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MOAEJUPOBAHUE KOYPDUHMUEHTA COIPOTUBIEHUS
HEPEMEHIEHHIO METAJUIMYECKOMH CTPYKKH

Heuenaes B. I'., Punrexo A. H. (JonHTY, 2. Honeyk, YVepauna)

The outcomes of experimental definition the metallical swaft friction characteris-
tics in conditions of a full-scale bench are adduced. The regression mathematical
models of a drag coefficient to moving of a metallical swaft are designed.

YCToHynBoi TeHeHUMEH COBPEMEHHOTO MAaUTHHOCTPOUTEIBHOIO TPOHU-
3BOJICTBA SBNACTCH HETIPEPHIBHOE NOBLILICHHE €TI0 NPOU3BOAMTENBHOCTH M Ka-
HECTBA BBINYCKAEMOH 1podyiiyuu. 3TO ONPEARNSeT aKTyalbHOCTh 10MCKA My-
TeH MOBBUNCHA IPHSKTUBHOCTH TEXHONOTMYECKMX ONEpaLHil MalHHOCTPOR-
HiA, He TpebyiomuX MaciTabHbIX 3aTPAT Ha COBEPLICHCTBOBAHME OCHOBHOIO
000OpYI0BAHHA H OCHACTIH.

O1HO W3 HANpaBNeHHi| peanu3aLuu HTOH TEHACHIHN OCHOBHIBACTCH HA
KoHuelmMk komriekcHoro ucnonssosanus COTC B ycnoBusix aBToMaTH3MpO-
BaHHOro npomssoactsa [1]. Konnenuus npeaycMaTpusaet oiHOBPEMEHHOE HC-
nonrsopanre COTC A8 cMasKu M OXNQKHCHHMA 30HB! PE3aHNS, CHIOBOTO BO3-
AeHCTBHs Ha 0GpabaTsiBaeMble IOBEPXHOCTH, OTACIAEMYIO CTPYKKY H T. JL. ¢ Lie-
BI0 MOBBIICHAS TPOU3BOAMTENBHOCTH 0OPabOTKH U KaueCTBa IMOBEPXHOCTEH.

Mogenuporarue cucrem cunosoro Bosgeiictans COTC na Meranmiie-
CKYIO CTPYIKKY C LEMBIO UX ONTHMANBHOIO NPOSKTHPOBAHHS NPCATIONAraeT yc-
TAHOBJICHUE 32KOHOMEPHOCTEH U3MEHERUA KOID(HIUMEHTa ee CONpOTHBIEHMS
DepeMEeIeH#Io 1Mo 6a3upyiouM K o6palaTsiBaeMLIM NoBepXHoCTM. HeeMmor-
PA Ha HAZHIUE 3HAYATENBHOTO KOM4ecTsa dyHnamenTaisHex pabor B obiac-
TH TPHOOTEXHUKM [2,3 ¥ jp.], 3aKOHOMEDPHOCT BAUSIHUS OCHOBHBIX [APAMET-
POB TEXHOAOIHYECKHMX CHCTEM {IIEPOXOBATOCTH Rz, JaBNEHHs B Teje BOJOYe-
HUA p, BI&GKHOCTH W W T.1.) HA CONPOTHBICHHE NEPEMELICRHIO CTPYKKH
NPaKTHYECKN He yCTAHOBIEHE. B HauMeHbIlelt Mepe HCele10BaH0 COBMECTHOE
BIMSHUE 3THX MTAPAMETPOB.

M3oKeHHOE ONpEjeNISeT aKTYaNbHOCTh INPOBEJCHHS CHEUANbHBIX
HCCIIE/I0BANMH, HANPaBACHHbBIX Ha YCTAHOB/ICHHE 3aKOHOMEPHOCTEH H3MEHEHHS
K0rpPuLMEHTa CONPOTHRICHHS MEPEMEIIIEHMIO CTPYKKH B OBACTH BOIMOK-
HOTO H3MEHEHMA MAPaMeTPOB CHCTEM KOMIIEKCHOro uctonbzosauus COTC.
Koukpersoil Lenio Hacrosieit paborhl SBAsSETCS MO THPOBaHHE Ko pHLu-
CHTa CONPOTHBICHUA MEPEMEIUEHHIO METATAMYECKOH CTPYKKH ANd pelleHus
3a/1a4 ONMTHMAIBHOIO NPOSKTUPOBAHMA CHCTEM KOMIEKCHOIO HCTIONB30BaHUS
COTC.

Anst mocTHAEHMS NMOCTABACHHON LEAH HA ClElHAIBHOM TIoNIHOpa3Mep-
HOM cTeHze [4] BBIIONHEH KOMILIEKC KCNEPUMEHTANBHBIX Hecnenopanmil. B
COOTBCTCTBHMM C NPOBEACHHBIM I11aHUPOBAHUEM DKCTIEPMMEHTA, HCCAEAOBANMUS



BBIIOJIHCHB! B hopme monnodaktopHoro skcriepumenta (119I) suma 3. Tlpn
HPOBECHHMH HCCHESIOBANMI BAPLUPYEMbIC MAPAMETPBLI HIMEHIUCE B JAMANA30-
Hax:

- napamerp wepoxosarocty Rz = 1...500 mem ( Rz =1, 25, 100, 300, 500);

- AaBneHue B Tese BojioveHus p = 0.00275...0.00975 Mila (p = 0.00275,
0.0055, 0.0075, 0.00975);

- BIGKHOCTE W m3scnanack Ha JBYX ypoBHAX (u36biTounoe Hamutne o
NOJHOC OTCYTCTBUC BOJ(BI).

C uesbio BapbHpPOBalifis PUIHKO-MEXAHHUCCKUX CBOHCTB TPAHCTIOPTHPY-
EMOro MaTepHala WCIONb30BANUCL CTaNbHAs M OMHUHHEBAs ClMpanbHas
CTPYXKa, uMetowas GopMy TyroBatol HpyXHHBI PasHoOl ATHHBI M UyryHHas
SJIEMEHTHAA CTPYXKKA PasnuyHOro ceuenus. HanMeHoBaHue CTpyKKH AanO co-
JIACHO KacCHHKaLMH, npuBeneHHoi B [5]. Pe3yibTaThl JKCNepPUMEHTANBHO-
ro OnpeieneHus 3HaueHni ko3 puuuenTa CONPOTHBIEHHs /. NPeNCTaBNeHb
Ha puc.l, 2.

B pesynprare npoBenenus dKCHCPUMEHTANBHBIX HCCIET0BAHUE YCTAHOB-
AEHO cIgyIoniee.

I. YBestuucnue 3HaueHis napaMeTpa epoXoBaATOCTH PUBOIMT K POCTY
3HayeHus kodduunenta conpoTuieHns. Tak, npy usmeHerun Rz B McCieno-
BAHHOM JHanasone Rz = 1...500 mxwm, snayenus f, (npu p=0.0055 MIla) us-
MengwTes B npeaenax 0.32...1.0 (mng cramn), 0.32...0.73 (ans amomunus),
0.36...0.91 (uns yryua).

2. YpennyeHue 3HAYCHN [aBACHHUA B NEpPEMENIAeMOM 00bEMe CTPYKKH
IIPUBOANT K YMCHBIICHMIO 3HAYCHUS KoddduLuenTa conpoTuieHus (tpumep-
Ho B 1.8 pasa). Tak, npu usmeneruu p & auanasowne 0.00275...0.00975 Mlla,
3HaueHud [, u3mensiorea B npegenax 0.82...0.51 (ana crany), 0.73...0.41 (s
amomunus), 0.91...0.51 (s yyrysa).

3. CMaumMBaHue CTPYKKM HPHBOJNT X CYIIECTBEHHOMY YBEIHYEHMIO KO-
>dduurenTa CONPOTUBNENNS JUIS BCEX THIIOB CTPYKKH. 3uavenus f, (s cra-
M, AMOMUHUS M 9yryHa npu Rz =1 mxm) Bospactator: gia p=0.00275 Mila —
npumepno B 2 pasa; s p=0.0053, 0.0075 n 0.00975 Mlla—g82.,5...3 pasa.

4. Tun cIpyxKn (B HCCIICOBAHHOM AMANa3oHe ee PU3UKO-MeXaHHIECKIX
CBOHCTB) OKA3bIBACT MEHEE CYLICCTREHHOE BANSHUE HA 3HaueHHe Kodhduumen-
T4 conpoTuBaenns. IIpu BapeHpOBAHUM 3HAYEHWH AaBNeHMA p, 3uatieHne [,
COOTBETCTBEHHO JUIS CTAM, AMIOMUHHSA U 4yIryHa cocTtapisior (Ges cmauwsa-
Husl): ipu p=0.00275 Mlla — 0.82, 0.73, 0.91; npu p=0.0055 Mlla — 0.64,
0.50, 0.64; npu p=0.0075 MITa - 0.60, 0.47, 0.60; npu p=0.00975 MIla -
0.51, 0.41, 0.51. I'pu BapsupoBaHHY 3Ha4YCHU MapaMeTpa WepoxoBarocT Rz,
3HAYCHAS f, COOTBETCTBEHHO AUl CTAMM, &MOMHMHUA ¥ UyTyHA COCTABINIOT (He3



evaunpannn). Rz=1 mxm — 032, 0.32, 0.36; Rz=25 MM — 0.64, 0.50, 0.64;
R==100 Mxm — 0.82, 0.68, 0.82: Rz =300 mxm — 0.69, 0.64, 0.75; Rz =500 mMKm
-1.0,0.73,0.91.

[lonydeHHbe IKCIEPHMEHTANBHBIC PE3YJILTATEL, B LEIOM, XOPOIIG KOP-
PECTIOHINPYIOTCA ¢ MMEFOUMMHUCS TPAIHLIMOHHEIMY NPEACTABACHUAMM O Kaye-
CTBEHHOM XapaKTepe MPOTEKAHUS HCCIEeYEMBIX IPOLECCOB.

Tak, B paboTe [5] npuBefeHbl PE3YNLTATHl SKCIICPUMEHTAILHOIO ofipee-
neHus Ko3hhUUMEnTa TPEHNs CTPYKKY 1o ¢Tanu B Bofe f, (6e3 Bapbuposatus
u Ge3 yKasaHHs 3HAYEHMI 1IEPOXOBATOCTH U jaBieHus). B coorsercreuu ¢
JTHMH MCCNEOBAHUAME COOTHOMEHHE 3HaYeHui [, COOTBETCTBCHHO JUIA
CTaNbHOM, AMIOMHHAEBON ¥ 4yryHHo# cTpyXkku cocrasiser 1:1,12:1,24. B co-
OTRETCTBME C HALAMH JAHHBIME T0 cooTHoWwenue s [, (mpu Rz = 25 MxM)
cocrasaser 1:1,10:1,20.

el 5|
12 o 0.75 |
iy e S —JosopsE
o __.-‘"l
08 // . \ 0.25p—— ’
/é’ p=0.00275 MIla pv|=0.[l[35:'5E MIla
! | I - s

0" 00300 300 400 Rzsxe 0 100 200 300 400 Re,mxm
B) T)

b i p=0.0075 M1la

o R N B SR 021 [ g
0 100 200 300 400 Rzmxm 0 100 200 300 400 Rz mxm

£=0.00975 Mila

Puc. 1. I'paduku usmerenus kosdpuumerTa CONpoTUBICHIA Kak QyHK-
uMy napameTpa mepoxosatoctu (W=0%) npu pasnennn: a) p=0.00275 Mlla;
6) p=0.0055 MITa; B) p=0.0075 MIla; r) p=0.00975 Mlla (1-crans (x); 2 -
amomunuit ([ 3 - ayryn (0))
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B pabGore [6] 11a ocHOBE IKCHEPUMEHTANBHBIX HCCACAOBANNN, BBITOJIHCH-
HBIX HA CHEUMANLHON MAIUXMHE TPEHHUS [0 CXEME LApoBOil HHASHTOP-TITOCKHI
obpasell, nony4eHa 3aBUCHUMOCTh 171 KoagduiMenTa TpeHus CTaJIK 110 CTaliH
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M3 med cneayer, 4To M3MeHeHMe napamerpa wepoxosatoctn B 30 pas
HPUBOJUT K MIMEHEHUIO KOY(pduuMenTa Tpetus B 2 pasa, a U3MEHCHHE YCIoBHH
Tpenus 8 100 pas npusoAnT K u3mencennio kodxdduumnenta Tpenus 8 1,6 pasa.
Kpome Toro, U3 3aBHCUMOCTH CHREAYET, YTO YBEIUYeHHE HArPY3KH MPUBOIUT K
CHIMKEHHIO KO (PULIMCHTA TPEHHSL.

Hanomennoe 1o3soaser CiAenath Clefyouiue BhBO/Ibi:

- [10JYUeHEbIE IKCIICPUMEHTANBHbIE JaHHbIe OTPaXKAOT MCCIEYCMbIC NPOLEC-
CBI C IOCTATOUHOM CTEICHBIO AOCTOBEPHOCTH,

- CPe/lM HCCNENOBAHHBIX BAPLUPYEMbIX MMapaMerpos Hanbonee BECOMbIMHM fB-
NSOTCH WEPOXOBATOCTh Rz , NABNACHUE p M BIAXHOCTL W .

HanGonee yaoGHOIl Ad NPaKTHYECKOro KCMojib3oBanus Gopmoil npea-
CTABACHHNA (b}"HKLlHOIIaJIbHOﬁ CBA3W MEXIY HeCNeyeMbIMU NapaMeTpamMu ABJIHA-
ETCA 3aBHCHMOCTEL

fe=F(Rz, p,W). (D

OHAKO, MOJENH TAKOTO BMJA HE NO3BONSAIOT BBIIONHUTE MX Ipadpute-
CKYIO MHTEPNPCTALMIO W BM3YATM3ALHKIO. 1103'['0?\-1)/, HCIIONL3YHA COBpPEMEHHBIC
Cpe/ICTBA aBTOMATHIAINHK CO3/IaHEA MOJ]BJ‘IE[:'[, H& OCHOBE PE3YNIbTATOB IKCIICPH-
MEHTAJIbHBIX HCCIEC}!LOB&HHE CO3JIaHBl TPEXMEPHBLIC HeNMHEeHBIC MTOJIMHOMUANb-
Hble MOJIENIM MHOXECTBEHHON perpeccHy BToporo nopsajaka (tabn. 1) juia orpe-
JeNeHHd 3HaueHKHH KOd(OULMEHTa CONPOTUBICHHS (ICPEMELICHHIO MeTaye-
CKOH CTPYXKH BHiA

k
s S
fe=FQRz,p)=Xb; Rz -p’,
J=0
rae b, - KkooOQUUMEHTBl ypaBHEHH: MHOXECTBEHHOH perpeccu

(j=0l,...k); 1;,J; - noxazarenn CTCIECHH NPW HE3ABHCUMbIX TIEPEMENHBIX

YPABHEHHS PErpecchi; K - YHCIIO YICHOB YPABHEHHA PEIPECChil.
Ha puc. 3 npencrasiicha ux rpadutieckas HiTepnpeTanns.
Hcekombie Mojean (1) mpeacTasicinl TaKKe B BUIE

f. =F'(Rz,p)=c-RM - p*2, )
rite ¢ - KopPUUHEHT ypaBHeHns perpeccun; ky, k; — nokasareny crereHu

COOTBETCTBEHHO ISl [1apaMeTpos Rz u p.

Tabmiua | - TlapaMeTps! TPeXMEPHBIX HEIHHEHHBIX NOMHMHOMHUANBHBIX

MOAENY MHOKECTBEHHOI perpeccuu Broporo nopsika (W =0)
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Puc. 3. I'padmyeckas MATepripeTanys TPEXMEPHBIX MOAECNEH MHOMKECT-
BEHHOMN perpeccun uaMeneHus KodQOUIMEHTA CONPOTHRICHH MEPEMEUICHHIO
CTPYXKM JUIS 3HAYCHUST BHAKHOCTH W =0% (a — rpaduku MOBEPXHOCTEH;
0 — KapTel NUHUAH ypoRHei)



Monenu susa (2), otpedasn TpeGOBAHUAM ANCKBATHOCTH, 00NAAIOT GOMbL-
HICH HAMASAHOCTBIO H KOMIAKTHOCTRIO, HMEIOT IIPUEMIIEMYIO JUTS HHKEHEPHBIX
pacueros ﬁOl'pQLUHDCTB,

W=0%
Cranbnan erpyxKa
20,057 - ReBIS 1 503N A5 0404 AL=10,4%
AJIOMHHHEBAS CTPYKKA
f.=0026- R2%% . p00 4 =41% Anm=12,1%
Yyryuuas crpymKa
£:=0,034- RV . p08 AL=535% Auui=11,7%.

BoiBosni.

L. Ycradosneno BnusHve BapbHPOBaHHS OCHOBHBIX MapamMeTPOB CHCTEM
cunosoro soszneicteus COTC na sHaucHus KorhpuMeHTa CONPOTHRACHHS 1~
PEMELUCHHMIO METATHYCCKON CTPYXKHK. Haubomnbiiee BausHue OKa3piBaCT Baph-
HpOBaHue NapaMerpa UICPOXOBATOCTH (yBenuueHue f. npumepro B 3 pasa).
Cyuiectsennoe BiysHme OKa3blIBAET TAKKe CMauKBaHHe (YBEIMIeHHE f.B2-3

pasza). Haumenbliee BAMABME U3 PACCMOTPEHHBIX TAPAMETPOB OKA3bIBACT H3Me-
HEHHE IABICHUA B IIepeMeulaeMoM 00beMe CTPYIKKH (yMEeHblIeHUe [, npumep-
HO B |.§ paza).

2. MakcuMalbHOe U3MEHeHHE 3HAYCHMH f,. B UCCieOBAHHOM JHAIA30HE
BapbupoBanus napameTpon coctasnser 0.23...1.36, To ects, npumepHo B 6 pas.

3. Pa3pabotauniibie perpeccHOHHbIC MOJETH M3MEHCHHS KOd(pdHLMenTta
CONPOTHBIICHHS MEPEMELUCHHIO METANIMUYCCKOH CTPYIKKH KaYeCTBEHHO XOPOLIO
KOPPECMOH/IMPYIOTCSH € M3BECTHBLIMM B TPHOOTEXHUKE 3aKOHOMEPHOCTAMH W3-
MEHEHUsT KHHEMATHYCCKOTO KoadduighenTa TpeHEI MeTA/LIA 0 MeTaaxy U aje-
KBATHO YCIaHABIMBAIOT COOTBETCTBYIOLIHE KONUYECTBEHHBIE COOTHOIICHMS B
HCCIIEIOBAHHOM JIMAMa30He BO3MOKHOTO M3MEHECHHUS MapaMeTpoB CHCTEMbl CH-
nmoporo sosaeiicteus COTC,

4. Haubonee nmpuemiensIMH [UIS [IPAKTUYECKORO HCIIONL30BAHUSA, C 1ie-
JBIO PeLUCHHA MOCTABNCHIBIX 3a/1a4, SBIIOTCS NONMHOMUAIBHbIE HETMHEHHbIC
MOJENH MHOMKECTBEHHOR perpeccun 2-0T0 nopsiaka, obecreunpaionime j1octa-
TOYHYIO CICIIEHD AAEKBATHOCTH U TOYHOCTH. Moaenu 6oliee BRICOKUX MOPAAKOB
ABMAIOTCS CYWIECTBEHHO Hojlee rpoMO3NKHMH, a Mozien Gonee HU3KMX TOpsA-
KOB HE 00eCTIEYMBAIOT HEOOXOIUMYIO CTENeHb aIeKBATHOCTH M TOYHOCTH.

Taxum 0bpa3oM, MojyyeHHbIEe MOJIEIH MOTYT OBITH HCIOMb30BAHLI IS
PeLICHHUs APOKOrO Kpyra 3a/1a4, CBS3aHHBIX C ONTHMATLHBIM NPOCKTHPOBAHH-
€M cHcTeM KoMmuekctoro ucnonezosanus COTC. Jlng pewenus 3Tux 3a1a4



HEeoOX0HMA TAKKE 1333]3&160’1‘1(3. MaremMaTuHeCKuX M(J}'_IQJICI‘:t @}‘HKI{HOHH;’JOB&HHH
OCHOBHBIX NOJCHCTCM M MOﬂleCﬁ KOMIIEKCHOMH CHCTEMBbI.

Crauncox mnveparypsei: 1. Heveraer B.I. Cucremubiil no1xoa K ucnorns-
sosanmio COXX B asTomaTuszrposanHoM npouseomactse /f HanesuocTs pexyie-
ro MHCTPYMCHTA W OITHMH3ALMA TeXHOA0rH ecKuxX cuctem: CO. Hay4dupix cra-
Teit. — Kpamaropek: JIFTMA, 1997, Boin. 7. - C.79-84. 2. Kparensckuii M.B.
Tpenune u mznoc.- M.: Mawmnoctpoenue, 1968.- 480 c. 3. Kocrenxuit b. M.,
Hocosekuit M. 1., bepmianckuii JI. M., Kapayaor A. K. Haxexnocts 1 noaro-
seunocTs Manut — I Texnika, 1975, — 408 c. 4. Hevenaer B.I., I'nuteko A H.
[Mpeanoceinku 1 METOIMKA ONPEeTeHHUS XapAKTEPHCTHK TPCHUS CHIMTYHHX Ma-
TCPHAJIOR, MepeMelaeMbiX MeXaHO-THAPOJHHAMUYECKHMH CHCTeMaMy TpaHc-
nopruposanus // [IporpeccuBHBIC TEXHOJOTHHM M CHCTEMbI MAlIHHOCTPOSHHMA:
Mescaysapojnstit ¢6. vay4ansix tpyAos. — Jouneux: Joul TV, 2001. Bem. 17. -
270 c. 5. Kynpuu A. Y., Tuxouuos A. M. T'naporpaucnopr crpysku. - M.
Maruunocrpoenue. - 1978, - 80 ¢. 6. Cycios A.I'. Texnonorngeckoe oGecnede-
FIMe NApaMEeTPOB COCTOSIHHSI MOBEPXHOCTHOrO cnof jeranei. - M.: MaiuyiHo-
crpoenne, 1987.- 208 c.

Cnano & penasumo 9.06.03
Pexosmenaosano 2.17.1., npop. Kanadartosa JLIT

PACHET ITAPAMETPOB MAIUMH, COIEPKANIMX
KOHBEKTHUBHLIE Y3JIbI, C IPUMEHEHMEM KOMILIOTEPOB

Haensim B.H., Hlepunckan E.B. (JonHTY, 2. loneyx Vipauna)

The results of matematical modeling of processing of mashines with details of
convective type are describing. Numerical values of main paranuters are
obtaihed by digital models.

Ha psijie IpOMBILIGHHBIX NPEANPHITHH, B YACTHOCTH, HA IPSANPUSITUAX
CTPOIMATEPHANIOB, XHMUAUCCKON TEXHOMOTHM M JP., BAKHYIO PO UIPAET NpPo-
AYKLHA, IPON3BOJIMMAST ¢ TIOMOIIBIO MAIMH M afiflapaTos, paboTaoIuX B pe-
AKHME NepeMeLUMBaHus CMecei, COAePIaNINX KHUAKYIO U TBepiyio hazsl. [nas-
HBIM TpebOBaHUHEM, CTOSEMM Hepejl pesyirTaramMy paboTbl TaKuX MAiluH, 98-
nsercs ofecrneyeHNe KaueCTBEHHOIO 1IPOTCKAHMA [Ipolecca MepeMenIuBaHus, |
T. €. MOJAy4eHHE CMeceil ¢ MAKCHMAabHO OIHOPOAHBIM COCTABOM BO BeeMm pabo-
ueM obbveme annapata. B ¢BA3M ¢ 3THM CTOUT obutasn npodiema pacyera ONnTH-
MAailbHBIX [APAMCTPOB PACCMATPHBACMBIX ANNAPATOB, YTO HENOCPEACTBEHHO
CBA3AHO C BAXKHOW MPAKTHYECKOH 3aaueil II0BbILICHUS TTPOU3BOAUTEBHOCTH |
KayecTsa HPOAYKUMH. Penierue 310l NpobaeMbl BOIMOKHO JHIIL HA OCHOBE
NPMMEHEHHST MaTeMaTH4eCKOro MOJETHPOBAHHSA € KCHOILIOBAHMEM KOMIIBIO-
TepOB.
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3uaunTenbHblil BKNAMA B pellCHHE 3a/aud MaTeMaTUUECKOro MOAeNupoBa-
HUA PACCMATPHBACMBIX MAIUMH BHEC/AM OTEHECTBEHHBIE W 3apyOexibie uccie-
noBareni v nayunnle yuapesxenus [1]...[7]. B yactHoCTH, cepbesHBIe pesysibTa-
Thi MOJIY4EHbI B OONACTH TEXHOJIOTMHECKUX [POLECCOB TI0Jl PYKOBOJACTBOM
axaz. B.B.Kadaposa.

Bmecte ¢ Tem, padee He Obuia pemieHa npodiema [OCTPOEHHS NOTHOR Ma-
TEMATHYECKOH MOAENM NPOIecca ¢ Y4eToM BeeX TpeboBaHuit TEXHONOTHH H
0coDEeHHOCTH KOHCTPYKUKH. B pabore [8] npuBejieHb! BapHaHThl MaTeMaTH4e-
CKMX MOJEJNeH MpOLEcca M BHEPBLIE NPEAIOKEHa METOAHKA MOACHAHPOBAHMS
BUsAHUs pabOThl KOHBEKTHEHOIO Y3Nta HA KOHEUHBIH pesyabrTar. Mojenns npea-
crasnser cofoi KpaeByro 3ajady MUl CUCTEMbI YPABHEHHMH B YaCTHLIX NPH3BOA-
HBIX, peliCHUE KOTOPOH BO3MOMCHO JIMIIL MYyTEM HCUOIB30BAHHA YMCICHHBIX
MCTOOB Ha KOMMbIOTEPE.

Lensto pannolt paboTul sBsieTCs YMCIEHHOE pellleHHe KpaeBoll 3ajad,
ONUCHIBAOLEH 1poLece paboTl MaliiH, CHA0KEHHBIX Y3/I0M TepeMenIHBaHus,
M PacteT OCHOBHBIX TEXHOJIOMHYECKNX NTapameTpos.

[TocTagoBKa 3a/1a4K BBIMISAANT CIELYIOmMM 06pasoM.

PaccmaTpuBaeTcs oceBoe ceyenne pabouero obbema anmapara (puc. 1).

Y O003HaYuM BeJIHYMHEBL, BXOIS-
“ '[ i‘"l l _,,Q LI[HE B YPaBHEHUS:
| C Q,, C,— pacxon M KOBUEHTpaiWg mnep-
a J’ (1 [QZ l (2 " BO# HMCXOAHOH KOMMOHEHTH:;, Q) Cop-

; COOTBETCTBEHHO BTOPOH KOMIIOHEHTEI;
O@ | Q, C-pacxojl ¥ KOHIEHTpAlHs
W i X pesynsrupyrowero npoaykra (Q=Q+
S e e e i Q,); W-obbem paboueit  obnactu

Puc. 1. Cxema oceBoro ceucHus annapara; T-Bpems paboTsl anmapata

anmnapata Hajl IPOU3BOACTBOM OYEpeAHOM I1apTHH
MPOAYKIMH; 0 - CKOPOCTh BPAILEHHS

nomacty; h, [ ~ xapakrepusie pasmeps! annapara; G — ob5acTH H3MEHEHU KO-

opnuuar, 0 G ~ rpauuua obnacru; [, Ay, - 0poAoAbHBIH 1 Honepednbii Ko2}-
bunment puddy3uu; v - KO3pPHUUHEHT BAZKOCTH PACTBOPA.
Kanas vacTuua, Haxoaawasics B paboyem obbeme, obnafacT BEKTOPOM

ckopoct# ¥ = 0,0 +0v, j, NpHieM paccMaTpHBaeM HOPMHPOBAHHBIE TIPOCTPAH-
CTBEHHBIC TTepEMEHHBIE!
rotV = mx,y) (el (1)
divV = 0;
rpaHHYyHOe yCIoBHE: f,,(x, =0, (x,y)edG
DYHKIMA BIMAHUS TONACTYH 3aj1aeTCsl B BUJE:
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B Y)Y = e 320, p#0, #(0,0)=0 ()
l»'(l x2+h? vZ)
Beeas ynkiio Toka Wix, y), MOJNIYYHUM YpagHeHue:
Y o>
!'2 s ;'.2_. ‘;y = u(x,y), (x,y)eG ©)
IpaHnuyHOe yalloBue: Wix,») =0, (x.y)e dG
Caaspb BeKTOpPa CKOPOCTH M PYHKIHR TOKA:
F"-I-’ a¥

Vy=——; v, =——

X {;3, ¥ a‘:
Koaueﬂrpauma 'rsepnoii taser C(1,X,y) spaseres pemeu MEM YpaBHEeHMs

! rC ) aw + 1 o¥ aC +££-_ a’c ﬂn o°C Q;(: + Qz('z oC
T & Ihdyox ihox o Y L i h> 6y2 W :
(x,»)eG, no “)

Hadaapnoe yenoeue: C(0,x,y)=Cy;
rpanmynble yenosus: Cut,x,y)=0, C,(t,x,y)=0, (t,x,y)e dG *[0,7]

Cucrema (2)-(4) ¢ Ha4aTHHBIMK K TPAHMYHBIME YCIOBUSMY MPEACTABIS-
eT coboll MaTeMaTHYECKyIO MOJieih anmapara B IBYMEpHOH nocraHoBke. Yuc-
NICHHAS PeaiM3almsl MOIEIH MO3BOJIUT IPOUIBOIAMTE pacqe"rf,; OCHOBHBIX TEX-
HHYECKHX TapaMeTpos.

HpH 44CAeHHOM peLICHHK KPAeBbIX 32724 COOTBETCTBYIOLIUE nuddepen-
LOHANBHBIC YPABHCHUA 3aMCHAIOTCS KOHEYHO — pa3sHOCTHhIMM. B ocnose uwc-
ACHHOH peanu3alyy ABYMEPHOH MOIENH NeKUT NPHOIMKEHHOE PELISHHE 3I-
TMATHYECKOTO M MapaboiHyeckoro ypaBHEHHI, 3aBA3AHHBIX MeXiy coGoi B
CHCTCMY JIBYX YPaBHCHHH B YaCTHBIX MpOuzBOAHEIX. Haiia 3anava cogepikur
ase neussecTHbie GyHximm CLX,Y) 1 y(x,y).

3aMeHsACM HelPepPLIBHYI0 00/1acTh G =10,7] XHCKPETHOH «CeTOMHOI» MO- |
Aenbio:X=Xgtihy, i=0,1,...,m; |
yi=yotihy, j=0,1,....n; |
t=k-1, k=0,1,...,p; 5
hy, hy, T - cooTBeTCTREHHO WIAT 1O X, ¥, t;
Cltw, X0 ¥=Chiss  Wxit)= Wi |

[Monyuaem KoHeuHO — pa3nocmme COOTHOLISHHS JUts DYHKLIMM TOKA:

2%, ¥+ ) )

i- I; HI i
i:l,-'-rn]_l;.];la'--:n'};

Woi=Wmi=0; yio=yi=0
Hasiee, sravaie na mare (k+0,5)petaercs cucrema:
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Ay ks (2 U, ~JI;)C«+05 A O ke0s

R A I Y .
. )
U.‘. ,{'_):'N _. ,ZIIH 2 U!‘ * /JH s -
( ) t;}i ST T g'cgr'-i_f
h- a"l. h;‘ H’ H o h h“ ;‘f‘-/‘{‘_
3arem na (k+1) ware — taxas cucreMa:
ity A Yy 2 Doy
> -h§ Vel h-h, hz
v, k1 V k205
At S SO = ARALE S C,
(h -h? h‘hy) tl (24@\. - h"‘) 78 (7)

2:Diowcs s Bogupkadd o Dpciphis 0
fz‘hf -T 1-h, 74 P22 -1,

B pesynprare or ypasHeuuil maremarvueckolt msuxu (2) — (4) wmn
MEPEXOANM K PeIIeHHIO cHcTeMbl anrebpangeckux ypasHenui (5) — (7).
PellicHueM CHCTEMBI SBISETCS pacrpefienedne KOHLUEeHTPau KOHEeUHO-
ro npojykra (cMecH) B pabouem obreme anmapata C(x,y) B 000# MOMEHT t, B
TOM 4YMCTIE B 33JaHHBIH KOHeuHbl# MomeHT T. Tlo pesynbraraM pacueTos cTpo-
A7CA NAHUA PABHOW KOHIIEHTPAIMY, O BHAY KOTOPBIX MOXIO AENaTh BLIBO/bI
O BIHSHUN Pa3IU4YHBIX TEXHOJNOIMYECKHUX I[APAMETPOB Ha pe3yibTar paboTel
annapara.
PaccMOTpUM 3a3a4y BIMAHHA KOOPAMHAT UCTOYHMKOB MCXOJHBIX CMecei

Puc. 2. Pacnipejenenne KOHUEHTpaLmil TBepsoi daskl B 3aBUCUMOCTH OT 10~
JAOKEHHs UCTOYHHKOB MCXO[HBIX CMCCed: a) HecoBMajarouiue ciydainbie
KoopAMHaThl; §) HECOBHALAIOICE CUMMETPUYHOE MOJOKEHUE; B) PACNONo-
Kerue B obueit Touke. Jlunns 1 coorsercrByet 70%, war nocrpoenusi-10%
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Ha pacTpeieNieHne KOHUECHTPALM TBepAo# (asbi KOHEUHOTO IPOAYKTA.

3anaj M CKOPOCTL BpalieHHs MOCTOSHHON RO BCCX TOUKAX CeueHMs {uaca-
AM3MPOBAHKLIE BapHanT) v pasioii 0,7 (8 Ge3mepribix penruutax). Pacemorpum
PE3YALTATH] MONENHPOBAHMS JUIS PABAUUHBIX [TONOKCHHA TOUCK ¢ COCPEAOTO-
ueHHoit koHentpaueii Cy u Cy (pacxosnt Q=25, Q,=40).

Ha puc. 2 npuBejiensl JIWHUM PaBHOTO YPOBHA KOLLCHTPALHY C nas tpex
papuanToB. Kak NOKasblBAKOT Pe3yibTaThl, HaHOONCE PABHOMEPHOE paclipeiie-
feliHe jocTuraeTcs, Korjga oba HCTOUHHKA HaxodATCes B onHol Touke. Guinye-
CKM 3TO OOBACHACICH TCM, Y4TO PACHOIOKEHHE B PAsHLIX TOYKAX M3-33 pasHoi
peauauie Q), O MX NPOU3IBEACHMA HA KOHLEHTPALMIO AMECT PA3HOC 3HAYCHNC:
Q, C,=6642.5; O, C,=40-210=8400

ClenoBaTebio, BAMAHME HA PE3YIBTAT OKA3bIBACTCH PazHoe, M KPHBLIC
uekakaores. [Ipy 3aaHuK MCTOYHHKA B OJIHOH TOUKE BIMUSHHE OKa3bIBaCTCH
cymMMapHoe M Ha Beem ceueHuH onunakopoe. CreosarenbHo, Pe3yabTathl pac-
4eTOB MO3BOMSIOT MPHHATH PEKOMEHAALMIO Ul {IPOEKTHPOBLIMKOB MallkH
npoBHOro THIA pacnonararvh HCTOTHHKY HCXOJHBIX cmecedl B 00LIeH TouKe pa-
toyero obbema.

Takum obpaszom, pazpaboTana MaTeMariyeckas MOAeb IpoLecca paboThi
MAlIMH KOHBEKTHBHOTO THIIA M MPOBEJCHa €€ pean3aliis CpejIcTBaMi HHCIeH-
Horo ananmsa Ha [12BM. Peaynsrars: pabothl MO3BOJIAIOT MPOM3ROMTE UCCAC-
AOBAHMA K PACHET ONTHMAIBLHEIX [APAMETPOB MPH NPOSKTHPOBAHWK H TIPOW3-
BOJACTBE MALIUH. :

Cumcox surepatypi: 1. Carabedian P.R., Lewy H., Schiffer M., Ari-
ally symmetric cavitational flow. Ann. of Math., 1952, 56, 560-602. 2.Friedrichs
K.O. Uber ein Minimumproblem fur Potehtialstromungen mit freic Rande.
Math. Ann., 1933, 109. 3.Camapexnii A.A., Mouceerko b.j1. DxoHOMUYECKas
cXeMa CKBOZHOFO cyeta JUis MHoromepHod 3agaun Credana. — Beraucaurens-
Has MaTeMaTHKa M Maremartuueckas (punka.l965, 5, N5, ¢. 816-827.
4.Kadpapos B.B., lopoxor ML.H. CucreMubiii aBaius Mpoueccos XMMHYECKOH
Texnonorun. — M.: Hayka, 1976, — 498c¢. 5.Kadapos B.B. Merons! xubepHeTH-
KM B XUMUM W XuMHueckoll TexHoiormu. — M.. Xumus, 1968. - 378c.
6.Kapapos B.B. Ocrosel Maccoriepenadu. — M.: Boicuas mikoa, 1962. - 317c.
7.Kadapos B.B., Epemerxo B.B., buptokos. IIpoucccn! XUMHYSCKOH TEXHOIO-
run. — M.; Hayxa, 1965. — 417c¢. 8.Hasawimm B.H., Ilepunckas E.B. Maremaru-
YecKoe MOAEIMPOBAHME MAIIMH, COJNEPIKAWIMX Y3Ibl KOHBEKTMBHONO THna. —
MIPOrPECCHBHBIC TEXHOJIOTMH H CHCTEMbl MALIMHOCTPOCHHA. MekayHapoaHbIA

cOOpPHUK HAYYHLIX TPYIOB, poir.2 1. [JoHeuk,2002, c.178-184.
Cnano g peaakimo 29.05.03
Pexonmenonano 115, npod. Muxaition AT
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TOJCTOCTEHHLIE COCY LI JUISE OBPABOTKH ITUINEBBIX
NPOAYKTOB

Nevposa YO.M. (Jonl'VOT, o. floneyx, Yxpauna)

It is considered the strengthening of thick cylinders can be made by coiling of
steel ropes of a large effort.

B nochejHee AeCATUAETHE B 00JIaCTH NIPOU3BOJICTBA U NepepaboTKK npo-
JOBOJBLCTBHS BOZHHK KAYECTBEHHO HOBBIH NMYTH MONYHCHUA W COXPaHSHUS Tk~
LIEBBIX TPOAYKTOB, 3aKIOUYAIOUIMICA B HCMOJB30BAHHK BBICOKOrO JIaBACHW:A.
[Ipouece yCHIAEHHO H3y4aeTCa B HACTOALLEE BPEMsl, YIKe HMEETCH ONPEASIeHHOe
KOJIMUECTBO PabOT YUEHBIX BEJYIMX CTPAH MHUPA, CBUACTEILCTBYIOLMX O fep-
CIEKTMBHOCTH JIAHHOTO HayuHoro Hanpasaenus [1-3]. Ocuosuas 3agaua dTOH
TEXHONOLHH COCTOUT B TOM, YTOOLI MONYUHThH HOJIHOUEHHYIO, BBICOKO NpHBIIC-
KATEJABHYIO TTHILY C HEMOBPEKITEHHBLIM (PEPMEHTHO-BUTAMHHHBIM KOMIIEKCOM
1 AATENBHEBIM CPOKOM XpaHEeHHsI.

OHaKo, MMPOBOiL 0GBEM NIPOJIKM NPOIYKTOR, 0OPabOTAHHBIX BBICOKHM
ZABNEHHEM, TIoKa Hebobiod. ITo 00YCIOBIEHO U3BECTHLIMH TPYIHOCTAMH,
Cpeli KOTOPBIX DUIYPHUPYIOT TAKHe, KaK He W3Y4CHHOCTh npouecca, HeoOxonu-
MOCTSH MOANEPIKUBATE JIOBOABHO BBHICOKHE NABNCHKA NOPAIKA 500-1000 Mlla,
CIOKHOCTb CO3/IAHMS HENPEPHIBHBLIX UMKIOB, npobliema repmerusauuu obopy-
JIOBaHKA U YIIAKOBOYHBIX MAaTEPHANOB U ApYyrHe.

Viccaeopartesn npu KOHCTPYHPOBAHKK allapaTos CBEPXBLICOKOTO JaB-
NEHMA He BCErjia Nosp3yioTCs COBPEMEHHBIMY METOAAMU ¥X pacyeta. Beueer-
BHE DTOTO COCYJIbI HEPCAKO CO3IAIGTCH HCONPABIAHHO FPOMO3IKMMU HIIM HE-
AOCTATOHHOMA MPOYHOCTH.

[TosToMy Ha COBPEMEHHOM 3Taile Pa3BUTHA TCXHOMOTHH ¢ NPHMEHEHHEM
CBEPXBBICOKHX JABJICHMIA BEChbMa axTYaibHOM sBIACTCA ipodnema Mo Mcrosib-
30Banui0 U3BecTHON 3anaun Jlsme [4] ¢ npumenenu-
eM YIpOHHEHUs COCY/Ia METOAOM aBTOppeTaKa MIH
33 CUeT CO3AaHHUA AONOIHHUTENBHOIC BHEUIHEIO Jas-
neyms. Jas ororo HyXHO paspabotath TCOPUIO
ofpeeNeHHsi JIOTOIHUTEIBHOTO BLICOKOrO JABJIEHU
34 CHeT HABYBKM KaHATOB, CTANBHOH BBLICOKONPOYHOH
WIH TIONUMEPHOH JICHTBI.

B oraudHe OT CyWIECTBYIOUIMX CliocoboB BLIBO-
Jla pacyeTHbIX (OPMYST METOJAMH TCOPUH YITPYrOCTH
Npeularaetcsi NpOCTOH, YNOOHBIH /Ul KCIONb30Ba-
HUsl B y4eOHOM Mpouecce, Ciacayromui Besoj. Pac-
CcMaTpUBAETCA YPaBHEHHME PaBHOBECHS — DJIEMCHTA
pd® - dp , xoropoe npunumaer BuA (puc.1).




(o, +do W p+dp)dl—o,pdf -20,dpsin 6%0 =0, e

do,
cr,.~cr,+p—q’- =0. (1)
dp

CRoXHB 3TO ypaBHEHUE ¢ MHBAPHAHTOM HanpsokeHuil o, + o, = 2C,
HalleM 3aBHCHMOCTH

do,
20, + p—L=2C.
dp
VYMHOKA 3TV 3aBUCHUMOCTS Ha P, Tonyuum auddepenuuansuoe ypapue-

d
HHE - ‘o, ),___ 2Cp , MHTErpUPOBAHKE KOTOPOTO JaeT paAuaibHOe HanpskeHue
q

o, =C+ B/ p?, a N3 MHBAPHAHTA HANPSIKEHHIT MOMYHACM KOJNBIEBOC HATIPSIKE-
HHe o, =C — B/p?. Vi3 rpanndHbIX YCI0BHi o,(r)=~p H o,(R)=~g HaXonnM
[NOCTOsAHHEBIE HHTETpHpOBaAHKA.
r - R' q— PR
P q gl@-pPRr )
3 732
R - RS =r

C yueToM 3THX MOCTOAHHBIX [IOyHaeM H3BECTHYIO dopmyny Jlame ans
HalpsKeHuid

B i (q p)f?2 ; 2
Gr,f ) 2 2 ( )
R —r ( -r )p
2
[lpy  Hanuuum OpOJCABHONO  HANPMKCHUS o, p—n——, e m-

t-n?

OTHOLICHWE BHYTPEHHEro pajguyca UMIHHADPA K BHEIUHEMY, BO3ZHHMKaET 00beM-
HOE HANPMHKEHHOE COCTOAHHE ¢ MOAYNEM YIIPYIOCTH B pagualsHOM Hanpasie-
HUK £, B Konbluesom Hanpasienuu £, u npopoiibHoM £ . PapuansHoe nepe-

MELeHHE ¢ MCTIONB30BaHMEM 000DIEHHOTO 3aKOHA I"yxa IIPUMET BUA
e
u=[e.dp= j{ u—L —,u - o =
Jer P E
|
|
e

% 2%
[ocTosnnas uuTerpupoBanus 4 paBHa Hy:TiO, TAK KaK OHa OTpakaeT ne-
peMeleHHe NONEePEeUHOro CeUCHHs KaK MKECTKOro JIMCKa.
[Mogcrasnss crona noctosHAbie (2), nosydyaem GOPMYNY pafiianbHBIX 11e-
PEMELLEHHIT A1 UHANHAPA M3 OPTOTPOIIHOIO MaTepraia
o pr2 —iRi E, — pE, (q - p)R3r2 E,. + uk, 5 r?

2
= I[C-I— _B'?]'dg—}lj(c— BEJC{B"‘HPI 7 d[) g
P JE p-)E, -7

A
R*-r* EE, (R*—rh)p  EE, R -1 E
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J1is n30TPONHOro Mateprana, Koraa MOAYIIM YIPYIOCTH OIMHAKOBDL, 2Ta
dopmyna npuMeT Bij
s ¥ i A 4
L= pr=—gR” l+p(g—pIRr* P 2
u=—r o — PP (5)
E:vaReiz s E (R =) E' R®-r"
B gactuom ciiyyac, npu HalWYuy TOJLKO BHYTPEHHEr0 HasieHus p Ha-
MPAKEHWT W pajvanbHble HEPEMEHICHHMA BBIMHCIsA-
101es 1o popmyiam (puc.2):

) 2
pr = o
Cra Rg_rz ¥+”£')2 » (6)
u=- e 1-u+(1+u)fa; . (7
R <42 E p

Orcroaa nonyvaeM HalpsKeHus W pajavailb-
HBIE MEepeMEIeHHA Ha BHyTpCHI[Cﬁ H Hapy}KHO;‘I no-

BEPXHOCTH UHUITHHApAL
2 2

I+
o, (r)=p—2, 6,(R)= p—1 , 6, =~p, (8)
I-n I-n
ur)="" “’3- W o) ey Ll ©)
I~%° -1

PacyeTHoe HanpsceHue y BHYTPEHHEH NOBEPXHOCTH LMIWHApA [0
TPETHEH TEOPUM IIPOYHOCTH PABHO
cpuf:w =0, -G, = "_E_g' . (]0}
Hz dopMyst BHAHO, YTO HAUPSMKEHKHA NO TOJNLIMHE LMIKHIpPa pac-
NpEAeNAIOTCS BEChMA HE PABHOMEPHO, a pacueTHoe Hanpskenue (10) ysenuye-
HHEM TOJUUMHBI LMAMHIPA HEBO3IMOKHO CHM3WTL MEHLILC YIBOSHHOTO jaBie-
Hug, Ja)ke eclid TOJLUMHY LUMJIMHAPA YBEIMUYUThH IO
HecKOHeHHOCTH. DT0 3HAYUT, YTO 1PH JABJISHUM B 6
ThiCc. atMm. (600 MIlla) HYXHO MPUMEHATH BBICOKO-
OpoYNyIo CTANL ¢ MpeaesoM TexkydecT okono 1200
MITa, npy TonmMHe LHIKHApA B ACCATH pa3s mpe-
BhlLAIONIEH BHYTPEHHHH panuyc. Boixoa u3 takoi
CUTYALMK M3BECTEH B MPUMEHEHHM MHOIOCHOHHBIX
LWIMHAPOB, W3TOTOBIEHHBIX IYTEM 1PECCOBBIX IO~
Cajlok MM ¢ MCHOAb30BaHMCM aprodperaxa, Korga
NpeABapUTeNEHBIM BHYTPEHHHAM JAaBleHueM IIH-
mupap pedopMupyeTcs Tak, 4To0LI NNacTHYecKue
aehopMaluuKn  PacrpoCTPaHUINCh IO TOJIOBUHbI
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TOMUMHBLL UMIMHApA. 21010 a(dexra MOKHO A00HTLCS OyTeM COZNAHUS Ha-
PYXHOIO JAaBNeHKHst HABUBKOH CTANBHOIO BLICOKOHUPOUHOro KaHara (Tpoca) uiu
MONMUMEPHOH| NEHTbI.

Pacecmorpum HATNPSKEHHO-1eOPMIPOBAHHOE COCTONHNE UMIHHAPA OT
BHEINHEro JaBnedus ¢, puc.3. B »tom ciyvae pacuerHsie Hopmyibi Harpse-
HHH M [IepeMeleHH HMeIT CNeYIOIMi BUT:

3 f 2 el ';
qR” | ¥ grR”™_ P
6, === 1F=|, u=-——zEll—pn+ l+u) .
! szrzt o2 gl et

Orciona HaXoxUM pacyeTHbIE HATPSHKCHUS U NIEPEMEILeHHs HAa BHYTPEH-
Hell H HAPYKHOH MOBEPXHOCTH LHIMHAPA, TPHHUMAs

2 1+
0 ==, 5,(R)==q - -“ 6. (R)=—q.  (12)
S rt -7’
Cymmapnble KOOBLIEREIE [IalTpH}Kﬁ‘.HI/Iﬂ Ha BH_YTpeIIHCf:{ IIG'BCPX.HOCTH K-
AHMHJIPA OT BHYTPCHHETO AABIEHHS p H HAPYXKHOTO ¢ = £p OynyT paBHb::

G(R)..p!_tﬁ__ e (13)
-2

B YHETOM PajMalbHOrO HaNpAKEHUs G, =-—p pacyeTHOC HarpsmeHHe

1O TPETheH TEOPUU NPOYHOCTH ¥ BHYTPCHHEH NOBEPXHOCTH UMAMHIPA
2

1+
Cpacy =C1 — 0, = P ;‘:3_2'_;*'1 : (14)

Pacuetnoe nanpsixenue no ‘E)Hepi CTHUYECKOH TEOPHH NIPOUHOCTH

C pacy = \162 + c +0l-0,06, - 0505, T T} - (15)
Ynpounenue HHIKHAPa MOXKHO OCYILIECTBHTh HABHBKOH KaHaTta MM Bhi-
COKOTIPOYHOM NMPOBOIOKH, pacTIHYTOH Harpy3skoh 0.
[Ipu HaBuBKE 1 -T0 €105 KAHATOB HA LMJIMHAP HEKOTOPAs YacTh HATPY3KH
OT 3TOro €O BOCIPUHUMAETCS PaHEe HABWTHIMH CIOSMHM KAHATOB Y Ha LH-
JIMHJIP TIEPC/ACTCs JAaBNEHUE ¢ HECKOJILKO MEHBIUE JaBJICHMA HABUBAEMOTO Ka-
HaTa q,. [JlaBienre Ha UMANHIP MOXKHO HAMTH U3 YCIOBMS PaBEHCTBA pandalb-
HOrO NEpeMELICHHS Y IOBEPXHOCTH HHAUHApa
_aR {_!_i_“..z. =R k
— E Ll mnz p_ = E
U HIDKHETO CIOSt KAHATOB OT ycpeaHeHHoro jasieuus (g, —q)/(n—1),
T.C. U3 PABEHCTBA
gR s .- R
B L EF one]

K K
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3ech KOIPPUIMEHT PAHAILHONO TTePEMELIEHNA HA HAPYKHON MOBepX-
HOCTH UMIHHjpa ky, 0e3 yuera NpoOACGALHOIO HANPAMCHWA W BHYTPCHHEIO
JIABJieHHs BhIYUCAETCS HO hopMmyne

l+n

ko= — 5~ . (16)
1-1?
Orcioa HAXOMUM 3ABMCUMOCTDL MEKY JABIEHHEM 7 -T0 CIO KaHaTos u

JaBJICHHCM HMMXKHETO CII0A

n = q(l+kgi(n-1), (7
rie 00o3Ha4YeHO Yepes
fom Sale (18)
ERt

Ecnn AnuHublil NAIHHAP 3arpy3UTh OHOCTOPOHNICH HaBMBKOW KaHATOB,
TO HMOJ HauanbHLIM BUTKOM KaQHATOB pajuanbHoe rnepemeuiesue Gyuer B jJpa
paza MeHblle NepeMEIeHHs OT HaBHBKM 10 Beel e, 3a cuer aedopmaiiii
uunuHapa gRky/2FE W nonepevHoro ¢xarus paHee HaBHUTBIX CIOCB KalaToB
(g, +q)d, (n=1)/2F, HauasbHBI# BUTOK #-TO CJOA MOMYHHT PajiHaibHOE Ie-
peMelneHye M HANPSDKeHHE B PACTSAHYTOM Culol (J HAaBUBAaCMOM KaHate ¢ Hia-
TOM HABMBKH ! HECKOJILKO YMCHBLIWTCS, IPHHUMAs 3HAYEHHE

E, .| gR
28 e 98, qiln L (n-1)|=
F, R E ZL,, E,
Otciona ¢ vuerom (17), (18) monyyaem jaBleHue HA HMIMHAD OT 72 -HOIO
CJIOA KaHaToB

q.,Rl

1

g, = e (19)
% R Ed A
144 - " (n=D 1+ky (n=1) |+ ky(n—-0,5)
R 2
Ecnu ydecTh JIEpeMEHHbIH pajiMyc HABUBKY KaHATOB TO B YC/IOBHH CO-
BMECTHOCTH JiepopMaIMii Hy)KHO BMECTO NOCTOSHHOIO paauyca uumHapa R
nogctasuth R+ d, (n+0,5) KpoME NEPBOro CraracMoro B CKoOKax, BCIEACTBUE

yero smecto (19) monyuum:
0 1

qn L LI W SCLNMEE L SLIvt LR S sl PSisiieree, M SR &
B B dmi)

a3 2 14 Ak (= D)%

el 0 J( o(n=D)+

f

ky E dn-1
Zd F R 2d
(20)
rie d =1+d,.(n—0,5)/R - ko3P PuunesT, YUHTHIBAIOUWMHA NepeMEHHbIA
pamMyc HABMBKM KaHaToB.

Jlanuple pacdera JONYCKaeMOro BHYTPEHHEro JABJEHM JUIsS TOJNCTO-
CTEHHOTO LHMIKHAPA C HAPYXKHBIM AMAMCTPOM 273 MM M TOMUMHOW© cTenky 40
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MM (FOCT8732-78), NOAKPEIIIEHHOro HABUBKOH CTANBHON NPOBONOKOMH JHa-
METPOM 2 MM C Pa3/IMMHBIM KOJIMYECTBOM CITOEB HAMOTKH, TIPUBE/CHNI B Tab-
nuue 1. Marepran uumunapa Crans 45XH2ZM®A (I'OCT 4543-71) ¢ npejie-
JIOM TekyuecTH o= 1830 Mila

Tabnuua 1
Tpenesn tekyuectn Konuuectso cioer © Pacuertsie Jlonyckaemoe BHYT-
IPOBONOKH TIPOBOJIOKH, udnpmxclms: pEHHEE AaBicHne
0'_:' 5 MITa n pacq" MI]a [PI, Mﬂa

700 10 150946 500

g 15 1788,87 600

800 12 1764.95 600

38 1808,22 700

1000 8 1814.94 600

26 1808.92 700

1200 i 1796,36 600

20 1804.45 700

1400 6 1790,97 600

16 i 1807,56 700

33 1816.42 ' 800

Tpusepennspie pacuersl NOKa3a, YTO KaAMEPH!, TOAKPEIUIEHHBIC HABHB-
KOH BEICOKOIPOYHOH CTANBHOM NPOBOJNOKOH, CnocoOHBI BBIAEPKUBATE CBEPX-
BbICOKOE paloyee [aBiieHUe, CTEPUI3YIONIEE TIPOLYKT.

IlpeaBapuTensHO HaBUTAs POBONOKA NPH 3Arpy3ke WANMH/IPA BHYTPEH-
HUM JaBleHHeM GyeT Co3iaBaTh AONONHKTENEHOE JaBieHUE, YT0 OyIeT ydre-
HO B (OCHEAYIOLIUX ITyONHKaLMsIX aBTopa.

Concox sareparypsi: 1. Cheftel J.C. Review: High pressure, microbial
inactivation and food preservation // Food Sci., Technol. Int. —1995.- Nel. -
P.75-90. 2. Cykmanos B.A., Xasunos B.A., I'apkyma B.5. [TpoGnems! u nep-
CHEKTHBB! HCIONL30BAHUA BBICOKOTO JNABJACHHA B NHINEBHIX TEXHOIOTHAX /]
[Tamesas npomsiiensocts. - 2000.- Ne2-3.- C.6-10. 3. Thacur B.R., Nelson
P.E High pressure processing and preservation of foods // Food Reviews Int. -
1998. - Ne 14.- P.427- 447. 4. ITucapenxo I".C. ConporupicHIe MaTepHanos.-
K.: Buma mwkona, 1979.-694c.

Cparo B pesakuwo 29.05.03
Pexomengopano 1.4, npod. Muxaitnoe AIL
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MOJEJNUPOBAHHWE NMPOUECCA H3HAIUMBAHUS .
NMOABUKHONO COEJUHEHHS B YCJIIOBUAX CMEIMAHHOU
CMA3KM

Hoaseknii E.A., Bypuenxos A.B., Copoxnu C.B. (bI'TVY, 2. bpanck, Poccus)

In this work questions of modeling of the wear-out process a vapour (pair) of
friction-slides of nodes of details of machines at mixed lubrificant are consid-
ered.

B 32BMCHMOCTH OT XapakTepa CMa3ky ASTANCH MalliMH paziudaior 4 BHja
TpeHus: Ge3 cMa3ouHOro MaTepHania, MPaHMUuHOe, M'MAPOIUHAMUYCCKOE (FKHAKO-
CTHOE) W cMewanHoe. B rmepBoM Ciiydac KOHTAKTHPYIOT HecMashiBaeMbie Mo-
BEPXHOCTH, TIOKPBITLIC OKHCHBIMH IIJIEHKAMM M TOHYAaHUIMMH CIOAMH MONEKYJl
ra3oB M BOJbI, a1copOUpOBaHHBIMU M3 OKpYikalowei cpesbl. Bo BTopoMm ciyyae,
NIOMHMMO TIEPEUHCICHHBIX [IIEHOK, NPUCYTCTBYIOT MOJICKYJ/Ib! CMa30YHBIX MaTe-
PHANOB B BHJE TOHKOTO CAON TONLIMION B HECKONILKO MOJIEKYSI, KOTOPBIE Npou-
HO CBA3aibl C MOBEPXHOCTLIO. B TpeThem ciyuae ol JKHAKONH CMa3Ku [OJHO-
CTBIO pa3/eAReT CONPMKEHHbIE NOBEPXHOCTH., CUMellaHHoe Tpenue Haubonee
[IOJHO OTP&XKaeT [1POIECChl, TIPOHCXOAIINE B riape TpeHHsa. JlaHHbli BUI Tpe-
HHs TPHCYTCTBYET NPAKTHYECKH BO BCEX CONPDKEHMAX, HO paziiM4HbIE ero
aNeMeHTHl HadOAal0TCs B ONpPCAENeHHBIX 30HaX KOHTAaKTa B pasiHYHbIe MO-
MeHThl BpemenH. CMeniaHHoe Tpeyne SBiaseTcs Haubosiee CAOXHBIM H € TOYKH
3PeHUA.ero MOJETMpoBaHus. MeXod 13 3T0ro, MOKHO cienaTh BbIBOA, YTO CO3-
JaHue MOAend TPMOOCKHCTEMBI B YCTOBHAX CMEIIAHHOH CMAa3KK SABIACTCA aKTy-
anbHOM 3a/javyell B MalIMHOCTPOEHHH.

[Toustie «moenh TPUOOCHCTEMBIY MOMKET OBLITL ONPE/Ie)IeHO KaK HeKOo-
TOpast JIOTHKO-MaTeMaTH4yeckas CTPYKTYpd, MMEO[las CHCTEMY I[IepeMEHHbIX,
COOTBETCTBYIOUMX diieMeHTaM Tpubocucremsl. JaHible saeMeHTs TPUOOCH-
CTeMbl MOIYT OBITh KnaccHbUUHPOBAHEI KAK e€ OCHOBHBIS MOACHCTEMbL: P04~
HOCTHAY [0/ICHCTEMA; JMHAMHYECKas MOJCHCTCMA; NOJICHCTeMa KOHTaKTHpOBa-
HHSA; MOACHCTEMA TPEHUA M H3HAIIMBAHNA; TEPMOIHHAMUYECKAS TIOACHCTEMA,

Ipounocmuan nodcucmena. OEHAM U3 BOXKHBIX (DaKTOPOB, CYUIECTBEHHO
BIHAIOWHX HA H3H0COCTOMKOCTh, BEMMYUHY H3IHOCA W (POPMY M3HOMICHHBIX M0-
BePXHOCTEH, ABISETCH jaBienne. 3HaHUE PeanbHOl IMOPhl CHIOBOIO B3auMO~
ACHCTBUMS JeTaNell Nap TPeHUA IO3BONSCT MOBBICUTH JAOCTOBEPHOCTL PacyeTosn
npu obecrieyeHu HapabOTKU y37a Ha oTKa3. [Uis mapht TpeHus. «Baj-BTyNKa» B
pamMKax paccMaTpUBAEMON MOZEIUM PENIAITCs CIeAyIOMe BOMPOCK: ofpeje-
sieuue cOIKeHNs B LIWIMHAPHUYECKOM CTBIKE 3a cuer cobcrBeHHol jaedopma-
LMK Bala U BTYJIKH, OTNpe/IefieHHe KOHTAKTHOR paBHONEHCTBYIOIICH NABICHUS B
LHHAMHAPHYCCKOM CTBIKE, OIMCHIBASTCS 3aKOH PACIIpEAe/ICHUs HArPY3KH BJOJIb
BTYJIKH, ONpe/eseTcs 3aBUCHMOCTL JAaBlICHUA OT NPUIMKEHHOH HarpyskH. [le-
PCHUCIEHHbIE 3ala4i PCILAIOTCA TIPH CHENYIOIMX JIONYUICHHAX: KECTKUH Bas
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PACIIpENEACT AABACHNS HA YIIPYTOACHOPMUPYEMYIO BTYIKY, Y4TO, B 4ACTHOCTH,
PEANH3ZYCTCS NPH M3TOTOBACHHUH MIOCACHAHEH H3 MCTANLTONOIIMMEPHBIX MaTepHa-
noB. ;

Hunaruueckasn nodcuemema. Mspectio, uro Bce mMarepuaibi B GoMbiuei
MY MCHBIUCH CTenenu obNajaoT BA3IKOYIPYIOCTLIO H BAZKOIUIACTHYHOCTIO.
ITO CBOMCTBO MATEPHANOB, NPUBOASLLICE K M3MEHEHHIO (GakTHYeCcKoil NiomaM
xourakra (PIK) B 3aBUCHMOCTH OT TEMNCPATYPBI M BPEMEHM, ONHCHIBACTCH ¢
IOMOIIBLIO PEOMOTHYECKHMX MOJelell. B pamiax paccMaTpuBaeMoil MO He-
nonesyetcs Monens Kenspuna-oiirra, orpaxkaionias cBORCTBA peanbHbIX Tell.

llodcucmena konmaxmuposanua. Tlepsuanoit npoaeMoit 1pu n3yyenuy
TPEHUST ABJSCTCA KOHTAKTHPOBAHHE CONPHKACAIOLIMXCS TOBEpXHOCTEH. B no-
HATHE KOHTAKTHPOBAHWS BXOAUT B3aUMONEHCTBHUC [OBEPXHOCTEH, IMpuHame-
KAMUX TBEPIIbIM TeaM, 110Ji ACHCTBHEM OTHOCHTEILHOIO CMELICHHA H CKH-
MAIOIHX CHIT € y4CTOM MX OTKIOHCHHS OT HACILHOH (HOPMBL 1 BAUSHHS CPEJib
(raspi n cMa3OUIbIC MATCPHANBI), [IPHCYTCTBYIOLIEH B 30HE KOHTAKTA.

Jlia pelenus 3a)124M KOHTAKTHPOBAHUS NRYX TBEPIBIX TeJ HEOOXO0(HMO
NPECTaBUTE MOEID TOBEPXHOCTH, MAKCUMAIILHO TTPUOTIDKEHEYIO K PeanbHOMH
NOBEPXHOCTH K NPU 3TOM HMEIOULYIO MHHUMANbHBIH HabOp BXO/MHEIX apaver-
poB. TocTpocHie MPOCTPAHCTBEHHOM MOJE/IN IIPOUZBOANTCA HA OCHOBE CTPEXk-
HCBBIX KOHEUHBIX DISMEHTOR.

B xauectpe MCXOAHBIX DApaMeTpOB HCHONB3YIOTCH KaK CTAHAAPTH30Bal-
HBIE TIApaMeTphl (Cpeutiee apupmernueckoe OTKIOHEHNE IPOGUIA OT cpe/iHed
nunuy — Ra; cpeguuid niar neposHocTeil npoduis 1o cpenseil nTARAA — Smy;
COCT 2789-73), tak v rioka ue CTAH/IAPTH3CRAHHBIE TAPAMETPLl BOIHUCTOCTH
(B MPOAOABHOM ¥ NONEPEUHOM HANPABICHKK: CPEIHSIS ApHBMETHECKAS BHICO-
Ta BOAHRI 10 cpeuaHel avany — Wa, Wz; mar BonHs! 1o cpejineil nuaun — Sw,,
Sw,).

Obwee ypasHcHRE TPOGUIsS HMEET CIC/AYIOUIMT BU:

V=A+kg, Ra-sin{ R)+Wa-sin(W ) ; (1)

riae: A - mapamerp, OTpakalolui BAMSHUC PAjHaibHOTO GHeHus 1 Apy-

THX OTKJIOHCHHH (opnbl Ha npoQuie nosepxnoctu (1-5 MrMm); kg, - KOIDOHU-

UHEHT, OTPaKalOUIMH BEpOATHOCTE M3MCHCHMS Cpejue apuPMETHYCCKOro Or-

KJIOHEHUA TPOMIIL OT CPEIHEH JMIHM 110 3aKOHY HOPMANbHOTO pacrpejele-
nus, sin(R), sin(W) - 3naucane curyca texyei (i-oi) KOOPAMHATHL PO,

Pasbuenue ripoduns ta CTepKHEBbe KOHEUHBIE HACMEHTDL IIPOUIBOIHTCE
B 3aBHCHUMOCTH OT MMOBCPXHOCTHOH TBEPAOCTH Matepuana u TpedyemMoil To4HOo-
CTH pacuera.

Koutaktaste gedopmanmn OyIyT NPOUCXOAMTS, €CAU BBITOTHACTCS YC-
JIoBHeE:!

o2k, (@)
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rue: ¢ = E-L‘ZE-'P"--‘-‘E’E; P -~i-—;
/ L-dx -n

rae: £ - monyne ynpyroct, Mlla; & - orHocuTenbHOe YUIHHEHHE; ¥, -
YHCNO UTepauMit KOHTaKTILIX Aehopmaumit; dy ~ war snemMenTaptoro commke-
Hig, MM; [ - TonMna sneMenTa, Ms; P - obuas narpyska, H; L - n1nuna KOHTaK-
Ta, MM; ¢x - [ar pasOHeHus, MM, 1 - YUCHO BAEMEHTOB, BCTYIIMBIIMX B KOHTAKT.

Todcuemema mpenus u uznoca. Ilpouecce TpeHUs B 3HAYHTENILHOIR Mepe
TMpeonpejenseT W3HOCOCTOHKOCTh KOHTaKTUpyioumwmx Aetasicil. Msnococtoii-
KOCTb XapaKTepH3yeTcs CrnocoGHOCTBIO MOBEPXHOCTHBIX CI0EB JeTaleH compo-
THBJIATLCH Pa3pylLUCHKIO NMPH TPEHHM CKOMBLKCHUA, TPEHHUH KaYCHHSA, a TAKKE
IPH MUKpOITlepeMeneHusX, 00yCnoBIeHHbIX Bo3jeiicTsuem Bubpauni (dper-
THHr-niporiece). Mi3Hoc jeTaneit MaluuH NPUBOJAMT K NOTEPE TOMHOCTH, MOHHKE-
upio KT/, moHWKeHHIO NpPOYHOCTH, YBENUYEHUIO AWHAMHYECKHX Harpy3okK,
KOTOPBIC ABJAIOTCS CACACTBHEM YBENHMYEHHs 3a30pPOB B COINPAKEHHUSX, NOBbI-
WEHUKO [yMa. Vi3zHoc seisiercs NPUMMHON BBIXOAA M3 CTPOs MOJABJAIONICro
bosbinvHcTBa Mame (Ao 80%) u ux peraneit. Cospasue y3m0B ¢ MUHHMAamb-
HBIMHM [IOTEPAMH HA TPEHUE PABHOCHIBLHO BHICBODOMKIAEHMIO OrPOMHBIX pecyp-
coB paboveli CHIIBl B PazNMYHLIX MATEPRANBHBIX 3aTPAT, B TOM YHCIIE PEMOHT-
HBIX MPEINPUsATHH, KOTOPBIE B CPEAHEM 1O MAIUMHOCTPOEHUIO COCTABIAIOT HE
menee 60-80% ocHosnoro nponssoacrsa [1, 3, 6, 8]. :

.C npakTvveckoil TOYKA 3a/1a4a YCTAHOBJICHHSA CBA3CH M KONWYECTBEHHBIX
COOTHOLICHHIT MCKIY IKCIUTYATaMOHHBIMK OKa3aTeIaMH1 | NapamMeTpamMu Ka-
4eCTBA MOBEPXHOCTHOTO CIIOA BECHMA BaKHA H aKTyailbHa.

[Tpy peierin 3a0a4y ONpeaeseHus B3auMOCBA3M MHTEHCHBHOCTH H3HA-
LIMBAHKS M TApaMeTpPoOB COCTOAHUS TOBEPXHOCTEH TPEHHA HCHONb3YETCA
3aBUCHMOCTb  JUId  pacyera BeJAWHMHBEI  HHTCHCHBHOCTH  M3HAITHBAHWA,
npejnoxetnas Cyciossim AL, [4]:

o 2.57v!72p776 %f—#z)(EnRaWszax)”j
nd(v+ 1) (kop )72 ¥ Es,,
rae Ra — cpefiee apudMCTHIECKOE OTKIOHEHUE NpOopIis, MKM; Rz — Bbl-
cota HeposyocTeil o 10-1u Toukam, MiM; Wz — Cpeanss BeICOTa BOJXHUCTOCTH
Mo JECATH TOYKaM, MKM; H,,., — MaKCHMajbHas BelHuYMHA MAKPOOTKIIOHEHMH
GopMBI TOBEPXHOCTH, MKM; [,, — OTHOCHTENbHAs ONOPHAs JUMHA Npoduist Ha
YPOBHE CPENHEeR JNUHHUM; §,, — CPEAHMIA LIar HepOBHOCTEH, MKM; A - X0a(duiiy-
ENT, YUUTHIBAIOLMIA 3HAK W 3HAYCHUE OCTATOYHBIX HANPAKEHHN; O, - BEIUYMHA
ocTaTounsx Hanpsokeduit, MIIa; & — koa(duuyent ynpouHenus; p — JapicHue,
MITa; # - YHCIIO LMKIOB BO3JEHCTBHA A0 PaspyLUCHUs NOBEPXIOCTHOTO ci1os; £,
/L - MEXaHMYEeCKKe CBOMCTRA MaTepUaia 3aroTOBKH.
Jannas (opMyna NOKa3bIBAET, YTO HU3HOCOCTOMKOCTH JieTaneil Mauiui
XapaKTepPH3yeTCsl KOMILIEKCHBIM COCTOSIHMEM ToBepxHocTeil Tpenns. Hecymias
cnocoGHOCTE MMOBEPXHOCTH AeTanel, UX Koa)OUIHMeHT TpeHHs M MHTEHCUB-

; 3)
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HOCTL M3HADIBAHKS TIPH TPCUKH CKOJIBKCHUS HAPALY C IHEPOXOBATOCTLIO Of-
PEACHAIOTCS MAKPOOTKIOHECHHEM, BOJHHCTOCTHIO U (PH3MKO-MEXaHITYCCKHUMH
ceoHcTBaMU (MHKPOTBEPAOCTH M OCTaTOuHbIe Hanpshkenus). locTikenne TaK
Ha3bLIBACMOH PABHOBECHOH UIEPOXOBATOCTH, 3aBUCALICH TONBLKO OT YCIOBHI
TpChmst, BOZMOXKIO TIOC/IC JAAMTENLHOIO 1polecca paboTel yiga Tperus, Korna
Oyjtyt crabuiM3MpoBaibl BCe NapaMerpbi COCTOSHMS HOBEPXHOCTHOIO IO,
KOHTaKTUPYIOWMX Jetaned.

ITO yKasbiBaeT HAa HEOOXOAMMOCTD BBCHEHUS MOHSTHS pPaBHOBECHOE CO-
CTOSHHUE TTOBEPXHOCTHOIO CJI0S KOHTAKTHPYIOIMMX AeTanel U COOTBETCTBYIO-
weH ei oueHKH. Briepsbie nousTHE M OUCHKA PAaBHOBECHONO COCTOSHMS (10~
BEPXHOCTHOTO ciosi getaneil Obu Jrausl B pabotax D.B. Peokona, A, Cycno-
Ba W Jp.

Paspenms ypasrenne (3) OTHOCHTENBHO NapaMETPOB COCTOSHMS MoBepx-
HOCTHOFO CJI0A, @ TAKKE MPHHKMMads BO BHUMaHWE TpeboBanus no BO3IMOKHOCTH
METPOJIOIIYECKOI0 KOHTPOIH, TEXHONOIMYECKOTO YIPABICHUS M [IPHOPHTET-
HOCTh [1APAMETPOB KAHCCTBA BAMSIOLEIX HA H3HOCOCTOHKOCTD, YUHTLIBAS, 4TO

!,{J'C:WECR‘ (4)
riie Cg — KOMINEKCHBI NApaMeTp, XapakTepu3yromil 3aBUCUMOCTD HH-
TEHCHBHOCTH H3HAMBAHMA ITOBEPXHOCTH OT [1APAMETPOB KAUCCTBA TOBEPXHO-
CTHOI'C CHOS:
i6
Crmms T o Ra i Ro=ha )it (5)
S, Alkoy )*
Ci = KOMILIEKCHBIH napaMeTp, 3aBUCINMIT OT MEXAHHUCCKHUX CBOMCTB
MaTepHaia KOHTaKIMPYIOIICH AeTann;
P,
Nt
e ‘J*_LB_ , 6)
4347(px) "\ 1-u

Taxnm obpazom, npu obecrieyenuu PaBHBIX 3HAYECHHH COCTaBNSIOUIHX
KOMINIeKCHOTO napamerpa Ciy, (0OXMHAKOBBIC CBOACTBA MaTepHanos, OXHHAKO-
Bas CXeMa Harpyxemus, paBHple yCioBus paboThl y3I0B Tperus U T.J1.) JUiA
obecreueHusi paBHOBECHOrO COCTOAHMSA NOBEPXHOCTHOTO CiOS M, KaK cliejcr-
BHE, MAKCHUMAibHOr0 COKPALCHHS 11ICpHoa NPUPAbOTKH HOCTATOYHO BAPEUPO-
BaTh NAPaMCIPAMK KAYeCTRA MOBCPXHOCTHOTO CIOS, BXOMAWMMHI B I1apaMerp

C,rg,

n

=

(' M

Tepyodunastuveckan nodcucmema. 3navyenne TemepaTyps! wis gedop-
MHPOBAHHOTO 37IEMEHTA MOKHO NPEJACTABUTE B BU/IE CYMMBI -
=Ty +Ty + Ty, (7).

riae Ty - neXoJHas TeMIiepaTypa sieMenTa (B HauaibHbIE MOMEHT paBHast
TemMuepaType oKpy’kaioulel cpesst), 7, - cpeanas o6beMHasn TeMriepaTypa aJe-
MEHTa {00y CIIOBICHA TEITONPOBOAHOCTLIO A MaTepuana aetanu), Ty - TeMrepa
TYPHas BCOBILIKA HA NATHE KOMTAKTA. Tp ONMPENesercs U3 ycIoBus, YTo padota
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1o iedopMUpoBaHMIO HTeMeHTa HAMpaBicHa Ha Teruoodpasosarme. Kosuyuect-
BO TernoTh Harpesanus QO =c-m- AT, rae ¢ - yneiasnas TenjioeMKocTs mare-
pUasa JAeTanu; i - Macca sneMenTa.

B pesyiprare NOBbILEHAS TEMIICPATYPhi MPOMCXOANT TEIIOBOC PACUIH-
peuue 3iemenTa. Jlnuna snementa npu otoM [ = [, -(/ + a - AT ), TAC @& — TeMIie-
parypHbiid KO3QGUUHEHT AAUHDBL

CuuTes 3neMenToB JaHHoi TPHOOCHCTEMBL ¢ HCMONb30BAHMEM CUCTEMHO-
ro IOAX0AA TMO3BOIMT CO3aTh MO, aIeKBATHO ONMCHIBAIOLLYIO MPOUECCH,
[IPOMCXOAFIIHE B [1ape CMELIAHHOTO TPCHHMS.

Cnucox sureparypst: 1. OcHoBbl Tpubonornu (M3HOC, TpeHHe, CMa3Ka)
/ Tlon. pen. A.B. Ynuunanse — M.: Mamuxoctpoenue, 2001.- 663 c. 2. PeikoB
9.B. KoHTakTHAas KecTKoCT, Aetanel Mawny, — M.: MamwmHoctpoetine, 1966.-
193c. 3. Cycnon Al Ot TexHonoruueckoro obecneyenus 3KCIyaTaMOmibIX
cBOMCTB K KauectBy Maimmi // Tpenue u usHoc.-1997.-1.18.-N3.-¢c. 311-320. 4.
Cycnor A, TexHonornyeckoe odecrneyeHne NapaMeTpoB COCTOAHHS MOBCPX-
HOCTHOTO citos petaneil. M.: Mammsnoctpoenue, 1987. -208¢. 5. Cycnos AL,
Bpayr 2.1, Butkesny M.A. KavectBo mainus: CnpaBounuk B 2-X TomMax M.:
Mamuunoctpoerue, 1995, 6. TexHoaorndeckue ocHOBbI obecriedenns KauecTsa
manmn./ Ton pen. Konecuuxosa K.C.—- M.: Mamnnocrpoenue, 1990.— 256c¢. 7.
Tpubonorus. PU3MYECKHe OCHOBHI, MEXAHHKA M TEXHHYECKHE IPHUITOMKCHUS:
Yuebuuk mns sysos/ ITox pen. J.I'. I'pomakosckoro; CI'TY. Camapa, 2000. -
268 c. 8. ®ponor K.B. MeTojbl COBEpNICHCTBOBAHMUA MAIIMH M COBPEMEHHBIC

npoduieMpl MalIMHOCTpOeNHs .~ M.: ManmnroctpoeHue, 1984.— 224 c.
Caaso B peaarwno 10.06.03
Pexomenaonano a.1.0., apod. Mpyragy O.

BBIPABHUBAHWE HAI'PY3KHM MEKIY 3VYEbMU 3YBYATHIX
MY®DT

Ionwyenko B.B., Boryeaasexnii B.A. (ilonHTY, 2. Joueyx, Yrpauna)

OcnoBHOE HazHadenHe 3yOouaTex My(T — nepeiaia KpyTsiiero MoMeHTa
B YCIIOBHAX MEPEKOCa BAJIOB, COEHHACMBIX arperatbel Malllnil. B atom chiy4yac
3yObd My(Thi, Nepealole HArpys3Ky, HAXOAA1CH B CIOKHOM M HCPABHOMED-
HOM HanpsKCHHOM COCTOSHMN, CHUMKAKOIMM JOITOBEHITOCTD 3}’658“ u onmop
COGMHsACMBIX BAJIOB, YTO SBIACTCA ONHONM U3 aKTyaubHeHINMX nmpobieM rnpume-
HEHHUS 3y09aThiX My (T.

Llennto paboth seusercs pazpaborka peKOMEH/ALIMH, TPHUMCHEHHE KOTO-
PBIX MO3BONAET CHHKATE MAKCHMaNbBHYIO HATPY3KY Ha 3)-’6[:51)( 3a CHET €€ BbI-
paBHHBatius ¥ NepepacnpeieieHus Mexay 3yOpsimu. OnHuM U3 1yred JI0CTh-
AEHHUA }'KaBaHHOﬁ HEeMd ABAACTCH CO3JaNue ONTHMaAbHBIX KOHC’I‘[))JKlLHﬁ oT-
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HEABHBIX AEMEHTOB MY(DThI U, B EPBYIO OUEPE)ib, U3IMEHEHUEM 101aTIAHBOCTH
NEMEHTOB MY(PTHI.

HMecnenosanue Harpy3o4HbIX W KOMIEHCHPYIOUIMX CBOHCTB 3yGuarsix
Myt [1,2,3,] nossoasier pa3pabathisaTh PEKOMEHAAIMK 110 UX [TPOSKTHPOBA-
HUIO M oueHKe 3 PerTUBHOCTH NPHMEHEHUS B KOHKPETHBIX NPOH3IBOACTBCHHBIX
yenoBuaxX. Xapakrep paclpe/ieieHust Harpy3ku M1y 3yOnsiMH BO MHOTOM 3a-
BHCHT OT HapaMeTpoBs MY(Th ¥ KOHCTPYKTHBHOIO HCHONHEHUS 2AeMEeHTOB.

Jois obecniedenms B 3yGuarom sanennenuun moaymydr Haunboxree Hnaro-
NPUSTHOTO (C TOYKH 3PEHMA HArPYKCHMS ONOP M CHMKEHUS HWHTCHCHBHOCTH
U3HOCA) PAcpe/IeneHsst OKPYIKHOTO YCUILUS, HEODXOAUMO B TIEPBYIO Ouepeh
BLITONHATE MYDThI € YBEAHYCHHBIMI paiuaiibHbiu 3azopamu ( C>>J5), B KOTO-
PBIX LHEHTPUPOBAHKE ODOHMBL M BTYIIKH J0KHO OCYIUECTRAATECA 10 BOKOBHIM
MOBEPXHOCTAM 3yOneB. B stoM cayuae o6paszyiorcsl sABHO BLIPaKEeHHBIE KOH-
TakTHblE 30HbL 3yOLeB, Hepe-
JaloWux Harpysky (puc. T).
PexomengyeMbie 3HaYeHus
painajibHpIX 3a30poB 0 OT-
HOUICHHMIO K BelusMHe 0oKo-
BLIX 3430pOB  JIPUBCIHEHLI B
tabnuue 1. Ha KoHTakTHBIC
308, o0yclnoBIeHNbIC paju-
aTBHBIMYU 3330paMu, HaKnajkl-
BAIOTCSt  KOHTAKTHBIE  3OHBI,
O0YCHOBIICHHLIE  OLIHOKAMHM
no juary  3ybeem, KOTOpEHIE
MMEIOT HIPHMEPHO TaKOH XKE 1OpALOK BeNHUrE (puc. 2).

/ /

i of f
H 1 B T -l S

Puc. 1. Pacnpenenenme Harpysku Ha 3yObsix
My(pTHE B 3aBHCAMOCTH OT YI71a epexkocd co-
e/IMHAEMBIX BAJIOR

Tabauua 1 - PexomentyeMbie 3HAYEHHA PajHAILHBIX 3a30p0s B MydTax
HOPMAJIbHOM TOUHOCTH, MM

Ne PajuaibHbiil 3a30p 110 | BoKoBOI 3a30p max HpH YIe | PekoMeHayesMas neii-
My ['OCT 5006-85 MEPEKOCA BAIOR YHHA PAMAILHOTO 32~
= S SRR D R i S e
M3 0180 0,164 0,217 0250
M32 e 0240 0,195 0,258 | 0,300 i
M35 25 0215 = 0302 0,350 g
M34 | 0245 | 0261 | 0370 o 0400
L N L 0,261 0,370 0400 . - =
M36 0,285 0,287 0,418 0,450 :
L M37 | 0285 | 0330 0482 | 0,500
™38 | 0285 | 0,33 0482 | 0,500 e

LLHH HAOCTHACHHA CHUMMETPHYHOIO pacipelie/IeHia HarPY3KH MEHIY KOH-
TaAKTHBIMH 30HaMH pilGOT&HOU.[H){ 3)(6!»61'5 BOIMOMHBI PpasInyHbIC TYTIH.
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B nepsyio ouepens — 910 BIBOpP ONTHMANL-
HOIO COOTHOILCHMS LIMPHHBI 3yDa BTYJIKHM M pac-
CTOAHUA MEXKAY 3yOUaTLIMU BCHLAMH, KOTOPOE Xa-
paktepusyetcs koapduumentom T, (4]

ro-1o{2)
A

rae B — wmpuna 3yba BTYAKH; A — paccrosiue
MENCLY cepeiMHaMM 3y0HaThIX BEHI[OB.

Koadbunmenr T, xapakrepuzyetr KOHCTpYK-

THBHOE COBepwIeHCTBO 3yOuaToit Mydrel. [Tpu
Puc. 2. Pacnpesenenue [POEKTUPOBAHUM  HEOOXOAHUMO  CTPEMHTLCH K
Harpy3KW  BCACJCTBHC  ymeHbLICHUIO KOYDOHUMeHTa T, YTO NPHBOAUT K
ounboK 1ara CUMMETPHYHCMY PacCHpelCIeHHIO HAIPY3KH METY

30HaMH paboralouux 3yGnes.

IIpy HasHaveHHy yKazaHHbIX 11aPAMETPOB NPUXOAMTCS MPMHUMATH KOM-
[POMHCCHOE PELIEHUE, TTIOCKONBKY, ¢ OJHOH CTOPOHBI YBEAWYEHUE PACCTOAHUS
MExIy 3ybarhiMu BEHUAMH BTYNOK NPHBOJMT K YBEIHYCHHIO rabaputos myd-
TBI, ¢ APYrOA CTOPOHBI — NPH 3TOM BO3pacTaeT KOMNEHCHPYIOLIAA CriocoOHOCTD.

Jpyroit nyTh, Benyuuil K BHIPARHMBAHMIO HATPYIKH MEKIY KOHTAKTHDI-
MM 30HaMM, 3aKIIOHACTCS B YBEJHYCHUH MOAATIMBOCTH 060iiMBI Kak HanGonee
XKECTKOTO anemenTa My TeL[5].

IMosbiuenne nopatnuBocTd 0608 0GOKMBE PUBOAUT K YBEIHUEHHIO 30-
HBl HAarpyxeHHbIX 3yObeB M DoNee paBHOMEPHOMY paclpeleneHuio Harpyski
MEXY HUMH. D10, B CBOIO 0Uepe/ih, IPHBOIAUT K YMEHBIUEHHIO PE3YILTHPYIO-
[MX CHJl Ha onopax MyQTel. JInsa xoxHyecTBEHHOM OUCHKH 3TOro (haxTopa npo-
BeJIeHb] TEOPETHYCCKHE U IKCIIEPUMEHTAILHBIC HCCAC/IOBaHMA.

bynem cunrars, YTO YCHIMS HA OHOPAX HPOIOPUMOHANBIBE TIPHBE/ICHHOMI
KecTkocT MydToi Cyp,, KOTOpAsA 3aBHCHT OT JKECTKOCTH cobCTBeHHO 3y0Ohen O, 1
obona oboiimer C,5

s e i (2)

HecrkoeTe 3yGher ¢ npsmoiuneliHod obpasyioureit C; MomeT OBITL
NPHHATA paBHo# [6]
i, (3)
30
rae E — monynb yrpyrocti marepuana 060iimsi.
HecrkoeTh 060na 00OHMBI, TPEACTABIEHHON B BHE YNPYrOro TOHKO-
CTEHHOTO KOJIbIA MOKET ObIThH IPUNATA PABHON

kg
T (4)
p kg A
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FAC p - PAINYC HEHTPAIBHOW OKPYIKHOCTH 06013 000HMbBL; J - MOMEHT HHEPUUH
g3

i2

Konbua; &, - kooduument aeopmanun oboaa; 4 — korpduumenr, YUMThI-
BAIOUIHI  COCTABAMIOUIHE HOPMANLHOTO YCHAMS Ha 3yOpsax mydTsr;, Ay -
KOIQOULHEHT, YUUTHIBAIOLIMEA XAPAKTep PACHIpPE/Ieenus HAIPY3Ky B [Ipeieiax
301bl HATPYIKEHHUSL.

Kooprument kg 3aBucuT 0T Tonmmme 0604a 060MBI: ¢ yMEHBLICHIEM
H on ByseT yMEHBINATECS, TAK KAK 30HA HAIPY/KCHHLIX 3y0uer Gyaer yBennun-
BaTBCSL.

Cornacuo (2), (3), (4) oTHomeHHe Yeuanii Ha OHOpax npu KECTKOM U 110-
harimeom 0boje 06oiMbl K Gynet paso

Reeer G _,. G, Ay [f_\!j
R, Cnp Cis 3z \H/
T)KCHE!)HMCI'ITUM YCTAHORMIEHO, YTO TONIIMHA 060;’1;\151 OKa3LIBACT 3amMeT-
HOC BIUAHKE Ha pacnpeneneH s Harpy3Ku MKy 3yObaMu Il pH

HONEPEYHOro CeveHus Konsua, J = ;B — mmpuna Konbita, H — Tonuminua

(5)

3
[fJ ~0.05%10° wnn P ~0.0275 (6)
H yel

rae h= H + [.25m.
2

[looTomy, Beipaxas Tosmuuny obona H B J0NSX MONYIS 3allCTUICHUs hi
NOJYYHM, 4T0 IPK A =(0.6m B pacyerax HArpy3Ku Ha 3yGbax My(DTHl i peakuuii
Ha OLOPaxX MOXKHO HE YYHTLIBATH MOBBILEHHYIO TOAATIHBOCTL 00012 000HMBI.
CrienoBatebHO, €ciy CHelManbHLIM PacYeToM MOKa3zaHo ofecrnevenue poy-
Hocti 06ofa oboiMbL, To L GoMee PABHOMEPHOTO Paclpe;(C/IeHMs Harpy3Kn
Ha 3y0bSX MY(TBI ¥ CHWKEHMS peakuil Ha onopax, TOTMHHA 060xa 060HMEl
NOJKHA BLIOHpATRCS U3 yenonust h< 0,6 m.

HoBslinennas xKecTkocTh 3y0beB My TH IPUBOAMT K PE3KOM KOHLECHTpA-
LMK HAPY3KW [IPK Tepexoce oced MyQrnl, YTO ckasbiBaeTes KAk Ha KOUTAKT-
HOH TPOMHOCTH, TaK M Ha XapakTepe PaclpejeNeHus OKPY)KHOTO YCHIMS, a,
CHICAOBATENRHO, HA HATPYXEUHH ONOP H YBCAMYCHHN HHTSHCHBHOCTH W3HAIIH-
pams. C Apyroi CToporbl, HaIMYMe GONBIIUN HeyPABHOBEIIEHHBIX MacC HpU-
BOJUT K YBCIHYCHHIO IHHAMUYECKHMX HATPY3OK HA OIOPAX BAJLOB, TAK KaK YBe-
JHYCHHE SKCCTKOCTH 0DONMbLI B MEPBYIO ouepeh JOCTHTACTCS YBCIMICHHEM ee
Beca.

CilepiosatensHo, BHNOTHHE 000#My §o71ee MOAATHMBOR MOYKHO AOGHTHCSH
YMEHBLIICHHA HKECTKOCTH 3yObes, 9ro OMaronpHaTHO CKaXKercs Ha pachpeneine-
HHW HArpy3Ku H TPUBEJICT K YMEHBLUCHUIO BPAIAIOLINXCS HEYPABHOBEIIEHHBIX
MACC M CHIKEHHMIO HAIPY3KH Ha OIOPbl COEIHHACMBIX BalOB.

W B 91OM ciyuae nipy BLIOOPE TONIUMHB 000HMBI TPUXOAUTCS MPUHUMATH
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KOMIMPOMHCCHOE pelileHue, NOCKONbKY € OJTHOW CTOPOHBI YMEHBIUEHHE TOJILIH-
Hbl 060iiMBI CIHOCOOCTBYET YMCHBILEHMIO Harpy3xku Ha 3yObsx u onopax, a, ¢
JPYTOi CTOPOHbI, HPUBOAUT K YMEHRIIEHNIO JONFOBEYHOCTH 000HMSBI 1O yCTa-
noctnoil npounoctH. [osromy BuGOp panuonancHoll ToAUIMILL 060HMBI BO3-
MOYKEH Ha OCHOBE aHann3a 000uX crnabbix 3BeHbEB MY(THl H3 YCIOBHS HX pas-
HOMPOUHOCTH.

[TosbiuicHHAN JKeCTKOCTH 000MBE 00ycnaBiiMBaeT elie OiHH He(0CTATOK
3yBuaThX MydyT — HEPALMOHAJILHOE HCONB3IOBAHNE MaTEpUAIa.

B cBA3K C 2TUM ABSETCH LE1ecoobpasHbiM CO3/1aBaTh TAKKe KOHCTPYK-
nuK 3ybuathix My(T, B KoTOpeiX 3yOuaras ofofima, uMes NOBBIIICHHYIO
NOJATIMBOCTL, OJIHOBpeMeHHO ofecnieyuBana Obl CHWIKCHMEC JIMHAMHYCCKHX
HArpy30K Ha oropax.

Ecnu no xakum MO0 coOOpakeHMAM HE IIPEICTABIAETCA BO3MONKHBIM
BLIPABHUBAHKE HATPY3KM MEXKIY 3yObSMHU, PACCMOTPEHHBIMY BitIe criocobamu,
TO HEODXOMUMO BOCTIONBIOBATHCH HIMEHCHHEM KECTKOCTH 0060/1a BTYIKH.

Bryiaxu 3y6uathix My(T 00BIUHO BBIMONHSIOT B BUJE JMCKA CO CTYNUUEH
M MMEIOT OJMHAKOBYK) JKECTKOCTh HA HAPYXHOM M BHYTPEHHEM Topuax (no
OTHOIIEHWIO K mosocth mydrtsl). Yuursmas ToT akT, 410 HAarpyska co
CTOPOHBI IBYX TOPLIOB IIPH CMEIUCHHHM BAJOB PAcnpejeNfercs HepaBHOMEPHO
(0BLI4HO CO CTOPOHBI BHYTPEHHEIO TOPIA OHA GOJbILC), TO S BHIPABHHBANNSA
HATPY3KH He00X0AKMO BHELIHKI TOpEl] BTYIKH BLIMONASTH Bonee noatiuBbim,
yeM BHYTPEHHMil. DT0 UpHBEIET K VBENMYCHMIO Yucaa 3yObeB Nepeiaiolinx
HArpy3Ky.

Taike BBIPABHUBAHUIO HArpy3ku crocoberByer cundaznocis cOOpru
3yGuaroro saeruieHust nonymydpr. Tak Kak My Thl, BBITIOJIHEHHbIE C Yy BEIMYCH-
HBIMH PAfMATBHEIMEA 3330paMy MEHee UYBCTBUTENbHBL K HOIPEUTHOCTAM H3r0-
TOBJIEHMS, HEOOXOMMMO CTPEMHUTBCH Hapesarh 3y0Oba 000HMBI M BTYNKH Ha OJI-
HOM M TOM e CTAHKE M TeM Ke HHCTPYMEHTOM ¢ MOCTeAYIOmeH MapKUPOBKOH
My,

DhPeKTHBEBIM B OTHOWEHMH PACTIPEACHEHUA HAIPY3KH ABASCTCA BTYIKA
¢ KpuBOIHHEHOH 06pazyroulelt 3yba, Tak Kak B 3TOM Cliydae MATHO KOHTaKTa
lepeMeNiaeTcs K cepeuue 3y6uaToro BeHia 1 TeM caMbiM criocobetsyer Gonee
CHUMMETPHYHOMY PACTIPEACTEHHIO HAPY3KH MEXAY 3YObsIMH.

Cueptyer OTMETHTE, NTO [pellaracMpie HYTH BbipaBHMBAHWA Harpys3Ku
MEX Y 3YObSMH XOTA M NMPUBOAAT K MOSOMKHTEABHBIM PE3yNbTaTaM, 01HaKo He
MOAHOCTRIO YCTPAHAIOT CHI0BOE Bo3aeiicTeue MydT Ha onopsl Banos. [oatomy
NPeNCTaBAALTCH 1LeNeco00pa3HpIM  JiailbHelHIee COBEPIICHCTBOBAHKE KOMHCT-
pyKuuit 3y6uateix Mydr ¢ Hensio donee 3hHEKTHBHOTO UX UCTIOIB30BAHNA.

Cuncok aurepatypsi: 1. Aiipancros D. JI., Mupxamkanos JI.b. 3y6ya-

Thie coeanHuTenbrbie MydTsl. -M.: Hayxa, 1991.- 250 c. 2. Mupwxaxanos J1.b.
KoHCTPYKTHBHBIE METO/Ibl BbIPABHIHBAHHUS 3a30POB M CKOPOCTEH CKOMIb/KEHUA Ha
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BOKOBBIX 110BEPXHOCTIX 3y6ben 3yGuaThix Mydr. - Becrn. Mawumnocrpoeuus.
1986, Ne®, C. 15-18. 3. A.H. Muxaiinos, A.B. Jlyxuues. PazpaGorka paumo-
HAILHON reoMeTpuy 3yGhes 3yGuarhix Mydr, obecneuunsaroux YBEIMYUCHHH HX
cpoka cnyx0bt./ Second international congress. Mechanical engineering tech-
nologie 99.Sepunber 16-18. 1999. Sofia, Bulgaria. 4. [lonsuenko B.B., Muxaii-
noB AH. M3znoc B 3y6uatsix mydrax.// llporpeccustivic TeXHOROTMH W CHCTEMb
MALUMHOCTPOCHHMA: €6. HayuHbIX TpyaoB. — Honeuk: Joul'TY,1997. B4 —
¢.131-135. 5. Tloapuenko B.B., Conoseii A.B. Pacupenenenus narpysku memc-
Ay 3yObaMH 3y6uatoit MypTul.//IIporpeccHBHbIE TEXHOMOIHH U CHCTEMBbI Mall-
HocTpoetus: MexayHapoaHsli ¢d. payuHbix Tpy08. — Jonenk: HorlTY,1998,
Beim.5 —¢.177-181. 6.Ajipaneros .1, enkun M., Kocapes Q.M. Pacuerio-
JKCHCPHMCHTAILHBIC HCCICNOBAHNS HAPY3OUHBIX XaPaKTEPHCTHK 3yGUATHIX
MyQT.//CrarnKa u AMHAMMKA MEXAHM3MOB ¢ 3ybuateiMu nepesiavuamu. M.: Hay-
Ka. 1974.

Crane 8 peaakuwo 9.06.03
Pexomennosano v, npodi, Muxaiinos AL

BIAUSIHUE TEPMOOGPABOTKY HA CBOI:!C:TBA PABOYEI'O
CAOA BBICOKOXPOMUCTBIX JIBYXCIOMHBIX BAJKOB

Honosa EX. (HAKY (XAH), 2. Xapexos, Vrpauna)

In article influence of parameters of heat treatment on properties two-laver roll-
ing with a working layer from high-chromium pi g-iron is considered.

TepmooGpaboTka ~ BaKHBIA Tan TEXHONOIMH WIFOTORICHUS NPOKATHEIX
BAJIKOB ¢ PadOYMM CJI0EM U3 BBHICOKOXPOMHCTORO qyrysa. B rexnonoruyeckom
UAKIIE TepMOOBPabOTKY HCHONBIVIOT B KAYECTBE OKOHYATETBHOT onepanMy s
NPUAAHUS OTIIMEBKE TPebyeMbIX ¢BOHCTES.

TepmoodpaboTka Takux MacCHBHRIX OTIHBOK, KaK NMPOKaTHBIC BAJIKH, AR
CTCH caoKHoM 3anayei. C oanoii croponst — n3-3a PasJiMyusa B CEUCHRM [UEEK U
Goukn. C Apyroii cropoiis, BBICOKOXPOMHCTBIC CIINIABHI TIOABEPIKCHB] (HAZOBBIM
OPCBPALICHIIM B TBEPJIOM COCTOAHUY, YTO 00YCIaBIAMBAET UX OBEIEHHE npu
TOBBIIICHHBIX H BLICOKHX Temitepatypax. KpoMe toro, Tepmnyeckue HanpsKe-
HUS, BOSHHKAIOUHE 1P OLICTPOM MIH HEPABHOMEPHOM Harpene, cyMMHpPYysIch ¢
AOBOMBHO  BLICOKMMY  OCTATOMHAIMM HANPHKCHHAMU 1OCTE JHTBS, CO3NAIOT
ONACHOCTh BOZHMKIHOBEHHS TPEILMH.

B oteuectennoil u sapyGesxnoii JIMTEPATYpe MPAaKTHYECKH OTCYTCTBYET
MHGOOPMALMA O TapaMeTpax TepMooBpaboTKH, OBeCTeUrBaIOIIK HoCTH)Eenue
HEOOX0AUMOro KOMILICKCA IRCHAYTaUUONHLIX cBolicts. Her cecnennii o tem-
neparypax repmMoodpaboTok, POIOIKITEBHOCTH BhIACPKEK, D(PNPEeKTHBHBIX
CKOPOCTAX HarpeBa M OXIaMIEHHS MACCHBHBIX OTIMBOK 10 — [ 2+ HMudopmari-
OHHBIC MaTCPHaJibl, KaK NPaBH/O, OrPAHMIHBAIOTCS YKA3AHUAMM MO MCIIONb30-
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BAHHIO OAHO — WIIN JIBYXCTYIICHYATBIX TEPMOoGpaboTok.

OCHOBHBLIMH NOKA3ATCIAMHU BLICOKOTO KAUECTBa BHICOKOXPOMUCTOrO BaaKa
nocie TepMoobPaboTKM ABIACTEH COYETAHUE BBICOKON H3HOCOCTOWKOCTH H
upounocti. [Ipobnema nossileHns kadecTBa pabouero cilos MOXKET pPellaThes
KaK ONTUMH3ALMENH XHMHYCCKOIO COCTaBa ClilaBa, TAK M TCXHONOMHYECKHMH
NYTAMM: Bapbupys yciosus Gopmuposanis pabouerc cnos u pescums! mociie~
ayiomeit TepmoobpaboTiu. Kak u3BecTHO U3 IMTEPATYPHBIX MCTOUHHMKOB [ 1,2] 1
noKazaay Hamm uccaenonarund[3], npu tepmoodpaborke xapbuanaa dasa cy-
HIECTBEHHBIX H3MEHeHHi He mpetepriesaer. Poab TepMoobpaboTku B MOBLINIEC-
HUE CBOHCTB OFPaHWMYKMBACTCH TONLKC (DA30BBLIMH MPEBPAIUEHHAMH B METaLIH-
YECKOH OCHOBE M CHATHECM HANPsuKeHHH.

