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HNPEOBPA3OBAHMS KOOPJUHAT ITPO®UIIS U3AEJIMS
bpagnos AXO. (OITTY, 2. Odecca, Ypauna)

B npobneme uckmoueHHs MHTepHEPEHLUMH CONPSIKCHIBIX KPHBOMHHEH-
HBIX MOBCPXHOCTEH M3/ICANA H HHCTPYMeHTa HeoGXO0/IHMO PEILUTh 3a1ady mpe-
00pa30BaHus KOOPAUHAT NPOdHIA H3nesus [1].

KprronuHe b1 IPOYHIL MOBEPXHOCTH H3LeHS, KaK NIPABHIO, 3a71aeT-
Csl B €T0 OCEBOM CEYEHWH B LONSPHON cHcTeme KoopjuHar. Ilpoextuposanue
HCXOIHON MHCTPYMEHTaNLHOM TOBEPXHOCTH, MabioHa 1S ¢¢ KOHTPOMS 1 pe-
nreHHe oOpaTHOM 3ajaum onpefencHus Npoduns H3NEIHs HO PacCYHTaHHOMY
NPOGHUITIO HHCTPYMEHTA OCYLICCTBISIOT B AEKAPTOBEIX IPAMOYIONBHBIX CHCTE-
Max koopjHar [2]. Jlns onpeseneHus BelHYHHLI HHTEPOCPCHIMH CpABHEHHe
33/IAHHOTO MPODHIA HIAENUA C PaCCUHTAHHBIM LIPH PENIeHHH 0BpaTHO 3a729K
AOJKHO BHIIONHATECS B OLHOH U TO¥ JKe cucTeMe Koopunar. [TosToMy 3anaua
TpeoOpasoBanis KOOPIMHAT NPOQUIL U3ENHS B COOTBETCTBHM ¢ KOMILIEKCOM
CHCTEM KOOPIUHAT MPOONCMEI MCKIIOWEHHS MHTCDOEPEHIMH CONPSIKEHHBIX
KPHBOJIHHENHEIX TOBEPXHOCTEH aKTyanbHa.

[Tycrs xpuBonmuciinmit npoduim 3y6a, GopMupyemMoro MeTogoM obKar-
KH, 3a/iad B MONApHO# cucteme Ory koopaunar (puc. 1),

Puc. 1. KpuBonureRHuI npoduis uzaenus

Kaxnas Touka j npoduis 3y6a 3auaercs seiuunHoit paanyca-BeKTopa 7;

H HGHTPANbHBIM YITIOM &, IpudeM j=1,N, rae N — Konu4ecTBO TO4YeK Ha 1po-
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thure w3zenms. TOuKH Ha Tpoduie PACTOTOKEHB PABHOMEDHO Oy=0y.416,
&=const, j=2,N.

CoBmecTiM 1iepBYIO TOHKY NPOGUAA ¢ HAYanoM | IpAMOYTOTBHON je-
KapToBOH cucTembl 1Xy koopnunar. Ock ly mposesiem TeprenuEKyIsSpHO pa-
AMYCY-BEKTODY 7y mOC/enHel 3aasaeMolt Touky npoduis 3y6a. Ock 1x mapai-
Jei1bHa PaAHyCy-BeKTOPY Iy i ]

BBesieM UpSMOYrONbHYIO [CKAPTOBYIO cucTeMy 1Xy Takum obpasom,
4T06B1 0Ch | X coBnnana ¢ ochio 1x, a ocs 1'y mpoxozuna 4epes Hayasio O no-
napHolt cucTemsl KoopsuHat. Och 1y NCPIEHAUKYIIADHA PAIHYCY-BEKTOPY Fy
nocnejHel 3agasacMoil Touky npoduna 3y6a. Ock 1 X napannensia paguycy-
BEKTOPY Fy. '

Host nonywenus dopmyn 1peopasoBanys DOAAPHBIX KOOpAMHAT npodu-
T8 H3AGTMA B IPSMOYFOJBHEIE ACKAPTOBLIE KOOPAMHATEI, HEOOXOIMMO Bbipa-
3HUTh BETHUHHEI r; H y;- Hepe3 BEIHHHHEI PAJHyCOB-BEKTOPOB 7; H HEHTPAIBHbBIX
YIIOB §yj, 3a71aBaCMBIX KOHCTPYKTOPOM Ha yepTeke. BHa HOKOMBIX BbIpaMKeHU it
3ABHCHT OT BHIOOPA Hadana CHCTEMBl OTCUETAa BENMUYMHEI LEHTPATHHOIO Yria
8%, j=1,N. BosMoxubl nBa BapuaHTa 31’,160;53: HaYalo OTCHeTa — paHyc-
BEKTOP 7y HJIH HAY&I0 OTCYCTA ~— PAJIHYC~BEKTOD 7y.

[IycTs HayamoM CHCTeMb! OTCYETA BEAHYMIEI LCHTPATBHOTO YIiia AB/HeT-
Ci NOIOKEHHE paanyca-BeKTopa Fy IOCHCAHEH 3aiaBaeMoil TOYKY npoduns us-
nenws. Toraa BelIMSHEA UEHTPAILHONO YIIIa TTPH MEPEX0OAe OT MOCASaHEH TOIKH
X 1epBO# TOYKe OyseT Bo3pacTars o1 HyNs (57=0) M0 MAKCHMAIBHO BO3MOX-
HOH (6)1=0max) 1% UCCEAYEMOTO HIHEMHS. ‘

W3 npsMoyronsiioro tpeyroiasuuka 117 BUIIHO, 4TO JUIAHA OTpe3ka 11
paBHa JUIHHE pajiuyca-BeKTOopa i, YMHOKEHHOH Ha KOCHHYC yria &%. DTa ¢BA3b
CTpPaBCIIHBA M JUIA TOUEK j=2, 3, . .., N-1. ITocKonsKy Aust paccMarpHBaeMOro
BapHaHTa Ha4ana OTcyeTa BeNMYMibl UEHTPANBHOro yraa cosdm=1, To dopmy-
MBI JULY PAcHeTa ACKAPTOBBIX KOOPAMHAT X ; UEpe3 MOAPHBIC KOOPANHATE! TOYEK
NPOQHUIL U3ENHI UMCIOT BHL

x}:rj—cosé}fj,j:I,N. (1)

Tax xax Touka 1 pacnonaraercs Ha oci 1 X, T0 €e JIeKapToBas KoopAuHa-
Ta y', paBHa HYJH0, TO €CTh y;*—ﬂ, j=1. Koopnuuara y nocm‘euueii TOYKH IIpO-
DA ompezenseTcs U3 NPSMOYTOALHOIO TpeyronsHuka 117 CIC/IYIOIIHEM 00-
pasoMm y}ﬁr,-sinc?y,. Koopaourars: v), TPOMENKYTOYHEIX T04EK ONPEIeNaOTCS KaK
PasHOCTE MEXAY KOOPAMHATOH MOCHeHeH TOUKH Npoduis i UHHOMU TPOTHBO-
TIOJIOXKHOTO KaTeTa NMPAMOYTONBHOTO TPCYrONBHUKA, COOTBETCTBYIOWIETO PAac-
CMAaTpHBAEMOH HPOMEXYTOYHOH TOYKU y;,=ylh-f}»sm5;§-, J=2,N. Obobmas pau-
HBIE pacCyXJieHus, monyynM GopMysnsl Qs pacyera ACKApTOBBIX KOOPTHHAT
HEPe3 MONAPHEIE KOOPAMHATH TO4EK NPOQUIIL H3HETH

Y5 =n-sindy, —r; -sindy ;, j=LN. (2)

Hayasno 1 KOOPAMHAT CHCTEMbL 1XY CMEMIEHO OTHOCHTeNLHO Havyana |
KOODJMHAT CHCTEMEL | Xy Ha QMHHY OTpe3ka ll', TO €CTe F-c0sSy. [ToaTomy
JUIA pACCMATPUBACMOrO BapHaHTa HAyalla 0TCYETa BeIMYHHbI ICHTPAIEHOTO yr-
Jia OT PajiuyCa-BeKTOpa MOCTeANCH TOUKH NPoduns Gopmylsr nipeobpa3oBanHus
KOOP/IHHAT NPOGHAL H3NACAHS H3 NPAMOYrONLHOMN NeKapTOBOI cucTeMer 1'Xy B
IPAMOYTOIBHYIO JIEKAPTOBYIO CHCTEMY 1Xy MMEIOT BUJ

xj-=xl‘;-~r|-cos&y,,yj=y;,j‘=l,N. (3)

Ioacrasnsas sppaxenus (1) u (2) B (3), momyuum dopmynsi nipeobpazo-
BaHUA NOAPHBIX KOOPIHMHAT NPOGHISL U3/IENHS B MIPSAMOYTObHbIE [eKapToBLIe
cucTeMsl 1Xy (BapuanT Noe 1) :

x;=r; -cosé}fj ~rcoséy, =1L N;

4)

PaccmoTpuM BTOpO¥ BapuaHT Hayama OTCYETA BeTHYHHEL UEHTPaNBHOro
yIJia OT pajiyca-BeKTopa #y NepBoi TOYKH Mpoduis n3genus. Benwuuna nen-
TPAJBHOTO yrila pH Tepexosie oT NepBoi TOYKY K nocnenteit Touke GyaeT 5o3-
pacTtath oT Hyla (0%=0) N0 MaxcHMallbHO BO3ZMOMHOMN (OW=0max) AN HcCTE-
IyeMOTO H3[eAus. BEIIOIHUM DacCyxIeHuS, aHaJIOrHYHbIE BEILICYKA3aHHBIM,

QopMyib ANIS PACUETa JEKAPTOBEIX KOOPAMHAT x} H y:,- yepes [ojspHeIe
KOOPIHHATE! TOUEK NPOQHIIA U3ENHs IPUMYT BHI

xj; =r;-cos(Syy — 5y}- ), J=1,N; (5)

Yi=n-sindyy =, -sin(y y =8y ;) j=1,N. (6)

Havaino 1 KOOPAMHAT CHCTEMEI IXy CMeIlleHO OTHOCHTENBHO Hayana 1’

KOOP/MHAT cucTemst 1 Xy Ha BENHIHHY 71-COSOyy. IToaromy nms paccMaTpu-

BacMOTO BapHaHTA Hayalla OTCYETa BEIHUMHLI IEHTPaNnsHOro yria or panauyca-

BEKTOpa NepBoii TOUKH Npoduns Gopmysl mpeobpazosanus KOOPUMHAT Npo-

QIS H3]enusA B3 OPSMOYrOABHOM JIEKapTOBOH CHCTEMBI l’x'y’ B TIPAMOYIOJIB-
HYIO IEKapTOBYIO CHCTEMY 1Xy HMEIOT BU

X) =) =1 0S8y, y; =¥}, j=LN. ¥
Toxcrasisis Bepaxerus (5) u (6) B (7), monyynm dopmynsr npeobpaso-

BaHHA NOJNAPHBIX KOOpauMHAT l'IpOCl)HJ‘I}I H3NCIHA B MpAMOYTOJIEHEIS ACKapTOBbIe
CHCTeMBI IXy (BapuanT Ne 2)

Xj=7;-cos(0yy =0y ;) ~r -cosdyy,j=1N;

yjzrl-sinﬁ}’N—rj-sin(§yN—5}'j),j=l,N. ®

Hns pemenus npo6aeMel HCKTIOYCHS UHTEP(EPEHIHN COnpIKEHHbBIX
KPHBOJHHEHHLIX TOBEPXHOCTEH H3MIE/NNS H HHCTPYMEHTa cHcreMy 1xy Heobxo-
AHMO MOBEPHYTH HA Yroi A 0 COBMEIEHHS OCH 1X ¢ BEKTOPOM 7| H TICPEHECTH
ee Haqano B 104Ky O npsAMOYronsHo# AekapTosoit cucrems: OXYZ. B 6azosoii

Y =r-sindy, = -sinéyj,j—-l,N‘



senoxemkHOM cucremMe OXYZ xoopauHaT ompefienseTcs ypaBHEHHE IIOBEpX-
HOCTH 3allelUIeHHA W3JeNnus 1 HHCTpyMenTa. QopMyisl npeobpasoBanus KOOpP-
nuHat U3 cucteMst 1xy B cuctemy OXYZ umeror BuI
X_,. =x; -cc)s,i'.--yJf sind+n,j=LN;
Y, =x; -sin1+yj «cosd, j=1N.
Vron A onpejengerca B 3aBHCHMOCTH OT BapHaHTa BHIOOpa Hayana OT-
cyeTa LEHTPAIBHOIO YIJia B MONAPHOH CHCTeMe KoOpAHHAaT. Uil nepBoro BapH-
aHTa

©)

A=8y, (10)

Ui BTOPOT'O BapHaHTa
A= 5}’ N (1 I)
TMoxacrasasas Beipaxerns (10) 1 (4) B (9), a Taxxe (11) 1 (8) B (9), MoxHO
NOMy4HTh (OPMYITEL UL NIpeobpasoBaHus MOJSPHBIX KOOPAWHAT MPODHILT K3~
Ienus B AEKapTOBEIe KOOpAMHATH GasoBoil HemoasmwkHoi crctemsl OXYZ, ocb
Z KOTOpO# COBIAjaeT C OChIO H3MENHUA. BENonuue HeoOX0AMMble TPUTOHOMET-
prdeckie npeobpasoBaHus, TOTYIHM GOPMYIEL JJis IEPBOTO BapHaHTa

Xj = "305(5?’_;‘ _57|)J =LN;

Yj =y -sin(dy, “5}’_5):.1':1»1\7;
H [I/IS BTOPOro BapHaHTa

X;=r;-co88y;,j=LN;

Y;=r;-sindy;,j=LN.

IycTs mccmemyemoe 3ybuaroe Koneco uMeer ABaAUaTh ONMH BUHTOBOH
3y6 ¢ KpUBONMMHEHHRIM HpodusieM B 0CEBOM CedeHMH. Torja BelWdHHa IICH-
TPATBHOTO YIUIa, COOTBETCTBYIOIIEro ofHoMy 3yOy pasa 17,143°. Ha npoduie
3yba paBHOMEPHO pacloJIaraloTcs CeMb TOdYeK. BemrunHa LEeHTparbHOro yria
MeXy IByMs TouKamu Oyzer pasga 2,857°,

B nmonspHoii CHCTEME KOOpAMHAT TOuKH 1, 2, 3, 4, 5, 6, 7 npoduns 3y6a
MOXHO 33[aTh BeJINYHHOM paJHyca-BeKTOpa H COOTBETCTBYHOLIMM LEHTpPaib-
HbM yrioM (Tabi.). HayanoM oTcdyeTa BeIHUHHBI IEHTPAIBHOIO YIiia CYUTAETCH
TIONIOKEeHYe paiyca-BeKTopa nocneaHeli Touku 7. Toraa, nemonssyst GopmMysl
(4), MOXXHO OCYIIIECTBHTH Tpeobpa3oRaHkA TIONSPHBIX KOOPAUHAT NpoQHIa 3y-
Ga B IpIMOYTONBHEIE IEKAPTOBEIE KOOPAHHATEI (M. Tabnuiy 1).

Tabnuna 1 - Tlongpubie ¥ AeKapTOBLIE KOODAMHATEH NPOMHIA H3IETH

(12)

(13)

j 1 2 3 4 5 6 7

rpMM | 20,00 20,48 2098 | 21,35 217 22,00 | 2225

Sy, rp. | 17,142 | 14,285 | 11,428 | 8,571 5,714 2,857 | 0,000

v MM | 0,000 0,841 1,738 | 2,713 3,734 4,798 | 5,895

x; MM | 0,000 0,735 1,453 2,000 | 2481 2,861 | 3,139

Honyuennsie cooruouwerns (4), (8), (9), (12), (13) mozeonsror sdhdek-
THBHO OCYIICCTBIIATE NpeobpasoBatys KOOPAHHAT NPODHUIS H3EMHS ¢ yIeToM
dopmbl MPOGMILL 1 0COGEHHOCTEH peleHns IPOBAEMbI HCKITIOHeHHS uutepde-
PEHIHH H3ACNHUA H HHCTPYMEHTA.

Crnucox anreparypot: 1. Bpaunos A.IO. Vrepauuonssii HOaXon K pe-
LICHHIO 33[aYH UCKIIOYCHHA MHTCDQEPEHLHU CONPSKEHHBIX KPHBOJMHENHBIX
noBepxHocTed //Tp. YKpauHCKo¥H akafeMuH: SKOHOMHYECKOH KuOepHeTHKH. —
Kues-Onecca: UCI], 1999. — Beim. 2. — C. 16—20. 2. Bpanuos A.JO. Hckrio-
HCHHE MHTEPOEPEHUMH CONPSKEHHBIX KPHBOMMHEHHEIX nosepxHocrer //Tp.
Opec. nonutexH, yu-ta. — Ogecca, 2000, — By, | (10). — C. 60—64,

BBIBOP TEOMETPHH TOPLIOBOIO JJACTHYHOTO
M ®OBAJIBHOTO HHCTPYMEHTA

Muxaiinos A.H., Baiixos A.B., Ieiicyn C.A. (AonI'TY, 2. loneyx, Yxpauna)

Influence of geometrical parameters of the elastic grinding tool on value and
irregularity of material vemoval at processing of flat surfaces is investigated.
Guidelines at the choice of tool geometrical parameters are proposed.

IIpn obpaboTke miockux mosepxHocTelt anMazHo-abpasuBHEIM HHCTDY-
MEHTOM Hanbonee NMPOM3BOAUTENBHON ABNACTCS CXeMa TOPLIOBOTO HINU(OBa-
HiA. Jlannas cxeMa npuMensercs, B HacTHOCTH, NpH obpaboTke 0OMHLIOBOYHBIX
TUTAT 43 TIpHpoAHOTo KaMHs [1,2].Ha GuunmEeix s1anax o6paboTky, XapakTe-
PH3YIOUUXCA  TIUMEHEHUEM WUNM(OBATEHOIO HHCTPYMEHTA Ha 3IaCTHIHON
HONMMEPHOH CBA3Ke, 3ddeKTMBROCTS Mpowecea QTIPEAENACTCA HE TOJBKO TIPO-
H3BOJUTENBHOCTEI0 0OpaOOTKY, HO M PAaBHOMEPHOCTBIO YHaleHHs MaTepHana
[3].

Ha npoussonutensuocts u PaBHOMEPHOCTH CheMa MaTepHaia, IOMHMO
PEXUMOB PE3AHAS H APYTHX TEXHONOTHYECKHX (DAKTOPOB, CYTIECTBEHHOE BiIHS-
HHE OKa3bIBACT eOMETPHs TOPLOBOrO UUIH(OBATLHONO MHCTPYMEHTa, 4 HMEH-
HO! HapyXHBIH JHaMeTp, AUAMETpP OTBEPCTHS K k0abbULHMEHT 3anonHe U an-
Ma30HOCHOTO cnost [4].PaccMOTPEM BIHAHKE KaXIOTO W3 TIapamMeTPOB TeOMET-
PHH MHCTPyMCHTa Ha BENHYMHY U HEPABHOMEPHOCTH CheMa MaTepuana. Pacuer
TIPOBOAWM 110 paree NOMyYeHHBIM dopmynam [3].

s HHCTPYMEHTA CO CIUIOLIHEIM A/TMA30HOCHBIM CII0EM 663 LeHTpalbHO-
TO OTBEPCTHA MPH YBENHYEHHH HAPYXHOIO AMAMETPA CPEJHEE 3HAYCHHE BelU-
IHHEI CheMa Takxke ysenuuusaercs (pwc.l). IlpHueM HaMeHeHWe BenWuum
CheMA IPOMCXOAHT He NMHHEHHO. DT0 00BACHAETCH TeM, YTO BENMYHHA CheMa
0BycnoBTeHa IIOIANEIO ATMA30HOCHOTO CIIOS, KOTOpas U3MEHAETCS NpPU VBe-



TUYEHUH IHAMETPA 10 apabonuHecKol 3aBUCHMOCTH.

Kosdduument HepasHOMEPHOCTH chema MaTepuana, XapakTepH3yeMaIi
OTHOLCHHEM MAKCHMAILHOH BEJIMUMHLL CheMa K BETHYHHE ChEMa B TOYKE, jie-
KaIEeH Ha TPaeKTOPHH LICHTPA HHCTPYMEHTA, TIPH M3MEHEHUH Hapy»XHoro aua-
MeTpa HHCTPYMEHTA HE W3MCHACTCS.

Taxum 00pazoM, ¢ UenbiO JOCTHKEHHA MAKCHUMAIBHOMN [IPOH3BOJMUTEN -
HOCTH 06paboTki HEOGXOAMMO NPUMERATH MHCTPYMEHT BO3MOXHO GOJIBLIErO
AuameTpa. OnHaxo, Clie/lyeT OTMETHTS, YTO HA BETHIHMHY HAPYKHOrO JuaMmeTpa
HAKIAABIBAIOT OrPaHMYEHHS SKCIUIYaTAHOHHbIe MOKa3aTelH o6paboTku: Mo
HOCTL NPHBOXA, KECTKOCTD IMHHIEIS U Jp.

Hwamerp otsepcrist ULTHGOBAIBHOTO KPYra YMEHBIIACT [UTOMA/TH ATMa-
30HOCHOTO cost. KpoMme Toro, OH OKashiBaeT BIMsHUE M HA BPEMS KOHTAKTa HH-
CTPYMEHTa ¢ 0bpabaThiBaeMbiM MaTEPUANOM B 30HE, COOTBETCTBYIOIEH Tpacce
RanHoro oTBepetHs. [TosTomy C yBemmuerneM auameTpa OTBEpCTHS BENHYMHA
CheMa MOHOTOHHO NajaeT U LUIHGOBANBHBIX KPYTOB BCEX PACCMATPUBAEMBIX
AuaMeTpoB. I'paduyecky AaHHas 3aBHCHMOCTH Npe/ICTABNEHA Ha puC. 2. Ilpu
NMepexosie B OTHOCHTENHHYIO CHCTEMY KOOPIHMHAT BCE MONy4eHHbIE KPUBBIE Clii-
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Puc.l. 3aBucumocTs BelU4u-
HBl CheMa OT JHAMETPa MHCTPYMEH-
Ta.

Puc.2. 3aBHCHMOCTH BEJIMYHHEL
ChEMa OT IHAMETPa OTBepPCTHS

BAIOTCS B ONHY, KOTOpas npejcTasiena Ha puc.3. JlaHaas Xpupag anmpoKCHME-
pyercs Kybuueckoii napabosoit Buaa:

£=0.999996 —0.00759 11 — 0.99294/° .
TAe & - OTHOIUEHHE BE/IMYHHLI CheMa MarepHana HHCTPYMEHTOM C JaHHBIM
AHaMETPOM OTBCPCTHA K BEJIM4HMHE CheMa HHCTPYMEHTOM 0e3 OTBepCTHs;

H - OTHOLIEHHEe AHAMeTpa OTBEPCTHA d K HApY)KHOMY AMAMETPY MHCTPYMEHTa
D.

Ilpu yBenuuenun nuaMeTpa BHYTPEHHETO OTBEPCTHA OJHOBPEMEHHO C
YMEHBIUCHHEM BEHYHHbI ChbeMa PacTeT KOIPOHIMCHT HePAaBHOMEPHOCTH Che-

8

Ma (puc.4). B oTHOCHTENBHEIX KOOPAMHATAX H3MEHEHHe Kod(HuLMeHTa Hepas-
HOMEPHOCTH 1Sl HHCTPYMEHTA C Pa3HYHBIM 3HAYEHMEM AMaMETpa OTBEPCTHS
TaKA€E CIIHBAETCA B OIHY KPHBYIO, KOTOpas NpeAcCTaBiesa Ha puc. 4.

1 15 T RO I
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Pyuc.3. 3aBucUMOCTE BEIMYKHE] CLe-
Ma OT J{aMeTpa OTBEPCTHA B OTHO-  HEPABHOMEDHOCTH OT AHaMeTpa OT-
CHUTENBHBIX eIHHANAX BEPCTHS B OTHOCHTENEHEIX IHHHIAX

AHanH3Upys MOMIYYeHHBIE PE3YNILTATE, MOXKHO OTMETHTL, YTO MCXOML U3
yCIOBHH 06ecrieeHns MakCHMAIIEHO BO3MOXHOH NPOM3BOIMTENLHOCTH 00pa-
6OTKM ¥ MHHMMANBHOH HepaBHOMEDHOCTH CheMa MaTepHarna, LienecoofpasHo
OrpaHHYHTE JUaMeTp BHYTPEHHEr0 OTBEPCTHS HHCTpYMeHTa BenwuuHoit. ITpu
[peBHIEHHH YKA3aHHOTO COOTHOLUCHHS CHEM MaTepHaNa Pe3KO YMEHBIIAeTCH,
a HePaBHOMEPHOCTH ChEMa TAKOKe PE3KO HaYHHAET BO3PacTaTh.

HauGombumme BO3MOXHOCTH BO3/IeCTBHA Ha IIOKasaTend o6paboTKu
npeZOCTaBIseT BapbHPOBAHHE 3HAYEHHEM M pacmpenencHueM Koaddunuedra
3anOJHeHHS aMa30HOCHOIO CIOS HHCTPYMEHTa. PacdeTsi, BLITONHEHHBIE Ha
ocHOBaHuH GopMmyn [3], MOKA3BIBAIOT, YTO BENWIHHA ChEMa MATEPHANA IPIMO
NPOLIOPIHOHANBHO 3aBUCHT OT KO3()(QHIMEHTa 3anonHeHAs. T0 ecTh, ¢ NENb0
ofeclieueHrs MAKCHMalILHOH IMPOH3BOAUTENEHOCTH 00paboTku Heobxomumo
BBIGHPaTh HHCTPYMEHT CO CIUIOIIHBIM aNMa30HOCHEM cnoeM. OnHako, B OTIH-
qpe OT TEOPETHIECKHX PACYeTOB, B PEABHBIX YCIOBHAX TAKOH HHCTPYMEHT 110~
Ka3pIBaeT HU3KYI0 paboTocnocobHOCTs. 310 06yCIOBIeHO HeGIaronpHATHEIMU
YCHOBHAMY IS IMPKYJIALMA CMa30uHO-oxNaxpaatomel xuakocta (COX) me-
XAy IOBEPXHOCTBIO Kpyra H 00pabaThiBacMbIM MaTepHalOM, YTO TIPHBOIHT K
HEeACCTaToYHO 3QQEKTHBHOMY YANeHHIO IJIaMa M3 30HEI pe3aHus H «3aBHca-
HHUIO» HHCTpyMeHTa Hajl oOpabateiBaeMoll nosepxHocThi0. C Lensto ofecede-
Hug Bo3MoxHocTH uMpKyaanud COX B Mex3epeHOM HPOCTPAHCTBE W COXpa-
HEHMA JOCTaTOYHO BHICOKOH MPOH3BOAMTENBHOCTH 00pabOTKH MOXKHO MCIONE-
30BaTh TOPLOBbIE NINM(OBANBHEIE KDYTH C BHIPE3aMH B BHIE PaiHANbHBIX JIy-

Prc.4. 3aHcuMocTs ko3 uumenTa



yei. BappHpys IIMPHHY BEIpE3a MOKHO M3MeHATH KodQOHUIMEHT 3anojHeHus,
CIEeI0BATENNBHO, H MIPOM3BOANTENBHOCTS 06paboTKH,

QopMyna JUIA pacyera BeNHYMHB! ChEMa MATEPHANa B 3aBHCHMOCTH OT
PacCTOAHHA IO LEHTPa HHCTPYMEHTA [IA JAHHOH KOHCTPYKIHH aJIMA30HOCHOIO
cnos Oyner:

Z:Cmp- l—garcsi o0 b X
- [\/Rz ~25VR? —m? + (5t Pat %))
10
I
el NRZ ~ 2SR — m? + (s Vdt
1000 ;

TA€ Z - TAHeHHEIA ChbeM B JAHHOM TOYKE NOBEPXHOCTH JeTalTH;

C,, - IOCTOAHHAS, XapaKTepUsyioas KOHKpeTHbIe ycnoBus o6paboTxu (3epHu-

CTOCTS M TBEPIOCTe MHCTPYMEHTa, CBoHcTBa obpabarsiBacMoro maTeprana

r.8.), Mna™;

P - YOETBHOE JIaBiieBre B 30He pe3anus, MIa;

N — KOJM9ecTBO BEIPE3OB;

b — mmMpyHa BhIpe3a;

R — HapyXHBIH panyyc HHCTPYMEHTA;

71~ 4acTOTa BpallleHHs HHCTPYMEHTA;

S — BeNMYHHA [IOHAYH;

m — PacCTOAHHE IO LUEHTPA HHCTPYMEHTA;

! — BpEM# KOHTAKTa 3/IEMEHTAPHOH ILIOINAKH ¢ IIOBEPXHOCTHK) KHCTPYMEHTA.
Pacyer, BoInONHEHHSIIH A7 ciTydas 06paGOTKY MaCTHIREM MUTH(pOBATE-

HBIM MHCTPYMEHTOM C pa3sMepaMH, COOTBETCTBYIOLIMMH pa3MepaMm aMa3HOM

rosoBku AI'TI 320 koretpykuus UCM HAHY: R=160mm, r=56MM ¢ mupusOit

Boipesa b=20 MM noxasan, 4To dopma KpuBo# (DHC.S) aHANOTHYHA 3aBHCHMO-

CTH, NOTY4eHHOR JUIs CILIOLIHOTO WHCTpYMeHTa. [Ipi 5TOM CpefiHss BenuyMHA

ckeMa cocTarmier 0,8 OT 3savenns A4 MHCTPYMEHTA JUIs CITOMIHAIM aJIMAa30-

HOCHBIM CJIOEM, 2 KO3 QUIHEHTE! HePAaBHOMEPHOCTH PAKTHYECKY OMHAKOBEL
BEIIyKIIBI# XapakTep KpUBOH B JHana3soHe OT paHyca OTBEPCTHS [0 Ha-

PY’XHOro papuyca HHCTPYMEHTa II03BONIAET NPeATION0XKHATE, 9T0 M3MEHAA pac-

npezieneRne Ko3QOHULHMEHT 3aTI0NReH s BAOJE Pajiyca HHCTPYMEHTA COOTBeT-

CTBYIOLIHM 00pa3’oM, MOXKHO JOCTHYb PABHOMEPHOCTh CheMa Ha JJAHHOM yJacT-

ke. [l ompeneneHus XapaKTepa paclpefelNeHHs kod(hdHiHeHTa 3anoNHeHus

MOBEPXHOCT NMUIM(OBATBHOTO Kpyra pa3busaeM Ha 3MEMEHTAPHEIE KOJbLEBBIE

30HBL. B mpomecce mutudoBanus anMazoHOCHBIH COH KasKIOH 30HBI onpeje-
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JIEHHOE BPEMS KOHTaKTHPYET ¢ DACMEHTAPHOH Maowankod obpabarsizaeMoro
maTepHand. Benauuuna matepuana, yanieMoro ¢ JaHHOH MAOIAAKH 3IeMeH-
TapHOH KOJIbLEBOI 3010, Byner:

0Z; =C,, pk;Vot (2)

/e k — KO3QQHLUHEHT 3allONHEHNUs AIMa30HOCHOTO ¢S 3JIEMEHTapHOH KONb-
LeBOH 30HBI.

CymMmupys BeTHYHHY CheMa 110 BCeM KONBLEBLIM 30HaM HHCTPYMEHTA U
no BCEM JNCMCHTAPHBIM MIOWa/kam 00pabaTeiBaeMOM AETANH, MONLYYHM CHC-
TeMy YPaBHEHHH, ONMHMCHIBAKILKUX H3MEHCHHE BEIUYMHBI OBHEMa MarepHasia
BIOTIb Pajnyca HHCTPYMEHTA:

Z,=C,plk Vet
Z,=C,pfk;Vt

............ e 3)
Z,=Cppfk Vet

Ilpyx kOHEYHO} WHPHHE KOALLEBOHN 30HBI HHCTPYMEHTA CHCTCMa ypaBHe-
HAH (3), ¢ y9eToM BhlpaKeHHH, OUPeNe/sIOUIEr0 BeMUYUHY CheMa Ha 3JCMeH-
TapHOH 1uomanxe [3], Oyaet umets BU;

q 4 f;’r’d-f r
2 =Cup Xk~ [ R? =25V R2 - m? +(s1)0t
j=1 71000
9. 4m' [
Z,=Cpp Yk | \/R2—ZSM/R2—m2 +(St)* o ()
j=1 7 1000

] —_—
; \/Rz —QSt\r‘FRz -m? + (St)zat

fy

g 4m
i C, pY b, —
: PEI 71000

TAI€ g — KONMUYECTBO IMEMEHTAPHbLIX KOMbLEBBIX 30H,
%y, ty — BpeMs Hauyana u 3aBEPLICHNA B3aUMOXCHCTBHA [—0#f 3IEMEHTapHOMH
Tolanky 06pabaTsiBaeMoro Matepuana ¢ j—0if KONBIEBOH 30HON HHCTPYMEH-
Ta.

3anaBas 3Ha4eHus Chema MaTepuana B Kaxioi nuHedHoH 30He mepnen-
A¥MKYJISPHO HANPABICHHMIO TOjIA4H HHCTPYMEHTA, NONYYHM CHCTEMY JIMHEHMHBIX
YPABHEHHH OTHOCHTENBHO KOI(DGHUMEHTOB 3aNONHEHNs k. 1ns onpepenento-
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CTH CHCTEMBI KOJNMUYCCTBO PACCMATPHBAEMEIX HICMEHTAPHBIX ITIOLAKOK AOMK-
HO ObITh PaBHO KOJHHECTBY MEMEHTAPHBIX KOJbLECBBIX 30H.

Pacuer xosdduusenton sanonnenua no dopmyne (4) 6w mposeieH
HHCIEHHBIM METOZOM JUTS TOPIOBOIO HLIH(OBANBHOIO Kpyra BhlllleyKasaHHBIX
reOMETPHYECKHX pasMepoB. MsMeneunue koaduimenTa 3anonuesns Ao pa-
JIMyca MHCTPYMEHTA MPEJCTABICHO HA DHC. S, 4 W3MEHeHME BeJHYHMHEI CheMa
MaTepHaa Ha prc. 6.

09

kp) 08
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Puc.6. 3aBUCHMOCTE BeIHUHHE]
CheMa OT pagHyca HHCTPYMEHTA

Puc.5. 3aBucumocts ko3phuumenTa
3aMONHEeHHA 0T pajiHyca HHCTPYMEHTa

IIpennoxkeHHas METOAMKA IIO3BONAET NONYHHTh BBICOKOS 3HAYCHHE paB-
HOMEPHOCTH CheMa Ha Y9aCTKE TPAaCcCHPOBaHMA OT paguyca OTBCPCTHSA HO 30HLI
nepexpeITH monoc o6paboTxu [3], HO XapaKTepH3yeTCs CIOKHOCTBIO H TPYIO-
eMKOCTBIO PacyeToR, a TakKe CloXKHOM KoHdUrypauuel Bripesa.

3Haq 001y TeHACHUHIO H3MEHEHHS KO3 QUIMEHTa 3aT0THEHHS BAOTE
pajiayca HHCTpyMeHTa, QOpPMY BEIPE3a, KOMIIEHCHPYIOIEro HepaBHOMEPHOCTE
ChEMa MaTepHaia, MOXHO MOJeNHpOBATH JIOMAHHBIMH INpPAMBIME JIUHHAMH,
ITpocrefiuii BapuaHT TAKOrO MOAENHMPOBAaHHS — BEIPE3 B BHJE JenecTKa
(puc.7). Bapsupys BenmuIuHy MaKCHMaIbHON NIMPHHE! BEIPE3a f M €C KOOpAMHa-
TY A MOXHO TIOMYYUTh pacrpejeneHye CheMa MaTepUana BAOb Pajiyca HHCT-
pyMeHTa ¢ TpeDyeMBIM 3HaYeHHEeM HepaBHOMEPHOCTH.

Koaduuuent samonnenus s JaHHOH KOHCTPYKUMH HHCTpyMeHTa Oy-
HAET.

(ﬂ -n)f

k=1-"arcsin| \L104 npu ry<p<ry+h
2hp

T
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k=1-Zarcsin —(R—_f—)“i—- npu ry+h<p<R
T (R—h—rﬂ)Zp

[TopcTaBus paHHOE BRIpaNeHue K03(QULHEHTA 3aNoTHEHUS B BRIPasiKC-
HHE pacyeTa BeNHYMHBL CheMa [3], 1onyuuM CHCTEMY ypaBHeHHH, NO3BOSIO-
myX OUPEACAHTE PACTIPCICICHHE CheMa AN HMHCTPYMEHTA JaHHOH KOHCTpYK-
mid. ['padHiecky pesynbraThl pacyeta s LUTHGOBATLHOIO Kpyra ¢ Mapamer-
paMi KOMIICHCALMOHHOTO BBIPE3a =35 MM ¥ /=56 MM Npe/IcTaBNEeHE! PHCYHKE

8.

15 = m B

024,

P L |
0 50 100 150 200
Q. r 60,

Puc.7. [1nudoBanbHLIH KpYT ¢ KOM-
HEHCAIHOHHBIME BEIPE3aMu

Puc. 8. 3asucumocts chema oT pa-
AMyca HHCTPYMEHTa

AHAJIU3 MOy YCHHBIX PE3YIILTATOB II0KA3BIBAET, YTO NP AAHHON TeOMeT-
PHH BeIpE3a HCPABHOMEPHOCTL CheMa Ha yuacTke 56 — 120 MM 83 paza meuble,
9eM [pH IUMQOBAHUM HHCTPYMEHTOM C TPSAMBIMH DaiHalbHBIMU BEIDE3aMH
1pH NPaKTHYECKH OJHHAKOBOH BEIHYMHE CHEMA.

ITonmyyeHHbIe 3aBHCHMOCTH BLIXOJHLIX IHOKazaTeneil 06paboTku oT reo-
METPHH TOPLOBOro NUTHGOBANTLHOIO HHCTPYMEHTA MO3BONAIOT HAZHAYATH [€O-
METPHHECKHE MapaMeTph! WAHQOBANLHEIX KPYTOB: HapyXHblA AHAMETD, JHa-
METP OTBEPCTHSA W 3aKOH M3IMEHCHUS KOI(MDOUIHEHTA 3aTONHEHHS ATMA301OCHO-
ro cinos, obecneynBaomux TpeGyeMyl0 MPOUBOAMTENBHOCT 0BpaboTKH
PaBHOMEPHOCTh ChEMa MaTepUana.

Cnucox mureparypei: 1. Coven I0.M., Bepaun K051 Lilmbosaisiio-
NOupoBanbHble 1 (peseprbic paboTsl N0 KaMHIO. — M.: Ctpoiiusnar, 1985, —
312 c. 2. JloGsiua 1 06paBoTia MPHPOIHOTO Kamus: Cnpasounnk / Tloa ofur.
pen. AT. Cmupnosa. — M.: Henpa, 1990. — 445 c. 3, Muxaitios A.H., Baii-
koB A.B., Kosanes M.C. ®opmoo6pa3oBanue miockoi moBepxaocTH rnpu o6pa-
00TKe nacTHIHBIM UTHGOBANBHEIM HHCIPYMEHTOM / IIporpeccuBHble TEXHO-
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JOTHH M CHCTEMB! MAITHHOCTPOSHHUS: MexayHapoaHbLi COOPHUK HayuHBIX TPY-
nos. — Joueuk: - JIouI'TY, 2000. Bein. 10.- ¢.137-143. 4. @uHUIIHA] ANTMa3HO-
abpasuBHas ofpaboTka HemeTaLMyeckux Aetancii / Poros B.B. — K.: Hayx.
Jymka, 1985. - 264 c.

WCCJIEJIOBAHUE Y OLEHKA HAJEXKHOCTH YCTAHOBOK JJIA
CYIUKH MEJJAHXA A1-OMY

Cyxmanos B.A., Xomuuyx B.A.
(HonI'YIT, AO3T «/loneyxuil 3a600 «IIpodmaus, 2. Jloneyx, Yxpauna)

The reliability of drying installations A1-PMY have been investigated, the kind
of the law of distribution of failures was established, the actual parameters of
reliability were determined, the least reliable details of a design were revealed,
the reasons and character of their destruction were obtained.

HaeXXHOCTh ABJILETCA ONHHM H3 OCHOBHBIX TOKa3aTeNe# KadeCTBa TEX-
Honorugeckoro o6opyaosanus. Mccnenopanue $akTH4ecKor HaAEKHOCTH Cy-
wEsHBIX yeragosok Al-OMYVY Bxmovaet B cebs ompejienerne baKTHIeCKHX
[IOKa3aTeNnell HaLeKHOCTH, BbIABICHHE HAMMEHee HalleXHbIX NeTaNed KOHCT-
PYKLMH, YCTAHOBJIEHME NPHYHH | XapakTepa MX paspyIeHHd, pa3paboTKy KOM-
TUIeKCa MEPOTPUATHI JUTs [OBBIIEHHA MOKa3aTelell 6e30TKa3HOCTA ¥ PeMOH-
TonpuroasocTH [1].

MeToxAKa OLeHKH Ge30TKA3HOCTH ¥ PEMOHTONPUTOAHOCTH [10 pesyJIbTa-
TaM SKCIUTYaTALMOHHEIX HaGMoAeH i BKmoYana: c6op JaHHBIX 06 oTkasax, ¥c¢-
TAHOBJIEHHE BHJA 3aKOHA PacTpeleNieHHs OTKA30B, OLCHKY COOTBETCTBHA TEO-
PETHYECKOTO 1 IMITHPHIECKOro 3aKOHOB PacIIpe/ieieHHs OTKa30B, onpejeneHue
[IapaMeTPOB 3aKOHA ¥ OIEHKY HAafIeXHOCTH UCCIIENyEMBIX YCTAHOBOK.

Ipu uccneoBaHHY Ge30TKa3HOCTH 06OPYI0BAHYS NPUHAT [UIAH MCTIBITa
suit [NMT]. Ipu sccenoBatiyi peMOHTONPHUIOMHOCTH — IIaH [NUN] [2].

DKCIUTyaTALMORHbIe HAGMOeHNs NPOBOAMIMCH B TEUCHHE 5 JICT. Tlox
yabmioienye ObUIO MOCTABNEHO 25 YCTAHOBOK, 3KCIIYaTAPYIOLUAXCH Ha NPeA-
npusitHax cucreMsl [Truuenpoma.

3aKoH paclpenencHis BpeMeHH paboThl M3fienus N0 OTKa3a, BRIpaKEH-
uelil B nuddepeHimansHol GopMe B BUME IOTHOCTH BEPOATHOCTH flx), aBns-
eTcA MONHOM XapaKTepUCTHKOM HaAexKHOCTH u3nenws. [ToaTomy Haulel OCHOB-
HOlt 3a7a4eli ABANOCH BHISBICHHE W MaTeMAaTHYECKOE OIHCAHKE TAKOro 3aKOHA
pacnipenenenus f{f), KOTOpbIH OTpaxan 65l C BHICOKOH CTENCHBIO JOCTOBEPHO-
CTH 0OBEKTHBHYIO JEHCTBHTENBHOCTD.

14

AHanu3 umelomecs uHGOpMaLUH, CBeeHs 06 aHANOrax M ONLITHLE
AaHHbIE NO3BONMIIM HAM MPENNONOKHTE, HTO IIOTHOCTh BEPOSTHOCTH 6C30T-
Kka3HOH pabotsl yctanoBku Al-OMY Moxer 6biTh Onucana 3akonom BeiGvina

JlanHbIC 00 OTKa3aX CHCTEMATH3WPOBANK B BHIE BAPUAIMOHHOIO | sum‘
Ha pucynke 1 usobpaxeHa rucrorpamMma pacnpejcieus I'IOC'l‘pO&iliiaI; =
JaHHBIM f #(2) U1 K&XIOTO MHTepBana At. ’ o

v

0.020 ]

0,015

0,01 }— =

LN
2 ! % tu

0
20 40 60 80100 120 140 160 130

Puc.l. Cucrorpamma
1 MMa i TeopeTHuecKas GyHKIUMI pacnpeeie
0e30TKa3HOI paboThl. i

b b1 b
f(r)a;@ exp —@ (1)

"
Ila i
PaMeTPLl d H ) MOTy4YaeM METONOM IOCHEeA0BATEIbHEIX npubiake-

HHH ]
W pelleHHsA YPaBHEHHA OTHOCHTEILHO bs Ang dero 6nuia Hamucaua npo-

amma s i '
p Veybull”, B koTopo#t an4 nocnefoBaTeIbHOTO NPUOIMIKEHHS TIPH 110-

A
HCKE KO3OQUIKCHTE by HCIIONB30BAH HTEPALMOHHEIN LHKIL.
B pesynerare pacuera nckomas Gyrkuns TIPEACTABICHA B BHJIE:
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1,2 2,2
£()=0,035 {é&f] exp “(EzLéJ @)

IMposepky cornacus pacnpenenenus BpeMeHu 6e30Tkasznol paboTsl, mo-
JIy4EHHOTO MO pe3yJbTaTaM HAOMIOJAeHUH C MpeArnosaraeMbIM TEOPETHYECKHM
pacnperenenyeM NPOU3BOMTHA uX KpuTepHio ITiupcona y 2.

Tlapamerp 7 = 4,7122< 7> = 9,1, 4T0 CBMAETEIBCTBYET O Xopouiei cor-
J1aCOBAHHOCTH TEOPETHYECKOTO IMIIHPHYECKOIO PaclpeielIeHus i OATBEPKIa-
€T IHIOTE3Y O TOM, YTO paclpejeneHUe BpeMeHH De30TKa3Ho#i paboTel momyu-
Haercq 3akoHy Belibynna.

3aperdHCTpUpOBaHHEIe OTKa3bl MAIIMH B OCHOBHOM OOYCIOBIEHBI KOH-
cTpykTHBHEIMA (7371 oTka3oB), mpousBoAcTBeHHRIMH (1235 oTka3zoB) U axco-
nyaranuoHHBIMHE (186 0TKa30B) HEXOCTATKAMH,

Ha ocHOBaHHM CHCTEMAaTH3WpPOBAHHBIX NaHHBIX 00 OTKasax eratedl u
cOOpPOYHBIX SNHHUL] CTPOMIIH HCTOIPaMMY COOTHOIIEHHS OTKa30B XapakTepH-
3yromux Joo (B %) 0TKa30B OTHENBHEIX 3JIEeMEHTOB MalluH B 06IeM MOTOKe
oTKa30B (puc. 2).

CymmapHOe BpeMd paboThl MalllMH 3a HCCIEeAYeMBIH MEpHOJ COCTABHIO
440625 u. 3a nepuon nabmonenus Gsu10 3aduKcaposano 8792 orkasa. Axatns
OTKa30B II0Ka3an, 4ro 186 oTKaz0B MPOH3OIUIO MO NpHuHHe HapylieHus Tpebo-
BaHMH OSKCIUTyaTaHOHHOM Jokymedraiuu. [losTomy, KOJNW4eCTBO OTKa30B,
Y4UTHIBaeMBIX [IPH OLEHKe MoKasareneii Gesotkaznoctr pasHo 8606.

Toueunsle ouenkd nokazateneii. Cpexuss HapaGoTka 10 0TKasa:

Tep =ar|1 +1; =628 I [1+—1—)= 55,64 3)
% 2,2
rae gynxuus I (*) onpepensercs no tabnuuam [2].

I"amMa - nporieHTHas HapaboTka 10 OTKaza

i 1
A xh P 90 \2.2
P it Basa a2 P 292 81 4
7 a( nloo) [ nwo} A )

rae v /100 — pernameHTHpOBaHHas BEPOATHOCTE.
Bepostrocts 6e3oTkasHol paboTs! 3a HapaboTKy ¢

2
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D OTKAIBI KOHCTPYRTHEHEIE
/74 OTKAILI NI OMIBOACTE EHIBIE

@ OTRA3EI SRCTITY aTAIMOHIES

S miga10 10 g 03 02

IS R 910 12 13 14 15 56 17 13 19 20 o

Puc.2. CooTHOmEHHEe OTKa30B Y3JI0B U JieTaneif YCTAHOBKM /IS CYIIKH Me-
namxa Mapkd Al-DMY
1-bopeynxka; 2-razopacrpefiefIuTeNlFHOe  PEnIeTo; 3-oTcachIBaroLIki
BEHTHJLITOD; 4-NapoBble Kalopu@ephl; 5-BO3AYXOAYBKa; 6-nepexaurBaromimii
Hacoc; 7-BepXHHE BO3NyxX0BOAEI; 8-BHOpaTop; 9-orGoiiHas cerxa; 10-peccops
Bubpatopa; 11-Mem6pana; 12-canpHukm Hacoca-mo3aTopa; 13-rpaHyisl
HHEPTHOTO MaTepuana; 14-mnaHry npoaykTonpososos; 15-HBA u KWIT; 16-
NapoBOX  KinamaH; 17-kpeluleHHe  IPOAYKTONPOBOAOB; | 8-KpOHUITEHH
Kperienus Gauka; 19-cmotpoBrie crexna; 20-dmwinTp ams npomykra; 21-
OXJIaxaomas pydammka nposyKkToBoro tagxa.

el

b
A

plt)=expl-| L | |=ex m[—‘—)m ©)
G 62,8

a
MnrepranbHsle oneHky noxasatens “ HapaboTka Ha 0TKa3”:
A A
- HIDKHS OBEPUTENbHAS Iparmua: T, =T, (1-£,)=339 u

~BEPXHsis JIOBEPUTENbHAA IpaHkua: [y, =T, (1+£,)=94,5 u

[Re &, =- 0,39 u & = 0,70 onpeensiores N0 rpadukam [2], s JOBepHTEE-
HOX BeposTtHOCTH ¢* = 0,9, COOTBETCTRYIOMEH JBYCTODOHHEMY AOBEPUTENBHO-
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N
My HHTEpBany u napametpy @ =1,076. Ilpu aosepurensHolt BeposTHocTH g* =

0,8 suavenus kosdhbuumenros & =- 0,25 u & = - 0,85 u uuTEpBANBHLIE OLIEH-

M
K¥ TOKa3aTess HapaboTKa Ha OTKA3 COOTBCTCTBEHHO paBHbL: T'p, = 41,7 4,

M
Tep, =63.9%.
3HayeHHe roKasaTeis «CpcaHEe BpeMA BOCCTAHOBIICHHA? !

Ty=L %1 =330% ©)
mi=l

Cpenuee KBafipaTHYHOE OTKIOHEHHE BPEMEHH BOCCTAHOBJNEHMS OTKa3a O
=0,544.

3Ha"deHHe ONHOCTOPOHHEH BepXHeH NOBEPHTENBHOM rpaHKLBl MOKA3aTeNs
peMoHTonpurogsoctd 1, = 3,33 4,

OrHocHuTenbHas omubKa B ONMpeNeNeHAN TI0KasarTels peMOHTONPHIOAHOCTH: &
=0,01.

Koaddunpent Bapuanmn: =016 <v=0,3.

To
Tp+Tp

Koadduuuent TexHieckoro ucnons3opanus K, =0,938.

PesynbTaThl MCCIEAOBAHME MO3BONHIM pa3palboTaTe H BHEADHTE KOM-
IIEKC MEPONPHATHH IO MOBBILIEHHI) HANEXKHOCTH ycTaHoBOK Al-OMY, uro
TIPUBEJIO K MOBRIMIEHUIO HapaboTku obopynosanis Ha 0TKa3 Ha 30 %, noBrimze-
HUIO €r0 PeMOHTOIPHIOJHOCTH ¥ YAYYINEHMIO YCIOBHH paboThl omepaTtopos
YCTAHOBOK.

Koaddunuent roroprocTn: K- = =094

Crnucox smreparypei: 1. Ilponnkos A.C. HanexHocTs Mamme.- M.
Mammnoctpoenue, 1978, — 591¢. 2. ICTY 3004-95 «Hapiknicte TexHiku. Me-
TOAY OUIHKH MOKa3HUKIB HaMIMHOCTI 32 eKClepeMEHTANBHHME JaHHME.

HAEXHOCTD TEXHOJOI' MYECKHX C_HCTEM
MEXAHOOBPABOTKH B CBS3M C BO3JIEUCTBHEM
CTPECCOT'EHHEBIX ®AKTOPOB HA OIIEPATOPA
Xaer JL.Y., Kapnyxnu I'.H., I'yeax E.B. (CTTIH, 2. Craesuck, Ykpauna)

Technological modules of metal cutting are considered as complex man-machine
systems. Technological system reliability strongly depended of psycho-
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physiological operator state. J.Srress—facrors inﬂ{fe:zce on rechfu‘;iogfcal systems
operators stafe was researched in laboratory and industrial conditions.

TloBblueHHE POJIH HEIOBEUECKOTO daxTopa B COBPEMEHHOM MPOU3BOACT-
Be Ipeﬁye‘f paccMOTpeHisa MOJy s Mexanoo0paboTkH Kak qenﬁf_;eko-:x{amuﬁuon
cuctembl. Jlons MozyeH, GYHKIHOHHDYIOUHKX B MOIHOCTHIO "OC3MOHOM" pe-
KHMe, OCTaeTCs TIoKa HeGOMBIIOH. 3nayyTeNRHOE MECTO B CTPYKTYDPE OTKa30B
TOKApHBIX MOJYJIeH 3aHUMAIOT OTKa3bl HX OnepaTopa, Y37I0B ¥ TIOACHCTEM, BbI-
3BAHHBIC NOBPEKAAIOIIMM BO3AEHCTBHEM CTPYKKH, @ TAKKE BHIHYXICHHBIC HC-
3AMaHMpOBAIHbIE OCTAHOBKH UIf ee yaancnus. OCHOBHBIE BHABI OTKA30B TO-
xapupix Mofyneli ¢ UIIY ¢ pydHbIM yNpasiIeuucM, BHI3BAHHDIC BO3UEHCTBHEM
CTPYIKH, YCTAHOBHIM TyTEM MOMEHTHBIX Y HETIPEPBIBHBIX HabJuoJennH, onpo-
ca CTAHOYHMKOB, M3yYeHHs TOKYMEHTAlMH O PEMOHTE CTaHKOB H HECHACTHBIX
cyHasx. HapeHOCTh CHCTEMBI, CBA3aHHAR C BO3ACHCTBYEM CTPYHKKH, OLpeie-
JIAeTCH, C O,E!.H(}ﬁ CTOPOHBI, HHTEHCHBHOCTBH) MEXAQHHYIECCKOI0 H TEPMHHYECKOTO
BO3JICHACTBHS CTPYXKH, a C APYToif - ero yCTOHYUBOCTEIO K 3TOMY BO3ASHCTBHIO,
KOTOpas pe3ko CHHKAeTCA B NPHCYTCTBHH OTepaTopa Ha pabouem MecTe.

Baxnpmv moxasaTeneMm HaJEMHOCTH CHUCTEMBI ABIAETCH JOAA BpeMEHH 12
yOOpKy CIPY)KKH, OUHCTKY Ha30B M OTBEpCTHH, Hacrpoi'ﬂcy TEeXHONOrH4eCcKoi
CHCTeMbI H APYTHE HCHCTBHUS, CBA3aHHBIE CO CTPYXKOH. HacTh TakuX AeHCTBHH
CTAHOYHHK BBITOJHACT BO BPCMS DE3aHHA, HTO YCHAMBACT NCHXOIOTHHCCKOC
HampshKeHHe BBUITY HEOOXOAMMOCTH pacTipeieieHus BHUMaRUs U paboTsl B He-
AOCPEACTBEHHOM 6/1M30CTH OT OBICTPOBpAINAIOMMXCA feTalel. boaburyio 4acTh
TAKHX ACHCTBMN BBIMONHAIOT BHE DPE3aHUs Nepej 3aMeHON JeTanmn, pexyluel
IIACTHHBI KM peslia, YTO YBENM4YMBAET BCIIOMOraTelbHOEe BpeMs W CHUKAeT
NPOU3BONUTENEHOCTR, [IpH 3TOM 3HAYUTENLHOE CHUKCHHE HAACKHOCTH CHCTC-
MbI CBA3aHO C OONBIIMM PACCEMBAIIMEM TPYAOEMKOCTH YHANCHHS CTPYXKKH,
BIIOTH O Pasbopxy, o4KCTKH M cOOpPKHM mpucmocobnerus. Muoraa ans ynase-
HHS CIPYXKH HEOOXOMMMO CITeLHANBHO OCTAaHOBHTH NPOLECC pe3aHuA. TaKoH
OTKa3 MOHYNA HeoOXOAMMO paccMmaTpuBaTh HapAAy C U3HOCOM HIH MOJOMKOH
PEXKYILEeH JIaCTHHEIL.

Cpenn OTKa30B TEXHONOTHYECKOH CHCTEMb! BBRIASIIAIH HEYCTPaHHMBbIC (Ha
pabouem MecTe 6e3 y4erta AIMTENLHOTO JIeUEHNsA) U YCTPaHUMBbIe, HeobpaTumsle
H camoycrpaHsiomuecs (nepemexaonmecs). Ilocnennue padee ydMThIBaIU
NPUMEHUTENBHO K 3JISKTPOHHEIM 3JIeMEeHTaM, 4 B MEXaHHYCCKHX CHCTEeMax He
paccmarpuBand [1]. B 3aBucuMoCTH OT YCIOBUHA PE3aHHA PAJL OTKA30B MOTYT He
TpedoBaTh HEMCANEHHON OCTAHOBKM Mpoliecca pe3aHus, T.e. BBICTYNATH Kak
"Henon#ble oTkasbl" [2) wiu "mpenoTkaser" [3], HCIONE30RATECS B KAYECTBE JH-
ATHOCTHYCCKUX IIPU3HAKOB COCTOSHHUS CHCTEMbL

HeGnaronpusitias crpykka Bbl3biBaeT MOBBIIIEHHE KaK (H3HOIOrHYE-
CKOH, TaK M, 0COGEHHO, NCHXONOrHYECKOM HAMPSKEHHOCTH TPY/Aa CTAHOYHHKA.
Hamuaue sroporo paGowero ("mospy4HOro") Ha THKEIBIX CTAHKaX BELI3BIBAETCH
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B 3HAUHTC/ILHOH Mepe HeOOXOMMMOCTBIO BHITIONHCHHA paboT, CBAIAHHBIX C HE-
GraronpuaTHOR CTPYXKKOH. 3a4acTyio UMEHHO OTacHas CTPYXKKa SBIAETCH OC-
HOBHBIM (aKTOPOM NMCHXONOTHYCCKOTO HaNpskens pabodero. DTO BHI3BIBAET-
Cit COCTOAHUEM OKHIAHMA 110JIOMKH HHCTPYMEHTa, Opaka NeTasnu, aBapHy CTaH-
Ka H, 0cOOHHO, TPaBMBbI, BLI3BAHHOH CTPYXKOH. B psille cayyaes ncuxonoruye-
CKHiA INCKOMQOPT B pe3yIbTaTe OLLYUICHHS ONACHOCTH TaK BETHK, YTO BEIHYK-
[aeT OCTaHaBINBATh Npoliece 06paboTKE ¥ MEHATL PEXYIUMH HHCTPYMEHT HIIH
peAHMMBl  pezaHnst Ans ofecnievenus GOPMHPOBAHHS YAOBAETBOPHTETLHOMN
CTPYXKH.

Yromienne cTaHounuKa Bee Gosbiwe nproGpetact xapaxTtep He Qu3KUe-
CKOTO, & MCUXOQH3HONOrHYccKoro. I'aBueiv (akTOpOM yTOMISHHA OTepaTopa
crarka ¢ UITY cTanosutcs HabmoneHue 3a IPOLECCOM PE3aHHs, CBS3aHHOE C
OXHMJAHHEM OMACHOCTH, B TEPBYIO ouepe/b, OT CTpy®kH, OKONO MONOBHUHE
TPaBM M HECYACTHBIX C/y4YaeB B MALIMHOCTPOEHHH CBS3aHO CO CTPYKKOM: OT
MENKHX MOPE30B H OXKOTrOB MAIBLEB 10 TONHOH 0TepH 3peHHs, OOHPHBIX TA-
JKETBIX OKOTO0B IIPH BOCIUIAMEHEHUH CTPYXKH HA CTAHKE H TPABM C JICTANBHBIM
HCXOJIOM TIPH 3aXBaTE CTAHOYHNKA CTPYIKKOH M Yape O CTAHOK HIH 3arOTOBKY.
Crpyxxa mopaxaeT oleparopa NpH 10JIeTe, HAMATHBAsChL Ha OPraKbl yIpasie-
HUA CTAHKOM, HAKAMIMBasCh Ha paboyeM MecTe, 3aXBaThlBasg €ro 3a BOJOCHI,
PYKH, HOTH, OA€XTy. BecbMa onacHa ropsyas uImarooGpasHas Wiy IyTaHas
CTPY*Ka DONBIIOTO CEYEHH, C BEICOKOH CKOPOCTBIO IBHIKYILAACA BEEPX WM Ha
oneparopa. Ilpu o6paboTke psga MaTepHanoB CTPYKKa MOKET BO3TOPAaTHCS,
B3DLIBATLCH, BRINEAATL AXOBUTEIE OKeuabl. [Ipu ofpaboTke cnzaBoB THTAHA HE
pasperaeTcs OKMCIeHUe (epexor) CTPY:KKH, YTO TAKXKE HOBBIUAET CTENeHb
HaNpAKEeHHOCTH onepartopa. CkamixBasch B 30HE PE3aHUA, CTPYXKKA YXYALIAET
yCnOBHs HaOMIOAEHHA 32 NMPOLECCOM pe3aHms, KadecTBoM obpaboTamiofl mo-
BEPXHOCTH W COCTOSHHMEM HHCTPYMEHTA.

Ecnu 30Ha pesaHus CTaHKa 3aKpLITA HEMPO3PadHBIM (METAITHYECKHM)
KOXYXOM, TO Habmozxaercs numpb HeGONbIIOE yBequueHue (HOHOBOH Harps-
KEHHOCTH paboderc 3a cueT NOBBIUICHHs HEONPEAENEHHOCTH CUTYaLlHH, JHTPO-
K YNPaBISEMON MM TeXHONOTHYECKOH cucTeMbl. Ecnu 30Ha pesauus cranka
3aKpbITA MPO3PAYHEIM (CTEKIAHHBIM) KOKYXOM, (OHOBAS HampsSKEHHOCTH HE
BO3paCTaeT, a ONepaTHBHAS - YBEIHYIHBACTCS B CBS3H ¢ H0DaBieHueM K Cofep-
KaHHIO HHGOPMALHOHHOIO MOTOKA CHTHANOB O napamerpax cTpyxku. [Ipu oT-
KPBITOH 30He Pe3aHHA CTAHKA H HAXOXICHHH pabovero B CTPYKKOOMACHOH 30HE
CYUIECTBEHHO MOBbIMIAeTCA KaK QOHOBAsA, TaK M ONEPAaTHBHAS HAIPAKEHHOCTH,
YTO BBI3bIBACT MHTEHCH(HUKALMIO [IPOLECCOB YTOMJIEHHS, CMEHY 0BIIEro Moo-
KUTENBHOTO IMOLKOHATEHOTO QOHA HA OTPHIATENbHBIN, CHUKEHHE NPOM3BO-
AWTENLHOCTH TPYAA, MOBLILIEHNE BEPOsTHOCTH OHOOK YpaBieHus, NpolycKa
AHarHOCTHYECKHX CHTHAJIOB, YBENMYeHNU J101¢ Gpaka.

C noRbluIeHHeM KBATHOHKAUHK OnepaTopa GU3HYECKHe HArpy3Ku ONTH-
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MH3HpYIOTCS, 00BeM (QH3HIeCKOH paboTh! MHHIMHU3HPYCTCH, HETO HEJL3A CKa-
3aTh O MCHXOMHA3HONOTHUECKOH HArpy3Ke. Tak, B 4aCTHOCTH, MOBBIMIAETCS CTE-
[eHB COBMELISHHUS [IPUEMOB YOOPKM CTPYXKH ¢ OCHOBHBIM BPEMCHEM, YTO 10-
BBIIACT [POH3BOAUTENLHOCTh, HO NPHBOJHMT K YBEIHCHHIO ONEPATHBHOM NCH-
XOPUBHONOTHHECKOl HANPKSHHOCTH 33 CHET CHIOXEHIS MHTCHCHBHOCTEH HH-
)OpMANHOHHEIX TIOTOKOB OT aKTHBHOM 30HBI PE3aHKs 1 YOHpacMOi CIPYKKH, a
TaKKe (OHOBOH HAIPMKEHHOCTH 3a CHET NPUOIMKEHHS K CTPYKKOOTACHOH
3oHe. Bpems, 3aTpauiBaeMoe Ha MAHUTYISALMK CO CTPYKKOH, 110 AaHHBIM NPO-
BeneHHoro HabmoaeHus 3a 10 paGourMM MecTaMH, THMHYBBIMA MIS CTAHKO-
cTpoerus, Konednercs ot 3 yio 10 % pabouero Bpemeny, B cpenieM, 5,6 %, a
JIONIsE COBMEIISHHS 3TOr0 BPEMeHH ¢ ONepaTHBHEIM - OT 12 70 55 %, B cpeHeM,
21 %.

OcHoBHEIM (DaKTOPOM YTOMIISHUs ONEPATOPOB CTAHOBHTCH He dusude-
ckad Harpyska, a HEpBHAs HANPHXCHHOCTH, CBA3AHHAN C UCTOLIEHHEM BO3MOXK-
HOCTEl Oprasy3Ma B pe3yibTaTe HEHpOQPH3MONOrHYecKHX KOHGIHMKTOB. Temn
TIOCTYTUIEHHUS CHTHAJIOB - OCHOBHOH TapaMeTp AesTeAsHOCTH ONepaTopa, onpe-
JEASIONAH MIOTHOCT HOTOKA HHGOPMAIHK, YPOBEHE NCHXOPH3HOTOTHYECKOH
HaNpsDKEHHOCTH ¥ HAI@XKHOCTH cucTeMsl. HafexHOCTh 3aBHCUT Takke OT Bpe-
MEeHHOH HEONPENENIEHHOCTH CHTHAJIOB M MX BEPOATHOCTHBIX XapaKTepucTuk [4].

BeposTHOCTHaA CTPYKTypa HHOOPMAUMOHHBIX CHTHATOB OT CTPYIKKH
YCHJIMBACT MCHXONOIHYECKYIO HaNPSKEHHOCTs BCIEACTBHE HANMYHI CHIHAIOB
Kak ¢ BBEICOKOH BEDOATHOCTHIO (M3MElieHHEe pajnyca KPHBU3HEI), TAK ¥ C BechMa
Manol (HaKeTHPOBAHUE CTPYXKKH, CBEUSHHE CTPYMKKH), YTO TIOBBILIAET OBLIYIO
MJIOTHOCTS HHPOPMALIHOHHOIO MOTOKA.

YcTaHoBNEHa CTPYKTYpa WH(OPMALMOHHOrO NMOTOKA, BOCIPHHUMAEMOL'0
ONEPaTOPOM TOKapHOIO MOAYJIS, BKIIOYAIOmias MOTOKH HH(POPMAIWMH, BOCTIPH-
HHUMAEMEIE 3DHUTENBHbIM, CITYXOBEIM, TAKTUASHEIM H KMHECTETHUECKHM aHallH-
3artopamu. Mctounnkamu nudopMmanuy (o6vexTamy HabnmoleHus onepatopa)
OBUIM CTPYXKKa, AETAllb, y3Nbl CTAHKA, NPUOOPH! CTAHKA, CTPYS CMA3bIBAIOLIE-
OXJIaXKAAFOLIEH JKHIKOCTH.

Honmz paboyero BpemeHH, 3aTpayMBaeMOrO Ha T¢ WM HHBIC NEACTBUSA
CTaHOYHHKA, UCHBITRIBAIOT OOMBILOE paccenBaHHe, & TAKKE CHUIBHYI) 3aBHCH-
MOCTb OT THIIA CTaHKa, pa3Mepa, Qopmsl U TpefyeMoro xayecrsa feTany, Kea-
nidrKanuy paGodero. Tem Gonee CNOKHO YCTAHOBHTH DaclpefeNeHWe ero
BHHMaHUS Ha CHTHAlbl OT Pa3NUYHBIX OOBEKTOB M aHANM3ATOPOB. B 3THX yciio-
BHSIX 3HAYMTENbHO GOMbIIEH yCTOMYHBOCTLIO 06NajaeT paHroBas CTATMCTHKA
[5]. Ha ocnoBanuu 310ro ofnextht HaOIOIe A PaHKHPOBAIK COIIACHO MO
HOCTH TCHEPHPYEMBIX UMK HH(ODMAIHOHHBIX [OTOKOB, IIPMYEM 3TH PaHTH
OKa3aJIHCh Pa2IHYHBIMH B MPOLIECCE PC3AHMA M BHE Pe3aHMa. Pe3syilsTaTsl paH-
KHPOBAHHA HCTOYHHKOB ONEpaTHBHON MHPOPMAlMM CTaHOYHHKOB OKA3ajkCh
AOCTATOYHO YCTOHYMBLI OTHOCHTENBHO IIPEANPHATHA, MOJENH CTaHKa H HO-
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MEHKIaTyphl 00pabaTeiBaeMEIX geTancii.

Beﬂ.}"m}'iﬂ PONbL B CO30aHHH oncpamanoi& HAINPSOKCHHOCTH CTaHOYHHKA
HIpaIOT €ro ACHCTBHS BO BPeM# pe3aHus, TaK KaK OHM NPOTEKAIOT B YCIOBHSX
KECTKHX BPEMEHHBIX OrpaHHYeHHH 1 ToBbIlIeHHOH omacHocTH. lLioTiocTs
HH(QOPMAIMOHHEIX [IOTOKOB OT Pa3NHYHBIX HCTOYHMKOB DKCHOHEHLHAIBHO
yOBIBaeT ¢ yBenuucHuem paura, Tak uto 80-90 % wHpOpMALHK IPHXOAUTCH HA
3-4 ocHoBHBIX HCTO4HHKE. CTPYXKA KAK MCTOYHHK UHGOPMALIUU O COCTOSHHH
TEXHONOIHYecKoH CHCTEeME! 3atiMaeT 1 U 4 MecTa NIpH pe3anut U 3 MecTo B Ie-
pephiBax.

HawnbormplueH pazmMepHOCTBIO 00NafaeT MOTOK HHOPMALKH OT CTPYXKKH:
OTIBITHEIH omiepaTop Qukcupyer 3-5 napameTpoB CTPYKKH B NPOLECCE €€ ABH-
xeHus H 4-7 napaMeTpoB CTPYXKKH B cTaTHKe, KpoMe Toro, noTok HHGOpManHu
O CTPYXKKe BKIouaeT Haubonee BLICOKOHACTOTHEIE COCTaBNAIOLIHE: €8 COCTOs-
HUE MeHseTCs ObICTpee, YeM JeTanH, MHCTPYMEHTa H CTaHKa, TakuM ofpasom,
NpY TOYEHHWH OCHOBHOH NMOTOK MHGOPMAUHKH, ONpPeleILIONMi YpOBeHb NCHX0-
JIOTHYECKOM HAaNPSKEHHOCTH ONepaTopa, reHePHPYETCA CTPYIKKOH, a ncuxodu-
3MONIOTHYECKas HaNpsSKEHHOCTh ONePaTopa B 3HAYUTENBHOH CTEIIEHH CBA3aHA ¢
napaMeTpami o0bpazyroimeics cTpyKKH.

H1st nmoxTBEpkAEHUS Pe3yJsTaTOB IKCIUTyaTaUMOHHBIX HabmoaeHa# u
3KCIEPTHOTO OLEHHBAHUSA, IPOBENU Nab0paTOPHbIE HCCTEAOBAHMA BIHAHMS M2~
paMeTpoB CTPYKKH M 00YCIOBIEHHEIX €0 YCHOBHIL TPyAa Ha MOKalaTeNly ICH-
XO(QHU3NONOTHYECKOTO COCTOSHHA oneparopa. (PHKCHpOBaIM HacTOTy TMyIhbCa,
KOTOpas ABIACTCA KOMIUIEKCHRIM MOKasateneM (QMIHOIOTHYECKOH U IICHXOMO-
THYECKOH HampsDKEHHOCTH ONEpaTopa, Ha 3alsiCThe PErHCTPHPOBAIH KOXHO-
ragbBaHUYeCKHH pedriekc, OUeHHBAOIHIT ICHXOMOTHYECKYK) HAaNpHKXCHIOCTS,
NPOBOJUIN [UIAHTOTPAQHMIO, CAYKAILYIO INS OUEHKH TeHEpAIH30BaHHOIO Ha-
NPsDKeHHs MBIIIL, HA KOTOPOe B HallleM cIIydae BIHSNH, B OCHOBHOM, TICHXOJIO-
THYecKue (akTopel. Mcrione3osany Takxke n3BecTHyo Metonuky CAH, onenn-
BAIOLIYI0 TPH KOMIOHEHTA COCTOSHHMS: CaMOYYBCTBHE, aKTHBHOCTb, HacTpOe-
HHE.

Wsmepenns nposomuny nepest HavanoM paborsl Ha pabodem mecte, mMo-
CJIC YCTAHOBKH 3arOTOBKM H HHCTPYMEHTA, NPH paboTe OBICTPOPEAYIIHM HHCT-
PYMEHTOM Ha HU3KO# CKOPOCTH C YZOBIETBOPHTENHHOM CTPYXKOM, npu paboTte
TBEPIOCIUIABHBIM HHCTPYMEHTOM (Ha BBICOKMX CKOPOCTAX) C YAOBJIETBODH-
Te/bHOK (BUHTOOOPA3HOI) ¥ HeyAOBIETBOPHUTENbHOM (TyTaHoH) cTpyxKoi. Ta-
kuM obpasoM, auddepeHUHPOBAHO BHIJENHIH BAMSHHE (AKTOPOB, ONpese-
JAIONIMX COCTOAHME OnepaTopa: u3H4Yeckas Harpyska (IIpH yCTaHOBKE H 3a-
KPEILIeHHH 3aroTOBKH), HaOmoAeH e 3a TPOLECCOM pe3aHusi, BHICOKHE CKOpO-
CTH BpallEHMA 3arOTOBKHM H Mpucnocobnaenyus (marpoHa) npH pabore TBepao-
CIIJIAaBHBIM HHCTPYMEHTOM H, HAKOHell, HeYIOBIeTBOPHTENbHAs CTPYKKA.

IToxazano sBHOe mpeoGnajanue BAUSHHS ONACHOH CTPYXKKH cpeau dax-
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TOpOB, ONPEMEAIOIIHX COCTORHHE CTAHOUHMKA. IloaTsepiaena moMuHaHTA
[lcuxudeckux GaKTopos Haj GU3HONOIMYECKUMH: Mocne PU3HUECKHX HArpy30K,
CBA3AHHBIX C MOABEMOM, YCTAHOBKOH W 3aKDEINEHHEM 3ar0TOBKH, OTMCUEHO
aunts nedonbinoe u3menenne KI'P, a cybnekTusHOe OlylIeHHe COCTOSHUA aa-
xe yayumunoch. Habmonenue 3a MPOLECCOM pe3aiis Takke BHECNO Mabiif
BKNIAJ| B HANPSKCHHOCTbH ONEpPaTOpa: OTMEYEHO HE3HAYMTENBHOE Yy4auleHue
[yJibca, U3MEHEHHE Pe3y/IbTaToB IIaHTorpaduu Ha obeux HoraX. 3ToT aKTop
OUIYTHMO BJHAET TOJBKO B 0cofbIX ycrnoBuaxX: 06paboTka Ha TsOKenslX craHKax,
gpcToBas 00paboTka Ha [pejielie TOYHOCTH CTaHKa, Hapesande pe3nl pesroM
6es UITY.

TToBrinieHHe CKOPOCTH pe3aHus IIPH MEpexoAe OT OICTPOPEexXYIIero K
TBEPAOCIVIABHOMY HHCTPYMEHTY CYLIECTBEHHO YXYHLUMNO KaK OOBEKTHBHBIE,
TAK U CyOBEKTMBHLIC MapaMETpEl COCTOSHUS. 3TO ABNSETCH CIEACTBHEM Kak
YCWICHHA ONAcHOCTH 3a C4eT OBICTPOBPALIAIOINEHiCA 3ar0TOBKH # NIATPOHA, TaK
¥ TOBBIIIEHHUA TEMITA MOCTYILICHUS HHPOPMALIMOHHEBIX curHanoB. HauBonsume
H3MEHEHHS BCEX DErHCTPUPYEMBIX IapaMerpOoB CBA3aHLl ¢ H3MEeHEHHMeM THIa
CTPYXKH: OT BHHTOOOPa3HOH K IyTAHON. DTH U3MEHEHHS B YCNOBHAX 3KCIEPH~
menta cocrapunu 60...85 % ofmiero Auanazona CHIKGHUS nokazartencit co-
CTOSHMA CTAHOYHHKA [T0 CPABHERHIO C HCXOJHEIM COCTOSHHEM,

Crnucox suteparypsi: 1. Tuwmion B., Cunrx Y. MexenepHsle MeTomp!
obecnexenus Hag&KHOCTH cucTeM. - M.: Mup, 1984. - 318 c. 2. COopuwlii TBep-
mocnnasHEM HHCTpyMeHT / I'JI. Xaer, B.M. I'ax, K.I'. I'pomakos u ap. - M.:
Maumunoctpoenye, 1989. - 256 ¢. 3. Teopus UPOEKTHPOBAHKA HHCTPYMEHTa H
ero HE(OPMAIIHOHIHOE 0bCCieyeHHe: MAPKETHHT, KBATUMETPHS, HANEKHOCTS U
ontamusaums / I'JI. Xaer, B.C. T'ysenko, JLI. Xaer u ap. - Kpamaropck:
AIMA, 1994. - 370 c. 4. [lymkos b.A., Cmupros B.A., Tepexos B.A. Hrxe-
HEPHO-IICHXONIOTHYECKHE OCHOBBI KOHCTPYKTOPCKOH AesTensHocTH. - M.: Beic-
iag mrona, 1990.- 271 c. 5. Kennan M. Panrossie koppensuyu. - M.: Crati-
cTHKa, 1975. - 216 ¢.

AHAJIOTOBOE MOJAEJHWPOBAHUE IMHAMUKU
ABTOMOBHMJIBHOT'O AMOPTHU3ATOPA

Xapuenko A.O., Kocosa I'.®., poxyanu A.I'., Kocosa A.M.
(Ceal'TY, e. Cesacmonony, Vipauna)

The model of the hydraulic shock-absorber, designed with application of a
method of electromechanical analogy is reduced. The possibility of a parameter
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optimization of a suspension bracket of the automobile at a stage of designing is
obtained.

AMOpPTH3ATOPEL  OTHOCATCS K JACMIQUPYIOUIMM 3EMEHTAM CHCTEMb!
MOXBECKH, KOTOpast CAYXXHT MUIS raileHus xonebamuil Ky30sa TPaHCHOPTHOTO
CPCACTBA, BOBHHUKAIOWHX MPHK ero JsixeHun. KoHCTpyKIHs U Texuuyeckue xa-
PAKTEPHCTHKH aMOPTH3aTOPOB B 3HAYUTENBHON Mepe ONpenensioT NOBedeHHe
aBTOMOOW/IA HA JOpOTe, €r0 YCTOHYHBOCTh M YNPABASEMOCTh M CYIECTBEHHO
BIIHAIOT Ha 0€30MacHOCTE ABMXEHHS.

B nacrosuee Bpems 00/IbUIOE BHUMAHKE YACNACTCH PETYIHPYCMBIM amop-
TH38TOpaM, JKECTKOCTb KOTOPBIX MEHSeTCA B 3aBUCHMOCTH OT pelibeda Jopori.
Mx npeumyliecTBoM mnepen TpaadUHOHHBEIMH HEPEryIHpyeMbIMH KOHCTPYK-
ugsivmu ABIIseTcs obecneyente Gosee BLICOKOR YCTONYMBOCTH H YNpaB/IgFeMOCTH
TPaHCHOPTHOIO CPEACTBA HE3aBUCHMO OT XapakTepa AOPOXHOTO NOKPBITHSA ¥
yenoenit nBwkenus. K unuciy peryanpyemsix MOKHO OTHECTH paspaboTaHHEIe B
CeBacToNnoNBECKOM TOCYAPCTBEHHOM TEXHHYECKOM yHusepeutete (YkpawHa)
Au(depeHuMpPOBaHHLIE aMOpTH3aTOpsl [1,2], aBTomaTuuecky «HOACTPaMBaIO-
e MOJBECKY MOA pesibe) AOPOTH C MOMOLIBI0 THAPOMEXaHHUECKHX Oyde-
pOB.

Jlta NOBBIMIGHHS DKCIUIVATAIIMOHHON HAJEeXHOCTH aBTOMOGHIIEHOIO aMop-
TH3aTOpa C PerylMHPYEMbIMU XapaKTEPUCTHKAMU Leeco06pasHo MpOrHO3Hpo-
BaHue ero MMHAMHYECKUX KaYeCTB eIlle Ha Tale npoexruposanus, [is perte-
HHAA ITOH 33Jjayu HeoOXOMMa MOJeNlh, CBA3RIBAIOLIAS 3aKOH HAMEHeHHS pabo-
4HX YCHIHH C KOHCTPYKTHBHBIMH NapaMeTPaMH 3/ICMEHTOB amopTi3aTopa. Ha-
TMYME TaKOH MOZIE/NM MO3BONMT HE TOJBKO MCCIEHNOBATh CHIIOBbIE XapaKTepu-
CTHKH aMOpTH3aTOpa 1O H3BECTHBIM KOHCTDYKTHBHEIM M TCXHHYECKMM Ilapa-
MeTpaM (MpAMas 3ajada), HO M ONPEAENATh KOHCTPYKTHBHbIE napaMeTphl,
obecnedBalOMe 3aaHHbIH 38KOH U3MCHEHHS paboymX yeunuii (obparnas 3a-
JIa4a), 9T0 HMEET HECOMHERHYIO NIPaKTHIECKYIO LIeHHOCTb.

B kadecTBe HCXOAHOM MOAie/ HaMK ObUT BrIOpaH IBYXTPYOHBIH rHApaBIH-
4eCKHH TeNlecKONMYecKult aMOPTH3aTOp, HAIEAIIH HPOKOe TIPHMEHEeHHe B aB-
TOMOOHIBHON MPOMBIIUIEHHOCTH. DYHKIHOHANLHO aMOpTH3aTOp MOMKHO TIpell-
CTaBUTE B BUAC CHCTEMB! TPEX THPABMHYECKHX EMKOCTEH MepeMEeRHOT0 o0Bema -
NOPIIHEBOH NONOCTH 1, ITOKOBOH N0OCTH 2 ¥ pesepByapa 3, CHf3aHHBIX MEXIY
coboif mepemyckupME Kiananamu 4...7 (pucysox 1). CKopocTh nepeMerieHus
CBA32HHOrO ¢ KY30BOM aBTOMOOWIIA IUTOKA 8 3aBHCHT OT CKOPOCTH MepeTeKaHHs
paboyeii uAKOCTH (Macna) U3 OLHOM MONOCTH B APYIyO, KOTOpas, B CBOK Oye-
PEIIb, ONpPEAENAETCs KECTKOCTHBIMU XapaKTePHCTHKAMK KIIanaHos 4 U 5 npu xoze
CKATHA aMOpTH3aTOpa M XapaKTEePUCTHKaMH KIanaHoB 6 u 7 mpu Xxome oT6OS
amoptrzatopa. Cea3aHHas ¢ xoprycom 9 npysxuna 10 MPOTHBOAEHCTBYET mepe-
MCILEHHIO IITOKA OTHOCHTEJILHO KOPITyCa, CTPEeMSCh BEPHYTH €ro B HCXOMHOE 110~
JIOWKEHHE,

24

Pric.1. Tlpusumnuanshas cxeMa asTOMOBHILLOTO THIPABIHYECKOrO aMop-
TH3aTOpA.

3&11&‘18% MOJENUPOBAHUA ABIHCTCS ONpECICHHE 3aK0Ha JIBIDKEeHMA [ITOKA
8 amMopTH3aTOpa Noj AeHcTEHEM Harpysku F{{), fefcTByrollIel Ha CHCTeMY o CTo-
POHBI KoJieca aBToMoOwIst. Kax mpae#io, ra Harpyska mveer Cly4aiHBIH Xapax-
Tep, 00YCAOBNEHHBIN HEPABHOMEPHOCTHIO penbeda AOporH.

Choxubiii xapakrep Konebamuii dmemeHTos TIOIBECKH TIPUBOMMT K TOMY,
IT0  HCCICNOBAaHHE [MHAMHMKM  aMOpTHM3aTOPa C  TIOMOIIBIO duzuko-
MEXAHUHCCKAX MOZENel OKa3EIBaeTCs BEChMa TPYA0EMKHM. Yrnpoctuts 3agauy
MOXHO, IPHMCHUB U1 aHATM3a METO 3JEKTPOMEXaHHIECKOM @HaNlOTHH, OCHO-
BAHHBIH Ha OOWHOCTH Mu(depeHnransHbX ypaBHeNHH MeXaHUYeCKUX M JJIeK-
Tprieciux cucteM [3]. CymuocTs MeToa 3aKmoyaercs B TIPEJCTaBIeHUH Me-
XGHHHECKUX 3JIEMEHTOB TEXHUYECKOTO O0BEKTa B BUJC 9NEKTPHYECKHX Tapa-
METPOB, ASHCTBUE KOTOPLIX Ha IMEKTPUYCCKHH TOK 3KBHBAICHTHO AEHCTBHIO
paccma'rpmsaemmx MEXaHHYECKHX IapaMeTpos; MacCChl, KECTKOCTH U Tak janee.
HPH 3TOM MO,E[&JIHpOBaHHe JAHHaMUKH MEXaHUYEeCKOH CHCTEMBI CBOAHTCA K HC-
CNENOBAHKIO BJIEK[‘[)OMaFHHTHBIX MpOIECCOoB B eg SNEeKTPHYECKOM aHaJore, 4to
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1103BOJISET MPHBICHb K PEUICHHMIO 3a/la4K CYIICCTBYIOWMA MaTeMaTH4ECKHH all-
napaT aHaIM3a NIEKTPHYECKUX LUenei.

B DaHHOM criyyae aHIOI'OM I'MAPOMEXAHUYECKOH MOUENH aMOpPTH3aTopa
MOXET CIYXXUTh SJICKTPHHECKUH aemMndupyrommi KoHTyp (pucyHOK 2). Dnek-
tpuyeckue emrocty C1...C3 spnsiorcs anajgoraMM IMAPABIHYECKHX pe3epBya-
pos. Pojs nepeityCKHBIX KIanaHoB BHINONHSOT yyactku r12-L12, r13-L.13, r21-
121, r31-L31. JeifcTBHe Npy>XHHBI MOAENHPYETCs ¢ rmoMoLipko emkoctd C4 1
aKTHBHOTO CONPOTHBIEHUs rd, BeluuMHa KoToporo nepemenna. Cmena xopa
CaTuid aMOpPTH3aTOpa X040M othos MOACHHPYETCA MyTeM MepeKiloydeHua nie-
anpHpx BeHTHIeR VS1...VS4. B KOHTYp Takke BBeAeHbl aKTHBHLIE CONpO-
tupienys R5..R7, yudTeIBaronMe NOTEpH Ha TpEHME B Y3Jax aMopTH3aropa.
AHanmoroM MexaHuyecko# cuiibt F(f) CIyXHT HCTOYHHMK, FeHELUPYIOIHH 3MeK-
TPOABHXKYIIYIO cHAy E(7). -

Ces3p MEXAY THAPABIHYECKUMH M JNCKTPHYECKHMH NapaMeTpaMy IpHBe-
JneHa B Tabnuue 1.

Li2 W51 [vs2 L13

cz

E(t}

Tabnuua 1 - COOTHOIEHHE MEXaHHHECKUX Y JIICKTPHYECKHX MapaMeTpoB Puc.2 .
HC.2. DIEKTPHUECKUH AeMIdupyroummit KOHTYP.

MexaHH4ecKHil mapaMeTp ONEKTPUYECKHH DapameTp Ha ocHose vkaza 5
i : .
Haumenoarue | OBosuadenue, Haumenosanue | OGosuaueHwue, b eHuHanBﬂuﬂ HBIX B TaOJIMIC COOTHOWICHHMA COCTAaBIACTCA CHCTEMA
dopmya bopmya e P X YPaBHCHUH, OMMCHIBAIOMAN COCTOAHHE 3EKTPHYECKOro KOH-
O6seM KuaKo- 14 3apsaz, Kn ]
3
CTH, M 1 d!" i
JlaBneHue Kull- | r Hanpsoxenue, B u Ly - g Tl Flhy —uo —Ry G —d“- =—E(t)~up, —1, i,
I ?
KoctH, I1a L di, .y dugs
v et r, . - 5 - e A, PR 5 .
Pacxof HHIKO- & av Cuna Toxa, A . do u T T thy F ity + Ry -G i A e P R
3 T s = di
cTH, M/C iy . du i
4 dt dt Ly, dt Fry byt U, + R, C - mzft(f]‘*'”m +r -y
['MapaBnuue- % Emkoctb, O o di oy
C.‘!:_ C:— I _i+r i du3
cxag %MKOCTB, p u N Thith Uy ~Uey — Ry -Cy ‘-.Ldf =E() +up, +r, -0y
e M /Tla f"'CI“'RJ'il=_“;(r)":"(:< =ty -l
uppasnnye- Ap AKTHBHOE COTIPO- u ki d
Rf:=_ 0 R =— i, +C .—&_C‘,_M_C3_‘_ . (l}
CKO€ COIIPOTHB- G THBJIeH#Ee, OM F a ¥l > L =0
nenne, TTasc/M i
o P L
Huepuunon- Ap MHAVKTHBHOCTS, u g
2 = — =
HOCTB, ITasc/M M dG / - I'n L dg/ duc,
=i
dt dt z a?:‘, 33T
..
-3 I, "fn;
dt
du
C‘ C4 = I-‘
di
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. OHNPEAEJEHUE METOJOM UMUTALIMOHHOT O
MOIEJIMPOBAHHUSI METPONOI' MMECKUX XAPAKTEPUCTHK
| ABCOPBIIMOHHOI'O METAHOMETPA

THE Uyy,..4;5, — HATIPSDKCHHA Ha MOEANbHBIX BeHTHIAX VS1...VS4; ug,..u-,— Ha-
npsxenus Ha snektpudeckux eMrocTax Cl...Cd; ii,,h.iy, 0,050 - TOKH,
npoTekaiowuue cooTseTcTBeHHO epes eMkocTH Cl...C4 u RL-anemMeHTEI. :

BenvurHa aKTHBHOIO COMpPOTHBIICHHS r, W3MEHAETCS MO CIEAYIOLICMY 38~ |

KOHY:

Xaamor M.T', 3opu A.A., Kouun ALE, (onlTY, 2. loneyx, Yrpauna)

lhe mathematical model a process of measurement of concentration of methan
Anan optical channel is offered. The model is used in algorithm of definition of
Nncentration of methan in an atmosphere of underground developments of
Nllieries. Introduction of the additional optical channel and given algorithm
Niovide elimination of influence of a miner dust in the open optical channel on
esult of measurement of concentration of methan .

ITepexon x pazpaGorke rayboko szaneraronmx YIONBHBIX IIACTOB Ha
MOIbHBIX IaxTax JlonGacca BEAET K YBENMYCHHIO TA3OBBIICICHHS B TOPHBIX
HpabOTKaX, MOBKILEHHIO TEMIIEPATYPEL B HHX, & TAK JKe YACTOTh 1 HHTEHCHE-

u
ry=Ry-(1- 250,
Cl

. 770
rae R, — ucxozHoe conpotuenenne; Upy — 3HaueHHe HaNpSKEHUs HA eMKOCTH

C1 B cOCTOSHHY PABHOBECHS KOHTYPa, f - NOCTOSHHBIH KOG OULHEHT.
I'pasHyHbIe YCAOBHS ONPEAEISIOTCS CIeAYIOMME YPARHEHUAMH:

ipse 20 OCTH TA30{MHAMHMYCCKUX TIPOSBIICHHH, CIIC/ICTBHEM KOTOPBIX SBASETCH HOBbI-
uysy <0; UCIHE ONaCHOCTH BEACHUA 'OPHBIX padoT.

B Takux ycioBusx 0coboe 3HaueHne NPHOBPETAIOT BOIPOCH! KOMILIEKC-

iysk *Uyst = 0. FI0 OCHAIMCHKS [IaXT HeMPEPLIBHO JNCHCTBYIOIMMH CPEJICTBAMY aBTOMAaTHYE-

10r0 KOHTPOIIA MIOBBILICHHOTO OLICTPOACHCTRIS COCTaBa M NAapamMeTpoB pPyJi-
HYHOH aTMOCHEPL M OHOrO M3 OACHSHILNX ee KOMNOHEHTOB — MeTaHa, (o-
“(CHO TAaHHBIX CTATUCTHYECKHX MCCneoBanuii [1, 2], npu razonaHaMuueckux
BICHIVIX B LIAXTAX KPHTHYCCKOE BPEMA OTKIOYCHHA TEXHONOIHYECKOTO DIIEK-
poobopynoBanus, ofecneunBaroniee mpeIenbHO JIOIYCTHMOE 3Ha¥CHHE BEpO-
fHocTH aBapuifHol cuTyaluu, coctarmser 4,5 cex. CyniectByromuie cramgmo-
EHBIC CPEJICTBA KOHTPOIIA KOHIUEHTPAIMH MeTaHa 061aaioT obImM Heaoc-
#TKOM — HH3KMM OBICTPOICHCTBIEM, 00YCIOBIEHHBIM 3HAYMTENbLHON HHEpPLIH-
OCTBIO OnpeieneHust 00beMHON KOHUEeHTpauun Merana. Tax, HalpuMep, ¥
[PMOKATAIMTHICCKUX METAHOMETPOB 3TO BPEMSI JOCTHTAET IBAXLATH CEKYH.
Conpemennbie TpeGosanus 6e30M1aCHOCTH BE/IGHUA TOpHBIX pabor npe-
lCMATPHBAIOT HEOOXONUMOCTE HENPEPHIBHOIO KOHTPOJISA COCTOSNHHS PYJIHHY-
lioli armocdepsr nyrem wcnonszosanms YAOOHBIX M HANEKHBIX JCKTPOHHBIX
CTEM KOHTPOJTA, BBINOTHEHHEIX C Y4ETOM HOBBIX KOCTHIKECHHI MUKPOIIEKTPO-
KA M U3MCPHTCNIbHOH TEXHUKH, PHMEHEHHEM COBPEMEHHOH MMKPOIpOLEC-

e iyg ,k =1...4— TOKM, IPOTEKAOIIUE YePe3 AUSANbHEIe BCHTHIH VS§1...VS4,

X 0 170
3uadenus HaNpsOKeRUH Ha BeTBAX KOHTYpa Ug;..Uc, ¥ emxoctelt Cr...Cy B

HCXOHOM COCTOAHMM (COCTOSHHH PaBHOBECHA) ONPENC/IOTCSA N0 HaYanbHBIM
3HaYeHHIM pabovuX HasleHHH pkn, k=1...3 u 00beMOB rHAPABIAICCKIX EMKO~
cteii Vi, k=1...3 ¢ yuerom x03QQUIMEHTOR paccoriacoBaHuA.

