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AHHOTAQIDI 

BhmycKHoH KBaJIHQlH:KaQHOHHOH pa6oTbI YTyKHHOH A.M. 

«Orrpe.n;eneHHe 3<p<peKTHBHblX MexaH11t:JeCKHX CBOHCTB rropHCTbIX KepaMH:K» 

BKP co.n:ep)KHT 46 CTpaHHQ, 28 pHCYHK0B H 15 HCT0t:JHHK0B. 

IIopHCTa51 KepaMHKa HMeeT umpoKHH crreKTP rrpHMeHeHHH B pa3JIHt:JHbIX 

o6JiaCT51X, BKJIIOt:Ja.H CTp0H:TeJibCTB0, 3JieKTp0HHKY, 6H:OMe.IJ:HQHHCKYIO, aBHaQH0HHYIO 

rrpoMbIIIIJieHH0CTh, Marn1rno- 11 aBTOM0611necrpoem1e. Orrpe.n:eneHHe ee 

3q_)q_)eKTHBHbIX MexaHHt:JeCKHX CBOHCTB 11 Bbl5IBJieHHe <paKTOpOB, K0T0pbie Ha HHX 

BJI1151IOT' HBJIHIOTC51 KJIIOt:JeBbIMH <paKTOpaMH .IJ:JIH pa3pa6oTKH H0BblX H 

3q_)q_)eKTHBHOCTH rrpHMeHeHH51 y)Ke HMeIOW:HXC51 MaTep11anoB C rropHCTOH CTPYKTypoH. 

B CB513H C qeM 3Ta 3a.n;aqa HBJIHeTC51 aKTYaJibHOM. IJ;eJib pa60Tbl - Bbl5IBJieH11e BJI11.HHH51 

rrapaMerpoB CTPYKTYPbl Ha 3q_)q_)eKTHBHbie MeXaHl'.It:JeCKHe xapaKTepHCTHKH rropHCTOM 

KepaMHKH MeTo.n;aMH t:JHCJieHH0ro M0.IJ:eJIHpoBaHH51. .il:JI51 .IJ:0CTH)KeHH51 .n;aHHOH QeJIH 

6bIJIH H3Yt:JeHbl MeT0.IJ:bl HCCJie.n;oBaHH51 CTPYKTYPH0-He0,n:Hopo,n:HbIX MaTepHaJI0B, 

oco6eHHOCTH M0,n:emrpoBamur rropHCTbIX CTPYKTYP H rrpoBe.n;eH0 t:JHCJieHH0e 

M0,n:enHp0BaHHe 0.D:H00CH0ro paCT51)KeHH51 .il:M orrpe,n:eneHH51 yrrpyrHx Mo,n:yneH H 

rrpe.n;enoB rrpot:IH0CTH rrpH pacT.H)KeHHH B0CbMl'.I M0.IJ:eJibHbIX CTPYKTYP rropHCTOM 

KopyH.IJ:OBOH KepaMHKl'.I. 



ABSTRACT 

Final qualifying work bachelor's thesis contains 46 pages, 28 figures and 15 

references. 

Porous ceramics have a wide range of applications in various fields, including 

the constmction, electronics, biomedical, aviation, machine, and automotive 

industries. Determining its effective mechanical properties and identifying the factors 

that affect them are key factors for the development of new materials and the 

effectiveness of the use of existing materials with a porous structure. In this 

connection, this task is relevant. The purpose of this work is to reveal the influence of 

stmcture parameters on the effective mechanical characteristics of porous ceramics 

using numerical simulation methods. To achieve this goal, the methods of studying 

stmcturally inhomogeneous materials and the features of modeling porous stmctures 

were studied, and numerical modeling of uniaxial tension was carried out to 

determine the elastic modules and tensile strengths of eight model structures of 

alumina ceramics. 
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BBE,IJ;EHHE 

