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K BOIIPOCY HOBBIINEHUA KAYECTBA BBICTPOPEXKYIIETIO
HHCTPYMEHTA CTEPKHEBOI'O TUIIA TE®OPMAIIMOHHO-
TEPMUYECKOM OBPABOTKOM

AmumoB B. U., ApanacseBa M. B. (kagh. OM, JlonHTY, 2. Jloneyx, Yrxpauna)

[Ipu skcrmyatammu OBICTPOPEXKYIINI HMHCTPYMEHT HCIBITHIBACT IMKINYECKUE,
JMHAMHMYECKUE, TEIJIOBbIE HArPYy3KH, BHICOKHE KOHTAKTHBIE HArpy3KH M JaBJI€HUE Ha pa-
004yI0 KPOMKY, MOBBIIIICHHBIE HAMIPSKEHHUS COKaTUs ¥ KpydyeHusi. Paboyas KpoMka MOXKeT
pasorpeBatbest 10 550-650 °C. Otcrona MOXHO chOpMYJIHPOBATH OCHOBHBIE TPeOOBa-
HUS K CBOMCTBAM CTaJieli: BbICOKAasl TBEPJAOCTbh U MPOYHOCTh, JOCTATOYHAs BA3KOCTb U
KpacHOCTOUKOCTH [1].

Ha MammHOCTpOUTENBHBIX 3aBOAX MPUMEHSETCS] JOCTATOUYHO OOJBIION accOpTH-
MeHT uHcTpyMeHTa. [IpoGiema M3HOCA M MOJIOMOK JJOPOTOCTOSIIEr0 MHCTPYMEHTA B Ha-
CTOsIIIIEE BPEMS AKTyasIbHa.

[Ipoananu3upoBaB NPUYUHBI BBIXO/AA U3 CTPOSI HMHCTPYMEHTA, U CPaBHUB pa3jiny-
Hble OBICTPOPEXKYLIUE CTAIM, MOJYyUYEHHBbIE PA3IUYHBIMU METOJAMHU, MOYKHO IpPEAINOoo-
KHTh, Kakue (aKTOpbl UMEIOT HAauOOJIbIIee BIMSHUE HAa TEXHOJOTHYECKUE CBOWCTBA WH-
CTpyMeHTa. AHaJIM3 MIPOBOJUM Ha MpUMeEpe JeHUCTBYIOIIEero mpou3BoAcTBa, 3A0 «Jlyran-
CKHH 3aBOJ KOJIEHYATBIX BaJOB).

B 3AO0 ,,Jlyrancpkuii 3aBoJi KOJIEHUaThIX BaJOB” HMCIOJb3YIOT pa3jJu4HbIE Ha-
MMEHOBAaHUSA MHCTPYMEHTA; HOMEHKJIATypa MCIOJIb3YEMOT0 MHCTPYMEHTA NPUBEAEHA
Ha puc. 1.
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KommecTED FHCTPYMEETS, Yo

Dpesa

Zeyve NN

JEHKER §

MpoTaxka m

Ceepna4.0-7.0
Ceepna 70100
Coepna 10.0-13.0 §

Coepna 13.0-16.0 @

Ceepna 16.0-19.0

Ceepn31.0-34.0
Coepna 34.0-37.0 @

Coepna 19.0-22.0 [
Coepna 22.0-25.0 [
Ceepna 25.0-28.0 §
Ceepna 28.0-31.0

CEERND LEHTROE 04HOE i

HamumeHOE aHUE MHCTRYMEHTS

Puc. 1. Pactipenenenue uHcTpyMeHTa B TexHosiorudeckom 1ukie 3AO «Jlyranckuit 3aBoj
KOJICHYATHIX BaJIOBY

HpI/I AHAJIN3C TTOJIYUYCHHBIX JAaHHBIX, BUJHO, YTO HauboJiee 4acTo HCII0JIb3YEMbIM HWH-

CTPYMEHTOM SIBIISTFOTCSL cBepJa. [Ipu 3TOM MperMyIIecTBEHHO HCIIOIB3YIOT CBEpia JHaMeT-
pom 7.0-10.0 mm.

B 3A0 ,,JI3KB” ucnonb3yeTcst HHCTpYMEHT, Kak 3aBOJICKON TaK U MOKYITHOM.
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Haubonee yacTo moKymaroT U U3rOTABIMBAIOT HA 3aBojie cBepya nuamerpom 7.0-10.0
MM, JI0JIsl 3aBOJICKOTO MHCTPYMEHTa OoJiee 4eM B 3 pa3a MpeBbIIIACT OO0 MOKYITHOTO.

W 3aBojckue U MOKyIHBIE CBEpJia BBIXOJAT U3 CTPOS MO Pa3IMYHbIM MPUIHHAM.
[Tpoananu3upoBaB JaHHBIE 3aBOJIA, MOYKHO BBIJICIHTH HECKOJIBKO TPUYMH BBIXOJA M3
CTpOs MHCTpyMEHTa (puc.2).
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CEpyUEHE ¥ XEOCTOBMKS  [TONOMES N0 CTEIKOEOMY WEY Hepomes
HEYTIKMI 143 M0R N0 PEHY WEH YAcTI MNepemes MopOWKOBBIR METaNN

MEMHMHEl BEIZ00E M3 CTROA
Puc. 2. AHanu3 npuyuH BBIX0/1a U3 CTPOSI UHCTPYMEHTA

Haubonpbias 1051 MHCTPYMEHTAa CKPYYEHHOI'O Y XBOCTOBHKA, Jajiee CJIEIYIOT HECO-
OJII0/IEeHNE TEXHOJIOTUU U XPYIIKUN U3JI0M 0 PEXYIIEH YaCTH UHCTPYMEHTA U3 IMOPOILIKOBOTO
MeTtaiuia. OHAKO Kak CBUIETEIbCTBYIOT MHOTOYMCIICHHBIE HCCIIEAOBAHMSA, HHCTPYMEHT U3
MOPOIIKOBOTO METa/Ia UMEET CBOWCTBA OJIM3KME K MHCTPYMEHTY, TOJIyYCHHOMY METOAAMU
00paboTku maBieHueM [2], a, mopoi u mpeBbIaloT ero [3]. MoxHo cka3aTh, YTO HHCTPY-
MEHT WM3HAIIMBAaeTCs 1Mo paboyell MOBEPXHOCTU U MO NPUYMHE Nepenaaa TBEPAOCTH MO ceue-
HUIO.

Jnist 9KCTIepUMEHTAIbHOTO MCCIIEA0BAHUS OBLIM B3STHI TPU MPYTKa PA3HOTO MCXOIHO-
ro auamerpa. Tak Kak OBICTPOPEKYIIHE CTAIN SBISIOTCS TPYIHO IePOpMUPYEMBIMH, UX IIe-
Jecoo0pa3Ho MmoaBeprarh dKCTpy3unu. OOpasubl ObUTH MPEABAPUTEIIHHO BXOJIOIHYIO TPOIKC-
TPYAHUPOBAIU CO cTeneHblo nedopmaruu: 15, 35, 50%, xkoHeunslit tuameTp coctaBui 10 Mm.
[Tpu 3ToM ncnomp3oBamu cranu POMSKS u POMSKS-MII. [{ns cpaBHeHus criocoba mpowus-
BOJICTBA, CTENEHU Je(opMaliiy 1 BIUSHUA JETUPOBaHUs KOOalnbTOM B3syi cTtainb P6MS, no-
JYy4YEHHYIO METOJIOM JIUTHSI.

WccnenoBanust npou3BOMWINCH HA POJIOJIBHBIX U MONEPEYHBIX CEUECHUSIX 00pa3LoB.

N3mepenue MUKpOTBEpIOCTH TipoBO WK Ha ipudope [IMT- 3 mo meTomy BoccTaHOB-
JICHHOTO OTIIeYaTKa ajaMa3zHbeIM HakoHeuHukoM nipu Harpyske 10 H (mo T'OCT 9450-76).

Ha xaxmom oOpasne Obuto mpoBeaeHo 50 3amepoB. s ompeneneHus JTOBEpH-
TETHHOTO WHTEepBaa, OblIa uctoibp3oBana nmporpamma STATISTICA. YpoBeHnb HanexHO-
ctu P = 95%, Haiinennole noBepuTeIbHbIE UHTEPBAJIbI Ul BCEX M3MEPEHHBIX 3HAUCHUH
MUKPOTBEPJOCTH IPUBEIEHBI B Tabu1e 1.

Mo>kHO 3aMeTHTb, YTO ObICTpOpeXylIas ctainb P6MS, noixyyeHHas MeToAaMH JId-
Thsl, UMEET HanboJiee HU3KYI0 TBEPIOCTh, 10 CPABHEHUIO C OCTaJbHBIMH HCCIIEI0BAHHBI-
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mu ctaisiMu. Ctans POMSKS B nenom 6osee Msrkas, 4eM aHaJOTMYHAs CTaJlb TOJTyYeH-
Hasi METOJaMU IOPOIIKOBOY METaUIypIUH. TakKe MOXKHO 3aMETUTh, YTO C YBEIUYCHUEM
cTenieHy Jedopmanuy TBEpIOCTh pacTeT, Kak s ctaimu POMSKS tak u gt PO6MSKS-
MIL.

Ta6muma 1. Pe3ynsraTsl H3MepeHns MUKpOTBepaocTH, H/mm?

PEMSKS, akcTpyaupoeanHan co | DBMSKS-MI, skctpyaupoeanH as
CTank PERS CTENEHEH] C0 CTEMNEHEH
15% 35% a0% 15 % 35% 0%
CpeaHAR
MHERT- FAREE43 | 2442454 | 29482141 | 30124126 | 27E3£108 | 2890£139 | 3030£126
TEEpAOCTE

MukpocTpykTtypa obpasna u3 cramu P6MS cocrout u3 siene0OypuTHON HBTEKTHUKH U
KapOunoB, 3epHO aycteHuTa 4 Homepa (o 'OCT 5639-82). OnieHKy BEeIMYUHBI 3€pHA IPOU3-
BOJAWIM TI0O METOJY CPAaBHEHHS C ITAJOHHBIMHU IIKajaMu. KapOumHash HEOJTHOPOIHOCTH 7-8
6ama (mo F'OCT 19265-73), mo mkane Ne 2, npu yBenmuenun 100. Mukpoctpykrypa odpas-
1oB u3 craneir POMSKS u P6MSKS5-MII cocrout u3 copbura u kKapOoumoB. MUKpOCTPYKTypa
oOpasnoB u3 cramu POMSKS otnnuaercs 6oiee MEIKOIUCTIEPCHOM CTPYKTYpOH, IO CpaBHe-
HHIO co cTanmbio POMS, Tak kak craib JiernpoBaHa KoOaisToM. BeTpeuaroTest Kak MelKue OK-
pyrable kapOuel, Tak U Oojee KpynHble yrioBaTsle. KapOuaHas Heo1HOPOAHOCTH 1-3 HOMe-
pa. Crame POMSKS5-MII xapOunHO# HEOAHOPOAHOCTH HE MMEET, KapOHIbl OAMHAKOBOM OK-
pyriioit (opMbl, paBHOMEPHO pacrpe/eNieHHbIE 110 IIOCKOCTH MIH(da, XapaKTepU3yroTCs BbI-
COKOM CTENEHbIO TUCIIEPCHOCTH.

[To naHHBIM PEHTTEHOCTPYKTYPHOTO aHaJM3a, B JIUTON OBICTpOpexyteit cramt PO6MS
npucyTCTBYIOT KapOupl coctaBa Cr3Ce. KapOuanslii cocta craneit POMSKS u P6MSKS-
MIT unentraen. OH npeacTaBiieH TakuMu kKapounamu, kak: Cry3Ce 1 VC.

[Ipu onpenenenuun pazmepoB kapouaoB cranu P6MS nosnb30Bamuch METOAOM CpaBHE-
HUSI C 9TaJOHHBIMHE mKainaMu [4]. [Tpu onpenenernnn pazmepoB kapouaoB B ctainsx POMSKS u
PO6MSKS-MII, nons3oBasivch TUHEHHBIM MeTOIOM A. Po3uBaiisi, OCHOBaHHBIM Ha TIPHUHIIUIIC
KaBanbepu- Akepa, COrlIacCHO KOTOPOMY M3MEpEHHE 0OBEMOB TEJI MOKHO 3aMEHHUTh M3Mepe-
HUEM HE TOJILKO TUIONIA/IeH, HO U JJIMH OTPe3KOB [5]. U3mepenue npoBOIUIOCHh MPU TOMOIIH
OKYJIIp- MUKpOMETpa C JMHEWKOH, pasneneHHoil Ha 100 paBHBIX YacTell Ha MUKPOCKOIE
MUM-T7.

Jl1s yMeHbIlIeHHs BEJIMYMHBI MOTPEIIHOCTH NMPOBOAWIOCH HE MeHee 50 m3MepeHuil B
TpeX MOJIX Ha KaxaoM oOpasie. [IpoBeas aHanu3 mosydeHHbIX JaHHBIX MOXHO CKa3aTb, YTO
B LI€JIOM KapOuzsl B 0Opa3lax 13 NOPOUIKOBON OBICTPOPEXYIIEH CTaly MeJibue, YEM B aHAJO-
TUYHOM, HO TMOJyYEHHONW METaJUTyprH4eCKUMHM MeTOoJaMHu. TakKe MOXKHO 3aMeTUTh, UYTO C
YBEJIMYEHUEM CTENEHU AepopMaliuy, KapOoupl UMEIOT Oosiee MEJIKU pa3Mep. DTO XapaKTep-
HO KaK JUIS TIOPOIIKOBOTO METajlla, TaK M JJIsI MeTajlla, TMOJIy4eHHOTo MeToaaMu aedopma-
M.

