NH>XXEHEP, Ne 14, 2013 r.
MPOBJIEMbI NMOBbLILLEHNA KAHECTBA NMPOAYKUNN MALLMHOCTPOEHNA

YK 621.9.029 - 002.53
NCCNEOOBAHNE B/IMAHNA COCTABA NOBEPXHOCTHbLIX
MHOIOKOMIMOHEHTHbIX C/TOEB HA PABOTOCMNOCOBHOCTbL AETAJIEN
TPUBOCNCTEM

ByTteHko B./, ArpeHunH E.B. (kadheapa mexaHnkn KO>KHoro egepaibHoro
YHVBEpCUTETAQ, I. TaraHpor, Poccus)

AHHOTauusa: B paboTe nokasaHo BUsHWE COCTaBa MHOrOKOMMNOHEHTHbIX (hyHKLMO-
Ha/IbHbIX CNI0EB Ha MOBEPXHOCT X AeTanell TPMOoCMCTEM Ha MHTEHCUBHOCTb UX U3HALLMBA-
HUS.

KntoyeBble cnoa: TpubocucTema, AeTalb, MHOrTOKOMMOHEHTHbIE COU, PEXKUMbI
TpeHusi, noammep, paboTocnoco6HOCTb, N3HALLMBAHNE.

B coBpeMeHHOM MaLLUMHOCTPOEHUM OCTPO CTOMT Npob6siemMa MoBbileHNs paboTocno-
co6HOCTM feTanein TpubocucTeM. BecbMa MepcneKTUBHbLIM HanpasieHWeM B PeLLeHnn 3TOi
Npo6seMbl SIBNSETCA CO3[4aHMe Ha UX paboumx MNOBEPXHOCTAX MHOMOKOMMOHEHTHbIX (DYHK-
LMOHaNbHbIX CNOEB, 06/1aatoLLmMX CBOMCTBOM MPUCNOCcabnmnBaTbCs K YCN0BUAM 3JKCryaTa-
umm [1, 2]. OfHaKo BbINOMAHEHHbIE UCCNEA0BAHNA NOKa3bIBalOT, YTO MPU UX (OPMMPOBaHUN
Ha NOBEPXHOCTSAX AeTas1eil TPMO6OCMCTEM BaXHO CO34aTb TaKO COCTaB MHOFOKOMMOHEHTHOMO
CN10sA, KOTOPbIA cNoco6CcTBOBa1 6bl MUHMMM3ALMM M3HOCA B KOHTAKTHOM 30He B3aMMOAENCT-
BYHOLLMX MOBepXHOCTeN. C Lenbio onpefeneHns onTUMabHOMO KOSIMYECTBEHHOIO COOTHO-
LLIEHWS KOMMOHEHTOB B HaHOCMMOM Cfi0e OblN NPOBeAEHbI CPaBHUTENbHbIE MCCNeA0BaHMS
pas/fIMYHbIX COCTABOB MHOMOKOMMOHEHTHbLIX CNOEB NPU pasHbIX PeXMMax TPeHWs, B pesy/ib-
TaTe KOTOpPbIX 6GblN0 YCTAHOB/IEHO, YTO OMpPeAeNstoWmMM (akTOPOM NPU Ha3HaYeHUn cocTaBa
MHOrOKOMMOHEHTHOM CUCTEMbI, COZEepXKaLLeil NonuMep, SBASETCS TemnepaTypa B KOHTaKT-
HOW 30He B3aUMOENCTBYIOLUMX MOBEPXHOCTEN feTaneil, KOTopas He [O/MKHA MpeBbllaTh
TemnepaTypbl AenoMmepusauumn ncnosib3yeMoro nonvmMepa 6onee yem Ha 20%. O6 aTom
CBUAETENLCTBYHOT (PoTOrpadum NOBEPXHOCTEN C MHOrOKOMMOHEHTHLIMU CMIOSMU, MOSyYeH-
Hble NPV pasHbIX TemnepaTypax B KOHTaKTHOM 30He B3aUMOAENCTBYIOLMNX NOBEPXHOCTEN fe-
Taneli TpubocucTem (puc. 1). B obliem cnyyvae peKOMeHAYHTCS CNeayroLime COOTHOLLEHMS
MEeX/y KOMMOHEHTaMM CO3aBaeMoro Ha NoBEPXHOCTU AeTann €os (BECOBbIE YacTu): NIErko-
nnaekuii cnnas — 1; nonumep — 0,05 — 0,1; rpagmT (amcynbtmna monnbaeHa) — 0,2 — 0,3; Kpu-
cTannmyeckuii nog — 0,005 — 0,01.

a 6
Puc. 1. doTorpamm MHOTOKOMMOHEHTHOIO CNOS, COAEPXKaLLero NoamaTueH, cnnas Bypa,
rpatvT 1 KPUCTANIMYECKMIA 0[], NPU KOHTaKTHbIX TeMnepaTypax 60° C (a)
1 100° C (6) (yBenmyeHue 100)
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Ha puc. 2 npuseaeHbl hoTorpanm 4ecTon CTPYKTYpPbl MHOFOKOMIMOHEHTHOIO CoS
Ha NOBEPXHOCTU [eTa/lv C pasHbIMK NnoanMepamn (a — NOAUITUNEHOM; 6 - MOUCTUPOSIOM),
KOTOpble 06pa3yloTCA B YCNOBUAX TPEHWS NPU AaBMeHWN B3aMMOAENCTBYIOLLMX MOBEPXHO-
cTein getaneit Tpubocuctem p = 0,5 MIMa, cKopocTn cKonbXxeHns Ve = 0,3 M/C 1 Temnepary-
Pbl B 30He KOHTakTa ©¢ = 80°C nocne 60MWH. aKchnyaTauuu. AHanU3 NpeacTaBNeHHbIX
CTPYKTYP CBWAETENbCTBYET O MNpoLEecce BepoATHOW Anddys3un rpaduta B MHOrOKOMIO-
HEHTHOM C/I0€ B Hanpas/IeHNW K rpaHuLLe MOBEPXHOCTU, YTO 61aronpuATHO CKa3bIBAETCHA Ha
CHVKEHMN KO3 (ULMEHTA TPEHNUSA U MHTEHCUBHOCTI M3HOCA B KOHTaKTHOW 30He B3aMMOfei-
CTBYIOLLMX NOBEPXHOCTEN AeTaneit TpubocmcTem. CHUKEHME KOIPDULMEHTA TPEHMS B 30He
KOHTaKTa Cnoco6CTBYET KPUCTIMYECKUIA 04, KOTOPbIA B CUTY CBOE XMMNYECKON aKTuB-
HOCTW 06pa3yeT Ha MOBEPXHOCTAX AeTaneli MOAWCTblE COeAMHEHUS, UMEIOLLME CNOUCTYHO

CTPYKTYpY.

a ” 6
Puc. 2. doTorpadum MHOTOKOMMOHEHTHBIX COEB HA OCHOBE MONN3TUIEHA (2)
1 nonuctupona (6) nocne 60 MUH 3KcnayaTauum
(p = 0,5 MMa, V¢ = 0,3 M/c, O, = 80°C; yBenmyeHune 100)

MpeaBapuTebHbIE UCCNEA0BAaHMS MOKa3aan, YTO MHTEHCUBHOCTb M3HALLUMBaHWA MO-
BEPXHOCTelW aetasneit TpboCcMCcTeM B OCHOBHOM OMNpefensieTcs cOCTaBOM MHOrOKOMMOHEHT-
HOTO C/IOSt U YCMOBUSMW TPEHUS. VIcnonb3ys MeTo/ NiaHupoBaHus aKCMeprMeHTa Tuna 2%
[3], 6611 nony4eHbl creaytoLwme IMNUPUYecKne 3aBUCMMOCT UHTEHCUBHOCTM M3HALLMBA-
HMS | OT cocTaBa MHOrOKOMMOHEHTHOIO C/OS 1 YCNOBUIA TPEHWS ANs CUCTeM, AeTann KOoTo-
PbIX W3rOTOB/MEHbI W3 XXENe30yrnepoamncTbiX CNiaBoB Mpy HayalbHON LLEepOX0oBaToOCTM MOo-
BepxHocTeit B npegenax Rz = 0,8 — 1,25 MKM:

NoNnaTUNEH + cnnas Byaa + rpaut + KpUCTaNIMYeCcKnia nof

| = 3,254 10867 Cy1012 0)10/535 110118 po,egz VCK0,461 60’225, Mr/uac:
NoNMaTUNEH + cnnas Po3e + rpadmT + KpUCTaNIMYECKNIA Mog,

| = 2,942 [10:849 71,005 (510591 110,129 p0,648 VCKO’524 90,257’ Mr/yac:
NonuaTUneH + cnnae Byaa + ancynsua MonnbaeHa + KpUCTanIMYeCcKmnia nog

| = 3,013 [10:995 71.206' ~10.579 10,098 po,sse VCKO493 90,236’ Mr/yac:
NoAuCTUPOn + cnnae Byaa + rpadnt + KpUCTaNIMYECKINiA o[

| = 2,865 15109 oy1.205 510472 110,274 p0,563 VCKO’465 90,348’ Mr/uac:

nonucTupon + cnnae Byaa + ancynbthna MonnéaeHa + KpUCTanIMyecKknii nog,
| = 2,754 1008 71,314 510,501 110,218 po,439 VCKO’482 90,319’ Mr/uac:
KanpoH + cnnae Byaa + rpaguT + Kpuctanimyeckuii nog

| = 3,842 [11105" cpL143 (5),0:492 10,196 p0,573 VCKO’504 90,418’ Mr/uac:

KanpoH + cnnae Po3e + ancynbgua MonnbaeHa + KpUCcTanIMueckuii inog

68



MNHXXEHEP, Ne 14, 2013 r.
MPOBJIEMbI NMOBbLILLEHNA KAHECTBA NMPOAYKUNN MALLMHOCTPOEHNA

| =3.906 M-132 cpl18s o012 110216 po,soe VCK0,478 @0’397, Mr/uac,
rge M, Cn, Cm, M — BecoBble 4acTK, COOTBETCTBEHHO, MOMMMEPA, NIErKOM/IaBKOro Cr/iasa,
TBEPLOM CMa3KK, KPUCTA/IIMYECKOrO M0Aa;
p — [aB/ieHNe B 30HE KOHTaKTa B3aMOLENCTBYIOLLMX NoBepxHocTelr, MIMa;
Vek — CKOPOCTb CKOMbXKEHWUS, M/C;
© — TemnepaTypa B 30He KOHTaKTa, rpas. C.