CTpyKTypHO-HeO,r:i;Hopop;Hbie, B TOM qJicJie KOMI103HU:HOHHble MaTepmUibI, Bee 

nmpe rrpHMeH5IIOTC5I B COBpeMeHHOH TeXHHKe H HH,IJ;YCTpHH. I1po6JieMa orrpe,r:i;eJieHH5I 

HX CBOHCTB 5IBJI5IeTC5I Kpan:He aKTYaJibHOH. O,r:i;Ho H3 rJiaBHbIX rrpeHMymecTB TaKHX 

MaTepHaJIOB 3aKJIJOqaeTC5I B B03MO)KHOCTH C03,IJ;aHH5I HaH6oJiee IIO,IJ;XO,IJ;5IIll;ero, 

YHHKaJibHOro no <pH3HKO-MexaHJiqecKHM xapaKTepHCTHKaM, MaTepHaJia ,[I;JI5I Ka)K,Il;oro 

KOHKpeTHOro rrpHJIO)KeHH5I rryTeM BapHaQHH <pH3JiqecKHX H reoMeTpHqecKHX 

rrapaMeTpOB ero COCTaBHbIX KOMIIOHeHTOB. 

K CTPYKTypHo-Heo,n;Hopo,n;HhIM MaTep11anaM 0THOC5ITC5I TaIOKe rropHcTbie 

MaTepHaJibl. B IIOCJie,r:i;Hee BpeM5I 3HaqeHHe rropHCTbIX KepaMHK B rrpOMblllIJieHHOCTH 

B03pOCJIO 6Jiaro,n;ap5I HX YHHKaJibHOMY coqeTaHHIO CBOHCTB. TaKHe HX 

xapaKTepHCTHKH, KaK HH3Ka5I IIJIOTHOCTb, 60Jibllla5I y,n;eJibHa.51 IIOBepXHOCTb, BbICOKa.51 

y.n;apHa.51 B5I3KOCTb, BbICOKa.51 CTOHKOCTb K TeIIJIOBOMY y.n;apy, xopollla.51 

Tel1JIOH30JI5IU:HOHHa.51 crroco6HOCTb H HH3Ka5I ,[I;H3JieKTpHqecKa5I rrpoHHQaeMOCTb 

OTKpbIBaIOT HOBbie B03MO)KHOCTH ,[I;JI5I IlIHpOKOro crreKTpa rrpHMeHeHHH - OT 

MHOroqHCJieHHbIX rrpOMblllIJieHHbIX rrpou:eccoB ,IJ;O 6bITOBbIX H3,[I;eJIHH. 

l13BeCTHO, qTo cpopMa rrop H pacrrpe,n;eJieHHe HX B rrpocTpaHCTBe BJIH5IIOT Ha 

3<p<peKTHBHbie CBOHCTBa rropHCToro MaTepHaJia, HO ,IJ;O KOHU:a 3TOT Borrpoc He H3yqeH. 

I1o3TOMY TeMOH HCCJie,IJ;OBaHH5I ,[I;JI5I ,n;aHHOH HayqHOH pa60Tbl 6bIJIO BbI6paHO 

HCCJie,IJ;oBaHHe BJIH5IHH.51 pacrrOJIO)KeHH.51 rrop H MX cpopMbl Ha 3cp<peKTHBHbie 

MexaHHqecKHe xapaKTepHCTHKH rropHCTbIX MaTepHaJIOB. QeJiblO ,n:aHHOH pa60Tbl 

5IBJI5IeTC5I orrpe,n;eJieHHe 3cp<peKTHBHbIX MexaHJiqeCKHX xapaKTepHCTHK rropHCTbIX 

KepaMHK Ha OCHOBe qJicJieHHOro MO,[I;eJIHpOBaHH5I. 