[lpu naGopaToproM MOIENTUPOBAHUU PEHMUMOB TEPMOOBPabOTKH HCCiIe0-
BaHUMs TPOBOAMIIY Ha oOpa3zuax, oTOOpaHHbIX OT HHKHKX Konel Gouex, cojep-
xawmx 2,56 — 2,8% C n 14,0 — 18,8% Cr. Jlons xapOuuHoi (a3sl B CTPYKTYpe
e npepbunana 28%. [lpu uccnefoBauuy BIMSHES XMMUYECKOTO cocTana (KO-
sdduumnent K= Cr/C), Tosuumibl CIO8 TEMTOH30MLLHMOHHOIO IOKPHITHA GOPMBI
U TEMIEpaTypbl TepMOOOPabOTKI Ha YPOBEHb TBEPAOCTY NO rnydune pabouero
/108 NpUMEHsH GaKTOpHOe nnanupoBanye ¢ usmenenueM (hakropos X; (hy),
x%:(K) 1 x; (Ty0) Ha ABYX ypoBHsAX. MoJsiess 3KCnepuMeHTa NPEACTaBIeHa B BU-

N
- JIe THHEHHOTO YpaBHCHHS pErpeccuu HS= b0+ Zb{-xr-.YPOBHM cba!c"ropoa npH-

i=1
BefeHs! B Ta61.]1. TemriepatypHslii uTEpBal BHIOPAH C Y4ETOM TOTO, YTO TEM-
reparypa 1o 450°C cootsetcTByer 061acTH ynpyrux, a remuepatypa 500 °C u

~ BBlIIE — 0ONACTH UIACTHYECKHUX fedopManuit.

Tabuuua 1 ; _
VCNORHA MNaHMPORAHNA ¥ (g} | ¥5(K) (’I Tio> C]
| Ocnonnoiiyporens | 445 | 602 | 375
Hurepran sapsuposaiiig ?.,3_§__ b Juld e 0 175 431
[ Bepxuuii yposens S0 | T,Qi-_ r__SS(} e
Huaniyposews | 19 | 50 | 200 |
HUﬂy‘{CHLI CHEOYIOIIHE KOPP@JIS{L{HOHHBIE FABHCHUMOCTH!
HS;.,,=65,3-1,1 X +3,4X,5-1,6X; (1}
HS 10:20u,=64,8+3,4X5-1,6X; (2)
HS2500,=64,6+3,4X,-1,6X5 (3)

Jucriepcuy ypaBueHnit optopoatsl. Jluciepens BOCIPOHIBOAHMOCTH MO-
nenedt Siy=0,71. Moaenu npoBepeHbl Ha afeKBaTHOCTh. JIOBEPUTCBHBIA HH-
tepsan Ab=+0,58. Koaddunsenrsi by B ypasHenusx (2) u (3) HeanauuMbl.

Cpenuee 31adenue TBEPAOCTH MO riiyOHHE paboyero Cios H3MEHAETCH He-
3HayuTenbHo. Haubosiee cylnecTBeHHOE BAMAHWE HA YPOBEHbH TBEPUOCTH KK
J0, TAK M rocne TepMooOpaboTKH OKasbiBaeT XMMUUYECKHMH COCTaR Cruasa.
BiusnHue TONILMKELI CAOS TEMIOM30NAUMOHHOIO MOKPLITHA flociie TepMoobpa-
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GoTrM coxpanseTes anbL Ha rayBHHe 10 SMM. B nuTOM e COCTOSIHH T TOMI-
Ha CJIOS TIOKPBITHA OKA3BIBACT BAMAHHUE HA YPOBEHL TBEPAOCTH A0 ravBunn 25
MM, Poap Temnieparypbl Tepmoobpaboricn MPOABIACTCH OAMHAKOBO 1O BCEi
rayOune pabouero cros.

Ilpu BeiBope pexnma repmoobpaBoTkH HeobxoanMo YYHTLIBATH MCXO/I-
HYIO CIPYKTYPY BRICOKOXPOMUCTOTO ciuiaga. OcoBeHHOCTH AHTOrO COCTOSHUA
BHOCAT PR BXKHBIX M3MCHEHMH B KMHETHKY U MEXaHU3M (Ja30BbIX npespatne-
HUH, a, CIIe/loBATENLHO, U B NPOLIECT (opmuporanus cpoiicts oTIHBOK npu Mx
Tepyoobpabotke. Cpenu npoueccos, npotekatonmmx upu repmoodpaborke, Be-
AYUIas pojib NPUHAAACKHAT (PA30BBIM MIPEBPAMEHHSM B METALIHUCCKO It MatTpH-
HE M CHATHIO Haupstkenmii. Mamenesnue cootHowenus CTPYKTYPHBIN COCTAB-
JBHOLUAX MATPHULbI OTPAXAETCH HA YPOBHE TBEPAOCTH.

Hannpie 00 yposue TBepoctd U KO3PIMUTUBHON CUHIIBL 0DPasUoR OT onbit-
HBIX BaJIKOB, OTOOPAHHEIX OT HIDKHHX KOJIel, GOYEK B THTOM COCTOSHMI U TOC/Te
PazIRIHOI TepMOoOPaloTKY NipHBENens B Tabn.2- 4.

Tabnuua 2 - Bausnue TepMOOOPABOTKM HA YPOBEHDL TBEPAOCTH BBICOKO-
XPOMHUCTOTO HyryHa ¢ pasiuHHbIM XHMHYCCKHM COCTABOM

Temrrepatypa Tepamo- Cpemvee suavenue reepaoctn, HS
opatorin BT I S NGEB =5 e 6<K<7
AMTOC COCTOAHMC 62 66 o i ]
200°C 60,5 " e : 68.5 =
o 850650 " R g 63,5 : 68
500°C 60 | 63 ' 67.3
600°C 60 62 o iy B
700 - 750 B0 60 , 60

Tabnuua 3 - Biusigue tepMoofpaboTkn Ha YPOBEHDL KOIPUUTHBHOR CHIlhI
iEM(_:_(_)EgXPUM HC".F@]'O L¥YI'VHa ¢ pﬁiTI?l'-leIM XH MI_'_I}I(.:CKH!'_\‘_'T. COCTQBOM

| Tevmcparypatepuo- | Cpeange snaucuie kospusTuptoh cwne |
obpaiiorku _4sK<5 | S<K<h ] 6<K=<7

_auroecoctoamme | 309 R T R e Y

. —2MC - AT sy < A R T

l.. __A450-475C | 29.0 332 T

L S00°C IO T TR RN

- 600°C 30,9 T

‘_ 700 - 750°C 28,0 ' 28.0 i

Tabinua 4 - Cpeanee m3nenenue TBEPAOCTH H KO3PUHTUBHOHN CHIBI TOC/E
a3JIH1HOH Tepmoobpabdorku
Pasiuiol TepMoobpadoTky

! Tc.\mcpa'rypﬂ Tep- Cpennee m;ﬂ;;;ﬂa_e 'féé@m‘ﬁ,“_/o i Cpennee HIMCHEHHE ;o-)puu'mmloﬁ

i aBo DB N O s EHaLl, 7o e

|5 soctpanotun 4sK<s_ | 5K<6 [ G<K<7 | 4sK<s | s<K<6 | G<K<7
L_._ 200°C 2.4 30§ 35 3,9 BET oS
| 450-4757C "] 3 3.7 sl Gl 1 103 f - 12.0¢

! 500°C 32 4.5 49 6,1 ' 16.4

ERROERC T S IETT 6l S99 e 23,8
i 700-750'C | 32 91 155 9.3 37,2




Tepmuteckas obpaborka ciasos, 00JaAAIOWNX NEPAUTHOR CTPYKTYPOil
MatpuLipl (4SK<5), CBOAMTCS TONBKO K CHATHIO JIMTEHHBIX HANPSKEHUH, npu
ITOM TBEPHOCTh CHH¥KAETCA B cpejnem Ha 2-3%, a KOIpHUTHBHAS cuila Ha 4—
6%.

bosiee CnoxHBIM OKaspIBaeTCA CTPYKTYPHOE [IPEBPAILEHUC MPU OTHKHIE
CIIIABOB CO CMELUAHHOM CTPYKTYPO# MATPULbLI (HEPAUT, MAPTEHCUT M OCTATOY-
HbIH aycrenut) - K=5-7. Oukur B unrepsane Temnepatyp 400 - 475°C crioco6-
CTBYET [IONHOMY CHATHIO OCTATOUHBIX JAATCHHBIX HAMPAKEHHIA.

TepmoobpaGotka npu Temmeparype 475°C no manneiv [4] s BbICOKO-
XPOMHCTBIX YYTYHOB JO/DKHA ODECIeHTH MAaKCUMANbHbIH [IPUPOCT TBEPAOCTH.
OjHaKo, Kak MoKasanM UCCiesoBatus, T0 He nojpreepxlaeres. TeeprocTs no-
ciie TaKko TCE)M()OGpaGOT KK 1He H3MEHHJIACh 110 CpaBHEHHIO ¢ TepmoobpaboTkoi
npu 400-450"C

Tak kax Temneparypa BBAEPKKM HAXOAUTCA B HENOCPEACTREHNHOM Giam30-
CTH C TeMHAEPaTYpPHBIM MHTEPBAIOM MEPIHTHOIO NpeBpalieHus, TepMoobpaboT-
Ka [pY TAKHX TEMIEPaTypax M BRIIE MOXKET LPUBECTH K 3HAYUTENLHOMY CHH-
Kermio TBeproctu. Tak, mocie omkura npu temneparype 600°C TBepaocTs
CHHKaercst B cpennem ;s K=5-6 na 6,1%, a qna K=6 —7 na 9,9%. Moxuo 3a-
METHTh, YT0 Moclie TepMooOpaboTky TaKUX CIUIABOB B WHTEPBAJE TEMIIEPATYD
500 — 600°C B cTpyKTYpe CTTaBa OCTAETCS OTHOCHTEABHO GOMBILOE KOMMYECTBO
OCTATOHHOTO aYCTeHHTA.

ITocne BBIcOKOTEMNEpaTypHOI Tepmoobpadorku npu 700-750°C npowc-
XOAMT BHIPaBHUBAHME 3HAUCHMH TRepaccTH A0 60-62HS u KO3pUMTHBEHOH CHIIBI
[0 MUHHMaiibHOTO 3HaveHus H.=28-30 He3zapHuCHMO OT MCXOHOI'O BO BCEM MH-
Teppane 3HaYeHus K.

B npotiecce BaiaepkKK npH temmepatype 700 — 750°C HPOMCXOJIUT Hau-
Doslee MONHBIA paciaji MapTEHCHTA B OCTATOUHOrO ayCTCHHUTA, a Takxke obecre-
HHBAETCs [OJIHAA pejaKcalys, Kak MHTeHHBIX, Tak U (az0BbIX HAIPSKEHHH B
crtage. OnHaKo, NPy TeMOeparype TepMoobpaborky Gonee 600°C u mauTesh-
HOH BBLICP)KKE BEJIHKa OMAcHOCTh Ae)OPManKM LIEeK BANKOB M rpaduTH3aIMN
HICEK U CCPALIEBHHBL.

M3BecTHO, 4TO LUKIARYCCKUE TePMOOOPaboTKH Golce CYIeCTBEHHO U3Me-
HAIOT CTPYKTYPY U YPOBEHb CBOHCTE CIJIABOB, CHIOCOGCTBYS CyOCTPYKTYPHOMY
YIPOUHEHHIO, MOBBLIILIEHMIO NPOUHOCTH K TBepaocTH {1]. B cBA3m ¢ »tuM nccie-
HOBA/IM BIMAHME IBOHIOIO OTKMIA nipu TeMucpatypax 450, 475 u SOOUC Ha
YPOBEHSB TBepAOCTH. JlaHHbie 0D YPOBHE TBEPAOCTH TIPUBE/ICHSL B Tad.5,

[nknueckue TepMooOpaloTkn B uHTepBane temmeparyp 450 — 500°C
CrocoBCTBYIOT CO3AAHMIO B0UHON CTPYKTYPSI 3a CHET MArHHTOCTPUKIIMOHHOIO
adhexTta, 4TO TPUBOUT K HEKOTOPOMY MOBLIIEHUIO TBEPAOCTH O CPABHEHUIO
C OIHOCTYIICHYATBIMU TEPMOODPabOTKAMHU.

[peumyiiecTomM TepMo0oGpaboTKy, BIINOHAIOLIEH ABYXCTYIIEHYaThIH Ha-
TPeR, SIBJISICTCS BOIMOXHOCTh MCITONB20BAHUS HU3KOTEMITEPATYPHOTO 0BOpY0-
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BAHIA H COKPAILCHUA BPEMEHH Ha TePMOOOPadoTKY.

TaGnuua 5 - Bransuue AByXcrynenyarol repmMootpaborkn na yposeHs
TBEPOCTH BRICOKOXPOMUCTOTO HYryHa ¢ PABTUUHBIM XHMHYECKHM COCTABOM
i Teameparypa tepmo- l

Cpeanee suauenne toeproctn, 1S

iy N (NP 7 i R P o GBS ST
' 66 71
L“ 65 ) 70
z 65 70

: Moo B o Sheie i GO

Taxum obpaszom, nauGonee CYUICCTBEHHO® BIMAHME HA TBCPAOCTH padoye-
TO CAOst fociie TepMOOOPabOTKH OKAZBIBACT XUMUUCCKUIT COCTAR. Tak, npu uz-
meunenitn K or 5,0 10 7,04 1Beppocrs BO3pacraer ~ na 7HS. Bausane tonup-
HBL COS TETUIOU30AAUHOHHOTO MOKPBLITHS HOPMbI COXPAHAETCH JIKILE HA Iiy-
Ome jio Smm.

Hsyxcrynenyaras repmMooGpaboria npu Temueparypax 450 u 500°C cro-
COOCTBYCT MOBBILIEHUIO TBEPIOCTH BO BCEM uurepsane suavdenyit K. g pan-
KOB ¢ K<5, B CTpyKTYpe KOTOpBIX OTCYTCTBYCT OCTATOUHBIH aycTenur, naubo-
JICC OMITHMAGIBHLIM SIBIISICTCH JBOMHON OTKHT npu remuepatype 450°C. Taxoit
PeXIM TepMoobpaboTky cnocobersyer Hanboiee HOJEHOMY CHATHI) OCTATOM-
HLIX Hampsprennit. Jing saikos ¢ oTHowengesm CriC=5-7 LenecoodpazHo He-
[IOJTB30BATE JABYXCTYIIEHYATYIO TEPMOOOPabOTKY Nipn Temnepatype S00°C,

Craneox aurepatyper: 1. Cxobio T.C., Boponuor H.M., Pymox C.H.,
Bynarvsnu HA., Bopowuna B.A. Ipokaribie pangy us BBICOKOYTNIEPOHMCTHLX
CIUIaBoB., -~ M.: Merannyprus, 1994, — 336¢. 2. Gobpo IO.I". Jleruposanusie qy-
TYHBL — M.: Mertannyprus, 1976. — 288c. 3. Yarmunexnit AB., Tumodees T1.B.,
Howora E.I'. ®asoskii coctan BEICOKOXPOMHCTOIO ClItasa B TUTOM ¥ TepMo06-
paborannom cocrosuun // IoBbimenne HageKHocTH BOCCTANABIMBASMBIX AeTa-
neit manan: C6. maywn. Tpysos. — 1999, — C.62 - 63. 4. ["epek A., Baiixa J1. Jle-
THPOBAHHbBIE YYIYH ~ KOHCTPYKITHOHHBII Marepuai. — M.: Merannyprus, 1978.
~ 208c.

Cnauno B peiakino 7.05.03
Pexomesiiosamo ar.a., apod. Muxaitzos ALH.

TEPMOHAIPSIKEHHOE COCTOSIHUE AJIMHHOT O HUJUEIPA B
YCIOBUSIX IPOTUBOTOYHOr O PAJHATIMOHHOT O HATPEBA

Hocronpnuk ¥O.C., Orypuos A.IL., 3nnvenxo HO.H.
ATy, - Hrenpoosepoicunck, Vipauna)

In job the analytical decision of a task thermal elasticity of the cylinder in condi-
tions ai counter opposite exchange of radiating heating for the first time is
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stated.

Bregenne. B Meranayprudeckoil U MailMHOCTPOWTEbHON IPOMBbILLL-
NEHHOCTH UTS HAIpeBa MeTansa nox obpabotky AasfeHueM (POKATKY, WTAM-
HOBKY, KOBKY) WHPOKOE IIPHMEHEHHE HAXOINT NeUH HENPEphIBHOrO Aeicraus
(IpoXomitbie, KOMBUEBbIC | AP.), 8 KOTOPBIX HPOAYKTHI CrOPAHMS TOILIMBA 1 Ha-
rpeBaeMbLI METalUt ABHKYTCS HABCTpeuy ApYr Apyry. OrauuuTensRoil 0cobeH-
HOCTLIO HpoTHBOTOYHOrO Harpesa (ITTH) aBasercs nagnuue Tax 3BAHON METOo-
JIHYECKON 30Hb], B KOTOPOM METAI XOMOAHOIO HOCAAa IOJUIAETCA HavallbHOMY
HArPEBY YXOAALIMMH HH3KOTEMIEPATYPHBIMU razamu ¢ MOCTEICHHO BO3pAc-
TAfoLIeH TeMueparypoi Mo Mepe HPOIBHKEHHS 3ar0TOBOK. OpHKM M3 THAaBHBIX
ONOKUTENBHBIX KAHECTB TAKOTO Pe)kMMa Harpesa sBIseTcs odecreneHue mo-
BONTBHO HH3KOTO YPOBHS TEMIIEPATYPHBIX HANPSOKCHMI B MHTEpBAIC TCMIICpa-
Typ 300...800 K, xorga meran elie HaxOAuTCs B YIPYroM COCTOAHNH. Do aa-
eT BOZMOXHOCTH 3HAUWTENLHO MOBBICHTL TEMMNEPATYPY Taza B MOCHCIYFOLIMX
(CBAPOUHBIX ¥ TOMHUILHBIX) 30HAX M 3THM CaMbM obecneddTh CKOPOCTHOW Ha-
rpes Metaia 6e3 CHUKeHUs ero KadecTsa.

Cocrostume ponpoca. Takum 06pasom, NPOTUBOTOUHBI HAI'PEB ABIACTCA
OJLHUM M3 [IPOTPECCHBHBIX METOJOB TerIoBoM obpaboTku meraia. Ho HasHa-
YeHuto ontuMasbibix pexuMoB [TTH 10mgnbr npeiecBoBaTh ONpe/ie/CHHbIC
HCCITE/IOBAHMS K PAcyeThl, OCHOBAHHbIC HA PEILEHMAX COOTBETCTBYIOUINX 3aa
TePMOMEXAHHKH (TENI0NPOBOAHOCTH H TEPMOYIPYrOCTH).

Terno, HOCTYIAlONIee K MeTaly B HarpeBaTCibHOM Metn, 00yCIOBICHO
MPEUMYIIECTBEHHO TETUIOBBIM M3JyHCHUCM, YMOBICTBOPAIOLIMM U3BECCTHOMY
HenuHelinomy sakony Crepana-boasnvana. [Tosromy COOTBETCTBYIOMA Kpae-
Bast 3ajava reruronposoocti (K3T) CranoBUTCs CYMECTBCHHO HETMHEHRON 1
MOXKET OBITh pelieHa AWML HPHOMKEHHBIMA METOAaMH (MHCICHHBIMA AnH
ananTAgeckuMy ). Ho yncieHHse METOAbl HAXO/T IPAMEHCHUE, B OCHOBHOM,
B HAYYHbLIX, Hay‘IHO“TCXHH‘JECKHX M MPOCKTHRIX WU3LICKAHMAX, B I'IOBCCIT,HCBHOﬁ
e TMpaKTiKe OHY HE BCErja fIPUEeMIIEMb], JAXC 1IPH PacueTe TeMneparyp. ITo-
Jiyqaemas [Ipd 3TOM JICKpeTHAs (opma PeICHHA 337244 TEMIONPOROAHOCTH
BeChbMA HEYJ00HA jUId MCCICIOBAHMA TEPMOHANIPIAKCHHOTO COCTORINA (THC)
tena. [IpuveHen e ke YMCICHHBIX METOIOB K HONHOM 3a/laue TePMOMEXaHHKH,
KAK TPABHIO, JOBOMBHO CIOKHO B YCIOBUAX MHKEHEPHOH MPAKTHKY. oaromy
B NPOMBIIIIERHOM TEIUIOTEXHMKE MOMYHHIN PA3BUTHE H HALWIA JI0/DKHOE NpH-
MEHEHHE Pa3AMIHbIE TPUOIMKEHHBIE AHATHTHICCKUE METO{bI. '

OAHAKO, eCli HEOOXOUMbIMU PEIICHUAMH H MCTO/IMKAMK pacueTa Tpa-
MOTOYHOFO pajHaluoHHoro Harpesa (Ty=const) NPOMBILUICHHAN TCILIOTEXHIKA
BnajeeT yike gasto (Hanpumep, [1-3]), 10 npubawKeHHOE AHATUTATECKOE pe-
miesve K3T s TTTH G510 Briepsbie NIONYHEHO cosceM Hejjasho B pabore {4],
XOTs1 MocTaBiieHa ona oblta eue B 1960 1 [5].

Pemiene K3T ITH maamuapa. [Uis 0CECUMMETPUYHO HArPEBacMoro
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JUTHHHOIO LHIMHAPE pajaiyca R B PaIHAMOHHOM NPOTHEOTOKE TEMIIEPATYPHOE
MOAC B PaMKaX W3BECTHOH [6] MOICAN TEPMIUUECKOro CAOS OIHCHIBACTCS hYVHK-
umei [4]

Oy =0 05p<p(c)
& + [Hm (r)- S'Ip = ﬁ(r)]z 112 (rhlozr< Ty
olp)e Aoy p<i M
0 (7) - .‘Fk{.ﬁ;r.{r) -0, (r)]{i g J; 2
d<p=l: % Lr<w

e Ha uHepyoinion srane 0 <7 <7,
Gm(r)=9'+vr.f'l_; 9”-(1'):11'~f;'r!3;]

LA \ )
Hr)=1-p(r)="12r; 7y =112 v
Ha yquﬂI{D‘!EHHOM ararie Tp ST<w
G7|l(r]=[ éa‘ f.a—sz —-a]IZ; = U+L/ i
g =3.a"‘f'21-..{\; A:[f-lca flb (a 32 ;!> 3)
v 1
a =68k aj —r;“ (r)+ ’[y }~F)cl O_~1-nt |
O (1)~ DL =80,5k(r - 7)1 k% DL =D (z,): }
05+9( :
=1n6y- ()~ phafl - k0, ()] - 222007, (4
(7} 2|() pinf o )] kzﬁ?zr-(r)
p=1+Skik’; k=(1-n)/6,
34¢Ch BBEACHB 0003HAYCHUS:
Tio.r T, S Ll
olo.)= T8 6.0)-T) pofy =20,
I; R R (s
q:_ o, TR rc !
=Fo=21 k=205 p=_'=. g()=1-ir
d =l T e el )

T, T¢ u T", Tf - Temumeparypst Tesia u raza Ha sxosie (...') H BBIXO0.1€
(.")NVK r— Koopﬂnuala, M; [ — BpeMS, U; L( ) - TONHMHA TPOCPETOrO IO, M;
4, C, a=A/C - teruonposoanocTts, BT/ IC), TeroeMkocts, [<j_l>icx’(m'3}<); TeMIe-
PaTYpPOIPOBOIOCTD, :_»12.*'11; V=aR"H - obmem HUIHEPA, M, H ~ ero mnuaua,
M; V- obnbes raza, M7, Cp - €ro TernjioeMKocTh. §

Peterne (1)...(4) 1103B01s€T Heeme0BaTh ¥ PacCUdTATE TEMIIEPATYPHOE
cocrosune (1TC) unnunapuyeckoii 3aroroBku B npouecece I1TH. Metojmka pac-
4eTa u3noxena B pabore [4].
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Tepmoynpyrue nanpszxenus B uniangape npu [MTH

Takum o6pasom, ¢ BuIXogoM paboTel [4] BiiepBbie MOSBUIACE BO3IMOMK-
HOCTb aHanuTHueckoro nceneposanus THC ten 6azosoit hopmbl.

Kal{ H3BECTHO, B OCECHMMETPHYHHO HarpeBagMomM JUIHHHOM LHIHHAPC C©
TEMIICPATYPHBIM TOJIEM, W3MEHSAIOWIMMCHA B (POCTPAHCTBC JIMUIL BUOJL Pajny-
€a, BO3HHKaeT 00BeMHOE TEPMOHANPAKEHHOE COCTOAHKME ¢ paadaibHOd (T,),
OKPYKHO# (0g) 1 oceBoit (7.) KOMNOHEHTaMu ‘rensopa nanpspkenui. Knaceu-
YECKOE pelleHHe COOTBETCTBYIONUIEH KBA3MCTATHYECKON HECBsS3aHHOM 3ana4uu
TepMoynpyrocT (B rocrasoske [froamens-Heftmanua) xopono uzsectHo (Ha-
npuMep, [7]). B pamkax ke MOJeNH TePMUYECKOTD CI0Sl UBIOKEHO B padorax
[8...10] u mMeeT Bui: Ha wHeplMoHHOM dTane (<7 < ¢, B HEMporperoi (1en-
TpankHoit) 3oHe 0 < p < fB(7):

5O()=506)=596)2= [G(p, 7)o (6)
#
B IIPOIPETOit (npwnoaepxnocmou) sone Blz)< pst:

o
{)(f )= J & (p.2)pdp - 12 I 6,(p.7)pdp;
ﬁl ) p ﬂi\f"

ag){p,r) jfi(p t)pdp + - 2 H{pr)xxfp 6,(p.7)
ﬁ\‘r: 2 ;‘5{1'

o‘f)(ﬁ, r)=2 I 8,(p.7)odp -0, (p.7)

l‘f

)

Ha YIIOPAHOYEHHOM JTale 7y <7 <o

|
o 2)(;:,!-;')'7 ff}z(p T)JL‘U’,O- [0 (p r)[;)d!)
0 9“ 0
1- &
10, (p)pdp + 5 10, (p,2)pdp -0, (p, 7}y
o0 !

o Pp,r)= (8)

I.“J o-\....._..

LE (p.7)= 219 (o.1)pdp~0,(p.7)

rie ssejena despaszmepHas (pyuxuml HAIPSIKEHNH
G=0/K,; K, =arET{1-v), (9
a 0(p,7)=0(p,t)-0, - w3brrounas remneparypras GyHxuus (npesbi-
wenye Hag nadansHol &, =1,/ 17 =T/ T ).
Hopcrapngs «Harpyzounyo» Gynxiumio (1) B peurennsa (6)...(8), noaydga-
em dopmyinsl jist paciera THC nwnnmpa

500)=op )= =2 N0 o)
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F"'Np,r)= "*“‘i"lz("’)(g; MW~ (p+ )5(,))(.!.”’:..?[?’_(_?))1;

P (e
79 (p, )= f‘ff)[@ X ;(r’)}z(,r) 1 (Wﬂf;)f)gx(;ﬁ(r); F l(’zp!z(f)(f))” |
5"(p,7)= 5_393@ {(4-;(:)){&) : (Eﬁf?f_—z_ (/:_gf)f ] an
5, )1,1’_\9;.(.?_}(1“ )
5 (p,7)- A_.é’i_(f_)(l 1),
ff?g’(f”fﬁé%(?—)(* -2p%). (12)

B cpoGoanom umnmmape & =& + 0y, Ha YIOPAAOUSHHOM BTale Ha rpa-
HUL@AX 00nacTH UHTerpupoBanus p=0 1 p=1 ureem

Sl ()= Sany (c)= e f)'zu(i')= A, (7)/2: (13)

f-f,.l [(T) =0; 6';9” = (r) = Ez“.(r) = .,/_\92 (r)/ 2;
Tax xax rpu npotTMBoTOUHOM HaIpeBe TeMIeparypHblii nepenan

AG,(r)= Sk Qﬁﬁ):@_ﬁ‘,t_(r_) (14)

RHJKE, MeM IpH npAMOTOuROM (ipH 8,.=1), 10, cornacke dopmysam (13),
H 3KCTRpeMalIBHLIC HalpsiKeHus B NHIBHAPE OpH NPOTHBOTOKE 6)“2[)('!’ MEHLLITH-
MH.

Brisoaet. Tlosy4ennbie opmynel s TEMIEPATYPHBIX HAUPS/KEHHH,
BOSHHUKAIOUIMX B numunape 1P OpOTHBOTOYHOM Harpese, BO-TTCPBBIX ITOKA3LI-
BaiOT 0osee HU3KUI YPOBEHE TEPMOHATPKEHAOIO COCTOANMS LMIMHAPA TIPH
ITTH no cpasrenuio ¢ TIPAMOTOYHBIM, & BO-BTOPBIX, MTO3BOISIOT AOBOIBLHO HPO-
CTO NPOBOIAMTEL COOTBETCTBYIOUINE YHCIOBBIE HCCHEAOBANMI U pacuetsl THC
HHIAMHIAPHYCCKHX 3aroTOBOK B YCIOBHAX AYHHUCTOLO MPOTHBOTOKA.

Crncor anrepatypu: 1. Cemuguy W.JL, Posenrapt 10. M., Tonsadapt
O.M. Harpes MaccuBHBIX Test W3tyqenuem. H«Cranp», 1956, Ne 3, — C. 252-
256. 2. Tlocronnruk 10.C. Harpes UHAMHipa n3nydeHuem [/« purxnannas me-
XatyKar, 1965, 1.1, 8. 6. ~C.14-20. 3. TMocronsuuk 10.C. TloBblIeHHE TOUHO-
CEH MIDKEHCPHBLIX PAacdeTOB PajHallMONAOTO HArpeBa MACCHBHBIX Tel//«M3E.
BY30B. HepH. mer.n, 1988, No 10. — C. 126=129. 4. [ocroneruk-10.C., Oryp-
uos AJL, Tumoumonscinit B.H., Tpycosa M.A. Matematiuecxas MOJICNE Ha-
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IPEBA MACCHBHBIX TeJl B TEOPETHHECKOM MPOTHBOTOKE /fi«Maremar. MOACHIO-
BanHa», 2000, Ne 2(5). - C. 87-91. 5. Kasagepos A.B., Kanyrun B.Y. 3akowo-
MEPHOCTH HAarpesa MacCHBHOrO Teia W3fiydeHuem B npotusotoke //«Harpes
MeTania u pabora HarpesaTenbHBIX neueiin: CO. wayuy. Tp. BHHUHUMT. —
Caepanosck: Merainyprusnar, 1960, No 6. ~C. 59-70. 6. Joikos A.B. Meroinl
PELICHHA HENMUCHHBIX  ypaBHeuuii HECTAUMOHAPHON  TeNI0ONPOBOAHOCTH
l«3s. AH CCCP. Dueprer. U TparcuoptT», 1970, Ne 5. ~C. 109-150. 7. Bonu
b., Vaiirep [Lx. Teopus Temneparypubix Hanpsprennit. ~M.: Mup, 1964. -517
¢. 8. I'yda B.M., Tlocroawank K0.C. O kputuyeckom cocrosunn NONYCKAEMbIX
[apamMeTpos narpesa Ten npoctoit gopmer //«llpobiemnr npounoctu», 1971,
Ne 8. — C. 95-98. 9. IToctonbruk F).C. Tlpubamkennte MeToLbI uccieopa-
Hitit B repMomexanmke. — K. —Jowenx: Buny mikona, 104084, M3/-80, 1984. —
(58 . 10. Hocronpruk 10.C., Orypuos A.T1. MeTtanypriiina TepmMomexaHixa, —
Huinponetposerk: Cucremui rexitonorii, 2002, — 633 c. ISBN 966-7316-69-6.

Crtano s pesaxumo 19.03.03
PekoMengosano a.1.u., npod. 1lapacsue },

TEPMOMEXAHWKA HUJIMHAPUYECKON 3AIOTOBKY
B YCJHOBUSX HHIYKIMOHHOIO HAI'PEBA

Hocroasuuk ¥O.C., Orypuos A.IL., TUMOWIIOIHCK 1 B.H.,
Wepbuuckas L.A. (T, 2. Jlnenpodsepucunck, Vepauna; FHTY,
- 2. Munck, beaapyes)

There is given the approximate solution of the thermomechanical problem (heat

conduction and thermoclasticity) of a cylinder wunder the action of induction
heating. The calculation of temperature fialds and thermalstress are conducted.

1. Cocrosiune Bonpoca. Onuum u3 Haubosee [POTPECCHBHBIX CIIOCOBOR

| CKOPOCTHOTO HArpesa mMeTania nepes 00paboTkoit nasienueM SBASETCH WHIYK-

- MOHHBIH Harpes [1,2]. ConocraBiente TeXHHKO-9KOHOMUICCKHX 110Ka3aTeNCH

MHAYKIMOHHOIO (IPAMOrQ) M MIIAMEHHOTO {KOCBEHHOI'0) METONOB Harpera Oe-
‘30FOBOPOYHO [OBOPHT B NOIR3Y 11EPBOTO: CHMKAKTCA 00e3yriiepoKHBanue,
OKannHOOGPAa30BatMe, H3HOC HHCTPYMEHTA (BATKOB, WTaMioB) u 6pak npoms-
BOJICTBA, YBEIMYHBACTCS NPOLEHT BHIXOMA FOJIHOTO, 4TO OCOBEHHO BAXKHO IS
| METANIOB BHICOKOM CTOUMOCTH.
B nexoroprix netounukax (sanpumep, [2,3]) ormeuaercs, uro OCYILECTR-
JIGHHUE NPSMOIO HArPEeBa PacHpeieieHHbIME [0 BCeMy 0DBeMY Tela BHYTpeH-
AHMI HCTOYHHKAMU TeMia CHIUMAaeT BONPOC O TeMIepatypax Haupsxenus. Of-
'HAKO €CTh M APyras TOUKA 3peHus ([4], c.5). YcraHoBHTH MCTHHY MOMKHO NHIUE
TPOBEIA COOTBETCTBYIOIUME HCCTeORAH HA,

2. IlocTtamoBKa 3a1a4H  TEPMOMEXAHHKH. Pacemorpum  juiMHHSIH
CIUIOLIHON IMIMHAD AnameTpa 2R ¢ HAauanbLioil Temireparypoi 1,=const. by-
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AEM  paceMaTpuBarh YCTAaHOBMBLIMACHE PEXUM paboThl CHCTEMbI HHJIYKTOP-
metasu. Horepeit renna B okpyxaiontyto cpeny npenebperaenm.

B rakom cayuae coorseternyioman kpacsas samava TEMNONPOBOAHOCTH
ApUHUMaET BuL

1 & 60) a0

————— = {+ Poexp|-2(1- p)|=-"; 1
=5 (p %) p[-2(1- p)] = (1)
0| 20| J

=1 R =0 9(p’r).::-ro “6"”({3)'—'0, (2)
UPL,):O ap'p_-_-[ j =0

HMpunnmas pewenne samaun (1), (2) xax CHATPY304HYION  DYyHKIMIO
&P, 1), TEPMOHANPAKEHHOE COCTOAHME HMIMHPA ONPEIeNuM H3BeCTHRIM (Ha-
npumMep, [5-71) penienuen COOTBETCTBYIOUIEH KBa3HCTATHYECKOH HECBA3AHHON
341241 TePMOYIIPYFOCTH, ACTePMUHHPYIOIUMM PAIHANBHYIO (G.), TaHIeHIMANL-
HYIO {G,) 1 0ceByIo { G.) cocTaslisionme TeH30pa Hanpsoxenuit. Hanpumep,

x 1
7-(p,7)=2[0(p,)pdp - O, ), 3)
¢
I'1€ BBCICHbI 503pa3.\~iepf-ible BCIMYHITEL
7.7 R TR AT T
& Fill 21,0

o(p.r)=0(p,0)iK,; K, ; (4)
-V

T, — KOHeu4Hast Temmeparypa NoBepxXHOCTH, K. ¢ — MOBEPXHOCTHAS ILAOT-
HOCTB TCIVIOBOrO noToka, Br/m?; a, A - KOIPQUITHCHTEI TeMilepaTypo- | Terwo-
IPOBOIHOCTH (M2 /u; Br/(m-K)); a, ~ koshdunuent intmelinoro Tenm neparypHoro
pacuipenns, 1/K; £ — monyits npojonsioi ynpyrocra, MITa; v - koaqGdutiu-
ent [lyaccona.

3. Pemenne remuepatyproii 3agauu. Obmee peuteHne 3agaqu (1), (2)
usBecTHO [8]. OfHAKO €ro CTPYKTYpHAS CHOKHOCTH COIACT onpeelcHHbIe
TPYHOCTH DK pacyeTax TeMIEepaTypHOro ¥ 0COOEHHO TepMOHANPSKEHHOIO
COCTOAHMA IMARIIPA. MeXly TeM B NPUKNaHOH TenaoTexMKe IHPOKO TIpaK-
THIYCTCSL IPUMCHEHHE PA3TIHIHBIX TPUGIIKCHHBLX AHATMTHIECKMX METOHOR,
AAIOUIKMX PEIeHys BEChbMa MPOCTHIE 110 hOPME M AO0CTATOUHO TOYHBIE 110 pe-
3ylibTataM pacdera. K TakuM METOaM OTHOCHTCS METOH YKBRBAJCHTHEIX HC-
Tourmkos (MOH) Iocronbivka, Xopomo nposeuBLIHi ceds Ha HIHPOKOM KJac-
Ce NIMHCHHBIX M HEMHHEHHBIX 337184 TepMOMeXaHuKH [6,7], B TOM HHCAE U ¢ yde-
TOM BHYTPEHHUX HCTOUHMKOB Terna (BUT) [9]. [pumennv stot MeTon K 3a1a-
ue (1), (2). Paspensaroee ypasuenue MOU BozsMen B Bie

~
22 %\ (o) - poet2, - )
p opl ép
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j PG «OKBUBANEHTHBLIN HCTOUHHID f{T) ONpeAenseTcs HHTerpaibibIM ye-
JIOBHEM

d '
Fley=—- "jf)(p, r)d p. (6)

Unrerpupys ypasuenue (5) 10 p ¥ HCOOMB3YS rpanuynbie ycnosus (2),
HaXOJ[HM:

f@)=22 (e, )
e fb aapl g
0(p,t)=0,(tr) + = (l+a ]—i— +a [1 -~ "+ (D(p)j‘}, (8)
rie BEeieHa (PYHKLMA
2 ' / ] szf -1
D(py= Jp(p' Mp'; @lp)= — %)
0

_ IMojcrasnss Boipakenns f(7) (7) u O(p,t) (8) B MHTEIPAIBHOE YCAOBHE (6),
NPUXOIUM K M hepeHipaibHOMy YPaBHCHHIO 2d0,(t) = Po(l +a& )dr, nocne

MHTErPHPOBAHKs KOTOPOTO, ¢ YHYETOM HA4adbHOro (7=7,) yCroBHE (2), onpene-
JIEM TEMIIEPATYPHYIO (QYHKLMIO HeHTpa CeYenns HHIHHIPa

efj(r):%'i(z +& )T —10), (10)

32 Hedd 1 OKOHYATENbHOE PEIICHHE TEIUIOROH 3a1a4u

e =

: Do | ol T

L Gp)= 0+ z)tz(r = ro)+—%--l+a ?[} — &P+ (l)(p)—l}. (1)

3 4. Ananuz nosyHenHoro pemenust. HenocpeacTsenoi nojacTanoBKok
Bhipaxenns (11) B MCXOAHYIO MATEMATHYECKYIO MOJAENE JSIKO yOeauTECsS B
TOM, YTO [OJIYyYeHHOe NMPUONMKECHHOC pellienie TOYHO YAOBACTBOPICT audde-
EHIMANBHOMY YPABHEHHIO TEMIONPOBOAHOCTH (1) 1 BCeM KpPACBLIM YCTOBUSM
). HpubamkeHHOCTD e pewenus (11) sakmoqaercs B TOM, HTO OHO HE OXBa-
| THIBACT HENpe/lyCMOTPEHHbIH KIacCu4eckol TeoprueH (Pypoe HavajLHbI  Tal
0 < ¢ < 7, NPOrpeRa, K KOHIlY KOTOPOTo GOPMHUpYeTes HataibHOe (st yerano-
BUBLLErOCS PEKUMA T>7)) TeMIIEParypHoe 1ole, No HameMy pelieHrio OIMChl-
emoe (ynxmueii (11) opn t= 15 ITOT MEPHOT BECEMA CKOPOTEUHBIM M AM
0610 [2,3] npenebperaror.

| & Crejyet sameTiTh, uro petenve (11) conepuut unrerpan P(p) (9), ko-
L Tophlil B KBagparypax He Gepercs. AHANM3MPYA TIO/BIHTETPATLIYEO GYHKIHIO
;{3‘; (9), 6HUTO yCTAHOBIEGHO, 9TO OH& MPEACTaBIALT CO00H TIANKYIO KPUBYIO,

HM3MEHAIOIIYIOCS B Npeneliax 22@7(;})5(62 —1). AmipokcuMupyem (QyHKIUIO

¢o(p) (9) mapabonoit @(p)=a +bp+cpz, 3HAYEHHUN KOTOPOH B Tpex TOYKax
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COBNA/AI0T co 3HAYCHHAMM 1:}-‘”1:[[% PPre(0) = @(0)=2;
P(0,5)=(0,5) = 2(e - 1); @(1)= qa(l)—e ~1. Pewas cootBercTBYIOULYIO CHC-
TemMy Tpex am“eopaw-l(,cmm YPABHCHUH, HAXOANM HEOBXO MBI KO dHumEH-
Thl ¢,6,¢ @ 32 HUMH — 1 PyHKLMIO
7
P(P)=2+1,359p+3,0300°. (12)

Tak kax setpaxenue @(p)(12) sxomut B pewietue (1 1) B uHTErpansHoil
dopye @ (9), TO MOrPENHOCTL OT HPOBEACHHON AMPOKCUMALMN GVAET He-
CKOABKO Criasxeia,

B takom cityuae dyuxrwms 0(p,7) (11) npuunmaer sug

p,7)=— {(l+e)[2(r-—r)+—]+e{!—e +2p+40,68p + 1,01;})}, {(13)

5. Temueparypusic Hanpakenns. Kak u3pectHo, B CBOGOAHOM UHIRH-
Ape MUY PAAMATLHBIMU, TAHTEHITHANBILIMU | OCCBBIMH HANPIKCHUAMH Cy-

HEeCTBYet CBsi3b O, = O, + O, U3 KOTOPOH U1 CIUIOWIHOTO LUIMHAPA UMEEM:

Ha uosepxnocty (p=1), o(1)=0; o,(l)= o, B uenrpe ceyeuus (p=0),
0,.(I)=0,(1)=0_(i)/2. YuntbiBast 370, 115 HCCNEAOBAHKA TEPMOHANPSIKEH-

HOI'O COCTOSIHUS [IMNMHAPA AOCTATOYHO OJIPENEIIUTL OCEBBIE HATIPSAKEIIHS.
IMoacrapnas «narpysounyio dyskumio» (13) B petncuve (3) 3amaun
TEPMOYIPYIOCTH LHAMHAPA, HOCIE HECIOKHBIX Ipeobpazosatuii uMmeem:

i

-

-2 :
&.(p)= i f]—‘”‘?_]u +2p%)—e1P) = (2,078- 2p—0,680% ~1,0101)e 7> |. (14)
4L 4y ]

HNonyuennsie peuerus (13) n (14) HOTHOCTHIO ONPEACATIOT TEMIIEPATYP-
HOEC ¥ TEPMOHANPAKEHHOE COCTOSHAC LIKIMHAPA B YCIOBMAX YCTAHOBHBILETOCH
UHIYKUHOHHOTO Harpesa.

6. Mpumepsr pacuera. jlas cpaBHeHHs PacCMOTPUM LMIMHJIPUUECKHE
3aroToBKH paauyca R=0,2 M u3 jeyx mMapok craneil (1-uuskoyriepoumcToii cr.
10 1 2-xapocroiikoit XISHIT), neoGxoaumble XapakTepHCTHKH KOTOPBIX mpy-
BejieHpl B ta01. 1. [ToBepXHOCTHBI TEMIOBOA NOTOK NpUMeM g,~5- 10°Bm/at’
(2]

Tabuuua 1 - Tennodusuueckie xapakrepueTugu craie cr. 10 u XISHIT [4]

r No zaro- Mapxka ctanu A, ar JU EJ07, v

| ToBKM Br/(m'K) 1/K MlJa

1 _cr 10 733 |Li6 2,11 0,28
2 | Xm\sH9T _[167 | Li0 2= e2ssT |

Ha puc. 1 ? 23 moﬁpamcﬂm FIOJIS OTHOCHTEARHLIX BedHUHH TEIHIOBOT'C
noroka ¢(p)=g(p)/q, ; remmeparypst 6(p) :4[9 p)- ,f]r"PO W OCEBOI'0 Ha-

HPSKEHWS oz =g /K, Po).
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Puc. 2. Pacmpesenenne Puc. 3. Pacnpenenenue
Temneparyps  4(p) Hanpsokenuit o,(p)

E TeMII0BOTO NoToKA &(ﬂ)

Boruncinm neobxomumeie KPUTEPHH 1P AaHHBIX Taba. 1:
0 02 130-10° K - L16:107%.2.11-10°

: Ky T, =3,40T;
T T * 1-0,28 (15)
. 5:10°-02  6,0-10° L,7-107°-192.10°.7,
B K, =l T 4377,

16,7 T, 7E 2 1-0,253

“Hcnonssys nannsie (15) n PpHC.3, HaXOMuM
T =332:107-3,4-13-10° =147 M
NG e —3.32-1072.4,37-6-10° =870 Mila.

- Kak suanm, nanpsoxenms CYIECTBEHHO pasindHble.

3 Bruisoasr. Tlpyu pewennn nocrapnennoi 3aJa4H TCPMOMEXAHUKY HHTYK-
HHOIO HArpeBa LHTUHAPA MBI BOCHONb3OBAIHCE TOYHBIM pelleHHeM 3a1a4u
MOYIIPYFOCTH M TIPHGIAKEH HbIM — 3ajatn rennonposogHocty. IlokazaHo,
0 HPHOMILKEHHOC TS TEMOEPATYPHOH (PYHKUMH HACTOMLKO BBICOKAS, YTO JaeT

IPAKTHYECKH TOYHBIE PE3YNLTATE! 1 HO TEMIIEPATYpE, U 110 TCIUIOBOMY {IOTOKY,

N0 TEMNEPATYPHBIM HANPSHKEHHAM. ITO BH/IHO M3 IpaMKOB, WeTKO OTpa-

AIOLIHX CICLUDUKY MHAYKLMOHHORO Harpesa.

- Ipexnoxennsie pelsenus (13) u (14) moxuo PEKOMEHIOBATE [N HC-

TI0N530BAHYS B PACHETHOR NPAKTHKE HHAYKIMOHHOO Harpesa Merasia,

- Caucox JuTepatypel: 1. Cunopenko B.J1. Ipumenenue HMHAYKIHOHHO-

o Harpesa B MalIHHoCTpoeHNH - JI.. Mamunocrpoenue, 1980, - 230¢. 2. Bes-
Mko M. W ykumonnsit Harpes jas o0beMHuoM witamiosky - J1.: Mamuio-

Tpoeriue, 1987. — 125 c. 3. Oabinauckuii B.M., Ilemer T.H., Cubupe A.B.
ATUTHECCROC M YUCICHHOE HCCCIOBAHUA TEMITEPATYPHLIX HOsei] apy MH-
AYKUHOHHOM Harpebe metaina // Meramnyprudeckas Temnorexiuka. C6. Ha-
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yud. tp. HMer 1AY, 1.8 — Auenponerposex: HMetAY, 2002. - C. 138-142. 4.
MNoactpuray 51.C., bypax S.M., Fauxeruy AP, Yepusisekas J1LB. Tepmoynpy-
TOCTE aeKTponposoatbIX Tei. — K.: Hayk. Aysia, 1977, ~ 247c¢. 3. Iap-
kyc T.C. Heycranosusuimecs TeMIepaTypHbie HanpskKeHns, — M- PuzmarTrus,
1963 — 251¢. 6. [MocTonbHMK 10.C. Hpudsunkeunne METOAB! MCCHENOBAHMI B
repmexanuke. K. — floveux: Buma wik. Uonosm. 138-80, 1984, — 158¢. 7. Tlo-
cronbhink 10.C., Orypuos A.IT. Meranypriiina repmomexanixa - Huinponer-
poscek: Cuctemni Texuonorii, 2002, — 633c. ISBN 966-7316-69-6. 8. Jinikos
A.B. Teopus rennonposojsocti. — M.: Boicus, mkona, 1967, — 599¢. 9, Io-
cronbHik 0.C., Hiep6unceka I.0., Minrikosny K.B, MeTtoa exBiBaeHTHMX
JPKCped B 3ana4ax TeNnmoOnpoBinHocTi Tin Hazosof opmu 3 BHYTPILUHIMH ke-
penamy tenna // Maremaruane MOJCITIOBaHHS, JIHiupoasep)HHCEK: HATY,
2002; Nel (8) - C.20-23.

Caano b pesakumio 19.05 03

Pexomeintosano o1, npod. Napackus I,

BILIMB JEIYIOYHUX EJEMEHTIB HA CTPYKTYPOYTBOPEHHS
TA BJACTUBOCTI AHTH®PUKIIIATHUX MATEPIAJIE 3
CUJIYMIHOBUX BLIXO/IIB

Poix T.A. (HTI] ACO, m. Kuis, Yxpaina)

B cyuwacnux ymosax B pismmx TIY3AX MalIMHO- Ta HpUAao0yAyBaHHs
3pocTae inTepec 10 anTHhPHUKILiHITK MaTepiailis, 1o MaloTh Taki cyTTesi nepe-
Bard, AK Maia WIbHICTE Ta BUCOKa KOpo3itina CTifiKicTh, a cave j10 Marepialiin
Ha OCHOBI AMOMIHIIO T4 HOTO cTIaBiR.

B Gararsox sunagxax [1, 2] raxi matepiamu y 38°S3KY 3 X BHCOKHMM an-
THOPHKIIHHAMI BiacTUBOCTIMA POSTIAAIOTECH K NEPCIEKTMBHI 3aMiHHUKY
ONOB’aHKHX Gpouz Ta Marepianis Ha ocHOBI saniza npu poboTi 31 3Mazkoio | B
yMoBax tepts 6e3 smMazypaHns.

B Toil e vac, nogansiie yiockoHaNe s (CIHYIOMHX Ta CTBOPEHHS HOBUX
TCXHIYHUX 06’ eKTiB BUMarae BHKOPHCTAHNA TAaKUX MaTepiaiis, L0 MaioTh He
TUIBKH 0aiNHIeH] eKCnnyarauiiui XapakTepueTHKy, a i MOXYTh OyTH onepxa-
Hi, 10 3MO3i, 33 HECK/TA/IHOIO TEXHOIOTIEHO 1a 3 ACIIEBOL CHPOBHHH.

Y poxi rakof newesof, JOCTYIHOTL T2 LIHHOT CHPOBUHH MOXKYTEH BHCTYIIA-
TH TIPOMUCIIOBI LLIAMOBI BIZXOM agIOMiHi0 T2 iforo CIUIABIB, SIKi YTROPIOKTHCS
HA onepauisx Mexauiunoi 00pOBKHM 3ar0TiBOK Ta BUBOSATHCH ¥ BljlBanu, He nu-
KOPUCTOBYIOUHCH Y MOJANBIIOMY BHPOOSHHUTSL. KinbkicTs taxmx BIOX0AIB na
MIATPUCMCTBAX TiNbKH MALIMHOOYAIBHOT raly3i carae jecsTkiB THCSY TOH Ha
pix [3]. Tomy npoGuema YTUII3aMiT Ta MOKAKBOCTI IOAANBLIONO BUKOPHCTAHHS
TaKol CHPOBHHK € aKTYaIBHOIO | notpedye 0coGHBol ysary 3 Goky sk NIPaKTH-
KIB, TaK | HAYKOBIiB.

44




Hocaipkenns B HanpsMiKy po3s’sisanHs i€l npobiemu Byno 3anouarko-
BaHO asTopamu [3] Ha NpuKIaii BUKOPHCTAHHS LUIAMOBUX BLIXOIB amominic-
Boro cnaasy AKI12MrM y posti CHPOBHHU JUIsl BUIOTOBJIEHHS MaTepianis mij-
LIHITHUKOBOIO IpU3HAUYCHHS. PesyibTaTi JoCHZKeHb TEXHONOMYHUX, MexXalri-

- UHUX Ta TPHOOTEXHIMHKX BIACTHBOCTEH HOBHX MatepiafiB NMepPeKOHIMBO MOKa-

3411 [IPMHLMITOBY MOXIIMBICTE 3aCTOCYBAHS BIIXOAIB /IS TAKUX THineli.

B pesynstati nojansuinx A0CiipkeHs, BAKOHAHNX B OCTaHHI pokd, GYII0
PO3POBIIEHO TEXHOIIOr IO BUTOTOBIIEHHS 3ar0TiBOK THAUMINUKIB 3 BUKOPUCTAH-
HAM Y poNi BHXINHOT CHPOBMAM UINAMOBMX BUIXOAIB CHAYMiHY Mapku
AK12M2MrH.

Aste §araTo IMTAHL 3ATUNIATIOCE TIE HE BHCBITASHUMI, Hacamnepes, me-
XaHI3MHK 3MILHEHHS HOBUX MaTepiaiBs, poib Neryiounx eleMeHTis 1a ix noseti-
HKa npu Gopmysanti MetasorpadivHoOl CIpYKTYpH, yTROpeHHs (a3 Ha MiKpopi-
BHI, iX BIUIMEB Ha TpuboTexXHiYH] BIacTHBOCTL Ta inle,

Bpaxosyloun BuieBKa3aHe, METOK AAHOrO NOCTILKeHHs 6YI0 IpoBe-
ACHEHS €KCNCPUMEHTIB Ta aHaTi3iB JUisl NOIMOUIEHHOTO BUBYEHHS Ta oBrpyHTY-
BaHHA [OBEAIHKW JeIYIOUHX ENIeMEHTIB, 10 BXOASTE 0 CKiafly Marepiany 3
Bipxonin criyminy AKI2M2MrH, ix Binws Ha CTPYKTYPY Matepiany Ta BHe-
COK Y CYKYITHY MIITHICTL | aHTHOPUKUIHHICTD.

Y Xoxi npogejienus oCaiuKeHb BHKOPHCTOBYBANHCH NPOMMCIIOBI Bi/IXO-
Al CHAYMIHY, (10 YTBOPIOIOTBCS Ha CTaAisfX BHIOTOBIECHHS, HACAMIIEDEN, [P
wipyBasni mopuIHIB MU IBMIYHIB lpﬂl(TOpIB Ha 3asoni “‘Kuietpaxkropone-
Tas” (M. Kuis).

IMicas neckyajiuux omepauiif peredepanii ~ BHCYIIEHHS NOPOIKIB-
BIIXO/IB CHIyMiHy Bijl BOJOTH, CIAOBAHHS KOMIOHEHTIB 3Ma3yiouo-
OXOQJIOUKYIOUOI'0 TEXHOJIOTIYHOIO CepeOBHIa Ta OMMIUEHHA Bia abpasusroi
KPUXTH [3] BUXO/ATH NPAKTHUHO TOTOBI A0 NOAATBIIOIO BUKOPHCTAHHS 110PO-
IKYH BUXIAHOT CUPOBHHM, ILO MICTATH B CBOCMY CKIAMI BeJUKHIL nadip WiHEMX
Jeryrounx enementis. XiMiunni cknaja nopomkis ciasy AK12M2MrH nmicns
perenepauii nageae#Ho y raén. 1.

Tabmnus 1 - Ximiunuii cknan pereseposanux NOpOLIKIB-BiAXOAIB CIUIaBY
AKI2M2MrH, % mac.

Si Cu Mg Zn  |Sn i Mn  JCr Ni N ™ [Fe ™ TH - 1AL 7}
11.0- |1.5- [09- [03- [0.01- 10,3- 10,05- [0.8- |0.05- 0,5- 10.05- Ii’erma'
150828 11,2 0.5 G0z 06 102 L3 0.1 0,8 0.2 HhL -‘

it

JLis BUIOTOBACHHS 3pa3KiB OTPUMAHI TAKMM 4YMHOM TOPOLLKH-BAXOMK
pecyBaii npu Hapantaxensax 500-510 MIla npu KimuatHii remiepatypi, a
ICiA UBOrO 0/IepPIKaHi IIPECOBKU J'[IIUIEIB&J]PI rapaioMy JIpecyBaHHIO MPH TeMile-
patypi zossimHboro Harpisy 400 “C ta HaBautaxenni 300 MlTa. JacrocyBaHHs
NepeiiHeHnX onepanii 3a0e3Meynio oaepHants WiNLHIX 3pa3KiB, [0 NPaKTH-
YHO HE MAIOTh 3aJIMILIKOBOT TIOPHCTOCTI.



Coijt Takox 3sepuyTi ysary na T, WO 1pH MPOBEACHH] raps40Io npecy-
Barns 1pu 400 "C opsouacko BinGysanocs sajiicuenns orepaii roMorenizyio-
40ro Biguany matepiany. Buaciizok uoro, si BIJOMO, YCYBAIOTLCS HepiBHOBA-
KHI CTPYKTYPHI CKNAfOB, M0 BHAUKIN Y CILIaBI Ta APHCYTHI B HOPOIMHHKAX
BIIXOAAX 4epes HCTOBHOTY NpOTiKaHHA AH(Y3iALX npouecia we Ha erani KpH-
cranizauii sauska. B pesynstati nporo CTPYKTYP2 cTac Biislil 0AHOPIIHO0, Bu-
PIBHIOETBCS XIMIYHHMI CKIa BRIOBIK neperuiy 3epHa.

B pesynsrari takux rexuonoriuuux 3aXO/IB BLiOyBacThes opMyBakiia
CKIIHOT retepodasiioi metanorpadiuioi CTPYKTYpH Marepiany Axl2M2MrH.
Boua ckiagaethen 3 Bucokonerosanoro C-TBEPAOrO PO3UHHY Ha OCHOBI alioMi-
HItO, B AKOMY criocTepiracThes HPHCYTHICTE EBTEKTHKH, 1O YTBOPIOETHCS npu
BMICTI KpemHilo 11,6% [4] Ta sansrac o COTOROMY MAIOHKY 3€PEH TBepaoro
posiuty (puc. 1). KpiMm UBOro npucyTHICTh BeMKol KUILKOCT JEYIOUUX ene-
MCHTIB CTIPHYMHIOE YTBOPEHHS B CTPYKTYPI YHMAanol yacTiu ApiGHoHcnepenux
(az — iHTepMeTaminip.

B T HactiHa HepiBHOBaXHMX iHTepMe-
TANAIB, PO3TAOBANMX MDK TiAKAMH -
OCAMH HEHIPUTIB O~TBEPAOTO ANFOMIHiEBO-
F0 pO34MHY, 0pH Harpisasui jgo 400 °C
PO3YHHIOETBCH Y LBOMY PO3uMHi, a Ipu
OXONOIPKEHUI IHTepMETalin 3HOBY BHIi-
ASIOTHCA Y ApibHOANCTIEPCHI dhopmi Ta pi-
BHOMIPHO pO3NOLIAIOTECE 110 nepepisy
3paska.
Prc. . Mikpoctpykrypa ma- PentrenoctpykTypuo 3 sukopucran-
Tepiay 3i waMoBMX BiAXOIB HAM  Mikpojigpakromerpy  JDX-MAPI
conagy  AK12M2MrH, =200 (Slnonis) Gyno eusiBnero npucyTHicTs B
(umip micas rpasnenns y 5% CTpYKTYpi ctinaBy AKI12M2MrH cxnajmmx
PO3IUHI T/1KOr0 HaTpy) TOABIEHNX Ta HOTPIHHUX iHTepMeTaNi AHKUK
cuonyk: Mg,Si; dasa T (AlCuMn); CuAl,
(B-taza), daza § (AlL,CuMg); Al;Cu;Ni; TiAly; NiAly;, FeNiAly; daza N
(Al,CuyFe); dasa « (AlFeSi); MnAlg. Ipore, UPH aHaiti3l KapTul MiKpoaudpa-
KOl psin okpemux pedrekcis na EICKTPOROrpamMax 1a peueKcis, Wo CKaamnyo-
HHCB, YTBOPIOIOTH KUIbLA, PO3Mdpysaty He Bazocs. OUiHHTH CHMETPIIO [u-
(PaKuiitHOT KapTHHK | THM caMum igenTadikysara y uu inmy dasy (i CTPYK-
TYPY Ta NepiojiM PeIniTKH) BUABHIOCH HEMOMKIHBHM BHACHIIOK Biporiioro
YTBOPCHHs Diibll CKIEATHMX METANEBHX CITONYK 3 BIACHUM KPHCTAA0rpadiunmy
HepsAKOM. MOXKIHBE BUHMKHEHHA (11X CHOIYK HOB’S33HO 3 PI3HOMAHITHICTIO
Ta  BCIMKOIO  KINBKICTIO  MPHCYTHIX JETYIOUHX  @IeMEHTIB v cnasi
AKI2M2MrH. )

Ule wa erani kpucranizaiii CrtaBy CKIA/IHOL rereporenHol cucremMu Al-

Si-Cu-Mg-Ni-Mn-Ti uacruua JICTYIOUNX NeMEHTIB BUINACTBSSA 3 PO3ILIABY Y

& -
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BUIIAAL NEPBUHHUX iHTEPMETANIALB, CIPUAIOYUN NOAPISHEHHIO CTPYKTYPH 3JH-
BKa.

Jlerytoui enemMenTH, MO 3AMMILNIKCE Y NEPECHYEHOMY TBEPAOMY PO3UHHI
Micas KpUeTanizalil YacTKOBO BHJUIAIOTLCA NPH rOMOreHizauii fopoIIKOBOro
ennasy (npu 400 °C) v Burasiai ApiOHUX BTOPUMHHHX iHTepMeTanifis, Kpucrali-
4Ha PeWIiTIA AKHX HA PanHiil CTa/il 3apo/UKeHHs | 3pOCTANIA NOBHICTIO Korepe-
‘HTHa penritui Marpuni. Hasisnicrs Takoi apiGHoaucnepcHoi Gasy cyrreso ni-
'BUIIYE MEXaHI%H] BIACTUBOCTI KOMITO3HUUIMHOIO CIUIaBy Ta CApUAE MOJPIGHEH-
'HIO 3€pHa, Mpo 1o dyae ckazano aani.

' MiKpocTpyKTYpY O/epiKaHOro HOPOUIKOBOro marepiany AKI12M2MrH
OCHIDKYBANH METOSAMU KinbKicHOT Metanorpadii Ha ananizatopi 306paxenns
Leco [A3001 IMAGE SYSTEM (CIIIA). Tepsusni IHTepMETANIAN OUiHIOBAIM
Ha HeTpaieHuX uutidax (puc. 2a), a BTOPHHHI — METO/IOM 1IPOCBIYYIOUOT eiek-

TPOHHOI Mikpockomii Ha mMikpockoni EM-200 (m. Cymu) (puc. 26).

diake 2

» " 3 "\’."
o a) 6)
1 1;1(: 2. Iepsunni (a), x200, ra BropusHi (6), x100000 inTepMeTanigy B opow-
2 KoBomy martepiani AK12M2MrH

Posmip 3epua (D,) pusnauain merozom ciumnx. Cepeiiii npusesenmii
METp NMepBHHHMUX IHTepMeTanifis po3paxoBYBany 3a pe3yNbTaTaMH BHUMIPIO-
HHA TPHIULTH 9aCTHHOK Ha nigi 3a Gopmynoio:

D =22, )

e
nie D — cepeaniit ripaBesiennii giamerp; S — mioia YacTHHKH.

3 O6’emuy wacTky JCPBMHHHX IHTEpPMETANIAIB BU3HAYAIM AK CePEiHE 3a
Pe3ysIbTaTaMu JIOCHI AKEHD ACCATH T107IB 30py Ha uuidi 3a Gopmynow:

n-D}-N
]/1 - _1._.; = (2)
4 6-I
i Ae V; — of’cMHa YacTKa MepBHHHUX IHTepMeTanifiB; / — josxuna pebpa

ﬁyﬁa AocnijukysaHoro of’emy; N — KifbKICTh 9acTHHOK B JAOCTIIKYBAHOMY
06’ emi.

3 Bijcrans Mix vacTMHKaM¥ MePBUHHMX Ta BTOPMHHMX iHTepMeraniiis
ouimosaiu 3a hopmynoro [5]:
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L=ty
Lyy= NJ;'E; :[N\ > (3)
w)
ae N, - KIbKICTE 9acTHIOK B OAMHHLI 08’emy; W — 08 em, o nocii-
JUKYCTBES.
[lpu CHEKTPOHHO-MIKPOCKOTIUYHOMY HOCHIKenHi BTODHHHMX iHTepMeTa-
ALAIB 3 BUKOPHCTAHIAM METOLY TOHKHX oubr cepesniit piamerp BrOUCHS D)
BH3HAYANH 34 PE3YABTATAMH BUMIPIOBAHDL TPUALATH YaCTHHOK HA honesi 3a po-
pmynoro (1). O8’emHy yacTky Buminens BTOPUHHHUX IHTepmetaniais (V5) pospa- :
XYBAMIK CePEIHE 32 NAHHMM afanisy mecstn noais Ha Gons3i 3a DopMy0I0:
o E'DZS "N 4)
6-1*-h
ne N, — kinekicTh 306paxeis na MiKpogoTorpadii, s — Tosuwua hosbry,
L0 BU3HAYAETLCS 32 KOHTYpaMy eKCTuiiii [6].
Pesynpraty amanisy ycepesennx FCOMETPHIHMX [IaPAMETPIB BHALIEHS
MCPBUHHMX  Ta BTOPHHOHX iHTepMmeTaninie » MOPOIIKOBOMY  MaTepiani
AKI2M2MrH nageseno y ta6n. 2. |

Tabauns 2 - l'eomerpuuni napaverpu punineus B
e SOMCTPUHHI DIapane” ,

Vy

varepiani AKI2M2MrH

IV

D3 ID, Ly __4 Vi | D, @i v, F
e MEM Y beo o U]
1343 1136 189,2 [0,0014 {112 T787  [0,0013 |

Hocmipsxera ganux xinsxicnoi meranorpadii (puc. 2, tabi. 2) cBijguars,
HIO B CTPYKTYPi HOBOTO Matepiasty sMitumoroui dpasu (nepBuHEi TA BTOPUHHI iH-
TePMETalli/i1) MalOTh BUCOKY I'VCTHIY Ta piBHOMIpHICTS po3noAiNy 1o nepepisy
3pasKa, IO CUpHAE 3MCHINCHHIO PO3MIpY 3epHa Ta, BLINOBIAHO, TMiABMIICHHIO
hisuKo-mexaHiunux Ta anTHdpUKNiiTX BAACTUBOCTEH, 3HAUCHHA AKHX, ¥ 110~
PIBHAHHI 3 TUTHM MaTepianom, HaBeAeno y Tabir. 3.

Tabummns 3 - @isuxo-mexaniuni Ta anTUQPUKIGIHT BAaCTHBOCT] Matepiaris
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INa —?\1&!'(‘.[‘1&1! Tumua-  [Teep- | Vaapna Koed. luten- Inren-
| coBuil AICTh,  WsIKICTH, |Tepra | cuBsicTh CHBHICTS
‘omip HB, jeibri® | RHETHVE l3HotYy-
pospusy, |Mlla I |BAHHA 3pas-: PAHHS i
MIla ’ LKA, MEM/KM |K0qu1.‘ina,
. el . . : Jirc [MRM/KM
1. | opomkosnii [180-185 [850- 0.18-030 |0,0080 39 cAaiaM
crnas 1000 i
| AKIZMOMH | | i
2. [ Merenit ciae | 186 900 0,30-0,40 10,0250 6,0 AT
| _AKIZM2MrH | i

Buripobysauns na reprs ta suoc IPOBOAMIIM Ha NOBITPI NPH LIBUAKOCT
xoB3aHus IM/c, HasanTaxenusx 10 5 Mila s napi 3 KOHTpTiaom i3 cramni 45 (45-




48 HRC.). smazypanui mactuanom “[-207 Ta rtemiieparypax 30BHIIIHLOTO Harpi-
By 510 100 "C.

Auaniz fanux Tadi. 3 nokaiye, 10 HOBMIT MaTepian Ha 0CHOBI BiAXOUIR
crnasy AKI2M2MrH 3a MIigHOCTHHMH XapakTepuCTHKAMHU HE NOCTYIAETHCH
auromy cunasy [7], a 3a anTudpukuitnumMu — aepesepuiye ioro. Taka noseir-
Ka HOBOFO Marepiany KpHETHLCS B CYTTEBUX BIAMIHHOCTAX CTPYKTYPOYTBOPEHHS
nopoumoaoro Ta nuroro cnaagy AKI2ZM2MrH, o BHHHKAIOTE BHACHIOK Pit-
ﬂx TEXHOMOTIUHUX NIAXOAIB Npy oAepiKanhi marepianis. CyTTeBAM HEA0NIKOM
JIWTOCO CIIABY € T€, 1O MPUCYTHICTHL 3HAUHOT KinbkoCcTi Kpemuio (10 13%),
mmﬁ Mae 00MEKeHY PO3UMHHICTE B AMOMIHIT Ta HE CTBOPIOE 3 HHUM XiMIYHHX
crnonyx [4], npuBOAMTE IO YTBOPCHHS TBCPAMX CTPYKTYPHUX CKIAAOBHX — KpH-
cTainiB Si, M0 MaioTh BHCOKY TBEPHICTh Ta KPHUXKICTh, a ronosHe — podnsTh
T YKTYpY criaBy HEpIBHOMIPHOIO, BHKIIMKAIOUK MiHBMUIEHHIT 3H0C cnony4e-
1MX 3 NUNEHNHMKaMK deTaneii. Kpim 1b0ro HepisBHOMIPHO PO3NOJINICHI eBTEK-
THHHI KpUCTaIIM KPEMHIKO NI ABUIYIOTH BIPOTIAHICTD iX BUKPULIYBaIfis 1IPH Te-
]‘i&‘i:i, HACTIAKOM HOr0 € 3aMpH Ta MIZBHIIEHKH 3HOC NoBepxons Kopsanns. Ha-
BiTH NPUCYTHICTH THUTAHY, siK MoaudiKatopy Makpo3epHa CIUIABY, BHACHIA0K
BigcyTHOCTI Uit Al-Si-cruiaBis YiTKMX KOPENsIEil MiX 3HaYCHIAMHE MEXaHIYHMX
XBPAKTEPHCTHK Ta BEITHUHHOIO MAKpO3epHa, 00YMOBICHUX BHUNEHHAM MO Tpa~
HMISM 3€PeH IMOMBIMHOT EBTEKTHKM amoMiHif-kpemuiii, sKa HiBemoc BINUB
TPaHMLb 3ePeH, BTpayae cBolo edekrusnicts [8].
‘Ciijl TaKox BIOMITHTH, IO BASBICH] PEHTICHOCTPYKTYPHHUM AHANIZOM
3MilHIOION] iHTepMeTaniai dasu, nacamnepes, gasu O (CuAl), S (AlL,CuMg),
‘edexrupni sMitmosayi Mg,Si, NiAl; pasom 3 TyroniaBkumu IHTepMeTanijiaMu
N (ALCuFe) ta o (AlFeSi) yrsopiotorh 060/1KM HABKONO AEHAPHTHHX KOMI-
0K, MiABUILYI0uM MinHicTh crurasy AKI12M2MrH. Bucoka TemriepaTypa mias-
IEHHSA TAKHX CBTEKTHYHHX YTBOPEHD, CPHATINBA (JOPMA KPUCTATIB CBTCKTHK,
M0 CKIaJAIOTE KapKkac Mo IPAHULAM 3CPCH TBCPAOTO PO3UUHY, HasBHICTH Y
cKnai eBTeKTHKM MinHol cionyku T (AICuMn), cTiilkol 1p# (iBUILIEHHX TCM-
[epaTypax, a TaKkoX OpUcyTHICTh XimMiunoT cronyku TiAl; - Bee ne obymosnioe
3HaTHICTH crmaBy 30epirati BUCOK] MILHOCTHI BIACTHUBOCTI LIPH TEMICPATYpPax
110 100-120°C [9].
' Bei 1i no3utyusii BJIACTHBOCT] A8 NUTONO CILUIABY BH3HAUAIOTH, 3 OAHOIO
00Ky, OT0 BHCOKY 3HOCOCTIHKICTh, @ 3 1HINOTO — BHCOKY BIpOTIAHICTE 3HOIY-
BaHHsl MOBEPXOHL KOB3aHHS KOHTAKTYIOUMX 3 NIANMIMIHUKAMU AcTanedl BHacml-
JIOK 3HAYHO! HEPIBHOMIPHOCTI posnoalay imrcpMmeraniinux (as B3LOBK uepe-
THHY 37THBKA.
[lepesiveni siBMiLA MOBHICTIO BIACYTHI Y NOPOLIKOBOMY MaTepiaji Ha oc-
- HOBI Biaxonis cunyminy AK12M2ZMrH. B #noMy CTPYKTYPHI VIBOPEHHS KPCM-
- Hito, TBEP/i CIIONYKU IHTEPMETATIAIL THAXOMATHCH ¥ MIKPOUACTHHKAX BUXIHOT
CHPOBHHHM (BIAX0/1aX) 1 TAKMM UMHOM BIKE m.pmcuo PIBHOMIPHO PO3TALIOBAHI B
CTPYKTYPI MaTepiany, He cTOpIoiour cerperaniil. Ile cnpusic cyrresoMy 3met-

49



WIEHHIO IHTCHCHBHOCT] 3HOULYBatHs Ta koediuicuty Teprs. [IpucyTsst ta Buxi-
JAHNX YACTUHKAX BIAXOAIB cimasy AKI2M2MrH cxiagna okcHiana riiska aa-
nodirac 3aTAryBalHIO MIKPOIOP NPH HABANTAKYBAHHI, (0 CHPUAE YTPUMAHHIO
MacTHIa y MIKPOTIOpaxX fpH TePTi 31 3Ma3K0i0, @ GUILLI M'TKA OCHOBA YACTHHOK
sadesniedyc 100pe NpUIPaubOBYBAHHA Matepiany. Burisa nosepxoms TepTa
3paska 3 mMaTepiany Ha OcHOBI Biaxomis cniapy AKI2M2MrH va kourprina i3
crani 45 306paxeHo ua puc. 3.

Puc. 3. Tosepxui reprs 3paska 3 matepiany Ha OCHOBI BIIXOMIB CIUIaBY
AKI12M2MrH (a) ra xonrprina i3 crani 45 (6), x5

Crioayueni rOBEpXHI KOB3aHHS HapH TEPTA BIAPI3HAIOTHCS 800po1o
AKICTIO Ge3 AIISHOK ckonin 1a rimbuinux supueis. Tororpadis nosepxomHs Ma-
TEpIaiB He MAc 30H TyXaBNeHb Ta 3diann, 1o 3abesneuye crabineny 1 TpuRary
podoTy aHTHOPUKLIHHOL napu.

Y3araibHIOIOH OICPIKAHi Pe3YILTATH MOYKHA JCTATUCH BMCHIOBKY IIPO
Oe3ymoBHy HOLINBHICTE WIHPOKOrO BNPOBADKEHHS HOBOTO MaTepiany Ha OCHOBI
BiAXOAIB cunyminy AK12M2MrH y By TEPTS MAIMHOOYNiBHOT Ta npuia;10-
OyaisHOl rajyzeit aas podoTH 3 MACTHIIOM Na MOBITPI HPH MIABKICHUX HABaH-
TaKEHHAX Ta Temlicparypax. Haseneni jauni BUEBHEHO CBIMYATE NPO MOMKIH-
BICTH HIHPOKOTO 3aCTOCYBAHHSA HINAMOBHX BLIXOAIB, KK 0e3roBOpOTHO TA Y Be-
UK KIIBKOCT HAYThH ¥ BillBanM, He BUKOPUCTOBYIOUHCE Y HOANBIIOMY BHPO-
OHMIITBE, ANS BUIOTOBNEHNA Aetasiell pi3HOro npusHaucHus. BuxopHcTaHus
MPOMUCIOBHX METANCBMX BIAXOAIB AO3BONSE [APANCHLHO BUPIUIYBATH paj
npodnem, nop’sizanux 3 saranbuonepxasHowo [lporpamoio possrTKY pecypco-
30epiraloumMx TeXuouoriii npu o HOUACHOMY PO3B’I3aHHI eKONOTIYHOT npobue-
MH.
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MOP®OJIOTUYECKUI AHAJIU3 BAPHAHTOB VIIPABJEHWS
TEPMUYECKUM DMKJIOM OXJIAMKAEHHSA C TOMOULIBIO
CTPYHUHBIX YCTPOMCTB

Canenxo A.®., 3aropsineruii B.I., Ctpyrunckuii B.B.
(KT, 2. Kpemernwye HTYY «KITH», Kues)

In clause the results of research of processes of jet cooling Zone near a welding
seam are resulted at performance of welding seams steel. Is shown, that the jet
| technologies on comparison with traditional water cooling allow essentially to
increase speed of cooling of separate sites Zone near a welding seam, (o carry
' out cooling under the given law of change of temperature, to receive short-
sating structure, that conducts to reduction of fragility of connection, increase of
his durability.

- Beegenue. CBapouHblil TEpMUUECKHIT IIMKIT 0Ka3bIBACT BPEAHOE BIMSHHE
| HA MEXaHMYeCKHUe 1 HKCIULyaTaliHOHHbIe CBONCTBA CBAPHOIO COCIMHEHMS, Bhi-
~ 3bIBAA cBapoYHbic JAeHOPMALMK ¥ HANPAKEHUA, TOPAYHE U XONO/HbIE TPEUIMHBI
- MHOIMX HH3KOTICIHPOBAHHBIX M JICTMPOBAHMBIX CTAMEH, CHIKEHHE CONPOTHBIIE-
5 KOPPO3KH, pasyNpoYHeHHE IPH CBapKe 3aKalleHHbIX M TePMMYECKM YIIPOU-
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HEHHBIN CTaliel. 3HauuTesiblas AMTENLHOCTL NMpeGhiBatus MeTanna tisa i
OKO/IOUIOBHOTO YHACTKA 30HbI TEPMHHECKOrO BAWAHWI B 0ONAcTH Temieparyp
A-Ty,, cnocobeTByeT NpejeabHOMY YKPYITHEHHUIO 3¢PHA aYCTEHHTA CTANCH,

3aMennentioe OXIAKACHHE MeTaNia WiBa B OKOJOUIOBHOrO yuacTka 3TB
nipn DIIC conposokfaeres pacranom aycrednta ¢ 06pazoBaHHeM BEPXHEro
OeiliiuTa, BUAMAHINTETTOBOIO (eppiTa UK cMecu beppuTa, fepiuTa ¥ BepXHe-
ro beitnnra. 1lpn aToM Hapsiiy ¢ nokazaTensMu VIapHOH BS3KOCTH CYUIECTBEH-
HO CHUMAIOTCS TAKHC HOKA3aTeNM BAZKOCTH PaspyLieHis, Kak KPUTHYECKuUil KO-
IPOUIMEHT MHTEHCHBHOCTH HANPIXKEHUH, KPUTHIECKOS PACKPBITHE TPELLMEHSI
METaJLIA LIBA M OKOJOLIOBHOTO YYACTKA 30HBL TEPMUUECKOTO BIIHS HUS.

Iposesennsle neeneoanus [2, 3] nokazanu, yro waubonee shderrin-
HBIM CHIOCOBOM YMEHBIHCHHUS TEMNOBNOKCHUS B CBAPHBAEMbI METALT ABIACTCR
NPUMEHCHHC COMYTCTRYIOINErO OXIaICHus.

Brieperie conyrersyromee oxnaxaenue Guuio mpeanoxeno A, Huko-
nacsbiM ¥ H.H. Poikamausiv 8 1943 roay juis YMEHBUICHHS CBAPOYHLIX HAps-
KA u pedopMalmii Ipu KOHTRKTHOM Toveunoi ceapke [1]. Camxenne xo-
PoONeHHs KOHCTPYKUMH TIPH CBAPKE JI0CTHTanoch TPUMEHEHHEM OXJaMACHUA
CBapPHOTO MIBA BOAOH M BOAO-BOIMYIIHON CMECHIO.

Heanso ucenenosanuit ssuseres MOPMONOrHYECKHH aHAIU3 CXEM TPHHY-
HAHTEARHOTO CONYTCTBYIOMIErO OXMAAICHHS METallid OKOJIO LIOBHOH 30HBI Bbhi-
COKOCKOPOCTHBIM CTPYHHbBIM MOTOKOM, pa3paborka IpHHIHITOR CTPYKTYPHOTO
OTHCaHHA BAPUAHTOB [IpoLecca. '

Marepuan u pesyapraThl necneaosauns. Masecrunt PE3YILTATHL HIpU-
MCHEHHST MCTOJIOB CTPYHHOIO OXJIAKICHKS CBAPHOTO 1UBA W OKOJIOMIOBHOM 30~
HBI [4], 3aKNFO4AIOLIMECs] B TOM, UTO CBApKa HIpoBoauTes Ge3 orpaHuyenus Tei-
HOBIOKEHHSA, 114 HEUIMEHHBIX, ONTHMAILHBIX A JAHHOTO BUA CBAPKHM PEK-
Max. Ilpu srom noayuenne Tpefyemoit CTPYKTYPEL M MEXalH4yecKuX CBOHMCTB
CBAPHOTO COCAMHEN (B YaCTHOCTH, YHAPHOH BA3zKocTH) obecneunsaeTcs 1pu-
MCHCHUEM MCKYCCTBEHHOTO OXADMKASHHMS 110 OMNPEJICHHO nporpaMme, B ToM
HHCAC NpeayeMaTpupaetes inQOepeHEpoBaHHOe OXIKICHIE 110 pasmHYHBIM
YHacTkam ceapHoro coeaunenus. [puMenenueM sroro criocoba obecnegnsact-
G NOMYUeHHUE PABHOMPOYHOCTH METAINIA WBA M OKOJOILIOBHOM 308kl OCHOBHO-
MY MCETAILIY M HOBBILICHWE COMPOTHBICHHS PA3PYILCHHIO CRADHBIX COeMMHCHMI
TEPMUYECKH YIIPO'UTEHIILIX H HOPMANM30BAHHBIX cTalci

B cBszu ¢ tem, uTo npu anexrpouniakosoii CBAPKE TEPMUYECKH YIIPOU-
HCHHBIX CTAJICHl Ui NOCTHIKEHMA TBEPHOCTH Ha YPOBHE OCHOBHOIO METaJlia
CKOPOCTH OXTTK/ICHMS OKOJIOIIOBHOIO YYacTKa U YYACTKA HEMomHOi HepeKpH-
CTULTHIAIAA JOMKHBE ObITh PasiMHBIMU, HEOOXOAUMO PeryaUpOBATH TepMH-
HECKHH LUK/ CBAPKH 110 30HaM. CKOPOCTh OXJIaMIEHUS Woxn, “Cle, IPH KOTOPOI
AOCTHIAIOTCA 3HAUCHHS TBCPAOCTH OCHOBHOTO METAIIA 1IOCHE OTIYCKA, AOIKHA
OBITH LI OKOJOWOBHOIO YYaCTKa B HECKOMBKO pas MeHbLLe, TeM I Y4acTKa
HeNOMHOI flepeKpucTaIk3alHM.
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HAas 30HANLHOTO  PErynmuposanus  TEPMMUCCKOrO  1iMKna CBApKH
HWWrsixmawm Vpanmamsaroaa Guina CKOHCTpYHpOBaHa 1uenesas BOAOBO3YHI-
Hast GOPCYHKA, MMEIONA [BE CTYNCHM Pa3rona CMECH, MOCTATOYHBIX Aanst obpa-
30BAHUA BOMOBO3AYIIHONA cvecu. HaGop weneseix GopeyHox Mo3sosiun Ha-
fIPABILITE OXNAKAAWOULYIO CMECh B BHAC Y3KOrO My'Ka Ha Moboii y4acToK 301kl
Tepmuscckoro saustaus. npuna tenu gopeyukn moraa perymposarses ot 0
A0 I MM 1 Goree 1yTeM yCTAHOBKM MPOKARIOK COOTBETCTRYIOMICH TONIMHLL
MESKIY KOpIycom (JOPCYHKM M CheMHON BepPTHKANBHON CTCHKOH, Hnuny menq
MOXKHO OBINO W3MEHATS, HpHMelsis Habop GOpPCYHOK B BHae ceknuif. Oxrasi-
Jaroniee yeTporctso B cbope npeacTanisiio coboit HaGop (opeyHOK ¢ KosTek-
TOPaMH JUIA MOABOMA BO3JYXA U BOJBI M IPUCIIOCOGICHHUAMHM, [103BOAIOLIMHY
PETYMPOBATE MOIOKEHUE QOPCYHOK B 3aBUCHMOCTH OT TEMIIEPAaTYPHOTO HONs
HCTOHHMKA Harpera. KOHCTPY KIS OTaNYanach BBICOKOH CIOKHOCTBIO, HU3KOMH
HAACKHOCTEIO B paboTe W TpeboBaia MHOTOYHCIEHHBIX HCCHEAOBAHMIL JUIS Ofl-
peaencHus Haubosee ONTUMANBHBIX YCHOBUH OXJTKIEHUs IPpY  U3MEHETHH
yenoBui ceapku.

Hpy sxexrpoutakosoii csapke PErynMpoBaHyue TepMHYEcKOro IHKIa
[IPAMEHEHHEM COMYTCTBYIONIEr0 OXNAKIESHUS OCYIIECTBISETCS 110 ABYM CXe-
MaM:

. 1) fipu cBapke KONMbLEBBIX CTHIKOB (1aK Ha3bIBaeMas KOMOMHHMpOBaHHAA
“TexHoorHs ). OXIaKIa0Lmee YCTPOHCTBO PACHONAraeTcs CO CTOPOHbI N0OJIBa-
'POMHOTO 1IBA, NPY OAHOBPEMCHHOM BBITONHEHHM C APYroii CTOPOHBI 3AKIIOYH-
TENLHOTO IPOX0/1a HNEKTPOLIAKOBOS cBapkoif [2].

2) npM CBapKe MPOAONBHBIX CTBIKOB. OXNaXKIAIONIHE yeTpoiicTsa (Boao-
'BO3AYIIHbIC (DOPCYHKM) YCTaHABNHMBAIOT N0 HYKHEH KPOMKOH (pOPMHPYIOUINX
WoB 1on3ynos. Tlonsyubl 1 GOPCYHKH MepeMernalorcs CHHXPOUIO €O CKOpO-
CTBIO CBAPKH.

Ilps aBromatnueckoil ayrosoit CBApKe 1oj clioem (unoca (uanpuMep,
TNACTHH TEPMUYECKH YIPOUHeHHoH cTany 171°C) PETYAUPOBAHHE TePMHYECKHX
MHKIOB OCYIIECTBISIOCH ¢ MOMOMIBIO [IENCEBIX BOAO-BO3LYLIHAIX dopeynox,
YCTAHOBIEHHBIX OMITO3UTHO 110 OTHOIIGHHIO K SNEKTPOY.

B yKasaunpix MeTomax ConyTCTBYIOUIEro OXNAKIECHUS B KAYECTBE OCHOB-
HBIX TIAPAMETPOB PEryJIMPOBAHHS TEPMUYECKOTO IHKIA MPHHAMATUCE: Iy — (-
(EKTUBHAS [UIMHA OXJIAKACHUS, MM; |, — OTCTABAHME oXJa¥aaouero (akena ot
HEHTPA UCTOHHKA HArpesa, MM; /2 — pacCTOSHUE OT LEHTPa MCTOYHMKA HArpesa
OT OXAAKAAOUICTO (PaKesa, MM; # — PacCTOSHHE OT OXJIANKIAEMON TOBEPXHOCTH
710 BOJOBO3AYIIHOM (hopeyHky. MaMeHeHue 3THX MapamMerpos [f03BOTAI0 pery-
JMPOBaTL TEMJIOOTBO/L OT “PA3IHYHBIX YYACTKOB 30HBI TEPMUUECKOro BIUSHUA
- CBAPHOIO COeqMHEHHA.

Takum obpasom, anst peanusanum capku ¢ PETYIHPOBAHHEM TCPMUYEC-
| CKUX LHKJIOR MCTOAOM MPUHY/MTEABHOIO COMYTCTBYIOWIEIO OXiIakiaernus [2]
- HEOOX0AMMO 0GOpY/I0BAHKE, KOTOPOE NONHOCTEHIO WM HACTHYHO BKMOMACT
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CHCAYIOUIMC Y351, YCTPOHCTBA H CHCTCMbI:

*  ¥I0u, GGCC[!C‘IHI){HOIHHI? noaauy OXNaAIoe CpeiLl Ha oxnamﬂaemym
[IOBEPXHOC T,

® YCTPOICTBO, ofecreuuBalomee HeOBXORMMOE MPOCTPAHCTREHHOE pacnono-
JREHHC OXJIDKARIOUIErO y3/1a O FHOCHTENBHO HCTOUHKKA Harpesa;

® CHCTEMY MOAAYH OXTamaatome CPpEHLI

* CHCTEMY cO0pa OXADKAAIONICHT CPEibl HOCHE Ce CONPHKOCHOBEHHS C OXIIAK-
Aaemoll 10BepPXNOCTEIO;

¢ CHCTCMY KOHTPOIS 3aMaHHONO TEPMHUCCKOTO LHKA CBAPKH,

OBs3aTeNbHbING SIS BOCIIPOMIBEACHMS MPOLECCa CBAPKH ¢ peryauposa-
HHCEM TEPMHYECKIN UMKNIOB ABISIOTCA y3e NOJAYM OXJKAAIOLWEH cpedsl Ha
ONTWKAACMYIO MTOBEPXHOCTH, CHCTEME MOJAYH OXAKAAIOUICH CPeiibl H YCTPOH-
CTBO, OdecieuHBAOUEe HEOOXOMMMOE NPOCTPAHCTBEHHOE paclioNOKeHHe OX-
JAHAAOMETO Y3Na OTHOCHTESBHO HCTOYHHKA HATrpeBa.

HpumMenenune ycTpolicTs conyTCTBYIOWIEr0 OXNAKICHHS HpH  CcBapke
0becneynBaeT NOBLILICHUE YAAPHOH BA3KOCTH METAiIOB NPy {H3KUX TeMnepa-
TVpax.

ObobuieHne pesynbTaTOB MCCheROBAHKT Pas/MUlLIX ABTOPOB, B TOM
HHCIC U pe3VABTATEl HCCTIRNIOBAHKA, NPOBE/ICHHEBIE HAMM, NO3BOAHIH COCTABHTD
CpaBHuTENbHYIO Tabnuuy (Tabn.l) usmenenuii KOHTPOJIHPYEMOro napamerpa —
YN2PHOH BA3KOCTH LIBA M OKOJIOLIOBHOTO YHACTKA.

Crpyiinoe oxnaxkieHue BBICOKOCKOPOCTHBIM TOTOKOM 110 CPABHCHHIO ¢
TPAAHIMOHHBIME CHCTEMAMH UMERT PAL NPUHIMIUAILHBIX ' PEHMYIECTS:

- CTPYA HKHAKOCTH, HAPALY CO CHOCOOHOCTRIO MOITOMATD Telo, 06-
fTajjaeT ONpeAeNeHHOH KHHETHUECKOH dHeprueil, KoTopol npu CBEPX3IBYKOBOM
HETCHCHHIT XRHAKOCTH U3 COMNA MANOro JMUaMeTpa MOKET BoITh JOCTATOMHOMN
AR BEIOSTHEHIA B OXADKAEMBIX MHKPOOGHEMAX MOBEPXHOCTH paGoTh! ynpy-
ro-IAacTHYeCKoro segopmuposanis. Takum oBpasom, cTpyst KHAKOCTH obec-
NCUHBACT C 0AHOH CTOPOHBI, MHTCHCKBHEIH MOBEPXHOCTHLI TEMIOOTBO, a ¢
APYroii — €O3/1aeT HANPSIACHHOE COCTONHH MHKPOOOHEMOB TOBEPXHOCTH, [IPH
KOTOPREIX NPOHCXOAATL rlacTHYeckue gedopmanun MaTepuala;

- MAjoCTh CTpyH obecreunBaet BLICOKOTOUHOE H3GHpaTesHoe BO3-
ACHCTBHE 114 1TOBEPXIIOCTE OKOIOWOBHON 30HLI. CooTsereTyionmy noabopom
pPeAHMOB Benetna 0OpaboTki MOXKHO 10GUBATLCA TPEGYEMOro pacipejeneHus
OCTATOHBIX HANPHKCHUH, IPENATCTRYIOUMX TOABNCHHIO 3HAUUTEILHAIX Ha-
NPAKCHNI PACTHACHIA B OBEPXHOCTHOM CIIOE CBAPEHIbIX IAeMEHTOB. Kpome
TOTO, KOMITAKTHOCTL CTPYH W M3OHDPATENbHOCTH BOIAEHCTBHS MO3BOMSET pa3pa-
Barwisare Takne cxembl CTPYiiHOro BO3USHCTBUA, NPH KOTOPHIX BAMSAHUIO [10)(-
BEPraeTcs He TONLKO OKONOLIOBHAS 30HA, HO Y OTALALHBIC 3eMCHTEI uiBa;

- BOIMOWHOCTL YIIPABACHUS TPEMSA NAPAMETPAMN - 3ANa3ibiBAHHCM
CTPYHHOrO BOINEHCTBHA 110 OTHOIMEHHIO K MOMEHTY HArpesa Metauia ayroii (s
MOMCHT ee TIpOXOJ@ BHIGPAHHON (PHKCHPOBAHHON TOUKOH), PACXOAOM MOAA-
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BACMOH B 30HY 00PabOTKH KUIKOCTH, ONPEALIIEMOro Jnamerpom conna dg, M,
-_ua[-:oucu, AasaeHuem P, OonpenenaoniuM CKOPOCTHIO HCTEYEeHMA, a, CciejoBa-
TCIHBHO, U KHHETHUECKOTT IHeprucii CTPYH, NOZBOAALT BAPLHPOBATL B [LIHPOKMX
'npenenax CKOPOCTLIO OXJ@KACHHA U CIHOBPEMEHHO OCVIHECTRIATE OITHMANE-
HOC JIMHAMHUECKOS HAIPYIKEHHE 1oBepxHOCTH. [locaeanee CTAHOBUTCS BO3-
MOMHDIM 01aro1aps MPUMCHEHHIO COLEN ¢ U3MCHAEMDIM TIPOXOMIBIM CCUEHH-
eM.

B 10 ke spems Gonblioe KOAMYCCTBO BAPHAHTOB CXEM BHINOJIHCHUS Ta-
KOH 06paboTku TpeyeT NeTanbHOro U3yHeHns ocobenHocTel [POTEKAHUS 11PO-
ecca B TEX MM MHBIX yenosmsix. B tabi. 2. npuseneHsl OCHOBHbIE NPHHIMIILI
KIACCHUKALMH CTPYAHOTO OXAAKACHHUS OKONOLIOBHON 30Hb U J1aHbI Pe3yilh-
TATH M3MEHEUUs! TEPMMUCCKOrO 1HKNa NPy NpoBejieHnH TOH WM HHONH 0dpa-
BoTkH.

Tabinua 1 - Bansnue meTosom perynuposarus TEPMUYCCKHX LIHKIOB

BNIEKTPOLUNIAKOBOM CBAPKM HA U3MCHEHHUE YIAPHOMN BA3KOCTH CBAPHBLIX COC/IMHE-
it

Temnepaty- Id:stncmw ]
i Bra BUIC cpaprn Cranp, pa, | YZAAPHON BASKOCTH —
! n o - OKOJOHIOBHOIO |
v A . - _'\_"‘-]ﬂCT](a
LHOT2ap -4() e -
g 12XM -40 ! r
B ¥3KYI0 PajIenky 12XM -40 e -
cOMI B T2XH3A | -100 - L -
16I'C - o
€ KOTeOAHMAMI JICKTPONOB 091°2C +20 - !
I .. -30 i % =
C ABYMA DHCKTPOIAMH, PACIIO- 16I'C - -
| JIOMKRHHBIMK BOIM3H TT0A3VHOB ) S o
| caByME saekTpOAAMH, pacro- 0912C 20 -
6 | noMeREBIMI BN MOV~ i
| HoB, ¢ on. snewrposamu o
7| ¢ N03MpOBABNEM MOLTHOCTH 20X2M -40) -
) 10120P -40 ! !
e n Co 12XM -40 ! !
9 | eDMITuCO 12XH3A =100 R e i
4 12XH3A -100 + !
i 10020P -40 ! !
10 [cCO 12XM -40) o+ +
s 20104 20 b !
i oarac -60 [ ! !

~ llipumeyanue: I'TIM - rpanyaupoBanHbiil npacagosnmii maTepuan; IMII
= dNIeKTpoMariTHoe nepemetiupanie; CO - conyTCTBYIOMEE OXIDKACHNE, - -
HAYCHHE HE IMEHSETCS; ~ - MOBBIUACTCH HE3HAYUTEALHO, + - HOBBILIACTCS /10
DEIAMEHTHPOBAHHOTO YPOBHS, | — HOBBUIIASTCH 1O YPOBIISi OCHOBHOIO MeTaIlIa
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AHQINZ NONYHEHHBIX PE3YALTATOB 1HO3BOMKA YCTANOBUTS cAeayroee.
Tpunienenve crpyitHOro OXxsaaeHNs RO3BOJSET gonyqark Ooliee  BbICOKHE
CKOPOCTH OXADKACHNA TOKATbHBIX 06BEMOB OKONOLIORHOM 30161, B HCKOTOPBIX
CltyHasx, npH K#Cnosip3osaHuy nasjicHuid 10 150 MIa wabaonanocs 3usadu-
TCILHOC YMEHLLLCHHE PA3MEPOB 3ePCH B ITOBEPXHOCTHOM CIOE; B TO KE BPEAS
YCTAHOBACHO, Y4YTO C YBCIHYeHHEM TOJMHIHHBI CBAPHBACMBIX FJTACTHH MEIKQIHC-
MEePCHOCTL CTPYKTYPhi CHUKASTCA,

Hcrionbaonanue CBEPXMAIbIX OTBEPCTHI crpyedopMupyionmx conen (1o
0.25 mm) nossonsier co3aasate Ha 0GpabaThBacMoil MOBEPXHOCTH BBICOKHE JI0-
KaneHbIE MUKpOHanpsikenus. OUeruIHO, TOT GaKt, 4T0 OKOHYATENLHOE dop-
MHMPOBAHHC CTPYKTYPLI OKOMOOBHON 30HLE MPOUCXOANTE HE TONBKO BCHElCT-
BHC HHTCHCHBHOTO TETUIOOTBOJIA, HO U B YCIIOBMSX HAIPSAKEHHOTO COCTONHH,
JWET BOSMOMKHOCTL CYHTAaTh U3MCHCHHE (DUIMKO-MEXAHMUECCKUX CBOWCTB cBAp-
HOTO COCAMHENHS CNENCTBHEM KOMIULEKCHOIO BO3AGHCTBUS TOHKOH CBEpX3BY-
KOBOH CTPYH.

st yrumkaiuy onucais BO3MOXKHBIX BApUAHTOB CBAPKH €O CrPYH-
HAIM OXNQKACHHEM BOCIHONB30BANUCE MO/JAXOJAMH COCTABIEHMS CTPYKTYPHBIX
GOpMy1 KOMITOHOBOK padoumX MaltHi.

[lpn sToM npunuMatd BO BHUMaNME, YTO OCHOBHAS CHCTEMA KOOPIMHAT
CB#A3AHA C AyrOH v B Heli 0Ch X BCErla FOpU3OHTANNbHA, @ OCh Z HafpaBleHa no
AHHH eHCTBHS 2MeKTPHUCCKOM ayru (puc. ). JlononHuTensHas cheTema KOOop-

. R e JIMHAT CBsI3aHA CO CTPYH-
" up s et [ Crpynxnz- | moi ronoBKoi npuYeM B
| Kan ayra { S " 2
S S \___________ 9TOH CHCTEME KOOpAUHAT

I
f c |
Y b ‘I‘ ,
\_HLA Y och Z Hanpasieha 1o
4 Z AMHHH JeffcTBUA CIpYH,
a [ a och X rTaKme OcTaeTcs
22 IOPH3OHTATBHOH.
;{ ()n.'
X x 3B0OSET ONMCHIBATE BCIO
COBOKYITHOCThL CXEM Bbl-
Puc. 1. Cpsish cucTeM KOOPAMHAT CBapoOuHOW Ay-  rosHeHus crpyiHoro

T 1 CTPYHHOIO CONNOBOTo yeTpoicrsa OXNAKICHHUS B BHIE
CTPYKTYPHOI thopmy ikl

O Taxoit noaxoa no-

Ci-y, Ix, aj,+z}

FAey - OTCTaBaHue CTPYHHOTO YCTPOHCTBA B TOUKE HATEKANHs CTPYM OT
TOUKH BO3ACHCTBISA MCKTPUYECKOM AYTol BAOIE KOOpJAHHathl y; £x = obpador-
Ka ABYMH CTPYSIMH XKHIAKOCTH C ABYX CTOPOH [iBa Ha PacCcTOSHWM X OT IEHTPa
IBA; a — yro HAKIIOHA HAaTeKaHUs CTPYH; Z — PacCTosHue OT cpesa comna o
TOBEPXHOCTH,
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[Mpraveyaris k tabin Lt 1- anextpos, 2 - ceapusaeMsrii MeTansn, 3 - ruapoctpyiinas ronopga,

& - TorMHA CBAPHBAEMOTO METINA, U, - ZHAMETP CTPYH KHAKOCTY,

h - paccTogHue OT TOpUA MHAPOCTPYITHOH F0JI0BKH 10 NOBCPXIOCTH CBAPHBACMOIO MCTaliI,

1} - OTCTaBAHHE OXAAKIAIOWIECH CTPYH OT LEHTPA HCTOUHEKA Harpesa (1o ocH X),

I - paccTOAHME OT OCH LIRA AQ MECTA NPHIMKEHHS OXAKAAIOMEH cTpyH (o oo ¥),

@ - YTO7 B T0CKOCTH XOYy MEHIY OCHI0 THAPOCTPYRHOA TOMORKH M MOBEPXROCTAIO CRAPHBACMOTO MeTai,

€z - Yres B naeckoeTH YO7Z MEKY 0CHIo THAPOCTPYHION FOIORKH 1 OBEPXHOCTHIO CHAPHBACMOTO MeTaINA,

———— - TEPMHUYCCKHI UMK MO O0LENPUHSTON TEXHOMOTHH, - Tepmuteckiit uuiia ¢ PTL ruapocrpyiinoii ofpaBorkoit
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s Onpesensist AONOAUHUTENbIIBIE TIAPAMETPbI — PA3MEPH! MMCKTPOJIA, OTBEp-
CTHE COIIa, @ TAKOKe 3HAYCHUA YACHbHLIX DHCPruH SNEKTPHUECKOH JYTH H
CTPYHHOTO MOTOKA, MOAYYaeM BOZMONHOCTL OLHO3HAMHO ONPCACIITE mody10
CXEMY CBApKH ¢ OXJAK/IEHHUEM.