HacnencrBennas mepenaya 3J1eMEHTOB CTPYKTYpPHI, chOpMUPOBAHHON aedopmaIiei,
MO3BOJIUT MOBBICUTh YPOBEHb KaUeCTBAa MHCTPYMEHTA CTEP>KHEBOT'O THIIA MOCJIE OKOHYATEb-
HOM TepMOOOPaOOTKH.

Cnucok autepatypsnl: 1. Animos B. I, Kpumos B. M., IllItuxuo A. Il., Xpebtos O.
A. Ilpo mpouecu pgepopmauiiiHO— TepMIYHOI OOpOOKM MIBUAKOPI3AJbHUX CcTajen //
Y nockoHaneHHs npoueciB 1 o0JagHaHHS 00pOOKM THUCKOM B METAIypTii 1 MaIIMHOOY 1y BaHHI;



NHXEHEP, Ne7,2006 135

tematuk. 30. Hayk. np.- I/IMA, KpamaTtopcek, 2002.- 567 c. 2. Mebens B. C., Turenckas I
3., Oesuenko H. B., u ap. Mcnonp3oBaHue JTHUCTOBOM MOPOIIKOBOM OBICTPOPEKYIIEH cTamu
NpY U3TOTOBJICHUH MHCTPYMEHTa TUMa npopesHsix ¢pes// IlopomkoBas merammyprus. 1987.
Ne 5. ¢c. 72-74. 3. Myxun I'. I'., Kopotkosa JI. II. O npupojie BbICOKOI TBEPIOCTH paCHbLICH-
HBIX ObIcTpOpexynmx craneil/ MuTOM. 1982. Ne 10. c. 8-11. 4. [Tanuenko E. B., Ckaxos O.
A., llonos K. B.u np. JIabopartopust meramnorpadun. [Tox pen. Jlusmmumna b. I'. M., 1957. 696
c. 5. Crepeomerpuueckas metayuorpadus. CantsikoB C. A. Uza-Bo «Mertamryprusi», 1970, 3-
e usn., 376 c.

MEPCIEKTUBBI IPUMEHE HUSI HATPEBA B DJIEKTPOJIUTHOM ILTA3BME
JIJIA TEPMHAYE CKOM OGPABOTKH NMPOTSAKE HHBIX U3IEJINUIA

AmumoB B.W., Koaonuii U.YO. (kagh. @M, [onHTY, 2. [loneyk, Yxpauna)

[IpyMeHeHrne BBICOKOKOHIEHTPHUPOBAHHBIX HCTOYHHUKOB HHEPTUH IS 00pabOTKH
pa3MYHbIX W3eIuid Bce Oosiee BBITECHSET OOBEMHYIO TepMOOOpaOOTKY B BHAY UX
M3BECTHBIX mpeunmymiectB. K TakuM cmocobam oOTHOcATCS 00paboTKa  Jla3epom,
HU3KOTEMIIEPaTypPHOU IIIa3MOM, Ta30BBIM, SJIEKTPUUECKUM pa3psioM, Teneoo0paboTka u ap.

B oroii cBA3M HU3KOTEMIIEpaTypHas IUIa3Ma IPUBJIEKAaET CBOEH IMIMPOTOMU
pacnpoCTpaHEHUs B IPUPOJI€ OTHOCUTEIBHO HECJIOKHBIM 000PYI0BAHUEM IS €€ MOy YEHHS
U IPUMEHEHHUS.

B HacTosimee Bpems HccleNOBaHMS O TPUMEHEHUIO BeAyTcs M Ha Kadexape
«Pu3nyeckoe MaTepHUaIoBEEHUE», HECKOJIBKO IPOIECCOB 3alaTeHTOBaHO. B ocHOBHOM
UCCIICIOBAHNSL BEIYTCS M0 IUIa3Me€ MOJy4aeMOW IpH JYroBOM paspsiie U IpPU Harpese B
ANEKTPOJIUTE.

CBeneHuss 1o NPUMEHEHUIO HArpeBa B JJIEKTPOJMUTE AJii 00pabOTKM HEKOTOPBIX
u3genui umerored [1,2], ogHako B LEJIOM aHAIMU3 MIPOLIECCOB, MPOUCXOASIINX B NAapOTra30Boi
000JI04KE MaJOM3ydyeH. OTO TpOLECChl BO3HUKHOBEHMS paspslla M  IPOILECCHI
wiazMooOpaszoBanus [3,4]. B OCHOBHOM npHUMEHSJCS BBICOKOTEMIEPATYpPHBIH Harpes
Pa3IMYHBIX WU3JEJIUH TIOJT TUIACTUIECKYIO JehopMaIuio Wi 3akaiky|[2].

IIponmecc HarpeBa umeeT HECKONBbKO cramui. Kaxnpas cragus XapakTepusyeTcs
CBOWIMH TEMIIEPATypHO-BPEMEHHBIMHU MapaMeTPaMu, OXJIAKICHHE MOYKHO BECTH C BBICOKOU
CKOPOCTBIO. JTO YCIIOBUE TIO3BOJISIET PEAIN30BbIBaTh CKOPOCTHBIE CTyIEHYaTble U
[UKJINYECKHE PEXKUMBI TEPMOOOPAOOTKH Ha M3JEIMAX MaJoOro CeueHHs NpocToil ¢opmbl. B
ATOM CBSI3M KaXbII U3 ATAIIOB HArpeBa MPEeACTaBIISIET UHTEPEC.

Jns mpoBeneHWs ONBITOB OblIa CKOHCTPYHMpOBAaHAa M HW3TOTOBJIEHA J1abopaTOpHAas
JKCIIEpUMEHTAlbHAsg  yCTaHOBKA Uil AJIEKTPOJIUTHO-IUIA3MEHHONW  TepM00oOpaboTKH
NPOBOJIOKH, KOTOpast Uil YCTPaHEHHS HEKOTOPBIX HEJAOCTAaTKOB KOHCTPYKIMU Oblia
yCOBEpHIEHCTBOBaHA. CXeMa TEeXHOJOTHMYeCKOro OJIOKa yCOBEpIIEHCTBOBAHHOW YCTaHOBKU
npuBeieHa Ha puc. 1.

KoneTpykimst ycTaHOBKM OCHOBaHAa Ha KOHIIEBOM CHOCOOE HarpeBa B JJIEKTPOJIUTE,
OJIHAKO TIPH TIPUMEHEHHH SKPAaHUPOBAHHMS MOKHO pEaIM30BBIBATH M JIPYTHE CIIOCOOBI
HarpeBa. KOHCTpyKIMS YCTaHOBKM IO3BOJIIET IMEpeMellaTh U KECTKO (PUKCHpOBaTh 00a
9JIEKTPO/Ia B HY)KHOM TOJIOKEHHH. Taxke 00pabaThiBaeMblil 3JIEKTPOJI MOKHO OBICTPO Kak
W3BJ€Yb, TaK M TOTPY3UTh B BaHHy, 4YTO IIO3BOJIIET PEAIM30BBIBATH CTYNEHYATHIC |
[UKJINIECKHUE PEKUMBI.

IlepBoHayanbHON 3amadeld SABISIETCS CHATHE BOJBTAMIIEPHOW XapaKTEPUCTUKH.
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HccnenoBanre MpoBOIWIOCH HA MIIUHAPUIECKUX 00pasmax auamerpamu 2,0, 4,0 u 6,5 MM,
METOJIOM KOHLIEBOTO HarpeBa. B kadecTBe 3JIEKTPOJIMTOB HcHojb3oBamuch 5, 10 u 15 %
BoJHbIE pacTBOpbI NaCOs.

B pesynbrate wuccnenoBaHHMs HHM3KOBOJBTHOW OOJNACTH (O TOSBICHHS Ta30BBIX
pa3psAloB), MOJIyUYE€HHBIE BOJIFTAMIIEPHBIE 3aBUCHMOCTH OBLIM MEPECUYUTaHbl U TOCTPOCHBI
rpaduky Ay yaenpHOM MolnHoctd. Ha puc. 2 mpexacraBieHsl rpaduku Ais pa3HBIX
nuametpoB i 10% pactBopa Na,COs.

it
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Puc. 1. Cxema TexHOI0THYECKOTO OJI0KA:
1 — Cranuna; 2 — EmxocTh st snektposmta; 3 — BeprTukanpHble Hampasistoniue; 4 —
['opusoHTanbHbIe HampaBisionIMe;, 5 — MexaHu3M mepeMelneHuss Karoja (MpU KaToJAHOM
npoiecce); 6 — Mexanu3m KperwieHus karoja (mpu KatogHom mporecce); 7 — OO6pasen
(xaTom); 8 — MexanusM nepemelneHuss aHojaa (MpU KaTogHOM IMpoliecce); 9 — MexaHusm
KperuieHus aHoaa (mpu kaToaHoM miporiecce); 10 — Anox

[Ipn mpoBeneHWH OMBITOB OBLIO 3aMEYEHO, YTO Ui 00pasuoB @ 2 MM depes
apoTa3oByI0 000JIOYKY pa3ps HAYMHAJ MPOXOJIUTHh HaumHas ¢ 35 B, ueMy cooTBeTCTBYyer
330-430 Br/cm?, mms 06pasuoB @ 4 MM — Haummas ¢ 45 B, uto coorBercTByer 330-410
Br/cm?, ans obpasioB @ 6,5MM — HauwHas ¢ 55 B, uto coorBerctByer 350-410 Br/cm>.
TakuM 00Opas3oM, ynenbHass MOIIHOCTh, TP KOTOPOH HAYMHAET BO3ZHUKATH Pa3psii HAXOIUTCI
B mpexenax 330-430 Br/em?. [lmst pactBopoB 5 1 15 % NayCO3 yielnbHas MOLIHOCTb, TPH
KOTOPOW HAYMHAET BO3ZHUKATH Pa3psi] OTIMYACTCS HE 3HAYUTEIBHO W HAXOJIUTCS B Tpeenax
350-450 Br/cm?. C jambHEHIINM TOBBIICHHEM HATPSKEHHS —YACABHAS MOIIHOCTD
NPOJOJDKAET PACTH.

CrnenyrommMm  3TaroM B HWCCIEJOBAaHMM HHU3KOBOJBTHOW OO0JIACTH  SIBIISIIIOCH
OTIpeJICIICHUE TeMIIepaTypPHO-BPEMEHHBIX MapaMmeTpoB. s atoro B obpasen @ 4 MM Oblia
3auekaHeHa Tepmomnapa TXA c¢ mmamerpom cmas 0,5 mMm. Crmail TepMomapbl HaxOIWICA
BHYTpH oOpasma Ha pacctossauu 0,5 MM OT mOBepXHOCTH oOpasma Al yMEHBIICHUS
rpaiieHTa TeMIeparyp. DTOT 00pa3el] ObLT UCIOJIb30BaH MIPU UCCIEIOBAHUN HU3KOBOJIBTHOM
obmactu Uil BCeX TpeX pacTBOpOB. B pesynbraTe NPOBEIACHHOTO JKCIEPUMEHTA
YCTaHOBIICHO, 4YTO JO TIOSBJICHUS Ta30BBIX pa3psloB 00Opaser pa3orpeBaeTcs JUIIb J0
temneparypsl ~100 °C, 4TO COOTBETCTBYET TEMIIEPATYPE KUIIEHUS JJIEKTPOJIUTA.

Taxoke mpu HAOIFOACHHUH 33 MPOLECCOM OBLIO 3aMEYEHO, YTO C TOSBICHUEM T'a30BbIX
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pa3psAI0B KUAKOCTh BOKPYT 00pasiia HauuHAeT OYpJNTh, 4YTO MPUBOJIUT K H3MEHEHHIO YPOBHS
Kuakoctd. WM ¢ [manbHEHINMM  IOBBIIEHUMEM  HANPSKEHWsS, a COOTBETCTBEHHO W
MHTEHCUBHOCTH pa3psaoB OypJeHHe BO3pacTaeT, YTO NPUBOAUT K TPYIHOCTU BEACHUS
TOYHBIX W3MEPEHHH MpHU MPUMEHEHHH METO/a KOHIIEBOI'O HarpeBa sl 00pas3loB TaKUX
pa3MepoB, MOCKOJBbKY CHIBHO BO3PACTAIOT KOJIeOaHHs TOKA.
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a)- obpazen D 2 mm, 6)- obpazer; O 4 mm, 8)- obpazen; @ 6,5 Mmm
Puc. 2. 3aBuUcUMOCTB y€IbHON MOLTHOCTU OT HANPSIKEHUS HAa MEPBOM CTauu

Takum 00pa3oMm, B pe3yJbTaTe HCCIECIOBAHMS HU3KOBOJITHOM 00JacTH mporecca

AJIEKTPOJIMTHO-TIA3MEHHOTO HarpeBa yCTaHOBJICHO, YTO:

o VYIenbHas MOLIHOCTb BOSHHKHOBEHHS FA30BOTO paspsiaa cocrabisier 350-450 Br/em?;

O 10 TIOSIBJICHUSI Ta30BBIX pa3psiioB oOpasell paorpeBaercs a0 temmepatypsl ~100 °C, uto
COOTBETCTBYET TEMIIEPAType KUIEHUS SJICKTPOJIUTA.

