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AHAJIN3 KOHCTPYKIIMHI PEXKYIIIUX IIJIACTHH JJISI CEOPHBIX PE3IIOB
Aunekceenko C.A., Kucenea U.B. (xkap. MC. Jonl TV, [oneyx, Yxkpauna)

OTpe3ska 3aroTOBOK Ha TOKApHBIX CTaHKaxX SIBJISIETCS OJTHOW M3 HauboJiee TPYIOEMKHX
onepanuii Metaiioo6padoTku. C yBenMueHHEM JAHaMeTpa OTPE3aeMbIX 3ar0OTOBOK TPYHAOEM-
KOCTb 3HAUUTEJIBHO BO3PACTAET, @ KAUECTBO U TOUHOCTh OTPE3KH PE3KO CHUKAIOTCS.

AHanu3 pa3nuyHbBIX KOHCTPYKIMH OTPE3HBIX PE3I0B IOKa3all, YTO KOHCTPYKTUBHBIC
0COOCHHOCTU COOPHBIX PE3LOB ONPENEIAIOTCS CIEAYIOUIMMH (PaKTOpaMu:

— 00paboTka BeeTCs B YCIOBUSAX HECBOOOTHOTO PE3aHMs C MEPEMEHHBIMH 0 3HAYCHHUIO
COCTaBJIAIOIIMMHE CHJIBI PE3aHMUS;

— YJJIMHEHHAs W y3Kas 4YacTh pe3lia C PeXYLIMM AJIEMEHTOM SIBISICTCS aKKyMYJSITOPOM
BBIJICIIIEMO IIPH PE3aHUH TETIOTHI;

— TeOMEeTpHUsl PeXylLIeld YacTH JTOJDKHA 00ECleunBaTh YIAOBIECTBOPUTEIBHOE CTPY)KKOOO-
pa3oBaHME U XOPOIIHUA OTBOJI CTPY KKH U3 30HBI PE3aHHUS;

— olecrieueHre TOYHOTO MO3UIMOHUPOBAHMS M OBICTPOJCHCTBUS MEXaHU3Ma KPEIUICHUS
PEXYLIEro 3JIEMEHTA;

— obecrieueHne HAICKHON (PUKCAITH PEKYILEro dJIEMEHTa OT JEHCTBUS TaHTCHIUAIBLHOM,
pazuaNbHON M OCEBBIX COCTABIISIIONINX CUJIBI PE3aHMUS.

Jannast paGoTa MOCBsIEHa aHAIM3Y CYMIECTBYIOUIMX KOHCTPYKIMH CMEHHBIX IUIa-
CTHH JUIS OTPE3HBIX PE3IOB M BIMSHUS UX T€OMETPUUECKUX TMapaMeTpoOB Ha CTOWKOCTb M yC-
JIOBUSI 0OPabOTKHU.

Ha cTo#KOCTh OTpe3HBIX PE3IOB OOJBIIOE BIMSHUE OKa3bIBAIOT (popma, paszMepbl U
reoMeTpUYECKHe NapaMeTphl pexyilel iacTUHbl. Hu3kast CTOMKOCTh OTPE3HBIX pe3LoB 00y-
CIIOBIICHA MasbIMH BCIIOMOTATENbHBIMH 3aganmu yrmamu (1...2°). Bo m3bexanue ocmabire-
HUS TOJOBKH Pe3lIa, a TAKXKE U3-3a OTPAHWYCHHOW TOJIIIMHBI TOJOBKH, MMPUXOIUTCS yCTaHAB-
JMBATh JJIsI OTPE3HBIX PE3LOB BCIIOMOTATENbHBIE YIJIbI B IUIAHE (; HEOOJBIION BETMYUHBI B
npegenax 1°30...2°. TIpu OTKIOHEHMH OCH pe3ia OT OCH 3arOTOBKH TAKHE YIIIbI OKAa3bIBAIOTCS
HE0CTaTOUHbIMHU. Bo3pacTaloT cuiibl TpeHUs M 3ae/1aHue pesla, MOSBISETCS ONacHOCTh IO-
JOMKH €T0 M3-32 3aKIMHHMBAaHUS B TMa3y. DTO TaKKe SBISETCS NPUYMHOW BBIKPAIIMBAHHUA U
CKaJIBIBaHUS TUIACTHHKH TBEPJIOTO CIUIaBa B MOMEHT OKOHYAHHS OTPE3KH 3arOTOBKH [1].

Jns HOpManbHOW paboOThl TBEPIOCIUIABHBIX OTPE3HBIX PE3LOB HEOOXOIUMO HMETh
BCIIOMOTATe/bHbIE YIB! B riane He Meree 2°30...3° OtpesHoii peselr 10DKeH TAKKe HMETh
YTOHEHHE TaK)KEe IO HANPABJICHUIO OT BEPIIMHBI 0 OMOPHOHM IUIOCKOCTH IOJ YTJIOM (.
O6bI4HO OH nprHUMaetcst B npenenax. 2°30...3%30. [l yCHIeHns roI0BKH 3aTOUKY 10 YI-
JaMU @) U (P PEKOMEHIYETCs MIPOU3BOJINUTH HE TIO BCEH JIIMHE W BHICOTE PE3IIa, a TOJIBKO Ha
HEKOTOPBIX yJacCTKaX.

[Tepenuii yroi oka3siBaeT 0OJIBIIOE BIUSHIE HA BHOPOYCTOHYHBOCTE pe3Iia, KoTopas
PEe3KO CHM)KAeTCs C YMEHBIIEHUEM €T0 BeJMUMHBL. Bo m30exaHue MosiBICHUsS BUOpaIMii pe-
KOMEH/IyeTCs MPHHAMATh mepeaunii yron y=15...25°. 3aquuit yron rmasroit pexymei kpom-
KH O peKOMEHLyeTCsl IpHHIMATh paBHbM 8 Ha wractuike i 12° Ha gepiaBke.

[Ipu pabote oOTpe3HBIX pe3loB OOJIBIIOE 3HAUEHUE UMEET HaJlexHOoe (OpMHUpOBaHUE
U ApOOJIeHUE CTPYKKH, U €€ OTBOJ U3 30HbI pe3anusi. C 3TOH Lenbi0 MHOTHE aBTOPHI Ipe/ia-
raf0T WCIOJIB30BAaTh PEXYIIUE TUIACTHHBI, UMEIONIHNE PA3IUIHYI0 (HOpPMY U T€OMETpUUYECKUE
napameTphl.

Jnst OTpe3HBIX Pe3I0B NPUMEHSIOT PEXYIIUE IUIACTHHBI, IEPEAHSS TIOBEPXHOCTh KO-
TOPBIX UMEET CHENUATLHYI0 TEOMETPHIO: IO KpasM OHa BBIIIIE, YeM B CPEHEH 4acTH, a BJIOJb
peXyIeil KpOMKH Tpope3ana acka ¢ MOJOKHUTEIBHBIM WM OTPUIIATEIIEHBIM TIEPEIHUM YT-
JoM (B 3aBUCHUMOCTHU OT oOpabareiBaeMOro martepuaia). dacka MoBbIIIAET NIPOYHOCTh PEXKY-
MIeH TUIACTHUHBI TIPH TSKETBIX YCIOBUSAX PE3aHMs, HAlPUMEpP, MPU TPEPBHIBUCTOM DPE3aHHUH,



4 Co3nanne ¥ IpUMeHEHHe MPOrPecCHBHBIX TEXHOJIOT Ui

npu paboTe Ha HEKECTKOM 000pyZoBaHMU. Takas TeoMeTpHsl TakKe MO3BOJIAET MOJIYYHUTh
CTPYKKY YK€, UeM IIUpUHA pe3a U o0ecreunBaeT KOMIAKTHOCTh CIIUpain. Takast CTpyKKa He
MOBPEXJIACT TOPIIOBbIE 00pabOTaHHBIE TTOBEPXHOCTH, JIETKO YJAJISI€TCsl U3 MPOPE3aHHOTO Ma-
3a. OHaKo HanmMuKe (HacKU MPUBOJUT K MOBBIIICHUIO YCHUIIUNA pe3aHusl.

DTOro HejocTaTKa JIMIIEHA IJIACTHHA, NpeaokeHHas aBropamu [2]. CrabuiabHoe
IpoOJieHne CTPYIKKU B 3TOM cllyyae 00ecreunBaeTcs 3a CYeT BBITIOJIHEHUE MEpeTHeN MOBEepX-
HOCTH pEeXYIIeH IIaCTUHBI B BUJE BOTHYTOH chepudeckoir moBepxHocTH (1) u cexymiei ee
IUIOCKOCTH (2), 00pa3yrolell Ipy NepeceueHut ¢ IIIaBHON 3aJHEl NOBEPXHOCTHIO (4) riaBs-
HYI0 pexyilyto kpoMky (3) (puc. 1).

Puc. 1. CoopHnsIit pesery

®opma nepeiHel TOBEPXHOCTH BBINOJIHEHA TAKUM 00pa3oM, 4To (packu Ha BCIIOMOTa-
TEJBHBIX PEXYIIUX KPOMKaX OTCYTCTBYIOT, YTO IPUBOJUT K CHIDKEHHUIO YCWINS PE3aHUs U B
KOHEYHOM UTOT€ MOBBIIIAET CTOMKOCTb IIaCTHUHBI.

Hedopmanust cTpyKKH TPOUCXOAUT B OECKOHEYHOM MHOKECTBE ()POHTAIBHBIX ITIOC-
KocTel. B HayanbHBI MEpPHOJ CTPYXKKa UCIBITHIBACT LMUKINYECKHE ae(opManuu pacTsixe-
HUSA-CKaTUsl. DTO 3HAUUTEIIBHO HOBBIIIAET €€ XKECTKOCTh U 00ECIIeunBaeT HaJISKHOE pobiie-
HHE Npu 00pabOTKe pa3aIMYHBIX, B TOM UHCIIE, BI3KUX MaTEPHUAJIOB.

Jpyrum crnocoGoM MOBBIIIEHUS! CTOMKOCTH IIJIACTHUHBI 33 CUET 00EeCreueHusl CTa0uIIb-
HOTO JIpoOJIeHHsl CTPY XKW aBTOopamu [3] mpeluiokeHa pexylias IJIacTHHA, KOTOpas UMEET
(¢bopMy MHOTOTpaHHMKA C IJIOCKOWH OMOPHOM MOBEPXHOCTHIO 1, OOKOBBIMU BBIMYKJIBIMU Ipa-
HSIMU 2 U KpUBOJIMHEHOMN nepeHeil noBepXHOCThO 3. [lepeaHss MOBEpXHOCTh BHINIOJIHEHA C
NPSMOJIMHEHHBIMU THaroHaJIbHBIMU pedpamu 4 u 5. [lepecedeHne 3TUX MOBEPXHOCTEH ¢ 60-
KOBBIMHU TpaHsIMHU 00pasyloT pexylire KpoMKH 6. BelmonHeHue pexymux KpOMOK B BHJE
BBIITYKJIBIX KPUBBIX TIOBBIMIACT KO PHUIIMESHT HCIIOIH30BAHMS TUTACTHHEI B JIBA pasa.

Puc. 2. ®opma pexy1ieit miacTuHbI
Tax kak pexyliast KpoMKa sIBJIsIeTCsl KPUBOJMHENHOM, TO YroJl e HaKJIOHa A MEHsIeTCs
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OT OTPHUIATEIHFHOTO J0 MOJIOKUTEILHOTO, TAK)KE MEHSETCS U HANpPaBIIEHUE CXOJa CTPYKKH B
30HE, MPUHAIeKAIEH 3TON pexyiell kpomke. OOpasyromasicsi CTpy»Kka OyneT CTaOWIbHO
dbopmupoBaThcs U IpOOUTHCS pedpaMu 4 W 5, BBITIOJHSIONUMHE POJb CTPYKKOJIOMAFOIINX
TIOPOXKKOB.

JpyruM, MIHPOKO MCIOJIB3YEMBIM HAMpaBICHUEM COBEPIIECHCTBOBaHHS (DOpPMBI pe-
KYIUX TJIACTUHOK OTPE3HBIX PE3ILOB SBISETCS PACHIMPEHUEC MX TEXHOJOTHYECKUX BO3MOXK-
HOCTEM.

Jlyis pacimpeHust TEXHOJIOTHUECKUX BO3MOXKHOCTEH 32 CUET COBMEIICHUS YePHOBBIX U
MOJTyYHCTOBBIX OTIEpAIlUil MPEATIOKeHa TIAaCTHHA B BHJIE Ky0a, Ha KaKIOM pedpe KOTOPOro
CUMMETPHUYHO BHITIOJNHEHBI BEIEMKH. B pesyibrare mepecedeHus rpaHeil kyda ¢ MoBEepXHO-
CTSIMU BBIEMOK 00pa3yIOTCsl YEThIPE JOTIOJHUTEIbHBIC PEXKYIIIEe KPOMKH. Y BETUICHHUE KO-
YEeCTBa PEXKYUIUX KPOMOK MPUBOJUT K IMOBBIIMICHUIO CTOMKOCTU pe3na [4]. Hna yiaydiienus
JIPOOJIEHUS] CTPYXKKH B IICHTPE BBIEMKH BBITIOJHSIOT BBICTYII B BHJIE TPEXTPAHHOU MPU3MBI
wi V—0oOpa3HbIii.

/

Puc. 3. KyOuueckasi cMeHHast pexxy1iasi IiacTHHa

st pactmpenust 00JacTH MPUMEHEHUs PEXYIIEH NIaCTUHBI aBTOPHI [5] mpeniaramt
NEPETHIOI TTOBEPXHOCTh BBIMOJIHATH BOTHYTOH B BUJE LWIMHAPUYECKUX PaJUalbHO pacro-
JIO’)KEHHBIX Y4acTKOB (puc. 4). Y TpeXrpaHHO! MIaCTUHBI BEPXHsSI IOBEPXHOCTh MIPEICTaBIIS-
eT co00M TpU BOTHYTHIX HWJIMHIPUYECKUX ydacTKa 1, 2 U 3, oCHM KOTOpBIX MEPECEKAIOTCs B
LIEHTpe IacTuHbl. Pexymiye kpoMku 4, 5 1 6 00pa3oBaHbl IEPECEUECHUEM LIMIIMHAPUIECKOTO
ydacTKa ¢ IJIOCKOCTbIO OOKOBOM I'paHu, HapuMep ydacTka 2 ¢ rpasbio 7. B nenrpe mnactu-
HBl IMEETCSI OTBEPCTHUE [T KPEIUICHHUS €€ B epkaBke. [1macTiHa MOKeT OBITh BBITIOJHEHA C
Pa3IMYHBIMM TEPEIHUMU YTJIaMH (TIOJIOKUTENIbHBIM, HYJIEBBIM WJIHW OTPHULATEIbHBIM), YTO
MIO3BOJIUT UCTIOJIL30BATh €€ TIPU 00pabOTKe Pa3IMIHBIX MAaTEPHAJIOB.

Puc. 4. ®opma TpexrpaHHO CMEHHOM TUTACTHHBI

ABTopamu [6] npemioxkeHa pexylas IUIACTHHA ¢ OOKOBBIMHM IHOBEPXHOCTAMU 1 B
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¢dopMe mapaiienorpaMma BBITIOJHEHHAs! TaK, UYTO 3a/JHUE TpaHHU 2 U 3 CIyKaT MOoOYepeTHO
OTIOPHBIMH MOBEPXHOCTAMHU U TIEpECEeKaroTCs MeX Ty co0oit moa yriom, Oonsmum 90°, a ¢ me-
pPEAHMMH I'paHsAMHU 4 U 5, BBINOJIHSIIOUIMMH IOOYEPEIHO POJIb NEPEIHUX TIOBEPXHOCTEH, - 1101
yraoM 3, 006pasys mpHu 3TOM pexyuire KpoMku 6 u 7 mnactunsl (puc. 2). bonpmmue ocu na-
pajiesiorpaMmoB 8 U 9, ABIAIOLIMECS OCHOBAaHUSMH, PA3BEPHYTHl OJJHA OTHOCUTEJIBHO APY-
roil Ha y/JBOEHHBIN yrosu camotopmoskeHus o. Ha nepeceuenun nepeqHux rpaseit 4 u 5 BbI-
IIOJIHEH yTJI0BOM na3 10.

Puc. 5. [Ipu3maTuueckas pexyiuas IsacTuHa

[Tpu paboTe pexxymiei MIacTHHBI COCTABISAIONIAs CHIIbI PEe3aHus, HalIPpaBJICHHAS BOJb
JIe3BUS IUIACTHHBI, CTPEMHTCS CMECTUTh MOCJICAHIO B HATIPABJICHUH 3aroTOBKH. OTHAKO Ha-
JWYWE BYX KJIMHOBBIX MAa30B CO3/IA€T JIOMOJHUTEILHOE TOPMOKCHUE TUIACTHHBI, KOMIICHCH-
pyloliee HeraTUBHOE BO3/ICHCTBHE MHTCHCHUBHBIX BUOPAIUil B yCIIOBUSAX MPEPBIBUCTOTO pe3a-
Husl. [loBBINIEHNE HAEKHOCTH KPEIUICHHS IUIACTHUHBI MPEAOTBPAIIACT TOJOMKY PEKyIeH
IUIACTUHBL. B cilyyae nmpuMeHeHUs HOBOW PEeXyIIeH TUIACTUHBI B OOBIMHBIX YCIOBHUSIX PE3aHUS
MOSIBJISIETCSI BO3MOKHOCTH TTOBBICHTE pexXuM 00padoTku Ha 20-40%.

