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NCCIEJOBAHUME HANIPA)KEHHO-IE®@OPMHUPOBAHHOI'O COCTOAHUA
N ®OPMOUM3MEHEHMUSA TP KOMBUHUPOBAHHOM PA/IUAJIBHO-TIPAAMOM
BbIIABJINBAHUUN

Aauena JI.U., T'onuapyk K.B., Jlebens B. T., Taran JI.B.

[ToBpIlIEHNE MPAKTUYECKOTO UCIIOIB30BAaHUS HAYUHBIX PE3YJIbTATOB SIBJISIETCSI OJJHUM U3 OC-
HOBHBIX HAIpaBJICHUN B PAa3BUTUH METAJUIypPTUU M MalIMHOCTpoeHUs. Baxueilmmm QaxtopoMm B
pELICHUH TEXHOJOTMYECKHX 3a/lad SBJsieTCsl pa3paboTKa HOBBIX MPOLIECCOB, MO3BOJSIONUIUX TMOTY-
4yaTh U3/1€TUs BBICOKOTO KaueCcTBa C 3a/1aHHBIMH 3KCILTyaTallMOHHBIMU CBOMCTBamMU. B cBs3u ¢ 3TUM
HE0OXOIMMO TaK)Ke HETPEPHIBHOE YIIyUIIEHUE TPAAULMOHHBIX MPOILIECCOB XOJIOIHOTO BBIIABIMBA-
HUS U TIEpeX0]] OT IPOCTHIX 0a30BBIX MPOLIECCOB K O0JIee CIOKHBIM — KOMOMHUPOBAHHOE M COBMeE-
IIeHHOe BhIAaBnuBaHue. OHa U3 MPOOIIeM MpH pacuéTe TEXHOJIOTUIECKOTo Imporecca KOMOUHUPO-
BAaHHOTO BBIIaBIUBAHUS — 3TO OTCYTCTBHE PEKOMEHIAIIHI IO OMpeIeICHUIO YHEPTOCUIIOBBIX Tapa-
METpOB Mpoliecca. TakuMu (pakTopamu, KOTOpbIEe 3HAYUTENBHO BIMSIOT Ha YCUJIME Mpoliecca, sSB-
JSIFOTCS HANPSHKEHHO-Ie(OPMHUPOBAHHOE COCTOSHUE U (hOpMOM3MEHEHHe Tporiecca. Llenbio nanHon
paboThl SBISETCS aHAINU3 HAMPSIKEHHO-AEPOPMHUPOBAHHOTO COCTOSHUS U (POPMOU3MEHEHHS Ha
SHEPrOCUIIOBBIE MTAPAMETPHI Mpoliecca KOMOMHUPOBAHHOTO BbiAaBiuBaHus. C HCIOIb30BaHUEM Me-
TOJa KOHEYHBIX 3JIEMEHTOB OBUI MOJyYeH MACCHB JAHHBIX, KOTOPBHIA MO3BOJMI OLEHHUTH HArps-
KEHHO-Ae(POPMUPOBAHHOE COCTOSIHUE U OMUCATh (POPMOU3IMEHEHHE IETAIIH.

