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B3a11MO,UeHCTBl1e TenJJOBblX HeliTpOHOB c Bell.leCTBOM OTHOClfTeJJbHO cna6o: 

HeHTpOHhl He HapyUiaIOT CTpyKTypy If He 113MeH51IOT X11MH'leCKl1e CBOHCTBa Bell.lecrna. 

Cna6oe B3attMo.uelicTBHe 06ycnosn11saeT 11 6onhwy10 rny611Hy npott11KHOBeH11H 

HeHTPOHOB B o6paJeu (B OTJJlf'fl1e OT peHTreHOBCKlfX ny'leli 11 :meKTPOHOB), '!TO 

no3BOAAeT 11ccne.uosaTb 06'heMHh1e CTPYKTypHb1e 11 .u11HaMH'leCK11e 1<P<PeKThJ. 

IIepe'llfCJJeHHh1e csoi1cTsa .uononHHIOTC51 TeM, 'ITO .umrna BOJJHbl Terrnosb1x H 

xono,n:HhIX ttei1TpOHOB (A.= I - I 0 A) H HX :meprnH (En = I -- I 00 M3B) coorneTcrnylOT 

Tlf:I111'fHhIM Me>KaTOMHhlM paCCT051Hlf:51M B TBep,Ub!X Tenax lf xapaKTepHblM :meprH:HM 

B036y>K.UeHlfi1. TaK11M o6paJOM, o.n:H:H 11 TOT >Ke HCTO'fHH:K Hei1TpoHos .uaeT 

B03MO>KHOCTb 11CCJJe,UoBaTb lf: CTpyKTypy, lf: .U11HaMl1KY Bell.leCTBa. 

B 1936 r. BCKOpe nocne OTKpblTH:51 HeHTPOHa 6brna rrpo.n:eMOHCTp11poaaHa 

.n:11<PpaK!lH5! Hei1Tp0HOB, rrplf'IeM, KaK 6hIJJO Bb151CHeHo BilOCJJe.n:cTBH:H, IlOJJO>KeHH:51 

.n:H<PpaKUHOHHhIX IllfKOB CTPOro coorneTcrny10T 3aKOHy Bynr,<Pa-Ep1rra. TaKH:M 

o6pa30M, n051BH:JJaCb B03MO>KHOCTb H:CnOJJh30BaTb Hei1Tp0Hhl B Ka'feCTBe 

rrpeU113HOHHOro lfHCTpyMeHTa .ll:Jl51 lf3MepeHl151 M11KpOCKOillf'feCKH:X .n:e<PopMau11i1 

KpHCTaJJJJlf'feCKOH peweTKH no CMeUJeHmo .n:11<PpaKUl10HHhIX Il11KOB, 11 3aTeM, 

11CITOJJh3Y51 3aKOH ryKa, Orrpe,n:eJJ51Th OCTaTO'fHh!e HaI1pH>KeHl151 B lfCCJJe,n:yeMOM o6paJue. 

0cTaTO'fHhlM11 HarrpH>KeHH51Ml1 rrp11HHTO HaJhJBaTh TaK11e HarrpS1>KeH115! ( c>KaT11e 

11n11 pacrn>KeHHe), KOTOphie cymecTBYfOT 11 ypasHosewlfBaIOTcH BHyTp11 rnep.uoro Tena 

rrocne ycTPaHeHH:51 rrpH'fHH BhI3Basw11x HX ITOHBJJeH11e. K BHYTPeHHl1M ttarrpH>KeHHHM 

OTHOC51TC51 TaK>Ke HaI1p51>KeHlf51, KOTOpb1e B03Hl1KaIOT B MaTep11ane 3KCrrnyaT11pyeMOH 

.n:eTan11 11JJl1 KOHCTPYKUHl1 rro.n: .n:ei1CTBHeM BHeUIHl1X rroneli 11 orrpe.n:eAAIOT 

corrpoT11BnS1eMocTh MaTep11ana BHeUIHH:M BOJ,n:ei1cTB115!M - ero rrpo'IHOCTb. OcTaTO'fHhle 

HarrpS1>KeH115! B03HlfKaIOT B MaTep11anax 11 KOHCTPYKUl1HX ecne.n:crn11e MexaH11qecKoro 11 

TeMrrepaTypHoro B03.n:elicTBl151 Ha MaTep11an e rrpouecce ero HJroTosneH11H, BCJJe.n:crn11e 

rrnacT11'fecKoi1 .n:ecpopMaulf11 TaKOro MaTep11ana, <PaJOBhJX rrepexo.n:os H KaK cne.n:cTs11e 
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11Me10T MecTo npaKT11<1ecK11 so scex AeTaJISIX 11 KOHCTPYKUl1SIX. TipaKT11qecK11 see 

npoueCCbl, 11CIIOJib3YeMbie np11 np0113BOACTBe MaTep11aJIOB 11 KOHCTPYKUl1H, C03.UaIOT Te 

mm 11Hble OCTaTO'lHbie HaIIp SI)f(eHl1Sl. 

OcTaTO'IHbie HanpSI)f(eH11S1 11rpaIOT 3Ha'IHTeJibHYJO ponb B np11po.ue 11 TexH11Ke, 

np11qeM OHa MO)f(eT 6bITb Ka!< IIOJIO)f(l1TeJibHOH, Ta!< 11 OTp11uaTeJibHOH. fpaMOTHOe 

11CIIOJib30BaHl1e BHyTpe1mero OCTaTO'IHOrO COCTOS!Hl1Sl pa3JI114HblX KOHCTpyKU11H 11 

113.uen11il no3BOJrneT yny'Illll1Tb 11x 3KCnnyaTaII110HHbJe xapaKTep11cT11K11 11 3TO MO)f(HO 

ueneHanpasneHHO 11cnoJib30BaTb s peanhHbIX np11no)f(eH11SIX. B ynpyroil 06nacT11 

OCTaT04Hble HanpmKeHl1Sl cyMMl1py10TCSl c np11JIO)f(eHHbIMl1 3KCIIJiyaTaUl10HHbIM11 

HaIIp51)f(eHl151Ml1. flp11 3TOM o6bI'IHO C)f(l1MaIOl.l\11e OCTaT04Hbie Hanp51)f(eHl1Sl OKa3bIBaIOT 

IIOJIO)f(l1TeJibHbIH 3cpcpeKT Ha ycTaJIOCTHYIO .uonroBe4HOCTb 11 conpOTl1BJieH11e K0pp031111 

IIOA HaI1p51)f(eHl1eM, TaK KaK npenSlTCTBYJOT 3apO)f(.UeH11IO 11 pacnpocTpaHeHl110 Tpell\11H B 

MaTep11ane. Pacrnr11sa10I1111e Harrp51)f(eH115! Hao6opoT yxy.urnaioT Mexatt11<1ecK11e 

xapaKTep11CTl1Kl1 MaTep11ana. 

OcTaTO'IHO-Hanpx)f(eHHOe COCTOSlHl1e KOHCTpyKU110HHblX MaTep11anoB 11 113.UeJil1H 

Cl1JibHO BJil151eT Ha 11X 3KCITJiyaTaUl10HHbie cp11311KO-MeXaHl14eCKl1e CBOHCTBa. Han11<111e 

11!111 OTCyTCTBl1e OCTaT04HblX HaIIpSI)f(eHl1H B MaTep11ane, 11X pacnpe.ueneHl1e no 

ce<1eH1110 113.uen11x Cl1JibHO CKa3bIBaIOTCSI Ha npo4HOCTl1 11 cpoKe 3KCrrnyaTau1111. TaK11M 

o6pa30M, npO'lHOCTb, Ha.ue)f(HOCTb 11 CTeneHb rrp11rO.UHOCTl1 KOHCTpYKUl1H .UJrn 

11CIIOJib30BaHl1Sl no 3KCITJiyaTaU110HHOMY Ha3Ha4eHl1IO BO MHOroM orrpe.ueml!OTCSl 

HaJil1411eM, xapaKTepOM 11 BeJil1411HOH BHyTpeHHl1X HaIIp51)f(eHl1H. 