Ha ocHOBaHMM TIPOBEICHHOTO aHAJM3a W3BECTHBIX KOHCTPYKIMI OTPE3HBIX PE3IOB
MOHO CJIeaTh BBIBOJI, YTO B COBPEMECHHBIX yCIIOBUSIX HauboOJee NMepCIeKTUBHBIMHA HAIPaB-
JICHUSIMHA COBEPIICHCTBOBAHMS WX KOHCTPYKIIMH C IEIBIO TIOBBIIMICHUS CTOMKOCTH SIBIISICTCS
obecrnieueHne CTadUIBLHOTO CTPYKKOAPOOIJICHUSI M PACIIMPEHUE TEXHOJIOTUIECKUX BO3MOKHO-
CTEH, TO €CTh pa3pabOTKa OTPE3HBIX PE3I0B YHUBEPCATHHON KOHCTPYKIIHH.

Cnucok smrepartypsi: 1. Cemenuenko U.U. IlpoektupoBanue MeTamopexymux UH-
CTpYMEHTOB. - M.: Mamrus, 1968. - 868 c. 2. A.c. 1710201 CCCP MKU B23B27/04. Pexy-
mras wiactuda/ B.H. AmekceeB Ony6:1. 07.02.92. bron. Ne 5. 3. A.c. 1701432 CCCP MKU
B23B27/16. Pexymas miacruaa/ H.M. Yapkun, O.C. MambieBa, A.I'. CremanoB u p.
Ony6u. 30.12.91. bron. Ne 48. 4. A.c. 1685614 CCCP MKU B23B27/16. Pexyuwmii snemeHT/
B.H. AnekceeB. Omy6m. 23.10.91. bron. Ne 39. 5. A.c. 6495086 CCCP MKW B23B27/18.
Pexxymiass mHororpannasi miactuHa/ b.U. Ilonomape, b.A. UyOuenko, M.®. Copoxkuna
Omny0:. 28.02.79 bron. Ne 8. 6. A.c. 1756022 CCCP MKU B23B27/16. Pexymas nnactuxHa/
O.A.Tapacos, 10.B. Uynpsina, B.B. 3yesuu u np. Omy6:1. 23.08.92. bros. Ne 31.
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K BOIPOCY O PABPABOTKE TEXHOJIOI'MA N3I'OTOBJIE HUSI
PE3bBOBBIX U3JIEJIUN

Bbanaun H.B., KoBaneunko T.B. (kagh. TM, /ol TV, 2. /loneyx, Yxpauna)

B TexHonmormueckoMm riaHe oOpaboTKa pe3pd SBISIETCS OJHOW M3 CAMBIX CIIOXKHBIX
onepanuii. O4eHp 4acTo TpedyeTcs MOJyYeHUE TOCTATOYHO BBICOKOM TOYHOCTH pa3MepoB U
BBICOKOHM YHCTOTHI Pe3b00BOM MOBEepXHOCTU. Pa3nuune cBOWCTB 0OpabaThIBaeMbIX MaTepua-
JIOB, pa3JIMune TEXHUYECKUX TPEOOBAaHUI KaK K TOYHOCTH BBINIOJHEHHS PE3bOOBOM MOBEPX-
HOCTH, TaK ¥ K TOYHOCTH TOJIOKEHHUS €€ OTHOCUTEIBHO JAPYTUX MOBEPXHOCTEH JeTanu, u 00y-
CJIABJIMBACT MPUMEHEHHUE PA3IMIHBIX coco00B hopMooOpa3oBanus pe3bosl [1].

Bce TexHOIOTMHM M3rOTOBJICHUS PE3b0 MOKHO Pa3/eNUTh Ha CJEAYIOIIUE OTEpalnu:
npeanecTByomme oopadoTke, oOecneunBaromuye mojayyeHrue TpedyeMol 3aroTOBKH; HETO-
CPEICTBEHHO, pe3b0000Opasyromue; (GUHUIIHBIC, PUMEHIEMBIE TIPU HEOOXOIUMOCTH (O0THae-
JIOYHBIE, YIIPOUYHSIONINE, 3a4UCTHBIE, KAIUOPYIOIIHE).

Tak ke TEXHOJIOTHIO U3TOTOBIICHUS PE3OBI MOKHO MPEICTABUTD B BHJIE CXEMBI - Ta0-
Jnsl 1.

Tabmmma 1. Cxema TexHoI0THM 00pabOTKU pe3bObI

[To MeToy BEITIOJTHEHUS TexHomorus 00pabOTKH pe3bd
TE€XHOJIOTUUECKUX (hopMOo0Opa3yIOIMMH METOJAMH
TexHonorus IIpOLIECCOB TexHOMOTHS MEXaHHMYECKOW 00pabOTKH
00paboTku pe3bo
pe3n0bI ITo pacnosoxenuro TexHonorust 00pabOTKH BHYTPEHHUX
Pe3b00BOI TOBEPXHOCTH pe3so
TexHonorust 00pabOTKH HAPYKHBIX
pe3sd

ITo cnocoOy Bo3nelictBus | TexHonorus 00paboTKH pe3bd
MHCTPYMEHTA Ha MaTepual | HaKaThIBaHUEM (IIJIACTHYECKUM
3aroTOBKHU e OpMHUPOBAHUEM)
TexHomorust 00pabOTKH pe3bd
pe3aHneM

[IpuBeneHnas cxema MOKET OBITh JOTIOJIHEHAa Pa3HOOOpPa3HBIMH METOJAMHU U CIIOCO-
O0amu 00paboOTKM pe3bObl. M3 cxembl BHJHO, UTO pa3pabOTKa TEXHOJOTUM W3TOTOBJICHHS
pe3bOBbI - 3T0 MHOTOYPOBHEBBIH MPOLIECC, U IPUHATHE PELICHHS O BBIOOpE TOM MM MHOM TeX-
HOJIOTHUU M3TOTOBJICHHUS 3aBUCUT OT MHOKECTBA (DaKTOPOB.

B TO xe Bpems TEXHOJIOTMYECKHI MpOLECC MOKHO paccMaTpHBaTh Kak Hepapxuye-
CKYIO CTPYKTYpY, BKIIIOYAIOUIY}0 MHOKECTBO MOJIPOLECCOB, MHOXKECTBO ONEpaluidi U MHO-
JKECTBO TEXHOJIOTMYECKUX BO3ACHCTBUI, MPUYEM, TEXHOJIOTUYECKUE BO3ACHCTBUS SBISIOTCA
0a3rcoM, a BEpIIMHON ABISIETCS TEXHOJOTHYECKHM Mpoliecc. TeXHOIOTUIECKUN TTPOIIECC ITO
MOCTETIEHHBIN NIEPeX0/1 OT HU3KOTO YPOBHsI K OoJiee BRICOKOMY [2].

Torna, TeXHOJOTHYECKUI MPOLECC MOXKET OBITh PEICTABJIECH KaK:

i=1

p n /
j=l m=

rae G — TeXHOJIOrMuecKUil mpoLecc (BepIInHa);
f; - TEXHOJIOTUYECKHE BO3/IEHCTBUS;
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b; - TeXHOJIOTHICCKHUE OICPALHH;

&g,, - TCXHOJIOTHYICCKHUC ITOAIIPOUCCCHI,

p,n,l - KOTMYECTBO TEXHOJOTHIECKUX BO3JICHCTBUH, OTIEpallUii U MOAIPOIIECCOB COOT-
BETCTBEHHO.

TexXHONOTUYECKUI TPOIIECC MOYKET MMETh HECKOJIBKO BapUAHTOB, M BBIOOpP KAKOTO
nr00 W3 BapUAHTOB 3ajJla4ya cloKHas. VI3BECTHO, YTO MPUMEHEHHE MPHUHIIUIA KOHIICHTPAIUil
onepaunﬁ MO3BOJIACT 3HAYUTCIBHO IOBLICUTH IMPOU3BOAUTCILHOCTL U CHHU3UTHL TPYHAOCM-
KOCTh. PaccMOTpuM ¢ UCTIOIB30BaHHEM METOJ0B KOMOMHATOPHOTO aHAIN3a, KAK YMEHBIIIACT-
Cs KOJMYECTBO BAPHAHTOB TEXHOJOTHYECKOIO MpOLecca MPU KOHIEHTpAUU onepaiui [3].
Takue PaCCyKACHUA MPUMCHUMEBI HC TOJIBKO K OIICpalusaAM, HO U K TCXHOJIOTHICCKHUM BO3HCﬁ-
CTBUSIM U JIPYTUM COCTABIISIONIUM 3JIEMEHTaM TEXHOJIOTHIECKOTO TpoIiecca.

[Ipu n — TEXHOJIOTUYECKUX OTEPAIHAX, YUCIO BAPUAHTOB TEXHOJOTUIECKOTO TIPOIIEC-
ca B 001IIeM CiTydae MOXHO OIpeIeNIUTh Kak 00I1ee YUCII0 IePECTaHOBOK:

P=n!,

[Ipu ncnonp30BaHUM NPUHLIMIIA KOHLEHTPAIUU ONEpalyii 4YMciIo BapUAHTOB YMEHb-
1aeTcs A0 CIeIyIOLIEro 3HaueHus (KOJMUECTBO NIEPECTAHOBOK C IOBTOPEHUSIMHU):

n!
Cn(nl...nk)z—' '
n!l..n;!

b

rac nl ..J’lk - COOTBCTCTBCHHO 4YHUCJIO O6’I)CZII/IH$ICMI>IX onepauﬂﬁ.

C ydeTroMm TOro, 4TO HEKOTOPbIE OIEpaly 3aHUMAIOT BCEI/la ONpEe/ICHHbIE MECTA B
TEXHOJIOTUYECKOM TPOLECCE, HAaNpUMEpP, 3arOTOBUTEIILHBIE, OTIEIOYHBIE U KOHTPOJIbHBIE
oTiepanuu, mpuMeHsst GopMyITy BKIFOUYSHHS U HCKITIOUCHUS, TTOJTyYHM YHCIO BapHUAHTOB TEX-
HOJIOTMYECKOTO IIpolrecca:

klk=r(=1)°
N(’”)=—'z( ') ,
ris=0 S

rac r — 4uciio onepaunﬁ, HC U3MCHAIOIIUX CBOC ITOJIOKCHUC.
B utore MoJry4yacM 4HMcCJIO BAPHUAHTOB TCXHOJIOTHUYCCKOI'0 ITponecca:

_n Ekiﬂ_(k_r)g — K,

mlon !\ rlso sl

F =

rae k! — yduThIBaeT NOBTOPSIOIIMECS BAPUAHThI TEXHOJIOTMUECKUX MPOIIECCOB.

B pesynbrare cTaHOBUTCS OYEBUIHBIM (IIPU CpaBHEHUU uKcaa P u F), 4TO NPUHIIUIIBI
KOHIIEHTpAlMK onepanyii 00ecreuynBaloT 3HAUNTEIBHOE COKPAILEHUE YKCIa BAPHAHTOB TEX-
HOJIOTHYECKHUX MPOLECCOB.

Cnucok sutepatypbi: 1 fxyxun B.I'. OnTumanbHas TEXHOJOTHS HW3TOTOBJICHUS
pe3bd. — M.: Mamunoctpoenue, 1985. — 184 c. 2 MatBuenko A.B. IloBeienue r¢dexTus-
HOCTU W3TOTOBJICHHS TOHKOCTEHHBIX PE3bOOBBIX M3Jenuii: ABTopedepar AuC... KaHJ. TEXH.
Hayk.- Honeuk: Houl'TY, 1999.-177c. 3. ExoB WU.HU., CxopoxomoB A.B., AAnpenko M.U.
DneMeHThl KoMOuHaTopuku. —M.: Hayxka,1977. — 80.c.
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COBPEMEHHBIE TEXHOJIOI'MYECKHE ITPOLECCBI IPON3BOJACTBA
MN3AEJINHU U3 CINTABOB AJIIOMHUHUA

I'naguyk E.A., BnoBenko E.A., Pagnonenko B.H., Ckpynuuxk WU.1O.
(kagh. OUJ], Jonl'YOT um. M. Tyean — bapanoeckoeo, Yxpauna)

CruaBbl aJIIOMMHUSI, HECMOTPSL Ha psJl JOCTOMHCTB (HM3Kas IIOTHOCTb, BBICOKas
KOPPO3MOHHAsI CTOMKOCTh M JICTETUYECKUE KadyecTBa), BCIEACTBUE HU3KOM YCTaIOCTHOM
NPOYHOCTH, IKOJOTHYECKOW BPEIHOCTU MPOM3BOJCTBA U CHEHU(PUUECKUX TPYIHOCTEH mpu
00paboTKe JaBIEHHEM M CBapKe J0 HEJAaBHETO0 BPEMEHM 3aHMMAIH Y3KO CIEUOUIHYIO U
CTPOTO OIPaHUYEHHYIO 00JIaCTh IPUMEHEHUS.

B nocnenHue roapl, B CBSI3U C IIUPOKUM IPOMBIIIIEHHBIM BHEAPEHUEM HOBEHIIMX
TEXHOJIOTHI B 00paboTKe AaBieHUEM (THAPO(GOMUHT) U CO3/TaHUHN HEPAZbEMHBIX COCTUHEHHN
(aBTOMaTHYECKas J1a3epHas cBapka M POOOTU3MPOBAHHAS KIENKa), ObLla CO3/aHa peanbHas
TEXHOJIOTUYECKasi 0a3a UCIOJb30BaHUs CIUIABOB aJIOMUHMS B KaueCTBE OCHOBHBIX MaTepHa-
JIOB U3J1€JMH MalIMHOCTPOEHHUS, TPAAULIMOHHO N3rOTAaBIMBAEMBIX U3 cTanu [1].

I'mapodomunr (puc. 1) — Bux 006pabOTKH TaBiIeHHEM, B KOTOPOM poiib (hopmMoobdpa-
3YIOIIET0 MHCTPYMEHTA BBIMOJIHIET JKUAKOCTh. Takoil MHCTpYMEHT paboTaeT 0e3 M3HOCca M
noJoMoK. B kauecTBe paboueii >KUAKOCTH UCTIONB3YIOTCS SMYJIBCHU — CMECH BOJIBI M Maclia B
CTPOTO OTIPE/IECIICHHOM COOTHOIICHHH. J{JIs CITaBOB alfOMUHMS HEOOXOAMMO CO31aTh JaBiie-
nue 10 700 MIla. Bech mpo1iecc 3aHMMaeT HENPOIODKUTENBHOE BpeMs U 1o [1] B 3aBucumo-
CTH OT BHMJAa Marepuana M KoHpurypauuu dopmyemoit neramu cocrasiser 1...30 cexyHn.
HeobxonuMoe naBieHne )KUAKOCTU CO3/1a€TCs CHEIMaIbHBIM MpeccoM ¢ ycmmeM 10 55000
kH. B nporiecce 06paboTKu JOCTUTAETCS BRICOKOIUTACTHYHOE COCTOSTHUE CIIJIaBa aJJFOMHHUS B
YCIIOBHSIX OTCYTCTBHS YNpYTroi nedopmanuu nocie copoca naBieHus. TolmmHa CTEHKH MO-
et kosebatees B mipeaenax 0,1...3 mm. [Ipu 3TOM, 4YeM MeHbIIIE TOJIIMHA, TEM BBIIIE CTeE-
neHb eopMaIyy, a, CIeA0BATEIHFHO, MOXKET OBITh JOCTUTHYTa HAUBBICIIAS OJHOPOTHOCTH
CTPYKTYpHI CIUIaBa aJFOMHUHUS U MaKCHMaJIbHbIE MEXaHHMYECKHE CBOWCTBA B CTPOTO OIpese-
JICHHOM Tpe0yeMOM HalpaBJICHUH.

1 — myaHCOH; 2 — 3ar0TOBKa; 3 — JKUAKOCTh; 4 — MaTpHIIa.

Puc. 1. [IpunnunuanbHas cxema ruipoQpoMHUHra.

B mpomiecce runpodomMuHra eTaM U3 aFOMUHUEBBIX CIUTABOB TIOJIY4YalOT BHICOKO-
KaueCTBEHHBIC TIOJMPOBAHHBIC TIOBEPXHOCTH M HE TPEOYIOT JOIMOJHHUTEILHOTO HAHECCHUS
3aITUTHOTO JIAKOKPACOYHOTO WM JIEKOPATHBHOTO TOKPBITHS U3 IMOJTUMEPHBIX M APYTHX CHH-
TETUYECKUX MaTepHuayiosn [2].