Cuctenma (1) pemaercs ¢ IOMOLIBIO MATEMATH4ECKOTO NPOTPaMMHOI0 NaKe-
ta MathCad 7.0. MiccneioBanue AHHaMUKA aMOPTH3aTOPa IIPpM  Pa3iBvHbIX 3a-
KOHaX W3MeHeHWs BHemIHeH Harpysku E(f) mossomut Gonee addexTusHO pe-
AaTh 33724y TIOBLINICHAS HAXEKHOCTH H 0€30MacHOCTH TPAHCTIOPTHOIO Cpefi-
CTBa.

Cnucox nutepatypst. 1. ITarent Poccuu Ne2103185, BU Ne3, 1998.
B 60 G 17/08 AmoprasaTop ¢ peryimupyemsiM ycunuem cxatus / Jynxos JLB.,

J. (UA). 18.06.96. - Ony6u.
?’? 01.98. 2 II?K XSE::;I:ON};&SQHE;IB 3? 3% g99) MKW B6O G 1702789107 Texsonsct 1 ortma oxenyaaim cytaectayiomn crcrom KOHTPOISI.
.01.98. 2, [Tarent o s 30, 5

i 7 usoxHoro apromobmng / Yynkos [I.B OBbeMHas KOUUEHTPALHS METAHA MOXKET GbITh PAKTHYECKH MIHOBEHHO
SSIBRARIEIICY o s nepe,u:egp r'!;H " w AL, UYymos A J1 [BMepena 6e3AMCIEPCHONNBIM  aGCOPGUMOHHBIM CIIEKTPOCKONMYECKMM METa-
HOBOCG;IE]; QSIO.Ié;IyﬁXagl;eigxgg 3'T;pe:ir,ga)ﬁ'&;1lM : ::ﬁ)lep IO.P. Tpax-{METPOM € OTKPEITHIM ONTHYCCKHM Kananom. CyIIeCTBYIOLHE CpesCTsa 3-
(UA).13.05.98. — 1. 27.10.99. 3. M., Hx WP,

xiix cricTem: CTIpaBoHOe Hoco-CPeHAA KOHICHTPAIWA METala, HCTONL3YIOLIHe ITOT Ke METOM, HE MMCIOT
THKa HANOrOBOTO MOJCAHPOBAHIT HI;;IEMPT"IW ’ BICOKOTO BBICTPOACHCTBMS BCIIELCTBHE IPHMEHEHYS CPECTB POGONONIOTOR-
6ue. - M.: Dueproaromuszart, 1987. - C.- HA t: GUABTPOB U8 OYNUCTKH raza oT PYAHHTHON 1BLUTH.
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Komnencauys BAHSHUA p}'}lHH‘THOﬁ 1IBLJIW B OTKPRITOM KaHajie, yHeT -
HAMWYECKUX M3MEHEHHH M3MEpACMOro IapaMerpa Cpeibl Ha OCHOBC HpPEIo-
JKEHHOTO MCTOa KoMneHcaluy, & TakKe YHer ﬂpOCTpaliC'i‘BeH110-3136-.’\461‘]1—!0
H3MEHYHUBOCTH napaMCcrpon ETMUC(DS{JB] TYTIHKOBBIX BpraﬁUFOK A8 onpenegne-
HHUA MECT pasMeLlChiud H BPeMEHK BBINONHEHHA H3_\-iepi’.’.l{i}.ﬁ — 3aaadu MTOCTAR-
TNeHLIC aBTOpaMH [IpH NPOBCACHHH HCCJIQ,IIOBHIIHJ‘;L

INp# cramyoHapHOM pexuMe paboTsl TyHHKOBOro 3abos KOHIIEHTPAIHS
HUTH B HeM (B TOM 4HCIC M B HENOCPEACTBEHHON 01430CTH 0T 3a604) cosfaet
QHOKPETHOS OTpaMEeHHC KOMTHMHPOBAHHOI'O jyya OoT 4YacTHI ITBIIH, MTO ﬂ,a"
BO3MOKHOCTh CHHTATH TIpolece paccesHus MK-u3lydeHus TbLTbi0 NOIIHHENIO-
rmmest 3akony JlamGepra — Byrepa. [{ns xoMnesHcaluy BAUSHMS MBUIM HA Pe-
3yJRTaThl H3MEPEHHH B M3MEPHTENb BREJIEHBI ABA MIPOCTPAHCTBEHKEIX H B HUX
710 7iBa YACTOTHRIX Kauanma. CXeMa ONTHYECKHX KallaNioB, paccMaTpuBaeMOro
MeTaroMeIpa, Nipuse/ieHa Ha puc.l. 3nece oGosuauenst: VM1, M2 — uctounu-
k uanyuenus; O1, 02, O3 — o6pextuse;I1131,32 ~ nomynpospayroe 1 0Tpas
skatenbioe 3epkata; OK1, OK2 — paBounil 1 KOHTPOULHEIH OlTHYECKHE KaHa:
net; ©I11, OI12 — hoTONpPHCMHAKH OXNTHYECKHX KaHaNoB. JJTHHa BOHBI HCTOY
nyxa uanyderust M2 spibupacicd B CMEKHOM AHAIA30HE ¢ OCHOBHBIM HCTOYS
koM manygenns M1, Dmuna sorwsl MM2 aomkHa nprHaaiexats 001acTy
itpo3pagrocTy waxTHOH armocheps. Jlomxken Otk yuTeH coctaB KOMIOHCHT
maxTHOM arMoc(epsl ¥ ux moraonenus MK-uanyyenns. [nu#a BoiHb HCTOY
Huka uaayyenus VA2 spibpana B auanasone [2.85 ... 3.05], MM ¢ geHTpOM |

Aoy = 2.9 MKM .

b o
0K 2 ] O 2
______ 10 25
0K 1 )- @1
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riris1

Puc.1. Cxema GOpMHpPOBaHHS ONTHYCCKHX KAHANOB METAHOMETPA ¢ O
KPBITBIM KaHAJIOM.

oo

B oCHOBY aliTOPUTMa KOMIICHCAIMM MOJOXKEHA M0C/AeI0BaTeNbHad MO-
jlenb BAHSHUA (AKTOPOB NPHUBONAIMX K H3IMEHEHHIO MOLIHOCTH H3NMyweHHs B
paBoucM OTITHHECKOM KaHale: OTOK W3TYYeHHs [OCIeN0BaTeNLHO 0bpabarhl
BAGTCS TPEMS 3BCHBSAMM, YYHTBIBRIOUIMMH PacCeiHue M3NYHYEHHS NBUTBIO, T0)
rAOUIEHHE METAHOM, TPOIIYCKAHUE H3TYYeH!s 3afbUTeHHBIMK OKHamMy paboyend
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KaHana.
CoOTHOIUGHUS, OMKCHIBAIOLIMC BAMAHHE HAa MOILIHOCTE ONTHYECKOTO

cHrHana BceX (PaKTopoB, MOAENHPYEMBIX KO3Q(HIHEHTaMH Nepeadd COOTBET-
mylo]ﬂ}{x 3BEHBEB, H NPHBOMALUCES K H3MEHEHHIO MOUHOCTH H3RYUCHHSA, And
K@KJIOTO KaHajla ¥ CHIHAIa NPHHUMAIOT BUAL.

— OTKpBITHIA KaHall, CHTHAl OCHOBHOTO H3MEPUTENBHOr0 YaCTOTHOTO

KaHaJa:
QI{A""CCH4 D e Dyp) = Py - K, Dpac )-K(,zm,an)-}({ﬁ.‘,,,CCH4 Yirzves (i)

— OTKpBITEIH KaHal, CHIHA CPaBHUTEIBHOTO YaCTOTHOIO KaHama:
‘”z”’vvopac ,an )=@, -K{}.&,Dpac)- K(ZW,DHP Yo 2)

—  KouTtponeuslif onTyyecKuil KaHai 3anoHeH He MOrnomawel ra-
30BOH CMECBIO H H30IMPOBAH OT aTMOC(EPhl NOA3EMHOH BLIPAbOTKH, O3TOMY
Ha ONTHYECKHE CUTHAIBI B HEM He BIUAIOT BO3MYLIAIONIHE QAKTODEL:

Dy =Dy, O, =D, 3)

OGecriedps paBEHCTBO BXOJHBIX CHI'HAOB KAHAIOB: @y = @y, &, = By,
TIpoLeaypa KOMIIEHCAIIUY OTIpeJIeNieta B BHIE:

o B

P K(lm,ll'

(4)
21153

Jnst oueHKH 3QEKTHBHOCTH ONHCAHHOrO AITOPHTMA KOMIEHCALMH H
000CHOBAHH OCHOBHBIX TAPAMETPOB GHICTPOIEHCTBYIONIEN0 METAHOMETPA Pas-
paborana MMMTALMOHHAS MOJENb €10 QYHKIMOHHPOBAHWS B YCNOBHSX CTa-
LHOHAPHOro pexuMa paboTl TYNUKOBOK TopHOH BbipaGoTKH. Moaensio yuTe-
Hbl HEOJNHOPOAHBIH XapaKTep paclpesiencHus NoNiel KOHUEHTPauuH MEeTaHa H
PYAHHYHOH MBUIA, BIMSHHE TEMIEPATyphl HA Pe3ynbTaTsl H3MEpeHHi. M3Me-
pAeMas BenuuuHa (KOHLEHTPAlMA MeTaHa) ¥ BOIMYUIAIOMue (GaKTopsl (KOH-
UCHTpauus pyAHHYHOM TBUIM) ONPEAENANUCh KaK HHTErpal OT pachpelelleHHs
STHX TapaMeTpOB BJOJb TPACChl ONTHYECKOrO JydYa ¢ YYETOM HU3MEHYHBOCTH
TlapamMeTpoB BO BpeMeHHu. B pafioHe pasMemiess MeTaHOMEeTpa B FOPHOH BHIpa-
otke nonaramuck nons KOHUEHTPALA METaHa U NBUIH JIOKANLHO OXHOPOMHEI-
MH ¥ W30TponHEMY. [1pK MOAENHPOBAHHH KOHIEHTPAL/H METaHa H TIBLTH B pa-
6ouem onTuueckom KaHane (HTETpanbHEIE pacipeneneHys BAONL TPACCH! ON-
'mtrecifom flyqa) ObLin TPEACTaBNeHs! UMGPOBEIMH PasHOCTHBIMH MOIEISIMHE
CHIYSaHHBIX CTALMOHAPHBIX TpoueccoB. HeonHopoamslit xapaxtep moneit yuu-
TRIBANCA M3MEHEHMSIMM MX TIAPaMEeTPOB NpH BEIGOpe MECTa pasMeIeHHs MeTa-

HOMETpa B ropHoit BrIpaboTKe.
Monenuposanue Brmonseno B asa stana, Ha TICPBOM 3Tale OCYILEeCTB-

s
CH,

e i
Ha HMHATaUys HacTPOHKH M IPALyHpOBKH M3MepHTens. PaspaboraHa pampmo-

H [ -
&IbHAs cXeMa HACTPOHKH YCTPOHCTBA, NMPEAYCMATPHBAIOILAK yUeT HepaBHOi
YBCTBUTENLHOCTH (OTONPHEMHHKOB NPOCTPAHCTBEHHBIX KAHANOB K YACTOTAM
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ocHOBHOTO (Ao = 3,31 MKM) 1 cpasuHTEnbHOTO (A); = 2,9 MKM) KAHAJNOB M MX
He MACHTHYHOCTB. Tak e YUTCHBI: HECHMMETDHSH rnokasarenei reoMeTpruye-
CKOH ONTHKH KaHaOB, 00YCIOBNGHHAS PA3IMYUAMH B JUTHHAX ONTHYESCKHX My-
TeH CUIHAJIOB; PA3NUuHbLe 3HAYCHHS KOI(DOUUMEHTOB BBOMA M3IyYeHHS B Of-
THYECKHE 2JIEMEHTH! CHCTEMBI, KOHEYHAadA TCYHOCThH HaCTPOﬁKH CBCTOOENMHTENH
KaHasoB (nosyrpospayroe sepkano I1131).Hactpoiika uamepuTens ocyiecTs-
JIAeTCs MYTeM NepeMHOXEHHUS 3HAYEHUH CHTHANOB BCEX KAHAIOB Ha KOPPEKTH-
pyrotue ko3 duuuenTsl, ofecreyyBarLIMe paBeHCTRBO CUIHATIOB BCEX KAHANOR
IIpy yCTpaHeHHH u3 paboyero kauana Beex $akTOpOB BEAYIIHX K YMEHBIICHUIO
MOTOKA HM3IYYEHHS (HCIGI'K}‘{E‘:HHS NbIN¥ W METaHA ITYTCM YCTaHOBKH Ha MeCTo
pabouero kanana OK1 KioBeTh aHalOrM4HOM YCTAHOBNEHHOM B CPABHHTENEHOM
xanane OK2).

HIMuTanys rpajiynpoBKy BBUIONHEHA TIPH NOJAYC HA BXOJ U3IMEPHTENs
HCTIBITATEIBHOTO OIUHHAANATH YPOBHEBOro curHana. CHIrHanoM MoAenupyeTcs
ycraHoBka Ha MecTo OKl kioBeT ¢ 06pasuoBbIMH KOHLEHTPAIMIMY METaHA B
muarasore 0 ... 5,%). Ilonydennas rpafyHpoBOYHas XapaKTEpPECTHKA H3MepH-
TC/IA ANNTPOXCHMMHPOBAHA CTEMCHHBLIM MOJMHOMOM IATOH cTeneHH. [IpusezeH-
HO€ 3HA4YCHHE aNrOpUTMHYECKOH IOrPelHOCTH He mpebimaer 0.12 %.

HMMuranys QYHKUMOHMPOBAHYS METAHOMETPA B YCIOBHSX CTAIHOHAp-
HOTO pexxuMa paGoThl TYNMHKOBOH TOPHO# BEIPaGOTKM MPOBOAMIACH C LENBIO
NIDOBEPHTH Ha MaTEMaTHYCCKUX MOJEIAX ero (yHKIMOHHUPOBAHHSA B YCJIOBHAX
TypOyTH3HPOBAHHOH aTMOC(HEPBI; HEOAHOPOLHOIO HOMs KOHIUCHTPALMHE METaHa;
HEOJHOPOAHOTO 10/ KOHUEHTpALUMK NBUIH. IIpH MomenupoBauuu, I8 yyera
PA3NIHYHBIX YCHOBUH QYRKIHOHHPOBAHMSA MCTAHOMETPA, MPEANONAranoch, YTo
OH NOCICI0BATCIILHO pa3sMellaeTcsd B TOYKAX MPOCTPAHCTBA BHIPabOTKH OT-
croslux ot 3a6os Ha paccrosHus: 0,1L — B HemocpencTBeHHOH GIH30CTH OT
3abos; 0,25L, 0,5L, 0,75L — npomeskyTounsie Touky; 1,0L — BXON TYIHKOBOIT
BBIPADOTKH (COrNaCHO OTPACACBBIX CTAHAPTOB M3MEPEHHE KOHIIEHTPALMM Me-
TaHa B TYTHKOBEIX BepaboTkax ocymecTsigercs B Toukax 0,1L u 1,0L).

Pesynerare MOJENHPOBAHUA NpUBEASHS! B Ta0L.1.

KomrnieHcalyis JOMUHUpYIOUINX MOTPEIIHOCTEH, BbI3BAHHBIX IPHCYTCTBH-
€M B OTKPBITOM KaHale py[IHHYHOH MBUTH, ¥ NOTPEIIHOCTH OT AHHAMWYECKHX
H3MEHEHHH lapamMeTpoB Cpellbl, Ha OCHOBE NMPEMIOKEHHOr0 METOA KOMIIEHCa-
MM, 3 TaKXKe y4YeTa NpOCTPaHCTBEHHO-BPEMEHHOH H3MEHYHBOCTH [1apaMeTpoB
aTMOCHEpbl TYMHKOBBIX BIPA0OTOK JUIS ONPEENeHHS MECT PasMCLIEHHS U
BPEMCHH BBITIOJIHCHHS H3MEPEHHH OOECTIETHBAIOT METPONOrMYECKHe XapaKTe-
PUCTHKH METaHOMETPa COOTBETCTBYIOLIME MapaMeTpaM pabouMX CPENCTB H3-
MEpEHHA KOHUCHTPALIMH MeTaHa B YTOJbHBIX, LIAXTaX. AJIFOPHTM KOMITEHCa-
MM, KDOME YCTP2HEHHA BIMAHUA NbUIH, 9GdeKTHBHO NpOTHBONEHCTBYET BO3-
MYIEHHAM, BCOYUIHM K H3MEHCHHAM BEJIMYHH IIOTOKOB U3NYUYCHHA BO BCEX Ka-
Hanax. K HUM MOKHO oTHeCTH! kosebanug HallpAXEHUS B 31161('1‘})1-'1"{80!{0!:1 CeTH
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W CBA3ANHBIE C HUMH ONTHYECKHX OTOKOB HCTOYHMKOB M3TY4EHHS; Ierpajalus

HCTOSHUKOB H3NyHEHHs, ACHMMETPHS NapaMETPOB ONTHYECKHX KAHAIOB.
Tabmia | - PesyisTaThl MOAENHPOBANMA (YHKUHOHHPOBAHUA METaHO-

MeTpa B YCIOBUAX CTAMOHAPHOTO PeXHMa PabOTHI TYNHKOBOMH BIPAGOTKH

IMapameTpsi npo- Tlapamerpei apo-
PACCTO CTPaHCTBEHHO- CTPANCTBEHHO- )
SHUE BpeMeHHOil H3MeRIH- | BPEMEHHOI H3MeH U~ ITOKA3ATEIIN
J0 BOCTH KOHICHTPALHH | BOCTH KOHUEHTPALHH TOYHOCTH CH
3ABOS MeraHa PYAHHEYHOH NLLIK
nicyss Yo OCHi, Yo Fipe Ipe d!ﬂmﬂg,o/o 5"£"’E£!2 %
0,1L 1,12 0,47 0,87 0,26 0,12 1.3
025L qe33 0,39 0,45 0,11 0,05 1,1
05L 1,41 0,15 0,37 0,09 0,05 1,0
0,75 L 1,47 0,08 0,26 0,06 0,04 0,9
10L 1,51 0,03 0,16 0,04 0,04 0,8
Ilpumedannst: — Aurumax 5 Oosmax — MAKCHMANEBHEIE 3HAYEHUS abCOMIOTHOH

NPHBEAEHHOM OrpeluHocTel HaMepenns o0LeMHON KOHIISHTPALHHA METaHa,
— TIpH MoJenupoBanuy npuaato L = 50

— MchH¢, Ocus  — CPEAHEC M C.K.0. KOHUCHTPAIWA MCTaHa B pafoueM ONMTHYECKOM
KaHaje; 3
— Mp Gpe — CpeAHee H C.K.0.0NTHYECCKOH MIOTHOCTH pabodero xauana,

00YCNOBICHHOI 3aNbUICHHOCTDIO,

Bpems u3Meperms o6beMHON KOHUEHTPALMM METaHA OHOAATIHKOBBIM
BAapUAHTOM H3MEDHTENBHOM CHCTEMBI C YYETOM MHTEIPHPOBAHHS HE TIPEBBIINAET
4 cexyHA. JInA TpexaT4HKOBOTO BApHAHTA HTOT MOKA3ATENb HE npesbimaer 1
CexyHap!. Jlarankosas vacts (paGounit onTudeckit Kanan) H3MEpHTeNs 10K~
Ha OBITh pasMellleHa Ha pacCTOsHWH He Metee 0,3 M oT KPOBIIH HJIH BepXHelH
9acTi GOKOBOH CTeHbI NOPHOM BHIPabOTKU M COPHEHTHPOBAHBI TJIaBHOH OCBIO
AATHUKA BIOML TYMHKOBOH BHIPAaGOTKM WM MEpPHEHAMKYNApHO 3a6ow. [lpu
TPEXAaTINKOBOM BapHaHTe pabouue ONTHYECKHE KAHABI PAa3HOCATCH B mpoO-
CTPRHCTBE Ha PacCTOSHHE He MeHee | M ¢ COGIOAEHHMEM HpebLIYIIHX PeKo-
MEHNAlKI K HX pasMenienyIo.

33



Buisoap

. Ha ocHosannu paspabotannoii MaTemaTHyeckoii Momenw Gespucnepcu-
OHHOTO a6COPOLIMOHHOrO CHEKTPOMETPHYECKOTO H3IMEpHTens KOHIEHTDALHH
MeTaHan ero UMHTALMOHHOTO MOJETHPOBAHHSA IPEAJIOKEHA CTPYKTYPHAA cXeMa
H3MEPHTEIIA KOMIIEHCALMOHHOTO THITA, KOTOPAs YYUTHLIBACT BIUAHUE KOMILIEKCa
BO3IMYILAIOIIEX (AKTOPOB Ha MPOLECC HIMEPEHHIA.

2. MeTon0oM MMHTAUMOHHOTO MOJENMPOBAHHS OLEHEHE! METpONOrHIECKUe
XapaKTePUCTUKH H3MEPHTEJIA.

3. Tlpeanaraemslii H3MEPHTENb MO3BONSET CTPOUTH HA IO OCHOBE CHCTEMBI
ra30BOH 3alLWTHI ITOBLILICHHOTO GLICTPOAEHCTRIA.

Crnucok amtepartypsi: 1. Kaprios E.@., Bupentepr 11.3. ABromatu-
HecKas rasoBas 3alluTa H KOHTPONb pyRHUM4HOK atMocdepst. —M.: Hayxka,
1984.-285c¢. 2. BonomnH H.E. Bresanubie BEIGPOCH W CHOCOBHI 60ops6EI ¢
HHMH B YroNIbHEIX 1axtax. - K.: Texnika, 1985.-127c¢.

MTOBBIIEHUE dPOEKTHBHOCTH TEXHUYECKON
MNOATOTOBKH IIPOU3BOACTBA B MAIIMHOCTPOEHUH HA
OCHOBE ®YHKIIHOHAJIBHO-CTOUMOCTHOTI'O AHAJIM3A

Xpemau T.K., 3annorusiit AA., Tumenxo 1.
(AonITY, 2. Joneyx, Yxpauna)

The article is devoted to finding the possible ways of the increasing effectiveness
off preparation on machin-bilding on the base of functional-value analysis
method.

Henocratku B paore MHOTHMX MAlIMHOCTPOMTENBHBIX TIPEANPHSTHN oby-
CHIOBJICHBI CIA0BIM YPOBHEM CaMBIX HAYalbHBIX CTafHi BEITYCKA IIPOMYKLMH H,
B TOM 9HCIIe, TeXHHYeCKOH nojrorosku npoussoactsa (TIII). He o6ecneqnsa-
ETCH BBIMYCK U3ACMMA B MUHMMAIbHEIE CPOKH C TPeGYeMBIM YPOBHEM peHTa-
OenbHOCTH, HEMOCTATOYHA THOKOCTE MIPOX3BOACTBA H MOOHIH3AMOHHAS [OTOBR-
HOCTB TPH TEPEXO/ie Ha BBITYCK HOBLIX BH/IOB NPOAYKIMH, HU30K YPOBEHB Me-
XaHM3AUMA M  aBTOMAaTH3aUMM  BBINONHEHHS KOMIUIEKCA HHXEHEpDHO-
TEXHHYECKHX paboT Ha Beex cramusx THI], HEJOCTATOYHO MIMPOKO NMPUMEHS-
FOTCS THIOBEIE TeXHOIOTHHECKHE NPOLECCH, CTAaHAAPTHAL U YHHQUUHPOBaHHAS
TEXHOJIOTHecKas OCHACTKA, arperarHoe o60pyJoBaHHe, MEXaHH3AMMSL U ABTO-
MaTH3alhd NPOM3BOJACTBEHHBIX NpoueccoB. C UenblO YIYYIIEHHS CHCTEMbI
TIII 610 NpoBeAeHO HMCCNENOBaHHE JHOHeLKOro kounepHa OAQ «Toumamm
Ha OCHOBE YHHMBEDCANbHOH METOAMKH CHHJKEHHA 3aTPaT - (yHKIMOHAIBHO-
cTouMocTHOro ananu3sa (PCA). B kauecrse 06bexta 6510 BHOPaHO He OTIENE-
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HOE MOAPasAe/eHUE, a BCA CHCTEMA yNpaB/IeHHs TII], oxBaTEIBaIOAd BRIION-
Herue (QyHKIH B IIIAHOBO SKOHOMHUYECKOM OTAENE, OT/eNaX NOATOTOBKHU Ipo-
H3BOJCTBA, MATEPHAILHO-TEXHHYIECKOTO CHAGKEHHA, TEXHHIECKOTO KOHTPOA,
[JIABHOTO TEXHOJIOTa, MJIABHOTO MEXaHHKa, ITaBHOTO Hepretuka, OACYTL, un-
CTPYMEHTABHOM, CTaHAAPTH3AUMH, TEXHHYECKoro ofyyenus, Giopo pauuoHa-
nm3aropeTsa ¥ u3obperarenscrsa Copepliencrsosanue TIII na ocHose OCA,
B COOTBETCTBHH C €r0 METOJIONIOTHEH, HMEET onpeAeneHHbIH anroput™, He pac-
KpbiBafg AETATBHO BCE €0 3Tallbl, OCTAHOBUMCSA Ha CaMbIX BaKHBIX MOMEHTAX.
[lpeaie BCero, Ha OCHOBaHMM IIONIOXKEHHH O MONpPasfieNeHusX, JOMKHOCTHBIX
HHCTPYKUHi pabOTHMKOB, INTATHBIX PACITHMCAHUH M CXEM AOKYMEHTONOTOKOR
OB copMymHpoBaHsl GyHKIMY ynpaBneHus cuctemon TIII, paspaGorara
HX KIacCH(WKalis, ONpe/ieNeHsl IJIABHAS, OCHOBHBIE H BCIIOMOTATeNbHBIE
(yHKuuM. Ha 0OCHOBaHHH METO/IA JOTHYECKHX HEMoueK Oriia paspaborana mua-
rpamma FAST, npescTaBnenHas Ha pucynke . Brijenennoif nunuel Ha nan-
HOM DHCYHKE 0003HA4EHb! OCHOBHbIE (YHKIHH; JBOHHON - M3NMIIHHE, Xy6IH-
PYEMBIE MK HaCTHYHO HE BBIIOJHIEMbIE QYHKIHH, IPOCTOH JIHHKEH - BCIIOMO-
raTebHble QYHKUMH. AOCTDarupysch OT CyWIECTBYIOIeH OpraHH3alMOHHOH
CTPYKTYPHI YIIDABACHHUA U COCTaBa NOJPA3/iCNeHUi ~ MaTepHANbHBIX HOCUTeNel
dyHKUMH, Ha ocHoBe MeTonukH FAST 6buta noctpoera QyHKIMOHAIBHAS MO-
aens TIII OcofennocTH mocTpoenus QyHxuuosansHolt amarpammsi FAST
IPERyCMATPHBATIK BHICTpaUBaHHe B IOTHYECKYIO LieNb BCEro IIpoliecca ocylie-
cTBIIeHYsl QynKumi ynpapnenus TIIT. ViMenHo Ha 3To# 0CHOBE GBI BEISEITE-
HEI HBIIMIIHKE, HECBOHCTBEHHEIE H YaCTHYHO He BHIIOJHIEMbIe (YHKIHH:
“CornacosiBaTh M3MeHeHHS ¢ 3aKasumkoM " ¥ "COrNacoBEIRATH AOKyMEHTa-
LHIO C 3aKa3YMKOM" CTAHOBATCS M3/IMIUHAMK NIPU OTCYTCTBHH 3aKA3YMKa B JIAIIE
MunucrepcTBa 060poHBI; 'Oprann3oBbBaTh CHLIT npogyxuuy”, "[IporoxuTs
paboter no yGopke 3akperuieHHoOH TEPPHTOPHH" ABJIAIOTCA HECBOHCTBEHHBIMH
anst THIL, dyskuun "OprarK3oBEBaTh Hay4HO-HCCNeJOBATENBCKHE M ONBITHO -
KOHCTPYKTOpCKHE paboTe!”, "[IpoBOANTS aHany3 HCIONE30BAHMAS POM3BOACT-
BEHHOM MOIIHOCTH" SBJIAIOTCH YaCTHYHO He BBIMONHAEMBIMY, " Ofecnieuneats
HHQOPMAHOHHEIE TOTOKH", 'Obecneunsars YYET M XPaHEHHE TeXHHYECKOH
AOKyMEHTAaUMH" - HE TOJNBKO YACTHUHO He BBITIOJIHAKOTCA, HO U AyOnupyroT
Apyr Apyra
Cornacso meronuxe PCA 6puin OTIpeJie/ICHEl CTENeHb BaXKHOCTH (3Ha-

9MMOCTH), 3aTPAThl H KAYECTRBO OCYIECTRICHMS BEICTEHHbIX Oynxuuit TITT

Ha ochose merona PacCTaHOBKHM IIPHOPHTETOB M MATPHI IOMApHBIX
CPaBHEHUH JKCIIepTHI NPENNPHATHA (rIaBHbLA HHXKEHED, rIABHBIH TeXHONOor H
BENYIKi SKOHOMHCT) OTPEAEIIANIA CTENeHb 3HATHMOCTH dyHKUME B Oammax.
Mzt yro6ersa ananusa seeit uHpopManuy 6511 HCnoNb30Bana TabIHYHAs
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(opma, parMEHT KOTOPOH NPEACTABI/ICH B Tabn 1.
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s onpepenenus 3aTPaT B pacyeT NPHHUMANKHCEH TONLKO 3aTpathl Ha 3apabor-
HYIO naaty ¢ OT‘-[HCJ'ICHH)'!MH, a TAKKE CTOMMOCTE HCMOAB3YCMBIX TEXHHYSCKUX
CPEJICTB, TaK KakK 10 CTATHCTHEKEe IPEANIPUATHS 3TH Pacxoibl COCTARIAOT OKOJIO
90% BCcex 3aTpat Ha ynpasnenye.

YpOBEHE KayecTBa OCYILEeCTBICHNS dyHxuUmH onpenessica B 10X enu-
HHLLL, KaK KOMIIEKCHBIM MOKa3aresis, OTPAXAWMA CTENSHL HCTOIB30OBAHUS
TEXHHYCCKHX CPCACTB YNPABICHHS, YPOBEHS OPrasi3aiuu pabouysx MecT, Hop-
MUDOBAHHS TPYAA UCTIONHUTCASH, PEramMeHTalHH K AyOumpoBaHns GyHKIuit
YUPABJICHIA, & Takke HCTONb30BAHHs PadOYero BpemeHu B HOApa3Aenenuax
OAO «Toumain, o6yciroraenHbf HegocTatkamu TTII1

B xoze nposenenns ®CA Ha ocHose naHHEX Tabauust 1 6p11s nocTpoe-
Hbl COBMELICHHBIC AHAIPAMMBI «3HAYMMOCTD M KAYECTBO OCYIIIECTBICH A
Oynxumit TIID» w1 «3naunmocts u 3aTPAThl Ha OCYLIECTBIeHME (yHKIHi
TII».

Kak Buaso w3 pucynka 2 dynxuus 7 «IIpoeKTHPOBATE TEXHONOTHYECKYE
IPOLECCH! U CPEACTBA TEXHONOTHYECKOH OCHACTKHY TIpH BCei ¢¢ BRICOKOH 3Ha-
YUMOCTH (22,3 6aiiia) OCymeCTRILETCS © OUeHE BBICOKMMH 3aTpaTtamu (421900
TpH.). JleTanbHbIH aHANH3 CLOCOBOR BbINONHEHMs 3TOi QYHKIMH MOKasan, 4To
€€ MOXHO aBTOMATH3UPOBATh H CBECTH 3aTPaThl 10 294990 IPH.

AHaJIH3 CTeTIeHH 3HAYMMOCTH, YPORHS KauecTsa OCYILECTBICHHSA H CTOH-
MOCTH QYHKUUA YIPaBICHHS 11OKa3al1, YTO OCHOBHEIMM HCTOYHHKAMH H3THII-
FHX 3aTpatT Ha ynpaseRue ABMAOTCS QYHKIMU: MPOSKTUPOBATh TEXHONOIHYe-
CKHC TIPOLECCHI M CPEACTBA TEXHOIOMHIECKOTO OCHAINEHMS, 06eCIe HBaTh Hi-
(OPMaLHONHEI 1MOTOK, OCYIIECTBISTH TeXHEYECKOE HOPMHPOBaHue, obecre-
HHBATE NOAPA3NENCHUA NPEIPHATHA KOHCTPYKTOPCKOH, TEXHOMOTHYECKOH i
HOPMATHBHO-TEXHIYECKOH AOKYMERTaHei. CyIecTRe Y0 IKOHOMUIO MOKIIO
HONYHIHTE MPY ABTOMATH3ALNAY ¥ CTAHAAPTHIALAK ITHX (yHKUEH, a TakKe Ta-
KuX Kak «Pa3spaGaThiBaTh MEXIEX0BOM TEXHONOHYECKHI Mappy, «O6ecrne-
HBATh YT U XpAHEHHE TEXHUYECKOMN JOKYMEHTALHNY.

Taxum o6pazom, nosxon x yupapienuto TIIT kak k cHereme» cocTostmest
M3 COBOKXYIIHOCTH B3aUMOCBS3AHIEIX JNIEMEHTOB, HAlIDABACHHBIX HA HOCTHIKC-
HHE NOCTaBNCHHON tenn (3dexTusHoe ynpasnenue TIIIT) nosBonsier e ToMNs-
KO BCKPLITE PC3EPBEI MOBLILICHHS YQOEKTHBHOCTH KeATENbHOCTH, HO M M35
CKATh IYTH HX HCTIOTIL30BAHKS. BELTH pPaspaGoTaHs! IpeaToKens o BBCACHHIO
HOBOH CXeMBI ()YHKIMOHAIbHBIX B3aHMOJEHCTBUIL noapasieneHuil Ha ocHoBe
IBM, ucximovarouiet, Gecnionesnsie, HECBOHCTBEHHBIC ¥ NyGIUpycMble (yHK-
upH. 3a cyeT OOHOBIICHUS TONOKEHHH 0 TIOADA3NCNEHUSX aniaparTa yrpanie-
HHSA, MepepaboTKH TOJDKHOCTHBIX HHCTPYKUHMH Kaw[oH INTATHOMH EAHHHUITE],
CTaNAApTOB MpennpuaTHs, pernamentupyomux TIT yaanocs moseicuts ypo-
BEHb Ka4eCTBa ocywiecTsnenus dyuxumii TIITT.

DCA nossonun obecneunts COATAHCHPOBAHHOCTD ¥ KOMITEKCHOCTE Me-
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ponpUsATHIA. PacyeTsl MOKA3aIH YTO NPH WX BHEIPEHHH OXKHIaeMEIH dKOHOMHU-
qepmﬁ '34)4)3;(1 Ha OAO «Toumau coctaput oxoino 436800 rpi. B roa. Haxe
rrf;ﬁ:.ignonmenmmx zatpatax 23800 rpH. Ha OCyUIeCTBIIEHHE BHOBL BBOMH-
MBIX (DYHKIHMI JOCTHraeTCs SKOHOMUSA, B chepe ynpasieHus 5 320600 rp.H' B
cd)ep_e_-. npoussoacTsa B 140000rpH., 4To moaTBepX)aaeT 3(b¢)eKmBHo(in 13‘1«?1"0
HHCTPYMEHTA CHIKEHHS H3LCPKEK KaK (QyHKIHOHAILHO-CTONMOCTHOM ananus.

Crniacox Jmrepatypsi: 1. KnbanosASl. YnpasneHue MaumHE0oCTpOHTE S-
HBIM TIPEMIPUATHEM Ha OCHOBE (YHKIHOHAILHO-CTOMMOCTHOIO aHajiu3a, M,

1991r.

CUCTEMA VIIPABJIEHUSI KAYECTBOM HA COBPEMEHHOM
YKPAMHCKOM HPEAIIPHATHH - IIYTh K CEPTUOHUKALUHA 110
MEKIYHAPOJIHBIM CTAHAAPTAM

Yanana M.I'. (Toul'TY, 2. Joreyx, Yxpaura)

It's proposed the new approach to a constructing the system of quality at
Ukrainian organization, which consists of two parts: reorganization system and
system of continuous perfecting of business processes. The reorganization sys-
tem is based on business processes reengineering (BPR). 4 system of continuous
perfecting is based on a system step-by-step Kaizen - improvements.

Kagectso TOBapoB/yciyr Ha coBpeMeHHOM STare Pa3BHTHS IKOHOMHKH
YKpauHBI ABIACTCA OJHHM M3 CaMbIX BAXHEIX $haKTOpOB MOBHIIEHHS KOHKY-
PEHTOCHOCOOHOCTH OTEUYeCTREHHBIX HpOH3BOUTENE, PacematpuBas cnoxkyis-
LIEECs MOIOKEHKE B 00J1aCTy KaYecTBa Ha YKPaHHCKHUX IPE/IIPHATHAX, crenyer
SaMETHTD, HT0, ECITH KA4eCTBy M3/ENUH YAEICTCS BHUMAHNE B CHITY HATHYHS
COXPAHMBIIETOCS ONBITA KOHTPOJIA KaYeCTBa CO BpeMeH COLHANAIMA, TO Kaye-
CTBY NpOLECCOB HE yJENseTCs BHUMANUA COBceM. B 7anHOH cTathe npejiara-
€TCA NPHHLMIAAILHO HOBBIH [OAXOX K MOCTPOSHHIO CHCTEMbI COBEpPLICHCTBO-
BaHW TIDOLIECCOB Ha NPENpUATHIX YKDPauHEL KOTOPEIH II03BOAHT TOBLICHTE
Ka¥€CcTso ¥ NPOAYKTOB M MpOUEccoB. Brenpenne TAKOH CHCTEMS! MIO3BONHT
CepTHOUIMPOBATH NPOLECCE! i IPOAYKTEH! IO MEXKAYHAPOLHBIM CTaHAAPTaM.

Besyenosro, coznanmio riono6roro TIOOXO0Za TIOC/TY KU pafl 0coDeHHOCTel
Pa3BUTHS YKPaHHCKMX NPCATPUATHI, HECYIUX MPEeABIAYLHH OIBIT PA3BHTHS
HPH NEHTPATHI0BAHHON CHCTEME YUPABIECHHT H COBPEMEHHBIN OIBIT, OXBATHI-
BAIOLIHI TpaHCHOPMALIHOHH b1 nepron. Ilpexnae Beero, HEOOXOHUMO OTMETUTH,
4TO NPeNNpPHATHS, CO3JaHHbIE H OYHKUMOHMPOBABLIHE B LEHTPAIM30BAHHOI
CHUCTEME X03HCTBOBAHHS IIPH NIEPEXOMIE X PLIHOYHEIM YCIOBHAM B TEUEHHE Ofl-
PCACIICHHOrO BpeMeHn CoXpaHsioT IIPEAWECTBYIONYI0 DYHKUMOHANBHYIO H
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CTPYKTYPHYRO opranusaiuio. CoxpaHerie M Xu3HecnocobHOCTs ycTapesiiei
OpIaHU3aLUHH TAKOro NPEANPHATHS # ero MPOM3BOMCTBELHHO- X03AHCTECHHOID
riosefleHus obycnoBnuealoT pss GakTopos:

® CSCTCCTBCHHAA HHEePUHWOHHOCTE NPENNpHATHA KaK OpPraHH3aUHOHHO- 3KOHO-
MHWYECKOH CHCTEMBI,

® CIOXKMBLIAsACH CTPYKTYpHas ¥ GyHKUHOHANLHAS OPraHu3alHs YIPaBIeHns |
NPOU3BOJACTEA Ha NPEANMPUATHH; YCTaHOBHBLINECA (M3 NPEALUECTBYIOLIEro Ollb-
Ta ¥ TPajMLMi) nponopuuK pecypcHoro ofecreycHus GYHKIHOHATLHBIX 00-
sacted ¥ OTABNBHEIX QYHKIRHA IPeNpUaTHS;

® HAKTHBHOE HJIH [MaCCHBHOEL COMPOTHUBIIEHHE H3MEHCHHAM BHYTPH npeanpu-
RTHA, KaK CO CTOPOHBI OTACHBHLIX JIHI, TaKk H (OPMaIbHBIX W/HiE HeopMans-
HBIX TPYITIL

Onepexasoitiee HopMHPOBAHHE KOHKYPEHTHOM SKOHOMHYECKOH Cpeftsl, B
KOTOPO# (PYHKUMOHHPYET COBPCMEHHOE MpeANpusiTHe, TpebyeT YCKOPeHHO
aJlanTaluk ero QYHKUHOHATBHO-CTPYKTYPHON Oprauu3aluy K yCIOBHSM, Tpe-
GopanuaM ¥ 3anpocam cyOBEKTOB prIHOYHEIX OTHOMIEHHH. HekoTopsie pykoro-
awTend npennpusTaid Yipanasl (HKM3, JIM3) BaxdT penienue tux npobnenm
BO BHEJpeHMY MexayHapoasoro cradjapta [SO 9000. Onuako ocHosHas Macca
PyKOBOIHTECH He roToBa BooGIIe pewarth 3¢ nmpobiemst. Crydan, xora pa-
0oTa MO BHEAPEHMIO CHCTEMBI KAYeCTBA Ha IPS/IPULTUIX HAYAT2 B PR3yNETaTe
OCO3HAHHOI'O U BCECTOPOHHE IPOAYMAHHOIO pelieHuMA, PEOKH. B cBasu C 9eM,
OXMIAHUA NPeANPHATHH 323YacTyi0 OKa3bIBAIOTCSA 3aBBILICHHBIMH. IIpu 3TOM
PYKOBOOWUTENH H CISUMANTHCTRI HE OCO3HAIOT, UTO BHEAPCHUE CHCTEM KadecTsa
— 370 He KOPPEKTHPOBKA HCMONB3YEMBIX MEXaHM3MOB YUPABJIEHVS, 4 OYeHF
CEPBE3HOe H3MEHEHHE BCCI'0 MCHEXMEHTA HA OCHOBE KOHLUENUMH Beeobuiero
xagectea (TQM).

Cosjianue crcTeMb! KaqecTBa M e CCPTHOUKAINA Ha COOTBETCTBUE CTaH-
naptam ISO 9000 se MOryT MpeaoTBPAaTHUTH OCTAHOBKY NPOM3BOACTBA, KOTA2
SKOHOMMYCCKOE MONOKECHAE MPEAUPHATHS OOYCIOBIIEHO HE HH3KHM ypPOBHEM
YUPaBIEHHS MPOH3BOACTBOM M KAYeCTBOM IIPOAYKLHH, a YeM-TO JpYyrum (Ha-
TIPHMED, TEM, YTO NPOJIYKLMS HEe HMEeT peIHKA ¢OBITA). MOXKHO BHIICTHTE B CO-
BPEMCHHOM Pa3BHTHH MEHEIKMEHTa YKPauHCKHX TIPCAIPUATHH aBa aTama:
TICPBBIH - CTAHOBJIEHHS M BLUKMBAHMA W BTODON — HMuTerpauys. Yipasmende-
CKas apXHTEKTypa epBOrC 3Talla Pa3sBHTHA OTEHECTBEHHOro DH3Heca, cRA3aN-
HOTO CO CTAHOBIICHHEM W «BRUKHBAHHEM) KOMIIaHHi, IOCTENEHHO paspyinaer-
cs. HeusbexHo cBg3aHHEIe C 3THM NPOOICMEI MEHE/DKMEHTA CTABAT HOBhHIE 2a-
JiayH, TpeOyromne HeMeITEHHOrO pellcHust. Y pyKOBOMHUTCIEH KOMIOAHMI Bo3-
HHKaeT OUIYLICHYUE, YTO NOTePAH KOHTPOIL Hal GUPMOH, HET PA3BUTHS U HEMo-
HATHBI IEPCIIEKTHBSL. Y Ka3aHuA PYKOBOACTBA BHITONHANTCS HE BCEra M 3ayac-
TYIO He alleKBaTHO ODCTOATENbCTBAM. 3HAYUTENEHO H3MEHWIACh MOTHUBALHS K
TPYAY: COTPYAHHMKH CTanM B MEHbIIEH CTeNeHH WHTepecoBaThCs paboToif, B
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\ii — cobCTBEHHBIMH MpobieMaMu. DTO CUMITOMBI IIEPCX0/Ja OpraHH3a-
: ;};ﬁﬁ YPOBEHE cBoeH QyHKUHOHANEHON H OPraHU3allHOHHON JesTeNb-
SVIHMH CJIOBaMH, KOMIIAHHS CMOIJIA BBDKHTH Ha IICPBOM, CAMOM Ba-
% STafie, HAUIA CBOIO (HMIIY» HA PHIHKE H YCIEUIHO DA3BHBACTCSH Aanblue.
IeHYECKHE npoﬁfremm, BO3HHKAIOILHE Ha HTAIC [1epeXofia OT 3Tald BEI-
xﬁfﬁam K 3Tany CTaOHIbHOTO pa3sBHTUA — 3TO BIOJHE HOPM&IbHOE H HEW3-
GesxHOe HposABICHAE SKOHOMUUYECKOr0 POCTa KOMITAaHHH.

Beaxast OpraHmu3alys ABIACTCA CIOKHON CHCTEMOM, TAX KaK ee NoBe/ieHNe
OTIMYaeTes OT CYMMAapHOIrO MOBE/IEHHA €€ JIEMEHTOR, MOCKOILKY OHH «IIpH-
nénneﬁ(ar K KJIACCy CHCTeM ¢ MHOTOKOHTYPHBIMU (ZyOIHpYIONIHMY) HeluHedH-
HBIMH 0OpaTHBIME CBA3AMH [1]». B Takmx cHCTeMax NEpeIuieTaloTes MexLy co-
G0} KaK OTHOLIEHHS OPraHH3alMH C JPYTHMHM MHCTHTYTaMH, TAK U B3aHMOOT-
HOMIEHHS MEXY JOONBMH.

Crenyrolled Ba)XHOM XapaKTEPHOH YepTOH CIOKHBIX CHCTEM SBJISETCH
MOHMMHEHNE HMX MOBEJIERMs 3aKOHY aJlalTaliMH, COIVIACHO KOTOPOMY «BCAKAS
CHCTeMa CTPEMHMTCSH M3MEHHTLCS TakuM 00pa3oM, YTOOBI CBECTH K MUHHMYMY
3({eKT BHEIIHEro Bo3aeicTBa [2]». Hanpumep, npu BospacTaHuy HaIOrOBOI
Harpy3ky Ha OPTaHH3alyI0 OHA CTPeMMTCH TAK OPraHM30BaTh CHUCTEMY YyeTa,
qT00B! JIF000E MOCHeyIolee H3MEHEHHE CO CTOPOIibl HOBOTO 3aKOHONATENRHO-
IO aKTa OKa3BIBaNa OBl HA €€ HAUMCHDLIHT asdpexr.

LIpy 3T0M SKOHOMUMECKUM CHCTCMaM TPHCYIUH KOHQIHKTEL, CBA3aHHRIE C
KpaTKOCPOYHBIMH H JOJIrOCPOYHBIMH TCHACHIHAMHM TIOBEOEHMS TAHHEIX CHCTEM.
Kak nipaBuito, cTpaTeruy, yiy4marolme 108/ [eH1e SKOHOMKEYECKON CHCTeMBI B
KpaTKOCPOYHOM ITEPHOAE, HPHBOIAT K IIPOTHBONOIOKHLIM PE3YIILTaTaM B J0I-
FOCPOYHOM MEepuoAe (HampuMep, NMOTAlCHUC 3af0KEIIOCTH O 3apaboTHOM
IUIaTe 33 CYET 3aMMCTBOBaHHH B KPaTKOCPOYHOM IIEPHOE MOMKET NIPHBECTH K
YXYJUNCHAIO GUHAHCOBOTO MONOKEHMs [IPEANPUSTHS B AOITOCPOYHOM TepHo-
jie). «Muorue Npo6IeME THI CeroAHAILNEro SBASIOTCS HAKOTICHHLIM pesyns-
TaTOM KPaTKOCDOYHBIX MEp, NPEANPHUHATLIX B NpeNBIAyLIxe aecatuneTus [1]».
Misiorsia 570 HashIBAIOT 3B(EKTOM «THCTEPE3HCa, TO €CTh HEOTHO3HAYHOMN pe-
AKHHHI CHCICMEI HA BHCLIHHE BO3EHCTBHSA, 00YCIOBICHHON HATHYHEM («(IaMsi-
THY Y CIOXKHBIX CHCTEM.

B 3aBRCHMMOCTH OT 110CTaBJICHHOM 33841 BO3MOXHB (B2 HalpaB/leHus He-
CICAOBAHNA CHCTEMBI: H3yYeHVe B3AHMOEHCTBHS CHCTEMBI ¢ BHEIIHEH Cpeoi;
H3YNMCHHE CTDYKTYDBI CaMOH CHCTEMEI, €e 5JIeMEHTOR M UX B3aHMOCBS3eH.

IIpu maxponoaxone k wccnegosanmio cHcrema NpejICTaRNAETICH B BHIE
(HEPHOTO AIMKa» U QYHKUMOHMPOBAHHE ee HAGITIONACTCS CO CTOPOHBI BXOUOB
4 BBIX0f10B. [Ipu MuKponoaxone u3ydaoTes BHYTPEHHSS OpraHu3alis CUCTe-
MBI, CBOKCTEA €€ 37ICMeHTOB, a TAKKe XapaKTep HX B3aHMOJCHCTBHA.

Maxpononxosn PacCMATPHBaeT B3aMMOJeCTBHE CHCTEMbL CO BCeil BHeII-
HEH CPenol, MUKPOITONXOH He TpebYCT HEeTKOro 3aJaHHs MEpapXHH CHCTCM, W
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MTONYHCHHE HEPAPXHUYECKOM CTPYKTYPB! HE BXOJMT B €ro LeeBoe Ha3HAYSHHe.
CucreMHBIH Noaxoa nomoraer NpUHUMAlOIliemMy pellerue u3bpaTh Kype aeiicr-
BHH [1yTeM HCCAeNOBaHUS Beelt NPOBIeMs! B 1e10M, BhITBICHHS uenei, ansrep-
HaTHB M CPaBHEHHA KX MO pe3y;bTaraM MOACIHPOBAHASA NPONECCOB BYHKLHO-
HUpoOBaHHs cucTeM. [lostomy mpu mocTpoennu cHCTEMSI YTpAaBIICHHA KayecT-
BOM Ha NPCANPHATUN HEOOXOAUMO HCTIOTb30BATS METOIB! H HHCTPYMEHTH! CHC-
TEMHOTO [OAXOHA.
INpennaraercs crenyromas 6azosas MeToanka HOCTPOEHMA CHCTEMBI Kade-
CTBA B OPraHH3alkH, KOTOpas COCTOUT M3 ABYX BAOKOB: CHCTEMB! peopraHH3a-
HAH H CHCTCMBI HENPEPLIBHOTO COBEPLIEHCTBOBAHHS Gusnec-npoueccos. Cuc-
TEMa PeOpraHu3aluK Oasupyercs Ha peMHXMHWPHHTE OusHec-mporeccon
(PBII). Cucrema menpepbieHOro COBCPIICHCTBOBaHMS — HA CHCTEME NOINaro-
Beix Kaizen — ynyumenuit. Onnaio nipejinaraemas CHCTEMa KadeCTBa Hapsaay ¢
OOWMME YepramMi ¢ YKa3aHHEIMH CHCTCMAMH UMeeT DAL CHELMOMYCCKUX Xa-
PAKTCPUCTHK H OCOOCHHOCTEH, NIPHCYIMX TOIBKO eff, [IOCKONBKY OXa CO3/1aBa-
ach M NPCAUPHATHH, QYHKUHOHUPYIOUIHX B SKOHOMHYECKOM IIPOCTPaHCTRE
Yxpaussl. OCHOBHOM 0COGEHHOCTSIO TpeTaraeMolt METOXHKH SBISCTCS npu-
MeHeHue ofHOBpeMeHHO u PBIT w cucTems! nowarosslx maMemeHHi, 9To mo-
3BOJIUT MPOBOAKTE [1Pe0OPa30BAHHS ONHOBPEMEHHO CHU3Y H CBEepXY U B 3Hauu-
TeNLHOM CTENCHH TO3BONUT MPEOONETs ECTCCTREHHOS CONPOTHBIIEHHE CHCTe-
MBI (B TOM HUCTE, paGOTHHKOR NPOBECHIIO peopranusauny). Meronuka Gasu-
PY€TCA Ha CHCAYIOIUKX OCHOBHDIX NPHMHLHTIAX:
¢ CHCTeMIHOro Ioaxoxa (PaccMoTpeHHe BeeX (AKTOPOB BHEIIHeH W BHYTpEH-
Hel cpejibr GH3HEC CHCTeMBI M MX B3aHMOCBS3R);
* OYHKIMOHAILHO-CTPYKTYPHOIO MOAX0Ma K aHaTu3y OpraHM3aluy Kak Ous-
HEC- CHCTEMET;
® PAlHOHANLHOCTH (IPEHMYUIECTBEHHOE HCNOAb30BAHAC PALHOHANBHBIX MC-
TOMOB aHaMH3a, CUHTE3, OUCHKU M NPUHATHA pelIeHHH);
¢ MOZYJIBHOCTH (HalH4YMe CTaHAAPTHBIX MOJIyJIeH, TeXHOIOTHH, poLenyp).
OOGBIMHO, CHCTEMBI YIIPABNCHMS KAYECTBOM BKILIOUAIOT OpraHKU3aHOHHYI0
CTPYKTYDY, CYOBCKTH OTBETCTBEHHOCTH, NPOLEYPhl, HPOLCCCH H CPeCTBa,
HeO6XOUMble JUIS YNPaBMEHHS KAYeCTBOM. Cipyktypa peanbHLIX CHCTEM
YIpapiIeHNs Ka4YCCTROM, KaK NPAaBUIIO, CONCPHHT 20 371eMEHTOB, COCTABIAROIIX
crarzapt ISO 9001. K coxanenuio, OONBLIMHCTBY NOAL3OBaTENEH TPYAHO pa-
300paThCst B CTONIB CIOXKHBIX CHCTEMAX, MOCKONBKY IS KaxKmoH QYHKLHK He-
00XOAMMO YHHTBIBATH MHOXECTBO TpeboBanuii K Pa3JIMYHBIM 3JIeMeHTaMm. B
CBA3N C ITHM HNIes BHEAPCHUA CHCTEMBI YIIpaBIIeH s Ka4eCTBOM MpeJCTaBIIseT-
C O4CHB IPOMO3/IKOH M TPYZROEMKOMH H OCYIECTBIAETCS, KaK [IPABMI0, KOMAH-
Ioit.
Cospemenubie cTpateruu TpebyioT, YroOh KOHIEMIHS YTIPaBiEHHA Kade-
CTBOM Obila HalpapeHa Ha GH3HEC-TIPOLECCH. OpuenTauus Ha 1poieccsr 06-
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ACTHE COTPY/HUKOB B CO3/IalHM CHCTEMLI YNPABICHHS KaYeCTBOM,
. ;BQTQM ciy4vae OHM MMEHT ACN0 € OMNHCAHHEM OGBIQIILIX, TMoBCce-
HHEBHBIX anad u HeT HeoOXoMUMOCTH B aBCTPaKTHOM si3plKke craHuapra. ITpu-
euerie EPCONANA K CO3AANHIO M OGHOBICHHIO IPOLAYD H NIPaBHI ?“0“”)'3‘
Tauaﬂ HMEET NIEPBOCTENEHHOE 3HAYCHHUE. C6op upennoxeHuif [o yiIyymeHuo
(cucTema MOLIAr0BBIX Kaizen — yay4iueHu#) 3HAUHTENHHO YCKOPSET MPOLEce
= PasoBaHMil, YTO MOBLILIAST MCHXONOTHHECKYIO TOTOBHOCTh COTPYAHHKOB
K NMPAHATHIO HOBOI CHCTEMBI YTIPaBJICHHA KA9ECTBOM H T03BOJIZET SQHEKTHB-
Hee HCHoNb30BaTh HX TBOPHECKAH MOTEHIMAN B HENPEPHIBHOM COBEPIISHCTBO-
BaHMYA ¥ PACHIMPEHNH CHCTEeMB! YIIPABJEHHS KaYeCTBOM. v

~ Tlpu NpOSKTHPOBAIIHI CHCTEM YTIPABEHHA KAYECTBOM Kpaiiie BaXHO TIpH-
Biledh K YHaCTHIO Kaxc[oe Mofpasjeiienue W Kaxgoro corpyiHuxa. [losromy
CHCTeMa NOMIATOBOr0 YJIYUIICHHUs BCTYAeT B CHILY Ha JTare NPOeKTHPOBAHUS U
JEeHCTBYET MMOCTOANHO.

I JTaBHBIM MEXaHW3MOM, IPUBOAZLM B AEHCTBHE HPOIECT PCCTPYKTYPH-
33K COBPEMEHHBIX YKPaHHCKHX NPEANPHATHH, SBISCTCS CHCTEMa TOTAIBHOTO
yrnpaBieHHs kaqecTBoM. CyIecTByer MieHHe, YTO TaKWe CHCTEMEI MOXHO BHe-
JPATE TOABKO IIOCHTE TOTO, KaK IIPOIIECC PCCTPYKTYPH3AUME YXKC 3aBepIIeH.
O}IH&KO, TAKOE YTBCPXKICHHE BBI3BIBACT COMHCNIME, TaK Kak 2CJIM HAYMHATE
TIDOLECC pECTPYKTYpH3aluu Ge3 yyera TpeboBauMi K KavdeCTBY NPOMYKUMHU K
Ou3HEC- MPOLIECCOB, MOKET OKA3aTHCS CaM MPOLECC PeCTPYKTYpH3alny Gecro-
aesHbiM. HeodXofuMo HauuHaTs NPOLECC PECTPYKTYPM3ALMH ¢ NOCTPOSHHS
CHCTCMEI TOTANBHOIO YIIPaBICHNS KayecTBOM Ha MepBoM sTanc. Jpyroe gero,
CICAYET I10Ib30BaTHCH OCTOPOXHO FOTOBBIMHA LUAOTOHHBIMHA 3412 1HBIMH TEXHO-
JIOFHSIMH, KOTOPBIE ASACTBUTEALHO PaCCIHTAHBI HA NPSMIPUATHE, ABHO (yIiK-
IHOHMPYIOUICE B PBIHOYHBIX YCJOBHSIX, KOTOPOMY HE HY)XHO TIPeoJ0J]eBaTh
0aphephl BXOJI2 Ha PHIHOK, a TONBKO TIPOM3BECTH Pi/l 1PeobpasoBanmil, r03so-
JDIOIHX MOBBICHTE KOHKYPEHTOCHOCOOHOCTS cBOel nponykimu. [losTomy He-
00X0IHUMO CO31aBaTL CBOKO CHCTEMY KOMIUISKCHOTO VIpaBlIeHHA Ka4ycCTha,
BHC/IPEHHE KOTOPO¥H HEOOXOAMMO POH3BOAKTH CPasy ke, Ha MepBOM 3Tare pe-
CIPYKTYpH3allu, [IOCKONBKY YKpaHHa He MOXeT cebe i03B0aNTH NpeHebpedn
TAaKAM BOKHEIM (DaKTOPOM, KaK BpeMs.

Cnucox autepatypei: 1. Hapnes C.Cuoy, Peitmont E. Maitns u Tenpr
Mbx. Koynven Mn. Vrpasnenue cetesbimu opranusamuamu XX!1 sexa. Xpe-
CTOMaTHs «YTPABICHHE HIMEHEHHIMUY - M.MIYIO «JIMHK»,1996.-345¢, 2.

ﬂp_y)kum—m I'.B. Ananus 3ProTeXHHYeCKHX cucTeM.- M.: Dmneproatomusiar,
1984.- 160 c.
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PA3PABOTKA U UCHIOJIb3OBAHHE JIUTHIX BRICTPOPEXY IIIHX
CTAJIEA HETPATMIMOHHOI'O XUMHUYECKOTO COCTABA

Yaye A.C,, Hokycora M., Mypram M., Jatenoes U.B.
(MT® CTV, 2. Tpuasa, Crosaxus, BITTA, 2. Munck, KBenapycy)

The paper deals with development of two different alloys of types hupereutectoid
and ferritic for as-cast high-speed steel tools with improved impact toughness.
The structure of alloys has been studied by combining scanning electron
microscopy with X-ray microanalyses and X-ray diffraction analyses. The
results of mechanical tests are also described.

OBEIMHO 171t U3TOTOBAEHUS NTHTOTO WHCTPYMEHTA MPUMEHSIOT CIUIaBhl,
XUMH4ECKHH COCTAB KOTOPBLIX HE OTIMYAETCs OT COCTAaBa CTAHAAPTHEIX, Aedop-
MHPOBaHHEIX OBICTPOPEXYILHX CTalel. OXHAKO B 3TOM ClIydae JuTble CTANH, Hi-
33 Hanu9Hs rpyOoH CeTKH IBTCKTHYECKHX KapOHIOB 110 rpaHMIaM 3epeH Meran-
AMYECKOH OCHOBEI, 3HAYMTENHHO YCTYHawT Ae)OPMHPOBAHHOMY MaTepHAty
4HATOTHYHOI'0 XHMHYECKOr0 COCTaBA M0 YAAPHOH BA3KOCTH,

Yiaprasi BI3KOCTb JIUTHIX GBICTPOpEXyHMX cTaneif Mocie TOTHOH Tep-
mudeckoit 06paboTKH 3aBHCHT, KaK NPaBIio, OT KOTUEeCTBa, MOPHONOrUY, CTe-
MEHH JMCIEPCHOCTH M XapakTepa pacrpeseneHus w30nTounbX (a3 [1]. Mane-
HASl yCIOBYS KPHCTALIN3AIMK PaCIUiaBa MOXHO 3DEeKTHBHO yupasiarh mpo-
neccamu GOpMUPOBaHWS TIEPBHYHOM CTPYKTYpPE! CIIIaBa, B TOM WHCIe xapbun-
HOH. [l 31X Lesed MONB3yrTCs MOTHQUIMPOBAHUEM U YCKOPEHHBIM OXIIAjK-
AeHHeMm paciiaBa [2], a Takke NepeIiaBoM Crams B MarguTHOM noie [3, 4]. Ho
NaHHBIE TeXHONOTHYECKHE NPUEMEI He 0DEeCHIeYHBAKT KapIHHAILHOIO PeHIeHHs
MpoG/IeMbl, MOCKOIBKY OHH HE YCTPaHSIT CeTKY 3BTEKTHYECKHX KapOwmos,
NPHCYTCTBHE KOTOPOii 00yCIOBIEHO camoif MPHposoi GricTpopexyurei cTami.
C Takoi TOUKH 3PEHMS JUIA JMTOIO MHCTPYMEHTA NIEpCIIeKTHREH TEepexon T

TPANALAOHHBIX OBICTPOPEKYIMX CTallel NefeSypuTHOro Kiacca K HOBBIM Mé-
Tepuaiam. i

Crane 1IM5®, cucrema nermpoBaHus KOTOpoil 6hiTa paspaGorana B
MI'TY ”Cranxus” nox pykosoxcTsom npodeccopa Kpemnesa JI. C. [5], otHo-
CUTCH K KIACCY 3a3BTEKTOMAHBIX U NIOITOMY CTabHIbHAS SBTCKTHKA B €€ CTpYK-
Type orcyreryer. Jlpyro# BakHON 0COOEHHOCTEIO ABASETCS HANHYME Terko-
PacTBOPMMOH NPH 3aKaiKe KapOuaAHOH Ga3kt, B pesynbTaTe Yero TBepabIil pac-
TBOp 6osee MONHO HACHIINASTCS JIETHPYIOMMMU 3eMeHTaMi. Kak ciiefcTeye,
HECMOTPS Ha HEBBICOKYIO CTElleHb NETUPOBAHHOCTH, CTans 06NafaeT yaoBie-
TBOPHTEILHON BTOPHYHOMR TBEPAOCTLIO H TETUIOCTOMKOCTEIO.

Meranmyeckas octosa crain 11MS®, xapakrepusyemas nocne Kpucta-
TH3ALMH B KePaMMYECKOH (OpME BBICOKOH CICHCHBIO OJHOPOAHOCTH, Mpej-
cTaBlicHa OelHUTOM ¥ HCOONBIIMM KOJIHYECTBOM aycTeRuTa. TBEpAOCTD CTalH
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aths cocrasiser 49-50 HRC, a ofbemuas A0 xapOuaHoil hassl He
i 5 %, Tlo AaHHEIM PEHTTEHOCTPYKTYPHOrO ¥ MHUKPOPEHIICHOCIICK-
N B : €CTBeHHO M3 KapOu-

ananu305 M30pITounbE (a3bl COCTOAT MPEUMYIIL
Tpﬂ;?‘go(aa fasze xapOuaa V,C), a TakKe HEIHAUUTENBHOI0 KOIUHCCTBA MC
?\?FI(;:) ;: M;C (Fe;MoC). OcrosHo# kapGuz GsICTpOpPEXYILEH cwra.ru:I I;dﬁ(/)[ Sp(;n;{r;
reHOCTPYKTYPHBIM METOZIOM B JIHTOM COCTOSHIH B CTPYKTYpe CTall
Oﬁﬂaﬁgﬂge kap6usr M>C Beifiensio1cs B COCTaBe 9BTEKTHKH, OTJZLEHI:HTBBIZ
gefoapmue KOMOHHH KOTOpOM 00pasyloTCad B MEKACHAPHTHOM rrpocmalfcco_
BCJICACTBHE JIMKBALHMOHHHEIX NPOLECCOB. OcHoBHas /0714 OBTEKTHYECKOU -
CTABNAIONIEH IMeeT CTEPXKHEBYIO MOp(i)OJIOI‘E{EO,vHapsLEy ¢ KOTOpO# opMHpPY:
TS HE3HAUUTENBHOE KONMYECTBO MIACTHHYATOH SBTEKTHIIL. Ma.noqucneﬂﬁmg
oﬁpasoﬂarms TIepBUTHEIX KapOUI0B BaHANKA MC BrifensroTcs, KaK UPaswuio,
TeKTHYECKHMHE KOJIOHUAMH.
conpﬁ:ﬂ;;;mme CTaNH TWTAHOM H BACMYTOM BEI3BIBACT 3&%1\{081'&08 n::
MeJBUeHne CTPYKTYPhl METAJUIHYECKOH OCHOBBI, ¥T0 obBACHIETCS nee Tr;li?:: g
HEIM TEPEOXNAKNEHUEM DacIiaBa NpH KPHCTALTH3AUHMH TIOA B031i33:li s
moxubuxaropos. Kpome Toro, ¥ Moau(HIEPOBAHHON f-ra.;m NPOHCXOA
CTBEHHBIC M KONMYECTBEHHbIE M3MEHCHHS KapOHIHOH q:afsx [6]. OcroBHEM
MODGOIOTHICCKHM THIIOM SBTEKTHIECKOH COCTABIMIONIEH CTAHOBMTCH ILia-
CTHHYATAS DBTEKTHKA, 2 CTEPIKHERas [IOHOCTHIO HCHE3aCT. Of1iee KOMHYECTBO
xap6unoe MC BospacTaer, pHIEM OHHU nabnofalTes He TONBKO Ha nean:eB
DHH 3BTEKTHIECKHX KOJIOHHH, HO U TO Telly 3CpeH MeTaIHgecKoil OCHOB
o6ocobneHHEOM BUJIE.

GTPYKHT;’i:;eHHe YCNOBHH KPHCTA/TH3ALMH TIPH 3aMeHe KepaMUieCKuX (110}2\;
rpaduTOBBIMM KOKIIIMH CKa3BIBACTCS Ha MUKPOCTPYKTYPE CTAllH = c*rene;cl; é
IWCTIepCHOCTH peako BospacTaet. IIpoHcxoawT TakxKe 3aKaika MeTaLTY "
ocHos! (tBeprocte 63 HRC) ¥ 13 MepeckeHHoro TBEpA0To pacTBOpPa BBLL;
nseTcs GoNBIIOe KOMHYeCTBO BTOPUYHEIX Kapbunos. ObbemHas 10 SBTCKTH-
YecKkoii cocTaBmowell yMensinaeTes 10 1 % 1 oHa MpescTaBnena asyMi MOp-
(ONOTHYECKMMH THIIAMU - CTEPXKHEBEIM M KOMIAKTHBIM. CrepxHesas 331‘;4%-
Ka opmupyerca Ha Gase xapOuja M,C (V,C), xommaktHas - MsC (Fe; )
e OTXHAT He BHI3BIBACT 3aMCETHBIX H3MEHCHHH B M?p@onom u XapaKrepe
pacnipefenenys KapOuAHOH cocTaBnsromiel, (GasoBpii COCTAB Ko"roptl);i npen.
crapren kapbumamu M,C, MC, M¢C, M;C (cneasr) # Ma:Cs (cneﬁm,r). pc’gpyx
Type MomUIAPOBAHHOM CTanyk OOHapyXeHa SBICKTHKA Ha : ase Xa I;Ea;
NPKpOJia KOTOPOro PEHTIeHOCTPYKTYPHEIM METOZOM HE Oria 3c’ranosﬁe§:— 5 ;
JiaBHble MHEKPO30HZOBOIO aHajH3a HE MO3BOTHIM un:zmmpﬂunposars e OH
BCTDEYAONUMHUCS B CTPYKTYpe BHICTPOPEXKYLIHX CTaleH KapGuaHsIMU (azamu.

45



IMocne saxkanku ot Temneparyp p unTepsane 1140-1180 °C B cTpykType
CTal1# COXPAHAIOTCA MENKHE M OAHOPOAHBIE NO Pa3Mepy ACHCTBHTEIbLHBIE ay-
CTEUMTHBIC 3epla, COOTBETCTBYIOWMe 11-10 Gamiy. DBTeKTuuecKHe Kapﬁﬁﬂ\'kl
TIp¥ 3aKalke HE pacTBOPSAIOTCA M TMOCAe MoNHOM TepMuueckoii 06paBoTKH Co-
XPaHSIOT THITHYHYIO MOPQOIOrUIO ORHAKO B LENOM HX OUeHb MaTo ¥ OHM Mou-
TH OTCYTCTBYIOT B CTPYKTYPE CTAIH KOKUIILIEOr0 THTHA.

XapakTep H3MeHEHHS TREPLOCTH CTANM B 3aRHCHMOCTH OT TEMIEpaTyph
ayCTCHH3AUMH MOC)IE 32KANKH H TPEXKPAaTHOro OTycka mp 560 °C mo 1 wacy
lIOKasall, YTO ONTHMANBHBIC 3HAYEHHS TBEPAOCTH ODECTEYABACT 3aKaNKa OT
1180 °C [6]. Opyrue cBoiicTBa craneit NpHBeAeHH B Tabnuue 1.

Tabnuna 1 - Mexanuyeckue csoiicraa craneii

Crams | YcmoBus kpuciannmsa- Tsepmocts, | TemiocToii- Y napHas W
UHA HRC kocTh, HRC |  BsazxocTs,

2
1IMS5®P | B xepaMmyeckoii dopme 64 59 HXQ'O:SM
IIM5® TO 63 58 11,0

Ke+MoudunMposanue
1IMS5® B KOKHIe 65 60 18,0
P6MS | B xepamuueckoil hopme 64 59 3.5
P6M5 B KOKHITE 64 60 10,0

Kax nokaspiBarot gpanusle, crams 11MS® NpH JIMThE B KepaMHICCKHE
GOpMEI He YCTYTIAeT 110 TBEPAOCTH H TemIOCTORKOCTH P6MS, a mocire xpucrai-
M3aUAKM B KOKHIIE flake MPEBOCXOJHT ee MO TBEPAOCTH. MoauduiupoBaHtas
Ke ctany 1IM5® obnanaer Gonee RU3KOM TBEPAOCTBIO M TEITOCTOMRKOCTHIO.
4T0, 0YEBHHO, 00ycNIoBIeHO 0beMuenuem TBepAOro PacTsopa YriepoaoM us-32
CBASEIBAHNUS €10 B KapSuztax MC, ofpasoranne kotopsix crusmymsposan Ti. Op-
HakO CaMBIM BAXHEIM C TOUKH 3PEHHA IUTOIO MHCTPYMEHTA MOMEHTOM SIBISETCS
upeBocxonerso cramy 11MS® - Gonee vem & 1,8 pasa - o yAapHOH BA3KOCTH
Hap ctansio P6MS. OcoGo crepyer otmeruts TIOBBIICHHYIO CTA0HITBHOCTE 3TO-
rO MoKasarens - pa3bpoc NanHbIX TIPH [POBEJICHMH UCTILITANKH He IpeBhIIaeT
10 %, 4To cOmOCTaBUMO C pesymhTatamy, XapaKTepHbIMHU JHIIb Ui TehopME-
POBaHHBIX MaTEPHAIIOB.

Anst 1TOTO MHCTPYMEHT, TONBEPraeMoro LeMeHTaNuH, BEra paspabora-
Ha OBICTpOpexylnas craitsb CACAYIOIIEro XMMHYECKOTO cocTaBa, mac, %: 0.80-
0,88 C; 3,8-4,4 Cr; 4,9-6,5 W; 4,5-5,5 Mo; 2,6-3.8 V; 0,4-1,8 Ti; 0,8-2,4 Nb’[?].
XapakTepHoii 0COBEHHOCTHIO NEPBHYHO CTPYKTYP5I 3TOH CTany sABISETCH BEI-
COKas CTeIelb AUCIIEPCHOCTH (PePPHTHOH 0CHOBBI [8, 9], yro He cBoitcTEeHIIO
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cipiaBaM ¢ EPPHUTHON METAILIMYECKON MaTPHIIEH {10]. O6pacusercs 9710 TEM,
410, BO-TIEPBEIX, IODEKTHBHO CASPXKHUBAIOT POCT 3EPEH NOTPRHKHHBIC BIIEIIE-
aug TyrormnaBkax KapGunos MC, xoToprie 00pasyroT, KaK NpaBHa0, B MEKAEH-
JPUTHOM TPOCTPAHCTHE JHCKPETHYIO CETKY. Bo-BTOPBIX, YacTh H3 HHMX Ha cTa-
i MEPBUYHOH KPUCTANIH3ALUK OKA3bIBACT MIPAMOS HHOKYJHPYIOLICC BO3ACH-
CTRHE HA Paclnas, 4YTo TaKxke ¢nocoOeTByeT GOPMHPOBAHUIO MEJIKO3EPHHCTO
CTPYKTYpBI CTUIABA. Usbprrounsie (a3bl nocie JMTh NPE/ICTaBIEHbl MPEUMY-
mecTBerHo Aeruposansbni kapougamu TiC u VC i HesHauHTeNbHEIM KonHte-
cpom Fe; W;C.

Tlpn OTKure NPOMCXOANT HApyIICHHE CIIOWHOCTH M30HITOUHRIX KapOn-

o8 MC, npossisioweecs B ux dparmenrauuy [8]. Kpome Toro, obsemusie 10-
i kapounos Fes(W,Mo);C u VC BospactaroT u nosasisercs kapbun NbC, npu-
pOZia IPOMCXOKAEHUS KOTOPOTO TAKXKe KaK H Y IFes(W,Mo);C - BroputHas.
TIpH HEMEHTAIMOHHOH BhIAEPXKKE, KOTOPYIO TPOBOAAT IpH 950 °C B cpene
MpUPOAHOTO ra3a B Teuenne 20 ¥ HabMONAIOTCS pacniaj, chepouIH3aLHL K Koa-
JIeCHEHIMsi KapOUIHBIX HaCTHUL, BCIE/ICTBUE YEr0 YCTPAHAIOTCS 30HLI, CHIBHO
oboramicuusie W30pTOYHBIME (a3aMy, a KapOuIHad CeTKa 1O IPaHHLaM 3epeH
METAJLTHYECKOM OCHOBBI IPAKTHYECKH HCUe3aeT U CTPYKTYpa CTaied CTaHOBHT-
¢ fonee ogHOpoxEoii [8, 9].

Tlpu nocneayrowweii TepMueckoif 00paboTke NPOKCXOHAT Ka4ecTBeHHbIE H
KOTHYECTREHHbIE MIMCHCHUS KapOujiioit cOCTABNAIOMICH CIIABOB, CRA3AHHbIE B
HepByIo odepeb ¢ AUGOYSHOHHBIM MEPEPACTIPE/ICICHHEM JETHPYIOMHX die-
MEHTOB MEXIy MeTantiyeckoif ocHoBol 1 u3bsrounsME Gasamu [9]. TTpuuem
CTefeHb TpaHcGOpMALHHK CTPYKTYPEI CTalH OY€Hb CUIIBHO 3aBHCHT OT €e XuMu-
4eCKOTO COCTaBa - IIPH Olipe/le/leHHOM COOTHOMIEHHH JIETHPYIOLINX J/ICMCHTOB
TIDH Harpese 110J] 3aKaIKy JOCTHIAeTCes PaCTBOPeHHe OCHOBHOH Macchl NepBuY-
HBIX KapOuIoB, a HepacTBOPHBIUHMECH, BCIEACTBHE COEPOMIMU3AIMH, NPHOOpe-
TAlOT OaronpusTHYIO OKpyriyio Gopmy. Kak ciaeactsue, CTalb MOCHE NOMHONK
TepMuueckoil 06paloTKH, C TOYKH 3PEHHS pacrpeieNeHHs u3bniTouHbX has,
obnanaer Bechma ofHOPOAHON cTPYKyTpoit. OcHosHbiM Kapbuaom mocie 3a-
Kanky u ornycka ssigercs VC. Ocobpilf MHTepec NpeACTaBIsSET TaKKe ycuie-
Hiie HiTepdepenuuonnsix Jurni NbC, YTo CBS3aHO C aKTHBHEIM yyacTHeMm Nb
TIDH OTITyCKe B MPOLECCE AHCIIEPCHOHHOrO TBepAeH s cTaiy [9].

C yuetom ocobeHHOCTEH XHMHYECKOTO COCTaBa CTAJIH PEXHMBI €8 TEpMH-
HECKOMH 06paboTKy mocne reMeHTalny onTuMusuposany [11]. Pexomeryiores
3akanka ot 1220 °C u tpexxparusii otmyck npy 600 °C ¢ seiepxko#t no lu.
Iocite onTumansHol 06paboTku padoyas TREpAOCTL 0 BO3pacTaeT 10 67-69
HRC, a temocroiixocts (HRC 60) - go 675 °C.

OcCHOBHO!H TIPHYHEOH BBICOKOH TEMNOCTOAKOCTH SBIASTCH HOBBILICHHAA
CTeMeHb JIerHpOBaIHOCTH TBEPAOTO PacTBOPA, a TAKKE HHTEHCHBHOC BTOPH4HOC
TBEepJieye CTaMy NPy oTnycke, riae ocodyto ponk urpaer Nb. Coderanue nuc-
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NEPCHEBIX KapOKIOB BEICOKOH TBEPHOCTH M BBICOKONEIHMPOBAHHOTO MAPTEHCHTA
ofecrieyuBaeT MyYlIyl0 W3HOCOCTOAKOCTh IEMEHTOBaHHOro cios. Ilo aTomy
TOKa3aTe/li0 UEMEHTOBAaHHaA CTalb NPeBOCXOAUT POMS Gonee wem B 2 pasa -
CKOPOCTh MOTEPH Macchl 00pasuos cOOTBETCTBEHHO 36,4 # 70,2 Mr/4. B To e
BpeMs TBEPZOCTh CEPALIEBHHBI CTAIN NOCAE LEMEHTAIMHE B TepMHYCecKoil obpa-
Gotku He npesbiinaer 30 HRC, uyro napsay ¢ 6naronpusTHEIME GOPMOH U Xa-
paxKTepOM pacnpelencHus H3OLITOUHBIX KapOHI0B ABIASTCS 3aJ0rOM BEICOKOH
yAapHOIT BI3KOCTH cepauesusns (1o 70 Iidem?) u HHCTpYMeHTa B 11emoM (1o 20
ﬂmfcmz). Jas noBsleHUs YAAPHON BA3KOCTH PEKOMEHYCTCS HEpBEH OTHyCK
1poBoTE npH 560 °C, BTOpOI U TpeTtuii - npu 600 °C [7].

CTOMKOCTL JIHTOrO HHCTPYMEHTA TPH HCIONB30BAHUH HETPAUMIHOUBIX
OercTpopexKyLIMX cTaneit BoapacTaeT fo 4 paz [11].

Cimcox anreparypsl: 1. Yayc A.C. u ap. CTpyKTypHas HACHeCTBCL-
HOCTb H 0COGEHHOCTH pa3pyLIeHHs BBICTPOPEeXyIHX craneit. -MuTOM, 1997,
Ne 2, ¢. 9-11. 2. Hayc A. C., Pyauuuxuit ©.H. Bausuue Moauduuaposanus Ha
CTPYKTYPY M CBOHCTBA JIMTBIX BONB(OPAMOMOIHONEHOBBIX OBICTPOPEIKYIIMX
cranedl. -MATOM, 1989, Ne 2, c. 27-32. 3. Yayc A.C., Mypram M. Kunetuxa
(ba3oBRIX MpeBpalleHAd NpH KpucTauTH3auuy OhICTpOpexKymell CTalu B Mar-
HHTHOM mosie. —<PMM, 1998, T. 85, Ne 6, c. 127-131. 4. Myprawm M., Hayc A.C.
Hcnons30Banye MarHATHOTO TIONA IIPH DMEKTPOIIAKOBOM Mepeliane CTalH, —
@uXOM, 1998, Ne 2, ¢. 99-107. 5. Kpemuer JI.C. 3asprexTonasse 6LicTpope-
Kywme craim. —-MuTOM, 1985, Ne 8, c. 24-25. 6. Yayc A.C. O mepcnekTrBe
UCTIONB30BAHAS HH3KONErMpoBannoi He3BonsppamoBoil BrICTpOpexyIed cTa-
ma 1 IMS® mna muroro uHeTpymenrta. -MuTOM, 1998, Ne 8, ¢ 15-20. 7. A.c.
1474179 CCCP. Bsictpopexymas crans / A.C.Hayc u ap. // Orkperrus. Wso-
Bperenus, 1989. Ne 15, ¢. 97. 8. Yayc A.C. CtpykTypa ® cBolicTBa JHTOl Lie-
MenTyemoif GeicTpopexyiuest craim. —3s.8y308. UYepHas Merautyprusi, 1998,
Ne 11, ¢. 30-34. 9. Yayc A.C., JTareies Y1.B. Brusgaue Bananys, THTEHA H HHO-
6us Ha QOpMHPOBAHME CTPYKTYPH! AUTOH onbdhpamMoMonubieHoBoi GricTpo-
pexynteit crani. —OMM, 1999, T. 88, Ne 5. c. 50-57. 10. Mogyar B.J., Usauos
JLW. LemenTyempie GrcTpOpexymre craiu. B ku.: O6paboTka MaTepuanos pe-
zannem. —M.:, 1980, c. 35-37. 11. Chaus A. S., Latyshev 1. V. Improvement of
durability of as-cast high-speed steel tool by carburizing. In Proc. of the Int.
Conf. TOOLS 2000. —Bratislava: STU, 2000, s. 112-115.
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OCOBEHHOCTH HATPY KEHUS U PABOTHI HOPIHHEBLIX
KOJEL JBUIATEJIEH BHYTPEHHETO CTOPAHUSA

Yepueta 0.1, Kopotouxa AH. (AI'TY, 2. [{enpodsepoicunck, Yrpauna)
[lycrosoiit A.M. (IKX3, 2. []nenpodsepicuick, Vkpauna)

Solution is given of the contact problem in the presence of wear of a piszqn r.fng
ander the condition of nonstationary external Ioadm_g. The case of periodical
loading is considered. The results of numeral calculation are presented.

TlopiAesble KOMbLa JBHTATENA BHYTPEHHEr0 CTOPAHHS BBIMOJIAIOT repMe-
THMpYIOMYI0 QYHKUMIO B NPONECCe NPEBPAIeHNH TEIIOROH SHEPrui Cro-
pAIOIEro TOIUIMBA B MCXaHWHECKYIO IHEDTHIO, BIMAIONMC Ha (opMupoBanue
KpyTAIIEr0 MOMEHTA Ha BBIXOAHOM Bally KONEHHATOro Baid, obeciieunBas pas-
BITHE ABATATENEM MAKCHMANBHEIX TEXHHKO-3KOHOMHUECKHX X2PaKTEPHCTHK U
rokasareneii . HopmansHyio paGoTy TMOpPUIHEBOTO KOJbLE B YCJIOBHAX TCPMO-
NEKIHYECKHX ,UHAMHIECKHX ,KOPPO3MORHEIX U 3HAKOMEPEMEHHBIX HAIpyxe-
syl 0GECTIEIHBAIOT CTICIUATEHbIE U3HOCOCTOMKME HOKPBITHS (KaK TPAIHIIHOH-
Hble XPOMHDOBAHHSIE , TaK B HUTpUoconepxKantie). OHH B e
ety 60ITee BEICOKHX (PM3HKO-MEXAHHYECKHX CBOHCTS IONy4aloT bonee IIHpo-
Koe TIpHMEHeHue , YT0 ofecreunBaeTes MUHHMAIBHOH MOLIHOCTEIO, Heodxo-
JAMOIK JUTst XOTOCTOr0 XO/@ JBHraTelis BHYTPEHHErO Cropanws, CTabumusaii-
eif MOMEHTA TPEHHs ¥ TEMNCPaTypEl, CTENeH! FeOMeTPUYECKOro COOTBETCTBAA
KOHTaKTHOH [NOBEPXHOCTH.

23%

16%

24%

Puc. 1. VI3HOC MOPIUHEBOTO KOABHA IO KOHTYPY paboyell ToBCpXHOCTH
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ITpoBeneHHUbIC 3aMEPB! I'EOMETPHYECKUX ITAPAMETPOB MAPTHH KOMIIpec-
cHoHHBIX Koney guamerpoM 100 M, Kotopsie OBUTH 32MEHEHB! B Pe3yiILTATE
H3HOCA IIPH JOCTHXKEHHM JBHraTeNeM KPUTHYECKHX TEXHHKO-MEXaHHHUECKHX
roxasaTenel, MO3BOMAIOT MOMYYHTE MPUMEPHOE PACIPECACHHE H3HOCA NOpLI-
HEBBIX KOJEIl B ONPEAC/ICHHBIX 30HaX MO KOHTYpPY Koisla (prc.l) B ceucumsx
1-1,2-2, 3-3, 4-4, 5-5.

Kax BuaHO M3 (pHc.]) B pesyiasrate [pOBCHEHHBIX HCCIefoBaHKH Hanbo-
jlee BBICOKOMY M3HOCY A0 24% moasepkeHa 30na B cedenuu 3-3, npoTHBONO-
JIOXKHO JIeXkKallas OT 3aMKa Koablia. MeHBIe MOMBepCeHbl u3HOCY 30HbL 1-1 1
5-5 (19-23%) u 20ub1 2-2 1 4-4 no (16 —18%). Takas HepasroMepHOCTL CTENE-
HH M3HOCA BBRI3BANA HEOOXOJIMMOCTS B ONPC/ENCHHH PEANTbHOI0 KOHTaKTHOTO
JlaBTIeHHA MOPIEHEBOIO KONbLA Ha CTCHKY HuIuHapa. [lasieHne Ha TOPUIHEROL
KOJILILIO CO CTOPOHEI LMIKHEAPA ABHTaTens SBAJeTC OMPeAeTSIONMM CHIIOBBIM
daxTopoM Tipy GOPMUPOBAHKY PEXUMAa HATPYXKEHHA B 3TOH mape, Tak B pam-
Kax OIHOMEPHOH KOHTAaKTHOH 3aja4u Ha OCHOBe Teopmu uaruba Opyca Mamoi
KPHUBH3HBI MOXHO IIPECTaBHTH , YTO KOJIBIIO He OY/IeT MIO0THO CONPHKACATECS
C TIOBEPXHOCTRIO LHAWHAPA 10 BCeMY KOHTYPY OKpyxHocTd. Ha yuyactie 1-2 u
5-4 (puc.2) uMeeT MECTO HEMIOTHOTO MPHIETaHUS IOPIIHEBOTO KOMBLA K 110-
BEPXHOCTH LKIMHAPA, B TOXE BpeMS Ha yuyacrkax 2-3 u 4-3 mpociexusaercs
TIOTHO® MpHJIeraHne, YTO O0BACHASTCS HeBO3MOKHOCTHH) BEIPARHHBAHMSA KPH-
BU3HEI KONbIa M WMIHIAPA H3-32 OIPAHHHYCHHOH CTeNeHn cBoBOLI B KONIBIE-
BEIX 30HAX.

Puc. 2. Cxema ¥ 31m10pa Harpy»XeHHS TIOPIIHGBOTO KOJIbIa
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B toukax 1 H 5 CO CTOPOHBI MOBCPXHOCTH LHIHHIPA JCHCTBYIOT COCPElOTO-
yenbIe CHILbI P, a no uactu Koutypa 4-3 u 2-3 KOHTAKTHbIC AABNSHHA HIH pPaB-
HOMEpHO pacrpejieNienHas narpyska q. Taxas MocTaHOBKA KapTHHBI HOPMHPO-
papuMs KOHTAKTHOTO [aBNIeHHs paccMatpuBaetcs 8 pabore [1].

B COOTBETCTBUH ¢ NPHHATON CXeMOH OlpeensieM KOHTAKTHOC AaBICHHC |
ACXOJIA 13 YCIIOBUSA PABEHCTRA cOMHKEHNS KOHLOB KoJblia [2], NpHEHMas 1H-
uEIp a6COTIOTHO KECTKMM B PaJHaIbHOM HallpaBICHHH:

A =2x(n,—-r,); (1)

[e A- PasHOCTb 3a30POB KOJb1A B CBOBOHOM cOCTOsHMM ¥ B cHope, M;
F,~ HapyKHbIH pajiyc KoJblia B cB00011HOM COCTOSHHH, M ;
y BHYTPEHHHH pajuyc IUIHHPA, M ; !
i3 ycIOBHsi PAaBHOBCCHA OMNpENCHAEM COCPEAOTOYeHHYKw cuiy, P.H, nercr-
BYIOILYIO B TOPUEBOM CEYCHHH NOPIUIHEBOTO KOJIbIA:
P=grsina, (2)

Tie ¢ - YIoji, ONPeAeNMIoNIHi JIHHY YYaCTKOB Pa3sHON KPUBH3NEL, Paj. Janee
ompenensieM cOmnkeRre KOHIOB KOMbla A Kak QyHKIHIO OT § C NOMOILBIO HH-
terpana Mopa [6]: o

A= i —[MZJ(QD)MZ:(@L

= dg, (3)
i=1; b‘ti‘

e n- 4UC)I0 Y9aCTKOB KOJIBLA;
£ - naMna i-ro y4acTka, M ;
M, (p)- dyuxuus narubaromero MoMesTa i-M ydactke, Hom;
M (@)~ OyBKUMS H3TUOAIONIEIO MOMEHTA OT eJUHMYHOM CHIIBI, M}
- 2
EI, -u3rutuas xecTKOCTL KOJIbla B CBOEH [IOCKOCTH, HwM. .
Hocne momyuenus sbipaxeruil usrubatonmx Momentos M, (@)u M (@)

packpeiBaeM cymmy (3):

o
At [Prsing[r(i — cosp)fde +
El, 4
a0
+-§ | {Prsin(a + @)+ qu (1- cos;v)}(l —cosla+o)yrdg. (4)
¢ 0
Tlocyie MHTErpUpOBaHHAA BBIpAKEHHUS (4) HONYIHM:
4
A=2[sing + (z - a2+ cosa)], (5)
El,
OTKY/1a JOAy4aeM BelMIHHY KOHTAKTHOIO JAaBIEHAS
ElA
q= (6)

r“[3sina +(r-a)2+ cosa)] :
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Beipaxenue (6) sisnsiercs obumm. B wactHOM cayyae npu @ =0 nomyusaem
u3BecTHYIO Popmyny (1):
- ElLA ™
3t
3anucEIBaeM YCIOBHE BHIDABHUBAHMS KPHBU3HE! KONBIA H LHNMHIPA B TOY-
ke 2:

; L. .l
P sma:EI{——-—]. (8)
s ?‘q
Wnu mocrie BeIpaxeHust cuist P yepes g;
- qr;f sinfg = El L —i} ; (9)
A

I 1
rae — — ——-npHpaueHie KpHBH3HE]l KOIBIA.
s rﬂ

BripaxaeM NpHpallieHHe KPUBH3HBI HEPe3 pasHOCTs 3a30poB A 13 dop-

synst (1)
2ol I (10)
e Ty 7 (I + E?‘i}
I'"
Iepenucsizaenm Boipakerue (9) ¢ yuerom (6) 1 (10) :
ELA¥ sin’ EL .
r2Bsina+ (7 ~a)2+cosa)] 2m, (&
r|1+—+
Wnu nocne COKpamieH s NoTyduM BEIPaXeRue |
sin’ o 1
(12)

r,Bsina+(r—a)2+cosa)] A+ 2,
OrtkyZia nIomydaeM CeAyIolee TPUTOHOMETPHYECKOe BEIDaKEHHE:
(A + 2:':7;")sin2 & -3r,sina ~2m, +3ra+ racose —mcosa =0 (13)
AnanuTHyeckoe pelieHue ypasHenus (13) 3aTPYAHKETENRHO, ITOITOMY
TOMTy9eHBl YHCIIeHHbIEe PCINeHHs I PSAa TIOPIIHEBBIX KoMel CBENEHE! B Tab-
muyy 1.1.Ha yuactke 2-3-2 B CHIY [IOCTOSHCTBA KPHBH3HEI ICHCTBYET IIOCTO-

SHHBIH, OH JXe pacuyeTHEI! u3rubaioiui MoMeHT, KOTOpPBIN C Y9eTOM BEIpaNe-
1us (2) IpHHAMAET CleayIOLMi BUA:
- 2.3
M, =qr sin"a (14)
TZie KOHTaKTHOE JaBNEHHE g onpezendercs no dopmyine (6). Torna MoxHO 32-
nucats GOpMyty AUt ONpeAeNeHN MAKCUMATTBHBIX HOPMATBHEIX HANpMKeHHH:
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o 6ELAsin’a
T 2[3e 22
r2[3sin+ (7~ 2)2 + cos) s
e O -MaKCUManbHOE HOPMAIBHOE Halpsikerue, Ila;
k- oceBas BBICOTa KOJIBLA, M ;

Fo) .pa,uuaJTSHas{ TOJIHHA KOJbIIE, M.
Pacuets! 1o Gopmynie (14) u (15) Taxxe ceogstes B tabmmmy 1.1.

(15)

Tabmana 1.1 - OcHOBHBIE XapaKTEPHCTHKH HATPYIKEHHS KOJNeL[ Pa3HEIX
JBATATeNeH.

(No | Jipurarens R.mvv |A,mm|a®, |0 ,HM o, Mna
1 |Mocxsua412-3 | 41 9.7 723 3874 262.7
2 3WJI-130 50 16.3 71.81 15063 424.8
3 KamA3 5430 60 12 7261 8073 | 211.6

Kax CIeAYCT U3 NPHBCACHHBIX Pe3yJIbTATOB, YO BRIpaBHHBAHHA KPHBHU3-
HEI KOJIBIIA M HUIHHAPE HMECT CYLIECTBEHHYH) BEIHYHHY, KOTOpas HaxOAHTCA B
npeAenax 71.8°-72.6° u TpaKTHYECKW HE 3aBHCHT OT PasMepoB IIOPIIHEBOH
TPYIIbi, 00BACHAL HaNWyHe ODNACTH HeNIOTHOro NPHIEraHys ¥ NPEeBATAPYIO-
IHH H3HOC HA YYaCTKaX, IPUMBIKAIOMINX K 3a30pY KOJbIIA.