CyI11eCTBy10w11e cero.UH51 pa3Jil14Hbie TexHonorn11 TepMoo6pa6oTKl1 no3BOJI51IOT 

ynpaBJISlTb oCTaT04HO-HaIIp51)f(eHHblM COCT051Hl1eM MaTep11ana, C03AaBaSI TaKoe 

pacnpe.ueneHl1e Hanp51)f(eHl1H no ceqeHl110 AeTaJil1, KOTOpoe II03BOJI51eT KOMIIeHC11pOBaTb 

11Jil1 M11HHMH3HpOBaTb npHJIO)f(eHHbJe 3KCIIJiyarnuHOHHbie HaIIp51)f(eHHSl. Hanp11Mep, 

C03.UaBaTb Hanp51)f(eHl1Sl C)f(aTl1Sl Ha nosepxHOCTl1 AeTaJil1, KOTOpaSI pa6oTaeT B ycnOBHSlX 

pacrn)f(eH115!. TaK11M o6pa30M, ocTaTOLJHbJe Hanp5!)f(eH115! 6yAyT cTpeMHTbCSl 

3aTOpM0311Tb 11JIH soo6iue npeKpaTl1Tb 3apO)f(.UeH11e 11 pocT Tpell\11H, o6pa3yJOl.l\11XCSl Ha 

nosepXHOCTl1. f1o3TOMY, ynpaBJISlSl cpopMHpoBaHHeM OCTaT04HO-HailpSl)f(eHHOro 

COCT051Hl1Sl MaTepwana .ueTaJil1, Mb! MO)f(eM 11CIIOJib30BaTb HMe!Oll\11eC51 BHyTpeHHl1e 
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HanpSI)f(eHl1Sl .UJIS! ynyqrneHl1Sl 3KCIIJiyaTau110HHbIX CBOHCTB OTBeTCTBeHHbIX 113.UeJil1H, 

o6ecne'Il1BaSI, TaKl1M o6pa30M, 11X 6e30IIaCHyJO 3KCIIJiyaTau1110. 

AKTYaJibHOCTb BbI6paHHOH TeMbI onpe.ueJrneTCSI nepsocTeneHHOH Ba)f(HOCTbJO 

sonpocos, CBSJ.3aHHbIX c ysen11<1eH11eM pecypca pa6oTbI 11 OIIT11Ml13au11eil 

3KCIIJiyaTaU110HHbIX CBOHCTB 113.UeJil1H 11 MaTep11anos, a TaK)f(e 06ecne'IeH11eM 

6e30IIaCHOH 3KCIIJiyaTau1111 OTBeTCTBeHHbIX 113.UeJil1H, 11CIIOJib3YJOl.l\11XCS! B x.uepHOH 11 

.upyr11x OTpaCJISlX npOMblllIJieHHOCTl1. 

/..lenu u 3adal./u uccneaoaaHUR 

0CHOBHOH uenb!O pa60TbI SlBAAJiaCb AeMOHCTpfilll151 B03MO)f(HOCTl1 np11MeHeHl1Sl 

MeTo.ua JlHcppaKU1111 HeHTpOHOB BbICOKOro pa3pellleHl1Sl .!l.JISl aHaJil13a OCTaTO'IHO­

Harrp5!)f(em1oro COCT051Hl151 MaTep11anoB 11 113.UeJil1H c uenb!O OIIT11Ml13au1111 TeXHOJIOr1111 

11X 113rOTOBJleHl151, yny<1rneHl1Sl 11X 3KCIIJiyaTail110HHbIX xapaKTep11CTl1K 11 yBeJ111'IeHl1Sl 

cpoKa cny)f(6b1. B xo.ue pa60Thr 3aseprneHo C03.UaH11e 11 BbmonHeHa arrecTau11x 

HeHTpOHHOro cpypbe- AHCppaKTOMeTpa <l>C.[( ( <l>ypbe-CTpecc-.[(11cppaKTOM~ ), 

pa3pa6ornHa MeTO.U11Ka npose.ueHl151 Ha HeM .umppaKUl10HHbIX 3KCnep11MeHTOB 11 

11ccne.uosaHbI BHyTpeHHl1e MexaHl1'IeCK11e HanpSI)f(eHl1Sl B px.ue MOAeJibHbIX 11 peaJibHblX 

113AeJil1H 11 MaTep11aJIOB. 

Hayl./HaR HOBU3Ha pe3ynbmamoa uccneaoaaHuu 

B HaCTOXIIIee speM51 Ol151.11 51BAAeTc51 e.u11HCTBeHHbIM HayqHbIM ueHTpOM B 

Pocc1111, B KOTOpOM npoBO.US!TCSl peryn51pHbie 11ccne.uosaHl1Sl OCTaTO'IHbIX Hanp51)f(eHl1H c 

noMOl.l\bIO .umppaKu1111 HeiiTpOHOB. B JIH<l> 0115111 Ha 11MrrynhCHOM peaKrnpe 11.6?-2 

C03AaH 11 AeiicrnyeT yH11KanbHbrn crreu11an11311posaHHbIH .u11cppaKTOMeTp .unx TaKoro 

poAa 11CCJieAOBaHl1H - <l>ypbe-CTpecc-.[(mppaKTOMeTp (<l>C.[(), KOTOpbIH no CBOl1M 

napaMeTpaM SlBJISleTCSl ycTaHOBKOH M11posoro ypoBHSl . .[(mppaKUl151 HeiiTpOHOB SlBJrneTCSl 

cpaBHl1TeJibHO HOBbIM MeTO.UOM 113MepeHl151 KaK MaKpo- TaK 11 M11KpoHarrp51)f(eHl1H 11 

o6na):(aeT cepbe3HbIMl1 rrpe11Myll\eCTBaM11 rrepe.u Tpa.u11Ul10HHbIMl1 MeTOAaM11. 

B .UaHHOH pa6oTe snepBbie c.uenaHa nonbITKa o6o6IIIHTb pe3yJThTaTbl 

HCCJieAOBaHl1H OCTaTO'IHblX HanpSl)f(eHl1H B pa3IIH'IHblX KJiaccax KOHCTPYKUHOHHbIX 
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MaTepmlJJOB Ii H3)],eJIHH H3 HHX MeTO)J.OM )J.HcjlpaKl\HH HettTpOHOB, Ii Ha OCHOBe 

ITOJiy<IeHHbIX BbIBO)J.OB pa3pa6oTaTb MeTO)J,HKY OITTHMH3al\HH OCTaToqHO-HaITpH)l(eHHOro 

COCTOJ!HHJ! c u_enb!O ysenttqeHHJ! cpoKa cny)l(6bI Ii ynyqweHHJ! 3KCITnyaTal\HOHHbIX 

xapaKTepttCTHK HCCJie)J,yeMbIX MaTepttanOB Ii H3)],eJIHH H3 HHX. 

npaKfflU'leCKBR 3HB'IUMOCfflb pa60fflbl. 

Bee nonyqeHHbie B )J,ttccepTau_1:10HHOH pa6oTe 3KCITepttMeHTanbHbie pe3yJihTaTbI 

npe)J.CTaBJIHIOT cymecrneHHYJO npaKTttqecKy10 u_eHHOCTb. Pe3ynhTaTb1 npose)J,eHHH 

MO)J,eJibHbIX 3KcnepttMeHTOB no3BOJIHJIH BITepsbie B Pocc1:11:1 arrecTOBaTb MeTO.ll. 

