
« YTBEP)l{)J;AIO» 

PeKTOp <l_)e,IJ,eparrhHoro rocy,IJ,apcTBeHHoro 

6IO,IJ,)I(eTHoro o6pa3oBaTenhHOro y-qpe)I(,IJ,emur 

BhiCIIIero o6pa30BaHIUI «CaHKT-IleTep6yprCKHH 

rocy,IJ,apCTBeHHhiH TeXHOnorH"LieCKHH HHCTHTYT 

( TeXHH"LJeCKHH yHwBepcwT~e ~~~ 

0T3hiB se.r.yrn.eu oprauuJauuu -

<J>e.r.epaJibuoro rocy.r.apcTseuuoro 6ro.r.~eTuoro o6pa3oBaTeJihHoro 

yqpe~eHHH BbiClllero o6pa30B3HHH «CaHKT-lleTep6yprCKHH 

rocy.r.apcTBeHHhiH TexuoJioruqecKuu HHCTHTYT (TexuuqecKuu yuusepcuTeT)» 

( CTI6rTH(TY)) 
Ha ,IJ,wccepTaU:HIO A6paMoBa AH,IJ,pe51 AneKcaH,n:poBH"LJa 

«llpou:ecchr w armapaThi 3D-rreqaTH H3,IJ,enwil Me,IJ,HU:HHCKoro Ha3HaqeHH51», 

rrpe,IJ,CTaBneHHYIO Ha COHCKaHHe y-qeHOH CTerreHH KaH,IJ,H,IJ,aTa TeXHHqecKHX HayK 

ITO HayqHOH CIIeU:HaJihHOCTH 2.6.13. llpou:eCChl H arrrrapaThl XHMHqecKHX 

TeXHOJIOrlfH (TeXHH"LJeCKHe HayKH) 

AKTyaJibHOCTh TeMhi uccJie.r.osauuH 

IIpou:eccbi TpexMepHoil rre"LJaTH 51BAAIOTC51 O,IJ,HHM H3 Haw6onee 

rrepcrreKTHBHhiX 11 HOBhiX IIO,IJ,XO,IJ,OB K rrony"LieHI1IO 113,IJ,eni1H CO cnO)I(HOH 

reoMeTpweil rryTeM rrocnoll:Horo HaHeceHH51 MaTepwarroB. B HaCT051W:HH MOMeHT 

a,IJ,,IJ,HTHBHhie TeXHOnOrHH HaiiinH IIIHpOKOe pacrrpOCTpaHeHI1e B pa3nHqHhiX 

0Tpacn51X, BKniO"LJa51 Me,IJ,HU:HHy, cpapMaU:eBTI1KY H XHMI1qecKyiO rrpOMhiiiineHHOCTh. 

O,IJ,HaKo rrocT051HHoe pa3BI1TI1e rrpoMhiiiineHHOCTH, Heo6xo,IJ,HMOCTh B pa3pa6oTKe 

HOBbiX MaTepHaJIOB H MeTO.r:J:OB 11X rrony"LieHI151 o6ycnaBni1BaiOT B03pOCIIIYIO 

ITOTPe6HOCTh B pa3pa60TKe HOBhiX TeXHOnOri1H, MaTepHaJIOB H ycTpOHCTB .r:J:n51 

pearrH3aU:HH rrpou:ecCOB a.r:J:.r:J:HTHBHOrO IIpOH3BO.r:J:CTBa. 
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CTOHT OTMeTHTb, ~TO O.l(HOH H3 HaH6onee Ba)l(HbiX npo6neM Ha ,n:aHHbiH 

MOMeHT 51BJl51eTC51 TIOTpe6HOCTb B nepCOHH<i>HU:HpOBaHHbiX H3.l(eJlH51X 

Me.l(HIJ;HHCKOrO Ha3Ha~eHH51, KOTOpbie MoryT o6ecne~HTb Tpe6yeMbie CBOHCTBa. 

HaH6onee nepcneKTHBHbiM no.n:xo,n:oM ,n:n51 nony~eHH51 TaKHX H3,n:enHi1 51Bn51eTC51 

HCTIOJlb30BaHHe a,n:.l(HTHBHbiX npou;eCCOB, KOTOpbie OCHOBaHbl Ha 3KCTpy3HH 

MaTepHanOB. BMeCTe C TeM, HeCMOTp51 Ha IIIHpOKOe pacnpOOTpaHeHHe TeXHOnOrHH 

TpexMepHOH ne~aTH, OCHOBaHHOH Ha 3KCTpy3HH, <l>opMHpOBaHHe 

BbiCOKOTIOpHCTbiX H3.l(enHH CJlO)l(HOH reoMeTpHH, o6na,n:aiOIIJ;HX 3a,n:aHHbiMH 

<l>YHKIJ;HOHanbHbiMH CBOHCTBaMH, OCTaeTC51 CJlO)l(HOH Hay~HO-TeXHH~eCKOH 

3a,n:a~ei1.. 

TaKHM o6pa3oM, pa3pa6oTKa HOBbiX npou:eccoB H annapaTOB 3D-ne~aTH 

(TpexMepHOH ne~aTH) .l(Jl51 nony~eHH51 nepCOHHcPHU:HpOBaHHbiX H3,n:enHH 

Me.n:HU:HHCKoro Ha3Ha~eHH51 c BbiCOKonopHCTOH CTPYKTypoH. H <l>YHKU:HOHanbHbiMH 

CBOHCTBaMH 51BJl51eTC51 Kpai:f.He aKTyanhHOH 3a,n:a~ei:f.. 