Taxum oOpa3zoM, paspaboTaHa HOBasA MaTeMaTHIECKas MOAENb KOHTaKTHO-
I'0 B3aMMOIEHCTBHA MEXILY ITOPIIHEBLIM KOMBIOM K CTEHKOH LMIMHIpA.

Cnucox auteparyps! : LBeiiryn O.I'., Kopobouka A.H., Yepuera O.I.
Matemariyeckass MOJENb KOHTAKTHOIO B3aUMOJEHCTBHA MEXTY NOPIIHEBBIM
KOJbLOM ¥ creHkod munuHApa .- Cucremui Texmomoril .30ipHHK HayKOBUX
Tpaie. Ne 8-JIinpomnerposerk ,2000 p.2. Penocees B.JA. Usbparmisie zanaun 1
BOTIPOCK! 10 CONPOTHBNEHHIO MaTepranos.-M.: Hayxa,1967.-376c¢.

HOBEI IPOUECC JIEKTPOJMTHYECKOTO PA3EJEHWA
ME/JHO - CEPEBPSIHBIX CIVIABOB B CYJIb®ATHOM
JJEKTPOJIMTE

Yepuiok O.B., 3onoTyxun B.A., Camconor A.H.
(HoxHLM, 2. Joneyx, Vxpauna)

Mechanism of the anodic dissolution of copper-silver alloys with a silver content
Up 1o 30% in a sulfuric electrolyte has been studied. The end effect consists in
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the fact that sliming of high-pure silver is observed practically in anode space
only, and on cathode silver-free copper deposits.

JUid HOBBILUEHHS CPOKA CIYXOBI, H3HOCOCTOUKOCTH, MAJIOT0 MEPEXOAHO-
TO CONPOTHBJCHHA B KOHTAKTaxX M JIDYTHX IISHHLIX Ka4ecTn ')!ICKTPOHHOE:I H pa-
AWOTEXHHHECKOH annapartypsl 0TBETCTBEHHBIE TOKORSLYLLHME 2JICMEHTBI H3I0-
TABJITHBAKTCA Ha OCHOBC MEIHO — CepEGPHHbIX CIUIaBOB MM MX MOKPBIBAIOT CC-
pedpom. [lpn crivcanuy ¢ 3KCruyaTalMy H3AC/IHH, OTX0A0B M 0B0pyaoBaHNy
pag'lH03ITGKTpDHHOﬁ " 3H€'K‘i‘p0TCXHH‘iCCKOﬁ IPOAYKUHH BO3HHKANOT 3ajayy
IKOHOMHYECKY BBIFOIHOH YTHIH3AUMH AparoleHHLIX METaJlJ10B, KOTOpLIE B HUX
COJIEPIKATCH.

BTOpHYHOC CBIpBE C UETBI0 H3BACUSHHA APArOLCHHEIX MeTaios B CCCP
niepepadarbiBaioch HEHTPANTM30BAaHO Ha KPYNHHIX NPE/IPUATHIX UBETHOM Me-
Tamtyprui Ypana g Cubupy, 4T0 MO3BONAIO B YCIOBHAX KPYNHOTOHHAKHOTO
MIPOH3BOACTBA AOCTATOYHO 3Q@EKTHRHO pellaTh TEXHHKO — IKOHOMHYECKHE
3KOJIOTHYECKHE MPobieMbl MHOTO3TANHON TEXHONOIHHN [Iepe/ieNa B paMKax cy-
LUECTBYIOLMX MOLIHOCTEH, HCNIONB3YA CYILECTBYOUMe TeXHonoruH. [1pu opra-
HHU3AlMY JKe HeOOIBLIMX NPOU3BOACTE HYXHBI APYIHe TEXHOJOTHH Nepepabor-
KH ChIPbsi, IO3BOJIAIOMME pazpeliath foliee riyboKHe I MEITKOMACIITaGHEIX
MPOU3BOJCTE TPOTHBOPEYHA MEXKAY TpPeOOBAHMAMY TEXHOMOTHYHOCTH, PCHTA-
0enpHOCTH M IKOIOTHYCCKOH OesonacHocTH. B mpouecce yTHan3aimu 0TX0A0B
PaiMOIEKTPOHHON ¥ 2JICKTPOTEXHAUECKOH NMPOMBINUIEHHOCTH BO3HWKAET 3a-
Jlaqa SKOHOMHYECKH U 9KOJIOTHYECKH TPHEMIEMOr0 paslielieHHs KOMIOHEHTOR
MEJHO — CCpeOPsHBIX CIIaBOB C BBICOKMM cozepikanueM cepebdpa (go 30 % u
Gonee). Crinassl, yKa3aHHOIO COCTaBa, TAKKe 0OPasyIoTCs Upd HCNOAB30BANKHN
MeaH B KaueCTBE aKKyMYIHDYIOIWETO METal1a B pesynstaTe rnepepaboTku Gej-
HBIX cepebpOCOACPKAlIMX LUT2KOB, HONTMMETAUIMEECKOTO JEKTPO — PALHOTEX-
HHYECKOTO JIOM& H. T. [, B pe3ylbTaTe NOCTEIYIONIEr0 OTHEBOIO pagHHAPOBA-
HHA.

XOpowo M3BECTHbL 3/EKTPOXMMHYECKHE TeXHOIOTHH DPadUHHAPOBAHMS
CIIaBOB MeJb — cepedpo ¢ ManbIM cojepxkanuem cepebpa (mo 0.5%, cynndar-
Hele onekTponuTe! [1]) u ¢ GonemuM cofepikanuem cepebpa (80-90% u Gornee,
CabOKHCIIBIe HUTPATHBIC dMEKTPONHTEHI). IlepBolii BAPHAHT DKONOTHYECKH YHC-
THI ¥ ObUI OB BIIOJIHE NpHeMIeM, HO B CTAHAAPTHBIX YCIOBHAX NPaKTHYecKy
HEpeanu3yeM Ha ClilaBax C NMOBRIICHHON KOHLEeHTpauue# cepebpa u3-3a Opict-
po¥ M TIOTHOH MaCCHBALMA aHOA0B. IIpe/ICTaBIsSIONIM Xe TPaKTHYCCKHH HHTC-
pec Ajis pEelIeHHs 3aayy BTOPOH BapHaHT TEXHOIOTMH HMeeT CYILECTBEHHLIE
HE/JOCTATKH, — 3/IEKTPOJIN3 HUTPATHBIX 3NIEKTPOIATOB CBs#3a ¢ 00pazoBanueM
TOKCHYHBIX OKCHIOB a30Td.

CrninaBhl ¢ IPOMEKYTOYHBIM COACPKaHHEM cepebpa NOABEPraloTCS MHO-
FOCTAJIMHHOMY TIHPOMETAMTYPTHIECKOMY W XUMUYECKOoMY nepejeny. Iloatomy
HaMH Opua npopeacHa paboTa Mo opraHMsalMM Tpolecca padUHHAPOBAHHS
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CTITABOB menp-cepebpo, GoraTeix cepebpom (mo 30% ar.) BﬂC)(‘J‘ibLbaTHOM K-

OJHTE, HCKIFOHAIONINe CTafuK Tpoliecca, Ha KOTOPHIX 00pasyloTes TOKCHY-
WBie HPOAYKTHI M TIPH KOTOPOM MOXKHO NONYYHTb MAKCHMAILHO YHCTBIE OCHOB-
fpie MPOAYKTH! PAGUHUPOBAHHA CTIIaBa — KATOMIYIO ME/lb C MHHHMATBHBIM CO-
pepiKaHneM cepebpa, U aHOAHEIH mnam cepebpa ¢ MHHMMaIbHBIM COAEpKaHH-
eM MEAH.

B crannapTHBIX YCnoBUsiX MelepadHHHPOBAYHOTO MepejeNa, Npu pac-
TBOpEHHH CIUIABOB Horatsix 1o cepebpy, Ha kKaTofie cojiepxanue cepebpa joc-
turaer 0,5 — 2%, B KaTOMHBIX HEHAPHUTAX 4 — 6%. AHondeiil 1IAM CONEPIKUT
MuOro Menu, 15 — 40%, no3ToMy KaTOIHBIH OCAZOK ¥ aHOAHLIH lUiaM TpebyioT
JOTOMHHATENBHOTO MepejieNia [l NONYYeHHS KaTOAHOH MelH H CepeOpsHBIX
apozoB mox abduuax cepebpa. Meramnorpaduyeckuii ananus noxasal, 410 B
1iaMe Hapsly C MeNKAMH KPHCTalIaMH, XapaKTePHbIMK VIS CTPYKTYPBI CaMo-
ro CIUIaBa, NPHUCYTCTBYIOT KPYNHBIE TPEXMEDHBIE M JICIIECTKOBBIE (ILIOCKHE)
JCHIPUTH! C pasMepaMH, Ha mopsaok Oonbiumu. OTO SIBICHHE OJIHO3HAYHO

. yKa3hiBACT Ha IPOTEKAHHE PEaKlMH BTOPUYHON KpHCTalwiusauuu cepeSpa B

PACTBOpE, YTO BO3MOXKHO, ECIH TaM eCTh HOHBI cepebpa.

MOoKHO TPEeIHOIOKUTE, YTO NPH aHOZHOH MOIPH3ALMY B YKa3aHHBIX
YCHOBHSX HA aHOJIE POTEKAET He TOMBKO PEaKIHst OKMCIEHHA MeJIH, HO 1 peak-
1w okrcIerns cepedpa. [IpoykT 310l peakidy — HOHBIAG', OHM MUTPHDYIOT
B KATOJ(HOE TPOCTPAHCTBO, T€ H BOCCTAHABIMBAIOTCA Ho MeTamna. IloaTsep-
SKAQIOT 3TO U PE3yIBTATH M3MEPeHus aHoAHsIX noTeHHanos, Ha cnnasax mezns
~ cepebpo npu pasBepTKe MOTEHIHANa B aHOAHYIO o0nacTs HabmromaeTcs iBa
nuka. [lepperii cooTBeTcTBYET 061aCcTH aKTHBHOIO PACTBOPEHHS M MOCIEAYIO-
el CONeBOl MAcCHBALMK YYACTKOB MEIH Ha TIOBEPXHOCTH aHOJA, BTOPOH —
pacTBOpenuio u naccusaiuu cepedpa. I'mybokas maccHBali aHOLOB 06yCIOB-
NieHa 06pa3oBaHHEM Ha €ro MOBEPXHOCTH CONEBBIX IUICHOK CYIs(aToB MEAu
cepebpa, mo-BUAMMOMY, BKTIOYAOmMX B cebs NOTEpABIIHE KOHTAKT ¢ aHOZOM
€r0 ()parMeHTHl H BOCCTAHOBIEHHOE B PAcTBOpE MeTalnngeckoe cepebpo, sepo-
ATHO B Ko/wiouaxoM dopme. I1u ocobeHHOCTH JeNarT MINaMOBYIO IUIEHKY
IJI0X0 pacTBOPUMOH ¥ YCTOHYHMBOH.

QuepuzaHo, 4TO 3afadya co3zfaHus Oojee COBEPIIEHHOH 3MEKTPONHTHYE-
CKOM TEXHOMOTHH padUHHPOBAHHA MEIHO — cepeOpAHEIX CILUIABOB B CEPHOKHC-
JIOTHOM 3JEKTPOJIUTE 3aKITF0YAETCS B TOM, YTOOB! MPEHOTBPATHTL 0OpasoBaHue
ljlaMoBo# ruexKy (MAacCHBALIHIO aHOJA), 0 BO3MOXKHOCTH HOJHOCTRI BOCCTa-
HOBHTE HOHEI cepebpa B aHOTHOM IPOCTPAHCTBE, HE JIONYCKas HX IONaJ]aHus B
KaToHoe NpoCcTpaHCTBO.

B cBa3u ¢ HaTHUMEM B KaTORHOM ocajke cepedpa, 4TO CBA3aHO C mepe-
XozoM cepebpa ¢ anoma B Buae Ag; SO4[2],B03HUKaeT BOTIPOC O TOM, 4TO ABAA-
€Tcq ero poccraHosuTeNeM. M3 Bcex KOMIOHEHTOB CHCTEMb! BEPOATHLIM BOC-
CTaHOBUTENIEM IPECTABNAIOTCS HOHBI OJHOBAIEHTHOH Meau. TepMoauHamude-
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CKH OHK MOTYT 00pa3oBslBaThes npH aHOMHOH noaspuszauud. Kpome Toro, y
NOBEPXHOCTH MEAM CyluecTsyeT pasHosecre 2Cu’ Cu + Cu®* ¢ koncrantoi
1.5%10° (peaxaus JANCTIPONOPLUHOHAPOBAHKS ), KOTOPO? MOXET IIPA PacxooBa-
HeH HOHOB Cu” CMeLuaThes B CTOPOHY HX 0OpasosaHus. JleHCTBUTENBHO, OBl
Tamu 65110 ycTaHoBNEHO, uTO BBejenxe Cu' B npody padoiero 9JEKTPOUTA,
COZEpIKAILEro HOHB! cepedpa, MPHBOUMT K MX XHMH4YECKOMY BOCCTAHOBIIEHHIO,
T.e. nporekaet peakuus Cu” + Ag” Cu”® + Ag. Ozaxo, no-BuiumoMy, o6pa-
3ylollieecs MPH aHOMHOM PacTBOPEHHH GOraTeIX cepeGpoM ChIaBOB KOMHYCCTRe
OAHOBAJIGHTHOH MEIH HEAOCTATOYHO DI TIOJHOTO BOCCTAHOBJICHHS 0Opaso-
BABIUHUXCS HOHOB cepelpa, NosToMy MOCHEe[HMEe HAKAIUIMBAIOTCH B AHONMTE
TIPOHUKAIOT Yepes AHagparMy B KaToMuT, THE M BOCCTaHaBiMpatoTes. ClieoBa-
TEIbHO, BO3HHKAET 3a/laya IIOBBICHTH KOHUCHTPAUMI HOHOB OJHOBANCHTHON
MENI B DACKTPONTHTE,

M3sectHo, onnako, 4To mpoctsie coesuserus Cu' B BOAHBIX PAaCTBOpaX
HEYCTOMUMBEL. TeM He MeHee, Kak W ADPYIMe MEPEXOAHBIE MeTaIbl, OOHOBE-
TIEHTHAS MEAb MOXeT 00pa30BLIBATE CTONKHE KOMIUIEKCH! [3] ¢ oneduHOBBIMY
COCAMHEHUSMH COJePAIMMH IBOHHBIE CBA3M B MOASKYTax § ODIAAAIONIHMN
BBICOKOH PEaKIMOHHON CIOCOOHOCTLIO B peakuusx npucoemuenud, JleiicTeu-
TensEO, B [4-5] GRITO noka3zaHo, 910 HO0ABKH K CEPHOKMCIOMY 3NEKTPONHTY
MEJIHEHHS HEKOTOPHIX HEHACHILIEHHBIX COCHHHEHMH 3aMeTHO TOBSIIATH KOH-
uenTpamuio HowoB Cu’ B pacTsope. [IpeBapuTETsHBIE 3KCIICPUMEHTH! 10
aHOJHOMY P&CTBOPEHMIO MEJHO — cepeOpsHbIX CNAaBOB ¢ HCIIONb30BaHHEM
cTabmiHsMpyrowiei T00aBKy ITOKa3anH MEPCTIeKTUBHOCTh TAKKX HCCISOBAHMIL.

Ha ocHosanum H3noXeHHLIX coobpaixennil namu 65Ul paspaboran [6] Ho-
Bl 3¢ dexTrBHbI npouece paduHEpoBanHs GoraTsx no cepebpy crnasos Cu
—Ag. Tlpu BBEfIEHUH B ACKTPOIHT, CTAGHIMIHPYIOIIEH ONHOBAICHTHYIO Me b,
n0baBku cepedpo NPAKTHYECKH TONHOCTHIO BOCCTAHABIIMBACTCA W3 PACTBOPA B
@HOJIHOM NpOCTpaHCTBe. KaToaHmIi 0Cafok MMeEeT MIOTHYIO CTPYKTYPY ¢ Co-
nepxanuem cepebpa 0.012 %, 4ro cOOTBETCTBYET Mapku katoaxoh memu MO.
Taxske nomyuen aHoauEli 1TaM, cojepxkaiui 98-99% cepebpa Bricoxas wuc-
TOTa cepebpa alOAHOrO HIFaMa KOCBEHHO YKa3LIBAET Ha TO, HTO B HCM, Haxe
€CITH ¥ TIOABNLETCA METaNIn4eckan Me/lh (OCHINaKte ¢ aHOMa), OHA PacTBOPACT-
CsL 1O peakliuy AUCTIPOTNIOPLHONYPOBanHS, a obpasopasiiiecs Houbl Cu’ TyT ®e
BOCCTaHABIIHBACT Cepebpo. AHAIN3 NOTCHIHOARHAMMECKHX BOJBT - AMIIEPHBIX
3aBUCHMOCTEH, TIONYHEHHBIX B JICKTPONHTE, CONCPKANIETO CTAOKIH3HPYIOLLYIO
IobaBKy, MOKa3bIBAET, YTO B €¢ NPHCYTCTBHY MHTEHCHQHLHPYETCS HE TONBKO
1IpOLCCC aHOAHOTO PAcTBOPEHHs cepedpsHoi (assl, HO U MeHOH dasbl. IT0
OOBACHSAETCS POCTOM MHTEHCHBHOCTH OTBOAA OT NOBEPXHOCTH aHOJA HOHOB Cé-
pebpa u Memu, cyiabdaTsl KOTOPHIX OTBETCTBEHHSH 3@ CONEBYIO MACCHBAI{MIO
aHoa0B. TakuM 0Opa3oM, WCHOME30BAHHE CTABHIM3MpYIOLEH TOGABKU 103B0-
JISeT BeCTH Melepa@HHUPOBAYHBI nepeen GoraTsIx Mo cepeGpy aHOMOB ¢ 110-
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ydeHAeM TOBapHO# KaToXHOMN Meau 1 Goratoro no cepebpy aHOAHOTO UIAMA
prozHoro s abduuaxa Ges npeiBapHTeNbHOA TOBOIKH, B yCIOBHAX HH3-
Koil TACCHBHPYEMOCTH aHO/IOB.
Jlns npOBEPKH ¥ YTOYHEHHS Pe3y/bTaTos, MOIYuCHHLIX B nabopaTOPHBIX
'yu{ogﬁgx, OBINH IpOBEACHEI ONBITHO — NIPOMBINIIEHHBIC HCTIBITAHUSA B 3JIEKTPO-
3HOM OTACTCHMH HAydHO — SKCUEPUMEHTAIBHOTO KOMILTekca JJOHEKoro ux-

| CTHTYTA HBETHEIX METAJLIOB. Baunua, oosemom 400 1, H3roToBNeHHAs U3 HEPXKa-

pefomieit CTIN QyTepoBaHHas H3HYTPH Anaba30BOH MIMTKOH. B xauecTse anno-
JIOB ACTIONB30BAIH MEHO — cepeGpSHEI crinaB ¢ cofepxanuem cepebpa 15.6%.
UMEHSICH 3TIEKTPOINT CIEAYIOIIEero CocTaBa:

Cu - 35 r/m; HySO4 — 150 r/n; crabunusupyromasn ﬂOﬁaB;I{a — 5 mr/m
TemnepaTypa dNEKTPOJATa — 40°C. TInotroCTs TOKa — 150 A/M°. Katozs: u3
HepKaBelolieR cramu pasMepom 36.5%42.5 B KONHECTBE 11 mryk. Ans mpe-
NOTBpAIIEHAS TIONANaHAA AHOJHOIO NNamMa B KATOMHBIA OCANOK, KaTOMBI MO~
MeIANHCh B TIOJIUIPONUIEHOBbIE HHadparMbl. Pe3ylbTaTsl ONBITHO — NMPOMBIII-
NeHHBIX HCTLITAHHE MOATBEPMHIKA NabopaTopHsie mccaenosanys. [lomyyeHs:
clieflylonIe pe3yibTaThl: cofepxanue cepefpa B KaTOAHOH MeH 0.017%, co-
Jfepxanue cepebpa B aHozHoM name 98.2%.

Briroa:

B pesynsrare uccnenosauuit, JouMIIM 6511 cO31aH | BHEIpPeH B Npo-
M3BOJCTBO TIPOIECC 3NEKTPOIUTAIECKOTO paQHHAPOBAHUS MENM C IOBBUIIEH-
HBIM cofepyxauueM cepebpa B axofie. IlpeasioxeHHas TEXHONOTHA MO3BONHIA
COKPAaTHT TEXHOIOTHYECKYIO CXeMy mnepepabOTKM YKA3aHHOTO CBIPhS, 4TO
yMeHbINAST NOTEpH cepebpa, COXpaliaeT NPOR3BOACTBCHHEIE PACXOIBl K YITy4-
IIaeT 3KOJIOrHIecKye NIOKa3aTell NPOU3BOJICTRA.

Cnucox autepatypsi: 1. Baitmaxos 10.B., Xypuu AWM./ Dnextponus B
rgpomeTantypruy. -M.: Meramnyprusaar,1963.-67¢c. 2. CnpaBo4HHUK O MK~
Tpoxumuy// ITox penaxumein A.M. Cyxotuna. — JL.: KXumus,1981. 3. Bapramox
B.®., Jlomxkapep ¥O.M., Nonowxckuit B.A., Xopomaskuna H.B. nexTpoXumMus.
M.:T.X11,Ne9, 1986, ¢. 1229-1231. 4. ['amamu U.B., Camconos A1, DnexTpo-
xmMust. M. XX, Nel1,1988,c.1488-1492. 5. Bapramok B.®., Jlomxapes F0.M.,
Hononckuit B.A. Dnextpoxumust. M.: T.XI, Ne5, 1985,¢.603-6€07. 6. I'amanu
W.B., Yepriok O.B., Cropoxenxo B.H., Camconos A.W., Komens H.JL., 3omo-
Tyxus B.A. [Tatent Yipauns. Miir® C22B 15/14, C22B 61/60, Ne99127098,
npuopurer ot 27.12.1999 r.
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OLEHKA HATIPSDKEHHO - IE®OPMUPOBAHHOI'O: COCTOSAHUS
IMOPO KPOBJIA B IIPU3ABOMHOM NIPOCTPAHCTRE

Yuuuxano HU. (Joul TV, 2. Honeyx, Yxpauna)

In clause the results of modeling of work information - measuring system in-
tended for definition of a loaded condition to a roof in an operating time of an
obtaining complex, mechanized a corner are submitted

Oxnoii w3 nanexo ue Ge3onacusix GyHKIwM TOPHOTO MacTepa sBIAeTcy
NOCTOAHHOE HAOJIOAEHHE 32 COCTOSHMUEM NOPOJ KPOBIH B npu3aboiHoM npo.
c1panctse. Cormacuo «IIpaBui BeieHNs ropHBIX paboT paboTsl MO BBIEMKE yI-
7151 IOTDKHBL O5ITE [PHOCTAHOBAEHB! [UIsL BHIKIANKH KOCTPOB TIPH HAMYHK KYII0-
7la a[ TpeMs CeKUHAMM KpermH IOApPs/. IToCKONbKY NpakTHYecKy HeBO3MONKHo
CIeAaTh MOCTOSHHBIM BH3YadhHBIN KOHTPOJD, TO MUMEIOT MECTO_IIPOCTOH, 06y~
CIOBREHHBIC JHKBUIAUMCH HOCHeACTBHE obpymeHuii B npusaboliHoM npo-
cTpaicrse. Tonbko ¢ momomslo HEGOPMALMOHHO - H3MEPHTEIBHOR CHCTEME
(MUC «T opHBIH MacTep».) MOKHO CBOEBPEMEHHO KOHTPOIHMPOBATE CHTYALHMIO,
CBA3AHHYIO ¢ COCTOAHMEM KOHTaKTa KPOBIM C MEPEKPLITHEM CeKIMii Kpenw,
NPELOTRPAIlATE aBapuiitble chTyatmu. OCHOROH mist cozganus Taxoi MUAC sp-
JIACTCH YCTAHORJICHHBIE MCXaHU3M B3aWMOJIEHCTBHA 0OBEKTa H CHCTEMBI, OCHO-
BAaHHBIH Ha MX KOHCTPYKTHEHO - DYHKIIHOHAILHO - TEXHOIOMMYECKOM e/IHHCTR:
H obecrieynBaolLmi JOGbIHOR yuacToK Tpebyemoit uHbOpMaIeil B peansHOM
PexuMe pPaboThl MeXaHU3UPOBaHHOro Kommrekca [1]. Ilpu COBPEMEHHOM pas-
BHTHH H'rIq:'OpMaf_[HOHHLIX H BEITHCIHMTEIbHBIX CPENCTE peanuzania Takoro KoH-
TPOJLA BOOJIHC BO3MOXHA, M 3aBHCHT OT CTaJIMH OCHAILEHHS M3MEPHTEIbHABMI
CPeACTBAaMH. PaccMOTpuM NpHHIMNEL OCcTpoeHa # peannsanuy MUC «Top-
HBIH MacTepy.

Tunopkie srans! nocrpoenus UMC BKmoYaioT:

- HICHTHDHKAUMIO HANPSKEHHO ~ 1e(OPMHPOBAHHOTO COCTOANHS nopo
KPOBITH B Npu3aboiHOM NPOCTPaHCTBE MyTEM ONpejleeHns HaTrpyXKeHHOTro ¢o-
CTOAHMS KOHCONHM. [IpH 3TOM HCOBXOMMMO BBIIONHEHHE ycuoBHs, 4ToORL KOU-
KpETHOE M3MCPAEMOE 3HaYCHHe, MOJUIeKALee ONPEIETCHHIO KOHTPONUPYeMoi
HArpysKku, OBUIO MPEICTABHTENEHBIM JIsE OIMCHIBAEMOTO nponecca Uil CoCTos-
HHA;

- YCTaHOBNCHHE BUIa W JHAIIA30Ha H3MEPHTENbHOMO CHrHANA, SIBNAIOLLE-
TOCS MOCTOBEPHLIM OTOOpPaXeHMEM NpPEeACTABIAIOMMX HWHTEPEC IepeMeHHbIX
KOHTPOIHPYEMOro rpoiiecca,. 310 O3HaYaeT, B YaCTHOCTH, YTO TOFPELIHOCTS
- MSMCPCHHS BCEX BANOB MMEIOT JMILb MPEHEOPRUMO MATYIO BETHUMHY; TaKoxe
YAUTBIBAIOTCS NOIPELIHOCTH, KOTOPbIE MOTYT BOSHHKHYTH MCIKIY H3MEpEHHEN
H aHalM30M;
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- paceMmOTperKe cnocoBoB IOMEeX03allHILEHIOCTH THHUH nepenadu cur-
Ha1a;

- QIITHMANLHOE HCIHOJIL30BAHMHE BXOAHOIO H3IMCPHTCARHOIO AuanasoHa;

= JKCIICPHMCHTaNbHbIE MCC/IC/IOBAHMA B NPOMBIINEHHBIX YCAOBMAX JUTs
HACTPOFKH BXOAHOTO JUAIA30HA H3MEPCHHI M C LC/IbIO ONPENeNeHHS BOIMOIK-
HOH AMIUTHTY/IBl CHrHAIA ¥ W30eKAHUS LEPerpy3Ky 110 Bxoay. Yrobsr ymens.-
WHTH 3TY NOIPENTHOCTL A0 MUHUMYMA, AHALA30H H3MEPCHUTE BRIGPAH ¢ TakuM
pécqéTOM, 410051 OXBATHIBAHCE -OTKIOHEHAA OT CPENHEIO 3HAHCHHS MOpAnKa
TPEX-YCTHIPEX CPCAHEKBANPATHYHEIX OTKAOHEHHMIT;

- BEIOOP BXOAHBIX (QHIBTPOB BEDXHUX YACTOT 1ePBOro MOps/Ka Ajls aHa-
33 aHAJIOrOBOTO CHI'HaNa H NOAKIIOYEHUS KO BXOJY ANK TONABICHUS T10CTO-
AHHOH cocTasistouiel u Gonee MOMHOTO HCNONH30BAHUS qHAIA30HA H3MEpeHHH
aMILIHTY 1.

- nofyueHHe uMQPOBOro CHIHANA, IIPenMyLIecT A KOTOPOIo 3aK/I0YRI0T-
€4 B CPAaBHUTENBHO HAEXIIOH nepesiatie curdana 6e3 oMeX, IPOCTOTe 3aTIOMH-
Hagus M ynoderse ucnionbzosaHus. Ilosromy nenecoobpasio cpasy nosyyats
pe3YILTATh! B LIHPPOBOM BHAC.

B Pe3yARTaTe aHalH3a THHOBLIX ITANIOB, HpCILLHﬁCTBy%OLL{HX IIOCTPOEHHID
HUC, 04ecBUIHO, YTO TOMBKO € MOMOLIBI BONBIMOro 06biMa IKCNCPUMEHTATE-
HBIX U TCOPETHYECKHX HCCACAOBAHMH MOKHO IIONYYHTH OTBET HA KONHYECTREl-
HOM YpOBHE. JTO 1a¥T BO3MOKHOCTH ONPEENATh HAIPYKSHHOS COCTOSHIE HA-
NPAKEHHO - 1ehOPMHAPOBAHILIX 00BEKTOB A0BENHOr0 y4acTka paborawoineii B
CIOXHBIX yCIOBHAX B3aHMOMEHCTBHA MAlIHH M MCXaHH3MOB ¢ BMEIIAIOLIMMY
HOPOTaMH.

OKClepUMeHTaNbHEIE HCCICAOBAHUS MPOBEICHE! ¢ TMOMOIIBI0  (H3HYe-
CKOH Mozen [2]. B xayecTBe HMUIATOPA HATPY3KH CO CTOPOHbI BMEIIAKOLIKX
HOPOX HCII011530BaH KPYTOBOH CTeH JJOHENKOro rocy 1apCTBeHEOr0 YTOJABHOro
HHCTHTYTa JonYTW, npeanasnaveHnniii 108 Wenbrranmii MEXEHH3MPOBAHHBIX
Kpeneld nro0bix Mojm(uraimii. Takag MOENs 1T03BONHAA B macuwrabe 1:1 or-
padoTars BapraHThI cTpykTyp MMC 10ORIMHBIX HANpPsKEHHO - IeGOpMHUpOBaH-
HBIX 00BeKTOB Ha HCTILITATEIBHOM CTEH/E, COCOBEI YCTAHOBKH JATYHKOB Ha-
IPY3SKH Ha cekuMsX Kpend THMa M - 87 u M - 103 ¢ HOCAeAYIOILCH TpoBepKoi
ANEKBATHOCTH MOJN4EHHBIX PE3Y/IhTATOB HA STHX e CEKLIMAX B LIAXTHHIX Yc-
JAOBHSIX, aTrOpHTMOB 15 MOCTPOSHUS KapT HarpyXeHHOTO COCTOSHMA MEXaHHU-
SHDOBAHHKIX Kpelleit B peaisHoM Maciurabe BDEMEHH, 4 TAKKC AITOPHTMOB
bopmuposanus YCTaBOK B3auMHOW ajantaumn MUC u obpexra. Musmyeckay
MOaenr sxcrmonuposanacs Ha MEKAYHapONHOH BICTaBKe - gpMapke B T. [lo-
3Han, [Tospiua.

PacimmpesHeie no CpaBHEHMIO C MOACTBIO bynxunn MMC npencrasiens
AroprT™MaMH OIIpCACIeHHS HATPYIKCHHOTO COCTOSHHY M YCTABOK B3aUMHOMH
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apantauuu MMMC ¥ uanpsxenuo - AeOPMUPOBAHEOrO A0BLMHOTO odvexyy

(H/10) # anpobupoBatLl METOAAMH HMHTAIMORIONO MOJICIHPOBaHHA,

Ejym, @JITOPHTMOB 3aKITH0YaeTCs B CienyrieM. Jsurasce OTHOCHTETh 1y
CEKIMHA CO CKOPOCTEIO HoAa4H V,, yroneHEL KoMOaiiH Moxer COBEPUIATD: pa.
Gotui X04; MPOCTOH MO TPHYKMIE TOPHO-Te0NOrHYECKUX Hapyenui; mpocro
110 MPOYHM IPHYKHHAM; XOJOCTOMH X0z,

BsiGop ycraBok B3aummoil apanrtaruu UUC u HIO ¢ ensio nukeuma.
[IHK 1IPOCTOEB, OOYCIOBIEHHBIX HANPKEHHO - RehOPMHPOBAHHEIM COCTOSHY
€M, 3aBHCHT OT HAPY>XEHHOTO COCTOXHHUS ONMPALIUBASMBIX CEKLIHT (em. Tabi.6.1)
H pexyIero oprara xombaiina. Cocrosuue «pabounit xom» HacTynaer, ecnp 7,
< Viniy 128 Vi - CKOPOCTE Mopiauu KoMbaiina ¢ YUETOM I'OPHO-TeNOrHYeCKHX vcﬂ:
JIOBHH MITH C BEPOSTHOCTBIO P=0,05 npu V,; > V,,, )

Bpewmsi aerxenns xomGaiina ot cToifku K cTojike oInpefie/sieTcs no Gop-
MyJe:

tpr‘ = hci ; V*f,
Pie Bpewms paboero Xoxa 3a / - i Wik onpenensercs no Gopayse:
p
Toi = X 'pi.

h. - mar croek (£,~0,8 M); n - KonuYecTBO OMpPaNIHBACMBIX CTOEK.

IIpocToii 110 NpHYHHE rOpPHO-Te0NOrHYecKuX YCIOBHH HaCTymaeT ¢ Bepo-
ATHOCTBIO P=(,95, ecnut V,,; > V,,..Bpems npoctos OIpPEACIAeTCs, KaK Ciyyaii-
Has  BOIM4MHA,  DACTIPCACHEHHAA 10  IKCHOHEHIHATBHOMY 3aKOHY:
Im'i = Wrm‘ In (‘f )’

Thg 1, - CPeAHEe BPEMSA [IPOCTOEB M0 FOPHO-Te0IOTHYeCKUM YCIOBHSM;

& - clyuaiiras BeAMYMHA, HAXOASWAsics B uHTepsane 0+ 1, pacnpesenéuuag 110
PaBHOMEPHOMY 3aXOHY. Bpems mpocroes B Teuenue j-uuxia OTIPEfIENIsETC 110
dopmyne:

pl

?:?rfzzznr{ll <n,p;<n.
i=l

IIpocTou 110 pouuM NpHYHHaM BOIHUKAIOT, eciy E<pm I h,
THE Pnn - TIPHBEICHHAX K 1 M JIaBhl BEPOATHOCTH BOSHMKHOBCHHS TIPOCTOs
YFONBHOTO KOMOGaMia 110 IPOUMM NPUIHKAM py, = 0,005 1/
¢ - cydaiHas BeTMYMHA B MATepBane 0 - 1.
Bpemst npoctost o npowny nprumanm onpenensercs mo bopmyne:
‘(nry’ 5 hfrm l[‘l @:J

Bpems npoctos B Teuenue j-1uxna

p2

Tmy‘ = mes_fz <n.p) <n

i=l
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Pric.1. ANropuT™ MOIENHPOBAHNUS COCTOSHHSA CEKIIHH KPeIy

ITo oxonyanuy pabodero xoia koModaliHa MOIENAPYETCA BPEMs XOIOCTO-
TO X0/1a, KaK ciydaiiHad BeNMYWHA, PABHOMEPHO pacrpeienEHHas B HHTEpBaje

[Tb Tz]:
Ty ST, <T, Tﬂj':rj'l'(TZ'Tl)é
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3a j-biil LMKIT MCIIBITaHHiT ONPeIeNAOTCA BEHYHHB! O0IIEro BPEMEHH MPOCTOs
Try' = ij + Tnnj;

obwelt wmrensHocTH LKKIa T = Ty + Ty + Ty )
Kpome Toro, onpefensercs cpeass 3a MUK BEIHYMHA J0MYCTHMOH CKO-
POCTH IO TOPHO-T COJIOTHYSCKUM YCIIOBHAM:
rri
V= Ei e
Cpe/isss CKOPOCTb 38 WHKA Vi =20k, / Tj. Cpesnsa ckopocTs pabo4ero xona
Vg = b / Ty, CPEIHAL CKOPOCTH XONOCTOTO XOA@ Vi = Hhc / T
Ha Mojenu NPOBOAKTCA M LMKIIOB HCILITAHHMH, TOCTIC Yero yKa3aHHBIC
BEJIMYMHEI YCPEAHAKTCA 110 KOIMYIECTBY LIUKIIOB HCTIBITAHMH.
I m
L ;— - J§1X 57
rae X, X; - mobas 13 KecsTH BENUINH, IePECUHCISHHBIX BBIIIC.
Ecnu Vg +1 > Vpy  TO D2PAMETPEI MOJIENH 3AMIOMHHAIOTCH M 110 OKOHYAHMH /7
[IUKIIOB HCHBITAHMI BHIMAIOTCS KaK ONTHMAIBHEIE TIPH 38JaHHBIX TOPHO-
Te0NIOrHYECKHX YCTOBHSX.
Kapra BupagoTEM

i B ﬂ 70 ] 1 -fi npoxog
H L k Homep xperw: 18
/__‘316['; . == T =
s 0 P
H y
| .';] 14 & ;
_u 13 T 1AM} BEPOATHOCTEA COCTORHMA
Min Q
5-‘12 E P twomep! Haskoe teopmaneHoe! eucoxoe §
.l = tipernt! gaenerde ! gaEnenve ! gasnexue 1
t15 18,3933 10,3333 1@.3333 ¢
3BH t16 183333 6,333 163313 !¢
17 19,2333 (@333 18333 ¢

PexoMeHgyenan cxkopocts | 8,88 Bac yorpausaer 7 (ga-1,net-B)H
il Npocka1p snengiapm eupasorkds F2) 1 Aaysa: {Pauser | wto&: an i

Puc.2. ®parMeHT KapThl HanpsHxEHHC - AeQOPMHPOBAHHOIO COCTOSHUA
KPOBITH

Peanu3alsa aIropHTMa PeIeHHs 33/1a4l ONpPE/STeHHs] COCTOSHES KPOB-
JM M BBIAAYH PEKOMEHAALMH OCYIIECTBIIAETCA MPOTPaMMOM, NPEACTABIIOMEH
coboii riasnyio npoueaypy MODEL, xoropast BBEIIONHAET QYHKLMIO MOLETH-
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Pwmé M MeYaTH pe3yNbTAaTOB W pPAAA BHYTPEHHMX Ipouenyp - RAN,

fipouenypa RAND (A,B,C) dopmupyer Hauanshoe gncio C, pacnpeje-
NéHHOE N0 HOPMAJILHOMY 3aKOHY C llapaMeTpaMH: 4 - MaTCMaTHYEeCKOe OKUAA-
aue 4 B - CTAHAAPTHOE OTKIIOHEHHE,

Tlpouenypa 6¢3 napameTpos AaéT na BEIXONE nepeMenuyro RAND, pas-
HOMEpHO pacipeenennyo 8 uuTepsane [0-1]. Bxonusmvu ssnsiotest nepeMen-
gele V), V2, KOTOPEIM MPHCBOCHBL HAYANEHBIC 3HAUYEHHS ONIEPATOPOB H KOTOPEIE
OBHOBJIAIOTCS MPH KaXXA0M 00pAILECHUH K TIOANpOrpaMme.

Hanee ocymecTsiseTcss QUCKpetHsauus pabouel ckopocTH KomGaiiHa.
YeraHoBKa CKopocTH Kombalisa Gopmupyercs B mepeMenno# V, [TepeMeHnsIM
IPUCBAKBAIOTCS HAYATBHBIE 3HAUYCHUS. MogenupyeTcs Maccns MS CHrHAIOB oT
croex kpemu. 3areM Qopmupyercs Maccus VGM ckopocTelf, JOMycTHMBIX 0
FOPHO-TECONIOTHIECKIM YC/IIOBHAM, NIPH KOTOPHIX HE MPOMCXOAST 0OpYImeHHs.
Jlasiee nporpamMma NPCACTABAACT COOOH IPYTITY BIOXKEHHEIX IUKIOB, KOTOPSIC
OPraHH3yI0T UHKIE! fepebopa CpeHUX 3HAUEHUM CKOpOocTH KomGalua W nue-
HEpPCHH CKODOCTH, 3aIIyCKAIOT LIMKII [10 KOJIUYECTBY Cepuil HCHLITAHKI, HMHTH-
PYIOT NpOJBIDKEHHEe KOoMOaiina BAONH CTOEK Kpemd. Ilepen 3amyckoM LHMKIOB
ODHYJISIOTCA [EPEMEHHEIE, B KOTOPHIX HAKAILINBAETCA HAGOpMaums. Moges-
pyercst paGouast ckopocTh kKoMBalina, Kak CllyyaiiHas BeTuduHa, pacipefenés-
Has TI0 HOpManbHOMY 3aKoHy. ITosydeHHas cKOpOCTh OrpaHHYMBAETCS AOIMyC-
TAMBIMHK nipefieamu 0 < VR <6. 3atem MOAENMPYETCS JOMYCTUMAsA CKOPOCTH
TI0 TOPHO-TeOJIOTHYECKUM YCIOBHAM Y OYepenHoH CToiiku kpemu. OrpaHudu-
BAIOTCSl ZIONYCTHMBIMU 3HAUYCHHAMH CKOPOCTH M MOJEIHPYETCs BEPOSTHOCTE
HOCTyTiIeRHs cobbiTuit «IIpocToll Mo TOPHO-reonoTHIecKUM YCHOBHAMY, Ecnu
YKa3aHHOE COOBITHE BEPOATHO, TO ONPEALNACTCS BPEMs IPOCTOS M MPOHCXOAUT
HapallBaHye YIIpapIAIOeH mepeMeHHol 1ukia. B nporueHOM cryuae mpose-
PAETCH BEPOSTHOCTS HACTYMNEHUS cobbITiit «IIpoCTON N0 HPOYMM mpHIHHAMY.
Eciu macrynnenue copituit BepostHO, TO ONpeAeIIACTCA BPeMs IPOCTOA 110
NPOHHM MpHYHHAM, 3aMOMMHACTCS HOMEp CTOHKH, Y KOTOPO IIPOH3OIILIO co-
Obrrhe. Jlanee MonenupyioT pabounii xon xombaina. Ompexensercs spewms
HPOXOXAeHNS KOMOaiHOM Ha TeKyulell CKOPOCTH PaccTOsHHS, PaBHOIO [mary
CTOCK. 3amOMUHAETCA TeKyluas CKOpoCTh koMGaiiHa, [0 OKOHYaHHH MHKITa,
MMHTHDYIOWero pabouni X0/, MOIENUpyeTCs BpeMs XOIOCTOr0 X0ja KoMOaii-
Ha. Ha a1oM 1ukn onesky HanpskeHHo - nehOpMUPOBAHHOTO COCTOSHISA KOM-
fHIeKea 3akanumsaetcs. [IporcxoauT onpenenerue NIapaMeTpPoB LUMKIA H HaKo-
IUICHKe KX Ju1% moMywerHs NapaMeTpos 3a CepHIO HCIbITaHHH. B Teuenue pado-
Bl IDOTPaMMBI TPOMCXOAUT HPOBEPKa: NPEBHILAIOT 1K TapamMeTpel MOJICIH B
OHEpenHol cepun UCTTBITAHMI Pe3yILTATE OpPCABIAYLIMX HCIBITauu#, Ecny onn
AY8Ime npeapiymux, To 3anoMuHaloTes. [1o okorvanHu paboThl BCeX UHKIOB
f€49ataroTes cpenuie 3HAYEHNS ONTAMATLHON pabovel cKOpOCTH M AMCTIEPCHH
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CKOpOCTH M NeYaTaloT rpaguK CKOPOCTH xoMbaifHa B ONTHMANBHOH Cepum HC-
TIBITaHHi, YCPCAHEHHBIX 110 KONHYECTBY HCIIBITAHKH.

Hinke NpUBEACH AJTOPHTM MOJECTHPOBAHHH COCTOSHUA CEKIHMH KpELY
(puc.1) u QparMeHTh KapT HANPsKEHHO - AeQOPMHUPOBAUHOTO COCTOSHWA
KpoBITH, oTobpakacmple Ha aKkpaie IBM s roproro mactepa (puc.2).

BrIBOIE]

Pe3yNBTaThl SKCTIEPUMEHTATBHBIX MCCIENOBAHNI ¥ BHEAPSHHH HHC om-
pEeIIeHHA HAIPYXKEHHOr0 COCTOSHHS no6eunex HIO SBnf0TCH COCTABHOH
YaCcTbIO KOMIINEKCa allapaTypsl a4alTHBHOTO YHPABICHHA YricA00sIBAIOLIMM
xoMmGaitromM, Bowealiero B karaior paspaborok Houl TVY. Paspaborka 3ampm-
11[Ha aBTOPCKMMHU CBUIIETEIILCTBAMMI

Cnucok suteparypsi: 1. Ununkano HH. Ycranosnenne MeXaHd3MOB
ONTHAMATBHOrO B3aHMOEHCTBUS HanpsyxeHHO-1eGOpPMUPOBAHHEIX OOLEKTOR H
usmepuTenbHEx cpeacts - Jonenx: Houl'TY 2000r.- C. 164-171. 2. Ctpyx-
TypHO-aNrOpUTMUdecKue npuAmmmsl  noctpoenns MHC  manpsxenHo-
nedopmupoBatuex obnexros /HM. Ununkano,- Joweux: PUA Houl' TV,

1998.-178c.

HEWPOCETEBBIE TEXHOJIOT YU B 3AJIAYE CPABHUTEJLHOI'O
AHAJIM3A B MAIMHOCTPOEHHUH

Illamaes B.B., Exemckas E.H., Epumenxo K.H., Iasisim 3.B.
(oI TV, 2. Honeyx, Yrpauna)

The opportunity of parallel processing of information in a neyronet technolo-
gies for the decision of tasks of comparative analysis with reference to condi-
tions of mechanical engineering is shown in the work.
CoBpeMennbic MpobaeMbl BRICOKOTEXHONOTHYHBIX OTpaciedl (B 4acTuo-

CTH, MAIIHHOCTPOSHHS) XaPaKTePH3YIOTCs BBICOKOH CTEMeHbi0 pacTiapayiencH-
HOCTH 00paboTky MH(OPMAIKH, YTO TIO3BOMIAET HUCIIONb30BaTh HEeHpoceTesye
TeXHOJIOTHY JUIS PemIcHus 3anay KoMOuHaTopHol onTumusaumne. Cpenw akTy-
ATBHBIX 1A TIPOU3BOACTEA (B YACTHOCTH, /Ul MAUIMHOCTPOEHNS) OTITHMH3aIIH-
OHHBIX 3a/1a4, PeIIEHUE KOTOPBIX MOKET OHIT PPEKTHBHO C HCIONL30BAHHEM
HefipOCeTEBbIX METO/IOB, B NIEPBYIO 0YePE/lb CE/yeT OTMETHTE!
KOMITBIOTEPHOE Paciio3HaBaHue H300paxeHuH B 3ajiaqe KOHTPOJA KadecTea

H3rOTOBJICHNUA leTaliel, B YaCTHOCTH B Mpoilecce COOPKH y3JIOB H arperaros;
2 00paboTKa ¥ CPABHMTENBHEIH aHAM3 N300paXEHHUH JeTallek 1 y30B;

oltepaTHBHOE OOHAPYKeHME H KIacCHHUKALNA aBapUHHBIX (HELITATHBIX) CH-

Tyauuil § OTOPaKOBKA M3/EHH TON Pe3yJILTATaM aHau3a H300paKCHHUI;
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QaHoii 13 HauboNee CIHOKHBIX U AKTYalBHBIX 3a%au 06paboTKY n3obpa-
e, AB/LACTCH 331142 BLIACNICHHS H PACIOHABAHUS JIBHOKYILHXCA 00BEKTOB
(jjx’e‘iwieﬁ’ Y3JI0B, ArperaToB Ha KOHBEHCPE MM COOPOYHOM JMHMH) B YCIOBHIX
JeliCTBHS PA3THYHOTO POjia TOMEX H BOIMYIeH .

‘HM., PEeLICHAL 33784 TaKoro poja asTopamu Mperaractes paspaboTka
HEHpOHHOH MOJIEITH L{KﬂﬂﬂﬁpaGGTKH L1 POBLIX H300pAKEHHH, [TO3BONMOIIETT:

®  BBIICTINTE H30OPKCHAT JIBIKYLIEIOCA 00BeKTa Ha CIOKIOM oHe;

® BBINOJMATL OLUCHKY JIHHEHHOH M YIIOBOH CKOpPOCTEH IepememeHus

0OBEKTOB;

= pACHTHQHUHMPOBATH 00BEKT,

® ONPeACNATE JIHHCHHEIC TEOMETPHIECKHE IAPAMeTPHl 00BCKTA.

B xauecTBe HCTOYHHKZ NEPBUYHOH HHOPMAUMH LETECOOBPAsHO Hc-
0NIb30BaTh LH(PPOBEIE GOTO H BUASOKAMEPSI, & TAKKE UCNONb30BATH CHIHAT
MPOMBIIIICHHBIX TE/ICBU3HOHHAIX cHCTeM (25 kaapos/c, 320 TV aumuii).

Boinenenne usobpaxenuit jsukymuxes o6beKToB Ha CGOPOYHOM KOH-
BeHepe B MPE/LIaraeMoi MOIENY OCYLIECTBIILETCS MyTeM MOCTPOSHHIA U AHAIH3a
oISt .nimeﬁﬁbm H YTAOBBEIX CKOPOCTEH ¢ NOMOIBI0 MHOrOCTONHON JOKaNbHO-
CB{BHOH HEHPONHON CeTH OPUTHHANIBHON apXUTEeKTYpSL. PasMepHocTs Helipon-
HOM cet i m300paxenus dopmata TV xaprumky (320x200 mukcenos) co-
CTaBJACT HECKOIBKO MUJUTHOHOB HEHPOHOB (~ B 4 pasa GoNLILC CHHATICOB).

PacnosnaBanue BEUISNCHHBIX CHIYITOB M KOHTYPOB 0OBEKTOB HIPOX3BO-
JIHTCH HaUOCHUBB CaMOOpraHM3yIOmeHCs HeHpPOHHOH CeTH, MPEeNBapUTEILHO
00y4eHHO! Ha M300paXeHUSX OOBEKTOB paccMaTpHBaeMBIX KJIaccoB (U3 cre-
unaﬂxsﬁpuozar-moﬁ BJI THNOBEIX y3/10B U arperartos).

HefpoceTesble MPUHLHMIBI, 3aN0KEHHbE B CHCTEMY, ITO3BOJIAIOT IPOBO-
IHUTH ce o0yyenne u nepeobyyenue.

He menee cnoxHOM sBnsercs 3aKaya BHISASHUS U pacnozHaBaHus ofb-
emoa.na CTATHIECKOM TOHOBOM H300paxeHuM. B yactHOCTH, nogoGHEIe 33134y
BOSHHKAIOT Npy aHazu3e Kadectsa 06paGoTKY (B YaCTHOCTH, IPH ONpeeNeHuy
UIEPOXOBATOCTH H TEKCTYphI) NOBepXHOCTeH HeTaneif IyTEM KOMIBIOTEPHOIO
aHaH3a 1udpoBbIX u306pakenuit. Jaa pemenns Takux 3amau HpejuiaraeTcs
MeTo CPAaBHUTENRHOIO aHANK3A Pe3yIBTATOB HCCENOBAHUS LHGPOBBIX H30-
Opakenuit, NOTYYCHHEIX B ONTHYECKOM H HHpaKpacHoM Auanasone. Paspabo-
;Zinge TPOrpaMMHOe ofecreyeHre NO3BOMAET BHIAENUTS AeEKTHl H Hapyle-

a3HOTO MaciiTabHOro ypoBHH, BKI
M0cTy. CriekTpansHEIH anam}g) (}Jpal:MeHTC?; ?fﬂgg:;ﬁief;g b:);:t{:f;g PIIIE; it
€T YCTaHOBHTE HAPYLICHHS TeXHONOTHYECK : miny
1 . 7 Oro 1MKIa (B YaCTHOCTH, TEPMHYe-
ROM 00paboTkn neTaneif), a Takke AaTh OLUEHKY TPEMMHHON EMKOCTH MUKpO-
AeBexToB, 0GycnaBIHBAIOLYIO M POYHOCTHBIE XaPaKTePUCTUKH 0OBEKTOB.
cnemg'l;{(:{p;r:wecme NpOpadoTKK 3TOH MPOG/AEME! M aHANM3 PE3yILTATOB HC-

‘ HCTIOJIE30BAHHEM PeanbHBEIX NaHHBIX MOKAa3BIBAIOT, YTO BEPOST-
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HOCTH OOBEKTHBHOIO PACIO3HABAHMUS MOMET AOCTHraTh 86%. Peiuende Taxuy
CHIOHBIX 33/1a4 TPAAMUHOHHBIMA METO/IAMH MaTCMATHYECKOIO [pOrpaMMHpo-
BaHHA, HonblK HCTBO H3 KOTODBIX H3IHAYAILHC OPHEHTHPOBAHO Ha BBLIYHCIIK-
TEABHYIO TEXHHKY ¢ OCNENIOBATENLHOR ApXHTCKTYPOH, CONPAKEHO ¢ GOMbiy-
MH BDEMEHHBIMU 3ATPATAMH, HEIPHCMICMBIMU A1 MHOTHX TIPHIIOKEHHIT.

CriocobHoCTh K 00YHEHHIO ABASETCH QYHARMEHTATBHBIM CBOACTBOM MO1-
ra. B xontexcre HHQOPMAUMOHHBIX HEHPOHHBIX CeTel fpouece obyueHus Mo-
KET paccMaTpuBaThCsd KaK HACTPOHKa apXUTEKTYpHl CETH M BECOB CBszed g
IPDCKTUBHOTO peurtenus 3anaun. OGLMHO HeHPOHHAS CeTh IONKHA HACTPOUTE
BECa CBA3eh Ne mMerowelica obyuaroulei BeOOpKe. DYHKUMOHHPOBAHHE CeTH
YyRyqIIaeTes [0 Mepe HTCPATHRHOM HACTPOMKH BECOBEIX KO3(DOHIMEHTOS,
CBoiicTBO HelipoHHRIX ceTelf 06yYaThes Ha IpHMEpaX, JenaeT uX Oonec fIpu-
BITRKATENLHBIMH 10 CPABHEHHIO C CHCTEMAMH, KOTOPEIE CHCLYIOT OTpeeIeHH O
CHCTEME MPABUA (PYHKIIMORHPOBAHHA, CHOPMYIMPOBAHHON SKCIIEPTAMM.

Jlna xkoucTpympoBanus npouecca oSy4cHus, TIPEKIE BCEro, HEOOXOANMO
MMETh MOZENb BHEUIHEH Cpejisl, B KOTOPOo# (yHKIMOHKpYeT Helponuas ceTs -
3HaTh OCTYNHYIO IS CeTH MHGOPMANHI0. DTa MOJIEAh OUpPENEnseT apagurmy
obyuenus [1]. Bo-Bropbix, HEO6XOANMO NOHATH, KakK MOAR(HLHEPOBATL BeCO-
BBIC ITapaMeTphl HEHPOHHOM CETH - KaKue npasuna obyYeHus YIPaBAAIOT Mpo-
[ECCOM HACTPOHKH. AJNropuT™ O0yUelHs O3HAYaeT NPOLCAYPY, B KOTOPOR Hc-
OOML3YIOTCH NpaBuia 00y YeHHs s HACTPOHKYH BeCOB.

CyluecTBYIOT Tpy NapaHrMEl O0YHeHI: «C yduTeneM», «5e3 yunTensy
(camooByuenne) 1 KoMBUHMpPOBaiHas.

B 1iepeoM ciiydae HefipolHas ceTh PacroNaractT NpaBHiIbHbIMU OTBETAMI
(BBIXOZAMH CeTH) Ha KaX[Ibli BXOAHOH npumMep. Beca HacTpauBaIOTCS TaK, YTo-
Obl CceTh MpOM3BOAMNA OTBETH KK MOXKHO Oonee GiH3KME K H3BECTHBIM npa-
BU/ILHEIM OTBETaM. Y CUNIeHHEIH BapuauT o0yyeRUs ¢ yuuTeseM Mpe/ionaarasT,
YTO M3BECTHA TOABKO KPUTHYECKAs OLCHKA MPABUIRHOCTH BBIXOLA HCHPOHHON
CETH, HO HE CaMM [IPaBHILHbIC 3HAYCIIHA BBIXOa.

Obyuenue «Ge3 yuntens» ne TpeGyeT 3HaHMs NPABHIBHEIX OTBETOB Ha
Kax/sik npumMep ofyvatomiei setbopku. B 31oM ciiyyae packpeisaeTcs BHY1-
PCHHSS CTPYKTYpa NaHHBIX MilKM KOPPEIAIHY Mex/ty 00paslaMy B CHCTEME [aH-
HEIX, YTO [TO3BOJIFET PACIPENIETTATE O0pasLbl 110 KATErOpHAM.

[Tpu cMemranHOM (xoMOHHHpOBaHHOM) 0GYJIEHHH YaCTh BECOB olpenena-
€TCs TIOCPeACTBOM 00yYeHUs C YSHTENEM, B TO BPEMs KaK OCTanbHas HOMyyqacT-
€5 C TOMOLUBIO CaMO00yJYeHus.

Teopus 0Oyuenns paccMaTpHBaeT TpH QyHIAMEHTATHHBIX CBOHCTEA, CBA-
3aHHBIX ¢ 00y4CHUEM HA TIPHMEPaXx: EMKOCTB, CJIOKHOCTb OOPA3IOB H BEIYUCTY-
TeBHAH CHOKHOCTh. TTON emrocmbio MOHMMAETCS, CKOMBKO 00pastoB MOwer
3alIOMHHUTE CeTb, i Kakue QYHKIMM H I'PAHULEl NPUHATH PELICHUH MOryT Bbith
Ha Hell chopmuposansl. CroxcHocmey 06pazyoe ONPEIEIACT YHCI0 06yHarouHX
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r!'pm"’-epos’ HEOOXOAWMBIX IUIS JOCTHHKEHHMA Croco0HOCTH ceTH K 0000WenuIo.
QnHﬁIKOM MaJI0E YHCJIO IPHUMEPOB MOKET BBI3BATH «nepeoﬁytn:,m{ocm» CETH,
W ona Xopoiio (QYHKUHOHHPYeT Ha npumepax olyuaromieit BhIOOpKH, H().
[HOXO - Ha TECTOBBIX TPHMEPAX, MOIMMHEHHBIX TOMY e CTATHCTHHECKOMY
ps_enpeﬂeﬂeﬂmo. i ‘ ]

' WzBecTHE! 4 OCHOBHBIX TUNA NPABHII O0YYEHHKs: KOPPCKLMA MO OLIHOKE,
wammna bosibMaa, npasiiio Xeb6a n 06yueHHe METONOM COPEBHOBAHUS.

Hpasuno koppexyuu no owubke. [Ipn 0GYIeHUM ¢ yUHTENEM IS K2KIO-
[0 BXOJHONO TIPHMCPa 3313 XeJlaeMbli BBIXOM d. PeaqpHLlH BBIXOA CETH Y MO:
eT He COBMajath C xenaeMbiM. I1puHumN KOppekuun no omubke npu olbyde-
HHH COCTOMT B MCIOJIB30BaHuK currana (d-y) ans Monudukauuu Becos, obec-
[euMBAIOIIEH HOCTeNenoe yMmenpmenue ommdxku. OOyyeHue MMEeT MecTO
TOABKO B CIydac, Korfa NneplenTpoH ommbdaetcs. HM3pecTHe pa3nuyHble MOZH-
uKanyu 3Tor0 anroprya ofyuenus [2].

Obyuenue Bonsymana. Tlpepcraenger coboif croxacTuseckoe NpaBuIo
00yHCH¥S, KOTOPOE CIC/IYeT U3 HH(POPMAIMOHHBIX TEOPETHIECKAX H TEPMOaH-
pampuaeckux npurnunos [3]. Lensio o6y4enus boasnmana spagercs Takas Ha-
CTPOHKa BECOBBIX KOI(DMUIHEHTOB, TPH KOTOPOH COCTOAHHS BHAMMEIX Helpo-
HOB YJOBIETBOPSIOT JKETaeMOMY paclpefeneHuro BepostHocTel. Obyuenue
BonpliMaHa MOJKET pacCMaTpHBATBCA KaK CNENHAaNbHBIN ciTydail KOPpeKIHH 1Mo
omubke, B KOTOPOM II07 OMHOKOH NMOHMMAETCS PAaCcXOAKNCHHE KOPpenauui co-
CTOSHUI B IBYX PEKUMEX.

IIpasuno Xebta. Kiaccuyeckum 0O0Yy4HaloOmUM NPaBHIIOM ABISETCA MO-
crynat obyucnus Xc66a [4]. Xeb6 onmpancs Ha cledyIoie HeApoQU3HOTOTH-
HeCKHe HaOMIOASHN: eCITH HeHpOHEI ¢ 008HX CTOPON CHHAICA aKTHBU3HPYIOTCH
OIHOBPEMEHHO ¥ PEryaspHO, TO CHJIa CHHIANTHYECKOH CBs3u Bo3pacTact. Mame-
HCHUE CHHAITHYECKOTO BECA 3aBUCHT TOJNBKO OT AKTUBHOCTH HEHpOHOB, KOTO-
PBIE CBA3aBBI JAHHBIM CHHANCOM. JTO CYHIECTBEHHO YNPOUIaeT Henu o0ydeHHs.

Obyuenue memodom copesnoeanua. B ornuune ot obydenus Xebba, B
KOTOPOM MHOJECTBO BLIXOJHBIX HEHPOHOB MOI'YT BO30YMKIAThCH ONHOBDEMEH-
HO, TIDH COpeBHOBATENHHOM 00Y4EHHH BbIXOAHBIE HEHPOHBI COPEBHYIOTCH MEX-
Ay coboit 32 aKTHBH3ALHIO. JTO ABJICHHE U3BECTHO, KK PaBUIO «IOOEIUTENh
Oeper ncen. Tlofobroe 0GyYeHHe HMEST MECTO B OHONOTHYECKHX HEHpOHHEIX
Cerax. Obyyenue IOCPEICTBOM COPEBHOBAHUA [O3BOIAST KIACTCPH3OBATh
BXOZHbIE fJaHHble (TPYNIHPYIOTCS CETHK) B COOTBETCTBUM C KOPPEALMAMH H
HpencrapnaoTes oMHUM 2/eMenToM). IlpH obyyennn MOIRQUUHPYIOTCS TOIBKO
BeCa «mobexusimero» HelipoHa, QQeKT HOCTHraeTCs 3a CYET TAaKOoTO H3MEHe-
HHs coxpanenHoro B ceTd ofpasua (BEeKTOpa BECOB CBAzel mobexusuiero Hei-
POHa), npy KOTOPOM OH CTAHOBHTCA YyTh BIIIKE K BXOZHOMY IIpHMEpY.

HunemMa cTaGHIBHOCTH-TUTACTHYHOCTH ABIASTCA BaKHOH 0COGEHHOCTBIO
O0YweHUs METONOM COpeBHOBaHMs. Kak 06ydaTe HOBbIM SBICHUAM (ILIACTHY-
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HOCTB) H B TO e Bpems COXpaHuTH CTabHALHOCTD, YTOORI CYUIECTBYKLUME 3114~
HHs Ke ObULM CTEPTHI WITH paspyLieHnl?

HAns uened ofyuenns npejnaraeM HCNOMB30BATH MOLENH TEOPHM ajlan-
THBHOIO pe3oHanca. Kapnenrep u ['poccbepr, paspaborasmue Mozenu TCOPHY
ananTHBHoro pesoranca (ART1, ART2 u ARTMAP) {5, NPEATPHEATN DOTIBIT-
Ky PeHIUTb 3Ty ianemmy. CeTb uMeer JOCTATOYHOE YHCAO BEIXOMHBIX 3MEMCH-
10B, HO OHM He HCIOMB3YFOTCH 40 TEX 110D, TOKA HE BOIHHKHET B 3TOM HEOOXo-
AMOCTB. ByJtem TONAraTh, YTO 3/eMeHT pacTipesienes (He pAciIpe/ieneH), eciy
OH Hcmonssyercs (He ucroissyercs). O6yuaromuit ANrOPHTM KOPPEKTHpYeT
UMEIOUTHHCS TIPOTOTHII KATEIOPHH, TONBKO ECIIH BXOMION BEKTOP B JOCTATOY-
HOH crenern emy noxoGen. B otom cnyuae orn pesonupytor. CreneHs mouobs
KOUTPOAHPYETCH MapaMeTpOM cXoacTsa &, 0 < k < 1, KoTopslif cBs3aH TakKe ¢
UHCIIOM KaTeropui. Korna BXOAHON BEKTOp He0CTATOMHO NomobeH Hit OITHOMY
CYUECTBYIOIIEMY NPOTOTUITY CCTH, CO3ZAETCH HOBA KATETOPHS, H C Hel CBA3HI-
BaeTCA HepacTpC/ieNIeHHLIA SIEMEHT ¢ BXOJIHEIM BEKTOPOM B KAYECTBE HAYAIIL-
HOro 3Hauenys npoToTrua. Ecnk He HaxommTes HepacnpeIeNeHHOTo neMenTs,
TO HOBBIH BEKTOP He BBISBIBAET PCaKIHH CETH.

Hns winocTpanuK Mozeny, paccMoTpHM ceTh ART]I, xoTopas paccuura-
Ha Ha Gunapusii (0/1) Bxox. Vopowennas cxema apxurekTypsl ART1 npen-
craBiieHa Ha puc. 1. OHa COMePXXUT IBA CIIOA MNCMEHTOB ¢ TIOTHLIMH CEA3LMH,

Qmasmﬁﬁﬁ;ﬂui (muoﬁ} cnoi
o,

Puc. 1. Cers ARTI.
HanpasreHsbii cBepXy BHM3 BecoBoil BEKTOP W, COOTBETCTBYET AMEMCHTY ]
BXOAHOrO Cos, a8 HANPaBACHHBIN CHU3Y BBEPX BECOBOH BEKTOP i CBA3AH C BHl-
XO/IHBIM SI€MEHTOM /. BEKTOpBI W; COXParsIOT NPOTOTHIL! Knacrepos. Ponb
HOpPMATH3ALUHE COCTOUT B TOM, 4T06B! MPEICTBPATHTL HOMABHPOBAHHE BEKTO-
poB ¢ GonbIIOH IHHOMA Hag BekTopaMy ¢ Manoil anuHoH. Curaan cbpoca R re-
HEPUPYETCs TOra, Kor/ia nofobue Huxe 3a4aHHONO YPOBHS.
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"~ BugoOsi: JIns peuieHMs 10CTaBlieHHOH 3ahauy LENecoodpazHo H ne;a-
;g& ;crﬂBHU OpUMEHeHHe HelpoHHEIX Mozened H HeHpOCeTeBLIX TEXHONOIKH,
’@R [MX UIHPOKHE MMEepPCIeKTHBLI COBEpIUIEHCTROBAHKA H pazamnx.wPesyana-
-‘.:g,aﬁom ABJSETCS MOZEID K AJIrOPHTM KIIOCTPOGHHUMY HEHPOHHOH ceTH, 00-
;@é}omeﬁ BLICOKMMM CKopocTaMi oby4ernnd, [Tonb3osarelis JOKEH TPaMOTHO
hopMATH30BATE 3aJlayy, OCTANBLHOE — /e10 NPOrPaMMHOI0 0DeCIIeUeH s

i

.~ Cuncox aurepatypsl: 1. S Haykin, Neural Networks: A Comprehensive
:fomdation, MacMillan College Publishing Co., New York, 1994. Vol.16. 2. J.
Hertz, A. Krogh, and R.G. Palmer, Introduction to thevTheory of Neural
Computation, Addison-Wesley, Reading, Mass., 1991. Vol. 142. 3. JA.
Anderson and E. Rosenfeld, "Neurocomputing: Foundation of Resear‘ch ; MIT
Press, Cambridge, Mass., 1988. Vol. 94. 4. D.O. Hebb, The Organization of
Behavior, John Wiley & Sons, New York, 1949. Vol.22. 5. G.zi&.Carpenter, S.
Grossberg, Pattern Recognition by Self Organising Neural Networks, MIT

Press, Cambridge, Mass., 1991. Vol. 32.

I HOBASI TEXHOJIOI'SI NEPEPABOTKHA KOHBEPCHOHBHOI'O
JIOMA ¥ TBEP{OCILIABHBIX OTXOJ40B

Hiamosan A.H., CeiTauk A.A., ®exoTnes AH.,
S 3oaorapes I'.P., @egorses H.A.
 (Tocydapcmeennwiii unocenepiolit yermp meepdbix CnIaeos (iCGemKEpMem»,
Hrcmumym sxonomuxu u noesix mexronozutl, Kpemenuyeckuil 2ocydapemeen-
Holll norumexHuveckul unemuniym, Yxpauiia)

In clause the necessity of development of new technology of processing waste of
Ccemented carbides and conversion breakage is reasonable. The results of re-
Searches vibrocrushing these waste in a vibrating mill are given. An opportunity
also is shown to receive the crushed particles of the necessary sizes. The op-
Portunity of use restored. of alloys for the cutting tool is shown.

~ Creyenuble TBep/Ibie CIIIaBE HA OCHOBE TYTOMIABKAX KapOHIOB OCTaKOT-
CH IYHIINM HHCTPYMEHTANBHBIM MaTepHAIOM 61arosaps BHICOKHM 3HAYeHHAM
'@mm{&mxa}mqecmx xapaxTepicTHK. [TOCTOAHEO BO3pacTact poib TBEPIEIX
CIUIABOB Kax KOHCTPYKIIHOHHLIX MATEPUATIOB B SHEPTETHKE, PAJHO3IEKTPOHUKE,
METanypriy, ropHOZOGHBAIONLIMX OTPACIIAX TTPOMBILIIEHHOCTH.

‘ B Vkpaune npoGiemsr npoussosctsa ¥ dGQOEKTHBHOrO MpHMEHEnus
TBEPALIX crinaBoB CTOAT Hambonee octpo. Takas CHTYails CIOXHIACh B pe-
SYatbrate pacniasia CCCP u pa3speiBa COKHBLUMXCS YKOHOMHYECKHX CBs3eH. Pa-
Hee Bonsbpamossiit aHTHIpHI, OKKCh KOOAIbTa M TBEPAOCILIABHBIE CMECH Ha
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MPEANPHATHA YKPaHHBI 0CTABSAINCH POCCHACKHMM [IPOH3BOMMTEIAMA. B sl
CTOSIIEE BPEMS CBIPLC (TBEPJOCIIABHBIC CMECH) PEATU3YETCH IO LIEHE IoTOBoj
NPOAYKLHH, YTO HE JacT BO3IMOWHOCTH YKPdHHCKHM NPOH3BOAMUTETAM TBED0.
CHNaBHOM MPOMYKUHU COCTABIATEH KOHKYPEHLHIO POCCHHCKMM MPEANPUATHsY
MPH HCIONL30BAHHH POCCHHCKOTO ChIPbA.

Has coxpamesns umnopra ceipss B Ykpadie HeoOGXOAHMO OPraHU30RaTy,
cbop 1 TepepaboTky 0TX0A0B BOABDPAMCONEPKALUMX TBEPABIX CIUTABOB U KO-
BEPCHOHHOTO JloMa (T.e. M3fenuil u3 cnnasos rpynnbl BH), TeM cambM ne
CKONBKO CHH3HTh OCTPOTY AeMIUMTA CLIPbs [Jis NPOM3BOACTRA TBEPAOCILNAR.
HBIX H3/IeTHH.

XOpDHIO H3BECTHBI H JAOCTATOYHO H3Y4EHB! OCHOBHBIC CYIIECTBYIOIHe
METOL! PEreHEPAuy 0TX00B TBepAsIX cIiaBoB [1]. OcHOBHLIC H3 HHX TaKie:
XUMHYCCKHH, (Ha30BOC paspyllenue (LMHK-MCTOA), JNEKTPO(QH3nIecKHii, Mexa-
HUMECKHH, MCTOA B3pbIBa.

M3 Beex CyiecTBYIOIIMX METOLOB PEreHEpalHy OTXOLOB TBEPHABIX CIITa-
BOB TOJBKO XHMMYECKHE METOJIBI He TpeOyIOT lpeABapUTeNnbHOR COPTHPOBKY
0TX0A0B 110 Mapkam. OcTanbHEIe METO/TBI MPELYCMATPHBAIOT [IPEABAPUTENHHYI
O4HCTKY OT [PATIOA U MPHMECceH U COPTHPOBKY OTXOL0B N0 Mapkam. Kpowme To-
ro, BCe METOlb! NiepepaboTky TPeOYrOT NOTIONHUTENBHOTO H3MCIBLYEHUS Tpo-
JAYKTOB, HOJYUEHHBIX LIPH peaiu3aluu 3THX TCXHONO0r HA.

locynapeTeenusIi EpKeHepHEIl LeHTp TBEpABIX CITaBoB «CBeTKepMED
COBMeCTHO ¢ KpeMeHyyrckum rocyaapcTBeHHBIM HOAUTEXHHYECKHM HICTHTY-
TOM [IPOBOJOMT UCCISI0BAHMA 10 ONpEeaeNeH Ky OOTHMANBHEBIX PEKUMOB Pa3Mo-
iia B BUGparuonHo# Mensimue criasos rpymn BK u BH ¢ mensio noaydenus
u3fieriui U3 cranpapTHeIX ciiasos BK 1 Hoerix cnmapos mapok BHK1S5, BIIKS
u BHK20.

B xosie ncenenosanuit B BAGPOMEEHULE H3MENEYANH KPOIIKY, OTyYEH-
HYI0 MCTOAOM B3PEIB2 W3 KYCKOBBIX OTX0JIOB TBEPIABIX CLUIGBOB H KOHBEPCHOH-
HOTO JIOMd B YCTIOBHAX H No Texsonorud GupMel «Backo JITM» (r. Hrenpomer-
POBCK).

B apa Gapabana, 06beMOM 5 THTPOB KaXHBIH 3arpyXaiy MO 5 KT 0TX0-
o8, 15 kr memomux Tent u 0,6 1 sTHnoBOro cnupta. Ilapamerpsl sudpopasmona
MMEIIH CNelYIOLIME 31aYeHHs: COCTABMSIOMME aMIUIuTy sl Korebanuit — 3,1; 2.8
MM, YacToTa — 24 ' '

XapaKkTepHOil 0COBEHHOCTBIO TEXHONOTHYECKOTO npouecca BUbOpauuoH-
HOrO pasMonia sBIfgeTcd HaNWYHe B 30HE B3aUMOIEHCTBHS MENIOUMX TeJl U U3-
MEeNBYaeMoro MaTepyala MepuoAMIecKiX yAapHBIX CKUMAaomuX cur. Wx pos-
HUKHOBEHHE 00YCNIOBIeHO BUOPAaLMOHHBIM ABMKCHHEM YacTHI paboueit cpejtb!,
COCTOSALLCH H3 MEIIOIUMX Tel ¥ U3MeNLyaeMoro Marepuana. HMmenuo s pesyiisz-
Tate BUOPALMOHHBIX ABHKEHHH BO3UUKAIOT ABICHHA YAAPa ¥ HCTUPAHMA.
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. JARTeHCHBHOCTh BHOPALMOHIIOTO Pa3sMoia, NPH ONpEIEJICHHOM COOTHO-
[ KOMHYECTBAa MEIIOLHX TeNl W M3MEIbHaeMOro MaTepHala, 3aBHCHT Kak
@Jﬁopocm OTHOCHTENIFHOIO IBEHXKEHHS pabouell cpeibl U MENFOTIHX Tek, TaK
" or B32UMHOTO aBJEHUs, KOTOPOE, B CBOKO 0YEPE/b, ABIAETCA PyHKIMeH CHII
epIIHH ¥ TKECTH.

ﬁp  (QueBHJIHO, YTO CHJIA YAApa MCJUOLUCIO Tea HMEeT MpAMYIO 3aBHCHMOCTh

of CHJBI HHEUMH Melowero Tena. Onpefeuts, yAap Kakoro Tima Oyzmer

oqymec'rsnen B JIaHHOH 301ie ¥ MOMEHT BpeMeHH, He IPe/ICTABNAETCS BO3MOK-
i C uenmo onpe/iesieHts 0BUIero XapakTepa 3aBUCHMOCTH TIPOU3BOJIHTENb-

HocTy BHOPOPa3MOJIa OT Pa3MEepOB M Macchl Mejuowux Teil Gyiia moctasiexa

cepHs OIBITOB.

- B xopie aKCrepHMeEnTOB OLINO YCTAHOBISHO, UTO MPOLECC M3MENbYSHHUS

HJET HEABHOMEPHO BO BPEMEHH. B HauanbHBI MOMEHT BpeMeHH Oonbiiee

BIWSHHE Ha WHTCHCHBHOCTh PasMola WMEET M3MENLYEHHC YIApOM. Hanee

m;mnne ynapa HECKOJIBKO CHIKACTCA, a AOMHHHDYIOUICE 3HAUCHHC rfpﬁoﬁpe‘
TaeT HCTHPAioILee BO3ZICHACTBHE Pa3MONBHEIX TEJl Ha H3MENbYaeMEIi MaTepHal.
Crita yAapa CHHOKAeTCS BCEACTBHE YMEHBLICHHS CHIBI HHEPLKHU TENa 33 CUeT
TafAeHus HOpMAaIbHOTO YeKopenus [2].

~ Hccnenosanus NPOBOAKIMCH IPU MCITONE30BAHHM MEMIOLIHMX TeJl LIHHH-
JAPHUCCKOH (OPMBI PA3NHYHON Belauub! # Beca (oM, Tabm.1).

Tatmuua 1
Homep dopmbr Me- Juna, MM Juamerp, MM i Macca, r
JIOLIEro Teia
1 11 10 10,6
2 15 10 146 |
3 20 15 50 |

Yepes xaxaple weceTs 9acoB oTOupany Npodsl Mynblbl ¥ NOCHE TpeaBa-
PHTENBHOM CyIUKM HPOCCHBAIM 4Yepe3 CTamjapTHele cuta 30 Mem, 150 mew #
350 mem. Tociie 3TOTO CTPOHIHCEH TPAdHKH 3aBHCHMOCTH [IPOLEHTHOTO COAep-
KaBWs Qpakuyy B MyJblie BO BPeMeHH. /{1 OLIEHKM MHTEHCHBHOCTH pa3sMola
YAI00Hee nonb3oBaThcs rpahUKOM 3aBUHCHMOCTH CPEJIHEro pasMepa H3Menpuae-
MBIX YacTy1y BO BpeMeHu. DTa 3aBUCHMOCTS Juis cruiaBa BK6 npuseseHa Ha pu-
CyHKe. Hymepaiing KpuBbIX Ha PUCYHKE COOTBETCTBYET HOMepaMm (GopM Memo-
X e,

Haubonpiras MpoU3BOAKTENLHOCTS pasMoa Habii0/1aeTes Py HCIIoNb-
30Banuy nauGornee KPYTHBEIX Mesomux Tel. BeIxox roToBoro mMaTepuana aoc-
THran 90+95% 3a 7,8-8 uacoB paboTs! BUOPOMENBHULB, TOI/A KaK IIPH HCIONb-
SOBaHKY Mejlkux MCIIONINX Tell BEIXO He npessiwain 80% 3a 30 wacos paboThL.
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B nuTepaTypHEIX HCTOYHHKaX [3] mpuBesiena 3aBUCHMOCTS PasMepa ya,
THI, B KOTOPOH YK€ He MOXKET PasMeCTHTLCS MHKDOTPELIHHA KPHTHYECKqp

pasmepa OT PasiHYHBIX QUIUKO-MEXABMUYESCKIX XapaKTePUCTHK TEEPIOTO Criyy

Ba.

2
de 0,060F

761~ 4)o;

o(1- {1+ 0,4(1 + )ln =

rae E- MOIynb YIIPYTOCTH,
I - ko3¢ dunuent Ilyaccona,
b - Bexrop broprepca,

O; - TIpeaes TeKyqeCTH.

[lo 3Toil hopmyse MOXKHO ONPENENUTL CPEJHUN PASMEP YACTHITH! i
MeNpYeHHOTO TBEPAOTO criapa mobol mapku. Ilpryem, sHas Hanpasnenwe y

CTereHb H3MECHCHUS (U3UKO-MEXAHUYECKUX XAPAKTEPUCTHK Pa3NMHYHBIX Mapoy
TBEpAOro CIUIaBa NpPH H3MEHEHHH TEMIEPATYPHl HCIBITAHAH, MOXKHO TTONYYHTy

FOTOBBIH IIOPOMIOK C Pa3MepOM YacTHL HeOGXOAUMOM BETHYHHBL

3uas TeMnepatypy pabodeli cMecH, COCTOAILIEH H3 MEMIOLIMX TEN H W3
MeJILYaeMoro MaTepuaia, a Takke GUIHKO-MeXaHWIeCKHE XapaXTepHCTHKH 13-
MenpgaeMoro Matepuana (o=200x2/ s E=62-10"k2/ sn?;a=2,5-10" en) [4]
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MOXKHO NOACHYHUTATE pasMep W3MENBYCHHON YaCTHIBL:
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~ I'pauyTOMETPHYECKHH aHATH3 W3MEbYEHHBIX OTXON0B TBEPIOTO CTiana
an, 410 pasmepsl gacTHi aexar B npefenax 0,5+0,8 MKM ¢ HeaHaduTeNb-
0 5% poneit yacTuil pazmMepoM 1+2 MKM, 4TO NOATREPAaeT JaHHbBIe pac-
[OB 110 3aBUCHMOCTH (2).
Msmeibuennbie oTxols! KorBepcnonnoro yoma (BH10) xonmxrossizanu
sToM MetaurdeckuM mo TV 48-4203-01-11-86 u xapbuaom sonbdpama
yeTa IOMYYeHHS CILIABOB C CyMMApHLIM CONEPKAHUEM HUKENS U Koballb-
%, 15% u 20% no macce.

W3 nonydeHHBIX oMccell Tionyyanu mrabuKH, Ha KOTOPHIX HMCCIeA0BanH
MKO-MEXaHHUecKne CBOMCTBa mo mapaMerpaM, ykasaxeeiM B 'OCT 3882-
e3y/IETaThl HCTIBITAHUIT yKa3aHkl B Tabnune 2.

Tabnuna 2 - Ou3uKo-MexaHHYecKre CBOHCTEA CIIABOB, IOy YeHHEIX ITe-
0OTKOH OTX0I0B KOHBEPCHOHHOTO JIoMa 3 crurasa BH10

TTpenen npoqnocm NP W3- TInoTHOCTS, TeepHoCTh,
rube, H/mM®, (kr/me’) r/em’ HRA
1519 (155) 14,02 85
1206 (123) 14,52 88,0
1627 (166) 1345 87,5
1717 (175) 13,73 83,5 |

. U3 cmecu BHKI1S npeccoBasiy [IaCTHHB! JUIS PEXyUIHX 3yOKOB yronk-
X KomOaitios Tuna 3P4-80 u sarotosku Bonok dpopmer 1980-0142 mo I'OCT

Tlocie HamaiKy IIACTHH B JIepXaBKi 3yOKOB /NS YTOJIBHBIX KOMOaHHOB
3aTOYKH, UX YCTAHABIWBAIM B POTOP YrOJbHEIX KOMOAHHOB I HCHIBITHIBANH B
0Beunenn «CHEKHIHCK-YTONb». B cpaBHEeHye NPUHHMATH NIACTHHBL, H3r0-
BIIeHHEBIE M3 crinasa BK15.

3y6xu, ocHamenHsie TBepABRIM crmasom BHKIS, nokasanu yBenuucHue
fikoctH Ha 30% 1o cpaBHEHHIO C 3yOKxamu, OCHaueHHbIME criiasom BK15.
i Bonoxu, uzrorosnennsie u3 cvecd BHKLS, HCOBITEIBAMXCE B YCHOBHAX
” HEITPONETPOBCKOro METH3HOTO 3aBOfia. B CpaBHEHHe NPHHHMAIIHCE BOJIOKH M3
naptHoro crnapa BK15. Onsitree Bonoky u3 crrapa BHKIS mokazamu
HueHHe cToiKkocTH Ha 50%.
~ Kax cneayer u3 pe3synbTaToB ncenegoBaHui BUGPAIMOHHOIO pasMona 1
Pe3ynrTaToB MCNBITaBMIl M3kenuit H3 Hosoro ciraBa BHK1S, Metox perenepa-
KOHBEPCHOHHOTO JIOMa K TBEDAOCILIABHBIX OTXOZOB, BKIOYaOuMH B ceba
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110y 4eHME HACTUL] PA3MEPOM o 2 MM M MEHBIIE M JansHeiiuil sudpopasmon,

ABJIACTCA IICPCIICKTHBHEIM, Gnaronaps{ 3KONOTHUECKON YHMCTOTS M MAMBIM Kang-

TanbHBLIM BiAOKeHHAM. [loatomy on TpelyeT aisHeifIero pasBUTHsS U HCCle-
LOBAHYA.

Cnucok autepatypsl: 1, 3enuxman A.H. Metamnyprus TyTOMIaBKHX u
peaxux merannos. — M.: Metannyprus, 1986.- 83 c. 2. 3eneruos JLK. Huuamu-
Ka chiflydel cpefipl B KaMepe obpemMuoi obpaboTku getaneH // Bubpalmoniias
obpaboTka AeTaiel MamuH i ppudopos. COopruk cratei. — Poctos-na-Jlony,
1972.- C. 18-23. 3. Bonaapeuxo B.I1., Xanena A.Il. Beicokompounsie kapouzo-
XPOMOBBIC TBEpJBIe CILIABEL // TucTpyMenTansHuit cBit. — 1998, - Ne3. - C. 19-

20. 4. Kpeitmep I'.C. TTpousocts TBepABIX cruiaBos. — M.: Meramnyprus, 1971,
—-248 ¢,

U3MEHEHME BEJIMYHUHBI 3A30PA OT LIOTPEILHOCTEM
M3rOTOBJEHMS M MOHTAKA 3JEMEHTOB 3VBYATOM
MEPEJAYN

MIapunoe T.A., Bexos [I.A., Anubaes H.H.
(KasHTY, 2. Anmame:, Pecnybnuxa Kazaxcmar)

The nature of activity of a toothing depends not only on accuracy of manufac-
turing alone of conjugate cog-wheels, but also from nature of activity of con-
nection of a cog-wheel with the shaft.

TouroCTh B3aUMHOIO HomoeHHs 3yOnes 3y09aToro 3aLCIUICHHUS BAOTL
JHHWH KOHTAKTa 3aBHCHT OT TOYHOCTH 3y0uaThIX KONEC, BAIOB, TO/IIKIIHHAKOB
¥ KOpIIyca, B KOTOPOM MOHTHpyioTcsd 3y04aTsie KOJeca.

Jlast noJHOM XapaKTePHCTHKE LWYTHHIPHHEECKOH 3ybuaToll mepegauu He-
06X0MMO B 00llieM CIy4ae pacCYHTaTh [STH PA3MEPHBIX LCUEH: fiBe Menu Ha
12pajifenbHOCTh OCH Bpalllelny 3yGuarsix Konec B ABYX IJIOCKOCTSX, ABE ICNH
Ha TOYHOCTL PACCTOAHMHA MCKOy OCAMM BpalleHHA 3y64aThix KOJNEC MO ABYM
KOOPIMHATHEIM OCAM M OJHY Jens Ha TOYHOCTb COBMAIEHHs OCCH CHMMETpHH
KoJleC, WM Ha TOYHOCTh COBIIa/[eHus TOPLOB KONeC. IIpH HeKOTOPBIX YCTOBHAX
JIBE LCIH HA TOYHOCTD PACCTOSHMS MEXKIY OCAMHM BPALIEHHS KONeC MOXHO 32~
MEHHTE OZHOH Lensio, B nepeGOpHBIX KOpoOKaX CKOPOCTEH, HCMONB3YEMBIX B
METAIIOPEKYIIMX CTAHKAX, pasMepHyIo Nellb Ha COBMafeHHE TOPLOB KOIEC
PacCHUTHIBATE HE HYXKHO.

PaccmoTpuM Haubonee TwroBoR ciydal, KOrja MMeeT MECTO HEeCHM-
MeTpHYHOE 3y0uaToe 3alClUleHue M MEXKLEHTPOBOE paccToiHKE coBnajaer ©
HAnpaBiCHHEM OJHON W3 OcH koopamuaT. Ha puc.l mokasan ocku3 sybwarod
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auy C PAa3MEpHBIMH LENsMK HA MApalieibHOCTh oceii ppaienus 3ybua-

collec B ABYX I17IOCKOCTAX.
" PasmepHbie TIElIH, OIPEC/IAIONIHE TI]PEKAC ¥, ¥ MApAICILHOCTE 7y 1o

Ggigéii cyTH €O BEpILCHO OAHHAKOBE!, MO3ITOMY DGUBH?HSHHH ocelt 3JIEMEHTOB
f;gpe:;t(aqn 7 COCTABJSIOLIMX 3BEHBEB PA3MCEPHBIX LETIEH raxke GYIAYT OMMHAKO-
e Huske NPUBOASTCS MOSCHEHNS U1 PA3MEPHBIX LETICH ONpe/eNAIonInX
ng;;ﬁéptoc W HelapaJUIebHOCTh ocei Bpaimenm 3¥6qa'rmx KoJiec B Iepejave:

fw I, - IX,, - pacTionoxXeHue oceh Aertaneil B mepejiavde AT WeECTepHH.
j", [I,... IX, - pacrioioxeHue oceii fetasielf B Tiepeaye A Kojeca.

CoOCTABTAIONIMMY 38CHBAMM Pa3MEpHOH LelH ¥, U pa3sMEpHOii uenu 7,

=

FBIAIOTCH:

. Vs - HenapaleibsHOCTh ocelf meraneil B mepeaave IS [ECTEPHU.
xl? ' o o
f;i 7,0 - HeNapauIebHOCTh OCeH NeTaneH B repefaUc I KOJIeca.

sl

,—;r;'-n Yo - CYMMAapHasi HENapaJlIeNbHOCTD ofpasyrouix nuHul GOKOBEIX

3BOJBBEHTHEIX MOBEPXHOCTEH 3y0beB MECTEPHI 1 KOTIeCa.

iRt i A ~
e 7, - Depekoc 06pasyioNUX JHHUH GOKOBBIX TIOBCPXHOCTCH 3YORCR
HECTEPHY H KOECa.
VpapHeHHe Pa3MEPHOH LETH y, ONPEAeNsIomee IepeKoc
Yxa = E?’xi‘m * nyix-i' Yx10
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Puc. 1. Dcxus 3yfuartoii nepeaayy ¢ pasMEepHbIMHA Lelii-
MU Ha [ApaINeIbHOCTS OCeil BpallenHs 3yGUaTsIX Kojlec



YpapHeHue pa3sMEpHOH LenH ¥, ONPEIeNAIILee HenapalIenbHOCTh

Y= Z?’)m o+ z}’,fx T Vo »
et ~ntntnrnt.trn;
SV = ot e T oot 7
zJ’,m = 5 t oyt F oy
27_,,,,, = mtT rat.. t ta.

I'pynna HOpPM TOYHOCTH, OMNPEACHAIOIIHX KOHTAKT 3y0beB B mepenave,
PeraMeHTAPYeTCS CYyMMAPHBIM MATHOM KOHTAaKTa, HENOCPEACTBCHHO KOHTPO-
nupyeMEIM B cobpanHoii nepeaase.

[ToxasaTeseM, XapakTEPH3YIOUMM KOHTAKT 3y0beB AUl MPAMO3YOsix
KONEC MOKET SIBJIATHCA IOIPELIHOCTh HANpaBIenus 3yba £y, T.C. IO OTHM Mo-

HAMAeTCA KaK OTIIOHEHHE OT MapajlIeIbHOCTH OcH 3y0yaToro Kojeca, Tak i
HempAMOTUHEHHOCTE 06pazyolel GoxoBOH MOBEPXHOCTH 3yda.

Beuauusl KOMIUIEKCHBIX M TO3MEMEHTHEIX TTOTPEmIHOCTEH, MPUHATEIX
B KAYECTBC IIOKa3aTelell TOYHOCTH JUIA 3y0uaTsIX KoJec ONHOM M TOH Xe cre-
MeHH TOYHOCTH B3aHMOCBA3aHE! aHATUTHIECKUMY 3aBACHMOCTAMU.

BenuurHy KOMIIEHCALUH JTOTPEIIHOCTER H3TOTOBNICHHA 1 MOHTaXa 3y0-
YATEIX KONEC OMpPEIENSIOT ¢ Y4eTOM HPEACNBHOTO OTKJIOHSHHA MEXOCEBOro
accTOSHHA f,, JONYCKA Ha HATIpaslierue 3y6a F,, NPEAe/bHOTO OTKIOHEH A
miara 3auerieHus f,, W HOMyCKOB Ha HEMapalIeabHOCTh f. ¥ mepekoc ocei f,.
DTy BeNMYUHY MOXXHO BBIPA3UTh CIEAyHOLICH npuONKeHHOH QOpMYJIOH:

k= f,2sina + JE[)‘*})I +2(f ) +(f sina)® + (7, cosa)’

XapaxTep paboThl 3y04aToro 3aleMIeH S 3aBHCHT HE TONBKO OT TOTHO-
CTH W3rOTOBJICHHS COOCTBEHHO COMPSKEHHBIX 3y0UaThIX KONIee, HO H OT Xapak-
Tepa paGoThl coeuHenus 3y6yatoro koneca ¢ BaJioM.

B CTaHKOCTPOSHHMH, [UIA Mepeflads BPaIaTe/IbHbIX IBMIKEHHH M KpyTd-
X MOMEHTOB, HaHOONbIIEE PACTIPOCTPAHCHHE TONYYHIN LUHLEBRIE COeIH
HeHus BalOB ¥ BIYMOK. 110 KOHCTPYKLHH HUIHIEI MOTYT ObITE npsMOBOUHBIME
Y 3BONBBEHTHEIMH.

®opMa IUTHIEBOro NPOGHIs U PA3MEPHBIH DS/ NPIMOBOUHBIX ILTHLE
BBIX COCMHEHHH perTaMenTuposans cranzaprom CT COB 188-75. Cranpap?
pPacTpOCTPaHseTCs Ha [UIMIEBble COSAUHEHHs OOIIEro OPUMEHEHHS ¢ MpAMO”
604HEIM TPOduIeM 3y6beB, PACTIONOKEHHBIX NTapaIeNbHO OCH COSIUHEHHMS ¥
npeycMATPUBAET COSMHEHMS JISTKOH, CPeIHCH X TAKETIOH CEPHUH.

THN UEHTPUPOBAHHS LUTHIEBEIX COSTUHEHM BHIOUPAIOT K3 KOHCTPYK
THBHBIX M TEXHONOTHYECKHX coobpaxernil. [IeHTpHPOBaHHE MO HAPYXHOM)
A BHYTPEHHEMY AHAMETPY NPUMEHSIOT B TeX Cliy4anx, Koraa MPEXBABIAIOTCH
MOBHIIEHHbIE TPeOOBAHMA K TOYHOCTH B3aHMHOTO MOMOXKEHHST compsoKeHH!
3yGuaToro xojeca ¢ BanoM. Takoro poja UUIALEBBIC COCAMHEHMA B OCHOBHOM
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S UMEHSIOT B METANTOPSKYIHX CTAHKAX, Ul KOTOPHIX TOYHOCTE KHHEMATHYE-
g 5ﬁ-sﬁepen3‘m» urpaeT O0JIBILYIO POTb.