Mony4yeHHble aMMNUPUYECKME 3aBUCUMOCTI CrpaBef/IMBbl B CefytoLleM AuanasoHe u3-
MeHeHVs ycnoBuii TpeHus: p = 0,1 — 1,0MMMa; V¢ = 0,1 — 0,5m/c; © = 20 — 100°C. Mpw aTOM
TEXHO/IOTMYECKME OCTaTOYHbIE HaNPsXXeHWs B MaTepuase NoBepXHOCTHOrO C/0s, NosyyeH-
Hble B pe3y/bTaTe (PUHWULIHOW 06paboTKM AeTany TPUMOOCUCTEMbI, LO/MKHbI HaXOLUTLCA B
AvanasoHe ot +50 MIa go — 100 MMMa.

Pe3ynbTaTbl BbIMOMHEHHbLIX WUCCMEA0BaHUIA OblIM PEKOMEHJ0BaHbI /19 NOBbILIEHNUS pa-
60TOCNOCOGHOCTM TPUBOCUCTEM, BXOAALMX B MEXaHU3Mbl MalUWHbI Meperpy3oqHon M-
1000 BOf0-BOAAHOIO 3HEPreTUYeCcKoro peaktopa Tuna BBOP, oTaeNbHble YCTPOMCTBA KOTO-
poli npefcTasneHbl Ha puc. 3. MOLKOHTPONbHAA 3KCMNyaTauus 3TUX YCTPOWCTB B TeyeHue
TPEX NIET Nnokasana, YTo HaHeCceHWe Ha NOBEPXHOCTW feTasel TpM6oCUCTEM MHOIOKOMMO-
HEHTHOro cos (MoNMaTWEH + cnnaB Byaa + rpaut + KpUCTaNIMYecKuid o) No3BONSET Ha
30% yBeMUUTL MEXXPEMOHTHbIN NEPUOL NPY COXPaHEHUW 3aJaHHON HALEXHOCTU peakTopa.

3 4

Puc.3. YcTpolicTBa MalnHbI neperpy3oyHoii MIM-1000 Bog0-BOASAHOIO 3HEPreTUYECKOro
peakTopa: 1 — rpy3oBast Tenexka; 2 — cbopka pabouei wraHru;
3 — paboyas 1 TeNeBM3NOHHasA LWTaHru (cbopka Ans 3a4nCTKN);
4 — cbopKa TeNEBNU3NOHHOM LLITAHIM
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Cnucok nutepaTypbl: 1. byteHko B.M. CTpyKTypa 1 CBOICTBA MOBEPXHOCTHOrO C/OS
petanein Tpubocuctem [Tekcet] / B.W. ByTeHko. — TaraHpor: M3a-80 TTU HODY, 2012. — 367
C. 2. byTteHko B.W. TexHonorusa co3gaHna mMeTaIono/IMMEPHBbIX C/IOEB Ha KOHTaKTHbIX MO-
BepXHOCTAX feTanein Tpubocuctem [Tekct] / B.W. ByTeHko // Haykoémkue TexHonorum B
MawnHocTpoeHnn, — 2011, — Nel2. — C. 38 — 45 . 3. Agnep HO.I., Mapkosa E.B., ['paHOB-
ckuii HO.B. TMnaHuWpoBaHWe 3KCMepuMMeHTa Mpy NOUCKe ONTUMASbHBLIX YCoBWid [Tekct] /
KO.M. Aanep, E.B. MapkoBa, KO.B. "paHoBcKuiA. — M.: Hayka, 1971. — 283 c.

YK 621.9: 658.5
NOCIIKEHHSA BMNAVBY 3MIHHUX MAPAMETPIB MEXAHIUHOT
OBPOBKU HA LLIOPCTKICTb KPUBOIHIAHMX
MOBEPXOHb M1 UAC TOUIHHS

Koposnb K. O., IByeHKo T.I"., ®eHiK J1.M. (katbegpa TM, JoHHTY, M. [loHelbK, YKpaiHa)

AHOTaUis. BusHayeHwWii BNANB ronoBHMX Ta AONOMIDKHUX Ky TiB Y NnaHi nesa pisanbHo-
ro IHCTPYMEHTY Ha LIOPCTKICTb 06p06/eHOT NOBEPXHI AN 3afaHnX pasiycis npy BepLUKHI fne-
3a Ta nogad. Jocnig>eHi 3aKOHOMIPHOCTI 3MIHM KiHEMAaTUWYHUX KYTIB Y MnnaHi nesa iHCTpPY-
MEHTY Nif yac TOKapHOT 06POOKM KPUBONIHIMHKUX MOBEPXOHb Ta BCTAHOB/EHWIA iX BNAMB Ha
LIOPCTKICTb ONYK/INX MOBEPXOHb 06epTaHHs.

Knto4oBi cnosa: TOYiHHSA, KPpUBOAiHIAHA NOBEPXHS, LLOPCTKICTb, Nojava

MigBULLEHHS AKOCTI AeTaneil MallnH Mig Yac X MexaHiuHOT 06po6KM — BaXknuBa 3a-
fia4a TeXHONOrIT MaMHOOYAYBaHHS, B 3B’A3KY 3 UM BMKOHaHI LOCNIAKEHHSA BMNNBY Ha LLO-
PCTKICTb 06p06/1EHMX NOBEPXOHb MapaMeTpiB NPOLECY pPi3aHHA J4OCTAaTHLO aKTyasbHi.

B HacTynHuIA Yac LWMPOKO BifOMi 3arasibHi 3aKOHOMIPHOCTI (hOPMYBaHHS LLIOPCTKOCTI
06p06/1IeHNX NMOBEPXOHb B 3a/1€XHOCTI Bif, YMOB MeXaHiuHOi 06pobku [1, 2], sKi € OCHOBOIO
MPOrHO3yBaHHA PiBHA LLUOPCTKOCTI Ha CTafil MPOeKTyBaHHA TEXHOMOTIYHUX MPOLECIB Ta Ke-
PyBaHHSA NapaMeTpamu LUOPCTKOCTI Ha CTafil BUroTOBMEHHS aeTanein mawuH. OfHak, iHhop-
MaLisi Mo 3a6e3MeYeHHI0 AKOCTI KPUBOMIHIAHMX NOBEPXOHb NPAKTUYHO BIACYTHS.

OcobnMBICTIO 0O6POOKM KPUBOMIHIMHMX MOBEPXOHb ABMSETLCA CKNaAHWIA XapakTep
3MiHM KiHEMATUYHUX reOMeTPUYHUX NapamMeTpiB /ie3a iHCTPYMEHTY, PEXMMIB pi3aHHsA i na-
paMeTpiB 3pi3y MOBEPXHEBOrO LUapy, MNOB’A3aHWIA 3 KPUBUHOK MOBEPXHI, L0 CYTTEBO YCKNa-
[HIOE aHani3 BNIMBY LMX MapameTpiB Ha PiBeHb LLOPCTKOCTI. JOCNimKeHHs B LLbOMY Hanps-
MKY 0CUTb 06MeXeHi. B po6oTi [3], npucesiyeHili HanpaBneHoMY (DOpMYBaHHIO NMOKa3HYKIB
AKOCTi AeTaneit, po3rnsHyTi NUTaHHA 06POOKM (haCOHHMX MOBEPXOHb, OAHAK XapakTep Ta
CTYNiHb BM/IMBY 3MIHHUX NapameTpiB NPOLLECY Pi3aHHA Ha LLOPCTKICTb HE BU3HAYEHI.

Bigomo, w0 cepef reOMeTpUYHNX MapameTpiB Pi3aibHOr0 iIHCTPYMEHTY HalibinbLUWiA
BM/IMB Ha LUOPCTKICTb 06p06eHNX MOBEPXOHb MatOTb FO/IOBHI Ta AOMOMIDKHI KyTW Y naHi,
cepef peXxnmiB pisaHHa — nogava [1, 2]. B po6oTi [4] gocnigpkeHnin BNAMB KiHEMAaTUYHUX
KyTiB Y NnaHi ne3a iHCTPYMeHTa Ha LUOPCTKICTb KPUBOJIHIMHMX NMOBEPXOHb 6e3 ypaxyBaHHS
3MIHHOCTI LUBMAKOCTI Ta nogaui, Lo crnpaBeAnnBo unLLE Yy pasi 06p06KM 3 NOCTIAHOK KOHTY-
PHOIO LWIBMAKICTIO Ha cTaHKax 3 UIMK. B iHWKX BUNagKax B po3paxyHKax LWOPCTKOCTi 06pob-
NEHNX KPUBOMIHIAHMX NOBEPXOHb 3MiHHICTb MofJay HeobXiHO BpaxoByBaTy.

