
OT3hlBO$HQHA~bHOrOOITITOHEHTA 

Ha ,LJ,YrccepTaU,110HHYJO pa6oTy EneoHcKoro CB5ITocnasa I1ropeBI1 Lta 

«llCCJIE):(OBAHME ITPOQECCA HAKOITJIEHH5l ITOBPE)I{):(EHHH l1 
3BOJIIOQIJII OCTATOqHhiX HAITP5l)I{EHHM ITO )J;AHHhiM 

M3MEPEHUH JIOKAJihHOrO )J;E<I>OPMAQIIOHHOrO OTKJIIIKA 
METO,LI;OM CIIEKJI-IJHTEP<DEPOMETPMM», 

npe,LJ,CTaBneHHYJ-0 Ha COI1CKaHI1e yqeHOH CTerreHH K8H)J,I1)J,aTa TeXHJ1LJeCKI1X HayK 

ITO ciTeu:HaJibHOCTH 01.02 .04 - «MexaHI1Ka )J,ecjJopMrrpyeMoro Tsep.Il,oro Ten a » 

At~Tyan bHOCTb TeMbl n HccepTaUHH. I1cnOJib30BaHHe 11HHOBaU110HHbiX 

TexHonorl1i1 co e,LJ, I1J-IeHI151 MeTanm1YeC KI1 X 3neMeHTOI3 KOHCTpyKLlHH npeL(cTaBn51eT 

C060H B8)KHOe 3BeHO, He06XO,l],VIMOe ,l],Jl 51 C03)],8HVf 51 COBpeMeHHbiX neTaTeJlbH bl .\ 

annapaTOB (flA ). C 3TOH U,eJiblO B H3CT051I.l(ee BpeM5I W11pOKO rrpHMeH5110TC 51 

xononHoe ynpoLmeHH e oTsepcnri1 non 6onTbi 11 JaKJlenKH , a TaK>Ke csapKa 

OT,LJ,eJi bHbJX 3JieMeHTOB 8Bl18li,HOHHbiX KOHCTpyKLJ,I11'1 . 06e TeXHOJlOfi1I1 npi1BO,ll5!T K 

B03l-JHKHOBeHHI-O 3HRLil1TeJibHbiX ITO BeJIHYl'IHe JIOKaJibHbiX OCTaTOYHbl X 

HanpmKei-UIM . B rrepBOM c11yqae rron mKHTeJlbHoe BJ1H5!Hrre C>KHMaWLUH.\ 

OCTC\TOYHbiX Hal1p5!>KeHI1H B OKpeCTHOCTI1 OTBepCT!/151 o6ecneY HB8eT 31-f8LJ I1TCJ!b i-IO;.:> 

(s 3- 5 p a3) yseJI VJLieHHe ycTanocTHOH ,LJ,onroseLI I-IOCTYI. DpHMeH e HI1 e cs8pHbi X 

~ r-
KO HCTPYKU11V1 ooecneYHBaeT CHvDKeH He Beca nnaHep8 naccmrmpcKoro caMon.eTa B 

npeJl eJI8X J 0- I 2 <Yo, O,LJ,HaKo , HaJIVIYl1e p8CT5!rMB8J-OLUMX ocT8TOY H bi X cn8pOYHbi X 

Han pmKeHHH, ,lleHCTBYIDill,l1X B,l],OJib CBap HbJX WBOB, OK83blB8eT He r 8THBH Oe 

BJII151Hl1e Ha ycTanocTHYID rrpOLlHOCTb K OHCTPYKU:HH. Tar<I1M o6pa3oM, B03HHKaeT 

He06XO,lll/IMOCTb TIOilyLJeHH5I HOBbJX 3KCnepHMeHT8JibHbiX ,ll8HHblX, KOTOp nre 

OITHCblB8IOT npouecc H8KOIIJleHH51 ycTaJIOCTHbiX IIOBpe>K)J,eHHH B OKpeCTHOCTI1 

yKa3aHHbiX coe)J,HHeHHH ITp11 U,HKJJWiecKOM Harpy>KeHHH, B TOM LIHcne c yYeToM 

3 BOJ1l-OL(V1I1 none]:{ OCT8TOYHblX Ha!lp5!)l(eHHH 

8 CB51 311 C ::>T HM , n penc-rasneHI-!851 ,Ll, VICCepTaLJ,VlOHHa51 p860T8, B KOTOpOM 

pa3pa6oTaH HOBbJH pa3pywaiDLUHi1 MeTO,Ll, KOJI YJLJeCT BeHHOm OriVfC81-!11 }1 

HaKO nJieHHJI ycTaJJ OCTHblX TIOBpe>K,LJ,eHHH B HeperymipHbiX 30I-13X KOHCTpyKUH H 

np11 MaJJOUHKJIOBOH ycTaJIOCTf1, HCCOMHeHI-1 0, aKTyaJibl-!8. n oJiyLi eHHbl c 

I ~ 
pe3yJibTa bl BHOC51T 38MeTHbll1 BKJ18,ll B C03,ll8HHe OO,llXO)J,OB, ri03BOJI51 1-0lUl1 X 

0TAen AOKyMeHTaljl-10HHOro 
o6ecne'ieHI-1H MAVl 

«c2a> () r 2oll r. 



ll]JOBO,Ll,HTb aHaJ1T13 ycTaJl OCTHO K ll]JOLIHOCTH C y LieTOM 3 BOJl fOUVII1 n o ne}! 

OCTaT04Hbl X HaiTp 5DKeHl1H . 

~OCTOBepHOCTb H HOB H3Ha OCHOBHbiX BhiBO)J,OB ,UHCCepTaU,HH . 