. Ha cymMmapHOe HeTIpUIeraHue 3yGhen 3y0HaTBIX KOMEC OKa3biBAIOT
piEsHME CRCRYIOWHe FCOMETPHYECKHE MAPaMETPhl LTHIEBONO CORMHCHHA:
3&‘3‘9?51'“0 [EHTPUPYIOLIEMY AHAMETDY, 3a30pki MO OOKOBBIM [IOBEPXHOCTAM
3?5{,-’33 OTKJIOHEHHE OT MapalieNbHOCTH 3y6HeB OTHOCHTENLHO OCH JCTANH M

£l
[1OrPELIHOCTH OKPYIKHOTO (Iara.

" 3azops! 0 LEHTPUPYIOMIEMY JIHAMETPY H O0KOBBIM IIOBEPXHOCTHM OI1-
peAENAIOT XapaKTep COMpSKEHHs, T.¢. JONYCKH X MOCAIKH HIMTHIEBLIX COS/H-
HeHHH.

Vicoile JOBaHHS [OKA3aNH, YTO yBE/IMUYEHHUE 3a30pa [0 LCHTPHPYIOUICMY
JEAMETPY B OTIPE/IEICHIIOM nmanasone (0-8,,) BAHSET HA B3aUMHLIC IIEPEMELLC-

{is 3yOUATOTO KOjIeca ¥ Bana, M TCM  CambiM NOBLILIACT daxTiuecky sieftcr-
ByfOlile HArpy3K¥ Ha 3yOba 3yGUaTeix Korlec, i CASAOBATENBHO, Ha LLIALCEHIC
naphl. YBEMMHCHHE 330Pa CBBILIC &, HA B3AMMIEIE TIEPCMCILIISHHA 3y6yaToro

Kojeca ¥ Baja, a TaKke Ha HAIpyXCHHOCTh 3y0uaThIX KONec H IIIMLEBBIX CO-
e IMECHMI HE BIMAET, TAK KaK B 9TOM Clly4ae UEHTPHPYIONHE IOBEPXHOCTH HE
NPUHAMAIOT YYaCTHA B pabote. Bonee HU3KUH YPOBEHb HATPYKCHIOCTH 3y0Oben
3y6uaThIX KOJEC Npd MajlbiX 3a30pax M0 UCHTPUPYIOICMY JYaMeTpy B UuIMIle-
BOM COEJIHHEHHH MOKHO OOBACHHTL TeM, YTO LEHTPHUPYHOMIKHE TOBEPXHOCTH B
5TOM CIIydae OrPaHHYMBAIOT AMHAMHYCCKUC ABNCHUA B 3AlCIIICHHH 3yOReR 3a
CHET yMeHbIexys KonebaHi 3y0uaToro xoncca ¢ BajioM.

M3-3a GOKOBBIX 3a30pOB 3y0hs BaNa W BTYNKH B Havane paboTE KOHTaK-
THPYIOT 110 BeCkMa MaloH muomaau GOKOBOH OBEPXHOCTH, B Pe3YALTATE HErO,
JaBjieHre pe3ko BospactaeT. VisHoc HOKOBOH NMOBEPXHOCTH 3yOpes Bajia, mocie
KOTOPOFo HACTYyMaeT KOHTAKT IO Beei paboueii MOBEPXHOCTH LIIUICBOH Napsl,
onpejensercs no gopMyie:

' v=AR/r- 1)/2,
A€ 7 - paguyc BHYTPeHHe! LTHHAPHYECKOH NMOBEPXHOCTH NTHLCBO0TO Baa.
R - pauyc HApYKHOM LIITHHAPHIECKOH [TOBEPXHOCTH [UTHLCEOTO0 Balla.
A - BOKOBO¥ 3330p B LUIMIIEBOM COSAUIECHHUY.

an OIHOCTOPOHHEM HArpy»eHu# HINALEBOTO COCHMHECHHH HpOHCKOHHT
BBIOOPKA 6OKOBOTO 3230pa B OIIHY CTOPOHY, B CIIEIICTBUH YETO, OH HE OKa3blBacT
BIIMSHHS HA BEJMYMHY CKOILKCHMs B IUTHIEBOM COS/IMHEHNH U HA HATPYXKCH-
HOCTh 3y0uarhIX Konec W HUTHIEBbIX nap. [1o3ToMy MOMXHO TIONArarh, 4To U3HoC
3yObeB 110cTIe 1pupaboTKy 110 BEICOTE HE 3ABUCHT OT BENIHYMHEL BOKOBOTO 3a30-
P2 B coenuneHun.

Orwionenue oT mapainenbHoOCTH 3yOLeB Bajla OTHOCHTCNIBHO €ro OCH
“?ﬂBOJJ.HT K Tiepexocy 3yGyaToro Kojeca Ha pajy M, KaK CNEACTBHE, K CMeLle-
1LlT'E_:’(_?'O'T(:H-:-:K KOHTaxTa 3y0beB B PagHalbHOM W OCCBOM HAIIPABICHHAX IIPH Bpa-
HeHKHY coefuueHKs. B cBAzy ¢ yBEIHYSHHEM OTKIOHEHHA OT NApaliebHOCTH
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3)"6{:65 YBCIAHYUBACTCH CKOJLXEHHE B HITHUEROM COSAHHEHMH ([l){‘Tb T[)CI{HH}

M, CNe0BaTeIBHO, H3HOC 3Y05eB.

Brnusuue Apyro#l XapakTepHoH [OTPelIHOCTH HM3rOTOBNCHMS 3yOnep
LITHIIEBOTO COEMIMHEHMS [1PH MACCOBOM  MX IIPOM3BOJACTBE - MOTPELIHOCTH Ok

PYXHOTO [Iara - Ha B3aUMHBIE lepeMeickus 3yfuatoro kojieca i Bala MOXHg.
HE PAacCMATpPHBaTh. DT0 OOBACHACTCA TEM, YTO TIOIPELIHOCTh OKPYKHOTO Llary!
3y6LeB B ZOMYCKACMBIX NPEeNaX BBI3RIBAET KCUEHTPHCHTET HA4AIBHOTO i
AMHOpPA 3y6UATOro KOMCCa OTHOCHTENBLHO OCH Bana, BETMYHHA KOTOPOIO B fe.
CATKA Pa3 MEHbIE JONYCKaeMOH TEXHHYCCKAMH YCHOBHAMM CYMMapHOH Io.
IPEIIHOCTH 3aleTICHHS.

[lepexoc ¥ HECOOCHOCTb OCeH CONPSKEHHBIX AeTaicH B UITULICBOM Co-
e/IMHEHAHM MOTYT BbI3BATh TAKXKe MONOXeHHeM orop. [lepemeluenne Bajions g
onopax, o6ycnoBIeHHNE 3a30paMy W AeOPMAlMAMH, CYILECTBCIHHO BIUAIOT H
CyMMapHble HenpuicraHue 3yobes 3y0yaThiX KONEC BAOh KOHTAKTHBIX JIHHML,

Ha 3a30pB] B OMOpaxX CYILECTBCHHO BIHAIOT. HAIIMYIHE PaguansHOro 3a30pa Me-

AAY TENaMH KadyeHHd ¥ KOJbLaMH MIOJINHIHHEKA, [IOTPeIIHOCTH H3rOTORICHHY
JIOPOKeK Ka9eHHs KOJEL ¥ [ICPEKOCHT KOTIeIL.

CornacHo pexomeHmauusm ISO, s mepenad, pacrioNOKeHHLIX MEJy
olOpamu, BIMAHWE MepeMel(Cni BanoB, BCICACTBHE 3a30pOB B ONOPAXx, k2
NPUBENCHHYIO CyMMapHylo OWMOKY KoHtaxTa I gy He YUHTHIBACTCH, T..

NPeANONAraeTCs, YTo yKasaHible 3a30pEl B OHOpax KaXHOro Bana IOI&pio
paBHEL. B clfyqae KOHCONBHOIO DACIOOKEHMA KONEC NEPEMELUCHUs BaJioB,
BO3HEKAIONIEE BCIACTBHE 3230P0B B ONOPAX PEKOMEHIYETCS YUHTHIBATS.

[Tongsie BRIBOJILI O Ka4eCTBE H3rOTOBICHMA M MOHTEMA, MX BJIMAHHC Ha
xapaktep paboThi 3y04aTor0 3alerIeHHA MOXKHO CHleNlaTh Ha OCHOBE €ro CTeH-
JIOBBIX UCIIBITAHHH.

Cnucox mutepatypoi: 1. Iapuios T.A., Bekos JI.A. ®axrtops,
BIAMIOLIME HA 3a30DPB! BAOJNL KOHTAaKTHBIX Imuui 3yGuaroro sanernenvs //
Bectuuk KasHTY 1-2/1998. KasHTY, 1998. C 43-47.

ONPEAEJEHWE BJIMAHMS OPOAOJbHBIX CHJI HA U3TUB
TEJECKOIMYECKHX CTPEJ
[leryenxo ®.JL., Bouapos C.H. (Horl'TV, 2. Jloreyx, Yrpauna)
In article examines a question of influence longitudinal forces on bending of @
telescope boom.

Cekuds TEAECKOMHYECKHX CTpen paldoTalT B yCIOBUAX [POJIONLHO”
nonepednoro waruba. [Tpu pacuerax Ha oOuUIyI0 NPOYHOCTL BIAMUSHHEM DPO”
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cunt npenedperaot. OHHAKO, OTCYTCIBYIOT MCCIEA0BAHUS, TO3BO-
e OIEHHTH BIUSHAE MPOJIONBHLIX CHII ¥ 00OCHOBATE YCAOBKS, NPH KOTO-
BJIHSIHHGM MOKHO IpeHebpeys.

Vpasueine yrnpyroi
mvauy Ganku [1]:

d’y _ M(x)

&2 EI

—77y
&

Puc. 1.
 VpasHeHHe MOMEHTOB C Y4eTOM NMPONOILHEIX HArpy30K (cm. pucyHOK 1) :
. 4 g
X T.
M(x)=Pyx+q, =+ Nyo Ny~ quy+q,vgydx-

[lonCTaBHR YPaBHEHHC MOMEHTOB B YPaBHEHHE YNpyroif JMHMH, MPO-
@epemmpoaas ¥ 1Ipeo0pazoBas, MONYUHM: :

N gy R ,9,
4 +[Ef El x]y B E
. TI'panuunbivu ycnoBuamH Oyayt : 1) ¥x=0)=yy, 2) y{x= 0)=90, 3)
ED(x=0)=M,.
310 ypaBHEHHME, ONMUCHIBAST U3rHO OalKK ¢ yHeTOM MPOAOILHBIX HAIPY-
Jluddepennpansabie ypaBHenHs ¢ NepeMEHHBIMA KOdQQUUHCHTaMA HH-

TEFPHpYIOTCS ¢ TIOMOLLUBIO CTENEHHBIX PAfoB [2]. He Brapasce B IeTaly pelie-
HHS, IPUBEJIEM PE3YIIBTAT !
]+

2 My
y:yn +90(x+ Zalsxﬁ]"l' = (.x +§:a23
=2

2AET 53
Pf} 3 = 5 qP 4, w S)
+—900 2 + Y x|+ X"+ Dy |,
3!51(x 2 ] 4!}31( 2t
I, npu s=i
0, mpu s=2
Be @y =4 0, npu s<i - K09 -
J 1 N(S zb:s '2+q\<’(s 3)219 3
- - , B IPYTHX Cjydasx
El (s-lx.s 2)
OUIMeHTE! CTENEeHHEIX PALOB;
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i=1...4 - HoMep KO3QDUUKCHTA CTCIIEHHOTO PAJia.

DT0 YHHBEPCANBHOE YpaBHEHHE H3OTHYTOH ocH O&nkH B Ha4YaibHBIX lig.
pamerpax. Ecin ot6pocHTs cTeneHHbIC PAIBI MO 3HAKOM CYMMBI, TO 0HO Oyney
HICHTHYHO YPaBHEHHMIO, fi¢ YYMTHLIBAIOMEMY TpPOJOTbHbIC Harpysku [1]. EroE

MOYKHO NMepernucare B LPYroM BHLOE M PaclpoCTPaHHTE Ha moboe KOJTH‘IﬁCTBQ.'.

Harpy3ox:

My —-M

oM =——L——-100 %,
M

S BejIMYHMHa MOMEeHTa, OmpeucicHHas ¢ YHCTOM IPOILOJIBHBIX }/CHJIHQ;
SUTHIBACTCA 110 IPHBCACHHAIM BbILIE 32BHCHMOCTSIM;
(1) - BenuuuHA MOMENTA, OUpPEIeNIeHHas Oe3 yueTa NPOAOBHBIX YCil-

}IJUI COKpalllcHusl YHCJla NIEPEMCHHBIX, BIHAIOUIAX Ha BEJIHHYHHY MOMECH-

w
y=Yo+0 Loyx’ Z_‘ Zazs(x a)’ +
aroKe [ noxyveHns 6omee oﬁmnx pesyJIbTaToR BOCTHIONb3YyeMcH TeOpHei

s=l 2E] c=3

* T senleb) + 2% Sane-o)

Tereps BOCHONB30BABHINCE MMONYYSHHEIM ypam-lennem, COCTaBUM MaTe-
MATHYECKYIO MOJENS JUisl ONpEejeNe U BIHSHUI NPOJOILIEIX HArPY30K Ha H3.
ru6 cexiui Teneckommdeckux crpeit. Ha pucyrke 2 moxasaHa cxema CeKilny
TENecKOMMIeCKO CTPesbl A1 ONpeAeTe s BelHIHHbl H3THOAOIIEr0 MOMEHTY,
IIpu 3TOM pacIpefeNeHHYI0 Harpy3Ky OT cOOCTBEHHOTO BECa MOXHO 3aMEHHTS
9KBHBAJICHTHOI 110 JedopMalusM cunoi P.

YpasHerue npomﬁos 3AIHILETCH CAeAYOMHM oﬁpasow

y= yo-i-GGZa]Sx + Zah e(x—£+1) Z (x—i+:'])",

s=1 s‘-"

Tfie € — eIMHUYHAs :byHKLum.
P

Hue BeHUMHBL (KoMrnekcsl): 1) m =6M, 2) NZ—EL 3) my= ; 4)

[ ” &
9! , ) 7y =1, Mccnenyemoil BelH4MHOR ABIAETCA KOMIUICKC 7, =M .

{IIIEKC 77 OLCHHBACT BETMYMHY IPOruba OT MONEPEYHbIX YCHITHH, KOMIIIeK-
jr3 U 7 — OTHOILIEHME MPOAOJBHBIX YCUIHH K IIONEpeyHbIM, KOMIUIEKC /5 —

HHY 33]eJIKH.
HakoHeil, uccnejayeM Biusiue GakTopoB 75...7s HA IapaMeTp , =dM .

{61 M3MEHEHHS TIEPCMEHHBIX 7. ../Ts TIPHHATH! MPEIeNbHEIME 10 PE3yb-
pacuera crpefibl kpasa KI'C-25, Brmyckaemom AO HKM3.

JI71% OLIEHKU BIMSHUS TIPOAOILHOTO YCrius BHavae OyIeM BapbUPOBATH
N 2
opaM# —— H 268 1Ip4 (PHKCHPOBAHHBIX 3HAYCHUAX 1018 u &g,
N o o= Py o ll ) P
Nt Iy |
b Y“'—-Q_ R 5 12
eM JUld 3HaUeHHH — | TR TIPH KOTOPBIX WX BIAAHHE Oy/eT HauboMbIumM,

I
JieM BapbUpOBATH BENMYHHOM 3a/Ie/IKH — ] . Ha pucyHke 3 npuseneHs! rpadu-

OTpaaioLiHe BIMSHHE YKA3aHHLIX BEILE QaKTOPOB HA BCHUYUHY MOMEHTA.

rpaduKOB CIEAYET, UTO BIMAHUE IPOJIONILHONO YCHIMS CTAHOBUTCA 3HAUM-
PP . N - :

(>1%) npu E—H/o " ;>l. Taxum obpaszom, npu N < P eusnueM

Puc. 2.

YpaBHEHHE MOMEHTOB IOTYIUM Jmcbc'pepeﬁunposaﬂnew

M(x)= " = EI0, a5 - 12 4.2 Zass s(s-1)x*2 -

5=l

—e(x~—£+fl)%- isahs(s—l](x—1+f1)s"2
3=

TToCTOSHHBIE HHTETPHPOBaHKs ONPEAEHISIOTCS W3 TPAHAYHBIX YCIoBHiA: 1)
Wi=1)=0,2) #(1)=0,3) Eb"()=

MakcumanbHEIR MOMEHT OyIeT B cedeHuu x =/ —/,. BenuyuHa oTHOCH
TENBHOrO YBEIHYCHKMA MOMEHTA 32 CUET NPOA0JILHBIX YCHﬂHﬁ:

Io,uoanoro YCHIHS MOKHO TperHefpedb, YTO XaPaKTCPHO ANS MAIBIX yIIOB
& -
¢ona crpestel, [ GonbMMX 3HAYCHNWH ?i-, YTO XAPAKTEPHO A CTPeN H3-

—

TOTOR/TEHHbIX W3 BBICOKONPOYHEIX CTaneil W 06nafalomux BBICOKOH nedopma-
[BHOCTEIO, BITMAHME ITPOONBHBIX YCUIIMHA CTAHOBHUTCA BEChMa 3HAYUTEIBHEIM
>10%).

Jlas OUEHKH BMsHEs TIPOAOIBHOM pacTpesieneHHoH Harpysku Gyaem
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2

gnl Pl N !
BapbHPOBATH PAKTOPAMH - W —— TIPH QUKCHPOBAHHBIX — =0 K -+ =0.18.
P E P / F
M
13psssspnssgsanmn g
10F---- -~ = - 4~ PPIEI=0.05
v - PRIEF004
6k _PPIEIF0.03 :
: : .
JPRIEFO02 PPIEI=0.01
‘ PPIEF=0.005
2 L7 PRIEI=0.001
0 e S 0 L - —te
0 14 28 42 56 NP 0.18 0.344 0.508 0.672 0.836 1%/
Puc. 3

Kax BuAHO U3 rpaduKoB, NPUBECHHBIX Ha PHCYHKE 4, BIMAHHME paclpelencH-
HOM Harpy3ku He3HAauuTeNnbHO W cocTasigeT MeHee 0.28 %. OruM daxropom

IpH NPAKTHYECKUX

(,.;W pacydeTax MOXHO Iipe-
Hebpeys.

B Onnaro TIo-

02 PRIEI=0.02 IPEMHOCTS OT MpeHet-

0.15 PIEIS0.01 PeXEeHHS IPOJOJNELHE

MU VCHIMSAMH HAKan-

0.1 JiuBaercs. 2TO CBA3AHO

0.05 ¢ TeMm, YTO OT Ipo-

JONEBHbIX YCHIIHI B 3a-

07 028 036 044 052 06 JiCIKe BO3HHKAeT M0

TIONHUTENBHETH MO~
menT. Hampmmep, 11
4-X CEeKUMOHHOH cTpe-
nip1 kpasa KI'C-25 npy MOMHOCTEIO BEIABUHYTON CTpese Ha MAKCHMATBHOM YITIE
NoaBEMa BEHYHHA SM COCTABHIIA:

- ans 3-eff BRIABMIKHOHA ceKIuH (ronosku) — 2.82%;
Jns 2-0# BeIABHXHOH cexiun — 4.02%;
as 1-0i BELIBYKHOM CeKIMA — 5.9%.

Taxasg TOTpemHOCTS BO3PACTET A JIHHHBIX CTPEN ¢ OOBIIHM KonmHe:
CTBOM CCKIIHH.

Puc. 4

Cmucox nurepatypsl: 1. Conpoturnenue Marepuanos / [loa pea, akai.

: JCCP Tucapenxo I'. C. — 5-¢ uzn., niepepab. u non. — K.: Buina mk. [o-
w380, 1986.-775 c. 2. Cvupsos B. W. Kypc ssicineit matemaruxu. T.

- OI'M3, 1948. — 622 c. 3. Teopus MHXeHePHOrO 3Kcnepumenta: Y4ed.
gue / . M. Tumoruenxo, I1. &. Juma. —~ K.: YMK BO, 1991. - 124 ¢,

ﬁECJIElIOBAHHE YCTPOUCTBA JLJIsI APOBJIEHUS CTPYKKH

lesuenxo A.B., Kpasen A.M., Ixaaayx Ann
(HTYY «KIiH», 2. Kues, Yrpauna)

;},% levice for a breaking of a swaft on a turret lathe is adduced in this paper.

G HaTencuduKalLlg TEXHOTOTHYCCKHX NpoleccoB Npu obpaboTke mMeTas-
JE’;‘PGB&HHE)M TIPHBOJHAT K PE3IKOMY VBE/IHYECHHIO MacCsl CHUMacMOH CTPYXKH,
0J1 KOTOPO# B 3aBUCHMOCTH OT 00pabaTeiBaemMoro mMaTepuaia COCTaBIIeT A0
5% ot maccel aetand [3]. ITpu 06paboTke MHOTHX MaTepuanos, 0COOEHHO Ta-

X, KaK BGICOKOJIETMPOBAHHBIC CTATIM M PAX CIUTABOB LBETHBIX METAILIOB,
TRYKKA MMEET XapakTep JNMHHOM HempepsIBHOM neHTsr uiM criupany. Hamu-
qge TaKoH CTPYKKH, ONYUUBIIeH Ha3BAHNE «CIHBHONY, SRIASTCH OTPULETCI b
IM (axTopoM 00pabOTKH METAIIOB Pe3aHHEM.

- BenescTsue 3aTpaT BPEMEHH HA YAAJICHUC CTHBHOM CTPYKKH M3 30HbI

BCAyKUBAHNS CTAHKA CHIDKAETCS TPOM3BOJMTENHHOCTL TPYAA, MPH 3TOM 3a-
'155 IYIO BO3HUKAET HEOOXOMUMOCTE IPEPBIBAHMS TEXHOTOTHYCCKOTO IIPOLECCa.

~ HasuBka u samyThiBanuC CTPYXKH Ha JeTami H paboune oprasml 3a-
TPYAHSCT SKCILTYATALHIO ABTOMATH3UPOBAHHOIO ofopynosanus. Muorza Hanu-
9HE CIMBHOH CTDYXKH B Iponecce 05palOTKH NPENATCTBYET HCIONB30BAHHIO
HgﬁMHHIJIEHHbe poOOTOB M MaHMITYJSTOPOB JUIA MEXOIEPalMOHHOH TpaHc-

OpTHpoBKn oOpaGareiBacMoll Aetamu. CiuBHaA CTPYXKa 3aHHMaeT OOnbLIMH
0BEM 1o cpaBHEHHMIO C JPOOJTEHOMH, MO3TOMY 3arpOMOXKIACT LEX0BOE Mpo-
Gﬁ@icrso # TpeQyeT YacToro BoIBO3a M3 [1€Xa H 3a NPEensl IPEAPHITHA.

.~ Hamaue CIHBHOM CTPYXKH ABJISETCS OCHOBHOW NMPUYNHOH TPaBMATU3-
H:Lg_*__paﬁoqrrx Ha CTAaHOYHBIX olepanuax [1].

- Meponpusatis no ApobneHHIO CTPYKKH B 3aBHCUMOCTH OT BPEMEHH H
MECTa yx npoBejeHys MOAPa3NeIeHbl Ha TPY BHJA: - IpEIBAPHTENbHAS IOAr0-
%!ia o6pabaTriBaeMOro MaTepuana IPOBOJMTICS HElIOCPeACTBEHHO Hal MmaTe-

',A" OM B TIPOIICCCE TUIABKM MM HAf 3aroTOBKOM; - pobieHue CTPYXXKH Ha
CTaHke mpefycMaTpHBAET e¢ H3MeJbYeHHe KaK B TIPOLCCCE Pe3aHys, Tak U BO
Bpems cxojia © pexyllero MHCTpyMeHTa - JpobieHHe CTPYXKH 3a NpelenaMu
CTaHKa OXBAaTBIBACT MEPONIPHATHSA [O €€ Pa3spyLICHUIO PA3NTH4HBIMH BHEIUHHMH
CTpoiicTBaMH, A TAKXKE B MPOLIECCE IIPECCOBKH B GPUKETHI, OJMHAKO NPH DTOM HC
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petiraeTcs DONBLUIMHECTRO NPodIIeM, CBA3ANHBIX CO CIIMRHOM CTPYXKOH.
Verpo#ieTBa MexaHWueckoro ApoblieHus ¢ MPUBOJOM THEPIHM MCHES
pacupocTpaHenbl. [Ipuauun AelcTBua HX 3aKMOYACTCA B TOM, HTO BHCLIH §
WCTOUHUK DHepTUU NPHBOAKT B ABHIKEHHE padoumil opraH, KOTOPLIH OCYLIECT
ST TOT WAy HHOM B AedopMaLHY CTPYKKH. :
CyuHOCTh crocoB60B KUHEMATHHECKOro APOOTEHHA CTPYHKKH HPH pess
HUM 3aKTIOYAETCH B IIEPHOAMYCCKOM NPEPLIBAHKH TpoLiecca pesanus Orarozap;
IPUMCHEHHUIO TOTO HITH HHOTO 3aKOHA ABHIKEHMS POKYILEro HRCTPYMEHTA. 3
BECTHBI CHEAYIOMHE CrocoBbl KHHEMATHYECKOro APOONEHHs CTPYKKU:
KpeTHEIH, BUOPALMOHHBIH H PENaKCAHOHIEIH [4, 5]. Bce Tpu cnocoba Mory:
MPUMEHSTHCS TIPH TOYEHHH PACTAYHBAHUH U CBEPICHUH. Kancistit u3 crrocog
JIOIDKEH YAOBIETBOPSTE CIEYIOMIM TPeOOBAHUAM: - Alst JOCTHKCHUA 110
SHHBIX YCHJIMH pe3aHus 3MeMeHThl CTPY/KKH JIO/DKHB MMETh MakCHMaTbHO
IyCTHMYEO JUTHHY, ofecriedusatontyro 6e30nacHoCTh paboTh! v cTaHKa W BO3
MOXKHOCTh ABTOMATHYCCKOTO TPAHCHIOPTHPORAHUS CTPYXKKH; - POU3BONHTENS
HOCTb 06paboTKK HOInKHA GBITh OJIM3KOH WK DONbLIEH M0 CPABHEHHIO C TP,
BOJMTENBHOCTHIO MIPY HETIPEPLIBHOM PE3aHUy; - 00pa3soBaHue OIHOr0 3/IeMeH]
CTPYKH HOJUKHO OCYLIECTBAATECH [P HOCTOSHHOMH [UTOMA/K CeUeHUs Cpe3a;
3MeHeHHe KOHCTPYKIHH CTAHKOB M KOJWYeCTBO HOTIOMHUTENBHEIX YCTPOHCT
obecnieyusaroniux ApobaCHEE CTPYKKY, LOIKHBI ObITE MUHHUMATEHBIME, ~ CIIO
o6 momke GITH TPHTOHEIM 1 06paBoTKy 3aT0TOBOK JIFOOOro IuameTpa.
Pezanue ¢ BHOPALMAMH 3aKII0YASTCS B TOM, YTO Ha OOBIYHO TPHHS '
JUIL IaHHOM Offepaly KHHEMATHYeCKYIO CXEMY HaKnalbIBaeTes LONOTHHTE
HOC BHODALHOHHO® [ABKKEHKE HICTPYMCHTA OTHOCHTENIBHO 3ar0TOBKH. ITpn
3aHHY ¢ BUOPALMAMM PeXyllas 9acTh HHCTPYMEHTA COBCPIIACT TPH JBHKCHHS
r7aBHOE, ABMKEHWE NMONAUM M BAOpALMOBHOe. BEKTOphl CKOPOCTEH MaBHON
ABHKECHHA 17;,,3, FBIDKCHHS Mojauy ¥, BO BPEMEHM OCTAIOTCH ITOCTOAHHED

BEKTOP C BUODALMOHHOTO JBMKEHUS Vjpy MIMEHSACT CBOE HANPABICHUC U

mruuHy, BEKTOp CKOPOCTH Pe3aHus, ONpeaesolii OTHOCHTENLIOE JIBHKE
HECTPYMEHTa | 3arOTOBKH, PaBEH BEKTOPHOM CyMme Vi=Vop + Vi +Vprt

Hapyiierue paBHOMCPHOCTH PE3aHHs, 1.8, TIOSB/ICHAC Bubpaiui Hesa
CHMO OT NPHYMH KX BOSHUKHOBEHMA, U3MEHACT MPOLCCC Pe3aHUi; CTENeHE
MeHeHHS 33BMCHT OT PeKMMOB BUODAiMH, OT KX HamlpaBICHWA, YaCTOTHI, al
TUTATY b1, POPMBL ¥ YCTTOBHit OOBIYHOTO PE3anHUA. !

JIns OLeHKH d(PPEKTUBHOCTH BHOPAUMORHOIO APOOJICHHA CTPYKKH Pas
paboTan pesuesepXaTens Ui TOKapHO-PEBOJBBEPHOTO  CTAaHKA Mozl
11142071040, ocHAEHHOTO PErylIupyeMbiM NPHBOJIOM BPAUICHHUS HHCTPYM
Ta B PEBONLBEPHOH rooBke. JIManasoH peryjupoBalui MpHBOAA N0 #=300
06/muH, uTo 0BecTIedHBaeT YacToTy Konebanus BEPLIANLI pe3ua 1o 50T

Ha puc. | npencrarnen obuwii BUI pe3lie/iepxaTend, KOTODBIH conep
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KoprTy< 1, ycmuonnemimﬁ B PEBONLBEPHOI roJioBKe 2 TOKaPHO-PEBOJIBBEPHOIO
cTaHKEl, W COCAHAHEHHLIN TIPH NOMOIIH NapajiaeiapHbIX YIPYIHX 3AEMEHTOB C o1~
rpbaeMoil HaCThIO 4 B xoTOpO# KpenuTcs pesen 5. Ynpyrue anemeHTsl 3 obec-
{e4MBAIOT BO3MOXHOCTb CMENICHHUS oTrubacMoi yacTy 4 OTHOCHTENEHO KOpIY-
ca | Tioxt NEAICTBHEM TIPHBOTA. Tpusoz konebaTenbHbIX ABHKCHUHA 0TrHO2eMOl
gacTy 4 COCTOMT M3 NIPHBOJIHOTO Bana 6, KMHCMATHYECKH CBA3aHHOTO CO IITAT-
gpIM IPHBOJIOM CTaHKa 7 ¢ feccTyCHYATEIM PEryJIMPOBAHHEM YACTOTHI Bpalile-
gy, IKCLUEHTPHKA 8 C PETy/IMPYeMBIM SKCUEHTPHCHTETOM, ABYXILICIETO phitiara
9 n mapsupa 10. Iapuup 10 npennasHayeH WS NpeoOpa3oBaHus BpalaTeib-
4Oro JB/KEHUS 3KCLCHTPHKA 8 B BO3BPATHO-KA4aTENbHOE ABIKEHNE phidara 9
na ocy 11. PeIYar 9 OHAM IUICUOM KOHTAKTHPYCT 4Cpe3 WapHHp 9 ¢ sKcueH-

TPUKOM 7, a APYTHM ILIEYOM ~ C OTTMOacMOH JacTeio 4.
il 10 & 12 6

Puc. 1. Pesnenepixarens i APOONCHHUS CTPYKKH

KonebarensHoe nepeMeleHue pesia 5 OCyIECTRISeTCs 0 KacaTeNbHOH n-
n K ofpabarbiBacMOM TOBEPXHOCTH JETANH, 4YTO NPAKTHYECKH HCKIIOHaeT
BIMSHKe HTHX [epeMclIeHnil Ha TOHHOCTD 00paboTKK ¥ KavecTBO 0GpaboTan-
HO [I0BEPXHOCTH, HE CHIKaeT CTOMKOCTb PEXYLIEro HHCTPYMEHT2 [2] u obec-
NeYuBaeT ycToi9muBOe APOGISHNE CTPY)KKH KAK TIPH HEPHOBBIX, TaK M IIPH YHC-
TOBHIX pexumax 00palOTKH, a TaKke PaBHOMEPHYIO NoAady pesua. Koseba-
TenbHOE miepeMellCHHie pesla S MPOMCXO/MT 3a cueT aedopymaliin (M3ruda) yi-
DYTHX 37eMeHTOB 3 1o AeicTareM ycuimi B npuBoje. Mcnoss3oBanue ynpy-
THX 3/IeMeHTOR 3 B TOCHeNHell nepexade OT NpHBOJA KoieOaTeNbHBIX JBHKE-
BUH K pe3y 5 ycTpaHseT 3230phl ¥ GPHKUMOHHEIE KOHTAKTbI B COMPHKEHUAX,
CHIDKaeT M3HOC JIEMEHTOB IIPHBO/IA, TIOBBILIACT HAAEKHOCTh H NOIIOBEYHOCTh
PaboTE! pesnenepxaTens.

Ilpu 3KCTIepUMEHTANBHBIX HCCISI0BaHUIX ONbITHON KOHCTPYKUHMH Pe3-
UeJiepkaTens HCIOJB30BAHA CIEAYIOWAs annapaTypa: - ONHOKAHATBHEIR H3Me-

-]
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purens BuOparmM, HM3MmepurenbHbit Marnutodon u [MOBM ¢ nporpammg
CTEKTPANBHOro ananusa konedanuil « FREQy. :

B pesynbTare BITIONHEHHIX UCCAEMOBAHAN ONPE/IE/ieHEl XAPAKTCPUCTY
K pe3Lle/IepiKalesis U PeXUMb! YCTOHYHBOIO CTPYKKOAPOOIEHHS:
- peKOMeHlyeMas aMILIHTY 1a konebauuil pesa o KacaTelkHOH K HOBEpXHO 1
xetanu 0.3 MM NpH Auanasoe peryiuposanus ammautyasl 0,2 — 0,5 mm; - vag
TOTa KoseOaHHit pesla uis CTpyXKoapobIier s He A0/kHa npesbimats 50 T
LEnpi0 MPEAOTBPALICHUS YAAPOB B 3jleMeHTax [(PHBOJA pes3la; - coOCTBEHE
yactoTa Konebaunfl pesua 92.8 'l B HeCKONBKO pa3 TIpeBLIIacT 4acToTy B
IIEHHA MMHH/ENA, YTO HCKYAET pe30HaHCHbe 3Q(eKTE; - PeXUMEL Yy
YWBOro CTPYKKOAPoONenus mpu obpaborke cranu 45 pesuoM ¢ niacTe
T15K6 cnenytowme: $<0.07 - 0.096 Mm/06, /=0.25-1.25 mm, V=45-230 m/MuH
onpefeNieHa KeCTKOCTE OIOXKEHHS pe3lia B pe3leepsKarele 10 HanpaBieH
nefictsus P, v P, CHIBL pesanua M npu kpyvenns: C, = 108 H/mxm, C, =
Hivim, Cpp = 84-10* H-m/pan.; - cpaRUTETbHEL CHIEKTPANbHLI AaHATH3 KO
Danuii pesiia NIpU pe3anuy ¥ 6e3 pesaHns MIOoKasal, YTO NPOIECe Pe3AHUS Hes)
YHTENHLHO YRENUUMBACT aMIUMTYAY konmeGanui pesia Baoab P, na Hecy
4acToTe NPHUBOJA; - 3KCTIEPUMEHTAILHEIE MCCAENOBANHA OLLITHOrO 06p
YCTPOUCTBa CTPYKKOAPOOAeHUS MoATBEpIUIH SGOEKTUBIOCTS UCIIONL30BaH
pesla Ha ynpyroH MofiBecke ¢ MPUBOIOM ¢ro Konebauui o KacaTemsHOH K

pabarTbiBaeMOH [fOBEPXHOCTH AETATH JUlsi KHHEMAaTHHECKOTO APOOIEHHA CTPY:
KH.

Cuncor autepatypsi: 1. Axverns H.M. 1 np. Bubpauuoniioe pe3a
metamtos. JI.: Mammnoctpoernue, 1987.- 80 ¢. 2, Kyma6a [, Bubpauuonnoe pe
sanwme: Ilep c sn. Macnennukosa C.JI. — M.: ManmHocrpoenue, 1985. - 424
3. Kynpun AM., TuxoroB A.M. T'uapoTpaHcropr cTpyxku. M.: Mammng
crpocuue, 1978. - 80 c. 4. Jlapos H.K. 3asupanue u apobrieHue cTpyKKH,
npouecce pesanus. M.: Mammroctpoesue, 1971. - 88 c. 5. [Toaypaes B.H.
paboTka pe3aHdeM ¢ BubpamuamMu. M.: Maumnoctpoenue, 1970. 351 c.

YCTPAHEHUE ABAPUI IIPY MPOXOJKE CTBOJIOB EYPOBOﬁ;
YCTAHOBKOHU CUCTEMBI “WIRTH” 1
.LllqucuKO ®.JL, Herrux ¥0.B., Yautun I'M., Cyns AL
(onl TV, 2. Horeyx, Yxpauna), Actpaxass A.3., Jeonenko E.B.
(I'KX Cneywaxmobyperue, 2. Jloneyx, Yxpauna)

In the article it is represent the theoretical working out designer solution of né
devise for liquidation break down a device in the time drill bore of chinks o
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drill rigs
100, which

was

Taxas
HOIO 800-1000 M.
4HCTPYMEHT C YTAKEIHTEnEM maccodt 1o 100 T nenone3ytoTes OYpHALHBIE TPY-
61 13 BLICOKOIPOYHOM cTany guameTpoM 330 MM U TOJHIMHOM CTEHOK 15 MM,
oTeNbHbIe CEKIMU KOTOPBIX COCHUHAIOTCA fontamu guameTpoM 35 MM. B cBs-

30
rouHOM [HKTHYECKOH MPOYHOCTH GONTOB U A2KE CBAPHBIX coefHeHHH TpyD ¢©

of a rotor type. Such device has allowed to extract the torn off drilling
one at dip come in caverns of chink a distorted, in this connection
not possible to trap the drill by standard catchers.

ﬂﬂﬁ HpGXOJIKH LIAXTHBIX CTBOJIOB H CKBaMXHI GonsIIoTO AvaMeTpa Hik-
KO HCTOB3YFOTCA 6ypoBBIE YCTAHOBKK POTOPHOTO Trna chcTeMbl “WIRTH”.
yCTRHOBKA MO3BONLET MPOXO/MTE CTBOJIBI AHAMETPOM [0 4 M u nybu-
Inst mepeaady KpyTAmero MomMenTa go 420 kHm Ha pexymuH

¢ OONBIIMM CPOKOM 3KCTUTYaTalMH TAKHUX YCTAaHOBOK BCIIEACTBUC HEHOCTA-

(hriarIaMH HACTO NIPOUCXOJIAT aBAPHH, KOrLa GypoBOi UHCTPYMEHT 0OphIBaeTCA
g 30HE COEMMHEHN ¢ GyPUTBHOH KOMOHHOH H MajaeT Ha JHO CKBAXKHHSL WM
3af[epXUBACTCA B KaKoM-mubo mecTe crBona. Tak,
NpH TIPOXOAKE BEHTHIAIMOHHOTO CTBOIA HA WIAXTe
“Kpacronumanckas” B centsbpe 1998 r odopsancs
6yp ¢ wacTsio yrsKenuTens maccol 60 1. Memone-
3y CTaHOApTHLIE JIOBMIBHbIC MPHCHOCOBICHAL B
BHJe cTepkHA auameTpom 180 mMm c camopacnop-
HEIMM KIHHBAMH, Oyp He yAaBaloch H3BJICYb, Tak
KaK BeneacTsue GONBINOH UIMHBI CTEPIKHS JIOBHTE-
N M3-3a TiepeKoca Oypa BO3HHKail paspyIIarolHi
warnOaiomuit MomenT. Bruio peiweHo pasOypHThb
CTBOJ HECKONBKO GOJBINEro JuaMeTpa, YTOObl IpH
nojIseMe NoTepsSHHOro Oypa H3bexaTh ero 3aaepx-
ku o crenku ctsona. Creon 6511 pasbypeH, HO Ipy
IoABeMe 3TOT BTopoit 6yp AnamMeTpoM 4 M C yTIKe-
maTenem obmel jumHoi 7 M ¥ Maccoit 90 T obop-
BaJics ¥ IIPH NMajieHuy Ha raybune 486 M 3ajepxain-
cs B cTeONE ¢ mepexocoM B 30°, puc. 1 (rae: 1 - 6y-
pOBOH HHCTPYMEHT, 2 — OTBEpCTHE apmubTHOTO
TpyGonposona, 3 — IOBWILHOE YCTPOHCTBO, 4 — OypuibHas KonouHa). Y3Bneds
3TOT HHCTPYMEHT CTaHAAPTHOH JNOBYLIKOH Obi10 HEBO3MOXKHO, TaK Kak IPOMBI-
BOYHOE OTBepcTHE IPMUQTHOTO TPYGONPOBOJA OKa3aNoch y CaMOH CTCHKHM
CTBONA U BCNEACTBHE HAKIOHA Oypa M n3ruba KONOHHB! OypunsHBIX TPYO npw
TOMOIUIM OTKIOHAIOLICH NLDKH 3afiTH JIOBHTENEM C HECOOCHOE OTBEPCTHE HEJlb-
35. Tpe6oBanoch pa3paboTaTh HECTAHAAPTHOE JIOBIIIEHOE YCTPOHACTBO NIPHHIK-
MHANBHO HOBOM KOHCTPYKuud. OHO JO/DKHO MMeTh HeOONBLIOH AHaMeTp (300
MM) ¥ MEHHMANBHYIO JUHHY, 4ToObl HCKIIOUHTh HarubHple HanpsokeHHs. Kpo-
ME 3TOr0 rpy30MOABEMHOCTh TAKOIO JOBHTENA JOKHA 00ECIedHTsH MONBEM

Puc. 1. Cxe-
Ma apapuiiHoro mo-
noxenus oypa
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Maccel 90 T ¢ yyeToM JONOHHTETBHON AHHAMHYECKOH HATPY3KH, BO3HMKAI &
- 2 i

e mpu cpeise GYPOBOTO WHCTpYMeHTa ¢ onopsl. [ns pemerns atoit 3azauy
IIPEXE BCCI'O HYXKHO OBIIO OLECHHTEH JMMHAMUYCCKHH 3DhEXT BHE3AMHOTO Npy.

JIOMEHM HaAlPY3KH NP MOrpyxeHHH Sypa B OI'PaHHYSHHOM NPOCTPAHCTBE, 33-

TOJIHEHHOM MPOMBIBOYHOM KUAKOCTEH. MareMaruueckas Moznens GYpUIBHOK
KOTIOHHBI MPH AMHAMMYECKOM 3arpyKCHUM BO3Myllaiomelt uarpyskoi qg(x.r)
(puc. 2) onHChIBaETCS BOJHOBBIM YPaBHEHHEM -

%
q(x,0)
m

mii(x,¢) + kjlii(x,t) - EFu"(x,t) = (1)

C KpaeBBIMH YCJIIOBHAMH.

cu(0,t) = EFu'(0,t), . )
, Mii(l,1) + kolilie(ly2) + EF2'(1,1)=0. 3)

BepxHee KpaeBoe yCIOBME YUHTHIBAET ¥KeCT-
KOCTE TalIeBOM moipecku ¢ kod3(POUIHEHTOM ¢,
a HUXKHEEe — CONPOTHBICHHE IBUKEHKIO C KO-
3QHUIHEEHTOM KBAAPATUYHOTO CONPOTHBIEHUS
NBHXEHHIO OypOBOTO MHCTPyMEHTA kg M CHIY
AHEePIHH.

4 EFu'(l) JluHeapyuzauys 3aa4d  [IPOU3BOMTCK
: ._‘ IIOCPE/CTBOM KBa3sHIMHIEHHOTO KOd(QQUIIHeNTa
S ~ Mii(]) ~COUPOTHBICHHS IBHKEHIIO k; [1]
b
} ket(l) fom e ok,

ANg BBIMMCICHHS KOTOPOIQ HY)XHO 3HATH aM-

Puc. 2. Pacuruag IUIHTYOY Kolebanuii C u yacToTy @.

cxeMa  JUHAMHYECKOIo TakuM IyTem monydaeM yipoLIEHHYIO
JarpyxcHus GypuwipHoil — MATEMATHYECKYIO MOJIENb BUA:
KOJIOHHBI mii + k' =EFy" (1)
cu(0,t) = EFu'(0,1), 2)
Mo+ kyti(L,1) + EFu'(l1). (3"
Perrenue ypasuenus (1 ) umem B suze {2]
: u(x,t) =Y JmC(x)e'™ (4)
u nofctasigem B (1 )- (3%):
EFC"(x) +(mo? - ik 0 )C(x) =0, ©)
C(0)c = EFC'(0), (6)
EFC'()) - (Mo? - ikjo o). (7)
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‘cheﬁun gpazuinHelinoro xosdduuuesTa cHavana HaXOAWTCHA TpH-
O 3HAYCHHE aMIUIHMTY/Ab] xonebanuit C 13 peleHUs Kpaesoi 3aauf
eTa CONPOTUBIIEHHA JIBIDKEHHIO

: _mo®

" EF
ceyennii GypuIBHOH TPYOB! HIEM B BHIE
C(x)= Acoskx + Bsinkx,

C'(x)=—kAsinkx + kBcoskx.

C'(x)+K2C(x)=0, K’ (®)

ean'

ypaBHEHHE nepeMeneHMi

5
1 yenosns (6) Haxonum 3aBUCHMOCTS B =A-k-§§ u ypasnenue (7) npy odo-

gﬁggeﬁuﬂ A = kl mpAHuMaET BHJL

e EFk(-sin) + £ _cosh) - Mo? (cos?L+Lsinl) =0,
5 kEF kEF
OTKyJIa FIOTTydaeM YacTOTHOS YPaBHeHNE
= el
IO IS = ©)
A +EC) EF ml

 JIns OUEHKH BITHAHHS JKeCTKOCTH taneBoit moasecky ¢ =1/8;;Ha 4acToTy

cobereerHBIX KoneGanuii ( NpAMeM IUaMCTp KaHaToB 42 mv (¢ xkoa(OHIHeH-

'_f’-: samonuerus 0,75), moxyas yupyroctu E, =08E, =16 10 MITa. Jmana
KaHaToB B TAICBOH MOABECKS =20 M, xonudectso kanaros n=12. [Ipu sTom

3

KOSBQUIMEHT TOXATIMBOCTH  B)y =T§F a  xO3(QUIMEHT IKECTKOCTH
+114¥ K
: 2
e Td,
e=——%kyE =99,6 MH/m.
- 4

K
Kosbduuuent, y4uTHIBAOIIMA KECTKOCTD taneeoil mojseck# B (9), ¢
% Maccel OypWibHBIX Tpy® m=159 Kr/M ¢ JXKECTKOCTHIO

EF=297-10° Hv’

- 6-
A ol _99,7-10 ;186=16’3‘
EF  297-10
90-10°

EQOGCTBBHHME ypcna ypasuenus (9) npu & = =1,16 Gyayt crexyiolu-

159-486

Mu: 1,=0,783, 4,=3,209, 77=6,068. Be3 yueTa CCTKOCTH TaleBOH NOABECKH 13
Ypasuenns &4 -tgA =1 Haxomav: 4 =0,813, 4, = 3,389, A3 =6,416.

~ OueBupHO, AU OUCHKH BJIUAHHS COMPOTHBNCHHA JBHKEHHIO MOXHO
-ﬁ?lfm:m, cxeMy GypuiLHOH KONMOHHEI Ge3 ydera TaJeBOH MOABECKH ¢ JKECTKHM
3aKperieHHeM B BEPXHEM CeueHUH U TpeHeOpedh CONPOTHBICHHEM JBIACIHIO

g
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TIO JUIHHE TPYOLI TO CPaBHEHHIO C CONPOTHBICHHEM MHCTPYMENTA. Toraa cue.
Tema ypasresmii (1°)-(3") TIPUMET CHeayIomui BH:

3 EF

3
ii=a™u'y a= 9,9-10° 11,
Vm’

(10)

w© ) }U
q] 2. I-cosh, +0 2 sin cosl —-USS?E£+0?6Q-—
Dise 112 1+&sin? l n=thy 1+Fsm A, 2
291 21 1-cosh, s 2Q 1 sin®A, 0,943 we,

Mii(l) + kyu(l) + EFu'(1) = 0. any Svi.(i)

Pemenue ypaprenns (10) ipy 0AHOPOAHBIX HAYATBHBIX YCIOBHAX H3BECTHO B
Buje [3]

| s
& Ny . : < , - N
u(n)= $—Lsinke-sinat = 3.C, X, ()sinar, (12) Lo
n=1 n=1
rae Ny —yCHJIHe B BepXHeM CE4eHHH KOJOHHBI.
IIpenebperas Tpenuem Gypa Ha omope, NPH JNOCTHKEHHH €ro BEPTUKAIE-
HOTO ToNoXenus, Gyaem caurtath, 4T0 Bec Gypa O BMecTe ¢ BecoM Gypuibiol
KOJIOHHB! g/ TNpHKJIa/BIBAIOTCSA BHE3AIHO, BhI3bIBAs BHIHYXACHHble Konelanus
CHCTEMBI -

i+ %u = [8,,q(x,1)dx.
i

YacTHOe pelneHye 3TOro ypaBHEHHA NPK g=mi=const IPHHEAMAET ClIey ol
BHK [3]

W)= 5228 (1 - cose r)Jqp(x)x (x)dx. 13)
n=lm "AH

3necs X, (x)=sink,x - cobcTBeHHbIE cbyﬂxuuﬂ, p(x)=1+&6(x-1) - Becopas
dysKIHs, yanTHBatoman Aenbra-Gyaxigelt Jupaka (x - ) Hamrane cocpeno-

TOYEHHON Macchl M, 2.\1 = -i—(l + gsin?' A,) - KBaZpaT HOPMBI COOCTBEHHBIX

dynxuui [3].
M3 (13) naxomuM ypasseHue ABUKEHHS CeYeHHT KOIOHHEI
gl> = 4 l-cosi
2EF 2122 1+ Esin’ A,
Qi o 2 sind, sink

!!
(1-cosw t)
EFn_lxlz 1+ &sin’ 4,

O’ICIOI[& BEIYHCIISEM AMIUTHTY ZHOE NCPEMCEIICHHE HMMKHETO CCHEHMA
ol ( ¢ J
N=C==—|14+=[=0,2 m.
w(l) = L

Juddeperimposasnuem (14) nonygaeM NpOIONLHEIE YCHINS B KONIOHHE
N(x,t)= EFu'(x,f) 1 cxopocTh ABMXeHuS rpy3a v(x,t) = w(x,f):

w(x, 1) = sink,x(1 - cosw,f) +

4 Puc. 3. Tpéxpac-
OPHEI 3axBaT

90

VEFm 5222 1'+Esin? Ay
ITo 3TON aMIUIATYAC W CKOPOCTH ABHXCHHS MOKHO BEIYHCIIHTH COMpO-

VE, nzll 14 Esin’ %,

THUBIIEHHE JIBHXEHHIO MHCTPYMEHTA [IPY ero mno-
TPYXeHHH B CTBOJI, 3aNOJHEHHOM JKUAKOCTEIO.
W3 ypasHewust bepHynu [nms IBYX YpOBHEH —
HHXE ¥ BBIILE PEKYIIEro WHCTPYMEHTA BBICO-

Tor0 h=1,65 M nionyqaem paBeHCTBO
2

Zz
v, v
p;"+rho+pa=,o—2-+r(ho+h)+p-

ITpenebperad CKOPOCTBIO ABHXKEHHSA XKHIKOCTH
IIOZ HHCTPYMEHTOM Vg O CPaBHEHHIO CO CKOpO-
CTBIO MCTEHEHHS MKMAKOCTH W3 3a30pa Mexiy
CTCHKaMH CTBONIA K GYPOM v, HONYIHM

vz\/2{£9~:~€]—gh. (15)
Yol

JlaBienue UAKOCTH 110 HHCTPYMEHTOM TIpH
riryGune norpyxenns H=486 M pasHo p=yH, a

0

HYKE MHCTPYMEHTa - pg =Y(H + h)+ E , Ime

O =Shp, g - Bec Oypa, p. — 06BeMHSIH BeC cTa-

nH. Tak HaljgeM CKOPOCTh HCTEYEHHS JKUAKOCTH
U3 3330D0B

=\ﬁ§[y+g(pc-p)]=1s,16 .

CKOpOCTB ,iI,BH)fCBHﬁﬂ HKHIKOCTH OO HHCTPY-

MEHTOM i3 paBeHCTBa 00BeMa IPOTEeKareH

MAaCChI yepes ek ¢ 3a30poM 4=10 MM
vy = 4vé~= 0,15 m/c.
D

ITpu Taxo¥ He3HAYMTENBHONW HaYaTBHOH CKOPO-

. ABIDKEHHA NpHONMKEHHOE 3HaweHHe KBaApaTHYHOIO CONPOTHBIICHHUS ABH-
HEIO Oypa kg MOXKHO HaliTy M3 ycloBuS paBeHCTBa paboT rpysa Q=Mg Ha
TIepeMertieHUs 4 U CHIT CONPOTHEBIEHAS
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2
Mgh= [k "x] Zdx.
& ; e[h h
3
Mg = 4£q£~13684 He?/m?. KBazuauuefiHolii ko.

V2 15
3OGUUMSHT CONPOTHBIEHIA JIBHKEHHIO I'PY3a [IPH KoNeOaHHAX ¢ BhILLEYKasay.
EF

A
uo#t ammutygoit C=0,2 M ¥ yacToToOH O =—,—
m

Orcioma HaxomuM kg =

=719¢" 6yner pasen [1]
8

ke == Coky =—-0,2-7,19 13654 = 16698 He/.
3in 3n

Cunta CONPOTHBIEHHS ABIDKSHHIO IPH CKOPOCTHM KoneOaHuh

Hag N

XB&T

Brin  paspabotas
TpexXpaclopHbIA  3axBar

HEBEIM

IPY30HECYLIHM
HeM JuaMeTpoM 75 MM,
puc. 3. Pacuerunie Ha
TNpsUKeHHs B cTepxne |
oT yeunys
N__.=12225 xH co-

FG'C'J
crapunu =276 MIl
M3rubHBIE HATIPSKEHHS
B OTIOPHOM CEYEHHH Dbl
yaros ¢,=497,5 Mlla ¥
HanpsKeHuss cpesa B
0CAX pHIYaroB rq,=168,3
MIla. 3axear H3TOTOB
neH w3 cramk 40XH ¢
IpefieNioM  MPouHOCTE
0.=900 MIla ¢ ko d#
HUeHTOM 3amaca npo¥
Hoctu k=1,81. HaxaHy"
He nus maxtepa 28 aF

Puc.4. Y4acTHUKH JHMKBHAALMH &BapHH.
Ha sanueM riase — u3BnedeHHbIH 6yp
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v=0,943 Mfe!
P = kav =157,4 xH. dunamudeckoe ycunue Ha saxsaT N,y = N(/)— P, =609,9-

157,4=452,5 xH. PacuetHoe ycHiHe C Y4YeTOM CTaTHYECKOTO 3arpyxe-.
pace—170+452,5=1222,5 xH. Ha 370 ycunme HYXXHO PacCUHTBIBATh 3a-

C pblyaramMd CeueHueM
40x70 MM W LEHTpalb

TePH-

11999 r ¢ NepBO# NONBITKY OYp OBLT MOJIHAT Ha MOBEPXHOCTE, puc. 4, a 21

g 2000 r Obin u3BAeYeH M HUKHuE Oyp maccod 60 T, HOTPYKEeHHBIH B
SJICHHYIO TTOpoy 33005, 3aMeTHM, YTO JAMHAMHYCCKHA KO3QQUIHMEHT HIPH
e Gypa C OIOpbl OKasancs pasubiM npuMepro 1,3. Teoperuyeckuit ko3-
@HT , 10 OTHOLICHUIO K rpy3y Mg=883 Il pasen N .. /Mg - 1,38.
__  Cuoucox gutepatypsei: 1. Ilagosxo SLI. Bpeenre B Teoputo MexaHH4e-

x konebandil. — M.: Hayxka, 1980. — ”?2(: . llepyenko ®.JI. Mexanuxka yn-
X JehOPMUPYEMEIX CHCTeM, YacTh 3. J{uHaMuyecKoe BO3HeHCTBHE Harpy-
n-KHE.‘,B YMK BO, 1993 — 186¢. 3. ]_UBB‘-IE}HI\O @1 I[ﬁuaMm\a VIPYIHX

" RIVBHHHOE AJIMA3HOE NUTA®OBAHME TBEP/BIX CILIABOB

£
: [Henenes A. A, (HCM, 2. Kues, Vkpauna)

il

=

gggqp feed grinding is a highly efficient method of abrasive machining, espe-
gially when tools of synthetic diamond or cubic boron nitride are used. The data
1 deep diamond grinding of cemented carbide products are presented. Func-
al interrelations have been established between the wheel wear resistance,
ng forces and temperature, effective power, quality and cost of machining.
7 'eﬂ‘ iciency of single-pass (deep) diamond grinding of cemented carbides has
n compared with that of multiple-pass method.

?; Fnybrnnoe unmndosanue SBASETCs OJHAM U3 BRICOKOIPOM3BOANTEIBHBIX

@0&03 abpasusroi 00paborky, 0CO0eHHO NpH UCIONB30BaHUH HUIHGOBANE-
S HCprMeHTOB H3 CHHTCTHYCCKHX JIMa30B U K\’GH‘{ECKOTD HHTPHH& oopa
JICTIOBaH TpoLece MIYOHHIHOro TOPLUOBOro MUTH(OBAHUS TBEPABIX CIIABOB
ok T15K6 1 BK6 (cevenne obpasia 7x15 Mv’) kpyramu dopmsr 12A2-45°
MetpoM 125 1 150 MM ¢ METanIM3UpPOBaHHLIMH ¥ HEMETAIKM3UPOBAHEEIMU
amu mapox AC2, AC4, AC6 zeprucTocTsio 0T 80/63 10 250/200 50-, 100-
# 200%-ii KOHIIEHTpau®K Ha METAIIHYECKHX CBf3Kax Mapoxk M1-04 u
e -’05 Pexxumsr miH(OBaHNS BAPEUPOBANNCE B CHEYIOMMX [Ipefenax: CKo-
*Ib Kpyra — ot 10 mo 40 m/c, nponoapHas nogada — ot 0,2 jo 0,5 M/MHH,
epeynas mofava — ot 0,2 no | M/as. xon. Obpaborka NMpoBoAMnack C 0X-
fietinem 0,5-1%-HbIM BOAHBIM PaCTBOPOM KailblKHHPOBAHHOH COALL.

YeranoBieHo, 4To npoueccy ryOHHHOTO wWaH(OBaHAs NPWCYILE HATH=
Ha a1Ma30HOCHOM ciloe Kpyra (QyHKUHOHANBHON pexyiuell MoBepXHOCTH,
MY H reoMeTpHYecKHe [1apaMeTpbl KOTOpPOi OnpeAeisioT yCaoBHs NITHGO-
A%, [peskie BCEro PEKHMBI PE3aHHs 1 IIMpHHA aTMa30HOCHOTO Clos Kpyra.

g



Ha paGotvem npobune B pajuHambHOM Ceuenuy aiMa3oHOCHOrO CHOS Kpyra =

MOMKBEO BRJICIHTE TPH XapPaKTepHBIX IIOBEPXHOCTH, COOTBETCTEYHOUIMX MX Vua.

CTHIO B MPONECCe WNGOBAHMSA: NABHYIO, BCHOMOIATENbHYIO, AOTIONHUTE L. |

HYI0. DTH [OBEPXHOCTH XapakTCPU3YIOTCs COOTBETCTBEHHO TeOMETPUYCCKHUMy
NapaMeTpaMH: IUMPHHOH, BEICOTOA ¥ YIMoM HakmoHa. Hamwwue xapaxrepHii
MOBEPXHOCTEH Ha PEKYUIeH MOBEPXHOCTH KPYTa HElIOCPE/ICTREHHO OBYCAORNe. |

HO CXEMOH CHSTH:A [PHITyCcKa, KOTOPas OPEAENACTCS CHOTeMOM CITAI v apy-

ruMu Qakropamu.

Tabmuua 1 - Iokazatenu rayGUHHOTO ANMA3HOrO WAAGOBAHNSA TBEPLIK
crasos (kpyr 12A2-45° 125 x 10 AC6M 125/100 — M1-04 — 100)

Pexumel wiugo- | YnuenpHeii | Cocrapnsiomme = ;

BaHHA pacxox ai- | cunsl pesamms, | % | = @ o

Ma30B H Qg g 2 S

=12 [% |F

€ | & = | 3

g5 |8 |2

= =] ]‘g g

215 |& |E

= 2 |lo Q e

2 = |2 1233873

P 2 |s 3 5%
z | & = 5lE 52k
-_ Z | 8ol g S |Em|es g
X3) z = £ g 2 1g%| 38 2 L5
2* é} g ES :“ " EN E 2% % 8 g 2
=0 e o bs e el el Tl & RS e B
9 1,38 120,14 |84 1293 |160 |318 2,12 [2,37 |0,054
17103 10,6 (0,43 |6,27 |62 |268 |143 |445 |1,53 |1,29 |0,004 |
34 035 {511 |50 1260 [135 1480 1,48 |1.31 |0,028 |
0,2 : 0,27 13,94 |52 1234 |141 (451 |1,26 [0,80 [0,050
17 0,3 (0,6 0,43 16,27 |62 [268 |143 |445 |1,53 1,29 {0,028
0,5 0,50 |7,30 |83 |280 [142 [436 {1,68 |2,33 |0,029
0,2 10,27 |3,94 150 {214 |135 (348 |0,93 |0,70 0,{}29i
0,4 1034 |496 |61 (222 |142 |400 {1,001 |1,14 {0,029 |
17 03 10,6 10,43 1627 |62 {268 |143 (445 [1,53 [1,29 {0,029
0,8 10,75 11095183 |296 {152 [502 |2,14 1,30 |1 0,029
1,0 1,69 (28,61 [97 {361 [160 |524 |2.62 |3,54 |0,029

HccnenoBanbl 3KOHOMUYHBIE PEKUMBI INTyGHHHOIO aiMazHoro g osa
Hus TBEPABIX cIutasos (Tabit. 1). YeranoBneno panuonamshoe coucranue npo-
HONBHOH H IIONepevHOH M0oAay, Ompelensiomee paboTococoGHOCTS KpyTroB:
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43BOJUTENLHOCTD, Ce0CCTOMMOCTD ¥ Ka4ecTBO 00paboTKH.

C yBeNnuueHUEM NPOOIBHOA ¥ MONePedHOH MOAAY [POH3BOAUTENBHOCTE
OTKH BO3pacTaer B IHHeiHoOM 3aBHcuMocTH. OHAKO C yBCAHYEHHEM NPO-
HOM ¥ TIOTIEPCYHOM MORAaY YBENHYMBAGTCH H3HOC AMMa3HBIX KPYrOB H 3(-
JBHAA MOIUHOCTH HUTH(OBAHMS, IKOHOMHYECKHH aHaNM3 IONYYEHHBIX
IKIMOHAIBHBIX 3aBHCHMOCTEH NPOM3BOAMTENBHOCTH LUIMpOBAHNS H H3HO-
OAKOCTH KPYTOB [IO3BONHI ONPENENHTh PAllHOHANBHOE COUeTaHNe BeNHIHUH
OMONBHOM M MONepeYHOH 101ay Ui KPYTOB Ha METAIHYECKUX CBS3Kax Ma-
1-04 u M1-05:

Sron*Snpos<0,2 MM/08, XOOxM/MUH,

i1,

il

'y

.~ VBenrdCHHE CKOPOCTH PE3aHHs NMPUBOIHUT K MOBBIMIEHHIO H3HOCOCTOHKO-
ém".-xpyr‘a, CHHYKEHHIO YAETBHOMH ce0eCTOMMOCTH IIK(OBaHMA, COCTARIAIOIMX
|l pe3aHuA H LIEPOXOBATOCTH 00paboTaHHOM IOBEPXHOCTH, HO NpPH 3TOM BO3-
pacTAlOT MONIHOCTE W TeMIeparypa B 30He Lutudosanus. Ilpu rioybunnHoM an-
}%aom murdoBaHNH TBEPABIX CIIABOB CKOPOCTH KPyra NOJIKHBI BRIGHpaThCs
manasone 15-25 m/c.
OnpezeneHs OKa3aTen NyOUHHOTO aliMa3sHOro HUTM(OBAHHS TBEPABIX
CIUIABOB B 3aBHCHMOCTH OT XapaKTePHCTHKM aNMa3HBIX KPYTOB, B TOM HHCIE
PUHBI AIMA30HOCHOrO €108, MccnenoBanus nokasany, 9To HaubomsIuas us-
HOCOCTOMKOCTh JOCTHTeTCA B CIydae HCIONb30BaHus anmMazos Mapku AC6.
~ Taxras 3aKOHOMEpHOCTH XapakTepHA NI HEeMETaUIU3HPOBAHHEIX H Me-
TANTM3HPOBAHHBIX alMa30B. MeTaimsays aaMa3soB NOBBIAET M3HOCOCTOH-
'KOCTb Kpyros B 1,3—1,6 paza. Crisl pesarms, 5Q()EKTHBHAS MOIHOCTE U TEM-
nepaTypa B 30He HUTM(OBaHUA HECKoJbko Oonsmie Ipu paboTe kpyramu ¢ me-
TAITH3APOBAHHBIMU AIMA3AMH.
~ C yBenuyenueM 3€PHHCTOCTH aIMAa30B M3HOCOCTOMKOCTH KPYTOB NOBEI-
WaeTcs u 0coGeHHo cymectBeHHO B HHTepBane 80/63-200/160. YaenpHas ce-
GectomvocTs mnEGOBaHUA CHIKAeTCS ¢ YBEeIM4EHHWEM 3€PHHUCTOCTH J0
25/100 ¥ npakTHYECKH He W3MEHseTcs JO 3epuuctocTH 250/200. Ilpu ysenu-
_!fémm aepurctocts 0T 125/100 zo 250/200 noseiaercs mepoxoBaTocTs 06pa-
OH MOBEPXHOCTH, KOTOpas HE M3MEHAeTCs juiZ 3epHHcTocTel 80/63—
1%?5!100 Moxnro chenath BbIBOA 00 5(QQPEeKTHBHOM DNpUMEHEHWH mpH
TIyORHHOM UITHGOBAHHY anMa3oB sepuucTocTH 125/100-200/160.
- C ymenmyenneM KOHIEHTpaUMH anMa3oB B kpyre oT 50 mo 200% Hesua-
YHTENEHO BO3PACTAIOT CHIIOBEIE H TeMIIEPATypHBIE TIOKA3aTENH. epoxora-
TQCTE- 06paboTaHHON NOBEPXHOCTH YMEHBIIACTCA IIPH YBENHYCHHH KOHLCHTpa-
ot 50 no 150%, a npu pansHelinieM yBelIWYEHHM KOHIEHTPallHM — BO3-
chtae“r Pacxon anmMazoB H cebecTonMocTs nUtudOBAHUS YBETHYHBAOTCS C HO-
E&maHHeM KOHUeHTpauxy ammas3os ot 100 go 150%, uro obmacHieTcs yxya-
CHHEM YCOBHIT yAepKaHUA 3epHA B CBS3KE NP GONBINMX KOHIEHTPAIIHIX.
CJIOBHm rnyOuHHOrO nUTHGoBaHMs HauOONee TIONHO YAOBIETBOPAIOT KPYId
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100—150%-H0it KOHUCHTpaLHH,

Usyuena obpabathiBaeMocTs pasiuyHbIX MapoK TBEPBIX CMIaBoB. [Toka.
3aTeily, [IPefiCTaRNICHHBIE B 'raﬁnnue 2, MOKa3aHbl B J0JIAX OT BeIIHYHHE] [T0KA3a-

Tens obpabaTeiBaeMocTH TBEPAOTO cnaasa BK6, npuHsroro 3a 1.

Tabsnua 2 - Tlokasarenu oGpabarsiBaemocTs TBEPABIX CILIABOB

Mapxa te€psioro | g, MI/T | g,, Mr/em® | Ra, MKM Nyp, KBt |P,xrc | @, K
cnnasa

BK6 1,00 1,00 1,00 1,00 1,00 1,00
BK10 1,00 0,95 1,08 1,08 1,10 1,02
BK15 1,02 0,95 1,08 1,08 1,10 1,02
BK20 1,02 0,92 1,08 1,12 1,16 | 1,05
T30K4 082 |o052 0,87 0,67 050 ]0,78 |
T15K6 0,95 0,72 1,00 0,96 0,80 1096
T14K8 0,95 0,75 1,00 1,00 0,84 0,97
TSK10 0,98 0,84 1,08 1,00 0,93 1 ’00_..

[ToxazaTenn paboTocItocOOHOCTH KpyroB npu 06paboTke pasTHUHBIX MAPOK
TBEPIBIX CIUIABOB HC3HAYMTENBHO M3MEHSIOTCS 110 CDABHEHUIO ¢ TIOKA3aTeNmMy
M TEpRoro cruasa Mapku BK6. D1o xapakTepno # st mepoxoBaTocty 06pa-
HoTaHHOM MOBEPXHOCTH.

Has raybunnoro uumQoBarns TBEPHBIX CIIABOB paspaboTaHbl KOHCT-

PYKUMHA KpYTOB C (QYHKUMOHANBHOH pexymicif pabodeil IOBepXHOCTEIO, CO-
CTOALIEH U3 HECKONPKUX pabouux cloER PAcCTIOJIOXEHHBIX B OHOH MJIOCKOCTH,
KOTOpBIE MO3BOASIOT obecreynsarh riuyOuuy wmupopanus 10 | MM u Gonee
npy npozonsHo# noxade 0,3-0,5 M/MUH u obecneuuTs epoxoBaToCcTE 06pato-
TaHHO# noBepxHOCTH Ra nopsisika 0,15-0,20 miou.

TEXHOJOTHYECKOE NPUMEHEHUE 3K303MUCCHOHHOM
CHEKTPOCKOIINH

lxuaeko A.M., Texsn B.A., Hobponosckuit B.J1.
(VHIIA, 2. Xaporos, Ypauna)

The application fields of the excelectron emission method for the analysic of the

surface layers of constructing materials under mechanical processing, deforma- |

tion, dictruction and other outward impacts have been considered.

BBCB@!!H . B mocnemHue roApl NMOSBHIOCHE 3HAYUTENBHOE KOMHYECTBO i
[J360T, [TOCBAUICHHLIX HCCNEAOBAHHIO M THATHOCTHKE ITOBEPXHOCTH KOHCTPYK~ !
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x MATEPHAIIOB C MPHBJIEYSHHEM METO/la IK30IMHCCHH 3apsKEHHBIX Hac-
34) 1 ero pasHOBHAHOCTEN: (OTO- W TEPMOCTHMYNHPOBAHHAS 3K30-
unas omucceuu (OCI3, TCII); mocneomucens aexrporos (I19), do-
(OCTHMYJIMPOBAHHAS 3K303/ICKTPOHHAN amuceus(DTCII), ax303MHCCH-
onorpads, SMUCCHA NMONOKHTENBHBIX ¥ HEHTPAIBHBIX YaCTHIL.
MeToz 3K302ICKTPOHHON SMHCCHH OTHOCHTCS K INEKTPHUECKUM METO-
epaspylIaiOLLero KOHTPOIA W OCHOBaH Ha M3MEDSHMH ¥ aHaiu3e lapa-
HECTALMOHAPIIONO TOKA JNCKTPOHOB, UCIYCKAeMBIX MOBEPXHOCTRIO Ma-
0B, NONBEPrHYTHIX Hedopmalu, OOIY4EHWIO, KOPpO3uH M ADYTHM
M BO3JEHCTBUSM npu hOTO - ¥ TEPMOCTUMYTIUpOBaHuH [1,2].
JIOCTOMHCTBO K30IMHCCHONHBIX METONOB COCTOMT B TOM, YTO 3TH Me-
ABIAIOTCS GECKOUTAKTHLIMY H B OCHOBHOM HepaspyLIarLUMU ¥ MOTYT
AB30BATHCS [UIA JHArHOCTHKHM COCTOSHMUS TIOBEPXHOCTHBIX CI0eB MalepHa-
pH ¥ [IOCTIE PA3NHYHBIX BHEIUHHX BO3AeHCTBHAX(MeXaHuueckas 00paboT-
SHHC H M3HOC, 00iydeHNe, KOpPPO3ua K Jp.), O3 U3TOTOBICHMS Crielmanh-
{3MEPHUTENTbHBIX IIPUCTIOCO0NEHHH, HAHECEH s KOHTAKTOB K JPYTHX Tex-
rudeckux onepauuii. Meroa (23) mpocT B peanu3alyyu K NpHOOPHO CO-
THM C METOJAMH 3JIEKTPOHHO-30HIOBOH JMAarHOCTHKH, paboThl BBIXOHA
TPOHA, aKyCTHUECKOH IMHCCHH H Ip. B 32aBHCHMOCTH OT NMOCTAaBIEHHON Le-
BEIOOpA ZICTEKTOPA M3TYUYCHUI HIMEPEHHS MOTYT OCYIIECTBISTECH KaK B
€, TAK ¥ B ['a30B0H cpeje.
. B omivgse OT psfa pasBHTBLIX CTpaH, MeToa D2 He noiy4yun B YKpauHe
10 IOHMMAHHS ¥ TPaKTU4ECKOTO MCIoab30BaHkA. |Ipeacrasnsercs, 4To
JIEHHOE H3y4YeHHC 3TOTO ABJIEHHs ABIAETCA ONHHM M3 KIIOUEBbIX K [IOHH-
0 TaKUX 3QHEKTOB, KaKk AedOopMaIug, pa3pyLuleHuce, TpeHue, afre3uoHuas
{HOCTH 1 JIp.
Metoamia sxenepumenta. CxeMmy NPOBEIEHUS 3K30IMHCCHOHHBIX MC-
0BAHKH U HepaspyLIAOIIEro KOHTPOIS MOXKHO YNPOLICHHO IPEICTABUTH
yioum obpasom. [Tox Beeunium sosieiicTBueM (mpouecc B036yxaenNs)
maetcsi (PU3MKO-XMMUYECKOS COCTOSHHE [IOBEPXHOCTHBIX C/OEB TBEPAO-
HEIX 06BEKTOB, CONPOBOKAAIONIHECS NEePeX010M B HEPaBHOBECHOE COCTOMA~
M B TIPOIIECCE TTOCTeAYIOUIEr0 CTHMYIMPOBaHHs HabI0aeTCs IMHCCHA 3a-
SHHEIX YACTHII — 3MeKTPOHOB ¥ OTPULIATEBHBIX HOHOB.
; WubopMaups TpH 5K303MUCCHOHHOM KOHTpone MOXeT GBITh TONyyeHa
B BHTerpanbHoit gopme B Buge crexrpos PCII, TCID, PTCII, I3, Tax
BHfe Tonorpaduy Hau BHICOM300paxenus nosepxuoctd. Tonorpaduposa-
TIOBEPXHOCTH OCYILECTBIAETCS NPH OAHOBPEMEHHOH DErHCTPAIiKH HHTEH-
ocTi D7 M KOOPAMHAT CKaHHpoBanus. BaKHYI HHQOpMANUio 0 rmyOnHe
ICTaHUs Jie(PeKTOB MOYKHO H3BMNEHb U3 M3MEPECHHA SHEPTeTHYECKOr0 pacipe-
CHHS 9K303JIEKTPOHOB.
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OCHOBHBIMH XaPaKTEPHCTUKAMM, KOTOPbIE MOTYT ObiTh UCHOIB3OBang
IS AMarHOCTHKH MeTonoM 30, HBNAIOTCH CICAYIOUIME: CPEIHAS HIIH Mhra.
rpanbHas HHTeHCHsHocT, PC33 u 113, B ToM 4MCHe BAONE MHHHE cxarmpo;;a‘ =
HHS; TeMIiepaTypa Hayana pocta Toka TCOD 1 @TCDD; MHTEHCHBHOCTS, Tene JE P TOPHEIX YCJIOBHAX ODBIHO MCGNIEAYIOT TUIOCKHE H KDYIABE

A MH HaapciaMH HIH IIPSABAPHTCIBHO BBI H
NepaTypHOe TONOKEHHE ¥ KOIHYECTBO IMUCCHORHBIX MAKCHMYMOB B CleKTpay & 0! JE s CTPEIMM MCCTHET an pefet BaEHEOR
TCH3 n ®TCID. HpIMH criocobamu HauansHOM TpeluHsl. OOpasus NoABEpraioT MOHO-

PACTSKEHHUIO OCEeBOH uarpyskof. Kunernky obpaszoBatius 4 pazBuTHS
onmpesieIsIoT Takue GAKTOpHI, KAK THM M OCTPOTA HAfpe3a, TONiuKHA
. cxopocts aedopmanuu u ap. Hammume Gonemroro ymcna daxropos
(AT K CYIIECTBEHHO Da3iMYHBIM 3aKOHOMEPHOCTAM 00pa3oBaHus U pas-
IpeliH, YTO 3aTPYIHACT HX MHTEPIPETAlHIO ¢ eAUHEIX ITO3UIIHHA.

TIpy 06pasOBaHHH ¥ PA3BUTHH TPEIIKH CHrHAIBE D0 BHI3BAHLI B OCHOB-
actryueckoil pedopmaiell MaTepiana B BeplliuHe Tpellxiibl, o6pazona-
0OBeAMHEHUEM MHKPOPA3phIBOB B 30HE BEPIIMHBI TPELUMHEL, CKa9K006-
{ TIPONBIKEHMEM BEPUIMHBI TPELIWHBI Ha CYGKPUTHYECKOH CTagui ee
As. DKCIIEPHMEHTAIBHOC H3YYeHHe DO NPH TPEIIHHOOOPA3OBaHAH Bbl-
OT COTTIACHO OOBIYHBIM METOJHKAM MEXaHHYECKHX HCIBITaHHH 00pa3ioB
MEHOH, 00aBIEHHeM JTHUL ONepPAl[HH YCTaHOBKH Hepejl 00pa3siom mep-
AETEKTOpa — BTOPHYHOIO JEKTPOHHOTO YMHOKHTENA WM CYETIHKA
108 (IpU ¥3MEpeHHH Ha BO3AyXe) U pel"HCTpElLIPIH HeoOXOIMMBIX Tapa-
35 B mporiecce HarpyKEHHA.

- IIpakTuuecKy KOHTPONbL OCYIUECTBIICS CleAyrommyM obpasom. Ilo-
OCTHBIE TPEIIWHEI ITOJIy4Yalld 3aKajKoM IUIOCKUX CTaNbHRIX 00pastoMm H
CAYIOUIHM HX nehopmuposanuem. Otbupas 08pasie! ¢ H3BeCTHON MIy6U-
mnpﬂﬁoii PacKpHITHA TPEIHH, PETHCTPUPOBANIH HHTEHCUBHOCTS 3MHUCCH-
[0 Toka. B kauecTBe 3TalOHHOro obpasia HMcmons3oBancs obpasen Ges
. Kaxxapiit o0pasens uamepsnu o 10 pas, onpenengs cpeSHEKBaApaTHI-
WHOKY, YCTAaHOBNEHO, YTO UHTCHCHBHOCTD SMHCCHORHOIO TOKA JIMHEHHO
HT 0T 06beMa TPSILKHBL ¥ OTHOINCHHMS ITyOHHBI TPEeLIMHbI K LIKPHHE pac-
us. JIaHHble IK309MHCCHOHHOIO KOHTPOJS CONOCTAaBISAM C JaHHBIMH Ka-
HOJ nmedextockonuu. ColocTapienyse MOKa3ano NPEHMYLIECTBO dMHC-
1010 MCTOAA — ITOBBIIIEHHAS TOYHOCTE ¥ 3KCIPECCHOCTE H3MEPEHNUH; IK30-
CHOHHBI CIOCOG YIOOEH /s TPOMEILLIEHHOTO KOHTPONS, TaK KaK MO3BO-
NPOBOJHTH Ne(GEKTOCKOMAIO HEMOCPeACTBEHHO Ha MECTe MpPOHM3BO/ICTBA
Ha ocHoBe BBIMOJHEHHEIX WCCAEAOBaHWH asTopaMm paspaboTan
L1 0Dpasel 3K309MICCHOHHOTO Je)eKTOCKOTa.

2. OuenKa COCTOSHUSA [OBEPXHOCTEH M YCIOBHI TPEHHA NPEHIHU3HOHHEIX
e MammwH,

HpH HUCCNCAOBaHHH TEXHHYECCKOr0 COCTOSHHEA )leTaﬂEf:I NOOBHMXHEBIX CO-
CHMi MAllMH ¢ LEIBI0 ONpefeNeHus HaIeXHOCTH UX paboThl HITH IPHUIHHEL
2XKIEBPEMEHHOTO BEIXO[a M3 CTPOS, @ TAKKe HPH OMLITHEIX H3MEPEHHIX
UDPHKIHOHHBIX CBOMCTB U U3HOCOCTORKOCTH pa3NHuHBIX Nap TpeHus Heob-

MATEPHATIOB ¥ HX CTPYKTYPOH, 3aKOHaMH HArpy)KeHHs, BHJIOM Hamnps-
-6 OPMHPOBAHHOIO COCTOAHMA U JID.

Perucrpauus 33 npeicTasiseT ONpC(EJIeHHEIE TPYAHOCTH H3-32 Mallojy
BE/MYMHBI 3K309MuccronHOro Toka (107'% —107°A) u oneprum ax303meXTPOHOS
(0,1-2 3B), uTO HaKTajBBaCT AOMONHHUTENRHbIE TPeOOBAHNS K H3MEPHTETbHOR
TexHuKe. M3MepuTensEii komrieke BKTIOHaeT: pabouyio KaMepy M cHcTeMy
OTKaYKH; CHCTEMB! BO30YK/IeHUS ¥ CTHMYJIIALHHM H3y4aeMoro 00BeKTa; CueTeMyy
perucTpalyuy HHTEHCHBHOCTH ¥ JHEPrHd 3K302JIeKTPOHOB; OJIOK COmpsixeiny
M3MEpHTeNBHON YacTu ¢ MukpoDBM. Pesynsrars HecnegoBaii oToOpamaior-
cs Ba aucruiee MUKPoDBM, NBYXKOOPAMHATHBIX CAMONMCLEX, NCYATAIOUIEy
YCTpOHCTEe.

KOHCTPYKTHBHO 3K303MUCCHOHBII CHEKTPOMETP NPEACTARISLET Coboi, §
32BUCHMOCTH OT NOCTABAEHHON 3a[84U, BBLICOKO~ UM CBEPXBHICOKOBAKYYMHYIO
xamepy (10™* — 107 [1a), B koTOpO1 HAXONSTCA yeTpoHCTBa BO3GYKICHHUS, Hep-
reTHYeCKUH aHaIn3aTop, IeTEKTOP HICKTPOHOB THna BOY — 6, cicreMa nutiei-
#oro Harpesa o0pasia, yeTpoMcTBO 1isi Aed)OpMUPOBALIMS, @ TAKKe BCIOMOra-
TelbHbIE YCTPOHCTE], OCYIIECTBIAIOUME [IepeMELlciie, BPAtICHHE U [LII030-
Banue o0pasua ¥ ap. M3Mepenue aMHCCHOHOTO TOKA OCYUIECTRIISANOCE C MOMO-
1610 OPUTHHANBHOIO NEPEHOCBOTO pa3paboTaHHOro yCTPOHCTBRE, COfepsKariero
IPeyCHITHTCHb, YCHTIUTCb, RECKPUMHAHATOp, PErucTpaTop H ONIOKM muTaHHs
Ynpasnenue # o0paboTka IKCIIEPHUMEHTOB Ha PAa3NMYHBIX 3Talax BHITIONHEHH!
paboThbl MPOBOAUANCEH € KCIIONIB30BaHeM MEKPODBM J[3-28 u IBM-PC. Biok
CONPSUKCHAUS H3MEPUTENBHOM YaCTH YCTAHOBKH ¢ MUKpoIBM onwcan B [3].

Jas GopMupoBaHus mOTHON W AOCTOBEPHOH KApTHHEI O Kayectse,
CTPYKTYPE H CBOMCTBAX MOBEPXHOCTHOTO CIOS HEOOXOIUMO KOMILICKCHOE [PK-
MEHCHHUE COBPEMEHHBIX (QUINYECKHX METOMOB THATHOCTHKH, OTAaBas MPEInoy-
TEHHe HepaspylarolkM Merogam Kourpons. Hapany ¢ Meromom D2 npu Bl
TIONHeH!H pabOoThl NMPHEBNEKAIHCH METOMBI AKYCTHYECKOM SMHCCHH U KOHTAKT-
HOM pa3soCTH MoTeH1Hanos [4].

Hpumenenwe. [Torenunansupiv TpuMeHeHneM D0 SBNSETCS MpaKTHue:
CKH Jrodas TeXHONorHYecKas npobnema, rae BakHO 3HATH KHHETUKY H3MCHEHHS
COCTOsAIHHMS HOBEPXHOCTH 00BEKTAa WIH TTOBEPXHOCTH pasfiesa NpH ¥ rnocne pas-
JAYHBIX BHCIUHKX BO3JCHCTBHHA, Hibke NpHBENEHB HEKOTOPBIE TPHMEPDHI TEX-
HOJIOTHMECKHX MPHMEHECHHH 9K303MHCCHOHHON CIEKTPOCKOTIHH.

1. 33 npu 00pasoBanuy W PasBUTHH TPELIHH.

TIlpouecchl 00pa3zoBanus ¥ PA3BHTHS TPCIHH B KOHCTPYKUMOHHBIX M2
Tepuanax OnpeyeNaioTes GOMBIIMM YHCAOM (aKTOPOB: MEXaHUYECKMMH CBOH-
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XOAKMO N0 COCTOAHHIO MOBEPXHOCTEH TPeHNS ACTANCH OMPESINTS XapaxTep y
CTENEeHb W3HOCA, PABHOMEPHOCTE KOHTAKTa CONPSDKEHHBIX IIOBEPXHOCTEN 1 yo
NOBHA HX TPCHHA, XapaKTepHU3yeMmble BEMYHHOH YCHIIHH TpeHHs, cxopoct},}o.
CKOJIBKEHUS, BHAOM CMa3KU M IIPOAOIKUTENLIOCTEIO paboThbL.

Hpgucxonﬁm«ee [PH TPEHHHM METAIOB M3MESHCHHS COCTOSHHA MX no.
BQpXHOC‘réHﬂHCHSGSH{HD cBs13ausl ¢ ehOpPMHPOBAHUECM NOBEPXHOCTHLIX Ciloey
TTosTomy 00 YCNOBHSX TPEHMS ¥ HM3MEHEHWM COCTOSHHS MOBEPXHOCTH MO}K]{(;
CY/IMTh I10 CTENEHM NNacTHYECKoR jle(opMalii NOBEPXHOCTHEIX CIOEB MaTe.
pHana TpyuiMxXcs metaniedt. Jlng oToi nenwm Memoss3yorcs pasiHuHLEe METOx
WCCEA0OBAHUS MOBEPXIOCTEH TPCHMS: ONTHHECKUH KOHTDPOJE TIPH PasiuyuHoy
VBENWHCHUH, ONpe/IeNnelie HIMEHeHNUS MUKPOreOMCTPHH NIOBEPXHOCTEH, 3ane.
pBI TBEPAOCTH ¥ MHKPOTBEP/IOCTH, PEHTTEHORCKKH aHaNK3 U Ap. .

Haubonee 3(GexkTHBHLIMA TPEACTABNAIOTCS COCOOS! KOMHYECTBEHHO
OLIEHKH M3MEHEHHS CBOMCTB MOBEPXHOCTCH METANIOB, XapAKTCPHIYIONIHX ve-
T0BHA pabOoThl COOTBETCTBYIOIMX jActaneil Mamui. [IpUMEHNTENRHO K Bpeﬁn- k-
3HOHHEBIM ASTalSM, H3rOTOBAEHHBIM C OOIb1ION TOYHOCTBIO ¥ 3BICOKHM Klac-
coM qﬂfm’rbz TIOBEPXHOCTH, LelecoobpasHe UCIIONB30BaTh CHOCODBl CpaBHy-
TENBHOH KONHYECTBEHHOH OLEHKH crenedd xedOpMHUPOBAHMS NMOBEPXHOCTHEIX
CJIOEB META1A& M YCIIOBHH TPeHHA II0 M3MEHCHHIO YMHCCHOHHOM aKTHBHOCTH X

KOHTaKTHOH PasHOCTH NOTCHIXANOB JIOKANBHBIX YMaCTKOB TPYLUEHCA MOBEpX
HOCTH JleTaliel.

451 CIIEAOB TPEHHMS 1 Ha YHacTRax MCXOJIHOT TIOBEPXHOCTH H3MEPSIUCE D0

CTPOMIIHCH TPa(HKH HX 3aBUCHMOCTH OT YACABHOM HAIPY3KU M YCHITHSA

HabNI0aeTCs YeTKaN CBA3H MEXLYy HHTCHCHBHOCTHIO 30, HIMEHEHHEM

| paMeHEHHEM [fapaMeTPOB, XapakTepH3YIOUHX yCIOBHS TPSHHA: 1ySCT-

LHOCTH IIPEIAOKEHHBIX METOLOB OLCHKM M3MEHEHMS COCTOAHHA MeTail-

JX TIOBEPXHOCTEH TIPH TPEHHH BBILLE, 9EM HYBCTBUTEILHOCTS criocoBGoB,

MBIX HA M3MCHEHMH MHKDOTBEDAOCTH M YHCTOTEI MCCICAYEMBIX MO-

CTeH.

3, KCOHTPOb NTOBEPXHOCTH MIIHQOBAHHEIX TOAIKIHAKOBBIX KOJICLL

. Mexangueckas o0paboTKa METAIoB UITH(OBAHHEM HPEACTABILET CO-

JBICOKOIHEPTETAYECKOE BO3IEACTBIT, PHBOIATIES K SHAUHTCIbHBIM H3ME-

pM DH3HUECKOrO COCTOSHHNS I0BEPXHOCTA METAIIA.

B 3aBHCHMOCTH OT YCIOBHH H PE&KMMOB iTHPOBAHK M XapaKTePHCTHK

WBHBIX KPYTOB TOBEPXHOCTHLIE CIIOM MaTepuaia 00pabaThiBaeMol AeTaln

JBAIOT PA3TUIHYEO HATPY3KY H 3TO BJedeT 3a CODOH HapymiCHHE CTPYK-

HOBEPXHOCTHBIX CIIOEB C KOMIUIEKCHBIM M3MCHEHHEM HX MEXaHWTECKHX,

JHUECKHX ¥ XUMHIECKHX CBOHCTB.

OCHOBHBIM MCTOJOM, NPHMEHAEMbIM Ha MPEANPHATHAX JULL KOHTPOIL

T0B, 0OpasyIoIXCd NpH WKHPOBAHHHY, SBISETCH MeToj TpaeieHus. Me-

AKITFOYATCs B CreayromenM: ni(osannbii 00pasell TPOXOAUT LMK Xi-

SKHX OMEpatyii IO ONpENe e oM cXeMe, B Pe3ylIbTaTe Yero Ha MOBCPXHO-

Bpasiia MOXHO OGHApYKHTh AeQEKTH B BUAE TPEIMH, MONOC, U oBoY-

ITpEX0B. MeTo | TPaBIeH A HMEST CeyIOTHE HEOCTATKH:

1. Tlocnie NpoBeAeHAs Ouepaimii Tpasneii cyapOy jeTams pelrasT
cy6BeKTHBHOE MHEHHE KOHTPOJICPa [IPY OCMOTPE BHOIIHEIO BAA /e~
TasM.

2. PaBoTa ¢ XMMH4CCKAMHA BEIECTBAaMH BPEIHO CKa3pIBAeTCA Ha 3A0P0-
BbE 00CIY)KHBAIONIETO (IePCOHANA.

3. JIna pasMelleHus BaHH HEOOXOXHMO KMETh JIOCTATO4HO SospIme

& NOMELICHUS.

VCTaHOBIEHO, YTO MAKCHMYM HHTEHCHBHOCTH 23 npw mauQOBAHKU 3a-

T OT 3epHMCTOCTH Kpyra. C yBeAMYCHNMEM pasMepa 3epHa Kpyra HHTCHCHBE-

I mOBBINIAETCA, 9TO CBA3AHO C BO3PACTAHWEM ¥HMcaa HOpasyloluXCs

DeKTOB THINA NPHUIKOTOB Ha MOBEPXHOCTH KOJIBLIIA.

B 3aBHCUMOCTH OT MEXAHWUECKMX M TeIUTOQHM3UHCCKHX CBOHCTR HCCIE-

Ol CTany, MOBEPXHOCTHBIE CJIOX METAlIa B PasIMyHOH CTEMeHH HCnbIThI-

 MexaHuueckue (1U1acTiyeckas 1eOpMALKA) ¥ TEPMUIECKHE BO3ACHCTBHS

HUTA(OBKE ¢ PA3AUIHBIMA CKOPOCTAMHU. DTHM U oBycnoBieHa HelnHeHHasA

HCHMOCTE KOJIWYECTBA BOZHMKANOLIMX Ne(EKTOB HAa MOBEPXHOCTH [OALIMTE-

BOTO KO/bL@ NpH LIH(OBKE C PasIMHHBIMI CKOPOCTAMH, YTO B CBOIO O¥e-

IPHBOAMT K HENWHEHHOH 3aBUCHMOCTH MHTCHCHBHOCTH 3K303MHMCCHH OT

KonTpons ocyuecTsnsercs cnemyiouuM o0pasoM. TIpoM3soAs Tapu-
POBKY H3MEHEHMA DK30IMHUCCHH (O3) unu KOHTAKTHOH Pa3HOCTH TIOTEHLMANOB
(KPT) moBepxHOCTHBIX CJIOEB META/UIa MO CTENCHH HMX MIacTHYeckoro acgop-
MUPOBaHNA, YCHIHMAM HIH [UTHTCABHOCTH TPeHHA IeTaieH, MOXKHO O OTHOCH:
TenbHOMY M3MeHCHHIO 33 mnu KPII oneHuBaTh, COOTBETCTBEHHO, CTEMEHE MO-
BPEXACHUA pabouuX MOBEPXHOCTEH HAW YCHOBHI TPEHHA HCCHEAYeMBIX IeTd-
neit. KpoMe Toro, BO3MOXKHOCTh 3aMepa SMHUCCHOHHOH aKTHBHOCTH Ha JIOKa/b-
HBIX MHKPOCKOITHYECKMX YYacTKax MOBepXHOCTeH MO3BOJSMCT OLEHHBATH CTC-
1eHb PaBHOMEPHOCTH $aKTHYECKOro KOHTAKTa MOBEPXHOCTEH TpeHMS conps-:
JKEHHBIX JIETaNeH.