[IpyuMeHeHne nazepHON CBapKU B Ipolecce COOPKH, B OTIMUYUE OT CBAapKH B Cpelie
MHEPTHOI'O ra3a, MO3BOJIMIO O0ECNeYUTh MAKCHUMAaJIbHYIO NPOM3BOAMTENBHOCTh Ipolecca
CO3/1aHMs HEPa3bEMHOIO COEIMHEHHS TP MUHUMYME TEIUIoNepeaadyl B COCUHIEMbIE 1eTa-
4. DTO NMpeoXpaHseT AeTaal MaJlor0 CEYEHUS U3 CIUIABOB aIIOMHUHUS OT TEILIOBBIX J1edop-
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Maiuii B pouecce cOopku. OnHaKo, BCIEACTBUE IKOJOTHYECKON OMACHOCTH U3-3a CO3/1aBae-
MOTO BPEIHOTO JIJIsl OKPY KAIOWIEH Cpebl M3IIydeHHUs, UCTIOIb30BaHUE JIa3epHOM CBApKU Tpe-
OyeT co3maHus 3aMKHYTOTO MPOCTPAHCTBA HW30JIMPOBAHHOIO OT OKpY’KaIOILIEeH cpeabl U 00-
cily KuBarouiero nepcoxana. IlocinenHee BrojiHE OCYIIECTBUMO Ha COBPEMEHHOM 3Talle IpH
YCIIOBHH UCTIOJIb30BAHUSI aBTOMAaTHYECKUX TEXHOJIOTMYECKHX MPOIECCOB, PEAIbHO yKE HC-
MOJIb3YE€MBIX HEJIBIM PSJIOM IPOU3BOIUTENCH.

ABTOMaTnyeckas Kienka (puc.2) BBINOJHIETCS B Ipolecce 00paboTKU JaBICHUEM
CIUIaBa AJIOMUHUS MyTEM NPOIIMBAHUS 3aKJIETIKaMH IIeJbHBIX JIeTaleii 0e3 mpeaBapuTesbHO-
ro CBEpJIeHUs] OTBepCTUsl. Takas TEXHOJIOIHs BBIIIOJHEHHUS aBTOMATHUYECKON KIIENKH JTOJDKHA
o0ecneduTs B npoluecce cOOPKU BBICOKYIO BUOPAIIMOHHYIO YCTOHYMBOCTh CBAPHOTO COEAUHE-
HUSI U 00€CHEeUnTh BU3YaJIbHBI KOHTPOJIb COCTOSIHMSA W3JENUs B MPOLECCE SKCIUTyaTalluy,
4TO 0COOEHHO Ba)KHO IS U3/1EIMI U3 CILUIABOB aTIOMUHUS.

P

1, 2 — coequHsIeMbIe IeTaNM; 3 — MPOOOWHUK -3aKJIeITKa.
Puc. 2. IlpunuunuanbHas cxema aBTOMaTH4ECKOM KIIETIKH.

Hcnonp3oBaHne COBPEMEHHBIX TEXHOJOTHH (TMAPOGOMHUHT M aBTOMATHYECKYIO
COOpKYy Ha OCHOBE JIa3€pHOM CBApPKHM W aBTOMATHYECKOW KIIETKH) MO3BOJIMIO KOHLEPHY
Volkswagen co3aaTb aBTOMaTHYE€CKHUI MTPOMBIIIICHHBIA MOAYJb s pon3BoacTBa Audi A2
U3 CIJIaBOB amroMuHus (puc.3). DTOT MOAYJIb TOHKEH 00€CIIeUUTh COKpAIICHUE KOJIMYECTBA
NPOU3BOACTBEHHBIX omeparmii Ha 40% mpu rapaHTUPOBAHHOW T'MOKOCTH MPOU3BOCTBEHHON
NporpamMMmbl, YTO, TI0 MHEHHIO crenmaincToB Volkswagen, TO3BOJHT OTIOJIHUTEIBHO CHHU-
3UTh NMPOU3BOACTBEHHBIE M3JIEPKKU U 00ECTICUNTh BHICOKYIO KOHKYPEHTOCIIOCOOHOCTD aJIio-
muareBoro Audi A2 ¢ Tayota Yuris B 60opb0e 3a peiHKH cObITa. Kpome 3TOT0, HCNOJIh30BaHMEe
MPUHIMIA THOKON AUCKPETHOW TEXHOJOTUH (B OTJIMUKME OT HEMPEPBIBHOTO Tayota) JOJHKHO
JIOTIOJTHUTEIBHO TapaHTUPOBATh YCTOWYMBYIO MapKETHHIOBYIO NOJHMTHKY Volkswagen B oc-
BOCHHUHM HOBBIX PBIHKOB COBITA.

Konmepn Volkswagen mis Audi A2 [3] BBITIOJHWI B COOTBETCTBHH C HOBBIM
TEXHOJIOTHYECKUM TporeccoM (puc. 3 0) U3 MOTUPOBAHHOTO HEOKPAIIEHHOTO CIUIaBa ako-
MUHHUS BCE HECYIIHE U IEKOpPATUBHBIE Ky30BHBIE JeTany. CHapspKeHHAs Macca IMoJIHOpa3Mep-
Horo (anwHa/mmpuna — 3,82/1,67 M) getsipexmecTHOro Audi A2 — 895 kr. Takum oGpazom
obecrieueH MUHHMYM JHEPTOTNOTPEOIICHUS W MaKCHMyM YIIPaBIISIEMOCTH B IPOLECCE DKC-
rryataii. [Ipu 9TOM TOCTHTHYTa BBICOKAsl KECTKOCTh MPOCTPAHCTBEHHOW paMbl C 3aIlpo-
IrpaMMHUPOBAaHHBIM B TEYCHUH BCETO CPOKA IKCIUTyaTalM MOBEJACHUEM IPH AedOopMaIHsix U
BBICOKO€ MOIJIOIIEHUE YHEPTUH NpoduisiMu U3 cnaBa amoMuHus. ObecriedeHa BbICOKas mac-
CHBHas 0E30IIaCHOCTh, YTO 0COOEHHO BaXKHO ISl aBTOMOOMIIS MaJIOro Kiacca.

Hcnonb30BaHNe COBPEMEHHBIX TEXHOJIOTUIECKUX MPOLECCOB POU3BO/ICTBA U3/IEIUMA
U3 CIUIABOB aJTFOMHHUS TIPEIBSIBISIET U crieiduueckue TpeOoBaHMs, KaK K OTICIBHBIM JIeTa-
JISIM, TaK U K U3ACIUIO B IIEJIOM:

1. VxecroueHue TpeOOBaHUI K TOUHOCTH pacyeToB JeTallell U U3JIeUil Ha CTaAuM MPOEK-
TUPOBAHMSA C LIEJBI0 00ECIeYeHns: X CTPOro (PUKCUPOBAHHOTO U PABHOIO HKCILTyaTally-
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OHHOI'0 CpOKa.

2. IlpeumMyuiecTBEHHOE CO3/]JaHUE HEPAZBEMHBIX KOHCTPYKIMM Ja)ke TPAIUIMOHHO Pa3beM-
HBIX.

3. Peamu3zanusi BO3MOKHOCTH TOJHOTO OTCYTCTBHS JIOMOJIHUTEIHHOTO 3aIIUTHOTO JIAKOKpa-
COYHOI'0 WJIH JIEKOPATUBHOTO NOKPHITHS U3 NOJUMEPHBIX U APYTUX CUHTETUYECKUX MaTe-
pHaoB.

4. Hcnomp3oBaHWe B KOHCTPYKIMU JeTalel CIeUalbHBIX JIEMEHTOB JJI1 00SCIICUCHUS BbI-
MOJIHEHUS OTIEPALIMY aBTOMAaTHYECKOM KJICTIKH.

5. Hammuwue niaBHBIX MEPEXOO0B COMPIATAEMBIX MOBEPXHOCTEH C OOJBIIUMU PAJUyCaMH CO-
NpPsDKCHUST U HETPATUIIMOHHBIX KPUBOJIMHEHHBIX 00pa3yroIMMX 00BEMHBIX MMOBEPXHOCTEH
IIPU OTCYTCTBUM OCTPBIX U MPSAMBIX YIJIOB.

HcxonHeie I'oToBoe
— | > 2 > 3 » 4 > S » 0 H
MaTepHalIbl —¢ T 7Y 7Y T +— U3zenue

MPOMU3BOJUTEIIBHOCTE=CONSt |

7

a
HcxonHeie I'oToBoe
- 1 » 2 » 8 » 9 H
MaTepHasl —g T yY u3JeNnne
IPOM3BOIUTENIBHOCTh=INvariant 1

7

0

a — CTaJIbHOTO Ky30Ba aBToMo0Ows (Tayota);

0 — Ky3oBa u3 cruiaBoB amoMuHus Volkswagen Audi A2.
1- monydenue cranu (criaBa ajllOMUHUSA); 2 — pa3iMBKa; 3 — MpoKaTKa; 4 — IMITaMIOBKa; 5 —
CBapka; 6 — OKpacka; 7 — cuCTeMa aBTOMAaTHYECKOTO YIPABICHUS TEXHOJIOTUUECKUM TPOIIec-
coMm; 8 — THIpOoPOMHHT; 9 — aBTOMATHUYECKAsT COOpKa.

Puc. 3. TexHonoruyeckuii mpouecc N3roTOBIECHHUs Ky30Ba aBTOMOOMIIS.

Cnucok jsurepatypbl: 1. HoBrle TexHONOrMH 00pabOTKM JaBiIeHHEM pa3paboTaH-
Hele pupmoit Thyssen Henrichshitte // Stahl und Eisen. — 1999. — 109, Ne 3. — C. 14 — 16. 2.
E. Eropos. Bona 3anmuBaet 3aBoab1?/MoTor News. — 1999, Ne 6. — C. 52 — 54. 3. /1. berumes.
Hep:kaeromas meuta/Motor News. — 2000, Ne 9. — C. 42 — 45.
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TEXHOJIOI'MYECKOE OBECHEYEHHE PABOTOCIIOCOBHOCTH
TOPHOBBIX YINIOTHEHUH

I'yces B.B., PoxkkoB /I.b. (kagh. MCmanxu, [Jonl TV, /loneyx, Yrpauna)

JonroseyHocTh pabOTHI MOAIIUITHUKOBBIX y3JI0B BO MHOTOM OIPEAEIISIETCS HaIeKHO-
CTBIO WX 3aIIUTHl OT IMOTAJAHUS TBUTH, adpa3uBa, BOJBI U MPOYETO 3arpsi3HEHUS. DTO 0CO-
OCHHO aKTyaJbHO Ul MEXaHU3MOB YTOJIbHOM NPOMBIIUIEHHOCTH, TOPOKHBIX U CEJIBCKOXO-
35MCTBEHHBIX MaluH. Hanpumep, nonasanue yroibHON NbUIM B POJIMKM KOHBEMeEpa IPUBO-
JUT K YBEJIMYCHUIO KPYTAILIETO MOMEHTA B 2,5 pa3a U ObICTPOMY BBIXOJY U3 CTPOSI ITOJIIIHII-
HUKOBOTO Y3JIa.

Haunbounee Hafie:KHBIM CPEICTBOM 3aIUTHI MOIIIMITHUKOBBIX Y3JIOB SIBIISIIOTCS TOPLO-
BbI€ YIUIOTHEHUS. Pab0TOCTIOCOOHOCTh TOPIOBBIX YIDIOTHEHUI 3aBUCUT OT MPABHIBHOTO BbI-
Oopa MaTepHajoB M KauecTBa MoBepxHocTeil. Hanbomnee nepcneKTuBHBIM MaTEepHaIoM SIBIISI-
eTcs KOHCTPYKLIMOHHAsE KepaMuKa ¢ J100aBIeHneM TBepoil cMasku. [Ipuoputer B 310 00-
nmactu npuHaIIeKuT UHCTUTYTY ipobiiem marepuanoencaus (r. Kue). J{inst uccnenoBanuit
TOPILIOBBIX YIUIOTHEHUI UCIIONIB30BAJICS CTEH (pHC. 1), COCTOSLINIA U3 MOABMKHOTO CYIIIOpTa
1, Ha KOTOPOM B MOAIINIHUKAX Kau€HHs 2 YCTaHOBJIEH UCIBITATEIbHBIN Y3€ll 3, IPUBOAUMBII
BO BpallleHUE ITPUBOIHBIM poskoM 4 [1].

#
A

7
e

!

S ———
VAV

Puc. 1. Ctenn i uCHbITaHUS TOPLOBBIX YIUIOTHEHUH

JIBm>KeHHE Ha POJIMK 4 TIOJJaeTCsl Yepe3 PEMEHHYIO Tiepeiady CO CMEHHBIMU IIKHBAMH
51 6 OT ByIeKTpoABUTATENS 7.

[TomxuM UCTIBITATENBHOTO Y3J1a K POJIMKY CO3AA€TCsl BAHTOM 8, KOTOPBIN POXOIUT
yepes raiiky 9, 3akperieHHy10 Ha HeMoABM)KHOM OCHOBaHUM cTeHAa. [lepemenienue BuHTa B
raiike cxumaet npyxuny 10, cumia cxxaTHsi KOTOPOil onpeienseT CUly MoKaTusl UCTIbITa-
TEJIBHOTO Y3J1a.

UcnbrraTenbHbiii y3ein (puc. 2), mpeAcTaBiIsieT co00i COOPHYI0 KOHCTPYKITHIO C IBYMS
YCTaHOBJICHHBIMU TOPILIOBBIMHU YIIOTHEHUSIMH. JIeBbIit 1 U mpaBblif 3 pOTOpPHI COETUHEHBI
KOJIBIIOM 2 U cKperuieHbl BUHTaMu 4. [loamunauku 7 GUKCHPYIOTCS B pacTOYKax pOTOPOB
KPBIIIIKaMHU 5 ¢ TTIOMOTIBIO YeThIpeX BUHTOB 6. Kepamuueckue kKombia 12 TOpIOBBIX YIUIOTHE-
HUI BKJICEHBI B KPBIMKHU 13, KOTOpBIE YCTAHOBJIEHBI B PACTOYKH POTOPOB U 3aKPEIUICHBI Ye-
ThIpbMs BUHTaMu 14. [loaBukHBIE CTalbHBIC 3aKaJieHHbIE KoJibla 11 momKkumaroTes K Kepa-
MUYECKUM BTYJIKAM C TTOMOIIBIO MPYXHUH 9. JI7s repmeTu3anum 3a30pa MeXIy Bajiom 15 u
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CTaJIbHBIMU KOJIBLIAMH IPUMEHSIOTCS YIUIOTHUTEIIBLHBIE DJIEMEHTHI B BUJE PE3UHOBBIX KOJIEI]
10, ycTaHOBIIEHHBIX B KaHaBKax Bajia. Baj MCIBITaTeNIbHOrO y37a yCTAaHOBJIEH B MOAIINIIHU-
Kax 16, KOTOpbI€ 3aKpEIIEHbl Ha MOJIBMKHOM CymIopTe creHaa. [lonoxeHne ncnsTaTesbHo-
ro y3ja peryJjMpyercs IUCTaHIIMOHHBIMH BTYJIKaMU 8.

16 15 14 / 13 12 11 10

Puc. 2. UcnbiTaTeabHbIM y3€i

Jlnst u3MepeHust KpyTAIIero MOMEHTa pa3paboTaHO W M3TOTOBJIEHO TEH30METPUIECKOE
ycTpoiictBo. B ma3, mpodpe3upoBaHHBIN 10 OCH Bajla, BCTaBJieHa Oayka, OMUpAIONIascs Ha
yIOp, 3aKPEIUICHHBIH Ha TOJBMKHOM CyNmopTe cTeHna. Ha Oanmke HaXOAWTCS TEH30JaTYUK,
uH(pOpMALKA C KOTOPOTO PETUCTPUPYETCS HA JICHTE CaMOITUIIYIIETO pubdopa.

B xoze skcnepruMeHTOB (PUKCHPOBANIOCh M3MEHEHHE MOMeHTa TpeHus (My,) B Top1o-
BOM YIUIOTHEHHH B Tpollecce ero NmpupabOTKH M M3MEHEHHE MIEPOXOBATOCTH padodei mo-
BepxHOocTH (Ha mpodmnomerpe moxenu 296). Onpenenenue koddduimeHTa TpeHUs MPOBO-
JIWIOCH 110 (hopMYyJIe:

M, -M
f R (M)

N .| Z€p

2

rae My u My — MOMEHTBI TPEHUSI COOTBETCTBEHHO C TOPLOBBIMH YIUIOTHEHUSIMU B
UCTIBITATEeIbHOM y3J1€ U 0€3 HUX;
N — cuiia mpyKaTHsl CTaJIbHOTO KOJIbLIA;
dcp— cpeHUi TMaMeTp MOBEPXHOCTU KOHTAKTA.
3HaueHus f, onpeesneHHble o Gopmyiie 1 npeacTaBieHbl Ha PUCYHKE 3.
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Puc. 3. I3menenune kodppuimenra TpeHus mpu npupadoTKe:
1 — xkapOu KpeMHUs; 2 — HUTPHUI THTaHa; 3 — KapOun Bosbppama; 4 —
KapOu TUTaHa

[Tpu 3TOM ycTaHaBIMBalach TaKas MEPOXOBATOCTh MOBEPXHOCTEH:

— IIpU UCXOJIHOM IIEpOXOBATOCTH Kepamuueckoil BTyiaku Ra=0,17 mxm — nmocne npupabor-
ku Ra=0,05 MM, Ha MOBEPXHOCTSIX HAOIIOJAIMCh YYACTKU C Pa3IMYHON MIEPOXOBATO-
CTBIO;

— IIpU UCXOJHOW LIEPOXOBATOCTH CTalIbHOIO KOoHTpTena Ra=0,03 MxMm — nocne npupaboTku
mepoxoBaTocTh coctaBmia Ra=0,04 Mxm.

