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Onucergaenics nogerli aizopumm. Ancopumam mooeaupyenm uzmMenenne niacmuiecroll
dehopyayun ¢ nogepxnocmuom croe demaiu 6 mevenue obpabomiu Opobuio 1 no3GoIEN
noaywame 3a0annele RApaMempsl KpHGU3Hel MeMANTUYECKUX NAHeneH,

This paper describes a new algorithm. This algorithm simulates the change in plustic
deformation in the surface layer of a part in the process of shot peening and provides the
given parameters of curvature of metal panels. The author is continuously working on
perfecting the algorithm.

B [1—3] mpemnoxeH psig GyHKUHH, TOCTPOEHHBIX HA YHEPreTUHYECKUX TPUHIMITAX Ha-
3HAUEHHS PEXXKUMOB Apodectpyinoit obpadotku ([0O). OgHako 3TuX QyHKLUH eule HEAOCTa-
TOYHO, YTOOBI YNpaBIsATh BCEMH napamerpaMu kadecTsa J{O.

Hwxe paccmarpusaercs eue ofHa (hyHKLUHS 1715 NPaKTUUECKOro NPUMEHEHHS B 001acTH
dhopmoobpazosanus naveseit u obosouex npu nomouy 0. OgHaxo npexje, ueM mepeiity K
pazpaboTke 3ToH (yHKIIHH, [IPOBEIEM KpaTKUH aHaJIM3 H3BECTHRIX TUTEPaTyPHLIX CBEIEHHH B
obnactu hopmoobpazoBaHus naxesei 1 o6oIoUeK.

B ycIIoBHAX KOHKYPEHIIHH (DHPMEI CTaparoTcs He pacKpLIBaTh CBOM JIOCTHKECHUS B (DyH/1a-
MEHTAJbHBIX W [PUKJIAAHBIX HccaenoBanusx B obnactu J1O, mosTomy B nuTeparype OTCyT-
CTBYIOT CBEJIEHHS 0 KaKUX-THOO TeopeTHueckux paspaboTkax B 061acTH rMOKM IIPH MTOMOILIH
J1O naneneit 1 o6onouek. OO0 3TUX JOCTHIKEHHAX MOYKHO CYAMTH JIHIIb [0 HEKOTOPBIM PE3yIib-
TaraM, yOIHKYEMBIM B CIIELIMAILHOH THTEpaTy pe WK PEKIaMHBIX npocnexrax. Kparkuii ana-
M3 HTOM NUTEPATYPBI AAET CIEAYIOLIee NPeICTaBIEHHE O COBPEMEHHOM COCTOSIHHH YITpasie-
nus napamerpamu JO (Shot Peening Technology) B o6nactu TEXHONOMMH THOKH.

Anruiickast pupma Vacu-Blast npumepro ¢ 70-x rogos XX BeKa BeIET UCCIEJ0BaHus B
obnacTu ApobecTpyHHO 06pabOTIKH KaK JUIs TTOBLILUIEHHS BLIHOCIUBOCTY AETaleld, TaK u Juis
(hopmoobpazoBanus TOHKHX NHCTOB. [Ipu popmoobpasoBani UCTIONB3yeTC d(eKT BbIrnba-
Hus macTuH AsnMeHa «Almen strips» [4] npu obpaboTke HpoObi0 ¢ ONHON CTOPOHKI I1JIACTH-
HbL, DTOT 3G (PEKT UCTIONB3YIOT IS KOHTPONS H IIOCTPOEHUA TpaduKa H3MEHEHHS KPHBH3HEI
TUIaCTUH, KaK MOKa3aHo Ha puc. 1 u 2.