B pesynpraTte yCTaHOBIIEHO, YTO BO3MOXHBIMH BapuWaHTaMH IPUMEHEHUS
HU3KOBOJIBTHOM 00JIACTH AJIEKTPOJIMTHO-TIA3MEHHOTO HarpeBa mpu 00pabdoTKe MPOTIKEHHBIX
M3 W3 YEpHBIX M IBETHBIX CIUIABOB SBJSIOTCSA: CTapeHHe, CHITHE BHYTPEHHHX
HAINpPSOKEHUH, CTa0MIN3aIHs Pa3MEPOB U CBOWCTB, U JIPYTHX PEKHMOB TPEIyCMATPUBAOIIIX
HarpeB a0 100°C. Ho OGonbmmii uHTEpec AaHHAs CTaAusl MPEACTaBIIIET NPU peaau3aluu
CTYNEHYAThIX U HUKIMYECKUX PEKUMOB TEPMOOOPAOOTKH.

Cnucok autepatypsl: 1. ScHoropoackuii U.3. HarpeB meTauioB u CIuIaBOB B 3JIEK-
Tposute — M.: Mamrusz, 1949.- 124c. 2. Scnoropoxackuit 11.3. Mcnosip3oBanue B NMpoMBILI-
JICHHOCTU Harpema B 3JekTposmte — M.: Mamruz, 1953.- 143c. 3. dypamxu B.H., [1apcana-
HsH A.C. HarpeB mMetanioB B asekTposuTHOU mazme. Kumunes: Iltununa, 1988.- 214¢c. 4.
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Jlazapenko Bb.P. Kommyrtanus Toka Ha rpanuue meraml 3jiekTpoiaut Kummnes: IltuHuna,
1971.- 246¢.

YCOBEPHIEHCTBOBAHHUE TEXHOJIOI'MYECKOI'O ITPOLECCA
M3IrOTOBJIEHUA PAMBI TOPHOIIPOXOIUE CKOI'O KOMBAWHA 41111-2M

bounaps H.H. (kap. TM, [{onHTY, 2. [loneyx, Yxpauna)

brarococtosinne oO0mecTBa M €ro IOJOXKEHHE B MHPOBOM COOOIIECTBE B
3HAYUTEILHON MeEpe  ONpENENAIOTCS  JOCTUTHYTHIM  YPOBHEM  MPOU3BOAMTEIBHOCTH
obmectBeHHOTO TpyAa. CoBpeMEHHBIE YCIOBUS XapaKTepU3YIOTCS OypHBIM pa3BUTHEM
NPOU3BOJCTBA U BCE OoJiee MIMPOKUM HCTIOIBb30BaHUEM BBICOKOIMPOW3BOIUTEIBHBIX MAalluH
BO BCEX OTPACIAX HAPOJHOIO XO3ANUCTBA.

OpnHOM M3 OCHOBHBIX OTpAaciei MPOMBIIUIEHHOCTH B YKpauHe U [IOHEIKOM peruoHe
SBIISIETCSI YTOJIbHAsI TPOMBIIUICHHOCTh. JI7st €€ pa3BUTHS M TOBBIMICHUS HOOBIYU YTIIS
HEOOXOUMO CO3/I1aHUE HOBOM FOPHOM (IIaXTHOW) TEXHUKHU.

l'opHoe MammHOCTpOEHHE — 3TO OJHAa M3 0a30BBIX oTpaciel [lonermkoil obmacTu.
Pabota OOJIBIIMHCTBO MpPEANpPUATHH MAIIMHOCTPOMUTENBHOTO KoMmIulekca JloHOacca

HalpasJIcHa Ha KOHCTPYKTHBHOE YCOBEpIICHCTBOBAHUE 51 WU3rOTOBJICHHUE
BBICOKOIIPOU3BOIUTEIIBHON TOPHOM TEXHUKH, OJHUM W3 NPEICTABUTEICH KOTOPOU SIBIIAECTCA
TOPHONPOXOAYECKUN KoMOaitH 4T111-2M, M3TOTOBJISIEMBII SlcuHOBaTCKUM
MalIMHOCTPOUTENBbHBIM  3aBOAOM.  KadectBO M ce0eCTOMMOCTh  H3TOTOBJICHUS

ropHomnpoxoaueckoro komoOaiiHa 4I1[1-2M cyiecTBeHHO BAHMSIET HA O0BEMBbI JOOBIUHM U
cebectonmMocTh yriisi. B cBsi3M ¢ 3THM 1enbl0 HAcTOsIIEH pabOTHI SIBISIETCS CHU)KEHHE
cebecroumocT 00paboTKu pambl kombOaitHa 4III1-2M 3a cueT ycoBepIIEHCTBOBAHUS
TEXHOJIOTUYECKOTO Ipoliecca.

Pama xombaitna (puc.l) 4I1I1-2M, sBnsieTcss HecymuM y3ioM. Ha Helt pacnosararot
[JIABHYIO Paboudyl0 XOJOBYIO 4YacTh (TYCEHHUYHBIH XOJ), PEAyKTOpBl, X000T C pabouei
HACaJHOW TOJIOBKOW, IIyJNIbT YNpaBICHUS M Bce HeoOXoaumple pabodme 4YacTH IO
pa3pylIeHUIO, TPAHCIOPTUPOBKE M 3arpy3ke yroipHOM moponbl. Kombain 41111-2M
NpeHa3HaYeH Ui MEXaHM3aluH OTOOWKM M TOTPY3KH TOPHOW Macchl MPH TPOBEICHUU
TOPHBIX BBIPAOOTOK apOYHOH, TPANIEIIMEBUIHON U PSMOYTOJILHOM (popM cedeHust nmpu padoTte
Mo cMemaHHoMy 320010 (25% yrast u 75% mopoabl ¢ MPEaeaoM MPOYHOCTH MPU OJJHOOCHOM
cokatuu 80 MIla) ¢ yriom HakioHa miacta +12° B maxtax OMAacHBIX IO ra3y (MeTaHy) WIn
YTOJIBHOM IBUIH.

B 3aBoACKOM TEXHOJOTMUECKOM IPOLIECCE HCMOIb3YETCs OOJbIIOE KOJIMYECTBO
CTAaHOYHOTO OOOpYJOBaHUS, YTO MPUBOJAUT K HEOOXOIMMOCTH HCHOJBL30BaHUS OOJIBIINX
IIPOM3BOJCTBEHHbIX  uomanend. [llupokoe npumeHeHWe pa3METOYHBIX  OIEpaluil,
UCTIOJIb30BaHME PaboYMX BBICOKOW KBaTM()UKAIMH, 3aBBIIIEHHOE KOJMYECTBO OCHACTKH, YTO
HE CIocOoOCTBYET IKOHOMUYECKON 3(PPEKTUBHOCTU TEXHOJIOTMYECKOTO Mpolecca. bombiioe
KOJIMYECTBO Pa3METOUHBIX, 00padaThIBAIOIIMX OIEpaIii BiI€YET 3a COOOM TOBBLIIICHHUE
BJIMSIHUS 4YEJIOBEUECKOIro (pakTopa Ha pe3yJbTaT peajn3allid TEXHOJIOTMYECKOTO Ipolecca.
VYcerpaHuTh yKka3zaHHbIE HEJOCTAaTKH MOKHO HMPHUMEHEHHUEM MHOTOOIEPALMOHHBIX CTaHKOB C
UITVY. [Ipumenenne ctankoB ¢ YITY [1] mo3BoMMT yMEHBIINUTH MPOU3BOICTBEHHBIE TUIOIA/IH,
MOBBICUTh TOYHOCTb OOpaOOTKM OCHOBHBIX OTBEPCTHUM UM CHU3UTH IIEPOXOBATOCTD,
YMEHBIIUTh KOJIMYECTBO OCHACTKH, CHU3UTh KBAJIU(PUKALIUIO paboyuX.
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Puc. 1. Pama kom0Oaiina moaenu 41111-2M

Tak Kak MHOIOOIEPALMOHHBIE CTAHKU MPEACTABIAIOT COOOM  KOMIIJIEKCHBIE
ABTOMATHYECKHE TEXHOJOTHMYECKHE CHCTEMBI I0 00paboTKe KOHCTPYKTHBHO CIIOKHBIX
neraneld, ympamisieMble ycTtpoiictBamu UYIIY Ha ocHOBe mosydyaemoil WHGpOpMAIuu ¢
MOCJIEI0BATEIbHBIM aBTOMAaTUYECKUM BBEJCHUEM B JEMCTBUE PA3IMUYHBIX MHCTPYMEHTOB, TO
JUIs TIOJYYEHHUs] TOYHBIX OTBEPCTHM IpeajsaraéM MPUMEHUTh MHOTOOTEPalMOHHbIH
MOAU(PULIMPOBAHHBIN NPOAOJIBHBIN (Ppe3epHO-pacCTOYHOM cTaHOK Mojean 6M616Md4 ¢
KoMOMHHpOBaHHOW cucremMod UIIY ¢  aBroMaTH4eckoi CMEHOW  HWHCTPYMEHTA,
NpeIHA3HAYCHHBIN 1T KOMIUIGKCHOH 00pabOTKM KOPIYCHBIX JeTalieii  (pe3epoBaHus,
cBepJieHUs U pactayuBaHus. CTAaHOK UMEET TaKUE XapaKTEPUCTUKU: CTOJ mupuHO 1600MM,
pabouas noBepxHocTh cToia (L) ocHoBHOro ncnoiaHeHust S000MM U N0 ceUaIbHOMY 3aKazy
no 8000mM, pabGoumit xox croma L+600mMm, HauOonblias Macca JIOITyCKaeMoM
oOpabaTbiBaeMoll neranu Ha 1M anubel crona g0 6300Kr, MOIIHOCTH 3JIEKTPOJBHUraTels
TJIABHOTO TpuBoJa (BpameHue mmuaaens) 37 — 45 kBt, Hanbopmmii KpyTSIIAi MOMEHT Ha
mrmuHaeae S5 kHM, dacTtoTa BpalleHus [INHHAEIS n=10-2000mun", YCTPOMCTBO
ABTOMATHUYECKONW CMEHbl MHCTPYMEHTa coJepKUT B MarazuHe 40+60 ITyK ¢ KOHYyCOM
omnpaBok 50 ¥ HawOOJBIIMM JUAMETPOM HMHCTPpyMEHTa 0e3 mporrycka THe3n 125mm, a c
npomnyckoMm rHe3 350 MM, HanboubmIas anuHa pabodeit yactu onpaBku S00MM, HanOOJBIIAS
Macca MHCTpYMEHTa ¢ onpaBkoi 35 kr. ['abaputHeie pa3meps! (pH JJIMHE CTOJIa OCHOBHOTO
UCTIOJHEeHHUs ): mupuHa - 7700MmM, BeicoTa - 5800MM. Macca 70000kr.

B KoHCTpyKIMIO CTaHKa BXOJMT ClielMabHasl FOJOBKA, MMO3BOJISIONIAS MPU HACAAKe
Ha BEPTUKAIbHYI0 OCHOBHYIO TOJIOBKY ITOCPEICTBOM KOPOHKH BBITIONHATE 00pabOTKy
OOKOBBIX 3JIEMEHTOB paMbl KoMmOaitHa 4III1-2M  (Topu30HTaNBFHOE  PACIIOJIOKEHUE
JOTIOJTHUTEIbHON TOJIOBKH), B TOM 4Hcje 00€CreynTh NPUMEHEHUE MEeTO/a JeNeHUs Mojay
JUISL TIOJTy4YeHHsl HauboJjiee TOUHbIX MOBEPXHOCTEN.

Bo3MOKHBI HECKOJBKO BapHaHTOB H3rOTOBJIEHHUsSI pambl koMmoOaitHa 4I111-2M. Ilpu
HQJIMYMHU  CIEIMAIBHBIX COOPOYHO-CBAPOUYHBIX KPENEKHBIX IMPHUCIOCOOICHUA MOMKHO
W3rOTOBUTh OTJEJIbHBIE Y3JIbl pamMbl U MPOU3BECTH COOPKY, YTO JaeT BO3MOYKHOCTh
NPUMEHUTh CTAHKM MajblX rabapuToB JJIsl M3roToBieHHs pambl. Ho crenuanbHbie
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NPUCTIOCOOIICHUS AJIS1 BBITIOJIHEHUsSI COOPOYHO-CBAPOUYHBIX paboT [2] TpeOyIOT 3HAUUTENLHOTO
BPEMEHH U UX M3TOTOBJICHUS, JODKHBI OBITH MPOYHBIE U TOYHBIC, UMETh MaJjble rabapuThl,
YTO B JIaHHOM CJIlydae HEBO3MOXHO M3-3a TabdapuToB pambl. Tak Kak, CBapOYHbIC
NPUCTIOCOOICHUS Ul M3TOTOBJICHHUS paMbl 00ECIEUYMBAIOT MAyl0 TOYHOCTh, TO HamboJjee
1esiecoo0pa3Hee MPUMEHSITh 00pabOTKy BCEX MOBEPXHOCTEH IMOCHE BHITIOJHEHUS] COOPOYHO-
cBapoyHbIXx paboT. I[lpu wmsroroBneHnn pambl KomOaliHa HEOOXOAMMO YYHTHIBATH
NPOU3BOACTBEHHYIO MOIITHOCTH 3aBOJA, TAK KAK OHA UTPACT HEMAJIOBAXHYIO POJIb.