KpoMe npou:eccoB 3D-ne~aTH B ,n:HccepTaU:HOHHOH pa6oTe paccMoTpeHbi 

COBpeMeHHbie npou;eCCbl cy6nHMaiJ;HOHHOH H CBepxKpHTH~eCKOH CYIIIKH H 

OIJ;eHeHO HX BJlH51HHe Ha BbiCOKOTIOpHCTYIO CTpyKTypy KOHe~HbiX H3,n:enHH, a 

TaK)l(e npe.n:no)l(eH npou:ecc cTepHnH3aU:HH c Hcnonb30BaHHeM cBepxKpHTH~ecKoro 

<PniOH,n:a H nepoKcH,n:a Bo,n:opo,n:a. Pa3BHTHe npe,n:JlO)l(eHHoro npou:ecca 

CTepHnH3aiJ;HH HMeeT 6onbiiiHe nepcneKTHBbl TIO cpaBHeHH!fO C cyiiJ;eCTBYIOIIJ;HMH 

no,n:xo,n:aMH, nocKonbKY He H3MeH51eT cocTaB H CTPYKTYPY MaTepHana, ~To 

HeCOMHeHHO Ba)l(HO .l(Jl51 H3,n:enHH Me.l(HU:HHCKOrO Ha3Ha~eHH51. 

ITony~eHHbie B xo.n:e ,n:aHHOH pa6oTbi pe3ynhTaTbi MOryT cnoco6cTBOBaTh 

3<l>cpeKTHBHOMY pa3BHTHIO npou;eCCOB TpexMepHOH ne~aTH B o6naCTH Me.l(HU:HHbl H 

XHMH~eCKOH npOMbiiiiJleHHOCTH, a TaK)l(e TI03BOJl51T 3Ha~HTeJlbHO paCIIIHpHTb 

o6nacTH npHMeHeHH51 a,n:,n:HTHBHbiX TexHonorHH.. CTOHT OTMeTHTb, ~To pa6oTa 

BbiTIOnH51nach npH <l>HHaHcoBoi:f. no.n:.n:ep)l(Ke PoccHHCKHM Hay~HbiM <PoH,n:oM B 

paMKax pa3BHTH51 <I>rEOY BO «PoccHHCKHH XHMHKO-TexHonorH~ecKHH 

yHHBepcHTeT HMeHH ,ZJ;.I1. MeH,n:eneeBa» «I1pHopHTeT ~030», ~To 51Bn51eTC51 

.l(OTIOJlHHTeJlbHbiM TIO.l(TBep)l(.l(eHHeM BOCTpe6oBaHHOCTH np~.l(CTaBneHHOH TeMbl H 

ee aKTyanbHOCTH. 

Ocuosuoeco~ep~auuepa6oTw 

,D;HccepTaiJ;HOHHa51 pa6oTa COCTOHT H3 BBe,n:eHH51, TI51]fH rnaB, 3aKnJOqeHH51, 

CTIHCKa JlHTepaTypbi H3 152 HaHMeHOBaHHH H 3 npHnO)l(eHHH. 06IIJ;HH o6'beM 

COCTaBn51eT 180 CTpaHHU:, BKJliO~a51 14 Ta6nHU: H 87 pHCYHKOB. 
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Bo BBe)];eHHH rrpe,n:cTaBJieHa aKTYaJioHOCTb TeMoi ,n:uccepTau;~mHHOH 

pa60Tbi, OTpa)l(eHbi ee HOBH3Ha H rrpaKTWieCKa51 3HaqHMOCTb. 

B nepsoii: r JJase rrpose,n:eH aHaJIH3 HayqHo-TexHuqecKoif JIHTepaTypoi. 

IIpe,n:cTaBJieHoi cyrn:ecTBYIOIIJ:He TexHonorHH TpexMepHoif rreqaTH, KOTOpoie 

11CIIOJib30BaJII1Cb B Me,n:HI . ..I,I1He, cpapMal..l,eBTHKe H XHMHqecKOH IIpOMbiiiJJieHHOCTH. 

PaccMoTpeHoi ocHOBHoie rro,n:xo,n:oi K pean113au;11H rrpou;ecca cTepHJIH3au;HH 

BoiCOKorropucToiX MaTepuanoB. Ha ocHoBaHHH rrpoaHaJIH3HpoBaHHoi1: HayqHo

TeXHI1qecKoi1: JIHTepaTypoi rrpe,n:cTasneHa aKTyanoHOCTo ucrrono30BaHH51 rrpouecca 

CBepxKpHTHqecKOH cp1II011.1l:HOH CTep11JII13aQHif ,n:JI51 BbiCOKOIIOpHCTbiX MaTep11aJIOB 

Ha ocHoBe 6uorroJIHMepoB. CcpopMynuposaHoi I..J,eJIH H 3a,n:aqu ,n:uccepTau;uoHHoif 

pa6oToi. 

