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B cOopuuk Brimtouensl Marepuaisl Xl mexnynaponHodt HaydHO-
TexHU4eckoi kKoHpepeHunn «MammHoctpoeHue u texHochepa XXI| Beka», or-
pakaroliye Hay4dHble U MPaKTUUYECKUE Pe3yJbTaThl B 001acT 00paboTKU u3/e-
JUI TPOrpecCCUBHBIMU METOAAMH, CO3JaHUs HETPAJUIMOHHBIX TEXHOJIOTHHA U
o0opynoBanus. [IpeacTaBieHbl COBpEMEHHbBIE JOCTHXKEHUSI M MEPCHEKTUBHbBIC
HaIpaBJICHUs] Pa3BUTUSA TEXHOJOIMUYECKUX CUCTEM, METAIOPEKYIEro UHCTPY-
MeHTa U ocHacTku. OcBelIeHbl COBPEMEHHbIE MPOOJIEMbl MAaTEPUAIOBEICHUS B
MalIMHOCTPOCHUHU. PaccMOTpeHbl BOMPOCHl MEXaHU3ALMM M aBTOMAaTU3aLUU
MIPOU3BOJICTBEHHBIX MPOIIECCOB, YIPABICHUS Ka4€CTBOM M JTUArHOCTUKHU TEXHU-
yeckux cucteM. [IpuBenensl cBeieHns 00 0COOCHHOCTAX MOJEIUPOBAHHUS, IKO-
HOMHUYECKUX MpobiemMax MpOU3BOJICTBA, BONPOCAX MHKEHEPHOrO0 0Opa3oBaHUs
U APYTHUX aKTyaJdbHBIX IPOOIeMax TEXHOCPEPHI.

[IpennasnaveH Juisi HaAy4YHO-TeXHUUYECKUX paboTHHKoB, UTP u cnennanu-
CTOB B 00J1aCTH MAIIMHOCTPOEHUS U TEXHOCHEPHI.
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HNEPCIIEKTUBHBIE TEXHOJIOI'NMYECKHUE INTPOLECCHI CBEPX3BYKOBOI'O
IF'ETEPO®A3HOT'O IEPEHOCA NOJYYEHUA U3HOCO- U KOPPO3UOHHO-
CTOUKHUX NOKPBITUM JIJISI KOHKYPEHTOCIIOCOBHBIX U3IEJIAI MA-
HNNHOCTPOEHUSA

®apmaxoBckuii 5.B., BacuabeB A.®@., Ky3neuos IL.A. (@I'VIT [THUU KM «lIpomemer»,
Canxm-Ilemepbype, Poccust)

In this work the results of researches on receiving of wear-resistant and corrosion protection
coatings from materials with amorphous, nanocrystalline and intermetallide structures by a
controlled plasma flow and the method of supersonic cold gas-dynamic spraying (CGDS) are
shown. The realization of the specified technological circuits has allowed to increase a wear-
resistance of friction pairsin 2,0-2,5 times and to create coverings for machine components
proofed to influence of aggressive environments (acid, alkali, oil etc.).

Ananu3 (enepanabHbIX IPOrpaMM BEAYIINX 3apyOeKHbIX CTpaH B 00J1aCTH HOBBIX Ma-
TepranoB MOKa3biBaeT, 4to 10 80% Bcex M3IENMl M3rOTABIMBACTCS C MOKPHITHAMHU Pa3iInd-
HOT'O (bYHKIII/IOHaJ'IBHOFO Ha3HA4YCHUS. 3TO, BO-IICPBLIX, IMO3BOJIACT CYIICCTBEHHO COKOHOMMUTH
MaTepualio3arparsl, U, BO-BTOPBHIX, o0ecrieunBaeT riOKOCTH IIPOU3BOJICTBA.

K namnbGoiee MNEPCICKTUBHBIM TCEXHOJIOTHAM HAHCCCHHA IMOKPBITHA OTHOCATCA Ia3o-
TEPMHUYCCKUC METOAbI U METO/bI HCHapHTeHBHOfI KOHACHCAIIUN. 3a MOCJICOHEC BpEMS CYyLIC-
CTBCHHO BO3pPOC MHTCPEC K HAHOCTPYKTYPHUPOBAHHBIM IMOKPBITHAM Ha OCHOBC HOBBIX MarTe-
pHaioB, T.H. METaMaTepHaloB. Perymupys CTpyKTypy TakKMX MAaT€pUajoB, MOXKHO IOJYyYUTh
AJIL OJHOT'O M TOr'0 K€ CTCXUOMETPUUCCKOro COCTaBa pa3J'II/ILIHBII71 YPOBCHBb 3KCILTyaTalluUOH-
HBIX CBOMCTB.
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Puc. 1. Bnusinue cTpyKTypbl Ha 3KCIUTyaTallUOHHBIE CBOMCTBA MOKPBITH.

[ToaToMy BeaylumMu MaTepHaIoBeIaMH U TEXHOJIOIaMH B HACTOSILIEE BPEMsI TPOBOASATCS
MHTEHCHUBHBIE HCCIIEIOBAHUS B 00JACTH TEXHOJIOTH, 00eCIeunBaroInX MoydyeHue (QyHKIno-
HAJIBHBIX MOKPBITUH C YIIPaBISIEMON CTPYKTypou. IIpm 3TOoM oTnaercs npennoyTeHne TEXHOIO-
THSM BBICOKOCKOPOCTHOTO rerepodasHoro nepexoca [1].

B u3BecTHBIX ra30TepMUUECKUX METO/IaX HANbUIEHHs TIOPOIIKOBBIX MAaTEpHAIOB Ha IO/
JIOKKY, 00ECIIEUMBAIOLINX BHICOKYIO aJI'€3UI0 MOKPBITHSI, HCIIOJIB3YIOTCSI BHICOKOTEMIIEPATYPHBIE
nByx(azHple MoToku. POPMHUPOBAHHE TAKUX MOKPBITHH MPOUCXOJUT MPU B3aUMOJECUCTBUU C
TOJUTI0KKOM PacIIaBICHHBIX WK OJM3KUX K 3TOMY COCTOSIHUIO YAacTHIl HAIBLUIIEMOro MaTepua-
na. BeicokoTemneparypHble Ta30Bble MOTOKH MOJIy4YaroT MPHU MOMOLIH JOPOTHX U CPaBHUTEIBLHO
CJIOKHBIX C TEXHUYECKOW TOYKH 3pEHHUSI YCTPOWUCTB, HAIPUMEP, IIa3MOTPOHbI, I'a30IIaMEHHbBIE
TOPEJKH, TETOHAMOHHbIE MYIIKU U T.1I. [IpMeHeHne nmpyu HanbUIEHUH BBICOKOTEMIIEPATYPHBIX,
"ropsiuux" MOTOKOB MPUBOJUT K BO3HUKHOBEHUIO B 00pabaThIBAEMOM MaTepHajie 3HAUYMTEIbHBIX
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TEMIIEPAaTYPHBIX IPAIUEHTOB. DTO YXYy/ILIAET KaYeCTBO MOKPBITHIA, @ B HEKOTOPBIX CIydasx Jesa-
€T HEBO3MOKHBIMU HaHECEHHE MOKPBITHI, HAIPpUMEp, Ha JIETKOIUIABKUE MOI0KKH, IPU UCIOIb-
30BaHUM XMMUYECKH aKTHBHBIX MarepuasioB U T.1. OnpenenéHHbIe CII0KHOCTH BbI3bIBAET HAllbl-
JIEHWE KOMIIO3UTOB U3 PAa3HOPOJHBIX MaTEpPHAJIOB BCIEJACTBUE PA3IMUYHBIX KpUCTaiorpaduye-
CKMX OCOOCHHOCTEH, pa3zHOCTH KOA(PPUIMEHTOB TEPMUYECKOTO PACUIMPEHHUsI, HECOOTBETCTBUS
TeMIIepaTyp IiaBjieHus U T.1. Bce nepeuncieHHble HelOCTaTKU 3HAYUTENIbHO CHIDKAIOT KauecT-
BO HOKPBITHSA U CY)KaloT 00JIaCTh UCIOJIb30BaHUS UX MIPU PELICHUH Pa3IMYHbIX TEXHUYECKUX 3a-
nau [2].

Oco0blif MHTEpeC BBI3BIBAET y CHELMAIMCTOB MOUCK AJIbTEPHATUBHBIX TEXHOJOTHM, Ha-
IIPaBJIEHHBIX Ha PE3KOE COKPALIEHNE BPEMEHH NMPEObIBAHUS YaCTHUIIbI HAIIBLISIEMOT0 MaTepraia B
ra3oJMHaMUYECKOM MOTOKE, M CHIDKEHHE TeMIIepaTypHOro moiisi noroka. Hanbonee peanbHbIM
yTEM IPU 3TOM SIBJISIFOTCS METO/IbI, CBSI3aHHBIE C CYIIIECTBEHHBIM MOBBIIIEHUEM CKOPOCTH IpU
OJTHOBPEMEHHOM CHIKEHUU TEMIIEpaTyp NEPEHOCUMOT0 JUCIEPCHOTO MaTepHaia.

B Poccun s1oii ipobnemoii 3annmanuch ¢ 1984 r. Beuti co3mansl yCTaHOBKH TS pa3roHa
aucnepcHbix yactull. [Ipu uccienoBaniy o0TeKaHUs Tell CBEPX3BYKOBBIM JIBYX(a3HbIM TOTOKOM
BO3/IyX - TBEP/IbIC YACTHUIIbI ObLIO OOHAPYKEHO [2], UTO MPHU OMPEICIICHHBIX PEKUMAX BO3MOYKHO
00pa3zoBaHuE MPOYHOTO CJIOS METAJUTMYECKUX YacTHIl Ha ()POHTAIBHON MOBEPXHOCTU OOTEKae-
MOTO Tejia. DKCHEPUMEHThI MPOBOJMINCH Ha YCTAHOBKE, KOTOpas oOecreurBaia CleAyHoIIne
napaMerpsl AByx(hasHOro moToka: masienne B opkamepe Py = 8,5x10° ITa, temmeparypa To =
300 K, urciio Maxa Ha cpeze M = 2,6, ckopocts Bozayxa V=550 m/c.

Oddexr oOpazoBaHUs HANBIICHHOTO CJ0S Ha (DPOHTATBHOM MOBEPXHOCTH HAOIIONAICS
1pH OOTEKaHHWH TN IMOTOKOM Ta3a ¢ yacThnaMu amoMHuHUS (Dye, = 50 MkM). Bputo BhICKa3aHO
MIPEATOJIOKEHNE, YTO MPUHIMITHAIBHYIO pOJib B (POPMUPOBAHUM ITUX MOKPBHITUI UIpaeT 00Jb-
1miasi ckopocth 4actuil [2]. CpaBHEHHE OCHOBHBIX MAPaMETPOB BYX(a3HOTO MOTOKA, MPH KOTO-
pbIX OBLI 3aperucTpUpOBaH JaHHBIA 3PQEKT, ¢ mapaMeTpaMu, peaju3yeMbIMU B ra3oTepMHUye-
CKHMX METOJIaX HallblJICHUs], IIOKA3bIBAET, YTO OHU CYLLECTBEHHO Pa3JIMYatoTCs [0 TeMIepaTypHO-
CKOPOCTHBIM MapaMeTpaM ra3oBbIX NMOTOKOB. OTCYTCTBHE BBICOKHUX TEMIEpATyp, XapaKTEepHBIX
JUISl U3BECTHBIX a30TEPMUUYECKUX METO/I0B HAIbUICHHS, [TO3BOJISIET TOBOPUTH O TOM, YTO B JIaH-
HOM CJIy4a€ peaJln30BaH HOBBIA METOJ| HAHECEHMsI MOKPBITUM, KOTOPBIM HAa3BaH METOJOM «XO-
noaHoro» razoauHamudeckoro HambuieHus (XIJIH). TepmuH <«xoioaHOE» BBEAEH IS TOTO,
YTOOBI MOAYEPKHYTh, YTO TEMIIEpATypa YacTHUI] CYILIECTBEHHO MEHbILIE UX TEMIIEpaTyphl IJIaBiie-
HUSl, @ TEPMUH <«Ta30MHAMUYECKOE» YKa3bIBa€T HA MEPBOCTEIIEHHYIO POJIb BBICOKOW CKOPOCTH
YacTUL pH (GOPMUPOBAHUY JAHHBIX TOKPBITHIA.

Ycranoska XI'JIH, mpencraBneHHas Ha puc. 2, COCTOUT 3 CIIEIYIOINX OCHOBHBIX Y3JIOB:
pecuBep ¢ paboyMM Tra3oM, CHCTEMa OYHMCTKM padouero rasa, Kamepa HarpeBaHus, J03aTOpbI,
IIUCTOJIET CO CIIEMAIbHBIM HarpeBateneM U corioM JlaBans. YcTaHoBKa ManorabapurtHasi  1o-
3BOJIIET OCYLLECTBIIATh MPOLIECC HAIBLICHHUS, HAIIPUMEP, B MOJEBBIX YCJIOBUAX, YTO HMPUHIIMIIU-
aJIbHO BaJKHO IPU PEMOHTHO-BOCCTAaHOBUTENBHBIX paboTax.
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Puc. 2. ®ororpadus ycranosku XI'JIH u ee mpuHIHMIAambHas cXxema.

J11s1 OLIGHKH TeMIIepaTypHO-CKOPOCTHBIX MMapaMeTPOB MpoIiecca HAIBIJICHUS] HAMHU CO-
BMECTHO C y4eHbIMH CaHKT-IeTepOyprcKoro rocyIapCTBEHHOIO YHHUBEpCUTETa pa3paboTaH
U3MEPUTEIbHBIA KOMILUICKC, MO3BOJISIIOIIMNA OMPEACSITh TEMIIEPaTypy U CKOPOCTh T'€Tepo-
(ba3HOro MOTOKA, M OTICIBHO TEMIIEPATYPY U CKOPOCTh TUCIEPCHBIX YACTHUI[ B 3TOM MOTOKE,
oOIIMit BUJI KOTOPOTO TPEACTABICH Ha puc. 3a. Mi3mepeHus mokasaiu, 4To CKOPOCTh T'eTepo-
(a3HOrO MOTOKA B 30HE HANBUICHUS AocTHracT 2-x Maxos (puc. 30). [Ipu 3TOM Temmeparypa
HanbUTIeHHBIX YacTuil coctaBisieT 80-120 °C u mpu 3TUX peKUMax yaaeTcs MoJIydaTh MOKPBI-
THS TOJIIUHOK 0T 5 MKM 10 5 MM [4, 5].
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Puc. 3. O6mas cxema cTeH/1a 10 MCCISTOBAHNIO XapaKTEPUCTUK Ira30BOTO MIOTOKA yCTa-
HoBku XI'JIH. 3aBHCHMOCTH CKOPOCTH TIOTOKA OT PACcCTOSHUSA JI0 cpe3a coruta. [{udpsr 1-
5: MoJI0’KEHHE PETYIATOPa TEMIIEPATyphl YCTAHOBKH. 6—X0J101HBIN Ta3. J[aBneHne ra3a Ha

BxoJie yctaHoBkH 6,0 aTa.
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Puc. 4. Tloniepeutsie ceueHMsI K3HOCOCTOMKOTO MOKPHITHS U3 CIUIaBa Ha ocHOBE Al.



Puc. 5. Ilonepeunsie ceuenust MOKphITUS U3 criaBa cucteMbl CO-Cr.

Cnemyer 0c000 OTMETUTH, YTO METOJI UMEET IMUPOKUI CIIEKTP MPUMEHEHHUS, U TTO3BO-
JISIET TOJTy4YaTh MOKPBITHS KaK U3 TUIACTUYHBIX CIUIABOB, Hanpumep, Ha ocHoBe Cu, Al, Ti, tak
1 Ha OCHOBE TBep/bIX ciuiaBoB CO-Cr, mpeacTaBieHHBIX Ha puc. 4 u 5. Buano, uyTo TexHoI0-
rHsi 00eCTIeUNBACT XOPOIIYIO CINIONTHOCTH MOKPBITHS U PABHOMEPHOCTH IO TOJIIIUHE.

Ha mosrydeHHBIX 00pasiiax NMpoBeNeHO H3MEPEHHE MHUKPOTBEPAOCTH W aIAre3WBHOM
MPOYHOCTH. Y CTAHOBJICHO, YTO JJIs CIJIaBOB HAa ocHOBe CU 1 Al MEKpPOTBEpAOCTh COCTABIISICT
60-85 kr/MM?, a 1S CILIABOB HAa OCHOBE K0OambTa — 10 110 kr/mm>.

N3ydyeHrne MHKPOCTPYKTYpBI Takux oOpas3noB Ha ACM «HaHockaH» moKa3bIBaeT Ha-
JMYMe HAaHOCTPYKTYPHPOBAHHBIX 00pa30BaHMU B BHJIE PABHOMEPHO PACHPECIICHHBIX B MaT-
pHUIlE HAHOYACTHUI], OCHOBHOM pa3Mep KOTOPBIX COCTaB-
asier 70-200 um (puc. 6).

Crnenyetr 0co00 OTMETUTH, YTO HAMH pa3padoTa-
Ha ¥ 3allaTeHTOBaHA TEXHOJOTHS IMOJyYeHUs! (YHKIIHO-
HAJIbHO-TPAJMEHTHBIX OKpbITU MeTogoM XI'JIH ¢ u3-
MEHEHHEM COCTaBa M CBOMCTB IO 3apaHee 3aJaHHOMY
3aKOHY TI0 TOJIIIUHE MTOKPHITHS [6)].

[Tosmyuennsie MmetonoM XI'JIH mokpeiTusa Becbma
MEPCIEKTUBHBI JUIS PEIICHUS COBPEMEHHBIX IMPOOieM
MHXEHEPUH HOBBIX MAaTEPHAJIOB B MAIIMHOCTPOCHHUHU.

Hamu co3an TeXHOJOTUYEeCKH MOTYJb Ha 0a3e
ycranoBok XI'JIH mns wmccrnemoBaHus W pa3pabOTKH
Puc. 6. HanoctpykTypa n3noco- TEXHOJIOTUM HAHECEHWS (QYHKIMOHAIBHBIX TOKPHITHN
CTOHKOT'O TIOKPHITHSL. JUISL Iap TePHHSA, apMaTyphl, BOCCTAHOBICHUS U PEMOHTA

Y3JIOB M J€Tajeil MalllKH.

BriBoabI:
1. OGo3HaueHB! MEPCIEKTHBBI MCIIOJIF30BAHMUSI METO]a CBEPX3BYKOBOTO XOJIOJHOTO Ta30/1-
HAaMUYECKOT0 HAIbUICHUS JJISl PELIEHUS IHUPOKOIro CIEKTpa UHKEHEPUU HOBBIX MAaTEpPHaIOB
JUISI IPAKTUYECKOM peain3alii B MAIIMHOCTPOEHHH.
2. HccnemoBanbl TeMIepaTypHO-CKOPOCTHBIC mapamerpsl mporecca XI'JIH. YcraHoBiieHbI
ONITUMAJIbHBIC PEKUMBI HAIBUICHHUSI MMOKPBITUH TPU CKOPOCTAX rerepodazHoro moroka 2-2,5
Maxa u temmeparypbl HamblisieMblx gactui] 80-120 °C, mpu 3ToM obecrieunBacTcs BBICOKAs
aare3vs U MUKPOTBEPJOCTh HOKPBITHSL.
3. H3ydena cTpykTypa IMOJTYICHHBIX TOKPBITHH. [l0Kka3aHo, 4TO HATMYHUE HAHOCTPYKTYPHBIX
obpa3zoBanuii pazmMepoM 70 — 200 HM TOBBIIIIAET YKCILUTYaTAIIHOHHBIC CBOMCTBA TIOKPHITHS.
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HEKOTOPBIE OCOBEHHOCTHU INPOLUECCA TEPMOYJAPHOI'O IJIU-
®OBAHMUS ITPU OBPABOTKE U3JIEJUA U3 ITPUPOTHOTI'O KAMHSI

®ennk JI.H., Baiikos A.B., Ilorbumnubia A.A. (I'BY3 [JonHTY, MYHIIII " Moszauxa"
2. [loneyx, Yrpauna)

One of the important directions in development of applied researches is decrease in power
consumption of technological processes in a manufacturing industry. Offered work considers
conditions of occurrence of the phenomenon of thermal impact at processing products from a
natural stone and his influence on power parameters of process. On the basis of the lead re-
searchesit is shown, that negative influence of heating in a zone of cutting under certain con-
ditions can appear useful and lower power inputs at grinding products from a natural stone.

CYIHGCTBYIOIHI/IG TEXHOJIOTHUYCCKHUEC ITPOLUCCChI PACIIMIIOBKH 3aroTOBOK M3 IIPHUPOAHOIO
KaMHsI XapaKTepHU3yIOTCsSI HEBBICOKOW MPOU3BOAMTEIBHOCTHIO, HU3KUM KauecTBOM 00pado-
TaHHOU IMOBCPXHOCTH, HNOBBIMICHHBIM HW3HOCOM aJIMa3HOI'0 HWHCTPYMCHTA, 3HAYUTCIbHBIMU
3aTpaTaMu JJIEKTPOIHEPIUH.

DTO CBA3aHO C TEM, YTO HCIOJIb3YETCSl KJIACCUYECKHI MPUHIUN LUIM(OBaHUS, T.€.
MUKpOpe3aHue 00pabaTbIBaeMOM MOBEPXHOCTU OOJBIIMM YUCIOM anMa3HbIX 3€peH. Ilpu 3a-
ITyOJICHUH WHCTPYMEHTAa B MacCHMB 00pabaThiBaeMOro MaTrepuasa BO3pacTaloT CHUIIbI pe3aHus
U yXYJIIIAETCs AOCTYI OXJIaXIA0IIEH )KUIKOCTH B 30HY pE3aHUs.

B npaktuke 06paboTKH MaTepuanoB U3 FOPHBIX MOPOJ MPUMEHSIOTCS TaK Ha3bIBae-
MBIC TCPMOMCEXAHUYCCKHEC CHOCO6H, B KOTOPBIX IJId NPCABAPHUTCIBHOI0 CHMIXKCHUSA COIIPO-
THUBJIIEMOCTH MaTepHajla MEXaHHYECKOMY pa3pyIICHUIO HCIIOJB3YETCS TEIJIOBas DHEPTHS.
[Ipu 3TOM CKOPOCTH TEPMOMEXAHUYECKOTO PA3PYLIEHUSI B HECKOJIBKO Pa3 MPEBBIIAET CYMMY
CKOPOCTEH TEPMUYECKOTO ¥ MEXaHMYECKOTO pa3pylICHU B OTAeIbHOCTH [1].

Jljig TepMOMEXaHHUYECKOro crnocobda oOpabOTKU paccMaTpUBAIOTCS TPU BapuaHTa Ha-
rpeBa — MpsSIMOii, KOCBEHHBIN, I KOMOMHUPOBAHHBIH [2)].

HpI/I MMpsAMOM HarpeBe MmoJgBOoJ TCIJIa OCYIICCTBIIACTCA OT BHCINHETIO NCTOYHHKA, a Ha-
BOJUMBIC ITOJIA TEMIICPATYP OIMPCACIIAOTCA TCIIJIOBBIMHA CBOMCTBaMU Imopoa v 3aBUCAT OT Xa-
pakTepa TeriooOMeHa ¢ BHEIIHEH Cpesioil U mapamMeTpoB reHepartopa temia. [logsoa Temio-
BOU DHEPTUU OCYIIECTBIISIETCS uepe3 00pabaThiBaeMy0 MMOBEPXHOCTH, & paCIpee/iCHUe TEM-
neparypbl 1o 00bEMY Tena B 3HAYUTENIbHON CTENEHH 3aBUCUT OT TEIJIONPOBOIHOCTH 00pabda-
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THIBAEMOT0 MaTepuaja. YUHUThIBas HU3KYIO TEIUIONPOBOJHOCTh TOPHBIX MOPOJ M OTpaHH-
YEHHOCTh BPEMEHHU TEIIOBOTO BO3JICHCTBUS XapaKTep HarpeBa MOXHO CUUTATh MOBEPXHOCT-
HBIM.

[Ipu KOCBEHHOM HarpeBe MHOJisi TeMIEpaTyp B OOJbIIENH CTENEHU 3aBUCIT OT JIPYTHUX
CBOMCTB MaTepuaia, TaKUX KakK, HallpuMep, 3JIEKTPOIPOBOAHOCTh, ONITUYECKUE U PaIUAIL[UOH-
Hbl€ XapaKTEPUCTUKU M T.[.. Tero BeLIeNseTcs B o0bEME HarpeBaeMoro Marepuaiga OT
BHEIIHUX UCTOYHUKOB SHEPTUHU U MPUBOAUT K U3MEHEHUIO (PU3MUECKUX XapaKkTepucTuk. On-
HUM M3 BapUaHTOB KOCBEHHOI'O HarpeBa MOXHO CUMTaTh HarpeB TpeHueM. IIpu komOuHMpO-
BAHHOM METOJI€ UCIIOJIb3YIOTCS IPEUMYIIECTBA KaXKI0TO U3 PACCMOTPEHHBIX BAPUAHTOB.

[Ipu pacnunoBke rpaHUTHBIX OJIOKOB B 30HE PE3aHMsI BCET/1a BBIJIENSIETCS ONpeeIIeH-
HOE KOJIMYECTBO TEIUIa. DTO TEIJIO YAaCTMYHO YHOCHUTCS OXJaKIAloIled cpenoi, 4acTUYHO
pacnpocTpaHseTcss B MaccuB 00pabaTbiBaeMoro marepuaia. [ paHuTHbIE TOPOABI OTHOCSTCS K
KJIacCy MaTepuajioB, UMEIOLINX BBICOKYIO CKIIOHHOCTh K TepMoOpazpylieHuo. OQHako TO KO-
JIMYECTBO TEIJIa, KOTOPOE MOCTYMAaeT OT Mpolecca pe3aHusi, He o0ecreynBaeT He00X0AUMbIX
MapaMeTpoB JJIsl TEPMOPa3PyLICHUS.

Jlnia peanu3anuu npoiecca TepMOyAapHOro nuiMdoBaHus HEOOXOUMO CO3/1aTh TaKue
YCIIOBUS, IIPU KOTOPBIX B 30HE PE3aHUs B KOPOTKUI NMPOMEKYTOK BPEMEHH CO3/]aBajach BbI-
COKasi TeMIeparypa, pa3orpenaroiias HOBEpXHOCTh MaTepHaa, a 3aTeM MPOUCXOIUIIO0 PE3KOE
OXJIAKJCHHE ITOW 30HBI. B pe3ynpTaTe Xpynkoro pa3pyiieHus Marepraia B IOBEPXHOCTHOM
CJI0€ 3HAYUTEIBHO 00JIeryaeTcsi Chb€M MpUITyCKa 00padaThIBAIOIIUM HHCTPYMEHTOM.

O06paboTka rpaHuTa 10 METOYy TEPMOYIAPHOIO HIIU(OBAHUS OCHOBBIBAETCS HA TOM,
YTO pa3ylpoOYHEHHUE Pa30rpeToro A0 TEMIIEpATyphl IJIaBJICHUSI MaTepuana B 30HE KOHTaKTa
€ro ¢ aJIMa3HbIM UHCTPYMEHTOM OCYLIECTBIISIETCS 3a CUET MMONAJaHUs Ha HErO OXJIaXKIarouiei
KUJKOCTH W BO3HHKHOBEHHUA d(dexTa TepMudeckoro yaapa. B pesynbpraTe ciioii marepuana
07 KPYIrOM MTIHOBEHHO IPOHM3BIBAET OrPOMHOE KOJHMYECTBO MHUKPOTPEIIMH U TepseT
CIUIOIIHOCTh. BpeMsi HarpeBaHusi MOBEPXHOCTH MaTepuajia B 30HE KOHTAKTa C MHCTPYMEH-
TOM U €€ TemIepaTypa 3aBHUCHUT OT BEJIMYMHBI CUJI TPEHUS B 30HE PE3aHMUs], a CIIEJOBATENbHO,
OT BEJIMYMHBI JABJIEHUS MHCTPYMEHTa Ha 00pabaTbiBaeMyl0 MOBEPXHOCTh. PoJib amMa3zHOro
Kpyra B 3TOM IIpoliecce — HarpeBaHHe 3a Cu€T TpeHus oOpabaThiBaeMOW MOBEPXHOCTU 0
TEMIIepaTypbl IUIABJIEHUS M BBIHOC PA3ylpPOYHEHHOTO TEPMUYECKUMH YyAapaMH CJIOSl MaTe-
puasia B BUJIE 111JJaMa BbICOKOM TUCIIEPCHOCTH.

B xauectBe kputepus 3pPEKTUBHOCTH TEPMOYJAPHOIO IMpoliecca Mpu HUITMPOBAHUU
yI00OHO KCII0JIB30BATh YIEIbHYIO MOIIHOCTh IITU(POBAHUS:

rie Ny, — yaenpHas MOIIHOCTh HIIM(OBaHUS,

N,¢ —3pdexTrBHas MOIHOCTD HUTH(OBaHUS, BT;

Q = b st — npousBoguTenpHOCTH HUTH(OBAHHMS, mc; b— IIMPHUHA pacimia, M; S — 1o-
na4a, m/c; t — rmyOrHa IpoXxoa, M.

B o6meM Buae cBsi3b MeXAY YAEIbHON paOOTON HITHM(POBAHUS U TEXHOJIOIMUYECKUMHU
napaMeTpamu Ipolecca MOXKHO IPEICTaBUTh KaK (DYHKLHIO OT JaBJICHHUS MHCTPYMEHTA Ha
MaTepuai, CKOPOCTH BpallleHUs aIMa3HOrO KPYra, pacxo/a OXJa)/aroleld TEXHOJIOTHYeCKOoM
Cpelbl U TIIyOUHBI pe3aHusl.

Coznanue ycinoBui JUisi BOSBHUKHOBEHUSI TEPMUUECKOIO yapa B 30HE 00pabOTKH BO3-
MOXKHO ITyTEM YBEITUYEHHUS yJEIbHBIX AaBJICHUNH MHCTPYMEHTA Ha 00pabaThiBa€MbIil MaTepH-



aJl WIK YBEJIMYEHUS YacTOThl BpAIIEHMsI aJIMa3HOTO Kpyra, HMPUBOJIIEMY HMOBBIILIEHHOMY
BBIJICJICHUIO TEIUIa 33 CYET TPEHHUSL.

BnusiHus naBieHHs HCCIEIOBANIOCh HA CIEHUAIBHOM CTEHJE MpU MPOPE3aHUU Iasza
aJIMa3-HbIM OTPE3HBIM KPYroM B I'PaHUTHOM 3aroToBKe. BennunHa naBieHus BapbUpOBaslach
B nipe-zaenax ot 0,1 no 20 Mna. PaGouasi ckopocTh HHCTpyMEHTa B JAHHOW CEPHH IKCIICPH-
MEHTOB OCTaBajach MOCTOSIHHOM M coctaBisuia 54 m/c. Pacxon oxnmaxmaromieid cpeasl — 2,5
J/MHH - TaK 5K€ OCTaBaJICs TIOCTOSHHBIM.

[IpencraBneHHbli TrpaduK BIUSHUS BEIWYMHBI JIaBJICHUS Ha YAEIbHYIO MOLIHOCTbH
(puc. 1) mo3BoJISET MPOAHATU3UPOBATH MPOLECCHI, POUCXOSIIUE B 30HE PE3aHHUS.

3/1ech AOCTATOYHO YETKO MPOCIEKUBAKOTCS YEThIPE 30HbBI, COXPAHSIOUINE CBOE MOJIO-
KEHHE IPU MOCTOSHCTBE IIIyOUHBI Pe3aHusl, YCIOBUHN OXJIAXKICHHS U XapaKTEpUCTUK oOpada-
THIBAEMOT'0 MaTepHaa.

[TepBas 30Ha nexut B npeaenax nasieaus ao 0,7-0,8 MIla. Omna xapakrepuszyercs
JIOBOJIb-HO PE3KUM BO3pAaCTaHUEM YyJeNIbHOM paboThl HUTM(OBAHUS U, KaK CIIEJICTBUE, BO3pac-
TaHUEM SHepro3aTpar. XapakTep pazpylleHHs] MaTepuana COOTBETCTBYET IPUHIIMITY MEXaHU-
YEeCKOro pa3pylIeHHUs], T.. MUKPOpE3aHUe aMa3HbIMH 3€épHaAMU 00pabaTbiBaeMOil MOBEPXHO-
CTH.

O06paboTka TBEPIBIX MOPOJ MPUBOAUT K MHTEHCUBHOMY 3aTYILJICHUIO MHCTPYMEHTA,
arMa3Hble 3€pHA UMEIOT OOJIbIINE TUIOMIAKU U3HOCA, @ BECh aIMa3HbIA KPYTI' HU3KYIO PEXY-
11y} cocoOHOCTh. PocT naBieHuil MpUBOIUT K YBEIMUEHHUIO CUJI TPEHUS MOBEPXHOCTH HH-
CTpyMEHTa 10 00pabaThIBaeéMO MMOBEPXHOCTH M PE3KOMY BO3pacTaHHIO 3PPEKTUBHON MOIII-
HOCTH pe3anus. OHaKo SHEPruH, MOCTyMNAIOUIe B 30Hy 00pabOTKH OT BHELIHEr0 HCTOYHUKA
(smexTpoBUTATENS) HEAOCTATOYHO JIJIsl HATPEBAHUS 30HBI KOHTAKTa JI0 TEMIIEPATyp, pU KO-
TOPbIX HAaYMHAET MPOSBIATHCS IPPEeKT TepMuueckoro ymaapa. Kpome Ttoro, oxiaxaaromas
XKHUJKOCTb, MOCTYIAOIas B 30HY IIIM(OBAaHUS, HHTEHCUBHO OXJIAXIAET TPYIIHECS MMOBEpPX-
HOCTH.
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8,020 |.| R R B )
i | ! .
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Puc. 1. 3aBucuMOCTb yJ€IbHON MOILITHOCTU pe3aHus JaBJiIeHUH B 30HE 00pabOTKH.

B paitone naBnenuit 1 Mlla nabGnronaercs skcTpemMyM, a JajibHEWIee yBEIUYEHUE
nasnenuit 1o 3 MIla (30Ha2) NpUBOIUT K YMEHBIICHUIO 3HAYCHUN YACIbHON pabOTh. DKC-
TPEMYM MOKHO OOBSCHUTH TE€M, YTO MPU TAKUX JIABJICHUSIX TeMIlepaTypa B 30HE JIOCTHUIJIA
TaKOM BEJINYMHBI, IPY KOTOPOM MOIAJIaHNE )KUAKOCTH Ha Pa3orpeThlii MaTepuall IPUBOJNT K
BO3HMKHOBEHHUIO TEIJIOBOTO yJapa, XOTs MpoLecc eué He CTaOUIIEH.

YBenuuenue aapiiennii 10 3 MIla mpuBOIUT K MOHOTOHHOMY YMEHBIIICHUIO YICTBHOM
paboTe! nutHdoBanus. Bo3HUKAIOT yCI0BUS, IPU KOTOPBIX 00Ji€€ MHTEHCUBHO HAUMHAET MPO-
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SBJIATHCS MIPOLIECC Pa3ylpPOUYHEHUsI MaTepraia 3a CYET BHICOKOCKOPOCTHOTO OXJIAXK/ICHUS Ha-
IPETOM MOBEPXHOCTH MPHU MOCTYIJICHUH OXJIaXAarolen KUAKocTU. Pe3koe oxiaxkieHue Ha-
IPeToil MOpo/ibl, HAXOAALIEICS B HAPSLDKEHHOM COCTOSIHUM IPHUBOJUT K MTHOBEHHOMY pa3-
PBIBY MEXKpHUCTAJUIMUECKUX cBs3eil. Ha moBepxHocTu oOpa3yercss 00JibLIOE KOJIMYECTBO
MUKPOTPEIINH, CHWXAIOIINX MPOYHOCTh MOBEPXHOCTHOIO cjod. [losiBiaeHue pa3ynpodyHEH-
HOTO CJ0sI B 30HE OOpaOOTKM MPHUBOJUT K MHTEHCHUBHOMY POCTY HPOU3BOJUTEIBHOCTH U
CHIDKEHHUIO YZIEIbHBIX 3HEpro3arpar Ha (popmooOpa3oBaHHe TIOBEPXHOCTH.

JlanbHeiiee yBenuueHue aaBieHui g0 3uadenuit npumepro 20 MIla (Ha rpaduke
30Ha 3) HE MPHUBOIUT K CHHIKCHHIO YACIbHOUM paboThl IUIH(OBaHUS. DHEPro3arparsl Ha pas-
pyLIEHHE CTaOUIU3UPYIOTCA. JTO CBUAETENbCTBYET O HACTYINIEHUH PAaBHOBECHS B TEXHOJIO-
rudeckoit cucreme. Hactynaer 6ananc Mexay o0bEMOM pa3ynnpouyHEHHOTO MaTepuaga M Ko-
JMYECTBOM MarepHalia, KOTOpoe ajiMa3Hbli KPYyr CIOCOOEH BBIHECTH W3 30HBI pe3aHMs IpU
JTaHHBIX peXUMax 00pabOTKH.

[Ipoueccel, nmpoucxoaduiue B 30HE KOHTaKTa MHCTPYMEHTa ¢ oOpabaTbiBaeMOM I1O-
BEPXHOCTBIO, HOCAT HUKIMYECKUN XapaKTep.

[lox neiicTBUEM BBICOKMX JABICHHI BO3HUKAIOT 3HAYUTENIbHBIE CHJIbI TPEHUS MEX]Y
MOBEPXHOCTHIO BPALAIOLIETOCsl MHCTPYMEHTA U u3jeiaueM. TeMnepaTypa MOBEpXHOCTH 00pa-
0aTbIBa€MOro MaTepuaja B 30HE pe3aHusl JOCTUTAeT TEIJIOTHI IUIABJIEHUS, BCIEACTBUE UEro
OJT KpyromM 00pa3yeTcsi TOHKHI pacIUIaBJICHHBIA cloi Marepuana. [lon neiicTBueM oxiiax-
JaroIlel JKUJIKOCTH PAcIljlaB MCHOBEHHO OXPYIMYUBAETCS M ajMa3HbI KPYr BBIHOCHUT BBICO-
KOJMCIEPCHBIN 11aM U3 30HBI pe3aHus. OOpa3oBaBuIasicsi HOBasl MOBEPXHOCTh MaTepHalla
u3Jenusl, el He pa3orperas 10 COOTBETCTBYIOIIECH TeMIepaTypbl, BCTYNAET B KOHTAKT C HH-
CTPYMEHTOM U IOJ JIEHCTBUEM CHJI pe3aHus ObICTPO pa3orpeBaeTcs 10 TeMIEepaTyphl IJIaB-
nenus. [pouecc moBTOpsAETCS MHOIOKPATHO U € OOJIBILION CKOPOCTHIO.

Kak noxasbiBaeT rpaduk, mpouecc TepMOyIapHOTO pa3yNpOYHEHUsI MaTepuaa Cylle-
cTByeT B jgoctarouHo OosbiioM (013 mo 20 MIla) nuana3zone JaBACHUN TPU HEM3MEHHBIX
OCTaJIb-HbIX ITapaMeTpax TEXHOJIOTHYECKOro MpoLecca.

Poct maBnenwmii cBpime 20 MIla mpuBOAMT K HApyIICHHIO TEIJIOBOTO PaBHOBECHS B
TEXHOJIOTHYECKON cucTteMe. YBenuueHue paboThl TPEHUS IPUBOIUT K IIPOTPEBY 10 TEMIIEpa-
Typhl IJIaBiaeHUs Oosbliero o0bémMa martepuana. Oxnaxkgaronias >KMJIKOCTb HPU MPUHSITHIX
YCIIOBUSAX HE MOXKET OXJIAJUTh 3TOT 00BEM J0 COCTOSHHUSA, P KOTOPOM BO3HHMKAET TEPMO-
yziap BO BCEM pazorperoM o0bEME, a MPOUCXOJUT 3TO TOJbKO B IMOBEPXHOCTHOM CJIO€ pac-
IJ1aBa. YJAIMB AUCIEPTUPOBAHHBIN CIIOM, ajaMa3HbIA KpYr MOMNAJaeT B 30HY ILIACTUYHOTO
Marepuaia ¥ "BS3HET' B paciljiaBe, a pa3pylIeHHE MaTEPHAIOB B IJIACTUYHOM COCTOSHUU
TpeOyeT 3HaYUTENIbHO OOJIBIIMX 3aTpaT HEpruu. Tak Kak sHEpro3arparbl Ha pa3orpeB Mare-
puaa yBeJIMYWINCh, a 00BEM pa3pyllaeMoro Marepuaia 3a cu€T TepMoyjapa OocTajics Ha
IIPEKHEM YPOBHE, 001IME Y/ENIbHbIE 3aTPaThl BO3PACTAIOT.

[IpoBeneHHble ucCCiIeOBaHMS MMOKA3bIBAIOT, YTO CO3/aBasi ONpeAeNEHHbIE YCIOBUS B
30HE€ KOHTaKTa HHCTpYMEHTa ¢ 00pabaThIBaeMbIM MaTEpHAJIOM KJlacca TOPHBIX MOPOJT MOXKHO
JOCTUYb TAaKOTO COCTOSIHMSI MaTepuala, Ipu KOTOPOM JOCTATOYHO BPEAHOE C TOYKU 3PEHUS
TEXHOJIOTOB SIBJIEHHE — HarpeB MaTepuana U MHCTPYMEHTa — IO3BOJISIET PE3KO COKPATHUTh
SHEpPro3aTpaThl Ha pa3pylIeHUE MaTepuaa MpUIlycKa. Y BEIMUMBas JAaBJICHUE BbIIIE HEKOTO-
pPOro MpeAebHOT0 3HAYEHUS JJIS TPAJIULIUOHHBIX METOJO0B IIIM(GOBAHUS MPU CO3TAHUU JI0-
MTOJTHUTENIBHBIX YCIOBUHU -TIOJBOJI OMIPENEIEHHOTO 00BEMA OXJIAXKIAIOIIEH KUIAKOCTH B 30HY
KOHTaKTa HHCTPYMEHTa ¢ 00padaThiBa€MO MOBEPXHOCTHIO - MOKHO CHU3UTH MOTPEOIIIEMYIO
MOIIHOCTh Ha nuiMdoBanue B 4 pasza. SBieHue TepMoyaapHOro nuiM@oBaHus CyliecTByeT B
JOCTaTOYHO IIMPOKOM JMAala3oHe MAaBJICHUN, MPUTOJHOM Ul MPAKTUYECKOW pean3aluu
nporecca.
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Cnucok Jmmreparypsl: 1. 3enenckuit HM. u gp. O npuMeHeHun tepMoMexaHHue-
CKOTO CIoco0a pa3pylieHus: TOPHBIX OPO] B pab0vKX OpraHax mpoxoadeckux Maut. // U3-
Bectus JII'U, Ne 47.-KueB: HaykoBa aymka, C.17-18. 2. Tamsac A.A., [omysackuit C.A. Oc-
HOBBI TEPMOMEXaHUYECKOTO pa3pyieHus ropHbIX mopo.-Kues: Haykosa mymka, 1972.-235c¢.

TEXHOJOTUMYECKOE OBECIIEYEHUE KAYECTBA IIOBEPXHOCTH IETA-
JIEM MAIIUH, PABOTAIOIIUX ITPU HECTALIUOHAPHBIXY CJIOBHUSAX IKC-
INIYATAIIUAN

®énopos B. I1., Haropkun M. H., KoBanésa E. B. (FI'TV, 2, Bpsinck, Poccus)

The questions of technological flexibility and stability of the systems of the mechanical proc-
essing and their influence upon shaping parameter quality to surfaces and working character-
istic under transient condition of the usages are considered.

[Moka3arenu sKcrTyataliioHHbIX cBOiCTB (DC) coeMHeHNH, KaK U OMPEACISIONINe UX
napameTpbl kadectBa nmoBepxHoctHoro cios (KIIC), popMupyrorcsi B OCHOBHOM Ha 3aKITFOUH-
TEIbHOW CTAJUM TEXHOJIOTMUYECKOTO IMpoLecca — Ha YUCTOBBIX U (PMHMINHBIX omnepanusix. B
CBSA3U C 3THM TEXHOJIOT JOJDKEH PEIIaTh JOCTATOYHO CIIOXKHYIO 33Jady YIPaBJIECHUs B MPO-
recce 00pabOTKU IpyNIoi reoMeTpuueckux u ¢pusnko-mexannueckux napamerpos KIIC, ko-
TOpast SIBJIIETCS OJTHOM U3 BaXKHEUIINX IPOOJIeM HHKEHEPUH MIOBEPXHOCTH.

CoenuHeHus JeTajieil MaluH, onpeaensonue HaaéxHoCTh U 3Q(HEKTUBHOCTH pado-
THI U3/I€NIHUS B L[E€JIOM, DKCIUIyaTUPYIOTCS, B OCHOBHOM, B JIBYX PEKHMMaX: CTALIMOHAPHOM H
HECTAalMOHAPHOM.

[ToCTOSTHCTBO BHEHMIHHMX BO3MYIIEHUUW CBOMCTBEHHO CTALMOHAPHBIM PEXHUMAaM 3KC-
IJIyaTalui TEXHUYECKUX 0OBEKTOB, K KOTOPBIM, B YACTHOCTH, OTHOCSITCS U Napbl TPEHUS
CKOJIb)KEHHUS, paboTaromie Kak B IPUCYTCTBUU CMa3KH, Tak U 0e3 HeE.

[IpakTuyeckn B OOJBIIMHCTBE CIIy4aeB HMMEIOT MECTO HECTallMOHApHBIE YCIOBUS
JKCILJIyaTalluy, XapaKTEpHU3YIOIIHECS HEPAaBHOMEPHBIM PACIPENCIIEHUEM Harpysok,
CKOPOCTEH OTHOCUTEJIBHOTO CKOJIB)KEHHMSI M JPYTHMX BO3MYLIAIOIIUX BO3JECHUCTBUH IO
KOHTaKTUPYIOIIUM MOBEPXHOCTSAM TPUOO3JE€MEHTOB. B Takux ciydasx mpu U30TPOITHOCTH
mapametrpoB KIIC OyaeT umerh MeCTO aHU30TPOMHOCTh JKCILUTYaTAI[MOHHBIX CBOWCTB
IIOBEPXHOCTH, MPOSBISAIOMIAACA, HAOpUMEP, B Pa3IUYHBIX BEJIMYMHAX H3HOCA U
KOHTaKTHOU >KECTKOCTU €€ OTAENbHBIX JOKaJIbHBIX YYacTKOB, IOTepe UMU TpeOyemoit
FePMETUYHOCTH U T. J. OT0 OyneT OTpULATEeNbHO CKa3blBaThCsl Ha KauecTBe
JKCIJIyaTallMOHHBIX CBOWCTB XapaKTEpUCTHUK WU3Jeaus B LEJIOM, TO €CTb Ha
ONPEAEIISIIOLIEM JTalle €ro KU3HEHHOTO LIMKJIA, CBSI3aHHOTO C IOTPEOUTENEM.
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B mporecce skcrutyaTauy map TpeHUs CKOJbKeHUs (puc. 1a) co CTOPOHBI dlIeMEHTa

1 na moBepxHOCTH /] 31eMeHTa 2 B 001IeM cilydae MOTYT JIeHCTBOBATh CIICIYIOIINE BHIbI
Harpy3ok: 1) cratudeckas (P1 = Po = const); 2) nuHamuueckas Pp, KOTopas B 4aCTHOM
74 _t o ) CUYIac MOXKET HMETb au-
P < 2 i ‘  INIATYRYy ap u nepuon T,

: . S 3) P3; — Harpy3ka B BHUJIC
CTallMOHAPHOW  CIydai-
HOM (yHKIIMU C¢ MaTeMa-
TUYECKUM OxugaHuem M
{P3} = Po = const (puc.
16); 4) P4 = F(X) — 3ako-
HOMEPHO HM3MEHSIOIIAsICS
(uMeromass  3KCTpEMyM
WM MOHOTOHHas), Ps —
Harpyska B BHUJE HecTa-
LMOHAPHOM  CIy4allHOU
byHKIMH, MaremaTuye-
CKOE 0XHJIaHUE KOTOPOH

L i

fixrt , (B mamnom ciysae M
i {Ps} = Pj) 3aBuctu ot X
I
! (puc. 1B).
: Bun narpysku, me-
- ; pellaBaemMblii CO CTOPOHBI
.o ! _
' S | "1 snemenra 1 ma OBEpX-
|
- o o 2 HOCTbH [/ HEe MOKET OJIHO-
1] _-i_'if_:_u g‘l,:- _-"lff: -:3.": ;1.44 I"ia X
3HAYHO OMPENEeNATh YyC-
Puc. 1. Mojiens mapsl TpeHHs CKOJIBXKEHUS (), BOSMOXKHBIC BHIBI JCHCT- JIOBHSI DKCILTYaTaIluy CO-

BYIOIIUX HArpy3ok P (0, B) U 3aKOHBI pachpeeeHus BEeMUIuHbI X (T) emumenns. Ecim  pac-

CMaTpUBaTh  BEIMYUHY

u3Hoca h TOBEpXHOCTH
11, To ona Oyzaer paBHOpacHpeAen€HHON Nnpu Harpy3ke Pi U paBHOMEPHOM 3aKOHE pac-
npenenenus T 1 (X). Umeercs B Buay, uro napamerpsl KIIC pacripeneneHbl H30TPOIHO 110
noBepxHoct. [Ipu nr000i#t crarmonapuoit Harpyske (P1, P2, P3), HO IpH pacrpeaeIeHHsIX
fi (X), ormruHbIX 0T paBHOMepHOTO f 1 (X), BenmunHa u3Hoca h moBepxunoctu /7 OyneT pac-
npejesieHa HepaBHOMEPHO. JTO MPUBOJMT B OOIIEM CiIydae K MOTepe TOYHOCTH M BBIXOY
13 CTpost 000pyAOBaHUS, OCOOCHHO TEXHOJIOTUYECKOTO.

B sToMm ciyuae Hamboliee Xy/miasi CUTyaluss BOSHUKAET IPH JIEHCTBYIONINX HArpy3-
Kax Pa v Ps v QyHKIMH pacripenesicHus mojoxenus f o mon3yHa 1 OTHOCHTENBHO MOBEPX-
Hoctu I1. B okpectHOCTsAX Toukd M 2{X} (X =M 2{x} = ks (X)) npu aTom Oyner HabIO-
JaThCsl MOBBIIICHHBIA M3HOC, BEIMYMHA KOTOPOTO mponopuuoHanbHa ¢pyHkiuu F(X). Beé
3TO OTHOCHUTCS ¥ K HUIMHAPUIECKUM HAMPABISIONIAM TPEHUS CKOJIbKCHHUSI.

Takum o0OpazoM, cTaOUIBHOCTD YCIOBUMN IKCILTyaTallUU COEJUHEHUI TPEHUS CKOJIb-
KEHUS XapaKTepU3yeTCs 3aKOHOM JercTBus Harpy3ku P = f; (X) u mioTHOCThIO pacmpe-
JICJICHUS TIOJIOKEHUS TOUKHU e€ MPUII0KEeHUS K moBepXHOCTH T i (X).

N36exaTh HexenaTelbHOM aHU30TponuM nokazareneid DC MOBEpPXHOCTEH MpPHU IKC-
MJTyaTallid B HECTAIMOHAPHBIX YCIOBHUSAX MOXXHO IMPHU YCIOBUH OOECIEYCHHS COOTBETCT-
BYIOILLEM aHM30TPONHOCTU raMMbl tuMuTupyomux napamerpon KIIC ob6paboTkoii B cuc-
TeME C TOBBIIIEHHOW TEXHOJOTHMYECKOM TMOKOCTHIO, MOJ KOTOPOW MOHHUMAETCS CIIOCO0-
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HOCTb 0o0OecneunTs 3agaHHble MHOKecTBa napaMmeTrpoB KIIC u OC B pernameHTHPOBAHHBIX
WHTEpBaiax ¢ 3aJaHHOW HaJEXHOCTHIO MOCPEJCTBOM HaIpaBJIEHHOTO BapbUpPOBAHUS yC-
J0BUSIMU OOpabOTKM W YIpaBJIEHUS MEXaHU3MOM TEXHOJOTHMYECKOIO Haclel0Ba-
HUS.AHAJIU3 CYIIECTBYIOIIHUX MPOLECCOB 00pabOTKU MOKA3bIBAET, YTO BO3MOXKHBI JIBa PO-
na TexHonoruueckoi rudkoctu cucreM (TI'C):

1) TexHonoruveckasi ru6kocts 1-ro poma (TI'C-1) — cymecTByeT BO3MOXKHOCTh
BBIOOpA raMMBbI METOJI0OB 00paboTKK MOBepxHOCTEH (B 001IEeM Cilydae pa3iuuHON husnde-
CKO¥ MPUPOIbI) ISl 3aKITIOYUTEIbHBIX OTIEPaIllUii TEXHOJOTHYECKOTO MPOIECCa U TPYIIITbI
yIpaBiasieMbIX (PAKTOPOB Ka)KJ0r0 U3 HUX, MOCTOSHHBIX 10 BEJIUWYMHE B Ipejesiax COOT-
BETCTBYIOLIEr0 Mepexojia U 00ecrneunBaIuX H30TPOITHOCTh OBEPXHOCTH MO perjiaMeH-
TupyeMbIM 3HaueHusM napamerpoB KIIC B 3agaHHbIX mpezenax ¢ TpeOyemol HaA&XHO-
CThIO;

2) TexHoJioruueckasi ruokocth 2-ro poaa (TI'C-2) — BO3MOXKHOCTh BbIOOpA TaMMBI
METOJIOB 00paboTKK moBepxHOCTel (B 00IIeM cilydae pa3iuuHON (PU3UYECKON TPUPOIBI)
JUISL 3aKJIFOUUTENIbHBIX ONEpalrii TEXHOJOTHMYECKOTO Mpolecca M TPYHIbl yIpPaBIsieMbIX
(akTOpOB KaXJ0ro U3 HUX, OJHUM HIJIM HECKOJBKUMH U3 KOTOPBIX MOXHO MPOTPAMMHO
yIOpaBiATh B Ipejesiax Mepexo/ia Mo 3aKoHy, 00ecrneynBaoueMy B UTOTE 3aJJaHHYIO aHU-
30TpomHOCTh pactpenenenus mapamerpoB KIIC uau 9C nmo ob6pabaTeiBaeMOil MOBEPXHO-
CTH C TpeOyeMOil HaJEKHOCTBIO.

Bce cucteMbl 00paboTKH MOBEPXHOCTEH, B KOTOPBIX OTCYTCTBYIOT 3JIEMEHTHI IMpPO-
rpammHoro ynpasieHus turna CNC, o01agaroT TeXHOJIOTHYECKOH THOKOCTHIO TIEPBOTO PO-
na. K HUM MOXHO OTHECTH CJEAYIOIHE METOIbl (HOPMHUPOBAHHS IMOBEPXHOCTEH IeTayneit
MAIIMH HA YUCTOBBIX U (PMHHIIHBIX CTAIUSAX TEXHOJOTHUYECKOTO mpoiiecca oopadboTku: 1)
pe3anue (4MCTOBOE M TOHKOE TOYEHHE, (Qpe3epoBaHue, IIUPOBAHKUE, aTMa3HO-
abpasuBHas 00paboTKa W J1p.); 2) pe3aHue + HAHCCCHHE MOKPBHITHH (raabBaHHYCCKHUE,
OABO, TBEpIbBIC HUTPHUACOAEPKAIINE, JIA3EPHOE JICTUPOBAHUE, MOHHAS UMIUJIAHTAIUS
ap.); 3) pesanue + III1]] (HakaThiBaHUE IIapUKaMH, POJIMKAMH, JOPHOBAHUE, AJIMa3HOE
BBITJIQKMBaHKUE, BUOPOHAKAThIBAaHHE, BUOPOBBITIIAXUBaHKE U 1p.); 4) pesanue + [T/ +
noKpbITHS; 5) pe3anue + nokpeitus + III1J]; 6) snexTpodu3nveckre U INMEKTPOXUMHUYEC-
CKHE METOJbl 00pabOTKH.

TexHonornyeckast THOKOCTh 2-T0 pona npucyma cucremam UIIY, rae umeercst Bo3-
MOJKHOCTh M3MEHSATh yCI0BHS 00paboTKu ((akTophbl) MPOTPAMMHBIM CIHOCOOOM B IMpeje-
Jax mepexona.

Ou4eBHIHO, YTO BaXKHBIM IOKa3zaTeleM Ipolecca 0OpabOTKU SBISIETCS CTENEHb €ro
TEXHOJIOTUYECKON TMOKOCTH, KOTOPOH IesiecooOpa3Ho MpHAaBaTh KaKOE€-TO YHUCIEHHOE
3HaueHue. Eciau B3saTh pexumbl 00padoTku s touenus (V, S t) u mis I (Q, S V), To
yrIpaBiaseMbIX (akTOpOB B Ka)XJOM cllydyae MO TPH, HO TEXHOJOTHYeCKas THOKOCTh IpOo-
necca III1]] 3HauuTenbHO BHINIE: B 3TOM ciydae Bcemu napamerpamu KIIC (makpo- u
MHUKpOTeoMeTpusi, (PU3HKO-MEXaHUUYECKHUE CBOMCTBA U JIp.) MOXHO YIPABIATH B TOpa3jo
0oJiee MIMPOKUX Mpenenax u Oosee HaAEKHO, 4eM Npu ToueHuu. [Ipumenenue Toi wim
MHOW CHUCTEMBI 3a4acTyl0 CIIOcOOCTBYET (DOPMUPOBAHUIO COBEPIIEHHO HOBBIX, HE CBOMCT-
BEHHBIX OCHOBHOMY MaTepuay Jaetainu cBoucTB (MeTosl 2; 4...6).

I{enmecooOpa3Ho, 4TOOBI YMCIICHHAS OIICHKA TEXHOJIOTHYSCKONW ruOKocTH 1-T0 wim 2-
ro pojia oTpaxasna, Hapsily C UYMCJIOM YIpaBJsieMbIX pakTOpoB 00pabOTKH, HOMEHKIATYpY,
KOJIMYECTBO M JIOCTHXKUMBIN JMamna3oH BapbupoBaHus nokazatenei popmupyemoro KIIC,
TO €CTb SIBJISIJIACH KOMIIJIEKCHOM.

Jlns pemieHusl aKTyaJlbHOM HAyYHO-TEXHUYECKOM 3aJjayd MOBBILIEHUS TPUOOTEXHU-
YECKHUX XapaKTepUCTUK MMOBEPXHOCTEH TUIA HANPABJAIOMINX, F€PMETUYHOCTU (IIaHIEBBIX
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COEJIMHEHUH, OTJEIOYHbIX paboT B uaHe auszaiiHa u 1p. B BI'TY pa3paboran nporpamm-
HBII cr0co0 00pabOTKKM MOBEPXHOCTHBIM IiacTuyeckuM aedopmuposanuem (ITITATIC),
BKJIFOYAIOIINH TPEBAPUTEIBHOE MOJICIUPOBAHHE TTOBEPXHOCTH (MPU HEOOXOIUMOCTH) U
peanu3amnuio e€ oOpabOTKM Ha cTaHKax ¢ KoMmbloTepHbIMH cucTeMamu YITY. MoxHo
porpaMMHO 00pabaThiBaTh NOBEPXHOCTH C LI€JIbIO CO3JaHUSI 3aJJaHHBIX 3aKOHOB H3MEHE-
HUSI PU3HKO-MEXaHUUECKUX CBOMCTB, IIEPOXOBATOCTH, MUKpOpeibeda B Mpeeaax oJHON
(GYyHKIMOHATBPHON MOBEPXHOCTH, MCMOJB3Ys I A3TOTOo mpocreifmee yctpoiictso I/ c
nepudepuitno (I[IN) wnu uentpansro (IIM) pacrosiokeHHbIM HHIACHTOPOM (IIAPHK HIIA
aJIMa3HbBIN BBITJIAKUBATEIb).

Pe3ynbTaThl MOJEnMpOBaHUS MUKPOPEIbEPOB ISl PA3IMYHBIX [MOBEPXHOCTEH HpHU
pa3IMYHBIX UCXOJHBIX NaHHBIX (pUC. 2) yOeAMTEIbHO CBUACTEIBCTBYIOT O BBICOKOH CTe-

\ 5 1||.-Jl I||I|I|| '-""'l' |1“m
.rlf'--'u \lﬂ i 'M.n |'| I'. |.J'w',r|_f. i | ““"’“'n'll I|||'I -,J ny

II|||I| ! .nII' ,du..lﬂllf -|'II|I"|| ﬂ.-".. I||II

'|| i N
"""" ""'-"' '|'I'“'"'-'I|rllll| Jl}lll;ll."'"".

Puc. 2. PesynbraThl MonenpoBanus MUKpopenbedos, peanusyembix B cucreme ITIATIC: a — miockue mo-
BEPXHOCTH THIA HANIPABJISIOUINX CKONBXKEHUS; O — IUIOCKUE (pIIaHIIEBbIE TOBEPXHOCTH.

NeHH TexHoJornueckoi ruokoctu oopadborku [IIJIIIC moBepxHOCTH.

Mopenu 1...7 coorBerctBytoT 00padotke IIIIAIIC ¢ neHTpasbHO pacnoaoKeHHBIM
unaenropom (LIU1), a moxenu 8, 9 — ¢ nepudepuitasiv (I[1H). [lpu MmoaenupoBanuu B Ciy-
gasx 6...9 (puc. 20) npeaycMOTpEeHO M3MEHEHHE CHJIBI BO3JCHCTBUS MHJEHTOpA Ha IIO-
BEPXHOCTH B mporiecce 00padoTku. TEMHbIE TMHUH pelbeda COOTBETCTBYIOT €€ yBelnude-
Huto. Takum oOpaszom, uzmenstorcs napamerpsl KIIC u 9C cooTBeTCTBYIOMUX YYacCTKOB
00pabOTaHHBIX pealibHBbIX MOBEPXHOCTEH, 4TO Xapakrepuszyer obOpabotky IIIIAIIC kak
CUCTEMY C TEXHOJIOTHYECKOW THOKOCTRIO 2-TO poja.

Ha xauectBO moBepxHocTH, 0OpadareiBaemoin merogamu [II1J] (ITIIATIC) ycTpotict-
BaMU YIPYTroro AEHCTBUS CHIIbHOE BJIMSHUE OKa3bIBAaeT JUHAMMKa Ipoliecca. Y CTaHOBIIE-
HO , YTO JJIsl oOecriedeHus 3a/laHHbIX TapaMeTpOB KayecTBa JUHAMUUECKON yCTOMYMBOCTHU
npolecca okasblBaeTcs HemocTaTouHo. HyxkHo, 4ToOBI mporecc 06s1agan TEXHOJIOrUYe-
CKOM YCTOHYMBOCTHIO, KOTOPOI MOKHO J1aTh CJIENYIOLUIYI0 POPMYIHUPOBKY:

TexHonornuyeckas yctonuuBocTtsb npouecca oopadorku II1]] ycTpoiictBamu ynpyro-
ro JAeMCTBUS — 3TO €ro CoCOOHOCTh HEMPEPBIBHO 10 Beeil 00padaTbiBaeMoOil MOBEPXHOCTHU

obecneunBath TpeOyeMbld BekTop R mapamerpoB KkauyecTBa MOBEPXHOCTHOIO CJOS
(BKIIOUAs HKCIITyaTaI[MOHHBIE) B perlaMeHTHpOBaHHBIX rpanunax (+dR) ¢ 3aganHOl Ha-
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néxHocteio P(Ri 1 (R £ dRy).

OO0nacTh ONpeeIeHNus TEXHOJIOTHYECKOH YCTOHYMBOCTH MOXET paccMaTpPUBAThHCS B
npoctpanctse paktopos KIIC (Ra, Hy S o u ap.) wiu B mpoctpanctse paktopo DC uiu
Ha MX HepeceyeHrr. MaTeMaTHYeCKUEe YCIOBHUS TEXHOJOTHYECKOW YCTOWYMBOCTU UMEIOT
BUI:

RT (R +dR).(R-dR)) i=1ki
p{Ri‘I (Rimin’Rimax)}3 [P]

rae R — i-Thlit BEKTOp mapamMeTpoB KayecTBa,;

P — MuHMManbHO momycTuMasi Hai€KHOCTh €r0 00eCIeYeHuUs .

B pesynbrare peumenus ypaBHeHus qfuHaMukH rnpouecca [T monydeHsl kputepun
TEXHOJIOTUUECKON YCTOMYMBOCTU B BHUJI€ OIpaHUYEHUN MAKCHUMaJIbHOM CKOPOCTH 00pa-
O0TKHU, KOTOPbIE€ BKJIIOYAIOT PsJ KOHCTPYKTUBHBIX U TEXHOJOTHYECKUX (PAKTOPOB, B 4aCT-
HOCTH, COCTOSIHHE IPEeABAPUTEIHLHO 00pab0TaHHOI MOBEPXHOCTH.

Pestome: 1. ]Ins obecriedeHus: BBICOKUX 3KCILTYaTallHOHHBIX CBOMCTB IMOBEPXHOCTEN
TpuOO3IEMEHTOB, pabOTAIOIIUX B HECTALMOHAPHBIX YCIOBUSX TPEHUS CKOJILKEHUS CO
CMa3Koi, HEOOXO0AMMO CO3JJaHUE U NMPUMEHEHHUE TEXHOJOTUYECKU I'MOKHUX MPOIECcCcOB 00-
pabotku. Cieayer pa3indarh TEXHOJOTHYECCKYIO THOKOCTh 1-TO W 2-TO poJia: TEXHOJIOTH-
yeckue rudkue cucrembl 1-ro poga (TT'C-1) oGecreunBaroT 3G HEKTUBHYIO, HO KECTKYIO
00paboTKy B mpezaenax mnepexoja, a 2-ro poja (TI'C-2) — o6ecneunBaroT 3G GEKTUBHYIO U
yIpaBIsIeMyI0 IPOTPAMMHBIM ClIOCOOOM 00paboOTKy B Ipeaesax nepexoa.

2. Cpenu TI'C-1 HambGonpiieit 3¢p(eKTHBHOCTHIO 00JIaJAal0T CHCTEMBI, COYETAIOIINE
00paboOTKy MOBEPXHOCTEH METOJAaMHU Pa3InuHOM (hu3udeckoit nmpupo sl (00paboTKa pesa-
HueM, HaHeceHue mokpbiTui, [II1J] u np.). ['uOpuan3amnus MeTo0B 00pabOTKH C CUCTE-
mamu YITY ob6pasyer kiacc cucrem TI'C-2, o6namaronmux Hanbojee BBICOKOW THOKOCTHIO.
B sToMm nnane nepcrekTuBHO npaktudeckoe npumenenue [1I1J[ mporpaMmHbeiM ciocoOom
(TITIATIC).

3. Hapsiny ¢ TexHOJOrH4ecKoil THOKOCThIO, OJHMM U3 OCHOBHBIX YCJIOBHUH oOecre-
YEHHUsI BBICOKOTO KauecTBa 00OpaldaThIBa€MbIX MOBEPXHOCTEH JeTajneil MalluH SBISETCS
TEXHOJIOTUYECKas yCTOMYMBOCTH IMpolecca 00paboTKH, KOTOpas OTIAMYAETCS OT AUHAMHU-
YECKOM M TOoCTUraeTcst Ipu COONIOEHUN ONPENEIEHHBIX KPUTEPHUEB, BKIIOYAOIIUX KOH-
CTPYKTHUBHBIE U TEXHOJIOTMYECKHE (HAaKTOPBI.

OBILIME BOITPOCHI PABPABOTKU ®YHKIIMOHAJIBHO-OPUEHTHPOBAHHBIX
TEXHUYECKUX ITPOLIECCOB U3I'OTOBJIEHUA 3YBATBIX ITEPEJIAY

dunnvenko B.A., Kpamun A K. (JonHACA, 2. Maxeesxa, Yxpauna)

The general (common) problem of mining functionly - oriented of master schedules of manu-
facturing of gear drivesis offered on the basis of the axiomatic approach to designing and
effecting.

HpOGKTI/IpOBaHI/Ie TEXHOJIOTUYCCKUX IMMPOLUCCCOB U3TOTOBJICHUSA JII000T0 n3aciinusg MOX-
HO paccMaTpHBaTh Kak Ipolecc 0ToOpaxeHHe (pyHKIHMOHAIBHOIO OMHMCAHMs paccMaTpuBae-
MOro 00beKTa B pu3nueckuii o0pa3. 3amaya TexHosora pa3padoTaTh ClIOCOOBI U TIOCIIEI0BA-
TEIBHOCTU JCUCTBUH JJIsi OCYIIECTBJICHUS 3TOTO OTOOpaKEHHUs, UCIOJIb3Yys 3a/IaHHbIC YepTe-
’KOM KOMITOHEHTHI (MaTepHabl, pa3Mepbl, PECYpPChl U T.J.), & TAKXKE OMPEICIUTh TEXHOJIOTH-
YECKUE MPOIECCHI, PEATH3YIOIINE TPEOyeMbIe KOMIIOHEHTHI.
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B pesynbrare pa3paboTku (YyHKIHMOHAIBHO-OPUEHTUPOBAHHBIX TEXHOJOTUYECKUX
MIPOLIECCOB MOSIBIISIETCS 0O0JIBIIOE KOJUYECTBO BO3MOXKHBIX PELICHHM, KOTOpble HEOOXOAUMO
aHaJIM3UPOBaTh B sIBHOM Buje. IIpu stom mpuxoaurcs oOpabaThiBaTh OO0JBIIOE YHUCIIO JIAaH-
HBIX, BapbUPYs MIEPEMEHHBIMU TapameTpamu [2]. BaykHbIM MOMEHTOM SIBIISICTCS] BBIOOP METO-
JIOB OLIEHOK MPUHUMAEMBIX PEIICHUH.

WHTEepecHbIM B 3TOM ILJIaHE SBJSETCSI METOJ] OLIEHOK C MOMOIIBIO0 TMIIOTETUYECKUX aK-
CHOM IPOCKTUPOBAHMUS M [TPOU3BOCTBA U3eHii [3].

Cucrema akCMOM OCHOBaHa Ha JIByX OCHOBHBIX MOHATUAX. [IepBoe U3 HUX 3aKirodaer-
Csl B TOM, 4TO BCAKOE (DYHKIIMOHAIIbHOE TPeOOBaHUE MPOU3BOCTBA JIOJIKHO YIOBIETBOPATHCS
HE3aBHCHUMO OT HEKOTOPBIX acClEKTOB, OCOOCHHOCTEW MJIM KOMIIOHEHT TEXHOJIOIMYECKOIO
nporuecca. DTH JBa NOHATHS (POPMalIbHO MPEICTABISAIOT B BUJIE CUCTEMBbI IIPOEKTHBIX U MPO-
M3BOJICTBEHHBIX TPEOOBAHUI:

- COXPAaHUTh HE3aBUCUMOCTh (PYHKIIMOHAIbHBIX TPeOOBaHUM;

- MUHHUMU3HPOBATh 00beM HH(OPMALINH.

OyHKUMOHANbHbIE TPEOOBAaHUS PACCMATPUBAIOTCS KaK LENHU pa3pabOTKU TEXHOJIOTH-
yeckux InpoueccoB. OHU JTOJKHBI ObITh HE3aBUCUMBIMH, T.€. TAKUMH, YTOOBI JIIOObIE U3 HHUX
WM UX COBOKYITHOCTb MOTJIM 33[aBaThCsl BHE CBSI3U C KAKUMHU JINOO APYrUMU (PYHKIIMOHAIIb-
HBIMU TPEOOBaHUSMHU.

XoTs pyHKIMOHAIBHBIE TPEOOBAHUS 3a1al0TCS TaK, YTOOBI OHU OBUTM HE3aBUCUMBIMH,
caM XapakTep TEXHOJIOIMYECKOT0 Ipolecca MOKET ONPEAEIUTh UX B3aUMO3aBUCUMOCTb.

Hanpumep, ans 3ybuaToil nepeaauu B kauecTBe (PyHKIMOHAIBHBIX TPEOOBAHUN MOTYT
BBICTYIIaTh KAa4E€CTBO MOBEPXHOCTH, TBEPAOCTh pabOUYMX MOBEPXHOCTEW 3yObeB, reoMeTpus
MTOBEPXHOCTH, TOYHOCTh U3TOTOBJICHHUS.

B o0miem ciryyae K0IMUeCTBO CTENEHENH CBOOOIbI TEXHOJIOTMYECKOI0O Mpoliecca JOJIK-
HO OBITh PaBHO WJIU MPEBBIIIATH KOJIUYECTBO (PYHKIMOHAIBHBIX TPEOOBaHUIA.

Ha pa3pa®oTky GyHKIIMOHAIBHO-OPUEHTUPOBOUYHBIX TEXHOJOTUYECKUX IPOIIECCOB
MIPOM3BOJICTBA 3y0UaThIX NEpeady OKas3bIBAaIOT BIMSHUE TaK Ha3bIBa€Mbl€ IPOEKTHBIE Iapa-
MeTpbl (CKOPOCTh OTHOCHUTEIBHOTO CKOJILKEHHS paboUKX MOBEPXHOCTEH, epeaaBaeMoe yCu-
JHe, CTENeHb TOYHOCTH). V3MeHeHue J1ro00ro MpOeKTHOTO MapameTpa MPUBOIUT K M3MEHE-
HUIO0 (PYHKIMOHAIBHBIX TPEOOBAaHUH, T.€. TEXHOJIOIMUECKUI MPOLIECC ABISETCS CBA3aHHBIM. B
HECBSA3aHHOM TEXHOJIOTMYECKOM IPOIIECCe, OJTHO U TOJIBKO OJHO (PYHKIIMOHAIbHOE TpeOoBa-
HUE U3MEHSETCS B 3aBUCHMOCTH OT U3MEHEHHSI OJJHOTO IIPOEKTHOTO IapaMeTpa.

Bropoe npousBoacTBeHHOE TpeOOBaHME MUHUMU3UPYET 00beM MH(GOPMALUU KaK IO
CIPOEKTUPOBAHHOM Mepeaye Tak U M0 TEXHOJOTHYECKOMY Ipolieccy ee u3rotopieHus. Ot-
CIOZIa CJIEYET, UTO CBSI3aHHBIE TEXHOJOTUYECKUE MPOEKTHI XYK€ HECBSI3aHHBIX, TIOCKOJIbKY B
HUX JTOJKHBI OBITh U3BECTHBI 3aBUCUMOCTH MEXK/y BCEMU (DYHKIIMOHAIBHBIMHU TPEOOBAHUSIMU
U MPOEKTHBIMU NapaMeTrpamH JUIsi TOro, YTOObl COOTBETCTBYIOIIMM OOpPa30M BBIIIOJIHUTH
(GyHKIMOHATIbHBIE TPEOOBAHUS.

JUi MCKITIOYEHMS] CBSI3aHHOCTH TEXHOJIOIMYECKHUH IMpoliecc HEOOXOAMMO IMOCTPOUTH
TakuM 00pa3zoM, 4yToOb! (PYHKIIMOHAJIbHbIE TPEOOBAHUS 3aBUCENIU OT MPOEKTHBIX apaMETPOB
B BUJIE!

®ry = 111 71)

Dry = fo(l 72)’
Dp,n = fn-l(”ﬂl’HHZ""’Hﬂk-l)’
cDTn = fn(Hﬂl’HHZ""’Hﬂk-l’an)’

(1)

rae Or. - ¢byHKIMOHAIBHOE TpeOoBaHue; /71 [7; - IPOCKTHBIE TapaMETPBI.
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[Tonbupas GyHKIIMK COOTBETCTBYIOIIMM 00pa30M, MOKHO BBITIOJHATh WX M3MEHCHHS
0e3 yuera cnerupuKaluy UX B3aUMOBIIHSHUS.

O YHKIMOHAJIBHO-OPUEHTUPOBAHHBIA TEXHOJIOTMYECKUI MPOLECC MOKHO IPEICTAaBUTH
B N-MEPHOM IPOCTPAHCTBE, I Kaxa0e U3 N QyHKIMOHAJIbHBIX TPEOOBaHUM MpeCcTaBIIsAeTCS
B BHJIC N-MEPHOTO BEKTOpa. AHAJIOrMYHO K MPOEKTHBIX MapaMeTpOB OMpeAeisoT K-MepHoe
¢buznuecKoe MpoCTPaHCTBO.

Ecnu u3BecTHO (prznueckoe COOTHOUIEHUE MEXKY (DYHKIMOHAIBHBIMHU TPEOOBAHUSIMU
U MPOEKTHBIMU IapaMeTpamH, TO MEXAy HNPOCTpaHCTBaMU N U K MOXHO YCTaHOBHUTH COOT-
BercTBUEe. OTOOpakas PpyHKIIMOHANIbHBIE TPEOOBAaHUS HA MPOCTPAHCTBO K, MOJy4UM 3ajady
MIPOEKTUPOBAHUS TEXHOJOTMYECKOTO MpOLiecca B BUIE BEKTOPHOTO IOJIsI, BEKTOP - (DYHKIIHS
KoToporo F onpenenurcs 3aBUCUMOCTBIO:

F= fl(Hﬂl’HHZ""’Hﬂk)Ul+ fZ(Hﬂl’HHZ’""Hﬂk )UZ +
L , (2)
(1T e 1T )0

n

rac f. - ckanapuas KIOUA i-TO IIPOEKTHOIO IIapaMeT a, u; - C)II/IHI/IT-IHBII\/II BEKTOp B
I J

HaIpaBJIeHUU (QYHKIIMOHAJIBHBIX TPEOOBAHUH.
Ecnu pyHKUIMOHANBHBIE TPEOOBAHUS SIBIISIOTCS JIMHEHHBIMU (YHKIIMSIMHU TPOCKTHBIX
napameTpoB, TO ypaBHeHHE (2) MOXKHO MPECTaBUTh B MaTpu4HOU dopme [1]:

@ry| |&1,@02-@n | m

Dro| |81,800,-..,80n |11
F =|Pr2| - [Be1822:82n) 112 3)

Prn|  |Bn1s@n2se-8nn| 1

JluneitHble 3aaun pemiarTcs JErKo, €CIM U3BECTHA CBA3b MEXIY (PU3MUECKUMH U
(YHKIIMOHATIBHBIMUA 00JIACTSIMHU.

JUis HenuMHENHBIX 3aJady Ba)KHBIM SIBJISIETCS YCTaHOBJIEHHE (DaKTa HE3aBUCUMOCTHU
(GyHKIMOHATBHBIX TpeOoBaHUM. B ciyuyae HenMHEMHOro 0ToOpa)keHus MPOCTPAHCTB, (YHK-
LMOHAJIbHbIE TPeOOBaHUS N300paXKaIOTCS B BUJI€ KPUBOJIMHEWHON CUCTEMBI KOOPJIUHAT B QU-
3UYECKOM IPOCTPAHCTBE.

CBs13p Mexly (QYHKIIMOHAIBHBIMU TPEOOBaHUSMHM U MPOEKTHBIMU IapaMeTpaMH OIl-
penenstoTcs B 000 Touke. B oOuiem cinyyae marpuny cBs3u C MOKHO NPEACTaBUTH B BUJIE!

= ﬂ(@Ti) _ 4
| ) (4)

B 3akirouenue ciegyer OTMETHTh, YTO B JaHHOH paboTe MPEeUIoKEHO OJIHO U3 BO3-
MOXKHBIX HaIpaBJIEHUH Pa3pabOTKH (PYHKIMOHAIbHO-OPUEHTUPOBAHHBIX TEXHUYECKUX IPO-
LIECCOB JIJIsl MPOU3BOJCTBA 3yOUaThIX Mepeaay Ha OCHOBE METO/A OLIEHOK C IOMOIIbIO TUIIO-
TETUYECKHX aKCUOM IPOEKTUPOBAHUS U IPOU3BOACTBA 3yOUaThIX Mepesay.

Cnucok autepatypbl: 1. 'antmaxep @.P. Teopust marpun. — M.: Hayka, 1967. —
575c¢. 2. MuxaiinoB A.H. O0mmii moaxo/ B co3nanuu (GyHKIIMOHATHHO-OPHEHTHPOBAHHBIX U
MHTErPUPOBAHHBIX TEXHOJOTHH MamnHocTpoeHus // Mamunoctpoenue u texHocgepa XXI
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Beka: CO. Tpynos X|| mexyHapo1HOI HaydHO-TEeXHOJIOrn4eckoi koHpepenuu B 1. CeBa-
cromosie 12-17 centsiops 2005r. B 5-x Tomax. — Jlonenk: JJoaHTY, 2005. T. — 311c. 3. Cy,
bemt, ['occapn «ACHMOTOTHYECKHH TTOIXO/ K IIPOU3BOACTBEHHBIM cucTemaM // Kouctpyupo-
BaHUE M TEXHOJOTHs MammuHOCTpoeHus, 1978, Ne2. C.164. M.: U3a-Bo «Mup».

HUCITOJIb30BAHUE PEKYIIEPUPOBAHHOI'O AJIMA3HOI'O CbIPbA B UHCT-
PYMEHTE

®panukesny A.B., Usanosa H.B. (®TU HAH benapycu, BHTY, 2. Munck, Berapycy)

The paper presents the performance characteristics of a diamond dressing tool
obtained using the methods of vacuum sintering and hot compacting. It is shown that the use
of secondary diamond raw material does not affect the tool performance characteristics.

HpI/IpO)IHBIe aJIMa3bl HECHATCA HEC CTOJIBKO, KaK JPparou€HHbIC KaMHH, CKOJIBKO KaK OJUH
nu3 (baKTOpOB TEXHUKO-3KOHOMHWYCCKOI'O ITOTCHIIHNAaJIA. HpI/IMeHeHI/Ie aJIMa30B B IMPOMBIIIJICH-
HOCTHU CYIICCTBCHHO IIOBBIIIACT MMPOU3BOAUTCIBHOCTD TPyJdd M KAaUuCCTBO MNPOAYKIHH. HpI/I-
POAHBIC aJIMa3bl UCIIOJIB3YIOTCA B IIPOMBIIIJICHHOM ITPOM3BOJACTBC KAK HOCHUTCIIN YHUKAJIbHBIX
XapaKTEPHUCTHK, KOTOPbIE OOECMEYMBAIOT CO3JaHUE W (PYHKIIMOHUPOBAHHE COBPEMEHHOTO
BBICOKOITPOHU3BOJUTCIIBHOT'O o60py)1013aH1/151. HpI/IpOHHHe aJIMa3bl TaKK€ KaK U 30JI0TO, IljIa-
THHA, cepedpo SIBIISIIOTCS] BAXKHEHIIMM BOEHHO-CTPATETMUECKUM ChIPbEM, 00bEMBI HCII0Ib30-
BaHHA KOTOPOTO ABJIAIOTCA OJHHUM U3 MHAUKATOPOB HAYYHO-TCXHHUYCCKOTO IMPOrpecca U 3K0-
HOMHYECCKOI'O pa3BUTHUAA. JIJ'ISI OTHUX MATCPUAJTIOB XapaKTECpHA BBICOKAA CTOUMOCTDb U PECAKOCTD.
AnmazoB )106BIBaIOT B TBICAYHM pa3 MCHbIIC, YEM 30JI0TA.

Ecmm EHA AParoucHHbIX MCTAJUIOB ONIPEACTIACTCA CTOUMMOCTBIO )106BIT-II/I U KOHBIOHKTY-
po¥i pbIHKA (B TOM YHCJIC KOHBIOHKTYPOH BAIIOT U APYrHX OAHKOBCKHUX aKTHBOB), TO IICHA
aJIMa30B, IOMUMO IIPOYECTO, 3aBUCUT U OT pAda KJ'IaCCI/I(l)I/IKaIII/IOHHHX IMIPHU3HAKOB, OCHOBHBIMH
U3 KOTOPBIX SIBIISIIOTCS: Pa3MEPHOCTh, Gopma (CTernmeHb MCKaXECHUS (OPMBI, XapakTep Io-
BEPXHOCTH rpaHeii), nedexktHocTh (kauecTBo) U 1BeT [1].

Bce anmasbl paznensitoT Ha JBe KaTeropuu: IOBEIUpHbIE U TexHuuyeckue. [lpu xonebda-
HHUH CIIPOCa Ha aJIMa3bl UX MOTYT MEpEeMENIaTh U3 OJHOM KaTErOpuH B APYryl0. YPOBEHb LIEH
Ha IPUPOJIHBIE alMa3bl CAEpKUBAET 0oJiee MHUPOKOE UCIOJIb30BAHNE UX B TEXHHUKE.

3HaYMTENbHAS YaCTh IPAaroleHHBIX METALIOB MOCTYIMAIKUX B 000pOT AOOBIBAETCS U3
T.H. TCXHOI'CHHBIX UCTOYHHUKOB, T.C. IIPpAU nepepa60TKe IMPOMBIINIJICHHBIX OTXOJOB. Nx Xapak-
TEPUCTUKHU HUYEM HC OTIIMYAIOTCA OT MCTaJllIa U3 PYAHBIX MGCTOpO)K)IeHI/II\/II. HpI/IpO)IHBIe all-
Ma3bl, PEKyIIepUpPOBaHHbIE U3 OTPAOOTAHHOIO MHCTPYMEHTA, HE UACHTUYHBI UCXOJHOMY Ma-
Tepuaiy. 9To 00yCIOBIEHO U3MEHEHUAMU X (POPMBI, APEKTHOCTH, MACCHl U YPOBHSI BHYT-
PEHHUX HaNpspKeHW. M3MEHEeHMs] MPOYHOCTHBIX XapaKTEPUCTUK IPUPOJIHBIX aIMa30oB MpPH
TECPMHUYCCKUX, TepMO6apI/IT-IeCKI/IX, MCEXaHUYCCKUX BO3HGI\/’ICTBI/I5[X HU3YUCHBI JOCTATOYHO IIOJ-
po6HO [2-4]. B MeHblIIeH CTENeHN M3YYeHO BIMSHUE HEOTHOKPATHBIX TEXHOTCHHBIX BO3/ICH-
CTBUH Ha KPUCTAJLIbI Pa3IM4HOM 1e()eKTHOCTH.

B paborte mpencraBiieHbl pe3yiabTaThl MPUMEHEHHUsSI BTOPUYHOTO ajJIMa3HOTO CHIPhS B
MpaBsIIeM HHCTPYMEHTE.

WcnpiTanus MHCTpYMEHTa MPOBOJAMIM Ha KPYrjaomIu(pOBaJIbHOM CTaHKE MpPU IpaBKe
kpyra 1A1300x40x127 24A40C2K npu padoueii ckopoctu kpyra 30-35 M/c, CKOpocTH mpo-
noapHOM mogaun 0,5 m/MuH, ckopocTH monepeuHoi nogaun 0,05MM/Xo1 1 pacxoje SMYIbCHN
15-20 n/muH.
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Jlnst cpaBHEHHS B3ATBHI aJIMasbl, PEKYIIEPHPOBAHHBIC W3 TPABSIIUX POJHMKOB, KOTOPHIC
OB M3TOTOBJIEHBI METOJIOM TaJIbBAHOIIJIACTUKU U3 aIMa3HBIX MopomkoB Mapok A10K200 u
A9K125. B cOOTBETCTBHM C TEXHHYECKUMH TpeOOBaHHMSIMHU anMasHbi mopomok A10K200
IpesIcTaBiIsieT co0O0M Iiesible KPUCTAIUIbl pa3iuuHbIX (opM Oecrpo3payHble, IIaJKOTpaHHbIE
VI C HE3HAYUTENILHOW U HEOOJIBIION CTYIIEHYaTOCThIO ¢ He3HAYUTENbHBIME Jeekramu. Co-
nepskanne u3omerpuuHbix anmazoB 100% [5]. Pasmep 3epeH HCXOIHOTO CHIPhSI COOTBETCTBO-
Ban 1,2-1,4 mM. B mporecce sKkcIuTyaTanuu ajaMmasbl MOJBEPTaluCh TEPMO-MEXaHUICCKIM
BO3/ICHCTBUSIM.

PacceB pexynepupoBaHHOTO MOPOIIKA TTOKa3al, 4ro 5-8% macc. KpucTasioB pa3pyu-
nock. Y 20-25% macc. KpUCTaIOB BCIIEICTBUE M3HOCA YMEHBIIWICSA pa3Mep 3epeH no 1,2-
1,0 mm. [IpoYHOCTHBIE XapaKTEPUCTUKU IENBIX KPUCTAIUIOB HE H3MEHHIINCH, OJTHAKO COJIEP-
KaHWE KPUCTAILIOB, KOTOPhIE MOYKHO OTHECTH K H30METPHUHBIM, cocTaBuiio 60-70%.

TexHOTreHHOE BO3/ICHCTBHE CHMKAET CTOMMOCTH alMa30B HM3-3a M3MEHEHHUS pa3MepHO-
BECOBOH T'PYIIIbI, MOBHIICHUS JePEKTHOCTH ¥ W3MeHEeHHs (HOpMBI YacTH Kpuctamwios. Kiac-
cudUKaIs peKyrepupOBaHHOTO CBIPhs 1o cucteMe SITY mokasaina, 94To pa3pylIeHHbBIE KpH-
CTaJlsIbl COOTBETCTBYIOT rpymie Boart, a nedexrnsie rpymnne Drilling pa3nuuHbix KayecTs.
OOmiee CHIKEHUE CTOMMOCTH CBIPhSI B Pe3yJIbTaTe M3MEHEHHs (POPMBI, Ka4yecTBa M pa3MepHO-
BecoBOH Tpynmbl coctaBmiio B cpeqaeM 30%. [IpoyHOCTHBIE XapaKTEpUCTHKH LENBIX KPH-
CTaJUIOB HE M3MEHWJINCh, OJJHAKO COJIEp)KaHHE KPHCTAILIOB, KOTOPbIE MOXXHO OTHECTH K H30-
MeTpuueckuM (M3MeHeHue auamerpa Ha 15% BeneactBue usHoca) cocraBuiio 60%. Ilo dop-
Me UX Helb3si OTHeCTH K Mapke A10, XOTs 0 MPOYHOCTHBIM XapaKTePUCTUKAM OHH COOTBET-
CTBYIOT 9TOM Mapke.

Wnast kapTuHa HaAONIOMaeTcs B Cilydae NPUMEHEHUS MEHEe KaueCTBEHHOTO ChIPhS
(A9K125). B ncxoiHOM COCTOSIHHH aJIMa3bl OTHOCHIIUCH K pa3MepHO-BecoBoii rpymme 1,2-1,4
MM, TIPEACTABIISLIN OO0 1esIble KpUCTAIUTBI pa3audHbiX Gopm (95%) u ux 0O0JOMKH ¢ HE3HAa-
YUTENBbHBIME JeexTamu, coaepkanue u3omerpuunbix 3eper 90% [5]. Tlocne pekynepannu
aJIMa30B U3 OTPAOOTAaHHBIX POJIMKOB M PacceBa MOJTYYEHHBIC ajlMa3bl PacIpeIeNUINCh B CIe-
aytommx cooTHommeHusx: 30% kpucramioB pazmepHoctbio 1-1,2 mm, 20% xpucramios 1,0-
0,6 MM, 20% paszmepom meree 0,6 MM, y 30% KpUCTAIIIOB Pa3MEPHOCTH OCTAACh MIPEKHEH.
[Ipo4HOCTHBIE XapaKTEPUCTUKN KPUCTAIUIOB CHU3WIUCH. [10 MpouHOCTHRIM M MOpdooruye-
CKUM XapaKTePUCTHKAM PEKYIEpUPOBAHHOE CHIPbE 3aHUMAaET MPOMEKYTOUHOE TMOJIOKEHHE K
mapkam A8K100 — AB6K80. Obmiee CHIKEHHE CTOMMOCTH PEKYIIEPUPOBAHHOTO ITOPOIIKA B
pe3yibTare u3MeHEeHUs (JOPMBI, KAaueCTBa U Pa3MEPHO-BECOBOM I'PYIIITBI COCTABUIIO B CPETHEM
40-50%.

TexHorenHoe Bo3/JeiicTBUE B OOJbILIEH CTENIEHU U3MEHSET XapaKTEPUCTUKU J1e(hEKTHBIX
KPHUCTAJJIOB ajiMasa 1o CPaBHEHHUIO ¢ 0e3/1eeKTHBIMH BEICOKOTIPOYHBIMHU KPUCTAJUTAMH.

JInst M3rOTOBIICHUST AIMA3HOTO OJHOKPHCTAIBLHOTO MPABSIICr0 MHCTpyMeHTa (anMas B
OIpaBe, ajiMa3Has UIriia) UCIoJb3yeTcs chipbe MHIycTpranbroit (Industrial) cepuu (X1 rpyn-
eI, oarpymma a 1,2,3 kadectsa, momyckaercs 0; XXXI| rpymmsr, noarpymma a 1,2,3 kavecrt-
Ba) [6]. AHaiu3 alIMa3HOTO ChIPbs MOJYYCHHOTO PEKylepanueil U3 HHCTPYMEHTa «Anmas B
ompase» ¢ anmazamu 0,7-1,0 kapart mokasai, 4To y KpUCTAJUIOB M3HOIICHBI padoyne BEpIIu-
Hbl. Y 10% kpucTauioB Hapsay C IDIOMIaIKaMu M3HOCA Ha paboueil BepmnHe 00pa30BajInch
CKOJTBI.

Yacte kpucramios (15%), coorBerctBytomue rpymme Drilling B mporecce skcrutyara-
UU pa3pymwinch Ha 2-3 obnomka, y 20% KpuCTAIOB paboyre BEpIIMHBI Pa3pyIIHINCh
CKOJIAaMH M B KPHUCTAJUIaX MOSBUIIACH TPEIIUHBI, MPOXOISIINE Yepe3 eHTpalbHylo 30Hy. Ha
OCTaJIBHBIX KPUCTAIUIAX Y PabOYMX BEPIIUH 10 KPasiM TUIOMIAI0K H3HOCA TTOSBUIIUCH CKOJIB.
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[Tpu pexymnepanyu ajaMa3HOTO WHCTPYMEHTA M3 KPUCTAJIOB CHHTETHYECKOTO aaMmasa
(ocHoBHOE konmyecTBO KpuctaiwioB CTM “Anmazor” umenu 6 rpynmy nedekrHoctu, lla
rpynmy 1o ¢Gopme 2 HOATPYIIIbl 0 Ka4eCTBY TpaHe, 2 MOATrPYIIY MPO3PaYHOCTH, / MO-
rpyniy 1seta) [7]. OTMedeHbl CIeIyronue 3aKOHOMEPHOCTH pa3pyIIeHHs] pPad0vnX BEPIIUH.
Tonpko y 15% kpucramioB Ha paboueill BEpIIMHE BOKPYT ILIONIAJA0K M3HOCA 00pa30BalUCh
CKOJIbI, 5% KpUCTAJIJIOB pa3pyIIHIINCh.

Paspymienne kpucTaiioB B OOJIBIIMHCTBE CIIy4acB OTMEUYEHO Ha MHCTPYMEHTE y KOTO-
poro M3HOIIEHA 30Ha MpHIOos y padoueit BepimHbl. Kpuctamisl rpynmsr Drilling coxepixa-
[IMe BKJIFOUCHHsS rpaduTa, COMYIMYyTCTBYIOUIMX MHHEPAIOB U TPEIIMHBI pa3pylIajnch yuap-
HBIMHU Harpy3KaMmu I0J BO3JeHCTBUEM 3epeH abpaszuBa. [I0BTOpHOE HCIIOIB30BAHUE MPHPO/I-
HOTO aJIMa3HOTO ChIphs (1enble KpucTamibl) rpymmsl Drilling B oJHOKpUCTaIbHOM HWHCTpY-
MEHTE IMOKa3aJl, YTO B IMPOIECCE IKCIUTyaTallMd pa3pylnaeTcsi OOJIbIIee YKCIO KPUCTALIOB
(20-25%). IIpu MOBTOPHOM HCIIOJIb30BAHUHU PEKYNEPUPOBAHHBIX CHHTETHYECKHX aJIMa30B B
MPOIIECCe IKCIUTYaTAllUU Pa3pyIIUIUCh /% 001Ie MacChl KPUCTAIIIOB.

Meramum3aius KpuctauioB anmMa3oB rpymmsl  Drilling u cunrernueckux anmaszos 1V
KavecTBa MBYXcI0HHBIM TOKpbiTHeM (CuTi)-Ni mo3BoimiIa CHU3UTh YKCIIO Pa3pyIICHUN KpH-
cTajyioB pekynepupoBaHHbix anmasoB (Drilling - 15%, cunternueckuii anvas — 3-4%). Bonee
BBICOKHME AKCIUTYaTallMOHHBIC XapaKTEPUCTUKUA HHCTPYMEHTA COJCPIKAIIEro METaJUIU3UpO-
BaHHOE aJIMa3HOE ChIPhE C TOBBIIICHHON JAe()EKTHOCTHIO OOYCIOBJICHBI CMAuYMBAHUEM I10-
BEPXHOCTH, IPOHUKHOBEHHEM paCIlJlaBa B MHUKPOTPEIIMHBI, a TaKKe 00pa30BaHHEM Ha I0-
BEPXHOCTH aMa3a MpouyHoii metaundeckoit ooomouku (0,3-0,4 mm).

MeHbli1asi CKIIOHHOCTD K Pa3pyIICHHIO PEKYIIEPUPOBAHHOIO CHHTETUYECKOTO aJIMa3HOTO
CBIPbS ITPU MOBTOPHOM MPUMEHEHHUH CBSI3aHA C MHBIM XapakTepOM U KOHIICHTpaluei aedex-
TOB B CHHTETHYECKOM ajiMa3e: B HEM OTCYTCTBYIOT TPEIMHbBI, KPYIHBIC BKIIIOUCHHS rpaduTa
U COIYTCTBYIOIIUX MHHEpanoB. [0 KaueCTBy CHHTETHUYECKUE aJIMa3bl MIPEBOCXOMASAT MPHPO/I-
Hble xapakrepuctuk Drilling u Boart.

Meran3upoBaHHbBIE OCKOJIKH MPHUPOJHBIX M CHHTETHYECKHX aama3oB Maccoit jo 0,4
KapaTa MCIoJib30Bain B anmasHbix kapangamax (0054, 0082) [8]. Kapanpamium mosydanu Ba-
KyyMHbIM criekanueM 1pu 1370K. B kauecTBe CBSI3KM NMPUMEHSUTH IIUXTY U3 TIOPOIIKOB MEIN
u BK6 (70% wmacc.). YaenbHblii pacxoq anmasza coctaBuin 2,1 mr/kr u 1,4 mMr/kr s kapaH-
Janiel U3 MpUpoTHBIX anma3oB u 1,7 mr/kr u 1,2 Mr/kr 11 KapaHaamied u3 CHHTETUYeCKUX
aJIMa30B. YBEIUYCHHUE COACPKAHMS CHHTETHYCCKUX aiiMa3oB B kapanaame 0082 no 1,5 kapar
(mo TOCT607-80) cHu3mio ynenbHbI pacxon anmasza g0 1,1 mr/kr. CHIbKeHHE yIASTbHOTO
pacxo/ia Ipy BBEJICHUH B MATPHILy AUCIICPCHBIX MOPOIIKOB ajiMa3a 00yCIIOBICHO YBEINYCHH-
eM PEXYIIMX KPOMOK U OOJIBIIMM aIMa30yJepKaHUEeM ajMa3HbIX 3€pPeH MaTpHIICH, cojaep-
Kallel JUCIePCHBIC YaCTUIBI CHHTETHUECKOTO ajMa3a.

DKCIUTyaTallAOHHBIC XapaKTEPUCTHUKH WHCTPYMEHTA B 3HAYUTEIBHON Mepe ompeers-
IOTCS TEXHOJIOTHEH ero U3rOTOBJICHHS U COCTABOM MaTPHIbI (CBS3KH), YTO TIO3BOJISICT MTPUME-
HSTH MPH MPOU3BOJICTBE HHCTPYMEHTA BTOpUYHOE (1e()eKTHOE) MPUPOIHOE aJIMAa3HOE ChIPhE.
Bosiee BBICOKHE IKCILTYaTAlMOHHBIC XapAKTEPUCTHKH CHHTETHUYCCKUX JIC(HEKTHBIX MOHOKPH-
CTJJIOB ajMa3a MPH HEOJHOKPATHBIX TEPMUYECKUX, TEPMOOAPUYECKHX M MEXaHHUCCKHUX
BO3JICHCTBUSAX 00YCIOBICHBI MHON 1e(DEKTHON CTPYKTYPOMH, OTIMYHOM OT JePEeKTHOU CTPYyK-
TYpbI MPUPOHBIX aIMa30B. B HUX OTCYTCTBYIOT BKJIFOUCHHS IpaduTa, COMYyTCTBYIOIUX MH-
HEpaJIOB, CETKU MUKPOTPEIIUH.

Cnucok gutepatypbl: 1. TOCT P 51519.1-99 Anmassl npupoaHbie He0OpaOoTaHHBIE
Knaccudukanus. OcHoBrble nipu3Haku. 2. Bepemarun JI.®. CuHTeTHYSCKHE aIMa3bl M TH/I-
poakctpy3us: CO. crareii. — M.: Hayka, 1982. — 328 c. 3. Bapdomomeepa T. 1., Sxosnes E.H.,
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Cnecapes B.H., boposukoB H.B. MukpocTpykrypa CUHTETHYECKHX MOJUKPUCTAIUIMUECKUX
anmasoB // Anmassl u cBepxTBepabie Matepuaibl.-1980.-Beimn. 7. — C. 1-3. 4. Mansues B.1.,
Omnennuk H.K., JIpicakoBckuii B.C. Biusgane MexaHM4ecKUX BO3IECHCTBHUI HA MOKa3aTelId
NPOYHOCTH ajMa3oB // I3MeHeHe CBOWCTB MaTepUalioB MO/ JCHCTBHEM BBICOKHX JIaBJICHUIA.
— Kues: UTIM AH YCCP, 1986, - C. 51-56. 5. TY2-037-676-93 LLnupropomniku U3 mpupo-
HbIX HeoOpaboTtanHbIX anMazoB. SKYTHUUIIPOAJIMA3. 6. TOCT 22908-78 Anmasel B
onpaBax. Texaudeckue ycioBus. 7. TY Pb 600124613.002-2002 MOHOKpPUCTAIIT CHHTCTH-
yeckuid cBepxTBepabiii «Ammazor». 8. [OCT 607-80 Kapanpmamm anmmasHbie UIS TpaBKH
UM (OBaIbHBIX KPYTroB. TeXHUYECKUE YCIOBHUS.

N3HOC OJHOKPUCTAJIBHOI'O AJIMA3ZHOT'O HHCTPYMEHTA I1PU IIPABKE

®panukesnd A.B., Tapau U.U., bunenko I.I'. (®THU HAH Bbenapycu, FHTY, 2. Munck,
Benapyco)

The wear of natural diamond has been investigated on polishing using scanning and
atomic-powered el ectron microscopic methods. The diamond wear is shown to proceed dur-
ing destructing the microrelie f of a surface defective layer with formation of 60-80 nm size
particles.

OIHOKpHCTANIbHBIN aIMa3HbIi MHCTPYMEHT (aJiMa3 B OMpaBe, ajiMa3Has WIJia) M3ro-
TaBJIMBAETCS M3 KPHUCTAIJIOB MPHUPOIHOTO ajiMmasa, BbIACICHHBIX B mo3uimio |ndustrial, co-
rmacio [OCT P 51519.2-99 [1]. Bsicokast CTOMMOCTh KaueCTBEHHOTO ajIMa3HOTO ChIPbs H
CHIDKEHHE 00BEMOB €ro J100bI4M 00yCIOBUIIO UCIOIb30BAaHUE B OJHOKPUCTAIILHOM HHCTPY-
MEHTE KPUCTAUIOB MOHMKEHHOTO KauecTBa (IMMKUPOBAHHBIX), @ TAKXKE IMOJUKPUCTAIIIOB CHH-
TETUYECKOro anMasa. Bapuauuum Qu3nyeckux CBOWCTB ajiMa30B OIPENENSIFOTCS HE TOJIBKO
MUKPOCKONIHYECKUMU Jeektamu (BKIIOYCHUSIMH, TOPAMU, MUKPOTPEIIMHAMHE), HO U CTPYK-
TYpHbIMH Je(eKTaMu Ha HaHoMmaciiTaOHOM ypoBHe. Cpenu HUX HauOoJiblIee BIMSHHUE Ha
TBEPAOCTh, MPOYHOCTh OKA3bIBAIOT CJIOKHbIE 00pa30BaHUs U3 aTOMOB a30Ta B (opme Ia-
cTHH U cdep, BennuuHoi 2-3 HM. [ToBbIIeHNE copepikaHus a30Ta B ajiMa3e YBEINIHBACT €ro
TBEPAOCTh, & COOTBETCTBEHHO U MIPOYHOCTh. YBEIUYEHHE KOHIIEHTPAIMH a30Ta Ha MOBEPXHO-
CTH PEXYIIHUX KPOMOK MOBBILIAET TAKKE U IKCITyaTal[MOHHbIE XapaKTEPUCTUKU UHCTPYMEH-
Ta. B paboTte n3i0XeH xapakTep U3HOCA OJIHOKPUCTAJILHOTO MHCTPYMEHTA THIIA «ajiMa3Has
WrIa» ¢ yriaoM npr Bepunae 60°, H3rOTOBICHHOTO M3 TPHPOIHOTO aIMasa, COACPIKAIIETO
BKJIIOUEHUS TpaduTa U CUHTETUYECKOIO0 MOHOKPUCTAJUIMYECKOIO ajiMas3a MapKu «AJIMa3zoT»,
BBIIIYCKaeMOro B pecnyOiuke bemapych. Anma3Hble UTJbl UCIIOJIB30BANIM NIPU MPaBKE Kpyra
24A6CM2K muamerpom 400 mm.

AHau3 MOBEPXHOCTEN TUIOMIAZ0K U3HOCA, 00Pa3YIOMIMXCS HA UTJIaX U3 MPUPOTHOTO U
CUHTETHYECKOTO aiMa3a, YKa3bIBaeT Ha pazIMYHbI MEXaHHU3M pa3pylleHus noBepxHoctu. Ha
MMOBEPXHOCTH TUIOMIAJ0K U3HOCA UTJT U3 IPUPOJHOTO anmasa GopMupyeTcs Tpyobiit penbed ¢
BBICOTOM BBICTYMAIOIIUX KPOMOK 6-12 MkM. (Puc. la). DtoT penbed oOpa3zoBaH yriryOneHus-
MU (LlaparuHaMu), COBIAIAOIIMME C HarpaBieHueM nuinpoBanus. [IoBepXHOCTh MIIOMIAI0K
M3HOCA Ha MIVIaX U3 CHHTETHYECKOro aiMasa uMeeT 0oJiee 0THOpoaHbIN penbed (Puc. 16). Ha
MOBEPXHOCTH IUIOMIAJIKU PACIOJIO0XKEHbl CTYNEHYaThle BBICTYIbI, OPUEHTHUPOBAHHbIE B Ha-
npasienun oopadoTku. (Puc. 1B).
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15.%um x 15.8ux
A= L0018 nE
Fa= 7.0 mm; Pg = 11.3 nm
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Puc. 1. Mopdostorust moBepXHOCTH M3HOCA KPHCTA/UIa aMasa MpHU MpaBKe a — MPUPOTHBIN
anMa3, 0 — CHHTETHYEeCKH aaMa3, B — CHHTETHYECKUN aiMa3 ¢ BKIIOYEHHEM KOpYHIA, T —
MOP(}OJIOTHS MOBEPXHOCTH MTPUPOTHOTO ajiMa3a IMOCIie UMITIAHTAIH a30TOM.

Paszpymienne anMasa B 3aBUCHMOCTH OT 00paOaThIiBaeMOTo MarepHaia, TeMIepaTypHO-
CHJIOBBIX MAapaMeTpoB 00pabOTKH, MPOUCXOAUT MO MEXaHU3MaM XPYIIKOTO pa3pylieHus (MUKPO-
CKaJIbIBaHKs), aOPa3sMBHOTO M3HOCA, are3MOHHO-a0pa3uBHOrO M3HOCa [2, 3]. Pa3Buthiii MUKpO-
penbed Ha MOBEPXHOCTH IUIOMIAJIOK M3HOCA UM W3 MPUPOJHOTO aiMasa, pasiimdHas (Gopma u
pa3Mepbl MEKPOBBICTYIIOB, YKa3bIBAIOT HA TO, YTO KPHCTAILT aMa3a UMEET TeTepOreHHYIO CTPYK-
Typy. [lpuauHoii 0O6pazoBanus penbeda sBIsIeTCS HEOAHOPOTHOE pacnpe/iesicHrne rpaduTa B aj-
Mase. B pe3ynbTrare yqacTku ¢ O0JIBIIMM COJIepyKaHreM TpaduTa N3HAIMBAOTCS ObICTpee, Oosiee
TBEp/IbIC YUACTKH C MEHBIINM COJIEp)KaHHeM TpaduTa BHICTYNAIOT HAJl IOBEPXHOCTHIO, (popmu-
pys pa3Buthiid penbed. OOpa3oBaHHe Pa3BUTOTO pelibeda MPUBOIUT K MOBBIIICHHIO CKOPOCTH
M3HOCA, OJTHAKO, CJCAYET OKUIATh M YBEIMYCHHUS TIPOU3BOIUTEIBHOCTH IUTH(pOBaHUs (IPABKH).
Pa3BuThIi perbed MOBEPXHOCTH TUIOMIAIKU U3HOCA GOPMUPYET PA3BHUTHIA MUKpOpebed Ha 00-
pabatpiBaeMoM MaTepuaie. PaspylieHue moBepXHOCTHOTO CIIOS MTPOMCXOUT ITyTeM MHUKpOpe3a-
HUSI YaCTUIIaMH KOPYHJIa TTOBEPXHOCTHOTO Je(eKTHOro cios. Ha Takoii MexaHW3M M3HOCa yKa-
3bIBaeT MOP(HOJIOTHS TOBEPXHOCTH M3HOCA, @ IMEHHO, TIPHCYTCTBHE YacTHIl KOPYH/Ia, BHEIPEH-
HBIX B TIOBEPXHOCTH ajlMa3a. BHepeHne yacTuil KOpyH/ia OTMedaeTcst Ha Je(DeKTHBIX yJacTKax C
MOBBIIICHHBIM COJiep)KaHneM rpadura ¥ B MukpoTpenmuax (Puc. 1B). Boree omHOpommHbIit
penbed Ha IUIOMIAKAaX U3HOCA WIJI M3 CHHTETUYECKOTO anMasa, HaIM4Me CUCTeM IapariiH, Ia-
PaAUICITEHBIX HAIPABJICHUIO 00paO0TKH, CBUICTEIIBCTBYIOT 00 U3HOCE TIOBEPXHOCTH TI0 MEXaHM3-
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My MuKpopesanus. OJJHaKO KOPYHJ UMeeT 3Ha4uuTenbHO MeHblnyio (B 10 pas) TBepmocTh, ueM
alMa3 U MOXET BHEJPSTHCS B €r0 MOBEPXHOCTH MPU OOJIBIINX HArpy3Kax, PaBHBIX WM IPEBbI-
IAOIIMX TIpeJiel MPOYHOCTH KOPYHIA NPH CXKATHU. BHenpeHne pexynmx KPOMOK YacTHIl KO-
pyHZa B aqMa3 MPOUCXOJUT TOJBKO MPHU HAIMYMH JIEPEKTHOTO MOBEPXHOCTHOTO cjosi, 00pa3o-
BaBILIETOCS] TIPH MHOTOKPATHBIX JMHAMHUYECKHX BO3JCHCTBHSX PEXYIIMX KPOMOK Ha TIOBEpX-
HOCTh anma3a [2].

CymiecTBoBaHHE Ha MOBEPXHOCTH IUIOMIAJJOK U3HOCA WIJI U3 TIPHPOJHOTO W CHHTETHYE-
CKOTO aJMa3a yriIyOJICHUI W YacTHIl KOPYH/a, BHEPEHHBIX B TIOBEPXHOCTD, YKa3bIBACT HA TPH-
CYTCTBHE TMHAMHUYECKOUW COCTABIIAIOLIEN B XapaKTepe B3aUMOJICHCTBHS PEXYILEH KPOMKH UHCT-
pymeHTa ¢ oOpabarbiBaeMbIM MaTepruasioM. TommuHa neheKTHOTO CIost Ha IOBEPXHOCTH CHHTE-
THYECKOT0 alMa3a 3Ha4YUTeNIbHO MeHbIne (~ 5-15 pas), yeM Ha MOBEPXHOCTH MPUPOIHOTO, MTHUKHU-
POBaHHOTO YacTHilaMu rpaduTa. J[edeKTHbIN ClI0il HAa TOBEPXHOCTH alMa3a 00pa3yeTcs MpH Jio-
KaJTM3alUH MUKPOTPEIIMH M3-32 BRICOKUX HANPSOKEHHUH, BOSHUKAIOUIMX B 00JIAaCTSX MHOTOKpAT-
HOTO BO3/ICHCTBHSA 3epeH KopyHaa. Ilocnemyromiee BHenpeHHe 3epHa KOpyHIa B MOBEPXHOCTH
CONPOBOYK/IAETCS €r0 MHTEHCUBHBIM pa3pylIeHneM. Takum o0pa3oM, W3HOC MMOBEPXHOCTH IPH-
POIHOTO M CHHTETHYECKOTO aMasa IMpH 00paboTKe KOpYH[a MpOoTeKaeT B JBe craaun. Ha mep-
BOW — MHOTOKPATHbIC JMHAMUYECKHE U TETUIOBBIC BO3/ICHCTBUS PUBOIAT K (GOPMUPOBAHUIO Ce-
TH MHUKPOTPEIIMH B IOBEPXHOCTHOM CJIO€ ITPU OTHOBPEMEHHOM M3HOCE MoBepxXHOCTH. Ha BTOopoit
— paspyluaercs U 0JJHOBpeMEHHO (hopMHpyeTcsi 1eeKTHbIN NOBEPXHOCTHBIN cioil. PazpyiieHue
MOBEPXHOCTHOTO CJIOSI IPOUCXOJIHT [0 MEXaHU3MY XPYIIKOTO paspyiieHus (00pa3oBaHHE CKOJIOB
U TpPEIKH) U adpa3uBHOTrO M3HOca. Ha moBepxHOCTH anmasa (Kak MpUpOHOTO, TaK M CHHTETHYE-
ckoro) dopmupyercs penbed U 1eeKTHBINA CIIOW U3 CETH MHUKPOTPEIIHH. MUKPOTPEIIMHBI pa3-
JEISTIOT TOBEPXHOCTHBIN cJI0¥ Ha MUKpooOmactu pazmepamu 10-100 Hm.

Tommmna nedekTHOro closi 1o pa3nudHbM oreHkam gocturaet 0,1 — 100 um.[2, 3]. Tlo-
ATOMY TIOBBIIIEHHE TBEPIOCTH, M3HOCOCTOMKOCTH TIOBEPXHOCTHOTO CJIOSI JENACT BO3MOXKHBIM
MOBBIIIEHUE AKCILUTYaTalMOHHBIX XapaKTEPUCTUK MHCTpYMeHTa. CHHTETHUECKUH MOHOKPHUCTAII-
JINYECKHI aIMa3 COePXKUT 3HAUMTeNbHOE KondectBo asota (10%° — 107 ar./em™), o6pasyrolie-
IO TBEPABIE PACTBOPHI C PA3JIUYHOM CTETIEHBIO paciana. A30T, MPUCYTCTBYIOIINN B aamase, Io-
BBIIIACT €ro TBepaocTh [4, 5. HachllieHne moBepXHOCTHOTO CJI0SI @30TOM IMO3BOJISET MOBBICHTh
ero tBepAocTh. OOpaboTKa MOBEPXHOCTH ajiMa3a Iy4yKOM MOHOB a30Ta MPUBEIO K (pOpMUpPOBa-
HUFO MOM(UIMPOBAHHOTO clios TommuHo#i 60-80 HM., ¢ koHeHTparweit azora B 100 — 1000 pa3
MPEBBILIAIONICH ero cojiepikanue B anmase (Puc. 1r).

Cmucok sureparypsl: 1. [OCT P 51519.2-99 Anmaser npupo/Hbie HeoOpaOoTaHHbIE. 2.
Cemxo M.®., I'pabuenko A.U., Xomopesckuii M.I'. AnmasHoe nummgoBaHUE CHHTETHYECKHUX
CBEpXTBEPbIX MaTepraioB. —XapbkoB, 1980. 3. 3aiiues B.A., Kyzeit A.M., Mapuunkesud D.A.
Mexanu3Mm paspymeHus anmasa npu nudosanun .- Bectu AH benapycu, Ned, 2004. — C 63-66.
4. Cemenona Tsnp-1llansckas A.C. HccrnenoBanue COMPOTUBIICHUS ajiMa3a WU3HOCY TTPpH LT (O-
BaHnu. HoBbIe HanpaBieHUs pa3BUTHs aliMa3zHoi oOpabotku. — M.: Tp. BHUU Anmaz, 1981.—
102 c. 5. Co6ones E.B. Teepxe anmaza.-HoBocubupck.: Hayka. Cu6. otn-aue, 1989. —192 c.

HAYYHBIE U METOAUYECKHUE MTOAXOAbI K IPOEKTUPOBAHUIO TEXHO-
JIOI'MA 1 MOAI'OTOBKE CIHELNUAJIMCTOB

Xeiigen M.JI., Maiicrep A.U., Jlorynosa JI.C., BoobLieBa A.B. (VO «[I'V»,
2.Hosononoyx, Beaapycv)
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Experience of preparation of experts and designing of technologies of machine-building
manufacture in structural division of university on faculty is considered. Prospects of devel-
opment of the high technology technologies are shown and the basic directions of preparation
of experts which can realize them are planned.

Benenmne. IloBbimenuto 3(p(eKTUBHOCTH MAIIMHOCTPOEHUS CIYKUT CO3JaHUE KOM-
IJIEKCOB TCXHOJOTMYCCKHX, DHCPIrCTUICCKUX, HH(bOpMaIIHOHHBIX U IpYyrux MalluH, BBIIIOJI-
HAIOIIMX TY JIOTUYECKH 3aBEPUICHHYIO 4aCTh IPOU3BOJACTBEHHBIX IEHCTBUM, KOTOPOH SBIIAET-
¢Sl TEXHOJIOTHYECKUN mponecc. Taxkasa COBOKYITHOCTH HPOU3BOAAIIMX MAlIWH IIOJy4YHJIa Ha-
3BaHUE TEXHOJIOTUYECKUX KOMIUIEKCOB [1, 2].

COGHI/IHGHI/IG TEXHOJIOTHYCCKUX, KOHTPOJBHBIX WU TPAHCIIOPTHBIX COCTABJIAIOIINX KOM-
IJICKCa B IMPOCTPAHCTBE U COBMCIUICHUC HUX BOSHGI\/'ICTBI/II\/'I BO BpCMCHU oOecrieynBaeT IIpoOMn3-
BOJICTBY KoMmakTHOCTh [1,3]. Mcnosb30BaHHe KOHIICHTPUPOBAHHBIX UCTOYHUKOB YHEPTUH B
COCTABJISIFOIUX KOMIUIEKCA PaIfKaIbHO UHTCHCHU(PHUIIMPYET TEXHOJIOTHMYESCKUE MPOIECCHI [2,
4]. O0beMHEHHE MAaTEPUATBHBIX IOTOKOB SHEPTUHU M BELIeCTBA C MHYOPMALMOHHBIMH ITOTO-
KaM# 00eCleYnBaeT MPOU3BOACTBY HHTEIUICKTYaIbHOCTS [3, 5].

B pesynbrare Hanbosiee akTyalbHBIM KOMIUIEKCOM ITPOOJIEM COBPEMEHHOTO MAIIMHO-
CTPOCHHA ABJAIOTCA BCECMEPHOC COKpaAIllCHUEC CPOKOB M CPEACTB HAa IPOCKTHPOBAHHE, M3I'0-
TOBJICHUC W BHCAPCHUC HOBBIX TCXHOJOI'MYCCKUX KOMIIJICKCOB Ha OCHOBC BBICOKOMHTCHCHUB-
HBIX METOJIOB 00pabOTKM B KOMITBIOTEPHO-YIIPABISIeMOM Mpor3BocTBe [3, 6]. Pemienune 3tux
npo0sieM, B MEPBYIO O4Yepe/b, TPeOyeT MOJArOTOBKM HAayYHBIX M MH)KEHEPHBIX KaJpOB, COOT-
BCTCTBYIOIIKWX HOBBIM CKJIAJIbIBAIOIMUMCA YCIOBUAM MAIIMHOCTPOUTCIIBHOT'O IIPOU3BOJICTBA.

OneIT MNOATrOTOBKH CHEUAJTUCTOB H INMPOCKTHPOBaAHMSA TEXHOJIOTHIA MAaIIMHO-
CTPOMTEJIBHOI'0 IPOU3BOACTBA. HOHFOTOBKa CIICIHUAJINCTOB B BBICIIICH IITKOJIE 6a3preTC51
MMpEeKAC BCCTO HA HAYYHBIX U MCTOAMYCCKUX pa3pa60TKax KOJIJICKTHBOB BBIITYCKAONIUX Ka-
denp, a Takke Ha OOMEHE OIBITOM U OCBOEHHUH MEPEIOBBIX PE3yJAbTAaTOB, MOJIYUYEHHBIX KOJI-
JICKTUBaAMH APYIrUX BbICIIHUX y‘{e6HHX 3aBe)16HI/II\/II, OTPACJICBBIX HAYYHO-UCCICIOBATCIILCKUX U
AKaJICMUYCCKUX HHCTUTYTOB.

Ta6muma 1. Metoabt hopMooOpa3oBaHus TOBEPXHOCTEH JETAIN

TpaauoHHbIE CoBpemeHHbIE IlepcnexkTuBHBIE
VY nanenune ®opmons- | Hanecenue ®opmupoBa- ®opmupoBa- | opmupo-
MaTepuaia | MEHEHHE MaTepuaa HUE 3arOTOBKU | HUE MOJIEIM | BaHUE 3aro-
3arOTOBKM | MOBEPXHO- | (MOKPBITHI) | B TEXHOJIOTH- | 3arOTOBKU TOBKH, U3-
UHCTPYMEH- | CTH 3aro- Ha 3arOTOBKY | YeCKOM OcHa- | 0e3 TexHoyo- | nenus 0e3
ToM (pe3a- | TOBKM MH- | IIOTOKaMH ctke (mram- THYECKOM OC- | TEXHOJIOTH-
HUE, IUTM- | CTPYMEHTOM | SHEPTUH MOBKA, TOYHOE | HACTKU 4ecKoi oc-
doBanue) (rumacTrye- JIMThE) C HC- (omepTUBHOE | HACTKH C
CKO€ Jie- [I0JIb30BAaHUEM | MAaKETUPOBA- | UCIOJIB30-
¢dbopmupo- MIOTOKOB HEP- | HHUE U MPOU3- | BAHUEM IIO-
BaHMHeE) ruu (mopor- BOJICTBO) TOKOB dHEP-
KOBasi METaJI- ruu (1o-
Jyprus) CIIOMHBIH
CHHTE3)

HccreoBanue CBEpIICHUS, POTAIIMOHHOTO PE3aHus, aIMa3HOTO NUIH(POBAHUS U APY-
T'HUX MPOIECCOB MPUBOINUT K MPOCKTUPOBAHHUIO HOBBIX HHCTPYMEHTOB, CPEIICTB OCHAIICHUS U
TEXHOJOTMYECKUX MPOIIeccoB (Tadum. 2).

Tabnuma 2. Meroas! ynaneHus 1 GopMOM3MEHEHUSI MaTepraia 3aroTOBKU
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JIOM)

Merto b1 Pe3anne [Inmudosanue HedbopmupoBanue
Caepienue (creru- Buyrpennux nosepxHo- | PackareiBaHue oTBep-
aNTbHBIC TATPOHBI), crell (crenuanbHble an- | cTUi (POJIMKOBBIC HAKAT-

Omnepaiuu | pacraunBanue (pora- Ma3HbIC UHCTPYMEHTBI), | HUKH),

(MHCTPY- | IMOHHBIC HHCTPYMEH- | TUIOCKHMX MOBEPXHOCTEH | YIPOYHEHHUE IIOCKHX

MEHTBI, | Thl ¥ OTIPABKH), (maHeTapHbIC aIMa3HbIC | MOBEPXHOCTEH (IIIapHKO-

cpencrtBa | ToueHue (poTarMoH- HHCTPYMEHTHI), BbIC HAKATHUKH),

OCHAIlle- | HbIC HHCTPYMEHTHI U CBEpJICHHE TUIACTUH (I0- | YIIPOUYHEHUE HAPYNKHBIX

HUST) pesleaepKaTesn) JIBIM aOpa3uBHBIM CBEpP- | MOBEPXHOCTEH (IapuKko-

BBIC U POJIMKOBBIC HA-

KaTHHUKH)

[Ipou3BOICTBEHHBIN OMBIT U aHAIU3 MOTPEOHOCTEN MPENNPUATUNA J1al BO3ZMOXKHOCTh
pa3paboTaTh 00JCr4eHHbIC KOHCTPYKIIMU CBEPJIMIIBHBIX MATPOHOB, 00ECIIEUNBAIOIINX BhICO-
KHE YCHIIUS 3aKperuieHuss HHCTpyMeHTOB [3]. M3yueHrne 0coOeHHOCTEH pOTAIIMOHHOTO pacTa-
YUBaHUSI MPUBEJIO K CO3[AHUIO )KECTKMX HHCTPYMEHTOB M ONPABOK, & POTAIIMOHHOTO TOYCHHSI
TPYIHOOOPaOaThIBAEMbIX MATEPHATIOB U TOKPHITUH K CO3/IaHHI0O BHOPOYCTOMYHMBBIX IIMHH-
JeTBHBIX y3JI0B C pe3laMu U pesneaepxkarensimu [6, 9]. AHamu3 mpoieccoB MOBEPXHOCTHOTO
IUIACTUYECKOTO Je(OPMUPOBAHUS KOHCTPYKIIMOHHBIX MATEPUAJIOB IMO3BOJHI TPEUIOKHUTh
KOHCTPYKIIMU IIAPUKOBBIX M POJIMKOBBIX pPACKATHUKOB W HAKATHUKOB JUIS Pa3MEPHO-
YHCTOBOW M ympouHsiomieid oopadotku [7]. MccnenoBanue aama3Ho-abpa3uBHON 00pabOTKH
714710 BO3MOKHOCTh pa3paboTaTh HOBbIE KOHCTPYKIMH HHCTPYMEHTOB JUISi CBEPJICHHUS ILIa-
CTHH, TUIaHETapHbIe NUTM(OBATIBHBIC JUCKU IS NPEABAPUTEIILHON U OKOHYATEIbHOW 00pa-
OOTKH TUIOCKHMX TPYIHOJOCTYITHBIX MOBEpXHOCTEH [3].