_ Buioant. [TposeacHHbIl aHaNK3 CXeM MPHHYAUTENbHOr0 CONyICTBYyIo-
NSO OXJTaWIeHus npy cBapke H COOTHECEHHE MX C BO3IMOMKHOCTAMH T'MApO-
CTpYHHOro METOAA 110Ka3all, YTO MOCAS AN NePCIICKTUBEH S PUMEHCHUA B
OMBILIGICHHOCTH BCIIC/ICTBHE CIEAYIOMHX 0CO0CHHOCTE !

1) CYIIECTBEHHO MOBBIHAETCS CKOPOCTE OXAANACHHML, co3gaercs Bo3-
{OHOCTH MONYYEHMS MHKPO- M, B HEKOTOPBIX CIy4asx, yJAbTpajaucnepcrod
PYKTYpbI;

2)  ynpaBneHue pactpeliefieHueM ITOTOKA JKHIKOCTY H W3MCHCHHCM
HANPABACHUs HATEKAHUst CTPYH HA NOBEPXHOCTH AaeT BOZMOKHOCTL PEryJHpo-
BaTh TepMHUECKuil LIMKI oxaaienus. Msmensst pacxos OXJAKTAIOLIEH JKHJIKO-
IPUMEHSA COILIA C PErYIMPYEMOH NPOTOMHOM HaCThI0 MOKHO B aBTOMATH-
CKOM pEeKMME [T0ANePIKHBATL ONTUMANbHBIE YCAOBHA OXJIKICHHA. B xaue-
BC MApaMerpa YnpaplCHUs [POICCCOM OXIaXIeNus nesiecoobpa3Ho BhIOH-
Ib PACXO KHAKOCTH, OnpejenaemMblil AMaMeTPOM COTLIA M JaBJICHUCM HCTC-

A KUAKOCTH,

e 3) JONOMHUTENBIAS SHEPrHs, NOABOAUMAN [I0TOKOM MUAKOCTH K J10-

BHOMY 00BeMy (Ha MUHHMATBHOH IUTOHIAMAKE TIOBEPXHOCTH) MO3BOJISIET HC-
B30Barh HYEKT NIACTHHECKOrO JePOPMHPOBAHHS CBAPHOIO LIBA K OKOJNIO-
IOBHOM 301bI; :

4)  npeAnONKeMMBIN NPUHLKI KnaccuuKanuu Banoe 0Gpaborku ro-
g7 CHOPMYIMPOBATE eI MOAXO0/] K OfIPCACHCHHIO CTPYKTYPHBIX hop-
OMICANUs] IPOLIECCA CTPYHIOrO CONY TCTBYIOIIETO OXIIAK/ICHHNA.

 Cnucox aurteparypsi: | Huxonaes I'A., Poixanun HH. Hedopmanuy

{ cBapke KoncTpyiui. M.-JL., n3a. AH CCCP, 1943, 152 ¢. 2. Xakumos A.H.
eKTPONLIAKOBAs CBAPKA C PEryNUPOBAHUEM TEPMHYECKUX UMKIOB .~ M.: Ma-
HOCTpoeHue, 1984, — 208 ¢. 3. Myoxo JLA. u dp. Iyt chIpKeHUs TEIUIOBIO-
I B CBAPUBASMBIN MeTaJUl TIPH 3TEKTPOILIAKOBOH CBAPKE TONCTOCTEHHDIX
wpykmmii (O630p). — AsToMarHuecKas csapka, 1982, Ne 10, c. 48-30. 4. Xa-
g A H TeopeTuyeckue H TEXHONOIAYECKUE OCHOBBI AMEKTPOUINAKOBOH
KH ¢ PErySMpOBAHKEM TEPMUUECKUX LHKIOB HU3KOJICTHPOBAMHBIX cranei.
-B KH.: CBapKa ¢ perylupoBaHueM TCPMUUCCKUX IHKIOR KOHCTPYKIHH Hed-
¥ razosoil npoMeiiiennocty, Mocksa, 1980, ¢.10-30. (Tpyun Mockos-

WH-Ta HepTeXHM. M ras. npom-cti M. VLM, T'y6kuna; Bom. 151).
Cnaso 8 peaakwio 27.05.05
Pexomenaopaso LT, npod. Manuuiko H.A.
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PABPABOTKA OCHOB YITPABJIEHUS TEMJIOBBIMH
HPOIECCAMH TP TN OOBAHUY JIETAJIEN THIA TOHKUX
MJIACTHH

Ceutxorcruit ©.10., Usauoesa T.H.
(el TY, HTHulIPIT , 2, Haceacr, Poccus)

In a paper the features of influencing of the calorific phenomens are esteemed af
abrasing parts such as laminas.

Onroli u3 akTyanbHbiX NpobiieM COBPeMEHHOTO MAIIHHOCTPOSHHS SRS
erest ofpabotka netatell THNA TOMKHMX MAACTH HHpOBaHeM, IPA KOTOPOM
IpODAEMBI  TOYHOCTH MX  pa3sMepos M OpMBEI M COCTOSHME drorzuko-
MEXAHHYECKHX CBOHCTB NIPHODBpPETAOT 0coboe 3HadeH e, :

VI3BeCTHO, YTO B 3aBHCHMOCTH OT Buia uumdosanus, obpabarsiBaemoro
MaTepHaiia, yCIoBnit OXIaKACHUS M XapakTePUCTHK AOPAsUBHOTO HHCTPYMEHTa
B obpabarsiBaemyto netans nepexoaut or 50% no 90% Teruia, HO3TOMY HIpH
MIIOCKOM MIIHPOBAHAM HaubGONbIICE BIMSHHE HA TOUHOCTH reOMETPHYECKOil
dopmbr 06pabarhiBaeMoll AeTANN OKa3BIBAIOT €8 COBCTReHHbIC TeIUIOBLe e
(hopmarmn.

Ananus temriepatypubix nedopManuii, HPHBOISIIUX K [IOPEIIHOCTSIM
hopmbl TOHKHX MnacTHH, NoKa3bIBaCT, YTO npu mandosanuy Ge3 oxiaKICHAT
BEPXHNE CIOH MeTajla JIeTald Harpepalotes 1o Gonee BHICOKMX TeMmepatyp,
HEM HIDRHNE, KOHTAKTUPYIOUIHE ¢ NPHCIIOCOGNEeHUEeM, H [IacTHHA, JedopMu-
pyAch, shirubacres Kk wutMdoBanbHOMY Kpyry. B pesysbTate nponcxouut 6oiee
MHTCHCHBHEIH CheM MeTaniia B HEHTPaibHOH yacTh o6pabarhisaeMoil noBepx-
HOCTH, KOTOpast IpH OXJIK/ICHIH 1IPUODpeTaeT BOrHYTHIN XapakTep. DKcrepu-
MCHT2TBHO ycTanosneso [1], uro remmeparyphas aedopmauus GopMmbl uis
TIACTMHBL ¢ HCXOHOH IIOIPELIHOCTHIO B BUJC BOTHYTOCTH HE3HAYMTCIbHA, B
ciiydac eciv riyGuHa pesaHus He MPEBBINACT BENMIMIL] BOFHYTOCTH CHUMAC-
MOTO B IZHHOM MPOXO/ie NpRITyCKa.

Tpunimnuaino uHOM Xapakrep MOKET HOCHTS TemnepatypHas tedop-
Mallst B Ciiydae NpUMeNeHust OXNaKACHUs JCTaMM CMAa30UHO-OXIaKAaI0LICH
ABAKOCTBIO, T.K. OCHOBHAs 4aCTh TCIIA OTBOJAMTCA HCPe3 CBODOIHBIC MOBEPX-
HOCTH MIACTHHBL. YCTaHOBOYHAS MOBEPXHOCTE JETANM, KOHTAKTUPYIONIAA C
MPUCIIOCOONEHHEM, HAXOMUTCH B MEHEE GiarolpHsiTHRIX YCJAOBHAX € TOUKH
3pehns 0TRosa Tena. Hostomy npunmerneriie COMK npu wandoranuy cnocos-
HO HPHBECTH K TOMY, YTO YCTAHOBOUYHAsA NOBEPXHOCTH GyzeT uMers Gosee Bh-
COKYIO TeMIICpaTypy, uem obpadaTsizacyas, B pe3yNbTaTe Yero qeTanb Bhiriba-
CTCH B CTOPOHY OT UUIHPOBANLHOTO Kpyra. [IpoMCcXOmUT yeunesnblit cheM Me-
Tama no kpasm odpadarbiBaeMoil HOBEPXHOCTH, KOTOPBIH TAKXKE NPUBOAUT K
OTKNOHEHHIO OT NPSIMOAMHCITHOCTY.

Cymiectnyer pan Metoa0B Gopbbl ¢ TenmOBLMY AedopManusmu:
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HpUMeHeHHe 00unLHOTO oxnaxaeHus [1];
nekyccreernoe aedopMupoanme obpadbarsiBaeMoit jeTany [0 UuLin-

(hoBaHus B HANPABACHWH, TIPOTHBOIIOIOKHOM TEMITIEPATYPHOH JehopmMalini,
: KCI'I'O[JQ&‘, OCYIIECTBANCTCH METOHAAMH Harpy®eHHna M HCK)FCCTBEH HOFO BBEJC-
 HWS TeMNepaTypHbIX paciinpenuii rnogorpesoM [21];

- CO3JAHUE YCIOBHHA, MPH KOTOPLIX TPACKTOPHS OTHOCHUTENLHOIO JBH-
~ keHus oOpabareiBacMOil JICTANM W KPYTa KOMIEHCHPYET NMOIPEIIHOCTH je-
Tanu [2}.

Qa0 paccMOTPEHHbIE BHILE MEPONPUATHA MO YCTPAHSHMIO TeMnepa-
HBIX jleopMaliiii HMEIOT PAN CYLUECTBEHHBIX HEJJOCTATKOB, TAKHX Kak He-
OXOAMMOCTDL TPYAOEMKHX TIPEABAPHTENBHBIX WCCNENOBAHUM, MO YCT4HORBIE-
MI0 3aKOHOMEpHOCTEH M3MeHenna npoduist aertaneft oT ycnopui waudosa-
Hsl, MCNONB30BAHUE CIOXHOMR anmaparyphl, KoTopast ile MO3BONSET NPHMEHAThH
B YCIIOBUSAX MAacCOBOTO IIPOH3BOJICTBA,

Tlosromy yeTarOBAEHUE 3aKOHOMEPHOCTCH NIPOTEKAHUS TEIUIOBBIX TPO-
CoB, 00pa30BanMs ONPEJEISHHOrO TEIIGBOID PEJKAMA U TEINOBLIX Jedop-
H ofpadarbiBacMoil KETANHM B 33BHCUMOCTH OT YCJIOBHH mH(OBaHUS W
€TOHOB OXIaXCHHA NO3BOJACT MPOTHOZUPOBATE XAPAKTEP NPOTEKAHUA ITHX
PONIECCOR M TIPOBOAMTE Pa3NUulbic KOHCTPYKTUBHBIC MEPONPHATHA IO KOM-
CalH{ ¥ YMEHBLUCHMIO TEIUTOBLIX Aedopmanuil. YuuThiBas, 4o y NIacTUHb
an4ye BTOPOH MOBEPXHOCTH CYUIECTBEHHBIM 00pa3oM BIMSET Ha BCE TeMile-
TYPHOE T[0JIe, TIPK ITOM 3TO CBOHCTBO QIPSHENSSTCS He TONLKO abcoaoTHON
HMHOM MAacTHHBL, a BCeH KMHeMATHKOM [ponecca Tak, 4To OJHa H Ta xe
IITACTHHA NPY PASHBIX CXEMAX W PeUMax in(OoBaHM MOXKET OKa3aThes pas-
HOH TOJINMHBL. YCTAHOBJICHO, YTO Ha XapaKTep TeMIEepaTypHOre Mo
HAET HE TOJNLKO TONIMHA IIACTHHBL, HO U PEeXKUM LUIH(OBaAIIN, a TAKKe Te-
dusnueckre mapaMerpsl o0pabareiBacmoil geraiu. QUesrano, Yro pesKuMsl
U JIOIDKHB! OBITH TaKMMHM, KOTOpble OBl o0ecIeuHBaIl HAMMEHBLIYIO je-
MaI_[HEO [acTHUHBL 38 CYET )-’M{)[—[!:.I_L!GHHH OGI.[IE’-I'O KONMU4EeCcTBa 1e¢iuia, oTBO-
oro B obpabaTbiBacMylo JeTalb.

Ilpu maremarnycckom OMMCAHUM MPOLECCA PACTIPOCTPAHEHHA TENI0Th
BHBIC MCTOYHMKM 3aMCHSIOTCH HACANH3MPOBAHHbBIMM, UMEIOIMME BIIOJHE
pejieniénibic pazmepst, GOPMY U 3aKOHDI PACIIPEACICHHS HirTelcHBHOCTH. B
MCUMOCTH OT CXEMBI WAM(OBAHMA 30Ha KOHTAKTa MOKET MMETh PaslidHble
MeTprdeckue popmbl. Hanpusep, npy  wnndoBaryu TOPLUOM Kpyra TOHKHX
THH 30Ha KOHTAKTA KPYra ¢ AETaibio uMeeT ayroobpasuyio dopmy. Onmna-
. YHHTBIBAsL, 4TO Tpy 00paborie miacTHH JAAHA 30HbI KOHTAKTAa COCTaBIACT
0 — 1/40 AnuEBl HAPYKHOTO jMAaMETpa Kpyra, jiyroobpasuyio (opmy no-
HOCTH KOHTAKTA MOKIO 3aMEHUTL HA NPAMOYToiabnyio [3].

Taxum obpazom, riockoe uuQOBAHUE ASTATH THIA TNACTHH MOMKHO
eMaTH3UPOBATh Clieilytoium odpasom (puc. 1). [1o MOBEPXHOCTH TIIACTHHDI
NUUHOH b B TOTOKHTENLHOM HATIPABNCHHM OCH 7 JBIKeTCH DeCKOHEUHO
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JUMEHBHL TI010C08BOI MCTOUHKK mmpHuoii  2h ¢
HOCTOSAHHON ckopocThio V. Ternoobwen na no-
BepxHOCTH (X = 0) W Ha cBoboHo MOBEPXHOCTH
(X = b) orcyrersyer, a ABOTHOCTS TEMAOBOIO T1O-
TOK&@ ( Ha BCCHl ITOBEPXHOCTH UCTOYHMKA FOCTO-
siHHAa,

‘Toraa npu CTaLMOHAPHOM TeMIIepaTypHOM
10JIe B CHCTEME KOODJIMHAT, CBA3ANI0H ¢ HCTOUHU-
KOM, TIOCTABACHHAs 3Qj1a4a CBOAUTCH K PELICHMIO
YPaBHEHHS TETNONPOBOIHOCTH

ar:: [ty pr- 1Y« or

Puc.l. Pacuetnas rer-
nopas cxema GIH(O-
BAHUS TONKHX {1/IACTHH

- =gl — .,+....,...-|_,___,.,=+Ud,.,.... (1)
ot o’ ('3):3 822 J oz
C KpaeBhIMH YCIOBHAMH:
(3T or
= =0 (2)
Ox r—ﬂ oo
I tzlsh &

,!1!3(.‘ OTPaHUYHBAIONIIHE THICCKOCTH JEIOT BOIMOKHOCTE NMPHMEHUHTE METO,
HCTOYHHKOB B COBOKYITHOCTH C METOZIOM M300paskeHuii [3], ¢ yueroM Toro, uta
BCE HCTOMHMKM pacrionararorcst Ha MOoBepXHOCTH muactuusl, Torma peienue
NOCTARICHHOM 32,149 OPHMET BH.

o B e ey
Zhiierg
240 7K _h} ZKO{ (X—ZBH) +& 1
e N0 -
T'= /— [exp( f)KO( AL L £ e a¢ (3)
R ? H KU '\‘IIXH + g-
i M
3 Ko[\/(X—wn)’* +e?
rie  M(X,B,¢)=t=2 - ey~ MHOXHTE/Ib, XapaKTepH3ylo-
KU (\IX +§ )'
LM BIMAHME TONIMHBI TIACTHIHDI
17 Pt s - (23 =
( J =& — =X, ——=Z7-0espazmepusle KOdDGUIMETH;
2a 2a 2a
Ky () - dyuruua Beceens sroporo posa nynesoro nopsaxa;
vl
o fl — oTHOCHTEIbHAs ITOXYIIUPUHA HCTOUHHKA:
a
5 = B — ortHOCHTeIbHAA TOJLIMHA TACTUHBE,
a

a- KO'.}‘;lf])HUHCI{'l' TEMICPaTYpPOIpOBONHOCTH;

A~ ko3uumenT TEMJIONPOBOAHOCTH,
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Wccaenys wimenenue MuokuTens M MOWHO CYAHTR O XapakrTepe Blius-
HIA OrPAHHMCHHOCTH JICTANICH THUA IAACTMH HA TEMNCPATYPHOE 10J1e JUHEHHO-
10 HCTOYHHKA, KOTOPOEC OITUCLIBACTCA BhipaskenueM (3).

Ecnn X=0, T.e. 715t nOBEPXHOCTH [AACTUHDBI, IPY YBENMUEHHH TONIIMHBL
acTHibl (B - o), MHOXKUTENL M —> | s seex £ B Henocpejscrsennoit
OIM30CTH 0T MCTOMHUKA M —> 11IPH OGO TONMIMIE NNIACTHHBL ¢ MAJIBIMU 3HA-
denusmvu £ Ms-3a Toro, yto (IPH ManblX & 3HaAMEHATesb CTPEMUTCH K Hecko-
CHHOCTH, H YACHBI ¢ KOHEUHBIMY YHCAUTEIISIMH, COACPIKALLHECS B ApTyMEHTaX
, OYAty T NpeHeGpeRUTENBHO Masbl, a HyIEBOIt wien Gyuer pasen eaunHuue. Ta-
KM 00pasom, BIMSHUE OrpaHMYEHHOCTH TENNOTPOBOAALLETO TIPOCTPAHCTEA
MEHBLIE BCENO CKA3HIBACTCS B TOYKAX, OM3KMX K MCTOuHHKy. [lo mepe ymare-
Hi OT HMCTOYHHKA 3TO BIHMAHME yBenudupaerces. lIpu & > o0 MHOXKHTENB
[(X,B,&)— =, HO, TaK KaK cama TeMIepaTypa npu DONLIIMX & HEBEIHKA, TO B
OM 3HAYMTEALHOIO JOBBILLUCHUS TEMIEPATYPSl B YHANEHHBIX OT MCTOYHHUKA
Kax He npousoiaér.

Hposejienbli anain3 3aBUCHMOCTH MOKA3bIBAET, Y4TO MpPK OTHOCHTENb-
i TOULHKHS TlacTHHE, B > 6, KOTOpas ABASETCs JOCTaTOuHO GONbIIOH, orpa-
HHUCHHOCTHIO PA3MEPOB JICTANH MOKHO npeHebpedb Ha MO6OM AOHYCTHMOM
PeiAME IIMDOBAHMSL H CHHTATH TEN0 NONYGECKOHEUHBIM.

Ilpn fsioxennn nO MOBEPXHOCTH IUIACTHHBI NTOJIOCOBOIO MCTOYHUKA, OT-
HICALHAT HONYIHUPHHA KOTOPOTO /{ 3HAYUTENbHO GOJBILE CAUHUIIb, BIAA-
€ TOJLIMHBL TUIACTHHLI CYMIECTBEHHO yeuiupaeTes. OQUEBHIHO, YTO YeM
MBILIC: [IHPHHA HCTOMHHKA, TeM Golee CYIIECTBEIHBIM OY/IET €ro BAHSHHEE.

e Pacuer remmneparypuoro mons » mna-
CTHHE MO BLIpaXKEHMIO (3) JOBONBHO CHOKEH,

" H H ‘ MMOOTOMY BO3MOXKHO ¢ JOCTATOYHOH Juist
| \ \ NPAKTHKY TOUHOCTBE) HCHONL30BaHUE HEKO-

| \\ \\ \ TOPOTO CPEOHEero 3HaA4YeHHs Ml-lO)i(l:l'l'eIIﬁ M,
\\ \\ \ Kotopoe obosmaunm kax N (B, Hj (puc.2).

: \\\ \\ [pu »roM Ha ocHoBe AHAIH3A CPEACTB, TIO-
)\ \\ N 3BONAIOIINX B 3HAYMTENLHOK MEpE HOBBICUTH

4 ‘\ \ paboTocnocobHOCTL WHCTPYMEHTa YCTaHOB-

i e aeHo, qTO npUMeneHne CMa30YHO-

(.25 OXNKJAIOLWICH JKMJKOCTH 1103BONAET [HOJIY-

I 2 3 4 5 g Yarhb IOBEPXHOCTH C BLICOKMMH KAYECTBCH-

¢. 2. 3aBHCHMOCTE MHOXH-  HPIMH IOKa3aTeNiaMH, Kak IO MIEPOXOBATO-
N 0T B u 1 CTH, TAK ¥ 10 CTPYKTYPE TMOBEPXHOCTHOIO

cnost  merand. Kpome Toro, npumeHcHue
K obecrieunsaer CYILUECTBEHHOC CHHMEHMC TelJIoHalpKeHHOCTH. Toraa
JKEHHE (3) C YUETOM JIONOAHUTENLHOIO IPAHUYHONO VCAOBHS
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Al —a 7|‘ w =0

ax {p iz >
MPHMET B

Z+H f )
N(B,H)-D(X,Z) [exp(----{')ﬁio(\f
Z—~H

-~ 2qa . o ;

e X2 g2 )de i (a)
Al

rae DX, Z) — kosbdumment, XapaKkTepu3yloWni BIUsSHUE TEITO0TROAA HA CHO-

GOAHOM NOBEPXHOCTH OT HCTOYHMKA.

Jesa(- £, (Va7 < 27 v
D=1-(f LU AN .
& %)

2aa . s
rae f = S== — gomiueke rernoobmena; o - Koo puEeHT Teroodmena; -

S,
CKOPOCTE NCpeMeIIeHHMA HCTOYHHUKA.

Anauus sagucumocty (4) MOKA3LIBART, “ITO HHTCHCHBHOCTL OXJIANKIICHUA
00pabaThIBacMOM NIaCTHHBI 3aBHCHT OF ). 3aBrcHMOCTh KO3hHUIeHT Tern-
100TBOAA D o1 KOMIUIEKca TeroobMena S npubesieHa wa puc. 3. UncreHHoe
SHAMCHKC KOMILTEKCa TeIIO0TBO/A 3 ONPEHENSIONIEro TeMIOO6MeH ¢ Kojl HYeCT-
BEHHOH CTOPOHEI, 3aBHCHT B OCHOBHOM or o H Sy, T.K. KO GUIHEHTE TeMITe-
PATyPONPOBOAHOCTH U TEMIOUPOBOIHOCTH MaTepHana Uil MeTA/LIOR IpaKTuye-
CKH B pacCMaTpUBAEMOM NHANA30HEe He MeHsMioTes. BiusHue xoa(drnmenta o
Ha KOMILICKC ff XapaKTepH3yeTcs CKOpoCTHIO Hoxaqu OXJTAKAAIOLIEH SKMAKOCTH.
YcTaHOBACHD, 4T0 HaHOOMb LM adpext rocturaeTes NPH NOJTHOM TIOTPYIKEHHHI
ACTAIH M Kpyra B OXADAAAIOUIYI0 KHAKOCT, T.K. o = v, IPU ITOM f — 1.
Cymectsentoe Bausime Ha KoMivieke f} OKa3pIBaST CKOPOCTH UCTOYHUKA SiprC
YMEHBIICHHEM KOTOPOH TemnnoobMen nossimaerces.

B kasecree npumepa paccunraem TEMIEPATYPY Ha NOBEPXHOCTH MIACTH~
Hbl ToAuHHO#H 0,3 cM u3 Marepuana 12X2H4A ¢ napaserpami a = (,067 CMEI'I::;
S s e e r — k= 33,52 By/ m rpaf, co CAeAyIOIUMU Pexi-
7 —f—f—o  Mamu uumdosanus S,, = 0,6 m/vun; Vyp = 20
M/C, HIMPHMHA 30HB! KOHTAKTA BAOIDL Hanpas;e-

o T Huf Aprokenns Zh = 10 cM, ckopocts moaaun
0. ! - OXTAKTAOLICH XKHIKOCTH B 30HY PEIAHHS U, =
45 2 m/c.
AHUTUTHYIECKHI  PACYeT 1O  3aBHCHMO-
ks
B 0% g Gk R craM (3, 4) ¥ rpadHUecKUM 3aBHCHMOCTSIM (puc.

2, 3) nokazan, wro MuOkHTETH N = L5 mpu H=
4, B =2, xoadduument rennoorsona D = 0.36

adurmenta TEMNoOTBO, @ : b 8 !
Qi Tpd 3HakieHuu xomruiekca ff = 0,21 ¢ yuerom

D ot komiuiekea S kodbduimenta rennoodmena [4] «=3-10_°*
e

Puc. 3. 3amucumocts xo-

BTr’Mzrpa;[. Iaotnoers rennosoro noroka on-
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citAnack 1o uipectuoi 3asucumoctH 3] u coctasuna q= 6.5°10° Br/ v,
AJTS OCTPOCHNS TEMIEPaTYPHO KPUBOIT Ha NOBEPXHOCTH [L1ACTHHBI HEOGXO-
MO 3a)1aTh 3HAYEHUS Z TPH BEPXHEM [IPCAENE M BBIMHTATH COOTBETCTBYIO-
e JaHHOMY 7 3HA4EHMS UPH HIDKHEM npefelne HHTerpajia BoipaxeHus (4).
oMatuieckas 06padotka UHPOPMALMK (103B0ONUNA PaspaboTaTh NaKeT npu-
AAHLIX [POTPaMM JUISL BBIMHCHEHHS YHCIOBBIX 3HAYCHKI HOAMHATETPATLHOR
KWK Bhipaenns (4) B 3aBHCHMOCTH OT pasnuiubX 3uadenuit X, Z, H, &
npu Z = 0, X=0, H=4 3nauenne nurerpana BHIpOKeHHs (4) byaer passo
6. Torna okonuarensHas Temneparypa Ha [IOBEPXHOCTH JETalH B LCHTpE
JIOCKI C 0/1a4eil CMa30YHO-OXAakKAAIOUIeH KUIKOCTH cocTaruT 225°C.
Taxum obpaszoMm, JaHHas METOAMKA NO3BOAAET PaccUuTaTL M NPOrHO3M-
4Tk TEMIEPaTypy ¢ y4eTOM pasMepoB MIACTAHBI B 3aBHCHMOCTH OT PEKH-
WAAGOBARKS U PUIHKO-MEXAHUYECKKX CBONCTE obpabatkiBaemoit nosepx-
10CTH, a TaK JKe NoKasaTh pacipeje/icHue TEMIEPATYPHOIO TOJs N[O [inyOHHe
TIPK [10CKOM UuTHdoBauy.
~ Pabora no ynpasnenno tennonsivu nporeccamMm npu nim)oBaHHH BBI-
ACTCS 1IPH MHAHCUPOBAHUK B paMKaX rpaHTa MuHucTeperBa obpazona-
Poceniickoit ®enepanmu «Bo3moxHOCTH abpazuBHOTO MICTPYMEHTA B CO-
EHCTBOBAHUH TEXHOIOI MY apoussoacTBay. T02-06.3-400.

Crmucox Jlureparyper: 1. Msarosa T.H., Macanor K.H., l'anpung AU
bHIICHHE SQPEKTHBHOCTH 06pabOTKH TOHKMX MUIACTHH 38 CyerT HHTeHCH(H-
Mt TErIoo0Mena B 30He uumpoBanus. KoucTpyKTOpeKo-TeXHOM0IMYeCKas
popMarika — 2000: Tp. korrpecca. B 2-x 1.7. T.1/ IV Mext KOHTP.- M.:
80 “Crankun”, 2000.- ¢. 217-218. 2. Sutepunmin [LU., Loxyp A.K., Epe-
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CIEKTHBSI MOBBILEHNA IGYCKTHBHOCTY MIOCKOTO HUTHQOBAHNS / Cosep-
TBOBAaHHC NPOLECCOB MeXaHu4eckoi obpaborku MeTaiuios: ¢6. Hayy. Tp.
[ K: Mokl TY, 1996. C. 46-48.
T Craro B peaakumo 27.03.03
Pekomennosano 5.1.H.. npod. Manuuuko M.A.

)JCHOBAHUE IIAPAMETPOB OIITUMU3 ALY AKCHAJIBHO#
KOPOHKH ITPOXOJYECKOI'O KOMBAIA

Cemenuenwo J.A. (lonHTY, 2. Jloneyx, Vipauna)

arities of influence of number, direction and length of vane on the thick-
and breadth of shearing on cutting tools of the axial bit are determined.
sity of taking into account of these parameters under the optimization is
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grounded.

Bospacraomas konuenrpamus 1o6niau yveast tpedyer NoCTOSHHOTO Ho-
BRHUCHUS TCMITOB [IPOBEACHNS NOATOTOBHTELHBIX BLIPaBGOTOK [1.2]. Kax noka-
IBIBACT OTCUECTBEHHLIN | MI{pOBOﬁ ONBIT, 3TO BO3ZMOKHO TONLKO Npu nprUMeHe-
HUH KOMOARNOBLIX TEXHONOrKiT npoxoaku. Bor nouemy cospanne MpoXoaie-
CKHX KOMDAlHOB U KOMILIEKCOB HOBOIO TEXHUYCCKOrO YPOBHA, BHEAPEHUE KO-
TOPLIX TIO3BONUT PE3KO COKPATHTH CPOKHM U TOBLICHTH KAYeCTBO ITOAIOTOBKH
(ponTa ouncTHRIX pabor, YCKOPHTH BCKPLITHE HOBBIX FOPU3OHTOB U CTPOUTES be
CTBO LIAXT, SABASCTCA NPOBIEMOl, UMCIOWIEH BAXKIIOE HAPOAHOXO3AHCTBEHHOE
3HaueHMe,

Yenemnoe pewerne 570l npoGiembl MoxeT ObITh 0becneyen HO Ha OCHO-
BE JAMBHEHIICr0 PA3BHTH TEOPETHHECKON Gasbl A5 0BOCHOBAH s panuoHas-
HBIX 1apamMeTpoB Pe3LoBBIX KOPOHOK, KOTOPLIMH B HacTosee BpeMsl ocHalg-
IOTCA HPOX0AUEeCKHe KomBairnl.

Anaius nocaentux paboT, MOCBAIHEHHbIX BOIIPOCAM O THMU3BAIMM Napa-
METPOB PE3LOBBIX KOPOHOK [3-6], MOKa3BIBaLT, YTO H3YHYEHHOCTh BAKOHOMEPHO-
CTCH BIMSHMA KOJMYeCTBa Nonacteil N, HAMNPABICHHUA B BCNMYKMHBI MaKCH-
MATTbHOTO yria ¥X HABHBKH @y, Ha npomecc HopMUpPOBAHKMS TONMIMHDB! 1 LIMPH-
HPI Cpesa Ha pestiax Helb3s NpU3HaTh J0CcTatouHol. Mssectro [7], uTo Bemmuym-
Ha W COOTHOLICHHE [APAMETPOB CPe3a ONPEAC/TIOT IHEPrOEMKOCTD paspyuie-
fiust, XapaKkTep u BEMHUMHY HATPYKEHHOCTH KomGalina, KOTOPhIE ONPEeNsion
IO KOHKYPEHTOCNIOCOOHOCT 1 TEXHHUCCKHI YPOBEHb. CymecrByromue mave-
MATHICCKHE MOICAN ONTHMHM3AIAN H METOAMKM ONpPeNeNeHns PaildOHATLHE|
KOHCTPYKTHBHBIX M PEKUMHBIX MapaMeTpoB THX KOPOHOK HE YYUTBLIBAIOT B
MONHONH Mepe 0coBCHHOCTEN BIMARUSA HTHX [IAPaMETPOB Ha JPOUECe pazpyilie-
HUA MAcCHBa, KOTOPHIH onpesesset sddexTHBHOCTH paGoThi komGaiina, 1 HY M-
JAA0TCA B COBEDIICHCTBOBAHHH,

Henpto ucenenopaunit sensercs obocHopanse [EPEMEHHBIX TTPOSKTHPO-
BAHUA AMS paspadoTku MaTCMATHUIECKOH MOJETH ONTHMUIALNK KOMCTPYKTHB-
HEIX M DCKHMHBIX TIapaMETPOB aKCHaIbHOH KOPOHKM Ha OCHOBE YCTAHOBICHHL
3AKOHOMEPHOCTEH Ipotecca CTPYKKootpazoBarius npu paboTe B pexxume GoKo-
BOIO pesa.

Mns veranosnenns 3aKOHOMEpHOCTEH BIMsItKg KonudecTsa N3, Halpasie-
I 1 MAaKCMMRITRHOTO YI7ia HABUBKH @y CHIMPAiiel Ha TPOLECe CTPYKKOOGpa-
30BaHKS OLUHL HOCTPOCHDI CCHEHMS NOBEPXHOCTH 3605 FOPH3OHTANILHON TUToc-
KOCTBI0, NPOXOMALLCH HYepe3 och BpalleHUs KOpoHKU. B kauectne npuMepa Ha
puc. | npusesenst cevenus 3a60s NpH paspyLIEHHH MACCHBA KOPOHKOI ¢ 21
AMNCOUAATBLHOR QopMoit GOKOBOK MOBEPXHOCTH, uMeiomIell paguyc R, =S00M:
H KOHCTPYKTHBHYIO IHMPHHY cpe3a t=40nMM, JU1s pa3AUTHBIX 3HAUEHUH KOJIMYe-
crBa jionacredl (N3=2 u N3=4) u MakcuManbHoro Yrila HaBuBKY (Qn=-47; @,=-
27, @u21; Qu=4m;). Tla pucyHke Takke NOKa3aHbl KOHCTPYKTUBHAA 1IHPHHE
cpesa t U (PaKTHYECKHe mapamMeTpsi cTpyxku (1, hy- TIPK OTPUIATEILHOM YIIE
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[BKH CHHpamiL; b, ha- NP MOR0MUTENLHOM) s ABYX CKopocTei GokoBoii
W 2M/MIH WM/ MIH.
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OKOBOM Pe3¢ Pe3laMi JONAcTH HUTHNCOWIANBHON KOPOHKH B IOPU30HTAMb
€UCHNY, MPOXOLIEM Yepes ee OCh BPAleH s
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JUis MX NOCTPOCHMS DbILAK HCIIONL30BaHB! 3aBucuMocTu (1), rie:
Tpi M Tyj = BPEMH 0BOPOTA {-TOM0 PE3LA, HAXOLAMEI0CH Ha onepekaioel
W paccMaTpUBAEMOH ONACTAX B FOPHIOHTAINEHYIO ItockocTh Ory;

Pi. 2z .
Ty = =17y =g + e
(0] No-w'
( yo+ry )
o+,
= arefg| ————=t— |+ @g - Ty
Boi i 8l(!'+LU)+r;J A0
Vo 4 ¥, \
TRERE ) I R (1)

K(L+,",U) | :r}

R, _\(1ﬂ+1 ) +((4 L -H')
Xop = R;sin fg; = yo:

Yoi = Ry cos fy; ~(L+Ly);

Xy = Risin By = yo3

vy = Ricos By, =(L+Ly).

(p;- YIJIOBBIE CMELUCHMS 1-TOFO pe3lia Ha NOMacTaAX; - YIAoRas CKOPOCTh

xoponxi; R; uf;, B~ cOOTBETCTBEHHO, PAKHYC K YIUIB [IONOMKEHHS i-TOTO pe3-
1A B FOPU3CHTAILHOM 1IOCKOCTH, HAXOAAIErocs Ha oepexaomeil 1 pacemar-
PHBAEMOi JTIONACTAX; Y- CMEIICHHE [EHTPA KOPOHKH OTHOCHTENLHO BEPTHU-
KAJBHOH TUIOCKOCTH CHMMCTPHM CTPEJBL, Y MIj- OCEBOE CMCIICHMC ¥ Pajinyc
YCTAHOBKM BEPLUMUBI I-TOTO Pe3Na Ha JONacTAX KOPOHKH; L- pidiia cTpeib! B
TOPH3OHTANBHOM MH0CKOCTH; Lg- paccTosiHue MeXIy FOpM30HTANbLHOM ¥ BEPTH-
KaIBHOH OCAME MOBOPOTA CTPEIH; (g~ YIJIOBAK CKOPOCTh IIOBOPOTA CTPENBL
(Xgi- Yo Ju (X, ¥i ) - KOOPHMHATE [TOJOMKCHNS 1-TOIO PE3La PACIIONOKEHHOTO Ha
OolIeP@XKAIOILEH W paccMaTpHBacMOH JIONACTHX, B I'OPH3OHTAIBHOM CEUYEHUH
Ory. '

AHaiu3 rpaduKoB, NpHUBeleHHBIX Ha puc.l okaseizaet, yro gopma 1o-
sepxuocTH 2abost, 0bpasyemoil 1py DOKOBOM pese pe3sLaMH JIOHACTH aKCHAb-
HOM KOPOHKHK B FOPH3ONTATLHLIX CEUEHUAX, DPOXOAAIINX Uepes ee 0Cb BpaLle-
HUS, oTIHdaeTes 0T Gopmbl kopouku. [lpu oTom pacxoxiaenne Gopm TeM BEIIILE,
H4eM BRI CKOPOCTR MOMA4H. OHPC}ICJ"[HIOIHCE BIIMAHKE Ha pasiHiMe 3THX Q)OPM
OKA3BIBAIOT 3aX0JHOCTh N3, HAUpaBleHHE U BEAHYHHA MAKCUMANLHOTO YIA
CMEIICHHS! PE3IIOB @, Ha CTIMPAIN.

Anamuz nponecca crpyxkoodpazoBadus (cm. puc. 1) noxaspisaer, 4ro
(haxTruecKre (KMHemaTHuecKkue) mapamerphl cpesa (f,tyhi,h,) cyuiecTsenno.
OTAHYAIOTCS OT KOHCTPYKTHBIOH WIMPHHLE ¢pe3a t, ¥ ToJIMHEl cpesa h, orpe-
JENACMOi ¢ YHETOM COOTHOLIEHUS CKOPOCTH HOJAYMH W YIJIOBOH CKOPOCTH KO-
porky. 1103TOMy rapaMeTpaMi NpoeKTHPOBAHHS i pa3paboTku maremaTHte-
CKOM MOZENM ONTHMU3AIMH aKCHATRHBIX KOPOHOK, Hapsay ¢ ux dopmoit [7],
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_-iil()n}KHBl HNPHHUMATHCH 3aX04HOCTD N‘_’., HafnpaplieHMe ¥ BCJIHYHMHA MAKCHMA b~
- HOPO Yria CMelncHus pe3nos @, Ha JonacTH. Dru napaMerpbl B 3HAUMWTEN bHOM
epe OMpeaeialoT XapaKTep HU3MCHCHHA TOMIHHEL H LWHHPHUBLL CPE3a Ha pesfiax,
HX COOTHOUICHHE, a CNeA0BATENRHO, W YACNBHYIO DHCProeMKOCTL Paspycius
MACCHBA.
. Taxkum 06[)&30&1, TEOPeTHUCCKH YCTAHOBICHO CYILUIECTBCHHOC KOMIEICKCHOC
 BAMAHME KOIMMECTBA JIonacTel (3aX0AH0CTCR), HATIPaBICHUA W BEIMYUHLL Yria
HX HABWBKY HA [POLIECC CTPY;KKOOOPA30BaHUS aKCHANBHON KOpoHKH nipu Boko-
BOM pe3se. Ortu napamerpsr B 3HAYUTEALHOH Mepe onpeJieH0T COOTHOLICHWE
ONIHHLL W IUHPHHBL CPE3a Ha peilax, a clejoBaTe/Lio M BCPCbeKTHB‘{-IOCTi;
poLecca paspyIleHHsl MacCHMBa W JIOJDKHBl YHHTBLIBATRCH B KA4ECTBE fapamer-
OB NPOCKTHPOBAHKUA T1pH pat;pa60‘rt<c MATEMETHYCCKON MOJICITM OUTHUMUSAILMK
KCHANBHBIX KOPOHOK.
" llenecooGpasHel JanbHeilde UCCAEHOBAHAS 110 YCTAHOBIEHMIO 3aKOHO-
pHocTel BIUAHHUS (POPMbL! KOPOHKH, KOAWYECTBA CIIMpanei, uX HanpasicHus
H MaKCHManbHOIO ¥Iild HABHBKH HA BEAMHHMHY YICILHBIX JHCPro3arpaTt B pas-
-'].-f'.‘il'lle peRHMax paﬁo‘mi HCTIOMHUTENBHOIO OPrafHa.
b

Cuncox sareparypoi: 1, HL.C. Cypraii, B.B. Bunorpanos, YO.M. Kust-
ITpor3BO MM TEALHOCTEL OHMCTHRIX KOMINIEKCOB HOBOI'O TEXHMUECKOTO YPOBHS
TyTH ee noseienust. // Yrons Ypaunsr — 2001, - Ne6. — C. 2-6. 2. AT, Jlan-
eB. [lepeneKTiBb pasBuTyHs rOpHOH MPOMBIIITEHHOCTH Ha 0a3e TEXHMUYECKOro
epeBOOpPYIKeHHS WaxT. // Yroae Vrpauner - 2002, - No2-3, — C. 10-14. 3. Ma-
ept Y., lepxapn X., Beneman A. Onrtumuzais ¢ nomousio IBM paGotst
HOBBIX KOPOHOK Mpoxoguecknx kombaiHoB uzbuparenbnoro jeifcrsus. —
moxayd, 1993, Nel-2, C.86-92. 4. Kuuccenp B., Meprenc ®., Kuaiinepr X.B.,
furr™an M. MeTojl pacyeTa ¥ ONTUMH3ANMHM NAapaAMETPOB PE3LOBBIX KOPOHOK
POXOAYECKHX KOMOaiHOB m3duparensHoro gencrsus. — [nokayd, 1993, Ne 5,
-14. 5. Cemenuenko AK., Illadaes O.E., Cemenueniko [.A., Xuuenko H.B.,
aun B.A. Bausuwe pesxumon paborst u Gopmel 3ados Ha (opmuposanue
KTOpa BHEIIHErO BO3MYIIEHWS AKCHANLHOM KOPOHKH IPOXOJYECKOro KOM-
fina. // Topubiit niopMaUMOHHO — aHATMTHYCeCKU Brometers. — M.: Man-po
, 2001.-Nell. - C. 233-234. 6. ['ynges B.I'., Cemenuenxo JL.A. Oupegerne-
(M€ YASHLHBIX DHEPro3aTpaT W BEKTOPAa BHEHIHEIO BO3MYILEHHS KOPOHYATOro
ICTIOJIHHTENBHOIO Oprana NPoXoadeckoro kombalina B pasiMuHbIX PEKMMAX
opaGorki  3aGos. //  Haykosi npami  JowilTY. Cepin ripuuyo-
ekTpomexaniuua. - 2001, - Bein.35. - C.38-47. 7. Cemenuenxo JI.A. Bausnue
PMbI aKCHANBHOH KOPOHKH Ha (hOpMUPOBAHHE TOMLAHBI CTPYKKHM Ha peslax
HEPrO3aTPaThl paspylieHus npu OokoBoM pese //COOPHUK HAYUHBIX TPYIOB,
1ocesiuennbii 45-nerao JIUMM, "llepcnexkrdpel pasBuTHA YIONBHOW Mpo-
upiennoctd B XXI pexe”. Asruesck — 2002, C.268-273.

Crnano B peslakumio 27.05.03
Pekomennosano o7, npod. Heuenaes B.1.
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MOBEPXHOCTHOE YIIPOUHEHUE AJIMA3ZHOIO
FAJNBBAHHMYECKOTO HHCTPYM EHTA METO/A0M
HU3KOTEMIEPATYPHOU XUMHWYECKON OBPABOTKU

Cyniopenxo 0.0, maros ALA., Kaparyasrkuwu B.K. (HEMUAHMALI HAHE,
LHTY, HIT OO0 «Cucmesar 2 .Munck, beaapyce)

The research of serviceability of diamond tool, which was hardened by a method
of chemical low treatment is carried out. The presence of a covering film on
tool's surface is revealed. The results of operational tests allow to make a con-
clusion about increase of resource of the tool in 1.5 - 2,0 times.

[pn pabore anMa3sHoro WHCTPYMEHTA, KPOME HENOCPEACTBEHHOTO KOH-
TaKTd aJIMA3HOr0 3¢pHA ¢ 00pabaThIBACMbIM MATEPHANIOM [IPOUCKOIAT KOHTAKT-
HOE B3aMMOACHCTBHE (B HaCTHOCTH, TPEIUE) MEKY MOBEPXHOCTHIO CBA3KH WH-
CTPYMEHTa M YacTHIaMK 06pabaTbiBaeMoro MaTepuana, CpesaHHbIMA [IpU 06pa-
Gotke. B cnyuae ynpouHeHHOr0 MHCTPYMEHTAa B KOHTAKTHOC B3aMMOAeHCTBUE
CO Cpe3aHHBIMH HaCTHIIAMK 00pabaThiBAEMOro MarepHaia BCTYIAeT B MEepRYI0
0dYepelb YIPOUHAIOHIEE HOKPhITHE. PaboTociocoOHOCTE MHCTPYMENTa B 3TOM
CIyHac 3aBHCHT OT CBOMCTB M XapakTepHCTHK YHPOUHSIOEH MIeHKH, e Crio-
CODHOCTH CONMPOTHBIATLCA H3HOCY, €€ aJre3dt K MATEPHANy OCHOBHL MOKHO
A@KE NPEIIOA0KUTE, YTO CTORKOCTh MHCTPYMEHTA TNORBIILASTCS HACTONEKO,
CKOJILKO GYACT HEPAaspyHICHO YIPOUIBIOWEE [OKPBITHE, XOTS 34¢Ch cIe/yer
YHUHTRIBATL M3HOC CAMMX aMA3HbIX 3€PEH, €ro BIMAHHE HA LEJOCTHOCThL I10-
KPBITHS 1 T. /1.

Taxum obpasom, akTyansHol 3a7aueil sIBASETCS CHUKEHHE TPEHMS MEXK-
Ay obpabarbiBaemoil JICTATBIO M IMAIHBIM HHCTPYMEHTOM. TeXHonorus yil-
POUHCHHS ANMa3HOTO HHCTPYMEHTA METONOM HM3KOTEMITepaTypHOH XMMHUe-
ckoi odpaboriu (HXO) sanpasiena Ha peulerne [aHHON npodstemer, Cozjanme
HA NIOBEPXHOCTH 4lMA3HOI0 UHCTPYMEHTA YIPOUHAIOUIErC NOKPBITHS POHCXO-
AUT MyTem o0paboTKkyu B KMIIAIICH CYCTIEH3MH OKCHAOB PAKA METATUIOB C [OCHe-
Ayroulei Tepmirdeckol odpaboTkoli Ha Bozayxe. Ipu aToM TemMneparypa Kumne-
HIS CYCHCH3MH M TePMO0DPAOOTKH CYINECTBCHHO HIKE TeMIepaTyphi rpaduT-
3aliM alMasa.

B pesynntate obpabotkn metogom HXO nonydena nekoropas nopepx-
HOCTHAst KOHCTPYKUMS, BKIOYAIONAs MaTePHaL TIOBEPXHOCTHOrO C0A H MaTe-
PHAN NOUIOKKR 1 00CCIEYMBAIONIAS TIOBEPXHOCTHOMY C/I0I0 U WHCTPYMEHTY B
HEAOM TCXHMYECKYIO d(Q(EKTHBHOCTh ¥ DKOHOMHMECKYIO LIENeco0fpasHocTs,
KAKYIO e JIA0T 3/1eMEHTh] AaHi0l KOHCTPYKIMH B OT/IEABHOCTH.

[Iposejiero perrrenocnekpanbioe ucciegopanue 06pa3loBR IKCHEPH-
MEHTaIbHOH 11apTHH anMa3HOIo HHCTPYMEHTA, YNpoyHeHHoro merojom HXO.
C noMOLIBIO CKAHMPYIOILETO MMEKTPOHHOIO MHMKpockona Mojesin Cam Scan
(Aurnus) Oeliu caenansr gororpapuu Mukpopesbeda HOBEPXHOCTH HHCTPY-
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'{'_M"e_m'a KaK B WCXOJHOM COCTOSKHM, TaK ¢ nocie yipounenus. Peurrenocnex-
 TPAIbHOE MecieoBanie 000X BHIOB HHCTPYMEHTA NPOBOAWIOCH HA PEHTIre-
'HOBCKOM aHaJlM3aTOpe 3HeprojimcnepeHoM moaenu AN10000.

Ha puc. 1.a ($poro) npegcrapien yHacTok noBepxHoCTiH HUIM(OBANBLHOIM
- FONOBKH, ynipouHeHno# metoaom HXO. TpakTyuecku BCA MOBEPXHOCTL HUKE-
NEBOIt CBA3KM MEJILY ANMA3HBLIMU 3CPHAMHM ITOKPHITA TuleHKoi. Mmeercs Haron-
~ 3aHHe YOPOHHSIOUIEH MAeHKH Ha aNMa3Hble 3epHa, Yallle BCero Ha rPaHMYHBIX
yuacrkax «anmas-cesakan. Ha puc. 1,6 (poro) — Tawke yyacTok MOBEpXHOCTH
. yHpouHeHHON WAXdOBANLHOMN TOM0BKH, OHAKO yBeianyenue x4000 nozsonser
- PasiuuuTh HE TONBKO CaM YIPOYHAIOUIMI COMH, HO M ero HeoIHOPoAHOCTh. Kak
OKazalti peHTreHOCTPYKTYPHBIE KCCAEJOBAHUS MIEHKA HA NOBEPXHOCTH WHCT-
VMEHTA COCTOMT M3 TeMHO# Dosice riaikoi ¥ poBHO# nojioxky (Mo) a1 Kak
OBl (HATMITIIN X Ha Hee XJIoMkeB Bosee cpeTsioro ueta (Ti).

E a ]
Pue. 1. Mukpopenped) 1OBEPXHOCTH YIIDOHMHEHHOI'O alIMA3HOTO HHCTPYMEHTa

Ocantennas B npouecce HXO Ha NOBepXHOCTH aIMA3HONO HHCTPYMERTA
. TUTAHO-MONMMOJEHOBAs IicHKa crnocobCTBYCT, ¢ OJIHOH CTOPOHBI, [OBHIIICHUIO
A/IMA3OYIePIKaHKs B CBA3KE 33 CUET YIPOUHEHHMS [IePexOiHONH 30HLI «anMas-
~ METal», 3apalHBanys e NeQeKTOB M CO3/IaHus B IIOBEPXHOCTHOM CllOE MHCT-
PYMEHTA CHKMUMAIOIIMX HALPHKCHMI, ¢ IPYIOi CTOPOHDI, MPeAOXpaksct CBA3KY
OT HEMOCPE/ICTBECHHOIO KOHTAKTA ¢ 00pabarblBacMOil IETaNbIO B LENOM M ¢ Hac-
THItamMK obpabaThiBaeMoro Matepwaia, cpezalHbpIMU Ipu Ldosatan. B cny-
Hae YIPOUHCHHOIO AMMa3HOro HHCTPYMEHTA B KOHTAKTHOE B3auMOAEHCTBHE CO
cpesaHLbiMK  wacTHiaMu 00pabarkiBaeMOro Marepuana B TNEPBYIO Ouepeilb
BCTYITAET YIPOUHAOIUEE [IOKPLITHE,

Ilpu 06padorke 0AHOKAPOUAHBIX TBEPABIX CIUIABOB YIIPOYHEHHBIM HHCT-
3 ~ pymenTom Habrojaercs ero KoMOMHHPOBaHHBIA M3Hoc. Takoi BUI U3HOCA Bhi-
~ 3BaH npoTeKaHueM OfHOBpeMeHHO abpasuBHOTO, MMb{Y3MOHHOIO U a1re3uoH-
~ HOro u3Hoca. Hasuuue aiMasnpix 3epex ¢ yIOMSHYTHIME BHAaMu H3Hoca o0Ha-
~ pyxeHo Ha doTorpadusx Mukpopenneda MOBEPXHOCTH KIHOIIEHHOMN ajMa3Hoi
~ uH(OBANLHON rONOBKH.

Onpenenensl CHEAYIONIHE MEXaAHU3MBL Pa3PYIICHHA YIPOUHSIOWEro fo-
 KPBITHA: KaTacTpOhUIeCKOe H3HAIMBAHHE, BCIISACTRBHE HEIPABHILHOIO BRIDOpa
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TOIHHbBL TOKPLITHS WK OUIMOOK B TEXHONOTHHMECKOM PONECTE; 3aPOKIACHHE B
IJIACTUYMECKOMU AeOPMAlMK B OCHOBE MIIM MOKPBITAYU, OTCIauBaHHe HOKPBLITHI
110 FpaHuie pa3jiena; BO3HUKHOBCHUE TOBCPXHOCTHBLIX M MIYOUHIBIX TPELUMH.
Hpu paboTe anmaszHoro MHCTPYMEHTA CHE/LYET YUUTHIBATE CUIC W M3HOC anMas-
HbIX 3CpeH. BoipbiBanye W Xapakrep paspyiieHus KPUCTANIOB aIMa3a cooco-

: DiE N : 4 CTBYCT DaspyilicHMIO H YCKOPEHHOMY
M3HAIMBAHMIO  YOPOUHSIOUIeH  [UIeH-
KH.

Hposeaetint CpPaBHUTENbHbIE
MCHLITAHUS  VIIPOUHEHHBLIX W Heyil-
POUHEHHBIX  ANMA3HBLIX  HUTH(ORAb-
HBIX T00BOK np# odpaboTke obpa3-
uoB Teepiaoro craasa BK8 wa pexu-
Max, PEKOMEHJIOBAHIBIX 'ocr
: : 17122-85: yactora BpamueHus M-

Puc. 2. Hcnpiranus ronosox anmas- FONOBKH — 6400 ob/smn; paguabHoe
HIBIX IILTHQOBAIEHBIX yeuiane npixuma — 6,0H; 6e3 oxnax-
enust (puc. 2).

Ha puc. 3, a u 3, 6 (poT0) npescTapieHs! Y4HacTKy TIOBEPXHOCTH YIIPOU-
HerHoli MeTopom HXO uimdosanbHoit roosku, orpaborasimeit 120 MUHYT Ha
obpaboTke TBeporo ciasa BKS,

Puc. 3. Mukpopernsed) H0BepXHOCTH YHPOUHCHHON anMasHOlt HIHQOBANBLHOM
FOAOBKH, u3noLIeNHOH npu 00padotke TBEpOro cAaRa

Bupnito, 4to Ha HHKENEBOI CBA3KE M Ha CaMUX ATMAHBIX 3epHax coxpa-
HHANCH TOABLKO HEOOIBINHE YHACTKH YIIpOUuHsowed rnengy. Ha doTorpadmsx
TaK 3Ke pasaIuualoTCs H3HOIUEHHBIE (CKONOThIE, HENPABHALHON (POPMBI, CTOUCH-
HBIC, BHIPBAHHDIC) AIMA3HEIC 3EPHA, XOTA WHCTPYMERT octancs paGorocnocot-
HBIM, M3HOCa CBASKH He HABIOMAeTCs M PEKYILMX KPOMOK €1e JOCTATOYHO Ui
paboThl. Bonee eTanbHblii MPOCMOTP HOBEPXHOCTH U3HOLICHHOT npu obpabor-
Ke yNpOuHEHHOH uuiMoBaipHOi TONOBKK NMO3BONMI OGHAPYKUTE 0BMACTH ¢
MAIOH CTENEHBIO H3HOCA, TJIe NPAKTHUYCCKH He HabII0MaeTCs BBIPHIBOB AjMas-
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HBIX 3EPCH, OTMEHAETCA HANMUNE TIICHKH KaK HAa META/TMMECKOM CBA3KE, TaK M
OCTATOUHbLIC HATMIIAHMSA HA KPHCTANIaX aaMasos, KOTOPhIC, MO BCEH BHAHMO-
CTH, HEe yuacTBOBAsAM B Mponecce pesanis (KPOMKa 3epHa Hike APYTHX W He
AocTiraja nosepxHocTH obpabarsisaemoro obpasiia TREP/IOTO ciasa).

Hceneposanne mukpopeaseda nosepxmoctu yrpousienuoi uudosans-
HOW [OJIOBKM NOKA3a10, YTO MOCie HeTIpephIBHOH paboTh no obpaborke Tep-
A0ro cniasa B TeveHue 120 MHHYT yIpouHsiomas nieHka uanocunacs xa 70—
80%, npuyeM HEM3HOWIEHHBIE Y4aCTKH HABMIONAIOTCS B Tex YacTAX, KOTOpble
MEHbUIC yYacTBOBA/M B Mpouecce pesanus. [Ha u3HOUICHHOM yrpoysHsiouem
TIOKPBITHH HE OOHApYIKEHO CKOJIOB M TPEUHH, YTO MO3BOJAET CACHATh BBIBOA O
XOpOIIeH aAre3uH MOKPHITHS K MATEPHAILY OCHOBbI.

Cpeanuii ynensHbiit pacxon anMasa npu 0BpaboTke TBEPIOro Crasa yri-
POUHEHHBLIMA  TOJOBKAMH  AMa3HBIMK  1UAMGOBANBEHBIMKU  cocTasaser 11,15
Mr/em’, wto Ha 50% HIIKE, YeM CPEAHMH Y/ieiibHbIH Pacxojl anMasa npu obpa-
D0TKE TBEPAOrO CrnaBa FOJOBKAMH AjiMa3zHbIMU UUTH(OBANBHEIMU HEYNPOY-
HEHHBIMHU, B COCTOAHUH, [IONYUEHHOM OT NpoussouTesns. JLis HEYIPOYHEHHBIX
FONIOBOK aNMaszHbIX LUMQOBANKLHLIX YASNLHBI PACXOM anMasa COCTABISET
16,74 mr/end’.

IlpoBenennsle okcnepumentansHble MccTeNOBAHUS IKCTIYATALMOHHBIX
XAPaKTEPHCTHK aNMasHBIX HUIMQOBANLHBLIX FOIOBOK HAa HHKEJICBOH CBA3KE, MO~
SBOJBIIOT CHEIIATH BBIBOJ, Y4TO PEANLHOE MOBBINCHHE CTONKOCTH YIPOYHEHHOLO
MHCTpymeHTa coctapiser ot 30 ao 100% k nepeonayanbsHOM CTOHKOCTH B 3aBH-
- CHMOCTH 0T THNOpa3Mepa K KOHMUIYPAUHH HHCTPYMEHTA.

Cnucox surepatypei: 1. Jlonagze T.H., boxyuana I".B. Msnoc anmasos
H aimMasseiX kpyroe. — M.: Mammnoctpoenne, 1967. — 113¢. 2. Metossr u
CPEACTBA YIIPOUHEHHS HOBEPXHOCTCH JeTalicii Mauiul KOHUEHTPHPOBAHHBIMH
. HoTokami sHepriu / Ors. pea. wi-kop. PAH ALIL I'ycerkos. M.: Hayka, 1992.
3. Boponuit H.A. TormokoMnosntsl — HOBbIE Kiace KOHCTPYKLUMOHHLIX Marte-
puanos. // Tpenvie u ustoc, 1999, Tom 20, Ne3, C.313-319.

Crano e pesaxuso 4.06.03
Pesomenaosano am.u., npod. Hpyrany O,

CUCTEMHO-CTPYKTYPHI IPUHIUITY BUBOPY EJEMEHTIBR
TEXHOJIOTTYHOIO OCHAIEHHSI THYYKUX BUPOBHUYMX
CUCTEM

f Crenin O.A., Jlanxosebknii C.B., Creuuna M.O.
" (HTYY “KII”, n. Kuis, Yipaina)

- Offered system-structured principles of choice of elements of technological
- equipment of flexible production systems during technological preparation of

73



production.
Pict Texniunofl ocrawenocti i 38's3ana 3 ium Texuiuna inTerpauis Bupo-
OHUuMX npotiecin B yMoBax rayuxux supobuutux cuctem (I'BC) nakianace rie-
BHUIT BIAOMTOK Ha MPHHLMITY BUOOPY OKpeMuUX enementtis octaudix [1].
Ha siaminy Bia Tpaanuiiino creoprosanux BupoGauunx cucrem (BC), e
OCHOBHMMH eIeMeHTamMH, AKI MarepianizyloThes ¥ BiANOBLHUX KOHCTPYKTHB-
HUX piweHnax, Oynu BeperaTHe obsajHalivg, TEXHOMOMYHA OCHACTKA Ta iH-
cTpyMent, y I'BC chekTp TexHiuHuX eleMeHTis 3HauHo posmmpioerses [1-3].
Bupobuudo-Texniuna cucrema [BC, KpiM 3a36auenux BUINC eeMEHTIB, BKIO-
Ha€ y CBill CKIAM TPAHCITOPTHE OBNAHAHHS, TEXHIUHI 3aC00M KepyRARHS, TeX-
HiuHi 3ac00K 30epirants, TPaHCHOPTHO-3aBAHTKYBANDHI npuctpol i T.4. {2, 3].
Ha puc.l nokasama cxema, sika iMIOCTPYE 3pOCTAMHS KiNBKOCTI B3a€MO-
3B'A3KIB, fKI OOYMOBIIOIOTL BUGIp OCHOBHMX CTPYKTypHux enementis I'BC vy
TopiBHAHHI 3 Tpaauuiiinoio BC, ne npobremu BuGOpY 3aMUXANHCH, IOTOBHAM
UHHOM, Y pamMKax JTOKaibHUX CHCTEM (Ha CXeMi 11e MOKa3aHO IHMPOKHMK CTpili-
kamu). LlenTpanere micne B ykasaHiil cxemi 3afimac BHpI6, sikuil BAITYCKAETHCH.
[Mnrarus Brubopy TexHiunmMx 3acobiB OCHAINEHHS TEXHOTOMIYHMX IPOLE-
CIB 3aiMAIOTh TONOBHI HO3MIIT B CHCTEMI TEXHONOTIYHOT T AFOTOBKH BUPOGHHMII-
tBa (TIB) i 3naiiumnu Binnosigue BIAGHTTA B rpyni cTaHAApTiB €AMHOT CHCTEMU
TEXHOJIOTIYHOT MIArOTOBKH BHPOOHHIITBA, Ie BHKIAJCH] caMi 3aranbui npasmia,
SKHMH [TOBMHEH KOPHCTATUCS ITPOSKTYBAILHUK DU [HAIOTOBI BUPOSHUIITRA.
['pynTyrouncs Ha cranaprax 3a3sHa4yeHol rpyild, a TaKOK BUKOPHCTOBYIOUH
cBifi OCBiA | KBaniQikaliio, NPOCKTYBANLHAK BUOHPAC KUTbKA PI3HUX BapiaHTiB
TeXHIYHUX piuiess cnementis BC i noTiM  amiiicmoe ix aganis, Texniko-
EKOHOMIYHY OLIHKY Ta ocraTouHmii Bubip BapianTa 3a THM abo innmim KpHTEpieM.
Takuit nijaxia Mae aBHI HegONiKK:
® IO-leplile, KiNEKiCTh BapiaHTIB TEXHIYHMX PilIeHb, KA BHSABISETHCS B MO
30pY MpPOSKTYBAIBHUKA, NepebyBac B NpsiMii 3anemHocTi B ioro ksasiidi-
Kaii;

® 110-Apyre, HPU3HAYCIHS BEIMKOI KiIhbKOCTI BapiaHTiB TeXHIYHUX pimens i ix
BIAMOBLIHE MPOPOGISHHS Ans Uil TeXHIKO-eXOHOMIYHOr0 apanizy [CTOTHO
30UIBILYIOTH TPYAOMICTKICT HPOEKTHHX pobiT, mo HaliuacTiiue He BiAmosi-
HA€ IIAHOBUMM TEPMIHAMM OCTATOYHOIO YXBATICHHA DINICHHS,

¢ [O-TPETE, i L€ [OJOBHE, NPH EBPUCTHYHOMY BHOOPI ACHKOT MHOKUHH
MOXKIIMBHX BAPianTiB HEMAE rapaHTii, IO B [104¢ 30pY NPOSKTYBAIBLHUKA 110~
Tpanus came ONTUMATbHMI BAPIaHT TCXHIYHONO BUPILIEHHS.

Jna 3anobiraHHs UMX HEAOMIKIB NPOMOHYIOTHCS HACTYMHI HANPSMKH, Bij-
MOBUIHO jI0 AKMX TOBMHHE ATH Y/JOCKOHAIOBAHHA METOJIR BHOODY CIEMCHTIB
R
® PO3poOKa METOAIB, AKi 3a0esneyars ONepaTuBHICTL OTPUMAHHSA | rapanToBaHy

TIOBHOTY MHOYKHHH MOMJIUBUX BaPIaHTIB pillleHs, sk 06'exTie postnazy;
po3pobka CHCTEMH NPOEKTYBAHHS, sKa 3abe3ncuyc pationaibHy OpraHi-
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3auito 1 CKOPOUEHHS TPYIOMICT-

KOCTi [POEKTHO! MPOPOOKH Ba-

piauTis TEXHIYHMX piletb 3

ypaxyBaHHAM YCbOTO pPi3HOMa-

HITTS 3yMOBJIOIOYKX 3B'A3KIB;

e po3pobka Kpurepiis i
MeTo;iB  OUIHKM BapiauTis
TeXHIHNNX PILUEHb.

3azHadeHl HANPAMKH TO-
prHHi OazyBaTucs | pO3BABATH-
€Sl Ha OCHOBI LIHPOKOrO BHKO-
puctanns 3acobis obuuciioBa-

JIHOT TEXHIKH.

B oOCHOBI pO3rAAHYTHX
HIDKYE 3araibHUX MCTOXOMOTi-
qHMX ToNoKeHs Bubopy eneme-
pris FBC nexurs T0i (akT, Wo

Towanari e
ariting

Puc. 1. CxeMa B3acMO3B'A3KIB, AKi BH3HA-

YaloTh BUGIP OCHOBHMX CTPYKTYPHHX elie- ;
werTie TBC KOJKHMI eleMenT i3 4ucia 3a-

snagenux Ha puc.l mowe nepe-

fyBaTy B 0AHOMY 3 TPhOX CTaHIB:

_ Cman O — craH, KO CIEMEHT ¥, MAIOYM [EeBHI XapaKTePUCTHKHY i Hapa-
METpH, € OCHOBHMM 3yMOBJIOIOYMM €IeMEHTOM, TOOTO BU3HAYAE subip inworo

. eJeMeHTa:

(v
= (Y):' ) )
0 . 2t )
sie (V) — pexrop 3Hauens napaMeTpiB, AKMH Xapakiepusye elemMeHt Y.
Cman J] — cTaii, KO¥ eTEMEHT Y, MAIOYM TIeBHi XapaKTepUCTHKH | napa-

METpH, ¢ AOLATKOBMM 3YMOBIIOIOUUM €JeMeHTOM, T00T0 Haknazae JONATKOBL
| BUMOTH abo obMesxeHHs Ha BUOIP IHILOro CleMeHTa:

A
yj e (Y)J * (2)
Je (Y)J;j — BEKTOP 3HaYCHb ﬂapamc:’rpi!;, SIKHM XapakTepusyc C/IEMCHT yf,z i

Cman I — cTau, KOMM €NEMEHT ¥ € WyKaHuM, 0010 [0TpibHO BU3HAa-
' qenns BekTopa 3Havers foro napaverpis (¥);

__ CHMBOJIOM Y TIO3HRUACTLCS ONMHMYHKM eIeMEHT, OAHaK y GaraThox BU-
| najikax ymoBH, obmexers abo MeTv BubOpYy BU3HAUAOThCH Ha MHOKHHI ¢lie-
'MEHTIB, TOBTO Mac Micle-AcaKuH ysaram.uumn enemenT 1

Y = Uyrp’ (3}
p=l

: nep — NOPSAKOBUI HOMEP eeMEHTA B PO3TILARYTIH MHOKUHI ¥}, y;, € Y.

B ycix BRIICHABCACHUX 3aTIACaX i, /, k - xjexc, ki BifI0OpAKAIOTE BUIL
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posrnsHytoro enementa [ BC.
[pyHTYI04MCh HA NAHUX [OHSTTSX | NPHIAHATHX MO3ZRAMEHUSX, MOXHA,

HANPHKNAL, Y BLAOBIIHOCTI 31 CXEMOIO, HABEACHOIO Ha pUc.1, 3anucaTi:
ur O A A :
Yn S YaAnYg N¥pns (4)
TOOTO BUDIP NPUCTPOIO 3YMOBIIIOCTHCS XapaKTePHCTHRAMM AeTali 9K 00'-
€KTa BUI'OTOBACHHS 3 YPAaxyBaHHsAM BHMOT, SIKI HAKIAJAIOTLCH BEPCTATOM |

TPAHCTIOPTHO-3aBAHTANKY BAJILHUM [IPUCTPOEM, abo

Uty 0 a i
Yo <Ygpayg AVin. (5)

TOOTO BMOIP MPUCTPOIO 3YMOBIIOCTHCS XapaKTEPUCTUKAMH JASSKOT MHOKH-
HH geTaselt Y5, i MIAHYCThCA 00POOAATH B HAHOMY NPHCTROT 3 YpaxyBaHHSM
BUMOT, SIKi HAKNAHAIOTBCA BEPCTATOM 1 TPAHCTIOPTHO-3aBAHTMKYBATLHUM pH-

CTROCM.
7}

Hani sanucu pinbusaoTs cam akr 3jiiicuenns subopy enementa y)- |
e HE BKA3YIOTHL Ha Te, 3 sIKMM CTYICHEM KOHKpeTuszauii i jeranizauii spificHio-
€Thes BUOIp y 3anexnocTi Bia cranii ta erary TIIB, Ha sKoMy BiH APOBOIUTECS.

OueBHAHO, 1IC BUOIP BCIX OCHOBHMX CACMCHTIB NPOBAIMTHCH B JIeKilbKa
CTanis, 3 HOCTYNOBUM 301ITHIICHHAM CTYTEH KOHKPETH3ALT BU3HAYSHHS CIIEMEHTA.

Toxi dopmanbruit 3anmc 3 ypaxysanssam etansocti BuGopy 6yse matu surmsiz (6).

u o ;2) (yﬂ )
(}’n J{)‘ <Ya ’\(}’3 e AT (6)
Ae @1 ff— imgexcu eranis, Ha PiBHI SKMX BIOBIHO pO3INISAAIOTHCS iHBOp-
vatifine sabesneuenns subopy Ta ihopmauifina BUSHAUEHICTh €EMEHTA, AKA
BHOMpaeTRLCH.

Hpuuumn eranHocti BMOOPY MAC BRIIMBE METOMONONTYHE 3HAYSHHS [T
OOIPYHTOBAHOTO NMPHITHATTS OCTATOYHOIO TEXHIYHOIO PilLIeHHS, TOMY LIO il
KOM O4eBHAHO, IO HA PAHHIX €TalaxX NPOeKTYBATLHHK HE MAC BChOro HEOOXij-

. 7 . h
HOTO criekTpa Inhopmailil npo elieMeHTH yf i y;y JUIst OCTATOYHOTO YXBAICHHA
pilleHHs 10 eHeMCHTY y;ﬂ I, TIABKM  CIUAVIONM 33  JJRHIIOrOM
[y‘_f'” )_. = (}'_.-w Jz = ... = yH | MoxHa nocainosuum HabnwKeHHAM | KOHKpe-
TH3AUICI0 I0CATTH 00'€KTHBHOTO OCTATOYHOTO PE3yIbTaTy.

He MeHLI BaXI#Be MCTOJIONOTIYHE 3HAaYeHHs B Mpobiemi Bubopy TexHiu-
HUX pitess enementis 'BC Mac Buznavents obnacti MOKIHBHX pilueHb, y pa-
MKax sKOl 3UHCHIOCTBES BUBIP. MOXKHA BHILTMTH 40THPH OCHOBHI 061aCTi.

k A . f ¥ ; .

1. O6aacte, AKa BIANOBiAaE MHOKMHI Y‘,’:i ! roroBux i maTepianbHO peaji-
30BAHUX TEXHIYHMX PIllCHb eleMeHTa i-ro Buiy. lle Moxe GyTu, Harpukmam,
napk obnaananns 3 UITY, napk npomucioBux poGoTis, skuit Mae MimnpHemcT-
BO, a00 CYKYIHICTh CTAHIAPTHOIO Pi3aibHOTO IHCTPYMEHTY, SKHit BHOYCKACTh-
¢S POMHCIOBICTIO § T.11.

2. O6nacts, sAKa BiANOBTac MHOKMHI Y4 rOTOBHX piluciih, Ha AKi € Tex-
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- HivHa noKymeHTauis, To6To apyra obnacth MicTHTL Y COOI nepuy:

: i Y (7)
3. Obsacth, sika BANOBLAAC MHOMKHHI }"3";"{ BIJIOMHX TEXHIMHUX PIICHD, ¥
£ TOMY “HCIl | THX, Ha Kl TEXHIMHA JIOKYMEHTALLIA BLACYTHS:

Vi ety ey (®)

_ B obsacti muowmun Yy miamuoxusa Y;}”\YQ‘?" ob'exnye Texuiuni pi-
UICHHA, NPO iCHYBaHHA AKWX BIZIOMO 3 PisHmX in(opManiinux mKepes.
: 4. Obnacts, ska sianosizac muoxuni ¥, 7 rinoterHuso MOKIMBHX Tex-
. HIMHHX pilnets:

s e et )
: V sanexnocti 8ia koHkpertux ymos TIB i npoexrysanus 'BC y nase-
JIeHy iepapXidiy CTPYKTYPY MHOKHMH MOXKYTh GyTH BBEIeHi NOHaTKOBi CTIemy-
~ iuni yMOBK Ha BHIINEHHS BLINOBLAHMX 0ONAcTedl NPUIYCTUMHX TEXHIYHMX
- pirests. Hanpuknan, obnacTh TEXHIMHUX PilieHb, SKa PErAMEHTOBANA Iay3e-
MU CTaHfapramy, THnaxamy i karanoramu. Ouesmuno, 1o Taka objiactsh
SXHIYHUX pieHb Oy/1e BiOBINATH MIAMHOXUHI MHOXHHK Y;ff"r :
Ha sakinuenns HeoOXiAHO Bif3HAYMTH, IO PO3POOKA MOPQPOIOITIHEX

BHKOPUCTaNi Y BHPOOHUYIH MpakTHLi Texuiyui pitueHus, ane i Ti, CTBOPEHHS
- SEKHX MOJKIIMBO, 4, ¥ pAJii BUMAJKIB, HaBITh AOUIIBLHO;

Bii3HAYaTH Ha MOJi KnackpikaTopa iciyloui TexHiuHi piulenns, 1Kl sabesne-
YeH| TeXHIMHOIO JIOKyMeHTalieio abo peanizopadi Ge3nocepe b0 Ha BUPOG-
HHUIITBI, IO CHIPHUSE MIHIMAIBHOMY HOLIYKY T4 ONEPATHBHOMY BUOOpY roTo-
BHX pillicHb;

(opmanizysatu npouec BUGOpPY pillieHs 3 YpaxyBa#HAM KOHKPETHHX YMOB i
00MeKeHE.

3 Cnncox giveparypn: 1. M A.Crenuna, C.B.Jlankosekuit. Boifop rnipo-
'MBILUIEHHEIX POOOTOB, NPHMEHAOIIMXCA TPU  3arpyske METANIOPSKYILHX
_:Q'_'l,‘aHI(OB I'TIC/ Hosi rexuonoril. Haykosuid BicHux [HcTuTyty exoHOMIKM Ta
HOBHX TexHONON imeni 0.1 Kpapuenka/ — Kpemenuyk, 2002. — Ne 1, C. 42
~~ 47, 2. OcHOBE aBTOMATH3AIMY MANIMHOCTPOUTEILHOTO [POU3BOACTBA/
P.Koganpuyx, M. .Kocoe, B.I'Murpodanos u ap; Ilon pea.
O M.Conomenuesa. — M.: Bricun. mikosra, 2001. — 312 ¢. 3. Tpoextuposanue
ABTOMATH3MpOBaHHbX  yuacTkoB u  uexos/ B.ILBoponko, B.A.Eropoe,
AT Kocos u ap.; oa pea. HO.M.Conomenuesa. — M.: Beicin. wxosna, 2000.
B0 c.

Cnano e peaasmino 24.06.03
Peromengosano a.T.4., npof. bytenxko B.H.
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CIHOCOB ABPABMBHO-AJ@M'}HOFI OBPABOTKH KPYIOM C
OCIHMJLIMPYIOIEN IIEHTPAJIBHONW YACTBIO

Crenanos 10.C., Apanacser B.W., Boanun O.B.
(Openl TV, 2. Opea, Poccua)

The new circuit(scheme) of round and flat grinding by periphery of the circle,
providing a heightening of an exactitude and improvement of quality of treated
surfaces is developed at the expense of use of abrasive wheels with a vibration
cutting central part and the radial channels located in face parts of variable
height, and also at the expense of purposeful feeding cooling technological mix-
ture with hydroimpact through radial channels in a cutting zone.

Cpenu pasiMyHbIX crocoboB Mexannueckor obpadorku, obecrnieuunsaio-
X BbIIOJHCHME BEICOKMX TpeOoBaniuid K KaUecTBy, TOYHOCTH (opMBI U pas-
MepoB 00pabOTaHHbIX HOBEPXHOCTCH, BAXKHOE MECTO 3aiuMaeT nutudopaine.

Psa cnenndumueckux ocobennocredl muudonanus (Gonsuas piina gyt
kontaxta abpasMBHOIO Kpyra ¢ 3aroTOBKOH, HeDJaroupHsTHbIE YCHOBUS
CTPY/KKO- M TEILUIOOTBOAA) OIPAHHUMBAIOT TEXHOJOIMUECKHE BO3MOXKHOCTH
aroro cnocoba 06paboTKH, YTO BHI3BIBACT HEOOXOAMMOCTE HA OCHOBE H3YYCHHS
3aKOHOMEPHOCTeH MPOTEKaH!us NpoLecca BLIABHTL PE3EPBbI MOBBIICHUSA €ro
athhexTHBHOCTH.

TeoperHueckusy U HKCHEPAMEHTATLHLIME HCCIE0BAHUIMH KHHEMATY-
KH eJIMHEYHOrO 3ePHA, 3AKOHOMECPHOCTEH pacripeae/ieHus Harpy30K (10 IHpHHEe
adpasuBHOTO KPYrd, CHIbI U TeMIIepPaTyphl pe3aHus YCTaHOBICHO, YTO TEXHO-
JIOIMYCCKHE BOZMOMKHOCTH LIMU(OBAHKS MOTYT OBITh 3HAYMTENBHO PACUIMPCHE!
32 CYeT COBEPINEHCTBOBAHMS CXCMbl PE3aHUs, MApaMCTPHU3ALHK PEKUMOB O0-
paboTKK 1 TeOMETPHH a0PA3HBIILIX KPYTOB.

PaspaGorana Hopas cXema Kpyriioro u 1510CKOro Iuvgosanus nepude-
pHelt xpyra, 0becrneuBaiomas MoBbIeHHe TOYHOCTH W YIyUllIeHAe KaqecTsa
oGpaboTainibix OBEPXHOCTEH 3a CUeT MCNONL30BaHKA abpa3suBHBIX KPYIoB ¢
OCUMIUIMPYIOLIEH pexcyiedl HeHTParsHONi HacThio M PAAHATBHBIMU KaladaMu,
PACTIONOKEHHLIMM B [IPUTOPIOBLIX HACTAX MEPEMEHHON BBICOTHI, & TAKKE 3a
CHeT [eJeHATPABJICHHON [OAaYM CMA30YHO-OXJIKAAONIEH TeXHON0rHIeCKOH
emecn (COTC) ¢ ruapoyapom uepes paanaibHbie KaHans! B 308y pesanms [1].

VerpoleTBo 1S OCYHIECTBIICHHA CTocoba COJepKUT onpasky 1 ¢ oce-
BOIT MOAOCTLIO 2, HA CTEHKAX KOTOPOH BBIMOJHEHEl PAjHaibHbIe OTBEPCTHS 3,
CBA3BLIBAIOLIMMH OCEBYIO MONOCTH 2 ¢ KOMBIERBIMY KanasKaMi 4 Ha IIOBEPXHO-
cTi onpasky 1 (puc. 1, a).

VeTpoiicTBO COCPIKHT Takxke HaeTsll Ha ONpaBKy 1 iMoBanbHBI
Kpyr 5 ¢ pajuaibiibiMH KaHaZaMH 6, KOTOPLIE PACHIONOKCHbL TONBKO B [IPHUTOP-
LIOBBIX 4aCTHX 7 KPYTa 5, TPHYEM ITH HacTH 7 MMEIOT HEPEMEHHYIO BLICOTY
frarofapsi HAKNOHY [0 OCTPHIM YIJIOM ¢ K TUIOCKOCTH, HEPHEHAUKYIAPHOH
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|0CH BPAUCHUS, UEHTPanbHOil abpasuHON uacTu 8 Oe3 xananos 6 (puc. 1, 6).
Yros o onpeiesisioT no popmysie:
O = arc tg(B,;p' B.) { Drs,

rie Byp, Dmay — COOTBETCTBEHHO BBICOTA M MAKCHMAILHLIR HAPYKHBIH
- AMameTp LIHGOBATEHOTO KpyTa )
" B, — BbiCOTA HEHTPaNbHONH abpasuBHoi actu & kpyra 5 6e3 kaHanos 6,
| KOTOpasi MOWKET NPUHUMATL 3HAUSHHS
. By2 0,5 Byp.
VYerpolieTBO HpejlyeMaTpuBaeT Kpennenue kpyra 5 wa onpaske 1, koro-
- pOe OCYHIECTBAsCTCH Taiko# 9 4yepe3 kapTOHHLIE [POKAAJKH, a AJs MpejoT-
ppamenus seitekannd COTC w3 ocepoit nonocty 2 cnymur pessbosas npodxa
0 ¢ ynnoruurensuoi npowaakoi 1 kokyx 11 (puc. 1, a).
Boipaborka raapoyaapa i UMILYAbCHAs N0JaY CMa304YHO — OXAAKAAIO-
i TEXHONOrNYeCKOH CMECH B OCEBYIO MOJIOCTH 2 OCYLIECTBIAETCH THAPO-
maprukoM [2].

I'uapoyaapruk 12 co mrrokom 13 obpazyior kamepy A' obparmoro xoza,
0pas coejulena ¢ HAIIOPHOH MarkuCTpalipio, a Takke TopMosnylo Kamepy G
puc. 2). [Topiuens 14 oraenser kamepy B, 3a0MHEHHYIC 1a30M, OT THJIPABIH-
ecKoi Kamepsl, coobiaroumeiics ¢ HarnopHoH marucrpassto. Inywkep 15,
ietoniuii nporouky F, obpasyer ¢ kopmycom kamepy C paSouero xofia, co-
WAIEYIOCS NOCIE0BATENBLHO ¢ HANOPHO U CIMBHOM MarucTpaasiMH 110-
eACTBOM 3010THHKA 16, uepemeinaemoro maymkepamu 17 u 18, obpasyro-
UMK C KOPITYCOM Kameps! ynpasirenus 1) u sosspara E.

B uexopuom nonoseHuu pabouast MUAKOCTh MOCTYMAeT U3 HarmopHoi

THCTpanu uepes npotouky F Ha niymkepe 15 B xamepy ynpasienus D, 30-
JOTHMK 16 nepekilovaercs, Tak Kak IUIOWIAjh IiyHkKepa yrpasiaeHus 17
MIBLIE TNIOTNAMK nayKepa BozBpata 18, u kamepa C pabouero xoja coobia-
e1csl co CAMBHON MareTpansio. Kamepa A' coemncena ¢ Hanoproi MarucTpa-
10, HO OOPATHBIA X0/ LITOKA HE NPOUCXOAMT, TAK KaK KONBUEBOH BBICTYIT Ha
TOKE OCTAeTCs B TOPMO3HOM Kamepe (.

Tlpyxuupt 19 nepememiator KosuenTparop 20 co mroxom 13 peepx (co-
ACHO pUC. 2), KOTOPBIA BRIXOAUT M3 TOPMO3HOH Kamepst G. JlanbHeiumii 06~
Blil X0 ITOKa DYAET OCYIUIECTBISTECS 10 MEHCTBHEM KUAKOCTH, NOCTY-
fouieii B kamepy A’

B nepuojs nepexnioueHus 3010THHKA M 0OPaTHOrO XOjia MITOKA HPOUC-
T HAKOIUIEHHE XUIKOCTH B THAPOMHEBMOAKKYMYIATOPE HANOPHOH Maru-
ann. Lpu 3asepuierun obpaTHoro xoja miroka nporouka F na niysikepe 13
JIHHAT Kamepy yripasienus D co CIMBHON MarucTpanbiy ¥ 30J0THUK 16 ne-
I0YUTCA TOJL AeHCTBHEM TUIyH)epa Bo3gpara 18 u coobuwmt kamepy pabo-
0 x0j1a ¢ HaropHoit Marucrpansto. [lnytkep 15 u wrok 13 nou jicicTrreM
KocTH, roctynaiomei B kamepy C pabouero xoja, ycKopeHio repemeina-
B cTOpony KoHuenrparopa 20. B HauanbHOH CTaj(MM JABUKEHHS, IPH HU3-
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KOH CKOPOCTH [UTOKA, HacTh JKHAKOCTH IIPOJAOIEKAET NMOCTYLATL OT HAcoca B
THAPOMHEBMOAKKYMYIISITOP, CHMas B Hem ras. C yBelnueHUeM CKOpOCTH
IUTOKA pacTeT norpebaeHue paboueit KHAKOCTH U NPH HEKOTOPOH CKOPOCTH
LITOKA CTaHET PABHOM PACXOJY HKUIKOCTH, MOCTYNatouei u3 Hanopuoi mMaru-
CTPANK, B 3TOT MOMEHT JIAB/CHHE XKHAKOCTH JOCTHIAET MAKCHMANBHOTO 3HAUS-
Hus 32 pabounit umkit. 1lpy ganbHelIeM YBEIMYCHMM CKOPOCTU [LITOKA BEJli-
YMHA MOTPeONEHHA NPEBOCXOAUT N0JaYy KHAKOCTH B KaMepy M3 HAMOPHOH
Marverpani. Beseiacrsue aToro Janienue JKHAKOCTH B KAMEPE U HAMOPHOM Ma-
TUCTPaNy HajacT.

TTpu HOHMMKEHMH JABNEHUA KUJKOCTH B HANOPHON MArHCTPan HauMHA-
eT paboTath IMAPOIHEBMOAKKYMYISATOP —— MO JACHCTBUEM Ta3a MMAKOCTH U3
€0 Kamepbl BBITECHASTCS B HATIOPHYIO Maructpant. JononHuTensuas nojaua
KHAKOCTH M3 FHAPOMHEBMOAKKYMYJISTOPa, YaCTHYHO MOKPLIBaeT 1oTpednenne
KHAKOCTH Ha OOBIUAX CKOPOCTSIX IITOKA M MPEeAOTBPAILAeT Pe3koe najeHue
AABJICHUA KHAKOCTH B HANOPHOH MarucTpaiu M kamepe paBovero xoza. Pabo-
4K XOA WToKa 13 3asepinactes yaapom KoHueHtparopa 20 no COTC, naxo-
JAIGHCS 101 HUM.

[lpu coynapenun xosnenrparopa ¢ COTC nporoyka cooblmaeT kaMepy
ynpasienust D ¢ HanopHoli Margcrpasislo, 3010THHK 16 nepememaercs u co-
cinser kamepy C pabouero Xoja co CIHBHONH Maructpalpio. QOAHOBPEMEHHO ¢
HEPEKIIOUCHHEM 30J0THHKA IITOK 13 3aBepulaer 10 MHEPLHUH X0 COBMECTHO ¢
Konuextpatopom 20. B reproj coBMECTHOro ABIKEHHS WITOKA M KOHIEHTDPA-
TOpa KMOETHMCCKAd JHEPIHs, HAKOMIEHHAS LUTOKOM, [EPeNasTcs Yepes KO-
LeHTpaTop paboucil HKUAKOCTH, HAXOMAILEHCA B 30He Kameps! 21, B BUjle HM-
HY/IBCA CHAb], BBI3BIBAS KABMTAIMIO B PAJIMANLILIX KaHalax 6 aOpasuBHOTO MH-
CTpyMEHTa 5.

Konuenrpartop co wroxoMm nepemeraercs ¢ GONBLIOH CKOPOCTLIO, H
ITOK BXOAWT B TOPMO3HYIO Kamepy G, JpoccenypyeT yepes KONLIEeBoH 3a30p
MENJLY IITOKOM H KOPIIYCOM JKHIKOCTDL, OTCEHSHHYIO B II0JIOCTH, obecrneyBas
N7iaBHOE TOPMOIKCHHE 1ITOKA. ["auleHHe CKOPOCTH MCKINOHAeT YAapsl 110 KOp-
TyeYy, 4, CACA0BATEALIO, ero AehOPMALIHIO H TTOBPEIK/ICHMS.

Konnentparop 20, naxomscs B kamepe 21, DOCTOAHHO CTPEMHTCS 3aHATH
BCPXHEE [ONOXKEeHUe 11oJ AeUCTBUEM NPYXHUH 19, KOTOphle 3akperiieHsl Ha
ocsx 22,

Kamepa 21 uepes pesHOBbIE IPOKIAIKH 23 HKECTKO COeAUEEHA ¢ KOPITY-
com 12 ruapoyjapunka.

Oupaska | ¢ 0ceBOH MONOCTHIO 2 coeyMicHa ¢ KamMepoi 21 KOHHEHTpa-
Topa 20 rocpescTBOM METAJUIO - PE3UHOBOIO [arpybka 24 (Ha puc. | He roka-
3aH, cM. pHc. 2). [lad noasosa paboyei uIKOCTH JIO KOHIICHTPATOP B Kamepy
21 B meil pasmemennl mTyUepa 25 1 26, ceasanubie ¢ cuctemoit nogaun COTC
(He mokasana) rodpUpOBaHHBIMH NATPYOKAMH.

Criocod ocyniecrsnsercs cnegyouam obpazom. Tlpr wmmdopanun
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'!B_paluelme coo0LAI0T bnpam{e 1 ¢ zakperientbiM Ha Hel wandoBanbHbN
CKpyrom S ¢ pa/mansibiMM Kananamu 6. HacocHas craHums CTaHka nojaet

OTC uepes natpydru 25 u 26 B Kopnye 21 noa xouuewtTpatop 20, KoTopstii
oo0li@eT eil ruapoynapsl onpenesnentoil wactornt K cuab. COTC ¢ ruapo-
NApOM BRpsICKKBaETCA 4epes narpybox 24 B OCEBYIO 1MONOCTH 2 onpasky |
O MMny:ibeHbiM aasaerinem 0,1...0,5 MITa u seite ¢ wacrotoii 50...250 I u
e npu pacxose wuaxocrs 10,15 nfmun. Orryna non gelcrsneM UeHTpo-
Bexuoi cunpl U ruapoynapa COTC pacnpejiendercs B paaualibHbie OTBEPCTHS
) ONPaBKy 1, B IPOCTPAHCTBO KONLLEBbIX KAHABOK 4 Ha [MOBEPXHOCTH ONPABKH
o1 LUTHGOBANBLHBIH KPYP 5 U B pajiHaNLHBIC KaHalbl 6 Kpyra, a OTTyja Herno-
PENCTBEHIO B 301y IM(OBAHHA.

Buirexas uz paguansieix kananos 6 COTC nopg neiicreieM nenTpobex-
Ofi cuilbl pacTekaeTcs o repudepuitHoil pexcyieit yacTi HuiMpOBaAIBLHOr0
;pyra 1, obpasys Ha weil norpandunsiil cioi. OTcyTCTBHE BO3AYXa B pajHaib-
CHBIX KaHanax 6 W OCeBBIX Mopax Kpyra |, BRIXOAANIMX HA ero nepudepuinyio
BEPXHOCTD, obecrieunBaeT dOQEKTHBHOEC UCNOIB30BAHHE UMITYALCHOIO JIaB-
Hus, BeispiBaloniee kasutaupo COTC u npoTankusanye ¢€ B OCERbIE MOPBI H
aMAlBHBIE Kalaibl KpYra NpH HaloweHHU ygapueix xoiebanuit wa COTC
OHLICHTPATOpA.
B crnoe smuaxocta obpasyioTcs KaBUTHPYIOUNE JIOJOCTH, MOCHE 3aXJ0-
DBIBAHHMSA KOTOPHIX BO3HUKAST WMIYIBC AaBNeHUs, MPOTaNKMBaromui Mmuil-
0CTH B palMalibHbie KaHans! 6 1 ocesple nopsl kpyra 1. [IpoTankuBanue xujl-
CTH K neprdepritnoMy NopoBOMY MPOCTPAHCTBY Kpyra | 110 oceBbIM mopaM
1 pAZHAIEHEIM KAHATAM TPOHCXOIUT TTOCTOSIHO BO BPEMSE KOHTAKTA BUPKICKH-
BAEMOTH 11071 UMITYJIBCHBIM JlaBierueM snemenrapiioro obsema COTC, npuaen
BUTALHOHHA 06JacTEI0 obpasyerca u sddexrusHo paboraer B paboueil 30-
Kpyra, KOHTAKTHPYIOLIEH ¢ 3aroTOBKOM — 30HE pe3aius.

ITpu nogadge COTC ¢ ruapoyiapoM Yepes pajinalibHbic KAHATBL H OCCBLIC
OPBI KPYra YMCHLINAETCA TEMIEpaTypa B 30HE 00paboTKH He TONBKO BCACHCT-
e nyaiero noasoga COTC, HO M MeHBLIErO TPEHMsl, YTO UCKIIIOUACT NOB-
feHye uITHGOBOYMHEIX TPEIHH U TIPHIKOIos Ha 06padaThiBACMOl NOBEPKHOCTH.

Jannpiit cniocof ranbonee HPHEKTUBHO UCTONB3YIOT 418 padOTLI KPY-
H HA KEPAMHYECKMX CBI3KAX, TAK KAK B KPYrax Ha JPYIHX CBA3Kax OCeBble
BO3HbIE 110pbl 0TCYTCTBYIOT. Inudosanue nposojusit yepes 2...3 Mun nocne
noziadn COTC ofsizarebHO BO BPRUAKOIMIMHCA KPYr ¥ UPCKPALIAIOT 110434y
EOTC B HEro 3a 3 MHH [0 BBLIKJIIOYEHNS CTAHKa.
3 [Ipemnaracmplil criocod UMEET NIPCHUMYIIECTRA 10 CPABHCHUIO € TPaju-
[MOHHBIMK NIpH NLTUOBAHUY BHICOKONEIMPOBAHHBIX CTaliel H CTUTABOB, KOIJIA
JTUMUTHPYIOUIAMH (DRKTOPaMH ABISIOTCA BICOKHE TPEDOBaHUA K OTCYTCTBHIO
IPIWKOTOB ¥ TpeltMH. Mcronp3osanne KPYroe ¢ pajualbHbiMH KaHazamu B
[IPUTOPLIOBBLIX YACTAX € [EPEMEHHOM BRICOTOH M HEHTPaNnLHOR abpa3uBHOil 4a-
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HOHM OcH BpalleHud, obecneunBaeT NoBbILIEHHE CTOHKOCTH na 40...60 %, no-
BbILICHUE TPOM3BOANTEIILHOCTH Mpotecca fa 30...50 % Ges yinepba i xave-
€152 00padOTAHHOMH MOBEPXHOCTH, @ TAKKE YMEHBLIUUTH H3HOC HHCTDPYMEHTA

remneparypy na 30...40 %. M3-3a naiinuus pajgsanbiubix Kasaios, tcm‘opmeg
BBUTONHAIOT AMMETPOM 0,5...1,5 MM, MAOTHOCTH MPHTOPLOBLIX YACTEH HHKE
(HanpuMep, y KpYroB Ha KEPAMHYECKOH CBA3KE teepirocTeio CMI naxoautes B%
npesenax 1,5...2 r/em’), uem Y UEHTPanbHOM 4acty kpyra (10 ke TBEPAOCTH —
2,0...2,2 rfem’), B 370# cBa3M HATIPSDKEHUS!, BO3uMKalomue rpy pabote an-f
TOPLOBBLIMY HaACTAMM MEHDBILIE. ’

Puc. 1. KoHeTpyknms Kpyra u yCTpoRCTBO JUIs OCYLIECTBASHMS NpPeitia-
raeMoro criocoba
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AJIbTEPHATHBOl PAJIMATLHBIX KAHAMOB B PUTOPLOBBIX YACTAX Kpyra sig-
JACTCS MCMONB3OBAHME BBICOKOCTPYKTYPHBIX (10-if CTPYKTYPHI U Bbillie), BbICO-
KOTIOPHCTHIX, KPYTIHOMOPUCTLIX a0Pa3sMBHBIX NPUTOPIIOBLIX HacTeil.
[puTOpOBRIE ¢ PAMHAIILHAIMA KAHANAMY 4aCTH KpYra, paboTras B pexu-
ME CaMo3aTadnBaHuUs, YMEHBIUAIOT IOABNCHHE NPIIKOTOB M TPCUMH Ha HUIH-
(osannbix nosepxnocTAX geraseci. LlepoxosatocTs nosepxHocTH, 06pato-
TAHHOH MPUTOPLOBHIMY YaCTAMH KPYIa, Bbillle, YeM - LEHTPaTbHOH YacThIO,
HOITOMY MOWHO CHHTATh IPUTOPUOBBIE 9aCTH KakK 3a00pHbIE, N03BOSIOLIME
nopasark COTC nenocpencrserto B 3ony pesanms. [pu >Tom [IPUTOPIIOBLIC
Hacth BeiyT TpeABapHTCiIbHYI0 06paloTKy, a LeHTpanbHAs uacTh Kpyra —
- OKOHYATENbHYIO, YMCTOBYIO. Bee 5T0 naeT BO3MOKHOCTS, nuMdoBaTh HaHHbIMM
- Kpyramu ¢ GonbLuMMH MiyOMHAMHK PE3aHIs ¥ 04aYaMy.
; XOT KPOMKOCTOHKOCTb IPUTOPUOBEIX Yactedt Kpyra HHKe 1O CpaBHe-
- HUIO € LIEHTPALHOM, HO B COMCTAHMM ¢ MOCHEIHEH obuas croiikocTs Kpyra
BBICOKAS H CHEM META/lIa B eIMHMLY BPeMEHH HE CHUKACTCS 110 CPAaBHEHUIO C
 CCPHIHHBIMU KpYraMH, IPH 5TOM TeMneparypa MOBEPXHOCTH NPH 1M(OBAHHH
- KDyramp C TBEpAOCTBIO MeHTPambHOM wacTw CMI1, CM?2 cHmkaercs Ha
9 1200...250°C.
- lpeanaraempiit cnoco6 pewaer mpotnemy UHTCHCHPUKALMK  1imHo-
- BANBHBIX OMepaLuii 61arofaps aKCHATBHO-CMELICHHOMY PEXYILEMY CIIOIO Het-
! TpankHoW wacTM Kpyra. [IpuMenenme Takux
'- i : LWAKGOBANBHBIX KPYrOB, B OTJI‘H‘iLIrle oT c.raa-
e AApTHBIX, TO3BOJAET YMECHBUIWTL TEILIOHANpS-
JKEHROCTE NPOLECCE U YBEMYHTE PEKHMBI pe3a-
unst Ha 15...20%. Taxne xpyru co3paior Hecta-
UMOHAPHBIA pPeXUM  LIMMQPOBAHMS, COTIPOBOIK-
AAIOUMHCSH MMEPHOAUYCCKUM [(PCPLIBAHMEM KOH-
TaKTa USHTPANbHOH 9acThio Kpyra ¢ obpabarsi-
BaCMOH IOBEPXHOCTHIO AN AAHHOIO MOTIEPEYHO-
ro cedcHus oOpabarsiBacMoi JeTanu, OTKphiBa-
FOT NPHHIMITAAIBHO HOBBIC BO3MOKIOCTH MOHMK-
KEHUS TEMIIEPATYPBL.

Tak xak B npouccce HUM(OBAHMS IieH-
TPANbHON HAKIOHHOK K OCH BpaIlCHMS YacThiO
xpyra 00ecneunBacTCs YMEHBINCHHE BPEMCHH
TEMIIOBOTO HACKIEHHs 0iaroaaps OCHULISIAN,
TO TeMIlepaTypa B 30He KOHTaKTa Kpyra H ofpa-
OaTplBaeMO} MOBEPXHOCTH HE LOCTUIAET CBOMX
& MaKCUMAJIBHBIX 3HAYCHU, T.€. OHa OrpaHHyeHa.
o T — C.ilj:}loaail‘enbl-l’o, axcrja_nuio-cmememmﬁ
a1 cxema Tuapoyjap- PEKYLHMH Cioff uenTpatbHoii uacth Kpyra ocy-
IHECTBIACT NMPEPLIBUCTOR IWTHMOBAHUE U [103BO-

D171z
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JACT YHPaBIATL TEMAEPATYPOH B 30He¢ KOHTAKTa. DPPert HMOHMWKCHUN TeMile-
PaTyphl snauuTeaLHO yeuaeH nojadeit COTC ¢ ruapoysapom u kasuranueil
HCHOCPEACTBCHHO 8 30HY PE3AHUA Uepe3 KAHAABI NPUTOPLIOBBIX YacTel B Mo-
MCHT TPEpLIBAHMSA NPOLECCa PE3aHMA LEHTPANLHOI YacThio Kpyra.

Cuncox anreparypei: 1. Ilatent RU 2187423, MKW B 24 B 55/02.
Crocod nogaun COTC B 300y numdopanus ruapoyaapom. Crenanos 10. C.,
Ywakos JI. C., Korsuies 10. E. U ap. 3asska Ne 2001 103944/02, 12. 02. 2001,
20. 08. 2002, broa. Ne 23. 2. Vwakos J1. C., Koteuen 0. E., Kpasuenko B. A.
['uapasnuieckue mMatmibl yaapHoro aeicrens. — M: Maruunoctpoenne, 2000,
C. 128-130.