MeToto npefcTaBneHol poboTH € BCTAHOB/IEHHS 3aKOHOMIPHOCTEN (hOpMYBaHHSA LLIOp-
CTKOCTI KPMBOMIHIAHMX NMOBEPXOHb MNif Yac TOUIHHS 3 ypaxyBaHHAM 3MiHHMX KiHEMaTUUYHMX
KYTIB Y NnaHi fie3a IHCTPYMEHTY Ta (DakTUYHKX nogau.
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IMig yac 06po6KN KPMBONIHIMHUX MOBEPXOHb SIK FOMOBHI, TaK i AOMNOMDKHI KyTW B
MnaHi, a TakoX (PakTMYHI nogadi, O4HOYaCHO 3MIHIOKTLCA (puc. 1). MNMpuKnag BM3HAYEHHS
KIHEMaTUYHUX FONIOBHUX Pk Ta AOMOMDKHUX @1 KYTIB Y MaHi Ta (hakTUYHMX nogad s Hase-
[EHWI ns onyKoi MOBEPXHI 3 NOCTIHUM pagiycoM KpumBMHK p (06pa3yroya NoBepxHi 06ep-
TaHHA — KOMO, LEeHTP NPUAHATOI CUCTEMW KOOPAMHAT € LEeHTPOM KPUBWMHU, TOOGTO LEHTPOM
Kona). O6pobKa BUKOHYETLCSA IHCTPYMEHTOM 3 TPUTPAHHOKD MIACTUHO, ANS AKOI CTaTUYHI
KyTU B nnaHi: @c = 90°% @1c = 30° 3 NOCTiliHOO NojaYeto Ha 06epT S,.

MonoXeHHs BEPLUMHY Nle3a Ha BKa3aHili KPUBOMIHIVHIA NOBEPXHi BU3HAYAETHCA MUT-
TEBMM KyTOM MOBOPOTY i = 90° - Jj, AKWIA pO3PaxXOBYETLCS HACTYMHUM YMHOM:

cos¢; =siny; =(p-x)/p=1-&; y; =arcsin(l-¢&), (1)
Ae & = x/p — 6e3po3mipHa KoopauHara.

KiHeMaTWYHi ronoBHUIA @k Ta AONOMIKHUIA Q1 KyTW B NnaHi (puc. 1a) B1U3Ha4atoTheA
BiJHOCHO HanpsMKy pyXy nogadi Ds; HaCTYNMHUM YUHOM:

P« =0 v, = —arcsin(l=¢&); oy =+, =@ +arcsin(l-£). (2)

@xz@c‘k_
D : .
St Vi)
Vv
Puc. 1. Cxema BU3HAYEHHSA KIHEMaTUYHUWX KYTIB Y M/iaHi 1e3a iIHCTPYMEHTY - a)
Ta (haKTUYHUX nofay — 6) Mig Yac TOUiHHS ONYKIOT KPUBONIHIAHOT MOBEPXHI

B noyatkoBuii MOMeHT 06p0OKM BKa3aHOT KpUBONiHINHOT NoBepxHi (Touka O,) rosno-
BHUI KyT B NnaHi @k = 0, AONOMiXKHUIA @1 = 120°. Mig yac nofjasnbLUOT 06POGKU roMOBHUIA
KYT B NnaHi 36iNbLUyeTbCs, a JOMOMIXHUIA — 3MEHLLYETHCA [0 PIBHA IX CTaTUYHUX 3HAYEHD.

3a 0flMH 06epT fAeTasli BepLUMHA Ne3a nepemilyeTbes 3 ToUkn O, B TouKy O; (puc. 16)
3 (hakTMUHOK nogayeto s; = 0,01, IKa MOXe BYTU NPUAHATOD TaKOH), LLIO [OPIBHIOE AOBXKU-
Hi ayrn 0,01 = p¢1 ( ¢1 BUMIPHOETLCA B pagiaHax):

51(£) = 0,0, = p¢; = parccos((p - s, )/ p) = parccos(L-¢). ®3)

[na 3aranbHoro Bunagky (i — ro o6epty aetani) haktuyHa nogava s = O;10;:
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5;(£)=0140; = pl¢; ~¢iu) = plarccos(L - ig) - arccos(L - (i - 1)¢)]. (5)

MMig yac 06pobKM pi3uAMK cepefHE apuUdMeTUUHe BigXUNeHHA Npodinto R, KpMBOi-
HIMHOT NOBEPXHIi B 3a/1eXKHOCTI BiJ MUTTEBOrO KyTa NoBopoTy, abo 6e3p03mMipHOI KOOpAMHATH
&, BU3HAYa€eTbCA PO3paxyHKOBOK BMCOTO HepiBHOCTEN npoginto R;: Ry = 0,005R; [1]:

t
2 2
E r_ 4 -sf) P De(@s(E)+be) | R, @y = arcsinhe’ ) <o
[Cosy 2cosy 32r 2r
H b, r(l-cosgy )
R = + +R, +
19 E‘WWK +2r/s(&) cosy v
a . - -
0 singg §(6)cosp = s(E)singy (2r =sE)singy ) s ()
O , @ <arcsin—~< g,
H cosy 2r

[e r — pagiyc npv BepLUMHI pi3us; y — NepeHin KyT pisus; R, — BUCOTa HepiBHOCTeW Npodinto
Ha BEpPLUNHI pi3us; be - BENMYMHA NNaCTUYHOIO BiATUCHEHHS: b = 0,504(1-2 w0/ o7): pu - padiyc
OKPYTNeHHS Pi3a/ibHOT KPOMKW IHCTPYMEHTA; o, p— MeXa TeKY4OCTi Ta 3CyBHa MiLHICTb 06-
po6/1t0BaHOr0 Matepiany.

IS N

NN

M__ﬁ__&ill_zl_woﬁ

0.2 : 2
- 2
P | SF 0Lt \ = )
— | G—I:I,]]J.-u.«zfoﬁ
0 0 '
0 02 04 06 08 & 0 02 04 06 08 &
a) &)

Puc. 2. I'paikun 3mMiHM (haKTMYHOT Nojadi s - a) Ta napameTpiB LLOPCTKOCTI R, - 6)
KPMBONIHIAHOT NOBEPXHI B 3a/1€©XKHOCTI Bif 6€3p03MipHOT KOOpAMHATK

"paghiky 3MiHM (haKTUYHOI Nojadi S Ta NapameTpiB LUOPCTKOCTI R, B 3a/1€XKHOCTI Bif
po3TallyBaHHS BEPLUMHM Ne3a Ha 06p0o6eHil KpUBONIHINHIA NoBepXHi, TO6TO Big 6e3p0o3Mi-
PHOT KOOpAMHATK & (3 ypaxyBaHHAM O4HOYACHOT 3MiHM KIHEMAaTUYHUX KYTIB Y NfaHi Ta ak-
TUYHMX NOJaY) HaBefeHi Ha puc. 2 A9 HaCTYNMHUX YMOB: pagiyc npu BepLUnHI pisus r =
1mmM; nogaya s, =const.

padikm cBigyaTh, WO (haKTUYHa nogaya Ha No4vaTKy 06pO6KM BKa3aHOT KPpUBONiHI -
HOT noBepxHi (Bif Toukn O, Ha puc. 1) CYTTEBO NepPeBULLYE 3afaHy nogady Ha 06epT S, (puc.
2a), BHAC/Mi10K 4Y0ro B L/ 30Hi i LIOPCTKICTb 06p06neH0T NoBepxHi R, (puc. 26) mae Haibi-
NbLUe 3HAYEHHS, SiKe Bi4NOBIAHO 3MEHLLIEHHIO (DaKTUYHOT nogadi nif Yac nogaibLioi 06po6Ku
TaKOX 3MEHLLYETbCS.
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Ha nigcraBi BCTAHOBNEHMX 3aKOHOMIPHOCTEN 3MiHM KiIHEMATUUYHMX KYTIB Y NnaHi nesa
IHCTPYMEHTY Ta (haKTMYHUX Mofay Mij Yac TOKapHOI 06PO6KM ONyKIMX KPUBONIHIMHMX MO-
BEPXOHb BM3HAYEHWIA XapaKTep 3MiHW LLUOPCTKOCTI 06p06/1eHOT NOBEpXHi B 3a/1EXHOCTI Bif
MOJIOXXEeHHS BEPLUVHY f1e3a Ha noBepxHi (Bif 6e3po3mipHOi KOOPAWHATK).

B pe3ynbTarti BUKOHAHUX AOCNIAKEHb BCTAHOB/EHI KiNbKICHI 3B A3KWN LUOPCTKOCTI 3
KyTamu y MnaHi fiesa iHCTPYMeHTY Ta (hakTUYHMMK nojadvamu, fKi CKnagaloTb MiAcTasy Ans
PO3p06KM METOAIB KepyBaHHS LLOPCTKICTHO Mif Yac 06PO6KN KPUBOAIHIHNX MOBEPXOHb.