W3ydeHue TEXHOJIOTUH MAIIMHOCTPOCHHS MPOJOJKACTCS OCBOCHHEM COBPEMEHHBIX
IpOIIEeCCOB, o0ecreunBaroIuX GopMUpOBaHUEe TPEOYEMBIX CTPYKTYPBI U CBOMCTB MaTepHraia
MyTeM HCIIOJIb30BAHUSI HCTOYHUKOB SHEPTUH, METOIOB MOPOIIKOBOW METAILUTYPIHU U CIIOCO-
OOB HaHECEHHS 3aIIUTHBIX MOKPHITUH (Tab. 3).

Tabnuma 3. MeTo1bl HaHECEHUs TIOKPBITHI ¥ N3MEHEHHUsI CBOMCTB MaTepHaa 3arOTOBKH

MeTtompl Nunykuum- lNazomnamen- | Ilmasmennoe | Dnektpomdy- Dnektpodep-
OHHasl Ha- Has HaIUIaBKa | HallbUIEHUWE U | TOBasl Ha- pOMarHuTHoe
IJ1aBKa OIJIaBJICHHE IUIaBKa IpO- | YIIPOYHEHUE
BOJIOKH
Onepauun | Hapyxubix | Hapyxubix u | Hapyxubsix 1 | HapyxHbix Hapy»xHubix
(yctaHOB- | M BHYTpEH- | BHYTPEHHHX | BHYTPEHHHX | IIOBEPXHOCTEH | MOBEPXHOCTEH
KH) HUX I0- MTOBEPXHOCTEN | MOBEPXHOCTEN
BEPXHOCTEM

N3yuenne MHIYKIMOHHOW M ra30IIOPOIIKOBOM HAIUJIaBKM 3aIUTHBIX IMOKPBITUH A0
BO3MOXHOCTh CIPOEKTHPOBATH IPOLECCHl HAHECEHHS MOKPHITHI Ha BHYTPEHHUE TTOBEPXHO-
CTH LMJIMHAPUYECKUX JIeTaleld U KpynHOrabapuTHbIX u3aenuil. [IpeninoxuTe myTu HHTEHCH-
(uKalMy TPOLECCOB HAHECEHUSI U3HOCOCTOMKUX MOKPBITHH J1al BO3MOXHOCTh aHAJINU3 I1J1a3-
MEHHOTO HamblJICHHS, OIUIABJIEHUS U HAIlJIaBKU MOPOILKOB, a TAKXKE AIEKTPOAYTOBOM HaIlIaB-
k1 nipoBosiokoii [ 8, 9]. UccnenoBanue noseaeHus: eppoOMarHUTHOTO MOPOIIKA B MArHUTHOM
[I0JIE TPH 3JIEKTPOUCKPOBBIX U AJIEKTPOAYTOBBIX pa3psiax MO3BOJMIO pa3padoTaTh METOJ
ANEKTPOPEPPOMArHUTHOTO YITPOUHECHHS.
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CucremMHBI aHaNU3 COBMECTHOTO TEPMUYECKOTO BIIMSHUS HUCTOYHUKOB SHEPrUU M
MEXaHUYECKUX BO3JACUCTBUIM MHCTPYMEHTAMHU MPEIOCTaBUII BO3MOXKHOCTh pa3paboTaTh KOM-
OMHMpOBaHHbIE METO/bl (POPMUPOBAHUS MOBEPXHOCTHBIX CJIOEB JleTalled MalllMH M UX pa3-

MEpPHO-YIPOYHSIOIIel 00padoTku (Tadi. 4).

Tabnuna 4. Meto 161 KOMOMHHPOBAHHON 00pabOTKU

Metoast | UHnykunonHas [InasmenHoe | DnekTpoay- | DIEKTpoO- O6paboTka
BUOPOLIEHTPOOEK- | OIJIaBJIEHWE | rOBas Ha- beppomar- UHCTPY-
Hasl HaIUIaBKa al- HalblJIEHHO- | [JIaBKa [IPO- | HUTHOE YII- MEHTOM C
Ma30CO/IEPKAILEro | ro MOKPBITUS | BOJIOKU C Y- | POYHEHHE C | KOMOMHHU-
ciost COBMEILIEH- pPOUHSIOLIE- | IOBEPXHOCT- | POBAaHHBIM
HOE C poTa- pa3MepHbIM | HBIM IUIACTU- | HOHHO-
[IUOHHBIM pe3aHuemM YECKHUM Jie- BaKyyM-
pe3anuem ¢dbopMupoBa- | HbIM IIO-
HUEM KPBITHEM
Omep- AnmasHnbie uHCTpY- | Jeranu nBu- | eranu nBu- | [locagounsie | Pexymue
002078 MEHTBI JUIsl Ipe/iBa | raTesiel BHy | ratesieil BHy | MecTa Moj U HITaM-
(TexH- PUTENILHON 1 OKOH | TPEHHEro TPEHHETO MOJIIAITHU- | TIOBBIC UH-
joruye- | yaTelbHOM 0Opa- CropaHus CropaHus KU, PEXYILUE | CTPYMEH-
CKHue OO0TKHU MJIOCKHUX IO- KPOMKH WH- | TBI ¥ Cpe/I-
mpoLec- | BEpXHOCTEH CTPYMEHTOB | CTBa OC-
ChI U3- HaIeHUS
rOTOB-
JICHVS)

CoBMelieHue MpoLeccOoB UHIYKIIMOHHOTO, ralbBaHUUYECKOI0 HAaHECEHUsI MMOKPBITUH C
MEXaHUYECKOM 3aJeJIKOM aJMa3HbIX 3€peH MPHUKATKOW, BUOPOIEHTPOOCKHBIM MyTEM IO3BO-
JIWJIO CO3/1aTh CIIOCOOBI MOTYYEHHUs alIMa30Coep KaIlero cios A a0pa3suBHBIX HHCTPYMEH-
ToB [3]. BececTopoHHee HM3ydeHHE TEXHOJIOTHUECKHMX IMPOIECCOB IJIa3MEHHOTO OTLIABJICHHS
MOPOIIKA IPU HAHECEHUH MOKPBITUS U Pa3MEPHO-YUCTOBOM 00pabOTKOM POTAIMOHHBIMU PE3-
L[aMU [IPUBEJIO K pa3paboTke KOMOMHHUPOBAHHOTO METOJa — POTALMOHHOIO Pe3aHus C IJIa3-
MeHHBIM HarpeBoM [6, 9]. CoBmeleHHE Omnepaiuii AEKTPOYyroBOi HAIJIABKH MPOBOJIOKH C
yaajJeHueM J1e(peKTHOrO CI0sl U HAKaTKOM yIpOYHSIEMON MOBEPXHOCTH POTALMOHHBIM PE3LIOM
ofOecneunsio co3JaHue pa3MEpHO-YIPOUHSIOIIEr0 POTALMOHHOIO PE3aHUsl B IPOLECCE Ha-
IUIaBKU TIPOBOJIOKH [6]. Mcmosib30BaHNe TEXHOJOIMYECKOTO TEIia B MPOIecce AeKTpodep-
POMAarHuTHOTO YIPOYHEHUS MPHU MOBEPXHOCTHOM ILIACTUYECKOM Je(POPMUPOBAHUU U BbITJIa-
YKUBAHUU HAHECEHHBIX BKpAIJIEHUH /1a710 BO3MOKHOCTh pa3paboTaTh METOJl 3JEKTPOMAarHUT-
HOW HAIUIABKH C TIOBEPXHOCTHBIM Je(h)OPMHUPOBAHUEM HAKATHBIM MHCTpyMEHTOM [4]. Ananu3
MOBEJICHHUSI PEXYIIUX W IITAMIIOBBIX HWHCTPYMEHTOB IIOCIIE KOMOWHHPOBAHHOTO HOHHO-
BAKYyMHOT'O MOJU(UIMPOBAHUS TIOBEPXHOCTH UMILJIAHTALIMEN C MOCIEIYIOIUM OCaXICHUEM
MOKPBITUS TTO3BOJIMII IPEUIOKUTh PALIMOHAJIBHBIE YCIOBUS JKCILTyaTallid UHCTPYMEHTOB U
WU3MEHEHUS B UX KOHCTpyKIuH [4, 8].

IlepcniekTHBBI Pa3BUTHS HAYKOEMKHX TEXHOJIOIMii M OCHOBHbIE HANpPaBJIEHHS
NOATOTOBKH crnenuaaucroB. O0yyeHHe TEXHOJIOTMH MAalllMHOCTPOEHMS 3aBEpILAeTCs 3Ha-
KOMCTBOM C IMEPCIEKTUBHBIMU METOJaMH OIEPAaTUBHOTO MAKETUPOBAHUS U CO3/aHUS W3-
JIMI U3 KOMIIO3UIIMOHHBIX MaTepruajioB 0e3 popmoobpasyromieit ocuactku (Tabi. 1).

CTpyKTypHBII aHAJIU3 METOJIOB MPOU3BOACTBA JieTaniel 6e3 hopmoobdpa3zyromleil ocHa-
CTKH TO3BOJIMJI MIPEIOKUTh MOJIENIN U aJTOPUTMBbI, UCCIIEI0BAaTh TEXHOJOTUYECKUE MPOIIEeC-
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cbl (popmMO0OOpazoBaHusl Ha MOJJIOXKKE U KapKace MOKPBITUM IJis IMOCIONHOrO CHHTE3a C
yrpaBisieMbIM (OPMUPOBAHUEM CBOMCTB KOMIIO3UIIMOHHOTO MaTepuasa u3aemusl.

[lapamiensHO ¢ OCBOEHHMEM TEXHOJOIMHM JOHKHO MITH H3ydeHHe o0O0pyroBaHu,
CPEICTB OCHAILEHUS U IPYTUX OOBEKTOB TEXHOJIOTUYECKOTO KOMILJIEKCA.

MHO0XEeCTBO TEXHOJIOTHYECKUX OOBEKTOB, B3aUMOJCHCTBYIOIIHMX B IMpoIleccax oOpa-
00TKH JleTaneil u cOOpKU MaIIuH 00pa3yrOT TEXHOJIOTHYeCKrue cucteMbl. COBOKYITHOCTh TEX-
HOJIOTHYECKUX 00BEKTOB, B3aUMO/ICHCTBYIOIIMX C BBIJCICHHBIM (€TI0 MM MAIIMHOW) Ha
OTJIEJIbHOM 3Talle M3rOTOBJICHUS H3JIENHsI, MPEACTABISAIOT COOOM TEXHOJIOTUYECKYIO CpEely
[3]. B komriekcax, MCMONB3YIOMMUX IS TEXHOJIOTMYECKUX BO3JCUCTBHN KOHIICHTPUPOBAH-
Hbl€ MCTOYHUKHU DHEPruH, a Takke (GopMooOpasyrolue UHCTPYMEHTBI U CPEJICTBA OCHAIlle-
HUs, 000pYZAOBaHUE BXOJUT B COCTAB TEXHOJIOTMYECKOUM Cpelbl Ha YpOBHE olepanuu oOpa-
00TKH, COOpPKH, KOHTPOJISI U TpaHcHopTupoBaHus. [loaromy 060pynoBaHHIO 171 BHICOKOMH-
TEHCUBHBIX TEXHOJIOIHH MPENBABIAIOTCA 0COObIE TPEOOBAHMUSL.

TexHonornueckue cpeibl Kak Ha ypOBHE ONEpalyH, TaK U Ha YPOBHE TEXHOJOI'HYe-
CKOTO Ipoliecca MHOTOCBSI3aHbl KaK 110 COBOKYITHOMY BJIMSIHUIO BO3JCHCTBUIl Ha MMOKa3aTean
KayecTBa U3/eus, TaK U 10 XapakTepy B3auMOJeHCcTBHIl B npolecce (OpMUPOBAHUS CBONCTB
MamuHbl [3]. MHOTOCBS3HOCTh MPE/IoJIaraeT pacCMOTpeHHe mpoiiecca GOPMHUPOBAHHUS JTFO-
00ro U3 COBOKYMHOCTH CBOMCTB M3J€IHS KaK pe3yibTaTra OJJHOBPEMEHHBIX U MPEAIIECTBYIO-
IIMX €ro B3aUMOJCHCTBUI CO CpelaMH pPa3JIMYHbIX YPOBHEH, BIUSIOIIMX Ha BBIJIECICHHOE
cBoiicTBO [3]. B pe3yiabTare TEXHOIOTHYECKUN MTPOIECC HEOOXOAUMO PaCCMAaTPUBATD C MO3H-
LIUH TEXHOJOTMYECKOro HacleAOBaHUS 3KCILTyaTallUOHHBIX CBOICTB M YYUTHIBaThb COBMECT-
HOE JIeHCTBUE TEXHOJIOTUYECKUX (DaKTOPOB, paccMaTpuBasi CaMOOpPraHU3aLuI0 (PU3HKO-
XHUMUYECKHX SIBJICHUI B paboueil 30HE TEXHOJIOTHIECKOH cuctembl [4, 6, 8].

AnHanus, yuyeT U KOHTPOJb CBOMCTB M3/€IHs Ha KOHCTPYKTOPCKO-TEXHOJOTHYECKUX U
MIPOU3BOJICTBEHHBIX CTAAUSX KU3HEHHOIO IIMKIJIA MPOAYKIUHU [P COBPEMEHHOM YPOBHE pa3-
BUTHS NPOU3BOJICTBA 00ECIIEUMBAET UCIOJIb30BAaHUE KOMIIBIOTEPHBIX TEXHOJIOTHI CO3AaHuU4,
MOJJIEP’KKHU U IIPUMEHEHUSI €AMHOT0 MH(OPMALIMOHHOIO IIPOCTPAHCTBA HA BCEX ATalax Ku3-
HeHHoro 1ukia npoaykuuu (CALS-texHonorun).

B nacrosiee BpeMst 0COOEHHO akTyaibHa MOJrOTOBKA MATMHOCTPOUTENEH CO 3HAHU-
eM HH(OPMAIIMOHHBIX TEXHOJIOTMI 1 HaBbIKAaMHU PabOThl B KOMIILIOTEPHO-YIIPABIIIEMOM IPO-
u3BozcTBe (Tabdi. 5).

Tabnuua 5. ABTOMaTHU3aIMs KOHCTPYKTOPCKO-TEXHOJOTMYECKUX U MPOU3BOACTBEHHBIX IIPO-
LIECCOB

Bun Craguu )KU3HEHHOTO IMKJIA MPOIYKIIUU
obecrnieyeHus IPOEKTHPOBAHHE |  IPOM3BOACTBO KoHnTposas
Maremaruye- Mopnenu v anropuTMbl IPUHATHS KOHCTPYKTOPCKO-
CKO€ TEXHOJIOTHYECKHUX pPEelIeHUI v
Knaccudukanus u OrpannuurenbHble | OrpaHUYUTENbHbBIE g
KOJUpPOBaHUE KOH- | IIEPEYHH U pera- MIEpPEYHU U peria- 5
CTPYKTHUBHO- MEHTBI UCII0JIb30BA- | MEHTHI UCIOJIb30Ba- 3
HNHpopmaMoH- | TEXHOIOTHIECKUX HUS UHCTPYMEHTOB | HUSI KOHTPOJIbHO- =
HOE 3JIEMEHTOB Y IPUCTIOCOOIEHUN | U3MEPUTENbHBIX (ﬁ
CpeACTB EE)
Yuuduxkaius 00bEKTOB U TPOILIECCOB MPOU3BOJICTBA
Mogenu pactipeenieHHbIX 0a3 TaHHBIX U 3HAHUH
Tporpammuoe | CAD/CAE-cucrems! | CAE/CAM/CAPP-cuctemsl
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[TosTOoMy A7si CO3/MaHUS AKCIIEPTHBIX CUCTEM AaKTHUBHO pa3padaThIBAIOTCS MOICTH U
QJITOPUTMBI MIPUHATHS KOHCTPYKTOPCKO-TEXHOJIOTHMYECKUX penienuit [3]. PaspabarbiBarorcs
METO/Ibl KIacCU(BUKAIIMHA U KOJUPOBAHHS, CTATUCTUYECKOTO aHaIM3a OOBEKTOB U POIIECCOB
MPOU3BOJICTBA Il GOPMHUPOBaHUS 0a3 JaHHBIX W 3HAHUH IO OTPAaHUYUTEIHHBIM MEPEUHIM
KOHCTPYKTUBHO-TEXHOJIOTUIECKUX DJIEMEHTOB U TIOBEPXHOCTEH JeTaneld, HHCTPYMEHTOB JUIS
X 00pabOTKH M KOHTPOJIS, MO0 TEXHOJOTHMYECKHM PETJaMEHTaM HMX HCIOJb30BaHus. HoBbie
TEXHOJIOTUYECKHE TPOIIECCHl U CPEJICTBA MX OCHAIICHHS pa3padaThIBarOTCS HA OCHOBE Mare-
MaTHYECKOTO M KOMITBIOTEPHOTO MOJICIIMPOBAHUs, YTO HAXOIUT OTPAKEHHE M B y4eOHOM
nporiecce [8].

WuTerpanust 37eKTpOMEXaHUKH M MHUKPODJICKTPOHUKH INPH KOMIIOHOBKE MAIIMH Ha
COBPEMEHHOM JTaIle MpHBeJia K MOSBICHUIO KOMIUIEKCHBIX MHTETPUPOBAHHBIX MEXaTPOHHBIX
MOJTyJIei IBMKEHHS paOOYMX OPraHOB M y3JIOB MAIllMH, a TAK)KE CO37[aBaéMOr0 Ha MX OCHOBE
obopynoBanusi [3]. Takas wuHTerpamms TpeOyeT HCIOJB30BaHUS CHCTEM KOMITBIOTEPHOTO
yIIpaBJICHUS JACTAISMHU, HTHCTPYMEHTaMH, UICTOYHUKAMH SHEPTHH, TPAHCIIOPTHBIMHA U JIPYTH-
MU MEXaHH3MaMH. B pe3ynbrare cOCTaBISIONINE TEXHOJIOTHUYECKUX MEXaTPOHHBIX KOMILICK-
COB HE IPOCTO JOHOJHSIOT JIPYT ApYyra, HO U OOBEAUHSIIOTCS TaKUM 00pa3oM, yToObl 00pa3o-
BaHHas MPOU3BOJICTBEHHAs CHUCTEMa 00J1aiajia KaueCTBEHHO HOBBIMU CBOWCTBAMH.

MexaTpOHHBIE CHUCTEMBI BKIIOYAIOT MEXaHHYECKYIO, DJIEKTPOMEXaHHUYECKYIO, JJIeK-
TPOHHYIO M YIPABJISAIONIYIO (MOCTPOCHHYIO HAa OCHOBE HCIOJIBb30BAaHUS KOMITBIOTEPOB HIIH
MUKpOIpoIieccopoB) yactu. COBPEeMEHHBIH TEXHOJIOTHYECKUH KOMIUICKC COCTOUT M3 JIaT4H-
KOB COCTOSIHUSI BHEIITHEH CPeJbl M CaMOW CHCTEMBI, ICTOYHUKOB SHEPTHH, UCTIOJTHUTEIBHBIX
MEXaHU3MOB, YCHUJIUTEIICH, BBIYUCIUTEIBHBIX JIEMEHTOB (KOMITBIOTEPOB M MHKPOIIPOIIECCO-
POB) ¥ MPEICTABISIET COOOM SAMHYIO CUCTEMY DICKTPOMEXaHHUECKHX, AICKTPOHHBIX 3JIEMEH-
TOB ¥ CPEJICTB BBIUMCIUTEILHON TEXHUKH, MEXIY KOTOPBIMH OCYILIECTBIISICTCS HETPEPHIBHBII
oOMeH »Heprueil u mHpopmauuenr. IlosToMy npu MpPOEKTHUPOBAHUHM KOMILIEKCOB CIIEAYET
YYUTHIBATh JUHAMHUKY MPOTEKAIOIINX MPOIIECCOB, 0OeCIIeYnBas MX YCTOWYMBOCTh U TpeOye-
MO€ KaueCcTBO, YTO JJOCTUTACTCS METOIaMH TCOPUU aBTOMATHYECKOTO yrpasieHus [3].

3akiouenue. Takum 00pa3oM, METOIOJIOTHIECKON OCHOBOM pa3pabOTKH TEXHOJIOTH-
YEeCKUX KOMIUIEKCOB CIY)KaT METOMBI MapaIeIbHOTO MPOSKTHPOBAHUS, 3aKIIIOYAIONIUECS B
OJTHOBPEMEHHOM M B3aMMOCBS3aHHOM CHHTE3€ BCEX KOMIIOHEHTOB IPOHM3BOJICTBEHHOU CHC-
Tembl. [103TOMYy B COBpEeMEHHBIX MPOM3BOJICTBEHHBIX CHCTEMaX JIsi 0OECIIEYeHHST BRICOKOTO
Ka4eCcTBa PEaM3alMy CIOXHBIX HAYKOEMKHX TEXHOJIOTHH IOATOTOBKH CIIEIHAINCTOB JUIS
MaIIMHOCTPOUTEIHFHOTO TPOU3BOJICTBA TIPUMEHSIFOTCS METObI HHTEIUICKTYaJIbHOTO YIIpaBJie-
HUSI. METOIBI 9TH OMUPAIOTCS HAa HOBBIC UCH B TEOPUH YIIPABJICHHUS, COBPEMEHHBIE arapar-
HBIC U MTPOTPAMMHEBIE CPE/ICTBA BHIYUCIUTEIILHON TEXHUKU U KOHIICTIIIUIO HEMPEPHIBHONH KOM-
MBIOTEPHON MOIICPIKKH KU3HEHHOTO [IUKJIA BBIITYCKAEMOU TIPOTYKIIHH.

Cmucok nmurepatypsl: 1. AproGonesckuit U.U., Unbuackuii [.51. OcHOBBI cHHTE3a MAaIluH
aBTOMaTHUeCcKoro neiictBusa. — MockBa: Hayka, 1983. — 280c. 2. IlogypaeB B.H. Texnomnorus

(GU3UKO-XMMHYECKUX METOJI0B o0paboTku: bubnuorexka TtexHosmora . — Mocksa:
MammuHoctpoenne, 1985. — 264c. 3. HMHTemiekTyanbHOE TPOU3BOJICTBO. COCTOSHHE U
nepcrektuBsl pasputus/M.JI. Xeiiden, b.I1.Uemucos, J.M.AkynoBuu u ap. — HoBomosok:
Iy, 2002. — 268c. 4. CuHepreTH4ecKHue acleKThl (U3UKO-XUMHUYECKUX METOJI0B

oopabotku/A.N.T'opauenko, M.JI.Xeiidern, b.Il.Uemuco u ap. — Munck: ®TH, 2000. —
172c. 5. Bycnenko H.I1. Matemarndeckoe MoIeIMpOBaHUE TPOU3BOJICTBEHHBIX MTPOIECCOB. .
— Mocksa: Hayka, 1964. — 314c. 6. Xeiideny M.JI. CamoopraHmszanus MpOILECCOB IPH
BBICOKO3((pekTHBHBIX MeToax 0OpaboTku aeraneii. — Hosomosmornk: II'Y, 1997. — 268c. 7.
Texnosorus pPa3MEPHO-YUCTOBOU u YIPOYHSIOIIEH 00paboTKu:
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VYue6.nocobue/T1.C.YUuctocepmos, b.I1.Uemucos, JI.M.Koxypo, JI.M.AkynoBud. — MHHCK:

Yuusepcurerckoe, 1993. — 188c. 8. TexHoOJIOTrHMYECKHE OCHOBBI BBICOKOI(D(HEKTUBHBIX
MeToI0B 00paboTku aetaneii: Yued.nmocooue/I1. 1. Amepunsin, M.J1. Xeliden, b.I1.Yemucos u
ap.. — Hosomomonk: III'Y, 1996. — 136c. 9. OOpaboTka M3HOCOCTOMKHX TTOKPBITHIA:

Yue6.nocobue/J.M.Koxypo, K.A.Mpouek, M.JL.Xelipen wu ap.. — Munck: Juzaita ITPO,
1997. — 208c.

MATEMATHUYHE TA EKCHEPUMEHTAJIBHE MOJAEJIIOBAHHA KOJIMBAHbB JIPO-
TAHOI'O EJIEKTPOAY IIPU EJIEKTPOEPO3IMHOMY BHUPI3AHHI

Xuxkusk €.B., Crynak /[.0., Ocunenxo B.1. (YTV, m. Yepracu, Yrpaina)

Amnanis.

EnextpoeposiiiHa Bupi3HA TEXHOJIOTIS B JIaHUM 4Yac € OJHMM 3 HalOUIbLI PO3MOBCIO-
JDKEHHUX METOJIIB BUCOKOE(EKTUBHOI 00pOOKH, B MEpILy Yepry, 3aBAsKH CBOIM YHIKaJIbHUM
MO>KJIMBOCTSIM IPELM3IMHOrO BUPI3aHHS TBEPAUX 1 HAATBEPAUX CTPYMOIIPOBIIHUX MaTepia-
JIB.

OnHuM 3 BaXXJIMBUX YMHHUKIB, 110 BIUTMBAIOTH HA SIKICHI MOKAa3HUKU OOPOOKHU € KOJIH-
BaHHSA JPOTSHOTrO eNeKkTpory. besnocepenHiil BIJIMB KOJMBaHHS CHPAaBIsAOTh HAa (JOpPMYyBaHHS
MiKporeomeTpii 00po0eHOT MOBEPXHI, YMOBU BUHUKHEHHS Mpo0Oo10 Ta OanaHc eHeprii oau-
HUYHOTO ICKPOBOTO PO3pSINY.

B mpouieci enekTpoepo3iiHOro BUpi3aHHS HA JPOTSHUMN €JIEKTPOJ JII0Th CUIIM PI3HOTO
(G13UYHOTO MOXOKEHHS, 10 CHPUYMHSIOTH HOro KosvBaHHA. Jl0 OCHOBHUX 3 HMX MOJKHA
BigHectu [1]:

- eJIEKTPOCTATUYHI CWJIM MPUTATYBAaHHS MK eJleKTpoAaMu. BUHUKAIOTh BHACIIIOK
HassBHOCT1 MK €JIEKTPOJaMH €JIEKTPUYHOT EMHOCTI. 32 YMOB €JIEKTPOEPO3IMHOTO APOTIHOTO
BUPi3aHHS, HAHOLTBIIA MITBEHICTH €IeKTPOCTATUYHNX CUI He TiepeBuiye 6X1072 H/m;

- eJIeKTpoAuHaMivHi cuim. BunukaroTe BHacHigok B3aemonii ctpymiB B JIEI Ta B 3a-
rotoBili. Lls crta BOpooBxK po3psay 30UIBIIYETHCS Bil HYJISI 10 HAWOUIBIIIOTO 3HAYEHHS 1 1€
TUIBKU BIPOJOBXK po3psiny. B iCHyr0UMX €IeKTpoepo3iHUX BUPI3BHUX CTAHKAX €JIEKTPOAUHA-
MIYH1 CHJIM JOCUThH MaJi, OCKUIbKHA CTPYM B 3aroTOBIII CIIPSIMOBaHUI 110 HOPMaJIi 10 TOPLEBOT
MOBEPXHI pi3y;

- BiaTHCKAKOYi cuin. [{iF0Th HA APOTSHUN €IEKTPOJI SIK BIPOJIOBXK PO3PAILY, TaK 1 MICIIs
fioro mpunmHeHHs. Tuck B kaHaii po3psaay craHoButh 1000...3000 atm. MutTeBe 3HaUEHHS
BIITUCKAIOYO1 CUIIM BIIPOJOBK OJIHOTO PO3PsAY CTAHOBUTH!

F, =pr’pP,.

L1 cuna 30UIbIIY€ETBCA 3 MOMEHTY IPOOOIO, OCKUIBKM 3POCTAIOTh Pailyc Imy3ups I, 1
tuck P, . Ilicns nmpunuHeHHA po3psly BUCOKMHI THUCK B ITy3Mp1 IIe 30€piraeTbcsi, TOMy CHIIa
F, nponoBxye aistu. Ilpu npoMy my3up po3IIMPIOETHCS, Pa3oM 3 TUM cnajae TUCK. Po3mip
OCHOBH ITy3UPsl BIIPOJIOBIK TEPIOAY IMITYIIbCY 30UIBINYETHCS BI HYJIA 10 pajaiycy Apoty I, .

CepenHe 3HaUEHHSI CUJIH 32 IEPI0JT IMITYJIBCY CTaHOBUTH!
— 2
Flcp - Lzm xpn rnp '

Tak, mpu 3Hauenni mnepiomy immymscy t,=10"°c, Thcky B Kamami pospsy

p, =3%0°[1a, cepenne 3HAUECHHS CHIIM 3a MIEPIOJI OJTHOTO IMITYJIbCY cTaHOBUTH 12 H.
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BenuunHa enekTpocTaTHYHUX Ta €IEKTPOAUHAMIYHUX CHJI B YMOBAX €JIEKTPOEPO3iHHO-
ro JPOTSIHOTO BUPI3aHHS € HE3HAUHOIO B MOPIBHSAHHI 3 BIATUCKAIOYUM BIUIMBOM THCKY B Ka-
Hail po3psaay. ToMy BIUIMBOM €E€KTPOCTaTUYHHMX Ta €JIEKTPOJAMHAMIYHMX CHJI Ha 30ypeHHS
KOJIMBaHb JPOTSHOTO €JIEKTPOJly MOXKHA 3HEXTYBATH.

B skocti 30yprorouoi cuiM MO’KHA pO3IJISIaTH JIMIIE BIATHUCKAIOYy CUIIy, IO Ji€ Ha
JIPOTSHUM €IeKTPO]] BHACIIOK BUCOKOTO TUCKY B KaHaJ1 pO3psiay.

Jlis BU3HA4YeHHs NapaMeTpiB KOJIMBaHb, XapaKTEPHUX KOHKPETHUM yMOBaM 00poOKH,
HEOOX1/THEe CTBOPEHHS MaTEMAaTHYHOI MOJIENI, sika O aJ€KBaTHO OIMKCYBaja MEXaHI13M 30ypeH-
HS Ta 3aTyXaHHS KOJMBaHb IPU €JIEKTPOepo3iiiHoMY BupizaHHl. CTBOpPEH1 JO ChOTOIHIIIHbO-
rO JIHS MOJIeJTi KOJIMBaHb [2,3] OMUCYIOTH CIIPOIIEHHH MEXaHI3M KOJHMBAHb JIPOTSHOTO SIICKT-
poxay. 30yproroda Jis po3psaiB, 0OyMOBJIEHAa THCKOM B KaHaJl, pO3IIsSAaiach JIUIIE K CHUJIA,
PIBHOMIPHO PO3MOJIUICHA B3JIOBXK 30HU OOPOOKH 1 CIIpsIMOBaHA B HAIPSMKY, TPOTUIICKHOMY
HaIpsSIMKY pi3y.

Merta poboTu.

CTBOpEHHSI MaTeMaTUYHOI MOJIEN], SIKa OIHUCYE MPOLEC KOJUBAHb APOTSIHOIO €IEKTPO-
ny-inctpymenty (JIEI) B yMoBax enekTpoepo3iiHOro BUPi3aHHS 3 BpaxyBaHHSIM HMOBIPHICT-
HOTO XapaKTepy BIUIUBY 30yPIOIOYNX YNHHHKIB.

Metoauka.

MaremaTtuyHa MOJENIb KOJIMBAHb APOTSHOIO €JIEKTPOJy NMOBHMHHA BIINOBLAATH peajb-
HUM YMOBaM €JIeKTpOoepo3iiiHoro BupizaHHs. [Ipu cTBOpeHH1 MOJieNll BUKOPUCTAHO KJIACHYHY
cCXeMy ¥ mapameTpH mporiecy oOpoOkH, xapaktepHi st BupisHoro xomruiekcy CEJI/I-02 3
reaeparopom TexHosorignoro ctpymy ['’KI-300-200A. 3aranbHy cxemy po3TallyBaHHS JpO-
TSHOTO €JIEKTPOJY, 30HH 0OpOOKH Ta IHIIMX €JIEMEHTIB CUCTEMH, Pa30M 3 OCHOBHUMH PO3Mi-

pamu npeacTaBieHo Ha puc. 1.
B mporeci 06poOku momaua sipo-
3 TAHOTO enekTpony 1 ans 3iiomy matepia-
Jy 3arOTOBKHM 2 BiZlOyBa€ThCS B HAIPSIM-
] Ky Bici X. 30Ha BUHUKHEHHS pO3psIIB

1 OOMEXYEThCSI TOBIIUHOIO 3arOTOBKU 1
3HAXOJOUTHCSA MK KoopaumHaTamu Li 1 Lo
2 10 JIOBXKHHI JPOTSIHOTO €JIEKTPOJLY.

JpOTSAHUI €NEeKTPOJ MEPEMOTY€ETh-
/& ¢ B HampaBiisitounx poiukax 3,4. Ocki-

JIbKU MIBUAKICTh IEPEMOTYBAHHS HECIIIB-
L /i Pz ~ pO3MIpHO MeHIe MIBUJIKOCTI  TIPOXO-
[ — JUKEHHSI pO3pSAJIB 1 YacTOTHU KOJIMBaHb,
> ~ | 2 pyxoMm 1 nrodTom JpOTY B HaNPSMHHUX
MO>KHA 3HEXTYBAaTH 1 BBa)KaTH, 0 KIHII1

JPOTY KOPCTKO 3a(hiKCOBaHI.
Lif Le Jljis MaTeMaTUuYHOr0 MOJETIOBAHHS
z MOBEAIHKH JPOTSHOTO €JIEKTPOJy BHUKO-
ﬁ)/ly pUCTaeMO JIHIAHI AUQEepeHLiiH] PIBHSAH-

HSl MaJIMX IPYKHUX KOJIMBAHb CTPYHH.

4 Judepeniiiini piBHSIHHS, 10 Xapa-
KT€PU3YIOTh  IONEPEeYHi  KOJMBAHHS
CTpYHM, HaJleXaThb 10 PIBHSAHB rinepOo-
JIYHOTO TUIY 1 MArOTh Takuid BUrJs [3):

X

Puc. 1. Cxema B3a€MHOTO PO3TAIlyBaHHS 3arOTOBKH
(2) Ta apoTsHOTO eneKkTpony - iHcTpymMenry (1), mo
pyXaeThes MO HATIPABISIFOYUM poiikam (3,4).
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e U, v — TIoTIepeyHi MepeMIllIeHHs] TOUYOK CTPYHH B HaIpsMKax oceii X, Y BinnoBiaHo (puc. 1);
a=,/P/rF - mBHIKICTh PO3MOBCIOHKEHHS MONIEPEYHNX XBHIIb, JI€:
P — Hatar crpynu;
p — WUIbHICTHh MaTepiany JIpoTy;
F — nnoma nonepeyHoro nepepizy CTpyHH;
y(z,1), x(zt) — mpoekiii BeKTOpa IHTCHCUBHOCTI MOMEPEYHUX CHII HA Bici X 1 Y, BiHECEHI 10
IOrOHHO1 Macu pF;
N =R/2rF - xoeodimient memrdyBaHHs KOIMBAHB;
R — koedirieHT cumu omopy cepeoBHUIA, BIIHECEHUH 0 OAMHHUII IOBKUHH.
JlaH1 pIBHSHHS CIIpaBeJIMBI 32 YMOBH, IO CTPyHA € aOCOIIOTHO THYYKOIO 1 Ma€ I0-
CTIMHWI HATAT II0 JOBKHHI.
Jlnst uucenbHOTO pilieHHs audepeHiiinaux piBHsAHb (1) HEOOXiIHO BpaxOBYBaTH Ha-

CTYITHI1 TOYAaTKOBI 1 TPAaHUYHI YMOBH, IO BIAMOBIAAIOTH peabHUM YMOBAM €JIEKTPOEPO3IHHO-
T'0 BUPI3aHHS.

[TouaTkoB1 yMOBH: I'pannyni yMOBH:

- B MoMeHT 4acy t = O apit 3HaxX0aUTh- - JPIT )OPCTKO 3allleMJICHUI MO Kpa-
Csl B CTaH1 CIIOKOIO! AX:

u(z)|t=0 = 0’ U(t) z=0;z=I = 0’

U(2)|i=0 =0. U()|,0, = 0.

Ha cxemi (puc. 2) npeacTaBiieHO MOTNEPEYHUI MEPepi3 MDKEIEKTPOIHOTO POMDKKY.

Puc. 2. Tlonepeunuii mepepiz MiXKeJIEKTPOJHOTO MPOMIXKKY: 1 — APOTSHUI €NeKTPOA-IHCTPYMEHT, 2 —
eIopa CHJIOBOT0 BILIUBY po3psiniB Ha JIEI



[Togaua npotsHOrO enekrpony (1) paxmiycom Iy, 3IIHCHIOETBCS B HANPSIMKY BicCl X.
30ymKyrounii BIUIMB HA APOTSHUM €1eKTpoJ 0OyMOBJIEHUH CHUJIOBOIO JI€I0 THUCKY B KaHal
po3psiay (Ai). HanpsiMok Iii uX CuJ1, M0 BU3HAYAETHCS KYTOM @ BIIHOCHO BiCi X, IPUMYIIIY€E
TPOTSHUIN €IEeKTPO BIATUCKATUCH BII CTIHOK 3arOTOBKH, TUM CaMHUM 30UTBIIYIOUN MDKEICK-
TpoaHuN npomikoK. CuinoBuil BIUIMB po3psiiiB HaBkoJio mnepepidy [IEl € HepiBHOMIpHUM
(emropa 2) 1 po3nojiieHuit B Mexax Kyta o. [Ipu BU3HaUYeHHI mapaMeTpiB KOJIHMBaHb, MaTeMa-
TUYHa MOJIeJIb [IOBUHHA BPAaXOBYBAaTH CUJIOBUI BIUIMB KOKHOTO OKpeMoro imnyiscy. Ha mpo-
TUBAary 30y/DKYIOUUM cUjaM, JeMI(YOUUil BIUIUB, SIKUH BU3HAYA€THCS, HacaMIepe, KOpCT-
KICTIO JIpOTY Ta HOTO HATATOM, CIIPHSIE IOBEPHEHHIO JPOTSHOTO €JIEKTPOY A0 CTaHy CHOKOIO.

Jljis 9MCcenbHOTO PO3B’A3KY PIBHSHb BUKOPHUCTOBYEMO METOJ KIHLEBUX pI3HHIb. Pi3-
HUYHA CXeMa, 3amucaHa 3a piBHsIHHAM (1) Mae BUIIIS:

_|_ ui+1,j - 2ui,j +ui-1,j +N ui+1,j - ui-l,j :az ui,j+1' 2ui,j +ui,j-1 +y (Z t)'
! t 2 2 h? " @
“U... -2 .+U .. u. u. u...- 20 . +U. .
| 2+, j i,] i-1,j i+1,] i-1Lj A2 7i,j+l i,j ij-1
! : +2n =a - +c(z,1),
) t 2 h
U i Uj : y
ae: 1,71 - moTouHe BIIXMIICHHS APOTSHOIO €JIEKTPOJY B MOTOYHUI MOMEHT 4acy B

MPOEKIIii Ha BiCi X,y BIAMOBIAHO, B TOYIII |, II[0 BIAMOBIIa€ KOOPAMUHATI IO BiCi Z;
Ui+t j Ui - BIIXWJICHHS IPOTSHOTO €JIEKTPO1y B HACTYITHUIT MOMEHT 4acy,

Ui.1j,Uj.1j - BUIXHJICHHS IPOTSIHOTO €JIEKTPO/Y B MONCPE/IHI MOMEHT 4acy;,

Uj j+1Uj, j+1 - BIAXHIICHHS HACTYITHOT TOYKH JIPOTSHOTO EIEKTPOAY 10 BICI Z;

Ui j-1Ujj-1 - BIIXWJICHHS TIOTIEPEIHBOT TOUKH APOTSHOTO EJIEKTPOIY MO BicCi Z.
PiBHAHHS, O3B’ A3aH1 BITHOCHO Uj,; i» Uy TO3BOJISATH BU3HAYUTH BUIXWJICHHS JIPOTY

BiJl TIOJIOXKCHHS CIIOKOIO B KOXKHUI HACTYIMHHI MOMEHT 4Yacy (i+1) assi BU3HA4€HOi KOOP/IH-
HATH TI0 TOBXKUHI IpOTY (j).

B pesynbrari nepetBopeHs piBHsAHHS (2) HAOyIM BUTIISY:

i 1- nt 1 t?

U, =——(WUu.-u..)+=(Uu .., +u . .)+——y (Xt);

! i+, ] 1+nt ( i,j I-l,j) 2( i,j+1 I,j-l) 1+nt y ( ) (3)
i 1- nt 1 t?

| —

U, =—U..-u,_,.)+=(U. .., +u. . )+——c(X1t).

T i+1,] 1+nt ( i,j |-1,J) 2( i,j+1 I,j-l) 1+nt ( )

Jlyist BU3HAaYEHHS TPOEKI[I CUIIOBOTO BIUIMBY OJMHUYHOTO IMITYJIbCY Ha BiCl X Ta Y HE00-
X1IHO BKa3aTH TaKl apaMmeTpu:

- CUJIOBHI BIUIUB IMITYJIbCY;

- KyT BUHHUKHEHHs IPo00I0 BIIHOCHO Bici X;

- KOOpJHMHATA MICIsi BUHUKHEHHSI TPOOOO MO JOBXKHUHI APOTIHOTO eleKTpoay (2).

[Ipu po3paxyHkax, BIJIOBIIHO A0 MaTeMaTHYHOI MOJIENI KOJIMBaHb, JIaH1 MapaMeTpu 3a-
JAIOTHCS OTIEPATOPOM BUITAIKOBUX YHKCEI a00 3a 3a3/1ajieT1[b BU3HAYEHOIO 3aKOHOMIPHICTIO.

PesyabTaTn

CumnoBuil BIUTUB HA JAPOTSIHUN €JIEKTPOJI, HacaMIIEpel, 3aJIeXKUTh BiJ] MapaMeTpiB IMITy-

JIBCIB, 110 IPUKIIAJIAIOTHCS 10 EJIEKTPO/IIB.
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JIJis IpOBEACHHS €KCTICPUMEHTAIBHIX JOCIIKEHb 0y10 00paHo 2 peKuMu poOOTH re-
Heparopa ['KI-300-200A (ta6u.1).

Tabnuus 1. OCHOBHI mapamMeTpu poOOYHX IMITYJIBCIB TIPU TEXHOJIOTTYHUX pexumax 2-2 1 3-4

Ne  pe- | Ammitynne | Yactora mpoxo- | TpuBamicts Bennunna [HopctkicTh
KUMY 3HAYEHHS JOKEHHS IMITY- IMIYJbCY, MKC | MDKEJIEKTpo- | 0OpoOeHoi
CTpyMy pO3- | JIbCIB TEXHOJIO- THOTO TIPO- MTOBEPXHI,
psany, A TIYHOTO CTPYMY, MDKKY, MKM Ra
I'n
2-2 60 22000 3,2 32 6,3
34 45 44000 2,5 29 15

CrabinpHa 00po0Ka MpH IUX PeKUMaX MOXKIIUBA MPU 3HAYCHHAX BETUYMHU MDKEICKT-
POJHOTO MPOMDKKY 32 MKM Ta 29 MKM BifIlIOB1JTHO.

KonuBaHHs ApOTSHOrO €NeKTpOoy BCEpeAMHI ma3y, 10 MPOpI3a€ThCsl, IPU3BOAUTE JI0
30mmkenHsa JIEI Ta 3aroToBkM Ha BiACTaHb, MPH SIKIH MOXJIMBUN MpoOiil poOoyoro cepeso-
Buia. [lomepenni mocnimkenns [9] nokasanu, Mo y BOJONPOBIIHIM BOAI MPU BEIUYUHI Ha-
npyru 150...180 B npoGiii BuHuKae Ha BigcTani Mix enekrpogamu 10...12 Mxm.

Po3paxyBaBiu 3a 10moMororo po3poOseHOT MaTeMaTHYHOT MOJIENl BETMYUHY 3MIIEH-
HS Tepepi3y APOTSHOTO €IEKTPOAdY, OyJo MepeBIpeHO aJeKBATHICTh MOJEII PEalbHUM YMO-
BaM 00poOku. Ha puc. 4 HaBeleHO po3paxoBaHi 3HAUEHHS 3MILEHHS CEPEeIHbOT TOUKH JIPO-
TSHOTO €JIEKTPOy S, BEIMYMHY MDKEIIEKTPOJHOTO TIPOMDKKY O Ta BiJICTaHb, HA sKil BinmOyBa-
ersest mpo6iit MEII 8y, utst pexxnmis 2-2 ta 3-4.

a) 51 i

6) 1
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Puc. 4. YacoBwuii po3moait aMILTITy T KOJUBAHb CEPEAHBOT TOUKH IPOTSIHOTO EIEKTPOaY S
st pexumiB 2-2 (a), 3-4 (0). 6 — cepeiHs BEIMYHHA POOOIOTO MIKEIEKTPOIHOTO MPOMDK-
Ky;OIp — BETUYMHA MDKEJIEKTPOIHOTO MPOMDKKY, Ha SIKIH MOKJIMBHUI MPoOiil.

3 rpadikiB BUIHO, 110 B eBHUI MOMeHT 4acy JIEI mMoxe HaBiThb TOpKaTUCh MOBEPXHI
3arotoBku. [Ipy meBHHX ymMoOBax 1€ MOX€E MPHUBOJUTHU /10 BUHUKHEHHS KOPOTKO3aMKHEHHUX
IMIYJIbCIB, SIK1 € HeOaXXKaHUMU IPU EJIEKTPOEPO31ITHOMY APOTSIHOMY BUPI3aHHI.

Bennunna xonuBans JIEI B HanpsMKy nonepeyHomMy Hojadi eJIeKTpoy BU3HAUAE MIK-
popenbed yrBOpeHOi moBepxHI. ExcnepuMmeHTanbHI AaHl 100 BHUCOTH MIKPOHEPIBHOCTEH
MOBEPXHI MiciIsE 0OpOOKU Ha MEBHUX PEXKUMAX, JAIOTh 3MOTY BU3HAUUTH KOPEJSLIHHY 3aeXK-
HICTh MDK aMILIITY/10t0 KosiuBaHb JIEI Ta sIKICTIO yTBOPEHOT HOBEPXHI.

AHaNOriuH1 po3paxyHKU MOKYTb OyTH HpOBEIEeH] /Uil OyIb-sIKUX PEXKHUMIB 0OpOOKH.
Ile nae 3Mory mporHo3yBaTH 3HAYEHHS aMIUNTyAu KoiuBaHb nepepisy JEI no mposenenus
00pOoOKH 1, TAKMM YHHOM, IIPOTHO3YBATH YMOBH 0OPOOKH.

Busnaueno, mo 3MiHa 4acTOTH IMIYJbCIB NMPAKTUYHO HE BIUIMBAE HA MaKCHUMaJlbHE
3HaueHHs aMIuliTyau koauBanb JIEl. BupimanbHuil BIUIMB Ha aMIUTITYAy KOJUBaHb JIPOTSHO-
ro eJIEKTPOJIy CIIpaBJIsie CUIOBA Jisl TUCKY B KaHall po3psaaiB. Pe3ynbratu 10CiiiB BKa3ylOTh
Ha MOXJIMBICTh BUKOPUCTAHHS MaTeMAaTUYHOI MOJIEJ1 PU BU3HAYEHH] TEXHOJOTTYHHX YMOB
€JIEKTPOEPO31IHOT0 BUPI3AHHS JUIsl TOCSTHEHHS 3aJJaHO1 IKOCT1 OBEPXHI.

BucHoBkwu.

1. CTBOpEeHO MaTeMaTU4yHy MOJIEIb, SIKa BPaxOBYE BHUIMAJKOBUN XapakTep BUHUKHEHHS
po3psiay 1 aJeKBAaTHO OMKCYE KOJIMBAJIBHUN XapaKTep IMOBEAIHKH APOTSHOTO EJIEKTPoay B
YMOBAX €JIEKTPOEPO31iTHOTO BUPI3aHHS.

2. AJIeKBaTHICTh MaTEeMaTHYHOI MOJIEI1 Ta 1i BIMOBIIHICTh PEAIbBHUM YMOBaM €JIEKTPO-
€pO31HHOT0 BUPI3aHHS MIATBEPAKEHO €KCIIEPUMEHTAIbHUM LUISIXOM.
3. CTBOpEHO NPUKIIAJHY Iporpamy, sika J03BOJISIE MOJIEIIOBATH IIPOLEC KOJUBAHb B 3a-

JIEKHOCT1 BIJ 33aJIaHUX YMOB OOpOOKM 1 BCTAaHOBJIIOBATH YMOBH, SIKUM BIIMOBIIAIOTH Haii-
OUIBII BUTIIHI 3 TEXHOJIOTIYHOT TOYKHU 30pYy MOKA3HUKU KOJIUBAHb.

4. OTtpuMaHi JaH1 OJ0 XapakTepy YTBOPEHHS Ta PO3MOBCIOKEHHS KosnBaHb J[EI mo-
AKyTh OyTH BUKOPHUCTaHI1 IPU BU3HAUEHH1 ONTUMAJIbHUX TEXHOJIOTIUHUX PEKUMIB MaHOYTHBOT
00pOoOKH Ta MPOTHO3YBaHHI ii pe3yJIbTaTIB.

Cnucoxk jgiteparypu: 1. Kasrapamze O. H., Jlunuanckuit A. b. Hccnenoanue mexa-
HU3Ma THIPOJMHAMHUYECKUX MPOIIECCOB B MEXKIIEKTPOJHOM MTPOMEKYTKE IO BO3ICHCTBHEM
YIABTPA3BYKOBBIX KOJICOAHUH, IPUIIOKEHHBIX K 3JICKTPOY-HHCTPYMEHTY // DieKTpoHHas 00-
pabotka marepuainos, 1988, Ne6, c. 52-54 2. Ilepectiok M.O., Mapunens B.B. Teopis piB-
HSIHb MaTeMaTH4yHOi Qi3uku: HaBu. mociOHuk. — 2-re Bu., nepepoo i gon. — K.: JIubins, 2001.
— 336 c. 3. Ko63aps B. A., Jlykamesa E. H. Maremarnueckast Moziens KoJieOaHUi 37€KTpo1a-
MPOBOJIOKU TIPU JICKTPOIPO3UOHHOK  00paboTke // DnekrpoHHas 00paboTKa MaTepUalioB,
1984, N2, c. 16-23 4. EP 706848. Cnioco6 u CTaHOK I JICKTPOIPO3UOHHOU 00pabOTKH
nipoBosiokoit. 17.04.96 5. EP 707916. Cnioco0 u CTaHOK IS 3JICKTPOIPO3NOHHONW 00paOOTKH.
24.04.95 6. EP 689892. Crioco6 u yCcTpOHCTBO U PE3KH MPOBOJIOKOH B MPOIIECCe ICKTPO-
spo3uonHoi 00padoTku. 03.01.96. 7. EP665078 Crioco6 u ycTpOHCTBO UIsi Ka4eCTBEHHOTO
KOHTPOJIMPOBAHHS TIpOIecca dIEKTPOIPO3HOHHON 00padoTku 3arotoBku. 01.08.98. 8. Cmpa-
BOYHUK I10 JIEMEHTapHOU MaTeMaTHKe, MexaHuke u ¢pusuke. — M.: AKAJIMC, 1995. — 216 c.
9. Ocunienko B.I., Crymak [[.O. ®i3uK0-TEXHOJOTIYHI 3aKOHOMIPHOCTI TIPOOOK0 PIIMHH 3a
YMOB, XapakTepHHX JJIsl SIEKTPOepO3iiiHoi BUpi3HOi 00poOku // Matepuansl 5 ro0OuieitHo
MIPOMBIIIJIEHHOW KOH(QEPEeHIUU C MEXKIYyHapOJHBbIM Y4acTHUEM M OJUI-BBICTaBKHU ,, DPPek-
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THBHOCTh PEaM3alliid HAYYHOTO, PECYPCHOTO M MPOMBIIUICHHOTO MOTEHIMAIa B COBPEMEH-
HBIX yeioBusax', . CiraBckoe, Kapnatsr, 2005

INPUMEHEHUWE A2PO30JIA AJIA OXJVIAKJIAEHUA U CMA3KU I1PU BHYTPEH-
HEM INPOTATI'MBAHUHU

Xouio10B b. @., lopomenko P. B. (Pusicckuti mexnuueckuti ynusepcumem, Puea, Jlameus )

Application of greasing cooling means of an aerosol of oleic acid and freon 12. It is proved,
that thus the roughness, a sinuosity and force of tension essentially decreases.

Db PEeKTUBHOCTH CMa3bIBAIOIIC-0XIAXK IAOIIUX CPEICTB (C. O . C.) IPU PE3aHHUU 3aBH-
CHUT OT METOJla IPUMEHEHHMS., MECTa MOJBOJIa ¥ BUJIa CPEJACTBA. DTO UMEET BAXKHYIO POJIb IPU
BHYTPEHHEM IPOTATMBAHUH, 0COOEHHOCTHIO KOTOPOTO SIBJISIETCS PE3aHUE BO BHYTPEHHEM
3aMKHYTOM, U30JMpPOBaHHOM 00beMe. CylIecTBYIOIINE CUCTEMBI [101a4l CMa3bIBatoIlle-
OXJTAKJAIOIIMX JKMJIKOCTEH Ha CTaHKaxX MpeayCMaTpUBAIOT OXJIaXK/IEHUE TIOJTUBOM, KOTOPOE
aBigeTcs Mano3((HeKTUBHBIM.. DTO OOBACHAETCS TEM, YTO JIUIIL HE3HAUUTEIbHAS YacTh
KHUJKOCTH, KOTOPYIO YCIIEBAET 3aXBAaTUTh 3y0 MPOTSKKHU, NIOMAIAET B 30HY pE3aHHUs. a OCHOB-
HOU TEIMJI00TBOJI IPOUCXOJUT B PE3yJIbTaTe YBEIMUEHUS IPAJUEHTA TEMIIEPATYPhl MKy Ha-
PYXHO U BHYTpEHHEH MOBEPXHOCTHIO JETAIH U CBsI3aHa ¢ KO3 (UIIMEHTOM TeMIIepaTypo-
MIPOBOTHOCTH MaTepHrayia U KO3(pPUIueHToM TerooobeMa OXJIaxaaronien KuakocT. [lpu
CPaBHHUTEIHHO HEOOJIBIIOM BPEMEHH PE3aHus, UTO ABJIIETCSA XapaKTEPHbBIM JI1 BHYTPEHHETO
NPOTSTHBAHUS, U C YBEIMUCHHEM CKOPOCTHU pe3aHus 1o naHHbiM /1, 2/ adhdexTrBHOCTD 0XI1a-
KJACHUS MTOJIMBOM pe3Ko cHmxkaeTcs. [lo atomy Haubosee 3heKTUBHBIM SBIISETCS BHYTPEH-
HHI IOABOJ C.0.C. B 30HY PE3aHUs.

B mpakTuke umeeT npuMeHeHHe MOABOJ B 30HY pE3aHMsl €.0.C. IOJI AABJIEHUEM; OCO-
OCHHO B Cilydae MPOTATMBAHKS OTBEPCTH 00JbINON JutuHbI /3, 5/ . 31€Ch KHUIKOCTH BHICTY-
[aeT HE TOJBKO B KauecTBe C. O. C., HO M KaK CPEJCTBO JJIsl yJAJIEHUs CTPYKKH. DPPEeKTUB-
HOCTb B 3TOM CJIy4ae 3HAUUTEIbHO BBIIIE, HO HEOOXOIMMO MUMETh CHEIUAIbHYIO THAPOCTAH-
LMIO U 3alIUTHBIE YCTPONCTBA, MPEJOXPaHSIONINE OT Pa30pbI3TUBaAHUS KUIKOCTH.

HaunbGonee r¢dhekTuBHBIM SBISETCS TOJBO/I C. O. C. B PACIbUICHHOM cocTOsiHUM. Omu-
CBIBAIOTCS pa3jIM4HbIE YCTPOMCTBA JJISl PACIBUICHUS M YKa3bIBAIOTCS MPEUMYIIECTBA OXJIAXK-
JICHUSI PACTIBUICHHOM JKUAKOCTBIO /4/ . YeTpoiicTBa pacibUIeHHS €.0.C. OCHOBAHbBI Ha MCIOJIb-
30BaHUHU MPUHIIMIIA )KUKIIEpa.

Crpyeil cxxaToro BO3/yXa 3aXBaTbIBAlOTCS YACTHIIbI KUJIKOCTH M B BHJE ' TymaHa "
MOJIAFOTCS B 30HY pe3aHus. YacTh pacrbUICHHOW KUIKOCTH, TIOMaaas B 30Hy pe3aHus (30Hy
BBICOKOH TEMIIEPATYphI), UCIAPSIETCS, T.C. OCYIIECTRISICTCS OXJIAKICHUE B pe3yibTaTe dHep-
TOEMKOT'0 Mepexo/ia U3 OJHOTO arperaTHOro COCTOSIHUS B ipyroe ( U3 )KHUIKOro - B ra3000pas-
Hoe ). JIpyras 4acTh - Gmarogaps TOMy, 94TO UMeeT pa3Mepbl Karenb " 15- 25 Mkm " u Bbico-
KYIO KHHETHYECKYIO SHEpPIHio, 00JaaeT 00bIIo CIOCOOHOCTRIO MPOHUKHOBEHUSI B MUKPO-
TPEIMHbI, YyBEIUYUBaeT 3(P(GEKTUBHOCTh ACUCTBUS IMOBEPXHOCTHO-AKTHUBHBIX BEIIECTB U
yIIydlIaeT yCAOBHUS pe3aHus. ITOT METO/1 IPUMEHSIICS MTPU HAPY>KHOM MPOTATUBAaHUH, HO U3-
3a BBICOKOT'O YPOBHS IIIyMa YCTaHOBOK HE HallIeJ IIUPOKOTO MPUMEHEHHUS.

Hamu B kauectBe croco0a oxiakaeHHsI ObUIa UCIIOb30BaHa a3po30Jib, T. €. MpUMe-
HSJIOCH C.0.C. B PACIIBUIIEHHOM COCTOSIHUU. A3PO30JIbHBIN OaJIJIOH COIEpIKall:

pacnblIMBAEMOE BEILIECTBO - OJIEMHOBYIO KUCIOTY - 5%,

poresuieHT - ppeon 12 - 95%.

OnevHoBas KucjaoTa Oblja MPUMEHEHa, T. K. OHA HE B3aMMOJCHCTBYET ¢ (ppeoHOM U
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SBJIIETCS MOBEPXHOCTHO-aKTUBHBIM BeriecTBoM. ®dpeoH, sBisercss Hauboliee pacrpocrpa-
HEHHBIM MPONEIJIEHTOM U KPOME TOT0 OTIMYHBIM OXJIAXKIAIOIIUM CPEACTBOM, T.K. B OaJUIOHE
OH HaxOJUTCS B CXKIDKEHHOM COCTOSIHUM 1OJ naBieHueM. [Ipu cpabaTeiBaHuM KiiamaHa mpo-
MEJUIEHT 3aXBaThIBA€T_YaCTHUIbl KHUCJIOTHl U ucnapsercd. dusnka npouecca nojo0Ha Kak U
IpU Cllydae >»XUKJIEPHOIO THWIIA, OJHAKO, Oojiee 3PQPeKTuBHA, T.K. TUCHEPCHOCTh YaCTHUIL
Mmenbiie ( 2.5 MKM ) U OXJTaKICHUE OCYIIECTBISCTCS ()PEOHOM 3a CUST M3MEHEHHMs arperar-
HOT'O COCTOSIHHMS.

Jlig ucnpiTaHus ObLIa CKOHCTPYMpPOBaHA MPOTSDKKA C MONEPEUHbIMU KaHAJaMU JJIst
MIO/IBOJIA C.0.C. B 30HY pe3aHus, cXxeMa KOTOpoil rmoka3aHa Ha puc. 1.

2
XN )
: b

NN ﬁ :

Puc. 1. Cxema npoTsHKKHU € a3P030JIbHBIM OXJIAXKICHUEM.

[MporsaruBanuck 3arotoBku u3 ctanu 40X co ckopocteio pesanus V = 3 m/vun. [lna-

METp MPOTIATUBaHus 25 MM. J[i1sl cpaBHEHUS OCYIIECTBIISUIOCH IPOTATHBAHKUE O€3 C. 0 .C., C
oxJnaxaeHnueM 5% - HOM IMYJIbCUEH U adP030JIb0. /{7151 OIIEHKH METO0B MPOU3BOIUIOCH U3-
MEpeHHUE TeMIIEPaTyphbl H CHIIBI pe3aHusl, IEPOXOBATOCTH M BOJIHUCTOCTH 00pabOTaHHOH TI0-
BepxHOCTH. [IpH 3TOM 0TMEYanock, 4To TeMIIEpaTypa pe3aHus MPHU OXJIAXKICHUH a3PO30JIbI0
camkaetcs Ha 40% 1o cpaBHEHUIO C TeMIIepaTypoil pe3aHus 0e3 IPUMEHEHHS C. 0. C. U Ha
20% - o cpaBHEHHIO ¢ OXJIaKIeHHEM 5%0-Hoi aMynbcueii. CymecTBeHHOS N3MEHEHHE TTPO-
UCXOJIMT U ¢ ycuireM pesanus ( puc. 2).

T T e —— IIpu sTOoM, Kak ciemyer U3 oOc-
WW [MWDIOTPaMM, TPOUCXOAUT HE TOJIBKO
a J ; ' YMEHBIIICHUE CUIIbI PE3aHMs], HO U Kaue-

CTBEHHOE W3MEHEHHE OCIHIUIOTPaMMBI

MWW CHITBI pe3aHusi — OHa 0oJiee paBHOMEpPHA
5 } 110 BCEH JIMHE NPOTATUBAHUA.

[IlepoxoBaTocts 00pabOTaHHOM

B Al in B Sl RN HOBEPXHOCTH TAKXKE Y/IydIAETCsl, eCIH

& } 6e3 c. 0. C. lEepOXOBaTOCTh ObLIA PaBHOI
Puc. 2. Ycuiue pe3anus npy IPOTATMBAHKH: Ra = 2,5 mrm, npu 5%-Hoii dMysbcuu -
a) 6e3 c. 0. c.; 6) 5%-Has SMYIbCHUS, B) a3p030Jb Ra = 1,25 mkm, TO KOT/ia IPUMEHSIIACh

a3po30iib- Ry = 0,5 mrom.
Xapakrep U3MEHEHHsI BOJIHUCTO-

: m cTu nokazan Ha puc. 3. ITo cymectBy
W MO’KHO OTMETHUTb, YTO IPU JAHHOU YyB-

CTBUTCIIBHOCTH an/I6opa BOJIHUCTOCTB

: : mpubopa MpornaaaeT.

M‘MM [IpoBeneHHbII aHAJIN3 BBISBIISIET
IIPpEeUMYyILECTBA 3TOro merona. Kpome

f}- ) TOTO CJEQYeT OTMETUTh, YTO IPOUCXO-

JIUT TIOJIHOE CTPYKKOOTJIENICHHUE OT MPO-

th. #WM TSOKKH U OTCYTCTBYET JIONIOJIHUTEIIbHBIN
‘5 } IIyM, TaK KaK HET MPUBOJHOTO YCTPOM-
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Puc. 3. Boauucrocts TMOBCPXHOCTU IIOCJIC IIPOTATUBa-
HUSA.

a) 6e3 c. 0. c.; 0) 5%-Has SMYIIbCHS; B) a9p0O30JIb



CTBA, KOTOPOE UMEETCS B ClIydae KHUKIEPHOro oxynaxjaeHus. Ho numerorcs taxke U HEIOCTATKU:
UCIIOJNIb3yeMbIe OAJUTOHBI MMEIOT HETPOJIOIDKUTENIBHOE ACHCTBHE, TIPH 3TOM HE0OX0MMO pado-
TaTh C MECTHBIM OTCOCOM.

Cnucox surtepatrypnl: 1. PesnukoB A.H. Temnodusuka pesanus:. - M.
MammHoctpoenue, 1969. — 288 c. 2. XononoB b.®. BnusHue oxmaxaeHus mMpy MpoTsITrABa-
HUM Ha TEII00TBO OT Aetanu // HexoTopbie BOMPOCH MpOTsruBanus. - Pura: Prok. monute-
texH. uH-T, 1971.- C. 20-31. 3. Kanes I1.I'. O6pabotka nporsruBanuem:CrnpaBovHUK. - M.:
MamuHoctpoenne, 1986.-272 c. 4. T'aspuios . M., CmuproB A.A. CTpyiiHOE OXJIaKICHHE
paCnbUIEHHBIMU KHUIKOCTSAMU.- KyitObimes.: KyliOpimeBckoe kH. u3a-Bo, 1966. — 42 c. 5.
[Mpotsokku s obpaboTku otBepcruit / [I. K. Maprymuc, M. M. Tsepckoit u np. M.:
Mammaoctpoenue, 1986.-230 c.

OCOBEHHOCTH ITPOIIECCA SMYJIbI' MPOBAHUSI C TIO3UIINIM CA-
MOOPI'AHU3ALIUU CTPYKTYP

Xpucragopsau C.11., banacansu A.b., Tep-Ilerpocsan A.T., I'puropsn I'.P.,
(Ir'uyA4, AOOT “Toap” , Epesan, Pecnyonuxka Apmenusi.)

Experimental researches of process of ultrasonic emulsification of an admixture of motor oil
of mark SAE 20W50 with water establishe stages of its passing on the basis of which the com-
petitive response of its exposition which simultaneously takes into account effecting and de-
struction of its amounting builders is offered. It is established, that during emulsification in
basic two stable states of formation of pap are occur owing to which two paps of different
concentrations can be received, which at durating scoring by ultrasonic sound are transfer in
a unique state with deriving pap of the greatest concentration

JIOCTWKEHHMST COBPEMEHHOM HAyKH B BOIPOCE CaMOOPraHU3alMM MaTEPHAIBHBIX
ctpykTyp (1-3) MOKa3BIBAIOT, YTO MPOILECC AMYJIBIUPOBAHKS, B TOM YHCIE C MIPUMEHECHHEM
AKyCTUYECKOW SHEPTHH, MOXKET OBITh PACCMOTPEH KaK CaMOOPTaHU3YIOIIUIICS MPOIECC TOITy-
YEHUs1 HOBOW MAaTEpUAJIbHON CTPYKTYPBI, @ IMEHHO, JIBa HECMEIIMBAIOIIMNXCS KUJIKOCTEH, KO-
raa oJHa U3 HUX C BBICOKHMM YACJIIBHBIM BECOM B PCAKTOPC 3aHMMACT MUHHUMYM IIOTCHIHAJIA,
Apyrad X€ Had HUM, B COOTBCTCTBHUU C YACIBHBIM BCCOM, IIPpH BO36Y)K)16HI/II/I B O3THUX YCTKO
pasrpaHUYCHHBIX CpCaax BI/I6paIII/II\/'I HpOI/ISBOJ'IBHOI\/'I HaCcTOThl CMCIIUBAKOTHCA U, B 3aBUCHUMO-
CTH OT HPOJOJDKUTEIBHOCTH BO3JICHCTBUS U SHEPTUU BUOpAIH, CTPYKTYPUPYIOTCSI B OMYJIb-
CHIO OIpezieNIeHHOro KayecTBa. Kak moka3pIBaroT McciaeoBaHus, pparMeHTalus U yCTOMUu-
BOCTb OMYJIbCHUH, SABHO 3aBUCAT OT MapaMCTPOB U CXCMBbI IMOJABOJA HOHOJ‘IHI/IT@J'IBHOI\/'I OHEPTUHn
B peaktop. Bo3OyxaeHue B cpenax yibTpa3BykoBbix kosebanuii (Y3K), B 3TOM KOHTEKCTE,
IMOBUIUMOMY, HanboJee IMPaBHUJIBHOC TCXHOJOTMYCCKOC PCIICHUC IJIA IMOJIYYCHUSA BMYJ'IBCI/II\/II,
npudeM oT napameTpoB Y 3K 3aBHCAT U BeIWYMHA IMOIBOJUMON SHEPTHH U KUHEMATHUYECKUE
ACIICKThI NPHUHYAUTCIIBHOTO CMCUIMBAHMA, T.C. (bpaFMeHTaIII/Iﬂ OMYJIbCUU U eé naaneﬁmas{
ycTounBOCTh. [IpHu moaBoIEe SHEPTUH B TETUIOBOK (POpME MOKHO HAOIIOAaTh KOHBEKTUBHBIC
IIOTOKHU W HECABHBIC HAPYIICHHA B I'paHULIC pa3acia Cpea, HO 0€3 MHTEHCUBHOI'O CMEIINBAHUI
CpeX IMOJIYYEHNUE dMYIIBCUN MAJIOBEPOSTHO.

OTMETHM HEKOTOPbIE TEOPETUUYECKUE aCIEKThI MOBBIILIEHUS 3(PPEKTUBHOCTH Ipoliecca
OMYJBIrupoOBaHus IpHU CMCIIHMBAHUHN ABYX BCIICCTB, KOr'Ja OJHO M3 HHX (BO)Ia) C BBICOKUM
YACJIBHBIM BECOM 3aHUMACT MUHUMAJIBHOC ITOTCHIUAJIIBHOC IMOJIOKCHHUE B PCAKTOPEC, a APYyroe
(Maci0 MOTOPHOE MIJIM JTU3TOILIMBO) HAXOAWTCS HAJ HUM. 3aMETHM, Y4TO BO3MOXHA M 3a]aya
SMYJIbIMPOBaHUS HECKOJbKUX cpell. [Ipu Bo30yxnenun Y3K B oObeme peakTopa 3HEprus ot
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M3JIydarTesis OyJeT pacpoCTpaHsAThCs B 00€ Cpe/ibl, HACKINas Ha CBOEM IYTH aHCaMOJu cpe
JOTIOTHUTEIBHON SHEPIUel, UHTEHCUBHOCTbh KOTOPOW Oy/eT 3aBUCETh OT MOJIOKEHUS U (op-
MbI u3ny4arens. M3BectHo, uto B BosiHe Y3K B nosynepuoie pa3pexeHusi BOZHUKAIOT KaBU-
TalMOHHbIE MY3bIPbKH, KOTOPbIE CXJIONBIBAIOTCS IPH IMEpexoje B 00JacTh MOBBILIEHHOTO
NABJICHUS M IPUBOJAT K 0Opa30BAHMIO MOIIHBIX T'MAPOJMHAMUYECKHX BO3MYIIEHUH B BHJE
MUKPOYAAPHBIX BOJIH U MUKPOIIOTOKOB, T.€. YCIOBUIl, HEOOXOAUMBIX Ul PaCILEIJICHUS Cpe]
Ha aHcaMOJIM OIPEeIEICHHOTO pa3Mepa U UX MepeMENINBaHus, T.K. 3TO BO3/IEHCTBUE BbI3bIBAET
paspylieHle TaKuX MPOYHbIX BEIIECTB, KaK CTallb U KBapll, HO B ONPEAEICHHOM YAaJCHUH OT
MCTOYHUKA MOABOJMMAs K aHCAaMOJIIO Cpellbl SHEPTUsl SIBHO CHUYKATHCS, BBUIY PaCILIUPEHUS
(¢poHTa NOTOKA YHEPTUH U €CTECTBEHHBIX ITOTEPb.

PaccmaTpuBas xapakrepHble KOHQUIypalluu M3JIydareiaed U JOmycKas, 4TO 3HEprus
V3K B gaHHO# TOUYKE MPOCTPAHCTBA CPEbl KOPPEIALMOHHO CBsi3aHa C €€ aMIUTUTYO0N U yuu-
THIBasi TPEHUE MEXKy U3JIydaTesIeM U CPEJOM MOXKHO CXEMaTHUECKU ONpPEAETUTh IKBUIIOTEH-
LuanbHble (PPOHTHI PACHPOCTPAHEHHUS PHEPrHUU. AHAJIU3 CXEM IOKA3bIBAET, CKOJb CYIIECT-
BEHHO BJIMSIHUE KOH(MUTYpallUK U3TydaTess U MHXXEHEPUHU €ro pacloJioKEHUs OTHOCUTEIbHO
IPaHULbl Cpel Ha UHTEHCUBHOCTh IIpOLIECca SMYJIbIUPOBAaHUA. 3aMETUM, B JINTEPATYPE ITOT
BOIIPOC PACCMOTPEH HEAOCTATOYHO OCHOBATEIBHO U PEKOMEHAALNU M0 HEMY Mallo 000CHO-
BaHbI, HO MOBbIIEHHE 3()(HEKTUBHOCTU SMYIbIUpOBaHUs ¢ npuMeHeHueM Y 3K peanbHo U 310
TpeOyeT COOTBETCTBYIOIIMX MCCIIEOBAaHU, T.K. BO3MOKHO, YTO B 3aBUCUMOCTH OT XapakKTe-
PUCTHK CpeJ 1iesiecoo0pa3Ho Hambosee pachHpoCTpaHEHHbIE M3IydaTeld PACIOJIOKHUTh O]
HEKOTOPBIM YIJIOM K IIOBEPXHOCTH pazjena cpen. s cocyaa Gopmbl HUIMHIPA KeTaTeIbHO,
4YTOOBI OCH MU3JIy4yaTelid U PeakTopa COBIAAaIH, T.K.IIPU 3TOM 00ECIEUNTCS CUMMETPHS yCII0-
BUI1 BO BCEX OCEBBIX CEUEHUAX COCY/IA.

B nauane npouecca 3MyJbrupoBaHus IEpBbIE 0Yaru 3MyJbCUU 00pa3yroTcs B Haubo-
Jiee PHEPrOHACHIIIEHHBIX TOYKaX IpaHullbl cpel. B Hux sneprun Y3K xBaraer, uToObl pac-
HIENHUTh U3 CpeJl TaKue aHcaMOJIu, /Ul COXPAaHEHUS! YCTOMYMBOCTH KOTOPBIX €r0 MOBEPXHOCT-
Hasl PHEpPrusi JocrarodyHa. AHcaMOlIM Cpell, B pe3yJibTaTe BBICOKMX HAIPSKEHUH CxKaTHUs U
C/IBUIa MpU MPOX0XKJAEeHUU BOJHBI Y3K, BeiencTBHE 3J€MEHTApHOTO aKTa IepeMelIMBaHus
COCTaBST HOBYIO OYaroBYyIO CTPYKTypyMaTepuH, MUMEHYEMYIO 3MYyJlibCcUeH, KoTopas OyneT
paspacrarbcs 10 pa3MEpOB SHEProJ0CTaTOYHOM 00JacTH, 3a KOTOPOW MPOCTPAHCTBO HE 00-
JajaeT YHEPTrUeH, TOCTATOYHOMU JIJIsi 00pa30BaHUs KAaKOTO-TM00 CaMOCTOSITETLHOTO aHCaMOJIIs
cpenbl, T.e. 00beM SMylibcMM He OyAeT pacTH, a cpela ¢ yke 0o0pa3oBaHHOUW SMyNbCHUEH
BCJIEICTBUU TpeHus OyneT pazorpeBarbes.Toraa, s MpoIoJDKEHUs Mpoliecca U 3aXBara Ho-
BbIX MOpLUH cpell, HY)KHO YBEIMYUTh MOTOK 3Hepruu. Takol creHapuil TUKTyeTrcs oObeK-
TUBHBIMU 3aKOHAMHU MaTEpUaJIbHOIO MHpPA, HO B PEAIbHOCTH HAOJIO/AeTCsl MHOE. 3a rpaHu-
el QpoHTa BOJIHBI, BOJIM3U KOTOPOW MPOTEKAET MPOLECC AMYIbIUPOBAHUS, IPOJOLKAETCS
o0pa3oBaHUE CTPYKTYp dMYJIBCUU M YaCTO B 3TOT IPOLIECC 3aXBaThIBAETCSI BECb 00BEM peak-
TOpa peasIbHBIX Pa3MePOB. DTOT COCY/ HaJJ0 UMEHOBATh PEAKTOPOM, T.K. PEarupyroliue B HEM
MaTepHUabHbIe CTPYKTYpPHI B pe3yibTaTe NpeoOpa3oBaHUi B MOTOKE SHEPIHH 3aPOXKIAOT HO-
BYIO CTPYKTYpy, OOJIaJalollyl0 HOBBIM, OTJHMYHBIM OT pEareHToB, HabOpoMm (PH3UKO-
MEXaHUYECKUX CBOMCTB. HyXHO OTMETHUTbH, UTO CTPYKTYpPHI dMYJbCHI, MO CYILECTBY, Mac-
mTaOHO MOJIOOHBI, U UX OCHOBHBIM OTJIMYUTENIbHBIM MPU3HAKOM SIBJISIETCS CTENEHb (pparmMeH-
Taluu aHcamomei.

Ecnu oOpa3zoBaHHbBIN B pe3y/ibTaTe NOTOKA SHEPTUM aHCaMOJIb Cpe/ibl COXpaHseTcs, a
nporuecc 00pa3oBaHUs aHCAMOJIeH MPOJOIKATECS, WM, HA000POT, MOKET Pa3pyLIUTHCH, T.€.
JerpaiupoBaTh, U BOCCOEAMHUTHCSA C OCHOBHOM Cpeloi, WM UCUE3HYTh, TO SMYJIbIUPOBaHUE
npekpaiaercs. CienoBaTeNbHO, Ul JaHHOTO MpoIecca JJIOTUYHO paccMaTpUBaTh MPOIECCHI
SBOJIIOLMM U JIETpa/lallii KaK OJHO IIeJI0€ U B KOHKYPEHIIMH ATHX MPOLIECCOB UCKATh OTBETHI
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Ha BOIPOCHI 00pa30BaHUsl OYAroB 3MYJIbCHUHU, 3aTEM U CAMHMX 3MYJIbCUH. DTO 00YCIOBIEHO
TEM, YTO 3a(PUKCHpPOBAHHBIE MCCIICJOBAHUSIMU IEPBUUYHBIE OYard SMYJIbCUM peaJbHBIX paz-
MEpOB, B 3aBUCUMOCTH OT IapaMeTPOB 3MYibrupoBanus npu Hammuuu Y 3K, orMeuaroT sBHO
CaMOOPraHU3ALMOHHBINA XapaKTep SIBICHUN, MPOTEKAIOIIUX B 30HE KOHTAKTa YKUIKUX CpE..
[Ipu aTOM, TPYAHO 0XKMJIATh, YTO 0Opa30BaHHBIE aHCAMOJIM MO HA0OPY XapaKTEPUCTHUK, pas-
Mepy U SHEPruH MOBEPXHOCTH OYIyT OJIMHAKOBBIMH, @ 3TO 3HAYUT, YTO BEPOSATHOCTH COXpa-
HEHUS U JIerpajlallii pa3InyHbIX aHcamMOJiel sMyabcuu OynyT HeoauHakoBbIMU. Eciu Bepo-
ATHOCTb COXPaHEHUs JUIsl KOHKPETHOTO aHCcaMOJIsl BbIIIE BEPOSATHOCTU MCYE3HOBEHMUS], a BEPO-
SATHOCTh UX 00pa30BaHUs BbIIIE BEPOSATHOCTU 00pa30BaHUs PEIPACIIONOKEHHBIX K JIerpaa-
LM, TO MPOLIECC AMYIBIUPOBAHUS MPOJOJKUTCS J0 JOTMUECKOro 3aBepuieHus. B peaabHO-
CTH, JUIsl KOHKPETHBIX YCJIOBUM 3MYJIbIUPOBaHMUS, T.€. IPU KOHKPETHKE pojia U 00bEMOB CpEL,
xapakrepuctukax Y3K cuctemsl U Temmeparype, TEXHOJOTUYECKash CHUCTEMa 3MYJIbIUpOBa-
HUS, MO-BUAUMOMY, HaXOIHUT CaMOCTOSITEIbHO HETOBTOPUMBIM, €JUHCTBEHHO BO3MOXKHBIN
CLICHapuil pa3BUTHUS, XapaKTEPHbIN JJIs JaHHOrO Habopa XapaKTepUCTUK Ipollecca U ydacT-
BYIOIIMX B HEM JKUIKOCTEH, a JItoOble M3MEHEHHE B MPOCTPAHCTBE BXOJHBIX MapaMeTpPOB
mporiecca, HampuMep mnosioxkeHus usnydarens ¥Y3K, mpuBenér Kk u3MeHeHu0 KOHPUTYpaIuu
CTPYKTYpBl, HO COXpAaHATCS 3aKOHOMEPHOCTH WM MaciuTabHocTh. Ilpouecc 3apoxxaeHus
CTPYKTYpBl 3MYJIbCUU TPEACTABUTCA KaK KOJIMYECTBEHHO-KAaueCTBEHHbIE M3MEHEHHs, B pe-
3y/lbTaTe YEro JBE pa3InyHble CTPYKTYPbI BEUIECTBA 00Pa3yIOT HOBYIO CTPYKTYpY. DTOT MPO-
L[ECC HAYMHAETCS C MOMEHTA Hayaja BOBHUKHOBEHHUS MEPBOT0O o4ara SMyJIbCUU U MPOJOJDKA-
€TCsl 10 MOMEHTa (POPMUPOBAHUS [TOJTHOOOBEMHOM 3MYIIbCUU.

HccnenoBanue 3aKOHOMEPHOCTEHW MPOTEKAHUSI BBICOKOI(PPEKTUBHOTO 3MYIBIUPOBaA-
HUS TPOBEJEHBI ¢ NMpuMeHeHreM MoIHbIX Y3K. DxcnepumeHTsl Y3 3MyabrupoBaHUS MO-
topHoro mMacna Mapku SAE 20W50 ¢ Bomoii mokasanu, 4To B Ha4aje mporecca, moja AeucT-
BueM Y3K, B crily KaBUTAIIMOHHBIX SIBJICHUH, U3 MacC Macjia U BOJbI MPOUCXOIUT 00pa3oBa-
Hue 6omee Menkux dactuil - X v Y. OTHOBPEMEHHO MTPOMCXOIUT TIEPEMEIIICHHE paHee 00pa-
30BaHHBIX X YaCTHUIl Macja B OCTaBUIYIOCS BOJHYIO Cpely ¢ 00pa30BaHUEM B HEM dSMYJIbCUU U
MEPEHOC YacTHIl Y BOJbI B OCTABIILYIOCS MacCIsHYIO Cpelly ¢ 00pa30BaHHEM SMYIIbCUU B HEH.
Yactp yacTun X macia NepexXoJUT B MACISIHYIO CPEAY, CIMBAsCh C HEH, T.€. 3a CYET HUX pa-
HEe yMEHbIIEHHAas Macca Macila yBeJIMYMBaeTcs. AHAJIOTMYHO, 00pa30BaHHBIE YacCTHUIBI Y
BO/IbI IEPEXOJIAT B CPELy BOJIBI, CIAMBASCH C HEH, BCIEICTBUE YETO 3a CUET MOCTYIMHUBIIUX Yac-
TULl YBEIMUYMBAETCS paHee yMEHbIlIEHHas macca Bojbl. M, HakoHel, coequHeHue yacTtull Y
BOJIbI ¢ X Maciia 00yciiaBiIuBaeT 00pa3oBaHUE HOBOTO BEIIECTBA D-dMYyJbCHUU. Takum obOpa-
30M, noJsiHas ’Heprus Y3K B peakrope sMmynbraropa pacxoJyercs Mo CleHapuio: o0pa3oBa-
HUE U3 CIUIOLIHBIX Macc Maciia ¥ BoAbl X YacTull Macia U Y BOJbI, IepeMelieHrue oopas3o-
BAaHHBIX yacTHll X Maclia B MaciisiHyl0 Cpe/ly U CIIMBAHHUE C MACJIOM; IIEpEMEIIEHNUE B BOJIHYIO
cpeny oOpa3oBaHHBIX yacTHI] Y BOJbl U CIMBaHUE C BOJOH; MepeMelieHre 00pa3oBaHHBIX
yacTull X Macja B BOJHYIO Cpelly C 00pa30BaHMEM 3MYIbCUU; TIEpeMeLIeHe 00pa30BaHHbIX
gacTuIll Y BOJBI B MacjsHYIO Cpedy ¢ 0Opa3oBaHHEM SMYJIbCHUU; APOOJICHHE 00pa30BaHHBIX
gacTtuil Y BOJIBI B CPEJIe Maciia Ha JIBe MEJIKHUEe YacTHIIBI BOJBI 2Y ; npoOiieHre 00pa30BaHHbBIX
gacTul] X Maciia B Cpefie BOJBI HA JBE MEJKHEe 2X YaCTHIIBl Macliia, COCJUHEHNE YacTHIl X
Macia 1 yacTull Y BOJibl C 00pa30BaHUEM IMYIIbCUU.

Beenem o0o3naueHus: M, u M, - HadaubHble 0ObEMHBIC KOHIICHTPALMH B PEaKTO-

pe Macna W BOJbI; D -00beMHas KOHILIEHTpalus SMyJbCcuu B peakrope, X u Y —
KOHIIEHTPALMK BO3HUKIIKX OTACJIBHBIX YACTHIl Macia ¥ BOJbI B peakrope. JlomycTum, cucre-
Ma 3MYJIbrUPOBAHUS COCTOUT U3 N KOMIIOHEHT, OTJIMYAIOIIUXCSI CBOMCTBaMU (HAIpUMep, Co-
CTaBOM aHCaMOJIsl IMYJIBCHU MU € MPOCTPAHCTBEHHOHW (HOPMOI) U B3aMMOJICHCTBYIOIIUX C
HCXOJIHBIMU CPEAAMM, YTO MPHUBOJUT K IOSBICHUIO aHAJOTHYHOTO CBOMCTBA. Bompocsl KOH-
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KYPEHTHOCTH COCTOSIHHM, TIpearoaras BO3MOKHOCTH IBOJIIOIIUU U JIETPAallid BO3HUKILEH
CTPYKTYPBI, U1 JAHHOTO MPOIIecca MOKHO MHTEPIPETUPOBATh Kak 00pa30oBaHUE W MCUYE3HO-
BEHHE 0YaroB SMYJbCHUN WJIM CaMHUX aHcaOyei. YuuTeiBasg 0003HaUYCHHs MPoIecC Y3 IMYJb-
TUPOBAHUS Maciia U BOJbI, CXeMa KOHKYPEHTHOM pPEaKI[iH, ONMMCHIBAOIIAsl TPOU3BOIACTBO U
pa3pylieHre KOMIOHEHT M, B WX B3aUMOJCHCTBUH, BO3HUKHOBEHHE MEPEXOJHBIX KOMIIO-
HEHT, KOTOPBIE MOTYT COXPAHUTHCS M IBOJIIOIMOHHUPYSI PA3MHOXKATHCS, WIH K€ JCTPaIUPys
M34e3aTh, MPEJACTABUTCA B BHUAC KOHKYPEHTHOM pPEaKIMU, OJHOBPEMEHHO OMHUCHIBAIOIIECH
IIPOM3BOJICTBO U Pa3pyIIEHUE €€ COCTABISAIOUIUX KOMIIOHEHTOB!

) M, +M, ¥%H® X+Y, 2) X+M, %%B® M,,, 3) Y+M, ¥%%h® M,

«y
4) X +M, ¥%%$® 2X, 5 Y+M,, ¥%%® 2Y, 6) X+Y%H® 0.

3 (1) MOKHO MOJTy4HTh KWHETHYECKUE YpaBHEHUs st BemiecTB X U Y B BUJIE:

dX

E:KIMMMB+(K4MB_ KzMM)X' KeXY, 2
dy _
E_KlMMMB-F(KSMM B KsMB)Y' KeXY. ©)

B xBasucranmonapHom pexxume u3 (2) u (3) umeem:

PKMyMg +(KMg - K,My, )X - KXY, =0,
1 —
FK M Mg + (KM, - KoM Y, - KXY, =0,

OTKYyJa MO>XHO IIOJIY4YUTh.

_KSMM-K3MBY (4)

X, = .
T K,M,- K,M, °

[Moncrasus (4) B (2) u (3) u nmpousBesi COOTBETCBYIOIINE MPEOOPA30BAHMUS, MOKHO
IOJIyYUTh!

Y, = KM, - KM, 11\/1_ 4K, KM, M, g 5
2K, é (KSMM - KsMB)(K4MB' KzMM)fa
= KM, - KM, afeli\/l_ 4K,K M, M, 0 ®
! 2K6 é (KSMM - K3MB)(K4MB - KZMM)B

Kaxk BusHO u3 BhipakeHwuii (5) u (6), UMEIOT MECTO J1Ba, OTIMYHBIX OT HYJIS, PEIICHUS,
YTO MO3BOJISET MPEANOJIOKHUTE, YTO Tpolece Y3 IMYJIbIHPOBAaHHS MMEET JIBa YCTOMYMBBIX
KBa3UCTALMOHAPHBIX COCTOSIHUS. [IpH 3TOM, 3MYJIBCHU MOTYT OBITh MOJIy4eHBbI B 00CUX CO-
crosiHusax (B cpejie Maciia U B Cpejie BOJbI), KOTOPhIC OTJIMYAIOTCS CBOCH KOHIICHTpAILUCH,
BCJICICTBUE YETO B IPABUTAIMOHHOM I10JIC SMYJILCHUS B CPEJIC Maclia HAXOAUTCS BBIIIE IMYJIb-
cun B cpezie Boubl (puc.1l). OueBUIHO, 4YTO B KOHIIE HPOLIECCa SMYIBIHPOBAHUS B PEAKTOPE
NPaKTHYECKH JOJDKHBI OTCYTCTBOBATh Pa3jIMYMMbIC CJICbl BOIbI U MAacla, T.€. K KOHILY Mpo-
iecca J0JDKHBL uMeTh yenoBust M,, ® 0 M ;® 0. B stom ciyuae u3 (5) u (6) MoxHO mouy-
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unth Y, =0, X, =0, T.e. MOXKHO JOMYCTHTB, YTO TPH Y3 3MYJIBIMPOBAHHUS €TI0 COCTABIISIO-

IMUE KOMIIOHCHTBI HE MOT'YT OLITH HU3pacxoJ0BaHbl OAHOBPEMCEHHO. HpI/I TaKOM JOOMMYIICHUH
MOJKHO 3aKJIFOUUTH, YTO OJHA U3 KOMIIOHCHT MOXET OLITH HU3pacxoJ0oBaHa paHbLIC, HAIPUMED
Mmacio, 4eM BTopas. B takom cirygae umeem M,, ® 0, yro nmo3sossier u3 (5) u (6) noxyduts
COOTBETCTBEHHO:

Y, =K,Mg/Kg, X, =-KMg /K. ©)

B nportuBHOM ciiyqae Mg ® O, ¢ yaerom kotoporo u3 (5) u (6) MOXHO IMOITYYHTS:

- L8

Y, =-K,My, K, X =K My, IKg. (8

Takum oOpa3zoM, B MpoIecce 3MYIbTHPO-
BaHMUS MOJKHO TOJYYUTh JIBa THIA AMYJIbCHHA, OT-
JTUYAIONIUXCSl KOHIEHTpAI[MeH, BEJIIMYUHBI KOTO-
PBIX, 3aBUCAT OT MPOU3BOJICTBA U PA3PYIICHHUSI UX
COCTaBJIAIOMIMX KOMIIOHEHT, CJIEIOBATENIbHO, H OT
cxembl moaBoaa aeprun Y3K. OTMeTum, 4To 3TOT
MPOIIECC OCOOEHHO SIBHO MPOSIBIAECTCS B TaKUX
cnydasx Y3 SMyJIbrHpOBaHHS, KOTJIA B KUIKYIO
Cpely peakTopa OJHOBPEMEHHO BBOJATCS W HU3-
KOYacTOTHbIE KoJjiebaHud. JlanbHeilee 03By4nBa-
HUE JKHJIKOW CpeIbl MPUBOAUT K 0OOpa30oBaHUIO
AMYJIbCUH HAMOOJIBIIIEH KOHIICHTPAIUH.

Puc.1. /IBa IBHO yCTOHYMBBIX COCTOSTHUS
CTPYKTYPBI 3MYJIbCHUS

Crnucoxk nureparypsl: 1. [Ipuroxun WM. Ot cymiecTByIOIero Kk Bo3HUKaromemy. — M.:
Hayxka. 1985. - 327 c., 2. [Ipuroxwun U. Ot cymecTByromero kK BosHukaromemy. — M.: Hayka.
1985. - 327 c., 3. Xpucradopsu C.I., banacansa b.C. u np. CuHepreTniyeckne MpUHITHIIEI
OpraHu3aluy 00JIaCTH pe3aHus Mpu 00paboTKe MaTepUaNoB ¢ MPUMEHEHUEM NPUHYIUTEITb-

HBIX KosieOanuii. // UHpopMaIoHHbIe TeXHOJIOTUH | yripaBieHue. 4-2.-2002.—Epepan: 2002.
c.137-142.

K BOITPOCY O MPUPOJE HEYCTOMUYUBOCTHU OBPABATBIBAIOIIEN
CTPYKTYPbI I1PU PEAJIMZALIUU ITPOLUECCA PE3AHUA

Xpucragopsau C.11., banacansu b.C, Xpucragopsau I3.C., I'puropsn I'.P.
(Ir'uyA4, AOOT “Toap” , Epesan, Pecnyonuka Apmenusi.)

To ensure the output of the processing structure with the low speeds of cutting from the state
of the unstable process of cutting is possible only due to an increase in energy saturation with
the processing structures makeup by its energy, since it is not possible to ensure the proper,
steady functioning of systems without having ensured with their appropriate energy state;
therefore in the processes of machine building it is necessary to widely inject the contempo-
rary methods of working, based on the supply of additional energy into the processing struc-
ture.

B nacrosmee Bpems Ha npupoay aBrokosebanuii cucremsl CITNJL — o6pabarbiBaromieit
ctpykTypbl (OC) mpu pe3aHuu MaTepHaioB, pacCCMaTPUBAEMBbIX, IIPEKE BCETO, C MOZUIMA X
BIIMSTHUA HAa KAYECTBO U TOYHOCTDH O6pa6OTaHHBIX I[eTaJ'IeI\/'I, HET IMOJIHOTI'O €AMHCTBA B3TJIAJ0B
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U y’Ke IIepeyeHb OCHOBHBIX IPUUMH, PEKOMEHYEMBIX JJIsl IPABUIIBHOTO MOHUMAHHUSI YCIOBUMN
BO3HUKHOBEHHUs aBTOKoJsieOanuii B OC, MOATBEPKAAET OTCYTCTBUE OOBEKTHUBHBIX 3HAHUN 00
ux npupoje (1). Heycroitunsocts OC HexenaTeabHa U PEKOMEHIYETCS MPUMEHSTh TaKHe
pexuMbl pe3anus, pu KoTopbix B OC He BO3HUKAIOT BUOpamuu. M3BecTHO, 4yTO KoJieOaHUs
OC pe3ko CHMXKAIOTCA NIPH BBICOKUX CKOPOCTSX pe3aHus -V, , HO IIPU 3TOM HYXKEH PexXYIIUN

KJIMH BBIJIEP’KMUBAIOLIUN BBICOKOTEMIIEpAaTYpHOE Bo3eiicTBUE U BbicOKOdIPpexTuBHbIe COXK,
HO uX pa3paboTKa I0Ka He 0OHAIeKUBAET Pe3yIbTaTaMH, IIPU TOM, YTO B 3TOM HaIlpaBJICHUU
MOJTy9YEHBI peaIbHBIC PE3YIbTATHI, a MOBBIIICHNE XecTKOCTH OC orpaHnYeHO 00BEKTHBHBIMH
(akTopaMu U IPUBOJUT JIMIIb K U3MEHEHUI0 napameTpoB kojedbanuit OC. [loaromy ananus
BOIIPOCOB BO3HUKHOBEHHS aBTOKOjeOannii B OC M MOMCK aJ€KBATHBIX pelieHuil B 6opboe ¢
HUMH, B CBETE€ COBPEMEHHBIX TPEOOBAHUI K TOYHOCTH M KAQUeCTBY JeTajell TEXHUKH, OJTHA U3
aKTyaJIbHBIX 3a/1a4 HayKu U MammHocTpoeHus. OC 3aMKHyTHasi MHOTO3BEHHAsI CTPYKTypa U3
MHOTHX YIPYIHX 3J€MEHTOB, & 3aMbIKalolllee 3B€HO B HEM ecTh 00J1aCTh WIIM CTPYKTYpa pe3a-
uust (CP), rie npu omnpenesieHHbIX YCIOBUSIX YIIPYrocTh oopabareiBaemoro Matepuaia (OM)
MEPEXOJUT B TUTACTHYHOCTh U peanu3yercs noasoanMas k OC sueprusi. Bubpanuu mupokoro
cnektpa B OC BO3HHMKAIOT BO BCEX 3BEHBSIX BBUIY HAJIMUUs KOHCEPBATHBHBIX CHIJI, &
aBTOKOJIE0aHHUs, B ONPENICIIEHHOM Jana3oHe V, , IpUBOJALINE K PE3KOMY yXY/IIEHUI0 Kaye-

cTBa 00pabOTaHHOM MOBEPXHOCTH, CKOpPEE BCETro, HEOOXOAUMO OTHECTH K IPOLIECCY PE3aHUs
(TITP) —mBmxenuto pexyirero kiuHa (PK) B cpee ¢ conpoTuBiieHHEM.

Homyckas, uro ¢ nmo3unuii aBrokosnedanuit OC ocymectsisier [IP B HeynoOHO# Touke
(ha30BOro MPOCTpPAHCTBA COCTOSIHUM, OcTaHOBUM [IP B MOMeEHT, Korja mox AeCTBUEM CHUIHI,
00yCIIOBJIEHHON MCTOYHUKOM PHEpPruu, Bce ynpyrue snemeHTsl OC oTKaThl B KpailHUe I
JAHHBIX YCIOBHM monoxenus, npu 31oM OC HacblllleHa SHEpruel ¥ MOKET COBEPUIUTH pado-
Ty. Eciin €€ He3HauuTenpbHO JOXkKaTh U JIOBECTU O MPEAEIbHOIO 3HEProHachllleHus- £, , To
CHJIa CTaHET JOCTATOYHOM JUIsl OCYIIECTBIEHUS paboThl Ae(OPMUPOBAHUS HEKOTOPOTO 00BE-
Ma ucxoaHoro OM c oOpa3zoBaHUEM 3JIEMEHTA CTPYXKKU U IEPeHOca ero Mo nepeaHeil rpanu
PK, HO akT pe3anusi OyaeT KpaTKOBPEMEHHBIM U €IUHUYHBIM, T.K. B HTOTE JUCCUTIAIINA YHEP-
My €€ KOJIMYECTBO CTAHET HEJOCTAaTOYHbIM Juid npopospkeHus [IP. Takum oGpasom ans
ocyiecTBiaeHus akra pezanus, OC 10nkHA aKKyMYJIUPOBATh OINPENIETICHHYIO U JOCTaTOUHYIO
sHepruio, T.e. OC, B HEKOTOPOM poOJie, aKKyMYyJsATop sHepruu. OCTaHOBUBIIKMCH MOCIIE aKTa
pezanusa CO Oyzer 001a1aTh 4acThIO HAYaIbHON SHEPIUU —FE ., M JUI COBEPIICHHS MOCIIE-
IYIOIIEro aKTa pe3aHus €€ Hajo JNOIOJIHUTH I NOCTHKeHua E,, . Pacxon sHeprum Ha siie-
MEHTapHBI aKT pesanus Oyner £ =E, - E ... Ecim OC usBHe noanuteiBaercs, to IIP
OyZeT Mpoa0okKaThCs TaK JOJro, MOKa IPUTOK HETHH MPEBBIIIAET WU PaBeH €€ pacxo.y, T.e.
E" >E .Ecmxe E" <E", to I[P Gyzer npoTeKaTh 10 TEX I0p, MOKA CyMMapHas SHEPTHsl
nocraTtouHa. YeperoBaHUe 3TallOB HAKOIUIEHUS U JUCCUMALIMKM SHEPTUU OyJeT OBTOPSATHCS B
aBTOKOJIEOATEILHOM peXuMe, T.e. auccunatuBHas OC, HaxoAsasAcs Mo JeHCTBUEM JUCCH-
MAaTUBHBIX, OOBIYHO BOCCTaHABJIMBAIOIINX, CUJI, MPUAAIOIIUX CUCTEME KOjeOaTeIbHbIE CBOM-
CTBa, HEM30€XKHO MOABEPKEHA aBTOKOJIEOaHUSIM MIPU BO3JEHCTBUM MO3UIIMOHHOM CUIIbI, IPU-
4YeM MOTEPU IHEPIHH HENPEPHIBHO BOCIOIHSIIOTCS U3 UCTOYHMKA, a €€ TIOTOKU YIPaBIISIIOTCS
nBukeHreM cucremsl, T.e. OC mo cBoell mpupojie aBToKojedarenbHast U CBSI3bIBATh MOSIBIIE-
Hue aBTokojebanuit B OC ¢ NepuoJWYECKUM CpPBIBOM HApoCTa WM Jp. SIBJICHUSMH, IO-
CYyIIIECTBY, HEpe30HHO. VX BimsiHUe Ha KoyiebaTenbHbIe cBocTBA OC HOHKHO TPOSBIATHCS
JUIIb Yepe3 U3MEHEHHE [TapaMeTPOB aBTOKOIe0aHU M.

PaccmoTpuM npouiecchl akkyMyaupoBaHus U auccumnanuu sHeprun OC B 3aBUCUMOCTH
oT o0ycinoBieHHOI HacTpoiikoi OC TexHonorn4eckoi ckopoctu pesanus -Vo; . B ciaydae
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aBTOKOJEeOaHui V; He paBHa (pakTH4eCcKOM ckopocTu pe3anus -V, , ¢ KoTopoii B cpene OM
nepememaercs PK. bynem ocranaBnuBats nBumxenue I1P npu Haceimennn OC sneprueit £,
U 3aIycKarh €€ mocie coBepuieHus sieMmenTapHoro akrta [1P. Ha Hakormienue, gocratouHon
nis Havana akra IIP, sHeprum E,, Heo6Xoaumo HekoTopoe Bpems t, T.K. Vi, KOHedHas Be-
muunHa (puc.l, Toukal). Ecnu npu atom npekpatuth noanutky OC sHeprueid, To mocie co-
BepiieHns akra [IP u pacxona yactu sHepruu, OHa 3a KOHEYHBIM MHTEPBAI BPEMEHH i, me-
peiizier B ToUKy 2. 3aTeM, 3a Bpems t,, 3aBucsmee ot V,; , OC Oyzmer noxara (touka 3) 10
noTeHyana £, ¢ nociaenyonM NOBTOpeHreM Lukia. Hakomienue n quccunanys SHepruu
B [IP mpoTekaroT mocpeicTBOM B KOPHE OTIMYHBIX APYr OT Apyra (pU3NYECKUX MPOIIECCOB,
0oJjiee TOro, KaXk/iblil U3 IUKJIOB HAKOIJICHUS U pacxojia OyJeT MpoTeKaTh M0 CXOKEH, HO OT-
JUYHON TPAeKTOpPUH, MOITOMY paccMaTpUBaeMbli MPOIECC B KOOPAMHATAX SHEPrHsl - OTKIIO-
HEHUE MPEJCTABUTCS KaK aTpaKTOpP, 3aMKHYTBIM LIMKII - SIBHBII M JOCTATOYHBIM NMpPU3HAK aB-
ToKoJIeOaTeNbHBIX cBOMCTB auccunaruBHoi CP (puc.2). HTepBans BpemeH t, u t, pazmmy-
HBI ¥ onpeaenuMsl. ViHTepBai t,, 3aBUCAIIMI OT MHOXECTBA, 00YyCIaBIUBAIOIIMUX IIPOCTPaH-
ctBeHHyI0 KoH(purypanuio CP, dakTopoB; HaOOp CBOWCTB JehOpMHUPYEeMOTO MaTepHaa,
BHEIIHE TPEHUE U JIp., JUIsl JaHHOTO ciaydas [IP nmpu Hem3MeHHbIX mapameTpax pe3aHHsi MOX-
HO OIPENIEIUTh SKCIIEPUMEHTAIILHO.

[TepBblit mHTEpBaAN MepuoanYeckoil yactu 3aBucumoctn E = f (1) - t,, cnenyrommii 3a
3TanoM HavyajnpHOro HakomieHus sueprun OC, B cinydae noanutku OC sHeprueut yBenuuuTcs
U CTaHET BPEMEHHBIM MHTEpBaJioM pacxoja sHepruu CP npu HenpepriBHOM €€ nputoke. Bun
9TOM 3aBUCUMOCTHU OYJET CI0KHBIM, 3aBUCAILIUM OT COOTHOILIEHUS U XapaKTEPUCTUK MOTOKOB
SHEpPruM, a OT UHTEHCUBHOCTH MOJIUTKU OyJET 3aBUCETh COOTHOILLIEHUE HHTEPBAJIIOB BPEMEH
t, u t,B nepuone T oxHoro nmosHoro akra [IP. Xectko HacTpoenHas Ha 1P nanHas cuctema
CIIM/, mo ero ocyiecTBICHUsS] UMEET OMNpeaeNieHHYyI0 coOcTBeHHYI0 yacToTy. B IIP, korma
3ambikamolee 38eHo CP Bxirouaercst B OC, yacToTa aBTOKOJIE0AHUH MOYKET OBITH MHOM U U3
MIPOCTPAHCTBA BO3MOYHBIX YAaCTOT BBIJCIUTCS MPEANOUTUTENIbHASL. DKCIEPUMEHTHI MT0Ka3a-
JIM, 4TO MPU HEM3MEHHOM CEYEHHH CpPe3aeMOTro ciiosl U cTabmibHbIX napamerpax OC, Biusg-
Hue V,; Ha 4acTOTy aBTOKOJeOaHWH HECYIECTBEHHO, T.e. ’Heprerudeckoe cocrosinue OC
XapaKTepU3yeT aMIUIUTY/Ia aBTOKOJIe0aHui, KOTOPbIE MOT'YT ObITh U HETAPMOHUYECKHMHU.

[IponomxuTenbHOCTD “YUCTOr0” pe3anus B KosiebareabHoM 1P MeHbIIe nepuoa xose-
Oanmii T, T.k. t, He paBeH Hymo, T.e. V,, >V, . Ilpu srom t,, = tlLF,/(t1 +t2)\/F,T ;
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Puc.1,2. DHepreTnyeckuii OTOK IpH Puc.3. lnarpammel sHepretudeckoro cocrosiHust OC

pesanun 1 otTkioHeHne OC. IIPU Pa3IUYHBIX cKopocTax e€ npToka B OC.



Voo =Vor T/t Lo Npr =ty , Te - Ly -iyTs pesanus, t,; -Bpems [1P. OtmernmM, uto V,, u
t,, 3aBUCAT OT MHTepBajia t,, 0OyCIOBICHHOTO CKOPOCTSMM IIPUTOKA U PacXo/a PHEPIruu B
camoopranusytomieics CP. Jlomyckas, 4To 3TU CKOPOCTH HEM3MEHHBI JJi1 KOHKpeTHoro [P,

paccMOTpeHbl JUarpaMMbl, Ha KOTOPBIX IPEACTABICHBI TPU PA3JIMYHBIX SHEPreTUYECKUX CO-
crostaust OC, oTaMyaroluecss BEIMYMHONW CKOPOCTU TOJBOJA SHEPIrHH, CIEI0BATENIbHO, Y-
joM HakinoHa a auarpammel E7 ot t (puc.3). Bo Beex ciydasx cKOpoCTh pacxoja SHEPTUH B
CP — dE" /dt, T.e. yron | , IpUHATa MOCTOSHHOM, HECMOTPS Ha TO, YTO Ha CKOPOCTh PACX0JIA
SHEPrUu MOXKET BIUATH CKOpocTh €€ nputoka B OC, T.K. U3BECTHO, YTO C POCTOM CKOpPOCTH
pe3anus nosbliaercsa Temneparypa CP u Menserca Habop xapakrepuctuk OM, T.e. HE yuu-
ThIBaeTcs BiusiHue Ha [1P TenoBoro u ckopocTHOTO (haKTOPOB.

B nauane nepuona T (toukal) ¢ quccumanueid SHEPTUU U HEMIPEPHIBHOM €€ MPUTOKE B
OC suepreruueckoe cocrossune OC Oyner MensThbes mo auarpamme E- +E™, a nns BToporo
[IUKJIA Pe3aHNs, HAUMHAIONIETOCA B TOUKEe 3, HY)KHO BpeMs t, Ha HakomieHue sHepruu E .
Tak kak sueprernueckoe coctosauss CO B mepuone T HepaspbeiBHas (YHKIUS AUArpaMMBbl
E"+E" mmatouxm 1 m E” mus Touku 3 MOKHO IPOJOJDKHTE IO IIEPECEUEHUS B TOUKE 2,
T.€. C TOUKH 2 HauMHaeTcs dtan HakoreHus sHeprun CO. Ecnm sHepreTndeckuil ypoBEHb
OC, cootBercTBytommid ToukaM 1 1 3, ypoBeHb CTaOMIBHOTO (PYHKIIMOHUPOBAHUS M YCTOM-
yuBoro [IP, To Touka 2 Xapakrepu3yeTcs Kak OTKJIOHEHHE OT 3TOTO YPOBHSI IO YPOBHS TIpe-
kpamenust [IP ¢ nanuunem octatouHoit sHepruu B OC, KOOPEISIIMOHHO CBSI3aHOM C OTKJIO-
HeHueM OC ot HeycToiunBOoro paBHoBecusi B Touke 1 u ammintynoit konedbanuid. Ecimu OC
MOANUTHIBACTCSI SHEPTrUeld HEAOCTaTOYHO, TO CHCTEMa IOMEPEMEHHO MOXKET HaXOJIUThCS B
00enx COCTOSIHUSAX U HEYCTOWYMBA 10 Mpupoje. B olHOM uHTEpBajie BpeMEHU dHEPruu XBa-
TaeT JJIs HaXOKJIEHUs CUCTEMbl B HOBOM, C MO3MUIIMI MPOCTPAaHCTBEHHO-BPEMEHHOTO KOHTH-
HyyMa, KOHQUTYypalluy, B CIEIYIOLIEM, JHEPIUH HE XBaTaeT U CHCTEMa BO3BPAIIAETCS B Ha-
YaJlbHOE COCTOSIHUE IpeObIBasi B HEMl CTOJb JOJr0, MMOKa He Oy/leT HaKOIUJIeH J0CTAaTOYHBIN
Ui TIepexoaa MoTeHIra s3Hepruu. Beibop crporo onpenenen. [Ipu HerocTaTouUHOM MPUTOKE
sHeprun camoopranu3zyoirytocs CO Oyner HaXOAUTHCS B peKUME aBTOKOJICOaHH, B TIEPBYIO
ouepelib, BBUAY SHEPreTHUECKOro COCTOSsIHUS. BHemHue xe (pakTopsl MOTYT U3MEHHUTH Iapa-
METpbl aBTOKOJIEOAHU, HO OCHOBHAs IMpPUYMHA MX BO3HUKHOBEHHUS HEIOCTATOYHOCTH IOJ-
nutkn OC sHepruel ais mnepexofa B HOBOE COCTOSIHME, OTIMYAIOLIEECs MOTEHIIMAIOM IIO-
psIIIKa, OTIPE/ICIIEHHOCTRIO (DYHKIIMOHUPOBAHHsI, KOT€PEHTHOCTBIO MOBeieH s U 11p. (2,3,4).

Huarpammer coctostHuss OC yKaspIBaIOT, YTO TIOJIOKEHHUE TOYKH 2, XapaKTephu3yeMoe
MHTEPBAJIOM BPEMEHH 11 ¥ aMIIIMTaa0i A, 3aBUCUT OT CKOPOCTH npuToka suepruu B OC u

tgj =dE /dt=(E") tga =dE*/dt =(E*) tgg =d(E +E)/dt=(E )+(E")

tgg =tgj +tga, sing/T =sina/l, = (sina cosg)/t, .

Crenas npeoOpa3oBaHus HOJIY4HM, 4TO t, :T(dE+ /dE ), u V,, =V, dE"/dE" . TTpu
de" =dE", V,, =V, u T =t,, 1.e. B [IP aBTOKOIIC6aHMS IOJKHBI IIPEKPATHTHCS MIPH OTIpe-
NeNIeHHOM ckopocTH mnojBoja sHeprud B OC. DTOro MOXHO JIOCTUTHYTh YMEHbILIEHUEM
(dE' / dt) 3a cyeT M3MEHEHHs I'€OMETPUH HMHCTPYMEHTa, IpenBapuTenabHoro Harpesa OM ,

YIIYYIIEHUS YCIOBUN TPEHMS M MHAYE, YTO NOATBEPXKIAET MpaKTUKa pe3aHus. [Ipekpamenne
aBTokonebanuit OC cBuaerenscTByeT, uto A =0 u ecnu

A=t,(tgj - tga)=T(dE*/dE" )dE /dt- dE*/dt),



a Julsl JaHHBIX YCJIOBUM pe3aHus (dE' / dt) BEJIMYMHA NIOCTOSIHHAsI U paBHa K, To MakcuMym
aMILTUTYAbI OyaeT HaOmoaaThes npu yenoBuu tg) =2tga = K, T.e. eciid CKOPOCTh MPUTOKA
sHepruu B OC B/IBO€ MEHbILIE CKOPOCTH €€ pacxoda NMpH €AUHUYHOM aKT€ PE3aHust U JJs
KoHKpeTHoro ciy4as [P makcumym ammutyasl aBTokosieOanuit OC Oyner HabOmoIaThCs
IpH OTIPEIENICHHOM, obecnieunBaromieil yenosue t, =t, =T/2, cKOPOCTH PUTOKA SHEPTHH B
OC. Takue ycnoBusi Ipu KOHKPETHOH yacToTe coOCTBEHHbIX Kosebannii OC cOOTBETCTBYIOT
HauOOJbIIEeH PHEPrUM UMUTUPYIOLIETO IpoIecc pe3aHus ocuuwuisropa. Takas ke KapTUHA
oOHapyxuBaeTcs npu peuieHun ypaBHeHus Llpeaunrepa mist ocuusuiaTopa, KOTOPOE€ UMEET
pa3yMHbI€ PELIEHUs TOJIBKO MPH YCIOBUH, YTO SHEPrUsl OCLHUIUISTOPA YIOBJIETBOPSET YCIO-
Buto E. =hn(n+05) wu npu n=0, momydaercs Tak Ha3bpIBaeMas “HyieBas SHEprus -

E, =0,5hn , uro sBuiock 6a30ii Ui HOBBIX Pa3pabOTOK B COBPEMEHHOW (u3MKe BO BTOPOI

nosiouHe 20-T0 Beka. CXOJICTBO SIBHOE, JIOMYCTUB, 4T0 hN XapakTepu3yeT BO3MOXKHBIN MaK-
CHUMAaJIbHBIN DHEPreTUYeCKUi YpOBEHb CTPYKTYpPBI pe3aHus IIpU AaHHbIX ycnoBusax 1P, a E

XapaKTepU3yeT JAUCCUIIALUIO PHEPTUH B €IMHUYHOM aKTe pe3aHusl B aBTOKOJIEOATEIbHOM pe-
KUME, U 3TO TOBOPUT O MPOIYKTUBHOCTU MOJXOJAa B MCCIEIOBAHUU U O HEOOXOAUMOCTH HX
MPOJIOJDKEHHS B BOTIPOCe aHanu3a HeycTounBo CP ¢ mo3unuii JOCTHKEHUI COBPEMEHHOU
(GbyH1aMeHTaIbHON Hayku. B peaibHOCTH, U3-3a psia HEYYTEHHBIX (AaKTOPOB, MAKCUMYM aMm-
WIHTY a6l Oymer otMedeH mpu t, <T/2 u B mosrydeHHBIC 3aBUCUMOCTH HY)KHO BKIIFOYHTH KO-
3 PULKEHT, YUUTHIBAIOUINN peanbHbII XapakTep pacxoaa u nputoka sHepruu B CO — K, .

B Makpockonunueckoit KapTHHE MHUpa BpEeMsl, [0 HAllIEMy MHEHHUIO, UMEET CMbICI TOJIBKO
JUIS CUCTEM HECTaTHYHBIX, B TOM YHUCIIE U JUIs Hac HaOiroAaresel, uccleayoluX TaKoBbIe, a
JUIS CUCTEM, B KOTOPBIX MU3MEHEHUN HE MPOUCXOIUT WM OHM, JUISl UCCIEAOBAHUN COTJIACHO
LeJIsIM, HE CYIIECTBEHHBI, C TIO3UIMH IMpoliecca BpeMsi He OyJIeT UMeeT NMPOA0IKUTEIbHOCTH
Y HAIPABJICHUs], YTO BECbMA Ba)KHO C MO3ULMK peanbHOU npoospKuTensHocT [IP B pexume
aBTOKOJIeOanuii (coocTBenHoe Bpemsi CP), u, pasymeercs, HCCIeI0BaHHMA 3aKOHOMEPHOCTECH
W3HAIIMBAHUSA U CTOMKOCTH MHCTpyMeHTa. B aBrokonebarensHom [P, xorma durypupyrot
OTPOMHOE KOJUYECTBO IMAPaMETPOB PaA3IMYHOTO POJA, BIUSIOMIUX Ha OMypKAIMOHHBIN
IIpoLIeCcC, TOJHAsI CUMMETPHUS Tpoliecca, IPAKTHUECKH, UCKIIYAETCs U aBTOKOJeOaTeIbHbIN
pexXuM (QYHKIIMOHUPOBAHUS CUCTEMBI JIOJKEH XapaKTepU30BaThCSl aCUMMETPUYHBIM 3aMKHY-
TBIM LMKJIOM, nodtoMy Juid [IP, Bunumo, HeoOxonuMo BBeCTH KOI(D(ULIHMEHT HEYYTEHHBIX
¢daxTopoB K, . Takoe pomyiieHue NpoOJyKTUBHO, T.K. BCE 3a(DUKCHPOBAHHBIE 3aMKHYThIE
LUKJIIBl JaJIeKh OT CUMMETPUYHOCTH U € 3TUX MO3UIUI, BUIUMO, HEOOXOAUMO YTOUHUThH Ma-
TEMaTHYECKH YUCTO IMOJyYEHHYIO 3aBUCUMOCTH ~HyleBo sHeprun’ — ans OC. Tak kak on-
peneneHo, YTo aBTOKOJe0aTeNbHbIN peXUM 00pabOTKH 3aBUCUT OT METOJIOB U PEXHUMA MPH-
TOKa 3HEPrHMH B CUCTEMY, KOTOpPbIE, 0€3ycI0BHO, HEOOXOIMMO Ha JIaHHOM JTare pa3BUTUSA
TEXHUKHU MEPECMOTPETh U YCOBEPILIEHCTBOBATh, HE TPYAHO YOEIUTHCA B TOM, YTO IO 3TUM
BOIIPOCaM HEOOXOAUMbI CEPbE3HbIE KOMIUIEKCCHbBIE UCCIIEI0BAHNUS.

Ha puc. 4 npuBenens! rpadpuyeckie HHTEPIPETALUN 3aBUCUMOCTH aMIUIUTY/Ibl aBTOKO-
nebanuit OC 0T CKOPOCTH MPUTOKA SHEPIHUH MPH MIPOU3BOJIBHBIX CKOPOCTSX pacxoja, ¢ yue-
toM kod¢p¢unuentoB K u K. Teopernueckue 3aBUCUMOCTU UMEIOT SIBHYKO CXOJUMBI C

IKCIIEPUMEHTAIBHBIMU  pe3yibTaTaMu  psina ucciaemosareneii /  B.A.  KpuBoyxos,
J.H.Pemeros, A.W.Kamupus, JI.U. Kyuama u ap./.

Pestomupyst ormetum. [lapamerpsr aBrokonebannii OC B quanazoHe yCa0BUM HEYCTOM-
yuBoro [P BIusIOT Ha UCTUHHYIO BeNUUYUHY V, U Ha 00yCIOBIICHHBIE UM WU CBSI3aHHBIE C

Helt napametpsl [1P. OHM Haxoa9TCS B CTPOTOM 3aBUCUMOCTH OT KOJIMYECTBA YHEPIUU BBO-
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numoii B CP B ennHuIly BpeMeHH, U, T.K. 3Hepruto B CP MOKHO BBOJUTH HE TOJIBKO 33 CUET
OUHAMUKHU TpaguionHoro [IP, Ho 1 HacklaTh €€ npeaBapuTEIbHBIM HArPEBOM, UIIH aKKY-
ctudeckoi sHepruer ¥Y3K unm kak-To nHaye, TO JIF0O00H U3 3THX METOOB MO3BOJIUT CHU3UTH
IIOPOT TEXHOJIOTUYECKON CKOPOCTH, ITPU KOTOPOM CHCTEMA BBIXOJUT U3 COCTOSIHUS HEYCTOM-
yuBOCTHU U aBTOKOJIeOanusi B OC He BO3HUKHYT. BakHO TO, 4TO MIHMpOKasi raMMa COBPEMEH-
HBIX TPYZIHO0OpabaThIBaEMbIX MaTepUaIOB, KOTOPbIE, U3-3a KaTaCTPO(UUYECKOI0 U3HOCA HH-
CTPYMEHTA P BBICOKUX CKOPOCTSIX M TEMIIEpaTypax pe3aHus, 00pabaThIBatOTCs, KaK [paBu-
JI0, HETIPOU3BOIUTEIIbHBIMU CKOPOCTSMHU PE3aHUs U MOTOKAMH SHEPTUH, YTO HEU30€KHO MpU-
BOJUT K aBTOKose0aHussM OC, IpOTUB KOTOPBIX, B JIMIIE JOMOIHUTEIbHON noanuTku OC
SHEprueil, MOKHO YCHEIIHO OOPOTHCS, UTO IMO3BOJIUT MOBBICUTH APPEKTUBHOCTH MPOIIECCOB

A - . pE3aHusl OTMEYEHHBIX MATEPUAIIOB.
4 . e
= e (F R —iga ) O6ecneunTs BbIxo OC mpu MajbIX CKO-
55 _ POCTSX pe3aHUsl U3 COCTOSHUS HEYCTOMYUBOIO

[TP MOHO TOJIBKO JIMIIIb 332 CYET IMOBBILLICHUS
sHepronaceimeHHocTr OC moANMUTKOM €€
SHEPTUEH, T.K. HEBO3MOXKHO 00€CIIeUnTh
JOJIKHOE, YCTOMYMBOE (PYHKIIMOHUPOBAHUE

\ _1'- _ B CHUCTEM HE 00€CITIeUrB UX COOTBETCTBYIOIIUM
\ \ ll" \ I L OHEPTCTUYCCKHUM COCTOAHHUEM, IIOOTOMY B
10 1 — % \ < MIPOLIECCHI MATMHOCTPOEHUSI HEOOXO0AUMO
\ _h\\ ‘\ h\ 1<.-. LIMPOKO BHEAPSATH COBPEMEHHbIE KOMOMHUPO-
5 . — % =

Q-

< — BaHHBIE METObI 00paOOTKH, OCHOBAHHBIC Ha
\\x\\ . \\ 0/IBOJIE OTIOJIHUTENbHOM sHepruu B OC.
' 0t Cnucok jgureparypbl. 1. Bubpanuu B Texuu-
ke. Ilon.pen. M.M. brnexmana; M; Mammuno-
Puc.4. Teopernueckast 3aBUCHMOCTb aMILIH- ctpoenne.1979, 1.3, 486 c, 2. XpucradopsH
Tyl aBTOKOJIEOaHUH OT CKOPOCTH TPUTOKA C.I1I. Bompockl (hOPMUPOBAHHS MPOCTPAHCT-
sHepruu B OC. T
K sk K. sk BEHHOW CTPYKTYpPBI TBEpPIOTO Tela CTPYKKH
3 2 npu  npepeiBuctoM  pesanun. /PCHTO,
Apm.CCP, Mar. 24HTK. Epepan, 1987, c.
187-194, 3. Kacesa M.B.,Xpuctadopsa C.111. O6 opranuzanmuu cTpyrypsl pe3anus. M; M3B.
BY3-o08, 1990, 12 c. 121-124, 4. Xpucradopsa C.1I. O mporecce pe3aHus MaTepUaIOB Kak
CaMOOPTraHU3YIOIIEHCs CTPYKTYpe o miepepadoTke BemecTBa. — EpeBan.: M3B. HAH PA, Ce-
pust Tex.Hayk, ToM 2, 1999, - 145-152 ¢

0 2 4 &6 R o

4 ., T = const

BOITPOCKI CTPYKTYPHOM OPI'AHU3ALIMU OBLEKTOB ITVJIACTUYECKOI'O I1PE-
OBPA30BAHUA MATEPUAJIA B TEXHOJIOTMYECKUX [TPOLECCAX

Xpucradopsu C.I.,I'puropsn I'.P., Xpucradopsn 3.C., [Tapuksan @.A., Apryusa A.B.
(F'HYA, AOOT “T'oap’ , Epesan, Pecnyonuxka Apmenus.)