,l1;JI5I ,IJ;OCTH)KeHH.51 u:eJIH 6blJIH IIOCTaBJieHbl H pellleHbl CJie,n;y10rn:He 3a,n;aqH: 

1. IIocTpOHTb pa3Hble reoMeTpHqecKHe CTpyKTYPHbie MO,IJ;eJIH rropHCTOH 

KepaMHKH C pa3JIHqHblMH rrapaMeTpaMH ( cpopMa, pa3Mep rrop, a TaIOKe 

7 



pacrrpe,n:enem1e MX B rrpocTpaHCTBe Mo,n:entt). Cpe,n:Hee 3HaqeHH:e rropttcTOCTH 

COCTaBJUIJIO 16,5 %. 

2. IIpoBeCTH qH:cJieHHOe HCCJie,n:oBaHH:e Mexam1qecKoro IIOBe,n:eHIDI rropHCTblX 

KepaMHK rrpH O,ll;HOOCHOM pacT5DKeHHH MeTO,ll;OM KOHeqHbIX pa3HOCTell. 

3. Ha OCHOBe qH:CJieHHbIX HCCJie,n:oBaHH:ll paccqH:TaTb 3<p<peKTHBHbie yrrpyrtte 

Mo,n:yntt H rrpe,n:eJibI rrpoqHoCTH rrptt pacnnKeHHH ttccne,n:yeMoIX CTPYKTYP· 
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3AKJUOlIEHME 

B pe3ym,TaTe Mo,n:em1p0Bamrn ,n:ecpopMau;HH H pa3pyrneHH51 Ha Me3oypoBHe 

6blJIO BbUIBJieHO BJIH51HHe Heo,n:Hopo,n:HOH crpyKTYPbl rropHCTOll KepaMHKH Ha ee 

3<p<peKTHBHble MeXaHHlleCKHe xapaKTepHCTHKH: yrrpyrHe MO.D:YJIH c,n:BHra H 

o6oeMHOro C)KaTH51, Mo,n:yrrb lOHra, K03<p<pHI.J;HeHT IIyaccoHa H rrpe,n:err rrpoIIHOCTH 

rrpH paCT51)KeHHH. 

I1oKa3aHO, IITO .D:JI5I rropHCTbIX CTPYKTYP C 3JIJIHIICOH.D:HbIMH rropaMH 

3<pcpeKTHBHble yrrpyrHe Mo,n:yrrH H rrpOIIHOCTb OKa3aJIHCb Bbillie, lleM y CTPYKTYP C 

KpyrOBbIMH rropaMH Ha 10 - 20 %, a pacIIOJIO)KeHHe H cpopMa rrop OKa3bIBaeT BJIH.sIHHe 

Ha rrpe,n:eJibl rrpo1IHOCTH rrpe,n:cTaBJieHHbIX Mo,n:eJibHbIX CTpyKTyp. BbUIBJieHO, 1ITO 

BJIH51HHe cpopMbl rrop Ha rrpe,n:err rrpOIIHOCTH BbIIIIe, IIeM y pacrrOJIO)KeHH51 Ha 40 - 89 

%. 

Pe3yJibTaTbl ,n:aHHoro HCCJie,n:oBaHH51 6bIJIH rrpe,n:cTaBJieHbl Ha Me)K.D:yHapo,n:HOll 

KOH<pepeHI.J;HH «MexaHHKa, pecypc H mrnrHOCTHKa MaTepHarrOB H KOHCTPYKI.J;HH» 

Koropa51 rrpoxo,n:Hrra B r. EKarep1rn6ypre c 16 no 20 Ma51 2022 ro,n:a. 

48 



CIIHCOK I1CIIOJ1b3OBAHHOll JIHTEP ATYPbI 

1. BmrnHHe CTpy:rnypbI MaTepHanoB Ha CBOHCTBa KepaMHKH I A.M. CanaxoB, 

P.A. CanaxoBa, O.M. l1JibWieBa [H .n;p.]. II BecTHHK Ka.3aHCKoro TexHoJiorwrecKoro 

yHHBepcHTeTa. - 2010. - N28. - C. 343 - 349. 