Eciu BapbHpOBATH YPOBEHB MOIBOAMMON K MaTEpHally SHEPTHHU B Pa3snuyHbIX MECTaX 00-
pabaTLIBaeMOM ITOBEPXHOCTH, MOXKHO IOJY4UTh TPebyeMyIo IIEPEMEHHYIO KPHBH3HY 1OBEpX-
nocTH. Kak yTBepikaeTcs B pekaMHoM mpocnexre 1ol hupmel «Vacu-Blast application
study 1. Shor Peening for Metals under Alternating or Fluctuating Stress», 3T0O BBIIOJHOE
CBOMCTBO MCIIONL3YETCS BO MHOTHX [IPOM3BONCTBAX, CBA3AHHBIX ¢ 00PabOTKON METAIIIHUECKHX
auctor. Gopmoobpazosanue ApodecTpyitHoit 06paboTkoii MOBEPXHOCTEH KPLUILEB MOXKET MIPU-
MEHSTBCS TIPH NIPOM3BOACTBE JIETATENbHAIX anrnaparos. [1pu 5ToM, Aaxe mpu oOpaboTKe TOMb-
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CocTtoaHue o obpaboTku CocTtosiHue nocne o6paboTku

A = const

Puc. 1. Cnocob KoHTPONs MHTEHCHBHOCTH ApobecTpyitHoil oGpaboTku «Almen strips»: f— crpena nporida
naacTHHbl npu obpaborke Apobhio € OAHOM CTOPOHBI, 4 — TMOCTOAHHOE JUIL NPOBOAHMOIO IKCMEPHMEHTA PaccTo-
SIHME, HA KOTOPOM omnpenenstor /
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Puc. 2. Tpaduk n3MeHeHHA KPHBH3HBI MNACTHHBI f MPH 06PaGOTke APOBLIO € OHOI CTOPOHBI MPH MOCTOAHHOM
YPOBHE TOABOAMMON 3HEPIMM W NepemMeHHOM BpeMeHH o0paboTkH T

KO € OJIHOH CTOPOHBI, CKMMAIOIIUE HAMNpPSKEHHS BOSHHKAIOT B MOBEPXHOCTHBIX CNOSIX C JIBYX
CTOPOH, YTO B pe3ysbTarTe yay4lIaeT yCTaloCTHbIe cBoficTBa. Kpome Toro, apobectpyiinas 06-
paboTka MOeT GBITh BBITOLHA NPH MCIPABIECHHH HCKAXKEHHON (DOPMBI OT/EBHBIX aeTaneii
WM HABEICHHH CKMMAIOIINX HAPSKEHUH BMECTO PACTATMBAIOIIMX, KOTOPBIE BO3HHKAIOT B
IIOBEPXHOCTHOM CIIOE JIETallel IToCcIe MeXaHHu4ecKkoi 06paboTKH.

KonmuuecTso NormomeHHoi MaTepuanoM SHEPruy, Ha3biBaeMoe B TepMUHAX (UPMBI «HH~
TCHCHBHOCTBIO 00pabOTKMY (peening intensiti), 3aBUCHT OT (paKTOPOB, CBA3aHHEIX C obopyno-
BaHUeM (JaBICHUE CKATOTO BO3/yXd, PasMep M MaTepuan JPOoGHHOK), a TAKKe OT BpeMeHH
KCTO3HIMK WK BPEMEHH BO3MCHCTBMA IIOTOKA APOGH Ha 0OpabaThBAEMYIO TOBEPXHOCTD.
ITpusonures npumep o6paboTky manenu camonera Fokker NV IIPH MOMOLIM ITHEBMOIpobeCT~
PYHHOM yCTaHOBKH, pa3paboTaHHON 1 MOCTpoenHol dupmoit Vacu-Blast Limited. [anens ye-

TaHABIUBAIOT Ha MtarhopMy mox yrnom 15° k Beptukamu i o6padaTsisaior Habopom comnes 3a
HECKOJIBKO ITPOXOIB C OJHON CTOPOHBI.
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Qupma Metal Improvement Company, CIIIA B pexnaMHOM npocnekte “Shot Peening
Applications. Seventh Edition” npencrasnser mporecc popmoobpazoBaHus KPyNHBIX naneseii
apobectpyiHolt 06paGoTkoii 6e3 HCMOIb30BAHMS [ITAMIIOB. | abapuTHble pasMeps! naueneit:
WHpHHa 3 M, JUTHHA 24,5 M, TONIIMHA U1 AIOMHHHEBBIX cr1asos 1,27...51 MM u 0,4...25 4 mm
— JUlsl CTAJILHEBIX CIU1aBOB. YeTaHOBKa jnst 06paboTky Takux naneneit PEENAMATIC comep-
KUT HAOOP LEHTPUYT U MO3BOISET BAPLUPOBATH KPHBH3HOI MAHENH BAOID €6 [TOBEPXHOCTH,
YYHTBIBAS! TICPEMEHHYFO TOJIIUHY H 3JIEMEHTBI JKECTKOCTH.