[Ipu 00paboTKe TOUHBIX OTBEPCTUH B TEOPUHU M MPAKTUKE COBPEMEHHON 00pabOTKH
IpY TOHKOM pacTauMBaHMUU IPEAJIOKEH METOJ, Ha3BaHHBIM METOJOM JeneHus noxaad [3].
CymHocTh MeTo1a (PUC.2) 3aKIII0YAETCs B YCTAHOBKE JABYX YMCTOBBIX PE31IOB HAa OJIMHAKOBBIM
pa3mep 00pabOTKU M PACIIONOKEHUH X BEPIINH B HATIPABJICHUH MT01a4H HA PACCTOSHUM

1=(m+0.5)S (1)

TI€ N - JIT000€ LENI0E YUCTI0; S — nogada, MM/00.

(=fne 1/ 25

Puc. 2. Cxema o0pazoBaHHMsl HEpPOBHOCTEH Ha 0OpabOTAaHHOW TOBEPXHOCTH TIPH
WCTIOJIb30BAaHUH METO/IA JICICHUS TI01a91

Peserr 1. 3ammmas B OceBOM cedyeHMH oOpabarbiBaeMOd JeTtaimd 3 psn
MOCJICIOBATEIBHBIX MOJIOXKEeHUH 1, 1’ U Tak gaiee, CMEMICHHBIX OTHOCUTEIHHO OJIUH JAPYTOro
Ha BEJIMYMHY BpAaMATebHOW IMOJauu S, OCTaBIsieT Ha OOpa0OTAHHOW IMOBEPXHOCTH
HEpOBHOCTH BhicOTOM H;. CMelenne BepinHbl pe3ia 2 OTHOCUTENILHO BEPIIMHBI pe3la 1 Ha
BeIMYMHY | TPWBOIUT K TOMY, YTO pe3ell 2 HE KOMUPYET BHHTOBYIO ITOBEPXHOCTH,
oOpa3oBaHHyI0 pe3loM 1, a cpe3aeT e€, ocTaBigs Ha O0OpaOOTaHHOW ITOBEPXHOCTH
HEPOBHOCTH BbICOTOM Hj.

I[Ipu ycraHoBke pe3loB moxa yriaoM O oawmH K JApyromy (B IUIOCKOCTH,
MEPIEHAUKYJISIPHOH K ocu Oopmranru) (puc.3) OauWH pe3er; OTCTaeT OT JPyroro B
HaTpaBJICHUH BpalIeHHsI OOPIITAHTH Ha YTOJ pa3BopoTa pe3loB §°, KOTOPOMY COOTBETCTBYET
CMEIIEHNE BEPIINH PE3I0B BAOIh OCH OOPIITAHTH (B HATIPABJICHUH I01a4H).

[Ipu ycOBepIICHCTBOBAHHM TEXHOJOTHUECKOTO TPOIEcca HM3TOTOBJIICHUS PaMBbI
ropHonpoxoaueckoro komoOaiina 4I111-2M npumeHeH MeToxa JeleHus Mojad, Ipejjaraercs
BBHITIOJTHATh BCE OIEpalii Ha MHOTOOIEPAINMOHHBIN MOIU(DUIMPOBAHHBIA PO IOTBHBIHA
dpesepHo-pactouHom cranke ¢ UIIY wmomemm 6M616M®D4. VcoBepieHCTBOBAHUE
TEXHOJIOTUYECKOTO TMpOIecca yMEHBIIAST TMPOU3BOJICTBEHHBIC IUIOIIAIH, TOBBIIIACT
MIPOU3BOIUTEIHHOCTD, TIOBBIMIAETCS TOYHOCTH 0OPAOOTKH M Ka4e€CTBO MOBEPXHOCTEH JI€TAIH.
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Puc. 3. Cxema moBopoTa Ha yroJ B IJIOCKOCTH, HOPMAJIbHOW K OCH OOPIITaHTH:
1, 2 — pe3pl; 3 - 3aTOTOBKA

Cnucox qurepatypsni: 1. AnapuanoB A.U. IlporpeccuBHble METOIBI TEXHOJOTMU
MamuHocTpoeHus. — M.: Mamunoctpoenue, 1975.- 240c. 2. PepkkoB H.M.IIpousBoactso
CBapHbIX KOHCTpYKIMi. — M.: MammHoctpoenue, 1970. —384c. 3. AxumoB O.B., I'ycapes
B.C., fAkumoB O.0., I1.A JIuaueBchkuii. TeXHOJIOTISI aBTOMAaTU3BAHHOTO MAIIMHOOY TyBaHHS.
- K. ICHO, 1994. - 400c.

B3ANMOCBA3b 3/1C PESAHUSA U TEXHOJIOT'MYECKHUX TAPAMETPOB
MEXAHUYECKOHN OGPABOTKH

Boponaii K.B., ®enuk JI.H., MatBuenko A.B. (xag. TM, /lonHTY, 2. /loneyk, Yxpauna)

[Ipomeccs! TpeHust ¥ pe3aHusi METAJUIOB COTMPOBOXKAAIOTCS PSAAOM IMIMPOKO W3BECTHBIX
(GU3HYECKUX SIBICHHUH, MPUBOAAIIMX K W3HOCY map TpeHus. Cpeam 3TUX SBICHHH MOKHO
BBIJICJIUTh BO3HUKHOBEHHUE JJIEKTPOJBUKYIICH CHJIBI MEXKIY IBYMS KOHTAKTUPYIOIUMU
tenamu. llpupona 3IEeKTpUYECKUX SBJICHUH, NMPOUCXOASINIMX NPU TPEHUHM U PpE3aHuH, B
MOJIHOHM Mepe He M3yueHa, OJJHAKO HEKOTOPHIE MICTOYHUKH X BOSHUKHOBEHHUS OBLIN M3YYCHBI
JIOCTaTOYHO JAaBHO (TEPMO- U 3K303JIEKTPOHHASI AIMHUCCHUS, TEPMOIJIEKTpUUECKre IP(PEKThI).
Tak, umenHo ¢ m3mepenus TepMoDIC HAUMHATMCH HMCCIIEOBAHUS SJIEKTPOMEXAHHIECKHX
aBieHuil npu pezanun. OgHako ObUI0 BbIsABIEHO [1], uto curHan D/AC Ha U3MEpPUTEIBLHOM
nprdOpe TOMUMO TEPMHUECKON COCTABIISIONICH BKIIIOUAET TAK)KE JOTIOHUTEIBHYIO PAa3HOCTh
MOTEHIMAJIOB, KOTOpas OOYyCIOBJIEHa TOJBKO OTHOCHUTEIHHBIM IEpPEeMEIICHHEM METaJUIOB
mapel B YCIOBHAX HWHTEHCHBHOTO TPEHHUS W OOJBIIMX JaBJICHHHA MPH pe3aHUH. Ty
cocrapistronyio 3 /1C kmaccupumupyroT Mo-pasHOMY, HCXO/IS U3 IPUHATHIX THITOTE3 («TpHOO-
, nepopmarmonnas JI/[C»). Otmeueno Ttaxxke, uro IJC u TOK pe3aHHss BKIIOYAIOT
MOCTOSIHHYIO U IEPEMEHHYIO COCTABJISIONIYIO.

CoBpeMeHHbIe HCCIIeIOBaHMs JJAHHOTO BOIPOCA BKIIFOYAIOT HECKOJIBKO HAINpPaBIICHHH,
Cpeay HUX OTMETHM Hcmojb3oBaHue curHana J/IC nist ynpaBieHUsl peKUMaMH pe3aHus U
€ro HCIIOJIb30BaHKE JIJIsl KOHTPOJISI M3HOCA MHCTPYMEHTA WM Tpyumxcs map. VccrnenoBanue
cBsi3u DJIC ¢ mepoxoBaTOCThi0 00pabOTAHHON MOBEPXHOCTH MPUHUMAET 0CO00€ 3HAUCHHE
IpHU YUCTOBOM 00paboTke (ToueHue, pacrauuBanue). [Ipu 3ToMm oTMeuanoce, 4yTo, yrnpasisis
BemmurHO DJ[C, MOXHO CHH3HTH IIEPOXOBATOCTh 0OJIee 3HAYMTEIBHO, YE€M OTO YIAeTCs
CIeNaTh NpHUpAIIEHUEM CKOPOCTH pe3anus [2]. BoJbIIMHCTBO MccleqoBaTeNe CUUTAIOT, YTO
NPUYIHHON CHIKEHUSI MUKPOHEPOBHOCTEH MPHU OTCYTCTBUH TOKa (T.e. mpu KomreHcanuu D /1C
WIM W30JBIIHM  WHCTPYMEHTA) SIBIISIETCSI yMEHBIICHHE WHTEHCUBHOCTH W HW3MCHEHHE
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XapakTepa M3Hoca MHCTpyMeHTa. [IpuMepsl MpakTHUeCKOTO MPUMEHEHHUS 3JIEKTPOM30JISIIINI
MOKa3bIBAIOT, YTO CTOMKOCThP MHCTPYMEHTa B CpeJHeM moBeimaercs B 1,5 — 2 pasa, T.e.
YMEHBIICHHE HM3HOCA JCHWCTBUTEIBHO MMEET MECTO. JTO HMMEET 3Ha4eHUue Npu OOJBLIIOM
pacxojie UHCTpYMEHTa (HalpuMep, B CIIydae CBEPJICHHUS CTPYKEUHBIX OTBEPCTHI B MAaCCOBOM
IPOU3BOJICTBE IUIaliek). Bonpoc o HemocpenctBeHHoM BiusHMM DJIC Ha HIEpOXOBATOCTh
00paboTaHHOW TMOBEPXHOCTH, YTO BEChbMa 3HAYMMO JUISI YHCTOBOW OOpPaOOTKH, SBISCTCS
JUCKYCCHOHHBIM, U JIJIS1 I3Y4YEHHSI 3TOTO BOTIPOCa TPEOYIOTCS NAbHEHIINE UCCIIeIOBAHHA.

[Mockonbky ~ OOJIBIIMHCTBO ~ MCCleOBaTeNe  pacCMaTpHUBAIOT — MOCTOSHHYIO
cocrapiromyto J/IC, nmpeacraBisier HHTEpEC MCCIEA0BATh NMEPEMEHHYIO COCTAaBIISIOUIYIO U
OTIPE/ICTNTh CTENEHb €€ B3aMMOCBSI3UM C HIEPOXOBATOCTHIO 0OpAaOOTAHHOW TMOBEPXHOCTH U
U3HOCOM MHCTPYMEHTA.

Ha «xadenpe «Texnonmorms wmammuoctpoenus» JoHHTY Obum  mpoBeneHsI
HKCIEPUMEHTANIbHBIE HCCIEeNOBaHMus ToueHHs ctamd 20 pe3lamMu C IUIACTHHAMU TBEPIOTO
crutaBa T5K10. HMccnenoBanus mMpOBOAWINCH ¢ M30JISIIUCH MHCTPYMEHTa U 0€3 W30JISIIHU.
Hns uccnenoanust B3ammocBsizn OJIC W mepoxoBaTOCTH NPOU3BOAWINCH JIBE CEPUHU
HKCIEPUMEHTOB: C TIEPEYCTAaHOBKOW 3aroTOBOK W HMHCTPYMEHTa M 0€3 NepeyCTaHOBKU
TAaKOBBIX; BO BTOPOM ClIy4ae W3HAYAJIbHO YCTAHABIMBAJICS AJIEKTPOU30IUPOBAHHBIN
MHCTPYMEHT, KOTOPBIA Ul TEpeBOJa B PEXHM «0€3 M30JSIHW» COEAUHSIICA C KOPILyCOM
pe3lenepKKA YKPAaHUPOBAHHBIM HIYHTOM. JlMHA TyTH W PEXHUMBI pe3aHHs BBIOMPAJIHMCH
UCXO0/Is M3 HEOOXOAMMOCTH MCKIIIOYEHHSI CYIIECTBEHHOTO M3HOCA MHCTPYMEHTa. B kauecTBe
BapbUPYEMOTO MapameTrpa Oblia BhIOpaHa CKOPOCThb B quanazoHe 25 — 135 m/MuH, T.€. B 30He
HapocTooOpa3oBanus. OcraibHbIe TTapaMeTpbl ObuTH Hem3MeHHBI (5=0,22 o0/muH, t=0,25).
[lpy KaxAOM peXUME CHUMATUCh ocuwiorpamMmmel norteHuuanoB 3/IC; oreHuBanach
HIEPOXOBATOCTh MyTEM HM3MEpeHus: U npoduiorpapupoBaHus 00pabOTaHHON MOBEPXHOCTH.
[To pe3ymprataM TmepBOM CEpUH OMBITOB OBUIM TOCTPOCHBI TpapuKH 3aBUCUMOCTH
HIEPOXOBATOCTH OT CKOPOCTH pe3anus (puc. 1) mpu 00paboTKe HEU3OJUPOBAHHBIM U
M30JIMPOBAHHBIM PE3LaMH.