2. IIopHcTaH KepaMHKa c peryJIHpHoir cTpyKTypoir I )ICB. AH.n;peeBa, A.H. 

3axapoB II YcrrexH B XHMHH H XHMH"CJecKoir TexHoJionnr. -2012. -T. 26, N26 (135). -

C. 11 - 13 . 

3. 3KcrrepHMeHTaJibHOe HCCJie,n:oBamre CTPYKTYPbI, yrrpyrHx H rrpO"CJHOCTHbIX 

xapaKTepHCTHK rropHCTOH Kopytt,r:i:osoir KepaMHKH. I B.A. 3HMHHa. II BecTHHK 

ToMCKoro rocy.n;apcTBeHHoro YHHBepCHTeTa. MaTeMaTHKa H MeXaHHKa. - 2020. -

N267. - C.117 - 126. 

4. A simple and effective geometric representation for irregular porous 

structure modeling I X.Y. Kou, S.T. Tan II Computer - Aided Design 42. - 2010. -

Vol. 42. - P. 930 - 941. 

5. 1IHcJieHHOe MO,n:eJIHpOBaHHe MexaHH"CJeCKoro IIOBe,n;eHHH MO.[.l;eJibHbIX 

xpyrrKHX rropHCTbIX MaTepHanoB Ha · Me3oypoBHe I M.IO. CMOJIHH, M.O. EpeMHH, 

II.B. MaKapoB [H .n;p.] II BecTHHK ToMcKoro rocy.n;apcTBeHHoro yHHBepcHTeTa. 

MaTeMaTHKa H MexaHHKa. -2013. -N25 (25). - C. 78-90. 

6. MHKYIIIHHa B.A. 1IHcJieHHoe Mo,n:eJIHpoBaHHe .n;ecpopMHpoBaHHH H 

pa.3pyIIIeHH5I rropHCTOH aJIIOMOOKCH.[.l;HOH KepaMHKH Ha Me3oypoBHe I B.A. 

MHKYIIIHHa, H.IO. CMOJIHH II BecTHHK ToMcKoro rocy,r:i:apcTBeHHoro yHHBepcHTeTa. 

MaTeMaTHKa H MexaHHKa. -2019. -N2 58. - C. 99-105 . 

7. Mo,r:i:eJIHpoBaHHe ,r:i:ecpopMaD;HH H pa.3pyIIIeHH5I MaTepHana c rropHCTOH 

KepaMH"CJeCKHM IIOKpbITHeM Ha OCHOBe IIOJIHCHJia.3aHa. I P.P. baJIOXOHOB, A .B. 

3HHOBheB, B.A. PoMaHosa, P.A. EaKeeB, O.C. 3HHOBbeBa. II <PH3H"CJecKa5I 

Me3oMexaHJIKa. - 2015. - T. 18., N22. -C. 60-71. 

49 



8. Kom1qecTBeHHbIH aHamB rropoBoii CTPYKTYPbI KepaMIIKH c rroMOII(bIO 

KOMITbIOTepHoro aHam13a P3M-M3o6pa)l(emrn./ E. JI. KpacHbIH, B. II. TapacoBCKMH, 

A. E. KpaCHbIH, A. IO. OMapoB. II HoBbie orHeyrropbL HayqHbie 1Iccrre.ri:0Bamrn M 

pa3pa60TKII. - 2013. -1'fo8. - C. 40 - 44. 

9. CTpyKTypa II CBOHCTBa orHeyrropoB. / K. K. CTperroB. - M.: MeTarrrryprm1. -

1982. - C. 207. 

10. Numerical simulation of mesomechanical behavior of porous brittle 

materials / I. Yu. Smolin, P.V. Makarov, M.O. Eremin, K.S. Matyko // Proc. Struct. 

Integrity. - 2016. - Vol. 2. - P. 3353- 3360. 

