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TEOPETUMECKHWE OCHOBBI CO3JAHUS
MHOT'OYPOBHEBOM ACY TII HIPOKATHOI'O CTAHA

Laanuyk E.A. (Jonl VOT um. M. Tyzan-Bapanoscxozo, 2. [Joneux, Yxpauna)

There are of substantive provisions of adaptive multilevel model of such techni-
cal system. There is an multilevel automatically control system operation algo-
rithm with adaptive capabilities of a technical system "a rolling cage”.
ABTOMaTU3HPOBAHHAK CHCTEMa YIIPABICHUS TEXHONOTHYECKHM IPOLEC-
com (ACY TIT) TexHuuecKoi cucTeMsl “IPOKATHBIN cTan” — MHTErpHpOBaHHAs
TEXHOIIOrWYECKas Cpefla Ul BHIPabOTKH M peatn3allvy YNPaBIsioUEro Bo3Aeii-
CTBHS Ha NMPOKAThIBAEMBIHM MeTasul (OnepaHj A HaHHOH TeXIHYecKold cHeTe-
MBI) B COOTBETCTBHH C IPHHATHIMU KPUTEPHAME ynpasnennd [1]. B obmem Bu-
me, 3zapaya ACY TII cBomgutes « HENOCPSACTECHHOMY aBTOMATHYECKOMY

YIIPaBIIeHHIO COCTOSHHEM onepasaa O B YCIOBHAX BO3ACHCTBUS BHELUMHX F 1

BHYTpeHHHX U BO3MYIIAIOMMX HAKTOPOB ¢ LETbio 0Gecreyenns Ha BCeX YTanax
TEXHOAOI'HYECKOI'O IpoLecca NpOKaTKH OAHO3HAYHOCTH KOHEeYHEIX TIapaMeTpoR
COCTOAHMA TEXMHWYECKOH CHCTEMBb! “IIPOKATHBIN cran” Y npu 3alaHHBIX KOH-
KPETHBIX BXO/IHEIX TapameTpax X.

Texuuueckas cucrema “npoxarneii cras” Iipejcrapiser cobow Mro-
YPOBHEBYIO TEXHHYECKYIO CHCTEMY NepeMeIHol cTpykTyps! [2]:

1. Ha sneMeHTapHOM ypOBHE ee MOXHO paccMaTpuBathk B BUAS OTIEHb-
HOH IIPOKATHOM KITETH, 3NEMEHTHI KOTOPOH B HCXOAHOM COCTOSHHUK DPA30MKHYTEI
M MTHOBEHHO 3aMBIKAKTCS B IIPOIIECCE BBINONHEHUA TEXHOJJIOTHYECKOrO mnpo-
Lecca NpoKaTKu;

2. Ha obweM ypoBHE ce MOXKHO paccMaTpHBaTh Kak COBOKYITHOCTE PO~
KaTHBIX KileTeH (YuCio ux He menee ), KOTOpele PYHKIHOHAILHO CBA3AHEI Me-
KAy CODOH CBS3IMU PUIHYECKOIO XapaKTepa.

B s1oM cnyyae, 3anasa ACY TIT (puc. 1) ceojmres x HENIOCPEACTBCHHO-

My aBTOMATHYCCKOMY yNPaBNCHUIO COCTOSHUEM oniepania O B YCIOBUSX BO3-
ACHCTBHMS COOTBETCTBEHHO OOGLUMX M 3EMEeHTAPHBIX BHOIHUX E", F,-i W BHYT-

n 1
pernux UF, U; posmymaroumx GakTopos ¢ Lensio obecreyenus Ha RCex 3Ta-
712X TEXHONOTHYECKOr0 MpOLEecca MPOKaTKU OJAHO3HAYHOCTH KOHEYHBIX TMapa-

METPOB COCTOAHHA TEXHHHYECKOH CHCTeMbl “mpoKarusii cran” Y77, ¥} mpu 3a-

/IAHHBIX KOHKPCTHBIX BXOAHEIX HapaMerpax X1, X ,' ]
Hsmenenne coctogaus 060b61eHHOrO OTiepaHa TEXHHYECKOH CHCTEeMBI
. o
NpOKaTHLIH cran” B Jipolecce HETIOCPC/CTBEHHOTO aBTOMaTHYECKOTO YIIpas-

JICHHA MOXET OBITh ONMCAHO B COOTBETCTBUHM C GYHKIMOHANBHON 3aBHCUMO-
cThi0 [3]:



Puc. 1. @yuknuoHansras CTpyKrypa muEoroyposHepolh ACY TII texuu-
“EeCKOH CHCTeMB! “TPOKATHEIHN cTan”.

0} =F("E!) )
rae F — obobmeHHas QyHKIMA H3MeHEHNA COCTOSHMA ONepaHa;
”E} — onucanue npeobpazoBaHMs W3MEHEHHA COCTOAHMS ONepaHia B CO-
OTBETCTBHH C YPOEHEM YIPaBIsIOUero Bo3eiicTeus;
# — YPOBCHb YNPABJAOILETO BO3ASHCTBUS;
j =1 — KonudecTso npeobpa3opaHuii;
i>] — cocTosiHKe ONepaHia B IPoLEcce Npeobpa3oBaHus.
Tl onucanus UIMEHEHUs COCTOsnHUS onepanaa () TEeXHHYecKod cHe-
Templ “NPOKaTHRIM cTaw” B mpollecce HEMOCPEACTBEHHOIO aBTOMATHYECKOrO

" -
i
ylpaBJeHust JIOCTATOUHO UCTIONE30BATH € (j>1) oTHOCUTENBHBIX KOOPAMHAT.
1
Uetko onpelesnenioe ONUcaHie H3MeHeHus coctostus onepanaa (1) B cootr-
BETCTBHM C TeopeMoit Puuapsicona a4 rpadudeckux BecoMbix Mopesneit [1,3],

"o
[I03BOJIACT JaTh alalTHPOBAHHOE OIHCanue HpEOGPaBOBaHHﬁ Ej H3MEHEHHA

COCTOSIHMSL OnepaHia O:;. C YYCTOM YPOBHA BO3MYMIAIOILMX BHYTPEHHErO H
BHELHCIO BO3JeHCTBHH 1 1MonyuuTs 00001IeHHYI0 MHOTOYPOBHERYIO afanTHB-
HYIO Mozens obuiero ciyuas GyHKUHOHUPOBaHKS TeXHHYeCKOH cHeTeMmsl “npo-
Karnwlii cran” (2).
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C ygerom (2) momydeHa cTpykTypHast cXeMa MHoroyposHesolt ACY TII
HE[OCPENCTBEHHOIO aBTOMATHYECKOro YNPapjeHus TeXHHYECKOH CHCTEMBI
“HpOoKaTHBIM CTaH’ ¢ BO3MOMKHOCTBIO CaMOaJaNTallii K KOHKPETHOMY COCTOS-

HMIO OIepaHpa 0; B 00uIeM Cllydace TeXHOJOTHYECKOI0 IpoLecca NPOKaTKH

(puc. 2). 3apava dyukuuonuporanus maoroyposreroit ACY TII B dopmanuzo-
BaHHOM BUJIE CBOJIUTCH K HEMOCPENCTBEHHOMY asTOMaTHUECKOMY YTIPaBIeHHIO
TEXHONOTHYECKHM [IPOLECCOM NPOKAaTKH B COOTBETCTBMHM C YPOBHeM YIpaB-
TIEOIIETO BO3REHCTRHA:

1. Ha sneMenTapHOM ypoBHe ()11 KOHKPCTHEIX YCIOBUHE OTACNBHOM NIPOKaTHOH

KJIETH) APY BBINOAHEHHH NpeobpasoBaHus BO3JICHCTBHS BHEIIHETO IEI', OTTH-
1y 1
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1
COCTOAHHA TPOKATBIBAEMOI'0 METala A, OIHCBIBACMOr0 OTHOCHTCALIILIMU

YOPaBNeHns Ha eleMEHTapHOM YpPOBHE CBOAUTCS K BLITOJIHCHHIO Ipeobpa3opa-

HYH aJaliTHBHOTO MOASTHPOBAHKS COCTOAHMUS NIPOKATHIBAEMOT0 METaIA B DTOH
by I, 1
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Puc. 2. Crpyxryphas cxema Meoroyposnesoit ACY TII Henocpeactset-
HOTO ABTOMATHYECKOTO YIIPABIEHHS TEXHUYECKOH CHCTCMBI “IPOKATHbIH cran”.

2. Ha oBuiem ypoeHe (Juist KOHKPETHRIX YCHOBHH IPOKATHOrO CTala B Le-
710M) TIPH BBIMIOJTHEHUH npeoBpa3oraHus BO3UEHCTBHS BHEUIHETO "E;, onuchbl-
n ‘ n ! \I
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BAEMOTI0 OTHOCHTEAbHBIMH KOOpAMHATAMH
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"Eé , OMHCBIBAECMOro OTHOCHTCIIBHEIMYA KOOpAHHAaTaMH

MYIIEHHH C [ebio 0BCCHeYeHU Ha BCEX STanax TeXHONOTHYECKOro npoiecca
TPOKaTKH B NpOKaTHOM CTaHC OJHO3HAYHOCTH KOHEYHBIX NMapaMeTpoB COCTOg-
HHSA TIPOKATBIBAEMOT0 MeTalna "4, ONMHUCHIBAEMOTO OTHOCHTENBHEIMMA KOOPIH-~
uatamu ("a;"@a;), W CaMOro mpoKaTHOro crana "M , ONHCHIBAEMOrO OTHOCH-

TeJbHBIMH KoopAuHaTamu ("my "m;). Tlpolecc Hemocpe/ICTBEHHOrO YIIpas-

neHus Ha o0leM YPOBHE CBOJAMTCA K BEIIOMHEHHIO peobpasoBanuil aganTHe-

HOIr0 MOJIENIMPOBAHMS COCTOAHMA MPOKATHIBAEMOr0 METAJLIA B MPOKATHOM CTaHe
‘ | R

"Ej, ONMCHIBAEMOTO OTHOCHTENBHBIMU KOODAMHATAMM | €5, ..., €3 |, H CO-
| 1

CTOAHHA CaMOT0 NPOKATHOrO CTaHa "E; , OTIHCBIBAEMOT0 OTHOCHTEILHEIMH KO-
n i n i
OpAMHATaMH | €5, .., €5 |, B CPABHEHHM C pPealbHbIMH NapaMeTpami ex-
1 1
HOJNOrKHYECKOro NPoLecca NPOKaTKH B MPOKATHOM CTaHe "E; , ONUCBIBAEMOT0
n 0 n i
OTHOCHTEJILHGIMK KOODAMHATAMH | €4, .., €4
1 1
Taxum oOpazoM, Ha TpHUMEpe MPOKATHOIG CTAHA AAHO TCOPETHYECKoe
0D0CHOBAHHE BO3MOXKHOCTH CO3aHHE MHOIO ;poBHerol ACY TTI TexHuuccKoM
CHCTEMB] ¢ BO3MOJKHOCTAMH CaMoaJanTaluy B 00IIeM cilydae TEXHONOIHYecKo-
o npoiecca.

Cnucor nauteparypsi: 1. I'naguyx E.A, ACY TII texsindeckoil cuctemsl
Ha npuMepe KneTed mpokaTHoro ¢raHa. B. c6. TIporpeccuBHBIC TEXHONOTHH M
CHCTCMBI MalHHOCTpoeHHL: Mexnyrapoisiit ¢6. HayuHbiX TpyAoE. — J{oHeux:
HouI'TY, 2002. Beint. 19. — C. 43 — 50. 2. I'naguyk E.A. Ocrosst rpaduyeckoro
anagM3a 3IEKTPOMEXaHAYECKOH CHCTeMb] KIIETH [IPOKATHOTO cTaHa ¢ (hpUKiu-
OHHOI CBA3BIO Uepe3 MpoKaThiBaeMblil Metani// Metannst U TUTHE YKpauHsL. —
2000.- Ne 1-2. — C. 43-45. 3. Tnanayx E.A. Pacuuupenne yiupasisonmx Bo3-
moxnocteit ACY TII npokatroro crana//BCE. 2002. - Ne 2(24). - C. 62 — 65.

Cmambsa nocmynuaa 6 pedaxyuio 17.05.2002 &.



NAPAMETPHYECKOE U DHEPTETHYECKOE YCTPAHEHHWE
HEXEJATEJBbHBIX HEJUHENHBIX 3®OEKTOB B
WHEPLHHOHHO-UMNYJIbCHBIX MEXAHUYECKUX CUCTEMAX

Kyuuua A.B. (AU [lonHTY, 2. I'opnosxa, Ypauna)

Undesirable nonlinear effects in system a source of energy - inertia-pulsed me-
chanical system - receiver of energy are absent, if it is executed parametric and
energy co-ordination of its elements.

MuepunonHo-uMnynecHas MexaHudeckas cucrema (MHUMC) obnamaer
MCXOJIHOH CIPYKTYpO# CBA3ed MeXIy ee 0000IEeHHBIMI KOOPAMHATAMY, KOTO-
pasg XapaKTepH3yeTCsl HECKOIBKMMH MAKCUMAaibHO BOZMOMKHAEIMH HCXOIHBIMH
creneHaMy csobonel. B npotlecce BRINMOIHEHHS TEXHONOTHYECKOTO TIPOLECCa 1
M3MEHEHHS €r0 IapaMeTpoB BO BpPEMEHH Heu3bexHo OyayT peann3oBaHbl pas-
JHYHDBIC JACTHEIC CTPYKTYPhI CBA3eH MeX Ay 0000IIeHHBIMHA KOOPANHATAMH, KO-
TOpbIE OTIMYANOTCS JPYI' OT APYra YHCIOM CrencHel cBo6obl B KONMUECTBECH-
HOM U KayecTBeHHOM oTHOMmEeHNHH. OOIHM HPUIHAKOM 3THX YACTHLIX CTPYKTYD
ceazeit MMMC Gyner To, uro oHu 067aQarOT BCET/IA MCHBILMM YUCIOM CTEle-
Hell cBoOOARI, YeM HCXOJHAs CTPYKTYpa caszeil MMMC.

Peatusaryis BO BpEMEHU Pa3snHYHEIX CTPYKTYD CBA3eH MCExKAy 0600IeH-
HBIMU KOOPAMHATAMH B GU3HYECKH 040U 1 Tol xe MMMC o3navaer, yto dak-
THYECKH oHa npespamaercs B paz wactHeix MMMC, xoTophie oTnuyaioTes me-
KAy cO0OK KONMYECTBEHHBIMH W KAueCTBEHHbIMU Mapamerpamu. Bor ath
B3aNMOIIPEBpalleHna HeXoaHoit u YacTHeix MIMMC conpoBowiaores ciox-
HBIMM B3aUMOJCHCTBHMAMH B MAIlHE MEXIY CHIIOBBIMH M CKOPOCTHBIMH (aKx-
TopaMH HerouHuka sneprun (M2), MMMC, npuemuuka sneprun (119), kotopsie
noxyquny oduiee Ha3BaHUE HETHHEHHBIX 3 CKTOB, IPH PeanH3auy KOTOPSIX
HabxioaaeTcs GopManbHOE HApYIEH S IPHHLKNA Cynepaossuyn [1].

Henuneiineie 2@QexTsl B OAHUX CAYYaSX MOTYT CHOCOOCTBOBATS BBINON-
HEHMEIO TEXHONOIUMHECKOro MpoLecca W CHWKEHHIO AUHAMHYCCKON HarpykeH-
HOCTH MalliHHbI, H TOTJa OHH YKenaTelbHEL. B Apyrux cayvasx oHH NPHBOLAT K
00paTHOMY pe3yNBTaTy, ¥ TOTIA OHU HEXKENATEIbHEL.

VCTpaHuTh BO3MOXKHOCTE BOSHUKHOBEHHA HEXENATENEHEIX HeluHeHHBIX
3 deKTOR MOXKHO IyTeM BBINIOIHEHHS NPOIECCOB NapaMeTPUeCKOrs i 3Hepre-
THYECKOTO COIVIaCOBaHMA MEMEHTOB cucTeMsl U3 — MMMC - I13. ‘

B npolecce napaMCTpHHECKOro COTMIACOBAHMA HEOOXOAMMO KOHCTPYK-
THBHBEIMH MEPONPUATHAMH 06CCNeYuTs ONMTHMAILHOE 3HAYEHHE OCHOBHBIX Ma-
pamerpos UMM [2,31. Tpu srom 3HaveHue kooddULMeHTa HUKANYHOCTH L8
UM, paccmatpusaemsix B [4], onpenensiercs Beipakeuusimu: g 21+2b/a u
ag/b=1. B cucreme UD — MUMC - T13 neobxojumMo noxodpats M3 TakuM
00pazoM, TIpu 3aaHHOM HHANA30He U3MEHCHHUS YHCICHHbIX 3HAYeHuH MOMEH-
8

TOB CHJI IONIE3HOTO CONPOTHBICHHA TEXHOJIOTHYECKOrO MPOLEcca, YT00k ee KO-
s puunent tpanchopmanun MoMenta K, Becerna 6sur Gonbiue 2,

Ilpouiecc 3HEPreTHYECKOTO COIVIACOBAHHS CTAHET ACHEIM M3 aHANH3Aa
p3auMoeticTarit Mexxny U2, MMMC u I13. 2roT auanus BBITIONHHEM Ha OCHOBE
rpaQU4ecKOro COBMEIICHHS Ha O/IHOM PUCYHKE KOIQOUUHEHTOB 4, 1Ry A Ay

COOTBETCTBEHHO BXOMHOTO M, ¥ BriXOAHOrO Mj; MOoMenToB UHM, Bpamasole-
ro momenta My MO (cootsercrsenHo kpussie 2,1,3 ua puc.1) u MomerTa Mg,
CHJI MONC3HOTO CONPOTUB/ICHHS TEXHONOTHYECKOro npouecca (MOCIeaHui mo-
Ka3aH Ha PHC. | B BHJE HECKONBKMX I'OPH3OHTANLHBIX MMM A.,4., H T.0.).

O1H K03QULHEHTHI NOTyYeHbl COOTBETCTBYIOLIMM AeeHHEM YHCTCHHBIX 3HA-
YEHHI BXOAHOIO MOMeHTa M, u BBIXOiH0T0 M>; MOMEHTOB WM, nonyueHHBIX
Ha OCHOBE €r0 aHATUTHYCCKHX BbIPAXKEHUH KaHOHHYECKOH XapaKTepHCTHEH [5],
Bpaiatoiero Momenta My U3, nomyueHHBIX Ha 0CHOBE €ro MexaHH4cCKoH Xa-
paKTepUCTHKH, Ha KBaApaT YaCTOTH BpaiueHus MUD.

Ha puc. 1 yMBUIUIEHHO MOKA3aHO, YTO MpPH YKA3AHHOM HA HEM 3HAYCHUH
BBIXOJHOrO MoMeHTa (ero kosbduumnenta) My (k) ucrounux suepruu Gynet
paborats HeycTOHYHEO, T.K. 3TO 3HaUeHHe M, Ha Beixoge UM Oyner cozna-
BaTh 3HAUCHHE BXOTHOr0 MomeHTa (ero koadduunenta) My (4, ) Mensiuee, qeM
Mmn( ). HeycroitunBocts pa6otst MMMC BHewHe GyfeT NposBASTECS IO~
CPEACTBOM HEeMHEHHOro dddeKTa B BUAE NePUOLHIECKOTO KPATKOBPEMEHHOTO,
CaMOTIPOU3BOMIBHOIO K HEPEry/IHPYEMOTO BOAMTENEM YBenudeH s (T.e. py mo-
CTOARHOH NMofaye Tonnusa, ccin M3, Hanpumep, ABUTaTeNs BHYTPEHIErO Cro-
PaHHs) W YMEHbIICHHA 9aCTOTH! Bpaulenus WD u pabouux opraHop. JeAcTrHA
BOLMTEJIS, MPUBBIKIIEro K paboTe CO CTYNeHYATHIMU TPaHCMHUCCHAMM, ByayT
HAOpaBIIeHb! B 3TOM C/Iy4ae Ha yBeNWYEHHE [10/laYH TOMNKEA i YaCTOTh! Bpaile-
aus D, OdeBUAHO, YTO BOT 3TUM SBIEHHEM BO MHOTOM U OBBACHAETCS HUIKOE
3uayenue K4 MVIMC npu Manerx ee 3HAY€HHSAX NEpeRaToOYHOTO Yncha. Bean
B 3TOM Ciyyae OyIyT peanu3oBaHbl OJIHM TONLKO HEYCTOMYHBBIE HEYCTAIOBHB-
WHeCH PeXHMbI TPAHCHOPMALMM MOMEHTA M NMPAKTHYCCKH BCS BHEPTHS, 110~
Tpebisemas MAMC ot WD, Gyaer uati Ha ero cobeTBenHoe paspymenue. Ta-
Kas pabora MMIMC obs3atennn0 Sy/eT conpoBoxaaTses PasAMYHOrO poja He-
THHEHHBIMY S QexTamu. B 5ToM ciydae, Kak Tereph BHAHO, HYKHO ObLIO Ha-
080pOT HEMHOTO YMEHBIMTE MOJAYy TONANBA. DTO puBeno 06l K TOMY, 4TO
M3 nepenien 651 paGoTaTrk Ha OHY H3 CBOMX BO3MOYHBIX YACTHHHBIX CKOPOCT-
HBIX MexaHMYeckuX XapakTepucruk (puc. 1, Hanpumep, kpusas 3'). Heycroii-
4MBOCTE pabore! cuctemst U3-MUMC-TID ucdesna 6vl, T.K. B UPHHIMNE HMe-
7ack 65l TOUKa YCTAaHOBUBLUETOCA POKAMA HA OTHOM H3 YACTHYHBIX CKOPOCTHBIX
MEXaHHYCCKMX XapakTepucTukax U3 ¢ napametpamu My = My (A n =A'1)) 1
TIPH 3TOM BRINONHAIOCKE 661 paBencrBo Me; = Msy (hey =0175)).

Ecii npeanonoxuTs, 4To Teneps BeAUYMHA MOMEHTA CONPOTUBICHUS M

9
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, paboraromero kax MTBM 1 pona, M, nerousika

SHEPTUH 1 M, NPUEMHIKA HEPrHK Ha PeXKiMe IPAMOTo X0/a MOCPEACTBOM HX K02 PULIHEHTOB Ay, Az, Ay, Ace

M; MM

Puc. 1. Ananus s3anMoaeitctsus Momentos M 1

JBIKEHHIO aBTOMOOMIN YMEHBWHUTCH A0 BenudHHbl Mca(Aca) (CM. pHc. 1), TO
TOrja cpeliHee 3Ha4eHWe 4acTOTHI BPAUEHHUA Hapy HON 060HMbl € MeXaHW3Ma
csoboxpHoro xoxa (MCX) asTromaThtueckH M OeccTymeHuyaTo OyAeT yBeNnH4M-
BaThcA 1PH paboTte MO wHa Toif ke ero CKOPOCTHOH MeXanuueckoi XapakTepu-
cTHKe (T.€. TIPH TOM K€ YCIOBHH, YTO BOAHTEb HE POU3BOAMT HUKAKHX AedcT-
BHH 10 ynpasneHuro padboToit U3).

B ator neproj BpeMeHH OyeT NPOHCXOAUTH HEYCTAHOBUBIUHACS PeKHM
pabotst MMM mo tex niop, moka senuuuna Meo(hey) He cTaseT pasHol My (i),
HITH Acy=ha2, M OXHOBPEMEHHO JIO TeX JTOp, TIOKa YacToTa Bpawenus MO He cTa-

HeT paBHOH @,, npu KoTopoi BenuunHa Mp(hg) He craneT pasnoit Mix(hi2),
T.e. Jyp=Ai2. Tlocne dero HacTynuT yeraHoBuBLIHiiCH pexum padoTe MMC ¢
KaKMM-TO CPEIHHM 3HA4YCHUEM YacTOTh! BpallleHHst Hapyxnoi oboiMer MCX u
TIepeaToMHOro oTHOmeHus i, MM,

C Uembl0 MaKCHM@JIBHOTO HMCMOMB30BaHMA YCTOHYHBOIC CKOPOCTHOIO
auanazona M3 mapamerper MMM  xenatensHo npoalupars Tak, 4YTOOBI
[M o3| =[Ma3] =M ppas| =|M 5|, npn nepeaarounonm otnomwenuu i = 1, ato Ha-
IUI0 cBoe oTobpaxenne Ha puc. 1. IIpH 3TOM Az =Xpn= Ayj3=Ay. DTO J4ET BO3-
MOYKHOCTE TMOCTPOUTE KPAHHIOIO CIeBa TOUKY BBIXOAHON XapaKTepUCTHKH (To9-
Ka 3 Ha pHC. 2), COOTBETCTRYIONIYIO MOMEHTY BPeMEHH BOZHUKHOBCHHS PEXKUMA
auHamudeckoit Mydrel (PIIM). Kpaine ciipasa Toukoil BRIXOAHOM XapakTepy-
crukd MUMC, cootsercryronielf cymectsopanuio PIOM, Gyaer Toaxa, umero-
HIast 3HaYenie YacToTs BpalieHua @, W Bpamaomero Momenta M (1, ) VO,
Te.g  =0,,aM =M,

Ecnu B mpotecce mpoeKTHLIX pabor OyiyT BLIIONHEHbI BCE YKA3aHHbIE
BEIMIE YCIOBHA, TO HOILYYUM BHCLIHIOW BBIXOAHYIO Xapaktepuctuky MUMC Ha
PITX, oTpaxarmouyio corifacoBanuoe ssaumociicreue Mexiay coboit MM, MO
U I1D ¢ aBroMaTHyeckuM 1 GECCTYIEHYATEIM M3MCHECHHUEM BBIXOIHOIO MOMEHTA
B COOTBETCTBHH C H3MEHEHHEM MOMEHTA CONPOTHBICHMS B AMariazoule ot Mg
100 M3 6¢3 BOSHUKHOBEHUS HEXENATENRHRBIX HEMUHEHHBIX 3 (eKTOoB,

Ecnu, NpeanonoxuM, 4To Tenepsb MPOU30HAeT yBeN4eHHe MOMEHTa CO-
NIPOTHBICHUS C Me 10 Mgy (3Havenne koadduuuenra Ac yseluduBaercs oT
Ac3 8O Acy), TO Torma MM (puc. 1) mnasHO coiineT ¢ PIM U HAYHETCS PeXHM
TpaHchopmauuy MomeHTa. [Ipy atom pabodas touka MMM Ha ero xanoHuwe-
CKOH XapakTepHCTHKE MO JHMHHAM | H 2 CMECTHTCA BIEBO [0 TAKOrO CPEHHErD
3HAYEHMA MePEAATOYHOI0 OTHOWEHUS Iy IPH KOTOpOM Mc s = May(hes = Aza). BO
BpeMs 3TOI0 NPOMEXYTKAa BPEMEHH 4acTota BpameHus @ MDD Oyuer cmemars-
CA BIPaBO M YBEJIHWYHTCA A0 TAKOTO 3HadeHHs ©4, NIPY KOTOPOM HACTYNHT pa-
BEHCTBO MOMEHTOB My = My 4(h1a = Aga).

2 min
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Puc. 2. Brixomsas xapaxkrepucrtuka cucremsl MD — MMMC - [1ID Ha pexuMe npsMoro Xoja, WHEPUHUOHHO-

KMITYTBCHBIA MeXaHu3M Koropol paboraer, kak UTBM 1 popna.

CpejHee 3HaY€HUE YACTOTH! BpalleHHs & HapyxHOH oboiimel MCX iyis
WTBM 1 pona 6ynet pasHo: £, =0, -i,. B paccmatpuBaeMoM ciydae Gyzer

MpOCXOANTE HauboNee NONHOE HCMONB30BAMME YCTOHYUBOTO CKOPOCTHOrO
puanasoHa M3, uyto 0Bycnosur OQHOBpEMEHHO U He3aTpyXHeHHbIH cxon MMM
¢ PZIM Ge3 BOSHHKHOBEHUS HEXEAATCILHBIX HEIUHERHBIX 3Q(PEKTOB.

Ha prc.3 yMBILIIEHHO NOKa3aHo, YT0 MAKCUMANLHEIN MOMEHT Mema(A i)
NBMTaTeNs Ha €r0 BHEIIHeH CKOPOCTHON MEXaHHYeCKOH xapakrepucTuke 50Ib-
1ie MaKCHMAIhHOTO 3HAaYeHHUA BXOAHOro MomeHTa M ; (A ;) MMM, onpegeinsito-
IIETO COOTBCTCTBYIOMUIYIO 3arpy3Ky ABMIaTeNns MOMEHTOM My (Ag;). Tlpeamo-
JIOXHM, YTO B KaKoH-TO MPOMEXKYTOK BpeMeHH B COOTBETCTBHU C pHC. 3, ITpH
zarpyske M3 MmomeHTOM M5, IMIM Oyner paborate Ha PJIM, T.e. 6yjer umets
nepefaToYHOe OTHOLICHKe /=1. C NpHHUMMHATEHOH TOYKH 3PEHHS M CTPOro
paceysknas PIIM He onuchIBaeTCS aHATHTHYECKHMH 3ABHCHMOCTAMH KAHOHUYE-
CKUX XapaKTepHUCTHK, T.K. OHM TIONYUEHB! Jis clyuas YCTAHOBWBILEIOCH PexkH-
Ma JBHDKEHHS IIPH YCJIOBHH HMIIYJIBCHON NepelayH SHEPTHH OT BEAYIUMX 37e-
MeHTOB k BegomeM. Ho, ctporo rosops, PJIM B uncToM Buge (T.€. Korga B Jio-
60M MOMEHT BpeMeHM O =§) HHKOTAA He CywiecTByeT. [103TOMY CYUMTaEM, 4TO
PIM Taixke ONHChIBACTCS AHANMTHYECKMMH 3aBHCHMOCTAMHM KaHOHMMECKHX
XapakTepUcTuK. B paccMatpumaeMom ciydae, Kak Teneps BHAHO, Oyler
NPOMCXOMUTE HENOJIHOE HCTIONB30BaHUE YCTONUYHBOIO CKOPOCTHOIO JHanasola
U3 no cpasrenmIo ¢ puc. 1, 4to, 0OYCIOBHT OJHOBPEMEHIQ M 3aTPYMIIEHHBIH
cxon HMMC ¢ PJIM.

Ecnu pacemotpers 1poitecesl, npodexopdnime 8 MMMC B cooTBeTCTBHE
C K300paXCHHBIMH KPUBBIMH Ha PUC.3 TPH U3MCHEHUM MOMEHTa CONpPOTHENC-
Hus o7 3HadeHHs Mes (A3) 2o 3navcnua Mey (Ay), TO oHu OYAYT pe3sko OTIH-
YaThCs OT NPOLECcCoB, 0TOOpaXKeHHBIX Ha pyuc.] U ONUCAHHBIX HEMHOI'O BLIIIE.

B Tevenue kakoro-to BpemeHu Iy Oyner uabiionarscs HenuHeHHBIH 3-
GexT, MpHYMHA KOTOPOI'O HOCHT JHEPreTHUCCKHU xapakrep. PaccMOTpuM Te-
MEPL YXKe 3TOT HeYCTOH4UBEIH pexum rofpobuee. DToT HennHeHHsH addexT
00ycnaBiUBaeT MEPEXOAHON HeyCTONYHBbIA PEKAM TpaHcHOpMaALHY MOMEHTA,
BBIZBaHHLIN Nepepacupe/iefieHleM JHepruM Mexay 0000ijeHHsIMi KOOPAYHE-
TaMy ¥ HayuHaomuics ¢ PAM. PexxuM nunamuycckol Mydtsl Oyaet 1pono-
XKarhCs HEKOTOpOe BpeMsd, a IIOTOM CMEHUTCS PexHMOM TpaHchopMalyi Mo-
MEHTa, KOTOPBIH Oyzer BHayane HeYCTOHYHBEIM ¥ OYAST COCTOATH H3 ABYX JTa-
TOB, IOCNE OKOHYAHUS KOTOPBIN HAYHCICH YCTOHUMBRIA pemum TpaHchopMma-
OHH.

Tlpa yeenmmucnuu momenra conpotuelnenus Me(hes) Ao sHaveHus
Mci{hcs), pabouas touka MM Ha ero KaHOHMYECKOH XapakTepucruke OyieT
CMeLaThCS He 10 JAMHMAM | ¥ 2, a HauHeT CMelaThes BBepx o1 kpuso# 2 (oT
TOYKH b 10 ToukH A, puc. 3). OfHOBpPEMEHHO, B 3TOT MOMEHT BPEMEHH, HacTOTa

13
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Prc. 3.Ananns s3anmopefictaus Momentos M, u M, MUM, paGotaromero xax UTBM 1 pona, M, ucrounuxa

dueprii 1 M ipHeMinKa SHEPriK Ha peskuMe IPSIMOro XoAa MOCPEACTEOM HX KoddduienTos Ay, Ay, A e

BpaLIeHHUs © WD HauHeT BHayame CMeIaThCs BIACBO (puic. 3, kpusas 3) u 310
HyJeT NPOICIDKATECS [0 TeX MOp, 10KA OHA HE HOCTUIHET 3HAYCHHS G)M (ve-
JIOBHO 3TO HOKa33HO CTPEJIOYKOM cripaBa Haneso). CpeHee 3HaueHUE nepeaa-
TOYHOTO OTHOLICHUA / B 3TOT OTPE30K BpeMeHH OYIAET OCTABaThCH PaBHLIM CaU-
HHuue, T.€. PJIM Bpoze Obi Oyzer cywiecTsoBars, 10 KpaiHeil Mepe, BaeluHe Oy-
JET MpOABIATBCS, HO YK, II0 CyTH, CTAHOBHTCH HEYCTOWYMBLIM. 3aTeM, IpH
3HaYeHWH 4HacToThl Bpawenus M3 ©,,, npousoiier cxon ¢ PJIM u nauHeTcs
TepBBIi 3Tall HEYCTOHIHBOTO PeXXHMa TPaHCHOPMAIIUH.

Elite Kako#-To nepuos BpeMeHH cpefiHss Yacrora spamenus U3 ocraer-
Cs TOCTOSHHOM ¥ paBHOH @/, a B 3TO BpeMs HauHET yMEHBILATLCA CPEaHee
3HAYEHHE YaCTOTEHI BPRAIUEHHS ¢ HapyxkHoil obolimbr MCX. Dro npusener x
YMEHBILIEHHIO NePe/aToO4HOro oTHoueHus. Paboyas Touka MMM no BeIXOIHO-
My MOMEHTY Ms(A,) HauHeT nepemelaThcs FOPU3OHTANLHO BaeBO (puc. 3, or
TOo4K# A K Touke B), u B 310T MmoMeHT Bpemern MM yxe He pabotaer B Tpe-
OyemMOM pacHeTHOM peXuMe U ero pabora conpoBoXAaeTCs GOABUIMMA HHHA-
MUYECKHMHU neperpyskamy. Baeiiige 3To BRITINUT Tak: YacToTa BpaieHus U3
OCTaeTCsl MOCTOSHHOM, MOMeHT M>(A;) TaKKe, 2 HACTOTA BPALEHUS & HAPYH-
Hol oboimer MCX, - ymensmaercs. ITepBriii 3Tanm HeyCTOMYHBOIO pesxMMa
TpaHC(HOPMALIH MOMEHTA OY/ICT HPOAOIIKATECS HO TeX I10p, 1IoKa CpelHee 3Ha-
HJEeHHE NEepeflaTo4HOro OTHOLICHUS He CTaHeT PaBHBIM ¥, a paboyas Touka
WM no momenty Ma(A;) He coBmaget ¢ toukod B u paGouas Touka D Ha
KpuBOH 3 OydeT UMeTh HapaMerphl YacTOTHl BPailleHHs ©,, ¥ BpamauIero
MoMeHTa Me ...

TTocrie sToro nausHercs BTOPOM 3Tall HEYCTOWYMEOTO pexuma paboThl
HAMC. Hauuer yBerumBarhes yactora Bpamenus U3 (310 yenoBHO oTpaia-
€TCA Ha puC. 3 CTPENOYKOH CNeBa HAIpPaBo OT Memax 10 Mp (OT Ag A0 ).
OTO NPHBEIET K YBEIMUEHHIO BHIXOAHOTO MOMesTa Ms(Ay), KOTOPBIH KOrHa-TO
CraneT paBHbIM M;q(Az4). B 3TOT MOMeHT BpemerH MOMeHT May(hay) mOTpebyeT
ot UD semnunny moMerrra Mp=M (M =h4). B Teuenue 3toro npomexyTxa
BPEMEHU MOKET AaXKe NPOU30UTH (a MOMCT U 1C IIPOU3OHTH, 3aBHCHT OT KOH-
KDCTHBIX 3HaUCHHH KaHOHHYECKOH xapaxrepuctdku UM u mexaHuyeckoil xa-
paKkTepucTHky M) yBenuueHHe CpefHero 3Ha4CHUs YacTOThl BpaNICHMs BEJO-
Moro 3pera MMM, HeycrtoiuuBelii pexxum pabote MMM 6yjieT JiHTHCA Kakoe-
TO Bpems. B KOHEYHOM HTOre cpejHee 3HaYCHHE MEPeAaTOYHOrO OTHOLICHHS
UM YMEHBIUMTCH, MIPH YCIOBHH, uTO My NOCTOSHHO, JIO 3HAYSHHUS iy, [IPH KO-
Topom Mos=Mcs(has=Ncs), a 3arpyzka MO crarer paeHoM Mp=M,(\z=his),
OpH 4acToTe BpauleHus (_;)4. B stoMm ciydae 3aKOHMMTCS BTOPOH 31all HEYCTOH-
IMBOro HEYCTAHOBHBLICroCA pexkuma TpanchopMauyy MOMEHT4, COMPOBONK-
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JAIOUHICH TaK e NOBLIEHHBIMHE AMHAMHYECKAMHA Harpy3kaMH, CYLLeCTBEHHO
CHWAXAIOMUMH cpok cnyx0Ob1 MM, ¥ HauHeTcs ycTaHOBHBIIMHCS pexuM. IIpu
3TOM CpEJHSsA 4acToTa BpalleHHs &, HapyxHoH oboiiMel MCX 6yaer pasHa

€4 = Oy -i;. Dra pabouas Touka 4 UMMC Gyser fexarh Ha YCTORYMBOH BeTEH
€€ BBIXO/IHO# XapaKTePUCTHKH, XOTs KakKaf-TO 4aCTh O0NTaCTH BBIXOJHOH Xapak-
TepucTHKH OyieT HeycToHuHBoi (puc. 2, o0NacTs HeyCTORYMBOTO peXxuMa 060-
3uayena Oyksod H). Kpafiie#d Toukol crpaBa BBIXONHOW XapakTepPHUCTHKH
WWMC na PIM Oyxner ycToiuuBas TOUYKa, COOTBETCTBYIOLIAS 3HAUCHHIO YACTO-

151 Bpawenus O, u spawaiomeMy Momenty M, U3, tTe. £ =0,, a
=M,,.
Ecnu xe y3ecTs B peallBHOCTH, YTO 32 BpeMsI ,; HEYCTONYHBOTO pexuma

BETHYHHA MOMEHTA CONPOTUBIEHUS M HE OCTAHETCS IIOCTOAHHOMN, TO 3TOT He-
YCTOWYMBLIH PEXKMM MOKET Nepeiity B IPYroif HEYCTONYMBEIN PeXUM, a BHEIL-
HEe 3TO MOXET BBHIMIAAETH KaK MpPOABICHHE KAKHMX-TO HOBBIX HEMUHEHHBIX 3¢-
dbexToB umH KX KOMOUHAIAH.

CrenoBatensHo, eciu Iepeparounoe otHowenne UMMC byaer yeenu-
4HBATHCS, BIUIOTE M0 7=1, HEYCTOMYIMBEIX PEKUMOB TpaHchopMauun He OyneT.
A ecny nepeJlaToYHOe OTHOLIEHHE TIOCE 3TOr0 HA4YHET YMCHBILATHCS, TO Cpasy
e HaCTYNAT HEeyCTOWYMBEIH HeycTanoBuBmulics PJIM u pexum Tpancgopma-
IHH MoMeHTa. [Tociic HEKOTOPOro 3HaYeHHs NepeAaTOYHOr0 OTHOUIeHHA i<,
HaCTyNUT YCTOWYMBBIA YCTAHOBUBLIMICA DPEXHUM TpaHC(hOpPMALUH, KOTOPBIl
OyHeT npoJoIDKaThCs BILIOTH IO CTONOBOTO pexumMa. CleIopaTensio, py yBe-
JIMYEHHY TIEPEHATOYHOr0 OTHOLICHNS [ HET HeYCTOHUMBBIX PEKMMOB, 4 MPH

YMEHBIIEHUH i, - UMEIOTCH HEYCTOHYHBEIE PEKUMEI TPaHCHOPMALHH, T.€. TIOsIB-
As0TCs HelmHekHble dddexTrl. Jla 1 cam o cebe HeyCTORYHUBLIN pexuM npefi-
cTaBlisieT KakoH-To HenuHeltHsil abdekr.

Ecnm 6p1 3navenue koadguumenta A y (puc. 1, kpusag 3) Gbuio Gbl
MECHBIIIE, YEM 3HAYeHHE KoapPUIMeHTa A (Kak, Ha TIpuMep, Ha puc. 3, KpuBas
1) mpu i = 1, To Tor/a BooOuIe HE cylecTBoBan 651 ycroiuussiii PJIM. B ka-
KHE-TO MPOMEKYTKH BpeMeHH (JIOBOJBLHO KopoTkue) cucrema MDD — MMMC —
IT3 Brixoamna 651 Ha P/IM, NipH KaKOM-TO [OCTOAHHOM 3HAYEHUH MOMEHTA CHI
HOJIE3HOTC CONPOTHBIEHMS, H BHOBb CaMOINPON3BONBHO CXOAMNA, paboTasd AnH-
TEJIBHO Ha pexxuMe TpaHchopMaLyu MOMEHTa, a IIOTOM BHOBE, 63 BUANMBIX Ha
TO MpU4MH, BeIXoauna Ob1 na PIIM u cxomuna ¢ Hero. 310 Bee Xopouio odnic-
HSIETCS OOMEHOM DHePTHsiMH BO BpeMeHH Mexuy o0oDIieHHRIMH KOOp/AHHATA-
My, BepHee, anemenTamMy UMIMC, KoTOpEIe XeCTKO CBA3aHbl C HUMH.

Hevcrofiuupple pesxuMel paGorel MMMC, kak ykazaHO BHauane CTATHH,
YACTHYHO YCTPAHSIOTCA COOTBETCTBYIOLUMM IAPAMETPHYECKHM COT/IacOBaHHEM
mexay coboi ocnoBHBIX napavetpos MMM, Ilapamerpuueckoe cornacosanue

2 min
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HBJIAETCSA HEOOXOAUMBIM, HO HE JOCTATOYHBIM YCIIOBHEM OTCYTCTBHA HEXXeNa-
TeNBHBIX HEIMHEHHBIX dQdeKxToB. I0CTATOUHBIM YCIOBUEM YCTPAHEHHs Hese-
JlaTenbHBIX HEMHEHHBIX 3QdexToB B cucteme M3 — MMMC — I13 spnsiercs
SHEPTEeTHHECKOE COrMACOBaHHE MEKILY €€ 37IEMEHTaMM.

Ecau B cucteme M3 — MMMC - IID BBImOnHuTS M0IDKHEM 06pasoM Kapa-
METPUYECKOE M SHEPTeTHYECKOE COrNacoBAHMS XapaKTEPUCTHK ee JMeMEHTOR,
TO OHA NPOSIBHT B MONHOK Mepe NPUHUMIHANEHO 3AI0KECHHBIE B HEC MBICHBIO
KOHCTPYKTOP2 CBOMCTBA ABTOMATHYHOCTH U 0ECCTYNEHYATOCTH, ANANTHBHOCTH
¥ CKJIOHHOCTD K CaMOPETyTHPOBAHUIO. DTO OTKPOET B MAUIHHOCTPOSHUH [HHPO-
KHe MEepCHeKTHBE B CO3JAHUM MAlIMH, PEanu3yIOUX NPUHIMNIHATEHO HOBBIE
[IpOrpeCcCHBHBIC U 3Heproc‘5eperammpre TEXHOMOTHH.

Cnucox surepatypst: 1. Bubpauuu s texuuxe: Cnpasounnk. B 6-14 T.
M.: Maumroctpoenne, 1979. — T.2. KoneGanus HenvHeHHBIX MeXaHWIeCKHX
cuctem. — 351 c., un. 2. Jlesun C.®. BespasmepHas XapaKTepHcTHKA HHEPLMOH-
HOro Tpancopmatopa // KoHeTpyuposanue u pacueT IyCeHHWYHBIX MaLIHH /
Yenaburck. nonuTexH. HH-T. — 1967. ~ Bpim. 44. - C. 152-167. 3. Kynuua A.B.
Hrepuuonnetii TpanchopMaTop Bpamaromero MOMEHTa ¢ pa3fenbHEIM HCIOTh-
30BaHHEM MMIyIbcoB: Jluc ... kaun. Texn. nayk: 05.02.02. — Yensbumck, 1981.
— 252 c. 4. JleonoB AWM. MHepunonHbIe aBTOMATHYECKUC TpaHcHOpMaTOPH!
BpamIalomero MoMcHta. — M.: Mamunocrpoesue, 1978. —224c. 4. Autoson
A.C. CunoBrie mepejausi KONECHBIX M TYCCHMYHBIX MawmH. — JL: Mamuto-
ctpoenue, 1975. — 480 c. 5. Kynuia A.B. Kasonuweckas xapakrepuctuka
UTBM nmpamoro xoma/ C6. 1p. MeXIYHADOAH. HAY4H.-  TeXH.
xord.”TexHochepa u MammuocTpoenue na pyGese XXI sexa, Cesacronons, 9
= 12 centabps 1998 r. — Honenk, 1998. — C. 128 — 131 c. 4. Kynuua A.B. Ka-
HOHu4eckas xapakrepucria MTBM obpatsoro xopa/ C6. Tp. Mexaysapos.
Hay4H.- TexH. KoH®."TexHochepa # MalnHOCTpoeHue Ha pydexe XXI seka®.
Cegacronons, 9 — 12 centabps 1998 . — Honeuxk, 1998. - C.132- 136 ¢.

Cmanos nocmynuna 6 pedaxyuio 31.05.2002 2.

PA3PABOTKA TEXHOJOTMYECKOT'O OBECIIEYEHHS
HPOCTPAHCTBEHHOU MOAUPHKALIMM 3YBBEB MY®T

Muxainos A.H. (ouHTY, 2. [loneyx, Ykpauna)
Jduscnuos W.H. (Joul ACA, 2. Maxeeexa, Yxpauna)
I'pydxa P.M. (JJonlITY, 2. Joreyk, Vrpauna)

A4 design and both principle of action of the device and tool for realization of
Spatial modification of cogs of gear couplers are considered in article. Explana-
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tions are also given for the choice of parameters and features of kinematics of
their mutual movement.

OcobennocTsio paGoTh! 3y6uaThIX MYDT SBAKETCH BOIMOKHOCTD nepejia-
M HMH KpYTSLIEr0 MOMEHTAa B YCHIOBUSX HEKOTOPOTO NepeKpelMBaHHs oceil
COEIMHACMBIX BAJIOB.

Omuaxo npu srom HaboaaeTcs pe3koe H3IMEHEHHNE BeTHYHHEL nebopma-
LMKy OCHOBaHMs 3yObeB H3-3a HEPABHOMEPHOTO PACTIPENIENCHUS HATPY3KU B
SAUCIVICHHH M KPOMOWHEIX YIapoB paGouux nosepxtocTeil 3yOnen IPH 3KC-
ITyaTaipy MyQT. [lna yeTpaseHUs 3TOTO ABJCHHS, 4 TAKKE [OBBILISHMS WX He-
Cyweldl u KOMIEHCHpYIOweH crnocobHOCTH Haubonee NPOrPECCHBHLIM Mepo-
NpUATHEM SBNSETCS MOAH(PUKAUHA 3y0heB, KOTOPOHA MOCBSLICHO ZOBONBHO
Oonsioe konmuecTso pador [1, 2, 3, 4, 5]. C ApYro#l CTOPOHBI, IpUMEHsEMas B
HACTOAIECe BPeMA MOAMGHKAIHA HC MCKIOYAST KPOMOHHOrO KOHTAKTa IO
BEPILIAHAM ¥ TopuaM 3yObes W He obecnieuMBaeT NUHEHHOro B3aWMOAeHCTRHS
HX paboyMX NOBEPXHOCTE]H.

C uenbio peruenys nanHOH npobiiemsl paspaboTan ¢rocod OCYILECTRIIC-
HUS TIPOCTPAaHCTBeHHOH Moauduxauuy 3y6be, kotopas ofecrneunsact 6ams3-
KYIO K ApefeNbHON HECYIIYIO M KOMIEHCHPYIOLIYIO CHOCOGHOCTh 3yGuaThiX
MYQT 3a cueT THHEHHOro KOHTaKTa 3y6heB W BHPABHUBAHUS HATPY3KH B 3alern-
nennn. Ilog npoctpancTBeHHOM MoaudHKaLHeit CllefyeT OHUMAaTh U3MEHEeHY e
O0KOBO} TOBEPXHOCTA 3y6BEB IO ONTHMAJILHOM dbopmer 32 cuer Momnduxanun
WX [1O BBICOTE U LIHPHHE.

OcymecTBienue TMHEHHOro KacaHus pabouux mosepxHocTel 3yOheB B
MyQTe CTano BO3MOKHBIM OGNarozaps coGTIOREHMIO IpH H3rOTOBIECHHHM ABYX
yenosui Broporo metona Onusse [6], a uMeHHO:

I) obpaborka 3yGuaroro xoneca MydyTsi OCYLIECTBISETCS ¢ MOMOIILIO
AHUCKOBOTO XOHa C BHYTPEHHMMH 3yObsMH, GOKOBAs MOBEPXHOCTH KOTOPBIX
MOMHOCTRIO COBMaaeT ¢ GOKOBOJ NOBEPXHOCTEIO 3yGheB 060HMEI;

2) OTHOCHTENIBHEIE JABHKCHUA H3NETHS M MHCTPYMEHTA, TOTHOCTBIO COB-
NaAOLHe C OTHOCUTEIILHBIMH IBHXEHHUSAMH BTYNKH W 0GONMB! TIPH SKCILTya-
TalMK.

PaccMOTpuM REeTanbHO CXeMy ABMKEHHS W3/CIUS H HHCTPYMEHTA B XOJIe
06paboTKH (cm. puc.1). 3ybuaromy usjenuio | u KHHEMaTHYECKH CBA3AHHOMY C
HHM 3y04aroMy HHCTPYMEHTY 2 COOGLuaeT BpallieHue BOKDPYI CBOMX ocell 3a
CYET IPUIIOKEHHOIO K H3ACIMIO KpyTAIlero mMomenta M, Mucrpymenrom 2 ¢
[IepeAaTOYHBIM OTHOMICHHEM, PaBHBIM €IMHHMIIEC, OXBATHIBAIOTCH BCE 3yOBs 00-
pabaThIBaeMOro u3fiesust 1, Mpu 3TOM OH OPHTOPMAXKHMBALTCS MOMEHTOM M, U
NepeMCLIaeTCA BO3BPATHO-NOCTYNATENbHO OTHOCHTENBHO CBOEH NpPOAONBHOM
ocu u uzgenus 1. IloBopoT HCTpyMeHTa 2 IPOM3BOAKTCS BOKPYI' KOODAMHAT-
HOW OCH y, NePHEHIHKYNAPHONA NPOAONBHON OCH z M3genus | u NpOXoasLICit
4Epe3 MIOCKOCTh CHMMETPHMHM LEHTPANBHOTO CeYeHUs ero 3yGuaToro BeHI.
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Popmoobpasopanne ONTUMATEHOH Go4koobpasHOCTH 3yObeB NPOMCXOAMT 3a
CYeT OTHOCHTENBHBIX NPOCTPAHCTBEHHBIX JBHKECHHN 3y0bes, o0yCIOBIEHHBIX
BpalleHHeM HHCTPYMEHTA U M3ZEAUA BOKPYT CBOMX MPOMOALHLIX OCEH, pacrio-
JOXKEHHBIX MOJA YIVIOM APYr K apyry. Jlns monyuesns GoukoobpasHocTH Ha
obeux cropoiax 3y6res H3nenus | HanpaBieHYe BPalleHHs i TOPMOXKEHHS WH-
CTpyMeHTa 2 M3MEHAETCH Ha [IPOTUBOMONOXHOE IPH MEepeXolle WHCTPYMEHTa
4epe3 HCXOLHOE MONOKEHHE 3a BPeMs MONHOIO LHKJIA ero NOBOPOTA.

a). Y <— 5). =
e ; -
I\ T :
A @3 ! 0 )
MK Mk R
1= =
YETF
X

Puc.l. Cxema jBuixeBMs u3lenust 1| W WHCTPYMEHTa 2 mpu obpaborke
DOKOBOJi - OBEPXHOCTH 3YOheB MPOCTPAHCTBEHHBIM XOHMHTOBAHHEM: A — B
cOOKyY; 6 — BHJ| CBEpXY.

Haunbrii MeTo 06paboTKH MeEeT ellle 1Ba HEOCTIOPHMBIX IOCTOWHCTBA -
BO3MOXHOCTD IOBBILIEHHS TOYHOCTH H NPOH3BOAMTENbHOCTH 00padoTku. Ilep-
Boe ofecnieunmBaeTcs TeM, 4TO Bee 3y0bs 00padaThIBaeMOro H3AETHS OXBAThi-
BAIOTCsl MPATOPMOKEHHEIM HHCTDYMEHTOM YBETHYHBACTCS YHUCHIO OIHOBDEMEH-
HO 06pabaTsiBaeMEIX 3yOBEB, CHUMKAIOTCS MOIPENIHOCTH W3rOTOBICHUS tpodu-
JI8 M HaKOILICHHBIE IOTPELIHOCTH OKPYKHBIX [Iaros, Tak Kak npu oOpaboTke
HCKIIOYaeTCs 10JaTiuBasg YNpyras TEXHONOIHYCCKas CHCTEMa H TOYHOCTh H3-
TOTOBJICHHAA 3yObeB U3/IeNHs 3aBHCHT OT TOYHOCTH M3TOTOBJICIMH HHCTPYMEHTA.
Bropoe — 6naromaps Tomy, uro:

1) Bee 3y6pa OXBaueHs! WHCTPYMEHTOM (3y6HaThIM XOHOM) M NPH 3TOM
BOKOBasi IIOBEPXHOCTD OHOBPEMEHHO BCEX 3yDben paBHOMEpHO obpadareiBacT-
€3l 32 BeCh NepHoJ XOHHHIOBAHUS;

2) MOZeNUpYIOTCS YCIOBHS OKCILIyaTalsu My(T, TO eCTh peanu3yercs
HPOCTPaHCTBEHHOE 3allellieHlie, 4TO MO3BONACT JOCTHUHb 3aJaHHOH TOYHOCTH
PallnoHabHOH dopMb! 3yObes mpu Gollee BBICOKUX pexuMax 006paboTk.

Hosnyyaemas ¢opma GOKOBOH MOBEPXHOCTH 3yGbEB TO3BONAST YMEHb-
LIKTL 3a30pbl W yIibl KOHTAKTUPOBAHMS B 3aUCIUIEHHM NPH 3KCIUIyaTalyH
Mydr. [Tpu 3TOM CHIKAIOTCH M3rUbAIOLIME W KOHTAKTHLIC HalpPsHKEHUS B3ak-
MOZICHCTBY OIINX 3yOheB 3a CUeT BLIPABHHBAHHSA HAIPY3KH B 3allCTIICHHU U JTH-

19



HCHHOrO Kacanus 3yGheB NP SKCIUTYATALHH, 4TO HC HMEET MECTa B MydTax ¢
obpruHBIM npodunem Gokoroit MTOBEPXHOCTH 3Y0hHeR.

PaccmoTpuM KoHCTpyKIHMio NPHCIOCOOAEH A, 0BCCneuuBaIOIEr0 Onu-
CaHiyio BBILIC KHUCMATHKY H3IEIMS M MHCTPYMEHTA, MPe/UIaraeMoro Ui ocy-
eCTB/IeH S COCO0A NPOCTPaHCTBeHHON MOudUKauy 3y6res {em. puc.2).

YetpoiicTBo, CMOHTHPOBaHHOE Ha TOKaPHO-BHHTOPE3HOM CTAHKE MOLEHH
TK62, cocrout u3 uncrpymenTa (3yb4aroro xoma) 3, BHITIONHEHHOrO OXBAThI-
BAIOIIMM BCe 3yOBsl m3geiua 2, ycTraHoeneHHOro B crakade 4. IMocnennuii
CMOHTHPOBAH Ha Bally S, pa3MellleHHOM B 0nopax OBOPOTHOH 1utHTEE 7. [Toso-
POTHAS TUTHTA YCTAHOBNCHA HAa OCHOBaHUK 9, IIPUBOJ ee MOBOPOTA BBIMOJHEH B
BUne nBurarens, peuykTopa 12 w kpuBowmna 11, B3auMoeiCTBYIONIErO ¢ ma-
3om 13 mosopotHO# muTH! 7. Ock 17 roBopota nmuts 7 PAacrionojKeHa B ILIoc-
KOCTH CHMMETPHH UEHTPANLHOIO CeYeHHs 3y64aToro BeHua 0OpadarbiBaeMOro
usfiesus 2. O6pabateiBacmoe u3jienue 2 3aKpeniero na omnpaske 1 B mmnuijese
TOKapHOTO CTaHKa, & CaMO YCTPONCTBO PasMelUEHO Ha ero MpONOILHOM cyn-
nopre 16. Ha Topuosom kynayxe 10 srinonuen NpoGUABHEIN 113 N0 CHHYCOH-
AQTHHOMY 33KOHY, ¢ KOTOPBIM B3auMOJIEHCTBYET PoauK 15. POIMK COBMECTHO ¢
11a30M TOpHOBoro Kyiatka 10 obpasyeT npHBOX BO3BPATHO-TIOCTYNIATENEHOTO
HABUKECHMA MHCTPYMEHTA 3 NPH 3TOM Ball 5 HMeeT BO3MOYKHOCTE, BpPaLanch,
TNIEPEMCIIATLCA BIOJIL OCH BPAIIEHUA B OI0paX MOBOPOTHOM MiHTHI 7.

Cucrema TopMoxeHuUs BKIIOUAET Harpyxareih 6, BBIIOIHCHHBINH B BUJIC
KOJIOROHOrO TOpMo3a Tz TT-160, coeannennoro ¢ BamoM 5 npu momoutn
WKHBOB 8 U KIMHOBLIX peMHeil. Benuwiaa TopMO3HOro MoMeHTa noadupaercs
W3 pacyeTa NeHCTRYIONIeH Harpysku Ha 3yGe HHCTpyMeHTa. J[7% KoHTpons yrna
NOBOpPOTa [IHTHI 7 Ha pesiykrope 12 ycTanopnena imkana 14.

WA el B i T R T R R
, \_.. % ' '

Puc.2. Yerpoiictso ans o6pabotku 60ukoo6pasHbx 3y0OBeB pPalKOHATb-
HOH (hopMsl

HHcTpymeHT, npuMeHsieMbIi npu 06paloTke — AMCKORbIH XOH, COCTOHT
3 ABYX 3JICMCHTOB — METAILTUYCCKON BTY.KM | M abpaswBHOro BeHia 2 ¢ BHYT-
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peHHMMH 3y0paMu (cMm. puc.3). Ero napaMeTphl
BBIGHPAIOT B 3aBHCHMOCTH OT CBOICTB o6pabatsl-
BacMOro marepuana, pasMepos 3yGuaroro usze-
Mg M CTakaHa, B KOTOpPBIY OH yCTaHABIMBaeTcH,
PEKHMOB pe3aHHs H TpeboBanHii, NpeALSBATEMBIX
k obpabotke [7], ero NPOYHOCTH U 3KOHOMMYHO-
CTH Ipoiiecca,

= Illupuna xona L ompeaengercs mo cie-
Z //E’u L4l nyromeit popmyie:
L L=B +A+2-g
. T TR -

By =d, -sinw+ B-cosw,
TA€ d; — AMAMETD BePIUUH 3y6beB Haeus;
B — minpuHa 3y6yaToro BeHIa U3AEHs;
® — yroJl EPEKOCa OCeH HHCTPYMEHTA OTHOCHTENBHO U3AETHA:
A — aMIUTY 2 BO3BPATHO-TIOCTYIIATETHHOIO B EHHS HHCTPYMEHTA;
4 — 3al1ac HEUCNOB3YeMOH [MUPHHB] MHCTPYMEHTA.

Kaucctso obpaGoTantoi mosepxrocTy 3yObeB, MPOU3BOAMTENLHOCTE 06-
PaboTKH M CTOMKOCTE HHCTPYMEHTA CYLIECTBEHHO 3aBUCIT OT pexumos odbpa-
borku. IMo npennaraemMomy crnocoby [8] npenycmotpeno 8 nponecce XouuHro-
BaHIA IPOU3BOJNTE [IOBOPOT MHCTPYMEHTZ OTHOCHTENBHO H3/e/us BOKDYT OCH
¥ (puc.1), Haxomsmeiics B MIOCKOCTH CHMMETPHH LEHTPAsIbHOTO CeHeHust 3y6-
HaToro BeHla u3icaus. ONHaKO CTOMT OTMETUTS, YTO ITOT OBOPOT (zoBoOpoT)
WHCTPYMEHTA HEOGXOMMMO OCYWICCTBISTE C ONPECHCHHON YINOBOi CKOpO-
CTEIO, TaK KaK GOnbLIad CKOPOCTS 1I0BOPOTA HHCTPYMEHTA He TO3BONISET OJTHO-
BPEMEHHO 00pabareiBaTh Bee 3yOLs H3AETHA H HATPY3KA 11O HepUMeTpY 3alen-
JICHHSA XOHA PACTIPeNIeNierCs HEPABHOMEPHO, KOHUEHTPHPYACE Ha 3yObax, Ha-
XOIAUIMXCS OKOJIO OCH MAKCHMANBHOTO MX mepexoca. TIpi oTom aTH 3y0B4 un-
CIPYMEHTa NepeHarpyKuBATCS ¥ CHUNKASTCA CTOHKOCTH HHCTpyMeHTa. [Ipn
MaJOH CKOPOCTH [MOBOPOTA MHCTPYMEHTA CHHIKAETCH [POU3BOJIMTENLHOCTE 06-
PaboTKyU ¥ MOBBILASTCS U3IHOC HHCTPYMEHTA 11d O/IHO U3ACITHE, TaK Kax CHHMa-

CICH JMIIFAIA CrOit MeTanna npy HOPMUPOBAHUK GOKOBOI MOBEPXHOCTH 3y0B-
eE.

Puc. 3. Tlpononsyoe ce-
YeHHe AUCKOBOTQ XOHA

Jlist peinenns JaHHOM 3a/1auM B pesynbTate NPOBENEHHMX UCCRET0BAHMI
OKCIIEPUMEHTANLHO NOMyYeHa 3aBHCUMOCTH YIIORON CKOPOCTH 110BOpOTA (A0-
BOpOTa) HHCTpyMeHTa BOKPYT ocH ¥ (puc.]):

o=—Y_

10

&

TAC v - yroBast cKOpOCTE BpaIeHus U3Nena Wik HHCTPYMEHTa BOKPYT CBOEH

IPOAOALHOH ocH z (puc.1);
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K, - OespazmepHsiii xodkh-
GUUMEHT niepexosa, 3aBHCS-
LM OT CKOPOCTH pe3auus,
AekcTRyome Ha 3ybe wun-
CTPYMCHTa HArpy3KH, WHPH-
Hbl 3ybuyaToro senua ofpa-
GareiBaeMoro w3zenus, pe-
AKYUMX  cBOHCTB abpasupa
3ybuaroro xoHa.

Ha ocroBanuu TIOCTPOEHUH (CM. pHc.4) M MaTeMaTHYeCKHUX npeobpazorsa-
HUH MONYYCHO BBIPXKEHHE JUTH ONpENENeHHs W3MEHeNUs YacTOThI BpaleHus
NpUBOAa AOBOPOTA2 UHCTPYMEHTA B 3aBHCHMOCTH OT KMHCMATHUYSCKUX H reo-
METPHYECKHX TTapaMeTpOB IPHBOAA YCTPoHCTBA:

G y/-f-(fz =2 wp -cosQ+r3i)

10K, -7, (I-cos2 ~r,)
IAe I - NepelaTouHOE OTHOUIEHHE PEAYKTOpa [IPHBOAA 10BOPOTA;

[ - paccTosiine 0T ocH TIOBOPOTA (JI0BOPOTA) HHCTPYMEHTA A0 OCH BpallleHus
KPHBOIIIAIIA;

7> = PAZHYC SKCUEHTPUCHTETa KPUBOILHIIA,

3- - yron n1oBopoOTa KPUBOLLHTIA.

B Xxome mpowsBeneHHEIX HCCIeA0BaHMI ocyillecTeieHa paspaborka ycr-
POHCTBA U HHCTPYMEIITa JUTSt IPOCTPAaHCTBEHHON MozuduKaliy 3y0seB MydT, a
TAKKE JaHbsl KOMMEHTApHH MO BRIOOPY MapaMCTPOB B OCOGCHHOCTAM KHUHEMAa-
THKH HX B3aHMHOTO NBHXEHUS.

Puc.4. Mexanusm 710BOpOTa HHCTPYMCHTA

i

Cnucox aureparypsr: 1. A.c. 361843 (CCCP). IIpucniocoGaenue k 3y-
Gopestomy cTarKy 1ist 06paBoTKH 3yGBeB Kosec TIPOCTPAHCTBEHHOI'O 3aLenIe-
#ust/ ILB. Xacuier. - Ony6an. B b.M., 1973, Ne 2. 2. A.c. 917917 (CCCPj). Cro-
cob npupaboTky colpsikennoi maphl 3yGuartsix koxec / U.B. Kusericon, U.B.
Kysbuwro. -Ony6in. 8 B, 1982, Ne 13. 3. A.c. 116129A (CCCP). Criocob 06-
paborku 60ukoobpasueix 3y6uen / H.A. Uepnsiies, B.A. Guniyesko. - Omy6m.
B B.J., 1985,Ne 22. 4. Kocbkun B.H. K Bompocy o BbiGOpe patuoHansHol dop-
MBI 3yObeB 3y0OuaThix My(dT. - M3B. By30B. Mainnnoctpoenue, 1973, Ne 4,¢.53-
57. 5. Honouxwit M.C. drankupoBanue 3y0bes 3y6uaTbIX KOJNec U ero abdex-
THBHOCTE. - BecTHux mammHoctpoenus, 1949, Ne 7, ¢.5-10. 6. JintBun ©.JI.
Teopusn 3ybuareix 3auennenuit. - M.: Hayka, 1968. — 584c. 7. TTonouxuii M.C.
Bo3smokHOCTH fiponecca 1IeBHHIOBAHNA B MOBBIICHHHE TOYHOCTH TYpOHHHBIX
nepeaad. - B xu.: CoBpemenubie METOAB! OLCHKH KauecTRa U IIYTH TOBBILIEHHS
TOYHOCTH H3IOTOB/CHMS 3yO4aTeIX nepenad. - M.: Mamirus, 1962, ¢.65-81. 8.
A.c. Ne 917919 (CCCP). Crioco6 06paborku 3yGuaTsix M3ueTuii ¢ 6oukoobpas-
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HEIM 3y00oM ¥ YCTpOHCTBO Anst ero ocyuiccrsiaeHus / B.A. ®unuuenxo, B.JM.

Axaxa, A.H. Muxatinos u xp. 1983.
Cmamss nocmynuaa ¢ pedaxyuio 7.06.2002 2.

PACHOPEJAEJEHUME HATIPSDKEHUM IIPA NPECCOBAHUH
HOPOIIKOBBIX H ChIIIYUYUX MATEPHAJIOB

Ocranenxo M.A., Hecrepos A.H. (JorHTY, 2. loneyx, Yxpauna)

The research of distribution of pressure is carried out without acceptance "hy-
potheses of flat sections" at pressing powder and loose materials in a matrix of
rectangular section. The new laws are established which describe experimental
data more precisely.

IIpoueccer npeccoBanms TOPOIIKOBBIX H CHITYYHX MaTepPHANOB B 3aMK-
HYTOM OOBEME IO/ NEHCTBHEM BHEUIHUX HATPY30K HIMPOKO HNPHUMEHSIOTCA B
MaIMHOCTPOCHUH NP MPOH3BOACTBE A€Talnell METOZIOM IIOPOLIKOBOM MeTal-
JIYPTHH, 2 TAKKE B APYTHX MPOMBIIICHABIX TexHonorusax [1-3].

Bonpocs 060cHORaHUS TEXHOMOTHIECKHX, CHAOBBIX U KOHCTPYKTHBHBIX
[2paMeTPOB MPOLECCOB U NIPECCOBOro 00OPYNOBAHUS, CHUKEHNS SHEPrOEMKO-
CTH Y IIOBBILICHNUS Ka4ecTBa POAYKTOB PECCOBAaHUSA JOJKHBI PEHIaThCs KOM-
IUIEKCHO, B TOM YHCIIE, ¥ ITyTeM YriyOlNeH s TeOpeTHYECKHX HeCeAORaH M.

PaccmoTprM HanpakeHHOE COCTOSHHE NOPOLIKOBOTO MaTepuand, Hpec-
CYEMOT0 B MAaTpHIIE ¢ NapaaielbHEIMH CTEHKaMH.

HaypGornee u3pectroe u IpocToe pelieHne TakolH 3a1avy MONYYeHO B 04
HOMEPHOH IOCTAHOBKE C HCMOIB30BAHUEM «THIIOTE3E! IUIOCKUX cedenuin [4].

17
= = 1
op=cgep| ML), ¢
TA€ & .0 - COOTBETCTBEHHO, CPEIHHE HOPMANbHbIC HANPSKEHHUSA 110 TIonepey-
o n

HOMY CeHeHHMIO Ha 3aaHel cTeHKe paboyero 00seMa M Ha MIOBEPXHOCTH TyaHCo-
Ha; :
k, f - cooTsercrsenHo Ko3(GdHIMENTH GOKOBOrO JaBIeHHS W BHELIHErO
TPEHUS;

11, F - COOTBETCTBEHHO NepHMeTp H ILIOMAh MONEPeYHOro ceverus pado-
4ero obsema;

L - nnuna (BBICOTA) CHPECCOBAHHOTO MATEpHANa 110 HANPABICHUIO ABUIKE-
HH3 paboyero oprasa.

TlpoBesienHEle HaMU IKCIEPHMEHTANLHBIE HCCIENOBAHMS MOKA3AIM, UTO

TIPH NIpeCCoBaHMK MOPOUIKOBBIX M CHINYYNX MATEPUANIOB B MaTPHIE C MONeped-

23



HbIM ceyelivem B GOpMe NPAMOYTONLHMKE «TUIIOTE3A IUIOCKUX CeYeHMH» 1i¢
BBINOJIHACTCH.

MspectHple peluenus 6e3 NpHHATHS «TULOTE3b! INIOCKHUX CedeHUMI» 3a/1a-
44 O pacnipefieieHnH HanpskeHut no odsemy kpyrnoif [5] u xBagpatHoit {1]
B MOACPEYHOM CeYeHHH NPECCOBOK TIPH HCNOAR30BaHWH JIJIA MPAMOYIOAbHBIX
MaTpHIl NPUBOJAAT K 3HAYHTENERHBIM IIOIPCUIHOCTAM.

B cBasu ¢ 31UM, B HacTosuteH paboTe uccne0BaHNE HATPSHKEHHOIO CO-
CTOAHHA NPECCYeMOTO TIOPOLIKOBOIO MaTepHalia B Malpyuc MpaAMOYTOIBHOTO
CEUEHHs NpoBeneHo 0e3 NMPHHATHS «TUIIOTE3b! MJIOCKHUX CevMeHMi», B 3-X mep-
HOH [IOCTAHOBKE, C IOMYLIEHUSIMH CIIOLIHOCTH, 0THOPO/THOCTH, H30TPOIIHOCTH,
HeBECOMOCTH, JIHHEHHO AeQOpMUPYEMOCTH MpeccyeMoit Macchl, abCONOTHOI
YKECTKOCTH Tyarcona M MaTpHuYNoro kaHanma. He yYUTHIBAIOTCS CHIIB] HHEPIHH
(kpasucraTHYecKas [IOCTAHOBKA) H BIMAHHE ra3os. Benuuwna npoussenenus Af
NPHHHMAEETCA NOCTONHIOMA.

JuddepenuuansHoe ypaBHchue pasHOBecus umeer Bua (ocs OX iHa-
[IpaBNera BAONbL OCH MATPHIL, 2 HAYAI0 KOOP/HHAT HAXOIUTCS Ha OCH 3ajHell
cresxy pabouero ofsema)

Pa° 0T gy
gt SN0 A - O (2)
ox oy oz

3axoH TIaPHOCTH KacaTC/IbHBIX Haﬂpﬂ}KSHHﬁ Ha B3aMMHO NEPNCHIHKY-
JAPHBIX MAOIIAAKax OMHCLIZACTCA BRIPAKEHHIMM

Ty = Tyn3Txz 2z =T oxiTyz =Tz 3)

PaccMOTpUM 3aBHCHMOCTE MEXITY TIEPEMCILCHHURMY ¥ OTHOCHTENBHBIMH
nedopmarmavu. OGO3HAYUM NEpeMellleHns BIOAb KOOPAHHATHBIX ocelt OX,
OY, OZ cootserctBerto U, V,W. IIpu abcomoTHOH KECTKOCTH CTEHOK KaMepBl
npeccosanua V=0 u W=0, Haxogam oTHocHTENEREIE NHHEHNIC gedopmMaunu

X ol av =0 oW =3 OEL sty D )

x g tyim T s L S e M TR

Crs3p MexXIYy HANPLKEHUSIMU W OTHOCHTCILHBIMH J1ehOPMALUSIMU UMELT

ClleAYIOUIHHA BUJ
s lp O A (e ou e B {i2) 00 )
XTqv2cax T W 2 090+2)p 2 2 9(l+2¢) oz

I'panuunete yenosns:

LTlpu x=0, U=0.

2. Ilpy x=L senuuuiia U Be 3asucut ot ¥ 1 Z, 4T0 BBITEXAET U3 JIOMYILE-
Hug aBCOMOTHOM HKECTKOCTH MyaHCOHa,

3. MarerpankHoe CHIIOBOE FPAHKHYHOE YCIOBHE HA 3aiHell cTeHke pabo-
qero o0beMa UMeeT B
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B
22
Ry = Ij(o'x]x:od}’dZ, riae Ro = o‘oF 2 (6)

4. WinrerpanbHoe TpHOOTPaHHUHOE YCIOBHE, XapaKTEPU3YIOMICE YCIoBHe
KBa3MpaBHOBECHsS HaCTHIl MOPOUIKOBOTO MaTepHana, COTPHKAacalouMXcs co

CTeHKAMH MaTpHYHOTO KaHala B 30HE MpPECCOBAHMS WMEET  BHI
H B L4 B
DIE 2L 2L 2L
4 f(ey)._pdxdz+4[[(r,.),_ Hdxdy=4xf| | (o), Bexdz + | [(o, ), dxdly |.
dloi 1 2 00 2 00 2 00 2
G 14 ;

5. PapeHeTRO 71 = T, XAPAaKTEPH3YET YCIIOBHE OTCYTCTBHSA CKAYKOB Ka-

xy
CATENBHBIX HANPSIKEHUH B TOUKAX, HAXO/SIIUXCA Ha NepeceueH y CTeHOK MaT-
PHYHOTO KaHana B 30HE MPEecCOBaHUA , HAallpUMEp B TOUKe A ¢ KOOpIMHATAMY
Vo= B/2, z 4 =H 2, KOTOpOE C yyeToM BelpakeHuHl (5) npuHuMaeT BUJ

ou oU

s =l . (7
W )y=BI2,z=HI12 \O2)y=Bi2,2=H|2

C yseTom 3aBucuMocTeii (5) ypasrHerwe (2) npuHnmaeT B

2 ’12 "2
Q—g+—12— _0‘_%+_‘?__g =0, e A= S : (8)
x- \ay* &z I-x

Peurenue nuqu)epelmﬁwr,noro ypasHertsa {8), ynosierBopsiomee rpa-
HIYHBIM ycnoBHaM 1 g 2, naifineno metonoM (Mypre (pasielicHus mepeMeH-
HBIX)[6].

( R

U= Adx+ z @, sin| -}ixw chiry)ch z (”zj —r2 |, (9
=1 k L / L x L
rae A, @, — KOHCTAHTDI HHTECrpUPOBAHKA;

r — napaMeTp, 3aBHcALME oT pasmMepos B, H, L ipeccosku 1 xo3drduimen-
Ta 60KOBOrO AaBmMeHUs — k.

C yueToM nonyyeHHOro pelllenus, shipaxenue (5) m1s o, (ipu n=1) npe-
obpasyercs k puiy
eI

E, ( 2 2
o, =—2%- A+G‘Jizc05[ Jch( ry)ch i3 } : (10)

1+ 2k

Koncrantst 4 u @ onpesensiores us rpanuynsix yenosuit 3 u 4.
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ot +2x) _,rtae I=2B+H);F=B*H. a1
o AT
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A=

— YT Ty

| 12
J‘[’Tzl —r2
. )

Yz )

: . !
1-0,5x7 1 [,J.sf{r g \}sh[ f[” 2]2 -2
= 2) 1Y\ J
Qopmynst (10) -- (12) ycTanapIHBaloT 3aKOHOMEPHOCTD PACIIPEACIICHHS
HOPMANBHBIX HANPSKEHUH [0 00BbeMy [IPeCCOBKH.
Pacesmorpum Borpoc 06 onpenenennn napamerpa 7. Heo6xoamMo oTve-
THTb, 4TO B M3BCCTHOM peilctny [1] nogoGHoro poaa napamerp onpejescres
AN MATPHIB! C KBAIPATHEIM T101ICPEYHBIM ceyernem (abs (H-B) =0) us ycro-
BHS PaBHO3HAYHOCTH KOOPAMHATHBIX oceit OF u OZ, 4To, KaK cneayeT u3 gop-
Myt {9) 1 (10), paRHO3HAYHO PABEHCTRY

0,50, (1+ 26 W2 11
x (12)

(Dlr

47,

-

| \2 it
5(31 J N L (13)
1V J2L

Taxoli moaxox HenpaBoMepeH it MAaTPHL HPIMOYTOILHONO CEYeHHS,

NpHYeM [OrPeInHOCTh BO3pAcTaeT ¢ yseauyenuenm abs(//-B).

B nacrosmueii paGote npu ONpeleneHMM NapaMeTpa #  MCHOJIBAYETCH
FpaHuYHOe yCoBHE 5, KOTOPOE ¢ yyerom Beipaxenus (9) ripu # = 1 npeobpasy-
€TCH B Clleayrouiee YP4BHECHHE OTHOCHTEABHO 1.

1 =
B itx. 25(;7»',‘1 2|,
TAFA] = R A !
2W\L”) B

i
3aKOHOMEPHOCTL  M3MeHeHHMsS BIoib ocH OX CpejiHero HOPMAIBHOLO

HaNPHKEHUS TIO 1I0NepevyHOMY CEYEHMIO 30HBI NPECCOBAHMS BBIPAKACTCS
dopmynoi

H?(r B\;lﬂ? (14)
2)

_f_i’H
o = izfzj(o— Ydydz . (15)
LIRS O '

Toacrasum sripaxenue o, onpegensemoe opmysamu (11-13) B dop-
myaty (16). Tlocite #HTCIPHPOBAHHAS W YIPOLICHUH HAXOAMM, 4TO

7 (7 ]
L] - 0,3 _LCOS( = \)J
P - A L 2l (16)

X o I7s
BE%

| -
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Tpu x= L, o—;’f’ =o-;f'ax — CpellHee MaKkCHMalbHOe HanpsKeHHe Ha pa-

Gouei NOBEPXHOCTH TTyaHCOHA
Ii

b, 1+ 0,5&{}' I
Ymax o0 0 " e
1-051 L

®opmynsl (9-12) u (16), (17) B 3BECTHLIX HaM IUTEPATYPHBIX HCTOUHH-
KaX He IPUBOIATCH.

B cBs3M ¢ 9THM, IPOBENEHO CPABHEHUE 3HAUCHUI HANpPKEHM, paccuy-
TaHHBIX N0 U3BeCTHOH (1) ¥ nonyuennod namu (17) Gopmynam ¢ skcriepumeri-
TAJIBHBIMH JAHHBIMH, TONYYCHHBIMY ¢ HCIIONB30BAHHEM paHee OIMUCAHHOH yC-
TaHoBkH[7]. Vcradosinero, yro norpemHocTs Gopmynsi (17) B Asa pasa MeHB-
IU€ aHAIOTHYHOTro nmokasatesns /Uit Gopmynst (1) 1 nipu JIL/F < 3 He npesbiIaeT
5%.

Crncox autepatyper: 1. Xnanosuu I.M. Teopus npeccoBanus MeTan-
JNHHMECKUX NMopoinkos. — M.: Merannyprus, 1969. — 262c¢. 2. Enuuesuy A.T.
DpUKeTHpOBaHME NOJE3HBIX HCKONaemeix.-M.: Heapa,1989.-300¢. 3. Ilan
Mangpen X. Dneprus u 3anmTa okpyxkarowei cpenst. — [agepbopH: Mzn-o
FIT — Verlag, 1996. — 449¢. 4. Capmaros MM, DieMeHTE TeOpHH U pacHcra
HpeccoB jus OpHKCTHPOBAHMS yriis. — M.: Yruerexusmar, 1954. — 240c. 5.
JKpanosuy I'M., SIxy6osckuit M.A. Pacnpesenesye NaBlieHui ¥ NIOTHOCTH B
OCECHMMETPHYHBIX OpUKCTAX, MONYUEHHBIX MPECCOBAHUEM B JKECTKHX MATPH-
nax // HopomkoBas merammyprus. — 1977, Nel2. C.47-53. 6. Tuxonor A.IL,
Camapcknit A A. YpasHeHHS MATeMATHUECKOH duzuku.-M.: Hayka,1977. —
735¢. 7. Ocranenko M.A., Yamos A.B., Pacckaszos H.1., Po3ym K., ['nosaukosa
H. Tpambosanue u npeccosaHye YroapHOH mHMxTEL — Koxe ¥ xmumus, 1980,
Ne 12, ¢.7-10.

Cmambs rocnynuaa ¢ pedasyuro 15.05.2002 2.

OHPEJAEJEHUE OCEBBIX CIJI HA TEHEPATOPE BOJH
B KPYITHBIX BOJTHOBBIX 3YBYATBIX PEAYKTOPAX

Crpeasnuxos B.H., Cesocreanos C.B., Ilaukos B.A.
(AO «HKM3», 2. Kpamamopck, Yepauna)

The axled forces in undular transmission arise at interplay of disks of the oscil-
lator of surges with a [flexible sprocket which is generatrix among themselves
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elastic kinematic pairs. Is established, that the basic requirements of formation
of axled forces in undular transmission are: low torsional stiffness of a flexible
sprocket, aberration of fulcrums of disks of the oscillator of surges from a paral-
lelism of a fulerum of undular transmission, asymmetric allocation of a normal
offloading on disks concerning a major fulcrum of the oscillator of surges and
axial play last.

B cepuiiHo BelilyckaembIX BOJHOBLIX Nepefayax OceBble CHIbL HMEOT
Manble BENHYHIbI M HEe OKa3bIBaIOT 3aMEeTHOTO BIIMAHMUM Ha UX paboty. B kpyn-
HBIX BOJNHOBRIX TI€pejauax OCeRLIC CHIibl HIPHHUMAIOT OONbUINE 3HAYCHUT W HX
HCJIB3S HE YUMTBIBATH NPU NPOeKTHpoBaHHU. OceBpic CHITBI B BOJHOBON mepe-
Jlaye BOBHHKAKOT NP B3aHMOJCHCTBMH AHCKOB MeHEPATOPa BOAH ¢ rMOKHM Kone-
coM, 00pasylolMx Mexay cobol yrpyrue KuHeMaTHucckue maphl. JJUcKy rexe-
patopa BosH 1eGOpMUPYIOT rHOKOE KOJECo, MEPMAHEHTHO U3MEHSIS er0 [eOMeT-
puteckyio popmy. OCHOBHBIMK YCHOBHAMH OOpa30BaHU OCEBBIX CHIT B BOJIHO-
BOH mepejlavie sIBIAKOTCS: HHU3Kas KPYTWIbHAs KECTKOCTs 'MOKOro Komeca, OT-
KJIOHEHHMS OCeH [AHCKOB reHepaTopa BOJH OT MAPAIIeNbHOCTH OCH BOTHORO# 1ic-
pejlayM, aCHMMETPULIIOE pacpeesIeHHe HOPMATbHOH HAIPY3KH Ha JMCKaX OT-
HOCHTENBHO B0MIbILOH OCH IEHepPaTOpa BOITH M OCeBOH JO()T NOCAeJHErO.

Ilpu neperaie GOMBIIMX KPYTALMX MOMCIITOB, HU3Kasd KECTKOCTh THEKOro
KoJieca onpeleNseT 3HAYUTCAbHbIE 110 BeTHulEe Jedopmalmy, npubmikas ero k
HEKOTOpol dopme BUIITOBOH KOHMYECKOH I10BEPXHOCTH. Ipu stom acummer-
PHYHOS paciipe/ie/leHHe HOPMaNbHOA HAIPY3KK Ha PaboUuHX IIOBEPXHOCTAX AHC-
KOB, OTKJIOHAET MOCHCARHE OTHOCUTENBHO TUIOCKOCTH MX ABMXKEHHS HA HCKOTO-
peiit yron y [1]. Tlpu  ofkaTbisakuy AMCKOB ¢ EPEKOIUCHHBIMU OCAMMU 110 BHYT-
penncH MOBEPXHOCTH rubKoro Komeca, onn "BRuUHUMBaAKICS" B ZedOpMHpOBaH-
HYKO OQOIOYKY, MepeMeiias IeHepaTop BOTH BIONb OCH Ha BENHYHHY OCCBOIO
modra, BHIGOPKA KOTOPOro COMPOBOXAAETCS OCEBOH YAApHOH Harpyskoi Ha
OIOPHBIH NOAIIKIHHK.

BosOyxaenue ocessIx cui B BOTHOBOM 3y0vaToi mepenatue cBs3aHo ©
BOJTHOBOH KOHYCOOOpa3sHoi Makpo - gedopmatineit rudbkoro koneca [2], a takie
OTKIOHCHHEM OCeH AMCKOB reHeparopa BOJIH OT NapailieLbHOCTH OCH BOIHOBOH
nepesadu.  OCeBple  CHMABI  Ha  ICHCPATOPE  BOJNH  ONPENeIsloTes
TEH3OMETPHPOBAHKCM YIPYTOH BTYIIKH, CMOHTHPOBAHHON Ha TOPLE reHepaTopa
BoaH IS (QuKCMpoBaHHMs oceBslX cua  (puc. 1). TeHszopesuctopsl 2
HaKJIeHBarOTCA 10 MEPUMETPY BilyrpeHHeH MOBepXHOCTH ynupyrodl pryiku 1 c
nHTepBanom 45° * 1,5°. Kawpas mapa JMaMeTpaasHO MPOTHBOMONONKHEIX
TEH30PC3UCTOPOROB,  COCAMHSETCS MeXay cobol  [MocieAcBaTenLHO U
BKIIOU2eTCs B 0AHO pabodee mieto MoiyMmocTa TeH3oycHanTels. CHIHANL OT
K&XAOH  mapel  TOCHCAOBATENRHO  COSMMHCHHBIX  TEH3OPE3HCTOPOB
PEIHCTPHPYIOTCS Ha ocLMIII0TpaMMe, rae npocTas
28

ssiercs HyJeBas OTMETKa COBMELUSHNs OO/IBIIOH OCH reHepaTopa BOJH C OChIO
TeH3OPE3NCTOPA U OTCUMTHIBACTCS YIIIOBAs KOOPAMHATA BPALUCHHA IeHCPaTOpa
BoMH. TapHpoBKa TEH30PE3UCTOPOB BLUIONHANACE MPHIIOKEHHEM OCEBHIX YCH-
it X ynpyro#i Bryike B npeaenax 0 + 30000 H, ¢ unrepsanom 1000 H, 20 1

TIOCIIe UCTIBITaHHH.
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= Sk Erite Sa s -
Puc. 1. ¥npyras srynka | ¢ TeH30pe3ncTopamy 2

Ocrunnorpahuposanue BTYIKH POH3BOAMIOCE OHOBPEMEHHO IUIS BCEX
TEH30PEe3uCTOPOB Ha ABa ocumalorpaga. Harpysoussiii MOMEHT peiyKTOpa pe-
ryaupoBaics crynenyaro M, = (0,5; 1,0; 1,5; 2,5; 4,0; 5,0)x10° Hwm, npu wacTo-
TC BpallleHHs reHepaTopa Boiu @) = 5,24 ¢, Ocumanorpamuet ynpyroit sryi-
KH, NpHd ONpefie/ieHUy OCeBLIX YCHIIMH Ha reHepatope BOJH CHHMAIHChL IS
JBeHaAuaTH 000pPOTOB reHepaToOpa BOJIH, IPH 3aIlaHHOM Harpy304HOM MOMEHTE.
PesyinTatsl 06paboTkn OCuMAIOrpaMy (IpUBe/IeHs! Ha puc. 2 — 7.
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Puc. 2. 3apucuMocTp ocesbIX cunl P B YIIPYro# BIyiKe TeHEpaTopa BOIH
0T yria nosopora 5KCHEHTPUKOBOTO Bana ¢, [IPK 4HacTOTE E€ro BpaulCHUs
®=524¢" u Harpy3o9HoM MoMenTe M, = 5-10° Hm; 1, 2, 3, 4 - HOoMepa TeH30-
DE3UCTOPOR
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Puc. 3. 3aBHCHMOCTE OCEBBIX CHIT P B YNIPYroil BTYJKe refleparopa Boji

OT yrna HOBOPOTA IKCIEHTPUKOBOrO Bama @, NPH YacTOTe ero BpaleHHd

®=5,24¢" u Harpy3ouHOM MoMenTe M, = 10° Hw; 1, 2, 3, 4 — nomepa Teusope-

3IUCTOPOR

AHanu3 NpeAcTasjIeHibIX TPapMKOB IOKA3BIBACT, 4TO AehOpMAlIHs YHPY-
roif BTYJIKK HMEET BOJIHOBOMH xapakTep. 3a Bpems OIHOI0 060poTa IKCHEHTPH-
KOBOIO Bana fae(opMauus ynpyro# BTYIKU HMECT ABE BOAHLL, AHAIOIHYHO je-
GopmaunsM kpendKubix GOATOB ¥ YNPYTHX BTYIOK ua rubkom xonece. C yse-
30

JauueHyeM Harpy304HOro Momenta M oceBas CKHUMAlOWas CHia, BOCIIpleH;
MaeMas yIpyroit BTyJKOH reHepaTopa BOJH — YBRRUAHEAETCA: Ipu M, = 5-10
Hy MakcHManpbHOE M MMHMMATBHOE 3HAUEHUs OCEBOW CHIIBI COCTaBISIOT
Pyra=1,13:10° H B P, 1w = 0,97-10° H, AP, = 14%, a npu M, = 5-10° Hm,
P,,,,-,,,,FI,ZS-H)‘1 H u P, min = 1,02-10°H, AP,=18%. Ocesas cuia acicrsyomas
Ha reHepaTop BOJH ONPEASNACTCA B pe3ynbTaTe 06paboTKy JaHHBIX, IONAYYeH-
HBIX TI0 MOKA3aHHIM TEH30PE3HCTOPOB.

P10 H
3,1
WAL N VN NN A
3 %
335 \___<4 = \‘>~/~._
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0 40 80 120 160 200 240 280 320 360 ‘P rpan
Puc. 4. 3apucnMocTh oceBbIX Cuil P B yNpyrod BTYJKe TeHepaTopa BOJIH O
YTJia II0BOPOTa 9KCIEHTPYKOBOTO Balla (, IPX YacTOTe ero BpallleHust 0;=5,24¢™ u
Harpy204HOM MoMenTe Ms = 1,5:10°FIm; 1, 2, 3, 4 — HOMepa TeH30Pe3UCTOPOB

ITo pesynrTaTaM TeH30METpHMM YIPYI'OH BTYJIKH (pHC. 1) mocTpoeHs! rpa-
(duyecKre 3aBHCHMOCTH OCEBOH CHJIBI Ha P€HEPATOPE BOJIH OT BEMWYHHbBI HAIPY-
304HOI0 MOMEHTa M) fUI KPYNHBIX BONTHOBBIX 3y0UaTsiX PeNyKTOPOB IIPHBOI0E
NOBOpOTA IepefBHKHOr0 Mukcepa MII-600AC u nepedyrepoBku pyaopas-
MOJIBHOH MenbluLel MI'P 5500 x 7500, o6némom 160 M, Maccoit 3arpykaemMoi
pyseL 2207 (puc. 8).

[pu sarpysounom momente M, = 5-10* Hwm pesuuuna ocesolt coxumalo-
LIeW CHIbl, JISHCTBYHOIEH Ha TeHCpaTop BOJIH PCAYKTOpa MOBOPOTA MuUxcepd,
cocrasisier Pry=-1,11-10> H. IIpn ToM e Harpy304HOM MOMEHTE PEAyKTOpa
NePeYTEPOBKH MeabHuyb!, OCeBas CHIa Ha TeHEpaTope BONH COCTaBiIACT
Pr=-1,21-10° H.



7
NN AT TIN AT TN

o
il

N

/
X

A
4%

\
f
\

S 30 80 120 160 200 240 280 320 360 P, rpan
Prc. 5. 3aBHCHMOCTD OCEBBIX CHiL I” B YIIPYTOR BTYJIKE T€HEpaTOpa BOIH OT

yriia HOBOPOTA 3KCLUEHTPUKOBOIO Bana (¢, 11pH YacTOTe €I BpailieHus! (,917—5,2‘41-::'1 H

Harpysounom Momerte M, =2,5-10°Hw; 1, 2, 3, 4 ~ Homepa TCH30PE3UCTOPOB
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Prc. 6. 3aBUCHMOCTE OCEBBIX CHIT P B YIIPYrO#f BTyJ/IKE T€HepaTopa BOJH OT

yraa 1oBOpOTa 3KCHEHTPHKOBOI'Q Bajla P, IPH Y&CTOTC €10 BPALLIEHHS ©=5.24c’ u
Harpy3ouHom Momente M, =4-1 0° Hy; 1,2, 3, 4 — HOMepa TEH30PE3IUCTOPOR
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Puc. 7. 3aBECEMOCTH OCEBBIX CHI P B ynpyroH BTYJIKE reHepaTtopa BOJIH OT

yIJia OBOPOTA HKCICHTPHKOBOTO Bajla (), LIPH YaCTOTE €70 BpalleHs (=5 24c! u

HarpyzogHoM momerre M, = 5,0- 10°Hm: 1,2,3,4— HOMEPA TEH30Pe3HCTOPOB

o

&

C yBEenHYEHHEM HArpy304HOro MOMeHTa M, OCEBbIE CHUJIbi B BOJNHOBOM
nepefiade Taicke ysenugusatotes. [lpn M; = 5,0-10° Hw, oceast c:xuMalomn@s
CHJIa Ha FeHepaTope BOJIIL PEAYKTOpa MuUKcepa pasHa Pr=-1,17-10" H, a na pe-
AYKTOpe MeabHuysl Pra = -1,31- 10* H.

OceBas CHUa Ha PeHEPATOPE BOJIH SBISETCH HEKOTOPOH QYHKUMCH HArpy-
3049HOro MoMenT2 M>. OHa 0aHOHAMNpaBIeHa -- BCerja CXMMaloas i He 3aBU-
CHT OT HallpaBJCHHA BpalleHt s resepartopa BOJH.

B BOMHOBOM peiayKTOpe NpuBOAAa pYZOpasMomnbHOi Meaphuubl MIP
5500x7500 oceBrIe cyiIsl BONBLIC, YEM B aHATIQMHYHOM PEYKTOPE NPHUBO/A I10-
BOpoTa Mukcepa MIT-600AC. J{nsg Harpy3o4HbIX MOMEHTOB M; = 5+ 10"+ 5.10°
HwM, oceBas cuna Ha resepaTope BOJH PEAyKTOpa MenpHullel Gobile aHalo-
THYHOH CHIbl peayKTopa Mukcepa Ha 8 + 11%.

Bonee BbIcOKHE OCEBBIE CHIIBI HA PeHEpATOpe BOMH PCIyKTOpa nepedyTe-
POBKH MEJBHMLILI, B CPaBHEHHH C PEAYKTOPOM IMOBOPOTA MHKCEDA, 06)’C.‘IOBHG-
HB] COOTHOIIEHUEM FeOMETPHHYECKHUX PA3MepOB ¥ PasindlLIMU flepeaTodHbIMU
OTHOMICHHAMM TuX peayKTopos. [Ipy 0{IHHAKOBBIX HAIPY30UHBIX MOMEHTaX M>
¥ paccMarpuBacMelX pelyKTOpOB, nepeaapaeMan MOUHOCTE PEAYKTOPOM MEJIb-
HHIL Ha 28% Gomnblile, 4eM PEAYKTOPOM MHKCepa.

Pacxosienyie 1aHHLIX TEOPETHUCCKUX W DKCIMCPUMCHTAIBHBIX UCCIEn0-
BAHUM OCEBBIX CUA B BOJHOBBIX PEAYKTOPAX [PUBOIOB NepedyTepOBKU pyilo-
pasmonbroi Mempruin MIP $500x7500 u nosopora mukcepa MII-600AC He

HpeBelLaeT 6%, YTo CBHAETENBCTBYET O HAAEKHOCTHA MOIYHCHILIX pe3yibTa-
TOR,
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Puc. 8. 3aBUCHMOCTE OCEBOH CHABI P OT Harpy304uoro MoMcura M, ua
resepatope BONH: 1. 3 — fpuBOjia HAKIOHA TNepesiBIKHOrO Murcepa MIT
600AC, u 2, 4 — mpuBona nepedyTCpPOBKH PYAOPA3MONbHOR MenpHALE MIP
5500x7500; xpuBbIe 1, 2 nonyyeHs! KCIEPUMEHTAIBHO, 3, 4 — TCOPETHYECKH

Hcroylidkom OCeBeIX CUIT B BOJHOBOM 3y0uaTol nepenave ABIAIOTCS Ku-
HeMaTHYecKHe T1aphl, 00Pa3ORaHHBIS JHCKAMH TEHEParopa BOJNH ¥ MHOKMM KO-
necoM. KoucTpykuua reHepatopa BONH He o0CCleYUBaeT CTPOroH napanieis-
HOCTH oceil JUCKOE ¢ 001lell ochio Bonuesoi nepenayu. [lepekoc oceit AUCKOB
‘reHeparopa BOTH, (Qopmupyer noxgobue GpuruonHoi BUHTOBOK napet ¢ Ma-
JIBIM LUArOM BHHTA: TEHEPATOP — FHMOKOE Kofieco. Bpamenuue BeayLiero Bala Bol-
3bIBACT BUHTOBBIE LBHIKCHHSA I'CHEPATOPa, KOTOPBIH «BBHHYMBAETCA» B rHOKOE
KOJIECO ¢ OCeBOH cuioit P, MponopuyonalNbHoi HarpysodnoMy Momenty M.
Ocesas cuia, BbI3BaHHAS BHHTOBBIM ABWKEHHEM I'€HEpaTopa BONH, BOCTIPUHMK~
MaeTes ruOKuM kosecoM. OceBble CHIBI B BOJTHOBOH Nepeiaue BO3PACTANOT C
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yBEJIHHMEHHEM HAIPY30UHOTO MOMEHTA. B KpYIMHBIX BOS HOBRIX 3y6uaThIX peiyK-
TOpax OCEBbIC CHIIB! nprobpeTatoT SomnbluKe 3Ha4CHHUA U TPEOYIOT H3MEPCHUS K
y4&ra npH NPOSKTUPOBAHHH. "

JUist CHIDKEHHSI OCEBBIX CHIL B KDYITHBIX BOJHOBBIX Tepe/iatax HeoOXoaumo:

_HCKITIOYHTR «IIABAIOLIYIO» YCTAHOBKY I'€HEparopa BOJIH W 3aKPCIHTb ero
Ha [TOIMITHUKOBBIX ONOpax;

— UCKITFOUMTD “BepueHUe” IMCKOB OTHOCHTENLHO OI10p;

- YCTPaHUTh OCEBBIE JEO(TE! FEHEPATOPa BOIH U ruKOro Koreca;

- YCTaHOBUTH MEXK/TY IMCKAMH 1 THOKHM KOTECOM MPOMEKY TOHHOE KONBLO
¥i3 aHTUMPUKIMOHHOTO MaTepuaia, Harpumep OpoH3sl;

- B 30HY KOHTaKTa JHCKOB C THOKHM KOJECOM IMOABECTH TIPUHYAUTEILHYIO
CMas3Ky ¢ BBICOKHMH aiTH()PHKIMOHHEIMH CBOACTBAMH.

DT0 MUHMUMH3HUPYET Mepexock! ocell JHCKOB, CYILECTBEHHO YMENbIIAeT
BeJIUUUHY OCEBBIX CHIl, KOTOpHIE, IPH HANTMYMK 3230pOB, JO(TOB ¥ BONBIIHX
SKCHEHTPAYHO YCTAHOBJIEHHBIX BPALIAIOUIHXCS Mace, B KPYMHBIX BOJHOBBIX
3y6uaTeIX Iepefayax npHobpeTaoT yaapHsii xapaktep. CHIKECHUE CHIl TPEHHSA
B KMHEMATHYECKHX NTapax «iHCKK — rHOKOe KOeco», YMEHbBIIAET OCERRIC CHIIbLL,
3HEepreTHYecKre MOTEPY H M3HOC AHCKOB.

BHeapeHUe pe3yibTaTOB BBIUIONHCHHBIX UCCNENOBalni B BBILYCKaeMOH
npoaykiuy «Hoso-KpamaropcKoro MaliMHOCTPOUTENLHOTO 38BOAAY COCTABUIIO
cerinre 380 Tsic. rpH.

Cnucox aurepatypst. 1, Crpeneaukor B. H. [Tapaverpst B3auMOAEHCT -
BHISL IHCKOBOTO TeHEepaTopa BOJNH ¢ THOKuM KonaecoM // TIporpecCHBHBIE TEXHO-
JIOTHM ¥ CHCTEMBI MAIlIMHOCTpoeHus. MexIyHapoaHsli cb. Hayds. Tp. — Ho-
Hetk: Jouelkuit rocynapcTeeHubil TexHudeckuii yausepeuret. ~ 2001. — Bonr.
17. - C. 254 - 263. 2. Crpeapuukos B. H., Cesocresros C. B. Onpenenenue
OCEBBIX CHJI Ha I'MOKOM Koiece BOMHOBOM nepenaqu // Becruuk XITIY. - Xaps-

KoB, 2000. — Bpirt. 109. — C. 159 - 172.
Cmamps nocmynuza ¢ pedaxyuio 10.05.2002 2.

AHAJIN3 NPOIECCA CAMOIIPOU3BOJILHOTI'O CPABATBIBAHKS
BHBPOYJIAPHOT'O CTEHJIA C THAPOVIIPYTHM IIPUBOAOM
Cragunk AL (qI'MA, 2. Kpavamopexk, Vipauna)

In the article the conditions of a beginning of work of vibrating and shock
stands with the hydroelastic drive using energy previously of a compressed
Spring are considered

Jins wenelTanus H3O€NMii NPH TPAaHCIODTHPOBKE JKENE3HOAOPOIKHBIM
TPAHCIIOPTOM, I KOHTPONA KAYECTBA PAAMO3NIEKTPOHHOIr0 00OPYHOBaHUS H
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OTBCTCTBEHHBIX M3JICIHMHA MALIMHOCTPOSHMS, aRHAIMM, KOCMUYECKOH TeXHUKM
LIHPOKO PacrpoCTpaHeHbl pasiu4HbiC BUOpPALMOHHEIE M YHAApHBIE Crennnl. B
AUMA noxa pykosoacteom npocteccopa Poramosa JLJL nposoastes pabotel no
CO3AAHHUIO CepWH BHOPAUHOHHBIX M YAApHLIX CICHOOB C THMAPOYNIPYTHM
TIPUBOAOM, HCITOJL3YIOMMX 3HEPTHIO MPEeJBAPHTCILHO CXAaTOH KuaxocTu. B
NIAaHHOH CTaThE PAaCCMATPHBAIOTCS YCIOBHS CAMOIIPOU3BOIBLHOIO CpabaThiBanus,
TO €CTH PACKPBITHS CTBIKA MEXKAY LITOKOM M Kopiycom 6e3 npeaBapuTensHoro
BHIDABHMBAHHS CHJI KaMep BbICOKOTO ¥ HH3KOTO JIABACHUH B VCIOBUAX
KOMOHHHUPOBAHHOTO HArpYy)XeHHWs MCHBITYEMOTO OOBEKTa BHOPALHOHHBIM W
YAGpPHLIM BO3JIEHCTBHEM.

Bpinu npuHATL! DonyleHus 06 abcoMOTHOM KECTKOCTH TIOPILHS ITOKA U
KOpIlyca YCTaHOBKH, OTCYTCTBHN CUMl JeMIIbGUpoBaHus. BruusHite Cul THKECTH
TPCIMsl yYHTBIBAIOCH COOTBETCTBYIOUIMM BbIDOpOM Hauana CHCTEM ocei
KOOPAHMHAT, IIPEATIONIATAIOCH JHIIb BEPTHKAIBHOE IBHIKCIIHE AEMEHTOB CTEH 1
(puc. 1).
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Puc. 1. Cxema wucmeITaTensHOro  BMOPALMOHHO-YNApHOrO cTeHda ¢
THAPOYNIPYTHM IPMBOZIOM: 1 — CTOJI C UCTIBITYEMBIM U3ZIENHEM; 2 — TIOPIUEHk
IITOKa; 3 — KOpIYC; 4 -~ KaMepa BBICOKOTO AABNEHUs; 5 — Kamepa HU3KOTO
JaBieHuKA.

Jpmxkenue UIToKa ONpPEenAensicTCs AaBNeHHeM B HUKHeH KaMepe, KOTopoe
IIPpH OTCYTCTBHH konebaTebHOTO 8036}'}[{;18}]142 H KECTKHM KpEelnieHHEM K
(]JyllﬂaM&HT}’, HMEET 3HA4YCHHE!:
Pg - PiSi /Sz,
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rjie P; — MaBJICHHE 3aPAIKH KaMepbl BLICOKOTO (aBICHH; S| — naomage IWTOKA,
HCTIBITHIBAIOLIETO BHICOKOE  [aBlieHHE; S, — mIowafe LITOKA Hal KaMcpoH
HH3KOI'O IaBJICHNA. )
B ciydae HEMOABIKHOTO KOPIYca M HENOCPEACTBEHHOTO BO3ICHCTBHS
BHOPALMOHHOTO HAIPYKCHUS HA LITOK cnno.u
£ F, = Hsin{ax) ,
510 Aapien#e OyIeT yKe MEHbIIE Ha BEHYNHY H/S; v 6yner paBHoO:
.Pg =(P181 —H)/Sz.

Ilpy ydere ynpyroro COSAUHCHHR KOPityca ¢ HeOABHIKHBIM OCHOBaHHEM
BAXKHO YUHTHIBATH IPHIIOKEHHE BHOPAUMOHHON CHIBI: B TEPBOM cClydae K
[ITOKY, @ BO BTOPOM — K KOPITyCY. B 060MX ciy4asX BeIHYKIEHHBIE KOneOanus
YCTaHOBKM HMEIOT BUIL:

x = A sin(ax),
rIe A= H/((z’c2 - a)z)(mm + m,)). ”

B npuBeicHHBIX BhIle GopMyax H — aMIIMTyaa BLIHYKAAIOUICH n:ﬂm::;
@- 9aCTOTa BBIHYKIAMOIIECH CHUIBI; A -- aMIUIHTYAa BBIHYXAECHHbIX kosebaHui;
k —gacToTa COOCTREHHLIX KoneOaHwii crenaa; i, W M, —MacCepl ILUTOKa H
KOpIyca COOTBETCTBEHHO.

B uepsoM cliydae [aBjieHME B IMKHEH KaMepe YMEHBIUAeTCsd Ha
BENMuUHY, YYHTHIBAIONIYIO BIMAHME CHibI HHEPLMM IITOKA, M TPHHAMAET
3HAYEHHE: i

PQZ(P|S| —H-mmarA)/Sg.

Bo BTOpOM cilyyae aMiUTHTYy Ly BRIHY/KAAIOIIEH CHIIBI yHHTEIBATE HE HalO

U NaBjicHUE B KamMepe HU3KOro JaBieHus Oyner nuMeTh BUIL:
P] e (P]L(;[ - mwa)-A)/Sg.

Hawbonee sueprocbeperafonieii sBiasgercs cxema (puc.l) yupyroro
COENMHEHHs CTOJA K MCTIRITYEMOr0O H3AEMHSA C KOPIIYCOM HIIH IUTOKOM.

Huddepennuanpapie YpaBHEHHS ABMKEHHSA TPEX MacC CUCTEMbI € ABYMA
CTEMESHAMU CBOOOJIBI HMEIOT BHJL:

Meny” = H sin(ex) —(c1 — e2)(y = x);
myx = —cax—y) = Fuop + N;
mx =+ c(x—y) + Fpgp— N~ C3x.

3Aeck X W Yy — KOOD/MHATH! LITOKA C KOPIYCOM M CTONa C HU3ACIHEM
COOTBETCTBEHHO; ¢; — ECTKOCTh YIPYIOI'O COEAUHEHHS CTONA C KOPITyCOM;
€3 - KECTKOCTh yNPYTOro COEAMHEHHUA CTOMA CO LUTOKOM; €3 - IKECTHOCTH
YHPYTOIO COCAWHCHMSA KOpPTMyca € OCHOBAHWEM; Mem Macca cTojla M
HCHIBITYEMOTO  M3ueiust; Flugp = P1S; — P»S; —cuna JaBlieHust JXKHAKOCTH Ha
WToK; N — cuna peaxinu mMesxay koprycom u trokoM. Cura N 2 0. xorjaa osa
HpUHHMaeT 3yavycHue pasuoe (0, TO MPOMCXOAUT FABICHHC PACKPLITHS CTBHIKA
MEXAY WITOKOM H KOPITYCOM.
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HBWKEHHE TCN CUCTEMBI TPOUCXOIHMT M0 NEPUOMMUESCKOMY 3aKOHY ¢
AByMs HaCTOTAMH, ONpeAenaeMbiMU COOCTECHHBIMU 3HAYSHUSAMH OJHOPOAHBIX
YPaBHCHUH [BHKEHHS, AMITHTY 1bl KOTOPBIX 3aBHCAT OT HAYANBHBIX YCHOBHIL 1
BLIHY/KACHHBIX KONebanuil ¢ 4acTOTOH @ BOZMYUIAIOUICH CHITBL,

B cnyvae xectkoro KpemnsieHus Kopnyca K OCHOBAHMIO jaBfieHue
HIDKHeH KaMepe CHM3HT JMib CWIA YOPYTOCTH MEX/Ly CTOAOM K LITOKOM ¢
KOPliyCOM Ha BEIHYMILY

H(1 - @me,/(cy + €2))/Sh,
NPHYEM HE BAKHO C UEM YIIPYI'O COSNUHEH CTOH.