OcummmorpaMMbl  TIPU COOTBETCTBYIOIIMX — PEXHMax  OBUIM  CTATHCTHYECKH
obpaboransl. Ilpm »TOM chenmaHbl BBIBOJBI, 4YTO TpH OOpabOTKE W30JMPOBAHHBIM
UHCTPYMEHTOM:

1) mepoxoBarocTh 0OpaOOTaHHON MOBEPXHOCTH CHMKAETCS 1O CPaBHEHHUIO C
BapHaHTOM «0€3 M30JLIIHN

2) 30Ha HapocToOOpa3oBaHWsI CMEIIAeTCs B 00ylacTh OoJieeé HU3BKUX CKOPOCTEH
pe3aHus;

3) yMCHBIICHHUE TIEPOXOBATOCTH OOpPaOOTAaHHOW IOBEPXHOCTH CBS3aHO C
yBenmueHueM cpeaneapudmernueckoro 3HaueHuss DJIC u yMEHBIICGHHEM JAHCHEPCHU U
CPEIHEKBAIPATHYHOTO OTKIIOHEHHS.

Bropast cepusi ONBITOB TONTBEPXKIAET CHENaHHBIE BBIBOABL. Kpome Ttoro, ObLI
MIPOU3BENICH KOPPEJAIMOHHBIN W CIEeKTpalibHbIN aHanu3 noreHnuaioB DJC npu ToueHUH
HEU30JIMPOBAHHBIM U M30JHMPOBAHHBIM MHCTPYMEHTaMH Ha CKOPOCTAX V,,V,,V, YKa3aHHOTO

auana3oHa. AHanu3 ObLI MPOM3BEACH C IENbl0 0oJiee J1eTalbHOTO W3YUYEHHs IMOJIyYEHHbIX
konebanmit J[C. [Tockonbky XapakTep KojeOaHUN HE MEHSETCS CO BPEMEHEM, TO TIO0 OJTHOM
JIOCTaTOYHO JUIMHHOW 3alMCH  MOJKHO OTPEACTHNTh CTATUCTUYECKHE XapaKTEPHUCTHKHU
nporiecca.
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Puc. 1. 3aBucUMOCTB IEPOXOBATOCTH MIOBEPXHOCTH OT CKOPOCTH pe3aHusi 0e3 mpepbIBaHus
(a) u c mpepriBanueM (0) ueru DJ{C npu TOYEHUN MATOYTJIEPOAUCTOM CTaIu B 00JIACTH
HapOCTOOOPa30BaHUS

Asroxoppemsiimonnas ¢pynkuus DJC BbrarcieHa no popmyie:
N-t
(1

k()= ﬁZwi —u, ), — ),

i=1
rie N — OTpe30K BPEMEHH, COOTBETCTBYIOILMH JUIUTEIBHOCTH AaHAJIU3UPYEMOIO

yuactka peamsaimn J/C;
u, - cpenHeapupmerndeckoe 3HaueHne DJ1C Ha aHATU3UPYEMOM YUaCTKE;
u; - Texyuiee 3Hadenue JJ1C;

u,,, - 3HadeHue DJIC B MOMEHT BpeMeHH (i +7)
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AemoxoppenayuonHas QyHKyusl

Cn EeKmpa’jlibHas njionHoOCms
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E v* 15 i -
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i N N—— ] \
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N ] :
0 0,5 1 15 0 0,5 1 15 2 2,5 3
Bpemsi, cek YactoTa, My
0,94 -1
'IE 0,82\ 5 =
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0.6 \ 0,6 \\ 2 o3*
= 3 \ o3 L3 $053 oA
< 0,4: %’0’43 \ /
3 v / //\ 005 \ 4/
0,29 S 3 S
] \_74—/ 0’2; ~
OE L 0’1§
-0,29 O S—— 03— ——— ——r—
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Bpewms, cek YacToTa, Ny
1 124 ) -E
E ] 6 -
O,Sf . 1'\ /
0,63 ~ /. . ] \/ .
. 0,4§ Vg EO,SE \ /U(,
¥ 0,23 % 067 N\ /
0- \[ \ 0,1: \
-0,23 \
E 0’2_ S
-0,4 ]
0 0,5 1 0 1 2 3
Bpewms, cek YacTtora, Ny

Puc. 2. ABTOKOppensaIroHHbIe (PyHKIMH U CTIEKTPaIbHbIE MIOTHOCTH noTeHnuanoB JC (* -
00paboTKa M30JIUPOBAHHBIM UHCTPYMEHTOM, 1 - vy, 1* -v1*, 3 - L3, 3* - V3™, 6 - v, 6F - V™)

Kak m3BecTHO, aBTOKOppesinnoHHas GyHKIUS CBsi3aHa yepe3 mpeodpazoBanne Oypne
CO CIIEKTPAJIIbHOM IJIOTHOCTHIO, KOTOPasi MOKET OBbITh MpeICTaBIIeHa Cileayonie popmynoii:

COS®T -sinat

2 Lo a4
S(w)=n aK(To)JFZ(l—W)'K(T)f ; (2

rJie @ - cpenHss yactota konedbanwuii J(C;
o - cpenHss amruatyaa konedanuit D J[C.

AHanu3 NoIy4YeHHbIX Pe3yJIbTaTOB MOKA3bIBAET:
1) HaubGonbmne wusmenenust crexkrpoB OJIC HaOmogaroTcs B HU3KOYACTOTHOM

o0acTu.
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2) C yBenn4eHUEM CKOpPOCTH pe3aHus sHeprus cnekrpa J/IC B HM3KOYaCTOTHOM
obnactu

npu 00paboTKe M30JMPOBAHHBIM MHCTPYMEHTOM yMEHBIIAETCS B OOJBIICH CTENeHH,
4yeM Mpu 00paboTKe HEN30IMPOBAHHBIM UHCTPYMEHTOM.

Takum o6Opa3om, konebanust DJIC OTpakarOT HMMITYJILCHBIA XapakTep IMpoiecca
pe3aHusi U HEeCYT BaXHYI0 MH(OPMAIUIO O CIOXHBIX (DU3NKO-XUMHUYECKUX MPOIECCOB IMPH
pe3aHUM METaJUIOB, MPHYEM B CIIy4ae H3OJSIUM HMHCTPYMEHTa MPHUCYTCTBYET HECKOJIBKO
OTIIMYHBIA MEXaHH3M pa3pylleHus U (QU3UKO-XMMUYECKHX TPOIECCOB, YEM MPHU OTCYTCTBUH
TaKOBOM.

MexaHu3M BIMSHHUS DJIEKTPUIECKUX MUMIYJIHCOB HA MPOIECC TPCHUS U PE3aHUs
MOKHO OOBSICHUTh Ha OCHOBE COBPEMEHHOW TEOPUM JUCIOKALMH, COIVIACHO KOTOPOW B
TOHYAHIINX KOHTAKTHBIX MOBEPXHOCTHBIX MHKPOOOBEMAaxX MPOUCXOJIUT JIBHXKCHHE U
B3aMMO/ICHCTBHE AUCIOKAIMA. BpIX01 mociaeHIX Ha MOBEPXHOCTH MPUBOAHUT K 00Pa30BaHUIO
cBOeoOpa3zHOro cyOMHUKpopesnbeda B BHIAE CTYNEHEK CIABUTA, OKA3bIBAIOIIETO BIMSHUE Ha
cuibl BHemHero TpeHus. Kak mokasano B pabote [6], Mexay Kod(pHIMEHTOM TpeHUs U
BBICOTOM 00pa3yromnierocss MUKpopeibeda CyIecTByeT CIe Iy omas CBI3b:

£=6280-v)2n [Plging, (3)
G\p

rae [ - ko3 UIMEHT TPEeHus;
v - ko3dduruent Ilyaccona;
G - MOZyJb CIIBUTA;

o, - Ipenes TeKy4ecTH;

m

P, - KOHCUHAs MIIOTHOCTDb I[HCHOKaHHfI;

P - uCXoaHadA IIOTHOCTh nncnoxaunﬁ;

O - yroJji HakKJIOHa INIOCKOCTHU CKOJIBXXCHUA.

OTtHouieHne Py BBIpakeHuH (3) xapakrepu3yeT Ae(GOopMaMOHHYO COCTABIISIONILY O

KOd(pPHLIMECHTA TPEHHS, @ KOHEYHAs TUIOTHOCTD TUCIOKALUN O, XapaKTepu3yeT aAre3nOHHYIO

COCTaBJAOIYI0. Toraga, BO3AEHCTBYS Ha Py P, » MOKHO U3MEHATH K03 PuImenT TpeHus.
OnHUM U3 TaKHUX BO3ACHCTBUIN SIBISIOTCS AJIEKTPUUYECKUE UMITYJIbChI, KOTOPHIE, BO3IEUCTBYS
Ha JWNCIOKAllMW, BIHMAIOT W HAa IUIACTHYECKYIO NedopMaIiio MeTauia. Takum o0pazom,
MO>KHO MPEANOJIO0XKUTh, 4YTO IpU 00pabOoTKe U30JMPOBAHHBIM UHCTPYMEHTOM, BO3HUKAIOLINE
DJIEKTPUYECKHE HMITYJIbCHI B 30HE KOHTAKTa C 3aroTOBKOW, OOJIETYalOT TUIACTHYECKYIO
nedopmanmMio MeTalyla U TeM CaMblM CIIOCOOCTBYIOT YMEHBIIEHHIO IEPOXOBAaTOCTU
00paboTaHHOW TOBEPXHOCTH IO CpPaBHEHHIO ¢ 0OpabOTKONW  HEU30JUPOBAHHBIM
uHctpyMeHTOM. CpaBHuBas cnektpbl DJIC M HMX CTaTUCTUYECKUE XAPAKTEPUCTUKU MpH
00paboTKe W30JIMPOBAHHBIM U HEU30JMPOBAHHBIM HHCTPYMEHTOM MOXHO YBUJETb
CyIlleCTBEHHbIE pa3nuuusi. Tak, yMeHbIIEHHE MIEPOXOBATOCTU 00pabOTaHHON MOBEPXHOCTH
CBSI3aHO C YyBenuueHueM cpeaneapudmernueckoro 3HadeHuss DJIC  ©  yMmeHbIICHHEM
JMCTIEPCUH U CPETHEKBAAPATHYHOTO OTKIOHEeHMA. [lo-Bummmomy, Ttakoit Bua crnektpa DC
CIOCOOCTBYET O0OJIErYeHHIO IUIACTUYEeCKOW nedopmanuy, 4YTO MOXKET OBITh CBSI3aHO C
HECKOJIPKMMHM  MEXaHHW3MaMHu:  OOJIbIIeHd  DJIEKTpHU3alMeld  MOBEPXHOCTHOTO  CIIOS,
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YMEHBILIEHUEM CKOPOCTU OKHUCIUTEIBHBIX TMPOIECCOB HA HOBEHWIBHBIX MOBEPXHOCTAX
3arOTOBKHU M MHCTPYMEHTA, yIOPSJOYUBAHUEM TEIVIOBOTO ABMKECHHSI SJIEKTPOHOB U JIP.

Takum o0pa3oM, HCCIEAOBAHHS TOKA3aIM TIIyOOKYIO CBf3b MEXIy NEPEMEHHOU
cocrasisromeit /]C pe3anus ¢ U3HOCOM MHCTPYMEHTa U (POPMHUPOBAHHEM TTOBEPXHOCTHOTO
cnost 3arotoBkd. [IpoBeneHue nanbHEHMIIMX HCCIEIOBAaHUM MO JAHHOW TEME OTKPBIBAET
MEPCHEKTUBBI JJIs1 CO3/IaHUS CUCTEM YIIPABJICHUS MPOILIECCOM ITyTEM BBEJICHHS B 30HY pE3aHUs
BHEIITHUX UMITYJIbCOB TOKA.

Cnucok sutepatypsbl: 1. BacmiweB C.B. DJIC u temmneparypa pe3anus / CTaHKH H
uHcTpyMeHT. — 1980. - Nel0— C.20 - 22. 2. Kopob6or IO.M., Ilpeiic T.A.
DNeKTpOMEeXaHNYECKUM U3HOC MPH TPEHUH U pe3anuu MetaiuioB. — K.: Texwnika, 1976. — 200
c. 3. IlnotaukoB A.JL., Taybe A.O. YrpaBieHue pexxuMaMu pe3aHusl Ha TOKAPHBIX CTaHKaX C
YITY: Monorpadust / Bosrorpaa. roc. Texs. yH-T, Bonrorpan, 2003. —184 c. 4. Hazapenko
[1.B. Pacuer cunsl u KO3pHUIMEHTA TPEHUS KPUCTAUIMYECKUX TeJl Ha OCHOBE
JUCIIOKAIMOHHOW MoJiesM BHenTHero Tpenus // [IpoGiemMsr Tpenus u u3HammBanus, Ne3, - K.:
Texnwuka, 1973. 5. ABetoB A.A., AdanaceeB ®.3., boOposckuii B.A. O BIUsSHUE TEPMOTOKOB,
BO3HHUKAIOIIMX IPH PE3aHUM METAJJIOB, Ha IIEPOXOBATOCTh 00pabOTaHHOHW MOBEpXHOCTH //
Bectnuk mammHocTpoenus, Ne3, 1973. — c. 4-7. 6. Hazapenko II.B. Pacuer cuibel u
KOd(pHIMEHTa TPEHUS KPUCTAIUIMYECKUX TeJI Ha OCHOBE JHMCIOKAMOHHOW MO
BHerHero Tpenus // [IpoGaemMsr Tpenus u n3HammBanus, Ne3, - K.: Texnauka, 1973.