L(Hc c epTaLI;fiOHI:-Ia5T p a 6 o Ta H3JlO:>KeHa Ha 215 CTpaHHU:aX I1 COCT OHT 113 BBe)le H¥151, 

rurn r r JiaB, 3aKJIXF iemui H cn11cKa JIHTep aTypbi. 

C Tpy KTyp a )J,l1CcepTaiJ)1l1 n o r HLJHO o T p a:>KaeT nocne.n:osaTeiihHOCTb p eweHVI >I 

TI OCT3 BJl eH H b iX CO VI CKaTeJleM 33.[(3L[. 0 Ha BKJT fO LJaeT 0630p VI a H3JlW3 

OTeLfeCTBeHH bfX 11 3ap y 6e)l<HblX ny6H VI K3UH K; llOCTaHOB KY H3Y 4 HOK n po6neM bl ; 

o60CI-IOBaH !1e H e06XO)J,I1MOCT VI C03)J,3Hl151 HOBOfO 3 KCil epvtM e HTaJ1bHOfO MeTO)J,a 

.[(Jl5l o npe.neneHl1 51 n apaMeTpos M exaH HKl1 pa3p yweHl15l B oKpecTHOCTVI y 3Koro 

Hape3a , KOIJ.'OpbiH B blTIOJ1H5TeTC5l np11 TIOCT05THHOH BHeWH eH Har p y3Ke ; p a3pa60TKY, 

Bep i1cpl1KatJ,HlO I1 n p aKT WieCKYlO p eaJIH3aiJ;I1lO ,IJ,aHHOfO MeTo ,.a:a )J,Jl5l KpaeBbfX VI 

p a3pa6oTaHHo ro TI O.[(XO.lJ:3 

KOJl W -I e CTBeHHOrO OTI I1CaHH5l n p oU,ecca H aKOTIJ1eHH51 TIOBpe:>K.[(eH l1H B OKpeCTHOCT VI 

OTBepCTMH . 8 3a BepweHHe pa60 T bl npv!Be.[(eH TI]Jl1Mep aH3JIH3a 3 BOJl fO UVI:Y1 

OCT3T0 4Hb !X H31l]J5l:>KeH I1H B OKpeCTHOCT VI CBapHbfX CO e)J, J1H eH HH 3JlfO M VII-111 e Bbl.\ 

Jl V\ CTO B. 

I 
0 o ,a33 HO, K3K C llOMOW,b ~O MeTO)J,3 ll OCJ1 e)J,OB3TeJ1bH Or O Hapa UJ,VIB31-IVI 51 

)J,JlHHbl T~eiiJ, J1H bi MO:>KHO H3Mep 5lTb a 6COJ1lOTHbie BeJl W-IHHbl Ta Hre H LJ,H3Jlbl-l b i X 

KOMOOHe,T nepeMeli(eHHfi Ha 6eperax Y3KOro Hatlpe3a. C ITOMOII(b!O 

OpH f T1H3J11 Hh i X OITTJ1lfe CKI1X CXeM CTieKJJ- HHTepcpepoMeTpOB npOBe.[(eH 3H3JI W3 

T0 4 HOCTl1 /0npe.[(eJJeHI15l KOMTIOHeHT nepeMeiiJ,eHI1H B OKpeCTHOCTI1 j3K0 f0 H3)lp e3a 

TI]JVI TIOCTi 5lH H OH BHe W HeH Har py3 Ke . Heo6XO.[(HMO OTMeTI1Tb Bbi COKOe KaLJ eCTBO 

Tep cp e p e HLJ, VIO HH bi X ll OJIOC, K OTOpOe 5JBJ151eTC51 He06XO)J,T1MbfM j CJlOBVI eM 

llOJ1j 4 e H 51 H3.[(e:>KH b1X VICXO)J, H b!X )J,3H HblX . 01l T JIIM 3J1bH biK BbJ6o p j ]JOB Hll 

BHew Hei1 Ha r py3 KJII o6ec n e Lrvt s a eT noBhiWeHM e T04 HOCTl1 VI 3Mepe i--mH. B 

pe3yJJhTa e npe,lJ,JlO:>KeH VI Bep i1qm UM ]JOB3H HO Bbi H ITO)J,XO.[( K o npe.[(eJle HHfO 

Ko3 cp cpV1 u r e HTos HHTeHcli s Ho c TH Harrp5J)KeHl1 H (Kl1H) 11 T - Ha np5l :>Ke HVI H c 

(1 CTIOJl h30 j aH HeM rrep Bhi X .n:s y x rr epBhiX Ko3 cpclnriJ,He HT OB p5I)J,OB YI1Jl b5lMca )J,JHI 

K3:>K.[(Of0 IapaMeTpa (r JJaBa 2). 



I1pHMeHeH vre pa3pa6oTaHHOH MeTO.LJ:OJIOfHH Ha pa3JII1qHblX CTa,UJ151 X 

MaHOIJ,HKJIOBOH ycTaJJOCTH ,naeT B03MO)KHOCTb ITOJIYLJHTb 3aBHCHMOCTH BeJJHLfVII-L 

pacKpbiTI15I , KYIH 11 T -HarrpmKeHHi1 ,UJI5I CHMMeTpHLJHbiX Ha,npe308 o ,n vrHaKo8o i1. 

ll.Jl11 Hbl oT IKOHH<-tecTsa JJ.HKJI08 Harpy)J<eHl1:5J. C 3KcrrepaMeHTaJibHOH ToqKH 3peHH 51 

KmO LJeBblf1 M OMeHTOM pa3p a6oTai-IHOf'O ITO,UXO,Ua 51BJ151 eTC51 TOT cpaKT, LITO o6pa3Ubl 