[TigBuIIeHHS] MPAKTUYHOTO BUKOPUCTAHHS HAYKOBUX PE3YyJibTATiB € OAHHM 3 OCHOBHUX
HampsIMKiB 'y PO3BUTKY METAIyprii Ta wMammHOOyayBaHHs. HaliBaxxnuimuM QakrtopoMm y
BUPIIIEHH] TEXHOJOTIYHUX 3aBAaHb € po3p0o0Ka HOBUX MPOLECIB, IO JO3BOJSAIOTH OTPUMYBATH BU-
pOOU BHCOKOI SIKOCTI 3 3aJJaHUMU €KCILTyaTalliiHUMU BIACTUBOCTSAMU. Y 3B'A3KYy 3 UM HEOOXiTHO
TaK caMO HEyXWJIbHE TOJIMIIECHHS TPATUIIHHUX MPOIIECIB XOJIOAHOTO BUIABIIIOBAHHS 1 TIEPEXiT Bif
MPOCTUX 0a30BUX MPOIIECIB 10 OLIBII CKIAHUM — KOMOIHOBaHE 1 moeHaHe BuaaBmoBaHHsA. OnHa 3
mpo0JieM MpH PO3PaxyHKY TEXHOJIOTIYHOTO Mpolecy KOMOIHOBAHOTO BHIABIIOBAHHS — 1€ Bif-
CYTHICTh PEKOMEHJAIlIN 11010 BU3HAYCHHSI €HEPTOCUJIOBUX MapaMeTpiB mporecy. Takumu ¢akro-
pamH, SIKi 3HAYHO BIUIMBAIOTH Ha 3YCWJUIS MPOLECY, € HANpyKeHO-1e(opMOBaHUH cTaH 1 (hopmMo3-
MiHa mpoliecy. MeToro 1aHoi poOOTH € aHalli3 HaMpyKeHO-AePOPMOBAHOTO CTaHy Ta (POPMO3MIHH
Ha €HEeprocuJIOBl MapaMeTpu Npolecy KOMOIHOBAHOTO BUAABIIIOBAHHS. 3 BUKOPUCTAHHSIM METOILY
CKIHUYECHHUX €JIEMEHTIB OyB OTpPHUMAaHUN MacUB JaHUX, SKUH [T03BOJIUB OI[IHUTH HAIPYKEHO-
nedopMoBaHUii cTaH 1 onucatu GOpMO3MIHY JIETai.

Increasing practical use of research results is one of the main directions in the development of
metallurgy and machine building. The most important factor in solving the technological problemsis
the development of new processes to obtain high-quality products with desired performance charac-
terigtics. In thisregard, it is hecessary as the continuous improvement of the traditional cold extrusion
process and the transition from ssimple basic to more complex processes - combined and combined
extrusion. One of the problems in the calculation of the combined extrusion process is the lack of rec-
ommendations for the definition of energy-power parameters of the process. These factors, which sig-
nificantly influence the process of stress, are the stress-strain state and forming process. The purpose
of this paper is to analyze the stress-strain state and forming on the energy-power parameters of the
process of combined extrusion. By using the finite element method was obtained by an array of data
that allowed us to estimate the stress-strain state and describe the deformation of the part.
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NCCIEJOBAHUME HAIIPS)KEHHO-IE®@OPMHUPOBAHHOI'O COCTOAHUA
N ®OPMOU3SMEHEHUWSA NTPU KOMBUHUPOBAHHOM PA/IUAJIBHO-
IMPAMOM BbIIABJIMBAHUU

Pa3BuTre Hayku TeCHbIM 0Opa30oM CBS3aHO C MOBBIIIEHHEM MPAKTHYECKOTO UCIIOJIb30BAHUS
€€ pe3yJIbTaTOB B MPOMBIIUIEHHOCTH. BaxkHelnum (pakTopoM B pelIeHHH TEXHOJOTHYECKUX 3a7au
SIBJIICTCSL pa3paboTKa HOBBIX MPOIECCOB, MO3BOJISIFOIIMX MOMYYaTh MU3JIEIHs BRICOKOTO KayecTBa C
3a/IaHHBIMU 3KCIUTYaTallMOHHBIMU CBOMCTBAMH U C HAUMEHBIIIMMH 3aTpaTaMU HAa UX MPOU3BOJICTBO.
B cBsi3u ¢ 3TUM HEOOXOIMMO Tak)Ke HEMPEPHIBHOE YIIyYIlIEHHE TPAAUIIMOHHBIX MPOIIECCOB XOJIOA-
HOT'O BbIJIaBJIUBAHUS U MEPEXO/ OT MPOCTHIX 0A30BBIX MPOLECCOB K 00Jiee CIOMKHBIM — KOMOMHHUPO-
BaHHOE M COBMEIIICHHOE BhIAaBnuBanue [1, 2].