11. rrraBa 1 ,n:ecpopM1IpOBaHHOe COCT051HIIe // Teop1I51 yrrpyroCTII / B. 

HoBaU:KIIH. -MocKBa: ll3.J:(. «MIIp», 1975. - C. 11-39. 

12. rrraBa 4 IlplIMepbI IlOCTaHOBKM, arrroplITMOB qncrreHHOrO perueHII51 II 

pe3yJibTaTOB perueHJI51 .J:(ByMepHbIX HecTaU:MOHapHbIX 3a,J:(aq (pll3MK B3pbIBa ll y.ri:apa // 

IlplIKJia.J:(Ha51 MexaHIIKa crrrroruHbIX cpe.ri: / A.B. Ea6KMH, B.H. KorrrraKoB, B.H. 

OxlITIIH, B.B. CemrnaHoB. - MocKBa: ll3.J:(. MocKoBcKoro rocy.ri:apcTBeHHoro 

TexHnqecKoro YHIIBepCIITeTa 1IMeH1I H.3. EayMaHa, 2006. T.3. - C. 320-418. 

13. f rraBa 2 KnHeMaTIIKa .ri:ecpopMnpyeMoii cpe.D:bI // MexaHnKa crrrroruHoii 

cpe.D:bI I JI.TT. Ce.ri:oB. - MocKBa: H3.J:(. «HayKa», 1970. T.1 -C. 22-123. 

14. Mechanical Properties of Porous Ceramics / Vania Regina Salvini, Victor 

C. Pandolfelli, Dirceu Spinelli // Recent Advances in Porous Ceramics. lntechopen. 

Chapter 10. - 2018 - P. 171-199. 

15. Characterization and statistical modeling of irregular porosity m 

carbon/carbon composites based on X-ray microtomography data / B. Drach , A. 

Drach, I. Tsukrov // ZAMM. - 2013 - No.5. P. 346-366. 

50 



t-\ t-rrw nnArlllAT 
06HAPY>f<EHHE 3Al-1MCTBOBAHHH 

OT4eT 0 npoeepKe Ha 3alllMCTB0BaHIIISI N21 

ABTOp: YryK1'1 Ha AHacr arnR MaKrnMOBHa 

npoeepRIOll.1111~: YryrnHa AHa CTarnR MaKC!,1MOBHa 

Or4eT npe,11ocrasneH ceps1,1coM «AHrnnnar i,,ar» - b!W//users antip1!glfil.ru 

I/IH<l>O PMA411U1 0 AOKYMEHTE 

N, AOKyMeHTa: 6 
HaYano 3arpy3K'1: 22.05.2023 18:31 :23 

,l\J1'1TenbHOCTb 3a rpy3K'1 : 00:00:02 

vlMR 1,1CXO,IIHOrO q,a~na: BKP.pdf 

Ha3BaH1,1e AOKyMeHra: BKP 

Pa3Mep TeKCTa: 43 K6 

(1,1MB0/108 B TeKCTe: 44229 

Cnos s r eKcre: 4991 

Yv1cno npeAJ10>KeHv1C1 : 352 

I/IH<l>OPMA4111 .R 06 OT4ETE 

Ha4ano nposepK1,1: 22.05.2023 18:31 :25 

,l\J11'1TellbHOCTb nposepK1'1: 00:00:05 

KOMMeHTap1,11,1 : He yKa3aHO 

MO,£\Y/1\,1 n01'1CKa: vlHTepHeT Free 

COBnAJIEHVlil 

11,14% ifr_l 

CAM04111TVIPOBAH VIR 

0% 

4111TVIPOBAHVlll 

0% 

OPVlrVIHA/lbHOCTb 

88,86% 

CoanaAeHLIISl - cf>parMeHTbl n posepAeMoro TeKCTa, noflHOCTbl-0 Vl/1111 4aCTv14HO CXOAHble C Ha~AeHHblMVl VICTOYHv1t<a MVI, 3a IIICKJll-04eHlt'leM cpparMeHTOB, KOTOpble ClllCT€: MiJ OTH €C.'1 C:: K 