Bo BTopoii: rJJase rrpe,n:cTaBJieHoi 3KcrrepuMeHTaJibHoie 11Ccne,n:osaHH51 

rrpou;ecca IIOJiyqeHH51 rrepCOHHcpHI..I,HpOBaHHbiX r116pH.I1:HbiX HMIIJiaHTaTOB KOCTHOH 

TKaHH, IIOJiyqeHHbiX C 11CIIOJib30BaHI1eM IIpOI..I,eCCa TpexMepHOH rreqaTI1 H 

pa3JifiqHbiX IIpOI..I,eCCOB cyiiJKI1 ( cy6JIHMaUHOHHOH 11 CBepxKp11TfiqeCKOH). 

ru6pH,n:HDIH HMIIJiaHTaT KOCTHOH TKaHI1 rrpe,n:CTaBJI51eT co6oif TBep,n:oiH KapKaC, 

IIOJiyqeHHbiH C HCIIOJib30BaHI1eM rrpouecca 3KCTpy3HH TepMOIIJiaCTI1qHbiX 

IIOJIHMepoB, 3aiiOJIHeHHbiH BbiCOKOIIOp11CTbiM MaTeplfaJIOM Ha OCHOBe 

6HorroJIHMepoB. B KaqecTBe 6HorroJIHMepa B ,n:aHHoif ,n:HccepTau;11oHHOi1: pa6oTe 

paCCMOTpeHa KOMII0311QI151 «aJibfHHaT HaTpH51-)I(eJiaTHH>>. 

JI:n51 HMI1Tau;HH ecTeCTBeHHoif CTPYKTypoi KOCTHOH TKaHH 6omo 

pa3pa6oTaHO BHyTpeHHee 3aiiOJIHeHHe C pa3JII1qHOH reoMeTp11eH. C I..l,eJibiO 

Bbi51BJieHH51 HaunyqiiJei1: reoMeTpHH BHyTpeHHero 3arronHeHH51, o6ecrrequsmorn:ero 

rrpoqHOCTHbie CBOHCTBa, COOTBeTCTBYIOIIJ:He KOCTHOH TKaHI1, pa3pa6oTaH 

3KcrrepuMeHTaJioHo-pacqeTHoiil MeTo,n: orrpe,n:eneHH51 MexaHI1qecKI1X csoifcTB. Ha 

OCHOBaHHH pe3yJioTaTOB KOMIIbiOTepHOH TOMOrpacpm-I 11 pe3yJioTaTOB pacqeTa 

MexaHuqecKI1X csoifcTB pa3pa6oTaH anropHTM rrpoeKTHposaHH51 reoMeTp1111 

TBep,n:oro KapKaca rH6pH,n:HOfO HMIIJiaHTaTa KOCTHOH TKaHH Ha IIp11Mepe KOCTeif 

qeperra. C ucrroJio30BaHI1eM ycTaHOBJieHHoix rrapaMeTpos rrpose,n:eHH51 rrpouecca 

TpexMepHOH rreqaTI1 IIOJiyqeH TBep,n:oiH KapKaC r116pH,n:HOfO HMIIJiaHTaTa KOCTHOH 

TKaHH. 

C u;eJibiO IIOBbiii..leHH51 IIpOJIHcpepaTHBHOH aKTHBHOCTH KJieTOK pa3pa6oTaHa 

MeTO.ll:HKa IIOJiyqeHH51 BbiCOKOIIOp11CTbiX MaTepHaJIOB Ha OCHOBe aJibfi1HaTa HaTp1151 

H )l(eJiaTHHa H pa3JIHqHoiX rrpou;eccoB cyiiJKI1. Orrpe,n:eneHoi rrapaMeTpoi 

IIOJiyqeHH51 BbiCOKOIIOpHCTbiX MaTepHaJIOB C HCIIOJib30BaHI1eM rrpouecca 

CBepxKpHTHqecKOH cyiiJKH, KOTOpoie 

y,n:eJibHOH IIOBepXHOCTH 275 M
2
/r. 

B 3aKJIIOqeHHH rnaBoi 

II03BOJIHJIH .ll:OCTH% BbiCOKOH ITJIOIIJ:a.ll:11 

TeXHOJIOfl151 

rrepCOHHcpHI..I,HpOBaHHbiX f116pH,n:HbiX HMITJiaHTaTOB C HCIIOJib30BaHHeM rrpou;ecca 
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3KCTPY31UI TepMOIIJiaCTWIHbiX IIOJIIIMepoB II CBepXKpmraY.eCKOM CYIIIKII. C 

IICIIOJib30BaHIIeM pa3pa6oTaHHOM TeXHOJIOfiiii 6hiJI IIOJiy"Y.eH 

rrepCOHIIqm:U:IIpOBaHHbiM f1I6p1I)lHbiM IIMIIJiaHTaT KOCTeM "Y.eperra. 

B TpeTheii r JiaBe pa3pa6oTaHa TexHonormi rrp.HMOM reneBoi1: rre"Y.aTII, 

KOTOpa.H II03BOJI.HeT IIOJiy"Y.aTb II3)leJIII.H CJIO)J(HOM reoMeTpiiii 3a C"Y.eT 3KCTPY31III 

B513KIIX «"Y.epHIIJI». C l(eJibiO peanii3al(IIII rrpoiJ,ecca IIe"Y.aTII C IICIIOJib30BaHIIeM 

pa3pa6oTaHHoi1: TexHonoriiii rrpe.uno)l(eHa KOHCTPYKU:II.H ycTaHOBKII 3D-rre"Y.aTII, 

cocTaBbi B.H3KIIX «"Y.epHIIJI» II rro.uo6paHbi rrapaMeTpbi rrpose.ueHII.H rrpoiJ,ecca 

rre"Y.aTII. B paMKax rnaBbi B KaY.eCTBe o6oeKTa )lJIH IICcne)loBaHIIH rrpoiJ,ecca 

TpexMepHOM IIe"Y.aTII paCCMOTpeH rrepCOHmlmU:IIpOBaHHbiM IIMIIJiaHTaT cocy.ua, 

IIOJIY"LJ.eHHbiM Ha OCHOBaHIIII pe3yJibTaTOB o6pa60TKII KOMIIMOTepHOM TOMOrpaqmii 

(KT) II MaTeMaTII"Y.eCKOfO MO)leJIIIpOBaHml. 

