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YTBEP)l{,l(AIO 

PeKTop <I>rEOY BO «0McK11H: 

rocy,z::i;apCTBeHHblH TeXHUY:eCKHH 

yH11Bepc11TeT>>, ,z::i;oKTop 

Be,z::i;yl1(ett opraH113a1(1111 

Ha ,z::i;11ccepTa1(110HH)'IO pa6oTy 

KoBaJihqyKa AJieKceH IIBaHoBuqa 

«Pa3pa60TKa 11 COBepI.IIeHCTBOBaHHe TeXHOJIOrHH 113rOTOBJieHI151 ,z::i;eTarreH: 

c KOH11qecKMMI1 IlOBepxHOCT51MM XOJIO,ll;HbIM BbI,ZJ;aBJIMBaHHeM 

Ha OCHOBe MaTeMaT11qecKoro MO,ZJ;err11poBaHI15I», 

npe,z::i;cTaBJieHHOH K 3al1(11Te Ha COHCKaHMe yqeHOH CTeneHH 

KaH,ZJ;M,ZJ;aTa TeXHMqecKHX HayK no cne1(MaJibHOCTM 

05.16.05 - «06pa60TKa MeTaJIJIOB ,z::i;aBJieHMeM» 

AKTyaJI~HOCTh TeMbI uccJie)l,oBaHHH. 

06oeMHa51 XOJIO,ZJ;Ha.51 IIITaMITOBKa np11MeH5leTC5I ,ll;Jl.51 M3rOTOBJieHI151 ,z::i;eTarreH: 

CJIO)KHOH cpopMbl, xapaKTep113)'IOl1(MXC51 BbICOKOH TOqHOCThIO, Il03BOJl51IOl1(a51 

yBerr11qMTb K03cpcpH1(11eHT 11CITOJlb30BaHI151 MaTep11arra, a TaK)Ke norryqaTb ,z::i;eTaJII1, 

-
He Tpe6yIOl1(Me MJIM noqT11 He Tpe6yIOl1(Me ,ZJ;aJibHettIIIeH MexaH11qecKOH 



06pa60TK11. Ho BMecTe c TeM 3cp<}leKTl1BHOCTb MeTo.n;a MmI<:eT orpaHwmBaTbCH no 

rrp111Il1He BbICOKl1X Harpy30K Ha 11HCTpyMeHT. 

CHm1<:eH11e Harpy3oK Ha 11HCTpyMeHT MO)l(eT 6bITb .n;ocT11rHyTo np11MeHeH11eM 

cnoco6oB KOM611H11poBaHHOro BbI.IJ;aBJil1BaHl151, no3BOJI5IIOW:11X rrorryqaTb 

cpacoHHbie .n;enuni 3a MeHbIIIee KOJilfqecTBO nepexo.n;oB. 

PaccMoTpeHHbie B .n;11ccepTau;ttlf BonpocbI, CBH3aHHbie c noBbIIIIeH11eM 

3cpcpeKTl1BHOCTlf 11cnoJib30BaHl151 XOJIO.IJ;HOH o6oeMHOH IIITaMnOBKl1, Ha OCHOBe 

3Kcnep11MeHTaJibHbIX 11 TeopeT11qecK11x 11ccrre.n;oBaHMH npou;eccoB 

KOM611H11pOBaHHOro 11 rrpHMOro BbI)l;aBJil1BaHl151, )l;JI51 pa3pa60TKl1 11 

COBepIIIeHCTBOBaHlf51 TeXHOJIOrl1H norryqeHl151 .n;eTarreH: c KOH11qecKl1Ml1 

noBepxHOCT5IMl1, 5IBJI5IIOTC51 aKTYaJibHbIMl1. 

I(eJib H 3a,LJ;aqu HCCJie,LJ;OB3HHH. 

U:eJibIO .n;11ccepTau;110HHOH pa60TbI 5IBJI5IeTC51 pa3pa6oTKa 

COBepIIIeHCTBOBaH11e TeXHOJIOrlfH IIITaMnOBKl1 .n;eTarreH: c KOH11qecKlfMlf 

noBepXHOCT51Mlf MeTO.IJ;OM XOJIO)l;HOro BbI)l;aBJil1BaHl151 c np11MeHeH1feM 

peKOMeH.n;au;11H:, norryqeHHbIX Ha OCHOBe 3KCnep11MeHTaJibHbIX 11 TeopeT11qecKl1X 

11ccrre.n;oBaH11H, )l;JI51 CHl1)1(eHlf51 3HepreT11qecKlfX 11 MaTep11arrbHbIX 3aTpaT 

np0113BO)l;CTBa. 