)],HcjlpaKl\HH HeHTPOHOB Ii HettTpOHHbIH CTpecc-cKaHep <DC)], )],JIJ! H3MepeHHJ! 

OCTaTOqHbIX HanpH)l(eHHH B MaTepttanax Ii H3)],enmrx. Pe3yJibTaTbI pa60Tbl no 

onTHMH3al\HH TeXHOJIOrHH H3fOTOBJieHHJ! y)J.apHHKa nepcjlopaTopa y)l(e BHe)],peHbI B 

npott3BO.ll.CTBO, o qeM CBH)],eTenbcrnyeT coorneTcTsy10m1:1i% aKT. Pe3ynbTaTbI .[{pyrnx 

3KCnepttMeHTMbHbIX pa6oT HaxO)],J!TCJ! Ha CTa)J.HH naTeHTOBaHHJ! Ii BHe)],peHHJ! B 

ITpOH3BO)J.CTBO. 

OCHOBHble nono>KeHUR, Bb/HOCUMb/e Ha 3BU(Umy 

• Pe3ynhTaTbI pa3pa6oTKH, C03.ll.aHHH H arrecTau_tttt HeHTPOHHoro <Dypbe CTPecc 

)],ttcjlpaKTOMeTPa - <DC)],. 

• Pe3yJihTaTbI 3KcnepttMeHTOB ITO ttccne.[{oBaHHIO BHYTpeHHHx MexattttqecKHX 

HaITpJI)l(eHHH B MO)],eJibHbIX Ii peanbHbIX H3)],eJIHJ!X Ii MaTepttanax. 

• Pe3ynbTaTbI pa6oTbI no OITTMMH3al\HH TexHonorntt TepMoo6pa6oTKH y.[{apHHKa 

ITepcjlopaTopa, B pe3ynhTaTe qero y.[{anocb ysenttqHTb speMH Hapa6oTKM ero Ha 

OTKa3 B 2,5 pa3a. 

• Pe3yJibTaTbI 3KCITepttMeHTOB ITO OITpe)J.eneHMIO ocTaToqHo-HanpJI)l(eHHoro 

COCTOJ!HHJ! B pa3JIHqffbIX ceqeHHJ!X 6ttMeTannttqecKoro nepeXO)J,HHKa 

Hep)l(aBeIOil\aH CTMb - cnnaB l\HpKOHHJ!. 

• Pe3yJibTaTbl HCCJie)],OBaHHJ! OCTaToqHbIX HanpJI)l(eHHH B cospeMeHHbIX 

KOMIT03Hl\HOHHbIX MaTepttanax WC-Co H W-Cu, ITO)],BeprmttxcH pa3nttqHoii 

TepMoo6pa6oTKe. 
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• Bo3MO)l(HOCTb ITpHMeHeHHH MeTO)J,a )J.ttcjlpaKl\HH ttei%TpOHOB BbICOKoro 

pa3peweHHJ! )],JIJ! aHMH3a OCTaToqHo-HaITpH)l(eHHOro COCTOJ!HHJ! MaTepttanOB 1:1 

1:13)],eJIHH c u_enbIO OITTl:IMH3al\Hl:I TeXHOJIOrHH HX H3rOTOBJieHMJ!, ynyqmeHHJ! HX 

3KCnnyaTal\HOHHbIX xapaKTepHCTHK 1:1 ysenttqeHMJ! cpoKa CJiy)i(6bl. 

Anpo6au,uR pa6omb1 

Pe3yJibTaTbI HCCJie)],OBaHHH qacTHqHo y)l(e BHe)J,peHbl B ITPOH3BO)],CTBO, 

HanpttMep, pa60Tbl no onTHMH3au_tttt TeXHOJIOrHH H3rOTOBJieHHJ! y.[{apHHKa 

nepcjlopaTopa. Pe3ynhTaTb1 .[{pyrnx 3KcnepttMeHTMbHbIX pa6oT HaXO.ll.HTCH Ha CTa)J.HH 

naTeHTOBaHl:IJ! Ii BHe)],peHHJ! B ITpOH3BO)],CTBO. 

Bee 3KcnepttMeHTanbHbie pe3ynhTaTbI, nono)l(eHHbie B OCHOBy )J.HccepTau_tttt 

)],OKna)J.bIBMHCb Ha Hal\HOHMbHbIX Ii Me)l()],yHapO)J,HbIX KOHcjlepeHl\HHX Ii WKonax: Ha 7-

0H EBpOITeHCKOH KOHcjlepeHl\Hl:I ITO OCTaTQqHbIM HaITpH)l(eHHJIM (£epnHH, repMaHHH, 

2006); Ha 10-0H EsponettCKOH KOHcjlepeHl\HH no nopOIIIKOBOH )],HcjlpaKl\HH ()KeHeBa, 

lllsei%11apttH, 2006); Ha cep1:1tt pa6oq1:1x cosemaHtttt Me)l()],yttapo.[{HOH Konna6opau_tttt ITO 

CTaH.[{apTH3al\HH HettTpOHHbIX MeTO)J.OB "NET - Network on Neutron Techniques 

Standardization for Structural Integrity": 6-oe (IlerreH, HM.ll.epnaH)J.bI, 2004 ), 7-oe 

(MttnTOH Kei%Hc, BenttK06p1:1rnH1:1H, 2005), 8-oe (IlerreH, Htt.[{epnaH)J.bI, 2005), 9-oe 

(CrnM6yn, Typu_ttx, 2006), I 0-oe (IlerreH, Htt.[{epnaH)],bI, 2006); Ha CeMMHape B 

YlHCTHTyTe HM. Ilaynx llleppepa (BttnnttreH, lllsei%u_apttH, 2005); Ha 9-oi% Esponei%cKoi% 

KOHcjlepeHl\HH no nopomKosoi% .ll.HcjlpaKl\HH (Ilpara, 4exttH, 2004); Ha XVIII 

CosemattHH no MCITOJib30BaHHIO pacceJIHHJ! HettTpOHOB B HCCJie)J,OBaHHJIX 

KOH)],eHCHpOBaHHOro COCTOJ!Hl:IJI (3apeqHbIH, PocCHJ!, 2004); Ha 5-0H KOHcjlepeHl\HH 

«<DH3HKO-XHMHqecKHe Ii ITeTpOcjlH3H'IeCKMe HCCJie)],OBaHHJ! B HayKax 0 3eMne», ()J,y6Ha, 

PoCCHH, 2004); Ha pa6oqeM cosemattttl:I repMaHHJ! - Ol15Il1 ITO HCCJie)],OBaHHJ!M 

KOH)],eHCHpOBaHHbIX cpe.[{ Ha peaKTOpe l1EP-2 ()J,y6Ha, POCCHJ!, 2004); Ha 4-0H 

Hal\HOHanbHOH KOHcjlepeHl\HH no ITpttMeHeHHIO peHTreHOBcKoro, CHHXPOTPOHHoro 

H3JiyqeHHH, HeHTPOHOB Ii 3JieKTpOHOB )],nH HCCJie)J.OBaHHJ! MaTepttanOB (MoCKBa, 

PoccttH, 2003); Ha PoccttiicKott ttayqttoii KOHcjlepeHl\HH «MaTepttanbI H.ll.epttott TeXHHKM. 