Jlanbuciuiee  uccaenosauwe  CxeMbl  TIpMueTcs [IPOBOAHTE ¢
TIPHBACYCHMCM BBIMUC/IMTEIBHBIX MALIHI, TAK KaK JaBJIeHHe B (KHEN Kamepe
OyAyT ONpeHenaTh XApaKTCPUCTHKK BBIHYXXIAIOLIEH CHITBLI U KOHCTPYKTHBHBIX
JICMEHTOB CTCHAA HOCPEACTBOM CHJI YHPYTOCTH W CHJI MHEPUHH IUTOKA M
Kopifyca.

Caenyer ofparuth BHUMaHMe, 4TO TpH paBeHCIBC JaBiAeHHs P
aTMocdepHOMY HACTYIaeT CAMONPOUZBOLHOE PACKpBITHE CTBIKA MEXCHY
LITOKOM # KOpITycem 6e3 kakol-1160o nNpeaBapuTesHOi MOAKAYKN JaRIeHHA B
HHUIKHCH KaMepe.

TakuM 00OpasoM Amst pasnUUHEIX PacyeTHHIX CXeM TONyueHs! 3HadcHus P,
1 KamMepe HU3KOTO [aBJIeHHs, XapaKTepH3YIONIee HA4aI0 HaHEeCeHUs YIapHOro
BO3ASHCTBUS TPy BUOPALMOHHOM HATPYXKEHME H3IEiMA. ITH COOTHOUICHHS
MO3BOJIAIOT BHIOUPATE KOHCTPYKTHBHBIE MAPAMETPHl H OTPEeIessTh MHTEpRBai
BPEMEHHM MEXIAY HaHECCHMEM HOCNe[OBaTEeNbHbIX YNApOB, KOTOPbI MOXeT
HOCWTL KaK AETCPMHHMPOBAHHBIM, TAK M CTOXACTHYECKHH Xapaktep. Yuer
YHOpYTOrO B3aUMOZCHCTBHS Kopliyca ¢ (YyHAAMEHTOM HO3BONACT peiaTh
BOMPOCKH! BUOPO- H HIYMOU3OISIINH.

Cincox nureparyper: 1. Ac. 1716357 CCCP. Crenn ans YARPHRIX
ucneitanni / JLJL Poranos, I1.B. [Inumnakos, A.K. Caperxos, M.JI. Poranos.-
Onydn. 29.02.92, B.Ne8 // Otkpsitus. Vizobpererus.-1992 -No§, ¢.171.
2. Marsees V1.5, ruaponpiBoa Maluui yAapHOro ¥ BUGPAHMOHHOTO AeHCTRHS -
M.: MauwHocTpocHue 1984 r.-c.29. 3. Meroabl NpOEKTHPOBaHUS
JNCKTpOMEXaHUHeCKUX  BozOynuteacih  /  bBoxko A.E., TTepmsikos B.A.,
ITywrs B.A., AH YCCP Hructuryr npobnem manHocTpoenus.-Kuen: Hayx.
Hymka, 1989.-208¢. 4. PorawosJLJI, IHunmaxos ] I.B., Cranuux A.H.
MaremaTuyeckas MOLENE YAAPHOTO CTEHAA C raapoynpyram ipusogom // Co.
Hay4. Tp. Beinyck 1 / Kpamatopexk, JITMA, 1993.-c. 35-41.

Cmamus nocmynuna ¢ pedaxyo 7.06.2002 2.
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CIIOCOB OTAEJOYHOM ABPASUBHON OBPABOTKY
OTBEPCTH C DJUIMITHYECKOH NOBEPXHOCTbBIO

Crenauos O, C., Apanacses b. .,
Koozes . JI., Hoasnixor A. W. (Opénl TV, 2. Opén, Poccusa)

In the given article is offered the new method of finishing processing of aper-
tures with an elliptic surface. A task of the invention is the increase of accuracy
and quality of processing of internal elliptic surfaces. )

O6paboTxa feTanel ¢ KpUBOTHHERHLIM npodunem npeacrasiger cobok,
KaK mpaBuJio, BECEMA TPY/IOEMKHMH mpouecc.

B 3aBHCUMOCTH OT TJIOCKOCTH CEHYEHHMS, B KOTOPOH PACIIoNoXeHa KPHBO-
nuHeliHas IOBEPXHOCT, TaKHE AETANM MOTYT ObiTh Pa3OUTEL Ha TPH l"p}’t’ll'lhi [1}:

1-s1 rpyrna — WANMHEAPHYECKHE AeTany ¢ MMOICPEYHbIMU KPUBOJINHEHHbI-
MH IpOGUIISIMA. : .

2-5 Tpynma — JIeTaid ¢ MPOMOIBHBIMH KPHUBOJHHEHHBIMH MPOQHIIIMH,
ofpasyromye B IONEPEYHOM CEUCHHH OKPYX HOCTH.

3-s rpyiina — IETANy ¢ KPHBOIHHEHHBIME IPOQHIAMH, PACHONIOMKEHHBIMH
B IIPOXOJIBHOM H ITOTIEPEHHOM CEUEHHAX.

CymiectByroune Meroasl obpaborky He Bcerna criocobHel obecneduth
HEOOXOAMMYIO TOYHOCTH M3FOTOBIEHHMS Ha3BaHHLIX Npodwunei, yto B ocobex-
HOCTH OTHOCMTCS K ZETaIsIM, BXOAAIIMM B 1-f0 M 3-I0 TPYIINIBL. DTO KacaeTcs H
AeTaned ¢ OTBEPCTUAMH 3IAUITUYCCKOY DOPMBI, MPUHANICKAUNX [10 JAHHOU
Kiraccupukanuy K 1-oif rpynne.

Tpeanaraemsiii ciocob oTaeno4HoM abpasusHOM 06paboTky oTBEpCTHH C
IFTHOTHYECKON TOBCPXHOCTBIO OCHOBAH Ha TOM, YTO MPOEKUHA OKPYAKHOCTH Ha
HaKJIOHHYIO [UIOCKOCTD SIBNISETCH 2JUIMIICOM.

O6paboTka TpeABapuUTeNLHO PACTOYEHHOTO OTBEPCTUS IIPOM3BOIUTCS
BPAIMAIOMHAMCH HUTHQOBATLHBIM KpyroM 1, 3aKpeIICHHbIM Ha IIMNHHJCHE, Ha-
TIPHMEp, BHYTPUULTH(OBATEHOTO CTaHKa, ¢ o0ecneyeHneM NpoaonbHOI mojaayn
Spp (pHc. 1). Ock BpamieHus HHCTPYMEHTATHHOIO MUK PacTONaratoT Mox
YIJIOM O K OCH BpalneHus 3arOTOBKM 2, YCTAHOBNEHHOH B nepenmell Gabke
CTaHKa. YTOJ 0L OIpeensioT Mo GopMyre:

o = arceos (b/a),
[e a ¥ b — cootpeTcTBEHHO, GoMNBINas 1 Manast HONyocu obpabarbiacMoro -
JTHIICa.

st crsitus obiuero npunycka f, OCTaBAEHHOrO 10J[ IuTHdoBaHKe, HEOD-
XOMMMa TaKXKe monepeuHas Ioja4a BpesaHus S,, KOTOpas OCyUIeCTBIIAETCs
KPYTOBEIM NBIKeH#em BoxkpyT T. O (TOUKH Nepeceuenus OceH BpaieHNs AeTa-
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| TTonowenue 2
IHCTPYMEHTS B KOHIE
pndosatia

a

S

momenT nuiopanua

[erpymerra

Puc. 1. Cxema obpaboTku

T M HHCTPYMEHTA), M3MEILLH VIO ¢ B CTOPOHY YMEHBIIEHUS.

Jlas ocyiiecraienus o6paboTku no npejaraemomy criocody Gepyr io-
Bl cTanAapTHEL BUIHAOBATBHBIN KPYD ¢ HApYXHBIM AuaMmeTpoM D) pasHRIM
2a, T. e. enuunne Gonbuioit ocu obpabareiBaemore annunca. Ero uepudepuii-
HYIO PEKYIIYIO TIOBEPXHOCTL NPABIT, ASsL HA ABE PABHBIS MO BEICOTE HACTH 4 U
5. Kpaitaas npuropuosas dactsk S paboraer Torza, korja 1.0 nepeceyeiins oceit
BPAIICHUA JeTaly M MHCTPYMeHTa HaxXOAUTCA chpaba oT obpadaTsiBaeMol de-
Tanu {puc. 1). nputopiiogas uacth 4 pabotaer TorAa, Korda Gnarcaaps upo-
noisiof nogayc Sy, 1.0 pepeceveHus ocell BpalCHUS AETAIM U HACTPYMEHTA
Haxoaurces B oOpabaTeiBaeMOi JAeTalii MK CIIEBA OT Hed,

ITo mepe uznoca abpasHBHOrO Kpyra K €ro 3arynsends neobxommuma
IIpaBKa, B Pe3ynsTaTe KOTOPOH NpOHCXONUT YMEHLIUCIIHE HAPYMHOrO JuaMer-
pa. Jlis ero BOCCTAHOBACHHS KPYI' Pa3BOPEUKMBAIOT OTHOCKTENBHO IUMHHACS,
yBeuuuBas yroi 3 ero HakIoHa K [LIOCKOCTH, NEePHEHAUKYIAPHON K ocu Bpa-
UISHHA MHCTPYMCHTAILEOTO IMHHAeNsS. MaKcUManbHO BO3MOKHBIN Yo Puax
paseH yruy o (puc. 2), upy atoM guaMeTp xpyira Oyuaer pasen 25 — manoit ocu
obpabateipaemoro asaurnca. llpu meHrmem guametpe Kpyra obpaboTka
anfunca  JadgHOro  pasmepa  HesosmokHa., OcraBumfics  abGpasusHbiil
UHCTPYMEHT MOKHO HCIONB308aTE /Al 006paboTKH 31MUNTHHECKHX OTBepCTyil
MEHBIIHX Pa3sMepoB. .

I1naproe perynuposasue yrna 3 ocynecTBISETCH ¢ FOMOIIBIO B3aHMHO-
ro rosopora Gnaxnes 3, ¥ KOTOpEIX CKOLISHHBIE TOPIBI BLITOMHEHE! IO YTAOM
Bmax/2. TToBOpOT omHOrO GaaHUa ¢ OJIHOTO TOpla Ha Kakoi-TO yroj OTHOCH-
TEABHO OCH JIOJDKCH COOTBETCTBOBATH TIOBOPOTY HA TAaKOH e yrom Jipyroro
dhirarifa ¢ Apyroro Tepia Kpyra.
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Puc. 2. O6paboTKa 0TBEPCTHA MAKCUMaIbHO M3HOLIEHHBIM KPYTIOM

Jis ocymiecTBIeHus nporecca obpaboTky mpejiaraercs CneiMarsHas
mnghosansHas ronopka (puc. 3). OHa COMEPKUT JepKareih HHCTPYMEHTa 6.
BEITIOHEHH b B BHAE MONOH TpyOBl. Ha KOTOPOM IIAPHMPHO OJIHHM KOHLIOM
3axpeiuiena mianxa 7. Ha apyrom xowue rranky 7 mapHHUpHO 3aKpenieH nHes-
MONPHEBOX 8 C MHCTPYMEHTOM 1, C BO3MOXKHOCTBIO H3MCHEHUA YT Ot HAKIIOHA
OCH BpamieHus MHCTpyMEHTa | OTHOCHTENBHO OCH ACPHKATENs 6. B orsepcruy
Aepxatenst 6 pacronoxena 1ara 9 NHEBMONPHBO/A KPYTOBOH MOmepes ol no-
jayu, IUApHUPHO  COeluHeHHas ¢
kponiuteiisom 10, koTOpEil 3aKkpenien
Ha Kopilyce 8 MHEBMOMIpHBOOA. B or-
BEpCTHH JAepxaTtenss 6 pacTiomoXKen
nuesmorpybonposon 1l mana momadu
CIKATOr0 BO3AYXA K IHEBMOABHIATENIO
8.

Ilpu newkenuud TarH 9 BBEPX
uny a3 OyAeT USMEHSTBCA YTon o
HAKIOHA OCH BpallleHHs UHCTPYMEHTA
OTHOCHTENBHO OCH Jepartesisn. Tara 9
apjgercs TakuM ofpaszom TsTOd npH-
poga (Ha puc. 3 He MOKa3aH) KpYroBoH
nonepevHoi oAauH Bpezanus Sq.

Bo spems pabotsl nipeanaraemoi
FOMOBKM [10a4a BpE3aHusi OCYLUECTE-
AfeTcs ABMKeduem Taru 9 BHHM2 (co-
riacHo puc. 3), npy aToM T. O nepece-
YyeHMs oceii HHCTPYMEHTA U JepIKaTens
CMECTHTCH BJIEBO, MOJITOMY ANA CO-
smetiennus T. O ¢ ocsio obpabaThiBae-
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MOf eTain HeoOXOoAUMa KOPPEeKTHPOBKA HOIMKCHUN ACPIKATEIN, 3aKI04a10-
Liascs B CMEIIIEHUH ero BOpPaBo, T. e. aABwkenue S,. Ilpnuém nsuxenue 1aru 9
BHHU3 ¥ NepeMelLeHHE S, JepiKaTens BOPaBo AOMKHBI IPOH3BOAMTLCS OLHOBDPE-
MEHHO. D70 ABHIKECHHME MOKET ObITh OCYHIECTBIEHO C MOMOMIBIO H3BECTHLIX
YCTPOHCTB, Hanpumep, ruancynmnoprta u kaperku. ITo oxonuanuu obpabotiu
AETANY KPYT Y IePIKaTenb JOMAHbI BEPHYTHCH B UCXOJHOE TIONOKEHHE.

IMpennaraemslii crrocod oTaeo4HoM abpasusiioi 00paboTKu oTBEpCTHIA C
SHNUNTHYECKOH NOBEPXHOCTHIO MO3BONACT PACIIMPHTH TEXHOJIOTHYCCKHE BO3-
MOMKHOCTH 110JIYUEHHNS TOYHLIX KPUBONUHENHEIX MOBEPXHOCTEH, MOBLICUTEL UX
TOYHOCTh M Ka¥eCTBO, CHU3UTL BCJIMYMHY HMIEPOXOBATOCTH U OOeCTeuynTs Hesa-
BHCHMOCTH Npohuis o0paboTaHHOTO H3Zends OT AXaMETpa LUTM(OBAILHOTO
KpyTa.

Brisoasr: [pciuioxes HOBLIH OeckomupHLIH crocod oTAe104HOMH abpa-
3UBHOM 00paboTKK HeTaned ¢ OTBEPCTHAMM IWTHNTHYCCKOH Gopmbt. s pea-
Jn3aluy jannoro crocoba 06paborku paspaboraia KOHCTPYKUMS ClEHaTbHOMN
1AM (OBANLHOH I'0IOBKY € MHEBMATHUYCCKUM {IPHBOAOM ABHKCHUS MONEPEYHOI
MO LAY,

Crnucor nurepatypni: 1. Kapeaun H. M. becxonupnas obpaborka 1u-
HHH}IPH‘IECKHX EETEUTCQ c KPHBOJIHI-EGEHLIIMH ﬂOﬂBpe‘{HbIMH cedyeHuaMH, — M.:
MaumHoctpoeHue, 1966. — 188 ¢c. 2. A. ¢. 549327 MKIM B 24 B 41/04, B24 B
5/08. llInudosansras ronoska. ununnos A, U. Y ap. 3asska Ne 2086082/08,
3ass. 20.12.74. ony6. 05.03.77. Bion. Ne 9.

Cmampa nocmymua e pedaxyuwo 20.03.2002 2.

NOBBIIIEHHULE DOOEKTHUBHOCTH ONEPALIMA
BHYTPEHHEI'O IVIMBOBAHUS TYTEM NPUMEHEHM ST
CBOPHOT'O KOMBUHHWPOBAHHOI'O KPYTA C
AKCHAJBHO-CMEHIEHHBIM PEXY UM CJIOEM

Crenanos F0.C,, A¢anacees B.J., Houasxos A.H., Kobses JI.JL.
(Opeal’ TV, 2. Open, Paccua)

The modular combined circle concerns to mechanical engineering and is
intended for the fair combined grinding of metals and alloys inclined to
occurrence of burns and microcracks during processing.

Teopus ¥ npakTHKa npoucccor mwaudosanua AcTancit pasTuuHIME Me-
TOHAMH 10KA3AJIM, YTO BHYTPEHHee HmiiudoBanue CONMPAKEHo ¢ HaubOIbILIHMH
TPYAHOCTSMH HOCTHKEHUSA BbICOKHX TEXHHKO-3KOHOMHUYECKHUX PE3YALTATOR.

Mexay TeM, BHYTpeHHee LutndoBanue cocrasiscr Gonee 50% oT Boex
BHJIOB NUIMGOBANBHBIX PaloT B MALMHOCTPOUTENLHOM MPOUIBOACTRE, K HEMY
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[PEABABIAIOTCA BHICOKHE TpeboRaHKs N0 TOUHOCTH qlopxx-:m, pasMepoB, 4 TAaKKe
_u;%poxo_Bm'OCTH nosepxHocTu 06padoTaHHEIX eTalei.

" B s70ii CBA3H, CO3JaHUE HOBBIX CXEM CPE3aHHs MPHUITYCKa, HHCTPYMEHTOB
% - TEXHOJIOTHH, obecnieuMBalOUIMX [OBBINICHHE TOYHOCTH, Ka4ecTsa 14
npdmponmenbuocm BHYTPEHHEI'O IUMU(OBaHUA, XBISETCH aKTyanbHOMI
sajiaueit s MHOTHX OTPaciiell MallIMHO- ¥ IPHOOPOCTPOCHHS. }

[IpuMepOM HOBBIX COBPEMEHHBIX TCXHOJIOTHYECKHX KOHUEMUWH MOKET
CHYKHMTB WnU(pOBaHHE COOPHEM KOMOMHMPOBAIILIM KPYTOM C aKCHalbHO-
CMEIEHHBIM PEXYIIIM CII0eM.

SR mpouecce 06padoTku 3a non-obopota wnuHAens 1 (pHC. 1) xombuHH-
POBaHHOTO WHCTPYMCHTA 30Ha pe3aHus -6, HAXOAAILIASCS Ha [epUuPepHi HLIx-
(OBATBHOrO Kpyra 2, MepeMecTHics B MOMOKSHHE 6; — &, & 33 BTOPLIC MO~
0GOpOTa OHa BEPHETCA B HCXOIHOE [OTOXKEHHE.

CrefoBaTeibHo, 32 NONHBIA 000poT mmuHfeas 1 O MNH(OBAILHBIM
KpyroM 2 Bce ero nepuepuiiibie TOUKH 301bI Pe3aHus COBEPLIAT ilepeMee-
HUE BIOJb OCH BPAIlEHys, PaBHOE BeIMYHHE aMITIUTYAb 4.

Barofapst TakoMy aKCHaIBHOMY CMELUEHHIO pabouero pexymiero ¢nos
uudoBansHOro Kpyra 2 Ha y4acTke A B MOIEePeHHOM CeUeHHMH nabmofaercs
mpephIBHCTOE WTHdOBaHKe, KOTOPOE COMPOBOKAACTC HU3KOH TeMreparypol
pe3aHys 10 CPaBHCHHUIO C TPAAULMOHHELIM ULIH(OBAHKEM, HE HabMOAAIOTCH Ha
00pabaTpIBaeMOl IOBEPXHOCTH NPUKOTH H MUKPOTPE LM HEL

. '

il

s

£

;

a) 6)
Puc. 1. Cxema o6paGotky orepeTHit c6opHBIM KOMOUHUPOBAHKEIM KpY-
TOM € aKCHanbHO-CMEUIEHHBIM PEXYLIMM crioem: a — obmas cxema; 6 — pas-
BEPTKa cliena KoMOMHMPOBAHHOIO HHCTPYMeHTa Ha obpabarsiBaeMOl MoBepX-
HOCTH
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ﬂaHHOG KBasHIIPEPBIBHCTOE IIIJIH(J}OBB.HHE SIBJISIETCH HEHNPEPBIBHBIM I1PO-
UeccoM pe3aHua, KoTopoe obeciieyHBaeT OCUMAAHUMK TEMNOBOIO (1018 BCIe-
CTBWE NPUPOCTa JUTHHB! K KOHTAKTa Kpyra i ACTalH, PaBHOE:

K=A4 +B,,
rje B, - sercora mwandoBansHOTO Kpyra 2 B HanpasBleHHH ero MpoAoasHOEH Ho-
Jlauu,
B, = Bcos a;
B — BBICOTA CTAHAAPTHOTO HUTU(OBAIBHOIO Kpyra 2;
¢ - Yroi HAKNIOHA MIAPOBATEHOTO KpyTa 2.

Yron HakioHa Kpyra 2 TO3BONSET YBENWYMTh KOAMYECTBO aOpasHBHLIX
3€peH, YHacTBYIOLUMX B pe3aHuu. Eciiu npu oObMHOM TpauMOHHOM MINKdO-
BaHHH KONMMYECTBO PCKYUIMX 38PEH, YHaCTRYIOIUX B Pe3aHHH, COCTABIIAET OT 3
ho 15 %, To nOpu HaHHOM KBa3UIIPEPLIBUCTOM HUTH(GOBAHHU UX KOAUYECTRO
YBEIHYIHBACTCA 8 71 Pa3, KOTOPOE MOXKHO OINPEIeIHTE 110 Gopmylic:

n = K/B,,= (4+B,)YB,= 1+ A/B,= 1+ A/B cos ).

Beiea 3a wnndopansisiv Kpyrom 2 obpabarsisaemas MoBepXHOCTh [MOI-
BepraeTcs yuctonoid odpaborke pabounmiy sneMenTamu 3, 3aKpeIUIeHHEBIMY 134
JMCKE 4, KOTOPBIH ¢ NOMOHIBI MOMIUMIIHUKA 5 YCTAHOBIEH MOJl YIJIOM O Ha
iMigiene 1.

Abpasushbic OpyckH 3, HMEIOLUME BO3MOXHOCTD PAJHaibHOTO IepeMe-
IeHHS W IpwKuMmaemsle X oBpabarnizaemMoif MOBEPXHOCTH € ONPEACHCHHBIM
YCHIHCM CHEHHaibERIMA TPYKMHAaMH, 00KaTeIBatoTCH 110 00padarteiBaemMoi no-
BEPXHOCTH, COBEPLIAs BO3BPATHO-TIOCTYTIATENLIEIC OCERbIE ABMKCHMS Sy

MHCTPDYMEHTa, Y1Jla HAKIIOHA ¢ ¥ olipeleseTcs no GopmMye:
A=Dtg a,

HacroTa xonedarensuoro asxenus abpasusnsix 6pyckos 3 Gyaet pasHa
HacTOTE BPALICHHA LINMILLCIH KOMOMEAPOBAKHOIO HHCTPYMEHTA.

Baaronapa nmpojonbHoMy KonebareibHoMy ABMKEHMIO U PAJHATLHOMY
pazxuMy Opyckos 3 Ha obpabareiBacsMoil MOBEPXHOCTH adpasHBHBIMY 3epPHAMH
00pasyloTecs L@panuHbl, HAlPABICHUE KOTOPBIX MEPHEHAMKYIAPHO MpeabLLy-
UMM, DONY4CHHBIX IWTHGOBaNbHsIM KpyToM 2 (puc. 1, 6).

[ecmoTps Ha MOCTOSHHBIE PAAMATIBHBIC CHIlbI Pa3KUMa OPYCKOB, OHM pa-
00Ta10T B YCITOBHAX HEMPCPHIBHO HAMEHAIOWNXCH AaBTSHIH. :

Hcnonp3osanue KOMOMHHPOBAHHOIO HHCTPYMEHTA IPEMIAraeMON Koi-
CTPYKIMH I03BOAAET BECTH 00paboTKy ¢ HCMOnb30BaHueM Beel nepuepuitton
pabo4ell yacTH HHCTPYMEHTA C COXPAHEHNEM NPCHMYLIECTB IPOLECCOB Npephi-
BUCTOrO MudoBaHUS ¥ XOHHHIOBAHKSA,

Ilpon3BOMHTENBHOCTE TAKOTO CTIOC00a YHCTOBOH KOMOMHUPOBAHHOM 00~
pabOTKH MOIKHO HOBRICUTS B 2...2,5 pasa, a WEPOXOBATOCTH NOBEPXHOCTY ~ HA

1...2 knacca. Ilpu a1om pacxos abpasuBHoro WHCTPYMEHTA cHIKaeTes Ha 30 Y.
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ITou NpOW3BOACTBEHHBIX HCHLITAHMSX HA BHYTPULULIM(OBANLHOM CTAHKE

b - pom D = 60 H7(""P) 1
Mo, 3K228B mnudoBany CKBO3HOE OTBEPCTHE Iiﬂahfe"i PO} : )
qumsoi [ = 60 M. [TapaMeTp mepoXoBaTocTd 06padaThiBaEMOl OBEPXHOCTH
Ra 0.63. [Npunyck Ha CTOPOHY h=0,2 mm. Marepuan 3arOTOBKM — CTallb 45, 3a-
xanenras Teepaocts HRC 45. CTaHOK oCHaUIGH YCTPOHCTBOM AJis aKTHBHOI'O
KOHTPOJIs 00pabaTBIBaeMLIX 3aIr0TOBOK. | )

LUinu¢oBanbHpIi KpyT ¢ abpasnBHbiM CJOSM, PEKOMERIyeMbIM AJIA 3TOH
crany (moJiHas XapaKTepHCTHKa Kpyra 24A 2511 C25K 8 A).’HpH BHYTPEHHEM
HUTHGOBAHAN PEKOMCH/ICTCH D,/ D= 0,8...0,9. ITosTomy ObLT BEIOpaH Kpyr
mamerpom D= 50 MM

OBpaboTka NPOBOAKIACH NPH CHEJYIONHX PEKMMAX PE3AHMA. YHacrory
BpalICHHs K?yra npurrMany r; = 13000 MuH"'; qactoty szim_eﬂm 3arO0TOBKH —
1;=200 mus . [IpoopHasd 110Ja4a COITIaCHO PEKOMEHAaUMH Gblna ycTagoBAeEa
S.= 5390 mm/mun. Tlonepeynas nojada juis OOBIYHBIX KPYTOB PEKOMEH/1yeTCs
S, sex = 0,004 mwm/me. xox. Jlng paBHOro CrHeUMansHOrO € aKCHalBHO-
CMEIERHBIM PeXKY MM CI0eM KPYyra NpUHUMANH S, 55,7~ 0,006 mM/AB. XOZL.

A6pasusnsle Opycku: matepuan sepua 63C, sepumcrocts M40, Trep-
nocts CMI1, cBsi3ka — KepaMuyeckas, Kojluyecrso Gpyckos — 6, pauHa Opy-
cxoB — 30 MM, muprHa OpyckoB — 16 mm. Oxnaxkparonias KUAKOCTh — IMYlib-
cust. O6paboTka OCyIHECTRILIACH 32 25 IPOX0A0B. YION HAKIOHA uiudOoBaTh-
HOTO KpyTa H jiucKa ¢ abpasuBlbIMH Opyckamn o = 10°. AMOIHTY/I2 IPH 2TOM
cocrapisiina A = 8 mm. Pannainpioe gasnenue opyckos cocrasasano 0,05...0,06
MITa.

[ns ofecneyenus HEOOXOAMMOIO KAa4ecTBA U pasMepHOH TOHHOCTH 00-
paborku norpeboBajiock 0CHOBHOTO Bpemenn 7,= 0,6 muH, uTo B 2 pasza OLICT-
pee, YeM 11IpY 0OBIMHOM WM OBAHUH.

llpumerenne nanHoro criocoba 4HCTOBOR KOMOMHUPOBAHHON KRa3unpe-
PBIBUCTOH 00padOTKH MO3BOSET UCKIOYKTE ONEPALMEO TIOIYHHCTOBOTO LK~
(osanua Grarogaps yryumenuro mepoxosarocry ua 1...2 xnacca. Ilpu 3toM
Pacxo/ abpasuBHOTO HHCTPYMEHTa CHIkaeTcs Ha 30 %.

Cancok anrepatypui: 1. Crenanos 10. C. Texsonory, HHCTPYMEHTH! H
METOABL MPOeKTHPOBanus albpazuBHoN 00paboTku ¢ GCrylidM KOHTAKTOM. -
ABTOped. uce. fi-pa Texn. nayk. - Tyna.: Tynl'Y, 1997, - 43 ¢. 2. A.c. 1692824

CCCP, MK B24D 13/00, 1991. B.U. Ne 43. COopHbIH abpa3usublid WHCTPY-
MEHT.

Cmamua nocmynuna & pedaxywoe 23.05,2002 .



ONPEJEJEHME BPEMEHU I'H/IPABJIMYECKOU NPABKHY
(OYUCTKH) N POBAJIBHOI'O KPYTA IIPU BO3JAEHCTBUH
CTPYHU COX HA EI'O PABOYYIO [TIOBEPXHOCTE

Crenanos M.C., Hepmaxor A.A. (HTV “XIIA", 2. Xapwvros, Vepauna)

In clause(article) results of definition time of hydraulic editing (clearing) a
grinding circle are given at influence of jet metalworking lubrirants on his(its)
working surface dependences of duration hydraulic editing (clearing) for a mo-
tionless and mobile grinding circle are received

Coxpanenue pexyliell crocoOHOCTH Kpyra BO3MOXKHO 0BeCrevuTs ABY-
Mg criocobamu:

LIIyrém nocrosHHOro OOHOBIeHus Npoduis 3a CYr paspyLIAOWCro
nercteus crpyun COX Ha ¢BA3KY Kpyra (ruapaBindeckas IpaBKa) B pesyibTare
4ETO 3anpeccOBaHHAsA CTPYXKa ynanseTcs BMeCTe O CBI3KOi. B atom ciyuae
BPEMS YAANCHUR Tyee 00BEMA CBA3KH Vo, HOIDKHO OBITH paBHO Bpemeru obpaso-
BaHUA KPUTHYCCKKX IIOIANOK U3HOCA abPa3HBHBIX 38PEH Ty 5, TO €CTH

Tycs = Tpa ' (n

Paszpenus V,, na 1y,, monydnm TpeSyeMyio MHTEHCHBHOCTD YHalcHHs
CBA3KY B Mpollecce CHI0BOro Bozaeiictrus ctpyu COX, npu KoTopo# pexkynias
crocoBiocTe abpa3sHBHOTO Kpyra 6y/AeT COXpaHaThCs
m,, =2e (2)

rkp.')'

2. IlyTém npeofoneHHs aire3HOHHOTO B3aHMOJCHCTBHS MEXIy 3aipec-
COBaHHOM B c80604HOM NPOCTPAHCTBE NPOQHUIS CTPYKKON ¢ OAHON CTOPOHDI,
U CBS3KOH M 3epliaMK Kpyra ¢ APYTOif, UTo obeCcIieuHBaeTcs CHIIOBLIM AelicTBH-
em ctpyn COX (ruapaeanyeckas ouuctka). B 9ToM ciyuae juia coxpaHeHus
pexymed cimocoOHOCTH abpasuBHOIO Kpyra cilelyeT 00ecicynTh CO3JaHue
YCHOBHH s pasMeuleHus CTPYKKY B CBOOOJIHOM IpOCTpaHcTBe Hpoduss
Kpyra, 9T0 BO MIOIOM OTpEAeNAeT IPOH3BOAUTENEHOCTE ILTH(OBAHMS.

CeoGoanoe pasmelieH#e CTPYKKY B CBOOOAHOM NPOCTPaHCTBE MPOGHIS,
BO3MOKIO IIPH MOCTOSHHOM YA&JIeHHK 3alpecCOBaHHOH CTPYXKH M3 Hero (B
TOM Y#4Cle OCPeACTBOM M'HAPOOHHCTKY Kpyra).

Hiisi coxpaHenus CTOHKOCTH KPYra M APYTUX [iapamMeTpoB ULTU(OBAHHUS
HEOOXOMMMO pean3oBaTe CaeAyOUMi npuniwmn: «Bpemsa yaanenus obnema
CTPYKKH V., 13 CBODOAHOIO NpOCTpaHcTBa Npoduis Kpyra T, He JOMKHO Ipe-
BOILU@TE BPEMs PasMELUCHNA CTPYXKKH B MCIK3ICPEHHOM NMPOCTPAHCTBE NPOoQHIs
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Vem=Vemy OPH T,=Tp, ) (3)
o6BeM CTPYKKH, KOTOPBIH yHansercs B IPOUECCe BO3JACHCTBHA

fjle 'Vém;y -
crpya COMX Ha OBEPXHOCTL KpYyra.

Paznenus Vo, Ha T, TIONYSUM TpeGyeMyo HHTCIICHBHOCTLHI‘HE_IPOOHHCTKI-‘.[
0 WHTCHCHBHOCTH VIANeHHs 3anpeccOBAHHOR CTPYKKH H3

?

Kpyra, a HMEHH

cBODO/HOTO HPOCTPANCTBA npoduss Kpyra:

CBO s
— o em 4
Haﬁ T ( )

(57

Tis cobmiofenus ycnosus (1) creayeT BHACHHUTE BIUAHUE mapaMeTpoB
crpyn COXK # XapaxTepHCTHKH KPYra Ha Ty co- ;
Jlsisi BTOrO TMOyHeHa (popMmysia HPOLOIKUTEABHOCTH THJPaB/IHYeCKOH

HpaBKy J7s HenoABHKHOIO KPpyra

OCIOCQM'IQC_@ ‘\rlw}' o e (4)

-(;E‘J;chx N '\;’Ifc‘jl__up pus )-\JI P pe

T}C‘B an

rae o, = pf (1-0w);

.- rIybuHa 3aJIC/KH 3epHa B CBI3KE;

Peosc B Ocone —THIOTHOCTD ¥ PACXOA CO¥;
P;-cHna paspyluCHus;

L-KO3(PMHULHCHT PACXO/Ia;

f- IIomany NoTMepeuHoOro CEUeHUS COILIa. )

JUia Bpaul@ioLierocs Kpyra NpoAOTANTEIBHOCTh TH/PABIMTECKOM TPas-

K1 OnpefensaeTcs no dGopmyne

T R PG L - IO (5)
T)PL‘G an P.Ja?
v, COSO TV, 5 e

pCOJWQCm‘ gina

TJIE v, — CKOPOCTH HIMHA(OBATBHOTO KPYTa;

Q-yrONl MeKily HarpaBieHWem ASHCIBHA CTPYH W KacaTensHOH B TOUKe
BCTPEYH CTPYY 1 KpyTa;

Veon —CKOpOCTE cTpyn COJK BhITEKAIONIEH U3 COLLfIA.

TIpONOIKUTETEHOCTS I'APARIMYECKOA OYHCTKY HAXOAUTCA aHANOIHYHO

TOBKO B dopmynax (4) w (5) BMecTo NMapaMeTpa J, MOACTABIALTCA 3HAUCHHS
SKBUBANCHTHON BHICOTHI CBOBGOAHON MOBEPXHOCTH PLKYLIEro npoduis A, a

BMECTO CUJibl PA3pYLLICHHUS CBAZKHU Ppe, CHZ 2/IF€3HOHHONO B3aNMO/ASHCTBUA
Pes..
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s Lo F Lo chcax \f‘f{o , 6)
yeo — [ o5 T Eae
{Pconr:wc 7R \! @, F 2 J‘v‘r‘bu{).z
h
Tysp = —m SRR s Lo AU M HE (7)

P

v, oS +v, a0 .
pCO-J'CQCODK' sinc

Hust onpexenenus cBA3u Mexay napamerpamu ctpyd COX, xXapaxiepu-
CTHKOH Kpyra ¥ pexcumom obpaborku Bocmomb3yemes popmysoit Al onpejc-

NeuHs BpeMEeHH pasMelleHus couuudoBaHHOrO MaTepuaiia B cBOGOIHOM mpo-

ctrpancTse npoduis [1]
!iz)x (h‘.i - )‘:I@ i h:; j

tp -, \I]-
rae Kk, — Ko3DOUUHMCHT TPONOPUUOHATEHOCTH, JABHCSIMM OT (QHIMYECKHX
CBOHCTB 0OpabarsiBaeMoro MaTepyalia ¥ abpasiBa OKpYKHOI CKOPOCTH Kpyra U
cnocoba nogauu COXK [2];

he, — MaxCHMaITbHast IIyGHUHA BHEIPEHHA 3€PEH;

h, —M3HOC KpYra 1Mo pafguycy;

Vg5~ BPE3HAA NOAava.

D,y d,~pvaMeTps! Xpyra u 3aroTOBKH COOTRETCTBEHHO.

HM3noc uummdosansHOTO Kpyra HM3MEHSETCH BO BpPeMEHH H SBISCTCH

ynxuued 3arpasuennocts COX

hy = Bo(2)+ Bie(z)+ Bre*(r)+ Bic’(z) 9
Honcrasnas B yenosue (3) gopmyust (7) u (8) ¢ yuerom dopmynsr (9)

MOXCHO OTPEACNUTE 3HaYeHUE ckopocTH cTpyr COX Heobxonumoit aas ruapo-
OYHCTKM BPALIAIOILUErocs Kpyra

(8)

2
’{odS vsp

R N Ao, } (10)
2 \ \‘mﬂpcﬂxm‘Sin(z}l
h
rae m, = T 2 - Tmem— — V€08 (11)
Db~y = Bul6)- i) 2 ) )]
\' ""(Ed3vsp

Kax nokaspisaior sapucumocts (10) u (11) croifkocTs mTHoBansHOTO
Kpyra Moxer OBITE SHAYWMTENLHC YBCIIMYCHA TIVTEM YupasieHHA KOMILICKCOM
HapaMeTpoB K KOTOPLIM MOXKHO OTHECTH CKOPOCTB, 3CPHHCTOCTE W JAHaMeETp
Kpyra, AMaMeTp 3ar0TOBKH, YTON HAKIIOHA ¥ Juamerp conna rnomadyu COW npu
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FUAPOOYHCTKE, CKOPOCTR COX B conne.

“1(:-‘-,’nhco:c aurepatryper: 1. Edumos B.B. K Bonpocy o pasmeinciuy
CTPW B CBOOOAHOM TPOCTPAHCTBE pEXylero npoguis MIMdoBaIbHOTO
kpyra. — CMa30dHO-OXTIaIAIOIUC TEXHONOIUYECKHE CPE/ICTRA B npc:ueccax
aGpasuBHOH 00PabOTKH. — VaesinoBck,1988,¢.28-32. 2. Xyaobuu JLB. CMazou-
HO-OXJTAKAAIOLINE CPE/ICTRA, NPUMEHseMble Pk tuHoBanui. - M.: Mamnno-
crpoerue, 1971. -214c.

Cmamsa nocmynuna ¢ peoaryuwo 23.03.2002 2.

ONEHKA HAJEXKHOCTH 10 MAJIOW
BBIBOPKE ITPH EHHUAYHBIX OTKA3AX

Crpensnukos B.IL, Crpeasuuros ILB.
(HITMMC HAHY, 2. Kues, Yipauna)

The methods of an estimation of indexes of reliability (cumulative distribution
Jfunction of a mean lifetime) are esteemed on the basis of small sampling.

OCHOBHEIM METOAOM, KOTOPLIH [103BOMSET YCTAHOBUTS PeaiibHbill YPOBCHE
HAaOeHOCTH OS‘BEKTOB, NPCACTABAASTCH OLCIiKa [TOKa3aTeneyd HaACKHOCTH 00®-
eKTOB HO pesyJsbraraM HclblTaHui (dxciiryaratu). Ilps 2ToM D0CTOBEPHOCTD
OIICHKH noxazarenei HAOSHKIHCCTH OlIpelicaseTCs 06BeMOM CTATHCTHUECKUX
AaHHBIX 00 OTKa3aX, KOTOPbIH 00ECIeYHBAETCS COOTBCTCTBYIOMMM KOTHYECT-
BOM 00pa3i(0B, NOCTAB/ICIIbIX HA HCHBITAHHS MM HAXOMALINXCs 110/ HAOIO/e-
HUEM, 8 TAK/KE NPOAODKKTEIEHOCTRIO HCMBITaHuN (Habnrofennt).

Ha npaxTike pacnpocTpaHeHHOH SBISeTCH CUTYalHs, KOTAA Ha HCHbiTa-
HUs MOXET ObITh MpeicTaBieHa Matas BRIGOpKa u3zenuit, koropas He obecuie-
4MBACT JOCTAaTOYHOI0 O0BEMA CTATHCTHYECKMX JaHHbIX 00 OTKasax, MO3BO-
JIAIOLICIO B pAaMKax CTPOFO BEPOATHOCTHOIO NOJIXO/AA OLCHKTL HCKOMBIC IIOKa-
3aTeJ K HAaIeXHOCTH.

MURAMATBHOS YHCIO0 06PA3LOB, H2 OCHOBAHKH KOTOPLIX BO3MOXEH CTa-
THCTHYECKHH aHANK3 C IIPUHATHEM PellleHHMil OTHOCHTCIBHO KaKOro-ubo 0nHo-
IO HapamMeTpa, He mMoxeT ObiTh MeHee 4 [1]. B nporusHOM ciywae HCU30€KHO
MMEET MECTO cucremaTuueckas owndxa (cMeleHne) OLSHKH, UTO MOKET 1PHU-
BECTH K HENPAaBUILHOMY OCMBICTHBAHUIO PC3YIBTATOB.

Honyuenue Gonee NOCTOBEPHBIX OLCHOK [10KazaTeleH HaueKHOCTH 1Py
HCIIBITaHuH (Habaro Aelny) Maioi BhIGOpKH 00pa3LoB MOKeT ObITEH 0GecneueHo
HPH HCTIONL30BaHMy IONIONHUTENBHOM aIPHOPHOH HHpOpMaLHK. B YacTHOCTH,
MCIOJIB30EaHHE B KauecTRe TeoperuycckuX (hyHKIMH pacnpesienenus HapaboT-
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KH JIO 0TKa3a (Ha OTKa3) BEPOATHOCTHO-(QU3UYECKHX MOJeliell OTKa30B, Hanpu-

mep, DN-pacnipeseienus, PeKOMEHIOBAHHOIO cranjgapramu [2,3], nossonser

YCHEHIHO pelnarsb NOCTaBJICHHYIO 3a7a4y. B nantom cjlydac BecbMa BaYKHOH sB-
JACTCH anpHopHas MHPOpMaMs o oreHKe Koah(HIMEHTa BapUallui paciipe-
neneHys HapaboTKu.

Kak u3BecTHO, HenocpencTReHHas IKCIEPUMEHTANBHAs OLeHKa KOaddH-
LUUeHTa BapuHaluy Paclpe/CiieHHs 0TKa30B (pacnpenenenus HapaboOTKU 10 OT-
Ka33) C 32[aHHON TOWHOCTHIO TpeOyeT CTATHCTHYECKHX JaHHbIX ropasfio 60.kh-
wero odbeMa, YeM 4 OUEeHKH CpPeHNUX ToKazaTenedl HafleXKHOCTH, B MTO3TOMY,
KaK 1npaBuio, He TIPERACTABIACTCA BO3MOMHBIM MONYHEHHC I{COGXOHHMBIX JaH-
HBIX. YCTaHOBJICHO, YTO KOIQGULHEHT BapHalny paciipeleleHus 0TKa30B MpH
AnbdysnoHHOM pacnpenencHuu cosnagaeT ¢ koadduuucHTOM AerpamanEy
(M3MeHenys ONpemeNAiomero napaMeTpa). JT0 IPEeNOCTaBNseT BO3MOKHOCTh
oueHky KorhduLMeHTa BapHaUHy pacipeesieHHs OTKa30B NyTeM HCTIONb308a-
HUA MHOIOWHCACHHOK WH(OpMauuH 0 (U3MYECKHX Mpoleccax Aerpaialuu,
O0VCIOBIUBAIOIUX OTKA3E] 0OBEKTOR. Koadduumenr rapuanuu, kax obobuen-
Has XapaKTepUCTHKA, ABAAETCS JOCTATOYHO YCTOH4MBON XapaKTCpUCTHKOH f71a
THTIAYHBIX (QU3HYECKUX MPOIIECCOB [eIPafalyy U B MEHbIUEH Mepe 3aBUCHUT 0T
KOHCTPYKTHBHEIX TOHXOCTEH. Bee 9To MO3BONAET IIONYYaTh JOCTAaTOYHO TOYHEIE
OLCHKH KO3(Q(ULMEHTOB BApHALIMYM DACTIPEJCICHHS OTKA30B, MCMOIB3YS MH-
Gopmaiutio 06 ananorax. IIpy 3TOM aHATOTaMH SBISIOTCA HE TONBKO MACHTHY-
Hbl€ OOBEKTEL, HO ¥ KOHCTPYKTHBHO OT/IHMYAIOLIMECS OGBLEKTHI, HMEIOIIHE aHa-
TOTHYHEE (U3HYECKNE NPOLCCCH ASTPataLiyii, IPHBOIALIAE K BO3HHKHOBCLHIO
OTKa30B.

B crannaprax [2,3] npuBeness ouenxn ko3GQUUMEHTOB BapHalHK paz-
JMYHBIX QU3HYECKHX MPOLCCCOB, MPOTEKAROUMX B 0OBEKTAX U NMPHBOIALIMAX K
orkasam. llpuBejiennsie fanHple NPEACTaBASIOT OOOOIICHHUE PA3TUYHEIX HC-
TOYIHKOB, PE3YIbTATOB HCCEOBAHMHA NpOUecCOB OeTrpajaliiy, JDKCICPHUMEH-
TaALHBIX H 3KCIIVATALHHOHHEIX JaHHBIX o8 o1Kazax, HPHHHTHB YHCIAEHHOIo
3Ha4CHHs K03(QQUUMeHTa BAPHALKMY M3 YKA3aHHOTO /IMANA30HA B KaXAOM KOH-
KPETHOM Cllyyac JMKTYeTCs coobpaxeHusMu oOILETo XapakTepa: YBEIHUSHHUE
OTHOILCHHS HAIPY3KH K INpefeny BBIHOCAHBOCTU (IPOYHOCTH) OTHOCHTENBHO
CPCAHCTO CTATHCTHYECKOrD MPUBOAMT K yMEHbIIeHHIO k03(duuuenTa Bapua-
LH# ¥ HA000POT, TO €CTh YeM MEeHbLUe KO3 (QUUHEHT HArpy KEHMS, TeM GONbINC
ko duiment Bapyauun. Yuursisas 06beM 4 YHCIO PACCMOTPEHHBIX JaHHBIX
(BbISOPOK), Ha OCHOBAHWM KOTOPLIX ONpPEAEIeHbl AWANA30Hbi KO3(dUIHEHTOB
BapHauMu (IeCATKH BHIOOPOK), 3HayeHUe OKMAAEMOro KodhdHimenTa BapHa-
uuy HapaboTku 10 OTKasa (pecypea) MpakTHUECKM BCeX M3AC/IHi MOKeT ObITh
YCTAHOBIIEHO € MOCTATOYHO BBICOKOH HOCTOBEPHOCTRIO (He Meree (,9).

AHaiu3 0TKa30B 10J1yTPOBOAHUKOBRIX NPHOOPOB H UHTErPaNbHBIX CXeM
TOKa3biBaeT, YTO HaHDONbIas HOJIS OTKA30B 00YCHOBNEHa SBICHUSMH YCTaNO-
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MaTEPHANIOB BCIIC/ICTBHE [MKTHYECKUX TeMIepaTypHbiX, TOKOBBIX U Mexa-
i B yaKeHHH. 1Ipoueccht yCTanocty, Kak yCTaHOBICHO, MMCIOT Koabh-
““’."’?“”‘"x Hﬁarpuaunn nopsiaka 0,4 — 0,8. YacTs 0Tka308 ofycnosieHa APYruMu
E;[;‘::;Taiﬂ,z YaCTHOCTH, CBA3AHHBIMY C npoTeKaHHEM anexrpmec_l\'oroﬁmxa,
HAKOTUIERHS. 3aPAOB, YIEKTPOUADDY3HeH U APYTHMH, HMEIOLMH ko3t min-
eHT BApHALHK MOPSHAK 0,7 - 1,5. Takum 06rpa_30.\1, o yqeﬂmm‘ OCHOBHBIX ITPO u‘,cz-l
COB )';erpaﬂ,aunn 1101y IPOBOXHAKOBBIX NPHOOPOB 1 HHTETPAIILILIX CXEM OLEHK

K0d(PULMERTa BapHALUU H3NETHH SNEKTPOHHON TEXHUKH MOXKET HAXOUAHTHCHA B
nnteppane ot 0,7 ao 1,2. 3 ' )

B cBs3M C BBICOKOH COOCTBEHHOH HaA€KHOCTRIO JJICMCHTOB (HB)}BRH;I’
3JIEKTPOHHOMN TEXHHKH) MPaXTHUECKH HEBO3MOXHO NMOAYIHTE N0 HytO‘ meooprn{\}
OTKa30B (BBIMOMHMTL NJIAH MCIBITAHAH [NUN]) B HOpMaNLHOM PEXHME FKC-
UIyaralyy, Ha OCHOBaHHU KOTOPO# MOXHO Bbino GBI OTpencauTs KOG duIm-
ent Bapuaiud. [Ipu OTCYTCTBHH H3OBITOYHOCTH (pe3CPBUPOBAHHA) KO:)Q)C})HLIH-
eHT BapHaiyy HapaGoTKK 06BEKTOB, COCTOAUIMX M3 COBOKYMHOCTH 3/1EMEHTOB,
COBNANACT ¢ KO3(QMUIMEHTOM BapHalliy HapaDOTKH 10 OTKa3a HTUX JMEMEHTOR.
TTostomy 0 koadduLyenTe Bapyalliy HapaGoTKy 31eMEHTOB MOXKIO CYANTE MO
3HadeHHAM KOS(HUMCHTOB BapualuK HapabOTKH KPYNHBIX Paav03eKTpoL-
HEIX GIOKOB, CTATHCTHKA OTKA30B KOTOPLIX HMEeTCs. BBIIIIC)’I(&B?HI{BIH AMara-
30H 3HaveHdi xodddHUMEeHTa BapHalud HU3/IENHil 3TCKTPOHHOM TEXHUKH HE
TIPOTHBOPEYNT 3HAUECHHAM KOIQOUIMEHTOB BapHauiy HapabOTKH Pajno3/ieK-
TPOHHOK annaparypsl.

KosdduuuenT Bapualid HapaGoTKn 10 OTKa3a W Ha OTKa3 ([MOBTOPHbIE
OTKa3bl) paccMaTpuBacMoro obbexTa (CHCTeMbl) OCTASTCS TeM XE CAMBIM, MO-
CKOJBKY (U3HIECKHUI NPOLECC ATPafallMy 3aBHCUT OT 3aACHCTBOBAHHKEIX 37€-
MEHTOB U yclopuit sxcmyatarmu. [pu sroM npeaionaraeres, 4ro OTKazaBLUMe
37EMEHTEl 3aMEHsIOTCS Ha WASHTHHHBIE ¥ COXPalIeTCs CTPYKTypa OUBCKTa
(nopsaox u3bbrrounocTn). Ecnp yeranosiens Npesaiupyloie MPOUeCChl pas-
PYWEHHAs ¥ MX Ao (npoueHTs) B (HOPMUPOBAHMK OTKA30B, TO OKHIAEMOC
CpejiHee sHaueHHe KOYQQUUNCHTA BADHALMY OIPEESIOT 10 dopmye:

k
v=Svipt (5o,
Visi [ =1
TAC Vg p; - COOTBETCTBEHHO CpejiHee 3HaueHHe KOdQHIMeHTa BapHarliu u 10~
JIEBOM BKJIaJ i-ro mpouecca paspyuiesus (00heMHas ycTanocTh, KOHTakTHasA yc-

k
TANIOCTh, MeXaHUYeckul u3Koe U ap., i = 1, 2, ..., k). [fpuarom 3/ p; =1.
i=1
B macrosmie pabore paccmarpuBaloTes BapHaHTel 00pabOoTKYM pe3yibTa-
TOB HCHBITAHHH Manoi BHIOOPKH NPH eTHHUYHLIX OTKA3aX.
Oyenka noxkazameneii HadeACHOCMU AP OOHOKPAMHOM HEH3YPUPOSATUU
K oanokpatho nensypuposannoil BoI60pKe OTHOCHICSH PC3Y/IBTAThL UCIibi-

1
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TaHUH, BHINOJIHEHHBIE B COOTBETCTBUM ¢ Iutaniamy ueneitauuit (NUr] u [NUT].

Tlo pesynwTaram nadsnoaeHuH GOPMHPYIOT BAPHAIIMOHHEIH TIHCIIOBOH psaj
N0 1eyOLIBaltio CyMMapHbIX HapaboTOK 0 oTka3a (MpefenbHOro COCTOSHHA):
I, Bseey 5 ( 6y, B2y, Bg). Bollie npuHATO 0003HAYEHHME: r — YHCIO OTKA30B IPH
mnane ucnerranuit [NUr], d — yucno orkaszon npu mrase ucnsiranuit [NUT].
Beruucnsior 3nayenus oMnupryueckod QYHKHUM pacipefeieHusl HapaboTKH B
KaXKIbIH MOMEHT /; BapHauMoHHoro pgna (=1, 2,..., m; m=r uau m=d) no dop-
MyJie:

F=i/N.

Ilpr mamoMm umcie orka3zoB (r < 6, d > 6) 3Hauenus napamerpa (GoOpMet
(V, v, V) DN-pacupeieneHus ONPEAC/sIOT CONMACHO BBIIICHPUBCACHHEIM pe-
KOMEHIAALUAM.

BRIYHC/ISIOT TOUSUHYIO OLICHKY NapameTpa i , NCronb3ysi (JopMyIty:

= g:tj [x(Fj s if”)]_‘ [m
j=l

rae x(/7;; v) onpenensior u3 Tabnuu Qynkimn DN-pacrpefeneHus no 3Have-
uusiM F; ¥ v, WIM pellas ypapHeHHe

1) (
F; = x_f_{ E...exp( 22)@} _ILY)

vAIx J \v
rae @ - QyHKUKA HOPMHUPOBAHHOI0 HOPMaIBHOTO paciipe/ielIeHn .
JloBepuTeneHple rpaHuIhl Napamerpa maciurada DN -pacrpeneneHus Bbl-
YHUCILHOT 110 hopMynaM:
M= Jix (1 —q: ?)'f'\."(;);

ii = px(g; v 1\m),

TA€ g - KOBEPHTENbHAS BEPOATHOCTE, COOTBETCTBYIOIAN ABYCTOPOHHEMY AOBE-
PHTENLHOMY HHTEPBATY.

BRIYHCIAIOT TOYEYHBbIE OLEHKH M AOBEPUTENLHELIE TPAHHUBL COOTBETCI-
BYIOLIMX HOKA3aTe/CH HAJAKHOCTH COTNIACHO MU3BCeCTHRIM hopMmynam [4].

Oyenra noxazameneii HAOeNCHOCMU APU MHOZOKPANMHOM YEHIYPUDOGAHUY

TTo pezynbTataM HaOMOJACHHIE GOPMUDYIOT BAPHALMOHHLIE YMCIOBOMH
psA 110 HeyObIBAHMIO CYMMAPHBIX HAPabOTOK 10 OTKA3a U 10 LCH3YPUPOBAHUS:
(f1, 2,y by Ty, T2,---51T,,), BEIOUPAIOT YKCIIO HHTEPBATOR W HE MeHee r, eclH +<0.
Ecnu » > 6, To suifnpator uncno unrepsanos nopsaka 6...10. Ipannunpivy
3HAYEHUAMH HHTEPBAIOBE MOIYT OBITh KaK f;, TaK M T, 3aTeM INOJHBI HHTepBal
HaOIroAeHul pa30MBatOT Ha UHTEPBAJIRl, 3HAYEHHS W YHCIIO KOTOPBIX 00YyCIOB-
UBAOTCA cooOpaKeHMAMY Ooilee a/IeKRaTHOM OI[ERKH SMIHUPHYECKOH QyHKIMA
paciipejie/iciis Ha BCCM y4acTke Habarole M, H ONpeAensIioT 3HaUeHHE IMITH-
pUYECKOH QYHKUAHM pacnpejenesus B KaxIbli MOMEHT ¢ (T;) BApHALMOHHOTO
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p!UIﬁ“O opmyiIe:
e . v
Fy=Fuy+(=F;y) ¥ ;
N="3(r+n)

i=l

{e o, (o) - COOTBETCTBEHHO HHCIO OTKA30B (monHbIX HapaboTOK) U YHCIIO He-
HONHBIX HapaboToK B j(i) untepsaie (j=1,2..., w).

* [Ipu manom uucne oTkazos (r <6, d < 6) 3HaucHus MapaMerpa (opMbl
(F9Z!i;) DN -pactipe/iclicHis ONPEALNAIOT COTJIACHO BLIUISTIPDHBEACHHBIM pe-

KOMEHAAIASIM. o
BeIMUCISIOT TOUYEUYHYI OUEHKY mnapamerpa Macwraba 2 DN-
pacapeAeeH s [0 GopMyle:
W
3 Ekﬂj{x(F R
# = e ,H.:...____,
Xk

j=l
[je k; - 9HCII0 COBNAMAIONIAX HapabOTOK Ha j-OM HHTEPBAJIC.

- Onpejesius OLSHKH NapamMeTpos ( .7 ) DN -paclipeielieHusl, MOXKHO BbI-
HUCIUTE BCE HEOOXOMMMEIE NIOKA3aTeNH HafeKHoCTH [2-4].

Cnncok nuteparypil: 1. @uiep P. CratucTHYecKHe METOAB LTS KCCC-
posateneir. M.: I'octexuzuar, 1958. — 396 ¢. 2. TOCT 27.005-97. HanexHocTs
B TexHuke. Monenu otkazon. OcroBHEIe nonoxkenus. - Bren. 01.01.99. - 43 c.
3. JICTY 2862-94. HagexxHoCcTh TexHUKH. MeTOAB! pacyera rnokasaTelled Ha-
aexuocti. OGiuue TpeGosanus.-Baea. 01.01.96. — 39 c. 4. JICTY 3004-95. Ha-
JICKHOCTL TeXHUKU. MeToasl OLEHKY Moka3zatenell HAMeXKHOCTH [0 2KCMepH-
MEHTaNBHEIM HadusiM. - Brem, 01.01.96. — 122 ¢.

Cmames nocmynuta 6 pedarcywo 13.04.2002 2

KOMIBOTEPHOE MOJAEJHPOBAHUE
SJEKTPOTUJAPABIHYECKHUX CUCTEM
YIIPABJIEHUSA MOBUJIbHBIX MAUINH

Crpox E.5., beapunk JL., Crpok JLE.
(HHOMAILL HAHB, 2. Muwnck, berapyce)

developed electrohydraulic system is intended to the mounted implements of
mobile machines. For optimization system’s dynamical parameters was
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developed mathematical model for realization at computer by numerical
integration differential equation.

[Mpumenenue COBPEMEHHBIX CPEJICTRE ¥ TEXHOIOTHH NPOSKTHPOBAHUS, OC-
HOBAHHBIX HA HCIOJB30BAHMH MCTOAOB MaTEMATHYECKOIO MOMACIHMPOBAHHA M
BBIYUCTHTENBHON TEXHHKH 00YCTOBNEHO HEOOX0AMMOCTHIO MTOBBIUSHHUS TEXHH-
9eCKOTO YPOBHA U HA/I&KHOCTH CO34aBaeMEIX 00pa3ioB MOOHIBHEIX MalIiH.

DnexTporuipaBiHvYecKiHe CUCTEMBI YNPaBIeHHMS, NOTYyYHBIIHE LIMPOKOe
PacIpoCTpaHeHHe B MAIMHOCTPOSHUH, TIPEACTABALIOT CO00H CHOXHBIE TEXHU-
YECKHE CHCTEMBI. 3a7a4M CHHTe3a 3THX CHCTEM 3aKIIOHMalOTCA B TAKOM BBIGOpC
CTPYKTYPHOH CXeMbl, HAPAMCTPOB, XapaKTEPHCTHK U cTIocoba MX TEXHUYECKOH
peannsaluy, 11IpH KOTOpoM Tpebyemble AMHAMHYECKHe CBOMcTBa obecreyHBa-
10TCs Haubonee NPOCTRIMH 1 HAJIEKHBIMH TEXHHHECKHMH CPEJICTBAMH.

Matemarnueckoe omicarie paboThl 3JICKTPOTHIPABIHYIECKOH CHCTEMB
YUpPaBjeHHUsA HABECHBIMHM YCTPOHCTBAMH NPEANOJaraeT: NpeacTaBle e CHCTe-
MBI B BHJIE CYMMBI KOHCTPYKTUBHBIX 3JIEMEHTOB, a TakkKe BBIOOp MapaMeTpos
YCTaHOBHBLUETOCS DEXMMA, ASHCTBYIOLMX BO3MYIUCHUH U HEH3BECTLLIX Nepe-
MEHHBIX, TOANEKANMX ONPEIETIEHHIO; COCTaReRHe An(depeHLMaNTbEbIX ypas-
HeHuil, ONMHCHIBAIOIIMX HecBOOOZHOE NBMKCHME 3NEMEHTOR OIpeleTeHHOl
Macchl IOl JIeHCTBUEM BHEWIHWX (QakTopos (nasienne pabodedl »KHAKOCTH,
yOpapiiomnee BO3ASHCTBHE MEKTPOMATHUTOR), anrebpanieckux ypaBHeHHH
IBHXEHUS TOTOKOB pabouel XXMIKOCTH, 8 TAKXKEe HapacTaHUsd TOKOB C YUETOM
MHJIYKIMH B OOMOTKax 3JIeKTPOMArHHTOB M 3ala3fsIBaHusg B W3MEPHTENIBHOM
KOHTYpE; COCTARNSHUE YPaBHEHHMH CBI3U MCHKAY HCU3BCCTHLIMHM BEIHYMHAMH
(ypaBHEHMA COXpaHEHHMA 3HEPTHH, ICPA3PBIBHOCTH MOTOKA H Ip.); BLIOOP Hia-
YaNbHAEIX YCIOBHH, ONpeAeNAOMHX MOJ0KCHHE KA COCTOSHHE CHCTCMBI HEo-
CPE/ICTBEHHO NEepefl HAYaIoM BO3MYIEHUA; THHeapH3ainsa AuddepeHIraibHbIxX
Y anreOpanyiecKuX YPaBHEHUH © HENBIO UX COBMECTHOTO YHCISHHOTO PeUICHNH;
aHany3 BUAHUSA PR3JIAYHBIX NAPAMCTPOR Ha JIMHAMHYECKHE CBOHCTBA CHUCTEMb!
(BNHAHHE MacCHl, PA3IHYHBIX YIPYrocTeH, KOd(hQUIMECHTOB ycunileHds, AeMil-
bupoBanus K Apyrux GakTopoB Ha IoKa3aTell KadecTsa NepexoiHbiX npouec-
COB); OTpesieNleHHe AMHAMMUCCKUX [1aDAMETPOB DIICKTPOrHIPaBIHIECKOH cuc-
TEMBI {10 BHIOPANHOMY KPHTEPHIO.

Marematudeckast MoJeNb HODKHA OTOOpaxaTs GH3UYecKHe CBOHCTBA
00BEKTa, CYIECTBEHHbIE [T PeUIeHHs KOHKPETHBIX 3aJa4 cHHTC3a. [Ipu aToM
OHa RomKHa OBITE KaKk MOXHO TIPOIIE, HO B TO K¢ BpeMs 00ecmeynraTh afek-
BaTHOE ONMCaHMe MCCIIENYEMOro Ipouecca. D10 CBH3aHO © TeM, UTO CIOMKHBIS
MOJIENH TpedyIOT O0IIbIIMX 3aTPaT BPEMEHH JUTA MPOBSACHHE BhIHHCIHTEIBHBIX
aKcrepuMenToB. CHCTeMB! ypaBHEHUH Takux mozeiell OOBIYHO OTIHYAIOTCH
nnoxXok o0YCIOBAEHHOCTEIO, YTO CO3jaeT npodiacmel obecneyeHus yCToHuUuBo-
CTH BLIYHCIIMTENIBHONO MpOLEcca, AOCTHXNEHHUR HeOoOXOAMMOH TOYHOCTH NpH
NpMeMIIeMbIX 3aTpaTax BpemeHu [1].
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KOMIBIOTEPHOE MOJIENHPOBAHHKE MO3BOISET NPOBOAUTE HCCNENOBAHMS
nﬂﬁmﬂqecifﬂx HPOHCCCOB C BO3MOMKHOCTRH) OTIEpaTHBHOIO BBOJIa HCXOANBIX
ﬁéﬂk}lﬂxa a TaKKe HATVAHOro oTobpakenus [OJIy4EHHBIX Pe3yJIbTaTOB B BHAC
B‘éﬁr{'jpa COCTOSIHHUA NapaMeTpoB H COOTBCTCTB}I[‘{‘)IEIH}{ rpaduKoB.

B KauecTBe NpHMepa PacCMOTPHM peileiHyl0 3JIEKTPOrHAPaRINnUECKyio
c'ﬁ-c-}wy cTABMIIM3ALMN JaBIeHMs paboyc )KUAKOCTH B THJIPOHABECHOH CHUCTe-
Me TPaKTOpa IPH KOMHPOBAHHH penbeda MouBsl OMOPHBIM KOJECOM. Cuc*rem?
CONEP/KMT HACOC NMOCTOSHHOM NPOU3BONUTENLHOCTH, SEKTPOTHAPABIIHICCKHH
pPeryasTop, THAPOAKKYMYAATOP U JaT4uK ;xaanen\r;m, THAPABIHYECKY CBA3AHHBIE
¢ CHIOBBIM FHAPOUMIMHAPOM HABECHOrO YCTPOMCTRA, a4 TAKXKE MHKPOMpOLEC-
COpHBIA KOHTPOIIICP.

(OCHOBHBIMH JMHAMUYECKMMH XaPAKTCPHCTHKAMH CHCTEMB! YIIpaBlIeHus
SBISIOTCS OBICTpOJENCTBUE, NEpEperynpoBaHue, YYBCTBUTEALHOCTh, TOY-
HOCTH, AMHAMMYECKas yCTOHUHBOCTL U AP., KOTOpbI€ ONpeAeisroTes 1o fepe-
XOMHBIM MPOLECCAM NPH THIIOBEIX BO3MYIIEHUSX.

C menbro 0decneueHKs MIaBHOCTH cpadaThlBaHKs aNrOPHTM YIIPABICHUSA
CHCTEMOH HpENyCMaTpHBACT OJIHOBPEMEHHOE HCIONb30BAHUC MAKCHMANBHEIX
110 A6CONIOTHON BENUUHHE YIIPABNSIOWMX BO3AEHCTRAMN, MMEIOLIEX POTHBOIIO-
JIOXKHEBIE 3HaKW. B Hayae NEPEXOMAHOrO MPOLECCa YNPaBMIoLee BO3ACHCTBHC
YCTPAHAET PAacCOIIACOBAHME, a B KOHIlE peaiu3yercs ynpasisoliee Bosiekcr-
BHE MPOTHBOMOIOXHOTO 3HAKA JUIS yMeHbLICHH: Nepeperyinpobanms. Coor-
BETCTBYIOIIAs TOYKA HEPCKIIOYCHHS ONPEALCHSETCS MUKPOIPOLECCOPOM ¢ yue-
TOM (OPCHPOBAHHOTO CHrHANa OOPATHOH CBA3H. Y IOMAHYTAs CHCTeMa ABIIACT-
Cst CYIIECTBEHHO HEAMHEHHOHM, NOITOMY HCCIIEIOBaAHME AMHAMHYCCKUX CBOMCTB
TpaﬂHuHOHHBIMH MeTOdaMu TEOpHH ABTOMATHUYECCKOI'0 VIpasneHHd ReCbMd 34~
TPYAHUTENBHO. B cBA3M ¢ 3THUM OTPA0OTKY BpEMEHH BKIOYMEHWUA JIEKTpOMAr-
HUTOB Pery;siropa, OCYIUeCTRISIOIIMX [IPOTHBOMOMOKHbIC KOPPEKIlH, [eNeco-
06pa3sHO MPOBOANUTE METOAOM KOMIBIOTEPHOTO MOJETHPOBAIHS.

JList peanuszanum MaTeMaTHUYECKOH MOJCNIM YKazaHHOW SJEKTPOrHApas-
JMMECKOM CHCTeMbl yIpapieHus Ha KOMIIBIOTepe MCiloilb30BaHa cpeia MNpo-
rpamMuposanua C++. Pazpaborannoe nporpaMMHoe odecrieuerre [103BOAST
MOJIENHPOBaTh MEepeXoanbie NPOLEcCh B UCCAeNyeMbiX 00LEKTaX W BLIOHpaTh
[IapaMeTphbl CHCTEMBI yIIpaBIeH s 110 3aJaHHOMY KPHTEPHIO ONTHMHU3aLMH. HH-
Tepdeiic mporpammet pacdera NpHBE/ICH Ha PHCYHKE,

Hpu penrenuu papuanuonnol 33241 ONTUMHU3ALMY HeobXoauMa cTpaTe-
TH5E, TIO3BOMAIOIAS MUHMMM3HPORaTh 00beM BhIMHCIeHKH [2], noaToMy s yii-
POMICHUS Nponienypsl BoibOpa NApaMeTPOB SMEKTPOTHAPABIHYECKON CHCTeMB!
YHpasicuus (secosoro xoadduimenta GOpCHpyOLLIETo CHTHANA B LenH oOpar-
HOH CBSI3H B KOHCTPYKTHRHEIX fapaMeTpos THAPOCHCTeMsl) paspaboTad MeToa
KOMIBIOTEPHOTO MOENUPOBAHHMS C UCTIONB30BAHNEM MEOIOMAKTOPHOTO aHaIi-
3a. Meton fIpejinosaracT peantv3auny LeTEPMHHHCTHYECKOR MaTeMaTH4eCKON
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MOJCIH RA KOMNLIOTEpe COrNacio BRIGpaHHOMY MIady ¢ LeTbio OIpelieTeH s
OTKJIHKOB O0BEKTa C MOC/IEAYIONUM BHYHUCCHHEM KoapduumcHTOB anrebpau-

"CCKOro MOMMHOMA W NPOBEPKOH IMIOTEe3B! 06 a1eKBATHOCTH CTATUCTHYECKO]
(haKTOPHON MOICTH.

OTBETCTBHEM MEXJy BHEIIHUM BO3AEHCTBHEM Ha MOAENHPYEMYIO CHCTeMy U
ot pﬁm:meii Ha 3TO BO3/IEHCTBHE, B KAXXAOH TOUKE CMEKTpa InaHa IpoBoaMICH

_mmo OZMH ONBIT.

Tabuna — YpoBHu mapaMeTpOB U HHTEPBAJIb! BAPLHPOBAHMS

00585 01243 613

time

i | Graphs...

Pric. MuTepgeiic nmporpamme pacuera 112PaMETPOB CHCTEMBI YIIpaBnenus

time

Save.. I

{11 868

Step | SHEY

B Ka4ecTBe BLIXOJIHOrO HapaMeTpa MOJCIMPYEMOTO IpoLecea Hab o Ha-
JOCh M3MCHEHHUC JIaBNeHHs B paﬁoucﬁ oMOoCTH FH,-EIpOL[H:’]HHB.pEl BCIIEJICTBHES
THIIOBOTO  BO3MYILAIONIETO BO3ACHCTBHA. VKa3aHHLIH BLIXOAHOH TapaMeTp
(QUKCHPORAJICA B BHIE BEKTOpa COCTOANMS ¥ rpaduKa IepexoAHOro npoLecca ¢
LIaroM HHTEIPUpOBaHHuA Al = 0,0001 c. Kopunop craGunusaiuu NEPEexX0HOT0
1poueccca OB MPUHSAT paBHLIM +2.5%.

JloxkanbHas o6nacTe NposeaenHs OKCHEPUMEHTA yCTaHaBIMBAIACh HA OC-
HOBAHHK aNpUOPHOH MHQOPMALKMH ¢ yderoM KOHCTPYKTUBHBIX OTpaHuueHui
YT€M ONPEACNCHUs OCHOBHOIO YPOBHS u HUHTEPBAJIOB BaphUPOBaHKA, 3HAYE-
HUA KOTOPRIX NPHBCACHE! B Tabiile.

Ycnosus SKCIIEpUMEHTa TNPCACTaBAANHUCE B BHIE MaTpHIIB! [LIaBUpOBa-
FI¥sl, TAC CTPOKH COOTBEICTBOBAMH PA3NUYHEIM OMBITAM, 4 cronbikl — 3Hauenu-
AM MapamMeTpos.

Taxk Kak ,L{eTEpMHHHpOBaHHaﬁ MaremMatTydeckas MOLENb, B QTJIHYHE OT
'JKC]'EC]JHMEZI’I’&J‘IBHU-CT&THC’I'H‘ISCKOQ, xapamcpnfsyem:—z B3aHMHO OAHO3HAYHEIM
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e g | [ S EPORSBOIMTEMLNOCTE | 555,102 | 0,75.10° | 0,975-107 | 0,225.10°
I Hacoca, M /c

B kadecTBe KpUTEpHs ONTHMH3ALMY TPHHAT WHTEIPaJl, KOTODPELH BHIYHC-
JSUICS KaK IUIOINajb, OTpaHu¥eHHas OCBIO OPAMHAT, rPaMKOM NEepexOJHOro
TPOLecea 1 NPSMOH, XapaKTepusyroleH 3a/laHHoe 3HaueHHe BHIXOJHOTO Napa-
MeTpa. VICIIONE30BaHIe HHTEIPANTEHOTO KPUTEPUA B JAHHOM CIIydae [TO3BOJISET
OOOBINEHHO OLEHUTH GBLICTPOREHCTBHE CHCTEMBl H OTKJIOHEHHE €€ BBIXOAHOTO
NapameTpa OT YCTAHOBHBILIErOCs 3HaweHus. I peimenus 3amayd BeiGopa pa-
LUOHANBHEIX IapaMeTPOB CUCTEMEI 3HAYEHHE KPUTEPHs ONTHMH3AIMHA HOJDKHO
OBITE MEHUMATTBHEIM. .

Ho pesynrrartam sxcmepuMeHTa 65Ut ONpeneneHsl KodbOUIMEHTE! per-
PECCHH, ABIMOIIKECH JaCTHBIMU TIPOM3BOJHBIMH (DYHKIIMH OTKJIHKA IO COOT-
BETCTBYIOIMM IICPEMEHHBIM. PerpecCHOHHbIA aHANM3 TIPH 3KCHEPUMEHTaX Ha
ACTEPMUHADOBAHHON M BEPOSTHOCTHON MOJCIIX HMEeT COAEpKAaTeNBHbIE OT-
JHNHS Ha STamax CTAaTHCTHYECKOrO AHAM3a PEe3yNhTATOB SKCIEPHMEHTa H
OLCHKY aIeKBaTHOCTH KCHEPHMEHTANBHOM pakToproi Mogenu. UL anmpok-
CHMalH MOBEPXHOCTH OTKIMKA HCIIONB30BANACh MHHeHHas Mozens Ge3 yuera
B3aUMonelcTeus GarTopos.

VPaBHeHHe DerpeccHH, OMUCHIBAIOLICE BIHIHHE 11apaMeTpoB 3JIEKTpO-
THAPABIHYECKOl CHCTEMBI Ha M3MEHEHHE KPHTEPHS ONTHMU3ALMH, UMEET BUJL:

¥ =0,1065 - 0,0343.X, — 0,0218X, — 0,0209.X, +0,0530.X,. (1)

- AHaNE3 mONYHEHHOrO YPaBHEHHA PErPECHMM MOKa3bIBaeT, 9TO B JIOKaJIb-

HOU obnactu HCClleyeMBIX [apaMeTpOB HauboIbllee BIUSHUC HA HCCIeaye-

MBIC TIOKasaTenn kauecTBa NepexoIHOTo npouecca OKas3plBaeT IPOU3IBOHTENb-

HOCTE Hacoca. C noMompio 3aBHCHMOCTH (1) MOXHO IPOrHO3UPOBaTh BETHYH-
HY apamerpa onTumuzanuu momenu npu M000M COMETaHUH (HAaKTOPOB.

3anaua BEIGopa ONTHMANBHBIX [IapaMeTpoOB CHCTEMB] YIIpaBlIeHHS Dellia-
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€TCS METOZIOM HAaHCKOPEHLIEro Cycka No MOBEPXHOCTH OTKIHKA B Hanpapie-
Hud rpanuenta. Cephs ONBITOB HaHCKOPEHINEro CIIycka COCTOMT B onpezee-

HHH COCTaBJISIONIUX rpajiieHTa, YMHOXCHUH YXKa3aHHbIX COCTaBJIAIONIMX HA
TEpBal BaperHpOBaHHA ¥ IIOCIIENOBATENLHOM HpﬂﬁaBJTBHHH BEIHYHH, OpOIOp-

HHOHAJIEHEIM STHM NIPOH3BE/ICHHAM, K OCHOBHOMY YPOBHIO [2].
Msnoxennstii nomxon x paspabotke INEKTPOTHAPABINYECKHX CHCTEM

YTUpaBieH#s MOOHIIBHBIX MAallMH MO3BOJAET HA STare abCTPaKTHOrO CUHTE3a K
SKCIIEPUMEHTANBHON JOBOAKH ONpPEHENATL ONTHMAILHEIE 3HAYECHUS napamer-
POB €€ KOMIIOREHTOB, UTO 3HAYHTENFHO COKDAIIAET CPOKH H CTOMMOCTS CO3/a:

HHS 06pasloB HOBOM TEXHHKH C BHICOKMMH IIOKA3aTeNAMH sddexTusrocTH
KauecTna,

Cuncox smrepatypsr: 1. Tapacux B.I1. MareMaTuueckoe Monenuposa'-
HHE TeXHUYECKUX cucTeM. — Mu.: JusainlIPO, 1997. — 640c. 2. Anmnep HO.IL,
Mapxosa E.B., I'panosckuii 10.B. [Inanuposanue sKcnepuMenTa MPH NOHCKe

ONTHUMAIBHEIX yCOBMH. — M.: Hayka, 1976. — 279¢.
Cmames nocmynuaa & pedaxyuo 29.05.2002 23

TPHBOTEXHUYECKUE NNOKPLITHS HA OCHOBE
MOYEBAHO®OPMAJILIEIMTHBIX CMO.JI
AT KAPXAHHBIX ITEPEJAY.

Crpyx B.A., KpapuenkoB.H, Kocriokosuy T.A,,
Opunnnukos E.B., ®exopos 1. {
(TpI'Y, O4AO «Benxapoy, nabopamopus. « Vuuxapdy, 2.1 podno, Benapycy)

Are explored structure and tribotechnical property of antifriction mattings for
torque tube drives. The mattings formed of aqueous solutions urea~
Jormaldehyde of tars. For a heightening tribotechnical, adhesiveness character-
istics of mattings carried out a phosphate treatment of a metal substrate. The
magnification of an operation resource of torque tube drives is fixed at applying
designed mattings. :

AMANE3 NHTEPaTYPHBIX HCTOYHUKOB H HCCIENOBAHMS CBHIETEIbCTBYIOT
06 >(heKTHBHOCTH NpHUMCEHeHHs Gocdatmeix TOKpETHL B KauecTBe OCHOB bl
TIPOTHBOHSHOCHBIX MOKPBITHH AJIS MOBepXHOCTEl TPeHHs NUHAMUYECKUX LM~
UEBRIX coeaniennit. PochaTtnpoBaHHe NOBEPXHOCTH NITULEBOTO COSNUHEHMS
HE TOJIRKO YBEIIMIUBACT €€ YCTOHYMBOCTE K 33/1py Gllarosiaps HANHYHMIO Pasie
AHTENLHOTO CII0A € BHICOKMM CONPOTUBAEHHEM KOHTAKTHBIM HArPY3KaM M ajl-
COPOUMOHHOM CIIOCOBHOCTEIO K NOTIOMIEHUIO KHIKHX CMa304HbIX cpen [1], HO
U CHHKACT HCXO/THBIC TPEGOBAHKS K KAYECTBY MOBEPXHOCTH KOHTaKTHPYIOHHX
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fetaei. OT10 00yCOBJICHO YMEHBIICHHEM MHKDOILEPOXOBATOCTElH nosepxn?-
crHOTO oSt GocdaTUpyeMbIX AeTaieit B CACUCTBYE XHMUYECKOrO B3aHMOZICH-
cTBHS KOMIIOHEHTOB (GOCQAaTHPYIONEro cocTaBa ¥ CTANH, UCONL3YEMON fuis
paroToBieHus aetain [2]. Oxnako, Kak yxe oTMevanocs, hocharnas ITEHKa B
geMOAu(RIMPOBAHHOM BHIE XpYNKa, OBICTPO paspyliacTcs MOA ASHCTBHEM
JMHAMBYECKMX HArpy3oK, a ofpasyiominecs ¢parMeHThl ee paspyiueHus,
UMEFOIIE BBICOKYIO MPOYHOCTE M TBEPAOCT, MOTYT CIIOCOOCTBOBATH KOPPO3H-
OHHO-MEXaHHYCCKOMY NOBPEXACHHUIO TPYIUXCa aeTajneii. [iia CHIDKeHHA 3TOro
HeONaronpUATHOrO sBIeHHT (OChaTHBIE CHOM MPONHUTHLIBAIOT CMA3OYHBIMU
MacnaMH, paCTBOPaMH COJIEH TIO/INBATICHTHBIX METAJLIOB, IOJIHUMEPOB, BOAHBIMH
UM MAaCIIAHBIMH CYCIICH3UAMHU CYXUX cMa3ok (rpadura, aucyasduaa Momubue-
Ha) [2]. JlaHubIi IOAXON AOCTATOYHO 3 hEeKTHBEH, ONHAKO, YUNTHIBAS BO3pOC-
mue TpeOOBaHUA K OKCTUTYaTAUMOHHOMY DeCYpCy KapAamHBIX nepexad (110
1000000 xm npobera), HeoOxonuMO JanbHellee cOBEPIIeHCTBOBAHKE KOMITO-
3ULMOHHBIX MOKPLITHI Ha OCHOBE (ocharoB METANNOB U (YHKINOHATHHEIX
KOMIOHEHTOB. AHAIM3 JUTEPATYPHBIX HCTOYHWKOB CBHJIETENLCTBYET 06 3()-
(EKTHBHOCTH MO/TXO/@ K CO3aHMIO TBEPAOCMA30YHBIX NTOKPBITHIA, OCHOBAHHO-
O Ha CO3/1aHMM YC/IOBHH 11 3HAKOLICPEMEHHOTO TIepeHOca KOMIOHEHToB [3].
[To/1o6HbIH HOAXOS Peain30Bal B y3/MaX TPEHHSA CTAHKOB C PCBEPCHBHBIM Xa-
PAKTEPOM JBIDKEHUS, HUIM(OBaIbHOrO 0BOPYHOBaHHS ¥ Ap. MAIUMH H MeXa-
HH3MOB. BaXXHOH 0COGEHHOCTEIO TBCPAOCMA30YHEIX IOKPBITHIL, NPHMEHSIEMbIX
B MAlIWHOCTPOCHMH, ABIACTCA AUCKPETHBIA XapaKTep OBEPXHOCTH TPEHMUS, CO-
UETRIOUMH OKANBHbIE YYACTKH, BOCTIPHHUMAOIIHE KOHTAKTHBIE HaIpy3KA H
YHAaCTKH, ABJIAIOIIHECT «Pe3epByapamMin CMa304HOTo Matepuana [4]. Vexoas w3
YTUX TIPENMOCKINOK, HCCHICNOBAHBI TEXHONOMMYECKHE ACTIEKTh! (JOPMUPOBAHHS
TBEPAOCMA304HBIX NOKPEITHH [Ulst y370B TPEHHA KapAaHHOM nepefavy. B kade-
CTBe 0a30BOr0 KOMIIOHEHTA B HOKpEITHY Obito BEIGparo pocdarHoe, hopmu-
PYeMoe u3 TpajuumonHsiX Ban [2]. CTpyxrypa nogo6Horo HOKPBITHS, chop-
MHMDOBaHHOTO MX aKTUBHOI'O COCTABA «Maxed», mpusegena Ha pucynke 3.4.
Miist dopmuposanus cios ¢ TBEPABIMH CMA3Kamu HCMONB30BANY CIIHPTO- U BO-
AOPACTBOPUMBIC OIMTrOMephl (heHOTPOpMATEIETHARBX 1 MOYEBUHODOPMAITh-
ASTHIHBIX CMOJi, KOTOphIe 3OGEKTUBHEL TIPH HOIYYCHHH aHTHQPHKLUHOHHBIX
MaTEePHaNIOB KaK B BHIe GIOKOB, TAK ¥ B BHJIE nokpsiTuit [3-6]. Beibop nanubIx
CBASYIONX O0YCIIORIICH CPABRUTENBHOM HOCTYTHOCTBIO HX s TIPUMCHEHNA,
TIPOCTOTOH CHHTE3a H HANUYHEM OTeHECTBEHHAIX TIPOM3BOACTB MO X H3TOTOR-
JA€Hmo. [IpakTuka noxasana, yto HauGonee MIEPCHEKTHBHLIMH ABIAIOTCA BOJ-
HBIC PacTBODEI OIMTOMEPOB CIIMBAIOMIEXCS CMOJI, HMEIOIUMX BBICOKYIO CTOI-
KOCTE K ropenuio u TIPOCTYIO TEXHOJIOTHIO IpuMeHeHus. [Ipu 3ToM ¢ 3KOJI0rH-
HECKOH TOYKH 3penns mamGonee NePCHEKTHBHAI OIUrOMEpE], He COACPKAUIME B
CoCrage Ij)enona H €ro IPOU3BOAHLIX, OKa3bIBAMOIIHX Heﬁnaronpusmoe BO31EH-
CTBHE Ha Opranusm uenopexa [8]. s muccnenosauuit uenons30B8aH BOJ{Opac-
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TBOPHMBIH OJIMTOMEP MOYCBHHO(DOPMANBLACIUAHON CMOB mapxu M®PC ¢ co-
ZepxKaHHeM cyxoro ocratka 25-30 mac. %. OtaensHble dKCIEPUMEHTEL IPOBO-
Auny ¢ HCnose3oBanueM pexonocnupra mapku COIK-30275 (A) u penondop-
ManbaerdaHon cmosst Mapky JIBC-1, moauduumposanso# 10 mac. % KOH. B
KayecTBe CyXOM CMa3sky UCIOJB30BIN KOMMOUAHbLIH rpadut Mapka C-1, KoTo-
PEIA BBOJWMJTM B COCTAB CBA3YIOLIEro B Konnuectse 10-50 mac. %. lns obecne-
4EeHHA 3aJaHHON cKOpOCTH dopMHEpOBaHMs GochaTHOro HOACTOS TBEPAOCMa-
304HOrO MOKPBITHS B COCTAB JAONONHUTENBHO BBOAWIH YeKopuTens. OnTumusza- il
L0 COCTaBa IOKPHITHS MPOBOSMIM C TIOMOIIBIO METONa MHOrOGaKTopHOro |
|
|

1-3 MEM.

IUIAHUPOBaHMs dKcnepumenta. Meenenosanme anre3suoHssix u tpuborexnuue-
CKHX XapaKTePUCTHK KOMIMO3UIHOHHOFO ITOKPHITHS [TOKA3a/H, YTO OHH ONpere-
TSIOTCS INaBHBIM OOpasioM colepikaHueM Cyxoif cmasku (rpadHrta unu nu-
cynbshuaa MOJIPIG,?CI{a) u onuroMepa cuiueaoutetics cmonsi (M®C) (puc. 1).

£ 5
25 23 21 19 17 15
<« Cyxas cMmaska, Mac. 4

. 2. 3aBUCHMOCTh aINe3HOHHOM IPOYHOCTH NOKPHITHS (a) B CKIelKax
‘08 K11 B 3aBHCHMOCTH OT COEpPIKAHUS KOMIIOHEHTOB.

G604 -

19 30

0 ¢oe e .

Puc. 1. 3aBucumocth KO3QOUUMEHTa TPCHMS OT COACPKAHHS CYXOH
CMa3Ku 1/ NOKpeITHH Ha ocHOBe PDC (1,2,3) u MDC (4,5,6) npu ckopocTu
ckonexenus 1 M/c u yaensHoit Harpyske 1 MIla (3,6), 2 MITa (2,4) u 4 Mila |
(1,6). Koutpreno — crans 60 II1

: < M®C, mac. 4

‘3aBuCHMOCTS KO3 uHerTa TPEHHA (YHCAHTENE) U HHTEHCHBHO-
HIS (3HaMeHaTe b, IO'”’) HIpH TPEHHH MOKPBITHA 110 ctamy 60 TTTT
OT COAEpXKaHHA KOMIIOHEHTOB. CKopocTs ckolmbxenus 1,0 m/c.
arpysxa 1,0 MIla

1o pesynsTaTam McCAc)OBAaHUH NOLYYEHBI TPORHBIE AHArPAMMBI, 1O3RO-
ASIOUIME OCYHIECTBIATh BbIOOP COAEPIKAlMS KOMIOHEHTOB B 3aBUCHMOCTH OT ¢
IKCILlyaTalHOHHBIX Tpebopauuil (puc. 2, 3).

Ananus nmopepxHocTel GQPUKIHOHHOTO B3AUMOACHCTBHUA CBUIETEIbCTRY-
CT O 3aKperICHAM TBEPAOCMA309HOrO MOKPLITHA B MHKPOHEPOBHOCTAX, MEPE-
HOCE OTACHbHBIX (PParMEHTOB TBEPAOCMA30UHOTO MOKPHITHS Ha CONPIKEHHOE
KOHTPTENO. JU1s yBenuyeHHs HHICHCHRHOCTH NTepeHoca TBEp/IbIX CMa30K Ha [10-
BEPXHOCTK TpCHHi B (QOPMHUPOBAHHUA YCTOMYHBOTO Pa3fAeNWTENBHOro Cj0s B
KOHTAKTHOH 30HEe MCTIONB30BaM ABa MOAX0/ia. B NepBoOM cliyyae Ha NOBepxHO-
CTHEIN CNIOW TBepJIOCMAa30YHOrO NOKPHITHA HAHOCHIM TOHKYIO MEHKY (TOpCO-
Jepxauiero oguroMepa mMapku «Doneoxe» (P-1). Tonuumuaa rneHky oiuromepa

BIOPOM ciydae TBEPIOCMA304HOE [OKPLITHE HAa OCHOBE BOAO-
O onuromepa MOC u docdaTHoe NOKPLITHE HAHOCHTH Ha I10-
HHST KOHTAaKTHPYIONMX aeTaseit pasaciapHO. (PPUKIMOHHBIE HC-
CBHICTENECTBYIOT 06 3 DeKTHBHOCTH 060MX TIOAXOA0B (puc. 4, 5,
Onuromepa M-1 B pesynsTare nepenoca Ha COMPAKEHHOC KOHTPTEJIO
©T 3AKPEMICHHIO M YaCTUI W3HOCA TBEPAOCMA30YHOIO TTOKPBITHS
YABTATE 5TOTO W3HOCOCTONKOCTE Maphl TPEHHS CYIIECTBEHHO BO3-
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pactaet (puc. 4). Auanornunsiii 3¢QexT HabMONAETCA ¥ NpPH Pa3AETBHOM Ha-
HeceHuu GocdaTHON M TBEPAOCMA30YHOH MIEHKU HA HOBEPXHOCTH TpEHHS
KOHTpTed. B 3ToM cnyvae docharnas nueHka crocobCTByeT 3aKpenaeHmIO Yac-
TUL| H3HALINBAHKUA TBEPAOCMa30uHOI0 JIOKPHITHS H (POPMHUPYET U3HOCOCTONRKY
CJIOH B I1ape TPEeHHsl, COCTOALUNH NPEHMYINECTBEHHO W3 YaCTHIl CyXO#l CMasKw,
BBEACHHOH B MONMMEpHYIO Marpully (rpadurta win Aucymbouaa MonubaeHa)
(puc.6). Boibop KOHKpEeTHOro crocoGa HaHeCEeHHs NPOTHBOM3HOCHBIX MOKPLI-
THH Ha 0CHOBE QocdaToB METAIUIOB ¥ MOAM(HIMPOBAHHBIX OJHIOMEPOB CIUH-
BAIOILHXCA CMOJI ONpeAeNnsAeTCs TEXHOJIOrMIeCKHMH BOZMOXHOCTAMH TIPEATpH-
ATHA M CIOXMBIIMMCS TEXHOJOTHYECKUM npoueccoM. s U3roToBjeHus Kap-
DNaHHBIX MepelNay aBTOTPAHCMOPTHON TEXHHKH NPHUMEHSIH TIPEHMYLLCCTBEHHO
PasaenbHOEe HAHECeHWe OKPBITHIT Ha JeTany MTHIEBOTO CoeHUHeHuUs.

1o’
|
T
2l S 7R
0,2
1
0.1
o a - ¢ =gz
T AR I S N R [Ny St Py b | T, . S "
1 2 3 4 S P Mila

Puc. 4.3apucumocts kodddunmenta tperus (1,2) U HHTEHCUBHOCTH K3-
namuBanus (3,4) OT Harpysky NpH TpeHuu noxpsitus MOC+40 mMac.% rpadura
ucxoznuoro (1,3) u obpaborannoro dropcosepxkammm onuromepoM ®-1 (2,4)
no cranu 60 11 I. Cxopocts ckonbxerus 0,5 mic

=

%100
Puc. 5. xapaktepHmlii BHA TEHKM MEPEHOCA NPH TPCHHAM TOKPHITHS

M®C+40 mac.% rpadura o cranu 60 II1 nexoanoro (a) u o6paboTaHHOrO
¢dropcosepxanm onuromepom @-1 (6). Cxopocts ckonpxenus 0,5 m/c
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3 2 5

Puc. 6. 3aprucnmocTs koadduiuenta Tpeaus (1,2) ¥ MHTEHCHBHOCTH U3~
pammpanus (3,4) or Harpysku P noxpeitas M®C+40 mac.% rpadura npu Tpe-
nun mo crana 60 T mcxomuoit (1,3) u docdaruposannoit (2,4). Cxopocts
cxonpxkenna 0,5 M/c

Cnucox aureparypsi: 1. IlpoekTiiposanie yHIBEpCaapHbIX HIADHHPOB K
BeNyIix Banos. - JI.: MaumnocTpoerue, 1984. — 464 c. 2. XauH W.H. Teopus
¥ npaKTHKa pocdarupopanis MeTannos. - JI.: Xumus, 1973. — 240c. 3. Horkle
KOMITO3HIIMOHHBIE MaTePHaTbl Ha OCHOBE IIPOMBIIIEHHEIX OTX0/10B CHHTETHY e~
ckux BonokoH / IL.B. Cricoen, ILH. borxanoeuy, M.M. bmusren, H.M. Knu-
maierrd. — Munck: Hayka u Texuuka, 1984. — 96¢. 4. Kpepxanosexuit B.K.
HMsHococTolikue peakromiacThl. ~ JL: Xumus, 1984, — 120c. 5. Cricoes [1.B.,
bmmzreny M.M., 3atines A.JI. UsHococTOMKHE KOMITO3HTE HA OCHOBE PEaKTO-
IIACTOB. — Mumck: Hayka u Texuuxa, 1987. — 197¢. 6. Aaresuouusie u Tpubo-
TeXHUHECKME MOKPBITHS UL MOpIIHeH u3 amoMuauessix ciasos / B.A. CTpyk,
B.H. Jpo6snnesckuit, }0.4. 3axpenckuit, A.Il Illanait // Tpenue n uzHoc. —
1989. — T.10, Ne6. — C.1097 — 1099. 7. Kocreuszes U.B., 1llanait A.H., JIpoGsI-
wesCkuid B.H. Onrtumusauus cocrasa rpad@HTH3HPYIOLIErO MOXPRITHS JULL
nopmsel IBC. — Nsurareiiectpoenne, 1990. - Ne7. — C.1033 — 1036. 8. Huxo-
jiaes A.®. CuHTeTHYECKHE TONMMEpE! ¥ TUTACTHYECKHE MacChl Ha HX OCHOBE. —
ML X, 1966, — 768c¢.

Cmanss nocmynia ¢ pedaxyuwo 27.05.2002 2.
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K COBPEMEHHBIM IIOJXOAAM INOBBIINEHNSI KOHTAKTHOM
U U3rMBHON BEIHOCJIMBOCTHY BRICOKONIPOUYHBIX
LHEMEHTYEMBIX CTAJIEH, CYBMHKPO- 1
HAHOCTPYKTYPA YIIPOYHEHHHBIX CJIOEB

Cyenn AA. (MH/IMAIL HAHP, 2. Munck, Berapycs)

On the grounds of systems approach considering interactions between the ele-
ments of the micro-, submicro- and nanostructures when impositioning of exter-
nal stresses and influense of these factors on generation and propagation of fa-
tigue cracks, there was shown a possibility of considerable increase of contact
and bending endurance of chemicothermally hardened steels

CoBpemenHbie TEXHONOIHY H3TOTOBICHHS K XMMHKO-TEPMUYECKOi 06pa-
GOTKH BLICOKOHRUPSIKEHHBIX [eTalieli MO3BONSIOT NONYUHTh CTPYKTYPY YIIpOu-
HEHHBIX C/10€B, O0ECNeuHBaIOIIYI0 YCTATOCTHBIE XAPaKTEPHCTHKH OJIM3KUE K
npenensubiv [1-5]. Onnako Bo3pactaiomue TeXHUYECKHe TPeGOBAHNS K BHOBb
CO3JaBaCMOH TeXHHKE M ee HANEXKHOCTH, a TAKXKE YKeCTOYaIoWeecs YCIOBHs
SKCILIYaTaUMH, BRIIBHIatOT 3a{a4H paspa0OTKH HOBbIX IIOJXO0H0B, KOTOpHIE I10-
3BOIAT ODECIIEYHTH YCTANOCTHYIO BEIHOCIHBOCTD ¥ CONPOTHBISHHE XPYIIKOMY
Pa3pyIICHAIO BBICOKONPOYHBIX KOHCTPYKIIMOHHbIX CTANECH BblILE TIPEAENbHBIX,
AOCTHraeMbIX 1IPU COBPEMEIHOM YPOBHE Pa3BUTHs IPOU3BOACTBA.

AHam3 paspaboTok Hec/ieoaTened U BEAYILMX GUPM HHIYCTPHATBHEIX
CTpaH MOKasas 11e1eco00pa3sHOCTh HCMONB30BAHMS CHCTEMHOIO HOAXOAA: C Of-
HOH CTOPOHRI, YYUTBIBAIOIIETO B3aHMOJIeHCTBHE 31eMEHTOB MUKPO- U CyOMHUK-
POCTPYKTYPBI IIPH HATOXKSHHUM BHEIUHWX HaTPY30K W COUPOTHUBICHHE HX pas-
PYLIEHHIO, & ¢ OPYrol — BIHsAHUE pa3MepHBIX 3bdexkTos (asoselX cocTaRIAw-
LIEX Ha CBOWCTBA ¥ OCOOEHHOCTH TEXHONOTHH IOIYy4YeHHS HaHOKPHCTAILTHHE-
CKHMX CTPYKTyp. Tak, And JIEMEHTYeMBIX KOHCTPYKIMOHHLIX CTasiel 3a cucT
PaspaboTKM ONTUMAITBLHOTO XMMHYECKOrO COCTaBa CTANM, TEXHONOMMY Tiepee-
Jla ¥ W3TOTOBJICHUS JeTaNell, XUMHKO-TepMHUecKOH 06paboTky, a Takke Auc-
MEPCHOHHOTO TBEPACHWA NPH HU3KO- M BBICOKOTEMIIEPATYPHOM CTapeHuH
MOXHO OGECIIeYHTh U3MEHEHHE CTPYKTYPHl MEXK3ePEHHBIX IPaHMUI] 3 CUET BO3-
HUKHOBEH!3 3QPEKTOB ropoduIbHOCTH C NOCHCAYIONIMM 06pa3opaneM HaHO-
das (sacTuil xapOUAOB, HUTPHIOB, MHTEPMETAIMAOR pasmepoM 10-40 HMm).
Harnipumep, koni4ecTBO Mo B KOHCTPYKUMOHHBIX JIETHPOBAHHBIX CTANAX OObIY-
Ho He npesbiwaeT 0,5%. g >ddexruBHOro BANIHHS HAHOCTPYKTYPHBIX Xa-
PaKTCPHCTHK Ha NPO4YHOCTHLIE CBOHCTBA, comepxaHue Mo Z0JKHO COCTaBNATh
1,5-2,5% upu onTUManpHOM NETHPOBAHMH BAaHAMEM U 230TOM, YTO MTO3BONUT B
LIEMEHTOBaHHLIX (HMTPOLEMEHTOBaHHBIX) cnosix ¢ ~1%C u 0,4%N nomyuurs
BBICOKOMCTIEPCHBIE KapOUsl B MeK3EPEHHLIX 0GBeMax.

OOecrieyeHHe MENKO3EPHUCTHOH CTPYKTYPhl ¢ BenuduHO# 3epHa 10-13
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Gannos (9900-3200 nm) moxeT OBITH TOCTHTHYTO JIETHPOBAHHEM CTaliH 37e-
MEHTaMH, OﬁeCHe‘{HBan)HJ.HMH MEJIKO3EPHUCTOCTD TIPH ozjnmanbﬂmx pt::}l(ﬂmax
ropayel IIACTHICCKON Ae(opMalyH, Tpe/BapHTeTbHON TepMHieCKOH obpa-
gorku u @urmmuoi XTO. Crexyer oTMeTutsh ponk onepaiyi TeXHOIOrH4e-
CKOTO Mepefielia TakuX KaK ropsiee [iacTuyeckoe nehopMUpoBaue U npeasa-
prTeNbHAs TepM00OpaboTKa, KOTOPBIE HE TONBKO CYIIECTBEHHO BJUSFOT Ha Be-
MUMHY 3epHA U BOJIOKHWCTYIO TEKCTYPY, HO M OTpeeNsioT B GonbuIoi crerie-
HH i‘[pO‘IHOCTHbIe CBOﬁCTBa, CONpPOTHBICHHE YCTAMOCTH W XPYNKOMY paspylic-
HHIO.

TlonyyeHye ONTHMAaNbHOH CYOMHUKPOCTPYKTYPbI MaCTHHYATOTO MapTeH-
CHTA K CYOCTPYKTYPHBIX O0nacTedfl OCTATOYHOIO ayCTEHMTa ¢ BBIIECICHUAMU
KapOUAHBIX ¥ KapOUAOHUTPHIHBIX HAHOYACTHIL TAKKE O0eCTIeunBaeTCA 38 CUeT
ONTHMAIBHOTO JIETHPOBaHUS YIPOUHEHHOT'O COsl YIIIepojoM (a30ToM) NPH Lie-
MeHTAHK (MHATpOLIEMEHTAIIMH ), PETIaMEHTHPOBAHHBIX YCIOBHEH OXJaXKIeHNs
TIPH 3aKaJIKe H PEeXHUMAMU CTapeHuS.

CuCTeMHBI}I MOXXO0X MO3BO/IAET UeIeHaNPaBIeHHO 00ecnednTs ynpoy-
HEHHE 3a cHeT 00pa30BaHHs HAHOYACTHIL H APYTUX CYOMUKPOCTPYKTYPHBIX TNa-
PaMeTPOB MEX3EPEHHBIX 00BEMOB K BHYTPH3EPEHHOH CTPYKTYPBI, UTO obecre-
YUT BEICOKOE COTIPOTHMBIISHHE 3aPONIACHHIO H PA3BHTHIO YCTAIOCTHEIX TPELLUH,
TIPEBBIUHAIONIEE YPOBEHE, ZOCTHTHYTHIH B HACTOSILIEE BPEMS.

FIpOAYKTHBHOCTE TAKOTO TOAX0Aa 0OBACHIETCS ¢ OJHOM CTOPOHE! 61aro-
Japs HCTIONB30BAHMIO Pa3MePHBIX 3G (PEKTOB HAHOCTPYKTYPHBIX 4acTul [2,5], a
C APYYOH — pe3yasTaToB HCCIICOBaHMH BIMSHNS MUKPO- U CYOMHKPOCTPYKTY-
DBl Ha YCTaNOCTHbIE XapaKTEPHMCTHKK C YUETOM B3aMMOJIEHCTBHS 271eMEHTOB
MUKPO- H CyOMHKpOCTpYKTYpHl NPH HAJIOKSHMH BHCIHMX HAaNpsUKeHHH |
Bmmﬁue ITHUX DaKTOPOB Ha 3aPOKIEHUE U PA3BUTHC YCTAIOCTHLIX Tpelud [1-
8].

UsBecTHo BrusHHe pasMepa KPHCTATIHTOB (3epeh), CYOCTPYKTYPHBIX H
HAHOCTPYKTYDHBIX COCTAB/IMIOMIMX Ha CBOMCTBA CIUIABOB: TeMIEpATypy Tiias-
JICHUS, KO3PUHTUBHYIO CHILY, NPOYHOCTh, TREPAOCTE, CKOPOCTS TToNI3yuecTH [5].

SaBUCHMOCTE NPOYHOCTHEIX ¥ CTPYKTYPOUYBCTBHTENBHBIX CBOMCTB OT
STEMEHTOB HAHOCTPYKTYPBI JOCTATOYHO TOUHO OIHCHIBAETCS neTepMUHUAPOBaH-
HBIMH 3aBHCHMOCTAM 06paTHO NpoNOpHMOHATLILMK Bengane (L), ompene-
JIAIOMICH B TOM WIM HHOH CTElCHM pasMep HaHo@parmeHrta. Tak, Hanpumep:
TEMICPATYPa IUIABMCHHs W KODPUMTHBHAL CHJIA 3aBHCAT OOPATHO NPOIIOPLHO-
HAJIBHO OT pasmepa kpucTamiuta wiy $asoBoi COCTABNSIOMENH, MPOYHOCTE U
IBEPAOCTE 00patHO HponopuronansHe L2, a ckopocTs monsysectd — L° [5].
BMW € TEM B JIMTEPATypE MO OCBEMIEHE! BOIIPOCH! BiIMsHUA IaHOCTPYKTY-
PBL & XapaKTepuCTHKI CONpPOTHBIIEHNS YCTANOCTH YIPOUYHEHHEIX CNOEB Iie-
MEHTOBaHHAIX CTaneH.

B HacTosleM coobuienuy NPE/UIOXKEHbl BO3MOYHEIE TIYTH NOBBLILIEHU
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KOHTAKTHOH BBIHOCIIMBOCTH LHEMEHTOBAHHLIX CTajieH, KoTopas ABASETCS OUHOH
H3 XapaKTepUCTHE, pernah{eu'mpyiomei»i JONTMOBEHHOCTL BLICOKOHE&HPH}KEHHB{X
petaneii. [lo gaHHBIM HAIIWX MCCIE/IOBaHMIN COMPOTHBACHHE KOHTAKTHOR yCTa-
JJOCTH BBICOKOIPOYHOCTHBIX KOHCTPYKLIMOHBBIX MaTepHalloB He MOXeT Obirh
BEIpAXEHA MPOCTON DYHKIMOHANLHON 3aBUCUMOCTHIO OT KaKOro-nubo HaHOCT-
pykTypHoro snemenTa. [locnensee ofycnoBieHO Kak 0cOOEHHOCTAMHU 3apOXAe-
HAA TPEUIHH B DNEMEHTaX CyOCMHKPOTPYKTYPBI, KOTOPbIE IPEHMYLICCTBCHHO
TIPOMCXOMAT Ha TPAHHMIEX CTPYKTYPHBIX COCTaBIAIOIIMX PAa3HYBOro Thia (rpa-
HHIIAX 3epeH, MapTEHCHTHBIX UITl, MAPTEHCUTHO-AYCTEeHHTHBIX 00nacTel, nBoH-
HHKOBBIX H JHCJIOKallHOHHEBIX CKOH.TICHL{I:"[), TaxK H COHpOTHBfEGHI’IEM ABHIKECHHIO
YCTANOCTHOH TPEUTHHBI NIeMENTAaMH CyOMHKpO- M HAHOCTPYKTYPHI [1-4].

YCTaHOBNEHO, YTO TMOBKIILIEHHE COMPOTHBIEHUS KOHTAKTHOH YCTAOCTH
BBICOKOIPOYHBIX HH3KOOTMYILUEHHBIX KOHCTPYKUHOHHBIX MAaTEpHANOB MOKHO
JOOUTHCS H3MENBUSHUCM MHKPOCTPYKTYPBI, YMEHBILCHHH pa3Mepa KpUCTalIIi-
TOB, 3€PEH, BETHYHHBI KIJI ICPBUYHOIO H BTOPHYHOIO MAPTEHCHTE, RKIIOYEHHH
OCTATOYHOrO OCTATOYHOTO ayCTeHHMTa, a TAKKEe BbIACICHHUEM BBICOKOOHMCIIEDC-
HBIX YNPOYHSIOMUX yacTHll pazmepom 10-20 1M, TUCIOKALMOHHBIX M JIBOHHK-
KOBBIX 3NIEMECHTOB 3TOI0 X< IIopAaKa. :HHTEP&CHO OTMECTHTE, YTO 3TO NMOJOXKE-
HHe Habmoganoch MM HEMEHTYEMBIX KOHCTPYKLMOHHBIX CTaleil ¢ pasiuuyHON
CTeleHEI0 nerupopanus Ni (1-5%), Cr (2-5%), Mo (0,15-2,5%) [2-10].