[TpyMep MPakTUYECKOTO HCHONB30BaHUS IPEJUIAragMoro crocoba. M3
MepeHHe IMHCCHOHHOH aKTHBHOCTH OCYIIIECTBISIOCE Ha AETANISX TPeX TUIOCKHX .
30JIOTHUKOBBIX 11ap PACTIPEie/eHHbIX YUACTKOB TMAPABIMYECKHX arperatos:
Tapuposka NpOW3BOAMIACEL MO BENHYHEE HOPMANbHON K NOBEPXHOCTH 'rpeHHﬂE_
HarpyskH, A1 Uero ¢ NOMOLUBI0 IKCIEPUMCHTAIBHOR YCTAHOBKH Ha paﬁo‘mei
NOBEPXHOCTH 30JI0THHKOB OBINM HaHeceHsl Clefbl TPEHUA O pacnpenennmnb-{
HOE KOJIBLIO. gIOBerHocrb TPeHUs KOJIbI@ COCTOSIIA U3 TPeX OMOPHBIX IUIOMIE
AOK 110 1 MM~ Ka)K/1as, pacrioNo/KeHHBIX PABHOMEPHO N0 OKPYXHOCTH. TpeH#?
PAcIpelIeNIMTENBHOTO KONBLA O 30JI0THHKY NPOBONHIOCE NPH PAsHHUHBIX HE
IPY3Kax H OIHOPOAHBIX OTHOCHTENBHEIX ICPEMEIUEHHSX. 3aTeM B MecTax o6pa’
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ckopocTH LnudosansHoro Kpyra. ITonyyenias 3aBHCHMOCTE HO3ROSET 110 pe.
3YJIbTATaM M3MEPEHHUS SK30IMUCCHH [POM3BOIAMTL KOHTPONb COCTOSHHS .
BepPXHOCTH 00pabarbiBaeMsIX IeTanel H BBIGOP ONTAMANLHRIX PEKUMOB Liigy.
(GOBaHUS, B YACTHOCTH CKOPOCTH LUTHHOBAHHA. ‘

CpabHeHHe Pe3yi(bTATOB BHIYAIBHOT'O HAOMIOEHUS [IOBEPXHOCTH KOligy
[OCIIe TPaBNEHAs ¢ NAHHBIMH N0 IK3OMHCCHH, IO3BONSET BBIABHTH OXHO3HAY.
Hble COOTBETCIBHA MEXY KONHYECTBOM BH3YalhHO HabionaeMsiX Hedextoy
Ha NLTH(OBAHHOM MOBEPXHOCTH KOMBIA NIOCHC TPABNCHHS B MAaKCHMYMOM 3K3o.
OIMHCCHH.

[Ipn nndoBanvu B NOBEPXHOCTHOM Clioe 00pa3sia BOZHUKAIOT [1aCTH-
Heckine ACHOPMALIHH, NPOMCXOANT PaspyIeHHe CTaphiX H 06Pa3OBaHNAC HOBbi
HOHerHOCTﬁi-II, OTPI:[B " JHUCIICPTHPOBAHHC HaCcTHIL MaTepHa.rla, COHpOBO)KJIae-
MBIE CIOXHBIMHM TENAOBRIMU TIPOTECCAMH U (a3OBEIMH TIPCBPRILERHAMH, pPas-
pyIIeHUEM OKCHIHOH IUICHKM Ha OTACABHLIX y4acTKaX H Ipoteccamu anddy- I
3UH KHCIIOPOJQ B INACTHYECKH AeopMUpyeMbie 06beMbl MeTamia. CleacTbiey
STHX B3aHMOCBS3AHHEIX IIPOLIECCOB ABISCTCA BOSHUKHOBENHME 3K303/IEKTPOHHON
IMHCCHH. ;

Upessrruatinoe pasHooGpasue (ipoueccoB MUIMGOBAKS ¢ TOUKH 3peHHs
cBolcTB afpasuBHOro mMarepuana, BHIGOpa pexumMoB o6paboTku 1 T.11., TIPHRO-
nsuee k 6obmo auddepeHumaumu cBoitcTs o6padaTriracmoi MOBEPXHOCTH i
NPUTIOBEPXHOCTHBIX CIIOEB MATEPHANOB CHIBHO 3aTPYIHSET TeopeTHuecxuil
a3 TPOLECCOB, CCACTBHEM KOTOPBIX ABJIKETCH BOSHHKHOBeANe DD npy ab-
pa3uBHOM 0OpaboTke.

Tem He mcnee, sKCIEePHMERTAIRHO OOHAPYKEHHAS 3aBHCHMOCTS XapakTe-
pa 9K303MHCCHU OT pexuMa 00paboTky 1 cBOHCTB 0OpabaTsrsaemoro marepua-
718 T03BOJISET, YUHTHIBAA XOPOLIYIO BOCTIPOM3BOAMMOCTE PE3YASTATOB, YKe
CeHuac paceMaTpHBaTh SK303MCKTPOHHYI0 IMHCCHIO B KaYeCTBe MepCHeKTHRHO-
IO METOAA OLSHKH COCTOAHMSA NMOBEPXHOCTH METAllia IOCiIe MEeXaHUeCKOM 0b-
pabotiy uimudobauuem. CleayeT upu 3TOM OTMETHTE, Y4TO NpUMEHEHNHE METO-
na D3 no3BosfeT IPOU3BOAUTE NOJOOHYIO OLEHKY Kak HETIOCPEJICTBEHHO B X0-
nie 06paboTKH, TaK U CIYCTS JIUTENEHOE BPEMSL.

KOHTPOJS METAJJIOB W Y3IOB 3HEPreTHHECKOTo obopyaosanusg. — M.:
), 1994. - 170c.

BLIE CPEJICTBA MEXAHU3AIIUH [IOAIOTOBHTEJBHBIX
; PABOT IIPU PEKOHCTPVYKIIMH HIAXT

[Ixymaros AH., Aurunos U.B., Anmsaes I.T., Kopo6xo O.T".
(Hou I'TY, JBT, IO /loneyxyzone, 2. Joneyk, Yipauna)

-ent designs of stopgap and constant supports are developed. Procedures
echniques are described. The production tests were positive. The economic
ts is calculated.

‘Ha pyGexe XXI Beka BONPOC MEXaHM3aLMNH OCHOBHBIX MPOLECCOB TIPO-
€CKOTO 11{KJIa IPY CTPOHTEIRCTRE FOPHBIX BRIPabOTOK MprobperaeT oco-
akTyanbHOCTS. Ipy HanuyuK MOIIHOK 6a3sl yroNsHOIO MalIMHOCTPOSHNUS,
oft pacroraraeT YKpauHa, H3TOTOBICHHE B JAOCTATOYHOM KOJHYECTBE
CTE ¥ [IPHCIOCOONCHHH, COKPANIAILIHK NPEMEHEHHE PYUHOTO TPYAE H
MIAIOLEX 0E30MacHOCTs BEleHHMs TOPHONPOXOJYECKHX paboT He mpeg-
jigeT cephesHoit mpobremsl. Kpome Toro, mpd uMeroLieMcs B HacTosilee
q HEAOTPY3e IPOH3BOACTBEHHEBIX MOINHOCTeH MalIHHOCTPOMTENbHEIX 3a-
TIOSBICH}E HOBBIX 32BOA0B CO37aeT NOMONHUTENbHEIC padogue MecTa.
Ananyu3 nokasareleil pa3sBUTHS TOPHONOOHIBAIOIIEH IPOMBILIIEHHOCTH
aupbl Ha Ommkaiiize 20 neT 110Ka3bIBaeT, YTO 00BEM IMPUMEHEHNS MeTan-
KMX APOUHBIX ¥ KOMOMHHPOBaHHEIX (3kesne300eTOHHbIE CTOHKM M NOJBeC-
METanMyeckuil BCpXHAK) Kpered OyleT 0CTaBaThCs OTHOCHTENLHO DONB-
Ha 6mmxatiury:o nepenmekTuBy Ha wmaxrax [oubacca npexnonaracres
KamuTaidbleix ¥ 90% obmiero odbema MpPOBEAEHHS MOATOTOBHTEILHEIX
1BIX BHIPaGOTOK 3aKPENuTh PACCMAaTPUBAEMBIMH THIIaMK Kpenu. [ToaTtomy B
TOfliee BpeMs HEOOXO/MMO pellarh KOPEHHBIE BOMNPOCH MOBBICHNHA
KTUBHOCTH KpemicHusS. ONHOBPEMEHHO, B CBA3H C TPOXOHAIICH
OHCTPYKUHEH YTOABHOH NMPOMBILULICHHOCTH, BO3HHKAeT HeoOX0IHMOCTE B
IEHWH TOPHBIX BBIpaGOTOK H H3BJICYCHHUE H3 HHX METANIHYSCCKHX erneﬁ
- KoMMyHuKauui  (IIyTeBOrO  XO3g¥CTBA, TPYOOIPOBOZIOB  PazIM¥HOIO
a‘JEHHH). Hepeﬂ,KH CJIyyan KOrja Ha OJHOM [PCHANpHATHH OJHOBPCMEHHO
BOAAT HOBBIE M JIHMKBHAHPYIOT OTCHY:KMBIIMe CBOH cpoK  BhipaborxiL
TOMY MCTONL30BaHie YHUBEPCANBHOM KOHCTPYKIUHH, COBMEIatotelt B cebe
KLHY BpeMeHOf KperH, KPEeycTaHOBUIKHKA M IEMOHTAXHOr0 YCTPOHCTBA
OKAa3aTh BEChbMa BAXIOE BIMIHHE HA KaYECTBEHHBIC M KOJAWYECTBEHHLIC
aTe;[y TOPHOTIPOXOAYECKUX paboT.

Cuucox nareparyps:: 1. Kopros B.C., Citecapes AW, Poros B.B. Dk
303MHCHOHHbIH KOHTPONB JeTaneif nocne obpadorku. — K.: Haykosa JIYMKa,
1986.~ 170c. 2. IIxmisko A.M., Kpecunn A A. Ipumerienue IK303TeKTPOHHOH '
SMHCCHHM JUIA MCCHAEHOBalMA (DU3UKO-XMMHUYCCKHUX CBOHCTB MaTepHanos. -
Xapbkos, Y3ITM, 1982.- 75c. 3. Kunmomenko M.A., [lorsmenxo P.0.
Ulxknaeko A.M. MioroxkaHansHBIH MOLYIE CONPSOKEHHS 3K30IMUCCHOHHOMN VC-
TaHoBKHM ¢ [I3BM IBM. Jloxnazus! poccHiicko# KOHGEpentu o JMHcCHOH};oﬁ i
3/IeKTpoHuKE. — M.: 1994, 1.3, ¢.128-130. 4. UIkunrko A.M. Hepaspyuasone ]
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Bpemennas Kperb yCTaHaB iy,
eTCA 1A TPeAOTBPAILCHHSA BbiBagy
TIOPOJABI CO CTOPOHBI KPOBIK BbIPaf
KH A0 BO3BCHACHUS HOCTOSHHOH, Oy
JOJLKHA UMETh KOHCTPYKUMIO, 0fecs,
YHBAWOIIYIO OBICTPYIO YCTAHOBKY
pa3paboTky, T.e. OBITh MHBEHTADHOR
THna. KOHCTpYKUMSA BpeMeuHOH Kpeny
IOMxHa OBITE HE TONLKO OIPaxiia.
e, HO M YAaCTHYHO TI'PY3OHEeCYIlel,
lle wnasmauenme - MpeAoBpainen

TIpH OTAENCHHH OT KPOBJIH KYCKOB Io-
ponel. PaznuuHble KOHCIPYKIKH  Bpe.
MEHHBIX Kperiel onmucaHsl B y4eOHO g
TeXHHYECKOH NMUTEpaType.

HUYECKHX CpPEeJICTE BO3BEJSHHS pas
JIHYHBIX Kpellei, OJHOBPEMEHHO Bb:
HONHSIOIWMX  (QYHKUMH  BpPEMCHHR
Oro kpeneycradosiuky Tuna KITV-1, KIIM-8. [IpoBeneHHLIH ATEHTHHI
MIOMCK TI03BOJIK/ AOIIOTHUTE CBEJEHHS, COJIEPKalUHecs B TEXHHYECKOH IHTepa:

Puc. 1. O6um# Bua Kpere-
yCTaHOBIIKKA.

type. Onpenenenssiit KHTepeC NPeACTaBNAOT COOOH BEIABIKHEIE BPEMEHHHE.
Kpemny, CMOHTYPOBAHHBIE Ha ABYX TpyDax, pa3sMelleHHBIX HA YPOBHE 3aMK0B

kperni. BEIIBIOKHBIE TPYObl, ABIAACH OALIOBPEMEHHO MOPLIHAMY, BbIBHrAI0TCS
n3 TpyO Gonsiero auamerpa Ao 3a60st mpH IOMOIM CXaToro Bosayxa. Ha v
CBEPXY YKJIAALIBACTCS JepPeBSHHBIH WM MeTATHYCCKHIM HACTHIL.

3a pyOexoM BoupocaMu paspaboTKy KpereyCTaHOBUIMKOB 3aHMMAeTCh
dupma "bexoput" (Iepmanus). Ewo paspaboran psg MeXaHH3MOB, Tiepeisd

TAlONIHUXCA 110 MOHOPE/bCY, OCHALIEHHBIX BRIHOCHBIM TYIBTOM YHpPaBICHHA T

BMETOIIHX JNeKTpHdeckuit 160 ruapapnuyeckuit TUH IIPHBOMAA.

Mns ycraHOBKM TIOOMHIOBOW KpEiM IPUMEHAETCS TIEPEJIBHIAIONAICS M0
peabcoBOMY MyTH fpoxojadeckuid kpan K-1000. Ero MOXHO HCIIONB30BATh Tak
e IS MOABeMHO-TPAHCTIOPTHEIX onepauuii. CoszaH Ha 6a3e akKyMyagTopHO
37EKTPOBO3a, TO3TOMY 00MIaaeT 3HaYMTENbHOI Maccoi ¥ B Ipu3aboiinoi yacT
HCIIONB30BATHCA HE MOKET.

Tlpy JTHKBANALMM aBapHil rOPHLIX BBHIPAOOTOK, CBA3AHHBIX C 3aBanami |
0BpYLISHUSMH NPUMEHSIOT paznuyisie crocobsl. ONHAKO OCHOBHBIM fBAETCH
pasbopka 3aBana Bpy4Hy. IIpOOIKHTENEHOCTE W TPYAOEMKOCT 3TOTO BUA
palOT ABIACTCA 3HAYHTCNBHON BCNENCTBHE OTCYTCTBHS OBICTPO BO3BOAMMBN
#HBEHTADHEIX Kpereii. I'opazfo octpee npu 3ToM crouT npodaema 6ezomach?”

TpaBMHpoBauys MPOXOIYHKOB B 3alog

HmeeTtcs OHBIT paspadOTKH Mexa
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T.K. MPOXOAHHUKH BHIHYKICHS! (IPH HAAMYHMH BBIBATOB HOPOJIB! CO CTOPOHBL
1 ("kynonos") BBI-KNaJbIBATe CHElLKanbHbIe OOBLEMHBIC KOHCTPYKLMH,
19 U1 9TOTO M3-TIOJl 3AUIMTBI NOCTOAHHON KPENH. DTO TAKKE BbI3bIBAET
coIMMOCTD paspaboTkh dPQPEeKTHBHOA KOHCTPYKIHH YCTPORCTBA 1S BO3-
Y PAMHOH Kpenmu B 0co00 CHOMKHBIX YCI0BHAX (B 3allaX 3a-BaNoB 1 00-
§1), ¥ Ha COMPSKEHUSX TOPHBIX BLIPAbOTOK, [/l MX Ce-UEHUS, a CIIe10-
pHO H BBICOTA I[OCTOAHHO MEHAKOTCA.
~ BhILIEH3N0KEHHOE TTO3BOSET CASNATh BBIBOJ O TOM, YTO MPHMEHSE-MbIE
OXpaHUTEbHbIE Kpend 007agaioT psaoM CyUIECTBEHHBIX HEAO-CTAaTKOB.
GYIOT 3HZYHATENBHBIX 3aTPaT PYHHOro TPYJAAa NPH WX BO3BEJICHUW M HC
[IeurBAlOT JOCTATOYHON Ge30nacHOCTH BRINOMHAES-MbIX paboT, T.K. npu ux
¢ICHHY TIPOXOAYHKAM HEOOX0JUMO BEIXONHTE H3-TIOZ 3aIIMTEl HOCTONIHOH
B PacKperoe npocrpaH-crso. [l Bo3Benenust HeoOXOMMMBI TaKiKe J0-
HETEITbHBIE 3aTPaThi MATEPHANOB B BHAC ACPEBAHHLIX HACTHIIOB, AHKEPOB
IIOIBECKH, [TPOTOHOB M JP.
- TlpumeHseMEle THIIB! KPENeyCTaHOBUIMKOB TPOMO3JIKH, HCHANEKHL B
yT¢ 4, B 3dBUCHMOCTH OT BHJa NpHMeHAeMOH 3Hepru#, TpebyioT ocoboit
CTH W3TOTOBNIEHHA. B Hacrofires BpeMa He CYIIECTBYET MHOTO(YHKLMO-
IHHOTO arperara, obbe/MusmIowero & cefe ONHOBPCMCHHO BPEMEHHYIO TIpe-
DAHUTENBHYIO KPenlb, KPENeyCTaHOB-1IHK K NepeIBHKHON KpaH. OH nomKeH
, SKOHOMUUHBIM, T.C. HELOPOTHM B U3rOTOBIEHHM U 3KCILTyaTanyu. Ero us-
BJIEHWE JIOKHO OBITE BO3MOXHBIM B IIAXTHBIX MACTCPCKMX MM, B Kpai-
cnyqae, B IIDMM npouzsopcTeentiore obbCAMHEHHES, YTO CHU3UT LeHY U
SICHT KOHKYPEHTHOCIIOCOOHOCTE arperara.
ABTOpam# pa3paboTaHa, M3IOTOBNECH ¥ HCIIBITAHA B LIAXTHLIX YCIOBHAX
feHHas Kienb-KpeneycTaHoBuuK, usofpaxennas Ha puc.l. Kpeneycra-
MK [OXBEIIHBAIOT HA XOMYTe C [UIAHKOH, YCTAHOBIEHHOM Ha Cepemuuc
1sika OmmkHeit K 326010 pamsl noctossHoH xpenu. IlogBecky NMpoU3BoiAT
TOMOILH IIapPHAPHO-TIOBOPOTHOIO KPIOKa, BPAIIAIoWerocs & BEPTHKANLHOH
octsx. [lon 3aLIHTON MOCTOAHHOMW Kpenu YCTaHABIMBAIOT HEOOXOAUMYO
TEJICCKONMYCCKUX KOHCONCH ¢ JKeCTKUMH 3axBaTaMi. TenecKomiueckue
OCBbl, YCTAHABIHBAEMbIE MEXJy BbIABHKHOH TENECKOMHYECKON JICCTHH-
H BBIJIBHKHBIMM KOHCOTIAMM, TOBRIIIALT JKECTKOCTh KOHCTPYKIHH.
Ha 3axBaThl yK/IabIBAIOT BEPXHAKH KPEITH 1 MOBOPAYMBAIOTYCTPOHCTRO B
OKeHHe MpellllecTBylolee HX NONbeMY K He3akpennenHod kposne. ITon-
Ka TIPOU3BOMUICS IIPY MOMOILM HKCCTKOIO IMOIYyaRTOMaTHYECKOro 3aMKa, Co-
ALIETO M3 KOPILyCa, META/LIHYCCKOr0 JANhla NPY/KMHBL W NPHBOAHOTO TPO-
@. B uCXOMHOM COCTOSHHM NpPYKHHA MPYXKHHA CKaTa mampleM, a QuKCH-
it Tpoc HatayT. [Ipyu nofBecke ero OTHYCKaKT U nanen 3aHumact pabo-
nonoxexnre. OH BbIMONHAET QYHKUHIO OCH, BOKPYT KOTOPOH 110BOpauHBa-
A KpereyCTaHOBIIYK B BEPTHKAIBHOMH MI0CKOCTH.
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paboTok."” [2], yrsepxaeHHbIH HAYANBHHKOM TocyuapcTBeHHOH BOCLK-
quoit  civikdel Munyrnenpoma YKpausul, KpeneycTauoBUIMK NpeHa-
JUISl MCIIOJIb30BAHUSA MPH HAIMYUK "KYNoaa", KOria Mexy BEPXHAKOM
osHHOM KPen¥ M KPOBJICH BLIPAOOTKH OCTAIOTCSH IYCTOTHI, & TAKKE B CIy-
oI/ FOpHAs BLIPa0OTKA UMEeT MePEMEHHYKO BBICOTY. DTO BCTpevasTes Ha
equsx, e Ha 10-15m npuxopures ycrasasmueaTh 10 30 Meramiuue-
‘apOK pasHbiX THTOpasMepos. KOHCTPYKTHBHOH OCOOCHHOCTRIO ABIAETCH
‘crakaga", TIPEACTaBIAONX cobol oTpesxn TpyOsi mmmuol 300MmM B KO-
e BCT2BISIOTCS [iBe ICPEBIHHBIC MM THPABIHYecKe CTofku. "Crakannr”

APUTENBHO NPUBAPUBAIOT K BEPXHEMY, YIOKEHHOMY Ha KOHCOIH. Ha
eHHbIe CTOIKHM YKTaZsIBaloT BTopoil (BepXiui) BepxHak. OctanbHbie pa-
aHaNOrHYHBI OIIHCAHHBIM BbIIIE.

[ToareM npousBoguTCH OpH MOMOHIA TEJICCKOTIMYECKOH JIECTHHUELL, B
NONHAOWEH potb poryara. [TIPOXOAYHK MPH 9TOM CTAHOBUTCH Ha HIKHIOK CTy-
NMeHBKY, CIOCODCTBYS COOCTBEHHBIM BECOM MOABEMY BEPXHAKA K KPORNE BhIPa.
DOTKH. IL"IHHB JICCTHHIIR! YCTAHABIMBAETCS B 3aBHCHMOCTH OT BBICOTHI Bblpa..
BoTKH U passana nopofsl, MecTa PacToNiOMEeHH A PCIILbCOBOTO MY TH, BLICOTRI pas-
I'PY3KH KOBIIZ MOPOAOIOTPY304HOH MalllHHEI.

ITociie noaneMa BEPXHAKA NPH IIOMOLLY BTOPOTO MOJIY-aBTOMaTHYCCKOrg

B riepuoil peKOHCTPYKLHH YIOJbHOH [POMLIUUIEHHOCTH BO3PACTAET KO-

e 2 50 TIOTAIIACMBIX TOPHBIX BEIPaboTOK, uTo TpelyeT co3aanus obopyaosa-

B L“,}f .‘I P } A 4 IeMONTAKA PaMHOT KPEIlH, @ TAKXKE PEJIbCOBOTO X03sicTsa, Tpybomnpo-
o i ,F" ‘! ; oy (2 t B PA3NAYHOTO HASHAYCIAA 1 /I

| 7 sf;L‘ o 3 ~ C atoli nenbio paspaboTaHa OCHOBHAs TeXHu4ecKas AOKYMEHTAalus Mo

B "'-l -1“3... F '}i uro Ha Gaze paspaboTaHHbIX KPeMIey CTaHOBLUKOB MHOTO(YHKIHOHATE-

= - i 'fiil T i 7  KOMIDIEKCa IO JI0CTaBKe, MOHTAKY-AEMOHT@XY PAMHOK KPemH ¥ Apyroro

WD | Rt || N j 2 % | yAOBaHHS, [IEPS/IBUTAIOIIETOCs M0 MOHOpenkCy. Ero TexHUYecKas Xapax-

e T A A A A ' cTUKa: TPy30moAbeMHOCTs 350 kr, war kpemu 0,5-1,0 v, UTHHA CeKuMHU

Hopenbca 2M, KONHYECTBO CCKUMH 14, HpuBOJ MeXaHH3Ma nofbeMa 1 nepe-
€HHS PYHHOIl ¢ TOMOLIBIO TATOBOTO KOJNECA M IENH, Macca (C NOmKoM) A0

.

- Ha skcrnyaranuio 6230B0# MOJ€AH B HPOM3BOACTECHABIX YCIOBUAX MO-
HO paspemenre J{OHEKOrO OKpyra IO Haa3opy 3a 0€30MacHEIM BCHEHUEM
OT B IPOMBILLIIEHHOCTH ¥ TOPHOMY HaJI30py.
~ OubITHOE HCIBITAHKMC KPeIeyCTaHOBIIMKA Ha 1aXTe TPOAOJDKHTENbHOCT
Befienns Mertamueckod kpenu Ha 10%. Dxonomudecknii addexr cocras-
T 0kono 30 rpu/m. C yueToM noBsieHn s GezonacHOCTH paboTsl U yay4iile-
YCIOBHiT Tpy/ia OB 3HAYMTE/NBHO BO3PACTAET H KOHCTPYKLHS NproOperacT
THUTEILHYEO COLMANBHYIO 3HAYHMOCTB.

Puc.2. KpericycraHoBIuK fUlst pa3aenki COMpsKeHuit: |-KoHcous,
2-3axBar, 3-OMOPHLIl BEPXHSK, 4-phIyar, S-croiika, 6-Tpy6a.

3aMKa H JKeCTKO 3aKPEMNIAIOT KPerieyCTaHOBIIMK MEXAY XOMYTOM HO/BECKH U
N1aHKOH. BepxHsk ¢ GOKOB pacKIHHUBAIOT HEPEBAHHBIMA KIHHBSMYA M YKIabl-
BArOT Ha HEro 3aTsHKKY. BBIIBHHYTYIO TENeCKOIMYECKYHO YACTh NECTHHIB! 34-
ABUTAIOT, YTOOBL OHA HE MeIana POM3BOACTBeHHOMY npomeccy. oz 3armmToi
YCTaHOB/ECHHOH BPEMEHHON Kpemd BBUIIONHAOTCA BCe HeoOXoimmble paboTs!
IIPOXOJTYECKOr0 LwKia, [locie yCTaHOBKH HOMXKEK KPEIM M MX TIPUCOSTHHEHHA K
BEPXHAKAM METAUTMYECKHMY XOMYTaMH KPeleyCTaHOBIMK CHUMAIOT B MOpSAL-
Ke, obparHoM ero nasecke. Bradaic GUKCHPYOUIMME TPOCAMH BOIBPAINAIOTCS
B HCXOJHO® MMOJIOKEHNE Nalblibl, 33aTeM BLIBOJMTCA K3 3ALCIUICHHI C XOMYTOM
KPIOK IIapEHp.

Ora Mozens geasercs 6azosoll. Ha ee ocHose paspaborana MonuduKars
LISt KpenleH!s BRIPa0OTOK MEepeMEHHOM BLICOTHL, YTO YacTO BCTPeYaeTcs IpH
pasJiefike COTPUKCHHH M HAIMYHK BbIBaaoB (ITyCTOT) CO CTOPCHBI KPOBiM. Pa3-
paboTanHasd KOHCTPYKLUHS NPHBE/CHA HA PHC.2.
Ee onucanne naso B [1]. OHa BXOAMT KaK OCHOBHOM SJIEMEHT TEXHOMOrHUECKOH
cxemst Nel B "Anbs6oM TEXHOMTOTHYECKHX CXEM MPOBE/ICHHS CIACATENBLHBIX TOp-

Cuncox antepatypol: 1. [xymaros A.H., Anuzaes I'.T., 3anmacs H.1O.
IporpeccyBHas TEXHONOTHSA IPOBSIEHHA CIIACATENBHBIX TOPHBIX BRIpa-00ToK //
OIPECCHBHBIE TEXHONOTHH MALIHHOCTPOCHHS ¥ COBpeMeHHOCTh. CO. 1p. Me-
YHap. Hayy.-rexHnd. koupp. — Jloneux JorI'TY, 1997. —¢.7-8. 2. lllkyma-
AH. u gp. Anp6oM TEXHOJOTHYCCKUX CXEM MpPOBECHMS CMACATCLHEIX
PHBIX BEIpaboTok. — Josenx: I'BI'CC, 1995.-38¢.
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HOBAS TEXHOJIOTHUS PA3IAEJIKH CONPSKEHNA TOPHBIX

e o }'mm; BBIpaGoTOK OT 7,9 110 15,2 K8.M PacXojl MEeTAILIA PH apouHOH Kpe-

"BIT cocrasaster 0,3-0,7T/M, a IPH CTPOUTEILCTRBE COMPSXCHUH OH 3Ha-
LHO BBILIE.
a NIEPBBIX TPEX METPax pacxoj MeTamia coctasnser (,9-2,11/m. B nans-
{ Ha TPOTSDKEHHM 3-5M ropHoii BEIpabOTKH OH CHHYXKACTCS KO 0,8-1,41/™m.
3eTCTBEHHO BO3DACTAIOT M 3aTPaThl TPYJa Ha MOrPY3KY KPEnemHbX MaTe-
B ¥ BO3BESACHHC MOCTOAMIOM KpenH. I'opHas BhIpadoTKa Ha CONMPAKCHNH,
aBHIO , UMECT IIepeMEHHOe TONepedHoe CeueHMe. Pambl MOCTOSHHOM
YCTAHABIMBAIOT ¢ TIEPEMEHHbIM IIArOM BEepOM. DTO BBIIBMTaeT IIOBbI-
pie TpeGoBanus K OypoB3phiBHEIM paboramM MO KawecTBy OQOPMISHUS
pa BHIPAOOTKH H COOTBETCTBHIO ee (DAKTHYECKHX pPasMepOB TPOEKTHBIM.
B MECTE COTPSIKEHHs! NPEIYCMOTPEHO COOpYX)eHHEe OeTOHHOH OTOPEHI, TO
{ MaTepHANOB YBEIU4YMBAETCA HA HECKONBKO JIECATKOB KyGOMETpOB fe-
i cMecH. Pacxol eca Ha W3rOTOBNEHUE ONATYOKM M MOAPEINTOBKH CO-
et 3-5 M.ky0. [1pH CTPOWTENHCTBE CONPsKEHHS B 3KCILTYaTHPYeMO# Top-
paGoTKe 3HAYMTENBHO BO3PacTaeT pacxoll B3psIBYATHIX Beulects (Ha 30-
CPEeACTB HHMUMUPOBAHKS (INEKTPOLETOHaTOPOB) - B 1,5-2 pasa. Bypo-
3HbIe pabOThl MPH 9TOM MOXKHO Pa3sfiellTh Ha /B3 JTana (obBIyHEIH Ccrio-
Tlepssiil (3aceyka) - Oypenue UUTpOB PYYHBIMU HIIM KOJOHKOBBIMA 37K~
namu  (nepdoparopamu), ymensimenHas (0,8-1,5M) anupa ILypos,
Sanie B HECKONLKO NpHeMos. Bropoii (mocneaysomye 3-5M BEIPaGOTKE) —
(He WNypoB OypHIBHBIME YCTAHOBKaMH, PYyYHBIMH HIH KOJNOHKOBBIMH
poceepiiamu (nepdoparopamu), HopmaTuBHas (1,6-2,5M) AnMHA WILYPOB,
e 3a oaun nipuem. [Ipu 3ToM BeCbMa 4acTo HaOJIOAarCTCs MOBPeKAE-
OCTOSHHOM Kpen# B3pbissbvMH paboramu. Habmofenus B IIAXTHBIX yCHO-
BHAX TIOKA3aIH, YTO PEMOHTA
WK YaCTHYHOW 3aMEeHbl Tpe-
6y10T 10 25% MeTaIHYECKUX
apOK IIOCTOSHHON KpemH, KO-
TOpOl 3aKpemiieH y3en co-
npskenus. C yderoM Heob-
XOIHMOCTH PEeMOHTHEIX pa-
foT 3aTpaTsl Tpyja Ha 3TOM
JTalle ToBBIIAKTCA B 2,0
pasa Mo CpaBHEHHIO ¢ NpoBe-
Puc. . Tumsl conpsbkeHuil rOpHBIX — AeHHEM BEIPABOTKH.
paboToK (IITPHXOBOH [TOKazaHa Kpemb OpHEM U3 HOBBIX CIIO-
TPSDKSHUH ). co00B CTpOUTENBCTBA COIPS-
JKEHHH  IIpeycMaTpuBaeTcs
€HHe TeXHHKO-3KOHOMHYECKHK TIOKa3zaTeNeH MOCpPEACTBOM PacIUHpEHHs
paboT B HmKHel yacTu 3a00s BRIPAOOTKH, a TAKOKE MpPEeAOTBPALICHHA

0

Hixymartos A.H. Autunos H.B., Annzaes I.T., Kopo6xo O.I".,
Cupaues M.IK. (ol TV, Hon I'AY, 110 Horeyxyzons, 2. Joueyx, Yipauna)

The new form of development face is proposed. Tow variants of arch support are
developed.

/7% yCNeHoro SKOHOMHYECKOTO M COLMANBHOTO PasBUTHA YKpaum
Heobxoaumo  GecmepeGoitHoe  DYHKIMOBMPOBAHME IENM  “YrONb-MeTa.
MaIIMHOCTpoeH#e" . Jlig 3TOro HeoGXOMMMO HE TONBKO MOINEPKUBATH AOCTHL-
HYTBI ypoBCHb JOGBIYM yIriisl, HO K IOBGNLATE €ro. BBUIONRATS 31H 327aun
MOXHO JHMLIb TP YCIOBHH HOCTOAHIONO BOCTIPOM3BOACTBA IAXTHOrO (OHMA |
PCKOHCTPYKUHH TOPHBIX NPEMNPHATHH ¥ HOBOrO HX CTpouTensctea. Ilpu
CTPOUTENBCTBE HOBBIX M PEKOHCTPYKIMH ASHCTBYIOIMX WIAXT EXETOHO CTPO-
uTcs Gonee 520 KM rOpPH3OHTATBHBIX M HAKIOHHLIX [OPHBIX BEIPAGOTOXK M CO-
opysxaercs okono 3000 conpsixennit. B cpemiem Ha 1kM ropssx BRIpaGoTOK
MPUXOINTCS 7CONpPsKEeHHIL.

CTpOHTeNbCTBO COMpsKeHUi BeCkMa COKHO M Tpyaoemko, [Tosromy
TCXHMKO-3KOHOMWIECKHE MOKa3aTelli He BCErfa OTBEYAIOT TPefoBaHHAM 1po-
U3BOACTBA. M3BECTHO, 4TO IaPaMETPBI TEXHOMOTHH H OPraHH3alliy IIPOBELEHUS
CONPAXEHNH 3aBUCAT OT YCTOHYMBOCTH NOPOJ, HOPMEL H PAa3MEPOB COMpATalo-
ILMXCA BBIPABOTOK M HaMpaBieHu! ABIKEHHS 3360 MO OTHOIIEHMIO K OCHOB-
HOH BBIPabOTKE COMpAKEHHH, a TAKKE OT IOCTOSHHOTO M3MEHEHMS IUIONIAIM
32005l ¥ COOTBETCTBEHHO OOBEKTOB BCEX PaGOT IPOXOLYEcKOro Ikia. Cylect-
BYIOIIHE TEXHOJIOTHYECKHE CXCMbl PasfeliKi COTPKEHUI He B 1ONHOM Mepe
YUYHUTBIBAIOT 3TH 0COGCHHOCTH. ;

Tox conpasicerues MPHUESTO MORMMATH YYACTOK TOPHON BEPAGOTKH B |
MECTe NPUMBIKAHHA APYToi BEIPaOOTKM, OTBETBACHUH OT OCHOBHOM BEIPABGOTKH
1 COCHHEHMS HECKOLKUX BbIpaBoTOK B OMHY.

Oxomno 80% conpsixeHyit COCTaBISIOT SBAOB, H306pakeH e Ha puc.l:
OTBETBICHUA NPAMOYIONibHBIE, MO KPHBOH H COSAMHEHHE ABYX BHLIDAGOTOK B
OAHY ITOA YTJIOM. [lpyrue THIIbI CONPSUKEHHUI BCTPEYAOTCS PENIKO.

CTpOHTENECTBO y30B CONPKCHHE CO CTOPOHBI NpPHMbIKArOImeit BBIpE-
GOTKH OCIOXKHAETCA TeM, UTO NPOXojYecKoe obopyIoBaHKe paboTaer B HeHIa-
TONPHATHBIX YCJIOBHAX: H3-3a OrPaHHYEHHOIO IPOCTPAHCTBA HMEET MecTo He-
OAHOKpaTHAK MePerpy3Ka 0PObl IOPONOIIOIPY30YHOH MALIKHOM ¢ ee pydHHIM
nonbopom. B yxe nposenennoli sripaGotke, YTo 0GLYHO BCTpedaetcs npu pe-
KOHCTPYKUHH ACHCTBYIOIMX LIAXT, JONOMHATEBHbBIE TPYAHOCTH BOZHUKAIOT B
NpoLIecce Pa3fiesiKi CONPSIKEHHHA B CBA3M CO BTOPUYHBIM HADYIIEHHEM HATIPH

KEHHO-AQOPMUPOBAHHOIO COCTOSHUA MaccHea. B unTepBane monaneti ceue-
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feopMalinK Kpeny M 3a1pat BpemeHu Ha ee pemouT [1]. Jlng atoro 226010 By
palboTKu NPHAAIT KPHBONHHEHHO-yoTYnHYI0 (GopMy. Hiokuss uacts 3afiog

OKOHTYpEHa I},PlJIHHﬂpH‘{CCKOﬁ MMOBEPXHOCTR) € OINpeIeneHHBIM pannyco:q,

npoaoabHad OCb KOTQpOﬁ pacojioxeHa Ha no4yse Bb1pa601‘m [apajineibiio 33.
6or0. Bepxisia 4acTh CONpsKaeTcs C IMNHHAPHYMECKOH MOBEPXHOCTBIO W B
flolHgercs B BUAE yeryna (pHc. 2).

Taxas Qopma 32603 1103BONIACT, TI0 CPABHEHHIO C TPAAULIMOHHON, TIPH 3a.
HoitHoM pacuTupuTe GpoHT pabor B npocTpaHcTBe ropioil eeipaborku. Cosma.
10Test Hostee GIaronpusTHLIC YCiI0BYs s OYPEHHs U 3apsuKaHud LITYPOB, MOg-
TajKa 3MEXTPOB3PBIBHON CETH, MOIPY3KHU NOPOIS K JPYIHX NPOLECccos NPOoXoj-
HECKOT0 ITHKIIA. HpH 3ITOM AJiHMHE LITYPOB, PACIIONOMEHHBIX ¥ KPOB/H M ITO4BL
'| m BBIpaGOTKK, OAHHaKOBad. ,]:U?P‘llia
il OCTAJILHBIX IIITyPOB B alpaBleHuy
G G @ © D\ CHU3Y BBEPX yMmeHburaercs. Bo Beex

8 O © 0| LypaX OPUMEHSIOTCS CILTOLIHER
@ B o © | KOIOUKOBHIE 3apsijibl.

Ilpu s3pbiBHbIX paboTax p
HEPBYIO 0YCPEIL BIPLIBAKOT 3APLlH
B IUMypaX, pAachoOJOXCHHLIX ¥
KPOBIM BLIpabOTKH, & IOTOM - Y
noyskl (BpyOOBRIE LIMyphl). 3aTeM
TIOOYEPEAHO B3PHIBAIOT IIITYPHI Ps-
JaM# B HalpaBJICHWK CHHU3Y BBEPX.
Tlpa B3pbIBEe 3apsiflOB B IIIypax
BEPXHEO paja oTOMBaeTca IOPOJa
yeTyna y XKpoBniu BelpaboTku B 005
eMe NPAMOYTOABHOH MPU3MBL. 3707
06beM, YUNTEIBaS KOIQDHIMEHT paspeIXIeHns, Jo/Kes OTh J0CTATOYeH A
ofpa3oBaHus Ha MOYBE 3aLIMTHOIC BaA, KOTOPHIH NPErpajuT NyTh K paziery
IOpOJIbL, 0TOMRaeMOil BpyOOBBIMH 1LITypaMu. TpaeKTopHs HoJeTa KYCKOB opo-
[bl, 0TOUBACMEIX [IOCHEAYIOUTMME B3pBIBAMH, HANpapleHa B CTOPOHY HOUBSH
BuipaboTky. Jedopmaims kpenu B 3T0M cIydac 6yner MPakTHYECKH TOJHOCTHIO
yCTpaHeHa.

Puc. 2. Cxema KpemneHHS CO-
OpPSKeHHA  KPHBONHHERHO-YCTYIHOH
$OpMBI aHKEPaMH.,

HeTpamuuuOHHON 1pH 3TOM crocobe MPOXONKH ABISETCH q;cnpma 3ab04.

Aptopamy [2] pa3paloTaHO HECKOJBKO BAPHAHTOB €I0 Kperiesus. [lepBbil
IpeAyCMaTpHBaeT KpeILieHHe BepxHe#l (yCTyNnHON) yacTH BRIABMIKHOM mpeno-
XpaHHTeNLHOW Kpenblo, NpeAcTaBusioiesi cobof AepeBAHHBIH HACTHI T
Hoit 40-50MM TIO KapKacy W3 MeTamimueckux Tpy6. Kapkac coctout m3 Tpyd
nuaMeTpoM 168MM, mojBeIIHBaeMbIX HA XOMYTaxX HE MeHee HeM K TpeM paHee
YCTAGHOBJIEHHBIM apKaMm IIOCTOAHHOH KpemH y KpoBiau Beipaborku. [lununppy
YECKYIO 9acTh KPEIAT aHKepaMH. BO3MOKHO NMPHMEHEHHE KaK MCTALIHYECKHX:
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HOMMMCPHBIX aHKepoB. VX yCTaHaBNMBAIOT MOPU3OHTANBHBIMU PANAMH
BHU3, YTOOB! MPOXOAYMKH MOCTOAHHO HAXOAUIUCEH TIOJ 3AILKTON BEPX-
: P;ma KpenH. THC/I0 aHKePOB B PAAY M YHCAO PANOB 3aBHCST OT KOHKPET-
OPHO-TEONOTHIECKMX W FOPHOTEXHHYECKUX YCIOBHI COOPYXEHHS CONps-

¥
.

AHKEpBl YCTaHaBIHBAIOTCSA TakuM oOpa3oMm, yToOBl OHM B janbHERINEM
Y COODY)KCHHH CONPSKEHHS He MeIlay GypeHuIo Iy pos.

BTopoii BapHaHT KpeIUleHHs PeNyCMaTpPUBAET MCIIONB30BaHHe BblIABHK-
PEJIOXPAHATENBHON KPETH U3 BYX PACIONOKEHHEIX ¥ GOKOB BEIPaGOTKH
guaveTpoM 168mm. Tpu HeOGXOAMMOCTH BO3MOKHA YCTAHOBKA eI OA-
Tpy0b! B NeHTpe BbIpaboTky. Tpy6sl HMEIOT GOPMY, TOBTOPSIONLYFO JIHHHIO
) (prC. 3), K [TOABELIMBAIOTAC HE MEHEE YEM K TPEM, DAHEE YCTAHOBICHHEIM
NOCTOSHHOM Xpenu. VX jiuHa nonbupaeTcss ¢ TaKkM pacderoM, uTo0sl
bIi KoHel TpyOs! Ha 1-1,2M He OXOIW 10 NOUBEI BHPaGOTKY.
Hmxauit KoHel TpyObl pacnipaeTcs B BEpPTHKANbHOM MIOCKOCTH JAepe-
Ho¥ CcTolikoi. Ha TpyOhl yxknaneiBaercs # pacKIMHUBAETCS 3 HANPARIEHHUH
BHH3 II0 Meépe OypeHHMs LITypOB NEpPeBSHHBIN HACTUI U3 IUIAXM TOMILM-
40-50mM. ITpu 3apsKeHHH LUMYPOB 3aTSKKY YOHPAIOT B 0OPATHOH MOCie-
CIBHOCTH . Y CTAHOBNEHHAs TakUM 06pa3oM BpeMeHHas NpeAoXpaHHTCb-
PENIb HE MPENATCTBYeT 0OpyiueHuio yeryna, IIpu Gypennu mImypoB U ux

¥
! "':-" A — . — — — — N
-
P " FJ
T
Pac. 3. Cxema KpemneHWs CONpKEHMA KPHBOJHHEHHO

ym'ynnon (OpMBL BpeMEHHOH METaJUTHIECKOH KPEbo.

SHHY PabOYHE 3ALMINEHE! OT BOIMOMXKHLIX BEIBATOB KYCKOB ITOPOJEL

_ PaspaGoTanHbll Crioco6, Kak albTepHATHBHLA BapHaHT, KCIIOIBE30BaH
PaBHEHUA NPH COCTABNICHHH NMPOEKTA NPOU3BOACTBA PaboT 1O CTPOHTENE-
CONpsIKeHHA MEXaHH3HPOBAHHOTO Xonxa VkioHa Ne3 c 3aesnom nHa 6-¢
eHepusie mTpekH mracrta K§ COAO maxter uM. A.D. 3acsapxo.

- PesynnTarsl 5KOHOMUHMECKOTO CpaBHeHWS NpejTaraeMBIX BApHAHTOB C
AMOMOHHO UCITOJIB3YEMBIMY Ha [UaXTe [PUBEIEHEI B Tabmme 1.
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Tabmuua | - Pe3ynsTaTs! cpaBHEHUS BAPHAHTOB

Croco6 3arpats! Ha 1M, rpi.
pasfenKu Tun BpemenHoi
CONPSKEHHUS Kperu 7
3apabotHasn BCEI0
MaTepHasisl
nata
Tpaspmonssi | CEVBIKHAIME- |59 g 1556 | 151555
TAIIHYECKAS
| DHABDABRIME: |, oy 10950 | 13119 |
Ilpemnaraemerit | Tayuimgeckas
Anxepuag 2442 11919 1436,1

Taxkum 06pasom, MeHee AOPOrOCTOSTIMM SBISCTCS BAPHAHT COTPSDKCHHS

KPHBONHHEHHO-YCTynHOH YOPMSI ¢ aHKepHOH Kpersio. IIpu 3TOM OXHEaeMsli
a@dexr cocrasnger 303,6 rpa/m.

Crncox smreparyper: 1. lllkymaros A.H., Iyms A.T., Maxmynos AT
- Cnocob ropmbix BepaGotok. A.c. 1528075/ Bron. W306p. 1989, Ne24. 2.
IIxymatos A.H. u ap. COBEpLISHCTBOBAHME TEXHONOTHH Pa3felKH COTIPSKe-
HHH TOHBIX BEIpaGoToK // C6. OpraHu3auMOHHO-TEXHHYECKHE NPOGIEME

37c.
HOBBIE METO/Ibl HAHECEHU S AHTU®PUKITHOHHBIX
TIOKPHITHMH HA PEXYIIUN AHCTPYMEHT
UImaros A.A. (BI'TIA, ®TH HAH B, 2. Munck, berapycs)

Two technologies have been developed for depositing anti-frictional coatings on

cutting tools: (1) thin-film coatings produced by processing of tools in an.

aqueous suspension of refractory compounds at 90-100 °C and subsequent
tempering at 150-200 °C. This results in the formation of a 4 o thick coating,
which provides an increase of service life of high-speed and hard alloy cutting
tools by the factor of 2-4; (2) thermochemical treatment of steels and hard
alloys to produce  multicomponent carbide coatings. The processing

temperature is 1000 °C and duration is 4 h. The thus produced 3-7 pm thick

carbide coatings with a microhardness of 32,000 MPa and more permit
increasing the service life of hard alloy cuiting tools by the factor of 3 to 6. Thé
processes are simple, efficient, easy to implement and ecologically safe.
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gejleHe

B HacToALEH paGoTe Hay4YHBIE HCCTEIOBAHMS MPOBOJHNH 110 ABYM Haubo-
] epCHBK'l‘HBHbIM HanpaBlieHUsAM B 001acTH HaHECeHU aIiTH(I]pHI{LlHOHHLIX
pBITHH Ha POXKYLIHHE HHCTPYMEHT:

(1) B manpasieHnn pa3padOTK¥ TEXHOJNOI'MH HM3KOTEMIIEpaTypHOTO Iinie-
HOIO YNPOYHEHHs 1yTeM 00paboTKH HHCTPYMEHTA B BOIHBIX PACTBOpaX H
EH3MIX.

(2) B HampabneHMH pa3paboTKu MHOTOKOMIIOHEHTHBIX H3HOCOCTOMKHX IT0-

0co0B! 1 rpyNmbl OCYMECTBIAIOTCS MPH TEMITEPaTypax HIKE TeMIIepaTy-
CUITEHUS BOJHOTO pactsopa ¥ oTrycka (1o 150-200 'C) , mosroMmy 103807s-
/IPOYHATE HHCTPYMEHT U3 PasIMYHBIX MapoK CTaliel ¥ CrnaBoB 0e3 moTepH
OYHOCTHBIX XapakTepHCTHK. 3Tk MpOLECCH Nokapo0e30nacHLl, JKOoNo-
L. TEXHONIOrMYHB! i BLICOKONPOH3BOJHTENBHEL,
Crioco6s! 2 rpymiisl MPEJCTABAAOT HanGOIBIIMH HHYCpEC B CiIydae TOMy-
MHOTOKOMITOHEHTHbBIX KapOMOHBIX NOKPLITHH Ha TBEP/IOCHNTABHOM HHCT-
eHTE METOIOM XMMHKO-TepMuyeckoit obpaborku (XTO), mockonsKy TBep-
U148 He pa3yNpOYHASTCs 1Py TeMmileparypax npotecca. C apyroit cropo-
XOTfi XOPOIIO W3BECTHO, 4YTO JICIMPOBAHHEIC KapOHIABI 3HATMTENBHO IIpe-
40T MO CBOMCTBaM OJIHOKOMIIOHEHTHbIC KapOHIBI, MHOTOKOMITOHCHTHEIC
HITHBIE TTOKPLITHA Mato usydens! [1]. iMerores pazpo3Hednsie JaHHBIE IO
HHBIM KapOUIHLIM KOMIIO3HUMAM ¥ HE HPOBEJAEHO HMKAKHX HCCIeA0BaHHi
OMHBIM KapOHIHBIM TTOKPEITHSIM.
B cBA3M ¢ 3THM B pabore MOCTaBIeHH! CeAYIOUe 3a4a4H:
1). Tonck u pazpaboTka MPOCTOro HU3KOTEMIIEPATYPHOro Npolecca momy-
IIIEHOYHBIX MOKPEITHH Ha pexylueM HHCTPYMEHTe K3 OBICTPOpeXYIIHX
€} ¥ TBEPHBIX CIUTABOB.
(2). TIpoBeeHMe CPaBHUTEIBHOrO aHaNW3a CTPYKTYPHl M CBOHCTB OMNHO-,
yX- H TPEXKOMIIOHEHTHBIX KAPOUIHEIX TIOKPHITHH HA TBEPIBIX CIUIABAX, Oli-
13211 COCTaBa MOKPLITHH, W pazpaboTKa HeAopOroH 3Q(MeKTHBHOR TexXHno-
HAHECEHHs M3HOCOCTOMKMX TOKPBITHH Ha PeXYIIWil TBepAOCIUIABHBIH
CTPYMEHT.
Metoauka
- (1) HuskoTemnepaTypHble IUTEHOYHBIE MOKPHITHA MOJNYHaNd MyTem obpa-
M ObicTpopexymux cranei POMS (6% W, 5% Mo), P18 (18% W), u Tsep-
X crinasos T15 K6 (79% WC, 15% TiC, 6% Co), BKS (92% WC, 8% Co), 5
AHOM cycnieH3uH Ha 6ase TYrOIUIaBKUX COSAMHEHNH npy Temneparype 90-100
TOC/eNYIOWEro OTnycka npu Temieparype 150-200 °C . J[ng moAroToBkH
€PXHOCTH Tepell 00paboTKoi 0Opasmbl NPeABAPHUTENLHO 0OE3KHPUBATK H
eprany JexanuposaHuio B 5-10% pacTBOpe CONSHOM KMCIOTH B TCUSHUC

7
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0,1110}“/1_ muHyThI. [Tocie Kaxaoh onepauuu noarotosku ¥ 00padoTKH TOBEPXHo.
CTH 0Dpa3Lbl MPOMBIBAJIH B BOE.

_ (2) MHorokomnoHerTHbIe KapOuansie nokpeiTua B cuctemax Cr-Ti-V, Cr.
Ti-Mo, Cr-V-Mo, Cr-V-Nb u Ti-V-Mo nanocunu Ha tsepaple ciasst T15K6 y
BK8 metonom XTO. O6pasust u3 TBCpABIX CIIABOB OMEIUANY B KOHTCHHED 1y
KaPOYTIOPHOH CTal| M 3achiany NOpOLIKOBOH HACHIILAKOLIER CMECHIO , 3aTey
KOHTEHHep repMeTH3UPOBAIM U 3arpy.anu B 3NEKTPOIIedb, HAPETYIO IO Tem.
niepatypst 1000-1050 °C  ua 4-6 u. TTopoluKoBEe HaCHILIAIOLIHE CMECH CHHTe.
34pOBaili IyTeM BOCCTAHOBNEHWS OKCHIOB MetauioB Me,Oy amomuiuem m
Cmecu crenyrouwero cocrasa (Mac.%): 98% (50% AlLO; + 35% Me, O, + 15%
Al) + 2% NH,CI, rae oxcumer Me,Oy = Cr, 03, TiO,, V205, MoO;, Nb,Os sz
10TCA NOCTABIIMKaMH KapOu1000pa3ylonux 3neMenToB. [1s ONTHMH3ALKH Co-

CTaBa NOPOMIKOBOM CMECH HMCIONb30BANM MATEMATHYECKHH METOA CHMIUICKC- ||

nnanupopanus [2). Tlo pesyapraTam uccnenoBaHuii CBOKCTB MOKPLITHE TPOH3-
BOUMAM pacueT MaTeMatHYeCKUX Mofenell H CTPOMIH JHArpaMMbl
¢eolferBo™.

Hns W3ydenus CTpykTypsl ¥ ()a30BOTO COCTAaBa NOKPBITHE IIPHMEHAH
MHKDOCTPYKTYPHBIH, DEHTTEHOCTPYKTYPHBIH M MMKPOPEHTIEHOCHEKTPATBHEI
aHaNM3bl, 3aMePsUIH X MHKPOTBEPAOCTh. McnbiTanus Ha H3HOCOCTORKOCTS 110-
KPBITUH HA TBEPAOCIJIABHOM HHCTPYMEHTE NPOBOAMIM yTeM TOYEHHS Hemnepe-
TauuBaeMbIMK MractuHamu u3 T15K6 u BK8 cranu 40X u uyryna CH18, coor-
BETCTBEHHO, DU CNEAYIOUIMX PexXHMax pesanus: ckopocth 100 m/mus, nojava
0,2 MM/06, rmy6usa 1-5 mM. FCnemanus Ha M3HOCOCTOMKOCTH MOKPBITUH Ha
GpicTpopexymux cranax P6MS, P18 npoBoimm myTeM CBEpieHHs CTabHOM
HUTEL cBeproM AuameTpoM (D) 4 MM Ha rayouny 1,5D. Ilokasarens OTHOCH-
TENLHOM M3HOCOCTOXKOCTH TMOKPBITHE OTpefensii o dopmyie K, = b/f;, rie
{1. BpeMst paboThl UHCTpYMeHTa Ge3 MOKPBITHS, MHH, fy. BpeMs paboThl HHCTPY-
MEHTa C TOKPBITHEM, MUH.

PesynbraTsl

(1) Ilpu paspaboTke HU3KOTEMIIEPATYPHEIX TUICHOYHBIX MOKPLITHIA H3yYeH0
BIIMAHME COCTaBa paboyeii BAHHBI H TEXHOJOTHYECKHX [1apaMeTPOB Mpoiecca
pexymue CBOHCTBa HHCTpyMeHTa, 00paboTaHHOTO B BOJAHEIX pacTBopax (Cyc-
nensusx). OTMedeHo, YTO HAWTYYILKE pe3yNLTaTH TIOMyYeHbl IPH HCIONB30B3”
HHHM BOLHOH CYCMeH3MHM, COJNepkallell Kak MeTaUicolepikaiue Ha aze Tyro-
T/IaBKHX COeJIMHEeHUH, TAK M HC MeTajulcojepKatlie KOMIOHeHTRI Ha base 00
BEPXHOCTHO-aKTHBHBIX BEIIECTB. Y CTAHORIEHO, YTO H3HOCOCTOMKOCTH MHCTPY”
MEHTa 3aBHCHT OT TeMIEepPaTyphl, KUCIOTHOCTH BOAHOIO pacTBOpa (cycnensun);

BPEMEHHU MNpoBefeHus npolecca. Haubonce npueMIeMbIMA apaMeTpamMu 1po” |

L]
liccca apnsroTes: Temneparypa 90-100 C, spems 30-90 MuH, KMCIOTHOCTS P
4,5-6,5, a ONTHMaNLHOE COOTHOWIEHHE KOMIOHEHTOB (MeTauiconepxkamero 80-
200 r/n, Hemeramiconepxkamero 5-20 /i) MO3BONACT AOCTHYH TOCTOSHHOTC
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“cocTas-

e

g KMCJIOTHOCTH pacTBOpa B TEHYCHHE JNUTEeNLHOre HHKNa. HBy‘iﬁliO BoMA-
epmmccxou 00paboTKK HHCTPYMEHTA C HAHECEHHBIM [UISHO4YHbIM MOKPbI-
' Ha €ero H3IHOCOCTOMKOCTD. Hoxasaﬂo HTO NpoBelcHNE TGPHHHECKOH BBI-
«u B Tedenne 1-1,5 4 npu temmepatype 150-200 °C nosBossieT nOBBICKTH
OCOCTOHKOCTH MHCTPYMCHTA, CTabHiM3upOBaTh [POUECC ¥ MOHH3HTH MNpo-
‘Gpaxa. Ha ocHOBaHUM MCCIEIOBAHKI TOHKOTO CTPOCHHS ILICHOYHBIX 110-
CIIENIaHO TIPETIONOKEH e , YTO NepBOHavasbHas 06paboTka MHCTDY-
BOAHOM CycreH3meil U3 HeMeTANnCoAepKalllero KOMNOHEHTa Ha OCHOBE
, S, O ¥ MeTaICoepXallero KOMIOHEHTa Ha OCHOBE Ti, Cr, W, V, Mo,
[103BONAET CO3JATh HA MOBEPXHOCTH OBICTPOPEXYUIMX CTANeH M TBEPIBIX
ABOB KOMILIEKCHI IOBEPXHOCTHO aKTHBHBIX BEIUECTB C COCHHHEHHAMM ME-
JIOB, @ MOCTEMYFOIIas TePMHYECKas BbIACPKKA pasjiaraeT 9TH KOMIIEKCH 110
oBaHHsA TBepHOH (asel: cynbOHOOB, OKCHAOB, HHTPHAOB ¥ HX COeIMIe-
Co3jaiue Ha MOBEPXHOCTH [UICHKH TOJIMHON 4 MKM BbILICHA3BAHHOIO
TaBa TIOJIOKATENBHO CKA3BIBACTCS HA TIOBBIICHAM PEXYIUX CBOMCTB HHCT-
wenTa. Harnpumep, SKCIULyaTalHOHHas CTORKOCTE YIPOUHEHHBIX METUHKOB,
piI, [IallieK, 3€HKEPOB, Pa3BepToK, A0n0AK0B U3 GRICTPOPEKYUHX cranei
ypacTacT B 2-4 pasa, a M3HOCOCTOMKOCTH YNPOYHEHHBIX TBEPAOCILIABHBIX
THH NPH TOKapHOH oOpaboTke yBennunsaeTcs B 2-3 pasa, a npn (pesep-
06paboTke - B 2,5 pa3a, O CPABHEHHMIO C HEYIIPOYHEHHBIMH. Ipeanaraemas
(HOTOrHs [IpOCTa, Ioxkapobe3omacHa, BRCOKOIPOU3BOAUTENIBHA H 3KOJIOTHY-

- (2) XTO TBepoCIIaBHOrO HHCTPYMEHTA B MOPOLIKOBBIX CPejax Ha OCHOBE
em Cr-Ti-V, Cr-Ti-Mo, Cr-V-Mo, Cr-V-Nb, Ti-V-Mo npusozut x o6paso-
i MHOTOKOMIOHEHTHBIX KapOHAHBIX MOKPHITHH TOMUMHOA 4-7 MKM, CO-
KaIIMX COKHOJETHPOBaHble KapOuibl ¢ HEPaBHOBECHBIM (Pa30BEIM COCTa-
CpasHHTENbHBIE NaHHbIE H3HOCOCTOMKOCTH, MHKPOTBEPAOCTH H TOJILIHHEI
HO- JIBYX- ¥ TPeXKOMIIOHEHTHBIX KapOMIHBIX MOKPHITHA Ha TBEPABIX CIUIa-
T15K6 u BK8 npencrasnens! 8 Tabuuue 1. Y3 Tabn. 1 ouesuHo, UTO TpeX-
ATIOHeHTHBIC KapOWIHbIe NOKPHITHA IIPEBOCXOMAT TIO CBOHCTBAM OJHO- U
KOMIIOHEHTHEIE OKpuITHs. [locnenee o6ycnosaeHo 1) rpeobnajgatHueM B
0e Kapbu 0B ¢ TOBEIIEHHOH TBeprocThio (kapbunos TiC, VC), 2) Hamrmenm
{HO pacTBOPMMOCTH KapOHMoB (5-15%), # 3) TeKCTYpOBaHOCTIO KapOH-
B (10 30% OT TEOPETHYECKOH).

_Taﬁmma 1 - OTHOCHTENbHAS W3HOCOCTOMKOCTE K, TOJIIAHA & H MHKPO-
eprocts H, kapOuaubix NOKPHITHY Ha TBEp/ALIX CIIaBax.

BHA n0XpEITHI K Hy, 10° Mlla &, MxM
TI5SK6 |BK8 T15K6 BK8 TI5K6 | BK8
AHOKOMNOHeHTHEIE | 1-2.8 1-2.4 11.0-17.0 | 10.0-17.0 | 7-10 7-12
ByxkommoHenTHble | 2.4-3.1 | 2-3 17.4-23.0 | 16.1-22.0 |4-8 6-9 |
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Iponomxenye Tabnuug |

@mwogeumm l[4.4—6.6 ]3.4-4_1 ]31‘0-33.0 27.0-32.0 ]4 ]5-7 T

B paboTte MpOBEACHA ONTHMH3ALKMA COCTABOB HACHIUIAIOLIMX cMeced Mo s
HococTofKocTH TBEpARX ciiaBoB T15K6, BKS B ykazaHHEIXTPEXKOMIIOHCHT-
HBIX cHcTemax. BpIOpaHBI CIE/yIONUe ONTHMANbHBIE COCTABH CMeCed B CHeTe.

Max:

§s a result the highest efficiency and perspectiveness of screw groove pump us-
gge as heaters are estimated. Usage of high-lift pumps with nozzles of a coil
e, fuel-injection jets and throttles has proved less efficient; it causes addi-
ional power and time consumption and has a number of other shortcomings.

. Ycrpoiiersa pasorpesa (momorpesa) BH3KUX HETENPOYKTOB W Apyrux
BEUECTB JUlSl CHUDKEHHs MX BASKOCTH U YBENMUEHUS TEKYYEeCTH B CHCTEMAX 1
KOCTAX IIPH 3arpy3KaXx, NepeBO3KaXx, [I0ATOTOBKE TOILINBA U CMa3KH, 3anpas-
3anycke, nepepaboTke, nepexkauxe, pasiuse u BBITPY3KE IIIUPOKO TIPUMEHS-
ICs BO MHOIHX OTPACIIX [POMBIILITEHHOCTH,

IIpuMensieMbie s HArpeBa HCTOYHHKH TEILIOBO DHEPIHY H yCTpoitcrsa
BMa pasHoo6pasHel. Cpesi YCTPORCTB ¢ HECKOMLKAMY MOCHEOBATENLHBIMHY
00Pa3OBAHUAMHU IHEPIUH 0CO00E MECTO 3aHMMAIOT BBICOKOHAIIOPHEBIE HACO-
C Pa3IMYHBIMU KOHIEBBIMHY HACAIKAMY,

. C ueneio onpenenenns 3¢hdEKTUBHOCTH HCMONb30BARNS BUHTOKaHaBOY-
Hacoca-Harpesatens [1] B ycrpolictsax pasorpesa Basxoit KHIAKOCTH TPO-
CHO JKCIEPUMEHTANLHOE WCCICIOBAHHE H COMOCTABJICHHE Ero TEIIOTBOp-
C BHICOKOHAIIOPHBIM INECTEPEHHBIM HACOCOM C HACAZKAMK B BHIES opeb-
HOro 3MeesrKa [2,3], ¢ xuwiepom [4], ¢ BeHTHIeM B KavecTse Apoccens
PIHOHHOrO conpoTusieHns [5] u HenocpencTsenHo HaNpPAMYI0 CaMUM, Kak
OBEIM, Oe3 Hacanok. [IpuBeneHHEbIE HCTOYHHKY TEIIOBOMH 3Hepruu [2,3,4,5]
4KTCPU3YIOTCS B JTUTEpaType, Kak 3 ¢deKTHBHEE 6e3 yKazanus KOHKPETHBIX
AUCCTBEHHLIX [TOKA3aTeNe i,

OKCIIEPUMEHTANBHAS YCTAHOBKA COCTOSNIA H3 TEIUIOH30NUPOBaHHOH eM-
» BAHTOK2HABOYHOTO 4 BEICOKOHATIOPHOTO LIECTEPEHHOIO HACOCORB ¢ npu-
OM OT 3NeKTPOJBUIraTeld, COCAUHUTENBHBIX TPYBONPOBOOB, KOHTECREX Ha-

Cr-Ti-V:  25% Cry,0;5 + 50% TiO5 + 25% V,0s
Cr-Ti-Mo:  25% Cr,0; + 50% TiO, + 25% MoO;
Ti-V-Mo:  25% V,05 + 50% TiO, + 25% MoO;
Cr-V-Nb:  25% Cry0; + 50% V,0s + 25% Nb,Os
Cr-V-Mo:  25% Cr)03 + 50% V305 + 25% MoO;

Dty onTHMATbHBIE COCTABB! HACKIAIOUIMX cMeceil ofecreuupator nOBblIHEHHf
M3HOCOCTOMKOCTH HENEPETAYHBAEMBIX TBEPAOCILIABHBIX TUIACTHH TIPH TOKapHOH
obpaGotke B 4-6 pa3s, a TBEPHOCILIABHBIX (pe3 npu pe3aHuy 3aKaleHHBIX CTalel
(HRC 60) B 3-20 pa3s 110 CPaBHEHHIO ¢ HeynpoYHeHHbIMU. [IpefToxKedHas Tex-
HOMOrKg MPOCTa ¥ HeIopora.

Bripoabi ;
PaspaGoTanHbie CIOCOOB HAHCCCHHS aHTH(PHKUMOHHBIX NOKPHITHA B BUJe
HU3KOTEMIIEPATYPHBIX TUICHOUHEIX ¥ MHOTOKOMIOHEHTHBIX KapGHmluvaa pe-
KylieM MHCTPYMEHTE CYIIECTBEHHO YBENMHYMBAOT €r0 HM3HOCOCTOMKOCT.
Tpeanoxersl NpocTsie 3GOEKTHBHbIE, BEICOKONPOH3BOAMTENLHbIE H JELUEBE
Criocofpl, KOTOPBIC AT BOIMOKHOCTE 3aMEHHTH CYUIECTBYIOUIHE TEXHOIOTHHA
YNpO4HEHHs PEXYLIETO HHCIPYMEHTa U3 TBEPABIX CIUIABOB H OBICTPOPEXYIO-

X cTaneH.

Crncox amrepatypsi: 1. JInpumu BT, Kpanomms B.C., JTunerxi |
S.J1. QuspdecKkue CBOHCTBA METANIOB W CIUIaBoB. - M.: Metaryprus, 1980 |
320c. 2. Hoeuk ®.C. MaTemaTiyecKie MeTOB! I1aHMPOBAHHS IKCIIEPHMEHTOB
B MeTanoseaensy. - M.: MuCuC, 1971.-304c,

Tennonsonuposansas emkocTs uMena obsenm 3,4 v i II0Ia b NoBepX-
15,22 M2 Pacyernsie monHsie TenoBble TOTEPH eMKOCTH COCTaBIAIH -
Kkan/s (1419 Br). TemnonoTepu eMKOCTH BOCCO3IAaBaTACh U NOAEPKHI-
Cb C NOMOWIBIO NPOTOYHOH BOASHOM pyGallku oMsiBatomell gHUINE H 60-
BIE CTOPOHLI EMKOCTH.
TpremHsiit 1 BO3BpaTHLIH TpyGonpoBoas! PAcTioIOXeHsl ¢ NPOTHBOIO-
HPIX CTOPOH €MKOCTH CHU3Y, YTO 0G€CHeyuBaio HEKOTOpOe MepeMellHBa-
Macna B Gake, CHuKarOllee BEITaeHHE OCANKOB | TIPOTPeBaHue Y IaleHHbIX
- g NPHCOCNMHEHHBIX HACAZ0K BO3BPATHbIN (nanopusiif) TpyGonposos
Hape3HoH KOHeIl,
Oteox ot Bo3BpatHoro TpyGonposoza CIYXHIT IS TIPHCOEHHEHHUS [Ipe-
AHHUTE/IBHOIO KIIaNaHa HMEBIIEro CBO BBOI B eMKOCTS.

B xauectse paGouelf XUAKOCTH MPUMEHSNOCH MACIIO aBualuonHoe MK-
%210 ['OCTy 1013-49.

SKCHEPUMEHTAJIBHOE HCCIEAOBAHHUE D®®EKTUBHOCTH
NPEMEHEHUS HACOCOB B KAYECTBE HCTOYHHKOB
TEILIOBOU DHEPTHH B YCTPOUCTBAX PA3OI'PEBA BSI3KHX
KHATKOCTEH

leaponoces AB. (X® YITMTY, 2. Xepcon, Yipauna)
Experimental research and comparison of heating capacity of a screw groov

viscous friction pump and a high-lift pump with nozzles of a finned coil type, 8
fuel-injection jet, a throttle and the pump properly as a heat one are made.
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MenbIToisaeMbii BUHTOKAHABOUHLIH HACOC ¢ HArHETAIOWMMHI ¥ 00paTHs.
MU KaiaBKaMM pacrofarancs Ha ypoBHe TpyOOIpOBOJOB, 3aMONHAICT MAacnoy,
B CHIY BS3KOTO TPCHHS B CNIOC MACIA HArpesall €ro W BO3BpaLlall HaIPeTbiM g
Hak ¢ MaJiol rojlagell MpH ManoM Harnope.

ConocTaBaseMbiil BBICOKOHATIOPHBIH HIECTEPeHHBIH HACOC CTABUJICH Ha
pamMy BMECTO BHHTOKaHABOYHOTO U COEAUHSICS C TPyOOIPOBOLAaMH, & Ha BHYT-
peHHui Hape3HOH KOHEL BO3BPATHOIO narpybka yCTaHABIUBAIHCH Pa3NUYHkie
YIIOMSHYTHIE HacaziKy [peobpasyionine SHePrIo I0TOKa Maclia B TeIuo.

XapakTepuCTHKHA HACOCOB K HAcafoX MCIIONB3OBAHHEIX B KayeCTBE HC-
TOYHHKOB TEIUIOBOH SHEpryH CIenyIolIye:

1. BunTtoKaHaBOuHBIH HAacoC - HArPeBaTeNnb
-nogaua V= 0,207 Msf"qac,

- nanop P= 0,26 Kkr/em,

- nmwamerp BuHTa D =99,826- 1073 4,

BeHTHAb B KAUECTBE apoccens
- amamerp npoxona d,, =20- 107w,

- KOHYCHOCTBH MIpoOKH & = 90,

- HacTpo¥ka notepu Hanopa AP =9,81- 10°H / m%.

[puBECHHEIC XAPAKTEPUCTHKH HACOCOB H HACAZIOK GLITH pacCcudTaHbl
113 ycioBHi TIOOrpeBa Macnia a0 40° C. JlomycTumas TeMmeparypa Ha-
acna —55° C. '

e3yBTATLL SKCIIEPUMEHTAILHOTO UCCSIOBAHMS 1 COMOCTABIICHUS TCII-
OCTH BHITOKaHABOUHOTO HACOca B KayecTBe HarpeBaTens M HarHeTare-
[COKOHAMOPHOr0 HACOCA ¢ HACAIKAMM MPEICTaRNCHB] B TabUIIe 1.

abmuna | - Pe3synsTaTsl SKCIIEpHMEHTAIBHOTO HCCHeI0BAHHA BHHTOK-
Or0 HacOCA-HATPEBATENs U BBICOKOHANOPHOTO C Pa3iuHbIMA HaCaKaMu
nmenosanne Hacoca | Temmepa | KL

= . -3
- panuaibHbili 3asop & = 0,087-107x, . | Hacajxa -TypHBIii | Harpesa 3ameyaHus
- nivHa BuHTa L =46,73-1 0™ Harop
- yron MofbeMa KaHaBok 8, = 49°, O, =2 1,0°, AT e

KaHABOUHBIH Ha- 3aBMCHMOCTL OT BA3KOCTHO-
eBaTeib 1o A, 15 0,95 | TeMmepaTypHLIX ¥ JpPYTHX
71141 M. k1.4 F 16 XapaKTepUCTHK JKUIKOCTH

4

- pasmep kanapox (bx 4),, =8-107 x8-107, (bxh),q, =57-107 x5,7-107,
- OTHOCHTEJIbHAS IIMPHUHA KAHABOK £, = 0.3 Eotp. = 0,05,
- otpebnsemas Momuocte N =1421 Br.

2. BBICOKOHANOPHEIH i 3
. noz[aq;) y= OL;IZeﬁzZTm i ICOKOHAIIOPHBIH Ha- KoHBEKTHBHEIH TernooOMeH
- namop P= 160 clcii d ¢ OpeOpeHHbIM 3Mee- 3AMKHYT Ha BEpXHEM Paly
: 110 A.c. Ne164511 3MecBHKa. TPYAHOCTH MOH-

- mnotpebnseMaa MomHocTs N =2600BT.

3. Drexrponprsox o TY 26-02-880-83 4 F 16 Ne39/04, ) 0,57 | Taxa. Heporpes. TpeGyercs

590774 M. xn.4 F yBeMYeHHe MOIUIHOCTH Ha-

- MOWHOCTE 37eKkTponsurateng N = 3000 Br,
- yacrota BpameHns 1 = 2900 06/MHH. coca, kaKk TeruoBoro B 1,62
4. OpeOpenHbIiA 3MEEBHK PR
- Gacr. d =17x2»
- ;gma?:wséuxzm’ bICOKOHAMOPHRIA  Ha- Ileperper B paloHe KAKIC-
b (F C KHKJIEpPOM 110 A.C. pa. Henorpes emxoctd. 3a-
- Buaverppebep D, =29-107y, (Me149649 M. xn.4 F16 3,1 0,50 | umaxoseBanue. Tpebyercs

YBEMHUYEHHE MONIHOCTH Ha-

- KOJIMYECTBO PSJIOB DO BBICOTE eMKOCTH 3,5 1T,
coca Kak TeIIoBOro B 2 pasa.

- THApABIHYECKOE CONpPOTHUBIEHHE AP =9.81- 105 H /2.
5. Xuxnaep

- nuameTp d,. = 1:107 M,
- jnuHa [, =49-107 u,

HenorpeB emxocTH. Ilepe-
BICOKOHAMOPHLIA Ha- rpeB KpaHa. 3allJakoBbIBa-
C BEHTHJIEM B Kadye- 2,5 0,40 | nue. TpeGyercsa yBenHyeHHE
e npoccesis [5] MOLUHOCTH Hacoca, KaK Ter-
nosoro B 2.5 pasa

- TuApaBIHYecKOe conpoTHBienue AP =9,81- 10°H / 3.
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[Tponomxenue Tabmauiyy |
0,28 1' Henorpes emxoctd., st so.]

CIIONHEHHS Tenna Tpebyercy

HeriocpeICTBEHHOE NPHMEHEHHE BBICOKOHAIIOPHOTO HAacoca B KauecTne
ro 63 JOMONHUTEABHBIX HACa/loK — npeobpa3oBaHueM KHHETHYECKOH
JBHXYLIErocs BELISCTBA B TEIIO — xpaiine Hea(HCKTHBHO U3-3a BO3-

| 5.BeicokoHanopustit Ha- | 1,7
| coc B Ka4ecTBe TEILIOBO-

| ro Gez wacaaxu [S] | yBeIIMUEHHE MOIIHOCTH .|

1 ! . O CTH B as a [paxkTuydec -
i | coca, kak Temosoro B 3| fRT MomHo 3,0 pesd s TjpaX Kit OeCTIONeSHYIO UMPKY
E ll pasa 2 Maciia ¥ HEIOCTaTOYHBIH TeMIepaTypHEIH Harop.

] !

Taxim 06pa3oM, pe3yJbTarhl SKCTIEPUMEHTANBHOIO HCCISNOBaHMA -
RHOCTH TETI000Pa30BaNKS BUHTOKAHABOYHBIM M BBICOKOHATIODHBIM Ha-
i C PA3THYHBIMH HACANKAMH IOKa3ali 3HAYHTENBHYIO OKOHOMHUECKYIO
BHOCTB ¥ NEPCTIEKTUBHOCTD HCTIONb30BaHUS BUHTOKAHABOYHOr0 Hacoca
jicTBax OGec(akembHOrO HAarpeBa BS3KHX BEIUECTB M NMPOBEHEHHUS Nallb-
JX Hay<dHO-HCCIEN0BATeNbCKIX Pa3paboToK [0 NPHMEHEHHIO €ro B CHc-
c ropsTUeCTpYHHOTO MPKYIALHOHHOTO NOJOTPeBa BA3KAX KHKOCTEH.

ComnocTaB/IeHHe Pe3yI5TaToB TSIUIOBBIX XAPaKTCPUCTHK K 3aTpat Mo
HOCTH HACOCOB M HACAJOK TIpUBEJeHHbIe B TAOIHLC, TIOKa3anH Haubonee Beico.
Ky10 3QEKTHBHOCTh W NCPCICKTHBHOCTS [IpUMEHEHUS BAHTOKAHABOYHOTO Ha.
coca B TpocTeifilieM yCTpOHCTBE GecakeLHOTO Harpena BASKOH JKHIAKOCTY,
Buarosaps BEICOKOMY Koo uIueHTy Harpesa (0,95) npoxaynBaeMoe HaCOCoy.
MAaClio HAarpesaeTcs 3a OJIMH NpOxON Ha 15° C ¥ ¢ MansIM HaoOpOM NPH Mo
Mojaue BO3BPAIAETCH B EMKOCTD, nepejaeT Terllo BCeMy TIPOAYKTY, Mepene.
(IHBAET €ro, CHEKAs TEMMEparypy 3acTeiBaHusd H IIPOIIECC BBINANCHHA OcCan.
kxoB. Hacoc-Harpesatenb otpebiieT HauMEHBLILYHO MOLIFHOCTE B 1,421 BT, ye
TpedyeT KOHTYpa pasorpesa, MHpKyIAUHOHHOTO HACOCA U HC 3aTPOMONKI2ET M-
KOCTb.

Harpes BHICOKOHAMOPHEIM HACOCOM © OpEeOpEHHbIM 3MCCBMKOM 3Ha%H-
TEIRHO yeTynaeT no 3GHeKTHBHOCTH BHHTOKAHABOYHOMY HACOCY H UMEeT paj
CYIIECTBEHHBIX HEJOCTaTKOB. SIBIich kpaiiie# IIPOTHBOTIONOXHOCTHIO yCT-
pOMCTB C HAacaAKOH B BHIE ApOCCE/s HIH JKUKIIEPa, OPeOPEHHBIN 3MEEBUK He-.
3 eKTHBHO 3arpOMOKIACT EMKOCTb, MPHBOAKT K IIEPETPERY HIDKHHX PANOE B
CHITy 3aMBIKAHMS KOHBEKTHBHOIO TeriooOMeHa Hd BEpXHEM DSOy 3MeeBHKa.
Bo3MosKHa TopYa IPOAYKTA K 3allIaKOBbIBAHUC. KOHCTPYKTHBHO HEBO3ZMOMKHO
pa3MECTHTh 3MEEBHK C AOCTATOHHOH [HOBepXHOCTHIO TEIIOOTAAYH TIPH HeGollb-
1IOM TeMIIepaTyPHOM Harope B OIMH psifl IO BBICOTE. Tpa Gonsumx Temiono-
TepsAX ¥ OONBIIMX eMKOCTAX TeM ponee HENb3A KOHCTPYKTHEHO Pa3sMeECTHTE.
3MeeBHK B €MKOCTH H CO31aTh Heobxoaumsle MHAPABIMECCKoe COTIPOTUBJICHHE
W TUTowank Terutooraauy. [IpuMeHenye HAKOHCTHUKOB Ha BBIXOZLC 3MECBHK
cO3/1aeT HEKOTOPYIO IPHHYRHTEIBHYIO HUPKyASLHMIO, OJIHAKO ee CKOpOCTh Ml
1Ba TIOPSIZIKA HIDKE YEeM eCTECTBEHHOro tensioodMeHa. JIJig BOCTIONHEHMS HeoC:
TATKA TEITa HACOCOM, KaK TeILIOBEIM TpeOyeTCs MOBBILIEHHUE 3aTpat MOIHOCTH
B 1,62 pa3a, KpOME TOrO 3HaYUTENLHO yBeTMIMBACTCA BPEMSA Harpesa.

YerpoticTea Harpesa ¢ XHKIEPOM H APOCCENeM, XOTS KOHCTPYKTHBHO oo
Jiee NpYeMIIEMBl ¥3-33 HE 3arpOMOKIACHHA eMKocTH ¥ ygobcrea MoHTaxa, HO
MMEIOT CephesHble IIPO0IeMBl ¢ OTBOOM TerLIE, TeperpeBoM Maciia M 3auuid
KOBLIBAHMEM. DTH Teru000pasyiollie HaCaAKH TakKe TpebytoT DOMOTHHTENE
HBIX 3aTPAT MOIHOCTH B 2-2,5 pa3a Ha BOCIIOJHEHHE TeIJIa HacocoM, Kak el
IOBBIM M CO3JaHMs JOCTATOYHOTO MPHHYAHTEIBHOrO TemIooTBoAa Tema Of
AUKITepa, THOO0 ApocCess.

' Crmcox swrepatyput: 1 Ac. 1371141 M. xn. 4 F 16 Ne39/04. (CCCP).
rroxaHasourkit Hacoe/ A.M.Cremox, Y.B.Illenposnocer u B.H.I'prunases,
2. Ac. 164511 M4 F 16 Ne39/04. (CCCP). Verpoiictso mis beca-
oro Harpesa cmasoyHoro Macna / b.B.Babunckui, 1964. 3. A.c. 596774
4 F 16 Ne Ne39/04.(CCCP). Verpoiicrso mis HectaxensHOro Harpesa
usoro Macna /E.A3unkuges, P.I batpaumna u B.® imutpues, 1978. 4.
49649 M.x.4 F 16 Ne39/04, (CCCP). Criocob pasorpesa Macnia npi Io-
ero B aBToMOGHNE mecTeperdaTsiv Hacocom/ FO.M.Komnsuios, H.B.boxros
' Ilaceunwkos. 5. [HpaBIHKa, THIPABIHIECKHE MALIMHE] H THpaBIHec-
puBojs! /Bamra I M.  zip.. M., Maumsoctpoenue, 1970, 504 c.

JAEVCTBYUE HMITYJIbCHBIX MATHUTHBIX IIOJEN ¥ TOKOB
\ JETAJIA A PEXYIAA MHCTPYMEHT JUIS YBEJIMYEHMA HX
: PECYPCA 1 HAJEXXKHOCTH

¥Onaes B.B., Kocrun H.C. (MAH, 2. Mockea, Poccus)
Baxymuu B.H. (MITPHH PAH, 2. Mockea, Poccus)

lication of impulse electromagnetic fields for increase of resource, of a reli-
ity and endurance of details, instrument and equipment.

~ Haponroe x03siCTBO CTpaHbl TpeOGyeT MOCTOSHHOTO PEmIeHHSA npobem
MueHN HAJEKHOCTH M pecypea KOHCTPYKIMH, paboTatoliX NPy [epeMeH-
Harpy)KeHHH, CHIDKSHHS CeGECTOMMOCTH XOJOJHO-INTaMIOBAHHBIX [eTa-
a TaioKe CTOWKOCTH PEKYTIEro HHCTPYMEHTA H IITAMIIOBOK OCHACTKH, BOC-
HOBTICHHS pecypea AeTaliel, JacTHHO Wiy MONHOCTHIO €r0 HCHepNaBinX.

. VkasanHsIe MPOGNEMBI MOTYT yCTIEIIHO PEIIaThCsl NPH NPUMEHEHHH HO-
¢ 3)heKTHBHBIX TEXHOJOTHYECKHX TIPOLIECCOB (TTI), HCTONBL3YFOIWHKX BO3-
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ASHCTBHE UMITYJIHCHEIX AneKTpoMarHuTHbIX noied (MIOMI) u uMiyIHCHBIX To.
xoB (MDT) Ha AeTanu u 3arOTOBKH K3 NEKTPONPOBOMALIKX MATEPHANOB,

TIT na ocuose UOMIT u UDT nosBoasrOT CYILECTBEHHO YAYYLIHTE Kag

JKCIUIyaTallMOHHBIC [1OKA3aTe/H, TaK H 3KOHOMUHHOCTL [pH M3TOTOBICHHY,

Janseie TII yayumawt QU3MKO-MEXaHHYECKHE CBOHCIBA M CTPYKTYPY MaTe.
puana, YaCTHYHO WX NONHOCTHIO CHUMAKT OCTATOYHblE HANPsKeHMs. ['nap.

HBEIM 713 MMOBBIIICHUA HaISKHOCTH M pecypca U3eui, 3 TaKKe A1M BOCCTa-

HOBJNEHHS pecypca SBiseTcs 3QheKT "3ancyuBaHus” YCTAMOCTHEIX MHAKPOTpe-.
IMH ¥ JIp. MHKPOKOHIIEHTPATOpOB, 103Bonstomuit B 1.5...2.5 pa3 yBemuunty,
TPELMHOCTOHKOCTE, YCTATOCTHYIO JIOJITOBETHOCTS. Kpome toro BO3ACHCTEHe
UBMIT u UDT ysenuuusaer 1.5...2.3 pasa KOPPO3HOHHYIO CTOMKOCTb H TPHGO- |

TeXHUYECKUE CBOHCTBA KOHTAKTHLIX ACTaleH.

CrnenyeT oTMeTHTh, 4T0 GnaronpustHoe Bosgekicreue MOMII u MOT
HPOMCXOAMT B Y3KOM Auanasone rmapamerpos TI1 H3roToBNEHHS W IKCILTyata-
MM JCTaI¥ MIIH HHCTpyMeHTa. OTKIIOHEHNE 0T ONTHMATBHBIX TIAPAMETPOE Mo-

AeT NPHBOJMTE Jake NMPeXACBPCMCHHOMY Pa3pyLICHHUI) HAETaIH H CHHECHHK

IKCILIyaTalHOHHBIX CBOMCTE. [TooTOMY BaKHBI TEOPETHHECKHE H IKCITEPHMRL-
TAIBHBIE HCCAENOBaHKA, YTO0Bl HAUTH OLTUMANBHBIE PEXKMMBI, CO3/1aTh Teope-
THYECKHE OCHOBLI H HH)KEHEDHbLIC METOIMKH pacyera MapaMeTposB W odecre-
YHTh BHEApEHHE yKazarHbIX T B IPOH3BOLCTBO.

AHanu3 TpeJuIeCTBYIOMHKX HecneqoBanui [1, 2, 3] mo3BonseT npexncra-
BUTBb MEXaHHM3M YIIPOUHEHHS B BHJE, yKa3aHHoM puc. 1, 2.

DeKTPOMArHUTHOE 110JIE, CO3[AHHOE BHYTPH [POBOAMICH CPEAUBI, Xe-
opMHpyeTCS M HEePEePaclpeenseTcs Ha IPaHHIAX HEeMPOBOAAMUX ILTOCKUX H
o6beMHBIX Ne(EKTOB THMNA TPELIHH, NOpP, HEMpPOBApOB, HEMETAIHHCECKHX
BKJIIOYCHHH, pacc/IoeHuil, CIPYKTYPHLIX HeofHopoaHocTeld u ap. B sepuimue

nedekTa (YeThe TPENMHb) IPOHCXONUT YBEIUYEHNe IIOTHOCTH ToKa J , He:

HPSKEHHOCTH IEKTPHUECKOro monst £ v nHayKuuy MarHUTHOrO mosns B, uro

COMPOBOKAACTCs TETNOBLINETCHUEM U TTOSBICHHEM MEXaHUYECKHX HalIPSIKe:
- -4

auil. YUMTEIBas KpaTKOBPEMEHHOCTb uMmy.ibea (7 =10 3...10" c. ) HarpeB mo#-

HO CUMTaTh JOKANbHBIM M amuabaTuueckuM. YpemuueHwe J Ha 2..3 TOpsakd
BBI3GIBAET JTOKANbHLIM HAarpes B Bepluune jedexta 10 Temmeparypd
2000...3000° C u paciuiaBleHKe MeTanIa.

O6texanue pepruunsl Tpenunsl UOT ananornuno paboTe 0IHOBHTKOBO
TO MHIYKTOpa, B KOTOPOM BO3HHKAKT PaJHaIbHbie PAacTAHUBAIONIHE HANPSAE
HUS O, TON JAeHcTBUEM JIeKTpoxuHamuueckux ycumuit F; [1]. Tlocnemnt®
crocoGCTBYIOT BEIOpOCY paciuiaBieHHOTo MeTaina 1 o6pasoBaHuio KpaTepa
0,1...1mm (puc. 2 ) ¢ hopmol, coorBeTcTRYyOmIeit rogorpady F,, Marepuar b
30HE KpaTepa YHPOYHSETCH BCICUCTBHE TEPMOMEXaHHYECKOTO s¢pdexra. D¢
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'3acBEPTABAHMA" TPEIMHEEI U YIIPOYHEHNA MaTepHana B €C BEPIIHHE CII0-

yeT OCTAHOBY TPEIIMHEL

Ha KOHTYpe TpelMHE! BCISACTBHE JNOKANBHOTO HArpeBa BOHUKAIOT Tep-

JHAMAYECKHE YIPYTHE CXUMAIONHE HANPKEHHS Oy, NPEBOCXONAINHE B

ONBKO Pa3 BEMMUUHY Oy Hanpsokenns OyayT CKUMAIOMMMH, €CIH NpO-

eTEHOCTH IPOLIECCA 7 OTBEYAET YCIOBHIO

gl O 1)
7

-yHeNbHas TeTI0EMKOCTh (Krlmz), p - TUIOTHOCTh MaTepHana (KrfM3), x-

pUIHEHT TEMTONPOBOJHOCTH, A —XapaKTepHblii pasMep 061acTH (MK).

- TepMOyIIpyTHe HalpsKSHHUS NPUBOAAT K CMBIKAHUIO TPAHHUIl MUKPOTpe-

51 ¥ "3aequBanuro”, BILIOTH A0 muQQy3uorHOre 2 Pexra. Hampumep, s

(HHEBBIX CIUIABOB BPEMS "3ajJequBaHHA" COCTABHT 7 =10" ¢, a npu yc-

1 pexpucTanmzanyn 7= 107 ¢,

Puc.2. Togorpad CiI B BepIIKHHE Tpe-
LHBI

1. OGrekanne Tpermas UOT u
CrIpefie/ieHHe IIOTHOCTH TOKA  ,

I
=
ll
3MEKTPO- ¥ TEPMOJMHAMHYECKHX
HanpsOKEHHH Oy M Opy
CrenyeT BaXHEIH BBIBOJL, 9TO

"saneunBaHug” MH u neobxo-
HMITYJIBCH! TOKA JINHTEIRHOCTRIO HE MEHEE .2- 2 -] VIMIOOYVIBCEL C JIITH-
pio 7=10° ..10° ¢, BbLI3BATh OCTAH e bI, HO HE ee

" L

eynpanne”. [Ipoiece "3amesuBadus

Gojiee BEDOSTEH IPY MHOTOKDATHOM
NeHCTRHH KODOTKHUX WMITVIIBCOB.
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NEeKTPOAUHAMAYCCKHE HAIPSOKEHUS Oy, BBI3BAHIBIE NHHY- d(dexTom, 5 aE 1 1
6...8 pa3s MeHbIE TEPMOAHHAMHUYECKUX . [IpH HaNpaBNenUy BEKTOpa £ Hop.. - [F
MAJIbHO K rpafuie aedexra HanpskeHne o, CnocoOCTBYeT ero "pacKkpeiThio”, 5
TIPH OPHEHTHPOBAHMK BJIONE MPAHULBI- "CMbIKAHHIO". .

Mexanusm BosacicTsus MOMII Ha Muxkpoachexisl (KOHIEHTPATOPLI) g
npoBoasLIeit cpese MoxeT OBITE ONKcal 3-Msi PYNNaMyu YPaBHEHUIL. ‘

R
T(r,r)rdr - —15 jT(r,r)rdr :!;
Foo

[=E—- .

= - -L?T(r,!)ra’r - J}Jt’”(r,r}m’r—T(;\'-,t) : (4)
0 0

1-s1 rpynma OnHCaIBAET paclpeleeH e ToKa Ha KOHTYpe (MIOTHOCT, }"]-
IpH ero MpOTCKaHHWH B MPOBOANILEH cpeae, 0ciHableHHON SIUITHYSCKHM pas.
pe3som ¢ nolryocamu a u b (puc.1).
2- rpyiilia ONMCHIBAET pacnpefenciue (TPaJueHT) Terul0BbIX TMONeH g
Tene ¢ TPELUHOH, HEMOCPEICTBEHHO CBA3AHMBIX C MIIOTHOCTHIO TOKA j, ¥ Koo

3¢ hHUHUEHTOM KOHIEHTpaluy ToKa

r=iz B Q)

V.

; 8 ijT(r,t)rdr—-T(r,r) B

Y - KOOQOHULMEHT JUHEHHOTO PaciMPEHH;

oadbduument [Tyaccona.

Hanpskesus pacTyT B [CPBON YeTBEPTH mepHoja ! = 7! 2w, 3aTeM,
JeCKH, HE H3MEHSIOTCH.

"on

PamansHse oy, 4 TARTeHUHMANBHBIE Oy HANPHKEHMSA HMEOT 3HAK -,

rie & 7-2NIHnTHYecKre KOOPIMHATS, 7-BPEMS, J-BEKTOp. BEIe 3HAK O, "+" BO BCEX TouKax ceueHus. TepMOynpyrue JHHAMHYCCKHE

3-% rpynna ONyCHIBAET NEKTPO- U TEPMONMHHAMHYECKHE YCHITHA Fog, Fryy
H HATPSHKEHHS Csy, Oy, BOSHUKAIOIMCE HA KOHTYpPE TPELUMHELI U B ee BeILIHHe
nox medicteueM VIOMIL. Matematudeckas MOJeih NO3BONAET ONPEAeNHTH
BJIMSHYE TUIOTHOCTH TOKA ¥ ero HanpaBlieHHd, pa3MepoB U GOPMBI KOHLEHTP2-
TOpOB, (U3HKO-MEXAaHMISCKHX CBOWCTB MaTepHasia HA MEXaHH3M OCTaHOBa i
"3aneuyBanps” TPEIIHMH.

SDKEHUS O,y MMEIOT 3HaK "+, a -9, u 07,y 3HAKOTIEPEMEHHEL
TIpopeneHnblil aHanM3 M03BOMI CHOPMYTHPOBATE TpeOOBaHKA K ONTH-
SHEIM TapaMeTpaM HMITy/ibCa TOKE, MO3BOJLIOMIMM “3acunBaTh” nedeKTh!
repuae.