B [4] nonpo6uo u3noxens! uccenosanus B 06IacTH yIpaBieHus ApodecTpyiitHoii 06pa-
6otkoii. Yame Beero J{O npuMeHseTCs UIsl CO3IaHMs PaBHOMEPHOIO CIOSl CKUMAOMINX HA-
NPDKEHUH Ha IOBEPXHOCTH METAJUIOB MM BOJIM3H HEr0, YTO YBENTHYHBAET CPOK CIIY3KObI JieTa-
NEH B yCNOBHSX IHKJIMYCCKUX HAIPY30K, MPEMITCTBYS yCTANOCTHEIM paspylieHusM, C s1ol
uesnsto JlO npuMeHseTes ans TUCTOBBIX Peccop, BHHTOBBIX MPYIKHH, CalTe ek 3y0UaThIX KO-
Jiec, NIPUBOMHEIX BANIOB (TpaHCMHUCCUit), TOPCHOHHBIX CTEPXKHEH, Oceit, 06opyoBaHUS ms By-
PeHHS HETSAHBIX CKBAXKHH, CEKIHI Nepa U 3aMKOBOM UACTH JIOMATOK TYPOUH M MHOIMX npy-
THX METAIHYECKUX JIETANEH, HCIIBITBIBAIOIEX HUK/IMYECKHE HATIPIKEHHS,

Xors ynpoussowas J1O ABaseTcs Jajieko He HOBBIM MPOIECCOM, MEOTHE BOIIPOCHI, CBSI-
3aHHBIE C BO3/CHCTBHEM IIAPAMETPOB MpoIecca Ha paboune XapakTePUCTHKH METAIUIOB, 0C-
TAIOTCA OTKPBITBIMH UL NPOJOJIKAIOLIHXCS Hay YHBIX MceTenoBanult u ge6Garos. Hanpumep,
HCCIIEN0BaTENbCKHE PAOOTE! MOCIIEAHETO BPEMEHH IENAIOT YIIOp Ha 3HAYEHHE Pa3Mepa Apo-
OM ¥ HCCIEAYIOT TPANUIUOHHO AOIY IEHHYIO KOPPENSALHMI0 MENCIY MPOrHGOM MONOCKH A-
MCHA M COKUMAIOLMM OCTATOYHBIM HallpspkeHueM. Kpome Toro, jng uccneqoRaHUH HCIIONb-
30BaJIMCh METO/B! PeHTreHorpapun (audpakumy peHTTEHOBCKUX Jiyueil) ¥ paspylarommx
MEXaHHYECKUX METOMOB JUISL OUCHKH BIMsIHUS ApobecTpyHHOH 06paboTki Ha M3ydyeHHe ee
ONTHMAaJbHBIX [TAPAMETPOB.

Hecmotps Ha Goutbiuolt o0beM HCCIeOBAHUI, HAIMIO 3aMETHBIH JIe)HIUT B TeOpeTH-
HeCKuX Heenenosanusix mo J[0. OueBUaHO, 94TO 3TO CBSI3AHO CO CJIOKHOCTHIO peaKiuu 06paba-
TLIBAEMOrO MaTepuana Ha MHOrOKpaTHOe yHapHoe Bo3jelicTBHe fpobu. M, xors Moznenuposa-
HUE peaKiiMu MaTepualia Ha BO3AEHCTBHE €IMHHUYHOIO ynapa 3aTPy{HHUTESbHO, NOHMMAaHUS
npouecca eIMHHYHOrO yaapa eIe HefocTarouno, Ho kxorna uMeeT MecTo MHOTOKPATHBIH yaap,
3ajia4ya CTAHOBUTCS eule Ooee ClIoXKHOM.