B .uaHHoi1: rnase rrpe.ucTasneHa KOHCTPYK:U:II.H ycTaHOBKII )lJI.H peanii3aiJ,IIII 

IIpOIJ,ecca TpexMepHOM IIe"Y.aTII II OIIIICaHbi OCHOBHbie KOHCTpyKIJ,IIOHHbie 

3JieMeHThi. C :u:enhiO peanii3aU:IIII rrpoiJ,ecca rre"Y.aTII rrpose)leHa HacTpoH:Ka 

OCHOBHbiX 3JieMeHTOB pa3pa6oTaHHOM ycTaHOBKII. 

B Ka"Y.eCTBe MaTepiiana )lJI51 peanii3aiJ,IIII rrrou:ecca rre"Y.aTII c 

IICIIOJib30BaHIIeM pa3pa6oTaHHoi1: KOHCTPYKU:IIII ycTaHOBKII npe)lJIO)I(eHa MeTO)liiKa 

IIOJiy"Y.eHII51 B513KIIX «"Y.epHIIJI» Ha OCHOBe Y.aCTII"Y.HO CIIIIITOfO anhfiiHaTa HaTp1I5L 

,ll,nH orrpe.ueneHIIH cocTaBa, Heo6xo)liiMoro )liTH peanii3au;IIII rrpoiJ,ecca rre"Y.aTII, 

rrpe)lCTaBJieHbi KOMIIJieKCHbie IICCJie)lOBaHII51 peOJIOfii"Y.eCKIIX OC06eHHOCTei1: 

B513KIIX «"Y.epHIIJI». Ha ocHoBaHIIII pe3ynhTaToB aHaniiTWiieCKIIX IIccne.uoBaHIIM 

060CHOBaH Bbi6op COCTaBa B513KIIX «"Y.epHIIJI» Ha OCHOBe anbfiiHaTa HaTp1I51 C 

KOHI(eHTpau:IIeM 2 MaCe.% II XJIOpii)la Kanbl(II51 C KOHI(eHTpau:IIeM 0,2 Mace.%. 

,ZJ,aHHbiM COCTaB 06Jia)laeT IICeB)lOIIJiaCTII"Y.HbiM TIIIIOM Te"Y.e~II51, xapaKTep1I3yeTC51 

TIIKCOTpOIIHbiMII CBOMCTBaMII, B.H3KOCTbiO 934,4 IJa·C, TO"Y.KOM Ha"Y.ana Te"Y.eHII51 57 

ITa. C IIcrronh30BaHIIeM pa3pa6oTaHHhiX KOHCTPYKU:IIII ycTaHOBKII 3D-rre"Y.aTII II 

B513KIIX «"Y.epHIIJI» Ha OCHOBe "Y.aCTII"Y.HO CIIIIITOfO anbfiiHaTa HaTp1I51 orrpe)leJieHbi 

rrapaMeTpbi rrpou:ecca C IJ,eJibiO IIOJiy"Y.eHII51 BbiCOKOKa"Y.eCTBeHHbiX KOHe"Y.HbiX 

II3)leJIIIM. 

Pa3pa6oTaHa MaTeMaTII"Y.ecKaH Mo.uenh Te"Y.eHII.H HeHbiOTOHOBCKoi1: B513Koi1: 

)I(II)lKOCTII B KaHane CJIO)I(HOM reoMeTpiiii IIpii HeCTa:U:IIOHapHOM IIOTOKe. Ha 

OCHOBaHIIII pe3yJihTaTOB MaTeMaTIIY.eCKOfO MO)leJIIIpOBaHII.H rrpe)lJIO)J(eH IIO)lXO)l K 

rrpoeKTIIposaHIIIO KaHana c IJ,eJibiO ycTpaHeHIIH 3aCTOMHhiX 30H. Ha ocHoBaHIIII 

pe3yJibTaTOB MaTeMaTII"Y.eCKOfO MO)leJI1IpOBaHII51 pa3pa6oTaHa reOMeTp1I51 KaHana 

)lJI51 paBHOMepHOfO )lBII)I(eHII51 IIOTOKa HeHbiOTOHOBCKOM B513KOM )I(II)lKOCTII. C 

IICIIOJih30BaHIIeM pa3pa6oTaHHhiX KOHCTPYKU:IIII ycTaHOBKII II B.H3KIIX «Y.epHIIJI» Ha 

OCHOBe Y.aCTHY.HO CIIIHTOfO anbfHHaTa HaTpH51, pa3JIH"Y.HbiX rrpoiJ,eCCOB CYIIIKII II 
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pe3yflhTaTOB MaTeMaTHqeCKOrO MO~enHpOBaHM~ rronyqeH 

rrepCOHMM3HpOBaHHbiM HMIInaHTaT cocy~a. 

qeTBepTaH rJJaBa IIOCB~IIJ:eHa pa3pa60TKe TeXH norMH 3D-rreqaTH C 

MCIIOJib30BaHHeM reTepOQJa3HOM CHCTeMbi B KaqeCTBe cpe.ll,bi, B KOTOpOM 

<PopMHpyeTC~ H3)J,enHe. 