OnHUM U3 MPOTPECCUBHBIX PECypcocOeperamImx METOA0B MOTYUYEHUs U3/IeITUiA BEICOKOTO
KauecTBa SBISETCS XOJOAHAS 00beMHas mTammnoBka. [Ipu xonoaHoN 00bEMHOM I TAMIOBKE JOCTH-
raercs. AeQOopMaIIOHHOE YNPOUYEHHUE, OTCYTCTBUE HAAPE30B, MOSBISETCS HANPABICHHOCTH BOJIO-
KOH BJI0JIb KOH(UTYpaluy MITAMIIOBAHHOM 3arOTOBKH, YJIyYIIAETCs MUKPOT€OMETPUs, YBEIUUHBa-
eTcst K03 (UIMEHT UCIOIB30BaHUs MeTayia (M0 CpaBHCHHIO ¢ 00pabOTKOM pe3aHHEM, JTUThEM U
ropsiyeii ITaMIIOBKOH).

Ha coBpemenHOM 3Tane pa3BUTHSL BBIYUCIUTEILHON TEXHUKHU CTAJI0 BO3MOXKHBIM MPUMEHE-
HUC HAYKOCMKHX MATEMAaTHYECKUX MOJEJCH ¥ METOIOB (METOJ KOHCUHBIX JICMEHTOB), MO3BOJIS-
IOIUX B JIOBOJIbHO KOPOTKHE CPOKH MOTYyYUTh MPUOIMKEHHbIE KAPTUHBI IO3TAIMHOTO opMou3Me-
HCHUS M HanpsbKeHHO-IedopmupoBanHoro cocrosuust [3, 4]. Jlins aHamu3a HampsHKEHHO-
ne(OPMUPOBAHHOTO COCTOSIHHS TIPH KOMOMHHPOBAHHOM PaIMATBHO-TIPSIMOM BBIJIABJIMBAHUM JIETA-
Jeit ¢ prmaHIeM B OCEBBIM OTPOCTKOM METOAOM KOHEYHBIX JJIEMEHTOB UCIOIB30BAJICS MPOTPaMM-
Heii ipoxykT QForm 2D [5, 6].

[enbto naHHON pabOTHI SABJISIETCS ONMKUCAHUE HAMPSKEHHO-1e(hOPMUPOBAHHOTO COCTOSIHUS U
(hopmMon3MeHeHUs 3aTOTOBKH MPY PaJHAIBHO-TIPSIMOM BBIIaBIIMBaHUU Ha ocHOBe MKD.

['panuvHbIE yCIIOBUS JUISI OCECHMMETPHYHOW 3aJaud OBLTU 33JaHbl B CIICIYIOIIEM BHUJIC:
YOPOYHEHHUE  AJTIOMHUHHUEBOTO matepuana  AJI31  omumcanHo KpUBOW  yIPOYHEHUS

o =191.55-€%?2M[1a ; NIOTHOCTE MaTepUaoB 2800 k2 / m°; CKOPOCTh aepopmuposanus 0,25¢ 2,

Moaynb FOnra 71000 MIla; koaddunment Ilyaccona 0,3; koaddunueHT tpenus no JleBaHOBY
4, =016, CKOPOCTh TlepeMelIeHHs] HHCTpYMeHTa 1 MM/¢; HHCTPYMEHT aOCOIOTHO JKECTKHUM.

[To pesynbraram pacueroB MKD nosydeH MacCMB MaTeMaTHUECKUX YKCIIEPUMEHTOB B BHJIE
noseit nepopmaruii (puc. 1) u Hanpspkenuit (puc. 2).

B cooTBeTcTBUH ¢ MPOBEICHHBIM MOJICIHPOBAHUEM, OBUIO YCTAHOBJICHO, YTO odar jaedop-
MaluHl COCPEIOTOYCH Ha MEPEXOIHBIX KPOMKaX Je(GOopMHpPYIOMEro HHCTpyMeHTa (IOJIyMaTpHuil);
MaKCHUMaJIbHbIE 3HAYEHHS JIorapumuueckon aedopmaru HaxousaTces B npenenax 82%—85%. Uc-
Ka)KCHUE JICTTUTEIILHON CETKH MOKa3bIBAaCT OTCYTCTBUE MOSBICHUI Ne(EKTOB B 3aroToBKe [4].