VcenepoBanns CyOMUKPOCTPYKTYPB! BRICOKOTIPOYHBIX XPOMOHHKEIEBBIX
H XpOMOHHKeIsMOMHOeHoBEix cranelt Tuna 20X2H4A, 20XH3A, 20XH2M,
[2X2H4A, BKC4, BKC10, 20X2H4M2®MOCH (amanoru 3312SAE, 3310, 8620,
9210) nocne XUMHKO-TEPMHYECKOTO YNPOYHEHHUS CO CKOPOCTAMH OXIANACHUH
BLILIC KpH'l‘PIHéCKHK, MO3BOAKHAN OIIpC,L{CJIHTb BAHWSAHMC C’I‘p}’K’I"ypHOI‘O COCTOH-
HHs Ha XapaKTepPHCTHKH COLPOTHBICHHS KOHTaKkTHOW ycranoctu. Ha puc. |
fpHBeAeH2 O{HarpaMMa KOHTAaKTHOM BBIHOC/IMBOCTH B 3aBUCHMOCTH OT TBEpPAO-
CTH YNPOYHEHHBIX CTaIeH, Briepasie nocrpoendast X.Buntepoum n T. Beitcom [7]
1 IOTIONIHEHHAs McClieloBaHuAMH aBTopa [1].

Toukn nepernba Ha 3T0# JuHarpaMMe MOTYT OBITh OOBACHEHEI C YYETOM
HOAaHHBIX MCCAENOBAaHHH pa3sMepa W CTPOSHHS DIEMEHTOB MHKDO, CYyOMUKpO- #
uHanoctpykrypsl. IIpu tBeprocru 650 HV (1-1* na puc. 1) HeMeHTOBaHHOrO
cilos H&Gnro,aae'rcsf 3HAQYHTEILHOS KOIHYECTBO pEE'-lHOF() M&pTeHCHTB C OPHSH—
tuposkamu (111), { (011) u (110), || (111)s. Ilupuna peex MapTeHcHTa co-
crapnger 0,2...0,3 mMxM (puc.2). Mexny MapTeHCHTHBEIMH pEHKaMH HMCIOTCH
TOHKHEe i‘IpOCHOI::lKH ayCTCHHTA. Y‘iaCTKH QCTATOUYHOrO aycreludia UMEKT BBITH-
HYTYIO ClJOPM)’ C BBRICOKOJHCIICPCHBIMH BRIACAECHHAMHM Ha (j)parme}i’rax TpaHHll.
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Puc. 1. 3aBHCHMOCTbL CONPOTHBAEHMS YCTANOCTH MPH KOHTAKTHOM
HAFY)KEHHH OT TBEPAOCTH YNPOUHEHHbIX MOBEPXHOCTHBIX CIOCB  AJIA
pasIMHEIX 1 Marepﬁaﬂoa u (:11000605 YIPOHHEHHS

6) 680-710HV  x30000
£ - . v ﬁ -5

'B) 730-750HV x20000 £) 750-850EV »30000
Puc. 2. Mopdonornyeckie oco6eHHOCTH KPUCTalIOB MapTeHCUTa He-
MEHTOBaHHbIX CJIOEB: a- peeutibiii MapTeHCHT; O, B- CMEeUIaHHbIH MapTeHCHT; -

ILTaCTHHYATLIH MAaPTEHCHT

Ilpy yBeiuueHuu KONMYECTBA NEPBUYHBIX KapOumos (pasmepom 3-0,3
MKM) HoBBIIIeHNe TBepAOCTH, 00yCIOBIeHHOE 3TOH (a3oi, He oKaspBaeT BIKA-
HUSL Ha COMPOTHBIEHHe KOHTAKTHOMN ycTanoctu. Bosie kapGuHbIX BLLjEeHU R
HMEIOTCS IUCIOKAIIMOHHBIE CKOTITCHUS.

Ha yuacrtke 1-2 nospliiesye npejiesna KOHTaKTHOW BRIHOCIMBOCTH NPOHC-
XOIUT 33 cyeT MOBBLILICHMS JIACHEPCHOCTH CTPYKTYPHI PECHHOI0 MapTCHCHTA U
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OCTAaTOYHOrO aycTeHHTa. [IpUCYTCTBUE MNacCTHHYATOTO MAPTEHCUTA B CTPYKTY-
pe (Touku meperuba 2-3) B yMeHBILEHHE KONMYECTBA PEEYHOrO0 MapTeHCHTa
NPHUBOJHT K TIOBBIIICHUIO W TBEPIOCTH, H Mpellesia KOHTAaKTHOH YCTaNOCTH 10
1700 MITa.

JSInnus 3-4 puc.l oTpakaeT NOBbILIEHHE TBEPAOCTH U Ipejena KOHTaKT-
HOH ycTanocTH 3a cueT YIPOUYHEHUS NpU XHUMUKO-TepMHuecKoil obpaborke,
VBenuueHHe AUCHEPCHOCTH MIacTHHYatoro Maprencuta (3-3*) u Beinenenue
JUACIIEPCHBIX YIPOYHSIOIAX YaCTHL TIPH OTIIYCKE [O3BOMSIOT MOBBICUTE KOH-
TaKTHYIO BBIHOCINUBOCTE YNpPOUYHeHHoro cios no 2000-2200 MIla. 3to Boz-
MOXHO B cransx Tuna BKC, xoTtopsle nononHuTensHO erknposans Mo, W, V,
Si, Al, 3a cyer Belmenenus kapbumos W,C, Mo,C [8-10]. B unteppane 3%-4
IIPOUCXOJUAT YaCTHYHEIH pacnaj OCTATOYHOIO ayCTEHHTA, CBS3aHHEI] C TemIle-
paTypHBiM nHTEpBasoM Bhe 350°C, o0pa3zoBaHWe HOBBIX AMCHEPCHBIX HIJ
BTOPHYHOIO MapTeHCHTA, BhHINENEHHE AucepcHbiX (~5 uM) Kapbumos tana MC
(M:C) 1 pacnionoxeHue UX BIONS JAuHMi nucioxaumii [8-10].

Kak cnemyer w3 npuBe/IeHHEIX NAHHBIX, JIPUCYTCTBHE B YOPOUHEHHOM
ClI0€ PEeeuHOro MapTeHCHTA SBIASTCS NPUYHHON TOHIKEHHOTO CONPOTHBISHNH
KOHTaKTHOH ¥CTanocTu, NOCKOJNBKY YCTAIOCTHasA TpEeIHHAa HE BCTpEYada Ipe-
MATCTBHH, pa3BuBacTcs BIOJE NaKeToB. VIMEHHO Hanuuue PasHoro KOMHYECTRa
NaKeTHOrO MapTeHCHTa, OGBI‘{HO HE BBIABIACMOIO MET&JTHOI"J&QJK‘{QCKH B MEJ-
KO3EPHUCTOH CTPYKTYpe, 00yClaBnuBaeT HUCHEPCHUIO Oy iy B CIOAX C TREPJIO-
cThi0 650-750 HV (puc.2 6,8).

OTmMeTuM, HaJIMYHE PEEYHOTO MApTEHCHTA He SBISCTCH CAWHCTBEHHON
MPUYUHON CHMKEHHS Gpjim. K MaASHUIO COMPOTUBIIEHUS YCTATOCTH LIeMEHTO-
BaHNEIX CIOEB NPHUBOAMT TakXe NPHCYTCTBHe B HHUX OcHHuta. beltuuT Dpen-
CTaBNCH ZOBONBHO tHpoxumu 1,0-3,0 Mxm u xopotkumu (0,4-0,7 Mxm) napai-
JICIBHBIMY IIJTACTHHAaMH, rpaHH4Y9alyMy ¢ BRITAHYTBIMH BbLIAENEHHAMH LEMEH-
THTHOTO THHa. Pacder MUKPO3JIEKTPOHHOIPAMM TIOKa3all, YT A OeHHHTHEIX
obriacTeli xapakTepHO OpHEHTAaUMOHHOE cooTHomeHHke [113], {1 {111}y, smaso-
IHecs YacTHRIM ciyyacm cootHoienns ITurua: [100], 1 [31 1]o; [01014!
[131]¢ ; [001], || [ 215], . Bonbiuee BiusHHe HA MOHMXKEHNHE ONrOBEUHOCTH
6ei’iHIfITHble BRITISTICHHA OKa3plBaKOT NMPH PacloOKCHUH HX IO TpaHiiaM 3epeH.

Ilo mamM nauHbBIM NPOAYKTH HEMapTEHCHTHOrO NpPEeBpallleHHst 3HayH-
TEABHO BAMAIOT Ha BENMYHHY M 3HAaK OCTaTOYHLIX HampsKeHuH, a, clenosa-
TEARHO, M Ha TIpeNieN BBIHOCIMBOCTH, B TOM CJIy4ae, €ClH OHM BbI3BIBAIOT 3a-
METHBIE CHIDKEHUS BeIHYMHBI TBEPJOCTH (MUKPOTBEPAOCTH) HEMEHTOBAHHOTO
cnos. JlonroseuHocTs 3yG4ateiX Koec npu coaepxannu 20% xapOuioB B Le-
MEHTOBaHHBIX CIOSX B 3,5 pa3a MeHble, 4eM 3yO4aThIX KOJIEC C BBICOKOKAYCCT-
BEHHOMH CTPYKTYpOil LIEMEHTOBAHHbIX CIOCB, COCTOsMLIEH U3 MrojIbYaToro (Imna-
CTHHYATOTO) MapTeHCHTa K 35-45% 0CTaTOYHOIO ayCTEHMTa C TBEPAOCTHIO 750-

770HV na PAacCToAHMH OT IIOBEPXHOCTH, I'Ae HabOAAIOTCA MAKCHMAJBHLIE
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HanpSOKEHUS C/BATA.
BpICOKHE MNPEIENEI KOHTAaKTHOH BbIHOCIHBOCTH MaTepHana BEICOKOH&-

sOKEHHBIX 3y0UaTEIX KOJIeC 06ecreynBaloTCs YBENMHEHACM JUCTIEPCHOCTH 3¢-
peH, KPHCTAJLIOB NIEPBHYHOTO U BTOPHYHOIO MapTeHCHUTA, BKIIIOUEHHUH OCTaTOY-
1oro ayCTeHHTa M HacTHIl $a3s BELAS/ICHUH, KOTOpbIe 00ecneyHBaloT BBICOKYIO
mgeprocthio cios 800-850 HV B 3oue nefictsus MaKCHMAlbHbIX KacaTebHEIX
HaNpAKEHNH, B CTPYKTYPOR NPaKTHYECKH He COACPIKAILEH BEINENCHHH MapTeH-
cuTa C PEedHOR CTPYKTYpoW, DeliHHTa ¥ AHMCIIEPCHBIX kapOuznor. KonraxTHas
BRIHOCHBOCTE MOKET OBITE BhIpaseHa QyHKUMOHANLHON 3aBHCHMOCTBHIO!

or=1M(Ly, Lu» La Lo),

i L, Ly, Lo L— pasMep COOTBETCTBEHHO 3CPHA, KPUCTAIIOB MapTeHCHTa, ay-
CTEHHTA ¥ BBICOKOIMCTIEPCHBIX YacTHIl (KapOu0B, KapOOHHTPHIAOB, HHTEPME-
TATIUTOB).

Conporusienue U3rubHOA YCTAOCTH TAakKXKe BO MHOMOM OMpEeAesiseTcs
HAHOCTPYKTYPHBIMH 3JIEMEHTAMHU YIIPOYHEHHOro cnos. Ipu A3TUOHOM IMKITH-
4eCKOM HArpyXeHUH HabIrofaeTcs HaNKYWe MOJNeH AUCTIepCHH XapaKTePHCTHK
CONPOTHMBIEHHIO M3THOHOH YCTAJOCTH KaK W NPH KOHTAaKTHOH. MoxHO oTMe-
THTH GONBHION Pa3dpoC Ofjm BCEX TPYMIT YHPOUHEHHEBIX CTajleid NPH OTHOCH-
TeNBHO GOJBIIOM DA3TMUMK 3HAYeHHit ns pasublx Mmarepuanos. Iocnenmee
00YCIIOBJNEHO, BEPOATHO, TEM, YTO NPH IHKIHYECKOM HArpyKCHHH 535}1601\4 B
HOBEPXHOCTHEIX CIIOSX, [ie HAUMHAeTCH YCTANOCTHOE pa3spylieHue, HCHCTBYIOT
OIHOOCHBIE HANPSUKCHUS PACTSIKCHHS ¥ CKATHS ¥ OOMbIIOS BIHAHKUE OKa3bIBa-
JOT OCTaTOYNbIE HanpshKCHUs M Je(EeKTbl B TOHKMX TOBEPXHOCTHBIX CIOSX-
duneMax (HpOAyKTs! BHYTPEHHETO OKHCHEHHS, 00e3yrnepoxyBanus, kapous-
HBIE BUIIO9eHMs U T.i1.) [2].

PesysibTaTsl HCCHAENOBanyit NMOATBEPXIAIOT, HTO I[PY COBEPLICHCTBOBA-
HUM TEXHONIOTHH XHMHKO-TEPMHYECKOTO YIPOUHEHHsA LUEMEHTOBAHHBIX CTaICH
H WCTIONL30BARME CHCTEMHOTO MOIX0ia K (GOPMUPOBALHNIO CTPYKTYPBI MOIYT
GBITH IOCTHTHYTHI TaKye IPCAeibl yCTAN0CTH NP KOHTAKTHOM ¥ U3THOHOM Ha-
TDY)KeHMHM, KOTOpble 00eCIeuaT BBICOKYIO HECYHIVIO criocoOLOCTh 3yDHarhix
Konec.

SBisieTcs TaKKe OYEBHMJIHBIM, YTO MCTOJIF30BAHHE CHCTEMHOIO MOAXOAA
HENOCPEICTBERHO CBA3AHO ¢ O0ecedeHHeM HAIeKHOCTH M KadecTBa U3emHH,
49T0 Tpefyer Kax pa3paGoOTKH HOBLIX MaTEpPUANOB TaK U HONYyHeHHE OUTHMANL-
HBIX MoKasaTenei kauecTsa B mpouecce nx obpaborku. Ocobo cnejyer BRIAC-
JHTE NpoGeMy BHICOKOMPOUHBIX KOHCTPYKIIHOHHBIX MATEpHaIoB € BRICOKHMH
YCTaaocTHOM BEIHOCAMBOCTBIO MW CONPOTHBICHHEM XPYLKOMY paspylieHHIO,
CO3JIaKe KOTOPLIX BO3MOKHO IIpH M3YHEHHH KOMIUICKCHOTO BIMAHMS XHMHYC-
CKOro cocrapa, Temmeparypio-spemenusix pexumos XTO u TO Ha crpoenne
MHKDO-, CyOMHKpO- ¥ HAHOCTPYKTYPBI, B3aHMIOE BAMAHHC KOTOPBIX ONpE/esi-
€T CnocoBnocTe u3Aenuil BEIAEPKUBATH BHICOKHE BHCLUHWE HArpy30K TPy pas-
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PYLIEHHH.
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HETPAJAUIHOHHBIE MATEPHAJIBI 1 TEXHOJIOTUSI
W3TOTOBJEHMS NOUINITHIKOB CKOJBKEHMS JUISI
TAKEJOHATPYXKEHHBIX V3JIOB TPAHCMHCCHIA
ABTOTPAKTOPHOM TEXHUKH

Cycun A.A., Komapos A.U., ll{ep6akos P.JO.,
@eaopenxo E.H., Coxosioseknii E.H.
(HHEAMALl HAHB, Munck, Benapycs)

Investigations showed the perspectives of using of slide bearings instead of nee-
dle-bearings for the increase of the durability of heavily loaded transmissions.

There were designed nontraditional materials and technologies of manufactur-
ing of bearing details.
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JIONTOBEYHOCTE, SKOHOMUYHOCTE, HAJIEXKHOCTD, @ BO MHOTUX CIIyYasaX H
a6apuTh MAIIHH CYIIECTBEHHO 3aBHCAT OT THMA M KOHCTPYKUMH TIOMIIHIHY-
e }giﬁfm U3 Y37I0B, JTUMHTHPYIOIMX HANEKIHOCTh TPAKTOPOB HOBOTO TO-
KONEHMSA, SBISETCS TUIAHETApHAs CTYNeHh KOHCYHOH nepenauu BeAyliuX Moc-
T0B, CI20BIM MECTOM KOTOPOH SBISIOTCH ACTATH HUrOALYATHIX TONMIUIHHKOB
(bé';j caTeNIMTOB M BHYTPEHHHE NOBEPXHOCTH 3y0YaThIX KOTEC, mr;r:chxmnx
oBoitMamy TIOMIUITHHAKOR). IToMHMO HH3KOW 10/IIOBEYHOCTY IIOAWIMIHHUKY Ka-
wqeHHs ABIAIOTCS UCTOYHMKAMMU NOBBIIEHHOro Niyma nepeaayr. Hapsany ¢ 31141»3,
HCTONB30BAHKE TIOAMMITHHKOB KaueHus NpPH MOBBILICHHBIX MOIUIHOCTAX TpaK-
-rbpoB BEI3bIBAET HEOOXOAMMOCTD yBEIWYCHHNS MX Pa3sMEPOB, &, CISA0OBAaTENBHO,
Ji ¢ yBENMUEHHS PA3MEPOB Y3/I0B. DTO NPHBOHT K YCHOKHCHIMIO KOHCTPYKIIHH,
a B psjie Cllydaes BOOGIIE KOHCTPYKTHBHO HEBO3MOXKHO M SKOHOMHYECKM HEBbI-
rogHo. p ,

AHanu3 MoKa3plBaeT, 9TO OJIHHM M3 IIYTEH MOBBIIEHHA paﬁorocnocoo:
HOCTH KOHEWHOMW repejady sBisgeTcs paspaboTka KOHCTPYKIHMH ILIaHETapHOH
Tepe/iauu ¢ MOJUIHTHMKAMH CKOIThKEHUS.

Tlpu 3TOM BaXKHOE 3HAUSHHE WMECT BHIOOP MaTeprata BKIABINIZ MO/
MIMIHAKE ¥ CMA304HLIX MATEePHanoB.

B UHIMAIII HAHB nposejieHsl MCCIENOBaHHA 110 BHIOOpY MaTepwa-
0B, paspaboTke Texmonoruu (opmuposanus AMGOY3HOHHO YIPOUHEHHLIX
CI0EB H OKCHIOKEPaMWHECKMX MOKPHITHI €O CTaGHIBHBIM KOIQGHUUECHTOM
TPEeHUS JIIs JleTaneit MOAMKMIHUKOB CKONBKEHNA TAKEIOBAIPYMCHHBIX y3JI0B
SHEProHaChHIeHHbIX TpakTopos MT3.

B KoHeuHoili nepeaye MOAIMIHUKY CKOTBKeHHs paboTaloT B yCIOBUX
TPaHM9HOTO TpeHWs . [l TakuX yCnoBui paGoTsl KPOME BBICOKHMX MPOYHOCT-
HBIX XapaKTepPUCTHK K MaTepualaM BKIaApluleH DONUHMITHUKOR NPeAbABIAIOTCH
ciemytomue TpedoBanua:

- BBICOKME aHTH(PHKIIMOHHbIC CBOHCTBE;

-  BBICOKas TEILIOCTOMKOCTE;

- Xxopoiuas IpupadaTeIBaeMOCTh. }

B HacTosuiee BpeMs TPaAHUUOHHO JUIS W3rOTOBIEHNMs BKIaIbIIIEH Mod-
HIMAEKKOE CKONBKCHNS B 3aBHCHMOCTH OT pexuMa TPeHUS UCHONL3YIOTCA TJIC-
RyIOie MaTepuaisl: 9yTYH, OpoH3a, NaTyHb, ATIOMUHHEBbIE CTUTaskl, 6abouT,
METaoKkepaMuecKie MaTephansi, rpaduT, CHITCTHIECKHE MIIACTHYECKHE Ma-
Tepuaieif1]. )

W3 arux marepuaior 6ab0uT yIOBAETBOPAET NePCUUCIEHHBIM Tpebosa-
HEsfM 33 pckmroycndem mnpodsocTH. C Henpl0 IMOBBILICHHAS MEXaHWHCCKOH
HPOYHOCTH MPUMEHAIOT KOHCTPYKIMIO: BTYIKA U3 aHTUOPUKIMOHHOTO YyTyHa ¢
TBepiiocTEIo 1TV 180-260 1 conpsykenHbii sajt U3 3akanenHoit crainu ¢ HV 500-
700, HRC 50-62. Onsaxo 57a napa He 001ajaeT CTabUILHOCTBIO aHTHRPUKLIH-
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OHHBIX CBOACTB U TEMIOCTONKOCTHI0. [Tpu HCMONL30BaHUM GPOH3bI C BRICOKMMy
AHTUPPUKIHONHBIMU CBOHCTBAMY M JI0CTATOYHOM NMPOUHOCTLIO HE 06ECHeuHE,.
eTCsl OCTaTO4Has TeMNOCTOHKOCTs. Mcnonp3oBanne naTyHH lienecoobpasig
Ans MONUIMITHAKOB TPU MaJiol CKOPOCTH CKOJNBXKEHMS, TaK KaK Mo aHTH(PHE.
LMOHHBIM Ka4eCTBaM U IPOYHOCTH OHa yCTynaeT Gpouse.

Mcxons u3 Harpy3xu Ha BKIAABILL, €0 Pa3MepoB ¥ HacTOThl BPallieHiis,
OBLIM MPOBEACHBI PACUETh! NOAUIMITHHKOB CKONBKEHNS, KOTOpPBIE MOIyT OBITy
HCIIO/B30BAHbL B KOHEUHOH nepenaye TpakTopos "Benapyc". Pesynbrars! pac.
HETOB [O3BOJMIIK ONPEACHUTE TPEOYEMYIO IIPOYHOCTH H TEMNOCTOMKOCTL MaTe-
puaia BKIaABILE K THIT BOSHHKAMOWIETO NpH padote Tpenus. Ha ocHoOBe ucce-
AOBaHMH TIOKa3aHa LENeCOO0PasHOCTE MPUMEHENUs MATEPHAIOB VIS BKIAN-
IIeH NOAWMIHAKOB C BbICOKOH TBEpAOCTHIO mopsiika HV 1300 (75-80HRC),
BBICOKOH TENIOCTOMKOCTEIO, BEHICOKHMH aHTH(OPHKLUMOHHBIMU CBONCTBAMHU VI
POYHEHHOrO CIIOA.

B ycroBusX FpaHHYHOTO TPCHHMS 32 CYET BHICOKOHN TBEPHOCTH YIpou.
HEHHOrO Cl10s BKJIaAbIIA K ero TerjoCTORKOCTH obecnieurnsaeTcs npupabaTsl-
BacMOCTh Aaxe IpU paboTe ¢ CONPAKEHHBIMU AeTanaMu (OCH CaTeUIHTOB i
BHYTPEHHUC MOBEPXHOCTH 3YOHaTHIX KOJIEC), UMEIOWUMH TBepAocTs HVE50-
750 (56-62HRC).

ITokasaro, 4TO palMOHATBHO NPUMEHCHHE CIICAYIOX MaTepHaioB Als
BKJa/bliIe#, YIIPOYHIEMBIX MO paspaboTaHHbIM TEXHOIOIHAM:

- QIIOMUHHEBBIE CIUIABEI C YOPOYHEHHBIM AH(QDY3IHOHHEIM CTOEM Ha
ocHOBe oxcuia amomuansa AbO;, KoTopslid, MO cyTH, FBIsETCS Me-
TaNTOKSPaMHUKOH (OAHAKO CJIEAYET YUYMTHIBATE HEBBICOKYIO MPOY-
HOCTH CaMHMX CIUIQBOB);

- THTaHOBRIE CIIABBI C YIPOYHEHHBIM ANDOY3HOHHEIM CIoeM Ha oc-
Hoge Ti0,, TiO, Ti.O; korTopsle 06AafalOT AOCTATOUHO BLICOKON
NPOYHOCTEIO.

B tabi. 1 u 2 B KauecTBe NpUMepa IPHBE/ICHB! PEKOMCIILYEMBIE TEXH -
YeCKHe TpeDOoBaHHs Ha Ka4eCTBO AcTallell MOAUIMIIHMKOB CKOMBKEHHS TIPH HC-
HOJb30BAHMU BKIAMbILICH ¢ OKCHIOKEPAMUUECKHMHU CIOAMHU.

Onfako ciemyeT OTMETUTh, YTO THTAHOBBIE CUTABBI JIOPOXKe BBICOKY-
NPOYHON KOHCTPYKUMOHHOH cTanu B 5 pas. [lostoMy MOXHO HPeAIOKUTE Clie-
AYIOLIKE 1Ba BapHAHTA:

- @IMTHPOBAHWE IIEMEHTOBaHHOH CTANIM C 3aKaNKOH U MMKPOXYIOBRIM OKCH-
UHPOBAHHEM;

- THTGHHPOBAHUE NEMEHTOBAHHON CTAIM C 3AKANKOH H MUKPOAYTOBBIM OKCH-
JAUPOBAHHEM.

Kak Bapuant TaKke paccMaTpuBaciCs NPOBEACHHE JAHCTIEPCHOHHOT?
TBEPASHUA KaK BCETO BKNAABILIA, TaK ¥ MOBEPXHOCTHOIO CJIOS, YTO TIO3BOJHT
obecrieunTs Ciioif BRICOKMMM CIKMMAIOLIMMH HANPSKEHHSIMHU U [TOBBICHTh ycTar
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JOCTHYFO POYHOCTE MaTepHania BKIazs! ieit.
Oxufaercs, HT0 pecype paboThi TaKUX NOJNIMIHUKOB OKAXKETCS BLILLE
ecypca MIObUATEIX (ONUIKIEHKOB, YTO MO3BOAUT MOBBICHTE AO/IOBEIHOCTL

[IaHEeTapHOH TepenayH.

Tabmuua 1 — Teximueckue TpebopaHHS HA KaueCcTBO OKCHIOKEpaMHUUe-

CKHX CIIOSB "
KonTponupyeMsic napa-
METpEI OKCHIOKepaMuHc-

CKHX CJIOSB BIUIAALIIEH K3
aMOMHHHEBBIX CITJIABOB

[MosepXHOCTHAS TBEPAOCTH

Crpykrypa u (asossiii co-

¢TaB MOBEPXHOCTHBIX OKCH-

JIOKEPaMHYECKHX CIOEB

CIpyKTypa2 OKCHIOKEPan¥-
HECKHX CIOCB

Bennuuna

20 - 22 T'Ta (20000-22000 Mlla wim ~ 76-80 HRC,)
IIHCIIepCIIaﬂ 04HOpOAHAd CTPYKTYpa coCTasa:
15 % -O‘.-Alzo_';, 85 % - }F-Ale;

Ha PACCTOAHMH OT NOosepxiocTH 30 — 40 MKM:
- o-ALOs, -20%

v-ALO; - 80%

Ha paccToAHMY OT osepxHocTy 60 — B0 Mo
- - ALO;, - 60 %

-7 - Al O3 - 40%

Ha paccTosHuK 0T noeepxuocTu 80 — 100 Mrm:
- -ALO;, - 95 %

T "{-A]zO; - 5% i
TlopstcTocts  OXCHAOKEpa- | Ha paccToslny 0T mosepxrHocTH 30 — 40 M —
MHYSCCKHX ClIOSB 10 %

HA PACCTOsHHY OT MOoBepXHOCTH 60 — B0 MKM -

8-6%

Ha paccrosHuu o1 nosepxuoctd 100 MM - 4 %

Ha pacctosHuE oT nosepxuoct 120 — 140 mxm - 0 %
Crpyxrypa awd)Qy3HoHHOI | TBEPABIA PACTBOP ANOMHHHS ¥ HE3HAYATCNRHOC KO- |
(a3l Ha Tpammue OKCHIO- | jmuectso daz a-AlyO3, 7-AhLOs
KepaMUKa-TBCPALI PactTBop |

ATIOMHEAR |

Tabnuna 2 — Texuudeckue ycnosus na kayecTBo AHGOY3IHOHHBIX CAOCH

BHYTpenHeli [1OBCPXHOCTH CAaTEIMTOB M OCEit CaTeIHTOR™
Besmunna

Koutponupyemeie napameTpbl HEMEHTOBAHHBIX U
HHTPOIEMEHTOBaHNLIX JAeTaneli N0 uMIHHKOR

1 2

Uementopannpiii (HHTDOLEMEHTORAHHENH) clok

HMorepxnoctras TReproCTS, IIRC, 60-63 ]
Tetnocrotixocts yrpouHeHEOro €108 J10 |
Temneparyput 400-450 °C, 1IRC, 56-60
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Ipopomkenne Tabmuun 2

DddexTuryan ToinnuRa:
HV 750

0,3-0,5 MM 1

HV 700 0,6 - 0,8 MM
HV 600 09-1,1 MM

TpoocTuTHAA MONOCA, MKM
TemHas COCTARTAOMAT, MKM
Kapbuzinag cetka, MM

He Gonee 15 mrm
He Gonee 15 MrM

He nonyckaeres

Inybuna sanerawus AHCAEPCHBIX —KapOHIOB 0,1-0,15 MM
| (KapOOHHTPHIIOR)

Conepxanue OCTATOUHOIO AYCTEHMTA B LIEMEH- 20- 40

TOBaHHOM ca0¢, 00.%

Conepxanye OCTATOMHOTO AYCTEHHTA B HHTPO- 30-50
HEMEHTOBAHHOM cnoe, 06.% |
Cosepiarne Oelinnta, % Jo 1% |

*JleTann TMOAIMIHUKOB KAYCHAS M CKOMBXKeHUS (OCH CATE/IMTOB M CATCIUTHTSI)
JIOIKHB M3TOTABIHBATLCS W3 BBICOKONPOYHBIX HEMCHTYeMBIX ctasieil THina BKC: BKC-4 -
13X3HBM2®; BKC5 - 16X3HBOMB; BKC-10 - 13X3H3M2B®B; BKC no TY Pb
10018502.045-2000 — 20X2H4M2 O CHO.

Crnncox murepartypsi: 1. YUeprarckuii C.A. TIoQMUAIHKKYE CKONBKEHHS.
- M.: Mammus, 1963, 242c. 2. Cycun A.A. XUMUKO-TEPMUYECCKOE YIIPOYHEHNE
BBICOKOHANPKEHHBIX neranedl. - Mu.: Benapyckas Haryka, 1999, -175¢. 3.
Crunun HA., Mamrmes M.M. 1 jip. Oniopsl oceif # BaIOB MALIMH U NIPUGOPOE.
JL.: Manmnoctpoenwue, 1970, - 518c¢. 4. Komaposa B.W., Cycun A A, Komapos
AN, Cycuna O.A.. KoHTpOnk KauyecTBa H3TOTOBICHUS KOMIIO3UIIMOHHBIX Ma-
Tepuasios U Crmasos // Hage)kHOCTh MaliMH M TeXHHYECKMX cucTeM: Marep.
MeAUL. H.-T. KoH(., Munck, 16-17 okr. 2001 r. Musck. 2001, T1.2. c. 129-131. 5.
Hoxnan: Komapos A.M. Oxcupoxepamudeckue u3Hococtodkue MJIO-nokpeita
Ha CONMPSKEHHBIX NEeTaIX K3 AlOMIHUEBBIX cnnaBor// MammuocTpoenue u
Texnochepa na pybexxe XXI pexa: CO. 1py0B Mex . H.-T. KOH®., CeBacTonos,
11-17 cenr. 2001 r. Howenxk. 2001. c. 206-210. 6. Komapor A.V., Komapora
B.H, Ceroxocor H.2., Illocrak B.H. "MuxpormniazMeHHOE yIpouneHue mnap
TPEHHA 3 CIUIABOB Ha OCHOBE aMOMUHHMI-Kpemuui" B cOopuuke Matepuanos
MexayHapoIHOH HayyHO-TeXHHYecKOH KoHdiepeHuH "HaaeHoCTh MatunH
TexXHHuyeckux cucteM” 16-17 oxt. 2001 r., Munck. T.2. c. 132-134.
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 ONTMMUBALMS PACTIPENEJEHNS IPHILY CKA
~ juisi HOBBIMIEHUS TOYHOCTH H3r OTOBJIEHMS ETAIH

Coicoes FO.C., ®egoros A.I'., Tomuaun C.A..
(BH(¢) FOPI'TY(HIIH), 2. BonzodoHCK, Poccusj

In this work there is one of the ways of raising of precz‘s:‘_on of_ mechanical
treatment of details surface connected with definite ways of its basing. ;

OIHUM U3 OTpefeNsionHx GakTopoBs, BIMSIONMX Ha Ka4eCTE0 reOMf:r:
pHH [IOBEPXHOCTEH H3AENHH MallHHOCTPOCHHS, NOJY4CHHbIX Me;xzﬁwiscz;ﬁ
06paboTKOH, ABIAFOTCS YIPYrue nepopmaruu crucremst CIIMA [1-4], n Emw
JAIOMEECS CHIAMH Pe3aHns, KOTOpbIE, B CBOIO OUEpeld, Ofpe/IeNsIoTCA P g
mamu pesanus [2-3]. Hanpumep, COCTAB/IAIOIME CHIIBL pesanus MpH MPOX i
HOM H TIONEPEYHOM TOUEHHHM MPOTIOPIIOHATBHE! IPOUIBEACHHIO cTereHen
;iégi;, rayOuHbl B CKOPOCTH pe3aHus [2-3] ¥ OUEHHBAIOTCA C MOMOMIBIO CIC~
JIYFOLIE TIONYYEHHOH 3KCIICPHMEHTANBHO dopmyas! [2]:

P.,.=10C,t"s"v"K,

3jech NepeMeHHble [, s U v 0003HavaoT rIyOuny pesaHus, ToJlady M

CKOpOCTb pe3auus; P, — TaHICHUHANBHYIO, Py — pagmansHylo, P, — OCEBYIO

¢ : % azatenedl
COCTAaBISIOLIME CHIIbl pe3aHus P. 3Ha4eHus NOCTOAHHOU Cp ¥ MoK

X, y ¥ n CTeneleil 1is KOHKPETHbIX YCIOBUH 06paboTKH U JUTS K&XKAO0H U3 €O~
crapnsrolwux Tabyauposanbl. C yueToM (QakTHUECKMX YyCHOBHH pesaHus Co-
CTABIEHBI Takye TAOMMIBI B His KOIPOHUITMCHTOB, TPOU3BEACHUEM KOTOPBIX
OIIpesNiensieTCs NONPaBOHHEIH KodQQuLEeHT K P
yr)
Y
17 ) g5 £ [e)
IEHUS y(P) DNEMEHTOB TeXHOJIOTMYCCKOH CHCTEMBI CTABKA B HanpasieHHH I
HOpMau &k 06padoTaiHOH MOBEPXHOCTH K COCTaBNsOIEll P, CUNBI Pe3aHuA,

Cuuras, 9TO B paboyeM auana3oHe CHII Pe3alys OTHOUICHHS cme-

T
HaNpaBieHHON B TOM XC HANpaB/ieHkH MOCTOSHHO (370 OTHOMICHUE H%hIBBI(?T
TONATIIMBOCTBIO yIpyrofi cucTems cTamka [1]), MOKHO YTBEPHKARTE, HTO coo
BETCTBYIOLIME YIPYTHE ACHOPMALNH, TIPOIOPUHOHATBIE! BEIIMIUHE P,, a 3Ha
UAT ¥ rpousBefeHmio C sV K . CenoBaTenbro, Ipy (MKCHPOBAHHBIX 1€~
I e Oy-
MEHTaX peskHMOB pesaHiis s W v cMemlerue y(P) B yKasaHHOM RHAMASOHE B
IET NIpONOpUMOHATFHO HCKOTOPOH CTerery ry0uHbl pe3atis, 8 UMEHHO:
y(P)=Ct*, )
Iie C — ko3QHULHMEHT IPOTNIOPLUHOHATFHOCTH.



Kak npasuio [2]. npa sepHoso# obpaboTxe, rrybuHy pesasus, No BO3-
MOXHOCTH, HA3HAYAIOT MAKCHMANBHOMN, paBHOH BCEMY IPHITYCKY Ha o0palboTKy,
JlpyramMu cioBaMy, TiyOMHA pesanus ¥ TIPUIYCK Ha oBpaboTKy B yKa3aHHOM
cryvae uaeHTHuHbL Taxum oOpasom, pacipefeicie MpHNycka o 06pabarsi-
BaeMOH MOBEPXHOCTH NPH (UKCHPOBAHHBIX 3HAYCHHAX MOAAYM § M CKOPOCTY
pesarus v ompezensger cvemenne y(F). B cBowo ouepens, Ha pacripeaenctive
NPUILYCKa BAKAET [S] NONOKESHNHE 3ar0TOBKH Ha paboucii NO3ULHH, [OTYHCHHOs
B peayibTate BuIGOPa TEXHOTOTHIECKHX 623 H 6a3UPOBAHUS 3ATOTOBKML.

Taxuym 06pasom, BHIGOp TexsoToruyeckux 6as u 6a3upoBaHUE 3arOTOBKY
BiMseT Ha semvuHHy ynpyrux aedopmarmi  Y(P) cucremnt CITUI, a, ceno-
BAaTETLHO, ¥ Ha TOYHOCTH TEOMETPHUECKUX (OPM H3JCHHS, TNOIYHECHHON
MexaHrgecKolt 00paboTKOH MOBepXHOCTEH €ro 3aroTOBKIL.

Kak yXe OTMESaloch, NPy YEPHOBOM TOHCHHM ¥ OTCYTCTBHH OrpaHHte-
HEAH 0O MOIHOCTH 000DYAOBaHHS, XECTKOCTH CHITOMEBL CITAJ] roybuuna pesa-
HYs OPUHHMASTCA PaBHOW NPuEYCKy Ha 06paboTkKy, KOTOpEIA HE SRIAETCS MO
CTOSHHON BeNMUAHOH B IpefeNnax faxe ORHOH o0pabaTkiBAEMON OBEPXHOCTY,
TaK KaK yJanseMplil ¢ HOBEPXHOCTH ClOH Meraiia HEe HMEST nocreanEeH Ton-
pppmsl. Cie/OBATENBHO, TiepeMeHHON By neT i riaydnHa pesadns, onpeaentemas
pacripe/iefeHHeN. IPUITYCKa ITOCPECTBOM Da3supoBanyi 3aroTOBKH. Y4auTeIRas
3T0, MOCTABAM 3a7aty BHIOOPOM TEXHOIOTHIECKUX 023 ¥ [OCTeAyIonHmM Hazn-
poBaHyeM C KCHOAB30BAHNEM THX ba3 HoGUTLCH, MO BO3MOKHOCTH, YMEHBIE-
HES YIPYIUX OTKJIOHCHUIT 3/IEMEHTOR TEXHOTOIHIECKOR CUCTeMBbI CTAHKA B TEM
CaMbIM NOBBICHTE TOYHOCTh NEOMETPHYECKMX (YOPM FOTOBOTC H3AEHUSL.

OBosuaunm 9epe3 .. " foo0 HAUGONBIYIO K HAUMEHBIIYIO ITyOHHE

. o 7~ 21T 3T
pe3anus 0px MEXaHRHYECKOHK 00p360TK€ TIOBEPXHOCTEH, & Heped ymax H" _})min

COOTBETCTBYIONAC CMEUICHHS 3ICMEHTOB TEXHOJNOTHYECKOH CHCTEMBI CTARKd
rox medicrerem otHx cui. VI3 dopmynet (1) creayer, ¥10 Yy o0 ¥ YVoin Gyivt
OlpCAENAT: BENMUMHE! HauGONbLUETO ¥ HAUMEHHUIETO CMEMICHHA COOTBETCT
penHO. ECTecTBEHHO NPERNOIOKHTD, YTO HAWMCHBIETO OTKIOHEHUA QOpMH
06paboTanHOM HOBEPXHOCTH MOXKIO AOOUTHCS B TOM ClyHae, KOraa npH obOpa-

2 & Y
GOTKE COOTRETCTBYIOLIEH YEPHOBOM MOBEPXHOCTH OTHOLICHHE cmax

Oyner
min
y .
HayMeRpmM (OTMETIM, YT —ZBE > 1) JiTH, YTO TO JKe CaMoe, MUHUMANLHB
Ymin

x
“max
tmin

JAns peanusanui cOPMYIIHPOBAHHOH THIIOTE3E B

ByAeT OTKNOHCHHE

BAAE MaTeMaTiHueckol
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MOV, aHaNn3a 3TOH MOACAN U IKCIIEPUMEHTANBHOH MPOBEPKH CAENaHHbBIX
npenHOHmKe}tHﬁ BBejicM HOBbIe 00O3Hauenus, Oonee yHOOHBIX JUIA peLUCHHS
focTaB/eHHOJ 3a/a1n.

OB03HauuM Yepes ¢ 3arOTOBKY, 4epe3 @ - BoobpaxacMmoe ussie/ue, rno-

aeMoe M3 Hee Mexauudyeckoh oOpaboTKoH, a yepes 7. MHOTOMCPHBIH Ma-
paMeTp, XapaKTepU3yIONI il TEXHOMOTHYECKYIO 6asy, OTPEALNAIOULYIO MOJIOKe-
e BOODOpakaeMOH [eTanu B Tele 3aTOTOBKH {6]. Tlo ananoruu c obo3Hadle-
HUAMY TPRHHLBL MHOXKECTBA B MaTeMaTHKe, MOBEPXHOCTH 3arOTOBKM M JeTalld
fymem ofo3Hauarh yepes dou B@, cooTBeTCTBEHHO. MITaK, MpeailoNIoKHM,
470 MOBEPXHOCTb 3@ JETATH MOMYHaeTCsi MEXaHUYECKOH obpaboTroli moBepx-
HOCTH 0O 3aroTOBKH.

HanmoMHHM HEKOTOpPBIE OTIpe/IeNieHHs, BBe/IeHnble B paboTe [5], KoTopsie
GYJZIYT MCIIOTB30BATECS B MATEMATHUCCKHIX MOLCIISX TEXHONOIHHECKHX 6as3, na-
paMeTphl KOTOPBIX H 3a7azyT NOJOKEHNAC BooOpakaeMoil ACTanu B TEJE 3aro-
TOEKM W 3arOTOBKHM Ha paGoueil nosunuu (OTHOCHTEILHO PEXYIIEro WHCTPY-
MelTa) B COOTBETCTBHHY C BEIIBHHYTBIMH TpeGOBAHUAMMU.

Onpegenenue 1. Ecnu HEKOTOpas NMOBEPXHOCTS O Boobpaxaemoit jera-
a6 mostysaercs 06paboTkol NOBEPXHOCTH G0 3arotoBk# (MOBEpXHOCTH OW U
00 Gyjem CYMTATH TONOJOTMHECKH 3aMKHYTBIMI), TO BEeIMIUHOK IIPHITYCKa

2(M, 8w, Z) v rouxe M , npunajuieskalueil IOBEPXHOCTH 80 3aroToBKH, Ha-

30peM paccrosiane P(M, o, Z)or Touku M 1o nosepxuocT @ ACTATH.

Onpegenerne 2. @yRKuMcil pacnpecnenns NPATYCKa, WK pactipeaesnc-
HEeM NpHTTyCKa Ha ToBepXHOCTH OO HazoseM dyukumo z = z{(M, Jw, Z) ap-
rymeRta M |, OnpeAeneinTyro Ha IOBEPXHOCTH OO NpH QHKCHPOBAHHOM 3Ha-
wemnn 7 .

Sleno, aro ¢dynxuus z =2z(M,0w,Z) onpeaenuT Ham PacTpeAcIeHUS
HPUIYCKA Ha COOTBCTCTBYIOIWICH MOBEPXHOCTH 3aTOTOBKH, [PH NOTPYXECHHH B
Hee BoobpakaeMoil IeTaty B MOJIOKEHHE, COOTBETCTBYIONIEe 3HAUCHHMIO Napa-

MeTpa 7 . MsMenenye nmapameTpa 7 Bieuer 3a Coboil M3MEHENHE MOMOKSHNA
BOOOpaxkaeMoill neTand B Teile 3arOTOBKM M, CIEjl0BaTeNbHO, paclpeicIeHUA
HpPHITyCKa Ha IIOBEPXHOCTH OO0 .

Iepeson mousTH CBM3aHHBIX ¢ MPHUIYCKOM B IITOCKOCTEL GYHKIHOHANR-
HEIX 323BHCHMOCTEH 1103BONSET TOBOPUTEH O clocodax ero pacrpesiesicHus Io
0bpabareiBacMoil IOBEPXHOCTH MOCPENCTROM 0a3UpOBaHUsA 3arOTOBKH. C yue-
TOM chopMyIMpPOBAHHBIX ONpPCAETEHHNA MOXKHO TOBOPHTH O napbonec pasHoO-
MEPHOM pacnpejelleHUH TPHIIYCKa, NOIyYaeMoM TipH gauMeHbiiell pa3HocTH
MEXTY HauGoAbIIUM ¥ HAUMEHBIIMM 3HAUYEHHEM NPUITYCKa B Toukax obpada-
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TBIBAEMO# MOBEPXHOCTH, ONPENENUTE HOCTATOYHBIE YCIOBUS BO3MOXKHOCTH T1O-
TYCHHA AETaNH 13 3arOTOBKH MOCJ/Ie MeXanu4eckoii oGpaborku [5].

Ecii pacematpusathk ciiy4ait, koraa riyOuHa pesanus ! pasHa MPUITYCKY
z(M,8w,Z) Ha 06paboTKy B COOTBETCTBYIONIEH TOUKE, TO 3HAYCHME f B dopmy-

e (1) MOXKHO 3amMeHnTS 3HaueHueM z(M,Aw,Z). B stom ciydae ycnorus, TIpH

KOTOPBIX OyAeT MUHHUMAILHEIM pa3dpoc CMEmeHHH 3NeMCHTOB TEXHOJOHYe-
CKOH CHCTEMBI CTaHKa MOJHO 3alMcaTh B BHIe creayioued ONTHMA3ANHOHHON
3a7avK;

| max z(M,é’a),ZO)]x [ max z(M,éw,Z)1"

_M edo - = min Medo A (2)
[ min z2(M,00,Zy)Y" Z [ min z(M,é0,2)]
Medo M edo

Bocnonesosasmmce  MOHOTOHHOCTHIO norapumMuUecKor  QyHxuun,

npeobpasyem 3samauy (2) k Gonee mpocToMy ¥ ynoGHOMY mns paGoOTEL BHAY.
Iponcrapudmuposar obe yacTu pareHcTBa (2) ¥ COKPATHE Ha x, NOIYHM!
max ln[z(M,é’aJ,ZO)]- min In[z(M,d0,Z,)]=
Medo Medo

=min[ max In[z(M,d0,Z)]- min Injz(M,d0,2)]] (3)
z Medo Medoc

Onpenenam dyuxunio V(M,Ew,7Z) Kkak pasHOCTs MEKILY HauOORBIIHM U

HaVMCHLIIAM 3HAYCHUAMM HATYPAIbHOTO JorapudMa BeJHYHH NPHIYCKOB B
TOYKAX ITOBEPXHOCTH 3ar0TOBKH, [TOJOMKUB:
V(M,00,Z)= max In[z(M,é0,Z)]- min In[z(M,d0,7)].
Medo Medcoc
Onpenenenue 3. Pacnpenenenne npunycka ro o6pa6arbisaemoit [IOBEPX-
HOCTH Ha3BIBACTCSH JIOTAPHMUIECKH PABHOMEPHBIM, €CIIH BEKTOP MapaMeTpos
TEXHOMOTHYECKOH 7

V(M,8w,Z).

CornacHo BLICKa3aHHOM BBIILE FUMOTE3E U NMPOBCACHHBIX HCCIeOBaHMi
OTKJIOHEHUs (OPMEL IIOBEPXHOCTH O, TONYYSHHON MeXaHHueCKOH obpabot-
Kol nosepxsocty 00, GyayT HAaUMEHBIIUMH, eCH Ipunyck no obpabartkisae-
Mo# nosepxioctd 00 Gyer pacupesieneH orapudMutecKn PaBHOMEPHO.

Asropamu OBUT IIPOJIENaH PAA DKCIIEPHMEHTOB, B KOTOPHIX obpabarsiBa-
JUCh TIOBEPXHOCTH 3aTrOTOBOK PasiIM4uo# (GOPMBI NpH PasiugHBIX CIOco6ax
BbIOOpa TeXHONOTHYECKNX §a3, a 3HAYAT H PasIHYHbIX CIOCo0ax 0azupoBaHHS.
Pe3ynsraTel OKCTIEPHMEHTOB 4YacTHYHO [IPCACTaBNEHbl B Tabnuue 1. Ananus
2T0H TaGJIMIE! MOKa3BIBAET, YTO HAHMEHBLIHE OTKIOHEHHS GOpME! 06paboTaH-
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6asel ZO SABIASCTCS  TOYKOMH

MHHMMyMa  QYHKIHE

;10¥f TOBEPXHOCTH MOJYYArOT TOTJA, KOTAa NPUITYCK Ha COOTBETCTBYIOLIEH Yep-
1-16305 TIOBEPXHOCTHM pacilpe/ic/icH He Haubomee paBHOMEpHO, a HorapHpmutc-
CKK _paBHOMBpHO, TO €CTh KOTJa MapaMeTpbl TEXHONOTHYUECKOHW 0ashl onpcue-
JAAFOTCA PEIUCHHEM ONTHMH3aNMOHHOH 3axaun (3).

Tabnuua | — OTknonenus GopMbl HOBEPXHOCTER NPH PasnUYHBIX CHOCO-
fax 0a3zupOBaHUs

Cepus | Paccrosune no Briner qnmi‘::;:::i Lo Orkaoneune
~ obpas- OTNITHMAJILHOR 3aroToB- e Tonaga OT KpYTJio-
~ 1oB 6azel (OcH), MM KH, MM Bo0him 5, MMm/00 CTH, MM

0 0,112

3.5 18 0,125

7.0 0,213

i 0 0,133
3.5 25 0,186

7.0 0,224

0 250 0,06 0113

22 18 0,150

45 ' 0,191

% 0 0,128
2,2 25 0.157

4,5 £ ! 0,201

Cnucox sutepatypni: 1. CnpaBROYHMK TEXHONOT2-MAMIMHOCTPOUTENS.

T.1/ Iox obmeit pen. A.l. Kocunosoit, P.K. Memepsxosa.- M: Matuuzo-
crpoeHue, 1986.- 656¢. 2. CnpaBounuk TexHojsora-mauuHoctpontens. T.2./
Hon o6ueit pen. A.T'. Kocunoroit, P.K. Memepsixosa.- M: MamunsocTpoenue,
1986.- 656¢. 3. CripapounuK 10 TEXHONOTHH pesanus matepuanos. T.1/ Tlox
pea. I'.lInypa, T.[ltedepne- M: Maumnoctpoesue, 1985.- 614c¢. 4. Crnpasou-
HUK TI0 TCXHOJOTMM pesaHus matepuanos. 1.2/ Ilox pea. [I.Llmypa,
T;HITeQ)epne- M: Mamusocrpoerue, 1985.- 688c. 5. Cricoes HO.C. Basuposa-
HHE, NPHITYyCKH M KOHTPOML (GOpMBI 3arotoBok// VI3MepuTeiblas TeXHMKA.-
2001.- Ne9.- C.34-37. 6. Cricoes FO.C., Manenus B.B. Ycranoska kpynmHoraba-
PHTHBIX 3aroTOBOK MPH MX MEXaHH4YeCKOH oOpaborke// BecTHUK MaiiMHO-
CIpoenns.- 1998.- Ne. C.14-19.
% Cmambs nocmynura 6 pedaxyuo 29.05.2002 2.
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BJIMSTHUE HAPKOHUS HA CTPYKTVYPY
U CBOMCTBA HUKEJIEBBIX CIIJIABOB.

Tapabun B.B., Jisicenxo H.A., Husupro 3.H., Kemaniox 1.
(BHTY, OAO «Momop-Cuu», 2. 3anoposcse, Vxpauna)

The nickel heat-resistant alloys are widely used for manufacturing of principal
spareparts for turbine-plants. Today the problem of heat-resistant alloys manu-
Jacturing with simple compositions, existes but this should not yield to the pro-
ceeding ones. We have investigated the influence structure on the abilities
casted nickel alloy X20H80 with zirconium.

JKaporipousbie HUKENEBble CIIABEI MIUPOKO HCTONL3YIOTCH AJS H3To-
Topsenus netaneit I'T/L. anHbie 0 cTpyKTYpe # CBOMCTBAX HUKEIEBOTO crinasa,
TIETUPOBAHHOTO LIHPKOHHEM, yXxe Osutn panee onmybnukosans! [1]. Ho nugaue
CTPYKTYDHBIX COCTABISIIONIMX HA MEXAHHYECKHUE U KCIUTYATAHHONHEERIE CBOHCT-
Ba BCE €Il HEJIOCTATOUHO H3YHEeHBL.

Cruias X20HS80 BRIMNAaBnsIg METOOM CIUIABICHHS HINXTOBLIX Marepua-
OB (3NEKTPOANTHUSCKUY Hukens Mapku H1Y u Metammueckuii xXpom X98,5) n
BaKyyMHOH UHAYKiMOHHOH Ireun YIITIM-3M ¢ OCHOBHLIM THIVIEM BMECTHMO-
cTbr0 8 Kr. HasecKky HUKeML-IMPKOHUEBOH nuratypsr (94,5Zr%, 3,4Ni%) nopa-
BaJIH B PACiliaB, HarpeThld g0 temmepatypsl 1560—1580°C, 2a 2 mun a0 cro
cauBa. B cunaser robasasim (no pacgery): 0; 0,5; 1,0; 1,5; 2,0; 3,0; 4,0% (10
Macce) mupxonns. Kepamudeckue (OpMBI, TONVHEHHBIE 1O BBILIABILCMbIM
MofteniaM M Harpersie a0 950°C, 3amMBanM paclUlaBoM ¢ Temueparyps!
1600120 °C u nomywyanu o6pasusl guametpoM 12 Mm s NOCIEAYIOUIMX HMC-
clcaoBaHmi.

B ofbeM uCCICAOBAHNS BXOIHMIO ONpPEXeNeHHE XMMHYECKOro cocraes,
busnyecKoll NWIOTHOCTH, MEXAHUYECKHX H JKapopoHiHEIX CBOHCTB, a Takke
M3Y4CHHE MAKPO— ¥ MHKPOCTPYKTYPbI CILIABOB.

MaKpOCTPYKTYPY CILTABOB BLIABISIA METOLOM XHMHYCCKOTO TPaBACHUA
B peakTuse, cocrosmem u3 80%HCI u 20%H,0,. MEKPOCTPYKTYpY cmasos
H3YHallK 10 M 10CKe TEPMUYECKOi 00paboTku (roMorermsaumns npu 1180°C.
1,5 4ac, oxnaxaenne Ha Bo3Lyxe), a TAKKe MOCIIC UCMBITAHHA Ha ANHTEJILHYIO
/IPOYHOCTDL Ha TPABJCHHBIX JJIEKTPONIUTHYECKH B peaktuse «P18» (10 r numon-
HOH KHCIOTHI, 10 I' ceprOro ammonus u 1200 M Boasr) mnudax. Ans uneutu-
duKkaunn G--Gasel HCMONB30BANM METO/ LIBETHOTO TPABTCHUS B 3IEKTPONUTE 13
10%-~#Horo BoAROrO pacTBopa KpacHo# KpOBRHOI cony.

MetoaaMu ontuyeckoii MHKPOCKOTIHH NpH yBEMHYCHHAX A0 500 kpaT

CLEHHBALH MUKPOCTPYKTYPY, Oonpejeisnan GopMmy, pa3sMepsl U pacipejeneHus
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PHBIX COCTaBNSIOIMX, & UX COJICPXaHHe YCTaHaBAuBady MeronoMm JI
(mme](c) no 'OCT 1778-70.

BpeMeHHOC CONPOTHBIEHHE Pa3pblBy (Op), OTHOCUTENRHOE Y IMHEHHE
(8) ¥ yAAPHYIO BA3KOCTH (KCU) onpeaensans Npi KOMHATHON TeMIepaType.

JIAMTEIBHYIO NIPOYHOCTE 06Pa3IoB ¢ AuaMeTpoM paboueli 30HBI 5 MM orni-
peAeNAIN MpH t = 815°C u t = 730°C Ha ycranoske JICT-5000.

XHUMHYECKHH COCTAB MCCIIEAYEMBIX CIUIABOB ¥AOBIETBOPAI TpehoBaliu-
am T'OCT 1099474 Ges yyera cofepxanus HUUPKOHUS. YCBOCHHE LHPKOHUA B
crape X20H80 coctasnano B cpeanem 81%. C yBenuveHHeM BBOZUMOTO B
CIUIaB HUPKOHHA CHIXANack Maccosas nons xpoma ot 21 jio 16%.

TloBeinIeHne MaccoBOH NONM UUPKOHHUA B criase oT 0,38 mo 3,3% cro-
COBCTBOBAIIO CYUIECTBEHHOMY H3MENBUYCHHIO MaKPO— U MUKPO3EpHa.

CrpykTypa ciuiaBos 6e3 LIUPKOHMS NMpPefCTaBisia COBOH reTeporeHHyIo
cUCTeMY Ha 0a3e y—TBepLOro pacTBOpa C HaluyueM HeGOJBIIOro Komu4ecTsa
xapbuos TAa MC.

YBenHYeHUe MacCoBOH TONH HUPKOHHS CHOCOGCTROBANO OOPA30BAHUIO
KapOHAHOH 3BTEKTHKY M MIICHOUHBIX KapOHIOB 10 MPaHMLAM 3epeH. Y MeHbilic-
HHE CPEJIHETO NUaMeTpa BKIOUCHHH KapGHIHOM IBTEKTUKH B CIUIABAX, COLEp-
xKampx 6onee 1,0% Zr (1o mMacee), MOXHO OOBACHATE 3HATUTENEHEIM VBETHde-
HHEM TIOBEPXHOCTH IpaHull 3epeH. KpoMe 3TOro B Cluiapax, JIErMpOBaiHBIX
LHPKOHMEM, BbIABJICHBI BKIIOUCHHWA, IO METAIOrpadHMuecKHM NPH3HAKAM Xa-
P3KTEPHBIC AT HUTPHIOB B KapSoHuTpuaos tHa ZiN u Zr{C,N), pasMeps! Ko-
TOPBIX BO3pacTaly ¢ YBEAHYCHHEM MACCOBOH j0NM HUPKOHMA B ciutasax. He-
OAHO3HATHO BIHAI UMPKOHHH HA MHKPOTIODHCTOCTh CABA, €€ PasMEPhbl ¥ KO-
JHMHYECTBO YBENIMYMBAIKNCH [IPH BBeACHHH B cnnas o 0,88%7Zr. IMocnenyrouice
YBEIHGCHUE MaCCOBOH NOJIM LIMPKOHMS B CIUIABE TIPUBOAMIIO K CHUKEHHIO 3THX
HapaMeTpoB, KOTOphie GBI MEHLILE, YeM B HCXOAHOM CIiaBe.

B uporecce Tepmuueckoit 06paboTky MPOMCXOMMIO BBIIEICHHE KapOH-
AOB THITa M;;Cq, KOTOpEHIE HIPAKOT OCHOBHYIO POJTh B AUCTIEPCHOHHOM KapOui-
HOM YIIpOUHEHUH HHKENEBHIX CiiiaBos [2].

Onpenenenve MexaHMUeCKHMX CBOMCTB NpH KOMHATHBIX TeMIiepaTypax
HOSBONMIIO yCTAHOBUTE, YTO YBCAMUYCHHUE MaccOBOH /0N LMPKOHHS B CIUIaBe
TPAKTHYeCKH He BAMAIO Ha BpEMEHHOE CONPOTUBIEHHE paspylIeHHIO (Op). Tlpu
9TOM InacTiyeckue XxapaxtepucTiky (8 u KCU) cumxany cBou 3nadenus. Pes-
KO€ Manienune 3Havcnuit Mexanudeckux cpoicts npu 0,38%Zr (1o Macce) MOX-
HO O0%ACHHTE yBeNUMUEHHEM MAKPOTIOPHCTOCTH CILIaBa.

Koppensiuuonias o6paboTka MOTYyYEHHEIX Pe3yIbTATOR TTO3BOMMIA YCTa-
HOBHTE priusinvie MMKPOCTPYKTYPSI B MAacCOBOM [OMM LMPKOHKS B CIUIaBax Ha
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OTHOCHMTENRHOE YIUIIHHEHHMC M YIAPHVIO BAZKOCTD,

YPaBHEHPIB 3aBHCHMOCTH OTHOCHTENBHOro YAJITHHEHHUs OT MacCOBOM oy

IHPKOHUA X COACPXAHMS KapOMaHOH sBTekThku (Uxl 0"3) MaccoBoH mony
HHpKOHUA (pHUc. 1, a) uMeeT BUI:
8=142-29 x [%Zr] +2 x [Ux10 7],
0pH KO3DPUIUHEHTC MHOXKECTBEHHO Koppeasuun R = 0,57, a 3aBucumocty
OTHOCHTCIBHOIO YIUIMHCHAS OT MACCOBOM JIONM LUPKOHMS U coepxKanty
mukpornop (Ux107) (puc.1, 0):
8=45-7x[%Zr] + 2 x [Ux10 ], npu R=0,61.

L TN -
: ;é—s/'/‘?gf,%

6)
Puc. 1. Bausuue KonwuecTBa KapGHIHON 3BTEKTHKH (a), xonuyectsa

MHKponop (6) W MaccoBOil AONMH LUPKOHMS H2 OTHOCHTENbLLOS YITHHEH!UE
cunaga X20H80

YpaBHeHHE 3aBHCHMOCTH Y/NApHOH BH3KOCTH OT MACCOBOI JONY LMPKO-
HMS M COlepKanns kapOumuoi astextuxu (Ux107) (puc.2, a):
KCU = 1500 - 300 x [%Zr] ~ 14 x [Ux10 ],
npu R = 0,67, a ypaBHenuc 3aBHCHMOCTH YIApHOH BA3KOCTH OT COAEPKaHKS
mukporiop (Ux10™) u maccosoit gomu [UpKOHUs (puc.2, 6):
KCU=1749 - 271 x [%Zr] + 385 x [Ux10 *], npu R=0,63.
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Puc. 2. Bnusnue xonudecTBa KapOWAHON IBTEXKTHKM (2), KOJMUYECTBA
MuKporiop (6) ¥ MaccoBOif HONM LMPKOHWMS Ha YHAapHyi0 BA3KOCTH CHJIaBa
X20H80

B MHKpoCTpyKType 00pa3LoB cruiasa ¢ UMPKOHHEM IIOCHIC JUTHTENBHBIX
ucneitannii npu 730°C u 815°C nabmiomanu kapGuus: tuna CryCe B BHIE
HacTHl r1o0ynspHoi Gopmel. Hapsaay ¢ BhineneHueM KapGHIOB HPOHCXOAMIO
obpazopane G - a3l HrONHYATOH MOPPOIOTHH.

C IIOMOLIBIO KOPPE/HAIMOHHON 06paboTKy MAHNBIX YCTAHOBUIH, HTO
YPABHEHHS 32BHCHMOCTH IHTENLHOM OpOYHOCTH (Cygp) OT COHEpIKaHus
KaPGH,IIHOFI IBTEKTHKH ¥ MAacCOBOH HONH NUPKOHUA (pUC. 3, a) HMEFOT BUAL

T =104 +417 x [%Zr] + 14 x [Ux10 ], npu R=0,82 u

G 100
G foo = 174 — 121 x [%Zr] + 26 x [Ux10 7], npu R=0,75.
A ypaBHEHHS 3aBUCHMOCTH JUIMTENGHOM — npounoctd  (Gyg)  OT
COepakms MHKPOTIOP ¥ MAacCOBOM noiu nupkonus (puc. 3, 6):
' o T =436 + 114 x [%2Zr] - 141 x [Ux10 ], npu R=0,65 u
O 150 =855 +396 x [%Zr] — 381 x [Ux10 7]
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Puc. 3. Bausnue konndecrsa Murpomop (Ux10 ™) u maccosol goiu qup-
KOHMs Ha INIUTeNBHYK [IpoYHocTs cIiasa X 20HS80.

BrIBOIEI:
1. VBenuuenue cTenenu neruposanus ciasa X20H80 nmupkonrem npuBoauno
K M3MENBUYEHHIO Makpo - 1 MUKPO3epHa, 00pa3oBaHiio KapOuIHOH 3BTEKTHKHM i
TUICHOUHEIX KapOHI0B 10 TPaHUIaM 3EpeHx.
2. Iopsimenue cofepKaHus HUPKOHKA B MCCIACIOBAHHBIX NMpEAciax B CHIaBe
X20HB0 criocobHCcTBOBANO CHUKEHHMIO IVTACTHYHOCTH M YBENHUEHHIO JUIHICIb-
HOH MPOYHOCTH CIJIABOB.

Choucox smrepatypsor: 1.JIsicesko HA. u ap. Crpykrypa u cBoficria
crinasa XHG60BT, neruposandoro umpkonuem. // MuTOM. 2001. Nel0, c.18-
23. 2.Camc U.T., Cronodd H.C., Xarens Y.K. Cynepcnnasss 2: JKaponpoussie
MaTepHaThl A1 a3POKOCMMUYECKHX U MPOMBILUITEHHBIX ycTaHoBOK: [lep. ¢ aHmil
Ku. 1/ Hox pea. P.E. lllanuna.—M.: Meramunyprug, 1995.-384 c.

Cmames nocmynuaa 6 pedarxyuio 13.05.2002 ¢,
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COCTOSHHME U HEPCHEKTHBBI PAZBUTHS
BUBPAHMOHHBIX MPOUECCOB BOJOYEHUSA

Tapartyra K.B. (3I'HA, 2. 3anopooicee, Yipauna)

There is represented analysis of being technologies and equipment, which pro-
vides lowering of energy parameters of drawing benches. There is shown the
wire drawing process perfection ways.

CyiecTByOLHe B HACTOAIIeEe BpeMsa ClOCOBH M YCTPONCTBA, HaNpas-
seHHble Ha MHTEHCU(UKALMIO TIPOIECCA BOTOUEH M, CHIDKAIONE S3HEPTOCHTO-
BBIe MIAPAMETPbI BOJIOYHIIBHBIX CTAHOB M MOBLINAIONUIHE /IONTOBEYHOCTE 060pY-
JIOBAHHS MOXHO Das/IC/UTh Ha YETBIPE TPy yCTpoiicTBa, CO3Jal0LKe Npo-
THBOHATSDKEHHE MeETalia; NPUMEHEHHE CMeuHalbHBIX NOKPBITHH M CMa3oK,
BBOJVIMBEIX B €(OPMALMOHHYIO 30HY THAPOCTATHHECKHM MO0 MHAPOAMHAMH-
YeCKHM IMyTeM; YCTpoiicTsa, o0ecHeyHBalOle HarpeB NPOBONOKH (Tennosoe
BOJIOYEHKE NPOBOJIOKH); yCTpoiicTBa, obecreunBatoliie BEOPAIMOHHOE BOMIO-
YeHHE MPOBOJIOKH.

Bonpocs! MpHMeHeHHs NPOTHBOHATSIKEHHs paceMoTpers: B paGorax [1,
2] u ap. IIpOTHROHATAKECHUC CO3MAET PACTAIUBAIOLIME HATIPSKCHHUA B METAIITE,
KOTOpBIi MPOTATUBACTCS IO BXOAA B KaHaI BOJIOKH [3].

Bonoyerue ¢ NpUMEHEHHEM CHELMAIBbHBIX II0JICMa30yHbIX MMOKPBITHH H
cMazoK paccMmoTpens! B paboTax [4,5] m ap. [elicTere TeXHONOIM4CCKUX CMa-
EDK l'IpH BOJIOYEHHH CBA3aHO € CO3MaHUuCM 3KPaHUPYHOLIEro CJIoA, pasacisiome-
I‘O HUBCPXHOCTL METanaa 1 HHCTPpyMCeIita. B nHactosinece BpeMsd HauOOaCe LiH-
pmco HPHMMCHACTCA FH,[[pOHHHa\'IH‘-lECKHH BBOJ] CMa3KH, [IpH KOTOPOM NMOBBIMIC-
HKE AaBicHusA CMA3KH Y BXOJa B KaHan cOo30aeTcd BCACACTBHE MHAPOAMHAMHME-
cxom abdexra. D1oT I3hHEKT BOZHUKAET OT TPSHMS CMA3KH O JBIDKYLUYIOCH
MPOBONTOKY. 13 YCTPOHCTB A MHAPONBHAMUYECKOTO BBOAA CMa3KH W3BECTHBI
cBOpHEIe i COCTABHEIE BONOUMILHEIE HHCTPYMeHTS! [6, 7].

~ VBenuueHWe pa3oBsiX Ae(QOpMauMH, COKpallgHHe HUKTHIHOCTH 1 MOBBI-
mehie 3¢ HeKTHBHOCTH IPOH3BOJCTEA NMPOBOJIOKH MOXET OBITH JNOCTHTHYTO 34
y = HCIIONB30BaHKA npouecca TEHIIOBOTO BONMOYEHHA, T.€. Harpepa Metamia Ao
TEMnepa'ryp HMXKE peKPUCTANH3ALMOHHEIX [&, 9] 1 ap.
.~ Bonpocs! BU6PAlMOHHOrO BOJMOYEHUS NPOBONOKH PACCMOTpeHB! B pabo-
Tax 10, 11] u mp. OcoBHas ueiTs BUOPALMOHHOTO BONOYEHHS - YBEIMHEHUE
‘lfacmmx nedopMauiil B pesyJibTaTe YMEHbUWEHHUS CHI TPEHHA U IOHHKCHUSA
?g_l_lpomsnennx nedopmarmu. Ycrpoficrsa, obecniedupaiomue BUOpannoHHOS
BOJlouenne, SBANIOTCA HaHMeHee CHCTeMaTH3MPOBAHHBIMM, @ NPOLEce BHOpa-
lE"IOHHOI"O BOJIOUYSHUS HAHMCHEC M3IVYEHHBIM 110 CPaBHCHHIO C JAPYTHMH 1IpO-
uecCaMH U ycTpolicTBamu s HHTeHCHDUKALHH NPOLIECca BOTOUCHHA.

B coorpercTBuM ¢ oTEM B TaOia. 1 npuBedeHa MaTpula CTPYKIYPHO-
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MOP(ONOTHYECKOro CpaBHeHMs. BUOPALMOHHBIX MEXAHU3IMOB 110 ABYM KOHCT-
pykTEBHEIM (1, 2), naTH TexHomoruueckuM (3-7) u OLHOMY PE3EPBHOMY CMbI-
C/TOBOMY JIS/IUTEIIO, 3aTIUCAHHBIM B FOPH3OHTAIBLHBIX CTPOKAX B CTPYKTYPHOI
TIOC/ICAOBATENLHOCTH. 3aHCH B OJHHHAALATH BEPTHKAILUBIX KOJOHKAX CO-
CTaBAIOT HC3ABHCHMBIE TIPH3HAKK IO BEIICJICHHBIM CMBICTIOBBIM AeTUTENsSM. B
TOPH3OHTANBHLIX CTPOKAX CIPYNITHPOBAHB CACAYIOUIHE CMBICIIOBBIE NEGUTENY:
THI ACMONHATENLHOrO MeXanu3ma (1), XapakTep ABHXEHHUS UCTIONHUTENHLHOTO
MeXaHu3Ma (2), MCTOYHHUK 3Heprun (3), THI KoaeGanuii (4), yactora xonebauni
(5), nanpaenenue koneGanuil OTHOCHTENLHO OCH BOnOYCHHA (6), TOYKA KOHTaK-
T4 HCTIOTHATENEHOTO MeXaHH3Ma ¢ 06bexToM koneGanuii (7). O6o3Haunm ropu-
30HTAIBHEIE CTPOKK Pj, a BepTHUKAaNLHbIE KONOHKH ny, tac =1,....m; j=1,.. 04
# =7 — KONUYECTBO CTPOK, & k — KOMHYECTBO 3aNOMHEHHBIX KISTOK B KaK o
CTpOKe.
B obmem Bune matpuny npegcraBum crexyonmm obpazom:

A COHOTE

2 (mI 31 5e3 1 ],
I (m, M3 ).
Conepixanne TabiHLEI ONPCACTIETCS CHCTEMON ofipeaennrenei
Bty s Pyniy seeey Bim ;.

Kaxnsrii paccmoTpennslif MeXaHH3M MMECT CBOM onpenenurens. Pac-
KpbiBasl IIOCIACAHWHI, ONYYNM KO H3 HECKOABKUX YHCEN AECHTHIHOMN CHCTeMb].
Tlpu 5ToM 3amuCE NUGpP NPH3HAKOB MeXaHU3MA NPOH3BOAKMM [I0CTE0BATENEHO
MO K&XUOMY CMBICIOBOMY ICIHTENO CBEpXy Buu3. [loms3ysch IIPHHATBIMH
0003HAYEHMAMH, MOJKHO JIEFKO 3aIHCaTh KOA LIS MOGOr0 MeXaHU3Ma MaTpHIbL

Ha ocHoBanuu JasHo#i MaTpuuel NPOM3BOIAUM CHHTE3 palMOHAILHO
KOHCTPYKIIHM BHOPAlMOHHOTO MEXaHM3MA Ui BOIOUEHUS NPOBONOKK. J{as
9TOTO BBUIONHAEM OLEHKY YACABHOIO «BECa», T.€. PAHIKHPOBAHHE OCHOBHBIX
NPH3HAKOB MeXaHuzMosB [12].

Barly TOro, uTO TeXHONOIMYECKHE NPUIHAKE BO MHOTOM 33BHCHT OF
KOHCTPYKTHBHBIX {IDM3HAKOB, BO3bMEM IIOCIEHME 3a OcHOBY aHanwu3ia (rabm. 1)

K BrbpaunonueiM yeTpoficTBam IUls BOTOYCHHS MeTaita ¢ INEKTPONpH-
BOUMOM MOXHO OTHECTH:

I. YerpolicTsa ¢ MaruuToCTpUKUHOHHEIMY BO30YAHTENAMH KOMe6aHNi HHCT-
pymenTa [13-15], B KoTopsix xonebanus YIBETPa3sByKOBOH YaCTOThI OT npeobpa-
30BATE/I NOCPEACTBOM BONHOBOAA-KOHIICHTPATOpa MepeaaloTes Bonoke. Han-
Gonee >)EKTHBHBIM C TOIKY 3PCHUA CHIKEHHUS CHITL! BOJIOYEHMA CeAyeT CHil-
TaTb CUMMCTpUHBIE HArpYyXeHus Ha 06a Topla BUGpooBO3GY AuTes.

2. DIEKTPOMAarHUTHBIE BO3GYIHTENN Konebanuii [16] u zp., 6pUTH NpenoKeHH!
I""Xopnosm u K. Konsctpemom, KOTOpBIe paspaboTalivu yeTpoHCcTRO BKIOUAIO-
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[1e€ BOJIOKY, YCTAHOBICHHYIO Ha CCPEAMHE MOIICPEHHHBI, HA KOTOPOH 3aKper-
JeHBI SKOPA SJEKTPOMarHuTOB, MATAEMBIX ePeMEHHBIM TOKOM. VYrpyro# noxn-
seCKOH TTOTIEPEeUHHEI SB/IACTCS TapenbyaTas npyxuana. ¥ crpoHcrsa no,uoﬁﬁoro
cuna o0eCreunBaoT BUOPallMOHKOEe BO3ACHCTBHE Ha MaTepHall ¢ JacTOTOH Ko

500 I'.
Tabnuua 1 — Crpykrypuo-mopdonoruyeckas Tabnuua BHOPAUHOHHBIX

MEXaHH3MOB
s Cxsicionod CeolicTBa BHOpaUHOHHBIX MCX3HH3MOB
.n!n- AenuTeds | I 2 3 4 5 6 7 g 2 10 11
= [Drcue; K preo
: M- - Ky- [Mpysxs Lilec-
JTHRHCION | | e . [Tiywswep- fde“_ I[e:: HTpR- xa-i)m Hi;}:; Ulapu| nan- b
1 |HuTEALHOTO ik Toxozserit e | oPaH- | aa ariad B e o
| MexaHH3IMa HBlH | HutH BhIf Bl
1 :.{_ Rar-p Pesepens-{He penep-
ZR{pIEEe I HBIH CHBARIT
MEXaHH3Ma
| Hcrounuk Astonom-| He asro-
il IHEPIMH ueifl | Hommmi
Tepuo
‘Tun koneba- ApToKO- |HMivibe-|Uapmonn-| muye-
& RHE nebauus | HEE HECKHE | CKHe
S"‘I - Yacrota Husro- | Buicoko~
_| xonebauui HACTOTHBIEHACTOTHLIE
,—5,:‘ ___I-:!__a_\_npa n;]se- Ilouepeu-|[lpoaons-| Bpawa- | Bun-
¢ & oo HbI2 Hble | TeAbHbIE |TOBBIE
_mmid
C pa6o- |C o6paba-
YiHM HHCT-[THIBASMBIM
PYMEHTOM| H3IEAHEM

33 ?ff’lclpoﬁcma JUISE 3NeKTPOCTUMYIIHPOBAHHOTO BOJIOYMEHHS MOPOBOIOKW [17-
0BecrednBaloT HaNOXeHUe MOIHBIX KOPOTKUX TOKOBBIX HMITY/IBCOR He-
TEPMUEECKOH BelUYMHbl Ha OYar nedopmaunu. B paGore [18] npeanoxena me-
TONKXa /g pacueTa ¥ NPOSKTHPOBAHMSA TEXHOJOTHHECKHX PEXKHMMOB [IpOLecca
BQ@‘ICHHH C CTHMYITHPOBaHHBIM MMITYJBCHBIM MAarHUTHEIM 110JICM, B 3aBHCH-
OCTH 0T maTepualia, CKOPOCTH ¥ CTeneHM achopmaunu. OHa 3aKI0¥aeTes B
CIERyIONIeM: paCCUHTHLIBACTCA BENHYMHA HANPAXKEHHOCTA MarliMTHOTO NOJIA Ha
OCHOBE pacuera TepMOYIPYIHX HaNpsSKCHHH, a 3aTeM HacTOTa HMIYJECOB M HX
BEIWYYRA, reOMCTPHYCCKUE XAPAKTEPUCTHKH COJICHOMIA, BHIXOAHBIC HAHHBIC
m:@-ﬁpoex‘rnposa}mﬂ reHepaTopa TOKa.
K BuGpauuosHbIM ycTpoiicTBaM /Ul BONOYCHHUS METANIA C TMAPOMHCE-
MaTHYecKyuM NpUBOAOM MOIKHO OTHCCTH:
L 1 xepuble BuOponpuBosbl [16], ofecrnieynBaroT NpPOTATHBAHHE HM3ASTUS
3 BOJIOKY, KOTOpo# coofuiaeTcss BO3BPATHO-NIOCTYMATENBHOE IBHIKCHHE
ABJIMYECKUM [THIUH/IPOM.
eMOpannsie ycrpoiictea [16], cocTosT U3 MemOpaH, B KOTOpEIE ycrauo:;




7I€HBI BOJIOKM, B MPOCTPANCTBO MEXAY MeMOpaHam nocTynaer mylbCHpYIOLIas
HHAOKOCTE.

K pubOpauvioHHBIM yCTpoMCTBaM /i BONOICHMS METAla ¢ MeXaHH4e-
CKHM MPHBOJIOM MOXHO OTHECTH:
1. MHepuxonsble BO3OyanTenu kojgeSaHHH MHCTIYMCHTa, B KOTOPBIX BO3MY-
Iamomas CHila CO37aeTCs BCNEACTBHE BPAUCHHS OAHOH HAM HECKOIBKMX He-
YPaBHOBCIIEHHEIX Macc (Aebanancos). B BOMOYHMIBHOM INpOM3BOACTEE He Ha-
LUTH MTPUMEHCHHSL.
2. DKCUEHTpHKOBbIe BO30GYauTes KoneOanuil, mUMEHIIOTCS IS cOOBLIeHUs
BOJIOKaM NpoTHBO(a3HbIX Konebaumit [20], a Tavke ans BHGpalHOHHOro Ha-
rpyxenus nposonoku[21]. Crnoco6 BosoueHus noBoioku [21], npeacrasnsier
coboit BHOpOHArpy>keHue NMPOBOTOKH B IIPOLIECCE €€ NPOTATHBAHUS YEpe3 JBe
BONOKH. BubponarpyxeHue oCylIeCTBIRCICS C TOMOWIBIO YCTPONCTBA € IKC-
LEHTPUKOBBIM POJIHKOM, KOTOPOE COOBUIAeT NPOIONOKe CHOKHBIE KOISOaHUs
OTHOCHTEIILEHO OCH BOJIOYEHHA.
3. Kynaukoseie Bubpannonssie yerpoiictsa [22,13], ofecneunsaior YHAapHELH
NPYHIAT BO3UEACTBUA KyllauKa Ha paGouHii oprar
4. TlpyxuHHBIC MCIIONHHUTE/IbHBIE MEXaHH3IMBI [24], Wcnone3ylores Ansa obec-
[e4CHUs Koebanui 3a cuer asTokonebanuii BONOM, 3aKperIeH O Ha orope ¢
TIOMOILBI) TPYKHH.
5. Iapuxossie BuGPoBO3OyMUTen [16], oGecnewnaor npouece BUGPALMHA 34
CHET NEPHOJHYECKOrO M3MECHCHHUS PacCTOSHMA MCKIY BOJIOKAMH ITPHU IOMOLLH
BPaUIeHHMA CeNOPATOPa ¢ WApHKaMK IO NPODHINPIBAHHOMY KOJBILY.
6. KprBommnHbie NPUBOALI BHOPOYCTANOBOK B BOIOUMIILHOM [IDOU3BOACTBE He
UPHMEHSAIOTCH, OIHAKO UCTIONB3YIOTCH B IPOKATHOM U MPECCOBOM MPOU3ROLCT-
Be B YCTAaHOBKAaX CO CPABHHUTENBHO HeBbICOKOH (10 100T'1) wactoroil xoneba-
HuUH.
7. Dlecrepennpiit npuBOA BHGPOYCTaHOBOK [25], 06ecneunsact nporece BHO-
PaLiMK 32 CYET IICPCayy BPAUEHUs OT NPOTAIUBAMOI NPOBONOKH K BUOparty-
OHHOMY YCTPOMCTBY TIOCPENCTBOM 3yGUaThIX Mepejady.
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BbIBOP MEXAHU3MA CUCTEMHOI'O BPEMEHU
[P UMHTAIIHUOHHOM MOJEJHPOBAHMHU I'TIC
B PEXKUME PEAJBHOT'O BPEMEHH

Tumodgees F0.B., Wenkosoit A.H. (HTY "XIIH", 2. Xapexos, Yrpauna)

Choice of type of model time is Motivated when making the simulation model of
flexible production system, functioning in mode of real-time.

IockonsKy B MMHTAIHOHHEBIX MOJIENAX NMPOH3BOACTBEHHBIX CHCTEM HMMii-
THUPYCTCH NOBEASHHE CHCTEMBI Ha HCKOTOPOM OTpe3Ke BpeMeHH, OAHON U3 Hau-
Gonee BaXHBIX 3a1a4 NPH CO3TAHUN MOZENH U BEIGOPE S35IKA IPOrPaMMHpPOBa-
1M1 ABJIAETCA ONPEACNeHHE MeXaHH3Ma PeriaMeHTalMH COOBITHI | TIPOLECCOB.
B MMATaUHOHHOM MOJENHPOBAHKH ITOHSTHE "DErIAMEHTALIMA" BKIIOUALT B ceby
IBa acnekTa: "NpoABHKeHUe" BPeMEHH, MIIH KOPPCKTUPOBAHKE BPEMEHHON KO-
OpPIMHATEl COCTOSHNS CHCTEMBS, U 0DecleueHHe COrMACOBAHHOCTH Pa3IHUHBIX
06BexTOB U coObituit B crcreme. [TOCKONBKY NeHCTRIA, BLINOIHACMEIE PA3ITHY-
HEIME OOBCKTAMHY, 3aBHCAT OT AeHCTBHHA U COCTOAHUHN APYTHX 31E€MEHTOB, OHH
JOJIAHELL ObITh CKDDp,I{HHPIpGBaHH BO BpEMEHH, HiTH CHHXPDOHH3HDOBAHEL. Takmu
o6pa3oM, QYHKUHOHMPOBaHUE MOJENH JIOTUKHO NPOTEKATH B KWCKYCCTBEHHOM
BpemenH, obecneyrBas MosBIeHHe COOBITHI B HAI/IEXKAlUEM NOPSAAKE U ¢ Hajl-
NeXanlMMA BPEMCHHBIMH WHTEPBANaMHU MeXIy Humu. DTa npobjieme He ABNA-
€1Csi TPMBHAIBHOK 3aaa4ew, T.K. HEOOXONMMO [EPEeHOCHTh Ha IM(POBYIO BEI-
HHC/AHTENBHYI0 MaIUMHY, ACHCTBHA B KOTOPOH NPOTEKAIOT MOCIe0BaTe/lbHo,
NapajiensHple, TOCAEAOBATENBHBIE H NapaUIedbHO-NOCISA0OBATENbHEIE NPO-
LIeCCHhI.

CyluecTByeT B2 OCHOBHBIX METOXA 38/[aHUSt BPEMEHH - € IIOMOUIBIO hHK-
CHPOBAHHBIX ¥ MEepEMEHHLIX HHTEPRAIOB BPEMEHH {COOTBETCTBCHHO MeToMaMu
$MKCHPOBAHHOTO II1aTa U 1Mara jo ciegytowero cobeitus). Ilo Metoay dukcu-
POBaHHOTO BPEMEHHOIO Liara OTCYCT CHCTEMHOIO BpeMEIliM BENSTCH Yepes 3a-
paHee OnpeacliCHULIC BpeMeHHBIS HHETEPBANbI OCTOSHHON JAITAHBL (MG}IE‘:BHPO‘
BAaHKC MPOTEKaeT B OOBIYHOM BpeMeHW ¢ GUKCHpoBarHbIM miarom). Ilpm mc-
TIOAB30BAHNH MeTo/1a TMEepEeMEeHHOro mara, iy nara ao CIASAYIOIICTO TMOABNC-
HUs COOBITHSA, COCTOAHHE MOAENAPYEMON CHCTEME! OOHOBIAETCA C ITOSBIEHNHEM
Ka#(I0TO CYIICCTBEHHOTO COOBITHA HE3aBHCUMO OT HHTEPBATIOB BPEMCHU MEXAY
HAMHM (MOIENTMPOBAHKE MTPOTEKAET BO BPEMEHH COOBITHIA).

VIMUTaUHOHHOE MOCNMPOBAHHMC NPOM3BOACTBEHHBIX CUCTeM 0OpaboTKH
METaNnjnoB pe3saHHeM MOXHO KIacCH(MIMPOBATh 110 CHEAYIOUMM KATErOpHsM:
MOOCIH ¢ HEUPCPbLIBHBIM HM3MCHEHHEM COCTOSHUS, MOJIEIH C AHCKPETHBIM W3-
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MeHEHHEM COCTOSTHHUS.

B OepBbIX HCHONB3YIOTCHA MEXaHW3Mbl (HKCHPOBAHHBIX NPUPALICHHX
BpeMCHHBIX WHTEepBaoB. MM yi00HO OMUCHLIBATH MOBEHCHHE CHCTEM, TIPE/-
cﬁm[ﬁeMb!X HENPEPBIBHBIMH [OTOKaMH HH(]JOPMB.U.HH HITH MarTepHalbHBIMH I10-
'[UKWH! COCTOSAILMMH HE M3 €AHHHYHLIX, 2 U3 al"[]El"aTHpClBaHHBIX JIIEMEHTOB.
MQI[GJIH BTOPOTO BHAa HaxXo AT NpHMEHEHHE TOTJI2, KOTAa HCCACHOBATE/Is HH~
Tepecye'r HOBEACHHUE OTACHBHBIX 3ICMCHTOB B CHCTeM“e‘ HOBTOMY B OOJILIUHNA-
m-monenei& C AMCKPEeTHBIM H3MEHEHHEM COCTOSHMH HCIONB3YeTCd METON
oTCdeTa BPEMEHH 10 CIeYIOLIETO COOBITHS.

Ananus npouecca ¢yukunonupopanus I'TIC M03BONSET rOBOPHTE O TOM,
4TO B MMHUTANHOHHBIX MOZEIIX HX ONMCAHUA MOIYT MPHCYTCTBOBaTh 06a THOa
mozenei. Ha pyc. 1 npoxeMOHCTPUPOBaHsl CrioCcOOb! PEACTABNCHUS H yIIpaB-
fgenus BpeMeHeM B ofoux cnydadx. ITo ocu BpeMeHu OTIOKEHA OIHA U TA Ke
[OCHeOBaTeIbHOCTE coOrITHif €;. Kak BuIHO, ABa coObITHS, €4 H €5 TTOSIBIAI0TCSH
opsospemento. CTpeiKH yKa3biBalOT Ha TOYKH, B KOTOPbIX NPOHCXOAWT
nljﬁpameﬂue Ha OJMH TAKT, ¥ MOMEHTEI HACTYIUICHUS OYCPe/HBIX cOOBITHH B
obeux Moaensx. B Mozens, WCIONB3YIOLSH NPHHLMI [Nalra [0 CieAyIoLero
COﬁBITH}I, HMHTHPYEMOE BDEMA HPH HIMECHEHMH CHABHIacTCH BIEpPER TOYHO HA
MOMEHT HacCTYTUICHHSI CaMOT0 PaHHero u3 MoCHeAylwuXx cobwituit. Tlp sTom
TOCHENOBATEILHOCTS MOMEHTOB CHCTEMHOIO BPEMEHH §; TAKOBA:

I' e e eFes e Sy =¢,
Z S T r i * 5; =€,
l T | 1 T T e S; =€j,
o S % S4=8;=85=3s,

a Sg = €4,

re KOHKPeTHbIE 3Ha4YeHHs

50 ey BPEMEHH B TOYHOCTH PaBHBbI

3 »  Bennuunam e, e, ..., COOT-

T T Bpott BETCTBYIOLIHM MOMEHTaM

3 S} S nosipnesus coboitui. B npy-
rof MOJIeNH, UCHONB3YIOIEH
METOH bHUKCHPOBAHHOIO
BpCMClIHOl'O Hrara, MOMeEHTEI
MOHOENBHOr0 BpeMeHH OyayT

ITOCNIEA0BATENABHO NMpHHH-

~ Puc. 1. Teuenue MOACHBHOTO BPEMEHH:
4~ B MOZE/H C IIAaroM A0 CIeAYIOLIEro cobbIThA;
6 - B Mosen ¢ (hUKCHPOBAHHBIM 1IATOM.
*fa'l‘b 3HaYeHHUs
5= At, 55 =2At, 55 =3At, 55 = 4At, 55 =5A1
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OTH MOMEHTEI BDEMEHH He CBA3AHbI ¢ MOMEHTAMH TOSBICHHUS COBLITHI e,
€2, ..., KOTOPbIE HMUTHPYIOT MOJETh TIPOU3BOACTBEHHON cucTeMpl. MoaenbHoe
BpeMA 3/1€Ck TI0AYHaeT NOCTOAHHOE NPUpaNieHUe Ha 3apaHee BRIOPaHHYIO Bely-
4yHHY At.

v KQKAOrQ H3 3THX METOA0B €CThL CBOH NpEUMYLISCTRA. B MOIOCITH, M-
Tonb3yrowe MeTO | 3a1aHus [ara 10 ClieAylomero coGmTus, 06paboTka cobs-
THH HJCT NOCIICAOBATENLHO H BPeMs MMHTALMM KXK/BIH pas cMeliaeTes Brepeg
Ha Ha4alno CAeAyIomero cobaiThs, KaX 108 W3 KOTOPbIX 0OCTYKHBAETCA 110 0de~
pe/. B Mojienn ¢ QUKCHPOBAHHBIM LLATOM ofpaborka cOOBITHI MPOUCKOAUT
[1aKeTaMH MM MHOXECTBaMU COOLITHIA.

Iycrs sagano HekoTopoe Bpems s} , Toraa 06paBoTka Beex COBLITHH ¢ Ha-
HAJIOM B €y, €, €, ..., TAKHUX, YTO

I r
Sk-1<€p; €,€," S8,

TIPOU3BOAMTCA MEpe] TEM, KaK MOICNbHOE BpeMs ITONYHHIO OYEepe/iHoOe IpH-
paleHue 1o sy,,. Benmumna At okassiBaer pemarolllee BIMsHUE HA aporece
MOASIHMPOBAHYS, TAK KaK BCSKOC IIOJIOKHTENBHOC MPHPALUEHHE BPCMEHH 3a-
CTaBJIACT MPOLECC MOAENHPOBAHUA NBUraThea Bnepen. Ecnu Benuunna At Bu-
Gpana HENMPABMWIRHO, PE3YIBTATEl MOTYT NMONYYATHCS TAKHMH e HENpPaBuib-
HBIMU, IIOTOMY YTO BCE COOBITHS Sy ayT HOABNIATECA B TOYKE, COOTBETCTRYFOILEI!

BepPXHEH rpamuie WHTepBaga. Puc. 2 [OKAa3biBaeT, YTO MOMKET TTPOHZ0UTH MIpH
H3MeHeHuu At.

e & e\ e N e Mopens ¢ 3ana-
~ P il "

5 et . —» HHEM BpeMeHu a0
i v ; T T; T T Bpows  CHEMYFOLIErO COBBITHS
oS A SR R S s He Tpebyer BrIGOp2

1 1 1 L
1 ] 1 o -
ST La ‘Jm B HPOU3BONBHOTO  MC
¢ § L et L ek _, KYCCTBEHHOTO MpHpa-
Zé‘f ] T T Bpess  pyeHust BpemMeHH. 32710

A

n g " [03BOAseT u30exath

ONIACHOCTH TOIO,
Bpibpannas 6e3 Bejo-
Ma JIONB30BaTeNs Be-
AHYHHA NPUPAIICHUA BDEMEHN H3MEHHT Pe3YJIbTAThl MOASNUPOBaHUs. Y Mojic-
7 C 33/1aH3eM BDCMEHU 10 CIICAYIOUIETO COObITUS €CTH TAKKE TO HPEUMYIIECT-
BO, 4TO B HEH COOBITHSA PacCMaTPUBAIOTCA M 0OCTYKHBAIOTCSA KaK OJIHOBpPEMEH-
HBI€ TOJILKO B TOM CJAY4Yac, €ClIH OHH MapKHPYIOTCA O/TWBaKOBbIM BpEMeHeM 110-
SABICHUS.
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Puc. 2. Bausnaue uzmenenus At na MOJIEBHOE BPEMSA.

E:-TaKHM 0Bpa3oM, OTHORPEMEHHOCTE HMEET MeCTO NTHIIL TaMm, rje oHa Ha-
611@139“" B JIEHCTBHTENBHOCTH. 2TO NMO3BONsAET U30CKaTh BBEACHHS B CHCTE-
My B pefisiX TIOCTPOCILHS HMHUTAIMOHHOH MOIENH KAKOTO-TH00 HCKYCCTBEHHOTO

pHiia, OTPEeNsOEero, Kakoe K3 OJHOBPEMEHHO MOABHBILMXCA COOBITHNH
cne.IB’BT CYMTATE ITOSBUBIINMCS TIEPBBIM.

" B ciyqae MOJIeNMpOBaHus THOKMX POU3BOJLCTBEHHEIX CHCTEM 0BpaboTKH
METAIOB PE3aHUEM TIPHXONTCS OCTAHABIHMBATECA Ha BEIOOpE MOACINA C 3aj1aH-
v marom At. 91o penierne 0G0CHOBBIBAETCS ClieAyIOIMMy haKTopamu:
[ACXONA U3 YHCHA KOMIIOHEHT cHcTeMmbi 00paboTKH, CrocoOHRIX reHepupo-
BaTh CYLECTBEHHbIE COOBITHSA MOXHO CKa3aTh, HTO CYIIECTBYET MHOIOYpPOB-
j;,é_nue MOJICIHPOBAHKE; BEPXHKH YPOBEHB - TPAHCIOPTHAS CHCTEMA M CHC-
-rema yHpaBicHus yyacTtka (1iexa), cpefHnil ypoBeHb - TPaHCIOPTHEIE CHC-
TeMbl YNIPABJICHMs OTACIBHBIX MOAYJEH, HIXXHUH ypPOBEHb - TPaHCIIOPTHAS
cucTeMa, cucTeMa o0paboTy U YIIPaBAEHUS OTACNBHBIX CTAHKOB;

- u{eao COORITHH Ha eAHHINYHOM HHTEPBalie BPEMEHHU, IIOPOKAACMOE Kak IbIM
snemenTom ['TIC Bece Bpems xonebaercd;

- cpeHss IPOAOIDKUTENLHOCTE COBBITUM HE HMEET CTPOrOro MaTeMaTHUYECKO-
IO ONMCaHMA, TaK KdK OHa 3aBMCHT OT 1EJIOrQ psafia cayuaiHsX (PaKTopoB
(MoMEHTOB 3arycka otaensHbix ['TIM, BRIMONHAEMBIX Oepanwii, nopsiaka
‘paGoTEl B o6Ciy)XHBaHHA TPaHCIOPTHRIMH MOyNsAMHu snemenToB ITIC u
Ip.).

'C Haweii Touku 3penus, Hanbonee palMOHAIBEHEIM SBASETCS BRIGOP MOIe-
a4 FTHC OMP ¢ ¢uxcuposanHeiv warom At=1 ¢. OubiT pactieTos xapakTepn-
ek I'TIC nokaskiBaeT, YTO BCe BPeMEHHbIE NApaMeTphl (IIPOJOIDKATCIBHOCTD
00paboTKH, XONOCTHIX MepeMelienuil, TpaHCIOpTUpoBanus u ap.) 6¢3 cymect-
BEHHOM MOTCPH TOYHOCTH MOXXHO OKPYIVIATH IO CEKYHZ M CICHOBATENBHO, C
YHETOM HepaBHOMEPHOCTH HACTYIUIEHHS COOBITHHM, B KauecTBe TAaKTa Onpoca
COCTORHMS CHCTEMBI 00paBoTKH MOKHO NPHHATE OAHY CCKYHAY.

Cmampa nocmynuia ¢ pedaxyuio 20.05.2002 2.

O PAIIMOHAJIBHOM COOTHOUEHHUY XO/1A
NOPHIHS (S) ¥ AMAMETPA LMJIMHAPA (D,)
ABUTATEJEHN BHYTPEHHEI'O CTOPAHMS

Trauenxo C.I., Xomenxo B.C. (Xepconckut huruan YIMTYV, 2. Xepcorn)
The rational correlatin between piston stroke and cylinder bore is principle for

7S¢ of engine economy is determined in this article.
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}
B nocniennee BpeMs namerunach CTOMKAs TEHACHUMA MEPEXOaA K UlHH. st cxemb1 6" F,=05-11-D} +11-D; -AS;, 3)
HoxomosbiM (8/D,>2,5), a 3aTeM u K CynepATHHHOXOA0BbIM (S/D,>3,5) nBiira.. ¥

- V. =0,0833-IT-D} +0,25-11- D} - AS, = const; (4)
TC/AM BHYTpeHHEro cropanus. Jlugepom B 3ToM oKazanuck nu3esibHbIC @hpum i i ! o AS (5)
NPOU3BOJIAILHNE I'TIaBHBIE CYOBRIE JIBUIATENN. Wm cxembl "B F, =01 -Df +11-D; - AS;, )
Hlepsonagansuo nobyxparoumy (akTopoM K NPOM3BOACTBY CYAOBhY V,=0,166-11- Df +025-11-Df -AS; =const. (6)
AMHHOXOAOBRIX ABUrateiiedl OblIO CTPEMIIEHHE CHHU3HTBH YacTOTY BpalleHuy e SLLS b/2
KOJIEHYaTOTO Baja 11pU NOCTOSHHOHN CpeHeH CKOPOCTU HOPMUIHS U, KaK CIEACT ' ! i

BUE, YacTOTy BpauicHus rpebHOro BHMHTA NPH NPAMOH NEpenayc MOLIHOCTE,
MeHbias 4actora BpallleHusl FPeGHOTO BUHTA NPHBOJAMT K [OBBILIEHMIO €rg

COOCTBEHHOTO K.MLA. M IPONY/JbCHBHOTO K.ILA. IHEPTETHUECKOH YCTAHOBKH g
LETOM.

i

DA I B

.,

L s
-

OuHOBPEMEHHO C 3THM 3aMETHO YBEITHUUICS H K.1.JI. COOCTBEHHO CaMuy
ANUHHOXOIOBBIX ABUraTeneH. DT0 MOKHO OOBACHHTE HECKONLKMMH NPHYKHA-
MH, HO BXXHEHUIEH, 110 HalUeMy MHEHHUIO, ABJISETCH CO3NaHue GnaronpusTHOTo
COOTHOTICHUS MEKNY BE/IHYHHON NMOBEPXHOCTH, GOopMUpyIOLIell 06BeM ITHIKA-
Apa ¥ CaMHM OOBEMOM Ha yYacTKe HanGOIIbIIEro TeINIOBbIIeNe ) B LIHIHHEpE,
KOrZa 4uepes NoBepXHOCTL OXIKICHUS UAYT HaubONbIIKE TCIIOBBIE HOTEPH B a 2 . .
CHCTEMY OXJTaXICHHS. ~ Prc. 1. Cxemsi kamep cropanus (2 - uwmnapuseckas; 6 - nosychepu-

SBnsSeTcs O4EBUAHBIM, YTO /TS YMEHBILEHHUS TEIUIOBBIX IOTEPh B CHC- qecxaa, B - chepuyeckasn)

TeMy OxJaxaeHus Heobxoammo, uTobel Ha enamHHULy ofbema pabogero Tena
IIPUXOJMIIACE KAk MOKHO MeCHbllas BeJMYHHA MOBEPXHOCTH OXJIAKIEHUS.
Wupivu cnosamuy, I:IBO!SXO,RHMD, 4yToOBI Ha Y4acTke, rie JOCTHTaeTCs MaKCL‘T~ : C HenbIO YIPOWIERTS BEMHCTERUH npu vi=0,1 JUTA KAKTO U3 CXeM TIpH-
MajbHasd TeMIepaTypa ra3os, Osula MUHHMaIbHAS BETHYHHA YSIBHON MTOBEPX- % (1), (3), (5) 6yayT npeoGpasosansy, a 13
HOCTH OXJNaXAeHHs (OTHOIEHWE BEeTHYHHBI IUIOIIANH MOBEPXHOCTH F,y,, GOp- “e_M_ Di=1. C yucrom 5T0ro dopMynss HMIHET ;a IUIA KaXKUOro W3 i-Toro
Mupytouel 00bem, k camomy o6semy V,). opuyn 1)y (G) onpegeiiicd AuAMeTD ] il

BEIMHCICHMUI:

ANOVRRTOVNANY
NI

AR
NASUENNNN
-

; AS
- ObozHauum 3 =V, a AWANa30H U3MCHEHH!S v onpeaenuM ot 0,1 1o 1.4.

7
— X oxn s 7 . 5
OGosnaunm ysensHyio noBepxHOCTs f=~22 Ha seauunny f B rep A5 cxempl "a" F,=11-D(0,5+v,), (7
¥ fvy r01
BYIO O4€PE/(b OKa3LIBACT BAUAHUE POPMA KAMCPBI CTOpaHMs (KaMephl CKaTHs ) 4 D; =3 Ave 3)
COOTHOLICHHE MEKAY AHaMETPOM IMIMHApPa D u mepeMeuiernesM nopums AS Vvi \l i
3 . o . MBI 2. : -
Ha YYacTKe MakCHUMallbHOTO TernoBkyienenms. Hixe MPEACTABICHBL CXe i "6 F=01- D{ (0,75+v,), (9)
Haubosee XapakrepHsiXx GOpM Kamep cropanHs ABUrateneif BHYTPEHHErO Cro- % MU s 8

pauus. _ FELRED 1083

Plaals s Bl (10)
Ilpeacrapnennsie Ha pucyHke 1 GOPMEI KaMEp CrOpaKHs OMpeIensroTes V0,25, +0,0833
THIIOM JIBHTaTeisl, CXeMOit razoobmena H T.4. IIpocinennM, KaK H3MEHAETCs KO- y
I s ﬂ p Il El = }Iﬂﬂ CXCMbI "B" F;‘ _:JF.D_ (1+V‘), (11)
sbdunmenT § (yrenbHas MOBEPXHOCTL OXNKICHHS) JUIS KAXKJION U3 CXeM B 34 = S
BUCHMOCTH OT COOTHOUIeHHA AS 1 D rpy NOCTOSHHOM BHYTPEHHEM 00BEME. : D= r 0 191 ) (12)
3anuiweM GopMyIbl, ONIPEACIAIOIINE NOBEPXHOCTD (1) 1 o6Bem (V) a$ ! \ 0 251 v; + 0, 0,166
KaXIOH U3 CXEM MPU I-TOM COOTHOIU&HH;& AS/D: Me F; - nnowans nosepxHocTH, Gopmupyrouci oGseM pabouero Tena, IpH i-
Jutd cxemsel "a" F,=0,5-I1-Df +1I - D; - AS,, (1)  TOM BhrupcreHun B AHANa30He UIMEHEHUS V5
: ; - A 7 e3 Aua-
2 . D, — TP TIMAHHAPA [PH i-TOM BBIMHCAEHHH, BRIDAKEHHBIN d9€p
V;=0,25-I7- Df - A4S, =const (2) ¢ — AMameTp TIHAHHIpa 0P ’ )
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Botd o —

MeTp unnuHapa D=1 (npau vi=1). B, e ﬂ_z__ (13)
B Tlo mony4eHHbIM 3aBHCHMOCTsy I D?
L __—_A’_// GBLTH NPOBENEHE! PAacUeTsl, Pe3yTbTa. z C npyro#l CTOpOHbBI
i TBI KOTOPEIX IIPEJICTABIEHb HA PHCYH. V,=V,:p, (14)
17 Ke 2. rac V. — obBem kamepsl cropa-
IMox senuyusol f, nonumaercy HUSA,
08 oTHOUIeHWe B/ S, rae f; — ynensuas p — CTeNeHb IIPeBapHTENb-
| TTOBEPXHOCTh OXJIAWIACHHS JJIS i-TOrg b. HOTO paciIupeHus paGodero te-
o5 1 1 cootHoweHus AS/D, B~ yaensuas mo. fa.
N — 5
BEPXHOCTL OXAAKACHHS IUIA MEpBOry 1 a V,
o4 coorsomenus AS/D. .' £ ) = = Ve = =y (15)
T - _.. S ' =
Kak %H,E[HO U3 ﬂpHBe,E{fiHHBIX 33 | e V, — pabouuit oB6BeM 1pi-
BHCHMOCTEH, JUL1 JBUraTenel ¢ Kanme- B TP IPY. THHZPA:
2. o5
| PO cropanus no cxeme "a" Munu- SSSSueetey ) c;:rcucub CKATHS
} MaTBHBEIC TENNOBLIE TIOTEPH CICAVCT (- \ 7. D2
e o LTI LI I AS . a\.\i.\.\ilﬁiﬁﬁi\ LT iR Y 16
01 03 05 07 08 11 13 v OXMAATH IpH v = B 1. JIns cxemu R———— & ti i
Puc. 2. ' ;
2. 3aBucuMoOCTR om?cnmﬂbHOﬁ "6" onTHMalbHas BeTMUMHA V cOCTAR S £ie S — X071 MOpLIH.
BETUSHHEL (4, ) yaensHOU noBepxHO- ] Toraa
” JiseT npumepuo 0,7, a mis cxeMsr B uc. 3. Pacyernas WHAMKAaTOpHas Aua- S
TH OXNQXICHAL OT COOTHOUICHMS ONTAMATbHAs BEAHYHHA V OTCYTCTBY-| Im e (17)
(v _4a5 €T, T.¢. MIPH Jito0OM yaNeHUH NOpuIHS . &1
D OT BepxHe# MeprBoii Touyku (BMT) Otkyna
l-ansi Kamepsl cropammus no cxeme ~OYAYT YBENWUHBATHCH TEIIOBBIE Jio- S_(-D-v (18)
"a" 2 s KaMeppl Cropanus mo cxe-  TEPH B CHCTEMY OXNaXIACHUS. D p

oY 5 e " ST TH-|
Me "0"; 3- ans xaMeps! cropanus mo A onpenenenns cesizu iy
cxeme "g" MajibHOI'0 3HAYEHMs OTHOeHHa S/D

C YHacTKOM HauGonec HHTCHCHBHOTO

TEIUIOBOTO BhlAeNeHUst OGPaTHMCS K PHCYHKY 3, rae NpPEACTaBlCHA pacyeTHas
HHAVKATOpHAs AHarpamma.

Kak nokazanu nposenenssie Hamu TIPEBAPUTCIBHBIC PACYETEl U BAITON-

HEHHBIC paHee SKCMEePHMEHTANbHBIE HCC/Ie10BARNA [1], 6onee 70% Bcex Teruio-

BRIX TIOTEPh B CUCTEMY OXNIAKACHHS TPUXOUTICA Ha yuactok "y-z". U3 aroro

Honyyennoe cOOTHOMIEHHE CTipaBeUIMBO 1 JUIS cxeM "6" u "s".

- Ecnu npunATE, 9TO ANA coBpeMeHHBIX ABMrateneil CTENeHb CXAaTHS W
ICHE [IPEIBAPATCABHOTO PACIUMPEHUS UMCIOT CIAS/TYIOIUMEC 3HAYCHHS

g e~15, p=2,

ONTHMAaNBEHBIC COOTHOMeRUA S/ID s aBurareiled ¢ MepBOM M BTOPOH
{4 Kamep CRaThsg OvayT

eMbl "a" Vo, =1 (puc.2)

CICAYET, UTO C UENBIO YMEHLIUCHHS TEIIOBEIX TIOTEph U3 MIUH/Da, KEaTCils Srolbal i " (19)
HO, YTOOBI OTHOLIEHUE nnomanu, Gopmupyromei pabouee Teno B UHAAHHEAPE, ¥ e B -
ero o0bemy 610 MUHUMATLHEIM B paHoue Touku "z". i eMEI "6"  Von=0,7 (puc.2)

Haitnem zasucumocts MEXKAY HEKOTOPBIMK MAPaMEeTPaMM LMKIIA, OCHOB S - 15-1 -0,7=4,9 (20)
HBIMH Pa3MEpaMu UMIMHADPAE W BENMIUHON MAHUMATBHON YACABHOMN TOBEPXHO- D 2

CTH OXT@XJIeHUA pabovero LMIMHIpA. g

VY GONBLIMHCTBA FNABHEIX CYZIOBBIX KPEHLKOMMILIX MAaIOOBOPOTHRIX
Obparamcs k cxeme "a". Us PUCYHKa 3 anis TO4KH "z chepyer

ratenedi Qopma kamepsl CropaHus BbINOAHsAeTCs Mo cxeme "6". Hanpuwmep,
~ ManooBOpOTHOTO JIBMTATENs MOCACHHCH MOIeNH SE8OMC-C  dupmel
B&W orHomenne S/D cocrasnser 4,0, 4To (PaKTHUESCKH NOATBEPXIAeT
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TIpaBHNILHOCTE W3TI0JKEHHBIX B CTAThE PE3yTETATOB.
Be16odut

1. Tlpu nepexose x NIPOM3BOACTRY JUIMKHHOXOMOBBIX ABHraTeNel BHYTPEHHerg
Cr'Oparus, IPEeXe BCCTO, CCAYET yYUTHIBATE QOPMY KaMephl CrOpaHMs;

2. HanGonee nepcrieKTHBHLIMU K NPOM3BOACTBY IIMHHOXOMOBHIX JBHIatenc
ABIAIOTCA TC, ¥ KOTOPBIX HMeeTcs nosnycdepuyeckas kamepa (60 B cTo.
POty NOPLIHS, JIMO0 B CTOPOHY KPBILIKK) CrOPAHHS,

3. Tlpu cymecTeyrommx napamMerpax pabodero nuxaa (¢ 1 p) B 6Gmmkaiiupe ro.
ABL BPAZ M CTOMT OXHIATh IOABNCHUC JIRUFaTeNell ¢ OTHOIIEHMEM X0
TIOPIIHS K €10 AuameTpy Sonee riary;

4. /lsuratenu, umeiomue chepuvecKyio (opmy kamepsl cropanus, K nepexoxy
Ha ATMHHOXOMIOBEIC MOAENHN SBISIOTCS GECNepCIIeKTHBHEIMU € TOUKH 3pe-
HHA NOBBIIIEHUA X IKOHOMHYHOCTH.