C U:eflbiO ~OCTH:>KeHM~ 3a~aHHbiX xapaKTepHCTMK KaqecTBa KOHeqHbiX 

M3~eJIHM 6biJIH IIpOBe.n,eHbl 3KCrrepMMeHTMbHbie HCC e~OBaHH~ rrpou:ecca 

IIOJiyqeHH~ reTepo<l>a3HOM CHCTeMbi Ha OCHOBe :>KenaTMHa HI OU:eHeHO BJIH~HHe ero 

KOHU:eHTpaU:MH, CKOpOCTH BpaiiJ:eHH~ pOTOpa rOMOreH!J.BaTopa H BpeMeHH 

rrpoBe.n,eHH~ rrpou:ecca roMoreHH3aU:HH Ha pa3Mep M peonorHqecKHe oco6eHHOCTM. 

Ha ocHoBaHMH rrpoBe.n,eHHbiX 3KcrrepHMeHTMbHbiX H aHanHTHqecKHX 

HCCne~OBaHHM ycTaHOBneHO, qTo KOHU:eHTpaU:H~ :>KenaTMHa He OKa3biBaeT BflM~HH~ 

Ha pa3Mep qacTHU: reTepo<l>a3HOM CMCTeMbl, a rrpHBO~HT TOflbKO K yBenHqeHHIO 

B~3KOCTH CHCTeMbl. B CBOIO oqepe~b, rrpM HCCne~OBaHMM BflM~HH~ CKOpOCTH H 

BpeMeHH rrpoBe.n,eHH~ roMoreHH3aU:HH Bbi6paHbi rrapaMeTpbi rrpoBe.n,eHH~ 

rrpou:ecca rronyqeHM~, a MMeHHO cKopocTb BpaiiJ:eHH~ poTopa roMoreHH3aTopa 

9000 o61MHH, BpeM~ rrpoBe.n,eHH~ rrpou:ecca 90 c. 

B paMKax ~aHHOM rnaBbi rrpoBe~eHo Hccne.n,oBaHHe BHe~peHM~ 

HaHOMaTepMMOB, a HMeHHO MHOrOCflOMHbiX yrnepo~HbiX HaHOTpy6oK (MYHT) H 

rpa<PeHa, Ha peoJiorHqecKHe oco6eHHOCTH «qepHHJI» Ha ocHoBe aJibrMHaTa 

HaTpH~, peanH3aU:HIO rrpou:ecca TpexMepHoif rreqaTH H CBOMCTB H3~enMM rrocne ee 

3aBeprneHH~ c rrocne.n.YIQIIJ:eM cBepxKpHTHqecKOM cyrnKoif. Hccne~oBaHH~ 

TOKOilpOBO)J,~IQHX CBOMCTB npo~eMOHCTpHpOBMH OTCYTCT~He rrpOBO~HMOCTM y 

MaTepHanoB, nonyqeHHbiX c HCIIOJib30BaHHeM «qepHHn» c BHe~peHHbiMH MYHT, 

qTo o6o~cHeHo o6pa3oBaHHeM arnoMepaToB B CTPYKType ~n~enMif, H xopornyiO 

TOKOTipOBO)J,HMOCTb npH HCTIOJib30BaHMH rpa<PeHa (npH ni06biX KOHU:eHTpaU:H~X), 

Bcne~CTBHe paBHOMepHoro pacnpe~eJieHH~ HaHoMaTepHana KaK no o6oeMy 

«qepHHn», TaK H B CTPYKType KOHeqHbiX M3.n,eJIHM. 

B 3aKniOqHTenhHOM qacTM rnaBhi rrpe.n,no:>KeH anropMTM nonyqeHH~ M3~enMM 

Me)J,HU:HHCKOrO Ha3HaqeHH~ C HCIIOJib30BaHHeM a~)J,MTHBHbiX TeXHOJIOrHM. 

fiHTaH r JJaBa TIOCB~IIJ:eHa MCCne~OBaHHIO npou:ecca CBepxKpHTMqecKOM 

CTepHflH3aU:HH BbiCOKOTIOpHCTbiX MaTepHMOB Ha OCHOBe 6HOTIOflHMepOB B cpe.n,e 

cBepxKpHTHqecKoro ~HOKCH.n,a H nepoKCH~a Bo~opo~a. IIpe~cTaBneHbi 

3KCTiepMMeHTMbHbie HCCne~OBaHH~ rrpou:ecca CBepxKpHTHqecKOH <l>niOH~HOH 

cTepHJIH3aU:HH, .n,n~ KOTopoit pa3pa6oTaHa KOHCTPYKU:H~ annapaTa H 

npMHU:HITHMhHa~ cxeMa. nhmo Bbi~BneHo, qTo pa3pa6oTaHHa~ MeTo~HKa 

rrpoBe~eHH~ rrpou:ecca cBepxKpHTHqecKoit cTepMJIM3aU:HH He pa3pyrnaeT 

BHyTpeHHIOIO CTPYKTYPY BbiCOKorropHCTbiX H3~enMi1 M He npHBO~HT K yca~Ke. B 
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paMKax rnaBhi pa3pa6oTaHa MaTeManiqecKa.SI MOJJ:eJih npou.ecca 

CBepxKpHniqecKOH cpJIIOHJJ:HOH CTepHJIH3aLJ,HH. 