Pa)J.Hal.(HOHHaH ITOBpe)l()],aeMOCTb 1:1 CBOHCTBa - TeopHH, MO)J,enttpoBaHHe, 3KcnepttMeHT)) 
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(Aroi%, Poccm1, 2003); Ha 2-oi% Me)!(.uyHapo.uHoi1 KOHcpepeHI.\HH no onpe.ueneHH51 

BHyrpeHHHX Hanp51)!(eHHH c noMOIIl,bJO HeHTpOHHOfO H CHHXpOTpOHHOfO H3JI)"leHHH 

(MaHqecTep, BenHKo6pHrnHH51, 2003); Ha I 0-oM Me)!(.uyHapo.uHoM ceMHHape no 

npHMeHeHHJO HeHTPOHHOfO pacce51HH51 .UJI51 HCCJie,UoBaHHH KOH,UeHCHpOBaHHbIX cpe.u 

(ITo3HaHb, ITon brna, 2003); Ha Esponei1cKoi1 llIKone no pacce51HH51 HeHTPOHOB 

(Ey.uanernT, BeHrpH51, 2003); Ha 1-oi% Espa3HHCKOH HayqHo-npaKTHqecKOH 

KOHcpepeHUHH «ITpoqHOCTb Heo.uHopO.UHbIX CTPYKTYP» (MocKBa, PoccH51, 2002); Ha 

CosMeCTHOH neTHei1 llIKOJie 0115Il1 - PyMbIHH51 no HcnoJih30BaHHJO HeHTPOHOB (oxpaHa 

oKpy)!(aJOmei% cpe.Uhl, cpH3HKa KOH.UeHcHposaHHbIX cpe.u, 51.UepHM qm3HKa) (EM Mape, 

PyMhIHH51, 2002), Ha XVII CosemaHHH no Hcnonh30BaHHJO pacce51HH51 HeHTPOHOB s 

HCCJie,UOBaHH51X KOH.UeHCHposaHHOro COCT051HH51 (faTqHHa, PocCH51, 2002); Ha 1-0H 

neTHeH WKOJle no HCCJle,UoBaHH51M KOH,UeHCHposaHHOfO COCT051HH51 semecTBa (IJ.yo3, 

lllaei%uapH51, 2002); Ha KompepeHUH51X MOJJO.UhIX yqeHbIX H crreuHanHCTOB 0115Il1. 

(Lly6Ha, PoccH51, 2002, 2003, 2004, 2005, 2006, 2007 rr.); Ha ceMHHapax JIH<l> 0115Il1.; 

TynhcKoro rocy.uapcTBeHHoro YHHBepCHTern; 11.HCTHTYTa ITayn51 llleppepa (PSI, 

lllsei1uapH51 ). 

06beM u cmpy«mypa auccepma~uu 

,ll.HccepTaUH51 COCTOHT H3 BBe,UeHH51, Tpex rnas, 3aKJIJOqeHH51 H CIJHCKa 

JIHTepaTyphI (I 03 HaHMeHoBaHHii). ,ll.HccepTaUH51 co.uep)!(HT 131 CTPaHHUy, 70 

pHCYHKOB H 14 Ta6JIHU. 

Pa6orn BhIITOJJHeHa s Jla6opaTOpHH tteiiTpOHHOH cpH3HKH HMeHH 11..M. <l>paHKa 

06be,UHHeHHOro HHCTHTYTa 51.UepHbIX Hccne.uoaaHHii (,ll.y6tta, PoccH51). 

ny6nuKa~UU 

Pe3yJibTaTbl pa6oT, BbIITOJJHeHHbIX rro TeMe .uHccepTal.\HH, orry6JIHKOBaHhI B 15 

CTaTb51X, CITHCOK KOTOpbIX rrpHBe,UeH B KOHUe aBTOpecpepaTa. 
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KpaTKoe coAep>KaH111e pa60Tb1 

Bo sseaenuu o6ocHOBbJBaeTc51 aKTYaJJhHOCTh rrocTaaneHHOH 3a_naqu, 

cpopMyJIHPYJOTC51 uenb H Hay'IHM HOBH3Ha rrpoBOL\HMbIX HCCJie,UOBaHHH. KpoMe Toro, 

IlOKa3aHa rrpaKTH'IeCKM 3HaqHMOCTb pa60TbI H rrpHse.ueH KpaTKHH ofoop co.uep)!(aHH51 

mas .UHccepTaUHH. ITpe.ucTasneHbI noJIO)!(eHH51, BhIHOCHMbie Ha 3alll,HTY H rrepeqeHb 

rreqaTHblX pa6oT, B KOTOpbIX OTPa)!(eHbl OCHOBHble pe3yJibTaTbl rrpoae.ueHHbIX 

HCCJle,UOBaHHH. 

B nepBOH rnase rrpHBO.U51TC51 TeopeTHqecKHe OCHOBbl OCHOBHbIX noJIO)!(eHHH 

TeopHH yrrpyroCTH, BBO.UHTC51 IJOH51THe H KJiaCCHcpHKaUH51 OCTaToqHblX Hanp51)!(eHHH, a 

TaK)!(e paccMaTpHBaJOTC51 OCHOBbl HaH6onee pacrrpocTpaHeHHblX MeTO.UOB onpe.ueneHH51 

OCTaToqHbJX Harrp51)!(eHHH B MaTepHanax H H3,UeJIH51X. ITpHBe,UeH cpaBHHTeJibHbrH 

aHaJIH3 B03MO)!(HOCTei1 3THX MeTO.UOB. KpoMe Toro, B 3TOH rnaae rrpHae.ueHhl 3JieMeHThl 

TeopHH TepMHqecKHx rrpoueccoB o6pa60TKH MaTepHanOB H paccMOTPeHbl OCHOBHble 

MeTO,Ubl cpopMHpOBaHH51 OCTaTO'IHO-Harrp51)!(eHHOro COCT051HH51 MaTepHaJJOB. fJiaBa 

COCTOHT H3 qeTblpex qacTeH. 

B rrepBOH qaCTH npHBOL\HTC51 KpaTKHH ofoop OCHOBHblX IlOJIO)!(eHHH TeOpHH 

yrrpyroCTH, BBO.U51TC51 IJOH51TH51 TeH30pa .uecpopMaUHH H TeH3opa Harrp51)!(eHHH, CB513b 

Me)!(L(y KOTOpblMH onHCbIBaeTC51 3aKOHOM fyKa. B o6o6meHHOH cpopMe 3aBHCHMOCTb 

.uecpopMa].\HH OT Hanp51)!(eHH51 Bblpa)!(aeTC51 KaK: 

filj = s yk, a k, 

a lj = cykl fik, 

(1) 

(2) 

f,Ue Sijkl H Cijk/ - yrrpyrne MOL\YJlH IlO,UaTJIHBOCTH H )!(eCTKOCTH MaTepHana, 51BJI51JOrn:HeC51 

TeH3opaMH qeTBepToro paHra. 

IlpH 3TOM, B cnyqae paCCMOTPeHH51 H30TPOITHOro MaTepHana yrrpyrne 

noCT051HHble 6y.uyT O.UHHaKOBbl BO Bcex HarrpaBJieHH51X, T.O. qHCJIO He3aBHCHMbIX 

ynpyrnx Mo.uyneii CHH3HTC51 .uo .usyx. B 3TOM cnyqae o6o6meHHblH 3aKOH fyKa CHJibHO 

yrrpomaeTC51 H rrpHHHMaeT cne.uyJOIUHH BH,U: 

l+v v 
fi y =£au -ou E akk (3) 

HJIH 
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E vE 
a =--& +b' & 

lj 1 + v lj lj (1 + v )(1 - 2v) kk 
(4) 

r.11.e k - HHJJ.eKC cyMMHpOBaHHll OT 1 JJ.O 3, b' - CHMBOJI KpotteKepa, npHHHMa!Oll.IHH 

3Ha'leHHll 

§ = 1, eCJJH i=j 
lj 

b'lj = 0, ecim i * j, 

E - MOJJ.YJib I0Hra HJIH MOJJ.YJib npo.11.0JibHOH ynpyrocTH, 

V - K03cpq>HUHeHT CTyaCCOHa 

E= __ l_ 
s,,, 

v =-S E- S,2 12 ---s,, 

KpoMe Toro, B nepBOH qacTH nepBoH rnaBhI H3JIO)l(eHbI HaH6oJiee qacTo 

0cnoJib3yeMbie B npaKTH'leCKOH pa6oTe MOJJ.eJIH <l>oiirra, Poiica H KpoHepa. 