The process of cutting as the process of the formation of the new structures of substance due
to the region of plastic deformation with the cutting is examined and it is determined, that the
process of cutting is achieved according to the diagram of the majority of creative processes.
This process undoubtedly can be considered "bryusselyator” and asserted that the reality of
this theoretical model is proven both by practice and reality the process of cutting.
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BecbMa c10KHBIM, ¢ TO3UIMM IJIaCTHUECKOTO JAe(opMUpOBaHUsl MaTepuaia, sBJsIeTCs
nporiece pezanus (I1P), korma B obmactu pesanus (OP), Branu ot Temnepatyp ¢Ga3oBbIX Iie-
pEXoI0B, YHpyroctb obpabarbiBaemMoro marepuasia (OM) mepexoauT B IUIACTHYHOCTh U
(dbopMupyeTcsi HOBasi CTPYKTYpa BeILleCTBa — CTPY»KKa, 00Ja1aroas HHbIM YPOBHEM HOPSIKA.
JlocToBepHbIE Pe3yNbTaThl TEOPUU PE3AHUS B UCCIEIOBAaHUU IIpOLEcca CTPYKKOOOpa30BaHus
OTMEYAIOT SIBHO BBIPAKEHHYIO C YpOBHEM mnopsjaka KoHpurypauuo OP. AHanus cTpyKTyp
OP, cTpyXKU 1 UCXO/JHOIO MaTepHuala 1mo3BoJisieT yreepxaarh, uto OP npeacrasiser coboit
(YHKIIMOHATIBHOE YCTPOUCTBO (HOPMOOOpPa30BaHUs CTPYKKH M, C ITHX IMO3UIUH, BOTIPOCHI
BO3HMKHOBEHHUS U CTPYKTYpHOU opranuzauuu OP BaxHeiiiue B npobieme pa3paboTku (pu-
sudeckoit Mojenu [1P u 00bekTOB MtacTuyeckoro aedopmuposanus Boobmie (1,4,5).

OP otnnyaercs: OYEHb CIOKHOM CXeMOH Je(OpMUPOBAHUS U KAPTUHOM HAMPSKEHHOTO
COCTOSIHUS, HAJIMYUEM CYLIECTBEHHBIX CHUJI KOHTAaKTHOTO TPEHHUS, TUHAMUYECKHM PEKUMOM
IJIACTUYECKOTO 1e(POpPMUPOBAHUS U MPOUYMUM, [TO3TOMY HAOOP MPOUYHOCTHBIX XAPAKTEPUCTHUK
negopmupyemoro mMarepuaina mno cxeme [1P Oyner oTiAMYHBIM OT €ro e XapaKTepUCTHK MPHU
pactsbxkenun. CpaBHHBast X otMeTHM, uyTo B OP ecTh 00nacTH, rjae MakpoIjIacCTHYECKUE Jie-
(bopmanuu: He HaOIIOAATCA (S <s mz); HOSIBJIIIOTCS €€ MPU3HAKU (S m <S <S yn); OHHU

IPOUCXOMAT (S i <S <sS T) U Ti¢ HAOJII01aeTCs ABHBIM IIEPEXOJ] B INIACTUYECKOE COCTOSHHE

S ;<S . OueBUAHO, UYTO pacHpeACICHUE HAIPHKEHUN CXKATUs B HAIIPABJICHUM IIEPEMEILCHUS
OM B OP nepaszpsiBHast (yHKIHUS, CIEIOBATEIBHO, BCE 00JIACTH JOJHKHBI UMETh peabHBIN
pasmep u B OP He MOKET OBITh KAaKOK-TO IUIOCKOCTH WJIH Beepa MIIOCKOCTEH CIBUTA.
Pazaenum OP TakuMu yCIIOBHBIMU TOBEPXHOCTSIMH-TpaHUI[aMU 1k MeMOpanamu (YM)
Ha MITh 00JacTel, B KOTOPHIX HANPSKEHUS COOTBETCTBYIOT OINPEAEICHHBIM MPOYHOCTHBIM
XapakTepUCTUKaM Je(QOpPMUPOBAHOTO pE3aHUEM MaTepuaia M IPeICTaBUM HErOMOI'€HHYIO
OP B ceueHHHU B BHJIC TOMOTEHHBIX MMOJICHCTEM OINPEICICHHOTO COCTaBa M cBOMCTB(puc.l) ¢
[IEPEHOCOM BEIIECTBA B HAMpPaBJIeHUH OCH X U MOTOKAMHU TEIjia MEX/ly UMEIOIIUMHU OO0II1yI0
rpanuny siuerikamu. CoctosiHue BemectBa B OP mpezacraButcs kak: A-H30TPOIHBIN UCXOA-
Helii OM; B- aHuzoTpomusi co CTPYKTypo#l, XapakTepHOM IUIaCTUYECKOMY cABUTY; /I -
AHM30TPONHS, PUCYIIas CTpyxKe. Marepuan ¢ sHeprueit E 3a YM a- a B momobnactu 2,
MPOMJS MO ONPEJECIIEHHOMY 3aKOHY CLEHAapUil COCTOSIHMS, TPHOOPETET cTpykTypy b y YM
O - 6, IPOMEXKYTOUHYIO0 Mexay cocTossHusiMU A u B Eciu nedopmupoBaHHBI YaCTUYHO
aHcaMOJIb MaTepualla IPEJCTaBUTh MPEAEIbHO aKIEHTUPOBAHHBIMU 4acTSIMHU K, -[TOJIHOCTBIO

cxkateiXx U K, -HenepopMUpOBaHHBIX, TO TEKYIEE COCTOSHHE MaTepuana B obnactu 2 Oyner
b, =K,4+K, B, nu K, +K,, =1, rre K,,, K, - TeKyliue KOHLEHTpaLUUu KOMIIOHEHT
AuBB neit. Ina obnactu 4 -1", = K,;,B+K,. [ n K, +K,, =1, a Bca OP npencrasurcs

ook-cxemoit (puc. 2). [Totok BemectBa yepe3 YM a- a —J, nponopruoHaiieH (CKOPOCTH)

A B B I 1
JAB) JH{EB) Ju{BM) Jer)
E[AB) E{GB) E{BI} E{rd)
| @ Tl | Tla: | “TTas |
te ten e tes lan
Puc.1. YcnoHoe paznenenne OP Ha siueiiku Puc.2. biok cxema OP ¢ moTokamu 3HEPTHU U Belle-

COIJIaCHO BBITIOJITHACMBIX B HUX (l)yHKL[PIﬁ. CTBa MCXKIY sTYeiikaMu U B cpeny



SHEpruM BemecTa -Ex B sueiike A u momaan YM a- a—S,, 1.e. J (AE) =Dy (AE)EASA,

rae Dy (AE ) - K03 GUIIUEHT XapaKTEPHUIYIOIIUI MTPOITYCKHYIO CIIOCOOHOCTh YM.
AHAJIOrMYHO MOYKHO 3alKcaTh 3aBUCUMOCTH JJIs1 BCEX MIOTOKOB BEIIECTBA B MOJ00IACTSX.

['paHnYHbBIE YCIOBHS MO CIUIOMIHOCTH MaTeprala JUKTYIOT PABEHCTBO MIOTOKOB J, . M MOXKHO,

JUISL IPUHATBIX Tpanui YM, nipunsts D, . = CONst, Tora BBU/ly aKTUBHBIX IIOTEPh SHEPTUU HA
crpykrypupoanne OM E <E. <E; <E, <E, Oynem nmets S, >S; >§; >S,, 1.e. OP

XapaKTepU3yeTCsl TAKUMU TIOBEPXHOCTSAMH, IJIOLIA/lb KOTOPBIX 110 MEpE MPOABIKEHUS MaTepHa-
na gepe3 OP HenmpepbIBHO BO3pacTaer, a CKopocTh BelectBa B OP OyieT MOHOTOHHO yOBIBaTh B
HanpaeieHud ocu X . MHoit noaxon st mwiactuueckoro aegopmuposanus B OP (ITJIM) umero-
el cBOOOAHbIE TOBEPXHOCTH HE MOJIKPEIUIEH CO3UIAOUIMMU (HaKTOpaMH.

YTouHuM MexaHu3M IepeHoca BemecTBa yepes3 npunsaTteie YM. Ilo yenoButo nenenust OP
Ha nogobnactu 10 YM 6 - 6 npoucxo ut Juiib AedopMaliys CKaTus U HapyllIeHUEe CUMMET-
pun coiictB OM, a 3a Heit HaunHaeTcs Aeopmanus caBura u ancamOip marepuaina Y M mpoii-
JIeT U nepeiner B obaacts B, eciiu B HEM HakoIuieHa ISl YCIOBHOIO (pa30BOro nepexojia Kpu-
TUUECKas 3Heprus cxarus- E,, . BBUIy HenpepbIBHOCTH HAKOILIEHHS SHEPIUU CKAaTUsl U KOHEY-
HOCTH 00beMa aHcamOJIsl MaTepuaia ¢ COOTBETCTBYIOUIMMU U3MEHEHUSIMU CTPYKTYPBI, IEPEX0]T
yepe3 YM OyneT NporCXOauTh EPUOTNIECKH, TI0 MEepe HAKOIUIeHUs Ommkaiimumu Kk YM an-
camOnsamu marepuana E,, . Mlnaue roBops, Marepran Haxo1sICh B ABM)KEHUU 10 YM 6 - 6 Ibl-

TaeTcs IPEOI0JIETh TOPMO3SILEe ACHCTBIE PEKYILIEro KIMHA M CMECTUTh U YM 1 nocneayromue
oOnactu, nosromy Ommkaimue k YM 6 - 6 ancamOiu MaTepuiia HachIILAIOTCS SHEPruel cxa-
THS M, €CIIM OHA CTaHET JI0CTAaTOYHOM, To rpymma ancamoueii (b, ) npoinér YM u ona 3aiimer
HayaIbHOE IT0JIOKEHUE. [IMKII HakoIuIeHus SHEprun NOBTOpUTCs. Tak ke YM 6 - ¢ NpOITyCTUT
aHcamOiir OM ecii OHM M3pacXOf0BaIN SHEPTHIO Ha CIABHUT HACTONBKO (Bp), 4TO B JasbHEH-
IIEM MOTYT HaXOJUThCS B YCTOMUMBOW KOH(Urypalu. BBumy Hamuuus HCTOYHHMKA SHEPIUU B
obmactu " (TpeHMe MaTepHaia ¢ pe3loM) TYT BO3ZMOXKHBI IDIACTHYECKHE JedopMaliy, HO 4epes
YM 2 - 2npoizer avilb OKOHYATENIbHO CTPYKTYPUPOBaHHAs CTPYKKa. MOXKHO CMENo yTBep-
XKJaTh, 4T0 b -s4eiika MOArOTOBKH CHIPbs, B - siueiika MpOW3BOJACTBA “TpoayKTa”, [ -sueiika
YCTaHOBJIEHUS YCTOMYHBOTO PABHOBECHOIO COCTOSIHUS ' TIPOJIYKTa .

Anammz ocobenHocrert OP mokaszai, yto MeMOpaHa 6 - 6 JO/DKHA cpabaThIBaTh TOJBKO
IIPU OIPENINIEHHON KOHIIEHTPALMKU KOMIIOHEHTa B B noxobmactu b -K, u Uit 3toro ciydas
cocrosiue b npencrasurcss B Bune b = K, A+ K, ,BuK,,, /Ky =Dy, THE D)o -
COOTBETCTBYET KPUTUYECKOMY HAKOIUIEHHIO KOHIIEHTPALMU SHEPrOHACHIIIEHHOTO b M1 B MOMEHT
cpabareiBanus YM Omokamue k Hell ancamOmu (b,) JOIDKHBI OBITH NOJHOCTBIO HACBIIICHEI

komroHeHTol B . Bennuumna D Gyzaer, orpaHM4eHHOM 10 MaKCUMAaIbHOM BENWYMHE MPEIEIOM
nepexo/ia B 3aKpuTHIecKoe cocrosinue (Oudypkanus), GyHKIHEH U, T.K. IPUTOK U JTUCCUIIAIHS
SHEPrUM SUYEHKON MPOUCXOIUT MEXaHU3MaMU PA3IMYHBIMU O MPHUPOJIE, TO 3aBUCHUMOCTh D ot
SHEPrUM STMEUKU 3aMKHETCS B MPEJIeNbHbIN LUK - SIBHBIM M IOCTATOYHBIN PU3HAK aBTOKOJe0a-
TEJBHBIX CBOMCTB PaCCMaTPUBAEMOU CTPYKTYPBI.

Pexum dynxkumonupoBanus YM B OP 3aBUCHT OT CKOPOCTEHM MMCCHITAIMU M TIPUTOKA
sHepruu. Juccunanus sHepruu B obmact B MoxkeT ObITh HENPEpBIBHOM, TOrAa HAJJ0 OXKHUIATh
MOSIBJICHUE CIIMBHOW CTPYKKH C 0apXaTUCTONW BHYTPEHHEH MOBEPXHOCTHIO, WM HEOOIBIINMHU
KBaHTaMH, TOT'JIa OKUJACTCS CIMBHAsI CTPYXKa C 3a3yOpHMHAMHM Ha BHYTPEHHEH MOBEPXHOCTH,
WIA OJHUM KBAaHTOM, TOTJIa HAJ0 OKUIATh SIPKO BBIPAKEHHYIO YIEMEHTHYIO WIN CyCTaBYaTyHO
CTPYXKKY, T.€. CIBUIaeTCsl 3HAUUTENbHBIM 00beM Marepuana. Eciy HakoIieHue W JTUCcCUIaluu
SHEPrUM UJIYT C BBICOKOM CKOPOCTHIO, TO 00nacTh B Oyner uMeTh B HanpaBieHUH X TOJIIHHY,
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PaBHYIO [IONIEPEUHOMY pasMepy Ae(hOpMUPOBAHHOTO aHCaMOJISl U TIPEACTaBUT COOOM JIBE CII0KHO
IIPOCTPAHCTBEHHBIMU MOBEPXHOCTH 3aIIOJIHEHHBIE OTHUM PSIOM J1e(pOPMUPOBAHHBIX aHCcaMOiIen
Marepuana, T.K. U3BE€CTHO, UTO B pa3yinuHbIX ciosix CP nedopmaryu pa3inudsbl. Ty CTPYKTYpY €
JONYIIEHUSIMUA PA3IMYHON CTENEHU MOXKHO YIPOCTHUTH J0 CABUIa MEXy MapajljieIbHbIMU II0C-
KOCTSIMH, a €CJI pa3Mep MPHUHITOro aHcamOlisi MaTepuasia He3HaYnuTesIeH (MeHee pa3mepa 3epHa
MOJIMKPUCTAILIA), TO U K CIIBUTY MO SIMHCTBEHHOM TIOBEPXHOCTH, a JIajiee M K CIIBHUTY IO TUIOCKO-
CTU. 3aMETHUTM, YTO CTOJIb CEPhE3HbIE YIPOILEHHS IIPUBEAYT K HENPAaBUWIBHBIM HHTEPIPETALUSAM
siBrieHnH, mpotekaromux B OP. Ecim muccunamms saeprun B OP mpoTekaer ¢ omnpeneneHHon
CKOPOCTBIO, TO 001acTh B B Hampasnenuu ocu X Oyner UMeTh OULYTUMBIN pa3Mep U e€ KOH(U-
T'Ypalyio MOXKHO Pa3eiIuTh BEEPOM MOBEPXHOCTEH, CXOMAMIMUX K PEXYILEH KPOMKE, KOTJa MEX-
Iy HUIMH pacxojtyercst onpezencHHas sueprust (2). Ecnu sxe muccunanms sueprun B obnactu B
IIPOMCXOAUT HENMPEPHIBHO, TO MPOBE/ICHHUE B HEW Beepa MOBEPXHOCTEH, HA30BEM MX MOTEHIUAIb-
HBIMH, HE LIeJIECO00pa3Ho, T.K. XapaKTepU30BaTh YTO-JIMOO OHU HE B COCTOSHUM U oOnacte B
HAJI0 BOCIIPUHUMATh KaK HEUYTO LEJI0€ C TOMOI'€HHBIM U3MEHEHHEM MOTEHIMAaja SHeprun ot YM
6- 6 x YM 6- 6.I1IM B Hell JOIKHO NPOTEKATh B OLLYTUMOM IIPOMEKYTKE BPEMEHH, a CaMa
o0nacTh OyJIeT UMETh ONPEIEIIEHHBIHN pa3Mep.

B obnactu I" B mpouecc ITJIM Bkitoyaercst co3uaarominii pakrop -TpeHue marepuana B
KOHTaKTe C MepeaHell IrpaHbio pe3lia, MPUBOJIIEE K TOPMOKEHUIO U Pa30rpeBy Marepuana u
M3MEHEHUI0 KOH(Urypaluu CTpYKTYpbl Marepuana, oOpa3oBaHHO B obnactu B, uto spko
MIPOSIBIIIETCS. B IPUPE3LOBBIX CIIOSIX MaTepuana B obnactu /', T.K. UX TeMIeparypa HAMHOTO
BbIILIE BHYTPEHHUX. 3/1eCh (DOPMUPYETCS XapaKTEPHOE MCKPUBJIEHHE TEKCTYPhI CTPYKKU B CTO-
pPOHY, 00paTHYIO HarpaBjieHUIO JIBMKeHUs. K Touke oTpbIBa CTpYXKH OT pesua y YM e2- 2
CHIDKAIOTCSI JTaBJICHUE B KOHTAKTE U JIeiCcTBHE TeruoBoro (akropa Ha [1J]IM B obnactu /" u u3-3a
OTCYTCTBHUSI CO3MJAIOUINX (DAaKTOPOB Mpekparaercss (GoOpMUpPOBaHUSI HOBBIX KOH(pUTypauui u
yepes YM 2- 2 NpoxXoAWUT OKOHYATENIHO OpPraHU30BaHHAs CTPYKTypa MaTepuana-CTpyKKa.
Ob6macts /[, Kak U A, *ecTKasi 00J1acTh, HO C HOBOM NMPOCTPAHCTBEHHOW CTPYKTYpPOH, B HHX
GuyKTyaluu U 1aXe SBHbIE TEPMOJMHAMHUYECKHE OTKJIOHEHHS HE MOTYT IIPUBECTU CTPYKTYPHI B
3aKpUYECKYIO 00J1acTh MapaMeTPOB, YEM HCKIIIOYAETCsl J1r00asi BOZMOKHOCTb MOSIBJICHUSI HOBBIX
KoH(uUrypaiuii B Mateprasie. OHU yCTONUMBBI M HAXOJIITCS B PABHOBECHHU.

[Tomobnactu b, B, HaxoIsaTCA B 3aKPUTHIECKOM COCTOSIHHH, TIOITOMY BHYTPEHHHUE WIIH

BHEIIIHUE (UIYKTyallil MOTYT BbIBeCTU CTpPYKTYypy OP u3 paBHOBecus ¢ MOSIBICHUEM HOBBIX,
MaciTabHO MOA0OHBIX KoHUrypauuii OP: n3mensTcs o0beMbl, oJI0kKeHUE U (HOpMbI TOJ00Ma-
creii OP. Otkiionenust crpyktypsl OP OT OCHOBHOH KOH(Urypanuu ecTb (UIyKTyallud camoin
OP, He mpuBOAIIKE K TIOSIBJICHUIO HOBOM, KAYECTBEHHO OTIMYHOM OT HAOJI0JaeMOM, MX MaKpo-
CTPYKTYpbl. AHanu3 ycroitunBoctd OP K (uyKTyalusiM mokasaj, YTo UX MOYKHO pa3/ieliuTh Ha
TpU TpymIbl: Te, K KoTopbiM OP 6e3paznuuHa; HeycTOMUMBbBIE, (IIYKTyallMH KPaTKOBPEMEHHO
Menstrole Macrad OP; ycToitunBbie (yKTyaluu, IpUBOSIIUE K MTO3TAIHOM CMEHE WU Yc-
TONUMBOM 3BOJIOIMK MaciTaba OP u mepexoay B HOBYIO TOUKY (ha30BOTO MPOCTPAHCTBA CO-
crosiuuii OP. Anamms nogo6nacteit OP, YM u ycrnoBuii nepeHoca marepuana 4ape3 HUuX, OCHO-
BaHHBII HAa TOMOTEHHOM TIOJXOJI€ IO3BOJISIET COCTaBUTh CXEMY Ipoliecca ‘TpOU3BOACTBA”
CTPYKKH.
[lepBbIit 13 HUX, TPOTEKAIOIINHN B MOA0ONACTH b , MPEICTABUTCS CIEAYIOIIIM 00pa3oM:
[A](EA) 0 [K1A+ KZB][EE] + Ql 0 [KlKPA+ KZKP B][EE] + Ql’
a MoCJeyIOIINE IPOLECChl KakK:
Koo BJE; ] =[5 [E;] O [B]E; ]+ Q,;
(B [£,]0 [K.B+ K A]E ]+ Q5 O [Ky B+ Ky A, ]+ Q5
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[K4KPH][EF] = [FKP][EF] U [ﬂ][Eﬂ]"' O)
rzie [A][E A] -MCXOHBIN MaTepHal HAaCHIICHHBIN SHEPTHEH,
[ﬂ ][E 7 ] +Q,- KOHEUHBIH TIPOYKT- CTPY/KKA B PA30TPETOM CACTOSHHH C SHepruei E 7

[IpuBeneHHas cxema MpOLECCOB, MPOTEKAIOIIUX B camoopranusytonieiicss OP ects, 1o cy-
LIECTBY, HENPEPBIBHBIA C HYKHOM MPOJIOJKUTENBHOCTBIO JIEUCTBHS “MPOLIECC IMOYYEHUS
CTPYKKH. 3ameTuM, uTo wmkosiod WM. Ilpurokuna pazpaboTaHa TeopeTuueckas MOJEIb TaKOro
mporecca sl caydasi XUMUYSCKH peakiui - Oproccenarop. CynHoCTs €€ B TOM, YTO TPH pe-
T'YJISIPHOM TOJNUTKE PEaKTOpa ChIpheM M SHEPrHei M BBhIBOJE LIEJIEBBIX IMPOJYKTOB IPOIIECCa,
KOHILIEHTpALYsl IPOMEXYTOYHBIX KOMIIOHEHT MEHSETCS B pEKUME aBTOKOJIe0aHUH, caMOOpraHu-
3yeTcsl OmpeJielieHHas CTPYKTypa WJIM TEXHOJIOTMUECKUN MpOLeCC U €Cd 00eCHeuuTh Herpe-
PBIBHYIO 3arpy3Ky peakTopa U yJajeHue MPOIyKTOB OH Oyner paboTarh 6€30CTaHOBOYHO. JTa
MOJIEJTb B PEAIbHOCTH HE OOHAapy)KeHa U He Hallula BOIUIOIIEHHE KaK TEXHUUYECKOE YCTPOICTBO.

Ananu3 BorpocoB Bo3HHKHOBeHUst (1) u opranuzaimu OP mokasan: OP HeCOMHEHHO ca-
MOOPIaHHU3YIOLIAsCA CTPYKTYpPa; CTPYKTYpa CTPYKKH 0oJiee COBEpIIEHHA, YeM HCXOTHOTO MaTe-
puana; OP cOCTOUT U3 MHOKECTBA PA3IMYHBIX KOMIIOHEHT, OTJIMYAIOLINXCSI CBOMCTBAaMH U B3au-
MOJICHCTBYIOIIMX C UCXOJHBIM ChIPbEM, YTO MPUBOAUT K MOSBJICHUIO aHAJIOTWYHOTO CBOWCTBA;
00pa3zoBaHUE CTPYKKU MPOUCXOIUT MpU HernpepbiBHOM nputoke B OP sHeprum u Beliectsa u
BBIBOJIE LI€E€BbIX NMPOAyKTOB. CrienoBarensHo, 1P, kak mponecc popMupoBaHus HOBBIX CTPYK-
Typ 3a cueT OP, MOKHO G€3yCIOBHO CUMTaTh “ OPIOCCEISITOPOM” U YTBEPKAaTh, YTO PEabHOCTD
€ro CyILIECTBOBAaHUS JIOKa3aHa pealnbHOCTHIO M npaktukoil [IP. IlomydeHsl HOBbIE M MOATBEp-

KJICHbI TOJIyYEHHBIE paHee Pe3yJIbTaThl [0 KMHEMATUKe, TUHAMUKE U pa3paboTke (pU3HYecKon
moperu [1C (2,3).

Cnmcox ymuteparypsl: 1.Kacesn M.B., Xpucradopsu C.I. K Bonpocy o mexaHnsme Bo3-
HUKHOBEHUsI CTPYKTYpbI pe3anus. // 38.BY3-0B, Mammnoctpoerue. M.: - 2,-1990,-¢.121-124,
2. Xpucradopsa C.1. Bonpocsr popmMupoBaHUs IPOCTPaHCTBEHHO!H CTPYKTYPHI TBEPJIOTO Teja
CIIMBHOM CTPY)XKU Tipu HerpepbiBHOM pesanuu. /[PCHTO, Mat.24HTK, Apm. CCP, Epesan,-
1987,-¢.187-188. 3. Xpucradopsu C.II. Bousane V3K Ha mporecc miacTu4eckoro aegopmu-
POBaHMUS MPU BBICOKUX CKOPOCTSX pe3anus // Dn-dus u am-xum mMetopl oopadbotku.-M.: HUU-
MAIIL,-1983, -4, -¢.9-12. 4. Xpucradopsa C.I. O nporecce pe3anusi MaTeprualioB Kak caMoop-
raHM3yoIIeHcs cTpykType 1o nepepabotke Bernectsa.// M3sB.HAH PA,Cepus Tex.Hayk, -1999,
ToM 2, -¢.145-152. 5. Xpucradopsia C.11., banacansu b.C. u ap. CuHeprerndeckrue MpHUHITATIE]
OpraHu3anyy 00JIaCTH pe3aHus MPH 00pabOTKEe MaTEpHaIoB C IPUMEHEHHEM MPHHYIUTEITBHBIX

koseOanuii. // InpopmalrionHbie TeXHOJIOrHU U ynpasieHue. 4-2.-2002—Epesan: 2002. ¢.137-
142.

MOJAEJIUPOBAHUE CTPYKTYP TIPOU3BOJACTBA

Yeneaesa T.U. (FHTY, 2. Munck, Berapycy)

Mathematical modeling of structure of machine-building manufacture, structurization of a
resource of manufacture is examined at the distributed and concentrated connection with
processes of manufacture. Plans of the organization of interaction of components of structure
of manufacture are resulted.

PaccmotpuM cocpenoTodeHHbIE U pacIpeleeHHbIE KOHKYPUPYIOIIHE IPOLECCHl U He-
KOTOPBIC OCHOBHBIC IIOJIOXKCHHUS METO4a CTPYKTYPHUPOBaHUSA PECypCOB MalIMHOCTPOUTEIBHO-
ro 1mpou3BoaCTBaA.
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B03MOKHOCTh KOHBEHEPHOU peanu3aluy pa3IMYHbIX KOHKYPUPYIOIIUX MPOIECCOB 3a-
BHUCUT OT NMPAKTUYECKON BO3MOMXHOCTHU IPEJICTaBIECHUs OOIIEro pecypca B BUJAE MOCIEN0Ba-
TEJIbHOCTU COCTaBHBIX 4yacTei. MHOkecTBO mpoiieccoB P Ha30BeM MHOXECTBOM KOHKYpPH-
PYIOIIUX MPOIECCOB, €CIIM ATH MPOIIECCH 00JATa0T XOTs ObI OJTHUM 00IKM pecypcom. Uepes
001I1e pecypchl OCYIIECTBISETCS B3aUMOJICHCTBHE MPOIIECCOB MTPon3BoACTBA. OCO0YI0 POJIb
B MAIIMHOCTPOEHUU HUIPAeT CTPYKTYPUPOBAHUE IPOU3BOJCTBEHHOIO pecypca U pellieHue
npo0sieM ONTUMaIbHOW OpPraHU3alMM, KaK MapajljiebHbIX KOHKYPUPYIOIIUX MPOLIECCOB MPO-
M3BOJICTBA, TaK U KOMIUIEKCHBIX M UX COCPEIOTOYEHHOE paclpe/iesieHne U BhINoJIHEHHE. Pa3-
paboTaH MaTeMaTH4eCKHI anmmapar CeTEeBbIX AYTOB3BELICHHBIX I'pad)oB, a TAKKE MOJYyYEHBI
CHOCO0ObI pacyera TOYHBIX 3HAYEHU MHUHUMAaJbHOrO OO0IIero pabo4yero BPEeMEHH BBINOJIHE-
HUS BCEBO3MOXKHBIX JECWCTBYIONIMX MPOU3BOACTBEHHBIX MPOILIECCOB paboyero pecypca ¢ or-
PaHUYEHHBIM YHCJIOM HHTEJUIEKTYyaJbHBIX HCIOJHUTENIEH C OLIEHKAMH TPYJOEMKOCTHU CO-
TJIACHO YUCITY pab04mX OJIOKOB M MPOIECCOB.

[Tony4deHHBI MaTeMaTHYECKHUI alapaTr CIyKAT OTIPABHOW TOYKOW B PEUIEHUH IIPO-
OJ1eMbl OpraHM3alld U pacHpeeIeHHd MHOYKECTBA B3aUMOJICHCTBYIOIUX KOHKYPUPYIOLIUX
MIPOLIECCOB B MAIIMHOCTPOUTEIHLHOM ITPOU3BO/ICTBE.

OcHoBHast ujest METo/1a CTPYKTYpUpPOBaHUs MPOLECCOB IIPOM3BOJICTBA COCTOUT B 00ec-
MICYCHUH JEKOMIIO3UIIMH (T.€. pa3OueHnu) pabovero pecypca Ha OJOKH U OpraHU3aluH OHO-
BPEMEHHOT0, NapaUIeIbHOTO UCIIOJIb30BAHMS ATUX OJIOKOB MHOYKECTBOM IIPOLIECCOB.

Jljig mapajienbHOro MCIOIb30BaHUs paboUnX OJIOKOB XapaKTEPHBIM SIBICHUEM SIBIISIET-
csl Ta CUTyalusi, KOTJa OJUH U TOT K€ OJIOK MJIM YacTh €ro HEOOXOIMMO BBIMOJIHATH MHOIO-
KpaTHO, HUKIUYECKH.

[ToagMHOKECTBOM MHOKECTBA pabOUUX PECYPCOB MM MPOCTO PECYPCOM HA30BEM MHO-
TOKPAaTHO BBIMOJHSIEMBbIH pabouuili OJOK MM 4YacTh €ro, a MHOYKECTBO COOTBETCTBYIOILIHUX

IPOU3BOJICTBEHHBIX IPOLECCOB — KOHKypHpyromumu. [lycte R i =2k — HEKOTOPBIN pe-
cype, a B — MHOeCTBO KOHKYpUPYIOLIMX MPOLECCOB. 3a/laya COCTOUT B CIEAYIOLIEM: Tpe-
OyeTcsi OpraHu30BaTh MPOU3BOJICTBO TaKMM 00pa3oM, 4TOObI 00Ilee BpeMs BBIIIOJIHEHUS pa-
Oounx mpoueccos R, i :ﬁ, UCIOJIB3YIOMUX pecypc R, ObLI0 MUHMMAJIBHBIM.

Jlist penieHust JAHHOM MOCTABJICHHOM 3a7a4d IIPUMEHSETCS CTPATErHsl MOCIEA0BaTENb-
HOro oOCHyXMBaHUS N PabOUYMX MPOLECCOB C UCIOJB30BAaHUEM PAa3IMUYHBIX MEXAaHU3MOB U
UX pacIpeeeHue.

[Tox paGouumM pecypcoM B MalIMHOCTPOUTEIHHOM MPOU3BOJCTBE OyJeM IMOHUMATh He-
KOTOPBI HUCTOYHUK, OCHOBY JIs IpOU3BoAcTBa. Hampumep: HCTOUHUK SHEPIUU — SHEPrope-
Cypc; OCHOBa il pabOThl — CHIPhE — CHIPHEBBIE PECYPCHI; AaHAJOTUYHO (DUHAHCOBBIE PECYPCHI,
pabourie pecypchl U T.1.

WuTennexkTyaabHblii HCHOJHUTENb B MAIIMHOCTPOUTEIHHOM MPOU3BOACTBE — 3TO HEKO-
TOpasi MHTEJUIeKTyallbHas MamirHa. OcHOBHAs ero (YHKIHS — pacipeaeieHne Mpou3BOJICT-
BEHHBIX IIPOLIECCOB B OIPE/ICTICHHOMN JOrMYeCcKOl oCIeA0BaTeNbHOCTH U 00paboTka padoue-
ro pecypca ¢ LENbI0 MOJIy4eHHs] HEKOTOPOro KOHEYHOro pe3ynbrata. OH CO3/1aeT, HOPMUPYET
1 00pabaTbIBaeT MPOU3BOJICTBEHHBIE Ipoliecchl. MHTemnekTyanbHblii UCIIOTHUTENb TPOU3-
BOJICTBA — 9TO OPraHU3aTOP M MCIOJHHUTEIb B OJJHOM JHIEe (HO B 0OpaTHYIO CTOPOHY HE BCe-
rua BepHo). VHTEIeKTya bHbIH HCIOJIHUTEIb MPEBPAIACT Xa0C KAKUX-TO MPOM3BOJICTBEH-
HBIX 3aJ]a4 B MOCJIEJIOBATEIbHYIO YIIOPSAIOUYEHHYIO CUCTEMY C LIEJIbI0 JOCTHXKEHUS LeNu IpU
UX pelieHuu. Poslb MHTEIEKTYyaqIbHOTO UCIIOIHUTENS MOTYT UCIOJHATh, IPEXIE BCEro, pa-
00uMil KOJIJIEKTUB, aBTOMAThI, ONpeiesieHHas: pOOOTOTEXHHUKA, IIOJIyaBTOMATHI U T.II.

[Ipouecchl — 3TO omnpeieNeHHbIe JeMCTBUS, HApaBICHHbIE HA PELICHHE OCTaBIEHHBIX
IIPOM3BOJICTBEHHBIX 3a/1a4.
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Paccmotpum Gosiee moapoOHO Ha cxeme «CTpyKTypa mpou3BoacTBa» (puc. 1).

Ilycte t — Bpems BBINOJHEHUS KaXIbIM U3 IpoleccoB pecypca R. B stom cimyuae
CyMMapHO€ BpEMsl BBINIOJIHEHUS IpoueccoB. T =nt. 3aMeTuM, 4TO JONOJHUTENIbHbBIE Bpe-
MEHHBIC 3aTPaThl HA PACIPECICHUE MTPOIIECCOB 31€Ch HE YUUTHIBAIOTCS.

Bpemss T MOXHO CyIIeCTBEHHO COKPAaTUTh, €CJIM OOCCICUUTh CTPYKTYPUPOBAHUE pe-
cypca R mpousBoacTBa Ha padouune Oioku Ry, Ry,...,R¢ ¢ mocnenyromeil konBeiiepuzanueit

KaK pabounx OJIOKOB IO MpOIleccaM, TaK U MPOIECCOB COTJIACHO MHTEJUICKTYaTbHBIM HCIIOJI-
HUTEISIM.
[Ipu »TOM HEOOXOTUMO TIPOUTHU CIESAYIONTUE ITAIIBI:
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Puc. 1. CtpykTypa npou3BoCTBA.

a) CTPYKTYpHpOBaHHE pecypca Ha paboure OJIOKH;

0) OpraHM3aNuio MapauIeIIbHOTO B3aMMOICHCTBHUS IPOIIECCOB, pabounX OJIOKOB H
WHTEIUICKTYaJIbHBIX HCTIOTHUTEIICH.

B) COBMEIIEHHE BO BPEMEHH BBIOJIHEHHS PA3JIMYHBIX MPOIIECCOB, UCTIOJIB3YIOMINX
OJIMH M TOT ke pabounii ook R,i =1K;

r) 3anoMuHaHue (M0 3aBEPIICHUIO UCIIOJIB30BAHUS OUepeHOTo pabouero 0JioKa) U
BoccTaHoBJIeHHE (Tepe/] Ha4yaloM HCIIOJIb30BaHUs CICIYIOIIero pabodero 0J0-
Ka) He00XO0IMMO¥ HHPOPMAIMU O TIPOMEKYTOYHOM COCTOSIHUH MPOIIECCOB;

1) 3amycK MPOU3BOACTBEHHBIX MTPOIIECCOB HA BBHIMOJIHEHHE U UX 3aBEPIICHUE;

€) BBIOOP PEKUMOB B3AMMOJICHCTBUS PabOYMX MPOIECCOB, MHTEIUICKTYaIbHbBIX HC-
MOJTHUTENIEH U pabouux OJIOKOB,;

k) oOeclevyeHne CHEeIUAIbHBIX CPEACTB OMUCAHUS B3aHMMOJCHCTBHUS MPOU3BOJICT-
BEHHBIX IMPOLIECCOB, MHTEIUIEKTYAIBHBIX UCIIOJTHHUTENCH M pabounx OJIOKOB pe-
cypca Npou3BOJCTBA;

3) pa3pabOTKa AITOPUTMOB PEATU3aI[MU B3aUMOICHCTBHS MIPOIIECCOB, HHTEIUICKTY-
AITBHBIX MCIIOJHUTENEH 1 pabodnx OJIOKOB pecypca MpOU3BO/ICTBA,

M) TOJUICPXKKa B3aUMOJCHCTBHUS MPOIECCOB, MHTEIUICKTYaIbHBIX MCIIOJHHUTEICH U
pabouunx OJIOKOB.

Hcxonst M3 CTPYKTYpHOU OpraHW3alliy MAalTHHOCTPOUTEIBHOTO MPOU3BOJICTBA, OCYIIE-
CTBJISIETCS CTPYKTYPUPOBAHUE pecypca Ha COOTBETCTBYIOLIUE paboune OJ0KU. DTO MPOUCXO-
JMT Ha dTarax CO3JIaHMs MaTeMaTHYECKOW MOJIENIM MAITMHOCTPOUTEIHLHOTO TIPOU3BO/ICTBA, HA
JTamax Co3/laHusl alrOPUTMOB ee pelieHud. Jlanee kaxabld pabouuit 010k odopmisieTcs ¢
MIOMOIIBIO CHENHAIBHOTO MaTeMaTHYeCKOoro onucanus. Yucino pabouux 0JI0KOB pa3OueHus
pecypca IpOU3BOJICTBA 3aBUCHT OT KOJMYECTBA MPOLIECCOB U MHTEIUICKTYaIbHBIX UCTIOJTHHUTE-
JIeH, HAaKJTaJHBIX PACXOJI0B U APYTHUX MTapaMeTPOB.

[IpoBeneHbl 0Ka3aTeNbCTBA COOTBETCTBYIOIIUX KpUTEpUeB 3()(PEKTUBHOCTH U OINTHU-
MaJIBHOCTH CTPYKTYPHPOBAHHS MPOIIECCA MPOU3BOCTBA COTIIACHO KOJIUYECTBY pabouux OIo-
KOB, HHTEIUICKTYAJIbHBIX UCTIOJHHUTENICH pecypca MPOU3BOJICTBA C YIETOM HEOOXOJUMBIX Ta-
paMeTpoB.

Jlnst omricaHusi B3aUMOJICHCTBHS MPOIIECCOB, WHTEIUIEKTYaIbHBIX UCIIONHUTEIICH U pa-
00unx OJIOKOB pecypca TMpPOM3BOJCTBA BBElEHA MX COOTBETCTBYIOIIAas HyMmepamus. [lycts
umeercs B npoueccos, PR, uHTemnekryansHbIX ucnosnHuTenei, B i pabouux OJIOKOB, T7I€

i=1n; k=1p; j=1s.

[Ipuuem pabouune OJ0KH pacroyioKeHbl JUHEHHO. Torjaa crnenuanbHO BbIICIEHHBIN Op-
TaHU3YIOIINH TPOU3BOICTBEHHBIH MPOIIECC MPEIOCTABIIACT paboune OJIOKU CTPYKTYPUPOBAH-
HOTO pecypca npoussojcTea R;, j =18 kaxmomy u3s npoueccos P,i =1,n. B ciydae cocpe-
JOTOYEHHON 00paOOTKH BO3MOYKHA MOHOIIOJIM3ANMS MHTEIUIEKTYAIbHOTO WCHOJIHHUTENS | -M
MIPOM3BOJICTBEHHBIM TporieccoM. [Ipu 3Tom, eciau | -ii pabouwnii 610Kk, | =1, S, ocBOOOKTaeT-
CSl OUEPEIHBIM | -M MPOU3BOJICTBEHHBIM MPOLIECCOM, TO OH mpepocrasisgercs (I +1) -my mpo-
1ecey, a i -i mporiece mosrydaer B cBoe pacrnopspkenue (| +1)-pabouunit 670K MK mepeBo-
JUTCSA B COCTOSHHE OKHMIAHUS JO MOMEHTa ocBoOoxaeHus (] +1)-ro Omoka, i =1,n-1,

] =1s-1urt.n. (puc. 2).

[Ipu pacnpeneneHHoir 006pabOTKE MOHOIOJIM3ALNN UHTEUIEKTYaJIbHBIX UCIIOJHUTENEH

MPOM3BOJICTBEHHBIMHU MIPOLIECCAMU HE MTPOUCXOIHT, a paboyre OJOKH OJHOTO U TOTO K€ MpO-

54



HU3BOJACTBCHHOI'O IMPOLECCA BBIMMOJHAIOTCA pa3jIMYHbIMHU HHTCIIICKTYaJIbHBIMU HCIIOJIHUTCIIA-
MHU.

HpI/I HECOAOCTAaTOYHOM, OI'PAHUYCHHOM HAIWYHUKU HWHTCIUICKTYAJIbHBIX HUCIIOJIHUTEIICH
BO3MOKHO COBMCIICHHOC BO BPEMCHH BBITIOJIHCHUC ITPOU3BOACTBCHHEBIX ITPOLECCOB. 3anomu-
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Puc. 2. OpFaHI/ISaHI/IH BSaHMOHeﬁCTBHH KOMITIOHCHTOB CTPYKTYPhI IIPOU3BOACTBA.

HaHUE W BOCCTAHOBJICHHE MPOMEKYTOUYHBIX COCTOSIHMM MPOM3BOJICTBEHHBIX IMPOIECCOB, 3a-
MYCK WX Ha BBITMIOJHEHUE W MX 3aBEpIIEHUE, BHIOOP PEKUMOB B3aUMOJCUCTBUS IPOIIECCOB,
WHTEJUICKTYAJIbHBIX HCIIOJTHUTENCH U pabodnx OJIOKOB OCYIIECTBIISIET OPraHU3YIONIUN MPo-
ecc.

[Ipennaraemplii METOJ OpraHM3allMd B3aUMOJECUCTBHS KOHKYPUPYIOIIHMX IPOILIECCOB C
pecypcoM MpOM3BOACTBA, OCHOBAHHBIM Ha €r0 CTPYKTYPUPOBAHUU Ha IMAPAJUICIBHO BBITIOJ-
HsEeMbIe OJIOKH, MO3BOJISET UCIOJIB30BATh OJIMH U TOT K€ PECYPC IJII MHOXKECTBA KOHKYPH-
PYIOLIUX MPOLECCOB OJHOBPEMEHHO. 3a7aya 0OOCHOBAHUS METOAA CTPYKTYpPHUPOBAHHS pe-
CYpPCOB Ha MapajieJIbHO BBINOJIHSAEMbIE pabouyre OJOKM MO BPEMEHHU pealln3allii 3a/laHHBIX
00beMOB PabOT HOCUT KOMIUICKCHBIM XapaKTep, YTO MPUBOJIUT K CIOKHBIM MAaTeMAaTHYECKUM
pacyeram.

st perenust moA0OHBIX 3aa4 TpeOyeTcs, MPEeXkAe BCETo, MOCTPOCHUE MaTeMaTH4e-
CKHUX MOJIEJICH, aJIeKBaTHO OTPAKAIOIINX PA3IMYHBIC aCTEKThl B3aUMOJCHCTBUS MHOKECTBA
MIPOIIECCOB, C y4ETOM MX (PU3UYECKOU crerupUKU. AHAIN3 MOKA3bIBAET, YTO HA IMYTH pele-
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HUS 3TOH KOMIUIEKCHOW MpoOJieMbl OOJIBIIMHCTBO MaTEMaTHYECKHUX 3a7ad HOCHUT JUCKPET-
HBIM, KOMOMHATOPHBIN XapakTep. B cBsA3M ¢ 3TUM NpU MOCTPOSHUH U UCCIIEJOBAaHUM MaTeMa-
THYECKUX MOJEJIEH M 3a/1a4d ONTHUMAJIBHONW OPraHU3alMM MapauleNIbHBIX MPOLECCOB MPOU3-
BOJICTBA aBTOPOM IMPUMEHSIOTCS TEOPHUH MHOKECTB, pacHUcaHuii, rpadoB, KOMOMHATOPHOMN
ONTUMU3ALMH. PaccMOTpeHBI BOIPOCH MOJECIIMPOBAHUS U AITOPUTMH3ALMN OCHOBHBIX IIOHS-
THH, CBA3AHHBIX C METOJOM CTPYKTYPHPOBAHMS M OpPraHU3alMel NapajljIeIbHOIO BBIIOJIHE-
HUsI MHOKECTBA B3aNMOJCHCTBYIOIINX KOHKYPHUPYIOIINX IPOU3BOACTBEHHBIX IIPOLIECCOB.

TECTUPOBAHUE B OGPA3OBAHUU
Yeneaesa T. U., I'pexoa A. B. (FHTY, 2. Munck, benapyco)

Features of application of tests at examinations at schools and higher educational institutions
are considered. Influence of process of testing on progress of pupils and students and on their
further training is examined. It is noted, that the best kind of reception of examinations pupils
and studentsis an oral examination.

Crnenyer 3aMeTUTh, YTO B MOCJEIHEE BpEeMs TECTUPOBaHUE B yueOHOM Ipoliecce J10-
BOJIBHO IIUPOKO HMCIIOJIB3YETCsl. XOPOIIO 3TO WK 110X0? OJHHA CYUTAIOT, YTO 3TO HE TOJIBKO
XOpOIIO, HO OYEHb XOPOILO, MCXOJS M3 TOTO, YTO OHO HCHOJBb3YETCS B CaMbIX Pa3BUTHIX
cTpaHax Mupa. Tak paccyX1alT Te, KTO HETIOCPECTBEHHO HE 3aHUMAeTCs 00pa30BaHUEM.

JlaBaiiTe MpoaHAIM3UPYEM BCE ACTICKTHI M MOCIEACTBUS BHEAPEHUS TECTOB B YUCOHBIN
npouecc. Haunem co BcTynuTenbHbIX 3k3aMeHOB B BY3. Pemats Bo Bpems sk3aMeHa no ¢u-
3WKe, MaTeMaThKe W T.II. 25 3a/ad, KaK 3TO MpeUIararoT Hallu [EHTPHl TeCTHPOBAHUS, Ha-
CTOJIbKO Hepa3yMHO U OecuenoBe4HO. V3BHHMTE, J1a TOJIBKO MEpPEUYUTaTh 3TH TECThl U TO
CKOJIBKO BPEMEHH MOHAJ00HUTCs, a IPOYUTATh TOJILKO HEJOCTATOYHO, HYXKHO €I U MOAyMaTh
HaJl KaKJI0M 3a7a4ei, Ha/l KaXKJbIM BOIIPOCOM. MaJsio 3Toro, 3ajauv COCTaBISAIOTCS JOBOJBHO
CJIOXHBIMU 10 CBOEMY COJAEpKaHHI0. TO €CTh B 3TUX T€CTaX MOKHO HalTH BCE, YTO XOUEUIb!
3a7a4M MO BCEM T€MaM, MPUYEM CPEAHEH M CaMOM CJIOKHOW CTEIEHH CIIOXKHOCTU. YXKE W3
3THUX CJIOB CJIEIYET, YTO ATO BOBCE HE TECTHI, @ COOp PA3IMYHON CIOKHOCTH 3a/au.

Jlajniee yUEHHMK CTaBUT KAaKOW-TO ONPENEIEHHBIN CHMBOJI, CBUIAETENbCTBYIOIIHUM O TOM —
HPaBUTCS €My OTBET WM He HpaBHUTCs ( cUMBOJ «X»). Heykenu HEMOHITHO, YTO 31IeCh YiKe
CO LIKOJIbHOW CKaMbU HY>KHO, HE 3Has €Ill€ TEOPUU BEPOSITHOCTH, UCII0JIb30BATh €€ OCHOBHbIE
MOHATHUS: a BAPYT yrajaro. Tak u nocrynaioT MmHOrue. M3 25 3a1aq «koe-yero» yrananm, npo-
M3BOJIBHO PAcCTaBUB CUMBOJI «X», mocTynuiu. [lanee ¢ TakumMu abuTypueHTaMu HaJo0 pado-
TaTh Jlanblile, YTOObl U3 HUX MOJIYYMINCh UHKEHEPhl. BOT HEMOHATHO 3a4yeM, CpaliuBaeTcs,
naBath 25 3amad, korga gocratoyHo 6-10 u mpuyem cpemHei TpyIHOCTH, 3a4e€M yraJbIBaTh
KaKHe-TO OTBETHI, IPEBPAILasiCh B ralajok, KOrJga MOKHO Cpa3y 3amucaTbh OJUH €IMHCTBEH-
HBII IIPABUJIBHBIN OTBET.

Jla m000i#1 SK3aMEeH: BCTYMUTEIBHBIN, OOBIYHBIN IIKOJIBHBINA, By30BCKUM, OJIMMITAA/IA HE
JOJDKEH JIUThCsl Oojiee AByX akajgemuueckux yaca. Crienyer Oepeub 370pOBbE MOJIOAOTO
MOAPACTAIOIIEro MMOKOJIEHUS, HE /1aBaTh W3JIMIIHEE HANpsUKEHUE Ha rias3a, TeM OoJiee, Haxo-
JSICb B HEPBHOM CTpecce. YMHBIA TOJKOBBIM NpenojaBareib JIOO00ro y4eHHKa, CTyJEHTa
nposk3amenyeT 3a 10-15 MuHYT, IpU yCIOBUH, YTO OH TAE-TO Yac TOTOBWIICS. Be3ycioBHO,
JyYIIUA BapUaHT BCTYNHUTEIbHBIX 9K3aMEHOB — 3TO YCTHBIN 3K3aM€H, KOTJJa MTHOBEHHO BbI-
CTaBJISIETCS OLIEHKA, YTO MPHUBOJUT K MUHUMAaJIbHOMY BPEMEHHU CTPECCOBOI OOCTAaHOBKH 3K-
3aMeHyeMoro. B mpoliiecce Takoro sk3ameHa MOTyT paboTaTh MPE3UJCHTCKUE U JPyrue Ko-
MHUCCUU. A TO 3TU TECTHI IOTOM €lIe JBE, U OoJiee, HEJEIU POBEPSIOTCS, BBOJSITCS B KOMIIb-
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I0TEp, YTO UHTEPECHO, TaM YK BCEM JIOBEPSIOT U HU KaKue MPEe3UJIEHTCKUE KOMUCCUU UX HE
npecneayoT. He noBepsiercs Toabko npenojaBaTtesisiM, yuurensiMm. Ho motom 3tu ke yueHu-
KM, CTYICHTHI MOMNAaJal0T BCE PABHO K <«IIPOXOIUMIIAM», «B3SITOUHUKAM» 3TUM K€ YUUTEISIM,
no1eHTaM, mpodeccopam.

Jlpyrasi HeraTuBHasi CTOPOHA — II€JIbI T'OJ] 10 MOCTYIUIEHUSI aOUTYPUEHT MOCEIIAET pe-
METUTOPOB, MOJArOTOBUTENIbHBIE KYpChl, TAKUM 00pa3oM, B IIKOJIE OH TOJIBKO (opMaibHO
yucauTcs. M moueMy-To HUKTO HUYEero He MOKeT U3MEHHUTh... K ToMy ke, Bo Bpemst sK3ame-
Ha HUKTO HE MOXET INOINPaBUTh YCIOBUE MPUMEpPA WM 33Jaud, a UAealbHbIMU aOCOJIFOTHO
BCE OHM HUKOTI/1a He ObIBatoT. CyllecTBYET TaKoe MOHATHE, KaK «oreyaTrka B TeKcTe». OTBeThI
YK€ 3apaHee BBEACHbI B KOMIIbIOTEp — IHILIK 3aMEYaHUE WM HE MUIIU — OTBET MOIPABUTH
BECbMa CJIOKHO U 10 CYTH JieJa HEBO3MOKHO.

I'opa3zno xyxe, Korja TecThl MPUMEHSIOTCS HEMOCPEICTBEHHO B y4eOHOM Ipoliecce.
OTUM HEBO3MOKHO HAyYUTh HU YUYEHHKA, HU CTYJEeHTa. Bo-nepBbIX, HET JIOTHKH, IOCIIEI0BA-
TEIbHOCTU B M3JIO)KEHUU MaTepuala, MpOCiIeKUBAIOTCS JIMIIb KaKUe-TO OTAENbHbIE, HE CBS-
3aHHBIE MKy c000#1 00psIBKU (hpa3. Takoe 0OydeHHE MPUBOJUT TOJIBKO JIUIIb K HEPBHBIM
cTpeccaMm, u4To BEJET K MOJIPBIBY 370POBbS HAILIETO MOIPACTAOLIEr0 MOKOJIEHUSI.

Hcnonb3ys TecTupoBaHHe B yuyeOHOM OOpa30oBaHMM, Mbl HE IMOJIYYHM XOPOILIEro Clie-
[AAJUCTa, UHXKEHEpa. bynylnid MHKEHEep JOJDKEH YMETh M3JIOKUTh Marepuanl oT «A» 1o
«$I», a HEe 0TBEYATh TOJBKO JIUIIb Ha KaKUE-TO 3a3yOpEHHbIE OT/EIbHbIE TECTOBBIE BOIPOCHI.
TecT — 3TO0 KOPOTKUI BONPOC U KOPOTKUM JOJIKEH ObITh OTBET. TeCThl HE MPUEMJIEMBI B Ha-
meM oOpasoBaHuu. PenieHue matemaTHueckoi, GU3NYECKO, XUMUYECKOH 3a7jaun — 3TO He
KOPOTKUW TECTOBBIM OTBET, TAKOW OTBET YaIlle BCETO COCTABIISIET CTpaHUILy TekcTa. CiemyeT
HaJ 3TUM 33 {yMaThCsl.

OcHoBHOM TPoOJIEMON MHXKEHEPHOro 00pa3oBaHMsI SBIIETCS TOT (PAKT, YTO B BY3bI
MPUXOJAT ¢1ab0 MOArOTOBJIEHHbIE a0UTYpHeHThl. OHU MOCTYNAIOT J100 Ha IJIATHONH OCHOBE,
100 Mo pe3yapTaTaM TECTHpOBaHUA. B By3ax He MpelyCMOTPEHO CYIIECTBOBAHUE JIOTIOTHU-
TEIBHOTO MOJrOTOBUTENBLHOTO OTAEICHHS Ul CTYJEHTOB NEPBOKYpCHUKOB. KonnuecTBo mo-
NOOHBIX CTYACHTOB C KaXIbIM I'OJIOM HE yYMEHbIIaeTcs. JTO, KaK IMpPaBWIO, CTYIEHTHI J0-
BOJIbHO HU3KOTO0 MHTEJUIEKTa, 3a4acTyl0 HapyIIaloT TPYAOBYIO TUCLHUIUIMHY, MPOMycKas 3a-
HATUSA, TOCKOJBKY UM CKYYHO OTCHKMBAThCS Ha JIEKLUAX, HUUEro He MOoHUMas TaM. YToObl
YIIY4IIUTh YCIIEBAEMOCTh CTYJIEHTOB, HEOOXOAUMO YBEJIMYUTH KOJIMUYECTBO YaCOB KOHCY/IbTA-
LIUH U KOJIMYECTBO KOHTPOJIbHBIX paboT. XKenaTenbHO OpraHM30BaTh Ha IJIATHOW OCHOBE J0-
MOJIHUTENbHBIE 3aHATHS 10 IIKOJIBHONW IMpOrpaMMe M0 JKeJaHUK a0UTYypHEHTa, COrIacoBaB C
IIPENOAABATENIEM.

MEXAHUW3M OBPA30BAHUSA KAPBOHUTPUAOB HA ABOTUPOBAH-
HOWM CTAJIA 50X®A OBPABOTAHHBIX JIASEPOM

Yepuera O.I'., Kopo6ouka A.H., 351rp06c1¢m71 AB. (IATY, 2. /[nenpooszepacunck, YI1
«TAHUM, 2. 3anopooicwe)

This method of treatment gives high wear-resistant properties to surface of steel SOHFA
and following coating characteristics: the hardness of coating -

H g5 =5200...9277/MPa by coating depth of h=70.. 80 mkm with structure of gar-
denite, carbonitrics (Me, (CN )3) and nitrics (FegN ).

B Hacrosmem paszenie npuBOAATCS PE3YJIbTATHI UCCIEIOBAHNS CTPYKTYpPhl U CBOWCTB
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MMOBEPXHOCTHBIX CJIOEB a30THPOBAHHOW CTaJlM, TIOABEPTHYTOM JlazepHOU 0OpaboTke. Kak mo-
Ka3aJld MpeBapUTeIbHBIC HCCIISI0BaHNUs, Ja3epHas 00paboTKa MPUBOIUT K 0Opa3oBaHUIO HA
pabodeit moBepxHOCTH 00pa3oB ctamu SOXDA cinoxHOTO MHKpOpenbeda ¢ yriIyOJIeHUsIMH,
BIIQJIMHAMHU U MUKpoTpenrHamu (puc.l). 1o 00yCIOBICHO JTOKAIBHBIM OIUIABICHHEM 00bE-

Ma MeTaJljla U €r0 YCKOPEHHBIM 3aTBEPACBaHUEM.

Bbicokas MUKpOTBEpIOCTb CTPYKTYPbl MOBEPXHOCTH XapaKTepHAa M Uil MOPUCTOrO
BKJIIOYCHHUSI C TEMHBIMH TISITHAMHU B 30HE KpaTepa, 00pa3oBaBIIETOCs B Pe3yIbTaTe pacIijiaB-
JICHUS TIOBEPXHOCTHOTO CJI0s MPH JIa3€pPHOM BO3JEHCTBUMU.

Puc.1. MukpocTpykTypa conuim(oBaHHBIX YIaCTKOB pab0oUeii MOBEPXHOCTH 00PA3IOB U3
cramm 50XDA, o6padboTanHbIX J1azepoMm; ax50; 6x100.

Hiso, IlepudepuiinatzoHa naepHOTo IATHA
10Ia Tentpantuad 4acTs NasepHOro IATHA
Ilepucroe BrroYeHEE
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Puc.2. Pacnipenenenie MUKPOTBEPJOCTH B IPOAOILHOM CEYCHHH 30HBI JTa3€PHOTO BO3/ICHCTBHS a30TH-
poBanHo# ctanu S0XDA.



Coracho [1] mpu HaJM4Ke B CIUIaBax a30Ta, aTOMBI MOCIICIHEr0 10 MEXaHU3MY 3a-
MEUIEHHS 3aHUMAIOT MO3ULIUK aTOMOB YIJIepo/ia B pelIeTKax KapOuaHbIX (a3, yTo MEepeBOIUT
UX B pa3psaa kapOoHUTPpUA0B. IlockonbKy a30THpOBaHHbBIE 00PA3Ibl UMEIOT HACHIIIEHHbII
a30TOM TIOBEPXHOCTHBIA CJIOHN M CoJiepKaT Oorarbie a30TOM (a3bl, TO BIIOJIHE OUYEBUJTHO,

YTO MHTEPIPETUPOBAHHAS TIO BBIIIEYKA3aHHOMY CTPYKTYpHOMY THUITY (ha3a mpeIcTaB-

nstet coGoii kapbountpuy Me, (CN )3. B [2] noxka3aHO, 4TO B IIOBEPXHOCTHOM CJIO€ a30TH-
poBaHHOTO 00pasua Hapsiny ¢ Hutpugom F€,N mpucyrcrsyer HuTpua ¢ MeHbIINM coziep-

xanuem asora Fe, N .

Ha mudpakrorpamme (puc.3) naTepdHEpEHIIUH TOCACIHETO HE BBISIBIISIOTCS, T.C. B
CTPYKTYpE MOBEPXHOCTHOTO CJIOSI a30TUPOBAHHOTO 00pasiia, MOABEPrHyTOro Jia3epHoi 0Opa-

6orke, uurpun F€4N orcyrersyer.
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Puc. 3. ludpakrorpamma paboueii mOBEpXHOCTH a30THPOBAHHOIO 00pa3-
11a C MOCJIENyOIEeH 1a3epHOil 00pabOTKOH.

310 06BsICHsETCs TeM, uTo cornacHo auarpamme cocrosiaus F€- N [2]  FeyN 06-
pasyetcst u3 € ¢assi ( Fe3 N ) myrem nepectpoiiky rekcaroHaabHOM IIOTHOYHAKOBAHHOM
pewerku nocnexnneit 8 I'LIK ynopsanouennyio pewerky F€4N npu remneparype 650°C wu

IIyTeM TaKoM ke IepecTpoiky npu ssrexronasom pacnage € ® g + FeyN (tremueparypa
pacnana 650°C). B npolecce ycKOPEHHOTO OXJIaskeHHs, PACTBOPUBIIIECS IIPU HAPEBE Yac-
iust F€4N o ykasanubiM Mexannsmam u3 €- $assl BBLIETUTCS HE YCIIEBAIOT M OCHOBHOM
HUTPHHON (pa3oii moBepxHOCTH 00pa3uoB ocraHercs e paza —(Fe;N) .

OCO0OEHHOCTBIO TIOJIYYCHHBIX JAHHBIX SIBIAETCS TOT (akT, 4To B oObeMax MeTayia
Q30 TUPOBAHHOTO MOBEPXHOCTHOTO CJIOS C MOCIEAYIONIEH JIa3epHOM 00pabOTKOM peann3yercs
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g ® a mnpespamenue ¢ 00pazoBaHueM rapiaeHuTa [3], Kak OJHOW M3 Pa3HOBHIHOCTH Map-

TeHcHTa. B TO Xe BpEMsd, B IMPUICTAOIINX YJaCTKaxX Ha MOBCPXHOCTH U B IIOBCPXHOCTHOM
Cllo€, HarpeBaoIUXCs IO BHICOKUX TeMIepaTyp, (paza MapTEeHCUTHOTO THUIIA HE BBISABISAETCS,
X0Ts B [4] npuBOAATCS AaHHBIC O BOBMOXHOCTH (DOPMHUPOBAHUS TPH JIa3epHOI 00paboTKe B
ITIOBEPXHOCTHOM CJIO€ YIJIEPOJUCTBIX, HU3KOJIETUPOBAHHBIX U JIETUPOBAHHBIX CTAJIEH CTPYK-
TYp MapTEHCUTHOIO THIla 0e3 pacIulaBJICHUs IOBEPXHOCTHBIX 00BEMOB MeTaiia. Kpome 3to-
ro, J0BOJIbHO HCOXHJAAHHBIM ABJIACTCA IMOABJIICHUC B ITIOBCPXHOCTHOM CJIOC Kap6OHI/ITpI/I)1HOI\/’I

pase Me, (CN),.

Hcxonnas crpykrypa cranu SOXDA sBisercs: heppuTHO-IIEMEHTUTHOH, a Ga3oBbie U
CTPYKTYPHBIE IPEBPAIIECHIS B 3TOM CTAIM IPHU OXJIAXKICHUN TOcse HarpeBa B - oOmacts
OJTHO3HAYHO OIMHUCHIBAIOTCS B CIIPABOYHOM iuTepaType [5-6] H30TepMUUYSCKUMU U TEPMOKH-
HETUYECKUMH JJMarpaMMaMK [IPEBPAIICHHs ayCTeHUTa). B 3aBUCMOCTH OT CKOPOCTH OXJIAX-
nenust aycteHuT B ctainn SOXDA pacragaercs ¢ 00pa3oBaHueM CTPYKTYp (heppHuTHO-
IePIMTHOTO WM GEfHUTHO-MapTEHCUTHOIO TUIIOB, T.¢. pasza Tuna Me, C3 B ctaimm SOXDA
IIpHU OOBIYHBIX peKUMaX TEPMUUYECKON 00paboTKU HE 0Opa3yeTcs.

BrrsiBiieHHBIE 0cOOEHHOCTH (Pa30BBIX MPEBPAIICHUI B TIOBEPXHOCTHOM CIIO€ CTAITH
S50X®DA mpu na3epHOit 00pabOTKe CBS3aHBI CO claeayronuM. Kak ciemyer U3 mpocTpaHcT-
BeHHOI auarpammel cocrosuus cuctembl F€- Cr - C (puc.4), kaptuna $pa3oBbIX paBHOBE-
CUH B 3TOM JHarpamme sIBISE€TCS OYEHb CIIOXKHOM.

[IpuBenennsle Ha puc.4.6,B u30TepMuueckue paspesbl guarpammbel F€- Cr - C sc-
HO TOKa3bIBAIOT, 4To (a3osblii coctas cmaso FE€- Cr - C mpu 1150°C u 900°C cymect-
BeHHO pasnuyaercs. [Ipu temnepatype 1150°C mus cmasos FE€- Cr - C ¢ conepsxannem
yriepoaa 0,46...0,6% u xpoma 0,8...1,1% (tpedoBanust TOCT 8560-78 o coxeprkanuio
9TUX 3JeMeHTOB B ctanu S0X®PA) paBHOBECHBIMHU (pazaMul B UX CTPYKTYPE SBJISIOTCS
a - Fe n xap6un uementnrnoro tnna (Fe,Cr),C nm a - Fe Bmecre ¢ xapbunamn

(Fe,Cr),C, (Fe, Cr )7 C, (puc. 46). ITpu Temneparype 900°C ast cruiaBos

Fe- Cr - C c yka3zaunbiMu Bbllle coiepKaHHEM YIIIepoia B XpoMa paBHOBECHOH (a3oit
snsgerca § - F€ - aycrenur (puc.4.B), 4To cBA3aHO ¢ 0COGEHHOCTAMM BBICOKOTEMIIEPATYP-

HbIX (ha3oBbix npespaiienuii B cucreme FE€- Cr - C (puc.4), npuBoasinumMu K “ BHIKIMHH-
Banmio” o6nactu cymectBoanus § - FE[6-7].

[TocnenoBarenpHOCTH (Ha30BBIX MPEBPAIICHUH 110 MEPE MOHIMKEHHS TEMIIEPATYPHI,
o0ycioBieHHO BimstHreM xpoma. [Tpu 1150°C cTabuiIbHBIM B CTPYKTYPE CILTABOB
Fe- Cr - C npu paccmarpuBaeMbIX coepKaHHAX yriIepoa 1 XpoMa siesercs & - F€E, a
npu 900°C -g - FE€. B pesynbrare Bo3aeicTBIS BEICOKOKOHIIEHTPMPOBAHHOTO JIA3€PHOTO

00Jy4eHHs MPOUCXOIUT, KaK OTMEUAIOCh BhIIlIE, paciulaBiieHne 00bEMOB MeTala B IOBEPX-
HOCTHOM CJIO€ a30THPOBAHHBIX 00pa3ioB u3 cranmu SOXDA. [Ipueraronye K paciiaBieH-
HOMY 00BEMY y4acTKHM METa/lla B IOBEPXHOCTHOM CJIO€ HAarpeBaroTCs 10 00jiee HU3KUX TeEM-
neparyp, T.€ MPeACTaBIsA0T co00il Tak Ha3bIBAEMBIE “30HBI TEPMUUECKOIO BIUSHUS , YEPE3
KOTOpbI€, COOCTBEHHO, OCYILECTBIIAETCS OTBOJL TEILIA OT PAacIlJIaBIEHHOIO 00bEMa MeTaa B
IIOBEPXHOCTHOM cJl0o€. B mpornecce nociaenyronero 0XiaakaeHus B IPUMBIKAIOIUX K pac-
IUIaBJICHHOMY 00BEMY ydacTKax TemIepaTypa CHUXKaeTcsi 00j1ee HHTEHCUBHO B CPaBHEHHH C
pacmiaBieHHbIMU 00bEMamu. [103TOMy B npuieraonmx yyacTkax, 1o CyImecTBy, GUKCUpy-
eTcsl, KaK MPY 3aKallke HEPaBHOBECHOE CTPYKTypHOE coctosuue crtapa FE- Cr - C, coor-
BETCTBYIOIIIEE BHICOKOW TeMIeparype.

60



B uacTHOCTH, B HallleM ciydae HaGmoaaeTcs npucyrcteue & - FE (deppur) u kap-
Gountpus tuna Me, (CN )3. B 30H€ J1a3epHOTO OILIABJICHUS TEMIIEpAaTypa CHHKAETCS He

CTOHB I/IHTeHCI/IPHf\ R CNARHAHUIU  TITINATTATAINIITIAMIA VOACTEKANMIA IIQ—Qa BBICOKOI\;I TeMHepaTypr
Tneperpesa pacr ' (MU TIPY 3aTBEPAEBAHUN
paciuaBineHHpr 2V

Tesneparmyan 25

100 100

i bec’h

B

Puc. 4 TlpoctpancTBeHHOE N300paKEHHUE YaCTH AUATPAMMBI CO-
crosiuuss Fe- Cr - C (a) u ee H30TepMUYECKUE pa3pe3bl IPU TEMIIEPaTy-
pax 1150°C (6) u 900°C (B) [7].
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[TosTOMyY B yd4acTKax MOBEPXHOCTHOTO CJIOS, UCIIBITABIIMX PACTUIABJICHHE, PEATH3YET-
cs1 Bcs cBoiicTBeHHas paBHoBecHOi quarpamme F€- Cr - C nenouxa azossix npesparie-
HUii, B TOM uKciIe o6pasoBanne ( - F€ - aycrenuTa ¢ mocieayromum npeBparieHueM ero

10 CABUT'OBOMY MCXaHHU3MY B MapTCHCHUT.
BbIBO/BI. Ilokazano, uto ja3zepHas o0paboTKa ¢ MUKPOOILIABIIEHUEM ITOBEPXHOCTH
MPUBOJIUT K (POPMUPOBAHUIO YUAaCTKOB C BBICOKOTBEP/I0H, HETpaBsIIelcs B CTaHIAPTHBIX pe-

axtuBax (azoii —rapaerutom ¢ H 50 =927/ MIla n HENOCPEACTBEHHO MPUIIETAIOIINM K

c()OPMHPOBABLINMCS B PACILIABJICHHON 30HE CTPYKTYpPaM 3aKaJIOYHOIO TUIIA y4aCTKOB
a - Fe (¢eppura) ¢ BoicokoTBepapiMu KapGouuTpuzamu Me, (CN )3.
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OHEPI'ETMYECKUE YCTAHOBKU U [TPOBJIEMbI DHEPI'OOBECITEUEHU A
Yepuos C.K. (HIIKT «3ops»-«Mawnpoexm», 2. Huxonaes, Ykpauna)

The analysis of different energy utilization is showed in this article. It is proved the applica-
tion expediency of the high-performance and ecologically safety combined-cycle and co-
generation power plants.

Ha COBPECMCHHOM 3JTarl€ MHPOBOI'0 pPa3sBUTHUA Ha IBJICKTPUUCCTBO BO3JIOKCHA POJIb
KIIFOYEBOTO YHEPrOHOCHUTENS B YOBJIETBOPEHUN SHEPreTHUECKUX MOTpeOHOCTEH 001ecTBa. B
9TOM CBSI3M 3JIEKTPOIHEPreTUUECKUN MOTEHIMA KaXKJ0ro rocyiapcrBa, MacTadbl U CTPYK-
Typa MOTPEOJICHHS ANEKTPOIHEPTHH M YPOBEHDb dPPEKTUBHOCTH €€ UCIOJIb30BAHUS SBIISIOTCS
BaXKHEHITNMU XapaKTCpUCTUKAMHU 3KOHOMHWYCCKOI'O IMOTCHIHAJIA, YPOBHA XU3HU, JUHAMHUY-
HOCTH SKOHOMMYECKUX IpolieccoB B obuiecTBe. [Ipn 3TOM ImpOU3BOACTBO 3JIEKTPOIHEPTUU
SIBIISIETCSI BaXKHEUIITNM HHCTPYMCHTOM OCYIICCTBJICHHUA SKOHOMHYECKOU IMMOJIMTHUKH, pa3BHUTUA
OKOHOMHUKH, OCBOCHUA NPUPOJHBIX PECYPCOB B LECIAX MOBBIMICHUA CYHICCTBYIOIIETO YPOBHMA
KHU3HN J'IIOI[GI\/II. 3J’I€KTp03H€pFI/I$I SIBIISIETCS BaXKHEUIITUM OKCIIOPTHBIM TOBApOM, JAarOIIKUM 3HaA-
YUTEIBHYIO TPUOABKY B OIOJKET HEKOTOPHIX TrocyaapcT. [1o cyTu — anekTposHepreTrka ce-
rOJIHs — " CIIMHHOM XpebeT" 2KOHOMUYECKOM MOIIU TOCYyAapCTBa.

Hauano XXI| Beka xapakrepusyercs BO3pacTaHUEM MOTPEOIEHHs] SHEPTOPECYPCOB U,
IMpEKAC BCCTO, DJICKTPOOHCPTHH, HGO6XOHI/IMOCTBIO OKOHOMUH TOILIMBHBIX PECYPCOB B CBA3U
C COKpalIEHWEM MMPOBBIX 3allaCOB M BO3PACTAIOIIMM YPOBHEM 3arpsi3HEHHS OKPYXKAOIIEH
cpensl. B o0nactu npou3BoACTBa AMEKTPOIHEPI UM, HA CETOTHAIIHUNA JeHb CyMMapHas ycTa-
HOBJICHHAsT MOITHOCTh BCEX JJICKTPOCTAHIMK Mupa cocraBisieT okosio 3000000 MBrt. Ilo
MIPOrHO3aM MHPOBBIX AHAJTUTHUECKUX IIEHTPOB 3Ta Ludpa YyABOUTCS B TeUEHHUE ONMKalIINX
20 net. [Ipu 3TOM pOCT 3aracoB TOIUTMBHBIX PECYpPCOB HE MPOTHO3HPYETCS U OYCHB KECTKO
CTOUT HEOOXOJUMOCTh 3alIUThI OKPYKAIOLIEH CPeIbl.
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CoOprtuss 2005 roma sipKO TOKa3ald 3HAYCHHE DHEPTEeTHYECKON COCTaBISIOMICH B
U3HHU JIto0oro rocyaapctBa. Boennble neiictus B Ilepcunackom 3anuse u Mpake — u mupo-
BbI€ LIEHbI HA TOIIMBO MOJHUMAIOTCS BBEpX. CTpaHbl — 3KCIIOPTEPHI OKA3bIBAIOTCS 3aJI0KHU-
KaMM CUTYallU{ HaIPsIMYIO BIMSIOIIEH Ha BHYTPEHHEE COCTOSIHUE X PHIHKOB. MOIIHBIN ypa-
raH Ha I0re CeBepoaMepUKaHCKOTO KOHTUHEHTAa U Takasi Morydas crpaHa kak CIIIA oka3biBa-
eTcsl Tepejl JUIOM Xaoca U HECITOCOOHOCTH HOPMAJIU30BaTh CUTYallMIO B TPEX ILTAaTax B Te-
YeHHE HECKOJIbKMX HEeJelib. A BBI3BaHHbIE yparaHoM aBapuu Ha OypoBBIX Iargopmax B
MeKcuKaHCKOM 3aJIMBE BbI3bIBAIOT HOBBIN OYPHBIN POCT II€H HA TOIUIMBO C BBILIICYKAa3aHHBIMU
MOCJIEACTBUSAMU. MarepuaibHblil 1 MOpanbHbIN yiiepd orpoMmeH. TexHuuyeckas aBapusi Ha
anekTpoctaniuu B Mockse (Poccuiickas denepanusi) npuBOIUT K 00ECTOUYMBAKO MMOJOBUHBI
BOCbMU MWJUIMOHHOTO Tropoja. BpIsiCHsieTcs, 4TO anbTepHATUBHBIX HMCTOYHUKOB HeT. Mo-
paJIbHBIN U MaTepUaTIbHBINA yIIepO KpaliHe BeJUK. A 3TU COOBITHS B TOW WM MHOW Mepe TH-
MUYHBI JJIS1 KaXA0T0 Toja.

A yto B Oynymem! Henb3s cOpocuTh CO CHETOB U BO3MOKHBIE IIPUPOJIHBIE KaTaCTPO-
¢b1, U AelcTBUs (PAaHATUKOB - TEPPOPUCTOB, U BO3MOXKHYIO arpecCUIO0 CTPaH, KOTOPBIM JKU3-
HEHHOE€ MPOCTPAHCTBO BAPYT CTAJO0 KpailHE TECHO U aBapuu TEXHOI'€HHOro xapakrepa. Heinb-
3s1 3a0bIBaTh U O CTOMMOCTHBIX NOKa3aTensx. [loka He cylecTByeT Ha/leXHbIX aJbTEePHATUB-
HBIX MCTOYHHUKOB 3JIEKTPOIHEPrUU HE TPEOYIOIIMX HCIIOJIB30BAHUS IMOJIE3HBIX HCKOMAEMBIX
POCT 1I€H Ha TOIUIMBO T'apaHTHUPOBAH.

N B THX ycnoBusiX, HAASKHOCTh PabOTHI BCEH IHEPTETHUUECKOW CHCTEMBI TOCYIapCT-
Ba, €€ HEYA3BUMOCTb U MOOMIJIBHOCTh, HapsAy ¢ MaKCUMaJIbHbIM UCIIOJIb30BAHUEM MMEIOIUX-
Csl TOIUIMBHBIX PECYPCOB U UX SKOHOMHBIM PAacXOJ0BaHUEM, OyJEeT ONpelesiTh dHEepreTuie-
CKYI0 0€30MMacHOCTh roCyAapcTBa, OT KOTOPOM B JIt0OOH cuTyanuu OyAeT 3aBUCETh ero 000-
poHocnoco6HocTh. CioBo "0060pOHOCTIOCOOHOCTH" 3/1€Ch CIENYeT NMOHUMATh B IIMPOKOM
CMBICJIE — KaK BO3MOYKHOCTb ITPOTHUBOAECUCTBUS IPUPOIHBIM U UEIOBEYECKUM (PaKTOpam, Ko-
TOpPBIE MOTJIM OBl HAHECTH YIIEPO TOCYAAPCTBY U €r0 OCHOBE — €T0 TPaXKAaHaM.

be3ycnoBHO, co3ganue Takol SHEPreTUYEeCKON CUCTEMBI HE 03HAYAET, YTO BCE DHEPTre-
TUYECKUE YCTAaHOBKH HY)KHO MPATATh B IIyOOKHE MO/I3eMHbIE OYHKEpHI. DTO ObLJIO ObI HE pa-
LMOHAJILHO, OTPeOOBaNI0 Obl OrPOMHBIX (PMHAHCOBBIX 3aTparT, Aa U HE OTYEro Obl HE rapaH-
THpoBaio. Peub uaer coBcem o IpyroM — o Haubosee ONTUMAIBbHON cXeMe IIOCTPOCHHUS SHEP-
IeTUYECKON CHCTEMBbI M PHEPreTUYECKUX YCTAaHOBKAX, KOTOPBIE MOT'YT B HEM MCIOJIB30BaThCS
C MaKkCUMaJIbHBIM 3PPEKTOM.

[IpoBeneHHble B MPOLLIOM BEKE HCCIENOBaHMS MOKa3ajau TO, 4yTO Hauboyiee ONTH-
MaJIbHOM CXE€MOW Pa3BUTHSl DHEPTETHUKH SBIISETCS CO3JaHHE pacHpeaesieHHONW "KyCTOBOM"
SHEPreTUUeCKON CUCTEMbI O0OBEIUHEHHOM €TUHON CEeThIO.

DTO 03HAYAET, YTO KXKIBIH MOTPEOUTEh 3JCKTPOIHEPTrUur (FOPOJ WM €ro PaioHBbI,
MYHUIMIAIbHBIE 00BEKTHI, 3aBOJI, pepMa, MOCEIOK U T.J.) HMEeT COOCTBEHHBIC HCTOYHUKU
reHepaluu 3JIEKTPOIHEPTUN — JIEKTPOCTAHIMIO. Y CIOBHO TaKUX MOTpeOUTENeH MOXKHO paz-
JIeNIUTh Ha TPU MOIIHOCTHBIE TPyIIibl. [IepByl0 MOIIHOCTHYIO IPYIMITy COCTaBIsIOT HOTPEOU-
TEJH DJIEKTPOIHEPTUHA MOIITHOCTHIO 10 20 MBT. K HUM OTHOCSTCS OOJNBITUHCTBO TPOMBIIII-
JIEHHBIX OOBEKTOB, (epMbl, HEOOJIBIIINE HACEICHHBIC IMYHKTHI, palloHbl Topoaa. K sToit xe
IPYIIE OTHOCATCSA OOBEKTHI CIIELIMAIBLHOIO HA3HAYEHUsI: BOGHHbIE O0BEKThI, OOBEKTHI craca-
TEIbHBIX CIIY’KO, MOPCKHE M PEUHbIE MOPTHI, a3POJPOMBI U APYrue aHAIOTMYHbIE OOBEKTHI.
BTopyro MOIIHOCTHYIO I'PYIIITY COCTAaBIISIOT MOTPEOUTENHN JIEKTPOIHEPTUU MOIIIHOCTBIO 25 —
150 MBTt. K HUM OTHOCATCSI KPYITHBIE TIPOMBIIIJICHHBIE OOBEKTHI U, B TIEPBYIO OUepeb XH-
MUYECKHE U METAILTYPrUUECKUE 3aBO/Ibl M KPYIIHbIE HACEJICHHbIE MYHKThI. TPEThbI0 MOIIIHOCT-
HYIO TPYIIY COCTaBIISIOT OTPEOUTENH eKTpodHeprun Boime 150 MBT. DTH a5ekTpocTaH-
MU 00eCreurnBarOT KPYIHbIE PETHOHBI.
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[Ipu paboTe B pacmpeleleHHON cucTeMe MOTPeOUTeNb AMEKTPOIHEPIUH HMEET BO3-
MO>KHOCTh TIOJIy4aTh €€, KaK OT BHEILIHEH CeTH, TaKk U OT COOCTBEHHOM anekTpocTanuuu. Cob-
CTBEHHAs! 3JIEKTPOCTAHIMS MOKET 00ECIIeUnBaTh AEKTPOIHEPTHEH, KaK CBOErO MOTPEOUTEN,
TaK U [10/1aBaTh €€ BO BHEIIHIOIO CETh WM K APYIMM OJIM3KO PACIOJIOKEHHBIM OTPEOUTENISIM.
Takasi cuctema MO3BOJIIET MIPHU BBIXOJIE U3 CTPOS WM OCTAHOBKE TaKUX KPYHHBIX OOBEKTOB
sHepreTuku kKak ADC u I'DC, oOpbiBe JIMHUN 3JieKTponepenady 00eCHeunuTh KU3HECI0C00-
HOCTb OOJIBILIMHCTBA MOTPEOUTENEH EKTPOIHEPTUU, U B IEPBYIO OUYepeab KM3HEHHO BaX-
HBIX 00BEKTOB, HEOOXOAUMBIX ISl 0OECTICYCHUS KU3HU TPaXaaH U paboThl mpeanpusatuid. K
MIPEUMYILECTBAM TaKOM SHEPreTUKH HEOOXOIUMO OTHECTH U OTCYTCTBHE MOTEPh B CETAX MPU
TPaHCIIOPTUPOBKE.

Baxuelmmm (akTopoM SBISIETCS BpEeMs ITyCKa IEKTPOCTAHIIMH M BBIXOJa HAa PEXKUM
HOMHMHAJIBHOM MONIIHOCTU. JIJIsi 3JIEKTPOCTAHUMKA pACIpPEIETCHHON CHUCTEMBI 3TO BpeEMs
JOJKHO OBITh MUHHMaTBHBIM — 10 — 20 MunyT. HemanoBaxkxHOe 3HaYeHHE UMEET, KaK OBICT-
past BO3MOKHOCTh U3MEHATh MOLIHOCTh IO KOMaHJIE OT OIlepaTropa Wiu NPy U3MEHEHUU CH-
Tyallidl BO BHEIIHUX CETSIX — HAIPUMEp aBapuu. Takasi BRICOKass MAaHEBPEHHOCTh ITO3BOJISIET
PEIIuTh elle 0/IHY BaXXHYIO 33/1a4y — MOKPBITHE CYTOYHBIX U CE30HHBIX MMMKOBBIX HATPY30K.

OcHoBOl pabOTOCIOCOOHOCTH Ka)JA0W 3JEKTPOCTAHLMM SBJSETCS TOILUIMBO. JTO U
OCHOBHas cocTapJstomias croumoctd 1 kBt yaca npousseneHHoi anexkrposnepruu. OT TOrO,
rjae OpaTh TOIUIMBO U CKOJIBKO OHO CTOMT, 3aBHCHUT KaK HaJEKHOCTh SHEPreTUYECKOU CUCTe-
MBI, TaK U1 CTOUMOCTb BCEX TOBApOB U YCIYyT, IPOU3BEIEHHBIX 33 CUET UCIOJIb30BaHUS IIPOU3-
BEJICHHOM 3JIEKTPO’HEPIHH, TO €CTh CTOMMOCTh BCEr0 TOTO, YTO CYLIECTBYET BOKpYr Hac. B
oObeme 3TOM cTaTbu MBI HE OyJeM paccMaTpuBaTh, OE3yCIOBHO, SICHYIO CBSI3b MEXAY CTOU-
MOCTBIO MPOU3BOACTBA EKTPOIHEPTUH, SIKOHOMUUECKUM IMOTEHIIMAJIOM rocynapcTBa, OJia-
TFOCOCTOSIHUEM TpaXkJaH U 000pPOHOCHOCOOHOCThI0. OTMETHUM JIMILL TO, YTO YE€M HIDKE cebde-
CTOMMOCTbH ITPOM3BOJICTBA MIEKTPOIHEPTHH, TEM BBILIE BCE OCTAJIbHbIE MOKazarenu. 1 B aTux
YCIIOBHUSAX TOIJIMBHAS COCTABJISIIOIIAS. UMEET IPUOPUTETHOE 3HAUEHHE.

Jlist co3ganust pacpeieICHHON CUCTEMBI JIEKTPOIHEPTeTHKH, OTBEUAIOIIEH TOTpeO-
HOCTSIM 00I11€CTBa ¥ rOCYJapcTBa HEOOXOIMMO BBIIIOJHUTH HECKOJIBKO OCHOBHBIX YCIIOBHIA:

- B MakCUMAaJbHOW CTENEHM HCIOJIb30BaTh CYIIECTBYIOLIUE B FOCYJapCTBE TOILIMB-
HbI€ MECTOPOXKIECHHUS, BO3MOKHO HEpPEHTAOENbHbIE ISl KPYMHOW N0ObIYM, HO KOTOPbIE BO3-
MO>KHO MCHOJIb30BaTh AJ1sl 00ecreueHus TOIIIMBOM HEOOJIBIINX 3JIEKTPOCTaHIIUH;

- B MaKCHUMAaJIbHOW CTEIEHU UCIOJIb30BaTh OPOCOBOE TOILIMBO, MOJIYYEHHOE B PE3YJib-
TaTe TEXHOJOTHYECKUX MPOLIECCOB HA XMMUYECKUX M METaUIypru4ecKuX 3aBojiaX, TOILIUBO,
MOJIy4aeMO€ U3 OTXOJIOB JIPEBECHHBI U IPYIHX OPraHUYECKUX MaTepraioB (OMOTOILIMBO);

- 3JICKTPOTEHEPUPYIOIINE YCTAHOBKH JOJDKHBI MMETHh BBICOKYIO €IMHUYHYIO MOII-
HOCTb, OBITh MaKCHMAaJIbHO SKOHOMUYHBIMH C MUHUMAJIFHBIM BpEMEHEM IyCKa M BBIXOJa Ha
PEXUM HOMUHAIBHOM MolHOCTU. VX raGapuThl U Macca JAOJDKHBI MO3BOJISATH JOCTaBKY JIFO-
ObIM BHJIOM TpAHCIIOPTAa C TNPUMEHEHHEM MHHHMAJIBHOTO KOJUYECTBA TPY30IOIBEMHBIX
CPEICTB Ui MOTPY30YHO — Pa3rpy30uHbIX pabOT M MOHTaXa. YCTaHOBKU JIOJDKHBI TIOCTaB-
JIATHCS B TIOJIOCTHIO COOpPaHHOM BHJIE, HE TPEOYIOITUM OOJIBIIOTO 00heMa MOHTAXKa,

- 00BbeM KamuTaJLHOTO CTPOUTENHCTBA Ul Pa3MELICHUsI SIEKTPOreHEPUPYIOIIHNX YyC-
TaHOBOK M KOMMYHHUKAIIUH, CPOKM MOHTaXa M BBOJA B AKCIUTYyaTAIHIO JIOJDKEH OBITh MHHU-
MaJTbHBIM.

He crout 3a0biBath elile OAMH 3HAKOBBIHM Bompoc, 6e3 pemenus koroporo B XX| Beke
He OyJeT CyleCcTBOBaTh HU OJHA YCTAHOBKA — ATO JKOJIOTHSA. DHEpProreHepupyomias ycra-
HOBKa JIOJDKHA YIOBJIETBOPSTH TPEOOBAHUSAM JIOCTATOYHO JKECTKUX SKOJIOTMYECKUX CTaHIap-
ToB. ['pakiane 1:000T0 Pa3BUTOrO rocyAapcTBa HE MOTEPISIT BO3JIE ceOsl YCTaHOBKY OTpaB-
JSIOUIYI0 UX 370pOBbE M OKPYXKAIOIIYIO Cpeay, MOTOMY IepBeiiias 3aboTa rocyiaapcrsa
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00ecnevnuThb 3TH YCIOBHUS.

AHanu3 npuBeIEHHBIX BbIIIE (PAKTOPOB MO3BOJISET MPEACTaBUTh OCHOBHbIE TpeOOBa-
HUS K SHEProreHepUpyroeil yCTaHOBKE Ul paclpeeeHHON "KyCTOBON SHEPreTHKU:

- oOecnedeHre BbICOKOA((EKTUBHOIO CKUTaHUS TOILJIMBA, B TOM 4Hciie OpOCOBOTo;

- Tiy0oKas yTuin3anus Teruia, IoJy4aeMoro MpHu CKUTaHWU TOILIUBA,

- BBICOKasi MAHEBPEHHOCTb, KOPOTKOE BpeMs ITyCKa M BbIXO/a Ha PEKUM HOMHUHAIb-
HOM MOIITHOCTH,

- BBICOKHE JKOJIOIMUECKHE MTOKA3aTeNH;

- HeOoJbIne rabapuThl U Macca;

- II0CTaBKa Ha IJIOUIa/IKy COOPaHHOM BHUJIE, HE TPEOYIOLIEM CII0KHOIO MOHTaXa.

HecmoTpss Ha OOMIMPHBIN psJ pa3iuyHBIX SHEPrOreHEPUPYIOIINX YCTaHOBOK OYEHb
HEMHOTHE OTBEYaroT OOJIBIIMHCTBY BBIIIEYKa3aHHBIX MpHU3HaKoB. HaBepHoe ciexyer cpasy
OTKUHYTh YCTAHOBKHU aTOMHBIX 3JIEKTPOCTAHIMI, KPYIHBIX TUAPOAIEKTPOCTAHLIUN, THIPOaK-
KYMYJUPYIOIIUX CTaHIMM U MPOMBINIJICHHBIX MapOBbIX U Ta3oBbIX TypOuH. WX MoiHOCTH,
rabapuThl, 00beM KalHUTaJIbHOIO CTPOUTENILCTBA U MOHTaXa, MPOJOJIKUTEIBHOCTh BBOJA B
AKCIUTYaTal0 U JApyrue (akTopbl HE COOTBETCTBYIOT IPHUBEAECHHBIM BBILIE TPEOOBAHMSIM.
OTU AIIEKTPOCTAHLIMU KpailHe BasKHBI JIJIsl TOCYAAPCTBA, SABJISIOTCS €ro HajlexHou onopoid. Ho
0e3 pacrpeneaeHHOM CUCTEMbI PHEPIeTUKH TaKOe MOCTPOEHUE KpailHe ysa3BUMO U He obecrie-
YUBaeT TPeOYEeMOro YpOBHSI HaJIe)KHOCTH.

BerpoBslie, conHeuHble, re0TepMalbHbIE MEKTPOCTAHLINU, TUAPOIEKTPOCTAHIIMN Ha
MaJIblX TOPHBIX pPeKax, 3aMaH4YMBbIE C TOUKH 3PEHUS MOJy4eHHs "'AapMOBOM" SHEPIUH U BbI-
COKHMX JKOJIOTMYECKUX IOKa3aTeJel K COXAJIECHUI0 HE MOTYT SBJIATbCS OCHOBOW pacrpese-
JICHHOW PHEPIreTUKH B CHIIY Y3KO JIOKAJIIM30BAHHBIX PAallOHOB MX PAcIOJIOXKEHUS HO OE3yClIOB-
HO JIOJDKHBI BXOJIUTh B TaKyl0 CUCTEMY.

[TapoTypOHHHBIE YCTAHOBKU C BO3MOXKHOCTBIO COKUTAHUS B KOTJaX MPAKTUYECKH JIIO-
ObIX BUJOB TOIJIMBA UMEIOT CETOJIHSI HEBBICOKYIO SKOHOMUYHOCTh B KOMOMHUPOBAHHOM I1PO-
U3BOJICTBE AIEKTPUYECKON U TEIUIOBOM 3HEPruu, TpeOyroT OOJbIINX KaUTaJIbHBIX 3aTpaTr U
JUINTENbHBIX CPOKOB MOHTaXa M BBOJA B JKCILTyaTallMi0, UMEIOT JJIUTEIIbHOE BpeMs ITycKa
(MHOTHE Yachl) M BBIXOJa HA PSKUM HOMHUHAIILHON MOIIHOCTH. be3ycioBHO, 3a cueT BO3MOX-
HOCTH HCIOJIb30BaHUSl MPAKTUYECKU JIIOOBIX BHUAOB TOIUIMBA, B TOM 4YHCIIe U OpOCOBOrO,
JIOJIKHBI BXOJUTh B CUCTEMY paclpe/IelIeHHON SHEPreTUKU, HO HE SBJISIOTCS ONTUMaIbHBIMU.

Crnenyer npu3HaTh, YTO HA CETOJHSIIHUMA JI€Hb TOJBKO ra30TypOMHHBIE SHEpreTHYe-
CKHE€ YCTAaHOBKM C BBICOKOW €JMHHYHOM MOIIHOCTBIO M CO3/IaHHbIE Ha UX OCHOBE KOT€Hepa-
LIMOHHBIE U IApOra3oBble YCTAaHOBKH COOTBETCTBYIOT BbIII€YKa3aHHbIM (pakTopam. B atux
YCTaHOBKaX 00beIMHEHA TEXHOJIOTUS BhICOKOA((EKTUBHOIO CKUTaHUS TOIUIMBA C TITyOOKOM
YTUJIM3alKEN Teria OTXoAAuX ra3oB. OHU BBICOKOMaHEBpEHHBI. Bpems mycka v BbIXo/1a Ha
PEKUM HOMHHAJIBHON MOIIHOCTH He mpeBbiaeT 20 MUHYT. DTH YCTaHOBKHA UMEIOT HEOOIIb-
IIyl0 Maccy M rabapuThl, TPAHCIOPTUPYIOTCS JIOOBIM BHAOM TpaHCHOPTa, HE TPEOYrOT
CTPOUTENIbCTBA KANUTAJIbHBIX COOPYKEHUH, JOCTABIISIIOTCS Ha IUIOIIAJKY 3JIEKTPOCTAHIIMU B
coOpaHHOM BH/JI€, JIETKO MOHTHUPYIOTCSI MPAKTUYECKU O€3 MCIOJIb30BaHUS IPY30I0bEMHBIX
CpeICTB. YPOBEHb BPEAHBIX BHIOPOCOB COOTBETCTBYET CaMbIM KECTKUM MHMPOBBIM CTaHIap-
TaMm.

Baxkneiiniee 3HaueHHuEe UMEET U TO, YTO OHU COOMPAIOTCS U UCHBITHIBAIOTCA B cOOpe Ha
CTEHJIE 3aB0OJIa — U3TOTOBUTENS U HA IUIOLIAAKY 3JIEKTPOCTAHIMHU MPUOBIBAIOT B MOJIHOMN TO-
TOBHOCTHU K DKCIUTyaTalluu. Takue YCTaHOBKH JAABHO HIMPOKO MPUMEHSIOTCS JUISl HYX/1 BOCH-
HO — MOPCKOTO (hjI0Ta ¥ aBHALIUU, B ra30TPaHCIOPTHOW MPOMBIIIJICHHOCTH U JJIsl IPOU3BO-
CTBA DJIEKTPOIHEPTUH, KaK B COCTABE CTAI[MOHAPHBIX IEKTPOCTAHIIMI Ha pa3HBbIX 00bEKTaXx,
Tak U B COCTaBE IUIABYYUX IEKTPOCTAHILIMM, SHEProINoe30B, 3JEKTPOCTAHIUMN, pa3MelleH-
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HBIX B TpeUJepax.

TommuBoM 711 TAKMX YCTAaHOBOK MOYKET SIBJISITbCS MPUPOAHBIN ra3, KHUJIKOE TOILIIMBO
Pa3HbIX COPTOB, MOMYTHBIN ra3 HE(QTAHBIX MECTOPOKIECHUM, pa3IMyHble BEIEeCTBa MOJydae-
MbI€ B pe3yJbTaTe TEXHOJIOTHUYECKUX MPOLIECCOB HA METALTYPrUYECKUX U XUMHUECKUX Ipei-
HNPUATHAX, OMOTOIUIMBO, MPOAYKTHI ra3uuKaluy yris. DTH YCTAaHOBKHU Li€JIecooOpa3Ho yc-
TaHaBJIMBAaTh B pailloHE ra30BbIX MECTOPOXKIEHUN HENPOMBIIIJIEHHOIO MaclTaba B U300MiIuu
MMEIOLIUXCS [0 BCEMY 3€MHOMY IIapy U B palloHax pa3MelIeHHs ra30BbIX XPaHUIIHILL.

Takue ctpanbl, kak CIHIA emie B KOHIIE MPOIIJIOTO BEKa pa3paboTaid MPOrpamMMbI
CO3/IaHUs PACTIPEJICIICHHON "KyCTOBOM" SHEPTETUKH, KOTOPHIE CETOHS YCIICIIHO PeaJnu30BbI-
BaeTcs, UMEHHO Ha 0a3e ra3oTypOMHHBIX YCTaHOBOK.

B xauectBe npumMepa UCIOJIb30BAHUS T1a30TYPOUHHBIX YCTAHOBOK PA3IM4YHON MOIIIHO-
CTH JJISl CO3JAaHUs MPOrpamMMbl paclpeieieHHON SHEPreTUKU LeIecoo0pa3HO paccMOTPETh
MOIIIHOCTHOM Psii YCTaHOBOK, pa3zpaboTaHHbIN ['ocyqapcTBeHHBIM npeanpustueM Hayuno —
TEXHHUYECKUH KOMIUIEKC ra3oTypboctpoenus "3ops” — "Marmmpoekt” (Ykpauna, r. Hukouna-
eB), y)ke B TeueHnue 51 roja pa3pabaThIBAIOIICTO M H3TOTABIMBAONIETO ra30TYpPOMHHBIC yCTa-
HOBKH U1 HYXJ BOGHHO — MOPCKOT0 ()JI0Ta, ra30TPaHCIOPTHOW MPOMBIIIJICHHOCTH U SHEP-
reTuKkd. ['a30TypOUHHbBIE YCTAaHOBKHM Pa3IMYHOrO Ha3HAYEHMs IKCIUTYyaTHPYIOTCS OoJiee uem
20 cTpanax mupa, B ToM yucie B bonrapuu, 'epmannn, Manun, Kazaxcrane, Kanane, Kurae,
Poccuiickoit ®enepanuu, Pymbinuu, CIIA, Typkmenuu, Uexun. OHM yCTaHOBIJIEHBI HA IUIa-
BYUHX 3JIeKTpocTaHIMsaX Tuna "CeBepHOe cUsiHHE" M B dHepromnoesgax. B kauectse Tomnusa
UCIOJIb3YETCSl IPUPOAHBIN Ia3, )KUJAKOE TU3eJIbHOE U ra30TypOUHHOE TOIUIMBO, OMOTOIUIMBO,
IIPOAYKThI TEXHOJIOTHYECKHUX IPOLECCOB XUMUYECKUX ITpeanpuaThil. [IInpoknii MOIHOCTHOU
P Ta30TypOMHHBIX YCTAaHOBOK €AMHUYHON MOIIHOCTHIO OT 2 10 110 MBT no3Bomsier co3-
JaTh 3JIEKTPOCTAHLMU B IIMPOKOM JAMANA30HE MOIIIHOCTH, KOTOPbIE MOTYT ObITh UCIIOJIb30Ba-
HbI HETIOCPEJICTBEHHO IS CO3JaHMsI pa3BETBIEHHON 'KYCTOBOU' HEPreTUKH.

3HAUUTENbHBIM MPEUMYILECTBOM TaKUX YCTAHOBOK SIBJISIETCS HCIOJIb30BAaHHUE UX HE
TOJIBKO JJISl TIOJTY4EHUS 3JIEKTPOIHEPTUU HO U JUIS HYXJ TeII0(UKALUK WM UCIIOJIb30BAHUS
rapa Wi ropsyeil BoJpl B TEXHOJOTHUYECKUX Ipoleccax. OTCyTCTBUE MPOTSKEHHBIX TPYOO-
IIPOBOJIOB MO3BOJISIET 3HAYUTENBHO COKPAaTUTh MOTEPU B TEIIO(UKALUOHHBIX CETAX B CpaB-
HEHUH C TETUIOM, MocTymnarmmuM oT 6oasmmx TOC. Beixoa u3 cTpost 0HON W3 pacmpene-
JICHHBIX TEIJIOCETEN HE MPUBEJIET K TAKUM MOCIEACTBHUAM KaK BBIXOJ U3 CTPOS CETH OOJIbLION
TOC, 4T0 MKU3HEHHO Ba)XHO AJISi TOPOJIOB MUMEIOIIUX MOTPEOHOCTH B OTOIUIEHUU B 3UMHHMU
MEPUO/I.

[TaporazoBble yCTaHOBKH, COCTOSIIINE U3 OAHON WM JABYX ra30TYpOMHHBIX YCTaHOBOK
¥ TIapoBOW TYpOMHBI, UMEIOT HAM0OJIee BBICOKHI AIEKTPUUECCKUN KOAPDHUIIUEHT TMOJIE3HOTO
NeUCTBUSL, MTO3BOJISIONINI COKPATUTh IOYTHU B J[Ba pa3za MOTpedieHne TOIIMBA s TIOTyYeHUS
OJIHOTO M TOM K€ JEKTPUYECKON MOIIIHOCTH.

VYCcTaHOBKU pa3MeEIIeHbl B YKPBITUSAX, IO3BOJIIOIIUX CMOHTUPOBATH UX B JIFOOBIX paii-
OHax 3eMHOro mapa. PaboTocriocoOHOCTh YCTAaHOBOK COXpAHSETCS IPU CEHCMUYECKOM BO3-
nevictBun 10 7 6amwios no mxaie MSK.

Mup XXI Beka 3T0 MUp BCEOOIIETO MOHUMAHUS 00IIEUETIOBEYECKUX IIEHHOCTEH, MUP,
KOTOPBIA JJOJDKEH rapaHTHUPOBATh KaK/IOMY Y€JIOBEKY CTaOUIbHOCTh U Onaromnosydue. M Ha-
JIEKHOCTh pabOThl SHEPTeTUKU KaXKJOr0 IrOCyAapCTBa SIBJISETCS COCTAaBHOM 4acThio ero 00o-
POHOCTIOCOOHOCTH CTOSIIEH Ha CTpa)ke 3TOW CTaOMIBHOCTH | Onaromosrydnsi. CeroaHs Kax-
JI0€ TOCYAApCTBO JOJDKHO HPHUHATH JUIsl ceOs TpU NPUHIMIA, SBISIOUIUXCS OCHOBOW IpO-
IpPaMMBbI CO3/IaHUS PACIIPEIEICHHON "KYCTOBOU" SHEPIeTUKHU:

1.Mmetp Hambonee uucThie, Hanbosee 3(h(HEeKTUBHBIE U HAAEKHBIE SHEPreTUUYECKUE
CUCTEMbl B MHpE 3a CYET MAKCHMAaJIbHOTO HCIOJIb30BaHUS JIOCTYIHBIX PaCIpEIEeICHHbIX
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SHEPIreTUYECKUX PECYPCOB,;

2.DHeprernveckass 0€301aCHOCTh HAIMH CHUJIbHEE, KOTJa SKOHOMHKA ONMHpAeTCs Ha
pa3zHooOpa3Hble HCTOYHUKH PHEPTUH U HE 3aBUCUT OT OJIHOTO KaKOTro JIMOO TOIIINBA,;

3.IlpenmymecTBa, obOecrieunBacMble peaan3alueil MporpaMMbl CO3JaHUS pacrpesie-
JICHHOW SHEPreTHKH, OyAyT CYHIECTBEHHBI JUIsl MOTpeOUTENel, MOCTABIIMKOB SHEPTrUU U Ha-
LMY B LEJIOM.

A BBINIOJIHEHHUE MPOTpaMMbl CO3JaHUS paclpeAeseHHON "KyCTOBOHM" 3SHEpreTHuKu
JIOJI’KHO OCHOBBIBAThCS Ha TEXHUYECKHX CPE/ICTBAX, JOKA3aBLUIMX CBOIO HA/IEKHOCTb U )KHUBY-
YeCTb B JIFOOBIX YCIOBUSIX IKCIUTYaTallud BO BCEM MUPE.

Cnucok jutepatypbl: 1. 3akon Ykpaunsl «IIpo komOiHOBaHE BUPOOHMUIITBO TEILIO-
BOT Ta €JIEKTPUYHOI eHepril (KoreHepailiro) Ta BUKOPUCTAHHS CKUIHOTO €HEPromnoTEHINATY>
Big 05.04.2005 Ne 2509-1V.

ABPA3SHUBHBIE TPAHYJIBI JIJISI BUBPAIIMOHHON OBPABOTKH HA OCHO-
BE HETPAJUIIMOHHBIX KOMIIOHEHTOB

Yypuocos A.Il. (JouHTY, 2. [loneyk, Yxpauna)

The results of researches of effectiveness of abrasive instrument application on the basis of
metallurgical production wastes in comparison with the samples used in industry.

The use of blast production slags for manufacture of abrasive granules does not make worse
to the technological characteristics and reduces the value of instrument production.

Cpenu mporieccoB abpasuBHON 00paboTku BHOpooOpadoTka (BuO) sBisiercs Hambo-
nee 3QQPEeKTUBHBIM METOJIOM (PMHUIIHON 00pabOTKM JeTajiell MalluH CII0KHOM KOH(pUrypa-
LMY, K KOTOPBIM MPEABSBISAIOTCA BBICOKHE TPeOOBaHUS K KauecTBYy oOpabarbiBaeMoOM IIO-
BepxHOCTH [1].

PeanbubiM pezepBoM pocta apdpextuBHocTH BHO siBnisiercs pazpaboTka U panyoHaib-
HOE TIpUMEHeHHe aOpa3uBHOrO MHCTpyMeHTa (rpanyn). ['paHyibl BBIIOJHSIOT OCHOBHYIO
pouib B iponiecce BuO, obecrieunBas cbeM MeTaiia U €ro OKUCIOB, IIaCTUYECKoe AepopMu-
poBaHME U MHTEHCU(DUKAINIO (U3UKO-XUMUYECKUX IPOLIECCOB, U3MEHEHHUS CTPYKTYpHI IO-
BEPXHOCTHOTO CJIOsi 0OpadaTeiBaeMol Aetanu. [IpaBuiibHBIN BEIOOpP COCTaBa I'PaHyIN C COOT-
BETCTBYIOIIMMHU JJaHHOMY BUIY 00pabOTKU apaMeTpaMu, U BO3MOKHOCTb X PEryIUpOBAHUS
B 3HAUMTEIbHOM CTEIIEHHU OIpeEsieT KOHEUHBIH pe3yiabTaT 00padOTKH U3AEIHS.

OcCHOBHBIE XapaKTEPUCTUKHU TPAHYJ OMPEICISIOTCS TEXHOJIOTHEH MpPOW3BOJCTBA, U
KOMIIOHCHTAMH, BXOJJIIMMU B UX COCTAB. a6pa3I/IBHBII\/’I HAITOJIHUTCIIb U CBA3YIOILICC. Ko-
JMYECTBEHHOE COOTHOIICHHE CBS3YIOMIETO W aOpa3sMBHOTO HAIOJHHUTENS, a TaKXKe CII0CO0
HU3TOTOBJICHUSA I'PaHyJI OKa3bIBAIOT CYICCTBCHHOC BIIMAHUC HA TCXHOJIOTMYCCKHUE XapaKTCpU-
CTUKH MHCTPYMCHTA, TaKHUC KaK.

MHTEHCUBHOCTh CheMa MeTajuia ¢ 00padaThiBaeMOM OBEPXHOCTH;
pexyIas crnocoOHOCTb;

M3HOCOCTOMKOCTE,

IEPOXOBATOCTH 00pabaThIBAEMO TOBEPXHOCTH.

KpOMe TOr0, aKTyaJIbHO PCIICHHUC 3aJia4 IMOBBIMICHUA TCXHOJOTMYHOCTU HU3TOTOBJIC-
HUS, CHIDKCHUSI C€0ECTOMMOCTH ¥ YITYUYIICHHUSI YKOJIOTHYECKUX IMOKa3aTeNiell B mpoiecce u3-
TOTOBJIEHUS U paOOTHI HHCTPYMEHTA.

B cBsi31 ¢ 3TUM /1711 peneHus MOCTaBICHHBIX 3a/1a4 MTPEJICTABIISIET HHTEPEC HCIIOIB30-
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BaHHE HETPAJUIMOHHBIX BUIOB a0pa3HBHBIX MaTepPHaioB (OTXOI0B MPOU3BOJICTB) MPH U3IO-
TOBJICHUHU TPaHYIL.

B pabote mpencraBieHsl pe3yabTaThl pa3padOTKU U MCCICTOBAHHUS TEXHOJIOTHUECKIX
XapaKTepUCTUK rpanyi 1t BuO, n3roraBarBaeMbix u3 aOpa3suBHBIX HETPATUIIMOHHBIX MaTe-
pHAaJIOB — IeCKa M IIJIAKOB JIOMEHHBIX MPOU3BOJCTB [2, J].

OreHKa TEXHOJIOTUYECKAX XapaKTEPUCTHK TPaHyJl OMpPEessuiach 0 WHTEHCUBHOCTH
cbheMa MaTrepuaia, MepoXOBaTOCTH MOBEPXHOCTH JIETAIH, CTEIIEHH OYUIIEHHOCTH MOBEPXHO-
CTHU OT 3arpsi3HEeHHH (MPH MOCYHBIX U OYHUCTHBIX OMEPALUIX), H3HOCOCTONKOCTH IPaHyII.

B naboparopusix JonHTY nponuin anpoGaiuio HOBble cOCTaBbl a0pa3suBHBIX FPaHYI
st BuO. B xadecTBe CBS3YIOIIETO BEIIECTBA JUIs aOpa3sMBHBIX T'PaHYIN MCIIOIB30BAIH Me-
tunmerakpuwiar (MMA) ¢ nonmmermimerakpuiaroMm (IIMMA) u snokcuanyo cmony D/1—
20. AGpa3uBHBIM HAIOJHUTENIEM CITYXKHIU KapOu kpeMuus: depHblit (M40), 351eKTpOKOPYH T
HopMasbHbI (A—10), mecok (3epHUCTOCTh 6 MKM), IUIAK JOMEHHbBIH I'paHYJIUPOBAHHBIA H
nuiak apoonenusid (3epaucrocth 50 MM, [OCT 3476-74, TY 14-11-196-86). CooTHotie-
Hue abpa3uBa U cBs3yromero B uHctpymente 1:1. BuGpamnuonnoir 06paboTKe moABEPraInuch
o0Opa3upl U3 cranu 45 W JNaTyHW TpU HENpepbIBHOW TpoMBIBKE 2 % pacTBOPOM KaJbITH-
HUPOBAHHOU cojpl. MicxoHas mepoxoBaTtocTh 00pasnoB R, = 1,25 mxM. OOpasiisl 3arpyxa-
JHCh B pabOUyI0 KaMepy B CBOOOHOM COCTOSTHHH.

[Totepst mMaccel MeTalula W M3HOC aOpa3MBHOTO HMHCTPYMEHTA OIPENENSICS ITyTeM
B3BEIIMBAHUS JI0 U Tocie 00paboTku Ha aHanutudeckux Becax BJIA—200 ¢ TodHOCTBIO 11O
0,0002 r. Pe3ysbTaThl 3KCIIEPUMEHTA MTpeCTaBIeHbl Ha quarpamme (puc.l) u tadmune 1 (00-
pasiisl u3 crainu 45).

[Ipu 06paboTke rpanynamu Ha ocHoBe KU, A W mmaka TOMEHHOTO ChEM MeTajuia C
MOBEPXHOCTH 00pa3I0B U3 JIATYHH B 3,5 pa3a MpeBhIIIaeT ChéM MeTallla C TIOBEPXHOCTH 00-
pas3IoB U3 CTaJH, a TPAHYJbl HA OCHOBE IECKa W IUIAKa JPOOJIEHOTO 00eCIIeYnBaIOT MPAKTH-
YEeCKH OJIMHAKOBBIN ChEM METaJlIa ¢ IOBEPXHOCTH 00pa3IOB U3 JaTyHU U CTAJIH.

Qr I.r
05 a0
-1 42 M - e -oT. 43 - mr

04 40

03 30 ]

02 20

01 4 10 4 —‘

] N | = | g i i =
| I [11 A% v Vi | I 111 AY W \Y
a 1]

Puc. 1 BnusHue Buaa abpa3uBHOTO HAIOJIHHUTENS Ha CheM MeTauia (a) 00pasinoB
u3 cranu 45 u narynu; u3Hoc rpanya (6) npu BuO :
| - MMA+IIMMA+KY M40; 1V — MMA+IIMMA+1niak 1OMEHHBI;
[l —-MMA+IIMMA+A-10; V — MMA-+IIMMA +mnak apo0ieHHbIH;
[l = MMA+IIMMA+11ecox; VI -3]1-20 + M40

[ToBbimIeHHE TBEPAOCTH 00pabaThIBAEMBIX MAaTEPHATIOB COMPOBOXKIACTCS POCTOM H3-
Hoca abpasuBHOro mHcTpymenta (puc.l, 6). Haubonpmmit chéM MeTauia ¥ MUHHUMAIbHBIN
M3HOC TIOJIy4YeH TIpU paboTe Ha TPaJUIMOHHBIX adpa3uBHbIX MaTtepuanax (KY u A).

CpaBHUTEJbHBIC UCTIBITAaHKUS a0pa3MBHBIX IPaHYJI HAa OCHOBE IIIAKOB M IMECKa C Tpa-
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JTUIMOHHBIMM a0pa3sUBHBIMHM HAIOJHUTEISIMM [OKa3aJld, 4YTO HMX PEXyllas CHOCOOHOCTH
(raba. 1) u ko3¢ duIHeHT 00pabOTKH HE YCTYMalT I'paHyjlaM Ha OCHOBE 3JIEKTPOKOPYH/IA.
[Ipu 3TOM 11€pOXOBATOCTh MOBEPXHOCTU OOpaOOTAHHBIX JeTallell M3MEHSETCS HE3HAUNUTENb-
HO. [IpouieHTHBIN M3HOC rpaHyl (Tabna. 1) Ha OCHOBE MecKa M [UIaka JOMEHHOTO MOoYTH B 4
pa3a MpeBbIIIaeT aHAJOTMYHbIN OKa3aTeNb AJIs IPaHy)l HA OCHOBE KapOuaa KpeMHHUs YEpHO-
ro U 3JIEeKTPOKOPYH/A.

[TonyueHHble pe3ynbTaThl MOKA3bIBAIOT, YTO TEXHOJOTMYECKHE XapaKTEPUCTUKU I'pa-
HYyJ ¢ a0pa3suBHBIM HAIOJHUTENIEM B BUJE IJIaKa, JIOCTAaTOYHO OJIM3KU K I'paHyjaM C HaIoJ-
nutensmu B Buge KU u A. o ycioBusm ux npumenenus: npu BuO (OTHOCHTETBHO HU3KHUE
CKOPOCTH, KOHTAKTHAs Harpy3Kka, TEMIIepaTypbl) TaKUEe XapaKTEPUCTHKH BIIOJHE TPUEMIICMbI
JUI MPAKTUYECKOTO MPUMEHEHMs], 0OecreunBas Mpu 3TOM CHI)KEHHE CTOMMOCTHU T'paHyl 3a
CUET MCIOJIb30BAHUS HETPATUIIMOHHBIX KOMIIOHEHTOB.

Tabnuna 1 Pe3ynbraThl TEXHOJOTHYECKUX UCIBITAHUNA  aOpa3sMBHOIO MHCTPYMEHTA

Ne | Bup abpasuBa Pexymas N3Hoco- | Ynens-uelil | TBeppocts | YcraHo-
CHoCc00- CTOM- CbEM Me- IpaHyjbl, | BHUBILIASACA
HOCTb KOCTb, | tamma, rd0° | kr/em® 1LIEPOXO0-
RX0*, U, %/r Vem? BaTOCTB,
rlacm? R., HKM
1. | M40+ MMA + 10,53 0,7 12,94 680 0,736
IIMMA
2. | A-10+ MMA + 2,073 0,528 12,144 680 0,86
IIMMA
3. | Ilecox + MMA 1,3 3,219 0,444 680 0,52
+ [IMMA
4. lmak toMeH- 17,38 0,867 14,062 720 0,597
HBII TPaHyJIn-
pOBaHHBIN +
[IMMA +MMA
5. | Ilnak npoGie- 23,44 1,918 11,82 660 0,641
el + [IMMA
+MMA
6. M40 + 5]1 20 7,536 1,414 6,012 700 0,826

BoiBoasbl. [IpoBenieHHBIE HCCIIEOBAHUS TIOATBEPANIH BO3MOKHOCTD HCIIOJB30BAHHS
[IJIAKOB JIOMEHHBIX MPOU3BOJCTB U TIECKa JUIs U3TOTOBIICHHS a0pa3UBHBIX TPAHyJ. DTH CPEIIbI
JOTIOJTHSIOT UMEIOIIUECS] BUABI aOpa3sHBHBIX TPaHyJI M MOTYT OBITh MCIIOJB30BAHEI TpU (Hu-
HUIITHOW 00paboTKe JeTanei, 3aMeHss B psje ciaydaeB Oosiee AedUIIMTHBIC U TOporue abpa-
3MBHBIC CpeIbl Ha OCHOBE KOPYHIA, DJIEKTPOKOPYHIA M KapOuma kpemHwus. J{1si cpaBHEHUS
OTMETHUM, YTO OPHEHTHPOBOUYHAsE ctouMocTh 1 T numd3sepna (M40) 900 y.e., a croumocth 1t
npobnenHoro nutaka 1lye.e.

Cnucok jgureparypsbl: 1. babuues A.Il., babuueB 1.A. OcHOBBI BUOpPAIIMOHHOM TeX-
Hosiorun.— PocroB-Ha-Jlony: JAI'TY, 1994. — 620 c. 2. [Tatear UA 68668A. Ckiax abpa3u-
BHOT KOMITO3HIIii 3 BIJIXO/[IB METATYPriiHOT TPOMHUCIOBOCTI [UIsl BATOTOBJICHHS IHCTPYMEHTY /
Mamumko 1.A., YypuocoB A.Il., IleryxoBa O.B., Manuxk O.M.// 7 B24]13/20//
Ne2003098700; 3asB.24.09.03; Omy6:1.16.08.04, brom. Ne8, 2004. - 6¢. 3. Ilarear UA
68669A. Crioci6 BUTOTOBIIEHHS a0pa3MBHOTO IHCTPYMEHTY 3 BiIXOJIiB METAYpPTiiHOT IPOMH-
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cioocti / Manmumko I.A., YUyprocos A.Il., Ileryxosa O.B., Mauuk O.M. // 7 B24]13/20//
Ne2003098701; 3ass.24.09.03; Omny6s1.16.08.04,br051.Ne8. - 6¢.

3ATAJIBHUM CTAH CYYACHOI'O CKJAJAJBHOI'O BUPOBHUIITBA TA
MOr0o XBOPOBU

Il a6aiikoBuyu B.A. (JKewiscoxuit mexnonociunuii ynieepcumem, Ilonviya)

The main reasons of the bad state of assembling production are accounted and analyzed:
insufficient attention, bad financing, antiquated assembling base, absence of innovation,
insufficient quantity and disqualification of personnel. The ways of their removal are
Stated.

CkiaganpHe BUPOOHUIITBO € OCHOBHUM Y 3arajlbHOMY IIpOLI€Ci BUTOTOBJIEHHS BUPOOIB,
OCKUIBKH CaMe TO/I1 KIHLIEBO (POPMYIOThCS BUPOOH 1 OCHOBHI iX MOKa3HUKHU SIKOCTL. B cknana-
JIHOMY BHUPOOHHUIITBI BUKOPHUCTOBYETHCS HalOUIbIIE poOOYOi CHIIM 1 MO BIIHOIIEHHIO 0
HBOTO 1HIII BHPOOHUIITBA: BUTOTOBJICHHS MarepiaiiB, 3aroTOBOK, AeTaliel, oOJagHaHHS Ta
OCHAILEHHS TIOBUHHI PO3IJIAIaTUCh, K HOro 3abe3neuyroul. | TyT NposBIsSETHCS nepuia XBO-
poba CKIaIaIbHOTO0 BUPOOHMIITBA — HE MPUIUICHHS CKIIAJaHHIO HAJIEKHO1, X04a 0 0JHAKOBO1
yBaru, y NOpIBHSAHHI 3 3a0€31euy0YMMH BUpOOHUIITBaMU. B3atu xoua 6 Takuil npukian, ic-
HY€ BeJIMKa KUIbKICTh HayKOBO-€KCIIEPUMEHTAIbHUX IHCTUTYTIB, OpraHi3alliil mo J0CiiHKeH-
HSIM 1 po3po0Il HOBUX MarepiajiiB, TEXHOJOTTYHHUX MIPOLIECIB BUTOTOBJIEHHS 3ar0OTOBOK, 00pO-

OKM caMUX JeTajei, a OT CKJIQJIaHHs — He-
O Moraze Mae 30BCiM, ab0 iX MOKHa MepepaxyBaTu
yBara thisarcy- Ha MaIbLAX OJHIET pyKu. XBOp0oOa BUHUK-

Crrazans e BAHHA . . ...
: Y J1a 3a-3a TOTO, IO OUTBIIICTh CITIIATICTIB 1
I KeplBHI/IKIB HC CKIIaIaJIBHOTO BI/IpO6HI/IIIT'

Opreemegz | | Murspiamso. Temonoria Ba JMBUIINCH, Ta i 3apa3 QUBJIATLCS, Ha

CETATAMME exeaarn Baon C R
I I CKIIaJaHHA dAK Ha TEXHOJIOT14YH1 BHpaBI/I 3
HawEoE0-nocm- Pizm Exmm -
T o T MOJIOTKOM, KJIHOYeM, 3yOMJIOM, BHUKPYT

Cmafixa sacTapim jE—— KO0, Too. I HuX Bce (?KnanaHHg 3?1111/1-
MATE PIIATTE H- Craragamzee IHOE AT caHe Ha KpEeCIeHHAX BY3J1B, BUPOOIB 1 BO-
TeEIYEA Gasa ﬂﬁuwﬂlﬂiﬂ pnspuﬁnr{ . :

HU BB@XAIOTh, 10 OUIBIIIE HIYOTO TaMm HE

Cm:': m : :
nmm L HOTpl6I-'IO', B TOMY YHCII NPOBOJMTH He-
3pO3yMill Ul HUX SIKICh TEOPETHUYHI PO3-
mmmm pOOKM Ta €KCIIEPUMEHTANIbHI JIOCIIIKEH-
1 perpamidi- . . . ..

AT TR us1. [Toxu B cBigoMocTi Beix (axiBIiB Take
Puc.1. B3aeMo3B’ 30K elleMeHTiB ckafaibhoro upo-  BIAHOIICHHS 10 CKIIAAIBHOTO BUPOOHMIL-
GHHMLTBA TA iX HELOMIKH. TBa HE 3MIHMTHCS, JOTH CKJIAJaHHA Oyje

3aBXK/JM Ha 3ajBipKax. A Te, 10 NOTpiOHO

3pO0OUTH, BUIUIMBAE HABITh 3 3arajibHOBI-

JOMMX BUMOT, IO CTaBJIATHCS, SIK A0 CKJIa-

JaJIbHUX CHCTEM, TaK 1 CKJIaJlalbHUX BUPOOIB, a caMme, CKIAJAaHHS KOHKYPEHTOCIPOMOXKHUX

BUPOOIB BUCOKOI SIKOCTI 3 MIHIMaJIbHO MOKJIMBUMU 3aTpaTaMH B YMOBaX 'HY4KOTO aBTOMAaTH-
30BaHOTO BUPOOHUIITBA.