3aKJJIOqeuue co,n:ep)I(HT OCHOBHhie pe3yJihTaThl pa60Thl H BbiBOJJ:bl. 

HayquaH HOBH3Ha 

1. I1ccne,n:oBaHbi pa3JIHqHhie cpH3HKO-XHMHqecKHe H peonorwqecKHe 

CBOHCTBa B.SI3KHX qepHHJI Ha OCHOBe aJihrHHaTa HaTpH.SI, qaCTHqHO CIIIHTOrO 

aJibrHHaTa HaTpH.SI, aJihrHHaTa HaTpH.SI C BHe,n:peHHhiMH HaHOMaTepHanaMH (YHT, 

rpacpeH) H reTepocpa3HOH CHCTeMhl Ha OCHOBe )l(eJiaTHHa. PeKOMeHJJ:OBaHbl HX 

OIITHMaJihHhie COCTaBhl JJ:JI.SI peaJIH3aLJ,HH rrpoLJ,eCCa 3D-rreqaTH Ha OCHOBe 

pe3yJihTaTOB 3KCIIepHMeHTaJihHhiX HCCJie,n:oBaHHH. 

2. Orrpe.n:eneHa rrocne.n:osaTeJibHOCTb npou.ecca TpexMepHofi rreqaTH B 

3aBHCHMOCTH OT COCTaBa B.SI3KHX ((qepHHJI» JJ:JI.SI C03JJ:aHH.SI rrepCOHHcpHl.I,HpOBaHHhiX 

H3,n:enwH. c BhiCOKorropwcTofi CTPYKTypoH. H cpyHKU.HOHaJibHbiMH cBOHCTBaMH. 

Pa3pa6oTaHa KOHCTPYKU.H.SI ycTaHOBKH 3D-rreqaTH Ha ocHoBe 3THX rrpHHU.HTIOB. 

3. Co3,n:aHa MaTeMaTwqecKa.SI Mo,n:enh JJ:JI.SI 113yqeHH.SI JJ:BH)I(eHH.SI 

HeHhiOTOHOBCKOH B.SI3KOH )I(HJJ:KOCTH B KaHanax CO CJIO)I(HOH reoMeTpHeH npH 

HeCTaLJ,HOHapHOM IIOTOKe. 

4. I13yqeHO BJIH.SIHHe BHe,n:peHH.SI HaHOMaTepHaJIOB (MYHT, rpacpeH) Ha 

peonorwqecKHe CBOHCTBa B.SI3KHX qepHHJI. Orrpe.n:eneHo BJIH,.SIHHe KOHLJ,eHTpau.vm H 

THIIa HaHOMaTepwana Ha xapaKTepHCTHKH 113JJ:eJIHH CO CJIO)I(HOH reoMeTpHeH. 

5. I1ccne,n:oBaHbi Maccoo6MeHHbie rrpou.ecchi B cHcTeMe JJ:HOKCHJJ: 

yrnepo,n:a rrepOKCHJJ: BOJJ:Opo,n:a IIpH CBepxKpHTHqecKOH CTepHJIH3aLJ,HH. 

Pa3pa6oTaHa MaTeMaTwqecKa.SI Mo,n:enb JJ:JI.SI orrpe.n:eneHH.SI napaMeTpoB 

CBepxKpHTHqecKOH <l>JIIOHJJ:HOH CTepHJIH3al.J,HI1 BhiCOKOIIOpHCThiX MaTep11aJJOB Ha 

OCHOBe 6HOIIOJIHMepOB. 

1. Pa3pa6oTaHhi na6opaTopHhie MeTOJJ:hi rronyLieHH.SI B.SI3KHX "LiepHHJI" 

pa3JIHqHoro COCTaBa H reTepocpa3HhiX CHCTeM Ha OCHOBe )l(eJiaTHHa JJ:JI.SI 

peanH3aLJ,HH rrpou.ecca 3D-rreqaTH. 

2. ITpe,n:Jio)l(eHa KOHCTPYKU.H.SI ycTaHOBKH JJ:JI.SI peanH3aLJ,HH npou.ecca 3D-

rreqaTH C HCIIOJib30BaHHeM 6HOIIOJIHMepHbiX "qepHHJI
11 

pa3JIHLJHOH B.SI3KOCTH. 

3. ITpe,n:Jio)l(eH anropHTM rrpoeKTHpoBaHH.SI CJIO)I(HhiX reoMeTpHLieCKHX 

Q:>opM H3JJ:eJIHH Ha ocHoBe pe3yJihTaToB Me.JJ:HU.HHCKHX Hccne.n:osaHHH (KT, MPT). 

4. Pa3pa6oTaHhi rrpou.ecchi rronyLieHH.SI rrepcoHHcpwu.wposaHHhiX 

H3.11.eJIHH MeJJ:HUHHCKOro Ha3Ha'-leHH.SI C l1CTIOJib30BaHl1eM TpexMepHOH rre'-laTl1: 
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rH6pH)J:HhiM HMTIJiaHTaT KOCTHOM TKaHH, HMTIJlaHTaT cocy,n:a, 

nepCOHH<l>HI.l,HpOBaHHnie TOKOTipOBO)J:}IIIJ,He ::meMeHThl. 