Bo BTopoi1 qacTH nepBoH rnaBbI BBe.11.eHbI noHllTHe H KJiaccHcpttKaUHl! 

OCTaTO'IHblX Hanp.si)l(eHHH. CTpH '.HOM OCTaTO'IHbIMH HaIIpl!)l(eHIUlMH Ha3b!Ba!OT TaKHe 

Hanpl!)l(eHHll ( C)l(aTHe HJIH paCTl!)l(eHHe ), KOTOpbie cy111ecTByIOT H ypaBHOBellJHBaIOTCll 

BHyTPH TBep.11.oro TeJia nocJie ycTpatteHHll npH'IHH Bbl3BaBIIIHX HX TIOl!BJieHHe. 3TH 

HaIIpl!)l(eHHll BCer.11.a BHyTpeHHHe H HX o6pa30BaHHe BCer.11.a CBl!3aHO c HeOJJ.HOpOJJ.HbIMH 

JIHHeHHbIMH HJIH o6beMHbIMH .11.ecpopMauHllMH B CMe)l(HbIX o6beMaX MaTepttarra, 

arperaTa HJIH KOHCTP)'KUHH. 

K BHyTPeHHHM Hanpl!)l(eHHl!M OTHOCl!TCll TaK)l(e Hanpl!)l(eHHH, KOTOpble 

B03HHKaIOT B MaTepHane 3KCITJiyaTHpyeMOH .11.eTarrH HJIH KOHCTPYKUHH rro.n .11.eHCTBHeM 

BHeIIIHHX rroneH H orrpe.neJil!IOT corrpoTHBJil!eMOCTb MaTep11ana BHeIIIHHM B03)leHCTBHl!M 

- ero rrpo'IHOCTb. OcTaTO'IHbie Harrp.si)l(eHHll B03HHKaIOT B MaTepHanax H KOHCTP)'KUHl!X 

BCJieJJ.CTBHe MeXaHH'leCKoro H TeMrrepaTypHOfO B03)leHCTBHll Ha MaTepHan B rrpouecce 

ero H3fOTOBJieHHH, BCne.ncTBHe IIJiaCTH'leCKOH .11.ecpopMauHH TaKoro MaTepHarra, 

cpa30BbIX rrepexo.noB H, KaK CJie)lCTBHe, HMe!OT MeCTO IIpaKTH'!eCKH BO acex .neTaJil!X H 

KOHCTPYKUHHX. 

CTp11 3TOM o6bl'IHO C)l(HMaIOll.IHe ocrnToqHbie Harrp.si)l(eHHH OKa3bIBaIOT 

IlOJIO)l(HTeJibHbIH 3cpcpeKT Ha ycTaJIOCTHyIO .nonroBe'IHOCTb H corrpoTHBneHHe K0ppo3HH 

rro.n HanpH)l(eHHeM, a paCTl!rHBa!OIUHe Hanpl!)l(eHH$1 Hao6opoT yxy,nlllaIOT 
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MexaHH'!eCKHe xapaKTepHCTHKH MaTepttarra. B ynpyroi1 o6JiaCTH ocTaTO'IHbie 

Hanp.si)l(eHHll CYMMHpy10Tcl! c npHJIO)l(eHHbIMH 3KcnJiyaTaUHOHHbIMH ttanp.si)l(eHHl!MH. 

(PHc. l.). I1MeHHO no 3TOH npH'IHHe C)l(aTHe TI03BOJil!eT CHH3HTb pe3yJibTHpyIOI11ee 

Hanp.si)l(eHHe, .11.eHCTBYIOI11ee Ha MaTepttarr, '!TO COOTBeTCTBeHHO npHBOJJ.HT K 

nOBbillleHHIO ycTa.JIOCTHOH npO'IHOCTH. 

residual 
stress 

z applied 
stress 

x 

Puc. 1. CyMMupoea1-1ue ocmamo<J11020 u npww:J1Cem1020 3KcnJ1yama1Juom1020 
11anpR:J1Ce11uu. 

TaKHM o6pa30M, npo'IHOCTh, HaJJ.e)l(HOCTb H cTerreHb rrp0ro.11.HoCTH KOHCTPYKUHH 

.!I.Jill HCCTOJib30BaHHll no 3KCIIJiyaTaUHOHHOMY Ha3Ha'!eHHIO BO MHOfOM onpe.neJil!IOTCl! 

Ha.JIH'IHeM, xapaKTepoM H BeJIH'IHHOH BHyTpeHHHX Hanp.si)l(eHHH. 

B TpeTbeif qacTH rrepBoif rnaBbI rrpHBO.llHTCl! KpaTKOe orr11caH11e HaH60Jiee 

pacrrpocrpaHeHHbIX MeTO)lOB orrpe.11.eJieHHl! OCTaTO'IHbIX HaIIpl!)l(eHHH, KOTOpbie 

ycJIOBHO pa3.neJil!IOTCll Ha pa3pYII1aIOI11He 11 Hepa3pylllaIOIUHe MeTOJJ.bI. K 

Pa3PYllla!Oll.IHM MeTO)laM B rrepBy!O oqepe.nb OTHOCl!T pa3JIH'!Hble MeXaHH'leCKHe 

MeTOJJ.HKH. Bee MexaHH'!eCKHe MeTOJJ.bI H3MepHIOT ynpyr11e MaKpocKorr11qecKHe 

.necpOpMaUHH MaTepttana H 3aTeM, HCIIOJ1b3Yll 3aKOH ryica, Onpe.neJil!IOT BHyTPeHHHe 

OCTaTO'IHble Harrpl!)l(eHHll. CTpH 3TOM MexaHH'!eCKHe MeTO)lbl .nocTaTO'IHO TO'!Hbl, HO 

rnaBHbIM HX He.nocTaTKOM l!BJil!eTCll TO, '!TO HCCJie.nyeMblH MaTepHarr HJIH KOHCTPYKUHH 

pa3pyII1aeTCll BO BpeMl! H3MepeHHH. MexaHH'leCKHe MeTO)lbl orrpe.neJil!IOT TOJibKO 

Harrp.si)l(eHHll 1-ro po.na. :Oonbllloe BJIHllHHe Ha TO'IHOCTh H3MepeHHll .11.ecpopMau11i1 

OKa3bIBaeT BbI6op crroco6a y.11.anemrn CJIOeB MaTep11ana, T.K. OH MO)l(eT BHOCHTb 

AOIIOJIHHTeJibHbie BHyTPeHHHe Hanpl!)l(eHHll. 

Hepa3pyIIIaIOIUHe MeTO,D;bl H3MepeHHll OCTaTO'IHbIX Hanpl!)l(eHHH OCHOBaHbl Ha 

H3MepeHHH HeKOTOporo cpH3H'leCKOfO rrapaMeTpa, TaK HJIH HHa'!e CB$13aHHOro c 
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OCTaTO'fHblMH HailpH)l(eHH51MH. Ha cero.[(H51WHHH .[leHh H3BeCTHO HeCKOJlbKO TaKHX 

¢113H'feCKHX napaMeTpOB, 3TO - MHKpO.Lle¢opMaUH51 KpHCTaJJJJl1'feCKOH perneTKH 

MaTep11ana, cKopoCTh pacnpocTpaHeHl151 ynhTpa3syKa B MaTep11ane, 3neKTp11'IeCKM 

npoBO.[(HMOCTb MaTepHana, MarHHTHbie CBOHCTBa MaTepHana 11 HCKOTOphie .L\pyrHe. 