KJIACTEPHBI MEXAHU3M ®OPMHUPOBAHUS HAHOCTPYKTYPHBIX
CJOEB B 30HE KOHTAKTHOI' O B3AUMOJIEMCTBHSI IOBEPXHOCTEM
TBEP/bBIX TEJI

Byrtenko B.U., lemuna E.A., Auucuna O.A., Ckunynoa A.B.
(kagh. mexanuxu, TPTY, e. Tacanpoe, Poccus)

[TukoBbIN AP HEKT MOTOKA STEKTPOHOB U TUIOTHOCTH JUCIOKALUN B 30HE KOHTAKTHOTO
B3aUMOJICHCTBUSL MaTEpHAIOB TMOBEPXHOCTHOTO cjnos jaetanedd [1-3] mpuBoAUT K
(GOpMHMPOBAHHMIO HAHOCTPYKTYPHBIX CJIO€B, MNPUHLIMIIHAAIBHO OTIMYAIOLIUXCS IO CBOUM
XUMHYECKHM, (PU3UKO-MEXaHWMYECKHM CBOWCTBAM M CTPYKTYpE OT MCXOJHBIX MaTepHajoOB M
UTPAIOLIUX ONPEEIIAIONIYI0 POJIb B IPOLIECCaX KOHTAKTHOIO B3aUMOIEHCTBUS MaTepuanoB. B
3aBUCUMOCTH  OT  XapakTepa KOHTAKTHPOBAHUs, IIEPOXOBATOCTH  IOBEPXHOCTEH
KOHTaKTUPYEMBIX JleTalel, JaBlE€HUS M CKOPOCTH B3aMMHOIO [EpPEMELICHUS UuX
oOpasyromuiics HaHOMETPHUYECKHH CJIOH MOXKeT OBITh IUCKpeTHBIM (puc. 1, a) wim
CIUTIOIIHBIM (pHc. 1, 6) Kak pa3HOMH, TaK ¥ MOCTOSTHHOMN TOJIIUHBIL.

HccnenoBanmucey Tomorpadusi, XUMHUYECKAH COCTaB U CTPYKTypa 0Opa30BaBIIMXCS B
30HE KOHTaKTa MaTepHajloB HAHOCTPYKTYPHBIX CIIOEB MPU CTAaTUYECKOM M JMHAMHUYECKOM
KOHTAKTUPOBAaHUM TBEPABIX TEJN. DIIEMEHTHBIH M (YHKIHMOHAJIBHBIN aHAIN3 HAHOCTPYKTYP
BBINIOJIHSUICA € MCIIOJIb30BAHMEM PEHTreHOocHeKTpanbHoro anammsa, OXXE-cmexkrpockonuu
FTIR-cnekTpockonuu, a Tomorpadus — C KCIOJB30BAHUEM JJIEKTPOHHOW U TYHEIbHOU
MUKPOCKOTIHH.

B pesyinbraTe uccrnenoBaHuii ObIJI0 YCTAHOBJIEHO, YTO MPU CTATUYECKOM KOHTAKTHPO-
BaHUM MOBEPXHOCTEHN 00pa3yeTcsi JOCTaTOUHO yCTONUMBAsE HAHOCTPYKTYpa € SPKO BBIPAKEH-
HBIMU TpaHUIIaMH cyOMUKpo3epeH (puc. 2). MukpopeHnTrenocnekTpaibublid anamm3 u OXE-
CHEKTPOCKOIUS MOKa3alu, YTO B pe3yJibTaTe B3auMHOUN qud(dy3un aToOMOB KOHTAaKTHPYEMbIX
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MaTEpHaJIOB, a TAKXKE MOJ BO3IEHCTBUEM 3JIEKTPOHHO-AUCIOKAIIMOHHBIX MIEPEXOJIOB B COCTa-
Be o0pasyroleiics HAaHOCTPYKTYPHOH ITUIEHKH HaXOASTCS BCE XUMHUECKUE HJIEMEHTBI, BXOJIs-
M€ B MCXOJIHBIE MaTepuaibl (3Keie3o, yriaepol, Meab). B To ke BpeMs (yHKIMOHAJBHBIN
aHAIM3 HAHOCTPYKTypHOU TuieHKH MeTogoM FTIR-criekrpockonmu (puc. 3) CBUAETEIBCTBYET
00 00pa3oBaHUM HOBOM KpHUCTAUIMYECKOH CTpyKTyphl — KiactepoB Fe-Cu-C ¢ pazmepamu
oxono 107 M. OXHOBPEMEHHO OTMEYAeTCs BBICOKAs MPOUHOCTH COEIUHEHHS HAHOCTPYKTYp-
HOM IUIEHKH C KPUCTAJNIMYECKUMH CTPYKTYpPaMU KOHTAKTHPYEMBIX MaTEPUAJIOB.

I

d

AN

7727

0

Puc. 1. Cxemsl BEpOSITHOTO Puc. 2. HanoctpykTypa B 30HE CTAaTHYECKOTO
KOHTaKTUPOBAHUA NTOBEPXHOCTEH ACTAIICH € KOHTAKTHPOBAHIS cTaim 45 ¢ Menpio M4,
00pa3oBaHMUEM AUCKPETHOTIO (a) U Veemmuernune 20000

CIUIOIIHOTO (0) HAHOCTPYKTYPHOTO CJIOs

CoBepIIeHHO MHBIE KJIAaCTePHBIE 00pa30BaHMs MOSBISIOTCS HA MOBEPXHOCTIX JeTalen
IpHU UX JAMHAMUYECKOM KOHTakTUpoBaHuu. MccrnenoBanue moBepxHocTu cranu 45, Haxons-
Hielcss B AMHAMUYECKOM KOHTAKTe ¢ Meiblo M4, METO1I0M CKaHUPYIOIIEH AIEKTPOHHONU MUK-
POCKOTINH TTO3BOJIMIIO yCTaHOBHTH, UTO B 30HE KOHTAKTA YKa3aHHOW Maphl TPEHUsSI 00pas3yercs
cnenupuueckas HAHOCTPYKTYpHas IUIEHKA, COCTOSAIIAS W3 MOJBIKHBIX KJIACTEPOB — TPHOO-
¢donoB [1], obmamarommx CBOMCTBOM KBa3UpeoJorudHOCTH (puc. 4). Pasmepsr oOpasyromuxcs
KJIaCTepOB m3MeHsoTes B auanasome (107 — 10°) M. BeICOKast IIaCTHIHOCT HAHOCTPYKTYP-
HOU TUICHKH JAaeT OCHOBAHHE IPEIIOJIOKUTh, YTO OHA BBICTYINAET OCHOBHBIM (DaKTOPOM B
mpoIieccax caMOOpPTraHU3alMy CTPYKTYp MaTepHasioB Aetanen Tpudbocucrem [1,2].

[loBbIlIeHNEe TemnepaTypsl U AaBI€HHUS B 30HE KOHTAKTa MPHUBOJUT K Pa3MbIBAHUIO
IpaHUIl CyOMHKPOCKOTIMIECKHX 3epEH HAHOCTPYKTYPHBIX TUICHOK M Mepexo] X B amopdHoe
COCTOSIHHE C SIPKO BBIPQYKCHHBIMHU HAINPaBIICHUSIMH TeueHUs! CTpyKTyp (puc. 5). IlogoOHble
HaHOCTPYKTYpHbIE IUIEHKH, MO-BUAMMOMY, BBIMOJHSIOT POJIb €CTECTBEHHOM CMa3KH B 30HE
KOHTaKTUPYIOIMX MOBEPXHOCTEN, CO3/1aBasi peajbHble BO3MOKHOCTH YNpPaBIEHUs TPHUOOTEX-
HUYECKMMU TPOIIECCaMU B YCIOBUAX rpaHudHoro tpenus [3]. Hampumep, co3ganue B Tpudo-
COTPSKEHUH MEPUOJUYECKH JIEUCTBYIOLIEr0 MarHUTHOIO TOJIS ONPEIETICHHON HaIpsIKEHHO-
CTH NMPUBOAUT K OPUEHTHUPOBAHHOMY PACIOJIOKEHUIO KJIACTEpOB (TpUOO(OHOB), YTO MO3BO-
JISIeT CYIIECTBEHHO MOBBICUTH U3HOCOCTOMKOCTh KOHTAKTUPYEMBIX MaTepHUaJIoB [4].
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Puc. 4. Hanoctpykrypa B 30He AUHA-
MUYECKOT0 KOHTAaKTUPOBAHUSI CTAIN
45 ¢ menpto M4. Yeennuenue 20000

Puc. 3. FTIR — cniekTpockonusi HAHOCTPYKTYPHOTO
CJI0Sl IIPU CTAaTMYECKOM KOHTAKTE: CTalb 45 — Mellb
M4

Kommnekc BBINOJHEHHBIX MCCIEIOBAaHUM MO3BOJSIET MpeanosaraTb, 4YTo 00Opasyro-
1iMecs B 30HE KOHTAaKTa KJAcTephl, U3 KOTOPBIX COCTaBIISETCS aMOp(Has HaHOCTPYKTYpHast
IUIEHKA, UMEIOT Pa3BETBICHHYIO CeT4aTyo GopMy BUIA

OpnHako CTPOEHUE U XMUMUYECKUIM COCTaB HAaHOCTPYKTYpPHOM IJICHKHU B 30HE KOHTAaKTa
3aBUCUT OT COCTABOB KOHTAKTHUPYEMBIX MarepuaioB. [Ipn KOHTaKTHOM B3aMMOJEHCTBHH Jie-
TUPOBaHHBIX CTajlell B HAHOCTPYKTYPHBIN CIOW JuYyHAUPYIOT aTOMBI BKIIIOUEHHBIX B COCTaB
CTaje XMMHUYECKHUX 3JIEMEHTOB. KOJIMYECTBEHHOE COOTHOLICHUE MEXAY XKEJIEe30M, yIJIepo-
JIOM U JIETUPYIOUIUMHU 3JIEMEHTaMH B HAHOCTPYKTYPHOM CJIO€ OOBIYHO HE COOTBETCTBYET XU-
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MHUYECKOMY COCTaBY KOHTAKTHPYEMBIX CTaJe€d M 3aBUCUT OT UX TEPMOAIEKTPOXUMHUECKOIO
NOTEHIMANa U HAYaJIbHON 3JIEKTPOHHO-AUCIOKAIIMOHHOM CTPYKTYPHI.

W3BecTHO, 4TO NpU pPEe3aHUU METAIUIOB Ha MEpeIHEl MOBEpXHOCTH MHCTPYyMEHTa 00-
pasyroTcss HApOCT WM 3aCTOiHas 30Ha (puc. 6), IPUPOIa BOSHUKHOBEHUSI KOTOPHIX OOBITHO
00BSCHSETCS C TOUKH 3pCHUSI TPUOOTEXHUUECKHX SIBJICHUM [5]. Y cTaHOBIEHA X MHOTOCIIOM-
HOCTh, IPUYEM BJOJIb NEpEAHEH MOBEPXHOCTH MHCTPYMEHTA 00pa3yeTcsi TOHKH HaHOCTPYK-
TYpPHBIA aMOPQHBIIA CIIOH )KUAKOTEKY4Yero MaTepuasa, COIEp Kallero XUMHUECKUE HIIEMEHTHI
Kak 00pabaThIBaeMOro, TaKk M KOHTAaKTUPYEMOTO HHCTPYMEHTaJbHOTO MarepuanoB. llo
CTPOCHHIO 3TOT CJIOM TaKKe MMEET Pa3BETBICHHYIO CeTYaTyio (OopMy, UTO CBUACTEIHCTBYET
00 MIIEHTUYHOCTH KJIACTEPHOTO MeXaHu3Ma (hOpMHUPOBaHMS HAHOCTPYKTYPHBIX CIIOEB B 30HE
KOHTaKTHOTO B3aUMOJIEUCTBUS NIPU TPEHNUU U PE3aHUU METAJIJIOB.

-
'q

a 0
Puc. 5. CocTosiHNEe HAHOCTPYKTYPHBIX IUIEHOK B 30HE KOHTAKTa TPHOOCHCTEMBI «CTah 45 —
Meas M4y a - 6=400 °C; 6 - =500 °C; p=2 MIla. Yeemuueuue 20000

Puc. 6 Hapocr (a) u 3acroiinas 30Ha (0), oOpa3yroIiuecs Ha epeaHei MOBEPXHOCTH UHCTPY-
MEHTa MpHU ToKapHoi 00paboTke cramu 40X. YBenuuenue 75
HccnenoBanusiMu yCTaHOBJIEHO [6], 4YTO MMEHHO HApOCT WJIM 3aCTOMHAs 30HA Ha TIe-
pe}lHeI\/JI MOBEPXHOCTHU MHCTPYMCHTA OKA3bIBAIOT CYHICCTBCHHOC BJIMAHKC HA BI/I6paHI/IOHHBIC
MPOIIECCHI MPU 00padOTKE METAIIOB PE3aHUEM, a CIICIOBATEIBHO, M Ha KAYECTBO TMOJTy94aeMO-
ro 1mocje 00paboTKH MOBEPXHOCTHOTO CJIOS JETAJIH.
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Cnucox smmrepatypbl: 1. byrenko B.M. M3Hoc neraneit tTpubocurem. — Taranpor:
W3n-Bo TPTY, 2002. — 236 c. 2. byrenko B.M. CtpykTypHasi camoopraHu3aius MaTepuaia
MOBEPXHOCTHOTO cliosi 0OpabareiBaeMoit aeranmu. — Taranpor: Uza-so TPTY, 2000. — 168 c.
3. AxmaroB A.C. MonekynsipHas (u3uKa rpaHU4HOTO TpeHus. — M: M3a-Bo ¢us-mart. nmre-
patypsl, 1963. — 472 c. 4. byrenko B.Ml. ®opmupoBanue U U3HALIMBAHUE IIOBEPXHOCTHOIO
cnos aeraneud. — Taranpor: U3zn-sBo TPTY, 1999. — 193 c. 5. Kysnenos B.JI. HapocTsl npu
pe3anuu u Tpenuu. — M.: ['ocrexuznar, 1956. — 284 c. 6. byrenko B.U., dypos JI.C. Cosep-
IIEHCTBOBAHUE TNPOIIECCOB 0OpabOTKM aBUAIMOHHBIX MaTepuanoB. — Taranpor: M3n-Bo
TPTY, 2004. — 127 c.