4111r111posa1-11.mo IM1111 caM0LJ.L11Tll1p0BaHL11K), noKa3aTe/lb c<CosnaAeH\llfl» - 3TO tliO/lfl y)parMeHTOB nposepReMoro TeKCTa, OTHeceHHblX K cosnaAeHIIIRM, B 061.J.lieM 06beMe T•?i<CT a. 

CaM041,1T1i1poaam,rn - <ppa rMeHTbl nposepAeMoro reKcra, cosna,{:\al-01.1...\Vle 11111v1 noYT\11 cosnaAa1o~vie c cj> parMeHTOM reKcra VICTOL1H111Ka, asropoM 1t111111 coasro p or,'l 1~oroporo '118n :.:;e1c;:i 

asrop nposepReMoro AO KYM€ HTa. noKa3aTe/1b (<(aM04111rv1posaHvtR )) - 3TO A0/1R ~,parMeHTOB TeKCTa, OTHeceHHblX K caMOU,t.1n1poea HMK), s 06W.'=M o6beMe TE'. f,(13 . 

U.vnvrpoaaH"1R - cpparMeHTbl nposepReMoro TeKCTa, KOTOpble He RB/lRI-OTCR asropCKVIMIII , HO KOTOpb1e C111CT€Ma OTH €C/la K KOppe KTHO o,popM!l € HH bfM . K 4 v,n1posa Hvl>iM 0THc,: :=;r,: . .:; Ta!,;; -: 

wa6noHHble ¢pa3bl; 6111611111orpa¢111n; ¢parMeHTbl Te KCTa, Ha~AeHHble MOAYlleM nOV1CKa «enc rapaHT: HOpMaTll1BHO- n pa soeafl AOKYM € HTaU.V1fl)), n m ~a3are/1b ((~l/1TMpo eaH vm11 - ?TC· /.!/Jfl ':; 

cj,parMeHTOB nposepAeMoro TeKCTa, OTHeceHHblX K ljl1Tl1POBaHl1/0, B 06L11eM o6beMe TeKCTa. 

TeKcrnsoe nepece4eH11e - q,parMeHT r eKCTa nposepAeMoro ,110KyMeHTa, cosna,11a10ll\l1~ 11n11 no4Tl1 cosna11a10ll\l1,:;; c cj,parMeHTOM re , cra 11 cro•IH >1 1<.a . 

111CT04HIAK - AOKyMeHT, npo'1HAeKrnpoBaHHblL< B rnrreMe 11 co11ep,Kall\'1,:;;CH B MO,l\Yfle no11cKa, no KOTOpOMY npoBOAl1TCH nposepl(a . 

Op11rnHanbHbli1 TeKCT - q,parMeHTbl nposepHeMoro TeKCTa, He o6Hapy)l(eHHble Hl1 B 01\HOM 11CT04Hl1Ke 11 He OTMe4eHHble H'1 OAH11M 113 MO,l\Yne,:;; nmlCKa. noKa3aT2/lb 
«Op11r11Ha/lbHOCTb» - 3TO AO/lH q,parMeHTOB nposepAeMoro TeKCTa, OTHeCeHHblX K opi,1rv1HaJ1bHOMY TeKCTy, B 06L11eM o6beMe TeKCTa. 

(<Cosn aAeHVIH», <,Uv1rv1 p osa Hll1fl)>, «CaMOU.VITL11poaa HVls:l », <,Op111r111HaJ1bHOCTb» HB/lHIOTCfl OTAe/lbHblMVI noKa3aTe/lflMVI, oro6pa>KalOTCR 8 n p ou,eHrax VI B CYM ME: Aal-OT 100%, '-ITO 

COOTBeTCTByer no/lHOMY TeKcry nposepReMoro I\OKyMeHTa. 