B .n;11ccepTau;110HHOH pa6oTe nocTaBrreHbI 11 BbITIOJIHeHbI cJie.n;yIOm:tte 3a.n;aqtt: 

Pa3pa6pTaHa MaTeMaT11qecKa5I MO.IJ;eJib npou;ecca xorro.n;Horo 

KOM611H11pOBaHHOro BbI)l;aBJil1BaHl151 .n;eTaJil1 c KOH1fqecKl1Ml1 nOJIOCT5IMl1 Ha OCHOBe 

Bap11au;ttoHHoro 3HepreT11qecKoro MeTo.n;a .n;rrH pacqeTa cttrroBoro pe)l(11Ma, 

cpopMOl13MeHeHl151 3aroTOBKl1 11 pecypca nrraCT11qHOCTl1 IIITaMnyeMoro MaTepttarra, 

a TaK)l(e .n;rrH ee pearr113au;1111 arrrop11TM 11 KOMnbIOTepHaH nporpaMMa. 

Pa3pa6oTaHa yToqHeHHaH MaTeMaTlfqecKaH Mo.n;errb npou;ecca xorro.n;Horo 

npHMOro BbI.IJ;aBJil1BaHl151 IJ;l1Jil1H.IJ;p11qecKOH 3arOTOBKl1 qepe3 KOH11qecKyIO 

MaTp11u;y no JI11Hl15IM TOKa, no3BOJil1BIIIa51 TOqHee onpe.n;eJil1Tb 3HaqeHl1e 

OTHOC11TeJibHOH y.n;eJibHOH Cl1JibI 11 Berr11q11Hy onTl1MaJibHOro yrrra B 3aBl1Cl1MOCTl1 

OT 06)1(aT115I. ConocTaBJieH11eM noJiyqeHHbIX pe3yJihTaTOB IIOKa3aHo, qTo 

onTl1MaJibHbie COOTHOIIIeHl151 Marp1111;bl 11 oqara .n;ecpopMau;1111, 06ecneq11BaIOm:11e 



MHHHMYM 3HepreTuqecKHX 3aTpaT, rrpH rrp51MOM BbI,n:aBJIHBaHHH, OIIHCbIBaIOTC51 

KpHBbIMH TpeTbero rrop51,n:Ka. 

Pa3pa6oTaHa rpacpo-attarrHTfflieCKa51 MeTO.lJ:HKa pacqeTa ,n:ecpopMHpoBaHHoro 

COCT051HH51 MeTarrrra rrpH rrp51MOM BbI,n:aBJIHBaHHH qepe3 KJIHHOBYIO H KOHHqecKyIO 

MaTpHU:y, OTJIHqaror.u;a51c51 crroco6oM HCIIOJib30BaHH51 ro.n:orpacpa cKopocTeM:. 

Pe3yJibTaTbI HCCJie,n:oBaHHH HCIIOJib30BaHbI rrpH COBeprneHCTBOBaHHH H 

pa3pa6oTKe TexHorrorHM: H3rOTOBJieHH51 ,n:eTarreM: «6HKOHHqecKa51 BTYJIKa>> H 

«Koprryc». 

CTpyicrypa u o6beM pa6oTbI. 

,[(HccepTaU:H51 COCTOHT H3 BBe,n:eHH51, qeTnipex pa3,n:erroB H 3aKJIIOqeHH51, 

H3JIO)l(eHHhIX Ha 134 CTpaHHU:aX, co,n:ep)l(HT 71 pHCYHOK, 3 Ta6JIHU:hI, 

6H6JIHOrpa<f>HqecKHH CIIHCOK H3 13 5 HaHMeHOBaHHH H 2 rrpHJIO)l(eHH51. 

HayqHaH 3HaquMOCTb. 