K xparkomy 0630py ciiemyer no6asuts, 4To 1o npobiemam B o6nactu JO nepHorauecKy
MPOBOAATCS MEXAYHAPOAHBIE KOH(DCPEHIMH, YTO TOATBEPIKAAET aKTYaIbHOCTE [IPOBOJIUMBIX
HccliefoBa Ui,

W3 nposenentoro 0630pa CIeAyeT, YTO OCHOBHASL TPYLHOCTE PEIIEHHS 3a1a4H yIIpaBJie-
Hus nipoueccom JO 3akimoyaercs B ONpe/IeNeHHH SHEPTHH, TOMIOIAeMOl MaTepuasnoM B Ka-
AY10 eMHHULY BpeMeHH. [Ipn Beex CIoXHOCTAX nmpouecca gedopmupoBanus ApobbIo IHEPrus,
nornomaemMas MaTepHasoM, NIaBHEIM 00pasoM OTpe/IeNsieTcs CBOMCTBAMH MaTepHalla.

PacemoTpuM, mpesx/ie BCero, MPUHIKN ONPEENeHNs KPUBHU3HBI 00pa3LoB PACUETHBIM
[IyTEM OT «3TAJOHHOM KPHUBOH», 3aK/IIOYAIOIIKUNCS B TOM, YTO HCCIEI0OBAHNS HAYMHAIOT C I10-
CTPOEHHUS CTATHCTHYECKH JIOCTOBEPHOrO rpaduka U3MEHEHNS KPUBU3HB] TITACTHHE], KOTOPBIH
NPHHAMAIOT 34 «3TATOHHYIO KpHBYIO», [IPHHIMI NOCTpOEHHS TakoW KpHBOil MpHBEIEH Ha
puc. 1 1 2. DTOT STAOHHEIH rpaduK 3aTeM MOXET OBITh IPUMEHEH JJIS CHTYALWH, [P KOTO-
po# mapametpsl pexxuma J[O, K KOTOpbIM OTHECEM N@BICHHE CHKATOrO BO3ZAyXa Ha BXOIE B
COmIo, BpeMs 00paboTKH (BpeMsl IKCIIO3ULINH ), AMAMETP Ipo6H, pacxos Apobu, Matepuan ApotH,
ofpabaTbIBaeMBIif MaTepHa, BUA APOOECTpyHHON 06pabOTKH, He MEHSIOTCS, @ MEHAETCA TONBKO
JKECTKOCTB KOHCTPYKUMH oOpabareiBaemMoro obpasna. Mecnenosanne 510if curyaiau mpoBe-
JIEHO B CIIEYIOIIEM IOPSIJIKE.

[Ipoananusupyem M3BECTHOE ONPE/IENIEHNE NOTCHIHALHON SHeprun u3ruba [7]
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PaccmoTpum oTHowenue suepruu U, Kk U, Ha QBYX NIPOU3BONIBHBIX TOYKAX Ha rpaduxe
H3MEHEHHs KPHBHU3HEL
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3aBHCHMOCTS (2) yCTAHABJIUBACT CBA3b MOTEHIUANLHON dHEPrun U3ruba ¢ KPHBU3HON U
JKECTKOCTRIO TTacTH. Mexons w3 (2) v u3BecTHbIX 3Hauenuit p,,U,,U,,J,,/,, noiny4um pac-
YeTHYIO (hopMYITy [U1S KPHBU3HEI 0,

3

JIns TIOATBEPIKASHUS JOCTOBEPHOCTH MOMYYEeHHONW 3aBHCUMOCTH MU JpobecTpyHHOM
00paboTKe TIPOBEIEH SKCIEPHMEHT Ha o0pasnax TUIla cTepykHel, IpecTaBlIeHHbIX Ha puc. 1.
Crep>XHH UMENTH ONMHAKOBBEIC pasMeps! 10 MIAHE U IMHPHHE, HO II0 BBICOTE (MM TONIIMHE)
pasmepsl ObIM pa3nuuHbl. [103TOMy MpH NpOUYMX PAaBHBIX yCIOBHAX CTEPIKHE HMENH PasHyio
)KECTKOCTE B 3aBHCHMOCTH OT TONIHHEL [TomcTaBuB B (3) BMecTo OyKkBEeHHBIX 0003HAYEeHUH
MOMEHTOB MHEPIUHK J |, J, HX aHATUTHYECKHE BRIPOKEHUA JUTH TIPAMOYTOJILHOTO ceueHus [7] u
BBIPA3MB KPUBU3HY CTEPIKHEH yepes crpelty nporubda f, npusesem (3) x Bumy, 6onee ynodHoMY
IUISL TPAKTHYECKUX PACUYETOB,