Caaro » pegasiino 4.06.03
Pexonmesnosano 4.1k, npo. Cycaos AT,

HNEPCHEKTUBHBIE CIIOCOBLI BOCCTAHOBJEHMS JETAJEN
Cropoxes B.IL (OHMY, 2. Odecca, Vrpaurna)

On the base of setting regularity of high-speed and sing-changed friction origi-
nal techrology of increasing triboproperties working surfaces in mechanic de-
tails is offered. Conditions of the most effective application this new method are
shown, particular in the sense of reinforcement technology in mechanical engi-
neering and ship repair. '

HazexnocTs Mammun, MCXaHU3MOB M YCTPOHCTE OlpeAesIeTCA HE TONBKO
COBCPLICHCTBOBAHMCM KOHCTPYKUMI, HO U COOII0CHHEM YCIOBUH IKCILTyaTa-
MK, TEXHUYECKOro OOCIYKHMBAHHS, PEMOHTa M BOCCTaHOBIEHMs. Jliobas Ma-
IIMHA COCTOUT M3 COTCH HeTajeH, U3rOTOBIEHHDLIX M3 Pa3inyHbIX MaTepuanos,
TOABCPKEHHBIX 3HAYHTCABHBIM BHEUIHHM HaTrPy3KaM, 3a4acTyio HaXoIsIHxcs
B arpeccusiblx cpeiax. [onroseunocts paGotst eraneit 3aBHCHT OT KOHCTPYK-
THBHBIX, TCXHOROIMYCCKHX M IKCIUTYaTaUMOHBEIX (akTopos. Kpome Toro, je-
Tald BHITONHIMIOT PasiivyuAble GYRKIMH, TOITOMY OHHM PabOTAOT B TCYEHUE
BCCI'o cpoka cinyxObl Malibbl €3 peMonTa, APYrue ke NPUXOAHTCH HEOHO-
KpaTHo poccTaHapmuBare. JlaneHeHnas skcrnyartalus mMamun 6e3 BOCCTaHOR-
JICHUSA OTACABHBIX JICTANICH CTAHOBUTCH HEBO3MOKHOMN, O YCM CBHACTENBCTBYIOT
MHOTOUHC/ICHHBIE TIPHMEPLI BOCCTAHOBIEHM JICTaneil B PasilMuHbiX OTPaciax
TNPOMBILICHHOCTH. ¥ IeiibHEIH Bec paloT Mo BOCCTAHOBACHWIO jleTasnel, Mexa-
HU3IMOB 1 MAIHH TOBOIBHO 3HAYUTEIBHbI.

O BO3MOKHOCTH [IPHMEHEHHA MPOTPECCHBHBIX TEXHOTOTHIA BOCCTAHOB-
JICHHS PAaCCMOTPUM HA NPAMEPE CYHOBBIX TEXHHYECKHUX CPEACTB, B HACTHOCTH,
JHEPreTHYECKOH ycTaosku cyaHa. [Ipofiema MOBBIUECHHA HANCHKHOCTH S
CYAOBBIX TCXHHYCCKMX CPEICTB TaAK XKE BaKHA, KaK M IS APYTHX U3ACIHHHA Ma-
LI HOCTPOCHHS,
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Ecnu paccMatpusath BbIXOA W3 CTPOS TABHOM SHEPreTHECKON YCTAHOB-
> TO M3-32 H3HOCR M NOBPEWACHUT OH COCTaBRsET OKONO 65%, a 2T0 BACYET 3a
CODOM 3HAUNTE/IbHBIEC 3aTPATHI, CBA3AHHBIE C BOCCTAHOBHTEIHHBIMMU paboTamu,

; Ounir sxcntyatauny nusench mokassiBact, 4To HaubONbLIME TPY/03a-
[Pathl MpH UX OOCHYKNBAHMHM NPUXOMATCH BA AETANH WUTHHAPO-TIOPLIHEBOMH
YITHITBL, KOTOPLIE TIOABEPIalOTC HAMGOIBIITNAM MEXaHHYCCKUM H TEIUIOBbIM Ha-
py3kam. Haubosee 4acTo 0TKa3shl UHAMHAPO-TIOPLUHEBOR IPYHITBI NPOMCXOAAT
3-33 0TKa3a rOJIOBOK NOPIIHEH, OPIHEBEIX KON, BTYNOK H KPBIIUEK LIUJNH-
POB M BEINYCKHBIX KIaNaHoB.
B nacrosimee Bpemst CyIECTBYIOT MHOTO PaziiMyHbIX TEXHONOMHI 10 BOC-
 CTaHoBlIenHIO feTaleH. JI0CTaToNHO MHOTO NIMTEPATYPHBIX HCTOMHUKOB TTOCBS -
WCHO PasiHYHBIM TEXHONOIWSM, HATPAaBNEHHBIM HA BOCCTAHOBICHHE NeTajeil
CYNOBLIX TEXHMYECKMX CPEACTB, B TOM YvHCle, Jeralkeif HHITHHAPO-TOPIIHEBOH
pynnb. OMHAKO Hpu BCeM CBOCM PasHOOGPA3NM OHE CPABHHTENLHO MANO OT-
JIMYAIOTCA OT TEXHONOTHA BOCCTAHOBICHUS B MAaIMHOCTPOCHNH, XOTs HME0T
010 CrielMBUKY M3-32 PA3MEPOB W MATCPHANOB meTaltell, COOTBETCTRYIOMNX
pebOBaHHIT PYKOBOJAWMX AOKYMEHTOB Perucrpa. He ocpeien gocrarouno
10O BOTIPOC O CPaBHUTENBHON onledke dPDEKTUBHOCTH ITUX TEXHOMOrHi
“CTAHOBNICHASA C IPUMEHICMBEIMU 3aBOACKHMH TCXHONOIHMAMH [PY H3FOTOB-
HMH TaKKX ¢ HOBBLIX JleTanei.

_ Panee npn maniem HCHONHUTENLCKOM yUacTHH GbUTH BBINONHEHD HCCITE-
BaTe/IhCKHe PaboThl [0 BOCCTAHOBNEHHMIO M3HOLIGHHBIX TOJNOBOK MOPIIIeH,
0 HAlNO OTpaxxkeHHe B paspaboTke ¥ yTBepxkenuu Pyxosogsiiero Jokymen-
[1]. B Hem paccMaTpuBaeTCsl TEXHOMOIUS BOCCTAHOBNCHHUA IOIOBOK 1opii-
eH, IMEIOUINX H3HOC PaGouMX MOBEPXHOCTEH KaHABOK MO MOPUIHEBbIE KOJIb-
d, BRITOpAHWE W pacTpecKuBanue ¢ 00pasoBaHyeM He(eKTHRIX Y4acTKOB JTHH-
HOpLIHS W npovux Medektos. BoceTaHoBNeHUE ros0BOK MopHIHeEit MPOHU3BO-
HTCH DIICKTPOAYTOBOM HAIITABKOM,

JI75 OLEHKH BOIMOMHOCTEH MOBBILEHHS K3HOCOCTORKOCTH 1 KOPPO3UOH-
0H CTOMKOCTH HAIUIABIICHHBIX TTOREPXHOCTEN KAHABOK 110)| TIOPLIHERbIC KOJIBIA
IPUMEHSETCS METOJT (BPUKLIMOHHOTO BBICOKOCKOPOCTHOI'O YIPOYHEHHA. JTOT Me-
101, paspaboOTaHHBIN B (U3MKO-MEXAHHYECKOM uHcTHryre WM. 1'.B. Kapuerxo
1 Yipaunpt i nosyserus cinomHeix 6enbix cnoes B cransx. Ha ocrose
aHHOTO MeTo/1a Obi paspaboran Pyxosogsumii lokyment [2] npuvenutensHo K
laraBIEHHEIM CIIOAM OBEPXHOCTEH KAHABOK M0;1 OPIITHEBHIE KoTbia. 110 aToMy
ETO/1Y YNpOUiHEeH st GbICTPO BPALIAIOLIMIICS JIHCK BBOAMTCS B HATLIABICHHYIO Ka-
- HaBKY IO [MOPIIHEBOE KOALLO W MPU TPEHUU BHI3LIBAET BOZHUKHOBCHMC CIUIONI-

X BeJIbiX C/I0EB BHICOKOI TBEPAOCTH M M3HOCOCTOMHKOCTH. B pazpaborke 310r0
YKOBOJIAIIEIrO MATEPHATA W BHEAPEHMHU €TI0 B APOM3BOJICTBO MHEl YYACTHS HE MPH-
- Humau, Oppako B JanbHeiiiiem npoBojii paboTel 110 €ro YCOBEPLICHCTBOBA-

OBHaKO, KaK [0Ka3al IMPOM3BOACTBEHHBIH OILIT TAKAA TCXHOJOMHST HE
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BBI3LIBAET JIOCTATOUHO OONBIMLION YIIPOUHSIOHINI
apdexr, XoTs 1 0bpazyeT Ha NOBEPXHOCTAX Ka-
HABOK MO NOPIUHCBRIE KOibiia Oelnte cinou. Tem
He menee, METOA (QPUKIHOHHOIO YIIpOUHEeHMA
00naaer oNpeAeHCHHBIMA PE3CPBAMM, UCHIONb-
30BAHHE KOTOPBIX MOKET IIPHUBECTH K CYILECT-
BCHHOMY  TOBLIULICHHIO  SKCIUIYATALMOHHDBIX
CBOWCTB JIOBEPXHOCTEH TPEHMSL.

Llenbio panHON paboThl ABIACTCS MOBbI-
HEHHE JOATOBEYHOCTH BOCCTAHOBIEHHBIX jIeTa-
JICH.

Ha puc. 1 nipuBeteHsr fiBe cxeMbl, TO3BO-
JHIOUIME YIPOYHATH JABYMS IHCKaMM TOpPLEBLIE
s J HOBEPXHOCTH UMIHIAPHYECKHX JeTasieid B nabo-

PATOPHBIX YCHOBUAX, 110 ¢ NEPCTIEKTHBOH NpHMe-
HEHMS ITHX CXEM B PCAILHBIX VCIIOBUSIX NPH YII-
POYHEHHH KaHaBOK roJoBOX nopuideit. [To rep-
BOH CXeMe fia 9TOM PHCYHKE jIMCKK 2 W 3, Bpalia-
ACH € DO0JILILOH CKOPOCTRIO M JIBHFAACE HaBCTpeuy
APYr Apyry K ocu obpasua |, cHuMaroT nebosis-
110i ¢10¥ ¢ nosepxHocTH obpasua. JLur cosganns
Onar ONPUATHBIX )f‘CJ'[OBHﬁ CHATUA J3TOre chiod

e

Puc. 1. Cxemsr snaboparop-
HBIX YCTAHOBOK i o6pa-
OOTKM TOpLEBHIX MOBEPXHO-
CTeH ¢ UMHTaluel KaHABOK
DOPINHEBLIX  Koliew: o« —
Bpe3aHyeM C HHIMHApHYE-
CKOIf OBEPXHOCTH; O -— 0O-
paboTka IIOCKOCTHIO AMCKA
¢ topua; [ — obpasew; 2,
3 -~ IUCKH

aj a7

JMCKOB OCYIIECTBIACTCS MyTeM MeXaHuzMma I10-
Mavy. Bropast cxema paGoTaer 1o Jpyromy npHs-
[MITY MPH KOTOPOM AMCKM 2,3 TONBKO BPaImaio-
cs, a obpasen 1, Taxoke Bpal@sch, MpHKMMAETCs
K OTHM JIMCKaM K MX TOPUEBCH MOBEpXHOCTH.
Bropas cxema nossonser cpasy o6paGaTeiBaTs TOPHEBYIO MOBEPXHOCTH obpasia
I Bes BpesaHms, KOTOPOE UMEeT MECTO IIPH ABKOKCHHHU IMCKOB 2,3 B Marepuane
obpasuia 1 110 nepsoit cxeme. [lostomy Bropas cxema nerko npucriocabrimeaercs
K peallbHOH cxeMe YIpOYHeHMS HOKOBRIX MOBEPXHOCTEH KAHABOK NOA IOpUIHE-
BBIE KOIIBIIA,

Henbitanue s 1abopaTopHbIX YCIOBUAX NPOBOMMIHCE Ha 0BPA3IAK, U3I0-
TOBJICHHDIX M3 MATEPUAIIOB, KOTOPBIC IPUMEHAOTCS IIPH IPONUIBOICTBE I'OSOBOK
TIOPLIICH, @ TAKIKE HAIUIABOYHBIX MATEPHANIOB, IPUMEHIEMBIX IPH BOCCTAHOB-
JICHMU KaHABOK Mopuuieil B cygopemonte. belmH cienansl 0bpasibl U3 Manoe-
ruposantoi cranu 20XMJL, a Takke oGpasis! ¢ HAILTABACHHBIM CIIOCM Ha ITY
CTallb ¢ npuMenennem csapoution nposonoku Ce0812C 1o pexomennarmu PJI
¢ nocneayiomer mexauudeckol obpadorkoit uukdosanuen. TH obpasipi
[IOABEPranych BLICOKOCKOPOCTHOMY TPEHHMIO C HCIIOAB30BAHHEM OIHOIO WIH
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IBYX (PUKIUOHHBIX AHCKOB. Ilpupe-
M [IONYSEHHBIE PE3YALTATHL H3HOCA
9THX 00pa3loB HA ONMCAaHHOM Bbille
| yeTaHOBKe.

: Kpusbte [-3 Ha puc. 2 nokashi-
| BAlOT M3MEHEHMC M3HOCA OBPA3LOB B
PE3YNIBTATE BO3ACHCTBHA OIHOIO MIIH
ABYX QPUKLHOMHBIX JIICKOB [1pH Tpe-
BuH 6e3 cMaskd co ckopocThio 100
Jc. Kpuast | cooTrercTBYeT M3HOCY
00pasuop u3 cramu 20XMJT npu Bo3-
JIGMCTBUH OAHOTO jaucka. Menoiranue
Ha TpeHve HaINaBIeHHBIX 00pasiios
IO3BOJIMHIIO CAENATL BBIBOA O Jiyulneii
OTPOTHBAACMOCTH  W3HALIMBAHMIO
OI'0 MAaTepuala, 4ro BUIHO 10 KpH-
BOH 2, nexkanieid Hike KpuBoii 1, xors
OIBITHI IPOBOMIIACE U B TIEPBOM H BO
TOPOM  Clly4ae C HCHOJIL3OBAHHEM
OHOTO QDUKLMOKIOrO jucKa. Lenu
€ BMECTO OJIHOTO  DPHKLMOHHOIO
HCKR, OCYIMECTBISIOMEro PasBHTHE
OJIHOHATIPABJICHHBIX CABUIOBBIX Jie-
OPMALHA OT TPEHMS HCIOAB3IOBATE

IX Nedopmanuii, T0 U3HOC Hanmas-
HHBIX  OOpasloB  3HAYUTENHHO
IEHBLIHTCH 110 CPaBHEHHIO C He-
b30BaNKeM ojiHoro aucka. Omaxo
CpaBHeHHe KPUBBIX 3 1 2 MTOKa3bIBaerT,
B HaYahHOW CTa/ My TIpoBeAeHHs
MBITAHHA Ha Tpenue u3HOC 0Opa3-
0B HPU BOSJACHCTRMM JBYX IHUCKOB
TOUTH B [1Ba Pa3a BHINIE, YeM B Cily<ae
NPHMEHEHUS OIHOTO AUCKA. DTO BHJ-
[0 YYacTKaM KpUBhBIX 2, 3 B UHTEp-

Jie Bpemenn 1o 20 ¢. B gannueiimem

SHBIICHHBLIM ~ H3HOCOM  0Opa3ioB
'3HaKOHep8M8HHOM TPEeHHH.

Crnenyromas cepusi ucnuITaHuil
00pasloB  [IpM  BHICOKOCKOPOCTHOM

Qo

o
WA N I3 )
P L
120 / ;:/
B / .-“'—_"-‘-J-’;/
o]
a0
0 il a0 i) #0 e

Puc. 2. Bausuue BbICOKOCKOPOCTHOIO
Tpeius Oe3 CMasKK Ba M3HOC HAlLias-
JICHHBIX  [IOBEPXHOCTEH: CKOPOCTh -
100 m/c; 350 H; muck us crama Y 10;
cKkopocTh odpasia 0,15 m/c. 1 - 6e3 nHa-
asky, crank 20XMJI, o6paborka op-
UM OPUKIHOKNBIM JMcKOM; 2 - obpasets
HamIaBJIeH TIPOBOJIOKOH ¢ YMCTOBON 00-
PabOoTKOH; TPEHHE OAHUM JHCKOM; 3 - 110
IL. 2, HO 3HAKOTIEPEMEHHOE TPEHHE ABYMS
FIMCKaMuU

EMY C ABYMA JHCKaMH B PEXKKMME FCHEPHpOBAHKA 3HAKOTIEPEeMEHHBIX C/BUIO-

O, mr 1 e
120 3 /i#-—-_.
i —y ;
a0 z///_,--"""” ﬂ’;/
Al
N -’ = i I il
Ve/d ;
] il 40 &0 L ¢

Puc. 3. Baustue tperus co cMaskoit na
M3HOC 00pasnoB. Yciosus Tpewus 1o
puc. 4, HO cmaska coaunosoMm YC.
Kpussie 1-3 - no puc. 4; 4 - tpenue ¢
JABYMS! IMCKAMM, HO C OJIHOHATIPABIICI-
HBIMH B OTJMYHE OT KPUBOH 3 CABHIO-
BLIMEH J1ehopMalHaMHK
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TPeHHK NPOBOANIACEH ¢ HCNOMB3OBAHKEM KHAKOH cmasku. T1pH tom Guula Y-
TCHA PONb MUWIKOH CMa3KH HE KAK OXAamUAIOWeEd W cMazouHoil Cpesibl, 4 Kak
CPEAbl, aKTUBHO BOACHCTBYIOWEH MO4 BAMAHUCM 3HAKONEPEMEHHBIX CABHIO-
BLIX Ae(hOPMAIIHIT HA IPOLECC HACKILUCHHSA TOBEPXHOCTHBIX H FIYGHHHBIX 0SB
CTIH YIJIePOAOM € NOBhILIEHHEM UX KavecTid. Ecnu cpasnuBats KpHByio [ Ha
pHc. 3 ¢ KpMBOIA | Ha PUC. 2, KOTOPBIE NOMYUEHbI TIPU TPEHUN HCXOTHBIX obpas-
[OB OAHHMM JHCKOM, TO CTAHET SICHO, “ITO NMPUMEHCHUC XHAKON CMA3K YMEHb-
UIACT BEIMYUHY M3HOCA. AHQIOTHYHAA 3aKOHOMEPHOCTh HAGMOAAETCs M Jad
HANAABICHHBIX 00PA3LOB, YTO BUAHO NO KPUBOH 2 Ha pHC. 3 B CpaBHEHUU ¢
IKCOEPUMCHTANLHBIMHI JI@HHBIMHI KPUBO# 2 Ha puc, 2.

Eciti BBICOKOCKOPOCTHOE TPEHHE OCYIECTBANTD /BYMS AHCKAMH C FeHe-
PUPOBAHHEM ONHOHANPABICHHBIX CABMIOBBIX JeOpPMalMil, TO UMEIOUMIL Me-
CTO U3HOC DYNET MEHbIIE, YeM NPU TPEHHMH OAHHM AMCKOM, XOTH i AeHCTBOBANO
Apa ACPOPMUPYIOLIMX AePOPMALUONHBIX Tena (KpuBEe 4 U 2 Ha puc. 3). I'ene-
PHPOBAHUE 3HAKOTICPEMEHIBIX CABMIOBLIX jAeopManuii NPy TPEHUH JIBYMS
AMCKAMH TIPUBEIIO K 3HAUHTENBHOMY yMEHBLLUICHWIO u3HOCa o6pasiios, 4To 01-
paxeHo kpuBoii 3. lIpudem B ycraHOBHBLIEMCS pekuMe TPeHHA NPH BPEMEHH
60 ¢ 3uakonepeMeHHOe /CHOPMHPOBAHKME [T0KA3AN0 U3HOC TTOYTH B Tpu pasa
MCHBUIMH, YeM NpH TPEHMH TaKHX ke 0OpasloB ¢ HCHONB3OBANMCM OMHOO
dpuxunonnoro nucka (xpussie 3, 2). O6paTuy BHUMAHHE, 4TO B HAYATHHLU
MOMEHT TPCHHUS 3HAKONEpPEeMEHHOE AeOPMUPOBAHKE ¢ NPUMEHEHHEM JKHIKON
CMA3KH, TAIOKS KaK ¥ [pU TPEHUH B CYXYIO, MOKA3BIBACT 1OBLIIIEHHLIH H3HOC,
Ha puc. 3 910 xopowo suano mo cpasenmio ¢ KpHBOH 2, npuyeM doliee peib-
e(HO BRIPAXKEHO NPU CPABHCHHM KpusbixX 2,3 Ha puc. 2. DTO CBHAETENECTBYET O
TOM, HTO CMA30YHbIH MaTepHail B ONPENIENeHHON Mepe YReNIMUUBACT Bpems], He-
00X01MOE ANSt YOPMHPOBAHHA HOBBIX CTPYKTY].

Crenyromuii BaKIbIii BOHPOC, KOTOPLIH 1TOUIEKAN BRISICHEIHIO ¢ HENbI0
HPAKTHYECKOT0 UCTIONB30BAHKUS YIPOUHSIOUIEH TEXHONOTHY, OCHOBAHHOK Ha
SHAKOUCPEMCHHOM ICHEPUPOBAHUM CABUTOBLIX AedopMaumii CHIaMu Tperus,
910 TIEyOHHA pacupocTpaliens GebIx CI0es ¢ MAKCHMATBHO] TREPAOCTRIO SIS
HAMMABICHHBIX MaTepuanos. CranbHbic o0pasiisl ¢ HAIABICHHBIM HOBEPXHO-
CTHBIM  CJIOCM  TIOABEPrafuCh OLHOHAIPABICHHOMY MM 3HAKOTIEPCMCHHOMY
TPCHHMIO C TIPUMEHEHUEM CONMIAONA HA PEeKUMAX, NPHBOAAIIMX K OGPA30BAHMIO
Oenbix cnoes. Ha stux obpasmax nenanucs xocsie Cpesbl, 110 KOTOPBIM MOCIE
TpasjieHHA ompeaenanace penumvuaa Oenoro cnod, Ilojrorosxa obpasuos,
BKITHOHas DJICKTPOHOIHPOBAHME LUIM(OB, a TAKKE PaCTBOPLI A BERISBICHHI
CTPYKTYPBI Obiiti B3ATLI 110 pekoMenjatmy pabot [3]. 3apucuMocTs TOJILIKEHBL
OeNbiX CIOEB OT BE/MUMHBI HOPMANTLHOW HAIPY3KH LIS HATUIABICHHBIX obpas-
LIOB C pasIHYHOH (PPUKIMOHHOH MOXTOTOBKOM npeicTanieHa KpuBkiM# 1,2 Ha
puc. 4. Ha 51om pucyrke xpusas | noxaselzaeT W3MeHeHUe TOMUHHB 6E10r0
CIOA € POCTOM HOPMATBLHON HATPY3KU MOJ BO3AEHCTBHEM OJHOIO JIMCKA Ha Ha-
(L1aBIEHHbIC 00pasikl MpK BpeMenn Tperus 60 c. TTpy BHIOPAHHLIX yCTIOBHAX
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YAPOUHEHUA TOJIUIMHA DEIBIX CHOECB AOXOANT 40 90 MKM fipyu Harpyske 400 H,
HO NPU MCHBIINX HAIPY3KaX TONIUMHA BenbiX ClOeB COOTBETCTREHHO MEHbLIE.
[Tpu wcnonb3oBanuu 3uakolnepe-

MCHHOIO  YIPOYHEHUS  AByms 5w %]
HHCKAMU tannapieHnsix obpas- :
OB Obida (0MyveHa TOMUIHHA
OeNbix ciloeB nopsaka 175-190 /

2
7, =
‘ " 0
MKM, 9TO IOYTH B fmBa pasa / /‘______,_..“......___‘_

160

Dombilie, YeM MpU HCMOABL30BA-
HHM QOHOrO HMCKA ¢ OJHOHa- % 0
- NPaBAeHHLIM pasBUTHEM aedop-

~ Mauui ot tpenns. Kpome Toro,
~ lOCTHKEHYUE MaKCHMAJIBHOTO
-~ spdexra npu smaxomepemeHmoM
~ yOpoureHun Hnabimomaercs npu

4 o 200 300 460 PH

Puc. 4. Bnusinne HOpMansHolt Harpysku u
IHAKOMEPEMCHHOCTH TPEHMs HA TOJLMHY
k- benoro cnos B HannaBneHHBIX 06pa3nax:
- 40 ¢ Tpenust B ornuune or 60 ¢
- 100 m/c; comunon; ckopocrs aetanu 0,15
K OJHOHATIPABNCHHOM Jiehop- ;

mic; 1 — TPeHHC ONHHM JHcKoM, 60 ¢; 2
MHPOBAHHM OIHUM JAHCKOM.

—— 3HaKolepemMennoe Tpenue, 40 ¢
Iposojmiiock  onpenene-

- HHE Ha KOHTPOJABHBIX 0Opazuax

- KOPPO3HOHHON CTOHKOCTH YIPOYHEHHBIX MOBEPXHOCTHEIX CNOCB, a TaKKE HX
| TeMIIEPATYPHO# YCTOHYHBOCTH. DT AaHHbIE TPEJACTABIAIO UHTEPEC MONYIUTE
AT HATUTABNCHHBIX ¥ YIIPOYHEHHLIX MaTepuanos. B pabote [4] npuBeneHs! pe-
| 3YIBTATSI STHX BENHYMH UL PS/IA YITIEPOAUCTHIX crajei, Ho 6e3 HaruIaBKy.
Taxum oBpasom, nposenenHbe HAMU HCCIETOBAHUS U MOJIYYEHHBIC pe-
| 3YIIBTATHI O3BONISIOT CACHaTh BEIBOJL O LENeCO00Pa3HOCTH NPHMEHEHUs 3HAKO-
- IePEMEHHOTO BBICOKOCKOPOCTHOT'O TPEHHS s YIPOUHEHMA HAIUIABIEHHBIX [10-
 BEPXHOCTeil KaHABOK MOPLIHEH TH3eseil.

o HaleMy NpejIoXeH o HalliaBieHible NMOBEPXHOCTH KETOB HOPLIHEH
TofisepraioTest Ge3 M3IMeHeHUH NpeBapHTENbHON HOMrOTOBKE NOBEPXHOCTEH,
| BKIIOYAs Npoiiece LUTH(BOBAHMS, 110 3aBOACKOH TEXHOJOIHH | yKasaHusm P, a
3aTCM YUPOUHSETCS ¢ MCHOTB30BAHKEM ABYX QPUKIHOHIBIX TUCKOR, BpaLIaK-
- mwxes co ckopocthio 100 Mic ¢ CYMMAPHBIM HPHEKHMOM K TOPLECBOH NOBEPXHO-
CM KaHaBKy ¢ yeutnem 400 H ¢ UCTIONB30BAHMEM B KAYECTBE CMA3KH coliaona
Mapkn YC 1 ATMTABHOCTHI0 MAITMHHOIO BPEMeHu obpadorkn 40 - 50 cexym.
Ota Texnonorus, paspaboranuas B 7abOpaTOPHLIX YCIOBHIX M HCIIBITANNAS HA
CTenaX, Hanma TIOIEPKKY HA CYAOPEMOHTHOM 3aBOJE C LEilbIO BHEAPCHHS B
[JIPOM3BOACTBO MPU OCYMIECTBACHUM paboT 110 BOCCTAHOBICHMIO MIHOILICHHBIX
KaHABOK [10J( IOPHIHEBbIe KOJbLA NopuHell ManooboPOTHBIX AH3CHEH.

~ Cnucox aureparypnt: 1. Pykopojsinmit moxyment PJI.31.55.03-83. Jlu-
e “3yibiiep” PH-76 u "MAH" K Z57/80. CTajbHble rosoBKy nopingei pa-
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Bounx uwmuiApos. Boccranosienue ICKTPOAYTOBOH HANIABKOMH ¢ MCHONB30-
BaHHCM BBICOKOTIDOYHbBIX MaTepnaios. — Oaecca, 1983, — 21 ¢. 2. PyKosoiaiuit
nokyment PJ1 31.55.03.06-85. Pekomenaauuu o oteHKe W BeIbOpy crocobos
BOCCTAHOBNICHUS ACTANCH CYHOBBIX TEXHHUECKHX CPeCTB. BromuTes BIEpBhIE.
Beex. 01.03.86. — M.: B/O Moprexundopmperiama, 1986, — 25 c. 3. Cripapou-
HHK TO mpaktuveckomy metansoBerenuio /BJLI Inmowenko, B.B.Banokyp,
C.E.Komppatiok # ap. — K.: Texnika, 1984. - 135 ¢. 4. Epgoxamosa ALH. 3ia-
KONEPEMECHHOCTL CABMIOBBIX Aeopmaumii npu BBICOKOCKOPOCTHOM TPEHHH H
UUIMdOBAHKM U CBOCTBA HOBEPXHOCTHLIX cltoes. — Kues-Onecca: nza. Koucan-
THHI, YMAQOU, 1998, - 113 ¢.

Cnano s peaakimo 4.06,03
Pevovennosano n.ru., apoth. Mixaiinos AH,

HANPSKEHHO - JE®OPMUPOBAHHOE COCTOSHUE 3YBBEB
HEPEJAYH C TIPOMEKYTOYHBIMU TEJAMH KAYEHU S

Crpensnuxos B.H. (40 «<HKM3», 2. Kpamamopcex, Vipauna)

Teeth which radiuses are outlined by arches of a circle are close to radiuses of
intermediate rollers. Is intense - the deformed condition of a tooth is determined

to the equations of elasticity, the decision of the equations satisfies to boundary |

conditions on his contour approximated b y coordinate lines of bipolar system of
coordinafes.

B cBsisu ¢ wenpeprisubiM poctom TPeOOBANMIT K MOBBILEHHIO HArPy30K,
OBICTPOXOMHOCTH, A0NTOBEYHOCTH 1 HANOKXHOCTH, CHIKEHHIO Macchl nepejiay
TPH UX NPOCKTHPOBAHMY, 33/[a4a O NPOYHOCTH 3yGLEB CTAHOBHTCH BCE GoNee
BAKHOM, Tpebyiowei rny6oxoro u AOCTOBEPHOTO U3YYEHUS PACTIPENEIEHMS HA-
OpOKeHMH. Pacy@Tsl Ha NPO4HOCTH CTAHOBATCH BCE Gonee CHOKHBIMM, B HHX
IMPE HCTTONB3YIOTCA METO/bl U PE3YNLTATH TTOHYUCHHBIE 1 TCOPHH YIIPYTOCTH.
Hecmotpst ma ovennamsie AOCTHIKCHHA, MPOYHOCTIIBIE PAcHEThl 3yOREB JANeKH
OT cosepiltenctBa. Pacuér 3yGees Ha npounocTs HPH H3rube B COOTBETCTBUH ¢
FOCT 21354-87, ocHoBaw na Garouioit Gopmyne ¢ suneitbIM 3aKoHOM pac-
OPeACNCHHsT HAPMKEHHS 10 nonepedHoMy ceucHuio 3yba. IMocmepunii pac-
CMaTPUBACTCH Kak KOHCONbHAA Gallka, HAIPYXEHHAS OKPYKHOH CUITOM Ha JeI-
TCIRHOM LMNHHAPE B TOPLOBOM CEYUEHHH. BAUsHus (popmel 3y6a 1 ranteau y
€r0 OCHOBAHMS YUMTBIBAIOTCS COOTBETCTBYIOIUMM Koatputmenrom. Mectuoie
HAIPOKEHUA, BOSHUKAIOWINE B 3y0¢ mpu M3rube, MOXKIO OTIPCAENHTE YHCIeH-
HbeIM metosoMm [1], uan skerepumenTasibio, HAIPUMED METOLOM DOTOYTIPYTro-
CTH.

B pa6ore [2] niokasano, 4To OCHOBHEIMHE BrsaMu gedopmarmu 3y6a y oc-
HOBAHHS SBAACTCA HiC TONLKO M3MHO, HO M CABUT, TOPCHORHBIH M3rHG ¥ cMeLe-
HHE, YTO He OoTpamaercsg B paC‘-If.:THLD{ METO/MKaxX.
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Ho muenmo K. 3abnouckoro, cneayer otkasaThes OT HCMONB30BAHMA
| 3ABMCHMOCTEIi, MOCTPOCHHHIX HA OCHOBE YHPOIEHHBIX CXEM M 3aMCHUTL HX
' YTOUHEHHBIMU METOJaMH pacuéTa, CO3AAHHBIMU HA OCHOBE 0GOBIEHIS PE3yTh-
- TaTOB TOUHBIX PACHETOB HAIPY304HBIX XaPAKTEPUCTHK U pecypea fepesay, Bbl-
. nonHentbix Ha OBM [3].

gt OcHOBHBIMY 3a1a4aMH AaHHOMN PaBOThI ABIKIOTCS

- pazpaboTia PacUETHON MOJIEH C ONITUMANBHOH aripoxcumanmeii 3yba;
‘BBIBOJL YPaBHCHMH YOPYTOCTH 1II0CKOASHOPMIPOBAHHOIO COCTOsNIMS 3y6a B
HIIOJAPHBIX KOOPIMHATAX;

- PaspaboTKa AUCKPETHOIO METOJa PEliCHNs YPaBHEHHUIT YIIPYrOCTH H BHINOI-
HEHHE [IDAKTAYECKOro pacuéra Ha IpOIHOCTs 3yda.

3y6ba Kozec B mepesadax ¢ NPOMEKYTOUHBIMM TENAMH KAYEHMS HAXO-
JATCA B COMKHOM HANPSDKEHHOM COCTOSIHMH, UTO SBISIETCH CIEJCTBMEM KPHBO-
IMHETHbIX OuepTatull NpoQuis 3y6a 1 HEOTHOPOMHOCTH IPAHUYLIBIX YCIIOBHA.
3y0 npeanonaracTcs B MI0CKOM AePOPMHPOBAHHOM COCTOSHMH. Pacnpenerne-
HE KOHTAKTHOrO AaB/leHUs 0 IpoQuiio 3y0a onpeiensercs u3 PeLiCHUs KOH-
aKTHOM 3a)@4M M 3aBUCHT OT KPUBH3HBI CEUelii KOHTAKTHDPYIOLIMX TI0OBEPXHO-
T€H 1 COOTHOUICHUA MEXKJLY HAPYKHLIM W BHYTPEHUHM JUAMETPAMH POJIHKA.
IAHHOM [UMHE JIyTH KOHTAKTa B JICOPMUPOBAHHOM COCTOSIHHY POJMKA U 3y-
OTBEHACT 3AKOH pAChpeje/icHus JaB/ieHuit ¢ MakCHMyMoM faBnenus Py, or-
HAI0ILMM 3aJaHHOM KOHCTPYKIMH ponnka. Ha ocHOBe pacnpeneneHus KOH-
{010 JIaBNEHHUs 110 npoduato 3y0a pelaeTcs rpaHKMYHAN 3a/(a4a POUHOCT-
ro pacuera syba. Ilpoduis 3y6a OUCPUECH JYTaMK OKPYKHOCTCH MM OMH3-
IMH K HUM XpuBbIME. JyTH OKpYXHOCTeH, orpanuyuBaoume pabouuit npo-
i 3y0a IPUHMMAIOTCS 33 KOOPAMHATHBIE JIMHKHU GHIONSPHOI CHCTCMBI KO-
wHaT. Ha octanbueix yyacrkax npodwis 3y6a Takke AlIpPOKCUMHPOBAH KO-
HATHBIMH JTHHAMMU ORMOANPHOI CUCTEMDE, HO3ROMAIOUICH HAHBO/EE TOUIO
Th 33/1a4y C yueTOM I'PaHMYHBIX YCHOBHH. Mcmonp3oBas AMCKpeTHBIH Me-
ceerue 3yba pa3buBaercs Ha NPAMOYTOJBLHBIC KOHEUHbLIE 3IEMEHTHI,
PH KOTOPBIX BRIMONHACTCS alNpOKCHMAUMS HHTEPHOJISIHONHBIMHA HONH-
avy. PaspaGoranibii anropuT™ MPUBOAMT K CHCTEMAM JHMHEHHBIX ypaBHe-
> PELUCHUC KOTOPKIX HE NPCACTABIACT 3aMeTHOM ciokHocTH. Konkperible
ICHET! PEAlI30BaKb! B PeJUYKTOPAX MEXanusmMa I0BOPoTa aralomiero HKCKa-
pa D11 6,5x45. BrInojHeHABIE UCCACAOBANMA TO3BOMIIOT NPUBECTH B CO-
_'?_ TBHC YCI0BUS KOHTAKTHOTO B3aHMOJACHCTBHA B 3aleruicHuum ¢ obei
POHHOCTBIO 3yORESB.

Boibop pacuetHoil cxeMel ¢ annpokcumanuei npoduns 3y6a

Pacuery Ha MpouHOCTH HOMUTEKAT 3y0bsi CaTe/MIUTa U LEHTPAALHOIO KO-
Kaknpiit 3y6 orpanuyes nununapuueckuMy nosepxsoctsmMy, Ha akTus-
TOBEPXHOCTH 3y0a NpHIOMEeHa HOpMaNbHas KONTAKTHAs narpyska. Hanps-
HOS COCTOAHME 3yDa cumuTaeM NIOCKOACHOPMUPOBAHHBIM. 3aKOH paclpeie-
HAIPy3KH 110 Juimne 3yba He m3mensiercs. Pacnpenenenue Harpysku mo
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KOHTYPY NOHNEPEUHOTO CEHCHHS ONPEUEIINETCH U3 PeIeH s KOHTAKTHON 3a1a%u
1 annpoxcumupyercs rnapabonoi. lapaverpasmu onpeaessiomaMu BHEUTHIOW
HAIpY3KY ABIAIOTCH MAKCHMANILHOE JABICHHUE H MPOTHREHHOCTL BYIH KOHTAKTA
10 KOUTYpPY 3y0a B €ro norepeuHom ceyenun. 3y0 sBNAETCs YACTHIO MACCUBA,
COCTABIAONIETO 3yOuaToe Koieco. [ pactueTa BoIACHNM U3 MACCHBA OTACIb-
HBIH 3y0 LUAIMHAPHYECKOH NOBEPXHOCTHIO GOALWIOro paauyca R’ (puc. 1). B
pesynbTare ceuenus 3yba OyAeT OrpaHMucHo 3aMKHYTHIM KOHTYpPOM, 00paso-
BRHHBIM IyraMi 00pasyiolux OKpyxHOCTEH HOKOBBIX NOBEPXHOCTEH ¢ paay-
CaMH 7y JUTL CATENIMTA M ry jUIS HEHTPANRHOTO Koseca, pajuycamu R, u R
OYEPIHBAIOWHMMH OKPYIKHOCTH BepiliiH 3yOLeB COOTBETCTBEHHO CATE/UIMTA M
UEHTPAARHOIO Koseca. ,U,JIH no-
crpoenua npoduas 3yba zaja-
foTes panuyckt R, R: ILEHTPOB
00pazyIONUX  OKPYXKHOCTEH U
YHCITO 3YOLeB Z;, Z, CATEIIMTA H
LHenTpanasHoro koseca. Onpexe-
JIAOTCA  YTIOBLIC WIarkd care-
JMTa A; W IEHTPANBHOTO KoJieca
Az Papuycnl okpyxHOCTCH R,
BeLAEnsIoIMe 3y0bd M3 Maccn-
Ba, [ONYYAIOTCHd I'COMETpHYE-
. CKHM focTpoeHueM. Bsammo-
Puc. 1. Pacyernast cxema marpyxennoro  jielicTBHe 3y6a ¢ MaccHBOM pac-
3yba CMaTpUBacM Kak 3afieliky. Yuya-
crox 3yba szarpyxert HopMmaib-

HOHM KOHTAKTHOMH Harpy3koit. OCTanbHEIE YacTH NOBEPXHOCTH 3y6a CBOGO N OT
Harpysku. I'panuinyio sajaty 0 NpouHOCTH 3y6a pentacm B GUITONAPHBIX KOOp-
manaTax (puc. 2). KoopausaTHbIMK NUHUAMH OUIONISPHOI CHCTeMD KOCPAH-
HAT ABIAOTCA OKPYIKHOCTH. BO3MOMEH BLIOOD CHCTEMBI KOOPAMHAT, MU KOTO-
POH OKPYXKHOCTH PajuycoB ry 1y #, o6pasyrouiue rpoduis 3y6uen u R' puipe-
3pIBAIOMIME 3y0 W3 MaccHsa, GY/AYT KOOPAMHATHLIME JMHUSMM, @ OKPYKHOCTH
BLICTYNIOB C pagrycamu Ry uin Ry OyAVT 3aMeHeHbl BIH3KIMU K HIM KOOPJIH-
HaTHLIMK AunusiMA. Ha ocu abcimice koopauraTioil miockoctd X0¥ crnmmer-
PHYHO OTHOCHTEIBHO Hadala KOOPAMHAT pPaclolioKuM fontockl ' u "
Paccrosune mesicry nosmocamu npuMenm pasnbiM Za. M3 10710C0B B [IPOM3BOIDb-
~HYIO TOUKY TockocTu X0Y mposenem pauuycnl o) H 0. 3ajaHue abComOTHBIX
BCIHYHMIT O U 0 HC OTIPCIC/IALT OHO3HAMHO TMONOKEHHE TOUKH M Ha 1IIOCKO-
CTH: JUI 3AlAHHBIX 0; H £, (OJIYHAIOTCS ABE TOHKYM CHMMETPUYHO OTHOCHTE b
HO ocu abeumee. HeounosHauHOCTh yeTpanum BBes GUI0NIpHbIE KOOPANHATEI

AH

ey

au f. 3a KoopaMHATY & NpHUMeM « = in L. Ipasoi nonynnocxoctu X0Y coor-
P2
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Puc. 2. Koopwiatabie simuuu Guioasproi cueremp KOOp/iHHaT
CICTBYIOT MONOKUTENLHDIC 3HAYCHAS 1, ICBOM — OTpHIlATC bHbIE. 32 KOOP/H-
i é’ry [ pumeM BHELIHAH VIO TPeyroabHHKa 00"M, otcauranublit 0T 1po-
HOIDKEHUS PAJMYCa Iy A0 Iy, TAK YTOGHI /ﬁ/ < 180°. TIoNoXuTeAbHBIH Yron oT-
UTHBACTCA [IPOTUB CTPEAKH 4acoB, OTPHUATENbIbIH N0 HacoBoil. Bepxueil
MYOAOCKOCTH COOTBETCTBYIOT ION0KHUTCILHbIE 3HAYCHUS YITIOB [}, HIKICH —
prLaTesnbubie. OfHOZHATHOCTL HAPYIIAETCH HAa OcH abCoLHCe npy /X /2 a.

nons Juuuit ¥ = 0 npu X <—a u X 2 a ciieiyer cuenats paspessl. Bepxuum
Oeperam paspesor COOTBETCTBYIOT 3HAUEHHS ff = 77, HUDKHUM B = —m Ycrano-
IM CBSI3b IEKAPTOBBIX KOOPIMHAT ¢ OunoasipapiMu. Boipasim pajuycsl p; 1 p;
pe3 oz 1 3, yuutniBas p; = p,-e”

{

Zae 2a

oL =t —, 0= ———— ()
\;{e -+ IJ+ 2e% cosp x"‘(f: —+ 1)+ 2e” cosPp
YCTaHOBUM 3aBHCHMOCTH MLy AEKapTOBBIME Koopamiaramu X, ¥ He-
OpOH TouKi M 1 Gunoaspusivu, U3 Tpeyronbhuka 00 M naxomim
preosy =X +a. 2)
- Jas onpexenenns xoopnuHat X Bocrionbzyemes dopmynamu (1), (2),
PEMOH KOCHHYCOB 1 BBIPKEHHAMH UICPBONHIECKHX hyuxkuuii
: - aSha . (3)
Chea+cos 3
Mis onpejenenus KOOPJIMHATSL ) ONpe/IennM [Iommasis TPEYTONLHHKA
00°M:. 0.5 p; - p, -sinff =ay, otkyna
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__asinf (4)
Cha +cos f#
Dopmynsl (3) 1 (4) ONPEACHSOT YPABHEHMA KOOPAMHATHBIX AMHME B fla-
PAMETPUHECKON (POPME, ECAN B HUX NOOUEPE/HO HONAIATH (=const, B=const.

Halinem ypasuenus KoopausaTHbiX NHHUI B ABHOI opme, Cunraem KoOp/H-

Haty « rocTosunon. Mekmioanm us ypasrenuit (3) u (4) koopauuary 3. Jlenum

ypasicHye (4) na ypasuenue (3) u onpesensem sinff = %x}? a. Mz ypasHeuwus

- a .
(3): cosf= e Sho — Cha. Vckmodnm tiapametp B 1 101yUMM ypaBHEHHE OK-

PY;KHOCTH
s N ?
Cha L ar
X—a——| +¥ ' =—. (5)
Sha Shie
V3 ypasrenust (5) ciiefyer, uTo UEHTPhl OKPYKHOCTEH ar=comst pacio-
Cha a
JI0MEHB! Ha OCH X, MMCIOT KOOPIAMHATHL | @+~ ( | H pajidyce R mi——:
Sha Sh
Honaraem nocrosnsoit koopanuary 3. Us ypasrenuii (14) u (18) uckmo-
Y g a-sin
YUM KOOPIHHATY &, HaXouM: Sho = v Sin 8, Cha= —}’ﬁ —cos f.
Hckmouaem o, samensst Cho u Sha: coOTBETCTBYIOLUMMU 3HAYCHIAMH
z
? B s AL
X +(Y+acg iy = 2 (6)
sin” 8
Koopiuuarusic munaun f=const — oxpyxiocta (6) ¢ LEHTpaMHi Ha oc# Y,
a
umeror koopaunate! (0, —a Ctg ) v papuyest R = ,§
sin

Koopaumatipie MWK NPOXOMAT Yepes HOIOCH GUNONAPHON CHCTEMBI
Koopawsat. Jlis moxasarenseTsa B ypasneHuu (6) cemeiicTa IMiMil HajM0 To-
NOKATL ¥ = 0, nonyuaem X = +q.

Uepes kaxyo TOUKY NIOCKOCTH ¢ KoopauHatamu (@, [J) MpOXOANT napa
OPTOrOHANLHEIX KOOPAHHATHLIX JitHUiE a=const; [} = const. /a5 moxazaTeancrsa
OPTOTOHAILHOCTH KOOPAHHATHBIX AVHMI ONPEICHHM YIToBbIie KOYDDHITHEHTH!

KacatensHbIxX K, 1 Ky & aunuas a = const n § = const B TOUKE WX lEpeceyeHns

; .
K==L, Ky=-e, ™
Xﬁ X,

Hupdeperumpyem Bhipaskenus KoopauHarHex QyrKnuit (3) u (4)
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X' :a(!+Chacos;6‘) Y = a-Sha-sinf}

(Cha+cos 77 (Cha+cosp)’| b
- asin’f-Sha . _a(i+Cha:cosp
T (Chatcospf ? T (Chateos )
¥ noacTasiseM B Gopmyibt (7)
K, = g_;_(g:ha ??Sﬁ)’ Kg=—- _sinB-Sha (9)
o -sinf (1+Cha cosa)

U3 dopmyr (9) crienyer YCAOBHE OPTOrOHAALHOCTH KOOPIHHATHLIX JiM-

Bonb koopauHaTHLIX Aunuit f = const v o = const HANPABAM OPTHI €,
u 5. Opr &, Hanpasnen B CTOPOHY BO3DPACTaHHA KOOP/MHATHI (L O KacaTelib-
O K iy f = const, opt € 4 HANPaBlEH B CTOPOHY BO3pACTaHUA KOOPIHHA-

Tl f 0o kacartenpHOM K MuHMM @ =cons (puc.3). CBa3b MeX)y 11PHPALICHUEM
HBOJIMHEHHOI KOOPAMHATEL U JHOGEPEHIMAAOM JYIH KOOPAMIATHOR JHHWA

Puc. 3. Cxema npupaiiesys OpToB KOOPAXHATHEIX THHHH
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dSy=H, dy, dSy=Hy-d, (11)

Kowd;dmunemu Hew Hg()l'lpel'LEJ[HIOT'(.ﬂ no (bopmyﬂaaw

Hy =X, P +(Y. ), Hy= V(X Yrrg (12)
lToacrasum B suipaxenus (12) 3qavuenns Xa . Xg,Ya, }’ﬁ 13 popayi (8)
HwHga = L0 13

) A Cha+cosfi’ 3

B cootsercrsuu ¢ (puc. 3} u 3nauenusvu (1 1}, (12), (13) waitmenm uact-
Hb(C TIPOM3BO/IHBIE OPTOB €, W &4

oe, H _ 0y H _ o, H_ G H_ (14)

- Ep s E gy e m———gg =g,
T T I T e T
Anst annpokeumanuy npoduneit 3y6nen KOOPIHHATHHIMA NHHUAMYU GH-
HOJIAPHO# CHCTEMBI KOOP/MIAT, HEOOXOMMO OUPEACINTH MEKIIOMOCHOS pac-
CTOSHUE W 3HAYSHHs NapameTpos o u B Amsi KoHTYpa 3y6a. PaceMOTpHM mo-

CTPOCHHME anmpCKCHMHPYIOUIEro npoduis [ 3yba carennuta (puc. 4).

|y

Puc. 4. Anmpoxcusanus npoduns syﬁa caresanTa
*
M3 nenrpa cateniuta ) npoBOMM OKPYKHOCTH pamdycamu R, R, u

BEPTHKANRHYIO OCh CUMMETPHA. 110 00e CTOpPOHbI OCH CHMMETPHI MO YIIaMH
Aisy, K Helt npoBommM myyu. B Touxax O'I, O, nepeceueHns HTHX Jydei ¢ Ok-
PYKHOCTBIO pajidyca R; OJYYNUM LEHTPBL O', U 0,2 OOpPAasYIOLIHX OKPYIKHO-
CTed 3y0beB caTennTa PaMyca Iy, DTH OKpYKHOCTH ¢ lieutpamu O,

L

O, na ocu X UpHIAMAEM 32 KOOPAMHATHIE THHAK & = ' N @ = +a’
OurionspHoit cuctembl koopaunar. Ma touxu K nepeceuenus nyua, 1IPOBEAEH-
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HOTO 110/1 Y TIIOM A;/g u3 nentpa O ¢ obpasyioueit 3yba carejnura nposeiem

__ npnnz Ib 3a NOKICH, TO nyra oa\p) KHocTH pajuyca KZ = R ﬁync'r ABNSATLCH
oopaHHaTHON Nunueit B = B OnpenesuM NOJOBUHY MEKNOMOCHONO pac-
osinust PC = a

Haxomnm cmenienue wenTpa okpymuoctn f = fi”umerouieil paauyc R’

— &. 2
CZ=-L_ L " TL% R =(R ~r g2, 15
cosA, /2 == d, (13)
3anumieM ypaBHEHHUE dTOH OKPYKHOCTH
2

r, —R|sin® 4, /2
X2+ Y-t LD Ry ~1)? g%, /2. 16
cosh, /2 (Ry~n)* 18”2,/ (16)

A

Ionopuny MEXKIOMOCHONG PACCTOSHUS HaiifeM, Hojaras B ypaRHEHUH
) Y=0u X=a

a=\Rsin’ A,;/2-r} . (17)
OnpejelrseM napamerp KOOpijIHaTl-IOi:I auauu B
sin 18
B = K 2 (18)

Honcmsma anavenns KZ n a no (lmpmy':am (13)u (17) B popmysy (18)

ﬂ" o Ariisiy 'JR; -sin A‘r ./2 rJ \

I (19)
(R: "’1)1841/2 J

Yron B" cnenyer Buibupath Gosbute 90°. [l nonyuerns KOOpAHHATHOMN
auHuu 5 = B, npoBOAMM OKPYXHOCTE BHICTYNOB paanycom R, B nepeceucHuu
OKPYIKHOCTAMM PagMyCcoB Iy ONyYuM TouKd D’ D cooTBETCTBYIONME KPOM-
3yba. Haitaem uenrtp okpyxuocTd koopauuatnoi munuu f3 = B'. Orpesok
‘D’ penum TONONAaM U K Cepe/MHE OTPE3Ka BOCCTAHABIMBACM TIEPITCHANKYJISP.
ka O' nepeceveHus NEPICHANKY/ISPHA C 0CBIO Y SABASCTCH HEHTPOM OKPYIK-
CTH — KoopauuaTHof uuun 3 = }'. Paguycom R'ﬁ =0'P" 1ipoBoaum OXpyK-

b. OKpyKHOCTH ' ¢ HE3HAUMTENBHOM NOTPEITHOCTBIO ANIPOKCHMUPYET
HEIO BRICTYNOB. Onpejeanm napametp B'. Coctapum ypaBuenus JUIs onpeae-
ust koopauHaTHOH Touky D7 Touxa D’ rosgyyaetes B pesynprarte repeceye-
st OKPYXHOCTEH pajinycor R, W r;. 3anuiieM ypasHeHHs YTHX OKPYIKHOCTEH B
icTemMe Koopaunar (X, ¥)

X% +(Y -Rjcosh; /2)* =R}, (20)
(X-RjsinA;/2)> + Y2 =1 (21)
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M3 pasuocru ypassennit (20) u (21) OHPENENacM yrosa y
R} 4R 2
cos(A,/2—y)=——L L (22
2R R,
C nomouikio koopaunar touku £" u anonpemn O,E " onpeaensiem yron g
M paanyc Ry

/
N — R.{; _ww R., cos A, 2__ ________ 23)
(R;cos R;cosy;/?)d(a—-R, smy)

Rg = TR \(R;sm;v+a) +(R;mw—R,cov/1,/7) (24)

Beruncnsem ;mpa,-wempm Blua
ﬁ'tarcsin[ ELJ. (25)

Ry
Onpegenm snavernus napavetpa o, T. e, Sh a’:f—-. Uonk3ysice onpe-
AefienneM Gynkiuu Sh o', pasencrsom (17) u BHACHUCM I F;, MOAYUNM
# IR
= {n R-‘sm) / 2+ ,'--—-2 sin” /L,/Z ] (26)
L7 & J

HapameTprl arnpokcuMUposaHHOTO Tpoduasd 3yba LeHTpaTLHOTe KoNeca
ONPEALISIOTCS AHANOTHMHO HPEABLAYLICMY (pHc. 5).
YpasHeHHe KOOpAMHATHOR auHHK B = B
X2 oY -CZ P «(RZ . (27)
[Mosioenna Me)lulOJ‘UOCHOrU PACCTOSHMS @  OTPeNENsIeTCs U3 ypaBHEHHUS
ChHnopuY =0, X=a’

Rz sin A.E/Z r}; ; (28)
Onpenensiem napamerpss ,{J’" na’
:R” i’ A, 72— i
B —arcsn'.-(\' 77-—- AL -——E—] (29)
L (R + ))r%f’Z J

a'=ln| - 4 Sindy /2 + -—-;-- Sin A, /2] =11, (30)
\\ 2 } .
Onpenensiem yron 1’

o R:LO5/L2/2+R2£O$/ 3! {31)

(_:,_ cosAy /2 - Rwos;v) +R>3my i-a)

siny'=-
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llo Teopeme Fludmmpa BLIYHCIACM pajuyc Ry

_\,'(R;sm,v +a’f +(R cos2y/2 = R,cosy)' (a-R, wny) csin’ ' 32)

_.p" 3 2siny’
Hapametp B' onpenensercs no gopmyne (25).

Puc. 5. Anupoxkcumanys nipoduiid 3yda HeHTpaIsHOro Koneca

YpasHeHHS IIOCKOH TEopRy YHPYIoCTH B
OHITOUSIPHBIX KOOPAMAATAX
TlnockoaepOpMUPOBAHHOE COCTOSHUE ONHCLIBACTCS TEH30POM HATIPHKE-

T=¢g, Oy +(8y-egtép € )iug+eg-ep-0Op, (33)
EAE O, r; — HAPAKEeHMA HOPMalbHbIC K I;OOp}_{HHaTHBIM JIAHHAM
onst, }=const; T,s— KacaTe/lbHbIC HaNP/KEHNA Ha TPAHsX MIEMEHTa, BbLIe-
10r0 KOOPAMHATHRIMHY HHHMAME: @, f, a+do, f+dp.

KoMroHenTh! TeH30pa HAMPSHKEHUH YIOBIETBOPAOT YCIOBUAM PaBHOBE-

PABHEH}ST PABHOBECHS TIPEICTABHM B TeH30pHOH (opme
VT=0, (34)

—i &, 0 * 8 5. onepatop l'aMuisToHa.
de aff

ULy OPTOrOHANLHOCTH €, , €y BBIIOJNMAIOTCS PABCHCTBA
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@, e N~{esE5)=1)

. o (
(e“-eﬁJ (ep. c‘,) 0. _ 3
3am1 tem ydeHCHHL pasHoBecns (34) ¢ yueron anavenuii (33)u (35)

I O o 08 ce Ly O
€, s +~, (T +e. -2 +é | —%a.r Sl SRR S _J.fi+
L (f; J @ 0%as Pl R

« de o _ (Cey =08, . {oe, _
+t’..a -é;-cﬂraﬁ +€a, 5&—6‘90‘8 +€ﬂ —a[; £,0,, +8ﬁ -@-eﬁrﬁ{ﬁ +
oe de 5'1’ oe oe oo 4
+§ﬂ’('_' - Ca J+% Tapp T €, ';';'£+éﬂ(-~"§- éﬂcﬂ]-{.wﬁ Op+ég —‘-;;-67‘8—:0_ :
5] %) ¢/ C ;

de, Cey g de )
HacTibte nponseomsie —=, ___{f__, et S g baseHerBe (36) 3amenny
da ca de op -
1o popmynam (14) u nonyunm ypanﬂenus paBHOBecus B HANPSKEHUsIX

H
e T,/ +- =0
du ('Jﬁ R (Uﬂ w) Ry tap J
or do
il +T€'+h{{'(‘0ﬁ _ga)_zﬁraﬁ ={)
ca 30 Ry R,
Oupenenum xomrowerrsi Tersopa gedopmariy £*
E*zg(VCﬂL(VE}")')_ (38)

ZJ’ :"-éaU‘f'é,B(V)

I FR o e
rae - BEKTOp CMenenus; {V(j ) = 'l'paIIC[IOHHpOBaHI‘Ie VL;

Haiinem Borpascenne VU g BRITIOHHM OTIEPALMIO TPaHCIOHUPOBAH s

/
LoV ¥ o (g oW U
VU —e H T 5 — fe_ J €,¢e ,3( T R +
[efs 4 ;r)) k O‘O.’ ﬁ/' (39}
caz 10U __1'(__\,4_? . | 1av U\
P\H o "R, )T 1 ap o)
ey 3 '3 y l/ a1
(VUJ’-:egéa(};; ;L— + ky—]-i eaeﬁLé O—(i- RV J+
a 5 aop (40) :

(‘_f_g(] el G e U)
b Ry ) “P"\i a5 "R
Bripakerns (39) u (40) noscrasmm B ypaBHeuue (38)
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L(1ou v fog oy P M s
E, LH 5 e . Cylpy + T ) kTl )
a K Oﬁ a R, Ry

¥ ( oUu V1Y _Ulk.z + f..é!f.-.}f z
"2AH\3B " ea) \R, RyjJ7 " B R, s

_ MEOKUTENRH NPY OPTAX ABASIOTCH KOMIOHEHTAMU TEH30pa OTHOCHTEb-
“HOM fedopMaiug:

41)

. LoU K.
@ Hox R,
1oV U
L et \ (42)
HoB R,
eoemren LU (VU
Vaf kT H\op da) \R, Ry

KOMIOHEHTBI TeH30pa HATIPSLKEHUI s TUIOCKOro JieGopMUpOBaHHOro
OSHMA BBIPA3UM UEPE3 KOMNOHEHTH TEH30pa JeQopMairid ¢ TOMOLIBIO
GiieHEOr0 3aK0oHa ['YKa H 3aMEHHUM Eqe, Epps Tap, KOXDOUuMenTs Jinme H BrI-
enuavu (42), (13), a pajuyce R{,, Rli COOTBETCTBYIOIIMMY 3HAYCHUAMH

= ,_(_j,,:v)f‘ ’V _l:"—— av _ iy ]
— o= ZV)a (Cha + cos,{i’) ke +Vsinf }.,_ USh a
=B " v v au) -y 1
(Ii*VXI 2 )a (Cka-f—co-&'ﬁ) 6ﬁ+7wv5__ USha+-}—_-VV3ufﬁ:}(43)
E (8U v
& 0l V}E[(Ch &+ cos ﬂ)(-é;-g + 5 J +(VSha - U sin ﬁ)J

 Tlojcrapum BRIpaykenns (43), (13) B ypasnenus ynpyrocti (37) ¢ yuérom
H Sh o ik _ sinf

eHumit: — =
R, Cha +cosff’ Rﬁ " Cha+cosf’

o, E(-v) [g.[ou, v ov) vehe,,
. Ga (3-1-v)(f~2v)al 1-vop) (1-v)

da

4 da? 1-vdadp e I-v 8o i

B Eu-v) [ (v v U, v
- p ”(3_{_1,)(1*2”“[ smﬂ(aﬁ T Van (.’ V)Ucos[)'+

1 +(cha+wsﬁ){f el AL V) L --f-{-{smw
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S0, = KA a1y 2
#(Cha +cos p) & ot :a £ ) = (:U Stk o (“V sin 3 |,
op? 1-voaop) op I-v ag
e - ) Sho U 4 ok +V Cha+(Cha+cos B)x
da  2(1+vja e ba _

00 B
dacf o’ ) ou co '

7 2 %
A 4 50 =
+(Cha + cos yii F—-Ij + A i— b Sha =2 sin £,
op° oadf) op ap
E v &U .
Tg=0y s———r| (Chotoos B) -~ 22| U Sk = Vsinfl|.
A5 (f+v)a[( )(aﬁ 60:] )
Honyunm ypasuenus ynpyroctu b NepeMeIemsx
U, 2 8V (1-)0U, _ (-4v).snp _ oV
da’  2(1-v)eadB  2AI-v) 8B’  21-v)(Cha+cosf) ba
v B-4v) Sha oV _ __.____._‘(_.______ Chips £f’..'"_2_"—“’m_\-rg)y i),
2(1-v)(Cha+cosf) 0f  (Cha +cosf) 2(1-v) (44)
(-w)ov 1 22U WOV (-dv)sing _2U
2A1-v)oa’ 2(1-v) badp 687  2(1-v)(Cha +cosf B
S N L (N IR (5> R,
21-v)(Cha+cosf) 6f (Cha+cosfB)\2(1~v) J J

Peerine cuctemsi ypasucHuil (44) onpenenger HapsDKeHHo — nedop-
MHpPOBaHHOE cocTosHue 3y6a. DTO pelieHye TOMKHO YAOBNETBOPATL [PaHmy-
HPIM YCIIOBHSM Ha KOHTYPE MONIEPEYHOr0 Ceyers 3voa.

3ajanum rpanwgisie YCHOBHA HA KOODAMHATIBLIX AHIHAX, orpanHYH-
BRAOUIMX Mpodunb 3y6a (puc. 1). Ha nuuun o = —g OTCVICTBYCT HArpy:Ka.
CnenoareinbHo Ha 510t THiMKN OTCYTCTBYIOT HANPSKEHUS o,

Oul~a, I=0, (B, <PXB,),
r }
T.r::‘ﬁ (_af ,3) = 0’ ([7)3 < [)’JS ﬁ_.? )

Ha muuun oo=a’ na yyacrke usmenenus koopawmHarel f§ or By so B,
ACHCTBYET KOHTAKTHOE JlaBlicHue P(B). Ocramsisie yyacticu B'<p<p n
F> = < B croGonust or Harpysku. Tpewuesm B 30He KoHTaKTA nperebperaem,

l'aﬂ,

(45)
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0 /f’smﬂf.l
(a6)

o fa* )= {‘* ’)(ff;'s B) Bir<pB<p,
' 0. BysB<p;

Taplat, B) =0, (BsBsp),
Ha munun g = g OTCYTCTBYET Harpyska Tg W T,5 HA ITOH JAMHUH OO-
Pauarotes 8 Hob

op (e f')=0, (-a'<sa<a') ,
Tap (@, B')=0, (~a'<a<a’). 7

Jhiuusa koutypa B =" pacnonoxena B maccuse. I'panuunoe yenosue
Ha ITOH UMK paccMaTphBaeM Kak 3aACTKY

Ufle,f,)=0, (—a'<a<a’),
Via,,)=0, (-a'<a<a’)
Bamenss o, Oy Top 110 hopmynam (43) 3akona Iyka, nonyyum rpanuy-

(48)

VOV sinf v Shax 0
I-v 3] Chax+cosp f=v Cha*+cos a=a'’
o) shar s )
b~ 0a) Cha*+cosf  Cha++cos 0| wlls
A S
Woa [-v dff) Chax+cosp
( 0, B<B<p, |
She il | Pa(liv)(l-2v) |
—_— L = —_— AT : ’
I-v Chax*+cos jasa' { (1-v)E Aish<hy (49)
a, Br=pB<p.
_U.. + gf_} o+ .._.,._‘S..?ZE..:&._,___.V - h___.__'s.“jig__._ = (),
f Oa; Chax+cosB  Cha* +COS* | g=a"
[ S Ae v il ol 0
I=v da Cha +cos f3, 1—v Cha + cos f, A=p

t ot [J = (), l
0o ) Cha+cosf, p=p
/
Ypasuenust yipyroctu (44) coBMeCTHO ¢ rpaHUYHBIMHU yenosusmu (48) u
(49) natot eamuctsennoe PCLUCHHC 3a/@UH O HanpKeHHo-ledopMUpoBaHHIOM
ToAHMHK 3y6a. [ns peinenus MOT'YT ObITE HCMOAB30BAHbI NpHONHIKEHHBIE Me-
ABl, B YaCTHOCTH AUCKPETHBIN MeTo. B arom ciyvac cedenue 3yba paszbupact-

U,ov),  She }

103



1 Ha KOHEUHOE 1HCIIO DIEMEHTOB CETKOH KOOPAMHATHBIX JIMHHI, NPOBEACHHBIX
€ MOCTOAHHBLIM WAroM Aa = * ang nuHuil ¢ = const 1 Af = A% ans nuiui
[ =const . Koopauxarusie aunun NEePecekaroTes B yaitax. Kawaetit ysen pac-
CMATPHBACM KAK USHTP KOHEYHOTO YICMEHTA, KOTOPBIH B CHCTEMe OHnoNsApHLIX
KOOPAHHAT UMCET (DOPMY NPAMOYIOIBHMKA, Lerrpansiorit ysen m oxpyxen ¥3-
TAMH 1y, my, My My, M5 Mg, m, mg, PACTIONOKEHHBIMH B BEPUIMHAX [1PSMO-
YPOibHUKA B CEpelHax ero ¢Topoi. Yaei m PaccMaTPUBARTCS KAk HAYANO MECT-
HOH CHCTEMBI KOOP/MHAT.

B npepenax anementa crpowres AMNPOKCUMUPYIOUIUH NMOFHHOM UeTBep-
TOH CTeNeHM IS anmpoKCHMAal s byukonu £ (o, )
fla. B)=fru+Cra+Cp+Csa’ + Chaff + C, % + Coa’ p+ Croff + Cyar” B2,

Kooddunmentsr €, ...Cy BLIp@XAI0TCs vepes dywkumu f B yamax my,...mg.

Pe3ynbTaThl pacuera HANPSKEHHOrO COCTOSIINS 3y6bes penyxropa ¢
TPOMEAYTOUHBIMH Tenamu kaverust [TK-500, mexanusma [10BOPOTA [UAraIOIEero
akckasaropa JII 6,5 x 45, npusejiens & Tabauue u na puc. 6 - 8.

Tabnuua - Komnouenrt TEH30pA HaNpPsKCHKH B y3max 3y0a

yjs\.:fa Hanpstxenue g8 MlTa Ne 1! Hanpsxenne 5 MiTa —’
e N 2]
T Oa Taf Oa | Gp __I_v _ Ty
I 0 0 TR T U R TR S
2 3.0 0 0 23 -1,0 0.7 4,3
3 -93 0 0 24| 08 1.9 5.2
4 -12.4 0 0 25 12 20 | 75
5 -5,7 0 0 26 1,0 | ap 4.6
6 02 0 0 7.1 12 il 5.1 3,1
7 0 0 0 281 0 | 126 0
8 0 0,4 0 291 ¢ -7, 0
9 9.6 13,7 6.2 30 [ -15 ‘ 5 2,1
sl <129 -2.6 4,9 310 004 | 04 2.8
1l { -167 3.6 2.9 Bl s |[ 1,9 2,0
12 | <224 -1.4 L5 8515 12 v PP g
13 2 2.6 2,8 ¥ 19 ‘ 80 | 08
14 | —42.0 7,0 0 3507 W M FgE 0 '
15 o | g9 0 3 0 | 45 | 0 !
16 | —04 7.5 47 37| <13 | 23 -1,
Gel-~ 1.7 50 [ 70 138! -02 | 0.6 0,1
i - ) 2.3 7,4 39 | 03 ‘ 1,5 0,3
19 k=35 1,1 74 400077 ' "R 02
20 31 4,7 67 |4l| 1070 53 09
vl S T [P R B
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Emkocts xosuia skekasatopa DI 6,5 x 45 cocrasnser 6,5 M3, BBIAET
penbi 45 M. HoMIHANBHBIT ¥ MAKCHMAIILHELH MOMCHTbI HA THXOXOJIHOM Bajy
yxropa: My = 42000 Ha u My, = 65000 Hwm; macea peaykropa 4300 xr;
EIATOMHOE OTHOUICHHE pejlykTopa u = 24, Pasmepnl 3yba onpeaenstores pa-
COM BBICTYNOB 3yObeB Ry=252 MM, pajnycoM ILEHTPOB 0Opasyiommx
=252 MM, PajMYCOM OOPasyIoUMX ;=26 MM, unciom 3ybnes z=24. 3uave-
E=2,06 MITa, v=0,3. Benuunna wiara KOOPJIMHATHOH CeTKM [0 epemMeH-
o W P npusaTa pasuoit o*=0,24; $*=0,436332 paa.

3y6 noxsepraeTcs AEHCTBHIO HOPMATLHON KOHTAKTHOH HAIPY3KH CO CTO-
Bl [IOJIOTO PONIMKE, PACTIPE/CNICHHOH 110 aKTHBHON HOBepXHOCTH 3y0a Mew 1y
H «T» 1 «21» ¢ UEHTPOM HABNCHMA B y3/1080i Touke «l14». Konrakrnoe
UIEHHE OTpeJieiAeTCs COOTBETCTBYeT Harpyske N=318,8 xH/m. Komnoues-
 TEH30pa HAIPAKEHMH, IpPCACTABIEHHbIE B TAOJMIIE # Ha JMOPAX HOPMAiTh-
ibIX O, Op M KacaTeRbHBIX T,y HAMPDKEHHMHA, BRIUYHCISIMCE OOCIENOBATCILHO
10 KAXAOMY y3ITY.

6,24
-] i
38 T
crul 48 3 ~
£} areddE
il
w72
P @0,
Bt 3 ; 12
1 32 i
%,
f=87 s
T T
? I
22 4 i -
LR Y 7
fn ME UE 8  fhy
B L LE | Hi ]

Puc. 6. Dutopa HanpsoikeHnit 6, B cevenuu 3y6a Ha nusuax i = const
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ST

@
124 2
__dw
1 ~ =z
= 4% 4
s Gred 45
31 B,
W
e, T .
i 3 0,72
gt AT T
! ; B ¥ 42
- id
Il X
N
F-5020 i
33

R i

| . %
Puc. 8. Dinoper nanpskenuii Top B CceeHWH 3y0a Ha nuuusx = const
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2 ; 'M‘_‘é-mw »
Puc. 9. Hapeska 3y6bes Ha 3ybocrporansiom cranke MAAG SH 450/500

4

A

-~

Puc. 11.Crenn 419 uenpITannsa penykropa HK-500 mexanusma nogopora ma-
‘raroulero skckapatopa DI 6,5x45
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BriBoar:

PaspaGorana pacuéTHas Mojeb ¢ annpokcumanueit npoduis 3y6a KOOp-
AMHATHLIMM JIMHUSIMM OHIIONAPHON CHCTEMBI KOOPAMHAT, MO3BOJIMBIIAL yrpo-
CTHTE BBIBOJ YPaBHEHHH YNIIPYrOCTH M [IOJY4UTH CJMHCTBEHHOE pellieHue 3a/a-
4H O HAMPSHKEHHO — AeHOPMUPOBAHHOM COCTORHAU 3y0a C yYETOM IPaHUHHBIX
YCIOBHIA.

Paspaboran nuckpersbiii MeTos1 peluenns ypaBHenuii ynpyroct B Gumno-

- JUIPHOH CHCTeMe KOOPAMHAT, NO3BONMBIUAN YIPOCTHTH pElEHHE M IIOBBICHTH
€r0 TOYHOCTb.

Beinonten npakruueckuil pacuér Ha NpouHOCTE 3y6a caTelutdTa, B pe-
3yJBTATE YEro YCTAHOBJIEHO:

- TpeoGnanaroummy ABISIOTCH HANPSOKEHUS CHKATHUS G, ASHCTBYIOLINE
BONM3K 30HBI KOHTAKTA. ITH HANPSHKEHHA 3aTYXAlOT MO Mepe MpUOIKEeHUS K
KOpHIO 3y0a. :

- Hanpsokenust Gp SBISIOTCS aHANOTOM HOPMANBHBIX HANPKEHH B 27e-
MEHTapHOH Teopuu u3ruba G6anox. ONHAKO ypoBeHb STHX HANPHKEHUH 3HAYM-
TENHHO HHKE, ONPEAEICHHOTO 1O 3eMEHTAPHOH TeopHH, YTo oObsIcHseTeS 61a-
FONpUATHOH (PopMOM 3y6a ¢ TOUKM 3PEHHs IPOYHOCTHBIX CBOMCTB: PE3KO yBe-
JIMYMBACTCA CeueHHE 3y6a 110 CPaBHEHMIO K 'O KOPHIO.

- Kacarensupie nanpspxeHus JeHCTBYIOT B. OCHOBHOM B 30HE KOHTAKTA.
HIX ypoBeHb CpaBHUM C YPOBHEM HANPOKEHHH Op.

- O6mwmii ypoBeHb HanpsyKeHui B 3yGe TIpU riepeiade 3a{aHNOIO YOS
N=318,8 xu/m nHembicoxkui. Tak Kak 30HA NPWIOKESHUA KOHTAKTHOM HAIPy3KH
HEBE/IMKA, TO C AOCTATOYHON TOUHOCTEHIO MOXHO CUHMTATh, YTO CONPMKEHHOE CO-
crosuue Oyner pacTu NponopiMoHamsHO ycumuo N. Harpyska Ha 3y6 Moxer
6GbITh yBENHYCHA B HECKONBKO pas. [1py yBeaudeHus Harpy3ku NV B 10 pas no 3,25
T/CM, PACTATHBAIOLIME HANPSDKEHUS TOCTUTHYT 3HaYenus 137 MiTa.

Crucox swreparypni: 1. Mocknesuy I'. B., Ocunosa I'. B. Ipumenerue
YHCICHHBIX METONOB PEIICHMS 3a/ia4y TEOPHHU YIPYTOCTH K pacuéry sy6uaTeix
nepesiay. — BeCTHUK MaluuHOCTpoeHus, 1976, Ne 4,c. 19-23. 2. Analiza fleksi-
bilnosti osnove zubi Celnika analusis of gear teeth base flexibitity. Marunic Cor-
dana. Eng. Rev. 2000. 20. c. 45-52. 3. Cocrosuue OUEHKH HArpY/KeHHOCTH
3AUCIICHAA B pac4érHbiX Meronukax. 3abnonckmii K.U., Oununosuy C.U.
Mesxysaposmas Hay9HO — NMpakTHYecKas KOH(EpeHIMs 1o npobnemam obec-
nedenks HafieXHOCTH U KavecTsa 3y6uaThix nepeay «3ybuaTsie nepemaun —
2000» «GEAR TRANSMISSION - 2000», nocasiaercs 90-J1eTHIO CO HS po-
xpenns npdeccopa B. H. Kyapssuesa: Tesuchl JOKIanos, Cankr-Tlereptypr,
27-28 mroust 2000. CI16: W3-80 Bant. roc. Texn. yu-ta «Boenmex». 2000, c.
14-18. -

Cnano s pc.nakuﬂw 24.06.03 .
Pexomennosano 4.7.w., npod. Muxaiinos A.H.
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HEKOTOPBIE ACHEKTBHI CUCTEMHOI'O NOAXOJA TIPH
W3FrOTOBAEHWUHU W YIIPOUHEHUHM BHICOKONPOYHBIX
HEMEHTYEMBIX CTAJEW A 3YBYATBIX KOJIEC

Cyenuu AA. (HMHHMALL HAH Bearapycu, 2. Munck, berapyen)

The system approach, which allows to realize of optimal choice the structural
steels qualities and to receive the new materials for manufacture of high-duty
- gears is proposed.

Bozpacraroume tpeboBaHus K Ka4eCTBY M HAJCHKHOCTH IHEProHackhlilleH-
HOH aBTOTPAKTOPHOH TEXHHUKM BbI3LIBAIOT HEOOXOMUMOCTL HOBLIX OPHIMHA/L-
CHBIX FOJXOJOB IIPH €€ CO3jlaHHM, B YaCTHOCTH TIPH Pa3pabOTKe ¥ BHEAPCHWUH
HOBBIX KOHCTPYKITHOHHBIX MAaTEPHAI0B H TexHONorni. ONuuM U3 Takux 110axo-
JIOB ABJIAETCS CHCTEMHBIA MOAXO/, KOTOPBIA 103BONSCT MPHIMMATE KOMIIIEKC-
HBIE PELUEHUS 110 BCEMY NPOH3BOACTBCHHOMY LIHKIY.

q TpuMEHHTELUO K IIOCTABNEHHBIM [EASM  CHCTEMY MOMKHO ONpEeHTh
KaK COBOKYMHOCTH B3AMMOCBA3AHHBIX 3JEMEHTOB, 00MajaloluX TaKMMK 0CO-
OEHHOCTSMH, KO CBOMCTRA KAKIAOTO FeMEHTA (ITOACHCTEMBI) U YCIOBHA HX
AUMOACHCTBUS OfIPENENAIOT CBOMCTBA U (PYHKLUHONMPOBAHUE CUCTEMB] B LiE-
noM. Cucrema siisercs 6asoif JUIs CHCTEMHOTO MOJXOHA, B OCHOBE KOTOPOro
ONPEAEISIOLIMMH SIBASIOTCS OTHOMISHIS MEAY OTACITBHBIMH YIEMEHTAMU CHC-
1eMbL. [IpH 9TOM DIIEMEHTBI CUCTEMBI JOCTATOUIIO JKECTKO CBA3aHBI MEKAY CO-
00#, T.K. He oSecrieuns Tpebyemoe Ka4ecTBO MeTanna (JeTaiu) Ha IpeaBULy HIeH
CTaMH HEBO3MOXKHO IOAYYMTH PErMaMEeHTHPOBAHHOC KauyecTBo [Ocie cie-
IYIOUIeH CTafiMy Texmporecca.

Ha ocnopanmy waiumx ucenepopauni [1-4] B pacemarpusaemoii cucreme
NONAB30BAHBL  KOMILICKCHBIH IMOAXOR K 00ECIEHCHHKIO JONTOBEYHOCTH BBICO-
HAaNPsKeHHBIX 3y0UaThiX xontec (puc. 1), TEXHOJOTHYECKHE [POLEcChl U3r0-
TOBIEHMUS ¢ OTpeJesieHyeM 1o orepatinsiv Tpebosaiuil K xayecTBy MaTepuana 1
neranedi (taba. 1, 2 w [1-4]) B 3aBUCKHMOCTH OT CONPOTHBICHHS YCTATOCTH NpPH
HTAKTHOH M #U3rHOHOM BLIHOCITHBOCTY OT TBEPAOCTH U CTPYKTYPbL YIIPOYHEH-
ro cnos (puc. 2, 3).

Takoil moyxon mozponseT onpegenuts TpeboBaHus K KavyecTBy Mare-
OB st 3y0uaThiX KOJEC, TEXHOJOMHM UX  M3TOTOBIGHUA M XMMHKO-
MiuecKoro yrnpoudenus. OH Taoke JIEKMT B OCHOBE CTPaTerHMu CO3/aHNS
BIX LEMEHTYEMBIX CTANEH ¢ IMOBBILICHHLIMI XapakTepUCTHKAM CONPOTHB-
MU YCTANOCTH

Kak w3BecTHO OCHOBOH CHCTEMHOTO TIOJXOAa SBASETCS KaK M3ydenue
TH, Tak ¥ B "oOparHoM" HANpaBleHWM, - ONPEEIHE OCHOBHLIC CBOHCTBA
qeremel, kak [JEJIOI'O, untepnperupopaTh (PyHKUMOHHPOBAHUE W Pa3BUTHE
acrelt (MoJICHCTEM) © TOUKA 3PEHHS. CUCTEMBL B LIEIOM.
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HOM HAUPYXCHHOCTH

- I. Ouenra koucTpykiun Mexannveckoi HCPCAAUH M OKCIIVATAlHOM- !‘__‘

2. lpoexuposanue npoduieti 1yonen i pacaeT ux ]
—u HANPIKCHROro cocroduus. Pacuer conporusienus yeraocra NpH 13-
rube, nosepxuocTHoil 1 ryOHIHON KOHTAKTHOM yeraiocty 3yOben.
Hporwosnposanue gorroseaioct
. i
3. BuiGop ontuMant e XAPaKTePHCTHE YOPOYHEHHOO Caos (TBep-
(= A0CTh, e THBHAS TOTIIMEA, MHKPOCTPYKTYPa)
3yOuaThIX Ko:iec, ofecneussaommx FLAAHHYIO JIONFGBEMHOCTE
o
4. Britbop MapKu cTanm, necieosanme NPOKATHBACMOCTH €€ UeMEHTO-
" BAHHDIX CTOCB H CCPALCBUHLL BBIOOD ONTHMANLHON TEXHOIOMHI H3r0-
TORACHIA
¢
3. PazpaboTica napamerpon TexHoNorHYeckoro npouecea XTO aybua-
Loy TBIX KOJIEC HaBase HX MATCMAaTHUCCKHX MONeTel H pacuera Ha 3BM,
OBECTICUMBAIOIMX ONTHMABHbIE XapaKTePHCTHRH HEMEHTORBAHHOIO
CHOS H CEPUICRHELT i

6. OUBITHO NpoMBILUICHHASL IPOBEPKA paspaloTaHHBIX
TEXHONOUHYCCKHX TipoLeccon. CTreniosnie HCIBITAHMA W HCCIICAOBAHMA
OMBITHAIX NAPTHH 3Y0UaThIX KONEC, YTOUHSHHE TEXITHUECKAX Tpedona-
HHIT K KAYECTBY BHLICOKOHANPIIKCHHBIX 3yOUaTLIX Kosee 3amanuoif non-
TOBCHHOCTH, H3OTOBISHNEIX 110 TEXHOOTHH KOHKPETHOTO HPOH3IBON-

CTBE.

7. Paspaborka npoMbInIeHHON Texionorin XT0 3v0uaTBIX Koslee ©
ABTOMATHUCCKHM PEryIPOBANHEM YINEPORHOrO
HOTCHUAAMA AAYIIICPOKUBAIONEH aTMOCHEPB! HPY LCMERTALMA 1 pe-
UYJAMPYCMBIMH YCTOBHAMK HAIPEBA M OXTDKACHUS IPH mocieaytome |
0Bpaborke, odecneunpauel ONTHMATRHbIE TBEPAOCTD, PR THBHYIO

_ TOJULREY CIOA, CTPYKTYPY C08 H CEPAUEBUHE.

Pue. 1. Komuiekcublii oaxoa Kk obecrieuesuio AOJIFOBEHHOCTH BBICOKO-
I'Ial'[pil}[{CHHbTX Syﬁ‘{‘c'l"t‘b!}i KoJaec

Ha ocnoranun nosnamug nenoro u TCIIOCTHOCTH B HAIIEM Ciyyae HUMeeT-
Gl BBHIY [ETKO 3aantast 1ocie0BaTelbHOCTh TEXHOMOIHYeCKIX 1TPOIIECCOR
Kak nenoro. Tloa nenocrHocTsio cie; YET NOHUMAThL B3aAHMHOE BAMARME (OTHO-
IICHHE) PALIOM PACHONOKCHHBIX TEXHONOIHICCKUX APOLECCOB Ha CTPYKTYDY ¥
cBoficTea crancid. Cpoifcrsa, AKKYMYJIMPYEMBIC B METaje Mocie KOHKPEeTHOro
TEXHOOTHYECKOTO TIpollecca, ARIAIOTCS HEOGXoMMMOi OPeANOChUIKOH A5t no-
JYHCHIA PEITIAMCHTHPOBAHHBIX CBOMCTB ocie o6paboTku ApH HOCACAYIONEM
TEXHOIOTHYCCKOM [1ponecce. JT0O eCTh IENOCTHOCTh CMERIIBIX TEXIIPOLECCOB
HCPE3 OTHOIIEHUS, KOTOPHIMU ABJISIOTCH HOPMATHBHEIC TpeboBanusa, KayecTso
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MeTalla, 3aroTOROK, JeTajci, MAaTEMATHUCCKUE M UMWTALIMOHHBIC MOAENN Kax
ernocod onpeenens HOpMATHBHBIX TPeOoBaHuil U U3YyUeHHs OTACMbHBIX Yac-
el cueTempl. B HameMm cnyvae TIIaBHas KOHIENUMS CHCTEMHOTO MOJXoaa co-
CTOMT B ONMpEAENCHUM OTHOLICHHH MEXAY OTACTbHBIMHM (MPEHMYIUECTBEHHO
| CMEIKHBIMH ) CTAHAMU TEXHOIOTHYECKOTO 1IPOIECCa H3TOTOBICHHUS, T.¢. CMEN-
HBIMM 4acTsMHM cucTeMbl. V3yUHB OTHOIICHMS MEM(LY OTACHLHBIMH CTAJHIMU
EXTPOLECca MOXKHO MHTEPIPETHPOBATH PA3BUTHE CMEXHBIX NIOACUCTEM, HEOD-
| XOMMOE LA PA3BHTHA CHCTEMBI B LICJIOM.

CurcTeMHBIH T10JIX0A, KaK 1 mofas Jpyras Hay9dHas METOJOIOIHA, Oupa-
ETCH Ha HKCIEPHUMEHT M OPHEHTUPOBAHA Ha BLISBJICHHE 3aKOHOMEPHOCTEH, He-
| OCPEACTBEHHO CIEYIOUIMX U3 HAGMIONCHMH M HKCIICPUMEHTOB. DKCIECPUMEH-
Tl CTABATCSL HA OCHOBE NPUHATOH MCCNEA0BATENEM KOHUSIIIMU, UCXOAA M3 11e-
Jiell M 3aja4 MCCIICROBATENR, OITOMY OHU 3aBEAOMO HOCAT NParMariiccKui 1
cHTYauMoHHLI XapakTep. Ha OCHOBaHHH BLISBIEHHBIX (aKTOPOB U 3aKOHOMEp-
HocTedt cozpaercs Mogels obnexta, CPEJIbL # cutyauuu. B panpHeiinem uc-
cienoBatTenh UMCET Iel0 ¢ MOoAenbo. Mojienh 3aMeHsieT eMy TeOpUIo, MOAeNh
| OPUEHTUPOBAHA Ha MOTPEOHOCTH MCCHE0OBaTels W CTAHOBHTCA HCTOUYHHKOM
NOCTHEYIOMX BEIBOILOB, JIOMBICIIOB H THIOTES.
. Ioa mMoJyensio o0beKTa, Cpejibl B CUTyauun OyaeM nojpazymeBsath Tex-
1OHOTMYECKHH MPOIECC WATOTOBIEHHs (T10CNEOBATENLHOCTD TEXHONOTHHSCKIX
nepauuii ¢ onpejencyneM TpeboBalKi K KaYecTBy NoCie KDKAOH U3 HMX), a
KKe K POXHMHBIM NIapaMeTpaM TEXHONOTMYECKHX mponeccos (Tabi. 1, 2; puc.
1,2, araxe [1-4]).
; B paccMaTpuBacMOM CiTytae CHCTEMHBIH TO/IX0/L € OJIHON CTOPOHBE OCHO-
IBACTCA HA TEXHOJMOTHUECKOM LeNoYKe H3rOTOBICHMA, IJI€ B Ka4CCTBe MO-
CHCTEM BBICTYITAIOT OTHENLHDIC CTAAUM M TEXITPOIECChl, ONPEAENMIOLME CTPYK-
TYpy M cBoficTea Matepuana, GopMy M TOHHOCTHBIC PA3MEPhl 32rOTOBOK ¥ JleTa-
Jieit, a ¢ APYTOi CTOPONKBI — HA THIIOTE3e 3aPOXIACHHA W PacnpocTpatenys Tpe-
MEH B 3JIEMEHTAX CYOMHKPOCTPYKTYPBl MCTAlia, 4TO HO3BONSET CBA3ATH
 BIAUMOJICHCTRMSA MUKPO- ¥ CYOMMKPOCTPYKTYPHI NPH HAJIOKEHNN BHELIHHX Ha-
| [PY30K 4 COTIPOTURIEHHE MX PaspyLICHHIO.
: VceneloBasna NOKa3aiM, UTo HOBLILIEHHE CONPOTHBRICHUA KOHTAKTHOH
H3rHOHOM YCTanOCTH BLICOKOTMPOYHBIX HH3KOOTIYLIEHHLIX KOHCTPYKUHOHHBIX
| MATEPHANOB MOKHO AOOHMTHCH H3MEIBUCHHEM MHKPOCTPYRTYPBI, YMEHBICHHH
| pasMepa KpUCTAIMTOB, 3€PCH, BENMUMHBI MAPTEHCHTHBIX I U BKIIOUEHHH OC-
TATOUHOIO AYVCTEHUTA, a4 TAKIKC BHLICACHUEM BHICOKOMMCIIEPCHBIX YUPOUHIAIO-
KX YacTHi pasmepom 10-20 B, AMCIOKANHONIBIX H JIBOXHHKOBBIX 2ICMEHTOB
9TOro K¢ 10psAKa. MHTepecHo OTMETHTD, 410 3TO NONOKCHHUE Hab:10J(@moch
A HeMEeHTYEMBIX KOHCTPYKIHMOHHBIX CTajelf ¢ pa3nudioi creneHpto JIerupo-
“panus Ni (1-5%), Cr (2-5%), Mo (0,15-2,5%) [1-4].
PaccMartpuBaeMas HAMM CHCTEMA OTHOCHMTCS K TUILY KOPIYCKYIAPHBIX,
D€ POMCXOMAT BIAMMONEHCTBUA MEHLy 000COONCHILIMY YacTaMK (CTaus-
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MH TEXHOJIOMHYECKOI o npouccca).
“CXO,&I_% H3 CKazanHoro, KOHCTPYKTHBHAA MOACHL CHCTEMBI B NnpHMeHe-
HHH K 0603”8‘1(‘3!1[‘!0& 3anave HCCHICHOBANIA, MOKHO PEACTABKUTL B BHe PHC. 2
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(AKEYMYIUTOR PEEYPOnT)

Puc. 2. Cxema cucremmoro nojxomxa MPH peaNH3aLUN TEXHOIOMMYECKOrO 1ipo-
Hecca H3TOTOBNICHMS  BBICOKOHANPKEHHBIX 3YGYaTHIX KoNec TPAHCMHUCCHIT:
2...7 = NOCNENOBATENLHOCTh  TEXHOIOTHYCCKHX onepanui; 2% ...7* - npoxyx-
Ust 1epepaboTku (3arOTOBKM #  JIeTanu ¢ PETHAMEHTHPOBAHHOA CTPYKTYPOH
[IOCHe ropsAYvero HzacTHYECKOoro AedopMupoBanus, TIPEABAPUTENILHOH TepMo-
06paborky 1 T.1.)

Hw

Puc.3. 3asucumocts conporusnenus YCTANOCTH IPH KOHTaKTHOM HarpyXeHuH
OT TBCPIOCTH YNPOUHEHHBIX [MOBEPXHOCTHBIX COCR isi PasnyuHLIX MaTepua-
JI0B M ¢1iocoBOR ynpounenus. 1-1% - PECHHBIH W 1IaCTHIYATEIN MapTEHCHT, OC-
TaTOYHDbIA AyCTeHHT, KapBumsl, 1-2 — TIOBBILEHHE AMCIEPCHOCTH CTPYKTYPH
PECHHOIO MAPTEHCHTA M OCTATOYHOrO aycTeHHTa; 2-3 - peedHbId M IacTHHYA-
THI MAPTEHCHT, OCTATOYHBI ayctennT; 3-3*% - mnacTuHYaTHIE M@pTEHCHT, OC-
TATOYHbIH aYCTEHUT, YNPOUHSIOUHE ba3bl (nucnepcuonioe TBepjenue); 3%-4 -
AHCTIEPCHBIH MIacTHHYATEIH MApPTCHCHT 3aKaKi M CTapeHus (0THvCKa)
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He. 4. 3aBHCHMOCTE CONMPOTHBICHNS YCTANOCTH (IPH W3rHOHOM HAIPY/KEHHH OT
eppoctu (HV), raybuusl ynpousenus (h) W cxnMaloumx HalpsDKEHHH
HKO-TEPMUYECKH YNPOUHCHHbBIX MATEPUAIOB: a) BIHANKC KaYeCTBa XHMUKO-

pMuqecKoro yupouHenus Ha wsrubuyw shiHochusocts (I- memenTaums u
puTponeMentanus; 11 - asoTuposanue); 6) BellHuHAa COKUMAICIIAX HANPAKEHUH
MPOYHEHHBIX CHOEB MIPY PasIHIHON TBEPAOCTH | 3 dexTnBHOl Tommune: 1 -
opepxrocthas TBepiocts 660 HV; DpdexTusnas ToauuHa Npu TBEP/OCTH
0: 750 HV h=0 mm, 700 HV h=0 MM, 650 HV h=0,45 mnm, 600 HV h=0,9 . 2.
osepxnocTHas TBepaocTs 770 HV; Dddexrusnag ToiumHa nipn TBEPIOCTH
0; 750 HY h=0,75 v, 700 HV h=1,2 mm, 650 HV h=1,5 s, 600 HV h=1,8mm

31ech, UCXOIA U3 H3NOKEHHOTO, MOJICIb CHCTEMDBI B IPUMEHENWH K jlaH-
HOM 3azaue MOYKHO OTIPENEiTh CXeMOil CHCTEMHOro Noaxoja (puc. 2),a Tak-

¢ Gasolf JamHbLIX [0 CTPYKTYPE © CBOHCTBAM CTalM TIOCHE XMMHKO-
PMHHECKOO YIPOUHEHMS CTAAN M TeXHHIECKUMH TPeOOBaHMSMM K KAYeCTBY
BICOKOHANPSKEHHbIX JeTanei (Tabu. 1), TeXHONOrHYECKAM MapIUPYTOM H31'0-
OBACHHMS JETANM U APYTHMK HOPMATHBHO-TEXHUYECKUMH MaTepHaaMu, rpu-
eiennbive B [1-4].

[lo pesyipraTam HCCACAOBaHUIT YCTAHOBREHO, YTO NPU ONTHMANBHOM Ka-
YeCTBE  XHMUKO- TEPMHUSCKOIO YHPOYHCHUSA [IEMEHTOBANHLIX CTalleidl MOoryT
OBITH JOCTHUIHYTH NPEeNbl YCTRTOCTA (IPU KOHTAKTHOM BLIKpALIMBAHUM 10O
00-2000 MITa, yTo ofieciieynBaeT BHICOKYE) HECYLLYO criocobHOCTE 3ybua-
TBIX Koec (puc. 3).

113



TaGnuua | - TexHonorugeckuil MapupyT H3TOTOBICHHA BLICOKOHATIPSKEHHBIX

WMHWHMAIL HAHB*

3y0uaTLIX KoNec , PeKOMEHIYeMbIH

TexHOAOTHUSCKHE CTAMH HITOTORTCHKA uu..m:m_q.r_x KONEC NOBLILCHHOR A0ATOBEYHOCTH

(TexHONOTHUCCKUE MApIIPYT W3roTORTERUA WweeTepen 3r-K-T-MC-MC.T-MC-T-MC3

T, XTO

1(31) 2K) (D 4MC) MG, T) G(MC) 8§ (MC)
- HMUHMALLL B |

SaroTorHTEN BB 1EX Kysnewnsiit 1iex Tepmuucernit Mexanocbopos | Mexatocbopey Mexanocho- lepsmuucckuti uex, | Mexaroch |
1.Ot6op npof ans I.Wramnosxa. Lex -HOE -Hoe pottoe | XTO opottioe
KOKTPOAH KAYecTRa 2. Kourpons | Tpeasapurens | MPoMIBOACTBG | NPOM3BOACTBO | NIPOMIBOACTR | UMAHMALL NPOHIBQIC
MCTHLIA A COOTBETCTBHE | KAuecTsa, ~Has Mexanuueckas | (Tepmu-ueckuil | o | LLlemenranua TBO
Tpebosanuam TOCT 2.1.Benuumnna sepHa | TepMuueckas obpadorka. uex) Innporann __ {sucoxoremnepa- | COopra.
4543-71, pcKOMEHZAUHMAM | AYCTEHUTA - HC opaborxa. Cornacho Bricoxuii ¢ Cornaciio | TypHas Cornacuo
HMHHMALLL TY kpyniee No 6 Maorepmuneckn | Texnonorkueck oTnycK TCRIOMOIHYE | HHTPOUCMCHTAUMA) | TeXHOIOrH
HEPTENa: I'OCT 5639-82. i oTRMr Oro npouecca | cornacuo cKkora W TEPMHIECKas 32RO~
-XHMHHECKIH 2.2, Pacnionowenne {HopManuzauMy | 3aBoaa- TEXHONIOTHYCCK | npolecca Ha | ofpadorka. M3TOTORHTE
cocras, BONOKOH METAANA - H BLICOKH MIrQTOBHTEAA | Oro npouecca | sybuarsie Cornaco an
-TBCPADCT, JIONHHO HMETh OTIYCK} Ha 3yGuaThe HWMWUHMAIL | xoneca TEXHONOTHUECKOTO
-MCXAHUUECKHE CBOFICTRA, | OpHEHTALMIO, 2 Kourpoan KoJjeca Ha 3yfuarteic NOBLILIEHHON | TH0IECCa
~{IPOKATARACMOCTD, HEKIOHAIO-LLLYIO KauecTpa NOBbIMEHHOW | Kosleca noaroseunoe | HMHUHMAILL
-[IOBEPXHOCTHEIC TOPIUEBOH BLINO KX Aeranei. JOArOBEYHOCTY | NMOBLILEHEOH | T . Kontpone
ACheKTb, Ha padouyio 2.1 Beauunua HONFOBEHHOCTH KA4YeCTBa CONacHo
“MHKPOCTPVKTYPY, MOBCPXHOCTL 3ybnes. | sepha PEKOMCHIALMAM
~BEAHHHY Honyckaered sptxon | 2.2. Crpykrypa. MMHHMALL - TY

HACACICTBCHHOID
AVCTEHHTHOTO 3epHa,
~MHKPOCTPVETYPY
(nonecuatocTs,
BHAMAHWITET)

2. Orpe3xa npyTROE.

3. TpancnopThposka.
Coraacno Texnpouecca
3aBO/1A-HIMCTOBUTEAA

BOAOKOH Ha palouyio
NOREPXHOCTL 3Y0LEE
noa yraom ne bonee
45",

3. Tpaucnopreposka
COrnacHo
Texnpouecea
3ABOAA-MITOTOBHTENS

2.3.TeepaocTs
2.4.Pacnononcen
HC BOAOKOH
MeTanna.
2.5.MMosepxHoct
HbIE ACherTh.
Cornacuo
TeXnpouccea
UMHHMALL

UEPTENKA H KApThl
TEXHOAOTHUSCKOTO
VPORHA Ha
svBuareie Kogeca

u HONTQBEYHHOCTH,
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Boicoxue apesensr usrubnoii BhitocnuBocTH a0 1100 Mlla obecreun
BAKOTCH TOIIBKO 1IPH BLICOKOH TBEPIOCTH yupoutentoro cion 750-800HV, e
aPdexTHBHOI TomUHe He Melee 0.05m, cxumaowmmu HAlpsKenusiMu 650-
750MIla ma 310l rnyGune u CTPYKTYPOH, NPakTHYSCKH He conepxauei map-
TEHCHTA C PEEUHBIM CTPOCHMEM TPOOCTHTA, TEMHOI] cocrasisiowmeil, deiinura i
Kapbuioe (puc. 4).

Honyuennwie pesynsrars MOLYT OBITE UCIIONB30BAHLI [IPH COBEPIIICHCT-
BOBAHHU ¥ pa3pabOTKe HOBBIX MPOLECCOB XHMUKO-TEPMHUECKOIO YIIPOYHEHUs
H BBICOKOMPOYHBIX KOHCTPYKIHOHNBIX CTAJICH.

Cuncox uTeparypot: 1. Cycun ALA. XHMHKO-TEPMHYECKOE YTipoUire-
HHE BLICOKOHANPAKEHHLIX JeTaneii. M. : Benapyckas nasyxa, 1999, 2. Cycun
A.A. Kauecrso LEMCHTOBAHHEIX CTallCH ¥ TEXHOAOTUS M3rOTOBICHHS 3yGgaThx
KOJIEC 3HCProHACKILEHHOM ABTOTPAKTOPHOH TexHuku// MammdocTpoetue i
TexHocdepa Ha pybexe XXI peka: Tes. MEXL. H.-T. Koudy., Cesacronons, 11-17
cent. 2000 r. Howenx. 2000. C. 114-120. 3. Posenbepr C.0., Cycun A.A. [le-
hexTht CTPYKTYpBI AAGPY3MOHHO YIPOUHEHHBIX U3zeNHiL. - Mu.: benapyckas
napyka, 1997.-224 ¢. 4. B.E. Anroriok, M.M Kare, A.A. Cycun a ap. Texwo-
AOTHA  TIDOM3RONCTBA M METOMbI OBGCCICUEHHS  KauecTRa 3ybyathix Konec n
nepefad. Mu.: VIT "Texnonpust" 2003.