Ka)l(.[lh!H H3 TaKHX MeTO.[(OB HMCeT CB011 rrpeHMyrnecTBa H HC.L\OCTaTKH, Il03TOMY B 

npaKTH'fCCKHX npHMeHeHl1SIX HCil0Jlh3YIOT HaH6onee no.[(XO.L\511UHH MeTO.Ll .LlJJ51 perneHH51 

rrocTaBneHHOH 3a.[la'fH. B 3TOH 'faCTl1 rrepBoii mash! np11BO.L\HTC5! cpaBHl1TCJJhHM 

Ta6n11ua HaH6onee pacnpocrpaHeHHhIX MeTO.L\OB onpe.LleJJeH115! ocTaTO'fHhIX 

Hanp51)1(CHHH. 

l1 B 3aKJJIO'fHTCJJbHOH 'fCTBepTOH 'faCTH nepsoii. rnaBbl OilHCaHbl cyIUeCTBYIOIUHe 

MCTO.[lbl, n03BOJJHI01UHC ¢opMHpOBaTh OCTaTO'fHbie HarrpH)l(CHH51, B03Hl1KaIOIUHe B 

MaTep11anax B npouecce 11x H3rOTOBJJeHH51. TaK cospeMeHHbJe TexHonorHH H 3a.[la'f11 

MallIHHOCTpoeHHH rpe6yioT He TOJJbKO aHaJJH311pOBaTb OCTaTO'fHblC HanpH)l(CHH51 B 

MaTepHanax, HO TaK)l(e H ynpaBJIHTb HMH. 3a.[la'fa ¢opMHpOBaHH51 H onTHMH3aUHH 

OCTaTO'fHO-HanpH)l(CHHOro COCT051HIDI MaTepHanOB CTaHOBHTCH pernaIOIUCH .LlJJ5I 

H3rOTOBJJCHl1H H3.[(CJIHH, OTBe'faIOIUHX COBpeMeHHbIM rpe6oBaHHHM, H pa6oTaI01UHM 

'faCTO B O'fCHb )l(CCTKHX ycJJOBH51X. K OCHOBHblM MeTO.[laM ¢opMHpOBaHHH OCTaTO'fHblX 

HanpH)l(CHHH B MaTepHanax H KOHCTPYKU11HX OTHOC51T: MCXaHH'fCCKOe 11 TeMnepaTypHoe 

B03.[\CHCTBHH Ha MaTep11an, nnaCTH'fCCKM .[le¢opMauHH TaKOrO MaTepHana, ¢a30Bble 

nepeXO.L\bl. B npOMblllIJJCHHOCTH B OCHOBHOM 11cnOJih3YIOTC51 TepMH'fCCKM o6pa60TKa, 

XHMHKO-TepMH'fCCKM o6pa60TKa 11 nnaCTH'fCCKOe .[(e¢opMHpOBaHHe. 

BTopaH r JiaBa nonHOCThIO noCB511UeHa paccMoTpeHHIO 11cnonh3yeMoro B pa6oTe 

3KcrrepHMCHTanbHOro MeTO.Lla .LlH¢paKUHH HeiirpoHOB BhICOKoro pa3perneHHH. B 

pe3yJJhTaTe rrpoBe.[leHH51 HeiirpoH-.LlH¢paKUHOHHb!X 3KCnepHMCHTOB IlOJJY'faIOT 

.LlH¢paKUHOHHhie cneKTph1. ITpH 3TOM, orrpe.[lenIDi rrono)!(eHHH H HHTeHCHBHOCTh 

.LlH¢paKUHOHHb!X IlHKOB, nony'fa!OT CTpyKTYPHYIO HH¢opMauHIO, HH¢opMauHIO 0 

TeKCType HCCJJe.[lyeMoro o6pa3ua, a onpe.[leJJHjj TO'fHOe IlOJJO)l(CHHe .LlH¢paKUHOHHblX 

nHKOB MO)!(HO Hail.TH napaMerphI peweTKH. TaKHM o6pa30M, C.L\BHr .LlH¢paKUHOHHoro 

mma Il03BOJJHeT Bbl'fHCJJHTb H3MeHeHHe napaMeTpa perneTKH, a COOTBeTCTBCHHO 

ynpyryio .Lle¢opMau1110 KpHCTaJJJJH'fecKoi1 peweTKH H ocTaTO'!Hhie Hanp51)!(CHH51. A 113 
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aHaJJH3a ¢opMbl .LlH¢paKUHOHHblX nHKOB MO)l(HO nOJJY'fHTb HH¢opMauHIO 06 

HCKa)l(CHHHX KpHCTaJJJJH'fCCKOH peilleTKH BHYTPH OT.[\CJJbHblX 3epeH 

(MHKPO.Lle¢opMaUHHx) H HX pa3Mepax. Ha P11c.2 nOKa3aH THITH'fHhrn .LlH¢paKUHOHHhrn 

crreKTp, nony'faeMhIH B pe3ynhTaTe 3KCnepHMCHTa no speMeH11 nponeTa. 

Standart a. Fe sample, 
1 fe236 , FSD, v=6000, BS detector 
I I ---- Experimental points 

# , Calculated curve 

f 1 
I 

00 06 0 .7 08 0 .9 1 .2 1 .3 1 .~ 1 . ~ 1 .6 1 .7 18 19 2 2.1 
d,A 

Puc.2. Tunu'lflbIU ourjJpaKl{UOHHbIU cneKmp om a-Fe o6pmlfa, no11y'laeMbIU 6 
pe3y11bmame 3KcnepUMe11ma no 6peMeHu npo11ema. 

Bo BTopoii. 'faCTH BTopoii. rnaBhI npHBO.L\HTCH KpaTKoe onHcaHHe 

cymecrnyIOIUHX HCTO'fHHKOB Heii.rpOHOB (peaKTOpbl nOCTOHHHOfO .[(CHCTBH51, 

HMnynhCHble peaKTOpbl H HCTO'IHHKl1 HeiirpOHOB Ha OCHOBe ycKOpHTeJJeii.). 

B rpeTbeH qacT11 BTopoi1 rnaBbI onHCaHhl no.[lpo6HocTH Hcnonb3yeMbIX B pa6oTe 

3KCnepHMCHTaJJbHblX MCTO.[(OB orrpe.[leJJeHH51 OCTaTO'fHblX HanpmKeH11H c noMOIUblO 

.LlH¢paKUHH Heii.rpOHOB, KOTOpbie pa3.[(CJljjiOTCH Ha .[(Ba THna: MCTO.Ll noCT051HHOH AJil!Hbl 

BOJJHbl H MeTO.Ll BpeMeHH nponern (TOF MCTO.Ll), BKJIIO'faIOIUHH B ce6H MCTO.Ll o6parnoro 

speMeHH nponern (RTOF MeTO.L\). 