Mepenik niTepatypu: 1. Cycnos A.I'. KauecTBo NOBEPXHOCTHOMO C/0sA fAeTasel Ma-
WwuH / A.l'. Cycnos. - M.: MawwuHocTpoeHune, 2000. - 320c. 2. KayecTBo MalumnH: CnpaBoy-
HUK. B 2 1. T.1 / A.l'. Cycnos, 3.4. bpayH, H.A. Butkesu4 v gp. - M.: MalnHoCTpoeHue,
1995. - 256¢. 3. Mapeukasa B.B. K Bornpocy aBToMaTun3aumy HarpasieHHOro (hopMmMpoBaHns
rnokasaTenen kayectsa feTanein / B.B. Mapeukas // BeCTHUK KOMMbIOTEPHBIX U MH(OPMALLY-
OHHbIX TexHonoruni. — 2008. — Ne 3. — C.29 — 34. 4. IsueHko T.I'. BusaHauyeHHs BNAMBY KiHe-
MaTUYHUX KYTIB Y NNaHi ne3a iHCTPYMEeHTA Ha LIOPCTKICTb KPUBONIHINHUX NoBepXoHb / T.T.
BueHko, K.O Koporsb // Monogas Hayka XXI Beka: CO0pHUK Hay4HbIX paboT MexayHapoa-
HOW Hay4HOW KoH(epeHummn. Kpamatopek: AMA, 2013. — C.80 -83.

YK 621.713 § 3
CUCTEMATU3ALSA 3HAHUIA O MAPKVPOBKE UYTYHOB V1 CTAJIE B
CUCTEME CTAHZAPTOB FOCT

Yoy HO., HuuyneHko T., BonyHayu W.-71., Toka A.
(TexHnyeckuin YHusepcuTeT Mongossl, r. KnwnHes, Pecnybnvka Mongosa)

Abstract: In the paper attempted to systematize the structures of iron and steel grade
designations in the system of the standards GOST in the image of European standards (EN
10027-1:2005).

CraHgapTu3aums MaTepyanos npecneayetT MHOXECTBO LieNei 1 cpeim HUX MOXKHO
OTMETUTb YCTPaHeHNe TEXHUYECKMUX NPenATCTBUN 419 MPON3BOACTBA Y TOPTrOBAN,
obecreyeHve B3aMM03aMeHSEMOCTM, TEXHUYECKON 1 MH(POPMALMOHHOW COBMECTUMOCTU
MaTepuasioB 1 U3AENNIA N3 HUX. 3HAHWSA O MaTepuanax, B TOM Y1C/e O MeTa/IIMYECKMX,
ABNAETCA BAXKHENLLE KOMMOHEHTON NOArOTOBKN MHXXEHEPHBIX KafpoB HEMETa/ITYPruyecKmx
cneuvanbHocTeit. MocKonbKy BpeMs Ha AUCLMNINHBI CBA3aHHbIE C MaTepUasioBeleHEM B
y4eOHbIX NniaHax orpaHMYeHo BaXkKHa crcTemaTunsaums MHopmaLmia, Tak 4Toobl
MeTa/IIMYeCcKne MaTepumasbl 6b1IM XOPOLLO Y3HaBaeMbI.

MapKunpoBKa 4YyryHosB c cucteme ctaHgapToB TOCT. [Ing MapKMPOBKN YyTryHOB
cuctema ctaHgaptos FOCT npegycmaTtprBaeT UCMO0/b30BaHUE aiiaBUTHO-LUPPOBBIX KOA0B
OTpaXKaroLme X XapakTepUCTUKIN NN UX XUMUYECKUIA cocTaB. CTPYKTypa 1 NopsagoK
(hopmMrpoBaHKA MapKUPOBKY NpeAcTaBeHbl B Tabmue 1.

IMprMepbl MapKMPOBOK YyTryHOB MO Xummnyeckomy coctasy: UH3XM/LL; UX2842; XKUHKO6CS.

MapK1poBKa YyryHoB JopMUpYyeTCa CreayroLmm o6pasom:

. HavMeHOBaHMe YyryHa:
» 1 ona MNepefensHoro YyryHa;
> J1 anst JINTENHOro YyryHa;
» Y ana YyryHa;
. 06LLas xapaKTepmncTnKa YyryHa 3anvMcaHHas:
> nocne 6ykssbl IN:
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v
v
v

v

Mo YyMO/IYaHUIO 415 YyryHa (NepeaenbHoro) nepepabarbiBaeMoro B CTaslb;
N pna NuteiiHoro (nepefenbHOro) YyryHa

@ ana docopucToro (nepeaensHOro) YyryHa;

BK ons uyryHa (nepegensHoro) Boicokoro KauecTsa,

» nocne 6yksbl J1:

v N0 YMOMYaHWNKO AN15 YyryHa (M TeinHoro) 06bIKHOBEHHOMO KavecTBa;
v' P ana PatyHMpoBaHHOrO (MM TEHOro) YyryHa;
Tabnuua 1. CTpyKTypa MapK1poBKKU YyryHoB B cucteme ctaHgapgos FOCT

UyryH

XapaKTepucTrKa

MapK1poBKa N0 XapaKTepucTHKam

nepelqeanbM g%%%g’lB%%i?r:g}gTaﬂa? 1,2 (‘-IVICﬂO - ﬂOpﬂAKO%bIVI_HOMep B
(M1, N2, NN1, nnz, M [ 71 (WTeiHbi) nopsgke ymeHbLueHns %Si)
Mol, N2, rnMe3s o -
MBKL, MBK2, MBK3) ® (chocthopuncTbin) 1, 2, 3 (4Mcno — NopsAKoBbIVi HOMEp B
' ’ BK (BbICOKOr0 KauecTBa) | NOpsfKe yMeHbLUeHUs %Si)
NATENHBIN (no ymonuanuto - 1...6 (4MCcNo — NOPSAKOBbLIN HOMEP B
%161, ]{I'Ipzi ”ﬁb§4j’19§” n 06bIYHOIr0 Ka4yecTBa) TOp;I,EI,Ke yMeHblLUeHVs %Si)

, ) , , o ...7 (4n1Cno — NOPAJKOBbIV HOMEp B
J1P4, NP5, J1P6, JIPT7) P (patpuHiApOBaHHLIN) nopﬂ,g,Ke ymeHbLu%H'Ell'/m %Si) P
(quo,cga'i'g" cuzo. | © nn (Mpeaen NPOYHOCTY Ha PaspbIB,

CU30, CU35) daN/mm’)

KOBKW nn-mm (npegen NPOYHOCTU Ha paspbl.,
(K430-6, KU50-5, | K faH/MM? 1 OTHOCUTENBHOE YA/IMHEHME,
K4Y65-3, K470-2) %)

BbICOKOMPOUHbIA | g | Y
(BY35, BY70, BY90) nn (npe,g,en MPOYHOCTY Ha pa3pblB,
C BEPMUKY/IAPHLIM Bl (BepMUKYNAPHbIVA faH/mMm?)
rpauTom rpagur)
N3HOCOCTONKMI B (BbICOKOMPOUYHbIiA) 1, 2 (NOpsiAKOBLIN HOMEP)
(AUB-1, AUC-1, A C (cepblif) 1...6 (MoOpsAAKOBbIA HOMEP)
AYK-1, AHK-2) K (KoBKWU#I) 1, 2 (NopsAKOBLIN HOMEP)
MapK1poBKa No X1MUYeCKOMY COCTaBy
(M3HOCOCTOMKME, KOPO3MOHHOCTOWKME, YXKapOornpoUHbIe, XapoCTOiKMe, MaJloMarHUTHbIe U Ap.)
nerm%gasggHbm EaEaEa (cepus nap: cMmBos
nervipyoLLero anemeHTa E n ero

BbICOKO Y b

NernpoBaHHbI coAepkarite 8 %). <
KAPOMPOUHBIA | 3K Ll (B KOHLE) - LIapoBUAHBINA rpaduT