Hcxons w3 npuHmuna oOUIHOCTH MPOIIECCOB pabOThl U MPUPaOOTKH [2], mpUpadOTKY
MOJKHO COKPaTHUTh OJaroiapsi MpUTHUPKE 10 MIEPOXOBATOCTH, yCTaHABIUBAIOIICHCS TIPU pabo-
T€ TOPLOBOTO YIJIOTHEHHUS. JlJI1 3TOTO MPU M3TOTOBJICHUH TOPLOBBIX YIUIOTHEHHH HEO0XO-
IUMO OOeCTeYrBaTh MIEPOXOBATOCTh, MUHUMAJILHOE 3HAYEHHE KOTOPOH OBLIO ObI paBHO Be-
JMYMHE MIEPOXOBATOCTHU IMOCIE MPUPAOOTKH. VICcNoap30BaHNe TOPIOBBIX YIUIOTHEHUH Ha OC-
HOBE KOHCTPYKIIMOHHOW KEPAMUKHU C T0OABICHUEM TBEPJO CMa3KH obecreunBaeT Kodpdu-
meHT Tpenus ke 0,05. [IpenBapurenbHas TPUTHPKA MO3BOJISIET CHU3UTh MOMEHT TPEHHUS B
Havase paboThl YIUIOTHEHHUS B 5 pas.

Takum 00pazoM, Ha dTare TEXHOJOTUIECKOU MOATOTOBKH HEOOXO MO 00€CIICYHBATh
PaBHOBECHYIO IIEPOXOBATOCTh TPYLIMXCS TOBEPXHOCTEH TOPIOBBIX YIUIOTHEHWH, KOTOpas
OTIpE/IETISIETCSl CTPYKTYPO# MaTepraa KOHTAKTHPYIOIINX MTOBEPXHOCTEH .

Cnucok aurtepartypsl: 1. Bsansues H.B., I'opkyma A.E., I'yces B.B., Momuanos A.Jl.
CreHp a1 MccaeI0BaHus JOJITOBEYHOCTH MOAIIUITHUKOB CKOJIbkeHust/ [IporpeccuBHble TeX-
HOJIOTHMH U cucTeMbl mammHocTpoeHusi. CO. Hayunsix crareil. - Joneuk: Houl'TY, 1996. -
Beim. 3. C.10-13. 2. CycnoB A.I'. CoBepIilleHCTBOBaHKE CYHIECTBYIOIMIUX U CO3/IaHUE HOBBIX
TEXHOJIOTUI U MHCTPYMEHTOB, UCXO/s U3 (PYHKIMOHAIBHOIO Ha3HaueHus oOpabdaThIBaeMbIX
noBepxHocTeil./ [IporpeccrBHbIC TEXHOIOTUN MAIITMHOCTPOCHUS M COBpEeMEHHOCTh. CO. Tpy-
JIOB MEXJIyHapOJHON Hay4dHO-TeXHUUecKol KoHpepeHuuu. CeBactononb, 1997.- JloHeuk:
Houl'TY, 1997.- ¢.238-240.
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PACUYET OCTATOYHBIX HATIPSI)KEHUHI B IOBEPXHOCTHOM CJIOE
JAETAJIN TIPU PASJINYHBIX METOJAX OBPABOTKHA

Jleramesa T.A., UBuenko T.I'. (kagh. TM, [{onl TV, 2. Jloneyx, Yxpauna)

KauectBo neTaneil B 3HaYUTEILHON MEpPE OMPENEISAETCA COCTOSHUEM IMOBEPXHOCTHOTO
ciost, (hOpMHUPYEMOTO TIOJ BIMSHHEM CHUJIOBBIX M TEMIIEPaTYPHBIX BO3IEHCTBHUI B MpoIlecce
MexaHooOpaboTku. B Hacrosimieir paboTe HpeacTaBisSeTcss METOJHMKA pacueTa OCTaTOYHBIX
HANPSOKEHUH B IOBEPXHOCTHOM CJIO€ 3arOTOBKH MPHU Pa3IMYHBIX BHIIAX 00PaOOTKH — JIE3BHIA-
HOM, alMa3HO-a0pa3uBHOM, OTAEIOYHO-YTPOYHSIOIICH.

Jlyis uccnenoBaHusl BIMSHUS PEKAMOB MEXaHHMYECKON 0OpabOTKM Ha OCTATOYHBIC Ha-
NPsDKCHUS, BOSHUKAIOIIME B TIOBEPXHOCTHOM cCJIo€ 00pabOTaHHOW J1eTand, OCTaTOYHBIC Ha-
NPsDKSHUS IPEJICTABIISIOTCS KakK anredpandeckas CyMMa TeMIIepaTyPHBIX 07 U MEXaHUYIECKUX
Oy OCTATOYHBIX HampsixeHui [1]:

Cp=0p+0, (1)

TemnepaTypHble OCTAaTOYHBIC HAMPSHKEHUS OMPEACISIOTCS C YYETOM pachpeiesieHus
TEMIIepaTyp 1o riryOuHe MOBEPXHOCTHOTO cios O(z) [2]:

or(z)=ak6(z) )

rae o - Ko3QQUIHUEHT JTMHEHHOTO paCIIMpeHusl MaTepuaia aetanu; £ — Moayb ynpy-
roCTU MaTepuaia; Z — TeKylas KOOpAuHaTa, ONpeAesaronas IyOHHy HOBEPXHOCTHOTO CIIOSI.

Ha ocHoBaHMM aHanM3a TEMIIEPATyPHOTO MOJIS B IOBEPXHOCTHOM CJIO€ 3aTOTOBKH, BO3-
HUKAIOIIETO B pe3yJibTaTe B3aWMOJEHCTBUSA C MHCTPYMEHTOM IIOJI BO3JEHCTBHEM OBICTPO-
JBIDKYIIErOCs TI0JI0COBOTO MCTOYHUKA TETUIOTHI, JJISl OTIPECNICHUS PAaCIpeiesICHHs TeMIIepa-
Typ 1O TIIyOMHE NOBEPXHOCTHOIO CJI0s MOJIyYeHa CJeyolas 3aBUCUMOCTD [2]:

()= VB 1 S dy, [ Pe v’

z)= p (3
2SK/10\/;\/EO \jl_l/lu 4 l_l//u )

rae P cuna B 30He 00paboTKH; ¥ CKOPOCTh MIEPEMENICHHsT HCTOYHHKA; 3 - OIS TETIo-
TBI, TIOCTYIIAOIIAs B J€Tallb; [ — pa3Mep MoJOCOBOTO MCTOYHUKA TEIUIOTHI; Sy — IUIOIIAAb KOH-
TaKTa HHCTPYMEHTA C 3aTOTOBKOM; A, @y — KOA((HUIHUEHTHI TEMIOMPOBOIHOCTH U TEMIIEPATY-
POTIPOBOIHOCTH JeTand; V - Oe3pa3MepHas KOOpPIHHATA, XapaKTEPU3YIOMIasi TIyOuHy IO-
BEPXHOCTHOTO ciiost vV = z/I; y, — 6e3pa3MepHasi KOOPANHATA, XapaKTePU3YIOIIas TTOJI0KEHHC
T0JI0COBOTO MCTOYHHMKA TEIIOTHI Y, = X,/l; Pe=VI/w, - xputepuii Ilexne; f(y,) - 3aKoH
pacrpeeNieHust INIOTHOCTH TETUIOBBIICIICHUSL.

MexaHn4yeckue OCTaTOYHbIE HANPSKEHUS ONPEEIIIOTCS HA OCHOBAHUU (POPMYJIBIL:

P 3 1.2 z 3
oylz)=—| ————+—In| — |- 4
() T 2Pt +2%) r? (2I’J 1072 )

TJie 7 — paguyc KpyroBOTO TIOJIs1 KOHTAKTa.
B dopmynie (4) BBeneM 6e3pazMepHy0 KOOpAUHATY V = z/F :

P 3 14
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Torna ocrtaToyHble HANPSHKEHHUS B IOBEPXHOCTHOM CJIO€ JIETAaJIM MOTYT OBITH NPEJCTaB-
JeHbI B Oe3pa3MepHOM BUJIE CIEAYIOIIUM 00pa3oM:

S S
Go6=?KGo=?K(GT6+GM6)' (6)

be3pasmepnas TeMiieparypHas COCTaBIISAIOIIAs OCTATOYHBIX HAPS)KEHUM paBHa:

Vgl 1 Sy, [ Pe v

Ors = p (7)
re 2&0\/;\/Pe£ J-v. 4 1-y,
Ee3pa3MepHa51 MCEXaHNYCCKaA COCTABJIAOIIAA OCTATOYHBIX HaHpSI)KeHI/Iﬁ paBHa:
3 v
Gus =|——+1.2In| L |-03 (8)
Mo a1 v?) [2)

C ucnonb30BaHUEM IOJIyYEHHBIX 3aBUCHMOCTEH TPOBEACHBI HCCIIENOBaHUA Oe3pas-
MEpPHBIX OCTATOYHBIX HAINpPSKEHUH B MOBEPXHOCTHOM CJIO€ JETald NPU Pa3IHUYHBIX BHIAX
00paboTKK — ToYeHnH, NUTM(POBAHUN U OOKAaThIBaHUH. B pe3ynpTare aHaimza O0e3pa3sMepHbBIX
COCTaBJIAIOIINX OCTATOYHBIX HANPSKEHUH YCTAaHOBJIECHO, YTO Oe3pa3MepHas MeXaHWdecKas
COCTaBJIAIONIAsl HE 3aBUCHUT OT BuJa oOpaboTku. be3pasmepHas TemmnepaTypHas COCTABISIO-
Iasi 3aBHCUT OT CKOPOCTH TEpPEeMEIIeHHs WCTOYHHMKA M 3aKOHA PACHpPENeNICHHs TUIOTHOCTH
TEIUIOBBIX TIOTOKOB, KOTOPBIE JJISI PA3IMYHBIX BHUJOB 00paOOTKH Pa3iUYHbIL, YTO M 00yClaB-
JMBaeT pa3jidiue B pacrpeneieHnu 0e3pa3MepHbIX OCTATOYHBIX HANPSIKEHHUH, MPeICTaBIICH-
HBIX Ha puc.l.

Jﬂﬁ \ 0-.5-5 dﬂg
2.3 12.5 2.5 £
) |\\3 / 2

e 5 I
Swfc oo
_ I

P00 o0z A Weor 0z, B
a) 0) B)
Puc.1. Pacnpenenenue 6e3pa3MepHBIX OCTATOYHBIX HATIPSIKEHHM 10 TIIyOUHE
IIOBEPXHOCTHOTIO CJIOS IIPY TOYEHNH — a), NI oBaHUN — 0), 00KATHIBAHUH — B).

Ha ¢popmupoBanue 6e3pa3MepHbIX CyMMapHBIX OCTATOYHBIX HANpsiKEHUH (KpuBas 2)
OKa3bIBAIOT BIIMsIHUE Oe3pa3MepHble TemneparypHble (KpuBas 3) U MexaHuueckue (Kpusas 1)
OoCTaTo4Hble HampsikeHus. CKOpOCTH NMepeMeleHHs TEIIOBOr0 MCTOYHHUKA, COOTBETCTBYIO-
1€ CKOPOCTH PE3aHus NIPU TOUEHUH U NUIM(GOBAHUU U CKOPOCTH JI€TaIM IPU 0OKaTHIBAHUH,
MPUHSITH CNEAYIOMUME: Vo = 3M/C, Vi = 30M/c, Vg = 1M/c. Ilpu TOueHNN 1 0OKaThIBAaHUA
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IJIOTHOCTH pacupCACICHUA TCIJIOBOTO IMOTOKA MMCECT HOpMaJIBHLII\/'I 3aKOH pacnupcacjCHUS C

byHkumeit f (l//u ) = exp[— k, (1 -y, )] , Ipy NUTM(OBAaHUHN — PaBHOMEPHBIN [ ( " ) =1. B pe-
3yJIbTaT€ YKa3aHHBIX DPa3IM4Yuil TeMIEepaTypHas COCTaBJSAIONIAs OCTATOYHBIX HAINpPSKEHUN
npu numdoBaHuu 6oJiee 4eM B 2 pas3a NPEBBIIIAECT TEMIEPATYPHYIO COCTABISIONIYIO MPH TO-
YEHUH, TEMIIEPATypHAas ’Ke COCTABIIIONIAs IPU OOKATHIBAHUM TIOYTH B 2 pa3a HUXKE, YeM IpHU
TOYEHUU.

Bemmonnennsie o ¢popmynam (6), (7), (8) pacdersl u mpeacTaBieHHbIE TPaQUKN CBU-
JIETEJILCTBYIOT O TOM, YTO MEXaHUYECKUE OCTATOUHBIE HAIPSYKEHUS! SIBISIIOTCS CKUMAIOIINMU,
a TemIepaTypHble — pacTsaruBaroliumMu. [Ipu pa3nuyHbIX COYETAaHUSX YPOBHEW TeMIlepaTryp-
HBIX U MEXaHHYECKUX COCTABIIIONIMX CyMMAapHbIE OCTaTOYHBIC HAMPSIKEHUS MOTYT OBITh
pacTArMBaOIIUMH WIK CxuMatonuMu. [lpu numdoBanum npeobiafaeT TeMnepaTypHas co-
CTaBJIAIOIAs], IO3TOMY CyMMapHbIE OCTaTOYHbIE HANPSIKEHUS] B ITOBEPXHOCTHOM CJIOE IIpe-
UMYIIECTBEHHO pacTsaruBatoniie. [Ipu oOkaThiBaHMM NpeoOiagaeT MeXaHHYecKash COCTaB-
JISTFOIIasi, BCJICACTBHUE YETO CyMMapHBIE OCTATOYHBIE HAIPSDKEHHS 10 BCEH TIIyOHHE MOBEpX-
HOCTHOTO cJIos ckumatouiue. [Ipyu ToueHnn B 3aBUCUMOCTH OT CKOPOCTH BO3MOKHO BO3HUK-
HOBEHME B IOBEPXHOCTHOM CJIOE KaK pPaCTATUBAIOLINX, TaK U CKUMAIOLIUX HaMpsKEHUH.

Omnpenensist 17151 KOHKPETHBIX yCIOBHIM MEXaHOOOPaOOTKH JEHCTBYIOIINE CHIIBI U Pa3-
Mepbl IUIONIAJKA KOHTAaKTa, OT Oe3pa3MepHOTO pachpeiesieHus] OCTAaTOYHBIX HarpsHKEHHH
JIETKO TIepeHTH K X (pakTnueckomy pacnpenenenuto. Ha puc. 2 npeacraBieHsl Tpaduku pac-
NpeJeNieHns] OCTATOYHBIX HANPSIKEHWH 10 TIyOMHE TOBEPXHOCTHOTO CJIOS NMPU TOYECHHUH,
NUTMOBAHUH 1 OOKATHIBAHUM.

o Pacuersl ocCTaTOYHBIX HaHpH)KeHI/Iﬁ BbI-

o MOJTHSTUCH JIJISL CIIEAYIOUTUX PEKUMOB 00pabOTKHU:
M1 NP TOYCHHUH - CKOPOCTH pe3aHus Vo, = 3M/C, TO-
250 nava s = 0,2 MM/00, TiiyOuHa pe3anus ¢ =1 MM,

cwia pesanusa cocrasimsuia P =400 H; npu mm-

. dosanmu V,,,= 30m/c, mogava s = 16 mm/00, riry-

[ | ouna pezanus ¢ = 0,01 MM; criia pe3aHHusl COCTaB-
-—-q‘l-'g,_ p p

bl

250 | ] msma P =100 H; npu o6KaTeIBaHUM CKOPOCTH JI€-
tam V.= Im/c, cuma P= 500 H.
- U3 rpadukoB cleayeT, 9To s yKa3aHHBIX

1] 01 02 03 yae POKUMOB 00paboTKu mpu OOKAaThIBAaHUM (KpHUBas

3) UMEIT MECTO CXKHMMAIOIIME OCTAaTOYHbIC Ha-

Puc.2. Pacmpenenenue OCTaTOYHBIX  mpsykeHWs; NpU NUMGpOBAHMM (KpUBas 2) B IO-

HANPSDKCHUIL 110 TITyOHHE OBEPXHO-  BepXHOCTHOM CJI0€ MPEOOIaIal0oT OCTATOUYHbIC Ha-

CTHOTO CJOS TPH TOYCHMH — 1),  mpsykenms pacTspkeHMs; npu TodeHHH (Kpusas 1)

uumpoBaHum- 2), 00KaTbIBAHUH 3). OCTaTOYHBIE HANPSOKEHUs PACTSIKEHMS Ha TiTyOwu-
He 0,1 MM nepexoadT B CKUMAIOIIKE.