Pacrnipenenenue conporusnenus nedopmanuu mno xony AehOpMUPOBAHHUS MOKA3BIBACT, YTO
MaKCUMaJIbHbIC 3HAUYCHHsI HANPSDKECHUH COCPEAOTAYMBAIOTCS HEMOCPEACTBEHHO B ouare Jedopma-
UM, a TaKke BO Quianie u nepudepuiiHoi yactu orpoctka. CorjacHO HaOMIOAEHUSIM [ 7] MOYKHO
ClieNaTh BBIBOJI, YTO IO JTMHUH, IPOXOSIICH OT KPOMKH BEPXHEH MOJTyMaTPHUIbI K KPOMKE BEpXHEH
MOJyMAaTPHLBI HAOIIOJAETCS COCPEOTOYCHUE MAKCUMAIIbHBIX HANPSKEHHH.
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Puc. 1. Pacnpenenenue 3HaueHU creneHu aedopMaluu Mpy Mo3TamHOM Je(OPMHUPOBAHUHT
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Puc. 2. Pacnipenenenue conpotusieHus aedopmanun (a) ¥ CPeIHEro THAPOCTATUUECKOTO
HanpspkeHus (0) o xoay aehopMUpoBaHHs 3aroTOBKY [uist MaTepuana AJ[31
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[TosTomy, 3Ta oOmacTe TpebyeT AaibHEHIIMX HccienoBaHuii. Kpome Toro, meHTpagbHas
4acTh OTPOCTKA OCTAETCsl HE MPOPAOOTAaHHOM, YTO SABJISETCS 3HAYUTENbHBIM HEJIOCTATKOM IPHU JKC-
HJIyaTaIII/II/I TOTOBBIX aeTaneﬁ.

Jlig aHanu3a SHEProCUJIOBBIX IMapamMeTpOB KOMOWHUPOBAHHOTO PaJMaIbHO-MIPSIMOTO BbI-
JaBJINBAHUA HOCTpOGHBI rpa(bm(n 3aBUCHUMOCTH YCI/IJ'II/ISI BbIJaBJINBAHUSA B 3aBUCUMOCTHU OT pa3n1/1q-
HOM BBICOTHI ()IaHIIA MTPU CTAIMOHAPHOM pajgnyce OTpocTKa (puc. 3, a) ¥ OT paguyca OTPOCTKA MPH
mocTostHHOM (hiaHiie o xoay mporecca (puc. 3, 0).

P.xH |t B
350 300
300 i e —1
d 250 i -
250 Lt
200 s ——h=3u 150 A~
150 ; ~Th= 5 e ) /é i =#=Ro=5Mm
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; Ro=73u 50 & =Ro=0 MM
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Puc. 3. I3menenue ycunus paauaibHO-IPSMOTO BBIAABIUBAHMS IPU pa3HON BhICOTE (hiIaH-
1a (a) 1 pasHoM paamnyce oTpocTka (0)

Jlist 00pabOTKM CTaTUCTHYECKUX JAHHBIX MPUMEHEH MaTeMaTHUECKUH arapar MiaHupOBa-
HUS 3KcriepuMenTa [ 2, 8].

B pesynbraTe muiaHUpOBaHMS SKCIIEPUMEHTA OKHIAETCS MOJYYUTh 3aBUCHMOCTH DHEPTOCH-
JIOBBIX TIAPAaMETPOB BBIIABIMBAHUS OT TEOMETPHUECKUX MapaMeTpOB (OTHOCHTENIBbHAS BBICOTA
¢nanna h=h/R,, OTHOCUTENBHBIH pauyc OTPOCTKA R, = R,/R, U OTHOCUTEILHBIH paauyc 3aKpyr-

nennst Matpuisl R=R/R, ,rae R, =14Mm ).
VpaBHEHHUE PErPECCUH MPEICTABIEHO (GOPMYIION:

h-0.33 R,—-05 R-0.14
Y(hR,,R) =b, +b - +b, - +b, ———+
(hRo. Ry =By +Dy 013 * 016 b, 0.07
(b, - h—0.33' R,-0.5 +[b13 _ h—0.33_ R—O.l4)+
0.13 0.16 0.13 0.07 (1)
2 2 2
+[b,- R, —0.5_ R-0.14 b, (h—O.BBj ‘b, - R,—05 ‘b, _(R—O.14j
0.16 0.07 0.13 0.16 0.07 .
KoadduimenTs! perpeccMOHHOTO YpaBHEHUS OMPE/IEIICHBI IS TaHHOM cxeMbl B Tabm. 1.
Tadmuua 1

KoadhdunmeHTs perpecCHOHHOTO YpaBHEHHS

b0 bl b2 b3 b12 b13 b23 | b1l | b22 b33
P 1.64 -0.09 0.3 -007 | 003 | 005 | -0.05 | 0.01 | -0.04 0.06

Y/

~Pe | 0701 | 0.086 | 016 |-0.013 | -0.017 | 0.0005 | 0.0005 -0.021 | 0.000375

VZ ' 0.03
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C HCIIOJIb30BaHMEM METOJMKH TUIAHUPOBAHUS SKCIIEPUMEHTA IMPU ITOMOIIM IPOTPaAMMBI
MathCAD 6butn mosy4eHsl 3aBUCHMOCTH TPUBECHHOTO TaBJIcHHs BblAaBauBanus (puc. 4) ot Ba-
PBUPYEMBIX BEITHYHUH.

P
1.7
1.6
1.5
1.4
1.3
1.2
1.1 = . =
0.15 0.2 0.25 0.3 0.35 0.4 0.45 h 03 035 04 045 0.5 055 06 0.65 Ro
a §)
p
1.9
1.8
1.7
1.6

1.5 =
0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 R

B
Puc. 4. I'padyik 3aBUCHMOCTH TPUBEICHHOTO JaBJIECHHS OTHOCHTEIBLHON BBICOTHI (hiiaH-
11a (a), OT OTHOCHTEIILHOTO pajryca OTpocTKa (0), OT OTHOCHUTEIBHOIO pajnyca 3aKpyIrJICHUS MaT-

puusi (8)  (h=0.20=3mm, h=033=5mm, h=046=7mm, Ry=0.34=5mm,
Rp=0.50=7mm, Ry=0.66=9Mm)

CHmKeHue XapaKTePUCTUK SHEPrOCHIIOBBIX IAPaMETPOB MPH W3MEHEHHH OTHOCHTEIHHOMN
BBICOTHI (panna h HaGmomaercs Ha puc. 4, a. [Toq0GHBIN XapakTep U3MEHEHHs 3HAYEHUH HaOII0-
JlaeTcsl 3a CYET YMEHBUICHHUs cTeneHu aedopmannu Bo ¢uianue. [Ipy n3aMeHeHH OTHOCHUTENIBHOTO
pammyca orpoctka Ry (puc. 4, 06) nmpuBeneHHOE JaBieHHE BO3pacTaeT C YBEIMYCHUEM JaHHOTO Ia-
pameTpa. DTO CBSI3aHO C M3MEHEHUEM HAIPSHKEHHOIO COCTOSIHMSI NP MPSIMOM BbIJIaBJIMBAHUU.
Taxke yBeIM4MBaETCs KOHTAKTHAS [IOBEPXHOCTh TPEHMS C HYXKHEU I10JyMaTPULICH.

W3 rpadukos, npuBeeHHbIX Ha puc. 4 B, BUJHO, YTO MPUBEICHHOE JaBJICHHUE C YBEIUUCHU-
€M OTHOCHTEIILHOTO paryca 3aKpyriieHus Marpulibl R mamaer. 1o CBsI3aHO ¢ MOSBICHUEM ILIaB-
HOTO TEYeHUs MaTepuia. Takke Mpu HaIUMYUK OOJIBIIETO pajnyca 3aKpyIJIEHUS CHUXKAeTCs KOH-
HEHTpaIHs HAPSHKCHUH B MECTE H3MEHEHUS TIONEPEYHOTO CEUCHUSI.
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UccnenoBanue ¢popMorM3MeHEHUs TP KOMOMHUPOBAHHOM PaJIHMAIbHO-TIPSIMOM BBIJIaBIIMBa-
HHUH ¢ ucnoab3oBannemM MKD.