Pa3pa6oTaHHa51 MaTeMaTHqecKa51 Mo,n:errh rrpou:ecca KOM6HHHpoBaHHoro 

BbI,n:aBJIHBaHH51 ,n:eTarreM: c KOHHqecKHMH IIOJIOCT51MH, yqHThIBaIOr.u;a51 B03MO)l(HOCTh 

TeqeHH51 MeTarrrra B BepXHIOIO H HH)l(HIOIO IIOJIOCTh OT xo.n:a rryaHCOHa, ,n:arra 

B03MO)l(H0CTb paccqHTaTb cpopMOH3MeHeHHe H 3aTpaTbI CHIT Ha ,n:ecpopMHpoBaHHe. 

YToqtteHHa51 MaTeMaTwrecKa51 Mo,n:errb, rrpon:ecca rrp51Moro BhI,n:aBJIHBaHH51 

,n:eTarreM: qepe3 KOHHqecKyro MaTpHn:y, II03BOJIHJia TOqHee paccqHTaTb CHJIY Ha 

.n:ecpopMHpOBaHHe H OIITHMaJihHhIH yrorr KOHyca MaTpHqHOH BOpOHKH, 3a cqeT 

yqeTa COCTaBJI5IIOr.u;eM: y,n:eJibHOH CHJihI Ha rrrracTHqecKyro .n:ecpopMaU:HIO, KOTOpa51 

rrorryqeHa B aHaJIHTHqecKOM BH,n:e. 

IlpaKTuqecKaH 3HaquMOCTb. 

c HCIIOJib30BaHHeM C03,n:aHHhIX MaTeMaTHqecKHX MO,n:erreM: rrpou:eccoB 

BhI,n:aBJIHBaHH51, pa3pa6oTaHhI TeXHOJIOrHH IIITaMIIOBKH, o6ecrreqHBaIOr.u;He 

rrorryqeHHe ,n:eTarreM: c KOHHqecKHMH IIOBepXHOCT51MH c 3cpcpeKTOM yMeHhIIIeHH51 

.n:ecpopMHpyror.u:eM: CHJihI. 

ITpHMeHeHHe TexHorrorHH H3rOTOBJieHH51 ,n:eTarrH «6HKOHHqecKa51 BTYJIKa» 

XOJIO.lJ:HhIM KOM6HHHpOBaHHhIM BhI,n:aBJIHBaHHeM II03BOJI~Jia yBeJIHqHTh 

K03cpcpHn;HeHT HCIIOJih30BaHH51 MeTarrrra B 1,43 pa3a. 



3a cqeT orrTHMH3au:iu1 yrna Kottyca MaTpHU:bI rrepBoro rrepexo,n:a, 

ycoBeprneHCTBOBaHa TeXHOJIOrmI ,n:Byxrrepexo,n:HOH IIITaMIIOBKH ,n:eTaJIH «Koprryc»; 

B pe3yJibTaTe ,L(OCTHrHyTo CHH)J(eHHe CHJibl ,n:eq)OpMttpoBaHml B 1,35 pa3a. 

Pa3pa6oTaHHbie MaTeMaTwqecKHe Mo,n:enw H MeTO,L(HKH .n:m1 H3rOTOBJieHm1 

,n:eTaneH: c KOHHqecKHMH IIOBepXHOCT51MH rrpHH51Tbl K HCIIOJib30BaHmo Ha 

AO «0MCKTpaHcMaIII» r. 0McK. 

,ll,ocTOBepuocTh OCHOBHhlX pe3yJihTaTOB H BhIBOAOB, cneJiaHHhIX 

aBTOpOM no pa6oTe, noJio~euuii, BhIHOCHMhIX ua 3all.l,HTY' o6ecrreqwBaeTC51 

o6ocHOBaHHbIM HCIIOJib30BaHHeM MaTeMaTwqecKHX MeTO,L(OB TeopHH o6pa60TKH 

MeTaJIJIOB ,n:aBJieHHeM, IIO,L(TBep)J(,n:eHHbIX KaqecTBeHHbIM H KOJIHqecTBeHHbIM 

cornacoBaHHeM pe3yJibTaTOB c ,n:aHHblMH, rronyqeHHbIMH, KaK JilfqHo aBTOpOM, TaK 

H ,n:pyrttMH nccne,n:oBaTeJI51MH. 