ITpH 3TOM MCTO.Ll nOCTOHHHOH .[\JlHHbl BOJJHbl rrpHMCHHCTCH Ha HCTO'fHHKax 

HeiirpoHOB c HerrpephIBHbIM noTOKOM, a nocTaHOBKa 3KcnepHMCHTa TaKM )l(e, KaK B 

peHTreHOBCKOH .LlH¢paKTOMerp1rn. Oco6eHHOCThIO MCTO.Lla nocT051HHOH MHHbI BOJJHhI 

51BJJHCTC51 H3MepeHHe o6bI'fHO TOJJbKO 0.[(HOro .LlH¢paKUHOHHOro OTpa)!(CHHH (hkl), .[\ml 

KOTOporo H onpe.[leJJ51IOTC51 OCTaTO'fHble .[le¢opMaUHH H Harrp51)!(eHH51, 'ITO B cnyqae 

HCCJJe.[(OBaHHH CHJJbHO TCKCTyp11poBaHHblX o6pa3UOB rrpHBO.L\HT K cymecTBCHHbIM 

norpeWHOCTHM. • 
11 



MeTO.L\ BpeMeHH nponern HaH6onee J<ji<jieKTHBHO Hcnonh3yeTCH Ha HMnynhCHhrx 

HCTO'IHHKax HeHTpOHOB, r.ne 3HepreTH'leCKHH cneKTp TennOBh!X HeHTPOHOB H3 

peaKTOpa HMeeT HenpephIBHh!H (MaKCBennOBCKHH) xapaKTep, CKOpOCTh TennOBhlX 

HeHTPOHOB HeBenHKa H eCTh B03MO)!(HOCTh ocyrueCTBHTh aHanH3 3HeprHH (HITH ,L\nHHhl 

BOITHhl) HeHTpOHa no BpeMeHH nponern. Oco6eHHOCTh!O 3TOro MeTo.na HBIT51eTCH 

HCnonh30BaHHe «6enoro» nytIKa HeHTpOHOB. 4To no3BOITHeT B CBOIO oqepe,D,h 

onpe.nenHTh OCTaTO'IHhie .ne<jiopMfillHH H HarrpH)J{eHHH .L\ITH MHOrHX 

KpHCTannorpa<jiH'leCKHX nnocKOCTeH H nonytiaTh ycpe.nHeHHh!e 3HatieHHH .L\ITH 

HCCne.nyeMoro nonHKpHCTanna. 

MeTO,D, o6paTHOro BpeMeHH nponeTa y.no6Ho HCnOnh30BaTh Ha HCTO'IHHKax 

HeiiTpOHOB c .nn11HHhIM HMnynhCOM, KaKHM HBnHeTCH peaKTOp YIEP-2 [l]. 3rn 

cneu11anhHaH KOppeITHUHOHHaH MeTO,L\HKa, OCHOBaHHaH Ha 11cnonh30BaHHH 

6hICTporo <l>yphe-npephrnaTenH HeiiTpOHHOro nytIKa [2]. B pe3ynhTaTe ero 

HCnOITh30BaHHH, HeHTPOHHh!H nyqoK Mo.nynHpyeTCH no HHTeHCHBHOCTH, <jiaKTH'leCKH 

pa36HBaHCh Ha HMnynhChl, rrrnpHHa KOTOph!X o6paTHO nponopuHOHaIThHa CKOpOCTH 

BpameHHH npepbIBaTenH H npH CKOpOCTH 3000 06/MHH COCTaBnHeT OKOITO 20 MKC (B TO 

BpeMH KaK HMnynhC TennOBh!X HeHTPOHOB 11EP-2 HMeeT ll!HpHHY 320 MKC). IlpH 3TOM 

RTOF-Mern.n no3BOnHeT pa.n11KanhHO ynytill!HTh pa3pell!eHHH (npH6nH3HTenhHO B 40 

pa3) npH He3HatIHTenhHOH noTepe B CBeTOCHne. 

11crronh30BaHHe MeTO,D,a ,D,H<jlpaKUJIH HeHTpOHOB no BpeMeHH nponeTa .L\nH 

onpe.neneHHH OCTaTO'IHh!X HanpH)!(eHHH HMeeT cne.nyIOIUHe OCHOBHh!e rrpeHMyruecTBa: 

1) coxpaHHeTCH uenocTHOCTh 11ccne.nyeMoro o6oeKTa (Hepa3pylllaIOIUHH KOHTPOnh), 

2) rny611Ha CKaHHpoBaHHH Hccne.nyeMoro MaTepHana HaMHOro rrpeBhill!aeT 

B03MO)!(HOCTJI .npyrnx MeTO,L\OB, (.no 3 CM .nm1 CTaneii, .no 10 CM ,L\ITH anIOMHHHH), 

3) BhlCOKOe npOCTPaHCTBeHHOe pa3pell!eHHe (.no 1 MM B nI060M HanpasneHHH), 

4) B03MO)!(HOCTh ll!HpOKOro BaphHpOBaHHH H3MepHeMoro o6'heMa OT 1 MM
3 

.no 1000 

MM3
, 

5) H3 C,D,BHra ,D,H<jipaKUHOHHh!X nHKOB onpe.neITHeTCH ycpe.nHeHHaH no H3MepHeMOMY 

o6oeMy .ne<jiopMauHH pemeTKH, 
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6) HCnOnh30BaHHe TOF - MeTo.na .naeT B03MO)!(HOCTh Ha6nIO.naTh HeCKOIThKO 

.nH<jipaKuHOHHhrx OTPa)!(eHHH O.L\HOBpeMeHHO, 'ITO rro3BOnHeT O.L\HOBpeMeHHO 

orrpe.nenHTh .ne<jiopMaI.(Hll .L\ITH pa3Hh!X KpHCTannorpa<jiH'leCKHX HanpaBneHHH (hkl), 

7) onpe.nenHeTCH KpHCTannorpa<jiH'leCKaH aHH30TponHH .ne<jiopMaUHH, 

8) B cnyqae MHOrO<jia3HOro MaTepHana (KOMn03HThl, KepaMHKH, cnnaBhl) 

O,L\HOBpeMeHHO onpe.nenHIOTCH pacrrpe.neneHHe HanpH)!(eHHH .L\ITH Ka)l(,Ll,OH <jia3hl 

OT,D,enhHO, 

9) np11MeHeHHe npo<ji11nhHoro attan1.na .n11<jipaKUHOHHoro cneKTpa no Mern.ny 

P11rnenh.na no3BOnHeT onpe.nem1Th .ne<jiopMaU11IO, ycpe.nHeHHYIO He TOnhKO no 

H3MepHeMOMY o6oeMy, HO 11 no BCeM KpHCTannorpa<jiH'leCKHM HarrpaBneHHHM (hkl). 

B cnyqae MHOro<jia3Hh!X MaTep11anoB nOHBITHeTCH B03MO)!(HOCTh oueHHTh 

COOTHOll!eHHe <jla3. 

10) H3YtJaH YlllHpeHHH ,D,H<jlpaKUHOHHhlX nHKOB MO)!(HO onpe.nenHTh MHKpOHarrpHlKeHHH 

B npe.nenax 3epeH, 

11) attanH3HpyH <jiopMy OT,D,enhHhlX ,D,H<jipaKUHOHHhIX nHKOB (lllHpHHa nHKa B 

3aBHCHMOCTJI OT HarrpaBneHHH [hkl] B KpHCTanne, ero aCHMMeTpHH, Kph!nhH nHKa) 

MO)!(HO rronytIHTh .naHHhie 0 pa3Mepe KpHCTannHTOB, pacnpe.neneHHH nnoTHOCTH 

,L\JICITOKaUHH, TO'le'IHh!X .ne<jieKTOB H MHKpOHanpH)J{eHHHX B MaTepHane, 

12) MOryT H3y'laThCH KaK MarHHTHhJe, TaK H HeMarHHTHh!e MaTepHanhI, 

13) H3yqeHHe xapaKTepHCTHK KOHCTpyKUHOHHhlX MaTepHanOB B03M0)!(H0 B pe)!(HMe in 

situ (T.e. Henocpe.ncrneHHO BO BpeMll npHITO)!(eHHH BHell!HeH Harpy3KH MITH 

TeMnepaTyph1), 

14) O.L\HOBpeMeHHO c BHYTPeHHHMH HarrpH)!(eHHHMH MO)!(eT 6hITh onpe.neneHa TeKcTypa 

MaTepnana. 