4)

Jinst SKCIepUMEHTa IPUMEHMIH JIBA CTEPKHS pasmepoM 150x20 X [/ MM u3 aliOMHHHe-
BOTO CILIaBa, MMEBIIEro Moy b ynpyroctd E = 80 I'Tla u npesien TekyuecTH 6, =320 MIa. B
9THX YCIOBHSX XKECTKOCTh CTEp)KHEH ompenernseTcss ux TomuuHod H. g uccnegoBaHuh
npuMennIr obpasuet ¢ ' =4,125 u 5,375 mm. Crepyxan 6pum 06paboTass! CTANIBHOR APOOEIO
IIPU TEX XKE YCIOBHUAX, Kak 3TO omnucano B [1—3]. g Bcex crepiHed OBLIM NPUMEHEHE
OZMHAKOBBIE NapaMeTprl pexxuMa o6padotku P = 0,2 MIla, T = var, 94T00BI BEISBUTE «B YHCTOM
BUJIE» BIMSHUE YKECTKOCTH CTEPXKHEN HAa UX KPUBHU3HY, BOSHUKAIOLIYIO 110J( JIEHCTBHEM Apobe-
cTpy#inod obpaboTKyl MpH MOCTOAHHOM YPOBHE [TOABOZMMON APOOBI0 SHEPrUU. Benmuunubl
SHEPIUH IIACTHYECKOM I M ynpyrou 3),“ nedopmaruu Mo HalIEHHBIM 3KCIIEPHMEHTATEHO
3HAYEHUAM ITPOrHOO0B f OBLIM paccuUTaHEl IPY TOMOUIM nporpammel [5]. PesynsraTe! usmepe-
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HHH SKCMIEPUMEHTANILHEIX 3HAUEHHH POrUOOB H pacyeToB CBEIeHb! B TabyI. | ¥ IpecTaBIeHE!
Ha pHc. 3.

W3 nanneix Tabit. 1 ciemyer, 4To criocoGHOCTh MaTepyana MomIOIATh SHEPTHIO He ABIIIETCS
KOHCTAHTOM Marepuajia i 3aBHCHT HE TOJILKO OT (hU3UKO-MEXAHMYECKHX CBOMCTR MaTepuana, Ho
W OT TOMUMHBI 06pasua, 4T0 JUls HALIErO CIy4as O3HAYAET YBENHYEHHE HKECTKOCTH 06pasia.
OnpezienuTs 9TOT MApaMETP B HACTOSIILEE BPEMS IPEICTABISETCS BO3MOXKHBIM TOJIBKO SKCIIEPH-
MEHTAJILHO JUIs KaJKJ0Tr0 KOHKPETHOrO cityyast oTaeabHO. IloaTomMy nouck obiuedt 3akoHoOMEpHO-
CTH 110 ONPE/IENIEHHIO 3TOT0 MapaMeTpa JUIl pasSIiuHbIX MATEPHAJIOB OCTAETCS AKTYATIBHLIM.

Kpome Toro, xax rokasbiBaeT NpOBEICHHBIN IKCIIEPUMEHT, JJOCTATOUHO ONPEAEIHTE 3TOT
napameTp Xots Obl V1Sl OJIHOM TOYKH Ha paCCUMTHIBAEMBIX KPUBBIX poruba. Hampumep, momy-
YUTh CTATHCTHYECKH JOCTOBEPHBIE 3HAYEHMs MPOrubOB mMpy BpeMeHH Bo3zjeicTeys 10 ¢ Ha
obpasuax tonmuo# H = 7,645 u 4,125 mm.