XapaKTepUCTMKa YyryHa o6Lero HasHaueHus 3anucaHHas nepeg 6ykson Y:
» C anda Ceporo yyryHa (C niacTUH4YaTbIM rpautom);
> K ana Koskoro 4yryHa (C xnoneBuaHbIM rpautom);
> B ona BbICOKONPOYHOTO YyryHa (C WwapoBuAHbIM rpauTom);
> A ana AHTUQPUKLMOHHOIO YYryHa;
» K ans >KaponpoyHoro 4yryHa;
[OMO/IHNTENbHAA XapaKTepucTuKa:
» CTPYKTYpbl: BI™ and yyryHa ¢ BepmukynsipHoiM I'pacyTom;
» CTPYKTYPHOA OCHOBbI MpY BbIPaboTKe aHTUPUKLLMOHHOIO YyryHa:
v B AN BbICOKONPOYHOI0O (@H TUPPUKLMUOHHOIO) YYTYyHa;
v C ans Ceporo (aH TUPUKLIMOHHOI0) YyryHa;
v" K anst KoBkoro (aH TUPUKLMOHHOI0) YyryHa;
KONNYEeCTBEHHAsA XapaKTepucTmKa:
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» N —NOpALKOBbIA HOMEp B CTaHA4apTe AN YyryHOB:
v’ nepefensHoro: ans BolpaboTkm ctanm (M) n nanteliHoro (MJ1) - 1, 2; ¢ BbICOKMM
cogepxxaHvem gocgopa (MJ1P) n Boicokoro Kavectsa (MBK) - 1...3;
v' nuteliHoro (/1) - 1...6 n nauTeiHoro paguHmnposaHHoro (J1P) - 1...7;
v aHTUPUKLMOHHOTO: BbicoKonpo4yHoro (AB) n koekoro (AK) - 1, 2; ceporo
(AC) - 1...6;
> NN - npefen NPoYHOCTM Ha paspbiB (ABa YMCNOBLIX CUMBO/A) B gaH/MM? Ans
4yryHOB:
v' ceporo (C);
v" BbICOKOMPOYHOro (BY);
v’ C BEpPMUKYNsSpHbIM rpaduTtom (YBI);
> Nnn-mm - NpeAen NpoOYHOCTY Ha Pa3pbiB B gaH/MM? 1 OTHOCUTENbHOE YASIMHEHWE B
npoueHTax (Mo f4Ba YMCnoBbIX CUMBONA) A/19 KOBKMX YyryHoB (K);
> EaEaEa - XMMn4yecKuii cocTaB BbIPaXXEHHbI Cepuelt crpynnmpoBaHHax B napax
PYCCKMX CUMBOJIOB JIEFMPYIOLLMX 3/1EMEHTOB 1 UX COAEPXKaHWSA B MPOLeHTax Ans
4yryHOB:
v’ cnabonernpoBaHHbIX ¥ BbICOKOMErmMpoBaHHbIX (Y);
v/ KaponpouHbix (KY).

MapkupoBKa cTaneit ¢ cucteme ctaHgapTos TOCT. [ns MapKMpOBKM CTasei

cuctema ctaHgaptos FOCT npefycmartprBaeT UCMOo/b30BaHMe afihaBUTHO-LUGPOBLIX KOA0B
OTpaXaroLme X XapakTepUCTUKIN WU UX XUMUYECKUIA cocTaB. CTPYKTypa 1 NopsagoK
(hopmrpoBaHMA MapKUPOBKY NpeAcTaBeHbl B Tabnumue 2.

MapK1poBKa Mo xapak TepucTyKaM [enaeTcs 415 CTa/M KOHCTPYKLMOHHO

06bIKHOBEHHOI 0 KayecTBa U N5 CTPOUTENIbHOMN CTanu.
[ns cTanein KOHCTPYKLMOHHbIX 0O0bIKHOBEHHOIO KayecTBa MapKMpPOBKa BK/HOYAET:

NPUHAANEXXHOCTb CTaIM K O4HOIM 13 rpynn: A (N0 yMon4yaHuio 1 6yksa A He NULLIETCS),
B vnn B. Ctanu rpynnbl b BbipabaTbiBaloTCs B MapTeHOBCKUX nevax (M), no metoay
Beccemepa (B) u B KoHBepTepax (K). o HeoxoaumocT BMeCTO 6ykKBbl B nuLuyTcs
cootBeTcTBeHHO M, B nan K. Crtanm rpynnbl B BbipabaTbiBalOTCA B MapTEHOBCKMX
neyax (M) n B koHeepTepax (K). pot fi elaborate dupd metodele Marten (M) si in
convertizoare (K). Mo Heoxogmmoctn M nnun K nuwwytcs cpasy nocrne 6yksbl B.
CT ot cnosa CTa/lb KOHCTPYKLMOHHAsA 0ObIKHOBEHHOIO Ka4ecTBa;
0.6 - HOMep Mapku B CTaHAapTe B TOPALKE YBe/IMYEHUA MeXaHWYecKux
XapaKTepUCTHK;
CTeneHb PacKUCEHUS:

v/ CcN Ans CNOKONHOM CTanu

v’ NC ANs NoNycnoKonHom cTanu;

v\ KN NS KUNsLWei ctanm;

[lnsi CTPOUTENHBIX CTasnell MapKMPOBKa BKOYAET:

C o1 cnosa CTpouTenbHasa ctab;
nnn — npefen TeKy4ectT B H/mm?;
K ans BapuaHTa XMMU4YeCKOro coctasa (Mo CpaBHEHMIO C 6a30BbIM U NPY OANHAKOBbIX
npegenax TeKy4ecTn);
[ ons cTanu Cc BbICOKUM cogepxkaHnem meau ([, - cMMBOM Mean B ChjiaBax Ha OCHOBE
Xenesa);
LLI — sneKTpoLLNaKoBbI Nepensas.
MapKunpoBka cTaneii o XMMn4ecKomy cocTasy ([0NONHEHHAs CUMBOIAMI
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Ha3Haquvm) BK/TOYaET:

*  CMMBO/ Ha3HaYeHMs:
v' A anst ABTOMaTHOIA CTanu;
v" AC ana ABToMaTHO CBUHLOBACT O CTa/u;
v L gns noAWwmnHKOBOI CTanw;
v’ Y ana YrnepoaucTon MHCTPYMEHTaNbHOW CTanu;
Tabnmua 2. CTpyKTypa MapKMpOBKM CTaseil B cucTeme ctaHgapgos FOCT

CTanb XapakTepuctuka
OCHOBHasl | yTouHstowas
MapKmnpoBKa Nno Xxapak TepucTrkKam
1 2 3 4 5 6 7
KOHCTPYKLIMOHHas
0BbIKHOBEHHOTO A CT 0.6 | Km (knnswas) .
b (nopsagkoBbIv| Nc (NoycrnoKonHas)
CT zll(s:elgTCB'?ﬁ cn) B (Crane) Homep) cn (cnokoiiHas)
C nnn K (BapmaHT XMMNYEeCKoro L
CTpouTeNbHas (Cpou- (npegen | cocTaea) (aNEKTPOLLNAKOBbIiA
(C235, C345K, C590) TenbHas) Teﬁ)//“tjliﬂczgm, ﬂe(;;)lcome cofepxaHue nepenias)
MapKupoBKa Nno XMM1M4YeCcKoMy coCTaBy
KOHCTPYKLIMOHHas Kn ( A n
KayecTBEHHas U nn BbICOKO-
BbICOKOKaueCTBEHHas (cotble %C) (';'I(_:I KayectBe- | JluTeiHas
(10kn, 35, 45/1, 58A) Has)
EaEaEa A
KoﬂHeCrTMpyoK;ﬁ%g:aﬂ (cepusa nap: cumBson (BbICOKO-
(12XH3p30XHZB<D) NervpyroLLero anemeHTa E| kavectse-
’ 1 ero cogepxaxue B %) Has)
nn XaxEaEa
BbICOKO/IErMpoBaHHas (coTble %C) (cepwsa nap: cumBson n
Hep)KaBeroLLasn 1 NervpyroLLero aneveHTa E
XaponpoyHas 1 ero cogepxaHue B %, Ha
(12X13, 17X18H9) NepBovi NO3ULMN — XPOM
Xax)
MN3HOCOCTONKaA nn Ay Nnn
(110ri3n, 30X10ri10) (coTble %C)
NPYX1HHasA EaEaEa A
(65, 60C2XDA) (cepust nap: cMmMBoN  |(BbICOKOKAYeCTBEHHAS)
KpuoreHHas nn NervpyroLLero aneMeHTa
(10X14I 14H4T) (cotble %C) | E 1 ero cogepxaHue B %)
Tpy6Has

(45, 151°C, 12X8)

KOTNoBas
(18K, 12X1IM®)

nn
(coTble %C)

K (Kotnosas) umm
EaEaEa
(cepws nap: cumBson
NnervpytoLLero anemeHTa E
W ero cofepxaHue B %)

ABTOMaTHas
(A20, AC40,
AC38XI'M)

A

AC
(cBMHLLO-
BUCTAA)

nn
(cotble %C)

EaEaEa
(cepws nap: cumBon
NervpyoLLero anemeHTa E
1 ero cogepxaHue B
npoLeHTax)
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[MpogomkeHne Tabn. 2.

