJIOBOM 3JIEMEHT - IUIOCKas MpYXUHA C JeMi(epoM) B) MHEBMATHUECKAs
omnpaBka (CHJIOBOM AJIEMEHT - CHJIB(OH CO CKAThIM BO3IAYXOM) C PECHUBEPOM; T)
MHEBMaTH4YECKasi OnpaBKa (CHJIOBOM 3JEMEHT - CWIb(OH CO CKAaThIM BO3AYXOM) Ha
IUIOCKUX MPYXUHAX C PECUBEPOM; a JUIs BHYTPEHHETO TJIaXXEHUs: €) TOPCHUOHHAs
OTpaBKa; €) IMHEBMAaTUuyecKkas OmNpaBKa (CUJIOBOM JJIEMEHT CHIB(OH CO CXKATHIM
BO3JYXOM) Ha IJIOCKUX MPY>XKHMHAX C pecuBepoM [5]. B crarbe mpeacTaBieHbI ABE
ONPAaBKU JJIsl CPABHEHHSI.

[TneBMaTHueckasi onmpaBKa C CHJIOBBIM 3JIEMEHTOM B BHJE MHEBMATHYECKOM
OPYXKHUHBl WU CUIb(OHA OTHOCHUTCA K YHNPYroMy KpeIIEHHI0O HHCTPYMEHTa U
no3BoJiseT 00pabaThiBaTh HApPY)KHbIE MWJIMHAPUYECKUE IIOBEPXHOCTH JETalu C
paavabHBIMU XJIONKAMH WK OTKJIOHEHUAMH QopMbl. CHIIb(POH MpeACcTaBIseT cO00iM
AIACTUYHYI0 TO(QPUPOBAHHYIO Kamepy, KOTOpas HpHU TJIaXKE HCIbITHIBACT
C)KUMaloIMe HanpspkeHus. [ns crabunmM3anuu yCwiusi B CHUCTEMY «UHIEHTOpP —

cub(OH» JT00aBIEH PECUBEP, MO3BOJISIONINN 3HAYUTEIIFHO YMEHBIIICHHE KOJICOAHHI
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JaBjeHus: B CUJIb(OHAX 3a CUET YBEIMWYEHUs1 oObema cxaToro Bozayxa. Oobem
pecuBepa Oosiee gyem B 10 pa3 mpeBwImaeT 00beM padoueii kamepsl cuiabhoHa. ['makka
MIPOU3BOJIUTCS MPU OMPEACICHHOM 3HAYEHUM YCWIMS OpuxuMma [S5, 6], KoTtopoe
YCTaHABJIMBAETCA C TOMOIIBIO JaBJICHUS BO3JyXa B CHCTEME U KOHTPOJHUPYETCS
MaHOMETpOM. KOHCTPpYKTHBHBIE OCOOCHHOCTH MHEBMATHUECKON ONPaBKH JIOJKHBI
o0ecreunBaTh MOCTOSIHHOE yCWIINME TiaxeHus: Py fgaxke mpu O0ibIION MOBEPXHOCTU
B3Maxa, TaKk KaKk M3MEHEHHE o0bema CUib(OHA Majo MO OTHOUICHHIO K O0BEMY
pecuBepa, cle0BaTeIbHO, U3MEHEHHE JaBICHUS B CHIIb(DOHE U CHJIA TTIaXKEHUS TaKxKe
Maja.

Jlist onpeneneHnss HEOOXOIUMOM CHIIBI TTPECCOBAHUS HEOOXOIUMO TMOJA00paTh
TpeOyemoe naBieHue B pecuBepe [6, 7]. BuHT, npopaBiuMBaeMblii depe3 Iiap,

OTpPaHUYUBACT X0 cuiibpoHa. Bo3aymHas cuctema onpeaenseTcs Ha HATMIUe yTeueK

BO3/TyXa.

Puc. 2. I'paghuk nposepku cuvl

PagnanbHas cuna Py HEMHOTro yMeHBIIAeTCs CO BPEMEHEM H3-3a CHYBaHUS
IMHEBMATUYECKOM cucTeMbl. [Ipon30on1ino n3amMeHenne 0ceBou cuiibl Px, BO3M0OXKHO, 13-
3a BbIJIETa MHCTPYMEHTA OTHOCUTEIBHO IMHAMOMETpPA Ha puC. 2.