TINOTHOCTS HAaBEAEHHBIX MM TPOIMYCKASMBIX TOKOB JOMKHA NEXaTh B
enax j= 107...5:10° A/M’. Bonbiuue 3Ha4€HHs COOTBETCTBYIOT MaTepHaam

r

r o
oly=A+ lil’_#o [j(rt) H(rt) dr + 1 —: (72 (r,0)- Hr.1) dr; 3K0¥i 2MEKTPONPOBOJHOCTEIO (THTAHOBBIE CILIABEL, CTAIlit 1 Ap.), MMEIOIIHE
2 0 2r° g Krie (3apOjILIIIeBbie) TPEIyHb! MHHOK a=107...10" MM ¢ OCTPBIM YIIIOM
i d ‘BepimuHe (THIA yCTAnOCTHBIX). ILIOTHOCTE TOKA YMEHBILACTCA MPONOp-
o SR ?(r,o‘, Y—r-pa, - jlr O)H (r,t) t) JABHO YBENMUCHHIO JUTHHEI TPSUHHEL
i g

JUATETRHOCTS HMITYJIbCA JOJDKHA JeXaTs B Pelenax 7= 10%..10" ¢.
OTKHE HMITyAbCHL (7= 10°...10° ¢) pacumpsior obnacTs GezonacHol obpa-
10 TEMIOBOMY KPHTEPHIO, HO HMX CHEIYeT PCKOMER/IOBATh s OCTaHOBRa
euppanus” KopoTkuX Tpemp (a= 107...10° M) B MaTepuanax ¢ xopo-
 3JIeKTPONpPOBONHOCTE. [10710GHbIE MMITy TBCEl BHI3HIBAIOT GONBIINE TEp-
IpyTHe HANpPSLKeHHs, CIIOCOGCTBYIONHE “3aNIeduBaHHIO” MHKpOIeDeXTOB;
Tlpx HanuuEA B MaTepHaze AePEKTOB C PasNMYHOM JUTMHOH U thopmoit
IyeT BeCTH OGpaGOTKY MMITyJIBCaMi CpefHel TIOTHOCTH (f = 5.10°...10%
) © JUTHTENBHOCTBIO BO3NCHCTBHA 7= 1072...10" ¢ m xonuyecTBOM HMITYIb-
=2..5;

O6paboTKy TOMBKO TIOBEPXHOCTHOTO CIOA AETAIH LENecO00pasHo BeCTH
MUY ¢ BBICOKOH YACTOTOM Pa3psfia M WCIONB30BAHHEM CKHH-dO(eKTa HM-
' Cpe/iHelt 3HeProeMKOCTH 1 THTEebHOCTH;

re o)y ;0% ;07, - KOMITOHEHTE! TeH30pa HaNPSOKeHMH B HTHBPHISCKUX KoL :
OpIHHaTAX.
Tepmoynpyrue AHHAMHYECKHE HANPSHKEHHS G, ONpeaensiores no Gpop
Mynam [1]:
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OPMBI [Tt M3TOTOBNCHUS HOKKM PIOMKH, Gokana, gyxepa K Ap.), UTO BH-
TaeT Jearh MX pasheMHEIMHU. Pemas, TakuM o6pasoM, npodneMy H3roTOB-
: GopMooGpasyIolHX TIOBEPXHOCTEH CTEKNODOPM, BOHHKAIOT TPYAHOCTH

eqeHUs TePMETUYHOCTH CoefiHHseMeIX yacTell. B cnyyae HersoTHoro co-
JeHUA IIPONCXOMIHT 3aTEKAHHE B 3a30p5l (OPMYEMOro MaTepHalia.

JL1st H3TOTOBCHHA NTyOOKOIIONOCTHEIX HEPasheMHBIX Npecc-hopM B Du-
~TeXHHYECKOM MHCTUTyTe HaumuoHaibHOM akagemud Hayk bemapycu pas-
AHa TEXHONOrHA, OCHOBaHHadA Ha 00XaTUH MONOH 3aroTOBKH Ha MmacTep-
cOHE KUIKOCTEIO BeicOKOro napneHus. [Ipomecc dopmoobpazopanus ocy-
qeTcsl CleTylommM obpasom. B pabouyio kamepy KoHTelHepa mtamna
OTpefeNeHHOe KONUYCCTBO KHUAKOCTH (HampuMep, MHHEpalbHOS
0), 3aTeM YCTaHaBIHBAIOT 3arOTOBKY BMECTE C MacTep-IyaHCOHOM. ['epMe-
wis paboyell Kamepsl OCYLIECTBAAETCS caMoil 3aroToBKoH. Ilpu pabouem
Tpecca MacTep-IIyaHCOH BMECTE C 3aroTOBKOM nepeMeliiaeTcs BHUS, CXKU-
T KULKOCTE, JaBJICHHE €€ TIOBBIIACTCA M MPOHCXOAHT ofxaTHe 3aroTOBKU
yacoHe. KOHCTpYKIMS IITaMna OTIHYaeTCs MPOCTOTOH M YHWBEpCAlIbHO-
0, YTO [JO3BOJIET W3rOTABNNBATh B HEM Pa3NM4Hble M3/enus, rabaputel Ko-
X BIUCHIBAIOTCH B pasMepsl paboueit kameps! KonTelinepa. IlyTem 3aMeHE!
IBKO OfIHOM jeTaliy (MacTep-IyaHCOHa) MOKHO HepeidTH K H3rOTOBICHUIO
Oro H3fIeNud, 3TO ACNaeT IIpoLece SKOHOMUUYECKH BEITOAHBIM AAXKe NIPH H3-
eduy HeOoubuiux maptuil GpopMoobpasyiomero MHCTpyMeHTa. [larnas
IOJIOTHS XOJOAHOIO BEIABIHBAHMSA NO3BOJISIET NOJYYATh IIpecc-QOpPMBI BEI-
¥ TOYHOCTH ¥ YHCTOTHI NOBepxHOCTH. [Ipx aTOM oTranaeT Heo6X0AUMOCT
YROSMKO# 1 3KOTOrHIECKU BpenHoH QUEMIIHON onepaluy —~ [IOJUPOBAHHH.
‘BBIIaBneHHbIe Ipecc-GOPMEI HASHTHYHE! TTO GOpMe, pasMepaM, JHCTOTE i
By NOBEPXHOCTH, 4TO ofNerdaeT HacTpOUKY Ha ONTHMAaNbHBEIH PEeXuM
aBTOMATHYECKON JHHUYU II0 NPOM3BOICTBY CTEKIAHHBIX W3JESNHH, NO-
IAET ee [IPOU3BOANTELHOCTE, CHIUKAET Beluuuny Gpaka.

Haubonsiumit addext okassiBaioT HMIysibChl ¢ HapaBieHHEM TOKa Mep.
TIeHAWKYIAPHO NPOLOJIBHOH OCH AedeKTa, a U1 00BEMHBIX Ie(DEKTOB - elle y
IUIOCKOCTH AedexTa.

Cuoncor nutepatypbi: 1. Onaes B.B. YBenuderue pecypca CBapiuy
peraneit JIA o6paGoTkoil MMUYJNBCHBIMH MarHWTHBIMH TONSMU.//”Bectiyg
MAW” -Ne2, 1996, 5c¢. 2. FOnaes B.b Venuuenne CTORKOCTH PEKYLIETO HHCL
PYMEHTa, WTaMNOB H OCHACTKH B%HeﬂCTBHBM HMIYJIbCHEIX MAarHyTHBIX [ig.
nei.// “ABrauronHas npomsirenHocts” —1998, Sc. 3. FOgaes B.b. Tipumere.
HHE UMMYJIbCHBIX MArHMTHLIX TIoNed M TOKOB /Ui YBEJMHCHHS pecypea Iers.
lled, uHcTpymenTa u ochactky // Tpyaer 1-# MHTK "Meraviodusuxa ¥ ge.
hopmupoBanue Matepuanos” Bectank CI'AY,1999r ¢ 116-121c.

P®OPMOOBPA30OBAHHE I'NTYBOKONOJIOCTHBIX
CIOXKHOIPOPUIBHBIX NIPECC-®OPM IITACTHYECKUM
JEDOOPMHUPOBAHUEM

IOpres H.H., Mouaiino A.I. (OTH HAHB, 2. Murck, Pecnybauxa benapycs)

The paper describes an advanced technology designed for fabricating single-
piece cavity press-forms that is based on reducing a hollow billet by a high-
pressure liquid using a master-punch.

Hmeerca Oonpiuoi xnace GopmMooOpasylomero HHCTPYMEHTa CO CIOX-
HBIM BHYTPEHHMM Ipotuicm (npecc-QOpMEBI, MAaTpHILL, AETATH IUTAMIIOB H
T.IL.), U3rOTOBIEHNE KOTOPHIX CBA3aHO ¢ GONBUIMMHI TEXHUYECKHMHU TPYHHOCTS-
MH H BBICOKOH Tpymoemkocthlo. Hampumep, npecc-popMbl [ IPOU3BOACTB
u3gemi u3 cTekna (CTeKIoQOpMbI) OTIHYAIOTCS CIOKHOM KOHQUIypaumed,
rny6okuM IepernagoM penbeda, HaTHdHeM OCTPhIX rpaxeil. K HUM npeansisis
I0TCS TOBbILIEHHBIE TPeOOBAHUA B OTHOLICHHH TOYHOCTH Da3MepoB, YHCTOTH
TIOBEPXHOCTH, WASHTHYHOCTH. Ha CTeKONBHEIX 3aBOAAX OCHOBHEIM CITOCOGOM
M3roTOBIEHUS CTeknodopM sisetcs o6paboTka Ha MeTaLT000padaThIRaoLICH
00OpYIOBaHHH C IPHMEHCHHEM Pa3NMSHBIX NpHCrocobaeHnH, Konupon, Lral- 0c06  popmoobpazo- | Tou- Mepoxo- | Tpynoem- | Pacxon

TaGmuua 1 - Xapakrepucrrka crioco00B H3roTOBIEHHS (opMoodpasyio-
TIOBEpXHOCTH Mpecc-(opM cTakaHa «[IpoBancy, onpofoBaHHBIX Ha CTEKIIO-
e «Okts6pb» (Pecriybnuka Benapycn).

JoHOB. B KayecTpe QUHHLIHEIX Omepalyii NpHMEeHsIeTCs pPydYHas ciecapHas 107 : HOCTB, BaTroCcTh | KOCTH, 9aC | 3JICKTPO-
BOMKA M TNONHPOBAHHC. JTH TEXHOJOIHM IO CBOMM TeXHHYECKHM BO3MOMNKHO® MM Ra, Mmxm SHEPI'HH,
KBt/4ac

CTAM HE MOryT OOECHeYHTb BBICOKYIO NPOM3BOIUTENBHOCTH, TOUHOCTH, CT&" :
OMITBPHOCTE Ka4eCTBA M MHOTOKPATHYIO MOBTOPAEMOCTE, YTO SBISETCS BaXHHM | AHHYecKast obpa- | 0,05-0,1 1,25-2,5 4.1 41
daxTopoM Tpy paboTe Ha MHOTOTMO3HMIMOHHBIX aBTOMATHYCCKUX JHHHSX. D [Ka Ha  TOKApHOM
ciy4ae DosbIoro pasdpoca pasMepoB M pasinduil B KadecTBe (Gopmoobpasyi” HKE C HAPOKOIMHKPO-
LIUX NOBEPXHOCTEH CTEKISHHblE M3ZENMA TP MOCTENYIOUleH 3axanke u3-3 HbIM CYIIIOPTOM

BONBIIMX TEPMUYECKHX Hampsokenuit paspymaiorcs. Ocobsie TpYIHOCTH BOY eKTpospo3uorHas 0b-| 0,2-0,3 2,0-2,5 4,2 8.4
HUKAIOT MPU U3rOTOBNEHHA ITTYOOKONOIOCTHEIX Tipecc-(Gopm (Hanpumep, ¢1ek
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Ipopomenne TabuuE! |

DIeKTPOXUMHYECKan 0,2-0,3 1,25-2,0 2,0 32,0 1
obpaboTka ‘_ 4
XonopHoe BoigaBnusa- | 0,02- 0,16-0,25 | 0,05 0,14

| HHE MXHAKOCTBK BBICO- 0,03 i

{ KOro 1aBAeHHS [fi.= I

B Tabnuue B npamoit mocnenoBaTeNnbHOCTH NPUBEIEHEI STANB! OCBOCHMg

Honee ahdexTUBHEIX ctocoboB GopMo0OpazOBaHUS CTEKIODOPM.
Xonoanan nnactuueckas Aedopmaius Marepuana npecc-bopM (B cre.

KONBHOH MPOMEIIIIEHHOCTH 3T0 Hepxkaperoinme cranu 30X13, 40X13) xapaxte.

PH3YCTCH 3HAYUTCABHBIM YBEIHYEHUEM TIPDOYHOCTHRIX CBOMCTB U PE3KHM CHE-
JKEHHEM MIaCTHYCCKHX. Hpﬁ BBICOKMX CTCIHCHAX JIGQJDPM&L'{HH YIPOUHEHHE MQ-

FET JOCTHTATE TaKHX SHa‘IEHHﬁ, HTO IITaMmIoBasd OCHAaCTKa HE MOXCT BbUICD-

aTh BO3HHKAIONMX IIPH 3TOM OOJNBINAX HArpy30K WIH BCICHCTBHE CHEDKEHNY
TITACTHYECKMX CBOMCTB NPOM30HAET pa3pymieHue AedopMupyemol 3aroToBkn,
Jlnd npeoTBpalleH s 3THX ABIeHMH paspaboTal psj cnocoGoB CHIKEHHA YCu-
nus AeOpMUpPOBAHHS M TIOBBIIIEGHMA IUIACTHYECKUi cBOHCTB: 1) Tepmoobpa-
OO0TKa UCXOHBIX 3aTOTOBOK; 2) ApoOHas AeopManus ¢ MPOMEXYTOYHBIMU 0T-
Xuramy; 3) TpenBapuTeNbHad AeQOpMal 3aTOTOBOK; 4) NpHUMEHEHHE IpHey-
HBIX Kamep; 5) UCTIONb30BaHME 3alUTHEIX TTOKPLITHH | CMa30K.

CopToBo#i MPOKAT, W3 KOTOPOr0 U3rOTAaBNHBAKTCS 3aTOTOBKU MO XOI01-
HOe BBIIARNUBaHHE, MUMEET HEONHOPOMHYH CTIPYKTYDPY, CBONCTBA ero Hecta:
OuiBHEL OTO CBA32HO ¢ TeM, YTO NpH ropsueil medopmanuu tpyaio obecre-
9UTH YCAOBHS [OJHON pPEKPUCTANNM3ANMU U pasympourenus. Hepixasetomme
crany tana X13 nocie ropgdedl NPOKaTKH HMEIOT 3aMETHRIE CIEMBl yIpOYHe-
Hua. TBepAOCTs MPOKATA B COCTOSHHM MOCTABKY Cliefytomnas: crams 30X13 -
HB 131-207, crans 40X13 — HB 143-229. MaxcuMansHO OMYCTHMAs TBEP-
JIOCTH TIPOKATA NpeBsIlIaeT MUHUMATBHYIO B 1,5 pasa. Orciofa o4eBHIHO, Y10
BBEJICHHEM [Ipe/[BaPUTEIbHOTO OTKHUIa MCXOAHBIX 3arOTOBOK MOXHO CYIIEcT
BEHHO CHH3HTH UX TBepAOCTh. OTKHAT IPOH3BOMIICA NIPK TeMmeparype 870-900
°C B TeueHue 6-7 4aCOB, OXJIAKASHHE BMECTE C MEYBI0. [IpH 3TOM NMPOMCKOHT
CHHIKEHHE TBepHoCTH 3aroToBok Ao HB 105-115, yto npuMepHo Ha 20% HuKe
MUHUMAJIBHOTO 3HAUEHMS, YCTAHOBIEHHOTO CTaHAapTOM.

B ciyyae HernoJHOro 3aONHEHHS TPABIOPk! Npecc-(OpMBI, BbI3BANHOI |

OTpaHHYeHUeM TIpe/ie/IbHO NOIYCTUMOH HaIrpy3kd Ha ACTAIH LITAaMIOBOH 0CHa:
CTKM HJIH HCYepllaHHeM pecypca MIACTHYHOCTH MaTepHana 3aroTOBKH, cielryer
IPOBOJUTE MOBTOPHOE BLIABAKBAHME (TAK HA3BIBaeMylo ApoGuyio medopMa
1u0). C uenpio CHATHA YIPOYHEHHS MaTepHalla 3arOTOBKH M yBelpyeHus €
TUIACTHYECKHUX CBOMCTB HEOOXOAMMO IIPOBECTH NPOMEKYTOUHBIH OTIKUT 110 YK&
3aHuBIM pexkuMam. OTXUT CleyeT NPOBOJUTS B YCIOBHAX, HCKIIOUAROIHX 00
pa3oBaHHe OKANHMEL! Ha pabouux nosepXHOCTAX mpecc-hopM.
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" Pa3paGoTan crocod CHHkeHus ycunua gopmoobpazoBaHus mpece-Gopm
M npeasaputesnsHoR nedopmaunu obpaThoro ssaka. Ecnu npoussectu
BApHTENbHYIO NeDOPMAIIHIO 3arOTOBKH MyTeM e¢ pasfadH M3HYTPH, TO Ha
pBHIiCﬁ MOBEPXHOCTH BO3HUKHYT OCTAaTOUHEIE CXKHMaOLMe HanpameHud.
) '¢opz~i006pa3053nﬂu npecc-hopM 10 CXeMe paiuanLHoro obxaTHs Ha
TpeHHCH MOBEPXHOCTH BO3IHHKAKOT CXHMaNIHE HapaxeHHd, KOTODBIE,
HpyACH € OCTATOYHBIMH HANPMKEHHAMH TOIO e 3Hakd, cHocobCTeyioT
SHHIO yCHHA KehopMalHi.
[Ton meHcTBMeM BBICOKMX RAaBNCHMH, NIPH KOTOPBIX BEJIETCH XOJI0AHOE
udyeckoe gopmoobpasopanue, HabmoaaeTcs ABlICHKE IPUBAPKH METAIA B
¢ KOHTaKTa 3arOTOBKM H Ne(OPMHUPYIOILIEr0 HHCTpyMeHTa. [is mpemot-
€HHA 3TOr0 ABNEHUA pa3paboTaHk! 3AlUTHBIE NOKPHITHA ¥ CMa3KH, KOTO-
Pa3beIHHAIOT KOHTAKTHPYIOIME MOBEPXHOCTH H YMEHBUIAIOT CHIBI Tpe-
Hawnyymue pe3ynbTaThl MOTy9eHs! IPH ABYXCIOMHOM CMa30uHOM MTOKpHI-
[epBbI# CNoil — OMEHEHHe, BTOPOH ClIO# — KOHCHCTeHTHAS cMaska. Ilo-
aHBI K ONpOOOBaHEl TPH COCTaBa PACTBOPOB IS XUMHYECKOrO OMEIHEHHS:
1) menusilt kymopoc (9% mo macce) + masenesas xucnora (3%) + soja
nuuposasas (88%); ‘
2) menusiit kynopoc (8%) + 10-mpONEHTHBIN PACTBOp CepHOM KHCNOTH
(1%) + Boja mucTuIHpoBanKas (85%);
* 3) Megubii xynopoc (7%) + 3-NpOLEHTHLIH PacTBOP COMSHON KHCAOTSHI
©) + Bojia IMCTHILIHpOBaHHas (72%).
Ha omezHeHHyI0 MOBEPXHOCTS HAHOCAT TOHKHH pasHOMEpHBIH Clol KOH-
eHTHOH cMa3xy. Hamrydise pesyasTaThl [I0Ka3ally CAeayIoHe CMasKu:
1) mucynsdun monubaena (10% no macce), pasMeIIaHHEIH B MAIITHHHOM
cie (90%);
2) KacTopoBOE Macao ¢ J00aBKOH MENKOZHCIICPCHOT0 HOPOIIKA JHCYIIb-
ina MonubaeHa (8-10%);
~ 3) ceunoe cano.
JlobaBky MOBEPXHOCTHO-AKTHBHEIX BEIIECTE (OJICHHOBOM M CTeApUHOBOM
c10T 1-2% 110 Macce K TepBEIM ABYM CMa3Kam) CIOCOGCTBYIOT A0NONHHTEIb=
CHIXeHHIO yeunus gedopmanuu Ha 12-15%.
iM 00pa3oM, MPHMCHAS YKa3aHHEIE CIOCODLl B KOMIIEKCE HiH B N0OOH
MOMHaIMM, MOXKHO CYLISCTBEHHO CHM3HTL ycunue nedopMaluy, YyTo yBeiH-
38T CTOMKOCT IrramnoBoit ocHactku. [Ipu 3ToM obs3aTessHbv JOMKHA
Th NpejBapuTeNbHad TepMooOpaboTka 3aroTOBOK H NPHMEHeHHE 3aUTHBIX
PEITHH ¥ CMa30K POPMOOGPasyIOLIero HECTPYMEHTa H 3arOTOBKH.
PaspaGoTanHas TEXHOAOTHS XOJOHOTO BhAaBNHBaHUS (opmoobpasyio-
HX MIOBEPXHOCTEH JKHKOCTBIO BBICOKOTO JABMEHHA MOXET ObITh MCMONB30Ba-
. JUIS M3TOTOBJIEHHUA Mpecc-pOpM Ha 3aBOJax Mo MPOH3BOACTBY M3AEIHH W3
~I€KJla, miacT™Macc, pe3HHBI, THIICA H JIp.
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OBPABOTKA KPYI'OBBIX 3YBLEB HMJIMHAPUYECKHUX KOJIEC
HA MHOTOHHCTPYMEHTHOM CTAHKE

a B Tiepefiaie pajuyc 7, TOJOBKY 3 AN pOPMUPOBAHUS BOTHYTBIX CTOPOH
,€B JIOIDKEH GBITh HECKOMBKO MEHBINE, & PaIuyC #; TONOBKM 4 suist 06paboT-
BBITYKIIBIX CTOPOH - HECKONBKO GOMBINE, YeM PAIHYC 7, YEPHOBOH TOIOBKH
, COOTBETCTBHM C 3TUM IIPH HaNajKe HA YMCTOBYIO 0OpaboTKy BOTHYTBIX
H 3y0beB ock O,. OMHOCTOPOHHEH 3y0Ope3HOM roMoBKH 3 jomkHa GBITH
IIeHa OTHOCHTENBHO 0CH O, 4epHOBOH rooBKH Ha BENHYHHY

qe = r0+0.SSw_re!
-HOMHHAIBHEIH pajiHyc yepHoBoi 3yGope3Hoi ronosxu;
(057 —2xtga)m - menurencHas OKpy)XHas MMPUHA BIAAMHEL KOJECa B

JIEiEM TOPLOBOM CEYeHHE;
PY)KHEIH pazuyc YMCTOBOH 3yOopesHoif ronoBKH IUis oOpaboTKH BOTHY-
TOPOH 3yOBEB;
KO3(DPHUUHEHT CMEIIEHNS HCXOAHOTO KOHTYPA;
YTOJI TPOGHIIT HCXOJHOTO KOHTYDa;
 MOZY1b 3Y6beE.
Ilpu urcToBOM 06paboTKE BHIMYKNEIX CTOPOH 3yGhEB 3arOTOBKW OIHO-
pOHHEH T0NI0BKOH 4 oce O, MHCTpYyMeHTa JIOMKHa OBITH CMElleHa OTHOCH-
0 ocu O, 4epHOBOI! FOJIOBKH Ha PacCCTOAHAE
q,‘=ri+0.5Sw_rl) »

-BHYTPEHHIH pajuyc uucToBOK 3yGOpesHON ronoBkw 114 06paboTku
YKIBIX CTOPOH 3y0BeB.

- JUIA peanusaliu JaHHOIO cnoco6a B MaccoBoM WK KPYIHOCEPHHHOM
A3BOZCTBE NOTpedyeTcs TPU 3yOOpe3HBIX CTAHKA, & B MENKOCEPHHHOM IIpo-
DACTBE NMapTHIO 3y6YaThIX KOJeC MOXHO 00paboTaTs Ha OZHOM CTaHKe, I0-

Amvuukos A.C., Booxor M.H., leiinun I.M. (Tyal'V, 2. Tyna, Poccus)

The machine with three spindels increase the productivity and accuracy of cut.
ting of circular teeth cylindrical gears. Three gear culling occupy consistently
three different position by means the rotation of the cradle by absence of other
movements.

1Ipy H3rOTOBJICHHY LMNMHAPHYECKUX KOJEC C KPYTOBEIMHU 3yORAMH IBy-
CTOPOHHMM criocobom [1] 3yOpst mecrepusn GOPMUpPYIOT 33 TPH ONEPaLIAU My
mepexoja: 4CpPHOBAas NMPOPE3Ka BH&/JMH JBYCTOPOHHEH TOJIOBKOM, a 3aTeM pas-
nenpHas YAcTOBasg 06paboTKa BHIMYKIBIX M BOTHYTHIX CTOPOH 3y6LeB OIHOCTO-
POHHHMH ronoekamu. B nponecce o6paboTku dyepHOBOH 3y0ope3noi ronosxke |
(puc. 1) coobuaror riaaBHoe nBHxenue D, - BpaiieHne BOKpyr ocu O,, a 3aro-
TOBKe 2 JiBWKeHHe o0KaTa, CIUIafplBAIOIEecs U3 TIOCTYNATENBHOTO TIEpeMelile-
Hus D;, 3aTOTOBKY BAONB NPOK3BOJAMICH PeKH ¥ COrjJaCOBAHHOTO ¢ HHM Bpa-
mexus D,,, BOKpYT ee ocu O.

AFOT BCIIOMOTATEABHOE U HonmmBnmno-saKmo‘mTeanoe BpeMs.
I{nﬁ TOBBIIICHAS IPOH3BOANUTE/IGHOCTH H CHIDKEHHA PacXofioB Ha 000py-
€ MOXHO MCIIONB30BaTs MHOTOMHCTPYMEHTHEI CTAHOK ¢ TpeMs 3y6o-
[ ronoBKamu [2].

YepHoBag roNoBKa NpPEABAPUTEIBHO NMPOPE3aeT BIAJWHEL, a Kaxaas u3
9HCTOBBIX OJHOCTOPOHHMX TONOBOK 06pabaThiBaeT cBOM (BBIMYKIIbE MM
BIe) CTOPOHE! 3y6ner Hauucto (puc. 2). [Ipu aToM Heobxoxumo obecre-
b COOTBETCTBYIOLIEE OTHOCHTENEHOE PACIONOXEHHe Ocell 3y6OpesHEIX ro-
OK NpY CMEHE IO3HOHH HHCTPYMCEHTaZ B IIPOLECCe NEePeXOfa OT YEePHOBOMH
OOTKH K pasfeNbHOH YHCTOBOH 00paboTKe BOTHYTHIX M BBIIYKIIBIX CTOPOH
eB. Ecnv ripu aToM paccTognue R ot ocH O, molbku 5 10 oceit O,, O, ¥

Puc. 1. Cxema Hape3aHus KpyroBbIX 3yObeB LUIIHHAPHIECKOTO KOJEch
Ipu uncToBOM HapesaHuy 3y0beB A noiyYeHus GIarONpUsTHOTO NATHA KOH
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{ ¥ BIIOJTHE MOKET ObiTh KOMIEHCHPOBAHA NIPH HA3HAUEHUH MIPHUITYCKA HA
0 06paboTKy 3y0beB.

TonoxenHe ocell 3yGope3HBIX roJioBOK B paboyux HO3ULHMAX OMpCACis-
syMsl KOODJHHaTaMy . EClu ycloBHO MPHHATS 0Ch O, MIONBKH 33 HA4al0
;) TONAPHOH CHCTEMBI KOOPAMHAT, & BePTHKAIBHYIO muruo O0X - 32 o
och, nonoxkenue ocelt O, Opp B Oy 3y0OPE3HBIX TONOBOK IOMHMO pa-
BeKTOpa R ONpENeNUTCS NONSPHEIMU YTIAMA M

VEQ Y =0y,

, - YroA yCTAHOBKH B pabouyio MO3MLMIO YHCTOBOK IONOBKK Asist 0Opa-
BOTHYTBIX CTOPOH 3y05beB;

YCTaHOBKH B pabouyio O3HIMI0 9UCTOBOH TONOBKH WLt 00paboTKy
5IX CTOPOH 3y0heB.

VrmiEl @, K ; HEOOXOMMO yIRTEIBATS PH CMEHE TIO3ULHE HHCTPYMEH-

"aK, [PH Nepexojie OT YepHOBOK 06paboTKu K 9HCTOBOH 06paboTke BOTHY-
cropoH 3yGbeB CMeHa IO3MIMH MHCTPYMEHTOB OCYNIECTBIETCA 3a CHeT
ypoTa moNsKH (Bwkenue D) BOkpyr ocu O, Ha HEKOTOpsiA yroa y, (oM.

, @). Ilpu aToM ms obecnedyerua TpeGyeMOro yrjoBoro KOOpAMHKPOBA-
CTOBOH TOJIOBKH 3 YrOJ TTOBOPOTA y, AOJUKEH GBITh MEHBLIE UEHTPATb-

| O .
6 5 Q AN T2 ) MeX/Y ABYMS DaJiiycamH, IPOBEACHHBIMHA H3 LUCHTPA O, MONEKH
! J 3 . ocu O, 1 O,, 4epHOBOI U YHCTOBOH 3 IOJIOBOK, HA BETHYHHY
0i
T ] i [ qz + f
X i [
] < @, =2arcsin—_——
({1 ,_LC | i & 2R ;

Ye IR " Tlo TO e IpPHYHHE NPH NEPEXOAE OT YePHOBOH 06pabOTKH K YHCTOBOH

Prc. 2. MHOTOHHCTpYMEHTHET 3yG0pesHBiii cTaHOK (BHI Cliepe/y)

Q)i TONIOBOK TIPUHATH OXHUHAKOBEIM, T0 OCH Oy (O,1) # O, (Op1) umCTOBEIX TO-
70BOK 3 ® 4 B paGodeli MO3KINHM MOXHO PaclONIOKHTh B CpeaHel TOPLOBOH

miockocty b 3aroroski 2 (cM. prc. 1, 2), rae yrox HakIoHa nuHuy 3y6a pased
ymio. Ock Op 4epHoBo# ronosku 1 GymeT cMelieRa OTHOCHTENBHO cpeiel
TOPLOBOH MIOCKOCTH Ha BETHIHUHY

4=Reosy - R?-025(4,+q,)*,
qf_Qe
2R

OTKE BBITYKIBIX CTOPOH 3y0beB MONLKY 5 HYXHO MOBEPHYTE Ha YTOX ¥,
HEHTPATBHOrO YIia A; MeXIy ABYMA pajiyCcaMy, POBEICHHBIMU K3
a O, monbku 5 uepes ocu O, u O, 4ePHOBOH M YUCTOBOH 4 ro/IOBOK, Ha
2
J T+ :
@;= 2arcsin—%—§é~—. v

Cuncox nurepatypsi: 1. Kanamunkos C.H., Kanamnukos A.C. Hsro-
Hue 3y6uaTsx koxec M.: Bricmas mkona, 1980.- 303 c. 2, [Tarent PO Ne
- YIJIOBOH HaNlafOdHbIH IlapamMerp mpH yo- 10. Illeiiaun .M., Bobxos M.H. Crioco6 o6pabotku 3y6uarsix Koiec ¢
TAHOBKe Y€PHOBOH 3yOOpe3HOH roJioBKHM B paboyyio MO3HIHIO. HHEHHBIMH 3y ObAMHU.

3Haverue pajryca R BHIOHPAeTCs KOHCTPYKTHBHO H 3aBHCHT B OCHOBHOM 3
OT pa3MepoB CTaHKa. Kak rokasanu pacuersl, mpu pafuyce R mopsik?
500...700 MM 1 CMEIEHHAX G, = 5...10 MM Bemuuuna A cocrasnsier ot 0,05 /10

rae y = arcsin = arcsin

0,C
R
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AHAJIHA3 TEXHOJOTMYECKHAX CXEM U3TOTOBJIEHUSI
UIMHIPUYECKHIX 3YBYATHIX KOJIEC

SAmunkos A.C., ®exopos F0.H., Apramonos B, (Tynl'V, 2. Tyna, Poccus)

Th:s paper presents the analyze of traditional and different progressive techn.
logical processes of machining spur gears. High productivity of gear cutting js
possible by using large diameter heads with cutting tools.

B nacTosiiee BpeMs H3rOTOB/ICHHE LMTMHIPHYECKHX 3yGIATEIX KOMEC Ma.
70T0 MOAYNA (m=2...5 MM) OCYIECTBISETCH IO TCXHONOTHIECKAM CXeMaM, 0c-
HOBaNHBIM Ha WCTIONB30BAHHM TPAHLMOHHEIX IIPONECCOB (opMooGpasoBanuy
3yGuaThIX BEHLOB, TAKHX Kak 3y00I0/6NeH e MUCKOBEIMH TONGAKAMH | 9epBIY-
noe 3y6odpeseposarme. locneyiomas yuctosas 3y6006paborka NPOH3BOAHTCS
B OCHOBHOM, METOZIOM LIEBUHTOBAHMS JJHCKOBEIMH IEBEPaMH. ,

Ha HeKOTOPEIX MPeNpHATHSX MpH MPOH3BOJCTEE LHMAHAPAYECKHX 3y6-
9aThIX KONEC NPUMEHAETC NPONeCe NPUKaTHBAHES 3y0bER STANOHHEIMY 0631
HHKaMH B BHIIC TOYHO M3rOTOBJNEHHBIX ¥ 3aKaJIeHHBIX IO BEICOKOH TBEPHOCTH
3y64arsix xonec. Mcrons3osanue nponecca miacTHIECKOro nebopmupoBanmy
TIOBEPXHOCTHEIX cI0eB 06pabaThiBaeMbixX 3y6hes TpebyeT NOBEUNEHHOMN TOYHO-
CTH NPEABAPHTENEHOTO 3y00HApe3aHud, B CBA3U C YEM INOSBISETCS HEOBXO/H-
MOCTb NPUMEHEHHA JO/I0AKOB H YepBIYHBIX (pe3 60Tee BEICOKMX KIACCOB T0Y-
HOCTH, a Taxxe 3y0000pabaTrBalonmx CTaHKOB, 0GNAAI0UIHX BOIMOXKHOCTH0
ofecnieqnTs HEOGXOMMMYIO TOYHOCTE KOJIEC, YTO MPHBOAHT K ONpENIeICHHIN
TPYAHOCTAM KaK C TEXHHWYCCKOH, TaK H C SKOHOMHYECKOM Toyek 3peHms. [lo-
3TOMY mpeobnajaromee GONBIIMHCTEO 3aBOJIOB MPENOYATAIOT H3TOTABTHBATS
UMITHHAPHIeCK e 3yGuaTie Koeca 10 TpaJHUMOHHOH TeXHONOTHIECKOH CXeMe
C HCIOJE30BAHMEM NPOBEPEHHOIO MHOTONETHEH NPaKTHKOH Mporecca IIeBUH-
TOBaHMs, 00/1a/IAIOMEr0 HECPaBHEHHO GONBIIMM MCTPABISIONHM s hexTor
HEXENH MPOLECC NPUKATEHIBAHYA ITAIOHHELIME OOKATHHKAMHE.

Taknm ofpasom, ocHOBHO#M cremyer cunTats TEXHOIOTHYECKYIO CXEMY, B
KOTOPO¥ HCIIONB3YIOTCS MPOLECCH 3yGopontuenns u sybodpesepopanms Hep-
BAYHBIMU Qpe3aMu Ul NpeBapHTENIEHOrO dbopmuposanus 3y6yatoro Benua H
Tponece MeBHHIOBaHHUS VT YHCTOBOMH 3y6ooGpabotku (puc. 1).

HanpHelilee coBepmencTeoBanue TPAAHIHOHHON CXeMEl OCyIuecTsls
70Ck, B OCHOBHOM, ITYTEM 3aMeHb! 3yGononbnenus wm 3y6odpesepopanms 60-
Jiee POU3BOUTENBHEIMH TIPONeCCaMy 3y0OHape3aHys. '

Tak 6511 cosman npomuece KOHTYPHOro 3ySonon6neHus, B KOTOPOM HC-
MOTB3YIOTCA PE3UOBLIE TONOBKH ¢ (DACOHHBIMM pe3LaMH, HMEIOTIMMH 3BOJE
BEHTHBIH npoduns. Bee 3y6es Benua 3arorosxu 00pabaTEIBAOTCA OFHOBPE
MCHHO I10 METOXY KONupoBarus, s peausaliuu 3T0T0 npoiecca Heo6xXomuMo
0becTIeyHTs O4EHb BBICOKYIO TOYHOCTE KODIYCA PE3LOBON TOJOBKH H CamHX
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3ATOTOBKA (IIEJIbHASD)
1
TOKAPHAS OBPABOTKA BA30BBIX
Y HAPYXXHBIXITOBEPXHOCTEMN

TIPEIBAPUTEJIHOE | 3YBOHAPE3AHUE

b f 1

[ 3VBO®PE3EPOBAHME 3VBOJIONBJEHMEHUE
YEPBSAYHBIMU OPE3AMH JUICKOBBIMHA JIOJIBSKAMI

YUCTOBAS 3YBOOBPABOTKA NIEBMHI OBAHUE
I
OEPABOTKA TOPLIOBBIX KPOMOK
3YBLEB (UEPBAYHBIMI ®PE3AMM)
I
TEPMOOEBPABOTKA
1
OTHEJIOYHAS OBPABOTKA BA3OBbIX
TTOBEPXHOCTEUW 3VBHATOI'O KOJIECA
1

OTHEJIOYHAA OGPABOTKA 3VBBEB | .

Pyc.|. TpagnuIyosHas TeXHONOTHIECKas cxeMa
H3TOTOBICHHA HHITHHAPHYCCKHX 3}’6‘13'[‘1;]}( Koiaec

OB, 4TO 3HAYMTEJIBHO TTOBBILIAET TPYAOEMKOCTE U3IOTORICHHA HHCTPYMEH-
Ho, mae Npy TOIATEIBHON AOBOJAKE Pe3llOB IONOBKH, TOYHOCTE 3y0HYaThIX
€c, Hape3aHHBIX 3THM CITOCOOOM, CYUIECTBEHHO YCTYNaeT TOYHOCTH, XapaK-
HOH /1715 TPaJAMIMOHHOTO 3yGoX0N0IeH s ¥ 4epBAIHOTO 3y0odpe3epoBatHs.
Nefyionias yucToBas 3y0oo0paboTka IIEBHHTOBAHHEM, BCIENCTBHE Orpa-
enHOr0 Mcnpasnmomero 3¢dexra nponecca, He obecneunBaer Tpebyemoit
HOGTH KOJIEC, B CBA3HM C YeM CHIDKAETCS IKOHOMHYecKas 3QHEeKTHBHOCTh HC-
L30BaHMS NPOLECcCa KOHTYPHOTO 3y00M0n0NeH s PE3IIOBEIMY IONOBKAMH.

Brempennnic Ha psaje 3apyOesxHbIX aBTOMOOHIBHEIX 2aBOJIOB IIPOLIECCH]
pHOrO 3yGONpOTATHBAHMA IS NpPeABAPHTENBHOTO (opimoobpasoBaHys
DKHBIX 3yGUaThIX BEHIIOB IMIMHAPHYECKHUX KONIEC C MOCHe/YIONIHM NpHKa-
aupeM OOKOBBIX MOBEpXHOCTEH 3y0peB MOMKHO pacCcMaTpuBaTh Kak TPo-
SCHBHYIO TEXHONOTHYECKYIO cxeMy 3yGooOpaboTku. B aTom ciyvae Hapesa-

3y6LeB OCYLISCTRIAETCS 10 METOLY KOMMPOBaHWs Takxke, Kak M IIPH HC-
b30BaHMY PE3IOBBIX OJIOBOK VLA KOHTypHOro 3yboponbnenus. MHCTpy-
T ABNSETCH CNEUMANBHBIM U NpeXHAa3Ha4eH TONBKO 1 obpaborku 3y6uaro-
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T'O Kolieca ONpeaesienlioro MORYIsS K uucia 3yGnes, CrieptoBatensHo, sy n
’ Mo

TIPE/IBAPUTEJILHOE | 3YBOHAPE3AHME
1 1

HECChI MOIYT MIPUMEHATLCA TOJIBKO B YCNOBHSX MACCOBOTO HIPOHIBOACTEA N
e O, ) ™ i \
YaK B G KOS MATOTOBCIINA TPYGHATHIX IPOTAACK KAk Yalliewnoy HTYPHOE 3YBOJIOJIBJIEHUE KOHTYPHOE
py OJlb BBICOKA, YTO TpebyeT KomoccanbbIx 3aTpay o E3LIOBBIMU I'OJIOBKAMU 3YLOIIPOTAI MBAHWE

CPABHCHHIO C ADYTHMH HHCTPYMEHTAMH. 1
IpoussonurensuocTs sybobpeseposanus Moxer ORITh NOBBILICIY
CKONBKUMH CIIOCOOaMH, HAMIPHMEP, UCTIOAB30BAHKHEM IEPBA4HBIX (pes pa'
3 -

TAOLUIHX TO.EBKO C paauaneHOH moxayei. [pu stom TpebyeTcs npuMeHene . :

CTPYMEHTa OonbLIOTO MHaMeTpa (D,2200 Mm), 910 B HacToswIEE BpeMs He { 2" =SEPOBAHUE T %PMBAMMEI?W
SPIBacT 3aTPYIHEHHHA B CBASH C HCTIONB3OBAHUEM CGOPHLIX KORCTPYKLUM rmAXOHHEE;Ma }HM i b G)PESAMHAIMAJBOJH’LUOFO i
BAYHBIX ()pe3 ¢ IIOBOPOTHBIMH pelikamu. HemocTarkom 3TOro nmpouecca 3yﬁo il - D
PabOTKH SBIACTCA HANHYKE BOTHYTOCTH Ha GOKOBEIX TIOBEPXHOCTAX Hape ' : ]
MbIX 3yObes. IIpakTHYecKH Benuuuna BOTHYTOCTH He HOmKHA 11peammaw‘~z. i‘
BETHAMHBI NIPHITYCKA 101 NOCTeyIomIee ieBHHToBaxke. Kak mokasa péayﬂ-

a)
TIPEIBAPUTEJILHOE | 3YBOHAPE3AHWE

i .

6)
TIPEJIBAPUTEJILHOE [ 3YBOHAPE3AHUE
] 1

TaThl ONBITHO-NPOMEIICHHOTO BHEAPEHUS NIPOLECCOB 3y6oHapesanus nremul r
MEHTaMH 60s1b1U0ro THameTpa 6es LipononbHoi nofiaun, obpasyiomascs sormd It JIUCKOBbIMH OJTHOBUTKOBbIMH
TOCTh 3Y0ReB He OKa3bIBaeT OILIYTHMOrO BIMAHMA Ha HOPMabHOe npoTexanil | - PE3LIOBBIMM 'OJIOBKAMH . PE3IIOBBIMH I'OJIOBKAMH
npowecca ICBUHIOBaHUA. UepBsiyHoe 3ybodpescpopanue ¢ PafualLHOl Nom s L i ;

B) '

el naubonee sddextusHO 1MpU 006pabotke y3k0BeHIORBBIX 3y0uaThix Kome
XAPaKTePHBIX A [IPOM3BOACTBA MOTOTEXHMKH. Ilpn ucnonezosanuy wepsge
HbIX (pe3 BONBIIOre AHAMETPA BOIMOXEH TaioKe BAPHAHT KOMOMHHPOBauH
T10/124 - paaKanblioC BPe3aHue ¢ NOCHeAYIomeH NPOJIOIBHOM mojaveii,

Onpenenennsiii uHTepec mpeacTarnser HCTIONB30BAHHE MROTO3aX0THHN
YePBAYHEIX QPe3 B TEXHOJIOTHH H3TOTORIEHNS UHITHHAPUYECKHX 3y0UATEIX Ko-
nec. OCHOBHBIM HENOCTATKOM 3THX (pes aBnsetcs To, uto ¢ YBETHYEHHCM YH-
aa 3ax9n03 3aKOHOMEPHO CHHIKAETCH TOYHOCTh 3y6oobpaborky. IMoatomy :
ATHHOM TEXHONOTHYCCKON CXEMe MOKHO HCITONB30BATS ABYX3aXOZHBIE YepBSH
Hble Qpe3bl NPH HEIIPEMEHHOM YCIIOBHH 0fecIedens NOBEHIeRRON HKECTKOCTH
i cootBeTeTByIoNLCl GiCTpoXoHOCTH 3y6odpesepuix cranxos. Cymmecrsci ]
HBIM TPENATCTBHEM 3(QQEKTHBHOMY BHempeHuio MHOT03aX0/IHbIX l{epBS“iHlﬂ"
dpes ABseTCS HEmOCTATOYHAS HCNPaBIIAIOMWAs cioco6HOCT mponecca m‘eam-\
TOBaHKA, KOTOpas HAXO/MICS B IPelieNiax ONHOH, a B HCKTIOMMTENBHbIX Ciry4adt
- IBYX cTereHeH ToYyHocTH. B CBa3u ¢ yrhm obcTosATeNBCTBOM HpaKTHI{ECi.{’H HE-' p
LIEIeCO00pa3HO HCTIONB30BAHME ATTs TIpCABAPATENBHOTO 3y00Rape3aHns MeTOM
3yboroveHus, He CMOTpPS Ha BBICOKHe NOKa3aTe I IPU3BOMHTENBHOCTH l

BapuanTsl MpOrpeccHBHEBIX TexHOAOTHYeCKHX cxeMm 3yQonapezanus Ui
JIMHJIDHYECKUX KOJIEC TIPEACTABIEHH! Ha puc. 2a,6.

CyuiectserHoe moBEMIIEHHE s derTrBHOCTH 3y6006paboTkn BO3MOKHC
fpH HCII0AR30BaHHH HOBOIO BHAA 3y6opesHoro HHCTPYMEHTA - pe3loBbix rofid
BOK OONBIIOTrO AHMaMeTpa JCKOBOTO 1 HCPBAYHOrO TUMa. 3y6oobpaborka ped|
HOBLIMH TONOBKaMH OCYILECTBIAIOTCS [0 MeTONy obKaThiBaHus Ge3z mnpo

Puc. 2. BapHaHTBI IPOrPECCHBHEIX TEXHONOTHIECKHUX CXEM
3y0DOHape3aHus UHIHHIPHYECKHX KONeC

Oro HEPBMBH.I&HHH HHCTPYMCHTa BM1OJIb OCH 3arOTOBKH, B CBA3H C YEM Ha-

ble 3yObs MMEIOT BOTHYThE OOKOBBIE MOBEPXHOCTH, KaK M TPH YepBSU-

yOodpesepopanuy ¢ panxansHoii nogayeil. Hanbonee GmmskumM agazorom

HOMY 3yGodpesepoBaniio sBaseTcs 3y0OHApe3aHHE PE3LOBBIMM [OJOB-

epBs4HOro THna. OCHOBHOE pa3nyyHe 3aKII0YAETCs B TOM, 9TO PE3NOBHIE

KH 3TOr0 THIIa HMEIOT TONBKO OJHH HETIONHBIH BHTOK, 00pa3oBaHHEBIH OT-
B3aHMO3aMEHAEMBIMY PE3LIaMH, PacIIONIOKEHHBIMH [0 BUHTOBOMH TH-
cueT gero ofecrnevwupaerca HempephBHOCTh 00paboTKU 3yGuyaToro Ko-
a O[MH 0GOPOT PE3L0BOii NOJIOBKHA BBIPE3aeTCA OJIHA BIIAJHHA B 3arOTOB-
onxas 0bpaboTka 3y69aToro Kojeca npou3BoJHuTCS 32 Z 000POTOB HHCT-
. BoamoxHEI BapuaHTs! 06paboTKy € pajiHaNsHLIM Bpe3aHHEM 3arOTOB-
HONHYI0 BBICOTY 3y0a Koneca, OCYLUeCTBNSEMBIM 3@ HECKONBKO TEPBBIX
B pPe3lOBOH ronoBky, ¥ 6e3 Hero. B mocnennHeM ciydae 3aroTOBKa ye-
HBAETCH B MEXPE3IOBOM CEKTOPE HHCTPYMEHTa Ha HOJHYIO BBICOTY 3Y-
\OHCTDYKIHS MHCTPYMEHTa B 00OHX BApHAHTAX OCTACTCS HEU3IMEHHOM ¢
CPHBIM HE 3arQJIHEeHHRBIM pe3laMy CCKTOpOM INs NENIEHHA 3aroTOBKH IIpH
BIBHBIX BpAIATENBHBIX ABHKEHHAX HHCTpYMeHTa M oOpabarkiBaeMoro
- Ilpon3sBoanTensHOCTL 3TOTO TIpoUECca, OCYIECTRIAEMOrO IO METOAY
BAOIIETO 3y0ONpOTATHBAHMA, HE YCTYNaeT KOHTYpHOMY 3yOomnporaru-
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UE KOJIEBAHUH HEXXECTKOTI'O BAJIA HA BEJIWYHHY
CHJIBI PE3AHUMS IIPU TOUEHUHA

BaHHIO, B CBA3H C 4eM TEXHOIOTHYECKas cxeMa 3y6006paboTky ma OCHOBg 53
dbexTHBHOrO HCTIO/TE30BAHHS O/IHOBHTKOBBIX PE3LOBEIX IONOBOK MPeCTaR gen
OTPEAENCHHbIH HHTEPEC | ABIISIETC BECHMa TIEPCeKTHBHOMN, i

PeauoBbie ronoBKH IHCKOBOrO THMA CYIECTBEHHO OTIHYAIOTCS OT Iipa
ABIIYIIAX TEM, 4TO B3aHMO3aMEHAEMBIe PE3Lbl B HUX PACNOAaraiores s OlHol
TIOCKOCTH, 06pasys 3aMKHYTOe KONBIO, 2 CaM npouecc 3y60Hape3aHns mpan.
CTaBJAeT COBOKYNHOCThH OTAENLHBIX IBHKEHHH 3aroTOBKH B COCTaBe :
[HidIa BHDC3AHHS O4UEPEAHOR BIIaauisl 3y09atoro BeHua. [Ipy ycranoBKke 3am.
TOBKH CepejiHa Hape3aeMoro 3y6uaToro BeHUA JOIDKHA COBMAATH C O¢
TUIOCKOCTBIO pEe3LI0BOH I'ONOBKH /it obecrieyeHns CHMMETPHYHOCTH 06pa3
wefics BorHyTol GOKoBOl noBepxHOCTH 3y6LeB Koneca. Ipodunuposs
3y0beB NPOM3BOLMUTCA MyTeM OOKATHIBAHHUS 3ar0TOBKY BJIONIE OCH BpAIAKImej.
Csl PE3LIOBOH T'ONOBKH, NpUYEM ABHKEHHE HopmMoobpazosanus KnHeMa'mqe'c
HE CBASAHO € NBMKCHMEM PE3aHHs, 4TO MO3BONACT OCYLIECTRIATE NPOLECe of
palOTKH Ha BBICOKHMX CKOPOCTAX pesanms. Janee TaHTeHIMaNbHAs nofava (of-
KaTkIBAHHE) 3arOTOBKY NpEKPAliaeTcs W MPOM3BOXUTCA JIENeHUe Ha OIIUH 3Y§,
[I0CKe ¥ero UMK 3y0OHApE3aHHs [OBTOPAETCA H 3arOTOBKA nepemeiaeTcs 3
00paTHOM HanpaBneHUH TPy PEeBEPCHPOBAHMH ABIKEHUA 00KaThIBaHus. Taxuy
obpa3som, 3a oxuH IBOIHHON Xon BBIPE3aX0TCA [BE BIENUHEI 3y69aTOro Ben ﬁ;:
3y6006paboTka IMCKOBEIMH PE3LOBLIMY TOMOBKAMH NPOH3BOAUTCS NPH c:copo-
CTAX pesanus B uanasone 1o 500 m/MuH, uro obecnieynpaer BBICOKYO 1IPOH3
BozwTeNbHOCTE Npouecca (1,2...1,8 c/3y6).

Pe3110Bble TONIOBKH YePBAYHOTO W AUCKOBOIO THIA obecnequBaOT YHH-
BEPCANLHOCTB, Kak 1 4epsadHOe 3y6odpesepoBanue, ¢ OMHHM OrpanuuecHHeN
10 IIKPHEE Hape3aeMOoro 3yGYaToro BeHIa M3-3a BOTHYTOCTH GOKOBBIX [OBEpX-
HOCTe# 3y0BeB, UTO He OKa3BIBACT CYIIECTBEHHONO BIMIHNL Ha BO3MOMKHOCTS HX
3¢ EKTUBHOrO HCHONB30BAHUS B COBPEMEHHEIX TEXHONOTHYECKHX CXeMax Hi-
TOTOBNCHHA MIHHAPHICCKAX 3y649aThIX KONEC, IPEACTABNEeHHEIX Ha puc.2s.

IIpoBenenusIi anamus nokassiBaeT, 4To Bee PacCMOTPEHHEBIE TEXHOJOIH:
HCCKHE CXCMEI MMEIOT OXHHAKOBYIO CTPYKTYPHYIO OCHOBY, KOTOpas HpeycMar:

SAmuukosa O.A. (Tyn I'Y, 2. Tyaa, Poccus)

gross fluctuation is changed actual value of parameters of cutting shaving
atively nominal. In the article is studied cross connection of these
jons and forming cutting power.

[lpy TOYECHMM MIMHHBIX HEXECTKMX BATOB BO3HUKAKOT IOJ JeHCTBHEM
FIOLAX CUIIBI PE3aHUS BEIHYXICHHbIE KPYTHIBHO-MPOONLHEIE H Tone-
e KoneGanus 3aroToBKM. PacCMOTpiM NMOCTAHOBKY KpaeBoit 3aaqy O Ko-
X Balla C y4ETOM CXEMBI 3aKPEIUICHHS 3aTOTOBKH.
 IIpoonsHO-KpYTHIIbHEIE KONeGaHHs 3aTrOTOBKH ONHMCHIBAIOTCA CNEMYIO-
cHcTeMoi ypaBHeHuH [1, 2]:

— a - — i, T S——  dt—— L ¥ .
o & 2 xar m
2 2

120 _,20% _R-PR®)

ot o2 m
(x,7) — npojonbHble KoneOaHus, @(X,7) — KpyTWIbHEIe KonebaHus, rie
[ p;b=\G/p - coorsercTREHHO CKOpOCTH PacnpoCIpaHeHHs. pPacTsru-
IUX W CHBHIOBEIX BO3MyuwleHuid; G - momyns IOmnra Broporo poapa, p —
HOCTh MaTepHaia 3aroTOBKM, R — pafHyc 3arOTOBKY, 77 — Macca 3arOTOBKH,
H P.(7) — cocTaBisroLe CHilsl pesans 110 ocsm Ox u Oz.
‘HavansHpie ycnoBus ClIeAyioT 13 TOro, 4To B MOMEHT 7=( mepeMeleHus
CKOPOCTH PaBHB! HYIIIO:

PHBACT HBYXCTYNEHYATyI0 3y6000paboTKy: NpefBApHTENBHYIO U OTHENOYHO-. 4 w(x,0) = 0; ol 0:

HHCTOBYIO. IMEHHO 5TO 06CTOATENBCTBO IpensTCTByeT LIAPOKOMY BHEAPEHAN i otl— 25

TIPOTPECCHBHBIX 3arOTOBOK C MpPEABAPHTENBHO O(QOPMICHHEIM 3y04aThiM BeH: 3 b) i

LIOM, TIOCKONIBKY 06paboTka ux 3y6heB NIPOM3BOAMTCA TaKKe 33 [Be onepallit, - 9(x,0)=0; a_f D
v =0

UTO HE NO3BOJLACT COKPATHTH NPOU3BOACTBEHHEIH MK H3rOTORICHIS 3y6uaro

I'0 kojieca ¥ IOy Th OILY THMBLH SKOHOMHIeCKH it ddhdexT.
- I'panyassie yCnosus ONpefensioTcs ¢ y4eTOM CXeMB! 3aKpelUIeHHA 3aro-

- PaccmoTpnM 6a3oByro cxeMy: NatpoH — 3ajiHuit UEHTp (HEMOZBMKHBL
T). B 9ToM ciiyuae TexHONOrMYeCKas cucteMa "cTaHoOK - IpUcHocobIen e -
15" annpoxcumupyercs Gankoi (puc.l), xecTKo 3aKpenTeHHoOH B Hadare
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KOOpAMHAT (11aTPOH), M, MOMIEPKHBACMON LIapHHPHON OMOpoil (3auHuii g,

WITH JTIIOHET).

Tak Kak cHa pesarus nelCTBYeT Ha 3aTOTOBKY B TOUKE C KOOpuHay,
)1

mo ocu OX X=X, TO KPyTHIBHO-NIPOAONBHEIE KOJCOaHMS COBEPIIAIOTCS

TOBKOH TONBKO Ha oTpeske [0;x,]. Toraa rpannynsie yenosmus HPHMYT BH: b

w(0,7)=0; @ =0;
ot x=x, :
0(0,7)=0; 9 s ag,
or x=x,
bz
/ i
/]
5 -
7 - PJ’
Y — -
0 B, X
/]
/! Xp o
L
Y

Prc. 1. PacueTrHas cxema koneGanmit 3aroToBKu IIPH TOYEHHH

To ects sanumii uentp (MoHeT) He npenaTcTByer passuTHIO KPYTHITBHO-

TIPOAOTBHBIX KONeOaHuUii 3ar0TOBKH.

Tonepeunsie koneGaHus B HaleM Ciydae OMMCHIBAIOTCS chemyromumi

nuQdepeHMaTbHbEIMU YpaBHEHHAMN:

4 2

E.;.a_‘i',+p.F.§.i=£z_M.
oz or? m
6}/4 afz m :
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- 3pecs Konebanus OyoyT coBepLIAThCA MO BCEi JUTHHE Bana, IIPH ITOM KO-
k1 x=/ cyutaeM cB0GOAHO ONEPTHIM:

=0; u(0,7)=0;

@ = 0;
or =0
u(l,7)=0;

2
Q% =0.
ot x=

%! = 0;
0Tl

oul  _o
or =0

TIpy WCTIONB30BAHYUK TIONBIIKHOTO JIOHETA B 30HE PE3aHKA NONEPEYHEIC
HHS 3aTOTOBKH Oy[yT OTCYTCTBOBarTh. B 3TOM Clyuae CISHyeT paccMar-
, TOJBKO KPaeByIo 3a/1ay O NPOI0TbHO-KPY THIBHBIX KONEOaHH X Bajia.
npoliecce pe3anus KoneGaHua 3aroTosku OYYT BAMATE HA NAPaMETPb
%, & Te, B CBOKO OYepe/lb, Ha CHITy pesaHms. JUT ONpeAenenys SToH 3aBy-
PACCMOTPAM B KA4eCTBE HCXONHOH GOPMYIBI UL CHIIBL PE3AHHA IM-
KYIO 3aBHCHMOCTS [3]:

P=Cpt"s”rv"k,

K03 UIHEHT PONOPLHOHANLHOCTH, 3aBHCAIMH OT 06pabaTEIBAEMOro
a;

- TabynHpOBaHHEIS TIOKA3aTENH CTETICHH;

TONpPABOYHEN KO3QQUIHMEHT, YIUTHBAIONHH H3MEHEHHE YCIOBHH
IIO OTHOLICHHIO K TabNHIHEIM.

Ipu otcyTcTBUM xoneGaHuH 3arOTOBKH, TOYEHUE NPOUCXONHIO 6B1 TIpH
pesauus v, rny6uue pesauus ¢ 1 nogade s. Korza B nponecce pesasud
I MECTO BBIHY)KJAEHHBIE KoNeOaHus, PSXUMbl PE3aHAA H3MEHAIOTCH [4].
TONbHOE KoseGanue netand w(x,, 7) Baomb ocu OX 3aroTOBKHM MPHUBO-
H3MEeHeHHMIO Tojiady s: [s - w(x,, 7)]. [nyOuna pesanns ! H3IMEHAETCA B
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MECTE pacTioNOXECHHA NMOBEPXHOCTH PE3AaHHS Ha BENMYHHY H3rHGHBIX KONef,
HUH u(x,, 7) 3aroTOBKH B Hanpasnenun ocy OY, T.e. peanbHas rmyGuHa pesay,,

paBHa [f - u(x,, 7)]. Uarubusie koneGanms q(Xp, T) 32TOTOBKH B MecTe pesa .:
BHONE ocH OZ COBMECTHO C €€ KDYTHIBHBIMH KONeGaHHs MM Ax,,
[} aqt

CKOPOCTE pe3anus B mpefenax v+ R - L. 3
T

or

x=x, |x=xp

B pesynsTrate MOXHO 3anucats crenyomyio bopMyity ans pacgera Tap.

TeHUMANLHOH COCTARNSIOMEH CIUIBI Pe3aHus B MOMEHT BPEMeHH T:

9% %

Br x=xp or x=xp

Pz(rFCP[f—u(x p,r)]"x[s— x p,‘r)]y*’ v+R- xk,

ITony4yennas MaTemMaTHyecKas MOJENE CHITHI PE3aHUS YYHTBIRAET KOMels

HHS 3HAYCHHH NTApAMETPOB PEXHMA Pe3aHud, 0DycroBlICH bl NefiCTBHEM BH:
pauuii 3aroToBKH.

Cuncox nareparypsi: 1. Tumomenko C.IT. Kone6auus s HHXESHEDHOM
nene. / Tumomenko C.IT., Sar JI.X., Yusep V. — M.: Mamusnoctpoerue, 1985,
= 472 ¢. 2. TpoGoe B.A. Teopus kone6anuit MexaHHYeCKix crucTeM. — Kien
Buma wkona, 1982. - 183 ¢. 3. Bo6pos B.®. Ocross TCOPHHE Pe3aHHs MeTal-
7n08. M.: Mammsoctpoense, 1975, - 344 . 4. Bacun JLA. Maremaruueckas Mo-
AeNb CUIIB] pe3aHus IpH ToueHny / Bacuu JLA., ®enun E.N., Smaukopa O.A. /I

Tpyns! koHrpecca "KOHCTPYKTOPCKO-TeXHONOTHYECKas HubopMaTuka" — KTH-
96. Mocksa, 22 — 24 mas. - C. 39-40,

©OPMHUPOBAHHE FA3bI 3HAHWH 3KCIIEPTHOM CHCTEMEI B
IPOM3BOJCTBE KHAPIIHYA

Spomyx H.B., Ocranenxo I0.A. (HTVY “KITH ", 2. Kues, Yxpauna)

The complexity of the burning process makes to an actual problem of forecast: |

ing and diagnosing of emergencies. In a kind of mathematical models’ absence |
it 's offered to use expert system as a part of the control system. The method of |
of knowledges for shaping a knowh |

Sormalization of deriving and processing
edges base of the consulting model is developed.

Onmum H3 BaHEAWMX NMPOLECCOB B MPOM3BOACTBE KHpriH4a gBagerc
OBXKHT, KOTOpBIH OCyILiecTBIsETCS B TYHHENBHOH neun. MHoroctamuitnocT
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7) M3MEHsj

a, HallH4yHe BONBUIOrO YHCTa BOE‘.M}(;I(EHHF‘ H HCBO3IMOXWHOCTE ONEpaTHB-
KOHTPOIIA CBOMCTB KHpIiH4Ya BHYTPH 4 Ha BBIXOJEC MEUH ACAAIOT €€ CaMbiM
HBIM AIapaToM KHPNUYHOH nmpoMbinUleHnocTyd. [l1a takoro odbekTa ak-
>HBIM ABJIACTCH TNPOIHO3HPOBAHHE H JAHAarHOCTHPOBaHHE aBapH]‘:}HLIX CH-
pid, B TOM YKCJIE M ITOSBIICHHE OPaKOBaHHOM NIPOLYKIHH.

- AHanu3 QYHKIMOHUPOBAHMA COBPEMEHHBIX TYHHENBHBIX TTeueH MoKasa,
apyUICHHA TEXHOJIOIHYECKOrO PeXKHMA B OCHOBHOM HE CBS3aHBI ¢ COCTOS-
- annapaTta, a BBI3BAaHBL, INIaBHBIM 00pa3oM, HecTabWIbHOCTHIO COCTAaBa
H HEONTHMAIIBHOCTEIO PeXHMOB TEXHOIOTHUYECKUX npoueccos [1].
OI‘CY'DCTBE&? MaTeMaTHYeCKHX MOI[CHCH, NO3BOAAROIIKX MpeACcKa3eiBaTh
HBIE CUTYalWH, 00yCNaBIHBaeT HENeCOOOPa3HOCTh HCNONE30BAHUSA 3KC-
o# cuctempl (OC) B paMkax cucreMsl ynpasneHus [2]. Ona ponxkua Bbl-
ATh ClleAyIole QYHKUMH: NPOBOAMTL MIACHTHOHKALMIO TEKYIEro co-
9 TIPOLECCA, 110 3HAYCHUAM TeXHONOTHYECKHX NapaMeTpos MpOrHO3Hpo-
BO3MOXHbIE HADYLICHHS HOPMATBHOTO PeXHMA paBoThl, a B Cydae BO3-
DBCHHS aBApHIHON CHTyallM (TIpeXxae Beero nosisneHue Gpaka) HaXOMUTh
OKHBIE TIPHYHHEL €€ TIOABIEHHS.

basa snanuil jguarHoCTHpyrOUIeH M IPOTHO3HPYIOIWEH 3KCIEpPTHOH cuc-
JIOJDKHA BKITIOHATE B Ce0s CeMyolHe 3SHaHHA: BO3MOKHBIE BHKI aBapuii,
M3HAKA M II0CIIe/CTBHSA; NepeueHb (PaKTOPOB U JHANa3oHbl 3HAYCHHUH, B
BIX BO3HMKAIOT T€ MJIH HHBIC aBapHHU; a TAKXKe BEPOSTHOCTH WX MPHYACT-
{ K pa3iuyHbIM BHZIaM aBapuii.

B3aumojiefcTBHE 3KCIIEPTOB ¢ HHKEHEPOM 3HAHHH IIPOXONHUT NpeUMYyILe-
0 ycTHO, B opMe MX JHMaora uig MoHonora 3kcmepra. Msz-3a otcyrer-
opManusanuH cbopa uidopMaluy YCAOKHSIOTCS TIPOLeccsl ee oOpabor-
HPOBEPKH H COTNACOBAHHA MHEHHH TPYINB! KCHEPTOB, YTO YBEIHYMBAET
coznanusa 3C,

Lenpto mamHOH paborbl sBifeTcs onmucaHue paspaboranHoro criocoba
H3aLMH NOyYeHHss U 00paboTku 3KcnepTHOH uHbOpMauuu s Gop-
Ha 6a3bl 3HAHWH JHATHOCTHPYIOLIEH W mporrosupyomeii 3C B mpous-
Kupriuya, PaccMoTpuM npuMmeHeHye npenraraemMoi metogonorud. Oxa
UT U3 HECKOJILKHX 3Tanos: 1) paspaboTka anropHTMOB NOMyUeHMS 3HaHHT
bEKTE YIIPaBIEHHA C TOYKH 3DEHKS BO3MOMXHOCTH NPOTHO3MPOBAaHHS ero
HAS ¥ IMarHOCTHPOBAHHA aBapHUHbLIX CHTyaluil; 2) nocTpoeHHe Tabnu-
pesyibTatam pabOTHl KaXZOTO anroputMa; 3) moctpoexne rpados aBa-
COCTOSHUH IS KawIod aBapuu; 4) CO3[4daHHs HA OCHOBE OTHETBHBIX
B obobmaromero rpada asapHitHbIX COCTOAHHUIA.

3uannamu 06 06beKTe ynpasieHus cYuTaeM MHGOPMANMIO O: TEXHONO-
(HX TIepeMEeHHBIX (BXOJHbIX, PEKUMHBIX H BEIXOAHBIX) H HX B3aHMOCBASH;
OTHYECKHX YCTpOicTBaX, KOTOpBlE CBH3aHBI ¢ 00BEeKTOM YHpaBieHHS
KH, (POPCYHKH, KOMIIPECCOPHI M T.J.); CUCTEMaX KOHTPOJA H YIPaBIeHHS;
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TMIepCOHANe yrpasieHns,

KoukpeTusupyem cMmbicit pabot Ha kaxzaom arane. 1 sram B pPe3yibTare

HCCTIEIOBARMA TYHHEIbHOH IeUH KaK 06beKTa ynpaBieHus s NOMyYeHns uy.
hopmauiH OT IKCIIEPTOB GblaHM COCTABIEHS! CEAyIOMMeE QIFOPHTMBI: ANTOPHTY

(uKcalii XapaKTePUCTHK TEXHONOrMYeCKHX nepemeribix (AJI'1); anropumy

OLCHKH CBA3CH MEXITy TEXHOMOTHYECKHMH NEPEMEHHBIMK (AJIT'2); anropury
HKcalMH XapaKTEPHCTHK TEXHONOTHYECKHX yetpoiicts (AJII3); anropury
(uKCALUM XaDAKTEPHCTHK CHCTEM KOHTPOIA K ynpasnesus (AJIT'4); anropumy
uKCALMHE XaPaKTEPHCTHK NEPCOHANA YNpaBieHus (AJIT'S). Obum# anropumy
nonyyenus HEGopManuy Uit GopmMupoBarus 6a3s IHaHMK npe/araeMoi ske-
NePTHON CHCTeMbI, a Takke anropurmel AJIT4 u AJITS neramsHo OTTHCARb! 5
[3].

Cxema anropurva ¢uxcamun XapaKTepHCTHK TEXHONOTHYECKHX Hepe-
MCHHBIX NpHBE/CeHA Ha puc. 1. B HeM ocoboe BHHIMaHHe yaenseTcs crsau Tiepe-
MEHHBIX C BO3MOKHLIMH aBapusMU. JIaHHbIA anropuT™ NPHMEHSeTCH IS Kax-
/l0TO amnIiapaTa NpOM3BO/ACTECHHOTO KOMILIEKCE, @ K €r0 HCLIOIb30BaHHMIO ceny-
CT NIpUBNEKATE SKCTEPTOB, KOTOPBIE JOCKOHAIBHO BIARCIOT TEXHOMOrHell Tpo-
M3BOJCTBA.

Puc. 1. Cxema anropurva uikcaumu XAPAKTEPHCTHK TEXHOMOTHYECKHX IEPEMEHHBIX
Brox 1 mpeanonaraer monyuyenue MHQOPMAIIHK O NPHHALIEKHOCTH r1e-
PEMEHHOH K MaTepUalbHOMY ¥ JHEPreTHIECKOMY TIOTOKY, €NMHHLEX, Crio-
cobe 1 MEpUOMIHOCTH U3MEPEHHs, MecTe Habmonexrus, crocobe H3MeHeHHA B
AONYCTUMBIX I'PaHKIaX. XapaKTEPHCTHKAMHK aBapHifHOMN CHTYaUHH B IaHHOM
AITOPHTME SBJISIOTCA: 1) HHTEPBATLI 3HAYEHHH TepeMeHHOH, B KOTOPEIX BO3-
MOXHb! aBapHHHBIE CHTyalLuu (aBapuifHbie HHTEPBATL); 2) npu3HaKW aBapwii;
3) ux mocnencTBus; 4) BEPOATHOCTE aBapHM B /IaHHOM aBapuifHOM HHTepBase.
ATNTOPUTM OLEHKH CBS3el MEXIY TeXHONOrHYECKUMU NEPEMEHHBIMA
NpCAHAa3HAYCH AN PerHCTPAaUMH CTCICHH W HANpaBIEHHOCTH JTHX CBs3el B
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CHHTaTh COCTaBJICHHE TabNuiy,

CIVOKETE MAPKHA
KHPHHYA

v
: o H

4)

[B3PEIB B ruomonom

J sd]
; B) :

34 (34) (3]

11412} Hapy mewus r
lelg2] [1L,2]
9% 57y
- Gu/Gos
/[sl.sll Fsl-a!\] 12 1,2 [1,21_______‘___
Hapyurenns 8 pa-| | Hapynerus s Hapy Hapyenna s
EpPYIIEHHA B 5

Gate KOHTYpa pebor ko- | o ire wor. FiLTopa Bo3-
vrpasaenua Grr P28y (léJ

)

[Ar4] (a3 ]
a)

Hexoropere rpadet apapuiinieix cocrosmuit Tipougcca ooKAra KHpITHYa

HHDBIX MHTepBaNax 3HAYCHUH TeKylueH nepemeHHoit. CHIA CBA3H MOMKCT
EIATHCH KaK KaYCCTBCHHO (CHIThHAS, ¢1abas), Tak ¥ KOIHUECTBEHHO.
. AJTOPHTM  (DMKCAllMM  XapaKTEpHCTHK TEXHONOIHYECKHX YCTPOHCTE
gasHaien Ans cbopa undopmauuy o mpuumHax, MPU3HAKAX 1 OCAeACTRH-
apyH KaXJOro TeXHOJIOTHIECKOro YCTPOlicTRa.
‘Ha 2-m sTane pe3yisTatom paboTel Kaxuoro IKCIEPTa ¢ aiTOPUTMaMH
C IOMOWIBIO KOTOPEIX paboTa HHKEHepa
C OKCIepTaMu npuobperaet ONPENEACHHYIO KOHKPETHOCTE, AHATH3 0T~
JbIX TabJIML AaeT BO3MOKHOCTE chopmuposars PE3YILTHPYIOILYIO TaOmH-
BOTEI C 9KCHEepTHOH Tpymmoit. C [IOMOIUBIO OCHEAHEH COCTABNLETCA ne-
b BOSMOXKHBIX aBapHii 1 CIIMCOK NEPEMEHHEIX, II03BONSIOLINX HX TIPOTHO-
Th M HArHOCTHPOBaTh. OTaeasHble (BparMenTs Takoil TabmHIb! npej-
eHbl B Tabn. 1. B Heii Bo BTOPOH CTPOKe yKa3aHbl HOMEpa GIOKOB airo-
a AJIT'1, x KOTOPBIM OTHOCHTCS HIDKENPHBeICHHas HH(OPMaLHS.

aTan. Kak BuIHO 13 Tabn. 1 11q npuseneunsix epeMenbIX XapaKTep-
IE/YIOLIHE BUAB! aBapHit: Gpak xupnnya, B3psis ra3onpoBOja ¥ CHUKEHHE
Kxupniya. TTonoxus B ocHoBy noruxy “NpUYUHA-NIPU3HAK - MOCIEACT-
TIOTy4eHs! rpadhl aBapHAHBIX CHTYaluil, mpescTasienysle Ha puc.2. B
eHieM OHM GynyT HCMoNb30BaHBI IJig dopmynuposanus npasun 6assr
H. B y3nax rpaga Haxonsrcs BO3MOXHEIE OTKIOHeHHs ofBeKTa yrpasie-
T HOPMANBHOTO pexumMa paborsr. Jlyru rpada TpaKTyioTCa B CIydac Auar-
POBaHsi— “MOXKET ObiTh BeI3BaH”, a B Cllyuae IIPOTHO3UPOBAHKSA — “MOXKET
ta 1. Dparment o6obiennoi TabamIE! XapaKTCPHCTHK TeXHOIOrHYe-
MIePEMEHHBIX IIpoLiecca 0O ura
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Haspasue Asap. [pusnnsr Tocnenctsus | Bepo- |
yi HHT-JI * OTKJIOHEHHS OTKJIOHEHHS ATH.
aBapuH
bn.1 .| Bn5 b5 Bn.5 bns |
Pacxon [g1,e2] Hapym. B pabore | M3veH. Tem-psl B 98%
TOIUIHBA KoH-pa ynp-# Gpr; | 30oue obxura
Gyr [g3,g4] | HapYym. B pabote | Bsprsiz B raso- 10%
: Komrpeccopa [T [IPOBOJE
: Hapym. B pabore 57%
xoH-pa ynp-1 Gpr/ | MaMeHeHne TeM-
Cootror. (1,2] |Gs; Hapym. B |meparypsl B 30He
PacxonoB paboTe xomrmpec. obxura
Tomnueo/ | . IT"; mapymw. B paGo- | M3menen. koHl-
BO3IYX [3,4] |rteBentmmaropaB |wmuit O,, CO u| 80%
Gnr/ Gs CO. B orxomax
FIDOH3BOZICTBA '
Xum. coc-B [shi, XumM. cocras rmnsl | 3Men. npouwo- | 80%
HIHXTHI sh2] (Si); xuM. cocTaB | CTH KMpnHYa
SHq npumeceii (D)
[Tpoun. i [mvl, | Xumugeckuii  co- 85%
0
KHpIHYa | .{ mv2] | cTaB wmXThy bpak Kdpnxya
Mvy .| [mv3, |Tremnepatypa B 30He | CHIDKeHHE MapKu 60%
mv4] | obxura KHpOuYa
Tem-pa B [T1 Gur; G/ Gs; Hapym. | ismenenue
jone 06- '1'2], B paloTe ropenox nposHOCTH KHp-| 75%
JKHUTa ny4a
Tobx.
BBI3BATH”.

PaccMOTpUM TipuMeEp HCTIONB30BaHMS MpEACTABISHHBIX Ipadop. IMycrs
n260paTopHBIl JHANA3 MOKa3al yXyAuUIeHWe NPOYHOCTH Kupmirda My, Kak
BHJIHO 3 pHC.2 K), Ha My BausroT SHy i Togs (cM. Tabum.1). Jins BeiGopa Hysx-
HO¥ BeTBH rpada HeoOXOAHMO BEIICHUTH, BEIXO/IAT Jitl TEKYIHE 3HAYCHHMS ITHK
NEePEeMEHHBIX 3a JONyCTHMEIE rpanHuupl. Eciu suavenus SHy B HOpMe, To cre-
AYOLIEH pacCMaTpHBAeMON BETBEIO ABIACTCA BETBb TEMIEPATYPH B 30He 00-
xura meun. Ecnn ke ofe mepeMeHHbie BBIXOMAT 32 JOMYCTHMBIE TPaHMLI, TO
TIepBOH PaCCMaTPHBACTCA Ta BETBB, KOTOpas HMeeT GONBIIYIO BEPOSTHOCTS 110
ABneHus asapuu. Tako# e MOJAXOM COXpaHIeTCs K JUIS Clyyas, KOTjia 3HaueHus
aBapUiHBIX HHTEPBANOB JUI OJHOTO M TOTO XK€ [apamMeTpa IepeceKaroTch:
Hanbyefimas npouesypa NOMCKa NPOXONHT AHANOrHYHO. I[IporHosmpomanie
OCYLIECTBIRETCA OT OCHOBaHHA rpada K ero BeplifHe.
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. Jlna dopmuposanms 6a3nt 3uaunil GeU1H BRIOpAlBl PABUIA IPOJTYKIHY,
mue Bra ECJI <AKT(bI)>, To <JIEUCTBUE(A)>. Tox daktom mo-
€TCA MOTIalaHHe iepeMeHHON B aBapyiHbIH HHTepBas; AefCTBHE e O3Ha
HE00XONMMOe MeponpHsTHe, HAPABTEHHOE Ha BO3BPAIEHUs e¢ B Jlomyc-
ie TPaHHLIbI. )

! Paspabotannag aBTOpaMu MeTOMMKa GOpMaNTH3aIuy nojydennus U obpa-
3HAHMH s noctpoerns OC AHArHOCTHPYIOIErO K MPOTHO3MPYIOLIEro
B IIPOM3BOACTBE KHpIIMYa, MOXET MCINONB30BaThCs IpH pazpadorke DC
00BIX THIIOB TCXHONOTHYECKHX OOBEKTOB (C COCPENOTOYSHHBIMM HIH
Ipe/ieNIeHHBIMHU TTapaMeTpaMy) ¥ IPYTHX OTpaciel IPOMBIILTEHHOCTH.

~ Cnncox awutepatyper: 1. Ocranenxo }0.0., Apomyx 1.B. Kepysamus
IpaTYPHHIM HOJIeM TyHENbHOL [Ie9i B YMOBax HecTabUIBHOCTI CKIafy LMX-
ABTOMaTH3aNis Bupobuuunx mpouecis. — 2000. - Nel (10). —. 42-48. 2
oporsni A.E, ®opmuposanue 6a3 3HaHHit 19 TEXHONOTHYECKHX alro-
OB JIOK&JIbHOM 3KCITepTHOH CHCTEMbI YIPABIeHHsS YPOBHEM B ITaporeHepa-
X A9C / ABromatuka, aBTOMATH3ANMSA, 3TEKTPOTEXHHIECKHE KOMILIEKCE!
-~ 1999.-Nel .- ¢,37-43. 3. Spomyx JI.IL,, XKyuenxo A.1., Ksacko M.3.,
WM.B. Konuenuus cossanns 5KCIEPTHONH CHCTEMBI U1 NPOrHO3a aBa-
ibIX CHTYallMi B XMMHYECKOM NPOH3BOjCcTRe/ ABTOMATU3ALIS BUPOGHHYMX
! cis. — 1998. - - Ne1/2(6/7). —.135-142.

| IPOEKTUPOBAHUE TEXHOIOTMYECKHUX TPOLECCOB
-. OPSMOIO BBIPALIMBAHMS U3IEJAI

ﬂmepﬂm.m ILK., Tlononckuii JI.T., Xeiipen M.JL., Kyxta C.B.
- (DTH HAHE, 2. Munck, Beaapyco; XHUTH, 2. Kumomup, Vipauna;
IV, 2. Hosononoyx, benapycw)

g the self-organization of surface effect by solid fruform fabrication of de-
permited 10 form the layers of certain thickness along the all surface of dif-
profile and permited to drive the guaranting of materials characteristics
urrent of energy during laminate synthesis was demonstrated.
Msrorosniense netaneil Maums U3 KOMIO3HIMOHHOTO MaTepHaia ¢ pa6o-
HOBEPXHOCTSIMH CITOKHOTC NPOMHUIS IPAMBIM «BbIpalliBaHuem» He3 He-
S0BaHKA Joporocrosiueli dopmoobpasytonieft OCHacTKH, SoKpalas cra-
TEXHOIOrHYECKO MOATOTOBKH NMPOH3BONCTBA, HAMITYHLIHM 0GPa30M YIOB-
opseT TpeboBanmio CHMIKEHHA MAaTEPHAIBHBIX H TPYAOBbIX 3aTPaT.,
Cymectso 6onpumscTBa IPUMEHAEMBIX TEXHOJIOTHH TPSAMOTO «BbIPALlK-
D) 3aK104AeTCs B GBICTPOM MEPEBOE TOHKOTO CI0f XHIKOrO HilH NOPOLI-

147



K0OGPAsHOro MIABKONO CHIPBS B TBEPAOE, COXpaHAIOLEE DOPMY COCTON e i
nocnoHHOM cuHTe3e usnenus. Takoil nepeBoy ocymecTsaseTcs oBBUHO nasep.
HbIM H37Ty4CHHEM HIIH TIA3SMEHHBIMH [IOTOKAMH, TIPH 3TOM JBHIKEHHE JIy4a 1y
KOHUEHTPHPOBAHHOI'O NOTOKA YIIPAaBNIAETCA 110 Iporpamme. B kauecTse Chiphy
HACTOSIICe BPEMA MIHPOKO HCMONB3YIOTCS NMPH OBICTPOM NPOTOTHIHPOBaHK

$OTOUYBCTBHTENBHEIE IIONAMEPSI, & NPH (OPMUPOBAHHH TPEXMEPHBIX JeTaney |

- METAIHYECKHE MOPOIIKH H NOPOLIKH KEPAMHKH C METAJUIHYECKHUMH CBS3yl.
upmMi. OfHAKO, CyWIECTBYIOIIHE TEXHONOTHA NPIMOTO BEIPANHBAHUSA JeTane)
PCATH3YIOTCA TOABKO JUIA ONPE/CNEHHBIX MATEPHANOB H QOPMUPYIOT ILIOCKHe
HENpPOTKEHHBIC NOBEPXHOCTHBIE /oM. [locnenosarenshoe opmuposanue g
BCEH CIOKHONPOGUNBHOH, (acCOHHOM HOBEPXHOCTH CIOEB H3 PA3NMYHBIX MaTe.
PHANOB M YNPABJICHHE HX CBOHCTBAMH B Pa3HOOOPA3HEIX BHICOKOIHEPreTHIHEY .

nonsx 06eCnedHBalOT CHHEProOTEXHONOTHY, HCIIONB3YIOLIHE CaMOOpTaHHA3aNH |

TOBEPXHOCTHRIX sBNeHud [1]. CaMoopraHu3alUs NOBEPXHOCTHBIX ABMEHH.
ofecrieynBaeT ycTo#unBOE O6pa3OBAHME CIIOS ONPEENEHHON TOMIHHS! YIpE
3HATUTENBHEIX H3MEHEHUAX PACCTOAHMSA OT HCTOYHHMKA 3HEPIHH 10 hopmupye-
MOH IOBEPXHOCTH, & TAKKE MO3BOJAET MOCPECTBOM B3aUMOIPOHUKHOBEHHS
CPaIlKBATE TIOCAENOBATENBHO HAHOCHMEIE CIIOH.

B pesynsrate nocnoiHslit CHHTE3 NPEAOCTARMAET IIHPOKHE BOIMOKHOCTE
GopMHPOBaTE QYHKIHOHANBHBIE MOBEPXHOCTHBIE CHOM NETANH, OTIMUHEE M0
CBOMM CBOWCTBaM OT Marephalia OCHOBBL. PalHOHANBHO Ha KOHCTPYKIIHOHHEI
MAaTepHall OCHOBBI B NEPBYIO OYepejih HAHOCHTH OTHOCHTENBHO TBEPLYIO MOJ-
JIOKKY, Ha KOTOPOH 3aTeM CO3/aBaTh M3HOCOCTOHKOE MOKpEITHE. IIpH 3TOM B
npoueccax GOpMMPOBAHKS IOBEPXHOCTHBIX COEB, Ul MOTHGHKALHH CBOICTE
H yBEIH4YECHUA MX NIPOYHOCTH CLEIUICHHS MeXKIy coboi M OCHOBOH wenecood-
Pa3HO HCHIONE30BATH BO3ACHCTBHA KOHLEHTPHPOBAHKEIMM IOTOKAMH SHEPIHH.

Tax [1s ynpovHeHHs BEICOKOHAIPYKEHHEIX Aetaneil, paotaromux B y¢-
JIOBHSX HHTEHCHBHOTO H3HOCA [IPH NPOCKTHPOBAHMA KOHCTPYKIAH HeoGX0 1AM
NIPEAYCMOTPETS NOCIIEI0BATENBHOCT CIIOEB, JOPMHUPYEMEIX HAIBIICHHEM H HE
IIABKOM, OCAXICHHEM U OTUIABICHNEM.

B 3aBHCHMOCTH OT KOHCTPYKTMBHOIO HCIIONHEHHS JETATH, ycuoBHif €
SKCIUTyaTal|H, THNA MPOH3BO/ACTBA PEKOMEHAYETCS HCIIONL30BaTh PasJHIHbL
NOCACNIOBATEIEHOCTH TEXHONOTHYECKHX ONepalnii, Takue Kak: 1) mia3Menno?
HambUICHHE, WHIYKIHOHHAS /M 3NEKTPOMATHUTHAY HAIUIaBKa; 2) nasepHoe !
JNEKTPOJTY4EBOE OIUIABNCHHE; 3) HOHHOE OCaX/IeHHEe ¥ MOTHMHIMPOBAHEE.

PaccmoTpum mpsmMoe «BripalmBanne» Netanell MALIMH CHHETEI0M CJI0E3
marepualia (TabNALa) B Pa3IHYHBIX arperaTHbIX COCTOSHHUAX - TBEPAOM, KHA
KOM, ra3000pasHOM - H B Pa3sHOOOPA3HBIX BEICOKOIDDEKTHBHEIX npoueccax ¢

. Tabnuua - Bricokoa(eKTHBHBIE NPOLECCHI NPSIMOTC BBIPAMIMBAHUSA
eii MAITHH MOCTOHHEIM CHHTE30M

eccel  Qopmu-|ArperatHoe |[3oHsl mornowe-{Tonumua  hopmu-
WS CIIOS JIETANM|COCTOSHHE  |HHS M ILIOT-[PYEMOTO 2JI0s, MM
P HaHOCHMOTO |HOCTh TIOTOKOB
| Marepnana  |sHepruu, Br/cm®

MEHHOE  Harlbl-[TBepoe lo6wemHuasn, 0,1...10

e ¥ HamjaBka  |(IOpOILOK) 10%...10°
NVKIMOHHAS  Ha-)KUOKoe ofpeMHas, 0,3...3,0
BKa  norpyxenu-|(pacrmas)  [10%...10°

POMarHUTHad |TBepHoe LMHO}KBCTBO nmo-0,05...0,5
(mopomiox)  [KaiX30BaHHELX,
10°...10°
e ocaxaeHue[rasoo0pazHoe [MHOKecTBO 110-{0,002...0,2
oZn(HLUHPORAHHE Ka/IM30BaHHELX,
- 10°...10° _

PHOE ¥ SJIeK-PKHAKOE epunas  choxy-/1,0...10
HHO-TygeBoe  om-|(pacriag) CHpOBaHHas, (mpu  TepMO3NIEK-
IEHHE 107,107 TPUHUECKOH KOHBEK-

uun 0,01...1,0)

Tax, npy HaHECEHHH METALTHYECKHX TIOPOINKOB B TBEPIOM COCTOSHHUHM B
cax IIa3MEHHOrO HanbUIeHWA WK NpH Harnaeke obpasyetcs obbemHas
NOrTIOIEeHNA dHeprun. TommuHa GOpMHPYEMOro CJOsi ONPEAENSETCs Co-
BIM JIefICTBHEM KHHETHIeCKOTO ¥ TepMOSHMHAMHYECKOrO (akTopoB, Onu-
aEMBIX CKOPOCTEIO IIOTOKA YacTHI OPOMIKA ¥ TePMOJMHAMHYECKMM MOTEH-
oM IuTazsMeHHoro notoka. CaM npouecce GOpMHPOBaHHS CI0S ONMCHIBaeTCs
AICCKAM KpHTepHeM Si, OIpenenieMblM COOTHOLICHHEM MEXIY DHeEp-
KOTOPYIO HECeT IIOTOK, H JUKOYJIEBOH SHEpIrueH.

B npouecce uHAyKIMOHHOH HAIIaBKH IOTPY)KEHHEM NETANH B PaciUIas-
1 MeTall paccMaTpHBaercs o0beMHas 30HA TIOTJIOLIEHHS JHEPIHMH IIO
A HapammuBaeMol NoBepXHOCTH. TomiuHa QOpMHPYEMOro ClOs OIpeseNs-
I afre3ueit MexIy MOBEPXHOCTHIO JETATH Y PaciliaBoM, ONMCHIBaeMOH CKo-
[BIO NOFbeMa AeTany, HalpsHKeHUeM TIOBEPXHOCTHOTO HATSKEHHS U KOd]-
MEHTOM BHYTPEHHEro TpeHus. MakcHManbHas TONIMHA Clof NpU ofTeka-
'PACILNaBOM AeTany OrpaHHYMBACTCH YCIOBHAMM [OTEHUMANLHOIO TeUCHH

Bk~

06bEMHOM, MHOXECTBOM JIOKAIH30BaHHBIX W eHHOMN cokycupoBanHo 30H0!
TMOTOIIEHAA KOHIEHTPHPOBaHHEIX TIOTOKOB 3Hepruu [2].
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UMTHIBAETCA KaK TOMIIMHA norpaHuuHoro ciof IMpauarng dg, 3a npene-
A KOTOPOr'O TIPOMCXOAMT CPBIB IIOTOKA.
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Ilpx 3nexTpoMarHuTHOH HamaBke (epponopoimka obpasyeTcs MHOxe.
CTBO JIOKANH30BAHHbIX 30H MOIMOMIEHHUS SHEPIUH. DNeKTPOMArHUTHAS Hannag.
Ka [03BOJISET HAHOCHTH IIOKPHITHE TONBKO O OTIPENENEHHON TOMLHMHEL, T0Ce
4ero GopMUpyeMBIH COM TEPAET yCTOHYMBOCTS, @ Ha NOBEPXHOCTH 00pasyior.
CA MHKH, KOTOPble NPH MOCHSAYIOIIAX paspsjax NPEBPAlaOTCs B Kpatepy,
YnpaBnsTh MPOLUECCOM HAITABKH NMO3BONAIOT MEKTPOMATHUTHBIE TTOTOKH. Tag
IBHOKeHUS H (HKCAIMA YaCTHI{ (eppONOpOIIKa 3a/jA10TCA MHIYKIHMEH Mariur.
HOTO TIOJi, @ HHTEHCHBHO® TEIUIOBEIAENEHHE B MECTaX KOHTaKTa ¢ QOpMHpYye.
MOH TIOBEDXHOCTBI) M IUIABJIEHHE NOPOIUKA ONPEHENAIOTCH HANPIOKEHHOCThIg
3NEKTpHYEcKOro moss. B pesynsrate pocta ConpoTuBNeHHS (peppONOPOMIKOBO]
CPeZEl, H 3MEKTPONPOBOAHOCTH HAHOCHMOT'O NOKPBITHA, CTabMIM3HPYETCs Toj-
IHHa HAHOCHMOTO ¢iiosl. [Ipolecce aneKTpOMarHuTHOK HaIUTaBKyM ONpefensercy
COOTHOIUIEHHEM KPHTEPHEB MATHHTHOIO B3aHMOAEHCTBHS M HANpPSKEHHOCTH
MEKTPUYECKOTO 10T Sm/Se, OMHCHIBAIOMMX IMEKTPOMATHHUTHEIE ¥ HHEPLHOR-
Hbie cibl, Taioke nponece MokeT GBITh IPECTABNEH COOTHOLIEHHEM MOIHGH-
nupoBaHHBIX Kputepues Ilexne u Ilpanxrna Pe'/Pr, onucHBarommx 3HEPIHIO,
OTBOJHMYI0 KOHBEKIMEH H IIPOBOAUMOCTEIO, ¥ OIPEACHSIOUINX CIIOCOBHOCTS ee
PacpOCTPaHATECA B JaHHOM cpeze.

B npornecce HOHHOrO OCKIACHHA CJIOS U3 Ta3006pa3HOT0 COCTOSHUS 110-
TOK HOHOB He (hOKYCHpYeTCs, a pachpeNenseTcs o IOBEPXHOCTH fetany. Ton-
IYHA HAHOCUMOT'O CJIOA OMpPEENseTes B OCHOBHOM TommuHou cnos Jebas dp,
B KOTOpOM IIOTEHIMAN, NpWiaraeMelit K aetaid, 3GQeKTHBHO BO3aeHCTBYeT Ha
#onbl. Crott [efad onuckBacTCs COOTHOLICHHEM BEIHYHMHEI TOTEHLMANA | TI0-
TCHUHATHHOM SHEPTHH HOHA B 3JIEKTPHYECKOM II0JIE, & TAXKE MIOTHOCTBIO HO-
HOB TNa3Mel. MIOHBEI B pe3ynpTate COBMECTHOIO BAMSHMS MX IOTEHLHATHHON
SHEPTHH B IICKTPHUYECKOM IIOJIC M TEIUIOBOH JHEpPruM INIa3MEHHOTO ITOTOK
PacrpeRensIoTCs N0 3KCIOHEHIIHATBHOMY 3aKOHY B equHune cnost Jebas, 3a1a-
Bas TeM CaMBIM TOJIIUHY 0CaXKHAAEMOI0 MOKPHITHS.