[Tonobusle ueeneoBaHus JUIst [aHeNeH NepeMeHHON KECTKOCTH XOTS U TpebyloT 1omo-
HUTEJILHOIO KOJNW4eCcTBa 00pa3lioB id NOCTPOEHUs KPHUBLIX U3MEHEHUs [IPOruOoB 1/ Beex
3HAYEHHIT KECTKOCTH, HMCIOIINXCSI Ha TIAHENH, HO IIPUBOMAT K HAJCKHEIM pEe3ysETaTaM.

Oxanaxo uesiecoobpa3Ho BBIACHUTH, MOXKHO JIH M30exaTh NogoOHEIX 3aTpaT. st 3Toro
MPOBEJEM JIOTIOJIHHTEIBHBIE TEOPETUUECKUE HCCIIEI0BAHHS IPU YCIIOBUH, YTO CTEPIKHH C pas-
JIMYHON JKEeCTKOCTBIO 00paboTaHbl HA OJHOM U TOM K€ SHEPreTUYeCKOM ypoBHE pexnma J1O.
3aBUCHMOCTS (4) CONEPIKHUT JBE HEU3BECTHBIX BEJIMYMHBI H MO3TOMY ainrebandecky Hepaspe-
unima. Urtobwl oHa cTana paspemma, paccMOTpuM cnydait, korna f, = f,. Jlng vccrnenoBaHuit
NpHMEHIUTH 00pasiibl, BBITOIHEHHBIE B BUJIE CTEPXKHEH NPAMOYTOJILHOrO CEYEHHs PasMepoM
150%20xH MM, H3rOTOBJIEHHBIE U3 OJTHOTO M TOTO YK€ AJIFOMUHHEBOr0 CIITaBa. Belio UCIIONLE30-
BaHO JBa Buza obpasuos ¢ /1= 5375 u 7,645 mm. Ha puc. 3 npusenen npumep rpauios
H3MEHEHHS KPUBHM3HBI TUIACTHH C )KCCTKOCTBIO = 7,647 1 5,375 MM 06paboTaHHBIX HA PENKH-
Me JIO ¢ 0IMHAKOBLIM YHEPreTHYECKOM YPOBHEM.

f, MM
0,400
H=5,375 MM
,..-_..‘-"’—"\’_'_._—_‘
0,250 P
& -
/ f1“ f2
/
0,125 P —
.-r-"'-.- }
'/ f 9 . H=7,647TMMm f2
/ y

10 20 30 45 t, C

Puc. 3. Fpaguky n3MeHEHHA KPUBH3HBLI CTEPKHE( NPAMOYroNbHOrO CEHEHUA Pa3AMYHON JKECTKOCTH MPH MOCTOSH-
HOM JHepreTHueckoM yposHe pexxuma O

3aBHCHMOCTD (4) JULsl 9THX ciyyaeB mpeobpasyercs B (5)




40 Hzsecmus eyzo6. MALITHHOCTPOEHHE

Ne 4 2006

OTKYIa IIoJiyyaeMm

3
U, =0, (ﬂ) . (5)
HI

Teneps sanasa onpeneneHus KpHBH3HEL CTEpXKHEH, OGNANAIOLINX PASIUIHON HKECTKOC-
TBIO, HO 0BpabOTaHHBIX HA PEXUME C OJHHM U TEM XKe IHEPTeTHIECKHM YPOBHEM, peliaeTcs
yTeM OnpeZeNeHHst SHEPrUH NPOMOPIHOHANBHOM OTEHIMANBHOH dHeprun u3ruba npH ye-
JIOBMH IONYYCHUS PABHON KPUBM3HEI JUIS CTEPIKHEN C Pa3THMYHON KECTKOCTRIO OTHOCHTEIBHO
«3TAJIOHHOM KpUBOMY.

JU151 OUEHKH JOCTOBEPHOCTH 3aBHCHMOCTH (S) HCIIOIB30BANH nporpammy [6] u paccuu-

TaJIM IHAYCHHU Y anepmﬁ LJIST ClTydaeB, IMMOKa3aHHLBIX HAa pHC. 1
f,=0,115, H, = 5,375, U, = 0,0003487545,
£,=0,115, H, = 7,648, U= 0,0010059.
Tabmuya 1

Kpususna crepaueii u pacnpepenenue SHEPruu Mo oHLEMy CTepIKHEH B 3ABHCHMOCTH
OT MX JKECTKOCTH