C OT8e pCT 115I MH J1Cll blTbiBafOTC5I 8 peaJTbHbJX ycJT0811 5IX 3 KCnrryaTaU11I1 6e'3 

I-I aHeCeHJ1~ 11CXO,UHOf'O Ha,Upe3a, KOTO)JblH 51 8Jl5leTC51 HCTOLIH HKOM pa38 11 T I1 51 

ycTaJT OCTHOH TpeLLI,H Hbl. BnepBbJ e IT p eD.JTaraeTC51 HCTIOJl b30 8aTb OTHOCHTeJlbH bl e 

serrwmHb~ KHH , KOTO)JbJe nonyt.IeHhi Ha pa3Hl1YHhJX cTa)J,H51X MaHOI.J:HKno so i1 

I 
y cTanocT/' s I<al.feCTBe TeKymero napaMeTpa rrospe)J(,naeMocTH (r Jiasa 3). 

Ha l 3TOH OCHOBe rronyLJeHO MaTeMaTH1.JeCKOe o60CHOBaHHe H080f'O 

pa3pywa~w,~ro MeTO)J,a )J,JU[ KOJlHYeCTBeHHOf'O OTIHCaHH: TI)JOIJ;eCCa HaKOITHeHH ~ 

riOBpe1Kll.{U-II1J.1 B 30He KOHIJ;eHTpaTopa HanpmKe HHI1 11pi1 MaJIOUHKJTOBOI1 

y cTaJIOCT 

HaKon ne 

0oKa3aHO, t.ITO LfHCJieHHOe HHTe rpYLpOBaH I!Ie 3a8J.1CJ.1MOCT I1 

aHHblX seJIWIHH KVIH OT npoueHTa )J,OJTroseL£HOCTI1 D.aeT cpyHKLJ,viT-o 

ll OBpe!K,UeHVIK C TOt.IHOCT bl-0 )J,O K03 CpCpVIUVIei-ITa HOpM l!! p OBKI-1. 

ViCKOMbi K03CjJcpHUJ.1eHT Bh1YI1CJI5leTC5l KaK BeJII1LJJ.1Ha o6paTH a51 llJlOW,aD.I!! llOJl 

aHHOi1 KHH Kp11soi1 . Pa3pa6oTaHHa51 npoue)J,ypa onpe.n:eJ£5l eT 51BH&L i1 

svr,n cpyH UH11 HaKorrneHH5I nospe1I<,1J,em1i1. Bneps11e nonyqeHbi Kon w-IeCTBeHHbi e 

,UaHHbie, KOTO)Jble xapaKTepH3YlOT BJIH5IH11e I<03¢¢11ll,J1.eHTa aCI1MMeTpV1 11 Ll,l!! KJJa 11 

)Ja3Maxa HanpmKeHHM Ha CKO)JOCTb H aKOJ1JJeHH5l IlOBpe)J()J,eHHH B OKpeCTHOCTJ1 

OTBepcT i1 npvr M 3JlOUHKH080H y cTaJlOCTI1 (r JI3B3 3). 

H OCHOBe MeTO,UOJlO fl!ll!! , 11C ll 0 Jl b3YeMOK ,UJl 51 OT8epCTI15! 8 11CXO)J,I-! OI'vl 

COCT051H H , npe,QJlO/KeHbl 11 peaJT J.1308aH H08blK MeTO,U OLJ,eHKVI 3 8 0 mO U VI I1 

OCT3TO L! bJX H3Ilp5DKeH HH 8 OKpeCTHOCTVI yn pOL!HeHHOf'O OT8epCTI!I51 B YCJl081!151 X 

Manou:I1K.rro8oro Harpy;KeHvr 51. K oppeKTHOCTb npVTMeHeHH5l cpopMyn n HHei1H o i1 

p a3p yweHH 5l K onpe,neneHHT-O 3HaYeHvri1. Kl1H ,UJJ51 Ha.n:p e3o 8 , 

Mo.n:envr 1 yT-Oill)1X Tpelll,HHY 8 none ocTaT01.JHbiX Harrp5DKeHHi1., ,lJ,OKa3aHa nyTe M 

cpas He 1151 ,UaHH biX, I<OTO]Jbie nonyqeHbl ,UJUI pa3JJ111.JHhiX 3HaLJeHHH BHeWHeH 

Harpy3K . YcT m-IosneHo, 1.JTO 33BHCHMOCTH senH LfHH pacKpbiTH5l B HaLtaJJ bHOH 



TOLJKe nep : oro Ha,Ll,pe3a 11 KHH or ypoBH51 HOMHHaJibHbiX Hanp51)f{eH11M 11MeiDT 

JlHHefiHblH xapawrep. ,[(aHHbiH cpaKT ,[l,aeT B03MO)KHOCTb orrpe,Ll,eJleHI151 BeJlMLJVl H 

KVfH, KOT pble OTHOC5ITC51 TOJTbKO K B03,Ll,eHCTBI11-0 OCT8TOLJHblX Hanp51)J<eHI1[1 , Ha 

HIJ,l1rr a c y nepno3 V!UV!l1 . floKa3 aHo , LJ TO 3 Ha LJ e Hvt>J OCT3T04HbJ X KVI H, 

KOTOpbie C OTBeT CTBYl-OT pa3JH14HblM ypoBH51M HOMI1!-13Jlb!-lhJX Hanp51>KeH l1H )lMI 

o6pa3U,a, K~TOpbiH He llO,[(BepraJTC51 U,I1KJTl1LJeCKOMy Harpy>KeHl1IO, OTJIIFcl31-0TC51 He 