Cnucox nnreparypei: 1. Cyzossie gsurateny BHYTPEHHEro CropaHis,
0. ®omun, AWM. Top6ans, B.B. Hobposonsckuii, AWM. JIykun.
Cynoctpoenue, 1989.- 342 c.

Cmamba nocmynuaa & pedaxyuio 27.05.2002 -

BJIUSIHUE KOHCTPYKTOPCKUX H TEXHOJIOTHYECKUX
PASMEPHBIX CBSI3E# HA YCJIOBHSI ®OPMUPOBAHMS
TOYHOCTY PABMEPOB ITPU MEXAHHYECKOM OB PABOTKE

Toka A., Pymuka H., Ctponua A.
(TYM, Kuuunes, Moadoea)

I the paper we investigate the influence of constructive and technological di
mensional links on conditions of formation of the machining accuracy sizes. It is
shown, that the formation the sizes from technological locating datum surfuce
demands higher accuracy of the technological sizes, but in this case, the ma
chining allowances are more stable. At the Jormation the sizes by the means df
Iransitions from technological locating datum surface to adjustment surface, the
accuracy sizes is achieved without necessity of increase of an accuracy of th
technological sizes, but thus, it is observed a growth of tolerances of the
machining allowances and decreasing of the accuracy Iif some surface will idl
he machined.

Hetans, noanexaniag o0paboTke, XapakTepusyercs KOHCTPYKTOPCKUMH
Pa3MEPHLIMH CBA3AMH, KOTOpBIE OTPAXaIOT, B KOHEWHOM CYeTe, ee (yHKINAO"
HAIbHOCTL. XapakTep KOHCTPYKTOPCKHX Pa3MePHBIX CBA3CH OMpefensieTcs: Kot
CTPYKTOPOM, KOTOPBIH YYUTLIBAET TEXHOIOTHIECKHE OCOOCHHOCTH CTAHKOB, HO

98

‘yecce 00paborku, Ha TNPOTRKEHHH

e B yuwiepd GyHKUHOHAALHOCTH.
.~ IloHATHME TEXHONOTHYECKOI pasMepHoii LenHt onpeaereHo B /1/ Kak 3aMxk-
ﬁyraﬂ TOCAeNOBaTEIbHOCTE PasMepPOB, CnyXxaiias nid PELICHHUA TEXHONOIrHu4e-
CKHX 3a/lad H BbIpPAXarollas OMHY W TOJABKO OAHY (QYHKUHOHANBHYIO 3a3ncn:
MOCTB MEXJY PasMepaMy NEeTaTH. 3aMBIKAIOIMM PasMepOM TEXHOIOrHYECKOH
p'a’gmepﬂoﬁ LCHH, [IPH 3TOM, IIPDHHHMAaCTCH pasMep jieTali, HEIIOCPeACTBEHHO B
xofe 06paboTKu Ha AaHHOH oncpauuK He obecneyuBaeMbli H He KOHTPOIHpYe-
MBIH, @ ABNAIONMHCS QYHKUMEH APYruX (COCTaBASIOLIMX) PasMepoB. 3aMbi-
KaFOIIMH pasMep BBICTYNIAET B KaYeCTBE 3aMEHAEMOro pasMepa, KOTOphIH He
YKa3BIBAETCS B TEXHONOIMYESCKOH HOKYMEHTAllMH, NOCKOIbKY 3aMEHEH OHMM
Wi HECKONBKHMHM TEXHONOTHYECKUMH pasMepaMH. AHaIOTHYHbIE HOPMYJIH-
POBKH cofepikarcs u B /2/. y .
M3 sTOro crigmyer, YTO B mpo- oy
AR
L7

pAfa onepanui, QOpMHpPYIOTCS TeX-
HOJOTHHYCCKHE  pasMEpHBIE  CBA3H
HOJMMHECHHEBIE KOHCTPYKTOPCKHM
Pa3MEPHBIM CBS35M, B CTENEHH Heol-
XOAMMOH IJIA IIONy4YeHHS Ha AETany
PEabHBIX Pa3sMCpOB B Ipejelax co-
OTBETCTBYIOIMX JonyckoB. Heznocra-
TOYHO ACHBIM, NPH 3TOM, OCTAeTCH
MEXanu3M (OPMUPOBAHHA TEXHONO-
FHYECKHX Pa3MEPHBIX Lenei, B3auMo- b
CBA3E CTPYKTYP KOHCTPYKTOPCKHX H TEXHOJIOMMYECKHX pasMEpHBIX CBA3CH, Me-
XaHU3M (QOpMHUPOBaHHUA ONAaroNpHSTHLIX ycioBHME (DOPMHPOBaHMA TOYHOCTH
PasMepos.

Texnosoruieckue pameprbie CBA3H OTPAXAIOT TEXHONOTHYECKHE BO3-
MOXHOCTH CTAaHKOB. B Y3KOM CMBICIE, 3TH TEXHONOrHUECKHE BO3MOKHOCTH
CBOMITCA K YCIOBHAM POPMUPOBAHKS THHEHHBIX, KPyTOBbBIX H Ip. pacCTOSAHKH -
Pa3Mepor mexly 06pa3oBBIBAEMON OBEPXHOCTHIO H TEXHONOIMUYECKOH 6a30i
HJIA MeXTy 1ByMst 06pa3OBbIBACMBIMH TIOBEPXHOCTAMH. :

B cBoto ouepesib TexHONOTHYECKHE pasMephbl ABIAIOTCH 3BEHbSMH pa3-
MEPHOH 1enw ¢ 3aMBIKAIONINM pasMepoM — MpOU3BOAHBIM KOHCTPYKTOPCKUM.
_I{roacrpymopcxuc pa3Meps! cO CBOUMM aTpudOyTamu (HOMHHaNaMu, Npefensb-
Hbivu OTKJIOHEHMAMM) NPHCYTCTBYIOT TOJNBKO Ha paboyeM deprexe HeTaiu.
Hnentnungie pasMepbi Ha YepTekax 3arOTOBKH B Npollecce ee IipeoGpasoBanus
BTOTORYIO feTans ABNAIOTCA “POU3BOAHBIMH KOHCTPYKTOPCKUMH® 1 HauGoee

Puc.1. BapuaHrel KOHCTPYKTHBHEIX
BUIOB JI€Talld U COOTBETCTRYIOLIME
pPa3MEPHBIE CBA3H

18CTO0 MCNIONE3YIOTCA B KAMECTBE “Pa3MepOB-LUENCH™ HIIH 3aMBIKAIOIHX pa3Me-

POB, 3aMeHsAEMBIX TEXHONOIHYECKMMH Pa3MepanH.
~ Tpencrasnser nutepec ycnosus (hOpMHPOBRHMS TOMHOCTH PasMEPOB B
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TIpaBHNILHOCTE W3TI0JKEHHBIX B CTAThE PE3yTETATOB.
Be16odut

1. Tlpu nepexose x NIPOM3BOACTRY JUIMKHHOXOMOBBIX ABHraTeNel BHYTPEHHerg
Cr'Oparus, IPEeXe BCCTO, CCAYET yYUTHIBATE QOPMY KaMephl CrOpaHMs;

2. HanGonee nepcrieKTHBHLIMU K NPOM3BOACTBY IIMHHOXOMOBHIX JBHIatenc
ABIAIOTCA TC, ¥ KOTOPBIX HMeeTcs nosnycdepuyeckas kamepa (60 B cTo.
POty NOPLIHS, JIMO0 B CTOPOHY KPBILIKK) CrOPAHHS,

3. Tlpu cymecTeyrommx napamMerpax pabodero nuxaa (¢ 1 p) B 6Gmmkaiiupe ro.
ABL BPAZ M CTOMT OXHIATh IOABNCHUC JIRUFaTeNell ¢ OTHOIIEHMEM X0
TIOPIIHS K €10 AuameTpy Sonee riary;

4. /lsuratenu, umeiomue chepuvecKyio (opmy kamepsl cropanus, K nepexoxy
Ha ATMHHOXOMIOBEIC MOAENHN SBISIOTCS GECNepCIIeKTHBHEIMU € TOUKH 3pe-
HHA NOBBIIIEHUA X IKOHOMHYHOCTH.

Cnucox nnreparypei: 1. Cyzossie gsurateny BHYTPEHHEro CropaHis,
0. ®omun, AWM. Top6ans, B.B. Hobposonsckuii, AWM. JIykun.
Cynoctpoenue, 1989.- 342 c.

Cmamba nocmynuaa & pedaxyuio 27.05.2002 -

BJIUSIHUE KOHCTPYKTOPCKUX H TEXHOJIOTHYECKUX
PASMEPHBIX CBSI3E# HA YCJIOBHSI ®OPMUPOBAHMS
TOYHOCTY PABMEPOB ITPU MEXAHHYECKOM OB PABOTKE

Toka A., Pymuka H., Ctponua A.
(TYM, Kuuunes, Moadoea)

I the paper we investigate the influence of constructive and technological di
mensional links on conditions of formation of the machining accuracy sizes. It is
shown, that the formation the sizes from technological locating datum surfuce
demands higher accuracy of the technological sizes, but in this case, the ma
chining allowances are more stable. At the Jormation the sizes by the means df
Iransitions from technological locating datum surface to adjustment surface, the
accuracy sizes is achieved without necessity of increase of an accuracy of th
technological sizes, but thus, it is observed a growth of tolerances of the
machining allowances and decreasing of the accuracy Iif some surface will idl
he machined.

Hetans, noanexaniag o0paboTke, XapakTepusyercs KOHCTPYKTOPCKUMH
Pa3MEPHLIMH CBA3AMH, KOTOpBIE OTPAXaIOT, B KOHEWHOM CYeTe, ee (yHKINAO"
HAIbHOCTL. XapakTep KOHCTPYKTOPCKHX Pa3MePHBIX CBA3CH OMpefensieTcs: Kot
CTPYKTOPOM, KOTOPBIH YYUTLIBAET TEXHOIOTHIECKHE OCOOCHHOCTH CTAHKOB, HO
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‘yecce 00paborku, Ha TNPOTRKEHHH

e B yuwiepd GyHKUHOHAALHOCTH.
.~ IloHATHME TEXHONOTHYECKOI pasMepHoii LenHt onpeaereHo B /1/ Kak 3aMxk-
ﬁyraﬂ TOCAeNOBaTEIbHOCTE PasMepPOB, CnyXxaiias nid PELICHHUA TEXHONOIrHu4e-
CKHX 3a/lad H BbIpPAXarollas OMHY W TOJABKO OAHY (QYHKUHOHANBHYIO 3a3ncn:
MOCTB MEXJY PasMepaMy NEeTaTH. 3aMBIKAIOIMM PasMepOM TEXHOIOrHYECKOH
p'a’gmepﬂoﬁ LCHH, [IPH 3TOM, IIPDHHHMAaCTCH pasMep jieTali, HEIIOCPeACTBEHHO B
xofe 06paboTKu Ha AaHHOH oncpauuK He obecneyuBaeMbli H He KOHTPOIHpYe-
MBIH, @ ABNAIONMHCS QYHKUMEH APYruX (COCTaBASIOLIMX) PasMepoB. 3aMbi-
KaFOIIMH pasMep BBICTYNIAET B KaYeCTBE 3aMEHAEMOro pasMepa, KOTOphIH He
YKa3BIBAETCS B TEXHONOIMYESCKOH HOKYMEHTAllMH, NOCKOIbKY 3aMEHEH OHMM
Wi HECKONBKHMHM TEXHONOTHYECKUMH pasMepaMH. AHaIOTHYHbIE HOPMYJIH-
POBKH cofepikarcs u B /2/. y .
M3 sTOro crigmyer, YTO B mpo- oy
AR
L7

pAfa onepanui, QOpMHpPYIOTCS TeX-
HOJOTHHYCCKHE  pasMEpHBIE  CBA3H
HOJMMHECHHEBIE KOHCTPYKTOPCKHM
Pa3MEPHBIM CBS35M, B CTENEHH Heol-
XOAMMOH IJIA IIONy4YeHHS Ha AETany
PEabHBIX Pa3sMCpOB B Ipejelax co-
OTBETCTBYIOIMX JonyckoB. Heznocra-
TOYHO ACHBIM, NPH 3TOM, OCTAeTCH
MEXanu3M (OPMUPOBAHHA TEXHONO-
FHYECKHX Pa3MEPHBIX Lenei, B3auMo- b
CBA3E CTPYKTYP KOHCTPYKTOPCKHX H TEXHOJIOMMYECKHX pasMEpHBIX CBA3CH, Me-
XaHU3M (QOpMHUPOBaHHUA ONAaroNpHSTHLIX ycioBHME (DOPMHPOBaHMA TOYHOCTH
PasMepos.

Texnosoruieckue pameprbie CBA3H OTPAXAIOT TEXHONOTHYECKHE BO3-
MOXHOCTH CTAaHKOB. B Y3KOM CMBICIE, 3TH TEXHONOrHUECKHE BO3MOKHOCTH
CBOMITCA K YCIOBHAM POPMUPOBAHKS THHEHHBIX, KPyTOBbBIX H Ip. pacCTOSAHKH -
Pa3Mepor mexly 06pa3oBBIBAEMON OBEPXHOCTHIO H TEXHONOIMUYECKOH 6a30i
HJIA MeXTy 1ByMst 06pa3OBbIBACMBIMH TIOBEPXHOCTAMH. :

B cBoto ouepesib TexHONOTHYECKHE pasMephbl ABIAIOTCH 3BEHbSMH pa3-
MEPHOH 1enw ¢ 3aMBIKAIONINM pasMepoM — MpOU3BOAHBIM KOHCTPYKTOPCKUM.
_I{roacrpymopcxuc pa3Meps! cO CBOUMM aTpudOyTamu (HOMHHaNaMu, Npefensb-
Hbivu OTKJIOHEHMAMM) NPHCYTCTBYIOT TOJNBKO Ha paboyeM deprexe HeTaiu.
Hnentnungie pasMepbi Ha YepTekax 3arOTOBKH B Npollecce ee IipeoGpasoBanus
BTOTORYIO feTans ABNAIOTCA “POU3BOAHBIMH KOHCTPYKTOPCKUMH® 1 HauGoee

Puc.1. BapuaHrel KOHCTPYKTHBHEIX
BUIOB JI€Talld U COOTBETCTRYIOLIME
pPa3MEPHBIE CBA3H

18CTO0 MCNIONE3YIOTCA B KAMECTBE “Pa3MepOB-LUENCH™ HIIH 3aMBIKAIOIHX pa3Me-

POB, 3aMeHsAEMBIX TEXHONOIHYECKMMH Pa3MepanH.
~ Tpencrasnser nutepec ycnosus (hOpMHPOBRHMS TOMHOCTH PasMEPOB B
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Puc.2. ®opmuposaiiue PasMepos or
TEXHONOIHYCCKOH Ga3bl: KOHCTPYKTOpCKHe (a)
1 TexHosioruyeckue (6) pasmepusie caszu

3aBHCHMOCTH  OT  CTPYyKTyy
KOHCTPYKTOPCKHX M TCXHOI,
THYECKUX DAa3MEPHBIX CBs3e;

Paccmotpensr  mpume.
Pel  obpaboTku netameit

Pa3MEpHBIMH CBA3AMH  (puc,
1) ¢ dopmuposanuem pasae.
POB OT TEeXHOJOIMYECKOit BHa.
361 (puc. 2, 8) u ot Hananon.
HO¥ 6asnl (puc. 6, 12).
Cocrasnenne pasmep.

HBIX LeNIeH 3aKmo9aeTcs: B BhIGOpe TPOHU3BOZHOIO KOHCTPYKTHBHOTO paszmep;

€O CXEMBI KOHCTPYKTOPCKHX CBA3CH B KauccTae 3aMBIKAIOIUErO; B OTIpeeIet iy

TOT'O TEXHOMOTAYECKOTO pa3Mepa, NoCPeiCTBOM KOTOpOro oH 6yiuer obecrieues

(co cxems1 TexnozOrHYECKHX PasMEpHBIX CBA3eH); B BBIGOPE NMPOo4MX TexHoo-

PHHECKUX pa3MepoB paHee yke COOPMHUPOBAHHBIX TS TOTO, YTO GBI pa3smepuias
A

Puc. 3. Pasmepusre cpsap IIpH

dopmuposarnun Pa3sMepos oT
TEXHONOIHYCCKON 6a3n]

uemns 6bu1 3aMKHYTA.

O6patotrka geranu I-ro KOHCTPYKTHBHO-
r0 Bapnanta (puc. 1) ¢ dopmuposansmem pas
MEPOB OT TEXHOJIOrHYEeCKOH 6asbl MpeacTas;ic-
Ha Ha puc. 2.

Ha stane o6paGorku i IMPOU3BOAHEIA KOHCT

DPYKTOpPCKH pasMmep A. coBmnamaeT co cmomy

TEXHONMOTHIECKUM 4/, NOJTOMY pasMepras

LCNb HABYX3BCHHAs H TEXHOJIOrHYecKas Tou
HOCTEL CTaHKa IIEPEHOCHTCS Ha 6He3 oTepr Hé

Aetais (puc. 3). Jist pasmepa B, (paBHO Kak u s pasmepor C; u E! ¢ upex
THYHBIMH PasMEpPHEIMH CBSI3IMH) PasMepHas nienk BKIIOYACT TpH 3BeHa (pHc
3). Yenous obecnevenus Tounoct » AOLYCKaX (@ MOXHO 3aliicaTh B BHAE:

(oA;- ZGJA:- QA{ gw/{:
ruBé- Z&JB; +a)A:- wB; +cuA:- Swa;

o Za)c;- twg Des + 0, E(UC:_ (1
a)k_:_ ngr,- “"“’c‘," wE; +aJC; Sa)E;-

ITonyuennsre HEPaBEHCTBA yKa3LIBAKOT Ha HEOBGXOAUMOCTD noxdopa ToY
; ; P iy
HOCTH a)A:-, Dpi s @D H wEI,- TEXHOJIOTHIECKUX pasMepos 4, , B, ,Cp 1 E|. 8

TAaKHE Ha 10, Y1o jaas HAOCTHIKCHHS TOYHOCTH TPOH3BOAHLIX I{OHCf[’[:)yl{'l"lf)plIJK5‘1-’C
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PasHEBEIMH KOHCTPYKTOPCKU My

PasMEpPOB NPUXOAUTCH BBINOAHATE TEXHOILO-
FHYecKUe pasMepsl ¢ BosbIIeH TOYHOCTREO.
Ipu nosropuoii ob6pabotke Bcex ro-
BEPXHOCTeH Ha oTane i+ 1o Takoit ke cxe-
ME crpaseiuBel OyayT HepaBeHCTBA BHAA
(1). C obpabatriBaeMbix noeepxnocredt S,
53, S3 1 S, ynansiioTcs NpPUMYCKH ¢ JOMyc-
KaMH, ONpenciseMbpIMHA TOYHOCTRIO dJDpMPI‘
POBaHUS OAHOrO H TOrO K€ TEXHOIOTrHye-
CKOT'O pa3mepa Ha JBYX I10CTIEAOBATCIIBHBIX
stamax (puc. 4). Tlocne oSpaGoTki nosepx-

Puc. 4. PasMepHbie CBSI3H 114

YeHHE
upunyckos Ad HOCTH S| pasMmep B, NpHHMMAET 3HAYESHU

int - o ; &
B." ¢ pomyckoM D gine = it + D p; - Bux

i
{

HO, 4TO TOYHOCTL YBeIHYMBAeTCs Ha Belu-
HHHY @ ;=@ (puc. S5). Pasmepsr C, u
'] ']

E., upn aToM He nsmensiorcs. Ilpu o6pa-
OoTKe momepXHOCTeH S; M S, AOMycK pas-

mepa B NpUHMMaeT  3HAYeHHe
@it =@ s + @, H HCCKONBKO  yiIyqlIa-
B} 4 B
eTes TOYHOCTD pasMepa €, -
@ int =@y +@ ;. B UTOTE, fIpH MTOCHES 0~
Ce By G
1l s 2 " 3
(IPOMOXRYTOUHRIX”  sHAYCHMUiA BaTeNRHOH 06paboTku noepxnocreit nomy-
o Mepos YHM:
R o . . ; : @ L@,
61_.. wr{;” ga)A:_} S}...S3 4 fUC;-_I +EZJB: i C:- 1
= i +® ), @, =0 F@ )
@ gain (C"A; +@ in); Adi! (@i i
i ; 7 A i1 F i
a}gént - QA’J_l '!“(EJB!, QE:."' &JCF 1 CUE'
: : : A
i, 85 Dpist + @ i1 S @y SpeneSy: Opit + Dot S Opi

@ i ——-(a)gj i &JB;'H}: Dadn = (a’,r-;; FDpam )

B S0
O6paborka aeranu I-ro KOHCTPYKTHBHOTO BapuaHTa (puc. 1) ¢ dopmMupo-
Bahpen PasMeper ot Hanano4noi 6asel ipeacTasieHa Ha puc. 6. HamasounniMu
Bamy ns pasmepos B_,C. ¥ E_sBAAIOTCSA TOCACAOBATENBHO COOTBETCTBCHIO

(Ucim =@
<
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A

w

nosepxnocTd Sy, S5 Adi = (@pi +@pim ) (@i + @ g ) (@ +@ 1)

ke E: C: Bil q A Al
F / J/ L
i U
MECTAS Y i
. |E|c'I8
A a

Prc. 6. ®opMHApPOBaHHE Pa3MEPOR OT HAJIAJOYHOH
fas3bl: KOHCTpyKTopckme (a) W TexHonoruueckue (6)

pa3MEpHBIEC CBA3H

rae X = A,B,C,E.

s S.. Buamo, u4TO CXeM St St e ; RS L
3 : G‘)Eén; &)E: +(a}c; fﬂc;ﬂ)‘l‘(&)B; +CUBI,+1) (QA: T(UA:_A)

Sy Syt CﬂE:).»l = G)E‘?l

E HBIX CBf3¢H IIOJHOCTEI @ gt = (wg, + @pin )+ (wcj +@ i )+ (“’B;' +@ g )+ (@ + @ i1 )
- Try 't ! 't f

Bue, pasMepHbie el Wz (3) Buamo, 9TO npU A
Ans BCEX HPOU3BOJ jocacayromel o6paboTke Ha E;
3 E C'
KOHCTPYKTOPCKHMX D@ j+1 CcTaggH TONBKO YacTH <
MepOB BKTI0YAIOT TI0 il nOBEPXHOCTEH  IPOMCXORHT /"Jr = B |
3BeHa K TeXHOIOrKUCCKas TOUHOCTE CTaHKa repenocuTes Ge3 NoTepsh Ha AeTall yXy[LeHue TOUHOCTH APYroH b // ' ,2’/2
DL, B0 AR O T PasVEROR, e B A
K g one iy Loice JETeNBCTBYIOT 3HAYEHHS TeX-
HONOTHYECKUX JOMyCKOB T i
Jlnst sTana o6paboTku i +1 1o Tako# ke cXeme crpase/UTMBLl UACHTHSE npoMEeXYTOUHRIX — PasMepoB c_
. . ; B
meie (2) HepaBeHcTBa. ElpH 06paboTKe MOBEPXHOCTH S; yAAISETCA IIPH B?“, Ccmt " E:.“t. Kpome =
Ad,, pasmep A, NEPCXOJUT B COC sroro, MpH obpaboTKe Kax-

Puc. 7. Pasmeplipie CBA3M
GopMHpPOBaHHH Pa3MEpoB OT Ha-
nayo49HoH 6a3sl

upu

“’cj)“ =0 +(ij +r93;.f,)+(a)A5 ""“’,1;*’)

Si - S_'; : @C:i.i i (Uciq
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Puc. 8. DopmrupoBanue

pasMepoB OT
TexXyoIorHyecKkoil Gassl: KOHCTpyKTOpcKue (@)
M TexHosoraydeckuce (6) pasMepHbie CBA3H

i+l

, pasMep B, mepexofT B IPOM 1071 ClTeYIOICH TOBEPXHOCTH
(4 < i

JIONYCK CHHMAEMOTO MPHITYC-
Ka pacTeT W ycnosusi obpa-
BOTKY CTAHOBSTCS MEHEC CTa0RIbHBIMH.

[lpz obpadorke aeranu II-ro KOHCTPYKTHBHOIO BapHaHTa (puc. 1) ¢
(hopMUpOBAHHEM PA3MEPOB OT TEXHONOrH4eCKoH Oassl (puc. 8) GOpPMHUPYIOTCA
pasMcpHbie CBs3K corviacHo puc. 9, 10 u 11. Torma:

nec A

int 3
KyTOuHoe coctosnue B, (puc. 7). O6p
foTKa MOBEPXHOCTH S, ¢ yjaneHueM np
nycka Ad,TPUBOJKUT K MEPEXOy pa3me]

B, u3 cocTosinust B B coctosiHue By

a pasmep C_ MEPEXOJNMT B HPOMEXYTO @ i S@
Hoe cocrosume C™ u Tak panee . @Oy SOy G
-~ o | i
PemenseM pa3MepHbIX Lenel ¢ yd ¢
@ +@ . S0
TOM TOCHeaoBaTensHoCTH ofpaboTky M 4 TCTC

BEPXHOCTEH IMOMyIHuM:
Si: @

A“l é

T
a’Ad{*

wﬁi"' = a)B:- +(0JA; +a)A:+])

, . L T
;S], Sg mB,Hl ..&JB;q

a::vAa,;.,1 =(w8: +m3;*1)+(m{ﬁ- +a)A;_.,)

Puc. 9. PasmepHbie CBA3H NPH
dopMupoBanuE pa3sMEpOB OT Tex-
Honoruyeckoii 6azel

Puc. 10. Pa3zMepuBbie cBA31 AL
TIPHITYCKOB
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. <
w,a,‘ & w.{-:; ‘mf:j.

Bua HepaBeHCTB (4) cTipaBefTHB M Al
nocaexayroumei obpaborku Ha atane i+1. Tip
3TOM, C TIOBepXHOCTeH S, S,, S;u Sy ynai
IOTCA TIPUNYCKH Ad , JOMyCK KOTOPBIX 3aBHCE
OT HOMYCKOB OJHOMMEHHBIX Pa3sMEpOB Ha of
CEeIHUX CTafuaX o0paboTKH :

wAdi:'-l =(“’,4; +WA;+I)

@D, i =@ +@® )
Puc. 11. Pasmepurie cps- 4% Br.va B

34 1A “IpOMEXYTOUHBIX”
3HauYeHUH pasMepoB

D gt = (a’c,’ F D )
mztdi” =(@£!.- +(OE:-+1 )

Honycka “npomexyTounsix” pasMepoB CBUIETENLCTRYIOT O POCTe
HOCTH:

&}B:;n! = (&JB: + Q)A;i—l )

Ac §
T Dpint = (o . +(UB.'-|I)
) [ [ t
\&_‘ Mt 2
P///// 7 7 @ it = (G)E:' +CGC;-+:)
%%) 4 ,
//// - Bapuant 00pabotky nerTall
L. II-ro KOHCTPYKTHBHOTO BapyaHi
53; (puc. 1) ¢ bopmupoBanneM pal
g i MepOB 0T HaIaloTHOH Gassl Upeg

CTaBleH Ha puc. 12.

Pa3vepHele cBa3W  IBYS
3BEHIbIC W TOT/IA MPUTOHEL Hep?
BeHcrBa (2). O0paborka Ha 7
CTaguy B MAEHTHYHBIX YCIOB _:'-
OCYMIECTBAAETCS ¢ OPMHPOBAHHEM Pa3MEpPHBIX CBA3EH I NPOMEXYTOUHH
PasMEpOB # NPHNYCKOB B BHAE MOKa3aHHOM Ha puc. 13,

Prc. 12. ®opmuposanne pasMepos oT
Hala0YHOH 0a3bl: KOHCTPYKTOpcKue (a)
H TCXHOJOTHYeCKHe (0) pasMepHbIe CBa3M

Torxa:
S @ g < @ i
w.ﬁldl“"! = (@A’f +f0{1;'+1')
D yint = @ s 4 ("*’A;' “ &)Af"*l )
Si, Sh_:a)x;,-ﬂ < wxi”
wda’:" = (wX,' + CfJX:'+i )+ {@4; i C')A:'H )
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Uz (6) cnemyer, 4TO JAOMYCK IIPHIYCKA
YIansaeMOoro ¢ NMOBEePXHOCTH ONpeAciisacTCa 10~
nycKamMH COOTBCTCTBYIOLICIO TEXHOIOTHYECKO-
I'0 pasMepa Ha ABYX MOCNE0BaTeNbHbIX crainH-
aX o0paboTKM ¥ JIOHYCKaMH pasMepa Mexuy
TEeXHONOTHYEeCKOH (azoil M HananouHo# Gazoi
Ha ABYX MOCACHOBATENLHBIX cTagusx obpabor-
xu. Boszspawasice ¥ Bolpaxenusim (3) MOKHO
CIleNaTh BBIBOJI, YTO B CIy4Yae HCIONB30BaHMS
npu 06paboTke B3aMeH TeXHONOTUUecKoH Ha3bl
HanaaouHelx 0a3, JONMYCK yaanseMoro ¢ ITo-
BEPXHOCTH IIPHUITYCKA 3aBHCHT OT JOIYCKOB
BCEX TEXHONOTHYECKHX pa3MepoB Ha JABYX
CMEKHBIX sTanax o0paloTKy, ONpeleisioumx
nonoxenue 06pabarpiBaeMoil [TOBEPXHOCTH OT-
S HOCHTENBHO KaXAO# ucnonsayeMoll Halamou-
MCPOB OT Hamajo4Ho# 6Gaski i Z

oM 62361 K0 TEXHOJIOTHYCCKOH.
(X =B,C, E) BLIBOJBL:

Haubonee OnaronmpusTHEE cxeMsl 00paboTKH, KOTrAa TeXHOIOIHYECKHE
pasMepHbIC CBS3H COBMANAIOT C KOHCTPYKTOPCKUMH KaK C TOYKH 3pPCHUS TOYHO-
CTH TEXHOMOTHUECKHX Pa3MEpOB, TAK U C TOYKH 3peHUS cTabuibHOCTH MIPUITYC-
KOE.

Cxembt 06paboTku ¢ HGOPMHUPOBAHKMEM Pa3MEPOB OT TEXHONOTHYCCKON Gasbl
XapaKTepu3ylTes HeONArONPUATHBIMYE YCIOBUsiMU QOPMHPOBAHHUS TOYIOCTH
MPOU3BOHEIX KOHCTPYKTOPCKUX Pa3MEPOB TaK KaK TOYHOCTE TEXHOMOTHIECKHUX
pasmMepos  BBINIE TOYHOCTH KOHCTPYKTOPCKMX paamepos, He Oornee
CTabMILHBIMU HpUNIYCKaMu.

Cxembl 06paboTKM ¢ 3aMeHOM TEXHONOrWYecKOH §askl HanagoUYHBIMHK
fasamu xapaxTepusyroTcst ONAroNpUATHHIMY YCIOBHAMH DOPMHUPOBAHUS TOH-
HOCTH MPOU3BOAHEIX KOHCTPYKTOPCKUX Pa3sMEPOB, MOCKOIBKY pasMepHbIE CBA3H
BKIHYarOT TOJBKO TIO [iBa J3MIEMCHTA, HO BecTabuIbHEIMH IpHUNnyCKamu,
MOCKONBLKY MX JOIMYCKA 3aBHCST OT MHOIOKPATHOM CMeHB! 0a3, U CHUKEHHEM
TOYHOCTH eCilK pa3pslBaeTCd [IenouKa MoBTopHOH 06paboTru.

Puc. 13. Pasmepubie cBs-
3 Tipu HOPMHPOBAHMH pa3-

Crnucox aurtepatypsi: 1. Opunnenniep V. I'., Msanos B. A., bapcyxos

M. B., Cayixep B. A. PazMepHbIi aHaM3 TEXHOTOTHYECKHX MPOileccoB o06pa-

boTku., — JI.: Mammuoctpoenue, 1987. — 141 c., 2. Matsees B. B., Teepckoit M.

M., Boiikos ®. U PasmepHbiit ananus TEXHONOIWYECKUX Mporeccos. — M.:
Maurunocrpoenne, 1982. — 264 c.

Cmamus nocmynuaa 8 pedaryuio 29.05.2002 2.
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TEXHOJIOTMYECKHUE ACIIEKTHI HOATOTOBKU
IMOBEPXHOCTEM JETAJENR MAIIIUH
MO HAHECEHME MATIKUX NPUPABOTOYHBIX
IIJIEHOK ®PUKIIHOHHBIM CIIOCOBOM

Toraii A. B., Haropkuuna B. B. (BI'TV, 2. Bpanck, Poccus)

The questions of shaping the parameters of quality of surfaces of details before
finishing antifriction treatment without abrasive are considered.

Mssecto [1], uro onsuM u3 3QOEKTUBHEIX MCTONOB MOBBILICHHS TPUGO-
TeXHUYECKUX CBOHCTR NOBEPXHOCTEH JMieTanel MaliiH, IPHBOMAILHX K OTCYTCT-
BHIO 33/MPOB W K CO3JaHHI0 OJarONpHATHBIX YCIOBHH NpPOTEKaHMS Mpolecca
NPUPaOOTKH, ABARETCA QUHULIHAY AHTHOPUKLMOHHAS Ge3abpasuBuas 06pabor-
Ka (PABO). B npouecce € peanmsanuy Ha 06pabarsiBaemMyio TOBEPXHOCTE Ha-
HOCATCH TOHKHE IIJIEHKHM M3 MATKWX MEaeCoAepRalluux MarTepHainoB (MG}IE, Ja-
TyHb, OpoH3a 1 ap.).

B psie uccnenoBanwi yCTaHOBIIEHO, YTO B 30HE KOHTAKTa "(pUKIHOL-
HELA CcTepxeHb — obpabaTsiBaeMasi MOBEPXHOCTE" JOJDKCH MMETH MECTO npo-
JI€CC MHKPOPE3aHus, T.K. 00pasyiouyecs Npu 3TOM MHKPOYACTHLGl MaTepHara
CTCPXKHA BIOCHENCTBHHA AHCIIEPCUPYIOTCH M CNYXaT "NocraBumkaMu’” Kiacre-
POB M MHIIEILT, OCHXAAIOMMXCH Ha HOArOTOBNEHHOMN 10BEPXHOCTH. B npornecce
DABO 1119 HOBbLIICHHS AAre3HWH HeOOXOAUM TIPOLIECC aKTHBALUH TJIHIEPHHOM,
KOTOPBIH [/I CTalbHOW MOBEPXHOCTH SBISETCS OKUCIMTENEM, a ANd (DPHKIH-
OHHOIO CTEPXKH3 — nnacTHOUKaropoM. TosuuHa 1ojyyaemMoit MpH TOM Hién-
ki coctaBateT (0.2...0.6) Mim. VeinoBue Jyist IPOTEKAHHS MUKPOPE3AHUS B TiPO-
uecce PABO onpenensercs usBecTsiM cooTHoweHHeM M. B. Kpareasckoro:

Rmax 5 05 1~-2--T-°]. %)
g gr.J
3nece Rmax, f — MakCHMaibHAs BBICOTA IIEPOXOBATOCTH U cpenHuit paauyc
BEPIIKHBl MUKPOHEPORHOCTEH osepxuocTy, obpaborannoi nog ®ABO; = -
CABHIOBaA NPOYHOCTH A/ITC3HOHHOM CBSI3M MAaTCPHANOB QPUKLHUOHHOIO CTEPIH-
H#t 1 0OpabaTsiBaemoit noBepxHocTH B nporecce PABOQ; o7 —
CTH MaTepHala HAaHOCHMOH NIEHKA (PPHUKIIHOHHOTO CTEPIHKHA).
C 1esBio N0BbILIEHHS M3HOCOCTONKOCTH TIAPhi TPEHHA-CKONIBKEHHUS B YO~
JIOBUAX 3KCILIYATAUNH HE0OX0/4HMO, YTODs! HapaMeTphl IepoxoBaTocTy Gosee
TBEPIOTO TPHOO3IEMEHTA MCKIIOYANM BOZHMKHOBEHHE Npolecca MHKpOpesa-
HH#A, T. €. HE YROBIETBOPAAH ycaoBuio (1). DtomMy MOXKeET cliocoGCTBORATH
OKOH4aTeabHas 00paboTka MOBEPXHOCTH ¢ HAHECEHHOMW NPUPaGOTOYHON MiéH- j
Koi ouuum u3 meronos /L (nakaTsiBanue, anMasioe BRITIAKUBAHYUE), CIO- |
coOCTBYIOLMX CO3AHMIO G1aroupUaTHOrO MUKpopenbeda TIOBEPXHOCTH U BbHI- !
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IpEAEH TeKyHe-

.

coKMX TPHOOTEXHHYCCKUX XapaKTepHCTHK. [Ipoueccsr (IJABE) u [ ¢ wensio
[OBBIIICHYIS] IPOMSBOIUTENBHOCTH MOXKHO COBMECTUTS NYTEM HCIIONE30BAHHA
Wﬁunnpomrmom UHCTPYMEHTA.

~ TaxuM 0Opa3oM, o6paboTka MOBEPXHOCTH NEpeES DABO ponxua YAOBIe-

pgTb crenyomumM yenopusiM: 1) oBecricunBats TowHOCTHBIE TpeboBanus U
1e60BaNYS 110 Ka4eCTBY K MOBEPXHOCTHOMY cilo10 obpabaTriBaeMoi netany; 2)
oﬁécneqnsarb Hag&xKHOC BRINONHERHE yenosus (1). Mcxons uz atoro, o6pabor-
xa mosepxrocty nox PABO nomiHa GbITh YHCTOBOI.
. AHanu3 YHCTOBBLIX METOZOB 06paGOTKY HAPYXHBIX HHIHHAPHYECKUX TO-
Bépiaomeﬁ OETaJiCH BBICOKOM TBEPAOCTH MO3BOAET OTATE NPEJINOYTEHHE TOH-
KOMY TOUCHHIO pe3slaMy U3 CBepXTBEPHBIX NOJHKPUCTAIITUYECKUX MATEPHATIOB,
xaK 067a1atoneMy BBICOKOH IPOM3BOAUTENBHOCTLIO H UMEIOLIEMY TIPEUMYIIe-
crBa (OTCYTCTBHE INAP)KUPOBAHKS OBEPXHOCTH) U Gofee IHPOKHE TEXHOIOTH-
2CKME BO3MOYKHOCTH 110 CPABHEHHIO ¢ aOpa3sUBHLIMU MeTOAaMH 00pabOTKH.
B cBsA3M C 3THM HCCAESROBAJICA IIPOLIECC TOHKOIO TOYeHHS 3nsbopoM-P ¢
nﬁjﬁuuﬁ Hag&XHOCTH TexHolorudeckoro obecrieyenus GopMUpYEMEIX Trapa-
ME];}OB HIEPOXOBATOCTH B PETNIAMEHTHPYEMBIX TPEAENax HX BaphUpPOBaHUSA.

pa.aum M3IOTABANBAUCE W3 CTanu 45, MOJIBEPralucs 00BEMHOIN 3aKaiKe 10
HRC 48...50 1 umenu auametp SO Mm. B KauecTse TexHonornyeckux hakTopos
paceMaTpHBaiInCh: Ra,, ~ 1IepOXOBATOCTE IPpeABapUTelisHO 0bpaboTanHo no-
BEPXHOCTH; PEXHMMBI TOHKOro Todenus (7, S, V); reomerpus uncTpyMeHta (@,
01, ¥s 7, P.p). TapameTpuveckas HaO&KHOCTE PACCMATPUBACMON TEXHOIOIMYC-
Cﬁ,éifi cucrems! (TC) onpegensnace myTeM CTaTUCTHYECKOH 00paboTku pesyiib-
aT0B MalUMHHBIX BKCrepaMeHToB (MD) Hajl UMHTALUOHHBIMHE MOAENIMU
), iposomMEIX o cxeme MonTe-Kapno [2].
B xauecrse UM wucnonsszosanucek Monzenu Ko6Gb6a-/lyrimaca, xak oThe-

KHOCTD TTONTYUeHHS OTPHLATCIIBHBIX 3HA4YEHK I MapaMeTpoB KavecTsa ¥

y Biin
i Yi=by X", (2)
i=l
X ~ apryMeur Mojesu, MHCIIEHHO PABHBIN 3HAYCHUIO i~TOTO TEXHONOrHYe-
010 dakropa; f — k03DbULIHEHTL! MOAENY, ABAIOUMECE CTy4aliHbIMK HOP-
IBHO pacrpeei€HHBIMA  BEJIMYMHAMM € MATeMaTHYeCKHM OXHIAAHHEM
QB}= b, u CpellHMM KBaJpaTHYECKHM OTKIOHeHHeM S{f:} = S, by — cpenHee
SHEPHMEHTATFHOS 3HAYEHHME MapaMeTpa KauecTsa Y; 110 oubitam wiane; k —

JIBTATaM aKTHBHOI'O 3KCIIEPMMEHTA, IPOBEACHHOrO MO MiaHy B BHae Apod-
4 periku Tuma 2°7°

Hccnesyemas obnacte GakTOpHOro NPOCTPAaHCTBA, APTYMEHTH ¥ KO3(-
HHEHTHI MoZenedi (2) Ana HEKOTOPBIX IapaMeTPOB KayecTsa jlaHbl B TabIIHLE.
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Tabnuna — PesynbTaThl MOjeNKpOBaHHS (GOPMHPOBAHHS
WUCPOXOBATOCTH TOHKUM TOYEHHEM 31660pom-P

napamerpos

Jns BrisBnenus HauGonee 3HAYHMBIX TEXHOIOIHYECKHX dbaxTopor e
noxap3osancs ananus [lapeto 1o koshdunmenrtam b momenu (2), paccyuras-
HBIM QU1 KOAMPOBaHHBIX 3HaveHud (+1, -1) aprymentos X; (puc. 1). Buzyains-
HBI QHAH3 AMArPaMM TI03BOJLIET PEATIONOKHTE YObIBaHUE CTElEHH BINAHNS
TEXHOMOTHYECKHX (AaKTOPOB MO 3aKOHY, GIH3KOMY K 3KCTIOHeHIMaubHOMY. C
noMOLUBt0 nuarpamm Ilapeto BeisBiieHsr dakropsl rpynust 4 (X4 = 75 %), xo-
TOpbIC IPEANOYTUTENNHHES HCTIONB30BATh A1 YHPABICHAs NapamMeTpaMy mepo-
XOBATOCTH. D710 (GaKTOpLL: S, 7, @, ¥ — AAA Mapametpa Ra; S, y— wist napamerpa
Ruax; S, 7, pop — ANg napamerpa Rp; r Pep S, ¥ — AN NPOHOABLHOTO pamuyca
MHKPOHEPOBHOCTEH rypy, KOTOPHIA BXoauT B ycnosue (1) (p = Fupoo ) BIHSHNE
OCTAILHBIX TEXHOJNIOIMYCCKUX (PAKTOPOR BBIPAKEHO 3HAYUTEARHO ciabee U OT-
HocuTes K rpynmam B (28] = (75 - 95) %) u C (L] = (95 — 100) %).

Ans BrinonHeHUs yCaoBHs (1) Heo6X0muMO TexHOMOTHYeCKH obecreunTh
NapaMeTpsl IMEPOXOBATOCTH Rumax U Fppos, T.6. HMEEM JBYXIIAPAMETPUYECKYH
CHCTCMY TIOKa3aTeneH Ka4yecTsa, KaKAblH W3 KOTOPBIX PErJIAMEHTHPYETCs HH-
TEPBANLHBIMH OEHKaMH BHOA

Y; e (V; £ 5Y,). 3)
3neck ¥; — HOMHHAJNLHOE 3HAa4eHHE i-TOro mapaMeTpa; & — ero JOmycTH-

MO€ OTHOCHTCJIBHOE OTKNOHEHHE 0T HOMUWHAABHOTrO 3HA4YCHUA, 06}’850336}1}103.

BEPOATHOCTHBIM XapaKTepoM (GOPMHMPOBAHHS [{APAMETPOB IIEPOXOBATOCTH.
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Texnonoruyeckne | Ra, t S ¥ [y r o |
akropu Ml{h‘: MM | w06 [mvus| @ M e MM ﬁ
max (+) 36 | 04 | 008 | 80 50 30 | 100 [ 08 | 008]
min () 13 | 01 | 002] 40 [ 30 10 80 | 01 | 0,027
ApPIyMCHT MOzenH X X5 X X Xs X X3 Xy X
& Ra,mxm | b; |-0,085]-0,09 | 0,58 | -0,06 | 0.058 | -0,16 10,73 | -0,22 |-0,025|!
= P=0,12 | § | 0,01 |0,007]0,007 0015 0,02 | 0,01 | 0,046 {0,005 | 0,007
g Rp,mem | b | 0,13 [-0,003{ 0,82 | -02 |-0,13 [ -0.04 0,77 | -029 | -0, 1;
S| be=072 | § | 0,01 [0,007]0,007]0014] 002 0,009 | 0,04 | 0,005 | 0,007
S |Rmax, s | b, | 0,11 {0,005 0,65 | -0,21 | 0,03 | -003 | 0.44 | -03 | 0,03
% be=6,15 | S; |0,013[ 0,01 | 0,01 | 002 [0,025] 0,012 0,06 | 0,006 0.01 |
E | Topon MKM | b, | -0,01 | -0,12 | -0,14 | 0,06 | 0,07 | 0,001 | -0,77 | 0,39 | 0,19
z | by=5763 | S, | 0,01 | 0,007 [ 0,007 0,015 0,02 | 0,01 | 0,05 0,005 | 0,007 |
5 b b; |-0,005]|-0,016] -0.82 | 0,35 | 0,005 [-0,002] 0,02 | 0,26 |-0.015
E b=0,005 [ s | 0,02 [ 0,01 | 0,01 [ 0,024 ] 0,03 | 0,015] 0,08 | 0.01 0,01 |
= v | 5 [014[-004] 017 | 02 [-011] 0,05 | 022 |-0,0251-0,003
be=228 | S ]0,007]0,005]0,005] 0,01 |0,013]0,006| 0,03 | 0,003 0,005

=1%3b, b}

- RO a8

.In_f_'

s ] 06

s £0 o441}

i % H

M 24 92

. s sasseweal 03636 X K K G KT

s Texnosormtsne dasmopy Texuozornaecrse daxrope

Tnpon

=|%Eb, b;
0

1%Lb,

&0
40

mn

X, o UXanX]KqX;X;X;X}X&“

TeXHOAOTHHECKAS FAKTOPE

- Puc. 1. Jinarpamme: TTapeto BAMSHUA TEXHONOIMYSCKMX (JAKTOPOB TOHKO-
o TodeHus >0s00poM-P Ha hopMupoBarne NapaMeTpoOB IEPOXOBATOCTH: X; —>
-;_;._-X2 D2EXLISHSV >0 Xo>nXo>nXe— oy

s TexHonanMecius ferTopa

* BepositHOCTS D BBIIONHEHUS 3a7aHKs, YAOBIETBOpsIOLICe yeinoRuio (3),
ngenenﬂe'r [IapaMeTPHUCCKYI0 HaneKHOCTh TC TOHKOro ToueH s 31p00poM-P:
i P=p(y, (v, +67))) )
'—“=ﬂ - Tapamverpuyeckas manéxnocts ucenenyemoit TC (puc. 2) pazauuna 115
A3IMMHBIX 11apaMeTPOB LIEPOXOBATOCTH: HANIPHMED, B IEeHTPe (akTopHOM 06-
actn py 5= 0,3 oHa HaxoguTes B npenenax ot 0,57 (h) o 0,95 (V). INapamer-
DBL Riyax ¥ 7 (Repax = 2,88 MKM; 7o = 0,22mM) 1ip & = 0,3 ofecrieunsarores B
THX yenoBuax ¢ HagéxHocThio 0,7 u 0,81, coorsercreento. C HapéXHOCTDIO
P=0,9 YKasauible 3Ha4eHHA NapamerpoB Rpa, H Fupee ODecneunsaroTes ripu
@9eHmax 0,5 u 0,38, COOTRETCTREHHO. B HTOTe s KAXIOTO U3 1apaMeTpoB
i%“ H 7y500) BOSMOJKHBI 1IBa Citydas: ycnosue (3) colmomaercs ¢ BepoATHO-
“IEI0 P, 3apucsieil OT &, 1 He COGIIIOAAETCA C BEPOSTHOCTHIO (1 - P). Torna
& cha'l‘pHBat.Mdﬂ ABYXHapaMeTpHyeckas cucTemMa Oyner uMmeTh 4 BO3MOXKHLIX
OfHYs. 3aBUCHMOCTS IADAMETPHYECKOH HAMEKHOCTH OT BENHUHHET O 00Y-
HBaeT H P&3/IHYHYIO HEONPEXCICHHOCTD CHCTEMbLI LOKazaTened Ry, 4
s KoTopast MoxeT OuiTh oueHeHa HHOOPMALMOHHOM SHTpoUeH, ornpenense-
LIUIST MHOTOTIapaMEeTPUYCCKUX CHETeM BhipaskerueM (5):
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s
Py log, By = 3 H(Y}). (5)
k=1

3necy P, — BEPOSTHOC Ty
BO3MOJMHDIX M COCTOSHujj
| (i 1, n) napamerpa 7,

MAalUWOHHas 3HTPONMMI 0
HONapaMeTPHUSCKON  Chig.

LA o T uenTp gaxtoprod ofimern |

¥ / /{ / ! e TeMBI I napamerpa V.
/} /_ Rl : rb@:c.&g,n s T AHalH3 3aBHCHMO..
L % = : B — crei “H(OPMALIMOHHO}
; —_—— +- IHTPONUH sl Pa3NUYHLY
———— % o 4 cucreM (puc. 26) mokazw.
) L z.rg 3{0 L s;u x v BaeT, YTO _ MaKCHMarsHas,
»7° a) HeonmpemenEHHOCTB BBl
P / q i | | NIoHeHUs  ycnoHd  (3)
:: 7 X i Ef:‘:;“;" s uMeeT mecTo nipu 6=(0,15-

=02

T oo - H{Rmax, Tapes)

L% |

1.4

-

1.2

Heoripenenénnocts
CHHMKAeTCHd NpU YMEHbIIE-
HuH Gonee HHTEHCHBHO,
YeM IIPH  YBEIHYCHMH,
CHmxenne osutponum o
NepBOM ClIy4ae COOTBETCT-
BYeT YMEHLIUIEHHIO, 2 B0
BTOPOM — YBEIHYEHHIO Ha-
AEKHOCTH BBITIOIHEH
yemous  (3).  Cnaegmosa
TeILHO, C uenso 6onee Ha
A€xHOTO OofecneycHus V-
JoBHA (3) U CHMOKEHHMSA He-
OTIpeien€HHOCTH Ha CTauM-
AX [IPOEKTHPOBAaHHA YC/I0-
Buit 06patotku B TC moarotosky nosepxHocTel nox ®ALO CHENYET BoIOHpaTH
Tpit TOHKOM TOYeHU! 2ib60poM-P 3Hagenus § > 0,2. Venuuenue OTpPaHuYHBY
TCsL BEIMYUHOMH, 0BecneunBaroliedl 6e3yCnoOBHOE BLITOTHEHUE yenoBus (1).

1,0
0,8
0,6
0.4
6.2

H
FV e EEE T
0,1 0.2 03 0,4 0.3 06 8, % 6)
Puc. 2. HagéXHOCTh TeXHOIOrHIECKOTo obecrieye-
HHs TApaMeTpOB IIepOXOBATOCTH (4) B MH(pOpMa-
UHOHHBIC DHTPONIHM JUIA CHCTEM [1apaMeTpoB

(Rumax)s (71p00)s (Rumaxs poo) B 3aBHCHMOCTH OT & (6)

O

Crniucox nureparypsr: 1. I"apkynos JI. H. Tpuborexunxa: YueGuux 118
CTY/ICHTOB BTY30B. — 2-¢ u3]1., nepepal. u gomn. — M.: MamuHoctpoenne, 1989. -
328 ¢.; 2.0&Enopos B. I1. Han&xKOCTh TEXHOTOrHYECKOro YTIPABACHHSA Ka4ecT-
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(k=1,8); H(Yy) — undop.

I -

sOM 4 TIOBEPXHOCTEN HeTajich Mail
E “: .0, 2 JTIOB —
50% eTanch C6. Hay4. TPYX

un. // Texuonoruyeckoe yrnpaBleHHe KayecT-
Kues: ATM Vkpauunt, 1988. —c.114 - 123.

Cmamps nocmynuia e pedarxyuio 29.05.2002 2.
3

;.@I‘PYKTYPA HPOEKTHBIX PACHETOB U CTATUCTHYECKOE
MOIJEJHPOBAHHME ITPOYHOCTH KOHCTPYKIHH
TSIKEJOHATPYKEHHBIX COEIUIIEHUN C HATITOM

Az

Twruros I.@. (7Y, 2. Ilenza, Poccus)
Evaluation models of carrier ability of heavy loaded joints with interference are
given. Technique and limiting inequalities for deformation character determin-
interference and contact pressures calculation formulas, carrier ability sta-
al simulation algorithm are presented.
~ CoenuHEHHA C HATATOM LIHPOKO NMPUMEHSIOTCS B KOHCTPYKUHMSX MALUWH,
obyciaBnuBas CTeneHb HX HAJeKHOCTH. BO MHOTHX Cy4asx COeIMHEHUs DKC-

MIYATAPYIOTCS NPU THXKENBIX PEXMMaX HarpyxeHHusa (MHCTPYMEHT OYPOBBIX JI0-
JIOT, KOJNECHBIC APkl IIOJBHIKHOTO COCTARA YKENE3HBIX KOPOT M T.A.), 4TO OTpe-
HEJIeT BRICOKHe TpebGoBaHMg K MX mnpouHoctH. Haubornee TexHONOrHYHLIM
IPUEMOM NOBBlILEHMA Hecyled criocoGHOCTH coeuHEeHHUH SBASETC YBenye-
HHE MOUTAMXHOIO KOHTAKTHOTO JIABMEHUA 34 CHeT YBeNUUelIus HATArd, YTO MpH-
BOWT K IOSIB/ICHUIO 30H MIACTHYECKH Ae(@OPMMPOBAHIOIO METAIIA B OXBAThI-
BaeMOM ¥ oxBaTeIBarOIIEH fetansx. Orpanuuerde NedOpPMalMK CONPATAeMEIX
ABTaNIeli TONLKO YNPYroH 30HON MPHBOJMT K CYIHSCTBEHHOMY CYKEHHEO 30HEI
OnyeTHMBIX 11arsiroB (Nya — Niin) , CIIEI0BATENHHO, K YBETHYEHIIO CTOMMO-
CTH COeMHEHNI, a TAKKe K HEMONHOMY HCIIOB30BAHMIO HECYIiel criocoGHo-
TH BX KOHCTPYKLHH.

- YcranoBneHo [1], 4To anst TSHKENOHArPYKEHHBIX COCNUHCHUN CIETyeT
PasiHuaTh NEBATH BO3MOXKHBIX HANPSIKEHHO-AEOPMHUPOBAHHBIX COCTOSHMM,
NpUBeneHHBIX B Tabn. 1.

- Has Toro, 4yTo6bl Ha CTajuy NPOSKTHPOBAHHA ONPENCHHTH XapaKTep je-
POPMUpPOBaBHA COSAMHEHHUs, CIEAYET CpaBuUTh KouTakTHOe dasictue (p), 3a-
AdBacMoe KOHCTPYKTOPOM Ha [OBEPXHOCTH COeAMHERNH U3 yCnoBds obecriete-
HHS ero 3amaca NPOYHOCTH ¢ MPEASTLHBIMY YpoBHsMu sasienuit p' u p' mas

: ATLIBAOLICH 1 OXBATHIBAEMO# feTaneil. YPOBeHs P ONpefesseT 3HaueHue
A3BAeHNs, npeBLIIEHHe KOTOPOTO MPKBOAUT K TOSBIEHUIO KONBLLUEBOH 30HEI

YlaCTyYecky 1eGOPMHPOBAHHOIO METANNA B OXBATHIBAIOLICH JCTAIN, TIPUMbI-
KAOmreli k MOBEPXHOCTH KOHTAKTa, B OXBATHIBAECMON — K NMOBEPXHOCTH LEH-
PaTsHOTO oTRepcTHA. YpoBeun p' 3ajacT 3HadYCHUC KOHTAKTHOTO JABICHMS,
P KoTopom KolrblicBas 30HA MIACTHYECKH AehOPMUPOBAHHOTO MeTalia OXBa-
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TBIBAET BCE CCUCHHE JISTANH.

Tabauua 1 — Buas! HaNPsSHKEHHBIX COCTOMHUI COSMHHEHMH

pOPMHPOBATE JUIS pacyeTa AaBieHus 110 3afaHuoMy Hatary. [lpu ynpyro-
€CKOM Ne(pOPMUPOBAHUH AeTalIeH 3TOT NOAXON HPUBOUT K HEOOXO M-

PacueTHsle GopMynl
[UIS OTIPEAEISHIS Ha-

Beipasxenus f1s ko>Qdunmen-
TOB, BXOJUILIMX B (JOPMY BT IS

No HanpsXeHHOe COCTOAHUE Jeralieit
oxBaTkIRalOIEH OXBaThbiBaEMO

1. | ympyroe ynupyroe

2. | ympyroe YOPYTO-IIACTHYECKOE
3. | ynpyroe MJIacTHYECKoe

4. | ynpyro-nnactrgeckoe YOPYTOS

5. | yHOpyro-nnactiyeckoe YUPYIO-IEACTHYECKOE
6. | ympyro-nnacruueckoe IUIACTHYECKOE

7. | mhacTHYecKoe YTIPYToe

8. | niactHYeckoe YOPYIO-nHacTHYeCKoe
9. | mnactadeckoe MIacTHYEcKoe

Hnst oxBateisaromeit neranu (uanexc "a")

B2 B akt b
F Y ; /b2 WML/ SO s l“/R+(l Aa)( 42 %)
Pa=05507, —— L0 pll 0555 2 e
1-0,57,.Inb/ 1-0,5f,.Inbs

/U1 OXBatTpiBaeMOl aetanu (uHIEKC "B")
o/
I o I
P =0s5507 — "“Lje/—s Py =0,5507,
a

R AR
o hz /{2 + (1= 2, ) xé o=
1+0,5f, In®/

1+0,5/,.1In

Tae g, b, R — pajuychl BHYTPCHHETO OTBEPCTHS OXBATHIBAEMOH [STAH, Hapy#-|

HbIH OXBATHIBAIOLIEH ¥ 1TOBEPXHOCTH CONPSIKEHHS COOTBETCTBCHHO; O, Orp —
HIPEAeITBl TEKYHECTH MaTePHANoB OXBATHIBAIOWICH # OXBaTbiBaeMOi AeTanel; A,
Ap — 1apaMeTPhl, XAPAKTEPU3YIOIIKE YIPOUIICHHE MaTePUHAJIOB AeTaiel 3a npe-
HenamMu TCKYHeCTH; [, — KOOPOULHEHT TPCHHS Ha NOBEPXHOCTH COSHHEH M.

B tabn. 2 npusesews: nonyueHHsIe pacyeTHEIE 3aBHCHMOCTH 10 omnpeje:

JICHHIO BENIWYHH HATHIOB [Ul1 Haubojee 4acTo BCTPEYAOUIMXCH aedopmupo-
BaHHbIX COCTOSHHUA COeAHMHEHMI.

B 1aba. 2 npunATH crepyomue 0603HAYCHES: H - koabpuumenT [lyac

COHR; F'y — PAIyC TEKY4ECTH, Pa3sACHSIONAL KOJIBIEBbie 30HB! YIPYIOf W 11713

Cruyeckol 1ehopMAaIlH B ACTANAX COEIMHCHHU.

[pesicTaBneHnas MeTOAMKA PacyeToB O3BOMSET ONpeHCNHTh BEIUUHIY
HaTdara nmo 3aAaHHOMY 3HAYCHWIO KOHTAKTHOrO aasiienus. JlocTatouno wacro
TpebyeTes pemrenue o6paTHoii 3aaun NMPOEKTHPOBAHMS, T.€. ONIPEeNESieHusa KOH-
TaKTHOIO AaBJIEHUS NO 3aJaHHel BejaudnHe Hatara. Takas Mmocranoska 2amady
BO3HHKACT IIpH paspericiiuy MHOTHX CUTYAlUUH, CBA3AHHBIX C U3rOTOBICHUEM H
skennyaraumed coeaunenu#. Ipu pacuerax B ynpyroii ofnacru takas nocTa:
HOBKa 32/1a9H He 3aC/IyKHBACT BHUMAHMA, T.K. paBeHCTBO (1) u3 Tabn. 2 nerko
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TAFOB OIIpeacneHus HaTAroB
C C 1+ Rj/b/z
N=2pR(—2+=2) | Co=(——5F5+u, )1+ p,);
E; &k AR
£ b*
Cpnom. 2

2

i Ct1a T1a
cl ¢y |Ca=3LI=2-2 -
N= 2}’)R(— + T)

Ea “b

1

far 1= u,)
! 2/ @
L 1=, 0-R/ )
"Ta
2
1+4 R
Co=(—50=— )1+ 1) |
¥ /"J R2 |
3’;— Pas g c ¢l | Ci=055TTb 5
R <PSPy | N=2pR(=% +—=b) PR
_ By iy C,-mon. |
pi<p£pf; Cl Snowng
R . L Y 2
6 P =Pp | N=2pR(—2+—=2) b: ", 2
Ea Eb
Takum obpaszom, paspaGorka MeTOAMKH pacyueTa KOHTAKTHOIO JaBienyd
AHHOM BEIMYMHE HATATA, SBISIETCS 3ajaqeii, Tpebylone camocTogTeNh-
SHISHMA.

B Tab:. 3 npusesenst nonyueHnEIe GOPMYIBI IS ONpENENCHUs KOHTAKT-
AQBIICHHSL 110 3aIaHHOA BCIMUYKUHE HATATR JUIS CIY4YaeB, KOTHA XOTs OB Ot
AeTanel coenuHeHud Ae)OPMUPY€ETCs YIPYro-1LIacTHYECKH.
- B Tabn. 3 aus coxpaiienns npuHaTH creayiomune 0603HaueHIS:
\ 2
2n1_a
Ab(l 7R 2) 2 2‘% .
My=y +5]—- — 3 o=y ~16,4-2(1,64, —1);
ey by - P €p
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Tabauna 3 — Ceoska HOpMYII U1 pacHeTa AaBieHHH 110 3aJaHHOMY HaTArY
Ne
ohi Buj gedopMipOBaHHOTO COCTONRUA

DopMmyna pacyeTa aBieHHUS

:”Mz‘x"Mzz"‘Pz ”

hz‘H] 3
_—M, ""x/Mf ~Ps

1 OxpathiBaoumas AeTanb IeQOPMUEPYSICT VIIPY-
’ F0, OXBaThiBaeMad — YIPYro-fiiacTHYeCKH

Oxpareisatonas jeransb eQOpMUPYETCS YIIpY-

[

TO-TIACTHYESCKH, OXBaThIBaEMad - YIPYro RF= _h H 3
4 41
3 O6e neranu coeauHeHNa NeGOPMUPYIOTCH YiI- - Mg+ M 5” — @5 |
; PYIO-TLIaCTHYECKH = he - H i
S 1 i
h,f ;. i "2
R L1 X SR T L
2
1_0/2 2
RE A C 2
By R O Gl fh —a/2+i,6;tb-1;
b it E, B R
12
B2 Myeten vosnassdbs - o Neg
Ep &g hy R-&r,
ki LR
: s 2N ’ 2
0 =64, +05N)2 -5229 " p. = I/ b2 _ €
a Pa Ey-&7,
& 2 R?
B1. 3 Ms=164,-05N+93———%¢ - m =11 —1,
my - Ey - &r, - hs a*
= 2 N el 2 e
s =(0,5N +1,64,)% — 4,72, —; hg=—L0 — 18— "
€a Pa My - Eqy - Ly

Hupexcer (2), (4), (5) B 0603na4enHsX M0KA3bIBAIOT, YTO GOpMYIIBI CTIpd- |

BEJIMBRI JUTS COOTBETCTBYIOIIENO BapHaHTa Je(OpMUPOBAHHOIO COCTOSHHA 43
Tabn. 1.

B npmBeacuusix BhipaxeHuax E, u E, — MOJYAH YOPYIOCTY; Eruy Ers =
AedopMaLMK, COOTBETCTRYIOLIME IIpee/iaM TeKYHECTH MATEPHANOR JleTare.

B 3namenarens gopmyn ans onpenenenus nasneuus (taba. 3, rpada 3) B
KayeCcTBE COMHOXHTEN BXOAMT KodduimenT H,;, KOTOpsii Mo aHamoruu ©
pacyeTaMu B yOPYro# o6/iacT y4uThIBACT HEPaBHOMEPHOCTH pacipeieneHHs
KOHTAKTHOTO JaBiEHUA 110 JUIHHE COeAuHeHu [1].

DKcrnepyMeHTaNbHAs NPOBEPKA CTEEHH [OCTOBEPHOCTH pazpaboTantol
METOJHKH [IPOCKTHBIX PACHCTOB IIpoBOAHMIIACH KOCBEHHO, IIyTeM OUEHKH OCTéd"
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LIX PAIHATBHBIX NIepeMellle i OXBaTbIBalOelf AeTamH 0T BeJHHMHEI Ha-
| IPY YIPYIO-IUIACTHYECKOM NedOPMHPOBaHHUH.

Ha puc. | mipencrapieHsl rpabudeckne 3aRHCUMOCTH OCTATOYHOH OTHO-
pHOH pagnanshoil pedopmaimu (AD/D) 0T BeNHYMHEI OTHOCHTEABHOIO
ra B coenunenud (N/D), nonyueHHbe NyTeM pacueTa U MyTeM HerocpeacT-

' pe3ynbTatop HabmiofaeTcs B ob6nacTn GOABMIMX HATATOB MOCadKH M CO-
aeT ~12%. B 1nenoM xpusble HOCTAaTOYHO XOPOIIO COBMNANAIOT, UTO TOBO-
-npueu.rxcuou JOCTOBEPHOCTH paspaﬁoraﬁﬁoa METOJUKH pacyeTa.

ADID10® el

i ND-10°
Puc. 1. I'paduveckie 3aBUCHMOCTH ( — 3KCMepUMEHTANLHAdA; --- TEOpe-

cKasn)

K HemgocTaTkam MPOEKTHBIX PAacHeTOB 10 OLEHKE HecyiueH cmocodHOCTH
}IHHEHHH, OCHOBEHHBIX Ha JICTEPMHWHWPOBAHHBIX MOACIAX NPOYHOCTH Cjic-
T OTHECTH TOT (PAKT, YTO OHM HE YYMTHIBAIOT BEPOATHOCTHYIO NPUPOIY pas-
IEHUST COCAMHCHMS NpY JKernyatanuy. Hecyimas cnocobHocTh CoOeNMHEHHH
SAENAeTCS PasMepaMH COMpATraeMbIX AeTaleH, MeXaHWUYECKHMH XapakTepu-
aMH KX MaTEePHAJIOB, a TAKKE COCTOSHHEM KOHTAKTHBIX TTOBEPXHOCTEHN, HH-
PAIbHO XapaKTepU3yeMoro BenuuuHOH KoadduuuentTa TpeHus. Y Ka3aHHBIC
AMETPBI HE UMEIOT CTPOrO OMNPeAeIeHHOro 3HAYEHMU JUlsl KAXKIOr0o KOHKpeT-
Cy4yas NPOEKTHPOBAHHUS, a HIMEHAIOTCS B COOTBETCTBUH € 3aKOHAMH pac-
IBaHus, CROMCTBEHHRIMU HX cTaTHcTHueckolt npupoje. Ipeanoxennnii an-
T™M CTaTHCTHYECKOro MOLCHHPOBAHHA MHDfDdg&KTOpHO[‘O rponecca Cb{)p-
:OBaHﬁﬁ TIPOYHOCTH COCMUHEHHH HanpaslieH ng pelIcHMe 3aJlavun aHanmHuTH-
OrQ oNpeAcHaeHUA Ha CTaAHH NPOSKTHPOBaHMA CTATUCTHHYCCKHX XapakKTepH-
U HarpaMMbl PacCerBaHKs 3HaYeHUH yCHIIMH HX paspyieHus.

Pemienne JJaHHOHM 3amaydd OCYILICCTBJIACTCH € HCOOJB30BAHHEM MCTO2

.Aﬂ‘ﬁ-*KZipJIU, I(O'I.'Opblﬁ B JaHHOM ClivHae NPpHMEHASTCE KaK annapat MOASIkH-
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poBaHus BEPOATHOCTHOW CHMTyanuu O6pa3oBaHHs NPOYHOCTH COSAMHEHUR ¢
Y4ETOM CTATHCTHYECKHMX XAPaKTEPUCTHK H 3aKOHOB PACCEHBAHMS NaPAMETPOS,
OMPEAENAOINMUX 3TY NPOUHOCTh. AJNIFOPHTM MOMAENHPOBAaHUS BKITHOYACT G0k
BBOJA CTaTMCTHYECKHX XapaKTEPUCTHK 11apaMeTpOB, ONMpEAEISIOUIMX Ipoy.
HOCTH COEJIMHEHHH, MOCIENYIOUA 60K Bpidopa reHepaTopa ClAydaifHbIX Yu.
CeJl, KOTOPBIH AOJDKEH COOTBETCTBOBATE CTATHCTHYECKOMY 3aKOHY PACCEHBaHIg

napameTpa, ciy4aiHOe 3HAYeHHe KOTOporo BhiGupaercs. BriGpannoe remepa.

TOpOM Cry4aiiHOe 3Ha4YeHWe MapaMeTpd NPOBEPIETCS B JAaibHeHileM Ha pp-
HA[UICHKHOCTE 3alaHHOMY HWHTEpBaily pacCenBaHus 31010 mapamerpa. [Ipu co-
OTBCTCTBHHM 3a/aHIIOMY METEPBANY CiiyyaifHoe 3HaYeHue NapaMerpa 3alloMHHa-
eTcs. AHanoruyHbIM 00pasoM BebUparoTCs CirydaifHble 3HaueHHs APYTHX Na-
PamMeTpoB, ONpeAensIOHX IPOYHOCTE coeliunenns. [Tocne Toro kak Bee napa-
METpsl BhIGpaHsl CHy4aiHBIM 0BpPa3oM, PACCUMTRIBAETCS NMPOYHOCTH COEMNHiIe-
HHS B COOTBETCTBHH C ACTEPMMHHDPOBAHHOH Mozessio. B panpueiimem npore-
Aypa HOBTOpSACTCS OO TEX 10D, MOKa HAKOIUIEHHBIH MacCHB CIIyYailHBIX 3Hayc-
HUH TpounocTy OyXeT yAOBIETBOPATL yCIOBHIO JOCTOBEPHOCTH. B naibheii-
ureM TNPOM3BOIMTCA ONCHKA MOMEHTOB pacHpe[eNeHHs MacCHBa CHy9qaiHhlx
3HAYCHMH POYHOCTH U IOCTPOCHUC JUarpaMMsl (WM MOJHIOHA) CTATHCTHYe-
CKOro pacnpeﬂeﬂeﬂnﬁ.

Ha puc. 2 noxasaH nomyueHHsH na OBM ¢ nomonisio NPEeIIOKEHHOI 0
ITOPHTMA HONHIOH PACUPEACIeHUs] YCHIIUI paspyeHHs. B OCEROM HANpaBJie-
uuu coepuncus J50HE/U8 (Npmip = 31 MrM, Ny = 109 MxM), geranu KOTOpO-
ro u3roTosiaeust U3 crand 45. Hapyxuriit nuametp oxsarsipaoweit neranu d; =
100 MM, nquamMeTp HEHTPaIsHOTO OTBEPCTHS OXBATHIBAEMON AeTanu d; = 20 mn;
Hmna coepnnenns | = 20 M. Jletanu coennnenns npu cGopke aedopMupyior-
Csl yIpyTo. .

B coorBercTBii C MONYYCHHBIM IIONUFOHOM CHEAYCT ONKMIATE H3MELC-
i NPOYHOCTH COSMHCHHA Ha OCeBOH CABHUI B ripefenax ot 3,1 no 76,2xH.
Pacnpezienienne yROBNETBOPUTCIBHO OMMCHIBACTCS KPHUBOJ HOPMATBHOTO pac-
npenenenys. [Tpy 3TOM OTMEHAETCH ee TEeBOCTOPOHHEE CMEIeHHE, YTO TIOKA3LI-
BaeT HauOONBLIYIO BEPOATHOCTE LOSABICHHUA MPOYHOCTH €O CTOPOHbBI MHHH-
MANbHBIX 3HAYEHHH. DTO, BUAMMO, 00YCHOBIEHO XapAKTEpPOM PACCENBAHUS Me-

XaHWYECKUX CBOHCTB MaTepuaila U Ko3huImenTa KOHTAKTHOrO Tpenus. DKc- |

NEPUMEHTANBHBIC [AHHBIS, NONYYEHHBIC B ONHOH u3 maboparopuit ausene-
cTpoeHusi, ¢ 97% BEPOATHOCTHIC YKAAABIBAIOTCS B 00/IACTH, OTPaHHYEHHONR NO-
JYHEHHBIM TTOJIHTQHOM.

IynxTupHbivu JHHHAMM Ha pUC. 2, NApalielbHBIMK OCH OpIMHAT, 060-
aHaveHa objacth paCCEHBaHP!S YCHIHA pazpymeﬁm B 3aBMCHMOCTH OT Koneba-
Hus HaTara. PaccemsaH¥e UPOMCXOZHWT B lipesienax ot 18,3 go 54,2 xH. Ilpu
3TOM MHMHHMajBHOC 3HAYEHHE HECYLIeH CTIOCOOHOCTH, PACCUNTaHHOe TPaIHILH-
OHHELIM CTOCOOOM, B SHAUHTEIBHON CTENEHH OTIMYACTCA OT 3HAYEHHUS, PACCYH-
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CTATUCTHUECKMM MyTeMm. DTO YKA3BIBAET HA BEPOATHOCTEL TIOUBHEHUS
B COSAMHEHHSX, BCAHYHHA KOTOPOIO MOXKET COCTAB/ATh O JIaHHOMY
yy ok0:110 17%. TTonyyeniblii MOMUIoH pacHpeAciICHHs TO3BOISeT COCTa-

ACTABJIEHWE O KO3 huLmenTe 3anaca npoyHocTy. 1o faHHOMY MpuMe-
dGhULIUEHT 3araca A0JDKEH NPeBRIuaTh 3Hadenue 1,2.

n

%
|
|
I.

10

i 0 20
~ Puc. 2. [Josmuros pacnpeieneHns CTaTUCTHIECKHX (-), pacueTHBbIX (--) 1
CepUMEHTAIBHEIX (0) 3HAYSHMH YCHIIMIE PACTIPECCOBKH COSAMHEHUH ¢ Ha-

BrHeapenue B MpakTHKY TIPOCKTHEIX PACYETOB NPEMIOKEHHON METOMUKH
JISICT MOBBICUTE AOCTOBCPHOCTE NMPOTHO3WPOBAHMS HeCylued crnocobHoOCTH
OHAIpPYKCHHBIX COCAMHECHUN M B PAME CIYYacB OTKA3aThCS OT UX JKCITe-
HTaNbHOH [TPOBEPKA.

~ Cnucox guteparypbi: 1. Tiotuxos [.®. KonraktHoe naeienve B
(HEHMAX ¢ HATATOM 3a IIpeAesioM YIpyrocTd Mmeramios. JK. TexHonorus

oB Ne3, 2002,c¢.17..21.
Cmamea nocmynuna 6 pedaskyuo 31.05.2002 2.

STHUE TUHAMUYECKUX XAPAKTEPUCTUK HHCTPYMEHTA

- YOPYTOr'O JEHCTBUSI HA CTABHJIBHOCTD ITPOLECCA

ASHOI'O BBIIJIAJKMBAHHS IIJTOCKUX HOBEPXHOCTEM
JETAJIEN MALUUH

®exopos B.IL., Haropxun M.H. (b’ TV, 2. bpsnck, Poccus)

uestions of influence of dynamic features of instruments of springy action
1 process diamond burnishing of flat surfaces of details of machines are con-
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KOI'0 3JIEMEHTA, CBA3LIBAIOIIAs BXOJHOH W BBIXOHHOH CHIHalBl ClC-
M 06pasoM: Z,,.(p) = K (P) - Ze(p). 31ech Z,(p) — n306pakenye BXOXHOH
£l (BOJHUCTOCTSH WJIM WHOH 3aKOH OTKIIOHCHMS OT HOMHHAALHOM TIOC-
ACXONHOM TIOBEPXHOCTH); Zo(p) — H300parkeHHe BBIXOAHON BETUYMIIBI
aHHS HHAEHTOPA BhIMIKUBATENA); p — onepatop Jlamnaca.

apHEHWE BOIHHCTOCTH 00pabaTriBaeMOl IOBEPXHOCTH B NPCIAIONIQKE-
ery/ISSPHOCTH [IPHHMMAEM B BUIIE CHHYCOUABI:

Zax:Aﬂ'Sin(ax & %) ()

sidered.

[lon cTabuibHOCTDIO MPOLECCa ANMA3ZHOTO BHINIAKHUBAHHS (AB) 6yge
[IOHMMATE B JIaHHOM CIyYae HaiHYue MOCTOSHHOTO KOHTAKTA HHIEHTOpa ¢ oé
pabatpiBaeMol mosepxHoCcTEO. [TpK CymeCTBylomux cxeMax AB cuna Bozzey
CTBHA HHASHTOPaA Ha 06pabaTsiBacMyIO NOBEPXHOCTS ONpenenseTcs HpeﬂB;ip;;:
TCHIBHBIM CXaTHEM yupyroro sneMenta (IpyXumst). B nporecce obpaboTiy
BO3HHKACT H3MECHEeHNe JedopMalyy YIpYroro sjieMenTa Zgwx (puc. 1) B pesyny.
Tate Haauyus Ha obpabarbiBaeMOll MOBEPXHOCTH MaKpPOOTKJIOHEHHH ¥ BONHj.

z4 c :& CTOCTH. BiusiHme mepoxoBarocTd Ha stor “4-'0_ Ty L3, @— KpyTOBad 9acTOTa; (% — HaYanbHbIH Qa3ossIi yrox.
Ko TMPOLECC NPAKTHYECKH MCKTIOUACTCS, TaK Kak CHIONB3YS CKOPOCTH obpabotku V rfax napamerp:’ CBSI3BIBAIOLLMHA [IPO-
ma M OHA  OTQHIBTPOBBIBACTCH  MEXAHUYECKH) TBCHHYIO KOOpAHHATY X ¢ BpEMCHHOM KOoOpaAnHaTo# 7 (X = V- #), nmeem
o QUIBTPOM — HHIEHTOPOM pajuyca 7. Ben. 7 LTI [_?L, X] @)
] Q l . YHHA Zy,; BEISBIBACT H3MCHEHHE CHIBI BBIra- R i Smw 7
Kusanus O, a 3HAYHT U [IaBICHHS B 30HE KOK- « — MakcumajlbHas BBICOTa BOJHEL; Smw — HIar BOMHBI N0 CPEAHEH JiK-
Winax m }wa i TR OZHUM H3 Hanbosee cy-  BEKTOPHOH opMe HMeeM:
= E | HECTBEHHBIX (aKTopoB 06paGoTkH. - s Woss 55k Waax . joxX 3
| | =< Texwonoruueckas cucrema (TC) AB Z, (X)= =N -(coscoXX + j-sin (UXX)= e e 3 3)
I r X_; TIPE/ICTaBseT CO6OH MHOrOMacCOBYIO 3aMk- £, : P s
i HYTYIO TEXHHYECKYIO CHCTEMY C YNpyrum = /Smw — KpPYToBas 4acToTa BOJAHUCTOCTH 00pabarTsis P
- o - CBA3AMH MEX(ly a/eMeHTaMu. B ed wmomenu = 1.

Puc. 1. Jumammueckas PHC-'1) & - xoneGauws, sozmeiicreyionme Ha
MOZeNE alMa3Horo Boirmaxu- | © AB Yepes kopnyc Beirmaxusarens co cro-
BaHHS YCIPOHCTBOM ympyro- POHBI MHOrOMAccoBOW CTA4HOYHOH CHCTEMBI

Tlocite 3atyxasus nepexoNHBIX NPOLIECCOB Ha BLHIXOAe CHCTeMBl AB Tak-
HUKHET CUHYCOUJAILHEIN curnan (4) ¢ To# e JacTOTOH, 4TO U Ha BXO-
¢ apyrot ammnutyaoit u dasol ¢ :

ro NeHoTRI €1 — XECTKOCTh YIPYrOro 3MeMEeHTa Bbiijia- 2

y 3 i jr 4
e KHBATENA; ¢; - WECTKOCTD YNPYro# cuctemul Zop(X)=4 'S“‘(_"“' ‘A +¢')‘ G
OLOPYROBaKHKe — KOPIYC BBITIAXHBATC/IA". YUuTHIBasL, YTO ¢, << €2, MOJKHO ¢ S

- B Bextoprol Gopme naHHOE YpaBHEHHUE [IPCACTABIACTCS B BUAC
Z v Xy A BT ), )
Desex — PA30BBII YTOJ MEXKAY BOTHHCTOCTBIO U KOJIeOanuAMK HHACHTOPA.
MuaddepernuansHoe ypasucHue CBOOOAHBIX KoaeOaHNHA TOABHKHOH Hac-
rpoiictpa 111 yOpyroro AedcTsrs ¢ BEPTHKAIBHON OCHIO MMECT BHIL

mZ = mg - (mg +cZ)-FZ, 6)
— BeNMMYMHA NepemelieHns HuaeuTopa; F — KodQ@uuueHT BA3KOro Tpe-

pou3Bens psia rpeobpasopaHuit HONYIHUM:

OLIPEAETEHHOM MOTPEHIHOCTRIO TPUHATE HOUYILEHUE, UTO ¢> =0, E =0, ¢, = ¢.
VICXO/st M3 IHHAMHYCCKUX CBOMCTB BHIITIAXUBAIOLIErO ycrpo#cTra ynof-
HO paccMaTpuBaTh PA3NENbHO BIMSHHE MAKPOOTKIOHEHMH U BONHUCTOCTY 14
Bapraimio Gaxropa Q. IMpuuém, Bauguue MAaKpOOTKIOHEHHH cllenyeT pac-
CMAaTpHBAaTh KaK KBa3UCTATHYECKUit TIPOLIeCe, a BIUSHUE BONHMCTOCTH KAk -
Hamuieckuit. Torna s ciyyae HamHYMsS MaKPOOTKIOHEHMH Ha obpabateipaenoi
lHoBepXHOCTU cHiTa BeiTaxusanus O = Oy + AQ, rae O = ¢+ Zy — HOMBpansHad
CHila BLITTOKABAHMS TPU KECTKOCTH YIPYIOro 3JeMeHTa ¢ U ero npeasapH-

TebHOM Hedopmuposanuu Z; AQ =c-AZ — npupailienye cuan! O 3a cyér oT-

i g & — x5, 2
KIOHEHHS paKruieckoll 06pabaThiBacMOll IOBEPXHOCTH OT €& HOMUHANLHOIO 1 5 22 5 Z =0 (N
MOMOKEHUS HA BETHYMHY AZ, BLI3BAHHYIO MAKPOOTKIOHEHHEM. @y Lo+ By T
0
Ilpy MccnemoBaHUN NHHAMUYCCKUX ITpoLEcCoB, npoTtekaiouwx 8 TC AB 3 5
& C
B Pe3yAIbTaTe HANMMAA BONHHCTOCTH MUIOCKOH NMOBEPXHOCTH, L€TECO0GpasHo - Vuutsisas, uto 20y =2n= "=, @ =, NOAY4HM OKOHYATCIHHO
4 ¥ Fr

paccMaTpuBaTh KMOSPHETHYECKYIO MOJIes YCTpolicTRa YNpyroro aeHcrsus, B

OCHOBE KOTOPOH JI€XKHT IepelaToyHas QyHKIHs K{(p) yerpotierpa ITJT kak au-
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m Fo
T Loyt Zgyy + Loy =K-Zg. (
c c '
3neck @y — cobcTBeHHas YacToTa KoneGaHuit NOABHKHON CHCTEMbI v
poiicrsa ITHL, # — k02pPULMEHT BS3KOro NeMIDUPORAHMS, YHHTHIBAIONIHIL Ha
JiMuye CUAbl TPeHUs F MEXAY NMOABMKHLIMU M HENOABWKHBIMU 31EMEHT
CHUCTEMB]
Ilepenarounas dynkimsa ycrpoticrsa [I1J] ynpyroro xeieTsus B co
BETCTBHH C (8) B KOMIUTEKCHOH QOpME HMEET BH BMeeT BUL:
h k
K(jw)= : - (
m 2 F F
- +— (jw)+1
c c

IlpaxTiyeckuil HHTEpeC NPeACTABNMIOT AMILIMTYAHO- U hazo-yacrory
XapaKTEPUCTUKH BHIMVIAXKHBAIOILErO HHCTPYMEHTA, KOTOPHIE SBASIOTCH MOJ
nem K(w) n dazoit ¢() nepegarounoit dynxumu (9):

k @-
K(w)= =, @lw)= arctg[—

o= () (3

B ypasuenus (10) siBHO Bxoasr gaxrops ¢, m, F, XapaKTepU3YIOIye
HaMHYCCKHE XapaKTepPUCTUKH WHCTPYMEHTA, M YacTOTa (, KOTOpas Onpercis
€TCsl COCTOAHHEM NpeABapuTensho obpaboraHHol nosepxHocTy (Smw) ©
wumamu obpabotku (V).

C ueneio yHUBepcanusalMd TpaduyYecKix a3o0paxennii AUX n ©Y
(puc. 2) B paccMOTPCHUE BBOAATCS KOIDOULUHEHT AeMThHPOBaRUS Y 1 AMHaM
yecKui ko2 buLneHT yeunenus f:

c

B F E i
et ="_“"!" > =y 5 (11
Fo, 2ma, om. S it 2 20 2
b-— 1 +| ==
Vm \}L =

Ananus kpuBbIiX AUX mokasoiBacr: eciM 4acToTa BBIHYK/AEHHBIX KO
Ganuii ® << 0o, T0 KO3 YHIMEHT yeunerus B = 1; ecin @ >> o, B ~ 0 He3zas
CHMO OT CTeHeHH AeMN(UPOBaH#us Y. DTO 03HAYACT, YTO BLICOKOYACTOTHLIE C
CTABISIONIHE HEPOBHOCTEH mpeaBapuTeisHO 0OpaboTaHHOR ITOBEpPXHOC
[PAaKTHYECKH HE BRI3BIBAIOT BEIHYXX/IEHHbIX KONEOaHWH WHACHTODPA B cHCTENM
I ¢ BUM3KMMH 3HAYSHUAMH COBCTBEHHON YacTOTHI

Tpyu otHOWweHMM @ / @ ~ 1, B~ 0 . MakcumansHas Besuauna /3 nye

w o= ay
MECTO NPH YCIOBHM: e A1-2y
0
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Puc. 2. AMIUIHTYLHOYaCTOTHAs (a) U pasoyacToTHas (6) XapaKTepUCTAKH
"'rmecxoﬂ mozeny yerpofiersa I L ynpyroro aeficTeus

_\.

JIonyquHbie OMHAMHAYECKKE XapaktepucTuku ycrpoicrsa [DT/1 nmosso-
ﬂ]pOI'HOBHpOB&TB PasTuHBIC CXEMEI KOHTaKTHpOBaHKuA HBEAEHTOPA C 006-
EIBAEMOH ITOBEPXHOCTBIO, UMEIOIIEeH BONTHUCTOCTL: 00padoTKa ¢ NOCTOSH-
HTAKTOM MHCHTOPA ¢ NIOBEPXHOCTHIO, 06paloTia ¢ OTCKOKOM ¢ Ipodu-
B1; 06paboTka ¢ noadpackipanvem (pe30oHaHCHas 30Ha @ / @y = 1)

- CTabuipHOCTH NPOLIECca alMasHOTO BbIITIAXHBAHNWS AOCTUIACTCS B TOM
e, Korza xonebanua cuiibl 006paboTky Q He NPEBEINANT YCTAHOBJISHHBIX
Cm‘;a BBIIIaXUBAHUS OTIpeaenseTca YPaBHeHHEM:

’;" Q=mZ+FZ+c(Z~Zy)+mg. (12)
' VCIIoBHC 1IOCTOSHCTBA YOS BHITIAKUBAHUA Q = CONSt MOXHO BRIpa-

,“B BUAS: mg >> mZ + F7Z +¢Z . Vaurbisas 3aBUcHMOCTs (2), nocsie psaa

Opa3oBanHii JaHHOe YCI0BHE, TPHMET BHIL

I 2

(-"—- i -sin[ o -X]4-/‘.i_>,0

' Lm Sww Smw m

-. ((93 wz) sinwf + lag 20 (13)

Bmpaans @ YEPE3 TCXHONOTMYECKUe napaMeTpsl o0paborky, NoTydum yc-
1€ 6e30TpHIBHOMN 00PaGOTKM MOBEPXHOCTH HHCTPYMEHTOM YHPYI'Oro AeHCTBHS:

el
V< Smw !, 20 (14)
F

27 max
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C uensl0 TMONTBEPXACHUA ANSKBATHOCTH NMONYUYEHHBIX TEOPETHYECKM)
pe3yiLTaTOB Gbll NPOBEIASHB! IKCITEPUMEHTHE 110 AB BOJTHUCTHIX 110BEPXHOCTEI;,
DopMupoBaHUEe MOJAENH BOJHUCTOCTH MPOBOAMNOCH IMYTEM HAHECEHHS TMpo-
JIONBHBIX KAHABOK KOHUEBOH dpe3oil nuaMeTpoMm 8 MM, OCh BpallieHHS KOTOPOH
HaXO[HJIACh TIOJ YIJIOM K ocu Z craHka. B cuny ocobeHHOCTEH KHHEMaTHKy
npolecca MOZeib BOJHUCTOCTH OTJIMYANach OT CHHYCOMAANBHOH $OpPMEBI g
HMeTa BepUIMHY pandyca Rz M MIMHIPUYECKYI0 BNaguHy Rpyp. [Ipuudy
Ri>>Rgn (puc. 3). B KauecTBe HHCTPYMEHTA NPHMEHSICA aIMasHBIA BbILTIANU-
BaTeNs ¢ nepudepuiiHpM paciooxkernem uuaeHTopa (& = 40 mum). Kax ympy-

m'“m i ubt ORI, THe 3IeMEHTHI MCTIONB30BAITHT;
{0 i’ \ _ LHITMHAPUYECKUe TIpYKUHL]
At --l\ C ot Moot & H-:.-::*.-.\. lilfl pasmuunO¥ kEcTkOCTH. OGpa-
Wid \ / \ . \ 60TKa NPOU3BOAMIIACE B MHTED-
"’_. \,J / \‘ r/ Bale cKopocTei, eroqammém

V = 20,1 m/stun, £=41.9 Hz, K = 0,83 PE30HAHCHYIO HacToTy 00pa-

BOTKH.

B kadecTBe KpHTEpHS
oneHku GesorTphiBHOCTH O6pa-
Borxu Obist upuasT KO3(QOULY-

: €HT KOHTaKTHpomanua K, mpen-
\'-w;/ L ‘ St A \J/ A{ cTaBisiolnM coboi oTHOmIEH He
V =628 m/mun, =131 Hz, K=023 CYMMEI ITHH Y4YacTKOB Npodiy-

15 BONH TMOBEPXHOCTH, KOHTaK-
TUDYIOIIHX C WHAEHTOPOM, K
obmiedt mnHe obOpaborku. Pe-
3yJAbTaThl MMKPO(HOTOrpaH4IeCcKOro aHanusa ¥ anaius npodunorpamm (puc.3)
MOKA3hIBAIOT, YTO [UIst BRIOPAHHBIX YCIOBUI MOJEAUPOBAHUS CPENHSST BEIMU I
k030 dHIIHeHTa KOHTAKTHPOBAHMA C POCTOM YaCTOTH! BhIHYIKIEHHEIX Kojeha-
HUH HHAEHTOPa, BLI3BAHHBIX HATWYMEM BOTIIMCTOCTH IPE/IBAPHTENBHO 00palio-
TAHHOH MOBEPXHOCTH, MOHOTOHHO cumxaetcs ot K= 1 nopu f= 20 Hz o K =
0,2 npw /= 160 n Beue, JInauu Haj BOJTHOTPAMMAMH COOTBETCTBYIOT HPOEKLH-
SM YYacTKOB MOJIETH HWCXOAHON BOMHUCTOCTH, KOHTAKTHPYIOLIMX C aNMasHbM
uHIeHTOpoM npu obpaboTke.

Puc. 3. @parmenThl BOAHOTpaMM 110-
BEPXHOCTEH NPy pazindibX yCIosuax AB

Cmamus nocmynuaa 6 pedaxyuro 23.05.2002 2
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BLIBOP HHCTPYMEHTAJBHOIO MATEPHAJIA JUISI
JEKTPOMEXAHWUYECKO# OBPABOTKH (3MO)

®unatos JLH., UeoTus B.I1.
(BI'TY, OAQ HHHU «Hzomepm», bpanck, Poccus)

ven clause the results of researches on influence of tool materials on quality
urface of a processable detail are considered.

B uacTosiiee BpeMs OJHOM M3 aKkTyambHBIX 33/a4 COBEPLUeHCTBOBAHUA
eKTPOMEXaHUYECKOro YIIPOYHCHUS [I0BEPXHOCTH ABJIACTCA MOUCK COOTBETCT-
VIOIIETO  TPOBOJMMEIM TIPOLECCaM Marepuana HMHCTPyMeHTa {ponuka-
%empog:{a), ABAAONIErocs OHUM M3 OCHOBHEIX 37I€MEHTOM KOHCTPYKUHH Tex-
HOJNOTMHECKOH YCTAHOBKH, pabOTalOIMM B JKECTKHX YCIOBHAX BBICOKHX TCM-
[iepaTypHbIX ¥ CHIOBLIX Harpyskax. IIpn aToM HeobXoauMa BricOKas JeKTpH-
yecKas MPOBOJIMMOCTh MATePHana U U3HOCOCTOHKOCTb KOHTaKTHOH IIOBEPXHO-
g pHCTpyMeHTa. B Toxe Bpemst uicTpyMmenT st OMO nomkeH ObITh HE 1O~
. TpeGopanus K MaTepuaiy posinka OyayT MOBBINIATECH NPU YMEHBIICHHH
A@amMeTpa, T.K. yMEHbIUAeTCs IUlowajis KOHTaKkTa posinka ¢ obpadareisac-
Ji MOBCPXHOCTBIO. DTa MpodiemMa CTAHOBUTCH elle Oonee BaxHO| C TOUKHA
HUs peanu3alui Texnonorui npu OMO 8 YCIOBUSX [POMBILACHIOrO HPO-

- Hcxops w3 TOrO, 4TO Ka¥ecTBO MOBEPXHOCTH JICTaleH, NOIyYeHHBIX MPH
: ":’:__O, Oy/leT 3aBHCETh BO MHOI'OM OT ONTHM&IbHOCTH (GHU3EKO-MEXaHHISCKUX
CBOJCTB MaTepuana uHCTpyMeHTa (ponuka). [IpuyeM, OCHOBBIBASCH HA TOM, 4TO
A60JIce BIMAIONMME (hU3HKO-MEXAHRYECKUMH CBOMCTBAMM npu BbIGOpE Hil-
PYMEHTAILHOTO MaTepuaia SBIsSIOTCS YeNbHOe NEKTPHYUECKOe COMNpOTHBRIIe-

mareprana (p:10° Osmrcm) u TsepaocTs MaTepuana (HB). Hcenenosanncs
e AYIONUAE MaTepuaisl: Me/b, JatyHb JI62, 6porsa BpAJK, crans 40X, TBCp-
crutag BK8, uyryn CY 25 u rpadur.

B KauecTBe HEH3MEHSEMbIX HApaMeTpoB OBIMM NpPUisThl YACIBHOC
CKIPUIECKOC COIPOTUBIEHHE MATEPUAIOB, X TBEPIOCTh, & TAKKE CKOPOCTS
O6pabotkm (0.3 m/mui). Matepran obpabareiBacmoro obpazua — Crane 45. [o-

pXHOCTL 00pabaTeiBaeMoro obpasia Guiia MosyyeHa To4eHHEM (IEpOX0oBa-
b Ra=4.46 MxM). VICXORHa% MUKPOTBEPAOCTE cocTapnsna HV,»=210.

BapbupyeMbiM# napamerpaMu 6s11d pexumsl SMO:

— mnoTHOCTH ToKa: /=300+800 A/mm’

— yCHJKE TIpHKaThs porauka: F=40+100 H

TIposens oKCHepHUMeHTalbHbIE UCCIE0BAHM, MOy IMAN DAL MaTeMaTH-
CKUX 3aBHCHMOCTEH.
1. MareMaTHYeCKHe 3aBUCHMOCTH rlapaMerpa wepoxosarocTi Ra nocne
MO cranu ponmKaMy U3 PasHBIX HHCTPyMenTos (puc.1,2):
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| Rad=5.676-"3"F* (Mucrpyment — Cram, 40X)

‘Ra5=3. 102'j°'267-F'°"74 (Visctpyment — Tepasiii citas BK8)
N | Ra6=3.691-j"2F%* (Unctpyment ~ Cepbiii uyryn CU28)
Ra2 ()} I..-Ra'?=2‘540_j0.203.F-0.!21 (MHCTP}’MCHT - Fpati)m")
E} :j.: 5 . 1Az ypasHeHUH BHIHO W3MeHEHMe mapamerpa wepoxosaroctu Ra. Ilpu
RsS () joii 1epoxoBaTocTH Ra=4.46 MKM IIPU YBETHYECHHMH iIOTHOCTH TOKA LIS~ .
RS (3) atocTh Bospactaer. OCoGeHHO Pe3KO MIEPOXOBATOCT BO3PACTACT NpPH 00-
RaL LD 1 Meabio u 6pon3oit. DTo 00BsacHIeTCs Doee CUIIBHBIM Pa3OTPEeBOM IO~
e ocTi 06paboTky. [Tpy yBenHYCHNHH YCHIMS PHKaTHA NapaMeTp LICPOXo-
B i, 11 Ra yMeHpIIaeTcs. D10 NPOMCXOAMT 34 CHCT YIyWIICHHS KOHTAKTa B
Swa ) 06paboTKy M YACTHYHOIO MOBEPXHOCTHOrO Ae(OPMHPOBAHKA HAIPETOH
o S
Ras  (§)
:t" : : j : ‘ MOB obpabotku (£, j):

:r‘ : . TP N— e P A e e B —
5| ; : ; W RO A 3 ; R el s
00 400 560 00 700 200 %90 [ [ e i
g N L R R e
: I et R ke AT E
Puc.1. 3apucumMocTts napaMeTpa LepoxoBarocTH Ra OT NIOTHOCTH TOKa s ‘ R re o v 2

npu Frip=40 H (cruomssie nunun) v Fia, =100 H (myHxTUpHBIE THHAR)

LU e

i a8
Ral ({F) 1
Ra2 (F) 2 —‘F : 07
LU | s
el (F) g . 06
Rai:. {F) i
Raé (F 1 5 :
Ra?l (F) g :
Ral;-c (F) %
s ; 2 -'-it_' T e e G
Ra¥ (F) F

< = s ) ! 2
e MR 4 C. 3. 3aBUCHMOCTD MIYOHHBI £ OT YCHIIHA POSTHKA I7, TIPH fmin=300 A/mm
::: i:: S e : . (CHTIOHIHBIE JTHHAY) B Jmax=000 A/mn® (yHKTHpHBIE THEUH)
o T s S e o F 9 h1=1.044-10""j**>F*"* (Mnctpyment - Menn)
----- ! : C P h2=8.007-10"%j°%F™'* (Uuctpyment — Jlatyns JI62)
R R RS IR T w T . h3=4.705-10""3"8 F*'% (MucTpyment — Bponza BpAX)
: 2 i 270321 1:0.092 2
Puc.2. 3aBucuMocTh Rg OT YCHUTHS MPHXKATHA POSUKA I, IPH fmin=300 A/mM h4=6.175- 10-2 1 30 1 e (HHCTP}’MCH'T g'ra.ur, 4{3}() s
(CTUIOIHBIE THHAK) B Jmay=800 A/MM’ (IyHKTUpHbIC THHAN) ~ h5=7.251-107 " F (MucTpyMenT — Tsepasli cIut

| 1h6=7.533-10"2%3 - F*% (Mnetpyment — Cepsiit uyrys CU28)
Ral=1.047-j*7-F """ (Uucrpyment - Menp) ! (e

Ra2=4.591 -j°-],5f-P'°-'°4 (Uncrpyment — Jlatyns J162)
Ra3=2.535-]"%F %% (Unctpyment — Bponsa BpAIK)
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h7=5.985-1072j0264.F014¢ (HHC'rpyME:HT rpaqm)

§ e —

KeHMs MAKCHMAaJbHOM TBEPLOCTH HCOOXOAMMO NPUMEHSTH MHCTPYMCH-
{ MATEPHAN C HANMCHBIINM YAENBHBIM 3JISKTPOCONPATHEB/ICHHCM.

t ‘1
m 11 [» ’__H,-.-_’_?
hr (1) 1
—— £

b e e

500

400

Puc. 4. 3aBrcuMOCTh riyOHHBI YIPOUHEHHA /1 OT IUIOTHOCTH TOKa

1p¥ Frip=40 H (crurotussie MUHUM) U Fpa =100 (OIyHKTHPHEBIE THHHH) Puc.5. 3anucmuocm MUKpOTBEpAoCTH HV 0T ycunus npmxams ponn-

PH Jumin=300 A/ (COACIIHEIE JUHAR) ¥ Jmax=800 A/mm® (TTyHKTUD-

3’1‘1‘1_ YPaBHCHHU INOKazblBaOT 3aBHCHMOCTH I‘JI}'GKHBI YNpOYHEHUS O | HHH)

[UIOTHOCTH TOKA M YCHIMS NPHXK&THA pONMKa (MHCTpyMenrTa). YCuine npuka-
THSL Ha TIYOWHY YIIPOHHSFOILIErO Ci0s OKa3hIBaeT HE OYeHb OILIIOE BIMSHHe.
OcuoBioe BIMIHEE Ha rMyOHHY YIIPOUHSHHUS OKa3bIBaeT IIOTHOCTh TOKA 06pe-
Gorku. Yem Oonblie IUIOTHOCTh TOKa, TEM Oosibmue INyOMia ynpouHeHHONO
cinos. MakcuMansHyio rayOrHY YUpPOYHSIOMIEro CNOf YIAIOCh MONYYHTE Me-
ZIb0 M3 BhILIENCPEYHUCICHHBIX MaTepranos. Hauxyamnm MaTepuanom mno nas-
HOMY KPHATEPHIO OKazaics rpadut.

3. Maremaruueckue 3aBUCHMOCTH MHKPOTBEPAOCTH MOBEPXHOCTHOIO
cios HV ot pexxnMoB QGEaGOTKH ¢, i)

HV1=24.12-{*"*F""® (Mncrpyment - Mene)

HV2=11.28] Josts F77 (Mucrpyment — Jatyus J162)

HV3=1.950 oot F*7 (Mucrpyment — Bpousa BpAXK)

HV4=2.438 j” A k°23’ (Uncrpyment — Crans 40X)

HV5=2.860-"% | e (Muctpyment — Trepaptit cnanas BK8)

HV6=7.533 _]0 4300182 (Ypcrpyment - Cepsiit uyryn CU28)

HV7=5.9754""-F"* (Lnctpyment - I'padur)

Yem Gonbille yCHAHe NPHKATHA, TeM GONBLIC MOJNYHaSTCS MUKPOTBEP
a0cTh, OcoBHOE BIMAHIE HAa MAUKPOTBEPAOCTE OKa3biBaeT MIOTHOCTH paboucr?
ToKa. Meapio MOIKHO [TOTYUHTE MOBEPXHOCTHYO TBEPAOCTb 0K0I0 900 equnnik
saTtysbio — 800, 6ponzoit yyTk Menbie 800 enunun 1 T.4. Cnexoparensyo, A
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Puc. 6. 3asHCUMOCTH MHKpPOTBEpROCTH [{V/ OT OT MJIOTHOCTH TOKa 7
Fin=40 H (crurowusste JUHAN) ¥ Foa=100 (MyHK{HpHbLIE JTIMHHH)
Cmames nocmynuia & pedaxyuio 27.05.2002 2.
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NPUMEHEHUE METOJA KOHEYHBIX 3JIEMEHTOB
AJIsA PACYUETA HATIPSIDKEHHO-AE®OPMHUPOBAHHOTO
COCTOSIHUS B 30HE PE3AHUST

pcnonbzosats aniapar MKD fns npouHOCTHBIX pacdeToB HHCTPY-
[1,2], OUEHKH HEKOTOPLIX NApaMeIpos KadecTsa nosepxHoctu [3]. On-
4 Ceroj(Hi B MH)KCHEPHBIX METOMKAX [0 OLIEHKE MapaMeTpoB KauecTsa
geckoil 06paBoTkH M ONTUMU3ALUNH pEeXYyLUX Ne3BUM HHCTPYMEHTOB
BIe METOXALI UCIONb3yloTes penko. C oAHOH CTOPOHBI 3TO CBA3AHO ©
OKHOCTRIO MCIONBL30BalMs npeanaraemoro annapata MKD Ges npume-
DBM. Onnako 6ofiee cyuiecTReHHOM npobneMoi sABlseTcs HAOCTOBEP-
noiyyaeMeiX pesyaeTator. OO0suno npu npumerexun MKD pacucrnas
ONMChIiBACTCS CHCTEMOH NUHCHHBLIX ypaBHeHM, peilias KOTOPYH [ONy-
r yckoMBIe NedopMalui U HanpskeHus. B SonepminHeTRe Ciyuacs 37a CHC-
‘pMeeT peuteHue, t.e. dopmansro MKD mospoasieT paccunTaTh HamlpsiKe-
 redopMaliMg IUTA IIpaKTHHeCKH 000l pacyeTHO cxeMbl, B TOM YUCHe H
oppexTHOM. OnHAKO, KOHTaKTHas 2afaya ABnseTcs HeluHeHHoH, v, ecniu
PUHUMATEL MEp 110 VUYETY 3TOM HeNMHeMHOCTH, TO CTABUICH NOJ COMHEHHE
'BO3MOMKHOCTE npumenenus B pacyerax MKD. Kpowme 3toro, npu Gopmu-
¥ pacueTHOH cxembl, Tpebyercs 060CHOBaHUE KOPPEKTHOCTH IIepexoia
aYM ABHYKEHHS K KBA3UCTATHYECKOH. TeM He MeHee, HMCCTCs OTBIT HC-
OBaHMS JUTS pelieHUs ITOH 3a/laui YHHBEPCANTbHLIX [IAKCTOB NMPOrpaMM,
syfomnx MKD3, mporpamM, MaTeMaTUdeCKUe MOJENH U alrOPUTMBLl KOTO-
_e B ITONHOH Mepe YYMTBHIBAIOT HMEIOLIYIOCs HelnuHeliHocTh. Takuce pacye-
cyr B cebe noreHuuanbHLle MMOrPelIHOCTH, BEeIHUYHHY KOTODPLIX TPYAHO

Xaugoxko A.B. (BI'TV, 2. bpanck, Poccus)

In clause the questions of application of a method of Jinal elements for research
of the intense deformed condition in a zone of culting are considered. '

TlapaMeTps1 pexymmx jie3sril HHCTPYMEHTOE B 3HAYMTENbHON Mepe or.
PEASTAIOT KaK Ka9eCTBCHHBIE TapaMeTphl 06pabaThiBacMOif MOBEPXHOCTH, TaK 4
SKCIUTYaTallMOHHBIC XApaKTCPUCTHKH HMHCTPyMEHTa. B macTosmiec Bpems e
CYWIECTBYET METOAHKH, C TIOMOLIBIO KOTOPOH MOYXHO HA3HAYUTE 3TH MApamer
oI, HCKIIOUAs KOHKPCTHBIE CUTYaUMH, Ul KOTOPHIX GBUIH NPOBEIEHBI IKCne
PHMEHTAJILHEIC HeCHenoBaHus. KNOUeBsIM BOIIPOCOM B PeleHHM 3TOH 3amauy
ABNACTCA ONPCCNEHNUE HANPSKCHHO-NEQPOPMUPOBAHHOIO W TEMIEPATYPHOL)
COCTOAHHS B 30HE pezanud. CHIIOBbIE M TeMIiepaTypHsie (aKTOPhl BAKSIOT Kai
XapaKTepUCTHKH QOpMHPYEMOll MOBEPXHOCTH TaK ¥ HA PabOTOCHOCOBHOCTS
PEXYLIEre HHCTPYMEHTA.