06paL4aeM Ba w e BHVI MdHll1€, 4TO Ct-1CTeMa HdXOAl-1T T€KCTOBbl€ cosn a A€Hll1H nposepHeMoro AOKYM€HTa C n pOlt1HA€1~CJ,1pOBaHHblMv1 a CVICTeMe VlCTO•·l Hl/1 1-:a MIII. np1t1 3TOM ntn~~.;l~J nS.'1)!'?. ':, ' f: 

scnoMorare/lbHblM 111HCTPYM€HTOM, onpeA€/1€HLl1€ KOppeKTH OCTLl1 111 n pasoMepHo cn,1 cosnaJ),eH111!'.1111 11 111 4111rv1 p o saH111 VI, a TdK)Ke aeropCTBa T€KCTOBblX 4;pa r Me HTOB n po8e p>l!: t.;0rc, 

,!J.OKyMeHra ocraerrn B KoMnereHl.1'111 nposepRIOLl\ero. 

N, 
,l\OnR ,l\OnR 

ViCT04H'1K AKryaneH Ha MO,l\Yflb no11cKa KOMMeHrap1111 
B TeKCTe B OTLleTe 

http:! /vita I .Ii b. tsu .ru/vita I/access/services/Dow 
[01] 4,72% 4,43% nload/vital: 12183/SOURCE01 07 CeH 2020 il1 HrepHeT Free 

http:/ /vi tal .lib.t,u .ru 

BeCTH ToM. roe. yH•Ta. MareMarnKa 11 
[02] 4,51% 3,76% MeXaHl1Ka. 2019. N, 58. 01 ~HB 2019 illHrepHeT Free 

h!Tp:!/ j ourn ;:l !S. r:,u . ru 

'-111C/1eHHoe MOAen11posaH11e 

[03] 3,35% 0,06% 
11eq,opM11posaH11R 1,1 pa3pyweH"1A nop"1CTO~ 

01 ~HB 2019 1'1Hr epHeT Free 
an/OMOOKCl1,IIHO,:;; KepaM"1K'1 Ha Me3oypoBHe 
http://jnu(nctlS.(su.ru 

/J,;J c / r ::-?, 

,([:7YO v_;.r re,) 0-/ t,)) 

lfar"-rkr r>iML 

I& /,(_c.y ,l. b J ~ h I 

13/cl~ 

!3 kP 

~ ;;:livt .t- 17 

.~ 

~ _p ,/,I / ,1UJ,e '1CT04H'1KOB: 4 

.1/ 'T/e-c.~ r,/ ~ Ll\e cosna,11eHv1vi: 2,89% 

ft{..£ C7 ,.,,{i t -/.L / { -'W, 

6.A. s l,,l_ ,,u.UA-l CL-

~ P jrlto ~-~ 00 (1 

3~ · ~:) . J;!JJ~ f . cp.-~ ?-(_/ 

~wrec~ r 
°r" O{A,( ~ b A-



Заключение 

руководителя ООП 15.03.03 Прикладная механика 

профиль «Вычислительная механика и компьютерный инжиниринr» 

Руководствуясь п.3 .2 и п.3.4 «Регламента размещения текстов выпускных 

квалификационных работ в электронной библиотеке НИ ТГУ» (Приказ ректора №301/ОД от 

22.04.2016) выпускную квалификационную работу Утукиной Анастасии Максимовны 

«Определение эффективных механических свойств пористых керамик» следует разместить в 

депозитарий НБ НИ ТГУ с изъятием раздела 1, раздела 2, раздела 3, раздела 4. 

31 .05.2023 

Руководитель ООП 

зав. кафедрой механики 

деформируемого твердого тела, 

д.ф.-м.н. , профессор 

моб. тел. + 7 903 914 0028 

В.А. Скрипняк 