6onee, Lfer Ha 2,4 %. Ha :JTOH OCHOBe flOCTpOeHbi 33Bl1Cl1MOCTI1 , KOTOpbl e 

OTpmKai-OT 11 CXO,[(HblH ypo BeHb 3HaLJemn1 OCT3TOLJHbiX KJiiH !-18 pa3JI 114 H bl X 

paCCT051Hl1~X OT KOHTypa yrrpOLJHeHHO!O OTBepCT¥151 11 l1X 3BOJllOl1,111-0 B pe3yJihT8Te 

MaJTOUHKJi f soro Harpy>KeHH51. ITonyLJeHHbie ,IJ,aHHbie csn,IJ,ereJibCTBYlOT, YTo 

3 BOJli-DIJ,l151 1 OCT8TO LfHbiX HanpmKeHI1M 8 OKpeCTHOCTl1 ynpO'-THeHHO!O OT BepCTV1 5l 

YIM e eT CJlOr <HYI-0 CTpyKTypy, KOTOpa5l xapaKTep113yeT C51 H3JTHLJl1eM T04KI1 pes epca 

np11 ,IJ,OCTT KeHI1l1 32% LtOJTroseLfHOCTH . Bem1LmHa ocraroLJHbiX HanpmKeHl1J';\ )lJT51 

95 % )l0Jl ~OBeLJHOCTl1 CHYDK8 eTC5l BCero Ha 27 % ITO cpaBHeHl1 1-0 C l1CXO)l !-l bi /VI 

3H84eHI1ei . 3 T l1 pe3yJibT8Tbl KOJli1LJeCTBeHHbiM o6pa30M OfU1Cb!B31-0T MeX8 HV1 3M 

yseJIV!'1eH~ 51 )lOJ!fOBeLfHOCTl1 33 CLJeT yrrpOLJHeHH51 OTBepCTI151 (r JiaBa 4). 

ITpeL JIO)f{eH opHrHHaJihHbiH IIO,Ll,XO,IJ, K HCCJie)loBaHm-o 3 BOJllOU.l1 11 

OCT8T04HI:liX H a rrpmKeHI1H, KOTOpbiH OCHOBaH Ha HOBOM MeTO,[(e orrpe)leJleHl1 5l 

f JJ 8BHbiX k oMITOHeHT OCT8TOLJHblX ,Ll,ecpopMaiJ,HH B OKpeCTHOCTH yrrpO(:IHeHHOro 

orsepcnrJ c rroMOll.J.bi-o csepn eHH5l sropw-IHoro orsepcTH51 . Hcxo)ll-H, Je 

3Kcn epl1M bHr aJJbHbie ,IJ,aHHbJ e npencT aBJI5li-DT co6o i1 npl1pa w eHV! 5r )l V! aMeTp OI3 

BTOpW-!HOf O OTBe pCH15l B HanpasneHl1V! fJJ8BHb!X OCT8TO LTHb1X J-!allp5DKeH vt~l , 
I 

KOTOp bre H3M ep5l i-OTC51 MeTO)lOM 3JleKTpOHHOH ClleKJl-HHTepcl)epOMeTpvtvl. 

11onyLJeH~l COOT HOWeHl151 ,ll,Jl51 n peo6pa30B8Hl151 113MepeHHblX KOMilOHeH T 

nepeMeLIJ,~J-mi1 B BeJTHLJHHbT OCTaTOL!HbiX ,IJ,ecj_:)OpMaiJ,HM Ha KOHType BTOpV!YHO m 

oTsepcrvr/' IToKa3aHo, LJTO ou.eHKa Hl1)J<Hei1 rpam:Iu,or seJTHLJHH rnaBHbJ X 

OCT8TOLJHf>IX HanpmKeHHH MmKeT 6biTb llOJlyLJeHa C llOMOIIJ,bl-0 MO,IJ,eJlH nepeXO)l3 , 

OCHOBaH, Oil Ha COOTHOllleHHRX TeOp11H yrrpyroCTH. Pa3pa60TaHH1Jii <jlopManH3M 

VICITOJ!b3Yf TC5l )lJI 51 KOJ!l1LfeCTBeHHOfO Offl1C3HH5l 3BOJTI-DIJ,l1V! OKpy>KHb! X 

OCT3TOLJHblX ,IJ,ecropMaiJ,HH , KOTOpbl e OTHOC51TC51 K )lVI3MeTpy BTOpV!L!HOrO 
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OTBe p CTI-'151 , VI OCT8TO L! HblX HanpmKeHYJj:j B OKpeCTH OCTH y npOY He HHOr O OTBep CTYl 51 

YIKJJOBOM Harpy)Ke HYJ I1 . VlC XO)J,H851 3 KCn epvtM e HT8Ji b H851 YI HCp0p M 8LI,Yl >l 

n p e,LI,CT8BJI Ha B BH)J,e Ha6opa KapTYII-1 11HTepcpepeHU,HOHHbiX llOJIOC BbJCOKOrO 

Ka Lre c T sa. Do p e3yJI:DTaTaM o6pa6oTKH HHTep¢eporpaMM, OTHOC5llll,11XC5I K 

KOJI 11YecTBY U,HKJIOB Harpy)I<eHI151 ycTaHosneHo, LJTO 3 BOJIFO LI,Yl 51 

OCTaTOY:Hb X )J,e¢opMaiJ;J1H VI Harrp51)KeHHH xapaKTepH3yeTC51 T04KOM pesepc a 

peJiaKcau,m I. IToJiyl.feHH:Die )J,aHHbie xoporno corJiacymTc51 c pe3yJibTaTaMYI 

npHMeHeH 5I MO,D,l1CpHUI1posaHHOH sepcHH MeTo)J,a ITH):(T. I1oJiyYeH 51BHblH BYJ ,D, 

cpy HKLI,I111 8KOD JJ eHJ.151 llOBpe)K)J,eHvtH B OKpeCTHOCTYI y npOYH e HHOrO OTBep CTJII 51 Ha 