Takum 00pa3oM, Ha OCHOBAaHMM Pa3pa0OTaHHON METOJWKHU BBHITIOJIHEH aHAJU3 OCTa-
TOYHBIX HAIPSHKEHUH, BOZHUKAIOMIMX B TIOBEPXHOCTHOM CJIO€ JETANH TPHU Pa3IMIHBIX BUAAX
00paboTKM — JI€3BUIMHOM, alIMa3HO-a0pa3HUBHOM, OTEIOUYHO-yIpouHstommen. [lomyueHnnsie pe-
3yJIBTaTHl TIO3BOJISIFOT PETJIAMEHTHPOBATh PAIlMOHATIBHBIC PEXXUMBI 00pa0OTKH B 3aBUCHMOCTH
OT 33JJaHHOTO YPOBHS OCTAaTOYHBIX HAIPSIKEHHH.

Cnucok autepatypsbl: 1. besbsasbrunbiii B.®. Haznauenue pexxumoB pesanus mo 3a-
JAaHHBIM TIapaMeTpaM KadecTBa IMOBEPXHOCTHOro cios. - Spocnasns: AIIM, 1978. - 86c.
2. Pe3nukoB A.H. Temnogusuka npoueccoB MexaHMueckoil oOpabOTKu MarepuaioB. - M.:
MamuHoctpoenue, 1981. - 279c¢.
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OINIPEAEJEHUE UBMEHEHUSA TEMIIEPATYPHBI 0°
BJ0OJIb PEXKYIIEA KPOMKH CBEPJIA

Maasimko U.A. Moaoka JA.A.(kap. MCmanku, /Jonl TV, 2. [Joneyx)

CrmpanbHoe cBepJio SIBIAETCs HanboJiee pacpOCTPAHEHHBIM PEXYIIUM HHCTPYMEH-
TOM JIJIsl CBEPJICHHS WJIM PACCBEPJIMBAHUS OTBepCTHid quamerpoM a0 80 MM .CBepiia u3 ObICT-
pOpEXKyIIeH CTalM ¢ KOHUYECKUM XBOCTOBHUKOM JAHAMETPOM OT 6 10 60MM U C HUIMHIpUYE-
CKMUM XBOCTOBHUKOM JAHaMETPOM OT 8 10 16MM JTOJDKHBI OBITH U3TOTOBIISIOT CBAPHBIMHU, KPOME
CBEpJ U3 NIIN(POBAHHON CTAaIM JHAMETPOM MeHee 12 MM, KOTOpbIe MOTYT OBITh IIEIbHBIMH.
CBepJio sABJIIETCS MHOTO KPOMOYHBIM HHCTPYMEHTOM; B PE3aHUM y4acTBYIOT JBE TIJIaBHbIE
KPOMKH, BCIIOMOTaTEJbHBIE PEXYIIME KPOMKH IO JIECHTOYKaM M NonepedyHast kpomka. @opma
Y TI0JIO’KEHHE MEePEAHEN MOBEPXHOCTH XapaKTEpPU3YEMOE YIIOM HaKJIOHa BUHTOBOU KaHaBKH,
BIMSIIOT Ha XapakTep 00pa3oBaHUs U TPAHCIOPTUPOBAHUS CTPYKKH. ® H3MeHseTcst oT 18°
s 30.25-1.0mm u go 33° qia J44.5-80mm. Jluann nepeceueHus nepegHUX U 3aJHUX I0-
BEPXHOCTEH 00pa3yloT peXyIlline KPOMKH C YIJIOM MpU BEpIIMHE 2¢ , U3MEHSIEMBIN B 3aBU-
CUMOCTH OT oOpabaTbiBaeMoro Marepuana 2¢=116-120°(cm.puc.l).Ilepennnii yron csepia
SABJISIETCS BEJIUYMHON IMEPEMEHHOM, 3aBUCAILIEH OT I€OMETPHUYECKUMX MApaMETPOB CBEPJIA.
Haubounpiiee 3nauenne Ha nepudepun(35°), naumenpmee—y ocu(-23°).IlepcrnekTuBHbIe Ha-
NPABJICHUSI TTOBBIIIEHNS Ka4yeCTBA MHCTPYMEHTA MOKHO OIPEAEIUThH JHIIb MPU yCIOBUU yC-
TAQHOBJICHUS] AHAJMTUYECKUX 3aBUCUMOCTEN MEXJy KOHCTPYKTHUBHBIMU MapaMETpaMH HHCT-
PYMEHTa U KpUTEPUSIMH, XapaKTepU3YIOIIMMHU €r0 KauecTBO B Mpoliecce Ucoyb3oBanusi. Ha
KauyecTBO CBEpJia BIMSIOT €ro IeOMETpUYEeCKUe napaMmeTphl. M3meHss kakue-nmubdo M3 HUX
MOJKHO YJIyYIIUTh OJHU KadecTBa CBEpJia, HO B TOXKE BpeMs YXYAIUTh Apyrue. Heooxonumo
ONPENENINTh KPUTEPUH, OTPAYKAIOLINI Ka4yeCTBO MHCTPYMEHTA HA BCEX 3Tallax ero Npou3BOJI-
CTBa. 3a TaKOW MapameTp NPUHUMAIOT Ka4eCTBO MOBEPXHOCTHOTO CJI0sl MHCTpyMeHTa. B npo-
1ecce IKCIUTyaTalui KadeCcTBO MHCTPYMEHTA OCTaeTcsl HanboJiee BEICOKUM MPH HAJIMYUH OTI-
TUMaJIbHON TeMIIepaTyphl pe3aHusi. 3Hasi U3SMEHEHHUsI TeMIlepaTypbl OT FT€OMETPUYECKUX Ia-
paMeTpoB MHCTPYMEHTA U €ro JKCIUTyaTal[ui, MOXHO COBEpPIIEHCTBOBATh KOHCTPYKIIMIO HMH-
CTPYMEHTA.

Puc.1. I'eomeTpuueckue napaMeTpsl CIUPATBLHOTO CBEpJIa

s onpeneneHus BIMSAHMS 3JIEMEHTOB CBEpJla Ha TEMIIEPATypy HAJO 3HATh HE Cpel-
HEe 3HA4YCHHME TEMIIEpaTyphl, a XapaKTep PACIpPENENICHUs €€ BAOJIb peKylel KpoMku. s
pacuera TemrepaTypsbl B JF000M TOUKE Tela B KaXKIblii MOMEHT BpEMEHU HEOOXO0IMMO peliaTh
nudepeHnnaibHOe ypaBHEHHE TEIUIONPOBOJHOCTH @ KOHKPETHBIX KPaeBbIX YCIOBUSX, IPU
ATOM Liesiecoo0pa3Ha cxemaTu3alys npouecca, NpUHUMasl CIeIyIOlUe AOMYIIeHUs: OCHOB-
HO€ TEIUIOBBIACIICHUE MPOUCXOJUT OT UCTOUHHUKOB, PACIOJIOKEHHBIX HA PEXYIICH JIe3BUIX;
(dakTHuuecKkas MOUTHOCTh HUCTOYHUKOB OMNpPEIEIEeTCs] CyMMapHbIM TEIUIOBBIACICHUEM OT Jie-
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dbopmanuu MeTalia ¥ TPEHUS CTPYKKH O MIEPETHIOK MOBEPXHOCTD; PEXYyIas 4acTh cBeplia B
30HE pe3aHusl €CTh OCCKOHEYHBIN KJIMH, JBUXKYIIUICS 1O MOJYyHIPOCTPAHCTBY; 3HAYCHUS KO-
3¢ (HUIMEHTOB TEIUIONPOBOTHOCTH U TEMIIEPATYPOTIPOBOTHOCTH HE 3aBHCAT OT TEMIIEPATYPhI
pe3anus.

3ajaauM clenyoIne UCXOIHbIE JaHHble: YToi npu BepiuHe 2¢=120°; yros Hakio-
Ha BUHTOBOM KaHaBKU ®=3(°; yroJyl HaKJIOHA MOMEpPEeYHON KpoMKH Yy=55° ; Jluametp cepiie-
BuHbI 2a=0,15D.

Jns onpeneneHrs M3MEHEHUsT BEIMYMHBI IJIABHOW COCTABJISIOLIEN CUJIBI PE3aHUs, HAM
HEOOXOMMO 3HAaTh U3MEHEHHUE MEPEAHETO yTIila BAOJb PEXYLIEH KpPOMKH MHCTpyMeHTa. Ile-
peaHuil yrojay B JaHHOW TOUKE X B HOPMAJILHOM CEUYEHHUU K PEXKYIIeH KpOMKe, OIpenensercs
no ¢opmye, BeiBerenHoi [1.P.Pogunsim [2]:

- sin’ U, sin’ pIgm,

18Y e = ; — COSQIgL,
singcos 4,
: a,
nprYeM sin pu, =—=,
rx

I7I€  Ix-pacCTOSIHME OT OCH CBepJia 10 KacaTeIbHOM K MPOEKIUHU PeXyIleld KpOMKH Ha IUIOC-
KOCTb, IEPIEHAUKYJISIPHYIO K OCH CBEpJIA;

Lx - YTOJI MEXJly paJlyCcoM OKpY>KHOCTH, Ha KOTOPOH JIEKUT JaHHAs TOYKA X U Mpo-
eKLMeH pexylieil KpOMKH Ha IIOCKOCTb, NEPIEHIUKYIISIPHYIO K OCH CBEPJIa;

Oy -yTOJI HAKJIOHA BUHTOBOW 00pa3yrolieii MOBEpXHOCTH KaHABKH, MPOXOISIICH Yepes
TOYKY X, BBIPA)KAa€TCsl ypaBHEHUEM:

rx
gyvx::}ggyv

rae  R- HapyxHbIl paauyc cBepia
- yToJI HAKJIOHA BUHTOBOM KaHABKH CBepJia (OTHECEHHBIN K HAPYKHOMY JAUAMETPY )
BrIBOA 3aBHCUMOCTH AJIs1 ONPE/IEIICHHS TTIABHOM COCTABIIAIONIEH CHIIBI PE3aHusl, OCHO-
BaH Ha PABEHCTBE KACATEIbHBIX HANPSIKCHUH MPH PE3aHUH U TPU COKATHH WIH PACTSIKCHUU
NPY paBHOW CTETICHU SKBUBAJICHTHBIX JeopMarmii [3]:

Pz = mb(k_ﬂ +1gc), H
cosy

rae T- conpotuBienue neopmanuu npu pezanuu( 1=0.9c;);
K- KOOQQHUIIUEHT yCcaaKu CTPYXKH (k=2.88);
TonmuHy ¥ MAPUHY cpe3a OTPEISIIAM TI0 CIeAyonmM Gopmyam [4]:
t D
sing  2sing@

S .
a=—sing , b=
> @

TakuM 06pa3oM, To,=0.9¢610=550 H/mm?; a=0.16 mm; b=2 MM
Pesynbratel pacueroB 3aHecem B Tabmuiry (Tad:.1)
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Tabmuma 1. BenmuuHa riaBHOM COCTaBIISIONIEH CHUIIBI pe3aHust

Ne /it /R v° PzH
1 1 30°28' 660
2 0.8 23924’ 652
3 0.6 14°48’ 660
4 0.4 3°09 674
5 0.2 -23°24' 803
6 0.183 -33°14' 896

[To mosyyeHHbIM 3HAYSHUSM TOCTPOUM IpadyK H3MEHEHUS CUIIBI PE3aHUS

850 \
\

800 \
750 \\

700 \

Pz,H

900

gamma,*C
-40 -30 -20 -10 0 10 20 30 40

Puc. 3.I'padux u3meHeHus r1aBHOW COCTABISAIONIEH CHIIbI PE3aHUS OT Y

Jlyist onipeiesieHust CKOPOCTH Pe3aHusl BOCIIONB3yeMCs CIIeAYoIel popmyoii [5,.276]:

C,D1
Vv =
s’

Vo

rae  D-nuamertp cBepia, MM
T-nepros CTOMKOCTH CBEpJla, MUH
S-nogaua, MM/00

3HaueHue Kod((UIMEHTOB U TMOKas3aTeleld CTENeHUu BBIOMpPAeM [0 HCTOYHHUKY
[5,c.276]. Ilepuon cToitkocTu u moaaya 1o 1a6:1.30 u Ta671.25 COOTBETCTBEHHO:

T=45mun; D=20mmMm; k,=1; Cv=9.8; q=0.4; y=0.5; m =0.2;
CxopocCTh pe3aHus paBHa:

~9.8-20" |_gs M
VS 020 4505 L
457-0.37 MUH
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Yucno 060poTOB cBepIia OyneT paBHO COOTBETCTBEHHO:

. 1000v _ 1000-25 _ 400 06

7D -20 MUH
Tak Kak CKOpPOCTb pe3aHusl BAOJb PEKYIIEH KPOMKH OyJIeT U3MEHAThCS, TO B JFOOOH
TOYKE PEKYIIEH KPOMKH CBEpJIa, CKOPOCTh PE3aHUS OIPEENUM 10 GpopmyJie

1000v
n=
D

b

rIe N - 9uciao 000pOTOB CBEpIia, 00/MUH;

D — nuamerp cBepia, MM

Jns ompeneneHus TeMIepaTypbl Ha PEXYIIUX KPOMKax CBEpJia,CriepBa OMpEIesTuM
MHTEHCUBHOCTH TEIUIOBbIENeHHS. OCOOCHHOCTBIO MpOIIecca CBEPIICHUS SIBISIETCS HEOUHA-
KOBOE TEIUIOBBIJICIICHHE B PA3JIMYHBIX TOYKAX KKION U3 PEXKYIIUX KPOMOK HHCTPYMEHTA.

Ha mo0oMm yuacTke pexylneil KpOMKH, B €JHHHUILY BPEMEHH BBIIICIISCTCS

O(x) = 0.039V (d) P, (d),

rne V —CcKopocTh pe3aHusi B M/MUH;
P. - TaHreHIMabHas COCTABIISIIONIAS CUJIbI pe3aHus B KI';
PesynbTathl pacuera npuBeACHBI B Ta0.2
Pacuer TemmniepaTypsl pousBeeM 1o cieayrouieit popmyie [6,c.166]:

oN@

0 = 27 6 s
AbAv(ly +1)

max

rne  (,-TeIIOBBICIICHHE, KAJI/C;
©-K03(}-HT TemmepatyporpoBoaHocTd (0=0.08cm>/c)
A-k03¢-HT TemonpoBogHOCTH (A=0.096 Kan/cm-cex-Tpan)
b- mmpuHa cpesa, MM
V- CKOPOCTh pe3aHusi, M/MHH
lp-mupuHa cpe3aeMoro cios, MM
l;-mIMHA KOHTAKTHOH IUIOIIAIKH, MM
Pesynbrathl pacuera npuBeaeHs! B Ta0I.2

Tabmuna 2. 3HaueHue TeMnepaTypsl BIOJb PEXKYIIEH KPOMKHU CBEpa

Ne m/mt R/r V,m/mMua | Q, Kai/c 0°C
1 1 25 64 351
2 0.8 22.8 58 333
3 0.6 20.3 52 316
4 0.4 17.3 45 297
5 0.2 13 41 312
6 0.183 12 43 330

[Io mosydyeHHBIM JAHHBIM TOCTPOUM Tpa@UK HU3MEHEHHsS TeMIepaTypbl pexyLIeH
KPOMKH cBepJia (puc.2)
MaxkcumainbHblil HarpeB otMedeH Ha paccrosinuu 0.8-0.9 nuamerpa cBepia OT €ro ocH.
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3areM TeMN pocTa TeMIepaTypbl CHIKaeTcs. Temmeparypa HauboJjee yJaleHHOH OT OCH TO-
YK KOHTAKTa, KaKk NpaBWIO, HIKE MakcUMalbHOU. Takoe pacmpenereHue TemIepaTyphl
BJIOJIb PEXKYIIEH KPOMKHU SIBISIETCS pe3yJbTaTOM COBMECTHOTO BJIMSHHUS IOJIBOJIA TEIUla K
JTAHHOM TOYKE KOHTaKTa MHCTPYMEHTA C JIETAIbIO0 U OTBOJIA €T0 B MacCy JeTauu. B ceueHusx,
PacCIOJIOKEHHBIX OJIM3KO K OCH, TEMIT CHIDKCHHUSI TEMIIEPATyphl 110 MEpe yIaleHUs TOYEeK OT
JIe3BUS CBEpJia 3aMETHO IMAJaeT, YTO OOBSICHICTCS HEOIArONPUSITHEIMU YCIOBUSIME 00pa3oBa-
HUS CTPYKKU B 00JaCTH MOTEPEUYHON KPOMKH, KOTOPOE BBI3BIBACT JOTIOJIHUTEIBHOE TPEHUE
NPY 3aTI0JTHEHUH CTPYKEUHOM KaHABKH 110 MEpE YAAJCHUS OT PEXKYIIeH KPOMKH.

TemnepaTtypa Ha nonepeuHoil kpomke coctanisieT 60-80% OoT MakcHMalIbHOTO 3Haye-
mns. C TS u ocobenno ¢ TV Temn HapocTaHus TemmepaTypsl Ha epupEpHAHBIX YIaCTKAX
OKa3bIBACTCS BBIIIE, UYEM y TIONEPEUYHON KPOMKH, 3/1€Ch CKA3bIBACTCS BIMSHUAE TEIUIOOTBOA B
CEep/IEBUHY CBEpJIa.