Tlpu nasepHOM WM 3NMEKTPOHHONYYEBOM OILTABIEHUH MOBEPXHOCTHOI
€104 MM HAHOCHMOTO TOKPSITHA [eNecoo0pa3HO paccMaTpUBaTh eAHHYIO C(o-
KYCHpOBaHHYIO 30HY NOIJIONIEHHS SHEPTHH, CKAHHPYEMYIO 1O Beell opmupye:
Moii iosepxHOCTH. Ilpy nydeBolt 06paboTke B pe3yinsTaTe KOHBEKIMOHHOMN HE-
YCTOHYHBOCTH B Y3KOM TOBEPXHOCTHOM CJIO€ PAcILIaBa OMpefesIeHHON TOMIH-
Hbl OPMHPYIOTCH COCTOSLIME M3 BHXpEil JWCCHIaTHBHEIE CTPYKTYpHI1. [Ip#
AOCTAaTOYHO GEICTPOM OXJI2KICHHH B TAKOM COCTOSHHMY MO (BPOHTY KpHCTaLIH-
3aliMy obpasyercs sr4eucTas CTpyKTypa. TonumHa H3MEeHeHHOro ciost dy Nk
ChIBa€TCA COOTHOIIEHHEM CBOHCTB METAIa, €ro Ko3dduumenTaMy moBepxHo:
CTHOFO HaTSDKCHUSA ¥ OOBEMHOIO PAaCIIMPEHHA, IVIOTHOCTBIO B PacILIaBIeHHOM
coctosuuy. Ilponecc GOpMHUPOBAHHA AHCCHTIATHBHBIX CTPYKTYP B pacruias
ompeaensercs Kpurepuem MapaHronu Mr, XapakTepusyIOUMM mpoABieHis
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OKaNKUIAPHBIX SBNCHHH, H KpHTepuem Poanes Ra, omMchiBaowiuM coot-
eHHE ITONBEMHON CHMBI K CHJIBI AHCCHTIAIIHH.

PaCCMOTpeHHBIe BI:TCOKOZ)(IIQ}CKTHBHBIQ NPOMecesl Jat0T BO3MOXKHOCTE
IOHHO HAHOCHTL MATCPHANBI ¢ OCOOBIMY CBOHCTBAMHU H CO3ABATL [oBepx-
¥ JICTAICH EOMCTPUYCCKH CnoXHOH QOpMEL DTH mpolecchl MO3BONAKT
EPaBiCHHO H3MEHATH (U3UKO-MEXaHHYECKHE CBOWCTBA MaTcpHana u ycla-
BATh MX B 3aBHCHMOCTH OT TPCOOBaHHUH K IKCILTYaTal(MK JeTANeH MalluH,
JAns ananusa nyTed HHTeHCUHKAUMM HOPMUPOBAHHA CTPYKTYp a3
epXHOCTHBIX CJIoeB AeTaneil B o6pabarkiBaromieil cicTeMe BLIICIAIOTCS He-
WIIBHBIE TIEPEMEHHbIE (TEMMEPATypa, AaBICHHME, CHIIA TOKA, MAlHUTHAS MH-
1 W Jp.), KOTOPBIE IOQYHHAIOT ceOe PasBUTHE, FBOIOLMIO CTAOHIBHLIX B
oM TIpollecce mapamerpos. Taxoi noaxon mo3BoiseT paccMaTpuBaTh -
) CTPYKTYPY, KaK caMocTabuiiupyiomuics snepretudeckel ob6ycnosnen-
cThI0 Komiseke. Ilpu aBonoumu yepeaoBaHHe MepexOg0B CHCTEMbI H3 YC-
HBOTO B HEYCTOHYHBOE COCTOSHUE COMPOBOKIaeTCs cMEHOM MacmTabuoro
OBHA IIPOLECCA MOTIOMIEHHS OSHEPrUM M 0OpasoBaHHEM JUCCHIIATHBHBIX
KTyp. WsyyeHue fBACHHMH HaCnefOBaHMA CBOMCTB, COCTOAHHA, $a3 u
KTYp MOBEPXHOCTHBIX COEB, (OPMHPYEMBIX B fpoeccax MHTEHCHBHOM
60TKH, MPOBOAHIOCH HA OCHOBAHHH (DH3HKO-XHMHYECKOIO aHANN3a, C HC-
B30BAHUEM TOMOJOTHYECKHX MOjesel - reomeTpuyeckux obpasoB COOTHO-
Hii: coctas - cBOHCTBO cHcTeMsl [1]. IToBepxwoctu paspmena crpykTyp u
HEHTBI CBOHCTB CJIOB KakK IPH aJIMTHBHEIX, TAK U NIPH CHHEPIOTEXHOJIO-
ONpeNeNsIOTCS TEXHOIOTHYECKUMH GapbepaMy, KOTOpPEIE B COOTBETCTBHU
OBHEM }’CTOﬁ‘IHBOCTH Ilurnepa OMHCBIBAIOTCH TIPOU3BOJAHBIMH HMITYJIRCE
THY 1O IJyOWHE IOBEPXHOCTHOrO cnog [2]. TexHonornyeckne Oapbeps!
T BO3MOXKHOCTB YCTAHOBUTB [PAHMYHBIC YCIOBHA MPOLECCOB IOCIOHHOIO
e3a, 2 KOH(UIyPalKIO TPAHHI[ HO3BONSET PACCMOTPETH KOMITBIOTEPHOE T10-
OCTHOC H TBEPHOTCNBEHOC MOACIHPOBAHHE, le»i ITOM 3a/[aqy MOIEupo-
HA nocioitHo GopMHpYeMbIX 000/I0%EK HE CBOAMTCA K MPOCTOMY MACHITa-
POBaHHIO, & YYMTHIBAIOT KOHCTPYKTHBHbIE OCOOEHHOCTH M CrienupHYecKue
BHS ’l‘EXHOHOFHﬂ, CBA3aHHBIE C YCTO}‘J'I‘-IH'BOCTB!O IIpoLeCccoB, B3auUMOIIPO-
KHOBEHHEM CJIOCB W APYTMMH TOBEPXHOCTHBIMH ABICHMAMH. Tak B npouec-
IJa3MEHHOrO HAlBUICHHS ¥ HAmIaBKH TIPOMCXOIHT CKpYrIe€HHEe KPOMOK.
H HHAYKUMOHHOM HaIlaBKe IOTPYKEHUEM IPOMCXONUT 3aTeKAHUE BHYTPEH-
X [IOJIOCTeH, 3aII0NHEHKE ITOP 3aBHCHT OT YCJIOBMH cMadnBanus pacnnasa. Ha
iBojiee BHICTYNAIONIMX YIaCTKaX [PH 31EKTPOMArHWTHON HaITaBKe TOMIHHA
HOCHMOTr0 1105t CHIDKaeTcs. TOMIMHA H3MEHEHHOTO CIOA NIPH J1a3ePHOM HIH
CKTPOHHONYUEBOM OIIABICHUH BCIECTBHE KOHUEHTPAIMOHHOTO PACCIOEHHS
A1aBa B 06pasyrOIMXCA BUXPSAX HEOMHOPOIHA U 3aBUCUT OT CTENEHH IIPH-

TBHS NETHPYIOMMX 3I€MEHTOB. IIpH HOHHOM OCakieHMH MOKPBITHH, Ha
nax ¢ MajbiM pajifyCoM IIPH BCPLUMHE BCIIEACTBHE YBEIWYEHMS [IOTEH-
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lMana CoH HapamuBaeTcs Haubonee WHTEHCHBHO. Crexyer ormeruts, 4Tp
crieludHIECcKHe YCAOBHS CO3JAHHA oS B BBEICOKO3(Q(EKTHBHEIX npotecey,
eNecoobpasHo CBA3aTh ¢ OCOBEHHOCTAMH KOHCTPYUPORaHUSA qupMpremm
obomnoyeck. Tak, MpH HHAYKUMOMHONH HArUIaBKe TS (opMHpoOBanHs OCTpyyy
KPOMOK HEOOXOAMMO HONOTHHTENLHO NOTPY>aTh CKPYTIeHHBIe BBICTYIyy.
obecrieynBas 3TUM AOIONRUTENBHOE Hapauuieaune cnos. llocnenyiowas gy,

HHIIHAA MeXaHn4Ieckas o6paboTka M03BOAHT 3aTOYHT YNPO4YHEHHBIE KPOMKY,

Takum obpasom, paccMoTperHsie BBICOKOMPOU3BOIUTENBHBLC, 6E30Tx0).
HBIC, IPOLECCH MPAMOTO BBIPAIUKRAHMS A€TaNeH MaluMH MOCAORHBM CHHTe30)
# OCOBGEHHOCTH KOHCTPYMpOBaHHA OPMHpYEMHIX 0BoNOYeK PacKphIBalOT H.
BBIC MEPCHEKTHBB B PeCYPCHOM NPOSKTHPOBAHHH JA€Tanel MallMH U MOKa3g.
BAIOT, HTO HCIONB30BAHHE CaMOOPraHH3aLiii TIOBEPXHOCTHEIX ABICHHH 0350,
aseT (HOPMHUPOBATH CIOM ONpPENeNeHHOMN TONIHHE 1O Beeli CITOXKHOMPOGHITE.
HOH paboueit IOBEPXHOCTH, a Tak e YNpaBIATh 0OECHEeYeHHeM CBONCTR MaTe-
pHana IIOTOKaMH SHEPIiH B TEXHONOTHYECKOM [HANIa30He TUIOTHOCTEH MOLH(-
cru (10%...10" Br/ew?).

Pabora Beinonnsnacy npu durancosoit noanepxkke benopycckoro pec-
nybarkasckoro Gonga dyHnamMenTaThHEIX HCCIEA0BaHHI.

Crucox surepatypur: 1. Xeiiden M.JL, Koxypo JL.M., Mpouex J A,
Ipoueccer camoopranuzamuu mpyu dopmupoBanuu nosepxuocieil. - Tomens:
MMMC HAHB, 1999.- 276 c. 2. CunepreTuueckne acmexTe Qusmko-
XUMHYECKHX MCTONOB ofpabotkn / AW. Iopaumenxo, M.JL Xeiider, b.IL
YeMHCOB U Ap.- Munck: ®TU HAHE, 2000.-172 c.

HEKOTOPBIE METO/bI IOBBLIIIEHUS AOJTOBEYHOCTH
3VBYATBIX MY®T

Ioabuenxo B.B, Azys Tasen , Hezocexun B.B. (Honl TV, 2. Jloneyx,
Yxpauna), Tyuxnis C.B, (MMHUC, 2. Xapokos, Yikpauna)

Clause is devoted to methods of durability gear clutch. In it the analysis of
destruction gear clutch is given. The results of experiments on influence com:
Pplementary in greasings are given. The recommendations for application com-
plementary to standard oils are given.

Hexons w3 Hasnauenus 3y6uatiie MYQTHI paBoTaroT B yCIOBHSIX OTHOCH
TCABHOIO NEPEKOCa U CMELICHHA BaJIOB, DT0 06CTOATENBCTBO TIPHBOOMT K TOM):
410 (PPHKUMOHHbIE SBJIEHHS B 30He KOHTAKTA 3yObEB CIIOXKHBI M Pa3HOOGPA3HAL

- IpH IepeNiady HOMHHANBHELIX KPYTAILMX MOMEHTOB B 3y6pax cranmap’
HBIX MYy(T, BOIHHKAIOT 3HAYHTEIBHbIE 3HaKOIICpEMeHHEBIe H3THbaroumMe Hanps

15. KouTaxkTHEIE HanpsKeHHs JOCTHIAIOT NIpe/ieNna TEKYUecTH Aaa cTan 45,
YTOPBIX H3TOTABIMBAIOT 3y6uaThie MydTHI;

| CKOPOCTH OTHOCHTEIIFHOTO TiepeMeleHns 3yObeB TakkKe HMEKT 3HaKome-
BIfl XapaKkTep W B 32BHCHMOCTH OT YrJla NIEPEKOCca COSAMHAEMBIX BAOB H
HMAaTbHO JOMYyCTHMON YacTOThl BpalCHUA BalnOB AJid C‘raH,uapTHhixlmyclJT
1 B npegenax 0,2-1,0 m/c. B peanpHBIX ke MEXaHU3MaxX CKOPOCTH OTHOCH~

oro riepemerienus He npesbinraoT 0,3-0,4 m/c;
| BenMuKHA OTHOCHTEIIHHOTO MepeMeleHus (BO3BPATHO-TIOCTYNATENBHOTO)
CHT OT Pa3MepOB MY(TEI, TOYHOCTH M3TOTOBJIEHHS K YIjia NIepeKoca Coesu-
X BalOB W H3MepseTcst oT 0 (IpH OTCYTCTBUM TIOTPELIHOCTH H3rOTOBIC-

MOHTaXa) 10 3MM (Ju1s yrios mepekoca 7o 1); )
‘ BHYTpCHHHH Topel 3y0a, oOpateHHsii B M0J0CTs My(TH, U Hapy}é{HhIH
Jl IOABEPraeTCs BO3/EHCTBUIO Pa3IMuHBIX M0 BEIWYWHE HArpy3oK. BHyT-
¥ Topeu MCHbITHIBaeT HAarpy3ku npuMepso B 1,3-1,6 pasa Bbliue, 4em Ha-
mi{a’.naa OTHOCHTEJIbHAs CKOPOCTh CKONBXEHHS KOHTAKTHPYIOIHX 3y6nen
DeclieurBaeT MOCTOSHHONO MACIAHOTO KIHHA, 3AINMINANOIIEr0 KOHTAKT
eB [IPY TPEHHH. _

. DrH oOCTOATENBCTRA IPHBOMAT K BOSHHKHOBEHHIO NPY TPEHHU KOHTAKTH-
OmTX 3y0BCH PasTUYHBIX BHIOB paspylueHus. [IpH co3/anuy METOJIOB pacye-
0ATOBEYHOCTH My(T BHIABICHHE OCHOBHBIX BHJOB Da3pyILEHUS SBISETCS
ocTeNeHHoH ¥ ofHoH 13 BaKHeHIIMX 337124,

Vicclie10BauuIO BHAOB pa3pylieHus NpeamecTBosai cbop HHiilOpMa]_mH 0
Te 3y09arsix My()T B MPOM3BOACTBEHHBIX ycioBusix. C 3TOH 1enbi0 Ha
eNNpHATHAX, SKCIUTYaTHPYIOWUX 3y0uarsie MyQTsi; M3y SQIIHCh CICAYIOle
IPOCHI: MECTO YCTAHOBKM M ycioBue paboThl 3yOuatoit mydTer; gonrosed-
5 i IIPHIMHDL BBIXOAA 3 CTPOA; Haubosee YacTo BCTPEYAIOWHECS OTKA3E!
yOuaTEIX My(dT; NPUMEHSEMBI BUA CMa3KH; TepMudeckas ofpaboTka 3yGbes
H3TOTOBJIEHHH. 5

Kpome 3TOro NpOM3BOAMINCH HEIOCPENCTBEHHbIE HabMoAeHU 32 pa
i 3yGuaThIx My(T Ha psifie IPSANpHATHI OT HX YCTAHOBKH [0 TMOJHOTO gmxo—
W3 crpost. Bo Bpems HabmofeHHs NEpHOTHYSCKH OCMATpUBANIHCE padotime
BEPXHOCTH 3yObeB My(ThI, METOLOM C/CIKOB ONpPEAeNsUIach NHHCHHas BeiH-
H3HOCA 3y0beB, PHKCHPOBANKCH OTKa3bl 3y6UaTeiX MyQT. : ]

B pesynprare cOopa HHQOpMaLKH YAaI0Ch BBISBATH HEJOCTATKH B pado-
3y0uaThx MydT. K OCHOBHOMY HEJOCTATKY CIEAYET OTHECTH HU3KYIO JONr0-
IHOCTH 3y6YaToOro 3aueIUIeHHs. B 3aBHCHMOCTH OT pabOoTEl ¥ KOHCTPYKLHH,
IFOBEYHOCTh 3y0YaTBIX MYdT COCTaBIfAET TO 490 no 600? $acos, 4TO He
OBNIeTBOPSAET TpeOoBanmaM MpakTHki. OCHOBHON NPHYHHOH HH3KOH AOMro-
OCTH SBJSETCH MHTEHCHMBHBIA M3HOC 3yOneB. IIpeANpHATHIMH HA3BaHBI
AyIOmpAe BHAB paspyuleHuil 3yOnes: abpasusmeiit u3Hoc mis My¢r, paGo-
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TalOWKX Ha [IPOKATHBIX CTAHAX, B FOPHO-PYAHOM MPOMBIIINEHHOCTH, CMSATHg 4
yCeTanocTrsie paspywienns 3y6ses. Kpome 3Toro scTpewaetcs cpuiB Kpbiy nil
YACPKUBAIOUMX 0GOHMY OT CMEILEHHS B OCEBOM HAMpaBNeHHH, pasburka “
BEpCTHH 102 GOATHI, CTATMBAIOLIME ABE MOMYO0OHMEl, HapyIIeHHe I‘cpmm";w:T “
CTH TIONOCTH MY(TSI, BRIXOJ H3 CTPOS OTIOp BaloB. B KayccTBe CMa309HO cp:;
JilS1 npHMeReTCH LWHPOKKH acCOPTHMENT cMa3oK. Ho, B CBA3H C HEYHOB/eTyy
PHUTENBHOH PadOTOH YIUIOTHeHMH, Yalie BCEro IPUMEHSIOT Koucncrem}lm
CMasKy.

Meronuka HecnenoBanus BHAOB paspyuienus 3yGheB 3yGuarhix Mydr
pa3paboTaHa Ha OCHOBE M3YYEHWS COCTOSHHS MOBEPXHOCTHOTO CIIOS, NO/1Bep.
raamemcsv paspyuermio. C 310# Uensio paspaboran nacuopr 3y64aToir My,
COCTOALIMH H3 TPEX YacTeli: XapaKTePUCTHKA 1OBEPXHOCTHOTO CIIOS 3y0hes Ho-
BOM NIeTaNH; XapaKTepHCTHKA pabOThl My(THI, XapaKTePHCTHKA [10BEPXHOCTHY.
To ¢104 3y6seB H3HOMEHHO#H My (PTHI.

[Tacnoprusaumn noxsepranuch 3y6uarsie Mydrsl, pabotasuve B [1pous:
BOACTBEHHBIX H Jaboparopubix yciaopusx. [lockonbky 3yGuatsie My(TH YCTa
HaBITABAIOTCA B PA3HBIX N10 HA3HAYCHHIO MALIUHAX, TO JUIs ITOMyYJeH s HauGole:
TIOJSTHOW KAapTHHBEI M OXBaTa Pa3IU4HBIX YCNOBHH paboThl, OTOMpanycs Mydmw
Pa3HOOGPAsHBIX Pa3MEPOB H KOHCTPYKIMH, MOOBIX SK3EMIIIPOB MALIHH ek
BHCHMO OT BPEMCHH HX OKCIUTyaTallMi M OT NPHYHH BBIXONA M3 CTposl. Tax e
ClIeAoBATHCE 3yGyatsie My(THI, paGoTalolHe Ha POKATHEIX CTAHAX, HA TIOH
EMHBIX KpaHaX pasHOH Ipy30MOAKEMHOCTH, YCTAHOBICHHBIX B Pa3HBIX LeXax:
METALTYpruvecKuX, MaNIMHOCTPOHTENBHBIX M HA OTKPBITBIX TLIOIAZKaX, B
IIMXTONPHIOTOBHUTENBHEIX Ha KOKCOXMMHUIECKHX 3aBOAAX U T. L.

VisyuenueM MUKPOTCOMETDHM H3HOLIEHHEIX 3y6heB YCTAHOBIEHO, UM
OHH B Mponecce W3HAUIMBAHKA N0 BHICOTE NMPHOGPETAIOT SPKO BhipaxeHHsl
Tpeyronprsit npoduns (puc. 1). BonslueMy H3HOCYy mojBepraeTcs TroJOBKE
3yba BIYJIKH, T. K. OHa TepBoif BeTymaer B paGoTy. Ilpu pansHeiineit  pabo

Puc. 1. ®opma uzHOmERHOTO 3y6a.
T€ H3HOC pacmOCTpaHAETCH HAa OCTaJbHYI0 NOBepxHOCTs 3yba u Of

MpHOOPETAET TpeyroNpHbIH MPOQHITL. DTO XOPOILO COrmacyeTes ¢ pacipencl® |
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yeunuit [1].

MsHOC 110 iTHHE 3y5a He CHMMETpHUeH U He pasiomepes (puc. 2). Topus
B 0OpaLLEHITRe BHYTPS Kamepsl MyOThl HIHAIIMBAOTCS B Qospleii creme-
yem NpotnBononoxHeie. [To wune 3ya npsmonwuHeHas obpasyronias HO-
3yObeB NpeBpallacIcs B KPHBOJIMHEHHYIO H3HOIIEHHEIX 3yOneB. 310 06B-
eTCs M3MEHEHHEM BC/IMUMHBI HArPY3Ky Ha 3y0e 3a BpeMA MPOXOXKACHHSA €ro
TaKTHO 30HE ¥ lIePeMELieHIeM TIATHA KOHTAaKTa K CepesiuHe 3y0a npy us-
UM YIIa TIONOXKEHUS OTHOCHTEIBHO OCH HAHDONBLIKX NIEPEKOCOB.
HccneoBaduaMy BHAOB 3y6uaTeix MydT yCTaHOBJIEHO, YTO B MPOU3BOA-
JHBIX YCTOBUSX B 3aBHCHMOCTH OT peXumMa paboThl M CMa3KH, UMCIOT Me-
OYTH M3BECTHBIE BHIBI M3HOCA: MEXaHHKO-XMMHMUECKHi, cXBaThiBaHHe I
abpasusHsli, GperTTruHr-kopposus[2]. lpu peskux apapUHHBIX yBeHe-
'HArpy3OK BCTPEYAIOTCs MONOMKH 3y0beB.

. Tlpy rauGonee 4aCTO BCTPEURIOMIMXCH PEXHMAEX PabOTH! My®T (BBICOKOE
JieHHe Ha MOBEPXHOCTH 3yObeB, HH3KME CKOPOCTH CKOJBXEHHUA COMpiXei-
3y6beB) BosHuKaeT cxpaThiBanuc | pona. TakoH BRI M3HOCA CUHTACTCHA HE
VCTHMBIM U BCE KOHCTPYKTOPCKHE, TeXHOIOTHUECKHE H 3KCILTYaTallHOHHbIC
JOTIPHATHS AODKHBI OBITH HANPaBICHBI HA YCTPAHEHHE CXBATHIBAHMA 1 pona.
JAIbHBIM H3HOCOM HYXHO CUHTATH MEXaHO-XUMHYECKHH.

Bemywmii BUA #3HOCA B Mape TPEHHS 3aBHCHT OT KA4eCTBa IIOBEPXHOCT-
cnoéB (MeToaa oOpaboTku moBepxHOCTH). OAHUM H3 OCHOBHBIX NapaMeT-
KayecTBa MOBEPXHOCTHOIO CIOA ABNACTCH MHIPOTEOMETDHS MOBEPXHOCTH.
GopoM ONpeAelCHHOH MUKPOTEOMETPHH MOBEPXHOCTH 3y0beB MOXKHO
BIIATH M3HOCOCTORKOCTHRIO moBepxHocTelt. MocnenopanusaMy yCTaHOBIIEHO,
auBobITell H3HOCOCTORKOCTEIO 06N1AAaI0T IOBEPXHOCTH ¢ KOHHYECKOH,

HzHoc 3y0a o JyHHe

8
i Mt

0, 12«3 4 5. 8. T B8 9l
Puc. 2. Mzuoc 3yba no givse.
MUNATEHOM U cepudeckoll popMamMul MAKPOHEPOBHOCTEH, MO CPABHEHHMIO

OBerHOCTﬂMH, HMEIOIIUMHY MHKDPOHEPOBHOCTH € MaJlbIM maroM IipH Bep-
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umHe. K TakuM NOBEpXHOCTAM OTHOCATCA LUMpoBaHHbIE ¥ Gpe3epoBaHHLe,

VBenuyeHHe H3HOCOCTORKOCTH 3y0YaThix MydT Moxker ObITH MOy ey,
NP KCNOJB30BAHMH JKUAKOH CMa304HOH cpenpl. JKHOKHE CMasOuHble Macy,
CO3JAIOT HA TPYUIMXCS MOBEPXHOCTSX 60Mee YCTONUMBEIC TPAHHYHEIE Mieiyy,
4eM KOHCHCTEHTHBIE, OHM Jiydlie MPOHUKAIOT B 30HY TpeHus. Hanbonpmmis 3@,
(GEKT CMazoYHOro HEHCTBUS HKMIKHC CMaskH ODECHCYHMBAIOT NPH BBEJCHHY n
HHX CHEIHaNbHBIX NPHUCANOK. [IPHCAAKH YTy IIAloT IIPOTHBOU3HOCHBIE, 1POTy. |
BO3a/[MpHble, AHTHKOPPO3HOHHEIE U JIDYTHE CBOMCTBA Macen. SBneHus Tpeyy
3yGpeB 3y04aThIX My(T XapaKTepu3yeTCsi MalbIMH CKOPOCTAMH CKOJbWKekyg
MaITBIMM aMIUITYXaMH BO3BDATHO-TIOCTYNATENBHOTO CKONBXKCHUS ¥ 3Hayy
TENBHBIMH AABTEHUAMHM B 30He TpeHus. IIpH TakuX ycioBHax ocofoe 3Haveuy
MMEET MaC/Io M TIPUCAJIKH, CO3JAIOIIHE IPAHNYHbIE IUICHKH. YCTOHUMBEE rpg
HHYHbIE MIEHKH MOKHO CO37aTh NMPUMEHSA NPUCAKH CEPEL, XNI0pa, docdopa y-
II0BEPXHOCTHO-aKTUBHBIX BEHIECTB.

Ha pucyHKe 3 mpeICcTaBieHbl Pe3y/IbTaThl SKCIEPUMEHTOR 110 BIHSHIg |
NpHCaJIOK K cMaske M-45 Ha BevuudHy NHHEHHOrO H3HOCA OOPA3NOB Mpy Boz.
BPaTHO-TIOCTYIATENBHOM CKOJILKESHHH.

KOJIBKY YCJIOBHsA TPEHHMA HE 00ECNEYHBAIOT YCTOHYHBOrO MacjAHOrO Kik-
'} BeTHYHHA H3HOCA 3HAYHTCIIbHA.
Cepwitnoe macno M-45, kak u pee HedTsHbIC Macna, WMEIOT aKTHBHEIE
eHTb, KOTOPHIC MOTYT 00pa3oBbIBaTh 3allMTHBIE IPAHHYHBIC MMIEHKH.
. OTCYTCTBHE B CMaske HMeeT clyyaiHblil xapakrep. JIyqiiee npoTuBons-
CBOMCTRO roxasalio Macno M-45 ¢ nprcajkoi 2% oNeHHOBOH KHCIOTEHI.
qHOBAs KMCIOTa, Garofaps BhICOKOH MOMAPHOHR aKTUBHOCTH, oOpasyer
BHBIE MPAHHYHEIE [UIEHKH, CHIKaeT koapguiuerT Tpenns. Kpome ato-
oHA 00pasyeT HA METALIHYECKHX MOBEPXHOCTHX MyTeM Xemocopbauun
1 MBUT (XMMHYECKHE COEHHEHHA ¢ METAIIOM), YTO 3HAYHTENbHO YCHIIN-
X CMasouHYH0 H)GEKTHRHOCTE.
. XemocopGupOBaHKE TUIEHKH yACPKHBACTCS HA [IOBEPXHOCTH MCTAILIA A0
epaTyphl HX TUIZBNEHUs, KOTOpas NEKHUT B Mpefesax 100-120°C. Ipu no-
HIK TEMIIEPATyPh! TUIEHKa paspylaercd GhICTpee, YeM BOCCTAHABINBAeT-
‘cMa304Has CIoCOOHOCTS.
Xopouike NPOTHBOM3HOCHEIE CBOWCTBA IOKA3alW MpPHCAIKA C Cepoi.
Hbie TIPHCANKU CO3NAKT HA TPYUIMXCS MOBEPXHOCTSAX META/IOB IJIEHKH
b(HI0B, JUIH KOTOPBIX XapakTepHa BHICOKas TBEP/OCTb, NPOYHOCTS M TeM-
pa niasnenus. Cyabduasl obpasyiorcs NpH TeMIeparype rnopsaka
, IOITOMY QHTH3ANMPHBIH 3MEKT ITUX MPUCALNOK MOXNET MPOABIATHCH
KO TIpH BBICOKMX Temmeparypax. Tak kak Temmeparypa B 30HE TPCHMsA
B He nogbimaercs Boie 150°C, TO NONHOCTEIO NPOTHBO3aAHPHLIE CBOMH-
CepBIX MpHCanoK He NpOsIBJIAIOTCS.
Haubonee xopomye nMpOTHBO33AMPOYHbIE K TIPOTHBOU3HOCHBIC CBOHCTBA
anu MPHCAAKU ¢ XJIOpoM. XJOpHBIE Npy cajiku oOpa3syloT Ha TPYIUMXCH
XHOCTAX METANIoB UieHku xnoprios. Ouu Taxke obpasyio1cs NpH BbI-
IX TeMnepaTypax, HO He HWxke ueM Cynbdumpl. Temmepatypa o0pa3soBaHusi
DHIIOB MOXKET NexaTh B mpeenax 150°C, T.e. COOTBETCTBYET TEMIIEPaType
TIolaKe KoHTaKTa 3y6beB. [TneHks XIopuuos xese3a Markue. Kpome 31o-
OHH 001212I0T TUIACTHHYATOH CTPYKTYPO#H, YTO MPMBOAKMT K MaJOMY COIPO-
NEHHIO CIBMTA M HU3KHM Ko3hOUIMeHTaM TpeHus. B 9T0M OTHOWEHHH OHH
UTETEHO IPEBOCXOIAT CybQUIbI Kenesa.

CrieloBaTEIBHO, IIpHMEHEHHE BH/AA NPUCAZIOK JAODKHO O5ITh MOCTABICHO
MCHMOCTE OT TEMIICPATyPhl B 30HE TPEHHA.

41
H3HOC
MKM

3-

Puc. 3. Bimguie CMa309HOR cpeaisl Ha H3HOC:

1-azeniMHOBOE  Macno; 2-WEAycTpuanieHOe Macno M 45 3
HHAycTpHansHoe mMacno M 45 + 2% onerHOBO¥ KMCIOTHL; 4- HHAYCTpHanbHO?
macno U 45 + 0,76% ceprl; 5- unpycrpuansoe Maciao U 45 oceprennoe +11,9
xnopuapadusa; 6- upaycrpuansioe macio M 45 + 1,5% xnopuapaduna; 7- vi-
IycTpuansHoe Macio H 45 + xnopeyns¢uanposannas (XCO-200).

HauGonsLuAil H3HOC 3aperHCTPHPOBAH MPH TPEHMH B CPEle HHAKTHBHOIN
CMa3KH — Ba3eIMHOBOIO Macja. JTa cMa3Ka He HMEeT aKTHBHEIX KOMIIOHEeHTOB:

 Cnucox gmrepatypbt: 1. IJomsuesxo B.B., Conoseit A.B.
pejleNenne HArpy3KH MexXy 3yObsmu 3youatol Myt // IlporpecuBHsie
HONMOrMyY W cucTeMsl MammHocTpoerns: CO. HayyHpIX TPyHOB.- JlOHELK:
ITY, 1998 — som: 5. — c.177-181. 2. TloBepxHoCTHas MPOYHOCTR
ATepUaoB IIPH TPEHUH,
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EVALUATION OF PNEUMATIC SUSPENSION RELIABILITY WITH
USE STATISTICAL METHODS

Akopian Ruben (dutomobiles and combustion Engines Department Rzeszow
university of technology)

In this article results of research analysis of reliability pneumatic suspensions of
two types buses is presented. Basic coefficients of reliability for different qc.
cepted models of distribution random variable, i.e.: normal, logarithmic - nor.
mal, Weibull’s and gamma has been executed.

One from principle problems of improvement suspension construction of |

buses is rise it reliabilities. Both present theoretical and experimental research of
pneumatic suspensions nodes do not yet permit with sufficiert exactitude to
mark of real charges, coming into being in these nodes and to give objective es-
timation of construction reliability. Besides, investigative process considerably
becomes complicated from attentions on variety of bus exploitation factors and
of random character of road pavement distribution inequality, which have influ-
ence on suspension. Therefore reliability of suspension elements is marked bas-
ing on methods of probability, with use correlation analysis.

At research and elaborate of suspension construction important factor is if
effectively of production qualification, at what this calculation should base on
assembled knowledge accepted to new construction of suspension, as also on re-
sults of exploitation research these suspensions and theoretical analyze of
working processes.

This approach is based on this, that many of new pneumatic suspensions !
construction state combination of earlier well-known elements. Choice this or of

other suspension construction should base on analysis of industry transportation

in application of pneumatic suspensions, possibilities of it production and ex- |

ploitation difficulties, with it technology of production and services, effectively
of construction etc.

In dependence from concrete researches object, problem of reliability a¢ |

cepts specific features, which considerably make difficult qualification genersl
methods of research.

Principle of suspension researches reliability is optimal characterization of
connected costs with elevation of reliability new construction and with lowering |
costs connected with it exploitation. Detailed analysis of reliability theory repré” |

sented is in special literature [2, 3].
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Kinds of inefficiency, its classification and reasons of formation is exact
gpresented in literature. Inefficiency of elements pneumatic suspensions in pro-
of exploitation have accidental character, because to its description accepts
ked out theorem basing on theory probability and mathematical statistics. At
st on the ground of researches results or observed groups of inefficiency pre-
res graph and distribution curve, which give information about inefficiencies
pneumatic suspensions elements after definite periods of work: Ly, L,,..., L,
determine random variables.

. Statistical characterizations worked out on the base this data’s do not
3..::5‘; nit fully analysis of changes random variables, of works theorem its distri-
tion, expressed in form mathematical and define density of damages distribu-
tion f{L), integral function of damages distribution F(L), probability of correct
work p(L).

A mathematical equation of distribution theorem characteristic parameters
alifies with regard of physical occurrence damages and of mathematical proc-
model. This permits to foresee damages of elements, forecasting formation
damages, to define solution of reliability.

In theory and practice of reliability to define coefficients of population re-
bility most often uses random variable distributions, such as: normal, loga-
imic - normal, Weibull’s, exponential, gamma. Damages of construction ele-
nts from regard on wear process are connection with normal distribution,
nages caused offence admissible tensions - with exponential distribution,
nages caused with growing old of material - with Weibull’s distribution,

ages called out with fatigue charges sufficiently well describes with loga-
imic — normal distribution.

Research of pneumatic suspension reliability and it elements should fix
ory of mathematical variable distribution random variable, basing on worked
tistical characterizations on given possessed. At dissolving this exercise from
ention on curiosities of processes, were accepted different types of distribu-
statistical models of process; for definite given chose coefficients, entering
en theorem of distribution.

Examined of elements pneumatic suspensions of buses LAZ-699A, LiAZ-
917 and marked functions of first damages of suspension element distribution

courses are presented on fig.1. This shows that first damages of threaded
tener (curve 2), of position regulators (curve 4), of dampers (curve 5), and of
ntblock (curve 6) step out at below 100 thousand km bus course. First dam-
front (curve 1) and back (curve 7) bellows - at 30...40 thousand km bus
irse, and first damages eccentric pins (curve 3) - at 40... 50 thousand km bus

e [1].

and
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Fig.1. Functions of first damages distribution of suspension elements

Course of bas,

Statistical analysis of results inefficiency pneumatic suspensions and its
elements qualified according to periods course (L=10 thousand km) and repre-
sented on graph. Then one qualified density of damages (frequency of damages
occurrence) f{L) in definite sections of course by the example:

n
)= N, 1
Where:
n - number of first damages given element in section of course AL;
Ny - number of examined elements and possessing first damage at course
from 0 to L km.

Integral function of damages distribution representing time correct work distri-
bution of elements to first damages F(L), qualified as period of damages fre-
quency for each periods of work.

For qualifications average of courses of pneumatic suspension elements
my, and standard deviations o which determine parameters of damages distribu-
tion in periods course, were used expressions:

) :
my =2 Lf(L); ¢

i=1
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o= &(L Lq,)}(.L) (3)

Where:
L, - bus course , km;
k - number of partition course.
At statistical damages forecasting of construction elements obtains coefficients
of reliability: probability of correct work p(L), possessing special meaning at
forecasting and intensity of damages A(L).

Coefficients of reliability pneumatic suspensions and its elements were
qualified with use of equations:

p(L) = I-F(l) (4)

ML) = f(L)p(L) _ &)

Results of calculations density of damages distribution f{L), of integral
function of damages distribution F(L), probabilities of correct work p(L) and
intensities of damages A(L) of pneumatic suspensions buses LAZ-699A and
LiAZ-677 and its elements, for each course partition are represented.

Obtained at empirical research statistical material, does not make possible
analysis of changes character variables of fate.

In relationship from this one accepted foundation, considerably bringing
near empirical and accepted mathematical model of random variable distribu-
tion: parameters accepted mathematical model of distribution were accepted
equal to statistical parameters of empirical distribution.

Then marked characteristic sizes for basic models of dlslnbutmn which
analysis is represented below.

Normal distribution - most often used statistical model. Normal distri-
bution is characterized by density of distribution or with frequency of damages:

(Li"mi,)z
I

i e 262
fiL)= v (6)
Where:
my, - value average of course;
o - standard deviations given magnitude of course L;, characterizes position of
distribution curve along axe.

Generally accepts, knowing that parameters of normal distribution and
empirical are different, at calculations of reliability typical pneumatic suspen-
sions and its elements of magnitude 7, and o. For counted data’s were marked
curve of distribution density of pneumatic suspension LAZ-699A and LiAZ-677
and of its elements. i

Integral function of damage distribution for normal distribution is de-
scribed equation:
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By

F(z:)——-— je dz al

Where:
z=(L;~m )/ o.

Probability of correct work p(L) and intensity of damages at normal dig. |
tribution were counted in accordance with equations (4) and (5). Results of cal- |

culations represented parameters of pneumatic suspension reliability and i
elements were represented Fig 2.
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Fig. 2. Characterizations of density distribution of damages f(L), prob
abilities of correct work p(L) and intensities of damages A(L) pneumatic susper
sion of buses LAZ-699A and LiAZ- 677; a, b, c, d - normal distribution, log:
rithmic-normal, Weibull’s and gamma; LiAZ-677; - - - - LAZ-699A:
empirical distribution (L1IAZ-677)

References: 1. Akopjan R.: Ilnermaruueckoe mompeccoposanme asto- |

TPaHCIIOPTHEIX cpelcTs. JIBosekuit [ocynapersennslii Yuupepcurer, JTboB

1980, c. 210. 2. Bucior J.: Podstawy niezawodnosci. Wydawnictwo Politechniki |

Rzeszowskiej, Rzesz6w1989. 3 Xesunens P.: Vkenepnas HaneKHOCTh H pac
9€T Ha JONrOBeYHOCTs. M. Dueprud, 1976,
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.‘ STRENGTHENING OF THE CUTTING TOOL FOR MEDICAL
- PURPOSE

:Iimov V.L, Sagalevich A.L, Voloshin V.V., Krymov V.N., Sheviakina V.V.
1 (donl'TV, JOKTMO, Donetsk, Ukraine)

possibility of production of thin-walled cutting tool with corrosion resis-
e is shown. Plasma strengthening can be used for reception of necessary
perties. New constructive design can decrease the consequences of traumatic
ation,

The strengthening of the thin-walled tool, including as thin cuttmg edges,
onnected to features of phase and structural transformations in similar ob-
ts, and its production represents serious industrial problem [1]. Usually thin-
ed tool is produced from the special steels grade and works i in specific con-

ditions of complex effects. Lumboknife concern to class of cutting tools for cut-

of tissue, which stored and maintained in conditions of impact of corrosive
iums of various origin and agressivity. Lumboknife represent a long-sized
— handle with an outside diameter of 5-6 mm, on which near to one from
faces two diametrically located thin-walled profile knifes with a diameter
umscribed by them at rotation of a circle less than 11-12 mm are fixed.
le all elements of lumboknife should be corrosion-proof, knifes must have

ligh cutting properties, sharpening properties and to be technological in assem-
bly in lumboknife. In the certain measure it’s contradictory requests, as steel
with low content of carbon are, most technological in one-piece assembling,

ever such steels have reduced cutting properties and stability in thin cuts,
. their stiffness is insufficient.
In the present work the metal materials satisfying to the mentioned above

fequests and technological features of manufactlmng lumboknife-are considered.

The evaluation of corrosion resistance of chromium steels testifies to re-

Sfriction of their use for especially responsible items (fig. 1).

' For manufacturing of lumbofhnife a standard tube with a thickness of wall

0f 1,5 mm from steel with austenite structure with the content, % mass. is used:

C, 18.2 Cr, 10.4 Ni, 0.3 Ti, 0.35 Si, 1.48 Mn, 0.018 S, 0.029 P, 0.25 Cu.
stee] has high corrosion stability, but unsatisfactory cutting properties and
pening properties. Therefore for profile knifes band steel is taken (thickness
4 mm) with content, % mass.: 0,63 C, 13.1 Cr, 0.41 Si, 0.53 Mn, 0.023 S,
7P, 0.11 Ti, 0.21 Cu, 0.3 Ni with an initial structure of granular carbides
average microhardness 3670 N/mm®. After manufacturing of profile knifes
th assembling allowances and preliminary sharpening, cutting part was sub-
d to local flame strengthening and short—term low tempermg for removal of
es to microhardness 4470-5830 N/mm?>.
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~ Sharpness of cutting edges of knifes and their wear resistance are evalu-
t cutting of a paper, cardboard and artificial leather. The sharpness of a slit
aved on length of several meters, that much more exceeds length of single
f tissue. At bluntness cutting edges deleted less than 0,05 mm on the party
toring their sharpness. The breadth of a hardened edge allows making re-
d restoring.

- The high cutting properties and wear resistance of edges are stipulated by
ilability of tine dispersed redundant carbides, and stability to corrosive im-
s stipulated by alloying by a chromium of oversaturated rigid solution.

. Optimization of properties and the structure of cutting knifes are con-
ted with high-speed thermocycling below than traditionally used tempera-
of austenitization and heating by high concentrated power sources.

The data shown in a fig. 3, indicate about possibility of obtaining surface
of high hardness at plasma processing even on the steels not relating to
ess steels [2].

 Chromium-nickel cover is put by a galvanic method on low carbon steel
1,04 %C). Medium carbon steel (% mass.: 0.47C, 0.30Mn, 0.70Si, 1.15Cr,
“18W, 0.015P, 0.0308) is annealed before plasma processing. The prepared like

A -[__Isolution HCI; 777 solution H,SO,; NN solutien HNO;
b — 4% solution NaCl in water

2,0 0,31%C, 12,7%Cr;

6,0 0,42%C, 13,1%Cr;

B, X 0,09%C, 13,7%Cr, 14,8%Mn, 0,06%Ni

Fig. 1. Corrosion resistance of chromium steels at accelerated tests

The distribution of microhardness has a favorable character (fig. 2\ |
causing high cutting, strength and tough properties. The obtained values of |
hardness are not limiting for this steel: the steel of similar structure can supply
hardness up to HRC 61-63.

At first connection of profile knifes and handle is made mechanically, for | |
what in handle assembly grooves was prepared, and than by tin solder soldering: |

The strength of connection is saved up to temperature 150 °C, that i§ |
enough for autoclaving of such tool.
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that samples was influenced by an indirect arc burning between two graphite
electrodes at a force of a current 160-200 A. In an outcome of melting away ang
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'THE EFFICIENCY OF SHEET METAL BLANKING PROCESS

 Baé Stanislaw (ZELMER Rzeszoéw, Poland),
Feliks Stachowicz (Politechnika Rzeszowska, Rzeszow,)

1
g
e

Microhardness , N/mnf

4000 4000 | : i - ——E aper present the results of operating investigations of blanking process ef-
2000 ! = S - 2000 O o when using different tooling material and different tooling design (con-
,\—'§ | : ng assertion of uniform clearance) in high speed blanking of generator

0 0 ] 2 3 0 0 1 5 3 metal. Evaluation of a shearing tool material quality was performed on the

of measurements of the burr height, The experiment has been carried out
five different shearing tool materials, sintered carbide, cold-working steel
igh-speed steels.

Distance from a surface, mm

Fig. 3. Microhardness of melted layer of low carbon steel with previously |
drifted Cr + Ni cover (a) and medium carbon alloyed steel (b)

duction

ing blanking process of generator sheets intensive wear of shearing tools
, what results in decreasing of the blanking part quality. The wear of
ing edge resulted in [1]; bending of the parts, presence of high burrs on the
edge, deviation of shearing surface from orthogonality according to the
surface, high plastic deformation of material in the vicinity of the shearing
Bending of the parts and the presence of burrs cause troubles in the process
unting single parts into electric motor banches.

Plastic deformation of a material which take place during generator sheet
king process results in decreasing of magnetic properties of products, in the
er degree the largest is the plastic deformation region [1, 2]. Electrical re-
ce increases with increasing plastic strain. This can be explained by the
that any anomaly formed in cold deformation causes scattering of electron
ves. The magnetic properties of iron depend on the distribution of the mag-
field in the crystallographic structure which is disrupted by this deforma-
thus disrupting the magnetic field and impairing the magnetic properties.

e second important factor influencing blanking part quality and proper
eding of blanking process, is the value of clearance and its distribution
d shearing circuit (line). Depending on the type of guidance for the shear-
ements with respect to one another, the tools are divided into free, plate
d and pillar-guided blanking tooling [3]. When the blanking of electric
tor parts is concerned, because of the magnetic sheet thickness (0.5 mm) and
dther complicated shape of stamps, the shearing elements guidance have to be

consequent saturation of melted layer by carbon from plasma of an arc discharge
on a surface the structure sharply distinguished from is initial structure, is
formed. On a sample from low carbon steel practically not etching “white layer”
with high microhardness is formed. The structure of a layer consists, apparently, |
from austenite and martensite with redundant carbides. On a sample from me- |
dium carbon the structure of melted layer is represented by small-sized austenit |
- martensite dendrites enclosed by ledeburite grid. Because of an increased
amount of residual austenite microhardness of melted layer is a little bit lower
that microhardness of a substratum (fig. 3b), joiner to a zone, and having
martensite structure. The forming of a structure of alloys by impact of plasma s
new aspect of use of highly concentrated power sources [3,4].

Therefore, from similar steels it’s possible to produce thin-walled cutting
tool, including, special tool with corrosion-resistant properties; plasma strength-
ening ensures a necessary level of properties. The improving of adaptability 10 |
manufacture and operational properties of the tool is reached by application of |
new and original design decision reducing a consequence traumatic interferencé |
in tissue.

References: 1. Dedek V. Tempering of steel bands. Tran. with Chesh-
M.: "Metallurgy", 1977.- 248 p. 2. Alimov V.I., Krymov V.N. Surface strength
ening of steels by electric arc’s plasma // Collection of scientific works Dot
STU, series "Metallurgy". Vol. 14. - Donetsk: DonSTU, 1999. - P.137-143. 3 |
Chaug C.W., Szekely I. Plasma application in metals processing // Journal of
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| amount 400 parts per minute. The evaporating oil type Produkt D305 of
ol Co. was used as a technological lubricant. At different stage of the parts
ifacturing process the burr height edge was measured in a few points of the
using the Taylor-Hobson Surtronic 3+ profilometer. When the burr height

ove the value of A4 = 0.05 mm the production process was stopped. The
ing die was disassembled and the punches surface was observed. Then the
ing tool was sharpened in the grinding process and a new experimental se-
sas curried out.

e experimental investigations were divided into two parts. The main pur-
se of the first part of investigations was to examine if there are possibilities to
ce the expensive G40 tool material by less expensive high-speed steels.
different type of punch material were used in the investigations:

V7M - high ductility and high wear resistance steel, hardness 63 HRC,
SMC - excellent ductility and high wear resistance steel, hardness 64
HRC,

SP23 - sintered steel, hardness 66 HRC,

4() - sintered carbide, hardness 950 HV.

ical composition of above mentioned tool steels are presented in Table 1.
ach material three punches were produced and assembled together alter-
in one blanking head. Number of each punch was marked on its face.

very precise. So only the pillar-guided tooling could be taken into consideray
There are different types of pillar guides. Guidance can be accomplished v,
either bushings or ball bearings. Guides with ball bearings are rigid under ]o,
They have little friction, and are hence used in fast-stroking presses or in
where sufficient lubrication is not possible. Pillar-guided tooling can alsy .
equipped with movable guidance plates for punch. The guidance plates N
mounted on the pillar-guided tooling body and are in general supported b,
springs on the upper portion of the tool. This design is generally used o
blanking thin sheets to ensure the flatness of blanked sheets. The punch can -
guided until touches the sheet. This calls for very precise manufacture of th
guidance hole in the plate since there is double guidance, namely, guidance o
the punch in the pillar-guided tooling and in the guidance plate. However doubje
guidance is always costly to manufacture. .
. Because of the relative movement between tool and workpiece, wear on |
shearing tool elements is unavoidable. Besides of the force acting perpendiculz
to the sheet surface, the additional force component exists, acting perpendiculy
to punch stroke direction, created by material pressure on the lateral surface
the die and punch during plastic flow phase [4], what results in wear of the tools
The wear take place on the face of the shearing blade and on its free surface.}
causes the shearing edges to be removed. Sometimes shearing edge crushing
also occurs. The shearing edge wear increases the penetration depth of the pund
needed for cracks to form. With wormn-out tools the cracks do not emanate fron
the blanking edge but from the free surface. This change in crack propagatio |
leads to burr formation, which increases as the number of pieces made withef = 3 ” —T
single tooling increases [3]. The wear degree depend on both the material d Chemical composition, %
blanked sheet and tool material as well as on the quality of punch guidance. C [Mn|Si|[P[S | Cr W [ Mo | V Co
Evaluation of sheet metal punchability could be performed on the base il § Pl max | max | max | max
measurements of the burr height or on the shearing edge wear intensity. Ast| | 10,82:09] 0.4 | 05 [0,03]0,03] 3,545 | 6,0:7,0 | 45 1,72, ;
measure of sheet metal punchability an index W = i/h,,,, could be used, defined 1,05+1,2] 04 | 0,5 [0,03|0,03] 3,5+4,5 | 6,4+7,4 |3,5%4, 11,752, | 4,5+5,5
as the relation of quantity of the pieces made i to the mean height of the bur 1,19+1,2 | 4,11+4,1|6,33+6,3 | 4,6+4, [3,1+3, -
hmean measured on part edge [S]. Generator sheets belong to the material grow
characterised by pure punchability. The same index W could be used for ]
evaluation of a tool material quality, what is the reason of presented paper.

Table 1 - Chemical composition of tool steels

' When the second part of experiments is concerned, four different options of
ing tool design were used in the investigations:

Option I - the blanking tooling (punch and die) made of the NC10 cold-
Working steel and the tool design characterised by stable mounting of the
ches in the punch plate. The guidance of the punches according to the dic
ole was realised by using the pillar-guides (with the ball bearing) mounted

Experimental procedure

Improvement in manufacturing of electric motor parts was the reason of e}
perimental works. The analysed electric motor parts are made of 0.5 mm thi
generator steel sheet type EP 470-504 coated with insulating varnish (additior| "8in the die plate.
ally obeying good lubricant ability in the blanking process). The blanking pro“| = Option II - the blanking tooling (punch and die) made of the G40 type sin-
ess was performed using the high-speed BRUDERER - BSTA 80L pré ‘ tered carbide. The tool design as above.
equipped with special construction of the precision slide guidance. The blankif
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- Opfion III - the blanking tooling (punch and die) made of the cold-workip,
NC10 steel. The blanking die is characterised by the punches slack mountj,,
in the punch plate and precisely guided in the stripper plate - the slide fit 0.
0.01 mm. To avoid seizure, the ring oil passage were made in the Strippe
plate, filled with lubricant using special high-pressure system. Guidance ol
the stripper plate is realised by additional eight pillar guides. :
- Option IV - the tooling design as above, but with the shearing tool made of |
the G40 sintered carbide.
Regard to the blanking tooling design in two first options the clearance ap- |
plied was in the range of 0.08 mm (15% of the sheet thickness). In the casc of |
the blanking die type I1I and IV the clearance applied was in the range of 0.0
mm (5% of the sheet thickness).

on I - durability of this blanking tooling was the lowest, what reS_uItted
ym low precision shearing punch guidance. It was a reason fJf non-uniform
arance distribution what resulted in the shearing edge c;ushmg. _
tion II - durability of this blanking tooling set was slightly better. It is a
sult of applying better quality material on shearing tools.

tion I11 - in spite of more precision punch guldan_ce, visible tool wear oc-
rs. Increase in the burr height growth intensity with the process proceed-
> was still to fast.

: n IV - in this case durability of the blanking tooling seemed to be ac-
stable. The burr height was under the criticall value up to 4 rf'nlhons of
ed pieces. At this moment the process was interrupted to avoid to much

material removal in the further sharpening operation.

After finishing of the shearing tools sharpening process, the shearing edges 70 5 . 3
of the tool made of sintered carbide were manually lapped using the diamong !T
whetstone - it enable to made the shearing edges to be a little rounded to avoid 80 a7
of a microcracks (which are one of the reason of the shearing edge crushing). 'f é)’
B0 F. O
Results and discussion 5 4
Taking into account measurements curried out during the operating investi- {“? 40 _ o
gations concemning the analysed punch material option, the relationship between g ‘} WA 1 Py
amount of blanked parts versus the burr height was determined (Fig.1). On the € 1 B 7T 3
base of this presentation the following remarks could be drawn: 5 R - - g -t
- At the beginning of blanking process (amount of blanked parts less than 100 E 2659, W
000) no evident relationship exists between the burr high and amount of 1
blanked parts for different kind of punch material. Probably at this stage of | 16 - o= ASP23 —O- ‘SK&Mc
blanking process a tool edge lapping process took place. . | —A=—SWIM__ —4—G40
- When amount of blanked parts reaches 200 000 the burr height on the whole |'| 0 5 - i
holes edges was nearly the same, independently on a punch material. i ° &P 9 - G

i i i ber x 1000
- The evident difference in punches wear was observed when the amount of | cutling nur

blanked parts reached 300 000. Above this stage of blanking process the wear
intensity of punches made of SW7M and SK5Mc high-speed steels was visi-
bly higher than that of punches made of sintered materials G40 sintered car- |
bide and ASP23 sintered steel. .
- Taking into account that the limited burr height was in the range of A, = | 0
0.05 mm, the acceptable amount of blanked parts was 425 000 and 475 000
for punches made of SW7M and SK5Mc high-speed steels respectively. (
On the base of measurements curried out during the operating investigatjons | I
concerning the analysed options of the blanking tooling design (Table 2) the | @
following remarks could be drawn:

Big. 1. The relation between the amount of the blanked parts and burr height

t is noteworthy to notice, that in the case when LIsing the blanking toc;hr;g
without lapping process of the shearing edge, in the first stage of the
¢ process the burr height was unacceptably large. As the processbpll;?-
the burr height decreases and the blanking started to work stable. P_ro ably
a reason of the change in the cracks emanation place and propagation pro-

S in the blanked material.
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Table 2 - The burr height measured during the blanking process
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Amount of Burr height
pieces [mm]
x 10° Blanking | Blanking | Blanking | Blanking
tool I tool II tool 111 tool IV
01 0,03 0,02 0,02 0,02
50 0,02 0,02 0,02 0,02
200 0,03 0,02 0,02 0,02
350 0,04 0.02 0,02 0,02
400 0,05 0,03 0.02 0,02
450 0,06 0,03 0,03 0,02
500 Blanking 0,03 0,03 0,02
tool
disassembl
ed
700 0,03 0,04 0,02
800 0.03 0,05 0,02
900 0,04 Blanking 0,02
tool
disassembl
ed
1 000 0,04 0,02
1300 0.05 0,02
1500 0,06 0,02
1600 Blanking 0,02
tool
disassembl
: ed
2 000 0,03
3200 0,03
3 300 0,04
3500 0,04
3900 0,04
4 000 Blanking
tool
disassembl
ed

wclusions

- Durability of punches made of sintered materials was nearly twice greater
 that made of high-speed steels. Blanking process of the rotor parts of
engine could be performed using shearing tool made of ASP23 sintered
Replacing the G40 sintered carbide by the ASP23 sintered steel seemed to
isable from both the technological and economical point of view.

en in the case of the sheet metal characterised by poor punchability, there
sibility to increase durability of the blanking die due to applying preci-
| guidance of the shearing punches and choosing of proper material for
ng shearing tools. The amount of blanked parts produced when using guid-
f punches in the stripper plate and the shearing tool made of the sintered
de, was 10-time larger than in the case of the shearing tool made of the
orking NC10 steel and with low precision punch guidance.

~ References: 1. Matuszak A.: Metodyka okreslania wykrawalnosci blach,

Naukowe Instytutu Technologii Budowy Maszyn Politechniki Wroctaw-
in:44 seria: Monografie z. 11, Wroctaw 1989. 2. Lachvac J.: Examination
e quality of cut blanks for magnetic circuits of electric motors, Transactions
e Technical University of KoSice, 2 (1992) 258. 3. Lange K.: Handbook of
I Forming, McGraw-Hill Book Co. 1985. 4. Erbel S., Kuczynski K., Mar-
k Z.: Obrébka plastyczna, PWN, Warszawa 1981. 5. Galinowski J.: Wyk-
ilnosc blach, Mechanik nr 1/1979 s. 17.

REGARDING THE DYNAMICS OF THE FUZE DURING
3 THE FIRING FROM RIFLED GUNS

Biilagoiu S., Bucur P., Neacsu V. (4.7 M, Bucharest, Romania)

paper deals with a procedure of calculating the motion of the fuze and
ectile during the firing from a rifled gun.

troduction

~ The movement of the projectile during the firing is studied by the internal
tics. In general, this movement is considered a roto-translation with one
of freedom, because there is a relation between the angular and the linear
ity of the projectile, for guns with constant or variable rifling ratio.

. The numerical results obtained in the internal ballistic, confirmed by the
®perimental results, are used in the designing of ammunitions and fuzes. The
ced wear of the internal wall of the barrel, may imply the occurrence of
ant positive allowance, which could lead to a more complicated
ment of the projectile during the firing. In this paper we intend to approach
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wall), P, (parallel to the barrel axis), P,(tangent to the internal surface of
rrel). After applying the general theorems of the impulsive processes dy-
s (linear and angular momentum theorems), we obtain an algebraic system
scalar equations and 15 unknowns: w‘x,co'y,a}'z (projections of the an-
velocity on the mobile coordinate system), Py, Poys Bz (projections of the
snal percussion on the mobile coordinate system), P s P s Pz (projec-
s of the axial percussion on the mobile coordinate system), Py,Fy, . (pro-
B P..P

"3 ¥

this behavior b
y the means of a mat i . ;
deprees of freedom, hematical model which consider Mo

2. Calculus hypotheses

In order to elaborate this m i
rder _ s mathematical model we consid

E)cf th@dprOJecnlc. \’\:’Ith 4 degrees of freedom . We neglect the Tara:t'l;; m%\ien’jem;

rzpcs;ﬁ Treg as rigid) anfl the bowing of the barrel axis. The movem:'ltlahom'

sr : ‘};in ; gnng the firing is considered as a translation of the center 0; thc'.’

5 b;f—re lanamg :reigrze rgrfa;f}*eed_om, ttclle center of the cross-section movcsoalot,tle%

r ion around a fixed point. We also 3

trapslat:on of the center ‘of the driving band and the rotation fr?t?ucrln fhthat .

axis are known from the internal ballistics calculus. el the bang

tons of the tangential percussion on the mobile coordinate system),
ercussion imposed to the center of the driving band on the
dd one more equation, given by the defini-
This algebraic system is impossible to be
d P, due to the frictions between the
percus-

rojections of the p
bile coordinate system). We can a
on of the coefficient of restitution.
ved. We consider the percussion £, an

3. Coordinate systems. positioning variables
al barrel and the projectile, as negligible, relatively to the normal

cmss_;:; ;soggltia:ebsystfm (?T.'Jf?- yTzT ha? the origin in the center of the reg

e COiHCidea;Ie“.{.Thls 1s an mertial system, linked to the barrel; the
ith the symmetry axis of the barrel. The coo d"

system Ox;yz; has the origin in the center of the driving band, and th r "“3‘3

al;ayso parallel with the axis of the inertial syst’em Oe f:ms 3

;v;] I t OTth, Oy fi Oryr, 0z || OTZT): The system Orx;yrzy translaj;eg J;:::

y ¢ system  Oxyz;, with the velocity Vyand the acceleration

The momentum theorem for the impulsive motions is
K"-K'=3rxPB (1)

£~ momentum before the knocking.

After having applied this theorem relatively to the center of the driving

which executes all the movements of this

T'}1 .. 5 -
- Tposmon of the system Oxyz relatively to the system Ox,y,z; is given |
y the Euler angles : @ (precession), v (own rotation), @ (nutation) } l.
Ox712; —5 Oxiyjz; —2 Ox;' ypzy —£— Oxyz

_ v,
Ay =——. R i ¥ 3 .
O ar elatively to the system Oxyyz,, the projectile makes a rotation | o0 1d we obtain:
around the origin O (center of the drivi 1
! e driving band). We al : .
Oxyz , with the origin i : and). We also consider the system | J o 0. )-J 0, -0, )= I \@; — @ )= YPur — 2y
gin in the center of the driving band, related to the projectile, | x( x x) xy( y y) h( z x) Y o
—J_q,(w;c—rx +Jy w;,—my)—Jy;(m;—w3)=sz-me 2)

—sz(m;—mx)—Jﬁ @, — @, +J‘.(a);-w3)=xPny-me

The projections of P, relatively to the system Ox;y;z; are obtained im-

4. Th i L mediately (figure 1)
e knocking between the projectile and the internal wall of the barrel ]

The knocki : ; )
o e ngz t&)zk;:; ]t:r}llgce in a point on the centering band circumference, " Py = —P,siny
e e drivl" b- is study we will suppose that the translation of the | P, =P, cosy (3)
Ing band are not altered by the knocking process. Therefore, it | py! on
] 1 3: =

is neces 1 3 i

trmmos;rymit})ﬁzejtgc; ;izc;n m(gt;on of: the center of the driving band, so that its |

e "OD ified. 'Il:le restrictions of the center of the driving

e 1 3 percus_s;ox}. In the contact point, on the centering
: acts against the projectile by 3 percussions: P, (normal to the |

and on the axis of Oxyz,
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; Relatively to the system Ox;y,z;, the coordinates are

d..
X =Esm¢/; b2 =—%cosy/; z; =00, 6)
and relatively to Oxyz,

x= —%sin';ocos& + 00, singsind

X Xy .
1 yir=48y y= —%cosrp cosd + 00, cospsind 0]
N z z

Fig. 1. The components of the normal percussion d
Zes Esin6'+ 00, cos8

1

P.=P sl :
ne = £y sinpcost ~ The unknown of the algebraic system are @',,0', 0", (the components

P b paaiees
Pm el PP" i 25 %03 the angular velocity after the knocking on the mobile system) and 7,. In or-
(= 5 CO8Y ny = Pn COSQCOSO ) to determine these unknowns, at the system of 3 algebraic equations we add
P 0 the equation of the coefficient of restitution
P, =—-P,sin0 : — Vit ;
As it is shown in figure 2, the coordinates of the contact point M(x,y,z) ar B Vit ®

given by

/- Velocity of the contact point on the projectile, after the knocking;

Wy - Velocity of the contact point on the projectile, before the knocking;

- unit vector, normal to the common surface, in the contact point.

Considering the above equations, we can establish the projections of the
ector 7 . The velocity of the contact point on the centering band before the
knocking, can be written:

00, =OM? - MO? =002 + MO? - MO? 5)
where 00, - distance between the center of the driving band and the
center of the centering band

MO, - radius of the centering band;
d
MO, = B half of the barrel caliber.

FM ='¥O+5Xaﬁ} (9)

i 7 n
4 . re ¥, - velocity of the center of the driving band;
® - angular velocity of the projectile.
s ~ Because
5 {31 Vox 0 vpsingsind
| Vo (=44 0 ¢= Vo cospsind ,§=v0xf+voy}+v0,l? (10)
Voo Vo vg cosf
and

a_)xO_M=;’(za)y—ymz)~}(za)x—xw,)+§(ywx-xmy) (11)
We got the components of the velocity of the point M(x,y,z) before the
ing on the mobile system axis - .

0
Fig. 2. Position of point M(x,y.z)
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. v ] 1 H N - . s .
In order to determine the unknowns @', @', ,®@',, F,, we will solve the al performance then it should have only one level. To minimize the

are amount circuit should include more then one level and so on. Hence
t step of the usage of expert system doesn’t need the information about
srithm to be implemented.

‘Second step of usage of the system needs such information about a con-
characteristics of gates. An initial information about a control unit is repre-
as flow-chart (Figure 1). To enter it in the computer students should de-
this flow-chart with help of special language which is similar to assem-
There is the high-level language which is similar to C++ to describe the
hart. But we don’t use it in the student’s case because assembler language
nore close to hardware.

system consisting in the cinetic equations and considering. The value of the ¢
efficient of restitution can be chosen in the interval [0.5-0.6].

The integration of the differential equations will be finished when 25
projectile exits the barrel. At each knocking there is necessary to find the new-
initial conditions.

References: 1. Bilisoiu S., Evaluation de l'influence du mouvement Spa-
tial d'un projectile et d'un missile sur lc mouvement des systémes mécaniques |
embarqués, Raport de stagiu DEA, ENSICA - Toulouse, 1998. 2. P. BUCUR, § |
BALASOIU, Teoria si proiectarea focoaselor, Vol. I, Ed. ATM, Bucuresti, {5
1997. 3. T. VASILE, Balistica interioar a gurilor de foc, Vol. I, Ed. ATM, By. |
curesti, 1996. 4 R. VOINEA, D. VOICULESCU, V. CEAUSU, Mecanica, B4,

Didactica si Pedagogica, Bucuresti, 1983. 2) 1{ Start Y FC
1S:2.
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TRAINING OF THE STUDENTS USING AN EXPERT SYSTEM 2 Y, Y2 3C:X1,4,5.
40:Y2,6.
Barkalov A.A., Kovalev S.A. (DonSTU, Donetsk, Ukraine) 1 3 I 0 " 50:Y3,6.

The hardware courses are one of the most important part to train the students in |

“Computer Engineering”. One of the most difficult course is “Design of Control | SMO

Units”. The peculiarity of this course is very big amount of possible structures 4 3 5 Y1, Ya Y1:1 2

of control units, which lead to some hardware to implement the logical circuit I Y2:3

To train students our department uses computer-aided design system CI-96. Y3

Now design of any part of digital system is impossible without an appli-
cation of computer-aided design (CAD) tools, which use the computer system fo
assist in the creation, modification, or optimization of a design [1]. The control
units are very complex devices implemented using the very large scale integre
tion circuits [2]. Usually the use programmable logical devices (PLD) to desig!
the logical circuits of the control units., The algorithms of design are very so-
phisticated and they aren’t convenient for manual design. There is a lot of |1
structures of control units so there is always a problem of choice. The task of de-
signer is to choose the structure of control unit which satisfies to the some crite-
ria. But it is suitable only for experienced designers. To help in the choice of
structure, CAD-tools for control units’ design should comprise an expert system
Such system exists in the Donetsk State Technical University and it is usef
during the training of the students in the course «Digital Systemsy.

Our expert system uses both experience of the designers and mathematic?
formulas to help with the problem of the structure’s choice. An experience of
designers is used to cut off some structures. For example, if circuit should have?

1 ] :1;4.
6y End } e

Fig. 1. Initial flow-chart (a) and its representation (b)

. Here, «S» means «start node», «O» means «operational node», «C»
ans «conditional node», «E» means «end node», «FFC» means «flow-chart»,
' _:\0» means «sets of microoperations». Each flow-chart includes K nodes, L
ogical conditions from the set X={x, ..., x.}, N microoperations from the set
50y, ..., yx}. To design an automaton flow-chart should be marked by the
Sates which form a set A={a, ..., ay} and a direct structural table (DST) of
Alfomaton should be obtained [3]. Each line of DST corresponds to one transla-
1ion between the states of an automaton.

. Our expert system can choose and design any of mere then 200 different
Shuctures of control units but to design one structure for flow-chart with k=100
fneeds five minutes. It means that it needs 1000 minutes to design all structures
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‘Here T is the set of internal variables encoding the states, @ is the set of
on functions to form the code of state in register, ¥ is the set conditions
h of them corresponds to the one line of DST. The amount of hardware
> estimated as the total space of arrays M; and M,. The space of array M, is
“to S(M)=2(L+R)H and the space of array M, is equal to S(My)=H(R+N).
fore, total square is equal to

?;ci Oto tcho;rs.e the best s_tructure. But students have only 90 minutes durin
g nTO ¢ 1?05_39 and design the best automaton’s circuit. *
o eliminate this contradiction our expert system uses mathematical

)

mulas to find the amount of hardware ircui :
; are in the circuit of control unit.
of the problem solving includes two stages (Figure 2). it The progg

LN [ ——— Preliminary
-—-A—l—_ﬁ : 2 .
P Preliminary ;:::mion »  Final Final S=@R+2L+N)H ()
stage . Schices stage solution
_(h_t‘iji_, Flow-chart
g . We can use formulas (1)-(2) and formula R=log,M to transform the ex-
ion (3) in the following formula:

Fig. 2. Two stages of the interconnection with expert system S =(3logy(RK)+2L+ N)(11,6 +1,44RK). &)}
The expression similar to (4) have been found for any structure of the
ol unit. They form a mathematical part of our expert system.

Our expert system calculates all these formulas and produces the prelimi-
decision which is the set of possible structures that satisfy the given crite-

First stage is preliminary one and to make the preliminary decision the

syst - !
ystem needs only some basic information about the flow-chart. Here Py is the

share of operational odes amo
n, . .
Moore automaton we have [3]: g the nodes of the flow-chart. For example, for

Second stage of expert system’s operation is to use the flow-chart and to
gn the circuit of the control units. This stage is connected with usage of the
al methods of design and real characteristics of programmable logic de-
. The final solution produced by the system is the best structure. If student
to know everything about all possible solutions, he’ll get this information
final solution too.

~ Qur expert system can be used not only as the tool for design, but as the
90l of rescarch. For example, if student wants to compare two different struc-
he will give their description to the system and the system’ll produce the
of comparison for some given range of characteristics. The response of the
m is represented in the form of graph.

- For example, we want to compare the structures S;and S; if Ke{100, ...,
000}, P,e{0,2; 0,3; 0,4}. The typical response is one depicted by the following
h (Figure 4).

Now student can see that choice of the structure depends on the charac-
ics of flow-chart. He can see from this graph that the more if the amount of
odes (K) and the less is the share of operational nodes (£) in the flow-
rt, the more economical is structure S;. If student has some flow-chart, he

analyze it and find out all characteristics of algorithm. Next step is to
0ose a particular chips such as programmable logic arrays, programmable ar-
y logic, programmable read-only memories, multiplexors and decoders. Now
éan design his own circuit with structure recommended by the expert system

M=hK (1)
H=li,6+],44ﬁK, (2)

where H is the amount of lines of DST.

make alih::lugtli?zggi (113)-(2} one can obtain all information about control unit to
PLDs in the circuit of : ccause there are no formulas to caleulate the amount of
& uit ol a control unit we proposed the following approach.
mentatijn:zgnﬁs tWt; different circuits it is enough to compare their imple-
lomentation nfMizro «ANDsy and «ORs» [3]. For example, the simplest i
_ © automaton includes only two arrays (Figure 3).

Fig. 3. The simplest implementation of Moore automaton
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SifSz, consisting of n links, with continvously dispersed parameters. Next,
134 srgraph of n blocks has been built to represent the model. The loaded and
121 ted skeleton of hypergraph is used to detrmine a matrix of rigidities for the
T .

11 ( Introduction
09T 3
0.81 h the research of vibrating machines, models of continuously dispersed pa-
iy ers must be developed, especially if we want to consider deflections from
gg eoretical movement trajectory for the characteristic point of execution or-
x These deflections arise during the realization of the technological process
I(iio 250 360 4'00 550 6;10 750 860 960 1500 : To analyse them, we need to determine the dynamical flexibility of the

and to consider deformations of the machine subsystems, caused by ex-
forces [1,2,4,5]. After that, we can determine dynamical characteristics of
tem in the chosen range of working frequencies. Analysis of the system
jons occuring near the position of the static balance enables us to deter-
the real trajectory of the execuition organ during the realization of the pro-
ed movement. This information is critical in the early stages of designing,
d the most undesirable conditions for the manipulator in action (for exam-
the resonance frequencies). The consequences of these undesirable condi-
s can be minimized by adequate changes in the physical parameters of the
chine subsystems.

Fig. 4. The typical response of the system

and to compare his result with one predicted by the system. Our experience
shows that in the majority of the cases the results of the student and of the sys-
tem were equal ones. '
So, our expert system permits to the student during one lesson:
— to choose the best structure of control unit satisfied to given optimization cri-
teria;
- to design the logical circuit of control unit using real programmable logical
devices;
— to compare his own solution of the problem with solution of the system.
_ As a result, our students have got very good skill in such complex area as
design of control units using up-to-date chips.

2. Modelling of branched systems with block graphs
 branched system consisting of k links, vibrating lenghtwisely-flexibly-
nally, has been modelled (Fig. 1a). Only the areas where the links meet are
into consideration. That’s why we have to consider only six vertices of 13-
hypergraph, and reference vertex in addition. These vertices represent
alized coordinates of this end of the link, to which others links are con-
d. A resulting hypergraph of the third cathegory, being a model of one
int of the link, is shown in the Fig. 1b. The hypergraph has been used to
] all k-links (actually, endpoints of k-links) which are parts of the branched
em. We assume the relations between generalized forces and generalized
dislocations are:
] [ 2 - AT
(0

Reference: 1. Mikel Groover, Emory Zimmers. CAD/CAM: Computer- i
Aided Design and Manufacturing. — Prentice Hall of India; New Delhi, 1996. -
489 pp. 2. William Stallings. Computer Organization and Architecturc. -
Prentice Uall, N.J., 1996. — 682 pp. 3. Barkalov A.A., Palagin A.V. Design of
microprogram control units. — Kiev, 1997. — 132 pp. (in Russian).

HYPEGRAPHS IN MODELLING OF SUBSTEMS OF MACHINES AS
MECHANICAL SYSTEMS WITH BRANCHED STRUCTURE

0 |20 28 - 28 |
—— ‘ i 2 l.
Buchacz A. (Silesian University of Technology, Gliwice, Poland) O & : T A (1)
; (i i) i 7 () i
In this paper the problem of modelling of mechanical subsystems of machin® 58] 1268z - Zgs 155
with branched structure is considered. A model of the subsystem as mechanicd or ,8=Z8 @)
O =Ly,
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4 the vertex x,:
B 1 1 1 1 1
":Sz( J(lsl( ))+252( )f132( ))+...+232( )(156( ))+

%

2 2 2 2 2
52(2)(15|( ))"“252( )(152( ))+---+252( )(156( ))+-~+

(6)
. K K 3
_:‘_-Sz(k)(151( M)428,9(5,0) + . t5,% (1560 =
._:.52(1)‘*252(2) *ota 52&) =0,
Fig. 1. Branched system consisting of k Ienghtwise[y—ﬂexibly—torsiona]}y_
vibrating links (a), a hypergraph modelling one of the endpoints of a single lin ]
b and for the vertex ,x,:
Constraints of the generalized dislocations in the point of link connections are: ’295(1)(1 51256015, ) #5560 (156) +
[
15 0=5,? =---=IS[®=151= '56(2)(151(2))+2 560(15,®) +14256P (156D) +...+ )
1 1
1 19:0=18,? =my5, =iy, 560 (511256 (15,5 + 256 (156 =
Mo @ ' ® 36742567 #2856 =0.
186 "=18¢ ~ =S8 =186

Constraints of the generalized forces in the point where links meet are:

(1) 2)
281 a8

0]
2% "5

+ ...+2 Sl (kJ = 0,

® ® o,

+..438,

; @

_255(1}1—2 56(2) +oy sém =0.

Hypergraph 2}1( modelling a branched system, is shown in the Fig. 2. It consiss

of k block incidental graphs in all its vertices. A loaded, oriented completed
graph of the hypergraph 2)1( is shown on the Fig. 3. To enhance the legibility of

the illustration, in the completed graph all the edges having no endpoints in ver-|

3 3 D, 1l Fig. 3. ded and ori -
tices 5 x¢ or X, have been removed. Applying the vertex rule to all the vertice g [ypergraph modelling 16 21,71 Jeried spd oracuied o

branched system system pleted graph of the hy-

of the graph % , except of the reference vertex, we obtain relations: pergraph of the system

For the vertex ; x,:
1 1 1 1 1 1
251{ )(153( })‘*‘251( )(152( })+-—-+251( )(156( ))"‘
2 2 2 2 2
351( )(ist( ))+25i(2)(132( })+---+251( )(136( ))+---+

25 Sl(k))"'zsl(k)(l 5, +..425%(15%) =

S the result of the decomposition of the graph 2X, we obtain a graph of main
& 'backs of the system 25'(& (ziz) shown in the Fig. 4a, and six graphs of ad-
tional feedbacks of the system (one of them, a graph 2X§(*X,), is shown in
ig. 4b as an example).

6

2Sl(l)+23|(2) +...+2SIO() — 0,
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Fig. 4. A graph of main feedbacks of the system (a), an example of 3

graph of additional feedbacks of the system (b)

Applying the rule of independent contours [3-5] to the contour of main feed-
backs graph we derive relations fulfilling the condition of identity of disloca-

tions in the point of links connections:

For theceﬂt(}url.z ]S](l}_ISI(ZJ =0= lsi(l)=131(2)

1 3
= 151( )__ls§2) —-—...—“Isgk},
]‘OI' lhecontourl.k ;SI(U—IS’( ) = 0: ISI(I)—-IS|( )J

A matrix of generalized forces infuencing the system is:

25 28, (151) 251 (182) +.t28, (5¢)
287 | _| 25,(152) s 282(181) +..+,8,(;56)

256 (,sl)+...+286(155)
or: ;8=,8,+,8,. 9)

Applying a vertex rule to the graph of main feedbacks we derive the matrix

2Sgelements. Using in the equations the relation 25i(18)) =Zy;s; where

i,j=1.2,...6 and the condition of indentity of dislocations we can determine main
rigidities of -the system as the function of rigidities conformed to the edges of the
graph of main feedbacks of the system:

256 | | 256(156)

186

I 2 1),
s +20 5P +..428 15025,z + 2P 4.+ Z8)=,5,(;5)),

P 2 K (1 2 K
". l} Es(z ) + Z%) 13% ) +...4+ Zg‘z} 1 S% }=1 52(.4(22) = Z(Z?.} +...+ 2(22) ):252(] 52))

) 2 1 2 -
) + Zg? Isg) +iat Zgg lsgk}=156(zgf? +Z$i6) + ot Zgg)=256(156). (10)

3, Conclusion

. Proposed attempt may be base to modelling and solving the problem of
. vibrating mechanical systems such as overhead travelling cranes repre-
- sented by hypergraphs and theirs oriented skeletons.

is work has been conducted as a part of the research project No. 7 T07A 053 15
supported by the Commitee of Scientific Researches in years 1998 - 2000
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SYNTHESIS OF IMM TY OF DISCRETE VIBRATING SYSTEMg 4 2
THESIS OF IMMOBILI e Ms : - 1 5{32 *“zZXSZ +a, ) | -
' H(s2+w12st+w;I,sz+w52)
Buchacz A., Dymarek A. 4 e
(Silesian University of Technology, Gliwice, Poland) | orir obility in takes the form:
In this paper a method of synthesis to determination of structure and inertig) | 3 U (.s')— o (sz +w,2 st + w32 Xs’ o w;) .
and elastical parameters has been presented. The paper is focused on an q. ' = zr : 2)

: : : ssz+wZZIsz +w,
tempt fo design discrete vibrating mechanical systems as subsystems of the mq.

chines with the required dynamical characteristics. Such task may be classified
as a problem diverse to the dynamics and vibration isolation of machine sub.
systems. The synthesis of discrete mechanical system has been presented.

- screte mechanical systems obtained in the course of the synthesis immobil-
y " 2) with cascade structure has a forms presented in Fig. Fig.1+4.

1. Introduction .
It is a time consuming and hardly feasible task to design mechanical systems |
with certain requirements that are given in the form of the dynamic characteris. |
tics of the discussed system, as a complex frequency function. In such cases, itis |
much more practical to apply these methods of synthesis that involve an exami- |
nation of a structure and parameter values that the investigated system has o '
fulfil. By means of wel! established methods of synthesising electro-mechanical |
systems, such as for example, the continued fraction method (Foster’s method) |
or the partial fraction distribution method (Cauer’s method) it is impossible to _
synthesise vibrating systems with cascade structure or with branched structure,

upon which n number of fixes are mounted. Therefore, the paper is focused on |
an attempt to extend the tasks of synthesising fixed systems by introducing an '
algorithm that would enable the determination of the characteristics of elastic |
two-terminal networks [2,3,4,5].

2. Synthesis of discrete vibrating systems by means of the method of de- | 7
termining elastic two-terminal networks

Utilising an algorithm presented in [4,5] the assumed requirements of the de- |
sired system structure are following:

@y ,04,@5 resonance frequencies,
Wy,@,,@, anti-resonance frequencies. .
£1g.5. Synthesised mechanical system. Fig.6. Synthesised mechanical system.
These requirements facilitate the creation of a mobility function in a canonical I
form is given as:
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3. Analysis of synthesised system by means the method graphs ang

structural numbers

The programme of analysis of mechanical systems has been created on the base |

of graphs method and them connections with structural numbers [1,6,7]. Results
of analysis were presented in Fitg.9 and 10.
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Fig.9. Diagram of dynamical receptans of synthesized clamped systems
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3.  Conclusion

¢ above algorithm combined with the continued fraction distribution method
of dynamic characteristics enable the derivation of fixed systems with the re-
d frequency spectrum. The discrete dynamic models obtained by means of
scussed method may have a branched structure or a cascads structure. The
of this paper was the synthesis of such mechanical systems that may be
ed to synthesising an overhead crane bridge or a crane with load.

Lhis work has been conducted of the research project No. 7 TO7A 038 18 sup-
~ ported by the Committee of Scientific Research in years 2000-2001.
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SYNTHESIS OF DISCRETE-CONTINUOUS TORSIONALLY
VIBRATING SYSTEMS REPRSENTED BY GRAPHS

Buchacz A., Dzitkowski T.
(Silesian University of Technology, Gliwice, Poland)

A synthesis of torsionally vibrating cascade structure systems is presented. The
synthesis of cascade-structured of discrete - continuous systems is presented
here with the continued fraction expansion method of a characteristic. In dis-
tinction to work by Buchacz [2, 3, 4], concerning the synthesis of longitudinally
and torsionally vibrating bar systems, this work regards a problem of synthesis
of torsionally vibrating discrete- continuous systems.

1. Immobility synthesis by means of the continued fraction distribution
method

The continued fraction method of the synthesis of the dynamic character-
istic distribution makes it possible to obtain cascade structures of the discrete-
continuous system. The investigation into the structures of cascade systems was
conducted by means of the software method for distributing the dynamic char-
acteristics to the continued fraction based on graphs and structural numbers.
Thanks to the computer program, the dependencies between the structure and

the parameters of the synthesised discrete and continuous mechanical systems |

are designated.

The scope of the paper is to discuss the method of synthesising dynami® ¥
characteristics U(s) to a continued fraction, assuming the even number of th |

synthesised system elements; in such case dynamic characteristics U(s) is & Jjucture ok ;
¥ 4 L ) ®tween the method used for synthesising continuous systems and the one used

follows:

192

ds_+d, zs' 2-4- otdy
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- graphic representation of formula (2) is the graph presented in Fig.l, which

been defined by Berge [1], whereas the notations have been derived from
ojnarowski’s formulation [8].

V(s) = —gy, U () =m, Y
Sy

e to syniheszse d1screte-c0ntlnuous systems. The method for discrete sys-
was discussed in detail on the complex variable plane s. It can also be ap-
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for discrete systems involves adopting the following transformation type fo; - Table 1 - Inertial, elastic parameters of synthesized discrete system

continuous systems: ) () @)
' [Nnvrad) [kgm’]
p=thp, 3) 1 1.00000E~0
g 2 1.95650E+5
3 7.59639E-1
Ty 4 2.7787T3E+4
5 15 4) c, C, [

2. Computer — aided synthesis of discrete-continuous systems characterized
by a branched structure

(arr )" (G (H))
Theoretical details of this method are presented in Sec. 2 and [2, 3, 4]. In this i [kem] [Nm?] [mm*]
paper, numerical examples of synthesized systems with constant segment inter- 1 | 3.53553E-04 | 2.82843E+03 | 6.42824F-104
section for n = 4 and a branched structure are provided, by the application of | 2 | 3.45864E-05 | 2.76691E+02 6?288 44E+03
synthesizing program. The following requirements were subjected to synthesis: 3 | 2.68573E-04 | 2.14858E+03 | 4.88315E+04
— mumber of elements n =4, _ _ (4 1491214510 | 352971603 | 893116502
— the material of the systems — piezo-ceramics on the base of barium and tita- .
nium, which is used in vibrating motors as a material transforming vibrations | Table 3 - Data of tranversal dimensions of the systemis cross-section
of the following physical properties: ! o (@)" @,)" (@)
— Kirchoff’s modulus G = 44000 MPa, i {n:m] [n::rn} [1:;;11]
— mass density of the material p = 5500kg/m’, 1 [ 0.00000E+0 | 0.00000E+0 | 2.84461E+1
— furthermore, it was assumed that the resonance zones of the dynamical char- 2 | 0.00000E+0 | 0.00000E+0 | 1.59087E+1
acteristic of the synthesized systems are in the neighborhood of poles, the 3 | 0.00000E+0 | 0.00000E+0 | 2.65568F+1
values of which are: £, =0.02kHz, f; =10kHz, 4 | 0.00000E+0 | 0.00000E+0 | 9.76623E-1
~— the anti-resonance zones of the dynamical characteristics of the synthesized — All dimensions are quoted in mm
systems are in the neighborhood of zeros, the values of the characteristic fre- 4
quencies are: f, =0kHz, f, =7.755kHz, =
— length of basic element / =20 mm. g
Such formulation of the conditions of resonance and anti-resonance zones &
imply the boundary conditions of the synthesised structures. It is inferred from :‘1 3 3 4 4

the assumptions that the system in question is a fixed system vibrating longitu-
dinally. On the grounds of the input data, applying Synan’s program for desig-
nating inertial and elastic elements of a continuous and discrete system, the fol-
lowing parameter values were derived (see Tables 1 - 3), as well as the geomet-
ric representation of a continuous and discrete structure.
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nu ous system

Table 2 - Inertial, elastic and geometrical parameters of synthesized con-

lying the parameters of the continuous system (Tables.2, 3) and of the
ete system (Tables 1) it is possible to create structure of a discrete-
inuous system(S, 6, 7]. The parameter values for which the structure of the
Iete-continuous system was created, were derived for H = 1 (Table 5), the
'-.,, are presented in Fig.2.




Table 5 - Inertial, elastic and geometrical parameters of synthesized dis.
crete system

- H :
(,, )" [mm] 2.84461E+1
(@,,)? (mm) 1.59087E+1
(4,,)" [mm] 2.65568E+1
() [Nm] 2778T3E+

GJ, Gl GJ,
c'i

Fig. 2. Geometric structural form of the synthesised discrete-continuous system

3. Conclusion

The achieved synthesis of discrete -continuous mechanical systems enables the
formulation of the following comment: The synthesis in a broad frequ_ency
spectrum which a system in question is to fulfil, makes it possible to design a
system with discrete-continuous structure only.

This work has been conducted of the research project No. 7 TO7A 048 18 supported by the
Committee of Scientific Research in years 2000-2002.
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- CHANGES OF LOW-CARBON STEEL STRIP FORMABILITY
DURING STORAGE

ada R. (VSB - Technical University of Ostrava, Ostrava, Czech Republic)

The contribution concerns evaluation of Jormability of strip from low-
bon steel 11 305.21, which is used in Czech Republic for production of
icate deep siampings. The properties of strip were fully evaluated by tensile
ests at test specimens machined parallel, perpendicular and diagonal to the
ing direction and by cupping tests according to Erichsen. The tests were
ied out 4 months after the date of production and then 8 months after the
2 of production, which is 2 months after the time, to which the standardized
Derties are guaranteed. At strip from steel 11 305.21 owing to storage only
Ul modification of properties came about predominantly in direction to lower
wability of sheet-metal. The steel strip stored 8 months is suitable for the
of drawing of flat stampings, where pressure-tension, eventually combined
hanical schemes of deformations occur.

1 Introduction

“In Czech Republic the sheet-metal from steel 11 305.21, which is produced
ljoint-stock company VSZ Kogice, is often used for production of intricate or
P stampings. With regard to the fact, that in finishing enterprises these sheets
Sometimes stored even some months whereby their formability decreases as
lule, the evaluation of storage time influence upon formability of mentioned
€l at normal temperature was carried out.

2 Tested material

| For detailed evaluation of properties the coil of sheet-metal from steel
4305.21 with dimensions 0.85 x 280 mm (heat no. 43952, coil no. 4395212/4),
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made by cold rolling in joint stock company VSZ Kogice, was chosen. This steg| ' _
represents especially deep-drawing grade of steel. The strip was delivereq

recrystallizationaly annealed and additionally light cold re-rolled.

The results of heat analysis are in Table 1. It is seen, that delivered strip
from steel 11 305.21 fulfiled the demands on chemical composition according g
the Czech State Standard (CSN) 41 1305,

Table 1 - Results of chemical analysis of heat no. 43952 of strip from steg|
11 305.21

0.04

P (Wt.%)
0.018

- Si(wt: %)=
0.01

“Mn (Wi %)
0.08

0.012

Al(wt. %)]
0.036

3 Evaluation of formability of strip from steel 11 305.21 during storage

For evaluation of the storage time on formability of steel strip 11 305.21 the
properties of this steel were evaluated partly 4 months after the date of
production, partly 8 months afier the date of production, which is 2 months after
the time, to which the standardized properties mentioned in steel material sheet
are guaranteed.

The mean degree of contamination of steel 11 305.21 by non-metallic
inclusions was less than 1 according to the Czech State Standard (CSN)
42 0471, which gives evidence about great fineness of their microstructure and
from that following good formability.

At steel 11 305.21 the ferrite grain size of 8.5 according to CSN 42 0462
was found out. The shape of ferrite grains at all tested steels was flattened, lens-
shaped, the longer axes were in sheet-metal plane. The ferrite grains were
extended in direction of rolling with dimensions heterogeneity less than 2
numbers according to scale of CSN 42 0462.

At steel 11 305.21 the highest degree of cementite presence was found out
1/1A-C according to CSN 42 0469, i. ¢. non uniform layout of formations with
dimensions approximately 10 um at grain lines and in grains and small
formations, arranged to the direction of forming,

By cupping tests according to CSN 42 0406 at tested steel strip the mean
values of deepening, /E, were found out from ten measurcments (see Table 2).
At all test specimens the zone of localization of plastic deformation had shape of
circle or circular arc which gives evidence about homogenous material.

Evaluation of mechanical properties was carried out by tensile specimens
with initial length of the gauge section Lg= 80 mm and initial width of the
gauge section by = 20 mm, which were machined from tested steel parallel
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dicular and diagonal to the rolling direction. The evaluation was carried
y tensile tests according to CSN 42 0310. The sheet tensile specimens from
ee orientations 0°, 45°, 90° were deformed in ZD-10 machine at constant
sshead speed in the range 3 + 30 MPa.s-! and at room temperature.

| -From evaluated direction and mean values of mechanical properties the
values of coefficients of planar anisotropy (see Table 2) were calculated.

:-' values of normal Plastic anisotropy ratio, », were determined from
rements according to CSN 42 0435,

fI‘he values of strain-hardening exponent ny, calculated by the method using

ximum uniform elongation, are more strongly correlated with pure

hability than are the values of ny, calculated by the method according to

N 42 0436. That is why these values were used for evaluation of formability
ed sheet-metal.

. Por reciprocal comparison of formability of tested steels the formability
index, /, was calculated.

4 Conclusions

The strip from steel 11 305.21 did not present in any direction of 0°, 45° and
90° in relation to the direction of rolling outstanding yield point in tension R,
ch gives evidence about right carried out light re-rolling of these steel at its

‘Changes of separate properties of strip from steel 11 305.21 during its
age are summarized in Table 2. It is seen, that at strip from steel 11 305.21
g to storage only small modification of properties came about
lominantly in direction to lower formability of sheet-metal. The changes of
1 strip propertics were small, because the steel is low-carbon, killed by
ninium, in which the nitrogen is bonded, which is specified in the Czech
dMate Standard 41 1305.

By storage the mean value of deepening according to Erichsen, IE,
dereased about 6.2 % (see Table 2). The strip from steel 11 305.21 stored 8
| W0nths did not fulfil demand of CSN 41 1305 on minimal value of deepening /E
5103 mm. At this steel the mean value of deepening according to Erichsen was
= 10.04 mm.

:.By storage of steel the mean value of strain-hardening exponent, r1m, which
Sicrucial for stretchability, decreased about 0.4 % (see Table 2). According to
[OWer 7, value the speed of strain-hardening at drawing is lower, the
(f8hsposition of plastic deformations from places with great initial stress (biaxial
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tension zone) to places with lower initial stress is slower and that is why |

- . - - - . - ess
uniform situation of deformations on stamping arises.

The results of cupping tests according to Erichsen together with decreaseqd -

value of ny give evidence about the fact, that by storage the suitability of stee]

strip for the cases of deep drawing, where tension mechanical schemes of

deformations predominate, decreased.

Table 2 - Changes of properties of strip from steel 11 305.21 during its storage

G(-) 8.5 8.5 - X

cementite presence degree | 1/1A-C | 1/1A-C - %

IE (mm) 10.70 10.04 -6.2 -

Rp 0,2 transverse (MPa) | 179.0 | 184.1 +2.8 -

mean value of R, 0,2 (MPa)| 1853 | 189.0 +:2.0 -

Ry transverse (MPa) 301.8 | 302.2 +0.1 -

mean value of Ry (MPa) | 311.7 | 312.2 +0.2 -

mean value of R, 0,2/Rp, (-) | 0.594 | 0.605 +1:9 -

Agp transverse (%) 39.3 383 -2.5 -

mean value of 4gg (%) 40.4 40.0 -1.0 -
mean value of Z (%) 584 | 479 | -18.0 55

mean value of & (%) 0.277 | 0.270 -25 2

mean value of C (MPa) 474.1 461.8 -2.6 -

m (-) 2.74 3.30 +20.4 +

ar (=) 0.02 0.69 | +3350 -

i (-) 0.227 | 0.149 -0.4 =

4n (=) 0.043 | 0.024 -44.2 B

Famin - A - 1000 () 569.77 | 668.96 | +17.4 ¥

The exception is the mean value of plastic anisotropy ratio 7y, which by
storage of steel increased about 20.4 % in direction to higher formability of
sheet-metal. The value of 7y =3.30 (see Table 2), found at strip from steel

11305.2] stored 8 months, gives evidence about increasing the resistance of
sheet-metal to thinning at deep drawing and about incréasing the suitability of
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i steel strip for the cases of decp drawing, where pressure-tension mechanical
tehemes of deformations predominate. Thanks to high values of plastic
tropy ratio in each of the directions of 0°, 45° and 90° in relation to the
girection of rolling, which predominated upon the influence of decreased value
, the higher value of formability index (see Table 2) was calculated at strip
n steel 11305.21 stored 8 months, than at it stored 4 months. Thanks to
er formability index the strip from steel 11 305.21 stored 8 months is more
ble for the cases of deep drawing, where together exists as pressure-tension
sion mechanical schemes of deformations.