XaxEE
LLI (rnasHbI NervpytoLui
(noawmn- 3N1eMEHT XPOM 1 ero
HVII'S'OBaFI) cofiepXkaHune B AecaTbIX %
MOALLUMHUKOBAS Xay, CUMBO/IbI APYTYX
(LUX15, LUX20CT NervpyroLmnx 371eMeHTOB)
8X4BID2-LLI) XaxEaEa
nn (cepus nap: cUMBON - "
NErvipytoLLero anemeHTa o
(,qe(;: CT;b'e W ero CofiepykaHue B %, Ha (Sne'f_lTep%”;ﬁgg;)Bb'“
NepBOIA NO3MLMN — XPOM P
Xax)
yrnepogucras Yy (BbICAO .
WHCTPYMeHTaNbHas (yrnepo- nn EaEaEa KaUECTRE-
(¥9, Y11A, 8T A) pucTan) (pecsTble (cepua nap: CUMBOT Has)
nerupoBaHHas 9C)  |TETVIPYIOLUEro SnemenTa E
MHCTpYMeHTa/bHas W ero cogepxaxue B %)
(XBI', 3X2MH®)
PaMa®aKa
(cepus nap: cuMBON
6bl%lg%?\bl)§)g))éuaﬂ nn NervpytoLLero anemeHTa E
11P3A|\/|3cb’2) (pecaTble | V1 €ro cogepxaHve B % B
%C) nopaake W (P Bmecto B),
Mo (M), V (@), Co (K)

nn Ay NNn - 2 WAM 3 YMCNOBLIX CMMBOMA OTPAXKAIOLWMNX COAepXKaHue yriepofa B
COTbIX [A0NAX MNpouUeHTa WM B [JecATbIX [0ondaX npoueHTa  (MOALIMMHMKOBAS,
yrnepogucTas  MHCTPYMeHTalbHas,  erMpoBaHHas  MHCTPYMeHTalbHas U
ObICTpopeXKyLas crann);

cn, MC WK KN - CTeNeHb pacKMCNeHns (415 CTaiel KOHCTPYKUMOHHBIX KauyeCTBEHHbIX U

BbICOKOKa4YeCTBEHHbIX C coAepxxaHuem yrneposa meHee 0,2%);

K pgna KoTnosoii ctann (34ecb CUMBON CNELMPUUECKOro HazHauYeHUs MCnosb3yeTcs

BMECTO XapaKTepucTUKIN NernpoBaHuns);

EaEaEa - XMMWYeCKWIA COCTaB BbIPaXKEHHbIA Cepueli CrpynnupoBaHHax B Mapax

PYCCKMX CUMBOJIOB NErMPYIOLLUMX 3MEMEHTOB M WX CofepXaHusi B npoueHTax (B

JecATbIX LONAX NPOLEHTA 415 XpOMa B NMOALLUMMHUKOBbIX CTaINAX):

> B nopagke: xpom (X), mapraHey, ('), kpemHuin (C), Hukenb (H), monnbaeH (M),
TTaH (T) 1 ap. AN KOHCTPYKUMOHHbIX NEerMpoBaHHbIX M aBTOMAaTHbIX CTanel;

> BHadasie Xpom (X), 3aTeM Apyrve nernpyrowime 37emMeHTbl B MOPSAAKE YMEHbLUEHWS
COAEpPXaHus 4N BbICOKOMETNVPOBAHHbIX  HEPXKABEKOLLUMX,  >KApOMPOYHbIX,
KPUOTEHHbIX, TPYOHbIX, NOALIMMHUKOBbLIX CTaNEeN;

> B MNOPSAKE YMEHbLUEHWUS COAepXaHus AN cTafieid  NpPYy>KWUHHBIX,
NernpoBaHHbIX Ans TPy6 1 NerMpoBaHHbIX MHCTPYMEH T a/IbHbIX;

» B nopsagke: Bosbgpam (P BMecTo B - cumBonia Bo/b(paMa B CrjiaBax Ha OCHOBE
Xenesa), monmbgeH (M), BaHaguii (P), kobanbT (K) ans ObICTPOPEIKYLMX
VHCTPYMeHTaNbHbIX cTanei (PaMadaKa);

> B HECUCTEMATU3NPOBAHHOM MOpPsAAKe A4/ M3HOCOCT OVKUX CTanel;

A - CMMBO/ BbICOKOIO KayeCcTBa KOHCTPYKLUMOHHBIX CTasei;

N - nuTeitHas cTans;

KOTOBbIX,
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¢ LLI - eNeKTpOoLUNaKoBbIi Nepennas..

Cnucok nutepatypbl: 1. TOCT 28394-89. UyryH ¢ BepMUKYNAPHLIM rpaduToM Ans
oTAMBOK. Mapku. 2. TOCT 1412-85. UyryH ¢ nnactuHyatbim rpadmtom. Mapku. 3. TOCT
1215-79. OT/IMBKM M3 KOBKOrO 4yryHa. O6uue texHuyeckue ycnosud. 4. FOCT 7293-85.
UyryH ¢ wapoBmaHbIM rpadutomM. Mapku. 5. FOCT 1585-85. YyryH aHTU(PUKLNOHHBIA ANs
otmBoK. Mapku. 6. FOCT 4832-95. UyryH nuTeiHblA. TexHuyeckune ycnosus. 7. FTOCT
805-95. UyryH nepegenbHblil. TexHuyeckme ycnosusa. 8. TOCT 7769-82. UyryH
NernpoBaHHbIiA AN OT/IMBOK CO cneumanbHbiMK cBoicTBamn. Mapku. 9. TOCT 380-2005.
Cranb yrnepoguctas 006blkHOBeHHOro KadvectBa. Mapku. 10. TOCT 1050-88. [lMpokat
COPTOBbIA, Ka/MOPOBaHHbIN, CO CreLuanbHON OTAENKON MOBEPXHOCTU W3 YrNepogUCTON
KayeCcTBEHHO cTann. Obuwme TexHnyeckme ycnosus. 11. FOCT 977-88. OTNMBKM CTa/lbHbIE.
O6wue TexHuuecknk TpebosaHusd. 12. TOCT 4543-88. TlpokaT w3 /IerMpPOBaHHOM
KOHCTPYKUMOHHON  cTann. TexHudeckme ycnoBusi. 13. TOCT 5632-72. Cramm
BbICOKO/IErMPOBaHHbIE W CM1aBbl KOPPO3MOHHO-CTONKMNE, XXapOCTOMKME W >KApOMpPOYHbIE.
Mapkn. 14. TOCT 1414-75. T[lpokaT U3 KOHCTPYKUMOHHOW CTann MOBbILLIEHHON
obpabaTbiBaeMoCTN pesaHueM. TexHuueckue ycnosus. 15. TOCT 14959-79. lMpokaT w3
PECCOPHO-MNPYXXMHHOW YrNepoanCTOil U NerMpoBaHHON CTann. TexHuuyeckne ycnosus. 16.
FOCT 801-78. Ctanb nofwmnHukoBas. TexHuyeckne ycnosus. 17. FTOCT 5520-79. Npokat
NINCTOBON M3 YrNepoaUcTOin HU3KOMErMpPOBaHHOW M NErvpoBaHHON CTain ANA KOT/IOB U
CoCcyfo0B, paboTatowmx nog, AasneHvem. TexHudeckume ycnosus. 18. FTOCT 9941-81. Tpyo6bl
OEeCLUOBHbIE  XOMOAHO- W TennoAe)OpMUPOBaHHbIE U3  KOPPO3MOHHO-CTOMKOM  CTanu.
TexHuyeckme ycnosms. 19. TOCT 1435-99. MpyTKK, NONOCHI U MOTKN U3 MHCTPYMEHTa/IbHOA
HenernpoBaHHoi cTann. 20. FOCT 5950-2000. MpyTKM NONOCbI U MOTKMA U3 UHCTPYMEH-
TaNbHOW nernposaHHoi ctanu. 21. FTOCT 19265-73. MpyTKy 1 NOMOChI U3 GbICTPOPEXYLLEN
ctann. TexHuyeckme ycnosus. 22. FTOCT 20072-74. CTanb TennoycTonumeas. TeXHUYecKue
ycnosus. 23. TOCT 27772-88. MpokaT Ans CTPOUTENbHBIX CTa/lbHbIX KOHCTPYKLUMA. ObLyme
TEXHUYECKNME YCN0BUS.

YK 621.01(06)
TEXHOJIOT’MYECKOE OBECMNEYEHVE MOBbLILLUEHWA CBOVCTB
BHYTPEHHWX LLWANHAPNYECKUMX MOBEPXHOCTEW (BLIM) U3OE/INA HA
BA3E MHEBMOCTPYVHOW OBPABEOTKU

LLerko E.A., Ctenbmax [.4. (Kacbegpa 3T/, JoHHTY, r.[loHeuK, YKpavHa)

BbINnonHeHHbI aHaM3 ocobeHHOCTeN akcnnyatauum BLIM n3gennii nossonun ycra-
HOBUTb CNefytoLLee.

Mpw akcnnyaTauuy BLIM n3genns B CONPSHXEHUM C 3/1EMEHTOM B YCNOBUAX AeNCTBUSA
Harpyskn P 1 Hainumsa BpalleHus N 1 0CeBOro nepemeLleHns V BO3MOXHbI TP OCHOBHbIX
cny4ast pacnpeaeneHns yaenbHOM Harpy3kmn (KOHTaKTHbIX HarpsXXeHWiA).

MepBbIil Cnyyail MOXKET BO3HMKATb TOrAa, Korga OTCYTCTBYET Mepekoc MPOoA0sbHbIX
ocein BLLI n conpsbkeHHOro anemeHTa npu @ =0 (MaeanbHbI cnyyait). Mpu gaHHOM pacno-
NOXEHWUW 3/1EMEHTOB OTCYTCTBYET KPOMOUYHbI KOHTaKT, a No obpasytoLein BLIM pagHOMep-
HO [IeACTBYET MaKCManbHas yaenbHas Harpyska g Ha gamHe | mexay Toukamm ab Bene-

CTBUE AeiicTBMA Harpysku P . 31eck, MOXHO OTMETUTb, UTO MO HanpasnstoLlein BLIM gelicT-
BYyeT HepaBHOMEPHas Harpyska, KOTOPYH MOXXHO OnpefesnisiTb B COOTBETCTBMUN C KOHTAKTHbI-
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Mn 3agadamu ['epua nnu LTaepmaHa. Mpy HaMumMn BpaLLleHUa N 1 0CEBOr0 nepemMeLLeHus
BLIM n3genvs v anemeHTa B OTHOCUTE/IbHOM [BUXEHWW V BO3HWUKAET PaBHOMEPHbIA U3HOC
MOBEPXHOCTENA.