T,*C

360

350 /

340 1

1 ped
1 _

300 V4
290 \ /

280

D,Mmm

270
2

4 6 8 10 12 14 16 18 20

Puc. 2. I'padux n3mMeHeHUs TeMIepaTyphl BI0JIb PEXYIIEH KDOMKH CBEpJia

TakuMm 0Opa3om, OCHOBHOE BIIMSTHHE Ha TEMIIEPATYPY PEXKyIIeld KPOMKH CBepiIa KpoMe
IEpPETHETO yTJa Y, OKa3bIBAET CKOPOCTH pe3aHus V. YBeIUYCHHE MePEIHEr0 YIiIa U CKOPOCTH
NOBBIIIAET Temrneparypy. U3 rpaduka BUIHO, UTO BIMSHUE OTPUIATEIBHBIX MEPETHUX YTJIOB
MNPUBOJUT K JOIIOJIHUTCIIbHOMY BBIJACJICHHUIO TCIIJIA U ITOBBIICHUIO TCMIICPATYPhI. C YBCIIU4YC-
HUe nepeanero yria 10 3°09'mpoucxoAuT pe3Koe CHIKEHNUE TEMIIEPATyphl, B CBSI3U € 00Jer-
YCHUEM IIpouecca pe3aHusd, C )IaJ'II;HeI\/'IHII/IM MOBBIICHUEM TEMIICPATYPBI MPOHUCXOAUT ITOBBI-
MEHUEC TEMIICPATYPhI B CBA3U C YAJIMHCHUEM ITYTH CTPYKKH U €€ 3aTPYAHCHHOMY OTBOAY, YTO
MPUBOJUT K JOIIOJHUTCIbHOMY TCIUIOBBIACJICHHUIO W IMMOBBIIICHUIO TCMIICPATYPHI.

Cnucok aurtepatypsl: 1. FOakosckuii [1.A. ABTOMaTH3aIusi MPOU3BOJICTBA U TIOBBI-
IIIEHHWE KauecTBa KOHLEBOTO pexyliero nHerpymenra. — M.: Mamunoctpoenue, 1980.- 120c.
2. Cemenuenko U.U. IIpoexkTupoBaHne METALIOPEKYIIMX UHCTPYMEHTOB. — M.,1963.-922¢.
3. ®unonenko C.H. Pe3anue meramnos. - M.: «Buma mkona»,1969.-253c. 4. boopor B.D.
OcHOBBI TeopuH pe3aHusi MeTaiioB. —  M.:MammHoctpoenue,1975.-330c. 5. CnipaBoyHHK
texHosiora mammHoctpoutess. T.2/mon pea. A.I.Kocunosoit u P.K.MemepsikoBa.-M. Kma-
muHOCcTpoeHue,1985, 496 c. 6. Pesnuko A.H. Temnmodwusuka pesanust .-M.: MammuHocTpoOe-
Hue,1981.-279c.
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PA3HOBBICOTHOCTD PACIIOJIOXKEHUWSA BEPILINH AJIMA3HBIX 3EPEH HA
MNOBEPXHOCTH UHCTPYMEHTA HA DJACTUYHOM CBS3KE

Turych CB. (kagh. TM, Jloul' TV, 2. JJloneyx, Ykpauna)

B cBa3u ¢ BBINICCKA3aHHbIM, ICPCIICKTUBHO MNPHUMCHCHHC Ha OIICpalluAX YHUCTOBOIO
nU(OBaHUS XPYNKAX HEMETAUIMYECKUX MAaTepHajIOB HHCTPYMEHTOB Ha 3JIACTHYHOMU IOJIH-
MEpPHOI OCHOBE, MpoLecc 00pabOTKU KOTOPHIMU COEIHMHSAET 3JIEMEHTHI GKECTKOTr0» HUTH(O-
BaHUA U AOBOJKHU CBO6OI[HBIM a6paSI/IBOM, YTO rapaHTUpyCT, B CPAaBHCHUU C UHCTPYMCHTOM
Ha METaJNIMYECKOH CBSI3KE, CYIIECTBEHHOE YIyUIIeHHEe KayecTBa 00pabOTaHHON MOBEPXHO-
ctu [1]. 3akpermieHrue pexyIiero 3epHa B yIpyroM OCHOBAaHUHU CYIIECTBEHHO M3MEHSIET Xa-
paKkTep ero B3auMOJCUCTBHS C 00pabaTbiBAEMbIM MaTEpUAIIOM: aMOPTH3UPYETCS yAap 3epHa
0 MaTepuall, HOBBIIIAETCS CTOMKOCTh U Pa00TOCTIOCOOHOCTh aIMa3HBIX 3€pPEH, CTIIAKUBACTCS
Pa3HOBBICOTHOCTb U YBCINYHUBACTCA OJHOBPCMCHHO Y4YaCTBYIOIIUX B PC3aHUU 3CPCH, YMCHb-
IaeTCsl HANpPsKEHHOCTh TEIUIOBOTO MOTOKa. M3MeHeHHWe xapakTepa MpOTEeKaHWs IMpolecca
pe3aHusi oOecneynBaeT ylydlleHHue IepoX0BaTOCTH 00paboTaHHOH MOBEPXHOCTH.

3HaHUE 3aKOHA pacHpeleIeHNs BBICOTHI BBICTyNaHMs aMa3HBIX 3€pEH HaJ ypOBHEM
CBSI3KM HEOOXOIMMO MJISi PEIICHUS 3a/1ad ONpeNeNIeHHs KOJIMYECTBA 3€peH, aKTUBHO ydacT-
BYIOIIMX B JAHMCIEPTHPOBAHUU 00pabaThIBAEMOT0 MaTepuasa, MPOU3BOIUTEIHLHOCTH HLIU(O-
BaHMA U KauecTBa 00pabOTaHHOM MOBEPXHOCTH.

DKCIepUMEHTaJIbHbIE HCCIIEIOBAHUS PAa3HOBBICOTHOCTH 3€pEH ajMa3HbIX KPYroB Ha
MCTAJUNIMYCCKUX CBA3KaX IMOKA3bIBAIOT, YTO 3aKOH paCHpCACICHUA INIOTHOCTU BCPOATHOCTHU
pacrpeeneHus BEpIIMH 3€peH M0 BBICOTE UMEET MPABOCTOPOHHIOID aCUMMETPHUIO. DTO 00Yy-
CJIOBJICHO CKaJIbIBAHWEM BEPIIWH 3€PEH M M3HOCOM BEPIIMH TPU CHIOBOM BO3ACHCTBUH Ha
3epHa npH npaske wiu mirdosanuu. [Ipu paccMoTpeHrn KpyroB Ha OpPraHUYECKON CBSI3KE
HM3HOC Kpyra XapaKTepHu3yeTcs PEUMYIIECTBEHHO BEIPBIBAHUEM 3€PEH U3 CBA3KH, YTO II03BO-
JSIe€T MPEIIIONI0KUTh CUMMETPUYHBIN HOPMaJbHBIM 3aKOH PACHpEIEICHUS aJIMa3HbIX 3€pEH.
Craructuueckas o0paboTKa pe3yjbTaToOB HCCel0BaHus [2], IpUBEIEHHBIX Ha puc.l, mox-
TBEPIKJACT JTaHHOE TPE/IOJIOKEHHE.

An/N An/N
0.5 L 0.5 F
04 | 0.4
03 F 0,3F
0.2 F 02}
- 0.1F
0 0 ]
3 9 15 21 27 33 39 9 15 21 27 33

Puc. 1. Pacmpenenenne mo BBICOTE BBICTYNAHUS HaJl CBSI3KOW anmaszoB: a) AC6-

160/125-3-B3-30; 6) AC6-125/100-4-B3-30.

" PabGoTa BBIIIOJIHEHA 1101 PYKOBOACTBOM acc. baiikosa A.B.
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HpOBepKa TUNIOTE3bl COOTBCTCTBUSA, IMPOBCACHHAA C IOMOIIBIO KPUTCPUA COTJIACUA
A.H. KonMoroposa nokazana, 4to Ha 5% ypOBHE 3HAYUMOCTHU pacCIpeesieHue BEPILIUH 3€pEH
KPYTOB Ha OPTraHUYECKOM CBS3KE MOKET OBITh OMMCAHO HOPMAIBHBIM 3aKOHOM C TIapaMeTpa-

MU pacnpenenenus: mis kpyra AC6-160/125-3-B3-30 cpennee snasenue X = 20,1 mxm,
CpeIHEeKBaIpaTUIHOE OTKJIOHeHHe S=8,8 MkM; a i kpyra AC6-125/100-4-B3-30 cpennee
smauenne X =18,5Mkm, cpennexBagparuunoe otknonenne S=8,0 mxM. CpaBHUBAs IOMY-
YeHHbIC PE3YJbTAaThl C peKOMEHIAIMsIMU [3] cieayeT OTMETUTh clieayromiee. PaccuntanHoe
3HAYCHUE CPEIHEKBAAPATUYHOTO OTKJIOHEHMS NPEBBIIACT PEKOMEHIOBAHHOE [3] S=Amax/0,
/1€ Amax - BBICOTA TIOBEPXHOCTHOTO CJIOSI. DTO MOXET OBITh PE3yJIbTATOM MOTPEIIHOCTH H3-
MEpEeHUs Ha TPaHUIAX JHANa30Ha, 0COOCHHO y MOBEPXHOCTHU CBS3KH. OYEBHIHO, YTO CpPE/IHE-
KBaJPATUYHOE OTKJIOHEHHUE JOJDKHO OBITh PABHO S=Amax/6, 9TOOBI BEPIIMHBI 3e€pEH HE BHIXO-
JIWITH 32 TIPEJIEITbl TOBEPXHOCTHOTO ciios. [ TTyOrHa MOBEpXHOCTHOTO CJIOSI KPYTOB Ha OpTaHHU-
YECKOMU CBSI3KE COBIAJIAET C pe3yJIbTaTaMH, PACCUMTAHHBIMU MO METOJUKE [3] mpu 3HAYECHUH
KpuTHUeCKOU riryOuHbI 3anenku & =0,73 nust kpyra 3epHuctocteio 125/100 u ¢ =0,78 nis
Kpyra 3epHucTOCTBIO 160/125. LleHTp rpynmupoBaHus BEPIIUH 3€pEH PACIOJIOKEH U Kpy-
roB 00enx 3epHHUCTOCTEH MPAKTUIECKH 110 CePEeNHE TIOBEPXHOCTHOTO CIIOSI.

Ha ocHoBaHWM TPOBENEHHOrO aHaNM3a s NUTH(OBAILHOTO MHCTPYMEHTA Ha dJa-
CTHYHOW OPTaHUYECKOH CBSI3KE C OPUEHTUPOBAHHBIM PACIIONIOKEHUEM 3€PEH MOKHO NMPUHATH
pacrpeieneHre BepIIMH aIMa3HbIX 3€PEH B TIOBEPXHOCTHOM CJIO€ 10 HOPMAaJbHOMY CHMMET-
PUYHOMY 3aKOHY C BBICOTOU TIOBEPXHOCTHOTO CIIOS

Amax: I (1'8),
Cp€aAHUM 3HAUYCHUEM
X=A,, /2,
" CPpCAHCKBAAPATUIHBIM OTKJIOHCHUCM :
S=Amax/6

Koaddumment kpurnaeckoit riyOuHbI 3a1eku 3epHa € =0,75.

Hannast Mmoziens pabodeld MOBEPXHOCTH AJIACTUYHOTO HMUTH(OBAITEHOTO HHCTPYMEHTA C
OPHEHTHPOBAHHBIM PACHOJIOKEHUEM 3€PEH MO3BOJIIET C JOCTATOYHOM CTENEHBIO MPHOJIMKE-
HUA K pCAJIbHOMY HMHCTPYMCHTY aHAJIMTHYCCKH OIMChIBATH MCXAHHU3M BSaI/IMOZICI\/JICTBI/Iﬂ all-
Ma3HbIX 3epeH ¢ 00padaThIBAEMbIM MaTEPUAIIOM.

Cnucok aurepatypsoi: 1. Amepuusn I1.1., 3a6aBckuit M.T. Anma3sHo-abpa3uBHast
00paboTKa M yNpOYHEHUE W3JEIUi B MarHUTHOM moJse. - MH.: Hayka u TtexHuka, 1988. —
272 c. 2. OnetnukoB A.b. DxcriepuMeHTaIbHOE UCCIIEAOBAHUE PEXKYIIEro MPOoGUist mudo-
BaJIbHBIX KPYTOB Ha 2JIACTUYHOM cBsizke // CBepxTBepabie Matepuaisl, 1994, Ne2, c. 33-37. 3.
AOpasuBHas u anmmasHas 00paboTka matepuanoB. CnpaBounuk / [Tog pea. A.H. Pe3nukosa. -
M.: Mamunoctpoenue, 1977. - 390 c.
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PA3PABOTKA TEXHOJIOI'HTYE CKHUX ITPOLECCOB C HCIIOJIb30OBAHUEM
JJIEKTPOHHBIX THCTPYMEHTOB IIPOEKTUP OBAHUSA

Tuxomupos W.B." (xa¢h. TM, Joul TV, 2. JJoneyx)

B 90-x rogax nmpou3omén 60IbIION MPOPHIB B PA3BUTHH KOMITBIOTEPHOIN TEXHUKH.
OObIYHbIE «IIEPCOHANKW» OBLIM HAAETCHBI IUPOKUMH BO3MOXKHOCTSIMH Ui MPOEKTUPOBA-
HHS, MOJICTIMPOBAHMS U PEIICHUS MHKCHEPHBIX 3a/1a4 Pa3JIMUHON CI0KHOCTU. B Hare Bpemst
pa3BUTHE NPOJIOJDKACTCS C HE MeHee ObICTPhIMU TeMnaMHu. Terneps A pacuéra U peanu3aniu
CJIO’KHBIX MHXCHEPHBIX MPOEKTOB, A1 00pabOTKKM OTPOMHOTO KOJIMYecTBa HHpOpMaLuK U eé
CHCTEMaTU3allii, U T.J. HHKEHEpaM pa3IMYHbIX 00JacTel MpOCTO HEOOXOIUMO HCIIOJIB30-
BaTh <QJICKTPOHHBIX IOMOIIHUKOB». B 005lacTH MamnHOCTPOEHHS aKTyaJbHOU MpoOsieMoii
SBIISIETCSI CO3J[aHNE THOKMX MPOU3BOJACTBEHHBIX KOMIUIEKCOB, YIPABISEMBIX M3 OJHOTO ILICH-
Tpa. [IpobieMbl, BOZHHUKAIOIIUE MPU CO3AaHUH TAKOTO MPOU3BOJICTBA, HEBO3MOXKHO OBLIO OBI
pemth 0e3 npumeHeHus: OBM. CnoxHble pacu€rbl (pacd€Tbl pa3lIU4HBIX a’pOJAMHAMUYE-
CKUX Mpo(duiieit ¥ MOUCK ONTHMAJIBLHOTO MPO(UIsA, pacy€Tsl BIUSHUS HAa MPOYHOCTH KOHCT-
PYKIMH pa3IMYHBIX YCJIOBHH, ONTUMH3AIMA MapaMETPOB TEXHOJOTHUYECKUX MPOIECCOB H
T.1.) TpeOytomnme o0padoTKu OOJBIIOT0 KOJMYEeCTBa HH(OPMAIMK MPOCTO HEBO3MOXHO BbI-
MOJIHUTE ObICTpO U TouHO 0e3 DBM. Heounenumsbie yeayru 9BM npenoctaBiseT B yCIOBUSIX
KOHKYPEHIIMU Ha PBIHKE MPOJIYKIMH, TAK KaK MPEJOCTaBIAET BOSMOKHOCTh BU3YaJIbHOTO MO-
JIeIMPOBaHKs pabOTHl 000PYIOBaHMS U €r0 BHEUIHETO BUA, a TAKKe pekiamy B ceTu Internet
¥ OBICTPYIO MEPECHIIKY MCUEpTBIBatONIel HHPOPMAIIH 00 0OBEKTE.

B cBsI31 ¢ HEOOXOAMMOCTBIO YTITyOJISITH CBOM TIO3HAHUS B 00JIACTH CUCTEM aBTOMATH-
yeckoro npoektupoBanus (CAIIP) mepeno MHO# Oblia MocTaBIeHA 33ajadya: MPUMEHHTD TIPH
BBITIOJIHEHUH KYPCOBOTO TNpOeKTa Ha Temy: «Pa3paboTaTrh TEXHOJIOTHMYECKHH MPOLECC M3TO-
toBieHus 3BE3m0ukn komOaitna ERNITE MAISTER 525/525H» cpenctBa CAIIP, Hanpumep
nepcoHabHyt0 OBM.

Hns pemenust 3agad Ha DBM HE0OX0AMMO HCHOJIB30BaTh COOTBETCTBYIOIIEE IMPO-
rpammHoe obecrnieuenue (I10), koTopoe MOKHO YCIOBHO pa3/ieiuTh Ha:

— CHELHMaJIbHOE;
— cHeuuajJu3upoOBaHHOE.

K cnemmansaomy 1O MOXHO OTHECTH MPOTpPaMMbl HANPABJICHHBIE HA JOCTIDKCHHE
IeJIM, MCTIONB3YSl COBOKYITHOCTh HMCXOJHBIX JaHHBIX. K HEMYy MOXHO OTHECTH, HampuMep
nporpamMmy Uil pacuéra mapamMeTpoB OObEKTa MPH 3aJaHHBIX YCJIOBHUSX, MPOTPaMMy IS
NPOEKTUPOBAHMS ONITUMAIIBHOTO TEXHOJOTHIECKOTO MPOIEcCca M3TOTOBICHUS IETANIH | T.1I.