MPOBJIEMbI ITIOBBIMEHUSA KAYECTBA IMPOAYKIUU MAIIMHOCTPOEHUSA
Bamypuna O.H. (kagh. TM 3KATY umenu JKaneup xana, 2. Ypaneck, Kazaxcman)

ITox xauecTBOM BBIITyCKa€MOM IPOTyKIMH TOHUMAKT COBOKYITHOCTh CBOMCTB M IOKa-
3aTenell, ONpeieNsonMX UX MPUTOAHOCTh JUIS yAOBIETBOPEHUS ONPENEICHHBIX MOTPEOHO-
CTEH B COOTBETCTBUU UX HazHau€HUIO. OHO 3aBUCUT OT TEXHUYECKOTO YPOBHS MAaLIMHOCTPOE-
HUSL M €TO OTAEJBHBIX OTPACNICH, ONPEeNeNAIONIUX OOJIBIINM YUCIOM (PAaKTOPOB: COBEPIIEHCT-
BOM, KOHCTPYKIIMEH M3JEINM, KaueCTBOM NPHUMEHSAEMbIX MaTepHajioB, YPOBHEM TEXHOJIOTUU
U CPEJICTB NMPOU3BOJCTBA, YPOBHEM CTaHAAPTHU3ALMU U JAp. Iy OLEHKH KadecTBa NPOAYyKIHH
pa3paboTaHbl Nokazarenan kadectBa. Hanbomnee 3 (eKTUBHBIMU MOKA3aTEIIMU KauecTBa U3-
JIeNH ABJISAIOTCS MX HKCIUTyaTallMOHHbBIE TOKa3aTesu. DKCIUTyaTallMOHHbIE TOKA3aTeNH — 3TO
XapaKTEePUCTUKH, ONPEAEISIONIME KaUeCTBO BBIIIOJHEHHS M3AENuil 3a1aHHbIX QyHKImA. O6-
IIMMU SIBJISIIOTCS TIOKa3aTead HaJIeKHOCTU U JIOJTOBEYHOCTH, S3PTOHOMHYECKHE MOKa3aTelu,
PKOHOMMYHOCTb B 3KCIUTyaTauuu u Ap. Kpome Toro ot tuma usgenuil yCTaHOBJIEHbI CIEIH-
¢uueckue nokazaTeau KauyecTBa, HallpuMep MPOU3BOIUTEILHOCTh U TOYHOCTh 00pabOTKH [
METAJUIOPEXKYLIUX CTAaHKOB.

Jlis 3HAUMUTENBHOTO MOBBILIEHNUS KauecTBa MPOAYKIMHU CyllecTByeT Enunas cucrema
roCyapCTBEHHOT'O YIIPaBJICHUS] KaYe€CTBOM IPOJIYyKIMH, BaXKHBIA 4acTbIO KOTOPOM SIBIISIETCA
aTTecTauus KadecTtBa npoaykuuu. IIpu aTTectanuu Bce M3Aenus OTHOCST K OJHOM U3 Tpex
KAaTeropuii: BeICIIEH, IEPBOM WA BTOPOM.

K BbIcmIel KaTeropuu OTHOCSTCS MPOIYKIMs, KOTOpas MO0 TEXHUKO-IKOHOMHYECKUM
MOKAa3aTeNIsIM COOTBETCTBYET JIyYIMM OTEYECTBEHHBIM U 3apyOeKHbIM 0Opas3laM WM Ipe-
BOCXOJAT UX. M31enusiM 3Toi KaTeropuu pucBanBaeTCs rocyJapCTBEHHBIN 3HaK KauecTBa.

K nmepBoil kareropum OTHOCUTCS TNPOIYKIMS, OTBEYawollas IO TEXHHUKO-
HKOHOMMYECKHUM NOKa3aTeJsIM, AEHCTBYIOIINUM CTaHAApTaM U TEXHUUECKUM TPEOOBAHUSAM.

Ko Bropoii kareropun OTHOCHUTCS MPOAYKIMSI, KOTOpas HE COOTBETCTBYET TEXHHKO-
HPKOHOMHUYECKUM II0KA3aTeNsIM U COBPEMEHHBIM TPEOOBAHUAM, MOPAJIBHO ycTapeiaa U MojJie-
JKUT MOJICPHU3ALIMU WM CHATHUS C IPOU3BOJICTBA.

Krnaccudukarms aBTOMaTHIECKAX CPEJICTB KOHTPOJIS

[lo crenenu aBTOMAaTH3alMM MPOLIECCOB CPEJICTBA KOHTPOJS pa3MEpOB MOTYT ObITh
pa3zeieHbl Ha:

aBTOMAaTU3UPOBAHHBIE MPUCIIOCOOJEHHUS (0OBIYHO CBETO(OPHOTO THIA) Y KOTOPBIX
omepauusi 3arpy3Ku, Kak MpaBHJIO, OTEpalysi CbeMa OCYILECTBISIETCS BPYYHYIO M U3MEpHU-
TEJIbHOE CPE/ICTBO CUTHAIM3UPYET O Pe3ysIbTaTax KOHTPOJIS.

MOJIlyaBTOMAaTUYECKOE CHCTEMbI, Y KOTOPBIX OIEpauusi 3arpy3Kd OCYLIECTBISETCS
BPYUYHYI0, a BCE OCTaJIbHbIE ABTOMAaTUYECKHI
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ABTOMAaTHYECKUE CUCTEMBI, Y KOTOPBIX BECh IIUKJI paOOThI, aBTOMAaTH3UPOBAH

CaMOHACTpauBarOLINE CUCTEMBI, Y KOTOPBIX aBTOMAaTU3UPOBAH IIUKJI HACTPOUKHU

10 BO3JIEUCTBUIO HA TEXHOJOTUUECKHUN MPOLIECC aBTOMATUYECKUE CPENCTBA KOHTPOJIS
pa3MepoB MOYKHO pa3/ieiUTh Ha:

[IaCCUBHBIE KOHTPOJIbHBIE CPEJCTBA, OCYLIECTBIISIOLINE JIUILb PACCOPTUPOBKY JeTaslei
Ha IrPYIIIbl B 3aBUCUMOCTHU OT PE3YJIbTaTOB KOHTPOJIS

AKTUBHBIE KOHTPOJIbHBIE CPEACTBA, KOTOPHIE NIPU OIPEIEICHHOM U3MEHEHUN KOHTPO-
JUPYEMOIl BETMUMHBI aBTOMAaTHYECKU U3MEHSIOT X0 TEXHOJIOTHYECKOTO MpolLecca u odecre-
YHBAIOT 33JJAHHYI0 TOYHOCTh 00pPabOTKU

ITo cnoco®y mnpeoOpa3oBaHUsl W3MEPUTENBHOTO HMIYJbCa ABTOMATUYECKHE KOH-
TPOJIbHBIE CPEJCTBA JIEST HA MEXaHUYECKUE, THEBMATUUECKHUE, THIPABINIECKUE U DIIEKTPU-
YECKHE.

OCHOBHbBIE METOIbI 00PAOOTKH PE3YJIbTATOB U3MEPEHHUN

O6paboTka pe3yJIbTaTOB HM3MEPEHUs IIUPOKO NPHUMEHSIETCS B IMPOU3BOJCTBEHHOMU
NPaKTUKE C IETBI0 YCTAHOBJICHUS COOTBETCTBHS TOYHOCTH BBIOPAHHOTO TEXHOJOTHYECKOTO
npolecca 3aJaHHON TOUHOCTH U3/€NHsl; yCTAaHOBJIECHUE TEXHOJIOTMYECKUX JI0ITyCKOB; OIpeie-
JICHUsI CTAaTUYECKUX XapaKTEPUCTUK YCTAHOBOYHBIX M BEIOOPOYHBIX MAPTHI JETaJeid, T. €. IpU
CTaTMYECKOM KOHTPOJIE M PETYINPOBAHUM KAaueCTBA MPOIYKIMH; YCTAHOBJIEHUS TOYHOCTHBIX
XapaKTEPUCTUK COBOKYITHOCTH MAIIMH HJIM PUOOPOB ONPEIETIEHHOTO THIIA U T.1.

[Ipu M3roTOBICHNU NMAPTUH AeTalell HEN30EKHO MPOUCXOIUT PACCEMBAHUE UX Pa3Me-
poB. IToaToMy pe3yJsibTaT U3MEpEHUs] KOHKPETHOM JETalnu ABJSETCS CIy4alHOW BEJIMYUHOM.
BcenenctBue 3toro ayis 00paboTKU pe3ysIbTaTOB U3MEPEHUN MCIIONB3YIOT METOAbl TEOPUH Be-
POSITHOCTH U MaT€MaTUYECKON CTaTUCTHKH, MO3BOJIIOIINE HAXOAUTh CTAaTUYECKUE TTapaMeT-
pbl AMIMPUYECKOTO PACHPEIEIICHUs], @ TAKXKE yCTAHABJIMBATh MapaMeTpbl TEOPETHYECKOIO
pacnpenenenusi, KoTopoe Haubosiee OJIM3KO COOTBETCTBYET HCCIEAYEMOMY 3MIMPUUYECKOMY
pacnpeneniennto. i1 M3MEPEHUsT MacCCHUBHBIX JI€TAJICH OYEHb CIIOKHOW MPOCTPAHCTBEHHOM
dopme; npecc-PpopM, OJIOK-IUIMHAPOB JIBUraTesiel, KOpoOOK nepenay, KOJJIEKTOPOB, 33 THUX
MOCTOB aBTOMOOWJIEH U Jp. HauOojiee SKOHOMHUYHBIM SIBISIETCS NPUMEHEHUE KOOPJHMHATHO-
n3MepuTenpHbX MamuH (KHM).

B xommiexkr KHWM Bxomsar DOBM, andaButHO-nMbpOBON AMCIUICH, aiaBUTHO-
IU(ppPOBOE MeyaTarollee YCTPOICTBO, CaMOMUILYIINE YCTPOWCTBO, MYJbT AUCTaHLIMOHHOIO
YOpaBJIEHUs] U NPOrpaMMMPOBAHMS, MHOTOTOYEYHOE HM3MEPUTENbHbIE IIYIbl CHUTHAJIbHAS
(ckaHupyto1Ias) roJlOBKa, HOBOPOTHBIM CTOJI AJIl TPYNIOBBIX U3MEpPEHU, HA0OP Mporpamm,
MaTeMaTHYECKOro o0ecredeHus: Al peleHnss KOMIUIEKCHBIX 3aJad W3MEpPEHUsl, MUKPOCKO-
IIbl, IPUCTIOCOOJIEHUSI ISl 3aKpEIUICHHs JeTallel, MarasuHbl CO CMEHHBIMH U3MEPUTEIbHBIMU
roJIOBKaMH, YCTPOWUCTBA AJIsl BBO/A [IPOTPaMM. U T. .

[Tpubopsl, ympasistomye nporeccom 00paboTKH

[Ipubops! ynpasnstomue npoueccoM oOpabOTKH, MOKHO NPUMEHITh TOJIBKO B TOM
Clly4ae, €CJId MCIIOJHUTEIbHBIE OPTaHbl TEXHOJOTUYECKOr0 000PY0BaHUS MOTYT BOCIPHHU-
MaTh M OCYHIECTBIATH C 3a7aHHOM To4HOCTHIO 10 0,002 MM npuHsAThie KoMaHbl. KOHTpOJB
NpPOBOAUTCA 10 00pabOTKU JeTaiu U mnocje Hee (MpH HUM(OBAHUM, XOHUHTOBaHUH, TOKap-
HBIX, PpEe3epHBIX, JOBOJAOUYHBIX U PSAAA JPYTHX TEXHOJIOTMYECKUX ONEpalnii).

JlazepHble TpuOOpPHI

JlazepHble puOOPHI MpeIHA3HAYEHBbI /Il BBICOKOTOYHOTO M3MEPEHHUs JTMHEHHBIX Iie-
peMellleHuil, HanpuMep KOOPAUHATHBIX MEPEMEIIECHUI B CTaHKaX C YUCIOBBIM IIPOTrPaMMHBIM
YIpaBJIEHUEM, KOOPJAMHATHO-U3MEPUTENbHBIX MAlIMHAX M JPYTUX YCTPOHCTBAX, BOCHPOMU3-
BOJISILIUX TOYHbBIE JINHEHHbIE TEPEMEIICHHUS.
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Kpome toro, nazepHble MprOOPHI MO3BOJSIOT MPOBOJUTH BHICOKOTOUHBIE M3MEPEHUS
YIJIOBBIX NIEPEMEILECHUN, U3MEPEHUE IIPSIMOIMHEWHOCTH IOBEPXHOCTEM.