BupoOHuua ckiananbHa cucteMa (PUCYHOK) MOBHHHA BIIMOBIAATH TAKHM BUMOTaM: BU-

COKa SIKICTh TEXHOJIOT1i CKJIaJlaHHA BUPOOY, HEOOXIHA MPOJAYKTUBHICTh CKJIa/JaHHs, MIHIMa-

JBHICTh BUTPAT, BUCOKOE(PEKTUBHE CKIIaAajbHE 00JIaJHAHHS Ta OCHAILEHHS, THYYKICTh CKJIa-

JAIBHOT CUCTEMHU, €PrOHOMIYHICTh POOOUYUX MICIh CKJIAJAIbHUKIB, IHHOBAIIIMHICTh, BUCOKA
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KBamidikaris ckianaibHUKIB 1 /TP, ekoHOMIUYHA €PEeKTUBHICTh. BuMoramu moao ckianaib-
HUX OJIMHHIIL BUPOOIB OYIyTh: BUCOKA TEXHOJIOTIYHICTH KOHCTPYKIIIi, BpaxyBaHHs 0COOJMBO-
CTe BUKOHAHHS CKJIAJAJIbHUX ONEpalid B 3alaHUX YMOBAaX, CKIAJabHOTO OOJIaHAHHS Ta
OCHAIIICHHS, BIMOBIIHICTh CKJIaJabHUX KOMIIOHEHTIB YMOBaM CKJIQ/IaHHsI, MIHIMYM CKJIa/1a-
JIBHUX HAIPSIMKIB NIPUEIHAHHS JIeTajiell, BUCOKA SIKICTh CKJIaJaJbHUX KOMIIOHEHTIB, BUKOPHC-
TaHHA JOOpe BiampanboBaHuX (HE TUIbKA KOHCTPYKIIIHHO-TEXHOJIOTIYHO, 8 B OCHOBHOMY C€KC-
IUTyaTaliiHo) CKIaJaIbHKUX 3’ €JHaHb, IPOCTA Ta JICIIEBA TEXHOJOTYHA MiJArOTOBKA CKiIaja-
JBHOTO BUPOOHMIITBA, TOIO. 3 HABEACHOTO BHJIHO, IO OOCIT HEOOXITHUX TEOPETHUYHHUX PO3-
poOOK Ta eKCIIEPUMEHTAIBHUX AOCIIIPKEHb € 3HAUHUM 1 30BCIM HE MOCTYINA€EThCS BUKOHYBA-
HUM HalpallOBaHHIM B IHIIUX BUPOOHUIITBAX, a HABITh € 3HAYHO OUIBIINM.

binpm netanbHO HEOOX1AH1 HANpallOBaHHS B CKJIaJJaIbHOMY BUPOOHUITBI MailOyTHHO-
ro Oymu po3riisiHyTi B [1]. Beck o0csr pobit OyB po30uTHil 32 IIICThMa HAPSIMKAMU: HAYKO-
Bo-TeoperruHomy (12 tem), koHcTpykiiiiHomy (12), Texnosoriunomy (12), mporpamHomy
(12), opranizariiinomy (12) Ta ekcryaramiiinomy (12) 3 BUKOpHCTaHHSM KOHIIEMNIIii OaraTo-
MIPHOTO KOMII FOTEPHOTO IHTErpyBaHHS Ha 0a31 00’ €IHAaHUX MEPEKHUX 1 IHTENEKTyaIbHUX
texHosorii. [loTpedyroTh po3poOKH TakoK MpoOIEMHU NMPUNHATTS pIILIEHb B YMOBax HEBU-
3HAYEHOCTI HEYITKOTO CepeoBuIia (METO] MAaKCUM yJIbTUILTIKATUBHOT 3rOPTKH), METOI0JIOT -
YHHUX aCHEKTIB MOJIENIOBaHHS, IHPOPMALIITHOT MIATPUMKHU YIPABIIHHS, MIIBUILIEHHS KOHKY-
PEHTOCIIPOMOKHOCTI BUPOOIB, CUHEPreTUYHOTO MIAXOAY 0 aHali3y AMHAMIYHUX IPOLECIB Y
CKJIa/laIbHOMY YCTaTKyBaHHI i CIIOPSPKEHHI 1 T.11. Y ¢l He0O0X1/1H1 pO3pOOKH B3a€MOTIOB’ I3aH1
MDK CO0010, OJTHE PO3TIPAIFOBAHHS BIUIMBAE HA 1HIIE a00 € HOTO HACIIIKOM.

Binomo, 110 Mo3UTHBHI pe3yiabTaTH HAMIYEHUX PO3POOOK MOXKYTh OyTH JOCATHYTUMU
Ta 3a0e3neyeHuMH HUIbOBUM (iHaHcyBaHHAM. Tak B CLIIA Ha po3BUTOK HayKH 1 TEXHIKU BU-
ninsersess Om3bko 3,5% HamioHampHOTO 1M0X0ay, AHDIS BuTpadae 2,4%, Himeuumna —
2,6%, TTompma — 0,39%. MoxHa 3 yIIeBHEHICTIO BBaXKATH, 110 KpaiHH, SKi HA I[i LTI BHILIA-
10Th MeHIIe 1%, MOBHICTIO MOKJIAIaI0THCS HA BUMAAKOBICTh 1 B I[bOMY TUIAH1 HE MAIOTh JKO/I-
HUX IIAHCIB Ha ycmix. Hamri kpainu BUAUISIOT Ha Taki po3poOku 1ie mexme (Ykpaina — 1%,
Pocis — 0,2%), a i1 CKJIaIalbHOTO BUPOOHUIITBA B KPALIOMY BHUIAJKY MPHIIAAE Hapy Ipo-
1eHTiB Bix Mizepy. IlpaBma Ha mouatky 2006 p. KabGiner MinicTpiB Ykpainu 3aTBepauB jaep-
KaBHY IporpamMy pO3BUTKY MaIIMHOOYAyBaHHs 3aranbHoro BapricTio 31330,5 muH. rpH. Y
2006 p. muranyethest 3 OromKeTy BUALHTA 2156,5 MitH. TpH., a 1885 MuH. rpH. npeacTaBuTH
SIK TOBFOTEpMIiHOBI 3aiiMu. Lle 6e3yMOBHO 3amalo Ak /st MAalTuHOOY/IyBaHHS B IIUIOMY, TaK 1
B YaCTHHI CKJIaJlaJIbHOTO BUPOOHMIITBA, /IO TOTO K 3 JIOCBIAY MUHYJIOTO BHHHUKAIOTh BEIHKI
CYMHIBHU Y NOBHOMY (iHAHCYBaHHI 1i€i KyLlOi Aep»aBHOI MPOTrpaMu PO3BUTKY. 3 MpoOIeMHu
HEJO0CTaTHROrO (PIHAHCYBaHHS BUIUIMBAE Opyea XBOpoOa — BIACYTHICTb PECypCiB Ha BHKO-
HaHHS HeoOXigHUX pooir. [lpu 1poMy, B mepily yepry HeIOCTaTHICTh pecypciB Ha (PyHKIIIO-
HYBaHHS CKJIaJIaJIbHOTO BUPOOHHUIITBA, & B IPYry — MPOBEACHHS HAYKOBO-JOCIIAHUX Harpa-
I[IOBaHb Ha MailOyTHE. PiBeHb Cy4acHOTO CKIIaIaJbHOTO BUPOOHUIITBA HabaraTo Hinkumii 90™
pokiB. | sikmio Tenep Pocis 3a paxyHok HadTo07apiB, a biutopycis — yHUKHEHHS AUKOI IpU-
BaTH3allii MOCTYMOBO MOBEPTAIOTHCS HA BTpayeHl MO3MII, TO YKpaiHa 3HAXOJIUTHCS JAJIEKO
no3any. [IpakTuyHO HOB1 HaIpalIOBaHHS MO CKJIAJAaHHIO B [IEHTPAII30BAHOMY UM Oy/Ib-IKOMY
IHILIOMY MOPSAKY TElep He MPOBOAATHCS B3araii. Bimoma nuine HU3Ka LIKaBUX 1 KOPUCHUX
POOIT OKpEMHUX aBTOPIB, 1110 HOCUThH (parMEeHTHUH, BUOIPKOBUI Ta BUITAJKOBUHN XapakTep.

Tpemvoro xBopo0OIO € Ha3BUUaliHA CIa0KICTh Ta 3aCTapLIICTh BUPOOHMYOT 0a3u CKila-
JAIbHOTO BUPOOHUIITBA, a CaMe: 3MEHIICHHS! BUPOOHWYMX IUIOI, BIICYTHICTh IIEHTPaTi30Ba-
HOIO BUTOTOBJIEHHS Ta IOCTayaHHsS TOCTPO HEOOXIAHOIO CKIAJaJbHOTO OOJaJHAHHA Ta
OCHAIL[EHHS, HEHAJIEKHUM pIBEHb €KCIUTyaTallliHUX 1 OpraHizalifHuX npouecis, Tomo. Ckia-
JajibHe BUPOOHUIITBO ICHYE B BUIJISIII PYYHOTO, MEXaHI30BaHOTO, aBTOMAaTU30BAaHOTO Ta aB-
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TOMAaTHUYHOTO, @ TaKOX 3MIIIAHOrO, HANPUKIAJ, PYYHO-MEXaHI30BAaHOIO, MEXaHI30BaHO-
aBTOMAaTH30BaHOTO, Tomlo. HaiilOuipIma yacTka mpumaaae Ha pydyHO-MEXaHI30BaHe, Jalll 1e
MEXaH130BaHO-aBTOMAaTH30BaHE 1 HE3HAUHUN BIICOTOK aBTOMAaTH30BAHOIO YW aBTOMATUYHO-
ro. Bumoramu ChOrojicHHs € THyYKe CKJIafajabHe BUPOOHHMITBO [2]. 3acobu mexaHizarii Ta
aBTOMaTH3allll TOBMHHI BUITyCKaTUCS LIEHTPATI30BaHO, IO TEMep HEe POOUTHCS, a 3MEHIIIEHA
HOMEHKJIaTypa MPOYKI[li BUTOTOBJSETHCS MMiJ 3aMOBJICHHS. He TeXHIuH1 mpolecu OCTaHHIX
15 pokiB mpuBenu 10 MPAKTUYHOI BIICYTHOCTI BUITYCKY TEXHOJIOTTYHOTO CKJaJalbHOrO 00-
JaJiHaHHA Ta ocHalleHHd. [IpuurHa 1iei XBOpoOU KpUETHCS B HEMIPaBUILHOMY NPEBaIIOBaHH1
MIPUBATHOIO BUPOOHUIITBA HaJ| ep>KaBHUM. Beyrepeu BiioMiil CBITOBIIM MpakTUIll IPUMYCO-
Ba IpHUBaTH3allsl YCHIIHUX JAEpKaBHUX HIANPUEMCTB IPUHECTA 3HAUYHY LIKOAY, a CB1IOMI
nonepeHi ix 6aHkpyTcTBa — i€ Outbily. OcTaHHIN XapakTepHUl Npukiaja npojax , Kpuso-
pLKCTai”, KOJIM 3aMICTh KOJOCAJIbHUX CTAJIMUX MPUOYTKIB XTOCHh BiJ IMEHI1 JIep>KaBU YOMYCh
BUOpaB 0JHOPa30BUM. XOUETHCS BIPUTH, 11O L€ JIMIIE KOPOTKO30pa MOMHUJIKA. Taki cTpaTeri-
4H1 00’ €EKTH B TOMY YMCJI1, IO BUTOTOBJISIFOTH CKJIAJHE TEXHOJIOTTYHE CKJIaJajabHe 00JaHaH-
HS TIOBUHHI OyTH JIepKAaBHUMH, 110 1 3a0€3MeUnTh cydacHy 0a3y CKJIaJlaJbHOTO BUPOOHUIITBA.
He 3Haiinerbcs H1 OJHOTO MPUBATHOTO MIANPUEMCTBA, SIKE O B3sUIOCh BUIIYCKATH CKJIaJaibH1
LEHTPU YM yHIBepcalibHe OCHalleHHs. [IpuunHa KpueThes B TOMY, 11O JIHCHO OUIBLIICTH XO-
9yTh OTPUMATHU MPUOYTOK, ajie HE KOJHUCh, a TUTbKH Terep 1 3pazy. KepyBanus nep:kaBHOIO
BJIACHICTIO CHEI[iaJliCTaMU 3 METOI0 J0OpoOyTy KpaiHu Ta il TpOMaJsiH AaBHO 3aCTOCOBYETHCS
OaraTbMa KpaiHaMu HOpSAJ 3 MIANPUEMCTBAMH NPUBATHOIO BJIACHICTIO. SIK 1 BCIOIM ICTHHA
3HAXOJUTHCS TOocepennHi. JIuie nmpu TakoMy miaxoai 6a3y CKIagalbHOTO BUPOOHHUIITBA MO-
’KHA JIOBECTH JI0 Cy4aCHOTO CBITOBOTO PIBHSI.

Bumoramu crorofeHHs € IHHOBAIIHHICTh 1 KOHKYPEHTOCITPOMOXKHICTh. SIK Bimomo, iH-
HOBAI[IMHICTD € PYIIIHHOIO CHJIOI0 TEXHIYHOTO MPOTpecy, a KOHKYPEHTOCIPOMOKHICTh — Xa-
PaKTEPUCTUKOIO BUPOOY, SIKA CKJIAIA€ThCA 3 KOMIIEKCHOI OIIHKH BCIET CYKYITHOCTI HOTO SIKi-
CHUX 1 EKOHOMIYHUX BJIACTUBOCTEH BITHOCHO BUMaraHb pUHKY UM BJIACTHMBOCTEW IHIIMX BU-
po0iB. [1o BigHOILIEHHIO O CKJIaJAJIbBHOTO BUPOOHUIITBA KOHKYPEHTOCIPOMOKHICTh PO3TJIs-
JA€ThCS B TEXHIYHOMY Ta €EKOHOMIYHOMY acrekTax. |HHOBaliiiHI BUpOOU Ta CKJIaJalibH1 TeX-
HOJIOT1i MalOTh OLUIbIIIE MIAHCIB OYyTH KOHKYPEHTOCIIPOMOXKHUMH, HIK HOBI, a TUM I1a4ye cTapi.
TenepiuHiil piBeHb CKJIaJajJIbHOTO BHUPOOHUIITBA XapaKTEPU3YETHCS HAJ3BUYAWHO HU3BKOIO
IHHOBAI[IMHICTIO Ta KOHKYPEHTOCIPOMOXKHICTIO. HaBiTh Ha BHYTPIITHBOMY PUHKY OUIBLIICTD
BUpOOIB HE KOHKYPEHTOCIPOMOXHI. [IpueMHUM BUKIIIOUEHHSM 3 IIi€i cUTyalil € JIiTako- Ta
pakeToOynyBaHHS, SIK1 Maii>ke 30eperiu CBOIO TeXHIYHY 0a3zy Ta mepcoHal, aje 1 BOHU MOCTY-
MOBO BTPAYarOTh CBOi MO3UIIIl HA CBITOBOMY pMHKY. B 11bOMy 1 mosirae yemeepma xBopo0Oa
CKJIa/laIbHOTO BUPOOHMIITBA, siKa € (PaKTUYHO MOXITHOIO NMoNepeaHiX. BunpapieHHsIM Takoro
CTaHOBHIIA € MMaTeHTHa 0a3a, BUKOPUCTAHHS SKOi BUMaraTuMe BIPOBAHKEHHS LIUIKOM HOBO1
ii opranizamii (mocBin SnoHii), a Takox JineH3yBaHHs. Ha movarky Iie BUMarae CTBOPEHHS
cy4acHOi BUpOOHHUOT 0a3M CKJIaaibHOI CUCTEMHU, 1 JIMILE MPH il HASBHOCTI MOKHA OPraHi3o-
BYBaTH BUITYCK IHHOBALITHUX KOHKYPEHTOCIIPOMOKHUX BUPOOIB.

3 BpaxyBaHHSIM HOBHUX TEHJEHIII PO3BUTKY CKJIAJalbHOTO BUPOOHHUITBA MO0 MOKHA
3HAYHO MOKPALIUTH 32 paXyHOK BUKOPUCTAHHS MOKJIMBOCTEW KOMII FOT€PHO-IHTETPaIbHOTO
BHPOOHUIITBA, & caMe. THYYKUX iHTerpoBaHUX ckiaganbHuX CALS-TEeXHOJOTIH, 3aKIaaeHHs
MPUHIUITY MOJYIBHOCTI, SIK B TEXHOJIOT1AX, TaK 1 KOHCTPYKIIAX, HOBUX CIIOCOOIB aBTOMAaTH-
30BAHOTO CKJIAJAaHHS, IPUHIIUIIOBO HOBOT'O TEXHOJOTTYHOI'O O0JIaJHAHHS Ta OCHALIECHHS, CHC-
TeM PEHTa0eIHbHOTO BUPOOHMIITBA, CUCTEM JIarHOCTYBAaHHS Ta YIPaBJIIHHS Ha 3acajax Map-
KETUHTY, Tomo. CkiaganbHe BUPOOHUIITBO XapaKTEPU3Y€EThCS IPUHIIMIIOBO HOBUMH IHTETPO-
BAHUMH TEXHOJIOTIIMU, aBTOMAaTUYHUM KOHCTPYKTOPCBKUM 1 T€XHOJIOIIYHUM IPOEKTYBaH-
HSIM, BUKOPUCTAaHHSM HOBHUX METOJIB MaTeMaTUYHOI'O MO/ICNIIOBaHHS, YIIPaBJIiHHs, OpraHia-
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i, oonagHaHHAM 1 1HITUMHU aTpuOyTamu. HoBe ckiamanbHe 00aJHAHHS Ta OCHAICHHS T10-
BUHHO OYTH TepeHaaro/KyBaHUM 3 HOTO cepiiiHMM BHUITyCKOM. 3aranbHa kouueris CIM
noeHye psix npobnemuo-opientoBanux cucreM CAD, CAM, CAE, CAP, SFS PPS CAQ,
TOM, MRP, TPM, JIT, ATM, PRO-Engineer, UNIGRAPHICA, ADEM, ACAD, KOMIIAC i
0araTpboX IHIIMX. YK€ 3apa3 MOKHA PO3PI3HATH MailOyTHe ckiananbHe BUpoOHUITBO CIM,
iCHyBaHHS HaI[lOHANBHUX CcKiIamanbHuX BUpoOHHITB CIM okpemux kpaiH, B 3aJ€XHOCTI
BiJl piBHS IXHBOTO PO3BUTKY

Sk BimoMo ckiagaHui BUpiO, B TOMY YHMCI 1 CKiIaalibHE 00aiHaHHS MailOyTHHOTO,
€ CKJIaJJHUM MEXaHI3MOM 30NTHUMI30BaHOI0 (YHKLIOHAJIBHOTO MPU3HAYEHHS, OCHALEHUM
MIKPOMIPOLIECOPHUM YIPABIIHHAM, IarHOCTUYHOIO CUCTEMOIO, B IKOMY (YHKIIIT oreparo-
pa BUKOHY€E KOMIT IOTE€p, a pOJb POOITHHKA 3BEJEHA /10 CIIOCTEPEkKEHHS, 0OCITyrOBYBaHHS
Ta peMOHTY. Taki KOHCTPYKLIl BUMaraTUMyTh 3HAYHUX 3aTpart, U0 MIATBEPIKY€EThCS Ha-
muM 1 3apyoikHuM noceimom. Hampukian, dipma Fiat Ha po3poOKy ManieHbBKOTO JIETKOBO-
ro asromo0its Cinquecento norparuna 700 mutH. monapis. Tomy mpumnyiieHHs po 3a0be3-
MEYEHICTh JOOPOro KOHKYPEHTHO3/IaTHOIO BUPOOY 0€3 BEIMKHUX 3aTpaT MOMMIKOBO 3 yCiX
TOYOK 30PYy. SIKICTh 1 KOHKYPEHTOCIPOMOKHICTh BUBHAYATUMYTh 3aTpaTH Ta KBaiidikallis
IHXKEHEPHOI'0 Ta pOOITHUYOTO MEPCOHAIY.

OCKUIbKM KaJipy BUPILIIYIOTh BCE, TO TaKe MOJIOKEHHS, 110 3apa3 CKjianocs B CKiaja-
JbHOMY BUPOOHHUIITBI, MOKHA MPU3HATU HaBITh BKpail HeOGe3neyHuM. Crapiie MOKOJIHHS
POOITHUKIB 1 IHKEHEPIB MEPEHIIIO Ha MEHCII0, Cepe/IHE, HAaHOUIbII MPOAYKTUBHE — 3alHS-
JI0Ch OI3HECOM 1 IHITMMH Kpallle OIJIauyBaHUMH pOOOTaMH, a MOJIOJIa 3MiHA MalKe 3HUK-
na. 3apa3 poOITHUKIB JJIi MPOMHUCIOBOCTI HE MIATOTOBIAE HIXTO: MpOodeciiftHO-TeXHIUH1
YYUJIUINA JTIKBIIOBaH1, (PaKTHYHO 1/1€ CAMOMIArOTOBKA HAa OKPEMHX 1€ MPALOI0YNX M-
MPUEMCTBAX. 3-3a MI3€pPHOI MJIATHI OUTBIIICTh TAKUX MOYATKOBO JI€Ib-JIEIb MiITOTOBJICHUX
POOITHUKIB PO3TIISAAETHCS 3a Kpallle OIUIa4yBaHOK POOOTOIO 1 TEX 3 4aCOM BIIXOJHTH.
Maiike Take X MOJIOKEHHS 3 TEXHIKYMaMHu Ta By3aMH, JI€¢ piB€Hb TE€XHIYHOI MiATOTOBKHU
B)XE JIAaBHO OIYCTHBCS HWXX4Y€ MIHIMaIBbHOTO. B 11bOMY 1 mosisirae n’ sma xBopoOa ckiajia-
JLHOTO BUPOOHUITBA. SIKIIO0 TPOXK MOMPIATH 1 JOMYCTUTH, IO BXKE 3aBTpa BCl MONEpeH1
XBOpOoOU OyayTh BHJIIKYBaH1, TOOTO CKJIaJalbHOMY BUPOOHUNTBY Oy/e MpHUILJICHA HAICK-
Ha yBara, 3HayHO 30UIbIIUThCA AlicHE (IHAHCYBaHHS, LEXHU 1 3aBOJM HAIIOBHATHCS HOBUM
00JiaIHAHHAM 1 OCHAILEHHSM, 1HHOBAI[li IepeyBaTUMYyTh y BUPOOHMIITBI, TOLIO, aJI€ XTO
K TpanroBaTuMe? | BHSBISIIOTHCS CIIpaBeUIMBUMU 3aKH/IH, 10 B HAc 0adaTh KOJIOHIATBHI
KpaiHH 1 Julie puHKHU 30yTy CBOET IPOAYKILi.

Bucnosku. He nuBnsiunchy Ha 3aCNOKIMINBY 1HPOPMALiIO PO SKUICH PO3BUTOK IPO-
MHCJIOBOCTI, 3100yT1 yCIiXH, TOIIO, Cy4aCHUM CTaH CKJIaJaJbHOTO BUPOOHUIITBA HAJA3BU-
YallHO MOTraHUM, a 3a CBOIMM NOKAa3HMKAaMU BOHO 3HAXOJUTHCS JAJIEKO I03aay aHaJIorid-
HOro BUpoOHHULTBA 3axoay Ta Cxoay. Ilpu mpogoBxkeHH1 Takoi cUTyalil B CKIaJalbHOMY
BUPOOHHUIITBI MOXKYTh TOYATUCS HE3BOPOTHI MPOLECH, BUMTH 3 SIKMX OyJe MalKe HEMOXK-
nuBo. Jlo 1iei Mmexi MaeMo yac e napy pokiB. OCHOBHA MpHYMHA TAKOrO CTaHy — IOJIi-
trvHa. l{e TakoX MiATBEPIKYETHCS CTAaHOM MPOMHUCIOBOCTI Ta poboToro Ha Cxoxl Ta 3a-
xoa1 kpaiHu. [lpuuran oueBuaHl. OCHOBHUMH XBOPOOaMH CKJIadalbHOTO BUPOOHHUITBA €:
HEJIOCTaTHE MPUJAUICHHS yBaru, noraHe (iHaHCyBaHHs, ciabka 3acTapiia mMaTepiajbHO-
TeXHi14yHa 0a3a, BIICYTHICTh Ta IrHOPYBaHHS IHHOBALIHHUX pO3pO0OK, MAJIOYUCENbHICTh Ta
HU3BKUHN piBeHb KajapiB. LIInsgx nikyBaHHS OJMH, €IUHHUIA — MO-CIPABXKHbOMY 3aMHSATUCS
CIPaBXXHbOIO T'OCIOJIaPCHhKOI0 poOOTOI0, SIK B IPOMUCIIOBOCTI, TaK 1 0COOJIMBO CKJIaJaib-
HOMY BUPOOHMIITBI 3 HAaCKpi3HUM (POpPMYBaHHSIM KOMaH]l CHELIaJiCTiB, a HE MOJITHUKIB 1
JUJIETAHTIB.
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O MECTE DHEPTOCHABXAIOIINX KOMITAHUM B KOPIIOPATHB-
HBIX CTPYKTYPAX METAJLTYPTHYECKOM OTPACJIH

Kapnos 3.A., lakanos C.H. (CTU MUCuC, 2. Cmapuwuii Ockon, Poccust)

There are considered reasons of the shaping the corporative structures in
metallurgical branch in the article .The main forming estimations of the complex potential of
the corporative structure are chosen. The importance criterion is shown such as recursive
potential, especially its energy component. The Offered main trends activity of the
power supply companies being included in the mining metallurgical holding.

3aKoHBI Pa3BUTHs OTpaciieil MPOMBIIUIEHHOCTH Poccuu B yclIOBUSX PBIHOYHOM KO-
HOMMKH IPAKTUYECKU UIACHTUYHBI 3aKOHAM Pa3BUTHUS OTpaciiell IPOMBIIIIIEHHOCTH B MUpE.

Brusinue mporieccoB riio0anu3anuid 3KOHOMHUKH U (akTOpOB (CTpEMJICHUE BBINTH Ha
MEXIYHApOIHbIC PbIHKH, BCTysieHue B BTO, ydacTve B pa3nuuHBbIX KOHBEHIMSX H JI.p.)
MPUBOJAT K NEPECMOTPY MapagurMbl BCEOOIIETO pa3yKpyIHEHUs IPEeIIpUsITUil U Te3nuca o0
0053aTeNbHOCTY KOHKYPEHTHOW OOpHObI MEXIy NPOU3BOJAUTENSIMU KaKk aTpuOYTUBHOTO
CBOMCTBA PBIHKA.

CeroHsUIHSSA OpraHu3alys SKOHOMHUKH TaKoBa, YTo Bce Oosiee u 6osiee MoATaIKUBAET
YYaCTHUKOB PbIHKA K (JOPMUPOBAHUIO KPYIHBIX KOPHOPATUBHBIX CTPYKTYP, YTO CIIOCOOCTBY-
€T POCTY KOHIIEHTPALH IPOU3BOJICTBA B OTPACIISIX POMBIIIIIEHHOCTH.

B metanmypruyeckoit otpaciu chopMUPOBAIHCH CIEAYIONINE KPYITHBIE KOPIIOPATHB-
Heie rpynnsl OO0 «EBpasxonguur», rpynna OAO «HoBonuneukuii meTanayprudyeckuil
koMOuHat», rpynna OAO «Cesepcranb», rpymnna «MarHUTOrOpPCKUM MeTaJlTyprudecKuil
koMbOuHaT», OAO «CranbHas rpynna Meuen», OO0 «["a3mMeTauinpoexT» u ap.

Crnenyer OTMETUTh aKTUBH3AIMIO MPOLIECCOB KOHCOJIUAALNN aKTUBOB METaJUIypruye-
CKHX MPEINPHUITHN U KOHIIEHTPALUK TPOU3BOACTRA. [1]

dopmupoBaHue KOPIOPATUBHBIX CTPYKTYp B METAILTYPTMM OCYIIECTBIISIETCSA IO Ha-
[IPaBJICHUSM BEPTUKAJIBHOW, TOPU30HTAJIBHOW U KOHIJIOMEPATHON HMHTErpaluy, B KOTOPBIX
[JIaBHBIMU YCJIOBHUSIMHM Pa3BUTHSI MHTETPALMOHHBIX MPOLIECCOB M UX MHTEHCHU(HUKAUU B IO-
clleTHEee BpEeMsI SIBUIINCH:

- YCTpaHEHHE «PaclbUICHUsS] COOCTBEHHOCTH» IIPU MAacCOBOM MPUBATU3ALUH BIUIOTH J10
BBbIJICJICHUS U3 IOPUANYECKU O(POPMIIEHHBIX B IUIAHOBOM 3KOHOMHKE KOMOMHATOB OTIENIbHBIX
MOPa3ACIICHU B CAMOCTOSATEIbHBIC aKIIMOHEPHBIC 00IIECTBA;

- 3aBeplIEHHUE Mpollecca KOHCOIUAALNN aKIIMOHEPHOTO KaluTajga B KPyHEUIIUX Me-
TaJUTypru4ecKuX KOMIIaHUSX;

- pe3kas nuddepeHnuanus 3KOHOMUYECKOTO COCTOSIHUSI OTAEIBHBIX KOMOMHATOB U
3aBOJIOB €IlI€ HA 3Tale BXOXKJEHHS B PhIHOYHYIO SKOHOMHKY. Tak 1o oneHkam MexayHapoa-
HOro coro3a MetauryproB 30% metayuryprudeckux 3aBogoB nMenn B 2003 HeymosieTBOpH-
TeJIbHOE (PMHAHCOBOE MOJIOXKEHHE. [2]

[IpakTuka paboThl 3apyOeKHBIX MPEANPUATUNA METAIIYpPTrUU, HApUMep TaKUX MHUPO-
BBIX JINJEPOB MeTauTypruu kak komnanuu Mittal Steel, US Steel u ap. mokassiBaet uto, Hau-
6osee 3(pPexkTUBHO (PYHKIMOHHPYIOT MPOMBIIICHHBIE «CKBO3HBIE» KOMIUIEKCH. KoTophie
O0BEAMHAT NPEAIPUATUS CHIPHEBOrO, METAJUIYPrHYeCKOro M METaljIo00padaThIiBaOIIEro
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npoduiis B paMKax KpyHnHEHIINX TpaHCHALMOHAIbHBIX KOMIaHUi. B oTinuue ot Apyrux ot-
paciieil IPOMBILUIEHHOCTH, T/Ie 1esiecoo0pa3Ha TEeXHOJIOIHMUecKas CHelraln3aius, Ipeano-
nararomias 000co6JeHre MPOU3BOICTBEHHBIX CEKTOPOB, B METAJUIYPIHH Takasi IPAaKTUKA OKa-
3anach HedekTUBHOM. [5)]

B ycnoBusix poccuiickoil 1eHCTBUTENBHOCTH MOATBEPKACHUEM PabOTOCIOOHOCTH U
HKOHOMMYECKON 3((PEKTUBHOCTU XOJJUHIOBOM MOJENIM MOXET CIYKUTh TOT (DakT, 4yTO B
JAHHOE BpeMs Ha NPEANpPUATUIX BXOJALINX B COCTaB KOPIOPATUBHBIX CTPYKTYpP MPOBOAUTCS
MaciiTaOHasi peKOHCTPYKLIMS U BBOJ HOBBIX MOIIHOCTEH. B coBerckoe Bpems, ocyiecTniie-
HUE TaKUX BBICOKO3AaTPATHBIX MPOEKTOB OCYIIECTBIISUIOCH B paMKax MpOorpaMM MUHHCTEPCTBA
YEpPHOU METAJUTYPIHH.

[Ipu popMupoBaHUM KOPIOPATUBHON CTPYKTYpPhl BO3HUKAET MpoOiieMa OIIEHKU KOM-
IJIEKCHOTO MOTEHIMalIa, CO3aBaeMOro B pe3ysbTaTe HHTErPAlMOHHOTO Ipouecca. [l aToro
BBIJIETUM OCHOBHBIE COCTABJIAIONINE KOMIUIEKCHOTO OTEHIIMAajIa KOPIOPATUBHON CTPYKTYpPHI:
NHBECTUIIMOHHBI.

PecypcHblid.

I'T TexHONMOTHYECKUIA.
NHHOBaLIMOHHBIN.
MapKeTHHT OBBIN.
Kanpossiii.
DKOJIOTUYECKHH.
CouuanbHbIil.

Hanpumep, npu BKIIIOUEHUHU B KOPIIOPATUBHYIO CTPYKTYPY FOPHO-METAJUIyPrUueCcKOro
XOJIIUHTA, MPOBOJUTCS OLIEHKA PECypCHOro noteHuuana. KpurepusMu oLeHKH MOTYT CIly-
KUTh 3amachl py/bl, IPOU3BOJICTBO MPOJIYKIIMH, KAYECTBEHHAs! XapaKTEPUCTHKA PYIbl U TeX-
HUKO-3KOHOMHUYECKasi XapaKTepUCTUKa IPOU3BOJICTBA.

OTMeTHM 4YTO, METAJUIypru4ecKoe MPOU3BOJICTBO SIBJISETCS BEChbMa YHEPrOEMKON OT-
pacibto. Tak, 10 MHEHHIO aBTOPOB HEOOXOIUMO B PECYPCHBIN MOTEHIMAN BKIOYaTh U 00ec-
[IEYEHHOCTh HEepropecypcaMu. B yacTHOCTH 31eKTposHEpruei.

B ycnoBusax Oykcyromiei peopMbl JIEKTPOIHEPTETUKH BCce 00Jjiee MPOSBISIOTCS He-
raTUBHbIE NIOCIEACTBHUS, U3 KOTOPHIX OCHOBHBIMHU SIBJISIFOTCSL:

- BO3MOYHOCTb HOSIBJIIEHUS J€QUIINTA FIEKTPOIHEPTHH;

- CHIDKEHHE HaJIKHOCTHU SHEProCHAOKEHHUS;

- HeA(pPEKTUBHOCTh CUCTEMbI YCTAHOBJIEHUS Tapu(OB Ha 3JIEKTPOIHEPTHIO;
- 00Jb111MEe 00BEMBI IEPEKPECTHOTO CYOCHIMPOBAHMS;

— poct TapudoB Ha IMEKTPOIHEPIHIO. [ 3]

YPOBEHb NEKTPO-IHEPTETUUYECKUX 3aTpaT B CTPYKTYpe ce0ECTOUMOCTH IPOU3BOIACTBA
MPOJIYKIIMM B HACTOSIIIEE BPEMsI SBJISETCS OJIHUM UB BaKHEHIINX (DAKTOPOB, OIMPENEISIIOIINX
HE TOJIbKO YPOBEHbB 1I€H Ha 3Ty MPOAYKIHIO, HO U Bce (PMHAHCOBO-I3KOHOMHUYECKOE COCTOSIHUE
caMHX IpeanpUsITHI FOpPHO-METAUTyPrHuecKOro KOMIUIEKca.

HccnenoBanue W BHEIPEHHE SHEProcOEperaroux MEponpHUsITHil 00yciiaBiuBaeTcs
HEO0OXO0IMMOCTbIO BEJCHMSI XO3AWCTBEHHOU NEATENbHOCTH HAa OCHOBE MOBCEMECTHOI'O BHE-
JpeHusi pecypcocOeperarmux TeXHOJIOT M, HalpaBlICHHbIX HA WU3MEHEHHUE CTPYKTYpPbI KO-
HOMMKH U CTPYKTYpbI oTpedeHusi. OCHOBHBIMH YCIOBUSMHU JAHHOM 3ajauu SIBJISIOTCA:

1. BHEIIIHUE — BBICOKHE NOKA3aTeNN YAEIbHON 3HEProeMKOCTH BCEX BUAOB MPO-
U3BOJICTBA HE MOTYT MPOAYKTUBHO COUYETATBhCSI C POCTOM ILIEH Ha SHEPreTU4YecKHe U JApyrue

pecypcsr;
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2. BHYTPEHHHE — HEOOXOJMMOCTh pPEANTN3alUU TEXHUYECKHX BO3MOXKHOCTEH
CYIIECTBYIOIIETO OTEYECTBEHHOTO MMPOM3BO/ICTBA B YCIOBHAX MPAKTHYECKU €NHOTO MHPOBO-
r'0 SKOHOMHYECKOTO TIPOCTPAHCTBA.

Poccus — ocobast ctpana, Oorarasi, s3Hepropecypcamu. B Haielt ctpane, HecMOTps Ha
BCIO OYEBUJHOCTH MPOOJIEMBI, IO CUX MOP OTCYTCTBYET HEOOXOAMMasl SKOHOMHUYEcKas Oa3a
(ucrosip30BaHUE MEPEKPECTHOTO CYOCHIMPOBAHUS, OKODKETHOE JOTHPOBAHHUE YHEPropacxo-
JIOB U JIp.) IPU OTCYTCTBHU MOHUMAHHUS 3HAYUMOCTH ITO# MPOOJIEMBI HE TOJILKO CPEH HACEe-
JICHHs, HO JIaXKe CPeIH CIEIHAINCTOB, YIIPABICHIEB, S)KOHOMUCTOB, MEHEKEPOB | T.11. Ilo-
ATOMY B TaKOW CUTyalluu (POPMUPYETCS TPETHE YCIOBHE:

3. TOJIBKO B Cliydae ee (MCClie/IOBaHHE U BHEIPEHHE dHEProcOeperarimux Mepo-
npusaTHii) 3G HEKTHBHOTO HAYYHO-IIPAKTUYECKOTO PEIICHUS, BO3MOXHO JIOCTH)KEHHE KaK CTa-
OMJIPHOTO COIMATHHO-3KOHOMHUYECKOTO Pa3BUTHSA, TaK W KOPEHHOTO YIYYIICHHsS KayecTBa
KU3HU JoAed. Ha mepBhIX 3Tanmax HalpuMep, B paMKax KOPHOPATHBHBIX CTPYKTYp, IUIS pe-
[ICHUsT KITFOUYEBOTO TPETHETO YCIOBHUS M MOKET CIYKUTh «MOTHBAIMs BHEIPEHUS SHEPro-
cOeperaronux TeXHOJIOTUI».

Bb1600b1. ABTOPBI CUMTAIOT, YTO 11€JI€COO0PA3HO /ISl CHUKEHUS CeOECTOMMOCTH TPO-
IOYKIUHU, OCYIIECTBICHUS HA/ICKHOTO AIEKTPOCHAOKEHUS, TIOSBICHUS CTUMYJIa K OCYIIECTB-
JICHUIO YHEPTrOCOEPETaroInX TEXHOJIOTHI B COCTAaB KOPIOPATUBHBIX CTPYKTYP BBOJUTH MO/I-
pazneneHue «IHepProcHa0 aromas KOMITaHUs.

«JHeprocHadKaroass KOMIAHHUI» MOXET OCYIIECTBIIATh JIEITEIBHOCTD IO CIEAYIOIUM Ha-
MIPABIICHHSIM.

- Toprosist Ha ONTOBOM PBIHKE 3JIEKTPOIHEPTUH.

- Tenepauus cobctBeHHOM anekTposHeprun. Kak mokaseiBaroT pacuersl MexayHapoa-

HOTO CO¥03a METAJUTYProB Ce0ECTOMMOCTh COOCTBECHHOM 3JICKTPOIHEprun B 2-2,5 pasza

Huxe, yeM nokynka y PAO EDC.

- IlpoBeneHue MepONPHSTHI 10 BHYTPEHHEMY SHEPToayauTy. [4]
- Baenpenme sHeprocOeperaromux MEpONpPUATHA U TEXHOJOTUH Ha MPEANPHITHIX

BXO/ISIIIIUX B COCTAB KOPIIOPATUBHOM CTPYKTYPHI.

- MoTuBanus BHEAPEHUS SHEPTOCOEPETAIOINX TEXHOJIOT .

Cnucok auteparypbl: 1. Mecto Poccun B MupoBo#t yepHoil metaiypruu. MHdopma-
1noHHBIH OroyuieTeHb MCM Ne3 2004r. 2. XKemuyeBa M.A.Ornerka 3QPeKTUBHOCTH KOPIIO-
PATUBHBIX CTPYKTYp B YEpHOW METAUTyprHM M METOJMKa WX O0aJaHCOBOH KOHCOJUIA-
iun//V3BecTus BuICIMX yueOHBIX 3aBeneHuit. YepHas mertamtyprus 2005 Ne7 ¢53-59. 3.
Kapnos D.A. lllakanos C.H. Pedopma snepretuxu co3gaer npoOieMbl METALTypruu mare-
puanbl koH(pepeHuu «ObOpa3zoBaHue, HayKa, Mpou3BoaAcTBO U yrpasinenue» CTU MUCuC
Crapsrit Ockon, 2005 T.2. ¢ 255-258. 4. Kaprnios D.A., lllakamos C.H. DHeproaymuT kak oc-
HOBa 3(p(peKTUBHOTO FHEPTOCHAOKEHHUS KPYITHOTO TPOMBIIINIEHHOTO MPEIIPUATHS MaTepua-
J6I Hay9HO-TexHn4YecKor KoHpepeHn OAO «ODMK» Crapsiii Ockonr 2005 ¢.11-15. 5. Jla-
TyHOB JI.E. @opMupoBaHHE BEPTUKAIbHO-WHTEIPUPOBAHHBIX KOMIIAHUN B METAJUTypruye-
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HUCITOJIb30BAHHUE |IT TEXHOJOI'MYECKOI'O IOTEHLHHUAJIA TT1PU no-_
CTPOEHWU KOPIIOPATUBHOM CTPYKTYPHI C SJHEPTOCHABXKAIOIIEN
KOMITAHUEM B METAJLTYPTUYECKOM OTPACJIA

Kapnos 3.A., lakanos C.H. (CTU MHUCuC, 2. Cmapuwui Ockon, Poccust)
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There are shown importance of IT potential holding in the article. The management models of
the production on base of the using the modern methods of energy-count with current state of
the business of the electric power and own needs production are chosen, within the frame-
work of under devel opment structure power supply companies by author and it place in corpo-
rative structure of the metallurgical branch.

[Ipu peanuzanuy MHTEHCUBHOTO HAaIpPAaBJIEHUS JESATEILHOCTH SHEProcHadxaroen
OpraHu3aluK XOJJHUHra 0co00e MecTo 3annMaet | T TeXHOJOrnYecKkuil moTeHua. 2]

Jlo cux mop He peAKH cilyya, KOrja MH(QOPMAaIMOHHbIE TEXHOJOTUU BHEIPSAIOT Kak
JaHb MOJIE WJIM B YCJIOBUSX, B KOTOPBHIX dPPeKTUBHEE OBLIIO OBl MPUMEHUTH OPraHU3aLMOH-
HOE WM TexHHueckoe pemeHue. Ho, kak mpaBuiio, mpoMbIlIJICHHbIE NPEANpUaTus npudera-
IOT K aBTOMATH3alMU N0 OOBEKTHBHBIM NMPUYHHAM, KOTOPbIE MOTYT MMETh KaK BHYTPEHHEE
(opraHu3alMOHHBIC WM MPOU3BOJCTBEHHBIC MPOOJIEMbI), TaK M BHEIIHEe (KOHKYPCHIIHS)
npoucxoxaeHne. OCHOBHbIMH LENsIMH | T- IpOEKTOB B MPOMBIIUIEHHOCTH SIBISIETCSI COKpa-
LIeHHE U3JEpKEK U NOBblIIeHHE 3()(HEKTUBHOCTU MCIOJIb30BAHUS (DUHAHCOBBIX, MaTepUAIIb-
HBIX U TPYAOBBIX PECYpCOB IpeAnpusaTs. KirodeBble 3aauil aBTOMATH3AIMHA BKIIOYAIOT B
ce0s mepexo]l K €AMHOMY MPEJCTABICHUIO JIAHHBIX B paMKaxX MPEANpUsATUs, UCKIIIOUYEHUE
ny6nupoBaHusl HHGOpPMAIUK, TOBBIIIEHUE TOCTOBEPHOCTH BHYTPU(PUPMEHHBIX HH(pOpMAaIIH-
OHHBIX IOTOKOB, COIJIaCOBaHME OM3HEC-TIPOLIECCOB MOJpa3AefeHuil u obecreueHne ux mpo-
3payHOCTH, MCIOJb30BAaHUE METOJIOB ONTHUMH3ALUH IJIAHUPOBAHMS, YIPABJIECHUS U IPOU3-
BoJcTBa. KpoMme toro, 3a cuer | T ynpaBieHIbI CTpeMATCS YIPOCTUTh MPOLIECCHl arperupoBa-
HUS ¥ aHajnu3a MHPOpPMAIUHM O JEATENbHOCTH MPEANpPUSATUS, U B LEIOM, 00ECIIEUYUTh POCT
IIPOU3BOIUTENBHOCTH TPY/a.

B TO e Bpems, ceroiHs B IeNsAX MOBBIICHUS d()(HEKTUBHOCTH YIPABJICHUS, MHOTHE
Cpa3y MepexoJsIT K aBTOMaTH3alui OM3HEC-IPOIECCOB, MUHYS dTall UX IJIAHUPOBAHUS U Op-
raHU3alMOHHOM ONTUMU3ALIMU WK COBMEIAs €ro C aBTOMAaTHU3ALIUEH.

[Ipu sToMm npumep koHuUepHa «ToloTa» ¢ BHEAPEHHON TaM KOHLIETILHUEN «OepeKInBO-
ro MPOU3BOJCTBA», HAIJISIHO MOKA3bIBAET, UTO CYILECTBYET peajbHasi BOZMOXKHOCTh Kapau-
HaJIbHOW ONTHMHU3AIMU JESATEIILHOCTH U YIpaBJICHUs 0€3 «TOTaJbHON» aBTOMAaTH3al[UU On3-
Hec-TiporieccoB. bosee Toro, poauBIIasics TaM ke CUCTeMa MPOM3BOJCTBA «just-in-time», ca-
Ma 110 cebe moutu He TpedyeT ucnoib3oBanus | T, OCHOBHas €€ cocTaBisoLIas — OpraHu3a-
UoHHas. [1]

[IpuHATO CuuTaTh, UTO, IIEpPELIATHBAS» YEPE3 TAll OPraHU3aLMOHHON ONTHMHU3ALINY,
MPENNPUATHS SKOHOMST BpEMsI U cpa3y MEpPeXosT B pa3psll «COBPEMEHHbBIX». B 1emnom 3to
BEPHO, €CJIM HE YUUTHIBATh, YTO B TAKOM Cllydae MPEIIpUsITUE HECET 3aTpaThl OJJHOBPEMEHHO
U Ha OpraHU3al[MOHHYIO [IEPECTPOIKY U Ha BHEJAPEHHE MH(POPMAIMOHHBIX TexHOoJorui. [lpu
3TOM B OY€Hb MHOTHX CIIy4asiX OCHOBHOH 3(p(peKT MPUHOCUT UMEHHO OPraHM3allMOHHAs I1e-
pecTpoiika OM3HEC-MpOoIeccoB, a MHHOPMAITMOHHBIE TEXHOJIOTHHU JIUIL TOMOTAIOT 3TOT (-
¢ext yemnuth. (Bemomuum npunnun [lapero: 20% yeunuii obecnieunBarotr 80% pesysbraTa).
Ecnu xe mpoBoauTh 3Ty npolieaypy B JiBa 3Tama, TO, BO-IIEPBBIX, peOpraHu3anus npoiaer
0oJiee MIaBHO, @, BO-BTOPBIX, MOXKHO OY/ET CYIIECTBEHHO CHU3UTh €IMHOBPEMEHHbIE 3aTpa-
ThI HAa ONTUMM3ALUI0 OU3HEC-TIPOLIECCOB MPEIIPUATHUS.

B Meramnyprum kak U B 3JEKTPOIHEPre€THUKE OCHOBHBIMH CHCTEMaMHU SIBIISIOTCA
DMPM/HMI/ SCADA/MES s yripaBiieHHs TEXHOJOIMYSCKUMU JIMHUAMH, a Takke ERP-
CUCTEMBI JJI ONTUMU3ALMH OU3HEC-TIPOLIECCOB.

JInist XOJAMHTOBBIX CTPYKTYP B METAJUTYPTUU MPUHIIUITHAIEHBIM MOMEHTOM SIBIISICTCS
ONTUMAJILHOE pacIpeielieHne MPOU3BOCTBA MEX 1y KomOuHatamu. [loaTomy, npu cozpaHuu
SHEeprocHaldXarome KOMIIAHUU XOJAUHra HEOOXOIUMO YUUTHIBATh BO3ZMOYKHOCTh ILJIAHUPO-
BaHUS PACIPEAEICHHOTO MPOU3BOJICTBA U (DOPMHUPOBAHUS KOHCOIMIMPOBAHHON OTYETHOCTH.
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Ecnu Ha koMOuHarax ucrnosb3yrorces pasHble ERP cucrempl, To oHu noykHBI, 0 KpaliHel
Mepe, XOPOIIO COCTHIKOBBIBATHCS C TOUKH 3PEHUSI JOCTYIIA K JAHHBIM.

Uro kacaercs ympaBi€HHMs TEXHOJIOTHYECKMMH IIpOLeccaMu SHEeprocHalkaromen
KOMITaHUH, TO He0OX0IuMa MHTErpalus BeIXoMHBIX JaHHBIX SCADA cucteM KOHTPOJMpPYIO-
IMX paboTy reHEepUPYIOIMIMX MOILIHOCTEH, a TaKKe€ CUCTEM SHEproydera no KOMOMHAaTaM U
CUCTEM OINEPATUBHO-IUCIETYEPCKOTO YIPABIEHUS C CUCTEMOM YIIPaBJIEHUSI IPOU3BOJICTBOM.

[Ipu BrIOOpE MOJIENM CUCTEMBI YIPaBIEHUS MPOU3BOJCTBOM CJIEAYET YUUTHIBATh TOT
(axT, 4YTO OHU JOJDKHBI U3MEHSATCS U aJalTUPOBATHCS.

CeroiHsl €CTh TPU OCHOBHBIX IPETEH/IEHTA HAa HOBYIO MO/I€Nb YIIPABICHUS IPOU3BO/I-

CTBOM, KOTOpPbI€ MOTYT OBbITh B Pa3HOM CTENEHU IPUMEHUMBI K Pa3IUYHBIM IPOU3BOJICTBEH-
HBIM IIpolieccaM. JTO MOJEIb IUIAHUPOBAHUS IOTPEOHOCTEN B MaTepraiax U IpoOU3BOJICT-
BeHHbIX pecypcax (MRP/MRPII/ERP), mosens «rouno BoBpems» (J1 T) u Mmojaens ontu-
MHU3UPOBAaHHON TexHoJoruu npoussoacrea (OPT). [3]
KonseiiepHoe npon3BoacTBO. TpaaumoHHas MOJIENIb yIIPaBIECHUs IPOU3BOJCTBA.
He yuuTpiBaeT U3MEHEHUIN Ha PHIHKE U KOHKYPEHLIMH 110 BPEMEHU BBIBOJIA MIPOJYKTOB Ha
PBIHOK.

[TnanupoBanue notpednocreii. MRP/MRPII 310 «moaTankuBaromas» mpou3BoICT-
Bo cucrema. Ciry:x00i MapkeTHHra/mpogax Aaércs MPOTHO3 Mpoaax (Ha HEIesro, MEeCHIll,
roJl WU JPYroi CPoK), KOMIIBIOTEPHAs] CUCTEMa MPEBPAIIACT €ro B MPOU3BOJICTBEHHBIN
niad. [Inan 3aTem getanusupyercs 10 YpOBHS BEIOMOCTH MaT€pHUaliOB Ha MPOU3BOICTBO
IJIaHUpYyeMOTro 00bEMa MPONYKLHH, B pe3ysibTaTe coOupaercs 3alaHHOE KOJIUYECTBO H3-
nenuit. Takum 0Opa3oM, MPOU3BOJCTBO KIOATAIKUBAETCA» MIPOTHOZUPYEMBIM CIIPOCOM, a
HE TE€M, KOTOPBIA €CTh Ha caMOM Jeiie. /s ucnoab30BaHus 3TUX MOJENEH KPUTHYEH TOY-
HbI y4eT ChIpbs, HE3aBEPIIEHHOTO MPOU3BOJCTBA M rOTOBOM mpoaykuuu. Cucrema He
IpeaycMaTpUBaeT AaJbHEHIIEro yIy4lleHUs] MPOU3BOJCTBEHHOrO MPOIlecca U BbIITyCKae-
MOW IPOAYKIUH.

«Touno BoBpemsi». C npyroii ctoponsl, J| T «rsHeT» npou3BoACTBO, 6a3upysach Ha
(aKTUYECKOM CIIPOCE Ha TOTOBYIO NMPOJYKIHUIO, U CIPOC HA KOMIUIEKTYIOIIUE 1 HE00Xo-
JUMOTo 00bEMa roTOBOM MPOJYKIMU MPUBOJUT BCIO CUCTEMY B JBMkeHue. [IpuHuun pa-
6otsl JI'T oTpaxkaercs ¢ppazoit «rpogaéM KaxKJblil J€Hb — MPOU3BOAUM KaxXIbli AeHb». B
pe3yibpTaTe €CTECTBEHHBIM O0pa3oM COKpAIlaloTCsA CKIIAJICKUE PAacXo]bl W MOBBIIIAETCS
«CKOPOCTh OTBETa» CHUCTEMBbI NMPOU3BOJACTBA. HOo BHeapeHue 3TOM MoJenau yrpaBlieHHE
MPOU3BOJACTBOM MOXKET OBITh OUEHb PUCKOBAHHBIM — TPEOYIOTCS KOPEHHbIE M3MEHEHHS,
Kak B MpPOM3BOJICTBE, TaK U B YINpaBJIEHUU U KopropaTuBHOU Kynbrype. J | T TpeOyet
MHOE€CTBa MapauleJIbHBIX YJIy4YLUIEHUH B CUCTEME IpPOU3BOJCTBA U 3aTparuBaeT Bce 00-
JACTU JI€SITEIbHOCTH KOMIIAaHUHU.

OnTtumusupoBanHas TexHoJorus npousBoactsa. OPT paccmaTpuBaer kKoMIaHUO B
L[EeJI0OM, KaK MEXaHU3M IOJIy4eHUS I€HEXKHBIX CPEJICTB U ONTUMHU3UPYET KOJTUYECTBO JIEHET
co3naBaeMbix cucteMoil. B ocHoBy OPT monoxeHa Teopusi orpaHUYeHUH pa3paboTaHHas
¢duzukom Dnusxy Momie Fongparrom (Eliyahu Moshe Goldratt). INonnpart 61 BoBiieueH
B Ipolecc pa3pabOTKU METOJO0JIOTUU YIPABJIEHUS MPOU3BOACTBOM i (aOpUKH CBOETO
npyra. B pesynbrare npuMeHeHUs: TEOPUH OIPAaHMYEHUN BBITYCK MPOAYKLIIMHU YBEIHYHIICS
B TpHU pa3sa.

B pamkax Teopum orpaHuueHuil J1ir060€ NmpeanpusTHE paccMaTpUBAaEeTCs Kak CUC-
TEeMa PeCypcoB, CBSI3aHHBIX MEXy c000M mpoueccamu (Ieru MpoueccoB), B KOTOPBIX OHU
UCInoJb3yloTcs. Bee pecypesl paboTaroT Ha JOCTHKEHUE 1enu npeanpusatus. [log orpanu-
YCHHEM MOHMMAKOTCS BCe (PAKTOPHI, KOTOPHIE MEIIAIOT MPEANPHUITHIO (CHCTEME) Ha MyTH
JOCTUKEHHUSI TIOCTaBICHHOM LIEIH.
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[Ipu TakoM moaxoje K pacCMOTPEHHUIO MPENNPHUATHS TEOPUS OTPaHUYEHUU HOCHUT
YHUBEpPCAJIbHBIM XapaKTep U MOXKET ObITh NPUMEHEHAa HE TOJbKO K YINPABJICHUIO MPOU3-
BOJICTBOM (XOTSI OHA M3HAYAJIBHO pa3padaThiBajJach HMEHHO IS 3TOTO), a MOYTH KO BCEM
Ou3Hec-IpoleccaM MpeanpusThs.

Kaxk oOmue noaxossl, Bce TpU MOJEIN JOMOJHSIOT APYT ApYyra U MOT'YT UCIOJIb30-
BaThCS COBMECTHO B pa3HbIX coueTaHusX. O4yeHb Ba)KHO HE BOCIPUHUMAThH UX, KaK B3au-
MOUCKJIIOYarIe BapuaHTel: MoxHo ucnonb3zoBatb MRPII mis oOmero ninanupoBanus
3akynok, J | T mis opranusamuu ocHOBHOTO Tipon3BojicTBa U OPT i onTuMu3anum Beei
CUCTEMBI U YCTPaHEHUS €€ «y3KHX MECT».

B pamkax pa3pabarbsiBaeMoil aBTOpaMH CTPYKTYpPhl IHEPTOCHAOXKaIOIIEeH KOMIIaHUU
U ee MecTa B KOPHOPATHUBHBIX CTPYKTypax METAJNIyprUuecKoll OoTpaciu, ONpe/leIeHHbI
MOJIEJM YIpaBJE€HUS TMPOU3BOJACTBOM HA OCHOBE NPUMEHEHHS COBPEMEHHBIX METOJ0B
SHEpProayauTa C y4eTOM TEKYIIETrO COCTOSIHUS pbIHKa 3JIEKTPOIHEPIMU U COOCTBEHHBIX
MOTpeOHOCTEN MPOU3BO/ICTBA.

B3aumocBsA3b 1 OCHOBHBIE HaNpaBJeHUs AESITEIbHOCTU 3HEProcHaldxXkaroleil KoM-
naHnuu nokasansl puc.l. Ilenso pazpaboTaHHO#l aBTOpaMu (PYHKIIMOHAJIBHON CTPYKTYpHI
SABJISIETCSI CHIDKEHUE DHEPrOEMKOCTH MPOJIYKLIHH, KaK OCHOBHOIO CIOCO0a MOBBIIIEHUS
KOHKYPEHTOCIOCOOHOCTH MPEANPUSITHS.
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Puc.1 B3aumocBs3b HHGOPMAIIMOHHBIX U MaTE€pHaIbHBIX IIOTOKOB B dHEpProcHadkarouei
KOMIIAaHUHU B COCTaBE€ XOJIIMHTa

N3 cxeMbl BHJHO, YTO Ha KaXKJIOM 3Tame HEOoOXOJAMMO NPUMEHEHUE COOTBETCT-
ByIOLIel MH(GOPMALMOHHON CUCTEMBbI U MoJenel ynpaBieHus. Takoe pa3rpaHuyeHUE Bbl-
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3BaHO, IPEXJE BCEro, CIOKHOCTbIO KOMIUIEKCHOTO aHaln3a KOPHOPATHUBHON CTPYKTYpHI
(XonmaMHra) ¥ OTCYTCTBHE KOMILJICKCHBIX CHUCTEM PEIIAIONIUX TaHHYIO 3a1a4y. B cBs3u ¢
3TUM, MOKHO DPa3JeiuTh pPELIaeMyI0 3a/Jaud U PElIUTh B paMKax yXe€ CYIIECTBYIOLIUX
MPOTPaMMHBIX MPOJIYKTOB M Ha UX 0a3e MOCTPOUTH CBOIO COOCTBEHHYIO YHUBEPCAJIbHYIO
IT cucremy.

Cnucok nmuteparypsl: 1. Bymek Ixeiimc I1., [>xonc anuen T. bepexnuBoe npo-
13B01cTBO: Kak n30aBUTHCSA OT MOTEPh U AOOUTHCS MponBeTaHus Bamieit komnanuu/Ilep, ¢
aHri. - M.: Aneimaa busnec bykc, 2004. - 473 c. 2. Kapnios D.A., lllakanos C.H. DHep-
roayJauT Kak 0CHOBa 3()PEeKTUBHOTO 3HEProcHa0KEHUs KPYITHOTO MIPOMBIIIIEHHOTO MPe/i-
MpUATHS MaTepualibl HaydyHO-TexHuuYeckoil koHpepenuu OAO «OOMK» Crapsiit Ockon
2005 C.11-15. 3. O630p: UT B npomsbinennocta 2005 /PBK.

HNEPCIIEKTHUBbBI HCITOJIb30BAHUS BBICOKOCKOPOCTHBIX 3JIEKTPOJIU-
TOB XPOMUPOBAHUA B 'AJIbBBAHUYECKOM ITPOU3BO/JACTBE

Hlanumos 10.H., Bornanosuu E.H., Xapuenko E.J1., JlurBunos 10.B. (®'VII «<HKTH
«Deppum», 2. Boponesc, Poccust)

In work are considered the problems of use 111 valency of electrolytic conductors of a chro-
mium coating in an industry. Is fixed, that during an electrocrystallization there are limita-
tions of new nuclei shaping. The base reason of these limitations is the formation of hydrides
on an electrode surface.

B Hacrosiee BpeMs raibBaHHYECKOE XPOMUPOBAHUE UMEET IIMPOKOE M pa3HOOOpa3HOe
npuMeHeHue. boublias yacTh MPOIEcCOB XPOMHUPOBAHHS OCYIIECTBISICTCS U3 3JICKTPOJIMTOB,
COJIepIKaIllMX B KA4eCTBE OCHOBHOTO KoMIOHeHTa okcua xpoma (VI), KoHIeHTpalms KOTopo-
ro moxxet pocturats 500 r/i. Coenunenust xpoma (V1) 006magaroT 00OIIETOKCHYECKUM JEHCT-
BHEM U TMPOSBIISIOT KaHIEPOreHHbIe cBOiicTBa. [IpenenibHO AomycTUMas KOHIIEHTPALUS XPO-
ma (V1), xpomaToB B Bo3ayxe B nepecuere Ha Cr,O3z ycranosiena pasuoit 0,1 mr/.

Xpomarthl TIONAJAI0T B OKPYKAIOIIYIO CPEy, BBITSHKHYIO BEHTHISILIUIO, B IOYBY — Yepe3
crounbie BoJbl. YHOC CroO3 B BEHTHIISIMIO 3aBUCHT OT KOHIIGHTPALIMU €r0 B AJICKTPOJIUTE,
CKOPOCTH TIpoliecca Mepernajia TeMIeparyp HarpeBa, OOMIbHOCTH ra30BbIICIICHHS.

HaxkoruieHHbIH OIBIT IKCIUTyaTalliid BAHH XPOMUPOBAHHUS B 3aBOJICKHX YCIIOBHSIX MOKa-
3BIBAET, YTO MPU XPOMHUPOBAHKMH B MEKTPOUTaX ¢ KoHIeHTparmen Cr,Oz 250 r/n, kaToaHoi
mrotHOCTH ToKa (i) 80 A/nM? 1 Temmeparype 55 °C BBIHOC 27EKTPOJIHTA B BEHTHIALIIO CO-
crapuster = 220 M ¢ 1 m? MMOBEPXHOCTH DJICKTPOJUTA. MPU BO3PACTAHUU KOHIICHTPAIMH
Cr,03 no 500 r/i yHOC ero B BeHTW LU0 yBennuuBaercs B 15 pas. [Ipu usmenenuu i ot 20
10 100 A/nm? (koruentparms CroOz — 250 1/11) 5Ti OTEpU BO3PACTAOT B 5 pa3s 1 H3MEHEHHE
temneparypst ot 30 1o 70 °C B 4 pasa. [Tapsr Cr,Os pasHOCATCS BETPOM Ha GOJIBIIHE pac-
CTOSIHHSI, KOHIICHTPHPYSCh, IIPOHUKAIOT B IMOYBY, TPYHTOBBIC BOJIbI, BBI3bIBAS 3aPAKCHUE OK-
pYXarolleu cpepl.

B mporecce XpoMUpOBaH¥s 3HAYMTEIBHBIC TOTEPH XPOMOBOTO aHTHPHU/IA IPOUCXOISAT
B CJICJICTBUE YHOCA €r0 C JICTASIMHA U IPUCIIOCOOJICHUSMHE TIPH BBITPY3Ke MX U3 BaHH. Mccie-
JIOBAaHHE ATHX TOTEPh MOKA3aJ0, YTO MPH 3aIUTHO-ICKOPATHBHOM XPOMHPOBAHHMU HA TOJI-
muHy 0,5 MkM U TBepom — 12 MkM u3 anektposuta ¢ kKonienrpaiuei CroOs; 250 r/in Ha 00-
pa3oBaHME MOKPHITHS PACXOyeTCsi COOTBETCTBEHHO 12 m 76 % XpomoBOTO aHTUApHaa, Oc-
tanbHOE (88 1 24 %) BEIHOCATCS € A€TAISIMU B BAHHBI IPOMBIBKH.
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ITpu mporpamme 100 ThIC. M? B TOJl M MJIeabHOM BBIHOCE pactBopa, paBaom 0,2 r/nz, u3
BaHH BeIHOCHUTCS 20 ThIC. JIUTPOB, YTO COOTBETCTBYET S ThIC. KT Cr03. B TO e Bpems mpu
koureHrpanuu CroOs B anmektposute 150 r/m u Tex sxe tonmuuaax (0,5 u 12 mxm) ero pacxo-
ayeTrcst cooTBeTcTBeHHO 82 — 16 %. Takum oOpazoMm, 4yeM MEHbINE TOJIIMHA TOKPBITUS H
oosnbiie kouteHTparms xpoma (V1) B asekTposinTe, TeM 00JIbIIEe €ro KOJUIECTBO BHIHOCUTCS
B IIPOMBIBHBIE BOJIBI.

Ecmu onieHnBaTh BIMSHUE paccCMaTPUBAEMBIX BBIIIEC (DAKTOPOB MCXOMS M3 DKOJOTHYE-
CKUX TpeOOBaHM, TO HaWOOJbIee BpPEIHOE BIHMSIHHWE OKas3biBaeT KoHmeHTpamus Cr.Oz B
AIIEKTPOJIHTE.

Onaum u3 3 (HEeKTUBHBIX MTyTEH CHIKEHHS SKOJIOTHIECKON OTACHOCTH XPOMHUPOBAHHS
SIBJSIETCSL OCYIIECTBIICHHE ATOTO IMPOIecca B M0 KOHICHTPUPOBAHHBIX AJIEKTPOJIUTAX (C
koHuenTpanueit CroOs; menee dyem 250 r/i). BTopoii myTh — 3aMeHa XpOMATHBIX AJICKTPOJIH-
TOB HETOKCHYHBIMH, colepkammmMu coenuHenus xpoma (l11) Haunbonee mpuemiieMbiM ist
3alIUTHO-JIEKOPATHBHOTO XPOMHUPOBAHUSI.

TepMokuHeTHYECKHE YPPEKTHI, COMMPOBOKIAIONINE TPOIIECCHI IEKTPOKPUCTAIUTH3AUN
XpOMa U3 €ro TPEXBAJIICHTHBIX COCTUHEHUH, CO3/IAI0T MPEANOCHUIKH YMEHBIIECHHSI CKOPOCTH
peaKIMy BOCCTAHOBJICHHS TPEXBAICHTHOTO XpOMa JIO METAJUTMYECKOTO COCTOSHHS IPH yBe-
JMYEHUH TIPOJIOJDKUTEIBHOCTH JICKTPOJIN3a. B CBSI3M ¢ 3TUM TOJIIMHA MOTYYaeMBIX MTOKPHI-
TUH OyAeT OrpaHMYeHa KPUTHYECKUM BPEMEHEM, 0 MCTEUYEHUH KOTOPOTO Ha TOBEPXHOCTH
AIIEKTPOa CTAHOBUTCS HEBO3MOKHOW KPUCTAILTH3AINS METAIUTMYECKOTO XpOMa.

Ananu3 3aBucHMOCTeH A_ o = f(iy,t) MOKasbIBaeT, 4TO MPAKTUYCCKH MPU JIFOOOM XH-

MHYECKOM COCTaBE 3JIEKTPOJIUTA IOBBIIICHUE TEMIIEpaTypbl MOCIEIHETO PE3KO TOPMO3UT
MIPOLIECC AJIEKTPOKPUCTAIUIM3AIMKN METAIIMYECKOro XpoMa. CHUYKEHUE CKOPOCTH AIIEKTPO-
OCAKJCHHS XpOMa C YBEJIIMYEHUEM IPOJIOJDKUTEIBHOCTH 3JIEKTPOIN3a, [0 HallleMy MHEHHIO,
CBSI3aHO C M3MEHCHUEM CTPYKTYphI CyibdaTHbix koMiuiekcoB xpoma (I11) BeieacTeue mossi-
LIEHUS] TEMIEPATYPhI AIEKTPOJIUTA B PUKATOJAHOM cioe. [IpakTuuecku BceMu uccienoBaTe-
JSIMU TIPEIararoTcsl 3JEKTPOJIUTHl HA OCHOBE TPEXBAJIEHTHOIO XpoMma JUIsl MOJTYYEHUs JIUILIb
3alUTHO-JIEKOPATUBHBIX MOKPBITUN HEOOJbIION TOJIIHMHBL. [IpoMbllIeHHOE HTpUMEHEHHE
MIPOLIECCOB TrajbBaHUYECKOIO0 XPOMHPOBAHUS M3 HU3KOBAJICHTHBIX AJIEKTPOJIUTOB pean30Ba-
HO JIMIIb Ha HEKOTOPBIX pupMax SnoHuu.

PaccmatpuBas 3¢ ekt TernoBbleieHus Ha KaToje Kak (pakTop AecTaOMIn3aluu Mpo-
1ecca EKTPOOCAXKICHUS XpOMa, CPABHUM XapakTep U3MEHEHUs 3aBucuMocteid DT = f (ik N )

Ao = f(iy,t) I OTHUX U TEX K€ TEXHOJOTMYECKUX MapamMeTpOB AJIEKTPOJIU3a.

PesynbTaThl 3THX SKCTIEPUMEHTOB TIPEACTaBICHBI Ha puc. 1 u puc. 2.

°c

s0 |
pH=0,5
as}

40 |}

ci1oe
&

iw=15 a/am®

Tmvun

Temnepatypa B npukaToanom

2 4 6 8. 10 12 14 16 18 20 22 24 26 2.8 3(.)
IIpoAo/IKHTEIBHOCTH JJIEKTPOJIA3a (MHH.)
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Puc. 1. 3aBucumocts AT=f(iy,7) npn pasmuasbix ix (A/1M%) 1s mporecca MeKTPOXH-
MHYECKOTo xpomupoBanust: 1 - 15 A/nm? 2 - 25 Alnm?; 3 - 35 Alnm?

Jliia ompezeneHus BpeMEHHU IEpexojia 3JeKTpoJa B COCTOSHUE, KOTJa CKOPOCTh KpH-
CTaJTM3AIMU XpOMa CTAHOBUTCS PaBHOW CKOPOCTH €ro pacTBOpeHHs (BpeMEHHOro (hakTopa
JeCTa0MIM3AIMU TIPOLIECCa), UCTIONIb3yeM aHATUTHYCCKUN METO]| penieHus 3anadn. O4eBua-
HO, KpUTUYECKasi BpEMEHHasi TOYKa HaXOJUTCS HAa OCH BPEMEHHU IPHU COOJIOJEHUHU CIIEAYIO-
LIEr0 YCIOBHUSL:

ty tr
oF(,t,pH)dt = oF(i,t,pH)dt , Q)

rae F(i, T, pH) npeacrasiser coboi miomaas, OTpaHUICHHYIO OCSIMH KOOPIUHAT BPEMEHH U
KPHMBO# 3aBHCHMOCTH BBIXOJIa 10 TOKY XpOMa OT IUIOTHOCTH TOKa M BPEMEHH DJIEKTPOJIM3a; T1
- BpeMsI [Iepexo/1a JIEKTPOIa Yepe3 COCTOSHIE PABHOBECHSI.

J'Is‘(‘.r“ —
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Puc. 2. 3aBucumocts Ac’=f(ik,t) mpu pasmuassix ik (Alam?): 1 - 15 Alnm?; 2 - 25
Alnv?; 3 - 35 Alnv?; 4 - uvm. D12-511, Ip=20 Alnm®.

Perrenne 3amaur MOKHO 3HAYUTEIBHO YIPOCTHTH, 3aMEHHMB KPHUBBIC 3aBHCHMOCTEH
Ao =Tkt pH) 1, 2, 3, 4 na cootserctBytomme npsameie 1, 2, 3' n 4' (puc. 3). B stom

cllydae aJIeKBaTHOCTb OIPAaHUYEHHBIX KPUBBIMH U COOTBETCTBYIOIIMMHU MPSIMBIMU IUIOIIAACH
¢buryp coxpansercs.
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Puc. 3. AnnpokcuManus 3aBUCHMOCTH BBIX0JIa TI0 TOKY MeTallla OT TPOA0DKATEIBHO-
CTH 3JIEKTPOJIN3a U INIOTHOCTH KaTOJHOTO TOKA

3HaveHHe KPUTHYCCKON BPEMEHHOM TOYKH B 3TOM ClIydae OINpPEessieTCs] U3 PaBEHCTBA
wiomazei tpaneuu abcd u Tpeyronbrauka Ccdf. [Tonokenue opaunatel Cd Ha BpeMEHHOM 0CH
U ONpEACITUT 3HAYCHUE BPEMCHH PABHOBECHS CKOPOCTEH MPOIECCOB ANMEKTPOOCAKIACHUS U
pPacTBOPEHHUS METAILIA.

O003HaYMB KPUTHYECKOE BPEMs uepe3 T1, @ BPeMsl IiepecedeHus] KpUBOM (MU ammpoK-
CHUMUPYIOIICH e€ MPSAMOH) C 0ChI0 BPEMEHHU Yepe3 T2, MOCIIE COOTBETCTBYIOIIUX MpeoOpa3oBa-
HUW MOTYYUM:

1 1
tix(tz - -y)ga =2 Xtz - t1)? Xga, @

IZI€ O - YrOJI HAKJIOHA alllIPOKCUMHUPYIOIIEN IPSIMON K OCH BPEMEHH.
Torna 3Ha4eHME T1 MOKHO ONPEIEIIUTh U3 YPABHECHMUS!
1 o ¢ d &
tq Xt xtga - —><tf qga=c-x,+ Xga-tyxgxga+¢c- X1+ xga. (3)
2 €2 g €2 g

JIJ'I?I OIIPCACIICHUS T1 IIOJIYYUM COOTBETCTBYIOIIECC BHIPAXKCHUC.

_2xgax; i\/(tgaxtz)2 - 4xga % 3
- 2 xtga '

t1

[Tocne moacTaHOBKU COOTBETCTBYIOMIMX AaHHBIX 0=22°30', 1,=33 MUH MOJIyYnM 3Haue-
HHE KPHTHYECKOI BPEMEHHOI TOYKM I TUIOTHOCTH ToKa =35 A/mv?, 11~9 muH (8 mun 50
CEK).

JIJIs TIJIOTHOCTH TOKA, COOTBETCTBYIOIIEH 15 A/)IMZ, o cocrtaBuT ~10°30"' 1 cooTBETCT-
BeHHO tg 0=0,185. Torma 11=10 mMuH.

IIpH KaToHO ITOTHOCTH TOKa 25 A/1M? 3HaUeHHE BPEMEHH TIEPEX0/1a 9epe3 KPUTHYC-
CKO€ 3HaueHue cocTaBuT 9,6 MuH.

Annpokcumauus 3aBucuMoct Ao = f(t) s miotHocTn Toka 20 Alnv? B HMITYJIbC-

HOM pexkume anekrpoiusa (D12-I15) ompenenseT MCXOAHBIC MapaMeTpbl B BHJC 3HAYCHUI
1,=50 muH, tg 0=0,2. Kputndeckoe Bpems mepexoaa COCTaBUT T1=14 MUH.

Taxkum oOpa3oM, IpH COXpAaHEHUU OOIICH 3aKOHOMEPHOCTH 3aBHCHMOCTH BBIXOJA IO
TOKY OT IPOJIOJKUTEILHOCTH JICKTPOJIH3a CO3/IAl0TCS MPEATOCHUTKH JUTSI TIOJTYICHUS TOKPHI-
THUH OOJBIIEH TOJNIIUHEI.

B o0miem cirydae MakCUMaIbHOE BEPOSATHOE KOJIMYSCTBO OCAXKICHHOTO METaJlIa Ha Ka-
TOJE MOXKET OBITh OTIPEICIICHO 10 (hOpMYIIC:

t

A

p

oF(i, t, pH)dt
0

mMeT = 3Me % x (5)

S

ca
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t
rne (‘)F(i,t,pH )dt - HHTETpAJIbHOE 3HAYCHUE TUIOIAAN (PUTYphI, OTpaHMYEHHON KPHUBOI 3aBU-
0

CAMOCTH AMeO =f(i,t,pH); S - equHUYHAS TUIOMIA]b TOBEPXHOCTH, OrPAaHHYCHHAST OCBIO

BpeMeHH U npsiMoi, cooTBeTcTByromei 100 % BbIxo1a MeTamuia mo ToKy.

[IpoBeneHHbIN aHaIU3 U Pe3yJIbTAaThl HALIUX UCCIIEI0BAHUI MO3BOJISIOT MPEINOJIOKUTS,
4TO HOCJE NepeXoja KPUTUIECKON BPEMEHHON TOUYKH COCTOSIHUE IPOLIECCa MOXKHO OXapaKTe-
PU30BaTh KaKk PEXKUM ICEBIOKPUCTAIUIM3ALMU. 32 KPUTUUECKUM MEPEX0JOM CKOPOCTh OKHC-
JIEHHUs MeTajllla Ha KaToJIe 3a CYET XUMUYECKOTO B3aUMOJICHCTBHSI C PACTBOPOM 3JIEKTPOJIUTA
CTAaHOBUTCS BBIIIE CKOPOCTH 3JIEKTPOXUMHUYECKOTO BOCCTAHOBJIEHHUSI MOHOB MeTraia. Mexa-
HU3M U JIMHAMHUKY Pa3BUTHS 3THUX IMPOLIECCOB OMPEIEAET XUMUUYECKHI COCTaB 3JIEKTPOJINTA,
ero ctaOWILHOCTH MPU BO3JCHCTBUM pa3inuHbIX (hakTopoB (Temreparypa, OydepHbie CBO-
CTBa), a TAK)KE YCIIOBHSI B3aHMMOJICHCTBUSI TEMIIEPATYPHBIX, KOHIICHTPAIIHOHHBIX M 3JICKTPH-
4eCKUX I0JIEH B Ipolecce IeKTpoau3a. Bo3HuKaromue B Ipolecce dIEKTPoIn3a TeMiepa-
TypHbI€ 3(PPEKThl B 30HE KATOAHBIX pEaKUUN CO3JA0T JOIMOJHUTEIbHBIA SHEPreTUUYECKUM
Oapbep, KOTOPbIM HEOOXOAUMO MPEOJOJIETh Ul OCYILECTBJIEHUS IPOLECCa BOCCTAHOBICHMUS
KaTHOHA MeTaJlIa.

MATEMATHUYECKASA MOJAEJIb ITPOLUECCA ®OPMHWPOBAHUMA HABPBI3I'BETOH-
HOI'O ITIOKPBITHUA

Ilamenko A.H., KoBanenxo B.B. (HI'Y, /{nenponemposck, Yxpauna)

The filler particle bounce phenomenon is investigated on the basis of the theory of elastic im-
pact of a particle on a surface of a rocky wall (support). Analytical researches are executed
in view of movement of a particle in a viscous solution and holding forces of viscosity. The
mathematical model of formation throwconcrete covering process is received and the basic
physical, mechanical and technological parameters influencing on size mixture bounce are
determined at forming of throwconcrete covering.

ITocranoBKa 3a1a4u.

O¢ddexTrBHOE COBEPLICHCTBOBAHUE HAOPBHI3rOETOHHON TEXHOJIOTHMH BO3MOKHO Ha OC-
HOBE Pa3pabOTKU COOTBETCTBYIOIIEH (pU3HUECKOM MOCTH (IeTEePMUHUPOBAHHON MM CTAaTH-
CTHHGCKOI)'I) M MaTEMaTHYECKOI'0 €€ OIMMCaHus. Y CTAaHOBJIEHHBIC 3aKOHOMCPHOCTH IMO3BOJIAIOT
CIIPOrHO3UPOBATb OCHOBHBIC ITapaMCTPhI OeTOHAa M TEXHOJIOTHYECKOI'O mpomecca, a TaKKe
OIICPATHUBHOC HUX KOPPCKTUPOBAHUC B HCIIPECPBIBHO MCHAIOIIUXCA TOPHOTCXHHUYCCKUX YCJIO-
BUAX.

CylHOCTh TEXHOJIOTUH HAOphI3ra 3aKI0UaeTCs B YACpKAHUU HA TTIOBEPXHOCTU TOPOJI-
HOTO KOHTypa (KperM) 4YacTHll 3alOJIHUTEINs, JISTAIIUX C OMPEACICHHONH CKOPOCThIO. DTOT
MpoHecC yacpKaHusd OCYHICCTBIIACTCA 3a CYCT TOI'0, YTO KaXXAasd dacTUla IpHU ABMIKCHUU K
TBEPAOU Mperpage MpOXoJUT CION pacTBOPA, BA3ZKOCTh KOTOPOTrO YMEHBIIAET €€ CKOPOCTh H,
KpOME TOTO, MOCJIE€ yJapa YacTUIbl O TBEPAYIO Mperpagy HEUTpaIu3yeT yIapHYK CUIy OT-
CKOKa.

[ToBenenne MarepuaibHOW YacCTHUILIBI, UMEIOIIECH CIy4yalHYI0 Maccy W ylapsrouiencs c
ONPENEIICHHON CKOPOCTHIO O TBEPJYIO IMTOBEPXHOCTh MPH JIBUKEHUH €€ B CIIOE pacTBOpPa, ycC-
JIOBUH YACPKAHUA €€ B OTOM CJIOC — IMMPEACTABIIAIOT IPEAMET AHAIIMTHICCKUX U OKCIICPUMCH-
TaJbHBIX MCCIIE0BAHUIN MTPOLIECCa HAHECEHUSI HAOPBI3TOETOHHBIX TOKPBITHIA.

Teopernyeckue uccae10BaHUS.
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B ocHOBe sBIIEHHS OTCKOKA JIEKUT YIPYTMH yJap 4acTULBI O ITOBEPXHOCTh NOPOJHOTO
obOHaxxeHus (kpenu). [IBrKeHHE YaCTUIBI B BA3KOM PACTBOPE U YACPIKUBAIOIIUE CUIIBI BSI3KO-
CTH IPENATCTBYIOT pealu3aluu oTckoka. C A0CTaTOYHOM AJIsl MPaKTUYECKHUX Leled TOYHO-
CTBbIO OyJIEM CUMTAaTh, YTO YACTHIIA 3AIIOJTHUTENIS SIBJIIETCS LIAPOM C PajlycoM I 1 Maccoi m,
a HEMOJBMKHYIO IIperpaay — IJaKkoil moBepXHOCThI0. OTKIOHEHHE (GOPMBI 3€pHA 3aI0IHU-
TeJsl OT WICAIbHOTO IIapa U HEPOBHOCTHU paboyeil MOBEPXHOCTH MMEIOT CIy4alHBIM Xapak-
TEp, U 3TH PaKTOPbI MOTYT OBITH YYTEHBI HA OCHOBE METOJIOB TEOPUU BEPOSITHOCTEM.

CoracHO Teopuu yAapa U3MEHEHHUE KOJIMYECTBA JBUKEHUS MATEPUAIbHON TOUKH MpU
yAape paBHO CyMME JACUCTBYIOIIMX HA TOUYKY YAAPHBIX UMITYJIbCOB:

k
m(Vz- V) =a k.,
1
rae V,, V, — BeKTopbl CKOPOCTeH TOUKH COOTBETCTBEHHO B Havasle M KOHIE yaapa, Ik —

BEKTOP yIapHOTO UMITYJIbCA.
NMnynbCel yIapHBIX CHII B TEOPUU yAapa SIBISAIOTCS MEPOU B3aUMOJACUCTBUSA TEIl, CAMHU
K€ YlapHbIE CUIIbl ONIPEEIIAIOTCS B BUAE CPEHUX 3HadeHul F., 3a BpeMs JelicTBus ynapa T.

Takum 0Opa3zoM, UMITYJIBC YAAPHON CHUIIBI PAaBEH
F

— @
= oFdt=F .
0

WMiynbCchl HEYAApHBIX CHII 3a BpeMsl yJapa SIBJISIFOTCSI BEJIMYMHAMU OYEHb MajbIMU U
UMHU MOKHO NIpeHeOpedb. TakuMH cujlaMH B HallleM Cilydae SIBJIIOTCA. CHUJia TSDKECTH, CHIIa
TPEHUSI IPU KOCOM yJiape.

[Ipu yaape o HEMOABWKHYIO Mperpaiy, moJ MpOU3BOJILHBIM YIJIOM 0 (00pa3oBaHHBIM
OTHOCHUTEJIBHO HOPMaJId, IIPOBEJICHHON K MOBEPXHOCTH B TOYKE yrapa), Ha Teso (Imap) aei-
CTBYET yJapHasl CWiia B BUJE peakuuu nperpajpl. OHa Mpu NEHTPaIbHOM y/ape Bcerja Ha-
IIpaBJI€Ha 10 HOPMAJH OT TOBEPXHOCTH.

B ynape Tena o nperpany paznnyaror ase ctaauu. Ha nepBoi craanu nocie conpuKoc-
HOBEHHS TeJla C Mperpajoi ero CKOpocTh MagaeT OT HayaabHOW Vi 10 HyJIs, TEJIO HpPU 3TOM
negopMupyeTcsi U BCs €ro KMHETHYeCKas SHEeprusl MepexoJUT B MOTEHLUUAIbHYIO 3HEPIHIO
nepopmupoBanus. Ha BTopoii ctaguu Teno moJ ASWCTBUEM BHYTPEHHHMX YIPYTHUX CHIJI BOC-
CTaHABJIMUBAET CBOIO ()OPMYy U MOTEHUHUAIbHASI SHEPTUSI BHOBb NEPEXOTUT B KUHETHUECKYIO.
Tak Kak yacTh PHEPIMM YXOJUT HAa OCTATOUYHbIE Ae(opMalMi Tela, CKOPOCTb €ro B KOHLE

ynapa V, MeHblie ckopocTd B Hadane yaapa V,. VPOBeHb MOTEPH SHEPrHM HpPH HPAMOM
ynape (0=0) onpenensercs k03hGUIMEHTOM BOCCTAHOBIICHHS, KOTOPbIH paBeH

K= &
Vl
B 061em ciiydae Ipu KOCOM yape BEKTOP JBHKEHHs Tella HalpaBleH IOJ YIIoM o K

HOpPMaJIH, B TOUKE COMPUKOCHOBEHMUS ¢ Tiperpaaoi (puc. 1).
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nperpana
N
<

.

Puc. 1. Cxema kocoTo yaapa 4acTUIIbl 3aMOJTHUTENS O TIPErpasy
[locne ynapa BEKTOp CKOPOCTH HaIlpaBJIEH IOJ1 YIJIOM ff K HOpMaJlu.
W3 Teopuu ynapa cieyeT OCHOBHOE PaBEHCTBO:

mV,cosa(l+K)=F_ >t . )

OHo omnuckIBaeT mpouecc yaapa, KOTOPbI MOKET ObITh pa3JiesieH Ha JABe cTaauu. B co-
OTBETCTBHM C 3TUM M YJapHBIH UMIYJIbC TAKXKE Pa3AEIUM Ha J[BE COCTaBJISIOIIME. IMepBas

Fclp X |, cOOTBETCTBYET IEPBOIi CTaJUH yapa, BTopas Fczp X , - Bropoii. Torga BeIpakeHHe
(1) npumer Bu:
mV,cosa + KmV,cosa=F> x +F? x . )
cp cp

Jns u3ydeHus: OTCKOKAa MHTEPEC MPEJICTABISET BTOPOH UMIYJIbC, KOTOPBIA B COOTBET-
ctBuu ¢ (2) paBeH:

KmV,cosa =F_ x,. 3)

DTO OCHOBHOE PaBEHCTBO JUIsl MCCIIEOBAaHUS OTCKOKa. M3 Hero cienyer, 4To B pe3yiib-
2
TaTe yjnapa Tejaa O TBEPAYyI0 MOBEPXHOCTh BO3HHMKAET CHJIAa OTCKOKa Fcp , HarpaBJIEHHAs TI0

HOpMaJIA OT IMOBEPXHOCTH, OIIPCALTIACMAasl BEIPAXKCHUCM.

£2 - KmV,cosa
cp t

(4)

2
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UYToObl NpensTcTBOBaTh OTCKOKY, HEOOXOAMMO HEWTpalu30BaTh 3Ty cuity. g 3Toro
UCIOJIb3YETCSI LIEMEHTHBIN pacTBOD.
[Ipexxae yem 1oCTHYb MOBEPXHOCTH TBEPAOH Mperpabl, TENO, IBUTasICh B BA3KOM pac-

TBOpE TOJIIIMHOM N, yMeHbIIaeT CKOPOCThH Vl, HOPMAJIBHAsI COCTABJIAIOIIAsl KOTOPOW paBHA
Vn =V1 Cosa . Ilocne ymapa cuna BA3KOCTH pacTBOpa yAepkuBaeT teno. O003HaYMM 3Ty

cuny uepe3 F, . Cxema cui mocne yzapa nokasasa Ha puc. 2.

[Tocne Toro, kak yaap Mpou3o0Iles, HaTMYHe OTCKOKa 3aBUCUT TaKKe OT CHUJIbI cOOCT-
BEHHOTO Beca Teja U BBITAIKUBAIOINICH (apXMMEIOBOI) CHIIbI, COCTABISIONINE KOTOPBIX, Ha-
[IpaBJICHHbIE TI0 HOPMaJIM, CHOCOOCTBYIOT OTCKOKY B 3aBUCHUMOCTU OT OPHUEHTHPOBAHUS IO-
BEPXHOCTH B TOYKE yJapa OTHOCHUTEIIFHO CHJIbI TSDKECTH (YroJl ¢). DTH CHIIbI BCET/Ia MPOTH-
BOIIOJIO’KHO HAIIPABJIEHBI U I IPOU3BOJIBHO OPUEHTUPOBAHHON IIOBEPXHOCTH OHU PABHBI:

P =mgcosj , F,, =9c,ncosj . (5)
CJ'I@I[OB&TGJ'IBHO, YCJ'IOBI/IG OTCyTCTBI/Iﬂ OTCKOKAa UMEECT BU/I.
2 - -
Fcp +mgcog - gg,ncosj - F,£0, (6)

rZie Yp — INIOTHOCTB pacTBopa, N — cpeiHuil 00beM 3epHa 3al0JIHUTENS.
VY nep:xuBaromias cujia BA3KOCTH paBHa!

F, =4pr*f,, (7)

rae f, - ynenbnas cuna Bssxoctu. C yuerom (4) u (7), npuHuMas BO BHUMAHHME, 4TO

m=gn, n=1,33pr?®, obuiee ycnosue (6) mpumer BH;

r|[KeV, cosa +t,gcosj (¢- ¢, )
3f.t,

- 1£0, 6)

/i€ Y — IVIOTHOCTb 3€pHa 3aI0JHUTEIS.

87



F.=g,"n
b A
- nperpaja

)

pacTBop

Puc. 2. Cxema cui1, IeHCTBYIOIIMX HA YACTHILY 3aIOJHUTENS MOCIE yaapa O mperpaay B Iie-
MEHTHOM pacTBOpeE.

3TO ycIIOBHE BKIIIOYAET Pa3IMYHbIC YaCTHBIE CIy4an B 3aBUCMOCTH OT BEJIMYUHBI yIia ('
[Tpu @=90° — BepTUKaIbHAs TUIOCKOCTh — CTEHKA BHIPA0OTKH,
[Tpu =0 —ropuzoHTaIBHAS IUIOCKOCTH — KPOBIISI BHIPAOOTKH,
[Tpu ¢=180° — mouBa BEIPaOOTKH.
Jlnst ucniosib3oBanusi ycinoBus (8) HEOOXOAMMO YCTaHOBUTh HOPMAJIBHYIO COCTaBIISIIO-

LYK CKOPOCTH V| [BIMKEHHS YaCTHLBI 3alI0JIHUTENIS B PACTBOPE TOJILIMHOM h, a Taxke Bpe-
ms 1,, 32 koTOpoe peanusyercs BTOpas CTaaus yaapa o Iperpaiy U yAeIbHYIO CHIy BSI3KO-
cru .

Jljis MCob30BaHUS YCIOBUS HEOOXOAMMO YCTaHOBUTH HOPMAJIbHYIO COCTABIISIOLLYIO
ckopoctd V. ABHKEHHMs YaCTHIIBI 3AII0JHUTENS B PACTBOPE TOJIMHON h, a Take Bpems 1,
3a KOTOPOE peau3yeTcs BTOpas CTaIus yjiapa o IPerpajy, i yIelbHyIo CHILy BA3KOCTH T, .

JuddepenunanbHoe ypaBHEHHE IBH)KEHHUS TeJla B BA3KOU cpejie sl pacCMaTpUBaeMo-
ro ciydas UMEeT BU/I!

mVCCII—V =-mgcosj +gg,vcosj - C,g,SV,",
X
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/i€ MOCJIEHEE CllaraéMoe — CHJIa CONPOTHUBIICHUS JABM)KEHMIO Tella B BSI3KOM cpele, B
KoTopoM Cx — 6e3pa3MepHbIit K03(h(UIIMEHT COTPOTUBIICHUS, paBHbIH [yt mapa 0,5.

N3 pemenuss nuddepeHnnaIbHOr0 ypaBHEHUS TMOJY4YUM (POpMYyITy HOPMAJIBHOM CO-
CTaBJISIIOILIEH CKOPOCTH TeJla Mepe] yAapoM O Iperpaiy:

e e 3C,g.h
V. =ga’ +(V,"cos’a - a’ )expg —gou’
é 20
rae a° = 4rg él gg HOS

C y4eToM MOJy4YEHHBIX BbIIIE BBIPAXKEHHUH YCIOBHE OTCKOKA 3alHULIETCS B CIEAYIOLIEM
BHJIE!

r € 2 3C, 9, h u
— —éKg |a®+(V,°cos’a - @’ )expg ———=x+(g- g, )t,gcosj 4- 1£0 (9
3f3t 2 @ g ﬂ g
W3 popmyisr (9) criemyer, 4TO YCIIOBHE OTCYTCTBHUS OTCKOKA 3aBHCHT OT MHOTHX BEJIH-
YHH.

AHanu3 BBIpaKEHUS W (PU3MUECKOTO MPOIECCa, BOSHUKAIOIICTO NMPU HAHECEHWM Ha-
OpBI3rOETOHHOTO TIOKPBITHS, IO3BOJIET PA3ICTUTh ST BEIMYUHBI TI0 XapaKTEPy UX BIUSHHUS.
YacTte BenmuuuH 00JIalaeT OMpEACICHHBIMUA 3HAYCHUSIMU: 0OBEMHAss Macca 3aroJIHUTENS U
pactBopa y, y,, ko3dunuent conpotusieHus C, U yroa HaKIoHa OETOHUPYEMOM MTOBEPXHO-
CTH (.

Jpyras 9actb 3TO mapameTpbl, KOTOPbIE JTOJDKHBI OBITh OMPEACIICHBI IKCIIEPUMEHTAIIb-
HO: K03 uIeHT BoccTaHOBIEHUS K, BpeMs ynapa Tz, U yAelIbHas cuia BA3KOCTH f,. YOI o
YCTaHABJIMBAETCS B XOJI€ BHITIOJHEHHS HAOPBI3TOETOHHBIX pabOT MO0 BPYYHYIO C MIOMOIIIBIO
MaHHIMYJSITOPa, JUO0 aBTOMATHU3HPOBAHHO. CKOPOCTh YACTHUIl 3aOJHUTENS OTMPEICIISICTCS
TaBJICHUEM, CO3/IJaBa€MbIM B KaMepe MAaIIMHBI. PazMep 3amomHuTENs I' ¥ TOJIIIMHA CIIOST pac-
TBOpa N UMEIOT MOCTOSIHHBIN XapaKTep.

VYrpaBiasieMbIMU TIapaMeTpaMH, BIHMSIONIAMU HAa BEITUYUHY OTCKOKA, SBIISIOTCS TPaHy-
JIOMETPUYECKHI COCTaB 3aroJIHUTEINS [ M ero 00beMHas Macca ), CKOPOCTh JIBIYKEHUS YacTH-
1B 3aMOJHUTENS V,, 3aBHUCAINAs OT BEJIMUMUHBI yIila 0 U IaBJICHUS BO3yXa B paboveil kamepe
MaIIUHBI.

Ycnosue (9) mo3BoJIIeT pacCYMTATh BO3MOYKHBIC 3HAUCHUS BXOJIAIINX B HETO BEJIUYUH
¥ B OTNPEJCIICHHOM MPHUOJIMKEHUN ONPEICIIUTh ITapaMeTphl Ipoliecca, 00eCreYnBaroINe MU-
HUMAJIBHBIN TIPOILIEHT OTCKOKA.

OpnHako NaHHBIN MPOIECC HOCUT TMHAMHYECKUIN XapaKTep CO CTATUCTUYECKUM pacrpe-
JIeJICHUEM OTIICIBHBIX TAPAMETPOB, OMPEACISIONINX OTCKOK. YcioBue (9) MOXKET MCIOJIb30-
BaThCs B KAYECTBE TEOPETUIECKOMN 0a3bl, HA OCHOBE KOTOPOW MOTYT KOHCTPYHPOBATHCS aBTO-
MaTU3UPOBAHHBIE CUCTEMbl HAHECEHUS HaOPBIrOETOHA.

BrIBOABI.

AHanu3 BBIpaKEHUS U (PU3MUECKOTO MPOIECCa, BOSHUKAIOIICTO NMPU HAHECEHWM Ha-
OpBI3rOETOHHOTO TOKPBITHS, XapaKTEPHU3YETCs yCIOBHEM, Ha OCHOBAaHHUU KOTOPOTO MOYKHO
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onpeaenuTh (akTopbl, BIUSIONINE Ha OTCKOK IIPpHU HaOpbI3roeTroHupoBanuu. [lpu nmposeneHun
paboT MO HAaHECEHHIO HAOPHIArOETOHHOIO MOKPBITHS 3KCIIEPUMEHTAIBHBIM ITYTEM OIpEeis-
I0TCS OCHOBHbIE (DUKCHpPOBAHHBIE IMapaMeTphbl. YIpaBJIEHWE TEXHOJOTHEH HaHECEeHUs Ha-
OppI3ra OyJIeT OCYIIECTBIATHCS BapbUPOBAHUEM HU3MEHSAEMBIX (PU3UKO-MEXaHUYECKUX U TEX-
HOJIOTMYECKUX MapaMeTPOB Ha CTAIMU MPUTOTOBJICHHS cMecH (IPaHyJIOMETPHUYSCKUN COCTaB,
o0BeMHas Macca), a TakKe B MPOIIecce HAaHECEHUS IMOKPBITH (YroJl HaKJIOHA, JTABJICHUS BO3-
ayxa B paboueil kamepe MaIlluHbI).

Cnucok jguteparypbl: 1. 3acmaBckuii M.1O., beikoB A.B., Komnaneny B.®. Ha6psi3-
roeronnas kpemnb. — M.: Henpa, 1986. — 197¢. 2. PabotroB 0.M. Mexanuka aedopmupye-
Moro TBepaoro tena. — M.: Hayka, 1979. ¢.375-377.

K ObOCHOBAHHIO BEPOATHOCTHOM MOJIEJIM YCTOMYUBOCTH ITPO-
TAXKEHHOMU BBIPABOTKHU C YYETOM J3KCIIVIYATALHUMOHHBIX 3ATPAT

Ilamenko A.H., CaemkkoBa E.A., Cononsinkun A.B. (HI'Y, 2. /lnenponemposck, Yrkpauna)

For mining a procedure of optimum designing extended devel opments, the stochastic model
of a stability of a development presented in view of a maintenance cost. The model guesses
the long-lived maintenance of a development at multiple accomplishment of maintenance
functions. In the capacity of optimization parameters values of a between-repairs operating
period of a development and admissible extent of fracture of a development are observed.
Beenenue.

[ToBeimieHue ri1yOMHBI Pa3pabOTKH MECTOPOKJIECHUM MOJIE3HBIX MCKOMAEMBbIX, YBEJIH-
YeHHE IUIOU[aJN MOMEPEYHOro CEUEHHUs BBIPAOOTOK M MX MPOTSHKEHHOCTH, OTpabOTKa Iuia-
CTOB, HaXOJSIIMUXCS B CJIOKHBIX TOPHO-TE€OJIOTMUECKUX YCJIOBUSX CYIIECTBEHHO YXYALINIU
IF€OMEXaHUYECKYI0 CUTYAIMIO MPU BEJIEHUU TFOPHBIX paboT, YTO OTpa)kaercs Ha COCTOSHUU
MPOTSHDKEHHBIX BEIPA0OTOK YTOJIBHBIX IIAXT.

B nHacrosiee BpemMsi IpOTSHKEHHOCTh MEPEKPEIIIIEMBIX BBIPA0OTOK COCTABISET OKOJIO
50 % 1o OTHOMICHHUIO K MPONHACHHBIM, 2 OTPEMOHTUPOBAHHBIX — B 1,7 pa3a MpeBbIIIaeT mpo-
TSOKEHHOCTD MPOHIEHHBIX BBIpaOoTOK. [Ipu sToM Gosnee 40% mpoTsSHKEHHBIX BBIPAOOTOK pe-
MOHTHPYETCS €Il JIO CIa4i B dKCIUTyaTanuio, 52% AeicTBYIONMX BEIPAOOTOK J1ehopMHUPO-
BaHO. YXYJIIEHHE COCTOSIHUS BhIPaOOTOK M3-3a Ipoliecca myueHus: cocrasisger 45% ot 00-
1iero oobema 1eOpMHUPOBAHHBIX BEIPAOOTOK [1].

Pacxonpl Ha PeMOHT M MOJJEpKaHHE MMOATOTOBUTENBHBIX BHIPAOOTOK HA YrOJIbHBIX
MPENNPUATHIX YKPauHbI COCTaBIAIOT OKoJio 15% cymmapHBIX 3aTpar Ha A00BIYY YIJIs, IPU
aToM 3ajaericTBoBaHo 10 10-15% mTara moa3eMHbIX pabounx [2].

N3yueHne cocTOSHUS MPOTSKEHHBIX BHIPAOOTOK IIaXT, aHAJIM3 3aTpaT Ha MOJJAep-
KaHME U PEMOHT, MOKa3bIBAIOT, YTO HanboJsiee TPYAOEMKUMU SBIISIOTCS MEPONPUITHUS 110
6oprbe ¢ myuenuem nopon moussl. K 1999 r. cpennunii 00beM MOIPBIBKH, MPUXOAAIIUNCS
Ha maxTy, coctaBisut okoyio 9-10 kM B rox [2], wiu, B nenom no Ykpaune — 10 2500 km B
roja. Y4uThiBas, 4TO YpOBEHb MEXaHH3alUU padOT MO MOJAPBIBKE COCTABJISIET HE3HAYU-
TenbHYI0 BennuunHy (6,3 %), a nepekperieHiue BbIpabOTOK MPOBOJUTCS BPYYHYIO U MPEJ-
CTaBJISIET, K TOMY K€, BBICOKYIO CTEII€Hb OMACHOCTH Il pabOUYuX, OYEBUIHO, YTO BOIPO-
caM IPOEKTUPOBAaHUS OE3pPEMOHTHOrO MOJJEP’KaHHUS BBIPAOOTOK MJIM MUHUMM3ALUHU UX
00bEMOB JIOJKHO YAENSATHCS IMOBBIIIEHHOE BHUMAaHHE, OCOOEHHO B CJIOXHBIX TOPHO-
re0JIOTUYECKUX YCIOBUSIX.
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1. IlocranoBka 3axaum

Bomnpockl npoekTupoBaHus Kpenu ¢ MUHUMAJIbHBIMU 3aTpaTaMH Ha IOJJIep:KaHue
3aHUMaJId Ba)XHOE MECTO CpEelM aKTyaJbHbIX HaYYHO-TEXHHYECKHX 3a/ay M 4acTo ObLIu
IPEIMETOM CephE3HBIX MCCIICIOBaHUI 1 00CyxaeHuit [3-7 u np.]. Psan acnekroB mpu mpo-
CKTUPOBAHUU IMOJ3EMHBIX coopykeHui nmoanumancs K.A. Apaamessim [3]. B uucie oc-
HOBHBIX HEJOCTaTKOB OH YKa3blBae€T Ha HU3KYIO HAJIEKHOCTb U Maliblil 00beM T'OpHO-
reoJIOTMYECKUX CBEJEHUN O MOPOJHOM MAaCCHUBE; HEJOCTATOYHYIO pa3pabOTaHHOCTb HO-
BBIX IIPOTPECCUBHBIX CIIOCOOOB MPOBEIECHUS BhIpa0OTOK, Kpenei u ap. Hapsany ¢ atum, no
€ro MHEHHUI0, He0OX0JUMO U3MEHEHHE CaMOMl OpraHM3aluy MPOEKTHBIX paboT MyTeM Iie-
pexoja K JIByXCTaJUWHOMY IPOEKTHUPOBAHUIO, BKIIOYAIOIIEMY 00s3aTelIbHOE YTOUHEHUE
MPOEKTHBIX PEIICHUN MPU CTPOUTEIBCTBE, UTO O0OECIEUUT Ha/leKHOE pabouee COCTOsIHUE
BBIpa0OTOK ¢ MUHUMAJIbHBIMU 3aTpaTaMd Ha HUX MPOBEACHHE U KPEIUICHHUE B CIOXKHBIX
TOPHO-TEOJIOTUYECKUX YCIOBUAX U HA OOJIBIITUX TIIyOMHAX.

Bonpoc npaBuibHO#M OLIEHKH CTOMMOCTH CTPOUTENILCTBA BBIPAOOTOK HEOJHOKPATHO
MOJHUMAJICS BEAYUIMMH CIlelMaiucTaMu B oOnacTu noanepxanus BeipadoTok K.B. Ko-
menesbiM, FO.A. Tletpenko u ap. [4, 5]. B wactHOCTH, O1IMO0OYHO, IO UX MHEHHIO CUHMTA-
eTCs MPOEKTUPOBAHUE U CTPOUTENIHCTBO BBIPAOOTOK C y4E€TOM TOJIBKO HayajbHbIX 3aTparT,
KOrja MOCJEeAYIOIIHE 3aTpaThl Ha MOJJAEpP)KAHHE €€ B JKCIUIyaTalHOHHOM COCTOSHUU
00BIYHO HE Y4YuTbhIBalOTCs. [IpaBUIBHO rOBOPUTH O CHMIKEHHMM 3aTpaT Ha MOCieAyHollee
noJiep>KaHue BbIPAaOOTKU B 3KCILIyaTal[MOHHOM COCTOSIHUM B T€YEHHUE BCErO Mepuoja ee
MCIIOJIb30BAHUSI WIIM O IOCTUKEHUH UX HAMMEHBIIHUX BEJIMYHH.

B pa6oTte [8] pemieHa 3amada onTUMaabHOTO MPOCKTUPOBAHMS MPOTSIKEHHBIX BBI-
paboTOK C y4eToM 3aTpaT NpU COOPYKEHUHU BHIPAOOTKH M €€ MOCIENyIoLIeM MOoJAepiKa-
Huu. CyTh pelleHus 3aKJII04YaeTcs B ONpEeJICHUU TaKUX NMapaMeTpOB KPEIUIEHHs BBIpa-
OOTKHU 1J11 KOHKPETHBIX TOPHO-T€OJOTMYECKUX YCIOBUM MPU KOTOPHIX COOTHOILIEHHE 3a-
TpaT KalHUTaJIbHBIX - HA COOPY)KEHUE BBIPAOOTKH U IKCILTyaTAallMOHHBIX — Ha IMOCIIENYIO-
IIU{ ee pEeMOHT B 3aINIAaHUPOBAHHBIX 00bEMax, SIBJISETCS ONTUMAIbHBIM.

B nacTosimiee BpeMs, B CBSI3M C POCTOM IIyOUMH pa3pabOTKU MECTOpPOXKACHUH, U
CYLIECTBEHHOM YXYIUIEHUM T€OMEXaHUUYECKUX YCJIOBMI, 4acTO BO3HUKAET HEOOXOIu-
MOCTb MPOBEAECHUS MHOTOKPATHBIX PEMOHTOB JJis1 00€CIeueHHs] yCTOMYMBOCTH BBIPAa0OTOK
rIIaBHbIX HampaBieHuil. Kak ykaseiBaeTcs B [5], B ycnmoBusx riybokux maxt JJonbOacca
pu cToJI00BON cHucTeMe pa3pabOTKU YroJIbHbIX IJIACTOB, KPATHOCTh PEMOHTA B MOJrOTO-
BHUTEJIBHBIX BBIPAOOTKAaX cOCTaBIsAET 3 M OoJiee, a B IPYTHX HE MeHee 2.

[IpumepoM Takol BBIHYKJIEHHOM MPAKTUKH MOTYT CIYKUTh Clly4au, IPUBEICHHbIE
B [8]. Jlns obGecnieueHuss TpeOyeMOil TUIOIIAAN CCUCHHS BRIPAOOTKHM BO3HHMKAIa HEOOXOIH-
MOCTb MEPUOJUYECKON MOAPBIBKU MyYallluX MOPOJ, BBUIY YEro U3MEHEHUE MOIEPEUHOro
CeUeHHs BRIPAOOTKHM HOCHIIM IIUKIMYHBINA Xapakrep (puc. 1).
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TakuM 00pa3zoM, BakKHOM 3a7aueil SBJISETCS ONpENesIeHHe ONTHUMAJIbHBIX 3aTpar Ha

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 CYTKu

Puc. 1. 'paduku n3mMeHeHus MONepeyHOro CeYeHUsl BBIPA0OTOK MPU IKCILTyaTaI[H C
HO/IPIBKO#I ouBsl [8]:
1 — 7-i1 ceBepHbIi ITpEK MIaxThl UM. TUTOBA;
2 — 6-if 10KHBIN MTPEK MIAXTHl M. PyxuMoBr4a
COOpY)KEHHE BBIPAOOTKH, WU IPYIIBI BEIPAOOTOK, (KamuTalbHbBIC 3aTPAThl) U MOCICIYIOIICe
ee mojepkanue (IKCIUTyaTallMOHHBIC 3aTPAThl) C YIETOM MHOTOKPATHOTO BBIMIOJHEHHS pe-
MOHTHBIX paboT, 4TOOBI 00I1asi CTOUMOCTH BBIPAOOTKHU 32 BECH IEPUO/]I €€ IKCILTyaTaluu Obl-
J1a MUHUMAJIBHOU.
2. BeposiTHOCTHAsi MO/leJIb YCTOMYHMBOCTH NPOTSKEHHOH BBIPAOGOTKH C y4eTOM
IKCILTYaTALIMOHHBIX 3aTPaT
O6ocHOBaHUE BEPOSITHOCTHONW MOJENN YCTOWYMBOCTH HPOTSKEHHOM BBIPAOOTKHU Oy-
JIEM MPOBOJIUTH C YUETOM CJIEIYIOIIUX MOJI0KEHHIL:

- 3arparbl, CBA3aHHbIE C COJEPKAHUEM MOJ3EMHBIX BbIPaOOTOK, COCTOST, KaK OTMEYa-
JIOCH BBIIIE, U3 JIBYX YacTE: KallUTAIbHBIX U AKCIUTyaTallMOHHBIX, KOTOpbIe (hOpMU-
pyIOTCS B T€UEHUE, COOTBETCTBEHHO, BPEMEHU CTPOUTENHCTBA U AKCILIyaTal[Md pac-
CMaTpPUBAaEMBIX O0OBHEKTOB;

- COCTOSIHME BBIPa0OTOK Ha Pa3IMYHBIX YYacTKaX 3aBUCUT OT MHOXKECTBA CIy4yailHO
BO3JICHCTBYIOIIUX (DAKTOPOB U3 COBOKYIHOCTH FOPHO-T€0JIOTHYECKUX YCIOBUN U Ma-
pameTpoB Kpeny,

- IpoLecc MoJAepKaHHs BIpaOOTOK B pabOyeM COCTOSIHUM HOCHUT SPKO BBIPKEHHBII
BPEMEHHOW XapakTep ¢ 00beMaMu PEMOHTHBIX paboOT, cIy4ailHO pacHpeesieHHbBIMU
10 JUTMHE BHIPAOOTKH.

N y L,
VCTOMYUBOCTH BBIpa6OTKI/I MOKHO OLCHHUTH ITOKa3aTCJIeM YCTOMYUBOCTH W = Y L

rae L, - wmHa yCTOMYHMBBIX Y4aCTKOB BBIPAOOTKH, L — BCs JUIMHA IIPOTSDKCHHOM BBIPAbOT-

ku. Benmmuuna o m3mensercs B npeaenax ot 0 1o 1. BreipaboTka o0iagaet moJHOW ycTOHYH-
BOCTBIO TIpH @ = 1 MJIHM MOJTHOCTHIO paszpymieHa npu w = 0.

BaxxapIM BONIPOCOM B CO3/IaHUM ONTUMHU3AIMOHHON MOJENHN SIBISETCA OTCIICKUBAHUE
JTUHAMUKH TIPOIIecca pa3pyIIECHUs-BOCCTAHOBIECHUSI BBHIPAOOTKM B TEUEHHE BCEro IEpHojIa
skcruryaTaruu. CTaTUCTHYECKUI MaTepuall MpH 3TOM HaOupaeTcs Ha PsAAe CXOTHBIX 0ObEK-
TOB JKCIUTyaTalliu C 00s3aTeIbHBIM IPOBEACHUEM 3aMEpPOB B paBHbIE MOMEHTHI BPEMEHHU.
Takoil myTh TPYAOEMOK, HO JJa€T JOCTOBEPHBIE PE3YIIHTATHI.
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CHueHue BeIMYUHBI (@ C TEYEHUEM BPEMEHH MOJKET B PEaJIbHBIX YCIOBUSAX IPOUC-
XOJUTh TOJBKO O HEKOTOPOM BEIUYMHBI, KOT/Ia MapaMeTpbl BbIPAOOTKH YAOBIETBOPSIOT
(GYHKIIMOHATBHOMY Ha3HAYEHUIO BBIPAOOTKH M TPEOOBAHUSM IpaBHJl 0€30MaCHOCTU. 3aTeM
CJIEIyeT BBINOJIHATH BOCCTAHOBUTEIbHBIM PEMOHT BbIpaOoTKu. Eciin cxemarnuecku u3zoOpa-
3UTh 3aBUCHUMOCTh o(t) 3a mocTatouHo 00bIION (MM BeCh) Meproa ' AKCILTyaTalluyd BhIpa-
OOTKH, TO 3TO OyIIET BBIJIACTH MPUMEPHO TaK, KaK MOKa3aHO HA pUC. 2.

! -

, 1 T 1

Puc. 2. U3MeHeHHe MOKAa3aTeNsl yCTOWYUBOCTH PEMOHTHPYEMO#i BHIPAOOTKH B MPO-
necce IKCIUIyaTalumu

B TeueHne HavaJIbHOTO MEpHOJIa BPEMEHH JKCIUTyaTallusl BeneTcsi 0e3 peMoHTa. Bol-
paboTKa TMOCTEIIEHHO MECTaMHU Pa3pyliaeTcsi 0 KaKOT0-TO KPUTHYECKOTO 3HAYCHHS Iapa-
METpa m,, 3aTeM 3a OTHOCHUTEIILHO KOPOTKUI MPOMEXyTOK Bpemenu (t, << t,) mpou3BoauTcs
TEKYIIMHA PEMOHT W BBIPaOOTKAa BOCCTAHABIMBACTCS IO MUCXOIAHOTO COCTOSHUS. B manmbHen-
IIeM IPOIIECC TePHOANIECKH ToBTOpsieTcs. [ paduk MMeeT MUI000pa3HbIil U JOCTATOUYHO pe-
TYJISpHBIA BUA (CM. pHc. 2) U OJIHM30K MO (OpME K PeabHbIM TEXHOJOTHYECKUM MPOIIECCaM
[PH [UKIMYECKOM MPOBEJICHUH PEMOHTHBIX paboT (cM. puc. 1).

PaccmotpuM oTaenbHO oauH UK (puc. 3).

< 1
o A WDyxp S O gp

8-
gl—‘

Puc. 3. BapuaHThl BBITIOJTHEHUS IUKJIOB PEMOHTHBIX PadoOT
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[Iporiecc cHMKEHHUST TTapaMeTpa @y, B TEUYCHHE MPOMEXKYTKa BPEeMEHH OOBEKTHBEH H
HeynpaiisieM. 3aBUCUMOCTh @(t) B YCPEJIHEHHOM BHJIC MOKET ObITh MOJyYeHa KaK IO JIaH-
HBIM CTAaTHCTUYECKOTO aHalM3a JaHHBIX, TAK ¥ HAa OCHOBE PErPECCHOHHOTO aHanm3a. B ka-
KOM-TO CMBICJIE MOYKHO TIOBJHSATH Ha TPOJOJDKHTEIBHOCTh PEMOHTHOTO Tiepuosa t 3a cuer
WHTCHCU(UKAIIMH BOCCTAHOBHUTEIBHBIX padOT, HO Tak Kak t, <<1,. TO CyIIECTBEHHOTO BIUS-
HUS Ha MPOLIECC B IIEJIOM TaKUM 00pa3oM He JOOHUTHCSA. MOKHO TIOCTYIUTh HHAYE. COKPATHTh
BpeMsi O€3pEMOHTHO IKCILTyaTaluH, T.¢. B3sTh t', < t,. (cpaBHUM puc. 3, a u 3, 6).

3a Bpewms t',, paspyiieHusi BeIpabOTKH OyayT MeHbine, yeMm 3a Bpems t,. CooTBeTcT-
BYIOIIMM HEPAaBCHCTBOM CBSI3aHbI M 3HAYCHUS MapaMeTPa Wy, (@' > yp). OObEM pPEMOHT-
HBIX pabOT BO BTOPOM ciiydae Oy/eT MEHbIIIE a, 3HAUYUT, MEHBIIIE U MaTEPUAIbHBIC 3aTPATHL.

VYBeIWYeHUEM @'y, MOXHO HOOHWTHCS CHIDKEHHS CTOMMOCTH Pa30BOTO PEMOHTa, HO
IIPU 3TOM COKpAIIAETCsl MPOA0JKUTENBHOCTH ' oiHOoro nukia. [loaromy 3a Bech mepuoa 3Kc-
Turyataiui 7' KOJMYECTBO ITUKIIOB YBEIIMYMBACTCS, a 3HAYUT, PACTET KOJMYECTBO PEMOHTOB.
Bo3snukaer 3a1a4a onTuMH3aIim, KOTopast MOXKET OBITh CPOPMYIIMPOBAHA CIEAYIOIHM 00pa-
30M: IOJJ00PATh ONTUMAIILHBIC 3HAYCHHS ITAPAMETPOB Wy, U T, TIPH KOTOPBIX 3aTPaThl Ha BOC-
CTAaHOBHUTEJIBHBIA PEMOHT OyIyT MHHHUMAJIbHEI.

Tak Kak CTOMMOCTH pPEMOHTa 3aBHCHUT OT CTENEHH pa3pymeHus, TO MH-
HUMHU3UPOBATHCA JJOJDKHA HEKOTOpast QyHKIUS 1eNn

Fw)=Fw(t)]. (1)

Jlnst mosrydeHusi 3aMKHYTOTO PEIICHHUs] 3a/1a4ud TOTPeOyeTcs aHaJTUTHYECKOe Ipe-
CTaBIICHHE N300paKeHHOH Ha pHC. 2 QYHKIIUU W(t) :

Tak xak 3Ta QyHKIUS UMEET MEPUOJUICCKUN XapaKTep, TO €€ yI0OHO anmmpoKCUMU-
poBath psaom Dypee:

¥ .
w(t)=20+ & &, cosk2t+b, snk2 L. @)
2 k=16 t t g

3n1ech 7 - nepuoa PyHKIMH, CBA3aHHBIN ¢ OOIIMM BPEMEHEM IKCIUTyaTalluy TaK:
7=T/n, 3

TZI€ 11 - YUCIIO PEMOHTOB.
Amnanus rpaduka QyHKIUU W(t) (kycouHasi MOHOTOHHOCTb, HAJIMYME KOHEYHOTO YKC-

J1a 0COOBIX TOYEK) MOATBEPKIAET BHITOJHUMOCTH YCI0BH [lupuxiie.
[lonaraem, 4To B pe3ysbTaTe CTATUCTUYECKOTO AHAIN3a ONpPEIEICHA aHAIUTUYECKas

3aBUCHMOCTD W(t). Koadpunuents! psaga Oypbe onpeaenstoTcs Tak:

1
t

t
ag == owt)dt;
-1

t
ay :t1 ow(t)cosli—ptdt; (4)
t
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by == ON( )smlf[—ptdt :

-t

OO6b14HO psabl Pypbe AJI CPAaBHUTENBHO TNIAAKUX QYHKUUNA TOCTATOYHO OBICTPO CXO-
asresi. [Toatomy B BeipakeHHH (2) MOYKHO OIPAaHUYUTHCS OTHOCUTEIIBHO HEOOJIBIINM KOJTHYE-
CTBOM 4JIeHOB psna. Dopmysa CTAaHOBUTCS KOHEYHOM, YIOOHOMU /IS peanu3aiiu 3a1a9d Mu-

HHUMH3aIU.

Hcnonb3yem B kadecTBe NMpuMepa napaboIMYecKyro arpoKCUMAaIN0 (GYHKIIUUA W(t)
Ha yyacTke t,. YyacTok tp monmaraem paBHbeIM Hyno. Torma t, =t. 'paduk Ttakoi pyHKuMN

n300paxeH Ha puc. 4.

L

Puc. 4. Anmpokcumaryst W(t) napabommueckoit (yHkuueit pu tp=0

IIycTs
w(t)=1- Pt2.

[TapameTp P onpenenum U3 yCIOBUSA:

W(t):1- Pt 2 =Wy,

OTKyJa CJenyeT, 4To

Q
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kp

=] t
O cos—tdt - . dzcost—tdt.
-t

IIepBoe cnaraemoe B IOCIENHEM BBIPAKECHUU:

t
1 ocosk—ptdt———smﬁt P =0.
t.y t tkp t P

k
Bropoe ciaraemoe ¢ BBeieHuEM 0003HAYEHHUA M= t_p MHTErpUPYEM 110 YacTsIM JBa-

x el [Tomyanm:

t t
t .
nmt 2 é mt mt U
()tzcosmtdt:tzs étcos sz =

m
-t St m= d_,

snmt +i2t cosmt +i§nmt =

:22 3
m m m

3 3 3 3
=2 ginkp +- 2" _coskp +- X sinkp = (- 1) a”
kp k2p2 k3p3 k3p2

I/ITaK, OKOHYATCJIIbHOC BBIPAKCHHUC OJIS dx HMMECT BU !

2
k+1 4Pt

a =(-1) €]

k2p2

Hanee,
t t
by = = 0(1 )sm—tdt— Loan®ar- P ot2an P (10)
t t 97 t t

[TepBoe crmaraemoe paBHO HyIO. Bropoe cimaraemMoe ¢ BBeJCHHEM OO0OO3HAYCHHS

kp

m= T MHTErpupyeMm 1o vactam. [lomyuum:

é t t u
t o, 2@ sn 1 ]
&2 sinmtdt :—é snmt +— cosmt E:O. (1)
1 mg m m? -
g -t
Takum o6pazom, Bce Beipaxenue (10) oOpamaercsi B HYIb:
b, =0. (12)
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Paznoxenne @ypne npuodpeTaer B!

30 ¥
w(t)= 91 Pt_o a§,1(1k+14Pt

3 g k=1 k2p 2
Ecau pasnoxenne (13) U3BECTHO, TO €r0 MOXKHO IPOMHTErPUPOBATH [0 BCEMY IIPO-
MEKYTKY BPEMEHH JKCILIyaTal[iy BEIpaboTKu 7

cosk f t. (13)

Weym = (t )jt (14

Ora BeJlIMYMHA XapaKTEepU3yeT CyMMapHYIO CTENEeHb pa3pylIeHUs BbIPaOOTKH 3a Bce
BpeMsi dKcIuTyaTanuu O4eBUIHO, UTO CYIIECTBYET HEKOTOopas (QyHKIMOHAJIbHAS 3aBUCMOCTh
CTOMMOCTH PEMOHTHBIX paboT @ OT mapameTpa Weyy:

F Wey). (15)

CoracHO M3JI0)KEHHON PacUeTHOM CXeMe MapaMeTp @ cyy B CBOIO OYEPEb 3aBHUCHT OT
JIBYX BBEICHHBIX PaHEE KPUTCPHAIBHBIX TAPAMETPOB (Wi U 7. TAaKUM 00pa30M, COOTHOIICHHE
(15) nmpuobperaet Bu

FWep )= F Wy t ) (16)

Munumuzauusa ¢ynkuun F (W,(p t ) II03BOJIAET YCTAHOBUTH ONTHUMAJIBHBIE 3HAYCHUS

MEXPEMOHTHOIO MEPHOJia SKCILTyaTallui T U JOIyCTUMOW CTENEHH pa3pyIIeHHs] BhIpaOOTKU
Wxp-

[IpennoxeHHass METOAMKA JOIYyCKAaeT pazinyHble 0000meHrs. B yacTHOCTH, MOXKHO
y4ecTb TO OOCTOSITENILCTBO, UTO MPH MPOBEIEHUU PEMOHTHBIX pabOT MPOUCXOAUT HE MOJHOE
BOCCTaHOBJICHHE BBIPAOOTKH, a JIMIIb JI0 ONPEICICHHON TpeOyeMol BEeIHUYHMHBI (HampuMep,
80-90 %). B sToM cirydae 3aBHCHMOCTD W(t) OyZeT BBINIAAETh TaK, KaK I0Ka3aHo Ha PUC. 5.

OTnuume Takol pacuyeTHOW CXEeMBbl OT M3JI0)KCHHOW BBIIIE 3aKIIFOYAETCSI B UTHOPUPO-
BAaHUU MEpUOJia BpeMEeHH [0 tp, korjga OyJeT JOCTUTHYTO CHHMKEHUE IapaMeTpa @ JI0 MPUEM-
JIEMOM BEITUYMHBI (0*
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Puc. 5. lunamMuka u3sMeHeHUs IOKa3aTess yCTOMUMBOCTH PEMOHTUPYEMOM BBIPAaOOTKU
[IPH HETIOJIHOM BOCCTAHOBJICHUH (110 @ = w*)

MoaenupoBaHue Nporecca HAYMHAETCA ¢ ’TOTO0 MOMEHTA C YY4ETOM €ro MEPUOANYHO-
cTu. B MaTeMaTnuyeckoM OTHOIIEHUM CKa3aHHOMY OTBEYAET MapajlIeNIbHBIN MEPEHOC CUCTE-
MBI KOOPJMHAT C pa3MELIEHUEM Havyasa B TOUKeE lo.

BriBog

PGIHGHI/IG 3aga4u OHpGHGJ’IGHI/ISI OIITUMAJIBHOTO 3HAYCHUA Me)erMOHTHOFO nepnoz{a
AKCIUTyaTallMi U JOIYCTUMOW CTENEHM pa3pylleHUs BbIPAOOTKH SIBJISIETCS OCHOBOM JUIs pas-
pa6OTKI/I MCETOOUKH OIITUMAJIBHOT'O HpOGKTI/IpOBaHI/Ifl IIOA3CMHBIX BBIpa6OTOK C y‘IeTOM 3anaT
Ha UuxX HO)I)IGp)KaHI/IG.