Chano b peaaxuwio 10.06,03
PeroMenaosano atu., npod. Muxaitzios A H.

BJOMSHUE KOHTAKTHOIO AE@OPMUPOBAHUS B 30HE
PESAHUS BA TOYHOCTH OBPABOTKH OTBEPCTHU
OAHOMEPHBIM OCEBBIM HHCTPYMEHTOM

Taresmaenwo AT (JonlTY, 2 Honeyr, ¥Yxpauna)

Contact interaction of the tool and detail on a back surface is considered during
cutting. Character and size of elastic and plastic deformations is investigated.
Necessity of the account of elastic deformations of a detail and the tool is shown
af processing accuracy hole.

Hoseiurenue TpeGonanuii x TounOCTH 00paGoTky oTBEpCeTHI ABISCTCH
AKTYaNLHOR podiiemMoii COBpeMeRROro MalocTpoeHust. Jonyekaemplie 1o-
TPCLIHOCTH 1IPOOSILHOMO H ITONEPEYHOTO CeUeliil OCHOBHBIX OTBEpCTHH i
AeTanell TOYHOTO MALIMHOCTPOCHUS COCTABINIOT meree 1 mxm [1]. [Toaromy
TP ONIPE/ICNEHNH IMAMETPAILHEIX Pa3MePOB OTBEPCTHH HEOOXOAUMO YaHTH-
PaTh YOPYroe HOCAeAeiCTBAE 00pabOTAHHOM HOBEPXHOCTH M ee IHIEPOXOBA-
TOCTh. :

MssectHo, yto npu o6pabotke pe3aliMeM BeaMYuHa OTIIOHENHsS OT 3a-
AQHHBIX PAIMEPOR 3aBHCHUT OT TEOMETPHH PEKYILErO dNCMCHTA B [11aHe U yrpy-
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- [Oro BoccranoBnetius 0dpadoTaHHON TOBEPXHOCTH U paBHa A = p+H,, rae
H, =p(l-cosO) (1
- - OTKIOHEHHE 33/12HHOTO PazMepa 3a CHeT YHPYIoro BoccraHosicHna obpabo-
‘TanHoii nopepxHoctH, f1, = R(1~sin(@, +y)) - OTKnoHeHue 3a1aHHOr0 pasme-
- P 33 CUCT OCTATOUHBIX MUKPOHEpOBHOCTEH, R - pajgnyc OKpPYrIeHHs BCPUIMHEI
PEXKYLIEro »EeMEHTa B TUlaHe, ¢, - BCHOMOTraTelNbHLIT yrosi B IUlade,
y=arcsin(l - S *sin@ /R), © - yros cisura, p - pajuyc OKpYTIEHUS PExy-
el KpoMky, S - nojaqa, Cyuyraercs, 410 B SOABUIMHCTBE CAVHAEeB MexaHuye-
(oKoii obpaborkn fgons H |, we npeswiuaer 5% [2]. Onnako npu 06paboTke oce-
biM E3BUAHBIM HHCTPYMEHTOM ©; ~0 u H,—0. B stom ciyH4ae 0CHOBHBIM
AKTOPOM, OIIPEACHSIFOILMM OTKIOHEHHE OT 3a1aillbIX PAa3MEpOB, SABISETC Y-
roe socetanonnenue (1). Bennunna 7/ npu p <30mxM v © =35 gocrura-
5,42 MKM, a OTBEPCTHE OKa3BIBACTCA ycaxeHHbIM Ha 10,84 MKM, 4To cymie-
BEHHO A TO4HBIX oTBepeTuit. TTockosnsky npu obpabotke orseperuit obpa-
ATBIBAEMAR [TOBEPXHOCTH HPUHUMAET JOPMY ¥ PAsMEpBI MONEPCHHOIO CeUSHHUS
HCTpyMeHTa, [1, He MOKeT ObITh yeTpaneHo rexHonorndecku. [loaromy B Ha-

1 YIPYTOro BOCCTAHOBJICHHMA SBISIETCA €T0 NMPOrHO3MPOBAHKME ¥ YUET HAa CTa-
L3 %
H IPOEKTHPOBAHUS PEXKYIUEr0 HHCTPYMEHTA.
i Ob6prHo onpegenenue H , OCHO-

H P ____\‘7/ 3
7 BAHO HA JAOMYUICHMH, YTO MHCTPYMEHT
sABngeTcsS abCoOTHO KECTKHM, a JeTalb
/3 — ynpyram anemertom {2], [3]. B arom
| iH\ cllydae paccMaTpuBactcs TONBKO xedop-

_""‘_f Mauus Aetand, a nedopMailus HHCTPY-
_/ Merra e yuureisacred. Cuuraercs, WTo
. M0CAE IIPOXOKICHHS PSKYIIEro 3JieMeH-
B, 1. Cxema ympyroro mocsme- Fa M CHATHs BHCUIHER Harpysku aedop-
giictBus  oOpaboramioii  mo- MPOBAHHbL Ciiof 4 perann (puc.l) 3a

XHOCTH AeTamy; 1-merams, 2- CYCT YNPYIHX BHYTPEHHMX CHJ MONHO-
yiKa, 3- uHCTpymenr, 4- CTBIO BOCCTANABIMBACT CBOIO dopmy #
OpPMHPOBAHHBIN CIIOf seTany  PA3MEPBL, 4TO CIOCOBCTBYET ycajke OT-
Beperus. [lonoBuoe BoccTanoienue ae-
MHPOBAHHOIO 00hEMa MPOWCXOMUT 33 CHCT CIIOMKHBIX [IPOLIECCOB, NPUPOIa
PBIX elle HeM0CTaTouHO necnefopana, ONHAKO aHaNN3 HAPHKEHHOTO CO-
HUs B 30HE KOHTaKTa [10Ka3biBaeT, 9T0 MPH 3TOM B 30HE KOHTAKTA BO3HH-
I HanPSOKCHHUA, 3HAYUTCILHO NPEBBLULAIOINE  PCASA TEKYYeCTH KOHCT-
HOHHBIX MATEPUAIOB U HANPSKEHHO-1eDOPMUAPOBAHIIOE COCTOAHHIE JICTAIN
KOHTaKTE ¢ MHCTPYMEHTOM CIIE/lyeT PaccMaTpHBAThL KaK yIpyromjactuyie-
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CKOC, a HHCTPYMeHTa — Kak yhupyroe.

[ockonsky Acopmuposanne getanu u HHCTpYMEHTA NposABAsieTcs co-
BMCCTHO € TENNOBLIMH TIPONECCAMH B 30He PE3aHUA, IKCHEPUMEHTAABLHO MOKHO
OLCHHUTL JININL pC'Bj/J!IJ‘I‘Hp)II{}L[l)’IO BCJIH'—IHH}’ OTKIOHEHMA oT 38/1aHHOrO pazme-
pa. B paGore [3] MTPOBE/ICHBL TCOPETHUCCKHME UCCITEOBAIMS KOHTaKTHBLIX jie-
dhopmaruii HHCTpYMEUTa M ASTalu Npun 1x YOpyrom B3auMofichcTBHY 110 3a/-
Hed nosepxrocTn. Teoperuyeckue HCC/IRAOBANMA YIPYTOIIACTHYCCKOTO B3ap-
MOJICHCTBHS MHCTpYMEHTA W ACTANM, a TakKe KOHTAKTHOrO BiauMoJeHcrsus
TP ABIDKEHUH 30HBI KOHTAKTA CBA3AHBI CO CHOMKHLIMY MATEMATHIECKMMH Tpe-
obpazosaHkaMu 1 B CNEnMaTLHON nuTEparype He pacematpuBanuce. [losromy B
HACTOAULCE BPEMs HCCHICI0BAHME KOHTAKTHOIO BIAUMOACHCTBHS HHCTPYMEHTA U
ACTANH BO3MOMKIO JIMINL HA OCHOBE YHCICHHOO MOLETUPOBAHMS [IPOUCKOIM-
WHX NPH 9TOM MPOLECCOB ¢ HCIONB30BAHUEM COBPEMCHHbBIX BLIMHCIHTENbLHBIX
KOMITIEKCOB HA OCHOBE JHCKPETHBIX KOHEYHO-3IIEMEHTHBIX MOJIeeH,

C yyerom ananusa cocrosmus npobiiemsl B pabote nocTaBiena mes He-
CHICNIOBANMA BAMAHMS H2 TOYHOCTH OOPABOTKH OTBEPCTHH Aedopmanuil uucr-
PYMEHTA H JICTallK B 30He KOHTAKTE.

Hns gocTiokeHMs ocTaBRenHOM eNH HEOOXOIUMO PELLHTS Creayiomme
3a/1a4K: ONPEHICIHTh 3HAYHMOCTS JAONYINEHHS 06 YIPYrom XapakTepe KOHTaKT-
HOTO B3aMMOACHCTBUS HHCTPYMEHTA M JIeTANH, HCCIeI0BATS Xapaxkrep B CTpyx-
TYPY YBpyronaactudeckux aedopmaruii B 30He KOHTAKTA ¢ Y4eToM ocobeHHO-
CTeH paboThl 0CEBOIO HHCTPYMEHTA M OLCHUTS KX BIMAHME HA TOYHOCTE 06pa-
OOTKH.

C yuerom niposesennoro ananmsa CYMMapHOE OTKJIOHEHHE PAIMEPOR M10-
UEPCYHOTO CEYEHMs OTBEPCTHA 3a CHET KOHTAKTHOIO AehopMHpOBAHUS MHCT-
PYMCHTa 1 jictany B paboTe onpeaensiock Kax

A=p(l-cos@)— A +A,, (2)
rae p(l1-cos@)= A + A3 - yCIOBHas yripyras aedopmarus aerammn, A, - ocra-
TOTMHAsA [LIacTHYeCKas neopMaLts JIETAIH, KOTOPas 0CTaeres HocHe OKOHYa-
HUS 00paboTKn OTBEpCTHS, A”; - IacTHYecKas AeopMaiys gerany B 30He pe-
3aHMS, A, u Ay - yapyras jgedopMains cooTBETCTREHHO JCTany ¥ MHCTPYMeH-
Ta.

JAns uceaenosanus samsinus PasIMAHBIX BUUOB KOHTaKTHBIX Aedopma-
UM VHCTPYMEHTA W JICTANM HA TOYHOCTS 06paboTku Ghizo CMOARIHPOBAHO
ABHIKCHUE pexyIuero 3yba uacTpymenta 1 (¢ PaJnyCOM OKPYIIICHHS PEK yLei
KPOMKH O, THIOWAAKON H3HOCA [y, NIEPEAHAM YoM ¥ M 3aJHAM VIJIOM (L) 1o
MOBECPXHOCTH HETIOABIKHON AeTamu 2 6¢3 chatus npunycka (puc.2). Mogenu-
POBAHUE KOHTAKTHOTO B3aMMOIEHCTBHS OCYIIECTBISUIOCH 3a CueT BIaBJIMBaH U
MHCTPYMCHTA B I€TAIb (1yTeM CMEIIeHNs BepxHei rpagu CD 3yda Ha BenuuMny
H, (puc.2,a). Hanpsxeisoe cocrosmme paccMaTpuBanochk B II0CKOCTH, mnep-

MEHAHKYAPHO MIaBnoi pexynieit kpomke. 3ajaga pelaiach Kak [jockas ¢ or-
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2. PacueTnas cxeMa JUist ONpeNeNeH st KOHTAKTHBIX AedopManHil HHCT-
pyMmenta (1) u pnerany (2): a) — BaBauBanue, 6) — ABMKCHIE HHCTPYMEHTA

IMYCHHBIMH M HEOrpaHWYCHHBIMA Ae(opMalMaMHi BAOb PEXKYILEH KPOMKH
_L"rpymema Hpmicenne HHCTPYMEHTA 10 HOBEPXHOCTH JACTANH MOAEIUPOBA-
bCh IlyTem CMELUCHMS [paBoil rpadgy uHcerpymenta (puc.2,6) u paccmarpHBa-
b Kak KBasMCTATHUCCKOE De3 ydeTa JUHAMHYECKOH COCTABNAIOIIEH 1 CKOpo-
Aswkenus. (s mocTpoeUUst KOHEUHO-INEMEHTHON MOJENH KOHTAKTHOrO
MMOJICHCTBHS MHCTPYMEHTA M ieTaii (PKUC.3 ) HCTIONB30BATUCE MIIOCKKE TpeX
CTRIPEXYINOBLIC YIPYIHE MEMEHTHI ¢O CBOGOAHOH palOMBKONA W 3aanHoH
‘oit cetkn. KoHTAaKTHAS 30HA MOASIMPOBANACH NP MTOMOIIM KOHTAKTHBIX
PYTOILIACTHUECKMX B/IEMCHTOB.

- Hcenesioanue HanpsxeHHO-AEOPMUPOBAHHOTO COCTOMHUS POBOJH-

. 3. Koneuno-siiemeHTHAS MOJCHE KOHTARKTHOIO B‘3&HMOHCI:IC‘I‘BH£ HHCTPY-
EHTA I ICTANM 110 3ajiHel mosepxuocTy: a) — obumit suj, 6) — 30Ha KonrakTa
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MKM, ¥ =77, 7=50 MM, o =10°, 55=50 MM (puc.2). Marepuan neranu

cranb 45 (=03, E,=2,04+10"TTa), AHArpaMMa PacTXReHHd © — & nudell-
Has M Ouamnelinas (o, =360MITa). Marepuan uuctpymenta — OpicTpopexy
mas ctams POMS (n=0,3, £, =2,1%10'"[1a), luarpamma o — € auHeiHan.
Hnst onenxu crenenn monyiueHus ob YHPYIOM XapakTepe KOHTAKTHOI
AeGOPMUPOBAHIS AeTanu GbLIM MCCIeA0B8abI ACHOPMALKMM ACTATH K UHCTPY-
MEHTA B YNPYrOH NOCTAHOBKE 331841 C HCMONB3OBAHHEM TONBLKO YIPYTUX 3Je-
MCHTOB NpH CcmelleHun sepxuedt rpanu CD uncipymenta na BETHTHHY
H | =3,6169 mku (puc.2,a). 3aaua peranacs ¢ YUETOM reOMETPHYCCKOH Helt-

nelinocty Mopenu. Ha PHC.4,a IPUBEUCHB JIMArpaMMbT HanpsHxeui u rnepeme-
WEHNH Ha NOBEPXHOCTH JICTAIH B0/ IMHAM KOHTAKTa |-2 {puc.3,6) mas sroro
cydas. HauGosnbiune HaNp:KEHNS B HHCTPYMEHTE B 30He KOHTAKTA COCTABIN
2332,4 MITa, B sieranu — 1309,6 Mlla, 410 3HAUKTEIBHO Bonbie npenesna Teky-
HCCTH MaTepHaia [IeTalld U MHCTPYMEHTA. AHAiu3 CMCHICHHH TOYEK HHCTPY-
MCHTA ¥ ICTA/IH NOKA3a1, YTO M3 CyMMapHo# ledopmaituu 3,6169 Mxwm Ha om0 |
HHCTPYMEHTA NpUXOAHTCA 66,4% (A . =2,4014 MKm), a na 100 AeTany —
33,6% (A0 =1,2155 Mxm), wro CBUICTEINLCTBYET O HEOOXOAUMOCTH YUeTa YII-
pyrux neopmanmii HHCTpyMenTa HapaBHe ¢ medopmaiei retain. Bosee 3Ha-
dHTeNbHBIE JePOPMALMN HHCTPYMEHTA CBA3AHBI C TEM, Y10 NPH [IPUMEPHO paB-
HBIX (PM3MHCCKUX CBOMCTBAX MaTEPHANOB HHCTPYMCHTA M JIETAIM Je(opMupye-
MBIi 0OBEM [eTalint HAXOAMTCS B CTECHEHHBIX YCIOBHAX U OIPAHUYEH B OTIH-
4HC OT MHCTPYMEHTA B monepeynpix gedopmaumsax. Heemotpst na 10, 4TO B pe-
AIILHAIX YCIOBHAX YHPYTO-IUIACTHYECKOTO B3ANMOACHCTBIS yripyrue aedopva-
LA HRCTPYMEHTA U fleTasik OY/yT SHAUNTENbHO MEHbILE 32 CYCT NPeodIataHus
MI13CTHUCCKOTO e)OPMUPOBAHHS OBEPXHOCTH TETAIH, COOTHOMICHUE MEH LY
YIPYIuMH AehopMatnsvMl  SYIYT COXPANATECA IPUMEPHO B TAKKX e rpege-
llax, a ynpyrue seopmaunn uacTpymenta GyayT npeobianate aa yrupyramu
aegopmanuamMu getann. [nactudeckoe neopMupoBanie 06padaTeaeMoil mo-
BEPXHOCTH HACTYHNACT yXe NPW BHCAPESHMH MHCTPYMEHTa Ha rnybuny H ,=0,98
MKM, 4TO COOTBCTCTBYET PajluyCy OKPYIIIeHHs pesyled KPOMKH 7, 5,49 MK,
KOTOPBIH NIPUMEPHO COOTBETCTRYET NONYCKaeMOoMYy 3HAYeHHIO Ul HOBOI'O HH-
cTpymenta (7-8 mMkm). Taxnm o0pasoMm, NpakTHYECKd BO Beex CHy*asx KoH-
TAKTHOE B3ANMOJEHCTBHE HHCTPYMEHTA M JETalNH 110 3ajlHeil MOBEPXHOCTH IIpo-
HCXOIMT B YIPYTOTUIACTHUCCKON 30HE.

Hast oneriku 1ony pasiinuHbx BUITOB AlepopManuy GbUT PACCMOTPEH YIi-
PYTONIGCTHHECKMH KOHTAKT HHCTPYMEHTA  JISTANM 110 3a/iHeH TOBEPXHOCTH HA
OCHOBE HHCJICHHOTO MOACIIMPOBAHMS OPTOrOHANBHOTO pesanks. Mcenenopamue
Aedopmanuii nposogunock B asa srana. Ha NEPBOM ITane OCYLISCTRISIOCH
BHEIPEHUC HHCTPYMEHTA B JieTaih Ha tiybuny /|, 3a cder cMeleHuns Ha 3ty
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oy, MTa

4, [luarpavya HaUpsKeHUH Gy ¥ BEPTHKAIBHBIX CMELIEHUTT Y TOUCK BAOTb THHHH
KOHTAKTA HHCTPYMEHTA M ICTAIM © a)- YIPYroe BlauMoneiicrone,
0) — YIPYTO-MAaCTHYCCKOE BAABIMBAHMC, B) — JABMIMEHNE MHCIPYMEHTA

MHY BEPXHEI'0 KOHTYpa MHCTpyMeHTa (puc.2,a). Takas moctaHoBK4 OTBC-
TPAAHLUHMOHHON MOCTAaHOBKE KOHTAKTHOH 3a7a4u B MarmuuHoctpoeHun [4].
1a peliajiach ¢ Y4ETOM FEOMETPUHECKOH HENMHEHHOCTH MOIeAH U UIMUe-
HENMHEHHOCTH CBOYCTB Martepuauta jetanu (OuimsieitHas auarpamMma
). Ha puc.4,6 npusenena amarpamma HaNpsKeHWH nepeMeiticHuil Ha 1o-
OCTH ACTANH BIONL JivHuM KouTakTa 1-2 (puc.3,0) npu H=3.6169 nxm.
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3a cHeT MNACTUUCCKOFO AeOPMUPOBAINS  IHAYUTEABHO YBEAUUMIHCH CMelle-
HHS TOYCK HA NOBEPXHOCTH JeTandt { V. =2,7326 Mkm), oaHaKo H gedopma-
uun HHCTpYMEHTA (. =0,8843 MkM) ocrasuch 3HAUMTENbHBIMK. Makch-
MAITbHLIC HANPIKEHUA B AeTanu He npesbianu 360 Mila (puc.4.6), a B HncE
pymenre cocrasann o, = 363,11 Mlla. Pasjencnue cMeniernii Touek Ha ro-
BEPXHOCTH JICTATH Ha YNPYryio W [LIACTHYCCKYIO COCTABAIONYIO HA JMAHHOM.
STane He NPEACTABIAIOCH BOSMOKHDIM.

[ockonbKy mpoueee pesanus COupoBOKIAASTCH HHTEHCHBHBIM TETLIOBb-
AeneHueM, OBUIO HCCIEIOBAHO TaKKe BAHSHUE HEAMHEHHOH 3aBHCHMOCTH
CBOHCTE MatepHaila OT TeMIepaTypel. B CTpyKTYPHOM aHanmse OCHOBHBIM Ma-
PAMETPOM, 3aBHCSIICM OT TECMHEPATYPhl M BIMMIOIAM Ha HAlpPSOKCHHO-
AePOPMUPOBARHOE COCTOAHME SBASETCS MOLYIDL yNpyrocty £ [5] . Mcemeno-
BaHUE BITUAHNS TEMNEPATYPHON 3aBHCHMOCTH MOAYAA YIPYIOCTH NIpH JMHEl-
HOM yOBIBaHHU TEMIIEPaTypPsl HPH YAANEHUH OT 30HB KOHTAKTA (Thee = 200°CH
NOKA3QJI0, 910 XapakTep CMELLEHHs TOYEK U ero BEAMYMHA NPAKTUYECKU HE H3-
MEHUIIHCh, ITO OOBACHSETC MACHTHYHBIM Xapaktepom sasucumoctd E(T) ans
MaTephana MHCTpyMeHTa 1 Aetany. OAHAKO UPH Pa3UUHBIX TEMITePATypHBIX
3apucumocTAX E(T) martepuana HHCTPYMEHTA M JAETAIH MOKHO OXKHIATh 3HA-
AHTEILHOTO M3MEHEHUA XapakTepa HehOPMUPOBAHHS 1IPK TMOBBLILICHHN TeMIre-
paTyphl.

Ha sropom srane mosenupoBanacs asrkenue HHCTPYMEHTA IO TIORepX-
HOCTH ACTAMM ¢ HEOrPAHMYEHHBLIMHA NehOPMAUMAMY 3EMEHTA BIOML OCH Z
(NeprCHIMKYIAPHO TIOCKOCTH HATpYXeHHs) (puc.2,6) ¢ K0IPPUIIHSHTOM Tpe-
HHSL KOHTAKTHPYEMBIX noBepxHocTeH |t=0,4. dusnyeckuit cMbicn nonobHoi
MOCTAROBKM 3AKITIOUACTCA B TOM, YTO BBITCCHEHHBIA MHCTPYMCHTOM OGHEM Ma-
TepHana NCTad, HaXOWICh B MIACTHYECKOH 30HE, MMEET BOIMOXHOCTE Pacte-
KareCA 1O croponam. B pesyibTare 2T0ro nocie HpOXOKACHHS HHCTPYMEHT
HPeHHUEA 00beM U (opMa MOBEPXHOCTH JeTaNy He BoccraHapnmparoTcs. He-
CMOTPS Ha TO, MTO pelnaeMas 3ajava aBiseTcs m10ckoi, nojobuas nocramoska
(huzMIECKH OTBEHACT PealbHBIM NPONECCaM, TPOHCXOMAILIAN npx pesanun. Ha
PHC.4,B [IPHBEACHDLI AMArpamMMbl AEHCTBUTCIBHBIX M OCTATOUHBIX (nocne npo-
XOKACHHS MHCTPYMCHTA) HANPSOKCHUH W TIepeMeIuenyil Ha TOBEPXHOCTH JIeTd~
I BLOJIL IMHMKA KOHTaKTa 1-2 (puc. 3,6) npu 8 = b, /3. Makcumanbible Harps-
KCHRA B IeTaNH, KaK M Ha [1epBOM dTare, He npessiwany 360 MlTa, a makcu-
MAIRHBIC HANPHKEHUS B MHCTPYMEHTE 3HAYMTENLHO CHU3WIMCE ¥ COCTABMIN
111,58 MIla. Jucnokaums MakcuManbHBIX HAMPIKCHUH B HHCTPYMEHTE cocpe-
AOTOHCHA BOKPYT TOUKH CONPSIKEHWA AYVIH PEKYIICH KPOMKH M [IOMIAIKHA H3-
HOCA. DTO CBUJICTENLCTBYET O HEPALMOHATBHOM, MI0X0 06TEKACMOil TPaJ MK
OHHOH opMe HonepeyHoro cevenns uncTpymenta. Jedopmanus HHCTPYMEHTA
B 30HE pPE3aHMA 3HAYMTEILHO YMCHBIUHMIACHL M cocTaBuaad y,.. =0,1919 mkm.
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nHas seopmManst Ha (IOBEPXHOCTH ACTANM COCTABMIA Vi, = 3,425 M.
Tlociie  npoxoxieHus WHCTPYMEHTA W CHATHI HArpY3KWM 32 CUCT YIPYIMX
0HCTR JeQOPMUPOBAHHBIF CHOH ACTANU HYACTUUHO BOCCTAHOBUA CBOHU 0GbeM.
AHYUHA Yripyroro pocctanosAenus coctasuna 0,08634 mim. Taxum obpa-
M, 038 YrpyYrod gedopMalldy WHCTPYMeHTa A, B CYMMapHOM CMeleHUH
crapiaa 5,.305%, pong ynpyro#t aedopmaunu perany Ay - 2,387%, nons
cTHHecKoi nedopmatiuu serann Ay - 92,308%.

YxaneHHbIH Ha ONpeCIeHHOM Mare obbem AeTany Ha CEAYIOWEM Liare
10JHACTCA MCTAITOM, TLIACTHYECKH Ae(OPMMPOBAHHBIM Ha [OCHEAYIOLINX
arax. Ilockoneky B 4aiHOM HCCIICAOBAHMN MOJSAHPOBANCS [IPOLECC ABMKE-
HHCTPYMEHTA 110 HOBCPXHOCTH jeTanu 6¢3 yianenus Metaula, ClpaBe;jii-
YAET [0/1araTh, YTO IIPK PEAllbHOM PE3aHHH YacTh MaTepyand, BhTeCHEHHAs
[HEH 110BEPXHOCTRIO Ha CTOPOHY B HAMpaBjieHue Nojayu, OyaeT cpesarhes, a
pepaclpeens e Ha HOCHE/YIONeM niare Oyaer Taxoi xe o0beM Meralna,
0 ¥ Ha Npefplayem mare. B pesyasrate ororo B o6pazoBanHyio Ha npejibl-
lem urare 60pPO3/y HA MOCTEAYIOIMX MIArax BEpHETCs TOAbKO YacTh K Bhbi-
CHEeHHOTO patiee 0bbeMa MIacTH4ecku Aedopmuposantoro marepuana. Torma
MapHOE OTKIIOHEHHE Pa3MepoB (2) coctaBuT

A=p(l-cos@)-(1-k)A; + As. (3)

ITpu obpabotke OTBEPCTHH OCEBHIM HHCTPYMCHTOM € KalMOPYIOMIMMH
'_,}_Irb.llmamu nacTHYecKy JedopMUpoBaHHbii 00beM JdeTalni MOMXET pacnpo-
DAHATHCA TONBKO B HAUPABIEHHH TOJAUM U HA CIETYIONIEM Lare Cpe3aeTcs.
oMy k=0 u Bea nactuyeckas AehOpPMAIMS CTAHOBMICH OCTATOYHOH

= zfl . Torna (3) npunnmaer BuA

§ & = AZ + A 3 {4)
aktideckuit qnaMerp oTBepeTHs Oy eT paBed
d{]:r.‘mu = Ay = 289 +45) (3)

d,,. - HOMHHaNbHBI pabounit amamerp uHCTpYMeHTa. B paccMmaipupae-

M Cily4ae CYMMapHOC OTKIOHCHHE (AaKTHYECKOro pasmepa CcOCTaBuio
195648 MKM.

Takum  obpazom, B pe3ynpTaTe  MCCHEAOBAHMS  HANPAKEHHO-
OPMHPOBAMIIONO COCTOAHMS B 30HE KOHTAKTa MHCTPYMEHTA M ACTadM 10
Hel NOBEPXHOCTH YCTAHOBICHO!

- yopyrue geopmalin MHCTPYMEHTA MPEBRUIAIOT YIpyrue gedopma-
JETANH ¥ JOJDKHBI YURTHIBATHCS [IPH OHCHKE ToUHOCTH 00paboTku;

- HAMPHKEHHO-ASDOPMHUPOBAHHBIE COCTOSHYA MPH BIABIHBAHWM HHCT-
€HTA W ero JIBMXKCHMH BIOJL [IOBCPXHOCTH ACTANM CYIICCTBEHHO OTiMYa-
Ka4YeCTBCHHO W MOITOMY HMCNONB30BAHHC PACHCTHLIX CXEM CTaTHUECKOIo
a 171% ONEHKH KOHTAKTHOrO B3auMOJCHCTBUA HHCTPYMEHTAa 1 JETaNy B IPO-
pe3aHus HempapoMepHo;
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*  HCTIOJBb30OBAHKE ANA ONPEACNeHHs YIPYroro BOCCTANOBACHHA NOBEPXHOCTH
Actan sapucumocty (1) paer sappieHHbie Pe3yALTaThl, Pakruyeckas socera-
HaBuBaemas AeOpMaisE NOBEPXHOCTH feTaiu 3HAUHTEIBHO MEHbIIe,

Cymmaproe otknoncnne PasMCPOB A MOXNHO ONPESesNUTL HA OCHOBE 34-
BHCHMOCTeH (3) 1 (4), B KoTOpBIX napamMerpet k, A;, As, A; B K&XKIOM KOH-
KPETHOM Cilydae ONPeACHSIOTC] HCXOMA U3 CXeM obpaborku u yenosuit pesa-
MWL, YCTAHOBTEHHE OODEKTHBHBIX AHANHTHYCCKHX 3aBUCHMOCTEH A onpege-
JIGHAA 3THUX NapaMeTpoB TpedyeT JONONHHTEIBHBIX ueeneosagmid. [pu kop- |
TaKTe MaTepuanoB THINA CTANL-CTANL MOBBIIICHME TEMIIEPATYPhI HE OKa3bIBACT
CYUMIECTBCHHOrO BAMSHUA Ha Xapaktep u BEMUIHHY KOHTAKTHOro Aehopmupo-
BaHHA, OMUAKO JACHONHMTENBHONO HCCNENOBANMS Tpebyer Bompoc BaMsHUA
TeMneparypel fia xapaktep nedopmuposatius TPH KOHTAKTE Pa3HOPOAHBIX KO-
CTPYKUMOHHBIX U HHCTPYMEHTANBHBIX matepuanos. Tpajuumotsas pacuerHay
(opma nonepeunoro ceyemus HHCTPYMEHTA SIBNAETCH  IUIoX0oo6TekaeMoii TIpH
HCCIICHOBAHMH JIBHKEHUS HHCTPYMEHTA, AUTs ONPE/IECHNA PAHOHANLHOH (u-
3UYECKU 000CHOBAHHOH (BopMbI NOTEPCUHOro CeYenus TPebYrOTCsS Moo -
TEILHBIE HCCIETOBANMS.

Cnucor awreparyper: 1. Mansimko HM.A. OcHossl Teopun HPOSKTUDO-
BaHUs OCEBLIX KOMOMHUPOBAHHBIX HHCTPYMEHTOR: ABTOped. nMC., A0KT. TexH.
tayx. - K., 1995. - 36c¢. 2. Kenesuos I'.C. Onpesenenne cu, HEeHCTBYIOIHUX Ha
3AIHIOIO NOBEPXHOCTE PEXYILET0 uHCTpyMeHTa / CTHH. — 1999, - Noi2. -
C.25-26. 3. Taresnuenko Al Onpenenenne KOHTAKTHBIX yeunuh o sanuett
HOBCPXHOCTH MHCTPYMEHTA TIPU PA3BEPTHIBAHNHH / Hporpecensurie Texponornu
¥ CHCTCMBI MALIHHOCTPOeHHs. MexayHapo il COOPHMK HayqHRIX TPYIOB.
Bem.19. - [owenx, 2002. — . 239-246. 4, Astexcaugpon B.M., Pomanuc B.JL
Koutaktapie 3amaun B MatMHOCTPOeHHH. — M.: Mammnoctpoesne, 1986, -
176¢. 5. Tatbanuenxo A Hceneposanue TEeMNEPATYPHOH 3aBUCHMOCTH MOAY-
14 ynpyroctst cramz 40X u 45 / porpeccunssie TexHONOMHT U CHCTEMbI Ma-
lunocTpoenns. Mexnynapoubi c6opHuK HayIHbIX Tpyaos. Bein.10. - Jo-
Hewk, 2000, — ¢, 244-248,

Caano n penakumio 13.05,03
Peromenionano 1.r.k., npof. [Henuenxo M1,

ONPEAENEHWE ONTUMAJNBHOI'O BPEMEHN HATI'PYIKEHHS
POTOPA KPYTSHILUM MOMEHTOM
Yaurnn DM, Herrux 1O.B. (HonHTY, 2 Joneyr, Vrpauna)

In work it is investigated and determined optimum time output on a mode rotor
the boring machine by torsion moment.
B roprioii npomuimnennocty YKpauHp! jutst [1POXOAKH WAXTHBIX CTBOMOB
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i CKBaKHH GOIBLWIONO JHameTpa WHPOKO MPUMEHALOTCS POTOPHBIC BYpPOBbIC Ye-
HOBKH repmaHckoii dupmbl « WIRTH». Tlpu stom onpesenetine ontumalin-
HBIX ¥ [IPEAENbHBIX PEKUMOB Oypeuus BecbMa TPyI0eMKas 3ajaua u3-3a CAowk-
HocTH 0ObekTa ucenesonanns. Tak B padorax [1,2] uccnenoBanbl u onpejeie-
HBI TCXHONOTHHECKUE PeUMBI PAbOTHI §ypPOBBIX YCTAHOBOK, KOTOPHIE HE BhI3hi-
AOT 3HAYMTENLHBIX JHHAMIYECKHX Harpy3ok. OAHAKO MHOIONETHHH ONBIT
CITyatauiy OYPOBBIX YCTAHOBOK NOKA3BIBACT, YTO GORBLIMHCTBO apapuil ¢
HHMU [IDOHCXOJIAT OT JIMHAMMYECKHX HArPy30K, 4 HE OT CTATHYCCKHX [3]. Tipw
ITOM OCTAETCs HE PACCMOTPEHHON BeChbMa BaXKHAK 33,1242 O JMHAMHYCCKUX HA-
JY3KAX, BOSHHKAIOUIMX NPH BKIIOYEHNH POTOPA U BBIXOjE BYPOBOii yeTanoBKH

paGounii pexxum, T.e. B 1ICPHO MycKa YeTaHOBKM. Msyyenue 5Toi 3amaun
IS OTIDEIe/ICHMS JIMHAMHYECKHX KO3 PHUMEHTOB M BPEMEHHM Pa3roua sBnser-
BECBMA aKTyalbHEIM, TaK KaK [103BONMT M3bexath aBapuii U NpocToeB ycra-
I0BOK H3-3a MX PEMOHTA.

M3pecTio, 4T0 IpH BHE3ATIHOM HATPYKEHMY YIIPYTO# CHCTEMB! JUAHAMIL-
KHit SQhexT HarpyKeHHs PaBCH YIBOSHHOMY CTaTHYECKOMY, T.¢. AUHAMHYE-
KA Kos(pduumuent & =2. Tloatomy ckopocTh HApacTaHus MOMEHTa Ha (pH-
MIC M POTOPE CYINECTBEHHO BIMACT HA HATIPAKEHHO-ACPOPMUPOBAHHOE CO-
osnve Oypuiibioi Komounbl [4]. Utobut u3Gexars ZOMONHUTEbHBIX AHAM -
KX HAarpy30K, BPEMst HATPYIKEHUS NOIDKHO ObITh TaKHM, WroBBl JAvHAMHYC-
€ HArpy3Ky HE3HAYMTENBHO NPEBOCXO/MNK craTHdeckue. Mexoas u3 storo,
OXDAMMO ONPENENUTH BPEMA  OITUMATBLHONO HAIPY/KEHHMS MOMEHTOM po-
10pa 6ypoBOii yCTaHOBKH POTOPHOTO THITA (upmer « WIRTH». IIpn sToM npes-
raeMbIil HO/IXON TIPHMCHHM K noGoMy MeXaHuHecKOMY 0BOpYNOBAHHIO Po-

HOT'O THIA.
- [l poroprioit 6ypoBoii yeranosky (ee pacueTHOM cxemnl) npH Beidope
dalla KOOp/IUHAT Ha BepXHeM Topue OYPHILHON KOJTOHHBI YpaBHEHHE BHIHY -
SHHBIX KDY THIBHBIX KoJeOaHuii s ONPejieIeHUA YIVIOR 3aKpy uBanus ¢(x,?)
OHHbI Oyt UMETh BH
o 200 _ M@OS(x | M
or x? J o
(G, J

Ple x - ocepas XOOpAMHATA; @ = \:—I—-; G - mopyns capura; J - nonap-
MOMEHT MHEPUMY MIIOWIA/H [IOUEPEUHOr0 CeYCHHUS KOAOHHES, J - nossap-

MOMCHT — MHCPUMH ~ MAacChl  eMHMYHON  JJIMHBI  KOJNOHHBL

i D1 <ty,
=1 1 ; Ii - Bpems marpyenus poropa; O(x)- AensTa-
‘ I, t>1
yHKIMs [upaka,
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Ypasuenue (1) neobxoamumo }chmb C IPAHHYHBIMU YCAOBHAMHY
Qo{o,f) s 0, J|¢:'( ,.f] + C'@'{!,f) = O,

rae Jy - NOJAPHBIN MOMEHT HHEPUMM MacChl JONOTA ¢ YTsKETUTE NIME}
¢ =G, - KecTKOCTL  npH KpyyeHuu. _

Cobersenibie pyHKUMH rpaHHYHON 3aiaun (1} - (2) nccnenosanpl B pas
Gore [5]. Tlpumensis MeTon Dyphe 15 COBCTBCHHBIX GYHKIWE OpTOTrOHATbHBIN

C BECOM, cortacHo [S], x ypasuenuio (1), noiyqaem ypasHenue, OIHCHLIBAIOIEe
(GyHKIMH BpeMenu s BEIHYIKACHHBIX KPYTHILHEIX KOneOaHuit

i 24 _
Tn tw, Tn == AHM(!)? @)
rae w, =ak,/l - cobeTBeHHbIE YaCTOTH KPYTHIBHBIX xonebanuit; A, - cober-
BElHbIC YMCha [S] paccmaTpuBaeMoit rpann4sHoil 3anaun; A, - MOCTOAHHBIE KO-

30 GULMENTHI, 3aBHCAILNE OT BHA COOCTBEHHAIX OYHKURIH,

W3 ypasnenns (3) monyuaem 1t xavkioi FAPMOHKKH BRIPAXKEHME 18
AuHaMBHeckoro koadduumenta

: 1 (t—- -Lsin w,t), 05t <y,
i @
k= [M(z)sinw,(t—7)dt =4 ' ¢
g (sinw,(t~t)~sinw,t)+1, t>1,.

ntl
Toseaenne aunammyeckoro xosddummerra k(t,t,) Kak (ysximio Bpe-
MEHH [ H3Y4HM Ha [(BYX BPEMCHHBIX IIPOMEKYTKAX.

Ha nepeom Bpemennom HPOMEKYTKE B IICPUOI HArPYKCHHSA B TeUeHHE
BPEMENH £

: dk
k= L (r— o sinw, 1) u — =0,
L Dy dt

DTO 03HAYEET, YTO MAKCHMANBHEOE 3HAUCHHE ArHaMuygeckoro KoadurHenta

OYJICT OMPEACHATHCS 110 3aBHCHMOCTH (3)

sine,
max &(¢) = k(f,) =1 - ——2L,

Bty
Wccnenyem dynxipio (5) ma okcrpemym o apPrYMEHTY BpeMeHH
L(v,, = w,t), ups srom
dk S siny,, —w, Cosy/,
o 2

dy,, ¥n .
U3 yenosust (6) nonyuaem ypasHenue gy, =,, W3 KOTOPOT'O clieiyel
MUHUMATBHBIH T10J10KUTEAbHBI KOpeHb | = 4,4932. Torya B Tedenue BpeEME

= (. ' (6)

HH HArpyXeHHUsT MaKCHMAILHOC 3HAYCHUEC AHHEMHYECKOTO KOS(}J(;)HL{HEHT& Ha=
rpyxenns Gyner paguo k., =1+0,217=1217.
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Ha BTopom BpemeHHOM NPOMEKYTKE, MOCHC HArpyKEHUs, korna { > [

sin @, (cos w,t; ~1) ~ cos @, 18w, 6 0 ™
(t)”ﬁ

: Buauane uccaenyem ¢GyHkumio nuHamuueckoro kosdduumenta (7) ua
OKCTPEMYM
i

k=1+

c;% = zl(cosw”t(cosw,,t] =D +sin@,tsinw,t,) = 0. (8)
!

@, I
yenosus (8) nosnyuaem ypasHeHHE 12,1l = (g ;Li U3 KOTOPOUO CIEAYeT,

m
jl +— H TOIJla MAKCUMANbHOC 3HAYEHHE JMHAMUYECKOro KOdYD(Him-
2w,

a Oysier paBHO

2sin 221t
S O R B ©)
wn!l
W3 dopmyisr (9) nonysaem, limk(y) = 2, uro o3nadaer 1PHM «MTHOBEH-
fH =0

OM HarpyKeHHu» AMHAMUYECKIE KO PULMEHT NpUITMMaeT 3HaYeH e k = 2,
i B 10 ke Bpems uz GopMyiibi (9) MOMKHO HONYIHTE 3HAYCHUS AMHAMITYE-

3 2:m
Koro xoohduunenta k=1 npu £, = =" . OZHAKO TAKOTO 3HAYEHUs HA (paK-

n
MK JOCTHYL HEBO3MOXKHO Jayke Uit nepBoil rapmonnku. TlosTomy Gyaem uc-
Ib TAKOE 3HAYSHWE BPEMEHM 3arPYKEHHUS f,, JUIS KOTOPOTO BLINONIHAETCS V-

e k =1+, rue § =0,05-0,10. [{ns aToro nposejieM oleHKy mpasoif uac-
(opmynsi (7)

Isin @, 1(cos w, b — 1)~ cosw,tsinw,n —

W,
OI'0 HEPaBCHCTBA nolyJyacm

.
— V’(cosa}”ti —1)? + sin? @, sin(w,t - 8,)| =
@ _

nti

LS et 2 g
=——y2-2cosw,f sinf{w,t - 6,) < — <.
@yl Wyl

- OxonuarenbHO WMeeM yCI0BHe [T BDEMEHH 3arpyKeHus f;, UToObI 3Ha-

€ IMHAMWYECKOro KOMPQUILMEHTa HE MPEeBBIIAO Hallepe)] 3a/IaHIoro 3Ha-
1+8,

_ 2 2N
ws 48 J6I,

(10)
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J
IJIe A, - IepBLIH MONOKUTENLH b Kopeusb ypapheuus 1824, = —— {5].

Jl ;iu 3
W3 zasucumocty (10) suano, yro ¢ poctom TiyOmib: OypeHus ¥ yMmei-
WEHUECM MACChl YTSDKEIUTENCH BpeMst ¢, yBenuunBaercs. Bomucenus BpeMeRH
I} npoBeneHHbBIE 110 Bopmyie (10), B 3aBUCUMOCTH OT ryOunst Gyperus, npy-
BEACHBI HA pucynke. Homepa KpHBBIX COOTBETCTBYIOT CHEAYIOIMM KOMIOHOR-
Kam Bypa (nonoro € YTAKEAMTENSAMU):
Jy= { 1-184-10°%; 2 -98-10%; 3-25. 10° (ke »,1-:2)}. W3 npupenentsIx rpa-
ukos creayer, yto onTHMansEHOE BPeMsi HarpyKeHHs pOTOpa MOMEHTOM NpH
JOOBIX KOMIOHOBKAX Gypa U peskumax Oypenusi HaXoasTes B npoMexyrtke or 4
o 50 c.
Paceaotpenubiii meTog pacuera aumammyeckux K03 huLHenToR H Bpe-
MEHR TICPEXO/HEIX 1IPOLECCOR NPY HATPYKECHHH MOXKET ObiTh NPUMEHEH Ui
JHOOKIX BYPOBBIX VCTAHOBOK POTOPHOIO THIA Wi ODBEKTOB CO CXOMHOH cxe-
MO¥T KOMIIOHOBKH U IPHHLHKIIOM PaGoThi. Kpome Toro, ot mosxer Gbith Henons-
3OBaH [IpH pactieTe AHHAMMYECKUX HAIpy30K JUls KPYTHIBHBIX K IPOJOIBHBIX
Konebauui, Tak KaK MaTeMarHueckas MOeNb OPOAONLHBIX Konebanui anano-
FHYHA KPYTHABHEIM.

{,C T —_ T
I | 3 .—""""'___.-—— |
40 % . S e |
30 " » B RS -
-
L1
20 _
: A
10 oA - SR O AR B
| i

0 100 200 300 400 500 600 700  $00 900 7, m

Puc. 1. 3aBucumocts spemenn narpyskenus poTopa BypoBol yCTaHOBKH
OT riyOumbl OYpeHns 1 KOMIIOHOBKU Gypa

Ha ocnosarnu nposenensibix ucenenosanuit paspaboranbl lpakTHUeCKue
PCKOMEHAAWAN 110 BLIGOPY BpeMEHN HArpyXKeHus poTopa 6YPoBOH YCTAHOBKH B _
3aBUCHMOCTH OT rityOuiibi GypeHus M KOMITOHOBKH Gypa, KOTOpBIE Iepe/j1atsl B
OAO I'XK «CreuwaxToSyperue», u B HacTOseE BpEMA HCHOALIYIOTCA HA OY-
POBBIX YHaCTKaX 1PU NPOXOJIKE CTBOJIOB M CKBAKMH GONBIIOro AHaMeTpa.
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Cuncox aureparypot: 1. Yaurun I'M., lertuk K0.B. Yiapusie npo-
~ uecchl B GypoBbIX yeranopkax //Bubpat B Texuuke W rexnonoruax. 2000,
Nel, -C.70-74. 2. llesuenxo @1, Viutun I.M. O pasHOBUAHOCTAX KPYTHIIb-
- HBIX Y/13poB, BO3HMKAIOWMX 11pu padoTe OYPOBBIX YCTAHOBOK, W CrOcOOB! HX
- yerpaxenus//CoBepliCHCTBOBAHHE TEXHUKH M TEXHONOTHU GypeHHs CKBOKHH
- Ha TRepabie nonesHple uekornaempie. ~Exatepundypr: Ypansckas TTA. -2001. -
Buin.24. ~C.132-138. 3. Caposin A.E. Teopus u npaxtuka padorst 6ypHIsHON
KosoHHbl. ~M.: Heapa, 1990. —264c. 4. I'onosun A.A., Mymopues A H., Ono-
- BawHukoB B.®. w ap. Mccnegosanne HanpshkeHHOTO cOCTOAHUS 6ypuiibHOH
- KOMOHHBI B HECTAUHOHAPHLIX PEKMMaX IIPH  KPYTMIBHBIX  Kosebanu-
- ax/iHzsectus By3oB. HedTs u ras. —1978. -Nol0. -C.20-24. 5. Illepuenko (OIS
Vautun M., Herrux [0.B. Kpytunsnsiit ynap npu cBo6oAHbIX KONeBaHHUAX B
' 6ypoBbIX ycranoskax//TIPOrpecCHBHEIE TEXHONOIMM M CHCTEMB! MALUMHOCTPOE-
HuA. -Jloneux: Joul'TY. ~1999. —Brin.8. -C.244-247.

Cuano 8 penaxumio 20.06.03
Pexomennosano A, npod. Muxaisos A H.

MUKPOPE3AHUE 3ATOTOBOK M3 IIACTUYHBIX MAT EPUAJIOB
i SACAJIEHHBIMUA ABPA3HMBHBIMUA 3EPHAMM

Yuunun AH., Kucenes E.C. (VaI'TV, 2. Vavanoeck, Poccus)

The mechanism of billow formation on grinding scratch edges by abrasive
rains soiled and the transition from plastical deformation to the micro-cutting
dispergation) at the process of micro-cutting of different materials by one abra-
ve grain are learned,

3acanunanue paGodei NMOBepXHOCTH LLTM(OBANBHOTO KPyid, CBA3aHHOS, B
HePRYIO OUepETh, © HANMNAHUEM HACTHLL MaTepuana 3aroToBki Ha abpasuBHbie
Ha (a.3), IPUBOAHUT K W3IMEHEHHMIO ero Pexylleid cnocobHocTd. OHAKO He-
ENOBAHUS B3aHMOCBA3H PEXYINEH CIIOCOOHOCTH KPYra ¢O CTCHCHBIO 3acani-
aHUs ero paboyell TIOBEPXHOCTH OTCYTCTBYIOT. BHE 104 3peHus MCCIeoBa-
TENCH OCTANMCh, B YACTHOCTH, TAKUE BOMPOCHI, KaK Mpolece obpazoBaHms 3aca-
iHBIMU 4.3 HABAJOB MO KpasM LWINMH(QOBOYHBEIX PUCOK, KOTOPBIH OKa3biBact
ECTBEHHOE BIIMSHUE HA CHIIOBYIO HANPKEHHOCTH MuindoBanus u (opu-
POBalie MUKPOreOMETPUHM 3arOTOBOK M3 [UIACTHUHBLIX MAaTEPHANOB, a TAKKE
; I:'I:FIHHE CTCIICHU 3aCAIMBAHMIL A.3 HA KPUTEPHUH, XAPAKTEPU3IYIOIBH nepexol
ITACTHYCCKOTO IehOPMUPOBAHUA MATEPHANa 3arOTOBKH K MHKPOPE3AHHIO.
bilias YaCThs W3BECTHEIX HCCIICAOBAHMI B 9TOM HANPABJEHUM BHITOJIHEHA Ha
0Ol 3aroToke [1], 4TO 3aTPyAHSET MEPEHOC MX PE3YNBTATOB Ha peab-
it npotece HLIMQOBAHKS, KOIMA a.3 JUCHCpPrupyer MATepUal 3ar0TOBKH, 10-
PETBIH APYTHMH 3epHaMu [2].
- llporece Muxpopesanus 3aroToBOK eIMHUYHBIMU aGpasHBHBIME 3¢PHAMH
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OCYMICCTBIIANM Ha YCTAHOBKE, COBNAHHON Ha Gase IIOCKOWIUPOBATLHON
crania 3171, ocHameHHOM ANCKOM ¢ JiepKarenem a.3 (MHIEHTOPOM) H TIPHCIIL:
COOMEHAEM JUIR YCTAHOBKY 3ar0TOBKH, COACPIKAILUM HArPEBATEIbitbIik INEMEH;
Aag ee nojgorpesa. llojorpes 3aroToBKH NMO3BOAMA BBISBUTL 3aBUCHMOCT
CJIE,—':[YC MBIX rlapame'rpoﬁ MM Kpc:pe,?armﬁ OT TeM ﬂepa‘rypm.

MHKpopesanue OCYINECTBAMIN eUHHUHBIMU 3EPHAMU C YIOM ITPH Bep
ke 120° u nnouajkoii pasmepom 0,1 mMm [2]. 3aTouky 3epeH npou3BoauM
ANMA3HBIM KPYIOM HA 3aTOYHOM CTAHKE C MCMOJIb30BAHUEM CHICHUAILHOIO T
criocobnenus. Matepuan 06pasuoB — KOHCTPYKLHOHHbBIE CTAIM 3X3M3d, 4
H KOPPO3HOHHO-CTOHKan ctank 30X13, oTHOCHIIHMECH COOTBETCTBEHHO K |
rpynnasm obpadareisaemocti umuposannem. OKpyKHAS CKOPOCTh MHJIEHT :
cocrasiAna 35 M/¢; riyGHHON MUKpope3aHus BapbupoBany B npejeinax (0 — 10)
MKM. B KayecTse cMazouHO-OXI@KAAIOWEH KHAKOCTH HCTONB30BaNN 3 Yo-uil
BOJIHBIH pacTBop mpojiykTa Bene-1.

lipu paboTe ¢ narpeTol 3aroToBKOH KHAKOCTHIO CMauMBand abpa3sHBHOE
3EPHO, KOTOPOE NPH BPAUIEHMY Kacaloch HAMHTAHHON 3TO IKHAKOCTHIO KHCTH.

B npouecce neesic10Banms KONTPOIHPOBATH CEAYIOLIME TAPAMETPDI:

- riyOuHY A, WHPHHY By M IHOMAAL S, KAHABKH, BLICOTY a,, IIHPUHY By

u [iomans S, Hasanos (puc. 1) ONPEAENsIM N0 Pe3ybTaTaM PaciIng:
POBKH NPOQUINOrPaMM, CHSTBIX B [IOTIEPEUHOM CEHEHHH KAHABKY U Ha-
BAIOB C MOMOLUBIO NpodunoMeTpa-npodurorpapa mon. 201;

- KOO(Q(HIMEHT HABANOB (BbLAABIMBANRNS) €,

o SH." +.8 "2
e, =
5
THe Sy U S,; — MIOUIAH TONEePedHblX CCYEHUH HABATOB N0 KPasiM PHCKH,
2

MM

- KPUTHYECKYIO IIIyOUHY MHKPOPE3RHHS Ay, TIPH NMPEBBIUCHUN KOTOPO

3CPHO HAYHHAET CHUMATE CTPYIKKY, MKM; |

- KodphHLMCnT 3acaTHBAIMS

K,=F,/F,,,
rae I, u F,, — MIoWma M coOOTBETCTBEHHO HANMIIOB METAILIA H [ITOILAIKY
3aTYIUIEHUS Ha a.3, MME, KOTOPBIE ONPEEIsay ¢ IMOMOLILI MUKpockoria PME
py 256-KpaTHoM yBEAUYCHHH.

Jast Kaxuoro Marepuana 3aroTosku GbUTM HOJIYYEIBbl 3aBUCHMOCTH KO-
rithelTa HABAAOB &, OT NIYOHHBI MUKPOPE3ANMs &, NPH PA3HHUHBIX YCTOBHAX.
Ilpu ManbiX 3HaYeHUX @, KOADDUIMENT £, OKA3ANCH BHUNE C/IHHUIIBE (puc. 2),
UTO MOKHO O0BACHHTE TeM OOCTONTEABCTBOM, YTO HABAIEl (HALUIBIBEL) METATIA
HMMCIOT PBaHBIC Kpas, B CBA3M C 4eM MX IJICLIAh OKa3alachk DOoJbIe TUIOHAIN
KaHaBKku (LapailMubl).

Uiy6usy MUKPOpe3aHus a,,, 1P KOTOPOH HAUMHACTCA OTACIEHME CTPYK-
K, OUPECIANH 110 KPUBBIM £, = fla). B kauccTBe @, OPUHHMAIN 3HAYEHHE 4.,
[p# KoTopoM g, = [
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Puc. 1. [TapaMeTpsl KaHaBKU MPU PE3aHMHM eIMHHRUHBIM 3CPHOM

: Hasanet MeTanna 1o SOKOBBIM CTOPOHAM NIMH(OBOUYHBIX PUCOK Hadmosa-
JIMCh TIPU MUKpOpe3aHuu oOpa3sLioB M3 BCEX MaTepUasoB BO BCeM JManasoHe
- iybun a., 0JIHaKO &, CHIIKAETCH C yeennueHueM a,. Kosdduuuenr &, ciamxaer-
| O C NOBBIMICHUEM TEMITEPATYPHI 3Ar0TOBKK T 1 YBEIUYMBACTCS C YBEIHICHACM
- kos¢duupenta K, XapaKTepu3ylouiero cTefeHs 3acanusanus a3 (puc. 2 — 4).
- D12 3aKOHOMEPHOCTH 3a(IMKCHPOBAHA JUIS 3ePCH, OCYIIECTRAMOLINX M1acTHYe-
' cxyio pedopMaiuio, Wi KOTOPBIX @. = 3 MKM | Hike (em. puc. 2; 3, a; 4, a) H
- mukpopesanue (a- = 5, 7 u 9 Mrum) (em. puc. 2; 3, 6; 4, 6).

1 3 5 MKM 9

Puc. 2. Bnusinue kosdduunenta 3a-
canmparms K, rmybunbl MuKpopesa-
HUS &, W TeMIEpPATYPhl 3arOTOBKY Ha
k03 uiLMeHT HABAIOB &, MarTepHai
sarorosky 3X3M3®; a — xoaddunu-
ent sacanupanus K=0, 6-1{,=0,25, B—
K;=0,5; 1-4 - TemiiepaTypa 3aroTOBKH
20, 100, 150, 200 °C
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T et I B R
1:15 D 0,5 N
L 04 | [ ]
1,05 e
— O3 TTE T T e
& | |-
OB ®o® ok [ OLENE) QLS
0,9 0,1
a) 0)

Puc. 3. Bimauue koadduuunenta sacanusanmns K,, rmyGuns! MUKpOpe3anua a, 1
Temnepatypri 3arotosku T Ha KOS(QQULMEHT RABAIOB &, MAaTepHall 3aroTOBKH
40X; a -2, = 3mkM, 6 —a, = 9mxm; 1,4 -K,=0; 2,5 ~-K,=025; 3, 63
K,= 0,51 -3 -T=20°C, 4~ 6T =200"C -

1,15 0.5 e
I,] ——— o R s i i, b - 0,4
I ‘I,OS o S R S e L QT o Y b 5 el b3 | 0‘3
E" 'L R St i 0,2 o [adegtr, PR k- [/ )
0,95 |- 0.1 o 2
Vo @® 0)[» ®|®
0.9 . 0
a) 6)

Puc. 4. Bausinve koodduimenta racamusannsg K., FITYOUHBL MUKPOpE3anus a, i
Temueparyphl sarotosku T Ha koddduient HABANIOB £,: MaTEpPHaN 3aroTOBKH
30X13; a-a,=3mMxm, 6 —a,= 9vxm; 1,3 - K,=0; 2, 4 - -K,=0,25; 1,2 -
T=20°C,3,4-T=200°C
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Ymenbuieure ¢, ¢ yBeauuenuem TEMIIEPATYPbl 3arOTOBKU OOBLACHSCTCH
YBCIHYeHMEeM 3Ha4YeHus ¥ria capura YMCHBLIEHHEM 30HBI TUIACTHYECKOrO Te-
eHus B npouecce AeOPMUPOBAHUA MaTepHANa 3aroTOBKH [2]. ¥Benunuenuue
- koapduuneHTa £, © YBeNHYCHHEM K, cpazano, 110 Beeit BuaumocT, pexne
BCEFO © POCTOM KOIDDHUIMEHTA TPEHUS 3aCANCHHOTO 2.3 O 3arorosky. C yseinu-
~ uenuem Ko duumenta Tpetus HHTCHCHQUUMPYSTCS OPOIPeR MOBEPXHOCTHORO
| CIOSl MaTepHana o0pa3a K IOBBIUAIOTCS ero 1IaCTHHICCKHE cpoifcria.
YpaBHEHUs perpeccui, OIMCHIBAIOUIME B3AMMOCBSIL &, C TeMmneparypoii
~ sarotoskn T i y6uHOl MHMKPOPE3aHUS d. 15 3ar0TOBOK, COOTBETCTBEIHO, U3
~ craneit 40X, 3X3M3® u 30X13 umeior BUAL

£=076+08 T+04-a.;

& =082+008-T+035a,

&=073+008-T+ 04 a.
i bonviiie sHayenns &, HoayYCHb TPH MUKPOPE3AHHAN 3ar0TOBOK U3 TEIIO-

CTOMKOHA BA3KOM 1rtaMinosoi cramu 3X3M3®, o yem CBHIETCIBCTBYET MAKCH-

- MAIBHOE 3HAYCHHE CBODOAHOIO YCHA COOTBETCTBIOWIErO YPABICHLA. Temnepa-
- TYPa B MCHbLUCH CTeNeHy BIMACT Ha Koa(duLment &, npu MHKPOPE3AHNH 3a10-
- ToBoK M3 3X3M3® i 30X13, nockonsKy cBoicTEa YTHX MaTEPUAIOB B MEHb-
 LICH CTEICHU 3aBUCAT OT TEMUEpPaTypBl.
Kpurnueckas riy6una mukpopesanus gy KaK W &, CHUIKAGTCS C yBE/iMYe-
* Hdem T W yBeAHuHBaSTCH C ysenuueunem K, (puc. 5). Tlocnennee obcrosaresns-
| CTBO 1I0ATBepKaeT nanubie [1], uro ¢ ysenuucHueM koadduimenta Tpenus
3epHa O 3arOTOBKY MEpPexXoil OT ILIACTHYECKOIo AeOPMUPOBAHUS K MUKPOpE3a-
- HHIO IIPOUCXO/MT NpH Bonbuinx riryGuHax BHeApenus 3epHa.

5 P—

[ T
3 e
2 (.
i |
o L Q @@ i @

- Puc. 5. Bnusuue koapduunenta sacanupanus K, u TeMIIepaTypsl 3aroTosku T
:"-Ha KPHTHUCCKYIO TiyOHHY MMKPOpe3anus ay,: MaTepHail 3aroTOBKHM 3X3M3d;
S l-4-Ka=0; 5-8~K3=0,259-12-Kz3=05;1, 59~T=20°,2,6,10
L -T=100°C,3,7, 11 -T=150°C, 4,8, 12~ T = 200 °C
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llpoBeaeuiibie teccnemoBanus 06LACHIIOT YBEJIMUCHME CHJIBL IIUTH(OBAKH
W MIKPOTEOMETPHH 3ar0TOBOK 11pH 06paboTke 3acaneHubIMU Kpyramu. _

[onyueusbie snauenns &, u Gy MOWHO HCHONB30BATE NPU PACYETAX Bbl-
COTHBIX MapamMeIpoB MUKPOTEOMETPHH # CHII IIPH WTH(DOBAHUM 3arOTOBOK, KO-
A4 COOTBCTCTRYIONIME 3aBUCHMOCTH COACPXAT HTH TIApaAMETPSI.

Crmcox anrepatypei: 1. Edumos B.B. Moxens npoiecca Ui oBaHuA ¢
npumerennes COX. Caparos: Usn-go Capar. yu-ta, 1992. 132 ¢. 2. Kopuax
C.H. Tlpoussoautensiocts npolecea [UTH(pOBaHM CTanbHBIX Heranei. M.
Manmnoctpoerue, 1974, 280 c.

Cuano B peaakumio 4.06.03
Pexomennosano i v.u., nped. Cycnos AL,

MOJEJUPOBAHME TEXHOJOIMYECKOR CPEJbI
IMPOU3BOJACTBEHHOTO KOMILIEKCA BbICOKO3®®EKTHUBHOU
OBPABOTKH

Xeiiden M.JL., 3eseaesa E.3., Kyxra C.B., Tounno B.C.
(1Y, e. Hoeononoux, Benapycs)

The choice of energy sources for hardening details of machines and rheology of
technological environment in highly effective processes of formation of a surface
has been considered

Hospiwenmio sddexruroctn npoussoacTsa CIYXKHUT CO3JaHME KOM- 1
THICKCOB TEXHONOTHHYECKUX, TPAHCIIOPTHBIX, SHEPTCTHISCKUX ¥ UHQOPMATIHOH-
HEBIX MAmIMH, BRNIOTHAIOWAX TY JOTHYECKH 3aBEPUICHHYIO YacTh HPOH3BOCT-
BEHHBIX JICHCTBHH, KOTOPOIL ABIACTCH TEXHONOTHYCCKUIL nponece [1, 2]. Takag
COBOKYNIHOCTE TIDOM3BOMSIUNX MALMH TIOAYYHIA Ha3BaHHe TeXHOIOTHYSCKUX
xomiuiexcos (TK) [2]. Cocnuxenne Texnonorugeckux u TPaHCIIOPTHLIX COCTAB-
JIAOUIMX KOMIIEKCA B MPOCTPAHCTBE M COBMEUICHHE UX BO3JICHCTBH BO Bpe-
MeHH o0ecTieunBaeT [POU3BOCTBY KOMIIAKTHOCTh [3]. Hcnonp3onanune xou-
HEHTPHPOBAHHKBIX HCTOYHHKOB SHEPIMHM B KOMIAKTHBIX KOMILICKCAX PagHKailb-
HO HHTCHCH(DUUUPYET TEXHOMOMMYECKHE MPOLEces] [4]. O6bennnenue noTokos
BEICCTBA M DHEPIUM ¢ MHPOPMAUMOHHBIMK TOTOKaMU OBecrieyHBaeT npows-
BOACTBY HHTCjLIeKTYanbHOCTS [5]. CoeHeHHe Y3108 TOUHON MEXaHWKHM ¢
JIEKTPOTEXHHYCCKUMH, JIEKTPOHHBIMH U KOMITBIOTEPHBIMY KOMIIOHEHTAMMY JLIS
HPOEKTHPOBAHKS H NPOU3IBOACTBA KAYECCTBEIHHO HOBBIX MoAyJieil 0bopyaoBanus
H KOMIJICKCOB MallMH C HHTENNCKTYANhHBIM YUPABICHHEM HX (ByHKIMIMA
00eCTIeYHBAIOT MEXATPOHHBIE CHCTEMDE [6]. TToaromy akTvansHO# KOMIACKCHOH
npoGIIEMOil COBPEMENHOTO MAUIHHOCTPOCHHMS ABIACTCS BCEMEPHOE COKpalcH#e
CPOKOB M CPC/ICTB HA ONTUMAIBHOE IPOCKTHPOBAHNE, H3TOTORNCHHE H BHEZpe-
HUE MHOKHX KOMITAKTHBIX MCXATPOHHBIX TEXHOJNOIHYECKHX KOMIINEKCOB [7] Ha
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oaze HHTEHCHBHLIX TEXHONOMHUYSCKHX pOIECCoR B HHTEJ[HGKT}/&UH:HOM KOMITb-
H0TEPHO-UHTEIPUPOBAHHOM [1IPONIBOJICTBE.

lpouece m3roToBACHUA MAUIMEBI IPH UHTEHCHBHOI obpaborke conpo-
BOWKAACTCS BIAMMOMICHCTBHAMM PA3THIHBIX OOBEKTOB TEXHOMOIHYECKOrO KOM-
fnekca. COBOKYMHOCTE TEXHOMOMMHECKNX 06TEKTOB, CBA3AHHLIX Ha OTACIBHOM
Tane M3rOTOBJCHHA C BBIACASHHLIM OOBEKTOM HpeACTABAseT COBOM TeXHONO-
~ ruueckylo cpejly [6]. Koraa B KauecTBe Bhizeenoro o6nexra paceMaTpHBaloT
- obpabaruiBaeMoe H3AENHC, TOMIA CpeJiol SBASETCA BCE, YTO HEe MPHHALNCHKUT
H3/ICIMIO, HO C YCM ¥ HEro HMEIOTCH CESI3H.

Ilpu wmcrnonssosanuu juis 00paboTKH M3fenUst HCTOYHHKOB IHEpPIrum
_ B3aHMOJleHcTBHE 0OBEKTOB NPOUCXOAMT KaK Iipy HCIIOCPEACTBEHHOM KOHTAKTe,
| TAK M HOCPECTROM PACTIPEACICHHOTO (IT0JIe), KOHLEHTPUPOBAHHOTO ([IY40K)

HIlH CHOKYCHPOBAHHOIO (J1y4) NI0TOKA suepruy (4, 8.

BEIGop TeXHOIOrHYECKMX MCTOYRNKOB, OBNamaromMx PALHOHATLHBIME
- PCSEPBAMU JUL BBITIONHEHHSA 33[AHHOTO MHOXKeCTBa byHKIui [4] u TpedyoLux
~ OIpEjIefIeHHBIX YCIOBHI Ui MPOBEJICHHA TCXHONONMYCCKUX BO3IEHCTBHI 1e-
J1eco00pasHO MPOBOUTL HA OCHORE KOHCTPYKTOPCKO-TEXHONOIHYECKOH Kiac-
cHpuKaumy (1adi.).

Tabnmia - Koncrpykropeko-Texsonornueckas KNacCU(PUKaLMA HCTOUHH-
- _KOB 3HEPruH

_ : Hnorsocts Mommo-
| Texuoiornueckie Texwonormueckas | Bua ucrousuka suep- CTH MCTOYHMKOB
| HCTOYHMKY cpesa rHE HCPIruy
) a, Br/om?
1.Hone Ie Tpebyer nime- INCKTPOXMMHTECKH i (10)...10°...10°
| (pacipenenennssii HeHuUii | MRAYKIUMONHBIA Harpes | (109)..10° 107
| notox) | paboueit sonst anextpoMarsutebiii | 10°..10%.(10%
2 Iorok Tpetyer Ta30-11a3MEHH bITT 10°...10°...(3.10°)
i {KOH!ICHTDH}}DBEIH— H3IMEHEHUS yHacT- T TIASMEeHHLIH 5-1(}1_,,3-103 ]
Ha cTpys) KOB anexcrposyrosol | 10°.10°. (107} |
paGoueit some | N R ST
3.JIyu Tpebyer HOHHEL 0 ST T
eiiokycupopas-nelif H30TAUMI  DIEKTPOHHLII (-1—{}3}...1-?}5..,8IOE
| my0x) | paGouedisombl ™ " jasepumi (5:10%)...10°..107

B pesynprare npn npoextuposanuu NPONECCOB  BLICOKOADPEKTUBHOI
00pabOTKH NOMHMO B3aHMOJEHCTBHS BEMCHTOB TEXHONOTUYECKOH CHCTEMBI
060pyioBanms, npUCIIOCOBICHUS, MHCTPYMEHT2 M 3aroTOBKH), HeoBXOgUMO
CMATPHBAT PCONOTHIO PACHPE/CIEHHON TEXHONOIHYECKOM CPEilbl ¢ YUeToM
BIOPAHHOIO HCTOYHKKA Stieprum [9].

HBHKEHNS NOTOKOB BelecTRa U SHEPTHH B TEXHOAOIMYECKOI Cpesie co-
POBOK TAIOTCS ABICHHEM BHYTPEHHErO TPeHHs [10]. Munamuyeckue kacatenn-
HBIC Tq M HOPMANBHBIE Gg HAPSIKEHUS BHYTDPEIIHEr0 TPEHUsL B BMIKYINEHCS co

CKOPOCTRIO v CpeJie, XapaKTepH3YITCA 11epBOil (nunramMuveckoit) BA3KOCTHIO nu
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OHHCHIBAIOTCS Bopmynoii Hetorona
Ty =—no, =-ngradv
lpu oxarun v pacrsokenun cpeabt Hapsaay ¢ Oy BOIHUKAIOT JH06aBOYHLIE

HOPMATbHBIS HATIPDHAKCHHSA Op, BhI3blBacMbie AHMHAMHYCCKHM TpeHHEM H Xapax-
TEPUSYEMBIC BTOPOIi (00beMHOT) BA3KOCTHIO

JlobaBounble kacarelbhbie HANPKEHAS T, NPEJCTABAAIOTC POPMYIIO
[4, 10]

=—protv”,

B KO ropon v coCTaBNsHOlas BPALIEHUS B [IOTOKAX CPes(hl, IBUIKYLLIUXCA
CO CKOPOCTHIO v, [~ TPEThs (POTAlMOHHAN) BSI3KOCTS

yZ ={ 24 (EW
Lop Nv)
rae (o, /o,) - COOTHONICHME POTAHOHHON ¥ TPAHCAAIMOHHOS COCTABSOLNK
HANPKEHNOro COCTOSHUSA CPE/ibl Ha ME30YPOBHE, (S/v) - COOTHOWIEHHE CKOPO-
CTeH JNOTIONHHTENILHOIO H IMABHOTO JIBMKCHHH MIEMEHTOB TeXHOIOTHIECKOM
CHCTEMB] Ha MaKpOYpPOBHE,

Hpu unTencudukaimu pozaelicTsuii na TEXHONOTHYECKYIO CPeay © 1'['[0'1'-
HOCTBIO £ M KMHEMATHYCCKOH BA3KOCTHIO MOTOKOB V - TIPH NMEPEMEILCHAN U V -
UM BpalICHHA  [POHCXOAMT  NePeXOd OOBEMHOK  BAKOCTH  Cpejl
¢ =~c,pldo,jdp) B AMHAMHYECKYIO 77=vp Hepe3 POTALMOHHYIO BS3KOCTh
u=1".

[Ipotecest GOPMUPOBAHNS HOBEPXHOCTHONO CHOS MINCIHS B TEXHONOIH-
UCCKOI Cpejie ONMUCHIBAIOTCS KpHTepHsiMu Peitronsaca Re, [ekne Pe u IMpanar-
s Pr[4]:

Re= fe = Vst _Ust _ WSt
Pr wPr ,* (crp oy XoSsY
B KOTOPBIX vg =0 +35 - PE3YNLTUPYIONIAS CKOPOCTL ABYIKEHHH (opMuposanis
ILOBEPXHOCTH, £ - TOLHHA HOPMUPYEMOTO AU YAASIEMOTO CI08 © YYETOM U3~
MEHCHHS €ro IOTHOCTH 0, @ - IPOBOANMOCTE CPEbI.

Jnst ynpasnenus ucTounuKaMu sHepriu IpH HHTCHCHBHOH obpaboTke
HCTIONL3YIOTCSH  KPUTEPHH, XApPaKTEPU3YIOUME HNEKTPOMATHUTHBIE [1OTOKH,
OHEpreTHYecKyi S, MArHUTHOTO B3auMoaeHcTsus S, HATIPSKCHHOCTH DIICK-
TPHYECKOTO NTONIA Se 1 MX COOTHOUICHHS:

2 2
Srmicad :[K] __3_?_’2. f EJ
wpuH!“‘ H A pv* Nt
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q{ﬂ]( .tz]_ Sm ___ﬁﬁ__[ﬁ] R fﬁ[,{f
\vAE) Se wEpv*t® \E ,OUEJI

ia_ KOTOpBIX [ ~ CHila pa3spsaHOro Toka, lfor = Rft - yaeabHOE 3NeKTPOCOHpOTHE-
CHAe paboyero 3a3opa f, pv = Pr- UMOYILC CHAB P 32 nepuon Bpemeuu t, H -
HTaTBNHA (TeNnoconepkanue) noToka, B — MariuTHas HHJ{YKUMSL U F — Ha-
TPHKEHHOCTE ITEKTPHYECKOTO OIS,
DopMHPOBAHKE HOBEPXHOCTHOIO CIION ¢ peibedom HiepoxosatocTi R,, ¢
M3MEHCHHOJ] CTPYKTYPOH OTHOCHTENRHOM TBEPAOCTH i, =AH{H , ueneccood-
43HO omuMChIBaTL Kputepuem Peiinonbica Re, onpenensiommm TypOynent-
HOCTH NIOBEPXHOCTHBIX TEYCHUH HOTOKOB obpabarsiBacmoro matepuana. Torja
TOMIIEHA GOPMUPYEMOro C108 £, Tipy YBCJMYCHUM HILH CHIOKCHMM ero Macchl O,
YHCTOM CILUIOIUHOCTH WM MOPUCTOCTH, B PE3Y/bTATE KOTOPHIX M3MeHseTcs
THOCHTC/IbHAs  TBEpHOCTL H, , Oymer [IPOLOPHHONANILHA  BBIPAMKEHMIO
0/(1 =f1,). Coornouenne napamerpos Hanpskenu# (o, /o, ), uponopumo-
HANBHBIX (aKTOPAM, ONpPEESOLMUM TIEpEMELIEHME 1 BpAlEHHE YaCTHI] BEllie-
4 TEXHOIOIMYECKOH Cpelibl, coracHo Kputepusm Sm, Se, Si u SmfSe , npea-
TABIAETCA OTHOMICHUSIME /Ut MArHUTHBIX (B/z), S1ICKTPUYECKHX (t/1) n anex-
TPOMarHuTHRIX (B/F) BosseHcrsuit. Oruomernue (B/E) samensercss ma (B/U)
TpY HCTIONE30BAHMH B Ka“CCTBE HCTOUHMKA JMEKTPUUECKOH AYTH IeHepaTopos
MILyI5C0B # Ha (B/I) TPy MCTIOAB30BARHH TpanchopMaTopos.
B pesynprate mpu ynpasnenud ucroummkamu SHEPrHY Heiecoobpaszno
HCTIOIIB30BATH COOTHOLUCHUS APOMOPUMOHANBHBIC KPUTEPHAM TEIIOMACCOIE-
0C8 JUIA ONTUMH3ALMN TEOMETPHYCCKHX XaPAKTEPHCTHK penbeda IOBEPXHO-

R~ t@[_Q_@_i H"..)] = l.:’g_QS_fm_ -
Co(BNvs)  wB(-m,)
AT OITTUMHM3ALHU ¢H3HKO*M€X3HHHCCKHX napamerpOB OTHOCHTENLHOIO
IPOUHEHHA MATEpHANa NOBEPXHOCTHOTO CIIOMA
v OST
s sOS :
UBR,

COOTHOWEHHSA MOKA3HIBAIOT TOTOXKUTENLHYIO ofpathyio cBs3b penbeda

OTPHIATE/ILHYIO ODPATHYIO CBS3b YIIPOUHEeHUS H,; ¢ npou3BoOAUTENLHOCTRIO
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obpaborkr 0,0, a Taike ¢ PETYIMPYEMBIMU XAPAKTEPHCTHKAMH KHHEMATHKIL
oSopynoBaHus (S/1) U MOUHOCTH HCTOYHIKA auepruy (/7 5).

Cnncox smreparypwi: 1. Bycenko H.IT. Maremaruueckoe mogennpo-
BAHHE  [IPOM3BOJCTBEHHBIX HpoleccoB, — M.: Hayka, 1964. —~ 314 ¢
2.Aproboaesckuii UW., Misuuckuii JILSI. Ocuosb CHHTE32 MAIUWH ABTOMATH-
“eCKoro jelicteus. — M.: Hayka, 1983, - 280 c. 3. Smepanpin 1TU., Koxypo
JLM., Xetigpen M.JIL, Yemucor B.IT. I'poexruposanue TEXHOIOMHYCCKUX KOM-
IICKCOB. BLICOKOIDeKTHBHOM 06paboTkn W3nenuii Ha OCHOBE MHOTO(AKTOp-
oM onrumusaunu // Hoxsanst AH benapyeu. 1997, T.41, No3. - C. 121-127. 4.
Xeiiden ML, Koxkypo JLM., Mpouek YA, [poueccer camoopranusanuy 1pu
(opmuposanuu nosepxuocTei. — Comesb: UMMC HAHB, 1999. — 276 c. 5,
Huteinextyanshoe npousBoaciBo: cocTosHme H NiCpenexTHBBl passuTug / oy
obueit pea. MLJL Xefideua u B.IT. Yemucona, — Hosononoux: IIT'Y, 2002. —268
¢. 6. TexHonoruyeckue ocnoRkb ynpasicHus Kadectsom matiun ( A.C. Bacuins-
eB, AM. Jlansckuit, C.A. Kiumeriko u Ap. — M.: MawmHocrpoerne, 2003, —
304 c. 7. Sluiepuupin ILU., Koxypo JLM., Xe#deny M.JT. ['iGxuii TTPOHU3BOACT-
BCHHBIA MOAYb 14 KOMOHWHUPOBAHHOI SICKTPOMAIHUTHOR M TepMoMexany-
qecKoil obpaborkn uznenuii // Bectrik MalMHOCTPORHKA. 1996, Ne3. — C. 33-
36. 8. Axyaosuy JIM., Koxypo JI.M., Xettpen M.JL, Besenesa E.3. Auanu
BRICOKO3(heKTHBHBIX MeTO/0B 0GpaboTku NIPH {IPOEKTHPOBAHMH TEXHOIOIHYe-
CKuX KomIinekcos // MukenepHo-(usuyeckuit Ayphan. 1999, T.72, NeS, — C,
971-979. 9.5Imepunsin [1H., Koxypo JLM., Cenuuso H.AL, Xetigeu MJL O
CaMOOPTaHH3ALMH B TEXHONOTHYCCKO-IKCILYATAHOHHBIX IpoLeccax Ipu KoM-
BUHMPOBAHHEIX MeTomaX 06padoriy mMetainios // Joxnagsr AH Benapycn. 1995,
T.39, Nel. - C. 112-116. 10. Xedien MJL LMnuusocts cocTossuil it croiicrs
NOBEPXHOCTHOrO CIIOSL IIPH KOMOHHHPOBAHHBIX METOLAX 0bpaborku mMetamios /
Hoknansl AH Benapycu. 1996, T.40, NeS. - C. 120-123.

Cnaro n peaakiuso 5.06.03
Peromennosuano a.v.n,, npod. Cycnoa AT

TEXHOJOIUA YOPOYHEHHS U BOCCTAHOBJ'IE]-IHH_;[{ETA.flEﬁ
MANIMH TEPMOYIIPYTOIUJIACTHYECKHAM
AEPOPMUPOBAHUEM

Xpomos B.H. (Operl’AY, 2. Opexn, Poccus)

[ offer the following two element restoration and hardening techniques for con-
sideration: 1. the restoration of the worn-out outer surface of car-and—!mgtor
diesel engine piston pins; 2. the restoration of the worn-out inner surface of in-
ternal combustion engine cylinder liners.

Cpefn puMeHACMBIX B PEMOHTHOM NPOU3BOACTBE CHOCOBOB BOCCTAHOB-
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JCHI leTaleH niacTHyeckan aeopMaima 3aaumact 0coboe MecTo. Ipu ue-
MONBL30BAHMK YEA3aHHOIO Metola BOCCTAHOBIEHME NepeoHadanbHbIX pﬂ3Mep03
- IeTAIH OCYMICCTBIACTCH 32 CHeT MEPEPACTIPCALNEHUS MATCPUANIA CAMOTO H3jle-
Jnsi. B sron ciyvae marepnan nepeMetialioT ¢ HepaboumMx yYacTKOB K H3HO-
ISHHBIM NOBEPXHOCTSM 1101 HANPABICHHBIM NEHCTBMEM BHELIHUX WM BHYT-
- PEHHUX CHit. DTOT METOJI [POCT K IKOHOMUUEH.
3 Cpeau criocoGoB BOCCTAHOBTEHIS Jeraneil naacTuyueckoi AedropMarmeii
- 0C000E MECTO 3aHMMACT TEPMOYTIPYIOILIACTHUYCCKOE nedopmuporanne (TI1T),
- KOTZa, Harpesast ¥ OXNIak/as BOCCTAHABIIHBAEMYIO jleTalb Oe3 TIPUSIOIKEHHS K
- HEH NOTIONHUTENLHBIX BHCLUHHX CHI O Apecea, a, MCIIONBL3Ys BHYTPEHHUE Me-
- XaHU3Mb! IehOPMUPOBAHUA METAIUIA, JIOCTHIAT COXPaHCHHA ee¢ 00BeMa U Ie-
- PepacnpenenieHls Metanaa Ha paboune U3HOMEHHbIC MOBEPXHOCTH C OJHOBpE-
| MEHHBIM MX yrpouncHuem. B TICPBYIO OYEPEHb, 3TO AETAIM THINA «TIONBIH LU-
MHAPY (B TOM YHUCIIE TIOPUIHERBIC MANbUbLI W FUMLILI UMAHHAPOB ABUraTeneii)
|1, 2].
- Msnoch 3epkana uyryuHol rusib3si ugnupa ne npesbinaor 0,3 .
AKCUMAILHBIH M3HOC HApYKHOR LMIMHAPHYECKOi [IOBEPXHOCTH TNOPHIHEBBIX
BHCB  W3TOTOBNEHMBLIX M3  HH3KOYIJIEPOIUCTOI NerupoBaHHON  cranu
2XH3A, 15X u AP.) € 3aKATEHHBIM [HEMEHTORAHHBIM CIIOeM nocturaer 0,03

. Texuonorus BOCCTAHOBACHNS U YIPOIHEHHS FHIb3 NHAMHAPOB
“PaceMarpuBas MeToxbI BOCCTAHORJICHMA FHib3 1anuwipos TIIJ non
HCTBHEM BHYTPEHHHEX CHJI MOXHO BBLICTHTS HECKOJBKO CIIOCODOB CXeMpbI,
OTOPBIX NPENCTABNEHB! Ha puc. 1. Cxempl, NPEACTaBCHHRIC HA pUC. |, 10 cyTH
CBOCH BAM3KH M XAPAKTEPU3YIOTCH CO3TaHmueM ABWKYUIErOCs: MPaIMCGHTA TeMITe-
ATYPBI BIONL OCH MITB3bL. Texnonornuecky naubonee yioOHOl sBasercs cxe-
4 C PasMeLICHUEM WHIYKTOpA M Crpeifepa ¢ HapyKHON HUIHHAPUYECKOH 110~
"PXHOCTH Tuab3bl. B pesyasrare TEHJT B runsse npoucxoaut nepepacnpeese-
HE MeTail1a Ha BHY TPCHHIOD H3HOILEHIYIO MOBEPXHOCTD.

Hannblit cnoco6 11e1ec006pasio NPUMEHATH IS HE3AKAIUBACMbBIX CHITL3
HHSMBIPOR M3TOTABNMBACMBIX M3 CHCIMANLHOTO NETUPOBAHHOTO qyTYHa, Ha-
PUMEp, sisrraresneii 3M3-53, KamA3-740, 3WJ1-130 1 jipyrux. Hepen TIHJ we-
KQTUBACMBIX [UTh3 HX obbemHo nporpesaiot 40 S00 °C juis HOBLIIEHHS Mia-
(HMHOCTH MeTania,

Upu BuyTpennem nuamerpe rus3sn mununapa 100...130 My Benuumnna
dT0MHOTO NEpEMEIUCHUA BHYTPEHHEH [MAMHAPHYECKO NOBEPXHOCTH CO-
Bisier 0,7...1,3 MM, 9TO SBISETCH AOCTATOYHBIM 1PU BENUUMHE H3HOCA 3ep-
a4 TWIib3bl papHOH 0,3 MM, Bemuumnie kopobaenns nocae TIT] 0,1 MM o 1pu-
€ IHa MEXaHWIEeCKYIO 00padoTKy 0,2 MM,

~ Maremarnueckoe Moseanposanue npouecca TTIJI nossomuau onpese-
b OUTUMAITLIBIE POKUMBL TexHONOruH [2]. OTnuunTeNbHOH 0COBEHHOCTLIO
ecca TIJI meronow cozmaius JABWKYIIEIrOCA IPAIMCHTA TEMIEPATYPLI
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BAOML OCH ABAAETCS HATPEB METANH HUNKE TOUYKY Ac; na 20...30 °C. TTL/I ocys
LUCCTBIANM DU NIEPEMCHIEHIH MHIb3bI OTHOCHTENLHO HHIYKTOPA CO CKOPOCTH
2,0..2,5 MM/C ipn HenpepbiBHOM OXJIANKACHUM BOASHBIM IyiieM. JIns cHsmng
BLICOKMX TEPMHUCCKUX HANpPsHrenuit nocne TI1)| OCYIISCTBIANN 0OBeMHBIT Ha
IpeB Tuib3el 10O Temnepatypbl 350...400 °C ¢ MOCHE/YIOUIHM OXAAKACHHCM Ha
BO3/IyXe (CpeaHuii oTirycK).

Puc. 1. Cxemsi cioco6oB BoccTanOBIEHS BHYTPCHHEI [IHNTHHAPUUCCKOM
TIOBEPXHOCTH THIIBS UHAHBAPOB TEPMOYIPYTO-MNACTHUECKMM J,'(E:d)OpMHpOBaHH-i
eM (T11/1) a) — MHIYKTOP M ClIpediep paclionokeHsr CHapYXy IHNb3bl, 0) — MH:f
AYKTOp M CHPEHep PAcHOSOKCHBI BHYTPH I'MIIb3bI, B} ~ HHAYKTOP pacnonox{er‘f_f-
CHAPYXH, a CrIpeiiep BHYTPH I'Hab3bl: | — ruissa THIAMHAPA, 2 -~ WHIYKTOP, 3 =
cripeitep, 4 — uenTpupyoias OMnpaBxa '

Harper nposoamica ua yeranoeke TBY, nmeriersiv MHIYKTOPON: 110
CHCHYIOUHM OXJIDKACHHEM BOAOH KOIBLEBBIM CIIPeiepoM. MoUIOCTs et epa-
Topa yeranosku TBY - 100 kBr. Yacrora spautenns rumssst - 30...50 v
CKopocTh nepeMelieH s IMab3bi OTHOCHTENLHO HHAYKTOpa 1PH OTIIyCKe - 3
MM/C. Y aeTbHbli pacxos BOasI aIs OXNKICHHA HATPETOH NMOBCPXNOCTH THIb-
3p1 - 20...40 /Mm%,

Ecnu nocne opmoro pmxma TIIA BenuymHA OCTATOYHOL nedopmarug
BHYTPEHHCH LAIMHIPHIECKON MOBEPXHOCTH I'Milb3hl COCT2B/IANA Ad=0,7...1,3
MM, TO Noclie AByX UKkioB Ad=1,1...1,9 mm.

Hocne TITI npoucxosuT ymeHBincHUE Kak BHYTPCHHETO, TAK U HapyK-
HOTO IHAMETPA TANL3EI. Jliisl BOCCTAaHOBIEHUS HAPYIKHBIX 1I0CATOUHBIX [10SICKOR
THIIB3bI HEOOXOIMMO OCYIIECTBUTE MX HapapaHie Ha BEAHYHHY CIIOH TON-
mmuHoi 1,5...2,0 vm.

DTO MOXKHO BBIIOSHHUTE CIIOCOBOM INEKTPOIYTOBOTO HATIBIICHUA ¢ HC-
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- NOB3OBANMEM CTAHJAPTHBIN DPEKUMOB KaK CTajlbHOR, TaKk M aIIOMHHHUEBOI
- IPOBOJIOKOH.
! Iocne nony4einus NpMNYCKOB HA MEXaHUYECKYIO 06paboTKy BHYTpeHHei
- M HapYXHOI 1I0BEPXHOCTH IMAB3LI HAMHHAPA, OCYLUCCTRIAIOT pacTauuBanye ua
-BE]JTI’IhﬂJ‘leO PACTOYIBIX CTAHKAX ¥ NOMHHIOBAHHE HA XOUMHIOBAILHOM CTAaH-
- Ke.
] 3areM IPOBOJAT MEXAHMUECKYI0 0OpabOTKY HAapykKHBLIX TOBEPXHOCTEH
- FHITB3B1 Ha TOKAPHO-BUHTOPE3HOM CTaHKE.
_ Uuipsel, upoweamme nsa uukra TTIJL pactadmBaioT Ha BEPTHKAIbHO-

pactounpix crankax 273311 Basuposamue OCyniecTBAsIOT 10 HAPYXKHOH Mo~
| BEPXHOCTH 1TOCAOHBIX MOSCKOB, A 3a}1{uM 110 TOpHOBEIM. PeXknmeur pacradnBa-
| M 4acTOTa Bpaiuenus pesua - 435 mun™, nogasa - 0,05 MM/06.
i une3sr, mpomieige oAHH WK Tﬂﬂ; XOHHMHTOBATH HA XOHHHIOBAIE-
‘Hom cradke 3K833. O0paboTiy MpOBOIHIN XOHHHIOBANLHOH rONOBKO#H Gpy-
- ckamu AbX125x8x5x3 ACI{I"SHOO MCI-100 % no HOMHHANLHOTO AHaMeTpa.
:PC}KHMI:I xomunrosanua -100 Mun™'; KomuuecTBo ABOMHBIX X008 - 40.
Taxum obpasom, yctanoBncHo, 4T0 OpH 00paboTKE ruip3 WIMHAPOB Ha
XOHHHIOBANLHOM CTAHKE C PHAPABIHHECKUM IIPHBOJIOM padkuma OpycKoB ¢
OMOIUBIO CUIEIMAIBHON XOHHHI'OBA/ILHON TONOBKH JIOCTATOYHO TPHITYCKA
0,35...0,4 MM Ha xuamerp.
i Tocne HanbLienus MexaHuuecKyro 00paboTky HapyKHBIX MOBEpPXHOCTel
TUB3Bl UMIAHIPA OCYUIECTBIAIOT HAa TOKAPHO-BUHTOPE3HOM CTAaHKe. [ Mib3y
dKPETUISUTA C MOMOIIBIO CHEUUANBHON ABYXIAHIOBOH ONPaBKH.

Texnonorus BOCCTAHOBICHHUS M YIPOUHEHHS IIOPUIHEBLIX [TAJLICE
Ha puc. 2 upencrasiena cxema criocofa BOCCTAHOBNESHMS HAPY/KHOM 1IH-

JHHAPHYECKOH tosepxHocTd nopiuneseix nansies TITM. [opumicssie mansim,
H3rOTABIMBAEMBIC M3 UeMCHTyemMoH Mapku cranu 12XH3A (TOCT 4543-71),
ontexanme TITI, nofaloT K 3aKalouHol yCTanoBKE TOKOR BRICOKOH YacTOThI
BY) (N=50 kB, £=2400 '), rae B MHAYKTOPE Nadel HarpeBaioT 00BEMHO 10
MIIepaTypbl $azosepix npesparuennii 840...860 °C, a 3ateM 3aKkuMaloT Mo TOp-
Ham 1 na ycraHoske TITJ OXJN@KIAIOT BORSHBIM AYHIEM U3HYTPH, TOCPEICT-
M ClIpeiiepa BCTABIAEMOro BO BHYTPEHHIOIO HONOCTE naikua. [lpn 3tom no-
HAKOT OCTATOYHYIO Ne(OPMALMIO - YBEAHYCHHE HAPYXKHOTO AMAMETPA C OJi-
0BPEMEHHOK TIOBEPXHOCTHOM 3aKaIKOM LeMeHToBaHHOrO crog na AD=0,15
u unst Ha AL=0,3 MM, 70CTATOUHBIX [UTS KOMICHCAUMM U3HOCA M CO37A-

Iocae TI)] moplumessie mansusl 06pabareiBalOT XONOAOM B TeYeHHE
BYX Hacos npu temneparype munyc (50..70) °C ang nosinoro pacnaja ocra-
YHOIO ayCTeHHTA W OPOXOAT OTHyCK rpu temieparype 190..220 °C B reue-
HHE JIBYX HacOB C NOCTENYIOIMM OXIIAKISHHEM Ha BO3AYXeE.

~ 3areM nopIuHEBbIE NAIbObl MOABEPraioT UUMA(OBAHMIO HAPYKHON M-
m HIIPHYECKOH MOBEPXHOCTH Ha BECUCHTPOBO-UNTH(OBAIBHOM CTAHKE ¥ TOPIIbI
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HAbICB Ha Mocko-unupopanbuom crake. [py moMoum cnenuansHol ocha-
CTKH CHUMAIOT HApYKHYIO K BrYTpenHiow (acku. Jlonmuposanue HAPYIHCHOR
(hacky BEINOTHAIOT HA IPHCTIOCOBACHNUM COCTORIIEM U3 CTONA, NEKTPOJBHIATC
/14 C SAKPEILICHHLIM HA €TI0 BANY aiMa3HbiM KPYroM, HanpaBisroLei BTYJIKH |

ROMYXa,
Ha,.\\ 2 i /__L /._'L
b

Il e rd
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.d 8o oo0eaoDnon
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4 RSNUNINSSSSS

A

Puc. 2. Cxema cnocoba BoccraHoBienns HAPYXHKHON LMUIMHAPMYECKOH
HOBEPXHOCTH TOPIUIHEBhIX MAIbIEB TEPMOYIPYTO-MIACTHIECKHM e opMUpo-
panuem (TII): 1 — nopumesoit nanery, 2 — HEITYKTOD, 3 — Brynka, 4 — cripeiiep,
5 — ruspoknanas

B saBepiuenue nopiuHespe nanmsis TIOCTYHAIOT Ha ¢TI KOHTPONS, Ijie
HX COPTUPYIOT Ha TPYIIIBI 1O pasMepy H Macce. [Tocie KOHTPONS H MapKHPOBKA
TIABHET 1OJIAI0T Ha YYaCTOK KOHCEPBAaUMM M yunakosku. KacceTwl ¢ nanblamu
OKYHIOT B BaHHY ¢ ropsuuM moiouwum 10...20% pactopom HHTpaTa HaTpus,
3ATEM UOCHE CTCKAHHA PacTBOPA KayAbi# NANel] YIIaKOBBIBAIOT HA CTOJC B Hil-
rubuTopiyio Gymary.

Brarogapsi cpoeit npocrore Texuonorus BoccTaHoBIEHMS HOPIIHEBBIX
nanbues 1T BHenpena B peMOHTHOM K MalHHOCTPONTEILHOM ITIPOH3BOICTEE
B, HaCTHOCTH, Ha pemotrrnoM 3aBoje «KamA3» r.HaGepesxibie Yenns! u Ha 3a-
Boje «ABTOAM3ELY .S Ipocnasns.

PazpaboTaHuble TEXHOMOIHM BOCCTAHOBNCHHS W VIPOYHEHUA pertasnel
TTIJ1 obecneyrBarOT KaueCTBO BOCCTAHOBICHUS 1O FEOMETPHYECKHMM NapamMer-
paMm, (pU3MKO-MEXaHHYECKMM M SKCIUIYATALMOHEBIM CBOHCTEAM Ha ypoBne He
HHKE HOBBIX JeTaicii.

IMoaBojist UTOr BRILIE HU3TOKSHHOMY MOXKHO ckazarh, 4ro TT1/] nepcnex-
THBHBIH Crocod BOCCTaHOBNEHMs jietaiiell, NO3BOASIOWMH BOCCTAHABIHBATH
HAIKHAPHYCECKUE OBEPXHOCTH CTANBHBIX M UYIYHHBIX fAeraiei. MoxeT GbiTh
HIHPpOKO HCOONB3I0BAH Kak PEMOHTHBIMH NpeAtpPUITHAMY, 2aHMMAIOUHMHCH
BOCCTAHOBNCHHCM H3HOWECHHBIX JeTaie, TaK 1 MAaHHOCTPOHTEILHBIMU 3aB0-
Aamy U1 yeTpaseHus Opaka MexaHn4eckoii o6paboTiu.
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Beisoawt: 1. Ha npumepe runbsbe taunapa JIBC, nokazaua Bosmow-
HOCTb YIIPOUHEHUS U BOCCTAHOBNEHMS BHYTPEHHUX LMITHHAPHIECKHX T10BEpX-
HOCTEH jcTaneii THIA «BTYAKA», U3rOTORIEHHBIX M3 KENCI0YINCPOUUCTBIX
14BOB HE3aBHCHMO OT COACPXKAKMS YIJICPOAA, TYTeM COBJARHMA MOABHKHOrO
TpasuenTa TCMOCPATYPbI BONL OCH feTaiu. [Ipuuem Harpes QCyLLeCTRIAIOT
e (hasoBBIX IpespaieHnii.
2. Ha npumepe nopuiHesoro najsia Au3eNeH, 1oKasana BO3MOKHOCTE
OUHCHMA M BOCCTAHOBICHHS HAPYXHBIX LMIMHADHUECKIX NoBepXHOCTEd
Talici THNA «BTYJIKA», M3FOTOBNEHHBIX W3 HM3KOYIIEPOAMCTRIX CcTajel ¢ Ha-
PYKHOH LEMEHTOBAHHOH MOBEPXHOCTHIO, IIyTe€M CO3/IAHUs I'PAJMEHTA TeMIepa-

PbI 10 pamuycy neTas. [lpuyem Harper ocyluecTBIsIOT Bhittie dazoBwIx npe-
EHMH,

Cnncok sureparyper: 1. Xpomos B.H. Texuosnorus YHPOUHEHMS ¥ BOC-
OBJICHHS AETaNel MALMH TepPMOYNPYTOMIaCTHIECKUM AehopmupoBaHuem
CXHOIOTHA MallHHOCTpoeHHs. - 2001. - Ne6. - ¢, 39-42. 2. Xpomos B.H.,
1%}{1{013 K. Tepmoynpyronnacruyeckoe nedopmuposanue merania: Boc-
HOBJICHME eTanedi Mamms. Open.: Openl TV, 2002.- 219 c.

Cnano B peaakuio 4.06.03
Pekomendorano n.1.1., npod. Cycnos AL

AHAJIN3 TIPOYHOCTH MATEPHAJIA C MOKPBITHEM

Xyaoneii AJL., Coman A.M., Asnexca Haposa B.C.
(MMHHMALL HAH Berapycu, 2. Muncx, benapycs)

an example of research intense - deformed conditions of the bimetallic bear-
--_ibrass dependencies of the maximal contact pressure, of equivalent and tan-
is stress in coating, determining durability of a material with a covering are
ved and analysed
Beencuye. B vacrosmee spems p MAalIHHOCTPOCHHM BCE YaLlE MCIIONb-
O M3MICIAS ¢ NOKPBITUAMU PA3IHYHOIO (hYHKIMOHATHION0 HAZHAYCHUS.
MEHEHHe OHMETAIIHYCCKUX NOMIMHIHUKOR CKOMbKEHMs B y3nax Tpenws
BOJIACT SKOHOMHTD (IBETHBIC CIIABHI 1 00€CIICUMBACT NOBBILICHHE HA/ICKHO-
Y3Ja B LienoM.
- B Mucturyre mexannkm u Hagexmoctsn mawun HAH besrapyck na 6aze
HHOTOICTHUX UCC/E0BAHKI B 061ACTH HPOYHOCTH MAaTepPUAon K KOHCTPYK-
APE/IOKEH METOL ONpEAENeHus NPOYHOCTH CleIUIeHHS TOKPBITHS TIPH
“PMHYECKOM  HANBUICHWH wieek Bamos [1], samuouarommiics B
OBJICHUM IPEICNLHBIX HATPSKEHUH B 30HE KOHTAKTA «TIOKPHITHE-OCHOBAY.