[puHimn neicTBust mpubopa OCHOBaH Ha JlazepHOil mHTepdepomerpun. B kauecTse
HCTOYHUKA CBETOBOTO m3myueHus cimykuT Hi-Ne — nazep. [IpuMenenue nazepHbix npudopos
00yClaBIMBaeT KEeCTKUE TPEOOBAaHUS K BHEIIHUM YCIIOBHSIM OKPY’KaroOIIEH Cpelbl: TeMIiepa-
Type€, BIAXKHOCTH, CKOPOCTU BO3IYIIHOIO IOTOKA, BUOpAlMU B NMPOLIECCE U3MEPEHUH, YTO OT-
PaHMYMBAET UX IIUPOKOE UCIIOIB30BaHUE.

Cnucoxk autepatypbl: 1. «CripaBOYHHK KOHTPOJIEpA MAITHHOCTPOUTEILHOTO 3aBOIa»
nox penakuueit AWM. Sxymesa. Mocksa «Mamunoctpoenue», 1980. 2. «CnpaBoyHUK TEXHO-
nora» nop penakuuei A.A. IlaneBa. MockBa «MamnHoctpoenue», 1988.

PASMEPHOE BOCCTAHOBJIEHHUE MOBEPXHOCTEM JETAJIEN MAIIINH
OBPABOTKOMU HI1J MPOI'PAMHBIM CTIOCOBOM HA CTAHKAX C 4UIT1Y

Bonsinuna M.B. (kagh. TM, BI'TY , 2. bpsanck, Poccus)

Bonpoc BoccTaHoBIIEHHST pa3MepOB M3HOIIEHHBIX OBEPXHOCTEW B MAIIMHOCTPOCHHUU
CTOUT JOCTATOYHO OCTPO, TaK KaK IOJIHAs 3aMEHa JEeTald 3a4acTyl0 MOXKET OOXOIHMTHCS
oueHb Joporo. OIHUM U3 IyTeH pEUIeHUs] 3TOM 3aauyd MOXKET OBITh BOCCTAHOBIICHHE
pasMepa MyTEM BBIJIABIMBAHUS METaJUla TPU HAHECEHWHM KaHABOK Ha IOBEPXHOCTH C
OMpEAECTIEHHBIM IIArOM.

Hanecenue kaHaBOK MOXET OCYIIECTBISITHCS METO/IOM TOBEPXHOCTHO IIACTHYECKOTO
ne(OpMUPOBAHNUS APUKOM, TPOUIATBHBIM POJIMKOM MITH aJIMa3HBIM BhITTIakuBaHueM (AB).

AB — 00paboTka GoJiee MpeANOUTUTENBHAS T. K. TIPH 3TOM HE TpeOyeTCsl IPUIIOKEHHIE
OOJBIION HArpy3KM W CHUHTCTHUYECKHH anMa3 o00JiaJaeT BBICOKOW H3HOCOCTOWKOCTBIO U
TEIUIOCTOMKOCTBIO, YTO TIO3BOJIIET TOBBICHTH IPOU3BOIUTEIBHOCTE 00pabOTKH. JTO BO-
nepBbiX. Bo-BTopeix mpu AB mMeeT MecTo mporiecc TPEHHsS CKOJBXEHHS HHACHTOpa 00
00pabaTbIBa€MyI0 MOBEPXHOCTh B OTJIMYME OT JABYX MPEABLAYILIUX CIIy4yaeB. DTO MO3BOJIIET
MOJNyYHUTh TIOCTEe OOpabOTKM IMOBEPXHOCTh C 0O0Jiee BBICOKUMH TPUOOTEXHUYCCKUMH
CBOWCTBAMM.

AHamm3upys TpOQUIOrpaMMBbl MOBEPXHOCTH IIOCIE IUIACTHYECKOW JedopMariu
MOBEPXHOCTHOTO CJIOSI OOpa3lOB M3 JIATyHH, MUMEIOMIMX HCXOJHYIO IIEPOXOBATOCTH OBLIO
OTMEYEHO, YTO B 3aBHCHUMOCTH OT IlIara HAHECEHHs KAaHAaBKU CQPEPUUYECKUM ajIMa3HbIM
UHJICHTOPOM MOJKET MPOUCXOIUTh:

a) MUKOBOE BCIydyWBaHWE MUKporpodmis Ha BenmmuuHy A Yo TpH  3TOM
MUKpPOTBEPAOCTH MOBepxHOCTH Hyo1 Oyaer Bbime ncxoaHoit Hyo (puc 1 6);
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Ra=22; Rm=127
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Puc. 1. Ilnactuueckue nedopMariiy MOBEPXHOCTHOTO €051 00pa3IoB U3 JIATyHH NpU
00paboTKe NCXOHOM MOBEPXHOCTH () HAHECEHUEM aJIMa3HBIM WHACHTOPOM KaHABOK C
marom S, paBHbIM 1,2 MM (6), 1,5 MM (B) 11 2,2 MM (T) 1 pesxxumamu: V = 50 M/MuH,

Q=550H

0) NpY YBEJIMYEHUU Il1ara HaHeCeHUs] KaHaBOK ¢ Sg=1200mkM 510 Sx=1500Mkm
IpU TEX XK€ peKUMax oOpabOTKU BBIpOCHa 00IIas BenuyuHa BermyuyuBaHus A Yo, UMeroIas
IUKOBBIM XapakTep, U KpOME TOr0 BCIYUYMIaCh NOBEPXHOCTh C MUCXOJHOM IIEPOXOBATOCTHIO
Ha BbIcOTy AYy Gonblryio, ueM BeauuuHa AY( B IpeablaylieM ciydae. IIpu 5Tom BbIcoTa
MOBEPXHOCTHON MUKPOTBEPAOCTH OyI€T COCTaBIATh BenmuuHy Hyo2 (puc. 1 B);

B) JaJbHEHIIee YBEJIIMUEHHUE 11ara MeX/y KaHaBkamu 10 Sx=2200MKM MpPHUBOJIUT
K KapTuHe, MOJOOHON paccMoTpeHHOH B ciydae 0) Ommako BemmuuHbI A Yo, ©A Y
3HAYUTEIILHO MEHbIIE. BblcoTa MOBEPXHOCTHONM MUKPOTBEPAOCTU OYyJAET COCTaBIAThH
BeauuuHy Hyo3 (puc 1 r);

[IpoBeneHHbI aHaMM3 CBHUIETENBCTBYET O TOM, YTO IIar HAHECEHUS KaHABOK
aJMa3HbIM HHJEHTOPOM HMEET ONTUMAJIbHYI0 BEIMYUHY, KPUTEPHEM ONTHMyMa KOTOpPOI
aBngerca ycinoBue: AY'p =max, TO €cTh MaKCUMYM BbIIaBJIMBAaHUSI IOBEPXHOCTH, UMEIOIIEH
UCXOJHYIO IIEPOXOBATOCTh B J€(OPMUPOBAHHOM BHUJE HA MAaKCUMaJbHYIO BBICOTY, YTO J1acT
MaKCUMaIBbHBIH 3 ()EKT BOCCTAHOBICHUS IUaMeTpaibHOro pasmepa (puc. 2). Ilpm sTom
BTOPOH Cilydail 0osiee MpeIoUTUTENEH, TaK KaK OCTpPbIE IMHKHU BbIJIABJIEHHONW MOBEPXHOCTH,
ompeaeNndionye BeIUYuHy Yo, MOABEPTHYTCS OBICTPOMY HHTEHCUBHOMY H3HAIIMBAHHUIO B
HayaJIbHbIN TIepro/1 pabOThl BOCCTAHOBJIEHHOM MOBEPXHOCTH JAETAIIH.

Jlnst moTydeHusi MMUTAIMOHHBIX MOJenell (P OpMUPOBaHUs YKa3aHHBIX BEIMYUH OBLI
NpoBeAEH aKTHBHBIN HKCIEPUMEHT Haj oOpasnamu u3 yJatyHu JI60 ¢ BKIIOUEHHEM B HETO
crenyronux (akTopoB: MaKCHMallbHas BBICOTa LIEPOXOBATOCTH HMCXOJAHOW MOBEPXHOCTH
Rmax,; cuna anmasHoro BeiriaakuBanus Q. Bmecto mara t Mexxay KaHaBKaMu OBLJIO PELICHO
BBECTH OTHOCHUTEJIbHYIO BEJIMUMHY, PaBHYIO €0 OTHOIICHHUIO K paJuyCy MHAEHTOpa T/r. DTO
CBS3aHO C TE€M, YTO IPHU OJHOM M TOM K€ Iiare T o0paboTKa MHIEHTOPaMHU C Pa3IUuHbIMHU
panuycaMu r JaCT COBEPIICHHO pa3Hbie d(PPEKTHI.

Ecmu cpaBHUTH Bo3MOXHbIe 3HaueHuss A D npu o6pabotke natynu (AD = 2Yo, =
18...78 MKM) cO 3HaUEHHUSAMHU JOIYCKOB, TO BUJHO, YTO BOCCTAHOBJICHHE pa3MEPOB JieTalel u3
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JaTyHu B uHTepBasie Dyoy 0T 3 10 80 MM BbIaBIMBaHMEM IyTEM HAHECEHMsI KaHABOK
aJMa3HbIM HWHACHTOPOM TEOpPETUYECKH BO3MOXKHO ¢ 01 mo 9 kBaiuTeT TOYHOCTH
BKJIFOUUTEJIBHO.

Y
Lah |

Puc. 2. 'eomerpuueckue XxapakTepUCTUKH IOBEPXHOCTH IIPU pa3MEPHOM BOCCTaHOBIIEHUU
BbIJIaBJIMBaHUEM aJIMA3HBIM UHIEHTOPOM KaHABOK C IIAaroM T ¢ cuitoi Q: Yo — MakcuMasibHast
BEJIMYMHA BbIJAaBIMBaHHUs OTHOCUTEIBHO JIMHUHU BEICTYIIOB "0 — 0" BoccTaHaBIMBaeMoOM mo-
BEPXHOCTH; Y| — MakCUMaJjbHas BEJIMYMHA BJIaBIMBAHUS IOBEPXHOCTH OTHOCUTENILHO JTUHUU
BoICTYTIOB "0 — 0"; Y(, — BBICOTA BBIIaBIMBAHMUS TIOBEPXHOCTHU C UCXOAHBIM Tpoduiem IT ot1-
HOCHUTEJIbHO JMHUH BhICTYNOB "0 — ("

OTHOCHTENIbHASL OTIOPHAS JIJIMHA BOCCTAHOBJICHHOTO TPO(MIs Ha ypOBHE BBICTYIIOB
HCXOJHOTO TIPOdUIs tpos HA AJIMHE BOCCTAHABIMBAEMOM MOBEPXHOCTH Ly, [MKM] (puc. 2), or-
penensiercst o Gopmyie:

1 k
tpOB = _le .
a6 i=1

Omna xonebnetcs B npenenax ot 0,21 go 0,54.

Pacuér onTHManbHBIX PEKUMOB BOCCTAHOBJICHHUS JOJDKEH OOECIIEUMBATH tpos = max
npu ycnoBUU You = [ You|san — 38/1aHHAS BETUYWHA.

O6paboTka pe3yJabTaTOB  OAKCHEPUMEHTA TO3BOJIMIA  TOJYyYUTh  MapamMeTphl
UMUTAIMOHHBIX MOJIEIel MCCIIeTyEeMBbIX XapaKTEPHUCTUK. Tak, MMUTAIMOHHAS MOJETh IS
napamerpa Yon (pUC. 2) UMEeT BUA:

Y _ O 9 10710 Rmax2,006‘ Q3.l
on — VN7

(% )2,18

Crparudukamms (GakTopoB pa3MEpHOTO BOCCTAHOBJIICHHS ITO3BOJIIET CHENATH Clle-
nyromue BeIBO/IBL. Ecim paccmarpuBaTh coBoKymnHOe BimsiHue (hakTopoB Q, Rmax, 1/r Ha Bce
napaMeTphl, TO UX MOKHO MPOpPaHXUPOBaTh B cienyroiieM nopsiake: Q (6) - Rmax (7) —»
t/r (11) (Puc. 3). Hudpsl B ckoOkax cOOTBETCTBYIOT HAOpaHHOW CyMMe MECT IpH CTpaTudu-
kammu. Ecim paccmarpuBath napaMeTpsl Yo U Yon, KOTOPBIE M ONPEIEIAOT BEJIUNYUHY BOC-
cranoBieHus AD, To ecTecTBEHHO, ITaBHBIM 371eCh siBisieTcsa paktop Q. OTHOCUTENHHO Clia-

0oe BIMSHUE MapaMeTpa T/r, BBISIBIEHHOE IPU 00pabOTKe pe3yabTaToOB JaHHOTO SKCIIEPUMEH-
Ta, HU KOCM CJIydac HC CBUACTCIILCTBYCT O €0 HE3HAYMMOCTH, TaK KaK €ro YpOBHHU ObLIN BBI-
6paHI)I Ha 0aze MNpEaABapUTCIIbHBIX OKCIICPUMCHTOB BOJIM3M ONTHUMAJILHOI'O 3HAYEHUS.

, [MEM].