Cymecrsyer ABa noaxolia X peeHMIO 3aiaud OLEHKH HaIpsKeHHO-
AeOPMHPOBAHHOTO COCTOSHMA B 30HE PE3aHuA. [lepsrlii moaxoa 3akiroyaeTcs
B GOPMHPOBAHWY HHTETPANLHLIX 3ABHCHMOCTEH JUTH ONEHKH YCRIMH, Hanpske-
HUH, TeMIEpaTyp B 30H€¢ pe3aHus. BTopoi OPHEHTHPOBAH Ha AUCKPETHOE Onk-

CaHHC 30HBI PC3aHus - YCHIHA U TEMITEPATYPBl B HCM paccMaTprUBarOTCs Kak
OIS,

- Opnaxo Gornee MIUPOKHE BO3MOMXHOCTH ASNAOT AUCKPETHBIE METOMbI, B
iciie MKD), mepcrieXTUBHBIMY, H CHEAYeT OXUAATh WX Gonee mUPOKOTO
f€HEIMs B [(POTPAMMHBIX TPOYKTAX, CBA3AHHEIX C TEXHOIOIMUCCKOHR 1o~
BKOH npoussojcrea. Hamu Obuia cenana 110NbITKa YCOBEPLISHCTEOBAHHKS
€HSEMBIX PaHCC PACHCTHLIX CXCM U BEIYHCIHTENBHEIX Tpoieccos MKD.

.HBth!M 3Tanom paGO’[‘bl ABHNSCTCA IPHUBEICHUE pacqe‘moﬁ CxXembl K KRa-
ITHYECKOM, YUUTHIBAIOIIEH Bce OCHOBHEBIE (AKTOPLL, OLUPEHENIOIUHUE PO~
pesanus (KaK reoMeTpUYECKHE NApaMeTphl JIE3BHUs, Tak M yciIoBus obpa-
\%3 IpelutaraeMoll cxeme TpejiiaraeTes paccMaTpHUBaTh YCTAHOBHBUIMHACS
lece pesatusi. [Ipa 9TOM pe3anHe MOXHO NPEACTABUTD KAK LHKIUHMECKH 110~
DU CSL Ipolece BHCAPCHHY HHCTPYMEHTA B MarTepHal 34arOTOBKH, 3a-
OLIYMHCSH OT/ICNEHUEM CTPYKKH. JIBIbKeHUe Npu 31oM co3faer 0onblume
MenleHus, Ho He nedopmaiyy. PacueTs! BHINOMHAOTCA Als OJIHOTO TAKOro
INYECKOTO MMKPONBH/KCHHS 3aBepIIAOLIErocs paspyllieHWEM MaTepuana
OBKH. | Ipu 3T7OM reomerpuyeckas GopMa 3NeMEHTOB 3ar0TOBKH HAlIPAMYIO
“HT OT reoMeTpH# HHCTpYMCHTa, MaTepruanos 3aroTOBKH ¥ MHCTPpYMEHTA U
MOB pesanus. B npeneax 3Toro MHKpOIICPEMEILEHHA HHCTPYMEHTY 3ama-
UMKJIMYeCcKOe NepeMerienye ¢ o4edh MameIM maroM. [locne xaxcoro wara
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[lepssiit moaxon B HacToOsIEe BpeMs MMeeT GOMbce pacrpocTpaHeHrHe.
DTO CBA3aHO C BO3MOXKHOCTBIO ITONyYEHUS ONPEeAeNeHHBIX MaTeMaTHYEeCKHX,
MOZENEH PasiniHoi CHONHOCTH H TOYHOCTH, B TOM HHCHE H NPHIOAHEIX 1
HHKEHEPHLIX pacycros. Fomyqennsic pesynsTaTsl, Kak IpaBuiio, SBISIOTCS 00
PEAHEHHBIMH H OpHBOUATCH K QIPEeAC/ICHHBIM TOYKaM INOBEPXHOCTH NeTand ki
PCXKYIIETO €3BHA HHCTPYMEHTA. HeocTaTkn Takoro MoAXoaAa OYeBHAHbL. 3012
PE32HNS XapaKTepHsyeTcs GONBIINMHA BENHYMEAME M IPAJHCHTAMH HAIpSIKS:
HHH 1 TeMIIEPATyp, KOTOPHIE HCBO3MOXHOCTh YUECTh B HHTErPanbHBIX 3aBHCH
MocTaX. TeM He MeHee, IPOCTOTa, yao6CTBO, AOCTYIHOCTE HENarT HX oMY
JIAPHBIMHU CPEliH MHKCHEPOB H YUEHBIX.

Bropo¥i poaxox moxer Gonee Touno orpaxats peasibHble MpOLEcchh
lpoTeKaiolie B 30He pe3anus. Pearmsyercs 370T moaxon ¢ moMoms0 pasiid
HBEIX NHCKPETHBIX METOOB, Halle BCEro HCIOJIB3VETCH METOJ KOHEYHBIX 376
menToB (MKD3). Oanako, HECMOTPS Ha WIMPOKOE HCTIONL3OBAHHE NAaHHOTO ME
TOHa B 337a4ax CTPOUTEIBHOH MeXaHHKH, TeNNoBHIX, aIpoAMHAMHYCCKHX F
APYTHX pacteTax, B 3ajaqax pe3aHys MeTalloB, TEXHONOTHA MalIMHOCTpOeHHE
MKD3 re nomyunn wunpoxoro pacnpoctpaserus. [Ipenpusumanics oTaenpEbe
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BBIIOJHACTCA Pacyet CXeMbl. ECIM MUTEeHCHBHOCTL HANpPKEHHHA MCHBLIE f1pe.
Jiena MPOYHOCTH MaTepHalia, TO BHITOMHAETCS CleAyIoiui Iar-cMeniexnue.

CkopocTh pe3aHusi B TAaKOH pacyeTHOH CXeMme YYWTHIBaeTCH KOCBeliHg,
KaK HM3MEHEHHEM ICOMETPHM 30HHI jcdhopMaiuy, TaK H MeXaHHYECKHMH CROj..
CTBaMH KOHTAKTHPYIOLIHX Tel (B NEPBYIO oucpelb 9epes KoaQpPUUHEHTSH! Tpe
Hu#). Mcnons3osanue pasfHYHbIX KOIQOUUHUEHTOB TPEHUS 10 NepejiHel 1 sag
Helt MOBEPXHOCTAM TMO3BONAET TOUHES YHCCTh HE TONKO CKOPOCTL PE3aHHS, Hy
snusHue COTC u usHoca.

I"eomerpuyeckye napaMeTpsl 30HEL pe3aHus MOrYT OLITH PACCIHTAHE! gy
OCHOBE HMEIOIIMXCS 3HAHHH TEOpPHH pesaHus. B mporpamme HCHoNib3yercy
cxema 30HH pesarwus, npeminoxenHas 3opesniv H.H.[4] ¢ ucrons3oBanuen ye-
KOTOPBIX JIOMONHEHMH, YTOUHEHWH 3aBHCHMMOCTEH W CIIPaBOUHBIX JAAHHBIX, Mo-
syyernbix Koznoesim B.A[5]. :

B pacuerHsle 3aBUCHMOCTH BXOJAT CleAyloline (akTophl: rmyOuHa j
CKOPOCTD pe3anus, 1I0a4a, Iepeiuii ¥ 3a/HAN YIiIbl PEXYIIETo JE3RUS, Iilas-
HEIH ¥ BCIIOMOraTefkHbIH YITIBl B HJ[@HEe MHCTPYMEHTA, PaEUYC CKPYIICHHS pe-
KYIUEH KPOMKH, MEXaHWUeCKHE CBOMCTBA MATCPHANOB 3arOTOBKH H HMHCTpY- ofee SKOHOMHO HCI0Ib30BaTh 1amMsTh IBM - rnodameHas MaTphua e~
MEHTa. ] HE XPaHWTCH LOCTOAHHO B MaMsiTH, a NCPECHYMUTBLIBACTCA HA KayK/10H

Jast popMUpOBaHHA CETKH TPEYTONbHEIX KOHEYHbIX duemeHToB (K3) Gl | AH.
pa3paboTan cnenuanbHsli nporpaMmHesil Moayis. Oun obecnieuusaer ynpasie: '
HHe pasmepamu K3, cozmaer Tpebyembie CrylHeHHsl, KOHTPONUPYET KOHTEKTH-
posauuc Tea TONLKO B YSJI&K. Hp}l 3TOM HCKITHOYAETCA BO3MOMXKHOCTE CO3XaHNE
KD ¢ yrinamu Gonee 90°.

Jns coxpadenns obbema 3afa4u B mpefienax BosmoxHocT DBM npuxo-
JMTCH OTpalindMBaTh pa3sMEphbl KIMHE M 3arOTOBKK. 1 1pu 5TOM JKCCTKOCTE KOH:
TAKTUPYIOWHX Tell (B [EPBYIO OuUepelll pezlla) CHUXKAETCH, YTO HCKaxKaeT pe
alpiyio KapTHHy pesanus. IToaToMy s pactueTHOH cxeMe NPUXOMUTCH MPLME:
HATH AOMOAHUTENbHbIE 3aKPErUIeHNs. BrluucnuresbHpic 3KCIIEPUMERTH! (10K
3a7IH, 4TO UeNeco0bPasHO HANOXKHUTE JOUOIHUTCALHEIE CBASH Ha 31eMeHTL! 00
KOBBIE€ TIOBEPXHOCTH 3aTOTOBKH H MHCTPYMEHTA, YT0 HCKIFOUMT OoTrub pesua ¥
JtehopMAaliii 3aTOTOBKH.

Pacyer BBRINONHAJICH C HCIIOAB30BAHHEM Pa3ZHOBHIHOCTH MKD -
PCMKD3{6]. B ne#i ucrione3yercs ciacayromas Guanyeckas MoAeas B3aumo,ich
cTBHA ABYX Ten. [Ipeanosnaraercs, 4TO B Ha4anbHBIH MOMEHT Ha TEJIO HAJIOKE
HBI CBSI3Y, OTHUMAIOILKE Y HCr'o Bee creneHy ceoboel. Ecny k Teny NpuiaoxuTh
cuny (K HeCKOJBKMM y371aM), TO B ZOMONHUTENBHBIX CBA3AX BO3HUKHYT peakiiit
(uesssku). Ecnu rereph ocBOOOAUTE OT JOIMONHUTENBHEIX CBA3EH OjuH U3 HE
TPYKEHHBIX Y3JIOB, @ BCC OCTQJIbHbIE OCTABUTh 3aKPCHNCHHBIMHM, TO y3ei CME
CTHTCS B HOBOE TMONOXKEHHE, B KOTOPOM HeBs3KM paBHbl Hymo. Ilpu stom ¢
cequue KD nepopmupyrortes. CMenieHMe y3ia pacCUNTRIBAETCA MyTeM pelreHid
3anaud KD g o6nacTu ¢ 04HUM CBOOOAHEIM y3n0M. B HOBOM monoxeHun y3e!
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KpennaeTcs JOTIONHHATENEHBIMY cBsizamu. anee ocBobOTaeTca OT
TPOM3BONBHLIN cocennuit ysen. Ha Hero JNeHCTBYIOT yCUusi OT BHEIU-
1 ¥ OT paiiee cMelleHHoro y3ia. [loa neHcTaueM MPUTOKESHULIX CHIL, OH
I3MEHUT CBOE TIONoXKeHue, Npubinkancs K pasroBecHoMy. Ero cumeiie-
mesier K aedopmanun okpyxaionmx KO. Ilpi 370M BO3HUKHYT HEBA3KH
351X, OKPYXKAIONMX panee CMELIEHHBIH Y3eN, HO MCHDLIICH BEIHIMHEL
pedopmanuil MPoBEeXKHT MO BCEM Yy3/1aM CXEMBL. TMocne pacueros, Npak-
BO BCEX CBA3ZAX OCTAHYTCs HEBA3KH. [iA HX yCTpaHeHHsS NPOH3BOANTCH
HaTHAd MPOTOHKA CUCTEMBI YPABHEHUH 1O CHIDKSHMSA HMX 1O npenedpe-
JHO MaJIFIX BEJIHYHH,
Takoii MOCIIeI0OBATENBHEIA MHOIOKpaTHbIHA oOcueT ceTky KO CyluecTBeH-
HEpPSET BO3MOXKHOCTH TI0 Y4eTy HENMHEHHOCTH paccMaTprBaeMoii 3a1a-
OSBSCTCS BOMOXKHOCTE YYECTb JKECTKUE MOBOpOTH KO, B X04¢ HTepaii-
 [poLiEcca CKOPPEKTHPOBATH MEXaHHHYECKHE XapaKTEPUCTHKH KOHTAKTH-
X TeJl, KOHTPOJMPOBATh BXOXKACHHE B KOHTAKT HOBBIX Y3I0B U Jip.
Mcnonp30Bailie WTepallOHHOr0 MeToHa pellexus 3ajatu MK?3 nosso-

PSKEHHOE COCTOSIHME B 30HE PE3aHHA IBIACTCH CIOXHBIM, TTOITOMY
paspyileHHs YCTaHaB/IMBAJICA 110 SKBHBANCHTHBIM HANPSOKCHUAM, Paccy-
MBIM [10 HETBEPTOM TEOPUHU NPO4HOCTH.
03[aHHbIH Ha TAKMX MCXOXHBIX MOJOXEHMAX NPOTPaMMUBIH KOMIITEKC
DAISET PelaTs 3afauy OLCHKN HAlPHKEHHO-AePOPMUPOBAHHOTO COCTORHUA
pesanys Ui ITOCKOH 3anauy. Pemmenye nIocKoH 3a1auu BMecTO 00beM-
CBS3AHO C OFPAHU4EHHSIMH, HAKJIalblBaeMbIMH WMEIOLUMMUCH aHATHTHHE-
1 3aBHCUMOCTSIMA 110 ONMCAHMEO 30HBI Pe3atinsi.
porpamMmuoc ofecrnededne pa3paboTano Ha A3bIKaxX AutoLISP u C++
aduyeckoil cuctemsl AutoCAD. Beibop cpejint nporpaMMHpOBanis B
'eNBHON cTerleHr Obll onpernelieH rpaQryecKuM XapaKiepoM pelacMou
BenosmoraresibHan MporpamMma o0ecneuBsaoT NpocMOTD pe3yibTaToR
oB. B y3max CXeMpbl NPOCTABISIOTCA, LBET KOTOPHIX ONPEASHAST MHICH-
octs Hanpsoxenuil. Jononaurensio Haxouares 10 y3inos ¢ HAHOOIBILHMHA
EHTHBIMH HaIPSKEHUAMM. ;
. [lposesennoc TECTHPOBAHHE ([OKa3al0, YTO XapakTep pacrpeneleHui
SOKEHHUH B PEXYIUCM KIHHE B OCHOBHOM COBila/aeT ¢ HMEIOIIMMHCA B 1=
€ pesysibTaTaMy MPOBEACHHBIX PAHEE UCCISI0BAHMMH, B TOM HHCNIC € He-
30BaHMeM METONOB GOTOYNPYFOCTH, & YCHIHUSA pe3aius J0CTAaTOouHO XOpo-
OBRNAIal0T C HIKCIEPUMCHTAIBHBIMHU 3HAMCHUAMH.
Pe3y3b'l‘a'l‘fsl pacquOB Haﬂpﬁ}KCHHO-,‘.‘LE(})OPMM]‘)DB&HHOTO COCTOAHUA MO-
OBITE MCIOMB30BARE] JUTH ONTHMH3AHKK 11aPaMETPOB PEXYIISTo JIe3BNS U
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HEKOTOPBIX IapaMeTpoB KavcCTBa MOBEPXHOCTH, B YACTHOCTH CTENCib YIpoy.
HEHHMS Matepuana 3aroToBKH. [l 5TOTO MOKHO BOCTIONE30BATHCS paccunTa.
HOM ans kaxporo K3 uuTeHCHBHOCTBIO AeopManyil ¥ KpUBOIf PacTIXeHuy

MaTepUANOB.

PazpaGoranusiit nporpammubiii Komriexc NIOCTPOCH TIO MOAYSIBHO
MPHHIKMILY 1 MOXeT OBITh IONOJIHEH CHELHANbHbIMU SIEMEHTAMH, Hampume
OUTHMH3ALMIO TEOMETPHIECKUX NTAPaMETPOB PesxyIlielf YacTn HHCTPYMeHTa mp,
pexumor 0bpaboTky. &

IIposeaeunsie HeCneaOBAHUSA BEIMTONHEHD! B pamxax HUP no I'panty muy-
HUCTepcTBa obpasosanus PO (T00-6.6-150).

Caucox nmreparypsi: 1. VYcaues JLA. Pacuer HANPAXKEHHO-
NehOPMUPORAHHOTO COCTOSHUA PEXKYIIeH gacTw HHCTPYMEHTA CIOXKHOH do
mbl. Hajexnocrs pexymiero uncTpymerira (c6opmuxk crareit), Buim. 2, 1975 ?:
74-78. 2. Jlykuna C.B., Cenos B.E., I'peynumnuxos B.A., Koéos M 1"
Hcenenopanne HanpsHKEHHO-AeDOPMHUPOBAHHOTO COCTOSHUS 3y0nes varm;n;
UPOTAXKEK MHUCACHHBIM METONOM KOHEYHBIX sNeMeHTOB. // BecTux
MAlIMHOCTpOeRUS. — 1997. - Ne3, c. 22-24. 3. Illatepun M.A. Obynes M.I1
Monoxasos B.M. PacueT HanpsKeHHOTO COCTONHHS 3014;1 pe:aaﬂm. H
OCTAaTOYHBIX nanpsokeuudt obpaboTaHHOH mosepxmoctu. B ki KauecTso
pexumel obpaborkn marepuanos. (Mexsyzosckuii cOOpHUK HAYYHBIX TPY/I05)
Opmoxonusumze, Cesepo-OceTHHCKHIT ynusepeutrer,1984. 4. 3oper H.H.
Bornpocki MexaHuKky npouecca pe3anus MeTanios. - M.: Maiurus, 1956, 368 c.
5. Kosmor B.A. CrpyKTypHO-napameTputveckas OIITHMM3ALIHS T:qulms
MB,TE.EHEJIGB Had OCHCBE MAaTreMaTH4YeCKOro MOHEHHPOB&HHH Hpomnecca
obpaborku. [uccepranug Ha conuckanue YYCHOH CTeneny JoKTopa Tex
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CTPYKTYPHbIN CUHTE3 TEXHOJOTHYECKIX
KOMIUIEKCOB BbICOKO3®®EKTUBHOMN OBPABOTKH

Xenpen M.JL, Yemncos B.B., 3egenesa E.3., Manseuncruii C.B.
(TIT'Y, 2. Hosononoyx, benapycs)

Structural synthesis of technological complexes Jor highly efficient combined
thermomechanical and electromagnetic treatment of the surfaces of machineiy-
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My

considered

CoKpalileHHe CPOKOB NPOEKTHPOBAHHS HOBBIX MEPCIEKTHBHEIX TEXHOIO-
x ﬂpﬂuﬁCCOB, OCHAINEHHBIX ldlIC'[‘pyM&HTaMH, arperaTHbiMH GJIOKaMH H
MY, CTAHKAMH ¥ MOJYJISMH, 00pasyioluMH eMHbI TEXHONOTMYCCKUM
1 exc (TK) - oiHa B3 akTyaIbHbIX HPOOIeM COBPEMEHHOIO MAlIMHOCTPOM-
joro npousBosictea. Kmouesofl 3anadeit npoexruporanus TK ssnsercs
GoTka CTPYKTYpBl, obecriedupatoiueii Gecnepedoiinyto paboTy H ruOKy10
anagKy KOMIUIexca BhICOKoa(dexTuBHol 0OpaboTku. Paunonanseeie Ha-
Th ¥ aJanTHBHOCTH OOecmeyWBaroTCs IPH CHHTE3C CTPYKTYPHI, OCHO-
1J0M Ha aHaJM3e SNEMCHTOB U HecnenoBauuy Koprexeh TK [1].
TexHOMOTHYECKUN KOMIIIEKe B 0BlieM cllyyase pacCMaTpHBAETCA Kak He-
YyecKH TMOCTPOCHHAsS CHCTEMa «4eJloBeK — Mmamuna» [2], BriIrovaioinas
forue yposHu: 1) dyHkiHoHanbHbie 31eMenTs (OD), Takne KaK riiaBHoe
Hue, ABUXKEHME TOJIa4M U ABMOKEHHE HHCTpYMedTa; I1) dyHKLuMOHANBHbBIC
ctembl (OIIC) B Buge arperaTpx omokos; III) QyHKUMOHATBHEIE CHCTE-
(®C), obecreunparowie paboyne, TPAHCIIOPTHRIE ABMKCHHA, THTAHUC U
leEne, a TaKke obcnyxusaHue; 1V) TeXHONOTHISCKHE MOAYIH (T™M) um
THBIC CTaHKW, SHEpreTUdecKne H HHOOPMAlMOHULIE MalIFHEL, V) aBTo-
jecKie ¥ TONyaBTOMATHYECKUE JIMHUY | Y9acTky, obpasyrouine TK.
Kaxxgast 1ofcHcTEMa N-TQ YPOBHA SBIACTCS 2JIEMEHTOM MOACUCTEMbI
-ro yposus. Coctas TK, xaxuoi ®C n ®IIC, sxonsmux 8 TM, a raxe
IHKA COCTABIAIOLUHX WX (D3 COOTBETCTRYIOT COUEPIKAHUIO TEX TEXHOJIOTH~
onepatuii, /Ul KOTOPBIX CO3JacTCsi AaHHLIH TEXHONOTHYCCKHHM KOM-
. Kaxcuast @TIC coctouT B 06meM cry4dae w3 HecKonekux O3, B HazBauuH
OPLIX GUIYPHPYIOT Ha3BAHMs BHIIONHACMBIX AMH QyHKUMH (ABWKEHUH).
NHOUATEHAY TOACHCTCMa AAHHOTO BHAA B XOJ€ TEXHOIOTHYECKOTo Hpo-
BRIIIONHAET ONpPEeNEeleHHYIO THIORYIO QYHKIHIO, T.C. THIOBYIO TCXHOMNO-
KyIO OIlepalyio.

. CripoexTHpOBaiible B HACTOALIEE BPEMA YCTAHOBKH ANS BHICOKOIPPeK-
HoM ToKapHoil o6pabotku (TO), dpeseproit 0Gpabotku (PO), abpasnBHOHA
orkH (AQ), poTaunorHoro pesanns (PP), ssiekTpoMaruuTHON Haniaske
{), mosepxuocTHOTO macTudeckoro aedopmuponatns (ML) u marnuT-
Bpazusroro nonuposanus (MAI]) npeacrasisioT cobol QyHKIMOHANBHEIS
eMbI ¢ HaOOpOM PA3IHUHBIX ogCHCTeM [3].

. Jlns awanuza COCTaBa M KOMMYECTBa MCIKYPOBHEBbIX CBA3eH 3/IEMCHTOB
HOJIOIMYECKMX KOMITIEKCOB KOMOUHMPOBAaHHOH 3AeKTPOMariMTHONH U Tep-
texanucckoli (KOTO) o6paboTku UCTIONBE3YEM ABYX3HAUHYIO HYMEPAUHUIO
LaBNAIOTIMX cHCTeM 1 anemenTos [4]. [lepeasg nugpa HoMepa COOTBETCTBY ST
BHIO COCTABNAIOIIIX: 1-(QyHKIMOHATBHBIC 3/IEMEHTDI, 2 - QYHKUMOHANBHBIC
CUCTEMBI, 3 - DYHKIMOHAIbHBIE CHCTEMBI, 4 - TEXHONOTHHCCKasd MAIIHHA, =
HONTOIrHYeCKH i KoMILieKe. Bropas uudpa - NopsikoBblid HOMEp KaXI0# co-
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CTaBAKIOWICH JIaHHOrO ypoBHA. Takum 00pa3soM mony4aeM CHEAYIOUIYIO KO0
BYIO HyMEpauuio COCTaB/IAIOmUX: 51- TexHomoryyeckui koMmiuieke KOTO ng.
BEPXHOCTeH BpalneHus, 52 - TeXHONoruyecknit kommieke K3TO TOpueBbIX 110.
BepXHocTel, 53 - Texnonoruueckuit komrnexe K3TO nnockux [TOBEPXHOCTEH,

Paccmotpum Texnonoruueckuii KoMIIeKe KOMGHHUPOBAHHOM 3NEKTPO.
MAariuTHON ¥ TepMOMEXaHUYECKOM 06paboTku Aetaiell THNA TeNl BPalieHHS [4].
Hetseptoiit yposens TK COCTaBAAIOT TEXHONOTHYECKHE MOJYITH IO METOAY OF-
pabotku: 41 -Toxapuoi o6paborku, 42 - abpa3uBHOH o6paboTkH, 43 - porary.
OHHOTO pe3anus, 44 - NCKTPOMATHUTHOH HAIIABKY ¢ TOBEPXHOCTHRIM THIACTH-
YCCKHM [edopmMupoBaHHeM, 45 - MarHUTHO-abpazuBHOIO noaupoBaHus. Tpe.
TUH YpOBeHE - QYHKUMOHANbHbIE CHCTeMBI: 31 - pabouas, BKIOYAIOWAs 3ic-
MEHTBI, HEOOXOAMMBIE Ut BBIMOJMHEHMUs NpSAMOro HasHaueHus OC, 32 - Beno-
MoraTesipHas, OCYUICCTBAAOMAS YCTaHOBOYHBIE NBIXEHHUS WHCTPYMEHTA M 3a-
FOTOBKH, 33 - obcayxusatomas, 06eceuuBalonas cMeHy 3ar0TOBKY, HHCTDY-
MEHT4, 3aMOJHEeHue YCTpOicTB noaauu nopouika, COXK. Bropoit yposens -
GYHKIHOHANbHEIE MOACUCTEME!: 2] - IBHKEHUS 3arOTOBKY, 22 - ABIKSHHS U-
CTPYMeHTa, 23 - IBHKCHUS TOJauH, 24 - ABWKEHUS SMEKTPOMATHUTHON CHCTe-
MBI, 25 - NOTIONHHTENBHOTO Harpesa 06pabaTriBacmoil MMOBEPXHOCTH, 26 - Noa-
au COX, 27 - nonaun nopoiuka, 28 - yCTaHOBOUHBIX ABHIKEHUIA HUHCTPYMEHTA,
KOTOpBI€ MOTYT COBMNAMNATL C OCHOBHBIMH JBHIKCHHUSIMH, 29 - CMEHB! HeTatu i
uHCTpyMeHTa. Ilepserit yposens - ¢yuxuuonamsunie nementsi: 11 - riasnoe
Asmxenuc 3arotosku (111 - Bpamarenshoe,112 - noctynarempuoe), 12 - ras-
HOe /IBHKenne WHCTpyMenTa (121 - spamarensHoe, 122 - noctynarensioe), 13
- IONOJIHKTENbHOE IBHKEHHEe HHCTpyMeHTa (131 - BpataTensHoe, 132 - nocry-
narenbnoe), 14 - apuxenue nogaun (spesanus) (141 - npogonsHoe, 142 - noe-
peuHoe, 143 - mepneHauKyIAPHOE TIOCKOCTH TIOTIEPEYHOT0 H NIPOROILHOTD), 13
- ABHXKCHHE 3ICKTPOMAarHHTHON CHCTEMBI, 16- ABHKEHHE YCTPOWCTBa noaadyd
nopouika, 17 - yCcTAaHOBOYHOE ABUIXKESHUE 3arOTOBKH (171- mpogonsBoe, 172 -
noiepeynoe, 173 - nepneHanKyIsIpHOe MIOCKOCTH NONEPEYHOro K MPOIOIbHO-
ro), 18 - ycranosounoe jsuxenue nucrpymeiira (181 - npoxonsuoe, 182 - fo-
niepevHoe, 183 - Bpamarcisgoe).

J15 TEXHOMOIHYECKOTO KOMILIEKCa 06PabOTKH TOPUEBLIX HOBEpXHOCTE!
B KOJABI IMABHOTO OBHKCHHA 3alOTOBKM BBOJMM Jonoixenue: 122 - mocTyna
TeNBHOC NPOAOABHOC ABHKEHHE, 123 - nocTynaTensHOe MONEpeuHoe ABUKEHHE.
1151 TEXHONOrHYECKOro KOMIIIEKCa 06paGOTKH MIOCKKX MOBEPXHOCTEH BEOIU
JIOTIONHETENLHYIO KOJOBYIO HYMEPAIHIO TEXHOIOMHYECKOTO Moayna: 46 - ¢pe-
3epHoit 0bpaborkn.

Ha ocHosanuu ananusa Habopos coctapnsiomux ©C, OIIC u O, Hassl-
BAaEMBIX KopTexxamu [1] onpencnum cBasu Mexay Humu. Msydenue mocTpoeH:

HBIX Tpa)oB KOPTEXKeil 1103BONISIET YCTAHOBUTE KOJIMUECTBO B3aHMOCBA3CH MEX- |

AY Pa3IMYHBIMH YPOBHAMHU coctaBasiontux TK [4]. Bee Texnonoruueckue »mo-
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- (IV yposesb) BKIOYaioT ¢ynkuuoHansHeie cuctems! (111 yposens): 31 u
6O4YIO H BCIIOMOrarensHyt), kpome TM45. OTIC22 (nBuxcHue UHCTPY-
) orcytetByeT B TM45; ®OIIC23 (asmwxeHue mojauM, Bpe3anus) — B
4, 45; OIIC24 (gBroKeHHE DNEKTPOMArHATHON cucremel) —s TM41, 42,
46; OTIC25 (mononrurtenpHLIA Harpes) — B TM42, 45; ®IIC26 (nmoaaua
— B TM43, 44; OTIC27 (nozupyrowee yCTpoHCcTBO) — B TM41, 42, 43,
PIIC28 (ycranopounsle ABwkenus) — B TM45. Takum oGpazom, B 6oJn-
ctBe cryvaes B TK npucyrterrytor: ®IIC21 (nBuxenue 3arotoskyu) - Bpa-
e (111) (S u3 6), DIIC22 (aBuxeHwWe HHCTPYMEHTA) — IOCTYNATeIHHOE
wemierre (122) (4 u3 6), ®IIC22 (HonoNHHTENLHOC ABHKEHHE HHCTpYMEH-
- ppaienue (131), dIC23 (usuikeHue NoAauH WIK BPE3aHHs) -IONEPeYHOC
meneiine (141), OIIC28 (ycranosouHsle IBHKEHHS WHCTPYMEHTA) - IPO-
oe u nonepe4dxoe nepemeulenye (181,182).JIns npoexruposanust yuusep-
HOTO TEXHOMOI'MYECKOTO KOMILTeKca KOMOUHHPOBaHHOR TepMOMeXanude-
i { JICKTPOMArHUTHOM 00paboTKY OOBEAMHIM KOPTEXH M ONPEAEHUM COB-
FOLLKC CBS3H ¥ QYHKIIMOHANBHBIE ITEMEHTEL.

Cosmelnenne koprexell (puc. 1) BeIsSBIZET LeNecoobpasHoCTh CO3AanUs
PCANBLHOIO TEXHOJIOMHYECKOT0 KOMILTekea, O0BLe/IMHSIONIEr0 BEICOKOAh-
HMBHBIE TEPMOMEXaHHYeCKHE M SAEKTPOMAriUTHLIE MeToAs! 0Opaforku no-
HOCTel Bpaltienns [5].

- CIpyKTypiiblii CHHTE3 DIeMEHTOB Ha OCHOBAHHH PACCMOTPEHHRBIX CBSA3EH
olseT BBIIENUTE B cocTase TK pan yruduuuposanusix 610x08: 1) rinasHo-
BIOKEHMST, 00eCIeYH BAIOLIUH BpAIIEHHE 3ar0TOBKM OTHOCUTENLHO TOPU30H-
HOM OCH, 2) NPUBO/IA MHCTPYMEHTA: a) TOCTYIATeIbHOTO ABMKEH S BAOTE
BDAILCHKA 3arOTOBKH H HBHIKEHHWS BPE3aEHA, 6) BpaliatTeiIbHOro ABHIKCHUA,
OCTE KOTOPOTO ONPEMENAeTCs 110 YCHAHAM B Tipoilecce obpaboTtku; 3) 1o-
: @) MOpOIIKa [/ HAILNABKM HIM Nonuposanus; 6) paboueii COX; 4) npu-
| BIICKTPOMArHUTHOH CUCTEMBI, MCTIONB3YeMbIe: a) IS YNPABJICHHSA TCXHO-
MeckuM TiporeccoM; 6) Ul KOHTPONA U peryjiMpoBaBds Kadecrsa obpa-
M U 5) cityxauine: a) 1Uis [104a4n DHEPruy U 6) jUlst yIpapieHus SHepreTH-
KiMU BO3/ICHCTRHAMK Ha MOBEPXHOCTHLIR Ciiol oOpabaThiBacMOil 3aroToB-
Biiok 2,a MOXeT OBITH BHINOMHCH B BHAE CYNTIOPTA TOKAPHOTO CTAHKA, a
2,6 )KeCTKO 3aKpelulseTcs Ha 61oke 2,2, 4TO HaeT BO3MOKHOCTL UCHOIB30-
 CYIIECTBYIOINHE MexaHusMel OnoKa 2.2 7S peanu3alny YacTH JBKeHuH
pyMenta.

- Paccmotpum cBsisu Mexny QyHKUHOHANBHEIME 3J1€MEHTAMKU TeXHOJOTH-
Oro KoMmrniekca g o6paboTKH TOPUEBBIX nopepxuocred. Cosmelienne
eXel ornpenenser, uTo Anst oOpaboTKU TOPLEBLIX MOBEPXHOCTEH MONHO-

F0 MTONIXONST GIOKH KOMIINEKCa Ajs 06paloTKH FOBEPXHOCTEH BpPALICHUA,
BKC Tpelyercs 3amMeina 1aBioro ABHKEHMS Ha [oJayy HHCTpyMmeHTa (mo-
NATEIHHOTO NPOAOALHOIO Ha TIOIIEpeHHOe).




] —— e e,
Puc. 1. I'pader xoprexeit

TEXHOAOTHYECKOr0 KOMILIeKca Juis obpaBotku

adotku, 6) aGpazusuoit obpaboTtky,
s T) 3IEKTPOMATHUTHOM HANNABKH ¢ TIOBEPXHOCTHEIM

Hccneayem cessu
2 MeXAY OYHKUUOHAIBLHBIM

H 37eMenTa H-
HECKOT0 KOMILIeKea 1l 06paboTky i e

Mele = J
X«_I:H Hu;), 2) 610K ABMKeHHUS HHCTPYMCHT2 00ecieuHBaeT BpaiarensHoe B
“HUE; 5) NOCTyNaTelblioe ABHKEeHUE -
HHCTPYMEHT2 B TEXHOIOTHYe :
JIe¢ MarHMTHO-abpa3uBHOTO NOTH 2 el

TUPOBAHHS MOKET ObITH 3aM
eHe

NIONatiu, U CNenoBRaTeNLHO B0k Oyzer ocy b

UIECTBIATE OH110 ABHIKEHHE
Ananuz COBMeIleHug KOopTexein TEXHOMOTMYECCKHUX KOMILIEKCOB nist 00-
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NOBEPXHOCTEH BpalueHus, TOPLUEBRIX M ILIOCKHX TOBEPXHOCTEH BbI-
O OJ1A BBITIOJIHCHHA KOMGHHH})OB&HHIﬁX TEPMOMEXAHHYECKHX W DJIeK-
THBEIX TIpolleccoB. paboucii dyuxuuoHanbHOR cHcreme Tpedyercs
uTh [5]: rnaBHOe ABHKEHHE, ABUIKEHHUE TIO/IaYH, YCTAHOBOYHOS JBHIKE-
OHONHMTEN(EHOE ABMKEHHE.

ob1LeM cityyae 1 BelnoiHerus HeoOxonumoro Habopa IBHKEHNI pe-
[IyeTCsi TEXHONOTHYECKHi KOMILICKE CTPOMTE U3 BIOKOB OCYIIECTRIA-
 BpallaTellbHoe ABH)KEHHe JeTany; 2) BpailarelbHOe JBHXXEHUEe MWHCT-
a; 3) TPM B3aUMHO TEPHCHAUKYIAPHEIX IOCTYNATEIBHLIX ABHKEHUSA
) HOTIOJIHUTENbHOE BPAINATENbHOC ABHIKCHHE HHCTPYMEHTa; 5) ycTaso-
¢ IIOBOPOTHOE ABWKCHHE OCH POTALHOHHOTO WHCTPYMEHTa; 6) Kpemnic-
Ay Ha CTose NMpH obpaboTke MIOCKHX NOBepXHOCTe# u 7) Kperenye
eHTa Inpu Toxapnoil odpadorke [4]. bnoku 1 u 2 MoryT OBITH KONCT-
sHO 00BeaMHeHE ¢ O10KaMU, BLINOMEIONIMMYI YCTAHOBOUHEIS ABUIKCHHUS
eryJMpOBAHHS PACCTONHMA MEXAY OChIO BpAlleHHs M pamoil (cTonom)
ekca; 6;10kM 4 U 5 MOTYT GbITh COEIMHEHSI.

BorBoani: Takum 00pa3oM, CTPYKTYPHBIA CHETE3 TEXHOJIOTHIECKHX KOM-
OB BBICOKO3(Q®EKTABHOH KOMOHHUPOBAHHOE TEPMOMEXaHHHECKOH U
MarHUTHOH 06padoTku nosepxyocTell BpaIeHHs, TOPUEBbIX U TIIOCKMX
ocTelt Ioxasan HenecootpazHocTh CO3Aalus YHEBEPCAIBHEIX TEXHOI0-
C KOMILIICKCOB On#A 06}3&60’1‘1{1‘1 Aeranlel THna Ten BpauleHus B BHAC
Oro NPOW3BOACTBEHHOTO MOXYJIA, COCTOAIUENO U3 YHHPHLHPOBaHHBIX 610~

Crucox auTepatypni: 1. Aprodonesciuit .M., Miennckuit 5. OcHo-
HTEe3a CHCTEM MAallMH aBToMardyeckoro neicteusa. - M.: Hayka, 1983. -
2. Bparos FO.JI. AHanu3 KOMIIOHOBOK METAJUTOPEXYIUMX CTAHKOB. - M.:
Hoctpoenue, 1978. - 208 c. 3. Axynozuy JIM., Koxypo JLM., Xeliden
, 3eseniesa B.3. Ananus spissicokosddexTustbix Me1010B 00paboTky npH
KTMpOBaHHH TCXHONIOIMYecKuX Kommekcos// UMK, 1999. T.72, NeS. - C.
979. 4. Axynosud JLM., Koxkypo JLM., Xeitgpen M.JL, 3erenesa F.3.
PHEIH CUHTE3 NMPH [IPOCKTHPOBAHAH TEXHOIOTHYCCKUX KOMINEKcOoB//
(. 2000. T. 73, Ne4. - C. 813 - 818. 5. Awepuupin [LH., Koxypo JLM.,
ben M.JI. Tubkuil npow3BoAcTBeHHBI MOAYIL TS KOMOHHHPOBaHHOH
DOMAarHMWTHOM K TcpMOMexaHu4yecKoi obOpaborku msjaenui // Becruux

HocTpoenus. 1996. Ne 3. - C. 33 - 36.
j Cmamos nocmynuia 6 pedaxyuio 29.05.2002 2.



KPUTUYECKUN AHAJIA3 ITHEBMOMOTOPOB

101IaPHO [POTHBOIONOKHO APYT APYLY. Iopinsy 1, pasMeuicHHbie B Ka-
NEPEHOCHBIX BYPOBBLIX CTAHKOB 9

ape IMIMHAPOB, XKECTKO CBA32HBL MEXAY coboll nanpasistouieii rma-
2, B LEHTPE KOTOPOH MEpPHEHAMKYISPHO OCH NHIMHAPA BLINOMHEH a3
e KOTeHBANa 3, KOHCOJLHO 3aKPeMICHHOTO B KOPITyCe, Ha HIOABYaTRIX
YKax BPaIAIOTCS MON3YHbI 4, KX/ U3 KOTOPHIX [IEPEMELIACTCS B
TEETCTBYIOIIEH HANPaBIIAIOMEeH DIACTHHBL Ha BeixoAHOM BajIC [THEB-
opa 3aKpenyieH SOHOTHHK-paCHPBﬂCHHTe;‘LB, COE,[{HHEHHBIFI KaHanamy ¢
{H LWTHHAPOR. 30MOTHHK ofecneunBaeT nojady CKaToro Bo3jiyxa B
JpBI BO BpeMs pab0dero xofia, ¥ BRIIYCK BO3AYXa U3 MHIMHAPOB B Iy~
BO BpeMs 06parHOro xoxa. IJiymiHTens BKIHOHACT B cebs obBenM Kpu-
oM KaMephi.

:\\‘\\(i‘“ o
Jgﬂ.,;, \TL

o

Iuxpa C.A. (XI1H, 2 Xaporoe, Vrpauna)
Jupennos U.H. (Jonl'ACA, 2. Maxeeexa, Yrpauna)

The working parameters of the “Exchem” drilling machine pneumatic motoy
are considered. The main reasons of loses are determined. More effective ney
rotary spherical pneumatic motor is investigated instead and compared with
“Exchem " motor.

Tlepcnocusie Gyposble CTaHKH, IIPHMEHAEMbIE B [IEPEIOBOH TEXHOIOI Y
aHKEPHOTO KPCILICHHs: TOPHBIX NIOPOA, AOJDKHEI OTBEYaTh PRy cneurdHIecKuy
TpeboBaHul. Bo-NepBhIX, OHM HOMKHBI HMETh CHCTEMY pery/MpoBanus, odec-
TeyuBaroyio 3G PeKkTHBHYI0 paboTy KaK NpY H3MEHEHHY HAIPy3Kd BO BpeMs
fypeHus MOpoj pasHoN KPenocty, Tak ¥ NMPH Pa3sNUYHBIX PeXXuMax: 3a0ypusa-
HUs, OCHOBHOTO OypeHus, oOpaTtHo# NoAa4yu, aHKepoBaHus. Bo-BTOPBIX, HMeTh
Manbiif Bec ¥ rabapurhl, 00eCeuHBaIOLIME NOCTATOYHY MAHEBPEHHOCTh I1pH
BBLUIOJIHEHHY KpenexHsx paboT. B-TpeTBHX, COBMEIaTh BbICOKYIO YAETbHYH
MOIHOCTE ¢ 3KOHOMUYHOCTBIO, TOCKONbKY B 30HY NPOBEJSHUS KPENEeXHBIX pa-
60T 3aTPYAHMTEALHO N0aTh BONblIOe KOMHYECTBO 3HEPropecypcos (1HesMo-,

FUAPO- WX SJIEKTPOIHEPTHIO) MM Pa3MECTHTh COOTBETCTRYIOIEe ofopyoBe:
e, :

N

AN
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IlpuMepoM Takoro ofOpyHOBaHWSA, OTBEHAIOIMM [PCIBABICHHBIM TpE:
OoBaHusM ¥ 001a/aroliny BBICOKMMH ITOKA3ATCHAMH, ABJASTCA NMHEBMATHYC:
ckuit GYPHIBHBIH CTAHOK C TPEXCEKLMOHHOM crofikol ¢upmsr “Exchem” (Be-
nukobputanaus) [1]. Ero ocHOBHEIE IapaMeTphl:

- Puc. 1. IpuauunuaneHas cxe- Puc. 2, WrauxaTopHsie IUa-
nHesMoMoTOpa «Exchem» rpaMMb! pabodnX [POIeccoB

ypogoii cranox ¢pupMe “Exchem” umeer HeocnopuMsle NpenMy MecTBa

JIaBJICHUE CXKaToro BO3HYXa 0,4 — 0,6 MlIla; oTeyecTECHHBIMY aHanoraMu. Tak, MHEBMOMOTOP IS NOIPY30HiBIX Ma-
pacxof cXaToro Bo3ayxa 2,8-3,35 M/ MEH; i 3.01.030, npouzsoncTsa KpaBOpOXKCKOro 3aB0A2 TOPHOTO MaiiHHO-
KPYTAIINAA MOMEHT 165 - 245 Hm HUS, [IPH TEX iKe 700 ob6/Muii Ha BLIXOJAHOM Baj¢ HWMECT MOLIHOCTE 10
IIPH CKOPOCTH BHIX. BaJjia 700 — 600 06/MuH; Pacxoj CxXaToro BO3AYXa 10 10 M° /MuH T PH TOM e AaBICHUH, a €ro Mac-
YCHIIHE TOaYH 5 -8 xH; 00 xr, OAHAKO pacHeThi OKA3bIBAIOT, 4TO AAKE TIPH CPABHHTENLHO BEICO-
Macca (BMECTe Co CTOHKOH) 38 kr. oKazaTensx, HMMOPTHBIH CTAHOK UMeeT J0BO.JIBHO MAIYKO e TUBHOCTE

B »ToMm cTarke NpuMeHeH THEBMOMOTOD, HAPaMETPhlL KOTOPOro NpHBeis:

OIE30BAHKS DHCPTHM CKaToro Bosayxa. HeoOxoaumbli Ha MaKCHMaTbHOH
HBI HIKE: .

5

PY3KE CﬂK}'HI{HBlﬁ pacxoi Cxaroro BO3IYXa AJisl HETO COCTaBIACT

MormHocTs 15 kBT, ¥ =3/60=0,05Mm"/c, -
PaGouuit 06bem 350 oM’ ; w maprenuu P, = 0,6 MIla u temneparype 7, = 300 K coorbercrayet
Kosi4ecTBo UMIHHAPOB % OBOMY PacXomy
Qnamerp FIOPLUIHSA 55 mMu; . m=VP,IR,T. =036 xrlc,

01 [HOPLIHS 36 mm; g : o _ 2IvXa.
Miaxc, CEooens 18000 06/aMuk. 277 Jx/xr K’ — rasosas MOCTOSHHAS BO3/TY

Ipupens x Hog.uanbm,m YCAOBUAM NpH HaBiaenun P, = 0.1 MIla u Tem-

Cxema NHeBMOMOTOPA [IoKazaHa Ha puc. ). YeTslpe uunueapa pacnoio’
a4 . P pap pe T, = 300 K
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Vo =mR,Ty! By =032 I c.
ITpu HoMuHaNBHEIX 06opoTax Komipeccopa #, = 1200 o6/mun ero pafo.
4uH oObeM AomKeH OhITh

V, =60V, /n, =0,0153° =15x.

Paboma xomnpeccopa ho aduabamu4ecKkomy cocamuio Heobxodumog
Konuiecmea 8030yxa cocmasum

Ay =VoPy(P. 1 P) V% )k f(k —1) = 70-10° e /

| Ha pwc. 2 TpeAcTaBlieHa MHJMKaTOpHas auarpamma paboyero umxia
gomoropa “Exchem”, coorBercrsyiouias Momoctd 15 xBT (ruHus )
#/AM, [IDY TAKUX YCIIOBHSX MAKCUMANBHOE JAB/ICHHE 1IHKNA HE IPeBLIla-
| MITa, uTo 3HaYUTENHHO yMeHbLIaeT paboTy pabdouero xojia. B aiuaHOM
{ KaHalle BOHUKAIOT GoJblIMe ra3soffHaMMYeckKue [OTepH, TaKkKe YBejlH-
TCH JaBiIeHHe ¥ paboTa BEIMYCKa.
‘VKazaHHbIE HCAOCTATKA B 3HAYHTCABHOH Mepe yCTPausiIoTCa B POTOPHOM
€CKOM [IHEBMOMOTOPE — Pa3HOBUIHOCTH POTOPHBIX ChepHHecKHX 005~
rae k= 1,35 — nokasarens anabatsl BO3yXa. maummn (Lluxpa C.A., 2assku Ha Ilatent Yipauuer Ne 99105751, Ne
Ilpu opuHakosbix annabartudeckom n Mexarndeckom KITJ{ kommpeccopy 52, Ne 2001021100). Cxema nnesMoMoTOpa M306paxeHa Ha puc.3 u
o™ Mu™= 0,9 1 cos= 0,87, 310 COOTRETCTBYET MOLIHOCTH JIEKTPOABUTATEIY . B MOJIOKEHMAX, OTNHYAIOLIMXCY Ha YeTBepTh 1IOBOpOTa BaJjd. _]31-1y1‘pn
Ny = 4 11,57, =100xBm. . .
Kax Bujam, npy passusaemoit Momuocty 15 kBt KI1JI 6ypoBoro cranka , pa3MENIeHb! poTopsl 3 # 7 B BHzE ccpepnqecxgx cermenToB. Mexny po-
“Exchem” mo cxaroMmy Bosnyxy cocrasiser 20%, a B Iriepecyere Ha 3I€KTpo- PacmionoxeH MOABAKHENA AMCK 5, KOTOPEIA COBMECTHO € pompal\z
SHEprHIO ¥ TOTO Metbiue — 15%. Kax xe o6wschuTh notep 80% sueprun? Ko- SeT BHYTPEHHIOIO TIONOCTh MALIMHBI HA YETHIPC xa;wepm nepeme}{c};oﬂa
HEYHO, YacTh [0TEPh MPUXOAUTCH HA HEOOPATUMBIE HOTEPH NPH OXJIAACHHH R TOp 7 SxecTxo Saxkpeluier. Ha NPHBOMHOM BANTY S, BPANIRIOIIEM
: H z 1. Porop 3 mapHupHO 3aKpeIuieH Ha OAHOM
CKaTOTO BO3/lyXa B KOMIIpECCope, peCHBEpe U MarkucTpaiy: [ | O UIMTHAKE B KOPI/CE P p p
ik 3 KpHBOIIHIIA 2, APYTO# KOHELl KOTOPOro 3aKpEILICH B KOPIYCE ¢ BOSMOXK-~
o= Cpbelollel B)7 SR S18A0 e/ v, 10 [IOBOPOTa. YT0M MEX/TY ABYMS OCSMHK KPHBOLIHITG PaBeH Y. Y TOJ MeX-
rae C, = 10° Iiw/kr K® — yaensHas TengoemMKkocts BO3AYXa NPH NMOCTOSHHOM biO KPUBOIINTIA 2, 3aKpeINIEHHO B KOPIyCe, ¥ OChI0 MPHBO/HOIO Bana 10
BefeHuy; STr0, cocTamser 267 0% pabors! xoMIpeccopa fiy B (8 paccmatpusaemoM cirydae B=0). B 3aBucuMocTH OT yriia IOBOPOTa A
Ho Gonpmias yacts noteps 00yC/IOBNEHA ra30AHHAMUYSCKHME TOTEPSMI :

OIIMNa B KOPTTyCe, M3MEHASTCH Yol (¢ MEXy OChiO BpallleHKs poTopa 3 i
1 HeSHEKTHBHOCTEIO paGotiero mirkia npu GOMBIIOM MepTBOM 0beMe THes- npuBoaHoro sata (mpn B=0 @=const). B Kopiryce BEHITONHEHE! BIlyCKHBIC
MOMOTODA. 30/10THUK-PACTIPEIEIIUTENb, PACTIONONEHHEI Ha Bale MICBMOMOTO- 0 1 BrITyCKITIe OKHa 9, KOTODHIE [CPHOAMHECKH OTKPHBAIOTCA TLIOCKH-
pa, CBS3AH C UATMHAPaMH KaualaMi. B CBASH C YAQICHHOCTBIO TONOBOK I(F: SIMH POTOPOB H 3aKpHIBAIOTCA UX cheprdecknmu osepxHocTaMM. Ilpu
MUHJPOB 3TH KaHAIB] HENb3S CAENATH KOPOTKHMH, TIOITOMY OCTAeTCS JIHIE 110-

pOTe KPMBONIMITA B KOPIIyce Ha YTOn A, Ha CTOMBKO Xe cMelaoTes dassl
JNOTHATh UX JUIMHY TIOA YCIIOBHE Pe30HaHca Ha pabouux obopoTax, uTo U Cilcid- BELINYCKA, ST HO3BONSET THOKO PeryIHpoBaTh PaGOuMil pesKHM NHEB-
HO Ha [paKkTHKeE!

oropa. C OAHOH CTOPOHE! IUCKA BBINOJNHEH MOMYNATMHAPHYECKHA Bait 4,
DEIfl MOZBMIKHO COSMHACTCA ¢ BEpUIMHON poropa 3. C Apyro#l CTOPOHLI
HOJBWKHO COEUHEH C POTOPOM 2 1I0CPEACTBOM Najklia 6, 06pa3oBaHBOrO
 MONYUMAMHApaMy ¢ TapamiensHsivid ocamu O u O’ KnHemaThuecKas
MexaHuaMa nozobna mapuupy [yka. Ponb BHIOK BLIIONHAIOT POTOPHL,
KPECTOBMIIBI BEITIONTHAOT JHCK C HOH}’L{HJ‘IHH.HPHHSCKHM BAJIOM H nalb-
Hpmvenenye naikna # WApHAPHOTO COCUMHERHS poTOpa 3 ¢ KpHBOLUXIIOM
HHAIOT MCXAHKU3MY CBOMCTBO CaMOYCTAHABIMBAEMOCTH. 3TO CHIDKACT Tpe-
HHs X TOYHOCTH H3TOTOBJCHKS K COOPKY, YBEIHYNBAET Pecypc.
TIpeumyiuectBaMi POTOPHBIX CHEPHHCCKUX MAIUHH SBIKIOTCS yueﬂbme—
HHepLMOLHBIX HArPY30K W BMOpaluu, Xopoulas ypaBHOBEMEeHHOCTS [2]
TCABHO TIPOLIC H HAJAEKHEES 10 cpasnermm C Apyl ‘MMH pO’I‘{JpFBlMH Ma-
aMu crana cHCTeMa YIUIOTHEHHH, [IIaBHBIM 3TEMEHTOM KOTOPOH ABAASTCH
Heroe yipioTHeHue 11, Tlo 3p@exTHBHOCTH H  HAUCKHOCTH OHO
141

L =60c,, /n=0,1m=10cn,
I'/C €5, - MECTHAS CKOPOCTH 3BVKA.
[mxnngeckuii 3apsj CKaToro BO3Ayxa Ha OAMH LHIMHAD COCTABNIACT
V, =60V /4n=42-10" % = 42cn’.
Jliis IpOXOXKASHUs TAKOrO 3apsaaa B KaHae ¢O CKOPOCTHIO v, =100 m/c 3a Bpe-
M$ BIIYCKA Vg, = 107 ¢ II0MAAE €r0 ceuenus A0MKEa BbITs He MeHDILe
Sp =V, 1Ven =4:2-107 4% = 4,2en,

Ilpu stom o6beM KaHana, COCTABASIONHHE MepPTBHIH 00BeM OJHOrO UMITAHADE
NHEBMOMOTOPA, PABEH

Vio=LS, =42-107% 2 =42ca’,
YTO JaeT NOMOBHHY OT pabouero 0O6bLEMa OAHOMO UHITHHADPA.
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NpUGIMIKAETCA K KONBLUEBBIM YIIOTHEHHAM NOpiIHeBsIX MauyH [3].

Negy i2is 3
L

A

Puc. 3. Poropusiit chepuueckuit nHeBMoOMOTOp. Briyck B Kamepy 1, so-
{IYCK U3 Kamepsl 2.

|
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Puc. 4. Poropuslii chepuyeckuii ITHeBMOMOTOP. Biiyck B kamepy 3, bk
MYyCK U3 KaMmeps! 4.

Tax, InuHa ueTbipex KOMBNEBRIX YIUIOTHeHEH B NIHCBMOMOTOPE
“Exchem” coctasnser 690 mm. 13 CHEpUIECKOM THEBMOMOTOPE C TAKHM JKe pa-
Goaum obvemom (¥, = 350 cn’ | muametp cheper D = 110 mm) jutaHa ynnor
HAIOLICTO KONbIA Ha AMCKe pasHa 345 MM, elle CTOILKO e JaloT VILTOTHeHHE
frajbua, MOy UHINHAPHYECKOro Basta k poTOpoB. Takum o6pasom, obmas fiuH2
YIUIOTHEHMH B 000X Cliy4agX OAMHAKOBAS. Cpesnsis CKOpPOCTh YINOTHSHOLIE
KOJIbLa B IIEpBOM CllyHdae pasia 21,6 M/C, BO BTOPOM jKe CIy4ac, C YYeTOM Ipo-
CKAIR3RIBAHHA KOJNBL@ OTHOCUTENBLHO JINCKA, IPH TEX ke 060poTax oHa COoCTas:
nseT 25 m/c (3] — pasuuna neGonsmas. [Torepy na TPEHHE TAKXE COMOCTaBHMb!
IO BCJIMYHHE.

I'J1aBHBIM mpEeMMyIIECTROM POTOPHOrD CEepUYECKOro MHEBMOMOTOPA 1B°
JSICTCs COBMEIEHHE padoyel MAIUHBI C 30JI0THHKOBBIM YCTPOKCTBOM. DTO 110-
3BOJACT CBECTH MNPAKTHYECKH K HYJIIO MEPTBLI 00BeM U CBA3aHERIC C HUM I10-
Tepu 23QHeKTHBHOCTH, KOTOpbI€, KaK OLIIO MOKa3aHo BLIIIE, COCTARNAIOT OKOI0
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anst nHeBMoMoTopa “Exchem”, a nns oTedecTBEHHLIX IHEBMOMOTOPOB M
Goabute. Minauxkaropuas auarpamva pabodero iykia poTopHOro chepuye-
) MIHEBMOMOTOPA TIPH OJMHAKOBOM ¢ 3apyOesKHBIM aHaN0roM pacxofe cxa-
BO3JLyXa ITOKazaHa Ha pHC. 2 (nuHHs 2). MakcuMansHOe AaBNeHHe LHKIa
mumiiocs o 0,55 Mlla, nporuBojaBaeHye BBINYCKa cHH3HIOCh o 0,12
. PaGora uuxia BEIPOCHA BABOE, CHEJOBATENBHO, H MOLLHOCTD IIPU TOH 3Ke
CTH BpauleHus Teneps coctasuT 30 kBT, OnHako Takas MOIHOCTH OyaeT
OYHOA JUTsi aHKEpHOro OypwibHOTO cTaHka. IlosToMy nenecoobpazHo
UTh BABOE CKOpocTh Bpamienus (1o 9000 o6/MHH) B pacxoj CKaToro Bo3-
7o 1,5 Msfl\IHH}. DTO TO3BOIUT, COXPAHMB MOIHOCTE ¥ BEC YCTAHOBKH Ha
3HE aHanora, ele OONblIe CHH3HTh MEXaHHYECKHE M Ia3oMHaMWYecKne
H, YBSIIHYUTE PECYPC JTHEBMOMOTOPR, HTO OCOOCHHO BayKHO Ha BTare ero
[peius. BaBoe ymeHpIIATCS pacXoibl HA KOMIIpeccopHoe obopyuosauue,
0JIBKY HeOOXoauMas MOIHOCTE 3JleKTponpuBoaa cocrasut 50 kB uipu pa-
obbeMe Kommpeccopa 7,5 11, I BO3MOXHO MCIIONb30BATE TOT JKE KOM=
Op 1JIsi UTAHHUS ABYX CTAaHKOB. Kpome Toro, Moxio cuie fosslue yBenn-
(bOEXTUBHOCTD 1111EBMOMOTOOPE, OCYUIECTRALS PEryMpoBaHue pabouero
a U3MECHEeHHeM ¢33 BITYCKa-BBIITYCKA, HOBOpa‘{Hi?E:UI KpHBOILHIL, O HEM 1'0-
Ock Boiure. Taxo crmoco® peryiuposarus Golice BuIrOAeH, MOCKOILKY
SUIAFOTCS [TOTEPH Ha APOCCENNPOBanUe.

‘Bce BhbimiecxasaHzoe MOATBEPXUACT LENCCOOOPA3HOCTS paspaboTKH 4
IPEHHS HOBLIX NEPCHEeKTHBHBIX POTOPHBIX c@epﬂqecxnx {IHEBMOMOTOPOE
% aHKEPHbIX OYPOBEIX CTAHKOR, TaK M JUIL APYIroi TOPHOH TeXHHKH.

Concox saureparypei: 1. TURBO bolter and drilling machine with 3-
'S air-suspension. Manual guide. Exchem mining & construction. 2. C.A.
pa. Hccienopanue ocoGeHHOCTEH KMHEMarTHKu cdepuueckoil o6beMHON
PHOJ MaTiHHbI / IlporpeccuBHEIe TEXHOMOIHHM M CUCTEMBI MAILIUHOCTPOE-
bint. 18. Houenk, 2001. 3. C.A. Huxpa. JByxtakTaeii potopusiii cde-
LHEIH JIBUIaTe/ b C YIPaBAAeMBIME Napamerpami / Bectaux JorGacckoi

YHAPCTBEHHOH akajgeMud CTPOMTENRLCTBA U apXuTektypsi, 2000.
Cmamba nocmymaa e pedaxyuio 23.03.2002 2.

HEJWHEHHBIE DOOEKTHI YIIPYI'OM OUJILTPAIIUU
B ITPOLECCAX MHEBMOTPAHCITOPTA.

R

.a.rmues M.H., Myenenxo B.H. (AJH JouHTY, 2. I'opaosxa, Yrpauna)

approached decision of the nonlinear equation in partial derivatives, de-
ing compressible filtration of gases in bulk materials in preumatic convey-
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oP
Kaﬁ FT ST (S)
op
il(alc H BbhILIE, MOMHO BBIYHCIHTE H30TepMH‘-ICCKHﬁ H MHaﬁaTH‘{CCKPlH
1 YIIPYTOCTH. VX OTHOLUCHHE TaK ¥KeE 6}/}16‘!‘ PABHO OTHOILUEHHIO TETIOEM-

ing systems, suitable for calculation of pressure in bunkers and pipelines of 4
various configuration is given.

Ynpyras QUIBTPaUHs ra3oB Yepe3 cio# ChIyuero TPaHCOOPTHPYEMOry
MarepHala OIKCHLIBASTCH YPABHEHWEM [TBE3ONPOBOAHOCTH CIEHYIOWENO By
nafl]:

=5 ‘

or ] | Jlnga TOro, 4ToObl BOCMHOIL30BaTHCH TIPHBEACHHBIMH BBILIS tbO‘pMyﬂaM?I
C—t-l-v-(KVp):O, (1) E/ ,
CITOJIE30BAHHE YpaBHEHHA MQH,HSJTEEBa-—KJIaﬁﬁep(}Ha HE 116]1&0006}333-

aieM Ciaydae BBHAY TOIO, 9TO OHO ONMHCHIBAET COCTOAHHES CHIBHO pa3pe-
[X ['A30B H HEC YYHTBIBAST B3auMoaeicTBHE MEXRLY €ro MOJICKY/IaMH.

B KOTOpOM: C=mopo(B; - Bs),

TA€ mp — NOPUCTOCTE, OTPEAENIeMast TIPH HAaYaNBHOM JaBienuu Py; po — TUior-

HOCTE ra3a Npu TOM e AasneHuy; P, Bo-cooTBeTcTBEHHO KO2DOUUHEHTBI 065.
EMHOr'O CXATHA BO3AYXa U ChIMyYeil cpeibl.

k= kl-5P) a
et [p+._.2. (V - b)= kT, (6)
e ko — ko3 PHLUHEHT TPOHHLIAEMOCTH CBINYYEH CPENbl; V - KO3IQPULIHEHT Ki- .
HEMATHYECKOH BI3KOCTH BO3AyXa; Pl paﬁoqee IaBIeHHE. — [OCTOSHHAA, OIPeJICAAIas MONPasKy Ha obnem MOJICKYN; a - [10CTO~

VYpasuenue (1) HenuueiHO OTHOCHTENbHO NaBieHus. Lro HHTETPHPORE- |
HAE HATaNKHBaeTCs Ha GOJiblIHE MATEMATHYECKHC TPYLHOCTH. ITostomy wc-
TO/153yeM IPUOIIDKEHHBIH METOI MaIoro NapameTpa, LUIHPOKo IpHMEHSEeMbLiT B
MeXaHHKE,

B xayectBe Mmanoro mnapamerpa Beibepem GespasmepHyio  RemuunHy
£= ﬁ[(P -Po), NPEACTABIAIOUYIO OTHOLUICHUE TIeperana NaBjieHHs K obbeM-
HOMY MOZAYIJIFO YIIPYTOCTH BO3yXa.

Moxyne yIpyrocTyu raza Moxer GbiTh BBIYHCIEH 110 dopmyie [2]:

o
K(J{? = “VEE » (2)
ov

ONpefensoiuasl MNONPaBKy Ha BHYTPHMOIEKYHAPHOS JAaBICHUE
5
: %J; k — razoBas nocrosuHas; T —abcomoTHas TeMnepaTypa rasza. Mo-
vV
TPYTOCTH BEIYHCISIOTCS 110 QopMyiie:
' 2
kT 5 Py -20-8Y Py
P s i —2P, = ; )
(t-4)

-E-)-— obwneM Monekyn B oOuiem obbeMe rasa; Py — AasiieHne, BEIHHCIEH-

()

rae ¥ — obeeM, 3aHUMAaeMbii rasomM.

Hawmbonee pacnpocTpaHeHHBIM SBASIOTCH H30TEpPMHUYECKUE ¥ aauabar-
HBIHA MOJYTH YIIPYTOCTH, BEIMHCIAAEMBIC COOTBETCTBEHHO IIPH [IOCTOAHHOM TeM-
neparype H 3HTPONHH 110 GopMyaaMm:

ap oP
7, AL R e e v e 3
& [avl. 5 [axz)s @)

Ilpu 5TOM OTHOMICHHKE 3TUX MOMIYJICH PABHO OTHOLIEHHIO TerToeMKocTel
NpH MOCTOSHHOM NaBieHuu Cp u noctosiHHoM ofseme Cy [2]:
_KS_ 24 g (4)
K’r CI/
BmecTo o0nema MOKHO HCTIONBE30BATE YACALHEI 06BeM WIH IUIOTHOCTD

rasa. B Takom ciyuae MOyie yIpyrocTH BIYHCISETCS aHAIOIAIHO O hopMy-
ne [3]:

kT
1 MJ[eaNBHOT0 rasa (PH = -J;_J’ Py — BEYTPHUMOMEKYISIPHOE NaBieHHe.

' AHAJIOTHYHO MOYXHO BEIMHCTHTE MOAYJib YUPYIOCTH juid razos Jurepedn,
o, Jlopenua u ap., ypaBHEHHs COCTOSIHUS KOTOPSIX IPHBENEHO B IUTepa-
; (';,n;nako, 3AMCTHM, YTO M3BECTHbIE 3ABHCHMOCTH JMHIE NPHGIFIKEHHO
BAlOT COCTOSHUS T'a30B, TeM Golee ra3oBHIX cMecel, TAKHX KaK BOZAYX.
OMY 1(€IeCOO0PAa3H0O ONPCAENNUTh MOMYIL YIPYTOCTH BO3AYXa ONBITHBIM
B nauuoii pabore npenronaraercsi WCIOIb30BAHMC DKCHEPHMCHTANBHO
HOBTEHHOI'0 MOJYJISi YHPYIOCTH M O0paTHON eMy BenMdHHBI — Ko3ddum-
00BeMHOr0 cxathsl. [IpudYeM 2TH BENHIHHEI BRIMHCISHBI Ul AaBJICHUS Po,
CTCTBYIOUIEr0 JIABIEHHIO T'a3a B CHHIyYeH TPAHCHOPTUPYEMOH CMEcH 10
ja unerpanuu. QUeBKIHO, YeM Bbile Pj, TeM Gonbuie MOXYB YHPYro-
SHauyMT CTCICHb MATOCTH NapaMeTpa & CYNIeCTBEHHO 3aBUCHT OT 3HAYEHHA
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Aasnetus Po. MBI npennonaraem, uro naenenue Py cooTBetcTRYET 3HaYeHuy,
€ <0,3. IloaroMy cuuTaeM BO3MOXHEIM NPUMESHEHHE METONA MAIoro napaner,
pa JUls PELICHUS HEIHHEHHOTO YPaBHCHHS [1E30NPOBOAHOCTH (1).

B aToM ypaBHeHuH noctosinas C UMeer ToT ke CMBICH, YTO H TeTjIOap.
KOCTb B YpaBHCHMH TEILIONPOBOAHOCTH. TIODTOMY MMeer CMEICH Ha3BaThL 3y
BEIMHHHY Mbe30eMKOCThIO. Ee pasmepHocTh ofparta PasMepHOCTH KBailparg
CKOpOcTH. Uncnenuoe 3HaveHne ' GIH3KO K KBaJIpaTy CKOPOCTH 3BYKA B je.
KOTOPOM TBEPJIOM [IOPHCTOM Telle.

— dyuxunonansinie K03GYHLUMCHTE! CTENEHHOrO PsiAa ONpejcaseMble
Hus ypassenns (11).

AanbHEeHIIeM Mbl NpeAnonaaraeM, YTo AaBIEHHME Y/IOBJIETBOPSET BCEM
M Teopemsl llyaHkape 00 aHaMMTHYECKOH 3aBHCHMOCTM pELLIGHMS OT
pa [5]. ITosromy cuuTaem P aHanUTHYCCKOH (yHKUMeNH KOOpIMHAT
H epeMeHHbIX O,

3TOM ciy4ae ypasHenue (11) ¢ yuetom (13) 3anmuchiBaeTcs Tax:

Benmima K B ypasuenun (1) onpesensier kospdunuent brnsrpanmy, C% 00, Mo g g ko - 2( A0 ) &P =
AHATOTHYHbIH KOIQULMCHTY TeIUIONPOBOAHOCTH B YPaBHEHHH TEIIONPOBOp. o Ot 2 vK, "
HocTH. B paccmarpusaemMom HaMu ypapueHuH K THHCHHO 3aBHCHT OT pabosery » ko o (14)
- b - ko5 (a0, )e -5 5 a0, ) e,
BeaeM obosnaucHus, npeobpasys kosdhpunnenT bunpTpaunn K TaKomy. 0 Ko

BUYy: .) — oneparop Jlanmaca.
P (-8P) k(1+BR) kK ko IIpupapHuBas KO>QOUUHEHTE NPH ONMHAKOBLIX CTEMEHAX € MONydaeM
= 5 = -2 BP-R)=Ky-Le, (g HTHOE e
v 14 v YPpaBHCHH
2 0 k
v 1 or v ;
e=p\ (P~ Py). . TaxuMm oOpasom, ypaBHenue (15) ycramasimMBaeT 3aBUCHMOCTDH 1OCITe-

IIEro pellICHuUs OT NMPEAbLYINero. ECau u3BecTHO HyneBoe npubinHKenne,
nocnenyioupie IpUOIHKEHHS ONPEACAAIOTCS H3 HEOXHOPOAHOFO ypaB-
TEE30IIPOBOAHOCTH, B 1IPABOK YaCTH KOTOPOTO CTOMT W3BECTHAT (PYHK-

Ornorenue ko3bduumesTta QUIBTPALIMY K [BE30CMKOCTH HA3BIBACTCH
KOIDGHIUHEHTOM be30MPOBONHOCTH, KOTOPBIN aHANOrHYeIL KO3 hUITHeHTY Te-
TUIONPOBOAHOCTH.

KKy ik k
0 0 0
=—=—— ——tg=ys——F 10}
G e ve e
Ko

THEe 7= e KOIPHUIMEHT TIhe30NPOBOIHOCTH, COOTBETCTBYIONIMIH MOCTO-.

Obmee pewenve ypaBuenus (11) U COOTBETCTBYIONMX eMy ypaBHeHMit
M (15) Syuem uckarh B BHJE CyMMSB! pelleHUH OZHOPOIHOIO YPaBHEHMS
VI HYJICBOIO NPUGAIKCHUA, YAOBICTBOPSIOLICIO HEOAHOPOAHLIM Kpae-
M YCIIOBHSIM, U HCOMHOPOHBIX ypaeHenuit (15) i uocneayronmx npubnu-
H C O/IHOPOJHBIMH KPaeBBIMU YCI0BHAMU. TeM camMblM Mbl YAORIETROPHM
CBBIM YCIIOBMAM 3aa4M U ypasHeHuo (15).

- Peuniv ypasuenue (11) ¢ KpaeBBIMH YCIOBHAMHE CIEAYIOLIEN0 BEAA [1]:

ssHHOMY x03dduuuenty dunstpanuu K.
B cooterciBuM ¢ BhIle 0G03HAYCHHBIMM BETHYHHAMH ypasHeHue (l)
[IPEICTABASETCS B TAKOM BHIE:

Caa—f'=‘7' [Kﬂ_iﬂg}.vp]' (H] P(x9y529!:0)=100 =const;
VAT P(x,y,z:—(),r_):}’l = Cconst; (16)
Wy, uro To ke
P(x,y,z = H,I)= P, =const;
:a'{)‘_v' (f{ ~ﬁ£ VP (12) | ¢
ot (Breros : op by Qf e
Cornacro MeToay manoro napametpa [5] perrenue ypaBuenus (11) i Ox izg ayi ji:ﬁ

(12) miuem B Buge: " Ypasuesus (16) onuckBaoT yenopus GuALTPALMY ra3a gepes cloi Chbi-

'o matepuana B Oyukepe B QopMe IpAMOYrOAsHOro Hapaiieieluilea
aMy a x b x H, 3ar10/1HeHHOro NOPUCTOH ChIMy4Yeit cpe/ioil, B KOTOpoit 110
12 GUABTPAMK YCTAaHOBHIIOCH HOCTOANHOE JasieHue Py, 3aTeM Ha TOPLH!
Z= H nopany nasiieHHe COOTBETCTBEHHO Py U P; U [IOAUCPIKUBAIK €r0 IO
i 147

P=30,:", (13

=0
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KOHUa GribTpaun. BokoBbie NIOBEPXHOCTH Xx=0, x=a, y=0, y=b HeMpOHHUAeMy,

s rasa. :

[py 3anannerx kpacseix ycnosusix (16) ssenem HEKAPTOBY CHUCTEMY k.

OPAHMHAT X, y, z. O4eBUHO, B cunty ycnosuii (16), naBrenue ne 6yaer 3aBHCer,

OT KOOpAHHAT X, y. [TosToMy ypasxenue (15) npunnMaer creayroumii Bu:
& 2 2

C-....Q_.ET__KU a_Q,?,_:-___k_o%__ a7)

at azz Vv 622 |

HyneBoe npuGnmxenue, ymosneTsopsiomee OJHOPO/JIHOMY YPaBHEHu,

(17) ¢ HEONHOPO IHBIMK KPaeBBIMH YCIOBUAMH (16) npencrasngercs B BHIe Ds-

Aa Dypee [1]:

& LB+ sz}P‘ 2+ 2B R)S1-C (~a) -4z
n

T I
2

rae A, =(E) 5 a= £ _P’-.
H £ - ‘
Henocpeacrsennoif npoBepKoil MOXKHO yOenuThes B TOM, 4TO DYHKIig
Qo yaosrersopsier yenosuam (16) 1 ypassenuo: '

00, 8>

C—="-Ky—32=0. 19)}
0 522 ( )

' B criy ORHOPONHOCTH HAYanbHOTO ycsopis GyHKUHH U, IOJNKHBI
€TBOPATE OIHOPOANLIM HAYATEHBIM YCIOBHIM
: U1,(0) = 0. (24)
- [Moxcrasunt soipaxenus (21) u (22) B ypasuenue (20).
‘B pesyabrare nonydaem
| — o0
(CU, + Kot Uy Ysin o= LR Ko 85 o ottt g 70, (55
H 7 v g H
B dr ;
YpaBheHue (25) Oyzmer yaosieTsopero, ecnu Qyuxuuan Uy, ) BbiOpaTs,
eHue JIHHeHHOro MuddepeHIHaNbHOrO YpaBHeHHS

o k 3
"

sin” 2 (18
s )

 Obiee peuicHue ypasHeHna (26) ¢ mauansHeiM ycenosuem (24) mveer

U= 2k ~4). Ry 0 4, rePnol. (27)
. b4 v '

- Taxum obpaszom, dynknun U, ,(t) onpeaenensl. [leproe npudnmkesne co-
HO (22) 1 (27) npeacraBngeTcs cneayouleit GopMynoii:

Onpejensem neppoe npuGIMKEHUE U3 YPABH ~B) kg 2
1 ag 2 i 2 g .f‘ 0, = -%({)0- —-——'—)-&1 S C, A, te” n 7ot sin2 2. (28)
C—*—'I——KUQ—QL=EQ._6_.QU_. (20)) B 7 e ¢ &
ot 8z°> v 9z% - AHaJOTHYHO ONPE/IC/IACM BTOPOE MPHONIKEHNE N3 yPaBHEHHS
Y3 ypasrenus (18) nonyunm t c o0, 1% iQ; __ky 2’0, (29)
_%2. 62Q0 = 2(}{; —}’1) ﬁg'ﬁ:z c e_;anf o Frizd ZI)I E ot ¢ 822 v 822 . 2
v 822 g P Ly ?[-z’ ( - Cornacro (28) npasas yacTs ypasHerus (29) nMeeT BUL:
n 3 2. s, 2755 /
S o vtV i ¥ ia AR -1) :[-"f@-] B o X e (T L (30)
n v fz T v 1 H

- Kax u s meporo npuoKeHus BTOpoe NpUONKEHHEe NPeICTaBaseM B
Pana Oypee

YuuthBag TO, 4TO npaBas YacThb ypaBHenns (20) ripexcrasnsiercs co-
riaacHo (21) B Bune psna ®ypoe, obimee peutenye HEOAHOPOAHOTO ypaBHeHHUT
(20), corsacno [5], Gynem uckath TaKKe B BHC crnefyonero paga ®ypse.

0 = ;Ul,,(:)sin ’g’; - (22

Onpenenennio nojurexar QyHKIHOBATBHEIE k03hGUIIMEHTH 3TOTO psild
Ul» 3aBHCALIHME TOJILKO OT BPEMEHH.

Dynxuus Oy, IOMKHA YAORIETBOPATS OMHOPOAHBIM KPaeBLIM YCIOBK M
erzzg =0; g I_,,H =0; Ql],=n =0. 23)

0, :i?:Uzn(r)singz. 1(31)

Qynxryonanbusie kodbduumentsr psiga (31) onpesensiores u3 yparue-

: 2
CU?",, + KO}'nUZn s 2(P0?; fi )(k{};"nJ e"te--inl’af ¢ {32)
v

- Dyuxiwmu Uy, TOMKHSL YAOBISTBOPSTS OJAHOPOIHBIM HAYANLHBIM YCI0-
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% Uai(0) =0
CLICHUE YpaBHerus (32) ¢ HaganbHeIMu yenoBusiMu (33) umeer BHL:
i 2
L!,Z”:.ZL}%}___?Q ﬁg._;‘.'_l f_C e “niol 14y
z . S0 s iR G4
(31) ¢ yuerom (34) pewenne nus BTOPOro NpubnmxeHus samy.

(33) yIl[eHHe 3a1aeTca MameiM napameTtpos € = B1(P - Po) <1.

CpasauBsas ypasicnus (18) 1 (40), MOXHO 3aK/TIOMKTE, YTO PA3JIMUIHE He-
€HHOTO ¥ BO3MYILEHHOrO COCTOSIHMI CHCTEMBI ONpesiensercs Koahpu-
M [E30IPOBOIHOCTH, XapaKTCPH3YIOIIMM CKOPOCTh 3aTyXaHHs 11poLiec-
€CTBE KOTOPOI'0 IIst BO3MYIIEHHOTO COCTOSHUS HY)KHO IIPUHATH BEJH-
2, onpenensemyto Gopmymoii (10). Ilpu 31oM B BOIMYIIEHHOM COCTOXHHH
ecC 3aTyXaeT MeUICHHEH.
Vpasucuue (40) TpaHCUEHIEHTHO OTHOCUTENbHO AasieHuA. [ToaTomy,
eHSSL 3TO YPABHEHWE, MBI MOXKEM OTPEJeNIUTh He CaMO JaBieHHe, a HHTep-
KOTOPOM OHO H3MEHSETCS TTPH 38/[aHHOM BOSMYILESHHH uepes napamerp €.
Bonee TOYHOE 3Ha4YeHHE JABICHUS MOXXHO IIOIYUMTH, HCTOMNL3YA BapHa-
HbIe IPUHIIUIEL TepMonuHaMuxy [6].

_ Cornacuo
CHIBAETCS TaK:

=)
22, -P) L
O, = _C_.?_.L) . LC._
T ]
Tpetbe n nocnenyrowwme npuGnmwxenus HaXOAAT aHAJIOTHYHEIMH feiict

BHS '
. MH, yKasaHHbiMu Bsiue. ITosrtomy, He TIOBTOPASA NPEOBIAYIIAX BBIKTA0K
PHBEJIEM BRIpaXCHHE JUTs ob1uero wiena psna (13) b

i < m —Apxgt s+ TR
: p Hm! ;A,,C,,re 0 sm};z. (35).
akum obpasom, obuiee peurenne ypanHenus (1
’ Ha OCH
(36) npexcrasnsietcs B Bujte ABOMHOrO psana @ypse. & oramE (L) 3
B-B_ 2AR-B)= & Bt
P =P +...2__._..]_ =0 1 o kgf & A 7T ;
i T ey P b LC,,(— —-";sme ‘a"f‘}‘sm%z. (37)

3 m=0n=1 vC ml
pasuenue (37) moxuao OPeACTaBHTH B 00/Iee KOMIIAKTHOM BHIE, ecny

YHECTh, 9T0 KO3 PRUmMEHT ABOHHEOrO psijta

S il ksae\"
2 ven i (38)

rae m €[0,], onpenenser paznoxenue dynkuun exp( ko’lof‘-_‘ t]

< 42 o .
2 1,C e sin g— z. (39)

Cnucox auteparypsi. 1. Hansues MUH. ITdesmorpancnopT B pexnMe
rok QunbTpanuy//TIporpeccuBHbIE TEXHOJIOTHH H CHCTEMBL MALUHHOCTPOS-
Joneux: HouHTY, 2002. — Ne 21. 2. bazapor W.I1. Tepmoaunamuka.—
prcirag mikona, 1983.— C.25-27,39. 3. Cepreas O.C. Ilpuxnaguas rugpo-
mHaMuKa. M.: Maumnoctpoenne. 1981.— C.21. 4. Smecronsu JL.D. Jud-
HIMATBHBIC YDaBHEHHS U BapHaluoHHoe ucuucnesne.—~M.: Hayka, 1969.—
47-158. 5. Tuxonor A.I., Camapckuit A.A. VpaBHeHUs MaTeMaTHUECKOH
u.—M.: Hayka, 1977.~C.180-241. 6. Bazapos WU.IT,, I'esopsin 3.B., Huxo-
ILH. HepaBHoBecuas TepMOIAHaMMKa H QU3MYECKas KMHCTMKa.— M.:
MI'Y, 1989.— C 16-~20.

Cmamos nocmyninda 6 pedaxyuio 14.05.2002 2.

" BEIBOP AJITOPUTMOB YIIPABJEHUST IMHAMAYECKON

B CTemerHof CUCTEMOM METAJLUIOPEXKYIINX CTAHKOB

i ko) & 1 (ko'
s ) 5l 69

Hostomy ypasuenne (3 7) NpUHAMAET OKOHYATC THHLII BHJT:

pan.

! "_iftop T.,AbaxymoB A., Tapanenxo B. (TTonumexnuxa Ononscka, CHTY,
mI TV, 2.Onone, 2.Camapa, 2.Cesacmnons, [lonvwa, Poccus, Yxpauna)

paper presents several adaptive cont?"a! algorithms for metal culling
2ss using the feed as control variable. The results of the paper indicate that
en control algorithms can be used effectively for control of cutting process.

Bomnpocrl cunteza afanTHBELIX CUCTEM YIpaBieHHs AUHAMHYECKMMH
Temamy (JIC) paccmarpuBaroTCs As yIpaBicHUs YIPYTHMU AeGOpMaIHiMH
[0 KaHaly CKOPOCTH MPOAONBHO noja4u. [ony4eHHbe IPH 3TOM Pe3yJib-
B CHly QHANOTHH MaTeMaTHYeCKHX MOACICH MOryT O5ITh pacnpoOCTpaHeHs!
2 crryyall ynpas/ieHHs C BRIXOAHOH KOOPAUHATOH B BH/IE COCTABIIIOINX CH-
5 pesanms.

o -R)= . )i |

P=Ph +LH"—§Z+Z-——~—P° P‘)ZCne b sin 2 2. (40)
T 1 H

VYpaenerne (40) spasercs NPUOIMKEHHEIM peIIeHreM HeluHeHHOr0

YPaBHCHHS TThE30NIPOBOAHOCTH YIIPYTOi ¢unsTpaunu (1). Ero MoxHo uenosis-

30BATh MPH H3YYE€HWH MANbIX BO3MYLICHUH CHCTEME] NIPH OTKJIOHEeHuH ee OT

PABHOBECHOTO HAYANBLHOTO COCTOAHMS, XaPAKTEPHU3YEMOTO nHapnenunem Py. U 310
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MaremaTuyeckas Mojenb OGBEKTA yNpaBieH s, KOTAa 32 ero BEIXO/lHyig
KOOpAMHATy MPHHMMAIOTCS COCTaBASIOMME g, ynpyrux aepopmamuii, a 3a
BXOAHYIO — CKOPOCTh / NPOAONBHON MOAAuH, MOXET GBITH Is NpaKTHYeCKy
BE&KHELIX CIIy4aeB anmnpOKCUMHPOBAHA IEPeAAaTOYHON (yHKUMeH anepHomuye.
CKOrO 3BEHa BTOPOro nopsjka [1]:

G ()= O8I T %
4 () (Tyys +D)(Tgps +1)

Kospduurent nepenaun X, u nocrostumsie BpeMeHH T, o0bexTa 3asy.
CAT OT [acTOTRl 7 BPALIEHUS NETANTH, KOIDHIMERTOB Iepeayn m i+ P TPO-
Liecca pesanus, a TakKe OT KO3QPHLIHEHTOB nepenayn hy; ynpyroit cucTems! ng

OT/ICTIBHBIM KOODAMHATAM M ONPE/IC/ISIOTC COOTBETCTBYIOIIMMY 3aBHCHMOCTs.
mu [1,2]. B cBs3u ¢ Bapuanueii napaMeTpoB 00beKTa YNpaBneHHs AIs AOCTH-
KEHHS BBICOKOTO Ka4eCTB2 YNpaBlIeHHA HeOGXOIHMO OOeclIeYMBaTh epeHa-
CTPOMKY NapaMeTpOB CHCTEMbI ABTOMATHYECKOro ynpasrerus. Takas mepeua-
CTpOHKa MOXET G5ITh, B YaCTHOCTH, OCYILICCTBICHA 33 CYET HIMEHEHHS K03¢-
dbunyuenTos nepenaun PEIYNATOpa CHCTEMBI YIIPaBNeHHA, TexHuuecKas peasu-
3anus CAY JIC yHuBepcanbHbIX CTaHKOB, HeOCHaeHHbIX YUITY, onpasjana p
YCAOBHAX KPYMHOCEPHHHOrO NPOM3BOACTBA, KOTHA HEOGXOMUMOCTE B nepeHa-
CTpO¥iKe BOHHKAET BeChMa penxo. B YCIIOBHAX MEJIKOCEPUIHOTO IIPOX3BOICTBA
C HacThIM H3MEHCHHeN HOMCHKIIaTypHl 06pabaThiBaeMbiX AeTateli HeoB6X0iMa
8BTOMAaTHYecKas [ICPEeHACTPOiKa CHCTEMBI.

Benezncrene manoro nepuona GYHKUHOHMPOBAHUS CTAHKOB ¥ BBICOKOI
CKOPOCTH H3MCHEHUS 11apaMETPOB 00BEKTa, COM3MEPHMOI CO CKOPOCTBIO H3die-
HCHHA €ro KOOPAMHAT, NMPEeACTaBAETCS Lenecoo6pasHbIM MpOaHaI3HPOBATS
BOSMOXHOCTH MCIIO/B30BAHUA GECITIOUCKOBBIX CAMOHACTPAHBAIONIAXCS CHOTEM,
obecniesnBaionmx G6oxee BHICOKMIE TeMn aJanTally, YeM IoxcKoBrie. Jlonos-
HHTE/IbHBIM (PAaKTOPOM, OCHOXKHSIOWMM cunre: CAY JAC ToKapHBiX cTaHKOS,
ABJIAIOTCA NPOTHBOPEYHBEIE TpeGoBanus K e¢ AMHAMHYECKIHM CBOHCTBAM,

C onmHO#M CTOPOHBL, 15 TOrO YTOGEI CUCTEMA 3QPEKTHBHO N2pupoBalia BO3-
MYIINCHUS B BUJ/IC PE3KUX U3MEHEHHH MPHITYCKa B0 OCH JeTajiu, 1ooca npo-
[IYCKaHUA CUCTEMbI IO OTHOLIEHHIO K yNpPABASIOIEMY BO3ACHCTBHIO AOJKHA
OBITh MaKCHMANBHO MIMPOKOH. B T0 e BpEMs MONOCY MNPOMyCKaHus Heobhxo-
AMMO OrpanHyvuBath 1aK, 410061 CAY 6blia MaToO4yBCTBHTENLHOMN K NepHoaH-
HCCKAM BOSMYLUCHMSM, CBA3AHHBIX C TMOTPEUIHOCTEIO (OPMEI AETanu B IOTe-
pedHOM ceyeHuw [3].

Paccmotpum nocnestee Tpebopanue Gonee noapo6Ho. Ipeamonoxum, 10
obpabareiBaeMasn 3aroToBKa UmeeT SKCLUEHTPUCHUTET, ¥ B TeueHne o6opoTa /18-
Tajk npunyck Ha o6paborky (3hechk u jance uMeercs B BHJTY [IpHpaIllEHHe Ne-
PEMEHHDIX) H3MEHACTCH 110 TapMOHUIECKOMY 3aKOHY C aMIUUTYAOH b, u uac
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o
A= b st — L2 (1)
60 T

ICIIOMb3Ys IMHEAPU30BAHHYIO MOJENE Npoilecca pesanus [1], ans cocras-
X YCHIIHS PE3aHMs MOXKHO 3aIHcaTh

AF (1) = mda(t) + n,4b(t). 2)
~ B runoretuyeckoit 3amkuyToil CAY ¢ GeckoneuHol TIOJIOCO# mponycKa-
HPHPALICHNS YCHIIMA PE3aHMs H NOPOXKAAEMOE MM MPUpAINEHHE YIPYIHX
pMaLuii OyfeT MOTHOCTBIO NOAABNATECH AeHCTBHEM obpaTHOH cBs3u:
1)=0. A 32KOH H3MEHEHNS TONUIMHEL Cpesa Gynmer uMeTh BUA:

4 da(t)=~"Lb, sinat = a, sin(@t - 7);a, =Tih . (3)
b ny; m;

- Tlpupamenne Tosmuus cpesa OMPEACACTCA NPUPAICHUEM [TOIOMKESHN
HeH KPOMKHM pe3lia BAOJL OCH HETANH B TEKYIIHH MOMEHT BpeMenu Ax(r)

OMEHT BpeMEHH Ipelbayiuero obopota aetant Ax(r —7):

; da(t) = Ax(t) — Ax(t — 7). @)
- Tlpeanonoxkum, 4T0 Ha mpemwIIyIIEM 060pOTe NeTany HpupauieHne Ko-
atel Ax(f —T) MPOMCXONMIIO O rApMOHUHYECKOMY 3aKOHY C aMIUIUTYAOH

Ax(t - 7) = x; sin(wt — 7). (%)
Torna na rexymem oGopore npupainenue KOOpAuHATHI Ax(f), ¢ yuyeTtom
(5), 6ymer
_ Ax(t) = Aa(t) + Ax(t - 7) =(a,, + x,)sin{a@t — 7). (6)
. CrenoBatensHo, Ha TeKymem obopote xoopiuHata Ax(7) Gyuser name-
A TIO MapMOHH4ECKOMY 3aKOHY C aMIUIMTYJNOH, paBuoil (a,, + x;). IIpo-
1 aHAIN3 UL NOCTeNyomux 060pOTOB AETaNM, MOXKHO YOeUHTECS, Y10
KIOM 0DOpOTe aMIUTHTYNa M3MEHEHHS KOODAMHATHI x(t) momydaer Io-
BHOC IIPHPALICHUE, TO €CTh BCASACTBHE HAPACTaHUs aMIIUTYIBl BO3-
HUS yBETMIMBAETCA M aMILINTY/a YHPaBAAIOIIEro BozaedcTaus. [lony-
1i BLIBOJ Ka“ECTBEHHO CIPaBEUIMB ¥ JUIs PealbHON CHCTEMBI ¢ J0CTa-
HIHPOKOH MTOJIOCOH POIYCKAHHUS.
At HCKITIOUeHNS TOI0GHBIX MPONECCOB HEOBXOAUMO OTpalKH4UBATH IO~
‘Iponyckanus TaK, 4To0sl CAY 6bla HEHYBCTBUTEIbHA K NIEPHOAHICCKAM
CHCTBHAM C YaCTOTAMM PaBHEIMHA M GOIBIHME NIEPBOTO «KPHTHYECKOIO»

E. 2w
HCeHHS EB';C ——— HpH‘-I(".M, JNA BOCTHXEeHHA OPEeNeneHO BLICOKHX AHHaAMK-
T

X XapaKTePUCTHK CAe/yeT HepeHacTpauBaTh [ONOCY NPOMYCKAHNs CHCTe-
DYHKLUHMH 3HAYEHNS 7, H3MEHSIOUIETOCH B NIMPOKOM AHANA30HE.
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IIpu cuHTE3e BO3HUKAET BONPOC O BhiGOpe HEKOTOPOH GaszoBoii HacTpoj,
ki CAY, KOTOpas NonKHA OBITH PeanH30BaHa B NPOLIECCe NPEAUUKIOBON anan.
raruu. VI3BeCTHO [4-6], 4TO B x1acce JIMHEHHBIX CUCTEM TIPU OTPAHHYEHMSX o
noJOCy TIPONYCKaHMs CHCTEMBL. ONTHMAJIBHOE NO OAM3KUM KPUTEPHAM ynpa

neHue NOCTHIACTCH 32 CYCT HUCTIONbL30BAHMS IMPOKO MPUMEHACMBIX B MOJ(a; Z:() %o(8)
HOM YNpapiCHny THHOBBIX HacTpoeK. Takue HACTPOHKH 3aJaioT Tpebyemoa. e GorlS) ——>
PacrioNIOKCHHE KOPHEH XapaKTepHCTHYECKOro MOIHHOMA 3aMKHYTOH CHCTey ©

W, COOTBETCTBEHHO, MAPAMETPLI 3HAMEHATENS NepeaTouHON GYHKIKHN B npey.

TIONIOKeHHU PABEHCTBA SHHALE MOJIUHOMA YHCIHUTENS. D

CrannapTHble BRIDOKCHHS Ui MONMHOMAa A(s) 3HaMeHaTens NpH pas.
JHYHBIX THIOBBIX HACTPONKAX AIS CHCTEM BTOPOro TOPSAKA MOL'YT GBITh Tpep.
cTaBneusl B BULE [4]:

1. Bunomunanslias ¢opma

Puc.1. CtykTypHas cXema CHCTEMEI

oMHHAnAbHas dopma
' 1

A(s)=T?s+2Ts +1. Glshm
2. ®opma barrepsopTa B e —
, 2Ts(=s +1)
A(s)=T2s +14Ts +1. ¢
3. ®opma, COOTBETCTBYIOMIA! MUHUMYMY u;irerpana %o8) 2Ts(£—s +1)
2 G, (s)=2"= - :
0J(l ~xo(1)) dt _ () EYZAS) (T s+2Ts+1)(T,s+)D)
Ma b
A($)=T%s +Ts +1. e 1
4. ®opma N0 MHHHMYMY HHTerpaia L e , ®)
o 1L41Ts(— s +1)
[#1 - x4 (D)t @) 1,41 ;
0
cosmazaer ¢ hopmolt Barrepropra. B npusesennsIX BRPaKEHUIX HOCTOSHHAA i 1,41Ts(-— s +1)

T' moxeT paccMaTpHBaThCS Kak «Malias» ITOCTOAHHAA, OrpaHHIHUBAIONIAs [1010-
Cy NpOITyCKaHMs CUCTEMBI.

CranjiapTHeie (GOPMBL MO3BOJAIOT ONTHMH3HPOBATH MEPEXOHBIA [PO-

TZ,(5) (TPs+ 1417 + (T, s +1)

Ma, COOTRCTCTBYIOIAY MUHUMYMY HHTerpaia (7),
4 1

nece no ynpaBasiomeMy BO3ACHCTBHIO, Ul PACCMATPHURAEMBIX XKE CHCTEeM Hal- G, (s)=——

— a - . ?
oonbuim& UHTEPEC NPEACTABIACT KAaYeCTRBO YIIPABNEHHS HPH NECHCTBHH BO3MY- - 7 Ts(Ts +1)
wenuii. CpaBHUM IIOKa3aTeNH KadecrBa B CHCTEMaX co CTaHAAPTHBIMM Lid- x5(5) Ts(Ts +1)

CTpoOiKaMy NPY JIefiCTBUN BO3MYIUEHHiE. G.(s)=

Ha oCHOBaHHYM NPUBEACHHBIX BbIDAKEHHMI JUIS CTAHAAPTHBIX (opm HE-
CTIOMKHO HAHTH OTBEHAIOUINE UM nepelatoynble GyHkuun G, (s) pazoMKHyTsX

CuCTeM H, NMPHHAB 1ICPeAATOUHYI0 (QYHKIHIO O0BEKTa [0 BO3MYHISHHIO B BHAS
anepHoARYeCKOro 3BeHa

Z.(s) (TPs+Ts+1)T,s+1) _

OCHOBE NPHBEAEHHBIX BBIP@KEHMI1 ¢ HCIIONb30BaHNHEM OOPaTHOTO IIpe-
Banus Jlannaca nomydeHbl aHanuTHYECKHE BBIPAKEHUs JUIS TIEPEXO/IHBIX
¥ cHCTEM TPV Pasiu4HbIX CTAHJApTHBIX HacTpoiikax. Ha OBM paccuu-
KpPUBhIE MEPEXOAHBIX MPOLECCOB UTA Pa3iNUYHbIX 3HAYEHUH OTHOCHTEINh-

3Havyenus rnocrosuuoit 77 =T, /T 06BexTa 110 BO3MYLICHUIO U BbIABIE~

lflokazare)u KauecTsa.

1
Ts+1 |
C y‘-ieTOM CTPYKTYPEI 1O pHC.l, HOJIY“IHT'{: COOTHOIIEHHA Ansa nepez(a'ro'-mblﬁ
154
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MP,1989.-56¢. 2. AbaxymoB A.M., Kocatenko H.E., Tapanenko B.A.
YKCHMMPOBAHHEIE MATEMAaTHYECKHE MOJIETH TEXHOJIOrHYECKOro nporecca
JTBHOrO TOUEHHUs AeTanei//OnTuMu3anys NPOH3BOACTBEHHBIX ITPOLIECCOB:
C6.nayq.tp./CeBacTomn.roc. Texu.ys-T.-Cepactonons: 1999.-C.79-81. 3.
o AM. Konuenuus rocTpoeHUs aJanTUBHOH CUCTeMBI YIIPaBICHHS
s AeOpManHAMH TEXHOJOTHYECKOH CHCTeMBI NPH MeTannoobpabor-
THMHA3AL A TIPOU3BOJACTBEHHEIX npoiieccos:Hay4.-TexH.¢6.-
ono:ib, 1995.-Bpm.3.-C.145-152. 1983.-240c. 4. Kyszoekor H.T. Mo-
oe ynpaslieHHe H HaOmonmaronue ycrpofcrea.-M.:MalwnuHoctpoerune, 5.
jonopr H.T. Cucremb! MOJYMHEHHOrO PEeryJlHPOBAHHMS I[EKTPOIPHBOAOB
gHHOTO ToKa.-Kyhibsimes, 1985.-56¢.6. dpep @., Oprentyprep P. Bee-

fe B 3JEKTPOHHYIO TEXHUKY perynupoBanusa.-M.: Dueprus, 1973.-426c¢.
Cmames nocmynuna é pedaxyuo 21.035.2002 2.

B kayecTse npumepa Ha puc.2,a HPUBEOEHbI NEPEXOAHbIE (YHKIHH Iy

*
T =1; HoMCpa KPHBOH Ha DTOM PUCYHKE COOTBCTCTBYIOT HOMEpaM HacTpoey.

Ha pwuc.2,6 npusesens! 3aBHCHMOCTH 3HA4YEHHH NPUHATOrO KPUTEPHS OIITHMu.
+oo n

. 2

sawnn Jy = [ xp(f)de + Y |x,,;| 1 nepBoro MakcHMMaabHOTO OTKIOHEHHMA X, o

—m i=l
OTHOCHTEJILHOM NOCTOSIHHOH 00%bexTa 7, /T 1O BOZMYLISHHIO CHCTEMBI; HOMe-
Pa KPHBBIX COOTBETCTBYIOT HOMEpaM HacTpoeK. Ha ocHoBaHWMM aHanmM3a roy.
YECHHBIX PE3YNBTATOB MOXKHO CPOPMYJIHPOBATH CIEeNYIOUIHE BBIBOJHI. |

UCCIETOBAHHE CTPYKTYPBI
A30THPOBAHHOH ITOBEPXHOCTH IOPITHEBBIX
KOJIEL], OBPABOTAHHOMU JIABEPOM

‘Yepuera O.I'., Kopo6ouka A.H., Hecrepenko A.M., Baykos I0.H.,
losuna H.H., Hycrosoiit A.M. (I'TY, JKX3, 2. Quenpodzepcunck,
HYM HAH Yxpaune:, 3HTY, 2. 3anoposwcee Yxpauna)

Puc.2. INepexojiHble XapakTepUCTHKH M NOKa3aTeNd KayecTsBa YIpapfe-

HHS DK THIIOBBIX HACTPOHKAX New technology method of laser treatment of the work surface of nitric piston
fincrnohiie BoBsereminir s e s 600’ I has been proposed. These actions given the structure and gardenite (one

b | b bt . . N iig h .
P et 8 SIS USPROES. ubs DS kinds of martensite), carconitrics of Me;(CN); and nitric of type Fe;N in

X,y B KDUBOH 11€peXOHOr0 Mpouecca, OMHAKO, NPU MaNbIX 3HaucHuax I'° kpi-
Bas HMEET 3HAYUTEILIbIH ,npoBat” x,,,; HacTpolika 1 naer naunbosblree XHa- MuUKpPOCTPYKTYPEI MOBEPXHOCTH 830THPOBAHHBIX MOPLIHEBEIX KOJEI] JABH-
A BHYTPEHHEro CrOpaHus ¢ MOCNeyiomied nazepHoil 00paboTKoi, nomy-
€ C OMOUILIO MEKTPOHHOIo MUKpockona YIOMB-100A u npeacrasnes-
@ puc. 1 ~ 4, HarusIHO TTOKa3BIBAIOT, YTO 00pa3oBaBlIAsACS Ha [MOBEPXHO-
pasloB B pe3ylibTare JlazepHoro/sozneiicteus « - basa, UMeeT CTPYKTYPY
OKOM TUIOTHOCTRIO JTHCHOKALME (nopsaxa 10} —10% cm‘z), Xapakrepuble
APTEHCUTA. YTIOPANOYCHHBIE 2J€MEHTHEI TOHKOTO CTPOEHUS B BMIE HIJ
K, IJTACTHH (MTaKeTOB), XapaKTepHbIe ANS MapTEHCHTA, 00pasyiomerocs

51X ipy 06BEMHOI 3aKanke [1,2] .

HUEHHE X, [IPU 3TOM X5 ={); nokasare/iu HacTPOHKH 2 3aHUMAOT FIPOMEKY-
TOYHOE 3Ha4YCHHE.

3uauenys MPHHATOTO KPUTEpHs J, 3aBHCAT OT OTHOCHTENBHOI MOCTOSHHOH
T7; s T <0,75 nydumde pesyisTaThi 06eceduBaeT HacTpoiika 2, furst 601k
wux 3Havenuil 7 - HacTpoitka 3. Oriuune kpuTepus J, o TPH MCronb30BaHHl

HacTpoek 2 ¥ 3 B imanasone 0,1< 7" < 2,0 He mpesbimaer 13%.

YunTsiBas MeHbUIYIO KOeGaTeTBHOCTb MEPEXONHOH XapaKTepHCTHKH B
Clilydae WMCITONL30BaHus GOpME! baTTepropTa, yxazaHHas HacTpOHMKa NpHEHHTA
nanee B KadecTBe 6a30BOMH.

Cnucox sinrepaTypei: 1. Tapasenxo B.A., AGakymos A.M. JluiamMude
CKHE MOJeJIM OAf OLEHKH TOYHOCTH TEeXHOJOTHYECKHX cHcTem.-M:
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B cTpyxType MapTeHCHTa HCCIeOBaHHEIX 00Pa3loB TONLKO B OTACHbHEy
ClIyHdasx BHIABIAKITCH, KAK NNOKa3BIBACT pHC.z, CONpHKacarQUHecs KpUCTalNgy
UIMPOKHUC MIACTHHB! (PEHKH) ¢ - (as3bl, KpHCTAIIOrPaQHIECKH CONPATaKolieecy
PacTioNiOKeHHe PEelIeTOK KOTOPBIX (DUKCHpyeTCs Ha 3JCKTPOHOTpaMMeE. Ulpy
OTOM, KaK MoKa3zana paciiMpoBka, HanpasncHue B peulerke [211] onHoro
COMPHUKACAILUMXCHA KPUCTAIUIOB & - (a3pl (puc.2a), NapajiensbHO HaNPaBieHuy
[100] opyroro (puc.2 6).

Jis MapTencuTa, HOTyHEHHOrO IPU ¥ —> @ - NPEBPAILEHHHA B PE3YbTage
TA3ePHOTO BO3NEHCTBHS, XaPAaKTEPHO HANHYHE B OTACNBHBIX 00NAcTAX MHKpo.
ABOHHHUKOB (puc.4a), B KOTOPBIX KaK Moxasana pacim(poska 21eKTpOHOIPay.
MEl (pHc40), Mexy MAaTPHUHBIM KPUCTAINIOM ¥ MUKPOABORHHKOBOHM COCTap.
nsnote Habnmoaaerca cueayionee
£ N S BTSSR

a

" Pmc. 3. MuxpoctpykTypa (a) ¥ MHKponaudpaKkiHONHAs KapTHHa (6)
TeHCUTHOM (ha3bl B IIOBEPXHOCTHOM 30HE MATHA Ja3ePHOrO BO3JAEHCTRHS HA

e (cootHomenwe opuertaponok [1 10], [T Y4L8):
a—x 54000; 6 — ock 30HE MeKTpoHOrpammer [100],

: ~ MuKpOBORHUKM conpsArawTced o miockocty (112), ABAfIOUIEHCS, TaKHM
30M, IVIOCKOCTBIO IBOWHMKOBaHHA. M3 pric.4a cnemyer, 4T0 MUKPOTPanHi(s!
Iy SMEMEHTAMH CTPOSHHA MAPTEHCUTHOH ¢ - ha3sl pasMBITHL, T.€. YPOBEHE
DOHATIPSDKEHUH B Heil ABNSAeTCA BHICOKUM. JIBOMHHUKOBYIO NIDUPOLY HMMEIOT
¢ HAGMIOMAIONMCECS TIONOCKH B LIEHTPANRHON YacTH MapTEHCHMTHOrO KpH-
pia Ha puc.la.

CrienopaTensHo, u3-3a kpaiiHe HEPABHOMEPHOTO pacIpeNeleHts Yriepo-
JICTUPYIOLIHX DIEMEHTOB B 30HE JIA3EPHOTO OIUIABIEHHMS, 06YCIOBICHHOTO
PXBBICOKHMH CKODOCTAMH HarpeBa IIPH JIa3epHOM BO3JCHCTBHM M mocie-
MMM BBICOKUME CKOPOCTAMH OXTaXJeHHUA, 00pasyIolaecs Ipy y =@ -

Puc. 1. Muxpoctpyxrypa (a) M mukpomutpakuuonuas xapruua (6
MapTeHCHTHOH a3kl B NOBEPXHOCTHOMN 30He TATHA JA3EPHOro BO3AEHCTBHS Hi
ofpastie: a — x 36000; 6 — ock 30HsI 3nCKTPOROrpaMms! [11 ll,

PallieHul KPUCTALIBI MAPTEHCHTA MMEIOT BBICOKYIO TUIOTHOCTE AHCIIOKA-
HEBBIPDAYKCHHBIE 3JICMCHTEI MAaCTUHYATO-PEEYHOr0 CTPOEHHA € MHKpPO-
OHHIKaMH, 00pa3yrolinecs MPH NOHMKEHHBIX TeMIIEPaTyPaX MapTeHCHTHOTO
PaleHns B 00bEMAaX MpeBpalliafoiierocs ayCcTeHuTa, TIe JIOKanbHas KOH-
panus yriaepoaa M Aerupyromux 3neMeHToB Oonee Beicokas. OTcyTcTBHE
| BBIPKEHHOI'O PCe4HO-HIOJIBYATOTO CTPOEHUSL C UPEHMYIECTBEHHBIM
ONOKEHHEM JUCIOKANMA H TPUMECHBIX aTOMOB (YLIEpOoa, a30Ta ¥ JAPYIHX
IHTOB) 110 rpaHULaM U CyOTpaHuilaM, CBEPXBLICOKAs AMCIOKAllKOHHAS Ha-
EHHOCTE CTPYKTYPB!, HRJIUYHE B PAAE CIyYacB CIUIOMIHOIO IO MHKPO-
IHHKOB, BBICOKMH YPOBEHb HAIPSKEHHOTO COCTOSAHHS MapTeHCHUTHOH
tilasm ¥ 0DycnoBNMBaeT «0CCCTPYKTYPHOCTEY (HETPABUMOCTB) B CTAHAAPT-
PEaKTHBaxX TaKoro MapTeHCHTa, UMCHYEeMOro rapaeHuToM [3]. Bospaiasce
Opocy 06 ocobeHHOCTIX CTPYKTYpOOOpa3OBaHus B [MOBEPXHOCTHOM CJIOS
popannol cranyu SOXDA HYKHO OTMETHTE, YTO C MTO3HIHE HPOBEACHHOIO

a 6
Puc. 2. Mukpocrpykrypa (a) B mMukpoandpakuuOHHas KapTuHa (6)
MapTCHCHTHOK (asbl B MOBEPXHOCTHOM 30HE MATHA JIA3€PHOTO BO3AelicTays HE
obpasrie: a — x 54000; 6 — ocs 30Hs1 anekTpororpamyer [211], u [100],
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~ Cnucok anrepatypei: 1. I'puroposua B.K. Teepaocts 4 MHKPOTBEp-
 metannoB.-M.: Hayka; 1976.-C.230. 2. JIeicerxo A.B., Kozuna H.H., Bo-
I' B. Ilpumenenne TeXHONOTHU Ja3sepHoro GopUpoBanug ¢ LEAbIO [O-
OCTHOrO ympodHeHHd ctane#. // Tpyasl MexIyHapoaHol KoHepeHIuH
rpDeCCHBHBIC TEXHOJOTHH M CHCTeMBl MalllMHOcTpoeHus»-[lonenk:-1998.-
-181. 3. 3asesnor A.C., Ternyxun I''H., lNaGeer K.B. Ycaosus u mexa-
obpazosanHus OeccTpyKTypHOro MapreHcuta (rapaenura)// Merannose-
W TepMHueckas obpaborka Meramios.- 1979.-NelO.-c.11-12, 4. X. Ik
munt. Crnasel Bueapenus.- M.:«Mup», 1971. —-C.163, 331. 5. Bynun
Tapan IO.H., Mamunouka A.H. Ocrosel MeTaynorpaduu yyryHa. — M.:
myprus, 1969.-C. 416.

aHanu3a CTAHOBHTCS TAaKXe ACHOH W NMPUYMHA NOBBINIEHHOH MUKDOTBEPNOCT,
30H INOBECPXHOCTHOIO Clod, MPUMBIKAQUIHX K CBETHbLIM rapacHUTHBEIM IIHTHaM
nasepHOTo BO3NEACTBHs. Ona 00ycloBaCHbl TEM, YTO CTPYKTYpa 3THX 30H CO-
CTOHT M3 KPUCTALIOR & —Fe (heppuTHas MAaTpHUia) ¢ TOHKOAHCIEPCHbIvy |
BKITIOUCHMAMM KapOonutpuna Me;(CN);. Cornacho [4] MHKpOTBepAOCTS Kap.