CuiioBble 3aBUCUMOCTH YCWIMSI TJIQXKEHHSI B Hadalle OJHOHAIPABICHHOIO

ABUKCHUS OCYHICCTBIIAIOTCA TAK KC, KaK U C J)KECTKOM OHpaBKOﬁ.

s‘(' o,
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W3mepeHuss NpPOBOAWIACH II0 CIEAYIOLUIUM KPUTEpPUSAM: B HaIpaBICHUU
IBYKEHUS pe3aHus; 1o creneHu Harpyxxenus ycunusmua 100H, 200H u 300H; u no
UCIIO/Ib30BAHUIO CMA30YHbIX MAaTEPUAIIOB.
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Puc. 1. Ycmanoenennas

Puc. 3. U3MeHeHHe 0CeBOM CHJIBI
nHeemMamuuecKkas onpasKka

Ha puc. 3 nmokasansl Ba SIpKO BBIPAKEHHBIX I'paduKa MPU PABHBIX YCIOBUSIX C
ycunueM 100 H u mpuMeHeHMEM CMa3Kd, TOJBKO IBH)KEHHE B Pa3HbIE CTOPOHBI.
OceBas cwia Px noj Harpy3koil IpUHUMAET pa3InyHbIe 3HAUCHUS. DTO HAOIIOIEHUE
MPUCYTCTBYET Ha BceX rpadukax. ITo sIBICHUE MOXHO OOBSICHUTH KOHCTPYKIIMEH
OmnpaBKH. AJIMa3 3aKpEIUIAETCS BO BTYJKE, KOTOpas MEPEMENIAETCsl 10 OTBEPCTHUIO C
3a30pOM U CTAHOBUTCS C pa3HbIM NepekocoM. Konebanus paauansHoit cuiibl Py Takoke
MOTYT BO3HHMKATh M3-3a 3aeJaHusl B CBS3M C T'MJIb30i, HO MOTYT OBITh U 3aUpPbl HA
MMOBEPXHOCTH JI€TAlId, CBS3aHHbIE C M3TMOOM MHCTpyMeHTa.B pesynbprare muzydeHus
00pa3oBaHus TPEIIUH HA MHEBMATHUUYECKON OMPaBKe YCTAHOBJIEHO, YTO MPHU CHUIOBOM
Harpy>KeHUU HWHJEHTOP YacTO CTAHOBUTCS mMepekoiieHHbIM.Ommbka CcBs3aHa C
KOHCTpYKIMEHN onpaBku. BuzyanbHOro u3rnba He HaOI0JaN0Ch, TaK KaK 3TO MOTJIO

MIPOU30MTH BHYTPH KOPITyCa.
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Puc. 4. Cxema pesepcueHno2o
Puc. 5. Ilpoxosxcoenue mouku
06uUdICeHUSA nHeEMO00pHa npu
UHDEKUUU
épawienuu

Ha puc. 4 xopomo BHJIHO NPOXOXKIAEHUE ydacTka A mHxkekuuu. [Ipoucxoaur
M3MEHEHUE HAIpaBJIEHUs CHIbl TJIaXKU. Takke BHU3yaJbHO MOXHO HAOMIOAATh
IIPOXOXKJAEHNE TOYKH BIphICKa | Ha pucynke 5. [lo maee, Ha 3TOM ONpaBKE JOJKHO
OBITh MOCTOSIHHOE YCWJIME TPHXKATUSA, HO KOHCTPYKTHUBHO 3@ CYET CHJIbI TPEHUS
ITPOUCXOUT U3MEHEHHUE PATUAIBHON CHJIBI.

OnpaBka [ ajdMa3HOIO IVIAXKEHHS C CHJIOBBIM JJIEMEHTOM B  BHJE
ITHEBMAaTUYECKOW MpPYKUHbI W TUOKOM NPYXKMHHOM ONOpBHl NIpeJHa3HadeHa MJis
00pabOTKM HAPYKHBIX LWJIMHIPUYECKUX M (DACOHHBIX MOBEPXHOCTEW AeTaneH, a
TAK>KE MOBEPXHOCTEU JETAJIEH, YCTAHOBJIEHHBIX C SKCIIEHTPUCUTETOM. B KOHCTPYKIIHIO
ONPABKHU BXOJUT 3AKPEIUICHHBIM BO BTYJIKE aJIMa3HbId MHIAEHTOP, KOTOPBIM B CBOIO
ouepellb KECTKO 3aKPEIUIEH Ha MpY:KUHHOM omnope. [IpykuHHAs omnopa cOCTOUT U3
YeThIPEeX IJIOCKUX MPYKUH, YCWICHHBIX IUIACTUHAMHU [UIsl MCKIIIOYEHHs IMporuda
MPY’)KUHbl W KOHTAKTa IOJABMKHOM YAaCTH OINPABKHU C €€ KOPIyCOM. JTa Oropa
MO3BOJISIET JIBUTATHCSA C HEOOJIBIIION aMIUIUTYI0M BOKPYT HAYadbHOM TOYKHU: £ 3 MM.
VYeunue rinaxeHuss 00eCHeuMBAETCS MOJIBIM — METAUIMYEeCKUM rodpom, T.e.
nmHeBMaTHueckuM MexoM. [locTosiHHOE naBiieHne Bo3Ayxa B Cuiib(oHEe 00ecreunBaeT
MOCTOSIHHYIO CHJIy NpWXKaTHs pabodyero opraHa ONpPaBKH K MOBEPXHOCTU JETajH.
[TocTostHHOE NaBieHHE AOCTUTAETCS MHOTOKPATHBIM MPEBBIIIEHUEM 00beMa BO3IyXa