Cnucok jgureparypsbl: 1. Komenes K.B., Urnarosuu H.B., [TonTtasen B.U. [Toanep-
YKaHWE COTPSDKEHUI ropHBIX BEIpadoTok. — K.: Texnuka, 1991. — 176 c. 2. Muzun B.A., CpIT-
HUK A.B., Haropnsiit A.B. TBopueckoe COTpYAHUYECTBO HHCTUTYTA, 3aBOJAA U IAXTHI — 3JI0T
yenexa // Yrons Ykpaunbl. — Ne 8. — 2003. — C. 43-44. 3. Apnames K.A. Ananu3 npuMeHe-
HUSI HOPMATHUBHBIX JOKYMEHTOB MO IMPOCKTUPOBAHUIO KpEIel KamUTalIbHBIX BBIPAOOTOK //
[laxTHOE cTpouTenbcTBO. — 1987. - Ne 3. — C. 9-12. 4. Komenes K.B., TomacoB A.I'. [Tox-
Jep>KaHue, PEMOHT U BOCCTaHOBIIEHHE TOPHBIX BeIpadoTok. M.: Henpa, 1985. — 215 c. 5. Ko-
meneB K.B., [lerpenko 10.A., HoBukoB A.O. OxpaHa u peMOHT TOpHbIX BeIpaboToK. M.: He-
npa. — 1990. — 218 c. 6. [llamenko A.H. YcToHYMBOCTh TIOJI3€MHBIX BBIPAOOTOK B HEOJTHO-
pOIHOM mopoaHOM MaccuBe. — Jlucc. ... n-pa texH. Hayk: 05.15.04, 05.15.11. — JInenpomer-
poBck, 1988. — 507 c. 7. pyuko B.I1., Hlamosaxn }0.C., I'ne3gunos B.I". Texnonorus mnpose-
JICHUSI TOPHBIX BBIPAOOTOK C MO3TAHBIM BO3BeieHHEeM Kperu // TexXHOIOr s 1 MPOeKTUPOBa-
HUE T03eMHOT0 cTpouTenbcTBa: BectHuk. — XappkoB: PUIT «Opurunan», 2000. — C. 25-30.
8. 'ypayc A.B. M3ydeHne npu4MH BCITyYHMBAHHUS TOPHBIX MOPOJ KaMEHHOYIOJBHOU (hopma-
nun Jlonbacca u Mepsl OOpbOBI C 3TUM SBJICHHEM. - XapbKoB: ['oCymapcTBEHHOE HAy4YHO-
TEXHUYECKoe u3aarenscTso, 1933, - 85c¢.

KOMIIBYOTEPHOE MOJIEJIMPOBAHUE ITPOLIECCA PA3PYIIEHW A I'OPHBIX T10-
POJ B OFbEMHOM HAIIPAXKEHHOM COCTOAHUUA

[Mamenko A.H., Crapoturopos U.1O. (HI'Y, 2. /lnenponemposck, Ykpauna)

The technique is worked out and on its base strength tests of rocks in the volumetric
stressed state in conditions of all-round compression are carried out at computer (numerical)
models. The analysis of the received results is executed and directions of the further
researches are defined.

OO0mme mosoxenusi. HeoOxoaumple 17151 T€OMEXaHUYECKUX PACYETOB IPOYHOCTHBIE
XapaKTEPUCTUKHU TOPHBIX IOPOJ OIPENEIIAIOTCSA HA OCHOBE aHaAIM3a IIPOIECCa UX Pa3pPYLLIEHU.
B 37011 CcBSI3M sBJIeHUE pa3pylLIEHHs TBEPAbIX TE HEPA3PhIBHO CBA3AHO C MPOOIEeMOi UX MpoY-
HOCTH. [[71s1 OLIEHKHM MPOYHOCTH TBEPBIX TENI B CIOKHOM HANPSHKEHHOM COCTOSIHMM paspada-
TBIBAIOT TaK HAa3bIBACMbIC TCOPUHN HpOT-IHOCTI/I: (bYHKIII/IOHaJ'IBHBIG 3aBUCUMOCTH, CBA3BIBAIOIIINC
B OAHOM YpaBHCHUH KPUTHYCCKHNEC KOMIIOHCHTBI Haprl)KeHI/II\/II " OpeCaACiibl IPOYHOCTU MaTCpUa-
Jla Ha paCTsHKEHHE, CKaTUe, cIBUT. Ha ceroTHsIHMN 1eHb U3BECTHO JOBOJIBHO OOJIBIIOE KOJIH-
4ecTBO Teopuii pouynoctH [1, 2, 3]. Bce oHM He yHUBEPCAJIBbHBI: XOPOIIO OIMKCHIBAs MPOLIECC
pa3pylieHus: OJHUX TBEPBIX TE€J, OHU HEPUTOJHBI IS IPYIUX, OTIIMYAIOUIUXCS CTPYKTYPOM.
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Takum 00pazomM, B HacCTOALIEE BPEMs €IMHONW TEOPUH MPOYHOCTH TBEP/BIX TEJ HET, XOTS Mpea-
MOCBUIKH JUIs1 3TOTO UMEIOTCSI.

B mexaHuke TopHbIX Opo HauOoblIee PACHPOCTPAHEHUE MOTyYHIIa TEOPHUSI TPOUHO-
ctu Mopa [1, 2]. OHa noJHOCTBIO 0a3upyeTCsl Ha AKCIIEPUMEHTANBHBIX JTaHHbBIX, MTOTy4aeMbIX
IIPU UCTIBITAHUSIX OOPa3OB FOPHBIX NOPOJ B OOBEMHOM HAIPSHKEHHOM COCTOSIHUM, KOTOPOE
co3zaercs, Kak rnpasuiio, B npudbope Kapmana.

AHaan3 Bonpoca. CTaHJapTHbIE HUCCIEIOBaHUS IpoLecca pa3pylIeHHus] TOPHBIX MO-
PO IPOBOJATCS MYTEM HCIBITAHUM IO ONpeAeNeHHbIM METOJMKAaM IOPOJIHBIX 00pa3lioB
(6;10K0B), T. €. IO CyTH, (PU3UIECKUX MOJIEIICH, UMUTUPYIOLIMX PEAIbHBIA MOPOHBII MACCHUB.
[Ipu 3TOM 3aTpauMBarOTCs 3HAYUTENbHBIE YCHIJIUS JJIS JUKBUJAIMN HECOBEPIIEHCTB CAMOI0
nporuecca GU3NYECKOTr0 MOJICIUPOBAHUS, TAKUX KaK TOPILIEBbIE YCIOBUS, Ka4uecTBO 00pabOTKU
MOBEPXHOCTEH, OCOOCHHOCTEM WCIBITATENbHBIX MAIIUH, MOTPEIIHOCTEH H3MEpPUTENbHbIX
npuOopoB U T. II. Bee Bblleyka3aHHbIE HEJOCTATKU (PU3NYECKOTO MOJICTUPOBAHUS TPUBOJIAT
K TOMY, YTO 3KCII€pUMEHTAJIbHbIE JJaHHBIE, MOJyYEHHbIE MyTEM JJaOOPaTOPHBIX HCIBITAHUN
MOPOAHBIX 00PA3IIOB, SBJISIFOTCS B U3BECTHON CTENEHU BEMYMHAMU ClydaiHbIMU. J{i1s momy-
4yeHUsl ke 00Jiee TOYHBIX Pe3yJbTaTOB HEOOXOAUMO BBINOJIHUTH OOJIBIIOE KOJUYECTBO JIabo-
PaTOPHBIX OIBITOB, MPOBEACHUE KOTOPHIX OYEHb TPYIOEMKO U TpeOyeT OOJIbIINX MaTepHallb-
HBIX 3aTpar.

bnaronaps pa3BUTHIO U JOCTYITHOCTH BBIYMCIUTEIBHON TEXHUKH B HACTOSIEE BPEMS
HaMEeTWJIaCh TEHJEHLUs HMCIOJb30BaTh MPHU IPOBEIEHUU TIEOMEXaHMYECKUX MCCIIeI0BAHUN
KOMITBIOTEPHOE MOJIEJINPOBAHKE IPOIIECCOB BMECTO HATYPHBIX U JJAOOPATOPHBIX UCIIBITAHUM.
KomMmmbroTepHoe MojenupoBaHue mpolecca pa3pyuieHUsl HOPOJHBIX 00pa3loB B 00bEMHOM
HaNpsHDKEHHOM COCTOSIHUM B OTJIMYHUE OT (PU3NYECKOTO MOJIEITMPOBAHUS JIMILIEHO OTMEUYEHHBIX
BbIIII€ HEOCTATKOB. OHO MO3BOJISIET OTPAaHUYUTHCS ONPENIETIEHHON Teopueil MPOYHOCTH U pe-
3yJabTaTaMH OOBIYHBIX HMCIBITAHUI 00pa3IOB FOPHBIX MOPOJ HA OJHOOCHOE CKaThe (pacts-
’KeHue, ciBur). [Ipu 3TOM MOXKHO y4eCTh €CTECTBCHHYIO BapHALMIO 3THX MMapaMeTpoB, 3aja-
Basg B KOMIIbIOTEPHON CTOXaCTHYECKON MOJENIM MapaMeTpbl TOTO MM MHOTO 3aKOHA pacipe-
JIeJICHUS.

[Tomasrnsroniee OOIBIIMHCTBO MPOrPAMMHBIX KOMIIJIEKCOB, MPUTOIHBIX JJISl PELIECHUs
MOJ00OHBIX T€OMEXaHMYECKUX 3aJay, MIOCTPOEHO B HACTOSIIEE BpeMs, KaK MpaBUiIo, Ha Oasze
OJTHOTO M3 YHCJICHHBIX METOJIOB — METOJIC KOHCUHBIX 3JIEMEHTOB [4].

IlocTanoBka 3agaum. Llenpio naHHON pabOTHI SABISAETCA:

1. Pa3zpaboTka METOIMKHM KOMIIBIOTEPHOIO MOJIEIMPOBAHUS Ipolecca pa3pylICHUs
TOPHBIX MOPO/I.

2. Onucanne XoJa MPOBEJCHUS SKCIEPUMEHTA 10 M3YYCHHUIO MPOIecca pa3pyIIeHUs
TOPHBIX MOPOJ B 00bEMHOM HANPSHKEHHOM COCTOSIHUM Ha KOMITBIOTEPHBIX MOJIEIISIX.

3. CpaBHUTEIBHBIN aHATN3 MOJYYCHHBIX PE3YyJIbTaTOB MCCIIECIOBAHHIA C OIYOJIMKOBAH-
HBIMHM aHAJIUTUYECKUMU U 3KCIIEPUMEHTAIbHBIMU JAHHBIMU JUISl YCTAHOBJIEHUS IPUTOTHOCTH
MIPUMEHEHHS] KOMITBIOTEPHOTO MOJEIMPOBAHUS IIPU OLIEHKE MPOYHOCTH FOPHBIX MOPO/I.

Pemenne 3amauu. B npouecce nccneqoBaHnii HA KOMIBIOTEPHON MOJEIN UMHTHPO-
BAJIMCh UCIIBITAHUS B YCIOBHUSAX TPEXOCHOIO Cxkatus. Kak M3BECTHO, MPOYHOCTH MOPOJ B yC-
JIOBUSIX O0OBEMHOIO CXKATHS CYIIECTBEHHO 3aBHUCHUT OT COOTHOILIEHHUS MEXIY IIaBHbIMHU Ha-
NpsDKEHUSIMU: S1, S2 U S3. CornacHo npeanoceuike Mopa, mpoMeKyTOYHOE 110 BEJTMYUHE Ha-
NPsDKEHHUE S OKa3bIBAaeT HE3HAYUTENIBHOE BIMSHHUE Ha pa3pylICHUE TOPHBIX MOPOA, MOITOMY
UX MPOYHOCTH OIpENENsieTcs, MPEeX/Ie BCEro, Pa3HOCThIO HauOOJBIIET0 U HAUMEHBIIIET0 Ha-
npsokeHuit S1-S3 [1]. B ¢Bsi3u ¢ 3TMM MoOjAenMpOBaHUE Mpolecca 00BEMHOIO Pa3pyIICHUS
TOPHBIX MOPOJ MPOU3BOAMIIOCH IPU CIEAYIOIIEM COOTHOLIEHUU KOMIIOHEHTOB IJIaBHBIX Ha-
NpsDKEHUN S1>S,=S3. Takue ycnoBust HarpyxeHus co3aarrcs B npudope Kapmana.
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Jlnist u3ydeHust mporecca pa3pylieHns TOPHBIX MOPOJT B 00bEMHOM HANPSIKEHHOM CO-
CTOSIHMM ObUTa pa3paboTaHa O0ObEMHAasi KOHEYHO-3JIEMEHTHas MOJENb MOPOJHOro obOpasia
(puc. 1), KOTOPBII MOJIATAJICS U30TPOIHBIM, JIMHEHHO-YIIPYTUM U Ha IIEPBOM 3TaIle UCCIIEI0-
BaHUN — OJHOPOIHBIM. PazMepsl mopogaoro oopasia 50x50x100 mm.

B kadecTBe MCXOIHBIX JAHHBIX Ui MPOBEICHUS DKCIIEPHMEHTA 3aJal0TCs YIpyrue
MOCTOsIHHBIE — Moaysb FOHra u ko3dduuuent Ilyaccona, oObeMHBIN Bec MOpoJ U Mpesen
MIPOYHOCTH MOPOJT HA OJTHOOCHOE CKaTHe. UHMCIeHHbIC 3HAYCHHS BCEX TEPEUNCIICHHBIX (PHU3H-
KO-MEXaHUYECKUX [TapaMeTpOB MpUBeEIEeHBI B Ta0. 1.

Taomuma 1. Ucxoauele TaHHBIE U 3a1a4N.

PU3MKO-MEXaHUYECKHUN ITapaMeTp 3HaueHue
Monyne ynpyroctu, MIla 2,4-10°
Koaddunment Ilyaccona 0,23

O6beMHBI Bec, MKT/M® 2,6-10°
[Ipenen mpodHOCTH HA CXKATHE, 36
Mlla

['paHu4HBIC YCIOBHS UMEIOT CICIyIOMUi Bi (CM. puc. 1):
- CKMMAIOILAs paclpeleleHHas Harpy3Ka, AeHCTBYONIas Ha BEpXHel (; U OOKOBBIX
TpaHsx MOJCHU (g ;

- Ha HIDKHEH I'paHu MOJIeNH BEPTHKAIbHbIC MIEPEMEIICHHs] paBHBI HYJIIO, T. €. Iepe-
MeleHus B HanpasyieHun ocu OY paBHBI HYJIIO;

- Ha HIDKHEH U BepXHEH rpaHsX paBHBI HYNIO 00a TOPU30HTAJIBHBIX IEpEMELICHHUS,
TO €cTb nepemelneHus B HanpasieHu oceit OX u OZ paBHbI HYIIO.
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Puc. 1. KoneuHo-3nemeHTHas MOJEIb MOPOIHOTO oOpasia
[Ipn MonenupoBaHMM mIpolecca pa3pylIeHUs TOPHOW MOPOABI pacIpeaesieHHas Ha-
rpy3Ka 3a/aBajlach B JIOJIIX OT MPEANOJaraéMoro mpejeia MpoyHOCTH Marepuaia 0Jioka Ha
OJIHOOCHOE C)KaTHe, TO €CTh Ha BEPXHIOIO I'paHb MOJENH JeiicTBOBaJa oNpe/iesieHHas 0e3pa3-

MEpHas Harpy3ka Ys , @ Ha OOKOBBIE TPAHH — 95 . Ha kaxx0om »sTane Harpy>XKeHusl BBITOIHS-

J1ach OIIEHKA HaNpPsHKEHHO-1e(OPMHUPOBAHHOIO COCTOSIHUS 0JIOKA B COOTBETCTBUH C MPHUHS-
TOW TEOPHEW MPOYHOCTH MU ONPENEISIICS YPOBEHb pa3pyLIAOIIEW HArpy3KH, BbI3BIBAIOIIEH
nepexoj MaTepuaia 0J0Ka B CTaIMI0 HEYNIPYroro Ae(opMUpoBaHUs.

ITonaranoce, yTo GJIOK MOPOJHOIO MAacCHBA MEPEXOAUT B PA3PBIXJIIEHHOE COCTOSHHE,
T. €. pa3pylIaeTcs, B TOM Cilydae, KOrja JJIs Marepuaia BHYTPH HErO BBINIOJIHAETCS YCIOBHE:

Se? R, )

rae S e — OKBUBAJICHTHBIC HAIIPSKCHU, HCfICTBYIOIHHC B TOYKE MAaCCHBa, RC — IIpe-

e IPOYHOCTH TIOPOJT Ha OJTHOOCHOE CIKAaTHE.
Tak xak Harpyska 3agaBajiach B JIOJISIX OT IPEIIOJIaraeMoro Ipejesa IMPOYHOCTH I10-
POl Ha OJIHOOCHOE CXKaTHe, TO BhipaxkeHue (1) mpuMeT Cieayromuil BUI:
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S_e31. 2
R 2

DTO HEpaBEHCTBO O3HAYAET, YTO MOPOJIHBIH OJIOK MEepelIeT B pa3phIXIIEHHOE COCTOSI-
HUSI JIMIIIB B CIIydae, KOT/Ia BO BCEX AJIEMEHTaX KOHEYHO-JIEMEHTHON CETKH BBITIOJHUTCS YC-
nosue (2).

JInsi BBIYMCIICHHUS 3KBHBAJCHTHOTO HANPSDKEHHS B JIaHHOM pabOTe HCIOJIb30BAJICS
kpurtepuii npounoctu JI.5. [MapueBckoro — A.H. llamenko [1]:

_@-y)61+59)+Q-y) 61 +59)° +4 (51-59)°
.-
y

Re, (3)

raey = L _ KO3 GHUIMEHT XPYIKOCTU TOPHBIX IopoJ; R, — mpenen npoyHocTu Ha

pacTsbKeHUeE; S1 M S3 — INIaBHbIE 3HAYECHHSI KOMIIOHEHTOB T€H30pa HANIPSHKEHUM.
MeToauka uccjienoBaHuii. icnbITanust IpoBOIMIINCH CIEIYIOITUM 00pa3oM.
1. K 60KOBBIM IpaHsiM MOJEIN MPHUKIIAIBIBAETCS HEKOTOpAasi, 3apaHee OmpeeeHHasl,

CKMMAFOIIas Harpy3ka 9% , KoTopast TpedyeTcst Il CO3/IaHUs OJTHOTO W3 JBYX IIABHBIX Ha-

MPSOKEHUN S MO0 S3, mpuueM S»3 Sa.

q@ 3 q6
R’

JC€JIbHas1 BEJIMYUHA KOTOpOI\/’I B XO0€ SKCIICPUMCHTA HO)I6I/IpaeTC5[ B COOTBETCTBUU CO 3HAYCHU-
€M 3aJjaBaeMoil OOKOBOM Harpy3KH.

2. K BepxHel rpaHu MOJIENN MPHUKIIAABIBACTCS CKMMAFOIIAs HArpy3Ka mpe-

3. HpI/I KaXXJIOM 3HAYCHHU HAIrpy3KH % BBIYUCIIAOTCA S3KBUBAJICHTHBIC HAITPSXKCHUA

o dopmyite (3) BO BCex dIIeMEHTaX KOHEYHO-3JIEMEHTHOU CETKU. B ¢BsA3M ¢ TeM, 4TO Bce Ha-
IPY3KH 3aJaHbl B JIOJIAX OT MPEINOoJaracMoro npejeia MpoYHOCTH MOPOJa Ha CKaTHe, TO H
BBIYUCJIICHHBIC 110 )IaHHOI\/’I (bOpMy.]'[e OKBUBAJICHTHBIC HAIIPSXKCHUA B PE3YJIIbTATEC TAKKE ITOTY-
YaTCsl B JIOJIAX OT MPEAINOIaraeMoro npejiena MpoYHOCTH MOPOT Ha CKATHE.

4, SKCHCpI/IMCHT MpoaAOJDKACTCA 10 TEX IOP, IMOKa B KAXKJAOM U3 3JICMCHTOB HC BBIIIOJI-
HUTCS yciaoBHe (2), TO €CTh J0 MOJHOTO pa3pylieHHs mopoaHoro oioka. [Ipuuem ycnosue (2)
JOJI’KHO BBIIIOJTHHUTHCA TaKUM 06pa30M, 4TOOBI 3HAYEHUS YKBUBAJIEHTHBIX HaprI)KCHI/II\/II ObLIN
PaBHBIMHA WA OJIM3KUMHU 110 BEJIMYNHE K CANHUIIC.

5. 3HayeHuss MakCUMAaJIILHOTO U MUHUMAJILHOTO IJIaBHBIX HaprI)KCHI/II\/II, IIpHU KOTOPBIX
BBIIIOJIHACTCA YCJIIOBUEC, OIIMCAHHOC B MPCALIAYIICM ITYHKTC, 3aHOCATCA B Ta6J'[I/IIIy (CM. TaoJI.
2).

6. Jlayiee MCIBITBIBACTCS CIIEAYIOIIAs MOJICNb, TO €CTh SKCIIEPUMEHT HAYMHACTCS CHa-

Us

YaJia, HO IIPY IPYyroM 3HAYEHUH BEJINYMHBI HATPY3KH —— .

7. UcmpiTaB poctaTouHoe KoJmuecTBo Mojened (00biuHO He meHee 10), mo HaiiieH-
HBIM 3HAYCHHSM MAaKCUMaJIbHBIX 1 MUHUMAJIbHBIX TJIABHBIX HAMIPSDKCHUIN CTPOST Mpe/eIbHbIC
KPYru HampsbkeHui (Kpyra Mopa) ¥ oru0aroiiyro K HUM.
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AHAJIU3 MOJyYeHHBIX pe3yJbTaToB. [lo onmcanHo# BIIE METOAMKE OBLTH HCIIBITA-
HBI JIEBSTh YUCIEHHBIX MOJIEJICH MOPOIHBIX 0JIOKOB. be3pasmepHas Harpyska, NeHCTBYOIIAst

U5

Ha OOKOBBIE TPAaHU MOJISIIH —~— , IIOCJICIOBATEIILHO puHUMAaa cieayromue 3Hadenus: 0; 0,1,

0,2;0,3; 0,4;0,5; 0,6; 0,7; 0,8.

3HaueHusl SKBUBAJICHTHBIX HANpPSIKEHUH, MOJYYEHHbIE IMPU BBINOJHEHUH KaXKJIOTO
OTIBITA, YIOBICTBOPSUIM ycioBHIO (2). B mporiecce skcriepuMeHTa OTKJIOHSHUH OT 3TOTO YCIIo-
BUsI HE HAOJIOANIOCh.

B pe3ynbTare mpoBeeHHBIX UCIIBITAHUM ObLI MOJTyYeH ONpeAeIeHHBIA PsiJi 3HAUCHUH
MaKCHMAJIbHBIX ¥ MUHHUMAJIbHBIX TJIABHBIX HANpsDKeHHUH (Tals. 2) 10 KOTOPHIM OBLIH  I10-
CTPOEHBI Mpe/eibHbIe KpYyru Mopa 1 orudaroias K HuM (puc. 2) it XpyIKAX TOPHBIX MTOPO,T
¢ ko3 dummenrom ¥ = 0,1.

Ta6uuia 2. Pe3ynbrathl HcbITaHU# mopogHoro oopasma (mpu ¥ = 0,1).

Ne ucrpiTa- 9% Y S3 S1
Hus Re Re Re Re
1 0 1 0 1
2 0,1 1,25 0,1 1,25
3 0,2 1,47 0,2 1,47
4 0,3 1,67 0,3 1,67
5 0,4 1,87 0,4 1,87
6 0,5 2,05 0,5 2,05
7 0,6 2,23 0,6 2,23
8 0,7 2,4 0,7 2,4
9 0,8 2,58 0,8 2,58
T -
Rf-‘
Jj;"_;i;';’
...rfll'
=7

1o e 02 03 04 05 06 OF 08 1 L] Bad 1.EF 1,87 205 221 24 2,58

nx;q L)

Puc. 2. I'padmueckas mHTEpIpETANINS UCCIETYEMOT0 0OBEMHOTO HANPSHKEHHOTO CO-
CTOSIHHUSL.

Ilo m3m0XEeHHOM BHIIIE METOJUKE ObUT BBIIOJIHEH pAaa JOTIOJIHHUTECIBHBIX UCIBITAaHUH
IMOpOJaHOTO OJIoKa ¢ LEJIBIO MMPOBCACHHA CPABHUTCIBHOI'O aHAIM3a IMMOJIYYCHHBIX PE3YJIBTATOB
I/ICCJ'IGI[OB&HI/If/i C AaHAIIUTUYCCKUMHU U SKCIICPUMCHTAJIIbHBIMHA JaHHBIMU. B kadectBe oCiIca-
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HUX HMCIIOJIb30BAHbI PE3YJIbTAThl MCIBITAHUN TOPHBIX MOpoJ, mojydeHHbie A. H. CtaBporu-
HbIM [1] (puc. 3). Ycnosue npouynocty (3) s KpailHUX CIydaeB MUMEET CICAYIOLIHE BhIpa-
KCHUS:

2
(51-53)° o .
—2 29 £R.;

(S1+S3)
HpI/IlP:l—(Sl- SS)ER(:-
CormnocTraBieHre 3HaYE€HUH MAKCUMAJIbHBIX M1 MUHUMAIBHBIX TJIaBHBIX HANPsHKECHUN
(Tabn. 3) ¢ pe3yabTaTaMu aHATUTHYCCKUX M JIAOOPATOPHBIX MCIIBITAHUI OBLTH OTOOPaXKCHBI

Ha rpaduke, mpeacTaBieHHOM Ha puc. 3. UepHble KBaapaThl — Pe3yJIbTaT KOMITBIOTEPHOTO
MOJIEIIMPOBAHUS.

G A
R,

8 x

npu ¥ =0 -

0 05 1,0 L,5 20 25 30 35 R,
Puc. 3. CpaBHeHHE MOJTyYEHHBIX PE3YIbTaTOB KOMITBIOTEPHOTO MO eiup®Banus ( )

¢ aHamUTUYeCKUMH (3) U IKCIIEPUMEHTABHBIMH [1] HTaHHBIMH.
Ta6uuia 3. Pesynbrathl ucnbiTanuii mopogaoro oopasmna (mpu ¥ =0u W = 1).

I[pu ¥ =0 [Ipu? =1

No ncnreiTa- S5 Sq Sa Sq
HUS — — — —
Re Re Re Re

1 0 1 0 1
2 0,5 2,12 0,5 15

3 1,0 3 1 2
4 15 3,81 15 2,5
5 2,0 4,57 2,0 3
6 2,5 53 2,5 3,5
7 3,0 6 3,0 4
8 3,5 6,7 3,5 45
9 4 7,38 4 5

Kak cienyer n3 pucyHka, pe3ynbTaTsl KOMIIBIOTEPHOTO MOJEIMPOBAHMS IIpOLECCA
paspylieHs] TOPHBIX MOPOJl B OObEMHOM HAINPSHKEHHOM COCTOSIHUM JOCTATOYHO XOPOILIO
COBITAJAIOT C PE3YJIbTATAMM AHAIUTHYECKUX U SKCIIEPUMEHTAIBHBIX UCCIECIOBAHUN.
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Crnenyromuil UK BUPTYAITHPHOTO HATPY>KCHHSI U Pa3pyLIEHUs MTOPOIHBIX 00pa3IloB B
dhopme mapamienenumena ObUT IPEANPUHAT C LETBI0 TPOBEPKHU MPABMIBHOCTH TPEIITOCHUIKI
O. Mopa 00 OTCYTCTBHHM BIHSHHS Ha MPOYHOCTH TOPHBIX MOPOA (MM MHBIX TBEPJBIX TEI)
MPOMEKYTOYHOTO HampsKeHHs S». [Ipu 3TOM eciii B OMMCAaHHOM BbILIE SKCIIEPUMEHTE T0JIa-
rajiocb, 4To S1>S2=S3, TO B MOCJICAYIOIINX BOCbBMH cOoOITIO1aJIOCh YCJIOBHUE S1>S2>S3, TIe
BEIMYMHA Sy m3MeHsutack ¢ maroM 0,1. BenmnuuHa S3 B 3TOM 3KCTiepUMeHTe (PUKCHPOBAHA.

Crnenyromuil UK BUPTYAITBPHOTO HATPY>KCHHSI U Pa3pyLIEHUs MTOPOIHBIX 00pa3IloB B
dhopme mapamienenurena ObUT TPEANPUHAT C HETBI0 TPOBEPKHU MPABMIBHOCTH TPEITOCHUIKI
O. Mopa 00 OTCYTCTBUH BIHSHHS Ha MPOYHOCTH TOPHBIX MOPOA (MM MHBIX TBEPJABIX TEI)
MPOMEKYTOYHOTO HampsKeHHs S». [Ipu 3TOM eciii B OMMCAaHHOM BbILIE SKCIIEPUMEHTE T0JIa-
rajiocb, 4To S1>S2=S3, TO B MOCJICAYIOIINX BOCbBMH cOoOITIO1aJIOCh YCJIOBHUE S1>S2>S3, TIe
BEIUYMHA S m3MeHsutack ¢ maroM 0,1. BenmnunHa S3 B 3TOM 3KCTiepuMeHTe (PUKCHPOBAHA.

Pe3ynbrarhl BUPTYaapHOTO MOJCIMPOBAHUS MIPEACTABICHBI HA puUC. 4.

o N

3,
R

0.5

P

D5 06 07 08 o, o,

R R

s

o 01 0.2 0.3 Q.

Puc. 4. Pe3ynbTaThl BUPTYaIbHOTO MOJECIMPOBAHUS.

W3 pucynka 4 cnenyer, uro npeanocsiika O. Mopa BepHa U €€ HCIOIb30BaHHUE CYIIIe-
CTBEHHO YIPOIAET aHAIUTHYECKHE UCCIIeI0BaHUs B 001aCTH pa3pyllieHUs: TOPHBIX MOPO/I.

Takum oOpa3om, uccienyemasi KOMIbIOTEpHAsT MOJIEb aJIeKBaTHO OTPAXKAET SIBJICHUE
paspylieHus] TOPHBIX MOPOJ B 0ObEMHOM HANpPSHKEHHOM COCTOSIHUM, @ CaM METOJI BIIOJIHE
MOJKET OBITh UCIOJIb30BaH MPU PELICHUH F'€OMEXaHMUECKUX 3a1a4.

JanbHeiimme uccjaeqoBaHus. B ganbHENIIMX MCCIIEIOBAHUIX IUIAHUPYETCS IIPOBE-
JICHHE aHAJIOTUYHBIX SKCIEPUMEHTOB JUIsl 0OBEMHBIX YUCICHHBIX MOJIEIEH HEOJTHOPOJIHOTO U
TPEUIMHOBATOrO OPOJHOTO MACCHUBA.

BrIBOABI.

1. PazpaboTana MeTOaMKa KOMIIBIOTEPHOIO MOJEIUPOBAHHUS IpOLIEcca pa3pyLICHUs
TOPHBIX MOPOJI B 00BEMHOM HANPSKEHHOM COCTOSIHUM, IIPUTOJIHOCTH KOTOPOM MOATBEpX Ia-
€TCs IIOJIyYEHHBIMH pEe3yJIbTaTaMU UCCIIEA0BAHUM.

2. Tlo pe3ynbraTaM CpaBHUTEIHHOTO aHAIHM3a TOJYYEHHBIX PE3yJIbTaTOB HCCIEIOBaA-
HUHN C OIyOJIMKOBAaHHBIMU QHAJIUTUYECKHUMH U SKCIEPUMEHTAIbHBIMU JAHHBIMU MOXHO CIe-
JIaTh BBIBOJI O TOM, YTO IPABUJIBHO ITOCTPOEHHAs KOMIIBIOTEPHAsI MOJEIb aJeKBATHO OTpaXka-
€T IPOYHOCTHBIE XaPAKTEPUCTUKHU TOPHBIX ITOPO.

3. Pe3ynbraThl, MoydeHHbIE B TIPOIeCcCe MPOBEACHHUS ONBITOB HA YHCICHHOW MOJICIH
OPOAHOro o0pa3la, MOATBEPIMIM BO3MOXKHOCTh IMPAKTUYECKOIO HCIOJIb30BAHUS TEOPUU
npoyHoctu O. Mopa.

105



4. [IpoBeneHHbIE B HAacTosLIEH paboTe MCCIeIOBaHUS MPOLIECCa pa3pyLIEHUs! TOPHBIX
opoJ B 00bEMHOM HaIPsKEHHOM COCTOSIHUM MO3BOJISIIOT YTBEPKJIATh O TOM, UTO Ha TaHHBIN
MOMEHT KOMIIBIOTEPHOE MOJICIMPOBAHUE SIBIISIETCS CaMbIM yJIOOHBIM, 3(()EKTUBHBIM U Kak
CJIEJICTBHE MEPCIIEKTUBHBIM CPEACTBOM IIPU PEIIEHUH M'€OMEXAaHUYECKUX 3a1a4.

Cnucok surteparypsl: 1. Hlamenko A.H., [lycroBoiitenko B.II. Mexanuka ropHsix
nopo: YueOnuk uis By3oB. — K.: Hosuit apyk, 2003. — 400 c. 2. lamenko A.H., Maiixep-
yuk T., CaBmxkkoBa E.A. 'eomexanndeckue npoiecchl B HOPOAHbIX MaccuBax: MoHorpagusi.
— JluenponerpoBck: HarmonanpHuit ropHseiii yHuBepcuteT (IHEmporneTpoBck, YKpauHa),
2005. — 319 c. 3. quneik P.I1., Ky3znenos E.B., 3abapa B.H. ®u3nueckie 0CHOBBI MPOYHOCTH.
YueOnuk. — J[.: Hayka u obpasosanue, 2005. — 608 c. 4. ®aneeB A. b. Meroa KOHEYHBIX
3IIeMEeHTOB B reomexannke. — M.: Hexapa, 1987. — 236 c.

COBCTBEHHBIE KOJIEBAHUSA BAJIOK CTYIHEHYATO-ITEPEMEHHOI'O CE-
YEHUSA KAK CUCTEM C PACIIPEAEJIEHHBIMU TAPAMETPAMU

leBuenko ®.J1. (JonHTY, 2. Joneyk, Yrpauna)

Natural oscillation of step-variable cross section beam with distributed constants and local-
ized mass are considered taking into account eigenfunction characteristics and step variation
of beam hardness.

B y4eOHoil nuTeparype no JUHAMHKE CUCTEM C pacHpeesIeHHbIMU MapaMeTpaMu Kak
MIPaBUJIO PACCMaTPHUBAIOTCS OJHOIPOJIETHbIE OAJIKU C IOTOHHOM Maccoit M.

B pacuere 0anok ¢ pacnpeeneHHbBIMHI NTapaMeTpaMH Ha IolepevHble KojeOaHus cie-

JlyeT 3HaTh cBoiicTBa cobcTBeHHbX GyHkuuit Y (X). Eciu Ganka HOCTOSHHOTO ceueHus, T.e.

MIOrOHHAs Macca M u kecTKocTh EJ no uinHe Ganku He U3MEHSIOTCS, TO COOCTBEHHbIE (PYHK-
[IUH TIPH JIFIOO0M CIIOCO0€e ee 3aKperuIeHus Ha OTopax OyayT OpToroHaabHbIMU [1], Koraa:

|
oY, (XY, (x)dx =0.
0

[Tpu Hanmuuuy Ha Gayike COCPEIOTOUYEHHBIX MacC COOCTBEHHbBIE (PYHKIIMU OYyAyT OpTO-
ronansHBIME ¢ BecoM I (X) , KoTopslii onpenensercs o hpopmye [2]:

O, (XY ()

_1.0 i
A A B ®

rie nensTa-ynkmus Jupaxa d(X - X11) YYHTBHIBAET HATNYUE COCPEIOTOYEHHON MACChI B

CEYEHUH C KOOPIUHATOM Xi..
Wuterpain 3o GopMysibl MOKHO HAWTH U3 3aBUCUMOCTH [2]:
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|
d®, o d%, dv,d?, dY,d?,

m .3 Y 3 3 T 3
dx dx dx dx dx dx ‘o

|
(k2 - K& Joo (i) = @
0

MOAYUHSSA COOCTBEHHBIE (DYHKIIMH YCIOBUSIM 3aKpeIIeHUs! OAJIKK Ha OMOpax.

B Gankax cTyneHyaTo-IepeMEHHOI0 CEUYEHHUs, KPOME OIPEIEICHHs BECOBBIX (PYHKIMMI
HY)XKHO YYUTHIBATh OTHOILICHHS YKECTKOCTEH Y4acTKOB U 3aBUCHMOCTH (2), YMHOXCHHbBIC Ha
KECTKOCTH y4aCTKOB, HY’)KHO CyMMMPOBATh 1O JUIMHE OAJIKU:

8 EJ (ki - )ov.n(xwim)x)dx:

&y, dY, d, _dy, d*,| o

— EJ.lY in _y im _ im in 4 in im
AEn e g T Tax e dx d

o
AHaJIOTMYHO, IPU BBIYUCIIEHUN KBaJIpaTa HOPMbI COOCTBEHHBIX (DYHKIIUIA:
|
N 2
D, =g (X)Y2(x)dx
0

TAKXKC HY)KHO YUYUTBIBATDb )KCCTKOCTHU YHaCTKOB OaJIKu.
WuTerpan kBagpaTa HOPMbI TaK)K€ MOKHO HalTH, HE MpUOerasi K MHTErpUPOBAHUIO, U3
3aBUCHMOCTH [2]:

é *® 26 2y uI
aEJC)( (Ndx=§ — EJ & Id:4]Y+kx(s7Yl2 '+aﬂ2\2('gf ﬂd U, (4)

rae 2 = KX.

PaccMoTpuM BBILIEU3I0KEHHOE HAa KOHKPETHOM IpHUMEpE MONEePEedHbIX KojeOaHui
KOHCOJI CTYII€HYaTO-IIepEMEHHOMN KeCT KOCTH, puc. 1.

W3BecTHO, 4TO COOCTBEHHbIE MOIEpeUHble KojebaHus Oalku Kak CUCTEMBI C pacrpe-
JIeIEHHBIMU [TapaMeTpaMu ONUCHIBAIOTCA AU PepeHInaTbHbIM ypaBHEHUEM:

4 2
" M, g7 y(j,t) em? y(;at) -0
perieHne KOToporo Jyisi CBOOOJHBIX KO-
F/ X _X-i . J1e0aHuil UMeeT BU,

|1

l2

Puc. 1. PacueTHasa cxema ¥ .
y(x,t) = alyn(x>sn(wnt +m,),
n=

HJIN

V(X = & Do (sin(wyt +m,), ®
n=1

rae Yy, (X) - cobcTBEHHBIE (DyHKIMH, ONUCHIBAIONIHE (OPMY H30THYTOH OCH OaIKK IPH €/IH-

HuuHOi ammumntyne Dy, st mponsBosbHON rapMoHKKH KOJEOaHMIA.
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VpaBuenue u30rayToii ocu 6anku Y(X) ¢ yueTom HagaTbHBIX TAPAMETPOB Yo. Y8,

Mg, Py, npeacrasustomux nedopmarmontsie 1 cuinoBbie (pakTopsl B Hadale KOOPMHAT,

H3BECTHO B BUJIC.

_ Y6 Mo P
X) = +-=B,, + Ci t+ Dy 6
y( ) yOAkX k kx szJ kx kgEJ kx (6)
rae A = (chkx+coskx)/ 2, By, = (shkx+sinkx)/2,

Cy = (chkx- coskx)/2, Dy, = (shkx- sinkx)/2

- nuHamudeckue ynkuuu A.H. Kpbuiosa.
B KOHKpeTHOM cilydae CTyNneHYaTOW KOHCOJH, MIPEICTaBICHHON Ha puc. 1, ypaBHEHHE
m3orayToii ocu Y(X) , mpu BEIGOpE Hauana KOOPAMHAT HA CBOOOTHOM KOHIIE KOHCOIH, HMEET

BHU/.

P
k3EJ

V) = Yoo+ 2 By + 52 Dy

3mecs Py nmpencrasmser cuty unepun macest My, Py =- M §(0) = |\/|1W2 y(0).
Taxk kak crekTp 4acToT COOCTBEHHBIX KoJieOaHul ornpeaensercs: GopMynou:

A=kE = E) 7
m

Py = MK*Eyyo =Xyl 1k7EJ; Yo,

TO

My

rze o603Haveno X; = —=, | 1 =Kylq.
1
Tak noryqaem Juisi JIEBOTO yyacTka 6anku ypaBHenus uzoruyroit ocu Yy (X), yrios

nosopota Yf(X), msrubarontx momentos M (X) = EJ; 8 (X) u nonepeunsix cun

Q(X) =M{(x):

_ y

y1(X) = Yo (Aklx + Xy lelx)+ k6 Biyx. (8)
1

yE(X) = Yok Dy, + Xal 1Crx )+ Y6 AKX ()

M (x) = EJik{ Yo (Cklx + Xl 1Bk1x)+ EJ 1k Y§Diox (10)
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Q. (X) = EJ ky Yo (Bklx + X 1Ak1x)+ EJ Ky YEC i x - (11)
rze o6osnaveno | 1 = Kyl;.

Ha rpanune ygactkoB npu X = |1 OT COCPENOTOYEHHON MACCHI M3 BO3HHKAET CH-
J1a UHEpLUHU

4 EJ, ( ) v§
P, =- M8 (1) = Mok; ya(lp) = E3x)l 2k2eYO A txql 1Dy Bllu’ (12)
m e
M 2
myl,
[MpuHKMas Ui BTOPOTO y4acTKa Ha4yajao KOOPAMHAT HA TPAHHUIE YYACTKOB, IJIe BCE
cunoBble U nedopmanronnble GakTopsl Haxoxstes u3 (8)-(11) mpu X = |, cormacuo (6) mo-

Jy4UM YpaBHEHHE M30THYTOM OCH IIPABOTO y4acTKa OajKu:

rae Xo =

é u
Yo(X) = §YO(A1 L %4l 1D 1)"')':? B, 18Ak2x+

B X
kl( + X4l 1C|1)+ YEA ] 2 4
2
J.k € v§ . U
L ( + x4 1B )+D Crox +
eYO 11 | k

k s v~ U
+ Jlklg eyO(BI 1 +XlI lAI 1)+kC| 1I:<IDk2X+
1 u

é Y, u
+Xol 2(§YO(A1 L Xl 1Dy 1)+k8: B ; tDiox
e 1 0

T.C.

Y2(X) =

> (D

=& (Al +xl 10 )Akzx ki(D +X4l 1G )Ekzx*';E (C +x 1B ox T

212

('D

3
' jllI((l?’((Bl LT A 1)Dk2x + Xl 2('61 Xl 4Dy l)DKZX)
272

[ @ C\ c

c

y k J.k? J.k? J
k& eBl 1A1(2X 1 A‘ Bk2X L1 Dl 1Ck2X 11 C| 1Dk2X + X2| ZBl 1Dk2Xl’4'
1e J2k2 J2k2 u
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U3 ycnosnst Y, (l,) =0 Bepasum yron nosopora Y§ uepes nporu6 Yy

Y6

—~=-a ‘

K Yo

\ A A, +biDy B +0,C C, +b3B Dy, +xql (D, A, +b,C B, +

B|1A 2 +b1A1 1BI 2 +b2DI 1CI 2 +b3CI1DI 2 +X2| ZBI 1D| 2

+b,B8, .G, +X4l 1A D 2>+b2X2| 2(A11 + X 1D|1)D| )
B|1A 2 +b1A1 1BI 2 +b2D| 1CI 2 +b3CI 1DI 2 +X2| ZBIJ_DI 2

(13)

Teneps ypaBHeHHE HM30THYTOH ocu OalKy Ha BTOPOM YYacTKE MOKHO IPEICTaBUThH
4epe3 OJMH HavalbHBIA NapamMeTp Yy, MHOKHUTENEM KOTOPOro OyayT COOCTBEHHBIE ()yHKIUH
BTOPOT'O y4acTKa:

yZ(X) = yOI_(A 1 +X1| lDl 1 aBI 1)A(2X +bl(Dl 1 +X1I 1C| 1 aA‘ 1)Bk2X +

+b2(C|1 +X1I 1B|1 - aDll)Ckzx +b3(B|1 +X1I 1A|1 - aCll)Dkzx +
+Xal o(A, +x4l 1Dy - @By Dy ]. (14)

Beenem o6ozunauenus: Yp(l1) = A 1 + X4l 1Dy .- ab g,
Yl((ll) = Dl 1 +X1I 1C| 1° aA 1’ Yl«(ll) :C| 1 +X1I 1B| 1° aDl 1°
Yl“(ll) = Bl 1 +X1I 1'01 1 a(:l 1
[Ipu 5THX 0603HAYEHUAX YPABHEHUE M30THYTON OCH MPABOTO y4acTKa Oalku Oymer
npescTaBiIeHo yepes cobcrennble Gynkiuun Yo (X) :

Ya(X) = yOl_Yl(Il) Acox 1Y) B+ G + (bsYl«(ll) *
+ Xl 2Y1(|1))Dk2xJ = YoY2(X). (15)

Otcrona nud pepeHnnpoBaHUEM TIOTY4aeM OCTATBHBIC PACUCTHBIC YPAaBHEHUS:

Y5 (X) = Yok |_Y1(|1) Diox +b1Yill1) Ax +b2Yil1) By + (bsYie(ly) +
+Xol 2Y1(|1))Ck2xJ = Yok Y5(X), (16)

M (%) = EJ Yok Y1 (1) Ciepx + DoY) Dy +b,Yil1) Ay + (DY, ) +
+Xol 2Y1(|1))Bk2xJ = EJ, Yok YHX), (17)
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Qa(X) = EJ,Yok3[V (1) By + DY) Ci x + Y1) Dy + (0511 +
+ Xl 2Y1(|1))Ak2xj = EJ,YoksV,#X) (18)

U3 ycnosust Yy (l1) = Y2 (0) ¢ yuerom ypasuennii (8), (14) mosyuaem paBeHCTBO

Yy _
YO(AH + X4l 1D|1)+k65|1 = YO[AH +xql 1Dy - aB|1],
1

OTKYJIa HAXOIMM 3aBUCHMOCTh ~— = - @Y. C y4eToM 3TOM 3aBHCHMMOCTH yPaBHEHHUS IIEP-
1

BOI'0 y4acTKa MOXKHO IIPEACTABUTh TAKXKE Y€Pe3 OJMH Ha4YaIbHbIN MapaMeTp Yy U COOCTBEH-

Hble (YHKIIUH JIEBOTO y4acTKa Yl(X) .

Y1(X) = Yo|Ax + Xl 1Digx - @By | = YoYa(X), (19)
y(x) = yOkll_Dklx +Xql 1Cgx - aAleJ = Yok Yi{(x) (20)
My (X) = EJjk{ yOl_Cklx +Xql 1By - aDkli = EJ;K{ Yo YViX). (21)

Q) = EIkYo[Biox + X 1Aqx - aCix|= EJSYY®). (22

OOpaTiM BHUMAaHUE, 4TO 37IeCh MITPUXaMHu 0003Ha4YEHBI TIPOU3BOIHbBIE 110 Z (cM. (4)).
Teneps u3yunm cBoiicTBa COOCTBEHHBIX (YHKLIMH Yl(X) , Yo (X) ma ocHoBaHuu 3a-

BUCHMOCTH (3), KOTOPYIO IPEICTABUM B BHJIE:

( 4 4 )" ( 4 L4 )" _
0

=Yim(1)Qin (1) - Y1, (1) Qum (1) - Y (1) My (1) + Y (1) My (1) - Yim(0)Q1n (0) +
+ Yln (O)le (O) - Y2m (O)QZn (O) + Y2n (O)QZm (O) + Yém (O) M 2n (O) - Yén (O) M 2m (O) .

Yuutesas, uto Y;(l1) =Y5(0), Yi(l,) =Y4(0), M,(I;) =M, (0), 3nmecp non-

YEepPKHYTBIC ClIaraeéMble B3aMMHO YHHUYTOXAIOTCS, a coracHo (12),(18)

&l k3 0
Q,(0) = EJzYokféféYlm(ll) +Xol V(1) Z=Qu(lp) + EJ,YoksXol Y(ly)-
2 Ko (%)

CnenoBartenbHO, U3 aHAIN3UPYEMON 3aBUCUMOCTH MTOJIyYHM:
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I J I
(kf;‘l - k14m )C‘)Yln (X)Ylm (X) dx + JZ (kgn - kgm )C‘)YZn (X)YZm (X) dx =
0 1 0

J
= X1|1(kf;, - k14m )Yln (O)Ylm (O) - JZ (kgn - kgm )YZn (O)YZm (O) .
1

OTcroa nmosydyaeM paBeHCTBO:

J
OYln (X)Yy, (X)X + 32 0Y2n(x)Y2m(x)dx =
10

= - X411Y1,(0) Y1, (0) - 3 X1|1Y2n(0)Y2m(0)
1

B cootBercTBHU ¢ popmysnoii (1) 3T0 3HAYMT, UTO HA JIEBOM y4acTKe COOCTBEHHBIE
dynxmn Yy (X) oproronansus ¢ Becom I 1(X) =1+ X41,d(X), a na npaBom kpome Beca

I »(X) =1+ X,l,d(X) myxHO yuuTsiBaTE OTHOmEHME KecTKOCTEH yaacTkoB Jo [ Jy.

Teneps MOKHO HAHTH KBaapaT HOPMbI cOOCTBeHHBIX (yHKImiA. CoriacHo (4) oH pa-
BCH:

O = or LOOY2(dx+ jl gf 2(IYZ ()=
= o(1+x1|1d(x))vl ()dx+ 22 Jl c())(l"'lezd(x))Yz (X)dx =
= I0Y1 ()X + x4l Y, (0) + ‘.Tl g)Yz ()dx +x,1,Y5(0) (23)
BXOISIIIHE CIOJIa HHTErPaibl BRIYUCIAIOTCS OT CO6CTBeHHBIX (yHKumii (14), (19):

I, 1 2 2
g)Yl (x)dx=4k[3Y1(I1)Y1¢(I1) + klll(Y1 (1) - 2Y&l,)Y,l,) + (Y&l,)) )
1

- Y1) Y1) - 3xql 4],

2, 1 2
g)Yz (X)ax = 4k[k2|2(Yét(|2)) - 3Y,(0)Y#O0) +YéI(O)Yé“(O)]=
2

- ml([kzlz(Yé“(‘lz))z _ 3Y1(|1)(b3Y1¢§I1)+ Xl 2Y1(|1))+b1Y1QI1)b2Y11§|1)],
2
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HavanpHeiii mapaMerp Yo u HadanbHas (asa V), BRIYUCIAIOTCS U3 HAYaIbHBIX YCIIO-
BUU:
y(x0)

tgm= w. (24)
I y(x0)

JlomycTuM, 94TO COOCTBEHHBIE KOJIeOaHUs BBI3BAHBI TIEPEMEIICHIUEM OAJTKH C HEKOTO-
poii CKOPOCTEIO Vy M BHE3ANHBIM 3aIlEMIIEHHEM Ha paBoM KoHIle. Torza cornacHo (24)
' =0, a ycnosue U1sl BBIYMCIIEHHS HAYAIBLHOTO apaMeTpa IpUMeT BHI:

Wh OYn(X) =VO[1' e(x— IZ)]-

DTO paBEHCTBO HY)KHO YMHOXKUTbH Ha (DYHKIIUIO Ym ( X) ,Bec I (X) Y IPOUHTETPUPO-
BaTh II0 [UIMHE OaKy, T.€.

11 12
& W, Yo L+ Xgl1d(X) Vi (X) Yy (X)AX + & W, g g(1+ Xl 20(X) W (X) Y (X)X =
0

=Vo goé(l"' X1|1d(X))Y1(X)dX + Ié(l' e(x- |2))(1+ Xl 2d(X))YZn (X) Yo (X)dX

o\

WuTerpan neBoil yacTH 3TOro paBeHCTBA IPEJCTABIISAET KBapaT HOPMbI COOCTBEH-
HBIX QyHKIMHA (23), a HHTErpai MpaBoi YacTu OEpPeTcsi ¢ yI4eTOM HHTETPUPOBAHMS (YHKIIUN
KppuioBa 1 cBOHCTB MHTErpUpOBaHUS AeiabTa-QyHKUKUU [{upaka u eAMHUYHON QyHKIUH, T.€.

L l, 12
@(Aklx + %l 1Djx - aBklx)dX+ Xqly + |1 S(Yl(ll) Aox T YEX) By + DY KI)C,, +
0 1

|
+(02Y81) + %5l 2Y,(1) Dy X+ X1,y (1) =|21(Ea 430 4(Dr, - 1)- aCy, +xgly )+

J, |
+52 72

2B, +BYLC , +b XD, +xol Yyl
1'2

ITocne BrIuKCIIEHHs HavyanpHOTO napamerpa Yy no Gopmynam (19)-(22) u (15)-
(18) MoxHO HaWTH BCe pacyeTHBIC CHIIOBBIC U JehopMaiMoOHHbIE (AaKTOPHI.

Cnucok auteparypsbl: 1. Tumomenko C.I1. Konebanus B nHKEeHEpHOM neine.- M.:

Hayka, 1967. — 467 c. 2. lllesuenko ®.JI. byxiBensHa Mexanika. CnemnianbHuil Kype. u-
HaMiKa IPYXHUX cTepkHbOBUX cucTeM. — Jlonenpk: PUA JTounITY, 2000. -292 c.
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METOJUKA BUBHAUYEHHS BEJIMYUHU 3MIIIEHHSA JPOTSHOI'O EJIEKT-
POJA-IHCTPYMEHTA B TPOIIECI KOHYCHOI YOTUPUKOOPJINHATHOI
EJEKTPOEPO3IMHOI OBPOBKHA

Mlutuk O. 0., Ocunenxo B. 1., Crynak 1.0. (Y4TV, m. Yepracu, Yrpaina)

In the given article the problem of the wire elektrodischarge cone treatment of detailsis
expounded. Also, there is offered the original method of determination of the real slope’'s
angle of instrument’swire electrode of the relatively processed detail.

Berym.

Ha cyyacHoMy eTamni po3BUTKY T€XHOJIOT1H ranay3b €JIeKTPOEepO31HOIO JIPOTSAHOTO
BHUpI3aHHS 3aliMae BCce HOB1 ¥ HOBI JIIMPYIOUl MO3ULII Ha TepeHaX MPULM3IHHOT 0O0pOOKHU
TBEPAUX CTPYMOIIPOBITHUX MaTepialiB.

Jliara3oH BUMOT 70 TOYHOCTI BUTOTOBJICHHS JleTaJlell 3HAXOIUTHCS B KOPCTKUX
Mexax Bim £ 10 g0 + 2 MkM. 3a TaKUX YMOB CYTTEBHH BIUIMB HA KIHIIEBY TOYHICTH MPOIIE-
Cy BUpI3aHHA Ma€ Takui crneuuiyHui IHCTPYMEHT SIK IPOTSIHUN €JIEKTPOJI, 0COOIMBO MPHU
BUT'OTOBJIEHH] CKJIAJHUX KOHIYHUX ITOBEPXOHb .

[IpoGnema monsirae B CKJIAJHOCTI TOYHOTO (OPMOYTBOPEHHS KOHIYHOI MOBEpXHI
JeTalll mpu pycl MPUBOJIIB MOJay 3a CIHPOEKTOBAHOIO TPACKTOPIEI0 BHACHIAOK 3MIIIEHD
JEI i Biz po3paxoBaHOTO MOJOKEHHS B Mpoiieci GopMyBaHHS 3aJaHOTO KyTa HaXHITY.

Sk mpaBwIIO, JUIS BUpIIeHHs naHoi mpobiemu cBitosi migepu (AGIE, Sodick, Mit-
subishi Ta 6araTo iHIINX) BUKOPUCTOBYIOTH CKJIaJHI 0araTOBICHI CUCTEMH JAaTYHUKIB, SIKi B
PEeXHMIi peajJbHOro 4acy peecTpyroTh Oylb-sKl BIAXWICHHS JPOTY 1 NepealoTh OTpUMaHi
JaHHi 10 6a3u YUCIOBOTO MporpaMHoro kepyBanns Bepcrara (UIIK), mo mae MOXIUBICTS
BU3HAYATU AK KyT HaXWily APOTY Tak 1 3MILIEHHS PLKYYOi IUISHKUA APOTY BIJHOCHO CBOTO
3a1aHOTO MOJIOKEeHHS. B Takuii crnocid BHAaeThCs KOpEryBaTH TPACKTOPIO PyXy IPHUBOJIIB
ojia4 Bepcrara i, BIIOBIIHO, 3a0€3M€YUTH TOYHICTh F€OMETPIi KIHLEBOT'O BUPOOY.

OpnHak, BpaxOBYIOUM BHCOKY BapTICTh JAHUX CUCTEM KOHTPOJIIO, K MOJEpHi3allis
1 MOKpAIlEeHHsI TEXHIYHUX XapaKTEPUCTHK eJeKTpoeposiinux BupizHux Bepctatis (EEBB)
kosmmHboro CHJI Tak 1 po3po6ka BiTuuzHssHuX EEBB MoxnuBi nuiie 3a yMoB po3poOku
Ta CTBOPEHHS HEJOPOTHX, ajie, pa30M 3 TUM, MAaKCUMAaJIbHO MPOCTUX 1 €PEKTUBHUX METO-
UK BU3HAYEHHS peaibHOTro nojoxeHHs /(EI.

Teoperuunuii anaJis.

Ha puc.1 nokazano cxemy o06poOKH jaeTaii, 3 METOIO OTPUMaHHS (QIrypu KOHIYHOT
dbopmu.

[Ipu dbopmyBaHHI 3a1aHOTO KyTa HaxWily APOTY BHACHIIOK HasBHOCT1 BJIACHOT XkO-
PCTKOCTI €JIEKTPOJa-1HCTPYMEHTAa BUHUKA€E BUKPHUBJIIEHHS BICI IPOTY, SKa B 3arajllbHOMY
BUIAJKY Npuitmae xpuienoAiony ¢gopmy. Jlane BUKpUBIEHHSI TPOBOKYE BUHUKHEHHS Be-
JIMYUHHU 3MIIIEHHS J Y KOXKHIM TOYI[l JOTUKY JAPOTSAHOrO €JIeKTpoa-IHCTpyMeHTa 1 00po0-
JIFOBAHOI 3arOTOBKH.
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Puc. 1. Cxema 06poOKH KOHIYHHX MOBEPXOHHh HA YOTHPUKOOPIUHATHOMY E€JIEKTPOECPO3IHHO-
My BepcraTi: 1 —00poOiroBaHa 3aroToBKa; 2 — APOTSIHUN ICKTPOA-IHCTPYMEHT; 3 — Teope-
trune nosoxeHHs Bici [IEI; 4 — cucrema nanpasnenns JEl; a - 3amanHuii KyT HaxwmIy Bici
JEI BimnocHO moBepxHi netani; Da - moxmuOka, oTpuMaHa B IIpoIIeci pi3aHHs; § — BeIMYUHA
3mimeHHs J{EI BiJ moyaTKOBOIO MOJIOKEHHS B TOUL(1 IOTUKY 3 IETAJUIIO; ¢ — HAIIPSIMOK PyXy
€JIEKTPOI-APOTY HABKOJIO BiCi Z

CyTtb nocTaBJICHOT 3a/1a4l MOJISIra€ Y BU3HAUEHH1 BEIMUMHU 3MIIIEHHS TOUYOK poO04oi
yactunu JIEI Bif po3paxoBaHoro nosioxeHHs. [Ipu 1ipoMy [11st BUpilIeHHs 3a1a4l He0OX1IHO 1
JOCTaTHBO 3HAWTH JinuIe 1Bl BeNMu4uHU g DQ, — BenMunHy BIIXUIEHHS Y BEPXHIM MIIOMIKHI

AeTaii Ta BeMUuuHy BinxuwieHHs Dy y HYOKHIN TutonuHi aetani (puc.2):

Jletanb
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Puc. 2. Cxema 3MimeHHs Mmo4aTkoBoro nojiokeHHs JIEI B kpaifHixX TOYKaxX JOTHKY €JIEKTpO/1a
1 AeTani: g, — BeIMYMHA BIAXWICHHS Y KpalHIA BEpXHII TOUIll TOTUKY; Oy — BEIMYNHA BIIXU-
JICHHS Y KpalH1i HWKHIN TOYLl TOTHUKY; & - TEOPETUYHHI MOYaTKOBUM KyT OOpOOKH.

BusnauuBmiu Bennuumau Dg, Ta DQy He ckilagHO 3HAWTH NOXMOKY 3aJaHOrO KyTa

Da , 1o 1 NpoBOKYy€e HETOYHICTh KIHLIEBOIO PO3MIPY: BHACIIAOK 3MIHM KyTa Haxuiay Oi4HOT
CTOPOHHM 3MIHIOIOTHCSI BEPXHIM Ta HUXKHIM JllaMeTpH rOTOBOT JeTalll.

3a TakuX yMOB, JJIsl OKPAIIEHHS TEXHIKO-€KOHOMIYHHUX MOKAa3HUKIB €JIEKTPOepo3iii-
HOTO BepcTara Ta JJIsg BUPIMICHHS IMOCTABJICHUX MPOMUCIOBICTIO 3a7a4 HEOOX1IHa po3poOKa
Ta BIPOBAPKEHHS CHelialbHUX METOIUK, SIK1 O JO3BOJIUIIU 3 OJTHOTO OOKY 3a0€3MeUuTH TOY-
HICTh OOpOOKHU 3 BpaxyBaHHSIM BinxwieHb JIEI Bil HOMIHAJIBHOIO IMOJIOKEHHS, @ 3 1HIIOTO —
3/IEIIEBUTH 3arajbHUI BUpOOHUYUI MpoIiec.

Meroauka BUMIpIOBaHb.
Ha 0a31 npuHIMIOBO HOBOIO YOTHPHUKOOPIMHATHOIO E€JIEKTPOEPO3IHHOTO BUPIZHOTO

Bepcrata CEJI/[-04 Ha niHiHUX MpUBOAax OYIIO MPOBEICHO JOCIIIHI BUMIPIOBAHHS 3 METOIO
BU3HAUEHHS TOYHOI'O IMOJIOXKEHHS JPOTSHOTO E€JIEKTPOJa-IHCTPYMEHTa BIAHOCHO JeTalll MpHU

KOHYCHOMY Pi31 3aTOTOBKH.
VYHIBEpCATBHICTh JAHOTO METOJy IMOJISra€ Y BUKOPUCTAHHI CHEIiaIbHOIO MPUCTOCY-

BaHHS, SKE IMITye 00OpoOIIOBaHy 3ar0oTOBKY. XapaKTepHa 0COOIHMBICTh TAHOTO MPUCTOCYBaH-

HS [IOJIATA€E Y MOXJIMBOCTI BUCTABIISITH OYy/b-sIKY BUCOTY PIBHY BUCOTI 3arOTOBKH.
besnocepennbo nepen NpoBeaeHHAM 0CIi Ty Oyl BUKOHaHI BC1 HEOOX1H1 3aMIpH 110

0a3yBaHHIO IPUCTOCYBAHHS II0JI0 MPUBO/IIB 1MOa4 BepcTara (puc. 3).

[, =13,88 mm
¥
Pia A __
Aadacii !
Pia b
Ak et Vg
€ =
L0 e o))
© el
B o %
I S
Pai — qu-) -
a —
Pii Xo \ |
%M . =15,66 mm

Puc.3. [Ipukian cxemu 6a3yBaHHs 3aTOTOBKH Ha YOTHPUKOOPIMHATHOMY €JIIEKTPOCPO3IHHOMY
BupizHoMy BepcraTi CEJIJ[-04: P,; — BepxHs mionmHa npuBojaa; Py, — BepXHs mIonmHa jie-
Tani; Py, — HIOKHS TUIoIMHA AeTani; Py, — HUKHSA IDIONMIWHA TPUBO/IA.

Ha nepriomy erami Bu3Hauanuch HacTynHi Benmmannan: H, Hy, 1 h (puc.4).

Matouu Ha MET1 OTpUMaTH KOHIUHY JIeTallb 3 KyTOM OIYHOI CTOPOHHU & , IpUBOJA MO-
nad Bepcrata 3a jgonomororo YUITY posminryBanuck TakuM YMHOM, 00 TOYKA HUKHBOT (ik-
cauii JIEI B HampsiMHiil 4iTKO criBmajaia 3 Biccio ab KOPCTKO 3aKPIlJICHOTO MPUCTOCYBaH-
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Hs.. Touka ¢ikcanii JIEI y BepxHiii HanpsMHii po3MilnyBaiack Bij Bici ab Ha BU3HAYEHY CHC-
temoro UIIK Bincrans H 10 yTBOpeHHS BEIMYMHUA HEOOXIAHOrO KyTa a . Takum yuHOM, 3Ha-
F0YM BCl HEOOXI1JH1 BIJICTaH1 Ta pO3MIpH, BCTAHOBIIIOBAJIUCH HACTYITHI PIBHOCTI:

Hq- h

=—— o

, H
H=L"tga , 3Binxu tga = T

H

Aacagi

Puc. 4. Cxema Bu3HaueHHs BeanuuH 3MmimeHHs JIEl y BepHIi Ta HIDKHIN MUIOTIIMHAX JIETaTI.

3 maHoi pIBHOCTI JIETKO 3HAWTH mIyKaHi Benuauan Hy, 1 h:
H, =(l, +1)" tga 2

h=1" tga 3)

Ha nactynHoMmy eTani npuBiz 1ojay BepcTara nepeMillyBaB HalpsMHI Ha BXKe BIIOMY
BennuuHy h y touky notuky JEI 3 HmkHIM Topiiem npructocyBanus (puc.5). Bei koopaunaTu
nepeMileHHs TpuBoiB nojaay ¢ikcyBanucs criiikoro YIIK.
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Aaocagii

Pia b

I 1+a061 44 \ \
iléiwaiiy AR |

Puc. 5. Cxema BusHadyeHHs aiiicHOT BenuunH 3mimenns JIEI h.

CrMeTpHYHO NEePEeMICTUBIIYN HANpsIMHI Ha BeIM4uHY C y TOUKY JOTHKY JIPOTY 3 Bep-
XHBOTO TUIOIIMHOKO IPUCTOCYBAHHS OTPUMAJIH BiMOBiiHKH TanTeHce Kyra tga  (puc.6):

4

W)

\
VA i
\ A /
\ /
U /
@ I
\ e/
|
X2 XOS& \
~ | Hu

Puc. 6. Cxema BU3HAUYCHHS BEJIMIMH JiiicHOTO KyTa Haxwry JIEI a ,

Hy, - h
ne Hip =X - X, tga ; :% (4)

OTxe, BU3HAYUBIIN BCl HEOOXIHI BIAXUICHHS, MOKEMO 3HAWTHU IIyKaHE peajibHE TI0-
JIO’)KEHHS JAPOTSIHOTO €JIEKTPO/Ia-IHCTPYMEHTa BIMOBIAHO 10 0OpaHoi 3arotoBkU. JlJis 1iboro
BifKiIagaeMo Bix Touku b (motuky JIEI i merani) B 3BOpoTHOMY HampsMKy Bincranb Hig. Ue-
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pe3 JaHy TOUKY IpOiJie KpuBa €JEeKTpoAa-IHCTpyMeHTa. [Hiy Touky ¢ikcaiii JpoTy B HIX-
Hill HAPSAMHIN MEPEeMIIlyeEMO B CBOE MOYATKOBE MOJIOXKEHHS Xo (puc.7),

H
\,_H ‘
A" B Iz
a Fb
Haa
ola
\ Il L
h
a
JAVS h? .
\
2\ %

Puc. 6. Cxema BU3HaYeHHS peaybHOT BETMYMH 3MimieHb apotsHoro EI DG, ta DY, Ta Bimmo-

BiJIHE BU3HAUYEHHS AilicHOTO KyTa Haxuny JIEl a , B mponeci 00poOKu 3aroToBKU
ne sennunHa 3MmimeHHs [IEl y Touii 1oTUKY HUKHBOTO TOPLISL JETalll Bifl I0YaTKOBOTO
MIOJIOKEHHSI BU3HAYAETHCS 32 HACTYITHOO PIBHICTIO!

Dg, =h-h,, (5)

BIJIMTOB1/IHA BEJIMYMHA 3MIIIeHHsT poO040i Touku n1oTuKy JEI y BepXHbOT MIIOMMHN AeTall Bif
II0YAaTKOBOI'O MOJIOKEHHS BU3HAYACTLCA K.

Dge = H1- Hg (6)

TaxuM YMHOM, BU3HAUYMBIIHN BCl HEOOX1AH1 ITOXHUOKH BiJ 3aaHOTO IIOJIOKEHHS, CIIEIl-
aJIbHE MIPUCTOCYBAHHA 3aMIHIOBAJIOCH Ha Oe3mocepelHb0 00poOIII0BaHy 3arOTOBKY.

BucnoBku. B pe3ynbrari NpoBeIeHUX €KCIIEPUMEHTIB Ha MIPUHIIMIIOBO HOBOMY €JIEK-
tpoeposiiinomy Bepcrati CEJI/I-04 na ¢dipmi “ Apamic” (M. Uepkacu) Oyio Brepiie po3poo-
JIEHO OpUTIHAJIbHY METOJUKY IO BU3HAUYEHHIO PEabHOIO MOJIOKEHHS IPOTSHOTO €IeKTpOoa-
inctpymenta (JIEI) BinHOCHO 00po0IIOBaHO1 JeTai. AGCOTIOTHO TOYHO BCTAHOBJICHO BEJIH-
YUHYU 3MIMICHHS €JIEKTPOA-APOTY B TOUKaX JOTHUKY 13 0OpOOIIOBAHOIO 3arOTOBKOIO, IO J0-
3BOJIMJIO BU3HAYUTH HEOOXIIHUN KYT JUIs KOHKpeTHOI 00poOku netaini. Tak, npu pizaHHi 3a-
FOTOBKH 3 HEOOXIIHMM KyTOM Haxuily CTOpoHH Jertaii piBuuM 14° i Bucortoro metani h =
38,65 mm wHmwkue BimxwienHs hy = 3,527 mm (npu mouarkoBo Bu3HadeHOMY hy = 3,904
mm). Bepxue Bimxwienus ckinano Hp = 13,524 mm (mpu mouarkoBo Bu3HaueHOMY Hip =
13,539 mm).

[IpyHIMIOBUM YAOCKOHAJIEHHSIM JIaHOTO METOJly € 3acCTOCYBaHHS YHIBEpPCAJIbHOIO
MIPUCTOCYBAHHS, SKE JI03BOJISIE HA €Tall IPOEKTYBaHHS TEXHOJOTTYHOIO MPOLIECY OTPUMYBATH
TOYHY BHUCOTY BIAMOBIIHOT 3aroToBKH. Lle 103BoJIsI€ MOTIEpEIHBO BU3HAYUTH BC1 BIIXUIICHHS
nosioxkeHHst JIE] BiTHOCHO Oy/ib-SKMX T€OMETPUYHUX NTapaMeTpiB AeTall.

Jlana MeTo/MKa J03BOJISI€E YHUKHYTH BCUX HEOaKaHUX MOXUOOK MPHU YOTUPH KOOPU-
HAaTHOMY €JICKTPOEpPO3IMHOMY BHUpiI3aHHI KOHIYHUX MOBEPXOHB JCTAJICH 1 3a0€3MEeYNTH MaK-
CUMaJIbHY TOYHICTb [MO3ULIIOHYBAHHS APOTSHOTO €IEKTPOAa-IHCTPyMEHTA.
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Cnucoxk aiteparypu: 1. @. banne. CkopocTh U TOUHOCTb JIEKTPOIPO3UOHHOM 00pa-
ootku. — XKenesa (I1Isetitiapust), 1994.

MATEMATHYECKOE MOJEJUPOBAHUE HEKOTOPBIX TEXHO.IO-
I'MYECKUX MTPOLHECCOB OBPABOTKHU OIITUYECKUX JETAJIEU

KOpunok B.U. (FHTY, 2. Munck, Pecnybauxa Benapycv)

Theoretical and technological fundamentals of control over the process of surface
treatment have been developed. They includes A mathematical model reflecting the
particulars of redistribution of pressure and diding speeds with regard to the changes of the
lap & blank shape and dimensions,; shaping control method allowing for the technological
heredity of blanks.

CoBpeMeHHOE MPOU3BOJICTBO TOYHOTO MAIIMHOCTPOEHHS U PUOOPOCTPOCHUS TpedyeT
CO3JaHuA YIPaBIACMBIX TCXHOJIOTHYCCKUX IMPOLECCOB H3TOTOBJICHHA BEICOKOKAUYECTBEHHOU
MUKPOONTHUKH. PemieHne 3TuX 3a7a4 HEBO3MOXKHO 0€3 MaTeMaTHYeCKOTO MOJIEIMPOBAHUS
dhopmooOpazoBanus cHeprudecKUx MOBEPXHOCTEH Mayioro paamyca. B pabote oOcyxkmaercs
MOJXOJ K YCTAaHOBJICHHIO B3aMMOCBS3U IIapaMeTpOB Tporecca 0O0pabOTKH ¢ M3MEHEHHUEM
MAaccChl, IOBEPXHOCTH U IPYTUX XapaKTEPUCTUK 3aIOTOBKHU.

[Tomy4yeHne moHOpa3MepHBIX chepruecKrX MOBEPXHOCTEH MAJIOTO pajnyca U3 3aroTo-
BOK KyOHueckoi (popMbl IPOUCXOAUT MEKY HUHCTPYMEHTAIbHBIMU JAUCKAMHU, BpallarolIMMHU-
csi ¢ ompenesieHHON ckopocThio [1]. Cokatelii BO3ayX, MOJAOIIMICS OT BO3IYIIHOW CETH,
MPOXOAs Yepe3 TaHTCHIMAIbHBIC COTIa, BO3ACHCTBYET HA 00pabaThIBAEMYIO MOBEPXHOCTh H
BBI3BIBACT YAApPHO-BPAIIATCIBHOC JIBUKCHUC KY6I/IKOB O MOBCPXHOCTb MHCTPYMCHTAJIBHBIX
AUCKOB.

Ananu3 paboThl yCTPOWCTB MJIsi MHEBMOIIEHTPOOSKHOM OOpPaOOTKH IMOKA3BIBACT, YTO
nporecc GpopmMooOpazoBaHMs MIAPUKOB U3 3arOTOBOK KyOMYECKOW (POPMBI MOXKHO OIHCATH,
BBIICJTINB HECKOJIBKO CTa)II/II\/’I: KauCHUC KY6I/IKa oe3 CKOJIBXKCHHSA, KOTJa OH IMOBOPAYMBACTCA
BOKpYT HGKOTOpOI\/’I HGHOHBI/I)KHOI\/’I TOYKHW KOHTAKTa, KA4YCHUEC 3arOTOBKU C IMPOCKAJIb3bIBAHU-
€M, Korja oHa uMeeT GopMy KyOWKa cO CpabOTaHHBIMH BEpIIMHAMU; KAYCHHE 3arOTOBKU C
MIPOCKAIb3bIBAaHUEM, KOT/Ia OHA UMeeT (opMy mapa, TO €CTh CTaJus JOBOJKHM IIapuKa J0 3a-
JaHHOTO TMaMeTpa U TPeOyeMOTo KauecTBa MOBEPXHOCTH.

W3BecTHO, uTO M3HOC U MOBEPXHOCTH 0OpabaTriBaeMoi eTanu (00beMHbIE UK BECO-
BBIC €JIMHUIIBI) OMPEACISICTCS 10 3aBUCUMOCTH U = kpVt, rie k — KO3 UIIUESHT, 3aBUCSIIHIA
OT yCIIOBHiII 00paboTku (XapakrepusyeT pa3smep aOpa3uBHOIO 3epHa HHCTPYMEHTAIbHBIX
JIMCKOB, MaTepuai Aetanu, Ko3QGHUIHUEHT TpeHHs U T.J.); P — JaBJICHHUE 110 HOPMAIIU K TpPY-
LIUMCS] TIOBEPXHOCTSAM; V — CKOPOCTh OTHOCHUTENILHOTO JIBUYKEHUSI OBEpXHOCTEH; t — Bpems
00paboTku. B cBsi3u ¢ paccMOTpeHHBIMU CTaauAMU 00pabOTKU 3ar0TOBOK KyOnueckoiu (op-

MBI MOXHO 3amucarb. U=U,+U ,+U,, , T1e U, — HM3HOC NOBEPXHOCTH KyOHMKa IIPH Bpalie-
HUY BOKPYI HEKOTOPOM HENOJBMKHOM TOYKH; U, — M3HOC IOBEPXHOCTH IIPU IIPOCKAIB3bIBA-
HHUH 3arOTOBKH OTHOCHUTEIBHO paboyeil MOBEPXHOCTH HHCTPYMEHTAIBHBIX JUCKOB; U, — U3-

HOC TMIOBEPXHOCTH 3arOTOBKU HA CTAJMU JIOBOJKH JI0 3aJaHHOTO auamerpa [1].
[Ipu 0OpaboTKe 3arOTOBOK KyOM4EeCKOM (hOPMBI C IENbI0 MOJYyUYEeHUSI TOTHOPA3MEPHOU
cheprUuecKoil MOBEPXHOCTH MAJIOTO pajryca MPOUCXOIUT 3HAYUTEIHPHOEC U3MEHEHHUE MacCHI,
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YTO SIBJISIETCS ONpPENENSIIOIUM (aKTOPOM HMHTEHCHBHOCTH OOpaOOTKM Ha IMEpBOHAYAIbHOMN
CTaJIuU TEXHOJIOIMYECKOT0 IIpolLecca.

CooTHolieHue i onpeeseHus JMHEHHON CKOPOCTH TOYEK, JIekAIIuX Ha pedpax Ky-
OMKa MO’KHO 3aIlicaTh B BUJE:

V(t) =w(t) xa,

rjae w(t) — yrioBas CKOpOCTb 3arOTOBKH; a — II0JIOBUHA pedpa KyOuka. Bennunna w(t)
omnpenensiercs u3 i PpepeHnaIbHOTO0 YpaBHEHHUS

dw(t)

I omH.pebpa (t) +w(t)

dl
omu.pebpa _ (It 'n
E—— (Ml My )
dt dt

2 .

[Ipenmomnarasi, 4ToO OCHOBHASI 3aKOHOMEPHOCTh U3MEHEHUS IOBEPXHOCTH OIpeIesieTcs
KMHEMATUKOW U JUHAMUKOM IpoIiecca, ONIPEAEIINM JIMHEWHYIO0 CKOPOCTh OTHOCUTEIBHOTO
JIBUKEHHSI 3aTOTOBOK KyOHueckoi (opMbl Ha BTOpOi cTaguu oOpabOTKH, KOrja 3aroToBKa
COBEpUIAET MMOCTYNATEIbHOE JIBYKEHUE C MPOCKAJIb3bIBAHUEM OTHOCUTENLHO MIOBEPXHOCTH

MHCTPYMEHTAJIbHBIX JUCKOB.
Ha ocHoBaHuU OCHOBHOTO YpaBHEHUS TUHAMUKHU TeJla IEPEMEHHOM MacChl MOXKHO 3a-

IHucaTh.

1

av. r dmr r

m— =F, +—V +N,
dt dt
~ I ~
rae M — Macca KyOM4eCKOM 3arOTOBKH; V.  CKOPOCTh KyOMYECKOM 3arOTOBKH C
1 1

YYETOM IIPOCKAJIb3bIBAHM; F, —aKTUBHAs CHJIa BO3yLIHOI'O ITOTOKA; N — CHJIa PEaKIIMH.
Tak kak KyOMK JBMDKETCS TIO HETIOJBMKHOM MOBEPXHOCTH TOJT ACHCTBUEM aKTHBHOM

1
CHIBI F,, TO B JIFO00M MOMEHT JBMKEHHs KOOPJHHATHI TOUYKH KOHTaKTa M (x, Y, z) JOJIKHBI

YAOBJICTBOPATH YPABHCHHUIO TOBECPXHOCTH MHCTPYMCHTAJIBHBIX JUCKOB f (X, Y, Z) =0, rae

2
(z- Rtp )
f(x,y,z):x2+y2- —__u-uw
tgzau

3neck  R,— paanyc MHCTPYMEHTAIIbHBIX JUCKOB; a,— YroJl HaKJIOHa oOpa3yromien Ko-

HAYECKOW NMOBEPXHOCTU MHCTPYMEHTAIBHBIX JNUCKOB; O£ z£H , H — BbICOTa MHCTPYMEH-
€ €

TaJILHBIX TUCKOB.

Tak kak cuiia peakuuu N B 00011 MOMEHT JBUKEHHUSI KyOuKa 1Mo MOBEPXHOCTH MHCT-

PYMEHTAIbHEIX AUCKOB HaIlpaBJIEHA 110 HOpPMaJl, TO €CThb Nr||\;, TO NPOCKIUU €IUHUYHOI'O

BCKTOpa HOpMaJIi \} Ha ocu Ox, Oy, Oz OpONOPUHOHAIBHBI COOTBETCTBYIOIIUM YaCTHBIM
[ (1

MIpOU3BOAHBIM —, —, —. HoaTOMy, C Y4€TOM, 4YTO
™x Ty 1z
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I Tt T _2(2- Ryteay),

=2X,— =2y,
fix Ty fiz tg %a
u

MOJXHO 3aI1icaThb.

& = & = —N X = !

2x 2y 2(z- Rytgay)

2
tg au

rage | —MHOXHUTEID IPOIIOPLUOHAIBHOCTH.

Juddepenunanbabie ypaBHEHUS ABMKEHUS IPUMYT BUJ!

ide—X—FX+d—VX+NX,
: ct ct
%mdvy— +d—mV +N
A
! % F +d—V +N
% at 274 2 z

1
rae kg (FX, Fy, Fz) — aKTHUBHas CHUJIa BO3AYIIHOTO ITOTOKA CPEabl MOJ JABJICHHUECM C MPOCKIMSI-
1
MU Fy, Fy,Fz; Ng(NX, Ny, Nz) — CHUJIa PEAKIHH.
Beipakas Ny, Ny,Nz H3 ypaBHCHHs C MHOKHTECIICM | u moGaBisis ypaBHEHHE CBSI3U

f(x, Y, z) =0, 3anmumem auddepeHnuanbHble YpaBHCHHS ABKCHHS KyOUKa TI0 HETIOIBHKHBIM
WHCTPYMEHTAIbHBIM JINCKAM

i_dv

! _dtx = Fy +d—mVX +1 2x,

|

i dv d

y _ m

m—==F, +—V,, +1 2y,

R A A

| -
%z - g 9y ) 220 Ritgay)
| dt y dt tgza

|

! 2

i (z-Rtga )

| X2 + y2 - uZ =
I tg“a

Pemas CI/ICTeMy muddepeHnnanTbHbIX YpaBHEHUH, HailieM CKOPOCTH

aaix o aeiy o &z o .
+(C—= OTHOCHUTEJIbHOTO JIBH>KEHHUS 3arOTOBKH KyOH4eCcKOoil (popMBI ¢
gdt 1] dt g dt g

Y4E€TOM M3MEHEHHUSI €€ MacChl B Ipoliecce 00paboTKH.

Takum 00pazom, pacueT u3Hoca U, MOBEPXHOCTU KyOUKa IIPU NPOCKAIb3bIBAHUY 3ar0-
TOBKH OTHOCHUTEIIPHO pabouell MOBEPXHOCTH MHCTPYMEHTAJIBHBIX JUCKOB HApAIY C OIpee-
JICHHBIM paHEC U3HOCOM UI IMO3BOJIACT OUCHUTh MHTCHCUBHOCTE ChEMaA IPUITYCKa C 3aroTOB-
KH, 4TO HCO6XOHI/IMO IIprU aBTOMaTU3alllU MPOUECCOB U3rOTOBJICHUA MUKPOOIITUKH. OI[HaKO

[P 3TOM CIEAyeT yYWUTBHIBATh, YTO JABJICHUE B TOYKaX CONPHUKOCHOBEHUs SBIIAETCS Iepe-
MEHHOM BETMYMHOMN BBUAY HENPEPHIBHOTO U3MEHEHUS I'€OMETPUUECKON (OPMBI 3arOTOBKU B
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ee mpeoOpa3zoBaHUU W3 KyOa B 1map. /[aBmeHue B TOUKaxX CIPSIKEHUS MOXKHO OMPEACTUTH 10

r
dbopmyne p(t) = ‘F@V 6(5318, rae S(t) — U3MEHSIONIAscs IJIOMalb KOHTAKTa B Mpolecce oopa-
Sit

OOTKH.
[Tosmydyennsie cooTHOIIEHU M V(1) U p(t) MO3BOJSAIOT MPOBECTH YUCIEHHBIE HCCIIE-

JOBaHMs U3MEHEHUs (HOPMbI KyOUUYECKON 3arOTOBKH, MPOTHO3UPOBATh HA ATOM OCHOBE 3aKO-
HOMEPHOCTH JOCTMKEHHSI KaueCTBEHHBIX M KOJMUYECTBEHHBIX MOKa3aTesiel MpU U3rOTOBIIE-
HUW MUKPOOTITHKH.

Ananus nuddepeHnanbHbIX YpaBHEHHUH, COCTABIISIIOIIMX MaTeMaTHUYECKyIH0 MOJIENb
MIOJIyYEHUS TOJHBIX CPEPUUYECKUX TTOBEPXHOCTEN U3 3arOTOBOK KyOHMUECKOW (pOpMBbI OKa3bI-
BAET, YTO MPOTHO3UPOBAHUE U3MEHEHUS (POPMBI ONTUYECKUX MMOBEPXHOCTEH MOXKET 0azupo-
BaTbCS TOJBHKO HA HEJTMHEMHBIX AUHAMUYECKUX cucTeMax. JIMHelHble MOIETH HE MO3BOJISIOT
ONPEENUTh JIOKAJIIbHbIE MOTPEIIHOCTH Ha 00pabdaThlBa€MOM MOBEPXHOCTH, KOTOPbIE HEU3-
O€KHO TMOSBJISAIOTCS MPU HEYAAYHOM COYETAHUU KUHEMATHKU HCIIOIHUTEIbHBIX MEXaHU3MOB
U TUHAMHUKU TE€XHOJormdyeckoro obopynoBanus. HegocraTkoM JuHEHHON Mozenu sBIsSETCS
HEBBICOKAsl CTENEHb aJeKBAaTHOCTH PE3yJIbTaTOB pacyeTa U SKCIEPUMEHTAIbHBIX JaHHBIX
BBHJIy HEMOCTOSIHCTBA Macchl 00pabaThIBa€MOIl 3arOTOBKM U CYIECTBEHHOTO HEIMHEHHOTO
XapakTepa U3MEHEHHs IUIOLIad KOHTAaKTUPYEMbIX MOoBepxHOcTel. boiiee Toro, nMeromuecs
HA CETrOJHSAIIHMUN JI€Hb MOIHbIE MaTemaTndeckue naketsl Mathematica, MathCAD, Mathlab
U T.J. TIO3BOJISIIOT OCYLIECTBUTh MaT€MaTH4YECKOE MOJEIMPOBAHUE CYILECTBYIOIIUX U HAXO-
JSIIIUXCSL B CTaJIMU KOHCTPYKTOPCKOM MPOPAOOTKU HOBBIX TEXHOJIOTMYECKUX CXEM (PMHUIII-
HOM 00pabOTKH. YCTaHOBJIEHUE NMPUEMIIEMOTO COOTBETCTBHS TaKUX MOJIENEH peabHbIM (pu-
3UYECKUM IPOLIeccaM MOKET OBITh TOJILKO Ha OCHOBE HEJIMHEHHBIX MAaTeMaTUYECKUX MOJE-
nei.

Cnucok gurepatypsbl: 1. Kozepyk A.C. ®opmooOpa3oBaHue MPEIU3UOHHBIX TOBEPXHO-
creir. — Mu.: BY3-IOHUTH, 1997. — 176 c.

PACUETHO-3KCHEPUMEHTAJIbHBIA METO/] OLIEHKHA HAJTEXKHOCTH
JABUT'ATEJIA BHYTPEHHEI'O CI'OPAHUSA

Suxesuu H.C. ( MUMHHMAIII HAHE, 2. Munck, Pecnyoauxa Benapyco)

The method of the reliability investigation is developed for the complex mechanical sys-
tems such asinternal combustion engines.

CoBpeMeHHbIN 3Tal pa3BUTUS MMPOU3BOJIUTENBHBIX CHJI 00IECTBA, NOBBILIEHUE TPeOo-
BAaHUN K KOHKYPEHTOCIIOCOOHOCTU MPOIYKIIUH MAIIMHOCTPOCHUSI 000CTPUIIN HEOOXOAUMOCTD
pa3pabOTKW HOBBIX TEOPETUYECKUX MU SKCIIEPUMEHTAIBHBIX METOJIOB, NMPUMEHSEMBIX IpU
aHaIM3€ HAIeXKHOCTH. 110 3TOM NpuYMHE 3HAYUTEIBHBIN UHTEPEC IPEACTABIIAECT AHAIN3 OTKA-
30B, BO3HHUKAIOUIMX IPHU AKCILIyaTallMM CJIOKHBIX MEXAaHMYECKUX CUCTEM, C LIEJIBIO BBISBIIC-
HUS PalMOHAJIBHBIX MyTe nx cHuxkeHus. Ocoboe BHUMaHUE B YIOMSHYTBIX HCCIEA0BAHUSIX
yaensiercs: pa3paboTke MeTo/ja MPOTrHO3UPOBAHUS HAJIE)KHOCTH HUX JETajeil KaK OCHOBBI JUIs
aHaJIM3a HAJIEKHOCTH CII0)KHOW MEXaHUYECKOW CHCTEMBI B LIEJIOM.

OOBIYHO MPaKTUKyEMOE IKCIEPTHOE 3aJaHue TpeOOBaHUM MO HAIECKHOCTH JieTayielt
CJIOJKHBIX TEXHUYECKUX CUCTEM, OCHOBAHHOE TOJIBKO Ha MH)KECHEPHOMW MPAKTUKE U ONIBITE 3KC-
IUTyaTalllK SIBJISIETCSL HE TOJIBKO CaMbIM IPOCTHIM, HO M HauboJsiee pacinpoCTpPaHEHHBIM IO-
xoz10M [1 — 3]. PacueTHbie TPOrHO3bI, OE3yCIOBHO, HEOOXOAUMBIC, OOBIYHO UMEIOT HEBBICO-
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KYIO JIOCTOBEPHOCTh (32 MCKIIIOYCHHEM CITy4acB, KOTJa OHHU HCIOJB3YIOT OOIIMPHBIN JKCITe-
PUMEHTAIbHBIA OTBIT). [TOMBITKM HEKOTOPHIX CIECHHUATMCTOB HA CTaJUU MPOCKTHPOBAHUS
CJIO’)KHOUW MAallTMHBI YBEPEHHO MPOTHO3UPOBATH PACUETHBIM ITYTEM CPOKH €€ TEeKYIIUX U KaIlu-
TaJbHBIX PEMOHTOB, MOTPEOHOCTh B 3aIlaCHBIX YaCTSAX U T.I. CBUACTEIBCTBYIOT O KpallHEM
ONTUMHU3ME M JOJDKHBI COOTBETCTBEHHO OICHMBATHCS [1].

B nensix moBwimieHnst JOCTOBEPHOCTH BEPOSITHOCTHBIX MOJIETIEH MpeiaraeMblil pacyeT-
HO-DKCIIEPUMEHTAIBHBI METOJ OIEHKH HAJEKHOCTH AeTalied Oa3upyercss Ha anmpHOPHOMN
uHpopmarmu (000OIIEHUH CTATUCTHYCCKUX IAaHHBIX), a TAKXKe pe3ysibTarax HaOJHJICHUH,
M3MEPEHUH HaJl €IMHUYHON CUTYyaI[uel WM eIMHUYHBIM 00BbekTOM. Ha 3T0o# ocHOBE BhIUMC-
JIEHBI BEPOSITHOCTHBIEC OIICHKH, KOTOPBHIE OTHOCSTCS K KOHKPETHOW CUTYaIlUUd WJIH K KOHKDPET-
HOMY OOBEKTY.

PaccmoTrpuM 00111yr0 TOCTaHOBKY 3a7a4u. [1ycTh 3aBoj1 B TeueHue K jer BeImyckaer Je-
Tanb [, KoTopas COCTOUT M3 N 3JIEMEHTOB D1, D2 ... O, T.€.

{} ={ D1, D2... On}. 1)

[TonoxuMm, 4TO B pe3yspTare aHaIM3a CTATUCTUYECKUX JAHHBIX YCTaHOBJIEHO, YTO OT-
Ka3bl AJIEMEHTOB MHOXKecTBa { [I} ONMUCHIBAIOTCS pa3IMIHBIMK 3aKOHAMH:

(2} ={ 21,2 ... Z. )

[Tycts BbIOOpKa M0 TOaM (BBOJIa B AKCILTYATAI[MIO U AKCIUTyaTallui) CTATUCTHYCCKUX
TAHHBIX 10 OTKa3aM JieTaiu [l u ee aIeMeHTOB npuBeneHa B Tabmuie 1 (m”(s) — KOJINYECTBO
OTKAa30B DJIEMEHTOB JieTainu J|, i — roj1 aKCIIyaTaluu JAeTalld, BBIIYIIEHHOH B |-ToM roay, S—
HOMep arieMeHTa). O003HAUYUM Yepes:

k
K (9
©_ 1o . L
m :55‘ 5 t=1j, s=1n (3
a a rTh
| =1s=1
k n
&a mp B
Mt = 15= 1 t:l]

k

m'® 1 M; — cpeHeaprdMeTHICCKHE 3HAYCHHS 110 TOLAM JKCILIYaTALMK KOIMYECTBA OTKA30B
Ui S— TOro 3yieMeHTa s U Aetanu [l coorBeTcTBeHHO. COIIacHO 3aKOHY OOJIBILINX YHCEN, B
CBOIHBIX TOKazaTemsix M u My t = 1, J, S=1,n mpu 10cTaToYHO OOJIBIIKX | U N KCYe3aeT
AIIEMEHT CITY9allHOCTH , C KOTOPOH CBSI3aHBI HHIUBU/IYaJbHBIE XapAaKTEPUCTHKH DIIEMEHTOB
neramu. Ilocnenosarensrocts uncen { M}, {MJF;T=1,j,s=1, N 3a1a0T IUCKPETHBIC
IUIOTHOCTH (DPYHKIMM pacrpeneneHusi 0TKa30B JIEMEHTOB U caMoi aetanu [l B 11e510M, KOTO-
pBI€ C MMOMOIIBIO H3BECTHBIX MATEMAaTHIECKUX METOJ0B MOTYT OBITh alllIPOKCUMHPOBAHEI JI0
HETPEPHIBHBIX.

O6o03HaunM vepes
M= {m®x)},s=1n, (4)

M={M(x)}

MHOYECTBA HEMPEPBIBHBIX MPUOIKEHUN (PYHKIIMI pacipeielieH!s: 0TKa30B S — I'o 3JIEMEHTa
" Bceit getanu /I B enom.
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Pemenue nmpoOieMbl MOKHO CTPOHUTH C TOYKH 3PEHHS TEOPUH WP — JOCTATOYHO HOBO-
ro, Ho OypHO Pa3BUBAIOIIETOCS pa3jielia COBPEMEHHOW MaTeMaTuku. B oTimuue ot Teopuu
OTNITHMHM3AIINH, M3Yy4JaIoNIeil BO3MOXHOCTH TIOCTPOCHHUS ONTHMAIBHOTO PEIICHHS JUIS BCei
CUCTEMBI B IICJIOM, TCOPHS TP U3ydaeT METOJIbI ONTUMHU3AINN WHIUBUIYATBHON MOJIC3HOCTH
B COPEBHOBAHWUHU C JPYTUMH JHIAMH (SBJICHHUAMH), KOTOPHIC PAI[HOHAIBLHO CTPEMHUTCS K
VIOBJICTBOPEHUIO CBOCH TMOJIE3HOCTH. [Ipy Takol MOCTAaHOBKE KOJMYSCTBO BOSHHKAIOIIMX OT-
Ka30B ajieMeHTa jaeranu J[, ompenensiemoe NeHCTBHEM 3aKOHOB Z; WM Zp MOXHO CUHTATh
BBIMIPBIIIEM B UTPE C HEHYJIEBOH cymMMoi. CaMy e OIIEHKY BBIMTpbIIIa (KOJIMYECTBA OTKA-
30B) MOKHO IIPOHM3BOJUTH KaK C TOUYKA TEOPHH MHUHHUMAaKca (HYOKHSAS TPAHUIA OI[CHKH — MU-
HUMAJIbHBIN, HO TApAaHTHUPOBAHHBIN BBIMIPHII), TAK U C TOYKH 3PEHHS TIOCTPOCHUS PaBHOBEC-
HOrO pemieHus (Takas CTpaTerys, MPU KOTOPOH MOTBITKA JIOOOr0 MIrpoKa U3MEHHTH CBOIO
CTpAaTEeTHIo0, KOTJja ero MapTHep NMPHJIEPKUBACTCS NIEPBOHAYAILHOTO BBIOOpA, HE MPUBEICT K
YBEIUYCHHUIO BBIMTPHIIIA HAPYIIAOIIETO0 CTPATEI MO UTPOKA).

Jlnst Toro, 4ToOBI clienaTh W3JI0KEHHe OoJiee HArJSIIHBIM, OyneM cuutath B (2) K = 2,
T.€. YTO OTKa3bI 3JIEMEHTOB JE€TAIN pacipeaeicHbl o 3akoHaMm Z; (3memenTsl { D1, D2 ... Di})
u Zy (3memeHThI { Di+1, Di+2 ... On}). [pu K > 2 paccyxaeHns aHaIOTMYHBI IOCTAHOBKE 3a/1a-
4e 0 urpe K Jmig ¢ HeHysIeBOH CyMMOIA.

[TocTanoBKa 3a7a4 MOXET OBITH PACCMOTPEHA W JUIS IPOU3BOJILHOTO YHCIIA JICHCT-
BYIOIIMX 3aKOHOB aHAJIOTHYHO. [Ipy 3THX MPEAIONIOKCHHUAX IIATSKHAS MaTPUIA TPHHUMAET
Bux (5), rae &, b, i,j=1... N - xonmyecTBa 0TKa30B COOTBETCTBYIOLIETO 3JIEMEHTA JIETAIH,
BBI3BAaHHBIX COOTBETCTBCHHO JICHCTBHEM (PH3UYECKHX 3aKOHOMEPHOCTEH, OTIMCHIBAEMBIX Z1 U
Z,. AHanu3 NMPUBEICHHOW IIATS)KHON MATPHIIBI BBITIOJNHSAETCS HA OCHOBE M3BECTHBIX METO-

A0B. Fawod £

% =5 ')

r ~,
i . v {8, b 1) o [ by
Fi-1 (31, by i1, D) Aoy by . i

i ST Ty o g T

Banan A,
2

e

OueBHIHO, YTO MPH TaKOH MOCTaHOBKE Touka (A, B) paBHOBecHs onpeaensercs Kak

A = wmax {a}

(6)
B = max { b}

ObecrnieyeHHbIN YPOBEHb U MAKCUMHMHHBIE CTPATErHd MOTYT ObITh OTPE/EIICHbI B HEBE-
JNeHUM JIeHCTBUM Apyroro urpoka. OnHako MpH TakOM IMOCTPOCHHMHU IJIATEKHON MaTpHIb,
OYEBUHO, PE3ybTaThl IPUMEHEHHUSI MAKCUMHUHHON TEOPUHU COBMANAIOT ¢ TOYKOW paBHOBE-
cusl.

OcTtaercs OTKPBITHIM BOIPOC, B KAKOM CMBICJIE BBIUIPBIII U COOTBETCTBYIOIIHE €MY
CTpaTeruu SABJISAIOTCA NydiinMu. Cuuraercs, YTo UTpoK ol0ecrieunBaeT ce0e MakKCUMHUHHBIH, a
BO3MOYHO, ¥ OOJIBLIINI BBIUTPBILL, UCTIOJIb3Ys B UTPE CTPATETUIO PABHOBECHS.

[Tocne onpenenenus crpaTeruyd paBHOBECHS U, TAKUM 00pa30M, MaKCUMaIbHOIO rapaH-
TUPOBAHHOTO BBIUTPHIIIA (KOJMYECTBA OTKA30B, ONMPEICISIEMbIX [CHCTBUEM TOTO WIJIM HHOTO
3aKOHa) MOYKHO C/IeJIaTh BBIBOJ O HanOoJiee 3HAYMMBIX VIS TJAHHOW KOHCTPYKIUHU MPUIHHAX
OTKa30B U, CJIeI0BaTeNIbHO, HanboJee 3pPEeKTUBHOM HAlpPaBICHUH MMOMCKA HOBBIX PEIICHUH.
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C y4yeToM BBILIENIPUBEICHHBIX OIPaHUYEHHN TUIaTexHast MaTpuua s aeranu [l Oyner
HMMETH CIEAYIOIYIO CTPYKTYpPY:

Jaxon 7

N a )
o Dy D Dy
N s Dy D Doy
_.% 911. Dnl DI" DI:LI:J

rae D« - pacueTHO-3KCIEprUMEHTANbHBIE KOADPHUIMEHTHI st 3yieMeHTa Js Aetanu I, S, t =
1, n, paBHBIE TOTTyCKAEMOM 3aBOJIOM-TIPOM3BOIUTEIIEM BEPOSATHOCTH OTKa3a dJeMeHTa Js IPU
YCIIOBUH OTKa3a 3yeMeHTta Dy [Ipu 3ToM ciegyer OTMETUTh, YTO C TOYKU 3PEHUS MAaTeMaTH-
YECKOW MOCTAaHOBKHM 33/1a4 CJIy4all OTCYTCTBHUS OTKa3a COOTBETCTBYIOIIUX DJIEMEHTOB JI€Ta-
nu J| He BBI3BIBACT 3aTPYAHEHUN: HEOOXOIUMO IMOJIOKUTH COOTBETCTBYIOIIHMI 3JIEMEHT TLIa-
TEeKHOU MaTpuIsl D paBHBIM HYITIO.

Od4eBuIHO, UTO B KAYECTBE CTpATEruil MoBeneHus netanu I HeoOXoaumMo BBIOpaTh BEK-
TOPBI-CTOIOLBI T1(2), 27IEMEHTAMH KOTOPBIX SABISAIOTCS BEPOSITHOCTU OTKa3a S — o 3JIEMEHTa
cepuiiHOW (MJIM TIEPCIIEKTUBHOM) netanu B K — it ToJ1 SKCILTyaTauy npu HAKOIUICHUH MOBPE-
JKI€HUI B COOTBETCTBUM C 3aKOHaMu Z1 1 Z,, T.€.

'J_'lgk‘lz ['1'1r13__ '1'21;1‘1, -l-nru T ]

Tg_ [Tﬂm. Tgfjj,, TufEJ T. ] fgj
m-.’s-‘.- (]:l
LA =p{8)= — s=1L,n j=1k 1= 1.2
My}

BepxHui uHjIekc T 0003HaYaeT TpaHCIOHMPOBaHKE, Ss — COOBITHE OTKA3a dNEeMeHTa Js 1eTa-

mu I, T1u T2 pacnpeneneHbl COOTBETCTBEHHO 10 3aKOHY Z1 U Zp. O603Hauum yepe3 T1 (X) u

T (x) - HenpepbIBHBIC QyHKIMH, annpokcumupytomue T1 u T2 coOTBETCTBEHHO.
[ToyncunTaeM BEpOSATHOCTH COOBITHS S, 3aKIIIOYAIOIIECTOCS B HAKOIICHUH TTOBPEKICHUI

netanu [ B COOTBETCTBHH C 3aKOHOM Z;:

. ™y
lel Dlz ---Dln .lllr?'J
. _ . Dz D D 1™
[ T, T, T ] . F (9
l_)nl Dn‘l nnn Tnl":l'.'I
L. -

n n
— : : Ty —
>0 Y Dy TETE = PuGs).
=1 1=1
OueBugHO, YTO UTOTOBas (DYHKIMs pacmpeaesieHus oTka3oB | geranu [ ¢ BeposTHO-
cTeio P1 omuceiBaeTcst 3akoHOM Z1 ¥ ¢ BEpOATHOCTHIO P2 = 1-P1 — 3akoHOM Z).

OueBHUIHO,
M(l):Pl*Zl +(1—P1)*Zz, (10)
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rae M —MaremMaTHuecKoe OXKHUAAHUE.

WHTepecHbIM SBISETCS TaKKe BOMPOC HAXOXKJEHHS CEIIOBON TOYKH IUIATEKHOW Mart-
punel D, onpenensromeit crparerun C1 u Cp 115 3aKOHOB Z1 U Zp. DTO 03HAYAET, YTO B CIIy-
yae pacrpe/esieHus: 0TKa30B AEMEHTOB jaetanu 1o crparerusim Ci; u C; utoroBas QyHKIHS
pacnpezeneHust NpuMeT HanOoJiee B3BEIIEHHBIM BUJ C TOUKU 3pEHUS] MAKCUMHU3allMU BKJIa/1a
KQKJIOTO M3 JIEHCTBYIOIIMX 3aKOHOB HAKOIUIEHMS MOBpPEXIAEHUM. B ciyyae, ecinn miaTexHas
MaTpulla He HalJeHa B HOPMaJIbHOU (opMe, CEAJTOBYIO TOUKY JUISI UTP C HYJIEBOU CyMMOU
BBIUTPBIILIA HETPYJHO BBIYUCIIUTE IIyTEM HECIIOKHBIX TPE0Opa30BaHUM.

3anaHue mokaszaTesieil Ha/IeXXHOCTHU CIIOXKHOW TEXHHYECKOW CHUCTEMbl, OCHOBAaHHOE Ha
aHaJIM3e UMEIoUIeHCcsl CTaTUCTUYECKON MH(OpMAaLMU MO YK€ CYLUIECTBYIOIIMM OOBEKTaM,
OJM3KUM IO MOKa3aTeNsiM K CYIIECTBYIOLIEMY 00pa3ily, SBISETCS B 3HAYUTEIBHON CTENEHU
IIPOrHO30M B HaNpaBi€HUH TEXHUUYECKOTI'O COBEPIICHCTBOBAHUS HCCIEAYEMOI KOHCTPYKLIHUU.
TakuMm 00pa3oM, MOCTpoeHUE MIaTeKHOM MaTpulibl D no3Bosiser chopmupoBaTh MoENb IS
UCCIIeIOBaHUs HaJeKHOCTH jAetanu /I, Oazupyrollyrocsi Ha anpUOpHOW MHQOpMAIUH, HpU
BHECEHUU B HE€ KOHCTPYKTUBHBIX U3MEHEHHUH, UTO MO3BOJMT CENaTh BBIBOJ 00 MX II€JIEeCO-
00pa3HOCTH Ha CTa/IUU MPOEKTUPOBAHUS.

AKTYWNA WIBROIZOLACJA KABINY SUWNICY POMOSTOWEJ
Adamczyk J., Kalinski W., Margielewicz J.(Politechnika Slgska, Gliwice, Polska)

The paper presents some results of ssimulation research of the active vibration protection
system of the bridge crane cabin. The active protection system reduced displacement and
velocity of cabin vibration.

Drgania mechaniczne wzbudzane podczas transportu tadunku sa powaznym zrodtem
zagrozenia chorobami zawodowymi i wplywaja na obnizenie wydajnosci pracy i jej
bezpieczenstwo. U cziowieka przebywajacego w srodowisku wibracyjnym powstgja
zaburzenia czynnosci wielu narzadéw i osrodka nerwowego, przejawiajace si¢ m.in.
zmnigjszeniem sprawnosci wykonywania okreslonych prac i poczuciem zmniejszonej
wydolnosci psychofizycznej. Drgania oddziatujace czynnie na operatora maszyny oraz biernie na
ludzi zngjdujacych si¢ w otoczeniu pracujacegl maszyny wzbudzaja w organizmach ludzkich
drgania organow wewngetrznych.

Miara wptywu wibracji na organizm czlowieka jest ilos¢ energii przekazywanegl na jego
organizm. Energic t¢ okresla si¢ dwoma parametrami: czasem ekspozycji | przyspieszeniem
drgan, skorygowanym w zaleznosci od przedziatu ich czestotliwosci. Diuzsze przebywanie
w zasiegu intensywnych drgan mechanicznych powoduje niekorzystne zmiany czynnosci kory
mozgowsy, ktora jest odpowiedzialna za czynnosci postrzegania, myslenia, zapamigtywania i
odbierania informacji zewnetrznych. Ponadto drgania oprocz wptywu na funkcjonowanie kory
mozgowe) wpltywaja rowniez na galki oczne powodujac problemy zostrym widzeniem.
Obnizona zdolnos¢ widzenia przejawia si¢ dodatkowo zawezeniem granic pola widzenia jak
rowniez szybkoscia reakcji. Do oceny zagrozenia drganiami mechanicznymi wykorzystuje sie
widma amplitudowo czestotliwosciowe: predkosci, przyspieszen drgan a nawet zrywu. Widma
wielkosci kinematycznych drgan mechanicznych zaleza nie tylko od rodzaju i typu maszyny czy
realizowanego przez nia procesu technologicznego. Uzaleznione 53 one rowniez od sposobu
gerowania mechanizmami wykonawczymi.

Do analizy drgan mechanicznych wywotanych praca suwnicy w aspekcie ich wptywu na
operatora tworzy si¢ modele, ktorych wiasciwosci mechaniczne umozliwigja uzyska¢ wyniki

127



obliczen, odpowiadagjace zalozonemu stopniowi dokladnosci. Badania doswiadczalne oraz
modelowe ukladu maszyna — wibroizolacja — operator usprawniaja proces projektowania
systemoéw wibroizolujacych stanowiska pracy oraz pomagaja W doborze optymalnego dla danej
maszyny sposobu jg sterowania

Maszyny robocze takie jak suwnice pomostowe, bramowe, zurawie oraz maszyny budowlane
i drogowe, charakteryzuja Si¢ praca przerywana oraz zmiennymi w czasie obciazeniami. Podczas
obstugi tych maszyn, operator poddawany jest drganiom mechanicznym, ktorych wartos¢
przyspieszenia czesto przekracza wartos¢ dopuszczalna. W takich przypadkach stosuje si¢ uktady
wibroizolacji kabin lub siedzisk. Ze wzgledu na charakter pracy, uktady wibroizolujace dzieli si¢
na pasywne oraz aktywne. Pasywne uktady wibroizolacji moga jedynie rozprasza¢ energic lub
okresowo magazynowac a nastepnie oddawac ja. Systemy aktywne wibroizolacji wprowadzaja
do urzadzenia uktady automatycznego sterowania, zawieraja zewnetrzne zrodio zasilania, ktore
odpowiednio sterowane moze dostarcza¢ lub rozprasza¢ energig w okreslony sposob.

W niniejszg pracy zamieszczono wyniki badan numerycznych aktywnej wibroizolacji kabiny
suwnicy pomostowe. Model fenomenologiczny suwnicy pomostowe] zamieszczono narys. 1.

£ c, &, €, ' (P Oy N

,,
S ™
1 %H.
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Rys. 1. Model fenomenologiczny suwnicy pomostowe
Dynamiczne oddziatywania przenoszone na operatora suwnicy pochodza od
mechanizmu podnoszenia i sa wywotane poderwaniem tadunku z podtoza. W celu zbadania
wplywu drgan mechanicznych na organizm cziowieka przyjeto jego model, ktory
zamieszczono narys. 2.

a) b)
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Rys. 2. Uktad wibroizolacji kabiny suwnicy pomostowej: a) model ciata operatora b) schemat

blokowy uktadu aktywnej wibroizolacji

widma amplitudowo czgstotliwosciowych.

a)

a [mia*i]

LA AL

T

b)

a [mfati]

Do ograniczenia i eliminacji drgan mechanicznych przenoszonych na obstuge maszyny
zastosowano uktad automatycznej regulacji z dwiema petlami sprzezenia zwrotnego. Jedno ze
sprzezen zwrotnych odpowiedzialne jest za stabilizacjg¢ przemieszczenia kabiny, drugie
natomiast za stabilizacj¢ predkosci drgan kabiny.

Wyniki badan numerycznych przedstawiono w postaci odpowiedzi czasowych oraz

Y

Rys. 3. Drgania gtowy operatora bez uktadu aktywnej wibroizolacji:

a) odpowiedz czasowa przyspieszen drgan, b) widmo amplitudowo czestotliwosciowe
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Rys. 4. Drgania glowy operatora z uktadem stabilizujacym potozenie kabiny:
a) odpowiedz czasowa przyspieszen drgan, b) widmo amplitudowo czestotliwosciowe
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a) b)
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Rys. 5. Drgania gtowy operatora z uktadem stabilizujacym potozenie oraz predkosé¢ kabiny:
a) odpowiedz czasowa przyspieszen drgan, b) widmo amplitudowo czestotliwosciowe

Na podstawie przeprowadzonych badan numerycznych, mozna sformutowa¢ wnioski
dotyczace oceny wptywu sterowania na jakos¢ wibroizolacji kabiny operatora:

istotne znaczenie na jakos¢ wibroizolacji maa parametry nastaw ukladu
automatycznej regulacji,
nie jest mozliwe dobranie parametréow ukladu automatycznej regulacji, w taki sposob
by zapewni¢ w szerokim zakresie zadana wibroizolacje widma amplitudowo
czestotliwosciowego,
dodatkowa petla sprzezenia zwrotnego uktadu wibroizolaci (predkosciowa), istotnie
ogranicza poziom drgan przenoszonych na organizm operatora.

Literatura: 1. Borkowski W., Konopka S., Prochowski L. Dynamika maszyn roboczych.
WNT. Warszawa 1996. 2. Margielewicz J. Mechatroniczny model suwnicy pomostows.
Maszyny Dzwigowo — Transportowe. Kwartalnik Naukowo — Techniczny Nr 1-2/2003
S. 23, 33. 3. Nader M.: Modelowanie i symulacja oddziatywania drgan pojazdéw na organizm

130



cztowieka. Wydawnictwo Politechniki Warszawskiel. Warszawa 2001. 4. Piatkiewicz A.,
Sobolski R. Dzwignice. Tom | i II. WNT. Warszawa 1977. 5. Szpytko J., Schab J., Smoczek
J. Badania modeli suwnic pomostowych dla potrzeb eksploatacyjnych. Kwartalnik —
Transport Przemystowy 4(10)/2002. s. 40, 44. 6. Ucinski J. (red.) Badania teoretyczne
i doswiadczalne mozliwosci zmnigjszenia obciazen dynamicznych w uktadach napgdowych
nawrotnych mechanizmow dzwignic. Prace Naukowe Centralnego Programu Badan
Podsawowych 02.05. Wydawnictwo Politechniki Warszawskiej. Warszawa 1990.
7. Wojnarowski J. (red.) Modele uktadéw maszyna — operator w ograniczaniu oddziatywania
drgan wzbudzanych ruchem przerywanym. ZN Katedry Mechaniki, Robotéw i Maszyn. Nr 6.
Gliwice 1999, 208 s.

EINFLUS VOM ANLAUF UND BREMSEN DES KATZFAHRWERK AUF DIE LA-
DUNGSTRAJEKTORIE

Adamczyk J., Kalinski W., Margielewicz J. (Schles sche Technische Hochschule ,Gliwice,
Polen)

The paper presents some results of a computer simulation of the bridge crane moving load
trajectory. The moving load velocity is assumed to belong to specified working phases of
bridge crane mechanisms.

Bei Briickenkriane auler den Arbeitsbewegung beobachtet man auch das pendeln der
Ladung. Das pendeln der Ladung erregen die Ausfiihrungswerke, welche fiir die Fahrt der
Briicke und Katze verantwortlich sind. Das kann auch durch die Windlast verursacht sein.
Wihrend des Transportes von der Ausgangstellung bis zu Zielstellung ist das erregte pendeln
die Ursache fiir die verlingerten Umladenzeiten und verringert die Genauigkeit der Positio-
nierung. Kann auch eine Gefahr fiir die Arbeitssicherheit sein. Aus diesem Grunde ist das
pendeln der Ladung eine ungewiinschte Erscheinung. Man zeichnet drei Arten von Ladungs-
pendeln aus:

grundlegendes, hervorgerufen durch die Anderung des Ausschlagswinkels vom
Tragseil, verursacht durch die Verianderliche Lage des Aufhangepunktes vom Seil,

sekundar, hervorgerufen durch das pendeln der Ladung an der Flasche

Drillartige, hervorgerufen durch die Umdrehung in der Hochachse die durch den
Aufhangepunkt geht.

Um eine numerische Forschung des Ladungsausschlages aus dem Lot und ein Kom-
pensationssystem fiir den Ausschlageinfluss bearbeiten, kann man mit ausreichender Genau-
igkeit ein Modell nutzen, wo die transportierte Ladung als Anhaufungsmasse modelliert ist.
Die Eliminierung und Einschrinkung des Ladungsausschlages, hervorgerufen mit dem
Kranbetrieb, sowie auch seine Stabilisierung last sich zuriickfiithren auf die optimale Steue-
rung der Ausfithrungswerke. Die Steuerung hat die Aufgabe so die Anlauf- und Bremskennli-
nien gestalten, dass nach dem ende der Bewegung die Ausschlagamplitude am kleinsten ist.

Die grundlegende Frage wihrend der wirklichen Modellierung der dynamischen An-
ordnung ist die Formulierung des mathematischen Modells. Wihrend der Formulierung des
phanomenologischen Modells soll man in Betracht Ziehen, dass das entstandene Modell wei-
terer Analyse unterzogen sein soll, und die durchgefiihrte Analyse soll Ergebnisse geben,
welche niaher den Bemessungen auf einem wirklichen Objekt sind.

Bei der Formulierung des phianomenologischen Modells der Anordnung, kann man
auf bestimmte Schwierigkeiten anstoBen. UbermiBig kompliziert, gibt Ergebnisse die mit
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groBeren Rechnungsfehler belastet sind, auer dem steigert die Zeit der numerischen Berech-
nungen. Gro3e Anzahl von Freiheitsgraden kann der Grund fiir das missgestalten der Berech-
nungen sein.

Man strebt daher, dass das formulierte Modell so bearbeitet wird, dass es ermoglicht
die Forschung von komplizierten und erwarteten Erscheinungen, die in Wirklichkeit auftreten.
Das phianomenologische Modell und die verallgemeinerten Koordinaten angenommene im
Modell sind vorgestellt auf Zng. 1

b)

Zng. 1. Das phanomenologische Modell:
a) der geforschten Anordnung, b) angenommene im Modell verallgemeinerte Koordinaten

Wihrend der Durchfiihrung der numerischen Simulation wurde die Wagenfahrt der
Lastwinde und die Briickenfahrt angenommen. Auf dieser Forschungsetappe wurde der Be-
trieb des Hubwerkes tibergangen. Der Lastwindewagen ist modelliert als steifer Kérper mit
fiinf Freiheitsgraden der die Versetzungsmaoglichkeit langlich Achsen x, y, z hat, und Schwen-
kungsmoglichkeiten gegeniiber Achsen x sowiey. Auf Zng. 2 wurde das phanomenologische
Modell eines Wagens vorgestellt, welches im weiteren zu Ausfiihrung der Gleichheiten tiber
die Bewegung der Lastwinde dient.
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Zng. 2. dPhéinomenoIogishzches Modell des Lastwindewagens
Die Bindungsgleichheiten, welche die Versetzungen simtlicher federnde Elemente
beschreiben haben folgende Form:

.i.Wl:(Jﬂ+Zl- 28:0ﬂ+j 1|3'j 2I1
-i-szoﬂ- Z,- Zszon'j 1|4'j 2I1
| . . .
W= tZ,- Z,=0, 7 Ao 4ls
TW4:0n+Ze+Z7:0n+j 1|3+j zlz

(1)

Die raumliche Ladungslage beschreiben folgende Gleichheiten:

& sinj ,sinj 4(ls+q,)+g,u
cosj ,sinj 5(ls+0,)+ G (- )
- cosi ,(ls+9,)+q

P=

D> (D> (D>

Im weiteren Teil der Bearbeitung, wurden numerische Forschungen der Ladungstra-
jektorie fiir verschiedene Geschwindigkeitsprofile durchgefiihrt, wihrend des Anlaufens —
und Bremsen der Briicke und der Lastwinde des Briickenkrans(Zng. 3).

a) b)
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Zng. 3. Fahrtgeschwindigkeit der Briicke und L astwindewagen:
a) ohne Zwischengeschwindigkeiten, b) mit Zwischengeschwindigkeiten
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Zng. 4. Ergebnisse der Computersimulation fiir Anlaufkennlinie ohne Zwischengeschwindig-
keiten: a) Ladungstrajektorie, b) Ladungsausschlagwinkel vom Lot
a) b)
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Zng. 5. Ergebnisse der Computersimulation fiir Anlaufkennlinie mit Zwischengeschwindig-
keiten: a) Ladungstrajektorie, b) Ladungsausschlagwinkel vom Lot

Auf Grundlage der durchgefiihrten numerischen Forschungen, kann man feststellen, dass
die kinematische Kennlinie der Briicke sowie des Wagens der Lastwinde vom Briickenkran
ein wesentlichen Einfluss auf die Ladungstrajektorie hat.

Die Zwischengeschwindigkeiten in der Anlauf- und Bremsphase der Briicke und des
Lastwindewagens beschranken den Ladungsanschlagswinkel vom Lot. Auler dem beobachtet
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man kleinere Oszillationen in der Absatzzone. Es sollen weiterhin numerische Forschungen
durchgefiihrt werden, welche die Forschung der Ladungstrgjektorie im Ausschlagbereich be-
schrankt. AuBer dem ist es wesentlich, bei den in der Zukunft gefiithrten Forschungen, die
Bestimmung des Einflusses der Trajektorie, auf die Werte der dynamischen Einwirkung, die
auf das Fahrerhaus der Arbeitsmaschine tibertragen sind.

Literatur: 1. Craig J. Wprowadzenie do robotyki. Mechanika i sterowanie. WNT. Warszawa
1995. 2. Piatkiewicz A., Sobolski R. Dzwignice. Tom | i Il. WNT. Warszawa 1977.
3. Szpytko J.,, Schab J.,, Smoczek J. Badania modeli suwnic pomostowych dla potrzeb
eksploatacyjnych. Kwartalnik — Transport Przemystowy 4/2002, s. 40, 44. 4. Tomczyk J.,
Bednarski S. Wiasnosci energetyczne zurawia portowego o napedzie elektromechanicznym
i hydrostatycznym. Kwartalnik — Transport Przemystowy 2/2000, s. 30, 34. 5. Wojnarowski
J., Zochowski L., Banaé W. Badania numeryczne mechanizmu zawieszenia ukladu
samochodowego grafami wiazan. XVII Ogolnopolska Konferencja Naukowo-Dydaktyczna
Teorii Maszyn i Mechanizmow. Warszawa - Jachranka 2000, s.431, 436.

ELASTISCH-PLASTISCHES DEFORMATIONSVERHALTEN VON GRANULATEN
BEI STOSS- UND DRUCKBEANSPRUCHUNGEN

Antonyuk S., Tomas J., Heinrich S, Miiller P. (Otto-von-Guericke-Universitdt Magdeburg,
Magdeburg, Deutschland)

The deformation behaviour of spherical granules during central impact and compression was
studied using free fall and compression tests. The effects of material behaviour (elastic and
elagtic-plastic) and of impact velocity on normal coefficient of restitution are examined.

Einleitung

Ein wichtiger Parameter fiir die Modellierung der Partikeldynamik in Wirbelschicht-
granulationsprozessen ist die Sto3zahl [1], die die Energiedissipation wahrend des Sto3es
beschreibt. Die Granulate verhalten sich beim Stofl mehr oder weniger inelastisch [2]. Die im
ersten Stofabschnitt (Kompressionsphase) zugefiihrte kinetische Energie (Eiini) dissipiert
tellweise infolge von plastischer oder viskoplastischer Deformation und der Reibung der
StoBpartner (Egiss) (Abb. 1). Der Rest dieser Energie (Exin2) wird im zweiten Stof3abschnitt
(Ablosephase) zuriickgegeben und ist fiir die Trennung und den Abprall der StoBpartner
verantwortlich.

Das Verhaltnis zwischen Kraftsto3en der Ablosephase (tc£t £ ta) und Kompression-
sphase (O£t £1t) in Gl. (1) wird als Stofizahl bezeichnet. Die Stoflzahl kann ebenfalls als
Verhiltnis zwischen den Relativgeschwindigkeiten der Kontaktpartner nach und vor dem
Sto in Gl. (1) bestimmt werden.

ta
OFt
tkd:dt Ekin,l Ekin,l Vl hl

0
Experimenteller Aufbau und Modellgranulate
Fir die Ermittlung der Stoflzahl wurden Fallversuche durchgefiihrt (Abb. 2). Dabei
wird ein Granulatkorn auf eine festliegende Platte von einer Hohe h; fallengelassen und die
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hohe h, gemessen. Fiir die Ermittlung der Riickprallhéhen der fallenden Granulate wurden die
Versuche mit einer Digitalkamera aufgenommen.

Die Prallplattenhohe musste so ausgewihlt werden, dass Einfliisse von reflektierten elas-
tischen Stowellen auf den Riickprall ausgeschlossen werden konnten. Bei der Auswertung der
Fallversuche wurden die realen Partikelgeschwindigkeiten fiir jede gemessene Fall- und Riick-
prallhohe mit Beriicksichtigung der Luftreibung berechnet und damit die Stofizahl in Gl. (1) bes
timmt. Bei Fallversuchen wurden 300 Partikeln von jedem Versuchsgranulat getestet.

Als Modellstoffe wurden drei kugelformige Granulate: [1-Al,Os (dso = 1,8 mm), das syn-
thetische Zeolith 13X (dsp = 1,4 mm) und Natriumbenzoat (dsp = 1,4 mm) verwendet. Um das
Verhalten der Granulate bei Druck- und Stoflbeanspruchungen zu vergleichen und den Einfluss
der Anzahl der Beanspruchungen auf die Stol3zahl zu ermitteln, wurden die zyklischen Druckver-
suche bel einer Beanspruchungsgeschwindigkeit von 0,02 mmv/s durchgefiihrt [3].