OCHOBe 11C 0 Jl b30B8HI151 B K84eCTBe n apaMeTpa rTOBpe)K)J,aeMOCTYI HOpM:vtpOB8HHbJ X 

I ~ h ~ 
38 BYIC J.1MOCr reYJ BeJI YJ L!VfH OCT 8TOLJH bTX )J,eCI:' OpM3U J.1 J.1 H a KOHType BTOpY!Y HOro 

OTBe pCT I1,, OCT8T0 1..JHblX HanpmKeHYIM B OKpeCTHOCT YI y npOYH e HHOrO OTBepCT YI 51 11 

Kl1H, d~5138HHbiX c B03)J,eHcTBHeM TOJI:DKO ocTaTOLJHbiX J-ranp51)KeH:vt j:j _ 

Y CT8HOBJI~HO , LfTO BCe T p:vt fiO)J,XO)J,a )],8!-0T 6JIH3Kl1e pe3yJibT8Tbi (r JlaBa 4). 

ITpose,LI,eHo vrccJie,D,oBaHHe 3BOJIJ-Oll,HH rJiaBH:DI X KOMITOHeHT ocTaTOYH hrx 

H8T1p51)KeHiHH B OKpeCTHOCTH CBapHblX COe)J,HHeHHH aJIIOMHHHeBbiX f1JI8CTYII-I rrp H 

M8JIOUHKJIOBOM Harpy)KeHHH. ):(JI51 3TOrO HCITOJib3YJ-OTC51 )J,Ba pa3JI I1YHblX 

'H<Cn ep11MeHT8J1bHbJX MeTO)J,a . TiepBblH 113 H YIX OCHOB3H I-1 3 CBepJJe H J.1 V1 

C)J, Y!HCT BeJmOrO OT BepCTI151 J.1 ll OCJie,D,y J-OLLI,YlX O)J,HOBpeMeHHblX Yl 3MepeH Yl 51'< 

,D,ecpopMauvroH Horo OTKJIHKa Ha npoTMBonoJimKHbJX c TopoHax n JiaCT:vt Hhl. B 

p e3yJihT8Te YCT8 HOBJieHO, LfTO fiOJie OCT8T04HblX H8Dp5DKeH11M COCTOHT lif3 

MeM 6 paHHblX VI Yl3r i16HbTX KOMllOHeHT. 3TOT cpaKT rrpHBO)J,l1T K p a3JI Yl4HblM 

38BI1CYIMOCT51M BeJ1WIHH OCT8TOY:Hbi X Hanp51)1(eHHH OT KOJIHLJeCTBa UYIKJJ OB 

Harpy)KeHH51 Ha rrpOTHBODOJIO)I<HbiX fiOBepXHOCT51X o6pa3UOB. 3BOJIIOU,l1 51 

OCT8TOLJHbiX HanpmKeHHH He MmKeT 6:DITb xapaKTepH30BaHa, K8K MOHOTOHH3 51 

pen ar<caiJlH51. Cyw.ecTsyeT TOLJKa pesepca, KOTopa51 CB513aHa c y seJI:vtYe H HeM 

M 8 KCJ.11V1 8JibHO U KOMllOHeHTbl OCT3TOLJH blX Harrp51)1(el-ll1H. I1ony LJeHHbJ e )J,8HH bJe 

OT HOC 51T051 K O)J,HOH TOLJKe Ha n osepXH OCT FI , COBlla)J,aJOI..LI,eH C LI,eH TpOM IVI 3JJ OrO 

OT BepCTI151 . llp:vt Me He}!He M eT0)_(3 J1H,lJ,T ,D,aeT B03 M O)K HOCT b yseJJHLf YJT b 

TipOC rpaHCTBeHT-lOe pa3peweHHe 3 KCTiepY!MeHT8JibHb lX ,ll,8HHblX, BKJli-OLJ851 TOLJK YI , 
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KOTOpb!e paCITOJIO>KeHbl Ha p 33IllF:IHbiX paCCT05IHIUIX OT CBapHO!O LU Ba. 

ITonyLJeHH2:15I m -rcp opMau;Iur npe,ll,cTasneHa B BH)le 3BomouHH senwmH KVIH .Ufl>~ 

,ll,Byx ITOCf!e,l],OBaTef!bHbiX H3,ll,pe30B . ,lJ;aHHbie, TIOJiyLJeHHbie ,1J,BYM5I CITOC063MY1 , 

H3XO,lJ,5ITC51 B x opo rneM COOTBeTCTBHH. (f JI3B3 5). 