5. IIpe,n:no:>KeH MeTo,n: cBepxKpHTWiecKoi:f cpmoH,n:HOM cTepHJIH3aUHH 

BhiCOKOTIOpHCThiX MaTepHaJIOB Ha OCHOBe 6YJOTIOJIHMepOB. 

CTeneuh .r.ocTosepuocTu pe3yJihTaToB 

,lJ;OCTOBepHOCTh pe3yJinTaTOB H 060CHOBaHHOCTh 

,n:wccepTaUHOHHOM pa6oTni A6paMoBa A.A. no,n:TBep:>K,n:eHni 

BhlBO)J:OB 

06beMOM 

3KCnepHMeHTaJihHhiX .l.l,aHHhiX, TIOJiyLieHHhiX C HCTIOJih30BaHHeM COBpeMeHHhiX 

aHaJIHTHLJeCKHX MeTO.lJ.OB H CTaH.l.l,apTH3HpOBaHHhiX MeTO)J:HK. 

IIonyLieHHnie ocHOBHnie pe3ynnTaTni pa6oTni He npoTHBopeLiaT ,n:aHHniM 

coBpeMeHHoii HayLIHO-TeXHHLiecKoii JIHTepaTypni. OcHOBHnie pe3yJinTaTni 

)J:HCCepTaiJ,HOHHOM pa60Thi ony6JIHKOBaHni B 27 neLJaTHhiX pa6oTaX, B TOM LJHCJie 5 

CTaTeii - B :>KypHanax, HH.D.eKcwpyeMniX B Me:>K.n.yHapo.n.Hnix 6a1ax .n.aHHniX Web of 

Science H!HJIH Scopus, 11 2 cTaTnH - B :>KypHane H3 nepeLIAA BAK. 

PeKoMeHLJ.au.uu K npaKTHI.fecKoMy ucnoJih30Bauuro pe3yJihTaTOB 

IIonyLieHHnie B ,n:HccepTaJ.J,HOHHOH pa6oTe opHrHHaJinHnie pe3yJinTaTni 

TeopeTHLJeCKHX H 3KCTiepHMeHTaJihHhiX HCCJie)J:OBaHHH MoryT 6nJTh HCTIOJih30BaHnl 

)J:JI}I TIOCJie.l.l,yJOIIJ,ero BHe.l.l,peHH}I B npOH3BO)J:CTBO H3)J:eJIHM Me)J:HIJ,HHCKOrO 

Ha3HaLJeHH}I. KpoMe Toro, npe,n:no:>KeHHniH MeTO.ll. cTepmJH3aiJ,HH MO:>KeT 6niTn 

HCTIOJih30BaH B Me)J:HUHHCKOM npaKTHKe. 

3aMei.JauuSI no pa6oTe 

1. ITo KpHBniM «Hanp}I:>KeHHe-,n:ecpopMaumm, nonyLieHHniM B pe3yJinTaTe 

HCCJie)J:OBaHHM Ha paCT}I:>KeHHe H C:>KaTHe 113)J:eJIHM CJIO:>KHOM reoMeTpHH, 

TIOJIYl.feHHnix c HcnoJin30BaHHeM npouecca 3D-neLJaTH ( n. 2 .1.3 ,n:wccepTaJ.J,HH ), 

MO:>KHO 6niJIO 6hl HaRTH 30HY ynpyroCTH o6pa3UOB, a TaK:>Ke 3<P<l>eKTHBHhiH 

MO.lJ.YJin ynpyroCTH. 

2. B LJaCTH, KaCaJOIIJ,eMC}I HCCJie)J:OBaHHM npouecca CTepHJIH3aJ.J,HH, B TOM 

LIHCJie c wcnoJin30BaHHeM nepeKHCH Bo,n:opo,n:a (rnaBa 5), 6nmo 6ni uenecoo6pa3HO 

COTIOCTaBHTh YCJIOBH}I H TIOJiyLJeHHhie pe3yJinTaTnl C Tpa,n:HIJ,HOHHhiMH MeTO.l.l,aMH 

CTepHJIH3aiJ,HH H YKa3aTn HX He.l.l,OCTaTKH 11 orpaHHLJeHH}I. 

3. B rnaBe 3 npH MaTeMaTHLiecKOM Mo,n:em-IpoBaHHH rw,n:po,n:HHaMHKH 

HeHnlOTOHOBCKOH B}£3KOH :>KH)J:KOCTH B cocy,n:ax CJIO:>KHOM reoMeTpHH npH 
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IIYIInCHp)'IOW:eM xapaKTepe Tel.feHHH He06XO.UHMO B rrepcrreKTHBe yi.J:eCTh 

yrrpyroCTh CTeHOK COCYLJ:OB, KOTOpaH, KaK H3BeCTHO, OKa3niBaeT cyrn:eCTBeHHOe 

BJIHHHHe Ha CKOpOCTh LJ:BH)l(eHHH. 

4. B rr. 4.1.1 paccMaTpHBaeTcH rrpou:ecc rronyi.J:eHHH reTepo<}:>a3HOH CHCTeMni 

Ha OCHOBe )l(eJiaTHHa. )J;JIH 3THX QeJTeH HCIIOJTh30Ba~ rOMOreHl13aTop CO 

CKOpOCThiO Bparn:eHH5I pOTOpa OT 6000 LJ:O 12000 o6/MHH, BpeMH .UHCIIepnipOBaHHH 

oT 30 .uo 120 c. KaKHe rrpe.urronaraiOTCH MeTO.Uni MacniTa6HpoBaHHH .uaHHoro 

rrpou:ecca rrpH rrepexo.ue Ha rrpoMniiliJTeHHhiH ypoBeHn rrpoH3BOLJ:CTBa? 