Experimentelle Ergebnisse

Bel den Fallversuchen wurde die Fallhohe im Bereich von 125-1000 mm variiert. Im
Diagramm (Abb. 3) sind die ermittelten Stofizahlen bei verschiedenen Sto3geschwindigkeiten
dargestellt. Die Werte der Stofizahlen bestitigen einen elastisch-plastischen Stof3 fiir alle drei
Granulate, wobei sich folgende Reihenfolge ergibt: g-Al,Os; (e = 0,87), Zeolith (e = 0,74) und
Natriumbenzoat (e = 0,6).

Die ermittelte Sto3zahl ist praktisch unabhiangig von der Stogeschwindigkeit im
untersuchten Bereich von 1,6-3,7 m/s. Dies ist nur dann moglich, wenn das Verhiltnis der
dissipierten Energie zur kinetischen Stoenergie fiir jede Stogeschwindigkeit in diesem
Bereich konstant bleibt [4]. Um dies zu tiberpriifen, wurden die Granulate beim Drucktest bis
zu einem bestimmten Kraftniveau belastet und entlastet. Die Entlastungskurven von ver-
schiedenen Kraftniveaus (Fy in Abb. 4) sind etwa parallel miteinander, d.h. das Verhiltnis der
Dissipationsenergie zur Belastungsenergie bleibt konstant. Aus diesen Kurven heraus wurden
die dquivalenten Stofizahlen ermittelt. Diese stellt in Analogie zur Sto3belastung das V erhilt-
nis der elastischen Riickdehnungsenergie zur gesamten Belastungsenergie dar:
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Abb. 3: Stofizahl der Granulatein Ab- Abb. 4: Typische Belastungs-Entlastungs-
hiangigkeit von der Stoigeschwindig- Kurven von y-Al,O3 beim Drucktest.
keit.

Im Vergleich zur Stobeanspruchung zeigen die Versuchsgranulate beim Drucktest
wesentlich kleinere Sto3zahlen. Beim Drucktest von y-Al,O3 betrigt die dquivalente Stofizahl
0,57. Fiir Zeolith liegt sie bei 0,52, und Natriumbenzoat hat einen Wert von 0,33, dementspre-
chend werden die relativen Anteile der dissipierten Energie beim Sto3 kleiner als beim Druck
(fir Zeolith und Natriumbenzoat auf 38 %), deswegen verhalten sich die Granulate beim
Druck plastischer als beim Stof3.

Abb. 5 zeigt die dquivalente Sto3zahl in Abhingigkeit von der Zyklenanzahl. Bei die-
sem Druckversuch wird ein Granulatkorn bis zu einer konstanten Kraft (Fzx = 7 N fiir Zeolith
und Fnx = 16 N fiir Natriumbenzoat) zyklisch belastet und entlastet. Aufgrund der Abnahme
der Belastungs- und Dissipationsenergien bei der Erhohung der Steifigkeit mit wachsender
Zyklenzahl steigt die Sto3zahl der Granulate solange bis sich ein Sittigungszustand in der
plastischen Verformung einstellt. Wie aus Abb. 5 folgt, erreichen die Zeolith-Granulate nach
15 Zyklen und die Natriumbenzoat-Granulate nach 25 Zyklen die Sittigung. Danach
verhalten sich die Granulate wie ideale viskoelastische Kaorper.
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Abb. 5: Einfluss der Anzahl der Druckbelastungs-Entlastungs-Zyklen auf die dquivalente
Stozahl der Granulate.

Das zyklische Verhalten der Granulate verandert sich mit Vergro3erung des Kraftniveaus.
In einem Versuch wurde ein Zeolith-Granulatkorn zunachst fiinfmal bei einem Kraftniveau von
2,2 N zyklisch beansprucht. Danach wurde die Belastungsgrenze auf eine Kraft von 5,2 N erhoht
und finf Beanspruchungszyklen an denselben Lastpunkten durchgefiihrt. Auf die gleiche Weise
erfolgten weitere Versuche bei den Kraftniveaus 8,2 N und 11,2 N.

Bel zyklischer Belastung bis zu einem konstanten Kraftniveau nimmt die Stofizahl mit
wachsender Anzahl von Zyklen zu. Wird das zyklische Kraftniveau (im sechsten Zyklus in
Abb. 6) erhoht, setzt wieder plastisches Flie3en ein, was die Stof3zahl auf das Anfangsniveau
des ersten Zyklus heruntersetzt. Den gleichen Einfluss zeigt die Erhéhung des zyklischen
Kraftniveaus auf die Kontaktsteifigkeit.

Die ermittelten Energieanteile in Tabelle 1 zeigen, dass das V erhiltnis zwischen den Ent-
lastungs- und Belastungsenergien bzw. die dquivalente Stolizahl in den ersten Zyklen der jewelli-
gen Kraftniveaus (Fy) etwagleich ist. Dies betrifft auch die anderen Zyklen, was eindeutig Abb. 6
zeigt. Daraus lasst sich schlie3en, dass die dquivalente Sto3zahl der Versuchsgranulate nicht von

der Grof3e des Kraftniveaus sondern von der Anzahl der Zyklen abhingig i<.
1
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Abb. 6: Einfluss der Anzahl der Druckbeanspruchungszyklen auf die dquivalente Stofizahl der
Zeolith-Granulate (d = 1,61 mm) bei Erhéhung des Kraftniveaus.
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Zusammenfassung

Bei der Druck- und Stobeanspruchung zeigt [1-Al,Os-Granulat vorherrschend elas-
tisches Deformationsverhalten, Zeolith hat sowohl elastische als auch elastisch-plastische Ei-
genschaften und Natriumbenzoat verformt sich dagegen nur plastisch. Durch einen Vergleich
der StoB3zahl beim Sto3 mit der aquivalenten Stoflzahl beim Druck wurde nachgewiesen, dass
sich die untersuchten Granulate beim Stol3 elastischer als beim Druck verhalten.

Die Aufprallgeschwindigkeit im Bereich von 1,6-3,7 nVs hat keinen Einfluss auf die
Grole der Stofizahl, was durch einen parallelen Verlauf der Entlastungskurven von ver-
schiedenen Kraftniveaus bei zyklischen Druckversuchen aufklart wurde.

Die Energiedissipation im Laufe der zyklischen Beanspruchung ldsst sich mit der
aquivalenten Stoizahl beschreiben. Fir beide Granulate nimmt sie mit wachsender Anzahl
von Beanspruchungszyklen ab.

Die Granulate zeigen die Sattigung wihrend der zyklischen Druckbeanspruchung.
Nach Erreichen der Sittigung verhalten sich die Granulate wie ideale viskoelastische Korper,
wobei die dquivalente Stolzahl konstant ist. Die dquivalente Stof3zahl der Granulate ist nicht
vom Kraftniveau sondern von der Anzahl der Zyklen abhiangig.

Literatur: 1.Li, J.: Euler-Lagrange simulation of flow structure formation and evolu-
tion in dense gas-solid flows, PhD thesis, University of Twente, Enschede (Niederlande),
2003. 2. Antonyuk, S., Tomeas, J., Heinrich S. and L. Morl: Impact breakage of spherical gra-
nules. experimental study and DEM simulation, Chem. Eng. and Process., 2006, in Press. 3.
Antonyuk, S., Tomas, J., Heinrich, S. and L. Mérl: Micro-macro breakage behaviour of e-
lastic-plastic granulate by compression, Chem. Eng. and Technol. 28, 5 (2005), 623-629.
4. Walton, O.R., Braun, R.L.: Viscosity, granular-temperature, and stress calculations for
shearing assemblies of inelastic, frictional disks, J. Rheol. 30 (1986), 949- 980.

THE INFLUENCE OF THE INPUT PARAMETERS ON ULTRASONIC M-
CRODRILLING PRODUCTIVITY

Apetrei L., Coteata M., Munteanu A, Ilii S,, Nastase E. (Technical University “ Gh. Asachi
of las, Romania)

A systemic approach can be made to the microdrilling process as well asit can be to any sys-
tem. We can take in to consideration the entrance parameters the process, the noise and the
exit factors for making an interdependent system. This way, we can easily see the influence of
the variation of the factors above the productivity.

Generalities. The ultrasonic machining is based on effects that are generated in the
condition of vibrations with frequency and amplitude characteristic to the ultrasonic waves in
the working zone existing.

The ultrasonic drilling is a technology that permits to obtain diverse, but constant,
transversal sections after rectilinear or curvilinear trajectories with bar or pipe type of tools,
for metal and nonmetal workpieces.

On the international level, the microultrasonic machining is a part of the research
made by Joseph McGeough where is mentioned that the smallest diameter hole that can be
performed by microdrilling is of about 0, 2 mm.

| have presented in this paper some entrance parameters influence on the ultrasonic mi-
crodrilling productivity.
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Themicrodrilling input process parametersinfluence on productivity
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Fig.1 Correlations among the working parameters

After along research period it came to the conclusion that there are following modalities
for the material removal from the workpiece;

- the microcutting process determined by some granules that are very sharpened and in the
vibratory motion, they hit the workpiece surface;

- the microcracking determined by pressure force on the abrasive granules on the work-
piece;

- cavitations phenomenon lied to the microgranules removal form the workpiece .

The recirculation of the abrasive suspension can be made by splashing directly in the work
zone, by the using of the upsetting modality or by to the tool or workpiece absorption.

The ultrasonic microdrilling process is one of the most utilized because holes with a di-
ameter ® 0,2 ... (60 - 80), length 20 — 30 mm, and 180 — 350 mm length, in special conditions,
can be obtained.

80% from the microdrilling processes are made by the abrasive particles impregnated in
thetool or exigting in the work solution.

At very low working speeds, the oscillations frequency and amplitude are unregulated, but
with the speed increasing, the character of these parameters becomes regular.

The introduction of the ultrasonic vibration into a liquid medium is accompanied by a me-
chanical energy transport. If in the liquid we introduce abrasive particles in suspension, those are
getting vibrations and they are hitting the piece surface with a force of ten thousand times bigger
then the granules weight, small particles of material from the piece surface are rending.

The cavitations effect is determined by the rapid variation of the liquid pressure that gen-
erates the modification of the medium distance between the liquid particles.  Through implosion
the shock weaves are produced with very high local temperatures and pressures.

The total effect of material breaking out from the piece surface grows with the concentra-
tion of the abrasive granules in susgpension (max 30 %) and with the ultrasonic energy introduced
in the liquid.
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The abrasive granules material can be: boron carbide, silicon carbide, auminum oxide and
the working liquid can be: water, didtilled water, water with soap, astral oil, ethyl alcohol.

The materials that can be manufactured by the ultrasonic processes are: hard stedl, fragile
non-metallic materials, glass, aluminum oxide, ceramic materials, composite materials, and other
meaterialsthat have difficulties at the machining by traditional processes.

The machined surface quality is dependent on: the abrasive granules dimension, the sur-
face roughness, the work liquid concentration and the tool working section.

The roughness best value is R=0.4 pum and the dimension precision is around 0.01 mm.,
The machining precision is bigger if the abrasive granules are more fine.

Tablel. Results concerning the influence of the force F, amplitude A and the tool diameter D on
the working speed V [1]

F [daN] | A[pum] | D [mm] | V [mm/min]
1 /0.2 215 0.2 0.5
2 103 21.5 0.2 0.7
3 |04 215 0.2 0.6
4 106 215 0.2 0.4
5 (08 215 0.2 0.4
6 0.2 29 0.2 1.2
7 |04 29 0.2 1.3
8 |06 29 0.2 1.2
9 107 29 0.2 1.0
10| 0.8 29 0.2 0.8
11]0.2 33 0.2 1.3
12| 0.3 33 0.2 1.5
13|04 33 0.2 1.7
14 | 0.6 33 0.2 1.5
15/0.8 33 0.2 1.2
16 | 0.3 39 0.2 2.2
17|04 39 0.2 2.7
18 0.5 39 0.2 2.8
19| 0.6 39 0.2 2.5
20| 0.7 39 0.2 2.2
21|0.3 46 0.2 24
22|04 46 0.2 3.0
23|05 46 0.2 3.3
24| 0.6 46 0.2 3.5
25| 0.7 46 0.2 3.3
26| 0.2 27.5 0.4 1.0
2710.3 27.5 0.4 1.3
2804 275 0.4 1.5
29| 0.6 27.5 0.4 1.3
30|08 275 0.4 0.9
31|02 36.5 0.4 1.5
32104 36.5 0.4 2.1
33|05 36.5 0.4 2.3
34|07 36.5 0.4 2.0
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35|0.8 36.5 0.4 1.6
36| 0.2 42 0.4 1.7
37|03 42 04 2.0
38|04 42 0.4 2.3
39| 0.6 42 04 2.9
40 | 0.8 42 0.4 2.2

By the using of mathematical program [2], for the data included in the table, we estab-
lished the following relation for the machining speed:

V = - 1.713461+ 6.358983 - F — 6.249513 - F? + 5.364811 - 10° - A + 6.000255 - 10 - A2 —
3.524829 - D +5.717213 - D?

and the Gauss sum is
S=5.872621 - 102

The workpiece material is glass and the working medium is represented by the boron car-
bide in water.
Table 2 The ultrasonic micromachining productivity [ mm®min]

The workpiece material | Abraziv material | Productivity
Boron carbide Diamond 01...5
Aluminum oxide Boron carbide 5...25
Ceramic Boron carbide 19

Quartz Boron carbide 14
Synthetical ruby Siliconcarbide | 7

Glass Siliconcarbide | 32

The microultrasonic processes advantages

The main microultrasonic processes advantages are the following:

- high dimensional precision and a small surface roughness,

- good working speed comparing to the conventional processes,

- absence of the intern stresses and local warming accumulation in workpiece;

- the tools manufacture with ultrasonic processes increase the tool durability 2 or 3 times.
Examples of ultrasonic microdrilling with good productivity could be:

- material — monocrystal silicon, which is very hard, working time - t = 12..15 minutes,
working speed - v = 2 mm/min;

- meaterial - zirconium oxide, ® = 2...22 mm, t = 12...15 minutes, degpness—h = 25 mm;

- material — glassrings, thickness— g = 0,12 mm, @, = 6 mm, &; = 2,5 mm, the productiv-
ity — P = 0,2 secondg/piece[1].

Conclusons.

When the frequency and the amplitude grow, the working speed growstoo. The amplitude
value A has to be correlated with the equivalent medium diameter d, of the abrasive particles. Af-
ter the experiments we proved that the working speed is maximum for 2A/d, = [0,6 ..0,8]; when
2A=20...100 pmand d; = 12 ...50 mm.

The abrasive influences the productivity through: granulation, the granules material and
the working solution concentration. If the granulation and the particle dimension grows the pro-
ductivity will increase (at granulation 12 and 125 — 150pum dimension the productivity coefficient
is very good). The best experimental results that were obtained till now used as abrasive the artifi-
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cial corundum, silicon carbide or diamond. Asworking liquid it is used the water or the soap solu-
tion because it was demongtrated that the viscosity opposing to the abrasive entrance decrease the
abrasive solution circulation and the productivity. The optimum solution, in this case is that the
abrasive replace speed to be equal with the abrasive destruction speed. Now it’s recommended to
be used the abrasive suspension under pressure introduction method, with the 1..3 daN/cn’ head-
ing pressure.

The pressure force has a very important role in the abrasive particles impact forces trans-
mission, influencing the suspension circulation.

The physic and mechanical proprieties of the workpiece and tool, fragility, microhardness,
gructure and elastic proprieties, have very big influence above the ultrasonic microdrilling pro-
ductivity.

As ultrasonic micromachining approaches is mature stage the indudtry is challenged to
provide more productivity and accuracy.

References: 1. Paicu G. , Utilizari ale energiei electrice : Tehnologii electrice speciale, Casa de
Editura Venus, lasi 2006. 2. Marinescu N.I et. d. Tratat de tehnologii neconventionale. Volumul
VIIl. Bucuresti Editura Bren 2004. 3. *** Ultrasonic machining resource center. Available at:
www.ultrasonicmachining.com, accessed at 12-04-2005.

ABSCHATZUNG DER DAMPFUNGSEIGENSCHAFTEN SOWIE RESONANZZONEN
DES MANIPULATORS

Banas W., Koprowski T., Margielewicz J. (Schlesische Technische Hochschule, Gliwice,
Polen)

The constructions of robots is a lot of more complicated than different machine engines and
devices. The testings of newly designed constructions is and already existing is necessary. The
development of industry causes that manipulator's quality increased larger, in field of preci-
sions and precision their kelter. The papers including opinions of quality of power units ma-
nipulators have the large meaning.

Die Manipulatoren und Roboter sind Vorrichtungen die analogische Funktionen real-
isieren, welche im Arbeitsverfahren die oberen Extremititen des Menschen erfiillen. Die
Baubedingungen der Manipulatoren und Roboter sind viel mehr kompliziert, besonders
Manipulatoren die in der Medizin Anwendung finden, als andere Maschinen und
Vorrichtungen. Aus diesem Grunde unumganglich ist die Fihrung von Versuchspriifung der
neuprojektierten und bereits vorhandenen Konstruktionen. Zusammen mit der Entwicklung
der modernen Industrie, wachsen die Forderungen die den Manipulatoren gestellt werden im
bereich der Genauigkeit und Prazision der Funktionierung. Deshalb von grofier Bedeutung
sind Bearbeitungen, welche die Abschitzung der Qualitit von Ausfiihrungsmechanismen der
Manipulatoren ermoglichen, um die Auswahl der besten Konstruktion und auch die
Eigenschaften zu bestimmen, welche die Brauchbarkeit des Manipulators fiir die Ausfiihrung
des vorgeplanten Arbeitsverfahren zu bezwecken. Uber die Brauchbarkeit des Manipulators
als Vorrichtung welche die Menschenarbeit ersetzen soll, entscheiden u.a. folgende Kriterien:

Freiheitsgradzahl der kinematischen Kette,

Grof3e des Arbeitsraumes,
Ausfiihrungsgeschwindigkeit der Arbeitsbewegungen,
Max. Gewicht vom manipulierten Gegenstand,
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Genauigkeit der Positionierung,

Wiedergabeprazision der aufgegebenen Trajektorie,

Nachgiebigkeit der kinematischen Kette auf Erregung von mechanischen
Schwingungen.

Wihrend der Priifung von Industriemanipulatoren sind dynamische und statische
Methoden angewendet. Wihrend der statischen Priifung bestimmt man den Arbeitsraum,
gepriift ist die statische Durchbiegung der Arme des Manipulators beim Einfluss vom
Eigengewicht und angelegten AuBenkrifte. Die typische Verbindungsstruktur der
kinematischen Kette eines Manipulators ist empfindlich auf Erregung von mechanischen
Schwingungen, besonders die Greifer, oder Fachwerkzeuge die sich am Ende der Kette
befinden. Bei den I ndustriemanipulatoren kann man mechanische Schwingungen beobachten,
wo die Erregungsquelle selbsttitig ist d.i. die Schwingungen sind vor allem durch den Anlauf
und das abbremsen der Armen aufgerufen. Die erzwungene Schwingungen entstehen durch
die Einwirkung der AuBenkrifte und entstehen als Ergebnis einer Kollision mit anderen
Vorrichtungen, oder entstehen wahrend der Realisierung des Arbeitsverfahrens. Der Ziel fiir
Durchfithrung der dynamischen Vermessung der Industriemanipulatoren ist die Bestimmung
folgender Parameter :

dynamische Steifigkeit der kinematischen Kette,
Dampfungsgrof3e der mechanischen Schwingungen,
Bezeichnung der Resonanzzonen.

Die Parameter haben wesentlichen Einfluss auf die Dauerzeit des Arbeitszyklus,
Genauigkeit der Postionierung, sowie die Genauigkeit der Wiedergabeprazision von
aufgegebenen Trajektorie. Die Ergebnisse der Forschungen und Abmessungen sind auch eine
wertvolle Informationsquelle, wahrend der Durchfithrung von Projektions-Konstruktiven und
Einfiihrungs-Technologischen Arbeiten. Au3erdem erméglichen das genaue Kenntnis der
Eigenschaften und die dynamischen und statischen Kennlinien des Manipulators selbst. In
dieser Bearbeitung wurden Ergebnisse von Versuchspriifung des Manipulators Fanuc ARC
Mate 100iB unterbracht (Zng. 1), aufgrund welchen die Resonanzzonen des Manipulators in
gewihlten Konfigurationen bestimmt wurden. Die Versuchspriifung wurde mit Hilfe von
einem Digitalanalysator HP 3556 durchgefiihrt.
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Zng. 1. Arbeitsraum vom Manipulator Fanuc ARC Mate 100iB

Die Beschleunigung der mechanischen Schwingungen wurden in zwei Achsen
bemessen: in der Hochachse sowie in der Parallelachse zu Drehachse des Manipulators Arm.
Der Manipulator wurde mit einer Impulserzwingung angeregt, die in verschiedenen
Konfiguration an den Greifer angebracht wurde (Zng. 2).

Zng. 2. Konfigurationslagen fiir Bemessung der Beschleunigung

Die Ergebnisse der Probenbemessung von Beschleunigung der Greiferschwingungen
fiir ausgewihlte Konfiguration des Manipulators, wurden im weiteren Teil der Bearbeitung
unterbracht. Fiir die registrierten Bemessungen wurden die Amplituden-Frequenzspektrums
bestimmt, auf Basis welcher die Abschiatzung der Resonanzzonen moglich ist.. Mit Vollinie

wurden auf den Diagrammen die Schwingungen in Richtung Achse z bezeichnet, dagegen mit
Strichlinie die Greiferschwingungen in Richtung Achsey.

a) b)
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Zng .3. Konfiguration des Manipulators: j 1 =80°,j » = 0.6°:

a) Beschleunigung des Greiferschwingung, b) Amplituden-Frequenzspektrum

b)

Zng. 3. Konfiguration des Manipulators: j 1 = 60°,j » = 0.6°:

a) Beschleunigung des Greiferschwingung, b) Amplituden-Frequenzspektrum

b)

Zng. 3. Konfiguration des Manipulators: j 1 = 40°,j » = 0.6°:

a) Beschleunigung des Greiferschwingung, b) Amplituden-Frequenzspektrum
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Zng. 3. Konfiguration des Manipulators: j 1 =0,3°,j 2 = 0.6°:
a) Beschleunigung des Greiferschwingung, b) Amplituden-Frequenzspektrum

Auf Basis der Probeforschung kann man folgende Schliisse ziehen:

Die Resonanzzonen fiir die geforschten Konfigurationen dndern sich nicht. Hinsichtlich

der Achse mit der vorherrschender Komponente betragt sie ca. 13 [Hz], dagegen fiir die

Konfiguration j 1 =0.3°, j » =0.6° beobachtet man die zweite Komponente von einer Fre-

guenz ca. 25 [Hz]. Im Falle der Schwingungen hinsichtlich Achse y, beachtet man zwei

Komponenten des Frequenzspektrums im Wert von ca.  10[Hz] und 22[Hz], wobei das

Wert der ersten Komponente wiichst zusammen mit der Anderung der Konfiguration des

Manipulators,

Auf Grundlage des Zeitablaufes wurde das Wert vom logarithmischen Dampfungsdekre-

ment abgeschitzt, wobel sich da Wert im Bereich 0.1, 0.15 befindet.

Weiterhin sollten Forschungsproben durchgefiihrt werden, um die Identifikation der phy-
sikalischen Parameter vom Manipulator Fanuc zu bezwecken.

Literatur: 1. Craig J. Wprowadzenie do robotyki. Mechanika i sterowanie. WNT. Warszawa
1995. 2. Grcechca W., Kaluski J. Wybrane zagadnienia badan i pomiaréw robotow
przemystowych. Skrypt Politechniki Slaskiej nr 1815. Gliwice 1994. 3. Morecki A.,
Knapczyk J. Podstawy robotyki, Teoria i elementy manipulatorow i robotow. WNT.
Warszawa 1993. 4. Wojnarowski J., Nowak A. Mechanika manipulatorow-robotow w opisie
motorow. Skrypt Politechniki. Slaskiej nr 1686. Gliwice 1992.
BADANIA NUMERYCZNE MECHANIZMU PODNOSZENIA SU-
WNICY POMOSTOWEJ

Banas W., Koprowski T., Margielewicz J.(Politechnika Slgska, Gliwice, Polska)

The power unit to transportation of cargo in workspace of crane was used. The bridge
crane consist three driving systems, they let respective the working speed of mechanisms:
driving gear, traversing gear and lifting gear. Particular power units have differential
mechanical proprieties because the different kinematic systems and different characteris-
tics of loads. Mathematical modelling of bridge crane and its power units makes possible
to design optimal machine systems.The influence of dynamic load in this paper was inves-
tigated in lifting time.

Transportowanie tadunku w przestrzeni roboczej suwnicy realizowane jest przy uzyciu
mechanizmow wykonawczych. Suwnice pomostowe posiadaja trzy ukilady napedowe,
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majace za zadanie zapewnienie odpowiednich predkosci roboczych mechanizmow: jazdy
mostu, wciagarki oraz podnoszenia. Wlasciwosci mechaniczne poszczegolnych
mechanizmoéow wykonawczych sa zroznicowane, co jest spowodowane odmiennoscia
rozwiazan kinematycznych jak rowniez roznych przebiegow obciazen.

Obciazenia dziatajace na mechanizmy wykonawcze wywotane sa przez:

sity wzbudzane podczas podnoszenia lub opuszczania tadunku,

sity powstajace podczas nieustalonego ruchu uktadu,

sity dynamiczne powstajace na skutek ruchu drgajacego.

Sity wzbudzane podnoszeniem lub opuszczaniem tadunku bezposrednio oddziatywaja
na mechanizm podnoszenia, posrednio natomiast poprzez zwigkszenie oporow toczenia
wplywaja na dynamikg mechanizmoéw jazdy mostu oraz wciagarki. W celu optymalnego
zaprojektowania maszyny roboczej, nalezy dysponowa¢ wiedza odnosnie maksymalnych
jak rowniez statystycznie najczesciej wzbudzanych obciazen, wywotanych normalna
praca, zgodna z przeznaczeniem uzytkowania suwnicy.

Teoretyczne okreslenie obciazen dynamicznych wywotanych praca mechanizmow
wykonawczych, przeprowadza si¢ przy uzyciu rownan ruchu, ktéore wyprowadza si¢ dla
charakterystycznych okresow cyklu pracy suwnicy. Najwigksze wartosci obciazen
dynamicznych wzbudzane sa podczas rozruchu oraz hamowania ukladu napgdowego.
Proces projektowy suwnicy pomostowej, ktorel charakterystyczna cecha jest duza
nosnos¢, obejmuje rowniez badania doswiadczal ne na obiekcie prototypowym.

Konstruktor, moze roéwniez postuzy¢ sie¢ we wstgpnych analizach modelami
wirtualnymi, ktore nie sa tak precyzyjne jak badania obiektu rzeczywistego, za to
wielokrotnie tansze do przeprowadzenia z ekonomicznego punktu widzenia. Modelowanie
matematyczne suwnicy pomostowej oraz jej mechanizméw wykonawczych umozliwia
optymalne zaprojektowanie zespotu maszynowego ze wzgledu na geometrig,
wytrzymatos¢ czy trwatose.

Celem niniejszej pracy jest zbadanie wpltywu wzbudzanych obciazen dynamicznych
wywotanych praca mechanizmu podnoszenia. Na podstawie dokumentacji technicznej
sformutowano model fenomenologiczny mechanizmu podnoszenia, ktory zamieszczono
narys. 1.
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Rys. 1. Mechanizm podnoszenia: 8) Schemat mechanizmu podnoszenia: 1. Silnik, 2. Sprzegto
zcbate jednostronne, 3. Sprzegto zebate hamulcowe, 4. Hamulec szczekowy, 5. Przektadnia
zcbata, 6. Sprzegto zebate przybebnowe, 7. Zespot bebna linowego, 8. Zblocze gorne
dwukrazkowe, 9. Krazek wyréwnawczy, 10. Lina, 11. Zblocze dolne trzykrazkowe, 12.
Lozysko podporowe, 13. Wytacznik krancowy wrzecionowy. b) Zredukowany model
fenomenologiczny

Analizowanie tylko i wylacznie mechanizmu podnoszenia suwnicy pomostowe nie
odzwierciedla doktadnie wpltywu poderwania tadunku z podioza. Z tego tez wzgledu
kazdorazowo podczas przeprowadzania tego typu badan numerycznych nalezy uwzgledniac
wplyw dynamiki mostu suwnicy. W niniejszej pracy most suwnicy zamodelowano
dyskretnym uktadem mas skupionych, sprzezonych elementami sprezysto ttumiacymi. Model
fenomenologiczny mostu suwnicy zamieszczono narys. 2.

m,

Rys. 2. Model fenomenologiczny mostu suwnicy

Ze wzgledu na czytelnos¢ rysunkow nie zaznaczono na nich elementéw rozpraszajacych
energie. Elementy rozpraszajace energie tworza rownolegte potaczenie z elementem
sprezystym — model Kelvina Voigta.

Sformutowany w pracy model fenomenologiczny badanego ukladu posiada czternascie
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stopni swobody, z czego szes¢ przypada na mechanizm podnoszenia. Miara charakteryzujaca,
kazdy mechanizm podnoszenia jest wspotczynnik sity dynamicznej w linie. W niniejszej
pracy wspotczynnik ten zdefiniowano zaleznoscia (1).

(1)

gdzie: F —sitaw linie, M; — masa tadunku, g — przyspieszenie ziemskie.
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1.1 e
E L ;2! F E et
' BN . o
2,975 [ 0.8
. 3.2 1.4 3.6 1.8 4 ~ 3.2 1.4 3.6 I.8 q
ti=] tlal
Rys. 3. Wspoétczynnik sity dynamicznej w linie:
a) wciagarkaw punkcie I, vp» 0.2 mV/s, b) wciagarkaw punkciel, vp» 0.4 m/s
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Rys. 4. Wspoétczynnik sity dynamicznej w linie:
a) wciagarkaw punkcie I, ve» 0.2 nVs, b) wciagarkaw punkcie ll, vp» 0.4 nv/s
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Rys. 5. Wspoétczynnik sity dynamicznej w linie:
a) wciagarkaw punkcielll, vp» 0.2 m/s, b) wciagarkaw punkcie Il1, vp» 0.4 m/s

W przeprowadzonych symulacjach komputerowych (rys. 3,5), obliczono przebiegi
czasowe wspotczynnika sity dynamicznel w linie dla trzech roznych potozen wciagarki na
moscie suwnicy oraz dwoch predkosci podnoszenia. Wspotczynnik Kp wyznaczono przy
zatozeniu, ze poderwanie fadunku ze sztywnego poditoza nastepuje, gdy silnik napedowy
pracuje w stanie ustalonym.

Na podstawie uzyskanych przebiegow czasowych, mozna stwierdzi¢, ze istotny wptyw na
wartos¢ wspotczynnika Kp. ma predkos¢ poderwania tadunku. Potozenie wciagarki na moscie
suwnicy nie wptywa zdecydowanie na wartosci wspotczynnika Kp.. Nalezy zdawa¢ sobie
sprawe, ze na wartos¢ wspotczynnika Kp. wplywa konstrukcja mostu suwnicy. Z tego tez
wzgledu konieczne staje si¢ obliczanie go dla kazdej suwnicy oddzielnie. Ponadto zngjomosé
wspotczynnika sity dynamiczne] w linie umozliwia zaprojektowanie optymalnej konstrukcji
mMostu suwnicy.

Literatura: 1. Borkowski W., Konopka S., Prochowski L. Dynamika maszyn roboczych.
WNT. Warszawa 1996. 2. Kruszewski J.,, Sawiak S., Wittbrodt E.. Metoda sztywnych
elementow skonczonych w dynamice konstrukcji. WNT. Warszawa 1999. 3. Piatkiewicz A.,
Sobolski R. Dzwignice. Tom | i II. WNT. Warszawa 1977 i 1978. 4. Thomson W. T. Theory
of vibration with applications, Chapman & Hall 1993. 5. Wrotny L. T. Dynamika uktadow
mechanicznych. Repetytorium teoretyczne i zadania. Oficyna Wydawnicza Politechniki
Warszawskiej Warszawa 1995.

OBCIAZENIA DYNAMICZNE SUWNICY POMOSTOWEJWY WOLANE RUCHEM
WCIAGARKI

Banas W., Koprowski T., Margielewicz J. (Politechnika Slgska, Gliwice, Polska)

Analizy of temporary processes in driving systems in acceleration time and slow down time
usually are used the dynamic models of torsional vibrations. Fundamental influence on preci-
sion like this analysis has procedure simulations of external load. There is necessary include
model of engine to analysis of driving system. The influence of carriage in this article was in-
troduced on displacements of crane.

Wymuszenia kinematyczne dzialgjace na poruszajace Si¢ maszyny robocze sa
wielkosciami zaleznymi od nierownosci podtoza, po jakim si¢ przemieszczaja oraz predkosci
jazdy. Modelowanie wymuszenia kinematycznego przy uzyciu zaleznosci danej funkcja ok-
resowa jest poprawne tylko i wytacznie w przypadku badania ruchu ustalonego. W przypadku
maszyn roboczych wykonujacych ruch przerywany nalezy uwzglednia¢ dodatkowo faze roz-
ruchu oraz wybiegu. Z tego tez wzgledu konieczne jest przeprowadzanie symulacji kom-
puterowych uktadéw napedowych maszyn roboczych.

Typowe rozwiazanie konstrukcyjne mechanizmu jazdy mostu suwnicy pomostowe)
przedstawiono na rys. 1a, natomiast na rys. 1b zamieszczono schemat kinematyczny uktadu
napgdowego mechanizmu jazdy wozka wciagarki. Na podstawie schematéw kinematycznych
uktadow napedowych mechanizmoéw wykonawczych maszyn roboczych buduje si¢ modele
fenomenologiczne.

Stosujac metody redukcji obydwa typy mechanizmoéw (rys. 1) mozna zamodelowaé
przy uzyciu modelu drgan skretnych (rys. 2).
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Analizg procesdw przejsciowych w uktadach napgdowych wywotanych rozruchem
i hamowaniem dokonuje si¢ zwykle na podstawie modeli dynamicznych drgan skretnych. Na
doktadnos¢ takiej analizy istotny wpltyw ma sposob symulowania obciazen zewngtrznych.
Z tego tez wzgledu konieczne staje si¢ analizowanie uktadow napgdowych z uwzglednieniem
silnika napgdowego.
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Rys. 1. Schematy kinematyczne mechanizmow: a) jazdy mostu suwnicy pomostowsej, b) jazdy
wozkawciagarki: 1. Silnik elektryczny, 2. Sprzegto, 3. Przektadnia redukcyjna, 4. Koto
jezdne, 5. Szyna.
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Rys. 2. Zredukowany model uktadu napedowego mechanizmu jazdy.

Uproszczony model matematyczny silnika asynchronicznego dany jest zaleznoscia
(1). Majac na uwadze uproszczony model, przy jednoczesnie w miar¢ wiernym odtworzeniu
zjawisk zachodzacych w silniku, uzasadnione jest przyjecie nastgpujacych zatozen:
symetrig¢ uzwojen trojfazowych stojana i wirnika,
pominigcie wplywu histerezy, nasycenia, anizotropii o straty na prady wirowe obwodu
magnetycznego,
pominigcie zjawiska wypierania pradu w przewodach uzwojen wirnika.
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liczba par biegunow.

Na rys. 3. przedstawiono przyktadowe przebiegi czasowe predkosci jazdy wciagarki
oraz momentu napgdowego wyznaczone dla modelu (rys. 2), przy uwzglednieniu silnika
napgdowego.

Nalezy zdawa¢ sobie sprawe z faktu, ze zamieszczony model jest modelem
uproszczonym, lecz zastosowanie bardziej rozbudowanego modelu pociaga za soba
koniecznos¢ badania samego silnika. Zamieszczony w pracy model silnika asynchronicznego
umozliwia oszacowanie parametrow fizykalnych na podstawie danych zamieszczonych badz
na tabliczce znamionowej konkretnego silnika badz na podstawie danych katalogowych.

W dalszym ciagu pracy rozpatrzono wptyw ruchu wozka weciagarki suwnicy
pomostowel na przemieszczenie pionowe kabiny. Model mechatroniczny suwnicy
pomostowej przedstawiono narys. 4.

Narys. 5, 6 przedstawiono wptyw potozenia wozka na strefy rezonansowe charakterystyk
odmierzanych na elemencie reprezentujacym kabing.
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Rys. 3. Przebiegi czasowe: @) predkosci jazdy, b) momentu napedowego silnika.
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Rys. 4. Mechatroniczny model suwnicy pomostowe.
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Rys. 5. Charakterystyki dynamiczne: a) wozek wciagarki znajduje si¢ w poblizu kabiny,
b) wozek weiagarki w srodku rozpigtosci mostu
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Rys. 6. Charakterystyka dynamiczna, wozek  Rys. 7. Pionowe przemieszczenia kabiny
wciagarki po przeciwlegtej stronie kabiny.

Z przedstawionych widm amplitudowo czg¢stotliwosciowych jednoznacznie wynika, ze
polozenie wozka weciagarki ma decydujacy wpltyw na czestotliwosci rezonansowe maszyny
roboczel. Przemieszczenie pionowe kabiny operatora suwnicy pomostowe wyznaczono przy
uwzglednieniu zmiennego potozeniawciagarki namoscie (rys. 7)
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Uzyskane wyniki badan numerycznych wykazaly, ze przejazd wozka wciagarki
znominalnym tadunkiem generuje oddziatywania dynamiczne. Ngjwicksze amplitudy drgan
mechanicznych wzbudzonych przejazdem weciagarki i regjestrowanych na kabinie operatora,
obserwuje si¢ wowczas, gdy wciagarka zngjduje sig¢ w srodku rozpigtosci mostu suwnicy.

Literatura: 1. Grabowski E. Wpotczesne suwnice pomostowe. Kwartalnik — Transport Prze-
mystowy 1/2000. s. 25, 28. 2. Kruszewski J., Sawiak S., Wittbrodt E. Metoda Sztywnych Ele-
mentow Skonczonych w Dynamice Kongtrukcji. WNT. Warszawa 1999. 3. Margielewicz J.
Modelowanie uktadéw napedowych maszyn roboczych metoda grafow wiazan. Rozprawa Dok-
torska. Gliwice 2001. s. 37, 44. 4. Nowak A. Modelowanie dynamiki jazdy suwnicy pomostowe
przy uwzglednieniu zjawiska odbicia. ZN Pol. SI. Z. 125. Gliwice 1995. 5. Szpytko J.,, Schab J.,
Smoczek J.: Badania modeli suwnic pomostowych dla potrzeb eksploatacyjnych. Kwartalnik —
Trangport Przemystowy 4/2002. ss40, 44. 6. Tomczyk J., Bednarski S. Wiasnosci energetyczne
Zurawia portowego o0 napedzie elektromechanicznym i hydrostatycznym. Kwartalnik — Transport
Przemystowy 2/2000. s. 30, 34. 7. Wojnarowski J. (red.): Modele uktadow maszyna — operator
w ograniczaniu oddziatywania drgan wzbudzanych ruchem przerywanym. Z. nr 6 Katedry
Mechaniki Robotow i Maszyn Politechniki Slaskiej, Gliwice 1999 ss.206.

THEORETICAL MODELLING OF METALLURGICAL DEFECT CLOSING-UP
PROCESSES DURING FORGING

Banaszek G., Stefanik A., Berski S., Dyja H. (Czestochowa University of Technology,
Czestochowa, Poland)

Computer modelling using an FEM-based program, Forge 2005°, was carried out in the
study. Theoretical modelling of the process of free hot forging in shaped anvils was conducted
to close up metallurgical defects. The influence of the anvil shape and main parameters of the
forging process on closing up of metallurgical defects were determined. On the basis of the
investigation carried out, the optimal values of main forging technological parameters of and
suitable groups of anvils to be used in particular forging stages are proposed for the elimina-
tion of metallurgical defects.

Introduction. Investigations into the methods of inducing the closing up of metallurgical de-
fects (voids in cast material) in the cross-section of forgings are reported in several studies[1-
7]. They show that closing up of metallurgical defects in deformed forgings is significantly
influenced by main forging process parameters, such as draft, relative advance, stock tempera-
ture, and the shape and dimensions of anvils. Those studies aimed at the optimisation of forg-
ing process parameters and anvil shape to obtain forgings free from internal defects.

This paper presents the results of studies on the determination of the shape and geome-
try of tools to obtain a homogeneous distribution of strain intensities and closing up of defects
of metallurgical origin present in forgings during free hot forging.

The internal defects include the structural defects of an ingot, which do not show on its
surface. Internal defects are only detectable on the cross-section and longitudinal section of an
ingot by non-destructive examinations.

Owing to the complexity of the phenomenon internal defects and metallurgical discon-
tinuities in ingots intended for forging, only defects such as central porosity were simulated in
this study. The phenomenon of central porosity is understood as fine, deep-located gas bub-
bles occurring in the as-cast forging ingot [2, 8]. The causes of their formation include: too
intensive purging of the mould with neutral gas, oxygen introduced during burning in the

155



metal bath area, an increased N, content, contact with insufficiently dried refractory material
and corroded cooling-down scrap, particularly during pouring, and the ingress of false air
through aleaky casting system [8].

Discontinuities in the central region of an ingot are in the form of single axial voids or
grouped fine pores. If the both forms of discontinuities occur simultaneously, then the as-
sessment of their size should be performed separately [8].

Characteristic of material used for examination and the shape of tools used in the
simulation and experimental testing of the stretch forging operation
In theoretical examination, highly-alloyed corrosion-resistant steel, 1H18N9T, was
used. Chemical composition of steel IH18N9T used for examination, according to the PN-
86/H-85021 standard.

Table 1. Chemical composition of steel IH18N9T used for examination, according to
the PN-86/H-85021 standard.
Steel Content, %
Grade C Mn Si P S Cr Ni Ti

1H18NOT | 0.1 2.0 0.8 0.05 0.03 185 10.0 0.8

The rheological properties of the steel are quoted after reference [9]. The computer
program, with which the simulations of particular stretch forging operations were performed,
includes a module that allows.

In the study pair of anvils were used for theoretical examination in the second stage of
the forging operation. First stage operation was used pair flat anvils. The tests second stage
operation were conducted for anvil assembly order as shown in Figure 1.

Fig.1. Assembly of asymmetrical non-axial Fig.2. View of the surface of a simulated
anvils specimen, with the arrangement and diame-
ters of holes indicated

M ethodology of investigation )

For the analysis of the forging process, the FORGE 2005° commercial software de-
veloped at the CEMEF, Ecole des Mines de Paris, was used. The detailed description of the
thermo-mechanical model underlying the software is given elsewhere in the literature [10].
The FORGE 2005° program relies on the finite-elements method. It enables the thermo-
mechanical simulation the plastic working processes of metals to be performed in an axial and
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axially symmetrical states of deformation. Computation this simulation was made in two di-
mensional state.

For carrying out computer simulations of the ingot stretch forging operation in shaped
anvils in the flat deformation state, a stock of a round cross-section of /280 mm was taken.
During the generation of a finite-elements grid, five holes were arranged axially on the speci-
men in the program, which were to simulate defects of metallurgical origin, such as central
porosity (Fig. 2). Forging operation was conducted separately for the following anvil assem-
blies, which were not interrelated. The first forging case was considered for flat anvils the
second for asymmetrical non-axial anvils (Fig. 1).

For anvils a calculations of the following parameters were made: the relative draft
ranging from 15 to 25%, the velocity of the upper movable anvil varying in the range from 10
to 20 mm/s, and the forging starting temperature ranging from 1100 to 1250°C. When per-
forming the calculations for particular forging cases, the constant operation parameter was the
forging rotation angle, f =90°, both for the first and the second forging stages. Each of the
stages was considered for one forging pass only, therefore the analysis was limited to the
stretch forging operation in aflat deformation state. The anvil temperature was 350°C, and the
ambient temperature was 20°C, whereas the friction factor in the process was assumed to be
m=0.3. In the first stage, the simulated stock was deformed in respective flat anvils. In the
second stage, asymmetrical non-axial anvils were used for the finishing deformation.

Results of theoretical examination

Below, selected results of the computer simulations of metallurgical defect closing-up
are presented, for which the best results have been obtained. Figure 3 show the distributions
of strain intensity values over the cross-section of forgings, along with the traces of simulated
metallurgical defects. For forging cases presented below, the following parameters were ap-
plied. In the first stage of the stretch forging operation, arelative draft of 25%, an upper anvil
speed of 20 mm/s, and a forging starting temperature of 1250°C were used. In the second
forging stage, arelative draft of 20% and an upper anvil speed of 20 mm/s were used.

S '
e | 5
1588300 |
= 11741800
25207201
75165201
3.00422-01
3,297 G0

Mcx= 2 0190e+0C
Win= 11798201

Fig.3. View of aforging worked in non-axial shaped anvils in the second forging stage and in
flat anvilsin the first stage. (defect in frame)

The data shown in Fig. 3 indicate that the method of forging in no-axial shaped anvils
in the second stage and then in flat anvils has caused a closure of central porosity-type metal-
lurgical defects in the outer forging zone, where two 4 mm-diameter and two 6 mm-diameter
holes were arranged. However, the 8mm defect situated in the axial forging zone has failed to
close up (defect shown in frame).
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When analyzing the view of the deformed forging in Fig. 3 it can be noted that the
character of deformation introduced into the forging by the action of shaped anvils in the final
forging phase restricts the metal flow in the directions opposite to the forging axis, owing to
which the defects are not lost to the forging borders during metal flow. In the final stage of
forming a forging, these defects close up under the action of asymmetrical non-axial anvils.

This forging case is effective in terms of removing metallurgical defects, despite the
fact that it has not closed up a defect in the forging axis. However, it should be noted that the
defect in question was a large diameter, i.e. 8 mm. The total surface area of defects after forg-
ing deformation was 1.42 mm? for the forging case discussed above.

Conclusions

It can be found from the theoretical examinations that the use of shaped anvils in pre-
forging operations brings about a desirable result in terms of improving the homogeneity of
strain intensities on the cross-section of a forging, as well as in respect of elimination of met-
alurgically originated defects. This is important in view of the fact that free forging opera-
tions have so far been conducted in Polish forges by using flat, symmetric rhombic or com-
bined anvils only.

The results presented in the study show that by means of tool shape and proper forging
technological parameters we are able to control to a significant extent the kinematics of mate-
rial flow during the process of forming a forging.

The uniform character of deformation, which is obtained in the initial stages of forging
ingots in shaped anvils, favourably influences the closing up of defects and discontinuities of
metallurgical origin. From the presented results of investigation, it can be concluded that in
order to improve the elimination of defects of central porosity type, flat anvils should be used
in the final forging stages.

Using asymmetry in the application of the external load in the initial forging stage fa-
vourably affects the process of closing up metallurgical defects.

A analysis performed by the experiment planning method has found the best results in
terms of closing up defects for a relative draft of 25%, an upper anvil speed of approx. 20
mmy/s, and for high forging starting temperatures, i.e. in the order of 1250°C.

It is also purposeful to heat ingots up to 1250°C prior to starting forging operations,
instead of a maximum temperature of 1150°C that is currently used in industrial practice.

References: 1. SY. Lin: Upsetting of a cylindrical specimen between elastic tools,
Journal of Materials Processing Technology 86 (1999), 73-80. 2. C. Y. Park, D. Y. Yang.:
Modelling of void crushing for large-ingot hot forging, Journal of Materials Processing Tech-
nology 67 (1998), 195-200. 3. G. Shen, S.L. Semiatin.: Modelling Micro structural develop-
ment during the Forging of Wax, Metallurgical And Materials Transactions 06 (1998), 46-52.
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ASPECTSOF THE RELATIONSHIP BETWEEN TECHNICAL REQUIREMENTS
AND THE QUALITY OF LEARNING MANAGEMENT SYSTEMSIN ADVANCED
DISTRIBUTED LEARNING

Barsan Gh., BabosA., Sfarlog B., (Land Forces Academy Sbiu, Romania)

The Learning Management System, a software product that includes education environment
specific descriptive elements, plays an important part in the implementation of the advanced
distributed learning capabilities platform. Keywords: Learning Management System, e
learning, SCORM, modern education

|. Introduction. The Land Forces Academy Romania, a highly standardized organiza-
tion, is preoccupied with implementing the methods developed in the field of Advanced Dis-
tributed Learning. So far, the following measures have been undertaken:

1. Establishing a Learning Management System. This system, along with the Learning
Content Management System (LCMYS), represents the very core of the ADL capabilities. The
institution is currently in the process of developing an e-learning programme implementation
plan. The Partnership for Peace (PfP) Consortium LMS and SOFTWIN Bucharest LMS, a
sponsorship product, have so far been tested. The network administrators are studying the
configuration of the LMS named ILIAS, promoted by PfP Consortium.

2. Developing and adopting ADL standards. The reference model of the transmitted
learning content (SCORM) must represent the LMS choice criterion. Within the university
library, one can look up in, and borrow the following books. SCORM 2001 Overview,
SCORM Run-Time Environment, SCORM Content Aggregation Model and SCORM Se-
guencing and Navigation. Land Forces Academy network administrators are familiarized with
this standard.

3. Developing ADL courses and instruments. Within our institution there have been
implemented courses that were received from PfP Consortium along with five own courses:
Total Quality Management, Mechanics, The Law State — Military Institution in the Law State,
The Relation Between Science And Military Art and Armed Conflict International Law and
Military Sociology. The educational content development is a priority for the e-learning pro-
gramme. Land Forces Academy is licensed to use the Toolbook Instructor Programme, which
allows the implementation of the interactive multimedia instruction (IMI — Interactive Multi-
media Instruction).

4. Developing the knowledge and experience in the ADL field. Creating a Pilot Centre
in the Land Forces Academy. In order to create the knowledge base in the ADL field we
aimed at attending the experience exchange programmes, collecting and distributing the mate-
rials and specialized publications on a large scale, attending conferences and workshops,
training the personnel in the e-learning laboratory, visiting and establishing connections with
other organizations and computerized assistance.

Participating in the working group on Curriculum Development and ADL within PfP
Consortium represents the core for the e-learning programme development.
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In the paper About on Minimal Reguirements of the Learning Management System
Functions Specific to the Highly Standardized Educational Environment we have seen that
two questions risen: Which are the technical critical requirements referring to Learning
Management System quality? and Are the training sessions a requisite of LMS usage?

Based on this scientific research and also on the practical experience developed in
Land Force Academy Romania, the answers to the above questions can be found in the au-
thoring tool of LMS and in the technical requirements of the quality of LMS.

Il. Authoring tool of LMS.

The design and capabilities of the authoring tool from the Learning Management Sys-
tem are very important when we have to decide if the LMS is appropriate for an organization.

For instance, the authoring tool must support the following functions and capabilities:

\4 Course visual editor with SCORM 2004 integral support with support for the
editing of metadata per course and sequencing editor with the following capabilities:

§  Support for the control elements of SCORM 2004 (choice, choiceExit, flow, for-
wardOnly, use Current Attempt Objective Info, use Current Attempt Progress Info);

8  Support for the elements of SCORM 2004 Randomization Controls (randomiza-
tion Timing, select Count, reorder Children, selection Timing);

§  Support for the elements of Constrained Choice Considerations (prevent Activa-
tion, constrain Choice);

8§  Support for Delivery Controls (tracked, completion Set By Content, objective
Set By Content);

§  Support for Rollup Considerations (required For Satisfied, required For Not Sat-
isfied, required For Completed, required For Incomplete, measure Satisfaction If Active);

8  Visual editor for sequential rules, expanding in the natural language of the rules
so that they are legible to those little familiar to the SCORM 2004;

Visual editor for rollup rules with rules natural language expanding;

Visual editor for filing support objectives cu support;

Support for sequential collection;

Pre-visioning the used resources functionality, within course;

Pre-visioning functionalities and integral simulation of the sequential depart-
ment of the published SCORM 2004;

\4 SCORM 2004 test editor with the following types of questions with automatic
assessment required:

8  Fill inthe blanks;

§ Matching (“match the terms with the corresponding definitions’, with automatic
assessment);

wn W W W W

Single choice (tick the right answer);
Multiple choice (tick the right answers with automatic assessment);
Ordinates (ordinate the following steps in the correct sequence);
Y es/No (true or false, with automatic assessment);
Pagination functionality. If the test has several questions, the author can choose
the number of questions a page, and the publisher will create the pages automatically, with
sailing facilities within the text;

§  Creating and editing the SCORM objectives;

§  Simple pages editor that contain formed text and images.

[11. Technical requirementsversusquality of LMS

A minimum technical capabilities must be included in the Learning Management Sys-
tem for assuring the quality of the processes. Let see the map of them:

w W W W W
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\4 2004 SCORM Compatible with the SCORM 1.2 import possibility

\4 Audio/video transmission tolerance to the network traffic. The video data
transmission should be able to be stopped or initiated by the trainer at any time of the training
session, if network problems show up. The audio data transmission should be able to be
stopped or initiated by the trainer, at any time of the training session.

\4 Accepted course materials. one should specify the accepted interactive mate-
rial (such astext, images, animations, 3d animation, films, etc.)

\4 The system’ s responsibility of the virtual class interior: one should specify the
responsibility of the student’s content copy to the trainer’s instructions (the medium differ-
ence between the trainer’s actions and their reply to the student, in matters of seconds). It is
reguired to clarify the system’s necessary tape width in order to function to these parameters,
not only for the server, but also for the client.

\4 Control taking/ceasing in the virtual class: the system must allow the trainer to
take or cease control on the course material, during session.

\Y4 Avoiding the clients manual setting up: taking into account the great number
of users, it is not necessary to install an application dedicated to the clients' devices into the
system.

\Y4 The trainers mobility: the system should provide the trainer’s mobility, thus
allowing connecting and leading a session on any client stations.

\4 The graphic interface: the solution should have a friendly interface.

\Y4 The interface language and multi-linguistic support: the user’s interface must
be national language, with the possibility to switch to English language. The solution should
have support for both languages.

\Y4 Web technology: the application should be a web-based one.

\Y4 Multi-browser capability: one should specify the browsers that can be used, in
order to access the application.

\Y4 Hardware requirements. one should specify the recommended hardware con-
figuration for the server and client stations and also the system’ s necessary tape width.

\Y4 The accepted platforms: one should specify the operation systems that are run-
ning, not only for the client, but aso for the server.

\Y4 Licenses: one should specify and mark the application’s necessary licences.

\Y4 The competitor users. one should specify the optimum number of simultaneous
users connected in virtual classes, for the necessary configuration.

\Y4 The existing communication infrastructure usage: the system must function on
the existing communication infrastructure.

\Y4 Hardwar e scalability: the system needs hardware scalability

V. The measures for success implementation of e-learning programme. Case
study: Land Forces Academy Romania

Taking into account the Land Forces Academy experience acquired through e-learning
programme and also the positive aspects appreciated within Land Forces Academy, Romania
we developed the following measures:

\4 regarding the developing of ADL:

§ supporting the up taken initiative, namely implementing the eLearning Pro-
gramme. This programme can become the centre of ADL capabilities;

§ implementing the administrative measures in order to perfect the eLearning labora-
tory, meant to initiate an ADL Pilot Programme which can aim at distributing the resources
towards the ADL Pilot Centre being under development. This programme can outrun the crea-
tion of the ADL Pilot Centre (ADLPC) thus offering some answers to the questions regarding
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the educational resources becoming available anywhere, anytime and for whomever within
your organization.

\4 regarding the ADL-related study programmes:

§ initiating the master degree programmes by taking into account the aspects regard-
ing the Bologna Process;

§ training aimed at some students sub-units regarding a specified programme study;

8 individual accessto continuous learning, anytime, anywhere.

\4 regarding the education ingtitutions that can devel op this education system:

8 within your hierarchy organization, you can polarize the ADL capabilities;

§ part of the education programme you develop ADL capabilities within the initial
course for students;

\4 regarding the existing infrastructure and the one under construction aimed at
accomplishing this purpose:

§ perfecting the e-learning laboratory represents an e-learning project priority.

§ using LMS platform from open sources you can achieve ADL capabilities;

\4 regarding the necessary funds estimation, the actions that are to be undertaken
and their spacing out in time:

§ the LMS purchasing is definitely necessary;

8 integrating the acquired experience within future ADLPC centers;

§ supporting the e-learning programme in order to accomplish the ADL capabilities
transfer in ADL canters and towards the structures involved in training and education;

§ initiating an educational content Pilot Programme, for the students after having
perfecting the e-learning laboratory;

§ creating aworking group in order to elaborate proposals regarding the implemen-
tation of ADL capabilities in education and training system.

8 including some specialists within the work group in order to choose the ADL
technical support because the implementation costs are essential.

V. Conclusions and proposals

The project presented can support the organization re-dimensioning effort by means of
providing access to the education and training, anytime, anywhere and to anyone, thus leading
to military capabilities improvement meant to update the educational processes.

The projected scientific approach aims at implementing and developing the ADL e
learning capabilities specific to the highly standardized educational environments and also at
integrating the organization in the knowledge based organization spectrum.

The training program, based on adult training principles, aims at involving the organi-
zations in the proposed system meant to train them according to the building up identifying
elements for the long life learning processes, a Bologna Process desideratum.

References: 1. Barsan Gh. Adrianescu A., Adrianescu G., How to Acces to a High
Quality Modern Educational System within Land Forces Academy through the Advanced Dis-
tributed Learning Capabilities Platform, Proceedings of the 10th Conference L eadership and
Management, Land Forces Academy, 24-26 November, Sibiu, 2005, p. 132-139. 2. Masie E.,
701-Elearning Tips, Free Digital Book, 2004, www.masie.com. 3. Moore M. G., Anderson
W.G., Handbook of Distance Education, Laurence Elbaum Associates Publishers, New
Jersey, 2003.
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A PRACTICAL GUIDE ON MINIMAL REQUIREMENTS OF THE LEARNING
MANAGEMENT SYSTEMSFUNCTIONS SPECIFIC TO THE HIGHLY STAN-
DARDIZED EDUCATIONAL ENVIRONMENT

Barsan Gh., Miclaus S., Bechet P., Oancea R.(Land Forces Academy Sbiu, Romania)

The SCORM standard represents without the shadow of a doubt the minimal criterion of the
LMS choice. The world market is nowadays replete with open-source LMS systems which un-
der certain circumstances may meet the education environment requirements. Most of the
time, however, the highly standardized environments require customer-solutions which in-
clude the descriptive elements tailored according to each organization. Keywords: Learning
Management System, e-learning, SCORM, modern education

|. Introduction. The paper answers at the following questions:

- Which are the functions required by the LMS highly standardized educational envi-
ronment?

- Which are the elements that need to be included within LMS?

- Which is the access protocol to LM S capabilities?

The authors consider that the answers to the above questions can be found in a prac-
tical guide of choosing aLMS appropriate to highly standardized education environments.

II. The LM S system functions

The Learning Management System must support the following functions:

\4 Support for distance learning: the system must provide distance learning as part of
instructor assisted/non assisted training sessions.
\4 Distance learning activity organization:

8 Import: the system must alow the import of educational materials of the html,
doc, pdf, ppt, type from the instructor’s computer into the system data base. The sys-
tem must alow the import of SCORM 1.2 and SCORM 2004 compatible courses.
§ Lesson plan management: The system must allow the creation and editing of the
lesson plans from the educational materials existing in the data base. A lesson plan is
understood as a succession of educational materials conceived by the instructor as a
course support.
8 Search: the system must provide search functions, browsing the objects in the
data base according to key words.
§ Distance learning activity creation: the system must offer the instructors the pos-
sibility to create distance learning activities by stating the course plan and the access
restrictions as follows.
§ Sating the activity expiration date: the instructor will have the possibility to
specify the activity expiration date.
8 Redtricting the access of learnersto activities:
o Thetrainer will have the possibility to decide upon the free access of each user
to any session
o The trainer will have the possibility to limit the access of users by naming a
person responsible for the endorsement of the registration forms
0 The trainer will have the possibility to restrict the access of users by imposing
the user group affiliation condition.
0 The trainer will have the possibility to specify the activity registration expira-
tion date.
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§ Conditioning the access to a certain activity depending on the participation in
other activities:

0 The trainer will have the possibility to condition the participation in certain
activities by the completion of others (for instance an advanced management
course can not be attended unless a beginner management course has been
completed);

o Thetrainer will have the possibility to recommend the sequence of activity at-
tendance (for instance he could recommend the participation in a communica-
tion course before taking up a management course).

§ Theautomatic registration of usersto training activities.: the trainer will have the
possibility to automatically register users or groups of usersto training activities

The carrying out of distance learning activities:

§ Educational material dissemination: the system has to provide downloading and
scrolling functions, active during the training sessions, on customer devices, so
that the educational materials drawn up by the trainer as part of the lesson plan
could be viewed.

§  Support for the directed, asynchronic, unassisted training: these activities will
allow the learnersto do individual distance learning without atime schedule.

§  Systemdirected navigation functions (according to the course/didactic method):
o Free navigation: the learner can navigate the course in any order that he

wishes, there will be no restrictions limiting the navigation within lessons, the
learner can navigate to a lesson as many times as he likes, as well as ato test
that can be taken with or without atime limit.

0 Seguential navigation: the course is presented in a linear order (forward, back).
At the end of the course, the learner can take atedt.

0 Optional sequential navigation: the learner can choose a module course and go
through it linearly. At the end of the course, the learner can take atest.

8 Functions of learner knowl edge evaluation/automatic diagnosis with the conclu-
sion of feedback (by indicating the weak points and strong points and suggesting
possible corrections)

0 Progressive self-evaluation: for the courses formed of pre-test, lesson and
post-test sections the system gives the learner the possibility to choose be-
tween the pre-test and the lessons.

0 Rectifying examination: the learner is linearly directed through the course and
afterwards which he is given atest. If there are modules of the test unsatisfac-
torily solved, the learner will be presented with the lessons one more time and
then he will take the final exam. The exam does not include the questions that
have already been answered satisfactorily at the initial exam.

§ Personal annotations on course materials. the system allows the users to make
personal annotations as well as to make them available for the other users if he
wishes to.

§ Support for the directed, synchronic, trainer coordinated training: these activi-
ties will offer the learners the possibility to attend the courses from distance vir-
tual classrooms according to a time schedule, established by the trainer. The
trainer will control the learner navigation through the course material.

§ Support for concurrent virtual classes. the system must allow the development
of more simultaneous sessions, independently of one another, with separate
trainers, learners and course materials.
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§

§

Training strategies and training micro-planning (lesson plan) changing strate-
gies taking place during the virtual class: depending on the events taking place
during the training session, the instructor must have the possibility to add/delete
educational materials in/from the current training plan, the training session con-
tinuing thus, with the revised training plan.

Trainer-learner real time communication facilitating functions:

0 Learner —trainer online textual communication (chat)

o Video/audio: the system must be equipped with a video/audio data transmis-
sion facility sending the data from the trainer to the learners (in case the
trainer has aweb cam).

o Distance control over displayed course functions. the trainer will have control
over the course material being able to direct the learner through the course.

0 Synchronization between the content of a master copy (held by the trainer)
and one or more slave copies (the slave copies replicate the changes occur-
ring in the master copy). This working method ensures the development of
the teaching-learning process under optimal conditions and overcomes the
disadvantages entailed by the physical distance between the participants.

0 Interactive blackboard: the system will offer a drawing tool of the whiteboard
type so that the trainer could create and display flaw charts and drawings for
the learners to watch during the class.

o Light Spot: the system gives the instructor the possibility to display his own
cursor on the other participants screens so that he could highlight certain
sections of the material during the virtual class.

Functions assessing/reporting: the students response during the synchronic ses-

sion, in relation to the didactic objectives, which offer the trainer the possibility

to provide the feedback loop during the teaching sessions.

Recording: the trainer can choose to record the virtual lesson, which will be af-

terwards stored on the server. The recording will include the content, the au-

dio/video transmission as well as the chat history.

\4 Support for the carrying out of the exam sessions,

§

wn W

wn W W

§

Creating and editing sets of questions: the trainer can create sets of questions to
be used for the production of tests. The questions will be automatically evaluated
by the system.

Creating and editing the classification criteria governing the question sets (for
instance Level of difficulty, Type of course, etc)

Classifying the question set, generating random tests, creating testing sessions
Giving tests to distance learners:. in this case the learner will log on to the system
and take the test.

Giving test to usersin the training classroom under the supervision of the trainer.
Countdown and automatic ending of the test when time runs out

Satistics of testing sessions, consisting of the numbers of registered users, com-
pleted tests, tests under development, unused tests, tests passed, tests failed, re-
sult assignment, tests taken, number of questions and result assignment, details
resulted

Satistics of criteria and classification categories

\4 Support for the combined training (synchronic, asynchronic, testing session): the
system will offer the trainers the possibility to create learning activities formed of
synchronic, asynchronic activities and testing sessions.
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Asynchronic communication functions

Warning functions. The system will include warning functions that signal the fol-

lowing events: taking up a certain learning activity, beginning of virtual class, learn-

ing activity registration expiring time, learning activity completion expiring time

\4 Chatting functions and forum: the system will allow the exchange of private mes-
sages between users.

\4 Shared resources. the application offers the users the possibility to exchange re-
sources as well as to associate them to the course (course notes, bibliography under
the form of files, useful links). The resources are loaded on the server through the
interface with the user and may later on be downloaded by other users.

§ Group training functions

8 Group affiliation organization and identification: the system can support the or-
ganization of users into groups, whereas the trainer is able to assign roles for the
collaborative education.

8 Resource sharing functions:. the users of a certain group will have the possibility
to own shared resources accessible only to that specific group.

§ Support for the synchronic group collaborative training: the aim of this require-
ment is for an entire group to accomplish a task (for instance project implemen-
tation-oriented training, multiple perspective case studies, complex simulations —
war games, etc) with the support of group roles

8 Sudent progress tracking functions: the issues tracked are the content history,
the performances, etc.

V. Conclusions and proposals

According to the practical guided previously described, it is recommended to

implement the following means of project valorizing:

<<

\4 The task notebook on LMS specifications that are featured to the highly stan-
dardized environment;

\4 The creating of adata base on the specific open source LMS elements, and on
those from the market;

\4 The delivering of the educational content, according to the advanced distributed
learning system,

\4 The creating of the ADL virtual library;

\4 The implementing of the system.

Also two questions appear: Which are the technical critical requirements referring
to LMSquality? and Are the training sessions a requisite of LMSusage?
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METHOD OF REDUCTION OF VIBRATIONS OF MECHANICAL SYSTEMS

BialasK. (Slesian University of Technology, Gliwice, Poland)
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Abstract: In the thesis there are presented basic methods of reverse task of active and pas-
sive mechanical systems realization. The principal aim of the research taken isto work out
a method of structure and parameters searching i.e. structural and parametric synthesis of
discrete model of mechanical system on the base of desired requirements. The requirements
refer to dynamic features of the system, particularly their frequency spectrum.

1. Introduction. The introduction of active elements into the elimination of vibration
offers the possibility to overcome the limitations of the methods of passive elimination of vi-
bration, such as, in particular, low efficiency in case of low-frequency vibration and the im-
possibility to reduce the vibration of specific parts of machinery. There are many methods of
preventing excessive vibration of machinery elements. The major division is that into passive
and active measures of reducing vibration and active and passive forms of their execution.
The term of passive measures of reducing vibration of machinery refers to such additional
constructional elements of vibroisolation systems which do not constitute integral elements of
a machine structure but are implemented additionally by way of propagation of mechanical
vibration signals such as mechanical filters of these signals. The term of active measures of
reducing vibration usually pertains to all these subsystems, whose purpose is to reduce or
eliminate reasons for formation of machinery vibration i.e. the subsystems interfering in the
sources of generation of such vibration. Both passive and active measures of vibration reduc-
tion may take passive and active forms[2+10,12+15].

The implementation of active measures of elimination of vibration enables the over-
coming of limitations characteristic of passive methods such as low efficiency in the range of
low frequency of input function and free vibration. The use of passive systems proves not sat-
isfactory also in case of broad-band frequency. The low-frequency character of vibration may
result in the failure of passive vibroisolation to ensure efficient reduction of vibration or may
even lead to the increase of vibration and that is why in such cases, the active reduction of vi-
bration often replaces the passive one. A characteristic feature of the active vibration reduc-
tion is the fact, that vibration is compensated by interaction from additional sources. Active
vibroisolation systems are controlled by input function.

The methods of active reduction of vibration are divided into controlling or adjusting
processes of mechanical vibration. The controlling of the motion of an object refersto a situa-
tion when a command signal is supplied to the system from the outside and this signal does
not depend on the current condition of the object but is influenced by a previously developed
programme. The other method consists in the adjustment of an object motion and in such a
case a command signal depends on the current condition of the object and it is necessary to
implement additional elements such as output sensors, a control unit and executive devices
[13].

2. Themode of theresearch

In order to solve the problem of reducing the vibration of mechanical system, it is nec-
essary to perform the synthesis or identification of a system. Depending, on a structure and
parameters as well as input functions affecting the system, to determine the structure of a
system containing active or passive elements (fig. 1 and fig.2).
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Fig. 1. Ideaof synthesis of active mechanical systems

Applying the theory of polar graphs and their relation to structural numbers [1], it iS possi-
ble to determine the values of amplitudes of forces generated by active elements.
A general formula for amplitude value is as follows:
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where: D(w) - characteristic equation,
ﬂI‘IDT(IV) - derivative of structural number the in relation to of edge[1],

aaID( ) ﬂD( ) - function of smultaneousness of structural number,

T A

Fo, Fo, . K Fy - kmematic excitation,

F.,F,,K,F, - dynamic excitation,

G,,G,,K, G, - forces generated through active elements.

In order to solve the problem of reducing the vibration of system it is possible to im-
plement passive elements. In order to specify such elements, it is necessary to perform the
synthesis or identification of system and then, depending on a structure and parameters as
well as input functions affecting the system, to determine the structure of a system containing

passive elements.
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Fig. 2. Ideaof synthesis of mechanical systems with damping elements

A general formula for value of damping [11], when damping is proportional to elastic
element, is as follows:
b=Ilc (2
where: b - damping elements
| - modulus of proportionality
C - elastic elements

3. Conclusions.

In the thesis there are presented the basic methods of active mechanical systems syn-
thesis. The synthesis realization aims to achieving the optimum mechanical system meeting
the basic and additional assumptions.

After results achieving in the process of reverse task one receives, after considering the
adequate assumptions, the polar graph on base of which the mechanical system model is re-
ceived.

The received mathematic model as aresult of synthesis allows to select mechanical sys-
tem parameters for it to possess required dynamic features. The problem showed in such a way
requires usage of synthesis methods, defined in categories adeguate to the active sysems class
being considered.
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ANALY SIS OF SURFACE LAYERS MECHANICAL STRENGHTENING BY
DYNAMICAL SHOT PEENING

BILIK, J., BACA, J. (Fakulty of Materials Science and Technology, Trnava, Sovakia,
kt@mtf.stuba.sk, Department of Forming, MtF , Bottova 23, 917 24 Trnava)

Introduction. The lifetime, especially of dynamically stressed parts and tools, is in-
fluenced by surface layer. The surface layer is the most stresed by internal stress and there are
various stress concentrators. Thusit is important, especially at dynamically stressed parts and
tools to take increased attention on surface layer. From the surface can start the propagation of
fatigue fracture or othe failure which disables the part or tool. It was proved and verificat-
edthat mechanical strenghtening of surface layers has positive influence on parts and tools
lifetime.

Efects of Surface L ayers M echanical Strenghtening

Every cold plastic deformation is connected with deformation strenghtening. Dynami-
cal methods based on strenghtening bodies throwing (mostly balls) on processed strenghten-
ing of surface layers with various shade and dimensions. In this cabe it is the cumulation of
small plastic deformation in surface layer during the impact of strenghtening bodies (balls)
on strenghtened surface. At strenghtening the change of surface layers properties takes place,
but the most important from lifetime is point of view is the change of mechanical properties
such as increasing of tensile strenght, hardness and fatigue resistance. Mechanical strenghten-
ing of surface layers is connected with creation of pressure residual stress in surface layers,
which eliminates the unfavourable tensile stress created during machining. Also the influence
of stress concentrators as technological or construction notches is eliminated. At thermally
treated parts and tools the unfavourable effects and decarburization of surface layer.

The surface layers mechanical strenghtening causes:

a) the change of the static and fatigue resistance, because of the pressure residual stress in
the surface layer,
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b) the change of the abrasion resistance, because of the increased strenght and hardness of tre
surface layer
c) the creation of the shell structure in the surface layer,
d) the change of the surface roughness,
e) the change of the electrical and physical properties of surface layer.
The Effect of the Strenghtening Bodies I mpact on the Strenghtened Surface.
Matematical model of the effect of the impact procees from the bodies impact theory.
At first when the omision of the elastic deformation of the surface and the body (ball) is sup-
posed, the law of momentum can be used

mv=Ft

where m — the mass of the strenghtening body (ball),

F —the force at the ball penetration into the surface,

t —the time of the ball penetration into the surface.

With further adjustment the following formula can be obtained

ma=F Q)

2
If in the formula (1) the deceleration ,,a“ issubstituted by a=- ztzx and the force

.Fby F=2p.Rxs,, thefollowing formulacan be obtained

d?x
dt?

m - =2p.Rxs , 2

where R —the radius of the ball,

okm — the deformatin resistance of the strenghtened material,

X — the instantaneous depth of the ball penetration into the surface.

The conditions at the ball penetration into surface are showed on fig.1.
By solving the formula (2) the formula for the maximal depth of the ball penetration can be
obtained, of course without consideration of elastic deformation

- VLW v=1{
R-1>:2 J

2 n

Fig.1 The ball pentration into the surface
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where p —the density of the ball,

v —the velocity of the ball impact on the strenghtened surface.
At more accurete determination of the real depth of the ball penetration into the surface also
the bounce velocity after the impact must be tahen in account.

In that case the depth of penetration can be established by formula

QlIO
GZCC

- fi

(UD>Q('D\

where v’ isthe bounce velocity of the ball after the impact.
The velocity racio v presents the so called coeficient of restitution |, k“.
\

So the formula (4) can be presented as

X, =X .(1- kz)

The coeficient of restitution ,k* is not constant and its size decreases with the increas-
ing impact velocity ,,v*.

The experimental Determination of the Penetration Depth of plastic Defor mation

For thisthe most used are :

- the measurent of hardness on surfaces after thin layers gradual grinding (fig.2),

- the measurement of hardness an tapered surface, created by the grinding of the
strenghtened surface at 1+-2° angle (fig.3),

- the measurement of the microhardness from surface to axis on the axial sec-
tion,

- the observation of the surface layer strukture on the axial section.
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Fig.2 The adjustment of the specimen for the measurement of the hardness after thin layers
gradual grinding
2
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Fig.3 The adjustment of the specimen for the measurement of the hardness on the tapered sur-
face.

In this case two methods the measurement of the hardness HRA after thin layers grad-
ual grinding with thickness of 0,05 mm and the measurent of the microhardness HV from sur-
face on the cross section are used for the determination of the plastic deformation penetration
depth for STN 419552 tool steel.

The measured values are showed in table 1, 2 and graphs an fig.4 for the shot peening
time 6 and 8 minutes, the ball impact velocity on strenghtened surface from 30 to 32 ms™.
The measured values of microhardness are showed in table 3 and graphs on fig.5.

Table 1. The values of hardness from surface to axis for 19552 steel, the shot peening time 6
minutes, the hardness before shot peening 75 HRA, the surface hardness after shot peening 78
HRA.

The measurement place 1 2 3 4 5 6 7

The distance from surface [mm] 0,10 | 0,15 | 0,20 | 0,25 | 0,30 | 0,35 | 0,40

The average hardness fromthreemeas- | 77,6 | 77,3 | 77,0 | 76,5 | 76,5 | 76,0 | 75,5
urements HRA

Table2 The values of hardness from surface to axes for 19552 steel, the shot peening time 8
minutes, the hardness before shot peening 75 HRA, the surface hardness after shot peening 80
HRA

The measurement place 1 2 3 4 5 6 7

The distance from surface [mm)] 0,10 | 0,15 | 0,20 | 0,25 | 0,30 | 0,35 | 0,40

The average hardness fromthreemeas- | 788 | 783 | 77,8 | 77,8 | 77,0 | 76,7 | 76,5
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urements HRA

Table 3. The measured values of microhardness HV 0,05 for 19552 steel for the shot peen-

ing time 8 minutes.

Hardness of Distance of imprint | Measurement | Measurement | Average value of
specimen before | from surface [mm] No.1 No.2 microhardness
shot peening HardnessHV | Hardness HV HV
0,04 478 478 478
0,06 478 464 471
0,15 444 396 420
40 HRC 0,24 409 422 415
0,36 411 394 402
0,45 398 398 398
0,55 404 394 399
0,04 530 540 535
0,08 527 511 519
48 HRC 0,14 499 527 513
0,23 508 496 502
0,32 502 493 498
0,44 476 511 494
Conclusion

The determined values of hardness HRA at 588 N total load also values of microhard-
nessHV at 0,4 N total load eudience that the mode of shot peening is suitable because of the
maximum hardness on the surface and its gradual decreasing on the value before shot peen-

ing.

It was established by measuremt of hardness HRA and also microhardness, that the
depth of plastic deformafion penetration at 19552 tool steel heat treated to hardness 40+48
HRC was from 0,3 to 0,5 mm, which is suitable from the application point of view.
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PHOTOELECTRIC MOTOR WITH STATIONARY AXIAL DIAPHRAGM

Jarostaw BOBITSK |, Damian IWINSK | (Institute of Technology, University of Rzeszow
16¢, Rejtana Str., PL 35-310 Rzeszsw, Poland daivi @univ.rzeszow.pl)

The present paper deals with the photo-commutation effect that can be described most easily
by means of elementary photoel ectric motor construction. The elementary photo-commutation
cycle has been analysed as well as theoretical quantitative relations. Analysis of properties of
solar energy powered motor has been performed based on relations between light intensity
and functional parameters of the motor. The aim of the research was to examine effect of il-
lumination intensity on photoelectric commutator parameters, motor start-up conditions, and
rotor rotational speed. In the paper is proposed the mathematical model of proposed and
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made by as elementary DC photomotor. As the power source of this motor are photodiodesin
armature coil which are supplied by light. The commutation of photodiodes realizes by light
and shade. The mathematical model consists from ordinary differential equations in normal
Cauchy form of electromechanical state. The results of computation are given.Keywords:
photoel ectric motor, photoel ectric commutator, photovoltaic cells, contactless commutator.

INTRODUCTION. As demand for energy coming from ecological sources increases,
researchers pay more attention to possibility of construction of small electric machines
powered with solar energy. One of possibilities consists in application of semiconductor
photovoltaic cells to drive direct current electric motors. In such motors, the photocells
represent integral part of construction. The elementary photoelectric motor, which will serve
here for demonstration of the photo-commutation effect, is an electromechanical device that
transforms electric pulses coming from photovoltaic cells into mechanical motion. It is real-
ised as a direct current machine containing a photocommutator. Figure 1 represents schematic
diagram of the photoelectric motor.

Rotor of the photoelectric motor (4) rotates in magnetic field of a permanent magnet
(3) in small angular steps induced by electric signals, supplied in proper sequence from the
photocells (2). Photovoltaic cells rotate together with the rotor and are connected to its wind-
ings. Sequence of signals is forced by photoelectric commutator, of which a fixed digphragm
(1) isanintegral part (in case discussed here). Sense of rotor rotation is related directly to the
supply voltage depending on polarity of cells. First designs of photoelectric motors with one
pair of photovoltaic cells determine a new trend in direct current motor design development,
closely related to continuous progress in construction of new and still more efficient
photovoltaic cells. In order to optimize parameters of photoelectric motors, it is necessary to
test them by means of specially designed measurement setups.

Fig. 1. Diagram of the photoelectric motor with stationary axial diaphragm (see text
for description)

The measurements cover basic parameters of photo-commutator and dependence of
rotor’ s rotational speed on illumination conditions.
THE PHOTO-COMMUTATION EFFECT
The principle of operation of photoelectric commutators is as follows. The
light beam illuminating currently exposed cell(s) connected to motor windings results in volt-
age pulse, duration of which depends on diaphragm’ s window width, photovoltaic cell surface
area, and rotational speed of the rotor. Occurrence of the pulse results in feeding of the mo-
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tor’s windings with proper voltage or configuration of voltages. The voltages are there until
occurrence of the next driving pulse coming from next photocell(s) exposed by the dia-
phragm. This results in change of current distribution in the winding, causing change in mag-
netic field direction, which consequently results in rotor turn by certain angle. Number of con-
figurations of driving voltages, after which they start to repeat, can be called (just like in the
case of a stepping motor) the commutation cycle. There are two fundamental types of photo-
electric commutators:

axial, with rotating or fixed diaphragm,

radial, with rotating or fixed diaphragm.

Bearing in mind that the principle of operation for both types of photoelectric commu-
tatorsis the same, in the following we discuss only the case of axial photoelectric commutator
with fixed diaphragm.

ELEMENTARY PHOTO-COMMUTATOR

Elementary photoelectric commutator with fixed axial diaphragm has two single
photovoltaic cells installed axially directly on the rotor. The fixed diaphragm is installed on
the stator. The cells are interconnected so that exposure of both of them at the same time
would result in a short-circuiting (Fig. 2).
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Fig. 2. Diagram of commutator photo- Fig. 3. Diagram of the
cells’ connections with rotor windings photoelectric commutator

Rotor of construction described above constitutes one segment of the photo-
commutator. To obtain the photo-commutation effect, the fixed diaphragm must fulfil the
fundamental conditions: firstly, one of the photocells must be completely shaded; secondly,
the diaphragm must be properly situated with respect to the stator. It has to make possible for
rotor to rotate by angle of 180 degrees. Diagram of the elementary photo-commutator and its
theoretical dimensions are shown in Figure 3.

Dimensions of the diaphragm are selected depending on size of photocells so that they
are prevented from short-circuiting. The diaphragm causes momentary complete shading of
both cells. Thanks to inertia of the rotor, the second cell is being exposed. Theoretically, in
case of shading of both cells, autonomous start-up of the motor isimpossible. In practice this
is not the case, because perfect shading of both cells is impossible, and usually more than two
segments of the photo-commutator are used. The voltage pattern in single cell (before short-
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circuiting and connection with the rotor) in the course of photo-commutator operation is
shown in Fig. 4.
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Fig. 4. Characteristics of a tained by means of HAMEG HM 1004 oscillo-

single photocell obtained by scope
means of HAMEG HM 1004

The presented characteristics was taken at rotational speed of 1200 rpm and illumina-
tion intensity of 10 000 Lx. Determination of cells voltage is possible from this figure, equal-
ling about 0.44 V. Figure 5 shows the resultant characteristics of the short-circuited pair of
cells before connection to the rotor taken at the same illumination as above and at 1700 rpm.

One full period of photo-commutation is visible. After exposure of the first cell, volt-
age increases until a maximum value depending on actual conditions and remains the same
until the moment of shading. Temporary drop of the voltage occurs (both cells are shades).
After exposure of the second cell, the voltage reaches the same value, but of the opposite sign.
Then the voltage decays. The maximum voltage value depends on intensity of light illuminat-
ing the surface of the cell. Comparing the two plots, one can note that voltage produced by
pair of cellsis slightly lower than the value for single cell which is aresult of imperfection of
the diaphragm. The period of total shading of the pair of photocells decreases with increasing
rotational speed.

Mathematical model of photoelectric motor with two segments of the photo-
commutator

As an object of research, a silicon photovoltaic cell has been used of the following
parameters. |max=1,1mA, Un=0,5V, dedicated for military applications. The active area of
the cell equaled 10 mm? The motor under investigation has been equipped with two-segment
commutator. Fig. 6 represents rotational speed of the rotor versus illumination intensity in
artificial light conditions. It can be seen from the plot that motor start-up occurs only after the
intensity exceeds the value of E = 1,500 Lx. Together with increasing light intensity, rotor
speed increases and stabilizes at intensity of E = 20,000 Lx. Further increase of light intensity
does not cause increase of rotational speed (the solid line). With light intensity decreasing,
rotor speed decreases down to its minimum value of n= 150 min ™ a E = 1,000 Lx (dashed
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lined, point A representing a limit of characteristics consistency).

The minimum period required for stabilization of rotational speed was established as
equal to Fig. 7 represents rotational speed of the rotor versus illumination intensity in artificial
light conditions. That motor start-up occurs only after the intensity exceeds the value of
E = 1,500 Lx. The next step consist in finding the period of time after which the rotor will
reach its maximum rotational speed at given value of illumination intensity. Fig. 4 represents
the start-up characteristics at E = 5,000, 12,000, and 22,000 Lx
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Figg 6. Rotor Fig. 7. Motor start-up characteristics at

different light intensity values

rotational speed versus

M athematical model of photoelectric motor
The equation of armature winding has ordinary form

u(l ,t)=L%+(r+r(I )i+e,. (1)

where:

u(l ,t) is photocell voltage as function of illumination | and timeft;
i iscurrent;

e is EMF of rotation;

r iswinding resistance;

r() is photocell resistance.

EMF we look for according to Faraday’s law

e=-w—, 2

where:
@ is magnetic flux;
w is number of armature winding coils.

Magnetic flux we look for determination:
F = (BdS=BScosg, 3
]
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where:
B is module of magnet induction vector B;
S isaveraged areaof armature winding window;
g isangle of rotor turn.
Having placed (3) into (2), we receive:
e=wwBSsing, (4)

where w is angular velocity of rotor.
Having placed (4) into (1), we receive:

%:%(u(l ) - (r+r(l))i- wwBSsing). (5)

The differential equation (5) we must add by movement equation

;ﬂ (T - T,,(w,t)); dc _ w, (6)

<_.|H

where:

M isinternal torque;

Mm(wt) IS impressed mechanical moment (given).

The expression of internal torque we obtain from magnetic energy of coil wy,

= - ™
fig
why
=wFi = wBS cosg (8)
Having placed (9) into (6), we have
T = wBSsing 9)
Having placed (9) into (6), we have
aw _ 1(WBSi sing- Ty (W,t)); 99 - w (10)
da J m dt

I mposing the condition of photocell commutation by light and shade the (5), (10) quire
definitive form:

:% %(u(l ) - (r+r())i - wwBSmod(sing))

I

:% 1(WBS mod(sing) - T, (w, t)) (11)
Sat J

rdg _

fae ="
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The proposed method of elementary photomotor my by generalized on real photomo-
tor with arbitrary number of armature winding.

THE RESULT OF COMPUTATION

Fig. 8 represents the result of computation of some transient process particularly — the
starting of unloaded photomotor by constant candlelight 22000 Lx.

In this case was integrated the ordinary differential equations (11) by concrete parame-

ters.
% =385(0,212- 338i - 0,1293nBmod(sing));
(12)
an = 2019200Bi mod(sing); dg =6,28n,
dt dt
where: n is promptness of motor in turn/sec
n=w/(2p). (13)
Calculated (A) and experimental (B) motor start-up transient characteristics
n[min™]
n [min 7' ] x1000
mi 2,0 aﬁ)‘ﬁ‘;p
1600 —| 1,8 ,/
1,6 /
1 : /
1200 —| 1,4 //
i 1,2
800 —| 1,0
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400 — 0,6 /
7 oa |/
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) [9] 0,5 1 1,5 2 t[s]

Fig .8. A - Calculated motor start-up transient characteristic by given light inten-
sity values 22000 Lx: n = n(t) turn/min; B - Experimental characteristic.

Comparing the calculation transient curve from fig. 8A with corresponding experimental
curve (22000 Lx) from fig. 8B we see that they are equal with precision in all process digpason.
The considered and described photomotor not exclude all possible construction of photomotors.

SUMMARY

In the photoelectric motor, photo-commutator serves for keeping the sense of force acting
on rotor winding sides constant. Considering the principle of operation of the photoelectric com-
mutator one has to bear in mind that it plays role of both the emitter of steering pulses and the
power source. As a consequence, one hasto keep the area of active surface as large as possible in
each of its segments. One should also to minimise the period of tota shading of the pair of cells.
Important is also the fact that commutation is realised without contact.

Light intensity influences in a decisive way both gtart-up conditions and maximum
rotational speed of the motor.

References 1. Y. Bobytsky., D.Iwinski., 2003, , The photo-commutation effect demon-
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SOME PROPERTIES OF THE TIC-(VC, NbC, WC) BASED HARD ALLOYS

BodrovaL.G.,Kramar G.M ., Lazaryuk V.V., BuhraM.M., Marynenko S.Yu.
(Ternopil State Technical University, Ternopil, Ukraine)
The mechanical and service characteristics of the TiC-(VC, NbC, TaC, WC) based hard al-
loys with the nickel-chromium binder were investigated. The hard alloys were manufactured
by the traditional technology (wet grinding of the initial powders, cold pressing and vacuum
sintering) and by the new developed technology, which includes the additional operation - the
preliminary synthesis of the complex carbide. Microstructure and interaction of the compo-
nents were investigated by metallography, X-ray diffraction analysis and scanning electron
microscopy. The specific core-rim structure of carbide grains was found. Transverse rupture
and compression strength, hardness, fracture toughness were investigated. Some practical
recommendations for the alloys application were given.
INTRODUCTION.

The TiC-based polycarbide hard alloys are characterized by a complex of the me-
chanical properties: high hardness, wear resistance and satisfactory strength. These alloys are
successfully used as a substitute for some grades of WC-Co hard alloys for cutting both struc-
tural, alloyed steels and non-ferrous metals [1, 2]. This paper presents investigation of me-
chanical properties of the hard alloys based on TiC with additions of VC, NbC, WC and Ni-
Cr binder.

MATERIALSAND METHODS.

The hard alloys were manufactured by the traditional technology A (wet grinding, cold
pressing and vacuum sintering) and by the developed technology B which includes, as addi-
tional operation, the preliminary synthesis of the complex carbide.

The grinding of powder mixture was carried out in the ethyl medium in a ball mill
during 72 hours. A 5% solution of synthetic rubber was used as plasticizer. The sintering was
carried out in the vacuum furnace in double-stage regime of slow heating in temperature in-
terval of the plasticizer decomposition. Then, specimens were sintered at temperatures 1350-
1450°C depending on composition of carbide phase. The composition of the alloys, density
and average grain size are shown in Table 1.

Analysis of microstructure and fracture surfaces of the hard alloys were carried out at
the optical microscope “Neophot” and the scanning electron microscope “Camscan 4DV”. X-
ray diffraction analysis was carried out using a “DRON 3M” diffractometer with CuKa radia-
tion.
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Table 1. Chemical composition, density and average grain size.

Carbide phase composition, (Wt. %0)* | guq, O, g/cm® | Average grain size, mm
g/em’

TiC-5vC 5.35 5.19 1.3

TiC-5NbC 5.73 5.46 11

TiC-5VC-5NbC 5.68 5.33 1.5

TiC-5VC-5NbC-5WC 5.67 5.61 1.8

* In all the alloys the Ni-Cr binder content is 18% (wt.) (Ni:Cr=3:1)

The mechanical properties of the alloys: compression strength s, transverse rup-
ture strength sys were tested at the room temperature. s.s was determined according to
standard GOST 27034-86 at 30-ton universal machine CDN-10PU on cylindrical speci-
mens with diameter d=8mm and height h=16mm. sys was determined according to stan-
dard GOST 20019-74 by the method of the three-point bend on specimens with dimen-
sions. a=5+0,25mm, b=5+0,25mm, c=35t1mm. Hardness by Rockwell and Vickers was
determined according to the standard methods. Fracture toughness K;. was determined by
the methods of three-point bend and indentation [3].

DISCUSSION AND RESULTS

Microstructure investigation of hard alloys with different carbide composition
(Fig.1) was carried out. It shows that coaxial character of carbide phase keeps with adding
VC, NbC, but area of complex solid solution increases significantly where as the size of
carbide grains decreases. Comparison of microstructure of hard alloys with addition of 5%
wt. VC, NbC shows that NbC promotes formation of fine-grained structure: the size of
carbide grains decreases from 2-3 pm to 0.5-1um.

It is determined that binder is a homogeneous solid solution of Ti, Nb, W and Cr in
Ni with a structure of face-centered cubic lattice. It proves to be true by increase of pa-
rameter of a Ni lattice as contrasted to the tabulated value (0.3524 nm): up to 0,3573 nm
for alloy N2; up to 0.3571 nm for alloy N3; and up to 0.3593 nm for alloy N4. The charac-
ter of its distribution changes with increasing of Ni-Cr binder content from 10% up to 24
%(wt.) — from some isolated cells to formation of uniform grid which surrounds carbide
grains.

a) b)

3mm 3nmm
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Fig.1. Microstructure of the hard alloys based on TiC-VC (a), TiC-NbC (b).

The X-ray phase analysis of the structure alloys 1 and 2 showed the presence of the
complex solid solution (Ti,V,)C, (Ti,Nb)C with the lattice parameters, which changed ac-
cording to the sintering temperature. The phase content of the alloys, sintered at different
temperatures, is shown in Table 2.

Table 2. The TiC-VC/NDC alloys phase content after sintering.

Phase composition Lattice parameter TiC, nm
ST"C | ric-sve-Nicr Tic-loNbC-Nigrs | 1OV | TICHONDE:
1200 || iared CiaCs | traoes NG, G, Craic, | 04297 | 043314
1300 E:;C\Qgeg'\c‘:' . (TNOC CrrCa Nl 04085 | 0.43352
1350 g;c\ggeg'\(‘:' CrCo NiC | (TENDIC, CrCa NI | 04263 | 0.43321
1400 g;c\ggeg'\(‘:' CrCo NiC | (TENDIC, GGz NI | 04300 | 0.43316
1450 g;c\ggeg'\(‘:' . (TiNb)C, Cr:C, Ni | 04393 | 0.43326

* Technology B with the preliminary synthesis of the complex carbide.
**Technology A.

The X-ray phase analysis has not showed the alloying carbides presence. This fact and

also the results of the SEM-analysis allow to conclude that the complex solid solutions (Ti,V,
Nb)C and (Ti,V, Nb, W) C are formed (table 3).
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Table 3. Datafor X-ray and SEM analyses of the alloys 3 and 4 after sintering.

\ \ Phase composition \ Lattice parameter TiC, nm |
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Fig.3. The influence of Ni-Cr content on
transverse rupture strength for the alloy
based on TiC-5VC-5NbC; 2 - technology
B; 1—technology A.

Fig.2. The influence of VC (1, 2) or NbC (3,
4) content on transverse rupture strength. 1, 3
- technology B; 2, 4 - technology A.

TICBVCNDC | TICBVCBNBC- | £y oNPC | Tic sy C-5NbC-
BWC-13,4Ni-4,5Cr | 13,4Ni-4,5Cr WIS, 13 4Ni-4,5Cr

s | (TEV.NDW)C, Ni : 0.43123 :
(Ti.V.NbW)C, Ni, | (Ti.V,Nb)C, N,

450 | traces Cr3Ce traces CrxCe 0.43147 0.43140

450 : (Ti.V,NbCrC, Ni - | 043122

*Technology B with the preliminary synthesis of the complex carbide.

The dependencies of transverse rupture strength on VC, NbC, Ni-Cr content and sin-
tering temperature are shown in Fig.2, 3. Hard aloys, which were obtained by the technology
B, have improved characteristics. The increase of VC or NbC content is accompanied by in-
creasing of strength that indicates structural transformations in carbide phase and binder. The
formation of complex carbide of (Ti, V/Nb, Cr)C with higher strength characteristics is the
reason of increasing of transverse rupture strength for grains size less than 3 nm. The pres-
ence of the phase (Ti,V/Nb, Cr)C is confirmed by SEM investigations [4]. Due to alloying of
the carbide phase, the hard alloys strength characteristics increased by 25 — 30 %.

Investigation of hard alloys, which were prepared with different Ni-Cr binder content
(10, 18, 24 wt. %), shows that transverse rupture strength increases with binder content raise,
and the hardness has a maximum at 18 wt.% Ni-Cr for all the alloys (fig.4). The TiC-5VC-
5NbC-5WC-18NiCr alloy has a maximum of hardness at the sintering temperature of 1450 °C

(fig.5).
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Dependencies of microhardness HV o, Sys Scs ON Sintering temperature and technol-
ogy are shown in Fig.6, 7. It was determined that the sintering conditions (T=1450 °C, t=40
min) by the technology B are optimal for obtaining of high level of mechanical characteris-
tics. For the hard alloys of all compositions there were observed sometimes significantly
higher values of mechanical characteristics (s.s=3120 MPa, s4+=1230 MPa, HRA 93) that
indicates their improved properties.

zcm,

S 1500 |

1 2 3 4

Fig.6. The influence of technology and sintering temperature
on microhardness of the carbide phase of the alloys N4 (1, 2)
and N3 (3,4). Sintering temperature, °C: 1 — 1350; 2-1400; 3,
4 —1450. Technology: 1, 2, 3- A; 4- B.

Repeating mechanical properties and keeping its high level are very important features
in hard alloys manufacturing. Such characteristics as transverse rupture strength and compres-
sion strength have considerable variability of results. It is possible to raise significantly me-
chanical properties of the developed materials by correction of the hard alloys manufacturing
technology.
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Fig.4. The influence of Ni-Cr binder Fig.5. Dependence of hardness on sinter-

content on hardness of the alloysbased on: 1 — ing temperature for the alloy TiC-5VC-
TiC-5NbC; 2 - TiC-5VC; 3—TiC-5NbC-5VC; 5NbC-5WC-18NiCr (technology A)

4 - the alloy TiC-5V C-5NbC-5WC (technology

B)
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It is known [5], that fracture toughness is constant for a material of the same composi-
tion and structure therefore it is used together with sysfor comparison of failure resistance of
materials with different compositions and structures.

a
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Fig.7. Dependencies of transverse rupture strength and compression strength on sintering
temperature for (Ti, V)C based hard alloys (technology B) (@), and for the alloy TiC-5VC-
5NbC-5WC-18NiCr (technology A) (b). Sintering time — 40 min.

Impact strength of the hard alloys based on (Ti,V)C does not exceed 1.3-1.8 kJ/n?,
which is close to the values of impact strength of the fine-grained WC hard alloys[5].

The investigations showed that fracture toughness of hard alloys obtained by tech-
nologies A and B is significantly different: in the first case it was 6.8-8.1MPam *, in the sec-
ond case it was 10.4-12.8 MPaxn *. Fracture toughness of the developed hard alloys is higher
than the known free-tungsten hard alloys. Through fractographical analysis it was established,
that hard alloy with 10 % of Ni-Cr binder damages by brittle mechanism but fracture of the
hard alloy with 24 % of Ni-Cr binder is accompanied by appearance of elements of microvis-
cous fracture.

CONCLUSION

For all the investigated alloys a fine-grained structure with carbide grains size of 0.5-
3um was observed. It was found out that the complex solid solutions (Ti,V)C, (Ti,Nb)C,
(Ti,V.Nb)C, (Ti,V,Nb,W)C are formed. The sintering conditions (T=1450 °C, t=40 min) by
the technology B are optimal for obtaining of high level of mechanical characteristics:
Sc=2930 MPa, sy<=1180 MPa, HRA 93, Ki:=12.8 MPam “. Results of mechanical
properties of the TiC-(VC, NbC, WC) based hard alloys with the Ni-Cr binder show that it
may be used as structural and tool materials for inserts, dies, press molds, wire dies. The
location of alloys in the | SO system corresponds to the interval P10...P25.

Reference: 1. Kisly P.S., Letun D.M., Bodrova L.G., Kaspruk N.V., ShevchenkoV .A.
Sverkhtverdye Mater., N1.-1981.- P. 66-68. 2. L. Bodrova, V. Lazaryuk, G. Kramar.
Properties and Composition of the TiC-NbC Based Cemented Carbides // Proc. of the 1998
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the Double Based. Proc. of Ternopil State Tech. Univ., 2002. - Vol.7, N3.- P.9-16. 4. Bodrova
L., Kramar G. The microstructure of Titanium and Vanadium carbides based Hard Al-
loys//Proc.of the EURO PM’99 Conference on Advances in Hard Materials Production, Tu-
rin, Italy, (1999), p. 269-276. 5. Loshak M.G. Strength and durability of hard alloys.-K.:
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SETTLEMENT OF CAR'SMAINTENANCE WORKSPERIODICITY IN ORDER TO
PROVIDE A MINIMUM RELIABILITY LEVEL

Boroiu A.”, Nicolae V.", Dobrescu 1.%, Popa L.2 (PUPIT, Romania, ?RAR, Romania)

Providing a minimum reliability level during car exploitation requires a proper organization
of the preventive maintenance, the main factor being the periodicity of the preventive mainte-
nance works. Determination of this periodicity requires reliability modeling, preferably by
Weibull law, using a special calculation program; after that it could be determined the corre-
sponding periodicity, graphically or analytically, for any level imposed by the reliability.

Introduction. The maintenance of technical systems has two components, in diverse
proportions. preventive maintenance and corrective maintenance.

The planned maintenance works are the object of preventive maintenance and they are
performed using a scientific founded program.

For cars, some components are treated with special attention because their failure
could have a catastrophic effect, producing accidents with important consequences: dead men,
serious injured or great material damages.

In this category it is included the car’s security systems (steering system, braking
system, rolling system) and the components that could determine car’ s damage when fail.

As a consequence, for all these components, the main criterion in organizing the
maintenance activity is to provide a high reliability level, in order to diminish the apparition
risk of aroad accident or damage.

Nowadays, car reliability is a performance criterion, being assimilated with car safety;
thisis one of the 3 or 4 criteria (marked by stars, maximum 5) for evaluation of car models. In
order to provide an imposed reliability level we must rely on scientific studies, with a high
credibility level.

Car designers have permanently in attention to provide good car maintenance, and the
designers of the maintenance system have in view the “safety” criterion for the so called
security parts, in comparison with the other parts where most important is the “technical-
economical efficiency” criterion.

M odeling thereliability using the Weibull law.

The Weibull law is one of the most used distribution laws for reliability studies, be-
cause it has a large applicability and a high generality level, in some cases being identified
with statistical models very used in reliability.

The Weibull law is defined by the three-parametrical relation:

b

Q-0

&-9g0
.gT:

R(t) =e (1)
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with:

g = localization (position) parameter, a constant that defines the moment of variation start of
the reliability function R(t);

h = scale parameter, expressing the extension of distribution on the time axle. So, if (t — g
equals h, R(t) calculated with relation (1) becomes:

Y LS
R(t)—e =e~ =0,368 (2)

The scale parameter represents the time, measured from the moment g, when 63,2% of
the elements could fail. Because of that, this parameter expresses a characteristic running
time.

The parameters gand h are presented in time units.

b = shape parameter, a non-dimensional parameter determining the shape of the variation
curve of R(t).

Because the Weibull law is very general, it isto be considered that it could define with
precision any distribution of the failure moments, so, modeling a distribution using the
Weibull law doesn’t need an initial check of the Weibull law suitability. This doesn't mean
that the Weibull model will be considered to be the most credible one, because it is possible
that some experimental distributions will be better estimated by other theoretical laws.

| dentification of the Weibull model that best approximate an experimental distribution
could be realized by analytical methods based on special modeling methods (moment’s
method, maximum credibility method, the smallest square method). These are complex meth-
ods, but if it used calculation programs dedicated to this aim, the problem could be reduced
only to input the numerical data (running time values) to determine the three parameters that
define the Weibull model (g — localization parameter, h - scale parameter and b — shape pa-
rameter).

For this aim it was realized a calculation program using Turbo Pascal software, based
on the smallest squares method, that allow us to obtain the values of the three parameters by
successive division of the interval [1].

In the presented application, for a group of 100 motor-cars there were extracted from
the guarantee service reports the data concerning the hauling time at which appears the gear-
box default with the symptom “noise at gear shifting”.

The experimental data were gathered during 18 months of guarantee period. There
were 7 defaults at gearboxes, at the following hauling times: 1700 km, 4000 km, 5900 km,
10000 km, 10500 km, 11200 km and 15000 km.

The values of the default times were used as input data in the calculation program real-
ized in Turbo Pascal software and there were obtained the values of the parameters: g=0; h =
247797 km; b = 0,95.

To validate the Weibull model obtained we applied one of the concordance tests; in
this case could be used the Kolmogorov-Smirnov test, that could be applied also for small size
batches. The stages are:

1. Using Excel software we calculated the values of the empiric distributions Re(t)
and of the theoretic distribution Ry(t) for the experiment period of 15000 km, using the ana-
Iytic calculation relations:

Ra(0) =23 a3
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0,95

@98 =t 4
R.(t)=e h 5 :e3247797,5

(4)

The results are presented in Table 1. Using these data, we draw the graphs of the two
distributions (Figure 1).
2. We determine the maximum difference between the two repartitions:

D = max [Re(t)-Ru(t)] = 0,009. )
Table 1. The values of the empiric distributions.
Amount of defaults Time, t [km] Rex Ry
1 1
1 1700 0.99 0.991
2 4000 0.98 0.980
3 5900 0.97 0.972
4 10000 0.96 0.954
5 10500 0.95 0.952
6 11200 0.94 0.949
7 15000 0.93 0.933

3. We made the statistic calculation:

|, =Dy/N, =0,009%/100 = 0,09 ©)

4. Corresponding to value | 5, from the Kolomogorov-Smirnov test, we determined the esti-
mation risk a = 0,01 or the significance level of estimation (1- a = 0,99); this means that the
theoretic repartition estimates the empiric repartition with a probability of 99%, an acceptable
value.

Determination of the preventive maintenance works periodicity for a limited level of
reliability

The mathematic model obtained permits to describe the reliability in any moment of
the analyzed period; it is considered to be acceptable its extrapolation with other 30% of the
period when the reliability studies were done.

So, imposing a minimum level of reliability, we have the possibility to determine the
maximum periodicity for doing the preventive maintenance work (listen to gearbox noise in
this case).
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Fig.1. The representation of the distributions.

In the graph presented above, if the minimum reliability level imposed is 95%, on the
Rw graph it is determined the maximum period after that it must be realized the preventive
maintenance work (t = 10500 km), so could be adopted a periodicity T = 10000 km
(graphical-analytic method).

The problem could be also solved on the analytic way, using a dedicated calculation
program designed for this purpose [1], which realizes the following:

- identify the Weibull model (values of the three parameters) ;
- for an imposed reliability value Ry min, it determines the maximum corresponding
periodicity.

Conclusions.

The method of determining the periodicity of the preventive maintenance works on the
basis of an imposed reliability level requires mathematical modeling of reliability in order to
determine the works periodicity for any limit level of reliability.

For thisaim, it is necessary to do the entire stages specific to reliability studies:

- organization of the tests: normal or accelerated, on test benches or on the road,
complete, partial or censured etc.;
- identification of the Weibull model, on the graphical-analytic way (simple but not
so exact) or on the analytic way (using special designed calculation programs);
- determination of the optimum periodicity, on graphical or analytic way, eventually
using a dedicated calculation program;
- including the preventive maintenance works proposed in the maintenance general
program, with respect to the demand of optimal grouping of works by adopting time periods
with common multiples.

I t is obvious that the reliability study finalizes with optimization of the
preventive maintenance works periodicity or with the adoption of a supplementary
maintenance work with a certain periodicity.

References: 1. Boroiu, A. — Fiabilitatea autovehiculelor, Ed. Univ. din Pitesti, 2003.

2. Popa, L. — Fiabilitatea automobilelor — expresie in timp a calitatii acestora, Referat | pentru
teza de doctorat, Universitatea din Pitesti, 2003.
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KNOWLEDGE MANAGEMENT, INNOVATION AND EFFECTSON ECONOMIC
PERFORMANCE IN MACHINE-BUILDING INDUSTRY

Mircea BOSCOIANU, Gabriela PRELIPCEAN (Military Technical Academy Bucharest,
Romania“ Sefan cel Mare” University of Suceava, Romania)

In modern knowledge driven economies, the firms are increasingly aware that individ-
ual and collective knowledge is a major factor of economic performances. The size of the
firms and the stronger their connection with the new and innovating technology industries, the
more are they likely to set up knowledge management (KM) policies, such as promoting a
culture of information and knowledge sharing, motivating employees and executives to re-
main with the firm, forging alliances and partnerships for knowledge acquisition, implement-
ing written KM rules.

Some micro econometric analysis of the survey tends to confirm that knowledge man-
agement indeed contributes significantly to firm innovative performance and to its productiv-
ity. The impacts of adoption of the four surveyed KM practices on firm innovative and pro-
ductivity performance are not completely accounted by firm size, industry, research & devel-
opment (R&D) efforts or other factors, but persist to a sizeable extent after controlling for all
these factors.

Keywords:
knowl edge management policies, innovative performance, research & development (R&D),
machine-building industry

COMPETITION IN INNOVATION —AN ANALYSISOF ECONOMIC IMPACT IN
MACHINE-BUILDING INDUSTRY

Mircea BOSCOIANU, Gabriela PRELIPCEAN (Military Technical Academy Bucharest,
Romania“ Sefan cel Mare” University of Suceava, Romania)

The basic competitive model with freely available technology is suited for static indus-
tries but misleading as applied to major innovative economies. We distinguish free generic
technology from proprietary technologies resulting from risky investment with uncertain out-
come. The totality of possible outcomes drives the national innovation system and the returns
to a particular successful technology cannot be compared to its own direct investment costs.

So long as the entry and exit of firms using the generic technology sets the price in an
industry, one or more price-taking firms can coexist with proprietary technologies yielding
more or less substantial quasi-rents to the sunken development costs. Consumer welfare is
increased if an innovator creates a proprietary technology such that the market equilibrium
price is reduced and output increased. If the technological breakthrough is sufficiently large
for the innovator to drive all generic producers out of the industry and increase output as a
wealth-maximizing monopolist, consumer welfare is surely increased. After some time, the
innovative technology will diffuse into an imitative generic technology. The best innovators
develop a stream of innovations so that technological leaders can maintain their status as
dominant firm or monopolist for extended periods of time despite lagged diffusion, and con-
sumers benefit from this stream as well. The economics of an innovative nation are different
from those of the no-growth stationary state which we teach and fall back on. We propose an
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open framework to integrate major research streams treating innovation as an object of eco-
nomic analysis with standard models.

Keywords:
innovation, generic/ proprietary technology, metamor phic innovation, machine-building in-
dustry.

INFLUENCE OF DIELECTRIC CONSTANT OF PIEZOELECTRIC TRANSDUCER
ON DYNAMICAL CHARACTERISTICSOF VIBRATING OF MECHATRONICAL
SYSTEM

Buchacz A. (Slesian University of Technology, Gliwice, Poland)

In presented paper the test of deriving the dynamical characteristics of mechanical system
connected to piezoelectric processor in mechatronical system has been presented to examine
the influence of this element and its parameters on the behavior of the whole system. The
analysis of the systemsin which the vibrating motion is extorted by harmonic voltage exci-
tation supplying the piezoelement, which is the integral part of system. The dynamical
characteristic of smple mechatronical systems in different configurations, where the har-
monic character of excitation and the stationary character of vibration motion were as-
sumed. In order to calculate what kind of influence has the method of using the approxi-
mate calculation method, the dynamical characteristic of mechatronical system has been
presented and calculated by the Galerkin’s method. In solved system the approximation
connedcted with using the nominated method, gives the result in which the accuracy can be
accepted as sufficient. The poles of dynamical characteristic calculated by mathematical
exact method and the Galerkin’s approximation method have the same values. The conclu-
sion above saying of proper usage of considered method, assume that the same method can
be also used for further calculations of mechatronical systems. According to the results of
examining mechatronical system it has been assumed that during analysis the system ex-
cited extortion of electrical nature can not be omitted. This problem can be also used to ex-
amine the mechatronical elements, that have on purpose generating the vibrations with as-
sumed parameters, for example - frequency spectrum. The results of the calculations were
not only presented in mathematical form but also as a transients of examined dynamical
characteristic which are function of frequency of assumed excitation.
I ntroduction

During designing the machines the object of special interest of researchers is lifting the
machine’s efficiency and reliability. Many industry branches concentrate on a problem of
miniaturizing the existing systems and also on minimizing their energy-consumption. During
last years a lot of attention is paid to the researches connected with new construction solu-
tions, especially as far as the technology of drives which lean on the phenomenon of piezo-
electricity and electrogriction is concerned [9,10-13,15-17]. The piezoelectric elements are
also used to eliminate the oscillation [14].

The first attempt at the solution to this problem, that means to determining of dynamical
characteristic of continuous bar system and various class of discrete mechanical systems con-
cerning the frequency spectrum, using graphs and structural numbers methods, has been made
in the Gliwice research centrein [1-8].

The mechatronical system with harmonical excitation
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The homogeneous elastical shaft with full section, permanent on the whole length | in Fig.
1 has been considered. The shaft is made by material with transverse modulus that means
Kirchoff’s G and the mass densityr .

Fig. 1. The mechatronical system with electrical excitation

In this system the shaft is clamped on one of its end, the second one is free. The system s
not excitated by any mechanic moments or forces. To the surface of the shaft the ideal ring
piezotransducer is attached. The harmonic electrical voltage which excites the system from
electric side is applied to the converter clips. This voltage makes the deformation of the
piezoelement, which interacts directly with the shaft.

The dynamical eguation of motion of the shaft as far as the given system takes the fol-
lowing form [13]

ﬂzj 1-[2] -I *
rl, o Gl, e ==V [d(x- %) - d(x- %,)], (1)
or in adifferent way
fi- a% , =bU[d(x- x)- d(x- x,)], 2
17 =2pG, § RS 4o [G pozl
where: | 3pGpgR+hp) R Ulp , a \/: b i .
Similarly dynamic equation of the transducer is given in the form:
A0 2pR°h d,.G 2d,.G, 6
where: a,- constant measured in §1Y, a, =PRSS ¢ =2pRh igi- 5% O
est 1.C, P 1, & & g

Taking into consideration the equations (1) and (3), the set of equations that will start fur-
ther considerations can be written. The considered mechatronical system is described next set
of equations

HE- @3, =U [d(x- %) - dix- %,)],

18 +a U= - ak(,.b). @
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According to the Galerkin’'s discretisation of searching the solutions of difference equa-
tion system with partial derivative, the solution will be searched in order to the own sum func-
tion, that means function of the time and displacement variables, which are strictly established
and which realize the boundary conditions [7].

It is accepted that the dislocation, that means angle of torsion of cross-section takes form:

(2n- Dpx

(=8 an{

CoSwt . ©)

Moreover it is assumed that the system is excited with harmonic voltage as follow:
U (t) =U,sinwt (6)

The dynamical characteristic for first mode vibration
For the first mode vibration, that means when n=1 angle of torsion (5) takes form:

i (xt) = As'ng—lx coswt . 7)

The solution of the examined set of differential equations (4), resolves to putting the ade-
guate derivatives. Putting the received derivatives (1), (2), (3) to the equation (4), it has been
received :

2

;Asnp—xoosMéa( ) vv2 Bo[d(x- X)- d(x- %,)]smt =0, ©
i
i

TB\/vcnosmt aANsanI gt =a U St

To nominate the dynamical characteristic from these equations the time function must
be eliminated using the Euler’ s theorem, and in this way is obtained

jpanee G 2] - - el - o ] =0
1

(9)
.T'.vae'““t - azA/vsin(lelp)é(m'g) =aUe".
The equations (9) as far as the matrix shape is considered is:
é px € 2 u
@m ea - Wy -—b[d(x x) - d(x- xz)]u )
é u g2 u>§AU_€ 0 a (10)
é UERU™ € u
& -a, —wsmh W ; €8u el
g e 2 E

From (10) the amplitude A of dynamical characteristic is calculated as:
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L bdx- %)- dx- )]y
A= e? U.. (11)
gngng(p)z- Wi b [dix- %) - dx- )]a neinPr
ag\a) Y a8 2

e2 .
& o

Putting the received amplitude A (11) to (7) the angle of torsion of cross-section for first

mode vibration, that means n=1 and x=1, has been established.

Lbagn JZQX
j ()= U0, (12)
S;f(ﬂ) V\fE b 2azvvsin(ﬂlp)
¢ A1 0 a0 2

0,
-l

where: b' =b[d(x- x)- d(x- X,)].

Out of (12) the dynamical characteristic for the first mode vibration in the end of shaft,
that means when x=1 takes form

vasnlt) |

| . (13)
é a o, .
gaz(iz%) - W28W+b azwsm(iz%lp)‘

In Fig. 2 the transient of dynamical characteristic has been shown.
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Fig. 2. Transient of dynamical characteristic for the first mode vibration

Conclusions.

Presented approach allows to look in a global way on the behavior of the mechatroni-
cal system. The influence change of the values b and a, which directly depend on piezoele-
ment’s sort and its geometrical sizes according to the characteristics, the sort of vibrations of
the mechatronical system, mainly as far as the piezoelectric converter “activation” is con-
cerned the contribution to the next researches can be considered.
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EQUATIONS OF MOTION OF THE TWO-LINK SYSTEM VIBRATING TRANS-
VERSALLY AND LONGITUDINALLY IN TRANSPORTATION

Buchacz A., Zotkiewski S. (Slesian University of Technology, Gliwice, Poland)

Equations of motion of the two-linked system vibrating in transportation were derived. The
system is a manipulator compounded of two beams. The manipulator is vibrating both
transversally and longitudinally in terms of two-dimensional transportation. Beams have
the symmetrical sections in this case the full ones. The system was described in two local
reference systems and one global independent reference system.
Introduction. The manipulator compounded of two beams was modeled. The system moves
in terms of plane motion of optional surface of global reference system. Links of manipulator
are elastic beams and they are in transportation. Beams are vibrating transversally and longi-
tudinally and they are loaded by transverse and longitudinal forces. Equations of motion were
derived using the Lagrange equations and d"Alembert’s principle and some example equa-
tions of motion for plane motion are presented in [1-5]. Generalized coordinates and veloci-
ties assumed as orthogonal projection on the coordinate axes of the global reference system.

The model of vibrating transver sally and longitudinally manipulator

The considered system is two-link system vibrating in transportation. Beams have
cross sections suitably A; as the section of first link and A; as the section of second link
which are constant on the whole length of beams appropriately for first link lo; and in second
link 112 (fig. 1). Beams were made from materials that are from materials with Young's
modulus E; and E; and mass densities p; and p,. Beams were loaded by harmonic transverse
and longitudinal forces. The mathematical model was determined in global independent ref-
erence system in terms of plane motion (XY).

Y ol
E2, 12, A2(x)

Fig. 1. The model of two-link system in plane motion
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Components of inner forces in globar reference system with respect to Hooke's law
are asfollows:

Wix =E ¥,

o .

Ml vvlﬁxr%l 1>4°1+E1><Al ﬂulaﬂr)z 1>401’

_TPw, x(cosj ,>sinj , +sinj ,>c0s] , ), .\
G

Tlu, cosj , >cosj , - sinj ,>sinj ,)>s,

+E, XA, x ™ ,

vﬂswl XS] 4 Ay +E XA JMLM
1% T
— Vﬂswz >(COSJ 1>COSj 2" Sinj 1>Sinj 2)’62
WZY - Ez X z2 ﬂXs
2

Ju, >(COSJ L8N , +sinj , >Cosj 2)>Sz
+E2>(A2 ﬂx .
2

Wox =E, ¥,

VVlY =- E1><|21

=+

(1)

Body mass of the rod with the mass densityr and the specific volume V and the
cross-section A:

IOl

S
M, = .dV; = . Ads, M, = .0V, = [ , ¥Ads,. @)
\A 0 V, 0
A position vector in the global reference system:
(3) r:Tlx-'-rlY +r2X +r2Y:i_>¢1X +JT>¢1Y+i_>¢2X+JT>¢2Y:
=Qu ><§1 +W, +U1)+Qoz ><(§2 TW, +U2)-
The velocity in global reference system:
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:Q01 >(('_")1, (§1 +W1 +U1)+Q02 ><61 +62), (§2 +W2 +U2)+ (4)
+Q01 %V&il +é—1)+Q02 %WZ +-&2)'
The acceleration in global reference system is equal:
B=b, +9, =0, +¥, +¥,, +¥,, =T, +]0, +id,, +]4,, = (5
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The rotation matrix is used to described the orientation of the rod with respect to the
global reference frame and first of two matrices with respect to first and second elements of
system are as follow:

écog ; -sinj, Ou écosj , -sinj, Ou
_e. . . u _e. . . u
QOl - gsnj 1 COS] 1 Ol_'f QlZ - ésnj 2 COSJ 2 Ol.'f (6)
g 0 0 14 g o0 0 1§
and the rotation matrix of second link with respect to global reference system:
QOZ = QOl >Q12’ (7)
écosj , X0g] , - sinj ;>8inj , - cosj ,>8inj , - sinj >cos] , Ou
Qu :gsinj , X0s] , +Cosj , >§8nj , COSj , XO0S| , - Snj ,>Snj , 03
g 0 0 1f
the individual vector of mass position:
§1 = [|01 0 O]T- §2 = [Sz 0 O]T’ (8
the local deformation vector of first and second
w,=[0 w o, w,=[0 w, o, )
the angular velocities of two masses M in inertial frame are:
©, = [0 0 Wl]T’az = [0 0 Wz]T- (10)

After simple calculations the egations of morion are as follow:
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After substitute of suitable accelerations and also after substitute of values of generalized
forces the matrix form of equations of motion will as follow:
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Conclusions

In this paper the equations of motion in matrix form were presented. The manipulator was
vibrating both transversally and longitudinally in transportation. The manipulator moves in
terms of two-dimensional motion. The mathematical model is the beginning of further dy-
namical analysis of those type systems and it can be used for example for the derivation of
dynamical flexibility of manipulator. The next thesis' s objectives will be the derivation of at-
tenuation-frequency characteristics.
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THE DAMPING AND THE DYNAMIC STABILLITY OF THIN PLATES PARAMETRI-
CALLY EXCITED

BUGARU M., CHERECHES T., ROTARIU A., CARTUTA S.,” (UPB, ™ MTA, Bucha-
rest, ROMANIA)

In the paper are presented the experimental data for the structural damping of thin rectangu-
lar plates parametrically exited. The tests were carried into a hydro-pulse system MTS onto
different specimens of plates. For the same plates were experimental obtained the frontiers of
the instability areasin the region of principal parametric resonance. The data were compared
with theoretical results. In addition, the paper deals with the correction for the theoretical
model; correction established starting from the values of the structural damping.
INTRODUCTION. The simply supported thin rectangular plates parametrically excited rep-
resent afield of research for which an extensive effort and considerable amount of investiga-
tions have been concentrated.

Excellent reviews on the subject can be found in articles written by Hui [2-6] , as well
as Ilanko and Dickinson [7] and Bugaru [1].

The survey of the literature reveals that the work on the subject has been devoted to the
investigation of various types of shapes, loadings and boundary conditions [9-11].

The present paper covers the area of experimental data concerning the structural damp-
ing of such plates and the data for the frontiers of the instability areas in the region of para-
metric resonance.

EXPERIMENTAL APARATUSAND TEST PROCEDURES

The entire experimental system can be divided into 3 sub-systems:

A. Sub-system for the excitation of the plates ;
B. Sub-system for digital and analogical measurements ;
C. Sub-system for the recording of experimental data.

The sub-system for the parametrical excitation of this rectangular plates consists of: a
hydro-pulse MTS Model 891, the special frame design to fix the plates so that the boundary
conditions are simply supported. In figure 1 is shown the hydro-pulse scheme

_ i

PR =L E “ankbmemi

and in figures 2 and 3 are illustrated the special frame and a detail of it, frame in which is
“fixed” the test specimen (the plate) having the boundaries simply supported.
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To obtain the above-mentioned boundary conditions for the plate the special frame (see
fig.2 and fig.3) consists of two parts a metallic one and a rubber part. The rubber part has an
opening with an angle of 100° while the edge angle of the plateis of 40° | 50°. This geometri-
cal aspect of the rubber part permits the free rotation of the mid-plane of the plate with + 25°
, 30° and represents the simply supported practical boundary condition.

The elements of compression of the hydro-pulse permit the static and dynamic load,
through the actuator, of the plate in its mid-plane realizing the parametric excitation of the
plate.

By this way it is transmitted to the plate the parametric excitation, uniform distributed
over two opposite edges, having the mathematical expression:

Ny(t) =Nyo + Ny cos(q (t)) ()

where Ny, is the static load, Ny is the amplitude of the dynamic load and h = O(;—? isthe
frequency excitation.

The sub-system for digital and analogical measurements consists of:

- acentral unit Model 436 that controls the function generator for the excitation ;

- atransducer Model 440.21& 22 which measures the static and dynamic loads ;

- acontroller Model 442 which measures the elastic equivalent constant and the loss factor b
of the structural damping ;

- a controller-computer Model 429 which controls the input data (amplitude of dynamic load
and frequency excitation) ;

- amplifier, filter and displacement transducer contactless to detect the smallest amplitudes of
the lateral vibrations of plate.

The sub-system for the recording of experimental data consists of:

- multi digital input switch Model 430;

- oscilloscope to visualize the hysteretic loop of the plate under dynamic load.

For experiments it were used 4 test specimens of rectangular plates having the dimen-
sions : 150x150, 150x225, 150x300, 150x450 [mm x mm)] and the thickness h=1mm. All the
plates are of polycarbonate, therefore they have the following physical properties:

- the Young's modulus E = 2.3856 GPa
- the Poisson’sratio n = 0.45
- the density r = 1205.5 kg/m®
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To obtain the electrical conductivity of the plates for measuring contactless the lateral
displacements, it was used a solution of ECCOCOAT. CC-2 produced by Emerson & Cuming
Ltd. (USA).

To have a high precision for the measurements it was necessary to calibrate the entire
system for compensating the mechanical effects of the special frame used to fix the plate.

This was done, in virtue of 1SO/DIS 4664/1996, by using an etalon rubber bar in the
range of excitation5, 100 Hz.

EXPERIMENTSAND RESULTS

The experiments were carried out in the region of principal parametric resonance that is
for

h @W(2)

where W is the free vibration circular frequency of the rectangular plate loaded by a constant
component of in plane force.

Using the contactless transducer for displacements it were determined the frontiers of
instability region in the space (mh) and (mh/2W), where mrepresents the load parameter de-
fined by the relation

N
— yt
m= 3
Z‘NClr - Nyoj

N being the critical buckling load of the plate. The results are presented in figures 4
and 5, where by continuos line were represented the frontiers of instability regions computed
theoretical [1]. As can be seen there exist a close agreement between experimental data and
theoretical values. The experiments were conducted for the test specimen having the dimen-
sions 150 x 300 mm.