' At drawing of stampings from strip from steel 11 305.21 stored 8 months the
nce of high plastic anisotropy ratio appears mainly at non-hardened
ial, i. . at initial stage of plastic deformation, while the influence of low
ue of ny appears at certain stage of plastic deformation. Therefore the steel
p stored 8 months is suitable for the cases of drawing of flat stampings,
ere pressure-tension, eventually combined mechanical schemes of
ations occur.

This research has been conducted as a part of the research project
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VIBROMECHANICAL DIAGNOSIS OF THE GEAR DRIVES

Chereches T., Ridzi M.C., Ridzi M.E., Neacsu V. (4. 7M., UP, UP, A TM.,
Bucharest, Petrogani, Petrogani, Bucharest, Romania)

i
|
I =
| the paper deals with a procedure of finding malfunctions and defects in gear
tansmissions. A study case (unfastened bonding of a planetary retainer, leading
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{0 the occurrence of slacks in the mating gears) is processed and detailed

1. Introduction

In order to identify the defects of the gear drives (ie.
multipliers, gearboxes, planetary gear drives), and to do a correct diagnosis it g
necessary to get and process the vibration signals at a high level of accuracy, In
this purpose a great attention to the measurement, processing and analysig
techniques should be paid and equally to the necessary hardware and software,

By the means of correct information about the vibrations parameters, ope
can identify the following causes of the vibrations and gear drives defects: nop.
ideal transmission ratio; ceeentrically and non-circular gears; non-circular
meshing circles; unequal teeth widths; toothed wheels on bent crankshafts:
unfastening of tooth wheels on shafts; incorrect alignment of tooth wheels; slack
between the engaged teeth (oscillatory gears); gears with broken or cracked
teeth.

2. Defects detection in a planetary gear transmission

In figure 1 it is shown the schema of a double reducer, the numbers
signifying: (1) central (input) gear of the primary train of gears; (2) — planetary
gear of the primary train of gears, assembled in the planetary retainer (4); (3) -
internal gearing wheel of the primary planetary train of gears (the primary and
simple planetary trains of gears being similar); (5) - planetary gear of the
secondary train of gears; (6) - internal gearing wheel of the secondary planetary
train of gears (output).

The vibrations have been measured in 2 points on the reducer case, above
the primary and secondary planetary trains. The evolution of the frequency
spectra is shown in figures 2 to 9.

The reducer gears have the number of teeth: 21 =105 2y =33; 2, =77;
z5 =23; z5 =66. Because the central gear (1) spins at a frequency of 30Uz
counter clockwise, f, =-30Hz, so the internal gearing wheel (3) of the primary
planetary train doesn’t spin, so f3=0. In order to find the defect, we must
calculate the characteristic frequencies of the planetary train and then, by

equaling them to the frequencies from the frequency spectrums, we can make 2
correct diagnosis.
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reducer |

Fig. 1. Schema of the planetary reducer on which the vibrations
‘measurements have been made

The reducer gears have the numbers of teeth: zy=10; z, =33; z; =77;
s =23; zg = 66. Because the central gear (1) spins at a frequency of 30Hz
gounter clockwise, f| =-30Hz, so the internal gearing wheel (3) of the primary
etary train doesn’t spin, so f5=0. In order to find the defect, we must

culate the characteristic frequencies of the planetary train and by equaling
m to the values from the frequency spectrums, we make a correct diagnosis.

. Using the known equations, we obtained: rotational frequency of the
etary retainer ( f; =~3.45Hz); rotational frequency of the planetary gear (2)

) = 4.6Hz ); meshing frequency between central gear (1) and the planetary
@) (faz ) =265.5Hz ); meshing frequency between the planctary gear (2)
the external gearing wheel ( /23, = 265.5Hz ); meshing frequency between
 planetary gear (5) and the internal gearing wheel (6) (farse) =185.15Hz);
ional frequency of the internal gearing wheel (6) ( fg = —0.645Hz).
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Fig. 9. Frequency spectrum in the range 170... 210Hz, after 6 months working

3. Conclusions

Analyzing the frequency spectra we can notice the appearance of multi ple
modulations, with the planetary retainer frequency (3,7 Hz) and we can remark a
series of the harmonics at the frequency of 1111z, which is three times greater
than the absolute value of the measured rotational frequency of the planetary
retainer.

Because the acceleration of the vibrations at the meshing frequency of the
gears from the secondary planetary train is high (196,25 Hz - Figure 2 and
196,89 Hz — Figure 3), one can draw the conclusion that the planetary retainer
could have unfastened bonding, which implics the occurrence of slacks in the
mating gears,

References: 1. Ridzi M.C., Chereches T., Ridzi M.E., Diagnosticarea
vibromecanici a maginilor §i utilajelor industriale, Editura Militard, Bucuresti,
1998. 2. Angelo M., Vibration monitoring of machine, Bruel & Kjaer Tech.
Review, nr.1, 1987. 3. Chiriacescu S., Vibratiile masinilor unelte, Universitatea
Bragov, 1984. 4. Theodor P., Contributii relative la metodele de analizi si
diagnoza a vibratiilor masinilor si agregatelor, Teza de doctorat, Universitatea
Tehnica Timisoara, 1996. 5. Voinea R. s.a., Introducere in mecanica solidului cu
aplicatii in inginerie, Editura Academiei RSR, Bucuresti , 1989.

WIRE ELECTRICAL DISCHARGE MACHINING OF THE SHARP
CORNERS

Dodun O., Slitineanu L. and Nagit GH. (Department of Mechanical Manu-
Jacturing Technology, Technical University, Iagi, Romania)

gt the machining of surfaces that form very sharp angles. For small thickness of
ie workpiece, the peak deforms at the machining of such surfaces, modifying its
gometrical form and the curvature radius of the peak.

. Introduction
[ The knowledge of the minimum values for the curvature radii and form errors of
he profiles machined by wire electrical discharge machining is an important
poblem for the designing, especially in the case of precision machining of the
hich complex details.
\in the cases of other processes, the wire electrical discharge machining
DM) does not permit the execution of surfaces intersections forming very
rp angles. The joining surfaces have radii foreseen even from the designing
e of the piece. On account of the fact that, generally speaking, by WEDM
‘obtain high complex and precisc details, it is important to know the mini-
im values for the curvature radii, obtainable by a finishing machining. The
minimum values of the curvature radii depend on many parameters, such as the
workpiece thickness, the diameter of the wire electrode, the factors which influ-
e the value of the technological clearance. We accept that the minimum cur-
e radius also depends on the values of the dihedral angle between surfaces.

Experimental investigations

ndicated in Figure 1, on a JAPAX — WEDM machine tool, with a copper wire
electrode (dgr = 0.2 mm), on various thickness and materials of workpieces.

The adopting of a zero value for the trajectory correction of the wire electrode
s determined the simultaneous generation of the minimum values for the in-
al and external radii. We
ct observed the shape
omer by using a BK
0X50(Zeiss-Jena) workshop
licroscope, an  optic-
hanical equipment.

he factors modified during
fie tests have been the fol-
ing workpiece material
el, copper, aluminum al-
), dimension of the dihedral angle between the machined surfaces (a =5+
90 ©), thickness of the workpiece (4 =1 +40 mm ).

Fig.1. Form of test cuts

- The unmodified factors have been the material of the wire electrode:
Copper), the diameter of the wire electrode: (dg = 0.2 mm); the electrical re-
Bime (pulse on time #= 1 + 8 [us/, pulse off time £,= 7 + 30 [us], pulse peak

In this paper work we render a phenomenon which constitutes a Sform error at
the wire electrical discharge machining of edges, and which appears constantly
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current 1+9 settings, machining voltage U= 135+215 ¥); the mechanical regime
(wire electrode speed v,,= 500 + 2500 [mm/min], axial wire electrode mechanic
tensioning Fi= 250 + 1075 [gf]); the electric conductivity of dielectric fluid
(value ensured by the working of the desionising dielectric fluid of the WEDM
machine tool).

In the experiments, we have used a series of work regimes depending op
the workpiece thickness and on the various couples of processed materials. The
criterion used to choose the work conditions has been the one which gives 5
maximal productivity; the used values have been those recommended in Spe-
cialized literature.

Problem formulatiouns

As a consequence of the experimental researches accomplished for
studying the minimum curvature radius, there has been rendered an interesting
phenomenon which appears constantly during the surfaces machining in the thin
workpieces and which form angles with small values. This phenomenon pre-
vents the precise measure of the external curvature radius and determines the
generation of the machining errors. Some photographs with the outlines of sur-
faces obtained by WEDM, in two workpieces having a thickness #=1mm and
using a copper wire electrode with a diameter d=0.2mm are presented in Figures
2 and 3. We can notice the flexure of the peaks in the direction of the removal

Fig.2. Test cuts in steel blank

with neak details Fig.3. Test cuts in an alumi-

num alloy blank with peak details

on the outline, in the case of the steel workpiece (Fig.2) and in the opposite di-
rection, in the case of copper workpiece (Fig.3). The flexure is more and more
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increased with the decreasing of the dihedral angle value between the machined
aces. The modification of the flexure direction, in the case of different mate-
s of the workpieces, generates the supposition that the form error is due to
e electromagnetic forces of the process. These forces are developed by the in-
Seraction of the currents which pass through the wire and through the workpiece
during the current impulse.

Conclusions
the experiments have shown that under the conditions of wire electrical proc-
sing the surfaces which form the sharp angles in small thickness workpieces,
processed peak is deforming, modifying his geometrical form and curvature
dius. The form error depends on the workpiece material, the workpiece thick-
ss, the value of dihedral angle and the processed parameters. Depending of the
agnetically properties of the workpiece material, the peak flexion can be in the
ection of the removal on the outline for ferromagnetic materials and in the
opposite direction for diamagnetic materials.
In industry, the WEDM of surfaces which form sharp angles and in small thick-
fiess workpieces, the parts design and technologies elaboration must take into
gecount the possibilities of the above mentioned form errors. Such errors are
yery small and unnoticed both in the case of thick workpieces and of small val-
s of angles between machined surfaces, but they can generate great difficulties
the case of small pieces when a high precision is needed.
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MULTI-POLE MODELLING AND SIMULATION OF HYDRAULIC
CHAIN ELEMENTS

Grossschmidt Gunnar, Vanaveski Jiivi, Harf Mait
(Tallinn Technical University, Tallinn, Estonia)

The paper shows the principles of composing the multi-pole mathematical ma.
els for hydraulic chain elements and computing their transient responses as well
as stationary characteristics in the NUT programming environment. Using vis.
ual specifications of described four-pole models, one can graphically depict
various tasks for hydraulic chain elements.

INTRODUCTION

Hydraulic chain is an environment for energy transfer in hydraulic drives or for
transmitting the signal in hydraulic control systems. Fluid elasticity, inertia and
pressure drop cause energy losses in the hydraulic chain. Energy transmission
and control accuracy grow less. The dynamic phenomena of the system and in-
advisable vibrations increase. This evidence specially comes forth, when the
tubes are long and the fluid volumes are big. The scientists have dealt with these
problems for a long time [1]. The conventional description methods of the en gi-
neering chain systems and the main implemented solving methods of the
mathematical models are considered in the paper of authors [2]. The main prob-
lem at the moment is to have good mathematical models and to make computer
simulation of hydraulic chains easier and faster.

I MATHEMATICAL MODELS

The following data of 20 fluids are included for simulation: density at the tem-
perature 15 °C; kinematic viscosity at different temperatures in the interval from
~60 °C to +60 °C with the step of 10 °C, and the compressibility factor at 20
°C. The density, kinematic viscosity and compressibility factor of the mixture of
liquid and air are determined at every time step of the calculation, as depending
on the arithmetic mean of pressure at the ends of the element.

Mathematical model of a hydraulic local resistance may be presented as a
four-pole model of form G, H or Y (figure 1) depending on input and output
variables [2, 3].

Qle Q2a Qla Q2 Qle Q2e
"1 res [* ] ras S R
el B LS o - H le gt VT e
pla p2e ple pla pla pla

Fig. 1. Hydraulic local resistance four-pole models of form G, Hand Y
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A mathematical model can be described with linear R/, square R and inertial re-
sistance L. Depending on the kind of hydraulic resistance (round channel, cir-
bgular axial slot, round orifice, volume flow valve, local hydraulic resistance,
'ur round channels in sequence, device with linear resistance, device with
squarc resistance) and on used parameters various equations are used for calcu-
ating the values of R/, Rf and L.
Wathematical models of fluid volume elasticity may be presented as four-pole
nodels of form G, H or Z (figure 2).

Qle Q2a Qla Q2e Qla Q2a
i ve e —_— ve —— i ve o ——
B ) I -— H | — S 55 )
pla p2e ple p2a ple ple

Fig. 2. Fluid volume elasticity four-pole models of form G, Hand Z

fhe models include also the hydraulic local and inertial resistances at the left
and right end of the element.

J lathematical model of a tube may be presented as four-pole model of form G,
H, Y or Z (figure 3).

Q2a Qla Q2e Qle QZe Qla Q2a
tube [ * tube : : tube ' ™ tube
G [ AT el [ I [P () L Al
p2e ple pla pla p2a ple ple

Fig. 3. Hydraulic tube four-pole models of form G, H, Y and Z

Models with lumped parameters are presented in the paper. They consider re-
Sistances R, inertias L and volume elasticities C. The structure of a tube four-
pole model of form G was build up in sequence L — R/2 — C — R/2. The sequence
for four-pole model of form H was chosen R/2 — C — R/2 — L. For form Y the
Sequence was L/2 —R/2 - C—R/2 - L/2, for form Z was C/2 —
,;n ultaneously, hydraulic resistance model takes into account the linear as well
as square dependence of the pressure drop from the volume flow. It enables the
ise of universal equations for laminar and turbulent flow of the liquid. In addi-

R-L-C/2.

ion, local hydraulic resistances that directly depend on the tube (bends, connec-

lions, elbows, inputs to a vessel, output from a vessel, etc.) are taken into ac-
fount. Hydraulic linear and square resistance alteration on the flow acceleration
S introduced. Coefficients 7/ and krf are used for adjustment. To correct the
Eonventional hydraulic linear and square resistance in dynamic process the coef-
licient 4 has been implemented.

If it is necessary to have more detailed structure of the tube model with lumped
WParameters, we can represent it as consisting of several models of form G or H.
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In order to provide cclJrres_por!dence of natural frequency of the tube with lumpeq flglasses for specifying "process" (for organizing whole calculation process) and
parameters to that with distributed parameters the values of Z and C have been H¥balance" (iteration procedure at the second calculation level).

> : In . r . A
c_orr_ected with the help of coefficient k = (2/x) ", Here n is the number of Joint i@omponents of classes fall into several categories: proper components (all
similar models of form G or H. ' T e T T
The block scheme of the G-form four-pole model of a tube, which considers g
L and C, is represented on figure 4.

Qle - = 0 Q2a 2 o .
-~ > > - R2 :
— Yl |Hle tZzl Jdel = ”"'iﬁ—"]
pla pZe <

Fig. 4. Block scheme of the G-form model of a tube for dynamics

A universal hydraulic branching off (interface element) with four possible
ports is used. The hydraulic branching off mathematical model expresses equa-
tion of continuity and the pressure condition. The model determines the output
volume flow, when the other input volume flows are given. Also the pressures in
ports will be determined, when one input pressure is given.

FEEEEEEEE

Fig. 5. Scheme window with graphical task setting
for the hydraulic tube, using class "prob_tubeY"

2 USED SIMULATION TOOL

The used NUT system [4] is a programming tool, which supports declarative
programming in a high-level language, automatic program synthesis and visual
programming. The NUT programming language rests on two paradigms: proce-
dural object-oriented programming and the automatic synthesis of programs
from declarative specifications. The NUT system operates on a Sun workstation.
The NUT language is object-oriented. Concepts in it are specified as classes,
and then used either in computations or for specifying new concepts.Automatic
synthesis of programs is a technique for the automatic construction of programs
from the knowledge available in specifications of classes.

The NUT graphics facilities include Graphics Editor, a set of graphics functions
in the language, and the Scheme Editor. In order to draw schemes of problem
specifications, we must have, for cach class, an icon in the palette and an image,
which will represent an object in a scheme. So there must be icon and image for
every class.

The fext of a class consists of different sections specifying superclasses,
components, relations and initializations of class components.

The superclass adds pre-defined class together with it's characteristics to the
current class. Superclasses for multi-pole models are classes specifying “oils’ |Behaviour of variables of hydraulic chain can be displayed in the NUT graphical
(the basic physical properties of the liquids), “fluids” (the physical properties of |[Window.

fluids at given temperature and pressure) and “tube_super” (resistance, inertié |8

and volume elasticity of the tube). Superclasses for hydraulic chain models are |  SIMULATION EXAMPLES
3.1 Tube transient response, using class "prob_tubeY"

are described. Also programs for computing some components from some other
gomponents can be specified here. '

Initalization enables to give initial values to model components.

Besides four-pole model classes, several supporting classes as "clock” for the
lime, "source” for the disturbance and "display" for graphical displaying results
re specified.

The whole computing process is organized by supporting class “process”. State
ariables are introduced for every hydraulic element concept to characterize the
atures of the element at the current simulation time step. Simulation process
Starts from initial statc and includes calculation of following state (rextstate)
fom previous states (from oldstate and state). As a result of simulation final
blate (finalstate) is computed.
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In the task setting (figure 5) there are the image tuY 1 of tube of four-pole modg
form Y, the images of pressure disturbances (sources 2 and 3), the clock 4 and 3
"display" for graphical volume flow output at the right end of the tube.

For simulation the following initial values of parameters were used.

For the fluid: kinematic viscosity at tcmperature 40 °C nu0 = 3.1e-04 m?/
density at temperature 15 °C rhol5 = 883 kg/m’; basic compressibility factor of
fluid at temperature 20 °C betaf = 1/(18.4e+08) m*/N; relative content of undis.
solved air in fluid vol = 0.02; temperature theta = 40 °C.

For the tube: tube length / =2 m; inner diameter 4 = 0.01 m; wall thickness
§=0.003 m; module of elasticity of the tube material E = 2.le+11 N/m?.
Flow parameters : coefficient of hydraulic friction at laminar flow AL = 75;
at turbulent flow lambda = 0.04; coefficient of local resistance zeta = 4.
Coefficients for correction that take into consideration: hydraulic resistance
kr = 2; resistance depending on the flow acceleration kr/ = 0.001, k»¢= 0.001.
Disturbance parameters for the source 2: type = ‘ste’ (step); initial value
mean = 5¢t06 Pa; step value step = le+05 Pa; disturbance duration
tmin=0.0005 s; for the source 3: type = ‘con’ (constant); constant value (by
tube model of form G) mean = 4.96187e+06 Pa.

Computing parameters: inverse value of the time step tqu = 8e+03 1/s;
amount of computing points fimesteps = 160.

The graph of simulated transient response of the volume flow in the right end of
the tube is a smoothly rising curve with fade out vibrations (see figure 6).
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Fig. 6. Graph of transient response (step disturbance) of the volume flow,
simulated using the class "prob_tubeY"
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3,2 Tube transient response, using class"prob_tubeZ"
'- suahzud task setting is given on figure 7 and the graph of simulated transient

15z SproLetub ChemE =
File (Edit ‘Arrange Elements Scheme Options

[168.261
2w’ ) 3 feen
L= Tl e
e —_— Seirce
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Fig. 7. Scheme window with graphical task setting for the hydraulic tube,

ising class "prob_tubez"
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Fig. 8. Graph of transient response (jump disturbance) of the pressure,

imulated using the class "prob_tubeZ"
for simulation the initial values of parameters for fluid, tube and flow are the
ame as for previous example, but the other parameters are different.

- "qfﬁciems for correction that take into consideration: hydraulic resistance
o = 2; resistance depending on the flow acceleration &/ =0.02, krt=

0.02.
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Disturbance paramefers for the source 2: fype = ‘jum’ (jump); initial value
mean = 1e-04 m’/s; jump value hight = 5e-05 m’/s; duration of the jump
dijum = 0.001 s; disturbance rise and descend duration fmin = 0.0005 s; for the
source 3: fype = ‘con’ (constant), constant value mean = le-04 m'/s.
Computing parameters: inverse value of the time step fau = 4e+03 1/s;
amount of computing points fimesteps = 160,

CONCLUSIONS

Simulation system of hydraulic chain elements is implemented in the NUT envi-
ronment. Four-pole models of the elements are described as NUT classes with
icons and images. Besides model classes, several supporting classes are speci-
fied.

Using visual specification of described multi-pole models one can graphically
depict the simulation task. The algorithm and the computing program are auto-
matically composed, after that the program is also automatically performed.

The density, kinematic viscosity and compressibility factor of the mixture of
liquid and air are determined at every time step of the calculation, as depending
on the medial pressure at the ends of the element.

The models of various local hydraulic resistances are in use. Simultaneously,
hydraulic resistance model takes into account the linear as well as square de-
pendence of the pressure drop from the volume flow.

A universal hydraulic branching off with four possible ports is used.

As the unitary mathematical model for dynamic damping of the process in the

tube does not exist, it is necessary to adjust affecting coefficient kr, krl and kit
for every task,
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TORSION TESTING

Kliber J. (Faculty of Metallurgy and Materials Engineering, VSB-TU Ostrava,
Czech Republic)

forsion tests can be carried out on most materials to determine mechanical
broperties such as modulus of elasticity in shear, yield shear strength, wltimate
Shear strength, modulus of rupture in shear, and ductility and are most Jre-
lquently carried out on prismatic bars of circular cross section by applying a
rs:'ona! moment about longitudinal axis. The shear stress versus shear strain
burve could be determined from simultaneous measurements of twist of the
ecz'men over predetermined gage length. It enables us to study a deformation
behaviour of metallic materials in a widely varying conditions. The following
sections discussed the torsional characteristics of prismatic bar of circular cross
section and mathematical expressions of stress, strain and strain rate.

The torsion test was gencrally preferred for assessing flow stress and failure.
Torsion samples do not undergo necking or barrelling that are common in uni-
Bxial tension or compression tests. The torsion test is able to provide high
gquivalent strain rates (but obviously in real plastometric equipment and used
ype of specimen not exceeded 20 s-1). Its most valuable characteristic consists
[of a large straining without acting of external friction. On the other hand the

dbtained results are hardly comparable with other types of experiments if ap-
blying the simple methods of their mathematica) processing.

[Torsion test, with possibility of guarantee the minimum two of the three main

hermomechanical parameters, e.g. temperature 7, strain £, strain rate &, is one
of the very often and widely used plastometric test. When the schedule for _the
Simulation of the real technological processes is prepared, the reciprocal relation

lamong the higher mentioned strain and strain rate in plastometric experiment

and rolling or forging or others must be known.

'raditionally calculation indicates the necessity of the common method revision
and the theory of the strain assignation is described in a new form.

Btress at torsion testing

During deformation the effective torque M is registered as a function of the an-
ble of twist. From the curve for M the flow stress o (eventually shear stress 7)

inust be calculated at a given strain rate £ .Calculating the shear stress is difficult

Since the torque only gives information through the integral equation

a
M=2r jrrzdr (1)
0
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A mathematically rigorous determination of shear stress is therefore only for
surface of the specimen (i = @). The following equation is given

M M su
T‘MJ%H( & T J}

The correct final equation for destination stress in cases of appearing longitudi-

The mean equivalent strain along the cross-section could not be approved on the
surface but in representative radius only. This new method makes use of the fact
that there is an optimum radial distance for which the strain can be calculated
with best possible accuracy. The representative - mean radius is derived as fol-

R
nal force F in the axis ofspemmen is written in recommended form = ~—]2- I2m;’N 27{&’\’(3?—% f%b\ ié‘ (8)
o es s R 0 '
) 2
3M F ) st
o=, 5 B+n+m)+| - ) (3) =R and D=2D 9)
\ Lo 7R 3 3

e main equivalent strain is located (from the point of view of deformation
spread over the whole cross-section) in the 2/3 of an outer radius R. At further
lcalculations, the strain and strain rate conditions are related to the R - radius,

Strain at torsion testing

If the torsion specimens with length L and diameter D (representative diameter

sl ; : ; Strain at torsionon N : i
D=2D/3) has been twisted with constant velocity (speed) in [rev./min], thus Spalatisionon
the strain rate could have a stable value. On the other hand, if we suppose the B J_i 1 T P 4 T 1]
falling down dependence N on strain, the strain rate must decline although 088 “l "'Eq( i ] 35 'i __._Eq P e
twisting is constant. The equivalent true strain & is calculated obviously from 03 "'"Eq(4b)t . : 3 S - .
the number of twists N _ 025 Htegq H— 74 _ 25 —=-Eqi0)
e = 1 1 = —a—Eq.(7)
DN DN : ¥ g Tt
= i‘-' E= -‘I"m (4a), (4b) ? 015 % e
; ; . : . 04
The only one theoretically right way for describing strain and later strain rate L& 1
from torsion test becomes from geometry. The background of the solving this ' 0.5
0

problem rises from the idea of plain deformation of circle element typed in
square, After twisting the thomboid occurs and inner circle converts to ellipse
with two half-axis

2

01 2 3 4 56 7 8 910
Number of revolutions N Number of revolutions N

0 0102030405080.70809 1

Fig. 1. Strain versus number of revolutions at torsion

a:%[vj“#-{-tan o +tanaj b=%[\a’r4+tan2a - tana] a2
’ [Even at these applied small revolutions the difference is not negligible although
making use of inner diameter R or representative diameter could slightly ap-
proached the curves, The main contrast comes forward at higher applied revolu-
fions when traditionally methods are described by lines but new methods are

Wisualised by bottom curve.

The true strain is as
; B
g ,,,J.%[gn o) +(1nb]2] (6)

This last relationship (6), theoretically new approached, was now compared with
some authors "friendly" quoted Eq. (7) with same results
4 , DN

2 ’ L

Strain rate at torsion testing

The strain rate is in a general way treated as a constant value when rotational
Speed is stabile.

(7

£ —*—é.arcsinh
+/3

218 219



.

DN _mDN

r . _.IJ-
=" =" (10), (106) 5

Due to increasing number N for strain rate the slowly falling down curve comes
forward and should be mathematically expressed as

g2 N (11)

e g
N Narcsmh2

Strain rate at torsionon N and o
The most common method ena-

40 .
bling us to analyse torsion test 35 sl 2 :
result assumes a linear depend- .~ 4 | oot _
ence of equivalent (true) strain 2 i | | 4
on number of revolutions (twist- g 39 ' | #
ing) N. This approach leads to E 18 J} e ak 3
unrepresentative results, espe- g .
cially with relatively high strains, % '° =_ |
The new proposed problem solu- B Ll )
0 | |

tion gives a better alignment to AR AR B p
: 0 A2 a4 58T 10
real technological processes. Netiabisr of revolufions: N

|

Fig. 2 Strainrate
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FORMIERUNG DER BEARBEITETEN OBERFLAECHE BEI DEM
SEITENSCHLEIFEN

Mamedov A.M. (4serbaidschanische TU, Baku, Aserbaidschan)

The improvement of quality of formation of a surface of a detail at grinding is
possible by perfection of kinematics of processing. The new scheme of flat
grinding by an end face the abrasive of a circle is developed Theoretical and
the experimental researches have allowed to establish efficiency of the new

. scheme of grinding.

Das Schleifen ist die Hauptmethode zur Feinbearbeitung von Metallen
und sichert den Erzeugnissen eine hohe Genauigkeit und eine sehr saubere
Oberflaeche, wodurch hohe Verschleissfestigkeit und lange Lebensdauer
erreicht werden.,
Einer dem Schleifvorgaenge ist das Planschleifen mit der Stirnflaeche der
Scheibe (Seitenschleifen), das gilt als asusserst produktiv, da di¢ Schieifscheibe
die Breite des Werkstuecks abdeckt und gleichzeitig eine erhebliche Flaeche
geschliffen wird [1,2].
Allerdings hat der Schleifprozess auch
Eigentuemlichkeiten. Vorlaeufig ist zu vermerken, dass:
1. Die Koerner auf einer Schleifscheibe haben die Abrundungsradiens an den
Schleifkornscheiteln und die Schaerfungwinkeln der Schneidkanten
verschiedenen; '

2. Die Schneidkanten an jedem Schleifkom sind nicht alle beteiligt am
Arbeitsvorgang (Das Schleifkom kann mit beliebiger Seite schneiden.);

3. Die Schneidkraft beeinflusst nur eine Seite des Schleifkorns.

Die hoch Belastung der Schleifkoemer, die unguenstigen Bedingungen
der Span-und Waermeableitung bei dem Seitenschleifen leisten den bedeutenden
Einfluss auf die Formierung der bearbeiteten Oberflaeche und verringern die
Effektivitaet seiner Benutzung [3,4,5].

Dem Studium dieser Besonderheiten des Prozesses wurden die Arbeiten
vieler Forscher gewidmet. Doch ist die ungenuegende Aufmerksamkeit auf die
Besonderheiten des Seitenschleifens gerichten, die in der teilweisen Benutzung
der Schneidkanten der Vorspruenge des Kornes nach seinem Perimeter und den
Binfluss des Schleifverfahrens auf die Formierung der bearbeiteten Oberflaeche
geaeussert werden. -

seine  spezifischen
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Auf Grund der Analyse der Arbeiten der Forscher ist geoffenbart, dass das
prinzipiell kinematisch Schema ist einer der Hauptfaktoren, die die Formierung
der bearbeiteten Oberflacche beeinflussen [2,3,6,7]. Festgestellt ist, dass man
von der Abwechselung der Parameter des kinematischen Schemas die
thermische Gespannheit des Prozesses regeln kann, die Bedingungen der
Ableitung des Spanes zu verbessern kann, die Topographie der bearbeiteten
Oberflaeche zu verbessern kann und die Belastung der Schneidkanten laengs
dem Perimeter am Schleifkorn zu versorgen kann [8].

Das neue Seitenschleifverfahren ist entwickelt. Die Hauptforderungen
fuer die Durchfuehrung des Schleifens nach dem neuen Verfahren sind die
Bildung der Bedingungen der Erhoehung der Bewegungsgeschwindigkeit des
Werkstuecks und das Vorhandensein zwei Stufen des Drehens des
Schleifscheibes (Bild 1b). Dabei soll die Bedingung erledigt werden:

v, ~Vi|2 [V% ]

v, <V z[VRm] ;

Vg =

VRmmz
V‘l E 2N Vsz

worin: V, - die Ringgeschwindigkeit des Schleifscheibes; ¥, - die Ringge-
schwindigkeit des Werkstuecks; VRm_ - die minimal Wirkgeschwindigkeit des
m

Schneidens (die resultierende Schnittgeschwindigkeit). [VRmin ] =8+10m/s.

Ein Zweck der Forschungsarbeit ist die Untersuchung des Einflusses des
neuen Seitenschleifverfahrens auf die Formierung der bearbeiteten Oberflaeche.

Die theoretischen und experimentalen Untersuchungen der Effektivitact
des neuen Seitenschleifverfahrens sind in bezug auf das konventionelle
Seitenschleifverfahren des Werkstuecks, das die geradlinige hin- und
hergehende Bewegung begeht, und das breit verwendet in Industrie (Bild la),
geleitet.

Es ist der Einfluss des Seitenschleifverfahrens auf die “Front” des
Arbeitsteiles der Aktivschleifkoerner untergesucht [8]. Die matematischen
Modelle der Kinematik des einzelnen Komes sind fuer die verglichenen
Schleifverfahrenen aufgebaut. Mit der Benutzung der Computersgraphik sind
die graphischen Bilder der Kontaktspuren des einzelnen Komes bekommen. Es
ist der Einfluss der verglichenen Schleifverfahren auf die Waermespeicherung in
der Oberflaeche des Schleifstuecks bestimmt.
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Fuer die Erleichterung der Durchfuehrung der graphischen Analyse ist die
Annahn?e gemacht: der Schnitt am Korn und Werkstueck an der Arbeitsebene
haben die Geometrie eines Kreises.

Graphischer und  rechnerische

' . Vergleich
Seitenschleifverfahrenen gebildet.

wurde von  den

Konventionelles Verfahren

(Laengs-Seiten-Planschleifen)
schneller I

Neues Verfahren
(L.aengs-Seiten-Planschleifen mit

kreisfoermiger Vorschubbewegung)
‘ . Bewegungsgleichungen
Die Trajektorie (Beruehrungsbahn) eines Punktes des Schleifkorns beim

Schpei(liritzen wird in den genannten Faellen durch folgendes Gleichungssystem
ermittelt:

Xy =Rpcosayr ‘ Xy =Ry cosayt
Yy =Ry sinayr |
Xy,=A-V,1

Y, = Konstante

Yk = Rk sin a)kT
f Xy=4-V,7+R, cosw,T
Y, =R, sino,r

Bild 1. Kinematik beim Schleifverfahren

a) b)
Yi t v, 1Y Yyt
—t
Iy
L.
@, R,
(I _x
Ok] A OW Xw
egende:

Ry - Kc_:lmj.'otat.ionsradius [mm]; ¥, - Laengsvorschubgeschwindigkeit (Tisch-
cschwmdl'gkelt.) [m/min]; R, - Werkstueckrotationsradius [mm]; r, - Werk-
stueckschnittradius [mm]; 4 - Abstand zwischen den Mittelpunkten der Koor-
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dinatensysteme 0,0,, [mm]; X;0,Y; - unbewegliches Koordinatensystem auf der
Flaeche, gebunden mit dem Korn; X,,0,.Y,, - bewegliches Koordinatensystem auf
der Flaeche, gebunden mit dem Werkstueck; @y - Umfangsgeschwindigkeit des
Korns [m/s]; @, - Umfangsgeschwindigkeit des Werkstuecks [m/s].
Es wurde erforscht:
1. Die Trajektorie durch die Komnbewegung entlang der Bearbeitungsflacche
(Schneidspuren) (Bild2a);
2. Die Schneidgeschwindigkeit (Absolutwert und Richtung vom Geschwindig-
keitvektor);
3. Die Anteilnahme der Schneidkanten laengs dem Perimeter am Schleifkorn im
Bearbeitungsvorgang.

Bild 2. Graphische (a) und Rechnergestuetzte (b) Ermittlungen der [

Gesamtheit der Schneidspuren auf der Werkstueckoberflaeche pro Arbeitsgang
beim neuen Schleifverfahren

Die Experimente sind auf der universell Schleifmaschine geleitet, Es |8
wurde die spezielle Vorrichtung fuer die Verwirklichung der Bearbeitung des
Werkstuecks nach dem neuen Schleifverfahren hergestelit. Die experimentalen |
Forschungen sind bei der Bearbeitung der einzelnen Werkstuecke aus den Stoffe
des Schnellarbeitsstahls, des Hartmetalls und des Kupfers geleitet worden. Beim

Schleifen der Werkstuecke sind die folgenden Schleifstoffe verwendet:
1. Siliziumkarbid - Hartmetall und Kupfer;
2. Elektrokorund - Schnellarbeitsstahl.

Beim Schleifen der Werkstuecke aus dem Hartmetall und dem
Schnellarbeitsstahl sind der Verschleiss der Schleifscheibe, die wirksame
Kapazitaet des Schneidens, die Tiefe der strukturellen Veraenderungen der
Randschicht, die Rauheit und die Abweichung von der Geradlinigkeit def
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|4 . . . e .
arbencten Oberflaeche untersucht. Beim Schleifen des Kupfers ist nur die

[ Tiefe der strukturellen Veraenderungen der Randschicht untersucht.

| Auf Grund der theoretischen und experimentalen Untersuchungen ist die
folgenden Vorzuege des neuen Schleifverfahrens festgestellt:

1. Das neue Seitenschleifverfahren entwickelt, versorgend kann die maxi-male
. Benutzung des Arbeitsteiles der Schieifkoerner und die fuer die Bearbeitung
der flachen Oberflacchen der Maschinenteilen und die Schaerfung der
schneidenden Werkzeuge verwendet sein [8];

2. Die Schnittgeschwindigkeit erreicht 60 m/s;

3. Die Spuren auf der bearbeitenen Oberflaeche haben die verschiedenen
Richtungen und stellen das Netz vor (Bild 2);

4. Von den Rechnungen ist die bedeutende Herabsetzung der Schnititemperatur
eingerichtet;

5. Experimental ist die Herabsetzung bestimmt: die Schnittkapazitaeten in 2+5
Male, die Abweichung von der Geradlinigkeit in 2+8 Male, die Rauheit in
1,2+1,6 Male, die Tiefe der strukturellen Veraenderungen der Randschicht in
3+6 Male. Doch ist der Verschleiss der Schleifscheibe in 1,1+1,3 Male
erhoeht.

Auch braucht man zu bezeichnen, dass bei dem Schleifen nach dem

ineuen Verfahren die Notwendigkeit in der Benutzung des Kuehlmittel fehlt.
Dabei ist die Arbeitsoberflacche der Schleifscheibe bis zum =zusaetzlichen
Verschleiss frei von Zerspanprodukten, z.B. Spaenen.
Das neu Seitenschleifverfahren des Werkstuecks laesst zu, die
Produktivitaet und die Qualitaet der bearbeitenen Oberflaeche zu erhoehen. Es
sind einige Empfehlungen entwickelt, die unterstuetzen werden zur Einfuehrung
es neuen Schleifverfahrens in die Industrie beizutragen.

_ Schrifttum: 1. Salje, E., Paulmann, R.: Grundlegender Vergleich
labrasiver Verfahren. Teil 2: Relativbewegungen der Schneidkoerner. wt
erkstattstechnik 79 (1989) H.7, S. 365-367. 2. Masslov, E.N. Grundlagen der
[flheorie des Metallschleifens. Verlag Technik, Berlin 1952. 3. Slkumor A.B.
Ornrrivusanus npolecca muMdosadus. - M.: MammrocTpoenue, 1975. - 176 c.
4. Salje, E., Paulmann, R.: Grundlegender Vergleich abrasiver Verfahren. Teil 1:
Belastungen von Schneidkoernem. wt Werkstattstechnik 79 (1989) H.6, S. 313-
815. 5. Pesunkos A.H. Tennodusuka pesanus. - M.: Maummmoctpoenne, 1969. -
288 ¢. 6. Koenig, W., u. F. Klocke: Fertigungsverfahren. Band 2. Schleifen,
!Honen, Laeppen (Studium und Praxis). VDI Verlag, 1996. 7. Mogna-3ane B.3.
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CosepiiieHcTBOBaHHE TEXHOJOTHYECKON Ollepallyd MIoCKoro iMbosaHus
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THE METHOD OF THE STIRRING FOR CONTINUQUS CASTING OF
STEEL

Murga$ M., Chaus A.S., Pokusa A.
(Faculty of Material Sciences and Technology, Trnava, Siovakia)

The presented method uses the effects caused by the interaction of the direct
magnetic field and direct electric current passing through the continuously cast
ingot along its length. It enables to stir the melt in the crystallizer and the resid-
ual melt in the ingot’s center in the same time, The unit parameters and the re-
sults obtained by the first industry application of this method are stated.

Introduction

The control of the primary crystallization is especially topical for steel
continuous casting. At the bigger ingot cross-section the melt remains on the
length up to a few meters in the central part of the slab and at the 200x200 mm
slab it is about 6 m. At a significant drop of the cooling gradient in the
secondary cooling zone these defects of the cast material proved cspecially
unfavorable, mainly for steels with the higher content of the carbon and alloying
elements. The experience from the continuous casting practice has shown that
the metal quality can be substantially improved by the electromagnetic methods.
The removal of the course cast structure in the central parts of the slab is solved
by electromagnetic stirring of residual melt and the melt stirring in the
crystallizer improves the slab's surface quality. The high encrgy consumption of
stirring units resulted to the development of the another method generating the
stirring movement by the energetically more effective conductive way [1] and
stirring the melt in the crystallizer and in the ingot's core simultaneously.

The method of stirring and analysis of the function agents produced by it

The interaction of the direct electric current flowing along the slab length and
the electromagnet's direct magnetic field that is normal to the slab axis generates
the Lorentz forces used for stirring, as it is illustrated in Fig. 1. The Lorentz
force facting on the conductor, through which the electric current of the density
i passes and is exposed to action of the magnetic flux density B, is given by the
known relation f =(ix B).
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Fig. 1. The Lay-out of the unit: 1- crystallizer; 2- guide rolls; 3-
electromagnet; 4- power supply

Because this force is defined as a force per unit of volume (Nm™), then the

?lerflentary force df acting in the volume element with the dimensions dx, dy, dz
|is given;

df =drdydz(ix B) 6}
To determine the character of the generated forces, their spatial distribution and
itheir basic effects on the stirring process, the mechanism of the Lorentz forces'
paction will be analyzed under the conditions showed in Fig. 1. According to the

arrangement in Fig. 1, we can consider, with the sufficient precision, that the
vectors i and B are perpendicular, and the generated force has only one

component df (i, B;, 0, 0). This component df; produces the pressure dp, on the
‘melt volume element front;

dpz_ffar__

=i B dx
Y dydz 'y B2

2

[Eq. (2) shows that the magnitude of the developed total pressure depends on the
isize of the object in the x axis direction in the present case. If the effect of
(pressure is localized into the region of the melt, bounded by the coordinates x;
and x; in the slab, and we neglect the velocity, the maximum pressure py ma that
contributes to the movement initiation will be under the static conditions:
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1
Pxmax = J.iy Bz dx = iy B, (xz—xx) + Po (3)

2

Taking into account Eq. (3), the generated pressure increases proportionally as
the depth of the melt increases in the x axis direction from zero to the maximum
value. This approximately triangular profile of the pressure distribution is one
from the main factors determining the nature of the flow of the residual melt in
the slab.

The title [1] notified that this method brings more other factors taking part in the
influence on the solidification process besides the stirring of molten metal. The
direct electric current produced by a rectification has always the pulsating
component. The pulsating character of the forces does not reduce the efficiency
of the stirring motion generation. It positively influences the formation of the
macrostructure and suppresses the internal porosity formation.

A pool of liquid steel with the solidification front is not a compact conductor,
but electrically, it is a complex of big quantity of frec mobile elementary
conductors with the different electric conductivity. In consequence, the electric
current density and the intensity of generated Lorentz force are distributed non-
uniformly in the area of the electromagnet action. As indicated by Fig. 1,
through two adjacent elements of the volume with dimensions dx, dy, dz and
different electrical conductivity o and o the different currents will be passing
according to Ohm’s law i=cE, and according to Eq. (1) the resultant forces
df; and df; having the different magnitudes will also act. Their difference
represents the internal force that tries to move both elements against each other
and its magnitude is expressed by the relationship:

dfy = dfy = (01-0,)(ExB)dcdy dz O]

Thus, the action of the force is localized in the area where the microvolumes or
objects with the different electric conductivity in comparison to their
surroundings are occurring, like inclusions, solidifying metal and the melt zone
on the solidification front with the higher concentration of the elements. The
complex of Lorentz force produces a mechanism that affects effectively the
process of the primary structure formation and the distribution of the structure
components [2].

The magnetic field alone, till now taken only for an interelement nccessary for
producing the Lorentz forces, is another factor actively interfering into the
solidification process. It shifts the phase transformation temparatures of the
primary crystallization of steels toward the lower values and affects their
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(kinctics entirely by interfering in the thermodynamic conditions of the
isolidification. The character of influence was investigated by the differential
thermal analysis (DTA) and is presented by the experimental results with the
technical iron [3] in Fig. 2.

The influence of the magnetic field
proved by the increase in the un-
dercooling and the avalanche
course of the phase transformation
primary crystallization. These phe-
nomena are also observed in the
molten metal solidifying after the
modification. After an initial in-
B=008T crease of the undercooling comes
to the recalescence and the intensi-
fication of the phase transforma-
8roooT tion.

B=012T

Results of the operation tests

] In the plant of ZP Podbrezové, the
first industrial application was put
Fig. 2.DTA curves for the technical into the line for continuous casting
iron of the 200x200 mm slab with one
electromagnet installed 0.8 m
below the crystallizer [4]. The
current supplies were duplicated and realized by the roll segment "0" on the
lcrystallizer in the melt zone and by the first row of the guide rolls over the
electromagnet. The second current supply is also realized by two rows of the
working rolls situated 0.4 m and 0.8 m below the electromagnet. During the first
test only one clectromagnet was used. It produced the magnetic field of 0.1 T,
he electric current intensity was ranged from zero to 1000 A, when the heat
lquantity developed in the ingot did not exceed 100 Js'. The total energy
consumption of the stirring unit was about 8 kW. The tests were done with the
steels for the tube production. The chemical composition of steel was (wt. %):
0.1 C - 0.005 S - 0.21 Si - 0.5 Mn. At this stage of work the criterion of
lestimating was the level of the macrostructure influence. The application of the
magnetic field alone did not exert the observable changes in the structure. They
were only shown under the simultaneous passage of the electric current of the
intensity of above 130 A. The increase of the electric current intensity was
Fproved by the gradual refinement of the columnar grains and by the reduction
and refinement of equiaxied grains in the central zone. Applying the electric
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current of 800 A, the macrostructure was formed only by the columnar grains
without the characteristic zones of the fine crystals on the surface, which are
formed on the junction of the melt with the crystallizer, and without the
equiaxied grains in the central zone. Next increase of the electric current of
above 800 A did not bring the provable higher level of the influence. The
metallographic preparation of the samples made from the stirred material took
minimally up to 30% longer time of etching than the non-stirred one. These
phenomena are characteristic for the steels, but also for other materials, which
were solidified by the electromagnetic methods [2, 5].

Conclusions

Although, in the zone of the electromagnet producing the stirring the thickness
of the solidified metal was already minimum 20 mm, the tests of the slab
material influenced by above described method showed that the whole cross-
section of the slab was affected. There could not be observed the typical zone of
the fine grains on the slab surface. The structure was formed by the fine
columnar grains in the entire cross-section, i.c. without the occurrence of the
equiaxied grains zone in the slab's central part. These positive structure
attributes can be interpreted by that the undercooled melt solidified under the
favorable thermodynamic conditions after leaving the zone of the magnetic field
action. An argument for this assumption is also the fact that the electric current
of 800 A passing through the slab and the induction of 0.1 T would work the
sufficient grade of influence. Under these parameters the stirring velocity is too
low for producing the dendrite fragmentation and therefore, the transport
function of the molten metal modified by the magnetic field can be attributed to
the stirring. The affect of the magnetic field on the temperatures and the kinetics
of the solidification can also explain the improvement in quality of the slab
surface solidified with the stirring applied in the crystallizer alone. These
processes use very low frequencies and the values of the magnetic flux density
are sufficient to cause the modifying decrease of the liquid temperature with
more favorable kinetics of the solidification. The research was sponsored by the
project VEGA No. 1/6187/99.

References: 1. Murgas M. Hutnické listy 65(1990)12 - p.842-844. 2. Murgas M.
Zvaranie 40(1991)10. - p.189-191. 3. Murga$ M., Biacovskd, A. Chemical
papers 45(1991)6. - p.731-734. 4. Murga§ M., Chaus A.S. Fizika i chimija
obrabotki metallov, 1999, No. 5. - p.96-103. 5. Sujanové J., Pokusova M.,
Pokusa, A, Zvaranie 45(1996)12. - p.265-269.
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RESEARCH OF THE DEGRE OF HARDENIG BY VIBROROLLING

Nagit Gh., L., Slitineanu L., Dodun O., Rusu B.
(Technical University “Gh. Asachi” of Iasi — Romania)

| This paper presents some and experimental research to direction of hardening
| process by vibrorolling. The importance vibrorolling bads to improvements in
surface quality in two ways: its geometry and the phisico - mechanical proprie-
| ties of the superficial lair of metal. Through cold forming, the material will
| ccruisage loading to an increase of its micro — hardening,
The research aims to determine the influence of several input variables on
|| hardening degree.
e HVﬁnaf HVI}?{}‘ .100% (1)
H Vz‘m’:
A plan for experimentation was designed aiming to use a minimal number of
tests for a large domain of treatments an for each treatment to enable the meas-
rement of several output variables. Therefore a complete factorial experiment
was used taking into account the characteristics of the process and the objectives
of research, The pieces used to test the vibrorolling process were mad of several
itypes of Romanian steel. For each type the pieces were cut from the some bar.
he pieces to be tested were first drilled at a ® 20 mm diameter whole than cut-
ted at 25 mm length. In order to position then on a cylindrical shaft specially de-
Isigned for the experiment.
Six pieces may be simultaneously placed on shaft and secured against ro-
tation. The shaft and pieces were fixed on a lathe between the points in order to
ibe proc_essed the points in order to be processed the rotation. To ennoble the’
omparison between the output parameters of vibrorolling on the shaft were
iplaced five pieces cache made of a different type of steel. The sixth (usually
imade of OL60) was vibrorolling using the some parameters as the other five but
without the oscillatory movement.
The experiments included the vibrorolling process using both balls and
spherical déamond points. Six input parameters were used so thee experiment
type was 2” based on Yates algorithm. The member of simultaneous measure-
ent was chosen according to Romanian Standard STAS 2872/2-86, 3 pieces
ere used for each point. The statistical analysis used a significance level
0=0.05. There statistical tests were also used Cochran test for homogeneity of
dispersion, Student test to eliminate the insignificant effects and Fisher test to
establish if the multiple linear regression is adequately chosen.
The input parameter and their levels are exhibited in table 1.
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Table | - The level of input parameters used in experimental design Table 2
— 1 [ 2 [ 1 2] 1 [ 1| 4 [ 509] 514 | 565 | 82 | 393 |

Input parameter Level Unit of 1] 2 L 120 1 1 2| 374 | 409 419 45,1 862 473
Code SIGNIFICANCE I 2 measurement 11211121211 522 | 523 542 573 589 602
i1 n.s — number of double stroke 350 940 ds/min L _1} 2120 21 82 Ldib o6 47 481 | 492
2 | dy, (orr,) the diameter of balks or | 6.75(1) | 1585 mm A2 2 b L 8 e e e
: . : : 221l 1 2] 239 [ 250 21 302 | 315 329
; spherical radlus. of dlamonc‘f polmt (3,5) T2 T2 a2 1 552 1362 | s 1 03 46
i3 2e=| — the amplitude of oscillation 0.6 1.6 mm T 20211121 2] 261 | 272 25 23 354 139
i4 F — force 100 (20) | 600 (60) N i 12121211 [ 1] 46 [454] 457 | 481 | 492 | 513
i5 n —number of rotation 100 400 rev/min 12102 (2] 121 334 {30]| 371 373 383 395
i6 f— feed 0.024 0.132 mmy/rev 1122122 |1 /| 439 | 463 | 466 492 495 519
1 2 2 |21 2 2 352 363 38.1 395 40,8 409
There materials were used OL60, OLC45 and 18MnCr10. The number of g ‘ i } i i ; 3;68 ig}g g}’g ;zf ;{2 ;;i
treatments for each materials is 2°=64 and the number of pieces r.equired is ST 111111 211 300 | 395 4.£ S 473 479 pm 3
64x3=192. Therefore to process all the types of steel a tool of 576 pieces were 21 1 1 1] 2] 21| 313 | 318 133 372 387 391
needed. In table 2 there are exhibited the experimental results. 201111211 1| 43 55 595 60.5 616 624
24 1 1 1211 2 425 436 50 483 502 513
Table 2 - Experimental results about hardening degree of vibrorolling 2011 b2 2] 1 556 | 568 604 623 635 642
2.0 1002 | 2 2 434 4.5 5i4 498 i 514
No.lil| 2| 3 [#]i5 | i6 | OLC4S | OL60 |18MnCrl0| OIC45 | OL60 | I8MInCrl0 | 24 v 2 pr b 18329 P 3sd | 35D 373 314 382
Tl 11 ] 334 [ 3381 713 402 41,1 423 20 1 | 2 1) 1121 227 | B6| 262 284 299 30
29711 1 T B ) 243 | 245 252 293 302 306 7.5 B | 2: bt ] 2 1 334 | M1 377 38.1 352 393
3.5 Py TR 1 39 | 341 18.1 413 28 99 241 1 2 111212 251 | 254 271 288 303 308
4 1111 T FEECE - 247 | 254 262 30,1 316 328 21 2 1211 1 478 | 491 309 553 568 375
solitpat e ek pai A a3 [ a5 | 466 502 514 529 Zedk )22 bl 2 o361 82| 395 dlS | ) 434
e ] TR T B 347 | 354 366 415 443 449 20 1 Zisli2 | o2 1 491 50 523 558 579 58.1
7 Pliledolod 1213 LA | 43 [ 4655 818 | 535 | 585 43 | 2|t | 212221373 | 382 | 404 | 426 | 48 458
glilb1 i 121212 (35 [363] =i £7 | 48 456 | 21211 p1] 1] 1] 417 45| 457 | 502 | 513 519
911 1 P2 111 | 1] 282|286 30 335 339 39 2021 111 2] 356 |363] 385 416 | 42l 436
w111 2 111 2 | 208 | 186 23 24 08 243 22 1 (1] 2 1 439 | 463 476 508 525 34
TSR s R T o e T 362 21217112121 369 3771 404 42 84 446
vl b al e et 217 {0209 08 229 233 245 201012 1 pe2 el 1 604 | 613 652 | 616 702 712
R R EE TR 395 25 3,1 42 202 1 /2] 112 478 | 495 504 H48 551 362
4 ETE ) 2 g 2 28 292 30 304 322 331 202 g2 L2 F 1 | B2 .| 636 | 666 68.1 703 713
5111121221 1]38 [3861] 404 | 4928 | 352 412 20211121212 | 486|509 | 523 | 557 { 352 369
etttz ezl e bimd20sl 309 | 312 ] 3486 352 21212 11 [ 11391 [395] 419 | 457 | 462 473
il a2l o T o0 1 [ 37 [ 386] 411 | 925 | 447 463 ] 21212 1| [ 2| 304 295 319 ‘| 352 | 32 378
st 21 v il 1] 271 28 134 315 | 337 | 358 368 | 212} 24112711 4 |49 o3I 46 411 478
wli1t2] 1111211 36 | 402 | 428 438 449 464 21 2 1 2 1) 2] 2| 317 |3181] 333 363 373 386
0121 v 1272134 [ 318 333 | 335 | 362 376 21 2| 2 |2 11 1|52 |550] 609 [ 601 | 621 634
21 -2 212 1 2 434 441 477 487 491 501
2.2 2 21 2 1 56,5 512 619 624 634 A5
21 2 2 121 2 2 447 | 454 48,1 493 455 513
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Both statistical analysis and arraey modeling were used in data analysis.
A software was used to select the model that has the smallest valve of Gauss
criteria. The following general models were inferred:

s=c¢n% g4 G 0 a0 4,

All the models that approximate the variation of the micro — hardening

and the degree of gardening have the some forms. Therefore the value of C, has

the greatest influence on the degree of hardening. The value of this constant is

influenced by both objective type of steel and subjectives conditions as the way
the tests are conducted.

Material characteristics influence the coefficient from relation (2). Their
values increase with a decrease of the hardening level (see table 3).

Table 3 - The coefficients of the mathematical model that depicts the
hardening degree

Material ‘
OLC45 OL60 18MnCr10
Coefficie Balls Diamond | Balls | Diamond|{ Balls | Diamond ‘
nt
Cs° 0,59 1,01 0,62 1,12 0,63 L9 |
Csn 517107 |3,1210° | 6,5210° | 6,34 107 | 9,28 107 [ 5,43 107 |
B -0,039 | -0,036 | -0,04 | -0,045 | -0,041 | -0,044 |
(o 506102 | 0,053 | 0051 | 0,051 0,053 | 0,048
Co 1595107 | 0,051 | 0056 | 0053 | 0,063 | 0,057
Ce2e | -3,9110% | -0,042 | -0,045 | -0,043 | -0,044 | -0,045
C:® [43510% | 0,048 | 0052 | 0046 | 0046 | 0,057

After models and results were studied, one can assess that a classification
of the effects of different factors on the output parameters is possible. For
instance, the largest influence on the hardening degree is exerted by the
vibration amplitude, which should have low values. The second larger influence
is exerted by the indentor’s diameter, which should have a maximum value.
Note the low influence of the normal load on the surface hardenig.

Parameters rotational frequency and feed have always effect within the
process and should be selected at a minimum level, and vibratior frequency and
normal load (when the latter is significant) should be selected at maximum
levels. Also note the effects of interactions between the indentor’s diameter and
the vibration frequency, and between the frequency and the amplitude. The
explanation consists of that that they are the main elements which describe the
number of “attacks” of the ball indentor upon a microasperity during the
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'working stroke and the number of such microasperities included within an
“attack”. There are no significant effects on the burnish degree cxerted by the
vibration frequency, but the amplitude, the indentor’s feed and the rotational

frequency have major influences.

As to mechanical features, onc may state that the harder the indentor, the
stronger the hardening. In tumn, the less harder the indentor, the larger the layer
thickness. In that case, the normal load has the strongest effect and the rotational
frequency the lowest. The only interaction, which has significant influence on
physical-mechanical properties of the surface layer, is that between the vibration
frequency and the normal load.

After the models and results study, a classification of the effects of differ-
ent factors on the output parameters is possible, For instance, the largest influ-
ence on the surface roughness is exerted by the vibration amplitude, which
should have low values. The second influence is exerted by the indentor diame-
ter, which should have a maximum value. We can note the low influence of the
normal load on the surface roughness.

By cold plastic deformation we obtain the improvements of geometrical
proprieties of surfaces and of physical ~ mechanical proprieties. It is possible
assurance of a great smoothness degree. The optimisation of cold plastic defor-

‘mation involve at first the correct choice of input parameter values. To obtain

good surfaces quality we must selects the rotational frequency of the sample, the
indentor’s feed and the vibration amplitude at small values, respectively diame-
ter of the indentor, the vibration frequency at great values and forces at values
specific to each material. To obtain a strong hardening we must use small values
for feeds of indentor and vibration amplitude and great values for forces, vibra-

tion frequency and diameter identor.

The matrix modelling of process output parameters permits the emphasis
of significant influences and of interaction among input parameters.

References: 1. Nagi, Gh. - Theoretical and experimental contributions to
the vibro-rolling machining. Ph.D. work. Iagi, Romania, Technical University.

. ,Gh.Asachi”, 1997 (in Romanian). 2. Sneider, Iu.G. - Ekspluatationnie svoistva

detalei s regulearnim mikroreliefom, Leningrad, URSS: Ed. ,Masinostroenia®,
1982.
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HORIZONTAL ELECTROMAGNETIC CASTER FOR CONTINUOS
CASTING OF THE AL-ALLOYS

Pokusova M., Murga§ M., Chaus A. S,
(Faculty of Material Sciences and Technology, Trnava, Stovakia)

The method of caleulation of the horizontal electromagnetic caster parameters
Jor the continuous cast strip from the AlSi8.5Cul alloy is presented. It starts
with the interaction between a magnetic field of an inductor and the molten
metal surface at their close air gap, and is based on the theory of the reflection.
The criteria for determining the operating frequency limited by the surface ten-
sion and the internal motions in a melt pool are analyzed,

Introduction
The classical clectromagnetic caster (EMC) of the vertical type has been well
applied for casting of the massive ingots, but for casting of the small section, ¢,
g. for shaping of a thin strip, the serious problems are to keep its dimensions.
The solution gives till now in practice not used the horizontal type of the EMC
that the prognostic works [1] suggest being perspective, but no information
about its calculation is stated.

The physical principle of the horizontal EMC function
The schematic view of the horizontal EMC (HEMC) is illustrated in Fig. 1. Its
function is based on the balancing of the metallostatic pressure of the melt
column by the electromagnetic force action. For the pressurc gencrated by the
magnetic field of intensity H, in the depth ranged from z = 0 to z = o below the
surface, it is given by [2]:

7= hr?-\ . HZ y - HZ

where, 8 is the skin depth of the field Ez\/.l‘;;t_m;f_ (o is the electric

conductivity and f is frequency). This developed pressure has to be in the
balance with the metallostatic pressure of the melt pool, being of the density p

and having the pool of the height 4, and this condition is formulated by the
equation:

H2 3 2
pgh=E20 o p_BHo 54035008 Ho 2)
(
4 4gh P
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Here, knowing the interactions that occur at a tight air gap between the melt
pool and the inductor body is necessary. The magnetic flux density H in the
distance R from the conductor, through which the alternating current of the
intensity [ is passing, is given by the known relation H =//2nR. If the
conductor flowing by the alternating current / approaches the electrical

- conductive plane, it induces the current of the reversed direction in this plane. In

such case, the value of the magnetic flux density and the space distribution of
this magnetic field is determined, according [3, 4], by the interaction between
the given conductor and a fictitious one that is its reflected image below the
plane of the field permeation.

The analysis of the particular situation when the melt pool approaches the in-

ductor wall will be done in the conditions depicted in Fig, 2.

Fig. 2.The interaction of the inductor
with the molten metal surface

Fig. 1. The schematic view of the
horizontal EMC

- The interaction between the fields of the inductor and its reflected image causes

the shift of the centers of the current passage to each other and the increase of

the current density in the inductor wall adjacent to the melt. The inductor

dimensions of 10 x 40 mm and the peak value of the current flowing in the
inductor of /=3600 A (I = 2564 A) were selected for the condition to shape the
ingot in the EMC, as it is presented in Fig. 1. At this calculation, the flat
inductor is substituted by the set of » elementary conductors of 2 10 mm, and in
everyone the fictitious current of //n is flowing, i.e. the corresponding portion
from the total current value. Then, the conductor of radius r through that the
current / passes in the distance / from the electrical conductive plane of the melt
surface produces the equal magnetic field as the conductor of the zero thickness
with the equal value of current 7, but in the distance I' from the surface, when

according [4] it is I? =12 +r2. Subsequently, the value of magnetic flux density
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H; on the melt surface will be the vector sum of both components from this
conductor /{ and from its reflected image /. If the distance of the inductor from
the melt is @, when [/ =a+ r, the magnitude of the contribution H; from the
preferred element in the distance x; from the normal line to the surface will be:

T T
— . sino = — \/(_r+a) = : (3)

i nm -(r+a)2——r2+x,-

Hp= . sinat +

2nmr; 2nmr

In the particular point of the melt surface with the coordinate x below the
inductor the value of the intensity H, will be the sum of the contributions H;
from all » fictitious conductors:

e

! b " Ja® +2ar
Ifx: ZHI: o z

ATl . nx 2 b. 2
=3 a +2ar+| =i

H

(4)

For the current of 3600 A and the set of the air gap values « in the interval from
zero to 25 mm, the values H, were calculated in the preferred distances from the
inductor center to its edges, and they are presented in Fig, 3.

1 Ham'a0)
o .
NCE & NN
~NRNE © NN o
3\\ 5 “Q./ oo
E R R e n‘h‘“‘- Pt
i | els T—~r ﬁ 15 mm %%
I | | - - 20 mem fokrs) |
Frar T T e d ok 18 | L . e T
20 45 A0 5 0 5 0 65 0N 0 5 1 15 2 2

the distance from the inductor certre (mmj) the mett-inductor gap & (mm)

Fig. 3. The course of the magnetic field intensity in the inductor operating
space and its dependance on the size of the melt inductor gap

From the course of the curves it is seen that the magpetic field is not
homogeneous in the inductor's operating space and falls significantly at its
edges. The satisfactory homogeneity of the field is only in the center of the
operating space where situating the shaped zone of the melt is necessary. This
zone is bounded on one side by the crystallization {ront position (the line /s in
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Fig. 3) and on the melt inlet side by the channel exceeding approximately of 10
'mm into the operating space of the inductor, as it is seen in Fig. 1. The
“experiments have shown that the air gap of 3 mm ensures the safety function of
HEMC also in the case when a small quantity of water floods into the operating
gap. From the viewpoint of the technological requirements, the air gap ranged
| from 4 to 12 mm can be considered as the most favorable because the gradient
of the line of the a-H dependance is still sufficient steep to keep the stability of
| the ingot dimension.

Determination of the EMC operating frequency

| As follows from the principle for the electromagnetic forces generation, they do
[ not act on the surface alone, but they are generated in the subsurface layer. The
center of their action is in the depth z, that apportions the molten metal volume
‘on two parts, in which the equal portion from the total value of pressure is
generated. To agree with Eq. (1), the 50% of the generated pressure will act in
the subsurface layer, in which the value of exp(-2z./8) is 0.5, so when

2,=0.34660. In this depth the surface is supported and therefore, the operating
frequency of the current flowing in the inductor is the important parameter for
the EMC function. It has to be sulficiently high in order to the surface layers did
not run down from the wall of the shaped pool and simultaneously, as possible
as lowest, because as it increases so the electric energy consumption increases
too. The forces of the surface tension take part always in the radial shape of the
profile and with electromagnetic ones they form the balance of the forces with
‘the metallostatic pressure of the molten metal column on the melt surface. The
| surface tension T shapes the melt prominence into the spherical cap of the radius
i and generates the overpressure in it that can overcome the metallostatic
pressure produced by the molten metal column A At the gravitational
F acceleration g, for the force balance, according [2], the relation hpg =21/r is

valid.

‘To judge the part of the surface tension for the molten metal surface shaping, we
[l start with the situation presented in Fig. 4. It can come when in consequence of
L an incidental fluctuation of the motion in the melt pool the prominence arises on
the melt surface, and the forces of the surface tension shape it into the
hemisphere shape. The analysis begins with the simulated conditions when the
homogeneous magnetic field acts, so without taking into account the increase of
its intensity in consequence of the decrease of the air gap.
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s In the area of the prominence arising, the
metallostatic pressure is in the balance with the
pressure generated by magnetic field, whose the
center points of the effect are in the depth of 0.34668
below the surface in the field permeation direction.
The set of the center points forms the spherical cap
with the equal radius #, like the prominence has, but
with the center shifted below the plane of the melt
pool up to the value of 0.34668. In the axis section
of the prominence, the surface of the spherical cap in
front of the melt pool plane is shaped like a circle
arch, in the center of which the summation pressure
generated by the field is of use. According to the
known relation from the analytic geometry, the
center of the circle arc is on its axis in the distance r,¢/! from the center, when ¢

is the length of a chord and / is the length of this arc. The gravity forces act in
the hemisphere center of the prominence spaced from the plane of the melt pool
about the value of 3/8 ry. In order to the melt hemisphere did not tip in the
gravity direction, the center of the electromagnetic force action has to be in the
distance from the melt pool plane bigger than 3/8 r,. In the boundary situation,
both centers will be identical 3/8r, +0.34665 =r,¢//, what is satisfied at

7,~0.8164. In the prominence the metallostatic pressure of the melt column of
the height A=2r, acts and is in the balance with the forces of the surface

tension. If into Eq. (7) we substitute 2r, for 4 and use the dependance of
r, =0.8168, at which the centers of the electromagnetic and gravity forces are in

the identical position, subsequently for the value of the minimum operating
frequency we get the relation:

0,346 8

Fig.4.The prominence at
the melt pool periphery

fuin = 0816* £ & _ 1654105 2 ®)
BT o1 ot

After substituting the values of the density p, the surface tension 1 and the
clectrical conductivity o for the particular shaped melt into Eq. (5), we can
calculate the critical value of the operating frequency fyn, at which the EMC is
still functioning.

The experiments done with the Al and PbSn alloy melts in the inductor with the
operating frequency of 10 kHz showed the interest phenomenon. The very small
volumes of the melt in the ceramic crucibles inserted into the inductor operating
space, without regard if it was directed horizontally or vertically, they tended
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spontaneously to move into the sides and their surface clearly waved. If in the
field permeation direction the melt pool dimensions were increased over the
level corresponding to the triple skin depth by the next metal addition, on the

' melt surface a clear drop of the motion fluctuation was possible to observe.

After introducing the empirical condition d=38 into the relation for the skin
depth, we can determine the lowest usable operating frequency f; limited by the
thickness of the melt pool, when it is valid:

!‘—1“‘“_
d=3. |
\lﬂo'ﬂ?fd

2.277.10°
od?

(6)

or fa=

The operating frequency of HEMC (and also EMC) has to be higher or equal as
the highest one from a couple of the values limited by the surface tension, fuin
and the pool dimension f; calculated from Eq. (5) and (6).

Conclusions

The presented method of the calculation was successfully applied to design the
experimental HEMC for the continuous cast ingot with the section of 150 x 20
mm. The laboratory tests showed the good agreement between the calculated
and measured values of the parameters and confirmed the rightfulness of the
presented method for the calculation for the unconventional design of EMC. The
tests done in the conditions simulating the wide range of the EMC parameters of
the horizontal and vertical type confirmed also the agreement between the
measured and calculated values and showed so the universality of the suggested
method of the calculation. The research was sponsored by the project VEGA
No. 1/6187/99.
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MATHEMATICAL MODELING OF A ROUGHNESS EVALUATION
PARAMETER AT TURNING

Slatineanu L., Nagit, Gh., Dodun O. (“GH. ASACHI" TU, Iasi, Romania)

The necessity to emphasize the influence exerted by the cutting conditions and
geometrical parameters of the tool on the R, roughness parameter have deter-
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mined the initiation of theoretical researches in this field. Taking into consid-
eration only geometrical aspects, we established a theoretical model R,=I(f, r,),
[ being the working feed, and r. ~ the
corner radius. The experimental re-
searches confirmed the validity of the
established mathematical model.

1. Introduction

It is known that different factors
(the cutting conditions, the geometri-
cal parameters of the cutting tool, the
properties of the workpiece material,
the vibrations etc.) exerts an influence
on the roughness of the surfaces ob-
tained by turning. A theoretical model
for a roughness parameter (established
taking into account only the geometrical conditions at the profile forming on the
machined surface) could be used to emphasize the influence exerted by geomet-
rical parameters of the tool and by cutting conditions on the value of the rough-
ness parameter; on the other hand, a such model could be used as comparison
term in evaluation of the influence exerted by the properties of workpiece mate-
rials, in the framework of the finishability tests.

7N
i

Fig. 1. Scheme for the calculation
of the R, roughness parameter

Such models are very known especially for the parameter R; (for example,
R.=f/8r, { being the working feed, in mm/rev and r, — the corner radius of the
tool); because on the working drawings we often meet values for the R, pa-
rameter (the arithmetical average deviation of the profile), our attention was fo-
cussed on the establishing of a mathematical model corresponding to this pa-
rameter.

2, Theoretical considerations

In the case of the profile obtained by turning, if the system of the coordi-
nates xQy is disposed as we observe in the figure 1, the size of the R, parameter
will be determined [1, 2] by the relation:

R, =l M)
where y is the continuos function which characterizes the effective profile and /
represents the length of the surface portion where the roughness is measured.
The determination of a relation for the R, parameter requires the precise knowl-
edge of the position of the mean line of the profile, position determined through
the parameter 7, defined as the distance between the center of the circle which
links the tool point and the mean line (fig. 1).
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The arc of the circle that concerns in the solution of the problem is char-
| acterized by the relation:

y=m—yr2—x2 )

The condition that the sum of the squares of distances of the profile points
to the mean line should be minimum (Zyl-2 =min ) pointed out the necessity of

| satisfying of the relation:

2 2 i
F(x)=7fnzy2dx-—~mm 3)
By the solving of the integral, we arrive at:
, 2 Jar2- gt
F(x}=m2+f——m——-—~5 2 +—2—mrszarcsi.n—f- 4)
12 2 f X

We obtain the minimum of this expression for that value of m for which
the first derivative of the function with the respect to m becomes equal with
naught.
OF x)
%0

om , ©)
Thus, we arrive to the expression of m:

2 2 o
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Fig. 2. Graphical comparison of the estab-
lished theoretical model with other models

sum of the areas of the surfaces
included between the arc of the
circle AC and the axis of the ab-
sciss and the length f72 of the
propre segment placed on the
same axis.

It is easy to observe the
fact that the profile of the remaining section for a certain length constitutes in
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fact a repetition of the profile corresponding to a length /=f/2. If we use S for
the area of the half segment of the circle AOB, and S; for the area of the triangle
BCE, with a curve side, and S; for the area of the quadrilateral OBCD with a
curve side, and S, for the area of the half segment of the circle ACD and S5 for
the area of the rectangle OECD, we can write that:

v_ 27
R:%[s] +52]=.;_[sl +(8,-S, ﬂ=?[51 +85~(5,-5,)]

or

&:%(ZSﬁSS -S,) (7

Using corresponding formulas, but expressing the angle in radians, as in
the previous relations, we arrive at:

&:%ﬁ[rgmcosg—m ‘l—;”-:-;} (8)

To experimentally study the variation of the roughness with respect to the
work conditions, we resorted to the turning of steel samples, at distinct values of
the parameters of the cutting conditions and of the comer radius r.. By mathe-
matical processing of the experimental data in the case of a steel containing 0,4
% C, 1,1 % Cr and 0,25 % Mo, we obtained the relation:

R,=44,66v-0147 £1556, ~0497  [um] ©)

A verification of the analytical relation established for the calculation of
the R, roughness parameter was effected with the diagram in the figure 2. The
graphical representation of the relation (8), for a radius ».=1,2 mm corresponds
to a curve in the figure 2. An other curve was traced on the basis of a mathe-
matical model established by the relation (9), at the turning with a carbide tipped
tool ISO P10 (a=5°, y=6°, k=r;~45°), for a speed v=200 m/min. The use of a
high cutting speed was imposed by the necessity of the decrease of the possibil-
ity for the appearance of the additional edge, which negatively influences the
roughness of the obtained surface. The third curve corresponds to the relation
R,=0,0321f/r, which is considered as a very good approximation for real
working conditions [1].

Conclusions

The theoretical effectuated investigations permitted the determination of a
mathematical model of the dependence of the R, roughness indicator on the val-
ues of parameters, which characterize the working conditions at the finish turn-
ing. The experimental verification confirmed the validity of the mathematical
model studied.
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DISCRETE MECHANICAL SYSTEMIN MATROID-THEORETIC
REPRESENTATION

Wojnarowski Jozef *, Zawislak Stanistaw **
(* Silesian Technical University, 18 Konarskiego St., 44-100 Gliwice, Poland)
(** Technical University of £6d2, 2 Willowa St., 43-316 Bielsko-Biata, Poland)

In the paper the generalized network conception has been used for modeling of
discrete mechanical system. Generalized network is theoretical structure based
upon matroid. Some equivalent definitions of matroid and theorems related to
spaces of cycles and co-cycles were quoted to establish nomenclature and no-
tions. Graph of mechanical system has been considered. Based upon this expla-
nation, mechanical system and its graph have been analyzed, finally as the gen-
eralized network. The method of assigning between mentioned structures is de-
scribed. Calculation of characteristic equation has been presented.

1. Introduction

There are many algebraic structures used for modeling of physical sys-
tems e.g. graphs, hypergraphs, matrices, structural numbers, linear spaces, ma-
troids [5, 7, 8]. Usefulness of these models is undoubted. Application of new
object should be compatible with previous ones and should give new approach
and new future possibilities.

Matroids are algebraic objects strictly connected with graphs, linear
spaces and matrices. They have been widely used for engineering problems
among other in modeling of electrical networks and operation research [1, 3].
They can be used to represent systems, as well, causing that some calculations
can be made automatically [2]. Based upon standard mathematical background,
the considered theory gives elegant, concise and handy method of analysis of
discrete mechanical systems. This is practical result of the theory used but what
is more important the modeling of systems by means of matroids gives the
united theory for discrete mechanical and electrical systems. It is known that the
principle of duality does not hold for a network based on graph. This drawback
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is overcame due to matroid model. Matroids were successfully applied in the
problem of synthesis of electrical systems and probably some methods can be
adopted for mechanical systems as well.

In some works, theory of matroids is shortly [10] or wide'y presented [2,
4, 6]. Underneath several basic definitions and theorems are formulated to cause
the considerations are in logical sequence with unified notation.

2. Matroid defined by means of axiom systems

There are several definitions of matroid (see Tab. 1). As it is proved in
aforementioned paper, they are equivalent - therefore that can be used which is
more proper for problem considered.

To sum up the data presented in Tab. 1 we can stated that matroid is fully
theoretical object strictly connected with independent sets, cycles, bases. It is a
beautiful and simple unification of these structures.

As an example, we can take into account a graph X = (,X, »X, 3X). Graph
X = (1X, 2X, 3X) is defined by: ;X - a finite set of vertices, ;X - a finite set of
edges, 3X - relationship of incidence, a subset of Cartesian product | X x 2X x | X.
As the elements of the family C we can consider the set of basic cycles of the
graph X. So defined family fulfils the conditions (C1) and (C2) therefore the
pair (;X,C) is a matroid denoted by P(X) (circuits are called polygons in some
papers) - cycle matroid or polygon matroid.

Table 1 - Definitions of matroid. =

Matroid M is a pair (E, J), where J is nonempty family of subsets of set E,

which are called independent sets, which fulfil the conditions:

(J1) Empty set is an element of J.

(J2) Every subset of independent set is independent.

(33) If I,k € J and consist of respectively k and (k+1) elements then such
element e exists which belongs to I; and does not belong to I, forwhich,
the set I; w {e} is independent set. '

Matroid M is a pair (E, 1), where r is rank function which values are non-

lowing axioms are fulfilled:

R1) r(@)=0.

(R2) ForeverySCE and eg¢ S, r(Su{e})=r(S)+k wherek=0o0r
k=1.

(R3) Forevery SCE andej,e; ¢ Sifr(Sw{e)} )=r(Su {ex} )=1(S),
thenr (S {e;, e} )=r(8S)

Matroid M is a pair (E,B), where B is nonempty family of subsets of set E,

which are called bases, which fulfil the conditions:

(B1) Any base does not consist as it own subset any other base.

(B2) If B, and B, are two bases and e € B,, then such an element f € B,
exists for which a condition holds that: (B, - {e} ) {f}isa base.

Matroid M is a pair (E, C), where C is a family of subsets of set E, which are

called cycles, and the following axioms are fulfilled:

(C1) Any element of family C is not a proper subset of any other element,

(C2) Let e; and e, are two different elements of set E, let C,, C, are such
elements of family C, thate, € C;nC; and ey € -Cy,thenCs & C
exists which fulfils the axiom ¢; € C3c (Civ G))- {e}.

negative and discrete. It is established on the family of subsets E and the fol-|
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Next example of a matroid is the pair (X, I), where I is a family of basic
intersections of the graph X. It fulfils the axioms of the definition therefore it is

a matroid, denoted as Q(X) and called co-cycle matroid.

As a conclusion to this chapter we can claim that if one is familiar with
the methods of modeling of mechanical systems by means of algebraic objects
than application of matroid to modeling is straightforward consequence of the
essence of matroid itself.

(2) ]

e
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Ixﬁ
(<) 1% — vertex (mass i)

% - edge

i - index i=12

18: , 35— variabies (forces
and displacements)

(d)
Fig.1. Construction of the Graph
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(a) Scheme of mechanical system; (b) Graph X of mechanical system
(c) Fundamental cuts of graph X; (d) Method of assigning of descriptions and
quantities to an edge representing the ‘i’ mass of the mechanical system.

3. Generalized networks

The definition of a generalized network is presented underneath. Generalized
network is defined based upon a finite set E. The set E can be divided in two
non-empty subsets: E=E, U E;,, B, M E.=@, | E|=n, | Ec| =r. One can assign
two quantities u;, v; to each element of E,soi= 1,2,..,n and quantity d;
wherei=1, 2, ...., n-r for every element of E, such that the following condition
is fulfilled v; = d; u;, where d; real numbers, for example. One can create a vec-
tor space of vectors:

u=[u,,uf, v=lv,,v.[, 3.1

where coordinates of vectors uy, v, correspond to elements of the set By, u,, v.
to E, respectively.

Definition of generalized network. Generalized network is considered as a
four (My, V, D, E) when so called network equations are fulfilled:

ueV, velV, v, =Du,, (3.2)

where: V - regular vector space on set E built by means of e.g. real numbers,
My - regular matroid connected with the space V, D - diagonal matrix of d; coef-
ficients.

There are many theorems and formulas derived and proved for the gener-
alized networks which can be found e.g. in work [2]. If we are able to define
a generalized network for a mechanical system than usage of all theoretical re-
sults is possible for it. We can find the transmitting formulas for so called dis-
crete mechanical systems using matrix D and matrices connected with spaces V

and LV.
For non-degenerated generalized networks the following formulas are de-

rived:
= yeky o £ o o gl
u=[ﬂ=[—ﬂ &b[ﬂh} Bbr&]uc ; 33)
v=[-‘-”-]= —BHB.,D'IBEF& W (3.4)
vl |-R'R,DRI'R. | °

where: R - is a representative matrix of the space L V, R=[R, |R ][Ry | R(]
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The formula (3.3) and (3.4) give us a method of analysis of the system.
Based upon the load u, all other quantities can be calculated simultaneously us-
ing these formulas.

4. Generalized network model of mechanical system
4.1. Graph

‘ We consider so-called discrete mechanical systems [8] e.g.. system in
which masses can be considered as material points. The method of graph as-
signment to this system U is well known. System U is represented by means of
a five:

U= (X, ;XX f, of) , .1

where: X = (,X, X, 3X) is graph; X - set of vertices corresponding to masses
and relative background - 1Xg; ;X - set of edges representing connections be-
tween masses e.g. springs, dampers and forces; edges can be divided into the
following subsets X =,X, U X, , X, N 2Xe =3, X, - so called passive
edges, ;X - relation of incidence in the same meaning like éforementioncd, f -
function on ,X set of edges, ,f - function on ,Xy set. Function ,f: ;X — 8, »S
, where S, .8 sets of generalized coordinates and forces (Fig. 1d). An exam-
ple is presented in Fig. 1.

. There are well known rules for above mentioned model (vertices principle)
L.e.: g

B S =0, (42)

- where: ;B is a co-cycles (cuts) matrix of the graph X.

The set of such ,S, which fulfils the equations (4.2), makes vector space de-
noted by T . This is an expression of well known d’Alembert’s principle.
Constraints’ equations can be expressed by the formula:

B0, (4.3)

- where: 3B is a cycle matrix of the graph X.

The equations (4.2) and (4.3) are Kirchhoff’s laws, which are in force for a me-
chanical system as well.

4.2, Generalized Network based upon matroid
According to the aforementioned equations, the following formulas are

fulfilled:

,8eT, SelT,

lsb =W iS5 5 (4-4)
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sidered mechanical system [2, 9]. The representative matrix for the space T is
matrix ;B of the graph X. The formulas (3.3) and (3.4) are therefore in force -
replacing matrices D to W and R to ;B as well asu, v by S, »S respectively.

and so the generalized network U= (M, T, W, ,X) can be assigned to the con-

5. Analysis of exemplary system

An analysis of the system presented in Fig. ] can be performed like un-
derneath. )
We consider diagonal matrix W from formula (4.4) in the following form:

1/mp? 0
1/m,p?
W= 1/byp , (.1)
l;’cl
0 1!ch
An intersection (cuts) matrix of graph X is presented underneath:
1011 -10
—— = 5-2
:B=[1B,1,B.] [0 100 1 —1]’ (52)
The matrix Z = [,B, W" ,B}] can be written as follows:
mlF‘1 0] 10
g 2 07 &
1 o1 1 -1 TP
0100 I bip B
= ¢ 1 0
0 e, Jl-1 1
% _mipz +bp+c, +C, ~-C 3 (53)
I -0 m,p* +¢,

Determinant det Z of this matrix is the characteristic equation of the sys-
tem as follows:

D = mm,p* +m,byp* +mc,p’ +1my¢,p” +myc,p’ + b1clp+°1°1 (5.4)

where: p =i, i’ = -1 and o - frequency of eigenvalue oscillations of the sys-
tem.

Confirmation of the method of analysis can be checked by comparison to
results obtained upon differential equations or structural numbers methods what
the authors were done and it is presented in our other papers.
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6. Final remarks

Matroids especially generalized networks can be assigned to mechanical
systems. Some formulas can be obtained automatically based upon the matrices
of graph of the system and consequently on gencralized network built on this
graph. Generalization is interesting for itself but what more interesting graphs,
matrices, vector spaces assign to a mechanical system are connected in one
compact system which gives useful formulas. The obtain method is alternative
to traditional one but it is good to have such a method. Other application of this
theory seems to be fruitful, too.

In paper [3] the authors made a review of matroid applications. The area
opened are still explored and operation research are next direction of interest eg.
[1] — what is the prospective goal for authors of this paper, as well.
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ITPABHJIA

NpeAcTaBIeHHS PYKONHCeH B MEAJIYHAPOAHBIH cHOPHEK nayYubIX TPYAOB
JoHeuKkoro rocy1apcTBEHHON0 TEXHHYECKOT0 YHHBEPCHTETA
«IiporpeccHBHBIC TEXHOJOIHH H CHCTEMb! MAILHHOCTPOCHH»

Conepxanne pykornucelf TODKHO OTPaXaTh HOBHIE JOCTHXEHHSA HAYKH H
TeXHHKH B 00JacTH MALIMHOCTPOCHHA, MX IPAKTHYECKOE 3HAYEHWE,
COOTBETCTBOBATH TEXHHAYECKOMH HAIIpaBICHHOCTH cﬁopu'm(a u npejcTaBniTh
MHTEpeC IS IKPOKOTO KPyra CHeLHAIHCTOB.

B pyKomucH JOKHO OBITh KPATKO HITOKENO TO HOBOC H OPUTHHATIBHOS,
YTO pa3pa601‘aﬂ0 aBTOpaMH, TMOKazaHO TMPEeHMYUIECTBO Tepe]] aHajloraMH
IpeiaraeMbix  paspaboToK, ONHCaHBl HX OCODEHHOCTM M MpaKTHYecKas
3HAYMMOCTE. P€3}’J‘IBT3TI;I [3360'1'1.1 HE JOJIKHEI MPEACTABIATECH B BHIE TE3UCOB.

SI3BIKH MpefCTABNeHHs PYKOIHCel ! YKPaHHCKUH, PYCCKUH, aHTMACKUi 1
HeMeUKui.

COOpHHK Hay4HBIX TPYAOB ABNAETCS CIIELMaNbEBIM H3ZAHHEM B KOTOPOM
MOIyr NYONHKOBATBCS pPe3yNsTAaThl JOHCCEPTAUMOHHBIX paloT, TaK Kak OH
BiimioyeH B mepedens BAK Yxpauusr (Tlepenix Ne 1 HayKoBAX (axoBuX BUIaHL
Vkpainy, B SKHX MOXYTh IyONHKYBATHCH PE3yJIbTaTH QucepTalifinux pobiT Ha
3700yTT4 HAYKOBHX CTyMeHiB JNOKTOpa i Kamawmpata Hayk. JlomaTox 1o
nocrasosH nipe3ujii BAK Yxpainu Big 9 uepsaa 1999 p. Ne 1 - 05/7).

OCHOBHAA TEMATHKA CEBOPHUKA

I. IlpakTvika W TIEPCTIEKTHBSL CO3/I8HMS W TPHMEHEHWS TPOTPECCHBHBIX
TEXHOTOTHHA,
. Undopmanmonnsie texuonornu (CAD/CAM/CAE). Mexauuzauus wu
ABTOMATH3ALKS POU3BOACTBCHHBIX UpoieccoB. IIpoGnemsl MeXaTPOHHKH 1
MEXATPOHHEIE TeXHOIOTHH.
3. TIpoGneMs HpOEKTHPOBAHHA H IPHMEHEHHs HHCTPYMCHTOB, POTPECCHBHBIE
HHCTPYMEHTAJIBHEIE MaTepHalsl U UX 00pabdorka.

4. ABTOMAaTH3alMs KOHCTPYKTOPCKOH H  TEXHOJIOTHYECKOH IOATOTOBKH
NPOM3BOACTBA, POrpeccHBHOe 000pyA0BaHHE.

5. Vnopasietue KauecTBOM, MeTpONOrHs, cepruduxalus, [AHArHOCTHKA,
HaJIeKHOCTE M 3KCITyaTaiua TEXHONOIrH4CCKHX CUCTEM.

6. Crienuanbubie H HETPAAULMOHIEIE TEXHONOTHH, SKOHOMHUUECKHE ITPODIeME!
MAaHHOCTPOSHHUA.

[
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7. Bonpochl MOAEAHPOBAHHA H PacueTOB CIIOXHBIX TEXHHYECKHX CHCTEM.
8. 3PT'OHOMH‘-ICCKHC H DKOJIOTH4YCCKHC [IpOGHeMbl MaUIHHOCTPOSHHS.
B pamxax cOOpHWKa MOXHO MPEACTABIATH PEKnaMy NPOAYKLKH, KOTOpas
6)’HCT MOMEUIEHa HocIe p}'KOKHCGﬁ craTei.

NPEACTABJEHUE MATEPUAJIOB

Jid NpHHATHA pelleHUs O BKIIOYCHME pyKomucw Bamei cratey B
cOOpHHEK HEOOXOAWMO BHICIATE B aAPCC PeAaKIHOHHOH KOUIErHH CleyIolee:

° 3a5BKY U CBEACHWA 00 aBTOpaX CTaThH;

© DYKOIMCH CTaTbM B ABYX IJK3eMIUIApax (BTOPOH 3K3EMIUIAD CTAThU
JO7KeEH BBITL TOAIMCAH BCEME aBTOPaMHK);

 aKT 3KCTIEPTH3bL (OIMH SK3EMIUIAD);

e grckeTy 3,5 mofiMa ¢ 3aIIHCHI0 TeKCTa CTaThi.

TlyGnuxanus crateif B jaHHoM cOOpHUKe IUIATHAY.

TPEEOQOBAHWA K OOOPMEHHNIO

1. Texcr pykomucu cTathl 0T 5 go 10 crpanun Ha Genoit Gymare dopmara A4
(210x297 mM) ¢ monsmu: BepxHee U HmwxHee 30 MM, neBoe U npasBoe 25 MM.
Crpanulisl He HyMepoBaTh (HyMepalylo BLIMOIHUTE KAPaHJALIoM B HIDKEM
npasoM yriy). Pykomuck cTathd OQOPMHTL C NPHMEHEHHEM PpENaKTopa
WinWord (we mixe Bepcun 6,0) mpudrom Times New Roman paszmepom
14, pacreyaTaTs B ABYX 9K3eMIUIApax ¢ BEICOKHM KadecTBOM IIEYaTH.

2. Tlopsmox oQopmucHuA. Martepuansl JOMKHBL OTBEYATh CIEAYIOLIEH

CTPYKTYPHOHM cXeMe: Ha3BaHMe, (aMHIHH M MHHUMANRl  4BTOPOB,
COKpallleHHOE Ha3BaHWe OpraHM3alui, Topoja, CTPaHbl, AHHOTALMA Ha
aHTIMICKOM f3bIKE, OCHOBHOM TEKCT, BLIBOABI, CHMCOK JIMTEpaTyphbl
Haspauue neyaTats NponydcHbIMEQOKHpHBIME) GyKBamH, He OTCTymas OT
BEpXHEro Tons, 0e3 IepeHocoB, IEHTpHpoBaTh. depes 1,5 uHTEepBajia
CTPOuYHEIME OyKBaMu — (DAMEJIHH M MHEUHANGI aBTOPOB (KUPHBIMH), B
KPyribiX CKOOKaxX KypCHBOM — COKpAIeHHOE Ha3BaHWe Qpeanusayuu,
Ha3BaHME 20p00og, cmpan  (depe3 3amsATyio, UeHTpuposaTs). Uepes 1,5
HHTEPBaNa — MaTepHalbl CTaThi (A3BIK M3JOXKeHWs — Mo BHIGOpY aBTOPOB,
MesxcTpognsiit uureppan 1), Cum. obpasen odopmieHHs MaTEPHATOB.
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3. I'paduueckuii Matepuan (PHCYHKH, TPaQUKH, CXeME]) CAEAYET BBIMONHATh B
dopmare “bmp, ".gif, ".pex, '.dwg pasmepamu He MeHee 60x60 MM
BHEJIpeHHRIMM O0BEeKTaMH (M0 Xody Martcpuanos). Bce nosuuuy,
0603%aYeHHble HAa PUCYHKE, JOMKHBI ObITh 00BACHEHE! B TekcTe. Ilosnumn
Ha PUCYHKE JOIDKHBI PacrionaraThCs MO 4acopoil cTpenke. llom Kawawbim
PHCYHKOM YKa3blBacTCA €ro HOMep ¥ Ha3paHue, Hampumep: Puc. 3. Cxema
ycrpoiicTa. KaxplH pHCYHOK HODKCH HMETR OJIHH HHTEPBAl CBCPXY H
CHHU3Y.

4. GopMyasl ¥ MAaTEMATHYECKUC 3HAKH JOJDKHE! ObITh moHATHBIL IToKasaresn,
CTeeHH M MHJEKCBl JOJKHEL OBITh MEHBUIE OCHOBHLIX 3HaKOB H
BBIMOMHATECS B COOTBETCTBMH ¢ pexaktopom Gopmyn Microsoft Equation.
GopMynsl HoMepyioTcs (ClipaBa B KpYIWbIX CKoOKax, He OTCTymas oOT
IPaBoro Mols), TONBKO B TOM CIIy4ae, €CIH Ha HHX B TEKCTE HMEFOTCH
CCBUIKM. Mexay KpallHHMH 3HaKkaMH (GODMynbl W TEKCTOM JOJDKEH
BBIMOMHATECH OfMH UHTepBaI. QopMYIE! BEITONTHAKTCA KYPCUBOM.

Pasmep dopmya ama Microsoft Equation

Full (OORGHEDD). <t ctonmsmsnsmssnipenasninay AR W S erenneeen 14 pt
Subscript/Superscript (KPYITHBI HIECKC). ... cvvueririiiiirinreiieinnnnnn 10 pt
Sub—Subscript/Superscript (MEIKAH HHAEKC)...v evrurarrernerennianannan 8 pt
Symbol (KPYIIHBIA CHMBOIM). ..ceueieiraniiiisiiiiicssiiessaieeanssananesanens 16 pt
Sub-Symbol (MENKHE CHMBOI). .....cooiiiimiiiiiiiiiiiiierieeaeeneeienes 12 pt

5. Bee Tabmuusl OO/DKHEl HMETh HasBaHHe M NOPSAKOBEIM HOMep o
PACIONATaTECA TOCNE YNOMHHAHHA IO TeKcTy, Hampumep: Tabmuua 2 -
Knaccabuxamus Mydr. Kaxpas tabmuna HOMKHA MMETh OIMH HHTEpBall
CBEpXY H CHHU3Y.

6. Coucox JHTepaTypsl fomxeH OBITe TNpHBEAEH B KOHIE CTaTkH B
cootseTcTBUM ¢ obpasiom. Ilepeters cobuIoK jo/KeH OBITH COCTABICH B
nopske yIoMuHaHHS B Texcre. CCBUTKM Ha NMTICPaTypy 3aKiioqaetcs B
KBajpaTHbie CKOOKH.

7. TeKcT pyKOIMCH cCTaTbu TpeOyercs 3amucaTh HA JNMCKeTY 3,5 miokMa,
KOTOPYI0 HYXXHO TOJNHCATH CNeIyIOUHM 00pasoM: QaMHUIuu ¥ MHALHAIB!
aBTOPOB, Ha3BaHHUE CTATHH.

8. Marepuans! pyKOTIHCH NPeACTaBIAIoTCA Oe3 M3rnboB.

9. Marepransi, He OTBEYAOILWE NEPEUHCICHHBIM TPeOOBAHMAM M TEMaTHKe
narHOro cOOpHHKa, @ TaKkKe IIOCTYMHBIIAE B PefaKlHOHHYIO KOIIETHIO C
OII03JaHHEM, OMyGIMKOBaHEL He GyIYyT.
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