0I/b3YeM 9TOT METOJ AN aHanm3a NPOYHOCTH MATEPHAana ¢ MOKPLITHEM Ha
IMepe BUMeTanIMuecKoro BKIaabIua.
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Hanocumptit na noBepXHOCTS BKNIAABILA NOMINIHUKA CKONBKEHHS Coi
NOKPbITHA OJDKEH YAOBNCTBOPATL YCJIOBUSM HPOMHOCTH, U3HOCOCTOMKOCTH,
obecrieunBars HaNOXKHYIO PaboTy B HpeAENax 3aHaHHOrO CpOKa dKCrnmyaTauy.
B apoekTibIx pacuerax, CBs3aiibx ¢ OMPELACHCHACM TONUMHEL N0A60POM (-
SUKO-MEXAHUYCCKHX  XAPAKTEPUCTHK MaTepuaia HanoCUMOro cos, OLEHKY
APOUHOCTH MATEPHANa C MOKPBITHEM MOXHO MPOH3BECTH MOCPEACTEOM COMOL
TABJCHUA TIPE/ICIILHOIO HANPHKEHHOrO COCTOAHHSA, BOZHHKAIOLIErO B MTOKPbI-
TiH, ¢ ponyckaemeiM nanpsiesuem [2]. Hanbonee Tskensiny pPCIKHMaMK pa-
BOTBI TOAUIMITHUKOB CKOMNBKCHHA ABASIOTCS MEPHOABI [IYCKOR M OCTaliOBOB.
Tpu manoit yrirosoit ckopoctu spawenns sana oHu PaboTaloT B YCIOBHAX Ipa-
HU4HOM cMaskn u Ges wee. [lpu Takux pexnmax ko3 unmenT Tperus ckomb-
KCHHS f MEIHCLY BANOM U [OBEPXHOCTHIO TOKPBITHS JOCTHIAET CBOCTO MAKGH-
MaiBHOTO 3Hadenus 0,5,

L. Onpenenenne MaKCUMAALHONO KONTAKTHOIO Aasaenns. [lepsona-
HAILHO PAaCCMOTPUM pelleHHe KOHTAKTHOH 3a71a4u OT jeicTBUA Ha uaridy:
TOABKO pajnanbHON cuibl. B stom ciyuae uanpa dyner nepevemaThes OCTY-
nareisno. Bosuukaonme B peanboi SKCTUIYaTalUK MOJUMIHUKOB T1CPEKOCH
OCH Baja HAa 5TOM J71ane pacCMaTpHBATLECS He Gy)IyT. Cneayer oTMeTuts, uto
YIPYFA€ KOHCTAHTS! CHOS M OCHOBAHHA BKNA/BIIA TOINUITHAKA TAKOBbI, YT0
OCHOBAHHC BKJIAKLIUA B [EPBOM NPUOIIIKEHHY MOXKHO CUMTATE nenedopmy-
PYEMBIM TejoM. OcobeHHOCTBIO paceMaTpuBaeMoro CIIYYast ABIAETCH COM3ME-
PAMOCTD IIIOWAMKM KOHTAKTA C XapaKTepHbiMH pazMepaMy B3auMoaeHCTBYI0-
HIX TEIL, 910 {1 MO3BONACT HCNOIIHL30BATD KOHTAKTHYIO 3ajauy epua s onu-
CaHust HAlPOKEHHO-JICHOPMUPOBAHHOTO COCTONHUS 10K phITHA,

Perenne KoutakTHbIX 387129 TCOpuM YNPYrOCTH M NMAaCTHYHOCTH pac-
CMOTPEHO BO MHOTAX dyHIAMEHTATEHBIX MOHOTPadHsX [3-6]. Jlns Ten, y koto-
PBIX TIIOWANKa KOHTAKTA COM3MEPHMA C HX pa3Mepamy, HPOBCJICHO UCCAE/[OBA-
tie Y5 HIraepmanonm. Mv peiuera 3afia4a 0 BAABNMBAHUN IKECTKOIG HHHH -
PHUCCKOTO LTaMITa B IMIMHAPYUYCCKYIO TONOCTh GECKOHEYHOro YIPYroro Tena,
TIPUHEM DAy ChI IITAMIA B (I0/I0CTH HE3HAMTUTENLHO OTIHIAIOTCS IApyr OT Apy-

ra. Paccmarpusaemast B aannoi paGore 3azaua ABNACTCA AHATOTHYHOM, TOMBKO

BMECTO  YUPYroro Tela
uanda BHaBIMBacTcs B |
TOHKHH ynpyruil cnoi uz
AHTHHPUKIMOHROTO  Ma-
TepHATa, HANCCEHHDIH Ha
HOBEPXHOCTE BKIA/IBILA.

Ilporenenspe we-
ciaeposanus [6, 7] noka-

3aJ, 4TO eC)id TONIIMHA

MOKPBITHA  CYILIECTREHHO
Puc.1. Cxema k PacueTy KOHTAKTHOIO JaBICHUS MEHbBIUE 30HEI KOHTaKra,
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TO YOPYrui cioil mMowkuo
paccMaTpuBaTh Kak ynpyroc
OcHOBaHHe. Yrpyruli chnoii
MOJENHPYETCH  pajManbHel-
MW [IPYKMHaMM, paboraio-
UIMMH  Ha pacTskeHHe —
cxarue (puc.l). Bymem
CHUTATh, YTO MOAYNDL YIpy-
FOCTH NOKPBITHSA OCTaeTcs B
KaAcIOM TIONEePeYHOM ceye-
_ . i : HHH,  [eprneHIuKyIspHOM
Fo.i 0.5 1.0 1,5 h, mm  2TOH OCH, (IO TONLIMHE HO-

A crosHHbiM. Taioke npepna-
FHC. 2. 3aBucnmocts KOHTAKTHOIO JIaBiIeHUA FaeTCcsl C UENbIO BhipaBHKBA-

HepexoHoi 30He OT BLICOTBI MOKPBITHS: HUSA KOHIIEHTpalUH Harps-
0,1 micw; E=1,12:10°MIa (Bp.OD6,5-04)  senuii o KpasM MO/ I-
HHEKa NOPHCTOCTE HAHOCH-

MOKPBITHS yBEAMYMBATE K KPasM, YMEHBINAA HPH 3TOM MOJIYJTb YIIPYro-

Maxkcumanpoe kowrakTHOE mamicHue B COOTBETCTBHM C TNPHHATHIMH
HONIOXNCHUAMN PEani3yeTcs B UCHTPE BKIAABINA TPy ¢=0
E(0) .
P:tmax e h"—é‘ (1)
vae E — momyms ynpyro-
CTH MarcpHana IOKPBITUS, & —
Tmax ; i
T Mlla BeIMUMHA yripyroit medopma-
uu; h - romumna cios.
L 40 Vpasuenue (1) nospoiser
ONPENC/IUTh HE TOJBKO MAKCH-
MallbHOE KOHTAKTHOE JIaBjieHHe,
- 20 HO W YCTAHABIHBACT CBA3L Me-
KAY TONILUMHOM MOKPLITHS W Be-
JUYHHOW BHCJIPEHHMS B HEro
uander. Ilpu Tonumue nmokps-
s B 0,5 MM KOHTaKTHOE aB-
JieHHe coctasnget 22,4 MIla,

ABHCHMOCTE MAKCHMATBHBIX Kaca-
3Haﬂ"‘m il i o upu 0,1 MM — 112,0 MITa. Ha
EHHH B IIOKPBHI T €ro
: p R 0] 8 puc.2 npescrasiena rpadusie-
bl M kodbdHuMenTa Tpenns: §=0,1 )
1.12:10° MITa (Bp.OD6,5-0.4) CKM 3aBHCUMOCTD (1).
3 P- N 2. DxkBuBageHTHLIC W
bHLIC Hanpsennst B cnoe. HauGomee onacuoe HaNPAKEHHOE COCTOS-
04l BOSHHKACT B 30HE AEHCTBHA MaKCMMAIBhHOIO KOHTAKIHONO HaTpsKe-
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H1st Py, KOTOpOE UMeeT MecTo B CEPEAMHE tUIoMmaNK KoHTakTa. B 51oif Touge
PACCMOTPUM SileMEHTapHbIH 00BeM B BHIE KyBa 1 3anuimem HalpAKeHUs B o
OTBETCTBYIOUIMX CCKYWMX TIOCKOCTSX, KOTOPBIE MOKHO paccmarpusaTh Kaf
HANPAKCHHOE COCTOANME B HCCIRAYEMOiT TOuKe.

ITO coCTONNMKE SBASCTCH MAOCKHM: o =~FPrmaxs T = fPinax- Taxock N
HANPSKECHHOE COCTOAHME BYAeT B NOKAALHBIX 06bemax COOTBETCTBYFOLIHY
MECTaX CLENICHHA aHTHPPUKUHOHHOTO CIIOS ¢ OCHOBAHMENM BIJIAZBIA [0
LIMITHUKA.

C yuerom (1) onpenenum MaKCHMaNLHOE KacaTenbHOe HanpskeHye:

o)
Tmax = Jo£(0) ;;‘ . @

CAC /o — KO OHUHEHT TpeHus B MOMeHT 1ycKa.

Ha puc.3 Bunno, yro HPH TONNMHE NOKPEITAS B 0,5 MM 1 KO3 uitieHTe
Tperus 0,5 (pexuM nmycka) MakcHManbHoe KacaTtejlpHOe HanpsKeHue COCTang-
er 11,2 MIla, fpu 0,1 Mm — 56 MI1a.

OKBHBAIEHTHOE HAIIPAWEHHE 0,
obpazom

O = l—'-;—"a + 5%—‘5 Jol v a7 = iﬁ;}::—} 5[(1 ~v)+(l+ v)v-ri:h};z‘]. G)

ONPEACHAETCS YePe3 ¢ U T CHEAYIOLHM

rae v= 212 » Orp U oy

Orow

TPENEN TEKY4YeCTH IpH pacts-

HKEHHH M CKaTHy M'&Tepﬂa.lla’
NOKPBITASA (COOTBETCTBEHHO).

Yenoswe npounoctd Ma-

TepHana ¢ [OKPLITHEM uMeer

Cura
MITa

N

S
i

SR

100 - BHA
“%;"‘ G ke = [O-]P ? (4)
“%;‘i_" [o]p — nomyckaemoe pac-
50 1 ;

TACHBAIOINEE HATIPSDKEHHS, KO-
Topoe onpenensercst U3 ycio-

G rpeo
BUst [O']P =2, Oypes — TIPE-
Led

(g a o ACIBHOE  pACTATHBAIOICE  Ha-
: OpsOKEHHME Ang Martepuaina io-

KPBITHSA, 1 — Koaduuuenr sa-
Puc. 4. Zasucwmocty IKBHBANCHTHBIX naca.

HaNpsKeinii B HOKPBITHH OT ero TOMIH-
HbI ¥ KO3 duimenTa TpeHns: 0=0,1 mxwm; Brisojan

“=1,12-10°MITa (bp.0O®6,5-0,4) B xoze reopermueckoro
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H3ad YCTAHOBMNEHO, YTO YMEHLIICHHE TOJMUHHBL NMOKpbiTHsa ¢ 0,5 Mym no 0,1
*l’lpHBO)lHT K [ATHKPATHOMY YBCAHYCHMIO KOHTAKTHOI'O AABJICHUA M Kaca-
bHbIX HalPAXEHHI,

[lonyuennbic 3aBUCHMOCTH ITOKA3BIBAIOT, 4TO OOCCMEUCHHE KOMIICKC-
BIX TpeGOBaHMI K MOAIUMITHHKOBLIM MaTEpHANaM TaKHX, KAK AHTU(PHUKLHOH-
Th, H3HOCOCTOMKOCTE, YCTAJOCTHAS IPOYMHOCTE, YMCHLIIEHHE KOHTAKTHOTO
JICHHS M KacaTeJIbibIX HAlPSKEHUH MOXKHO JIOCTHYb HU3MEHEHMEM TOJIUMH b
KHPYIOHIErD CHIOs M YMEHBILEHMEM EI'0 MOLYS YIIPYIOCTH.

Cnucox aureparypei: 1. Jononrosckuii B.A., Benouepxosekuit M.A.,
an A.M. Pacder Ha npouHOCTS 1EeK KONCHYATHIX BAIOB, BOCCTAHOBICHIIbIX
TepMUYECKUM Hanbuienuem / Ousnxa 1 TEXHONOTHH TOHKOMICHOYHBIX Ma-
uastor. CO. nHay4yH. crareil. Bout3. // Benl 'VT. — omens, 1996, — C.104 -
16. 2. Mocunenuy I'.b. Jetany mamn. — M.: Mawmnocrpoenue, 1988. ~ 368¢.
3. Jletibenzon J1.C. Kypc teopun ynpyrocta. — M. — JL:THUTTP, 1947, — 464 c.
Faman JI.A. KonrakTHeie 3a/la4i TEOPHH YIPYTOCTH H BA3KOYNPYTOCTH. —
Hayka, 1980.-304 ¢. 5. llltaepmau M.51. KonrakrHas 3aa4a Teopun ynpy-
octd. — M. ~ JL.: OHTH, 1949. 6. Boposuu .M., Anekcannpos B.M., Ba-
Ko B.A. Hexnaccnueckue cmemiamibie 3aJa4d TEOPHH YIPYTOocTH. — M.
I yka, 1974. — 456 c. 7. Foman A.M. K onpezenennto Harpy3kH, aefcTByIO-
i Ha obpesuncHHplit Ban // U3s. By3zos. Mammnocrpoerue. — 1974, Ned, —

6-40.

Cnano & peaakumio 10.06.03
Pexomennonano a.1.u., npodf. Muxalinos A H.

HCCEJOBAHME CPYKTYPBI TIOPIIHEBBIX KOJIEI H3 CTAJH
50X®PA TIOCJIE ASOTHPOBAHYISI M JIA3EPHOI OBPABOTKH HA
TEPMOCTABMJIBHOCH

Hepuera O.I'., Hecrepenxo A.M., KopoGouka A.H.
CZH"T Y, HAH UYM, 2. lnenpoosepxcunck, 2. Jlnenponemposck, Yipauna)

The technology of obtaining of nitriding working surface of piston ring with next
laser treatment gives high wear-resistant properties to surface of piston ring
and following coating characteristics : the hardness of coating -
{55 =5200..9300MPa by coating depth of h=70.. 80 mkm with structure of gar-

.5...40 mikm.

Bepenue. OnHa u3 akryansHeAnnx npobaeM COBPEMEHHOI0 aBTOMOOH-
JIECTPOCHHA — obecuiguenue BLICOKHX CKOPOCTHBIX W MOIUHOCTHBIX XapaKTepH-
CTHK JIBUraTe/lel BHYTPEHHETO CrOPaHMs, MX HAACKHOCTH M JIOJIrOBEUHOCTH.
Cosjanue HOBBIX TEXHONOTHM 110 NPGHU3BOACTBY M3HOCOCTONUKHUX IMOPIUHEBBIX
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ROACLL € 3aaHUBIM YPOBHEM HAJICHKIOCTH W Kavecrsa u3jienuit, ¢ moabopo:
TEPHANIOB M MOKPLITHIT, a TAKIKE HOBBIX TEXHOJIOTMH MX HAHECEeHMs TO3M
HOBBICUTH pCC}’pC H HAJACHHOCTL ABHTaTenci BI{)’TPCHHCI'() cr‘opanmt as’l
Ounecii 8 5-6 pas.

Tocranoska 3anaun Heenenosanuii.  OcHoBHOH Lebio uccieno

ABIIACTCA paspadoTka HOBOH TexHomoruu HONYHEHUS TEPMOCTORKUX

CTO  MEXaHO-NIPOYHOCTHBIE, TEIIOCTOMKHeE, U3HOCOCTOHKME XapakTepue
MCCICAOBATE (PU3HYECKHE npowecch CTPYKTYPOOOPA3OBAHMS H3HOCOCT
NOKPLITHI; paspaborars onTuMaisHee TEXHONOTHYECKHE PEXKAMBI YIIPOUiE
TTOBEPXHOCTH NOPIIHEBHIX KONCL, -

Pesynprate uccnenopanuii. A30THPOBaHHe M MOCHEAYIOUIas Ja3e
0bpaboTka nosepxuocTy YIICPOIHCTBIX, HU3KOMErHPOBAHHBIX 1 JIETHPOBaHiih
CTajeil MPUBOANT K 1HOBBIICHUIO APOYHOCTHBIX XapaKTepHCTUK U TBCP/0CT
MOBEPXHOCTH HeTasieif 3a cuer obpaszoBanus CTPYKTYp 3aKano4noro ruma [1].

Ipn nazepuoii 00paboTKe a30THPOBAHHBIX ACTaneil Ha MX ITOBEPXHO
B 30HE JlasepHOTO BO3felcTBUA 0BpasyioTes CTPYKTYPBI, UMEIOLIHE BBICO
MHKPOTBEPAOCTE (H,s50= 9300 MITa TIpH TONMUUHE cJiost 0T 3 1o 40 mMrm.).

Anranuz (asoBoro cocrasa MOBEPXHOCTHOH 30HBI A30THPOBAHHEIX 06Pa

1B nocae nazepron o6paboTku NpoBOANIH Ha nudpaxromerpe JIPOH - 2,0
MCAHOM MOHOXPOMATH3HPOBAHHOM W3TYYeHHUH, Pesynbrars! penrtrenodazosol
aHATH3a A30THPOBAHHBIX NOKPHITHIT ¢ noclenyomei nazepuoil o6pabor _
NIPUBEAEHDI B Tabnuue 1.

Ochosubivu dazamn A30THPOBAHHOM TOBEPXHOCTH, 06PaboTaAHHOI

POM, BnsIOTCH o — Fe, KapGonutpua Me,(CN ),, Me(Fe,Cr,Mn), u mp
Fe,N . Ynopsnouenusie anementst TOHKOIO CTPOGHMS B BHJS HMIN WM pee
I1aCTuH (MaKETOB) XapakTepHb s MAPTEHCHTa, 00pa3ylomerocs B cTaisx mn
0bbEMROI 3akasike. Jls MaTephana MOpuIHeBLIX KoNel, paGoTaioumx B YCio-
BMAX TOBBIUMICHHBIX TEMIEPATYP W H3HOCA, BaKHbIM ABIACTCA TEPMUYECKAs.
cTabHILHOCTE MX CIPYKTYPBI B LIOBEPXHOCTHOM Cl0C.

C 10t nenso obpasier w3 craau S50XDA, upomenuue 0bpaborky Koy~

HCHTPHPOBAHHLIMU IOTOKAMH N1a3ePHOTO obutyuenus, noaseprny TEPMHUYECKO-

MY BO3ACHCTBUIO — OTHYCKY mpH Temniepatype 550°C ¢ npoomKHTe THHOCTBIO

BBIACPIKKH 25 MURYT.

Pacumdposka jdpakrorpamm nokasana HATMYME B CTPYKTYpE Cile-

Ayommx ¢az: a ~ Fe, KapboHuTpHIa Me?(CN)_;, uMTpuaa FesN w uementura

FeS(CN ) O nanuuum nocreanero p CTPYKTYPC OTIYUIEHHOIO MTOBEPXHOCTHONO

€104 CBHJICTENLCTBYET MOABNEHME Ha AuQpaxrorpaMve niTepdepenmu
(022,103), xoropas ssasercs Haubonee MHTEHCHBHOH B AHDPAKHOHHOM Cliek-
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ipe 51oit daser (puc.2.). [TOCKONBLKY ¥ B HCXOIHOM (HEOTMYILUCHHOM) COCTOAHUH
NOBEPXHOCTHOM clloe nabmoganuch (aset a — Fe, Me; (CN), w Fe;N, 10
fosBneHue ueMenTuTa fe; (CN) ceazano ¢ BimAnMenM OTIYCKA, KOTOPBIA MPH-
HT K pactiajty JEpPEChIeHHOr0 YIIEPOIOM H a30ToM o« — Fe - rapaennra
ATOMBI yIJIepoia U a30Ta, BblAeAsICh U3 ¢ — e, 00pasylor no rpanuiam
PYIIIMPOBAHIBIX PEEK TIACTHH H 10 rpaHuL@aM OBIBHINX ayCTEHHTHLIX 3epPeH
HKPOKPHCTAIUIBI HUTPHIHOTO UEMeHTHTa ey (CN). Cneayer oTMETHTS, 4TO
% BBIABJICHMSA 3€PCHHON CTPYKTYPhl B OTIYWEHHBIX OO6pasiax xapakrepHa
6UaTOCTE» FPAHULL, CIPYNIITPOBAHHBIX PECK — MAACTUH B CyOCTPYKTYpe 3¢-
(puc.1) [4,5] . -

Tabnuna | - Pesyibrarsi peHTreHo{a3oBoro aHanmsa asoTHPOBAHHBIX
OKpHLITHIA C NOCNeAyolLel naseproit obpaboTkoi

epumenTatsibe | Maeutuduumpyemie pasbt
bIg
M |o-Fe[3) Me,(CN); 5] FesN[(3] |
4 HKL d[‘[KlJ HKL @ HKL dHKL!
o dm;L, A &
LR & il SR . O
0.35 (122) P P i
0.03 (100) | 2.380
0.10 ' (031,200, 024,015) | 2277
0.08 ! : (002) | 2.190 |
0.76 | (210) 2.160
038 5 (101) | 2.09G
1.00 (110) (131,124,115) 2.036
0.04 (220,213) 2.030,2.028,1.902 5
031 (222) 1.813
0.04 (204) 1.810 N
0.07 (116) 1.767 ]
0.12 SaAsr Ty LUBE .
0.09 S (102) | 1.610
007 : (232) 1,561 o
0.23 (0w 1504 n )
0.01 1 lew 1.469 B
0.09 (200) | 1.428 s B
0.14 _ 110y 11370
TR H ol ] ~1(103) [ 1.240
(211) | 1.166 > S
o if238) _qie0 _
(220) | 1.010 | _ ~ |

" Hu3KOYTVIEPOAHCTHIN AyCTEHNT, BCIEACTBHY NIOHIKCHHON YCTOHIMBOCTH
{ OCTEAYIOIEM YCKOPEHHOM OXJAX/IEH!H pacriajaetcs 1o auddysnonno-
texanu3My ¢ oOpa3zoBanneM TpoocTocopbuTa. IlpH nocieayiomeM oTiycKe
IS LEMEHTUTA B TPOOCTOCOPOMTE KOAIYAMPYIOT, YTO MOBBIIACT €r0 TPa-
{0cTh. Mi3MepeHne MMKpOTBEPAOCTM OTHX [IATEH MNOKa3ano, H“TO Oha
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HAXOAUTCH Ha YpOBHE
H 50 =3200...3500 MiTa, coii
crBeHHOre (eppury. OGobILe-
HUE DTHUX Pe3yNLTATOR 1103
e JTHAO  CXeMaTHYeCKH npeﬂcra__\
: BUTL  CTPOCHME CTPYKTYPHbIX

30H, 00pasyouxcs B 0Opasiay
3 13 cranu S50XPA npu nasepuoi
. obpaborke u NOCAEYIOLIEM 0T
Puc. 1. Mukpoctpykrypa nosepxHocty Y CKE {5’ ne). [ Ipu Temiienagy
PACIUIABICHHOrO y4acTka obpasua u3 crann  Pe 200 a—F g sl KapOH Y
50X®A nocie otaycka 550°C ¢ gurensuo-  MerCss  FesN - pacnajaercs,
CTHIO 25 MUHYT 410 criocoberByeT  06pasona-
HHIO  BBICOKOTBEPJIOTO  Kapho-

X 340

Hutpupa Me,(CN )3 M a30TUCTOrO thepputa [6]

B npouecce oxnakucnns uccnemyempix 00pazLoB B [EPECHIILEHHOM
theppuTe B 30HAX a—Fe+Me?(CN)3 OCYIUECTRISIIOTCS [IPOLECCHI CTAPEHHH,
06y CIIOBIMBAIOIIHE YIPOUHCHYE NOBEPXHOCTHBIX CJIOCH TIOPLIHEBBIX KOJiell.

B xone seurepxin npu otnycke npu T=550°C, HECMOTPSI Ha KOAr'yJIsausi
KapGOHHUTPHAHBIX M KapOHIHBIX MUKPOYACTHYEK LEMEHTHTHOrO THIIa, GroKH-

PYROWIMX  JHCHOKALHH npH CTapeHHH, TBC[),E[OCTB ocTaercs Ha YpOBHE
H 50 = 5000....6000 MITa. -

HelcTBuTenbHO, KaK ClieyeT M3 aHanM3a U3MEHeHUs MHKPOTBEPIOCTH!
10 TOJIUKHE IOBEPXHOCTHOTO CAOs, YKa3aHHOro Ha puc.4 (1o Topiy obpasna),

J/.']ma ¥
0

09
0.8
07|
0.&
0,5
oy
2.3
92

LA

- Xs]

1
]
\
1
:
l

tz2o 105

Puc.2, JlndpakrorpaMma MOBEpXHOCTH a30THPOBAHHOrO o6pasia M3 CTAIM
S50X®A, nosepruyroro nasepHoii 00paboTKH ¥ [OCIEAYIOIIEMY OTMYCKY
nipu Temneparype 550° C(aiuTebHOCTD BLIAEPKKH — 25 MHH. )
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JIBEPrHYTOrO  JIa3¢PHOMY BO3ZACHCTBMIO W NOCHEAYIOUIEMY OTHYCKY TIpH

50°C, B npeaenax 3oubl @ — Fe+Me;(CN ); noBepXHOCTHOTO €103 TONIIH~
0,3...0,5 MM, rue nepecsilinesue azotoMm 6uuto Haubosiece BLIPAKEHHBIM, &
nuecTso kapbonutpuaa Me,(CN ); MakcuManbHbiM, Kak pas u HabonaeTcs

l BIIEHHBIH YPOBEHD 3HAYEHHH MHKPOTBEPAOCTH H;’gﬁf =4500...5500 Mlla.

x 400.

Pnc 3. MuKpoCTpYKTYpa noBepxHOCTH obpasua u3 cranu S0XDA, Iox-
'BeprHyTO Jla3epHoi 06paboTke M MOCHeayIouEemMy OTICKy npH 550 2°Ce
AMTENBHOCTRIO 25 MUHYT

exoMaa ey KTYpa e — Fie v MeC, .+ FeaN
o~ O'i'l'l}{'ll,l_{_‘l']]'(blﬁ ."i\[),:ﬁl)lll\T ¥y Hac RO ORI s
FoME TCPMHUECKOrD BAUKHIE €O CYPYRTYpOil

@ Fe+ Me, (CN),

FOHLE TEPMUHCCKOrD BAWAIKR €O CTPYKTY PO

- Fe+ MeyC, v — Fev MeC,

Tpoocracopine

] -
2

VlsBurrounuté peppn

— Hexonuans cTpykTypa o — Fu+ AdeC

¢, 4. CxemaTHyeckoe u306paXkeHue OIUIABJICHHOH 30HBI, OTITYLIEHHOH TIpH
550°C 1 MapwipyT 3aMepoB MUKPOTBEPOCTH N0 TOpLYy oOpa3ua
CriepoBatenblio B 30He @ — Fe+Me,(CN), sgdexr ynpounenus ot ja-

EPHOTO BO3JICHCTBUA JOCTHUIACTCA 3a CHET 3HA4YMTENBHOIO NEPechISHUs a30-
a — Fe(deppura) B MCXOAHOM CTPYKTYpe, a B OTIYIUCHHOMH BCICACTBHH
NOYHAEONIETO BK/IAAA KapOOHUTPUIHBIX B KapOuAHBIX (a3 HEMEHTHTHOTO TH-
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Na, & TAKAKE 38 CUCT HAJIMYHA MCAKOJMCHIEPCHBIX BBICOKOTBEPABIX YACTHIL Kq)
Gonurpura Me; (CN )3. MakcumaibHble 3HAYSHMA MUKPOTBEDAOCTU HabII0

IOTCS  HEMOCPEICTBEHHO B TOHKOM MOANOBEPXHOCTHOM CJOE  TONLIKHO
0,06...0,08 mm H;”“{’}d =5500...6000 Mlla, umerowero CTpyKTypy MapTeHCHT:
ornycka. ITony4uecHHbIE JJAHHbIE CBUACTENBCTRYIOT O JOCTATOUHO BLICOKOH Mk

POTBEPAOCTH W TEPMHYECKON CTAOHIBHOCTH CTPYKTYPBI W IOBEPXHOCTHOM
crost o6pasios 13 ctanu SOXMA, ynpouHeHHOIO NazepHbIM BO3ASHCTBUEM.

H;:SU ;.
Mlia

5000

4000

"""--C..

3000 02 2 <Dl e 0B T S ) S 14

Paccrosuue 0T MOBEPKHOCTH, MM

Puc. 5. Mamenenue MUKPOTBEPOCTH HO TOPILY obpasua, [oABEeprayToro ja-
3epHOMY BO3IEHCTBHIO M MOCHEyIOIeMy oTiycky npu 550°C Bnons map-
LIpYTa, YKa3aHHOro Ha cxeme (puc.4)

Beisoani . HepasuomepHoe pacrpesiefienue yrnepojia W JErHpPYFOUIMX
3/ICMEHTOB B 30HE JIa3epHOrC ONIaBieHuA, O0YCIOBACHHOE CBECPXBBICOKMME
CKOPOCTAMH Harpesa (Ipd JasepHoM BO3ASHCTBUM W HOCHESAYIOMIMMH BLICOKHMA
CKOPOCTAMM OXJIaXetivis, 00pasyiolyecs Npi ¥ —» ¢ - NPeBpPalLeHHH, Kpil-
CTAJLIbl MAPTEHCHTA MMEIOT BBICOKYIO [IOTHOCTH JUCIIOKALIMH, HEBBIPAXKEeHHbIE
OMICMCHTB! FINACTHHYATO-PCEYHOr0 CTPOCHHS € MUKPOABOIHUKAMH, KOTOPHIC
BO3HHKAIOT MPH IIOHIKCHHBIX TEMNEpaTypax MapTeHCUTHOIO MpeBpalleH#s B
obbéMax npeBpalalomerocs aycTeHHTa, e JOKaILHAS KOHIIEHTPALMS YIIepo-
J1A 1 JISNUPYIOUIMX 2JIeMEHTOR HoJiee BRICOKas,

Crucox nuteparypa: 1. Haninsuenxo B.IO., Tonpuyx B.5. Brnue iv-
MyJIbCHOI NTa3ePHOT 0OPOOKY HA CTPYKTYPOYTBOPEHHS OBEPXHLOTO 1UaPy CTLIa- |
BiB Ha OCHOBI 3aniza. // Haykoso- texHiunuii xypHan “Mertano3nascTso Ta 00-
pobia metanis”. Nol.-2 2000.-C.3-5. 2. 3aseanos A.C., Ternyxuu I'.H., Ta6een
K.B. Yciosus v mexadusm o0pasoBanust  GecCTPYKTYPHOIo MapreHcura (rap-
nenuta). Metamnosenienve M TepMmudeckas obpaborka merauion.- Nel10.-1979.-
C.11-12. 3. M. Fruchart, J. Senatear, M. Bouchaud, A. Michel. Comp. Rend.
Acad. Sci., gr. 8, 260, 1965 p 913. 4. Kpanouuu B. C. Tepmuueckas o6padorka
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1AM M CTIABOR ¢ MPUMEHEHUEM JIa3ePHOIO JIyda M IIPOYMX [POTPECCHBHBIX
0B Harpesa. Mtoru Hayky v texuuky. MetannopecHne u tepMuydeckas ob-
otka. — M.- T21; 1987.-C.144. 5. Hecrepenko A.M. Kpucraanusanus u
CTpYKTYpa KapOuaHbiX $as ACrupoBaHibiX IKeNe30yrIepOAUCTBIX CIUIaBOB.
Iluc. kana. tex. vayk: 01.04.13-M, 1975.-C.85-94. 6. ['puroposny B.K. Tsep-

0CTH H MMKPOTBEPAOCTE METAILIOB. -M.: Hayka; 1976.-C.230.
Crhauo g peaacwno 15.05.03
PexoMerposano 0.7.4., npod. Hpyrsuy O,

NMPOBJAEMA OPUEHUPYEMOCTHU JAETAJIEW M ¥3JIOB ITPH
ABTOMATHUYECKOHW CEOPKE B KOMITBIOTEPHO-
HHTErPUPOBAHHOM IMPOU3BOJACTBE

llabaiicosuy B.A. (Texnonocuueckuit ynusepcumem, 2. Keuios, [oavua)

e main factors that effect on productibility of parts and assembly units in re-
pect fo their suitability for automatic orientation system in computer integrated
nufacturing. Some features that effect on machine part orientability such as
ceptibility to cling together transferability and assembling facility are dis-
issed and the most important recommendations to be followed to improve ori-
entability of the parts and assembly unils are given.

 Bsedenue. OpHEeHTHPYEMOCTD ACTANISH ABISETCS OJHOH W3 OCHOBHBIX JIPO-
eM aBTOMATHYCCKOH COOPKH M3MIENHM, T.K. OTUM MPEAONpeIeiseTCs BO3MOK-
Th OCYLIECTB/ICHHUS ABTOMATHYECKOrO nipouecca. Bee fierany no mpHHATHIM
KpUTEPHSM OPHEHTHPOBAHHS YCIIOBHO MOTYT OBITh pasfenenbl Ha HC OpUEeHTH-
pyEMBIe, MIOXO OPHEHTHPYEMBIE W OPUEHTHpYEMble ¢ PasIMyHOM CTENeHbIo
OKHOCTH. 3ajada cocTOMT B oTpaloTKe KOHCTPYKLUMM jeraneif B Hamnpapie-
W YIYYIIeHHsT WX aBTOMaTHYeCKOH OPUEHTHPYEMOCTH WIH TOBBIIEHUH
OBHs apTOMAaTH3aliuKk cGOPOYHOro NPOU3ROACTEA, KOTOPOE, KAK H3BECTHO, aB-
TOMaTH3MpOBao HesnayuTensHo. IlpobreMa ¢ OfHOH CTOPOHLI YCIONKHAETCSH
pacimMpeHneM B HacTOsIIee BpeMs rHOKOro CepuiHOro NpOM3BOACTBA NPH 3Ha-
eLHOM COKPAIEHUH MacCOBOLO, & ¢ JIDYTOH — YIPoIaeTes ¢ Bce GONbIMM
NpUMEHEHUEM KOMIIbIOTEPHO-HHTErpUpoBaHHore npoussoacrea CIM (Com-
ter Integrated Manufacturing) ¢ WCIMOAB30OBAHUEM Pa3NIMUIHBIX HpobIIEMHO-
nerTuposannsix cucteM CAD/CAM/CAE, CAP, SES, PPS, CAQ, TOM, MRP,
OPT. TPM, ILT, ATM v MHOTHX ADYIUX.

- Hsnooxcenue ocnosnozo mamepuaid. OpUEHTHPYEMBIC JIETAIM K TaKOMY
OM3BOACTBY SBIAIOTCH HETOATOTOBICHHBIMH MO MHOTUM KpPUTEpPHsiM. ABTO-
Yeckas OPMEHTHPYEMOCTS 110 CYLUIECTRY SBISETCS dTaloM 0TpaboTKu KOH-
PYKUMH W30EIMIl HA TEXHOMOPMYHOCTD MPH KOHKPETHBIX YCAOBHIX M CHTYya-
X X npouseojicTea. [lootomy orpaborTka OpHEHTHpYEeMOCTH O0BEKTOB
C6OpKY JIOJDKHA BBINOJHATECS B paMKax OTpabOTKM TEXHOMOTMYHOCTH KOHCT-

153



PYKUHHK 10 OT/RIILHBIM DJleMeHTaM cBOPOUHOH ONePALMH, T.€. TPAHCIOPTHPO:
BaHNA, BA3UPOBANHS, CONPSUKEHNUs, PUKCHPOBAHUA, KONTPOSIA, ¢ YCTAHOBIEHH:
eM AONOAHMTETHLHON HEeOOXOAHMON HOMEHKIaTyphl nokazatenci. B cnpasoy
nukax {1,2] npuBoMTCS HECKONBLKO UHOM, Donee obumit moaxom (MeTo;1bi pac:
yera cBopoudkix iterieid, obecricuchne ynobersa cOOpKH, BLIOOP DIICMEITOR
KOHCTPYKIMM [PH pasiuuHbIX cnocobax cOopku), dakruuecku He aKUeHTH:
PYIOLIME BHUMAHMS HA [VIaBHBIX BOMPOCAX TEXHONOIHYHOCTH CoOUpaeMbIX 00k
eKTOB, @ 0COOEHHO NPH UX ABTOMATHUCCKOH cOOpKe. .

Tlo aBTOMAaTHYECKOMY OPHCHTHPOBAHHIO U3BECTHBI paboThI [3,4] u mpyrue,
B KOTOPLIX PACKPBITH OCHOBHBIC [OAMKEHHS, OMUCAHB! MPOLECCH OPUEHTHPO:
BaHMs M MCTIONB3YEMBIC /UIsl ITOTO CPEICTBA, HO MOJHOCTHIO OTCYTCTBYIOT Ma:
Tepuaibl 1o 06CCICYECHUIO ABTOMATHHECKOH OPUEHTUPYEMOCTH B YCIIOBHAX €0
gpeMenHoro npoussoicTea CIM. YuutsiBas crieluduKy ITOr0 1POM3BOACTEY
MaTepHanbl W3BECTHBIX MOJNOKEHHH MO ABTOMATUYECKOMY OPWEHTHPOBAHHIO
MM MONHOCTBIC MOTYT OBITH OTOpOIIeHb!, TGO 10TPebyIOT CYMECTREHHOH J0-
paboTky, HO B GONBUIMHCTBE ClyyaeB HeOOXOAMMBI HaY4YHbIE pa.spaGcnKu A
sanonuenus o6pazoBasiueiics HOBOH “KOMIBIOTEPHO-KITETPHPOBAHHOM® HULIH,

Kak uzsectno CIM obsejmuser pag cucteM (puc.l), Koropele B HACTOSLIEE

] ofecrieverre, Ha4dMHas OT BHIOOpa KOHLICIIHH
K(.wuu.K):e])un-mcrorpwpnﬁﬁm«oeI ITpCﬂIIOHafaEMUH pa:spaﬁOTKH ,H.O noﬂyqeﬂnﬁ g.:

NROUIROALTRO

_JCATRCALIEAM KYMEHTAaUHM, TCXHOJOTHUYECKHUX npoLeccon

i L F‘_:lm_:: “-,§ nporpamm ofpabotku getaneil u cOopku M3je-
g T_?*_"-vmr"iﬁ %;; Jui. Jlpyr#e W3BECTHBIE CHUCTCMBI, Hampumep,
S wsiw 1| 5| C44P, MRP, RDBMS, MES, FTS, FEM, CAX
&8 IE::L'E‘A rsg_ z| PDM, EDM, DRP, DADS, ADAMS, DEAS, DNC,
= | FFC ICAM, OPT u 1.1 JOJKHB ObITh COCTHIKO:
§ [lwcniecen I8 81 Baust ¢ ucnonsayemsivu B CIM, 06pasyst monssil
: 1£§'{i‘: "1 8| ¥ MOIIHBIA NPOrPaMMHBIH KOMIIEKC BBIMOHE:

— uug Beex cBopounsix pador [5]. INockonbky ab-
Puc. 1. CipyxrypHas _ .
oers OIM tomarnyeckas coopka B C/AM OyneT BoImoNHATHC
Ha MCPCHANAKUBAEMOM ODOPYNOBAHMM H OCHA-

UICHUM C [POTPAMMHBIM YIPABICHMEM, TO [IABHBLIM HBIACTCA MPOrpamMMHOE
opuenTupopanue [6].
[Tapamrmpl cGOPOYHOTO NPOUIBOACTBA OYAYILETO IIPENyCMATPUBAOT
wupokoe npuMeHerne CALS-TexHoNOrHH, O0eCnevHBAlOLIHX KaueCTBEHHYI!
cHOpKy, IIOCTPOCHHYIO HAa MOJYNBHOM NpPHMHIHIE, CKBO3HOH MapaMeTpH3aLHi,
[OMHON ACCOLMATHURHOCTY U HE3IABUCUMOCTY OT MPOrPAMMHO-aIyIapaTHO! Cpe:
ant. CALS-texsonoruu wua Gase npoMmsiuuieHunix CAD/CAM/CAE/PDM
Pro/ENGINEER 2000i ofecneudBaloT MOMHBI LMK CO3MaHM MAILWH, HaYH-
Has OT [POSKTHPOBAHKS H 10 MOJIHOI0 UX H3TOTOBJCHHA.
[Tpusnaku coOupaeMeIX JeTaieii, HCMONb3YCMbIE NPH HX aBTOMATHYC:



KOM OPHEHTHPOBAHHH, MOTYT ObITh MEXAHHUYECKHMH, IEOMETPHYCCKHMH, Ipa-
HTALHOHHBIMH, MEKTPOMATHUTHBIMH, HEBMOTUIPABIHYECKUMA U APYIHMH.
{ MEXaHUUCCKUM MPH3HAKAM OTHOCATCS 0COOCHHOCTH MaTepuana JeTaiu, co-
[OSHUE OBEPXHOCTEH, JKECTKOCTE, TPUOONOTMS NOBEPXHOCTEH, PEaKIIMK OTIOp,
dexTsl coyapenust, JaBICHUS U T.II. | eOMETpHYECKNE IPH3HAKH ONUCHIBAIOT
KOHOUTYpaLHIO AeTanu, aCHMMETPHIO WX PACTIONOKEHUS, HYHCIO ocell H ruioc-
(OCTEH CHMMETPHH, XapaKTepHbie MEMEHTH, COOTHOMUEHHE PA3MEpOB, A0nyc-
0B, OTIAOHCHUA (POPMBI, CHENNAEMOCTh U T.1. DNeKTPOMAarHuTHbIE NPU3HAKU
OXBaThIBAKT 2MPEKTH B3AUMOAEHCTBHA € HICKTPOMATHUTHLIMH [TONISIMH, M-
0CTh, CONPOTHBIEHHE, MPOBOJUMOCTE U JApyrue. Tpubonoruteckue NpU3HAKKM
IPOSBSIOTCS 11PH B3aHMONEHCTBHK JeTaleil ¢ paziniHoro pojia noBepxHocTs-
MM TIPH MX nepeMelienty. K rpaBUTallioHEBIM NMPH3HAKAM OTHOCATCS paciipe-
JEEeHUE MAcChl, LEHTP THKECTH, YCTOHYHBOCTE, HHEPLHOHHOCTD, MPENNOYTH-
pHBIC MOJ0OKeHHs, Jpyrue sddexrs! rpasutaunu. [IHeBMoruapasinyeckue
DH3HAKHM — 3TO OOTEKaeMOCTh, B3AaUMOJCHCTBHME CO CTPYyeH, uHble (hhexTs
aHMOACHCTBUSE ¢ ITHEBMATUYECKON MM ruapasnuueckoil cpepoit. K ocrais-
HBIM [pH3HAKaM MOYKHO OTHECTH pasHuHbIe METKH, 001y4aeMoCTs, OTpaKare-
BHOCTB, @ TAKXE ONTHYECKHE, rolorpaduyeckue, TEMIepaTypible H Apyrue
PheKThI, HCHONB3YEMbIE JUI OPHEHTHPOBaHHs. B obLIeM MOXKHO OTMETHT,
TO C MOMOIIBIO MPOABAACMBIX PU3HAKOB JETANCH NPH B3AHMOJEHCTBHY ¢ OK-
KaouieH cpefioil MOXHO Nerko M NpOCTO U3MEHSITH MX ApOCTpaHcTBEHHOE
nojieHHe. TaKoe HPoSB/IeHAE OPHEHTHPYIOUIHX MPHU3HAKOB AMdGepeHIupo-
0 B 3aBHCHUMOCTH OT MHOIUX (DAaKTOpPOB ¥ MOXET ObiTh MCIIOAL30BAHO IIPH
TOMaTHYECKOM OPHEHTHPOBAHMH B 3aBHCHMOCTH OT CTaDHIBLHOCTH 1 BEJIWYH-
bl npoasienms. CIOoKHOCTL OPUCHTHPOBAHMA 3aBUCHT OT HYETKOCTH ¥ Cra-
HABHOCTH TIPOSBISHUS OPHEHTHPYIOLUMX HPU3HAKOB B BRIOpAaHHOM lOIE, a
TAKOKE MHOKECTBA JIPyTiX (paxropos [S].

 B3auMOCBS35 OPHEHTHDYIOLUMX TPU3HAKOB C KOHCTPYKIMCH MepeHaa-
{HBAEMOI0 OpMEHTHpYIowero moayna (JIOM) nokaseiBaer (puc. 2), 4TO Kak-
161l 06beKT MOXKeT 00/1anath HAGOPOM PasNIMUHBIX NPHU3HAKOB, KOTOPbIE B OK-
;" py:KaloUlei cpefie MOryT IposiB-
Cucretsa nparpauwioro yapaenens | JIATBCA TO-pasHomy. HMcrnonk3osa-
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- BaHuu oOnexToB B CIM
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AporpaMMHore ynpasaeHus M nepeHataxBacMbliM CGOpO‘-iElbIM OSpr,il()Ba[iH-
CM, OCHAICHHUEM, Buinonusercs YTOUHEHHE KOHCTPYKIHH, KaK Heraneid u cdo-
POMHLIX Y2108 [HO c])amopam, OnNpeacingiomuM  Mx OPUCHTHPYEMOCTE, TaKk H
f1OM.
MOXHO BBIACAUTL BOCEME TAKMX OCHOBHBIX QaKTOpOB (pHc. 3), KOTOPbIE
B OCHOBHOM U OMpeNefiOT aBTOMATHYCCKYIO OPHEHTUPYCMOCTh. BonsumnucTso
M3 HUX onucauo B pabotax [3,4,6], 0HaKo 310 HOCHT (parMeHTHEI XapaKTep,
K ToMy e pasbpocaHo 1Mo MHOIOYHCHEeHHbIM UcTouHuKaM. [Ipu 31oM cieayer
OTMETHTD, HTO 0COBEHHO €200 IPOAHANTHIUPOBAHO BIUSHUE OJHOIO WX OCHOB-
HBIX (JAKTOPOB — COOTBETCTBUS OPHEHTHPYEMBIX [AETANeH U Y3/I0B TEXHOIOMH-
YECKUM BO3MOKHOCTAM CcOOPOUHOrO 000pYAOBAHUA M OCHAILECHMS, a TaKKe
IMAHUA YHHOUKAUWMH KOHCTPYKTOPCKO-TEXHOJOTHUECKUX PEUICHUH 10 aBTO-
MaTHYECKOMY OPHCHTHPOBAHMIO B cOopke. YHM(HKALUMA KOHCTPYKTOPCKO-
TEXHONOTHYECKHX PEIICHUI TO3BOJSCT PE3KO COKPATHUTH, KaK PA3HOTHITHOCTH
OPHCHTUDYEMBIX Jletaneli, Tak u pasnoobpasue TIOM, cozmaBas xopoinyio oc-
HOBY LISt BHEAPCHKA MOAYNLHBIX TEXHONOIMHA M KoHeTpykuuii. Jdase npu coot-
BETCTBHH KOHCTPYKIMK AeTanu #ilu ¥iaa BCeM OCTAALHBLIM lbamopam, HE BhI-
NONHEHWE NPHBCICHHBIX Bbillle, CYIMECTBEHHO CHIKAET WX ABTOMATHUYECKYIO
OPHEHTHPYEMOCTS.

CnabpiM 3BEHOM TpH Iie-
pexope x CIM seasercs co3-.
N@HHE W [OJUEPKKA eUHOTO
HHGOPMALMOHHOIG HPOCTPAH-
cTBa, ofecneuuBaioniero ad-
bexThBHYIO paboTy BCEX CHC-
TeM. JIast 31oro BHYTpeHHHH
dbopmar xpanenns aiinos
COOPOYHBIX JAHIBIX OJKEH

Tuxttonorude- [
(74204
| poamomnmocTa §
d céepoamors B

Metoni n
TOUHOLT
AT MATHACCHOH
choprH
AeTaneif

Eencrpyeums § Chopovsan [Ceomerpua
chopeuni: 8 PHEHTHPY & MOC CPHEHTHPY MUK
coepuiennd  f neTaned o neTane,

Wik T BHIT KOMIIAKTHBIM K TOYHBIM

g npu ofecnevyenny BePTHKAIL-

Feunonoma Timmio- P 3 5

chapornore e | MEXARICIECKHE HOHM H TOPHU3OHTANBEHOH CO-
yIRa Bazoeee CHORCTER

™ noBEpRuccTi el BMECTUMOCTH C JAPYIHMM CHC-

L i linal temamu CIM Ba yposue 06-

AETAIH

MeitHbpiX  (ainos. B wacros-
iee BpeMs M3BECTHHI OOMEH-
Puc. 3. ®aktophl, onpeaensiomme OpUeHTH-  ppie Qaitnns  DXF, STEP,
PYEMOCTh ACTAJICH M Y3JI0B NIPH apTromMaTude- [GES, VDA FS u Apyrue, Ko-
cKoit chopre TOPBIM TIOKA TIPUCYL(H TaKHe
HEJJOCTATKH, KaK YYBCTBH-

TENLHOCUTE K M3IMECHEHHIO BEPCHH, OrPAHHYEHHOCTE B Bb!ﬁope CIIOCO6OB XpaHe-
HUSL HHMOPMAUMH, TIOTEPSi TOMHOCTH M T.1. YacTo mpaBuaLHbie (aiinel CIUTH-
BAIOTCA © OImndKaMu win Aaxe BoBce BOOOUIE He cyMThIBAIOTCS. B HACTOsIIEe
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A HE H3BECTHLI CnOCOﬁbI KOMIIAKTHOIO OIiMCaHWuA C60p0‘~{libl}( HAAaHHLBIX, B
UHCIIE ¥ 110 8BTOMATHYCCKON OPUEHTHPYEMOCTH 00BbeKTOR cOOpKH.
petaraetcs And GopManM3alMi JaHHbIX OPUEHTHPYEMOCTH AeTaiei uc-
30BaTL MATPUUHLIA aniapar, a uMeHHo, obbsemubie marpuubl [7]. Taxas
pHila MoxeT ObiTh 3aMcana Kak-

Mf.*=M!.‘ﬁMrkﬁM.i, ()

L MU,M&,‘A{”‘ - cOCTABNAIOIWME 00beMHOM MaTpHLLL, ABIAOLHECH eC I1e-
YEHHEM, T.€. DNICMEHTAMH O/IHOBPEMCHHO en HNpHHaJIeKalMMHA.

- i 'y T 1 i)

g -

- ralPret Y g et te
M13 iy U M3z U M4ﬂv MSU- N‘Bﬂ M?D MB i

. 4. Pacuimpenue oObeMHBIX MATPHI[ OPACHTHPYEMOCTH AeTaJIEH NPy aB-
aruyeckoi cdopke

Ipennaraemast cxeMa onucanus cOOPOYHBIX JAHHBIX 110 OPHEHTUPYEMO-
eraneil (puc. 4) MpeAycMaTpUBAET MCIOABL3OBAHME psijla OOLEMHBIX MaT-
PacKphIBalOIUKMX OPHCHTUPYIOIKE npusHakk. Marpuiia M, onmucelBact
UEHTHPYIOTIME TIPH3HAKY, CBA3aHHEBIE ¢ BHELIHeH GopmMoi codupaeMEIx jeTa-
H Y3710B [10 TPEM HArpaBlieHUAM: { — PA3HOBHAHOCTH (POPMEI, j — THIT OpPH-
[PYIOLIMX TIPU3HAKOB, & - d(dext npoasrenus npusnaxa. Kaxasit oTnens-
i oaeMeHT Takoil Marpuubl Moker OBITH 3apOABIINEM pacilUpsiomed ero
(ylowel oOBeMHON MarTpHilbl M, , HaupaMep, reOMeTpHH KOHCTPYKIHMOH-
X IPM3HAKOB. B CBOIO OUepesis AMEeMeNT 3TOi MAaTPHII PACIIUPAETCS MaTpH-
i pu3HKO-MeXaHWICCKUX CBOHCTB Mj, aeMeHT KOTOpO#t B CBOIO OYeEpe/b AB-
5 OCHOBOW MOCTPOEHUs HOBOM MatTpuisl M, 0a30BBIX nopepxHocTelt u Ha-
Ix geraneit. Marpuita M, pacumpsiercs MaTpuieit Ms; KoMMOHOBKM c6o-
oro yana, Ms - marpuuci M; KOHCTPYKUMH cOOPOUHBIX COCOUHEHUH COo-
HbIX geraneit, My — Marpuueil M; MeToaa U TOUHOCTH ¢OOPOYHOTO COEaU-
5 W, HaKoHen, M; — marpuueil Mg TEXHONOTHYCCKUX BO3MOKHOCTEH cOO-
yHoro obopyjlopaHus ¥ ocHaiienus. Taxum 0OpazoM, MOKHO BECHMa TOUHO
JHCaTh CKOJb YTOAHO DONLIIYIO M [TONHYIO mlcllopmaumo 10 OpHEHTHPOBA-
00BekTOB apToMaTH4eCKol chbopru.

- Onyckas npoMexyTouHble TpeobpaioRaHus, MaTpHia OPHEHTHPYIOUMX
HAKOB JICTall{ 3aIHCHIBACTCS KaK

P Pz Piz
OP, = Par P2 P ’ 2)
Pg1 Ps2 P83
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FAC p, - PasHOBHJIHOCTH OPHEHTUPYIOIMX NPH3HAKOB ACTANH, OMMCAHMHBIN
oDBeMHBIMH MaTpuiamu (puc. 4)

K APEHMYIHECTRAM TAKOIO NOAX0HE TOMHMO KOMMNAKTHOCTH MOMKHO 0T-
HECTH BO3MOXHOCTE PAa3HOCTOPOHHETO PACLIMPEHHS M YrRy6ieH!s onepupye
Mo# uHpopmatmu. Paciupenve obecneynsaer hOopMaNUALMIO IPOU3BOIILHON
KOJH1eCTBA COOPOYHBIX JIAHHBIX, KOTOPBIE 32 CYET BBEACHUA HOBHIX KpUTEpUED
MOTYT ObITb ONMCAHLI JOTONHATENLHBIME MATPHIAMH. Ipencrasnennpie mar-
PHlbl B AalbHeHIIEM JIETKO NPOrPAMMUPYIOTCH M MATEMATHUCCKM obpabarbi-
BAIOTCA, 1TO HEMANOBAXHO MPH ONTHMHA3ALMM PEINEHHS, ¥ MOTYT BBIT) JOBE/e-
HBI IKE 110 CXeMO-UYKCIEHHEIX 3HAYEH NI,

Buigode:. TlpoGaema opuenTupyeMocty etaneii u y3ios IIpH ABTOMATH-
qeckoi coopke B CIM 3aknrouaercs B obIeM NOBbILIEHHM YPOBHS OpUEHTH-
PYEMOCTH 33 CHCT TPAaBHILHOIO MOAOOPA M MCMONB30BAHKS OPHEHTHPYIONIKN
MPH3HAKOB 1 OTBEYAKOILUX MM CIIOCOBOB aBTOMATHYECKOTO OPHEHTHPOBAHHS, i
TAKIAKE POTPAMMHOTO 0becredeHus: HTHX JaHHBIX B SAHHOM UH(BOPMAIHOHHOM
npocTpatcTse. Bropas uacth npoGiembl [IpefyCMAaTpHBAET MCHONB30BAHME
OOBCMHBIX MaTPUL, UMEIOLIHX BOIMOKHOCTL HEOrPAHHUCHHOTO Pa3HOCTOPOH-
HErO paclupCHus ONEPUPYEMOil HH(OPMAIIMK, KOTOPSIE IerKO POrpaMMupy-
FOTCH, MATEMATH4eCKH 0OpabaThIBAlOTCA M MOTYT GBITh JOBEACHBI 10 CXEMO-
YHCIEHHBIX 3HAYCHHUH.

Crnncor nmrepatyps: 1. Texuonoruunocts koueTpykumu: CripaBodHiK
/ Ton pen. YO 4, Amupopa. —M.: Mammnoctpoesue, 1990. 2. TeXHOTOTHIHOCTS
koHCcTpyKuuH. [lon pen. C.JLAwasbesa u B.JLKynposuua. —M.: Maiumo-
crpoenne, 1969. 3. 3amgruy B.K. Texuosorus M ochaiienue IPOM3BOJICTE
MatmHonpudopoctpoenna: CrpaBouHuk. ~M.: Mammnocrpoenine, 1995, 4,
lepenanaxusaemble cGopounbie asromarst. [lox pea. B.A.Sxumosuya. —K.
Texnuka. 1979. S. 1llaGaiikosuy B.A. IlpoGiemsl ¥ HanpaBieHus cOopku b
mammHocTpoenuy Ha py6exe XXI pexa. / Coopuuk tpyaos VIII MexayHapo
Holt koHGepenumu. T. 2, Honenk, 2001. 6. [laGaiikosuy B.A. ITporpavmHoe
opuenruposanue jieraneit. —Jlssos, Buina mxona, 1983. 7. llabaiikosuu B.A.
MoaynbHO-MaTPHUHBIA NOAXO K (POPMUPOBAHHUIO EAMHOIO cBOpPOUHOTo WH- .
$opmaunonroro npocrpancrsa. /ABTOMATH3ANKA: NPOGICMBI, HICH, PELICHHA,
Matepuansl MexyHapoaHol kondepentwin. Cepactonons, 2002.

Caano s peaaxumo 10.06.03
Pexomennopaiio 471, npod. Muxaiinos AH.
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IKOHOMMHYECKAS HEJECOOBPAZHOCTS H NEPCIEKTUBBI
NPHMEHEHMSI HOPOIIKOBBIX KOMIO3IUILIUNA PASJIMYHOM
: npupom,l [IPU U3TOTOBJIEHUH AHTU®PUKIIMOHHBIX U
M3HOCOCTOMKHUX U3AEJINIA

Wapudor 3.3. (43T, baxy, Azepbaiidacan)

the basis of the carried out researches is developed new directions of manu-
ure of powder materials and products with application of rational methods
loy, including metallization not metal and metal granule, which has the large
nomic benefit.
Kax u3zsectno, Gponssi n GponzorpaduTsl ABAAIOTCS QOPOTOCTOSILMH
CpHaNaMu, M TOITOMY OHUM HE TIPUMEHSAIOTCH JUTS M3TOTOBIEHMA CPeXHEe-H
NHOraGapuTHLIX aHTUQPUKUHOHHBIX H3fenuii. [Tpy samene ux xenesom,
epxKaieM MeLHEHHBIH KOKC, MOSBIASTCH BO3MOXKHOCTH IKAHOMMH TIOPOLI-
OPOH3BI HAH MM U OJIOBA M, CIENOBATENBHO HPHMEHEHHS THX Martepua-
JUI M3rOTOBJEHAS. KpynHOrabaputHbIX uszenwit. BecbMma sddexTHBHBIM
PHAMOBEIYCCKUM DELIEHHCM ABNACTCA WCKIIOYeHHe rpaduTa W3 cocrasa
EYCHHBIX MaTepHaNoB MyTeM 3ameHsl ee Ha koxc [1,2]. Kak mokasan pacuer
OHOMHUYECKOH I(PDEKTUBHOCTH OT NPUMCHEHHS TTOMILUITHUKOR CKOJILKEHHUS
H3 Xene3’a ¢ MeIHCHHBIM KOKCOM, JUIS 3JIEKTPOJIBUrATENCH BEHTUISITOPOB Obl-
BBIX KOHAMIHOHEPOB B3aMeH OpPOH30BBIX MOILHTHKUKOB 3KOHOMMS COCTABISI-
cebiiie 40008 CIIIA. 3amena rpadura B cocTaBe LIUMXTHI Ha OCHOBE JKeJie3a ¢
KCOM  YTyHIUACT TAKKE TEXHONOTHYAOCTb H3TOTOBICHHUS BBICOKOTOYHbIX
AIHITHIKOB CKONBXEHMS [IYTCM NIPUMEHEHHS TEXHOIOTHH KalnOPORKH.
~ [lpyruMm ansTepHaTHBHBIM pClUeHHEM 3aMeHbi GpoH30rpapuTOBR ABNSETCS
NIONE30BAKME B COCTABE LIMXTHI HAa OCHOBE XKEeNE3a CTPYKKOBBIX OTXOHOB 4y-
Ha, CTOMMOCTE KOTOPbIX cocTasser 10% CTOMMOCTH 3KeJe3HOro IOpOLIKA.
K, paspaboTanHble KENe304yIyHHBIE KOMIIO3HLUMH, NErMpOBAHHEIC MEIHeH-
IM KOKCOM OTJMYAIOTCH KAK BHICOKHMM 3KCIUIYaTAUMOHHBIMU XapaKTepHCTH-
MH, TaK M 3KOHOMHYCCKMMM TIpeuMyuiccTBamu [3]. Pacdersl 1oKasbIBaroT,
OpH 3aMEHE TOMIANHNKOB CKONBKCHHUS 3MeKTPOIBATaTE el BEHTHIATOPOR
ITOBLIX KOHIULIMOHEPOB 13 HponzorpadhuTa Ha pa3zpaboTaHHYIO KOMITOZHIIHIO,
OHOMHSA cOcTapideT cpbllie 60 mMuH. MaHaT B roa. Eue Gonblue 3KoHOMUSA
MOKeT ObITH JOCTMIHYTA B Clyuae NPUMEHEHHMs JKEeAe304yryHa B3aMeH MOji-
HHMHUKOB KavueHHsI,
: Bonbinas 9KOHOMHS JOCTUTAETCs B CAYYac NPUMEHEHHS KENe30UYTyHOB
B3AMEH TPAMUHOHHBIX [TOPOIKOBLIX MaTepHallos M 4yryHos. Tak, Hanmpumep,
HCMOB30BAHME JKENE304yIyHa B Ka4YeCTBC MATepUaia NMIWHAPOB POTaLMOH-
HhIX KOMIIDECCOPOB B3aMEH YYIYHHBIX OTIIHBOK JAeT OOBILYK) YKOHOMMIO 34
€T UCKIIIOUEHHA MHOFMOYHCIIEHHBIX ONepaluif o MexanHyeckoi obpadoTke u
YMEHBILICHHs pacxo/a sHeproHocuteneid. B sTom cnydae SKOHOMHMS OCTHraeT-
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Csl TAKKE 32 CHET 3aMeHbi B umxTe 50 Mac.% ee3Horo nopoutka rnopoiiKoM
‘iyl"yHi-l.

[Tpu nepexone or 4yryHHOrO UMAMHAPA POTAIMOHHONO KOMIIPECCOpa Hi
NOPOLIKOBLIH, €XErojiHas dKOHOMME NPU MONHOI MOIIHOCTH paboTsl 3aBOj
MOMET COCTaBMTh cBbilne 600 man. manar. [oMHMO 5KOHOMMHH CYLUICCTREHH!
CHHIKAETCA METAII0EMKOCTL MOPOUIKOBLIX 3ar0TOBOK HMAMHipor. Tak, eciy
Macca YyryHHOTO HMIMHApa Ha oauH KoHaunuowep monenu BK-1500 coctas
asier 1100-1200 r, To Macca HOpoLIKOBOrO nuakHApa - 650+5 r. Cnejnosarens
HO, B UyI'YHHOM BapuanTe Ha 40-45% meranna npespaiaercs B CTPYXKKY, a
MOPOILIKOBOM — BCero Ha 5-7%.

3HauMTeNbHBIH TeXHUUECKUM W SKOHOMMYecKMH 3hdexT aocTuraercs
TPy MPONUTKE pa3paloTaHHBIX KOMIO3WHKi HHrUOUpOBaHUBIMH Maciamu [4].
M3BecTHO, YTO CTOMMOCTL MHIMOMTOPOB, NONYYACMBIX U3 OTXOA0B HedTenpo-
JAYKTOB HEBBLICOKAS, & TOCTHIaeMBblH TEXHHYECKHH 3P deKT 3HAYUTENEHO BBILIE,

Tak, NpoNUTKa NOPOILKOBBIX U3/EIHIA HHIUOHPOBAHHBIMH MAC/IaMH, 3Ha-
YUTENLHO [OBBILIAA H3HOCOCTOMKOCTD M KOPPO3HOHHYIO YCTOHYHBOCTE M3EIHi
NPUBOJIMT K JKOHOMMH MaTePHANILHBIX W TPYAOBBIX pecypcoB. B 4acTHOCTH, 3d-
MEHA JIONacTH POTAIMOHHOI0 KOMIIPECCcopa U3 JICTHPOBAHHOIO YyIyHa Ha JKene-
304YYIVH, NPOMHTAHHBI HHrHOHPOBaHHBIM MAacNOM [O3BOJHT MONYYHUTH €Ke-
FOJHYI0 YKOHOMMIO ¥ MOBBICHT JOANOBEYHOCTE KOMIIPECCOPOB.

llpiMenenne MeTONOB pAlHOHANBHOIO JIETHPOBAHMA M IPONUTKH no-
POUIKOBEIX 3ar0OTOBOK HHIHOMPOBAHHBIMH MAaciaMH MO3BOJIAST YBEIHYHTE CPOK
city 0Bl B KOPPOZHOHHOCTOWKOCTE MOPOIHKOBEIX JeTalnel ObITOBBIX KOHMUMO-
HEpOB, PafoTaIOHIMX B ArPECCHBHON GPEOHO-MACTAROMN CPEJE, a CIISIOBATENBHO
B KOHEUHOM HTOE MTOJIYUMTE PEANbHYIO SIKOHOMUIO. :

Takum oOpazomM, dxKoHOMHYECKas UeNecoobpazHocTs NpUMeHeH S paspa-
DOTAHHBIX MOPOUIKOBBIX MATEPHAJIOB MOBBINIEHHON H3HOCOCTONKOCTH MW KOPpPo-
3MOHHOH YCTOHYMBOCTM HE BBI3bIBACT COMHEHWH, 8 MX BHEIPSHUE B MaCcCOBOE
NPOH3BOJICTBO JleTafed MEeTOAOM XOJIOJHOrO MPECCOBAHMA C MOCHCAYIOUIHM
CIIEKAHHEM IPOCTO ¥ He TpedyeT JOMOIHUTEILHBIX ONepaliid. DTHM U peluaer-
¢S HAPOIAHO-XO3sHCTBEHHas 3a/1a4a — upobaema nepepadoTKu CTPYKKOBSIX OT-
XOJIOB YYryHa B NMOPOUIKOBLIE M3HOCOCTOMKHE M3/ICIMA.

Ha ocnose rnpoBeleHHBIX MCCHEAOBaHWI pa3paboTaHO HOBOE Haripaslle-
HWE MPOU3BOJACTBA MOPOIIKOBBLIX MATEPHANOB M M3JIENMH C MPUMCHCHUEM pa-
LHHOHANBHBIX — METOJOB  JNEIMPOBAHMA,  BIIIOYAKILMX  METAIIHM3aiHK
HEMETAUIHYECKHX ¥ METAJUIMYECKUX TPaHyil. 3TH MeToabl OCHOBAHbLI Ha Tpex
NPUHLMIAX JIETMPOBaHMs ILMXThI U MaTeprana.

1. Merannusanys HeMeTATUTHHECKHMX BKIIOYCHUH ¥ BBEICHHE UX B LUMXTY
B MCTA/UIMIMPOBAHIOM BHJIE.

2. Metannu3aius MeTAUIMYECKEX YacTHL, ¥ HEMETAIIMYECKHX BKIIIOYC-
HUN ONHUM M TEM e MEMEHTOM W CO3JaHue APH ITOM UHTEHCHUBHBIX Anbdhy-
JHOHHBIX 30H, KAYECTBEHHO M3MEHSIOUIMX CpallliBalins pastiopO/IHBIX HacTHIL
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3. [puMeneHHe MeTO/1a NPOMHTKH CHEYCHHBIX MTOPHCTLIX M3ACANA HHIH-
OBAHHLIMM MACHAMH IS TIOBGLIIEHUS MX aHTUGPHKLIHOHHBIX CBOHCTB W
DO3MOHHON YCTOHYHBOCTH.

B 3aBMCHMOCTH OT NpeAbABIsSeMbIX TpeOoBaHMit K Ka4eCTBY NOPOIIKO-
X W3neHi, 06Ok 13 ITUX IPUHIIUMOB IErUPOBAHUS JIEFKO MOXHO peau3o-
B HPOMBIUIEHHBIX yelioBuax. B 3Tom acnexte Boliee nepereKTHBHO NPH-
eHye MPUEMOB JIEFMPOBAHMS METAIIM3HPOBAHHBIMUM YACTHIAMU-OTXOAMHU
BOACTBA [ M3TOTABIEHUS KPYNHOIabApHTHBIX 3aroTOBOK, NOCKONBKY
| 9TOM YJIAeTCA 3HAYMTENHEHO CHHIUTL CTOMMOCTE [OPOLIKOBBIX U3JINHi U
cHTh Kak TpUBOTCXHHYCCKHE CBOHCTBA, TAK M KOPPO3UOHHYIO YCTOMYM-

Tak, HanpuMep P AeTajlell HACOCHOTO y371a POTALMOHHBIX KOMIIPecco-
BBITOBBIX KOHAMUMOHEPOB [0KA €LUE UITOTOBASIOTCH M3 METAIIOEMKHX My~
HEIX OTAHBOK. Cpesin Hux HaubONBIINK HITepec NMpejICTaBisieT pama — He-
i fleTans KOMIIPECcopa, BhITONHAIOUAN OAHOBPEMEHHO M POlh OCHOBHOIO
OMUMIHAKA Y372 Tpenus. Macca HyryHHO#H OTIHBKM PaMbl COCTaBIAeT 2,5 KT,
MMOCTh OfIHOM pamsl cobiitre 8-10 Thic.$ CILA, a exeroanas norpebHOCTD ~
Thic. wWryK. Cle/logareabHo, Kak ¢ SKOHOMHYECKOM, TaK U C TEXHHYECKOH
KM 3peHus [1ePeBOl YYTYHHOI paMbl Ha MOPOLIKOBYIO BBITOAEH.
C oaroii uenso Hamu pazpaboraHa KOHCTPYKIMA MOPOIUIKOBOH pamsl
c.1) ¥ B3TOM cnyuae TONBLKO IKOHOMHS MaTepHasa OAHOMN 3arOTOBKH pambl
rapaser (0,5 Kr, He rosops YKe O JUKBUAALIMK psJia Oepauuil mexanude-
it 06paGoTKH, TAKMX KaK CBEpIEHHE PafiHallbHbIX OTBEPCTHH, TOYEeHHE, (pe-
OBAHHE W T.I.
IpeccoBanue pamsl MOMKHO MPOBOAHTL B npecc-(opMme ¢ npUMeHeHueM
VIMPYIOIIETO MyacoHa BeTaskyu [S]. Dromy criocobeTByeT M cama KOoHpH-
UHA paMbl, COCTOALIAS U3 [1EPEX0JIOB PA3IMUHLIX YPOBHEH, NCPreHaAMKyIIsip-
. HanpapJIeHMIO MPECCOBaHMA, KOTOPbIC MO3BOJAIOT U3IOTOBUTHL ITyaHCOHBI
aBHBIMH, 71 0OPa3OBAHUS JONONHMTENbHBIX FA300TBOAAIMX KaHalos. Pa-
MOXHO M3TOTABAABATH M3 NMOPOLIKOBOH JKENE30MYHHOH KOMIO3MIMH, COMep-
eit 10% MeaHeHHOro KoKca.
~ Kax noxaselBaroT npeasapurellbHBIe PACHETRI EPEXO OT HyryHHOH pa-
'K IOPOLNKOBO# ITO3BOAUT NONYYHUTH 3aBOAY ObITOBBIX KOHAMIIHOHEPOB CHKe-
HYEO 2KOHOMHUKO B pasmepe 15-20 teic.$ CIIA.
pMa [EPCMAEKTHBHOM ¢ TOUKHM 3peHMS Mepexoia Ha MOpOIIKOBBLIA BapHaHT
IMETCH TAKXKE M JIONACTh KOMIIPECcopa, M3rOTOBIAEMOi U3 CEeLMaIbHoro Jie-
BaHHOro uyryHa, OneitT 3apy0exubix GUpM MOKasbiBaeT, YTO MHOIME M3
X y)e NepeuLiy K MOpoLIKOBOMY BapHaHTy jonactv. OHako, BCE OHW MpH
[IPRMEHSFOT TEXHOJIOIHIO ropsSUei INTAMIIOBKHA MOPUCTHIX 3aTOTOBOK, 9TO,
YCOBHO, ABAsIETCs GoNee TPYAOCMKOM 1O CPABHEHHIO € TEXHOJOTHCH XO-
OO MPeCCOBaHMs ¢ MOCHCAYIONHM ClIeKalineM.
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Puc. 1. ITopourkosas pama
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Puc. 2. JlonacTk poTaiMOHHOrO KOMIpeccopa

Kondurypanus 1 pa3Mepb! JONACTH TAKOBbL, UTO TO3BOJNSIOT IPHMEHATH
TIpY ee U3rOTOBJICHUM TIPUEM XOJIOIHOIO HpeccoBaHus B "HoTerolei” Marpuie
[6] ¥ mocTHYE NMIOTHOCTH IIPECCOBKH NOPS/IKa 7.,5-7,7 vlem’ (puc.2). B xauecrse
Martepyana AJisl JOIACTH MOXHO UCIONB30BATE JIETHPOBAHHYIO JKENE30YY Y HHYIO
KOMIIO3HLIMIO. o '

TpepBapuTenbHLIE PacYeTs! MOKA3BIBAIOT, YTO B Cly4ae HepeBoaa YyryH-
HOH JIONACTH Ha MOPOMIKOBYIO eXeroAHas 3xoHomus cocrasnsger 25-50 Teic$
CILIA.
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PazpaGoTaiinbie MaTepHaibl THIA JKENE30 C MEJHEHBIM KOKCOM, JKejle30+
HEHHOEC HENEC30 C MCAHEHHBLIM KOKCOM M KENCIOUYTYH C MCIAHEHHBIM KOK-
M, @ TAKKE TOPUCTLIC W3AC/HA, 1IPOIUTAHHLIE HHIHOMPOBAHHBIMM MACIaMH
KHO MCTIOMB30BATEL B y3nax TpeHud ObITOBOH TEXHUKH, NeKTpoaBUraTeneil u
TEIPOMBICIOBOIO ODOPY0BAHNMS.

B rabnuue npeacrtasned nepedeHb NCPCHEKTHBHBIX JeTaneil, HaMeuae-
M3roTaBAMBaTh B Oy/lyLieM u3 pa3paboTauHbiX MOPOLIKOBBIX MATEPHANOB
 TEXHONMOTHU XOJIOQHOrO NMPeCcCOBAHMA C NPUMEHEHHEM HOBBIX METOOB je-
poBanysi IWMXTHI. IlpeaBapuTenshble pacueTsl JKOHOMUUYECKOI 3 dekTHBHO-
H i COTIOCTaBJICHHE Pe3VNILTATOB M3HOCOCTORKOCTH JeTanei, U3roToBIeHHbIX
CYLIECTBYIOWICH ¥ HOBOH TEXHOJOIMH, TOBOPAT B N0L3Y NOcheaHek,

oniua - [lepcnexTuBibie AeTANM U [IEPEBOJA HA TIOPOIIKOBBIA BAPHAHT H3-
TOB/IEHHS 110 pazpaboTaHHOH TEXHOIOrHH

 Haumenosanue Cynectsyio- Hopomkossiii TeXHHKO-2KOHOMH-
' JeTanm Wit BapHanT BAPHAHT ueckuit addexr
Komiipeccopos | CrenuanbHblil | XKeNe30MyryH + MCIHEH- | IKOHOMHUA JI0 25 ThHIC.
BBEIX KOHAMIIHO- GYTVH HEL KOKC $ CHIA M. maHat
B: paMa K JIOTIacTh
(GpUKIHOHHBIE Bponsorpadwmr | skenesomennensniii lioBblunenue 3noco-
ami GBITOBOM Tex- KOKC, JKene- CTOHKOCTH B 2 pasa
KH, dEKTPOJBHI A~ 30+ MEAHEHHOC Kele-
€1, ANCKTPOBATOHOR 30+METHCHHbIH KOKC,
. Y3708 KEMC303yryH Mej1-
HCTDYKIMOHHBIE ie- | YIJICPOAHCTas | HeHHBIA KOKe [Mosbituenue U3HOCO-
i (Konbia Ganan- CTaNb Kese3ouy- CTOHKOCTH M KOPPO3H-
BIX KATKOB TPAK- YHEMEANCHHLIH KOKC | oHOH YCTOWYHBOCTH B
1 2-2.5 pasa
CTAJH CAMBIX pai- XBI', X12M, IKOHOMUSA IeQHUHTHOH

HHBIX MaumH, pado- | SXHE, SXHB, | meanensoe xeneso + crann
OUIHX B CHABHOI SXHT, HIX15 | X12M
PasHBHOIL, IpO3HON-
i, KOPPO3ZHOHHOH K
BRICOKOTEMMIEpaTyYPHOM
ne (riyOuHHble Ha-
BI M JIP.) HIX15
leratn macrmnix wa- | X12, P18 IKOHOMHSA JeHHUHTHON
0B METAILIOPEKY- Meauennoe xeneso + | cranu
X CTAHKOR X12M
[OALHNHNEK, OITOPEI
bKEeHMA OYPORBIX IKOHOMUA NePUIHTHOI
oT HKenezouyryn + wmejl- | crann
HCHHBII KOKC .

B zaBucumocTH or )’CJICIBHE:I JKCILTYaTauMK JeTaid, HW3rorosisieMble H3
paﬁoraunmx MaTepyuanoB, MOryT OBITH camoro PasIMYHOro Ha3HAYCHMA!
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- HEHATPYREHHBIE M MATOHATPYIKEHIbIE KOHCTPYKLIMOHHOIO HasHAUEH S,

- cpeanenarpyxentibie (1e0eAKN, XPArioBHKH, 3aIIENKH U AP.);

- HArpy/KeHHble, noasepraioiyecs Tepmudeckoil obpaborke (BTyKH, po-
SUIKH, FKHMHBLC SKCUEHTPUKH W AP.);

- paforaloline Ha MCTHPaHMe, C BBICOKOH IOBEPXHOCTHOH TBEPAOCTHI
(ruppoabpasuBnas cpeda ¥ T.IL);

- aTPPUKIMOHHBIE (BKAQBILIE, BTYIIKH, KOMbUA, CYXapH, HOAKITHHKH
CKONBKEHMS M Ap.). 3
Takum 0Gpa3zoM, HOBOE HAMPABAEHUE U3TOTOBNCHUS BLICOKOMIOTHBIX MO-

POIKOBbIX MATEPUANOB ¢ MPUMEHEHHEM PALMOHANBHBIX METONOB NeTHPOBAHKA
MOKET GbiTh HCIONB30BAHO MTPH ITPOUIBOACTBE W3/IENHH KOHCTPYKIMOHHOTO W
AHTHOPUKIIMOHHOTO HazHAueHUs s paboThl B YCIOBMSAX BO3JCHCTBUA arpec-
CHBHOH Ccpefsl. '

Cnucor mureparypst. 1. Ulapudos 3.3, Kopposzuonnocroiikoe nerupo-
BaHME NOPUCTBLIX Matepuanos. Monorpadmus, u3aarenbeTBO «TeXHOMOMMUCY,
Joueu., Yrpanga 2002. 2. Hlapudos 3.3. UsolicTsa crieuenHOro Marepuana A
OCHOBE JKe/le3a, JErMpOBanioro rpanyiaMu MeaueHiioro xokca. CGOpHUMK Tpy-
aos  [X Mexnynapoanoit  payvuno-texuudeckoit xondepenuuu. Tom 3,
r.Cesacronons (Ykpauna).2002, c. 118-121. 3. Z.Z. Sharifov. Ways of Increase
of corrosion resistance provider materials. Journal of Metallutgy. Broj 2, volume
8. Belgrad (Yugoslav) 2002.p.103-109. 4. Hlapudos 3.3. AHTHQPUKIUHMOHHEE
cBOMCTBA ¥ KOPPO3HOHHAS CTOMKOCTEL CHEYEHHDBIX KOMITO3UIMM, IPOIMTAHHBIX
unrubuposanneiv Maciom. Coopuuk tpynos VI Mexzayuaponnol HaydHo-
texauyeckoil kongepenuun. Tom 2.r. Cesacronons (Yxpauna) 2001, ¢ 240-
247. 5. Mamenos A., [apudos 3. Tpecopma A4 NPECCOBAHMA CTYNEHYATBIX
nopotukoBeiX u3genuit. [Marent ANe20000056, 23.03.01. 6. Mamenos AT,
Mamenos B.A.. Aamnes Al Ilocnesuue nanpaenenust B 00JacTH X0J0IHONQ
[IPECCOBANUS MOPOIIKOBBIX MATCPUANOB /MATEPHAIILI, TCXHONOTUH, HHCTPYMEH-
Thl,=-Munek-1.7 (2002), Ne1-(98-101)/. :

Cpano 8 peaakumeo 10.06.03
Peromesnosato i T.H., apod. Mixaiinos AH.

BJMSIHUE OT/RUTA ITPOBOJTOYHBIX 3AFOTOBOK HA
CTPYKTYPY U CBOUCTBA BOJIb®PAMOBOU [IPOBOJIOKN

Hlanosan A.H., Hpuayuxnii AL (THLTC « Ceemxepmemn, 2. C6emao6odck, !
KITTY, 2. Kpemenuyz, Yrpauna)

Explored the first and second recrestalizations of tungsten Al Si alkali (AKS)
was showed by the addition that ingection in technology circuit intensive defor-
mation helical rolling appreciably increase the building-ways of structure and
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form stability of bodies heater in comparation with traditional circuit with rola-
tion swaging of wires rods,

Beegenwme. [pepiayiure 3KCHEPUMEHTANBHBIC MCCNENOBARMS [OKA3a-
M, YTO KauecTBO BOALPPAMOBOH MPOBOMOKH Jf TC/ HAKANA CBETOTEXHHuE-
CKHX NpUDOPOB B CYHIECTBEHHOM CTENEHM onpejieiseTcs GoPMOYCTORIHBOCTBIO
clMpanelf ipy BLICOKMX TeMNEpaTypax. JT0 JIOCTUraeTca BBejJCHUEM B BONb(-
M ALK-Si (AKS) — npucazaxn [ | |. B cooTBercTBHY ¢ “Ny3BIpLKOBOH" MOJie-
10 [ 2 ], nprcagka co3aaér B Xoje PeKpUCTA/UIM3ALMK BOMibhpama paabl Mmy-
PLKOB C KafiMeM, sBasomxces DapbepaMy Ul AXCIIOKALMH W HOBBILIAIONIKE
(opMOyCTOHUMBOCTS Teil Hakana. B CBA3M ¢ ITMM 3HAYMTENHHBIA MHTCPEC
fpeacTaBnseT MeXaHu3M 00pa3oBaHMA W pacrpefesieHHs My3bIPLKOB B XOJE
peKpHcTanau3auun Boanppama c AKS- npucaakoit.

Henn paGoret. Lieasio wacrosuwieil paboThl ABIANOCH HUCCAEAOBAHME
BIMAHKS PEKHMOB PEKPUCTATIH3ALMOIHOIO OTXHMIA B TEMNEPaTypPHBIX YCIO-
BHAX SKCIIyaTAllMy TENl HAKala Ha CTPYKTIYPY M CBOHCTBaA BOAL(paMoBoil npo-
Bonokyn ¢ AKS- npucaixoit.

' Marepuain # pe3ynbTarT HecjHegopauus, MeToJaMu INEKTPOHHOM

TMUECKOH cxXeMol sBasaack cxema A.

B xoje oTpaboTKu NpOMBIIIIEHHOH TEXHONOTUM MONYUeHusl BOJib(pa-
MOBO#H MPOBOMOKK CIIELIHATBHOIO Ha3HAYEHMS UCCHSNOBAHO BIMAHUE OTIKHUIA B
HHTEpBAe TeMIIEpaTyp NepBUyHOl pexpuctamsatun (1250-1750 °C, | yac) u
BIOpHUHOM pexpucrainmsanun (2550 u 2800 °C, 5 mun) Ha dbopmupoBanme B
Boiibhpame BA, obpaboTanHoM 10 pazivuHbIM TEXHOAOTHUECKUM CXeMam, ps-
IIOB [1y3BIPLKOB ¥ HepoBucaloLieii, "cranensHol" cTpykTypsl. MUKpoCTpyKTY-
DBl OTONOKCHHOMH IPOBOMOKU AuaMeTpoM 235 MKM, NONYYEHHOH ¢ HCHONb30Ba-
HieM POTALMOHHON KOBKU 10 cxemam A (puc. | a - 1) U MonepedHo-BUHTOBOI
mpokatku 1o cxeme B (puc. 1 1 - 3) moxoxu. C yBenMueHHEM TEMIEPATYPbI OT
21250 BIL10TH 210 1750 "C ronmmia BoNOKHA B POBONOKE TAKOIO JIMAMETpa pac-
TeT He3HauuTensHO B npesenax 1,2-1,6 mxm (puc. 2). Crneayer oTMETUTH, 4TO
BOJIOKHO B TpoBonoke auametpom 180 Mk dupmel “GE”  umeer npubiuzu-
TELHO Ty JKe TOMIUIMHY, Y4TO ¥ BOJNOKHO B NPOBOIOKE MONYUEHHOH HAMH (pHC.
. Pans1 my3nipekos, koTopsle QOPMHUPYIOTCH NP OTIKATE B HHTEPBAJIE TeMIle-
patyp eeie 1400°C, xopowo paznuaumsl (puc. | 6-r, ¢-3.) Paccrosuue mexay
panamu my3sIpbkon cocrasnser 1,0-1,5 mxum (conmepumo ¢ JAMaMeTpoM BOJIOK-
Ha); CpelHEeE DPACCTOAHME MEXAY Nysblpbkamu B psay coctapnser 0,15-0,30
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MKM. EC/Ii HCHOB308aTE H3BECTHOE COOTHOMIEHHE MEKILY CPEJIHUM AMAMCTPOM
HY3BLIPLKOB M PACCTONHHEM MENGTY NY3bIPbKaMM B PHIY, TO MOKHO OUSHHTH |
cpenHuii anamerTp nyseipbros Kax 0,05-0,1 MiM.

Jantele ckannpyromeil 3MekTPOHHON MHKPOCKOTIMH MOATBEKHAIOT, YTO
B uureppaie temneparyp 1400-1700 ’C umeer mecTo NepBUHHAas PEKPUCTAIIIH-
3alMsA I iU, KOrja [POMCXOAHT POCT OTACHLHBIX CyOs3épen 1yTeM MX Koalec-
HEHUMH, PA3MBIBAHUSA TOTIEPEUHbIX IPaHull B 0Opa3OBaHUs BBITSHYTBIX BJOIb
OCH MPOBOMOKK PEKPHCTALIN30BAHHLIX 3eper. Poct 3epen B nonepeuynoM Ha-
NpaBIeHHy OFPAlUYeH PAIAMHU ITY3bIPEKOB. XapaKkTepHo, YTO TONIIWHA BOJOKHA
B rpoBonoxe guamerpom 860 MKM HECKOMBKO BBILIE B HCXOMHOM JehopMHUpo-
BAHHOM COCTOSIHMH ¥ pacTeT C YBE/IMHCHHEM TEMIICPATYPel OTXKUIa 3HAYUTE b
HO OplcTpee, wem B nposoioxe Bojee TOHKAX ceueHudl (puc. 2). D10 MOMeET
OLITH CBA3AHO C HEIOCTATOYHO BIAronpUATHBIM pacrpeicieHieM BTOpoH (assl
[pH Takeoi crenenu gedopmaltiny, He odecreunBaonmM GopmMupoBaiisd piaaos
bIMH CBOHCTBAMMU.

Puc. 1. Biiusaue ok
nonyyeriioi o cxeme A: a—1250 "C, 6-1400 °C, 8-1500 °C, r-1750 °C (x3000)
n o exeme B: 1-1250 °C; e~1400 °C; 51500 °C; 3-1750 °C (x500)

Mzyuenne xapakTepa W3MEHEHHs TBEPJIOCTH (MHKPOTBEpAOCTH) H
YACTBHOIO MIEKTPOCOIPOTHBIACHHA MOJYIEHHON HaMH IIPOBONOKHA, IPH OTIKHIE
(puc. 3, a), noxaspIBaeT, YTO PA3YIPOYHCHHUE, CBA3AHHOE ¢ BO3BpaToM, 1adio-
HACTCA [IOCAC OTXHIA IPU TeMIIEPaTypax BIioTh 10 1500-1400-1300 °C B npo-
Bosioke jguameTpoM 560, 235 u 56 mxm coorsercTBenHO. Jlanbueiilee noBblLe-
HHME TemnepaTypel oTxura g1o 1750 'C npuBomMT K 3amepKKe CHUXEHHS TBEP-
JIOCTH MK JlaXKe HeKOTOpPOMY €€ MOBRIICHHIO, MOCHE Yero Ha4HHAeTCs PeKpU-
CTAIHM3AIMOHHOE PA3yIPOTHEHHE.

Habmojaeres TakixKe YeTkas TCHICHLUMSA K YBCIHYCHMIO YACHLHOIO
2JEKTPOCONPOTHBICHNIS POBOJIOKK C YBEITHYCHUEM TEMIIEPATYPL OTKHUra (pUC.
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3, 6). AnajiorHunbie JaHHbIE MOJYYEHBl HA  TIPOBOJIOKE Gupmbt Plansee (cm.
puc. 3) Ha BCeX CTa[MAX BO3BPATAa M PEKPUCTAAN3AINN: AKS — Boaspam pa-

MPOMHSCTCA MEHEE MHTEHCHBHO, YEM HEIErnpOBaHHbIi BOJIb(paM, MPUYEM B
tepsane temneparyp 1400-1700 9C nabmoaaetcs HEKOTOpoe BO3PACTaHHE
epAOCTH.

[

Hep 1200

1300 1400 1500 1600 1700 VROO

Torx, 5 5

E Puc. 2. MiameneHue pasmepa 3¢pHa g B MPOBOJIOKE pasiHyHBIX AHameT-
POB B MPONECCE OTXKMUIA MONYYEHHDIX N0 PATUUHBIM CXEMAM (1 - mmameTp 860
MM, cxema B, TULTC «Cpetkepmer»; 2 — iMamerp 180 mxm, «GE»; 3 — nua-
eTp 235 MKM, cxema A, «MDJ13»; 4 — mamerp 235 mKM, cxema B, TULITC
JBeTKepMET»; S5 — samerp 235 MKM, Mapka BA, «MDJI3»; 6 — quametp 235
MkM, cxema ¢ ucrnonbsosanuem THO monygadbpriaros, UIITC «Caetkep-
). MDJI3 — MockoBCKRIA dieKTpoBakyyMHpii 3asofi; GE —~ dupma «Jlxe-
Anexrpuk komnanm», CIIA

. Takoe yBelMYeHHE TBEPIOCTH M YNENHHOTO JIEKTPOCONPOTUBICHHA C
MOBLIIIEHHEM TEMITEPATYPEI OTXKHIA NIOKA3BIBACT, HTO NPH TCMICPATYpax BLILLIE
1500, 1400 u 1300°C B nposonoke auamerpom 560, 235 u 56 MKM COOTBETCT-
BeHHO HatMHACTCS POPMUPOBAHKME PALOB MY3BIPLKOB.

ChelyeT OTMeTHTD, YTO Ha CTaIuK UEPBUYHON PeKPHCTALIU3ALMY Pas-
YU B CTPYKTYPE H CBOHCTBAX IIPOBONIOKH, NOAYYEHHOM 110 cxemaM A U B, He
OJISIT 32 NIPefieibl IOrPEILHOCTH H3MEPEH M.

Bropuuuas pexpucTaniusalus v popmuponanue CTANENBHOM CTPYKTY-
DEL HCCITEAOBANOCH HA IIPOBOJIOKE NONYYCHHON HAMH AHMAMCTPOM 235 MKM, 110
emaM A 1 B, B cpaBHeHHy ¢ 3TAIOHHON 1IPOBONOKOH NPOU3BOICTBA MDBJI3 r.
Mocksa. CpasHesine MEKPOCTPYKTYP NOCIC OTHHUIA B TEUCHHAS 5 muH 1pu 2550
(Type. =2300) (puc. 4,2 - 6) MOKABLIBACT, YTO CTPYKTYPa NPOBOJIOK A u B no-
fHa, Hapsimy ¢ KpYliHBIMH BLITSHYTHIMM 3€PHAMU € OTHOLICHUEM JUTHHDI 3€p-
(D) x ero nuavetpy (d) Gonee 30, nabropatores 3epHa ¢ 4-6 (puc. 4, a - 0) .
2 9TANOHHOM TIPOBOJIOKE IIOTIEPEUHBIC IPAHHILLI [PAKTHUECKH OTCYTCTBYIOT,
sepna ¢ Manbim l/d - Toxe (puc. 4, B).

} [Mocse omxura npu 2800 °C (T, = 2460°C) B TeuenHe 5 MHH uanbonee
W3Ka (XOTS HECKOABKO XYXKE) K CTPYKTYpE JTaNOHHOH MPOBOJIOKH (puc. 5, a)
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CTPyXTypa nposonokn B (puc. 5, 6), B KOTOPOIt 11015 NONEPEUHBIX TPAHUL ¢
IHECTBEHHO HIKC, HEM B IPOBONOKe A (PUC. 5, B) XOTS # B IPOBOJIOKE A Cy!
CTBYIOT YHACTKM ¢ HACATLHON CTANensHO CTpyKTYpO# (pHc. 5, a).

H,. ;
MIa ., -

ET T

s ale s BT
| 1 | ot Y- P 5’
R S ) s ey :
H (R Y by S ESR

1O~ N
o T e T e Torxk, 'C

Prc. 3. Mamenenwe muxporsepzoctd Hy (a) u yieasHOro snexrpo
npoTHBaeHHA P (6) IPOBONOKH PA3NIHYHEIX AUAMETPOB, NOJNYIEHHOH 110 pasHsl
CXemaM, B npouecce omxura (1 — amamerp 560 mim, cxema B, I'MLITC «Cse
Kepmer»; 2 — puamerp 235 mxm, cxema B, TULITC «Cretkepmery; 3 — nuame
56 mkM, cxema B, IT'MILITC «CpeTkepmem; 4 — muamerp 180 mim, mapka BA
«Plansee»; 5 — amamerp 180 mxm, Mapka BY, «Plansee»). Plansee — dupma
«lTnansee Bepke», Asctpus ;

o

Puc. 4. Ilanopama cTpykTyphl NpoBOIOKH AMAMETPOM 235 MKM, OTOHOKEHHOM
npu 2550°C, nonyuennoii no cxemam A(a); B(6); no Texnonoran MDJI3 (s),
%3000, COM
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~ Tlocae omxkura npu 2800 °C (T, = 2460°C) B Teuenne 5 mun nanbonee
NH3Ka (XOTS HECKONBKO XYIXKE) K CTPYKTYpPE ITaNOHHOH 11poBONIOKH (puc. 6,a)
Krypa nposonoku B (puc. 5, 6), B KOTOPO#H 10Jist TONEPEHBIX IDAHMIL Cy-
BEHHO HUIKE, YEM B MpoBoaoKe A (puc. 5, B) XOTA ¥ B POBOIIOKE A cyine-
IOT YUACTKH C MJICAbHOM CTarleNbHO#A CTPYKTYpOit (pHc. 5, a).

i e 6)
.; A By
N o gy
=
Y Sk ie e
- b R -, ) B)

 Puc. 5. CranensHas CTPYKTypa TNpPOBOJIOKH AMAMETpOM 235 MKM, OTO-
OKEHHOM Tipy 2800°C: a — sranon M3J13, 6 — cxema B, B —cxema A

Boisoasi: 1. McceoBanne NepBUMHON PEKpUCTANIM3AUNK BOIb(ppamMa
KS-npucajaxoit mokasano, UTO B HHTEPBAIC TEMIICPATYP UMCEET MECTO peK-
DUCTAITM3AIMS in Sity, KOT/Ia MPOUCXOMUT POCT OTHAEBHBIX CYO3EpeH NMyTEM MX
CCLEHLIMH, PA3MBIBAHUS NONEPEYHBIX TPAHULl M 0BPa3OBAHMA BBITAHYTHIX
[0;15 OCH NIPOBONIOKH PEKPHCTALIM30BaHEIX 3EpeH. PocT 3EpeH B LionepeyHoM
paBACHUY OrpaHHM4eH psjaMu IMy3BIPLKOB. 2. Wccnegopanue BTOPHYUHOM
EKPUCTAMIM3AIINM TTOKA3a/10, YTO A0S IOMEPEHHbIX IPAHHUIL B IPOBOJOKE “B”
BAMKACTCS K HTATOHHOM MPOBOIOKE, YTO CYHICCTBEHHO NMOBLILIAET POPMO-
YCToiuMBOCTE Bosb(pama ¢ AKS- npncaaxkoi.

: Cnucox anteparypbi: 1. — Hussmartos ALA., boromonos A.M., Kaba-
osa JLI. HoBoe B TCXHOJOIMM IPOM3BOJACTBA BOJNL(PAMOBOM [IPOBONIOKH. —
Jaropojinbie H peakue meranabli: COOpHUK HHPOPMALMOHHBIX MATEPHANIOB 3-i1
erayHapontoit kondepenuuy “Braropoauple ¥ peiKUe MeTamibl bEPM —
0007, Honewuk, 19 — 22 cenrsGpa 2000. — Houenx. - 2000. - C. 356. 2. - Bnusa-
e TIONePEYHO-BUHTOBON NMPOKATKK Ha cBolcTBa BONbppaMa mapku BA / Tlo-
paposa K.B., 3asapsuna E.K., lllanosan A.-H. n ap./Tlepssiit BCCCOIO3H. CHM-
103, “HoBble KaponpouHsie MaTepHanbl ¥ KapoCTOHKUE METALIMUECKUE MaTe-
prans (Mocksa, mait 1989 r.). Te3uchl noxnaios. Y. II. “Cranu, cruiassl Ha
CHOBE TYTOIUIABKMX MCTAIIOB ¥ MHTepmeTamiuaos”. — M. : HHUUOHUYM. -
89, - C. 91 - 92.

CaaHo B penakiino 5.05.03
PeKOMEHIOBAHO JLT.H., npod. Kepewkem T,
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YIAPHBIE HATIPSDKEHUS B BAJIKAX C PACHPEAEJIEHHB]
HAPAMETPAMMU

Heguenro O.J1. (,5}0&1-[?’3/, &. Honeyx, Vipauna)

The calcudation of strains in beam with distributed parameters and concent
mass is considered at the strike.

B yuebuoit mureparype no CONPOTHBAECHUIO MATEPHANIOB YAap HEYIpY:
Maccehl M o ynpyroit Becomoii Ganke paccMatpuBaeTcs npubInKeHHbIM
COOOM TyTeM 3aMEHBI CHCTEMbI C Pacnpee/iCHHBIMM [1apaMeTPAMH HEBECOM
Sankolt ¢ oHO# COCPE/IOTOMEHHOH MPUBE/ICHHOM Maccoii. [Tpuseennas ma
HAXOMMTCSH U3 YCIIOBMS PABEHCTBA OCHOBHOM YaCTOTb COBCTBEHLIX xoseban
JICHCTBHTENLHOI, BecOMO Banku u YCHOBHOH HesecoMmoif. OfHako, oied
MOrPSIHOCTE TAKOI'O pacyeTa HeBOIMOMKHO, He HMed TOYHOIO petwenus. B e
UHAALHON JMTEPATYPE 110 NPOYHOCTHBIM pacueram [1] apuBogures auiwp 32
ua Cen-Benana 06 yaape nagaiomeii Macest 1o BECOMO# Oanike, KoTopas pe
Ha JIMILb Ha BAMSHHE CKOPOCTH yiapa 6e3 yueTa BHe3almHoro 3arpyKenus banm
YAapsioule maccoi. [ostomy sonpoc o Tousom PEIUCHUH CHCTEMBI ¢ Pacipe:
ACHCHHBIMA NApAMETPAMM HA YAPHBIE HATPY3KH 0 CHX TOp ABNACTCS KLy
allb5HBIM, .

Pacemorpum penrenne AHPOEPSHIHATLHOO YpaBHEHHA HOTEPETHBIX
nebanuit Ganku ¢ pasiomepno pacn PEACIeHHON MACCOH HHTEHCHBHOCTHIO M

Pyt M@0 3yxn  plot)  m Py, i
&x* ES ox? A T e
B2t | Iynr) _aln) g
m ot e m

Pemtas onuopoamoe ypapie-
s (1) merostom Gypee E
y(x,t) =" y(x)T(r), noayunm ypas-
HEHWC JIRHIKCHHA MOMEpeHHLIX ceve-

HHi Ey

V(x, 1) = iv{_x)sin(mr + 1), (Zi

n=}

rie
Yo M _(0) P 4
{x):}- A . B __i._-___Cx.|.. __.h...__D“ . (3)
¥ 0%k T T Pk KE & OF &

YPABHCHUC H30PHYTOH OCH OaNku B HAYANBHBIX apaMeTpax, HPECTABICHHOE B
ynxumsx A.H. Kpsitosa.

V3 Tpex rpaHuuHBIX yCnoBuil Bee HavanbHble NapaMeTphl MOKHO BHIpa-
UTH Hepes onun D, Toraa smecto (3) nonyuim |

170



y(x)=D,Y,(x), )
e ¥, (x) - cobersennsie Gyniumm,

 Yerpeproe rpaHuuHOC YCAOBME IPHBCACT K YACTOTHOMY YPABHEHHMIO,
COOCTBEHHBIE YNCAZ KOTOPOTO 7., =kl fanyT BO3IMONKHOCTH HANTH CITCKTP Yac-

TOT COOCTBEHELIX KONebaHui

R (i
® :kz\/ PR 1 e O 5
? m ] \j m ©)
OfHO W3 HAYAILHBIX YCIOBHI O3BONMT HAWTH HAYAAbHY1O (hasy
0
Hy = arctg'ygx"' ')_mn' (6)

v(x,0)
Tlpy Hanuuuu Ha BECOMOj Gajlke COCPEIOTOMEHHOR MACChl COOCTBEHIbIC

. Kurm Y, (x) GyayT opTOroHanbHbIMK ¢ BecoM p(x). Becoyio dyHkumio
- i
(¥, ()Y, (x)ex
p(x)=1- e ——8(x - x)) (7)

Yo ()Y (1)
MOXKHO HaliTu, eciin OyaeMm 3HaTh cofcTBenubIe yucna k,,, Mo U3BECTHLIM An-

DepeHIMANBHBIM 3ABUCHMOCTSIM, TIOJMMHAS COOCTBEHHBIC QYHKIHMN IPAHUHbIM
yenopuaM 3ajaun [2]

| ‘ sy, . dy, dv, d¥, dv,d, |
e — kY Y dx=|Y, ALY Ty e (sl 1o IR 3
5 n m){_]l. n(x) m(x) " & e de dxz dx / 2 3 ( )

- 2
Jlns BbIMHCIEHUs KBAJPATa HOPMBI COOCTBEHHBIX QyHKUMI A,

!
A% = [p(x)P *(x)dx (9)
0

{
HYHKHO BBIYMCIMTL HHTErpa j}’z (x)dx , KOTOpPbIA MOXHO HAWTH, He npuderas K
0
HHTETPHPOBAHMKIO, TIYTEM TIOAMMHCHUs COOCTBEHHBIX QYHKUMIL FPaHMIHbIM YC-
JoBusM B JiubdheperiHansHoil 3aBucuMocTy [2]
!