0.5 0.5

theoretical

vvy

experimenta

T T T T T T h/2wW

Figure 4 Figure5

In the region of principal parametric resonance (50 , 60) Hz the loss factor is maxi-
mum, there fore we can conclude that the plate, through its internal mechanisms, increases the
structural damping and there fore attemates the amplitude of lateral vibrations. Using the val-
ues of loss factor tg d, by regarding 1SO/DIS 4664/1996, it can be computed the equivalent
logarithmic decrement of the plate on the basic equation:

gd@—> @)

p +0.079577 D?
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and also the equivalent viscous damping coefficient using the relation:

_DW

c=—
2p

(5)

CONCLUSIONS

The present paper covers the area of experimental researches in the field of parametric
vibrations of the rectangular plates simply supported.
By this way was validated the theoretical model, developed by the author [1], concerning the
non-linear dynamic instability of thin rectangular plates parametrically excited.

Also, the paper reveals a new method to compute and predict viscous coefficient damp-
ing of the plates, based on the structural damping experimental determined.

This represents a correction to the theoretical model of parametric vibrations of thin rec-
tangular plates developed by the author [1].
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NOISE RADIATED BY VIBRATING RECTANGULAR PLATE

BUGARU M., CHERECHES T., TRANA E., CARTUTA S, (UPB, ~ MTA, Bucha-
rest, ROMANIA)

Vibrating plates produce noise, which is of high interest in many technical applications.
In most cases such plate vibrations have relatively large amplitudes and only a nonlinear
von Karmdn type model can be used. The rectangular plate vibrations are determined
both numerically and experimentally. The first aimis to identify the parameters of the real
boundary conditions, which are elastically clamped. The control parameters are elastic
bending stiffness of the four edges of the plate as functions of vibration amplitude. Influ-
ences of actuator amplitude and excitation position on the plate are presented. Using the
optimized model, spatial sound directivity diagrams are determined, based on a numerical
procedure. Experiments in the anechoic chamber are used to further improve the model.
By identification of various parameters, a better control of plate noise radiation is
achieved.

Introduction

The linear Love-Kirchhoff model for plate vibrations uses the small displacements hy-
pothesis, which implies limitations for plate response to excitations of technical interest.
Maximum plate displacements are in many cases of the same order as the plate thickness
or even greater. The dynamic response depends on plate amplitudes and consequently, the
von Karman plate model is best adapted in this case. The lowest frequency and mode
shape as function of maximum displacement are used in this paper in order to determine
the radiated sound pressure of the plate.

Moderately Large Vibrations Of A Plate
A thin rectangular plate of length a in the x direction, width b in the y direction and
thickness h in the z direction is considered in this paper. The plate is assumed to be ho-
mogeneous of mass density p. The displacement field for the points belonging to the plate
is assumed to be of von Karman type, with u and v in-plane displacements and w as trans-
verse displacement:

u(x,y,z,t) =uy(x, y,t) - zw,
v(x, Y, z,t) :vo(x, y,t)- zw,, (@)
w(x, y,z,t)=wo(x,,t)

in which the subscript ¢ indicates the displacements for points belonging to the reference

plane.
The von Karman dynamic differential equations for free vibrations, are ®:

L(w,F)=DN*w+rhw, -

- h(W,xx F,+w,F,.- 2W,xyF,xy) -0 (2

NF = E(w?, - w,w,,) 3
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3
in which F isthe Airy stress function, E is the Young modulus and p =_(Eh_2).
12(1- n

The four edges of the plate are considered elastically clamped in the transverse direc-
tion, so the boundary conditions are

w=0; w, =2 w, +nw,)

ax=-al/2andx=a/2 (4)
w=0; w, =2 (w, +nw,)

ay=-b/2andy=b/2

in which k is the plate edge bending stiffness. For the in-plane conditions, the normal
stresses are zero and edges are uniformly displaced:

F, =0, u, =const.

a x=-a/2andx=al2 (5)
F, =0, v, =congt.

ay=-b/2andy=Db/2

Equations (2), (3) are solved using the Galerkin method, assuming the displacement func-
tion:

w = hF (W (x,y) (6)
inwhich F __ = W—r;” , With wy, the maximum transverse displacement of the plate.

The Airy stress function can be expressed as a Fourier series, using the boundary
conditions and the resulting differential equation of transverse motion is

16p “Dh

rheF , +——(3+212+3*)F -

_ 32p‘Eh*
9a’b*
30, ++dy +d, )P =0

(d, +d, +d,, +2d, + (1)

in which the parameters d;; are obtained from the given boundary conditions.

The Duffing equation (7) can be numerically integrated for initial conditions
F(0)T (0,3); B (0)=0and the period of the free vibrations can be obtained from the time
history of motion. The period Ty of small vibrations in these conditions is taken as refer-
ence and the period ratio T/ Ty has been plotted in Fig. 1 as function of the relative maxi-
mum normal displacements wy/h for a square plate having different boundary stiffness.
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Fig.1: Period of plate vibrations vs. relative vibration amplitude for two boundary rigidi-
ties.

Noise Radiated By The Vibrating Plate

The vibrating plate is radiating sound in air of mass density po. The acoustic pressure
in a point P(R,0,p) for z > 0, the domain in which the radiation takes place (Fig. 2), is
given by the Rayleigh formula 2°.

kR ab

R Y- iksing(xcosj +ysinj )
pR1Q1J -0 X,ye q dde
(Raj) 2R QW( )

The far field (R>>a) is determined, thus the distance between a point P in space and
any point of the plate is considered the same, denoted by R.

F |

E

P(E.B.q)
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Fig. 2. Spherical coordinates used to determine the sound pressure and level.

The sound level can be numerically determined for an elastically clamped plate of steel,
for which the material constants are E=2.130", n=0.33. Plate dimensions are 0.98
0.48 0.0006 mm and the plate is harmonically excited at 16.2 Hz, which is the natural

=16.1932 Hz
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Fig. 3. Level of noise radiated in the far field by a clamped rectangular plate. Maximum amplitude

1mm
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frequency of this plate if it would be rigidly clamped and would have small displacements.
is presented in fig. 3. Plate dimensions are 0.98" 0.48 0.0006 mm and the plate is har-
monically excited at 16.2 Hz, which is the natural frequency of this plate if it would be
rigidly clamped and would have small displacements, this for reference purposes'®).

Higher amplitude of the plate vibrations has a direct influence on the calculated
noise level for the rigidly clamped plate. In fig.4 is presented the noise level in the far
field in this case, which is some 30 dB higher.

Higher rigidity of the clamped boundaries has as effects an increased frequency and
noise level, provided that the same maximum displacements can be obtained. This re-
quires sensibly higher energy of the actuator. If other external perturbations such as non-
uniform boundary conditions along all edges can be avoided, this procedure can be used to
control the noise level by variations of boundary rigidities.

Fig. 4. Level of noise radiated in the far field by a clamped rectangular plate. Maximum
amplitude 5 mm

Conclusions
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The numerical procedure yields solutions depending on plate vibrations amplitudes and
clamping rigidity, proving that the plate model used is adequate for plate radiation inves-
tigations. These results are currently under experimental tests and preliminary experi-
ments are promising.

References. 1. Chia, C.-Y., Nonlinear Analysis of Plates, Mc.Graw-Hill, 1980. 2.
Junger, M.C., Feit, D., Sound, structures and their interaction, MIT Press, Cambridge,
1986. 3. Morse, P.M., Theoretical Acoustics, Mc.Graw Hill, N.Y. 1968. 4. Predoi, M.V. ,
Magheti, I., Enescu, N., Bugaru, M., “Noise radiated by a transversely actuated rectangu-
lar plate”, The 2000 International Congress and Exhibition on Noise Control Engineering,
Nice, France, pp. 2623-2626.

STUDIES REGARDING THE INFLUENCE OF THE MILLING PROCESSESIN
SMALL AND MEDIUM-SIZED ENTERPRISES ON THE ENVIRONMENT

Carausu C.*Pruteanu O.V. * |Paraschiv Dr. *, Pricope C.**, Husanu V.** Toca Al.
(TU-Gh.Asachi-lassy,Romania, URB-Barlad,Romania, UTM-Chisinau, R. Moldova)

The paper presents the experimental results obtained in the milling process using
different lubricating-cooling systems: classical, with minimum cooling, without cooling.
Milling processes
The shell mill, fig. 1, is together with the drilling, the slotting, the planing, the
milling with the worm hob, among the proceeding with high cutting liquids consumption.
The trials have been done on a cantilever mortiser. The technical data and the conditions
under which the measurements have been done are presented in table 1.

Table 1. Processing conditions.

Table 2.
Machine tool: Milling cutter -speed area: 35,5-1800 rot/min
-cutting speed area: 31,5 — 1800 mm/min

Tool: shell mill f 25x45 tip NR, Material: high-speed steel
Blank C54 DIN 17200-87 120x120x800
-cut-up milling t =15 mm

v =28 m/min t1= 2,5 mm

Vs = 200 mm/min L =500 mm
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Fig. 1. Diagram of the processing.

As auxilliary materials there have been used:
- for the continuous spray cooling: 5% emulsion (15 I/m flow rate);
- for the minimum lubrication and cooling processing technique: rape-seed additived oil,
sunflower oil, polymer-ester, cutting oil (0,26 I/m consumption).

The evolution of tehe tool in different processing variants is presented in fig.2. The
values allowed for the tool’s wear have been considered 0,3 for the cutting edge and 0,5 at
the top of the tool (for aresharpened milling cutter)
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o o ——Dry processing
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a 0.2 —&—Cutting oil
=
e e Al Elved oll
= 0.13
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Chip removal period (min)
Fig. 2. Variation of the tool wear in different processing variants
The results obtained show the fact that under the respective chip removal

conditions a dry processing is not profitable. The greatest durability of the tool has been
obtained for the processing where the cooling has been done with continuous cutting
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liquid spray. In the case of minimum cooling and lubrication techniques the tool’s
durability depends on the used cooling environment (fig. 3and 4).
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Fig. 3. Comparison of the tool durability under different cooling/lubication techniques

(Edge wear = 0,3 mm) (1-dry processing; 2-minimum lubrication with polymer-ester, 3-
sunflower oil; 4-cutting oil, 5- rape-seed additived oil, 6-emulsion 5%)
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Fig. 4. Comparison of the tool durability under different cooling/lubication techniques
(Edge wear = 0,5 mm) (1-dry processing; 2-minimum lubrication with polymer-ester, 3-
sunflower oil; 4-cutting oil, 5- rape-seed additived oil, 6-emulsion 5%)
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Using as comparison basis the cutting with continuous cooling wit emulsion
(100%) we can see that the tool’s durability in the case of dry cutting represents just a
third from this value. The use of the minimum lubrication technique ensures a tool
durability of aproximately 80% from the value obtained at the classical processing
(depending on the used cutting environment).

The effects of the use of different cooling environments on the cutting forces
compounds (e.g. on the active force,resulted from the utting force and the feed force) are
represented in fig. 5.
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Fig. 5. Comparison of the cutting force depending on the type of cooling technique used
(1-dry processing; 2-minimum lubrication with polymer-ester, 3-sunflower oil; 4-cutting
oil, 5- rape-seed additived oil, 6-emulsion 5%)

We can see that there is a difference (of about 200 N) only between the dry
processing and the rest of the cooling processes (for which the values of the force are
comparable). We can state that the introduction of the minimum lubrication and cooling
technique determines a reduction of the cutting force to values comparable with those of
the chip removal with calssical cooling system.

The comparison of the roughness values othe processedsurfaces (fig. 6) shows the
achievement of some very high values in the case of dry processing.
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Fig. 6. Comparison of the roughness values form the surfaces for different cooling
techniques (1-dry processing; 2-minimum lubrication with polymer-ester, 3-sunflower
oil; 4-cutting oil, 5- rape-seed additived oil, 6-emulsion 5%).

Conclusions.

- In the case of milling the dry cooling is not favourable from the tool wearing point
of view;

- The minimum cooling ensures the lastingness of the tool which depend on the
material used;

- The values of the chip removal force are comparable even out of the dry cooling
for which the forces increase.

References: 1. Weinert K.: Trocken bearbeitung und Minimalanlage
stahlschnierung, Springer-Verlag, Berlin, 1999. 2. Fratila D. Rechearch concerning the
determination of the ecological impact of cutting process, Buletinul stiintific al
Universitatii Tehnice Cluj-Napoca, nr. 42/1999, p. 25-30

SOME EXPERIMENTAL RESEARCHES REGARDING THE INFLUENCE OF THE
ENTRANCE PARAMETERS ON THE ELECTRICAL DISCHARGE MACHINING
PROCESS

Carp, |., Coteata, M., Tanasa, R. (Technical University “ Gh. Asachi,” , Faculty of Machine
Manufacturing, lasi, Romania)

In the case of the electrical discharge machining, the material removal is a consequence of
the micro cavities generating by each electrical discharge. A theoretical model of the micro-
cavity forming in the electrical discharge was elaborated by the using of some ssimplifying
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hypothesizes. We established an empirical mathematical model that emphasizes the influence
of the capacity of the condensers included in the discharge electrical circuit on the
dimensions of the crater generated by the electrical discharge.

INTRODUCTION. Electrical discharge machining (EDM), sometimes referred as
spark machining, is a non - traditional method of removing metal by a series of rapidly recur-
ring electrical discharges between an electrode (the cutting tool) and the workpiece. EDM can
cut materials regardless of their hardness or toughness, but is limited to the machining of
electrically conductive workpiece materials.

The EDM process is most widely used by the mold-making tool and die industries, but
is increasingly applied to make prototype and production parts, especially in the aerospace
and electronics industries in which production requirements are relatively low. EDM is
particularly well suited for parts which are made from materials that are difficult to machine
and/or contain small or odd-shaped angles, intricate cavities or intricate contours.

Since its development in the 1940s, electrical discharge machining (EDM) - or spark-
erosion machining - has gained wide acceptance among manufacturers, especially those in the
aircraft/aerospace and medical industries. EDM is a process that precisely removes metal
from electrically conductive materials, both soft and hard.

But EDM has come a long way from its origins in the manufacture of precision
tooling and dies. Currently, it is just as likely to be used for production quantities of aircraft,
medical, and electronic parts, as for tooling and prototypes. Other major uses of the process
include machining carbide stock and producing metal molds and dies for stamping, forging,
and jewelry manufacture.

Whereas a laser's depth of cut is limited by the thickness of the workpiece material,
EDM cuts deep into hard, thick metals with no loss of precision. Tungsten, titanium, carbide,
tool steels, stainless steel, aluminum, and copper are machinable by the process.

Machining is accomplished by the action of rapidly occurring electrical discharges, or
gparks, which erode small pieces of metal from the workpiece. The cutting tool is an electrode
that is shaped to the contour of the required cut.

Electrodes are commonly made of graphite or copper tungsten; however, the range of
constituent materials also includes tungsten carbide, copper, brass, and zinc alloys.

Although rates of metal removal are slower with electrical discharge machining than
with other commercial machining methods, the slower removal produces better surface
finishes.

Higher rates of metal removal are known to produce rougher finishes that have a
molten and resolidified (recast) structure with poor surface integrity and low fatigue
properties.

EXPERIMENTAL RESEARCH

The purpose of this experimental work is to determine if the EDM process is follow-
ing a curve distribution.

The equipment used in our experiment is presented in figure 1. In principle, when we
act the switch, by means of a transformer and a rectifier, we obtain a direct current, which is
filtered by a smoothing condenser. If the switch is acted, the electric current will pass through
the coil of arelay, determining the closing of the contact from the discharge circuit.
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Fig. 1: Equipment for the study of single electrical discharge effects

The decreasing of the distance between the electrode-tool and the proof will contribute
to the producing of an electrical discharge. The lamp signalizes the existence of the voltage in
the coil feeder of the relay. When the lamp turns off, this means that a complete charge of one
of the condensers included in the discharge circuit was performed.

The electrode tool was in our experiment a blade of electro-technical copper and the
pieces were made of a stainless steel with a 0.1 mm thickness. The capacity of the condenser

was 261 pF.

Table 1 : Experimental values

Uin Ufin C E h hy B
53 32 261 |0.232943| 0.48 0.4 1.33
48 26 261 |0.212454 | 0.37 0.13 1.17
53 29 261 0256824 | 0.4 0.15 1.46
50 25 261 |0.244688 | 0.35 0.22 1.22
47 35 261 |0.128412| 0.24 0.17 1.11
52 26 261 |0.264654 | 0.37 0.2 1.13
50 26 261 |0.238032| 0.38 0.15 1.13
49 27 261 |0.218196| 0.42 0.17 1.2
46 27 261 |0.181004 | 0.26 0.17 1.22

In the previous table, the values obtained during the experimental research are:

U;, —initial voltage;

Usin —final voltage (after the discharge has taken place);
C — capacity of the condenser;

E — delivered energy;

h; — height of the crater obtained, including the sedimentation drop obtained during
the process (this value will be further on used in our determination, marked as h);
h, - height of the crater obtained, without the sedimentation drop;
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B — width of the crater.
If the condenser discharge is complete, the delivered energy would correspond to the
relation:

CU,,>
2

E= (@)

However, the condenser usually does not deliver all the energy; after the electrical dis-
charge, we can remark that on its coatings there is yet a voltage Us,. Thus, the energy
delivered by the condenser is:

o E:C(ui%,-u?)

2

After the calculus, we have used the values obtained to determine the graphic
presented in figure 2:
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Fig. 2 : The influence of the energy on the height of the crater

Such a crater asthe one studied in our experiment is presented in figure 3, showing the
size of the hole and the sedimentation drop.

CONCLUSIONS

The main purpose of our work was to determine if the electro-discharge machining
process is influenced by the energy size offered by the condenser included in the electrical
circuit. After analyzing the specific conditions generating a single electrical discharge and
accepting some simplifying hypothesizes, we elaborated an empirical mathematical model to
emphasize the influence exerted by the condenser capacity (or by the energy of the electrical
discharge) on certain dimensions of the microcavity and we have determined that the function
adequate for our distribution and the Gauss sum are the following:

h=0.3292098+ 5,767476E-11,50209E° (3)
S=2.126162*10° (4)

A second function obtained by the using of an emg)iric model type power function is:
H=1.151075E°"62%8% (5)

S=2.495878*10°° (6)
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After analyzing the values obtained by the using of empirical mathematical models,
we determined that the best function in our case is the first one, since the Gauss sum supports
smaller values.

- ] B g P T - - bt X
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Fig. 3: Crater obtained by the using of an e ectro-discharge process between an e ectro-technical

copper eectrode and a stainless stedl part.
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NANOTECHNOLOGY A REAL PROBLEM FOR ENGINEERING EDUCATION
Ciudin R.V., Nederita V.V. (Lucian Blaga University of Sibiu, Romania)

Nanotehnologies are the driving force of the science and technology in the 21% Century.
According to specialists in the field, the world market of nanotechnologies will reach 3
trillion dollars USA in 2015. It is particularly this developmental direction that will enable
certain countries to further progress in the way of intensive innovative evolution, to create a
new gualitative technological level for the main industrial branches and to improve the living
conditions for populations. In this paper, the author describes the issues and challenges that
are posed, as well as the opportunities, that are offered by nanotechnology, and outlines the
steps that must be taken by a nation if it is to benefit from the advances that are envisioned.
Some Romanian national institutions, organisations and networks involved in
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nanotechnologies, as well as relevant programmes and activities, are presented and discussed in
this paper.

It has taken about 45 years of incubation before nanotechnology finally fulfilled Richard
Feynman'’ s prophetic words. Thereis plenty of room at the bottom [1].

Nanotechnology’ s impact on the health, wealth and security of the world's people is expected to
be at least as significant as the combined influences in the 20" Century of antibiotics, the
integrated circuit and human-made polymers.

The emerging field of nanoscience and nanotechnology has led to atechnological revolu-
tion in the new millennium. The gpplication of nanotechnology has enormous potential to greatly
influence the world in which we live. From consumer goods, electronics, computers, information
and biotechnology, to aerospace defence, energy, the environment, and medicine, all sectors of
the economy are to be profoundly impacted by nanotechnology [2-4].

It is envisaged that the nanotechnology revolution will lead to fundamental breakthroughs
in the way that materials, devices and systems are understood, designed and manufactured.
Moreover, it is fundamentally changing the way materials and devices will be produced in the
future.

Nanoscience is an opportunity to energise the interdisciplinary connections between
biology, chemistry, engineering, materials, mathematics, and physics in education. It will give
birth to new fieldsthat are only envisioned at this moment.

Further, nanoscience and engineering knowledge is exploding worldwide because of the
availability of new investigative tools, maturity in the biology, chemistry, engineering, materials
and physics disciplines, and interdisciplinary synergism. It is an inherently interdisciplinary field
that has generated significant scientific and engineering interest in recent years. Like many recent
technological developments, nanotechnology exidts at the interface among traditionally defined
disciplines.

In the USA, Europe, Audralia and Japan, severa research initiatives have been under-
taken both by government and members of the private sector in order to intensify the research and
development in nanotechnology [5]. Hundreds of millions of dollars have been committed to re-
search and development in nanotechnology, which in turn is likely to change the traditional prac-
tices of design, analysis and manufacturing of a wide range of engineering products. This impact
creates a challenge for the academic community to educate (engineering and other bioscience)
students with the necessary knowledge, understanding and skills in order to interact and provide
leadership in the emerging world of nanotechnology.

Benefits That Nanostructuring Can Bring

The new concepts of nanotechnology are so broad and pervasive that they may be
expected to influence science and technology in ways that are unpredictable. We are just now
seeing the tip of the iceberg in terms of the benefits that nanostructuring can bring: lighter,
stronger and programmable materials, and reductions in lifecycle costs through lower failure rates.
(seeFigure 1) [6].

Exiging products of nanotechnologies include wear-resigant tyres made by combining
nanometer-scale particles of inorganic clays with polymers; nanoparticle medicines with vastly
improved delivery and control characteristics; greetly improved printing brought about by
utilising nanometer-scale particles with the best properties of both dyes and pigments; and vastly
improved lasers and magnetic disk heads made by precisely controlling layer thickness.
Many other applications are aready under development or being anticipated, including those
listed as follows:
Automotive and aeronautics industries: nanoparticle-reinforced materials for lighter bodies,
nanoparticle-reinforced tyres that wear better and are recyclable, external painting that does

219



not need washing, cheap non-flammable plastics, electronics for controls, self-repairing coat-
ingsand textiles.

Electronics and communications. all media recording using nanolayers and dots, flat panel
displays, wireless technology, new devices and processes across the entire range of commu-
nication and information tech-
nologies, factors of thousands to
millions improvements in both
data storage capacity and process-
ing speeds — and at lower cost and
improved power efficiency com
pared to present electronic circuits.
Chemicals and materials. catalysts

Current materials and
manufacturng opportunities

Tew opportunties by
nanostructuring and

that increase the energy efficiency nanoscale-based
of chemical plants and improve processing

the combustion efficiency (thus

lowering pollution emission) of ., T s

" e SN

motor vehicles, super-hard and
tough (ie not brittle) drill bitsand
cutting tools, smart magnetic

fIUIC_lS for vacuum  sedls  and Fig. 1. Current nanotechnol ogy-related materials
lubricants. and manufacturing opportunities.
Pharmaceuticals, healthcare and

life sciences. new nanostructured
drugs, gene and drug delivery systems targeted to specific sites in the body, biocompatible
replacements for body parts and fluids, self-diagnostics for use in the home, sensors for labs-
on-a-chip, material for bone and tissue regeneration.
Manufacturing: precision engineering based on new generations of microscopes and
mesasuring techniques, new processes and tools to manipulate matter at the atomic level,
nanopowders that are sintered into bulk materials with special properties that may include
sensors to detect incipient failures and actuators to repair problems, chemical-mechanical
polishing with nanoparticles, self-assembling of structures from molecules, bio-inspired
materials and bio-gtructures.
Energy technologies new types of batteries, artificial photosynthesis for clean energy,
quantum well solar cells, safe storage of hydrogen for use as a clean fuel, energy savings from
using lighter materials and smaller circuits.
Fpace exploration: lightweight space vehicles, economic energy generation and management,
ultra-small and capable robotic systems.
Environment: selective membranes that can filter contaminants or even sat from water,
nanostructured traps for removing pollutants from industrial effluents, characterisation of the
effects of nanostructures in the environment, the maintenance of industrial sustainability by
significant reductions in materials and energy use, reduced sources of pollution, increased
opportunities for recycling.
National security: Detectors and detoxifiers of chemical and biological agents, dramatically
more capable electronic circuits, hard nanostructured coatings and materials, camouflage
materials, light and self-repairing textiles, blood replacement, miniaturised surveillance
systems[7].

Nanotechnology Education In Romania
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The science, engineering and technology of nanostructures will require and enable ad-
vances in a fabric of disciplines: physics, chemigiry, biology, mathematics and engineering. In
their evolution as disciplines, they al find themselves simultaneously ready to effectively address
nanostructures. This provides an unprecedented opportunity to revitalise the connections between
physics, mathematics, chemistry, biology and engineering in education. The dynamics of the in-
terdisciplinary nanostructure efforts will revitalise educational connections between disciplines
and will give birth to new fields that are only envisioned at this moment. This opportunity re-
quires change in the laboratory and human resource infrastructure at universities, and in the edu-
cation of nanotechnology professionals, especialy for industry.

Research Ingtitutes Involved In Nanotechnologies

The Romanian programme, New Materials, Micro and Nanotechnologies — MATNAN-
TECH, aims to develop and support research and development activities that are focused on ad-
vanced materials, nanomaterials and nanotechnologies. Figure 2 shows national research ingitutes
and |aboratories involved in nanotechnologies.

National research ingitutesinvolved in
nanotechnologies

SN A

Chemico- Micro- Physic Bio-
Farmaceutical Technology (8 ingt+5 labs) Chemistry
(4ing + 3labs) (1ing+2 labs) (7 ing+ 1 lab)

Fig. 2: National research institutes currently involved in
nanotechnologies.

Within the framework of MATNANTECH Programme, atotal of 108 collaborative pro-
jects, three single beneficiary projects and seven priority projects were approved by August 2001,
involving 134 partners, and a funding R&D budget of 6.530 million Euro. About 49% of the
beneficiaries are from the ingtitutional sector, 13% from large enterprises and 38% from small and
medium-sized enterprises.

The MATNANTECH Nationa Programme provides networking opportunities and
centres of excellence that bring together researchers, business organisations and investors. The
Programme consigts of the following organisations:

- Network of research laboratories in the field of micro and nanobioengineering (14 organisa
tions);
Network of research laboratoriesin the field of nanotechnologies (13 organisations);
Network of laboratories for the characterisation of materials and structures for micro and
nanoengineering (seven organisations);
Network of research laboratoriesin the field of tough materials (six organisations);
Centre for training and services in microtechnologies (CESME);
Consultancy Centre in the Field of Nanomaterials, Nanostructures and Nanotechnologies
(3N).
National Networksin Nanotechnologies
The following national networks are involved in nanotechnologies in Romania:
NANOTECHNET: Network of Research Laboratories in Nanotechnology;
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MICRONANQOTECH, which was among the 20 European networks selected for the work-
shop Networking of Nanotechnology in Europe (Brussels, 6 June 2001);

BIONANONET: Bionanotechnology Network, which is a national network that brings to-
gether R&D, clinicsand SMEs groups involved in biomedicine;

CENOBITE: Research Centre in Nanobiotechnologies, which is a virtual centre at the na
tional level (abrand-new concept for Romania) based on a network of research groups,

3N: Consultancy Centre in Nanotechnologies, Nanomaterials and Nanostructures. The activ-
ity of this Consultancy Centre is supported by aMATNANTECH project.

Eventsin Nanotechnologies

Special sessions on nanotechnologies a the international level have been introduced dur-
ing the Conference on Semiconductors (CAS). This is a yearly event that has taken place regu-
larly since 1978. It has been organised since 1996 by the Research Ingtitute for Electronic Com-
ponents (ICCE) based in Bucharest, Romania.

Over the lagt few years, the Conference's profile has been gradually extended from
semiconductor device physics and technology (including semiconductor meaterials and
microelectronics) to micro- and nano-technologies. In 2001, the Conference concluded with a
workshop entitled: European Co-operation in Micro and Nanotechnol ogies, which was organised
under the auspices of the Minigtry of Education and Research in Romania.

I nformation Sources about Nanotechnologies

The Micro and Nanotechnologies Bulletin caters for information exchange on
nanotechnologies. The Bulletin is a support tool for the National Programme MATNANTECH,
covering all the issues of the micro and nanotechnologiesfields.

The Series in Micro and Nanoengineering is another important source of information.
This series on micro and nanoengineering is edited by the Romanian Academy Publishing House

[8].

Nanoscience research in Romania has developed in open competition with existing disci-
plines. Nanotechnology research efforts tend to be fragmented and overlap among areas of rele-
vance and sources of funding.

A coordinated effort should be made to focus resources on enabling nanoscience and en-
gineering, on developing infra-structure, stimulating cooperation, as well as avoiding the un-
wanted duplication of efforts.

The Role of Universties

Universities will continue to play a key role in the development of nanoscience and
technology. If there is one signature characteristic of nanoscience, it is of its highly
transdisciplinary character. This poses difficulties for universities, which are mainly structured in
traditional departments. The most successful research efforts will be those that can create new
infrastructures for these centres (for example, materials preparation and characterisation fecilities).

It should be pointed out, with regret, that the academic community is reacting slowly to
prepare the workforce for emerging opportunities in nanotechnology. Its role should be to
promote interdisciplinary work involving multiple departments as follows:

Include courses on surface science, molecular dynamics, quantum effects and manufactur-
ing at the molecular scale in curricula at both the undergraduate and graduate levels;

- Take an integrative science and engineering approach; technology programmes cannot be
developed without strong supporting science programmes because of the scale and
complexity of the nanosystems;

Ease intellectual property regtrictionsto improve information flow with industry;
Egtablish graduate and postdoctoral fellowships for interdisciplinary work.
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On the pedagogical note, it is believed that nanotechnology should be taught by cresting
both knowledge-centred and learning-centred environments inside and outside the classroom [9-
11]. Because this technology is advancing so fadt, it generates activities that encourage cregtive
thinking, so critical thinking and life-long learning should be given the highest priority.

The emerging field of nanotechnology presents unique pedagogical challenges due to its
interdisciplinary and nascent character. An example of ateaching curriculum in nanotechnology is
shownin Table 1[12][13].

Table 1. Curriculum in nanotechnologies

Course Category Course Names

Generd Intro; gate of the art

Bagc courses Nanoelectronic fundamental

Nanomaterials and chemistry

Intro quantum physics/chemistry

Biosphere and ecosystem

Advanced and practical courses Bio/Molecular electronics

Nanofabrication materials/processes

Single electron devices

© O NS WNE

DNA structure and computing

Hands-on lab/projects . Nano-characterisation (1ab)

. Nano-devices hands-on test (lab)

. Culture and technology

PR R
WINRO

Meta-physical courses . Ethicsand intellectual property

Thisteaching curriculum in nanotechnology, devised and proposed by Prof. M. Lee, can
serve as amodel for reorganising the existing course structure and the way in which teaching and
leaning activities are carried out currently at universities in Romania.

It isimportant to educate engineering faculty, who are rooted in the traditional disciplines,
regarding the advances in nano-technology and the ways in which all engineering disciplines will
be impacted in the future. Nanotechnology education should be integrated into mainstream
undergraduate engineering curricula. It may also be worthwhile to present an interesting view
expressed by Light and Cox, who state the following:

Traditional teaching has generally suffered from separating off the lecture and
seminar room from the social dialogue and engagements of a concrete world; where
human intellect functions within the rich and substantial context of social relationships
and personal conceptions of who we are and what we want to be. These broader issues of
personal and occupational identity can dramatically affect our learning in all contexts...
They frequently become the most important and relevant components to student success
[14].

University grants should encourage work among research groups to maximise the use of
concepts and ideas being developed in other disciplines. Also, it will be necessary to fund the
training of students and support of post-doctorates under fellowships that will attract some of the
best students available. This is extremely important considering the rapid changes and advance-
mentsin research in this area.

Conclusions

The total societal impact of nanotechnology is expected to be much greater than that of the
silicon integrated circuit, because it is applicable to many more fields than just electronics. Sig-
nificant product performance improvements and manufacturing advanceswill lead to many indus-
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trial revolutions in the 21% Century. Nanotechnology has the potential to change the nature of al-
most every human-made object, because control at the nanoscale means tailoring the fundamental
properties, phenomena and processes exactly at the scale where electronic, chemical and biologi-
cal properties and phenomena are defined.

Nanoscience and engineering knowledge is exploding worldwide, leading to fundamental
scientific breakthroughs and technological paradigm changes in the ways that materials, devices
and systems are understood and created. Potential breakthroughs include the emergence of
entirely new phenomena in physics and chemistry.

In education, nanoscience offers an opportunity to energise the interdisciplinary

connections between biology, chemidtry, engineering, materials, mathematics and physics.
Indeed, nanotechnology will give birth to new fields that, at present, are only visions of leading
researchers.
Nanoscale science and engineering promises to become a strategic, dominant technology in the
next 10-20 years, because the control of matter at the nano scale underpins innovation and pro-
gress in most industries, the economy, health and environmental management, the quality of life,
aswell as national security.
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STUDY REGARDING THE ENERGY BALANCE OF AN ECDM PROCESS

Coteata, M., Slatineanu, L., Carp, I., Ciofu, C. (, Gh.Asachi” Technical University of lasi,
Romania)

Any machining process has energy consumption, respectively an energy balance including
most of the working parameters. Electrochemical discharge machining is a complex process,
its energy balance depending on the parameters specific to the electrical discharge and also
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on the electrochemical dissolution characteristics. This paper covers a study regarding the
energy balance of this hybrid machining method.

Introduction.

A hybrid machining method implies two or more different machining processes in one
single process that takes the individual advantages of the both methods and tries to diminish
the individual negative effects by a synergetic action. The machining rate of a hybrid machin-
ing (Q (PH)) should be higher than the sum of the individual machining rates (Q (A) with Q
(B)) due to the fact that the interaction of the processes implied is supposed to have a positive
effect on the machining rate also (fig. 1).

A B
Process Process

QAW + Q(B) < QPH) =Q(A) +Q(B) + Q(A->B)

Fig.1. Hybrid machining process

Electrochemical discharge machining (ECDM) is one nontraditional hybrid machining
method based on a simultaneously development of electrical discharge erosion with an elec-
trochemical dissolution. Thus, ECDM is characterized by electrical discharges ignition in the
gap between the electrodes (electrode-tool and workpiece), in an electrolytic medium (liquid)
that permits at the same time an anodic dissolution of the working material.

Energy balance of an ECDM process

It iswell known that almost all the hybrid machining methods tend to use the charac-
teristic energies of each involved process. In this case, a process by the electrochemical dis-
charge machining has, theoretically, a useful energy Wecpy Which is representing the totaliz-

ing of the Wgpy - necessary energy for the electrical discharge erosion, with Wgey, - the
necessary energy for electrochemical dissolution.

Wecom =Wepm +Weew D
The energy of an electrical discharge is given by the following relation:
Cu?
W =
= @

where C isthe condenser capacity and U is the voltage between the electrodes.
Asthe voltage is varying during the discharge, we can write:
CU?- CU?
i = 3)
where U; express the initial value of the voltage (before discharge), and U; isthe final value

of the voltage.
Thus, we should consider that the useful energy for electrical discharge processis:

Wiepm = kg Wy (4)
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where k; is a coefficient taking into consideration the fact that only a part of the discharge en-
ergy Wy is used for material removal, respectively for the microcavity forming.

This useful energy may be considered as a sum of the energy necessary heating a ma-
terial volume at the melting point W, the energy necessary for the effective melting of the
same material volume Wi, the energy necessary for bringing the melted material until the va-
porization temperature W1, and of the energy necessary for effective vaporization of the same
material volume W,z.

Wiepm =W + Wi + W, +W (5)

For each of these energy components we can define their expressions.
Thus, for the energy necessary for heating the volume material at the melting point we
have:

W,; = mc46 (6)

where m represents the material amount [g], ¢ — specific heat of the workpiece material, DQ -

the difference registered between the melting point and the initial temperature.
The energy necessary for the effective melting of the material amount m, is:

W, =mi,, (7)

I, isthe latent melting heat of the workpiece material.

From the melting state to the vaporization moment the material will consume the en-
ergy W,; given by:
Wv]_ = kZmC(QV - Qt) 1 (8)

where k; is a coefficient that takes into consideration that not all the melted amount of the ma-
terial will be at the vaporization temperature.
The energy necessary for the evaporation of the melted material is.

W,, =k, m4, . 9)

Taking into consideration the above mentioned relations we can write the extended
expression of the useful energy for the electrical discharge process:

Wiepm = Mc40+mi, +ko,me(6, -6, )+k, M4, . (10)

According with the electrolysis Faraday’s laws, a process of electrochemical dissolu-
tion is characterized by the following expression:

_ Al

My =—= (11)
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where mis the quantity of the dissolved material, A —is its atomic mass [g], t — the dissolving
time [9], | (t) — the current intensity [A], variable in time, z — the valence, F- the Faraday’s
constant (F= 96500 A-s).

Asthe energy of the electrochemical process given by Joule' s law is:

Weem =UlL, (12)
we can write its expression like:

Umdjzt UdeF
W, = ) 1
ECM Al A (13)

Returning to the formula (1) we can write a detailed expression of the useful energy in
a hybrid process by electrochemical discharge machining:

Umy zF
A 1

Weeom =Wepm +Weew = M40 + i +kome(O,, 6, ) + (14)

from which we can notice that the energy balance of an electrochemical discharge machining
process is depending on the quantity of the removed material (either by EDM and by ECM),
on the characteristics of the machined material (as melting point or vaporization point, atomic
mass, valence etc.).

It is interesting the fact that in this formula any parameter of the working liquid does
not interfere. Some of the working liquid parameters that influence the ECDM process are

presented in figure 2.
Chemical composition
{ Gancemraion >
WORKING

a7 \ LoD v\

Electrical conductivity

Fig.2. Working liquid parameters that influence the ECDM process

Usually, in a hybrid process of electrochemical discharge machining, the working lig-
uid assures the presence of the electrically charged particles in the working gap, initiates and
maintains the material electrochemical dissolution, removes from the working gap the parti-
cles, assures an optimum temperature in the working gap and does not alow the removed par-
ticles to stick back on the workpiece surface.
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The working liquid for an ECDM process is chosen depending on: the workpiece ma-
terial properties and on the process requirements; thus, the chemical and the electrical proper-
ties of the liquid influence many of the interest parameters.

There are two main types of working liquid: with good electrical properties (such
working liquids are agueous solutions of natrium chloride, natrium nitrate, and potassium hy-
droxide) or semidielectrics (from this category the most often used is an agueous solution of
natrium silicate Na20OnS O2).

Conclusion

The energy balance of a hybrid process of electrochemical discharge machining may
be estimated, varying mainly on the workpiece material properties and the electrical parame-
ters applied. Some other output parameters of the ECDM, as surface roughness, tool wear,
precision etc., are depending also on the working liquid properties.

Further on some experiments with different working liquid will be developed in order
to establish the varying of the output parameters of an ECDM process. These experiments
will be done also in order to determine a theoretical-experimental correlation between the en-
ergy balance and the properties of the working liquid.
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THE ERP SYSTEM FOR NON-TYPICAL COMPANIES- ANALYSE
Cwikla G., Kalinowski K. (The Slesian University of Technology, Gliwice, Poland)

This paper presents the analyze of requirements for the ERP systems, that will be imple-
mented in a company, non having typical profile of production. Most ERP systems are flexible
and allow for it’s reconfiguration according to company needs. However it usually fits to the
companies which have typical production profile. The paper describes requirements of a
company producing large products, requiring construction changes during the manufacturing
stage and produced in small volumes.

Introduction

Present-day environment where companies runs its economic activity is frequently
changing. It is caused by globalisation of trade and services as good as by removing barriers
in international trade. Customers requires quality and low prices of products and services.
Time limits and delivery dates are very important also. Small-series multi-assortment produc-
tion becomes most typical production. In this situation there is demand for methods and com-
puter systems which can improve efficiency and profitability of company. Computer systems
supporting different departments of the company should be integrated into one large system,
allowing management of whole company [1].

Most of available integrated systems for managing of company are “shell-systems”
prepared to meet requirements of typical company. Typical systems usually fits the companies
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which have typical production profile — large volume of production, small or medium sized
products. However reconfiguration abilities of the system sometimes can be not enough if ac-
tivity of company is not-typical.

Implementing of MRP systems is risky operation — only about 40% of implementa-
tions are fully successful, leading to get functional system integrating all departments of com-
pany - and in result — improvement of company functioning. Main part of cost of introducing
ERP system in company is not the price of software but the cost of system implementation
(Fig. 1).

Analyse of requirementsfor ERP system

When choosing new system, the first step isto make an inventory — find out where old
systems are good enough and its functioning meet the needs, where it is insufficient and its
functioning is not acceptable. The cause of implementing new ERP system is often lack of
information about company functioning, costs of departments and single products, problems
with storing of materials or with usage of production capacity and human resources.

Hardware

Software

Practical
implementation

Fig. 1. Structure of costs of the MRP/ERP system implementation.

It is necessary to determine requirements of system functionality for all departments
and types of activity of company. Areas where old system is good enough are simply to ana-
lyse—it is sufficient to describe its functions. Areas where old systems were not good enough
reguires analyse of lack in its functioning and required functions. Most difficult to analyse are
areas where no supporting systems were implemented or the department didn’t exist. In this
case user should describe expectations of future system users.

This analyse have to take into concern not only actual situation of company, but also
its perspectives of expansion and future requirements. If system meets only today’s needs in
case of company growth it will require expensive changes or even complete replacement.

Requirements should be divided into few groups — first group is most important - re-
guirements, which absolutely have to be fulfilled. Second group are requirements which are
important but can be disputed — software modules can do the same functions in other way or
there is possibility to develop required modules. Third group are requirements concerning
functions giving additional (not necessary) abilities or comfort of usage.

Requirementsfor the ERP system in company producing large productsin small
volumes

Requirements which management supporting system has to meet are depending on
company organisation structure, type of products, volumes of production and many other
things. In this paper we discuss requirements of middle company, producing large products
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(tanks, heat exchanger, chemical apparatus), requiring construction changes during the manu-
facturing stage and produced in small volumes. Additional difficulty is a necessity of acquir-
ing certificates and attestations for the products because of its operating in high pressure or
temperature conditions. Volume of production is low, company produces short series or even
single units of products. Products often requires changes in construction, materials or technol-
ogy during production stage, which made difficult production planning and causes distur-
bances of making other products.

Requirements can be divided into two groups —common and detailed requirements.

Common requirements

Common requirements are requirements which are independent on company type, its
production profile and volumes. ERP system should be applied in as many as possible com-
pany’s departments. Management Information System module is a module receiving data
from all other modules and it have to present full description of actual situation of company as
good as prediction of situation in the future. Method of presentation should be easy to inter-
pretation and giving information necessary to manage of the company.

System have to be compatible with present law and regulations. In case of changes in
regulations it should be flexible and allows adaptation to actual law. Accounting module have
to generate all needed tax declarations, forms, reports for stock exchange etc..

Localised, national version of the system ought to be available. All system possibilities
should take into account specific features of local language (e.g. sorting words with national
specific characters in proper alphabetical order). Local language should be main language of
user interface, menus, help files, data input windows, reports, documentation of system, train-
ing materials, technical description and operation manuals.

Structure of the system, co-operation with other software and hardware

System should be realised in client-server architecture and have modular structure, al-
lowing partial implementation in departments of company. System having client-server archi-
tecture is storing all data on main server, allowing easy changes in configuration, possibility
of changing assignment of workstations and fast backup of system.

Majority of main customer requirements should be satisfied without changes in soft-
ware, only by parameterisation of system. Company’s informatics should have possibility to
make changes in system in case of changing of law regulations

System should be able to exchange data with other software, e.g. calculation charts,
text editors, EDI. Possibility of importing data from old programs, previously used in com-
pany, is great advantage of system.

Operation and user interface, system security requirements

Most of system modules ought to have uniformed menus, screen layouts, keyboard
shortcuts and similar method of operation. Another required elements of system interface are:
context help in data input windows, error information if inputting incorrect data — system
should be “user friendly”. Graphical user interface should be used only if necessary, making
possible usage of older computers on workstations, where text interface is sufficient.

System have to be equipped with multi-level user authorisation and passwords. User
can access only modules and operations which are permitted to him. All user activity is
logged, all printed documents are marked with date and time of printout. System should be
secured against improper user activity, loss or stealing of confidential data and system crash
because of system errors. Error reports can be sent to system provider to make changes in
software avoiding this type of errors in the future. Automatic data backup function is abso-
lutely necessary function.

Detailed requirements depending on company specifics
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Requirements coming from small production volume

Production of large products in small volumes causes many difficulties, starting from
stage of offer preparation. Pricing of offer is difficult because of data shortage — simplest
method of pricing is to use data from previously produced similar product. If there were no
similar product, simplified project of product, containing material and labour requirements,
have to be prepared. It is expensive procedure and system should support it, because only 40-
50% of offersis accepted and realised.

Another problem is necessity of changes in product during production process.
Changes are caused by newly found errors in constructional or technological documentation
or by new demands of customer. It requires additional expenditure of time and work of con-
structional or technological departments and changes in schedules not only for corrected
product but for all products. ERP system should be flexible and allow changes in production
schedule, production plans, material demands etc. during production process. Changes pro-
posed by system should be optimised for lowest disturbances in other product schedules.

Requirements coming from necessity to get certificates and attestations

Necessity of acquiring certificates and attestations for the products because of its oper-
ating in high pressure or temperature conditions is additional problem. Getting certificates for
finished products is time-consuming process, certificates are made out by independent exter-
nal institutions and requires long bureaucratic procedures. In many cases product is finished
but cannot be sent to customer because of lack of certificate.

Also materials used to make new product, like metal plates or pipes, should have attes-
tations. Large products are in most cases welded of smaller pieces. Strength of all important
welds have to be checked — x-rayed. Products prepared for export are more troublesome — it
should fulfil requirements of foreign certificates, different in many states.

Materials management

Materials used to build product operating in high pressure or temperature conditions
are more expansive than normal. Characteristic and strength of material have to be checked
before production — it is required to get certificates for completed product.

Metal sheets or plates are bought as single unit and needed parts are cutted out from
sheet. In many cases not whole sheet is used to build a product. Material management module
should allow rational usage of material remains.

Requirements coming from large products dimensions

Large product dimensions causes organisational problems — dimensions of assembly
room and storage places are limited, simultaneous assembling of few products causes prob-
lems with its moving and handling, products are very heavy and have to be moved by cranes
or gantry crane. If greater number of product have to be produced in the same time, efficient
coordination of its moving is needed.

Shipment of product can be a big problem too. Sometimes completed products have to
be disassembled because of no possibility to transport complete product by truck or train.

Conclusion

Practical application of ERP system is difficult and long-lasting process. Above half of
implementation attempts is not fully successful, even in typical companies. Before introduc-
ing ERP system, analyse of company’ s requirements and specific features is necessary to in-
crease chances of successful implementation. Detailed analyse of proposed systems according
to requirements will allow to chose best solution and make required changes in it. The best
solution is system requiring least changes and offering shortest time of implementation in ac-
ceptation able price.
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Also references of proposed systems should be checked. Successful implementations
in other companies increases chances for success in our company. Experience in system’sim-
plementation is great advantage.
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AXIAL FAN BY SUPPLIMENTARI AUTO ASPIRATE FLOW
Dan Scurtu, Murarasu Emanuel (Technical University “Gh. Asachi” las Romania)

In a previous work we analyzed the influence of fluid emission through the running board for
a single wing. These experimental determinations emphasized great increase of the bearing
power. In this work we will experimentally examine the aerodynamic behavior of the wing,
which emits fluid through the running board by working in the network. The experimental de-
terminations are made on an axial ventilation engine having 630 mm and for which the pal-
lets have in the length of running board a 1 mm slit. The air aspirated through the pallets of
the hub level is exhausted as a jet through the running board of the pallets. As a result of the
experimental comparative determinations the ventilator without jets and the one with jets, we
noticed for the ventilators with fluid emission: a debit increase, a pressure increase and an
output increase. The experimental attempts have been made with several rotations.

Introduction

In work [1] we emphasized experimentally the influence of fluid emissions through
the running board of a single carrying wing. Thus we concluded that this perturbation has a
direct influence on the carrying power and on the resistance power when advancing. In this
way researches have shown an increase of the carrying power and implicitly of the carrying
coefficient with regards to the values that this coefficient can take, we have noticed that start-
ing with a certain value of the fluid flow emitted through the slit situated on the whole length
of the running board and with incidence angles relatively small (0°-14°), the resistance coeffi-
cient when advancing takes negative values. This proves that the carrying wing acquires a
propulsive nature. This phenomenon amplifies with the increase of the relation between the
medium speed of the fluid emissions from the running board and the speed of the general cur-
rent.

Experimental research

The engine of the axial ventilator was designed an way as the hub and the pallets can
allow the aspiration of an additional flow g through then which would provide the air jets
through the running board.

The exhaustion slits occupy all the length of the running board, in the case of the
tasted model, the slit being of 110x1 mm.

The theoretical examination concerning the phenomenon of flowing through the end
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of the pallet in the condition of the existence of the fluid emissions as drawn jetsis practically
impossible to achieve. This is due to the fact that the jets influence the charge from the
friction. Also it must considerate the fact that the medium local speed in the jet of fluid is
determinate by the centrifugal force, so appear a variation of unlined type, depending of the
radius of the ventilator section.

We can state that a direct consequence of the fluid emission for the axial ventilators,
the charge and therefore implicitly the fluid circulation, does not stable any longer along the
radius.

Excluding these effects, about this point of sight about the fluid emission through the
running board of the rotor pallets can be estimated some qualitative effects.

- The self aspiring jets lead to the decrease the advancing resistance and to an in-
crease of the carrying ability, by changing the moving condition in outline area of the profile
in the direction of approaching the point of the limit layer detachment, of the running board
and, as a direct consequence, the limitation of the whirling zone on the outline area.

- A decrease of the advancing resistance and consequently the decrease of the power
absorbed by the ventilator and thus resulting in an improvement of the ventilator outpuit.

- The increase of the carrying ability, which leads to a corresponding, increases oh
the ventilator pressure.

- Theincrease in the axial ventilator flows, and of the self aspirated flow.

The experimental attempts were made on a prototype with the following characteristic
hub diameter d=310 mm; the diameter from the engine edge D=630 mm. (figure 1)
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Fig. 1

The rotations made in the experimental attempts of the ventilator without fluid emission

and with fluid emission have the following values:
n;=1000 rot/min: n,=1250 rot/min; n3=1500 rot/min; ns=1750 rot/min;
ns=2000 rot/min; ne=2250 rot/min; n7=2500 rot/min.

The experimental were made on the close circuit stand, in order to test the axial ventila-
tors of 630 mm diameter. The engine used to engage the ventilator; the engine that equips the
trail stand has a continuous adjustment of the station in the range 0, 3000 rotation per minute.

The ventilator’s charge adjustment is conceived in the stand’s aspiration. The value of
evacuation section areas for which the experimental determination are;
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S1=0 m% S$,=0,217 m?; $3=0,435 m?; $,=0,615 m? S5=0,868 m*, Sx=1,085 m* S,=1,302 m?;
S6=1,519 m?; So=1,736 m?
As a result of the experimental trials the following characteristic measurement have
been established for both type of ventilators:
- Flow (debit) g [m*/s]
- Total pressure p; [Pa]
- Power absorbed from the network Ny [Kw]
- Efficiency h
With these measurements we can define:
Dag=q; - do —the flow variation
Dpt=py - pro —the total pressure variation
DNv=Nyvj - Nvo — the variation of the power absorbed from the network
De=hj- ho —the efficiency variation
The *j” index is established for the jet ventilator (fluid emission) and the “0” index de-
scribes the measurements characteristic of the classical ventilator.
The variations of the mentioned parameters, based on the exit section “S “and for all ro-
tation “n;” are shown in diagrams 1, 2, 3, and 4.
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Conclusions

Based on the experimental data the diagram analyses allows the establishment of the
following conclusions:

The debit variety —diagram 1

- The debit variety is positive thus indicating that the debit of the fluid emission venti-
lator is bigger than the one for the classical ventilator

- At the constant rotation the debit variation increases from zero value for =0 n¥ to a
maximum value for S, after which it maintain arelatively constant value.

- At aconstant S span, the debit variation increases with the rotation increase.

Thetotal pressurevariation —diagram 2

- The total pressure variation is positive, indicating that the total pressure for the fluid
emission ventilatorsis bigger than the one established for the classical ventilator

- At a constant rotation, the total pressure variation increases with the increase of the
evacuation section span

- At a constant evacuation section, the total pressure variation increases with the rota-
tion increase.

The absorbed power variation —diagram 3

- The variation of the absorbed power is positive, indicating that the absolute power of
the fluid emission ventilator is bigger than the power absorbed by the classical ventilator

- At a constant rotation, the power variation decreases with the increase of the evacua-
tion section from the repression

- At a constant evacuation section, the power variation increases with the rotation in-
Ccrease.

Theefficiency variation — diagram 4

We can notice that the blowing efficiency through the running boards of the turning

pallets is for rotations n>1000 rotation per minute. For rotation Nn£1000 rotation per minute
the value for the output variations are negative indicating that the output of the fluid emission
ventilator is smaller than the output of the classical ventilator.

- At constant rotation, the output variation increases from zero value to the maximum
value than it slowly decreases based on repression section span.

- At a constant span, of the evacuation section the output variation increases with the
rotation increase.

References. 1. SCURTU D., Theoretical and experimental studies about the in-
crease of the carrying ability of the finite wings by influencing the limit layer around the run-
ning board with application to turbo-machines. 2 MATEI P,RADULESCU M, Ex-
perimental studies about the functioning the axial ventilators with self aspiring jets in the run-
ning board of the pallets.

RESEARCH ON UTILIZED VIBRATING MECHANISM SEFFICIENCY AND
TBOLOGICAL ASPECTSOF VIBRATING MECHANISM SUSED FOR PACKING
EQUIPMENT CONSTRUCTION

Daschievici L., Ghelase D., Diaconescu |., Simionescu C. (Faculty of Engineerig - Braila,
University “ Dunarea de Jos’ of Galati, Romania)
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For packing, rollswith cylindrical rigid or elastic pressing areas are used. For rigid cylindri-
cal rolls, pressing is transmitted by means of a rectangular contact area, and pressure distri-
bution in soil leads to the modifications of the head resistance and of the packed area
smoothness. Notice the fact that for driven metallic rolls the frontal wave of material is
greater than the one for driving rolls. For material waves reducing, leading to a higher head
resistance, correlations between roll loading and contact area are established (roll radius
and width). The main technological parameter of the packing machine is the speed, which is
important for productivity determination. For clay soil with a high percentage of sand (65%)
or ballast with sand (70%) and 12% humidity, the following relation is used:

v=0,2,/f knvh, f - vibration frequency. Speed increasing determines a higher number of

passing over the same layer, because the working vibrations are transmitted in a shorter pe-
riod of time, the packing process being low. From the above-mentioned statements, results
that, taking into account an appropriate disturbing force, for an increased efficiency, a higher
frequency must be used.

GENERALITIES ON PACKING PROCESS

In building constructions, soil packing has an important role this work can be done on
natural soil or on a completed one with different construction material used as packing mate-
rial. Generally, packing materials are in a certain status defined by the next factors: humidity,
porosity, compactness. Packing is a physical and mechanical process where an external me-
chanical work applying leads to solid phase particles interfingering, with implications on lig-
uid and gas phase reduction from the mineral frame; the effect is gap volume decreasing in-
between the solid particles.

The external mechanical work can be transmitted to the packing material in two ways:
static and dynamic, depending on the nature and on the desired effect.

Static packing is achieved by pressing from top to bottom with a certain pressure
force, given by the packing equipment weight, on the packing material layers. Dynamic pack-
ing has the same effect as the static packing, but it is achieved in a shorter period using vibra-
tions or mechanical kneading in the packing layer. In this case, over the contact static force
between the solid particles the dynamic vibrating force overlaps.

Generally, sandy soil packing is achieved with maximum efficiency by using equip-
ment with vibrating devices.

PACKING EQUIPMENT

For packing, rolls with cylindrical rigid or elastic pressing areas are used. For rigid
cylindrical rolls, pressing is transmitted by means of a rectangular contact area, and pressure
distribution in soil leads to the modifications of the head resistance and of the packed area
smoothness. Notice the fact that for driven metallic rolls the frontal wave of material is
greater than the one for driving rolls. For material waves reducing, leading to a higher head
resistance, correlations between roll loading and contact area are established (roll radius and
width). For elastic rolls, pressing is transmitted using elliptical contact areas, which are di-
mensioned in accordance with loading mass, thus increasing packing effect. Due to a high
elasticity of tyres compared to the one of metallic rolls, the effect of wave appearance on the
head direction is practically removed. For some types of soil, static equipment has been re-
placed with the vibrating action ones.

For this equipment, a specific fundamental request, including two contradictory as-
pects, must be satisfied:

- packing working vibrations parameters achieving;
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- vibrations parameters framing within the admitted limits at the operator cabin, in order to
ensure the ergonomic and operating security parameters.

In spite of the difficulties arisen both in vibrating packing equipment manufacturing
and in operating, they have been widely used; so far, important producers of such equipment
exclusively manufacture vibrating machines that can be used on their static alternative.

VIBRATING MECHANISMSUSED AT PRESENT

For vibrating packing rolls, the constructive solution for vibrating system, inertial vi-
brating machines with unidirectional or rotating force, depending on the packing technology
and machine construction, is adopted.

A vibrating system with rotating forces
(fig.1), the simplest known system, is made up of
roll axle on which are symmetrically placed ec-
centric masses or with eccentric axle length. For

N |
1l < % % both cases, the disturbing force is directly propor-
11 11

tional to frequency; these types of mechanisms
have no possibility of independent adjustment.
Because only vertical forces oriented to
Fig 1 the earth are effective, the other components are
transmitted to the machine and special damping
measures are necessary to be taken, both for machine and operator protection.
An advanced vibrating mechanism is the one with the unidirectional force, which ac-
cording to the specialty literature specifications is made up in two different ways:
- 1. With two cinematically synchronized eccentric masses, having the same rotating phase,
but opposite moving directions to cancel the horizontal components (fig.2). The mechanism,
mounted on the vibrating roll axle, ensures vibra-
tions transmitting. The vertical upward component is
1 | transmitted to the basic machine and damping meas-
T 1 1 T ures are necessary to be taken. Such a mechanism
%ﬂ; %m% can be realized with the possibility of disturbing
o o force adjustment, depending on the frequency; the
adjustment is difficult to be done and as arule, it is
Fig.2 not executed for operating conditions. The adjust-
ment is possible by using the two eccentric masses

1 comprising the fan shaped packages. Packages detachment is manu-
/&g\ ally executed with great synchronization difficulties in order to elimi-
[

nate the horizontal components of disturbing force (fig.3).
- 2. With pendulum vibrator mounted on the roll axle (fig.4).

237



An inertial vibrator with eccentric masses is mounted inside the case on the roll axle, able to
be rotated for vertical placement due to its own weight. Because of pendulum attachment, the
rotating force is transmitted to the roll axle only as a vertical unidirectional force. The inde-
pendent adjustment of disturbing force is difficult too, and its upward component damping is
similar to the above-mentioned situation.

For al the mentioned situations, fre-
quently used in vibrating packing rolls con-
struction, special problems arise for vibrating
mechanisms manufacturing and damping.

Because of the mentioned drawbacks,
resulting from the construction ad exploitation
of vibrating mechanisms, it is considered nec-
essary to make efforts for finding new solutions
able to eliminate at least some of the draw-
backs.

Presumably, because of the wide range
of exploitation, the manufacturers will make
researches to improve the products and ranges
diversity.

HARMFUL VIBRATIONS DAMPING

: For all the above mentioned and utilized
Fig.4 vibrating packing equipment, the upward verti-

cal component, equal to the effective one, is transmitted through a damping system to the ba-

sic machine.

The specialty literature refers not so much on vibrating damping transmitted from the
disturbing mechanism to the equipment sub-assemblies and to the operator cabin. The main
component parts of the vibrations isolating and damping system are represented by anti-
vibration elastic elements made up of rubber. The vibrations isolating steps are placed in-
between the vibrating rolls and the machine chassis.

Due to the elastic properties, characterized by the factor of rigidity, the rubber ele-
ments determine the dynamic operating regime. If the anti-vibration elements are not correctly
placed, malfunctioning may appear accompanied by sub-assemblies crash together with vibra-
tions transmitting to the operator cabin, beyond the admitted limit. Rubber's capacity of ab-
sorbing part of mechanic energy diminishes vibrations amplitude, especially for resonance
case; in this situation rubber elements, due to their energy dissipation properties ensure damp-

ing.

From the above-mentioned statements it results that, during packing process, the dis-
turbing force must have values higher than vertical loading distributed on the vibrating roll.
The specialty literature does not mention the possibility of vibrations damping up to the ad-
mitted limit, for the whole range of vibrations parameter range (f = 20 — 65 Hz, P/G = | — 6).
It isto presume that an optimum anti-vibration system is hard to achieve and the manufactur-
ers agree with doing some compromises.

From companies prospectuses analysis results that their products have not adjustment
possibilities for the disturbing forces, irrespective of frequency. This fact leads to the conclu-
sion that they gave up this advantage, either because of the impossibility of making a vibrat-
ing mechanism able to do this adjustment, or because of the impossibility of damping the vi-
brations transmitted to the machine for the whole variation of this parameter.

HARMONIOUS ASYMMETRICAL VIBRATIONS GENERATOR
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For solving some important problems of vibrating mechanisms manufacturing, the
present paper shows research performed for a mechanism similar to those used in present. The
disturbing force has different values in the two ways of vertical direction. For the upward di-
rection the force value is minimum, influencing the way of vibrations are isolated and
damped,; for the download direction, the force value is maximum and able to ensure compact-
ing of different soil types (continuous adjustment within awhole range).

This generator also ensures reduced loading on mechanism bearings because the dis-
turbing force is transmitted to the axle through mechanism casing.

The generator may have one or two inertial masses and depending on the adopted
variant, the following advantages are to be observed:

For the case with one inertial mass, the effective disturbing force

+F increases together with the harmful disturbing force decreasing, and the
l ! maximum value is for asmaller size (fig.5):
Fo=F,
Pp For the case with two inertial masses, the effective disturbing force
is the difference between the disturbing forces on vertical direction:
u Fo=Fy- Fq
In this case, the frequency is half as the one in the case with one
Fig. 5 inertial mass and the mechanism is bigger. The mechanism with two iner-

tial masses does not transmit vibrations to the machine (Fd component is
null) and vibrations damping and isolating system is considerably simplified.

TRIBOLOGICAL APPRECIATIONS

As this paper analyses a new vibrations producing mechanism, making possible the
appearance of loading inside the component elements, research of their behavior is necessary.

TRIBOLOGY is defined as the SCIENCE AND TECHNOLOGY OF INTERACT-
ING AREAS IN RELATIVE MOVEMENT for analyzing friction and wear, with or without
lubrication.

The mechanism for asymmetrical vibrations generation contains a friction couple
comprising of two rotating elements in contact; the forces are in a continuously variation and
they have a certain ciclicity. Such friction couples have been previously studied and the spe-
cialty literature refers to them. This case can be assimilated with the one studied in Hertzian
contacts when the moving mass is ball or roll shaped and the rolling path corresponds to the
situation. According to the researches, the conclusion isthat due to elastic deformationsin the
contact area, its shape is elliptic. In the contact area center, normal maximum efforts
(Sx=pPmax), and tangent maximum efforts (t max = 0,133 Prnax) arise on the outline; these ef-
forts are determinative for the material mechanic behavior and explain the cracks ap-
peared at the limit of contact area. This can cause Pitting effect, which must be studied
because of the forces status different from the one studied before.

Pitting wear is aspects of weariness and according to some authors, it is a complex
phenomenon produced by many factors. Pitting leads to dimples appeared on the couple of
areas; the dimples can grow up in time and stop the couple. Couple operating has to be
analyzed, with or without lubrication, because according to Way theory the lubricant
spreads the cracks due to a high value of hydrostatic pressure in the contact area

From the tribologic analysis of mechanism couple for asymmetrical vibrations
generating, a series of conclusions regarding materials quality and areas in contact finish-
ing, can be stated; the conclusions are to be compared to the ones from other researches
performed under stress conditions requested by the mechanisms where they have been
used.
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The experiments will be done taking into account the specific conditions of asym-
metric vibrations generating mechanisms and the results are considered to complete the
present studies on this type of couples.

The analysis of vibrating mechanisms leads to the conclusion that, in order to in-
crease their reliability, new solutions for vibrations transmitting to the machine's final
element - the vibrating axle - must be determined. The possibility of developing an asym-
metrical vibrations generating mechanism with no mobile cinematic couples leads to an
increased mechanism lastingness and better reliability parameters.

A mechanism with the possibility to decrease or eliminate the harmful disturbing
force may simplify the vibrations damping and isolating system, thus influencing the
equipment price and improving the reliability parameters.

In present, it is difficult to estimate the effect of a new vibrating mechanism devel-
oping, but one can consider that the appreciations on mechanism efficiency will be con-
firmed when experimenting on areal mechanism or a model.

CONCLUSIONS

As aresult of the above-mentioned statements, vibrating packing equipment is the
leading one and the manufacturers all over the world gave up of static equipment produc-
ing; this situation may determine actual mechanisms improving and a higher packing
equipment level of performance.

From atheoretical study on vibrating mechanisms, a series of basic difficulties are
to be noticed, as follows:

- the impossibility of packing technologies main parameters adjustment;

- the use of cinematic couples (bearings) for high values of disturbing forces leads to a
good dimensioning and to special problems implying reliability and maintenance;

- harmful vibrations transmitting by means of damping and isolating system, which is
sized for a certain working status, it is considered inefficient for the entire range of values
of main parameters and with repercussions on the basic machine and on the operator.

Developing a new vibrations generating mechanism, able to eliminate a series of
deficiencies, it is necessary and it deserves a special effort to be done by actual re-
searches.

References: 1. Cyril M. Harris, Charles E. Crede - Socuri si vibratii, Ed. Tehnica,
Bucuresti, 1968. 2. Mihailescu, St., s.a - Masini de constructii, Ed. Tehnica, Bucuresti,
1985. 3. Pavelescu, Dan - Tribotehnica, Ed. Tehnica, Bucuresti, 1983.

MODELLING OF THE RADIAL AND AXIAL FORCES FUNCTION OF
THE MATERIAL AND AXIAL ADVANCE IN THE COLD FORMING PROCESS

Dobrescu I., Boroiu A., Nicolae V. , Parlac S. (UPIT, Romania)

For a cold plastic forming, the sizes of the deforming forces have an important role,
because, on the one hand, help to the choosing of the technological system, due to their
influence on the energetic parameters of the process and, on the other hand, the sizes of these
forces influence directly the deformation’ sirregularity and, so the quality products obtained.

In this context, this work presents modeling in MATLAB software of the radial and
axial deforming forces function of the axial advance s and of the mechanical characteristics
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of the material represented by the afterflow resistance s, which appear in the cold forming
process.

Introduction

The force' s deforming size in the cold forming process constitutes one of the most im-

portant technological factors of the process, and its knowledge permits, on the one hand the
adoption of the adequate machine, and on the other hand the leading of the processin the
sense that we want, this size influencing a part of the quality parameters of the machined sur-
faces.

The forces which appear during the cold forming process by intermittent strike
(hammering) are: the normal teeth force (radial-F,) (the one perpendicular on the
semiproducts) and the axial teeth force-(F.) (the one arctangent to the contact tool-
semiproducts).

Forces in the forming process

At the determination of the necessary deforming force in the processing with only one
roller tool, it is admitted the hypothesis that the material from the tooth space area passes only
on radial direction for the forming of the teeth, being stopped the passing on axial direction
[4]. The tooth in the case of this processing process is accomplished gradually, fig.1.

In the beginning the roller touches the exterior of

o ! - the semiproducts, forming a small sideways beak, and
s = in the immediately next moment it is performed the
| TR L beak on the opposite (counter) plan of the tooth, the

i i following runs moving the besks towards the tooth

\ o
D g _
7 o e fig.1.

= wﬁ’iﬁ' _-V | For the accomplishment of the teeth form by a

e j’ / // 7 certain form on the semiproducts circle (circumfer-

s ence), its material is plastically formed near the sur-
i

face on radial and axial direction, forming spaces
whose root diameter is smaller than the initial diameter
of the semiproducts, and the teeth whose crest diame-
Fig.1. Performance of the tooth ter isbigger than the initial diameter.
The material from the area 1 can be retrieved in
area 2, laying down the condition that the material
should move not only on radial direction, fig.2.

To obtain correctly the tooth profile (at the form and dimensions requested) it is im-
posed the determination of the forces necessary for the plastic deformation and for the me-
chanical work.

It is obvious that the force which performs the movement of the material on radial di-
rection at the machine tool is the one that interests us, that is the force F,, and the other com-
ponent, the axial force is preferable to be as small as possible.
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The analytical computation of the forces in the cold forming processis performed on a
simplified model [4] of the element by volume, having the section with the big basis t, equal
with the length of the binding beam on the crown circle of the semiproducts of the radius rs
and small basist; equal to the length of the binding beam’ s space (gap) on the radius foot cir-
cler, on which act on the radial tensions s, and s, +ds, and tangential tensions s, fig.3.
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Fig.3. Determination of the deforming
force[4].

Fig.2.Yielding of the material.

The final relations of the calculation, of the components of the total (entire) force nec-
essary to the material’ s deformation in view of the teeth formation are:

t,-t, )

where spand s are given by therelations:

L2
=C dty/ty) =2s _In(t, /t
Sr QSC( y y) c (2 1) (2)
S, =25 [1+In(t, /t,)]
and the angle a is given by the relation:

CGob 3)

arctga =
EAPTOR

M odeling of the deformation forces in the defor mation process
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For the modeling of the forces, which appear in the cold forming process by intermit-
tent strike, were performed programs synthetically presented in annex 1.

The programs for mathematical simulation of the analytical expressions of the defor-
mation forces, function of two input parameters, the axial advance of the semiproducts s, and
the working material materialized by the flowing resistance s. were done in MATLAB soft-
ware,

The variation graphic of the forces in the cold forming process function of the two pa
rameters for which the mathematical simulation was performed is presented in fig.4 and fig.5.

Fig. 4. Fy- function of s; and of s.. Fig. 5. F4 function of s, and of s..
ANNEX 1

Program F,
t1=1.902;
t2=3.298;

sigc=(150:50:600);
$=(0.025:0.025:2);
rs=16.8;
rf=15.75;
af=tan((t2-t1)/(2* (rs-rf)))
[X,Y]=meshgrid(s,sigc);
n=length(s);
m=length(sigc)

for i=1:1:m

ssigc=150+(i-1)* 50;
for j=1:1:n
s5=0.25%;

sigro=2*ssigc* log(t2/t1);
fro(j)=sigro*t2*ss,

Z(i.,j)=fro(j);

end;
end;

%[ X,Y]=meshgrid(xx, yy);
%surf(X,Y,2)
meshc(X,Y,Z)

Program F,
t1=1.902;
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t2=3.298;
sigc=(150:50:600);
$=(0.025:0.025:2);
rs=16.8;
rf=15.75;
alf=tan((t2-t1)/(2* (rs-rf)))
[X,Y]=meshgrid(s,sigc);
n=length(s);
m=length(sigc)
fori=1:1:m
ssigc=150+(i-1)* 50;
for j=1:1:n
ss=0.25*;
sigtet=2* ssigc* (1+log(t2/t1));
ftet(j)=sigtet* ss* (t2-t1)/(2* sin(alf));
Z(i.j)=ftet());
end;
end;
%surf(X,Y,2)
meshc(X,Y,Z)
Conclusions
The deforming radial forces in the cold forming process depend on the axial advance
of the semiproducts s, on the quantity of deforming material and on its characteristics repre-
sented by module m and respectively the flowing resistance s. . With the increase of the axial
advance, and of the flowing resistance, the deforming forces increase. This thing can also be
observed from fig. 2 and 3, where it was represented in MATLAB software, the variation of
the deforming force components function of the advance s, and of the material characteristics
represented by s..

References: 1. Dobrescu I. - Contributii privind danturarea prin deformare plastica la
rece prin ciocanire, Teza de doctorat, Universitatea din Pitesti, 2004. 2. Krapfenbauer - Ver-
zahnungswalzen mit verschiedenen Maschineusystemen nach dem Grob - Verfahren, Teil | si
Teil I1, Draht 32 (1981), 7. 3. Neagu C., Vlase A., Marinescu N.I. - Presarea volumica larece
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CRITICAL AND LOGICAL THINKING IN ENGINERING EDUCATION BY SO-
CRATIC TEACHING METHOD

Dodun O., Munteanu A, 1lii S., Apetrei L., Slatineanu L., Nagit G. (TUI, lassy, Romania)

The Socratic Teaching Method, characterized by asking instead of by telling, can be used in
engineering education with a great success despite the fact that it is used merely in the hu-
manistic education. Because of the obvious advantages of this technique, it must be used both
at project, courses and seminar activities. This manner is efficient in helping students to criti-
cal and logical think, to understand and to learn. The main advantage is that the students are
not forced to memorize, providing logical knowiedge through reasoning process. Also, the
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students participate actively and do not get bored or lose concentration. However, there are
some disadvantages of this technique that are emphasized in this paper.

Introduction. Teaching engineering supposes to offer competence and recognition beside
specifically knowledge, skills for design and calculations, business and management concepts,
ethics. We claim of competence because we want that engineering to be treated seriously as a
profession, compared to doctors or lawyers. That iswhy; an important element of engineering
education isto offer to sudents a habit of critical and logical thinking. The aims of educa-
tion are self-knowledge and skill in thinking, appraising or reasoning process. Thisgoal can
be obtained by the using of the Socratic teaching method. Merely in humanistic education, the
Socratic dialogue can be used also in engineering education, both at the seminar and courses
activities. A large number of engineering disciplines may use this innovating method of teach-
ing. Different researchers[1, 2, 3] present alot of examplesthat prove that the Socratic
method can be effectively applied to engineering education. As presented in figure 1, a num-
ber of teaching methods and activities are used in engineering education. In the first column,
there are listed the traditional learning methods and in the second column there are presented
the active ones. To judge the effectiveness of a specifically method, we must correlate the
student’ s performance and the student’ s opinion.

Questioning,

Discussions,

Controlled or Guided Discussion,
Informal teacher talk, Socratic Method,
Lectures-formal teacher talk, Demonstration,
Recitation, Drill and Practice,
Open-Text Recitation, Advance Organizers,
Advance Organizers, Socio-drama and Role-playing,
Memorization, Simulation,
Review, Jury Trial Technique,
Presentation-Type Technique, Brainstorming,
Committees and Small groups, Project,
Buzz Sessions and Group work, Research Projects,

Case Study Method,

Field Trip,

Clinical Experiences
Fig. 1 Taguchi’s graphs

In order to learning, different students have various ways and they use both passively
and actively. It is proved that the students remember more material, more quickly, understand
more of that they learn and are able to utilize the skills more effectively if they use the active
methods. We emphasizes that among the known learning activities read, hear, see, hear and
see, say, say and do, the most efficient for the studentsis the last one.

Socratic Teaching M ethod

The Socratic Method of Teaching is based on the Socrates theory that it is more im-
portant to enable students to think for themselves than to merely fill their heads with "right”
answers. It is recognized as a dialectic method or investigating problems method through dia-
logue. The process encourages divergent thinking rather than convergent and consists in series
of questions, both challenging and leading. This teaching tactics focuses on giving students
guestions, not on answers and provides to the students critical and logical thinking. The stu-
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dents are compelling to think and to reach to alogical conclusion by questioning the group. In
front of the entire class, an interchange between the professor and an individual student takes
place. Through meaningful questions and answers, the chosen student develops hopefully a
new idea or constructs a general conclusion for a specific problem that, at the beginning, he
may have only vague intuitions. The students are pushed to the correct conclusion through
mistakes, reasoning and proofs. The professor’s questions allow students to think critically by
themselves, analyze multiple meanings or solutions and express ideas with clarity and confi-
dence.

The Socratic questioner must follow the subsequent stages:

- introduce an initial question (definition of a concept or solving a problem);

- keep the discussion focused on the main topic;

- draw as many students as possible into the discussion;

- use subsequent questions to analyze all implications;

- stimulate the discussion with the right probing questions to reveal the error or the truth of
the answer he received,

- periodically summarize what has and what has not been dealt with and/or solved;

- use subsequent questions to reason from the particular to the general, or by the process of
induction, to reach a general conclusion.

Advantages of Socratic Teaching Method

Socratic questioner creates an open and collaborative environment for questioning and
analyzing. In a Socratic dialogue, the participants follow a specific path of constructive in-
quiry, depending on the lesson topic.

The questions of the professor are designed to reveal possible solutions to an issue, the
steps necessary to arrive at certain solutions and led the respondent to alogical conclusion of
himself.

The main advantage of the method consists in the fact that it is extremely active and
meaningful and the students do not boring. It is an efficient way to get students involved, to
stimulate curiosity and guide them logically to figure out a subject through their own think-
ing. Without forcing students to memorize, it provides logical knowledge by reasoning proc-
esses. The teacher does not lecture to the students but drawn them out into an interactive form
of learning.

Other essential advantage isthat, in many cases, students bring new light in their ques-
tions, from different angles. Sometimes, awaken questions that were never expected it pro-
vides critical thinking. From those situations, everyone has something new and remarkable to
learn. Every student involved brings something interesting for the whole group.

Disadvantages of Socratic Teaching M ethod

The main disadvantage of this method is the fact that, especially in engineering educa-
tion, it isn’'t applicable for every topic or all days long.

An important disadvantage of the method consists in the necessary time for adequate
preparation of the courses and the questions. From the professor point of view, it is easier to
lecture by telling and giving explanations or descriptions than to fit closely to the students
answers, to their feed-back. It is easier to present regardless of what students might could
learn or understand.

Also, the teacher must have high skills for discussion and listen. In Socratic Teaching
Method, the teacher, besides giving knowledge, must monitor the students understanding and
fit to their answers. It is difficult to apply because the process requires the faculty to follow a
student's comment with a new appropriate question wherever the student may lead.
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Another major inconvenience consists in the larger time necessary for the lesson. The
guestioning method is time consuming to involve as many students are possible and to pay
attention to their answers.

One more important aspect is the fact that it is difficult for the students to take notes.
That is happened because the teacher didn’'t offer a lecture and the students involved in the
discussion. The students will complain about the exam questions because they don’t find a
rigorous plan or structure subject for the exam at the class.

Application on M echanical Engineering

As follows, we present a possible example of teaching the notion of quality. In the class-
room, the professor isteaching the different methods of quality verification in factories, using the
Socratic Dialogue;

Professor: What can you tell me about the basic concept “Quality” ?

Students: (one of the students answered): For me, “Quality” in some product is the main charac-
teristicsthat | consider to be good enough for its purpose.

Professor: Inwhich objects can we find “Quality” ?

Students (all the studentstried to answer): Computers, cars, watches, cell phones...

Professor: Which kind of characterigtics we can evaluate, in terms of “Quality”, in the objects
you told? Can these characteristics influence its performance?

Students: The shape, its beaty, its durability, if it isworking well ... and yes, they influence per-
formance.

Professor: Let’s imagine that we have a computer components factory. The minimum working
requirements of each piece are the dimensions and geometric shape. Which must be my evalua-
tion criterions in terms of quality for this particular case?

Students: The shape must be the same for all pieces and we have to make sure that the dimen-
sionsallow itsworking conditions,

Professor: One piece that do not fulfill the shape or the dimensions requirements, should be ex-
cluded?

Students (everyone answered in the same voice): Yes, Yes...

Professor: But do you think all the pieces must have exactly the same dimensions and shape? Or
do you think that we can have a gap of values between which all pieces has the same perform-
ance?

Students: Yes, we could have afunctional gap of values...

Professor: Practically, there are functional gaps when we evaluate the “Quality” of some prod-
uctsthat we call “tolerance’. How can we be able to measure those tolerances?

Students: (one of the students whispered) Using some devices?!

Professor: Very good!! There are alot of specific devicesto do that. Let’s now imagine that our
factory has a daily production of 10.000 pieces. Do you think it is viable physically and/or in
terms of money and time to measure all pieces?

Students: No.

Professor: What can we do?

Students: We can measure only some of the piecesrandomly.

Professor: Exactly!! This is what happens in factories with a very high daily production, but, as
you can see, there is aways the possibility to admit bad pieces. Do you think it’s necessary to ap-
ply the same verification methods in afactory with adaily production of 5 pieces?

Students: No, of course not! Inthat case, we can evaluate all pieces.

Professor: As you can see, there are different methods and criterions of evaluating “ Quality” to
different factories and enterprises with different productions. The engineers have a very important
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role in this subject, being responsible to find the better and assorted verification methods to differ-
ent types of quality evaluation criterions on the most different products.

Conclusion

From the study of the specialty literature and also from our teaching experiences, we
could conclude that an effective and successful teacher must not focus just on a single method and
neglecting the others. The critical and logical thinking of the students in engineering could be im-
proved by the using of the Socratic Teaching Method.
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SCALY ARISING IN BROACHING PROCESS
Doroshenko R., PrimanisE. (RTU, Riga, Latvia)

Process of formation scaly in broaching processes is characterized by geometrical parame-
ters of the broaches and cutting speed. There are offered physical explanations of scaly aris-
ing and results of metallographic research. The roughness forms of surface and its quality is
estimated too. Influence of conditions on geometrical parameters of surface and quality of
processed surface are considered.

Introduction

Plastic deformation and a metal collapse conditions in cutting zone affect the process
of quality upper layer formation. That depends on treatment various roughness forms of sur-
face are developed. Roughness of surface has influence on the wear of equipments parts, the
friction and stability of tools. There is taken into consideration mutual disposition of forms
classifying roughness by its types. Roughness of surface has characterized by some types of
roughness complexes with regular recurrence.

Having treatment via cutting speed about 1..12 m per minute on hardly workable sur-
face of blank the scales and duplicate roughness of cutting edge micro relief are arisen. There
is chance to reduce roughness enlarging cutting speed up to 12..50 m per minute. By treating
steels the scaly as product of decay of tool built-up edge is one of roughness basics. That is
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why research of scaly arising by metallographic method has been provided with great atten-
tion.

Conditions of research

Rules of scaly arising on surface were explored in order of rake angle value (10°..20°),
cutting speed (1..10 m/min) and a thickness of cut layer (0,02..0,60 mm). There was taken a
steel P18 and P6M5 as the material of broach. Cutting process was performed with and with-
out using a coolant.

Scaly of surface is product of periodical collapsed tool built-up edge base. Thereby it
is observed arising of two type scales — normal scales and maximal scales. Last type of scale
has greater height and size. On workable surfaces both types of scales arise in such way: at
first the couple of normal scales arise, after that maximal scale and so on.

In process of tool built-up edge shaping cutting layer is broached under the angle v
against geometrical cutting line. As result the metal layers that are cut extra passes into chip
and built-up edge increasing its amplitude and amount of foot. That in other turn is promoted
increase of force arising at action of entrance built-up edge in blank with periodical collapse
its base. Effect of such collapse is normal scales. Each of next scale top is settled below geo-
metric cutting line. This feature of built-up edge base collapse and cut off layer conduction set
increase of built-up edge and amplify resistance of penetration in the blank. A slice of built-up
edge is separated from direct part by geometric cutting line or under it and stay on processed
surface as maximal scaly.

Physics of process and calculus

On foot of material digoining maximal scales are coming up in form which is alike
with the cutting tooth of broach. (Fig. 1). Such analogy has physical meaning too, if there are
took into account contact of machines friction pair when as result of micro cutting scales there
are removed metal layers from conjugate surfaces calling out greater wear-out. In accordance
with that the surfaces of scales are divided as rake surface 1, flank surface 2 and back surface
3. The rake surface is part of built-up edge flank surface before scale is separated. The flank
surface of built-up edge is as an area on which built-up edge collapse was happened. The back
surface is formed during disjoining a removed layer from blank under angle y against geo-
metrical cutting line. The flank angle of scale against that line is equal nil or near them.

cutting tool

geometric cutting line

maximal scale normal scale

Fig.1. Arising scales and its schema of mutual disposition.

There are offered primary scaly character values:
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t —step of normal scales, distance between tops of two immediate normal scales gauged
into the broach movement direction;

v —the back angle of scale anent geometric cutting line;

h, — height of normal scale;

h - height of maximal scale;

b — length of top of scale.

There are calculated some of pointed character values with presumption that step t is
equable for every case of scaly which isunder consideration. It is presumed that the flank an-
gle of maximal scale as a normal scale conform to geometric cutting line. As mentioned
above the flank surface of normal scale is displaced below identical flank surface of previous
scale for value

h-h
Dh =— o, (1)
n
where n—number of normal scales between two maximal scales.
Distance between geometric cutting line and the flank surface of normal current scale

is calculated as follows

h =2 Do 2
n

where n; - number of scales order in cutting direction.
The angle v is determined from an orthogonal triangle, where one cathetus

h
ish + ", but othert - b. Asit isexploredb = 0,23t . Then

n
h+h >(n-1)
tgy = . : 3
ay 0.8 xn 3
After rewriting formula (3), when n>1, height of normal scale is
h _08:t>nstgy - h @

" n-1
If is not in action the micro polish, thickness of layer may be determined with metal
layers cutting from a painted surface of the work piece sequentially until the paint is removed
completely.
Total thickness of cut layer was recorded by the equipment of an indicator with value
of point 0,002 mm.
I f the back angle vy is presumed with mean value, formula (3) get simplified
h =08st:tgy . (5)
Processing steel 10X17H13M3T the back angle v is considerably less (y=2,5°..3,5°)
than for processing steel E295 (DIN EN 10025) (y=7°). Respectively, if steps is equal then
height of scales is less on the surface of blank from steel 10X17H13M3T. Accordingly calcu-
lation of height h, get easy because it is necessary to gauge the step t only.
Metallographic research
Types of roughness that are obtained by changing some parameters are shown in fol-
lowing table 1. Increasing rake angle a schema of changing scaly is same than schema at
y=10°.

Table 1.Types of roughness of broaching surface.
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Cutting speed | Thickness of cut layer
v, m/min a, mm/tooth Types of roughness
3 0,02..0,20 moire
>0,20 scaly
5 <0,25 scaly decrease
>0,25 scaly increase
<0,05 scaly arising beginning
75 0,05..0,20 scaly increase
’ 0,20..0,35 scaly decrease
>0,35 scaly disappearance
10 0,02..0,35 Scaly is away, on surfac_e dupli(_:ate r_oughness of
cutting edge micro relief arise

Results of metallographic research allow performing conclusions as follow about scaly
influence on cutting process and shaping quality surface:

1. Scaly affect a wear of broach teeth and is one of the main reasons of changing upper
layer physical and mechanical properties.
2. Remarkable hardness of scaly and its geometry promote more intensive wear of re-

lated surfaces, because its actual contact square is considerably less but actual load greater
then calculated value.
3. Scaly reduce calculated interference of related surfaces and can change a type of joint.

Let us inspect awear-out schema of the broach teeth (Fig. 2). It is presumed that scaly
surface arises by cutting with roughing cut tooth of broach. Cutting conditions of the follow-
ing tooth is different from cutting conditions of the previous tooth and depend upon scaly and
thickness of cut layer. There are two cases by cutting scaly surface.

cutting tool

Fig. 2. Schema of scaly influence on the wastage of cutting tools.

In the first case flank of cutting tooth and cutting edge gets contact with scales having
great hardness near hardness of built-up edge. Therefore a wear of teeth are intensive and its
character is abrasive. Besides impacts can arise on time of cutting tooth edge contact with
scales that multiply awear of sintered-carbide teeth.

In the second case cutting edge of teeth get contact with treated material. The wear of
teeth happens not so quickly, cutting force is greater than in the first case and it is why the
sguare of cut layer is greater then in scales scission.
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So long as thickness of cut layer increases, strength of broach grows because its teeth
work in a blank material. If the thickness of layer is less then the height of scales cutting hap-
pens at its foot or along the top with calling an extratool wear. As result of presentment pre-
viously scaly arises in definite range of cutting speed and removing layer thickness.

Conclusion

If there are considered analysis of a roughness zones in conclusion it is necessary to

note:

1. increasing the rake angle (y till 20°) and using a liquid of cooling scaly is decreasing;
2. increasing the thickness of cut layer, primarily cutting speed grow at which scaly is
disappearing, but after that growth is dropping off;

3. scaly does not appear on the processed surface at definite ratio of cutting speed (5..12

m/min), thickness of the cut layer (0,02..0,35 mm) and the rake angle of the cutting teeth of
broach (10°..20°).
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THE PHYSICAL MODELLING OF THE PROCESS OF NORMALIZING ROLLING
OF S355J2G3A STEEL PLATES
Henryk Dyja, Jarostaw M arkowski, Marcin K napinski, Anna K awalek, Bartosz
K oczurkiewicz (Ingtitute for the Modelling and Automation of Plastic Working Proc-
esses, Faculty of Process & Material Engineering and Applied Physics, Czestochowa
University of Technology)

Physical simulations of the process of rolling plates to a final thickness of 12mm in the
finishing rolling mill of a plate mill were carried out within the study. The aim of these
simulations was to develop a strategy of passes that would allow the microstructure of the
rolled steel identical to that obtained after normalization to be produced directly fromrolling.
The value of the total strain was read from the engineering reports of the mill. All smulations
were based on the total strain, which was a constant value, whereas the variable parameters
were: temperature, the single pass strain and the cooling rate after total deformation. After
the tests, polished sections were prepared and hardness was measured for all specimens. The
tests carried out allowed the optimal conditions of the process of normalizing rolling 12mm-
thick S355J2G3-grade steel platesto be described.

Testing Material

The physical modelling of the steel rolling process was carried out on a GLEEBLE
3800 simulator at the Institute for the Modelling and Automation of Plastic Working Proc-
esses (IMiAPPP). Compression tests were performed on specimens in the form of plates.
Compression tests in a plane state of strain are intended primarily for the testing and simulat-
ing of material behaviour under the conditions prevailing in arolling stand.

For plotting a CTPc graph, a DIL 850A/D dilatometer was used. The DIL 850A/D
type dilatometer enables recording of phase transitions and structural changes during the

252



physical modelling of thermal trestment operations. It has the WinTa6.2 software that enables
the visualization of results,

Tests were carried out on S355J2G3 steel specimens. Chemical composition of the
steelstested isgiven in Table 1.
Table 1. Chemical composition of the S355J2G3 steel tested.

C Mn Si P S Cr Ni Mo Cu
0.15 1.36 0.33 0.017 0.03 0.05 0.089 0.03 0.23
Al N> Vv Nb B Ti Sn Ca Zn
0.03 0.0092 | 0.001 0.002 | 0.0003 | 0.002 0.018 | 0.0007 | 0.003

Physical Simulation of the Process of Rolling S355J2G3 Stedl

Within the experimental part of the study, CTPc diagrams for S355J2G3 steel was de-
veloped and the physical simulation of deformation of this steel was performed. To develop
CTPc diagrams for the steel under consideration, dilatometric tests were performed on 10
mm-long, 5 mm-diameter cylindrical specimens. During the experimental tests, the specimens
were heated up to a temperature of 900°C, held at this temperature for 3 minutes, and then
cooled down to ambient temperature at variable cooling rates. As aresult of the above proce-
dure, dilatometric patterns were obtained, on the basis of which the CTPc diagram was plot-
ted, which is shown in Figure 1.

ey

Fig.1. CTPc diagram for steel S355J2G3

Table 2 shows the scheme of rolling band of a final thickness of 12 mm. The scheme
of passes, band temperature and break times shown in Tables 2 were adopted as in the engi-
neering reports of the plate mill.

Table 2. Parameters of the rolling process simulated in the experiment for S355J2G3 steel
specimens

Pass ho, hl, tp, T , DT ,
no. m mm S °C °C
1 39.93 30.79 0.00 955 -

2 30.79 23.19 10.50 938 17
3 23.19 16.71 12.00 926 12
4 16.71 13.99 14.60 910 16
5 13.99 12.72 15.10 889 21
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The variation of material temperature during physical simulation is shown in Fig. 2.
The specimen was heated up to atemperature of 1050°C, soaked at this temperature for 60 s,
and then cooled (at arate of 2°C/s) down do atemperature of 955°C, at which the first defor-
mation took place. After the last deformation carried out a 864°C, the material was cooled at
arateof 1.5°C/s.

The structure of the S355J2G3 steel after deformation and cooling at the preset cool-
ing rate is shownin Fig. 3.

Figure 4 illustrates the stress-actual strain curve obtained during deformation of a
S355J2G3 steel specimen on the GLEEBLE 3800 dilatometer according to the scheme shown
in Table 2.

1200 - 1050°C
1100 A1 G Wygrzewanie 60s 955°C
1000 A v
900 A
800 A
700 A
600 1 Nagrzewghie 10°C/s Chtodzenik 1,5°C/s
500 A
400 A
300 A
200 A
100 A
0 T T T ]
CZASt, s

TEMPERATURAT, °C

Fig.2. Variation of material temperature during the physical simulation of
the process of rolling S355J2G3 steel plate
a) specimen edge

b) specimen centre
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Fig.3. The structure of the S355J2G3 steel, the specimen deformed according to the scheme
as shown in Table 2, etched with Nital, magn. @) and b) 100x — a ferritic-pearlitic structure, a
slight banding of the structure visible. The ferrite grain size from 9 to 10, and the pearlite
grain size from 9 to 10.
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Fig. 4. Stress-actua strain curve as obtained during the compression of
the S355J2G3 steel in a plane state of strain, performed according to the
datagivenin Table 2

Summary

The cooling rates applied during dilatometric tests and the performed metallographic
examination enabled the construction of the real CTPc diagrams for steel S355J2G3. The ap-
plication of a cooling rate from the range 0.1+0.5°C/s allows a ferritic-bainitic structure to be
obtained. Ferritic-pearlitic-bainitic structures were obtained for cooling rates in the range
0.5+10°C/s; applying higher cooling rates results in the formation of mixed ferritic-bainitic
and bainitic-martensitic structures.

The article only outlines the methodology of conducted tests and the results of one
simulation of the process of rolling plates to afinal thickness of 12 mm. In fact, the tests car-
ried out encompassed a considerably wider range and involved varying band temperature and
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changing unit rolling reductions in particular passes with the aim of establishing the effect of
the magnitude of a single rolling reduction at a specific temperature on the final structure of
product obtained. The effect of slightly accelerated cooling after rolling on the structure of the
finished material was also examined.

The investigation carried out demonstrated that the rolling technology used in the mill
was correct for that particular material and band thickness. Specimens after physical simula-
tion had a fine-grained structure without banding effects. Better results could be obtained by
applying higher values of final rolling reductions at lowered temperatures, which, however, is
not possible in the conditions of the mill concerned due to the overloading of the rolling
stand.

References: 1. Adam Bator, Janusz Majta, ,, T he structure and mechanical properties
of microalloy steels after deformation in the two-phase range” (in Polish), Wiadomosci
Hutnicze no. 10, year 2003 2. The PN-EN 10025 standard ,,Hot rolled products of non-alloy
constructional steels. Delivery specifications’ (in Polish).

THE PROCESS OF SYNTHESIS OF VIBRATING SYSTEMS
Dymarek A., Dzitkowski T. (Slesian University of Technology, Gliwice, Poland)

Summary: In this paper a method of synthesis to determination of structure and inertial, elas-
tical, damping parameters has been presented. Such task may be classified as a diverse prob-
lem dynamics of vibration subsystems This paper concerns formulating and solving the prob-
lem of synthesis of vibrating discrete mechanical systems with two —terminal damper.

Introduction

Modern machines must comply with increased requirements, concerning, not only
their production capability, durability, energy — efficiency and safety, but also quiet and even
operation run. These problems should be addressed at the design stage, as they may hinder the
performance of the machines, which in turn, may lead to considerable worsening of the work-
ing conditions of their operators.

A process of researching the structure of a system, meeting certain conditions, isin-
verse to the process of analysing it. In other words, it’s a synthesis. We should emphasize that
the considered problem varies from other issues met in classic mechanics or control theory.
The research has been undertaken on the basis of topological methods, developed in scholar
environment of Gliwice, and on the basis of algebraical methods closely related to these topo-
logical ones—that is, methods of graphs and structural numbers.

Aim of paper is elaboration of new methods of synthesis vibrating discrete mechanical
systems with damping represented by graphs and structural numbers. This paper concerns
formulating and solving the problem of synthesis of vibrating discrete mechanical systems
with damping. Such specified problem required of new methods of synthesis. Weighted pole
graphs and structural numbers have been used for this purpose. The problem of the synthesis
of longitudinally vibrating discrete mechanical systems with damper has been discussed. The
synthesis methods have been illustrated with graphs, assuming various characteristics. It has
been provided, that characteristic can be treated as mobility or immobility. The results of all
synthesis samples have been compared.

The synthesis method of mechanical system with damping

These requirementsit ispossible to create the immobility function in form:
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These requirements facilitate the creation of a mobility function in a canonical form:
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Finally, as a result of the above synthesis, immobility (2) is represented in the form of
a continued fraction as:
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It follows from (3) that:
¢, =H 644%@2 = H169%,c3 = HO.C«’;?Q%,m1 = Hkg,m, = H4kg

The values of two-terminal networks of damping type are determined on the base:

b =Ic .
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The mobility in the form of (2) is consistent with the mobility designated on the basis
of apolar graph [1,7] presented in Fig. 1.

Fig.1. Polar graph as a proposal of performing the inversion of mobility in form (2)

Fig.2. Synthesised mechanical system

Analysis of synthesised system by means the method graphs and structural numbers

The programme of analysis of mechanical systems has been created on the base of
graphs method and them connections with structural numbers [1 , 7]. Results of analysis are
presented in Fig.1.
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Fig.3 Diagram of dynamical receptans of synthesized clamped systems

Conclusion

Received as a result of the synthesis inertial, elastic and damped parameters of the
model are not the only ones which meet the assumed requirements referring to resonant fre-
guencies — polars and zeros. Development of synthesis methods gives the possibilities of
designing more and more complex mechanical systems with regard to requested dynamic
features.

References. 1. Berge C., Graphs and hypergraphs. Amsterdam-London: North Hol-
land Publishing Co, American Elsevier Publishing Co, Inc., New York, 1973. 2. Buchacz A.,
Dymarek A., Dzitkowski T: Synthesis of discrete, continuous and discrete-continuous vibrat-
ing systems represented by graphs. Sixth International Scientific and Engineering Conference
- Machine-Building and Technosphere on the Border of the XXI Century, Do-
netsk1999,Vol.3,p. 243-245. 3. Buchacz A., Modelling, Synthesis and Analysis of Bar Sys-
tems Charaterized by a Cascade Structure Represented by Graphs. Mech. Mach. Theory
Vol.30, No 7, pp.969, 986, Pergamon, 1995. 4. Buchacz A., red.: Computer aided synthesis
and analysis of mechanical subsystems modelled with graphs and structural numbers. ZN
Politech. Slaskiej, MECHANIKA 127, Gliwice, 1997 (in Polish). 5. Dymarek A.: The reverse
task of vibrating mechanical systems with damping represented by graphs and structural
numbers. PhD dissertation, Gliwice 2000 (in Polish). 6. Dzitkowski T., The reverse task of
dynamics discrete-continuous mechanical systems represented graphs and structural numbers.
PhDdissertation Gliwice2001(inPolish) 7. Wojnarowski J., Graphs and structural numbers as
models of mechanical systems, PTMTS, Gliwice, 1977 (in Polish).
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K OMPUTEROWO WSPOMAGANA SYNTEZA UKEADOW NAPEDOWY CH
MASZYN

Dzitkowski T., Dymarek A. (Politechnika Slgska, Gliwice, Polska)

This paper concerns formulating and solving the problem of synthesis of vibrating discret me-
chanical systems with two — terminal damper. In this paper a method of synthesis to determi-
nation of structure and inertial, elastical, damping parameters has been presented. Such task
may be classified as a diverse problem dynamics of vibration subsystems.

Istotnym dziatem dynamiki uktadow technicznych, w tym maszyn, mechanizmoéw
i urzadzen, jest dzial zajmujacy si¢ drganiami. Badanie drgan uktadow mechanicznych jest
istotnym problemem zaréwno na etapie projektowania, jak i dostosowania juz istnigjacych
maszyn odnosnie do wymogow procesow produkcyjnych.

Maszynom stawia si¢ coraz wigksze wymagania nie tylko odnosnie do ich wiasnosci
produkcyjnych, trwatosci, oszczednosci i bezpieczenstwa, ale rowniez odnosnie do cichego
i rownomiernego ich biegu. Jednym =z podstawowych kryteriow stosowanych
w projektowaniu wspotczesnych konstrukcji mechanicznych, sa wiasciwosci dynamiczne
konstrukcji. Maja one bezposredni wpltyw na drgania uktadu, emitowany hatas, wytrzymatosé
Zmeczeniowa, sterowalnosc¢ i stabilnosé.

Podstawowym elementem maszyny jest uktad napedowy. Rozwoj techniki wymusit na
projektantach uktadow napedowych zapewnienie wysokiej trwatosci i niezawodnosci podczas
eksploatacji tych urzadzen. Dlatego tez juz w stadium projektowania nalezy zajac¢ Sig tymi
problemami, ktore moga stac si¢ przyczyna takich zaktocen w ich dziataniu, ktore spowoduja
drastyczne pogorszenie warunkow pracy. Korzystanie tylko z klasycznych metod statycznych
projektowania okazuje si¢ niewystarczajace. Rozwiazaniem, ktére wydaje si¢ gwarantowaé
osiagnigcie zamierzonego celu projektowego jest rozwoj algorytmow modelowania, analizy
i syntezy ukladow dynamicznych. Zagadnienia modelowania ukiadow dynamicznych
znajduja si¢ obecnie w obszarze zainteresowan wielu osrodkéw naukowych. Wptyw na to
miatlo wprowadzenie badan symulacyjnych przy wykorzystaniu techniki komputerowsy.
Badania symulacyjne nalezace do koncepcji badan teoretycznych analizuja wptyw wybranych
parametrow na charakterystyki mechaniczne. Badania te daja wynik pozornie §ciste, ale
obarczone zasadniczym niedostatkiem, jakim jest idealizacja modeli w stosunku do
rzeczywistego obiektu badan. Pomimo tych niedostatkow obserwuje si¢ gwaltowny rozwoj
badan symulacyjnych. Zwiazane jest to z obnizeniem kosztow takich badan w stosunku do
badan doswiadczalnych. Jednoczesnie badania takie pozwalaja na analizg stanow awaryjnych
oraz skroceniem czasu procesu projektowego. Dysponujac zatem odpowiednim modelem
maszyny, mozliwe jest juz na etapie projektowania, uwzglednienie roznych czynnikow, ktore
maja istotny wpltyw na parametry techniczne maszyny. Przy czym jakos¢ modelu, ktorym
postuguje si¢ projektant, rozumiana jako wiernos¢ odwzorowania istotnych zjawisk
wystepujacych w rzeczywistym uktadzie, ma zasadniczy wptyw na trafnos¢ decyzji
podejmowanych na etapie projektowania, zwiazanych z wyborem optymalnego rozwiazania,
czy tez odpowiednigj postaci konstrukcyjnej maszyny.

Dobor wiasnosci dynamicznych maszyny jest jedna z metod zwigkszenia je trwatosci
i niezawodnosci. Zadanie to moze by¢ zrealizowane przy wykorzystaniu algorytmu analizy
[9] i syntezy [1,8]. W pracy zaprezentowana zostanie metoda doboru parametrow
dynamicznych uktadow napgdowych maszyn przy wykorzystaniu algorytmu syntezy.

Zagadnienie poszukiwania struktury uktadu i jego parametrow, spetniajacych okreslone
wymagania, dotyczace realizowania zadanych zjawisk dynamicznych, jest zadaniem
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odwrotnym do problemu analizy, czyli jest to synteza. Zadanie to mozna wigc traktowaé jako
etap wspomagania procesu projektowania uktadow mechanicznych, w ktorym istotnym
wymogiem jest spetnienie zadanych wiasciwosci dynamicznych. Wiasciwosci te, ktore musi
spetnia¢ projektowany uktad, mozna przedstawi¢ w postaci: graficznej, analitycznej lub ciagu
zer i biegunow; ten ostatni przypadek bedzie rozpatrywany w pracy.
Nowoczesne technologie informatyczne umozliwiaja przeprowadzanie analizy i syntezy
uktadoéw mechanicznych na podstawie metod agebraicznych, fatwych do oprogramowania.
Do metod takich (oprocz metod sztywnych elementéw skonczonych oraz metod elementow
brzegowych, na ktorych bazuja takie pakiety jak np.. ADAMS, DADS, MESA, VERDE,
SIMPAC, MEDYNA, COSMOS, BEASY, PRO-MES, ANSY S, ALGOR) zalicza si¢ metody
sieciowe: grafow wiazan, grafow biegunowych, grafow przeptywowych, grafow
hybrydowych oraz hipergrafow i liczb strukturalnych. Rozwijane w osrodku gliwickim
zastosowania grafow i liczb strukturalnych byty asumptem do podjgcie niniejszej pracy.
W pracy zaprezentowana zostanie synteza uktadow napedowych maszyn jako modeli
drgan skretnych. Tego rodzaju drgania w uktadach trudnigj jest wykry¢ niz drgania gigtne,
ktorym towarzyszy hatas i drgania elementéow sasiadujacych (np. podstaw tozyskowych).
Drgania skretne ze wzgledu na brak objawow ich wystegpowania sa szczegolnie
niebezpieczne, gdyz moga by¢ niezauwazone az do chwili zniszczenia podzespotu. Dlatego
tak wazne jest okreslenie podstawowych czestosci drgan wiasnych uktadu napedowego. Ich
znajomos¢ pozwala uniknaé pracy uktadu w strefach rezonansowych, ktére moga wptyna¢ na
trwaltos¢ i prawidtowe dziatanie urzadzenia.
Wprowadzenie do syntezy uktadow napedowych maszyn jako uktadéow drgajacych
skretnie zaprezentowano w [8]. Przedstawiono tam metode syntezy rozktadu charakterystyki
na utamek tancuchowy, ktéora umozliwia otrzymanie parametrow i modelu uktadu
jednoosiowego. Nalezy zaznaczy¢, iz otrzymany model uktadu moze mie¢ postac dyskretna,
ciagta i dyskretno-ciagta. Ze wzgledu na posta¢ rownan otrzymanych modeli i tatwosé
rozwiazan numerycznych, modele o dyskretnym rozkiladzie parametrow maja wigksze
znaczenie praktyczne niz o rozktadzie ciagtym i dyskretno-ciagtym.
Przyjete parametry wejsciowe poszukiwanych struktur uktadéw napedowych
poddanych syntezie metoda rozktadu charakterystyki na utamek tancuchowy sa nastepujace:
liczba elementéw n = 5;

- obszary rezonansowe charakterystyki dynamicznej syntezowanego ukiadu znajduja si¢
w otoczeniu biegunow, ktoérych wartosci wynosza:
w, =0rad/s, w, =50rad/s, w, =100rad/s;

- obszary antyrezonansowe charakterystyki dynamicznej syntezowanego uktadu znajduja si¢
w otoczeniu zer, ktorych wartosci wynosza:
w, =25rad/s, w, = 75rad/s.

Tak sformutowane warunki odnosnie do stref rezonansowych i antyrezonansowych
implikuja warunki brzegowe syntezownych struktur. Z zatozen tych wynika, ze bgdzie to
uktad potokreslony. Do obliczen wykorzystano autorskie programy komputerowe SynAna i
Synteza [2]. Na podstawie danych wejsciowych, wykorzystujac programy do wyznaczania
parametrow inercyjnych, sprezystych i ttlumiacych ukladu, otrzymano nastepujace wartosci
tych parametrow (Tablica 1) oraz odpowiadajace im struktury (rys.1).
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Tablica 1. Parametry sprezyste, tltumiace i inercyjne syntezowanych uktadow napedowych

i (¢)y INmirad]  (b), [Nm/ra] (3)) [kgm?]
1 1.0E+00
1 6.31655E+03 3.05324E+01
2z 2.22E+00
2z 4.91287E+03 1.93028E+01
47 3.89E+00
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Rys. 1. Struktury zsyntezowanych uktadow napgdowych maszyn

Otrzymane modele stanowia podstawe do dalszej weryfikacji modeli ztozonych, jak
i sa punktem wyjscia do optymalizacji witasnosci dynamicznych ukladow napgdowych.
Wstgpem do badan optymalizacji jest analiza wrazliwosci [2]. Na jej podstawie mozna
dokona¢ oceny wptywu parametrow na zmiang charakterystyki dynamicznej uktadu.

Wybor modelu z grupy zsyntezowanych zalezy od warunkow pracy maszyny. Praca
maszyny w poblizu stanu rezonansowego jest mozliwa tylko wtedy, kiedy wartos¢ ttumienia
wewngtrznego uktadu jest wystarczajaco duza, ze wzgledu na najwicksze naprezenia
Ttumienie odgrywa w tych przypadkach rol¢ decydujaca, poniewaz obniza w sposob istotny
amplitude drgan. Innym sposobem poprawy dziatania maszyny jest odpowiedni dobor
czestosci naturalng) ukltadu lub czestosci wymuszenia. Wyjscie ze strefy rezonansu jest
podstawowym warunkiem pracy urzadzenia, lecz nie eliminuje catkowicie problemu drgan.
Jesli jednak maszyna pracuje poza obszarem rezonansu, to obliczenia dynamiczne moga by¢
w wystarczajacy sposob zrealizowane dla uktadéw z pominigciem wptywu ttumienia

Zadanie syntezy, umozliwiajace otrzymanie parametréow i struktury uktadow ze
wzgledy na charakterystyke dynamiczna, moze by¢ wigc wykorzystane jako narzedzie
wspomagania projektowania dla kazdych warunkow pracy urzadzenia. A jednoczesnie duza
liczba otrzymanych w wyniku syntezy uktadoéw i parametrow, ktore spetniaja te same
wlasnosci dynamiczne w postaci drgan, moga wplyna¢ znaczaco na racjonalny dobor
parametrow rozpatrywanego obiektu (urzadzenia). Jednoczesnie nalezy zaznaczy¢, iz metody
syntezy umozliwiajac otrzymanie parametrow i modeli uktadow napgdowych wieloosiowych.
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Problem analizy wyznaczonej klasy drgajacych skretnie mechanicznych uktadow
napgdowych sprowadza si¢ do wyznaczenia zer i biegunow tych uktadoéw oraz przebiegow
charakterystyki w postaci wykresu podatnosci dynamicznej (rys.2).
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Rys. 2. Wykres podatnosci zsyntezowanego uktadu napgdowego z uwzglednieniem tlumienia

Czes¢ badan sfinansowano w ramach projektu badawczego Komitetu Badaz Naukowych nr 4
TO7C 01827.
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THE PROJECT OF AN OFF-LINE, REMOTE PROGRAMMING SYSTEM FOR
MITSUBISHI MOVEMASTER INDUSTRIAL ROBOT

Foit K., Swider J., Mastrowski D.” (Slesian University of Technology, Gliwice, Poland)

Modern robotic systems are often equipped with dedicated off-line programming
software. These applications are specific and dedicated to the one robot type or family of
types. The disadvantage of such systems is relatively high price. In the paper a project of a
platform-independent, remote off-line programming system is being discussed, evolved and
tested on a Mitsubishi Movemaster series industrial robot, which is available in an Institute's
laboratory. Until now it has been dedicated to this type of robot and used for educational
purposes, but it is still in development phase, being intended to support other types of robots
in the future.

Introduction

Many of modern robotic systems are equipped with dedicated off-line programming
software packages. These applications are often dedicated to the specific robot type or family
of types. Moreover, the package is designed for a given operating system version, what makes
it hard to use on any computer system. Another problem isthe lack of possibility of remote
programming and supervision of the robotic system. To avoid mentioned disadvantages, de-
signed system should has following properties:

it should be platform independent — using the Intranet/Internet techniques,
it should provide remote programming and supervision,
it should be flexible by providing easy reconfiguration for given type of robot.

Some similar projects have been realised, like JRobot [3] or ,, Virtual User Interface for
Programming Robotic Arm” [2], but they have been dedicated to one robot system and con-
crete programming and operating system environments have been used. These limitations can
be omitted by evolving an idea of platform-independent, remote off-line programming sys-
tem, which has been elaborated and is realised as an open project in cooperation with students
[1]. Although this system is intended to be functional for wide range of robotic systems, it is
evolved and tested on the Mitsubishi Movemaster RV-M1 industrial robot, dueto its avail-
ability in department's laboratory.

The evolution of the system proceeds in several stages. The first oneisto elaborate
the general idea of atranslating system based on aflexible dictionary, the second isto develop
the client-server platform for remote program transmission. The last step is to evolve platform
independent system controlled from any software platform without needs of installing special-

ised application. Further, the conception of the system will be presented in details.
The short characteristic of a Mitsubishi Movemaster industrial robot
The Mitsubishi Movemaster RV-M1 industrial robot [4] has five axis. It is compact
type system, driven by DC servomotors, with 1,2 kg lifting capacity. Though it has small di-
mensions, it isa fully functional industrial machine, equipped with overload sensors, resistant
to environmental influences, mechanical stresses and shocks etc. The control unit of the robot

" MSc student at Institute of Engineering Processes Automation and Integrated Manufacturing Systems, Silesian
University of Technology
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contains parts of controller system and power electronics. It is connected to the robot viatwo
cables. The control unit has also I/O ports for communicating with external devices and inter-
faces for connection with PC computer (Centronics and RS-232C ports). Inside an EEPROM
programmer is mounted as standard equipment. The robot can be programmed via teachbox
or from PC computer with PTP trgjectory planning. There can be up to 629 positions stored in
the memory. Communication with external devices can be done through /O ports with 16 in-
puts (where three of them can be configured for interrupts handling) and 16 outputs. Pro-
gramming the robot from PC system is quite an easy task due to the simple programming lan-
guage — MELFA BASIC. By dint of having standard communication interfaces, mounted in
the control unit, the transmission of data between the robot and the computer proceeds with-
out the use of special protocols. This allows the simple development of own applications,
without needless effort. These advantages and availability of the network connections and the
robot in Institute's laboratory have been decided about selecting this type of robotic system for
tests. The sketch of the robot with marked workspace is shown in Figure 1.

1432
150° i
r—'
/ 3
e . 7 215 250 160 _\72
LRERT
P P
_ﬁ 5 “ 2 - ]
g =] ol 30°
| B =
219
150°

Fig. 1. Workspace of the Mitsubishi Movemaster RV-M1 robot in relation to the wrist tool
plate [4]

Current stage of the project
The project has been divided into smaller parts dueto its complex form. First of al a

small application has been developed, which provides translation of trajectory coded in visual
manner in a DXF file format to the MELFA BASIC commands [1]. DXF is a standard sup-
ported by ailmost every CAD program, so the trajectory can be drawn using line and point en-
tities to code a path of awrist and a gripper status. Code in arobot programming language is
obtained by conversion of the DXF entities using a dictionary file. The dictionary contains
pairs of source and adequate destination commands. After conversion user can edit program
and/or send it to the robot. The general idea of application is shown in Figure 2.
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Fig. 2. The general block scheme of translation program

The next stage of the project has been development of network communication. The
control unit of the robot has not a network interface, therefore a computer is needed, which
acts as a server. The server gathers informations from clients and sends them to serial port,

where the control unit of the robot is connected. The application can serve more than one cli-
ent at time using FIFO queue for commands collecting. The server has also possibility to send
video stream from an Internet camerato clients. The camerais connected to the server com-
puter and used to supervision of robot environment. In order to provide communication be-
tween clients and the robot two applications must run on a server side. The first one is
a network communication server and the second is KamRob — the application used for com-
munication with robot’ s control unit and sending video from camera. The partition into two
applicationsis only aresult of project development and both programs may be combined into
one in the future. In Figure 3 windows of the applications are shown.

a) b)

Kafera - Polarzenie  Ustawisnia

Aaap)
. Polgcz 2 '
P i Semuerem |
Potacz | i
1 COM ustavienis | Zapsz
Roztgoz Pebae2 COM |

Fig. 3. The Server program window (@) and the KamRob program window (b)
Ontheclient side it is needed to execute Robo application. It is used for off-line ro-
bot programming, visualisation of environment and simulation of program execution. It has
the ability to import trgjectory from DXF file using dictionary, possibility to use object for
manipulation and multiple robots configuration on the scene (included for further use in order
to achieve more flexibility). Another useful feature is a cooperation with another copy of
Robo program, running on the other computer, using network communication: it is possible to
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applicate a remote control unit of the virtual model of the robot. After doing virtual tests, ap-
plication can link to the server in order to send the program to the real robot and execute it
remotely. Execution of the program can be inspected through a video module of the applica-
tion using video stream transmitted from the server. In Figure 4 the main window of the Robo
application is shown.

Fig. 4. The main window of the Robo application with two RV-M1 robotsin the virtual envi-
ronment

Conclusionsand plansfor the future

Described application has been intended for non-commercial, educational use. The final
look and functionality of the program is an open question. In the next stage communication
issues will be revised and improved. The future plans also include rewriting all applications
and adapting them to use as WWW browser applets. Further, more features will be included
in Robo application as for example possibility to control other types of robots and more flexi-
ble configuration of robot workspace (different rooms).

Thiswork has been conducted as a part of the research project No. 4 TO7C 01827 sup-
ported by the Committee of Scientific Research in years 2004-2007

References: 1. K. Foit, J. Swider: The project of a platform-independent, off-line pro-
gramming system for industrial robots. The 7th International Scientific Conference on "Com-
puter Integrated Manufacturing - Intelligent Manufacturing Systems CIM'2005", pp. 62-65. 2.
Virtual User Interface for Programming Robotic Arm. http://www.public.iastate.edu/
~terlemei. 3. Jobot. A Java interface for Mitsubishi RVM1 Robot.
http://jrobot.sourceforge.net. 4. Mitsubishi Movemaster RV-M1 User's Manual.

CONTRIBUTIONSTO ESTABLISHING THE OPTIMUM WORKING CONDITIONS
FOR FINISHING FACEMILLING

Gherghel M., Raveical.C., (University of Bacau, Romania)
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The applied purpose of thiswork isto determine the radial and axial static stiffness for, ver-
tical mill heads on the longitudinal milling machine F.L.P.1000, as a matter of research.
This is used in establishing the extent to which these machines are suitable for the flat
finishing milling of surfaces such as the passage area of the machine tools.

The last part of this work presents the solutions applied for ensuring an adequate
stiffness for this type of milling.

1. Requirements for the machine tools used for face finishing milling.

Along with the tool, the machine tool represents a determining factor in achieving the
accuracy and quality of the machined area. Beside the geometrical precision, significantly
important for the machining quality are the elastic distortions of the M.U.S.D.P. technologi-
cal system, which vary with the system stiffness.
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For effectiveness, and out of economical reasons, it was decided to determine the
static stiffness on a machine tool in idle condition, the results of this method being valued
as much as those obtained on the machine tool in operation during the cutting process.

In case of the face finishing milling, the machining precision is highly influenced
by the axial and radial static stiffness of the cutter.

Taking into consideration the above-mentioned, we determined the axial and radial
static stiffness curves for the vertical milling heads on two longitudinal milling machines
with saddles, F.L.P.1600 and F.L.P.I000 respectively, examined within the experimental
test program.

Thus, the machine subassemblies were moved so as to successively reach the
necessary measuring positions.

To determine the axial static stiffness, figure 1, the vertical milling head 1 and the
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mobile cross rail 2 were moved so as to have tool 3 with the face working area above the
machined area, in the central zone of the machined part 5, directed and fastened accord-
ingly on the machine table.

To determine the radial static stiffness, figure 2, the vertical milling head 1 was
moved to the right, and the mobile cross rail 2 was lowered so as to allow the mounting
of the loading jig. The horizontal heads 6 were lowered to maximum so as to allow meas-

urements, while the spindle of the milling head was completely withdrawn.
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A simulation of system stress by the axial and radial components of the cutting force
was performed y means of a loading jig 4, consisting of a hydraulic lever with a maximum
force of 20 KN and a gauge to measure the force.

The distortions were measured by mean of comparators of 0.001mm accuracy,
installed on adequate holders. Both the front and radial travels were measured, of the tool
(comparator S in figures 1&2), of the main spindle (comparator A), of the spindle (com-
parator P) and of the vertical milling head housing (comparator C).

By measuring the system distortions it was possible to draw the axial and radial static stiff-
ness curves shown in figures 3 and 4

Since it was not possible to progressively unload the system (due to the design of the
loading iig) in order to measure the distortions corresponding to the same forces in case of
unloading, as well, only the loading static stiffness curves were drawn, without showing the
hysteresis caused by the action of Coulomb abrasion forces at the joints.

However, taking into account the fact that in case of face finishing milling, the cut-
ting forces are low, the hysteresis value of the corresponding distortions is negligible, and
the stiffness value can be calculated with enough accuracy by using the loading curve. In
the previous graphic it can be seen that the variation of distortions with the applied forces is
not always linear, due to the contact stiffness of the main arbor ball bearings, which varies
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asillustrated in the graphics.
Conclusions
The analyses of the measured results lead to the following conclusions:
on the F.L.P.1000 machine, the axle travel inside the spindle under the effect of
some forces comparable to those occurring during fine milling is negligible, yet high spin-
dle travels were noticed with reference to the housing, on both axial and radial directions, as
well as significant housing travels with reference to the machine table;
on the F.L.P.I600 machine, where significant axle travels were noticed in relation to
the spindle, as well as spindle travels with reference to the machine table on axial and ra-
dial direction, and housing travel with relation to the machine table on axial direction, it can
be asserted that no axial and radial stiffness is adequately ensured for the finishing milling.
With a view to ensure appropriate axial and radial stiffness, the following steps were taken:
- the axial ball bearings and the main axle of both machines were pre-stressed,;
- the guiding wedges in the vertical milling head and mobile cross rail were
adjusted;
- the clearance transfer jigs and locking jigs for the milling head and mobile cross
rail were revised,
- to ensure the contact stiffness tool-main axle, a inspection was carried out on the
condition of the tapered joint areas between the tool ends and the main axle.
As soon as all these steps were adopted, by rechecking the static stiffness of the two ma-
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chines, a significant improvement was noticed, which allowed their use for face finishing
milling operations.

References. 1. ENACHE ST. Calitatea suprafetelor prelucrate, E.T. Bucuresti
1966 2. GHERGHEL M. Cercetari privind optimizarea constructive si a geometriei
frezelor frontale de finisare. Contract de cercetare 3013A4/1994 3. GHERGHEL M.
Contributii teoretice si experimentale privind optimizarea constructive geometrica si
functionala a frezelor frontale de finisare cu placute interschimbabile PHD Thesis

SOLVING TECHNIQUES FOR SIMPLER FLUXES AND THE REASONS
OF THEIR APPLICATION IMPOSSIBILITY IN EULER/NAVIER-STOKES
EQUATIONS

GHERGHINA Aurel (UM 02515 P, Izvor 5, Bucharest, ROMANIA)

To explain why the classical methods used in solving of supersonic or subsonic potential con-
stant equations don’t give a result when are applied to the Euler/Navier-Stokes equations,
first it is necessary a short evaluation of these techniques. Let’ s suppose that we have to cal-
culate inviscida 2D constant and the derivational flux (potential flux).

The solving technique for the constant subsonic potential flux
This flux completely described by the continuity equation because the moment and the
energy equations can be integrated as follows (1):

2
H=he LY

=H, = cpTO

where po, Po, To, Ho are the integration quantities, called stagnation pressure, density,
temperature and enthalpy.

In this way, p can be set in relation with @ by equation, where the exponents represent
derivates which have values in space variables x or y.

When the equation is applied in a space with central differentiation, the system is usually
solved by the relaxing methods (Sacobi, Gauss-Seidel). In this case, there are adaptations at a
system of un-linear methods developed for linear systems. Let’s see, further below, why these
relaxing techniques are working. The theory of relaxing methods for linear systems tells us

1.[(r U)+ 1.[(r V) =0 U:E r :E (2)
™ Ty L8 Ty
they converges whether the linear system matrix is diagonal dominated (Hadaward-
Gerschgorin theorem). Let’s consider we are in conditions when we want to calculate a sub-
sonic potential flux. To simplification, let’s consider the limit case where p=ct. (uncompress-
ible flux). Then, the equation has Laplace shape. Let’s suppose this have to be solved on a
rectangular grid. In this case, the minimizations are:

In addition, we suppose Ax = Ay. To prove that the potential equation is elliptic, the ob-
tained equation has to be developed.

Inserting the quantity C? = (y-1) + Ho, we obtain:

If:

AX = Ay

ﬂzf fij+1' 2f ij+f

e = et 2 ooy ) )
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Were presented above the minimizations used in this case.
The stability features of ODE integration methods
The stability features of ODE integration methods are generally studied taking in consid-

.4/(g-1)
—=qu ufo)=1 r=r G- Y+ (4)
dt o C2H,

eration the devising equation 4.
The analytical solution isu = €*. When is applied at this problem a numerical method, the
solution can be always written:
when g is called amplification factor.
Then, the stability condition requires that numbers[g (g. At)] to be uniform arranged for O
<Di<t,0EnDt<T.
An essential condition for thisis:

g(q.Dt) £1+0(Dt) 9.0} £1  Una =[9(a. D)y,
0<Dt<t0EnDt<T

Particularly |q (q,0)| £ 1
Let’s consider few examples.
The fourth method Runge-Kutta is transposed through the testing equation.
Thus|g| £ | + 0 (Dt), [g (9,0)] = 1£1 and the method Runge-Kuttais stabilized.
Another example is the explicit method in two stages what is transposed through 5.

k, = thé%n +1k19= thgH q%gu (5)
k,=Dtqu, =qbDt ()
) )
k3:th§Jn+1k20_th§L+q_+q2Dt gun
e 2 g 4 4

2 3
k, = thgu + = k = th§L+q—+q D—t+q3&gu
2 4 5
Consequently, q has to be aroot.
The expressionis |g| £ | + 0 (Dt), |g (9,0)] = 1£1 and the method in two stages is stabi-
lized (7).
2

U,,, = gu, =9g7u,, gz_qutg_]':O g=thi J."'(C]l])2

The weak instability.