,lJ;OCTOBepHOCTb l1 060CHOB3HHOCTb OCHOBHbiX TIOJIQ)KeHHH l1 Bbl BO,ll,O B 

,ll, Y1C CepT31J.,I10HHOH pa60Tbl ITO,ll,TBep>K,l],aeTC5I KOppeKTHOH IT OCT3HOBKOM 33,1J,3Ll , 

3H3fll130M norpelilHOCTeH Y1 3 MepeHH51 KOMITOH eHT n ep eMe W,eHMH MeTO,lJ,OM 

3 f! eKTpOHI--IOH cneKJI-VfH T epcpepoMeTpriH , M3TeM3Tl1L£ eCKHM ITOCTpOeHHeM MO,lJ,ef!eM , 

Heo6xo,lJ, l1 I;vi brx )lJI5l n epexo,ll,a oT 11 3Mep5reMblX senw111H K 3HaLieH l15!M KVIH 11 T­

Harrp5DKeHrH, a T3K>Ke XOpOIIlHM COBITa)leHHeM 3KCnepl1MeHT3J1bHblX ,ll,3HHblX , 

ITOIIYLieHHb lX rrp:vr pellleHl1l1 TeCTOBblX 33)l3L£, C pe3yJibT3T3Ml1 TeopeTWieC J<HX 11 

t.tM CJieHHb~X peweHHK Ha OCHOBe JIH HeHHOH MeXaHl1Kl1 p33pyweH M5I. 

3Hat.tHMOCTh pe3yJihTaTOB ,LJ,JUI HayKH " npat~THKH. Pe3yflhT3Tbl 

,ll,HCCepTaiJ,HOHHOH pa60Tbl IIMeiOT II1I1p0Kl1H IIOTeHIJ,HaJI ,l],JI5I npiiMeHeHH5I B 

OTe"Li eCTBeH HOK HayKe 11 rrpaKTHKe. 

Tip e>K,ll,e BCero , He06XO,ll,l1MO OTM eTHTb C03,1J,3HY!e HOBOf'O 

~1KcnepvrMeHTafl&Horo no,l],xo.ua K onpe,ll,eneHI1 1-0 KYIH 11 T-Hanp5DKe HHM c 

noMO W:bl-0 MO,rrHcl_m uvrp osaHJ-WH sepcH H MeTo,lJ,a TIH.D:T np11 MO)leii HposaH vr vr 

TpeW:H Hbl IT OCJie,UOBaTef!bHOCTbJ-0 j3KHX H3)lpe30B npH l10CT05fH HOH BHe LUH ei1 

Harpy3Ke. 

Y HHK3flbHble B03MO)l<HOCTI1 rrpe,lJ,JIO)l{eHHO!O IIO,lJ,XO,lJ,a o6ecrre1-II183l-OT 

C03,U3Hl1e HOB010 pa3pyrnaiO!lJ,ero MeTO,lJ,a ,l],JI5I KOJIJ1qecTBeHHOfO OriHC3HI1 51 

n p ouecca H3KOI1JieHH5I I10Bpe>K,lJ,eHl1H B 30He KOHIJ,eHTpaiJ,HH HaiTp5I)KeHVfH 11p11 

ManoU11Knosoti ycTanocTH. OcHOBHOH HayqHoH l1 ,1J,eet1 5IBII5IeTc5I TOT ¢aKT, LI TO 

j3KVf e H3,lJ,pe3bi, MO,lJ,eiiHpji-OW,He Tpe lll,l1Hj, Cfl j >KaT ,l],JI5I OUeHKI1 y pOB J-151 

l-l3 KOIHieHl15! j CT8 JIOCTI-Ihi X llOBpe>K,lJ,e H Vf H T3 Kl1M >Ke o 6 pa30M , K3K 30 !-1Ll 11 pj1-0We e 

OTBepCT vre HCITOJl b3 jeTC5I )lfl51 OCB060>K,l],e!-1 115f 31-ieprvrYI OCTaTQL[HhiX Hanp5r>KeHl1 H B 

MeTO,ll,e CBe p neHH5I OTBepCTH5I . 3Kcnepi1MeHT3JlbHbiJ1 ITO,lJ,XO,ll, BKJIJ-OLiaeT 

npe,ll,B3p i-!lTeflbHOe UHKJIHLJeCKOe Harpy>KeHI1e o6pa3IJ,OB C OTBepCTI15IMVf Yl 

nocne,lJ,yi-Ow:ee H aHeceHHe cepHH Ha)J.pe30B rrpH rrocT05IHHOH sr-IewHeH Ha r py3Ke . 
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Onpe,LJ,eneHHe senHYHH Kl1H BbmonwreTc51 Ha pa3JIHLIHhJX cTa)J,H5l x 

M3JJO UHKJIOBOH ycTaJIOCTH. 

ITpe,LJ,cTasneHo MaTeMaTw-recKoe o6ocHosam-re, Heo6xo,LJ,HMoe ,LJ,JJ5! 

KOJTMLJeCTB,eHHOrO OTII1C3HlUI npou,ecca H3KOITJJeHI-Hf ITOBpe>K,LJ,eHVIVI 8 30!--l e 

KOHUeHrparopa Hanp5DKeHHli. I1oKa3aHo, LITO HopMHposaHHbie sem1YMHbJ K]IIH, 

KOTOpble ITOJJYLieHbi ,Ll,J1 5! Y3KOfO pa3pe3a Ha pa3JHfl-lHbJX CT3,Ll,l15!X M3JIOLJ,l1KJJ OBO i1 

ycTaJI OCTHP MQ)KHO H3,LJ,e)KHO HCITOJib30B3Tb B K3YeCTBe TeKywero napaMeTpa 

nospe)I(,LJ,aeMOCTl1 . TaKHM o6pa3oM, Yl/lcnei-moe HHTerp11posaH11e 33B HCl1MOCTI1 

OTHOCVITe]JbHhlX senwfYIH KHH oT npou,eHTa ,LJ,orrrosel.fHOCTH ,LJ,aeT cpyHKLJ,MI-O 

l-IaKOITJieHPI5! TIOBpe)K,.[l,eHI·fH C TOl.fHOCTbl-0 ,.[1,0 K03cpCpHU,HeHT3 HOpM11pOBKl1 . 