B PECUBEpE 10 CPABHEHUIO C 00BEMOM BO3/AyXa B CHIIb(DOHE, UTO TTO3BOJISIET U30€KAThH

3HAYUTEIbHBIX U3MEHECHUM JaBJICHUS BO3ayXa B CI/IJ'II)(bOHC 3a CUCT CXKAaTHusia CI/IJ'H)(I)OHa
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Y YMEHBIIEHUS 00beMa BO3yXa. DTO JOJKHO YMEHBIIUTh BETUUUHY KOJICOAHUMN CHITBI
CUJIOBOTO JJIEMEHTA [0 CPABHEHUIO C BEIMYMHOM CO34aBAEMOM MM CHIIBL. [[ns
KOHTPOJISI JABJIEHUS B CUCTEME HA PECUBEPE YCTAHOBIIEH MAaHOMETD.

J71st TOro 4TOOBI ONpeneNuTh HEOOXOIUMOE YCUIIME MTPECCOBaHU A, HEOOXOIUMO
noobpath Tpebyemoe AaBieHue B pecuBepe. I'paduk 3aMepoB Ha 3Ty OMPABKY yiKe
UMEETCSl, TOATOMY IIPOBOJIUTCS TOJBKO MOBEPKA. Bo3mymiHas cucteMa onpeaensercs

Ha HAJIMIKUC YTCUCK BO31yXa.

Puc. 6. Onpaska

nHeeMamuuecKou npysHcumnbsl,

Puc. 7. I'pagpuk nposepku cuvt

YCMAHOG/ICHHAA  HA  CMAaHKe ¢
pecusepom.

Ha rpaduxe (puc. 7) BbIIOJHEHA TMPOBEPOYHAS 3aMepKa C [MOMOIIbIO
nuHaMomeTpa. JlaBieHune BHIOMPATOCh B 3aBUCUMOCTH OT HEOOXOAMMOTO YCHIIHSL.
CHauana B cuctemMy ObUT 3aKadyaH BO3JyX. 3aT€M 3alyCKaJd MPOIECC U3MEPEHUs U
MOCTENEHHO 4Yepe3 ONpeeieHHbIe MPOMEXYTKHM BPEMEHHM BBIYCKaIM BO3IYyX M3
pecuBepa.OTKIIOHEHHE OCEBOM COCTABJIAIONICH CHJbl PX cocTaBiser OOJBIION BBUICT
nHcrpyMeHnrTa.llo kacarenbHOM cocTaBisronier Pz MOXHO cka3zars, YTO OCh HHJICHTOpA
HUKE OCH LIEHTPOB CTaHKa.l3MepeHue CHUJIOBBIX 3aBUCHUMOCTEH CHUJIbl TJIaXKKH B
HavaJje OJJHOHAIIPABICHHOTO JBUKEHUS MPOBOJIAT TAK ke, KAK U C JKECTKOM OMPaBKOil.
N3mepenust mpou3BOASTCS MO CICAYIOIMIMM KPUTEPUSIM: 110 HAMPABJICHUIO JIBUKEHUS,
npu crenenu Harpyxxenus ycuimusmu 100H, 200H n 300H; n mo ucnosb3oBaHuio

CMa304YHBIX MaTtepuanoB. Bce nanubie u rpaduku npeacrasieHsl B [Ipunoxenun A u
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Tabmumax 19-22. I'paduku mpuBeeHbl NMpU NATUKpaTHOW Tiaxkke. KoapduimeHTs
TpPEHUsI yKa3aHbl B Tabymie 2.5, T/ie cuja Harpy3Ku yKa3aHa MPUOIU3UTEIBHO IS
rpajialivy, TOYHas CUJjia MoKa3aHa Ha rpaduKax B MPUIOKEHUU.

[THeBMaTHuecKass MpyKMHHAsg OINpaBKa IMO3BOJSET INIAJAUTh C TMOCTOSHHBIM
HaIpaBJICHUEM BEKTOpa Cuibl. M3 rpadukoB BUIHO, UTO paguaibHAs COCTABIISIONMIAS
cuibl Py ocraeTcss HEeM3MEHHOU MpU ABWKEHUU. To )K€ camoe MPOUCXOAUT C CUIION
TPEHUsI PU JBUKEHUU BpallleHUs TaHTeHIIMaIbHON PZ 1 ipu po10JIbHOM JIBUKEHUU
omnopsl oceBoit cuibl Px. Ha rpaduke mokazana TpeuuHa, HAYMHAIOMIAACS B Hadale
nBwkeHus. W3menenue koadduimieHTa TpeHUs OT yCWIHs TIaxKd Ooliee
PaBHOMEPHOE, HO OTJINYAETCS OT HAMPABJICHUS JBUKCHHUS.
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