K ciemmammsupoBanaomMy 110 MOKHO OTHECTH DIIEKTPOHHBIE HHCTPYMEHTHI, KOTOPBIE
JMIIB TIOMOTAIOT MPOEKTHPOBIIMKY aBTOMAaTH3UPOBATH MEXaHHMUECKUE JEHCTBUS B TBOpYE-
CKOM IIpoliecce MBILUIEHUs], HarpuMep Takue npuioxkeHust kak AutoCAD, Microsoft Word,
Corel Draw, Adobe PhotoShop 1 mHOTHE npyTHE.

[Ipu pemeHny MoCTaBICHHON 3a1a4yu 1esiecooOpa3Heil ObII0 OBl MPUMEHUTH CTICIH-
anpHOe [1O Tak Kak 9TO MOBBICKIIO ObI TPOU3BOIAUTEIHLHOCTh BO MHOTO pa3 (Ha MPOEKT MOTpe-
6oBasicst Obl 1 1eHb, a He 4 MecsIa), HO Y4eOHBI mpoiecc TpeOyeT TBOPUECKOTO TOIX0/1a
CTYJ€HTa K PEIICHHUIO TIOCTABJICHHBIX 3a1a4. [103ToMy IpH BBITTOJIHEHUH KypCOBOTO TPOEKTA
s IPUMEHWIT TEKCTOBBIN pemaakTop Microsoft Word, u rpaduueckuit penakrop AutoCAD 14,
KOTOpBIE MOMOTJI MHE MPOMOJICIMPOBATH MHOKECTBO PEUICHUI M BHIOPATh ONTHMAILHOE;
UCTIPaBUTh OUIMOKH, JOTTYIICHHBIE B X0/ IPOSKTUPOBAHKS,; KAYECTBEHHO BBITIOJHHUTH JTOKY-
MEHTALMIO (UePTEXKH, 3aMUCKY).

* PaboTa BBINOJIHEHA TT0JI PYKOBOICTBOM Ipodeccopa Muxaiinosa A.H.
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TexkcTOBBI penakTop co3JaéT OoJbinoe ymoOCTBO pabOThI: TOYHO (OpMATHPYET
CTPAHUILy, BBIPABHUBAET MPEAJIOKEHHS], aBTOMATUYECKU CO3/1aéT HyMEPOBAaHHbIE UM MapKu-
pOBaHHbBIE CIMCKH, CO3JAET HECJIOKHBIE PUCYHKH U MHOTO€ Apyroe [1]. EnuHCTBEHHBIN He-
JIOCTATOK — HAZ0 YMETh OBICTPO HAOWUpPaTh TEKCT, YMEJO IOJIb30BAThCS MPEIOCTABISIEMBIMHU
MHCTPYMEHTAaMH, 3HATh MPHUEMBI OBICTPOW PabOTHI, YTO JOCTUTACTCS JIMIIbL C MPAKTHYECKUM
OTIBITOM, MHaue paboTa C pelakTOPOM MOKaKETCs J0roi u He 3 dexTuBHoi. Hampumep:

1. Co3nanue GopMmyI: MOKHO BBECTH B TOKYMEHT (popmyiry 3amyctuB Equation (pe-
nakrtop dopmyn) mist Word mpoaenaB myTh: «BcraBka—00bekT—>Microsoft Equation 3.0»
IPY ATOM NPUXOJUTCS KAATh IIOKa OTKPOIOTCS Bce MeHo. Eciiu 3T0 Hajo cuenarb OMH pas,
BCTaBUTH OJIHY (OpPMYIy, TO 3TO HEIOJTO0, a eciii B JokymMeHTe ux Ooinbme 100... Torma y
Bac YWIET TOJBKO HA T MOBTOPSIONIUECS NEHCTBUS HEe MeHee | "aca, a MOpalibHBIN yIepo
OT HyJHOH paboTel Oyner em€ Bbime. UToObl 3TOro n30eXaTh, MOXKHO HPOAENATh CIECIYIO-
niee: «Bun—naHenau MHCTPYMEHTOB—>HACTpONKa—>KOMaHIbl—>KJIaBHaTypa—>B JIEBOM OKOII-
Ke BBIOpaTh “BcTaBKa”, B MpaBoM — Insert Equation—npucBouTh coueTaHune KIaBHII HATPHU-
mep Ctrl+z». Teneps penaktop Gpopmys OyIeT KaXKablil pa3 BeI3bIBAThCA MpH Haxatuu Ctrl+z.

2. Co3naHue pUCYHKOB: MOKHO JIOJITO PUCOBATh NPABUIIbHBIN KPYT, BHIPAaBHUBAS €T0
MBIILIKOM, @ MOKHO MPOCTO KIMKHYTh Ha 0OBEKTE /1B pa3a U BBECTH €r0 MapaMeTPHI.

3. Co3ganue BBIHOCOK: TPYAOEMKYIO pabOTy CBSI3aHHYIO C pa3MeIlleHUEM, TiepeMellie-
HUEM, PEJAaKTUPOBAHMEM BBIHOCOK, @ MOKHO YINPOCTHUTh, KJIMKHYB IO BBIHOCKE /Ba pasa,
npeoOpa3oBaTh B PaMKy, a 3aTeM (3TO XUTPOCTh) |[v -  OTMEHHUTH npeoOpazoBaHUs
KHOIIKOM ¥ peIakTHpOBaTh €€ CTAHET HAMHOTO IPOLIIE.

Taxke TpU BO3HUKHOBEHHUH BOIMPOCOB HANO OOpamIaThCsi K CIPABOYHOM CHCTEME
Word v kauram tamna [ 1].

I'padmueckmii penakrop AutoCAD 14 npenocrasisier 60b1I01 HAOOP HHCTPYMEHTOB
JUIs pa3pabOTKU yepTekell U pucyHKoB. IIpuémbl pabOThI C 3TUM PEJAKTOPOM TAKKE KaK U C
Word tpeOyroT xopommx HaBbIKOB M ombITa. Mcmons3ys AutoCAD 14, s cripoekTupoBai
YEepTEX U NPUCIIOCOOJICHNHM, KapThl 3CKU30B, KapThl HalaJ0K, PUCYHKH MOSCHSAIOIIUE pa3pa-
OOTKH IIPOEKTA.

B xoz1e npoekTupoBaHus pelaiuch MHOTHE 337jaul HEKOTOPbIE U3 HUX, KOTOPbIEC Hau-
0oJiee HArJISIAHO MPEACTABISAIOT X0 pa3paboTKU MPOEKTa, MPUBEICHBI HUXKE.

1. Pa3mepHbIii aHanu3 U IOCTpOoeHHE TpadoB pa3sMEPHBIX IETICH.

Puc. 1. I'pad nns BeIsIBIEHUS pa3MEpHBIX IO-
JIeii: a) UCXOAHbIN; O) MPOU3BO/IHBIM;
B) COBMELLEHHBII.
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2. OmnpeneneHue MPUITYCKOB Ha 00PA0OTKY U MOCTPOCHUE CXEMBI PACTIONOKESHHUS MPUITY CKOB

¥ JIOITYCKOB.
Tabmmuma 1. [Ipumycku 1715t MexaHu4eckoit 00paboTKH.
IToBepxHO Pasmep HprHYCK, MM i Homyck,
cTb Ne TaOJMYHBIA | pPacyETHBI | MM
1 &32H7 2-1,5 2-1,2 10,2
2 350 2-1,5 — 0,2
3 (2106,153H12 2:2,2 — +0,3
4 278,877 2:2,0 — +03
5 TommuHa 3y6a 2-1,5 — +0,2
6 36 2-1,5 — 10,2
7 18 2-1,0 — 10,2

3. Pacuér oHOTO M3 32)KUMHBIX MPUCTIOCOOIICHHHA.
PacuérHas cxema nmpucnocoOIeHus peIcTaBieHa Ha PUCYHKE 3.

dmaxmn
e —
dmin i}
el —
dmaxnp
g d — -
min rmp
dmaxpac’r
- —
dmin pact
el —
dmaxs
(o
o d d
dmm.3 pact 1np 1
4 .
4 l/
63 Zmin,paCT Zmin.np Bﬂn.mn
g - - — — -
Zma Xpact V4 ma X111
Z maxirp

Puc. 2. I'paduueckast cxema pacroioKeHus: NPUITyCKOB U JJOITyCKOB Ha
00paboTky oTBepcTus Y32H7 3BE3 109Ky,

MowmeHnT Tpennst cornacHo [2]: Mipeuns=K(Mpes1 tMpe2), 1€ Mpesal ,~MOMEHT CHI pe-
3aHUs, K—KOd(PUITMEeHT 3amaca.
Cwuna co3aroiiass MOMEHT TPEHUSI HaXOJIMM Ha OCHOBaHUH [2]:

_(OSR HOSR pdy | (05:1413:50+0,5-855-106 ooy
1 f 320,25

LaHTH

P

rae R, p—cunbl pe3anust, f~koaddunpeHt TpeHus.
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Cuna, c)XUMaroIIas JETeCTKH aHTu ompenessieM no dpopmyde [2]:

3 3
U=k 10-A-d h=100.10 0,155332 5

u 13

=463H,

KonTyp neramm Mpex

Koutyp neramu

(¢]

o=5

%32

2
L

Puc. 3. PacuérHas cxema nmpucrocoOIeHus.

Pacuérnble ypaBHeHuMs .

rie ky,—koadduruenT, 3aBucsImuii oT KoamdecTna JierecTkoB manru (k,=100);
A—nuameTpaibHbIi 3a30p MeX1y HaHroi u 3arotroBkoi (A=0,155);
l-paccTosiHue OT IIIOCKOCTH 3a/ieJia 10 CEPEIMHBI 3aKMUMAIOIIEro KOHyca I[aHTu;
h—ToJmHa JierecTKa maHru.

Cwua Ha MTOKE BEIYUCIISIEM B COOTBETCTBHH C [2]:

Q= (P+U)SMALLCOSA_ 15150, 43)SN5 *0.29¢083
cosa —fsino c0s5° —0,25sin5°

Bei0op mHEBMOIIPUBOIA IS LIAHTH.
BriOuparo muadparmMeHHyIo KaMepy JABYCTOPOHHETO JICHCTBUSI.
Huamerp nuadparmsl ucxoas us [2]:

i 4(2) _ 4.5225 130w,
(1-c>mp | (1-0,021)-3,14-0,4

rae p—pacuétnoe pasienue (p=0,4 MIla);
C—OTHOIIIEHHE TuaMeTpa auadparmMel K TMaMeTpy MITOKa.

BriOuparo muadparmMennyto kamepy ¢ auameTpom auadpparmel d=150mm.

DNIEKTPOHHBIE HHCTPYMEHTHI TIO3BOJISIIOT PEJAKTUPOBATh JOKYMEHTHI MPOEKTa ObICTPO
U Ka4eCTBEHHO, M03BOJIsIsI BRIOMpaTh OoJiee MpUeMJIeMblii BapUaHT MPOEKTa, YCTPAHSIOT I10-
BTOPSIOUIYIOCS PabOTy, MO3BOJISIOT OOHAPYKUTh U HCTIPAaBUTh CEPbE3HBIE OLIUOKH, YTO CO3-
JaéT XOPOIIUE yCIOBHS Il TBOpUECKOM paboThl. [lomo6HOe ObLI0 OB HEBO3MOXKHO TIPH PyU-
HOM TNPOEKTUPOBAHUHU.

=5225H.

Cnucok aurtepatypsl: 1. bopnann P. Microsoft Word 97. Yrny6nennsriit kype. [llar
3a waroMm. — M.: M3parensctBo OKOM, 1998. — 360c. 2. 'opouikun B.A. [IpoektupoBanue u
pacuér mpucnocoOaeHuii — Munck: Beicmr. mk., 1986. — 238c. 3. AutoCAD 14. [lns crierua-
mucta. — Kues: U3xa. «punay», BHV, 1998.— 420c.
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OMNPEJEJEHUE TEXHAYE CKUX BO3MOXHOCTEH
YHUBEPCAJIBHO-CBOPHOI'O PE3LIA

Opimban M.B., Matioxa ILI. (xag. MC, [onl TV, . [loneyk, Yxpauna)

B nacrosimee Bpemsi nepes MallMHOCTPOEHUEM CTOMT 3ajada IMOBBILIEHUS NIPOU3BO-
JUTEIBHOCTH 00pabOTKM METAJIIOB pe3aHueM 0e3 MoTepu KadecTBa u3aenus. B gacTtHocTH,
3TO OTHOCHUTCA K 00pabOTKe OTBEPCTUN PACTOYHBIMU PE3LAMHU CO CMEHHBIMU TBEPAOCILIAB-
HeIMH pexxymumu miactuaamu (PIT). Ha kadenpe mMetamnopexynmx CTAaHKOB U MHCTPYMEH-
TOB ObLTa pa3paboTaHa KOHCTPYKIMS PACTOYHOTO YHHBEPCAIBHO-COOPHOTO pe3lia, MEXaHU3M
kperuieHust PII kotoporo obecrneunBaeT MOBBIIEHHYIO KECTKOCTh, a, CJIEJOBATEIBLHO, TOU-
HOCTb U IPOU3BOIUTEIEHOCTh 00OPaOOTKH.

Pacrounoit pesernr (puc.1) coctout u3 aepkaBku 1, KOTOpas UMEET KPYIJIoe CEYEHHUE C
TIIyXUM OTBEPCTHEM 2 KOHMYECKOH (popMbl. B oTBepcTHH pacmoioskeHa BCTaBKa 3, HMEroIas
Y4acTOK 4 Takke KOHWYECKOH (DOpMBI, KOHTAKTUPYIOIIHI C TIOBEPXHOCTHIO O0TBEpCTHs 2. Bo
BCTaBKE BBITIOJIHEHO THE3/0, B KOTOpOM pacnojioxkena PIT 5 u ctpysxkkosiom 6. B moBepxHOCTh
CTPY’KKOJIOMa YIHUPAETCS MPIKUM 7, UMEIOIINN y4acTOK KOHMYecKoi Gopmel 8. BeraBka u
NPKUM UMEIOT HAKJIOHHBIC MOBepXHOCTH 9 u 10, KOHTaKTUpYROMHE Mexay coboit. Ha ko-
HUYECKOW MOBEPXHOCTH BCTABKH BBIMOJIHEH 1a3 11, B koTopslid Bxoaut mtudt 12, pacmosno-
JKEHHBIN B Jiep:kaBke. OH oOecrieurBaeT yrioByl0 OPUEHTALMI0 BCTAaBKU OTHOCUTEIBHO JEp-
*KaBKku. BUHT 13, pacroyioKeHHBII B OTBEPCTUH JI€PKAaBKH, CBOUM DPE3HOOBBIM YYaCTKOM
BXOJMT B COOTBETCTBYIOIIEE OTBEPCTHE, BBHIIIOJHEHHOE BO BCTABKE. 3aTsHKKOM BHHTA OCYIIIE-
CTBIISIETCSI KperuieHue 0sioka “BcraBka - PII S - ctpyskkonom - npuwxum”.

H
3 A
: ~ -
[\ 4
67 5
5 y / 3\& '

\\
—_
f—

>N

12

Puc. 1. PactouHoii pesen.

[IpoBenem pacuer nomyckaemMol MOJayu, OTPAHUUYEHHOM MPOYHOCTHIO MEXaHH3Ma
KpEIUIEHUsI peXy1leil TIacCTUHBI.

MowmeHT, iepeaBaeMblii KOHMYECKOH TOBEPXHOCTBIO, OTIpeIessieTcs mo Gopmyre [1]:
M., =1 P,y Dgp-107(1-0.04 x Acx)

Hwm, (1)

2 x sin—
2

rae f- Ko3pPUINEHT TpeHus;
P,- cuna, BaBnuBaroIias KOHYC 110 HAIIPaBJIEHUIO OCU NPH 3aTsKKe BUHTA, H,
a' -yron xonyca, rpan;
Aq@ - IOTPENIHOCTh U3rOTOBJICHUS] KOHYCa, paJ;
D¢y~ cpennunii fuaMeTp KOHMYECKOTO COCMHEHNUS, MM.
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B mporuecce pe3anust coctaBmnsionias CHibl pe3anus P, OyaeT co31aBaTh MOMEHT, TIbl-
TAIOIUIICS IPOBEPHYTh BCTAaBKY B AeprkaBke. OnHako, cocraBistomue Py, P, 6yayT cnoco0-
CTBOBATh YBCIIMYCHUIO MOMCHTA TPCHUA OT CUJI 3aTAKKKU BUHTA. B cBs3u ¢ 9TUM, paCCMOTpUM
YCIIOBHE OTCYTCTBUSI IIPOBOPOTA BCTABKU B Mpoliecce 00paboTKH, KOTOPOE ONpeeNsieT orpa-
HUYHUBAIOIIYIO [I0Ja4y B JEPrKaBKe.