ITptt wccne,n:oBaHH51X B na6opaTopHbIX H rrpott3BO,L(CTBeHHbIX ycnoBH51X, 

HCIIOJib30BaHbl TeopeTwqecKHe H 3KCIIepttMeHTaJibHbie MeTO,L(bl o6pa6oTKH 

MeTaJIJIOB ,n:aBJieHHeM (MeTO,L( MOll(HOCTeH, MeTO,L( BepxHeH ou:eHKH, MeTO,L( 

KOOp,n:ttHaTHbIX ceTOK), MaTeMaTwqecKoe Mo,n:enttpoBaHHe, CTaH,n:apTHbie H 

CIIeU:HaJibHO pa3pa6oTaHHbie rrporpaMMbl, CTaTHCTHqecKHe MeTO,L(bl o6pa60TKH 

,n:aHHbIX. 

Anpo6aQHH pe3yJihTaTOB pa6oThI. 

ITo n~Me ,n:wccepTaU:HH orry6nttKOBaHo 5 cTaTeH: B peu:eH3ttpyeMbIX HayqHbIX 

)J(ypttanax, o6rn:ee KonwqecTBO orry6JIHKOBaHHbIX pa6oT no TeMe 

,L(HCCepTaU:HOHHOH pa60Tbl - 20, H3 KOTOpbIX 2 CBH,L(eTeJibCTBa 0 rocy,n:apCTBeHHOH 

perHCTpaU:HH KOMIIbIOTepHOH rrporpaMMbI H 3JieKTPOHHOro pecypca. 

3aMe'laHHH no ,ll;HCCepTaQHOHHOH pa6oTe: 

1. B pa3,n:ene 4 H3JIO)J(eHo orrwcaHtte 3KcrrepttMeHTOB ,n:JI51 ou:eHKH 

a,n:eKBaTHOCTH MaTeMaTwqecKOH MO,L(eJIH, rrpe,n:cTaBJieHHOH B TpeTbeM pa3.ri;ene. 

,[(JI51 ou:eHKH o6JiaCTH a.ri;eKBaTHOCTH H 3HaqeHHH ou:eHHBaeMbIX rrapaMeTpOB B 

rro.ri;pttcyHoqHoM TeKCTe pttcyHKa 4.2 .ri;aHa CCbIJIKa Ha Ta6nttu:y 3 .1, O)];HaKO 3Ta 

Ta6nwu:a B_ ,L(HCcepTaU:HH OTCYTCTByeT. 3TO 3aTPY.l(H51eT KaqecTBeHHbIH aHaJIH3 

pe3yJibTaTOB pa60TbI. 



2. ITpH onHcaHHH TexttorrorHH BoI.n;aBJIHBaHH.H «6HKOHfflieCKHX BTYJIOK» H 

,n:eTarre:H: «Kopnyc» OTCYTCTB)'IOT cBe,n:eHH.H o cnoco6ax npaKTffliecKoro 

HCTIOJib30BaHH.H pa3pa6oTaHHDIX peKOMeH,n:a1(HH: 3JieKTpOHHbIX pecypcoB, 

nporpaMM, MeTo,n:HqecKHx MaTepHarroB. Mo)l(eT JIH, ttanpHMep, pa3pa6oTaHHa.H 

aBTOpOM «I1porpaMMa .IJ:JI.H pacqeTa TeXHOJIOrHqecKHX napaMeTpoB 

KOM6HHHpoBaHHOro BbI.IJ:aBJIHBaHH.H 6HKOHHqecKOH BTYJIKH» 6oITb HCTIOJib30BaHa 

,n:rr.H pacqeTa napaMeTpoB np.HMoro BoI,n:aBJIHBaHH.H ,n:eTarrH «Kopnyc»? EcrrH HeT, TO 

KaKOB B 3TOM crryqae arrropHTM npaKTHqecKoro HCTIOJib30BaHH.H pe3yJioTaTOB 

HCCJie,n:oBaHmI? 

3. B TeKcTe ,n:HccepTa1(HH HaMH 3aMeqeHoI HeKOTOpoie HeToqHocTH. 

Bo3MO)l(HO 3TO oneqaTKH. 