Ha6op nomy4eHHbIX JaHHBIX TTpH MozerupoBanne MKD ¢ ucnonp30BaHUEM ITTAaHUPOBAHUS
AKCTIIEPUMEHTA TTO3BOJISIOT MPOAHATU3UPOBATh (HOPMOU3ZMEHEHNE 3arOTOBKHU IMPH Pa3HBIX IeOMET-
pPUYECKUX pa3Mepax.

[Ipy U3MeHEeHHH OTHOCUTENIbHOI BBICOTHI (pIaHIla OT h=0.20 mo h=0.46 pU IPYTHX
PaBHBIX TEOMETPUUECKHUX MapaMeTpax HaOlto1aeTcsl MPUPOCTaHne 00bEMa MeTallia BO (praHIEeBOi
30He. COOTBETCTBEHHO JIMHEHHBIE pa3Mephl JUIMHBI OTPOCTKA COKpamiaroTcs. M3ameHneHue paauyca

otpoctka ot Ry =0.34 1o R, =0.66 yBennuuBaer 00bEM MeTa/ia BHITEKAEMOTO B MPOJOIEHOM

HaTpaBJICHUU BBIaBIUBaHUs. [Ipy UCCIIeIOBaHUH BIIMSHUS painyca 3aKpyTJICHHUs HIDKHEH MaTpu-
LBl B Mpeaenax R = 0.07...0.21 He mMOKa3bIBaeT 3HAYUTEIHLHOTO W3MEHEHHS JIMHEHHBIX pa3mepoB
oty pabpukara.

Jliis Gosiee METANILHOTO OMHMCAHUS MPUPOCTA JTMHEHHBIX Pa3MEpPOB 3arOTOBKH M OOBEMHBIX
ee vacteil mocTpoeHsl rpaduku GopMOU3MeHEeHUs Moy dadprKaTa ¢ COOTHOIICHUEM HayabHBIX

pasmepos H, /D, =15 (puc. 5-6).
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Puc. 5. [lpupoct nuHeiHbIX pa3mepoB (a) u 00beMOoB (0) MpH paanaIbHO-MPSMOM BbIaBIIH-
BaHUU C BapbUPYEMbIM PaJyCcOM OTPOCTKA

30 30000
{pnaﬂeu II!.TIEIHCH
B — jﬁ 25000
= /r,_,.-‘-‘" 0 —+—h=3wm, Ro=7 MM
| — : & i
S —— % S ~#h=>5 MM, Ro=7 MM . =
uo‘:;" o/ XOIL, MM = o~h=7umM Ro=7Mm o
-] " 2 | il
g "\: 1 15 20 25 30 g 1soo0 ! s
— S 10000
’§ 20 e .5 /
: s : g
= 5000 .
5= N \ é' / Z
;S . XOII, MM
g ——h=3 MM, Ro=7 MM \ \ . / A,
BT 1 — 5 k']
= ——h =5 mm, Ro=7 MM \ E%w\_ig =
so L =f=h=TmMm Ro=7mMum '\___‘_\\‘ -5000 \\ —
01p0cr04 ‘ ‘ orpocmlg ».._____“_____ﬂr
50 -10000
a 0

Puc. 6. [Ipupoct nuHeiHbIX pa3mepos (a) u 00beMOoB (0) MpH paauaIbHO-MPSMOM BbIIaBIIH-
BaHUM C BapbUPyeMOH BBICOTOH (panma
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Jisa ananuza QOpMOU3MEHEHHMs], C MOMOILBIO IJIAHUPOBAHUS SKCIEpUMEHTa, ObLIO pac-
CMOTPEHO COOTHOIIEHHE KOJIMUYECTBA UCTEKAeMOro MaTepuana Bo (puaHer Kk oomemMy o0bEMy mpo-

paborannoro marepuia V,, /\/ . YpaBuenue perpeccuu (1) cipaBeannBo M sl pacdeTa mpupocTa