6una Cr;C; H, =16-10° MIla, a uementuTa cornacko [121] H,=11-10° M,

T.€. MHKPOTBEPAOCTh Kapbuza CryC; B 1,45 pasa Brlule, 4eM HeMeHTHTa.

Cmambs nocmynuia 6 pedaxyuio 14.05.2002 2.

KPUTEPHA J1UISI OHEHKH JOINIYCTUMOI'O TEXHOTEHHOI'O
PUCKA TEXHOJOIMYECKUX KOMIUIEKCOB

YyGenxo A.B., Tonopor A.A., I'ypuak A5,
Pomanenko E.IL, Cemepenxo C.B.
(HorHTY, OAQ «Asdeesckuit KX3», 2. Honeyk, 2. Asdeeexa, Vipauna)

Puc. 4. Mukpoctpyktypa (a) ¥ MuxpoaudpakumouHas xaptuHa (0)
MapTEHCHUTHOH (assi B TOBEPXHOCTHOW 30HC MSTHA  JA3EPHON
BO3JEHCTBUS Ha obpasue:a — x 30000; 6 — 0Ch 30HBI BJIEXTPOHOrPAMMSL |

1To], [T 14],

B pabore K.II Bynuna, K0.H. Tapana, S.H. Manunouxku [5] moxaszano,
UTO HAIMYNE B CTPYKTYpPE B KA4CCTBE COCTABISIONIEH BEICOKOTREPAOIO Kapbum
mina Me;C; SHAYMTENHHO TIOBBILAET MPOYHOCTHBIC XAPAKTCPUCTHKH, THEP-

integrative quantitative index is proposed for evaluation of technogenik risk
echnological units

Jlo HacTosiero BpeMeny B YKpauHe He CYLICCTBYET, K COXKaneHuIo, 00-
JMHATBIX METOMMK OLEHKU JOHYCTHMOIO TeXHOTeHHOro pucka (Ryop) aAns
nroruyeckux komruiekcos ([K). Pexomenayemsle rocy1apcTBEHHBIMH Op-
11 (MUC Vipaunpt, Iockomoxpaust 1pyaa, I'ocTeXHAA30poM U Ip.) MCTO-
HocsT (parMeHTapHLIH XapakTep ¥ He IMO3RONAIOT B NOAHOM ofreMe pe-
BaXHBIE MPAKTHYECKHE 33JIa4#, HaAlpPHMED, TIPpH NOJATOTOBKE TACOpPTOB
ACHOCTH Ha NMOTeHIUMaNbHOo onacHble 00beKkTsl (ITO0), 3akimouenny 10ro-
B CTpaxoBaHus, obecrneyeHun 0e30NaCHEIX YCIOBHH Tpyia s paboTHH-
OXpaHe NpHpPOJHON cpembi4 ap.[1].
Hanoxendsie B HUX METONb! OLUEHKH TEXHOTCHHLIX PUCKOB (HANPUMED,
TOKOBLIe rpadsl”, “AepeBbs npoucuiecTBUit”, “nepesbs coOuTHH ¢ ¥ T.0.)
T CyLIeCTBEHHEIE HEZOCTATKH /UL NMPAKTHKY COBPEMEHHOTO HPOHM3BOJACT-
- NEPBBIX, OHKU TPYAOEMKH U TPeOYIOT BLICOKOM KBATM(MUKALIUY HCIIOIHM-
Bo- BTOPBIX, A% UX peann3aiuy HeoOXoauMbl MHOTOUYHCIICHHEIC KOMY-
CHHbIE HaHHBIE. KpOM& TOTQ, B HEX YaCcTO NYTaeTCHd NMOHATHE TEXHOI€HHG-
cka (TP) u noHsATHE BEPOATHOCTH PHCKE, YCTKO ¢ IIPONMCAHRl CTAAHUN
Hus TP u s1p. YKazaunbie HeA0CTaTKU SBASIOTCA HENOCPEACTBCHHOH TIpH-

1 TOTI0, 9TO 3TH METOIBI HE Hax0/1AT KHPOKOro NpHMEHEHM Ha MPAKTHKE.
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A0CTE U U3HOCOCTOHKOCTE GeNbIX XPOMUCTHIX YyryHoB. Bricokas TeepmocTs
TIOBEPXHOCTHOI'O CJl0S a30THPOBAHOI0 00pasita u3 cranu S0XDA, oGpaboras-
HOTO 1a3epoM, BbI3BaHA AOMOJHUTENLHO €llle M HAluYMeM B CTPYKType, KpH-
CTALIOB & — (askl — (Hutpuaa FesN ), HMeIOLIMX BHICOKHE TTOKA3aTeIH TBEPAO-
CTH.

HAns Matepuana NOpUIHERHIX KONEL, PabOTaloMKX B YCIOBHAX TOBLIICH”
HBIX TEMIEpATyp M H3HOCA, BaXKHRIM SBIAETCH TCPMUYECKas cTabWiLHoCTs HE
CTPYKTYPBI B HIOBEPXHOCTHOM ciioe. C 3TOMH enbio o0pasusl U3 cramu SOXPA
npoIeauine obpaboTKy KOHLUCHTPUPORAHHBIMH [TOTOKAMU jnaszepHoro odayds
HUS, TIPUBOAMBIIYIO K YaCTHYHOMY OIUIABNEHHIO MOBEPXHOCTHBIX y4acTKOB:
NOABCPIIA TEPMHYECKOMY BO3MCHCTBUIO — OTIIYCKY IIPH TeMIIEpAType 550°C
(Beiepicka 25 muH). Kak nokasany HccieZ0BaHMS, [IOKPBITHS BBIASpIKMBaIT 3
X KpaTHOE IpeBbilicHMe pabo4nx TemMreparyp 6e3 CyleCTBEHHRIX H3MeHeHuH b
CTPYKTYDC.
160



llpu ananuse HayyHbIx nyGiukaumii OYeBHIHBI PA3IMUHbE TOIXOL] X
paspemesuio npobnemsl. Harpumep, depes CHCTeMy 3KCIIEPTHBIX OLEHOK Tp
TK, [2.3] BeIvMCIUTENBHEBIM SHPOM KOTOPOH ABTAIOTCS MMHTAIHOHHBIE Moneny
TMPOLECCOB BOIHUKHOBEHUS IPOUCIIECTBUH B 4ENOBEKO-MAIIHHHRIX CHCTEeMay.
Taxoe MOEMPOBaHNHE MeHee UYBCTBUTENBHO K HETOYHOCTH H HEYETKOCTH Hee
XOAHBIX HMAHHBIX, /€T BOIMOXHOCTL OJIHOBPEMEHHO YYMTHIBATE JECATKH pas.
PO3HEHHBIX mapamerpoB. Cama JKCHEPTHAS CHCTEMA OLCHKH II03BONSET CHy.
3UTh KBanH(QUKALHOHHBIA YPOBEHD I0/I530BATENA M yMEHBIIUTD TPYAOEMKOCT,
BBITIOJIHAEMBIX OLIEHOUHBIX pabor. Hemocrarky, npHUcynine 3Toi cucreMe ore.
HOK, IOCTAaTOYHO MOMHO u3M0keHs! B [3]. X, Kak “cybneKTURHOE H3MEpenue”,
HeoOXOAUMO yIHTHIBATE B PasyMHBIX NTpeerax.

IlpepiaraeTcs B Ka4eCTBE OLEHOYHOTO NMOKA3aTENs — MPUMEHEHHE UHTCr
PHUPOBaHHOrO konm4ecTBenHoro kpurepus (MK) spdextusnoctr Meponpusituii, |
HAaNPABJICHHRIX Ha yMeHblIeHne TP depes nopsinenne Hanexuoctu TK [4].

Ha ceromss ofHO3Ha4YHO NMPH3HAHO, 9TO MPAKTHYECKHM HHCTPYMEHTOM
HCClieloBanus ypoBHeH onacHocTedl TK sBiIseTcs aHalu3 W KOJHYECTBEHHay |
ouenka TP 2THX KOMILTEXCOB.

Cywmocts ananuza TP TK COCTOMT B IIOCTPOGHHH BCEBOZMOMKHBIX (e |
NPOTHBOpEYALKX 3aKOHAM IIPUPO/IBI) cLeHapuer (MOMIENCi) ROIHUKHOBEHUS K
Pa3BUTHs aBapuH, OOYCIIOBNEHHBIX HHMHM 4YpC3BbIYalHBIX cuTyaumi (YC), a
TaKKe B OLUEHKE YacTOThl H MacliTaboB yuepba npu BO3MOXHON peanusaliui
KaXA0H U3 9TUX Mofenel ans koukperroro TK.

Jloruka nocTpoenwa aHaiM3a MOXeET OBITh CIEAYIOUIEH: JHEpro-
SHTPONHIHAY KOHUEIUS ¥ MPHHLMN HEOIPEHCICHHOCTH CIOXHBIX CUCTCM
JL. Bane [2,5,6]; xavecrsennpli avank3 (aHAMKU3 3HAYUMOCTH W KPpUTUYHOGCTH
COObITHH), NPUMEHHMOCTD KPUTEPHEB 3HAYMMOCTH; KOTHYCCTREHHAS OlIeHKd., |

Ormerum, YTO ¢ MO3HUIMH CHCTEMHOIO MOAXOAA K OUEHb CIIOKHOH CHCTE
M€ “YelioBeK- MalHHa- Cpesa” HeOOXOAUMO YHHTHIBATE, YTO PHCK BOIHHKHOBE- |
HUS aBAPHH ¥ KAaTacTpod, ONacHBIX CHTYalUunii Ha MPOM3BOICTBE, B OTHOIIEHHAX |
MEKZY JIFOABMH LIDH BCEM CBOEM SABHOM Pa3snHYMM MOXET UMETh EAUHYIO METO- |
AOJIOTHIO CTPATEIHYCCKOH OLICHKH — HHTEIPUPOBAHHEIH KONHYECTBEHHRIH Kpi-
Tepuit (MK).

Anparrranus MK B yCOBHAX HEONMpENENCHHOCTH HA CTAJUM IPHHATHA
CTPaTErHYECKUX PEILEHHH MO3BOIUT IPOBOAUT:

-CpaBHEHHC YPOBHEH PHCKOB OT mo05IX HaKkTopos;
-Pacmpe/iC/ICHAE PECYPCOB (MaTepHalbHbIX, QUHAHCOBBIX, AeMOrpaduyeckuX
M T.IL) Ha Te CHCTEMBI, I/1¢ MOXHO HOCTHYE CAMOTO BLICOKOIO YpPOBHS CHH-
XEHUs pHCKa;
-BBIOOp Haubosee BHITOAHOTO (IKOHOMHYECKOTO, TEXHUYECKOro U Ip.) cue
HapHsl.

Ipu paspabotke metomonoruu momyctumoro TP TK mHeoGxomumo yHi#-

YeTBIPE TJIABHLIX MOJYJst, KOTOPBIE XapaKTepH3YIOT OCHOBHbIE KOMITO-
iIQH,eHKH pHCKa:

aYMMOCTh PHCKa Ha OCHOBE BOCIIPUSTHS;

A4AMOCTE Yinepba;

MPEACICHHOCTE U CIYyHaiHOCTh;

YHMOCTh PHCKa Ha OCHOBE PaCc4eToB.

3HAUMMOCTE PUCKA HAa OCHOBE BOCHIPHATHS, B CBOIO OYEPEeib, COAEPIKUT
6a30Bble COCTABNISIOLINE, KAK 3aTPATh, @ TAKKE CONHATBLHBIE, HOMHTHYE-
JIP- NOCACCTBHS 3TOFO PUCKA.

3HAUUMOCTH YiiepOa (oneHKa yiepba) OCHOBaHA HA 3HAKMM HCTOYHUKOR
¥ BDEMEHH €r0 IKCHO3ULMH, 1PN YCTAHOBIICHHEIX KPHTEPHAX OUEHKH M
OCTH BO3MOXHO ONpeAeNeHHe NPMOPHTETa PHCKa ¥ 3Ha4YeHHe (PakTopa
TOp2) PeryIMpOBAHUS H BO3MEIIEHNS BEIMYHUHE yiuepOa.
Heorpe/ielenHoCTs B AaHHOM Clydae NIPHBOAMT K HEOTPENSTCHHOCTH
CACTBUH, a Clly4aliHOCTh NPUBOAHT K TOMY, YTO B OAMHAKOBBIX (CXOAHBIX)
AX OJTHO M TOXe COOBLITHE MPOUCXOAUT HEOAHHAKOBO. DTO ONpPEHEHsEeT
SMOJKHOCTH ONHO3HAYHOIO NMPEBHCHUS HACTYILIEHMS IIPEIONaraeMoro
[bTaTa, NO3TOMY HMeeT GoJpllioe 3HaYeHHe onpejeneHue vposHs TP ua
pacuctoB. Takoil mOaXOn JaeT BOIMOXKHOCTE MPH HOMOMIN COBPEMEH-
METOJONOrMYECKOro anmapara WACHTH(UIMPOBATE, OTIPEAensTh W pac-
Bate TP TK, u, COOTBETCTBEHHO, YIPaABAATh TEXHOICHHOW GezonacHo-
Kkak cucremsl TK, Tak 1 OTAENSHOTO YeTOBeKa M Cpejibi OBUTaAHMS.
eopeTnucckoe obocrosanue MK TP TK cponutes x cregyromemMy. Ms-
) [2], uTo mox TP monMMAlOT He BENWYMHY BEPOATHOCTH HACTYIUICHHS
ciuectBusi B cucteme TK (1i0510MKa, aBapus, Hec4acTHbIH cnyuait), a npo-
IEHHE YaCTOThl HEIITATHOTO CobnITHs (p) U yiepba ot wero (U), ApyraMu

2

avun: TK uswagansro [6] oGnagaeT cnocoOHOCTEIO, B Clyyae aBapUiHO
MKW, IPUYUHKTE HEKOTOPBIH yuIepd U C BEPOSTHOCTHIO Py .

~ YNpaencHYecKoe pellicHye, HanpaBlIeHHOS Ha PEaM3ailuio TIPOdUITaKTH-
KHX H 3alllHTHBIX MEPONPHSTHIT MOKET 06eCiicYHTh CHIDKEHHE 0XKHIAEMOT0
a 10 BenM4uHB! Uy , a TakkKe CHIDKEHHE BEPOSTHOCTY BOZHHKHOBCHHA
yiiep6a K0 BEAMYHHBI py ,T),€. HOPMHPOBATh 40 R A0,

- Ha npaktuke 310 cBOAIWTCS K BEIGOPY PAUMOHATLHEIX METONOB M CPEACTE
I.IEHHS pasMepos oxHaaeMoro ym.epﬁa H BEPOATHOCTH BO3HHKHOBCHHKA aBa-
O} CHTyaLHH Hp1 HAUMEHBIITHX 3aTPaTax.

- OCHOBHOM TPYJIHOCTBIO TIpK 3TOM GY[eT HEBO3MOKHOCTH MOCTPOMTSH
bKO- HHOY/E HEMPEpPRIBHYIO 3aBUCHMOCTD Pa3sMepoB oxuaaeMoro yiepba
JOATHOCTH BOIHUKIIOBEHHS aBapuil OT 3aTpaT, HANpaBAseMbIX Ha HX CHH-
€. Kpome Toro, ¢ mosuiny MoBHIUISHNS HafeXHOCTH, HEOOXOANMO CpaB-
OPPEKTUBHOCTE PA3NUYHBIX MEPOTPHATHH 33 BECh OLEHHBAEMBIH CPOK
UHoHuposauus TK,
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AHHasT hjprMy.TI& YHHTBIBAECT AOCTATOYHO CHOMKHBIE B3aWMOCBSI3H MEWXAY
HaMu. Ba)kKHo NOHUMATE, YTO KpHTepHrit R yx yuuThIBaeT TONBEKO 3aTparkl
neyenne HanexHocrn TK, He OLeHUBAs ero SKOHOMHYECKYIOo dddex-
b. OTNIepHpYs 3THM KPHTEPHEM INPH onpejienienyn nonycrumoro TP TK
OXOMMO YUUTEIBATh BPel OT MOTSHLHAILHO ONacHbIX TEXHONOrHH U Npo-
0B B CPaBHEHMH C ITOJIB30H, KOTOPYIO OHM npuHOcAT. He ciemyer BmecTe ¢
CHJIPHO NMOBBIIATE TpeboBanua. JIOmycTUMBIH TEXHOTEHIILIH PUCK AON-
BITE HA YPOBHE PUCKA, KOTOPEIH 10OPOBONEHO HOMYCKACTCH JMOABMH B
€BHOM CYIIECTBOBaHUM KaK A0OPOROIBHEIH s cebs pHCK.
Ie]IOM, MHPOBas MpPaKTHKa B TEOPHH PHCKA TOJNL3YETCS IPHHLHIOM
“JlroBol puck ROMKEH OBITH CHMXEH HaCTONbKO, HACKONBKO 3TO MpaK-

C apyroil cTOPOHbI peaNH3aUns NPOPUNAKTHIECKHX H 3aIUUTHBIX Mepg.
TIpUATHH OyZleT U3MEHATh MaTeMaTH4YecKoe oxujaaHue yiuepba (M), PaBHge
TIPOU3BECHHIO BCPOATHOCTH aBapuH (p) M CyMMBbl OXHAaeMOro yiepGa (U)_
ITo onpenencuuio [2] aro GyneT koauyecTBeHHas Benwyuna TP TK - M= pU
3a Becn cpox ciiyx6sr TK HakonnenHoe MaTeMaTHueCKoe OXHUIAHHE yuiepGa.
cocraBur [4]:

_ < pY,
R 2 e (1)
=0(1+ E) :
FIe ¢~ nomep mmara pacyera (=0, 1 ,2,...,7), T— ropusosT pacuera. B xauectne;
TPHHUMAIOTCA HOMEpa NEepHOAOE, Ha KOTOPEIC Pa3OMBAeTCs paccMaTpUBaEMbi
Cpok pyHKunonuposanus TK, a T — npupaBHUBAeTCA K KOJMMYECTBY TAKUX Dag- .
HBIX 1O BPEMEHH MEpHONOB; E — CTaBKa QUCKOHTHPOBaHMs (MIO3BOMAET momy- 3YMHO J{OCTHXHUMO”.
9UTH TEKYIIYIO OLEHKY BO3MOXHOTO GYAYIIEro yiiepba MmpH peatH3aimi Tex. B IpE/UIOKCHHOM HHTErPUPOBAHHOM KONHYECTBEHHOM KPUTEPHH BO3MOX-
HOTEHHOr0 PHCKA); p; ~ BEPOSATHOCTh BOZHHKHOBEHUS aBADUMHON CHTYALMY & f— o PHas oueHKa TP TK, TouHbIe 1 IOCTOBEPHBIC PACUCTLI M BENHIHHEL.
M roay; U, — oxugaemsiit ywiep6 ot asapuu. JA0mKHbL DA3UPOBATECS Ha CYUIECTBYIOUIMX HOPMAX UM PacueHKax, IpaBk-
Kak orMedeno B [2,6,7] ¥ APYTHX HAySHBIX MyGIMKALMAX — p: U, Gyner. paxoBanus i T. . CaMa BEPOATHOCTh BOSHUKHOBEHMS aBapUiHEIX CHTYa-
OXHIAeMBIM TEXHOTEHHEIM puckoM st TK, cnemosatensho, p U mosker Grith OpUYMHEHUs YIepba MoKeT OBITh ONpe/ieneHa HCXO/NS 13 UMEIOUINXCS
B3AT 32 YPOBCHb JOIYCTHMOrO TEXHOIEHHOTO pucka (Raon.)- ANPUSTAN CTATHCTUYECKMX AAHHBIX 110 aBapUMHOCTH, NubO Ha OCHOBE
Ha Ryon MOXHO BAMATS BHE/PeHNeM onee 6e30MacHbIX TeXHOIOTHIA, pas- | AKALIHI 110 aBAPHAM Ha aHanorndHeix TK.
BHTHEM CITacaTe/ibHBIX M aBapUHHBIX CIYxO, IIOBEIIEHHEM KYJILTYPEl [pOH3- KQJIOH U1 3MEPEHHS BENUUHEBL YIIEpGa MOTYT CIlyXHTE HE TOIBKO Je-
BOACTBA U 7. JI. PUCK, He NONAIOMMIACS CHIDKEHHIO C OMOLIBIO JOCTYHBX €, a  OTHOCHTEIIbHEBIE CAMHULIEL, IPHHUMAIOLINE 3HAYEHUS U3 HHTEPBANa
[IPHEMOB, MOXKHO HCKIFOYMTH Yepes cTpaxoBanue. B atom cnyuae R0 TK 6y- | - st 9TOrO MOXHO H3MepsTh PUHAHCOBLIH yuIep6 B HONSX OT o6uIero
AT ONPENENATE CTABKY CTPaXOBOM MPEMMY NPH CTONPOLEHTHOM CTPaXOSOM Ma MMEIOLIUXCS Ha npeupuaTiy aktusos [8,9]. Tlpumenenue npeanarae-
TIOKPHITHH OXKHIaeMOr0 yLIepoa. - KpUTCpHS JOIDKHO UMCTE NPAKTUYECKYIO HONB3Y NPH YIPaBIeHHH TEXHO-
Heo6X0MMMO OTMETHTB, YTO PacyeTni Ry, AL TCXHOTOTHYCCKOTO KOM- pIM prickom Ha TTOO u ApYTHX IPOMBILIIEHHEX TPCANPHATHAX.
I1JIeKCa HOCAT OUEHOYHDLIH XapakTep H OYAYT OTIMYAThCA OT PealbHBbIX CyMM
yuiepba npu nonnoMaciuraGHEIX aBapHsX, a napamerp p U u3 oleHouHoro (1a
MOMEHT NIPHHATUS YTPABIEHIECKOTO PeIIeHH s ) IPEBPATHICSH B NOCTSLYIOLLEM B
peansHbie 3aTpathl. ITH 3aTPaThl BRIHYXKACHHAS 1171aTa 38 YPOBEHb JIOIIYCTHMO-
IO TEXHOTEHHOTO PUCKA TP TEKYLIEM COCTOSHUY HayKH, TEXHONOTHHM, KyibTy-
PBL IIDOU3BOACTBA U APYTUX hakTopos. CreoBaTensHo, B HOKa3aTe/s Ry,, He-
00X0AMMO BBECTH RONONHUTCILHEIE MHOKHTENS G, YUHTBIBalOLIMH xon®0

OXKHAAEMOTO yIilepda, MOKPbIBAEMYIO CTPAaXOBKOMH. 3a BECh CPOK (ByHKIIHOHHPO-

s S5 4
Banua TK 3atpatsl (Z) OyayT onpeziensites Beipaxernem [4]: Z =Y ——' -

=0 (1 +E )!
C yuerom H3NOXKEHHOTO MOXKHO CHOPMYTHPOBATE HHTEIPUPOBAHHEIN KOJHYE-
cTBeHHsI Kputepui (MK) kak rokazarens R, s TK:
Z, L AU«

+
+EYf =(+E)

pU

HHCOK JuTeparypbi: 1. IIpo 3aXucT Hacenenus i Teputopill Bix naaseu-
CHTyalli/l TCXHOI'€HHOI0 Ta IIPMPONHOrO XapakTepy. 3akoH Ykpainu. 8
1 2000.- Ne 1089. 2. I'paxknankus A. U, Benos I. I'. Dxcneprras cucre-
HEHKH TCXHOICHHOIO DPHCKA OMNACHBIX NPOU3BOIACTBEHHBIX 06BCKTOB //
IaCHOCTE TPYAa B NPOMBULICHHOCTH.~ 2000.- Ne 11.- ¢. 6- 9. 3. TTeperyaos
Tapacenko @. IL Beepenue B crcTeMubIi aHanus: Yyed. ITocobue s
- M.: Boleni wik., 1989.- 367¢. 4. Kuefimeros A. B., T'eugens I, JI. Kpu-
A 5Q(PEKTHBHOCTH MEPONPHATHH, NOBBIIAIOLIMA HAAEKHOCTh MIPOM3BO-
1010 obbekTa // bezonacHocTs KuskeaeaTenbHocTU.- 2002.- Ne 2. ¢.10-
. Xennu 3. Jlx. , Kymamoro X. HaneKHOCTs TEXHHYCCKHX CHOTEM H OLIeH-
cka: llep. ¢ anr.- M.: Mammgoctpoenue, 1984. —528c. 6. Otkugau B. B.,
oxyn B. A., Maptosuukuit B. JI. Drtpono- sHepretiueckas KOHIENLIUS
ONbI pHCKa CHCTEMBI “YenoBeX- IPOM3BOACTBO- Ccpena” //TexHOMomwuc.-

= Ne 1.- ¢. 26- 27. 7. Enoxun A.I., JleGenen A. B. Mcroauyeckoe U npo-
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rpaMmHOe obecrieyenue aHaNW3a pHcKa aBapwii Ha NPEANPHITHAX He(Tangy
TPOMBIIINCHHOCTH //BEe30MacHoCTh XH3HeACATENFHOCTH.- 2002.- No 2.- ¢. 7. 9,
8. Omeinbuenxo Y. H., Kosynko J1. B. VYnpagnenue puckamu NPOH3BOACTEL i,
XO3AHCTBEHHOH NESTENBHOCTH B YCIOBUSX HEOMIPENIENICHHOCTH Ha CTRAHH fpy,

HATHA CTpaTeruyeckux petedui // Bectuux MalMHOCTPOCHH .- 1999.- No 5

¢.40- 45. 9. Ianurans W. Teopus H3MepeHui.- M.: Mup, 1976.- 220c.
Cmamoa nocmynuna 6 pedaryuio 20.05.200) 2

NPENCTABJIEHHE CBOPOYHBIX JAHHBIX
B EIMHOM HH®OPMAIMOHHOM INPOCTPAHCTBE

Mla6aiikoBuya B.A. (Keuryeckas noaumexwuxa, 2. Kewwys, Honswa)

The formalizing of an assembling data is indispensable for maintenance unifield
information space of the CALS-technologies. With the help of a volumetrical

matrixes the standard structures of an automatic assembly details, joints and

their accuracy, motion, schemes of locating automatic orientation a details are
present. :
CBopounoe nponssoscTeo 3amumaer no 80-90% obnema B PABTHY LK
OTPacaAX NMPOMBINLIEHHOCTH, aBTOMaTH3MPOBaHo 10 10-15% u T03TOMY pac-

CMATPUBACTCS KaK OCHOBHOR PE3EPB COBEPIUEHCTBOBAHMS, NIOBbUNCHUS KaYecT

Ba, CHUKEHHNS 3aTPaT U BEICBOOOXAeHHA paGoYuCH CHUTLL. Iocxoneky cbopka s
KOHEIHOM MTOre ONpeXeNieT YPOBEeHb KAYecTBa MAIUHEL, HCIIONB3YET OCHOE-

T HYt10 pabouyio cuny, 1o eit Gyaer ymensrocs oc-
KomnsioTepHo-wHTerpuposaiics | HOBHOE BHMMAHHE KAk celuac, TaKk ¥ B KOMIThl0-

——— TEPHO-HHTCTPHPOBAHHOM  IipomssojicTBe  (CIM)
CADICAEICAM | _| Oymymero. Kak wmssectHo CIM obbeannser pax
Ko”ml'“”’"“ cucteM (puc.1), KoTopble B HacTosiIee Bpems OT-

| [ crp-nc J B4 THYAIOTCH PA3HOOOPa3HeM: ¥ OXBATHIBAIOT LIHPO-
Texonorusn ) Koe mporpammHoe obecrieueHue OT BHGOpa KOH-

LEMHM OpeanoiaraeMod paspaGoTKd M KOHCT-
PYWPOBaHUs JIO HONYYCHUS KOHCTPYKTOPCKOH J10°
KYMEHTalliH, TEXHOIOTHYECKHX COOpOUHBIX Npo-
lieccos ¥ 1iporpamm o6pabotku aertaneii u cGopxi

SFC
Ynpasneuwe

CAM
MpavasoacTeo

RS
Mnawuposehine U yIpenenue NporIEonCTEoM

TAM
Ynpaenerne kavecToom Obecnevakve xavectsal |

OBITE COCTHIKOBAHEI C HCIOJIB3YEMBIMH, OOpasyf
TONHBIA TPOrPaMMHBIA  KOMIUICKC BBIIOJHCHHA
Beex cOopouHbix pabot. K Takum cucreman oTHO
cares CAAP, MRP, RDBMS, MES, FIS, FEM,
Puc.l. CxeMaCIM.  cqx ppur EDMDRP, DADS, ADAMS, DEAS,
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ATM
Tpancdopmauus
LABHHE

mamtunbbl {1]. JIpyrue m3pecTHbIe chcTeMbl MOTYT |

 FFC, ICAM, OPT u muorue apyrue.
apanurMel CGOPOYHOTO TIPOM3BOACTBA Oyaymero mpejxycMaTpHUBaOT LK~
e npumenieEne CALS-TeXHONOrui, 06ecneuuBaioLX cOopKy Ha ocHoBe
CTMBHO OPUEHTHPOBAHHOMN TEXHONOTHY TBEPAOTENHHOIO MOICAUPOBAHNS,
OCHHOH Ha MOYALHOM [PUHLUIE, CKBO3HOH NAapaMeTpU3alliy, MOIHOH
IMATHBHOCTH U HE3aBHCHMOCTH OT TPOrpamMMHO-ATINIAPATHON CpeJibl.
O-IEXHONOrMM  Ha  ©ase  npomsiuuieHHBIX  CAD/CAM/CAE/PDM
.NGINEER 2000i 06ecrieunBaor moHbit UHKJI CO3AaHuUsl MAalIMH: BUPTY-
0€ NPOCKTHPOBAHHE KOHCTPYKLMH U TEXHOJOHU obpaborku n cHopku —
?:anmaa peanusanys TeXHONOIMYECKUX I[POHECCOB M TNPEANoaraeMoil
_;yaranuﬁ — QHAJM3 U ONMTHMM3ALHS KOHCTPYKIMH MAIIMHEL H TEXHOTOTHH
TOBIIEHUIA.
[pr TakoM 10ZXOAE CNAGHIM 3BEHOM ABISTETCA CO3JaHME ¥ MOJAEPIKKA -

HOOPMALUMOHHOTO TIPOCTPAHCTEA, OGECHeuHBAIONEro 3G PEeKTUBHYIO CO-

i;aﬁow Beex cucteM CIM. Jing storo BHyTpenkuit hopmar XpaHeHns (aii-
SOOPOUHBIX JAHHBIX JOIKEH GBITH KOMIAKTHbIM ‘M TOYHBIM, JOJDKHA 06ec-
IBATHCS BEPTHKATbHAS U TOPU3OHTANILHAS COBMECTHMOCTh, COBMECTUMOCTE
[THMH CHCTEMaMM Ha ypoBHe 0OMeHHEIX (aiinos. B Hacrosinee Bpems u3-
PAL CTAHNAPTHRIX 0OMeHHEIX daiinor DXF, STEP, IGES, VDA FS u
He, KOTOPBIM NPHCYLIM TaKHe HeAOCTATKH KAK 4yBCTBHTCABHOCTD K H3Me-
) BEPCHH, OrPaHNYEHHOCTh B BbIGOpe c110c0G0B XpaHeHus uHGOpMaLHH,
P TOYHOCTH, HATHYME JMANCKTOB U T.1. Yacto npaBuiibEbIe dafiner cyu-
TEIBAIOTCS APYIOH CHCTEMOH ¢ omubKamu
WM Jawe Boodlie He umraroTes. [1osTo-
My 3ajaqa TpeicTaBneHds cOOpOYHBIX
JaHHBIX B €IWHOM HH(QOPMAIMOHHOM
TIPOCTPAHCTBE SBILETCH NOCTATOUHO AK-
TYa/1LHO.
Ipeanaraercs  mcrnonssosate  ams
dopmanuzann cOOPOYHBIX JAHHLIX B
=l €/TMHOM HH(QOPMALMOHHOM NPOCTPAHCTRE
e : MaTpU4HBIH annapar, a UMEHHO, 0GBeM-
3 0'2; ychOBHoe obosHadenne HEIe Matpuusl (puc.2). Takas maTpuua
i e e a s AN Obirh 3aMUcaHa Kak
g My=M;a MMy, ()
&, ijs My, M j - cocTaBnmONIe OEBEMION MATPULL!, SBASIOLMECS e¢ fe-

SYeHHeM, T.¢. JTeMEHTaMU OTHOBPEMECHHO €if MPWHALIC/KALITMH.
K mpenmymiectBaM Takoro moaxoja MOMHMO KOMNAKTHOCTH MOXKHO
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OTHECTH BOIMOXHOCTE Pa3sHOCTOPOHHErO PacIIMPEHHs W yriyGieHHs orepy.
pyemoii uHbopmanun. Pacuiupenne obecneynpact (POPMATH3ALHIO TPOH3BOE.
HOTO KOJIHYECTBa COOPOYHBIX HAHHBIX, KOTOPBIE 33 CYET BBENEHUS HOBLIX Xy~
TEPHEB MOTYT ObITE ONKCAHLI AOMOJHHTEABHBIMH marpultamu. Ipegcrasnen.
HBIC MaTpHLbl B JAILHEHILIEM JICTKO NIPOrPAMMHPYIOTCA M MATEMAaTHUECKH 0f.
PabaThIBAIOTC U MOT'YT GBITS IOBECHBI JAXE 10 CXEMO-HHCCHHEIX 3IHAYCHUI,
ITpu npoexTupoBanuy ONTHMATEERIX cOOPOYHBIX MPOLIECCOB OOBITHO HCXo-
AAT U3 TOHCKA ero CIPyKTyphl. KIcX0As u3 Hay4Ho 0GOCHOBAHHOM TEOpHy
CTPYKTYp [2], THmOBBIE CTPYKTYpEI NPENCTaBIAIOTCS COYETAHHEM KIACCOR y
rpynn (Ta6:.1) ¥ MoryT GBITH OUCAHB! 06BEMHON Marpuue# Cyy, rae OCHOBHag
MaTpHla 3X7 ONMUCHBAET NPECTABIEHHBIC CIPYKTYpPBI, a 06pazyroliue — yncig
MOTOKOB, NO3ULHH U caBur (a3 cOopk.
CGopounrie namusle, Kak u3BeCTHO, MOTYT OBITh KOHCTPYKUMOHHBIMHM, TEXHO-

JOTHYECKHMH MU OPTraHH3alHOHHBIMH. KOHCTp)(KI},KOHHBIe FaHHBIC — 3TO Mac- |

CHB HHQOPMaLMHK, OTIUCHIBAIOUTHE hopMy, PasMEphI U OTKJIOHEHUS coBupaempx
AeTanel, MaTepuan ¥ QUIHKO-MEXaHWYeCKHe CBONHCTEA I apyrue. K TexHorno-
THICCKUM NaHHBIM OTHOCHTCS OMUCaHMs CIOCOB60B COOPKH, CXeM BBIMOIHCHHS
OCHOBHBIX SIEMEHTOB ONEpALKH, CTPYKTYPHl ONepaiui, coGHpaeMocTs HeTa-
7e#, Gasosble, OpHeHTHpYIOWME U paboune LIOBEPXHOCTH, PEXHMBI COOPKH i
BPCMCHHBIE 3aTpPATh! U T.1. OpraHu3alMOEHEIC JaHHbIE ONHCHIBAIOT nepemMeiiie-
Hue 00BeKTa COOPKH B POCTPAHCTBE H BO BPEMEHH.

Heobxodumsie c6opounsie dannsie maxice ORUCHIEAIOMCA OBbEMHBIMU MAMPU-
yamu [3]. B kauecmee npumepa ¢ mabn. 2-4 npugedersr 0bpasyiowue naockue
MATPULBL, OMHCHIBAIOIIMEG BO3MOXHbBIE COOPOYHBIE NepeMelleHus, MaTpHLEl,
OMMCLIBAIOILHE BOIMONHBIEC COOPOUHBIE [IEPEMEIEHHS, PA3HOBHUHOCTH cBopxH
¥ HX TONCpeviHyro MaTpuily. Jliobas u3 U3BECTHHIX PA3HOBHAHOCTEH cGopxy
OMHCLIBACTCH 00BEMHON MaTpuLeH, KOTOpas MOKET BBITh CKONE YroAaHoO pac-
WypeHa Npu Gosbilei xenaeMoif 1eTaNu3aluy Wik MOSBICHIN HOBLIX. B Tabsn
5> Matpuucit S onucaHs! c6OPOUHBIE COSANHEHHS C QHANOTHYHBIMHU CHIOCO0aMH
pacmpenus. Ecnu k 31oit matprue 5106a8uth cnoco6n dbuKcaumy, To MOKHO
TIOMyqATE MOCHeNYIONyI0 06BbeMHYI0 MaTpUIly c6OpouHBIX coenuienuil. 11o-

106110 06beMHBIMI MaTpHIaM¥ OIfHCBIBAIOTCS TOYHOCTL CﬁO]JO“IHOI"O coe/me

HIS ([OCaAKH-KIacCh TOYHOCTH-OTKIIOHEH!S), 6asupoBaHMs (XapakTep 10-
BEPXHOCTH-CBOHCTBA), ABTOMAaTHICCKOe OpueHTHpOBanHe (00BeKTEI-MeTo/Ibl
COBMEIICHHA-CUIIEI BO3ACHCTBHSA) U /Ipyrue Heobxoaumble naHHbie. Us-3a orpa-
HUYCHHOCTH 00bemMa 3TH CIPYKTYPHI He NpHBOASTCS. B 06iem cliyyae MOKHO
OTMETHUTE, YTO B TAKMX OGBEMHEIX MaTPHIAX IO e KOOpAMHATHBIM Hallpas/ie-
HHAM CTONOLBL ¥ CTPOKH ONMHCHIBAIOT [IaBHBIE TIapaMeTpEl, @ WX YTOYHEHHS
BBIMOIHACTCA B MOMEPeyYHbIX. DTO IACT BO3MOXKHOCTE TTOJIHOM bopmanuzanmy ¥
[IHPOKOro HCHONb30BAHMS B PASHBIX CUCTEMAX.
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CreneHsb COBMEneHHA
BCIIOMOTaTe/IBHEIX ITC-

Knacewr erpyxryp
(cnocofbl BRINOMHEHHR OCHOBHBIX COOPOLHDIX fICPEX0A0B)

6n1uua 1 — THIOBBIC CTPYKTYPE! TEXHONOrHISCKIEX npoueccos cGopxu,

Hble 0003navenus: !

BATEILHO; {oimax

A ; 1. Iapan-
Pexozion I IT I Jel
IMocneposarensioe | Kombunuposainoe neavHoE
HECOBMEIIEHHEM 01 02 03
CeX MOCJICHOBATENLIO “ 2 < b L
EHIOMHACMBIX  BCTIO- 2’»«' +Zu Z*’m L ot g +Z’¢ % trman +Z‘-ﬁ
TEMBHBIX 1IEPEXO- =
oo P pnz prz pnz
04 05 06
a b=l € b1 b=l
nopaveii geraneit Z‘of + Zﬁy me o s + Zﬂ; Loimae + 2 1y
f (NG 1 1 i
prz pnz pnz
07 08 09
JOMQAHUTENBHO b 52 & 5-2 b2
Gasuporanuem Dlatdty 3 % %3 ks R D
Aetaieit | 1 ! ! L
phz prz pnz
10 i1 12
HAONONHUTENLHO a 53 < -3 B3
OPHCHTHDPOBAHUEM ZF,,; + ng ng. Hl o ay + Zf}{: Lo o "‘Z‘ay
neranci L Y Gl ! i 1
pnz pnz pnz
13 14 15
LOTIOIHUTENBHO a b-a e bt b4
CONPS¥EHHEM fe- Z!m + zr.{, me +‘rou' e T Z!@ fl.cumaa( + trg-'
Tanei N ! L R
pnz pnz pnz
16 17 18
JOTIONHATENLHO a b-s ! b-3 55
KOHTPONEM [OKa- Zfo. 1'-2!4 zfa. Hlor it Zfay bt +Zf¢-
3aTejieit KadecTea 4 . -1 Lo — 1
pnz pnz pnz
JONONHATENBHO 19 20 21
TPaHCTIOPTHPOBA- :: < Lot
ki Didu P L
Huem cobpaHroro i - pnz
Y3713, T.e. TIOJIHBIM pnz S

COBMCILEHHCM

oi = OCHOBHOE BPEMS BBIIONHeHHS cBopoynoro Nepexona; fg - Bpe-
OIHEHHUA BCHOMOIATENBHOIO IEPEX0/a; [ - UHCAO NOTOKOB cbopku; 1 - yucno cho-

X HO3KNMH; 2 - kKodduiHenT cABNra a3 cOOPKU: @ - KONAYECTBO GOROBHENX niepexo-
- TO X, BCIOMOTATENBHBIX; € - KOHYCCTBO OCHORHLIX 1ICPEXOJIOR, BBITONHACMBIX 110~

- HanUBOLIIN OCHOBHOM HEPEXO/L U3 BHUIONHACMBIX APAIIIE/BHO.
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Tabnuna 2 — C6opousisie nepemeieH s 0JIOTHIECKMM 3aKOHOMepHOCTAM. Bua # ¢opma npeacraBaeHus cbopou-

—_ 7
Jinscfinge | Deorzacamie Obbemtnie | Cucwanmbie | AaHHBIX YA00Hb! KaK Ala nepepaboTkd WHOOPMAIWH, TAK ¥ OpraHu3aliuu
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Tabauua 4 — Ionepeynas maTpuia cOOpouHBIX nepeMerieiiuii 00beMHOM MaT-
P P pugm P ITOPHTM BbIOOPa CTPYKTYpPBl aBTOMATHIECKO# cOOpKH (puc.3) npexycmar-
3 T T ! Ha [epBOM 3Tafle MpeIBaAPUTENBHOE YCTAHOBNEHUE THITOBOH CTPYKTYPhI
| ] ! -8 . s
3 M Tl Ll e R VIR R G k¥t (TaGi.1) W3 YCNOBMs CPABHEHHMS 3aIaHHOM U CTPYKTYPHOM TIPOM3BOIM-
1* Wy | Wiy Wiy | Wigy Wosp | Wisy Wizr | W Winp ' Woior 3 Woier | Wepsp | Wirsr | Wisas
24 sz | Wl Wiap | Wiaa | Wesy § Wiaa | Wyzp | Wosp | Wyoo | Waros | Woprs | Wops | Warss | Wypss
I | wye | oW | Wass | Wess | Win | Wy | Wn | W |owis : Wiowe | Wy | Wepas | Wyges | Worp P N = SOk 50 Fd kf 5
4% | wps | Wipe | Wope | Wiae | Wese | Wrer | Wons L W | Wips | Winie | Wits | Worge | Wipss | Wyras }" ¢ N? ( )
5* Wrrs | Wias | Wyze | Wigs Wyss | Wies Wizz | Wias W:M_“'_g_g;_i:us Wiz | Weiss | Wy on
6° | Wus | Wypg | Wi | Wyss | Wise | Wigs | Wizg | Wos | Wyos § wises | Wope | Wina | ®pan | Wi | s P. - zapgaunas u CTPYKTYpHas IpOKH3BoguTeNsHOCTH; N — rofposas po-
TE | Wz | Wapr | Wisr | Woar | Wisr | e | Worn | War | Wi | Weger | W | Wepr | wisr | e | 2 BEI Fi— ronoso 6 cHOPOYHOTO aRTOMA
8* Wie | Wion | Wi | Wige Wiese § Wigs Wirzs | Wose | Wigw | Woae | Wosss | Wipae Wipan | Wirss | H}'CKa d Jit H (bOHI[ chME’HM pa OThbl p HOTO Ta:
9" | Wap | Wige | Wity | Wysy | Wy | Mgy | Wire | Wi | W | Wi | Worsn ] Wi | Wi | Wi 03 PHIUEHT BaKTHUECKOH RPOMIBOANTENBHOCTH fop — OIEPATHBHOE Bpe-
10% | wipe | Wizsa | Weara | Wisso | Wigso | Woggg | Wirss | Wik | Weajo | Wysgo | Worsn | Warzee | Woasio | Weasic | 5
10* | wyupp D Woapp | Wopy | Woarr | Wosre Weart | Wirgs | Wierr | Woayy ' Wergz I Woirep | Wrizer | Warger | Wrearr ] - BbI paHHOH CTP}KType aHa'B‘H3HPYETC’H HOCTPOEHHe OCHOBHOI'O M BCHO-
127 | Yoz § Woarp L Wpage { Wrerz | Wosiz | Wora | Wipga | Wyegg | Wpygz | Wppgs LW o | Wasgr | Wenagp | Waper: BHOIO Bpemenu. CTpYKTypa OCHOBHOI'O M BCTIOMOTaTENbHOr0 BPEMEHH
I3% | worns | Wazes | Wases { Wrars | Wasis | Woans | Wosgs | Wiaans | Woers | Wonse | ¥ornn | W | Weases | Wi

HT OT KOHCTPYKIMM COEAUHEHUs, obpasyloumx jeranedl, TOYHOCTH, a
® TAKHX 371€MEHTOB COOpOUHOH Onepaiuy Kak aBTOMaTHYECKOC OPHEHTH-
HKe fieTajiedl (IpOCTPaHCTBEHHOE U B3aHMHOE), CONPSUKEHIE, 3aKpeeHne,
eMble cOOpOuHbBIE HBIKEHMS ¥ Apyrux. CTPYKIypa BCHOMOIraTENEHOro
i1 onpeaensieTcs HEOOXOMUMBIMM HEPEMENIEHHAME NCTANCH OCHOBHBIX
€HTOB OlEpallit, a TAaKyKC BbIMOMHEHHEM NOAa4H aeTaneii, ux 6asuposany-
OHTPOJIeM H TPaHCHOPTHpOBaHKHeM cobpaHHoro ysna. Ha 6ase cuuTesa oc-
BIX W BCIIOMOIATCNbHBIX ABUKEHHH COCTABIAIOTCS CXEMB! BBIMOTHEHUS
nepexofos cbopouroil onepanui. BenoMoraTtensHBIM MaTepHajioM Ipu
ABASIOTCS OOBEMHBIE MATPHIBI (POPMANM3ZMPOBAHEBIX COOPOYHBIX HaH-
. 3aTcM BBIMONHSCTCS KOPPEKTHPOBAHKE COOPOYHOl CTPYKTYpEL. st momy-

Onuo u3 raasHbIX MecT B CAIIP cGopoyHBIX MPOLECCOB 3aHUMaET BHIOOP
CTPYKTYPBI cOOPOYHOTO Tipoliecca, a B HaIbHEHIIICM KOMMTOHOBKH TEXHOIO e
cKoro obopynoBanus ¥ OCHaWIeHHs. (g HToH ueny Ucro 1s3yioTesS MHONOUHC-
JIEHHBIE MCTOAUKH, IPOIPAMMHOE 00ecneyenue, IIPUMEHSFOLIEE PA3HBIC TOX0"
nei. K npumepy, u3BecTHa NporpaMMa HaNpaBIEHHONO MTOMCKA ONTHMATLHOTO
BapMaHTa mpouecca COOPKH B peXuMe AManora ¢ KoMIpotepoM [4], B koTopol
B Ka4eCTBE KPUTEPHs TIOMCKA NPUHATEI NPUBEIeHHRe 3aTpaThl. Uurepecusiil #
OpHUTHHANBHDIN TTOIXOJ H3TOXKEH B [5], B KOTOPOM JUIs ONpESNeHUsA OUepeIHo”
CTH LGOPKH TAIKE HCINONB30BAHE] pasiindHble MaTpHIlbl. B ﬂpe;'[JIO}KGHHOH M
TOAMKE HCIOJL3YETCS UHBAPHAHTHEIM K KOHCTPYKIMK u3ueaus hopMannzopat-
HbIH CHHTE3 TOPSJIKOB COOPKM, MX aHANU3 ¥ OUEHKA HA COOTBCICTBHME 0OIHM
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[Bxonreie nanoie] 4eHHs] ONTHManbHOH cOOpOYHOI
=1 AME] Av

ko CTPYKTYPBI HEODOX0AUMO BBIITOIHHUTE,
'Weinﬂﬂ"ﬂe MapaMeTPUYCCKYI0  ONTHMH3AIlHI)

MpeaaapKTensHoe OHHM H3 M3BECTHLIX MeTOn0B [4]_
YCTAHOBNEHHS : 3
crpyiypel I'locne 3Toro MOXKHO MEpexoAUTE K
! 1 o

Crpyxrypa CrpyTyna CnoMo- YCTAHORBJICHHI) OITHMAaIbHOH KOM-

OCHOSHOMD BpaMeln TETENSHOTO BREMERN

NOHOBKH COOPOYHOro 00OpPYIOEa-

KOHCTIVRLA COBIMHERIA| | nepameuieHtA 0CHOBHIEG ay
BopMRRSTINR, g sl HUSA YU TEXHOJOTHYECKOrQo OCHalle
;%:ma;;mém- nogaus neTaned; HHS.
il Gaznponame,

;:me:mmee IS Takum ofpasom, MOXHO Cuu-
COOPOUHEIS SEHKEHAR mﬂ‘m"ﬂg}mmw Tarh, YTO CO3MaH KoMmIieke oOnem-

e Masum}mmemﬂ HBIX MATPHL, OIHCHIBAKOLUKH BCe
OCHOBHBX NEPEXOA0S [ETenuHei Tepesoncs HeobxonuMBIe COOPOYHBIE JAHHLE,

1
] DOPMANEORaHHEIS I _[YTounenne ¢BOpouHOR

KOTOPbIE 0CTaBanuch Hehopmanuso-
CCOPOYHEIE NaHHLIE CTLYKTYPbE

BaHHBIMH. KoMmteke npeaycMarpu-
BaeT CKOJb YIOZHO BO3MOMKHOE J0-
TIOJIHEHHE HOBBIMH NAEHBIMH, SBIs-
ercs JIerKk0 NPOrPaMMHPYEMBIM U
MOKET OBITH HCIONL308aH B CAMHOM

OnmiMiaL s
c50povHOR CTRYKTYRL

NapemeTpiiecksn
OMTHMMBELMA
YeTanoanenvs u 0mu-
MIIELMF KOMROHOBOK

chopouroro ofopyac- HH@OI}M&UHOHHOM NPOCTPaHCTBEE
Con LA ane PasqHYHLIX CHCTCMAX TIPU ABTOMa-
Puc. 3. AnroputmM Bribopa ~— THYECKOM TIPOEKTHPOBAHWH BBICO-

KO(DCKTUBHBIX  TEXHOMOTHISCKUX
c¢OOpOUHLIX [TPOLECCOB.

CTPYKTYPEI COOPKH.

Chucox autepatypet: 1. [llaGaitkoBuy B.A. ITpoGiemMsl 1 HampaBiIeH# A
cbopky B MallMHOCTpoeHUH Ha py6ewe XXI Beka. Coopuux tpynos VIII mex-
AyHaponHo# xondepennuu, 1.2, Jouenk, 2001. 2. llaGalikosuy B.A. Mogen4-
poBanue CTpyKTYp apToMaTH4Yeckol cOopku B eauHoM UHOOPMAITHOHHOM [IPo-
ctpancrse. COOpHUK MOKA200B «ABTOMATH3AIMA: IPOOIEMBI, HACH, peLIeHHs
AITP-6» Tyma, 2002. 3. Yapuko [.B. OcHOBBI NPOSKTHPOBARUS MOTOYHOIO
IIPOH3BOICTBE B MeXaHuvyeckux 1exax. M., Maurus, 1957. 4. TexHonoruyeckme
OCHOBEI arperarupoBatus cbopounoro obopynosanus: AWM. Hamenko u ap. -
M.: Mamunocrpoenue, 1991, 5. Haserropa B.M. Tlpouecc artoMartusuposai-
HOTO CHHTe3a TEXHOJOTHYeCKH OOOCHOBaHHEIX INOpAAKOoB cOopku. KypHal
«Technika i Technologla Montazuy, nr 2. Warszawa, 2001.
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AHAJIN3 INYMA KOPOBKH CKOPOCTEN
TOKAPHO-BUHTOPE3HOI'O CTAHKA MOJIEJIH 16V20

Hlapunos T.A. (KasHTY, 2. Aamame, Pecnybauxa Kasaxeman)

sources of origin of noise in a box of speeds of a lathe were defined on his
ency characteristics for this purpose were investigated spectrogramme of
of the machine tool depending on quality of manufacture of gear-and-
sels.
- IlpruBesieHsl pe3yasTarThl SKCIEPHMEHTANHFHOTO HCCIEAOBAHUSA CIEKTpPa
TOKaDHO-BHHTOPE3HOTO CTAHKA B  3aBUCHMOCTH OT KadyecTBa
OBJIEHMs 3yOUaTEIX mepenay.
- FICTOUHHKM BO3HMKHOBEHHs UlymMa B KOpobBKe CKOpocTel TOKapHO-
OPE3HOTO CTAHKa ONPEJENAIMCh IO €r0 YaCTOTHBIM XapakTepucTHKam. Jna
) ObUIM M3Y4eHBI CHEKTPOrpaMMbl IiyMa CTAHKA B 3aBHCHMOCTH OT
B2 H3TOTOBJIEHHA 3y04aThlX Map. DKCNEPHMEHTANLHbIE WUCCIEHOBAHHI
opumich Ha crerpe 111-8 (MMAIIT) (puc. 1).

Puc. 1. UcnprraTensusiii crena 11-8 (MMAILD

. B nayane u3Mepsiuch 4acTOTHBIE XapAKTEPHUCTHKU MpH paboTe TONBKO
Ol 3y6uaTOl Taph! B KHHEMATHYECKO# HeNH KOPOOKH CKOPOCTEH, 3aTeM
€ MO/KIIOYEHHUSA cnepyiomeH mapbl 3yOvyaThix Konec W3MEPEHHs TOBTOPS-

. Tlpu srom sxnan nocnemyromeit 3yGuaroii mapst Ha GopMUpOBaHHC LIyMa
00Ky cKopOCTeii OLeHHBaCH 110 hopMyIie
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B =101g(10%'/1 —10%'%2)
rie B - ypoBeHb IilyMa NOAKIIOUYCHHUS CleAYIONIe 3yGuaroi mapei;
B, - mepBonayansHLLl ypoBeHs myma;
B2 - Bxnax nocmesueit 3y6uaroit maps: s YPOBEHB LlymMa KOPOOKH CKopo.
CTeH.

Bt nipoBeaeHE! 3aMephl 9acTOTHBIX XapaKTepUCTHK KaXAo# mocieyo.
BaTeNbHO HOAKIOYaeMOH 3yGuaToll Mapel B KMHEMATHYECKOH LIenu KOpOBky |
CKOPOCTEH Ha PasNuYHLIX CKOPOCTHBIX PEXHMAaX CTaHKa. 3y6LoBas 4acTora Ha
crekTpax Habnonaercs Ha yacrote 254y mns sy6uaroi napst 32/61 v Ha uac.
rore 4031 s 3yGuatolt tapst 40/54 (puc, 2). '

Kaxk noxasanu menslTanust KOpoGok ckopocTeid [pH BKIMOYEHUH HEPEBhIy
3BCHBCB KMHEMATHYECKOH Llenu, Ha CIEKTPOrpaMmax B OCHOBHOM MPOCTEXH.
BAFOTCS 3yOLOBBIE YACTOTBI C CYGrOPMOHMKAMHA H FOPMOHMKAMU BBICLIUX 110-
PSANKOB.

Vicnpitangs moKasam, 4TO NpH MOAKIOYEHUN CJICAYIOIIETO 3BEHA TTOAE-
AAIOTCA HOBLIC CHCKTPAIbHBIE COCTABNAIOLIME HA MONOCaX yYactoT 12707,
202171, 320Fu u 101570 quta TMIEPBOTO 3BEHA 1A MOCIAYIONINX 3BEHRER COOT-
BeTcTBenHo 160Tn, 3207w, 405Im, 12800 1600y, 320Tm, 508T'u. 2021y,
405I'n, 6407w, 1015w, 322071y, 40501, 8067w, 128071, 40601 1.

M3 anammsa pesynsraToB mcmbiTamuii KOPOOOK CKOpOCTeH CHeiyeT, yTo
[OTPELIHOCTS 3aLUETNIEHHs NPX BKIIFOYEHHH Hapsl 18/72 nposeiseTcs Ha Yacto-
Te 3201 B nuamazone wactor or 5081y 1o 322070 BKIIOYUTC/IBHO Hab-io-
DlacMO€ Ha CHEKTPOrpaMMe pacfpefelieHue YPOBHeH IyMa B NOJ0CAX HacToT
[IPUMEPHO PABHO HHTECHCHBHOCTHM COCTABNSIOLIMX CIIEKTPOB T 3yGuaToi rapsl
18/72. '

Jis onpeyenenus yposHs 3BYKOBOTO JABACHHS B 11070CAX YACTOT 3yOua-
TOH napnr 18/72, 3y6uarsix nepeay 40/54, 18/72 NOJIYYEHEl PACYETHBIE Xapak-
TCPHCTHKH 110 KaX/{0# CIIeKTPaIbHOM cOCTaBlgioLIet.

Ilpu paccmoTpennu 3yGuaTeix nap, bopMUpYIOLIMX UIYM B 3BEHBsSX 3y0- _
HaThIX NEpefat, CTaBHI4Ch IICJIb ONpeeisiTh CTENeHb MOrPeIHOCTeH, uMeio-
HXCA B 3y64aThX Napax MO ypOBHIO 3BYKOBOTO NABJEHMUS B 10J0CAX YacToT. B
TabJMLe NpHBENEHBI YDOBHI MHCKPETHBIX COCTABJIAIOIMX (B Heuubennax), 110~

A8
€ ¥ e S [0 LE we 1w

Hatuuk Nel

. [

JIYHCHHBIC M3 aHaNU3a CEKTPOrpaMM IIyMa CTalKa Ha XapakTePHbIX YacToTax. G TR ) & b
U3 paunsix, npuseerHbIX B TabMIe, CHelyeT, YTO OUEHKY BIHUAHUS [10- . NG
TPCIIHOCTEH B 3y64aThlX mapax BO3MOXKHO YNPOCTHTH, €CITH CTPOMTh Tabanubl Aardux NeS Harsmg Ne
10 NpHHIHAITY 3aBHCUMOCTH TIOTPEIIHOCTEeH B 3yG4aThIX Mapax TONBKO OT wWac- . al's IR e il BB
TOT, Ha KOTOPAIX ITH MOrPelHOCTH MPOsBIAIOTCS. - C TOCTOSHHOH KECTKOCThIO 3y0ne ; ,839;
- -0,55-04; «— -0,3 (pacuyetnoe); x—— - 0,24

Takum oGpazom, npencrasnsercs BO3MOKHBIM 110 CTIEKTPaNbLLIM CO-
CTABITAIOLINM [(IPOU3BOJIMTE BRIGOPKY ITOTPELIHOCTEH OT OIPCACIeHHEIX 3yOHa-
P ‘ Pl Barp P 4 Puc. 2. AMIUTHTY IHO-4aCTOTHAA XaPaKTEPHCTHKA
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THIX 1ap, a TaKXKe OT UIKMBOB U MPOCKalIb3hIBaH KA peMHA B KINTHHOPEMEHHO| e Y}IAPH.&IE HATPY3KH A CTPE.JIY [IOI({)EMHHKA

penaye.
TaﬁﬂHuLaiac — Torom o — Ulesuenxo ®.J. (JouHTY, . Honeyx, Vipauna),
3yGua- uent?ézﬁx T2 NOABTCHNS norpemsocTes, M — Bouapos C.H. (HKM3, 2. Kpavamopex, Vipauna)
Tas rapa 3y6ies, T Sauennenns [poduns (orparxm) |
40/54 160 508 | 640 1015 1614 3220 amic calculation of a boom of a jack as distributed parameter systems
18/72 98 88 92 113 102 105 q alized masses is esteemed '
32/61 80 80 88 110 88 - §

ABTOMODHIBHBIX H I'YCEHHYHBIX MONbLEMHBIX KpaHaxX UIMPOKO NpHuMe-

TCNECKONHUYECKHE CTPEIIbl, IPEACTaRI -
YCT&HOBJIEHO, HTO HPH NOIKNHYEHUH NOCHeaAYIOLIEro 3BeHa HHTCHCHR- p DO Stotic coboio 6EUIK},’ CTynenda

HOCTL CHEKTPATLHLIX COCTARNAIOIMX BILUE AHATOIHUHAIX XAPAKTEPHCTHK, Ciig.
TBIX 7 OAHOH 3yGuatoii maper 18/72. Taxum o6pazom, noxkmouere apy IR S OCF OBANAN H B MECTE YCTAHOBKH MMAPOUMTHKAp JUTS MONBEMA CTPETEL.
34/34 UPHBORMT K IOBBIUICHUIO AMILTHTY /L B CHIEKTPAX. - Corritoro noasemtoro KPana IPy3ONONBEMHOCTSIO 2-25 TOHH HMe-

B cayuae comecTHOHM paboThi 3yGuathix mepenayu 32/61, 34/34 TIpEBhI- .OyI'O.TIbHOQ xopobuatoe cevenue 20x40 cm C4Hep0MeH_1:”T MOMEHTOM
WICHIA aMIIUTY)L IMCKPETHEIX COCTABIIAIOMMX HE OTMYIOTCH OT paHee pac- | e "1omanu HonepetHoro cexeHns or 3,32-10 no 8-10% m* (yepeanen-
CMOTpeHHOH 3y6uatot nepenayn. Cresosatentyo, Kak mapa 32/61, Tak u napa octs EJ=113,9-10° Hu' n yopennennas macca m=144,4 Kr/M). Mak-
34/34 MMEIOT TOTPEITHOCTH IIPOYUIIS 3AUSTLICHHA, T.C. CMeleH e 1uara, 3Rayy- PHBLH BLUICT KOHCOMM B FOPU3OHTANLHOM IHOTOKCHHH CTpehl /=30 M,
TENBHO OTIHYHOE OT Tapsl 38/56. e oT onopkt fio FHAPOLMIHHAD2 =3 M. .

Mcnsitanus mokasanu, 4To ¢ yBeauycHuenm CKOPOCTH BPAMICHUS AMITTi- Huramuueckuit pacuer Takoif cTpentt, macca KOTOpo# m!{ cousmepuma c
TYZIbl Ha OTAMLUBIX YACTOTAX BYNYT YBeTUYMBATECA B CBA3H C TeM, 4TO Ha 3Tiix HOAHHMaEMOro rpy3a O=2000 Kr, HYXHO HPOM3BO/UTE KaK CHCTCMBI ¢
HACTOTAX TAKOKE CKAXYTCSH MOTPELUHOCTH KaK IPO(HAS 3yObeB, Tak M IIaropse ACACHHBIMA MapameTpamMu Ha OCHOBaHMY [nddepeHuHaTBHOrO ypasHe-
HOIPEIUHOCTH BIOBb TIONKIOYEHHBIX Hap. JDKEHUA TOTICPETHBIX CedenuH y(x)

Taxum 06pazoM, ucisiTarMs [I0Ka3any, YTO NOTPCUIHOCTH Ha 3yBHoBOH w%ﬁlzmm@’.(*"”
HaCTOTe X ero cyOropMoHHKax 0GYCIABIHBAIOTCS CHCTCMATHYECKMME ONIHGKa- &t ot
MH, TIOJy4CHHBIMH Ha NPEABapUTEIbHBIX 3yGopesHsIx onepauusix, ¥ He OnuH | He Kotoporo 8 ¢ynkuusx A.H. Kpeuiosa Apes By, Cie, Dy, H3BECTHO B
CYMIECTBCHHO HCMPABICHb! NP YHCTOBLIX omepanusx. ITorpemsocts mpoduas, I:

KaK Tpasuiio, onpefieaseTca KayecrsoM 06paboTku 3y6res u 3apucur OT ycTa- e Vo M, Py o
HOBKH 3yOOPE3HOr0 MHCTPYMEHTA U KAYECTRA CTAHKA, 2| Yo + e By + 'k_‘gw_ckx 2 -kT.;:TJ Dy Sm(ﬂlf = M)L 2 y(x)sin(er + )
0 . 0
Cnucor autepatypsri: 1. Alipaneros 3.JL, Ienkun M.JL. Hunamuxa -
[IJIAHETAPHBIX MeXahn3MoB. — M.: Hayka, 1980.-256 c. 2. 3ybGuaras nepeaya y(x,g)zZCNY,,(x)sin(mrvl-p], (1)
MEHEC HYBCTBATEALHAS K MOIDEITHOCTAM H3rOTOBNEHHS U MOHTaXa // Maiu- 0

HOCTpoerHe i TexHocdepa ua pyGexe XXI seka. C6opryik TpyaoB VII mexciy-
HapOIHOH HAYYHO-TEXHUICCKOM KoHbepemy 11-17 ceutabpsa 2000 1. s 1. Ce-
BacTonojte, - Jowenx: Joul TV, 2000. C 155-159.

Crmamsa nocmynusa 6 pedaxyuio 7.06.2002 2.

Y X)- cobeTBeHHRBIE OYHKUMH, 110TyHeH ble U3 YPaBHCHMSA H3OTHYTOM OCH
bl y(x) NpH TOMYHHEHHM €€ rPAHHYHbIM yenorusaM u upeobpazosaiuy
BHEIX IapaMeTPos ¥,, V), My, Fy sepes oqun C, . :

- Criextp 4acToT cOGCTBEHHBIX KOMNEHaHHi] ®,

0, =21 = 2)

HAXOMUTCA NOC/E BLIMHCICHHA COBCTBEHHBIX uuce) A, =k, TpaHcuen-
#OT0 YPaBHCHUA, HOTYYEHHOIO NIPH YAOBAETBOPEHHHU YPaBHEHHS H30THY-
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-kl ypaBHEHHE H30THYTOI OCH NPUHHAMAET BHI
Y(x) = yo( A +ELD, )+ ??0 By, .

U3 yenosus (/) =0 Beipazum yron NIOBOPOTA Yepe3 Nporud
A TEAD,

- =—YgO.,, 4 ypaBHCHHE W3OTHYTOH ocH banku Oyner

TOH OCH CTEABl IPAHHYHEIM YC/IOBHSIM.

vV,
HauanbHas daza u =arctg—> @ 3aBUCHT OT cl1ocoba BO30YKIACHHUS Cob.
Yo

CTBEHHEIX KosieDaHuil.

Tax Kak pacueTHas cxema CTpeNsl B Biie GaNKK ¢ pacnpeiaenesubIMHU fa. e
0

PaMCTpamMit COACPIHUT COCPENOTOMEHNYIO MacCy M , To coberBertble GyHKiy B,
¥, (x) Gyayr opTorouaisHsIMu ¢ BecoM p(x). Beconyio dyHrumo MoKHO Hajf. . BIUT
Ti no dopmyne [1] R
i Y(x)=yo(Aje +ERDy, — OB ) + —-—De(x—e(x ~1), 7
IY,,(X)Y,,_.(X) 3 kel
plx)=1-2 (x=x,), 3 [-x) ~ enVHUYHAS QYHKIMS, YIUTHIBAIOMAS BTOpoe crnaraemoe & {7) nunis

¥, (x)Y, (xt)s
uenons3ys dysxumio Jlupaka 8(x — x, ), yuuThisaromyo nammuue COCPEnoTo-
YEHHOH MacChi B CEYEHHM ¢ KOOPAMHATON X|, ONPCASTHB 3HAYCH e HHTerpaig,
COAEPKAILCTrocs B YHCIHHTENS (3) M3 AU DEPCHUHATLHEIX 32BUCHMOCT e

OPOM YHacTKe NpH x > /. -

‘Ha ocrosanum s1oro ypasnenns u3 ycnosus y(l+a) = VL) = 0 nosryuaem
HO€ ypaBHCiine

i A?\t Bl"’ - AJLBJ.’X +§7"(DHLB)U _D)'(A’Bb')=0' (8)
. Orciona juis BRILIEYKA3aHHBIX TEOMETPUYECKHUX [1apaMETPOB CTPENsl B
OHTaNbHOM COCTOAHMHE (! =27 m, £ = 0,514, L =30.m) nosaydeHo 3uauenue
35, 4TO COOTBETCTBYET YACTOTE NEPBOro TOHA KOTebanuit m = 2,234¢™".
Onuako, pacuyeTHyIO cxeMy cTpens! (puc. 1,a) MOMKHO YIPOCTHTE, MPUBO-
K KOHCOMM C yTpyro-NoaaTiHBo# 3azenxoit (puc.1,6). Kosdduiment xe-
TH 331CIKH ¢ naknem us yenosus M(1)=cy'(l). Yron nosopota Ha onope
eme puc.l.a y'(!I)=M(a/3EJ , suauur c=3EJ/a.

CoberBennnle GyHKuMY s yIPOLIEHHOM CXeMBI GaNKH MOKHO Opath u3

0rfpackIBas MOCIeAHes ClaraeMoe:
Y(x)= yo(Ay + EAD — 0By, ), Y'(x)= Yok(Dy + EACy — Ay, ),

!

{ ]
(ks = k) [X, (0%, (¥ [, (e)Y(x) = ¥, ()Y (x) - Y ()Y (x), + V()Y (x)
g :

0
4)
Arisi BEIYACACHNSA HAYANBHBIX NAPaMETPOB C),, HYXHO pacCMaTpuBaTh Ha-
HAUTbHBIC YCIOBUA ¢ HCMO/IZ30BaHMEM KBAAPaTa HOPMbI COBCTBEHHbBIX (yHKIMi

i
A% = [p()P2 (x)dx, (3)
0

OIpCACNAONIErOCs U3 PACCMOTPCHHUA TPAHHYIILIX YCTOBHE Hasky [1]
/

o« ] 1 [
Vide= 37"+ kel¥? - 2777 + (72 )-vye| 6 . " - .
o=l 2 -2m @) ]-0 & ()= 7ok*(Cix + EAByy = aDye ), ¥(x) = yok® (By, + Erdg, —aCly ). (9)
M . f,‘. B pacuetHolt cxeme jsyx- Jt){&;c_m-TfE?; YPaBHCHHE 110 JTOH cXeMe [Oony4HuM M3  yCJIOBHMS
C, i . OIIOPHOH DajKH MPOJETOM a U BH- )y
x J _j_ /N\ sieTou crper / (puc. 1) - POC, C ACTIONH30BAHHEM NPOU3BOAHBIX (9), IPHBOIKT K TPAHCIICHAEHTHOMY
o e : P > P ABHETIVIO
T ' i Y(xX)=yodp + =2 B +—29- D, , : a3 = ]
@) s ol e 5N +EDA+C:(7\,BA+EC1):G.[])A+£A1), e
M m vvl a@ CHid HHEpPUMH cocpeloToue:- A A L) a
O 7 HOMH Macchl DTO ypaBHEHHUE ONpeeNseT Nnepsblil KopeHb A = 1,333, 4TO CcOOTBETCTBY-
.1___)>’ Py ==Mp(x,1) = Mo? y, = ME* é'j y‘, YCHHIO OCHOBHOM YacTOThl KONeOaHH i, NOTYYEHHOM 10 CXeMe ABYXOMOop-

Banxu (puc. 1,a).
o ynpomeHHOH cxeMe Ha OCHOBAHMH 3aBUCUMOCTH (3) ¢ yseTom ycro-

¥
Puc. 1. Pacuetnbie cxempl: aByx-

OMOpHasA ¢ KOHCO/IBIO ¥ yIIPOIIEHHas C ywerom cuiibl uHepUMH,

¥ =0, ¥(0), y"()= —Ey’([) moyduM auddepenumuansHyo 3aBHCH-
npu obozravcHuaX &= M /ml w A

178 17%



MOCTB JUId OIpeaesiet s BeCOBOH GhyHKLMH
'l i

(k2 — &3 )Y, (T, (o)t = (OGO = 1Y D)= Y, (Y10 + Y, (0¥ )
G

[epesie ciaraemere npi nofcTasorke (9) B3AMMHO YHHUTOKAIOTCS. To-
rja 3aBHCHMOCTL

4 5 D i -
seHHBIX QyHKU@EA A, . B npasoii sacTu paBercTBa nepBbli HHTerpan pa-
k0 Griarojiaps HAIHUKIO CAMHAYIION QYHKUHH e(—x), BTopoii uuTCerpan

l
paeH eIMBMIe Onaroaaps ¢ynkunn Jupaka ([8(x)e(-x)}’(x)dx =Y(0)= ]]_
E 0

! : X - Tak nmonyuaeM aMnIHTY AHOS NlepeMenienue y :
(2 — k2 )2, (07, () = ~K3Y,, ()N ¥, (0) + K ¥, (O)EA, ., (0) ookl "
0 st OB
! mOA?;,

i

¢ y4eToM A = kI NpHBOAMT K BHAY WHTerpaia ¥, ()Y, (x)dx = —ElY, ()Y, (0),

; .

4TO Ha OCHOBaHKHU (3) MO3BONAET MOTYIHTH BECOBYIO DYHKLHIO (x,=a)
p(x)=1+El5(x).

Teneps noarorosuM HuTerpan Ksaapata HOPMbI COBCTBEHEBIX (BYHKIMI

- CaenosarensHo, y(x,f)= Y yo¥(x),ac yyeroM =0 (Tx. ¥(x,0)=0)

n=1
QiySacM YPaBHEHHE JAUHAMHYECKHX NEPEeMEICHHH CeYeHuH cTpenst
] 1 —
¥ i) — ._41,01&_' m = - 2Ah- 7k E_;)\'nD}cx CC,;B&:(‘
3 \ ET p2ids, (Y"(OY - Y'(OY"(1) - 2Y'(Hy"(h+¢
- Koromy peuienuro myxHO 106aBUTS BIHAHUC BHE3ATHONO TIPUIIOKEHHAS
Qg , YTO BBI30OBET BRIHYKICHHbIE KoneGanus [1]

sinw,r. (11)

(6)
(72 (x)dx = QII[H(“ YY) + (X' (D) - VDY) - 37 (0)F(0))=
0

il i pes i S G e i Y
__4_[(}/ O -Y'(OHY"()-2Y' ()Y (3)__3‘5]_ y(x,t) rEmﬁ%dﬁg,o(x)l’,,(x) x(!q(x,r)smm,,(t T)dr . (12)

Tak nonyyaenm KBajipat HOPMEI COBCTBERHBIX QYHKLMIH

’ : £ 3neck g(x,T)- HHTCHCHBHOCTE BOZMYIIAOLIEH pacnpeieneHnon Harpys-
A2 = [(L+ B8V, (XY, (x)de = [, ()Y, (x)dx + [Y? (x)dx + EIY, (0)Y, (0) + EIY 2 (0)
0 0 ¢

L T- TCKYLUEE BPEMS MPU NPOAOIKHTEALHOCTH YARPHOTO 3aTPYKEHus ¢ .
- Ecnu g(x) 1e 3aBucur ot 1, To

3ieck MepPBOC U TPETHE CArACMble B3AHMHO YHHUTOXKAIOTCS H C YUETON & 2 ¥.(x) i
fiv 5 Hx,t) ==X =" (- cosw, ) [ p(x)g(x)Y, (x)dx . (13)
Y€ IIOArOTOBICHHOrO UHTerpana [V *(x)dx momydum n=lma;, A4, 0

0

! PaccmoTpum nnrerpan
A’ = Z[(Y”(r))? -Y'(OHY"()y=2Y'(OHY" () + g]. (10) :

i /
g (1 + 88, (x)dx = q [Y(x)dx + EIY(0).
Teneps MoXkHO paccMoTpeTs yaap rpy3a Oy = Mg, Magaiouero co cko- _ 0 0
POCcTLio v Ha Maccy M . C y4eTOM Ha4albHOH CKOPOCTH COBMCCTHOIO ABMNE-
HHS IPY30B v = vM /(M + M) nomyyaem nasansHoe yclosue

Hx,0) = —vpe(-),
rae e(—x) =4, 20 - eAHHHYHAs QYHKIHS.
Cornacro cxeme MeToga Dyphbe YMHOKAEM ITO PABEHCTBO Ha Bec p(x),
cobCTBEHRYIO QyHKIHIO ¥, (X) ¥ HHTCIPUpPYeM MO IIMHe KOHCoaU [
w 1 i
Yo 20 [(1+ EI8(x)Y,, (x)Y,, (x)dx = —vq [(1 + EL8(x))e(—x) Y (x)d> .
0 0

n=l

- Vuurnisas, 4TO et a =mg, woyHN

+ M,
X)dx = —Tﬂmg}}’ (0). Ho Tak Kax BHE3aIiHO NMPUKIALIBACICH TONLKO
bz

D =Myg, 1o B (13) crenyer nonoxuts g =0 =0. Toraa 1OJNYYUM
p 0 Y.(x :
y(x,0=-3% 0, ——-’-’-g )-2-—(] —Cos®,,t)
n=l 0,80,

IPaBHCH e BEIHYMICHHEIX KOTebaruii TIIPHMET CAeAYIOHI BijT
WnTerpan 1eBoif YacTH 3TOro paBeHCTBa CEOMMTCS K KBaAPaTy HOPMbI
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Oy 212 A +E0, Dy — @, By,
3EJ pmi A Y1) = Y'(O)Y"(I) = 2Y' (DY () + g
Obinee pemenne ¢ yyerom (10) npurnumaer Bun
Q) & 7,
Haty=—2L 3 | I_4 &
B.EJY ”_IV )‘_ jﬁn

rie uepes A, obosuauen suamenarens 5 (10), (14), a

Y(x,t) =~

——@,(1),

D, (f)=1-cosw, !+ Jﬁ, vof} VEJmsin 0, f=1-cosm,t+p,sine,?,
0

%, [2EJh

e Y00 (i, JREIR e

B,= " 00l e \’] o (: g — BbICOTA NaJIeHHst TPy3a).

Hccnenyem munavmyeckuii kosgduiment @(f) na sxetpemym. M3 yeio-
e 25

=0 nalinem @, =1+ Vl +2h 22 vk Tak nonysaem pacyerioe ypas-
mg

BUS
oP(t)
ot

HEHHE H30THYTOH OCH CTpes npu YIAAPHOM 3arpyKeHHU
Oyl 2 ( [ 2B )Y, (x)
¥ (x) T z A l 4
3B pml{ \, " mgl
Orciona nmi)(hepemmpoaanuem NErKC HOAYYHTE nsmSammnﬁ MOMEHT
M(x)=E}" (x)=_gazz 1+ flead o282 ) Ci+EN By —a, D
anth y mgl* |Y"()* = Y)Y () - 20 DY () + &

3TOT PSIL CXOAUTCS OUCHD BLICTPO 1 IOCTATOYHO B3ATH JIHIIb IePBOE ¢/1a-
raemoe. Tak Ans cTpenisl BellleNPHBEHHBIX NIAPAMETPOB TONYINAM

M) =0l 5= ==Qul ks ==2,060,/ .

Eciin B pacyeTHOH CXCME KOHCOIE C YNIPYToit 33/1e/K0M 3aMEHHTE 6aKoil
HEBECOMO# C IpUBE/ICHHOH Maccolt M,=0,2427ml, To, ¢ y4eTOM HKECTKOCTH 3a-
JEJIKH ¢, TIONYYHM HacTOTy KonehaHuit

T
. 1 3EJ 1
G|
\TSHM’n \J (1+a;‘f)M 0 ,2427mi
4TO OT TOYHOrO 3nauenus (2,343 ¢™') oTauuaercsa aums ua 3%.
C y4eToM HpPUBENIEHHOIO AHATH3A HAKIOHHYIO CTPEly NpHUMeM Heseco-
MOH, WCMBITHIBAIOWICH NpPOJONLHO MOMepeunbie koneBanus ot rpy3d
Oncosa=(M + 0,2427ml)geoso © npojoneHeM yeunnem N=COsinc.. B 210

Cryyae eqMHUYHOS TIepeMellenne §), YBETHYHBACTCS, YTO YYHUThIBACTCS KO-

(15)

(16)

=2,303 ¢,

182

(1 - cosw,t). (14]':-

1EHTOM BIMAHUS 11POAONBHON cubl N [1]

= —3»(rgxp -v), w=l f@-icosa
vl : VEJ y

' Ilpu naxnoune crpenst o0 =75 y=0,422, B=1,077 u smecro (16) no-
Al i
V P 1L111-1,077-2946,2

=2.219¢7", YeMmy COOTBETCTBYET

% =1,3496 u punamuyeckuit koadduument 2,058, HMzrubaroumii

HT
) =2,058-2946,2-9,81-27 - cos 75° = k,M gl cos75° = 284,2-10° Hm, ua-
enne G =288,18 Ma.

- Utobpl yMensunTh AWHAMUUECKHH KOOD(OWLMEHT, HYKHO YBEIWYHTH
A 3arpyxenus 1. [Toactasnsas B ypasHeHNUe BHIHYKISHHBIX KOMeOaHMH He-
MOH Banku [1]

W= gﬁlxdxgq(x, T)sinmtde

) P
EROTOYCHHYIO Cully P, T.e. TIOIOWKUB q(x,r):-r—tPﬁ(x), MOHO TIOIYYHTE

4 1
MHEYecKuit k0o duLment B Bue [2]

1 2 :
ky=1+ ———[(cosu)t! - 1)sinot — coswisines ] =

2 ol (a8
=1+ —sin— 5 sstmmtchos——c,osot

o /

-

k. ck, . ty  nm
- Orcrona U3 yenopus F =0 unalinem spems (= 7 o
- ¢ (0}

AMUHECKHH KOSQPULMEHT GyACT MUHMMANKHAM NpH £ > {;. B Tabauuax 1 u
MBEACHBl JMHAMHYCCKHE KOI(OUIMEHTH! B 3aBUCUMOCTH OT BPEMeSHH 3a-
CHHA s I‘OPH3UHT2UIBHDI:I CTPEABI NIPH MUHUMAIBHOH HarpysKke, xoraa

IpU KOTOPOM

OTa IIepPBOTO TOHA KonebaHWii © = 2,234 c", ¥ [OpM MaKCuMasIbHOH Ha-

,xora =918 ¢!

e | — lasamutcckue koopduients mpu o =2,234 ¢, T=2812¢

[ 0,1 0,4 0,8 12 YRR 30 [ 54 ]
1,456 | 1,606 | 1,806 | 2,006 | 2,106 | 2,306 | 4312 | 5,512 |

1,998 | 1,962 | 1,872 1_,726' 1,639 | 1,450 | 1,052 1.040_#:
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Tabnuua 2 — lusamuyeckue ko3pGUUUCHTE npu 0=9,18¢™', 7'=0,684 ¢ paM

f 0,1 0,2 0,4 0,6 0,8 12 1,3 14
f_10392 | 0442 | 0,542 | 0,642 | 1,084 | 1,284 | 1,334 | i.753)
K, 11,965 | 1,865 | 1,526 | 1,137 | 1,137 | 1,127 | 1,052 | 1o L

M3 tabnuu BHANO, YTO B rOPH30HTANBHOM MOIOKEHUM CTpENIbl BpeMs 33.
IPYKE€HWS JOIDKHO ObITh HE MeHbIe 5,5 ¢,

Cnsncox aureparypoi: 1. Illesuenxo ®.JL JuHamuKa ynpyrax crepise.. B
BuiX cucrem. — Honeux: OO0 «JleGenp», 1999. — 268 ¢. 2. Kucenes B.A P
CtpoutesnbHas mexannka. CrensanbHolil Kypc (LuuamMnka 1 yCcTOHMHBOCTS cor
OpYyXeHHit). — M.: Usnart. aut. no crpour., 1964. —331 c. '
Cmames noemynuna e pedaxywo 12.06.2002 24

04 05 06

BbICOKO3®®EKTUBHOE AJIMA3HOE NP OBAHME
OPENECCHPYIOHUIUM HIJIH®OBAJILHBIM KPYTOM

IHeneser A. A., ITachuusrii O. O., Heauna B. B., Hvopoea A. E.
(Hicmumym ceepxmeepovix mamepuanoe, 2. Kues, Yrpauna)

§ = 12458000
TS
In a paper the new method of grinding by a precessing diamond circle permit-
ting considerably is offered to increase efficiency and quality of handling. In .
outcome the processing capacity is increased and the expenditure of diamonds
is reduced.
Pazpaboraunnii B Uncturyre CBEPXTBEP/IbIX MATCPHUAIOB BEICOKOTIPOH3- j i %
BOLATENBHBIH METOA ATMATHOIO MITUQOBAIIHS TBEPBIX CIITABOR 33KIIHOYAETCH B /i 3 %"
] ' s “! -’ :
: : ] Residuals
: A
i
i
1
| Mm. {L
1
i [
A ; . _,___E_. EE =atbtsin{o+d*x)
i f 1854751
b 19.999463 .
i 52880925 ¢
i o s 0.25833017 !
Te'lﬂ();ia'l"'iﬂ‘ll(l'! ;' | .‘:u;::ﬂlard E?:ﬂ F.Efisg%ii H
g : 4. ATIPOKCHUMALHA
Prc. 1. PagwanbHbiii vopyruit Puc. 2. Topuesoii yn it SHT :
VIpyruig pu YOPYLHH 37ICMCH CPUMEHTANBHEIX 3HAYeHU

JICMEHT HOMITHITHHKOBOH OlTOpEI NOAUWHITHUKOBOH OlIOPhI

IKLMCH CHHYCOH/I@IbHOTO BHAA
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3aBHCHMOCTD aMIUTHTYIbI Konebanuit
nens WG OBATBHOIC CTawkKa OT Oce-

MCIONB30BAlMH  MPELeCCHOH-
HBIX sBJI€HHUH, BO3IUKAIOMHX B
npoiecce obpaborku. ITosml-
IHEHHE IIPOU3BOJHTEIBHOCTH
AOCTUraeTCs 3a CHeT TipuMe-
HEHHA KOHCTPYKUMH IITIHH-
JeJIBHOTO Y3714, 103BOosIonIei

- - YOpaBisATh HaNpaBiCHUEM M

- Ho, MM amrimutynoit KoneGanuit
07 o5 mOEHAens  WHQOBAIBHOTO

cranka. HosusHolfi npemno-

MKEHHOH KOHCTPYKLHMH SBMAET-
Csl YCTaHOBKa nepefHed moj-
IIANTHUKOBOM ONOPBl B paju-

_Ynpyrom snemente (puc.l) — sapbupoBatue ero GopMoH H KECTKO-
103KHO YIPaBIATE KECTKOCTHIO NepeineH ONnopsl B BEPTHKANHHON U ro-
JIBHOM MIIOCKOCTH. Topuenolt ynpyruit sneMenT (puc.2) nozgonser, 3a
 M3MEHEHUS €TO HATAIE, YIPaBIATS 0Ol KECTKOCTHIO IINHHAENA.

OcroBHBIM GakTOpOM, BO3BYKAAMOINM KPYTOBYIO TIPELIECCHIO OCH Bpa-

LIeHMS Bana MUHHACALHOTO Y3713, %B5-
AfeTCH CTaTHYECKUN U NMHAMHYECKHE
jucOaiaHe IUNKEJCS, BeITHYHIIBL KO-
TOPBIX M3BAaYalbRO U3BECTHBI, HIH HX
MOJKHO OIpeHNeiiuTh, a TAKMC Hero-
CTOAHCTBO CHJI pe3aHusA B 30He olpa-
BorTku. VisMeHeHH e eCTKOCTH Topile-
BOTO YIPYIOro 3ieMeNTa, B pe3yisTa-
T¢ CrO HaTsATa, BAeYeT 3a colol m3me-
HERHE aMIUIMTY/IBl kosiebanuii Bana
UIMIMHACTEHOTO y3iua. Ha puc.3 npen-
CTapjleHa 3aBUCHMOCTE AMILIHTYIHI
Koebanui Bana LINMHIAENLHOTO y3ia
OT OCEBOI'0 HAaTAra TOPLEBOTO YHpy-
roro 3MeMEHTa.

JUts  KOHTpONS NepeMelleHus
UIMUHAENA B [POCTPaHCTBE Ha ynpy-
THE 2neMelrrbi OBITM HaKieeHbl TeH-
3oiartyuky (oM. puc. 1, 2), koTopsie
OBLIM ITOIKNOYEHB! T10 (10J1yMOCTOBOH
cxeMe K ycunurenio TA-5. 3anwuce
NPOM3BOJIHIACE Ha NMHIIYILHMH OCLHIT-
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jorpad.

[Tomy4ennsie B pe3ynbTaTe NPOBEACHHBIX IKCTIEPHMEHTATBHBIX HCCIleq.
BaHHH aHHbBIE O MEePEeMEIUCHHUY Nepe/iHEH OTophl B BEPTUKAILHOH M TOPH3ok,
TANBHOH IUIOCKOCTSIX XOPOLIO anpOKCUMHPYIOTCS (PyHKIIMEH CHHYCOHAATNbH A,
Brna (puc. 4), npu aToM KodpOHLUKMEHT Koppensiuu He Mence 0,98, DyHinuy
JUTs l"OpH3OHTa.FIbH0ﬁ H BepTHKa.I‘[LHOﬁ COCTABAAKIIUX HepeMeillCHuAa OTIiHYyg.
OTCS TIPAKTHYECKH TONBKO aMILIMTYAOH, T. €. OCh WIMH/AENS B IPOLECCE 06pa.
DOTKM COBEPIIAET MIHHTHYECKYIO [PELECCHIO.

C ucrnonp3oBaHMeM H3BeCTHLIX B TeOpur (HopMooOpazoBaHMs Merongg

X / XaXs Obla MOCTPOEHA MaTeva.

TZl =
0 0

TUYECKAs MOMENE  IIpe.
LECCUPYIOMIEr0 ILIMTHHe-
7. KunemaTHqeckag.
CXeMa MOJIeNIH TIPEeJICTas-
7IeHa BUJE TPEXMOIBHX-
HOro cepHYSCKOTO  ¢o-
enunenus (puc. 5). Tlpn
ITOM B CHCTEMC KOODid-
nat 0X|YZ; crponres
TPAEKTOPHUA  JBHIKCHUL !
TOYEK CHCTeMBEI, OHa pac- I
NoMo¥eHa TakuM  oOpa-
30M, 4100LI 0Ch OV, coB-
najalia ¢o CTaTUYEeCKOod
OCBHY BpaLU.CHPlH LUITHH-
gens. Cucrema Koopid-
Hat 0X5YsZ; pacromoxe:
Ha TakuM oOpasoM, 9Todsl ock 0Y; coBnagana ¢ 0ChiO NPELECHPYIOIEro I IHE-
nens, a 0X4Y 74— cBi3aHa HEIIOCPELCTREHHO CO M JENIEM.

Cucrema wroopaurar 0X,Y,Z, ABISeTCS BCIOMOratelbHON, B CBA3H €
HPUAATON METOAMKOH U3MEpEeHHT MONOKEHMA UHIMHAENsS B HNPOCTPAlCTBe. €8
HCNOJB30BAlME yNpoilaeT HamHCaHHe MAaTeMaTH4YecKOH MOIENy W jlenact €
Gonee npospaunoit. llonoxenune TpPoM3BOILHOR TOYKK A ompejeiserca Kaki
Ay =Ty T3p-Ty3-1y,, TOC 714 — KOOP/IMHATAl TOYKH B CHCTEME LUTIMHISTS

Puc.
CHPYIOUIETO IUTIUIICIA

5. KuneMaTndeckas cxema mperec-

6. KunemaTHyeckas MOJENE [IOBEPXHOCTH
KEeHHA 30HbBI Pe3alks Kpyra B Mpoilecce

T1, T3, Ty — MATpMLb! 1OBOPOTa COOTBETCTBYIOIMX CHCTEM KOOpAHHAT. npeyeccHoHHoro wudosanus
bl MOBOPOTA DABHbI: i
Marpuy I‘P pasHb ; i . : i oranus.
hcos(@s) 0 —sm( 43)|i “1 0 0
Ti3=| O 1 0 5*,7},2:}}0 cos(ds,) —sin(ds, ),
.sin( 43) 0 cos(gé,ﬁ)h 0 sin(gé;?_) cos(gﬁ;z}ﬂ
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%C°5(¢21) Si“(‘?’zl)
—sin(gy,) cos(g,;) 0,

1

rae ¢s3 — Yros TNOBOPOTa
WwnuHAens (Kpyra) BO Kpyr
cBoelt ocu, §3, — yron noso-
poTa OCH UIMHHLCHA B BEPTH-
KanbHOH IJIOCKOCTH, (¢ —
YO MOBOPOTA OCH IUIHHAE-
4 B IOPHU3OHTATBHOH ILIOC-
KOCTH.

BenuunHa yrioB ¢s; u
91 MOXeT OBITH OnpejeneHa
100 B pesysbTaTe IKCMEPH-
MCHTAaNRrHOTO QlIpEaeeHHS
TIOJIOMKEHHUA LIIMHALNs B [pPO-
crpaHcTBe NubO, ecnmu mMpH-
HATB, 9TO OCL LIMWHJIENS OTIH-
CBIBAET 3UIUIC, PACCYHTAHLI

1o opmymam:
‘?"32 = al’csm[ﬂn(é)) ;

o b-cos(gé)]
28 =arcsmL—----—-~ ;
o2

rae a, b — BeluYuHb Manoi
1 B0uLIIOH MOTYOCH 3ITHIICE;
7 — PacCTOAHHE OT BEPIUHHEI
KOHYyca Npeueccud IO LIIU-
thosansHOTO Kpyra.

Ha puc. 6 npexcrasiie-
Ha pacyeTHas KHHeMaTHh4e-
cxas MoOJeab IIOBEPXHOCTH
JIBUJKEHHS 30HBI pe3aHus Kpy-
ra B [IpoLecce NMpelecCHOHHOo-

- DPhexTUBHOCTH NIPUMEHEHHS ONMCAHHOIO MCTOAA HIHM(OBAHKA BO MHO-
00yc10BeHa TeM, YTO AIMa3HbIC 3EPHA HEMPEephIBHO U3MEHSIOT CBOIO OpH-
HIO ¥ BEKTOp JIBHXEHHS OTHOCHTEIBHO obpabaTiiBaemoil aetamu. B pe-
T€ YMCHBIIAIOTCA cuil Pz B 30He 00paboTKi, MOIIHOCTL Pe3aHHus, a TAKKe
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OTHOCHTENbHEIA pacxon anmasos (Pruc. 7).

1500-- =
Sip=2M/Mun

1200

900 qv_MT'/CM:;-

600

300

vt
B R —

0.1 02 03 04
Som MM/ B XOR
Puc. 7. Y penpusii q, (Mr/cm’) 1 oTHOCHTC B HBI
a — obpaborka Ge3 TIPEleccuy,

[

G

0 0.5 06

# qp (Mr/1) pacxon anmazon:
6 — obpaGoTka ¢ npeueccucii.

He cmoTps Ha meckonbko Soabmyio wepoxosatocts 00paboTanHBIX 06-
pasnos u3 teepaoro crjasa T14KS8, PajdyC OKDYIJICHHS M Ka4eCTBO KPOMKH
BLLIE B ClIyYae HCOONL30BAHUS IPEAIOKEHHOrO MeToaa 06paboTku (Puc. 8),
4T0, HO-BHAMMOMY, O0YCAaBAHBACTCH MCHBILIM 3HAYEHHEM COCTABISIOLICH

CHIIBI pesanus Pz,
> aRliE e - E

- ot Eag'?!\'r-
e o - EL

6)

Puc. 8. Pexywas kpomka MHCTPYMCHTA, 06paborannay:

4 =~ TPAMLIONHKIM CIIOCOBOM; 6 — ¢ npHMeHcHYeM (IPEIECCUPVIOLIErO IHITHIAC A
Cmameos nocmyviuna 6 pedaxiure 10.06 20022
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K HCITOJIb30BAHHIO MOTEHIINAJIOB ITPOCTOrO
CJIOsSI IPU MATEMATHUYECKOM MOJEJUPOBAHUM
B TEXHUYECKUX CUCTEMAX

Ilumkanosa A.A. (3HTY, 2.3anopoacve, Yrapuna)

lonian potentials of simple fiber are widely used in mathematical modeling
erent physical, technical, economic and medical processes. Expansion of
potentials in series is proposed. This leads the problem of contact interac-
7 doubly connected contact domain to the sequence of analogical prob-
r circular ring.
| C HayanoM KOCMHYECKOI P! B HeGECHOH MEXaHUKE MOTyYaeT pasBHTHE
A5 JIBHOKCHHS MCKYCCTBEHHBIX TEI,
HecomuenHo, ¢ TeueHHeM BpeMeHH YHCIO MCKYCCTBEHHbIX HEOECHBIX Tell
BO3pdCTaTh ¥ HEKOTOPBIC M3 HHX OYAYT OTHPaBlATECA BO BCe Bosee U Ho-
eKue OT 3emiIM 06aCTH KOCMUYECKOT0 NPOCTPAaHCTRA [1}.
PO BpeMs CBOCTO ABMKCHUS B KOCMUYECKOM INPOCTPAHCTBE MCKYCCTBEH-
Hebecnbie Tea MOABEPraloTCs (TAKKE KAK M eCTeCTBEIHbIe Tena) gedicr-
KOCMHYCCKHMX CHIL, U3 KOTOPBIX 3[eCh CaMO# BayKHOH SBJISETCS CHIIA HBIO-
BCKOI'0 IPUTAXKeHUS. KpoMme Toro, npu usydyenuu ABUNEHHS HebecHBIX
OOpAIAIONINXCS BOAM3U IUIAHETH, OKA3aT0Ch HEOOXOMUMbIM YHHTBIBATE
i1ie IPHTSHKeHMs [aHETH, paccMaTpuBaeMoil Kak Teno, a He KaK MaTepH-
1 Touka. Eite npuxonutcs yunteisare HecdhepHUNOCTS iaHETH, HCKyC-
IHOTO Tejla ¥ MHOTOE APYToe.
' Critosas QyHKUMA CHIT NPUTHKCHHS, YACTHBIE HPOU3BOJIHEIE KOTOPOH paB-
OOTBETCTBYIOLMM COCTABISIOIUMM PaBHOACHCTBYIOIICH BCEX CHI TPHTS-
A, IEACTBYIOMMX Ha TOUKY M €O CTOPOILI NPUTArMBaONmero tena T, sp1a-
noreHnuanom tena T wa Touky M. Martematnueckum annapatoM, Hecie-
MIIHM TakKue TNOTEHIWANE], ABAASTCA aHANUTHYECKAA 4acTh TEOPHH TIOTCH-
, OTHOCAIIEACA K KOHKPCTHBIM AipaM, a MMEHHO K sijipam M. Puca, koTto-
KayecTBe YaCTHBIX (WJIH Mpee/ibHbIX) CITYUaeB CONEPKAT KIACCHYECKOe
YTOHOBO M JIOTapHPMHYCCKOE AAPO.
- IMorenuuan Puca nopsaaka o

Us(9)= [ka(x,y)dv(x)
S(v)

(M

ko (x,y) = A(p,)-Jx = y[ P79, pz2

A(p, o) - nopmupyronmilt MHONHTENb, G - 061CTh B EBKIHAOBOM f1po-

O<a<p,

crBe R¥, KoTopas moxer cosnaxgar ¢ RP, ko (x,y) - neHcTBUTENbHAS
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dywHkuns, onpejencrnas B GxG, v- 3apsn (Mepa) ¢ Hocurenem S(v) B G. 110 HEUIBECTHOH OONACTH KOHTaKTa S

B caysae %2 Kpome motcrUHanos Phca paccMmaTpuBaioT Jiorapugye.
CKHH 110TeHUHAN, KOTOPLIIT SBIZeTCs caabnim mpenenomM notesunana Puca npy
YCHOBHH & — 2,

ey

M M
I >y ¢ RSO e [ERST Be 5 0y,
S 4 § r s ¥

. B mexannke ACPOPMHPYEMOr0O TREPAOIo Tela MATeMaTHUYCCKUE MOMENH
AHEHHOIO COCTOAHMA Tell C TPelHHAMH (paspesamu), B ciyuae korjia Teso
SPracTca OLHOOCHOMY PACTSIKEHHIO NEPHEHAMKYIAPHO K MIOCKOCTH Tpe-
» XAPaKTCPU3YIOTCS MHTETPO-AuddepenLnanspm YPABHEHUEM, KOTOPOC
XKHT MOTCHUKAT MPOCTOTO CHOs

pp.0)=Af W(—‘?@ds (4)
.. < s s

llpu onpeaenensnix ycnosusx muoxkectso TOYeK, rae Uy =+, RO ey

KOM Ciy4dac, HMeeT HyleByio 1e0eroBy Mepy, Tak KaK MOTeHIHaT Uy mokasig
CYMMHPYEMBIH.
Ilpn p=3, Te. B R romxo B HCMHOTHX Cly4asX y[acTCa C MOMOIblg
PA3ACTCHAS TICPEMEHHBIX B COOTBETCTBYIOLMX KPHBONMHEHHDBIX KOOpAMHaTaX.
) - HeM3BecTHas byHkuus, XapaKTePH3yIOLas HOpMasibHble NepeMerie-
Pacs Tpeuwmiiel, A - oneparop Jlannaca, S - ofnacts B miockocTy (p,8),
VIO 32HHMART [10CKas TpeiHa (paspes) GecKoHeYIo Manoi TOMILHHEL.
TPUOONIOTHR MaTeMaTHyeckas MOIENb, MPOCTPAHCTBEHHON 3agauu o
T AABYX YHDPYTHX TCII C LIEPOXOBATHIMH ITOBEPXHOCTAMY OMHCLIRACTCS
EIPATBHEIM ypaBHEHHEM, COOEPKALUMM aHATIOr#YHEBIN MOTeHIIHAN

{ 2204 1 Fpl00,00) = £(00s6) ©)
: by

OTBICKATh PABHOBECHBIH IOTEHIMAN ¥ HBIOTOHOBY eMKOCTL. B R7 BBIYHCICHYe
HPIOTOHOBCKOrO NOTEHIHANA PSUIOKEHO AT MHOTOMEPHOTO SNNHTICOMAR, KO-
T/2 MIOTHOCTb ABAARTCH (PYHKIUMEH OT STHIITHYECKOH 3aBHCUMOCTH MEARLY
KOOp/MHATAMH.

B nanmoii paGote paccMaTpHBaoTCs HBIOTOHOBLT TOTEHIHAMEl [IPOCTOr0.
€103, KOTOPBIE KPOME IPUMEHEHHs B HeGeCHOH MeXanuKe HaXOOAT CaMOe LI~
POKOC NPHMCHEHHE 1P MATCMaTH4ECKOM MOJICIMPOBAHHH PasiUYHBIX IpoLec-
COB B TeXHHKe, MEAKUMHE, DU3IUKE U Ap.

Hanpumep, npu Matemarnueckom MOZEIUPOBAHUH KOHTAKTHBIX Npotrem s
MEXAHUKE KOHTAKTHBIC B3aMMOICHCTBHSA YNIPYrux Ten 6e3 yueTa Uiy ¢ YHETOM
CHUL TPEHUs OTTUCBIBAIOTCS NBYMEPHBIMH HHTETPAabHBIMU YpaBHEHHAMH, CO- f
ACPHKAIMKUMH AHTCI'PAJIB! THIIA TOTEHIHAIOB IIPOCTOTO CIOS.

f.f‘-o"(-’of_-’@&? = f(p5.6y), @
5

¥

PH MaTEMATHHECKOM MOJICTHPOBARNM JMHAMUKH [T0KA3ATeTeH HALeKHO-
0 KOHCTPYKTHBHO-TIPOM3BOICTBEHHBIM OTKA3aM OTIPCAIENCHHUE BEPOATHO-
IXONIa TOUKH Ha IPAHKIY 00NACTH U BPEMEHH, HEOOXOTUMOTO Liis BBIXOJa
OMT K TOMY, YTO CpeIHAS BeJHYHHA 3aTpaT (QUPMBI «KOHCTPYKTOD-
[OBUTEL» 32 AAHHOE BPCMS XapaKTEepH3YeICst aHANOTHYHBIM MOTEHIHA-
pacnpeieneHubIM 110 MHOFOMEPHO# 00J1acTy.
B KOMILIOTEPHOH TOMOrpadyy List nonydeHus TOMOIpamMMbl pactIugpos-
AEHTHQHKALMSA CHTHaNE, IORYISHHOI'O ¢ AETEKTOpA, peanyu3yeTcs pele-
3allayd TeOPMM MOTCHLHUAda AT 06JAcTH, OrpaHHYEeHHOM KOHKDETHOH
Typauyien «cpesa» [4].
AP CO3/1aHUM MAKeTa KOMITBIOTEPHEIX NPOIPAMM /UIs BEIYHCISHHS HOTeH-
OB [IPOCTOTO ¢S HCHOMB3YIOTCS PA3ONKCHUSA UX B psiabt [2,3,5,7).
st pasnowcrus » psai notenumana (1) npr p=2, a=1 ¢ MAOTHOCTHIO B
HOH CHCTEME KOOpAUHAT

A=w(p,0)= 3 e, (p,0),
k=0

s

5 ~
ﬂ‘f"(—p’-@dmjjA"CO?"—)‘p(p,e)d.*;=f(p0,90). ()

S S
rae r’ = p’+ Pg =2ppy cos(d ~ 6, (Po.6p) €S
p(p,0) - newmssecrras pynkiug, XapaxTepH3ylolas pacrpejieeHre KOUTak!-
HOT'O JIZBJICHHS 110 HEHW3BECTHOH ILioIa Ke KOTakTa S . _

lipn MaTemaTHyeckoM MOAENHPOBARHUM KOHTAKTHBIX 3a)1a4 C TPeHHeM Y&ac-

TO HCMOMB3YCTCA 3AKOH TPEHUS, MPH KOTOPOM CHIIb! TPEHHS MPONOPIHOHA HA .
HOPMaJbHOMY NasiieHuio. B acAcTHTeNBIOCTH B GOpPMUpPOBaHMHU Cuil rpednd
BXHAA pOJlb MPHHAIICHKUT ANre3un, YHeT KOTOPO IPHBOANT K JABY4ACHHOMY

3aKOHY TpeHus B gopme 7 =1, + uo . OcHOBHOE HHTETPANTBHOE ypaBHeline M0~ e (6)
Fed | - | 3 ;
AClM AN ONpENeNeHns naBieHus p(x,y) COMACPKHT UHTETpansl co ciadol S(A)=1(p,0): p<a(l+ e f(@)o<ce<]
- f=1
OCOOEHHOCTBIO THMA MOTEHLMANA NPOCTOrO CNod, pactipesienesinic B 0diLeM L
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[0V =L, (Wo), (W) = LW + Ly(Wy),

Henons3syeres ripeobpaszoBanue nepeMeHHbIX ; W ( p)
L (W) =(1- Po7- ) H L2 £(0)dQ,

pP=R[1+ Ef,-(ca)e"l, p=6.
i=l

4 5
Ipenctasass naotHocTs noTeHUMana B Bize Ig(Wu)= (1- ) j’ ] U("? ) f(0)dQ + p,> — HWO(’O )2 12(9)dQ.
w(p(R ,qo,s),go)=tfalflr’,-(}t’,¢)s ? & B ciyyae, xoraa oﬁnac:"rb S ABMHCTCS [BYCBAIHON OGNACTLIO, GIU3KOM K

3aTEM TpH OMNpEAC/HCHHBIX yCcnoBusx st w;(p,0), fi(8), uckmouas ocobyg

TOUKY KpYrOM Majloro pazuyca §, HOCTe BIONHCHUS PEAe/ibHOTO nepexong
npu & —> 0, noayueno paSHC)}KeHHB 10 CTENCHAM € B Psijl:

PR, 0.6),0) 4o (R, ) |
i dQ+ D (W WL il L ..
S(I/Jl) (R, Ry) i=0 [” (R, Ry) i{(Wo. 1) r)} o)

The g i=1,2:
@i(f‘f’b):Dl(Wo); {D2(W0’WI)“Q(W;)+D2(W0}.

BOMY KONBIY £, orpasuueHiol nunusmu I3 u I, ¢ ypasuenuamu s
IHBIX KOOPJIHHa’I'aX COOTBETCTBEHHO,

p=al+£(£,0), fi(e.d)=5e1,0)
i=1

p=b(+1(5,0),  f(6,0)=Se£,(8), a<h, O<e<l.
i=l

Ipr onpe/ieNieHHBIX YCTOBHAX ¢ MOMOLIBIO 11Pe06pa3oBatus [IEPEMCHHBIX

R-a R-b
R R =RAE"Cp e ) N0 2 oy 0,
D= [ fioyia-g, “r | s 2L ) finnae g AT gy, T BRI i el T
Q’ 0 0 (& Ry) ' ACTaBNAS MIOTHOCTE NIOTEHUHKANA B Bie (8) Mocsie BRITIONIHEHNAS aHATOI MY -
Wy) = U o (R) f@)dQ-R, 2 [f Wy (R) [/2(0) = f>(0)]dS2 + ONlepallii, MOMyyaeM BLIPAKEHUE LIS IOTEHIHAIOB IPOCTOTO CIIOA B BUIE
H(R,Ry) 330 r(R,Ry) 10JY9eHHOM BHIPOXKEHHH ONeparops ®; UMEIT HECKONBKO APYToft B,

11
() : M B Beipaskenusx (10), (11). Hanpuwep,

Wy (R
D) = [[ B G2 fn(o) = oo~
. tlly. R _-f? ___,.f’ :
UARO ”R AR, R{J) T b for(e) g 10())dQ2 +

Rﬂ _R(] b “ WG(‘R}
(b b for(@p) L5 m(%)) o, Hr(R Rg)

* Taxum oOpasom, npeanoxeno npnﬁnm{eﬂﬂoe BBIMHCACHHE NOTEHUMAaNa
-TOTO CJ10A, PACOPCACICHHOIO N0 BYCBA3HON 00acTH B BHIC MOCTeI0Ba-
HOCTH aHATOTHYHBIX 3a7a4 11 0BNAcTH OrpaHuyeHHOM KPYroBBIM KOJb-

&« T(R)
Ry aRz R ry @)~ Aiteo e
rz(R,R0)=R “‘"RE ~2R-Rycos(@~9g); (Ry,@5)€Q
Q={R.p):0<R<a0<p<2r}

B nonysestiom pasomennn kosQGUITHEHTb! 3aBUCAT OT aHATOTUYHBIX [10-
TCHUHANOB, PaCPOCTPALICHHRIX O KPYroRoit obnacty €.