I[JISI ,Z[aHHOf/'I KOHCTPYKIIUH 3TO YCJIIOBUC 6y):[eT BBITIOJIHCHO IIPpU

M p < Mpez, Hwm, 2)

rae Mpe;- MOMEHT, CO31aBAEMBbII CUJION pe3anus .

Ha puc.2 npexacraBnena pacueTHasi cxeMa, Ha KOTOPOM paBHOACHCTBYIOIIAS CUIIBI pe-
3aHUs pasfloKeHa Ha cocTtaBisitomue Py, P, P. a ycunue Py HanpaBieHO BAOJb BCIIOMOTA-
TenbHOM ocu OK, IpOXOAs1Iel Yyepe3 0Ch BCTaBKU U COCTaBIIAIONIEN yroa [ ¢ oceto OX.

Y p K
dc
i S
—
Ol u P ¥y
t ] P, X

[

Puc. 2 PacueTHas cxema i1 onpeaesneHus Nogauu
OTPAHUYEHHOUN MPOYHOCTHIO 3aKPEIJICHUSI BCTABKU B
Jep’KaBKe PaCTOYHOTO YHUBEPCAITHHO-COOPHOTO pe3lia.

MOMEHT OT CWIT pe3aHust
M,e;=P.1, Hwm, 3)
re /- pacCTOsTHUE OT BEPIIMHBI TBEPIOCIUIABHOM TIIACTUHBI 10 ocu OK.
CnpoextupoBas cuibl Py, P,, Py Ha ocb OK, moslydaeM ypaBHEHUE YCUIIHS 3aKperuie-

HUS
Prap=Pot+ Prcos i + P, sin . 4)
CocraBmsolye CuIbl pe3aHus ONPEesIuM o popMyaM [2]
P,=10C, """ SV "™Kp, H; (5)
P,=10C,,t'""’S"™V " Kp, H; (6)
P.=10C,t""S"*V "Kp, H. (7)

[Moncrasmnss (5) u (6) B (4), a3atem B (1), moTyuyuM MOMEHT,
nepeiaBaeMblil BCTaBKOM B Ipoliecce pe3aHus
By +10Cpy t PSPV K cos p+
M=f - TN
2sin L
2
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+10C, ' S™PY™K , sin
Ly e 1-0044a), Hu, ®)

[Moncransis B (2) 3Hauenust momenTa u3 (3) u (8) ¢ yuetom (7), a Takxke 3HaueHue Py,
MOJIyYUM HEPABEHCTBO

R+ IOCPXtprSprV"pr cos i +

a, .._)
2sin =
sin 2
+10C,yt SV K, sin
PY P2 (1-0.04A0) = 10Cp SV 2K ok, )

rae K- ko3 uImeHT 3amaca.

Pacuer nomyckaeMoli oj1auyu, OrpaHUYECHHOM IIPOYHOCTBIO BCTaBKH pac-
TOYHOI'O pe3lia MPOBOJUM ISl CIEAYIOIIMX HMCXOIHBIX JAAHHBIX: CPEJHUM JAHaMETp KOHU4Ye-
ckoro coenunenust Dg,=14 mm; yron konyca o' =25°; kpenexHbIi BHHT M6; MaTepHa BUH-
Ta - ctanb 40X (0 ;=900 MIla); morpemnocTs usrorosnenus konyca Aa =0.003 pax; kod¢-
¢uruent tpenus f=0.1; reomeTpudeckre mapaMeTpsl pes3lia: rIaBHbIA yroi B maaHe ¢ =45;

BCIIOMOT'aTENbHBIA YTOJ B IUIaHE (D) =75°; mepenuuii yrom y =10°; 3agmuit yron a =10"; Ha-

wi1oH ne3sust A =0"; 06padaThIBaeMEIi MaTEpHAT - CTANb 45

Pemas wepaBenctBo (9) npu 3HaueHusx V=120 m/MuH u t=2.5 - 5 MM u m3MeHsIs S
MOIIArOBBIM METOJIOM ¢ noMolnbio [I9BM, onpenensieM MakcUManbHYIO JAOMYCTUMYIO TMOJa-
qy.

JlaHHBIE pacyeTa nMpuBeeHBI B Ta0. 1.

Tabmmma 1. 3aBUCHMOCTD OTPaHUYMBAIOLICH MOJIA4YH S OT TITyOHHBI pe3aHus t

No CxopocTb pe3anusi, ['my6una t, Mmm [Togaya S, Mmm
M/MHUH

1 120 2.5 1.98

2 120 3 1.5

3 120 3.5 1.25

4 120 4 1.05

5 120 4.5 0.9

6 120 5 0.8

BriBOIBI

Kak BUIHO M3 NpuUBEAEHHBIX JAAHHBIX, YUUTBIBAsl TOIIUHY IUIACTUHBI S=3.17 MM,
1ojiaya, OrpaHUYEHHasi MEXaHU3MOM 3aKpeIUIeHUs PEeXYIIel IIaCTUHbBI B JIepKaBKe COU3MeE-
puMa C BEJIMYMHOM MOJauM, OTPaHMYEHHOW MPOYHOCTHIO TBEPIOCIUIABHOM IIACTUHBI (TIPU
rIyOouHe pe3aHus t=4 MM M TOJIIMHE IJIaCTUHBI 4 MM I0Jlaya, OrPaHUYE€HHAs! MPOYHOCTHIO
TBEpAOCIUIaBHOM TuiacTuHbl S=1.3 MM/00). Takum 00pa3om, MeXaHU3M 3aKPEIICHUS CIIEeTyeT
CUMTATh HAJICKHBIM.

Cnucok sutepatypbl: 1. CripaBouHHMK TexHOJoTa-MamuHoctpoutens. B 2-x 1. T. 2
/Mon pen. A.I'. Kocunosoit u P.K. Memepsikoa.-4-e uzn., nepepad. u non .-M.: MainHo-
crpoenue, 1985, 496¢. 2. IIpoekTupoBanue MeTauiopexkymux nactpymeHnToB: [lox pexn. Ce-
mendenko WM. :M.: Mammunoctpoenue, 1980.
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©®OPMHUPOBAHHE 3YBbEB 3BE3IOYEK _
JJISA TATOBBIX KPYI'JIO3BEHHBIX HHEIIEU

Yepuukos A.B., I'oany6oB H.B. (kag. TM, [{onl TV, 2. /loneyk, Ykpauna)

Bonbiioe pacnpocTpaHeHue B MPOMBIIIIEHHOCTH M CEJIBCKOM XO3SMCTBE IMOJTYYHIN
TPAHCHOPTHBIE MAIIMHBL, B KOTOPHIX B KAUECTBE TATOBOTO OpPTaHa MCHOJb3YETCs KPYTI03BEH-
Has uenb. Hanbosiee HAarpy>KeHHBIM 3JIEMEHTOM CHUCTEMBI MX MPHUBOJA SBIISIOTCS 3BE3/J0YKH,
MOCKOJIbBKY OHHM BOCIPMHHMMAIOT, KaK MPaBUJIO, BBICOKYIO JHHAMHYECKYIO Harpy3Ky, 00ycioB-
JICHHYIO XapaKTepOM B3aMMOJICHCTBUS pabounuX OPraHOB MAIIMH CO CPEIOH U MECTHBIMH CO-
NPOTHUBIICHUSMHU NIEPEMEILICHHUIO TSATOBOH 1enu. [0 HaCTOSIIEr0 BpEMEHH TATOBBIC 3BE310YKU
W3rOTaBIMBAIMCH M3 OTIUBOK C IMOCIEAYIOMICH MeXaHW4eCKod oO0paboTKOW TONBKO IICH-
TPaJLHOTO MOCAJOYHOTO OTBEpCTUs. Takas KOHCTPYKIMA OOyCIIaBIMBAeT HU3KYIO HaJIeXK-
HOCTh 3B€3[I0YEK B YCJIOBHUSX JTWHAMUYECKHX M YIApHBIX HArpy30K BCJEICTBHE YacCThIX IO-
JIOMOK 3yObeB, [1].

UccnenoBanus, nposeaeHnsle kadeapoit « Texnonorust mamunoctpoerus» Joul TY,
JTOKa3bIBAIOT BO3MOYKHOCTb M3TOTOBJICHHS 3BE3/10UEK /ISl TATOBBIX KPYTJIO3BEHHBIX LIETIeH U3
MIOKOBOK, [1]. B cOOTBETCTBHE C peKOMEHAYEMBIM CIIOCOOOM IOJIyUYEHHs 3arOTOBKH MEXaHH-
4ecKoi 00pabOTKe TOJDKHBI ITOJIBEPTaTHCS HE TOJIBKO MIOBEPXHOCTHU LIEHTPAILHOTO OTBEPCTHS,
HO ¥ BNIAJMH MEXTY 3yObsIMH JUIsl pa3MEIleHNsI B HUX 3BE€HbEB LIeTH, [2].

Haubouee cno)HOM MOBEPXHOCTHIO 3BE3I0UKH SIBISIOTCS BIAJAWHBI MEXIY 3yObsIMHU,
KOTOpBIE TIPEACTABIAIOT COOOHM CIOXHYI0 MOBEPXHOCTb, OOpPa30BaHHYIO IepeceueHUueM
HBOJIbBEHTHOW M LWJIMHIPUYECKON MOBEPXHOCTAMHU. ['e€oMeTpuuecKkue mapameTpbl BIAIHH
HOpMaJIM30BaHkI, [3].

[Ipu mcrnonb30BaHNM B KAa4eCTBE 3arOTOBKH OTJIMBKH, JUIA YAOOCTBAa MOCTPOCHUS U
YOPOIIEHHS M3TOTOBJICHUS JIMTEHHON (OPMBI, SBOJBBEHTHYIO MMOBEPXHOCTH AMpPOKCUMHPY-
0T JABYMS HWIMHIPUYECKUMH, YTO MPHUBOJIUT K MCKAKEHUIO (OPMBI MOBEPXHOCTH BIIAJMH
MEXy 3yObsIMU.

Pa3zpaborana TexHoyOTHs, B KOTOPO# it (hOpMOOOpPa30BaHUS JIOXKA BIAIMHBI TIO]
3BEHBS IIETIH MCIOJIB3YIOTCS KOHIEBBIE MOIYJIbHBIE (Ppe3bl, MpeHa3HaueHHBIE Ui Ppe3epo-
BaHus 3yObeB 3yOuarhix koJiec. OOpaboTKa BIAJAMH BEAETCS HAa FOPU30HTAIBHO-PACTOUHOM
CTaHOKE C TIOBOPOTHBIM CTOJIOM.

Crowurt 3a7aua BBIOOpa KOHIIEBOW MOYJIbHOHM (DPE3BI 10T COOTBETCTBYIOIMINI KaITHODP H
mar 1nenu (d, p). na peuieHust 1aHHOM 3a7a4u pa3paboTaH CIASAYIOMNUNA alTOPUTM PEIICHUS
9TOM 3a7a4u:

1) OmpenernsieM BO3MOKHBIE 3HAYEHUS JIETTUTEIILHOTO TUaMeTpa MOy IbHOH (pe-
36l U3 YCJIOBUS, YTO JICNUTEIBbHBIA TuaMeTp (pes3bl TODKEH OBITH OOJIbIIe YABOCHHOTO pa-
JIyca BITAJMHBI JIOXKa 3BE3BI 10 €€ ACTUTEIIHHOMY THAMETPY.

2) [Tpu 0OpaboTke AeNHUTENBHBIA AHaMETp (pe3bl TODKEH «HAXOIUThCS» Ha Jie-
JUTEIBLHOM JJUaMETPE 3BE3bI.

3) OmnpenenseM 9uciio 3yObeB (PUKTHBHOTO 3y04aToro kojeca, Gpe3epyemMoro ¢
MIOMOTIBIO BEIOPaHHOM MOy JTBHOM (hpe3sbr:

4) YTouHsem napameTpsl Gpe3bl.

5) [Tockonpky umncio 3yObeB (PUKTUBHOTO 3yOuaTtoro kojeca Bcernaa Oobiie 12

(¢pe3sl HOpMaNIM30BaHbI), @ (PAKTUUECKOE YHCIIO 3yOheB 3BE3JIbI MMPUHUMACTCS B COOTBETCT-
BUU C TpeOOBAaHUSAMHU CTAHIAPTOB PABHBIM S5, 7 WK 9, TO AENUTENBHBIN JUaMeTp BbIOpaHHOMN
¢pe3bl Beceraa Oy1eT MEHbLIE yABOCHHOTO pajuyca BIAUHbI JIOKA 3BE3/IbI 110 €€ JENIUTENb-
HOMY JIUaMeTpy.

6) OnpenensieM BeIUUUHY 3ariayOsieHus] ppe3bl U yroy noBopoTa (ppes3bl OTHOCH-
TEJHHO OCH 3y0a 3BE€30YUKH.

B cooTBeTCTBUUM C MpeqIoKEHHBIMU 3aBUCUMOCTSIMHU OblIa pa3padoTaHa mporpaMmMma
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TapaMeTHOE

HalkOEECH MOOVIEHOH

ppesw.

noabopa mapaMeTpoB MANBIEBBIX MOAYJIBHBIX (pe3 anst ¢pe3epo-
BaHU JIoka 3y0a. OHa Obla peanm3oBana Ha [IDBM. brok —cxema
3TOM MpOTpPaMMBbI IPUBEICHA Ha puC.2.

PesynbraT peanmusanuu mporpaMMHOTO OTIPENEIICHUS KOOp-
nuHat popmoobdpazoBaHus mpodwist 3yda 3Be3/bl OBLTH OMPOOUPO-
BaHbI MIPU U3TOTOBJICHUU 3BE3/I0YEK IKCIIEPUMEHTAILHOTO CTEH/IA B
HouI'TY.

Pa3paboranHas nmporpamMma IMO3BOJIIET OLCHUTH PeabHBIN
npoduab 3y0a 3Be3/1bI B IIOOOM €ro CEYSHHH IIOCKOCTRIO, TIEPIICH-
JHMKYJISIPHOM OCH BpallleHUsl 3Be3/ibl. BXoIHbIC apamMeTphl: paauyc
JCTHUTEILHON OKPYKHOCTH, PayC OTBEPCTUS 3BE3[IbI, PAIUyC JIO-
’Ka 3B€3/1bl, HAPY>KHBIN paauyc Gpessl u np. (puc. 3)

ame =1 Lili|es] B3| S Al

Boegure, noxanyucra, cOoequionse meousdne

CAQHUC  AenHTenbHON o WCTH_ ZBe3
Paguuc uenTpanbHoro oTBEPCTHA 3IBe3aH

Papuuyc nomsa apesis no LenMT .
Hapupsims panuuc aoesnw
Paguuc ckpurnedun BepmuHne 3yto asesou
I’anlduc CKPYrNeHda oCHOBaHWA 3yba 3se3au
accT .

oKp .

MENAL USHTPAMH NocTpoenul 1-ro sy6Ga seesaw
. ANeInE BoCp. CeueHHn
- noBol aylines IBe30u
llar weHTpoB NOCTOOEHHA
Hononbsyure T 1 RETURN BHEODa iTa. Ok

Puc. 3. Vcxoauble naHHbIC [ TO00pa napaMmeTpoB (ppe3sl

BeixoHbIe MapameTphsl: MOyJb (hpe3sl, yucao 3yObeB, Be-
TMYrHA 3arnyOsieHust pe3sl U yroi ee joBopoTa (puc.4). OHH sB-
JAKTCA HUCXOAHBIMHM JaHHBIMU 1JId HaJIaAKHW TOPHU30HTAJIbHO-
PacTO4YHOM onepanum.

Ppeza n= IZ mm,

=12

57.R

Hron noBopoTa
epe=m AlTnos= 0.284 paa.
KOoDPAWHATA  CEKRymen
naocKocT Zo= 30.0 mm

ocE PPess
e Aaufa aResae
NPOPUNE PR3N
IUEa

_— Lt

Puc. 4. Pe3ynsrarsl paboThl IpOTPaMMBI.

Cnucox sutepatypbi: 1. Beibop ¢gopmbr u meTona m3ro-
TOBJICHHS 3BE3/I0YEK I TATOBBIX KPYTJIO3BEHHBIX Iienel / bonTsH

A.B., Tony6os H.B., 'opober 1.A., YUepuukoB A.C. // TIporpeccuBHbIE TEXHOJOTUH U CHUC-
TEMBbl MaIIMHOCTPOEHUS: MexayHapoaHbIi cO. HayuHbIX TpyaoB. — oneuk: Jonl' TY, 2001.
Bem. 15. — C. 26 — 30. 2. HoBblii crioco0 U3roTOBJICHUS TATOBBIX 3BE3/104YEK MPUBOJOB TOP-
Heix MmammH / bonrsa A.B., Kymukos JI.H., bapuno A.B. // Te3ucsl nokianoB Hay4YH.-TEXH.
koH(pepeHuun «lIpobaembr 3y0uaThix nepenady U peaykropocTpoeHusi». — Xapbkos: HTO
MamuHoctpoutene Ykpaunbl, 1993. — C.90. 3. TOCT 13561-89 «3Be3qouku it TPY30BBIX
U TATOBBIX KPYTJIO3BEHHBIX Iereil. MeTobl pacuera U MoCTpoeHus: mpoduist 3yobpeB. — M.:
W3n-Bo crangapTos, 1989. — Been. ¢ 01.01.90. - Sc.