2 1 ?

[¥? (x)dx=—-BYY"+ (V2 =27 (YY)~ YY"
j 0 4k
rie MEhPepeHIHpoBaHIe NPOM3BOAKTCS N0 Z = kx .
YacTHbIi MHTErpan HeOAROPOAHOTO AdpdepentnatbHoro ypapsenus (1) niiem
A3M0KEHMH 110 COOCTBEHHBIN QYHKIMAM B BUjIC

y(x,1)y= 2w, ()Y, (x). (an

i

. (10)
0
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Uozcrasisa (11) 8 (1), npuxoausm K ypasBHeHio

Z { ‘f_‘f!_;( w (1) + w,,(:)] " (x) = g0 :
i

nr=|
4 C YUETOM (0, NOAYYHUM PABIOKCHHH I'PY30BOI (b)(I-iKLlHFI q(_l‘,f] B pa/ibl (D}'-
poe, T.¢.

e

z( (1) +w; w"(r)) Yi{x)= 9’(:;{) ] (12)

=]
Upumenss « (12) npuem ®ypre, T.e. yMHOKaz 310 ypasuende Ha see p(x),
cobeTBeHHYIO DYHKIIMIO APYTOTo HOMepa Y,.(x) n uurerpupys no juinue Gan-
KM, nonyunM M deperumansHoe ypasHenue ¢y KHas BpemMenn wit)

!
Z(W”(’) + Unw,,(f)”p(x)ﬂ,(r) ¥, (x)dx = IP(X)M Y(x)dx .
i

=1
Muterpan nieBoii wactn aToro ypasnenus csomﬂcsr K KBaJ(paTy HOPMBHLS
cobeTBeHHbIX GyHicLHi Aj,, IHAYUT

)
i (0) 4+ 0w, () = ”—f{f- fa(p(x)Y, (x)dx = £,). (13)
70, 0 y

Peutenne ypasrenus (13) HAXOIMM MCTOHOM BapHailMK Mpon3BONEHBIX TOCTO-
SCHITBEX

w, (1) = w;(t)cosw’ + w, (1)sinwt,
HOACTaBASA B (13) 1 Tpedya
Wy (1)coswt + wy (1) sinwé = 0.
C yyetom 710ro TpeBGoBanus HaXOOUM BTOPYIO TIPOH3BOAHYIO

W, () =~ (¢)sin ot — wzw[ (£)cosat + 0w, (1)cosmt — o> Wy ()sinwr ,
ITOJICTaHoBKa KoTopoil B (13) 12¢T BOSMOKHOCTE HaliTy

W (t)=— ] F[f(r)sin otdt, Wy(f) = : ]f(r)cosmrdt,
g Wy

a 3daTCM

I
w, (6) = — [ f()sinw(t — T)dr. (14)
o
C yuerom obosmauenns £, (1)B (8) nonyuaem ypasnenue BLIHYMACHHBLIX KOjle-
Oanuii

Y(x,t)= Z G ) -~ [p(x)Y, (z)drjq{x T)sinw, (£ - 1)dr. (15)

=11 L. e
Paccmorpum sagaqy Cen-Bewana 06 yiape Heynpyroid maccel M, na-
Aaiowiel ¢ HEKOTOPOH BHICOTLI A Ha IBYXOHOPHYIO GalKy ¢ MOFOHHON Maccoit
# W cocpejoToueHHol My, puc. 1.
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[pu BuDOpe Hauana KOOPAMHAT B MECTC YAapa ¢ MCIIOJL30BAIMEM [1ep-
070 rPAHUYHOrO YC/oBUs )4 =0 # BTOpOro (paseucrsa MoNEpeqHoN cvibl

O/IOBUHE CHJILI MHEDUMH)
2

(0}

(%) = yo (A, +ERDy )+ _EJ Cixs

ml 2
M3 tpeTbero rpandunoro yenosus v(//2) naxoaum 3asucuMocTsb
M Q) v+ EADy

g ) =0y 0
*CEJ Gy
c eTOM KOTOPOH YpaBHEeHMe NBHMKCHHA CceyeHHi MPUBOJIUTCH K BULY
' y(x)=D,Y,(x),

8. cobcTBEHHBIC PYHKIMH M MX NPOU3BOJIHbIE HAlICHbI:
Yo (x)= Ay +EXDy, —aCy,,
Y (x) = k(D + EMCy — By ) =kY'(2),

Yi(x) = k> (Ce + EABy, — 04 ) =K°Y(2),

Y (x)=k* (B + EMdy, — D) =K Y"(2). (17)
Yerseproe rpanwunoe ycnosue Y'(//2)=0 n0pUBOAUT K 4aCTOTHOMY
paBHenuio A —C7 =Er, (B, Cy ~ 4, D, ), xoropoe nocne noACTAHOBKH (yH-
ki A H.KpbiioBa MOXHO TIPCICTABUTE B BUJIE

2
tgh, =thk, +- 18
gt EX, S
Ha ocvoBanum (8), yunteieas, uro V{//2)= d Z(UZ) Ou ‘{Y(o) =0, nomy-
: X X

HaCM 3aBHCHMOCTL

km)f?’ ()Y, (x)dx = =¥, (0)Y(0) + ¥, (0)Y,;(0),

= 4
B KoTopoif cornacko (17) Y(0)=1,  Y"(0)=k’Ex = k3a_izf - -’52— EIY(0).

- 12
Takrm 1yTeM HaxoIHM HHTErpa }' Y (x)Y, (x)dx = —E}’ (0)Y5(0), a no (7)
0

HAXOHM BECOBYIO (PYHKITHIO
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pla)y=1+ ﬁE'f‘-{ﬁ(x)‘ (19)

Teneps Halinem uuTErpan Ksaapara HOPMBI CODCTBEHIHBIX QYHKIMHA U3 32
mlumou n(10)
i

j} 2()dx =2 [ Y2 (x)dy = Z?;;l k i (=2¥"(/2)Y"(112))-3YO)Y" (I} 2)] =
0 0 Eor

—-3(2}"({!2}}’”'(!;’2) +3E).
CrenosarenbHo, KBaApaT HOpMbI coBCTBEHHBIX GyHKLM (9) NpHHKMasT BU,

S VI M. E 2 O sl S TRl
Ao Ip(x))’ (x)dx:I I+E-O(x) (x)dx = JY ()L)dl-k-;}-Y (0),
0 0 =,

4]
A = "{i 2y /2)Y"(1/2)-E). (20)

V3 nepsoro navaneHoro yenonus 3(x,0) =0 u3 (6) p=0. 1
Ocranocs paccMoOTpeTh BTOpoe HadanbHoe yciosre v(x,0) = —vge(—x), g
oL
2 007, (%) = ~voe(-2), @1
n= 4
Tl ejiMangHan GyHKuMs e{—x) YKa3npiBaeT Ha HaNMHMUC HAYAITLHOM CKOPOCTH
ABHKSHHS! JIMILb B TOUKE yapa.
K pasencrsy (21) npumensem npuem Dypse
= 12 v ii2 é‘( { ,
Voo | (14 2 S(x})}" (x)Y,,(x)dx = —v, [(l+-- b(x))e(mx)}’,,(x)dx.
a=i 0 0
Murerpain jtesodt HacTH 3TOrO paBeHcTBA CBOMMICA K KBAAPATY HOPMDL cober-
BeHHBIX QYHKIMH A%, a HHTErpas MPaBoi HacTH GIaroiaps eiMiHIHON d)yHK
wui 1 yrkay Jupaka pased Y(0)=1. Tax naxonum HauaidpHbelil Tapamerp
Yo OT BHE3AMHOTO coobuicius Galike HAYAABHON CKOPOCTH vy B MECTe yiapa

V0o
L 2
0y, 2
H YpaBHeHue ABUKeHHs ceqcﬁuii Gamcn nprHUMaeT BHA
JE ! m, &1 X
weheagRrd e L u, T sintir. (22)

oS =2 E= 27 (112)X(112))
Iro u ectr pemenne Cen-Benana, KoTopoe nocie MoacTaHoBKU GyHKimit A.H.

Kpbuiosa MoxHO npusecTd K Uiy [1]

"= chhcosh(chAsink - shAcosh 2 [EL)
Seh =18, !m . chhcos (chisinX - shicosh) e (o ! /)
VEJ SN [(A + sinh)ch A - (A + shaycos2 &) L2 Y m
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e A =kl/2, A=kl.
K ypasuenuio (22) Hyx1o 100aBHTh PELICHHE OT BHE3AMTHOTO NPHI0KE-
as rpy3a Q = Mg, 4TO BbI3bIBACT BBIHY®KACHHBIE KONCOaHMS (15)

W)= z-—i‘—‘?—s—"“‘i‘-r (x) I[l e bm};u) (x)dx

”'”“nn

HE( . oM+ M
B el ) Y. (x)dx.
J [ Sy 5(x)}'ﬂg o (x)dx

: 0
KaK BHC3AMHO NPUKIANbiBASTCH TOMBKO Macca M , TO 341€Ch HY¥KHO [010-

b =M =0, n1ocne 4ero NOAYYUM

CMOTPUM MHTErpail

172 1 Q
0

, Tak nHaxoauam YpaBHeHHE ABWKEHHMA ceueHMH DanKy 0T BHE3ANHOIO IpH-
loxetus rpyza O

__oP 12 B g
¥(x,1) T ::Xsll‘f, Ear O (1)( COSM,1). (23)

CyMMapHOE nepemMeeHne

e Bacdl If 1—cos®,t +422 | E’-{ﬁsmm ¢ A +EJP,£‘-——3"C*" .
48LJ ik, \i mgl* E-2Y,(HY, (D
(24)
J cloaa auddepeHiMpoBanHeM HAXOIUM H3rHOAIOTLMHE MOMEHT
' M(x,t)= EN"(x,1) =
N 5 / G
£ J Zt 1 = coso ,t + 422, JI'ZEJh sin®,,f dgbeby e b
4 005 \ mgl® E-2Y, (1}}’ (1)
lax raK
. £k ] TET? e
0, =k IEE{,E"—Z=}~,,, TO —47& EJ a2 Ej——z-ﬁ:e}” LB
- \J m g g
Torna koddduiment B ckobkax ypasHeHui (24), (25) npumer Bra
¥ ky=1—cosmt + y,sin of, ucenenys KOTOpBLIH Ha IKCTBEMYM, HailaeM,
b
ky =1+ l-f-’—‘—- =1+y1+ —}+Vll+m2-§3, (26)

1+ x
YTO COBMAACT C AHHAMMYECKHM KO3D(MULUHUEHTOM IpH yilape B ONHOMACCOBLIX
cHCTEMaXx

ky=1+ !1+m 2_}’_1+\[1+g.-.’1
V 8

i
e Vv f

g3



rAe Nporud BLIMMCASCTCH OT 1OHOI Harpy3xu Ha GasKky (¢ yHeToM npuBescH-
HOH Maccnl Banku), T.e.

e M AEM+05ml ] [ gph

g iy et ( 6) S SRR (TR Tl

, (Q) o (Q}n 0 | j{QJn
Tpumep: asyxonopua Gaika nposetom 4 M ¢ noronuoii Maccoii m=400 kr/m U
COCPEIOTOMEHHOR Maccoil My=1000 «r, (n=-~———50—0————- 0,21739) Hc-"

1500+400-4/2
HBITBIBACT yaap Heylnpyroi maceel M=300 kr, nagarowei ¢ BoicoThl h=1 oM
Cratuueckuif nporué ot CYMMapHOK HAIPY3KH

2
1Q)= 48EJ

,L333-1077 m,

2]

loe

HTo onpenenseT yactory Konebansil HeBecoMoit SankH © = I.r

v =39998 l/c

e

A UHAMHYECK AT Koadduument B npubmokeHHOM pacuere
ko =1+1+2/0,133 =3,0534.
B rourom peluennu
&= s {1 il =0,9375, k) =1,204425 | %, = 412931, A =7,19695,
ml 1600 ;
®, =40,5466c "', 0, =476,6, ©;=1447,7.
B nepeoit  rapmonuxe  dyuxunm Kpeinosa  mpunamaior  3uadenws:
A, =1,08779, B, =1,22556, Gy, =0,72956, D) =029193, o, =194283,

A©O) - 1 e =0,17317, w10 0L}

PEACNAET YCIOBHEIH AHHAMUYECKUH KOXDPHLMEHT B PACHETHAIX hopmynax

{ 2

! i 3

14 40,546° —- =3,0869.
¥ 98]
Caenoparensno, ToyHOC 3HAYCHUE nporuba (JMiL 0T NEpBOH I'apPMOHUKH) CO-
CTaBlseT

ky =1+

Y = i i 15 3,0869-0,17317 = -3,0483 —Qf-
48EJ )| 48E)
HMsrudaou#i MoMeHT 0T nepsoi FapMOHUKH
= 4
My=-2F A, G O 4

=3 Yo = T 3,0869- 1,9428-0,17317 =
4 =1 }\r_n. l)e[

4 1,2044°
~286367< |
4

a CyMMa M9TH W CeMH cilaraemsix Oyier pasHa:
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4

2.=3,621, i= 3,637.
[ 1

M3 s1oro npumepa sunno, uto npuGanwkeH sl pacuer conpoTHBICHMUs
T€pHanos uid H3rHOAIOUIEro MOMEHTA MPUBOMT K HEKOTOPOH HETOWIOCTH,
0past 3aBUCHT OT BENIHYUHDI ANAIOILEro IPy3a (10 OTHOWEHHIO K BeCy Ga-

Cnncor stareparypa: 1. Honomapes C.J{. u ap. Pacuers na MPOYHOCTh
atrHocTpoeHuu. — M.: ['o¢ Hayy.-TexH. U31-BO MARIHHOCTPOMUT, JIUT., 1956.
- 1. 856 c. 2. lllepuenxo ®.JI. Byaiesbha Mexanuika. Crienianbiuii Kype.
llusamixa npyxHuX cTepKEHLOBUX cucTeM.—/loHeunk: PUA Hou ATV, 2000.

Caano 8 pegasnmio 2903 03
Pexomennonano a1, upod, MNapackus ji

-. ATEMATHUYECKASI MOAEJL UCCAENOBAHUS NTPOYHOCTH
M30TPOHHOM OBOJIOYKH C TOHKUM BKJIIOYEHUEM
NMPOU3BOJILHOU KOH®UTIYPALLNHA

Mepuenko B.IL., Hosous E.H., Moceesa E.JL. (/TonHY, 2. Joneyx, Vipauna)

he isotropic environment with curvilinear elastic inclusion is investigated . By
teans of bidimentional integrated transformation Fourier the problem is shown
the boundary integrated equation. Numerical calculations for isotropic envi-
onments various curvature (sphere, the cylinder, a pseudosphere) with rectilin-
ar inclusion along a line of curvature are carried out(spent)

Bonpoc onpenenenus npoynocTs 060104eK UPH HAMHIUM KOHUEHTPATO-
OB HATIPSHKCHIH PAsMuHOro MPOUCXONICHHUA ABISICTCS OHMEH b CAOKHBIM B Ma-
EMATHYECKOM OTHOLIGHHH.

- B paGorax astopos [1-4] #Ha ocHOBaHME MCHOJNB3OBAHMS Teopuld 0606-
HWieHHBIX DYHKIIMHA, ABYMEPHOTO MHTErpanhHoro ipeobpaszonanus Pypre, GpyH-
IMEHTATBHBIX PEIUEHUH M CHCUHANLHBIX QYK paspabotana MeToaHKa pe-
€HHi 3a/1a9 WCCNef0BAHMA HAIPSIKEHHO-Ae)OPMHUPOBANHOTO  COCTOSAHHA
AU3H PA3pPEe3OB U OTBEPCTHH B OPTOTPOITHEIX OBONOUKAX NPOH3IBOILHOH raye-
BOM KPUBH3HDL.

Huvie npuBOZUTECA pasBUTHE YKA3aHHOW METOIMKH Ha clydail H30Tpor-
0 000JOYKH NPOU3BONLHON KPUBU3HBI C TOHKMM KPUBOJHHCHHBIM BKIIOUC-
HHEM.

1. MocTranorka 3agauyn. PaccmatpuBaeTcs TOHKas yupyras W30TPOIIHAS
0JIOMKA TOCTOANNOH TOMUMHEL /. CHCTEMa OPTOrOHANLHUX KOODHHAT
X, y, ) BLIGpaHa TAKHM 06PA30M, YTO KOOP/MHATH X, V OPHEHTHPOBAHLI BIIOIE
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SAUBUH TIABHBLIX KPHBW3H CPeAMHHOA NOBEpXHOCTH 000R0UKY, & Koopadiarta z
Hanpaenesa no Hopmanu « xeil. OBonouKa COLEePIKHUT TOHKOE YIIPYI'oe BKIOYe-
Hue anuubl 20w ronuuioii 2h, 81006 riaakoro kourypa L (puc.l).

3anuiem ypasneuue L B Brje

x=als)y = plsks e - 4,1], (1.1)

rie /- nojyanuna Kourypa L.

Marepuainl  0DONOYKH
¥ BKJIIOHCHHS UMEIOT pa3ind-
Hble  yOpyrue  cBoicrsa.
Brmoyenue HenpepwlgHO co-
eluHeHo ¢ 0DONOUKOH, fik-
IEHO U3raDHON KECTKOCTH U
pabotact (ONLKO Ha pPacTs-
AKenue - oxatie. Pasmepsl
BK/AIOYCHUS BEAMKH TNO CPaB-
HEHHIO ¢ TOAMHON 000804-
KM, HO Malibl 110 CPABHCHMIO C
ee JPYruMH JUHEeHHBIMH pas-
MepamM. 10 NM03BOMHET pac- Puc.1.
CMATPHUBATH 3ajlagy ¢ [OMO-
HIBIO ABYMEPHON Teopun obonoyck. B pamkax 7T0# teopun BKIOHeHUue OyaeM
MOJIC/IPOBATEH KAK PA3phiB KOHTAKTHBIX YCHIHHA § Ha CpelMHHOM NOBEPXHOCTH
060N0YKY BAOIE KOHTYPA BKIIOUCHIA.

Jast nepeMeitenni va Oeperax BKIOYeHnAs OYIEM CHHTATD, UTO

u,], =l ], =W, =0, (12)
rae [f]g, = f7 ~ f - cKkauok PyHKIMK f Ha KOHTYpe L.

Veaosue PaABHOBCCHA !IpOl’I?BOﬂl&IIOﬁ KOHEYHOH vactTd BKIIOYEHHs pu-
MCT BRI

h[S]L ds + N(s + ds) - N(s) =z (1.3)

Nls) =E; 838y, 5= 8,; (1.4)
rae N - HopmaneHas pacTArMBalolas cuia B cedeHur pedpa; fry — MOLYTb
IOnra; S, — nnowans ceuenust pebpa (B paccMarpuBaeMOM  Clyvae
Sy = 20y h); £y — oTHocuTenbHad JedopManug BKIHYEHMA; &, — OTHOCH-
TensHas AedopManns 000N0YUKH B HAMPABIEHUM KacaTenbHol K KouTypy L.

B cuny aupefinocTH 3ajaud HanpshKeHHOe cocTosinne B obonouke
APEACTABMM B BHAC CYMMBI HATIPSKEHHOTO COCTOSHHA B oOomouke 6e3
BKJIOUCHUS [IPH 33 AaHHONH BHELWHEN HArPY3Ke, KOTOPOE CUMTACM H3BECTHBIM (B
nanpHeitiieM  ono  Oyzer 0003HAYATHLCS  BEAMYMHAMHU €O 3BE3AOYKOH) M
HCKOMOTO JIOITONHKTENBHOTO HANPAKCHHOIO COCTOSNHUS, BH3BAHHOIO HATHYHCM
BITIOUCHHA.
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PaccTosHHE OT BKIIOUYEHHS /10 BHEIHEIO KOHTYPA BEAHKO 10 CPABHCHHIO
€ 0 pazMepaMy M BOIMYUICHHOE HANPSKEHHIOE COCTONHUE NPAKTHUCCKH HEe
Jioctract BHEHIHEH PaHiisl 00010UKH.

BMecTo HyNeBbIX IpaHMUHBLIX YCIOBMH 1A KOHMTYpe Lg3afaium yipo-

WEHHbIE YCIOBHS HCYE3HOBEHMS BOBMYUICHHOIO HAIPSHKEHHOTO COCTOSHUSA 1PH
HEOTPAHUYEHHOM YHaNeHHH OT BKIOUEHHMS, 2 007aCTh, 3aHATYIO 0DONOUYKOH,
ByIIeM CUHTaTE BeCKOHeUHOM.

7 Jlas 0B0moueK C KOHLUEHTPATOpaMi HANPsKeHUE (OTBEPCTH, paspesb
BKMIOYEHNS W T.71.) BO3MYIIEHHOE HANPsHKCHHOE COCTOAHUE HOCHT JOKAIbHbIH
Xapaktep. BHYTPU 30HB! BO3MYLLIEHUS BETHUYHHBL, KOTOPHIE €0 XapaKTepU3yICT,
IPE/ICTABNSIOT COBO0M BBICTPO 3aTyXaroue GyHKUMY KOOP/IUHAT, HO3TOMY A
OMUCAHHMA WCMOAB3VIOTCH YPABHEHMS HAMPSHKCHHBIX COCTOAHMH ¢ HONbIIMM
0Ka3aTeNleM M3MEHSACMOCTH, COBNAJAIONIME ¢ YPABHEHUAMH MOJIOTUX oborno-
ek, B Ka4ecTBe MCXOIHBIX MCHIONL30BATACE YPABHEHHS TEOPHH NONOrHX 000~
Jiosex [S5].

2. Fpanu4Hoe HHTErPANhHOC YPaBHeHne. YCIOBHE PABHOBECHS KOHEY-
Hoii wacTyu Brmouenus (1.3) ¢ yuetom coorHomenuit (1.4) npumer Biil

K[S]ds + EgSo(eols + ds) = o(s)) = 0; (2.1)
. gols + ds) — gy(s) = &p'(s + 0ds) -~ 0 e(0,1). (2.2)
Orcrona
i h 5
g, (s)+ —— [[S]dt=0. (2.3)
(s _f[

Hcronp3ys Maremariueckdil anmapar, KOToOpbiii GasupyeTcs Ha TCOPHM
06061meHHEIX GYHKIMHM, (BYMEPHOTO MHTerpalbHOTO npeobpazosanus Dypse,
“Teopun GyHAAMEHTANLHBIX PENIEHHH U ClICHHATRHBIX QyHKLKIA, 3a1a4a cBenc-
152 K CHHTYJISPHOMY HHTErPaibHOMY ypam{EHmn

£ L [W(t)dt + — fK(\ O¥(dt = =T, (s), (2.4)
buhﬂ {1 + v)(3 -V)
e £ - monyns 0ura, v - hoadxbnumur Ilyaccona pus marepuarna, U3 KoTo-
POTO M3rOTOBIEHA 000I0UKA.

SIAPO MHTErPAILHOIO YPARHEHNS MOXKHO NPE/CTABHTE CISAYIOMUMM 00pa-
30M

 K(s.1) = n()K(5,0) = m(s)ny()Ko (5, 6) + 13 (8)K5(s,0), (2.5)
_" Tile Ay, Ry — HAMPaB/IAIOLME KOCHHYCH! CAMAUIHOTO BEKTOPA BHEHIHEH HOpMa-
I K KpHBO# L.

Borauenenne saep K, K,, Ky paccMoTpum Ha nipumepe sippa K

i Ky(s,0) = m(DKs,(s:1) + ny()K35(s, 1) (2.6)

_':Paccm)TpHM tpaHcdopmanty sapa K,
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= L+ A ) . 1 ) 2 3
Ky = =id === (27 + (1 = V)2 — if ——— (1 + VAXE? + An%). (2
Eh A - DRSA A
rae A = Ry/ Ry Ry, Ry- paauychi TINaBHbIX KPUBU3H  OOOJOUKH,
e 9

D=ER I12(0-v~).

Cunryaspras 4acTb %Apa BLIMUCHACTCH ¢ TOMOLIBIO TEOPHH BBIMCTOB H
uMeeT ocobeunocth THRA Kok, a peryaspuas npe/ICcTaBicHa B BHIE paja, co-
ACPIANIETO CHeLManbHyio Gynkumo G, ,{z)

Opuruﬂanu Aapa Ing NaHHOTO CAy4Yas NpUMyT BHI!

K32 (5,0)= K5 (x(s) = x(0), p(s) = () + K" (x(s) = x(e), p(s) - (1)),

i©> (x,y }—--(3———](2(:052{;: +(1- v)(l+23§n2(p));
K" (x, }’)““a"“' )(3_ ) ¢ fz,ﬂ,,f}?‘l)(?%("” =Ty, (2-@

s ‘
re K - cudrynsipHas vacth sapa, K- peryaspuas yacte sipa,

an(r)_- J;((J) sign(d” (0)) cos(0) cos(2n — )0 - ImG, . (clr - (@i
Ty

HO) = A(v — (1 +v)sin? @ - (2sin? @ + (I - v)cos” @) + (sin® 8 — v cos® 0)',

d* =cos’ @+ Asin® 0;c? = \,-"'1_2_6- 2 )i‘ Ryhsr =v‘!;2_+_-? = arctg v{x.

CrieunanbHast QyHKLUMS MMeeT BHJL

-

2k
(T gy Tt B (2Y 5.
Gn,m (1) i [2) Km-i-n(y} 5 kzl{ (H 8 k)' (}‘] E ( 3 )

{(n>0,m>-1),

e K, (z) - monudunmposanias Gyrxims beccens 2-ro pojaa nopika v .

HeuspecTas (PyHKIMA HMEST BAJL

. H Y 3-v)s]. (2.10)

Jlnst obecrieueting enuucraelmocm pelienus ypasuenus (2.4) ucrnonssy-
CTCH JIOTONHUTENLHOE COOTHOLIEHRE, KOTOPOE BHITCKALT U3 YCAOBUS PaBEHCTR
HYSMIO ABHOI0 BEKTOPA KOHTAKTHAIX YCHIUH BAOE JIMHHA BKIIOUCHNS
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{
[[s]dr=0. (2.11)

-1
Honyunts Tounoe ananuruueckoe peurenve ypasienus (2.4) npakrude-
H HEBO3MOXKHO, 1109TOMY JUIS €TI0 PELUCHUS CACAYET UCMONB30BATE METO Me-
XaHHYECKHMX KBajgpatTyp [6-7].
[leperiit unterpan B ypasuennu (2.4) npubamKeHHO BHUHCISETCS MOCHTE
MEHbBI HCHZBECTHOR DYHKIMHU €€ MHTEPIOIALHOHHBIM NOAMHOMOM. [ IpUMelsis
BajpaTypHyio Qopmyny [6] mia cuurynsaproro mnrerpana tHna Kowm, unre-
TPAIEHOE YpaBHEnUe (2.4) cBosM K cHcTeMe N NHHCHHBIX anredpandeckux
YpaBHeHuit.
' B kauecTpe npumepa paceMoTpeHa 060104UKa POUIBOIBHON KPUBH3HBI ¢
TPAMOTMHEHHBIM BKIUOMCHHEM B0 ocu OX.
Ha puc.2 nsobpaxeno usmencine koapdOHIMEHTa HITTEHCUBHOCTH B 3a-
BHCUMOCTH OT pasmepos siinouenus. Kpusasn 1 coorsetctsyer ncesjocdepu-
HecKOi 0b0nouKe, 2 - cpepuyecKoit, 3 — LI IPUIECKON.
M3 TonyYeHHBIX pe3yNbTATOB CHEAYET, UTO BIHAHHC OTHOCHTEILHBIX
'asmepos BKIIIOYCHHA HA BENMYUHY KOdPOUIMeHTa HHTCHCUBHOCTH Hanboiee
IMETHO TPOSBISETCH B 0GONOUKAX OTPHIATENLHOMH KPHBH3HDI.

LF

Fac?,

Cnucox amvepatypor. 1. Jlosus KM. [lo muTanns AocHiukenus
UeHTpanii uanpyxedb Yy OPTOTPOINHiM 0G0JOHLI 3 OTBOPOM AOBLIBLHOT
HOirypanii // Jlon. HAH Vxpaiuu. Cep. A — 2001. — Ne 8 — C. 33-36. 2.
080Hst E.H., Hlepueriko B.I1. K peuicHWio rpaHM4HbIX 33134 TEOPHH opro-
OIHBIX 0GOJI0YEK C PA3PE3AME H OTBEPCTHSMH [POH3BOIBHOI KOH(QHTYpaunn
Hon. HAH Vkpaiuu. Cep. A — 1995. — No 4. - C. 44-46. 3. 11lesuenxo B.I1.,
08OHs E.H. Oprorponnas 060:104Ka 11POM3BOABHOR KPUBH3HBL ¢ KPUBOIMHEI-
IMH paspesamu // Bicu. Jlower. yu-1y. Cep. A — 1997, -Bum. 1. —~ C. 89 ~97.
epuenko B.IL, Moebusa K.M. Cucrema rpanuunux iHTerpaihbHUX piBHsHS
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AR OPTOTPONHOT — O0ONONKK 3 PO3PIZOM AOBUILHOT KOH(irypauit // Mar.
METOMH Ta (i3~ mex.. nond. — 2001 T. 44, Bun. 1. — C. 105 - 110. 5. AmBap-
uymsn C.A. OGias reopus anu3oTponubix odosoyex. - M.: Hayka, 1974, —
446 c. 6. Kopueituyx A.A. Kpaaparypribie Gpopmyisi ais CUHTYIISIPHBIX MHTE-
rpanos // Yucnennnie METOAB! peleHns AndhepeHinanbHbIX U HITCIPatbHbIX
ypasueHuil 1 kBajipatypubie Gopmylisl— M.: Hayia, 1964, — C.64 — 74. 7. Cag-
pyx MLIL, Ocus I, Ipoxomayk M.B. UxcneHnplii aHa M3 B MA0CKUX 3a1auax
Teopuu Tpetun. — K.: Hayxk. aymka, 1989, — 248 ¢,

“1ano B penakino 4.06.03
Pexomenaosano .1 H., npod. Hlengenko @71,

BBICOKOII l’OHfSB()).[HT EJbHBIA APOUECC OAHOII POXOAHOTO
FJIYBUHHOTO HUTH®OBAHUSI KPYTAMU U3 CBEPXTBEPABIX
MATEPHAJIOB

Uleneaes A.A. (MCM wu.B.H. baxyas HAHY, 2. Kuee, Yrpauna)

For the first time process of single-pass deep grinding by wheels with a conic
working surface is investigated at processing firm alloys and steels. Laws of in-
fluence of characteristics of wheels and modes of grinding are established on
parameters of process of processing. Powerful productivity of grinding is
achieved.

Ilporiece oonpoxoaHoro ruyGUHROrO MAKQOBAIMS SBAISTCA BEChMA
IPGEXTUBHBIM NPY AMPOBAHUM U 3aTOYKE PEKYIIET0 MHCTPYMeHTA. C TIeibio
MOBBITICHHA TIPOUIBOAUTEALHOCTH JAHHOIO I[IPOLECCa BIEPBLIC HCCISA0BaH
npouece 0dpaboTKH  TBEPAOCHUIABHOTO WHCTPYMEHTA AanMasibiM¥ KPYTaMi |
(opmbl 12V5 Ha MCTAMIHYECKHX ¥ METAITOKePAMIYECKIX CHAZKAX ¢ KOHHYe-
CKOH padouell NOBEPXHOCTRIO. AHAINS KMHEMATHKH TAKOTO npOoLECCa No3BONIHI
YCTAHOBUTD, YTO BO3MOXKHO 24 OLHO (popMooSpazyioniee NepeMeieHne -
oBanbHOro  kKpyra  ODECNCHHTH  UONYYEHME  JBYX  B3AHMOCBA3AHHBIX
FEOMETPUUCCKHX  1TApamMerpoB  MHCTPYMCIITOB:  yIia B [uiaHe X
BCOIOMOTaTeNbloro  3aiiero  yrna. 2Jro  gocruraercs  (pue.l) 3a  cyer
COOTBETCTBYIONIETO PACHONOKCHHS 3aTaYHBACMBIX MTOBEPXHOCTEH WHCTPYMEHTA
OTHOCHTENLHO paboycit ToBepXIOCTN anMa3Horo kpyra Gopmst 12V5. Tak, npu
00paboTke pesen paciuiokeH B IIOCKOCTH POSONBHON 110491 | €ro BepLLHHA
HAXOMTCs BbIlIE [CHTPA Kpyra Ha peimunny h=7-10 mm (h 3aBucHT OT Tommum-
HBI TBEDAOCIIABHON TIIACTHHBI), 4TO oDecrieuuBaeT MpH [MAMETPE Kpyra
£50 Mm Benomoraresshbiit 3a0HMi yron B npemenax 4-6°. 3a cuer YCTAHOBKH
pesua B BEPTUKATBHON TJIOCKOCTH (MPOAOABHOA Tojadn) nog yriom y=30
MOMKHO MOJYHHTL BCIIOMOraTENbHbIA yro B nnane @ mnopsika 1°30 mun. Takum
00pasowm, NpUMEHCHHE aiMasHoro Kpyra Gopmsl 12VS nospossier obecrieqnts |
00paborky NBYX reOMETPUYECKHX NAPAMETPOB MHCTPYMEHTA: Yriia B IAaHe ¥
BAHETO YIia, UTO SBAACTCS CYIIECTBEHHBIM OTAHMUMUEM OT W3BECTHON CXeMbl
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HBIM OTJIMUMEM OT W3BECTHON cxemsl 0Opaborku kpyramn (opmbr 12A2-45%,
pU MCTONB30BAHMK KOTOPOH YKa3aHHLIE FeOMETPUuECKHe fapaMeTphl AOCTH-

OTCA Pa3jiesbHO 3@ CHeT NPUMCHEHMA JBYX cXeM 00paboTiu, 4To CHHKACT
W3IBOAHTENBHOCTE 0OPAbOTKH HHCTPYMEHTA.

Prc. 1. Cxema maudoBaHMs aMasibM Kpyrom dopmet 12V5

Ipw ucenenosanuu nNpouecca uuMdoarus Kpyramu Gopmsl 12V5 onpe-
IENAI0Ch  BIMSHME CKOPocTH Kpyra 11-35m/c;  mornepevnoit  nojaus
1 -0,5 mn/aB.xOM; sepnucrocm anmazoe 125/100, 160;’125 250/200; noxpei-

tHi— T15K6 T‘SKIO craik 45, crane 651" pacnonog\uum 00padarbiBaeMbIX
pasiion — 10 UEHTPY ¥ BhIIE LeHTpa Kpyra; Gopmet (reoMerpun) pescyInei
TOBEPXHOCTH KPyTa.

; OcHoBuas cepus IKCIIEPUMEHTOB NPOBSACHA TPH untnhoBaHUKM TBEPIO-
CNAaBHBIX M CTANBHBIX 00pazuoB ceuenuem 7x15 mM” ¢ npumenenrem COMX
crenopanus nokasand (1abm.1), yro u3 uccneayemsix Gakropos HaubonpuIce
MAHHE OKA3HIBAIOT CKOPOCTEL KPYTa, TIONepeyHas Hojgaqa, 3epHUCTOCTh aliMasoh
cBsi3Ka. Brusnue apyrux (GakTopoR 3HaYMTENbHO MeHblle. Tak, ¢ yBeausenu-
oM 3epHUCTOCTH anMasoB oT 125/100 g0 250/200 paborocrocobHOCTh KpYroB
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NOBBLILACTCH, OCOOCHHO NPy OOMbINX riyOHHaxX wandopanms. Taxas 3aKOHO-
MEPHOCTE MOATBEPIKAACTCH PH PABIMMHLIX CKOpocTaX kpyra. Ontumanbshol
SCPHUCTOCTHIO  AMIMA30B JUIM HCCNENYEMbBIX  KPYIOB  SBIACTCH  3CPHHMCTOCTh
250/200.

Tabnnua 1 - Hokasareau paborocnocoGrocTy HTHGOBATLHBIX xpyrﬁ
Gopmbi 12V5 150x11x5-AC6 125/100M-M1-04-100 (S,,,=2 M/MuH)
{ Obpabda-

Pacrononce- 1
TolBac- | meob ua | V Soous " 1
M1 i | awias.xo | TP q\ 3| Poy KBT | Ry, MEM
: npu obpa- | m/c mMr/l | Mriem |
MaTepu- Rette i {
137 0,77 | 8,70 1,2-1,4 0,378
- | Honentpy | 18 020 | 226 | 14-1,7 | 030 |
TR ey 26 O 03315 Tiss0 | ool
35 046 | 520 : 2735 0,17 |
; | 13 | 3,28 | 2560 | 0,8-1,0 |

eame 45 | 110 uenrpy | 18 1,38 ] 10,76 | 1,0-1,2
CTLAS Kpyra 26 | 0,1 0,51 3,98 1,6-1.9 :
35 s 091 | 7,10 | 1,9-2,0 : |
13 0,29 | 3,70 1,6-1,9 0,37 |

Boilie uen-

\ - :
' TI5K6 | tpama10 25 o [ Q2L) 237 | 1921 | 028

e 26 1 0,18 | 2,04 | Gomee3 | 0,17 ]
35 1 030 | 3,39 Bomee 3 0,138
Boeiure nes- 15 2,55 1 19,70 | 0;8-1,0 |

crans 45 Tpa Ha i 0,1 2,3 | 1820 i’£‘1’2
T 1 a: | BS B 0,61 475 1,8-2,0 f
i Bruure nes- 01 1021} 237 1,9-2,1 0,28 |
TI3K6 | Tpamall 18 0.2 0,24 | 2,71 | 2,2-3,0 0,33 4
M} 03 1042 | 475 | Bonee3 | 0428

Brime nien- 0.l 2,33 182 | 1,i-1,2
cranb 45 | tpana 0 | 18 02 1281, 219 |_1,7-1,9
MM 03 570 | 445 | Gosee3

04 [61,00] 475,0 | bonee 3 |

Pacriosioxenue TBeporo ciiasa BhllLe HEHTPA AMMA3HOFO KPYFd 1He OKa-
3BIBACT CYUIECTBEUIONO BAMSHHS HA MOKazaTeny paGoToCroco6HOCTH KPYroB, B
OTIPEAC/IEHHOM CTENEHH BIMSET CBA3KAa KPyra W MOKphITHE amMazon. Tak, He-
cneosanue kpyros Gopmbl 12VS ua Merannmueckoil caske mapku M1-04 ¢
MeTananyeckum (M) u crewionoxpeiriem (C) anMazos NOJTECPANTO yCTAHOB-
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'!;fIEHHyI() patice 115 kpyros Gopmbl 12A2X45° 3aBUCHMOCTS, YTO KPYFH CO CTEK-
JIONOKPBITHEM AMa30B odnajaor bosee BLICOKON pexyuleil crocobHOCTLIO
- MeHbILEH H3HOCOCTOHKOCTRLIO, UeM KPYIU U3 METAINH3UPOBAHKBIX A/IMA30B.

CKOpPOCTB Kpyra OKa3hiBACT CHOKHOE BIHAHHE, XAPAKTEP KOTOPOro ONpe-
neﬂne"rcz 0OpabarbiBaeMbiM MATCPUAIOM M 3aBHCHT OT 3EPHUCTOCTH AIMa30B
(puc 2). Tpu obpaboTke TBEP/BIX CIIABOB 3aBUCHMOCTh OTHOCHTEIEHOIO pac-
| X0jla AIMa30B OT CKOPOCTH KPyra HOCHT IKcrpemManeHelii Xapakrep. 1lpu obpa-
' ﬁrmce craiu 45 xapaxrep 9TOH 3aBHCHMOCTH MOHOTOHHO YGBIBAIONIHH ~ C YBE-
nuqeum_m CKOPOCTH KPYra ero H3HOCOCTOHKOCTh YBeAHYUBACTCH,

Al 30

an

CTPROGT ARSI [T DSOS, ST

o
(=]

40

=]

] 15 17 18 == 25

Puc. 2. Bawsuue ckopocTH Kpyra Ha OTHOCHTENBHBIH Dacxoil alMa3oB npu
wimdosasnu taeproro civtasa T15K6 m cranm 45 (12VS 150x11x5-AC6M-
- MI-04-100, S.,,=2 M/MuH, S;0,=0,3 MM/1B.X0/1)

_ Cramm mapox 45 u 65T npu o6paboTKe anmasHbIME KPYraMi OKa3aluch

PaBHOBHAYHBIMH, TaK e Kak Mapku tBepabix crasos TISK6 u TSKI10. Ecnu
- CPaBHUTH 00padaTHIBAEMOCTh TBEPABIX CIUIABOB M CTaNel, TO MOXHO 3aKIo-
HHTh, YTO 1P Monepedsx nojgadax 0,1 Mm/aB.xoa U cosmecTioil 0OpaboTke
- TBEPLOIO CIUTABA M CTAMK (IPEBANMPYICLIAs POJIB NPUHAANCIKNT CTaau, a Bonee
0,1 Mm/ne.x0n — TBEpHOMY CINaBy, 06pabaTeiBaeMOCTh KOTOPOro 0GyCIaBiu-
BaeT J((PEKTHBHOCTS aTMA3HOrO LUMQOBAHMS, DTOT HAYUHLIH Pe3yibTaT Ba-
- KeH 1IpH paspaboTKe TeXHONOTHM 3aTOYKH TBEPIOCNIABHONO HHCTPYMCHTa CO-
BMECTHO CO CTAIBHOH JICPXXaBKOH, B T.4. IIpH B0abUIKX rinyGunax uuHposanms
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(boae 0.1 Ma/nB.x00), HPU KOTOPLIX W3BECTHBIC 3AKOHOMEPHOCTH Npoiecca -
Ma3HOTO HETHGOBAHNA TBEPAOTO CTUIABA M3 CTANM He MOXTBEPACIAIOTCA.

Msyuena taoke H3HOCOCTORKOCTS KpYros dopmbt 12A2-45" 150x10 Ha me-
TaAAMeCKoit epaske maprit M1-04 5 sasucuMocTH ot XapaKTepUCTHKY alMa308.
Kak wssectro [1], 914 napavietpu npouecca tinudoBanus oKasbsaor [peRaH-
Pylollee BAHAHKE HA pabOTOCIOCOBHOCTL KPYTOB B YCIOBUAX 0GPaGOTKY TBEPABK
CILIABOB COBMCCTHO €O CTANIBIO. MicenenoBanues Kpyrs u3 HeMeTaiM3npoBasHbix
A MeTamM3npoBanibiX anmazos AC6 u AC4 sepumcroctoio §0/63-250/200 100%-
HO#i KouuenTpaiuu. CKopocTh Kpyra paBHATACH 15, 20,27 u 35 wfc, npononbiad
nogasa 2 m/MuH, nomepeynas -0,5 MM/IB.XO0A, COOTHOLICHHUE TBEPJOTO CrLiaBa
T15K6 1 cranm 45 cocrapnser 1:1.

YeraHosneno, 4o paboTocnocobHOCTh KPyros ¢ METAUTH3UPOBAHHLIMH
anmazamy Ha 20-30 % BbilUe MO CPABHEHUIO C KPYIraMu M3 HEMETAaNNH3UPORaH-
HLIX aivasos. C ysesndeHneM sepHucTocTd ot 80/63 1o 250/200 pacxo/i anma-
308 cHmaerca. HanGonbiuei uinococtoikocTsio 061amar0T KpyIM U3 anMasos
mapki AC6 sepructoctnio 200/160 1 260/200. Tpu 5TOM ¢ HOBBILICHHEM CKO-
POCTH Kpyra oT 15 j10 35 M/c ¥X M3HOCOCTORKOCTH BO3pacTaer.

Takum obpazom, IKCHepHMEHTATBHBIC KCCIEI0BAHMS [oKazanu, 4To ai-
MasHpie Kpyru dopmel 12VS npu o6paborke TBEpABIX CIUIABOB M CTANM 0a-
JAIOT BHICOKOH pexcymeli crnocobuocThio B auanasoie raySun unindoBaHus
0.1-0,3 Mm/aB.x01 1ipy npogoeHOM Nozave 2 mM/MAR.

Cosmectuyro 06paboTky Tsepaoro crmasa T15K6 u crany 45 peKoOMEH;yeTes
OCYUICCTBIALH KPYTaMH W3 METAIUM3UPOBAHHEIX &IMa30R Mapkn AC6 3epHHICTOCTHIO
125/100-250/200 ¢ ucnonszosanuem COXK 1ipu cKopocTy kpyra 25-40 mfc, npoaons-
HO# nozaue 2-3 M/MuH, onepeyrol noxage (,05-0,06 MM/JTB. X0, (€CIH OjiHa M3 Mo-
JdH MIMEHACTCS, Bropas MOKeT ObITh onpesieena U3 COOTHOIEHNA S.,o.;S[.,;SO,IS-
0.20). Boisigienubie 0coBeHHOCTH U3HOCOCTORKOCTH KPYTOB Ha METaTHYECKOHR
ceszke Mapku M1-04 aHanorndubl yCraHOBNEHHREIM panee ATs KPYIoB Ha Kepa-
Muueckoit cesske mapku KI1-01 [1], uro CBHAETENLCTBYET O HATIMYHK 00IIMX
3AKOHOMEPHOCTEH NPONECCa AMMA3HOI0 MUTH(POBARUS TBEPALIX CTUIABOR COBMC-
CTHO CO CTANBIO KDYTaMH 11a PasiiubIX chs3kax [2].

Cnncox auteparyper: 1. 3axapenxo W11, [leneses A.A. AnvasHas 3a-
TOUKa TBEPAOCILIABHOIO MHCTPYMEHTA COBMECTHO €O CTANBHOMU JepIKABKONH.—
IKC: Hayk. gymxa, 1976.— 220 c. 2. [lenenes A.A., Hepupix B.IL MsnococToii-
KOCTL aamasHbiX kpyros na csszke MO4 npn obpaborke TBeproro criiaga co-
BMECTHO €O cTanbio // CiepxTBepibie Matepuansl.— ]980.— Noé.— C.39-40,

Cnawo 8 penasumo 27.05.03
Pekomerosano .1, apod. Mpyrany O.
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NCCHEJOBAHUE KOHTAKTHBIX 3AJJAY C TPEHUEM IIPH
HCIIOJIB3OBAHUU PA3JIOKEHWS ITOTEHIMAJIOB

Wewkanosa A.A. (3HTY. 2. 3anopocoe, Vipauna)

The three-dimensional contact problem of punch motion is considered taking
into account friction forces. Binomial friction law is used. that take into account
adhesion. Simple fiber potential expansions are proposed for the problem solu-
tion. Normal stresses of contact domain and its shape are determined.
Hocranorka npobuaemel B 0bweM Buje, CBA3L ¢ HAYYHLIMU K lpaKtTuye-
CKimu 3a71a4aMi. CoBpeMeHHBIf YpOBeith PasBUTHA TCXHUKHN XapakTepHusyeTcs
PasHo0OpasHeM KOHTAKTHOIO B3ammoueicTsus, C pasBuTHeM TpubOIOrku 1 ee
paznena TpUOOMEXaHUKH, KOTOPASE M3YHaeT KOHTaKT LIEPOXOBATEIX 110BEPXHO-
TeH ¢ y4eToM HOTeph HA TPECHHE U U3HOC, PEUICHHE KOHTAKTHBIX 3a1at npuod-
PeTacT 0CO0YIO aKTyabHOCTD. [IpH NOCTAOBKE KOHTAKTHBIX 3a/144 ¢ TPCHUEM B
POIBIUMHCTBE CIIYHACB MCIONB3YETCH 3aKOH TpeHus B Gopme 7= uc, rae u
ABISCTCS KO (buumentom Tpenus. Kak rokazaim JKCMEepUMeHTanbHple paboThl
B DOPMUPOBANKM CUIl TPEHUS BAKHAS POIH UPHHALICHHUT alre3nd, y4eT KOTo-
PO TIDHBOLMT K ABYUACHHOMY 32KOHY TPEHHS T = Tg + HO .

] Ananns nyGauKammii, Ha KOTODHIX OCHOBBIBAIOTCH HCCICHOBAHLS B
JAHHOW paboTe. ABTOPH, UCCIEXOBABLINC 3aJlauyM TaKoro Kiacca, Ipeiiaraniu
pasnuumBIe METOB PELICHUA W PA3InHBIC MaTeMaTHueckue Moeian. B [ 1] npu
OIHCAHUM ABKIKCHHSA UITaMOa, OTPAHHYEHHOrO Napabonnueckol MOBEPXHOCTHIO
BpAleHMA, HCHOJIL30BANAChL MOMEHEL OCCCUMMETPHYHOH 17I01LA/IKH KOHTAKTA ¢
HEOCECHMMCETPHYHLIM  paclPEACNeHHeM HOPMabHBIX Hanpsukenuit. Ieawio
A2HHOH PABOTLI ABNACTCA PEICHHE C Y4CTOM TPEHHS C airezdell samauy o
BIABIUBAHVH [ITAMITA, OIPAHHUEHHOTO NAPadONMYEcKOl MOBEPXHOCTEIO Bpa-
WEH s, TIPE/IIonaras HEU3BECTHOM opmy K pasMephl MIIOUWANKH KOHTAKTA, KO-
OpBIe 3aBUCAT OT KOIPDULUEHTOB TPCHUSA U A Te3HH.

ITycTs B ynpyroe nmosyiipocTpaHcTBo BAABIMBAETCS AECTKHMHU [LITaMIT 1101
BHEM BEPTUKANLHON cuinl () W cipuraromeit cuwan 7T, HanpasJeHHOH
BAOAL ocy Ox . Tpenne npuHUMACTCA NTOWHHSIOLINMES JBY YICHHOMY 3aKOHY.
 Hopmansupie nepemeluenns w Toqek o6MacTi KoHTakTa (2 3aBHCST OT
PMBI IOBEPXHOCTH 10TAMIIA, KOTOPask onuckiBaeTces Gpyurumeii f(x, 1), nenu-
Hbl 3arnybrienust 7 u y - GyHKUMM, XapakTepusyioweit yron noBopora Bo-
pyrocu Oy.

- OcHoBrOe uHTErpaibHOE YpaBHEHHE 33Uy [UTS ONPEeeHts AaBicHus
X)) MO LWTaMIIOM COHEPIKHT UHTErPANbI CO CIIafoil 0COBCHHOCTBIO THIIA 110~
CHILMaIA MIPOCTOTO CII0s, PACIPOCTPaHEeHHbIe B ODILEM ClIyHae 110 HeM3BeCTHOM
Q0facTH KoHTaKTa (2, 3apucaAilel ot koadhunmenta tpenns [ 1],

JedicT
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[+ g cosrx)/ e pl( p,0)d€2 + A, [[tcosr™x)/rde2 =
Pe, 2

By or (P Y- =P, 0,)+n+5p,c0s6,] (1)
3neck A =(1— "Jl (2= 2v); v - koaddpuument Myaccona; :
=p’+pl -2pp, cos(0 ~ 8,); d2=pdpdo; §

cos r™x =(p, c0sf, - peosd)/r; y=-f,. @)

Jitd HenuocKkoro wiramna, OrpaHHYeHHOre FAAAKOH NOBEPXHOCTEIO, Ha'
Koutype I obnactu £2

p(p,0) ~=0. (3}‘

Kpone Toro jonKHs! BLITONHSTHCS YCIOBUSA PABHOBECHS CUIT H MOMCHTOB

CHIT, IEHCTBYIOIIAX HA 1ITAMIL, AeHCTRYFOLIME HA LITAMIT KACATEAbHBIE CHJIBL HA 1

FUIOLAAKE KOHTAKTA AOMKHb! YPABHOBEUIMBATECA CHAOH T, MPHIOKEHHON Ha
PACCTOSHUY o OT OCHOBAHMS [0TAMIIA.

Pemenue sazaun st HemssecTnol MIOWAAKY KOHTAKTA B OBIHEM
Buae. Ilycrs B Hamwem ciayyae WITAMII OFPaHMYCH NMOBEPXHOCTSHIO BpAleHUS
Ap,0) = fp). Tax xax mpomssescnue xodpduumenra TpeHus HoHA A "
At,s,/Q (s, - nuomaas 061acTH KoHTakTa NPH OTCYTCTBHH TPEHUS) ABNAIOTCH
MaleiMi BesimurHamy 2], [3], To, obosnauue HX Kak ]

e =Ap ., &=2At,s,Q, 4)
Oysesm cuuTath &, u &, B HHTErpanbLHOM ypasHenun (1) MadbIMuU HApaMeTPaMH.
Heussecrnsie 1anHol 3aay - GyHKIMS pacTipefle/ielns HOPMaTbHOTO JaRies
HHS TIOM JUTAMIIOM, YPABHCHHE IPaHMUBL IUIOMIA/IKM KOHTAKTA, OCAMKA [ITAM- |
1@, yroi noBopoTa - ABIMOTCH QYHKIMAMM NapaMerpos & M &,. [peanono-

AHUM, HTO OHM NpeacTaBiMbl B BH1e PALOB 11O CTCHEHAM &) U &5

P(p.0) = Zelsvm(pﬂ) y=Selekrus n= Sslekny. (5)
i k=0 k=0 ik=0

Tax kak npu oTcyrcTumM TpeHus obnacts (2 SBITETCH KPYroBOH, T0

NPEANOAMKUM, YTO YpasHeHUe Tpanuilbl I 00nacT KonTakta (2 uMeeT BUI .

o 3

= : i1 sh kg S = b2 :
p=bll+g(1.6,,0)], g(6.6,,0)= Y&le;5 f4(0), f,,=0, s,=ab>. (6)

ik=0

DYHKUMH  f; (0) HENpepsIBHA W HMEIOT HENpephIBHBIE TPOH3BOJHbIE

PasNUTHBIX TIOPAAKOB B {2 W TakKWe, 4TO yd, BBIXOMAHH M3 Hauana Koopiu-

Har, nepecexaer rpanuny [ He 6oiee, yeM B onHOMH TouKe. i
Hanee packnaibizaem s psijt L0 CTEHEHSM & M &, UHTErPANibl, BXOIAIME

B HrerpaisHoe ypagHenue (1) [4,5], npu 5ToM yuuTbiBas, Y4r0 OT HAPAMETPOB

&) M & 3aBUCHT YPaBHCHHE IPANMIILI 00/1aCTH KOHTaKTa (2, nonyJyaem:
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HP(p,mwdf - %fl*‘"[f % (0.0)/r ds + Dy (P) |
LA=0

3nech onepaTopb! @y ana L k=0,1 umeror sui
i Py (P)=0; Do(P) = Lto(Poo)'(p I(P): 'JI(PGO)’ 7

’o b
"TaKHM obpasom, ypasHeHue (1) MOKET ObITh NPE/CTABICHO B BHJE:

F Zafaz [ [[Pu(p,0)/ r ds + Dy (P)+ &, @y (Pcosr x)+
k=0

(8)
} +s;ﬂ % (0,0)11 (p,c038, - peosO)ds + &,®, (015, cosrnx)+

.
+&5 [[Ou f(sarz}-(;)ﬂ cosd, - pcost?)dan rE1=v?) [- f(p,,0,)+
)

E 1
- Z(Uik Vi P COSL{}” ) i?
ihk=0 i)
O =0 Qi =0, xpomMe i =0 u k=0 oaHospemenno, D: p < b.
Murerpansl, BXOJAIIAE B YCIOBUS PABHOBECHS CHII M MOMEHTOB CHJT TaK-
e NPCICTABUM B BMIE PA3NOXKCHMUI MO CTEMEHAM TapaMETpos £ H g. I'pa-
HHYHbBIE YCIOBKS (3) NPHHUMAROT BAJT:
Pi(p0)l pey =0, (1k=0,1,..). 9
IlpupaBHuBas BEIPAKEHHA NPH OAMHAKOBBIX CTEHEHSN & H £, B ypaBHe-
(8) 1 monyYeHRBIX U3 YPABHEHUI PABHOBECHS CHA H MOMEHTOB, TIPHXOIMM
PEKYPPEHTHLIM CHCTEMAM YPaBHEHHH 415 ONpejeNesHs HEeH3BECTHLIX KO-
DULHEHTOB pasnoxenuii (5). IlpencraBnss uenzpecTHbic Qynxuan f (0),
MMCBIBAIOMME [UIOIAAKY KOHTaKTa (6), B BHie paaos Dyphe, U3 NOIAYUCHHDIX
CKYPPEHTHEIX cHCTeM K yenosuit (9) onpenensem gpyukumna Py (0,0), 7y, Vs
(0), xapaxrepusyiomue pacripejielienie AaBTeHI Ha MIOMIAIKE KOHTAKTA,
0Ca7IKy IITaMIIa, YTo3 ero HaKJIoHa, hopMy M pasMepsl IIOWAJKY KOHTAKTA.
3 Peuleuﬂe 334240 A0S KOUKPETHOro WITAaMIA, OFpaguueHHoro napabo-
JIHHECKOH MOBEPXHOCTBIO BpaieHus. Pacemorpum yacTHiil cirvuail, koraa

S(o)y=p*/2b,. (10)
YuuTbiBas B MCKOMOM pasioxenuu (5), (8) unennl ¢ £ U & B 1epBoi

CICTHICHH, MOIYHACM, YTO 3aBUCHMOCTE JUIst ofipeienenns GYHKIHN, XapakTepri-
aylouieit pacnpeiesenne HOPMAIBHOTO AaBieHus B Toukax M(p ,0,) nyua
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@ = 6, , npoxopauiero vepes Touky M, (p;,0,) ua kontype ofnacru €2 MOKHO.
NPCICTABUTEL B BUJE!

we [[ 22 o
A p,0) )= —= ~9 .1 == + & cos@,| a; -+ 1)
it ,,T;,U([_VE)N o L NI ol p ‘1
2+l -
7 x — 11 -
o2 S 2HEAON o L Lopr] -l ot o aglennlin
7 k=0 (20 = 2k +1)2nY (42 - 1)\ py g o N1+ p/p,

W3 (11) cnepyet, yro aasneHue Ha MIOAAKE KOHTAKTA fIPH JABHKCHHH
OCECHMMETPUYLOIO MITAMIA PACTIPEACHCHO HECUMMETPUUHO, YTO COBIANAET ¢
[1]. ®ynxumu, xapakrepusyonue yrosm NeBOPOTa UITamIa y , 3ariyOieHue i u

ypaBHeHWE rpandiibl 2(&),£,,60) obnacTu KoHTaKTa (2 UMEIOT BUA: _
v =&bibolay + 1/ x)+ £36/by(~ 4137) + ay, y17= b2 1 by; b° =306, (1 = v?)/4E;

Ab B i AR
M(py.0,) - Touxa na KoHType 06nacTi. 3j1eCh, Kax U B [enna, Boisiparonias
JABHIKCHHE LITAMILA, IPHIOIKCHA HA PACCTOSHHM ¢ OT OCHOBAHHA.

o

2 s 2
p = b[l + Eial C030 + 520” COSG]; a| :"‘l" d o ‘b_]"" —1‘ all = "“l{d o "b'“

Puc. 1. Puc. 2.

['pachrk pacripesienenus HOPMaNnLHOTO JABNEHHA 110 TOMAAKE KOHTAKTE
NpHBEACH HA PHCYHKe 1, TAe po =30/ 27b%. Briuncneius NPOM3BOIMINCE 10
dopmyne (11) mnst & =0,4; 7y =0. PUCYHOK 2 NMOKa36IBACT KPHBbIC PACIIpEie-
ACHUSA HOPMATBHOI'O AABICHHUA Ha JHHASAX PABHOOTCTOAIUMX OT I'PAHUIBI IJI0-

LAIKK KOHTAKTa JUIS TEX JKe MCXOAHBIX AauHBIX. Jlnuus | cooTBETCTBYET KOH-
TYPY I'PaHMILBE IIOINAAKH KOHTAKTA.
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Puc. 3.

Hnst pasnuyneix sHavenuii koa(dhuunenta TpeHns (& =0.06:0.2;0.4 co-
BETCTBEHHO) HA PHCYHKE 3 NPHBEICHO PACIIPE/E/NCHHE HOPMATBHBIX JaBie-
H Ha [uIowanke KouTakta Biodas Ox npu @ =7 u @ = 0. OBaacty KOHTaKTa
TaKUX JKE T1apaMeTPOB NPUBEASHB Ha PHCYHKE 4.

Brigoawt. TToyueHo pasfioxenue MOTEHUMANA ¢ MCTIONB30BAHAEM KOTO-
[0 HpeiIaraeTest MeTo)l NPUGIMKEHHOTO PellieHHs IPOCTPAHCTRCHHBIX KOH-
dKTHBIX 3a0a4 UL HCM3BCCTHON IUIOIIAAKM Kourakra ¢ yderom Tpenus. Jloc-
OUHCTBCM NPEIJIOKEHHOT0 METOAA ABIKETCA TO, HTO JETKO MOYKHO MOAYYHThH B
GKAOM NPUOIIKEHNH NPOcThie (GOPMYNE! B 3aMKHYTOM BUJE, YAOOHDBIE I
aYCCTBEHHOIO aHAJIM3A W [(PUIOJUHBIE JUIS MEDKEHEPHOH MPaKTHKHM.
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METHODS OF SYNTHESIS OF ACTIVE MECHANICAL SYSTEMS
Buchacz A., Zurek K. (Silesian University of Technology, Gliwice, Poland)

The principal aim of the research taken is to work out a method of structure and
parameters searching i.e. structural and parametric synthesis of discrete model
of active mechanical system on the base of desired requirements. The require-
ments refer to dynamic features of the system, particularly their frequency spec-
frum,

1. Introduction

Usage of active methods of vibration elimination allows to overcome the
limitations existing in passive systems. The active methods are used for reduce
tion of vibration level in machines, appliances, installations, power lines, build-
ings, means of transport etc.

The active vibroisolation systems are controlled by input function. Signal
change may be fluent or step one. In the executive systems there are the follow-
ing elements used: mechanical, pneumatic, hydraulic, electromagnetic and elec-
trodynamic. Active methods introducing additional energy sources into the ap-
pliance solve the problems of contradictory requests regarding effectiveness of
vibration reduction within low frequencies. Passive systems used up to today are
able only to disperse energy or store it periodically. The active systems can de-
liver or absorb energy in determined way from any place in the appliance. Vi-
bration active reduction methods are based on control or regulation of mechani-
cal vibration processes. One can tell about object movement control when an
outer control signal is introduced into the system, where the signal is not de-
pendent on current values of this object state. The signal is dependent on an ear-
lier worked out program. The second method, which is vibration reduction, is
based on object movement adjustment. In this case the control signal is depend-
ent on current value of object’s state. Within movement regulation the introduc-
tion of additional elements is necessary, elements such as: output sensors, regu-
lator and executive appliance [2,10,11,12].

Nowadays the passive vibration reduction is replaced with active vibra-
tion reduction. It results not only from low effectiveness of passive systems
within low frequency of input function. The passive systems are also low effec-
tive at vibration activity with broad frequency band, as well as in case of appli-
ance activity conditions changeable in wide range [7,8,9].

The problem of electric and electronic systems synthesis using unclassical
method i.e. by means of graphs and structural numbers has been recognized very
well. This method was used also for synthesis of passive vibrating mechanical
systems. However there is no research about usage of unclassical method for the
analysis and synthesis of active vibrating mechanical systems. In mechanical ac-
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ive systems there are analogies to clectronic active systems [1,3,4.,5,6,1 3]

2. Methods of synthesis of active mechanical systems

The synthesis of active systems enables passage from assigned Irequency
aracteristic to physical objects which realize these characteristics. The reverse
task understood in such a way cnables to design mechanical systems on the basis
of requested dynamic features and frequency spectrum.

- The principal difference between designing and synthesis relies on the
that in the process of synthesis one achieves the system exactly meeting the
assigned form of characteristic function. The synthesis result in not only one so-
tion. There are possible many systems i.e. structures where various component
ments (passive and active) of mechanical systems exist. The possibility of
hieving various structures in synthesis facilitates the optimalisation of the
stems i.e. selection from many models the best one meeting the additional re-

irements.

: In the synthesis of active systems the following basic methods are used:

- cascade method,

- method of multiloop feedback,

- method of developing the characteristic function into continued frac-
tion.

The cascade method is based on the possibility of presenting the charac-
eristic function in a form of product of real rational functions with grade lower
or equal two. The method of multiloop feedback is based on comprising the sec-
ond row blocks, which are mutually isolated in cascade method, by one or more
loops of non-local feedback.[2].

. We
| —{roH{ne] {10 | —2
! Fig.1. The synthesis realization by cascade method

Multiloop feedback is the second principal method of reverse task of ac-
tive mechanical systems. Realization of this method has been illustrated (fig.2,

7

fig.3, as well as in simplifier version - fig.4.).

X

i ool
T o ) [TATAS) TS| - | T8

Fig. 2. Synthesis realization by means of multiloop feedback
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Fig. 3. Synthesis realization by means of multiloop feedback
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Fig. 4. Synthesis realization with feedback

The structure of mechanical active system may also be achieved by means.
of developing the characteristic function into continued fraction. 1

The algorithm of development the characteristic function into continued
fraction is one of the simplest synthesis methods. This method can be used re-
gardless of the characteristic function grade.

The presented methods of active mechanical systems synthesis are the ba-
sic methods of reverse task realization of such class systems. However one
should note that they are not the only methods which could serve for searching
the structure and parameters of active mechanical systems.

3. Conclusions

In the thesis there are presented the basic methods of active mechanical
systems synthesis. The synthesis realization aims to achieving the optimum me-
chanical system meeting the basic and additional assumptions.

After results achieving in the process of reverse task one receives, after
considering the adequate assumptions, the polar graph on base of which the me-
chanical system model is received.

The received mathematic model as a result of synthesis allows to select
mechanical system parameters for it to possess required dynamic features. The
problem showed in such a way requires usage of synthesis methods, defined in
categories adequate to the active systems class being considered.

Acknowledgements: This work has been conducted as a part of the re-
search project No. 5 TO7C 029 23 supported by the Committee of Scientific Re-
search in 2002-2005.
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':Eid E FQUILIBRIUM STATE OF A GENERALIZED TOOL FOR THE
- DEEP DRILLS PROCESSING

a M., Russu M., Nistiseseu V. (Military Technical Academy, Bucharest,
omania), Nestian G. (“Gh. Asachi” Technical University, lagi, Romania)

1. Introduction

Due to low rigidity the deep drills processing tools during splinting lean
inst and guide on the surface of the processed drill. Taking these into ac-
nt, to obtain the smoothness and precision of the processing is necessary that
the splinting forces and momentums as well as the friction forces and mo-
ntums be in a stabile dynamic equilibrium.

Relation (1) is the general equation of the mono-cutting drill established
ynamic consideration. It is the mathematical expression of the dynamic
iilibrium of the forces and momentums applying on the drill during the splint-
process.

Relation (1) also represents the general mathematical expression of the

195



tool generalized for the deep holes processing with structural geometry being
sized out of dynamic consideration.
L ‘u: Wz + Foary) v, [(I = WY - Py Y (U ) (B v fz,

.-U’,, = —)J[{faNmH.’I (]) I

.
I+

Out of refation (1) there does not results obviously and explicitly the dy-
namtic equilibrium state, during splinting, of the mono-cutting drill on of the rest
of the tools derived from the generalized tool. :

2. Degree of stability '

Taking recourse to the theory of momentums, the dynamic equilibrium |
state during the splinting process can be known using the notion of degree of
stability, which is defined by the relation of the sum of the stability momentums.
and the sum of rolation momentums.

Thus we have:

Sy = & @
2 My
Where:
Sy = is the degree of stability, adimensional;
IMg = is the sum of stability momentums;
ZMpg = is the sum of rotation momentums.
For the drilling operation with a mono-cutting drill the sum of rotation
momentums is the verv dynamic momentum M.
The mono-cutting drill, like all the tools included in the generalized tool
equation, with a single splinting point related to two non-splinting support
points, will consequently have two stability degrees Sy and Spy. ]
The calculus of the two stability degrees for the mono-cutting drill is more
difficult than for the helicoidally drill where the support points one at the same
time splinting points. '
Using fig. 1 the stability momentums and the rotation momentums LM
will be expressed separately in relations to the support point I and separately in
relation with the support point I1 :
a} With regard to the support point |
Mg=AF, 1, sin &) +F, v+ F o -Fo rycos 8; - Flar, cos 8, (3)

If we take §;=180°; r\= 3/4r,; r»= 1/4r and operate the necessary replace-
ments and operations in (3), we set:

Mgy = 1,(7/4F, + 5/4 F 5),

My = M), [see relation (1))
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T; (: le 4 : F,_: J
B L SRR L B L R (0]

Mg, (1+p%) (E,n+E,n } LT, [(l ~)(Fy, =F.)+(1 —iu) El,l I:I-"F,_E )]

R S

¥ I+ ’,12
‘b) With regard to the support point I:
: Mg;[ = M[:z— AFY In sin 53 (S}
here:
Mg, -B the sum of the splinting momentums, respectively,
Mg, =Far +Fars,
M]{u T in 8] +Fzz T— Fz| Iy COs 51 = Fzg ry COS 53 (6)

If we take 3,=270°; r;= 3/4r, si 1= 1/4r, and we operate the replacementes
ations (S) and (6) we set:

Mgi= For 11 + Fyra 4 1 (Fyy — Fp),

IVIRII = In (1/4le +3/4 F22 )s
Mgy - Mg, +1, (Fh o F}'z J

My rn(]-F:,+31:,
4 A 4 %

- Out of the possible values of the stability degrees that can be obtained out
the relations (4) and (7), three situations are of interest:
~ Sp =1, indifferent dynamic equilibrium
- Sp <1, lack of equilibrium
~ Sp> 1, stable dynamic equilibrium

Spi =

@

Fig. 1. The generalized tool for splint-
ing processing of deep drills:
d, - the nominal diameter of the tool;
1-2 si 1-3 — the splinting edges, exterior
and interior respectively;
%1, %2 — the attaché angles;
I, IT — the support and guidance points;
Fu, Fy, Fu, Fe, Fyo, Fp, AF, — splinting
forces;
i, Frz, Tryy Fro — normal and reactive
forces;
01, 82, 83, 04, Wy, Y, — positional angles;
M, — splinting momentum;
Mg — reactivily momentum;
M — boring momentum;
Mp — dynamic momentum.
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In order that the tool, the drill, should behave well during the splinting
process, i.e. to splint smoothly and without vibrations, so that the processing
quality could be high, the forces and momentums system operating at the and of
the drill be in a stable dynamic equilibrium, i.e. the stability degree, expressed
by Sy be greater than the unit S, > 1.

The generalized tool of which the mono-cutting drill is a part, has two de-
gree of stability, hath leaving to be greater than I. Out of the following example
we set the value of the two degrees of stability: i

Is=r, =5mm; F,; = 160 N; Fp = 160 N; AF, = 23,56 N (of table 1)

%1 =66 %2 =71°50" (of table 2); u = 0,22.

Introducing their values in relations (4) and (7) we get the two degree of
stability of the drill in the two support points I and IT respectively. _

The two stability degree the tool ca have, corresponding to the two sup-
port points I and Il where values in the given example are higher than the unit,
were obtained for the situation when the support and guidance elements are
placed at 8, = 1,86 > 1; Sy, = 1,069 > I which represent optimal positions.

Giving different values to the angles §;=180" and 51=270° we can obtain
other values of the stability degree, which must be greater than the unit in all
cases.

Admitting the hypotheses on where bases the forces and momentums sys-
tem that operates during the splinting process on the tool seen be the model of
first must find themselves in dynamic equilibrium we got the general equation of
the mono-cutting drill [relation (1)] as the mathematical expression of the dy-
namic equilibrium of the forces and momentums acting of the generalized tool
for deep holes processing.

Since relations (1) doesn’t explicitly render the equilibrium slate of the
drill we made recourse to the momentums theory, choosing mono-cutting the
criterion to come know dynamic equilibrium of the drill during the drilling proc-
ess, the degree of stability, expressed by relations (2).

Table 1. e
- Values of the AFyt E o o
Diameter Width of the Lead of work, AP ofscttleglem
of the tool | support plate s mmyrot, AFvt=nd, s b, 260° (1-1)
i 2
EN —— S | Materjal: Material: | Material: Matt‘:riﬂi:“
360° OLC §0 OHN3IMF OLC 50 OFN3IME
Ty R 087 < 0012 ' 0012 | 0,314 0,502
(5 1,09 0.016 0,015 : 0.523 0,785
6 131 0,020 0,018 0,786 | 1,132
7 __ 1. 153 . LT0Mm4& [ 0031 1,103 1,542
8 | w75 10028 | o004 i 1466 | 2,016
[ 9 19 | 0032 0027 | Ts8sT T 25m]
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2.18 0,056 ~0.030 3356 ) 3.141 |
2.40 0040 | 0,033 28801 33800 |
2.62 U 0,044 0.036 3516 4561
284 | 0.048 0,039 4,080 5316
3,00 0,051 0.041 4.590 5904 |
3,30 0,056 0,043 5,497 7.068
3.50 0,060 0,048 6,283 8.042
3,71 0,064 0.051 7,121 9,079
3.93 0,068 0,034 8017 | 10.178 |
4,10 0.072 0.057 8953 | 11,341 |
4,37 0.076 0,060 9,948 | 12.566
4,67 | 0,082 0.0645 11,506 14.481
4,80 0,084 0,066 12,095 15.205
5.02 0.088 0.069 13.253 16.619
5,24 0,092 0,072 14,451 18.095
5.46 0,096 0.075 15,708 19,635
5.68 |_0,100 0,078 17,017 21,237
5,89 | 0,104 0,081 18,378 22.902
6,11 0,108 0,084 19,792 24,630 |
6,326 0,112 0,087 21,258 26,420
6,545 0,116 0,090 22,776 28,274 |
6,763 0,120 0.093 24,347 30,190
6,981 0,124 0,096 25,970 32,170 |
7,199 0,128 0,09 27.646 34.212 |
7417 0,132 0,102 29,374 36,317 |
7,638 0.136 0,105 31,154 38,484 |
7.854 0.140 0,108 32,987 40,715 |
8,072 0,144 00111 | 34871 43.008
8,290 0.148 0,114 36,809 45,364 |
8,508 0,152 | 0117 38,798 47.783
8,7 0,056 | 0,120 40,840 150,265
Values of the attaché angleya,. The finishing is making by settlement of micro- :oug_'&ss ox }
Material: Material:
OLC 50 STAS 880-80 OHN3MF GOST 4543-51
t t,':' d\‘,’q xi bl U L L | y=ds/A L 7 | Aa
o ] i 66" | 7158 | 133 1067 05 | 0666 | 66° | 7354
735 1 125 66 | 750 | .67 | 0,83 | 0497 | 0835 | 66° | 75740
15 11! 15 |66 | 70200 | 2 I | 05 1 0999 | 66" | 73716 |
175 L1 | 175 | 66 | 7raer | 233 [1.7]0.502 | 1,166 | 66" | 73701 |
2 1 2 66" | 71730+ | 267 | 1,351 0498 | 1333 | 66° 73°43
225 1 2,25 66" | 71°34 1 3 1.5 0.5 [.499 ;66_'_’_ 7337 B
25 v | 25 | 66" | 7rS0 | 3533 | 1,67 ) 0500 | 1666 : 667 | 73°35 |
595 | 1| 275 | 66" | 7145 | 3,67 | 1,83 | 0498 | 1.833 | 66 | 75°38 |
3,025 i 3 66° ‘i"i’dﬁ'_ 403 |202] 0. S0l | 2.016 66" ?3‘3!




217 10501 | 2766 [ 66" | 73

325 [66° [ 70 [aa
BEEHANEREEEEE
3.73

66" | 750 |

3 | 34375
375

I
I
i e a
1 A 66" | 7148
1| 425 | 66" | 71°36
Pl 45 [ee | 7750
L1 475 | 66" | 71°50°
i s 66" i TIAF
b 336 | 66" [ 7150
L. 55 [66° | Tlar
11 575 | 66" | 717
I 6 66° 1 7147
U] 638 |66 | Firar
L1 65 |66 | 7147
!
i
I
I
!
1
l
[
|
I
!
i
|
!

6,75 | 66° | 717
7|66 | 7rar

725 V66" | 717
7.5 | 66" | TUar |
R

3 66° | 7147 | 1067 |
825 | 66" 71T
85 1667 | 7147
875 | 66° | 7Ud7
LI | 667 | T1Ma
92 66 | 7147
95 | 66" | Trar

9.5

975 | 9,75 | 66" | 7147
10 10| 66" | 7147
Conclusions

The use of the stability degree as method of calculus makes possible the
sizing from design of the geometrical structural parameters of the drill, so that,
the splinting process can take place under the circumstances of stable dynamic
equilibrium. This state of equilibrium is of interest for the deep drill processing,

References: 1. Agapiou, J. S., Design Characteristics of New Types of

Drill and Evaluation of their Performance drilling Cast Iron, International jour-

nal of Machine Tools Manufacturing, vol. 33, nr. 3, 1993. 2. Belous, V. Sinteza

sculelor agchictoare, Tasi, Editura Junimea, 1980. 3. Botez, E. Bazele generdrii
suprafetelor pe magini-unelte, Bucuresti, Editura Tehnica, 1965.
Caano 8 peaakuio 9.06,03

Perkosenionano 0.4, nped. Mapackus 1,

ON THE ANODO - MECHANICAL CUTTING

Coteatd M., Slatineanu L., Dodun O., Ciofu C., Pocol C.
("Gh. Asachi” Technical University of lagi, Romania)

Between the hibrid machining processes there is also an anodic-mechanical cui-
ting method which is based on an electrochemical dissolution assisted by elec-
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cal sparks. An important role for this process has the current density. The pa-
presents some theoretical considerations regarding the current density
ation and it presents also a device for anodic-mechanical cutting realized in
rame of the Nontraditional Technologies Laboratory from the “Gh. Asachi”
nical University of lagi.

oduction

dic-mechanical machining/cutting is one of the methods of electrochemical
harge machining which uses a semidielectric working liquid as an aqueous
tion of sodium silicate (a so-called “soluble glass™) .

electrochemical discharge machining is a process which includes two dif-
t machining methods: the electrical discharge machining on one hand and
electrochemical machining by the other hand. Thus, the material removal is
ured by an electrochemical dissolution and by some electrical discharges at
same time. As a result of the reaction between the working solution and the
kpicce material, a passivating film appears on the workpiece surface. This
has an isolating role, so that the electrochemical dissolution is diminished
ven stopped. In order to remove this isolating film, a pressure between the
ectrode tool and the workpiece is assured. For anodic-mechanical cutting, we
as rotating electrode tool a metalic disk.

eoretical considerations

)f course, in the frame of the electrochemical discharge machining an important
roie has the current density, which has influence on the material removal rate.

in the Nontraditional Technologies Laboratory from the Techaical University of
fasi, some theoretical researches regarding the current density variation were

Thus we tried to calculate the current density for an anodic - mechanical cutting

process, in the case of a cylindrical workpiece, using a metalic tool disk.

The current density is given by:

J==, M
S,

where / is the current intensity and S — the size of the surface affected by the

ectrical discharges.

We established a Cartesian system with the origin in the point corresponding to

the workpiece axis.

The contact surface is defined as:

S, =1by (2)

where /. is the length of the arc which characterizes the workpiece surface af-

fected by the electrical discharges and b,- the disk width.

For |. we could write:

: l.=2Ra (3)
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R-being the disk radius and ¢ -
angle corresponding to the surfa
affected by the electrical
charges,

As il is shown in figure 1, the e
tact surface is modifying in tim
presenting a maximum at a ce
moment. :
To establish a mathematical e
press characterizing the variation.
Fig. 1. the current density, we need |
know the value of the angle .

From the triangle M;M,C,, we could write:

. Mle
Sing@ = ~——=%
2R
where M, M, =2 Yar,
Thus o« will be:
ooy M i
@ = arcsin ——- (
2R

The initial distance between the workpiece axis and the electrode disk axis
dy =7+ R (r- the workpiece radius, R-disk radius), and after a 7, time of machir
ing, it will be o, =r+ R-w,, where w, is the distance corresponding to the pene-
trating of the electrode tool in the workpiece, along the feed direction. '
On the other hand, the distance w; is given by: _
W =f, (6

/- being the machining feed and 7, - the working time.
The circle equation corresponding to the workpiece will be:

x2+y2:r2 ay
Taking into consideration such a relation, we could determine the value of x: 1
[~ 7 1

X=4riey (8)

The circle corresponding to the tool disk is the defined by:
(x-d;) +y* =R
Replacing x from relation (8), we will have:
i MO 5
{\;,..—’ -yt df.)' +y? = p?
From the above mentioned relation we can extract ¥

Rl (10) .:.
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¢ = arcsin

(1)

In this way, we obtained an expression for the current density depending on the
king current intensity, the dimensions for the electrode-tool disk and the

J —:

s (12)

\; 2
i dd:
by2R  arcsin . !

versity it was conceived and built a device for anodic - mechanical cutting, using
an abrasive disk as electrode tool.

Fig. 2. Scheme of the device

The designed device (fig. 2) has to be used on the universal lathes. It is fixed on
trasversal slide of the lathe instead of the slide bed through a plate 1 with
me screws. The plate 1 has a V-guide on which a slide 2 can slip, a sleeve 3
two bearings, two supports 4 and two semirings 5 fixed with screws. Be-
een the sleeve 3, the supports 4 and the semirings 5 there is an isolating swell
the sleeve 3 a shaft 7 is placed on the bearings rolls. This shaft has on its
tend a rotating disk 8 as electrode tool. The electrode disk can be executed of
hin sheet of steel, copper or brass. The conection of the electrode tool (the
lic disk) at the negative pole of the voltage source is made through a ring
9 placed on the right end of the shaft 7; the commutators brush 10 and the
uate cables are used for this. The rotating motion of the disk is gived by a
pulley belt 1] wich receives the motion from an electric motor 12 placed on a

203



plate 13 by means of two loops at a fixed plate 14. A mechanism with screw and
nut 15 is used for belt tensioning.
The slide 2 has a feed motion on the plate 1 owed to some weights 16, haniging
of wire |7, wrapped up on a roll 18, 3
To place the electrode-tool closed to the workpiece, we should move the slide
acting the hand wheel 20. To start cutting, the cluch 21has to be pulled and (0
tated with 90 degrees; the cluch 21 is assembled by a pin to a bolt whose point
placed initially in a hole existing in plate 1. :
Using this device some preliminary experimental attempts were done. As worke
ing liquid it was used an aqueous solution of 5 % natrium silicate. The voltage
gived by the direct current source was U=10V and the intensity 1= 150A. Cut-
ting a workpiece of 30mm diameter we didn’t notice a hight material removal
rate as it is presented in the speciality literature [1]. An explanation for that low
machining ratio may be vlues of the electric operating parameters which were
different form those recommended in the specialty literature.

Conclusions - :
The theoretical rescarches shown that the current density is depending on the
working current intensity, the dimensions of the electrode-tool disk and the
workpiece, the working time and working feed. Rotating the workpiece could be
casier kept a constant density of the current.

The anodic-mechanical cutting method can be applied on an universal lathe, the
advantage of it being the higher material removal ratio if the electrical machin-
ing parameters have adequated values.

References: 1. V.I. Kurcenko. The using anodic - mechanical cutting. (in Ro-
manian; translation of the Russian language). Masini-unelte si scule, Roménia,
10, 1960, 59-61; 2. Al. Nichici et al. Erosion machining in the machine building
(in Romanian). Timisoara: Editura Facla, 1983: 3. L. Slatineanu. Nontraditional
Tehnologies. Handbook (in Romanian). lasi: Institutul Politehnic, 1983.
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AN STUDY ON THE RELIABILITY OF THE CONTINOUSLY
RESHARPENED DEBURRING TOOL (FILE)

Dumitras C. ,Nestian G. (Technical University “Gh. Asachi” lagi, Romania)

INTRODUCTION
The process of filing (deburring) consists of removal burrs (rough edges left on
cast, machined or punched material) or to plain a special complex external (in-

ternal) surface, this being a necessity as a surface finish requirement. The cutting
tool used in this process is the file. Until recently, the conception and the manu-
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facturing of the file were unchanged
and it consists in punching (milling)
a large number of teeth on a certain
surface (tlat, round etc.). This con-
struction of the cutting tool has two
main disadvantages: the manufactur-
ing process is not precise (Cet-
a). verikov, 1965), it is difficult to

] Work positon e ‘
Acive sutace , ! eliminate the wear (*** 1950). The

(R i
:' N 5y ﬂm 2 f_\ new concepts of file eliminate this
. &O } L - Fal disadvantages. The file is construct
4 5 /l cvshacii aanevntt IR by detachable teeth that can be ori-
; | entated in 3D with the help of spe-
cial design wedges (Fig.1) [1]. Thus,
b). c). we can obtain several cutting ge-
I. The construction of the file (a), the Ometry (by changir?g, the c]gara'nce
king and grinding position of the teeth angle o and the cutting edge inclina-
and the wedge (c) tion angle A) on the same body of
the file. One of these positions
gs the clearance surfaces of the teeth into the same plane thus being possible
mechanically continuos resharpening (eliminating the wear) of teeth with the
) of an abrasive wheel [2]. The problem that is rising is to appreciate the ma-
al removal rates, tool life and surface quality achievable by this process. This
er focuses upon the surface quality.

OR VARIABLES

main geometric and process variables together with their variation range are
cated in Table 1. These variables are: Ip - pushing force (it act from work-
piece towards the file); v - cutting speed; o - clearance angle; A - inclination
ngle; HB - hardness of the working material (40Cr10). In order to establish the
lation between these variables and surface quality it was performed an multi-
orial 100ls geometry and workpiece materials under repeatable conditions.
ically, it consist from analysis using a 2° central composite rotatable second
rder design [3]. This design was chosen having in view: the lack of information
bout the interdependence action of the variables, the precision of the respouse
ace, the reduce number of the experiments that imply small costs.

objective function, which must be determine and optimised, is:

vy an - :
R,J =CR.«; el lay A T _ec:_,.?. _ea_,Hr’i (1}

where: R, -arithmetic mean roughness; Cy, - constant.



Table I The variation of the major variables

Codify variable - -
s R -1 0 I 2 Ap
| Natural variable : ) )
xi=Fp (daN) 8 12 16§ 20 24 +4
v (m / min) ] P4 2| 28 4 5
X:=lg v 0 0.14 0.301 0.447 0.602 0.14
o [°] 12 16 20 24 28 -
X3 = o [rad] 0.209 | 0.279 0.349 0.418 0.488 0.06
1% 3 10 5 20 25 -
Xy = A [rad] 0.087 | 0.174 0.261 0.349 0.436 0.08
xs= HB 200 250 300 350 400 +50

e TEST EQUIPMENT

s The equipment (Fig.2) was
designed to simulate filing
process conditions and thus to
perform the testing of various
filing. An Kistler device
9321B mounted on the table
of a slotling machine, an 386
computer, an guideway and a
system which is made by a
wire, two wheels, two plates
and several weights, thus, ob-
taining the desired pushing force. This device, together with the clamped work-
piece, could slide only in one direction, towards the cutting tool. _

[n order to measure the roughness it had been used two Rank Taylor-
Hobson devices: Talysurf - for measuring the topography of the manufactured
surface and Surtronic 3 - for measuring R,.

Fig. 2: Outline of the test equipment to simulate
{iling process

RESULTS

[n order to determine the constants, a, ... as from equation (1) it was carried 32 1
measuring (based on an experiment programming matrix) from which 6 was :
replicated. The replicated experiments determine the precision of the experi- 3
ment. ]
The measurements were made on two reciprocal directions from which one was :
parallel with the feed direction. Also, it was taken photo of the superficial layer k
of the workpiece after cutting with a normal file and a continuously resharped
file in order to measure its height and to compare them. The results are encour-
aging and it show that the height of the destroy layer is half as in normal cutting,
This could be explain by the cutting edge radius which is smaller by effect of
resharpening.

The data obtained from these measurements was processed and the results are
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en in Table 2. The trust level of the mathematical model was tested using an
tand an Shapiro-Wilk test (for the replicated measurements).

n example, some graphics obtain as that indicate the way roughness is influ-
need by one of the variable or by the interdependence of the two variables are
ven in Fig. 3. These graphics are obtained by making 3 or 4 variable constant
middle value) and varying the remain variable. The range of variation is
n in Table 1. Further, it will remain to gather together all the information
to extract the optimum domain of working

e 2 - The exponents expressions

ective Func- | The Expo-
nent The Exponent Expression
a -1.83+ 913 +029F,-0.02HB + 7231 -461gv
: a 0.01-0.35 0 +0.01 F, +0.0004 HB - 0.48 2
= a; 19.31-0.49 a - 24.34 )
a4 38.64-21.47
as 0.06 - 0.03 & - 0.0007 HB - 0.047 &

P
z
1.8
ile
bk 1.4
i.2 // .
//—'Z alfa
3.3§7]1 0.250.30.350.40.450.5
b)
Working Conditions
Graph Fp o 2 HB n
: [daN] | (2! (2] [double
9.5 stroke /
min]
: a). 12 20 15 300 -
.Wlta b). 12 - 15 300 100
¢ b 2 - - 300 100

Fig. 3. The influence of the cutting speed and clearance angle on surface
roughness R,
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CONCLUSIONS _
The experiment is under development, but the data that one accumulate until
now shows that the new construction of the file is superior against the no
file with respect to productivity, roughness, capability of regain the initial ge-
ometry by sharpening and its technology. 4
Even if the results are encouraging it remains a lot to do in the domain of opti-
mising the geometry and the form of the file.

REFERENCES: 1. Belous, V.& Dumitras, C. Pili multifunctionala cu ascutire
continud, Prop.brevet nr. 96 - OSIM 01512/ 1996. 2. Cetverikov, S.S., Metalo

jucie instrumentii, Masghiz, Moskva, 1966. 3. Cochran, W.& Cox, G.M.
perimental Designs, John Wiley & Sons, New York. 1968. 4. Dumitras, C _
Markos, S, New Concepts in File's Design and Manufacturing Technology, Pro
ceedings of DAAAM Symposium , pp.75-76,ISBN 3-901509-04-6, Dubrovni &
Croatia, Oct. 1997, 5. ***Pile noi si retiierea celor vechi, Ed. Cii Ferate, Bu-
curesti, 1954,
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ABOUT DESIGN A SPINNING DEVICE

Ignitescu E.,A., Nagit Gh., Maniila M.C.
(Technical University ,, Gh. Asachi”, lasi, Romania)

Introduction -
The drawing is achieved on the presser, a relatively expensive facility that
achieves deformation by means of matrixes. These tools are expensive due to
the high degree of execution precision. Therefore, in cases of production at ¢
small scale, the usual cupping is not economical. Thus we must consider o]
technological variants of executing revolution pieces made by plastic cold de-
formation. The variant of metal spinning can be applied with important eco-.
nomical advantages, because the machine tools that are used are universal
lathes, which receive certain modifications in the area of carriage of longitudinal
travel. Relatively simple and practically easy to create, universal deform
tools are used. The rolling chucks for small production can be made of cheep:
materials, such as: stacked wood, white cast iron, OLC, etc. j

Metal spinning is an economical method of plastic cold deformation of 4
plane half-finished good, which is used to make revolution pieces. The obtained
profiles can have different forms: cylinder, conic, convex or concave. In order to
make a piece by metal spinning, we can start from a flat disk, from a tube, from
a flat half-finished good or from developing a conic or cylinder picce.
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The half-finished disk-shaped good is en-
gaged in a revolution movement and it is
pressed on a profiled chuck 1, by means of
an active element with a special form, or by
means of some rolls 2, placed in a retainer 5
on the mobile lathe headstock (fig.1).

The technical paper had sown some aspects
regarding the metal spinning. It uses the
ELECTRE method for identification of the
best solution. It is present the construction
of the device for metal spinning

The chose of the optimal device for spin-
ning by ELECTRE Method

Many problems in the ficld of technical
: creation require the decision for the best so-
Jution out of a range of solutions considered to be viable for the study, based on
fferent criteria of assessing these variants. One of the methods used to choose
new technical solution, when there is a creation topic, is applying the Electre
ethod. The method allows comparison and classification of the elements of a
set of variants (solutions) M,, considering “m” points of view, in order to find a
homogeneous subset of elements, and to establish a hierarchy for them.

It is considered necessary to find out the cupping coefficient for thin sheet metal,
the cupping of parallelepiped boxes. Creating a device adapted to the labora-
fory equipment, a device solution that will be chosen by means of the Electre
method may solve the above-mentioned problem.

‘We chose for study, the next strategies:

M= { M|, Mg, 1\1.3, M.: }.

“were: M - hand spinning with chuck

M;- spinning with roller;

M; - spinning with ball;

M, - spinning template;.

Establishing the assessing criteria, we notated with X the importance of criteria:
- X, — to can regulate and measured the force of deformation;

X, — the device will be {ix to many turns;

X; — the complex of the tools;

Xy - the precision of the surfaces.

For every criterion the following coefficients of importance are estab-
lished: K; =0,35; K5 = 0,3; K3=0,25; K4 =0,10.

' The table with the data of the problem is drafted, thus indicating how
~every solution meets a criterion by qualification. The information in table 1 re-
- sult from this.
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_Table | - The appreciation of the solutions about criteria

5 : e 20 Consequence
!____‘Snlulmn X; Sl Xs z X
M Weak - Weak Satisfactory Good
M, _— Giood Very good Excellent Good
M; Excellent l,xceiiem Very good Excellent
| M,  Very good (‘ iood Good Very good
_Tabelul 2 - Matrices of the utilities
. Consequence
it ST Xa X3 | Xa
M, 9 0 )02 104
M, 0,4 0,8 1 0.6
M; I 1 0,8 | 1
(M, 0.8 DO ot o ale oo g
/H(\.\ 1/41 M My
G B P
\r‘b \‘m '\"3 e ! /

G=M,U))  G=(M,U;) Gy=(MU;) G=(M,Uy)
Fig. 2. Partial graphs of the criteria

Quanﬁfying the consequences: Excellent = [; Very good = 0.8; Good = 0.6; A
erage = 0.4; Satisfactory = 0,2; Weak = 0. Thus we can also draft table 2. '
The partial graphs of the four criteria are presented in figure 2.
We don not can to build the synthesis graph because are not the links between |
the point of the graph. We calcul the indicators of concordance. Results:
(M M,)= k4 —0=0
0. 35 0.3+025+0.1
1
M M) = 0=0
) 0.35+0.3+0.25+0.1
i
035+03+0.25+0.1
1
0.35+0.3+025+0.1

e(M,, M)_-----_------! S 025 E 025
U:3+03+073101

1
MM, it s iy etk 0:55
e Ty ey 0 302s)=

1

T 0354034025401
(M M,) = — : (035+0.3+0.1)=0.75
2 035403+0.2540.1

(M, M,)= 0=0

C(M,. M) = {035+03402540.1)=1

(M, M

(0354034025 +0.1)=1

].r

210



a1, M) = - Lo sdossi 034025 C0)

0.35403+0.25+0.1

';:(.-’t-f.-‘M‘} : (035+03+0.2540.1)=1
‘ 0.35+0.3+0.25+0.1

; 1 .
oM, M, e 0.3540.1)=0.45

A )= 035+0nm5+01( )-

C(J‘r{ M) e
035+0.3+025+0.1

‘The values are centralized in the table 3.

Table 3 - The values of the concordance

C [ M, M, LM M,
M, | 0 0 0
M ' - 0.25 0.55
L T ] A ’= | !
M 1 045 |0 i
The values of discordance are
1 1
d(M,, g 2)=0. d(M M) = ———0=0
_a'(w, i) = (1-0.2)=08 (M,.M,) P
Ld(M, M) = l 1-0)=1 d(M,,M,):—l——-A(l—0.8)=(3.25
3 = ' 1-02
d(M, M )-‘-‘—-(0 8-0)=08 d(MJ,M4)=—-—1(}--2--0 =0
|
d(M,, M) =——-0=0 d(M M e 00
(My, M) =~ (4, M,) = 0 i
d(wl.M,)=l—3~0--0.—.o d(M,.M, )=—-_~ (1-0.6)=0.66
_ : )
__ d(M, M, )= T 0=0 d(M, M) = 170; (1-0.8)=0.33
‘The values of the discordances are centralized in table 4
- Table 4 - The values of the discordances
| D M, My M il Ma
s 08 %l 1 .08
M3 0 S .. S 0 i 0
My N 0 0.25 : 0
My i 066 | 033 P e

Intable 5 we are centralized the values of concordance and the discordance.
Table 5 - The values of concordances ad the discordances

. D M, M; M; My

M, e — 0 0.8 0 b 0 0.8

M, 1 0 ST 05 0 | 055 0

M; 1 Q 0.75 0.25 ——- — i 0
My 1 0 0.45 0.66 [0 033 wae -




For limit values of concordance p=1 and discordance q=0, are the next links in
the graph: from M, to M;: from M; to My; from M, to M, and from M; to M,
We diminished the exigencies to p =0,75 q =0,25 and obtained the graph from

figure 3.
/bq :

M N My M

/ 7\
M3 M3
G(0,9;0,2) G(0,75; 0,25) 4
Fig. 3. The graphs for different values of the concordance and discordance

Because exist a relation of total dependences, we can consider that the M;
strategy (the spinning device with ball) is optimal solution.

The optimal solution for device of metal spinning
The device (figure 4) is composing by a guide plate, 1, fixed by a universal turn,
by screws. On this plate is fixed by welding a cylindrical bushing, 2. In the
bushing is moving a bar what is move by wheel 4. The spring 5 is comprised
and moves the plate of the bar of the tiller 6. In this mode is realized the defor-
mation of the workpiece 7 by a profile chuck &. The value of the force is regu-
lated with the wheel 4 and with the mobile plate is fixed an indicator 10,

Conclusions
The devices of metal spinning is can fix to universal turns and present a simple

construction. The ELECTRE method stimulates creativity and optimization the
solution of device.

References: 1. Igndtescu, A.E., Dispozitiv de ambutisare rolativa, Dosar OSIM
A2003/88. 2. Nagit,Gh., Tehnici si metode pentru stimularea creativititii, Chis-
indu: Editura Tehnica-Info 2001; 3. Le Repoussage du bureau d’études 4 la réal-
isation, Franta: Centre Tehnique des Industries Mecaniques, 1993; 4. *** Tool
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MANUFACTURING TECHNIQUE FOR SPHERICAL HYDROSTATIC
' BEARINGS

Marin E.D. (UP, Bucharest, Romania)

The aim of this paper is to illustrate a method of manufacturing of spherical
hydrostatic bearings, including details of the eroding technique used to produce
the high pressure recesses. Are described aspects concerning the techniques
used (copy turning, spark erosion, spherical grinding) of spherical surfaces of
spherical hvdrostatic bearings.

1. INTRODUCTION

The approach of carrying out the problem of spherical hydrostatic bearings,
from theoretical and experimental point of view, was impose by necessity of as-
similation of spherical surface parts in different domains of technics as well the
elaboration of process technologies of high quality level.

‘The manufacture of spherical hydrostatic bearings is a configuration of bearing
‘which require a big size of accuracy [5], [6]. However an important requirement
of accuracy is obtained through the self-aligning property. Attention must be
paid to surface finish, sphericity and size of the bearing.

(a) (b)
Fig. 1. (a) Configuration of spherical hydrostatic bearing
(b) Repartition of six spherical hydrostatic bearing high pressure recesses

The manufacturing technique described in this paper has been successfully em-
ployed to produce the required order of accuracy.

The processes involved in the production of the bearing were [1]:

(a) Copy turning — to remove surplus of material.
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(b) Spark erosion — to produce recesses.
(e} Spherical generation by grinding with a cup wheel to obtained the final
surface finish.

2. COPY TURNING

To minimize the material which must be removed in the grinding operation is
necessary to pay attention to copy turning process. The path of the cutting tool
must be coincident with the principle axis of the bearing. The error of the turned
partial sphere is strongly dependent on the displacement of the cutting tool from
principle axis. Errors in form may also occur due to the basic nature of copying
process related to such factors as tool shape, follower shape and sensitivity of
the copying system which might be serious if a total movement of 90° was
required [2]. The cutting tool must have very high quality parameters to avoid.
the errors, which may occur, errors described earlier.

Regarding the crrors for hemispherical seat these may occur to the base and 0
rim of it.

The shaft was obtained through exterior spherical turning process and the
bearing, the hemispherical seat; throu gh interior spherical turning process as can
be seen in (fig.2).

Fig. 2. Shaft and hemispherical seat obtain by copy turning

3. SPARK MACHINING THE HIGH PRESSURE RECESSES

Spark erosion for production of recesses was adopted as technique when was
observed being the simplest method of obtaining the required form. This
technique allowed the recess to be machining individually as shown in Fig.2, the
direction of feed of the tool 45° 1o the principle axis of the bearing. A fixture
mounted in the tank of spark erosion machine allowed the hemispherical seat to
be rotated through 60° intervals [3].

The influence of electrotechnological factors was analyzed on following
parameters: the eroding speed v,, specific wear of the eroding tool v and surface
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'~ quality through rugosity.
- The determination of volumetric wear of eroding tool is obtained from the
- following formula {4]:

y= (- )o, 100 [%) &)

| M, =n,)p,

- Where: m;, my — initial mass and final mass of eroding tool [g]; M;, M; — initial

mass and final mass of bearing; p, ps — material density of bearing and eroding
0ol [g/cm’].

- The eroding speed (productivity) is calculate with following formula [4]:

v, = -——=i. 10" [mm’/min) (2)
Pp !
Where: t — process duration [min].

For determination of eroding speed v, and volumetric wear of eroding tool

¥ , thc method used was the method of direct weighing before and after
processing of eroding tool and eroding part.

When the duration of process increase, the feed increase as well and if the angle
of injection of dielectric remains the same is obtained an increasing process
productivity due to the stability of eroding process. Thus appear an increase of
relative wear due to the worsen conditions of washing of working clearance
because of agglomeration of eroding particles.

e R T
. |
W, 9

pressure recesses

; Fig. 3. Spark erosion of high
The circulation of the dielectric was made by injection; the equipment used
having the advantage that can be set in any position due to its magnetic fixing
system and that’s allowed the variation of the angle of sending the dielectric in
i(}" to 90° interval.

At injection angles of dielectric greater values («=50°) is obtained an increasing
of eroding speed about 8-15% and an decreasing of wear of eroding tool about
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12-14% face to the case when injection angle has smaller values (=25°). In_
case of angle of injection great is obtaining the condition of tangential wash,
which means a proper evacuation of eroding particles from working aria. :
The rugosity is the state below the eroding surface is showing and constitute the
principal parameter which define the quality of processing part surface under 1
different working regimes. If the impulse duration and working current increase
is resulting increase rugosity. Thus appeared pre-finishing regime which have
greater values of discharge energy and result a big volume of material removed. i
as well the size of craters on part surface. That’s why is necessary to know 3
which is the optimum working process to obtain the values of desired rugosity.
[n spark erosion process to cach discharge a crater appear having a form close to.
a spherical calotte, shown in (fig.4), its volume being proportional to the value
ol discharge energy. 3
The size of craters depending on the size of croding speed of processing.
regimes. 3

2

77

Fig. 4. The form of crater obtain to spark erosion

The volume of material removed from bearing to an impulse can be express with
following formula [3}:

Vo= ?;, s (3:- - 11) [mm’] . (3)

Where: h — crater depth [mm],
I = crater radius [mm]. -
Choosing the optimum regime conducted to elimination of finishing and
superfinishing operation of processing surface and decreasing of manufacturing
costs.