Pazioxenue (9), (10), (11) umeer mecto 1 B cnyvae, Koria obmacrr S 4B-
JIACTCH HEKPYTOBRIM KONBLOM, OTPAHMYEHNEIM TOAOCHBIME Y TOJOGHO pacio-
NOKEHHBIMU NMHUSAMHU, MAJIO OTAUYAIOIHMHECS OT OKPYRKHOCTH.

Tlpu pelwreHMM MHTEIPATBHBIX ypaBHeHMIl THHa (4) wm3-3a npucytcTeEi

IADOEPCHIMATEHEIX OHEPATOPOE MOKHO HCHOMB30OBATE PazIOWKCHUS NOTER-
I[Halia npocToro cios [7] B Buae

[ g0 S [ P2LL) 40+ 5y, ., ,)}
S ’ P, py)

. Cnucok anreparypwi: 1. Oy6ommn I''H. HeGecuas mexamuxa. — M.:
DM «®uamatrus», 1963. — 586 c. 2. quipaa B.U., Ilnmxkanosa A.A. Ma-
EMaTyeckoe MOAETHPOBAHHE IIOABUKHOIO DAACTOCTATUYECKOTO KOHTAKTA
AsyuneunoM 3akoHe Tpeuus. // Becruux Cesl'TY, Bam.8. Mexauuxa,
€pre1ika, skonorus. CoopHUK Hayy. Tpynos — Cesactonons, 1997. — C.32-37
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IMUCCHOHHAS TUATHOCTHKA 3AUHTHBIX MOKPBITHII
Mxnasko AM. (VHIIA, 2. Xapoxos, Yrpauna)

Pi{ec.zr and kinetics photostmulated exoelectron emission Jfrom speciments with
T}N covering under bending deformation and friction have been investigated
General picture of electron emission from deformed speciments with com:erfng
has been proposed. It is suggested to use PSEE method Jor diagnosis of speci-
ments on defective speciments and undefective ones.

Onrum m3 nyTeit 3GGeKTHRHOrO MOBLIEHMS paborocnocobuoctu aeta-
el 1 Y3108 ABISETCS NPUMEHEHHE BBICOKOKAYCCTBEHIIbIX MOKPBITHH, HaHOCH-
MBIX PA3THUHBIMK CTI0CO0MHM, B T.4. METOAAMH BAKYYMHO-TLIA3MEHHbIX TeX1i0-
norui. Meron KUB (konzencauus ¢ Houuoi GombapiupoBKo#), paspaboian-
uetii B HHIL “Xapbkosckuii hu3uKko-Texnngeckuii HHCTHTYT , SBISETCH HH3KO-
TEMHCPATYPHEIM, IO3BOMIACT BAPLUPOBATS QUIHYECKHIE B MEXAHHHECKHE XapaK-
TCPHCTAKHM HAaHOCHMBIX MOKPBITHH B IPOLECCE KOH/ICHCALMMA B obecreyunpars
ONTHMAILHO® COMETAHHME H3HOCOCTOMKOCTH, HPOYHOCTY U APYTHX CBOWCTB H3-
aenui. upokomy pacripoctparenmio Merona KUB criocofeTsosanu TIPOMBIII-
JIEHHBIH BBIIYCK ycTaHoBoK (“Bynat”, “Tlyck” u JIP.) M MOMyYCHiMe C HX [10MO-
JBIO MOKPBITHH ¢ KAYECTBEHHLIMY IKCILTYaTALUOHHBIMHU XapaKTepUCTHKaMH.

,[lnja y.’rlyqinemm CBOHCTB MaTCPHANOB M AeTaseil M3JCni 3a cuer MOBCPX-
HOCTHOH ODPadOTKH ¥ HAHECCHHA 3aLUMTHEIX TOHKOMICHOYHBIX HOKPBITHIE TP
{Sye'fcsx, NpeXAe BCero, HMB(OPMALMS O (PUINKO-XMMUYSCKOM COCTOHHUM W
CBOWCTBAX MaTe€pHana OCHOBL! M MOKPBITHH, T.¢. IpeABapUTE/IbHbIE MHAITHOCTH-
HCCKHEe MCCIIeNOBAHHS ABNAIOTCS NIPEIOCHITKON M000#H MIOAOTBOPHON NOAr0-
Tonmrnoaepxmcm. B nocnenrice Bpems Bce Gonbuiee BHEManue ynensercs
PaspaboOTKe MCTOLOB HEpaspyLIaiollero KOHTPOJS KauecTsa 3aiuTHLIX (rLias-
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HEBIX) TOKPBITHN. [lpeacTaBnsioT WHTepec paboThi, BBINOIHEHHBIE B AHI-
Tonnanguy 1o NpUMEHEeHWIO yJbTPa3ByKOBOKH TexHWKH, B ['epManuu mo
enoBanuo romorpaduy, B CHIA 1o npUMeHEHHUIO aKyCTHHCCKOR IMUCCHH.
FPa3BYKOBOH KOMTPO.lb I103BONAET C BBICOKOWH HANCIKHOCTHIO ONPENENATE
ACTOCTE [UIA3MEHHBIX MOKPBITHA, HX MEXaHMYECKYIO NMpOYHOCTE. Metoga
HYECKOM IMUCCHH YCIEWHO HCTTOAB30BAJICH I HHArHOCTHKH pacTpeCKH-
NOKPBITHIL. MeTOA KOHTYPHOH ronorpaduu n03BOJISET U3MEPsATh Ipodu-
IOBEPXHOCTH WK TOJIILMILY JIOKAIILHOTO MOKPHITHS. st oLleHKH anre3sHoH-
[IPOYHOCTH COCAMHEHHH PEKOMEHIYeTCs HCIIONH30BaTh BUOPALMOIHYIO U
[9eCKyl0 rojiorpa@uio. YCOemHO HCMoNb3yeTes crnekTpocKonus Meccbay-
JUIsL aHAAU3a TTOKPLITHI M3 CMNaBoR Ha ocHoBe xenesa. Cosjlanye B Oin-
Iee BpeMsi METOZIOB ¥ CPEACTB HEPaspyillaioiiero KOHTPOJL IIa3MEHHBIX
PBITHI Ha JIeTangx AOJDKHO CTATh OUHHM M3 BaKHCHINNX HaNpaBleHHH HUC-
(OBavui B 00IACTH MIA3MEHHOIO HATIRIICHKA.

JUis nosyHeHHs AOCTaT04H0 TOJHOTO ONMUCAHHA (PU3HMKO-XHMHUYECKOro CO-
HUsl [TOBEPXHOCTH HEOOXOMMMO MCIIOJIL30BaTh 00IbIIOe KOAUYECTRO napa-
B (10 JIaHHBIM pa3HbIX aBTOpPOB 10 60), TakHX Kak KOHCTPYKIMA pacrsl-
19, POA M pacxoj Tia3smMoodpasyiollero rasa, HOlp&GgIHemaﬂ MOIITHOCTD;
AKO-XHMHYECKHE CBOMCTBA, rpaHylislilis HaNLLIgEMOr0 MaTepHana, CKO-
'b CI'0 [10/1@%H; COCTaB 3aLUMUTHOM aT™Mocdephl, cnocob oAroTOBKH IOBEPX-
U F3Ne/iMs, TeMIepaTyYPHBLE peXHuM B Nporiecce GOPMUPOBAlHA [OKPBITUA
1. TpynoeMKocTs NX OLPEACICHHS K OTCYTCTRUE 000PYAOBAHNS KOMILISKC-
KOHTPOJSl B 3aBOACKHX JIAOOPATOPUSX MOOYIHIH K MOUCKY 00O0LIEHHBIX
AMETPOB OIEHKH COCTOSHUSA IIOBEPXHOCTHOTO Closi. TakuMu mapamerpamu
yT ObITh METOMB (POTOCTHUMYJMPOBAHHOW OJK303MEKTPOHHOH 3MHCCHH
2DD) 1 KOHTAKTHOM pasHocTy moTeHnuanos (KPIT) [1-4].

B pabote npusencHsi pe3ydbTaThl BAHAHMA MEXaHWHECKHX BO3JACHCIBHH
HHTCHCUBHOCTH U KuHeTHKY PCDD 3alUHTHBIX HOKPEITHIL.

~ Yeaosug swenepuMenTa. HaHecenue 1oKpbITHi TIPOM3BOMIOCE HA YC-
aHoBKe “Dynar”. Vicenenosannio NOABEPralyuch 0AHOCHOHHbIE TIOKpBITHA TIN,
ecenubic Ha 1oa10kKn w3 cranu (Cr. 3) B Baxyyme 1,3:107 Ila. Tlosepx-
Th TO/UTOKKK B pesyibrare 00paboTku (HuM(poBKa ¥ TONMPOBKA) MMena
dueHre cpeaHero apuMETHYECKOro OTKIOHEHUS npoduis ~20mkM. llepen
CCeRMEM TIOKPRITHI HPUBOAKAK OUHCTKY [10MPOBAHHON MOBEPXHOCTH MOA-
KM {10CPCACTBOM VARTPA(QHOICTOBOrO 00Ny e s. '

- Hedopmariusi 06pasiios u3ruboM OCyIIECTBARTACH HA CHEIHATBHO CKOHCT-
POBAHHOM yCTpoHCTBE. MCNBiTaHusa H3HOCOCTOMKOCTH NPOBOIUIHCE Ha yC-
OBke, paboTarouieil Mo cxeMe UHACHTOP—AUCK. B KayecTse MHACHTOPA MC-
b3oBanack crais 45. [lokpeitie Ha ocHoBe TIN Toiaumioi 10 Mxm HaloCH-
b 114 UCK. HOBEPXHOCTB JieTane# nocie TPEEUA aHaldKu3HpoBanach C noMo-
IO ONTHHECKOro KW pacTpoBOro BASKTPOHHOIO MUKPOCKOE, H3M€pﬁflfflcb
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MUKPOTBEPAOCTD AOPOKEK TPEHus A0 ¥ TOC/e IKCIIEPHMEHTA, NapaMeTPh! Iie.
POXOBATOCTH NIOPOXEK TPEHHS Onpejensanuch Ha npodunorpade. M3Hoc ng.
KPBITUH OTIPENENSLICS 110 II0TEPE MACChl Ha aHamuTHYeckux Becax BIIA-200M.
MuKpoTBepAOCTh IMOKPEITHI H3Mepsnu Ha npubope [IMT-3 npu Harpyske 0,98
H. TonumBa nokprITHH, onpejaeneHHas ¢ nomMouiso npubopa MUKU-4, cocraz.
asna =10 mrm.

Msmepenue unatercusroctn PCID u msmenenne KPIT ocyuecTsasnocy
IO K IOCHE TIPOBE/ICHHA MCXaHHYSCKUX McnbiTandid. OcobeHHOCTRIO paspato-
TaHHOH ananaparypsl SBIACTCH BO3MOXHOCTE HX HCIIOAB30BaNHHUA B BakKyyme y
aTMoc(epHBIX ycrosuax. IToapobhoe onucanne IKCOCPUMEHTANBHOR TEXHuKy
npusejaeHo B padotax [5, 6].

PeavapraTsl Jxcnepumenta u ux obeysxaenne. B pane pabor rokasang
Ha CYLUECTBOBaHME Ha TOBEPXHOCTH 3ALUMTHEIX NOKPBITHIT AeTanedl ancopbim-
OHHOTO ¢J105, 00YC/IOBIEHHOTO PaJHAIlMOHHOH aKTMBaLUeil MTOBEPXHOCTH U He-
KaX<aroIiero o0UIYI0 KapTHHY O (QH3UKO-XHMUYECKOM COCTOSIHHHM MOBEPXHOCT-
nnix croes. Okazanocsk, 4ro Tok @C33 ¢ Takolt nogepxHocTH 6e3 B30y ae iy
MOBEPXHOCTH OB ITOBLILCHHBIH, T.€. HabNOAanach CIOHTAHHAsA SMHCCHS. [To-
Clle QUHCTKH MOBEPXHOCTH MOCPEACTBOM OTXKUIA H YAbTPadHONCTOBOTO BO3-
JEeHCTBHA 3MHCCHOHHBIA TOK MOHMaNCA 40 (doua. BeinonHednse vecneiosa-
HHA 110Ka3aTH, YTO NOABICHHE SMUCCHOLHOIO TOKA CBSI38HO C IPHCYTCTBUEM Ha
HOBEPXHOCTH JTOKAIBHBIX MTPHUMCCHBIX BKHIO‘JGHHI;‘I, 3af‘p23H6HI-iﬁ H OXHCIIORE, HE
CocoOCTBYIONMMX TIOBBILICHHOH AAIe3MOHHON MPOYHOCTH CHCTEMBI HCTAlTh-
mokpeiTHE. Taxum 06pazoM, eciid perucTpHUpOBaTh 3K303MHCCUONHIBIN TOK, T0
IO ero BEelUYKHHE MOMCHO KOHTPOIMPOBATh CTENeHE YMCTOTE! 0bpabarbisaenoil
TIOBEPXHOCTH [7].

IlpeaBapurensisie KCCNe/IOBAHUA NOKa3any, 4To Meron OCID moxeT
IPUMEHATLCS: B TIpOllecce HAHEeCEHUs [IOKPBITHS, INPH  JOMOAHHTEIRHO
TIPHIIOKCHHON MEXaHWIEeCKOH HIH TCPMHYECKOHW Harpyske Ha [eTalb; /A
KOHTPOAs (PU3MKO-XMMHUYECKOI'0 COCTOMHHS IOBEPXHOCTH IMOCHEe HaHeceiud
IIOKPBITHS. YCTAHOBJICHO BIMAHUE NApaMeTPOB HAHECCHUS IMOKPbITHA {CH2
TOKa, JaBjicHHEe NPHA HaNBIICHHH H TeMIepaTypa NpeaBapHTC/iLHOTO Nporperd
IOJUTOKKHM ) HA UHTEHCHBHOCTE 1 KuHeTHKY DCDD. Topsiiedue cub Toka apit
HAHCCCHHU l'IOKpLITPIFi BCACT K YBCIHYEHHIO HHTEHCHBHOCTH IMHCCHOEHOM
TokKa. Takylo 3aBHCHMOCTb MOXKHO OOBACHHTH TOBBILICHHBIM TOHBOJOM
TErNnOThl, IIPUBOJsLIee K TNOBBILIEHHOM nmactuyeckoil medopmaunu 1 K
AOIMONHUTENLHROMY TPEIHOOpazoBaTHIO.

YMeHblIeHHe JaBACHHs NMPH HAHCCCHUM TOKPBITHH BeJieT K pocTy TOKA
OCOD u yBennuenno KPIT,uTo Takke MOXHO OOBACHUTD 34 CHET YBEAHUEHHO"
re noaBoad TEMJIOTH! W POCTOM PA3HOCTR TEMUCPATYP MOWKAY IHOKpLITHEM H
TIO/UOKKOH, YTO B CBOIO OYEPeab, MPUBOAUT K POCTY BHYTPEHHMX rlanpﬂ}xeni{fi-
Metojx ®CB3 npemnoxken 1ist paHHEro 0OHAPYKEHUs ¥ OLEHKH fpoLecca pas”
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B i /o # 11 PYWEHWS IpH HArpyXeHHWH ACTanci.
: Ha puc. | npencrasiens: pesyiusTaThi
| e— " 7% penpitanuit Ha u3THG 06pasLOB ¢ no-
i - 600 kpwiTHem. Ilpu mHarpyxenun B odnac-
E -~ lsoo T ynpyroii neopmaumu Gpun 3pe-
i . 400 THCTPHPOBaHbl OTCHABHBIE HE3HAUH-
i L~ TenbHele Bemtecku PCOD (uerans He
H T300  mmMena nedexTos). 3HAYUTENLHOE 110-
: - 200 BbilllGHHE 3MHCCHOHHOIO TOKa (Kpy-
; 100 TOM momBeM) HabN0Aanoch B obnactu
; niacTyyeckol jedopmauuu ¥ pac-

" 4 2 4 6 8 10 12 wm  TPECKHMBAHHR IOKPHITHS.

ComnocraBuenne  Pe3yNLTATOE
uaMmeperus ®CID, usmenenus KPII n
OITM4ECKOH M PAcTPOBOM 3MEKTPOH-
MHKPOCKOIIHH H{OKA3al|, 9T0 IpH Jedopmarmu H3rubom odpasiia ¢ noxphi-
eM pacTpeckuBaHue IMOKpHITHi Habirozaercs B Tpu dtana. Ha neproi cra-
i, roc Jedopmauus W BHYTPEHHHE DacTArHBAIOWIME HANPAKEHHS MaKcH-
bHBI, NEPBHYHBIE ACHCKTHI (OKCHIAHBIE BKIIOUEHHS, MUKPOTIOPRI, MHKPO-
eIMHE!, BOZHMKAIOIIME DK HAHECEHMU TMOKPLITUHN, U T.JL) [OCTEIEHHO CO-
HAKOTCH ,'_lpyT C ,D',p}TO\-I c 1‘1ocne;1y}mu;m Oﬁpa?OBaHHeM Ha IOBEPXHOCTH
ey, Ha Bropo#i cTaqum NoBEPXHOCTHBIC TPELWHBI PA3BUBAIOTCS LCpIIek-
KYJISPHO HANPABICHUIO DACTATHBAIOLIETO HANPKEHMS. Ha Ttperpelt craxuu
CIMUHE] PACTPOCTPAHIOTCS B TITY fuHy, MOCTHraloT HOBCPXHOCTH pa3fesna no-
DHITHE—IIOAOKKA H PACIIPOCTPAHSIOTCH BAOMb IOBEPXHOCTH pa3ena ¢ 1ocie-
ILIHM OTCTOSHUEM TTOKPLITHA.

Hccnepopanus Ha TPeHUE U M3HOC AeTalel NOKA3RIBAIOT, YTO HaHeceHHe
OKpeIT 13 TIN 3HAUMTENbHO YAYYIHAeT MX TPHOOTEXHHYECKHE CBOUCTRaE,
GnronaeTcs yMeHsleHHe KO3QOUITMEHT2 TPEHKY U [TOBBIUEHHE U3HOCOCTOMH-
ctu. Xapakrep u3Hoca u kuuertuka ®CI3 odpasios Ge3 MOKPBITHS 1 C HaHe-
HHBIM TTOKPLITHEM MPEACTaBIeHk! Ha puc. 2 (a, 0).

IMTocne kKOpOTKOro mepuoza npupadorku obpasia 6e3 mokpeITHS Habmio-
UIOCh HENpepeIBHOS IJIABHOE MOBLUIEHME W3HOCA. AHANOTHYHOE MOBEACHHE
10IF0KANOCH Ui XPOMOBBIX MOKPBITHA TORUMHOK 30+40 MKM, HAHCCCHILIX
LBAHEYECKUM CIIOCODOM, HO CO 3HAYMTEBHO MCHBIIMM OOMIMM H3HOCOM.
s 06pa3uoB ¢ noxpriTHeM TiN rocne KOporkoro nepuoia NpupadoTky OsL10

_ Puc. 1. dCOD npu mexanute-
:'__KOM HarpyxXeHH.
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VILEHHA [PH OTACACHHH OAHOH YacTHIG OYAET PaBHO OTHOWICHHIO INIOLIA-
OBEPXHOCTH 06p£!3y501118!‘:10ﬁ JaCcTHIbl K BENHYHHE TJOHIaAX €qHHHYHOIO
exTa. CnenoBarciblio, MOXKeT ObITH YCTAHOBIEHA CBS3b MEXKAY KOJHYECT-
uMILYILCoB PCOD U nuowaibl0 MOBEPXHOCTH H3HOCA. Y CT@HOBHME TAKYIO
b, MOYHO OLEHUTEL BENUUHMHY MUIOUIANH nedexTa, COOTBETCTBYIONIETO 3iTe-
SHTAPHOMY aKTy paspyLlicHUs U 8 dalbleHlieM MOKHIO [I0 H3MEPEHHOMY 3Ha-
pro vuTeHCHBHOCTH @C3ED CyAUTE 0 BENHYHHE TUIOAAHN CAUHHYHOr0 Je-
Ta ¥ CTeNEHM u3noca noxpeiTus. Ilpennoxennsii MEXalHu3M BOZHUKHOBE-
K303MHCCHOHHOMO M3IIYHCHHS B ITPOUCCCe H3IALIUBAHUS KAYCCTBCHIIO CO-
eTcs ¢ HAHHbIMH ApYrux asropoe, uccrepopasinx GCOD npu rtpenuy,
punmep [3, 9].

i.lﬂﬂpoxax DACUPOCTPAHEHHOCTE 3alITHLIX ITOKPLITHHA, padoTalomux B pe-
f€ TPAHUGHOIO TPEHHS, JAenaeT pa3palGoTKy METOAOB HENPEPBIBHOFO KOH-
151 TPYLUMXCR 11ap HEeNOCPEACTBEHHO B MPOLEcCe IKCIINyaTalMy aKTyanbHoH
eit. B jabopaTopHeIX YCIOBUSX MOMEHT Da3pyIIeHUs TOKPLITUS peruci-
OT 110 BO3PACTaHHIO CHJIbI TPEHHA NOCPESACTROM €€ HETPEPhIBHON PerucT-
vu. [Ipepnaraercs uenonszopars Meron @C33, noctaToyHo NpocTol, 3Kc-
cCHBIH M Gonee YYBCTBHTENBHBIM MpH MCMBITAHHWSX, HA u3Hoc. s s10r0
IECTBIAIOT TPEHUE 00pa3lia ¢ FOKPBITHEM U PCIHCTPHPYHOT UHTCHCUBHOCTD
D riepet pa3pyuleHHeM OKPEITAS / U B MOMEHT paspywenus /. Crencis

IYI.HSHHE P OlIpeiciseTcs U3 COOTHOIIIEHWA
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Prc. 2. 3aBHCHMOCTH KWHETHKH m3Hoca (a) u uamencuus PCID (6) npn
Tpeuuu: | — Be3 NOKPHITUS; 2 — XPOMOBOE ralbBaHOMOKPLITHE; 3 — TMOKPbITHE
TiN.

Crenyer OTMETurh, YTO NOKPBITHE TPHAAET JieTandM XOpOlIyl
M3HOCOCTONKOCTL, HO OTPHMUATENBHO BIMSET Ha H3HOC KoHTprena. Mawoc
KOHTpPTENA NpH B3aUMOACHCTEHH ¢ oOpasnamy ¢ mokpeiTiem TiN 6su1 B 1,5 -2
paza Goublie, YeM IIPH HENOKPHITOH GPUKIUMOHHON nape. DMRCCHS 3MEKTPOHOB
HaMHOTO HHTEHCHBICH ¢ KORTPTENa, 4eM ¢ 00pasiia C MOKPhITHEM.

AHanu3 NOJYYEHHBIX PE3YNBTATOB [I0KA3BIBACT, YTO MEXY NapaMeTpani
Tpenns 1 PCIT cyliecTByeT HOCTATOYHO YCTOHYHBAA M 3aKOHOMEpHasi CRA3b.
Tak, B yCIOBUSX MPAHHYHOTO TPEHUs MaleHre MOMEHTA TPCHHUS CONPOBON AT
Csl CHIKeHWEM HHTEeHCHMBHOCTH curHainos OPC33. B yenosusx Cyxoro TpeHid
YBEAWYEHMS HArpy3Kd BEI3BIBAIOT HEIPEPHIBHAIK POCT MOMEHTA TPCHHUSA 1t pOcT
unreHcusHocTn OCDOD, conpoBoxparoLluiics NMOCTEAYIOUMM CHIDKEHHEM ¢
HHTEHCHBHOCTH TIPH Pa3BHTHH Ha TPYLHXCH TOBEPXHOCTAX MPOLECCOB CXBATEE
BaHHI.

BoinosHeHHbE HCCICA0BALMS TOKA3ANIH, Y10 CPE/I BO3MOXKHBIX HCTOYUH
koB PCHOD MOXKHO BRIAEAUTH ClEAYIOUIMe: NMuacTiHeckas nedopmanis noxpet
THs; paspylueHue MOKpHITHSA; AehOPMALUA OCHOBHOrO MeTamna (MOANOKKA)
pazpylieHHe OCHOBHOTO MeTasa. E

OBbImas KapTHHA 3MHCCHHM DK303JEKTPOHOB NPH Pa3pyLICHHH MOKpITH
npejcTapnsercs cuenyiomeii [8]. Ob6pazoBanue 3MeMEHTAPHOrO aKTa paspyle
HAS (MEKPOTPELIHHA, MAKPOTIOpA M Apyruc Ae(heKTsl) conpoBoKaaeTcs 13t
yenueM eauunynoro ummnynsca ®CAD. [Tociie HEKOTOPOTO YMCaa NOCHEN08d
TEBHO WYILHX DCMCHTAPHBIX AKTOR PA3pyIICHNUs, BBI3BAHHBIX 0AHOKpaTHHN
B3aUMOZIeHCTBHEM YacTHUB! abpa3uBa ¢ HCTUPACMON NI0BEPXHOCTHIO, Hah A
eTCsA OTHASHEHHE JaCTHLB! u3noca. [IpH 5ToM KONNYeCTBO 3MeMEHTapHbIX aKkToBS

~ Jlns onpefieneHust OTHOCHTENBHOM IIIOUIANN PaspyIUeHHs IOKPbITAS, pas-
ISTAOLIETO KOHTPAKTUPYIOUIME [IOBCPXHOCTH, PCIHCTPUPYIOT HHTEHCHBHOCTD
CCHOHHOTO TOKA NPH MCTIBITAHUAX Ha H3HOC §e3 MOKPLITHA [, 4 3aTeM ¢ Mo-

PeiTHe™ /. DHKCHPYIOT MOMEHT BPEMEHU f NCPCA POCTOM WHTEHCHBHOCTH
CCHOHHOIO TOKa 10 3HAYCHHUA /,, BHI3BAHHOIO PA3PYLICHHCM IOKpPLITHH, K

[CHT BpeMEHH f, , KOrIa HuTeHcuBHOCT, DCDD npuHuMaeT 3Ha4eHUE, COOT-
BYIORIEE TPEHHIO MO 00pasUy ¢ HepaspyIUeHHBIM noxphithenm. Hasce on-
RIISICTCS. WHTEPBAI BPEMEHH Af =1, --f,, B TEYSHUM KOTOPOIO HMEJIO MeCTo
ylieHHe CIUTOMIHOCTH NMOKPBITUS | TUTOWEAL paspyiietns [10],
S=At-v-d/Sr,

— CKOPOCTDH CKOJBKEHHUA; d ~ ULIMPUHA JOPOKKH TPEHUA; 5, — HOMUHAb-
IUIoaaAL TpeHUA.

~ Takum 06pa3oMm, Ha OCHOBAHWM AHAIM3Aa W3BECTHBIX NHTEPaTypHBIX JaH-
H BBINONHCHHBIX ucc;:cuo:sauuﬁ MOKHQO CHenaTh BEIBOI O TOM, YTO MCTOU
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KITACCHOUKALIUA U AHAJIN3 CXEM
KPYTOHAKJIOHHBIX JIEHTOYHBIX KOHBEHEPOB
A TOPHOW NPOMBIHIJIEHHOCTH

®CDD nepCneKTUBEH, © OAHONH CTOPOHD!, KaK TOHKHI QU3HUCCKUHE METOR e
CHENoBaHA KHHEeTHKH ACPOPMUPOBAHUS K PA3PYLICHUS MOBEPXHOCTHBIX Cloeg
IIPH MEXAHUYCCKUX BO3JICACTBHAX, C IPYrOil CTOPOHBI, KaK OCHOBA IS pazpa-
GOTKHM AHATHOCTHYECKHX METOAMK M CPEACTB OLEHKH KAaYeCTBa 3alUTHBIX TIo-
KPBITHH KOHCTPYKIHOHHLIX MAT€PHANOB, NPHYEM MPAKTHYECKAT HCHHOCTD He.
KOTODPBIX U3 TAKUX METOJMK YIKe SCHA.
Asrop Gaarosaput Lopucosa B.B. 3a momouis B nposeseHmnu JKCTepy-

MEHTOB.

nakynos MLA. (HI'TM HAH Vxpaune, e. quenponemposck, Yrpaunot),
Oxcens E.H. (A4H oI TY, 2. T'oproexa, Yipauna)

sification and analysis of steeply inclined belt conveyer circuits for mining
ustry have been given. A number of working elements was taken as the basis
lassification: with one working element, with two and combined ones. It is
wn that the conveyer with partitions on the load-carrying surface is more
appropriate.

OnHuM 13 NCPCHEKTUBHBIX HANPABACHMA Pa3sBUTHA KOHBEHEPHOTO

HCTOPTa [UIs FOPHOH MPOMBILINEHHOCTH SBISETCS CO3MAHKE W HCIIONb30Ba-
KPYTOHAKJIOHHBIX JIeHTO4UBIX KouBeHepor (KJIK). Ilpumerenne KJIK B
HBIX OTpac/iaX AOPOMBIIJICHHOCTH MO2BONAET 3HAYHUTEIALHO COKpauaTs pac-
SHUC TPAHCNOPTUPOBAHKC, PACXOT 3NEKTPOIHEPIHU W KANHTalIbHBE BIIO-
HHSL IPH WX HCNonL3oBaruu. bonsumecTto KJIK 32 cyeT pasiuuHoii cTemne-
FEePMETHYHOCTH IPY34 KA JIEHTE 00eCHCUUBAIOT CHUXKEHHE WITH TTOJHOC UC-
OUCHUE BO3JCHCTBAA TPALCHOPTUPYEMOIO MaTEepHana Ha OKPYKAIOULYIo
» B PaBHOH Mepe KakK H 3alMTy rpy3a OT CpPeJIBL.
Knaccudukauus KpyToHaKIOHHLIX KoHREHepos caenana B 1980 1. u pu-
iiena B {1,2]. B xiaccrQuKAIMO KpoMe KPYTOHAKAOHHRIX NEHTOYHBIX KOH-
€pOB BOLIM TAKKE JIEHTOUHBIE KOHBeHephl Ha XOAOBBIX O[IOPAX M MeHTOYU-
€ KOHBEHEpPB! HA XOJMOBBIX KapeTKaX ¢ YKPeILIEHHBIMU HA TpaBepcax MOj-
KHBIMU TIOATIOPHEIMH dnemenTamu. K HacTosmeMy BpeMeHH HPEATONKeHOo
Or0 HOBBIX CXEM H KOHCTPYKTHBHbIX pazropianocteil KJIK, usoraa npun-
IWANBHO OTIMYAIOLIMXCS PYT OT APYTa, WK NOBTOPSIOILMX OJIHA JPYTYIO
HECYHIECTBEHHBIX pa3snuuuaX. MasMeHunace TepMUHONOTHS 110 TeHTaM U ux
leMenTaM, KOHCTPYKTUBHEIM 3JeMeHTaM KJIK, uro u notpedosano paspabo-
ATh HOBYIO KJAACCUQHKALMIO KPYTOHAKIOHHBIX [CHTOYHBIX KOUBEHEPOR st
HCTIOPTHO-TEXHOIOrMYECKHX erneH TOPHBIX NPeInpPHATHIL.

B ocroBy kmaccurkaumu KJIK nosnoxeHo KonudecTso pabouux opra-
» Kak Haubomee MOAHO OTPAKAIOUIUX IPOUECC B3AUMOACHCTRHA TEHTh WK
JAOTIONHATE/ILHBIX JACMEHTOB ¢ TPaHCTIOPTHPYEMOM ropHo# Maccoil. Io Ko-
ectBy pabouux oprauos (komrypor) KJIK pasnensiorcs Ha koumeHepbl ¢
UM paﬁoqhm OPraHoOM, BBITTOAHSAIMITHM OJHOBPEMEHHO THI'OBbLIE H rpY30He-
ue hyHkuuy, Ha KOHBEHepPB! ¢ AByMs pabouriMy oprasaMy — TArOBBIM H
OHCCYIMM W Ha KOMOHKupOBaHHbIE. K KPYTOHaKIOHHBIM KOHBeHhcpaM ¢
OUHHPOBAHHLIM TATOBBIM OPIaHOM OTHOCATCS KOHBCHCPLI ¢ OZHHM THIOBO-

Cuncox aurepatypsi: 1. Kopros B.C., Crecapes AWM., Poros B.B. Brso.
OMHCCHOHHBIH KOHTPOIS AeTanedf nocne obpaborku. — K.: Haykosa JIyMKa,
1986. — 170 c. 2. Illkunsko A.M., Kpecaun A.A. Ipumenenue IK303/1€KTPOR-
HOH OMHCCHH JUISL HCCAIEROBAHMS (PU3UKO-XMMUYECKHX CBOHCTB MaTepHalIos. ~
Xapskos: Y3IIM, 1982. — 75 c. 3. Epmoxumos B.J1., Cemos I0.M. Dx303er
TPOHHAA SMUCCHSA TIpu TpeHuu. — M.: Hayka, 1973, — 182 ¢. 4. lIxuncko AM.
Hepaspyuiarotiiie METOAbI KOHTPO:IS META/LIOB M Y3JIOB SHEpreTH4YecKoro ofo-
pyzosauus. — K.: ICHO, 1994. — 170 c. 5. Bopucos B.B., IlIkuisko A.M. Ap-
NAPATYPa JUlS UCCACNOBAHMA 3aUIMTHEIX NOKpeITHH // Tpyas! IV Mexatynapoy-
HOro cummnosgyma “Baxyymubie Texnonorny ¥ obopynopasue”, MCBTO-4., -
Xapopkon: 2001. — ¢.308-311. 6. IlIkuapko A.M. Meroa KOHTaKTHOI pa3HOCTH
notennuanos // CO. tpyaos. CoBpeMeHHEIe METOMB, MATEPHAbl ¥ TEXHOMIOTHA
AT TEXHUYECKOM Anarnoctuxu. — Xapoxos: XI'TVPE, 1998. — ¢. 248-254. 7.
Wxumko A.M. DK300MHCCHOHHBIH MeTon KOHTPOJf HUCTOTHI MeTtannos /f
Yuctsie metamtst (MCUM-7). — Xappxon: HHL[ “X®TI”, 2001. — ¢. 163-165.
8. Illxuneko A.M., Kpecuur A.A. 3akoHOMepHOCTH dhoTocTHMYIHpOBaKHO
3K302JIEKTPOHHOH oMMCCHM M3 Metawnos // Bicunx XY, Ne 476, cep.
“®izuka”, 2000, sun. 4. —c. 116-119. 9. Xannsens-TTosepyxa 0., Mepinkans A,
Mrpyr M. DK3025CKTPOHHAs SIMHCCHS LPH HCCICHOBAHHH TPEHHS CKOTHKCHHS
cranu 45 // Tpewue u mzHoc. 1981, . 11, Ne 1. — ¢. 22-26. 10. CeupueHIOK
AMN., Meinkula HK., Kanmsikosa T.®., Xoaonos O.B. Axycrudeckue n ek
TPHYECKUE MeTO/E! 8 TpuboTexHuke. — Munck: Hayka i TexHuka, 1987. — 280
C.
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HCCYLIMM OpraHoM, HO MMEIOWMM Ha MEPEXOMIbIX YYaCTKaX — y4acTKaX ia.
IPY3KH i Pa3rpy3KH, IONONHUTENBHbIE PabouHe OpraHsl.

B uactosiulee RpemMs 1HanGOJBIEE YKCITO DKCMEPHMCHTAILHBIX MITH 1IPo-
Meliesbix obpasuos KJIK oTHockTes K KoHBe#epaM ¢ 0HHM pabo4kM opra-
wom. TTospieHnbiii yron Tpancnopruposanus na KJIK ¢ onnum paGouum op-
radoM obecliedMBaeICa 3a CUET CO3AaHMs IOBBIIIEHHOrO TPeHHd (CUeruieling)
rpy3a o JIeHTy MM [OAIOPOM TPaHCIIOPTHPYEMOTO TPYy3a. Ha pucynke 1 npu-
senena knaccrduxauns KJIK ¢ oM paboynm opranom 1o cnocoly yiaepxa-

HHBIM TSMOBBIM OPraHOM. 3HAYUTEIRHBIH 06BEM TEOPETHUECKHX M DKCIIC-
grankHbIX veenenosaiuit KIIK ¢ koMOuHMpoBaHHbEIM padounM opraHom
pomcit 8 II'TM HAH Vkpaussr [5).

Kpyronaknonnsti
AeurTounblii Kouseiep
€ OAHHM pafouHM OpraHom

e e e . =

Cosaanne NoBLILICHHOTO TPEHHA N—-! Cosnanue noanopa
roysa o pabounii opran i TPEHCTIOPTHPYSMOrO IPy3a

Hus rpy3a Ha jente. Hanbonee 1pocThiM CnocoGOM YBEMMUCHHUS YIia TPaHc- N — e '
o i i Korpeiiep ¢ yiuiom | KonseHep ¢ yrnow |
1007 - I eTC MeHe- pcy pPcy !
noprupoBanus Ha 10 16 5" no c;lasﬂeuum cumamcou ﬂezrrou ABIS ;‘ st Ilpmﬁem B o rposana | tpencropuposarns
; : B obwsiasikol, uMeroneH Boictynbt (pudnenus) pazaoodpas. i 3 &0 2
HOCNERT % paﬁU‘{eH 2 If X W Y S P ¢) P s P 2 { 3~ _f‘o PaGounit opray | PaGounti oprex
HOTO npoduIst ¥ 8bICOTHI. CyIIECTBEHHBIM HE/IOCTATKOM TaKHX KOHBEHEPOB sn- TR T pus R | ¢ nonepexHs
ASIOTCH CHOXKHAS O4MCTKA paboyel MOBEPXHOCTH JIEHTH OT HAMUIIICIO W Ha- PeGori oprax ¢ | | PaGosnit opras I PaGouni oprau VRIIgRHARAE R R
s eHHbIf H3HOC PONMKOB XOM0CTOM BETBH ;0% pedoui SHyoURG AL Ty S Sy
MEpP3LUETO MaTEPUaa, OBBIIIICHHb p 2 ; | apaiie it P ki i Goprtaagi
Tpunanyie pabodemy oprany (nente) riyGoKo# XenobuaTocT! yBenniu- | HeBLICOKiNH ! KoBetiep)
BaeT TpeHue (CUCTUIEHKE) MEXKIY TPaHCHOPTUPYEMBIM IPY30M M JIEHTOH M rio- e 1

3BOJSCT YBENMYUTH YTOJl TPAHCTIOPTHPOBAHUS 110 25-30° {1]. B KJIK ¢ neuToj
r1yBoKoit xen064acToCTH TenTe npusaéres popma riybokoro xenoba cnenu-
ATBHO YCTaHOBJICHHBIMU TIEPEXOHBIMU PONUKOOTIOPAMH, B PE3YIbTaTe Hero B
Ipy3¢ MOSBASIOTCS TOBBILEHHBIE CHJBI MMONEPEHHOro CKATHA, MO3BOTAIOUIL
TPAHCHOPTMPOBATD €70 IO NOBBIIEHHEBIM YrioM. OHaKo, Haln4He cBoboaHol
TIOBEPXHOCTH TPAHCMOPTHUPYEMOTO TPy3a, IMHAMUYECKUE HAIPY3KY OT B3aHMO-
ReHfCTBUS ¢ POJIMKAMH OTPAHHYHMBAIOT 3HAYCHHE MPE/IC/IBHOTO YIla TPAHCIOp-
TupoBanus. Ha MPAKTHKe TAKME KOHBCHCPhI [IPUMCIHSIOTCS TOMBKO IS TPAHS-
TIOPTHPOBAKHS HACHITHEIX IPy308 [3].

JlenTounsie KOHBEHEpPSl, ¥ KOTOPHIX AEHTa MOCHE NYHKTA 3arpy3Ku ¢ 0o
MOLIBEO CXOSIMXCS HATPAaBIAIOLMX 3aMBIKAETCs B KOJBLUEBOH npoduib, 00-
pasys Tpy8y, B KOTOPOH Dacrojaraercs rpys, NOAYUHIM Ha3BaHUe TPyOwaThX
kouseitepos. CnocobHocTs TpyGUaTOro KoHpeHepa MogHUMATh HACBITHOH 1DY3
BEPTHKANHHO BBEPX 00eCneynBactcs TeM, YTO B 3aTPY304HOM IIYHKTE Hachll
HOH Ipy3 yBiieKaeTcs ero, 00KMMAeTCs IpH CBOpauKMBaHUK JIEHTEI B TPYOY (r.e.
Tpy6a 3anonHseTcs IPY30M BIDIOTHYIO) i 38 CYET YBEIMYCHHOTO AABICHUS ME
Ky FPY30M Fi JIEHTOH MONHUMAeTes BREPX KaK critolloe Te0. CyurecTnelion
rpoGaemoii NpH CO31aHHY TPYGUaThIX KOHBEHEpOB ABNSETCA WX 3arpyska NpH
YIIC TPAHCTIOPTUPOBAHUS BbIIIE 45° Tlpu Takux yriax HaklIoOHa JUIMH& Iiepe:
XOLHOTO Y4acTKa MEeX/y 'OPH3OHTANBHBIM WK CJ1a00 HaKNOHEHHEIM yHacTKOM
3arpy3ky (pasrpy3ku) u iMHEHHON HaKJIOHHOW 4acTbiO KOHBeHepa craHoBurc? -
Ouelth GOJIBIION, TeM CaMBIM YBETHYHBAS FOPH3OHTAIBHYIO Ipoekimo KJIK. C
LeNbi0 YMEHbIICHUs ANHEB MePeXOIHbIX YY4aCTKOB Ha HUX CBepXy ycTaHasId
BRIOTCH KOPOTKHE JIEHTOUHBIC KOHBEHEPHE, HMKIAA BETBE KOTOPHIX BBINOAHACT
poms TipinkuMuol neHThl [4]. Takue kouseitepsl orHocaTes K KJIK ¢ xomGHHH
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PaBouuit opran
< GDPTEMH, aPMHpﬂBﬂHHHMH 1
METALIMHECKHMH HOROCaMH [
{Tna «Sicon»)

Puc. 1. Kiraccudukarmusi KpyTOHAKIOHHBIX JEHTOYHBIX KOHBEHEPOB € 01
paGovuM OprasoM 1o cnocody YAep aHus rpy3a Ha JACHTE

Bormpocs!, caszannbie ¢ cospanveM KJIK ¢ nomepeunniMi MOJUTOPHBIMA
€HTaMH ¥ OOpTaMK M OLBITOM MX IKCILIYRTALKH, WHPOKO OCBEUIAIOTCH B
HOIpausiX ¥ INepuojmMveckoi meuaty [6, 7]. Jns npoxoxiucHust XOROCTOH
U 110 JIUCKOBBIM DOJIMKAM MEMHAY LICPCropOAKAMH OCTABISIOTCS JIOPOKKH.
00IEe U3BECTHRIMH ¥ THIHYHBIMHU ipejictasutensmu KJIIK ¢ nonepednsimu
TOpoIKaMH H rodpuposanubpiMu  Ooprame  SBISIOTCS  KOHBeHepbl
XOWELL® dupmet TRELLEX [8, 9]. KpyTonakioHHEIE TEHTOYHbIE KOH-
pb} (o Iine]"ﬂpOﬂ.KaMH 0633}'{&}0’[ CJ’[C,H}"TOU.EHMH HEAOCTATKAMHK! CHOMKHO-
OUHCTKM JIEKThl, HEBO3MOXKHOCTEIO LpPUMeHeHUs 1BYXOapabaHubiX npu-
J0B. KOHCTPYKIMA TOIEPKUBAIOIIHX JJIEMEHTOB XOMOCTOH BETBH JOIDKHA
mouatk Masellliee OTKIOHEHHE B ARMMKEHUW AEHTBI OT CBOSH OCH, TAK KaK
 TIPUBOIUT K CTOJIKHOBEHMEO JIEHTBL C OHOPaMU ¥ aBAPUAM. '
HpyruMm, wnpoxo pacnpoctpaHedssM ténom KJIK, AsaswoTes KoHBelie-
¢ uBymMs pabounmu opravamu. Knaccudukatins KpyTOHAKIOHHBIX JEHTOY-
X KOHBeHepoB ¢ IByMS pabouuMy OpraHaMy 1o THOY AOTOAHUTCILHOIO T~
o OpraHa roxaszaHa Ha pHcyHke 2.

IlepcnextuprsiM THOOM . KJIK ¢ apymsa pabounmu opraHaMu siBIseTcs
€ MPHXKUMHON TeHTOH, KOHCTPYKUMS KOTOPOT'o BKIIOYAST OCHOBHOMA JICH-
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TOUHBIH KOUBCHED H BCHOMOraTeNbHYIO HPHXHMHEYIO (TOKPBIBHYIO) JIEHTY, pac.
TIOJIOJKEHHYIO 1Ha/ rPy30HeCcyIlleH H NpUKHMAIOUIYo K Hel TPaHCIOPTHPYEM )
PY3 NOCPEACTBOM COGCTBEHHOTO Beca WITHM ClICLHANBHBIX yerpoiiets. Ocog.
HBIMH IOCTOMHCTBAMM ITHX KOHBEHEPOB ABMAIOTCE BO3MOXHOCTH TPAHCTIOD Ty,
POBaHUA HACKHLIHOIO rpy3a HOA yraoM 4o 90°: npumereHne oGBIYHBIX Taikiy
JICHT H YHOBCTBO MX OYHCTKH: HE3aBHCHMOCTE NPOM3BOANTENBHOCTH KOHEC Hepa
OT yria ero HaKaoHa M MCK/IOHEHNHE NBUIe00PasoBaHus; BOIMOKHOCTS epejia-
4u OSTBUIHX TArOBBIX CHI H MOLUHOCTH MYTEM PacHpeacieH s HX MCHCTY JIBYMg
JIeHTamM¥ H WCIO/ib30BaHke Miorobapabaiinoro NIPHBOJIA; BO3MOKHOCTE YHUby-
KalMK ¢ OCHOBHBIMH y3MaMH OOLIYHOTO JieHTOWHOIO KoHBeifepa. HemocTarky
KJIK ¢ npwxumuoii 1cHTON MMeeT Te Ke, uTo u TpyGYarsil KOHBe#Hep, HO ectq
¥ HEJOCTaTKH, [PHCYLIMEe TONLKO 3TOMY THIY KOHBeHepa: 3HAYUTeNBEHAS Kog.
CTPYKTHBHAS CJIOXKHOCTh, OOJBINAS META/N0EMKOCTh, MOBBIUCHHbIA W3HOe
JICHTBI, YBeIM4CHHAs 3HEPrOEMKOCTD TPAHCIIOPTHPOBAHUS.

JIEHTOYHEIH KoHBeHep
| © 1Bynis paboYnMH OpraHan
i

s

‘ C rpysOHeCymicH u | ¢ Ipy30HCCyIUEi |
HPHAKHMHON JICHTAMH JICHTOH ¥ ICTTHEIM i
(trma «COHBUY) TATOBBIM OPrAHOM ¢ |
TeperopoaKaMu ,

’ KpyTOHaKTONH b

C rpyzoHecyLiedn
JEHTOR ¥ rHOKHM
THIOBBIM OPTAToM ¢
[IEPErOpOaKamMHu

Puc. 2. Knaccubukaums KpyTOHAKIOHHBIX JTEHTOUYHBIX KOHBeHepos ¢
OABYMHA paﬁonmmn opraiaMu Mo THILY JOTTOIIHUTENRHOTO TAI'OBOr0 oprama

KpyToHaknoktisie IeHTOHbIE KOHBEHEPE! ¢ ABOHHEIM pabouuM OprasoM
PAUHAIOTCA 1[I0 THIY TAIOBOTO oprana (Tlefb Uik KaHAT), KOJIHYECTRY THIO-
BBIX OpraHoB, CroCo0y COCIMHEHMs JIEHTDI C TATOBBIM OpraHoM (DpHKLHOHia

HJIH KECTKas CBA3L), 10 THMY ONOPHBIX 3JICMEHTOB (XOJOBBIe MM CTALMOHAP-

HbLIS DOJIMKH), IO OTHOCHTENLHOMY PaclioNOKeHHI0 KOHTYPOB (C BHYTpEHHAM
WM BHCLIHMM pacrosioxeHHem). KpyToHakI0HHbIE TeHTOUNLIE KOHBeHepHl ©
JIByMs pabOUMMHM OpraHaMi HMESIOT TaKHe sSBHbie NpeHMyIllecTBa nepei Apy-
rumu trnamu KJIK, kak BO3MOXKHOCTE TpaHCNOPTHPOBAHHKS TOPHOH Macch! 10

Goro rpancocTasa ¢ MOBLIME (PUINKO-MEXAHHUECKHMH CBOHCTBAMY M0 0"

Ho# Tpacce. O6umMu negocratkamu KJIK ¢ Tpy3cHecyle JeHTol ¥ pernHbM
WII¥ TUOKHUM TATOBBIM OPraHOM C NEPEropOIKaMi SBISIOTCSH: YBEIMISHHAT ME
TAaNNOEMKOCTE ¥ 3HEPro&MKOCTL TPAHCHIOPTHPOBAHUS; HU3KAX CKOPOCTE JIBH”
enust pabounx oprasios (o 1,0 m/c), urto OrPEHHYHBECT UX TIPOM3BOIMUTENP
HOCTDL, CITOYHOCTH KHHCMATHKH W CHHXPOHHW3ALUHWM JIBMKCHUS B CHCTeMe LEhP
(kaHaT) — neperopojika — rpy3 — AeHTa. 10 PEe3KC YMEHLIUACT JOJroBet HocTh
204

30HECYLLUETO OpraHa.
Brinosnnennsil 0030p M aHami3 MATEPUATOB M0 CXEMaM KPYTOHAKIOH-
 ICHTOYHBIX KOHBEHEPOB /IS TPAHCTIOPTHO-TEXHONOTHUECKHX Nereit Kapb-
4 TOPHO-TIEPepadaThIBAIOIUMX NPEANPHATHH 110Ka3al, YTO /NS TPaHCTIOp-
0BaHUs Ps/IOBOH ropHOit Maces! kinacca — 400 My HauGolnee neperexTHBen
{ C IeperopoikamMu Ha rpysoHecyuiem oprate. Takoit tun KJIK umeetr Mu-
@IBHBIA BCC YCTAHOBKH, MHHUMAILHYIO DHEPrOEMKOCTH TPAHCTIOPTHPOBA-
‘M BBICOKYIO HaA&KHOCTE 10 CPaBHEHMIO ¢ ApyruME THnamu KJIK, a OTCYT-
HE OTHOCHTCIBHBIX IICPCMEHICHUH MEXY TPaHCTIOPTUPYEMBIM MAaTEPHaIOM
HTOH ¢ IIeperoposikamu obecreduBacT yBenHYSHHbIH CPOK e& CiryXObL.

Cuncox auteparypet: 1. Jipsikos B.A., Illaxmeticrep JLI., JIMutpues
U Ap. JlenToyHble KOHBelephl B FOPHOH MPOMBIIUIEHHOCTH.-M.: Henpa,
— 264 c. 2. Ilepren FO.A. KpyToHakioHusle KoHBelephl.- JeHHHIpa:
HHOCTpoesiue, JleHUHIp. o1, 1977. =216 ¢. 3, KouBelepsi CO CBepHYTO#
gentoi / [opu. mpom. - 1995.- Ne 2. - C. 24-25. 4. Funke H. Aktuelle
forschungsarbeiten am Institut fur Fordertechnik und Bergwerks-maschinen der
versitat Hannover // Braunkohle. Tagebautechnik. - 1985. — Band 37.-NeS5 -
82-190. S. IMpoBecTH HCCACAOBATENRCKAE UCHBITAHHS MAKETHOTO o6pasua
OHAXJIOHHOTO ABYXJIEHTOYHOIO KoHBeHepa: Oruét o HUP / UncetutyT reo-
HUYeckoi Mexanuku AH  YCCP. NTP 01890053541; Hus. N
0.0011378. - Tenponerposck, 1989. — 62c¢. 6. Karaner CONTI Convegor
ing Product Range / Contitech Forder — und Beschichtungs-technik GmbH —
over, 1991. - 33p. 7. CONTITECII — cHcTeMBl Juis JICHTOYHBIX TPAHCTIOP-
OB // T'opHas rpomsimaenHocTs. — 1995. — Ne 2.- C. 42-44. 8, [lpocuext
EXOWELL T aster-cleaner-cconomical” / Trellex Flexowell GmbH Forder-
technik-West-Germany, 1991. — 4 p. 9. Karanor «KA-RI-FIX» Transport-
d-technik GMBH / Unterneh mensgruppe Conti Tech der Continental AG,

3.-25p.

Cmamea nocmynuaa ¢ pedarywo 21.06.2002 2.
||
METO/JAUKA CO3JIAHHSA VIIPABJSIOUINX
[IPOTPAMM /Uit CTAHKOB C YUACJIOBBIM

- [IPOI'PAMMHLBIM YITPABJAEHMEM C IIPUMEHEHHUEM
. MHTEI'PHPOBAHHON CUCTEMBI CAD/CAM «ADEM WIN»

Opuncu P., FOpuneu A. (YI'TY, 2. Yepxaccol, Yxpaurna)

B cospemvetHOM MalIMHOCTPOCHHH CaMoOe HIHPOKOC IIPMMEHEHHE TOoMy-
MK CTapky ¢ YMCAOBLIM HPOrpaMMHbIM yipasnenuem (UITY).
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Paciupenne HOMEHKIIATYPbI I€TAICH H YCIIOKHEHHE HX ICOMETPH HECKux
(opM CcremanM NPaKTHYECKH HEBO3MOKHBIM CO3NAHUC YIPABNRIOLIMX npo-

rpamMm (YTI) ans craskos ¢ YITY Bpyunyio, ocofenno, KOrAa peds 3axoaur o

CO3IaHUH TIPOrpamMM A NS THKOOPAUHATHOH 00paboTky.

Kpome TOro, HOCTOAHHO NOBBILIAIOTCA TpeboBauHa K TOYHOCTY
FEOMETPUM H3TOTOBICHHA JeTallei 1 4actoTe 06paboTky KX IIOBEPXHOCTEN. Dyq
0OCTOATENBCTBO  TAKKE JIMKTYeT MOBbilleHue TpeGosaHuii K KayecTay
paspabatriBacMbIX Y I,

Bce 9To BBI3BANO OABICHHE ¥ IMPOKOE TIPUMEHEHHUE HA [PEATIPUT T X
MAIUHHOCTPOCHHS PAsIIHYHBIX CHCTEM KOMIEKCHOTO KOMIIBKOTEPHOTO MPoek-
trposanua YII ans crankos ¢ YITY, B 4yacTHOCTH, cHCTeM, COJIEPXALUHX B cehe
mozynu CAD/CAM, U ApYTrHX CIIEHMARU3UPOBAHHBIX CUCTCM.

OnHo#t u3 Takux cucreMm sBisiercs cucrema « ADEM NIN» ¢ IIPUMEHEeHH-
em moynelt CAD/CAM.

Ho mHecMoTps Ha  MHoOroofpaswe — cuCTeM  KOMITBEOTEPHOTO
[IPOCKTHPOBAHUs  YOPABISIOLIMX JIPOTPaMM, B OONLMIKMHCTBE W3 HuX
HCTIONB3YIOTCA CXOHHEIE (€/TMHBIE) METOMMUKH IIPOCKTHPOBAHMS.

IIpouecc cospanus ynparisuouleil IporpaMMel I MEXaHAYECKOH obpa-
DOTKM JeTaln COCTOUT U3 CIEYIONIMX SMEMEHTOR!

- CO3aHyue NOCHeAOBATEILHOCTH TEXHOIOTHYECKHX 06bexToB (TO);
- Pacyer ONTUMAITbHOH TPREKTOPUU ABWKCHHMS PEXYILCI0 HHCTPYMEHTA;
- MoJenupoBanue 06paboTKy Ha DKpaHEe MOHHTOPA KOMITBIOTEP;
- MPOCMOTP ONTUMANBHOH TPACKTOPHH LBHIKEHHUS PEXKYLIETO HHCTPYMEHTa;
- TOJXyueHHe ynpasagroniei mporpammsl (VI1);
- npocmotp Y1I;
- 3anHCh Y11 Ha MaruuTHEI JucK (aAckety).
locnenopatensHocts TO cosyaercs B ABa oTana:
- OMNMCHIBAETCS KAK/IBIH KOHCTPYKTUBHBIHN 3JIEMEHT;
- OMHUCHIBACTCH TEXHOTOTHYCCKUHM MEPCXO/l NMPHMEHHTEALHO K KAX/I0MY
KOHCTPYKTHBHOMY 3/I€MCHTY.

CoszanHas Takum 06pasoM nocrenosarensrocts TO spisetes MapInpy-
TOM MexaHudecKol o6paboTku meramy.

Jnsi pacyeta ONTHMANBHOME TPACKTOPHH ABWKEHHS PEXYILIEro MHCIPY-
MCHT4 HCMIONB3yeTcss  pacyetHas Gyekuus  «[POLUECCOP»  mouyas
CAD/CAM.

B pesynsTare BBINOJNHEHHs 3THX JTArloB NpoeKTHpoBarus VI cosnactcd
daiin CLDATA.

Hannune taxkoro  ¢aiina  1no3somser ¢ MOMOIBIO  KOMAHIS!
«MOIEJIMPOBAHHE» mpocMoTpeTh Mo/Ienh IpoLeccopa MexaHuueckoi 00-
paboTKH jleTany Ha 9KpaHe MOHUTOPA KOMIBIOTEPA ¥ OLEHKTH ONTHMALHOCTD
'rpaet-:rc}pym HABHKEHHUS PDCKYILETO HHCTDYMEHTA.
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- B ciiyuae HeoGXOAMMOCTH BHECEHHSI KOPPEKTHBOB B TPAEKTOPHIO JBHKE-
PEXYIIEr0 HHCTPYMEHT2 MOXKHO BHOBb BEpHYTECA K (yHKUHU
LIECCOP».
Yrobbl pacCINTaHHYIO ¥ NPOBEPEHHYK ONTHMAIBHYIO TPASKTOPHIO ABH-
1 PEXYIIEro HHCTPYMEHTa npeobpa3osats B YII s KOHKpPETHON MOAEIH
a ¢ UI1Y, vcnonesyercs pacdernas dyukuus «AJAITTEP», a ans dop-
parug Y11 -«[TIOCTITPOLIECCOPs».
. Brif0p KOHKPETHOro IOCTIIPOLECCOpa OCYLIECTBIAETCS aBTOMATHYECKH
IMEHH cTaHkKa, KoTopoe 3aaaercs koMaunoi «CTAH». Cozgauye o oTinagka
[POLECCOPOB NPOU3BOAUTCA B cucTemMe ADEMGPP.
IIpoxonTponrpoBaTs paboTy MOCTIpPOLIECCOpa H IPOCMOTPETH YIpaB-
HIYE0 TPOrpaMMy MOXKHO ¢ oMompio komauns! « [ IPOCMOTP YIDy.
 Tlonyuennas B pesyisrare paboTh! NOCTIPONECCOpa YNPaBAAIOLIAs Mpo-
a DOJDKHA OBITh 3amHcaHa Ha MArHATHBIA JUCK C KOHKPETHBIM MMEHEM.
TOTO UCHONB3YETCH KoMaHaa «3m YIDs.
_ IlponsmuoctpupyeM noapobHee THITOBYIO MEeTOAMKY co3gaHus YII Ha
MEpe NpoeKTHpoBaHus YII Iis MexaHndeckodl 06pabOTKM CPaBHHTENBHO
[0XKHO¥ JieTaiy Tuna «xopryc» B cucreme YITY «CWC-600» npumenu-
0 K MHOTOLIENIEBOMY CTaHKY - oOpabartsisaioieMy HeHTpy Moxenu S500.
Yeprex KOpiTyca NpeACTaBlIeH Ha PHC. J.

e

i Py |y =
i) & L EIg S
% o T R w il | *_ﬁ_'t‘?\“' (= o
25 e B

Puc. 1. Ueprex xopryca

Marepuan kopryca - cepbiit ¥yryn mapku CHU15 FOCT1412-85 ¢ npege-
TIPOYHOCTH Nipy pacTxenud G,=150 Mna.
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3aroToBKa KOpIyca No/yyeHa METOLOM JTHTHS B KOKUIB - MHOTOPa30Byio
METALTAIECKYIO (OpMy, OOECIeHMBaloLyi0 IIEpOXOBaTOCTh MOBEPXHOCTH
Ra20 o 'OCT2789-73.

Tlepen mMexanuueckoit 06paboTKOMH 3aroTOBKa KOpITyca NOABEPTAETCS Psi-
Ay OOBIGHBIX TEXHONOTHYECKHUX OIIEpPaIHii: '

- OTKHrY (C UENBIO CHATHS OCTATOYHBIX HATIPSKEHHH H YACTHYHOTO Bil-
paBHMBAHHA MHKDOCTPYKTYPBI MOBEPXHOCTHOTO CJIOSt MAaTepHana);

- OYHCTKE OT OKANHHEI (C TIOMOIIBIO NPHMEHEHHUS, HapuMep, ApoBecTpyii-
HOI OTIepaIHH).

BasupoBanue 3aroToBKH KopIyca Ha pa3pabarbiBaeMoil IPOrpaMMEHO-
KOMOHHHPOBAHHOMH OllEpaliK BBIIONHAETCS HA YCTAHOBOYHYIO ILIOCKOCTH i
BHYTPEHHIOIO IMIMHADHYECKYIO IIOBEPXHOCTh, Peanu3alius TeOpeTHYECKOoH
cxembl Da3HpPOBaHUS 3aTOTOBKH B Iporecce MexaHu4yecKoi o6paboTKH ocViie-
CTBIACTCA IYTCM YCTAaHOBKH H 3aKpEIUIEHHS €€ Ha pa3’KMMHOH UaHrOBOH Om-
pasKe, 01aroziapsi 4eMy 3aroTOBKa JIMIIAETCS MIATH CTerleHei CBOGOIEL.

Tepen npoexruposanueM VII s Mexanuueckoit 06paboTku Heo6Xom-
MO CO37aTh KOMIIBIOTEPHYIO MOJENb 0OpabaThiBaeMOii HeTanu /it QOPMYIHpo-
BaHWS I'PAHMIHEIX ICOMETPHYCCKUX YCJOBHH B COOTBETCTBHH C YEPTEKOM je-
tamu (puc. 1).

T'eomeTpryeckas Mozens Kopriyca cozmaercs B Moxysie CAD/CAM crc-
remsl «“ADEM WIN» ¢ nenosns3oBanuem scku3Horo noctpoenus (puc. 2).

Puc. 2. l'eomerpuyeckas Monens xopmyca

MeTOR 5CKU3MPOBAHHs TO3BOMSET B ClIyYae H3MEHEHUS FeOMETPHH 00pa-
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pIBACMOH ASTaNH OTPEJAKTHPOBATh NTEOMETPHIO €8 MOJCIH.
Tlpu co3naHuy KOMIBIOTEPHOH MOJeNY ASTany HeoOX0nUMO 3aHaTh CHC-
KOOpAHHAT CTaHKa, OTHOCHTENsHO KoTOphiX cuctema YITY Oyzaer Bect
4eT ONTUMANBHOM TPACKTOPHHM [ABHKCHMUS PEXYILEr0 HHCTPYMEHTA.

W3 prc. 2 BHAHO, 4TO MEXaHHYECKOH 0OpaboTky AOMKHE! TOABEPraThCs
JYIOIIHE KOHCTPYKTHRHEIE 3T€MEHTE! 3ar0TOBKH!
Hapy)XHasd HUIUHApHUYEcKas credka (puc. 2, nos. 1);
. - BepXisA MOBEPXHOCTL KOPIyca, B KOTOPOH MOMKHEI OBITE BEIIONHEHBI
ceMb ITyXHX pe3b0OoBLIX oTBepeTHi (pHc, 2, 103, 2).
CoorsercrBenHo Mexannyeckas obpaboTka Kopiryca DOTKHA BKIKOYATh B
) CASAYIOLIME TEXHONOIHYEeCKUE NCPEeX0IbL:
- - (¢pescpoBaHHe LMIHHAPHYECKOH CTEHKY;
- HLEHTPOBAHHE BOCEMM OTBEPCTHI € YINIOBLIM larom 45°+3"
. - CBepJIEeHHE BOCHMH rnyxux orRepeTuit 07,5 Mm Ha riny6uny 10+0,1 m;
- napesanue pessOpt MB-6H B BOCBMH ITIyXHX OTBEPCTHIX.,
. TaxkuM o0pasoM Mbl CO3AIM HOCHEHOBATENHHOCTH TEXHOMOIHYECKHX
sekToB (TO):
~ Ilporpamma: adem

Hetans: admpart

Obopynosanue: S500 O6pad. Lentp

1. ®peseposati/Crenxa Ppesza D20 mos. |

2. Lenrposars/Oteepetre Leutposounoe caepio 010 mos. 2

3. Ceepnurs/Oteeperre Crepio D7,5 nos. 3

4. Hapeszate/Pe3nha MeTunk M8-61H nos. 4

B naHHOM TIpuMepe pexyllue MHCTPYMEHTH! BhIOpaHBl M3 KaTanora. B
yqae, Korjia HeoOXOANMOTO MHCTPYMEHT4 HET, 3aJal0T IlapameTpsl HOBOrO
IEUMATHHOr0) HHCTPYMEHTA VIS [TOCHCYIOTIEro ero MpoeKTHPOBaHUs H CO3-

Pacuer ONTHMaNbHOH TPacKTOPUHM JBHIKCHHA PEKYLUCI'O HMHCTPYMEHTA

1 TO ¢peseposauns HUIHHAPHYecKoH cTeHKH ((pesnt D20) BrinoiHgeTCS B

nyiae CAD/CAM c ucnons3osanue dynkiuu « [ IPOLIECCOP».

~ Tax Xe pacCUUTLIBAIOTCS ONTHMANLHEIC TPAEKTOPUH JIBIKEHUs LEHTPO-

oro ceepna D10 mm ans sroporo TO, ceepna D7,5 My juns tpersero TO u
uka M8x1 ansg yetreptoro TO.

. B pesysbTaTe BHIIOMHEHUS 3TOr0 3Tana npoextupoBanus YII cospaercs

aiin CLDATA, uMEIoIuMi TEKCTOBYIO CTPYKTYPY.

. @parment Qaitna CLDATA ausg TO ¢pescpoBaHus LUHAXHAPUHECKOH

ETCHKYK KOpriyca NpHBeaeH HHXe!

- 0 ITPOT'PAMMA/adem;

0 JETAJIb/admpart;

0 CTAHOK/S500, O6pab. uenrp;
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I ITITIOCK/Z 90.000000;

1 IIEPEXOI/®PE3EP;

1 MHCTP/1 ®PE3A PAJIYC=10.000000

R_CKPVYI=6.000000;

1 IIMMHI500.000000;

1 COX/BKII,

1 XXOI;

1 Uy_TOoY/

0.000000 0.000000 92.000000;

1 U TOY/

-0.000001 63.500008 92.000000;

1 WU _TOoYw/

-0.000001 63.500008 79.000000;

1 TIOJAYA/80.000000 Mm/mu;

1 Ui _TOW

-0.000001 63.500008 77.000000;

1 UIIU_OKP/

-0.000001 63.500008 77.000000; i

-0.000001 0.000000 62.500007 060.000000;

1 MU _TOW

-0.000001 63.500008 77.000000;

Mopenuposarie 06paboTkH W TIPOCMOTP ONTHMANBHBIX TPaeKTOpHH
ABMIKEHMS PEKYIIUX HHCTPYMEHTOB BBINOTHACTCH 10 TPAJULHOHHOM cXeMe ¢
nomMouero komanja «MOJ[EJIMPOBAHMTEY.

[pu 3TOM pexuMbl pe3aHus 3aJal0TCsi ABTOMATHYECKH TIPU MOJETHpOBa-
HHHM MapuipyTa MeXaHu4deckol obpaboTki xopiryca, npu BeiGope comepskaHus
TEXHONOrHYECKOro MePexoia U PeXYIero WHCTPYMEHTA.

Ecnu ne BO3HHKAET HUKAKUX COMHEHHH OTHOCHTENLHO ONTHMANBHOCTH
TPAEKTOPMH PEXYIMX HHCTPYMEHTOB, TOTAA C MCMOAB30BaHne (QyHKLHHA
«AJAIITEP» onu (Tpaexropuu) npeobpa3yloTes B YNPaBIsIOUYE0 NPOTpamMMy
JUlsi KOHKpPETHOH Mozenu ctankax ¢ UITY, B nauiem cityyae - obGpabarsisaiolie-
ro uesrpa mosenu S500. Takum ofpa3zom, Ha OCHOBAHUM BCEX NAHHBIX, MOJIY-
YCHHBIX B Pe3y/bTaTe BHEINOJIHEHUS BCEX HEPEYHCIEHHEIX ITAIIOB, PACCUNUTEIBA-
ercs u coznaetcs VII mexanuueckoit o6paboTku kopiiyca.

®parment V1T ans Gppeseposanus UUIHHAPHYecKoi cTenku pesoit D20,
HUMEOIIME TEKCTOBY!O CTPYKTYPY IPHBEAEH HHKE:

%

NI10G36ZLF
N20T1IMISLF
N30S73M3LF
N40G92XOYOZOLF
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N50GOZ92LE

J140T2M1LF
. Ommagka ©u mnpocmotp VI BRLITONHSETCS € IOMOIIBIO  CHCTEMBI
DEMGPP u xomauzs: «[IPOCMOTP VTx.

- JIns sanucu YI1 Ha MarHKTHBIHA AMCK i HOIKHO GHITH TIPUCBOEHO KOH-
peTHoe nM4. B nanHoM ciyuae - ALNIRA.

- M= 3anucu Y11 ucnonssyercs komaiua «3AITUCH YTIx.

- Cumcox aurepatyphi: 1. ABTOMATH3HPOBAHHAS MOJrOTOBKA IPOTPAMM
crankos ¢ YITY. TTox obmeit penaxuueit Capparana P.3., Kuep, «Texmka,
6, 191 c., c. 95 - 130. 2. Metoauxa paboTsl ¢ CAD!CAM «ADEMp». YacTs
IpoexTHpoBanue ynparnsiomux rporpamm 8B CAD/CAM «ADEM»: Vueb.
ocobue. - Uepkacerr: HMTH,1996.-90c.
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PAITMOHAJIBHASL TEXHOJIOT'MSI U3TOTOBJEHUS
ODUIMHAPUYECKNX 3YBYATBIX KOJIEC

puKoB A.C., ®egopos Y0.H., Apramonos B, (Tyal'V, 2. Tyaa, Poccun)

ihis paper given a new method of machining spur gears for serial production.
productivity of gear cutting is possible by using large diameter heads with
ing tools without feeds moving. Machining is possible on serial hobbing ma-
es without special modernization or horizontal milling machines with spe-
al gear-cutting attachment.
' HPOBEACHHLIH aHanu3 3QACKTUBHOCTH PaziHUHEIX TeXHOJIOTHUCCKHX
M3TOTOBJICHNA UMIMHAPHYECKUX 3yGuaThiX Kojec cpepHero moayas [1]
ABMIT TICPCIICKTHBHOC HanpaBieiue B 001aCTH MX MIPOH3BOACTBA, OCHOBAHHOE
& LIHPOKOM MCIO/1b30BaHAN [IPOTPECCUBHEIX 3aTOTOBOK C IIPCABAPHTENBHO
POPMJIICHHBIM 3yOUaTBIM BEHLOM C MOMOIIBIO TAKHX BBICOKOIIPOH3BOMMTCIIb-
MeTooB 00beMHOro GopMoodpasoBaHHa, KaK ITaMIIOBKA, JIUThE, HOPOLI-
1 METAIUTYPIHS H JP.
OaHaxo nepexoil X NPOrpecCUBHLIM 3arOTOBKAM PEanbHO BO3IMOXKEH
0I6K0 B YCIOBUAX MacCOBOIO H KpyHHocepuifiHOro Npou3BOACTE, B YACTHOCTH

211



B aBTOMOOHIECTPOeHUU U MOTOCTpoCHHH. IIpH 3TOM 06s3aTeNbHBIM YCIIOBHey
36 (GeKTHBHOIO NPUMEHEeHUs NPOrPECCHBHBIX 3aTOTOBOK ARISETCS MCIIONb30Ra-
HUE TAKOro TNpoilecca uncToBoi 3y0006paboTky, KOTOpEI MO3BONIAET ObECTe-
YWTH TIPH OFZHOKpaTHOH 00paboTKe 3yObeB yKasanueiX 3aroTOBOK MOJy4YeHue
3y0uaThiX BEHLOB TpeOyeMoil HOCTaTOYHO BBICOKOH TOYHOCTH (00BIMHO B mipe-
nenax 7 — 8- crenenn Tounocty o 'OCT 1643 — 81).

B YCNOBHAX cepniiuoro OpPOU3BOACTBA HPEACTABIACTCA HEJTECOOGPB.BHL]M
OCYIECTBIATL H3IOTOBIEHHE HUAHHADHYCCKHUX 3)’6"&&”{‘1:1)( KOonec 110 COBpEMEH-
HOM TEXHOJIOTHYECKOH CXeMe ¢ UCIOJIb30BaHHEM HOBBIX IIpoHeccoB NpeiaBapy-
TENLHOrO 3yGOHApPE3aHUs Pe3LOBBIMY TONOBKaMH OONBLIOT0 AMaMeTpa C Ioche-
Jyiomieit yucToBoit 06paboTKoi 3y6UaTHIX MOBEPXHOCTEH MHCKOBHIMHM LIEBepa-
MM C BUHTOBOM KaHABKOM, MPOPe3aHHOH Ha MOAHYIO BhICOTY 3Yy0a [2].

Jns npensapurensnoro GopmoodpazoBaHus WUIHHAPHYECKHX 3y0UaTsix
BEHIIOB MOYKHO HCIO/b30BaTh BBICOKOIPOH3BOAUTENBHEI IIponece 0OKaTsi-
BAOUIEro 3yOOIpOTArHBAaHKA PE3LOBbIMA I'OJIOBKaMH 4Yepssignoro tuna. Cyur-
HOCTB 3TOTO mpoiecca (puc. 1) 3aKI04aeTesa B TOM, Y10 B KaUecTBE PeiKylnero
KHCTPYMEHTA UCHOMB3YIOTCS OAHOBUTKOBBIE DE3IIOBBIC NOJIOBKH, PE3iibl B KOTO-
PBIX pacriojioXeHb! BAONL BHHTOBOM JHHHU C YTIOM 1104heMA /10 B TIpEAciax
OJIHOTO HEMOJHOTO BUTKA. HezamonmHeHHbld pe3ilaMy CEKTOpP MHCTPYMEHTa He-
00XOANM JUls OCYILECCTBICHNS ASNeHHs Ha ONMH 3y0 1P HCNIPEPBIBHAIX Bpailla-
TENBHBIX JIBUKEHHMIX 3arOTOBKH M MHCTPYMEHTA B LIMKIIE BBIPC3aHMs KaXIo#
BIaAKHE! 3y6uaToro koneca.

B mportecce BpaieHHs pPe3l0BOH IOMOBKM YEPBAYHOTO THMNA PEXYUIHe
KPOMKH PEe3L0B 3aHMMa0T OIIPEACJICHHBIC MOCIEAOBaTSIIFHEIC TIOMIONCCHNAR
BAONE ee 00pa3yIoliel, KHHEMAaTHYECKH COTTACOBAaHHbBIE C YIJIOBBIM epeMeriie-
HHEeM 3aroTOBKHU. [IpH 3TOM paccTosiHHe MeXAY NEePBbIM U MOCHETHHM H0I0ME-
HUSMHE 3yOBEB HHCTPYMEHTA HOMKHO ObITEH He MeHBIlIe JUIMHE 00KaTta, Heobxo-
AMMOH [U1s [10JiHOTO npobHIHPOBAHKS BIAJNHBI Hape3aeMoro 3ybuaToro Koie-
ca. CrefoBateilbio, OTHOCHTENBHOE EpeMeIeHUe PE3LoB BAONb 00pasyroile
pe31I0BO# FONOBKHY B NpeAesiax PacHeTHO! AnuHbl o0Kara /,, 32 KaKIbIi ee 000~
por ofycnaBInBaeT BO3MOXXHOCT ITOCIEXOBATENLHONO HE3aBUCAMOTO QopMO-
ofpazosanus Bhnagun 3ybuaroro xoneca Ge3 moTepH BpeMeHH HA [CPUOIMYE-
CKOe z-KpaTHOe AeneHne, XapakTepHoe A npouecca 3yboHapesanus pesiosbl-
MH TOJIOBK&MH AHCKOBOTO THIIA.

3HAYHT, B paccMaTpHBaeMOM Mpouecce 3yDoHapesaHHs 0043aTenpHLIM
SIBJIATCS YCTIOBHE KMHEMATHYECKOTO COITIACOBAHHS BPAILATEABHbIX ABHKCHIH
3aI'0TOBKHM #; W MHCTPYMEHTA Hg, MPH KOTOPOM OTHOUICHME lIara py ycnosHO
TIONHOrO BMTKa pPe3l0BOil MONOBKY K IHary Hapesaemoro 3ybuaroro konecd
P=7xm JTOonKHO OBIT paBHeIM HesioMy uuciay K. Tlpu stom mna obecnievenss
HernpepbiBHOCTH 06paboTku 3ybuarToro Koneca HeoOXoAMMO, 4TOOBI OTHOLICHHE
K ne umeno oflero KpaTHoro ¢ 4McioM HapesaeMbIX 3y0bes.
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~ Puc. 1. Cxema npottecca 00KaTbIBaIoNIETo 3y00NPOTAruBatiis IHIHHAPH-
X 3y0YaThIX KOJEC Pe31OBLIMM FOJIOBKAMH YePBAYHOro TUIIA

IMockonbKy TIpH OOKAaThIBAIOLIEM 3yOONpPOTATMBAHHH ONHOBUTKOBBIMHU
OBBIMHE TOJOBKAMM OTCYTCTBYCT QTHOCHTENbHAA [10/1a4a HECTPYMCHTA HITH
TOBKM BONE €¢ OCH, HapesaeMsil BeHell yCTalaBiuBalT CUMMETPHYHO OT-
§TeLHO TUIOCKOCTH PE3LOBOH TOJOBKH, OCh KOTOPO# B0 u3bexanue moiuy-
15 BHHTOOOpa3Hoi obpasyromeit 3y0a 110BOPatiMBal0T OTHOCHTENBHO M10C-
[M CUMMETPHH 0OpabaThIBAEMOro BeHIA Ha YIoJl, paBHBIH YTy Ay HOABEMA
BOH JIMHHH PACIIOIOKEHHUS PE3LIOB rOM0BKH (CM. puc. 1).

TIpouece OGKaTHIBAOLIEr0 3YOONPOTArUBAHUSA OJHOBHTKOBBIMH PE3L0-
ME 1OJI0BKaMH MOKeT ObiTh peanu3osan Ha 3y0000pabaThiBaiomlX cTaHKax
OJlepPHH3HPOBAHHBIX YCTAHOBKaX, ofecneuuBarOMX KHHEMATHIECKOT CO-

BaHHe BpAIATeNbHBIX ABIKEHHHE HHCTpyMeHTa u 06pabaTpiBacMOH 3aro-
. Onnako, crenuduueckas ocobeHHOCTh 3TOro crnocoda 3ybonapesanus,
axrepusyeMas 00s3aTeLHbIM YCTOBMEM PABEHCTBA YHCIA PE3LIOB B FOMOBKES
OIIMHECTBa Pe30B, HEOOXOAUMBIX I BbIPC3AHMs BNAJMHBI KOJECA, HEH3-
HO MIPUBOAKMT K YBCIHYEHHMIO TpeOYEMBIX TabapuTHBIX pasMepOB Pe3LOBBIX
OBOK, UTO B CBOK OYepejlb OrPaHUYUBACT MPUMEHECHHE YKa3aHHBIX CTAHKOB
333 1HeBO3IMOIKHOCTH Pa3MENIeH s HHCTPYMEHTa ONPENIeNICHHOr0 IMamMeTpa.

U3 cepuitrbix 3y00(hpesepHbIX CTAHKOB 1eeco00pasHo HCMONb30BaTh
enp SK32A, 004aa0uyIo JOCTaTONHON KECTKOCTHIO HHCTPYMEHTAALHOT0
IiH e uist 3y6000paboTky pe3toBbiMu IOJTOBKaMH [(MaMETPOM 110 205MmM.
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Ilpr 5TOM BO3MOXHBI /(B BADHAHTa Pealu3allfy fpouecca 3y00Hape3aHus -
JMHAPHYECKHX KONEC OJHOBUTKOBBIMHI PE3LOBEIMH FOMOBKAMM:

a) NpH OTCYTCTBUH 11014 3aT'OTOBKH M MHCTPYMEHTA;

0) ¢ paauansHOl Mogavyei 3aroTOBKH.

B mepsoM ciryyae 3aroToBKy YCTaHABIHBAIOT B HE3ANONHEHHOM pe3liaMy
CEeKTOpe Pe3LOBOM rOJOBKH, BbIACPXKMBasA PaCUeTHOE MEKOCEBOE PACCTONHMe,
obecneynsaroliee NOAHY0 00paboTKy BNAAMHBI B COOTBETCTBHU C 3aTIPOrPanm-
MHUPOBAaHHOH HATPY3KOH Ha pexyliMe KPOMKHM HHCTpyMeHTa. ¥Ton &, cBobox-
HOrO OT Pe3i[0R CEKTOpa Pe3LOBOl FONOBKY OMNpeIenseTcs COOTHOIEHUEM

_ Pl
RB thj‘() ’
Tak kak ighy = o
2X 7 X Ry
2x 7w x\po-1,
TONy4uM G =¢32,
Po
MM, YYUTBIBAY, YTO pPo=Kxmxm,
2x1,,
Oy =2xm~-—"r.
X m

TakuM oOpa3zom, yroa € 3aBHCHT B OCHOBHOM OT 4ucna K, MPUHATOrO
s obpabareisaemoro 3ybyaroro Konueca. -

Bosmoxuocts 3yboHapesaHus ¢ panuanbHOM THopadeil 3aroToskH Oes
YBCIUYEHHS PacyCTHON HArpy3ky Ha BEPIUMHHBIE JIE3BHA PE3LOBONH T'OJIOBKH,
AUMHTHPYIOLIEH CHIIOBOH PEXHMM TIPY BhIPE3aHUM BHAAMHEI 3YGYaTOro Koseca,
OCHOBBEIBa€TCs Ha (DYHKUMOHAIBHOM Pa3sfeNeHHH PEeXYUIMX 3NEeMEHTOB MUHCT-
pymenta. Takxoe pasnernienue MpeaycMaTpuBaeT NOCIEA0BATENLHOS MPOQUIN-
poBaH{e BXOAHOW CTOPOHBI BHNaAMHKl KONGCA PE3LaMH 3aX0NHOM YacTH BHTKA
TOJIOBKH ¥ TPOTHBOIOJIOXHOH CTOpOMBl - pe3liaMM BHIXOAHOM 4YacTu, KOria
BEPIIMHHBIC PEXYLUIHE KPOMKH PE3IOB OKa3bIBAKOTCA HesarpyxkenHbsivu. Oue-
BHIHO, panuaibHOE IepeMeLICHUE 3ar0TOBKY He0OXOMMO TIPOM3BOLUTE B e
PHOJ, KOrAa pe3ubl BLIXOMHOH YacTH BHTKA HHCTPYMEHTA BBIKATHLIBAIOTCS M3
obpabaTsiBaeMoii BraguHel. [IpuyeM 3aKOHOMEPHOCTb OCYIIECTBIEHHMS pami-
ANILHOH MOAAUM JOJIKHA OTIPefeNATEC] CKOPOCTBI) OTHOCHTENBHOIO [{BHIKEHHH
PEKYIIEro KOHTYpa 3y0a MPOU3BOAMIIEH PEHKH IIPH €r0 BLIKATHIBAHWH W3 BITa-
AuHBI 0OpabaTeiBaeMoro 3yG4aroro Koseca npH CobM0AeHHH OCHOBHOI'O YCI0-
BHA

Sp<a,
rhe: S, — 3HaueHue pajnaNbHON MOAaYH 3arOTOBKHY,
a — PacCTOSHHE MEXY IOCNICIOBATEIEHBIME MOJOXEHHIMY BEPHIMHHBIX
PEXYIIMX KPOMOK 3y6a npoussosisiueii pefiku B nponecce 3ybooGpaboTku.
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B srom cnyyae npyu pafuaibHOM COMMKEHUM PE3LOBOM NOJOBKH M 3aro-

Byner obecrieyeno 06paTHOE BKaThiBaHKe 3y0beR MHCTPYMEHTa B 06pa-
HYIO BIIAJIMHY C TOH K€ 3aKOHOMEPHOCTBIO, XapaKTepHOH Ui MIPHHATOMN
bl 3y6000pazoBaHus no Meroy 0OKaThHIBAHUS.

BrimieusioxenHoe NOCTyKHIO OCHOBAHHEM HJs pa3paboTKH METOAMKH
c/IeNICHHA BE/IM4YHHBI PAAHANBHOW TIOHAa4H, I03BOMIOLIEH obecreynTs pa-
QHOHAIBHYIO 3aTrPy3Ky PEXYIUMX KPOMOK PE3IIOBOM I'OJIOBKH IPU 0OKaThIBAIO-
3y00IpOTArHBAHHH LHTHHAPHYECKMX KONEC,

~ Cnucox aurepatypsei: 1. Smunkos A.C., ®enopos FO.H., Apramonos
- AHalIU3 TEXHOIOTHYCCKMX CXCM HM3TOTOBNEHHS LMIUHAPHIECKUX 3yOua-
x konec. // TIporpeccuBubie TCXHONOIUH W CHCTEMBI MalliMHOCTpoeHus / Me-

4-138. 2. Cyxopyxos KO.H., Escturaees P.U. UncTpymeHTH K14 06paboT-
3yﬁ'-xa'rmx Konec MeTogoM c¢soboxHoro obkara. Kues: Texnika, 1983. 120 c.
Cmambs nocmynuna ¢ pedaxywo 25.05.2002 2.

SOLUTION OF DRAWING TECHNOLOGY
OF SIDES FROM SHEET-METAL

Cada R. (Technical University of Ostrava, Ostrava, Czech Republic)

Raper concerns blank development and rationalization of production of intricate
pe stampings - left and right side of hand-operated cutter of grass RST 450.
r proposing of shape of blank of side proved true the graphical method,
h uses the maximum shear stress trajectories. For quick and ready manu-
turing of blanks of intricate shape from the sheet-metal tables proved true the
ichine Trumatic 240 rotation. For the experimental drawing proved true the
2ss CBJ 250-5, which has the possibility of slow move of the slide during
‘awing and the possibility of stopping it in arbitrary position, which makes
0ssible to follow up visually the whole process of drawing.

3 1 Introduction

. The enterprisc Kovopodnik Ostrava produces the hand-operated cutters of
grass RST 450 with adjustable knife and rotary cutter cylinder, the drive of
lich is ensured by geared transmission from the travel wheels of the cutter.
€ total production is about 6000 cutters in a year.

- Considering that the enterprise has the offer of the possibility to export these
ters abroad, but only with the condition of decrease of their total mass, in the
terprise arose the effort of decrease of mass of some components. Because the
Most heavy components of cutter were the left and right side, which were pro-
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duced from sheet-metal from the steel 11 321.21 with thickness of 2,0 mn
CSN 42 6312.31, the designers were interested in decrease of mass just of th
components by proposing of the new semi-product - sheet-metal from st
11321.21 with thickness of 1,0 mm CSN 42 6312.31. The thickness of sh
metal was not proposed smaller than 1,0 mm with regard to the fact, that
other components are fixed to the left and right side by spot welding.

2 Original production technology of sides &

The blanks for drawing of stampings of the left and right side of cu
were produced from sheet-metal tables from steel 11 321.21 with thickness
2,0 mm CSN 42 6312.31 in one blanking tool thanks to the mirror symmetr
shapes of these sides. The drawing tools without blankholders were used
drawing of stampings of sides. The drawing was realized on the eccentric p
with fixed table LE 160-C (manufacturer: Zavody tazkého strojarstva, n
Kosice, Czechoslovakia). The lubrication during drawing was realized by silico
oil in sprayer SILKAL 90. b

During drawing of stampings of sides the moderate waviness of vert
faces in corners of the stamping and irregular upper edge of the stamping
arisen. This irregular upper edge was grinded after drawing. The punching
of slot in the vertical face of stamping for the adjustable knife was the additionz
finishing operation on sides.

3 Drawing of sides from sheet-metal with thickness of 1,0 mm
During drawing of sides of cutter in the new drawing tools, which
adapted to the sheet-metal with thickness of 1,0 mm, without blankholders,
great waviness of vertical faces and entirely wrinkles in corners of the stamp
have been. arisen. Considering that the shape of blank was not optimal,
heights of the upper edge of the vertical faces has not been up to demands in
working drawing.

The endeavour of rationalization of production in a short term has bro
the enterprise Kovopodnik Ostrava to the co-operation with the author of
paper. The aim of co-operation was optimization of shape of blank and also
timization of the process of drawing of stampings of sides from the shect-m
with thickness of 1,0 mm in order to be possible to make in one working st
of press the stamping of side straight to be ready and without existing wavi
in corners and without wrinkles. The additional aim was removing of opera
of grinding of the upper edge of vertical faces of the stamping after drawing
also removing the finishing operation on the sides, e. g. punching out of slo
the vertical face of stamping for the adjustable knife by proposing of suitabl€
shape of a slot straight in the blank. '

 pear SITCSs trajectories.
The substance of this method is in constructing of the maximum shear stress
tra_lt,(:lorles (the M. S. S. T.) network round the outline of contact of draw punch
' yith blank at the beginning of drawing, which moves with the speed, which is
equal to the specd of draw punch thanks to friction between draw punch and
sheet-metal. Then the outline curve of blank is drawn to the M. S. S. T. network
yith keeping to the condition, that it must intersect the M. S. S. T. network with
e angle *45°, and with keeping to the condition, that the area of determined
plank (with considering the technological trimming allowance) may correspond
with the surface of final stamping.

The shape of blank was proposed with the slot (see Fig. 4.1) for the adjust-
able knife of cutter in order to remove the finishing punching operation.

ORIGINAL BLANK SHAPE
OF INTRICATE SHAPE SIDE

OPTIMAL BLANK SHAPE

(BLANK CONSTRUCTED BY METHOD
USING THE M.8.5.T. CORRECTED FOR
e T s DIFFERENT HEIGHT OF WALLS)

Fig. 4.1 Comparison of original and optimal blank shape

The optimal shape of blank secures at drawing the optimal kinematic condi-
tions, which consist in perpendicularity of trajectories of movement of material
particles to the outline of contact of draw punch with blank at the beginning of
drawing. This outline moves with the speed, which is equal to the speed of draw
punch thanks to friction between draw punch and sheet-metal. Thanks to it on
this outline the shear stress is equal to zero and tangential movement of material
to the face of stamping, which would cause tangential compressing of faces and
at small thickness of the material it would cause loss of stability of plastic de-
formation, which manifects by arising of waviness and wrinkles, does not ap-
pear,

Considering that first of all the final shape of blank, from which it would be
Possible to draw the stamping straight to be ready, was not known, the checking
blanks were manufactured in the machine Trumatic 240 rotation (product of the
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4 Determination of blank shape 4
The proposal of shape of blank for the stampings of the left and right
was made by the author by the graphical method, which uses the maximt
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firm Trumpf from West Germany).

Because the blank with the intricate shape is one of the complicated p
its shape was first of all externaly programmed by the programme sy
Trumpf TC-APT.

Then the blanks were manufactured from sheet-metal table by succe
piercing, during which the tool vibrated with the frequency of 280 strokes in s
minute. The outline of the external shape of blank arose successively durin
ceasing move of the ram. The guide of workpiece was secured by the co
unit CNC.

6 Conclusions

For proposing of shape of blank of the left and right side of hand-operated
cutter of grass RST 450 proved true the graphical method, which uses the
maximum shear stress trajectories). For quick and ready manufacturing of
planks of intricate shape from the sheet-metal tables proved true the machine
Trumatic 240 rotation. 3

For the experimental drawing proved true the press CBJ 250-5, which has
the possibility of slow move of the slide during drawing and the possibility of
stopping it in arbitrary position, which makes possible to follow up visually the

whole process of drawing.
| On the eccentric press LE 160-C, which has small stroke (20 4 120 mm), the
drawing tool with blankholder in the form of fixed steel plate, fastened to the
| drawing die, with the distance steel piece between the plate and the die can be
used. This distance piece by its shape secure the precise location of formative
blanks in drawing tool before drawing and by it arising of the same stampings.

Using the blankholder and the optimal shape of blank makes possible to
' make in every working stroke of the press the stamping of side straight to be
ready and without waviness in corners. Simultaneously the operation of grinding
of the upper edge of vertical faces of the stamping after drawing and the opera-
tion of punching out of slot in the vertical face of stamping for the adjustable
knife are removed.

This work was a part of the research project “Elaboration of method for de-
termination of shape and size of blank for drawing of intricate shape stampings
from sheet-metal” and has been supported by Grant Agency of the Czech Re-
public (grant No. 101/00/0488) and a part of the research project “Research,
development and innovation of technologies” (MSM 272300010).

5 Solution of drawing technology of sides 7
The experimental drawing was made in the enterprise Kovopodnik Ostrays
on the press CBJ 250-5 with maximal stroke of 600 mm. The principal ad
tage of this press contrary to the eccentric press was the possibility of
move of the slide during drawing and the possibility of stopping it in arbi
position. The whole process of drawing could be visually followed up ar
evaluated. i
The arising of moderate waviness of vertical faces in comers of the stam
ing during drawing and calculations according to CSN 22 7303
CSN 22 7301 showed, that the blankholder must be used for achieving of
smooth vertical faces. 3
The proposal of the blankholder with springs according to CSN 02 6001
CSN 02 6003 was not used, because the eccentric press LE 160-C, on whic
sides of cutters are to be made, has small stroke (20 = 120 mm) and because
tota] blankholding force, which can be achieved by springs, is small. The ar
blank under the blankholder was S = 12 720 mm?, the necessary force of the
blankholder = (1,8 4 2,8).12 720 =22 896 w35 616 N. 1
According to the reasons, mentioned above, the blankholder was propo
in the form of fixed steel plate fastened by bolts to the drawing die with the d
tance steel piece with thickness of 1,1 mm between the plate and the die. T
distance steel piece by its shape secured the precise location of formative bla
in drawing tool before drawing and by it arising of the same stampings. '
By drawing of sides with this type of blankholder the stampings vti"""
smooth vertical faces without waviness have been arisen already. Considel
that the sheet-metal get thinner during drawing and simultaneously stretches
was necessary to carry out small corrections of shape of blank in order to t
arisen stamping has the heights of the upper edge of the vertical faces exactly
to demands in the working drawing. The correct function of the tool and t
propesed shape of blank were then checked on the eccentric press LE 160:
According to the final shape of blank the punching tool for production of blank$
from sheet-metal was manufactured.

References: 1. Kotout J. Tools for Cold Forming. Praha : CVUT Praha,
1975. 2. Karima M. Blank Development and Tooling Design for Drawn Parts
Using a Modified Slip Line Field Based Approach. Journal of Engineering for
Industry, No. 11, 1989, pp. 345-350. 3. Tissnovsks M., M6dle L. Deep Drawing
of Sheet-metal on Presses. Prague : SNTL, 1990. 4. Cada R. Analysis of Stress
and Strain During Deep Drawing of Oval Paraboloid Headlamp Reflectors

5620.74 for Passenger Cars VAZ 2105. Ostrava : VSB, 1990.
Cmambpst nocmynuia ¢ pedarxyuro 29.03.2002 2.
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CRACKING LIMIT CURVE OF ZINC-COATED
DEEP DRAWING QUALITY STEEL SHEET

Fracz W., Stachowicz F.
(Politechnika Rzeszowska, Rzeszéw, Poland)

Forming limit curve of deep drawing steel sheets has been determined
experimentally and calculated on the base of the material tensile properties
Jollowing the Sing-Rao method. It was established that a linearized limit stress
locus describes adequately the actual localised neck conditions for the material
chosen in this study. The quantitative X-ray microanalysis of the Fe contents in
the sheet surface layer composition was used to determine cracking limit curve
(CLC) of electro-galvanized steel sheet. The change in zinc layer (and base
sheet metal) thickness was used as criteria in calculation of the CLC.

1. Introduction

Sheet metal deforming under multiaxial states of stress, as in sheet metal
operations, usually fails by localised necking. The current interest in understand-
ing sheet metal formability has led to several theoretical analyses of localised
necking based on different criteria. The popular methods are Hill’s local insta-
bility [1] and Swift’s diffuse instability criteria [2] for isotropic materials. The
localised necking criteria include; a localised shear zone along a direction of
zero-extension [1], materials imperfection [3], the presence of a vertex on the
yield surface [4] and void growth [5]. Localised necking along a direction of
zero-cxtension was originally proposed by Hill [1]. Hill’s theory predicts that
the maximum principal strain g prior to localised necking has a magnitude of
gp=n at plain strain and increase to g,=(1+R)n for the uniaxial tension
deformation of sheet exhibiting normal anisotropy with a plastic anisotropy
parameter R, which is defined as a ratio of the width strain to thickness strain of
sheet specimen deformed under uniaxial tension. It is well known that the high
degree of plastic anisotropy as represented by a large R-value promotes
formability in drawing. Strain localisation development by local weakness of
material was first proposed by Marciniak and Kuczynski [3] as a means of
describing localised necking in biaxial stretching. The M-K analysis assumes the
presence of material imperfection in the form of a groove. M-K have shown that
deformation within groove occurs at a faster rate than the rest of the sheet. The
concentration of strain within the groove eventually leads to the plane strain
condition within the groove and localised necking. The M-K model js thus able
to explain localised necking in biaxial stretching.

Experimental studies of formability of various materials have, however
revealed basic differences in behaviour, such as the “brass-type” and the “steel-
type”, exhibiting respectively, zero and positive dependencies of forming limit
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1 the strain ratio [6]. Calculations of the forming limit diagram (FLD) accord-
to different methods lead to the general conclusion that in the case of steel
ts the value of calculated limit strains are visibly smaller than the experi-
al results.

For several materials like copper, low carbon steel, and aluminium it was
ned [7+10] that forming limit stress curve (FLSC) can be represented as a
ight line, based on data obtained from uniaxial tensile and equibiaxial
tching experiments (Fig. 1). Sing and Rao [11] recently proposed a novel
approach for the prediction of the FLSC, which is based entirely on material.
LC properties readily measured from only tensile test. Starting from the
wledge of a single limit yield stress, a continuous yield locus based on Hill’s
otropic yield criterion could be developed, and, subsequently, a linear limit
d stress state locus could be obtained using the linear regression technique.
m this FLSC, the corresponding FLC can, in turn, be deducted using the ap-
propriate strain-hardening low, associated flow rule, and Hill’s general criterion.

4 0-1 e i it

SED— N
T

Fig. 1. Forming limit stress curve (FLSC)

j If the stresses or the stress ratio ¥ = a,/c; are known, the corresponding
trains can be found using the associated flow rule from the following relation-

deg;; = @dﬂ. (D
1 ere:
' de
di=——=—
& (o)
do,

e

221



The stress-strain behaviour of various materials is commonly representeq
using the simple Hollomon equation ¢ = K&". For anisotropic materials, the
critical strain for localised neck is obtained as

e, =& =(1+R)n )
Hence, the resultant localised neck stress for uniaxial tension can be obtained ag

oo =K(e.y )” (3)
According to Hill’s yield criterion

2 2 2R v
Ter =1L Oy — Ton 1LO2L

.‘.“,.fgﬂ_ﬂ)

H

@
From equation (3)
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For anisotropic sheet the surface strain ratio could be expressed as

_A+R)A-R )
1+R-RA
and
SR Akl 7
2(1+ R)o,,

On the base of flow rule and egs. (4+7) the surface limit strains for different
stress (or strain) ratio could be calculated as:

& =[1+2R) (01, —031) + (o, +O_2L)])“

8
] [‘(1 +2R)(0y, ~03;) + (01, + 05 ) A

The use of coaled steel in sheet metal forming is becoming a quite com-
mon practice. Coated steel sheets are manufactured according to three processes:
electro-galvanized, hot dip galvanized and roller coatings. The application of
coated steel sheets in press forming raises three main questions: the formability
of the coated sheets, adherence of coating during forming, and the effect of the
forming on the behaviour of the coating [12].

The two phenomena, cracking and flaking, are successive stages in the
damaging of the coating during press forming. They will also have an effect on
corrosion resistance. Thus the practical use of pre-coated steel sheets makes it
necessary to determine the strain fields within which these phenomena occur.

Cracking and flaking resistance to deformation of pre-coated steel were
studied by Arrigoni and Sarracino [13]. The cracking limit curve and flaking
limit curve for electro-galvanized (EG) and hot dip galvanized (HDG), were
compared by using the FL.C of base steel. As far as cracking is concerned, the
best performance was that of EG, HDG sheet gave a lower-level curve. The ex-
planation for this lower cracking limit is that hot dipping leaves a brittle iron-
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ne alloy layer between zinc coating and steel. Comparing the flaking curves, it
me that HDG and EG materials did not flake at all, and their curves were
soincident with the FLC.
| This paper presents the results of determination and calculation of both
je forming limit diagram (FLD) and cracking limit curve (CLC) of electro-
galvanized steel sheet by using of a new testing method.
" 2. Materials and mechanical testing
The test material for both mechanical testing and FLD determination was
8 mm thick electro-galvanized deep drawing quality steel sheet. Where the
hanical testing is concerned, tensile specimens of 240 mm gauge length and
width were prepared from strips cut at 0°, 45° and 90° to the rolling di-
on of the sheet. The experiments were carried out using a special device,
lich recorded simultaneously the tensile load, the current length and the cur-
width of the specimens. The effective stress - effective strain relationship
described using the Hollomon model. The plastic anisotropy factor r has
en determined on the base of the relationship between the width strain and
ckness strain in the whole range of specimen elon gation according the method
oposed by Welch et al. [14]. The value of the tensile paramcters (Table 1) has
en averaged according to: Xmean = (Ko T 2%, +X,)/4: where the subscripts refer
ecimen orientation.

In the present investigation, the FLD was determined using in-plane
ching test over rigid punch, according to the method proposed by Mar-
ak et al. [15]. This method is characterised by (i) the elimination of the fric-
between the specimen and tool surface, which enables to realisation of ho-
geneous straining in the wide region of the sheet tested: and (ii) the retention
the flat surface of the specimen during the straining process, which enables
Ore convenient and more precise measurements of the strain value 1o be made.

g able 1 — Mechanical properties of 0.8 mm thick deep-drawing steel sheets

men ori- | Strain harden- | Strain harden- | Plastic anisot- Yield Ultimate
i ing exponent |ing coefficient | ropy factor stress strength
n C, MPa r R0.2, MPa Ry, MPa
0.215 580 1.95 190 336
0212 584 1.44 194 SR
0212 536 2.04 176 308
value 0.213 571 i 7 187 329

The surface roughness of the materials tested has been measured during
tep by step deformation by means of a mechanical stylus type profilometer with
1p radius of 5 um, at the interval of about Ae = 0.05 of applied strain. As it
¥iould be expected, the value of the surface roughness parameter R, increased
linearly with strain increasing according to the relation
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R,=0.89+3.8¢ (9)

Sheet blanks 250 mm in length and successively narrower width affordeg

a range of different strain ratios. A circular grid was marked on the sheet surface
in the central part of the specimens. The driving blanks were prepared from the
same material as the specimens, the central hole in the driving blank beings 57
mm in diameter. The test was continued until a crack or necking was visible op

the specimen surface, at that moment the test being interrupted. The presence of a0 5 : - .
a few small crack or visible grooves on the gauge area of the surface of the de- 300 - ---cmde e ) -i-x-0 RD £
formed specimens surface confirmed the homogeneous straining of the sheet, 5655, 1 P eE e \-x-45 RD
The true major strain g; and minor strain €, were measured on the circle adjacent : : |---90 RD
to the crack or visible groove, but not crossing if: this means that the measured 100 4------d-mnn R AR P T l—regression, g
circle includes the relatively homogeneously strained area, away from the crack. 0 : : AN W TR,
On the base of this results the FLD was obtained. T ; : ‘ :

A new method of cracking limit curve determination was used in this in- 0 1007 G5AN0E = AR0D. & (A1 i E0 1 JB00¢ /90

vestigation, basing on the results of X-ray microanalysis of the sheet surface
layer composition. It was assumed that deformation of the sheet and especially
cracking of the coating should resulted in the change of the Fe contents in the

[ tensile

e .

}-?ig‘ 2. FLSC of deep drawing quality stecl sheet obtained on the base of
testing results for different specimen orientation according to the rolling

surface layer composition. The SEM equipped with LINK ISIS system was used “ Tio—plane | T
to carry-up the experiment. sfram: 4 :
3. Results and discussion 12 7 o~ uniaxial o0 5 R
According to the original Sing-Rao proposition the FLSC could be ob- E’fns_’oln ¥
tained using the linear regression technique based on the results of calculation Lo S{f;‘fhmg;; Ay N

using above mentioned scheme taking into account mean plastic anisotropy ra-
tio. However in our calculation we have made some modification taking into ac-
count different specimen orientation according to rolling direction and we sug-
gest that this modification (Fig. 2) should result in better determination of
FLSC.

The results of quantitative microanalysis of the sheet surface layer have
shown that in the case of the all types of specimens the Fe contents in surface

Fe contents [%]

layer increase slowly with the sheet deformation. It may be explained as a result 2 --= ‘ Rt R
of coating thickening, the X-rays penetrate through the coating to the base mate- 027 048 O} 56 e
rial. At some stage of deformation the Fe contents in surface layer composition 0 b e — ; :
started to accelerate - this may be explained as a result of the coating cracking. " 0.2 0,4 0.6 0.8

The strain value corresponding to cracking of the coating is strain state depend-
ent. The cracking appeared at the smallest deformation in the case of equibiaxial
stretching and in the latest stage of deformation in the case of uniaxial tensile-
Strain state dependence of cracking appearing is evident when plotting the Fe
contents in surface layer composition as a function of effective strain (Fig. 3).
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tic strain states could be determined as:

Fig. 3. Fe contents in surface layer composition as a function of effective strain

The results of X-ray analysis of sheet surface layer composition were used
in calculation of CLC. It was assumed that the visible decreasing in anti-
corrosion abilities of zinc-coatings take place when coating thickness reduce to a
certain, critical value. Taking into account limit surface strain &;;. and volume
constancy of deformed material, the thickness limit strain &3, for the characteris-



-gL =-gL /(1 +R) - for uniaxial tensile,

- for plane strain,
- for equibiaxial stretching.
1 | 0,? 7

~&L T -&n
- B3 =-2¢8y,

@4

—f.';,4 -0.2 2 0,2 04 06
Fig. 4, FLC of base materisl and CLC of coatings of zinc-coated deep
drawing quality steel sheet

Table 2 — Surface and thickness strains at the moment of localised neck-
ing of base material and at the moment of zinc-coating cracking
- . Limit strains of  Limit strains of  Difference between thickncss

base material zine-coating strain at the moment of base
Strain state cracking material necking and coating
Sp 31 €iL =8 cracking
[%] -
Uniaxial tensileten- 066 -024 047 -0.178 25.8
sion .
Plane strain 035 -035 026 -0326 25.7
Equibiaxial stretch- 040 -083 030 -060 250
ing -

Under assumption that at the beginning of zinc-coating cracking the
thickness sfrain of base material and thickness strain coatings are at the sam®
level, the limit thickness strain at the moment of coating cracking was ca%cu'
lated. The results of these calculations (Table 2) have shown that the zin¢
coatings started to crack when the thickness strains are 25 % smaller thap that 2

226

the moment of base material localised necking - and this observation was the
pase for calculation of CLC using Sing-Rao method (Fig. 7).

4. Conclusions

The stress state of localised instability of sheet metal can be represented
by a rectilinear FLSC. Such an FLSC can be computed from tensile properties in
gonjunction with the Hill’s yield criterion, Hollomon strain hardening law and
associated flow rule. Therefore sheet metal formability can be adequately as-
essed directly from the tensile properties on the base of a method proposed by
ing and Rao. The FLC of deep drawing quality steel sheet obtained using
ELSC matches closely with the experimental curve. The moment when the zinc
goating of steel sheet started to crack, i.e. cracking limit curve, may be deter-
mined by quantitative microanalysis of the sheet surface layer composition. The
CLC differs from FLC of the base material, especially under biaxial stretching.
The CLC of zinc-coated deep drawing quality steel sheet could be calculated us-
ing Sing-Rao method taking into account the limit thickness strain in the range
of 25%.

- References: 1. R. Hill: J. Mech. Phys. Solids, 1 (1952) 19. 2. H.W. Swift,
J. Mech. Phys. Solids, 1 (1952) 1. 3. Z. Marciniak, K. Kuczynski: Int. J. Mech.
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THE ANALYSIS OF THE MAJOR FACTORS OF FORMING
THE STRESS LOADING OF CARRIER SYSTEMS OF THE VEHICLE

Lejda Kazimerz, Akopjan Ruben (Rzeszow University of Technology)

In operation [3] the dependence between efforts and round angle of a
twisting of the carrier system measured on extreme front and back points of 3
body is researched. To measure the given corner in road conditions it is incon-
venient. Rescarches of dependence of efforts from a twist angle of the carrier
system in base therefore are carried out which have shown, that the
proportionality between efforts in the examinees units located in base, and twist
angle of the carricr system in base is saved at all values of twist angles (fig. 1).
The distinction in character of dependences between efforts and round angle of 3
twisting, and also efforts and corner of a twisting in base at levels of change of
twist angle, close to limiting, is explained to that at datas angular strains the
increase of a round angle of a twisting happens in main at the expense of
increase of a twist angle in base, while on low and average levels of change of
angular strains the considerable influence on a round angle of a twisting is
rendered by overhangs angles of twist of the bus.