CTpatt:H:ua 74. CqHTaeM, qTo Boipa)l(eHHe (3.2) .IJ:OJI)l(HO HMeTo BH.IJ: 

N = N2 + (N1,2 + N2,3 ) + (N1,4 + N2A + N3A). 

Boipa)l(eHHe (3 .3) .IJ:OJI)l(HO HMeTo BH.IJ: 

Q = 02 + ( Qi,2 + Q2,3) + ( 01,4 + Q2,4 + Q3A). 

CTpaHH1(a 7 5. ITocrre,n:Hee Boipa)l(eHHe B cTpoKe cpopMyrr (3. 7) .IJ:OJI)l(HO HMeTo 

V. R-r-a· t9 a 
_Q_ == == tg p 
~11 R ·tg a . 

CTpaHH1(a 76. B cTpoKe BDipa)l(eHHH (3 .10), B nocrre.r:i;tteM, noTep.HH HH,n:eKc B 

3HaMeHaTerre. ,[(OJI)l(HO 6oITb 

v; 
~ == ct9 () 
Vn3 

CTpaHH1(a 80. BDipa)l(eHHe (3 .30) ,n:OJI)l(HO HMeTo BH.IJ: 

Q = Q2 + 01,2 + 02,3 + Q l,4 + Q2,4· 

4. qeM Bbl3BaHO HCTIOJib30BaHHe CBHHL(OBDIX 3aroTOBOK npH npoBe,n:eHHH 

3KcnepHMeHTOB? 

YKa3aHHoie 3aMeqaHH.H, He CHH)l(aIOT noJIO)l(HTeJioHOH oueHKH ,n:HccepTa1(HH 

H HOC.HT p_eKOMeH,n:aTeJihHbIH xapaKTep. 



3aKJiroqeuue. 

,[.(ttccepTau;1u1 Kosa.rro11yKa A.I1. 51BJUieTC51 caMOCT051TeJII>HOH, 3aKOHlfeHHOH 

HaYl.J:HO-KBaJIHcpHKaL(HOHHOH pa60TOH, BhIIIOJIHeHHOH Ha COBpeMeHHOM HaylfHOM 

ypoBHe, co;:i:ep)KHT HOBH3HY H HMeeT npaKTHlfeCKOe BHe;:i:peHHe. Pe3yJioTaTol 

HMeIOT 3HalfeHtte; TeopeTHlfecKa51 

3KCnepHMeHTaJihHa51 l.J:aCTH npe;:i:cTaBJieHhl .JJ:OCTaTOlfHO noJIHO. 

Do o6beMy nonYl.J:eHHhIX pe3yJioTaToB, ypoBHIO HX o6cy)K;:i:eHH51 H 

o6ocHOBaHHOCTH BhIBO)J;OB, no HaYl.J:HOH HOBH3He H npaKTHlfeCKOH 3Hal.J:HMOCTH 

pa6oTa OTBe11aeT Tpe6osaHH51M K ;:i:ttccepTaU:H51M I1ono)KeHH51 BAK P<l> o nop51;:i:Ke 

npttcy)K;:i:eHH51 Yl.J:eHI>IX cTeneHe:H: (n. II.9), a ee aBTop - Kosa.rrol.J:YK AneKce:H: 

I1BaHOBHlf 3acJiy)KHBaeT npHCY)K.JJ:eHH51 y11eHOH CTeneHH KaH)J;H)J;aTa TeXHHlfeCKHX 

HayK no cneiJ;HaJihHOCTH 05.16.05 - «06pa6oTKa MeTaJIJIOB ;:i:aBJieHHeM». 

,[.(HccepTaU:HOHHa51 pa6oTa Ha 3ace;:i:aHHH Kacpe;:i:poI 

«MarrrnHocTpoeHHe H MaTeptta.rrose;:i:eHHe» OMrTY, npoTOKOJI M! 2 OT 26 

cpespa.rr51 2016 r. 

ITpe;:i:ce;:i:aTeJih 3ace;:i:aHH5I - 3ase;:i:ymm,tt:H: Kacpe;:i:po:H: 

«MarrrnHOCTpOeHMe H MaTeptta.rrose;:i:eHHe»{O 
,[.(oKTOp TeXHHlfeCKHX HayK, npocpeccop r EpeMHH 

EsreHHH HttKonaeBHlf 
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