J1CKOMbiH K03cpCpi1U,¥IeHT BbiYH CJI5£eTC5! K3K BeJIW-lHHa o6paTH35! ITJIOW:3,LJ,M ITO.LL 

HOpM11posaHHoi1 Kl1H Kpnso:H. Pa3pa6oTaHHa51 rrpou,e,IJ,ypa onpe,IJ,en5!eT 5!BHbi i1 

Bl1,Ll, cpyHKUHl1 HaKonJJeHH5! nospe)I(,LJ,eHHH. Ha JToi1 ocHose npose,LJ,eHo 

J.1CCJie,LJ,OB3Hl1e BJI VU1Hl15! K03cpC~J.1UvteHT3 3Cl1MMeT pvtvt LJ,l1KJ13 J.1 pa3JVI3 XG1 

H3ITp51)KeH!Htl H3 npOLLeCC H3KOflJi e Hl15! n ospe)K,Ll,eHvt i:i . 

Pa3pa6oTaHbi H peam1 3osaHhi HOBbie MeTO,LJ,hi HCCJJe,IJ,osaHl15! 3 Bomou,vt l1 

OCT3TOYHblX Hanp5DKeHHH B OKpeCTHOCTH ynpOYH e HHOrO OTBepCTY£51 l1 CBapHblX 

WBOB rrpH M3JIOU,HKJIOBOH ycTaJIOCTH, KOTOpble rrpe,L!,CT3BJI 51l-OT C06o tJ 

3cpcpeKTl1BHblll HHCTpyMeHT ,LJ,JI51 OIJ,eHKH HCXO)J,HOrO ypOBH5! OCT3TOYHbJ X 

HaiTp5!)1(eHHH B OKpeCTHOCTI/l COe)J,HHeHHH rrepc neKTHBHhlX 3BH3IJ,l10HHhlX 

KOHCTpyKu,Hi1 11 1/lX 3 BOJilOI.I,l1H B npouecce 3KcrrrryaTaU,Hl1. 

ITpe,LJ,nmKeHHa51 Hayl.fHa51 KOHUeniJ,l15! l1 rronyYeH HbJe pe3yJJ bTaTbJ 5!BJI5!lOTC5J 

He06XO.[l J.1MblM JT3 ITOM .[lJ15! C03,L1,3HI1JI HOBbiX MeTO,Ll,OB npe,L!,CK333H l151 YCT3JlOCTHO i1 

.[lOJlfOBe4HOCTl1 3Bl13LJ,J.10HHbiX KOHCTpyKUl1i1 H3 OCHOBe KOJl l14 eCTBe HH OfO 

OITHC3Hl151 n pou,ecca H3KOITJieHH51 nospe)K,LJ,eHHH. 

Ou,eHI<:a AHccepTau,uu. ,[(HccepTaU,H51 HanHcaHa sec&Ma rroApo6Ho 11 13 

60JibWOM 06beMe l1JlJJI-OCTp11pOB3H3 KapTHH3MI1 H HTepcpepeHLJ,HOH HbJX ITOJlOC, 

c~oTorpacpl15!MH , cxeMaMH 11 rpacpHYeCKHMH 33Bl1CHMOCT5!MH. ITo co,LJ,ep)K3Hl1l0 

.[ll1CCepT3l.l,l1Iif MQ)KHO I10CT3Bl1Tb HeKOTOpbie BOTipOCbi H C)J,eJI3Tb CJie,LJ,ytOW:H e 

'33Me 4 3Hl1,51 : 
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1. B pa6oTe rr pe,IJ,cTasJl eH WHpOKHH Ha6op JKcnepHMeHTOB, nocB5IIUeHHbrx 

onpe)J,eJleHl1J-o seJU1Y VI H pacKphlTl15T , KI1H VI T - Hanp5DKetmi1 )J,I15I Kpae sbi X Tpew)1H 

B )J,KE o6pa3uax, KOTOpble npo se,IJ,eH bl C VICHOJlb30BaHI1eM CJlO>KHblX OflT VIYeCKVI X 

ex eM. O,IJ,HaKo, KpaesbJe Ha,IJ,pe3bJ He HcnoJlb3YI-OTC5r s ,IJ,aJlbH enweM n p11 on 11caH VI VI 

HaKOflJieHI15T llOBpe)K)J,eHHH. C KaKOH IJ,eJlb l-0 I1pOBO,[~l1 Jll1Cb )J,aHHbi e 11CCJle)J,OB3HY15l '? 

2. He3Ha~ l1TenbHoe BJIH51Hl1e rrJlacnP-recKoi1 30Hbl s s epiiiMHe Ha,IJ,pe3a Ha 

pe3yJibTaTbl onpe,IJ,eJieHH5l KI1H ycTaHOBJieHO )J,JI5l OTHOCHT eJibHO KOpOTKI1X 

UeHTpan b HbiX TpeW,HH. 11HTep e CHO 6blJ10 6bi OIJ,eHHTb, KaK B03p aCTaeT pa3Mep 

nJlaCTYP-IeOKOH 301--Ihi H ero BJIH5IHHe Ha pe3ynbTaTbi onpe,IJ,eneHH5l KI1H c 

yseJl W -IeHPleM )J,JTJ1Hbl pa3pe3a . ,[(JI5I 3TOIO MQ)KHO l1CfiOJlb30BaTb KpaeBble p a3pe3bl 

s ,[(KE o 6pa3uax. Tipose,n:eHbi IIVI TaK Yi e oueHKI-17 

3. 8 pa6oTe, KpoMe senwiYI H KJ1H ,n:m 1 CVIMMeTpHYHbtx Ha,IJ,pe3oB B nnocKVI X 

o6paJu ax, onpe,IJ,eJr51 Jl Y1 Cb TaK)Ke 3HaYeHI151 pacKpbtTl1 5l s sepwHHe HaLI,pe3a vi T ­

J-!aflp5J)KeH!Hi1 . MmKHO JI YI HCIIOJ1b30BaTb J Bom-oiJ,HlO JTHX HecviHryn51pHbJ X 

n apaMeTpos ,D:JI51 onHcaHH51 npouecca H a KorrJieHH5l rros pe)K,[(eH !1i1 ? 