The eroding tool was constant cross section in the direction of feed, allowing
periodical redressing 1o remove the effects of tool erosion. The material of the
tool was electrolytic copper. Due to the material, the form of eroding tool-and
the processing regime was necessary only one redressing operation during the
erosion of each recess that conducted to an economy of materials and energy.
The sides of eroding tool had four curvatures; these being required to obtained
the required width of recess. The curvatures result due to the angle at which the
tool intersects the natural curvature of spherical seat.

The calculation involved in determining the shape of eroding tool are tedious
and complex and must be repeated for any modification of bearing shape.
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For surface processing through spark erosion is necessary that the profile of
eroding tool and eroding part to carry out from constructive point of view
following conditions:

. from intersection of processing surface with a plan which pass through
rotation axe to result an open curvature.
° profile curvature to be derived in any point and not present returning

points or closed-loops.

4. SPHERICAL GRINDING

[ The operation of spherical grinding is required to obtain the final size and shape
of the spherical bearing. This operation is conducted after machining the
recesses for to main reasons:

. removing the burrs thrown up by spark erosion.

» minimizing the surface contact between the hemispherical seat and the
grinding wheel.

The grinding wheel is set to an angle of 45° to bearing seat and the diameter of
cup grinding wheel is determinate from following equation [1]:

= B

| 2

Where: D - diameter of cup grinding wheel and

D — bearing diameter.

Sometimes is necessary to use one more operation, in this case smoothing of
spherical exterior surfaces with powders or abrasive granules in suspension
introduced between the parts which in working process are in contact
(conjugated parts), as are the bearings.

This procedure can be made manually, semi-mechanize (with the help of any
rotating machine as turning machine) or mechanize.

The abrasive materials used in processing the bearing surfaces are abrasive
pastes based on diamond or electrocorundum.

5. CONCLUSIONS
A technological study concerning a spherical hydrostatic bearing was made.
‘The methods suitable to obtaining spherical interior and exterior surfaces are
turning and milling processes.
To obtain the high pressure recesses spark erosion process is used because is the
simplest method of obtaining the required compiex form of recesses.
In spark erosion process is better if the angle of injection of dielectric pass 50°
for obtain the condition of tangential wash, which means a proper evacuation of
eroding particles from working aria.
Is necessary as well to have a spherical grinding process, to smoothing the
surfaces in contact because of the conditions of ulterior running of spherical
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hydrostatic bearings
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ABOUT MATERIAL MODELS USED IN DYNAMIC ANALYSIS OF
THE MECHANICAL STRUCTURE USING FINITE ELEMENT
METHOD

Nastasescu V., Russu M., Fuiorea I - Bunea M. (MTA, Bucharest, Romania)

This paper presenis some theoretical and practical aspects regarding to the
material models used for studying of impact phenomena or other dynamic
loading, using finite element method. Some material models, its characteristic
constants are also presented together their influence on the material behavior,
Next to these aspects, failure in materials and its wamerical simulation is also
presented. Conclusions and remarks that close this paper are very useful for a
right approaching of the impact calculus by finite element method

L. Introduction

For numeric modeling of a very difficult problem like impact phenomena it is
necessary 1o come as near as possible to the reality in each aspect of the
problem. Among these aspects, the failure models of the materials, in the finite
element method-using context, are the maximum importance. The first methods
of predicting failure in ductile materials used criteria like degree of deformation,
maximum principal stress, maximum equivalent stress, maximum effective
plastic strain etc. Using only one of the above criteria looks to be inadequate
stuce the failure strain is dependent on many factors. These factors could be:
strain rate, temperature and its history, strain path, effective stress and others.
Only a model including all or a part of all these factors could be a proper one
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and only the comparative analysis of the numeric and experimental results can
validate a material model, a failure criteria, etc. As finite element method s
concerned, both the material and geometric nonliniarities have to take into

-_ Material models

One of the most used material model, adopted for the targets (often for the pro-
ectlles too), is plastic kinematic one, being strain rate dependent plasticity for
sotropic materials. As a bilinear hardening plasticity model, (figure 1), this is
characterized by the parameters Ui, (yield stress) and E; (tangent modulus).
‘The yield function is given by:

1
o, = 1+[%)” (o0 + 8, ..;ef) %)

where o, is the initial yield stress, 6‘ is the effective plastic strain, E,is the
plastic ardening modulus which is given by:

g )

# being the hardening parameter that can
gk be 0 or 1 depending on plasticity type (0
for kinematic and 1 for isotropic respec-
. tively), € and P are strain rate parame-
// s ters (Cooper-Symond coefficients). For
— this model, the user has to specify the
failure strain for which clements will be
Bifinear Kinematic eliminated.
o The yield surface for kinematic hardening
. is presented in the figure 2. According to
o, T 1 the flow rule, the direction of plastic
straining can be evaluated.
B The hardening rule describes the chang-
ing of the vield surface with progressive
yielding, so that the conditions for subse-
quent yielding can be established.

Bilinear Isotropic Two hardening rules are usually

available: work or isotropic hardening
and kinematic hardening. In the isotropic
hardening, the yield surface remains cen-

~ Fig. 1. Stress-strain behavior of
some plasticity options
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tered about its initial centerline and expands in size as the plastic strains de-

velop.
Q3 i,

?

By =gy =0y Il

. j/_.
3-0 20

Fig. 2. Yield surface (2D and 3D) for kinematic

B

hardening

This aspect can be seen in
the figure 3-a. Kinematic
hardening assumes that the
yield surface remains con-
stant in size and the surface
translates in stress space
with progressive yielding as
it is shown in the figure 3-b.
A very difficult problem is
the choosing of the material

constants C and P. The best way is the experimental one, but often it 1s not
possible because of vary reasons. If the material characteristic curve (under dy-

lantiz] yold sudace :’2
" Subseguen: Izl yiald surtace
/_ yinld suface ~-\V/'S_hhw1um
J 4 ik surlace
.r‘I -
o
1 f et )

i
!
!

i

b =

7 s} tsovragic Work Huzgening ) Kinnmabe Hascening

Fig. 3. Hardening rules

namic conditions) is known
(strain rate is also known), then
it is possible constants C and P
to be determined.

It is very useful to make some
comparing  between  different
materials; next to it, it is also
useful to know which is the in-
fluence of each constant upon
the yield stress - relation (1) -

and how the up or down of C or P constant determines the level of the yield

stress.

For a common steel, such dependences are presented in the figures 4 and

1200

1600
:EF
= B0
L=
w
v
sl
@
400
] 500 1000 1500 2000
Strain rate {1/s]

Fig. 4. The influence of the constant C
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5. As we can see, a right
choosing of the constant P is
very important because the
value of the yield stress is
strongly affected. In the con-
sidered example, for the C=50
and strain rate of 2000 s, for
P=2 the initial value of the
yield stress is multiplied by
7.32 times, and for P=7 the
multiplying factor is 2.69
only. In the same conditions,
but for P=4, the ratio 1,/ [, -
relation (1), moves from 3.17
for C=90, to 4.76 for C=10.




For the projectile, three types of material models were used: linear elastic iso-
- tropic, plastic kinematic (the same model used for the target) and rigid one. In
all the cases Young's modulus (E), density () and Poisson’s ratio (v ) must be
provided.

As rigid model is concemned,
this is very cost efficient be-
cause the elements that are

o0

S rigid are bypassed in the
g element processing and no
Em storage is allocated for stor-
% ing history variables.
§ Young's modulus E and

Poisson’s ratio v are used for
determining sliding interface
~—.. parameters if the rigid body

108 1500 2000

Strain rate [1/s] interacts in a contact defini-
tion. Density p is necessary
Fig. 5. The influence of the constant P for calculus of the inertial

: properties. It is useful to
know that unrealistic values of the elastic constants may lead to numerical prob-
lem in contact.

3. Hustrative example
Three finite element models were used because a comparative study was de-
sired. The first model was a 2D model. In the 3D models, the projectile was
modeled with 3D solid finite clements, but for target two finite element types
were used: 3D solid finite elements (figure 6) and SHELL elements. As it can
be seen a nonuniform mesh was used
= and a special care was for the target
modeling; in the impact zone the dimen-
sion of the finite element edges was
much less than one mm. 3D solid ele-
ments having 4 nodes (thethraedrum)
were avoided for more accuracy.
The loading was consisting only in ap-
plying an initial velocity to the projectile
as impact velocity. Constraints were ap-
plied only to the target, namely, the dis-
placements to the impact direction were
considered to be zero for all nodes be-
‘Fig. 6. 3D finite element model longing to the outer contour of the plate
‘with only 3D solid finite element (target). A normal impact between a bul-
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let and a plane armour plate was considered. The bullet (named projectile or
contactor) consists in a hard core of 12.3 diameter, a mass of 26 g and a specific
geometry with a curvature of the front part of 36.9 mm. The material was a spe-
cial steel one. A different velocity of the projectile was considered (between 100

to 800 m/s). The target had a thickness of 15 mm and was made of special steel
too. The impact problems are characterized by local phenomena, so only a circu-
lar part of the target having a diameter of 200 mm was used in finite element
model (also in experimental tests). The finite element caleulus allow us (o get
the depth of penetration, to know if the target is perforated or not, the residual
velocity of the projectile and others. The influence of the material constants C

and P to the penetration depth and residual velocity is illustrated in the figures 7
and 8.

T R R
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:g 48,00 4 ‘:'. ' :
b
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50 ¥
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a W 0 e L] 1
_ ¢ « .
Fig. 7. Penetration depth versus C ~ Fig. 8. Residual velocity versus C con- ]
constant stant

[n the figure 9 one of the damage
mechanism, can be seen, for C=10

. and P=4. This failure results in the
. perforation of thin or intermediate"
targets. The same aspect appears in
the figure 10, but for C=10 and

Fig. 9. Material damage (C=10; P=4)

: p=3, .
g;-_f [ SR Y The depth of penetration is
[ L determined by analyzing the
A deformation state of the target.

Fig. 10. Material damage (C=10; P=3)

4. Conclusions .
The models used for material in FEA of the structures is an important factor in
the numerical simulation. A special care has to be paid to the choosing of the
material model and its implementation in the finite element code. It is very im-
portant to select the correct category for the material being analyzed. It is less
important to select the specific model within a category, which is usually
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controlled by the material data available.

, the selection of a specific model depends on the type of material being ana-
lyzed and the availability of material constants. The accuracy of most highly
nonlinear finite element analyses hinges upon the quality of the material con-
stants used. ['or best results it is necessary to obtain constants from material
suppliers or to get them by special analyzing of the material.

References: 1. Alain, N., Dahan, N., Analysis of the Perforation of Elastoplastic
ates with Bifurcation Theory, DYMAT Joumal, Vol. 2, no. 2, June, 1995,
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THE DETERMINATION OF THE DIAMETER OF THE PLANE
SHEET NEEDED FOR THE MANUFACTURE
OF THE CORRUGATED DIAPHRAGMS

Negoescu F., Braha V., Butnaru C., Turas E.
(Gh. Asachi” Technical University of lasi, Romania)

The paper aims to determine the theoretical formulae used to determine the di-
\ameter of the plane sheet needed to produce the corrugated diaphragm disk. The
profile is sinusoidal, triangular and trapezoidal.

1. Imntroduction

The diaphragms are elastic plates of small thickness, of circular form on a
planed or profiled surface, integrated in a contour, which, under the pressure ap-
plied on one face, gives visible and easily measurable distortions. The elastic
corrugated diaphragm disks are thin circular plates that are symmetrically corru-
gated, and are used in the pressure gauges as elastic elements. A change in the
format and dimensions of the corrugated profile will reflect in the modification
of the diaphragm characteristic. The corrugated diaphragm disks are manufac-
tured by cold forming of the plane circular sheets.

The plane sheets are obtained by blanking. Their diameter will depend upon the
profile and dimensions of the corrugated section. We aim that the pressure
- gauges will have linear characteristics over all their measurement range. It is
therefore necessary to design and manufacture corrugated diaphragm disks that
have a different corrugated profile from those described in the technical litera-
- lure. '

This research paper aims to determine the diameter of the plane sheet Dy, needed
to manufacture a diaphragm that has its profile sinusoidal, profile triangular,
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profile trapezoidal, profile circularete) [ 1 1,[ 3 ].

2. Mathematical modeling

Diameter Dy can be determined using Guldin-Pappus theorem. The method is
used to determine the surface of piece generated by a plane curve that rotates it-
self around an axis [ 2 ].

By making equal the theoretical formulae of the area of the piece and area of
the plane sheet diameter we obtain an equation. Its solution represents the di-
ameter of the plane sheet:

Dﬁ=v.'s-zq. 1, (1)

where: 1; is the radius of the weight centre of each section of the curve.
We particularized the equation (1) for a grooved diaphragm disk, and reached
the following equation:

Dy = 8 1y 7y Ty 1 ) @

where: r, = il is the radius of the weight center of the curve on the rigidified

section;
{.=x- the length of the curve corresponding to the rigidified section of the
curve; :
rg =X + X - the radius of the gravity center of the curve that describes the
grooved section;

I, = L - the length of the curve that describes the grooved section;

Fpy =Xy +Xy + -ai - the radius of the gravity center of the curve corresponding to

the embed section;
I,y = %3~ the length of the curve corresponding to the embed section.

The calculus refations of these parameters had been determined using the same
notations as in figure 1. Based on the analysis we realized that X and Lg pa-
rameters are the onlv one that dependent of the selected profile. In order to find
out the diameter of the plane shect needed to produce the corrugated diaphragm
disk we first need to determine the equations for these variables of the curve that
describe the corrugated part of the diaphragm.

—

Fig. 1. Corrugated diaphragm
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The position of the center of gravity of the curve that generates the grooved part
may be obtained using the relation (equation):
' J::z x-dS
Xg="Fn—— (3)

g’f das

length of the curve is commuted with the following equation:
L= L‘jﬁ ds (4)
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3. Conclusions 1
® There had been established the equation used to determine the diamete i

of the corrugated diaphragm disk with profile sinusoidal, triangular, trapezoidal;
* Based on these theoretical formulae we can determine the diameter of

the plane sheet (2) for different constructive characteristics of the corrugated
diaphragm.
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THE REINFORCED CONCRETE ELEMENTS UNDER
EXPLOSIVE LOADING

Orban O., Lupoaie M. (Military Technical Acadeny, Bucuresti, Romania)

This paper presents some theoretically and experimentally aspects regarding the
construction elements under detonation of explosive charge placed in contact
with element. There are presented the energy explosive transfer mechanisms
into RC element and the structural modifications evolution of concrete material
element under explosion. The paper presents also a binary model for behaviour
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of reinforced concrete slab under detonation of explosive charge placed in
contact with element and experimentally results.

I Introduction

When a reinforced concrete structure is subjected to severe localized dynamic
loading such as an explosion, the failure is expected to comprise a combination
of local perforation and global flexural collapse. In reality, the local perforation
accounts for a number of local stress wave dominated mechanism including
surface crate ring, back face scabbing and the onset of local punching shear. The
two processes of shear and flexure are usually evaluated separately, using simple
degrec of freedom methods. These can give reasonable predictions of flexural
structural behaviour but implicitly ignore the interaction between shear and
flexural mechanism. The flexural deformations, although small at the carly time
of shear damage, do affect the later by making the structural element behave as a
softer target. Shear response is especially important for highly concentrated
loads of short duration, such as close proximity explosions.

In this paper the two processes are treated as a coupled shear-flexural model in
which shear and flexural responses are modelled as two spring-masses dashpot
systems connected in series.

2 Response of concrete element subjected to an explosive load

‘When a simply supported reinforced concrete element (beam or slab) is
subjected to impact or close-in explosive Joading, a number of mechanisms
coniribute to its overall failure (figure 1). The principal dominant mechanisms
are surface cratering, local punching shear, back face scabbing and global
flexure.

During the first few microseconds of the impact process, high stress plastic
shock waves are transmitted into the target load surface. This causes complete
pulverization of the concrete in the impact zone and results in the production of
asurface crater.

COMPRESSION CRUSHING
SHEAR CRACK

FLEXURE
7
PLUG

DISPLACEMENT

SCABBING

Fig. 1. Concrete damage mechanism

The back face scabbing is initiated quite early in the response of the concrete to
mpact loading and is associated with internal tensile reflection of the incident
compressive stress wave.

The flexural response of a concrete element under impact loading develops
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progressively, as momentum is transmitted outwards from the region of ce i
load application and is extremely slow in relation to local punching shear, but
stitl has a significant effect on cushioning and spreading the local damage.
The shear plug formation occurs a time order of magnitude before the flex

and, consequently, these processes have traditionally been dealt with separate
using single-degrec-of-freedom techniques.

3 Binary response model 3
In cases of detonation of explosive charge placed in contact with element or
hard impact when punching failure occurs at high speed loading, a thorough
investigation involving material no linearity is required which can only
solved by numerical methods.

Starting with a simple yield line pattern of the slab under consideration, t
deformation is easily approximated using equation

wx,z,t) = wy(£) - wix, v)
and the equivalent acting mass m; of the plate is obtained from equation

m = [(x,y)- [w(x, v) P dxdy

where A4 is the area of the slab, over which one has to integrate.

One begins with the model given in figure 2 by taking punching shear i
account.

F()

YrTYvyreYr Y

Fig. 2. Simple model for punching shear

This model leads to two equilibrium equations
my o, +C, o, + R [w, (1) = w ()] = F(1) (3)

m, w4+ Co- W+ R[w (0] = R, [w, ()= w,(1)] =0 (4)

where R (w,) and R,(u) represent, the deformation characteristics of the

surrounding plate in bending and the punching cone relative to the surrounding
plate. |
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Damping is included in this model to represent the amount of energy lost from
internal damage of the concrete and dowel action of the bending,.
In matriceal form the equations (3) and (4) are writing:

my O f Wy .0 ‘wl' Ri+Ry =Ry | wy 0
w7 I ks P . ] = (5)
0 mmy | W, 0 Cylw - R, Ry flwai LF()

Under increasing deformation u(t) the resistance R,(u) may consist of three
contributing factors (figure 3):

- a first contribution due to tensile strength of concrete along the expected cone
boundaries; {
-a second contribution due to the action of
stirrups  elongated  after cracks have

o

R s

occurred; -;":.

-a third contribution due to the bending 1 \‘ ]
reinforcement when large deformations i

develop. /

If this model is aplicated for a beam which foo Bending reinf.
are practicated a drill-hole with 4, bardS?T  smunnovpmmnge

diameter and /, length then we have four "

punching cone. This new approach can be
very useful in controlled demolition of
buildings for determination of the ratio of
energy assumptioned by the reinforcement.

Fig. 3. Idealized behaviour of
punching cone

4 Experiments

The goals of experiments were:

a)  the behaviour of reinforced concrete elements subjected to explosion
(damage mechanism, characterisation of damage area,characterisation of the
propulsion effects);

b)  the influence of explosives characteristic on damage mode of concrete
elements (influence of explosive type, influence of weight of explosive,
influence of ignition mode, influence of confinement);

The tests was performed on two types of elements: R/C beams and lintels.
Dimensions of elements, the characteristics which are varied during experiments
are presented in table 1.

The punching cone formation for charge detonation in RC lintel are presented in
figure 5. It can be observed the bending of the reinforcement for two cases: with
and without stirrups in proximity of explosive charge detonation.
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Table 1 - The variation of charge characteristics

. No. | Dimension
] 0 LB ; s |
:..emu! ke T T ;':;1 | !‘:‘n] n, |10 | Explosive | Q, [ke] d[m]
& {em) | feml f
; 5 TNT ;
Lintel |2 15 (2 . 3 H 10— @, w2
infe 0 1003 {010 lla | 010 EPiT @, 0 0,03
TNT
5 ~ = EPH 3
Lintel |7 30 30 0,03 0,15 1,2 | 0,20 —,:'f)—i,;“—"""—‘— w, w2, wid 0,03
£
ANITNT
Beam |3 20 135 1003 | 0,12 | 1,210,113 | EPH @/2, o4 0,03
Beam |2 30 140 (0,03 |03 |2 0,20 | EPH ©f2, w4 0,03
Beamn || 20 150 1003 90,16 |4 0,13 § EPH @2, /4 0,03 |
Beam |1 25 {40 (003 | 0,02 |2 0,16 | TNT @2, o4 0,025 '-__
Beam | | 20 (40 {003 (013 |2 0.13 | EPH, EPP | @2, @4 0,03 |
. - £ Y = I
ATt oL ) At ¥ e : !
- R i
- M'\“'j >
~., P )
- % )

Fig. 4. The four punching cones for a
detonated charge in RC lintel

5 Conclusions :
The shear and flexural responses of the reinforced concrete clements subjected
to severe localized dynamic loads must be treated as a coupled system and have
provided a case for the development of a binary response model. This model can
be applicable for the case in which the charge of explosive is detonated in
reinforced concrete element for determination of the ratio of energy
assumptioned by the reinforcement.

Bibliography: 1. A.J. Sheridan, C.A. Cowdery ~ “An analysis of shear/flexure
coupling applied to the failure of reinforced Concrete Structures”, Structures
under shock and impact [1, Computational Mechanics Publications, Thomas
Telford, 1992. 2. Goga D., Lupoae M. - Studiul interactiunii dintre explozivii
utilizali la demolarea cladirilor i elementele de constructii, Conferinta de
detonicd, Targu Jiu, 2001. 3. J. Luckyram, B.M. Stewart, G.M. Zintilis — “Blast |
loaded R.C.Slabs a binary response model for shear and flexure interaction”,
Structures under shock and impact II, Computational Mechanics Publications, i
Thomas Telford, 1992. 4. *** - “Concrcte Structures under impact and J
impulsive loading”, Synthesis report, Aout 1988. i
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FEATURES OF LASER CUT
Radovanovic R. M. (University of Nis, Yugoslavia)

This paper gives results of the experimental research referring to the
determination of quality indicators of the cuts obtained by laser cutting. The
knowledge of the laser cut quality and its dependence on various Sfactors will
provide for a rise in forming quality as well as in its | iability to manufacturing

Introduction

Laser cutting is the high speed cutting with a narrow cut width that results in
superior and enhanced quality, higher accuracy and greater flexibility. It is often
wondered what type of cut edge finish is gencrated by laser cutting. Each cut of
conventional cutting processes provides a consistent, known degree of quality
which can serve as a reference for subjectively comparing results. Laser cut can
be said to fall somewhere between a sawed edge and that of an EDM cut. In

figure 1 is shown laser cut.
g -0
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Focused Laser Heam nEl i
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h

Fig. 1. Laser cut

The standard DIN EN ISO 9013:2000 gives terminological definitions and
dscribes criteria for evaluating the quality of cutting surfaces, quality
classification and the dimensional tolerance. It applies in the case of laser beam
cuts for material thickness of between 0.5 mm and 40 mm. Evaluation of laser
cut quality bases on: geometry of cut, surface of cut, burr formation and
characteristics of material in zone of cut.

Geometry of laser cut

The cut geometry comprises the following: cut form and cut width, cut sides’
inclination and rounding out of the cut edges. Cut form and cut width. Laser cut
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have form of taper. The channelling effect of a focused beam minimizes taper of

the cut. Form of the cut depends from many factors, primarily from focal length |
of lens and position of focal point. Cut width is important characteristic of laser
cutting, that ensures the advantage in regard on other contour cutting processes.
Cut width increases along with the sheet thickness. For mild steel, cut width of 3
0.15 mm is typical for sheet thickness of | mm, 0.25 mm for 3 mm, and 0.5 for

20 mm. In figure 2 is shown cut width change for various sheet thickness by
cutting with CO, laser power of 500 W and 800 W. -
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Fig. 2. Cut width change for various sheet thickness

The cut sides’ inclination also determines the cutting quality. The cutting of
material by means of the focused laser beam is characterized by narrowing of
the cut. Its size depends on many factors, primarily on the focal distance of the
focusing lenses as well as on defocalization, in addition to the properties of the
workpiece material and the laser beam’s polarization. In order to determine
quantitatively the cut sides’ inclination the cut sides' inclination tolerance (u) and
the cut sides’ inclination angle (B) are used. In figure 3 is shown the cut side's
inclination angle change for various sheet thickness by cutting with CO, laser
power of 500 W and 800 W.
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Fig. 3. Cut side's inclination angle change for various sheet thickness
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Fig. 4. Cut edge rounding change for various sheet thickness

Surface of laser cut

The laser cut surface reveals a specific form of unevenness. As either
semicircular grooves or proper grooving they are the consequence of the focused
laser beam shape, the cutting velocity and formation process, as well as of the
removal and hardening of the molten material at the cut place. Observation of
the cut surface can reveal two zones: the upper one in the area of the laser beam
entrance side and the lower one, in the area of the laser beam exit side. The
former is a finely worked surface with proper grooves while the latter has a
rougher surface characterized by the deposits of both molten metal and slag. The
parameters that are most ofien used for accessing the surface roughness are: ten
point height of irregularities (R,) and mean arithmetic profile deviation (R,). In
figure 5 is shown surface roughness change for various sheet thickness by
cutting with CO, laser power of 500 W and 800 W.
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Fig. 5. Surface roughness in dependence of sheet thickness
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Burr formation

Burr formation (slag formation or melt drops) can refer to a highly adherent burr
which can not be removed without further treatment, or a slag which is adherent
but can be easily removed without further treatiment. The burr formation is
evaluated visually and described in words, The dimension of the burr is
dependent on the focus position, amongst other things. In figure 6 is shown slag
height change for various sheet thickness by cutting with CO, laser power of
500 W and 800 W.
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Fig. 6. Slag height change for various sheet thickness

Characteristics of material in zone of laser cut

Since the laser cutting is actually the thermal way of cutting then the structure of
the material changes in the cut zone. Changes of hardness in the surface cut
layer are due to the fact that the workpiece material is heated to high
temperatures exceeding the critical transformation points with the onrush of the
laser beam. After the passing-through of the laser beam the process of self-
cooling occurs causing a rapid cooling of the heated susface layer. In fi gure 7 is
shown hardness change for various sheet thickness by cutting with CO, laser
power of 500 W and 800 W,
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WORK-PIECE RADIAL DISPLACEMENT IN CUTTING WITH
ULTRASONIC TANGENTIAL VIBRATIONS

Romanescu 1., Horodinci M., Panait S., Murirasu E.
(Technical University “Gh.Asachi* Jassy, Romania)

In ultrasonic cutting, the work-picce radial displacement is registered smaller
than in conventional cutting. This paper presents some laboratory experimental
researches over the radial movement of the work-piece in cutting with ultrasonic
tangential vibrations, comparison with conventional cutring.

1. General considerations

In free cutting with ultrasonic vibrations orientated on the main direction -
especially induced by the cutting tool (named wlirasonic cutting), a continuous
contact between tool face and the chip is not maintained. Cause of induced high
frequency oscillations, when the vibration instantancous speed vy, takes values
greater than the main cutting speed v:
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v =3y (-[)‘-_

Vi
cach oscillatory movement period T, only during the time #- < T the tool-chip
contact is realized. As a result, the cutting material is deformed under dynamic
forces. When the oscillatory movement paramcters — amplitude and frequency -
of induced ultrasonic vibrations accomplish relation (1), the main medium
cutting force /. decreases, and also the radial work-piece displacement §,
reduces.
To appreciate the influence of the ultrasonic oscillations induced in cutting,
some parameters were defined [2]: !
s the contact time reducing coefficient C, and the contact time reducing factor &:
C =5 =t @)
s T
® the work-piece radial displacement coefficient Cp. and the work-piece radial
displacement factor £,

I _duys
== HS (3)
‘;:D: ():(.‘

° the main cutting force reducing coefficient Cy. and the main culting force
reducing factor &g

CJ’);

:
Cr == 28 @
. SFE: C
where: ¢ 8. and 8. are the radial displacements in conventional and,
respectively, in ultrasonic cutting; & F.- and F.ys are the medium main cutting
forces in conventional and, respectively, in ultrasonic cutting.
According to the theoretical pattern of free cutting with ultrasonic tangential
vibrations, defined by the Japanese professor Junitiro Kumabe [1], when
applying high frequency vibrations in the main cutting direction, both medium
cutting force F. and work-piece radial displacement o, decrease C, times, as
shown relation (5):

i e
Ows _ Fous =C, (5)
5:(,’ F:C

2. Method and equipment to measure the work-piece radial displacement
To verify the effect of high frequency vibrations over the work-piece radial
displacement, laboratory equipment was build. The equipment for measuring -
data recording - data processing and graph charts plotting the work-piece radial
displacement in conventional and in ultrasonic culting contains a sensor
MKD.IWB 202 — 73344 (which induce two impedances in a measuring bridge),
an oscilloscope, an analog-to-digital converter, a PC and a plotter [2].

The laboratory equipment was used to measure the work-piece radial
displacement in longitudinal external turning of Romanian OLC 45 steel, on the
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SN 400 universal lathe, in the following conditions: » cutting tool vibration
amplitude 4 = 042 um; o vibration frequency /= 25 kHz (maximum vibrating
speed, named critical speed v = 3.958 m/min); e work-piece diameter = 8.4 +
9.2 mm; e cutting deep @ = 0.1 mm; work-piece rotation n = 31.5 + 160
revimin; o feed s = 0.024 mm/rev. A cutting tool with cemented-carbide tip K10
was utilized, with constructive geometry: On= n = 10% A =2"=0% yy=v'y=
0% K=K =60°r,= 1.2 mm.

In the first step, the work-piece radial displacement in ultrasonic cutting was
measured, and then, by turning off the vibrating tool movement, in conventional
cutting. The tests were done with a conversion rate of 135 s, in 765
experimental points.

The work-piece rotation and the feed were modified and were been registered
(in mV) the following parameters:

e the maximum work-piece radial displacement zy,.;

¢ the minimum work-picce radial displacement zy;,;

e the medium work-piece radial displacement in ultrasonic cutting z,,s;

* the medium work-piece radial displacement in conventional cutting z,.c;

¢ the medium work-piece radial displacement in unloaded running (with the
cutting tool removed) z,,.;

e point to point evolution for the process signal in unloaded running Az,

The medium relative work-piece displacements Az, and Az, — in
conventional and, respectively, in ultrasonic cutting;
Asz:sz_"ZmG s [mV]; AzmbﬁzzmifS_ZmG 2 {mV] {6)

allowed to calculate the radial displacement coefficient Cj..
The radial displacement variation graphs were registered for cutting speed
variation (fig.1) and the data were centralized in table 1. The variation graphs
for work-piece radial displacement make obvious many parameters, measured in
mV: e Az ;.o and Az, ® Zy, and zug,: © the time period corresponding to a
complete work-piece rotation. On the graphs were marked, in frame: e the
cutting parameters; e the work-piece diameter and material; e the vibratory
movement parameters (amplitude 4 and frequency f) and the critical speed v
The registration time was 5.6 seconds.
The medium values for work-piece radial displacement 8.5 and 8., are
- centralized in table 1, under the shape of measured voltages Az,s and Az,c,
together with the speed factor &, (calculated), the speed coefficient C
(calculated), the radial displacement coefficient Cp. (experimental determined),
the contact time reducing coefficient C, (calculated with relation 7 for &> 2 and
with relation 8 for &, < 2) [2] and the cutting force reducing coefficient Cj..

G w6870 £ 0t (7

C, =0.9073.&, %% (8)
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Tabie | - Work-piece radial displacement, in longitudinal turning of Roman
steel OLC 45, with and without ultrasonic vibrations, for cutting speed variati
n v d . Az Az 5 ; &
[rev/min] |[m/min]  |fmm] '|"" [mV] [mV] Co: !C‘

315 09104 192 [4.3474 1023 1752.087 1104611 [0.7189 |0.2961

S0 14451 92 27388 |0.3651 [A11.791 [587.73  10.7006 0.3859
63 {18209 92 121737 1046 [338.666 [470.93 [0.7191 [0.4405

80 [23122 92 117118 0.5842 [702.13  [948.08 07406 10.5315
100 128903 |92 13694 107302 [257.843 130874 0.7843 [0.6636 |
25 135343 9 [11199 0.893 572453 |715338 |0.8002 [0.8106 [0

(160~ Tas3e o 0.8749 [1.143 |581.004 [630.483 0.9215 |1.0363

Data measuring, recording and processing the work-piece radial displacement in
main cutting speed variation allowed made the followi ng remarks: E
* Recording values for the work-piece radial displacement coefficient Cp. (se
tab.1) confirm the effect of dynamic cutting forces over the decreasing of work:
piece dynamic radial displacement.

¢ The radial displacement coefficient variation with speed factor &y (for &=
1+3) (fig.2), or with the main cutting speed, was predictable, considering the
effect of ultrasonic tangential vibrations.
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* =25 kHz; (ve=3.958 m/min):
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Fig. 1. Work-piece radial displacement in longitudinal turning with and

without ultrasonic vibrations (main cutting speed v = 0.9104 m/min < ve)
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* The variation graph chart for contact time reducing coefficient C, and work-
piece radial displacement coefficient C,). with speed factor &y (see ig.2} shows that
these two parameters are not equal; between . and C, many connections can be
establish, depending the accepted estimated curves. For & = 1 + 3, a good
estimation can be made by a second degree polynomial tip function [2]:

Cp. =0.3408-C?-0.173-C, +0.7319 9)

Work-piece radial displacement coefficient
Contact time reducing coefficient

'I 0 0.5 1 15 2 25 3 356 4 45 5
Speed factor

—o;\r\férk-piece r'a'i:_i-ié!' di}s‘placerr{enl coefficient - -& - Contact time reducing coeﬂi_cieni-
Fig. 2. Cp. and C, variation with speed factor &;-

¢ For &= 0.8 + 3, the relationship between the work-piece radial displacement
coefficient Cp. and the speed factor & (fig.4) can be estimate by a second degree
polynomial tip function, according with relation (10) (fig.4a), or a power tip
function, corresponding to relation (11) (fig.4.b) [2]:

Cp. =0.0873-E2-0.4156 £, +1.1923 (10)

Work-piece radial displacement coefficient Cp,

0.85 085 * Lt el ¢ ; A5 =)
Eais ettt 0.9 \y=0.03?3x’-o.4isax+1,1923
085 y= 0.8529x 02211 085 i . .
08 08 >y
0.75 075 : '
07 y : 07 2«
008 EERRL : AL T
06 B RS = 5 Fs (e sl R SO e T
05 1 15 2 25 3 05 1 15 2 25 3
a b

Fig. 3. Radial displacement coefficient Cj. (experimental values) variation with
speed factor &, (a) — power function; (b) - second degree polynomial function.
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Cr=0.8520.5 7024 (1),

3. Conclusions

* The experimental data and the graph charts illustrated no equality between the
work-piece radial displacement coefficient Cp- and contact time reducing
coefticient C,, rough relationship (9) being established.

¢ The present paper experimental results illustrate that relation (5),
corresponding to Kumabe theoretical pattern of free cutting with ultrasonic
tangential vibrations cannot be applied for £y = 1 = 3.

References: 1. KUMABE  Junitiro — Vibration Cutting, Tokyo: Jikkyou
Publishing Co., 1979. 2. ROMANESCU lulian ~ Researches over high
frequency vibrations using in metals cutting. Doctorate dissertation. Technical
University «Gh. Asachi» Jassy, 2000.-316 p.
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DRAWING GLASS FIBRES IN THE GAS JET
Russu M., Enache C., (M. T'A, Bucharest, Romania)

Abstract: The paper presents the ont come of a theoretical and experimental
research concerning the manufacturing technology of glass fibres in gas flow
Jjet, as well as the mathematical model of the thermic transfer between the gas
Sflow jet and the glass fibre.

1. Introduction

The glass fibres are used in an increasing number of domains starting with
various phonic insulators and continuing with various components with various
functions in industrial composite or construction materials.

Their utilizatori on are ever increasing scale required continuous improvement
in their quality and utilizatori of very precise manufacturing proceedings.

The materials used to make glass fibres must have mechanical thermic, efectrical
and chemical properties corresponding to the end of the manufactured product,
Using classical methods in the manufacturing of glass fibres (i.e. mechanical
and pneumatic extractions) we can obtain fibres with a diameter of minimum 6
Hm.

The production of fibres with a diameter smaller than 6 pm requires the
utilisation of complex technologies and manufacturing equipment, efficiently.

2. Some considerations concerning the manufacturing of glass fibres
The manufacturing process is considered ideal when there are no dispersions in
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4
.
:

lameter and the length and the direction of the fibres are optimal.

A. Manufacturing process consists of the following steps:

L Extraction of primary monofibres with a constant ciameter;

1. Primary monofibres heating to the temperature required to change
the direction of the monofibre to words the burning gases;

Il Increase of temperature to the required value to obtain bulb shaped
monofibres;

IV.  Secondary fibre at the required diameter with cooling at a specified
temperature where plastic deformation is not possible.

V. Secondary infinite fibres defibering by the burning gases flow and
air suction,

In fig.1 we have schematically represented manufacturing equipment for glass

fibres in the diameters of minimum 6 um.

- With the help of some simplifying by prostheses four out of the five steps can be

mathematically expressed. The final steps involving hypotheses assessment is

- not possible since there cannot be established with exactly all the parameters.
- The main constructive elements of the equipment are: the melting tub, the gas

burner with blower, the extractori chevice, the defibration device and the sucteri
chambers.

Fig. 1. Manufacturing equipment of the glass {ibres

The glass is introduced and melted with on automatic dozing device into a
platinum tub electrically beated. The temperature is automatically adjusted and
the melting of the glass is carried out through the nozzles fixed at the basis
producing the bulbs, which serve as extractori sites for the primary monofibres.
The latter go through the drausing cylinders thus being obtained the desired
diameters. They're with the support of burning gases, through drawing we
obtairi secondary fibres.
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The factors influencing the manufacturing process and the quality of the fibres
are:

- the mechanical properties of the glass melt;

- the tolerance of the primary fibres diameter at the in put to the

defibration area;

- the mechanical speed (advance) of the monofibres in the gas jet and
observance of the optimum distance between the individual fibres both
at the contact surface of the trefilateori cylinder and in the defibratori

area;

A i - the monofibres distance to the
; gas jet of the bumer;
1105 - the even repartisation of the
0% temperature in the flame and
l; of the speed in the gas jet;
o - the flame structure
LN J“W -
; 3. The relations between
: temperature and the viscosity
e The manufacturing process of the fibres
i depends on the structure and
composition of the glass melt, on its
B S e i G i temperature and viscosity.

Tenpercte m C—> In fig.2 there are presented the result of
Fig. 2. The variation of temperature  the  experimental  determinations
on viscosity for Fourcault, Ental concerning  the  dependence  of
and manganesc glass temperature on viscosity for Fourcault
glass, Ental glass and manganese glass.
The research has been carried out lesing glass whose characteristics are
presented in table 1.

Table | :

TGlass ']'a%i,éa;-i{iﬁéf; N ' ' R 1 Den | Multip
! sity | oint’C
| ale

] | e—— - ——— e - — S et — “1" —am

i } Sith TALO, [Ca0 | MeO 1RO P B,0; [0, |30 KD | Nas |

| s e i)
Mungan | 60.0 | 7.0 190 T30 f- 1 T = |- 1- [3s8lesd
Foureau | 7186 | 091 1532 | - - - |- - - - 2.50 | =920-
k| ST ! 3 i el i) SR 930
Buel | 5291 1~ <193 | U391 [ 1307 | 043 1096 | 0.26 | 2.8 { 1018

In fig.3 we have shown the dependence of drawing speed on the fibres diameter
at various melting temperatures.

4. Thermic transfer issues
The radial thermic transfer ecuation in the glass fibre is:
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- =g __,___ + ._._ :: ([ )

with the initial conditions and at
boundaries:
r=0, 0<r<r,

=04 =t, -1y =const. (2)
20
r=0.7>0 || =o (3)
a}’ Pyt
/1 2
where A= thermic
Cep

Fig. 3. The influence of drawing c"“d.”aihmm ¢ — specific wet, p —
speed with respect to the diameter of density, by
the Fibras a — convention coefficient, t, — gas
temperature, t — temperature in the
glass fibre, 6 = t,-t= 8 (1.t), Ly — the initial temperature of the fibre.
The medium temperature of the glass is determined by the thermic balance
equaterl as::

c»C }J‘B‘ s
O pred = —(— expl- f, F (4)
n—lp‘ Ly T+ B ) ( 0)
By= ‘}? (5)
A
Fy= ﬂ; : Ly, Hy . B, are the roots of the characteristic equateri:
?'(;
Jo(u
_0(_) 4 (6)
J! (lu) Br
which in the case of Fy=0,25 be comes:
B2
erm.’(-‘ S E;J_ T C\p( H }' ) (7)
uiu? + B?)
where:
f_ {me(."
()med e (8)

5. Conclusions

The manufacturing process of optical fibres must taler into account the
homogenity of the glass melt, the viscosity and the melting temperature, as well
as the choice of performant equipment.



The glass temperature, in the
technological process of glass
fibre drawing increases
proportionality with the
decrease of glass viscosity for
all the compositions used.

At a temperature within the 970-
1000°C intervals the drawing
speed necessary to obtain the
glass fibres increases
proportionality with the
decrease in their diameter.
Utilising  the  mathematical
model characterising the heat exchange between the gas jet and the glass fibre,
which determines the average temperature distribution in relation with the time
(fig.4).

The fibres stability is possible with the variation limits +10°C, over or below an
optimal average temperature. The out comers (fig.4) allow the optimisation of
the process of the process of producing continuous glass fibres in gas jet.

i
SO TR IS R E— |

% EAr e

ig. 4 Temperature distribution as related
to the time
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AN EXPERIMENTAL METHOD TO MAINTAIN CONSTANT .
PRECISION IN FINISHING OF HOLES THRQUGH TURNING

Severincu M., Murirasu E,, Dumitras C.
(Technical University “Gh. Asachi” lagi, Romania)

INTRODUCTION
In finishing holes through turning, an important problem is how to maintain
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constant precision when working with fit tolerance zones (0,02 — 0,05 mm). The
variation of the diameter proper of the hole bored is both a result of the tool
wear during working process and of the material to be worked out. This problem
is irrelevant in case of active control machines whereas for the small and
medium (mass) production, the utilization of these machines is not economically
viable [1],[2].

The method presented in this paper eliminates this difficulty, furthermore it is
simple, easy to apply — and has great economic efficiency in mass production as
the experimental results show it. it

METHOD PRESENTATION
The method consists in
jamming the transversal slide
1 {fig.1), ruling out the small
clearances within a range of
hundreds of millimetres, and
in inclining the longitudinal
slide 2 with o=10" — 20
being the only one remaining
able to move (with minimal
clearances) the cutting tool 3.
According to this method,
the active cutting edge
accomplishes  the  semi-
finishing in the cutling
Fig. 1. Processing scheme direction A (fig.1), and the
side cutting edge carries out
the finishing in the direction B, when the variations of the chip cross-section are
considerably smaller and the radial component is practically constant.
When the professional realizes that the piecework tends to acquire a minimal
value of the fit tolerance zone, by making use of interval cylindrical gauge or by
using dial measuring instruments, he will lift the tool holding support 4 with one
grade. Thus the tool edge will advance on a radial direction, the distance being
given by relation:

At =1-tang (mm) (1)
As “a” is small the distance “1” is the value of a grade on the dial of the slide 2
is of 0,05 mm, the result, is that the distance is of micron range, yet sufficient to
maintain the piecework within fit tolerance zone, as it has been concluded
experimentally on pieceworks of various sizes and different types of materials
within arange of ¢ 12 + ¢ 100 mm. '
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EXPERIMENTAL RESULTS

The conditions in which the experiments were carried out are mentioned in
table {, where the numbering of curves coincides with the current number of this
table. The measurement of the tool wear VB, was carried out in relation to axial
motions which lead invariably to radial motions being the reason for the
appearance of tool wear.

Table I - The conditions in which the experiments were carried out

i ¥ | T_ Diaméféf?‘
Curve | Piecework material Tool ¢ (mm) | ( m‘: ro v finishing hole |
l’ Nr and hardness material i 3 ) (m/min} -
T . 1 i " _(mm) |
] I | OLCA4SHB=210 Plo 025 008 | 120 40 A8
o il et : : . i
‘72_ _ HB-130 . K10 0,25 0,1 95 80
l 3 BZ 14T Ki0 0,23 0,08 140 40
l___ e M Aluminium alley | K10 03 | 0,08 3 50 | 16

From curve analysis it is concluded that wear caused by working out gets
stabilized in 10 — 15 minutes, interval afier which the variation of wear can be
approximated by a straight line having the expression:

VB, =m-b+n (mm) (2)
The slope angle of the line “m” and
its intersection “n” are presented in
table 2,

By means of refation (2) and data
presented in table 2 it can be
estimated the long time evolution of
wear and the optimal durability of
the tool.

From fig.2 it can be seen that the
higher the resistance in cutting, the
deeper the wear VB, and it is so
happens for the materials coming in

O 90 20 30 40 S0 S0 70 &) 93 w00 M 1y Sher] Ihe fOHO\'\"ing 01'(]3!': StEEI, cast ii'On,
Fig. 2. Wear variation bronze, alloy aluminium.
The machines surfaces are included

in the interval R, = (1,6 — 3,2) um.

Note must also be taken of the presence of deposits on the cutting edges of tool
which must not be taken off because of the piecework could affected.

It also needs to be specified that after the wear VB, has set in, the surface
quality diminishes and the tool heads to be changed or re-sharpened.
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Table 2 - Coeflicients used in equation (2)

e T
E___ Number Processed material | m n | CONCLUSIONS
1 OLC45 3810° 10,142 | This  experimental method
= 3 consisting in inclining the
2 y 2.01-107 391 . &
2 i 2,91 If). 0'1'“; tool holder slide by small
3 Bz 14T | 2,53-107 | 0.092 | angle of 10" — 20’ minutes
4 Aluminium alloy © 2,29.107 | 0,066 Whu_:h allo.ws. through axfal
b1 | motion of tool, the radial

motion of the tool edge by a few microns according to relation (1), and which
also includes the carrying out of a semi-finishing motion in direct sense and of a
finishing motion in reverse direction, proves to be highly efficient in mass
production.

Relation (2) of the present paper enables the professional to approximate the
long term wear and to establish the optimal durability of the tool until wear VB,
= (0,35 — 0,4) mm sets in.

In working out materials presenting plastic characteristics the deposits on the
cutting edge must be removed after adopting a fixed work dimension otherwise,
the piecework size could be affected.

REFERENCES: 1. Picos, C., Ailincai, Gh. & Bohosievici, C. Calculul
adaosurilor de prelucrare si al regimurilor de aschiere, Ed. Tehnica, Bucuresti,
1974, pp. 88-100. 2. Belous, V., Sinteza sculelor aschietoare, Ed. Junimea, lasi,
1980,
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THE ABSORBED ENERGY — CRITERION FOR THE
MACHINABILITY APRECIATION

Slatineanu L., Gramescu T., Braha V., Dodun, O., Coteata, M.
(“Gh. Asachi” TU, lasi, Romania)

The energy absorbed during the cutting process could be used as a criterion to
appreciate the metallic materials machinability. The authors of the paper
present some solutions used to evaluate the machinability of steels.

Introduction

The machinability could be defined as that materials property to be machined in
more favorable conditions for the producers: with high cutting speed, but with a
diminished tool wear, with minimum mechanical and energetic solicitation of
the technological system, with obtaining a small roughness for the machined
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surfaces and a convenient form of chips etc.

The capacity of a material to absorb more or
fewer energy in the same cutting conditions
constitutes a  criterion to  evaluate the
machinability of the absorbed energy point of
view [ 1, 2, 3].

There are known some solutions to measure the
quantity of energy absorbed during the cutting
process:

al The wattmeter and ammeter, which are
clectric apparata used to evaluate an electrical
size even in the common conditions of cutting. We must emphasize that for
using a machine-tool at low efficiency, the measured values could be distorted;
an important quantity of the absorbed energy is spent not for cutting, but for
other processes;

b) The dynamometers are used to measure the size of one or more components
of the cutting force.

For example, if we know the size of the main component of the cutting force,
the cutting speed, the efficiency of electric motor used and the efficiency of the
machine-too!, we could casily calculate the power necessary for cutting;

¢) The devices type pendulum, used usually in the research laboratory;

d) The calorimeters, which permit to evaluate the energy by means of the
thermal balance.

In the machines manufacturing technology laboratory of the Technical
University of lasi, we searched the practical possibilities to use some of the
above mentioned solution to evaluate the steels machinability.

; Fig. 1.

The measuring cutting force

To measure the main component of the cutting force, a device using strain gauge
(fig. 1) was used; an autoplotter permitted us to register the influence exerted by
the operating parameters on the size P- of the cutting force main component.

To establish the influence exerted by the other components of cutting force on
our results, we charged the system on the directions specific (o these
components; the experimental data proved that this influence could be
neglected. :

As consequence of the experimental results processing, we arrived at  the
following relation:

P.=794 ! .l‘k‘ﬁ‘(f f-ﬁ.?:'-_"v-u'l'_?{;)' 1)
for the steel 1 {containing 0.45 % carbon);

P.=1624""* fn_ 661 0013 @)
for the steel 2 (containing 0.4 % C and 13 % chromium) and

P‘=207al' !4.3}(‘0.563v-0.93? (3)
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for the steel 3 (containing 0.41
% C, 1.1 % chromium and
0.25 % molybdenum).

In the above - mentioned
relations, we used the symbols
a for the depth of cut, f for
the working feed and v for the
cutting speed.

The measuring the power
necessary at steel turning

To measure the cutting power,
we used (fig. 2) a wattmeter
set type Metra Blansko (made in Czechoslovakia), that permit to know the
voltage, the amperage and the power absorbed from the electric net on the each
of the three phases.

Processing the experimental data, we obtained the relations:

N=0.151a"12f! %70 (4)
for the steel I,

N__0‘0334a}’.{'.'3f4}.59vﬂ.95 N (5)
for the steel 2 and

N=0.05974" %fn. 76,088 , (6)

for the steel 3.
We have to mention that the power absorbed by the machine-tool is necessary
for:
a) The cutting process developing;
b) The compensating the energy lost by friction in the mechanisms for motion
transmitting;
¢) The compensating the energy lost in the electric motor. To obtain an image
about the power N, necessary strictly for the cutting process, we must diminish
the power N, registered by the apparatus during the cutting process with the
power N, absorbed in no-lead run conditions:

Arc =N, 'A‘Tn (7)
The relations (4), (5) and (5) were established taking into consideration the
expression (7).
We could remark that the energy lost in no-lead run conditions is dependent on
the solicitation level of the machine - tool; the bigger is the number of
revolutions by minute, the more increased are the values of the lost energy.

The measure the energy absorbed by means of the devices type pendulum

In principle, in this case we have a tool clamped in a lever that could rotate
round a shaft axis, so that the tool removes a chip having strict established
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dimensions. The rotating the shaft is determined by a charge G attached to the
pendulum lever. If we measure the angle or the height # where the lever arrive
after the cutting process, we have a possibility to evaluate the energy absorbed
during the cutting. For a pendulum placed in the initial horizontal position, the
potential energy is:

W=Gh=Gl (8)
where / is the length of the pendulum lever, 4 — the height of the shaft axis and
G — the weight considered as concentrated et the end of the lever. After the
cutting process, the weight G arrives at the height 4, characterized by the angle
@; the potential energy is:

W=Gh=Gl(1-cos w). ©
To evaluate the energy W, lost by friction phenomena, we could realize a test
without charge, measuring the angle w;.
W=Gl cos ay (10)
Thus, we can approximate the energy W consumed exclusively during the
cutting test:
W=Gl{cos @ — cos wy). (i
For experimental
researches, we conceived
and built two devices
type pendulum (fig. 3).
To realize a comparison
of the three types of steel
used for experimental
researches, we can write
the mathematical
expression for an index
of relative machinability:

Fig. 3.

k=1, tested sf‘('.e/ i etalon steel ( I2)
where / is the value of the size used as a machinability criterion. As etalon steel,
we considered the style type [ (this steel being often used as etalon steel).
The results obtained for the indexes k» (that takes into consideration the cutting
force size P.), ky (obtained if we consider the power N absorbed in normal
conditions of cutting) and ;- (established on the basis of the energy W evaiuated
by means of a pendulum device) are presented in the table 1.

Table 1. Indexes of relative machinability

Index Steel
Type 1 Type 2 Type 3
Kp 1.00 1.025 1.167
s oK 1.00 1.64 1.74
Iy 1.00 1.041 - 1.166
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Analyzing the indexes sizes included in the table 1, we notice that for all tests,
the steel type 1 has the best machinability, while the steel type 2 has the most
reduced machinability, of course if we take into consideration the energy
absorbed during the cutting process; the presence of some hard metallographic
structures could justify the experimental results.

Conclusions

The energy absorbed during the cutting process could offer an information about
the steels machinability, if we refer to the quantity of energy necessary to
remove a certain quantity of workpiece material by cutting. There are different
possibilities to evaluate the energy absorbed during the cutting process; in the
laboratory for machines manufacturing technology of the “Gh. Asachi”
Technical University, some such different methods were used to obtain an
information about the energy absorbed at the steel workpieces cutting.

References: 1. Gramescu T. et al. The materials machinability (in Romanian).
Kishinew: Tehnica — Info, 2000; 2. Picos C. et al. The ferrous alloys
machinability (in Romanian). Bucuresti: Editura Tehnica, 1981 3. Slatincanu L.
Contributions to the machinability study of some Romanian steels. Doctoral
thesis (in Romanian). lagi: Institutul Politehnic, 1980: 4. Zorev, N.N. et al.

Razvitie nauki o rezanii metallov. M.: Mashinostroyeniye, 1967.
Crnavo B penakumo 6.06.03
PexoMenioeano A.T.4., npod. Kepekeus T.

RAPID PROTOTYPING BY MODERN TECHNOLOGIES AND A
COMPARISON BETWEEN THEM

Ulianov C,, Serb A. (U. 7", Gh. Asachi”, lagi, Romania)

The modern rapid prototyping (RP) techniques can also be used to make fooling
(referred to as rapid tooling) and even production-quality parts (rapid
manufacturing). The paper presents a comparison between the most prevalent
of these processes. :

1. Introduction

Generally, rapid prototyping is an all-in-one-step production of a part geometry.
Parts produced like this are used for:

V' prototypes to allow fast review of part shape, simple assembly, aesthetics,
manufacturability ete.; i

v low volume production - very small numbers of parts can be made using this
technology.

There are currently no less than 30 different rapid prototyping technologies.
namely: Stereolithography (SLA), Solid Ground Curing (SGC), Selective Laser
Sintering (SLS), Laminated Object Manufacturing (LOM), Fused Deposition
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Modeliing (FDM}), Three-Dimensional Printing (3DP), Ballistic Particle

Manufacturing (BPM), Two-Laser-Beam Technology, Solid Creation System

(SCS), Micro-Fabrication, Multi-Jet Modelling, Direct Shell Production Casting

(DSPC). Multiphase Jet Solidification (MJS), and EOS's EOSINT Systems.

Among the newest systems are CAM-LEM's CL 100, Shape Deposition

Manufacturing, Acrom's Electron Beam Melting and Aeromet Corporation's

Lasform Technology.

The paper presents briefly some of the most prevalent of these technologies and

a comparison between them.

2, Stereolithography (SLA)

Was invented by Charles Hull in 1984. First units were available since 1988.

Now, this technology is developed especially by 3D systems Inc. Valencia, CA,

USA (90% of market in 1991). Other similar machines are produced in Japan

(by Sony, CMET, Teijin Seiki and Mitsui) and in Germany (by EOS).

The physics of the process is based on a photosensitive polymer that will harden

when exposed to high intensity laser light. The process uses a vat of

photopolymer with an elevator for the part to lower on. The elevator starts at the
top of the bath and drops down a layer at a time as the laser develops each layer.

The stereolithography process follows the next steps:

v CAD files, corresponding to the processed part, are converted to .STL files;

v .STL files converted to slices using the parameters;

v’ The part is then immersed (approx. 10-15 mm) with a waiting period to

recoat the surface and the wiper blade is used to clear the excess fluid from the

top of the surface;

v The part is then moved, and the laser has a focal point near the surface that

hardens the polymer;

v' Layers thickness is controlled by the amount the platform is lowered into the

; T photopolymer;

e oA v' The laser is stationary, b i
mirrors Ser 1S ¢ ary, but optics

i and mirrors are used to guide the

T sl Tavered beam to X-y coordinates, on thf: surface

! model ?fth? fluid (.ﬁggre _I ). The slice cycle

e is going on like in figure 2.;

clevated ' Afier the part is done, the part

platform 1ises above the fluid and resin drains

out;

v After removal from the bath and
Fig. 1. Schematic of stereo the cleaning of the part, hardening of
lithography (SLA) process the resin is completed in a curing

oven.

By the optics, the user can set the focal distance of the laser to the range of the

slice thickness. The x-y position is determined using 2 computer controlled

laser: <[===a-onn

vat of
polymer
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mirrors to reflect beam. Post Curing Apparatus (PCA) uses high power
ultraviolet light to complete the curing of mostly solidified polymer,

laser *
\ \elcva!or platform

— Wiper \ -
| part |
A
| photopolymer resin i
=t
vat
1. The laser develops a layer 2. Part is immersed after laser 3, Wiper blade removes excess
of the part exposure polymer and leaves
t consistent layers
1

Process continues until done
(elevator is lowered slightly to allow laser exposure of new layer)

Fig. 2. The slice cycle of SLA
3. Selective Laser Sintering (SLS)
The process was developed by Carl Deckard in 1986 and patented in 1989,
Actually is marketed by DTM corp. Austin, TX, USA. The technique, shown in
figure 3., uses a laser beam to selectively fuse powdered materials into a solid
object. The powders need fine grains and thermo-plastic properties so that it
becomes viscous, flows, then solidify quickly. The powders used include: nylon,
glass filled nylon, somos (elastomer), polycarbonate, ceramics, rapid steel,
r—]‘ j . copper polyamide etc.
AREhasse e The process uses a heated
' chamber (near the powder
Xy melting  temperature). The
cpasiening product is split into slices from
the .STL file and created one
layer at a time by spreading
Aroller spreads  |avers of powder, sintering the
j 2 powderevenly der with a CO, laser, then
Powder is supplied to the system : .
tislng a.cortridgosyster afidlng new layers of powder and
. sintering until done.
Fig. 3. Schematic diagram of selective The slow cooling of the parts can
taser sintering (SL.S) prevent distortion due to internal
stresses. The laser power level is
much higher than stereolithography (about SO0W infrared), optics and x-y
scanner are similar to SLA.
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4. Solid Ground Curing (SGC)
Developed by Cubital Inc. in

- f Israel, since 1987, solid
UV light source NaHia sin g » 22 pen
/T _.“h's'n_. 2 G ground curing (SGC) s
miiiitimwiiiiiiimiiii i “"m"*’*'“wl'"‘m""ﬂi somewhat similar 1o
T *Expose mask stereolithography in that both
Vacummuncwedresin  US€  ultraviolet  light  to
selectively harden

eSpray wax Yt
N photosensitive poly-mers
Mitfat ] (figure 4.). Unlike SLA,
SGC cures an entire layer at

a time.

Basic process consists in
following steps:
I. A computer program

Fig. 4. Schematic of solid ground curing (SGC)

preprocesses a part so that it is in sliced layers.

2. A plate is charged selectively and coated with a back powder. This process is
much like photocopying. The result is a photographic mask of clear and opaque
areas for a single slice of the part.

3. A thin layer of photopolymer is spread in a part vat.

4. The mask is placed over the photopolymer and a UV lamp is used to expose
the layer and selectively harden the polymer.

5. The photographic plate with the mask is cleaned.

6. The unhardened polymer is removed from the surface.

7. A fine layer of wax is deposited and hardened.

8. The surface is milled flat for uniform thickness.

9. The process begins again at step 2 and continues until all of the layers have
been added.

Some steps can be done concurrently for the mask and the vat (i.e., 2,5 and
3,6,7,8) to decrease build times. The process uses photosensitive polymers, but
these are developed using a UV light and a photopolymer.

The masks are made using a glass plate with electrostatic powder distribution
(similar to photocopiers). A slice is used to electrostatically charge a glass plate,
electrostatic sensitive powder coats the charged areas, and the mask is complete.
After use the glass is cleaned and reused. :
After completion the wax is melted, and the complete part remains. (the wax
was used to support work and eliminate supports.)

5. Fused Deposition Modelling (FDM)

Was developed by Scott Crump and Stratasys, of Eden Prairie, MN, USA, has
been selling the machine, since 1991.

The concept is that material is heated and then in controlled quantities deposited
directly on previous layers. Eventually layers are built up to complete the entire
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part.
As usual, the .STL file is sliced into
layers and the slices are used to drive
the machine. The key to this method is
an extrusion head. The process (figure
5.) follows the next steps:

v’ The material is fed into the head,;

e v" The material is heated until melting;
f‘f:;r?a[ v The material is then extruded from
Z platform the tip in controlled quantities;

v' The material is wiped on the

previous layer,

: The extrusion head is moved about the

table with an x-y positioning system to deposit material on each layer. The

platform the part is on drops when a layer is complete to allow the addition of a

new laver.

Materials include investment casting wax, ABS, polyester, elastomer.

6. Laminate Object Modelling (LOM)

Was invented by Michael Feygin in 1985. Actually is marketed by Helisys of

Torrance, CA, USA and, also, by Paradigm and Sparx AB.

This technique (figure 6.) uses thin sheets of material (most notably paper and

polystyrene) that has a heat activated adhesive on one side. Sheets are piled up

one at a time, and heat is used to melt sheets together. A laser then cuts the sheet

into thin sections that form the slice.

_ __,@li;—_._l Mate‘rials in use are butcher paper,
mer plastics, ceramics and composites.
,f! heated roller

i 'heated precise volume
'\ sextrusion head

Fig. 5. Schematic of fused
deposition modelling (FDM)

The laser uses the typical x-y and
optics systems. More than one layer
can be cut at once, but the accuracy
decreases as the number of layers
increases.
As material is cut, it is not
removed. Material that is to be
discarded is cut into “tiles”. There
are chunks of material that will
support the part, and are easily
Fig.6. Schematic diagram of removed to recover the part. ;
laminated object manufacturing OM) ~ When complete, the part is in the
middle of a block. Quiside there is
a “wall” to support the tiles, and in turn the tiles support the parts.
A heated roller com-presses the laminate to the other layers. The thickness is
harder to control, so the height of the material is measured each time to ensure

i
used roll source roll
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accuracy.

The final part requires careful removal from the tiles.

The system uses a CO; laser and the cuts are done at varied powers and speeds.
Note that these cuts are not done in raster lines such as other techniques

7. Comparisons

A case study [1] revealed, for a definite part, costs and production times
presented in table 1. It must be specified that, by SGC method, 30 parts are
made at one time but values quoted are for a single part.

Briefly, the main advantages and disadvantages of the technologies presented
above are shown, by comparison, in table 2.

Table 1 - Some production characteristics for a concrete part

Characteristics Prucess

SLA SLS SGC FDM LLOM
Pre-build time (hrs.) 0:37 0:39 0:23 4:46 0:51
Build time (hrs.) 3:37 3:18 11:00 8:350 10:50
Post-build time (hrs.) 1:55 1:28 1:06 0:17 0:28
Pre-build cost ($) 40,30 41.01 2475 300,14 5444
Build cost () 30,50 33,91 10,65 41.46 23,84
Post-build cost (§) 40,81 31,02 23,32 5.83 9.79
Maintenance cost ($) 25,15 27.95 1,92 7.67 22.94
Material cost (§) 4,20 6,18 33,00 4,20 4.01
Total 140,96 140,07 93,64 365,30 115,02
Lavers thickness (mm} 0.05-0.5 0,08-0.5 ~{),15 0.05-0.8 0.05-0,5

Table 2 - Advantages and disadvantages of some rapid prototyping (RP)

techniques ] -
Process | Advantages Disadvantages
SLA - can run without supervision; - extra time required for posteuring

- high detail and accuracy;

- sharp-edges tend to get “filled” by
resin, thus reducing the “stepped”
effect between slices;

- popularity makes this process well
supported.

(up to 16 hrs);

- polymer shrinks as it hardens - it
results stress;

- toxic chemicals;

- limited selection of chemicals;

- difficult process setup:

- addition of supports needed.

however volume does;
- elimination of post curing redu-ces

SLS - inexpensive and safe materials: - rough surface;
- wide varieties of materials; - porosity of parts;
- supports not needed: - first lavers may requitc a base
- reduced distortion from stresses: anchor to reduce thermal effects;
- produce parts simultaneously. - part density may vary;
- material changes require cleaning of
machine.
SGC - parl complexity does not effect speed, | - overexposure of the polymer may

increase the viscosity, and make it |
unusable, thus greatly increasing the |
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time and internal stresses:

- Jobs can be stopped. other jobs run.
then the first job restarted at a later
time;

- weights may be inserted at any time
to alter the centre of gravity;

= supports are not required;

- models with moving parls can be
produced;

- layers can be milled off if they are
found to be in error;

- many parts can be run at the same
time.

volume of expensive polymers used;

- the resins require that light sealed
chambers and toxic material handling
procedures be used:

- the machine is very large;

- machining is noisy;
- maintenance s
supervision;

- very few materials available;

- removal of wax after production is
required.

high, requires

heating, so the shrink-age is trivial and
stress induced deformation is very
small;

- shrinkage is compensated for;

- no “developingfheating time”
required;

- the laser only has 1o cut the part
outhine and hatching. not all the
internal area;

- no supports needed;

- a large variety of materials can be
used;

- inexpensive maintenance;

- non-toxic materials;

- machines are well suited to desktop
operation.

=

FDM - @ good variety of materials available; | - scam line between layers;
- easy material change; - the extrusion head must con-tinue
- low maintenance costs: moving, or else material bumps up;
- thin parts produced fast - supports may be required;
- high precision; - part strength is weak perpendicular
- no supervision required; o build axis;
- 1o toxic materials; - more area in slices requires longer
- very compact size; build times;
- low temperature operation, - temperature fluctuations can lead to

delamination,
LOM - no chemical changes, and minimal | - difficult removal of the ftiles

(because the laser cuts through the
layers, not between them):

- deficate parts can be damaged when
removing tiles;

- enclosed volumes will
support material;

- the material properties change with
the direction of the laminate;

- a great percentage of the material is
wasted;

- the surface is rough;

- machinability is limited because of
delamination;

- ventilation is required for fumes
when burning.

trap the

References: 1. Rapid Prototyping Report, “Chrysler Benchmarks Rapid
Prototyping Systems”, in Rapid Prototyping Report, CAD/CAM Pu blishing Inc.,
San Diego CA, Vol. 1, No. 6, June 1992b). 2. Hyer, MW, and Charette, R.F.,
“Use of Curvilinear Fiber Format in Composite Structure Design”, AIAA
Journal, 1991.
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ON THE CUTTING MOMENTS VARIATION WITH RESPECT
TO THE DRILLING CUTTING REGIME PARAMETERS OF
HEAT-RESISTING STAINLESS STEEL 8NiCr130 TYPE

Viase A., Bardac D., Blajind Ov. (PUB, Bucharest. Romania)

This article presents a series of experimentally establish data regarding the
drilling of the 8NiCr130 type heat - resisting stainless steel and the ways and
means (o fix on the cutting moments with respect to the specific working
conditions. The experimental data and their Jollowing processing represent the
authors’ original contribution to determine the relation of the cuiting moment
equation. This was modified with respect to the relations available in the
literature for common steels. The results are useful in order to increase the
productivity of steel machining.

1. INTRODUCTION

The stainless steels used, more and more in various key domains of technique,
pose great difficulties for the workshop owing to some specific physic-
mechanical properties [1]. On the other hand, due to the high costs of these
steels their machinability should be studied using rapid cutting methods capable
of assuming minimum tool and material requirements [1]. The present paper
expounds a new experimental method for determination of the moment at the
ENICr130 type stainless heat-resisting steel drilling, in a minimal material and
equipment expenditure.

2. METHOD, MEANS AND CUTTING CONDITIONS FOR THE
DETERMINATION OF THE MOMENTS

The tests were performed using a dynamometer for the determination of the
forces and moments.

On the perimeter of the elastic detecting element four equidistant resistive
transducers were placed, inclined at 45° with respect 1o generatrix, in opposite,
alternative successively. By using this placement of the transducers, and by
connecting them to a bridge, highest measurement sensitivity has been achieved.
In order to calibrate the dynamometer, the following were used:

- a standard dynamometer (available in the design laboratory of the department);
- a taper rod (TC-01-03), axial and tangential loading device (available in the
laboratory of the department).

The cutting conditions during the experiments are given below:

(1) The machine tool: a GCy 32 DM3 drilling device, the dimensions of the mass
which are 480x420 and a Morse cone 4 was used.

(2) The cutting equipment: R;5 high-speed steel spiral drill with the Rockwell
Hardness Number = 62.

(3) The geometric features of the drill have met the requirements of the
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R1370/2-69 standard, A; type cutting, with diameters within the range 8 through
16 mm.

(4) The cooling and lubricating {luid: P 20% emulsion.

(5) The tools have been cut by means of the UAS-200 machine equipped with a
stone wheel 150x20x20 Ey 40 M7C, using a special cutting device,

Tables | and 2 show the chemical and mechanical characteristics of the steel
samples under study.

Table 1 - Chemical Characteristics
Stainless Heat- | Percentage Chemical Composition [%]
Resisting Steel

| Type C Mo | Ni Cr Mn | Si S P
SNICri30 008 112 i8 13.6 |03 0.4 0.02 {0.03
Table 2 - Mechanical Characteristics
! Stainless Heat- | Tensile Flowing Elongation Hardness
| Resisting Stec) Strength R, Limit Ry, 3 HB
Type [Nfmm’] Nfmm’] [%]
8NICr130 870 635 1.4 230

3. EXPERIMENTAL RESULTS AND DATA PROCESSING
Technical literature [2, 3] provided equation (1), which has been the starting
point in the analysis of cutting moments

M=C, D s’ [Nm]) (h
This equation has proved to be inappropriate since after the practical estimation
of the polytropic exponents and constants, several tests determinations have
been performed and have showed a wide result scattering under the same cutting
conditions. The problem is that during the steel machining at various speeds,
different parameter values were recorded even if all the other machining
conditions were kept constant. Therefore, it has led to introduce a speed factor
thus

M =C, D™ g y*M  [Nm] )
In order to the C,, constant and the xy, yi. 2y polylropic exponents were
estimated, the equation (2) has been linearized by using the logarithm
leM=1gCy +xylgD+yy las+zy lgy 3
Table 3 shows a selection of the most conclusive machined steel samples of the
8NiCr130 type.

Table 3 - The 8NiCrl30 Type Stainless Heat-Resisting Steel

Nr. D, [mm] S, [mm/rot] #frot/min] | v, [m/min] M, [Nm]
| 8 0.12 560 14.07 4.63
2 8 0.20 560 14.07 5.92
3 8 0.12 900 22.61 4.11
4 12 0.12 560 21.10 8.69
5 10 0.20 900 28.26 7.43
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If the data included in Table 3 are substituted in the equation (3), a linear
inhomogeneous system of four equations with four unknowns (x,, Vi Zap 12 C o)
is obtained
loCy +xylg8 + y,, 12012+ 2, 1g14.07 = g 4.63
lgChry +xylg8 + yy, 18020+ 2, 1214.07 =1g5.92
gChy +xylg8 + y,, 120124+ 2,, 122,61 =1g 4.11
1gCyy +xydg12 4 py, 18012+ 2, 1g 21.10 = 1g 8.69
The system has the following solutions
C_u i 0388, Xy= 1 8, Yu= 048, Zy=- 0.25
The cutting moment formula for the drilling of the 8NiCr130 type stainless heat-
resisting steel is obtained by inserting these solutions in the equation (2)
M=0.588.D'8 .08 .y 0B (5)
By tracing the moments variation d:agrams with respect to the work parameters,
the diagrams resulted as shown in figures 1+ 6 valid only for heat-resisting
stainless steel 8NiCr130.
In figures | and 2 it is observed the moment increases exponentially with the
tool travel for the drilling of the 8NiCr130 type stainless heat-resisting steel. In
figures 3 and 4 one can observe the moment exponential decreases with the tool
speed. In figures 5 and 6 it is observed the moment exponential increase once
the tool diameters increase for the drilling of the 8NiCr130 type stainless heat-
resisting steel.
4. CONCLUSION

(4)

The analysis of the experimental data has led to the following conclusions:

- For the cutting moment determination at heat-resisting stainless drilling a
dynamometer was designed and manufactured; this is a rotative dynamometer
fixed in the tapered bore of the drilling shaft foreseen with tensometer
transducers attached to an elastic element.

- Measuring range of 3+13 Nm moment permitted tests with drill diameters of
6+32 mn.

- By many experimental tests, it was demonstrated the necessity of modifying
the structure of the cutting moment calculation relation found in the technical
literature, meaning that the speed has to be included with respect to Lquauons
(2) and (5).

- The experimental results prove that the moment values increase exponentially
with the increasing tool travels and tools diameters on the hand, and decrease
exponentially with the increasing speed of the cutting tool, on the other hand.

- The results of the present study can be readily implemented and/or used in
further research activity.

260



Al [Nm]

4 Dritling
35 Spiraldrill Rp5
30 ¥° 20mimin

25
20 -
15

0 . s{mmfmll]l

0 01020304 050060708
Fig. 1. The moment variation with
respect to the tool travel for
different tool diameters

M [Nm]
30 : EUE F e P Dr}“;n.g e
25 1™ - Spiral drill RpS

5= O 2 mmf’rot

20 - D=i6"

s S - R
10 __l)_=_12._____.__'—"‘——_2
5 D= v [mnmn]

48 A2 16,00 94128
Fig. 3. The moment variation with
respect to the tool speed for
different tool diameters

M [Nm]
24 . TR e .
2 Drilling

50 SeiraldriliRps 5=
18 v=20mmin

A SO

R

8 9 10 111215 14 15 16

Fig. 5. The moment variation with
respect to the tool diameters for
different tool travels

M [N}
Bt
: Drilling
Spiral drill RpS
D=12mm

—_— b o W s
wm O th S uh

=]

0 5 [mmirot]
0 01020304050607038
Fig. 2. The moment vartation with

respect to the tool
different tool speeds

travel for

M[i\m]

A 7 Drilling

) L - Spiral drill Rp5 -
: Helimi

Ty !';11.f;nin] ;
16 20 24 28
Fig. 4. The moment variation with
respect to the tool speed for
different tool speeds

4 8., .12

M ['i\‘m]

7. I <2 ERR 3.5 SIS ] (A LI
34 Drilliog.... .
20 Spiraldrlll Rp5.
ig i P

16 vommmbisme g
G

12
HI

':D[mm;

§ 9 10 1112 13 14 15 16
Fig. 6. The moment variation with
respect to the tool diameters for
different tool speeds

F=) B S - Y

261



References: 1. Vlase A., Contributions to the Studies on the Machinability of
Cutting Romanian Make Stainless Steels, Doctoral Thesis, Polytechnic Institute
Bucharest, 1977. 2. Lazarescu 1., Metal Cutting Theory and Tool Design,
Editura Didactica si Pedagogica. Bucharest, 1964. 3. Viase A.. A Guide to the
Analytical Calculation of Cutting Processes for Drilling, Polytechnic Institute
Bucharest, 1988. 4. Popescu ., Fundaments of cutting and surface generation,
University of Craiova (I and I vol.), 1981. 5. Sauer L., Tools for machining
openings, Editura Tehnica Bucharest, 1966.

Caano s peaakuiio 4.06,03
Pexkosensopano .70, apod. Kepexem T,

COMPUTERIZED DETERMINATION OF THE ELASTICITY
CHARACTERISTIC OF THE WORM-GEARING TOOTH FOR THE
MACHINE-TOOLS AND ROBOTS

Ghelase D., Tomulescu L., Epureanu A.
(University “Dunarea de Jos”, Galati, Romania)

Abstract

By means of own numerical method, which evaluates the rigidity of the worm-
gear-tooth system, the paper presents the elasticity characteristic. The software,
with numerical setting-up and graphic displaying, is an original and special
program for determination of the rigidity and it could be adopted for any kind of
the worm-gear-tooth system or for the spur gearing and bevel gearing. The
developed theory is illustrated with numerical example. The study leads to
increase of the gearing tooth rigidity.

L. Introduction

The investigation of the elasticity characteristic is very important for the study
of an elastic system, such as: gearing, linkage, machine-tool.

The introduction of this concept contributes to the completion of the used
gearing study. The elasticity characteristic represents the variation of the worm-
gear-tooth system rigidity depending on the rolling angle. So, to determine the
rigidity of the worm-gear-tooth system, an original numerical methodology [1,
2] has been developed and it consists of:

1. Geometrical model of the worm: _

2. Determination of the worm gear profile and geometry. The profile is obtained
numerically by the discreting of helical surface with constant pitch.

The worm gear tooth surface is generated by rolling.

The enveloping condition is interpreted in “discrete way” by the “minimum
distance method”, applied in the case of “discrete representation” of the
enveloping profiles. The “minimum distance method” was devised within the
framework of the Machine-Building Technology Department, “Dunarea de Jos”
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University of Galati [5];

3. Determination of the enveloping profiles;

4. Determination of the contact ratio;

5. Calculus of one pair of elementary teeth rigidity by means of the relation for
springs serially connected, considering the conjugated teeth are two springs (see
bases of design).

6. Calculus of elementary gearing tooth rigidity (pinion-rack drive) by means of
the relation for springs simultaneously (paraliel) connected, considering those
springs are materialized by the teeth which there are in the meshing at the same

time (“H” rigidity);

Input: Geometry of
the worm

i

Caiculation of the worm profile

T Calculation of the
elementary worm
> gear tooth rigidity

Calculation of the worm gear profile and

geometry
+
Determination of the contact
points on the worm flank &
T Calculation of one pair of
Calculation of the elementary > clementary teeth rigidity
worm tooth rigidily l
Caleulation of “H”
rigidity
Output: Rigidity of the
worm-gearing tooth 1

Calculation of
“TOTALE" rigidity

Fig. 1. The main steps of the calculations

7. Calculus of worm-gearing tooth rigidity summing up the rigidities of the all
elementary gear-tooth systems (“TOTALE” rigidity).

263



The software, with numerical setting-up and graphic displaying, is an original
and special program for determining of the rigidity and it could be adopted for
any kind of the worm-gearing tooth system or for spur gearing and bevel
gearing. The main steps of the calculations are presented in the figure 1.

2. Bases of design

The bases of design are:

a) The worm-gear drive is errors free and it can have deformations:

b) It is taken into consideration only the bending of the teeth produced by the
normal force;

¢) The authors have considered that the worm-gear drive (figure 2) consists of
several plane-gear drives (pinion-rack drives), that in fact are cross-sections
perpendicular to worm gear axis (figure 3).

d) The elementary tooth is considered to be a beam fixed at one end in the body
of gear;

¢) The assembly of the plan-gear drives into the worm-gear drive was made on
condition that the gear-tooth systems of the clementary gear drives to deform all
together under the action of the same load, so that the worm-gear drive becomes
a system of springs serially and paralle] connected.

3. Numerical results

In this paper it is presented the numerical results performed for a cylindrical
worm-gear drive having arch profile with the following parameters:

- number of worm threads: z1=1;

- number of gear teeth: z, = 53;

- axial module: m= 10 mm;

- diametral quotient: q=10;

- constructive parameter: a=70 mm;

- angular increment; Ap = n/3240;

- profile angle: o = 20°.

B
Yy

Fig. 3. Arch profile of worm in the

Fig. 2. Worm-gear drive axial section (X=0)
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Using our computer program (figure 1), the diagram of the worm-gear-tooth

system rigidity was obtained, as may be seen in the figure 4,

eiraT
J

being the

rolling angular parameter.

K[RNmm]

Fig. 4. Worm-gear-tooth system rigidity

rolling angle (j-Ag), where “)

2000

In the Appendix I [1], the
coordinates of the diagram points are

i i given.

[ It is  mentioned that the
i cvasisinusoidal zone of the curve from
30l 3 figure 4 repeats periodically, because
\;: it represents the rigidity during the
i meshing when the all plan-gear drives
i there are in the meshing,.
So, if the input and output rigidities
are eliminated, being less importing
. for our study, it is obtained the
' elasticity characteristic of the worm-
. gear-tooth system (figure 5).
=t 4. Elasticity characteristic of worm-

i
o gear tooth system

B85 EZ88REI8R  The elasticity characteristic represents

the variation of the worm-gear-tooth
system rigidity depending on the
is the rolling angular parameter. It is a

3

cvasisinusoidal curve with the high jumps when a tooth binds or recesses.
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Fig. 5. Elasticity characteristic of worm-gear tooth system

The maxim rigidity is 1928.25 KN/mm at j=27, j=149, j=271 and so on (j=122k,
k=0,1,2...[1]). The minim rigidity is 1188.626 KN/mm at j=85, j=207 and so on.
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The amplitude of the rigidity variation is 739.62 KN/mm, the jump frequency is
determined by the j=122k.

In order to perform a complete research on elastic system, for example any kind
of the gear drive, the elasticity characteristic must be studied together the static
characteristic and frequency characteristic. It is known that, the static
characteristic (figure 6) represents the applied force in function of the
deformation. The information about the dynamic parameters of the elastic
system and about the stability ratio is given by the frequency characteristic
(figure 7).

-

Im
F A e
A
0y
i
[1e]
|
. I‘ wliy N A®) = JRe* (0) + Im* (00);
deformation @{m) = arctg(Im/ Re).

Fig. 6. Static characteristic Fig. 7. Frequency characteristic

5. Conclusions

Based ‘on the performed research, the following conclusions might be drawn: a)
The computerized determination of the elasticity characteristic of the worm-
gearing tooth for the machine-tools and robots is proposed; b) The introduction
of “elasticity characteristic” concept contributes to the completion of the used
gearing study; ¢) For a complete research on elastic system, the elasticity
characteristic must be studied together the static characteristic and frequency
characteristic; d) The study leads to increase of the gearing tooth rigidity,
improving the accuracy of the machine-tool and robot linkages.
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EXPERIMENTAL RESULTS OBTAINED BY FRICTION PROCESS
RESEARCHING IN PROCESSED PART — TOOL TRIBOSYS#EM IN
CUTTING AREA

Tomulescu L., Ghelase D. (Facultatea de Inginerie din Braila, Universitatea
“Dunarea de Jos " din Galati, Romania)

Abstract:

Friction in cutting area takes place under very particular circumstances, and is
being characterized by high contact pressures, high relative speed and no
lubrication. Bibliographical research shown that Coulombian friction — friction
with a constant friction coefficient for a certain couple of materials — is an
exaggerated approximation of dry friction. Determination of friction coefficient
depending on relative speed is experimentally done on special stands, because
there are no references in any bibliographic source. After measurements
performing, the analytical expression of dependence is determined by
mathematical interpolation.

1. General appreciations

Main phenomena and processes that accompany cutting are friction, tribosystem
heating and tool wear. Friction, defined as a complex molecular, mechanic and
energetic process, which takes place between contact areas during relative
motion, can be considered as the main cause leading to wear and stop
functioning of tribosystem elements. Tribosystem, consisting of cutting tool,
processed part and split, can be considered as a system with direct contact, with
no lubricant.

Experimental researches lead, so far, to the conclusion that dry friction force
depends on a complex of factors, such as normal pressing force, relative sliding
speed, type of contact and dimensions of contact area, surface’s quality and
roughness, the nature of materials in contact, rigidity or elasticity, tenaciousness
or fragility of contact areas. Though important human and material resources
have been implied, the complex friction phenomenon did not make possible the
elaboration of a universal theory, at least from the quality point of view.
Different approaches in expressing the friction coefficient depending on speed,
roughness and specific pressure can be found in [I], but insufficient both
quantitative and qualitative, and sometimes indistinct.

We consider it is necessary, that out of the multitude of factors influencing
friction, to separate those which can be called independent for the desired
purpose and can be taken into consideration for the experimental researchers.
For example, relative sliding speed and temperature could be depending factors
for a friction couple having known or required geometry (shape and
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dimensions). From these factors, the one that can be considerate independent,
only an analysis oriented toward the research practical purpose, can settle.

The variation of dry friction coefficient depending on speed can be different
with physical and mechanical properties of friction couple materials.
Experimental research shown that, for couples of materials whose melting or
plasticizing point are not low enough, so that temperature in friction areas
should not lead to phase changes or modify mechanical properties (especially
hardness), friction coefficient depends on speed. This type of friction can be
called real dry friction.

Under certain circumstances, frequently met in technique, Coulomb rules for
friction coefficient estimation are not applicable; further researches lead to the
conclusion that depends mostly on the speed of the tribologic system elements.
Friction has an important role in the heating of system elements (part — cutting
tool), therefore with a decisive influence on cutting tool wear. As cutting speed
can vary within very large limits, and taking into consideration some researches,
insufficiently thorough both quantitative and qualitative regarding speed
influence, we consider necessary to undertake research of the friction coefficient
for every cutting specific situation, cutting edge material and processed part
material, in order to highlight the fact that in this case, too, friction coefficient is
non-Coulombian type [2].

2.Experimental material basis

The installation described further on, was used to examine non-Coulombian dry
friction, figure 1.

On the shaft of electric engine 1 is placed disk 2, made of one of the materials
that are part of the tribosystem, respective steel, cast iron, aluminium. In front of
the disk is a rigid cylindrical bar 3, well fastened in bearing system 4. On this
bar, part 5 moves, having placed on it the other part of the tribosystem, part 6,
made of a material for which friction coefficient is to be determined (stecl, tool
steel, metallic carbure). Pressing force between part 6 and disk 2 is to be
determined using loads 7 hanged on rod 8, articulated on part 5. Contact
between elements 6 and 2 is achieved for a certain radius of disk 2 (for some
specific values or relative sliding speed), radius which is adjusted by moving
part 5 on bar 3 using a screw mechanism 9, The whole assembly is mounted on
a rigid metallic frame 10. On the engine electrical circuit is fixed a three-phased
Wattmeter case (precision class 5, METRA manufacture), used to determine the
power consumption; disk 2 speed is determined with an electronic speedometer
with optic coupling and 4 digits numerical display.
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e o |

Fig. 1. Stand for energetic determination of friction coefficient

Then determining friction coefficient, known elements are normal pressing force
of part 6 on disk 2, F,, (from loads 7 on lever 5), contact radius between part6 6
and 2, R, (from the position of part 5 on cylindrical bar 3), relative friction
speed (from known value of R, contact radius and disk speed n), friction power
(as a difference between the value shown by Wattmeter, having part 6 pressed
on disk 2, loaded Py, and with part 6 removed, idly P,. Given these notations and
dimensions [F,] = N; [R.] = mm; [n] = rot/min; [P;] = [P,] = W, friction
coefficient is as follows:

["}_ T ] 30000

- : . .”
T F” Rc

(M

By means of the above-described installation, friction coefficient is determined
for different relative speed, but not the adherence coefficient, too. Real
dimensions are:

- power of electric engine = 1100 W;

- engine speed = 1410 rot/min.;

- disk diameter = 400 mm;

- maximum speed = 27 m/sec.
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3. Obtained experimental results

The results of experimental tests, performed using the installation shown in fig.
I, highlighted the dependence of friction coefficient on areas relative speed, for
steel — metallic carbure couple the results confirm the fact that friction is non-
Coulombian type.

Table 1 shows the results for a steel — metallic couple P10 class and high-range
speed values.

Table 1.
NI R. Peai P AP v Fy n
ct. | (mm) (W) (W) (W) (mfs)  (m/min) (N)
L 180 230 590 360 26,57 1594 13,55 | 0,246
2 160 230 380 350 23,62 1417 1481 | 0,27
3, 140 230 580 350 20,67 1240 1693 | 0,307
4. 120 230 540 310 17.71 1062 17,50 | 0318
5 1l 100! 230 480 250 14,76 885 169 | 0,307
6. 80 20 | 420 200 11,81 708 1693 | 0,307
7 60 224 340 16 885 | S5 13,10 | 0,238
8. 40 224 270 46 5,90 354 7,79 | 0,141
9. 20 | 220 242 22 2,95 177 745 10,135

The table shows the stabilized values of the parameters, stabilized and resulted
{rom the values measurement performed at least three times in order to eliminate
the possibility of miscalculations. Short measurement time is not considered to
lead to fiiction area heating able to determine changes of physical and
mechanical characteristics of tested material couple, heating that can influence
or alter the results. A METRA — Czechoslovakia Wattmeter, precision class 5,
has been used. Constant measurement clements are G =27,5N; F, = 2G = 55 N;
n = 1410 rot/min. Given the results obtained, variation curve of friction
coefficient depending on speed has been plot (steel — metallic carbure couple) in
fig. 2.

Plotting of this curve is based on mathematical modelling of relation:

#=0,0201+0,033-v-0,000941 .12

and average square deviation: 0,01902.

The analysis of the above-mentioned results leads to the conclusion that friction
is non-Coulombian and there is a speed for which friction coefficient has a
maximum; speed increasing or decreasing determines decreasing of friction
coefficient.

Based on the results, we can say that there is a range of cutting speed values —
that from the viewpoint of cutting area heating and tool wear — is better to avoid.
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4. Conclusions

Friction between tribological  system
elements takes place on very small areas,
influenced by pressing forces — pressures
— higher than the ones in the other
researched tribological systems. Friction
between split and cutting edge is always
dry, no matter if lubricants are used. Stand
measurements shown the dependence of
friction coefficient on relative speed
between fribosystem elements;
dependence is influenced by the materials
of the friction couple. It is observed
dependence with a maximum value for

References: 1. Luiza Tomulescu - Tribologia t'ijului de scul’ a]chietoare.
Editura CEPROHART - Br'ila, 2000, ISBN 973-9957-8-5. 2. Luiza Tomulescu,
Gheorghe Oproescu - “Aspects of Coulombian and Uncoulombian Dry
Friction”. International Conference of PHD Students, University of Miskolc,

1997, pg. 283 - 287.
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MTPABHJTA

(PCACTABACHUSI DYRONHCRH B MEAUYHADOAHDIH COOPHUK HAYYHBIX TPY/IOR
AoHENKOro HAMOKAILHOTO TEXHUYECKOTO YHHBEPCHTETA
«[Iporpeccusiubie TEXHOAOIHE H CHCTEMB! MAUTHHOCTPOCHHS»

Crarbu JOIKHBI MPEJICTABHTECH B COOTBETCTBUM ¢ TpeboBauusiMu BAK
Ykpauns! (OronaereHs BAK Ne 1 3a 2003 r.).

Conepxanne pyKormuceli J0MKHO 0TPAXATH HOBbIC AOCTHKEHUS HAYKH
TEXHHKH B 00J1aCTH MallMHOCTPOCHHMS, MX [IPAKTHYCCKOE 3HAYCHUE, COOTBETCT-
BOBATEL TeXHWHCCKOH HAIPABAEHHOCTH COOpPHMKA W MpeJCTaBsTH HHTEpEC Ajis
LIMPOKOTO KPyra CIer{aincTOB.

B pyxormmcn 1omkHO GBITh KPaTKO H3IOKEHO TO HOBOE M OPHTHHAILHOE,
YTO pa3paboTaHo aBTOpaMM, NOKA3aHO NPEHMYIIECTBO 1Iepe aHAIOTaMY Mpe/i-
JaracMbIX pazpaboToK, ONUCaHBl MX 0COOCHHOCTH U HPaKTMYecKas 3HAYMMOCTD.
PesynpTarhl paGoThi He JOMKHBL MPCACTABIATLCA B BUJE TE3UCOR.

S3pikH TpencTaBieHns pyKonrCcei: YKpanHCKMI, PyCCKuil, aHIHifCKuid 1
HeMELKHH.

COopHHK Hay4HBIX TPYIOB ABIACTCH CTICUMANBHBIM H3NAHUEM B KOTOPOM
MOTYT NyOAMKOBATLCS PE3YAETAaThl JUCCEPTALHOHHBIX PadoT, TaK Kak OH BKIO-
4eH B niepededs BAK Vkpanner (Iepenix No 1 maykosux daxosux Bugaus Y-
paiiy, B SKHX MOXKYTH IyONMKyBaTWUCSl pesylbrari aucepranifnux pobir nHa
3100y TS HAayKOBUX CTYTeHIB AOKTOpA i KaHjm/ara Hayk. JI0iaTok Jio mocTaHo-
B nipe3naii BAK Ykpaiuu Bin 9 wepsus 1999 p. Ne 1 —05/7).

OCHOBHASI TEMATHKA CEOPHHUKA
Temaruka npeicrapaseMbIX CTaTel JOIKHA OCHOBBIBATECS Ha rpobiemax
MaITHHOCTPOCHHS (MEXAHMKHM ) W MPEACTARINT CHELYIOUAe HANPARICHHUS:
1. IipakTHKa 1 NepCieKTHBBI CO3AAHMS ¥ IPUMEHCHHS TPOrPECCUBHBIX TEXHO-
soruit. CnennansHsie 1 HETPA)MIHORHBE TEXHOIOTHH.
2. Mexanusaums M aBTOMaTU3aIns [IPOM3BOACTBEHHBIX Tpolieccos. TTpobiemsl
MEXaTPOHHKH M MEXaTPOHHbIC TEXHOIOTHH,
3. TNpoGaembl POEKTHPOBAHHS W NPUMEHEHHS HHCTPYMEHTOR.
4. Apromarusaus KOHCTPYKTOPCKOW M TEXHOJOMHUCCKOH MOArOTOBKM MPOW3-
BOJCTB&, IPOrPeccHBHOe 000pya0BaHME.
5. Vripasnenue KauecTBOM, METPOJNOTHSA, CCPTH(OUKALMS, JTMArHOCTHKA, HaLEK-
HOCTE W 3KCTUTYATALIMS TEXHONOIHYCCKIX CUCTEM.
6. Bonpocsl MOIeHPOBaHHUS M PACUETOB CHOKHBIX TEXHONOTHIECKHX CHCTEM.
B pamxax cGopHuka MOXIO NPeACTABNATS peknamy NPOAYKIHH, KOTopas
OyneT nomerena mocie pyKonuceii crareit.
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CTPYKTYPA CTATEN

Hayuno-texsnueckue crarsu, NPEACTABIAEMBIE B Jlaniblii  cOOpHUK
JLOJKHBL UMETh CHEAYIONINE JCMEHThE:
- NOCTAHOBKA MPOBEMbl B OBILEM BHJIE U €€ CBA3D C BAKHBIMMU HAYYHBIMU M
NPaKTHYECKUMH 3alaHHAMU;
© AHAIM3 TOCHCAHUX NOCTIKCHHUA W MyOAuKaluil, B KOTOPHX HAYaro petue-
HHE JlaHOK NPOGNEMBl 1 HA KOTOphIE OIHPASTes aBTOp, BLIICNEHHC Hepe-
WCHHBIX paHblie yactel ofuiel npobnempl, KOTOPLIM OCBAIACTCS AAHHAS
CTaThA;
- (hopmysupoBanye uenci crathi (IOCTAHOBKA 3ajiaq);
- HPSACTARJIEHHE OCHOBHONO MaTepHana HCCIEA0BAHUA ¢ HOIHBIM 00OCHOBA-
HUCM NONYUCHHDBIX HAYUYHBIX PE3YNhTATOR;
- BLIBOAB! 1O JIAHHOMY MCCHEOBAHMIO W NEpCHeKTHBE fansHeiero pa3Bu-
THA JIAHHOTO HalpaBieHus,

HPEACTABJAEHWE MATEPHAJIOB
J112 NpUHSTHS perieHns o BToYeHHH pykomucy Baweii cratsu B cHop-

HHK HeOOXOIMMO BRICIATh B aIPec PefaKkiioHHON KOLICrHH cieayrolee:
® 3aABKY H CBeicHMs 00 aBTOpax cTarbi:
¢ PYKOMACK CTATHU B JBYX SK3EMIUIAPaX (BTOPOH IK3EMILISP CTAThU JIOIKEH

OBIThH NOMIIMCAH BCEMME aBToOpaMHu);
® aKT JKCICPTH3B! (OAMH K3EMIUIAD);
& HHCKeTy 3,5 MIofiMa ¢ 3aIHChIo TeKCTA CTATBH,

[My6:iuxauns crareit 8 nannom cGopHuKe WaTHas,

TPEBOBAIIMS K O®OPMEHMIO

[. Texer pykormucu cratbi o1 5 10 10 crpannun na 6er0k Oymare gopmara A4
(210x297 mm) ¢ nossivu: BepxXHee, JIeBOe U 1paBoe - 25 MM, a HIKHee - 30
Mm. CTPaHHIBI He HyMepoBaTh (yMepaluio BEITONHUTE KapasiamoM B HH-
KEM TIPaBoM yruty). PyKoIueh cTaThit 0OpMHUTE C HPHMEHEHHeM pefakrTopa
WinWord (ke nwxe sepeun 6,0) uwprdrom Times New Roman pasmepom
12, pacneyarats B AByX IRIEMILIAPAX C BLICOKHM KauyeCcTBOM HEYATH.

Hopspiox opopmnerus. Marepransl nomkHbl OTBEYaTH CIeyIomel CTpyK-
TYPHOH cXeme: HazBaume, DaMUIUM U UHHIHAIBL ABTOPOB, COKPALICHHOE Ha-
3BARMC OPraHu3aumif, ropoja, CTpaHbl, aHHOTAIASL HA AHCIMHACKOM S3bIKE,
OCHOBHOH TEKCT, BLIBOJBI, CIMCOK NuTeparypbl. Hazpamue mewataTs po-
MHCHLIMM{KHPHBIMA) OYKBAMH, He OTCTYNAS OT BEPXHEro noAs, 6e3 nepeHo-
COB, UCHTPHPOBATE. Hepe3 ofuH HHTEPBANA CTPOUHBIMH OyKBaMH — damn-
AMH ¥ HHHIMAALI aBTOPOB (KUPHLIMH), B KPYIIIBIX CKOBKaX KYPCHBOM —
COKpAICHHOE Ha3BaHUe opeanuzayuil, Ha3BAHNE 20pOJ0E, cmpai (sepes 3a-

[
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HATYIO, eHTPUpOBaTs). Yepes ogun uHTepBasa — MaTEepUaibl CTaThH (361K
MRIOKCHUSA - 110 BBIOOPY aBTOPOB, MEKCTPOUH BT HiTepsan 1), Cm. obpasen
odopmiaenus marepuaios,

- Ppaguueckuit matepnan (pucynku, rpaduku, cxemsi) CHEAYeT BBITONNSATS B

dopmare “.bmp, *.gif, * pex, ".dwg pasmepamis He Menee 60x60 My BHEpEl-
HBIMK oObekTaMu (nio X0y matepuanioB). Bee mosuuun, o6o3navennbic Ha
PHCYHKE, J1okiib1 GbiTh 06bsicHens B Tekere, [Tosuumu na PHCYNKE JOMKHbI
pacnonararbest 1o yacopoit crpenxe. [Tog Kambim PHCYHKOM YKa3blBaeTCs
€ro HOMEp U HasBauue, Hanpumep: Puc. 3. Cxema ycTpoiicrsa. Kanaprii pu-
CYHOK JIOIKEH UMCTh O/IMH HHTepBaN CBEPXY M CHH3Y.

. q)OpM}Ulhl U MaTeMarTH4yeckue 3HaKu HOJDKHBL OBITH MOHSTHE, HOK&:{&T‘QHK,

CTENCHA H HHACKCH JOMKHBI OBITE MEHbIIE OCHOBHBIX 3HAKOB H BBITTOHSTb-
C4 B COOTBETCTBHM C PeiaKTopom dopmyn Microsoft Equation. ®opmynei
HOMEPYIOTCA (CripaBa B Kpyribix ckobkax, He OTCTYNas OT NPaBoro nojs),
TOALKO B TOM Cllyvae, ecili Ha HHMX B TEKCTE MMEIOTCH CChLAKH. Mex ity
KPaHHUMH 3HAKAMUM QOPMYIIbI M TEKCTOM AOISKEH BBINOIHATECSH OIMI VH-
TepBait. DOPMYIILT BBITOAUAIOTCS KYPCHBOM.

Pazvep popmys aan Microsoft Equation

LT R S J———— 14 pt
Subscript/Superscript (kpyrinpiii eI e T 10 pt
Sub-Subscript/Superseript (Menkuit HHIEKEY... . 5t b i 7pt
Symbol (KPYIHEL CAMBON). .........cecueeeineiiee oo 14 pt
Sub-Symbol (Menxuit cumBon).............ccoooo 10 pt

Bee rabnmist momwxns umets uazpanue u TOPSAKORBIA HOMEP M pacriona-
FaTbCH 10CHE YUOMHHARKS 1O TekeTy, Hanpumep: Tabsuna 2. Knacendura-
uns Mydr. Kaxnas rabiua 10mKua uMets oiuu MHTCPBAIL CBEPXY M CHH3Y.

Cuneox anreparypsi gomked Go1b IPUBEACH B KOHIE CTaThH B COOTBET-
CrBUY ¢ obpasuom. [lepedcHs cChOK TOMKEH GbITh COCTABICH B opsjiKe
ynoMunanns 8 rexcre. CCbIKH HA JIHTEPATYPy 3aKNIOYaeTCs B KBa/paTHbIE
CKODKH.

Texer pykonuey cratbu Tpedyercs 3anncaTs Ha juckery 3,5 Jrolima, Koto-
PYIO HYZHO NOANMCATE CHEAYIOUMM 06pa3om: haMUINK ¥ HHHIMATE! a8TO-
pOB, Ha3BaHUE CTATHH.

Marepuansl pyKonscy npeAcTaBisiores 6e3 uru6os.,

Marepuanel, He OTBEYAIOUIME IepPEeYnCHeHHbM TpeboBaHUIM U TemaTuke
JIAHHOTO COOPHHKA, a TaKke MOCTYMHBLUE B PERAKIIMOHKEYIO KONMCTHIO C
Ono3AanKeM, onydauKoBarkl He GyayT.
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Odpazey odhopsreniun manepuanog:

OCHOBBI CTPYKTYPHOI'O CHHTE3ZA CBOPOYHBIX CHCTEM

Wsanos H.W., Tterpos ILIL. (JonHTY. BITY, 2. floneys, ». bpanck. Yipauna, Poccus)
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