06m.aH xapaKTepHCTHKa pa60Tbl H COOTBeTCTBHe ,[J,HCCepTaQHH KpHTepHHM, 

ycTauosJiennhiM lloJio~euueM o npucy~euuu yqeubiX CTeneueu 

ITo TeMaTHKe, MeTO,UaM HCCJTe,UOBaHHH, rrpe,UJIO)l(eHHbiM HOBbiM HaylfHhiM 

IIOJTO)l(eHHHM LJ:HCCepTaU:HH COOTBeTCTByeT rracrropTy Hayi.J:HOH CIIeU:HaJihHOCTH 

2.6.13. llpou:ecCni H arrrrapaTDI XHMHlfeCKHX TeXHOJIOrHH B lfaCTH: «C03,UaHHe 

HOBhiX IIpOU:eCCOB H arrrrapaTOB XHMHlfeCKOH TeXHOJIOrHH, II03BOJIHIOIUHX 

IIOJTylfaTn H3,UeJTHH 3a,UaHHOrO COCTaBa H <PopMni Ha OCHOBe pa3IIH1fHhiX 

MaTepHaiiOB», <«pyH.UaMeHTaJihHnJe HCCJie,UOBaHHH HBJieHHH rrepeHOCa 3HeprHH, 

MaCChi H HMIIYIInCa B XHMHKO-TeXHOJIOrHI.J:eCKHX rrpou:eccax H arrrrapaTaX», 

«pa3BHTHe TeOpHH H rrpaKTHKH C03)];aHHH rrpou:ecCOB, armapaTOB, TeXHOJTOrHH, 

o6ecrrelfHBaiOIUHX C03,UaHHe aBTOMaTH3HpOBaHHhiX U:H<}:>pOBbiX rrpOH3BO.LJ;CTB». 

0T3hiB 3acnylliaH H o6cy)l(.n;eH Ha paclliHpeHHOM 3ace.n;aHHH Ka<}:>e.upni 

OIITHMH3aQHH XHMHlfeCKOH H 6HOTeXHOIIOrH1feCKOH arrrrapaTypbl 01 arrpeiiH 2024 

ro.ua, rrpoTOKOII N2?. 

3aKJIJOqeuue 

)J;HccepTaU:HOHHaH pa6oTa A6paMoBa A.A. Ha TeMy: «llpou:eccnr H 

arrrrapaTnl 3D-IIel.faTH H3,UeJIHH Me,UHL(HHCKOrO Ha3Hal.feHHH» IIOJIHOCTbiO 

COOTBeTCTByeT lloJIO)l(eHHIO 0 IIOpH,UKe IIpHCY)l(LJ:eHHH yi.J:eHbiX CTerreHeH B 

<Pe.uepaiinHOM rocy.uapCTBeHHOM 6IO.LJ;)l(eTHOM o6pa30Ba1.1eJibHOM yi.J:pe)l(,UeHHH 

BhiCillero o6pa30BaHHH «POCCHHCKHH XHMHKO-TeXHOJIOrHlfeCKHH YHHBepCHTeT 

HMeHH )];.H. MeH.ueneesa», yTsep)l(LJ:eHHOMY rrpHKa30M HCIIOIIHHIOW:ero 

o6H3aHHOCTH peKTopa PXTY HM. )];.H. MeH.n;eneesa OT 14.09.2023 r. N2 1030)];. 

)J;HccepTaU:HH HBIIHeTCH 3aKOH1feHHOH HaylfHO-KBaJIH<i>HU:HpOBaHHOH pa60TOH, B 

KOTOpOH H3JIO)l(eHbi HOBbie Hayi.J:HO o60CHOBaHHbie TeXHHlfeCKHe H 

TeXHOJIOrHlfeCKHe pellieHH5I, HarrpaBJieHHbie Ha pa3pa60TKY HOBbiX rrpou:ecCOB 

TpexMepHOH rreqaTH B 06JTaCTH Me)];HL(HHbi H XHMHqecKOi1 IIpOMbllliJieHHOCTH, a 

TaK)l(e II03BOJIHT 3HalfHTeJinHO paCiliHpHTb 06JiaCTH IIpHMeHeHHH a,U,UHTHBHhiX 
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TeXHOllOri-I:H, qTo lfMeeT cylll,eCTBeHHOe 3HaqeHMe .n:mr pa3BlfTlf51 3KOHOMlfKlf 

CTpaHhl. 

ABTop pa6oThi, A6paMOB AH.n:peH: AneKcaH.n:poBifq, 3acny)KMBaeT 

IIpliCY)K.lJ:eHlf51 yqeHOH CTeiieHlf KaH.ll:lf.ll:aTa TeXHifqecKMX HayK ITO HayqHOH 

crreu:ManhHOCTM 2.6.13. ITpou:ecchi M arrrrapaThi XMMifqecKMX TexHonorM:H:. 

ITpe.n:ce,n:aTenh, 

3aBe,n:yiOlll,lfH Ka<jle,n:po:H: OIITlfMlf3aU:lflf 

::M,:.~:::~e:C::OTeXHOllOrHqecKOft~ 
P .ill. A6MeB 

CeKpemph /),C-L ~ E.r. AKceHoBa 
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