BTopoli cnydvain B3aMMOAENCTBUS 31EMEHTOB BO3MOXKEH MPY MOSIOXUTENIbHOM nepe-
Koce NpOfo/ibHbIX 0ceil @ >0. MNpu JaHHOM B3aMMOZENCTBMU 3/1IEMEHTOB, Y NPaBoro Topua
n3genns Ha BLIM BO3HMKaeT KPOMOUHbIA KOHTAKT. o AeACTBMEM YNPYIUX U NNACTUHECKNX
AethopMmaLii KOHTaKTHas 30Ha pacrnpocTpaHseTcs Ha BennuuHy |, no ob6pasytolein BLIM

MeXay Toukamu a,b, . B aToM cnyyae felicTByeT MakCUManbHas yaenbHas Harpyska p,....- B

3TUX YCMOBWSIX BpalleHMe N W 0ceBble NepeMeLLeHns V 3N1eMeHTOB NPUBOASAT K HepaBHO-
MePHOMY M3HOCY NOBEPXHOCTENA.

TpeTuii cnyyaii B3aMMOAeNCTBUS 31EMEHTOB NMPOUCXOANT B YCNOBKSX OTPULATEIbHO-
ro rnepekoca NpofosibHbIX ocell @ < 0. MNpu AaHHOM B3aWMOAEWCTBIN 3/1EMEHTOB, Y IEBOTO
Topua m3aenus Ha BLIM BO3HMKAET KPOMOYHbIA KOHTaKT. IMof Ae/CTBMEM YNpyrux v nna-

CTUYECKMX [lethopMaLinii KOHTAKTHasA 30Ha PacnpoCTPaHseTcs Ha BennuuHy | o Mo obpasyto-
wein BLM mexay Toukamun a,b,. B sTom cnydae AencTByeT MakCMManbHas yhenbHas Ha-
FPY3Ka P - B 9TUX YCNOBUAX BpallleHe N 1 oceBble NepemeLleHns V 371eMeHTOB NpUBo-

JAT TakXKe K HepaBHOMePHOMY M3HOCY MOBEPXHOCTEN.

Ha npakTunke, pacCMOTPEHHbIE TPX CyYas MOryT 00befUHATLCA, YTO NPUBOAUT K He-
paBHOMEPHOMY M3HOCY U paspyLueHnto BLIM nsgenna. 1o 06ycnoBneHo KpaesbiMU apdek-
Tamu akcnnyatauum BLIM n3genns.

[N noBblWeHnst 3KCnnyaTauMoHHbIX BO3MOXHOCTei BLIIM m3genns Heobxoanmo
npegycMaTpyBaTb pas/fiMyHble MeponpuaTUs no obecrnevyeHno HeO6XOAMMBIX CBOWCTB M3fe-
NUIA.

Llenbto faHHOM paboThl ABNSETCA NOBbILeHWe KadyecTBa BLIM n3genns TexHonorunye-
CKUMW MEeTOAaMu B 3aBMCUMOCTU OT OCOGEHHOCTEN 3Kcnsyataumu. B coOTBETCTBUM C MO-
CTaB/IEHHOM Lie/blo B paboTe onpefeneHbl crefytolime 3agaqn: NpesioxknTs BapuaHTbl 06ec-
neyeHns CBOMCTB No Kpasm BLIM, nposecTn mccnenosa-
HMA No o6ecrnevyeHnto nepeMeHHbIX CBOWCTB BLIM n3ge-
NWIA, BbINONHWUTL UCCNEA0BaHWS NapameTpoB LUepoXoBa-
TocTV BLIM. 3Tn 3agaun peluatoTcs B JaHHOR paborTe.

1, & Ha puc. 1 npeactaBneHbl OCHOBHblE BapWaHTbI
cXxem obecreyeHns cBOMCTB No kpasm BLIM n3penus:

1 — obecrieyeHne 3aKpyrieHns KPOMOK pagnycom

r,
2 — obecneyeHne NOCTOSAHHbLIX CBOMCTB MO Kpasm
BLLM Ha 6a3e neckocTpyiHoi 06paboTKM No AnnHe obpa-
3yloLelt Ha BeninunHy ab, n a,h,,
3 - obecneyeHue nepeMeHHbIX CBOWCTB MO Kpasm
BLM Ha BenimumnHy ab, n a,b,,
4 — obecrneyeHne 3aKpyrieHns KPpomok I u no-
C#const| CTOSIHHbIX CBOMCTB Mo Kpasm BLIM BennuunHy ab, n a,b,,
5 - obecneyeHne 3aKpyrieHNs KPOMOK I 1 nepe-
Puc. 1. OCHOBHbIE BAPUAHTBl  yvappix cBoiicTB N0 Kpasm BLIM Ha BennunHy ab, u

CXeM 06ecrneyYeHns CBOMCTB . o
a,b,, a TaKxKe NOCTOAHHbLIX CBOMCTB Ha paboyeii no
no kpaam BUIT n3genusa

) — — —
Jakpyrienne C=const C#const C=const
KPOMOK
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Puc. 2. YcTaHOBKa AN MHEBMOCTPYINHOR 06-
paboTku BLM n3gennii

Puc. 3. O6wuii Bug nsgenwii ¢ BLM

BepxHocTn BLM n3genua Ha sennuunny (1 -1, -1,).

B gaHHO paboTe BbINOMHEHbI CNeayHoLLMe UCCe0BaHNS:

- M0 OnpefeneHnio MUKPOTBEPAOCTM M MapaMeTpoB LLEPOXOBATOCTW MOBEPXHOCTU
BLLM n3genuii nocne NHeBMOCTPYAHOW 06paboTKM C MOCTOAHHBLIMW TEXHOMIOTMYECKUMU BO3-

Puc. 4. NoBepxHOCTb
n3Lennsa nocne nHes-
MOCTPYWHOIA 06pa-
60TKK: a — 06paboTKa
1c; 6 — 0bpaboTKa 3
C; B— 06paboTka 10
c; r —obpabotka 20 c;
4 — 06paboTka 60 ¢
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AEACTBUAMM,

- M0 OnpefeneHnto MMUKPOTBEPAO-
CTM W napameTpoB LlepoxoBaTtocTy BLIT
M34ennin  nocne MHeBMOCTPYRHON 0b6pa-
OOTKM C NepeMeHHbIMU TEXHOOrMYECKU-
MW BO3AENCTBUAMM.

MHeBMOCTpYiHas 06paboTka BLIM
N30ennii BbIMOMHANACL Ha ChelnanbHON
MecKoCTpyliHol YycTaHoBke. Ha puc. 2
MpescTaBfeHa YCTaHOBKA AN1s MHEBMOCT-
pyiiHoli 06paboTku BLIIM n3genwii.

MHeBMOCTpYiHas obpaboTka BLIM
U3nennii BbINOHSANACh CTPYei CXKaTtoro
BO34yXa, MOLaBaemMoro u3 pecusepa npw
flaBieHm Q =6 aTtMm., C B3BeLUeHHbIMU B

HeM yYacTuuamy rnecka (3epHa MecHYMHOK
KBapLa 1 nosesbIxX LWnaros pasmepamu 0,1
... 0,5 Mm) Ha obpabaTbiBaeMyto NoBepx-
HOCTb.

Ha puc. 3 npeactasneH o6wuii BUA
npenuii ¢ BUIM. 3T usgenus asnstoTcs
HanpaeNSOWMMK 4NA KONOHOK BbIPYOHbIX
wramnos. [Mpu 3Kcnayatauum uM3genuii
M3-3a Harpy)>eHHoCTW LTamna Mnpoucxo-
ANT MEepekoc BepxXHel MOMOBUHbI LWTammna
OTHOCUTE/IbHO HWKHEW MOMOBWHbI, Ha-
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npaBnAIoLLMe BTYNIKN, OPUEHTUPYIOT 060U NONOBUHBI BbIPYOHOIO LWTaMna 1 NpeAoTBpaLLaoT
nx cmewleHve. Mpu paboTe BbIPYOHOrO LUTaMMa 13-3a NepekocoB 3/IEMEHTOB OKOJ/I0 TOPLLOB
BLLIM BO3HMKAIOT KPOMOYHbIE KOHTaKTbl, KOTOPblE MPUBOAAT K M3HOCY [aHHbLIX Hamnpassto-
LMX BTY/OK, YTO B PSIE C/yYaeB BbI3bIBAOT aBapUAHYO CUTYaLMIO.

[N yMeHbLUEHNSA N3HALIMBAHWNA HaMpaBsaoWMX BTYI0K HE0OX0AMMO LOMO/HUTE b-
HO BbIMO/IHATL NPeBapuTe/bHbIA HaKen NnoBepxHoOCTel y Topuos BLIM nocpeactsoM npu-
MEHEHWNA MHEBMOCTPYHOM 06pabOTKM MOBEPXHOCTEN C Aa/lbHEALIMM BbINOHEHNEM KOM-
nnekca KOMGMHMPOBaHHOM OTAE/I04HON 06PabOTKN U3aENNIA.