At correlation calculus of a making resulting variance shaped by asym-
metrical power effects, use expression

a D
D % b, i : by =his 2_@__&2:1. Box o o
a(k) 2 2 e 2 1= (1)
The regression coefficients determine from the matrix equation, which
terms are the variances of half-sums and half-differences of relative displace-
ments of cushioning and noncushioning masses above elastic units of a suspern-
sion bracket, and also first ordinates of functions of a mutual covariance of datas
of arguments and processes of change of efforts. At such introducing of sym-
metric and asymmetrical power effects definition of considered regression coef-
ficients most simple and precise.
Generally covariance functions of a mutual covariance of half-sums the
displacements of elastic units define through covariance functions and functions
of a mutual covariance of separate displacement with the help of expressions:

Vi) (k} = lq-[wi(k) ¥ gffj(k)-:- Cg(k]+ "'ﬂ(k)l

+a, D

2)

1
cisg pot ()= 7l () e 0+ e (1) (0))
2170
where ;y,—(k),,y/}-(k)— covariance functions of separate displacement; ci(k). -
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(k) - function of a mutual covariance of separate displacements.

. The same statistical performances of half-difference displacements of
slastic units, and also the mutual covariance functions of half-sums and half-
ifference evaluate with the help of similar expressions, which differ by signs of
@ mutual covariance, included in them. The signs determine through algebraic
| addition of signs of terms generatrix covariance.

The mutual covariances, necessary for calculations, of half-sums and half-
fifference of the input factors and "exit" determine with the help of expressions
similar to the formula (2).

The link of statistical performances of displacements and their half-sums
n frequency area expresss by equalities:

5105 () =510 5,60+ 215 (1))

b=

o1 100 (=L@ L ()5 £ 1)+ Ly () G)

0re) ke ()= 0 0)+ 0 1)+ 0 (1) 0, )

where S(f) - spectrums; L (f) - cospectrums; O(f) - quadrature spectrums.

- The remarks tangent links of statistical performances of relative displace-
ments, and also their half-sums and half-difference in a time domain, are fair as
well in frequency.

. If the program of researches provides only holding regressive of a time-
lomain analysis, when the practical interest is represented only by the first ordi-
ates of mutual covariances, the dependence (2) can be simplified, using that ¢
) = i (0). Besides owing to symmetry of an information matrix
g, —O=c,,, I._1__45(0), that is for holding further calculations, it is enough
ez 3

30 calculate terms of an information matrix only till one side from its diagonal.
The calculations in frequency area are more labour-consuming. So, mu-
ial covariances of half-sums and half-difference of displacements are not even
unctions ¢ (£), that requires additional evaluations. However

i kap O * Cpip isj
‘ 2D R
#nd in frequency area, as well as in temporary, it be not required evaluations of
8l terms of an information matrix. The cospectrum invariant rather about intro-
tucing in calculations of magnitudes, generatrix it: LivikepN=Lyyp Hj_(f)-
. 2 H 2 2 ’ 2

faking into account validity for quadrature spectrums of a relation
TMIOE U (/). it is possible to make an output, as in case of defini-
2 2 3 =
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tion of spectral information matrixes the calculation of mutual spectrums only
till one side of a diagonal is possible. Symmetric terms till other side of a diago-
nal of an information matrix - complex conjugate magnitudes.

It is necessary to mark, that if was earlier settled an invoice of coefficients
of the equations of a regression linking "inputs” with "exit", for definition of co-
efficients of the equations of a regression linking half-sum and half-difference
“inputs" with "exit", are not present necessity to make the appropriate matrix
equation. In this case coefficients determine under the formula

a.ta,

a ;.; 7 %1 (4)
where a, a; - coefficients of the equations of a regression linking the separate
"Inputs" with "exit".

Let's consider expressions (2) and (3) with the purpose of definition of
correlation of half-sums and half-difference of displacements the elastic units of
one axis. In view of the above-stated remarks from these expressions it is possi-
ble to receive the following dependences:

h ©-v O

1
Ciht i bl M {0)=;[V"

A |/ SRS 7, BN in
ity _
1 1 ©)
.—— 5 _S ;{‘ ’..
: 1 l‘i].*r . ¥ r‘il)'i_ (f) 4!1,, (f) h}n ( )J
2 ik

It is obvious, that the mutual covariance at a zero delay (mutual spectrum)
symmetric and asymmetrical effects on the part of a suspension bracket of one
axis is determined by a variance of variances (spectrums) of displacements of
elastic units of a suspension. Therefore, the symmetric and asymmetrical power
effects at the carrier system on the part of a suspension of one axis will be un-
correlated only at equal variances (spectrums) of displacements of elastic units
of this axis. At symmetry of the vehicle to a direct-axis the correlation of flexing
and turning power factors will miss only at driving on a road, on which the spec-
tral densities of effect of the microprofile on the right and left tracks of sprock-
ets are identical.

Having defined mutual statistical performances of half-sums and half-
difference of displacements of elastic units of different axes, we shall receive
outcomes, which allow at an assumption of normal allocation ofordmates of the
microprofile of a road to make similar outputs, that is mutual correlation of flex-
ings and turning power factors effecting at the carrier system of the vehicle the
distinction of spectral densities of effect of the microprofile of a road on the
right and left tracks of sprockets determines, in main. The reliability of this posi-
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tion restricted to validity of assumptions about symmetry of the vehicle.
: On the above-stated technique are researched curving and twisting mak-
ing resultmg stress loading (tab. 1). From datas of the table follows, that, as a
ule, variance of efforts caused by curving of the carrier system, makes more
-'-r 90 % of a resulting variance. It is explained by that at driving on roads
with a rather equal coverage most typical for conditions of maintenance of
buses, twist angle of the carrier system of the bus, and consequently, and the ef-
forts, called by them, are unessential. In surveyed conditions of maintenance the
atest values of the efforts, caused by them originating at driving of the non-
ded bus on cobblestone road with speed 60 km/ per hour, do not exceed 5,0

nlting stress loading (fig.1), that testify to comparability of their "effective” pe-
l ds. The calculations on experimental data have shown, that the "effective" pe-
fiods of efforts of a torsion exceed "effective” periods of efforts of curving no

danger from the point of view of a fatigue resistance is represented by ef-
caused by curvx.‘g The efforts of a forsmn piay a dominatmg ‘"oie only

- !.f '._bus Speed, chulurq:, variances | Curving component of a | A twisting component of a
3 km/ stress loading variance stress loading | variance stress loading
Per [over window| Window |over window | Window | over win- | Window rack
hour belt rack belt rack dow belt
k. Asphalt highway
oaded 40 4548,691 1000,444 | 4458230 948,611 90,461 51,833
H -Ef aded 60 3505,255 988,114 3274,342 863,646 230,913 124,468
! 20 1199,362 299,556 1147,149 280,017 52,213 19,559
60 2289118 1004,201 | 2059,429 943,387 229,689 60,814
. N ; Caobble-stone road
floaded 40 3340,552 | 1380,907 | 3269,775 | 1307,581 70,777 73,326
Ioaded 60 1147375 744,005 1325,114 674,298 162,261 69,707
g 40 3428330 | 1655577 | 3298425 | 1583878 ! 129,905 71,699
60 2669,457 | 1806,573 | 2406,793 | 1659,056 | 262,664 147,517
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Thus, as a first approximation it is possible to receive a good estimation of
slirt_ass loading of units of the carrier system of the bus maintaining in usual cop.
ditions, taking into account only efforts caused by curving of the carrier System
In tf_iis case necessary for further calculation of strength of a construction of 1}19:
carrier system the statistical performances of parameters of oscillations can be
defined analyticaily with the help of rather simple expressions.

L, (Feostry, - £y )+ 0, (Fsinley, = By, )|+ 4540, -
: [Lm (r )cos(ﬂrs - F2n)_ Qn:f(f)sm(Fla ~Fan )}
0,,(f)= [AlnAzn sin\Fy ~F, |+ 4 Ay sin(Fh ~F, )19q (f)+ A1,455 -

‘[Lm(f)Si“(Fln = F23)_ Qm(f)ws(an _F23 )]+ 1542

(6)

Sy, : - _
m-s'np Lﬁ ref!meﬂ‘]’1 ,Algejrb - transfer functions between effects of irregularities of a
62 ll i X 4 pad on the part of sprockets according to a front and back axis and displace-
01 ! 3 Rk JE JE. ;
g. gg = . gents of front elastic units: 4, e 2”,A23e 23 . transfer functions between ef-
004§ N it {\ cts of irregularities of a road on the part of sprockets according to a front and
0,02 —x 4! \ i i \;‘L ,/ 4":-\ k axis and displacements of back elastic units; Ly, (f), Qw (f) - accordingly
ot Y, i /AN B b “l:— _ q(.f N ospectrum and quadrature spectrum of effects of irregularities of a road under a
7 Ugg v V= i ront and back sprocket,
0,004 e \“.‘ T =y - Conclusion
6,002 : i s " beay lh:' The classical regressive analysis is not always suitabie for deriving multi-
bk o actor de;_)endences because of complef{ity of calculation of terms of an informa-
: 4 8 12 6fH 46 7 Bk matrix and vector of mutual covariances of output and input processes, pos-.
a & 4 e correlation among themselves of regression coefficient, necessity of re-

ed evaluations at statistical unauthenticity one or several regression coeffi-
ents for definition of statistical correlation of processes permitting to carry out
ontrolled experiment.

: Fig. 1. Spectral densities of twist angle of the carrier system of the
Wo‘ezghted bus LAZ-698 at driving on asphalt (a) and cobblestone (6) a highway
with speed 20 (1), 40 (2), 60 (3) km/per hour.

_ Having presented transfer functions of front and back suspensions of the
vehicle on "exit" concerning displacements of cushioning and noncushioning
masses in reference for linear systems with delay an aspect
A J“L—I fed jf:l 3 fF? jF‘J 3 ’

1 A Vhdye M4, e <3, we shall receive the following expres-
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; RESEARCES REGARDING ELASTIC RECOVERY IN BENDING
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Considering the major importance of materializing by plastic deformation, this

tudy presents a list (series) of results, obtained as the effects of the research of

e elastic recurrence phenomenon in bending occurrences. All the parameters
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that interfere in the process are considered, and it is analyzed the influence of
this parameters over the bending (arching) size, theoretically and experimen.
tally, based on the methodology suggested by Taguchi.

THEORETICAL REFERENCES

The deformation during the bending process occurs in the conditions of
plastic and elastic deformation existence. That’s why, after the activity of the
deforming forces is stopped, the elastic deforming is cancelled, and the piece
strives to modify its bent shape, obtained at the end of the active element’s rup
(elastic recurrence or material’s bending).

The elastic recurrence influences directly the bending angle and the size
of the radius, in big radius cases. Generally, the variations of the radius are con-
sidered inessential, for the bending influences the angular precision of the
pieces. There for it is common the elastic recurrences to be represented in angu-
lar units.

The size of the elastic recurrence angle depends on a series of factors like:
material’s physical and mechanical proprieties, bending radius and material’s
thickness, the shape of the piece, the work scheme and the used procedure. The
precise evaluation of the influence of all this factors over the elastic recurrence
angle it is often hard to do. It is often utilized the theorem of discharge known

| from the Resistance of Materials. The technical ref-
erence materials often presents [1] the bending arch
calculus formula:
S

o ry rf

in which o, represents the flowing limit and E repre-
sents the material’s elastic modulus of the piece. The
proportion /g it is called the relative bending ra-
dius, its size having a big influence over the deform-
ing process and over the size of the elastic recur-
rence angle (figure 1).

Fig. 1. Determina-
tion of the elastic re-
currence angle

EXPERIMENTAL RESEARCH
— The device used to determine the
: elastic recurrence angle in bending cases
it is showed in the next figure 2.
The force indicated by the com-
o & parison device is transmitted from the
Fig.2. Experimental device stamp through a spring and a rod.
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Table 1

Alslelplelrlc Elastic ri-
covery,

NERETNDEN NS 13
111 El212712)12 15
1111211 fk2i1]2 16
1Ll 21201 210 9

1t 21114100212 13
P20 1| 2 e 10

L 2 11 2052 L 14

B 1|22l 21}1]2 16
AR RN NN 7
B 2|t L2 0292 4
2o 211 ]2b1 2
B 2 11121211yl 2]2 6
B 2121111114211 9
B2 (211121213112 15
B 21221112121 2 8
B2 i242 1202 |14 3

[]- X factor’s matrix

X]- X factor’s transposed matrix at level 1
yi- X factor’s and Y factor’s interaction’s effect at level 1;
. Ey, Ey; — the effects of factor I and factor k at levels i and j;
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For the research it
was used a research pro-
gram, built on the Taguchi
method basis. In this case
the L16 experimental plan
was used. This is an ex-
perimental plan that con-
siders the effects of the 7
factors and also the inter-
action between these 7
factors. The factorial plan
and the obtained results of
the experiments are listed
in table no.1.

The mathematical
model results as the ex-
pression (1) were:

M- the general average of
the experiments

Ex1- X factor’s effect at
level 1

_l(inﬁll;AlBZ }[B]_F
L1 A2B14 4282

(1)

RESULTS AND CONCLUSIONS
- To determine the parameters and the significant interactions for the ob-
ined models, it was calculated for each case the value of the Fisher criterion,
s the proportion between the remanent dispersion and the average dispersion of

1e elements of the matrixes of the effects and of the interactions.

The factor’s k dispersion calculus expression is:

Sf = —————
oo S i
nivy (nivy —1)

k

The interactions calculus expression is:

(2)
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The calculus expression for remanent dispersion is:

2, = : Y (rez)?

remw (V

21y 3)

e:-:p exp
perimental values and the value resulted by model.

For the studied case, the next factors were analyzed:

A- the stamp’s angle (level 1= 30°, level2= 120")

B- the material (level 1= aluminum, level 2=brass)

C- the force (level 1=10 segments, level 2= 20 segments)

D- the force’s operating time (leve] 1=5", level 2=30")

E- Material’s thickness (level 1= 0,8 mm, level 2= 0,5 mm)

F- Strip’s width of the material (level 1= 9 mm, level 2= 5 mm)

G- Stamp’s radius (level 1=4 mm, level 2= § mm)

The general average calculated with the expression (1) is 10.

For the calculus of the factors and influences a Microsoft Excel calculus

A‘_’f
Y
bt

I

sheet was wused, considering the expressions

and
Ifi,.fg‘ = ‘Mﬁ,k_f M E.f rr

The mathematical mode! for the elastic recovery angle in bending cases

(gﬁer the influences with negligible values are excluded) will have the expres-
sion:

Y =M +[3.25-3.25]14 + [~ 1]B +[0.75;~0.75]C +[0.5;—0.5]E +
[221G+ [ 1250251 1 1.25;-1.25 )
1.25,-5.25 | ~1.251.25
-1 -1.251.2
5[ G ++'F e
;1| 1.25-1.25

The residuum’s values are obtained with the next expression:

rez; }: exp j,:':eor (6)

If we study the next model:

Y=M+A+B+C+E+G+AB+AC+DG+EG+FG  (7)
then the number of freedom grades will be:

Ny=1+5-2-D+5-2-1)-2-1)=11
the number of freedom grades of the residuum will be:
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- ngf} ) (4) -,

were rez representing the residuum obtained as the difference between the ex. .

Ngirey = Negp = Ny =16 =11=5

glrez = “Texp

- Using the expressions (2), (3) and (4) we can determine the remanent dis-
on, the dispersion of the factors and the dispersion of the interactions, and
the values of the Fisher, all listed in table 3.

Table 3 To appreciate which one
Remanent | Dispersion |  Fisher of the factors is significant, the
dispersion test’s val- | Obtained values are compared
i) with the listed values for
0.6125 10.5625 17.245 Fisher test (Snedecor). For a
" j : 99% precision where

0,612 1 1,6327 2
06122 03625 0.9184 Y(1,5)=16,258, that none of
; ; : the factors have a significant
g’ggg 0’2'5 g’§g§§ influence over the considered

2 : parameter.

0’6135 2_ 3,2653 If a 95% precision in
06125 3.125 3,102 accepted (trusted level), you
0,6125 3,125 5,102 | can see that Y(5.1)=6,608.
0,6125 2 3,2653 You éan say in this case, with
0,6125 3,125 5,102 a 5% risk that only the factor

a significant influence over the considered parameter. In the same time
| can say that the value of the Fisher test for factor G is highly close to the
ed value. That’s why, if we accept a 94% trusted level where Y{(5,1)=5,864,

 can say with a 6% risk that both factors A and G have a significant influence

r the considered parameter.
A very important thing can be obscrved if we accept a 92% trusted level.

this case Y(5,1)=4,8. In this case you can see that even the factors C, D, E

d F have an insignificant influence, interaction AC, DG, EG and FG have a
ystantial influence over the considered parameter. So, we can say with a risk

8% that factors A and G and also the interactions AC, DG, EG and FG have
significant influence over the elastic recurrence in bending cases.

References: 1. Teodorescu, M., Cold Plastically Technology — Didacti-
‘and Pedagogical Edition, Bucurestl 1980 (in Romanian); 2. Pillet, M., In-
duction aux plans d’expériences par la méthode TAGUCHI — Les éditions

organisation, 1992 (in francais); 3. Vigier. M, Pratique des plans
expériences méthodologie Taguchi et compléments - Les éditions
organisation, 1988 (in frangais);
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ABOUT A SOLUTION FOR INCREASING
THE SURFACE QUALITY AND PRODUCTIVITY
OF THE FINE GRINDING MACHINING

Nestian G., Sarbu L., Butnaru C., Solomon L
(“Gh. Asachi” Technical University, lagi, Romania)

Fine grinding may be performed while the catching up of the processed material
and the radial wear of the wheel do not produce side effects like adherences,
burns, cracks on the machined surface. This paper presents a solution for
increasing the surface quality and the productivity of the grinding machining.

1. Introduction

Grinding is an abrading operation employed for the removal or smooth-
ing-out of prior machining lines, scratches, pits, mold marks, parting lines, tool
marks and certain other surface defects that adversely affect the appearance or
function of a part. Grinding is performed with an abrasive wheel. The process
removes metal and causes some plastic working of the surface. The resulting
finished surface usually has a roughness of 16 um.

Fine grinding is a grinding machining, but with very high speed. In
operational sequence, fine grinding usually follows grinding and precedes
buffing. In some applications, however, fine grinding may be employed as the
{inal surface-finishing operation.

Fine grinding may be performed during the economical durability of the
abrasive wheel, while the catching up of the processed material and the radial
wear of the wheel do not produce side effects like adherences, burns, cracks on
the machined surface.

2. Theoretical considerations

The roughness of the machined surface is determined by some factors:

1. the hardness of the abrasive wheel;

2. wheel balance, which is related directly to wheel durability and the
surface quality obtained;

a firm arbor-hole fit;

uniformity, smoothness of the abrasive surface;

concentricity of the abrasive surface with the arbor hole:

wheel speed;

type and grit size of abrasive;

grinding compound are applied to both wheel and workpiece to im-
prove the surface finish and to extend the wheel life;

9. feed must be between f, = [0,02+0.06] mm/rot;

® N v W
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10.wear of the abrasive wheel.
The hardness of the abrasive wheel is one of the most important factor

ecause if 2 too hard wheel is used that will result in surface damage; a wheel
oo soft will fail to maintain the finishing level desired. A wheel with a high

orosity and a small quantity of adhesive (soft wheels) will self-sharpen easier
an those with a higher quantity of adhesive (hard wheeis) [2]. The wear of soft

: will be much more higher and if the wheel is too soft the abrasive grains
gill be removed off the wheel before they can entirely use their abrasive
'acity.

The optimum wheel speed for any given grinding operation depends on

he shape or design of the workpiece, the type of metal of which it is made, and
he surface condition prior to grinding; wheel speed must be between 50-90

Type and grit size of abrasive is influenced mainly by the chemical

gomposition of the metal being finished, workpiece shape and the surface finish

equired
o i ay = qa N
S g 5 5.2 8
S b @ T
s e | o 8 o or=0
2w Q 5o bafi =
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Vg = 5090 m/s et AR /At variance of
i i roughness
=40+30 m/s Fine grinding C
3? AU/At variance of
0,02+0,06 [mm/rot] the wear of wheel
.
[ [s] F, cutting force _

Fig. 1. Input and output in grinding process

The analytical relation [1] used to determine the maximum roughness of a

machined surface is:
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R . =c--£.J

(1)

where R, is the roughness:
vy, is the workpiece speed;
Vg is wheel speed;
f; is the feed.

The relation shown above indicates that that the roughness will increase
if high values of the feed and workpiece speed are used and will decrease if 2
high value for the wheel speed is used.

The material removing process at the grinding machining has three
stages. In the first stage, the contact between the abrasive wheel and the work.
piece is just between the crest of asperity of the workpiece and the crest of the
abrasive grain (Fig. 2.).

grinding
compound

¢) Third stage
Fig. 2. Stages of the grinding process

A large amount of metal is removed, the finishing level desired is not
reached in this stage. Self-sharpening is very intense but a part of the metal
aches remain between the abrasive grains. In the second stage the friction forces
between the abrasive grains, adhesive and the workpiece reach the maximum
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alues with an effect of smoothing the asperity of the workpiece. In the third
tage the asperities of the workpiece are completely removed, reaching the fin-
shing level desired. The catching up of material is very high, the wheel looses
he abrasive proprieties.
In order to obtain the desired level of finishing there must be exerted a
control of all the parameters involved in the grinding process. Some of the
arameters like wheel speed, feed, wheel hardness, type and grit size of abrasive
: and grinding compound can be chosen from literature. Other parameters like
wheel balance, concentricity of the abrasive surface with the arbor hole and the
arbor-hole fit can be controlled at the beginning of the grinding process.
The wear of the abrasive wheel is a random parameter and the evolution
of this parameter is difficult to control. The catching up of the processed mate-
fial and the radial wear of the wheel may produce side effects like adherences,
purns, cracks on the machined surface. The wear of abrasive wheel often pro-
duces as a result the shutdown of the grinding process for the replacing or clean-
Ning the abrasive wheel.
' 3. Short presentation of the device
_ To avoid the stop of the grinding process for cleaning the abrasive
Wwheel, a device that does the cleaning of the abrasive wheel during the machin-
[Wing was designed (Fig. 3.).
The most important parts of this device are a brush that cleans the abra-
Sive wheel and a compound chute that releases the compound over the brush and
the abrasive wheel.

1. abrasive wheel
2. circular brush

3. cover

4. spring

5 compound supply
6. compound chute
7. electric motor

Fig. 3. Scheme of the device
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The brush may be a twisted-wire brush, an elastomer-bonded wire brush
or a short-trim dense wire-filled brush. The brush provides a slight opposing.
pressure to abrasive wheel in order to do the cleaning. The pressure is controlleq
by a spring and an adjusting nut.

The compound is released over the abrasive wheel to help the cleaning
process, to lower the temperature in the working area (1000 — 1200 °C) and to
avoid the dust that results in the cleaning process.

4. Conclusions

Surface quality is the most important objective of a grinding machining.
All the same, there must be a constant concern about productivity of the process,
The device presented above let us avoid the shutdown of the grinding process

for cleaning the abrasive wheel. In this way, there will be an increase of produc-
tivity and a better surface quality.

References: 1. Axinte, E., Contributii asupra prelucrarii prin rectificare
cu viteze de aschiere mari, Teza doctorat, lasi, 1998. 2. Maslov, E.N., Teoria sli-
fovania materialov, Masinostroenie, Moscova 1974. 3. Farago, Fr., Abrasive
Methods Engineering, vol. 2, Industrial Press, U.S.A ., 1980,
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EQUIVALENT STRESSES AND RESIDUAL
STRESSES ON BALL HELICAL TRANSMISSIONS

Puiu, V., Puin G.C. (University of Bacau, Romania)

The calculation of the optimal residual and equivalent stresses within the rolling
contact theory is an important issue. The determination of their rates leads 10
obtaining an increased durability of contact. These rates are also needed for du-
rability experimental determinations. The problem can be applied particularly
on ball screws.

1. Relations for the elastic stresses under the contact surface

Based on the Neumann’s problem for the elastic semi-space, the components of
the stress tensor can be obtained. For the points located under the contact sur-

face these components are given by the expressions of below:
2 i
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symbols O, M,, M,, M, N, N, N used in the above relatio_ns_arc lgiven in
/. For M, and M, are used the functions F(pk) and E(¢,k), elliptical mteg-,rz_slls
fthe first and second range. These arc formed with the modulus (eccentricity
f the contact ellipse), k = (I-f)"?, and the amplitude p=arctg(l/ ff) and
=x/b, y=ylb, Z=2z/b, i =t/b. Other notations f=b/a iszthc ratzio of the

- AL S
ontact ellipse semi-axes, 7 - the highest root of the equation m; + = 1/1/.

 Hypothesis of the decisive equivalent stress o,
he relation Huber-Misses-Hencky includes all the six components of the stress
ensor and has the form: B

- 2 ;X S )]1 2
bop =- tlﬁ {(ax - c},)z +(o, - 0,) +(cry - JI)Z + 6('5”. g 7 e (M
. Ll
fhile rolling along the Oy direction (axis 2b), there are only the stres‘ses Ty and
 that vary alternatively symmetrically. By transforming the tangential alterna-
vely symmetrical stresses into tangential pulse stresses as the normal ones, the

Slation (7) becomes:

: , 172
e ZTli [(ax —o,f+(o -0 )+ (c;r),. —o.f + 622 (fiy + r;}_.)+ 6r_:z}l (8)

:'3 ere A is a transformation coefficient of the tangential alternatively symmetri-
al stresses 7, and t, into pulse stresses.
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3. Optimal states of residual stresses

The equivalent stress ozg) can be modified through remanent compression
stresses Oxr, Oyr and Owk, perpendicular to the directions x, y and z. If these
stresses are inserted to the relation (8), it will result:

1
TER(A) =5;72'{[(0x +0'xR]“(°'y +<7yx)]2 +[(o +0.z)- (0. +0'3R)]2 #

6), a program of calculation has been drawn out, in Borland C++ language.
complete listing is shown at /5/.

he following notations are used: F,[N] - the force normal to contact; o, [MPa] -
an stress; a[m™] - the big semi-axis of the contact ellipse; f=b/a - the ratio
e contact ellipse semi-axis.

en the notations of above, the calculation data inserted to the program are the

9)
2

+[(o-y +0‘yg)—(0'z +0,2)F +6,12(rfy +'r_§y)+ Gz-f__,}l'" '
In the above relation (9), ogrpymeans the equivalent stress expressed through
the presence of the three residual stresses. The tangential orthogonal stresses are
depending on the load only and are not affected by the stresses.
The optimal state of the residual stress is the one that leads to minimum rates for
the stresses in the relation (9). It can be created by inserting several compression
residual stresses oy, o) and o, into the elastic semi-space, which annul the ac-

Ball-nut contact: F,=1627N; c7#2792MPa; a=1,5220m>; 5=0,1830m>;
,1200.

4 00 01 02030405086 07 alag, 0
e C i N i

The relation (10) is valid if the residual stresses are in compliance with the fol-
lowing conditions:

_ \ 1) lr g 020 LRIg L
tion of the normal elastic stresses i, 0, and o.. In such case, for a punctual con- Bz [RI% fyitd b el
tact, the relation (9) becomes: : N 040 . - oyl

2 5 3 2 /2 040 7] 17 EREE
Opp =34 (rxy S (10) S Py 060 |.yi3h.l
For a linear contact 0;,,=0, 0;.=0), the above relation (10) has the form: g e : 1' i i_ Lot gt
o =321, (11) 0s0 [l ¥ Y Ay
l: § &
i 1,20 -

Oy =0.—0C,+0.

(12)

O_yR =0 “‘O‘y'f‘{)—___R

SR R

— i

The residual stresses o are low towards oy and gy, so they may be neglected.
In this case, the relation (12) becomes:

O =0, 0y

I

(13)
o R =00 ¥
Creating a state of residual stresses, so that at any point of the elastic semi-space
the conditions (12) and (13) to be satisfied, looks like an impossibility. The
compliance with these conditions of one point may generate to other points of
the elastic semi-space, equivalent stresses ops), as determined through the rela-
tion (9), higher than the equivalent tensions being determined through the rela-
tions (10) and (11).
Theoretically, an optimal state of residual stress can be determined, leading t0
the equivalent stress the most favorable for durability, by making use of the
method presented at /3,4,5/.
4. Calculation of the optimal residual stresses and the equivalent stresses
Based on the quick calculation algorithm presented at /4/, through the relations
244
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Fig.1 Fig.2

Legend: ® - Guo: A- Gyay + - Oy X - 0%

Fig. 1, ball-screw contact, 2=1,360; fig.2, ball-nut contact, A=1.500 (relative val-
tes). The maximum values for equivalent stresses are for z/6=0,40...0,80,
0/0,~0,68 (fig. 1,2).

the curves resulted for Gipp, Oyra, Ocr and o are shown in fig. 1,2,
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5. Conclusions

e Fig. 1,2 shows graphical representations of the optimum residual stresses o,
Oyro and of the equivalent stresses.

e For a particular configuration of rolling contact, a concrete loading and values
of the parameters S and A, respectively, the residual stresses were determined
using a calculation program.

e If in the superficial layer of the rolling way are introduced favorable residua]
stresses it can be increased the carrying capacity and durability of the bal
SCrews.

e An optimal state of residual stress can be determined, leading to the equivalent
stress the most favorable for durability.

References: 1. Popinceanu, N.G., Gafitanu, M., Diaconescu, E., Crety, §
Mocanu, D.R. - “Fundamental Issues of the Rolling Contact”, “Ed. Tehnica”,
Bucharest, 1985. 2. Cretu, S,Sp, Popinceanu, N.G. - “The Influence of Residual
Stresses Induced by Plastic Deformation on Rolling Contact Fatigue”, Wear
105(1985), 153-170. 3. Puiu, V., Lucanu, D. - “Quick Algorithm for Calculating
the Optimal Ball Screw Residual Stress”, TSTM-4, Romanian Academy, Branch
Office of Tasi, 1998. 4. Cretu, S.Sp. - “Contributions on Durability and Carrying
Capacity of the Elements into Rolling Contact under Conditions of Elastic-
Plastic Deformation, Applied to Radial Bearing”, Doctorate Thesis, Polytechnic
Institute of lasi, 1978. 5. Puiu. V. - “Studies and Researches on the Initial (Re-
sidual) Stress Influence on the Carrying Capacity and Durability of the Ball
Screws”, Doctorate Thesis, Technical University “Gh. Asachi” of Iasi, 1998.
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MODELLING OF LASER CUTTING SPEED

Radovanovic R. Miroslav
(Faculty of Mechanical Engineering, University of Nis, Yugoslavia)

Technological problems faced in the field of laser machines’ application to con-
four sheet cutting lie in insufficient knowledge of the laser technique in addition
to the absence of both sufficiently reliable practical data and knowledge aboul
the parameters affecting the work process itself. Significant parameter which it
is necessary to determine and to enter in NC-program is cutting speed. Numeri-
cal value of cutting speed can determine based on energy balance.
Introductrion

Laser cutting is a new attractive process for contour cutting thin sheet. [t i
based on the precise sheets cutting by focused laser beam. Laser beam is fo-
246

gsed into a very small spot (0,1+0,2 mm in diameter) on the workpiece by a
ens or focusing mirror. Focussed laser beam heats, melts and evaporizes mate-
al of workpiece. The intensity of the focused laser beam for cutting steels typi-
__‘ iy is 10" + 10° W/em? In cutting of metals, laser cutting with assist gas is
ally applied. Assist gas is fed through the co-axial nozzle to biow away the
golten and evapor aten matenal The gas typt. can be oxygen, lnerl gas (nurogen

"3: ygen and mtrocen are frequently used as laser assist gases. The gas hlowmg
sreases the feed rates for as much as 40%. In laser cutting, the aim is to melt

l Distance of nozzle

Position of focus ;

- Mollen material particles

Fig. 1. Laser cutting

. laser beam’s effect upon a workpiece material can be divided into several

haracteristic phases:

.~ Absorption of the laser beam on the workpiece surface and transformation of

the light energy into the heat one,

| Heating, melt and evaporation of the workpiece material at the cut point,
Molten and evaporaten material is gjected out from the cut point by pressur-

' ized gas jet, and,

® Workpiece cooling after the completion of the laser beam’ effect.

By combining the laser beam and the machine providing motion, in addition to
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the applied numerically controlled system, it is possible to provide for a contip.
ual sheet cutting along the predetermined contour.

Evaporating speed and cutting speed

If intensity of laser beam radiation is such that the temperature of work piece
material for small time attains the temperature of evaporation then pretty volume
of material can be exclude from cutting zone. After acquirement of temperature
of evaporation in material it is formed fronticr layer between gas phase and lig-
uid/hard phase. By evaporation of layer of material thickness As frontier layer
move in depth while a laser beam make a hole, i.e. perforate a material of work
piece by thickness s. At fig. 2 is shown model for determination evaporating
speed and cutting speed.

The evaporating speed may be estimated by employing a simple energy balance
arrangement. Principle is based on the fact that the material locally reaches the
evaporation temperature because of the focused radiation. Energy required to
convert a mass m of material cubic element (cylinder with base A and height )
at an initial temperature T into a vapor can be written by equation:

Ey =m[Cs(T; ~T,)+ CL(T; - 1;)+ H, + H;] (1)
where: E; (J) — energy required to evaporate material, m (kg) — mass of material,
Cs (Jkg'K'") — solid specific heat capacity, C. (Jkg"'K™) — liquid specific heat
capacity, T, (K) — melting point, T; (K) — boiling point, T, (K) — temperature of
ambient, H,(Jkg ') — latent heat of fusion, H; (Jkg'") — latent heat of vaporization.

Focused
laser beam
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Fig. 2. Model for determination evaporating speed and cutting speed

Usually H>>H, and T;>>T, and we assume we can put Cs~C;=C, . Thus the
equation of energy balance is given by:
E; =m|C,T,+H,) 2
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where: C, (Jkg 'K™') — specific heat capacity.
nd%
Since it is;: M=pV =pArs=pAgv;t= PTVEK , where: p (kgm™) - material
density, V (m®) — cubic clement (cylinder with base Arand height s), As (m®) —
area of laser spot, s (m) — sheet thickness, v; (ms™) — evaporating speed, t (s) —

ime, dr (m) — beam spot diameter, we have:
; 2

Ep= ’—"'}v,-rp(cpf} +H,) 3)

Power required to evaporate a material can determine by equation P; = aPp |
where: Py (W) — power required to evaporate a material, & - absorption coeffi-

k. 2 K ! 5
cient, P (W) — laser power. Since it is —L = P, = aP, we can determine evapo-
4 {

ra ting speed in form:
' dapy

7 plCpT; + ;)

Vi =

)

Focused laser beam boring into the surface of material with a velocity v; directed
into the material. By aid of equation (4) we can determine a laser cutting speed,
providing that it isn’t include the effect of assist gas. If focused laser beam has
diameter dr and is being scanned at a velocity v, fig.2, then the beam will trav-

. 5
erse a distance equal to its diameter in a time { = ;" During this time a cubic

£

d
: % % £
element of material V will be removed, we have: t = — = —Z . Hence we geta

'I.?‘; v

equation for determine cutting speed:
2.
ok e (5)
] rom equations (4} and (5) we have:
#h 4aPy :
d rsp\C pT; + H; ) (6)

From equation we can sece that the cutting speed is linearly proportional to laser
power and conversely proportional to sheet thickness. Cutting speed is small for
materials with high melting point and a high latent heat of evaporization. Cut-
ing speed is small and for big beam spot diameter. At fig. 3 are shown theoreti-
cal and experimental values of cutting speed of CrNi steel using a CO, laser
with power P;=2500 W.

v
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Conclusion

Las..er cutting is a new attractive process for contour cutting thin sheet. Techng
logical problems related to the application of laser cutting are in insufﬁcien;
knowledge of the laser technique application as well as due to absence of suffj
ciently reliable practical data and knowledge about the parameters inﬂuencin*
th.: work process itself. One consequence of this is the fact that laser cutting mag_
chines are not as much used as they should be regarding the possibilities they
offer. T:hat is the reason why researches have been carried out in the field of |a
ser cufting.

16
14+ L3 Meterial: 1.4301
=0 \ Laser power: P = 2500w
-g 12 Al Gas: N,
g \\ Focd length: =127 mm
g 10+ \ —A— theortical vaues
& \ —= — expefiments values
8 \
2 \
=
Q

. Matedal thickness s{mm)
Fig. 3. Theoretical and experimental values of cutting speed

'I_'heoreti cal consideration and experimental investigation show that the laser cut-
ling speed can be determined based on cnergy balance. Attained equation shows

that ‘the cutting speed is linearly proportional to laser power and conversely pro-
portional to sheet thickness. '

'References: 1. Wilson I., Hawkes J., Lasers, Principles and Applications,
Prentice Hall International Series in Optoelectronics, New York, London, Syd-
ney, Tokyo, 1988. 2. Introduction to Industrial Laser Materials Processing, Ro-
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fin-Sinar Laser, Hamburg, 2000. 3. Radovanovic M., Research the Quality of

the Cut by Laser Cutting, First ESAFORM Conference on Material Forming
Sophia Antipolis, France, 1998, pp.247-250. 4. Radovanovic M., Laser Ma-
chines for Contour Cutting and Their Influence on Working Quality, 6 1CTP;
International Conference on Technology of Plasticity, Nurembcré, Germany:
1999, pp.729-730. 5. Radovanovic M., Dasic P., Precise Sheets Cutting by Laser
Beam, 6" International Conference "Precision Surface Fi nishing and Deburring
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nology-2000", Saint Petersburg, Rossia, 2000, p .279-291. 6. Radovanovic
Working Quality by Laser Cutting Machines, 7" International Conference
ribology, Budapest, Hungary, 2000, pp.255-258. 7. Radovanovic M., Ap-
tion of Lasers in Manufacturing, 4™ International Conference on Accom-
ishments of Electrical and Mechanical Industries, Banja Luka,
osna&llercegovina, 2001, pp. 169-174. 8. Radovanovic M., Dasic P., Some
spects of CO, laser cutting, International  scientific  conference

NITECH’01", Gabrovo, Bulgaria, 2001, pp. 99-104
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ULTRASOUNDS IN DIAGNOSTICS OF
POLYMER MATERIALS

Maciej Rojek, Jozef Stabik, Gabriel Wrobel
(Department for Processing of Metals and Polymers
Silesian University of Technology in Gliwice, Poland)

4 method and results of research into effectiveness of ultrasound diagnostics of
polymer materials subjected to ageing and fatigue.

1. INTRODUCTION

- Popularity of plastics as structural materials leads to the increase in de-
mand for knowledge related to strength of materials understood as the ability of
Rulfilling structural functions resulting from the purposefulness of their applica-
tion. An ability to obtain this knowledge conditions the forecasts concerning a
feliable period of work of structural components and systems containing them.
An issue of strength is particularly important with regard to structural compo-
pents, whose functions and working conditions contribute to the change of their
broperties and characteristic of use. These changes are connected with processes
pccurring in element plastic and by rule, they are of a degrading character.
Strength of structural components employed in mechanical engineering, build-
ing sector, chemical equipment, transmission pipeline installations is chiefly
connected with ability to fulfil load capacity functions, 1.e. transfer of mechani-
tal working loads, frequently under onerous thermal conditions and exposure to
aggressive environmental interaction. Depending on the specificity of the degra-
dation process, loss of load capacity abilities may occur suddenly, disastrously
or gradually over a relatively long time span, in which accumulation of effects
of interaction of degradation factors take place. To identify conditions of vio-
lently occurring destruction, destructive tests on plastics are conducted that fur-
nish volumetric quantitative characteristics of critical conditions. In the other
case, danger consists in quasi static and difficult to observe gradual reduction of
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strength properties of plastic to the extent, in which working conditions exp
enced many times prove to be destructive. Examples of processes diffusing s
long-lasting degradation mechanism include processes of chemical and stregg
corrosion, erosion, ageing, fatigue, etc. In the event of processes leading to no-
ticeable surface changes, generally the degree of their advancement may be ag.
sessed with measurements and observations in conditions of periodical ov
hauls. When degradation occurs in a dispersive way within the element's 3
without any visible internal changes of physical or geometrical properties, 5
classical inspection of a structure's condition may not reveal any dangerous con-
ditions. In such cases, evaluation of the element's or a structural assembly condi-
tion happens to be formulated on the basis of basic tests of plastic or simulation
tests of elements in laboratory conditions. It is of static character and is condi-
tioned by knowledge of history of degradation operating factors. Evaluations ob-
tained in this way are characterised by high uncertainty. Therefore, there is a
need of searching non-destructive methods for direct evaluation of structural
elements strength degradation degree. Authors made this attempt using ultra-
sound technique. Searching of a method for diagnosing a condition of material
were referred to polymer materials subjected to ageing and fatigue loads.
2. Application of ultrasounds in testing of polymer composites
Application of ultrasounds in testing of polymer composites has a long-

lasting tradition. In this field, their physical nature as a mechanical wave is used.
Knowledge of sound wave propagation rules in a centre allows for a theoretical
analysis of a phenomenon. Taking into account an effect of wave reflection, re-
fraction, absorption, dispersion or defraction, diagnostic methods allowing for
examination of macroscopic geometric features were developed allowing to ex-
amine macroscopic geometric characteristics of wave propagation area — meas-
urements of thickness, hydrolocation or local heterogeneities and discontinui-
ties — flaw detection. In these terms, diagnostics' task is a reverse task to the task
of wave propagation analysis in the area with known geometry and distribution
of physical properties. On the basis of wave parameters on boundary of an area,
conclusions are drawn concerning geometric properties and distribution of
physical properties of a medium. This task only in exceptional cases leads to an
unambiguous solution, however, for experienced researchers, it is an effective
implement aiding diagnostics. Parameters that are distinctive for an ultrasound
wave that may constitute diagnostic characteristics include-

- € propagation velocity

- o amplitude absorption ratio

4d = —odx
A

where 4 — wave amplitude, dx — path corresponding to d4 amplitude decline

- v electric rejection ratio
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where [ — wave intensity, dx — path corresponding to dl wave intensity decline.

A hypothesis being the basis of the developed research programme of
gossibilities of applying an ultrasound wave in the field of risk assessment of
tructural plastics strength degradation is as follows:

For polymer plastics, there is correlation between strength degradation
degree being the effect of ageing and fatigue processes and a change in a value
of selected diagnostics characteristics of an ultrasound wave coming through
ested plastic.

To confirm the formulated hypothesis, samples of selected polymer mate-
ials were tested.

3. Ultrasound and ageing tests

Samples of epoxy-glass composite with the TSE-6 symbol were tested,
manufactured in the ,,JZO-ERG” S.A. company in Gliwice. Samples were sub-
jected to accelerated ageing in air at temperatures:

T1 =453 K (180 °C),

T2 =473 K (200 °C),

T3 =493 K (220 °C).

At defined intervals, the group of heated samples was subjected to non-
destructive tests on the ultrasound test station, thus identifying the values of di-
'nostic characteristics and to destructive tests of static bending. 220x20x10mm
amples were used. Ultrasound tests were carried out with an ultrasound flaw
detector of the UNIPAN company, type 512, A station for ultrasound tests is
presented in the Fig. 1.

A time of a sound wave transition through tested samples (1) expressed in
fis was measured. Sound wave transition velocity through a sample was calcu-
lated:
' v=hlrz (3)
where /2 is the sample height.

Then, a dynamic E; [MPa] modulus of elasticity was identified according
o the formula:

I E 1 =20 vﬁ »
Where p denotes density of the tested plastic.
After ultrasound tests, samples underwent a transverse bend test. The test
Was carried out on the FPZ 100/1 "Haeckert" company's strength machine in ac-
cordance with the PN-EN ISO 178: 1996 standard under the following condi-
tions:

e bending speed:
e spacing of supports:

4

5 mm/min
160 mm.
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The Rg bending strength and the Eg modulus of elasticity were calculated.

composite properties.
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presented in a graphic form in the Fig. 2, 3 and 4. The marked lines illustrate (!, ; 2000 4000 6(;[}0

dia:grams of approximation functions in form of prime polynomials. (R?) corre-
lation coefficients squares ranging from 0,75 to 0,92 were obtained for Rg and
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Fig. 4. Rg, Eg and E, dependence from ageing time at 220 °C

dependences from ageing time. Whereas, correlation coefficients squares
ranged from 0,07 to 0,55 for the Eg dependence from ageing time. Broad scatter
of results of elasticity modulus tests, results from inaccuracy of a procedure for
identifying this quantity in a bend test as well as from the scatter of the tested



Obtained results indicate that on the basis of changes in a modulus of dy-
namics, identified in non-destructive, ultrasound tests, one can infer the change
in bending strength of the tested composite. It is graphically shown in the Figure
5. Approximation of the E,(Rg) dependence for consecutive ageing temperatures
was conducted using prime polynomials. Correlation coefficients squares ranged
from 0,78 + 0,85. Minor variations between approximation lines indicate the
possibility of describing all tests results with one common dependence:

£1/100 = 0.3272 - Rg + 46.00. (5)

The obtained correlation coefficient square is 0,81. This dependence is
presented in the Fig. 5 with a thick line. Due to unambiguousness of the E, rep-
resentation in Rg, one can conclude the usefulness of non-destructive dynamic
measurement of elasticity modulus for determining the degree of degradation of
strength properties of composites reinforced with glass fibres.
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Fig. 5. Relation of dynamics modulus with bending strength of the tested
laminate.

4. Fatigue tests

Fatigue tests are conducted using a station accommodated to simultaneous
implementation of loading cycles on four samples. Samples are cubicoid-
shaped. For the requirements of the fatigue testing programme, samples cut out
from a plate made of epoxy-glass composite with the TSE-6 symbol were pre-
pared, the same composite as the one applied in ageing tests in order to create
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additional possibilities of comparative analyses. Loading of samples has a char-
acter of non-uniform bending, because samples were blocked from one side in a
ixed fixture and kinematical forcing of sample cross section deflection in a
lace of contact with pusher of a cam-link mechanism being a power transmis-
sion system from the main drive shaft of the device was applied (Fig. 6). During
he test, loading cycles independently for each of simultaneously tested samples
are counted.

S T e h ¢ AREETU
Fig. 6. Sample fatigue test station.

When the number of N cycles specified in the test programme has been
performed, some of the loaded samples underwent ultrasound lests to identify
E\(N) elasticity modulus and destructive tests to identify Rg(N) bending
strength. The purpose of such tests is to experimentally determine the existence
of analogous dependence to the (5) dependence, forming basis of method of di-
agnostics of materials fatigue degradation degree. Since the [atigue tests pro-
gramme has not been yet completed, results of this stage of research are not
known yet, although partial results allows (o expect the confirmation of effec-
tiveness of the non-destructive diagnostics method in this area, as in the case of
ageing tests.

5. Final conclusions

Ultrasound measurements results of correlation testing conducted in con-
hection with experimentally determined unequivocal relation between an elastic-
ity modulus and bending strength of the tested material form the basis of the
‘non-destructive diagnostics method of plastic material condition. It may be di-
Tectly employed in the testing of bearing elements made of polymer materials.
‘However, for quantitative interpretation of results, it is necessary to know diag-
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nostic dependences individually identified for the tested material.

References: 1. Sliwinski A.: Ultradzwieki i ich zastosowania (Ultra-
sounds and their application) , WNT, Warszawa 1993 2. Ranachowski J., Mal-
ecki .. Wyznaczanie metodami akustycznymi dynamicznych modutéw
sprezystoéci (Determination of dynamic elasticity moduli with acoustic meth-
ods) , Zeszyty IPPT PAN, Nr 7 (1999) 3. Grassie N., Scott G.: Polymer degrada-
tion and stabilisation, Cambridge University Press, 1985 4. Broniewski T. and
others: Metodeka badan i ocena wlasciwosci tworzyw sztucznych (Research
methodology and assessment of plastic properties). WNT, Warszawa 2000.
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THE ESTIMATION OF THE PROBABLE ACCURACY
USING THE FINITE ELEMENT ANALYSIS

Rosca I. A. (M.T A., Bucharest, Romania)

This paper suggests a method to estimate the random sample parameters for the
burst firing, in the design stage. The calculated estimation of the dispersion is
based on the study of simulated displacements on the model of the gun by means
of the finite element analysis.

The accuracy of firing, defined by the parameters of the dispersion of the
projectiles and by the stability of the mean point, represents one of most impor-
tant performances, which assures the efficiency of the mounted automatical can-
nons.

The evaluation of the accuracy is a final stage of developement of a such
new gun, after manufacturing and testing the prototype. Only after a long time
and great expenses we can fire the prototype in order to establish its random
sample parameters and to compare them with the demands of the user.This
analysis of the results can be followed by validating and certifying this proto-
type or/and !)}’ improvements for increase the performance. New firing tests in
order to certify an improved accuracy require to repeat the design - manufacture
- test cycle, with the coresponding expenses.

This work suggests a method to calculate an estimation of the probable
accuracy in the burst firing, with an aplication to the 2x30 mm towed antiaircraft
twin gun with automatic cannons. The estimate is based on determining the
muzzle characteristics of the oscilatory motion during the continuous firing, by
means of Finite Element Procedures. The method acounts too the random devia-

tion due to the proper dispersion of the weapon - ammunition sistem and due to
the clearance of the barrel.
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We have simulated the resulting oscilatory motion of the barrels of the
swin gun with by means of finite element analysis, with the acount of the dis-
lacements and deformations in the structure of the cannon - mount sistem and
of the ground.

During the firing the two automatic cannons act on the mount with the re-
foil/ counter - recoil forces R and with the dynamic moment Fc x e. For the
burst firing this forces and moments are periodical functions, with the period T.
For the forces and moments acting on the mount we have calculated the angular
displacements of the muzzle in elevation (rotation by OY axis) and in traverse
(rotation by OZ vertical axis of the traverse bearing), for 0% €[0;T/2=60ms] val-
ies of the time delay between the shots fired by the cannons. We have calcu-
lated the resulting rolauon of the muzzle aﬂd the partial angular displacement of

_mponents of the gun: the ground and the platform; the ground, the platform
and the upper mount ( fig. 1 and fig. 2 ).

. [red]
6F03 ¢

g |

time, 15}

L.L»!l

e == Qld,.fu!ﬂ!. wmer, twava

| Fig. 1. The rusultmo rotation of the muzzie in elevation (time delav 0*=30ms)

3 We can observe the transitory regime of a progressive increase of the ro-
tation amplitude till the fifth salvo, when the value become steady. i

The simulation by Finite Element Procedure allows to assess the weight
of the resulting muzzle displacement in the disperssion and the weight ol the
each structural component displacement too. This assessment permites to ana-
lyse the correctness of the constructive design and to decide any improvements
“in order to decrease the angular displacements.
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Fig. 2. The resulting rotation of the muzzle in traverse (time delay 0*=30ms)

Knowing the variation with the time of the muzzle resulting angular dis-
placement and the travel time of the projectile in the bore we can calculate the
value of the muzzle rotation corresponding to the moment of expulsion of each
projectile in a burst. So we obtain the angular coordinates of each projectile at
the expulsion due to the resultant movement of the barre! with the whole gun.
The individual angular coordinates of each projectile fired by the cannons is
added to:

- the random deviation due to the proper dispersion of the cannon-
ammunition sistem, defined in the manufacturing documentation by a dispersion
parameter for the single shot firing, on the stand (for example the standard de-
viation @, = @, = 1%o, for the aplication), for the Normal (Gauss) Distribution;

- the random deviation due to the barrel clearance according to the docu-

mentation ( =3%o in vertical and in horizontal plane, for the aplication), for the
Equal Probability Distribution Law.
So we obtain the individual angular coordinates for the projectiles fired by each
cannon in a burst. They can be statistically processed in order to obtain the
probable random sample parameters: total dispersion, 50% dispersion, standard
deviation, deviation of MPI to AP.

A graphical immage of the estimated dispersion can be obtained as a al-
leatory screen of the projectiles dispersion at the 100m range. In order to
achieve this screen we have to piot the muzzle angular displacement in the burst
firing in the rectangulare sistem of coordinates XOY.

Knowing the time of the projectile travel in the bore, the position of the
succesive projectile fired by each cannon in the burst results on these curves. SO
we obtain the virtual screen of the projectile ideal dispersion due to the resulting
vibration of the barrel (fig.3).

The coordinates of this ideal points of impact on the virtual screen has t©

260

be added to the random deviation of each projectile in the burst, due to the
proper dispersion of the cannon-ammunition sistem and to the total barrel clear-

X jm | Y frol |
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Conclusions

- The propsed method allows to calculate the probable dispersion
parameters for the burst firing, using the simulation of the resulting motion of
the barrels by the Finite Element Procedures, with the account of displacements
in the deformable weapon — craddle - upper mount - lower mount - ground
sistem; the resulting dispersion includes also the proper dispersion of the
Weapon — ammunition sistem and that due to the clearance of the barrels,
according to the technical documentation.

: - The alleatory virtual screen of dispersion at the range of 100m is a
graphical immage of the results of the calculus and of the dispersion.

1 - The procedure estimates the probable random samplc parameters in the
stage of final design of the gun structure, offering an objective criterion for the
_ecessﬂy of any improvements or for the assessment and for the validity of the
prototype of a gun: the estimated probable dispersion of the projectiles.

] - The suggested method offers a possibility for a preliminary assessment
of the accuracy before manufacturing the prototype and testing it by firing:

- The simulation of the resulting oscillatory motion of the muzzle during
the burst firing and the based on it assessment method of the probable dispersion
assure a thorough research and validation of the design using the criterion of ac-
curacy, for a large diversity of firing conditions.

References: 1. Bathe K.J. Finite Element Procedures, Prentice-Tall Inc.,
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finite, Bucuresti, Editura Academiei Tehnice Militare, 1995. 4. Rosca A. Rezul-
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ASPECTS REGARDING THE ROBUST ANALYSIS
OF AUTOMATIC TECHNICAL SYSTEMS

Rosnitche G., Chereches T., Bunea M.
(Military Technical Academy, Bucharest, Romania)

This paper deals with aspects regarding uncertainty when studying any auto-
matic system, as well as the way to assess the system’s performances and stabil-
ity in conditions of uncertainty.

Introduction

The actual systems are characterized by various types of uncertainties.
Thus, the mathematical models and the parameters of systems are only ap-
proximated because of their variation during the functioning; moreover, the in-
put values are unknown, which also leads to indefiniteness in evaluating the
output values. Hence, we can say that nothing is precisely known when studying
any system’s dynamics.

Therelore, there are several types of structural uncertainties, correspond-
ing to the typical structures of systems:

- parametrical uncertainties;

- uncertainties in the input-output description (10}, that is uncertainties

in the transfer function;

- uncertainties in the input-status-output (1ISO) description, that is uncer-

tainties due to differential and finite differences equations;

- uncertainties of non-modeled dynamics, encountered at high frequen-

cies.

The parametric uncertainties may occur in all other forms; this is also
possible that all types display uncertainties in assessing the input and output
measurements,

The representation of uncertainties is usually done in a specific form. In
this respect, the linear fractional transformations (LFT) and the signal transfer
equations are used in systems theory.

Elements of robust analyses of automatic technical systems

Studying any automatic technical system, with or without uncertainties.
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means the system’s analysis and synthesis. Robust analysis is intended to deter-
mine the system’s performances and stability in conditions of uncertainty.

i We are presenting below the main elements of Kharitonov theorem, in-
asingly used in the automatic systems’ robust analysis.

- With this purpose, we are considering a continuous n-order SISO (Single
nput Single Output) system, described by the following IO equation:

{n} (J:—a}
a, "), C Lk @,y"(0)+ ay' () + agy(e)=
dt” ae"e M
(m} (m’l)
- bm du o (l'_) 4 bm—l ilf_ .@ et {')-zuq{f) 43 b;u’(f)"' bﬂu(r)
di™ drm

where the coefficients g; and b; are time-variable, that is the coefficients vary
within certain limits (between the minimum indexed "m" and the maximum in-
‘ upn):
- aje[a‘-m;a_,pj;bjE[b,-m;bfpj;le)ﬂr,j:O—sm 2)
i In this context, we can say that the system (2) is unstationary (with vari-
able coefficients). In order for system (2) to be stable, it is necessary (though not
sufficient) that all coefficients ; be strictly positive.

) Using coefficients 4; and following the below mentioned rules, we can
build 4 Kharitonov polynomials with constant and positive coefficients:
="p-p-m-m" alternations: 4(s)= Ay + @S + Ay S” + A3,S° ay,s' +as,s” +...(3)
-‘"m-m—p-p“ alternations: 4,(s)= @y, + Q1S + @y ,5° +a3,5° + G4s® + a5, +... (4)
: 'm-p—p—)??" alternations: A (_c): Aoy + @S + azpsz + a3m33 + 04,,,54 + a5P5'5 +...(5)
£ p-m-m-p" alternations: 4, (s)= Ggp + Ay S + GyS° + ag,,.?3 + 04,,-54 + asmfj +...(6)
_ Similarly, using coefficients b, and following the same rules, we build 4
Kharitonov polynomials with constant (though not necessarily positive) coeffi-
cients:

' p-p-m-m" alterations: B,(s)=b,, +b;,5 + by, s* + by, s> b, st b, 55+ ()
-_ "m-m-p-p" alternations: B, (s)=bg,, + by,,5 + ;,sz2 +b3ps3 +b,5* +bjmss +... (8)
"m-p-p-m" alternations: By(s)=by,, + b5 + by, 5% + by, +by,s® + b5+ (9)

=" p-m-m-p" alternations: B,(s)= bop + byys + byt + bsp.s'j + b;;p.r4 4 bs s’ +...(10)
We can build now 16 transfer functions using the 8 polynomials:
W..(s)=—-BJ"(S)- j=l+4; (11)

! 4,(s)’ ;
Kharitonov Theorem allows the study of system’s stability and the
estimation of its performance, by means of the polynomials and transfer

nctions whish were previously presented, similarly to the stationary systems:
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- a system has robust stability if all roots of the characteristic equationg
A0 are real and negative or / and complexly conjugated with negative rea]
parts. In other words, a system is characterized by robust stability if all poles of
transfer functions W(s) are located in the left complex half-plane of variable s.

- performance of the nonstationary system are determined by taking into
account all characteristic polynomials 4; and all transfer functions #j(s) and by
choosing the most disadvantageous values (e.g. maximum value for the system’s
response time, minimum value for the amplitude / phase reserve of stability). If
all performances satisfy the requirements, we may say that the system offers ro-
bustness of performance in conditions of uncertainty.

In the case of uncertainty systems, we obtain families of curves (also en-
veloping curves) of the transitory processes (in terms of time), as well as Ny-
quist, Bode and Nichols diagrams’ (in terms of frequency).

For the study of stability one may apply the criteria for stationary systems
(algebraic, matrices, frequency). For instance, Nyquist criterion is expressed as
in casel: a system with unit negative feedback, which is stable in open status
will be stable in closed status if the Nyquist envelope doesn’t make a clockwise
round about the critical point C (-1;0).

Example

Study of stability and performance of a SISO system with unit negative
feedback, described in open status by the differential equation:

ayy"(t)+ a, ¥ () + ay'(t) + ag y(t) = byu'(t) + byulr) (12)
where the coefficients vary within the following ranges:

a; 6[2;3]; a, €[5;6}; a, E[S;S]; ay € [4;5]; b e [3;6]; by € [8:1 I] (13)

It is noticeable that:

D3m =2;a3p =33idy :5;a2p =634y, :S;alp =8;ag, :4;a0p =5(14)
bym =336y, =63 bg,, =83 b, =11 (15)

Using Matlab we are presenting the 16 curves of the Nyquist diagram in
figure 1, corresponding to the 16 transfer functions. Curves 1, 2 and 3 mark the
Nyquist envelope for positive frequencies.

The origin of curves is point A. The diagram also plots critical point
C(-1;0). From the diagram we an infer that the pair (A, - B,) of polynomials
leads to instability. The above-mentioned instability can also be noticed from
the system’s response, shown in figure 2.

Figure 3 presenzs Bode diagrams, while figure 4 plots corresponding
Nichols diagrams. The last graph also shows the unstable solution, that is the
one which surround the point (~180;0).

and also:
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Conclusions :
Because of the variation of automatic systems’ parameters in rea) time or
and during the functioning, it is necessary to perform the system’ robust analy-

sis. This analysis is also necessary because the parameter values adopted in dee
sign or in research are more or less realistic.

Robust analysis deals with uncertainty, this concept requiring a speciﬁéﬁ
- |

method that is the use of linear fractional transformations. =

Robust analysis also verifies the robustness of performance in conditions of
uncertainty. If requirements of robustness of performance and stability are im-
posed, then the robust analysis and synthesis have to offer the correspondin
range of variation for the horizontal and vertical parameters of the stabilizer.

Robust analysis and synthesis are currently among the most discussed prob-
lems, not only in terms of theory, but also in terms of respect to specialized
software applications. 3

References: 1. Copae, 1. Theory of Automatic Adjustment Applied to
Military Vehicles. Non-linear automatic systems. Military Technical Academy
Publishing House, Bucharest, 1998. 2. Rosnitche, G. Contributions to Studies o_'-;
the Working of Armament Stabilizer in Military Vehicles. Ph.D. thesis, Bucha-
rest, 2001. 3. Quinquis, A; Serbanescu, Al; Radoj, E. Signaux et systemes. Ap-
plications sous Matlab. Military Technical Academy Publishing House, Bucha~
rest, 1998. S
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UTILIZATION OF BOROSILICATED GLASS ;
IN THE EXTRUDING PROCESS OF TITAN PIPES .

Russu M, Enache C (Military Technical Academy, Bucuresti, Romanrnia), d
Nicolescu D.P. (National Institute of Glass, Bucuresti, Romania) =

The paper presents the main results of Romanian researchers concerning titan
extrudates which use borosilicated glass lubrifiant. The exceptional quality of
the surfaces of the resulling products recommend the utilization of such technol-
ogy in the special production.

1. Introduction

The extruding process consists of warm compression of cylindrical pre=
heated pre-forms in a mould frame of pre-established dimensions taking into the
account the dimensions and characteristics of the finite part to be realized.

The main advantages of warm extrudion of titan alloys are the formed:
possibility to obtain pre-formed parts or parts that cannot be obtained by other
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platic deformation processes; the decrease in the consume in materials and the
ellimination of splintering; high dimenssional precission and high quatily of

~ both exterior and interior surfaces; lower costs than in the case of the utilization

of other technological procedures.

The main disadvantages are decreased durability of the extrusion dic and
the lock of uniformity of deformations.

The main factors, influencing the final characteristics of the output parts
obtained by using such extrusion procedure are: composition, structure and me-
chanical properties of the titan alloy; the type of equipment used — guiding accu-
racy and their rigidity; the accuracy of the devices and tools used: the properties
of the lubricant; the quality of the degreasing and the intermediary thermic
treatments; the observance of the technological conditions of fabrication; the
value and nature of the forces appearing in the extrusion process; the speed and
the degree of deformation.

A determining factor in achieving a higher quality of the surfaces as well
as a bigger productivity is the friction coefficient .

The friction mechanism in the contact arca between the melt glass and the
extrusion die wall, shown in fig. 1. Is based on the coulombiene friction phe-
nomenon (the fluid slips on the wall) starting from the coulombienne friction
law we can determine the friction coefficient by:

u=7,/p M
when: p =extrussion pressure; 7, - tangent tension
v, =v,/2 when (g, = 4,.)

e

.._,_‘...;.‘ ———

_z;q_

e e =

Fig. 1. The repartition of the flow speed of molten glass during extrusion

The faitures specific to the extruding part can be avoided by reducing the
friction forces tools-metals which get deformed, by utilizing accurate lubricants;
a fine finishing of the working surfaces of the tools; an accurate execution of the
geometry of the extrusion dies and the setting up of an optimal extrusion regime.

The friction coefficient can be decreased by; lubrication of the extrusion
dies; graphite made extrusion dies (which is more expensive but it ments the
high mechanical strains) molten glass lubricantion.

When using molten glass, the friction coefficient between the glaass and
the steel the extrusion die is made om of is small and therefor the extrusion
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speed is determined by the internal friction of the constituent element of
metal volume and not by the form or dimenssions of the extrusion die. ;
We are in favour of the utilization of a performant lubricant (glass pow.
der) for the following reasons: ;
- it helps the plastic deformation as a separation aagent between the p
and the extrusion die.

- it does not react chimically with the part of the extrusion die. X

- it puts an anticorosive protection layer on the surface of the part. g

- it is sufficiently thin. b

- it help achieving a high quality of the surfaces. “’i

- it reduces heat losses.

- it can be easily removed from the surface of the extruded product.

- it improves the extrusion conditiones and reduces the wear of degree
the tools utilising as lubricants poweders of borosilicated glass in our research
titan pipes have been obtained with a large range of thickness for exteri
diameters between 50 — 150 mm and lenghts between 500 and 800 mm.

2. Some aspects concerning the technological process. Materials an
alloys. .

The research has used two types of materials of titan allowy with dete

mined characteristics presented in table 1.

3

Table 1 )
[ Compozition | Resistance | Resistance 4
No. Material | i [%] 10 tear to flow gation |
{ Ti | Al [V [ Diferends | [Mpa] [Mpa] (%]
I. |Titangrad2 1988 |- |- |12 min345 | min275_ | 20%
2. |Titengrad9 [945 |3 2,5 | - min620 |min483 | 15% 8

The main technological procedures fr the extrusion of titanium pipes are
the following: ;
a) semi-finished part cutting with mechanical saws, at dimenssions caleu-
lated in accordance with the dimenssions of the finite products (the pipes). b
b) drilling of semi-finished parts cut with devices and special tools to en-
sure an accurate centring and quality deep holes.
c) degreasing in salt bath, followed by heating in an oven with induction
at 950-1100°C.
d) lubrication with glass powder in the interior and at exterior.
e) enlayement of the interior diameter on a hydraulic press. W
f) heating in an induction oven, lubrication at the exterior and extrusion
on a press of 260 tf. In figurc 2 there is presented the modality to obtain tubular
profiles by direct extrusion ut of semi-finished parts previousiy drilled. P
g) thermic treatments to obtain the final characteristics of the pipes, whiﬁ;%_

o8
3
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the same phisical mechanical parameter, of the initial semi-finished part..

Fig. 2. Extrusion of tubular profiles
| — semi-finished part initial and final; 2 — dorn; 3 - welding rod; 4 — container; 5 — extrusion
die; 6 — mould base; 7 — device ring.

3.Glass powders

As lubricant glass for wamn extrusion has ben used since 1940 the final
chemical composition being a problem not yet solved.

The phisical and chemical properties, i. e the chemical composition of lu-
brication glass are establihed in acordance with the type and degree of the al-
lorging degree of the metal 10 be extruded.

The extrusion force when glass lubrication applies is about three times
less thain when extrusion without glass applies.

The results obtained in our research showed that for extrusion of titanium
semi-finished parts glass powders care be used optimally having the characteris-
tics presented in tables 2 and 3:

Table 2 )
! No Glass | ' CFZmPUSitrio“ [%] 7
| powder | Si0, |ALO;| MgO |B,05 [K,0|NayO] Ca0 | TiOg |
I. | Varl 377 L7 {48 [316 - 167 |75 _ I-
2. | Varll 350 5 13 - 16 110 |26 - i10
. Table3 ) - :
i SR Coelicient | Temperature of start i Temperature of ,
l No [T]ic;?;l;:] Of dilatation of melting - ’ end of melting Gr&i:?:rlﬁmn
L [erC"] [°Ci [°Cl :
|1 275y 9.2.10° 580 - 750 00,25+0,65
¥ 2,6 NEEA T 00 ] 620 ~0,074

The profile of an extruded part and the quality of its surface are illustrated
in fig.3. '

In the figure the visible fibrage on the increased cronectegri shows the
flow in the vicinity of there irregularities.
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The irregularities on the surface can be avoided by decreasing the vise
ity of the glass.

k= |
.-:-I‘.‘I
%

Fig. 3. Irregularities on Lhc surface of an extruded part

The powder in variant I is used to lubricate the interior of the tubular pm.
files (pipes) and variant II for external lubrication. il

If it is wished that the glass powder form an anticorosive protection layer
on the finite part there should be considered the uniformity thickness and covef;
age quality (pores, exfoliation, uncovered surface etc.). Ny

The quality of the glass layer depends on the way it behaves during extny
sion. Taking into account the extrusion presure and the temperatures at wich.
trusion oceurs, the viscosity is function of the intermolecular forces, dependin
to a great extend on the intermolecular distances. '

4.Conclusions

The paper highlights the research for finding a lubricant capable to mﬂt_!—
ence the production of superior quality titanium pipes. Using glass powders hav-
ing the characteristics mentioned above parts accurate in form and dimenssic
have been obtained with a decrease of the fabrication costs by elliminating the
splintering mechanical works and increasing the utilization degree of the mate-
rial exceding 75%. ,

: _‘_} » 3

References: 1. V.I. Popescu, The forging and the extrusion of the metals
and alloys, Didactic and Pedagogic Publising House, Bucharest, 1976. 2. G-
Nolle, The glass technology, Technical Publising House, Bucharest, 1981. 3. M.
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A NEW SOLUTION FOR TUBING AND CASING JOINT

Sérbu L., Stirbu L.C., Murarasu E.
“Gh. Asachi” Technical University, lasi, Romania

The paper presents an integral joint for tubing and casing. The performances of

| joint are determined by calculus and by experimental tests. The ends of the pipes

are deformed in cold conditions. This joint is applied in the extractive oil and

gas industry.

1. INRODUCTION

This joint is realized for the entire cross section of the pipe utilization (the
diameters of the pipe are D and d, in figure 1). The box was produced after the
pipes widening (in cold conditions) and the pin is the compressed end of the
pipe in the same techno-
logical conditions.

The threaded joint
is achieved in two steps
and its aspect is pre-
sented by figure 1. The
two steps have a cylin-
drical bufters thread
with two different mid-
dlc diameters bat with
the same pitch and
height. The outer and the inner diameter of the joint are limited by the well and
by the drift, respectively, for any pipe diameter and wall thickness.

The most of the components of the joint are Joaded by: the column length
(traction for the pipes and the critical sections oflhepmt and for the thread); the
make up torque (the thread and the seals); the inner and the outer pressure (the
pipe and the joint); the bending of the column (the critical cross section of the
joint).

A theoretical analysis of the joint shows the necessity of the determination
of the joint dimensions and of the steel of the pipes.

The processing accuracy is very important for the joint and its optimum
functioning.

The experimental tests have the object to verify the dimensions and the
pipe and joint resistance. The joints of that type are realized under an original
patent at the PETROTUB S.A. Roman, Romania. The joints are used in the ex-
tractive oil and gas indusiry. The experimental test was developed on experi-
mental rigs and at the well, under real functioning conditions.

Fig. 1. The aspect of the joint
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2. THEORETICAL APPROACH

The theoretical analysis of an integral joint for tubing and casing raise
some few problems.

1) The seals functioning

The inner seal (IS in fig. 1) - is a Hertzian metal/metal contact; its aspeet
S is presented by figure 2.
Aate The two straight lines mate~
Y AL \\;\*BO

v ;/‘.;r, _;,a //.}'f/ =
PN

77 ’/’z*;// 7 g
4 3/

/ 74

e the contact point H, M,
/ The contact pressure limi
the minimum value of

=,

Ry

N

N rialize the sphere of the pi‘ﬁ
R (Ry radius). The normal
load F}; (keeping the con-
tact stresses under a lumﬁ’
imposed by the material of
pipe) produces an axial lmuiv)I -

F, . This force generates a
component of the make up

ok
T R R TSR i
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LA /////-’ /_//:,/.-'/' a3 e
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s
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e
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Fig. 3. The seal with gasket Fig. 4. The outer seal
contact stresses, because of the sealing functioning.
The seal with the plastic material gasket G is described in figure 3. The:
gasket is only an anticorrosive barrier and can be used or no, to satisfy the user’s
desire. The axial load F,g is introduced by the make up torque. This load 1?
placed between the limits imposed by the sealing functioning and the gasket re=
sistance. The friction moment between the end of pin and the gasket, M5
represents another component of the make up torque. The gasket may be reil
forced with fiberglass. 2
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torque (the friction torque in

TG,

The outer seal (OS in fig. 1) is of metal/metal type; its aspect, before de-
formation of the components is presented by figure 4. The angles of the pin and
box (0p and ap ) are selected to obstruct the lock of the pin inside the box,

Thrust load F,, (between the limits imposed by the box resistance and the seal-
ing) generates a friction moment M ;

as?

The central shoulder (CS in figure 1) is the surface of the make up torque
TN e limitation. The contact surface
- Q\\\\\\\M\ and the pressure on this surface
4 N N
7 -
AN

are two very important parame-
NV 7 ARSI

as a component of the make up torque.

ters, because of the sizes and
the clearances between the pin
o JPINI -/ Facs

and the box. The aspect of the
=l oA

central shoulder contact is pre-
sented by figure 5, where F, is
normal load on contact; the fric-
tion moment is M_,. The limits
are the minimum pressure on
the shoulder and (as maximum
value) about 50% of yield limit.

Fig. 5. The central contact

2) The thread
The thread, defined on two middle diameters, D5, for each step, is
loaded, in the moment of mounting by the axial force:

Far = Fau v Fag + Foo+ Focs (n
which produce the moment:
< oy
My =Fp = tga+p). @

where, D, @ and p are specific for the selected thread.

3) The make up torque

The make up torque, imposed by the designer of well is:

T=3 My+M; (3)

and its determination finishes the joint calculus.

4} The loads of joint

The length of the column brings about the joint traction, in the critical
cross section; the make up torque is a torsion moment, for the same section. The
fold of the column induces bending stresses in the same section of joint. The
other stresses (inner and outer pressure as example) load especially the pipe and
less the joint. The calculus for these parameters is based on API recommenda-
tions.
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3. RESULTS

1)The efficiency of the joint is determined like the ratio between the Criti-
cal cross section of the joint and of the pipe. The critical area for joint is placed
on the pin or on the box that depends on the joint geometry. The wall thickness
of the pipe is the final factor of the efficiency.

2) The evolution of the make up torque according to the pipe material re-
sistance is presented by
figure 6, for pipes of 5.52
(outer diameter) and 9.17

7000 | I 1 i
T, [Nm]  MAXIMUM VALUES

__: Aot DR, S0t e
il ! | | mm  (wall  thickness),
; These values were checked
5000 |- ——»* : S
: at well, in real mounting
condition and on experi-
4000 { :

mental rigs. Other values
were tested t0o, on the rigs
according to the functional
parameters.

3) The inner pres-
sure was combined with:
the traction load in the ex-
perimental tests. The table
1 shows some results only. The pressure was realized with water, for the same
dimensions pipes.

i

MINIMUM VALUES

3000 —

H40  J55 N80 €9 Pl110 VI30
Fig. 6. Material influence on the make-up torque.

iE

Table 1
Specimen | Inner pressure, Traction force, Results (sealing effi-
[MPa] [N] ciency) &)
] 70...71 800,000 Losses=0 for 3.5 hours
2 Thi By 850,000 Losses=0 for 72 hours_|
3 69 780,000 Losses=0 for one hour
* - test on joints without gasket.

4) The sealing functioning and the joint resistance were tested with inner
pressure applied by liquid nitrogen. The pressure brought about traction stresses
in the minimum cross section of the joint as the yield limit of pipe material. All
seals perfectly functioned. :

5) The bending of the column was imitated on the rig for a deformation Of
10%10 m length. This supplementary load reduces the joint traction efficiency.
with 50%, according to API conclusions, but the resistance of the joints and the.
sealing functioning were perfect too. P

6) The time of the screwing was reduce with 30...50 %, compared to the~
classic joints with tapered thread. The resistance of the thread is remarkable 111L
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the conditions of repeatable screwing, if the thread is phosphatized.

4. CONCLUSIONS

1) The new original joint was realized under a personal license for a
large dimensional field of pipes.

2) The joint design was developed in steps, based on the personal experi-
ence and on API recommendations.

3) The results of the experimental tests (sever modes) show that the
joints reach performances at least cqual to those achieved by the famous compa-
nies producing petroleum and gas implements.

4) The correct functioning of the joints shows that the circuit conceiving
as design — fabrication has been an optimum way; the fabrication accuracy plays
a prominent part.

5) The sealing test under inner pressure shows a perfect behavior of all
specimens, even under the condition of liquid nitrogen tests. The tests without
gasket were perfect too.

6) The testing traction forces were considerable. Thus, thrust loads were

applied, inducing, in the critical section of the joint, stresses about the yield
strength.

References: 1. Gafitanu, M., Stirbu, C. - T ubing and Casing Joint, Patent
no. 106902 C1, OSIM, Bucharest, 1994. 2. Gafitanu, M.D, Stirbu, C. - Original
Joint For Casing And Tubing. Theoretical Analysis. Proceedings of The 26 — Th
Israel Conference on Mechanical Engineering, Haifa, 1996, 154 —156. 3.
QGafitanu, M.D., Grigoras, S. and Stirbu C. - Functional Aspects Of A Thread
Joint For Tubing And Casing, Second WORLD TRYBOLOGY CONGRESS,
Wienna, 2001, 693. 4. *** - Bulletin on Formulas and Calculations for Casing,
Tubing, Drill Pipe and Line pipe Properties. API-5C3, American Institute, Dal-
las, 1994,
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TRANSFORMATION OF MATRIX HYBRID GRAPHS
INTO BLOCK DIAGRAMS AS A METHOD
OF ANALYSING OF VIBRATING MECHANICAL SYSTEMS

Swider J., Wszolek G.
(Silesian University of Technology, Gliwice, Poland)

{n the article a new analysing method of 3-dimensional, complex mechanical
systems with linear couplings, structurally and geometrically heterogeneous and
subjected to polar and flow sets of functions at the same fime has been intro-
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duced. The method is connected with a matrix hybrid graph - with combmed."
Jeatures of both flow and polar - (mgh) transformation into the matrix bloe}

diagram. That graphs are isomorphic with the structure of a discrete model of'

the mentioned mechanical system.
I. Introduction

The hybrid graphs method has been worked out in the work [1] and fully devel-
oped to the matrix hybrid graphs method in work [2]. It gives the possibility to.
test 3-dimensional, multi-input and multi-output dynamical systems, which az:é:
heterogeneous, due to the configuration of mechanical variables, and to the
Characteristic distribution of the parameters of elements making up the model.
However, that method does not give the possibility to test non-linear mechanical
systems or to gencrate their time responses. The solution of this problem is to
make transformation of matrix hybrid graphs to block diagrams and prepare
comprehensive analysis, using an available and professional computer software
intended for block diagrams analysis — MATLAB-SIMULINK [3]. b
2. The algorithm of a transformation of matrix hybrid graphs into block
diagrams -
¢ Projection resulting from the cyclomathic principle of a matrix hybrid graph

(mhg):
. : : 0B 1 30Bp:1:0
[11S8i 5 38 145][;23: 2001__ 01
Meanings of the symbols of equation (1): :
[118].5., - an active generalised co-ordinates matrix, [,8],,, - passive generalised
co-ordinates matrix, ,
[1:8] 3 - @n elastic-damping element dislocation matrix, [,,S] ., - dynamical
excitation dislocation matrix, ,,B,,. 5B, 3B, - submatrices of the couple,t.::l,"«;

ST

i

contours matrix ;B [2] of an mhg, ,,B,, =—,,B,," and ,,B,, =—,,B,," - submatrices
of the coupled cuts matrix ,B [1] of an mhg. :
After transformation form (1) to a form:
{ ] ({u : mu] S[Us-mo.- Ligaa L [ )
20 uJ

it can be directly converted to inputs, functional blocks and output of a block
diagram sum node (fig. 1).

‘¢ Projection resulting from the vertex principle of a matrix hybrid graph (mhg) h

: T
0: B, : B ]
in n“ zotrhfnbél-m*-") i (3)¥

L8 L8 8 e]
s w8 w8 o8l B ]
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Fig. 1. A part of a block diagram obtained from equation (2)

Meanings of the symbols of equation (3):
[:18).., - generalised inertia forces of an incrtial elements matrix, [,,S], ., - gen-

eralised forces of a kinematical excitation elements matrix, [,.S] ., - generalised
forces of an elastic-damping elements matrix, [,,S],,..- generalised forces of a
dynamical excitation elements matrix,
After transformation form (3) to a form:

[:ns 225]=

: e _ oy <A

3 "[24S][zuB1QT oiﬂnési] _[ﬁsll,;m [an r : 20B21r]_ [3-352}:::““. an::1 zuBz;rl
where: [,;8,],,,. - generalised forces of a damping elements matrix, [,S,].... -
generalised forces of an elastic elements matrix,
it can be dircctly converted to a part of a block diagram (fig. 2).

Lx3sm

— [.8, L _«.B,\'M_M‘} _..».[..‘S..._L_L“"_
wSlan [ \‘ WSire wSurs
L 2 o |6 S ) _;,% [: 250 L
f «S, o lini
{:"B"rw-'-.- "B-'-rv...‘..-] _'[-_l"—'

Fig. 2. A part of a block diagram obtained from equation (4)

¢ Projection resulting from the polar equation of a matrix hybrid graph, which,
after transformation, can be represented by three matrix equations:

r -1 : 1 -
[!ES - {]m] :[318 zzsl\klwtfp) =2 gwm : > (5)
Lsl=Lsllwe)], (6)
[nS ] ][ W. (P (7

Meanings of the symbols of equatlon (6) and (7): [W.(»)],...s..- @ damping

clements stiffness matrix, [\W,(p)],., ... - an elastic elements stiffness matrix.
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Elements of equation (5) can be directly converted to an input, a valye
and an output of a functional block of the block diagram (fig. 3), while parts of
the block diagram represented by equations (6) and (7) are shown in the fig. 4
(a) and (b).

{nsh!n L:-‘-;‘-;m} wip)l .. O:w.sa-l [“S,__-_‘,_ DI.I_,]

n
|
I 01.5..\,. B.‘xl-x.‘-lJ

Fig. 3. A part of a block diagram obtained from equation (5)
a) b)

3 55 b 133 e [.’JS.’]Irim
"_ihs""}':l:-—' [3W;(P]me3m [- 1 > [ Sl‘ {le(p}Lsnﬂm BT

Fig. 4. Parts of a block diagram obtained from equations: a) (6), b) (7)

According to the given algorithm, an mhg of a discrete mechanical system
with lineal couplings has been projected into a corresponding block diagram
(fig. 5).

[-Un]._.k_ -"Bv“rn-—.w] [?ISI‘]AM {.“\:Z(P)l'».‘m 2

I—?lsl.l—‘w

[\“Jl b’ )Imf{w

Fig. 5. A block diagram, which represents to a discrete model of a com-
plex dynamical system

The formulated method of the analysis of dynamical systems has been
programmed and the program GRAFSIM has been implemented in the
MATLAB software environment. In that case a model of 3-dimensional me-
chanical system with lineal couplings, after its transformation through a matrix
hybrid graph into a block diagram, can be further tested in that program. Exam-
ple windows are shown in the figure 6. ;

The GRAFSIM programme lets to generate time responses on individual
dynamical and kinematical excitations, to show zeroes and poles of characteris-
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tic equations on the complex surface and in a tabular form, and to generate state
matrix equations of a descrete model of the mechanical system.

Fig. 6. An example of windows of the cdhﬁputcr program GRAFSIM im-
plemented in the MATLAB-SIMULINK environment

3. CONCLUSION

Block diagrams are rarely used for modelling and analysing of mechanical
systems, because of necessity of generating of differential equations of move-
ment what, in the case of complex mechanical systems, can be difficult and time
consuming. The paper shows the algorithm of the mentioned transformation,
which is the base of the computer application, prepared to analyse complex me-
chanical systems [4]. The method gives possibility to generate a block diagram
of dynamical systems without generating differential equations of movement.
The algebraic expressions of transformation of an megh into a block diagram
constitute the basis for applying the method to test dynamics of vibrating me-
chanical systems with non-linear elements and give possibility to generate, be-
sides dynamical characteristics, their time responses.

References: 1. Swider J.: Hybrid Graphs in Modelling of Vibrating Me-
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BRIDGE CRANE WORK CYCLE SIMULATION
REGARDING ROPE COMPLIANCE

Wojnarowski J., Kopeé J.
(Akademia Techniczno-Humanistyczna, Gliwice, Poland)

Modelling oscillation problem has big meaning in domain of vibration isolation
and cranes structure stability. Main goal is evaluation of displacements, veloci-
ties and accelerations of bridge crane elements for one work cycle: load trans-
port between two points. Physical system dynamics was described with mathe-
matical model of small degree of freedom. Rope compliance was regarded in the
model. Motion equations has derived with Lagrange method. In this paper are
presented numerical results and their analysis. '

LIST OF SYMBOLS
There are used following symbols in this paper:
v=1; —kinematical excitation (crane crab movement)

— elements of generalized coordinates matrix
—masses of crab, bridge and load respectively

X; X5, X,

My Myt

m, — lumped mass (crab and bridge)
I - length of non loaded rope
imnfler =2 POty i F — length of loaded rope
s — span of crane bridge
s — length of crab track
k= —E—z R rope stiffness coefficient
A =i£—-—— ; - reduced crane bridge stiffness coefficient
Iy x3 (3 —x)
E — Young's modulus
7 — cycle duration time.

MODEL FORMULATION

Knowledge of crane dynamic is useful when vibration isolation is taken to ac-
count [3]. Schema of the system is drawn on {ig.1. The following assumptions
were made before discretization: crane bridge is approximate with beam of re-
duced stiffness coefficient, crab is replaced with mass m,, load is replaced with
mass m; (it is good assumption because phase of load pulling was not consid-
ered), rope is replaced with element of constant stiffness coefficient &,, all
dampings were neglected. As a result the discrete model of three degree of free-
dom was obtained.
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Fig. 1 Schematic drawing of dynarnic system

' ; _ EQUATIONS OF MOTION DERIVATION
T'o derive equation of motion Lagrange method was applied [1]:

d ( AE-V))_a(E-¥)_

aet: Oy =) 9% "o )
Kinetic energy was obtain from relationship:
e ivs ok S ans T g 2he
E= 5 M ¥i +—2m!x3 TEmS(x; +xf}, 2)
and potential energy was calculated as follows:
b g 1
V= 'z_kbxl T8t ;)'k.* =1, - M3 8% . €)

A_iter c{1ﬂerent:;in;_g> and factors ordering a second order system of three ordinary
differential equations was obtained in the form:

g 1 :
Xy =-— m-:- fcbxl "k![l_'?](xz *xi)} g

L

kit

32=~:;3[ -2 -x)rg @
k /

Xy =”}??2 (1“';}}(% = x3)

Th'e system (4) is transformed into first order system of six ordinary equations
using  substitutes  y; =x, y; =%, yy = X4y Yg = X4y Y5 = Xpy yg =%5. The
transformed system was numerically integrated with forth order Runge-Kutta
method using adaptive step control [2]. Kinematical excitation, which realized

working f;yclc (moving of crane crab): acceleration, load carrying, deceleration
was considered in mode shown on fie. 2.
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Fig. 2 Assumed modes of velocity excitation

RESULTS AND CONCLUSION
Computations were performed for parameters: brid ge span s =35m, line length

! =15 mand load mass my =8000 kg . Transport of load lasted for T, =23 sand
crab accelerated from v=02 10 v, =0,667"in 7; =35 (it was deceleration
time interval either). Considered crab starting coordinate was x5 =3 m1, includ-
ing other excitation parameters it led to ending crab coordination x; = 16,33 m.

The values of initial conditions were adjusted to match vertical rope position
and static deformation of bridge and rope in ty =0. The equation system (4)

was integrated for time interval from 7, =05 to t; =60 s with initial integra-

tion step /2= 0,01 5. Selected results are shown in figures 3, 4 and 5.
2 _ : e

15 -
.5

05 -

&[]

Fig. 3 Phase portrait ¥, = £ (x,), plotted for range 1 =23-70s

Maximum bridge accelerations and velocities for crab position x; =16,33 m are

2 - - . - g
Uimax =178%= vip,, = 0,132 respectively. Phase curve passing near limit cy-

cle and two turning points (sce fig. 3). The instability may occur in bridge oscil-
lations. However for mass my the limit point (center) was observed for variable

x; (see fig. 4) and for variable x4 (not shown on drawings). Trajectory of mass
282

my plotted on figure 5 is regular according to phase space result plotted on fig.
4.

%, [2]

Fig. 4 Phase portrait X, = f (x, ), plotted for range {=23-70s

1508 ——

15.06

181

i5.12

15 16.5 16

‘; "—-_-1? %7.5.
Xs [m]
Fig. STrajectory of transported mass ms afler crab stopping, plotted for
range 1=23-70s

System instability occurred and solution sensitivity from initial conditions was
observed. Further works will concern with more accurate model building (damp-
ing regarding) and applying more ¢fficient analysis tools.

References: 1. Awrejcewicz J.: Drgania deterministyczne ukladéw
dyskretnych. Warszawa, WNT 1996. 2. Press W. H., Teukolsky S. A., Vetter-
ling W. T., Flannery B. P.: Numerical Recipes in FORTRAN. The Art of Scien-
tific Computing. New York, Cambridge University Press 1994, 2nd edition re-
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SELECTION OF OPERATING PARAMETERS FOR
A DRUM COOLING BED FOR IRON BLAST FURNACE SINTERS.

Wrébel G., Wierzbicki L.
(Silesian University of Technology, Gliwice, Poland)

A sequence of calculations for determining operating conditions of a drum cool-

ing bed have been presented in the paper. The presented calculation model may

be helpful in finding optimal conditions for cooling iron blast furnace sinters, as

well as in economic calculations for this process. The system analysed in the

present paper concerned the material returned from the sintering line for re-use.
1.Introduction.

A cooling bed being the subject of the present paper serves for cooling iron
blast furnace sinter turned back from the sintering line for its re-use. It is in its
crushed form — a particle diameter below 10 mm and temperature of 450 —
550°C. Cooling is performed by way of mixing with water fed. to a cooling ma-
chine, which reduces the temperature of the granulated product to approx. 70°C
while evaporating in a cooling process. It is fed to a cylindrical cooling cham-
ber, to ensure appropriate efficiency of the granulated product’ cooling opera-
tion, in which, as a result of forced rotary motion, it is mixed with approx. 20°C
water fed simultaneously with nozzles located in the chamber.

The cooling process effectiveness is conditioned by intensity of supplied
cooling water corresponding to the cooling bed capacity, measured with mass
intensity of flow of the cooled granulated product. Cooling efficiency is also in-
fluenced by such process parameters as the time of storing the granulated prod-
uct in the cooling bed chamber and mixing efficiency, which depends on rotary
speed of the mixing chamber drum. These process parameters along with the ba-
sic structural parameters of the cooling bed, such as cooling chamber dimen-
sions, a value of its axial gradient, or a foundation's and a drive parameters are
mutually dependent. They also depend on the parameters of the cooled granu-
lated product —mass density, granularity, dynamic angle of natural sliding, or an
assumed filling ratio of the cooling bed chamber.
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2. Model of mixing the granulated product in the cooling bed chamber.
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Fig 1.

The Figure 1 presents a schematically cylindrical cooling bed chamber
with Ly length Dy, diameter, & axis gradient angle, partly filled with the mixture
of granulated product under specified working conditions. The k filling ratio
features the ratio of granulated product volume to drum volume or a volume of
the used cross section areas:

N 3
Vg « B,
where: ¥, — granulated product volume,

Vy— drum volume,

Fg— cross section area of granulated product deposit,

F,— drum cross section area.

A miXing process is a result of the movement of granulated product parti-
cles forced with a drum’s rotary motion [1]. Let’s assume that movement of par-
ticles under 2 surface layer results from the movement of granulated product de-
posit in the drum as a stiff body connected with the drum'’s coating. Deposit sur-
face rotation causes increase in its gradient over the dynamic sliding angle
B=45°. Then, particles located onto the surface roll down towards the direction
similar to to the direction of the largest decline. The set value of this angle under
working conditions means that balance of the process of elevating with a rotary
motion connected with the coating of the deposit mass chamber with the process
of its surface gravitation sliding.

The figure 2a presents the method of the granulated product surface layer
model displacement taking place in an infinitesimal period of time dt.
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Fig 2.
Volume of the materia! displaced through any cross section of a drum is:
dv = 1(5‘ Y w.sdt = 2R eod® st 2)
2°2 2

where: s - average displacement of a granulated product particle — displacement
of the centre of mass of the sclected material volume,

L - C,; C; distance length in the fig. 2

L is defined as:

2
L= E_L/m (3)

A direction of particles displacement (BD in the Fig. 1 and 2} is perpen-
dicular to the level on the deposit surface (e.g. AC in the Fig. |1 and 2) — in &
view from a normal direction to the surface of free slide is shown in the Fig. 2c.

For a drum's cross sections distant by /, the value of decline from the point
AtoEis

hyc =al 4)
Geometric relations occur from the fig. 1 and 2:
} °C .
EC= 2 gV = EC - Pac Lot (5)

sin /3 ! [ lsinff sinf

When assuming as a volume of displacement of the centre of mass of the

displaced material volume as a measure of material displacement as a result of
surface slide of particles, the displacement for the analysed V' volume is

2 2o
=BG e (6)
3 3 cosy
whereas as axial component of this displacement
2 2 La
s;==Ltgy ==—— 7
3. ok e 2

Apart from material sliding motion in the surface layer, its entire dis-
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placement towards the drum axis is also created by the cffect of the motion of
the deposit rotated together with a drum. The Fig. 2¢ presents a side view of the
layer separated with close drum cross sections. In this view, s, is an axial com-
ponent of the C,C; section determined by centres of mass of the displaced vol-
ume of granulated product due to rotation of the deposit with the drum in the dt
time, it is:

5y 2A[Be:)c=-:'iLc:(sin/} (8)
3 3

Therefore, the complete displacement of the ¢V volume determined with a
formula (2) 1s:

s =s,+8y = ;La’(sin B+ ;}BLE) )
Therefore, a volume flow rate in the rotating drum is
e, =%=%R2cos2 8@.s (10.1)
0= é—LR 2o cos” Sw(sin B + s'i“rl:_ﬁ} (10.2)
1 3 1
Q= = L3aa)(smﬁ+s.inb) (10.3)

Whereas mass flow rate
On =Qr (1)
where v stands for granulated product density.
The L logical parameter occurs in the formulas (7) to (10) denoting a
length of a deposit surface cross section chord in the drum. Its relation to the
filling ratio of the x drum results from the dependences quoted below:,

A ficld of a section of a circular cross section with the r radius, deter-
mined by the L chord, / arc and h height is:

1 ] 5

S=;Ur—L(f~f’?)]=5’(a—sina)r“ (12)

For the « filling ratio
S = wmr? (13)

hence

o—sing = 2x71 (14)

L section distance is:
L=2rsin% (15)

The table 1 presents L lengths corresponding to the r chamber radius for
different filling ratios of the xchamber.
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Table 1

XK o Lir

0,10 1,627 1,4534
0,15 1,892 1.6220
0,20 2,113 1,7413

Assuming dynamic angle of material sliding $=45°, an effective chamber
angle (taking account of a by-wall layer thickness) r = 1,35 m and a drum axis
inclination angle o = 3°, the formula (10.3) will be:

1 3z 3 i o 1
Q 12180L s +sin45") .
Q=9.256.10"Lw.

The formula (15) relates volumetric performance of the Q cooling bed
with a rotary speed and a filling ratio connected with dependences (14) and (15)
with the L parameter. These values are additionally influencing the effective
time of storing the material in a cooling bed. Cooling time in a cooling bed
chamber is determined by the dependence:

K@
Lont = “é“ (17)

Therefore, selection of a cooling bed operating parameters can be per-
formed starting with the assumed Q volumetric performance and the t.y.cooling
time A filling ratio of the & drum chamber is designated from the formula (17),
and a required rotary speed of the @ drum from the formula (16).

3. Cooling water balance,

To determine a demand for cooling water, an energy balance of a cooling
process should be drawn up. For this end, a sample of the granulated product
taken from the exit of a cooling bed was tested to determine density, humidity
and specific heat. After weighing, the moist mass of the granulated product was
dried at a temperature of 200°C within 24 hours. Another weighing revealed
5.1% mass loss. Subsequent drying did not cause considerable loss of the granu-
lated product mass, therefore, it was assumed that the granulated product ob-
tained as a result of drying does not contain moisture. 500g of the material dried
in this way at a temperature of t; =160°C was put to 600g of water with an initial
temperature of 1,.=22°C. After equalising the temperature, its valuc was 1,=39°C.

Basing on it, a heat balance was drawn up in order to determine heat of
the specific granulated product:

160° *500g * ¢, + 22° * 600g * c,, = 39° (500g * ¢, +600g *c,) (18)
where ¢, , ¢,,— is specific heat of a granulated product and water,
hence

¢y =0,169 cal/lgK = 706 JlkgK (19)

g
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To determine a demand for water for cooling the granulated product under

operating conditions of a cooling bed, the following entrance parameters were
assumed:

Granulated product initial temperature iy =500°C
Granulated product final temperature tog = 70%C
Cooling water initial temperature tw = 18°C
Water contents in cooled granulated product = 5%

A heat balance equation for 1 tonne of the granulated product has the fol-
lowing form:
(500° - 70%)c ¢ = Oy pulr + (100°-18°%)c,] + at(70° - 18%)¢,,  (20)
where: y,, — cooling water mass density [kg/m3]
r —specific vaporisation heat under 1 [bar] pressure conditions
r=2258 [kJikg],
hence, a water demand for 1 tonne of the granulated product is:
Q. =0,1125 m*/t @2n
Therefore, a maximal water demand for the cooling bed performance of
210 t/h is:

Qe = 210 t/h * 0,1125 m’/t = 23,6 m*/h. (22)
For mean performance of 120 t/h, a water demand will be
O = 120 t/h * 0,1125 m’/t = 13,5 t/h (23)

4. Summary.

A model of sinter granulated product migration process in a cooling bed
chamber with an indication of a method for selection of a device operating pa-
rameters such as: rotary speed or a cooling water demand for the assumed de-
vice performance and a cooling time has been presented in the paper. The rules
for selecting these quantities may be a basis for selection of a drive and formu-
lating durability conditions for determining detailed structural parameters and
their optimisation.

Their resulting loading conditions indicate a power demand of the system
and structural possibilities of building a device with considerable operating sta-
bility.

References: 1. E.U. Chodorov: Dvizenije materiala vo vraséajuscichsja
piecch. Promstrojizdat, Moskva 1957. 2. Strength calculations of the construc-
tion of a cooling bed and a cooling water balance. (Obliczenia wytrzymato-
sciowe konstrukeji chtodnika oraz bilans wody chiodzacej). G. Wrébel, Devel-
oped for P.LBiprohut Sp. z 0.0. Gliwice 2001
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NPABUJIA

NpeAcTaBAeHHs PyKoNHceil B MEKAYHAPOAHBIH COOPHUK HAYIHBIX TPYAOB
JloHeuKoro rocyiapCcTBEHHOT0 TEXHHYECKOr0 YHHBEPCHTETA
«IlporpeccHBHbBIE TEXHOAOTHH H CHCTEMbI MAUIHHOCTPOCHHSD

CoaeprkaHue pyKONHCeH AOIKHO OTPAXaTh HOBBIC NOCTHKECHNA HAYKH H
TEXHUKM B 00ONacTH MAWIMHOCTPOEHWsS, MX I[PaKTHYeCKoe 3Ha4YeHHc,
COOTBETCTROBATh TEXHHYECKOH HalpaBleHHOCTH cOOpHWKA W MpeaCTaBlaTh
UHTEPEC i LIHPOKOTr0 KPyla CIEHHATHMCTOB.

B pyKOnucH A0UKHO OBITE KPAaTKO M3JI0XKEHO TO HOBO® ¥ ODMIHHAILHOE,
410 paspaboTaHo aBTOpamu, IIOKa3aHO TPEUMYIIECTBO Mepei aHajoraMy
npeiiaraeMeIx  pa3paboToK, OMHCaHBl UX OCOGEHHOCTH W NpaKTHYECKas
3HAYHMOCTE. PesyasTaThl paboTsl He MOJIKHB! MPEACTaBNsTHCA B BUAC TE3HCOB.

SI3BIKM NPEeICTABICHUS PYKONNCCH: YKPAHHCKMH, PYCCKUH, aHITTUHCKHHA 1
HEMENKHIL.

CGOpHHK HAYYHBIX TPYAOB SBAASTCA CTIELHANBHRIM M3AaHUEM B KOTOPOM
MOryT myGaMKOBaTBCS pPe3yibTaThl AWCCEPTALHMOHHBIX paloT, TaKk KaxK OH
BKkmoueH B nepeders BAK Yxpauusr (Ilepenik No | naykoBux GaxoBKX BHIaHb
YKpaiuu, B AKUX MOXKYTE NyOIUKyBATHCS Pe3ysibTaTH AucepTallifiuux pobir Ha
ao6yTTS HAYKOBMX CTYNEHis [oXTopa | Kawaumarta Hayx. [logatox 1o
nocrarosy npesuaii BAK Vkpaiuu Big 9 uepraa 1999 p. Ne 1 —05/7).

OCHOBHAH TEMATHKA CbOPHHUKA

1. TlpakTuka u MEepCnEKTUSLl CO3IaHusL U [IPUMCHEHHS [IPOIPCCCHBHLIX
TEXHOJOIHH.
2. Undopmaunonnsie Ttexuosiorny (CAD/CAM/CAE). Mexauuzauus o
aBTOMaTH3allus [IPOU3BOACTBEHHBIX Npoteccos. [IpobieMel MeXaTpOHUKH H
MeXaTPOHHBIE TEXHOIOTHH.
. TIpoGieMBl IPOEKTRPOBAHMS 1 NPAMCHEH S WHCTPYMEHTOB, [POIPECCHBHbIC
HHCTPYMEHTalIbHbIE MAaTEPHalbl U HX 00padorka.
4. ABroMatH3alMs KOHCTPYKTOPCKOH M TEXHONOTH4CCKOHW TOArOTOBKH
[IPOM3BO/CTBa, IPOrpeccHBHOE 000PYAOBaHNE.

5. YupaeneHue KdayecTBOM, MCIDOJOTHS, CepTHQUKALMS, JIHArHOCTHKA,
HaJIeKHOCTH ¥ JKCILYyaTalHa TEXHONOMHYECKHX CHCTEM.

6. ClcuuanbHble ¥ HETPAAHLKOHHbBIE TEXHONOTHH, JIKOHOMUYECKHE TPOBIEMBI
MEUIHHOCTROEHHS.

7. Bonpocsl MOAENHPOBAHHUS H PACYCTOB CIOMHBIX TCXHHHECKHX CHCTEM.

8. DproHoMAvYecKUe U 3KONOTHYECKHE MPOBIieMbl MAIHHOCTPOSHNS.

B pamxax cOopHUKa MOXHO [PEJCTABNSTh PeKnaMy NPOAYKIHH, KOTopas
OyieT momMeLica nocne pyxkonucei crated.

L3
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NPEACTABJIEHWE MATEPHAJIOB

i Hus HEHHﬂTPI}i PCLIEHHUA O BKIFOYEHMM pykonucy Balueit ctaTeu B
COOPHMK HEOOXOAWMO BEICIATE B aAPEC PEAAKUHOHHON KOIErHY cleaytomIee:
@ 33aABKY H CBCCHHSA 00 aBTOpax CTaThH;
® PYKOTHMCL CTATBH B [ABYX 3K3eMTIspax (BTopoii OK3EMILIAP CTATbM JIOJKEH

OLITE MOANNUCAH BCEMU aBTopaMmu);
® aKT 3KCHIEPTU3LI (OAMH dK3eMIsIp);
® TUCKeTY 3,5 mofiMa C 3aMUChI0 TeKCTa CTAThU.

ITy6nukauus crartelf B ganyoM cGopHuKe miaTHas.

_ IPEBOBABMA K Q@OPMEHUIO
. Texet pykornucy cratet 0T 5 o 10 crpaunn na 6enoi Gymare dopmara A4
(%10x297 MM) C [ONAMU: BepXHee U HikHee 30 MM, JIeBoe u npasoe 25 Mm.
CrpaHuis He HyMepoBaTh (HyMCpPAalMIO BRINONHHUTD KapaHaailoM B HHKeM
npaBoM yriy). Pykonucs crateu opopMuth © TIPUMEHEHHEM pefaxTopa
WinWord (ue mimxe Bepenu 6,0) mpudrom Times New Roman pasMepoM
1_4., paCrevaTaTh B ABYX IK3EMIUIAPAX C BLICOKMM KAUECTBOM [1€YATH, :

2. Tlopsimoxk odopmnenys. Martepuansl JOMKHBI OTBEYATSH cneayolei
CTPYKTYPHOH = CXCMe: HasBaHue, (QAMHIMH ¥ HHHIMATIB] aBTOpPOB
COKpAlleHIOC HAa3BaHWE OpraliM3aliiii, TOPOJR, CIPaHbl, AHHOTALHUSA Hé;
AHMIMACKOM  A3bIKE, OCHOBHOH TEKCT, BBIBOABL, CIHCOK NUTEpaTypHl.
Hassaune newaratsh NPONHCHLIMH(KUPHEIMY) Oyksamu, He OTCTymas OT
BEpXHEro rofid, 063 MepeHoCos, HeHTtpuposars. Yepes 1,5 HWHTEpRala
CTPOYHBIMM OyKBaMH — DAMHINYM ¥ HHHIHAJBI aRTOPOB (KMPHBIMHU), B
KPYITIBIX CKODKaX KypCHBOM — COKpAleHHOC Ha3BaHue ogaaﬁu?ay;ﬁ
Ha3BaHWe 20p00os, cmpax  (Hepes 3almTyio, LUCHTpHpOBaTh). Yepes l§
WHTEPBANA — MaTepHalbl CTaThi (351K M3TOXKEHUs! ~ MO BLIGOPY au'mpo’n
MEXCTPOUHBIH unTepsarn 1). Cv. ofpasen oopmierus matepuanos. ,

3 I“pacpmcc;iui‘i mMaTepuan (prcyHKY, Tpaduky, cXembr) CICAYET BBIIOJEITE B
dopmate “bmp, ".gif, ".pex, “.dwg pasmepamu me Mewee 60x60 Mm
m:cnpemmmn obsekTaMu (10 xogy Martepuanos). Bce  103MUHH
ODO3HACHHBIC 1A PHUCYHKE, JIOJDKHL! ObITL 00BACHEHBI B TeKCTe. Tioaﬂum«;
Ha PHCYHKE JOIDKHBI pacmoniaraThbcs nmo 4acoBoi cTpenke. IToj kaucisim
PHCYHKOM yKa3bIBaeICs €ro HOMEp M HasBaHMe, Hanpumep: Puc. 3. Cxema

yerpoictsa. Kakapiii pHCYHOK HOMKSH MMeTh OAMH HHTepBa CBEPXY M
CHHM3Y.

- DopMyNEL B MATEMATHUECKHE 3HAKM QOIDKHE! GBITH HOHSTHLL. TToKazaTeny.
CTemeHr W UHACKCHl JOMKHB! ObiTh Melblle OCHOBHBIX 3HaKOB H
BBINONHATLCA B COOTBETCTBUM C pefiaxtopom dopmys Microsoft Equation.
Dopmysibl HOMEPYIOTCA (CIpasa B Kpyriblx CKoGKax, e OTCTYIas OT
pasoro Monist), TONLKO B TOM Cilyyae, €ClM HAa LMX B TCKCTe HMEIoTCS
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CCBUIKH. Mexay xpaiinumu 3uaxamu  (QOPMYTBL #  TEKCTOM JOJIKEH
BRIOJHATECS OJIHH MHTEPBa. POPMYIIB! BHITOMHAIOTCSH KyPCHBOM.
Pasmep ¢opmya ans Microsoft Equation

LUy Te A s e e Tl D A L 14 pt
Subscript/Superscript (KpYMTHBIA HHAEKC). . veneeneenereoso e 10 pt
Sub-Subscript/Superscript (Menkui UHAKC). ........coeoveeres e, 8 pt
Symibaltepmaioilunon) . Be 1 fopsiitnt vl Lo Ud sl oan 16 pt
Sub-Symbol (MERKUHE CUMBOMN)....ccveiineiinineiieiereie e 12 pt

5. Bece Tabnvipl MOMKHBI WMMCTh HasBaHHE U NOPAAKOBBIA  HOMEP H
pacnoyaratbCs MOCNE YNOMHHAHUA MO TeKCTy, Hampumep: Tabnuna 2.
Knaccudukaums mydr. Kaxgas tabnuia HomxHa umers omui HHTepBa
CBEPXY U CHH3Y.

6. CnMcox JHTEPATYPH! AOMKeH ORITH NDHBEJCH B KOHNE CTATHH B
COOTBETCTBHH C 0OOpasuom. Ilepedetib CCBUIOK NOMKeH GbITh COCTABIEH B
NOpAAKe ynomusanus B Tekcre. CCBUIKH Ha THTEpaTYpy 3aKIIOUYAeTcss B
KBaApaTHbIE CKOOKH.

7. Texer pykonucH crathu TpebyeTcs 3anncaTh Ha JUCKeTy 3,5 roiiMa,
KOTOPYIO HY/KHO IIOAMHCATE CledyioumnM obpazonm: daMuiuu ¥ AHUIHANE]
ABTOPOB, 11a3BaHME CTAThH.

8. Marepnansl pyKOIHCH NPEACTABISIOTCS 63 H3ruGoB.

9. Marepuarsi, He OTBEHAIOIIME IEPEUUCTEHHBM TPeGOBAHUSIM U TEMATHKE
JIaHHOro CGOpIiHKa, a4 TaxxKe NOCTYIHBHAIHE B PCAAKIHOHHYIO KOJUICTHIO C
OmO3/aHneM, onySnuKoBaHs He 6YAYT.

Oépaszeu ohoprienus MOAmMepuaos:

OCHOBBI CTPYKTYPHOTIO CUHTE3A CBOPOYHLIX CUCTEM

Msanos ., llevpos ILIL (Joul TV, BITY, 2. Howeyx, 2. bpanck,
Yrpauna, Poccus)

The efficient design of assembly machinery is vitally important .........as noun
description of functions of presented in the paper

CGopouHbie  CHCTEMBI  SBASIOTCH  CIOKHBIMK HEPapXHYECKAMH
cucremamu. OnnmM U3 ycaosuil [1] moBbrneHns IIPOH3BOAUTCIEHOCTH ...
COOPOUHBIX TEXHOJIOTHYECKHX CHCTEM (pHC. 5),

Crucox auteparyper: 1. Kum WM.IL Hecnenopanue s(pdexrusHOCTH

poropubiX MawmH. — K.: KITH, 1985. — 123 ¢. 2. Ycrmoros A.B. HaaexsocTs
TEXHOIOTHYECCKMX ManH. — [oneuk: Joul TV, 1998, — 425 c.
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