4. j/{3 TeKCTa )J,HCCepTaiJ,l1l1 He 5ICHO, npOBO,D:HJIOCb JTH cpaBHeHHe )J,OJif'OBeYHOCTVI l1 

3 BOJlJ-oUH0 sen w -UIH KI1H ,n:m1. o6pa3uos c o6bi"LIHhiM 11 yrrpoYHeHHbiM 

OTBepCTl15IMl1 npH O)J,HHaKOBblX rrapaMeTpax MaJlOUHKJIOBOIO Harpy)Ke HJ15I. 

5. 8 pa6oTe illHpOKO rrpe,IJ,CTaBJleHbl ,D:aHHbie 06 3 BOJIIOIJ,HH OCT3TOYH bJX 

H3flp5I)KeJ-1,1HH, KOTOpbJe BbJ TeKaJ-OT l13 aHaJIH3a 3 BOJllD U,HH OCTaTO'-IHbiX KI1H. np 11 

')TOM a6COJ1f0Tf-lbJe 3H3 LteHH5l OCT8TOL!H b!X HanpmKeH H H OU,eHl1B8l-OTC51 C flOMOW, bl-0 

n pH 6nmKeHHbl X cooTHoweHVIK. Mmrmo Jl J;J flOBbiCVI Tb LI,OCTOBepHOCT b 

nonyYeHI--lhiX p e3yJl bTaTos, H KaKHM cnoco6oM? 

C,n:enaH HbJe 3aMe"LJaHH51 He OTpa)KaiOTC51, O,[(HaKo, Ha noJIO)J(l1TeJibHO i1 

OIJ,eHKe ,D:I1CCepT aU)1VI. 

3aJ<:JliO'-Ienue. ,[(HccepT aL(H5I rrpe,IJ,CTaBn5leT co6oi1 J aKOHl-JeHHYJ-o HayYH O­

Hccne,n:osaTeJibCKYIO pa6oTy, IIOCB5Ill(eHHYJ-o pa3pa60TKe J1 rrpHMeHeHHJ-o HOBbiX 

MeTO)J,OB J1CCJ1e)J,OB8HM5l HaKOIIJle l--IM5l flOBpe)K,[(eH YlH I1 3BOJII-OIJ,H l1 OCTaTOYH bi X 

Han p >DKeHHH B 30H3X KOHIJ,eHT p aLI,I1l1 Hallp5I)J(eH HH npH MaJlOIJ,MKJIOBOH ycTaJIOCTI1 . 
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OcHOBHoe co.uep)KaHHe .UHccepTaUm1 wvrpoKo OTpa>KeHo B poccvrl1cKol1 11 

3apy6e~HO~ rrepHO)lHYeCKO~ neYaTH H )lOJIO~eHO Ha KOH¢epeHIJ,HHX Yl 

ceMI1Hapax. 

ABTOpecpepaT )lHCCepTaiJ,H11 B IJ,eJIOM npaBHJihHO H ITOJTHO OTpmKaeT ee 

conep)KaHMe. 

)J,MccepTaUHH y.II,osneTBOpHeT Tpe6oBaHH5IM BAK, npe.Uo5IBJTHeMbiM K 

KaH.UH.UaTOKHM nHccepTaUHHM, a ee asTop, C.l1. EJt eOHCKvt~ , 3acny)KYJBaeT 

HCKOMO~ C'Tenemt KaH)ll1)laTa TeXHl1LieCKl1X HayK ITO CITeUl18JJb HOCTl1 0 1.02.04 -

«MeXaHl1K8 neq)OpMl1pyeMOfO TBep.II,OfO TeJTa» 3a pa3pa60TKY HOBbiX MeTO)l0 13 

KOJJvfYeCTBeHH010 OITVICaHl151 HaKOITJTeHl151 ITOBpe~.II,eHVJ~ 11 3BOJTI-OUVI11 OCTaTOLJI-Ibl X 

Hanpmi<el{HM npH MaJTOU,I1KJJ OBOf1 ycTaJTOCTYL 

O <J>!Hu;.-taJlbHbiH onnoHeHT: 

)J,OKTOp TeXHHLJeCKHX HayK ITO cneQ11aJTbHOCTHM : 01.02.06 «,lJ,11HaMVJKa, npOLJHQCTb 

MawMH , npvr6opos 11 arrnapaTypbi» 11 05.16.01 «MeTannose.II,eHHe 11 TepMHLJecKa ~r 

o6pa6oTKa MeTannos», npocpeccop Kacpe.II,pbi «ITpHKJia.II,HaH MexaHHKa» 

<Denepan bHoro roc.ynapcTseHHoro 6I-O.Ll)Kenwro o6pa3oBaTeJibi-Ioro yLr pe)K.II,eHH ~ 

Bbl CWero npocpeCCH OHaJTbi-!OfO o6pa30B8Hl1 51 «MOCKOBCKI1f1 rocynapCTBeHHbl lf 

TeX I-!YlYeCKYIH Yl·IH BepC11TeT. l1MeHvl H .3.13ayMa rTY 11M. H .3 . EayMaHa)» 
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