T,c forens S, Byh,a fpfli:lh H,
MM MIla Mlla MM MM
10 0,21 0,32012 0,001167 —
20 0,26 0,335258 | 0,001792 —
30 0,28 0,34156 0,002083 — 5,375
60 0,29 0,344702 | 0,002236 —
90 0,30 0,34781 0,002394 —
10 0,08 0,4143627 | 0,000485 0,07975
20 0,1 0,4263882 | 0,000759 0,09969
30 0,11 0,432493 | 0,0009197 | 0,1096 7,648
60 0,115 0,43556 0,001006 0,1146
90 0,117 0,43679 | 0,0010415 0,117

ITposepsiem o dopmyne (15) s f= 0,115

0,0003487545 ’ ?
U, _0,000348754 =0,34671, |Ha | _[ 3375 =0,34713.
U, 0,0010059 H, 7,648

OTKIOHEHHE BBIMHCIEHHBIX BEHYHH OTHOCHTEIHHOMN OHEPIMH M YKECTKOCTH HE MPEBLI-
maet 0,12 %. [Tostomy 1o pesynsraram IKCIICPUMEHTANIBHBIX HCCIICHOBAHHIM MOXHO 3aKITO-
YT, 4TO (POpMyNa (5) IPaBUIBHO OTPAXKAET PeaNbHEI MEXAHIIM ne(OopMHUPOBAHHS TIPH JIPO-
6ecTpyitnoit o6paGoTke.
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ANTOpHTM HCIONBL3YET OAIIPOrPaMMY, B KOTOPOH KPUBH3HA ABIISIETCA (DyHKLIHEH OT qBYyX
(haxTOpOB: KECTKOCTH 00pasla i KOJIMYECTBA IOMIOMEHHOH SHEPTHH. |

Ha puc. 4 nokasano 1efcTBHE anroput™a, KOTOPKIit HAXOAUT TAKO pexcam J1O, mpu nomoru
KOTOPOTO KpHBH3HA obpasua ¢ H = 5,375 mm Oyner Taxoit ke, kak W y obpasua ¢
H=7.645 MM. B JlaHHOM Clyyae YHEpPreTHYCCKUH YPOBEHD PEXUMA CHIKEH Iy TEM YMEHBLICHUS

f’ MM BapbuposaHue sHepreTH4EckUM yposHemM PEXUMOB NPW yNpaeneHuu KpUBUIHON
0 '400 CTePXKHEN G Pa3NWUHHON KECTKOCThIO
H=5,375 MM f2=0,29
i e P=07
0,250 - " = 0,2 M oM
~
/
0125 // P P= O.p_Q'_Mﬂa P =0,2 MMa
! #" H=7645 f1=0,115
|~
10 20 30 45 t, c

Piic. 4. BbipaBHisatie KpHBU3HbLI CTEPKHEN ¢ PAHYHON KECTKOCTBIO MYTEM U3MEHEHHS IHEPTETHUYECKOTO
yposHa pexnma JJO

—_—— — - — 1

Puc. 5. Kouerpykuums nadent, cHadkenHas pedpamMu nepeMeHHON KeCTKOCTH

MoTok apobu

30HBI XEeCTKOCTH

Pebpa wecTKocTH

Puc. 6 Cxema oGpaboTki naHesu repeMeHHOH *KECTKOCTH
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Puc. 7 Cxema uamepeHus kpuBu3Hel naneny nocne JO

Aasienus ¢xaroro Bozyxa c 0,2 o 0,09 MITa, uto oGecneuuBaeT Hy kY10 KPHBH3HY. AHAJIOMHY-
HBIC PE3YMETATRI [I0JIyYEHBI NPH TIOBEILICHHH SHEPreTHdeckoro yposts JO NpH yBeTuyeHuH 1aB-
nenus cxaroro Bosayxa ¢ 0,2 o 0,78 MITa. Otxnonenue OKCIICPUMEHTAIILHBIX 3HAYEHUH TIPOTH-
0OB OT pacCHMTAHHEIX ANTOPUTMOM ISl 0BOMX CIIyYaeB He npeBsicuio 7 %.