Being consistent and stabile, let’s apply the explicit method in two stages at the testing
equation, defined above, withq =1 and At = 0.1.

Because is a two-stage method, are required two initial values. One of them is given by
the initial condition of the issue: up = 1.

The calculation was made with two approximations of the exact solution e = 0,90484, mean-
ing u; =0,85 andu; = 0,9.

Isnoticed that the perturbation on ul generates amplified oscillations.
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Actually, how small could be theinitial perturbation, it will always exists, due to the rounding
errors what entails, finally, a “explosion” of the numerical solution. This phenomenon is called
wesk ingability.

Before advancing, let’ s find out the causes of this phenomenon. Was observed in the previous

section that the explicit method in two stages permitted solutions by shape un:1 With two
possible values for g, let’s specify g1 and g2 an expression having the form:
un = Ci1q, + C 2q, @)
g=1 Dt=01 (8)

Upy = QU, = 9",

we satisfy also the difference equation, and the congtants C1 and C2 are determined by the
initial values.

Consequently, the observed oscillations are explained by the next factor q"

what oscillates due the factor (-1)" and is amplified as €. This term hasn't any relation with
the accurate solution but is only a numerical result. How much u; is closer by giuo, the coefficient
C1 issmaller, this delaying the observation of the amplifying oscillations, but will be always im-
possible to have C2 = 0, what would avoid the instability (9).

The reason of this fact is that the definition of the stability presents information only in the

Uy =04 =0y,
limit case At — O not for the calculations with finite At. This result leads to introduction of a new
concept, called stability area (absolute).
The calculations were made to obtain a solution with two approximeations:
We took into consideration that (10):

U, =C9" +C,0,
The sequence u, of numerical values remains connected by 1 — «. Asthe previous definition
of stability was requiring the sequence u, to remain inn — o, At — 0, is the same with saying
that the origin isin stability area (absolute).

[At — 0 supposes g At — O]

With this definition we can demongtrate that the stability area of the explicit method in two
stages is the segment of imaginary axe between —1 and +i. Asaresult, isn't surprising that in con-
ditions of calculation with g —1, At 0,1 results an explosion of the calculation because z -0,1 is
outside of the stability area (absolute) for this scheme.

bL=G+G U=Gg+cy (11)
U, =u,,+2q0tu, (q=-1)
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SOME ASPECTS REGARDING THE USE OF PIEZOELECTRIC TRANSDUCERS
FOR MEASUREMENT OF PROPELLANT GAS PRESSURE DURING WEAPON'’S
FIRING

Gheorghian S., Jula N., Cepisca C. (MTA, Bucharest, Romania, UPB, Bucharest, Romania)

The measurement of propellant gas pressure during weapon'’s firing is vitally important for
the correct functioning of the weapon and for the safety of the crew. The paper presents two
different schemes for accurate measurement of propellant gas pressure, using a piezoel ectric
measuring system, according to the weapon’s caliber and experiment’s goal. For each
scheme, the position of the piezoelectric high pressure transducer and typical pressure vs.
time curves are presented.

Introduction

Nowadays, the piezoelectric measuring system is the most used system for pressure measure-
ments in weapon interior ballistic tests. Piezoelectric high pressure transducer transform the
propellant gas pressure inside the weapon’s barrel into a charge signal, which is converted
into avoltage signal by means of a charge amplifier (Fig. 1).

Digital Display
=t Peak Value

Piezoelectiic ~ Charge
Pressure Transducer Amplifier

Analog/Digital * Analog Display
Converter | . Pressure Course

Fig. 1 Schematic of apiezoelectric measuring chain for pressure measurements [1]
The most important component of the piezoelectric measuring chain is the high pres-

| =] =

© O || =

Rp Rc R
1 ) 1
Piezodectric Connecting M easurement
Transducer Cable Circuit

Fig. 2 The equivalent scheme of the piezoelectric transducer connected to the
measuring circuit [2]

sure transducer. The aspect and the overall dimensions of two typical transducers are pre-
sented in Figure 3.
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Fig. 3 The aspect and the overall dimensions of two typical transducers [3], [1]
a- KISTLER type 6215; b - AVL type 4 QP 6000

The main technical characteristic of the piezoelectric high pressure transducer isthe
sensitivity. It states the correlation between de input quantity (pressure P) and the output
quantity (electrical charge Q):

S :% [pC/bar]. (2

The sensitivity of the pressure transducer should be periodically checked. The mean
value of the sensitivity of the KISTLER type 6215 transducer is 1,4 pC/bar while the AVL
type 4 QP 6000 transducer has 2 pC/bar.
Pressure measurement insidethe cartridge case
This scheme is used for pressure measurements within the small and medium caliber
weapons. The piezoelectric pressure transducer is screwed into the weapon’s barrel, perpen-
dicular to its axis, in the chamber zone (Fig. 4).

4 3 6

.

J 1 |

Fig. 4 Experimental setup for pressure measurement inside the 35 mm Oerlikon cartridge case
1 - barrel; 2 - projectile; 3 - cartridge case; 4 - primer; 5 - propellant; 6 - transducer

The measured pressure corresponds to the period between percussion of the primer
device and projectile’s exit through the barrel’ s mouth. From the pressure vs. time curve, the
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following quantities can be determined: maximum pressure, delay of the igniter device, rise

time of the pressure up to 10 % of the maximum pressure and action time [4]. As an example,

Figure 5 shows atypical measured pressure vs. time curve.
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Fig. 5 Pressure vs. time curve measured inside the 35 mm Oerlikon cartridge case

Differential pressure measurement inside the cartridge case

The differential pressure measurement is required for the safety assessment of a me-
dium and big caliber weapons to the ignition induced pressure waves. In order to do thistype
of measurement, two piezoelectric transducers are needed as shown in Figure 6.

4 8 7 3 5 6 8z 2 1

Fig. 6 Experimental setup for pressure measurement inside the 100 mm cartridge case
1 - barrel; 2 - projectile; 3 - cartridge case; 4 - primer; 5 - igniter tube;
6-propellant; 7-crusher gauge; 8-pressure transducer

The first transducer is screwed into the barrel, near the mouth of the cartridge case,
and second is mounted at the base of the cartridge case, into a special socket. Figure 7 shows
the pressure vs. time curves measured by the pressure transducers as well as the resulted dif-
ferential pressure vs. time curve. In practice, it is necessary for safety reasons that the maxi-

mum differential pressure not to overtake a certain value, specific for each weapon [5].
Conclusions
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Metrology characteristics of the piezoelectric high pressure transducers correlated with
the possibility of miniaturization of their construction, recommend the use of this transducers
for propellant gas measurements in ballistic tests. For the measurement of the pressure inside
the weapon's barrel, several methods can be used, according to the goals of the test. The pie-
zoelectric method for propellant gas pressure measurements can be used both in R&D of new
weapons systems and in acceptance of the existing ones.
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Fig. 6 Pressure vs. time curves measured inside the 100 mm cartridge case
P1 — pressure at the base of the cartridge case; P2 - pressure at the mouth of the cartridge case;
P1-P2 - differential pressure
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THE STUDY OF INTEGRATING PART DESIGNS CATALOGUESIN CAD
SYSTEMSUSING PARTSOLUTIONS PROVIDED BY CADENAS

Ghiorghita S.-C., Acatrinei |.-A., luras, E., Dusa P. (* Gh. Asachi” Technical
University of lassy, Romania)

The subject of this paper isthe study of imported partsin CAD solution SolidWorks 2006
from part designs catalogues using PartSolution provided by CADENAS.

Introduction

Current trend in CAD solutions field is to transfer as many processes in an early stage
of designing, processing and/or testing the prototype into a virtual environment. It means that
it isrequired to have 3D models/parts of corresponding pieces, products or assemblies.

Assembling strategy and relative positions or mates can be created and tested upon
the geometric 3D model of the entire assembly.

3D models of the components that ar to be aquired from different suppliers can be
easily obtained using a digital library of geometric models. [2]
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CADENAS products proposed a solving of this problems by creating catalogues of
parts and assemblies in different CAD solutions. This allows the exporting of models in most
of the CAD solutions like Catia 2D/3D, SolidWorks 2D/3D, SolidEdge 2D/3D, AutoCad
2D/3D, Pro/ E 3D, I-DEAS Artisan 2D/3D, I-DEAS Master 2D/3D, Unigraphics 2D/3D, etc.
The file formats of obtained models are specific to each CAD environment, but also can be
neutral formats like: ACIS SAT 3D, DWG 2D*, DXF 2D, IGES 3D, MI 3D, Parasolid 3D*,
SAT 3D, STEP AP203/214 3D, STL 3D, VDAFS 3D, VRML 3D. []]

PART

W UAL

Wistea! Lpbul b
Pest AT

Fig.1. Prezentation of CADENAS applications

The main components of CADENAS applications are: eCATALOGsolutions (to creat
digital catalogues containing models of the parts), PARTsolutions (choses the required part
and also can link to PLM/ERP applications), integrates most CAD systems (GUI with CAD
systems like Catia 2D/3D, SolidWorks 2D/3D, SolidEdge 2D/3D, AutoCad 2D/3D, Pro / E
3D, I-DEAS Artisan 2D/3D, I-DEAS Master 2D/3D, Unigraphics 2D/3D).

Statistics show that design engineers all over the world look for components using
characteristics and clases instead of components suppliers (source: CIRIN). In CADENAS
applications, the place of a product in alisting is established using PARTproject, included in
applications package eCATALOGsolutions, and presents the next advantages for the
customer: lower transaction costs, more clear orders, no language incompatibilities, easely
reviewing of different suppliers and their offers, finding new suppliers, concentrating the
volume of aguired components. Advantages for the supplier are presented as. only one
structure designing of the digital catalog, lower costs for publishing the offer, opportunity to
acces new markets, better comunication with the client.

Building the components library is made using the PARTdesigner module. It si a 3D
design software from last generation based on “features’. A 3D model created with
PARTdesigner starts from profiles. On profiles there are applied dimensional constraints of
which values refer to defined variables, and having as base the created profiles, parts are
created by extruding or by revolving.
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3D models created in this software present the next advantages. small file size, using
the PARTsolutions interface, models created in PARTdesigner are fully compatible with most
of the CAD solutions and have a large functionality in the specific format of the current in use
CAD software..

Chosing the required component for importing it into the current CAD application is
made using the next modules:

1. PARTdataManager is a CADENAS module that helps chosing standard
component models from catalogs of different suppliers. Searching for the components can be
made by using different keywords like:dimension, tolerance, date, keyword, part identifier,
part comparison, geometric comparison.

2. PARTconnection include the next modules. screw thread connections and finit
element analysis.

How to use PARTconnection: in CAD application the user enters the thickness of
elements to mate, PART connection proposes a assembling solution and automaticaly sets the
thickness of the plates ( N and B values); the user choses fasteners or clamps. washers, safety
elements, etc. The clamp or the fastener is exported to CAD application from which
PARTconnection was appealed, the connection is placed as a whole and there are created the
holes in the elements to be connected.

3. PARTshaft isamodule used to generate assemblies from parts created by revolved
sketches. The number of components possible to add to the main revolved part is 99
(bearings, keys, gears,. ...). This module allows us to save created shafts as templates for
future use. A number of 12 shafts can be loaded in PART shaft.

The study of a part/assemblyimported from a CADENAS part library using the
PARTdataManager module

The study in this paper is the importing into SolidWorks a part from a CADENAS
data library using the PARTdataManager module. Element subject of study are:the design
tree, keeping relations when importing assemblies and mating in assembly mode.
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Fig. 2. How to insert apart from alibrary using the PARTdataManager module



Fig. 3. Keeping the design tree and and relations between the components of an assembly

When importing a part from PARTdataManager module it can be observed that the
names of the components in library are labeled as cods, leading to a better search in tha
database.

When inserting a part into a CAD application, in this case SolidWorks, the design tree
isinserted too ( Fig. 3), and for sketches, it can be seen that elements are not restricted, so that
it is possible to modify or to edit the part or the sketch after being imported.

When creating assemblies mates can be made between components designed in
specific CAD application and components imported from libraries as they were designed in
the same application.

When importing assemblies the application into which components are imported,
opens first each part and later opens the assembly, and keeps the design tree of all the parts
and the restrictions and mates between features..

Parts/assemblies are standards and therefore are defined only by volume dimensions.

YEEE

Fig. 4. Defining mates between a part designed in SolidWorks and a part imported from a
CADENAS ibrary to create an assembly



As a conclusion, on imported parts from CADENAS libraries editing is allowed as if
partswere created in CAD application in current use (in this case SolidWorks 2006). [ 3]
Conclusion:
- because parts (assemblies) imported from PARTsolutions are standard, most of them are
only defined by volume dimensions.
- the sketches of the imported parts from PART solutions can be fully edited of modified;
- after parts (assemblies) integration within an assembly, the design tree and operations tree
are available;
- in importing an assembly into a CAD application, the programme first opens each part in the
specific application followed by the opening of the assembly.
- in importing subassemblies from PARTsolutions into assemblies, restrictions (mates)
between imported components and subassemblies are still active;
- designing 3D models using PARTdeveloper and the including it in digital catalogues
provided along with PART solution products are a powerful marketing tool, large promoting
CADENAS products.
- PARTsolutions products can be succesfully used by students in projects and applicationpot
fi utilizate cu succes de catre studenti in activitati de proiect s laborator.

References. 1. *** CADENAS, Online Help, CADENAS GmbH, PARTsolutions
LLC, Cincinnati, Ohio, USA 2. *** CADENAS Home page, PARTsolutions LLC,
Cincinnati, Ohio, USA, available on: http://www.part-solutions.com/index_main.asp ,
consulted on 09 iulie 2006 3. *** PARTsolutions Home page, available on:
http://www.partsolutions.ro/ , consulted on: 09 iulie 2006; 4. *** SolidWorks, Online
Tutorial, SolidWorks Corporation U.S.AA. 5. *** SolidWorks Home Page, available on:
http://www.cadworks.ro/ , consulted on 04 march 2006.

ASPECTS OF CONTROL SYSTEM S OVER NETWORK
Giurgiu L., Demeter S., (A.F.T. Shiu, Romania)

This paper studies a Networked Control System model consisting of time-driven sensors and
event-driven controllers and actuators. Computer-controlled systems are distributed systems
consisting of computer nodes and a communication networ k connecting them. The sensor, the
actuator and the control calculation reside on different nodes and this aspect givesrise to
network control loops. The controllers are implemented within the individual nodes as tasks
on a microprocessor with a real-time operating system that uses multiprogramming to multi-
plex the execution of the different tasks. The model is simulated in MatLab/Smulink environ-
ment.

Introduction

The knowledge domains of computer networks and traditional control systems are
united by the study of networked control systems. A networked control system (NCS) isa
feedback control system where the feedback loops are closed by means of an electronic net-
work [1]. Figure 1 illustrates atypical networked control system.

Reduced cost, wiring, and system maintenance are the principal benefits of an NCS.
Networked Control Systems are not subject to the same design assumptions as non-networked
continuous and discrete-time systems, including fixed transmission period, fixed or no delay,
and no dataloss. The design of the control system and the design of the network are insepara-
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ble, and therefore should be analyzed and simulated together [3]. Co-simulation is the act of
simulating the continuous and discrete dynamics of the control system simultaneously with
the discrete events of the computer network. Co-simulation results can be used to improve and
educate the decision-making process of system design for both the control system and the
computer network. Using local area network-based control architecture has many advantages
than atraditional point-to-point design including low cost of installation, ease of maintenance,
greater flexibility. For these reasons, the network-based control architecture is already used in

el Y A T~

Sensor 1 cen Sensorn Actuator 1| s+« | Actuator m
Computer Computer

Fig. 1. Networked Control System.

many applications, for example in automobiles and aircraft.

I1. NCS issues

In order to be applied to NCS, conventional control theories with assumptions like
equal distance sampling, synchronized control, and non-delayed sensing and actuating, must
be reevaluated [5]. The insertion of the communication network in the feedback control loop
makes the analysis and design of the NCS more difficult. The following issues are of concern:

- The first issue is the NCS with time-varying transmission period. Because of the nondeter-
ministic factors during a transmission process, equal distance sampling cannot be guaranteed.
Thisresults in atime-varying system model, which makes stability analyses difficult.

- Another issue is network scheduling when a set of plants are connected to the network.
Concurrent transmission will occur and someone has to back off, resulting in transmissions of
real-time data being delayed or missing their deadlines. Control scheduling algorithms will try
to minimize these effects.

- Network-induced delay (sensor to controller delay and controller to actuator delay) is also
an important issue. This delay occurs when exchanging data among devices connected to the
shared medium. Constant or time-varying, it can degrade the performance of control system
designed without considering it and can even destabilize the system.

- One more issue is that networks can be considered and viewed as a web of unreliable trans-
mission path and some packets not only suffer transmission delay, but can be lost during
transmission. This, how such packet dropouts affect the performance of an NCS must be con-
sidered.
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[11. NCS model

The true effects of timing non determinism [6], on control performance are, however,
often very hard to investigate analytically. A natural approach is then to instead use simula-
tion. The Simulink model presented contains the system under control (the plant) and four
computer nodes connected by the network block (fig.2). The time driven sensor node contains
a periodic task, which periodically samples the process and transmits the sample package to
the controller node. The controller node contains an event driven task that is triggered each
time a sample arrives over the network from the sensor node. Upon receiving a sample, the
controller computes a control signal, which is then sent to the event driven actuator node,
where it is actuated. The model also contains an interference node with a periodic task gener-
ating random interfering traffic over the network.

Er‘uld“.di.:illlhllll" =1 The SImU|aIIOn Of the dlarlbuted
e control system will consider the effects of

0O dS -] kom [ Howa =|| s RE - * . . .
=| scheduling in the CPUs and simultaneous
—s transmission of messages over the network.
ofeay The four computer nodes are computer ker-

E,_. [ »— . -

bt | nel blocks of the TrueTime Simulator, and
et simulate computers with real-time kernel,
A/D and D/A converters, a network inter-
By N face, and external interrupt channels. The
Fine o@D ~=|-er kernel block executes user defined tasks and
L s 'ﬁ interrupts handlers representing, e.g., 1/0
arsotig tasks, control algorithms, and network inter-
et e 7] faces. Tasks are used to simulate both peri-
B = odic activities, such as controller and /O
et 5] tasks, and aperiodic activities, such as
BT i communication tasks and event driven con-
- T _ “] trollers. Aperiodic tasks are executed by the
creation of task instances (jobs). All pend-
Fig. 2. Simulink model of NCS. ing jobs are inserted in a job queue which is

sorted by release time. For periodic task, an
internal timer is set up to periodically create
jobs for the task. The network block is event driven and executes when messages enter or
leave the network. When a node tries to transmit a message, a triggering signal is sent to the
network block on the corresponding input channel. When the simulated transmission of the
message is finished, the network block sends a new triggering signal on the out port channel
corresponding to the receiving node. The network block simulates medium access and packet
transmission in a local area network.
V. NCS Simulation
Before a simulation can be run, it is necessary to initialize kernel blocks and the net-
work block, and also to create tasks, interrupt handlers, timers, events, monitors, etc, for the
simulation. The initialization code as well as the code that is executed during simulation may
be written either as C++ code or as MATLAB mfiles.
The initialization script of the controller node is given in the following listing:
function init_controller
% NCS: controller node
% Receives messages from the sensor node, computes control signal and sendsit to the
% actuator node. Contains also a high-priority disturbing task.
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% Initialize TrueTime kernel

ttinitKernel(1, O, 'prioFP’); % nbrOflnputs, nbrOfOutputs, fixed priority
% Controller parameters

h=0.005; N =10; Td=0.03; K = 2.5;

% Task data (local memory)

data.u = 0.0;

dataK = K;

data.ad = Td/(N*h+Td);

data.bd = N*K*Td/(N*h+Td);

data.Dold = 0.0;

data.yold = 0.0;

% Controller task

deadline = h;

prio = 2;

ttCreateTask('pid_task’, deadline, prio, 'code _ctrl', data);
% Disturbance task

offset = 0.0001;

period = 0.003;

prio =1;

ttCreatePeriodicTask('dist',of fset,period,prio, disturbance’)
% Initialize network

ttCreatel nterruptHandler(‘handler’, 1, 'mesRecControl’);
ttlnitNetwork(n, 'handler’); % node #n in the network
V. NCS obtained graphs

Several different output graphs are generated by the TrueTime blocks. Each kernel
block will produce two graphs, a computer schedule and a monitor graph, and the network
block will produce a network schedule. The computer schedule will display the execution
trace of each task and interrupt handler during the course of the simulation.

In the following simulations, a CAN type network will be assumed, where transmis-
sion of simultaneous messages is decided based on package priorities. The controller node
contains a PID controller task designed for a5 ms sampling interval. The sampling interval is
enforced by the time driven task in the sensor node sending samples periodically to the con-
troller node.

First, the ideal case is simulated when no disturbing traffic and no interference task in
the controller node are present. The performance of the NCS is shown in Figure 3.

The graph of Network Schedule is shown in Figure 4. The transmitting nodes in the
network are the sensor node (green) and the controller node (magenta).

Fig. 3. Reference signal (green) and plant output (blue) Fig.4. Network Schedule —idedl case.
in ssimulation with ideal conditions.



Second, real case is simulated when a disturbing node is present in the network and
also an interfering task in the controller node; these non-ideal conditions will affect the con-
trol performance, as seen in Figure 5.

The new graph of Network Schedule will present this time the transmitting interfer-
ence node (blue), Figure 6.

Fig. 5. Affected performance of the NCS (plant ~ Fig. 6. Network Schedule: sensor node (green),
output — blue, reference -green). controller node (red), interference node (blue).

Experimenting with different networks protocols and different scheduling policiesin
the controller node, better results can be achieved [4]. Changing also the sampling interval
can demonstrate bounds in the stability of the system.

References: 1. Mo-Yuen Chow and Y. Tipsuwan, “Network-Based Control Systems:
A Tutorial,” presented at The 27th Annual Conference of the |EEE Industrial Electronics So-
ciety, [IECON' 01, Denver, CO, 2001 2. Y. Halevi, and A. Ray, “Integrated communication
and control systems: Part | - Analysis,” Journal of Dynamic Systems, Measurement, and Con-
trol, vol. 110, pp.367-373, 1988 3. Y odyium Tipsuwan, Mo-Y uen Chow, “Control method-
ologies in networked control systems’, Control Engineering Practice 11 (2003) 1099-1111,
Raleigh, USA 4. Paul Otanez, “Performance Optimization in Networked Control System”,
|EEE Control Systems, february 2001 5. K.J. Astrom, B. Wittenmark, Computer-Controlled
Systems: Theory and Design, Prentice Hall, Upper Saddle River, N.J., 1997, Third Edition 6.
J. Nilsson, Real-Time Control Systems with Delays, Ph.D. thesis, Lund Institute of Technol-
ogy, Dept. of Automatic Control, February 2000.

SCHEDULING EFFECTS ON EMBEDDED CONTROL SYSTEMS
Giurgiu L., Demeter S., (A.F.T. Sbiu, Romania)

This paper demonstrates the effect of the scheduling policy on the global control performance
in the case of three tasks running concurrently on the same CPU and controlling three differ-
ent dynamic systems. The simulation is realised in the TrueTime MatLab toolbox environ-
ment. The advances obtained in micro-electronics have led to the situation where almost all
control algorithms are realized by computers. More than that, the controllers are often im-
plemented as one or several tasks on a microprocessor with a real time operating system. The
operating system uses multiprogramming to multiplex the execution of the various tasks. This
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is why embedded control systems are most often subject to limited computer resources that
can be viewed as shared resources for witch the tasks compete. Tasks interfere with each
other through preemption and blocking when waiting for common resources.

|. Computer based control implementation

The basic structure of a computer based control system is shown in Figure 1.

Computer

ult) y(t)
D-A f—={ Process

l ()}

A-D =] Algorithm

1ult )}
-

\ o _____ 1

Fig.1. Diagram of a computer controlledsystem.

The continuous process output is sampled at regular time intervals and converted to
digital form by an A/D converter. The control algorithm reads the sampled process output and
computes a control signal that is converted back to analog form by a D/A converter. The D/A
conversion is usually performed by keeping the output constant between conversions, so
called zero order hold. A periodic control loop is implemented by the pseudo code in List-
ingl. The reading of inputs and writing of output signals correspond to direct calls to external
A/D and D/A conversion interfaces. It is also possible to have the sampling and actuation be-
ing performed by dedicated tasks, when buffers are used to communicate the values between
the tasks. In the case of a networked control system the reading and writing of signals also
involve communication with other nodes in the network.

In order to minimize the input output delay, the control algorithm is divided into two
parts, where the first part computes the control signal based on current measurements and
previous states, and the second part then updates the internal states of the controller for the
next sample.

Listing 1
t = currentTime();
LOOP

Read Inputs;

Control Calculation;

Write Outputs;

Update Internal States,

t=t+h;

waituntil(t)

END
I1. Real-time scheduling
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Real time scheduling theory is concerned with the problem of, given a set of tasks,
finding an execution order that guarantees that all tasks meet their timing constraints. Real
time scheduling algorithms fall in two basic categories: static and dynamic scheduling.

Static scheduling is an offline approach, where an optimized execution order is deter-
mined once and for al before the system is commissioned. This execution order is then re-
peated cyclically at runtime.

In dynamic scheduling schemes, the decision of which task to run is taken at runtime.
The schedulability theory is based on a task model where all tasks are periodic and where
each task, i, is characterized by the following parameters. a fixed period, Ti, a hard deadline,
Di, and afixed and known worst case execution time (WCET), Ci.

Preemptive fixed priority scheduling is the mechanism supported by all major com-
mercial real time operating systems. Using this approach, each task is assigned a fixed priority
value. During runtime, the ready task with the highest priority gets access to the CPU. If a
task with a lower priority is currently running, this task is preempted by the higher priority
task.

For control tasks it is natural to assume that the relative deadlines, Di, of the tasks are
equal to their periods, Ti. In this case the most common priority assignment is the rate mono-
tonic assignment, where the priorities are set according to the periods of the tasks: the shorter
the period, the higher the priority.

Assuming a set of n tasks, a sufficient condition for schedulability using the rate
monotonic priority assignment is that the utilization factor U satisfies the condition:

U Z‘% znl2% 1)
=1 (1)

In the more general case where Di < Ti, deadline monotonic priority assignment is op-
timal [Liu and Layland, 1973]. Here the priorities are assigned according to the relative dead-
lines of the tasks.

For any fixed priority scheduling assignment, an exact schedulability analysis may be
performed by computing the worst case response times, Ri, for each task, see [Joseph and
Pandya, 1986]. Using fixed priority assignment the priorities of the tasks are static and not
changed during runtime.

An alternative approach is earliest dead line first (EDF) scheduling which exploits dy-
namic priority assignment based on the absolute deadlines of the tasks. At any point in time,
the task with the shortest remaining time to its deadline will get access to the CPU. EDF is
more resource effective than rate monotonic scheduling and a necessary and sufficient condi-
tion for schedulability (given Di = Ti) isthat the utilization factor is below one:

YL

=y
.

- 2

A benefit of dead line based scheduling over priority based scheduling is that it is

more intuitive to assign deadlines to tasks than to assign priorities. Global information about
the relative importance of all tasks in the system is needed in order to assign priorities, which
is not required to assign deadlines. The main drawback with EDF is that it offers no guaran-
tees at all during overload. In that case all tasks will miss their deadline, which is known as
the domino effect [Stankovic et a., 1998]. For hard real time systems this may be fatal. How-
ever, the result during overload under EDF is that the effective periods of the tasks will be
scaled in such away that the utilization of the system is still 100 per cent [Cervin et al., 2002].
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Under reasonable overload, this fair distribution of resources will, for most control systems,
still give reasonable performance for al loops.

[11. True time simulation tool

There are numerous tools that support simulation of control systems or simulation of
real time scheduling, but very few tools support co-simulation of control systems and real
time scheduling. The True Time simulator is a complete co simulation tool based on MAT-
LAB/ Simulink and in its current version it supports task scheduling by arbitrary scheduling
policies, network simulation by standard MAC layer protocols, and a variety of real time
primitives used for experimentation with flexible scheduling and compensation schemes.
The case under study takes three PID tasks running concurrently on the same CPU, control-
ling three different systems. The TrueTime blocks are connected with ordinary Simulink
blocks to form areal time control system, see Figure 2.
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Fig. 2 The control system

The three systems are controlled by controller tasks implemented in a TrueTime kernel
block. Before a simulation can be run, it is necessary to initialize kernel blocks and to create
tasks for the simulation. The execution of tasks is defined by code functions. A code function
is further divided into code segments according to the execution model. All execution of user
code is done in the beginning of each code segment. The execution time of each segment
should be returned by the code function.

The kernel isinitialized by the initialization script, providing the number of inputs and
outputs, the scheduling policy and creating periodic tasks that uses defined code functions. In
the initialization script the rate-monotonic scheduling is specified by the function ttinitkerenel
and the task are created with ttCreatePeriodicTask function who specifies the name of the as-
sociated code function. The code function is given in Listing 2.

Listing 2

function [exectime, data] = code f(seg, data)

switch seg,

case 1, r = ttAnalogln(data.rChan); % read reference
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y= ttAnalogln(data.yChan); % read process output
data = calc(data, r, y); % calculate PID action
exectime = 0.002;
case 2, ttAnalogOut(data.uChan, data.u); % output control signal
exectime = -1,
end

Running the simulation of the control system, seven graphics are obtained: three
graphics for the control signals, three graphics for the reference and outputs signals and the
schedule graphic of the tasks during the simulation. Studying the computer schedule and the
control performance it is noticed that taskl will miss al its deadlines (see figure 3) and the
corresponding control loop is unstable (see figure 4).

Fig. 3 Compurer schedule (BM case): task] (blue), Fig. 4 Control loop associated with taskl
task2 (green), task3 (red) (reference hlue, output signal green)

By changing the scheduling policy to earli est-deadline-first and running a new simu-
lation it is noticed that after an initial transient all task will miss their deadlines (see figure 5),
but still the overall control performance is satisfactory (see figure 6).

Fig. & Stahle control loop associated with task |

Fig. 5 Compuer schedule (EDF case): taskl
(blue). task2 (green). tasks3 (red)
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IV. Conclusions: A priority based approach will favor high priority tasks over low priority
tasks, with the possible consequence that low priority tasks may not execute at all, being starved.
Using dead line based scheduling, the available CPU time will be distributed among thetasksin a
more fair way and better results concerning the stability of the control loopswill be obtained. De-
pending on the application this may or may not be a desired feature. The major drawback with
dead line based scheduling is the lack of commercial products supporting it.

References: 1. Astrom, B. Wittenmark, “Computer Controlled Systems’, Prentice
Hall, Upper Saddle River, N.J., 1997 2. Arzén, K .-E., “Real-Time Control Systems”, Depart-
ment of Automatic Control, Lund Institute of Technology, Lund, Sweden, 2001.

ON-LINE QUALITY SUPERVISION OF ROTOR YARNS - AMECHATRONICAL
DEVICE

Hanganu L. C. (U.T.” Gh. Asachi” |asi, Romania)

By means of a systematic control of quality in spinning mills successful results could be
achieved. Trials carried out on a worldwide scale for the purpose of setting out the different
statistics have shown that mass variations in combed cotton yarn have decreased by approxi-
mately 20%. Mass variations in rotor-spun cotton yarn decreased by approximately the same
amount. Spinning mill personnel working closely together with machinery manufacturers
have been able during the last 20 years not only to increase spinning speed but also to im-
prove the evenness of OE-rotor yarns.

During the early years of rotor spinning, electronic supervision of yarn production was
not considered necessary. With increasing speeds of production, however, a supervisory sys-
tem became more and more justifiable. Since 1985, therefore, the number of rotor spinning
positions equipped with supervisory units increased considerably.

Accordingly, disturbing yarn faults could be eliminated during the spinning process.
But this was not enough if one required to ensure that the quality of the spun yarn remained
constant over many hours of production. The extraction of disturbing yarn faults is nothing
more than the repairing of the product during manufacture at a machine which is not operating
correctly.

OE-rotor yarns are used nowadays for purposes which were previously the domain of ring-
spun yarns. This progress in rotor spinning has been possible as a result of a continuous im-
provement of the yarn quality characteristics. In order that these yarn quality characteristics
wiL| be able to be kept at a constant high level, some form of active control system with
alarm incorporated in the machine structure is necessary. Such a system can then indicate
whether there has been any significant change of the mass variations, the frequency of thin
places, thick places and neps, or any other quality parameter. References to significant
changes in these quality characteristics, and indication by means of an active control system,
will immediately result in corrective measures being undertaken at the responsible "rogue”
rotor position.

For this purpose, the active control system has been developed , which isin a position
to collect "on-line quality data" and to evaluate this data with reference to al the spinning po-
sitions of the rotor spinning machine. The purpose of this paper isto summarize the practical
applications of thiskind of systems in spinning mills operating with the rotor yarn supervisory
installation equipped with mechatronics supervisors as mean active control device systems.
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The active control system is an early warning system which provides immediate rec-
ognition of arotor spinning position tending to produce quality-inferior material. Recognition
can result in an alarm being actuated or the feed to the rotor position being stopped.

The system is a mechatronics device which can be applied to all types of rotor yam
supervisory installations for the purpose of providing an "on-line" quality control system.

Until now, the control of each spinning position at the rotor spinning machine was the
responsibility of the mill laboratory. In this respect, samples were periodically taken and
tested in the laboratory. In each case according to the sampling frequency, a spinning position
would only be checked 2 to 6 times per year.

Aswith all sampling systems, this method has the disadvantage of determining much
too late those rotor spinning positions with out-of-tolerance conditions. With this cactive con-
trol system, the quality characteristics of every spinning position of a machine are checked
within one day, and any "outsider” units immediately recognized. With rotor positions where
"exception” conditions are determined, detailed tests can be carried out in the mill laboratory
on the yarn being produced at these units or on the sliver feed to these units, and the cause of
the downgrade material determined. The application of the active control system enables op-
timum spinning conditions to be achieved due to the fact that wear on the spinning elements
can be controlled. Worn parts need only be exchanged when conditions, as indicated by the
system, require it.

This paper refersto certain examples of the mill application of this system for the ro-
tor yarn supervisory installation, and to certain special features which are incorporated into its
design:

- The sensor for the actuve control system is the well-proved capacitive measuring unit. It
is neither effected by dirt and dust, nor is it sensitive to colour variations in the yarn. It does
not require an expensive measuring slot supervisory system or compressed air measuring slot
clearing system.

- Faults in the feed sliver are detected as long thick or thin place faults in the spun yarn.

- Moire faults in the yarn resulting normally from dirt or dust in the rotor groove become
"disturbing" with time. The alarm system can be set to the required sensitivity limits and will
be activited as soon as these limits are exceeded.

- The fact that one can also set alower limit forthe CV%-evenness alarm is particularly ad-
vantageous when awrong spinning element has been fitted.

- With OFF-LINE testing in the laboratory, the spectrogram is of undisputed value for
quality assessments. With ON-LINE quality supervision, it is of equal importance.

The application of a quality supervisory installation at rotor spinning isto ensure effi-
cient operating conditions at all stages of subsequent processing, and an acceptable appear-
ance of the woven or knitted fabric.

The active control system can provide a print-out of the more important quality char-
acteristics of the yarn being spun at any particular rotor position. The evaluation cycle can be
made continuous, i. e., astandard evaluation time for each spinning position, whereby an
automatic switching from rotor to rotor takes place, or can be scheduled, e. g., once per week.

The quality characteristics determined are:

- yarn evenness (CV %)

- imperfection frequency (THIN PLACES, THICK PLACES and NEPS per 1000 m yarn)

- frequency distribution diagram of mass (histogram)

- gpectrogram

- yarn fault classification.
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The most important characteristics which should be measured on a day-to-day basis
are the coefficient of variation (CV) of yarn evenness and the imperfection frequency.
Entering of all time schedules, sensitivity levels and the textile units, e. g., Nm, Ne,
tex, is made via the keyboard of the central unit of each spinning machine, or centraly for all
machines at the REMOTE-CONTROL. Print-out of data is available at each central unit or
centrally at the mean display of the system.
Y arn taken from the "rogue” rotors can be examined with the help of the mill labora-
tory, and the reason for the high CV value determined. Reasons for a high CV value could be:
- the evenness of the feed dliver,
- the rotor and rotor bearings,
- the opening roller,
- the doffing tube navel,
- the drawing-off rollers, etc.
Let’s now see the elements of rotor spinning which can have a negative influence on
yarn quality, and particularly on the evenness value.
The sketch — figure 1, shows a section view of arotor spinning unit. Experience of
mill conditions indicates that various elements of rotor spinning can influence the yarn even-
ness, and this with respect to the evenness value CV and the spectrogram. It has been deter-
mined that the CV evenness value is influenced by:
- the running path of the yarn through the various spinning elements,
- dirt and dust in the rotor groove,
- uneven feed sliver material,
- damaged or worn doffing tube navel,
- damaged or worn drawing-off rollers,
- damaged or worn opening roller.

=11

1 - Presser and feed plate; 2 - Trash duct; 3 - Opening roller; 4 - Opening roller clothing;
5 - Fibre feed or transfer tube (air stream); 6 — Rotor bearing;7 - Doffing tube; 8 - Feed sliver;
9 - Fibre collection surface; 10 - Doffing tube navel; 11 - Drawing-off rollers;
12 - Feed roller; 13- Yarn
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Fig. 1 Section view of the elements of arotor spinning unit

Furthermore, it has been determined that periodic variations as shown by the spectro-
gram are dueto:
- dirt or dust in the rotor groove,
- damaged or worn opening roller,
- the drive of the feed elements,
- he presser and feed plate alignment,
- uneven feed sliver material.

The data is displayed and edited as requested by the user - figure 2. Thus, the three
main components of the monitoring system can be summarized as follows: the sensors, the
transmission network and the processing software.

Before following the monitoring system investigation, information required to control
production has to be listed. Based on a rotor yarn machine, the required information can be
split into three sets as follows:. data pertaining to the rotor yarn machine, data pertaining to the
spinning position, and data pertaining to the yarn being spun.

Frame data. The machine is running or is stopped. In the case of shutdown or down-
time, the case has to be identified (breakdown, stop for maintenance etc.).

Spinning position data. The data entities pertaining to the spinning position are many
and their acquisition is more difficult. Here are a few examples: rotation speed of rotor, deliv-
ery speed, spindle is running/stopped, yarn presence detection, sliver presence detection etc.

Yarn data. Data entities pertaining to the yarn include: produced yarn length and pack-
age weight, quality of produced yarns, number of defects etc.

SENSOR DATA
.—|—>
POSITION 1 COLLECTOR

ROTOR = DISPLAY
YARN
MACHINE
= PRINTER

—__ = SENSOR = COMPUTER™
POSITIONN ——~ ™ |

Fig. 2 General schema of an active control system for rotor yarn machine

The data acquisition from different position has a high efficiency if there are imple-
mented the next two solutions:
§ datadigital transfer from each position characterized by a specific address;
§ ananalogic transmission for all signals.

| MODULE | | MODULE2 [-=——=—=—-—~~—~ 1 MODULE N

TRANSMISSION SYSTEM

-
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Fig. 3 The link connection for the active control system

The data acquisition system must be designed to receive all the information from sen-
sors and convertsit in adigital signal that is sent to the central computer.

In the same time, it is necessary to supervise a determination line for transmission pri-
ority. The link connection for this working module is shown in figure 3. The central computer
receives all the information sent by the modules according with a communication protocol
that indicates also the transmitter address.

References: 1. Hanganu, L., C., Mecatronica utilajului textil — fundamente teoretice,
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Fl., Aplicatii mecatronice in industria textila, Editura Tehnopress, lasi, 2005. 3. Hanganu, L.,
C., Sisteme de control activ a subansamblelor specifice masinilor textile si implementarea
acestora la masinile pentru filatura, Grant CNCSIS, Cod 518, Tema 41, 2006. 4. lanus G.,
Olaru D., Hanganu, L., C., Fiabilitatea sistemelor de control activ la masinile textile
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SPECIFIC ASPECTSON MOBILE MECHATRONICSINTELLIGENT SYSTEMS
WITH ECOLOGICAL IMPACT FOR TEXTILE EQUIPMENTS

Hanganu L. C. (U.T.” Gh. Asachi” |asi, Romania)

The aim of this paper is to present some specific aspects concerning complex and intelligent
mobile mechatronics systems which are able to communicate in different network topologies
and to offer solutions concerning the environmental impact of the textiles technologies and
their equipments. In this way applied researches are involved to enlarge the knowiedge con-
cerning nanosciences and integrated nanotechnol ogies for devel oping new intelligent systems
for textile industry able to create significant improvements of textile production processes,
with an important and direct impact on the working conditions which must be assured to the
humans, regarding to increase their status of life.

The opportunity and actuality of this research field is sustained not only by the latest
scientific papers published in the most important journals from Japan, Germany, UK, USA,
but also by the importance of producing intelligent systems included in a new generation
products based on new knowledge and creativity, which represents a main research direction
recommended by the EU programs.

The theoretical and applied researches have the main focus to realize some important
objectives such as:

- Design of new specific products and technologies;

- Testing of mechatronics systems performances;

- Productstransfer as prototypes to beneficiary companies,

Framing of technical solutions in specified standards by the protocols impli-
cated in machine to machine technologies (M2M — Machine to Machine);

The research results will add value through:

- the achievement of new mobile mechatronics systems as intelligent systems and new
integrated standard components for monitoring the specific textile processes and their equip-
ments witch are considered transfer elements able to monitoring status and environmental pa-

294



rameters (temperature, humidity, carbon-monoxide, methane, etc.) witch are basic of M2M
applications;

- the achievement of complementary structures for textile equipments able to realize
an on-line and in-field control with the possibility of just-in-time adjustments for the manu-
facturing parameters and for the environmental convenience;

The mechatronics systems have a main impact in modern technologies of textile
machine design, not only in textile equipment mentenance, but also in technological processes
management specific for this industry. The textile machines with the most spreading in the
whole industrial world represent complex structures in which are integrated clasical
technologies such as mechanics, electrotechnics, materials science, textile technologies a.s.o.
This univers is continue modified by the new interconections with computers,
communications, senzors and actuators. The ensemble of these elements represents the main
structure of mechatronics systems which are able to create new generations of textile
equipments. Their working status is based, in the most significants part, on integrated
computers with complex softwares which create the implementation of new functions for a
large area of technological processes, achievment of low power cunsumtion, communication
in different network topologies and alow impact of the environment. This type of machinesis
able to gusted like classical computers in order to execute more opperations which are
impossibile to be realised with classical structures. The main part of textile equipment
producers has important reseach programs in order to realise new machines based on
mechatronics structures. The most modern computers for control perocesses integrate in an
only one circuit all the hardware components able to offer flash memory for complex software
implementation too. With a low power consumption and a high reliability, these structures
can be introduced in different types of equipments (embbeded) and in different types of
networks with a great posibility for a large instalation expansion. The senzors and actuators
domain has incresed too and has created a very large types of such devices which are alble to
be integrated in textile mechatronics equipments. The IT univers has its main foccus to
enlarge the microcomputers range able to opperate in hostile medium, to realize wireless
communications, to achieve experience and to have small dimensions and low power
consumptions. These microcomputers are able to communicate in standard networks too. In
this way is generated M2M univers which creates the posibilities to supervize from a very log
distance complex textile equipments with spacial tunning of technological parameters using
Internet network elements. The calsical textile technologies have high power consumption,
normaly for the midle of "70s. In this way the power consumption for textile equipments is to
high and has a significant negative impact on the environment. The new processes based on
aternative energies permit a high economical efficiency, echological facilities and a great
equipment mobility. The cost structures for textile products include an important component
dued to the energetics costs. In this way the products could win the market if only the
solutions are based on reduced power consumption and on the development of new processes
supplied with nonconventional power (solar power, wind power). In today moderm world
there is a lot of research work in this kind of energies, in order to be accumulated and to be
developed in multinational energy power producers networks. Known as green-power-plants
(solar power plants, wind-power plants). Based strictly on this world research areas the textile
equipments producers have significant developing programs in order to obtain a new
machines generation able to create low power consumption.

The textile equipments from the X XIst century are real complex systems based mainly
on programmable mechatronics solutions which support software functions able to help avery
large range of executions operations with superior conditions for cost/performance. In this
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way there are a lot of examples for textile equipments realized by very known producers like
Rieter, Trutzschler, Hollingsworth, Zinser, Uster, Murata, Toyota, Stoll, Shima Seiki, Brother,
Jakob Mulller, Textile Machinery Division from Nissan Motor Co. The world globalization
actions accelerate the trend of processes and equipments of standardization which create the
possibility to develop applications in which are included subsystems located in different parts
of the world such as with the complex communication structure could be realized different
final products. In this way Nokia Company proposes to be realized a new structure M2M in
order to be used in industrial machines interaction with the of GSM network. The great proc-
essors producers such as Intel, Motorola, Siemens, Microchip, realize devices as embedded
computer to be used in industrial control applications. The new generation of sensors and ac-
tuators for industrial equipments represents the main activity of the German companies in-
volved in high-tech domain.

In Romania there were not created yet mobile mechatronics intelligent systems with
ecological impact for textile equipments which have in their structure integrated components
for microcomputers and which are able to supervise the technological and environmental pa-
rameters. Therefore this research represents a new and original research area. On the interna-
tional level there are well known the solutions realized by great companies of textile equip-
ments based on recent researches developed inside the R&D universities and companies de-
partments such as: Massachussets Institute of Technology, Loughborough University of
Technology, Textile Institute of Manchester, Universiteit Gent, Technical University of
Liberec, University of Hull, Georgia I nstitute of Technology, Tohoku University, North Caro-
lina State University, Clemson University, The University of Birmingham, Institute of Robot-
ics and Mechatronics Zurich, Ecole Nationale Superieure des Industries Textiles de Mul-
house, University of Florida, Dundee University, Universitatea tehnici RWTH Aachen, Uni-
versity Izmir, Academia de textile Ivanovo, University of Minho.

Potential users of mobile mechatronics intelligent systems with ecological impact for
textile equipments will be:

- companies for textile industry which produce textile bands for special force applica-
tions and passementerie products;

- textile equipments producers from machine construction industry used for textile
bands production;

- companies from electronic industry able to produce integrated electronics systems;

- companies interested on non conventional power supply;

- departments of textiles, computers, communications, electronics from universities,

- small and medium companies interested on ecological technologies.

The multidisciplinary character of the current research is sustained by multiple users.
New production and market segments will appear in accord with the results of this project,
where producers and potential beneficiaries will meet all together.

The researches developed in order to obtain new textile products used in critical appli-
cations for automotive safety bands, safety work equipments, mountaineering, specific appa-
ratus of mobile ambulance station, military equipments a. s. 0. had have realized that these
bands could be obtained from textile fabrics. To obtain this kind of productsit is necessary to
use complex equipments able to realize significant different parameters than other parameters
of common textile products in order to respect strictly the quality standards. In this way the
project activities develop a new range of products consecrated with M2M. These are able to
realize an extension of classical modulated GSM networks for data communications. Com-
plex function of textile equipments realized in their most part with mechanical solutions could
be redesigned for a total control by means of embedded computers. This solution offers the
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possibility to develop equipments with: low power consumption, high degree of function uni-
versality, extension possibilities with complementary modules provided from multiple stan-
dard sources. The introduction of solar power supply systems creates the possibility to realize
new technological processes with significant ecological efficiency and more less costs. The
integration of sensors, actuators, signal processing units and GSM networks offer the possibil-
ity to realize complex operations, in industrial installation located on large geographical areas,
and the human operators could be everywhere in the world, where exist an access to a
GSM/network. This kind of systems had have presented by some companies, but a developing
open standard for new applications was finalized in the last two years; the main promoters are
the European companies agreed by Nokia Consortium (M2M-Machine to Machine). This pro-
ject wants to include the solution implementation of the last sensors and computers generation
able to support software. A general schema with the main functions modules of the proposal
solution is presented in the next figure 1.

As it was mentioned above, the research intend to develop an equipment with
embedded systems for the final processing of textile bands used in forced applications, as a
system supllied with nonconventional solar power. The basic solution intend to realise:

- a high flexibility of all the equipment main functions including the communications
functions in order to conrol the entire equipment with the help of GSM Network in the desin
spirit of M2M products;

- the solution framing in the specific European research strategies included in
TEXTILE & CLOTHING si ARTEMIS (Advanced Research and Technology for Embadded
Intelligennce & Systems) platforms;

- the achievement of high quality parameters with significant impact on products
competitivenes with low costs.

This system offers:

- the improvement of quality visual control;

- the achievment of significant power economy;

- avoiding the medium worming created by classical lights;

p
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Fig. 1. General schema for a mobile mechatronics intelligent system with ecological impact
for textile equipments.
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The products and their technologies concerning ideas/conception/realization, have a
high innovative and originality degree related to the connected national/European projects.
The research and development studies will be realized at the frontier of the scientific and
technical knowledge, combining the fields of IT, textiles and electrotechnics, contributing at
the development of these prioritary domains of national economy. The originality degree of
the proposed solutions results from the common exploitation of the effects of this type of
mechatronics systems utilized for textile equipments.

Performance and quality parameter level of the proposed solutions distinguishes by:
utilization of nanotechnologies and nanostructures in order to realize high-tech products able
to monitorize the technological parameters of modern textile equipments - the essential
condition for the product destination related to the European and international requirements,
regulations and standards; application of some unpolluting high-technologies in the
| T/textile/electrotechnic industries, at the sectorial and intrasectorial levels; the mobile
mechatronics systems elaborated during the research will assure a better quality for the textile
equipments in which are integrated due to the last generation of GSM network
communications included in ensemble structures.

References: 1. Hanganu, L., C., Mecatronica utilajului textil — fundamente teoretice,
Editura Tehnopress, lasi, 2005. 2. Hanganu,L.,C., Bodi, Gh., lanus, G., Tudose Sandu-Ville,
Fl., Aplicatii mecatronice in industria textila, Editura Tehnopress, lasi, 2005. 3. Hanganu, L.,
C., Sisteme de control activ a subansamblelor specifice masinilor textile si implementarea
acestora la masinile pentru filatura, Grant CNCSIS, Cod 518, Tema 41, 2006. 4. lanus G.,
Olaru D., Hanganu, L., C., Fiabilitatea sistemelor de control activ la masinile textile
considerand fenomenele de macro, micro si nanotribologie, Grant CNCSI'S, Cod 490, 2006.

[TOBBILLIEHUE CPOKA CJIYKBbI ILITAMITOBOI OCHACTKU JIETOHALIMOHHBIM
METOJIOM

Boryciaaes A.B., lonimaro A.U., barmer M.H., MoBmoBu4 A.51.

Defects, which arise during forging, and kinds of a wear of dies are analyzed. The increase of
alife of pressing rigging by detonation method is offered.

Brenenue.

Baxxnoii 3amaueit, cTosie nepes COBpEMEHHbIM aBUABUTATEIIECTPOCHUEM, SIBIISIETCS
IIOBBIIICHHUE AOOJI'OBEYHOCTHU TCXHOJIOTHMYCCKOI'O OCHAIICHUA U o60py)1013aH1/151, IMOCKOJIBKY HX
paboTocrnocoOHOCTh ONpeAeseT KaUeCTBO ITOBEPXHOCTHOIO CJIOS JIeTallel aBUAallMOHHBIX JIBU-
rateyied ¥ BIMSET Ha PECYPC 3TUX JICTAIICH.

IlocTanoBKa 3a1a4M U LeJIb HCCIEOBAHMS.

B Hacrosmiee Bpems B JBUraTeilecTpOECHHM OJHUM U3 PACIPOCTPAHEHHBIX CHOCOOOB
MOJTy4EHHSI 3arOTOBOK SIBJISIETCS JIMThE U IUIacTHUecKoe nedopmupoBanue. Tak, Hanpumep, Ha
apurarene TB3-117 nuteeM MoydaroT clieayroiiue Jeranu (COruioBoi ammapar 4 CTymeHH,
KOpITyC THAPOLMJIMHAPA, HWKHSISL 4YacTh OJOKa KOPIYCOB OTKAUMBAIOLIMX HACOCOB, KOPIYC
pUBOJIAa peryiasTopa 060potoB cBoboaHol TypOuHbI (POCT), 010K ApeHaXHBIX KIIAlIaHOB,
KOPITyC TPUBOJIA JaTYUKOB OOOPOTOB) M MPH 3TOM B OCHACTKE JUIS JIUThSI BO BPEMsi paOOTHI
BO3ZHMKACT CIEAYIONINI Opak, MIPUUMHBI U METOIbI YCTPAHEHHUSI KOTOPOTO PACCMOTPEHBI B pa-
oore [1].
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JleTanu TEXHOJOTMYECKOrO OCHAICHHUS (IIITaMITbl, TyaHCOHBI, MATPHIIbI), & TAKKE JIe-
Tay 000pynoBaHus (Basibl, KOJICHBAJIbBI, IIMHHICIHA, OCH, POJIMKH) pabOTAOT MPH 3HAYUTEIIb-
HBIX Harpy3Kax U MOJBEpraroTcs pa3JIMdHbIM BUJAM U3HOCA U pa3pylLECHUs.

B Hacrosimee BpeMsi mITaMIlbl BOCCTAHaBIMBAIOT MEXaHUYECKOW OOpabOTKOM WU
AJIEKTPOJIyrOBOM HaIulaBKoW. BoccTaHaBnMBaTh ITaMIIbl MEXaHUYECKOW 00pabOTKOM MOXKHO
1-2 pa3a, CTOHKOCTh IITAMIOB TIOCIIE BOCCTAHOBIICHHUS HIDKE, YeM HOBBIX IIPU TOM YK€ TPYIO-
€MKOCTH U3TOTOBJICHUS PYYbEB IpaBIOpbl. J{J11 BOCCTAHOBJIEHUS ILITAMIIOB JI0 HCXOJIHOW BBICO-
ThI HAIUTABKOW TpeOyeTcsl HAIUIaBIATh OOJIBIION 00BEeM MeTaslia, I03TOMY 3TOT IPOLECC CTa-
HOBUTCS HE 3KOHOMHYHBIM. [Ipoliecc HarmIaBKku B OCHOBHOM NPUMEHSIIOT JJISl JIETKUX PEMOHT-
HBIX paboT. Takum o0pa3zom, mpodiieMa BOCCTAHOBJICHHUS IITaMIIa SBJISETCS aKTyallbHOM, a ee
pelieHrne TO3BOJIMWIO Obl 3HAYUTEIBHO MOBBICUTH J(PPEKTUBHOCTH pPadOTHI Ky3HEUHO-
LITAaMIIOBOYHOTO 000PY/I0BaHUS.

HaneceHnne neTOHAIMOHHBIX MOKPHITHNA MO3BOJIUT 3HAYUTEIBHO MOBBICUTH JOJITOBEY-
HOCTb JIeTajlell TEXHOJIOIMYEeCKOro OCHaleHus. MccieIoBaHnIo 3TOro BOIpOca M MOCBSAIIEHA
JTaHHAs CTaThsl.

JedexTnl, BO3HMKAOLINE IPH KOBKE.

TopuoBble 3ayceHLIbl BO3HUKAIOT NpU HEOpEKHOM pyOke MpUOBLILHOM M JOH-
HOM yacTell cIuTKa WIIM NpPU ropsiyeil pyoke 3aroToBok Ha yactu. OcTaBunecs TOPIO-
BBIE€ 3ayCEHLBI NTOCJIE PYOKH MOJJIekKAT yAaJleHNIo, TaK KaK OHU IpU JajbHeHel KOBKe
BBI3BIBAIOT 00pa30BaHKE 3aKUMOB (CKIIaI0K).

3aXKMMbl BO3HUKAIOT B CJydasiX NPUMEHEHUs HENPaBUIbHBIX MPUEMOB MPOTSK-
KU M Pa3rOHKU 3arOTOBKH.

BoruyTsie Topibl (MM rOJICHHUIE) BO3HUKAIOT HAa KOHIAX MTOKOBKHU B pe3yJbTa-
T€ aKTUBHOM NPOTSHKKM 3arOTOBKH C KPYTJIBIM IONEPEYHBIM CEYEHUEM, HEJOCTaTOY-
HOrO IpOrpeBa 3aroTOBKHM WMJIM Majoro Beca MaJalolluX YacTed MOJIOTa, a TaKXKe He-
JOCTATOYHOM JJIMHBI OTTSATUBAEMOIr0 KOHIIA.

HapyxHble TpemuHbl UM pBAHUHBI BOSHUKAIOT BCJEACTBUE KOBKHM MPU HU3ZKUX
TeMImeparypax, ObICTPOro OXJIaXJEHHs, HEJOOPOKAauYeCTBEHHOTO HarpeBa 3aroTOBKH,
BBI3BIBAIOIIET0 CUJIbHBIN MEPErpeB UM MEPEKOr MOBEPXHOCTU, WU IPU HCIOJIb30Ba-
HHUU CEPHUCTOrO TOIJIMBA, HEJOOPOKAYECTBEHHOCTH MCXOJHOIO CIMTKA MU 3aroTOB-
ku. Haubonee nmoaBepkeHbl MOBEPXHOCTHBIM pBaHMHAM U TPELIMHAM MPU KOBKE MHCT-
pyMeHTanbHasi OBICTPOPEKYIAsl CTaldb U JIETUPOBAHHAsI MaJIOMJIACTUYHAs CTallb HEKO-
TOPBIX MapoK.

TpemuHbl, 3aMeUeHHbIE B MpOLiecce KOBKM KOHCTPYKIMOHHOM cTalu, BO u30e-
KaHUE UX yBEJIUYCHHUS B JaJbHEHIIEM CIIEIyeT yIalsiaTh B ropsyeM (MHOTAA B XOJIOJ-
HOM) COCTOSIHHMH, JIaK€ C MPUMEHEHHEM CIeIHAIbHOTO MmoaorpeBa. B psjae ciydaes
JOMYCKAaeTcsl B MeCTaX BO3MOXKHOTO 00pa3oBaHHs TPELIUH OCTAaBJIATh YBEJIUYEHHBIN
npunyck Ha o0paboTKy.

BHyTpeHHUe pa3pbiBbl (CBHUINM PACCIOCHHS) Yallle BCEr0 BO3HHUKAIOT BCICACT-
BUE€ HEMPaBUJIBLHOTO Mpoliecca KOBKH.

CBuIu B IEHTPAIbHOU 30HE CEYEHUS 0OBIYHO UMEIOT POPMY KpecTa h3-3a pas-
pbiBa IO HANpaBIECHUIO JHAroHajieil KBaJApaTHOTO CEYEHHs NPU KOBKE C OOJBLIIUMU
oJlauaMH.

CBumu HekpecTooOpa3HOM (GOopMBI MOTYT HOSBISATHCA NMPU OOKAaTKE KPYriaou
3aroTOBKHU B IUNIOCKUX OOMKax.

BHyTpeHHHe TpemuHbl, UMEIOLUUEe BUJ PacCIOCHUH, HAOII0AA0TCs IPU 3HAYHU-
TEJIBHOHN OcaJKe B MJIOCKUX OOHKax, MpH OOJBIIMX pa3Mepax KOHTAKTHBIX MOBEPXHO-
CTEH U MaJIOM BBICOTE OCAXEHHOM MMOKOBKH.
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Jlns BBISIBIEHHUS BHYTPEHHUX Pa3pbIBOB, CBUILIEH M pacciioeHuil Hauboiiee 3¢-
(beKTUBEH METOJl yIbTPa3ByKoBOM aedekTockonuu [1].

Haknen - cocTosiHME MOBEPXHOCTHBIX CIIOEB IIOKOBKHM B PE3yJIbTAaTE OKOHYAHUS
KOBKHM IpU HU3KOU Temneparype. Hakien, He ycTpaHeHHBIN TepMOOOpabOTKOM, MOKET
NPUBOJAUTH K MOBBIIIEHHOMY KOPOOJEHHI0O U Jake K MOJOMKaM MpHu Hocieayromei
00paboTKe pe3aHueM.

KpuBu3Ha BO3HUKAET NpPU NPOTIKKE BCIEICTBUE HEPABHOMEPHOTO OXJIAXKICHUS
3aroTOBKHU B MPOILIECCE KOBKU U HECOOIIOJAEHUS MOPsSKa KAHTOBKH, a TaKKe MOJ Jei-
CTBHEM COOCTBEHHOrO Beca MOKOBKU IpPU KOBKE JJIMHHBIX BajoB, MPH OCaJKe BCIE-
CTBME HEPAaBHOMEPHOIO IIPOTrpPEeBa 3arOTOBKHU IEpe] KOBKOM M YPE3MEpPHOI0 OTHOIIE-
HUS JUIMHBI K THAMETPY UJIM K MEHbIIEH CTOPOHE CEUEHMUS.

CwmelieHne 0ceBOM 30HBI CIMTKAa HPOUCXOJUT OT HEPABHOMEPHOTIO MPOTPEBA,
HEPaBHOMEPHBIX 00XaTUW BO BpeMs KAaHTOBKHM BOKPYI HPOJOJBbHOW OCH HIJIM OT HC-
KPUBJIEHHS €r0 OCH IIPU OCAJIKE.

OcHOBHOM MpU3HAK HEIOCTATOYHOM YKOBKHM - HaJlWuHMe€ B IOKOBKE KPYMHOMU
KPUCTANINYECKON JINTOU CTPYKTYPHI.

BwmsiTunbl - cnenpl HeOpexxHOM pabOThl B BUJAE CTYHEHYATHIX NEPEXOJI0B U BMS-
THH OT OOMKOB, Clie[lbl OT BJIaBJIECHHON B T€JIO MOKOBKU OKAJIUHBI.

HeBbinep:xanHbple pa3mMepbl - OTKIOHEHUS OT 3aJaHHBIX Pa3MepOB U JIOMYCKOB,
NpeyBeJnYeHNe UK MPEeyMEeHbIIEHNE IPUIYCKOB U HAIYCKOB, OTKJIOHEHHUS IO JJIMHE,
OBaJIbHOCTh, 3KCLUEHTPUYHOCTh M IEPEKOC OTBEPCTHH, 3aBaJ PaJUyCOB OTBEPCTHH,
MaJOMEpPHOCTD (DJIaHLIEB U BBICTYIIOB, OTKJIOHEHUS YTJIOBBIX apaMeTpPOB.

HeBblnep:kanHble MOKAa3aTEIM MEXaHUYECKUX CBOMCTB - OTKJIOHEHUS OT 3aJaH-
HeiX ['OCTom u TY mpenena mpodHOCTH, Mpeliena TEKy4eCTH, OTHOCUTEIBLHOTO Y-
HEHHS UJIM CXKaTus, YAapHOU BSI3KOCTH U TBEPJIOCTU Ha oOpaslax, OTPe3aHHBIX OT MOKO-
BOK IIOCJI€ TOT'0, KaK MOCJIeAHUE MPOILIN TEPMOOOpPadOTKY.

OcHOBHBIE BHAbI H3HOCA IITAMIOBOI0 HHCTPYMEHTA.

Marepuan Ky3HEYHOro HTammna paboTaeT B YCIOBHSIX, KOTOpPbIE CKJIa/bIBalOTCA B pe-
3yJbTaTe B3aUMOJICHCTBUS MHOTUX (akTopoB [2, 3]. MaTepuai u Temneparypa HCXOIHO# 3aro-
TOBKH, TEXHOJIOTHYECKOE 000pYyOBaHKE, YCIOBHS HarpeBa U OXJIaKJICHUsI, TEMIT IITAMIIOBKH,
CMa3Ka SIBJISIOTCS OJMHAKOBBIMM ISl MHOTMX LITAMIIOB B MpEJAENax OJHOrO IieXa U Jaxke
CXOJIHBIX IO YCJIOBHSIM pabOThl NpeanpusaTuil. B To jxe BpeMs reoMeTpusi IOKOBKH, €€ Macca,
pacnpezenenue aedopmaiuii mo pyyssiM, KOHCTPYKIUS psla 3JEMEHTOB IpaBIOpbl U 00J10ii-
HOU IIENH, CKOPOCTh CKOJIBKEHUSI MaTepuaia MOKOBKH 10 IOBEPXHOCTH IPABIOPHI, CTEIIEHb JIe-
¢dopmaruy, aBjaeHUE B MOJIOCTH LITaMIla Pa3IMYyaroTCsl Ul KaXJI0TO0 KOHKPETHOIO Ipolecca
IITAMIIOBKH [1].

VYnenpHas pabora nedopmanuu, IpaMo MPONOPIUOHATbHAS NEHCTBYIOIUM Ha-
NpSDKEHUSAM W MaKCUMaJbHOW THaBHOW nedopmamuu, B OOJIbIIEH Mepe ompeaessieT
ycloBUS paboThl MaTepualia HHCTPYMEHTA, a HEpaBHOMEPHOCTh paclipeesieHus aehopMaluu
Y HalpsDKEHUH SIBJIIETCS OCHOBHBIM (DaKTOPOM, OTIPEAEISIONIMM CTOMKOCTh IITaMIoB. J{is usy-
YEeHHUs pacrpeiefieHust CTeNeHr aedopMaluu 1mo oobemy J1ehopMUpPyeMOi TTOKOBKH TTPUMEHUIIH
METOJT 0OBEMHOW KOOPJAMHATHOU CETKH. B cepuifHON 3aroTOBKE B IJIOCKOCTH €€ CUMMETPUU
IIPOCBEPJIMIIN PsIJT OTBEPCTHI; B OTBEPCTHUS MO TYroi NMOCaAKe BCTABUIIU CTEPKHU, U3TOTOBJICH-
Hbl€ U3 TOU K€ CTaJH, YTO U MOKOBKA, HO MPEABAPUTEIILHO XpOMHUpPOBaHHbIE. OTIITaMIIOBaH-
HYIO MOKOBKY OOpa0aTbIiBaJii Ha TOKapHOM craHke. Ilocie kaxaol NpOoTOYKM Ha 3a/laHHYIO0
rIyOMHY Ha MOBEPXHOCTH MOKOBKHM TPAaBJIEHHWEM BBISBISUIM B 3aJJaHHOM CEYEHHM pa3Mephbl
ne(pOpMUPOBAHHBIX KOOPAMHATHBIX cTep:kHEN. [lomyueHHble 3HaUeHUs MaJIbIX OCeH AIIIUIca
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KOPPEKTHUPOBAIIH, C TEM, YTOOBI M30€XKaTh HCKKEHUH, CBA3aHHBIX C HAJIWYHEM CJBHTOBOM
nedopmanum.

Kpussie pacnpenenenus creneHu nedopManuv Mo 0oObeMY MOKOBKU 3a TMOCIICTHUN
yIap B YUCTOBOM pydbe MosioToBoro mmrtamma (puc. 1.10 [1]) cBuaeTenbCcTBYIOT 0 KpaiiHe Hepas-
HOMEPHOM PacHpe/IeNICHUH CTETIeHH 1e(OpPMAaliH B UCCIIeIyeMbIX MOKOBKaX. CpaBHEHHUE UX C
amopoit n3Hoca mrammna (puc. 1.11 [1]) moka3piBaeT, 4T0 MAaKCUMAJILHOE U3MEHEHHE Pa3MEPOB
TpaBIOPHI HAOJIOTAaeTCs HAa yUacTKaxX €€ MOBEPXHOCTH, TJIe CTENeHb JAe(hopMaIii MakCUMaITb-
Ha. DTUMHU y4acTKaMHU SIBJISIFOTCS OOOBIIIKA U 0OJOWHBIN MOCTHK.

Takum 00pazoMm, BEICOKasi HEPABHOMEPHOCTh ePOPMALIUN CHIKAET CTOWKOCTD IITaM-
mna.

Bennumnna ynenpHBIX ycrunid 1e()OpPMHUPOBAHUS HA TMOBEPXHOCTHU INTAMIIA 3aBHCUT OT
COIPOTHUBIICHUS JePOPMUPOBAHHIO IITAMITyeMOT0 MaTepruaia. Eciu mpu TemnepaType Hadana
mramnioBku (1150 °C) st GOJIBIIMHCTBA KOHCTPYKIIMOHHBIX CTAICH MPeaes MPOYHOCTH KO-
ne6nercs B npenenax 50-100 MITa, o k momenTy koH1a nedopmanuu (okosio 800 °C) oH mo-
Bhiraercs o 100-250 MITa. B mosocTr mTamiia iMeeT MecTo 00beMHAsI CXeMa HaIPsDKEHHO-
rO COCTOSIHUS, YTO NMPHUBOJHUT K BO3PACTAHUIO CONMPOTHBIICHUS Ae(HOPMUPOBAHUIO. Y UUTHIBAS
3TO OOCTOSATENBLCTBO, YACIbHBIE YCHINS Ne(GOpPMUPOBAHHS HA MOBEPXHOCTH TPABIOPHI MOTYT
noBeimathes 10 250-450 MIla Ha o6moitHoM Moctrke u 10 600-1100 MIla B mosoctu mram-
mna, a mpy J1epOPMUPOBAHIH JISTHPOBAHHBIX CTAJICH Ja)Ke BHIIIE.

VYMeHbllIeHne pa3MepoB 00JIOWHOM 1ield (€€ BBICOTHI) [0 CPABHEHHUIO C ONTUMAIbHBIM
3HaYCHUEM TPUBOINT K CYIIECTBEHHOMY MOBBIIICHUIO YACTHHOTO YCHIUS 1e(OpPMUPOBAHUS U
CHIDKEHHIO CTOMKOCTH IITAMIIOB.

Heo0Oxoaumo yuuThIBaTh Takke TEII0BOHM 3()(eKT MOBBIIIEHHBIX CKOpocTel nedop-
marmu. Tak, HapuMep, rpu ocazake Ha 60% 3aroToBKM M3 MaJIOYTIIEPOIUCTON CTAIH C UCXO/I-
Hoii TemnepaTypoit 1100 °C cpennsisi ee Temrieparypa MOBBIIIAETCs PH AedopMalii Ha MO-
norax Ha 35-45 °C, Ha npeccax - Ha 10-20 °C. B cirydae e KOBKM B INTaMITax M3-3a HEPABHO-
MEPHOCTH 00XKaTHs CKOPOCTh JiepopMaIiiy B OTJIEIBHBIX 30HAX PE3KO BO3PACTAET, YTO BIICUET
3a c000#1 U MOBBILIEHHNE MECTHOTO TEIUIOBOrO d(dekra. YBeInUUBaeTcs TakkKe CKOPOCTh Te-
YEeHUsI METaJlJIa OTHOCHUTEIIFHO TIOBEPXHOCTH TPABIOPHI, YTO TAKXKE CIY)KHT HEMaJIOBAYKHBIM
MCTOYHUKOM JIOKJIBHOTO TIOBBIIICHHS TEMITEPATYPHI.

3Ha4YeHUs] CKOPOCTH IOJYYEHBI C MCIIOJIb30BAaHHEM METOJ/a TIOBEPXHOCTHOW KOOPAH-
HaTHOW ceTku. COoMoCTaBICHUE CKOPOCTEH TEUCHUs C AMarpamMoii u3Hoca mmrammna (puc. 1.12
[1]) mokasbiBaeT, 4T0 0OIACTH MaKCHMAIBHBIX M3HOCA W CKOPOCTH TEUCHHS COBIIAIAIOT B Ipe-
nenax 00JI0HHOIO MOCTHUKA.

Ha moBepxnoctu (manna u, ocobeHHo, B 0061acTH 0OJIOMHOM IIe CKOPOCTh aedopma-
I[N MaKCUMAJIbHA, YTO TaKXKe SBIISETCS IPHYNHON YCKOPEHHOTO U3HOCA.

PaccMoTpeHre cxembl H3HOCA MOJIOTOBOTO IITAMIIa, pe/cTaBieHHON Ha puc. 1.12 [1],
MOKAa3bIBALT, YTO CYIIECTBEHHOE (POpMOM3MEHEHHE IPaBIOPBI OTMEYAETCsl HE TOJIBKO B oOac-
TH BBIXOJIHOM KPOMKH M MOCTHKA, TJIe MAKCUMaJIbHAsi CKOPOCTh TEUSHHS, HO ¥ Y BEPIIUHBI 00-
OBIIIKH, T/I€ CKOPOCTh TEUEHUs] MHHUMalIbHas. Pe3ynbraTel 0OMepa rpaBlopbl W3HOIIEHHOTO
[ITamIa CBUACTENHCTBYIOT O TOM, YTO Ha OTIENBHBIX Y9aCcTKaX MMEET MECTO HE YBEIMYCHHE
pa3MepoB MOJIOCTH, & UX YMCHBIIICHHE.

CnenoBatenbHO, 32 (POPMOM3MEHEHHE TPABIOPH Ky3HEYHOTO IITaMIla OTBETCTBEHHO HE
TOJILKO MCTHPAHHKE, HO U CMSTHE, T. €. TUTaCTHYecKas eopMariyist HHCTpyMeHTa.

Taxum 00pa3oM, U3HOC MITAMIIOBOTO HHCTPYMEHTA MOYKET OBITh IPEJICTABIICH KaK UCTH-
panueM (YHOCOM YacTHIl METajljla C IIOBEPXHOCTH TPEHHS), TaK U cMsTHeM (1edopmanueii nH-
CTPYMEHTA M, B MEPBYIO O0Yepe/lb, TIOBEPXHOCTHOTO CJIOSI TPABIOPHI B MPOIECCE INTAMIIOBKH).
Uctupanue Hanbosiee xapakTepHO ISl TAKUX YYACTKOB KaK OOJIOMHBIM MOCTHK, BBIXOJ Ha 00-
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JIOMHBII MOCTHUK, BHEIIHUE CKPYIJIEHUS TPaBIOPbI M IEPEX0]] OT TOPLIOBON MOBEPXHOCTHU K 00-
KOBOH y OOOBIIIICK.

XapakTep UCTUPaHHS - HOPMaJIbHbIA (OKHUCIUTENIBHBIN), HHTCHCUBHBIA C JIEMEHTaMHU
CXBAThIBAHUs M TIIyOMHHOTO pa3pyllEHUs U MPOMEXKYTOUHBIH MEXAy HUMH - OKa3bIBaeT pe-
11aroIlee BIUSHUE HAa COCTOSIHUE MUKPOT€OMETPUH paboyeil MOBEPXHOCTH.

Cwmsrtue, B IEPBYIO OU€pe/lb, CBOMCTBEHHO JUIsl BBICTYNAIOIINX YYaCTKOB I'PaBIOphI, 60-
ObIIIIEK, BHEITHUX OKPYTJIEHUH, 00JIOTHOrO MOCTHKA, BEPTUKAJIbHBIX CTEHOK.

[IpoYHOCTH IITAMIOBOM CTAIM M pa3Mepbl IEMEHTOB MHCTPYMEHTA TAKOBBI, YTO, 32
UCKJIIOYEHUEM OTJIEbHBIX aBapUMHBIX CIIy4yaeB, OJJHOKPATHOE BO3JEiiCTBHE pabounXx yCHIUN
HE MOXET IPUBECTU K 3HaYUTENbHOU Aedopmanuu mramna. OnHAKO NP MHOTOKPATHOM IIO-
BTOPEHUH HAarpy3ku HEOOJIbIINE MJIacTUYECKUE AeOpMallii OTACIIbHBIX 3JIEMEHTOB LITAMIIOB
HaKaIlJIMBAIOTCs, BbI3bIBasl HCKaXKEHUE (POPMBI IPaBIOPHI.

PaccmoTpeHre KMHETUKM U3MEHEHUsI pa3MepOB I'PaBIOpPhI MOKa3bIBAaeT, YTO Hauboiiee
MHTCHCUBHO 3JICMEHTHI IITaMIIa HCKKAIOTCSA B HadallbHBIA meproa padots! (600-1200 moko-
BOK). Y4eT KMHETUKU (POPMOU3MEHEHHUS IPABIOPHI IIITAMIIOB MO3BOJISICT BHIOPATH MX UCXOIHBIC
pa3Mepbl TAKUMH, YTOObI 00eCTIeYNTh MaKCUMaJIbHbBIN CheM MOKOBOK.

DTOro MOKHO J0OUTHCS Ha3HAYEHHWEM ONTHUMAaJIbHOTO MHUHYCOBOTO JIOIyCKa Ha OIpe-
neneHHble pazMepbl. OHAKO 3TO MEPONPUATHE MOXKET MPHUBECTU K MOBBIIMICHUIO CTOMKOCTH
mrramnoB Ha 30-40%.

TpeTrbuM BUJIOM M3HOCA Ky3HEUHBIX IITAMIIOB HAPsy C ICTUPAHUEM U CMSTHEM SIBJISI-
eTcsl pa3rapooOpazoBaHHUeE.

[Tocne nosBIIeHNs pa3rapHbIX TPEIIUH BIUSHAE TEPMUYECKON YCTAIIOCTH HA U3HOC UH-
CTpyMEHTa IposiBisieTcs: HanboJiee 3aMeTHO. OHUM 00JIeryaroT HCTUPAHUE U CMSITHE ITOBEPXHO-
CTHOT'O CJIOSI, TOATOTABIMBAIOT BHIKPAIIMBAHUE KPYTHBIX Y4aCTKOB [TOBEPXHOCTH.

B pesynbrare Takoro KOMOMHUPOBAHHOTO BO3JIEHCTBUS PE3KO yBEIUUYHUBAETCSA (POPMO-
M3MEHEHHUE TPaBIOPbl, Ha MOBEPXHOCTU OOpa3yroTcs OOpo3ibl 3HAYUTEIHHOIO CEYEHUS WU
CETKa TPEILHH.

XapakTep BO3JIEHCTBHS PaCCMOTPEHHBIX (PaKTOPOB HEOJAMHAKOB HA PA3JIMUYHbBIX y4acT-
Kax rpaBIOpBbI.

CriocoGHOCTh MaTepuaia mTamia CONPOTUBIIATHCS UCTUPAHUIO, CMATHIO, pa3rapoo0-
Pa30BaHUIO ONPEAETSETCS €r0 CBOMCTBAMHU M OCOOEHHO TEMIIEPATypHBIMU U3MEHEHUSMHU dTUX
CBOMCTB B IPOIIECCE IKCIUTyaTAIlMU. DTHUM OOCTOSATEIHCTBOM OOBICHSETCS B TIEPBYIO OUEPEIb
pa3HHIIA B U3HOCE, COCTOSTHUM IOBEPXHOCTH W, B KOHEYHOM HTOr€, B CTOMKOCTH BEPXHEIO U
HIDKHETO IITAMIIOB MPU OJJMHAKOBON X KOH(PUTypaIiu.

N3mepenust, BBINOIHEHHBIE B IIPOLECCE IKCIUTyaTAlMU C IMOMOIIBIO KOHTAKTHOM Tep-
MOTIapbI, MOKA3aJlM Pa3HHILy B TEMIIEPAType BEPXHETO W HIDKHETO IITamIioB, paBHyro 50-125
°C B 3aBUCHMOCTH OT pa3Mmepa U (opMbl MOKOBKH U BHJAa 000pyAOBaHHs. B CBsI3M ¢ 37TUM OT-
MEUAETCS U Pa3JIMuUe B XapaKTepe U3HOCA BEPXHEN Y HUKHEU TPaBIOD.

VY HIKHEH rpaBlopbl OTMEUaeTcs 0oJjiee TspKellas CTENEHb MOBPEXICHUN H3-3a I0-
BBIIIEHHOW MPOJOJDKUTENILHOCTH KOHTAKTa HUYKHETO IITaMIla ¢ TIOKOBKOM, a 3Ha4YuT, U 0oJiee
BBICOKOI TeMIepaTypbl HarpeBa.

B psine ciaydaeB mramn BBIXOJUT U3 CTPOSl U3-3a 00pa30BaHUs TIIyOOKHX TpEIWH, Ha-
OJr0JaeMbIX B 00J1aCTH NIEpexoa OT BEPTUKATBHON CTEHKH K JOHHOW MOBEPXHOCTH IPH OTHO-
CUTEJILHO TITyOOKOM MOJIOCTH, a TAaKKe Y OCHOBAaHUI O00bIIEK U pedep. DT TpeluHbl HHOT /1A
HA3bIBAlOT TEPMUYECKHMH, Yallleé CMEIIUBAIOT C Pa3rapHbIMHU, XOTS OHU MPEACTABISIIOT cOOOM
0COOBIH BUJI pa3pyLLIECHUSI.

[IpryrHaMK MOSIBJICHUS TAKUX «TEPMUYECKUX>» TPEIIMH SBJISIFOTCS HAIIPSHKEHUS!, BbI3BaH-
HBIE PacIOPHBIM JEUCTBUEM Je(POPMUPYEMON 3arOTOBKH, BHE3AIIHOE PE3KOE M3MEHEHHUE TeMIle-
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paTypbl pabodeil MOBEPXHOCTH ITamia (TEpMOIIIOK MM TEIUIOBOH y/ap), HeoOpaTumseie aedop-
MalliH, CBSI3aHHBIE C [IMKIMYECKUM M3MEHEHHEM TEeMIIEpaTyphl, 1 MaJIOLMKIOBAas MEXaHUUYECKas
YCTaJlOCTh.

Pe3koe oxiakieHre MoBEepXHOCTH TPaBIOPhI BCIIEICTBUE UIUTEIBLHOTO MEpEephIBa B M0Jaue
CMa3KH{ WIH MOCJe 3aKJIMHUBAHUS NTOKOBKHU B I'PaBIOpEe MPHUBOJUT K BOSHUKHOBEHHMIO 3HAYM-
TEJIBHOTO TPAJUEHTA TEMIIEPATYP, BHICOKMX TEPMUUYECKUX HAIIPSDKEHUN PACTSDKEHUS B IOBEPX-
HOCTHOM CJIO€ M BO3MO>KHOCTH TE€PMOILOKOBOIO pa3pylueHus. HanpsokeHus: 10CTUraroT MakcH-
MAaJIbHBIX 3HAYEHUH y BHYTPEHHUX YIJIOB I'PaBIOpbl, 0COOEHHO Ha MEPEX0/IE OT CTEHOK KO JIHY.

UeM BbllIE CIIOCOOHOCTH MaTepuaia IITaMIla U3MEHSATh CBOM pa3Mephl MpU LUKINYE-
CKHMX HarpeBax, M 4eM OOJIbllie pa3Mepbl NIOBEPXHOCTEH (CTEHKA, JHO), TeM OBICTpEe MPOHCXO-
JTUT HaKOIUICHHE HampsokeHuid. OOpa30BaHMIO TPEIIUH CMOCOOCTBYET HATMYME KOHIIEHTPATO-
POB HaNpsLKEHHM, KOTOPBIMH SIBIISIFOTCS, MPEXIE BCErO, BHYTPEHHHE IEPEXO0Jbl MOBEPXHOCTU
rpaBiopbl. B psizie ciayyaeB BOSHUKHOBEHUS TPELIMH MOXKHO M30€XKaTh IMyTeM YBEJIUYEHUs pa-
Jyca CKpYrJeHHs OIIaCHOTO Mepexo/a.

Kak crnenyer U3 M37105K€HHOTO BbIIlle, OCHOBHBIMH MPUYMHAMH H3HOCA HapsIly C UCTU-
paHueM SBIISIFOTCS CMATHE U pasrap. K HUM clielyeT OTHECTH TaKKe YCTAIOCTHOE pa3pylLleHHE
B MECTax HauOOJblIeH KOHLUEHTPALUU HaNpsDKEHUH, TEpMOILIOKOBOE pa3pylleHHE B YCIOBHUSIX
0COOCHHO PE3KHX TEIJIOCMEH M OKATMHOOOpa3oBaHue (yrap) MoBEpXHOCTHOTO CJIOS.

Bce mepeuncnennpie (akTopel B OOJIBIIEH WM MEHBIIEH MeEpe B3aUMOJICHCTBYIOT B
IpoLecce U3HOca MTama.

[Ipou3BoACTBEHHbIE SKCHEPUMEHTHI M HAOMIOJEHUS IOKA3bIBAIOT, YTO ISl KaXI0TO
HITamIa, Jaxe JJIsl KaXJI0ro ONpe/IelIEeHHOI0 yJacTKa IpaBlopbl, BIACSIETCS B KAUYECTBE OCHOB-
HOTO OJIUH U3 MEPEYUCICHHbIX (akTOpoB. TOT K€ U3 HUX, KOTOPBIH SBISETCS HENOCPECTBEH-
HOM MPUYMHOM BBIXO/Ia MHCTPYMEHTA U3 CTPOs, MOXKET ObITh Ha3BaH MPeoOaJaroliiM BUIOM
U3HOCA.

TexHosiorusi ynpoyHeHusi pado4ux NOBEPXHOCTell IITAMIOB JAeTOHALMOHHBIM
MeTO0M.

[lepcrieKTUBHBIM METO/IOM MOBBILIEHHS HAJEKHOCTU U JOJITOBEYHOCTH pabOUYMX IO-
BEPXHOCTEN IITaMIIOB, B YACTHOCTH T'MOOYHBIX, SBJISETCS YIPOYHEHNUE JETOHAIMOHHBIM METO-
nom [1].

JleToHaIIMOHHO-Ta30BbIil METO/1 HANbUIEHUS MT03BOJISIET HAHOCUTh Ha IOBEPXHOCTH Jie-
TaJyiell OYeHb IJIOTHBIE TMOKPHITHS U3 MaTepUaiOB, TBEPJIOCTh KOTOPBIX cocTaBiser Ooinee 70
HRC». Meron nmo3BosisieT HANBUIATh TIOKPHITHSI HA OKOHYATEIBHO 00pabOTaHHBIC NIETAH, HE
HapyIlas UX F€OMETPUU U MEXaHUUECKUX CBOMCTB.

TexHoJI0THI0 HaNbUIEHUs pa3padaThIBaIN JJIs1 MATPULL U TyaHCOHOB TMOOYHBIX IITaM-
MOB. DTU JETald W3rOTOBJIEHBl U3 MHCTPYMEHTAJIBHOM CTAIM M IOCIE 3aKAJIKH UMEIOT TBEp-
nocts 10 57-60 HRC». Hambuisiembie KpoMKH 00pa30BaHbI IIOCKOCTSIMH, PACTIONIOKEHHBIMH T10,T
yrimamu 112,5°-150° npyr k apyry.

Jlna obOecnieyeHrs: paBHOMEPHOCTH TOJIIMHBI TOKPBITUS MPEANOYTUTENBHO HAMBUISTh
00€ MJI0CKOCTH KPOMOK 32 OJIMH IPOXOJ.

boina pazpaboTana KOHLENIUS TOMCKA ONTUMAJILHON TEXHOJIOTUH.

Jlnst HareiieHnst mpuMeHeH noporok BK20. Pexxumbl HanbuieHus 0TpabaThiBaan Ha 00-
pasuax u3 craimm Y8, 3akayieHHbIX 0 TBepaocTu 55-58 HRC», 50-53 HRCs, u 45-48 HRC»,
(mpu TaKoit TBEPAOCTH COXpaHsETCs HEOOX0MMMast KOHCTPYKTUBHAS MPOYHOCTD feranu). OOpas-
bl TIPEACTABIIIIN COO0H KOHMYECKHHA ITH(T auameTpoM 1,5-2 MM, 3aKperyIieHHBIH B CIIEIH-
aJIbHOM BTYJIKE. YTOJI aTaku a BapbupoBaiiu oT 56 10 90° (st MaTpuIiibl ¢ yriiom rudku 45°).
Haneuistmu nokpertre Tommuao# 0,4-0,45 MM.
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[Ipu HanbUIEHUU UCTIOIB30BAJIM T'a30BYI0 CMECH AlleTUJIEHA M KUCJIOPO/ia B COOTHOIIIE-
nun CoH2:0, = 1:1,1. HampuieHne OCyIIECTBIISIM Ha JIETOHAIIMOHHOW ycTaHOBKE «AJlY-
OO6b».

AHanmm3 pe3yIbTaToB OTPAOOTKH PEKUMOB TIOKA3bIBALT, YTO IMpH & = 56° Tpedyemoe 3Ha-
yenue aaresun (He menee 150 MIla) mocturaercst TONBKO Ha TOMIOKKE TBEPIOCThIO 45-43
HRC»>. 3naueHne TBEpIOCTH CaMOTO TOKPBITHSI yJOBJIETBOPHTEIFHO Ha BCEX MOJUIOKKAX U
NPaKTUYECKH HE 3aBUCUT OT MX TBEPAOCTH. [IpOM3BOAMTENLHOCTh HANbUICHUS (TOJIIMHA 3a
BBICTPEIT) TAKXKE BBIIIE HA TIOIOKKE ¢ TBepaoCcThio 45-48 HRCs.

Tommuna mokpertus nocie numdosanus — 0,2-0,25 mm. Be16op Takoro mpumycka moJy
nui@oBaHue 00YCIOBIEH OCOOEHHOCTSMU YCTAHOBKM M 3aKpEIUJICHHS Ha CTaHKE JeTanel
CJI0KHOM (POPMBI, OTCYTCTBUEM HAJISKHBIX TEXHOJIOTHYECKHX 0a3.

VYuuTbiBas BBICOKYIO TBEPIOCTb IOKPBITHS, IpPUMEHEHA TEXHOJIOTHUSI aJIMa3HO-
abpazuBHoro numosanus. PexxuMsl numdoBaHus oTpadaThIBAINCh HA MIOCKOUUIH(OBAIb-
HOM cranke moA. 3E711. [Ipu anma3HOM IITM(OBAaHUH HA ONITUMAIIBHBIX PEKUMaX MOTYIEHBI
OCTaTOYHBIE CKMUMAIOIINE HANPSDKEHUS, YTO MOJIOXKUTENIBHO CKa3blBa€TCS HAa MPOYHOCTH IO-
KPBITHSL.

3aki04yeHue.

B pesynbrare uccnenoBanuii pa3paboTaHbl KOHCTPYKIUHM TMOOYHBIX MaTPHIl U MyaH-
COHOB, YIIPOYHEHHBIX JETOHAIIMOHHBIM MOKPBITUEM. JIJIs HANIbUIEHUSI MaTpuULlbl pa3paloTa-
HO YHUBEpCAJIbHOE IMOBOPOTHOE MPHUCHOCOOIEHUE, MO3BOJISIONIEE HAHOCUTh NMOKPBITHUS Ha
KPOMKH, PACIOJIOKEHHBIE 1101 Pa3IUYHBIMU YIJIaMHU.

Cmucok muteparypol: 1. JlommaroB A.U., borycnaeB A.B. [loBblimienne XM3HEHHOTO
LMKJIa OCHACTKM Ha OCHOBE 3aIMTHBIX TeXHoJIorui. — 3amopoxbe: OAO “Motop Cuu”,
2000. — 294 c. 2. borycitaeB A.B. O HEOOXOAMMOCTH HAaHECCHHS 3AIIIUTHBIX TOKPBITHH Ha pa-
0ouHre TIOBEPXHOCTH OCHACTKH IS IIITAMIIOBOK U JINThs // Bompockl mpoekTupoBaHus U mpo-
M3BOJICTBA KOHCTPYKLUH JerarenbHbIX amnmapaToB: CO. Hayy. TpyaoB. — XapbkoB, HAKY
«XAW». — Boimyck 23(6). — 2000.— 171 c. - c. 48-55. 3. bproxanos A.H., PeGenbckuii A.B.
Iopstuas mrammoBka. KoncTpynpoBanue u pacyer mrammnos. — M.: Mamruz, 1952. — 664 c.

TEXHOJIOTUYECKUE, KOHCTPYKTHUBHBIE N OKCIUTYATALIMMOHHBIE OCOBEH-
HOCTH YITPOUHAIOLINX [TOKPBITUN JUCKPETHOU CTPYKTVYPBI HA IETAJIAX
MAIIVNH U UHCTPYMEHTE

JIsmenko B.A., ConoBbix E.K., Copoka E.B., Autonrwk B.C. (U111 um.
I'.C.Ilucapenxo HAHY, 2. Kues, Yxkpauna, HTY, 2. Kuposoepao, Ykpauna, UIIII um.
I'.C.ITucapenxo HAHY, 2. Kues, Yxkpauna, HTTY «KIIH», 2. Kues, Yxkpauna)

It is shown that tribotechnical properties of discontinuous coated working surface
depend on coating parameters and turn into better as compared to continuous coated surface:
friction coefficient reduces by a factor of 1,5..2,5; wear speed reduces by a factor of
1,16...1,4. The application of PVD discontinuous coatings on hard alloy surface allows
increasing wear-resistance 2,5...3 times as compared to continuous coated surface.

Ha coBpeMeHHOM 3Tare poJib yNpOYHSIOMMX MOKPBITUH Ha JETalsiX MAIIWH, MeXa-
HU3MaX, YCTPONUCTB U KOHCTPYKLUHN CI0XKHO nepeonieHuTh. Oco0oe MecTo B 3TOM pa3HooOpa-
33U )IGTaJ'IGI\/II, 3JICMCHTOB KOHCTPYKIII/II\/II 1 TCXHOJIOTHUYCCKOI'O OCHAIIICHUS C MO)II/I(bI/IIII/IpOBaH-
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HBIMH MOBEPXHOCTSIMH 3aHUMAIOT pexyiue u GopMooOpa3yrole HHCTPYMEHTBI ¢ U3HOCO-
CTOMKUMHU MOKPBITUAMH, @ TAKXKE JETaIM MAllliH, pab0TaIOLUE B YCIOBUSIX TPEHUS.

Oco0eHHOCThIO IKCIUTyaTalluy JIeTallel map TPEeHUs U PeXYILIEero HHCTPYMEHTA SBIIs-
€TCsl TO, UTO MoTepsi pabOTOCIOCOOHOCTH MPOUCXOUT, B OCHOBHOM, BCJIEJCTBUE H3HAIIHMBA-
HUs pabounx noBepxHocTel. [10ATOMy 3TH 0OBEKTHI KaK HEJb3sl JIy4llle O3BOJISIOT UCIIOb-
30BaTh MOBEPXHOCTHOE YIIPOUYHEHHWE U HAHECEHHWE M3HOCOCTOMKUX MOKPBITUH, UTO JaeT BO3-
MO>KHOCTb MOBBICUTH KOMILJIEKC UX IKCIUTyaTallMOHHBIX XapaKTEPUCTHUK.

W3BecTHO, 4YTO B MPOMBIIIIEHHOCTH U HCCIIENOBATENbCKON IMPAKTUKE CYLIECTBYET
cBpime 150 TEXHOJIOTHYECKHX CIIOCOOOB HAHECCHHUS YIIPOUHSIOMIMX MOKPBITHH, KOTOPBIE I10-
3BOJISTIOT C(hOPMUPOBATH HA MOBEPXHOCTH TBEPJIbIM, H3HOCOCTOUKHUH ciioi. Cpenu 3TUX MEeTo-
JIOB CTOUT BBIJICIUTH TEXHOJIOTUH HAHECEHUS MOKPBITUM BaKyyM-IUIa3MEHHBIM MeToJ0M. Ta-
KHE€ MOKPBITHUS JOCTATOYHO JIETKO (OPMUPYIOTCS, @ BHICOKAsi CTENEHb YIPaBISEMOCTU IMPO-
1ecca JiejlaeT uX MPUMEHEHUE MACCOBBIM SIBIIEHUEM KaK MOKPBITHI 001ero Ha3HaueHus AJs
CHIDKEHUSI TPEHHUS B JIETANSAX MAILKH, MOBBIIIEHUS U3HOCOCTOMKOCTH pexylero u opmoo0-
pa3zyroiiero nHcTpymeHTa. Crnocod HaHECeHHs TaKUX MOKPBITUHM MO3BOJISIET ONITUMU3UPOBATD
UX T10J] KOHKPETHbIE YCIOBHS 3KCIUIyaTalllu, YTO JA€T BO3MOXHOCTbH €lle OOJbIIEro MOBBI-
IIEHUS] CTOMKOCTH 110 CPAaBHEHUIO C MHCTPYMEHTOM 0€3 MOKPBITUH.

OcHOBHOHM MpoOJIEMO MPUMEHEHHUS TIOKPBITUN SBISIETCS WX pa3pylIeHHEe, KOTOPOE
MOXXET IPOUCXOAUTh B COOTBETCTBUHM C JIByMSI OCHOBHBIMH MEXaHHW3MaMH. KOT€3MOHHBIM
pacTpecKMBaHUEM M aJr€3MOHHBIM OTCIIOEHHEM IOKPBITHSI OT OCHOBBI. JlJi ycmemHoro pe-
IICHUS 3TOH MPOOJIEMBI MPEAIAracTCsl UCIOJIB30BATh MOKPBITHS MPEPHIBUCTOH (opMBI (T10-
KPBITHS AUCKPETHOTO TUMa) [1, 2].

JlJi1 BBICOKOHArpy»KE€HHBIX JeTajeil, paboTaloluX B yCIOBUSAX KOHTAKTHOTO Harpy-
KEHUS, HEOOXOIMMO TaKKe 00ecreynTh KOHTAKTHYIO MPOYHOCTh. B CBS3M ¢ TeM, 4To Baky-
YM-IJIA3MEHHbIE MOKPBITUSL XapaKTEPU3YIOTCSl 3HAUUTEIbHBIM YPOBHEM OCTAaTOYHBIX HaIlps-
KEHUI cKaThsl, KOTOPble CYMMHPYIOTCSI C 3KCILIyaTallHOHHBIMU C)KMMAIOLMMU HaIlpshKe-
HUSIMH, BO3HHUKAET HEOOXOJMMOCTh HEKOTOPOIO CHUKEHHUS YPOBHSI OCTATOUHBIX HaIlpshKe-
HUN. DTO TaKKe BO3MOXKHO OCYLIECTBUTH B pe3yJbTaTe JUCKPETH3ALUU ITOBEPXHOCTHOI'O
ci1os, T.€. GopMHUPOBaHKSI TOKPBITHS AUCKPETHOTO THMA [3].

Lenbto HacTosmieil pabOThl SABISETCS HCCIEAOBAHHUE TEXHOJIOIMUECKUX, KOHCTPYK-
THUBHBIX U KCIUTYaTallMOHHBIX OCOOEHHOCTEHN MOKPBITUN AUCKPETHOTO THUIIA.

W3BectHO, uTO /U1 (OPMUPOBAHMS BAKYYyM-IIJIA3MEHHOTO MOKPBITHS IMIMPOKO MPUMeE-
HAIOTCS ycTaHOBKU THMa «bynar». Vcnonabp3oBaHue crielHalbHbIX «MacoKk» Ipu (GopMUpOBa-
HUU TOKPBITUIN MO3BOJIST MOIY4YaTh HOKPHITHS JUCKPETHOTO TUIIA O€3 CYLIECTBEHHOM Mojiep-
HU3ALUU TaKUX yCTaHOBOK. IIpu 3TOM Ha «vmacKky» nojaercs MoJjJoXKUTENIbHbIN MOTEHI[AI Be-
mmauHOi U=10...30 B, 9TO mo3BOJIET YHPaBIATh CKOPOCTHIO KOHICHCAIIMH TIOKPBITHS U
MPUBOJUT K TOMY, YTO HOHBI MaTepuaja MOKPHITUS HE 3aJCpPKUBAIOTCA HAa MOBEPXHOCTU
«macku»[4].

KoHCTpyKTUBHBIC TTApaMeTphbl MOKPHITHH JUCKPETHOrO TUMA (TOJIIMHA, MPOTSHKEH-
HOCTh YYacCTKa, CIUIONIHOCTb, Iar, GopMa KPOMKH) OTPEICISIOTCS U3 YCIOBUH MHUHHUMH3A-
[[UH HANPSHKEHHO-e(OPMHUPOBAHHOTO COCTOSIHUS TOBEPXHOCTHOTO ¢JIos [5].

[Tockospky paboTOCIIOCOOHOCTH JETANCH Map TPEHHUs, a TaKXKe PEXKYIIETo U (opMo-
00pa3yroIlero HMHCTPyMEHTa 3aBUCUT OT M3HAIIMBAaHMs, B OCHOBY HCCIIEIOBAHUS IOJIOKEHbI
KOMILJIEKCHBIE CPAaBHUTEJIbHBIE UCIBITAHUS NOBEPXHOCTEN TpeHUs, MOAU(PUIIMPOBAHHBIX Ha-
HECEHHUEM CIUIOIIHBIX HOKPBITUH U MOKPBITUI AUCKPETHOTO THUIA.

Jlnig onpeneneHus BAUSHUS HOKPHITHM Ha M3HOCOCTOMKOCTh pabovMX MOBEPXHOCTEN
MIPOBEICHBI UCTIBITaHUS Ha oOpa3nax u3 cranu 40X, Hameqmel mMupoKoe MpUMEHEHHe B I1a-
pax TpeHwusl, ¢ moKpbITHeM TIN CIUIOIIHOTO ¥ JUCKPETHOTO THIA TOJMIUHOH 4...8 MkM. HcrbI-
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TaHWS MMPOBOAWIIM HA YHHBEpCATbHOW MammHe TpeHuss YMT-3 no cxeme «IMCK-KOJIOAKa» C
pexxumamu Harpyxenus P=120 MIla, ckopoctbio Tpenus V;=1,5 m/c u Temneparypamu B 30-
ne tpenust 71=20° C u T,=200° C. WcnbITanus poBOANIM 0€3 CMa3KH, a TAKKe C TPAaHUYHOM
cmazkoit MC22. Bpewmst ucnibitanuii — 10 gacos.

Kak moxa3zanu sKcriepuMeHTalbHbIE HCCIIEOBAHUS, U MOBEPXHOCTEH C TIOKPBITHSIMH
JMCKPETHOTO TUIIA XapaKTePHbl MEHBIINE BEJIMYMHBI U3HOCA B YCIOBHAX HOPMAIBHBIX U T10-
BBIIICHHBIX TEMIIEPATYpP, KaK Ha BO3IyXe, Tak U B cpeae MC22 (puc.l).

Ha pwuc.2 npuBeneHbl 3aBUCUMOCTH CKOPOCTH M3HAIIUBaHHUS 00pa3moB u3 cramu 40X
0e3 MOKPBITHSI, @ TAKXKE C BAKYYM-TUTA3MEHHBIMH MOKPBITHSIMHU TIN CIUIOIIHOTO M TUCKPEHTO-
ro Tura 6e3 cMasku U B cpege MC22.

CpaBHUBaJIM TaKKe CKOPOCTh U3HAIIMBAHUS U KOYPPUIIMEHT TpeHus Juid o0pas31os 6e3
MOKPBITHS M C TIOKPBITUSIMH pa3Ho# cruiommHocTH (prc.3, 4). [Ipu 3ToM nokasaHo, 4To cyiie-
CTBYET HEKMH ONTHMAJBHBI MHTEPBAJ CIUIOIIHOCTH MOKPBITHS, COOTBETCTBYIOIIMHA OMNTH-
MaJIBHOW CKOPOCTH U3HAIIWBAHUS U KO3()OUITUSHTY TPECHHUS.

JInst ucciieloBaHUil BIMSIHUSL BUJA TIOKPBITHSL HA TPOIECCHl TPCHUS M M3HAIIUBAHUS
MCTIOJIH30BAIIM TaKke 00pasiel U3 TBepaoro cruiaBa T15K6, mupoko mpuMeHsIeMoTo pH u3-
TOTOBJICHUH PEXYIIETO M (POPpMOOOPA3YIONIEr0 WHCTPYMEHTA, C BaKyyM-TUIa3MEHHBIM TI0-

h o h 20
MKM MKM
15 15
10 10
5 5
0
0 200°C 0 200°C
0 0
20°C 5 1 20°C

Puc. 1. CpaBHUTENBHBIE qHATrPaMMBI H3HOCA 00pa3noB u3 ctanu 40X ¢ moKphI-
tusimu TIN 6e3 cmasku (a) u B cpene MC22 (6): crtoraoe mokputre (1); mokpeiTie
JMCKpeTHOro Tuna (2).
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Puc.2 3aBucumocts ckopoctu u3HammBanus U oOpasmoB u3 cramu 40X oT mpo-
JIOJDKUTEILHOCTH UCTIBbITaHui 0e3 cMa3ku (a) u B cpeae MC22 (0): 6e3 nokpeitus (1) co

cIUIoHbIM TOKphITHEM (2);¢ okpbiTHeM TIN muckperHoro tumna (3).
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Puc.3. 3aBucumoctu cxopoctu usHamuBanus U (a) u xospduuuenra tpenus (6) ot
CILTOLIHOCTH ¥ BaKyyM-I1a3mMeHHoro mokpeitust TIN Ha Bozayxe (1) u B cpene MC22 (2)



kpbiTieM TIN Tosmuuoi 6 MkM. VcmbITaHus MPOBOJMWIM Ha ONBITHOW ycTaHoBke MIJI-1,
MpeJHa3HAYCHHON /IS MCCIIeIOBAaHUK MaTepHaliOB TMPHU KBA3HUCTAIIMOHAPHOM W JWHAMHYE-
CKOM HarpyXeHHHU C PEBEPCUBHBIM CKOJIEKCHHUEM. DKCIIEPUMEHTHI OCYIIECTBIISUIA M0 CXEMe
«c(pepa-1mIoCKOCTh» € UCIOJIb30BAHUEM UHJEHTOPA cO cheprueckoil padbouell MoBEPXHOCThIO
u3 cranu [11X15 [6] npu KBa3uCTaMOHAPHOM HArpy)KeHHH ¢ Harpyskoit P=4 kH 0e3 cma3ku
U B cpejie cMa3ouHo-oxaxaaromiei xuakoctd MP11 co ckopocteio ot 0,013 1o 0,13 m/c. B
mporiecce IKCIIePUMEHTa H3MEPSUTH CHITY TPEHHUST M H3HOC 00pasia.

JIist MicciieIOBaHMA BIMSIHUSL BU/IA TIOKPBITHSL HA MPOIIECCHl TPEHUSI U W3HAIMBAHUS HIC-
TIOJIB30BAJIH TAKKE 00pasibl 13 TBepaoro ciuiaBa T15K6, mMpoKo MpUMEHSeMOro MPU U3r0TOB-
JICHUH PEKYIIEro ¥ (opMOOOpa3yroIIero HHCTPYMEHTA, C BaKyyM-TUIa3MEHHBIM TTOKphITHEM TIN
TOJIIMHOM 6 MKM. VIcTIbITaHuMS TPOBOIMIIN HA OTIBITHOM ycTaHoBke MJI-1, mpeHazHaueHHOH st
WCCIICZIOBAHUI MaTEpPUAJIOB TIPH KBA3HUCTAIMOHAPHOM M JTMHAMHYECKOM HArpyXCHUH C peBep-
CHBHBIM CKOJIBKEHHEM. DKCIIEPUMEHTHI OCYIIECTBIIUIN 110 cXeMe «C(hepa-TuI0CKOCTh» C UCTIOIb-
30BaHHEM HMHJICHTOpA O cepuueckoil padoyeit moBepxHOCThIO U3 ctaimu 111X15 [6] npu kBasu-
CTal[MOHApHOM HarpykeHuu ¢ Harpyskoii P=4 kH ©0e3 cma3ku u B cpelge CMa3zouHO-
oxyaxaaromei xuakoctd MP11 co ckopoctsio ot 0,013 no 0,13 m/c. B mporiecce sxcniepumenTa
M3MEPSUTH CHITY TPEHHUS M H3HOC 00pasia.

N3HOCOCTOMKOCTD MOBEPXHOCTEN C MOKPBITUSAMH OLICHUBAIM I10 BEJIMYMHE F€OMETpHYE-
CKUX TapaMeTPOB TOPOXKKH TpeHHs (puc. 4), KOTOpbIe ONPEAe/sUIM IyTEeM 3alluch MPOQUIIo-
rpaMMBI TIpH TIoMo1ny npodutorpada-mpodunomerpa moaenu 201 .

Puc. 4. O0mmii Bu 1oposkeK M3HAIMBAHKS 00pa3oB u3 TBepaoro cruiaBa T15K6 ¢ mokpeITus-
mu TiN crutonoro (a) u AMcKpeTHOro THna (6).

Ha pucynke 5 npuBezneHsl npo@uiiorpaMMsl JIyHOK H3HOCAa 00pa3LOB U3 TBEPJIOIO CILIaBa
T15K6 6e3 nokpeitust (a) u ¢ mokpbITUsiMA TIN CIDIOMIHOTO (6) U UCKPETHOTO (8) THIOB. DKC-
MIePUMEHTAIIbHBIC HCCIISIOBAHUS MOTU(PUIIMPOBAHHON IMOBEPXHOCTH TBEp0TO crtaBa T15K6 ¢
nokpeitisiME TIN Ha H3HOCOCTOMKOCTD 1O KPUTEPHUIO ITAPAMETPOB JIYHKH W3HOCA ITOKA3aJIH, YTO
YBEJIWYEHHE CIUIOITHOCTH MOKPBITHS JI0 BEJIMYUHBI, KOTOPAsi HAXOUTCA B mpezenax 57...67%,
MIPUBOJIUT K MOBBIILIEHHUIO U3HOCOCTOMKOCTH, a JaJIbHEHIIIee YBEIMUEHHE CIIOITHOCTH MOKPBITHS
BBI3bIBACT CHIYKCHUE U3HOCOCTOMKOCTH, OCOOCHHO NP OTCYTCTBHU cMa3ku (puc. 6).

6)
Puc. 5. TIpoduiorpammel JTyHOK H3HOCA 00pa3loB 0e3 MOKPBITHS (@) U C TIOKPHITUAMA
TiN cromHoro (6) U JMCKPETHOTO TUIIOB (6) MPU UCTIBITAHUSIX HA BO3/IyXeE.
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[IpoBeneHHbIe HccnenoBaHus TBEPAOCIUIaBHBIX utacTiH T15K6 ¢ BakyyMm 1uta3MeHHBIM
nokpbitTieM TIN mokazaid, uTo 00pasiibl ¢ JUCKPETHBIMH yJaCTKaMH XapaKTEPU3YIOTCS TaKKe
MEHBIIMMH CHJIaMK TpeHus (puc.7).

[lonmy4yeHHble pe3ysbTaThl MOYKHO OOBSCHUTH HAa OCHOBE IPE/ICTABICHUII O TOM, YTO
YMEHBILIEHHE TPEHUS U M3HOCA IOBEPXHOCTEH SIBISIETCS PE3yJbTaTOM TEPMOAMHAMUYECKOM
IIPUPOBI MIPOLIECCOB, KOTOPBIE MPOXOJAT B 30HE TPEHHUS, U 00pa30BaHUSI BTOPUUHBIX CTPYKTYP
[7,8]. MOKHO TPE/IOIOKUTh, YTO BO3HHUKAIOUIME CTPYKTYpPhI MPU HATMYUU JAUCKPETHOTO IIO-
KPbITHS B OTJIMYMU OT CIUIOLIHBIX MOKPBITUM, HE YHOCSATCS U3 30HBI TPEHHUS, a 33/IePKUBAIOTCS B
MEXUCKPETHOM IPOCTPAHCTBE, YTO MIPUBOIUT K U3MEHEHHIO MEXaHN3Ma W3HAIIMBAHMUS.

b, 08

F
MM ? ho 2
0,6
 — 15
0,4.\
7"~I-—I——'l’/.

02

1

0 2 5
0 25 50 Ie) 100 Y. 3
Puc. 6. 3aBUCHMMOCTb IMPUHBI TYHKU Puc. 7. 3aBucumoctu cun tpeHus F,

M3HOCA D OT CIUIOIIHOCTH TOKPBITUS \y Tipu  oj Tuna mokpbitust TIN Ha oOpasimax T15K6

ucnbITaHusax Ha Bosayxe (1) u B cpene MP-11 npu ucnbiTanusx Ha Bo3myxe (@) U B cpene

2. MP-11 (6):6e3 nokpsitus (1) ¢ mokpsiTrem TiN
crutonHoro (2) u auckperHoro tTuna (3).

AHanu3 pe3ysbTaToB UCIBITAaHUN 1TOKa3ajl, 4YTO TPUOOTEXHUUECKUE CBOMCTBA pabOUHX I0-
BEPXHOCTEH ¢ BaKyyM-TUIa3MEHHBIMH TIOKPHITHSIMU JTUCKPETHOTO THITA 3aBUCST OT HUX Iapamer-
POB U YITYYIIAFOTCS TI0 CPABHEHHUIO C XapaKTEPHCTUKAMH TIOBEPXHOCTEH CO CIUIONTHBIMHU TIOKPHI-
THSIMU:

- TIOKa3aHO, YTO TPUOOTEXHUYECKUE XapaKTEPUCTHKN PabOYMX IMOBEPXHOCTEH MCKPETHO-
T'O THUIIA 3aBUCST OT IIAPAMETPOB MOBEPXHOCTH, B YACTHOCTH OT CIUIONITHOCTH MOKPBITHS;

- .M3HOCOCTOMKOCTh 00pa3ioB u3 cranu 40X ¢ mokpeiteM TIN muckperHOro tuma B 2,2
paza BBIIIEe TIPU TPEHUH Ha BO3ayXe U B 2,46 paza Beimie B cpege MC22 no cpaBHEHHIO ¢ 00pa3-
[[AMH CO CIUIOIITHBIM MOKPBITHEM; KOA(P(UIIMEHT TPEHHS TIOBEPXHOCTEH C TIOKPHITUSIMU TUCKPET-
HOTO THIa yMeHbmaetcs B 1,5-2,5 paza, a ckopocth m3HammBanus — B 1,16-1,4 paza no cpasae-
HUIO ¢ 00pa3IamMu CO CIUTOIIHBIMU MTOKPBITHSMU,

- s tBepaoro ciuiaBa T15K6 ¢ nokpeitrem TIN JUCKPETHOTO THIA CHJIa TPEHUS YMEHb-
maercs B 1,3 — 1,4 pa3a 1o CpaBHEHHIO C IMOBEPXHOCTHIO CO CIUIONIHBIM TTOKPBITHEM, a H3HOCO-
CTOMKOCTH yBeJIMIMBaeTCs B 2,5-3 pasa;
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ZAGADNIENIA DIAGNOSTYKI| JEDNOSTEK WYTWORCZYCH PRACUJACYCH

PRZY OGRANICZONEJ OBSLUDZE

Bernat P. (Paristwowa Wyzsza Szkofa Zawodowa w Nysie, Nysa, Polska)

This article concerns diagnostics of manufacturing units. The discussion undertaken dealt
with the problems relating to the diagnostics. In particular, the factors effecting the
manufacturing unit performance and procedures to be applied were discussed in terms of
their classification.

Wprowadzenie

W samodzielnych lub o ograniczonej obstudze jednostkach wytworczych (maszynach
technologicznych) pojawia si¢ problem diagnozowania takiej jednostki. Przy czym jest to
problem z natury rzeczy szerszy, gdyz obejmuje catkowita sprawnosé maszyny do realizagji
zadan technologicznych, sprawnos¢ rozumiana jako zdolnosé do ciagte) i niezawodne) pracy
bez przerw i awarii przy jednoczesnym zapewnieniu wytwarzania przedmiotow o okreslonych
wymaganiach technologicznych. Wymaga to rozpoznania i usystematyzowania jednoczesnie
zachodzacych w czasie ksztaltowania procesow i stanow jednostki (maszyny), wptywajacych
na prace catej jednostki, a wiec poddawanych diagnozowaniu.

Podziat diagnostyki jednostek wytwérczych

Ze wzgledu na uszczegdtowienie badanego zagadnienia wielu autorow przyjmuje za
podstawe prowadzonych analiz podziat, ktéry umozliwia skoncentrowanie si¢ na
szczegotowych rozwiazaniach, a jednoczesnie umiejscawia obszar badawczy. Takie tez
zalozenie przyjeto w realizacji niniejszego opracowania Stad w pierwszej kolejnosci
dokonano podziatu diagnostyki. Naturalnym wydaje si¢ podziat diagnostyki na diagnostyke
stanu i procesu (rys.1).

DIAGNOSTYKA
I

Stanu procesu

Rys. 1. Podziat podstawowy diagnostyki jednostek wytwaorczych

Diagnostyka stanu odnosi si¢ do samej jednostki wytworczej jako rozwiazania
technicznego i sprowadza si¢ do rozpoznania przyczyn Sprawnosci Czy raczej niesprawnosci
danego zespotu tejze. Przy czym w szczegolnym kregu zainteresowania badaczy pozosiaja
zespoly robocze, jako te, ktorych stan jest podstawa osiagniecia poczatkowych zatozen
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obrobczych. Pojawia si¢ tu problem skomplikowania budowy, a przez to takze i dziatania
takiej jednostki. Nie pozostaje to bez wptywu na sposob prowadzenia diagnozy i rozwiazania
techniczne, jakie si¢ stosuje do budowy takich systemoéw diagnostycznych. Sprawnosé
dziatania jednostki wytworcze] potwierdzona przeprowadzonymi testami diagnostycznymi
jest podstawa do uruchomienia jej celem realizacji procesu obrobkowego.

| tu pojawia si¢ problem diagnostyki procesu. Wiemy, ze parametry technologiczne, a
scislej parametry obrobkowe bezposrednio wpltywaja na przebieg, ale i efekt koncowy
prowadzonego procesu. Stad potrzeba, ale i koniecznos¢ kontroli samego przebiegu, jak i
efektow koncowych prowadzone] obrobki, a w szczegolnosci zrealizowanego procesu
technologicznego. Diagnostyka procesu wymaga rozpoznania zjawisk wplywajacych
bezposrednio na jego przebieg. Trzeba w tym przypadku myslac o skutecznej diagnostyce
uwzgledni¢ specyfike tego procesu, co powoduje poszukiwania rozwiazan specjalistycznych,
np. dla danego sposobu ksztalttowania detalu. Z kolei koncowe potwierdzanie prawidtowosci
przebiegu diagnozowanego procesu wymaga zastosowania dodatkowych urzadzen i
rozwiazan. Moga to by¢ np. wspétrzednosciowe maszyny pomiarowe (WMP) potaczone z
jednostka wytworcza (JW).

Kolginym spotykanym podziatem jest podziat uwzglednigjacy strukturg jednostki
wytworcze [1]. | tak mozna w zwiazku z tym wyrozni¢: obrabiarke, narzedzie, przedmiot
obrabiany i proces (np. skrawania), ktory stanowi uzupetnienie zaproponowanego podziatu.
Podziat taki przedstawiono graficznie narys. 2.

DIAGNOSTYKA
|
Obrabiarka Przedmiot Narzedzie Proces
obrabiany

Rys. 2. Podziat funkcjonalny diagnozowanej jednostki wytworczej

Podziat przedstawiony na powyzszym rysunku pozwaa na okreslenie istotnych
czynnikow, ktore wymagaja diagnozowania, ale dla kazdej z wymienionych grup oddzielnie.
Tu zupelnie inne wymagania bedzie si¢ stawiac prowadzonej diagnozie odnosnie, np.
obrabiarki czy procesu, np. obrobkowego, co pokazuje rysunek 3. Wyszczegolnienie w tym
przypadku procesu jest niezbedne, gdyz umozliwia catosciowe rozpatrywanie osiagniecia
oczekiwanego efektu koncowego w postaci wyrobu gotowego o zadanych cechach.
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DIAGNOZOWANIE JEDNOSTKI
WYTWORCZEJ

Obrabiarka | warunki eksploatacyjne, gotowosé zespotow,
] zadziatanie uktadow
Narzedziai systemy
narzegziowe | stan zuzycia, chtodzenie, pozycjonowanie, wymiar
Przedmiot obrabiany geometriai wymiary, wiasnosci warstwy
| || wierzchnigj, chropowatosé, tolerancje,
nigednorodnosci materiatu
Praces obrobkowy ksztaltowanie wiora, ciepto (temperatura), ener-
| gochtonnosé (sity)

Rys. 3. Kryteria diagnozowania zespotow jednostki wytworczej

Na rysunku 3 widzimy, ze wystepuja istotne réznice w czynnikach krytycznych ktore
trzeba podda¢ analizie, by w efekcie koncowym wyselekcjonowac zespédt cech stanowiacych
podstawe prowadzone] diagnostyki. Innym wnioskiem, ktory si¢ nasuwa z prowadzonej
argumentacji, (co potwierdza rys. 3.) jest koniecznos¢ uwzglednienia w prowadzone)
diagnozie czasu reakcji na zaistniate zdarzenie. Ten wymog, a wiec w konsekwencji czas
zadziatania ukladu diagnostycznego, jest kolejnym kryterium podziatu, ktory w
prowadzonych rozwazaniach nalezy wzia¢ pod uwage jako czynnik niezwykle istotny.

W wielu przypadkach wystarcza tylko okresowe sprawdzanie stanu procesu czy
maszyny, ale zdarza si¢, ze diagnostyke trzeba prowadzi¢ na biezaco (rys.4). Wymog
prowadzenia diagnostyki na biezaco nie warunkuje jeszcze czasu zadziatania systemu
diagnostycznego, a wigc w konsekwencji czasu reakcji na zaistniate zdarzenie. Bo czas
reakcji uktadu diagnostycznego moze by¢ rozny, ze wzgledu na skutki niezadziatania tego
uktadu. | tak, kiedy diagnozowany proces czy skutek zdarzenia uznagje si¢ za krytyczny, to w
przypadku prowadzonej diagnostyki zatozeniem moze by¢ skrocenie czasu reakcji uktadu
diagnostycznego do minimum (t—0). Tak wigc pojawigja Si¢ tu dodatkowe trudnosci, jak
rozwiaza¢ problem czasu trwania diagnozy ze wzgledu na czas zadziatania uktadu. Stad
proponowane rozréznienie diagnostyki na okresowa i biezaca, ktora z kolei podzieli¢ nalezy
na diagnostyke niekrytyczna i krytycznag czasowo. W tym przypadku kryterium bedzie czas
odpowiedzi uktadu diagnostycznego na zdarzenie.

DIAGNOSTYKA

okresowa ciagta

Rys. 4. Podziat uwzgledniajacy charakter prowadzonej diagnostyki
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Nalezy tu wroci¢ do zagadnienia czasu trwania stawiania diagnozy, gdyz dotyczy ono
W istocie pewnosci I poprawnosci stawianej diagnozy. Pojawia Si¢ wowczas pytanie jak
zapewni¢ w zadanym czasie wystarczajaca informacje¢ do postawieniatrafnej diagnozy?

Stad kolejny problem, bo jesli mamy rozne formy prowadzonej diagnozy, tzn.
okresowa i ciagtai wymagamy od uktadu diagnostycznego réznego czasu zadziatania, to beda
potrzebne do tego r6zne metody, a przez to rézne rozwiazania techniczne, w szczegolnosci
uwzgledniajace metody zbierania, gromadzenia i opracowywania danych diagnostycznych
(rys.5.). W szczegolnosci dotyczy to informacji zbieranych z jednostki wytworczej w czasie
rzeczywistym, pozwalajacych na szybka reakcje¢ na zaistniate zdarzenie.

METODY DIAGNOSTYCZNE

bezposrednie posrednie

Rys. 5. Podziat uwzgledniajacy charakter prowadzonej diagnostyki

Innym problemem, ktory si¢ wylania z prowadzonych rozwazan jest kwestia jak
rozwiaza¢ tor pomiarowy bedacy podstawa sprawnie dziatajacego uktadu diagnostycznego, a
w szczegolnosci jak dobrac i umiejscowi¢ urzadzenia rejestrujace (np. czujniki pomiarowe)
okreslone informacje.

M etodyka postepowania

Po dokonaniu niezbedne systematyki i uwypukleniu probleméw, wynikajacych z
checi zapewnienia prawidtowej diagnostyki pracy jednostki wytworczej, mozna przystapi¢ do
poszukiwania koncepcji i rozwiazan umozliwigjacych podniesienie efektywnosci
prowadzonej analizy i pewnosci stawianej diagnozy.

Dla tak sformutowanych problemow waznym wydaje si¢ okreslenie priorytetow w
prowadzonej diagnostyce. Obecnie wydaje si¢ to trudne, czy wrgcz niemozliwe, by
jednoczesnie z taka sama efektywnoscia i na biezaco prowadzi¢ diagnostyke wszystkich
procedur realizowanych przez jednostke wytwoércza. Tu przydatna bedzie przeprowadzona
wczesnigl systematyka, gdyz pozwoli na okreslenie hierarchii waznosci priorytetow dla
kazdego wczesniej omowionego obszaru zagadnien (rys.2). Stad jasno wynika, ze samej
maszyny technologicznej i realizowanego na niej procesu nie mozna traktowac jako catosci
(jednostki wytworczej). Taka jednostke wytworcza nalezy traktowat jako szereg
wspotpracujacych ze soba zespotow (rys.2), ktorych niezawodna praca sktada si¢ na koncowy
efekt w postaci gotowego wyrobu.

Whnioski

Obecnie spotykamy szereg specjalizowanych rozwiazan, bedacych gtownie
konsekwencja sposobu ksztattowania obrabianego detalu. Ten stan rzeczy wynika, nie tyle z
niemozliwosci przenoszenia rozwiazan, co z koniecznosci uwzglednienia specyfiki danego
procesu (np. sposobu obrobki). Chodzi tu zarowno o budowg maszyny technologiczne jak i
czynniki krytyczne analizowanego procesu.

Osobnym zagadnieniem jest mozliwosé przenoszenia opracowanych rozwiazan
laboratoryjnych z zakresu diagnostyki do praktyki przemystowej. Jednak wymaga to
oddzielnego omowienia, stad problem ten zostat tu jedynie zasygnalizowany jako niezalezny -
cho¢ bardzo wazny - od prowadzonych rozwazan.

Podsumowujac, nalezy stwierdzi¢, ze poszukiwania rozwiazan przedstawianych tu
probleméw a takze odpowiedzi na zadane pytania beda trwaty nadal. Opracowywane przez
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zespoly badawcze rozwiazania beda koleinymi przyblizeniami do uzyskania w petni
zadawalajacego rozwiazania, jakim jest bezobstugowa czy ograniczona do minimum obstuga
jednostki wytworczey.

Literatura: 1. P. Bernat: Wybrane problemy diagnozowania na przyktadzie toczenia,
18 Migdzynarodowe Sympozjum Naukowe Studentow i Mtodych Pracownikow Nauki,
Zielona Gora 1996, s. 133-137. 2. P. Bernat Badanie procesu toczenia dla potrzeb
diagnozowania z zastosowaniem wieloczujnikowego ukladu pomiarowego, Rozprawa
doktorska, Wroctaw 1998
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