00bemMoB MeTauia. KoadduuneHTsl perpecCHOHHOr0 ypaBHEHHE I JAHHOTO CiIydasl IIpe/ICTaBIIe-
Hbl B Ta0u1. 1. [Tomydennslie rpaduku mokasaHsl Ha puc. 7.
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Puc. 7. Ananus popmorsmenenus 1oiydabprkara mpu paauaibHO-IPSIMOM BbIIABIHBAHUH
Ha ocHoBe mmanupoBanus oskcrepumenta (h=0.20=3mm, h=0.33=5mMm, h=0.46=7mm,

Ry =0.34=5mM, Ry =0.50=7mm, Ry =0.66=9mm)

YBenuueHne OTHOCUTENIBHON BBICOTHI (hJIaHIA h MPUBOAMT K YBEIHMUYEHHUIO KOJUYECTBA Me-
Tajjla, KOTOPBINA 3aMOJHSAET MoJocTh (uianua. [y ucreyeHus: MmaTepuasia B paJuajbHOM HarpasJe-
HUU ONArONpUATHO BIMSIOT HANPsDKEHUs pacTskeHus. C Bo3pacTaHHMEM OTHOCUTENIBHOTO paguyca

oTpocTKa Ry moBbImaeTcs ciocoOOHOCTh TEYSHUS MaTepuaia B IPSIMOM HAIPaBICHUH.
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BbIBO/IbI

[IpuMeHeHre MeETOAa KOHEYHBIX JJIEMEHTOB TO3BOJIMIO JaTh OICHKY HampsKEHHO-
1e(OPMHUPOBAHHOTO COCTOSIHHSI 3arOTOBKH IPH PaJHaIbHO-NPSIMOM BBIIaBIMBaHUU. B coOTBeT-
CTBHH C MPOBEJCHHBIM MOJCIMPOBAHKUEM, OBUIO YCTAHOBJICHO, YTO O4Yar JaedopMaimu cocperoTo-
YeH Ha TMEPEeXOIHBIX KPOMKax aAeOpMHPYIOIIEro MHCTpyMeHTa (MOTyMAaTpHI]); MaKCHMAalbHbBIC
3HAYEHUS JIOTApUPMUICCKON JedopMaIiui HaxoaaTces B ipenenax 82%—-85%.

Pacnpenenenue conpoTuBiieHus AeGopMaIiuy MO3BOIMIO ONPEICITUTh MECTa COCPEIOTOYE-
HUSI MAKCUMAJTbHBIX 3HAYCHUH U C/IeNaTh MPEANOIOKECHUE, KOTOPOE TPeOyeT NalbHEHIIEero ucclie-
JIOBaHUsI, O BEPOSATHOCTH TOSBIICHHS 1e()EKTOB Ha TPAHUIIE COCPEIOTOUCHHSI MAKCUMAJIbHBIX CJIBU-
TOBBIX JIe(hOpMaInid.

I'paduuecku onucaHbl YHEPTOCHIIOBBIC TMapamMeTpbl KOMOWHUPOBAHHOTO BBIJABJIMBAHUS B
3aBHCHMOCTH OT OCHOBHBIX T€OMETPUUYCCKHX [TAPAMETPOB CXEMBI.

Ha ocHOBe nosiy4eHHBIX IaHHBIX Npu MojenupoBaHuun MKD ¢ ucrons30BaHHEM IUIAHHPO-
BaHUsI DKCIIEPUMEHTA MTPOaHATU3UPOBAHO (DOPMOM3MEHEHUE 3arOTOBKH MPH Pa3HBIX FeOMETpUYEC-
ckux pasmepax. [locTpoeHsl rpaduku nmpupocTa JMHEHHBIX pa3MEpPOB 3aroTOBKU U €€ 00BEMHBIX
gacTel 1o xoxy 1eOopMHPOBaHUSI.
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