Bricoxas HamexHOCTh paGoThl Beex (byHKUHH anropuT™Ma MO3BONMIA NepelTn K paspa-
O0TKe TEXHOJIOTHY IIPHAAHUS] KDUBHIHE] TAHEH nepeMeHHON )ecTkocTH. [Tanens 6p11a U3r0-
TOBJICHA H3 AMOMHHHEBOTO CILTaBa i MMeNa pebpa XKeCTKOCTH ¢ PasIHYHON POYHOCTHIO, KAK
1oKas3aHo Ha puc. 5.

YT06b1 IPOBEPHTEH HANEKHOCT PABGOTEL QIrOpPHTMa, OBUIO PENIEHO NPUAATE IAHENH ce-
pudeckyio hopmy apobecTpyitHoii 06paboTKOiH.

Cremyer 3aMeTuTh, 4To 06ECIeUnTE chepuyeckyio GopMy TMaHETH TaKoi KOHCTPYKIIHH,
NPAMCHSS TPATHLHOHHEBIC METOIbI 00pabOTKK METAIIOB aBIEHHEM, HEBO3MOKHO.

Ha rmanenu BbIneauan Tpu 30HBI JKECTKOCTH. JJist xeok 104 B3 3THX 30H ANTOPUTM OTIpejie-
T pesuM 06paboTKe ¢ COOTBETCTBYIONIMM SHEPrETHYE CKUM YPOBHEM H BpeMeHeM 00paboT-
ki, Cxema o6paboTKy MaHeNH IpecTaBiena Ha pHc. 6.

Tabruya 2

Pe3ynbTaTbl u3Mepennst KPUBH3HEI NAHENH NEPEMEHHON KeCTKOCTH

Ceuenue Pamuyc xpususnel mo kaxnomy | Otknonenue CpPEeIHErO
CeueHHIo R, MM pamuyca Rep. ot
panuyca cedeHus B %
4-0-1 11602 Cpennuit 0,2
pajuyc
2-0-3 12329 KPHBHA3HEI 6,5
Rep=11576
A-0-C 10845 6,7
B-0-D 11528 0,4
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KpuBu3Hy MaHemu 10 U nocie 06paboTky H3MEPSUIM Ha IUIOCKOH [OBEPXHOCTH MaHENH B
4eThIPEX CEUEHUAX M BOCHMH KOHTPOJIbHBIX TOYKAaX OTHOCHTENBHO TOUYKH 0, pacrionioieHHOH B
reOMETPHYECKOM NIEHTpPE MOBEPXHOCTH (pHC. 7). [lo 06paboTki BCe KOHTPOJIbHBIE TOUKH ObLTH
pacIoNoKeHbl Ha 0qHOM ypoBHE ¢ Toukoit 0, ITocne 06paboTki KOHTPONBHBIE TOUKH CMECTH-
nueTh Hke Toyky 0. BelIMUuHy CMEILIeHHs KaXIO0H TOYKU M3MEPSUIX, & KPUBU3HY TNAHENH B
Ka)KJIOM CEUEHHH OTIPEeNISIIH 110 TPeM TO4KaM, 00pasyollUM IyTy COOTBETCTBYFOILETO pagny-
ca. PesyneraTel usmMepenuit cBeeHb! B Tadi. 2.

BriBoasbl

Kax Bu1HO 13 TabJ1. 2, OTKJIOHEHHE OT C(hepHUHOCTH Naneny He npeseicuiio 7 %. Oxnaxo
MONyUYEHHAs TOYHOCTh HE SBNSETCS MPECTIbHON JUTs airopuT™Ma.

3aTpathl Ha UCCIIEN0BATENIBCKYIO pabOTy M MOArOTOBKY W3MENHit K TPOU3BOJCTBY MPU KC-
MONL30BAHHK aJITOPHTMa 3HAYMTEEHO COKPAILAIOTCS.

OueBHIHO, YTO BO3SMOYKHOCTH AJITOPUTMa PAaCKPhIThI HE ITOJHOCTBIO W HCCIIEOBAHHMS 110
TOBBIIEHUIO €r0 3(h(GEKTHBHOCTH U PACIIMPEHHIO €r0 BO3MOKHOCTEH TPONOIIKAIOTCH.
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