Ha pwvc. 4 npefcTaBneHbl 06pasLbl CBUAETENN, U3rOTOB/EHHbIE M3 CTaM 18X2HAMA.
Ha aTux obpasuax cBUAETENAX BbIMOMHEHbI Creaytolme Buabl 06paboTku: puc. 4,a — CTy-
neHyatas 06paboTKa 30H NOBEPXHOCTW C M3MEHSIIOLLENCA AUTENbHOCTBIO TEXHOMOMMYECKNX
BO34eMCTBUIA CTPYM Mecka No 30HaMm No A/iMHe obpasua, puc. 4,6 — HenpepbiBHasi 06paboTKa
MOBEPXHOCTW C U3MEHAOLLENCA AMTENbHOCTBIO TEXHOMOMMYECKMX BO3AENCTBUIA CTPYM nec-
Ka Ha MoBePXHOCTM NO AnMHe obpasLia.

[na n3yyeHns 0CO6eHHOCTEN U 3aKOHOMEPHOCTEN M3MEHEHWS NapaMeTpoB MOBEPX-
HOCTHOro cnos BLIIM n3genuns nocne NHeBMOCTPYIMHOM 06paboTKM BbINOMHEHbLI ClegytoLiue
nccnefoBaHuA:

- 1UCCnefoBaHns COCTOAHUA noBepxHocTn BLIM (puc. 4) Ha 6onbliomM MeTannorpagu-
yeckoM Mukpockone NEOPHOT-2 B 3aBUCMMOCTU OT ANNTENbHOCTM MHEBMOCTPYIAHON 06-
paboTKM NOBEPXHOCTM 06pa3La;

- UCCNefoBaHNsA napaMeTpOB LLIEPOXOBATOCTY noBepxHocTu BLM Ha npodwmnorpade-
npognIoOMeTpe B 3aBUCUMOCTU OT A/INTENILHOCTI MHEBMOCTPYMHON 06paboTKM NOBEPXHOCTY
obpasua;

- nccnefoBaHMa MUKPOTBEPAOCTI NMOBEPXHOCTHOro cnos BLIM Ha MuKpoTBepaomepe
MMT-3 B 3aBUCMMOCTU OT AANTENbHOCTU NMHEBMOCTPYIHON 06paboTKN NOBEPXHOCTN 06pas-
La;

- uccnefoBaHe 0COGEHHOCTE M3MeHeHUs paguyca Kpomku BLIM I oT BpemeHu
MECKOCTPYWHOI 06paboTkn T .

Ha puc. 4 npefctasneHa NoBepxHOCTb n3genns u3 ctaim 18X2H4MA nocne necko-
CTpyViHOI 06paboTKM ¢ yBenmuyeHnem x100 pas, npeasapuTenbHas 06paboTka — NoaMpoBa-
Hue R, =0,06 MKM. 3aecb nokasaHo: puc. 4,a — obpaboTtka 1 c; puc. 4,6 — obpaboTka 3 c;

puc. 4,8 — obpaboTka 10 c; puc. 4,r — obpaboTka 20 c; puc. 4,4 — 06paboTka 60 c.

[aHHble nccnefoBaHWs BbINOMHANNCL Ha CNeLmaibHO MOAEPHU3NPOBaHHOM 60/1bLLIOM
meTannorpagpuyeckom mukpockorie NEOPHON-2. Ha MuKpockone BbiNo/HeHa MOAepHU3a-
LMS 3@ CYET YCTAHOBKW CMeLnanbHOro LMQPoBOro NpUeEMHMKa 13006paXkeHns NoACOeANHEH-
HOro K KOMMbIOTEPY. STOT MUKPOCKOM MO3BOJISAET NOy4aTh yBenndeHune go %2000 pas.

BbINnosHeHHas MofepHM3aUna MUKPOCKONa No3BosIfeT MPOBOANTL NCCIEA0BAHNSA CO-
CTOSIHWSA NOBEPXHOCTU MOC/Ee Pas/INyHbIX BULOB KOMOVHMPOBAHHOW OTAEI04HON 06paboTKK
BLM n3genuin. VccnenoBaHns COCTOSAHWS MOBEPXHOCTU BbINOHANNCH O HAHECEHWS NMOKPbI-
TS, NOCNe HaHECEHWS MOKPbITUA 1N MOBEPXHOCTU C BaKyYMHbIM NOHHO-MMa3MeHHbIM MOKPbI-
TUEM.

MOXXHO OTMeTUTb, YTO B NPOLLECCE UCCef0BaHNS NOBEPXHOCTN U3LAENNI C N3MEHSHO-
LWMMUCA CBOMCTBAMM BbIMOSHANIOCH M3yYeHWe MapamMeTpoB LLIEPOXOBATOCTU MOBEPXHOCTUN Y
MUKPOTBEPAOCTb B 3aBUCUMOCTU OT BPEMEHU TEXHOIOMMYECKNX BO3MENCTBUIA CTPYW Mecka.
O6paboTKa BbINOMHEHA Ha YCTaHOBKE A1 MHEBMOCTPYMHON 06paboTku BLIM n3genuin (puc.
2).
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3aBMCMMOCTb NapaMeTpoB LLIEPOXOBATOCTU R, OT BpeMeHN TeXHOMOrMYecKMX BO3-
[EeNCTBUN MHEBMOCTPYIMHOW YCTAHOBKM (MCXOLHAas LLepPOX0BATOCTb MONAMPOBaHHbIX 06pas3-
uos-ceugetenen R, =0,06...0,08 mkm. Ha puc. 5 npefcrasneHsl cregyrowme rpagukmn: 1 —

ans ctanm 18X2HAMA, 2 — pns ctanm 45 (3akaneHHast), 3 — AN ObICTpopexyLlen cTanm
P6M5. NcxoaHas (cpeaHss) MMKPOTBEPAOCTb MOIMPOBAHHON MOBEPXHOCTY 06Pa3LoB:

R, 1. Anga ctanm 18X2H4AMA (omxur 890 ...

MKM 910 °C, oxnaxaeHue C neyblo) — CpeaHsAS MUK-
poTBepaocTtb 0,42 Ma.

0,20 2. Anga ctanm 45 (3akanka 850 °C, Boja,

otnyck 550 °C) — cpefHAs MuKpoTeepgocTs 0,64

Ma.
X
0,15 Q ¥ 3. [inq cTann P6M5K5 (3akanka 1230 °C,
Mac/no, 0TNycK 2-X KpaTHblii 550 °C no 1 vacy) —

/i/‘ CPeAHsAs MUKPOTBEpAocTb 8,35 M.

0,10 BbinosHeHHbIE McCneaoBaHNs MOKasaw,
4TO MUKPOTBEPAOCTb 06pasLioB, 06paboTaHHbIX
C MOMOLLBIO MHEBMOCTPYWHOM YCTaHOBKM, MO-

0 5 10 15 20 T.c KET M3MeHATbCA Ha 25 — 30 %.
PUC. 5. 3aBUCMMOCTb LLIEPOXOBATOCTM Takum 06pa3oM, NpoBefieHHbIe Kccneso-

BaHNA MOKa3bIiBalOT, YTO C NMOMOLLbHO TEXHO/0-

noeepxHocTn R, OT BpemeHu nHeBMo- o o
TMYECKNX BO3LENCTBUIA MOXHO BbIMOMHATL Ne-

CTpyitHoM 06paboTkyn T : 1~ cTasib pemMeHHble CBOICTBA (YHKLMOHANbHBIX 37eMeH-
18X2HAMA, 2 — cTanb 45, 3 - BbICTPO- 10 BLM B 3aBMCMMOCTV OT OCOBEHHOCTEN MX
pexyuaa ctasb PEMSKS akcnnyatauuu. [ns n3yvyeHus BAMAHWUS NHEBMO-

CTpyViHOM 00paboTKM Ha napaMeTpbl KayecTsa
BLM n3gennii npoBefeHbl UCCNef0BaHUA MO U3YHEHUIO COCTOAHMS NoBepxXHOCTM BLIM B 3a-
BUCUMOCTW OT A/IMTENIbHOCTU MHEBMOCTPYIMHOW 06paboTKM NMOBEPXHOCTM 06pasua, U3MeHe-
HWS NapameTpoB LLEPOX0BATOCTU U MUKPOTBEPAOCTW NoBepxHoCTH BLITT.

Cnucok nutepatypsbl: 1. PbkoB 3.B. KnumeHko C.A., IN'yyaneHko O.I". TexHonoru-
yeckoe obecneyeHne KayecTBa AeTaneli ¢ NokpbITuamn. — Kues: HaykoBa gymka, 1994, — 180
c. 2. Muxainnoea E.A., Muxainnos B.A. K Borpocy HaHeCeHWs BaKyyMHbIX WOHHO-
M1a3MeHHbIX MOKPbITUA Ha BHYTPEHHWE MOBEPXHOCTU U3LeNA  MalMHOCTPOoeHus [/
MporpecuBHi TEXHOMONIT i CUCTEMU MaLLMHOOYLYBaHHA: MiXKHapOAHWIA 36. HayKOBMX Npaulb.
— [oHeubk: JoHHTY, 2005. Bun. 30. C. 157-164. 3. Muxaiitnosa E.A. OCo6eHHOCTM HaHe-
CeHMs1 BaKyyMHbIX WMOHHO-NMA3MEHHbIX MOKPLITUA Ha BHYTPEHHWE MOBEPXHOCTU W3AENWi
MaLUMHOCTPOEHUS. // YNPOYHSIOLLME TEXHONOTNN U NOKPLITUA. — M.: MawmHocTpoeHmne. No4.
2006. C. 32 - 35.
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