B tieTBepTOH qaCTH BTOpOH rnaBhl npHBO,L\HTCH onncaHHe Hcnonh3yeMoro 

3KCnepHMeHTaIThHOro o6opy.noBaHHH, BKITIO'laIOIUero: HeHTPOHHh!e .n11<jipaKTOM~hl 

<l>yphe CTPecc .nn<jipaKTOMeTp (<l>C,[() [3] H <l>yphe .nH<jipaKTOMeTp BhICOKoro 

pa3pell!eHHH (<l>,[(BP) [4]; .nononHHTenhHOe o6opy.noBaHHH H3 OKpy)!(eHHH o6pa3ua (5-
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TH KPY)l(HhIH roHHOMeTP Huber, JIHHettHhIH CKattep, 3epKaJihHllil neqh, Harpy3oqHrui 

MaumHa TIRA), IT03BomnoUiee pacrnHpHTh B03MO)l(HOCTH 3KCITepHMeHTa, H, HaITpHMep, 

ITpOBO.IJ;HTb 3KCITepHMeHTbl ITPH BbICOKHX TeMITepaTypax H ITPHJIO)l(eHHOH BHernHeii 

Harpy3Ke. 

3.n;ecb )l(e ITpHBO.IJ;HTCll .n;eTaJibHOe OITHCaHHe ITpo1.1e.n;ypbI ITOCTaHOBKH HettTpOH­

.n;mppaKLIHOHHOfO 3KCITepHMeHTa, n03HLIHOHHpOBaHHll 06pa31.1a B HettTpOHHOM ITyqKe, 

B03HHKaIOUIHe ITPH 3TOM ITOBepxHOCTHbJe ::icpcpeKTbl. 06cy)l(.IJ;eHbl ITpHqHHbl 

B03HHKHOBeHHll tta1160Jiee pacnpocTPaHeHHhJX orn1160K 3KcnepttMeHTaTopos. KpoMe 

TOfO, ITO.D;po6Ho paccMaTpHsaeTCll 3TaIT aHaJIH3a 3KCITepHMeHTaJibHb!X .n;aHHbIX. 

TpeTbH rJJasa co):(ep)l(HT pe3yJihTaThI scex 3KCITepHMeHTaJihHhIX pa6oT, 

paccMOTPeHHhIX B .n;HccepTa1urn. B Heil: Ha peaJJhHhIX ITpHMepax noKaJhIBaIOTCll 

pe3yJihTaTbI onTHMH3aI.IHH TeXHOJIOrnqecKHX ITPOI.IeCCOB H3rOTOBJieHHll H3L(eJIHH ITOCJie 

aHamna OCTaToqHo-Hanpll)KeHHOro COCTOllHHll MeTO.IJ;OM L\HcppaKLIHH HeHTPOHOB. 

I1pHBO.llllTCll qeTbipe npHMepa .n;m1 pa3JIHqHh!X KJiaCCOB OCHOBHblX KOHCTPYKI.IHOHHhIX 

MaTepttaJIOB: aJIIOMHHHll, CTaJIH, KOMn03HI.IHOHHh!X MaTepHaJIOB, MHOfOKOMnOHeHTHb!X 

H MHOrOcpa3HhIX MaTepHaJIOB. KpoMe Toro, B XOL(e BblITOJIHeHHll .IJ;HCCepTaI.IHOHHOM 

pa60TbI, 6bIJIH BhlITOJIHeHbl 3KCnepHMeHThI ITO aHaJIH3Y OCTaToqHo-Hanpll)l(eHHOro 

COCTOllHHll B MaTepHaJiax c ::icpcpeKTOM ITaMllTH cpopMhl, Ha npHMepe HaH60Jiee 

pacITpocTpaHemwro MaTep11aJJa TiNi. Bee npeL(CTaBJieHHbie 3KcnepHMeHThI BhIITOJIHeHbI 

JIHqHO aBTOpOM .IJ;HCcepTaI.IHH c ITOMOUiblO MeTo.n;a L\HcppaKI.IHH HeHTPOHOB BhICOKOro 

pa3perneHHll Ha HeiiTpOHHhIX .n;11cppaKTOMeTpax <l>C)J,, <l>)J,BP (JlH<l> Ol15II1), POLDI 

(PSI, Switzerland) H DIA (ILL, France). 

B ITepsoii qacTH TpeTheii rnaBhI, npHse.n;eHhI pe3yJihTaThI Mo,n;eJihHhIX 

3KCITepHMeHTOB no aTTeCTaLIHH 

06opyL10BaHHll, HCITOJih3yeMoro 

MeTOL(a .D;HcppaKI.IHH HeHTPOHOB H OCHOBHoro 

B pa6oTe tteiiTpOHHoro <l>yphe CTPecc 

.n;ttcppaKTOMeTpa <l>C)J,. U,eJib nepsoro MO.IJ;eJihHOfO 3KCITepHMeHTa - Harnll.IJ;HOe 

3KCnepHMeHTaJihHOe ITO.IJ;TBep)l(,D,eHHe B03MO)l(H0CTH HCnOJih30BaHHll MeTo.n;a 

,D,HcppaKI.IHH HettTpOHOB ):(!Ill onpeL(eJieHHll OCTaTOqHbIX L(ecpopMaI.IHH H COOTBeTCTBeHHO 

HaITpll)l(eHHH. 3TO nOKa3aHO Ha cpaBHeHHH HettTpOHHOfO MeTOL(a c 06bJqHh1M 

MexaHHqecKHM MeTO,ll,OM. I1pH ITpOBeL(eHHH 3KCnepHMeHTa ITO paCTll)l(eHHIO ITJIOCKOH 
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nJiaCTHHbI H3 CITJiaBa aJIIOMHHHll L(ecpopMaI.IHll o6pa3I.Ia 0.IJ;HOBpeMeHHO H3MeplleTCll 

.IJ;BYMll MeTO,ll,aMll. c O.l\HOH CTOpOHbI, .n;ecpopMaI.IHll o6pa3I.Ia B yITpyroii o6JiaCTH 

OITpe.n;eJilleTCll no H3MeHeHHIO ITapaMeTpa KpHCTaJIJIHqecKOH pe11IeTKH MaTepHaJia ITPH 

H3MetteHHH BHernHeH Harpy3KH. A c .n;pyroii CTOpOHhI, noJIHru! .n;ecpopMaI.ImI 06pa31.1a 

H3Mepl!JiaCb c nOMOIIIh!O MHOropa30BOfO 3KCTeH30MeTpa "MiniMFA", KOTOpbIH BXO,ll,HT 

B KOMITJieKT K Harpy3oqHOH MaillHHe "Tira-test 2560", ITPHKpeITJieHHOro K H3MeplleMOMY 

o6pa31IY· 

B pe3yJihTaTe ITpose.n;eHHhIX 3KCITepHMeHTOB Ha qeThipex H,D,eHTHqffhIX o6pa3I.Iax 

6bIJIH ITOJiyqeHhI: 

- 3aBHCHMOCTH .n;e¢opMaI.IHH KpHCTaJIJIHqecKOH perneTKH ( OITpe.n;eJieHhI MeTO,ll,OM 

,ll,HcppaKI.IHH HeHTPOHOB) 06pa3L10B OT npHJIO)l(eHHOH Harpy3KH, KOTOpbie Be,D,YT ce6l! 

IlOJIHOCTh!O B COOTBeTCTBHH c TeOpHeii ynpyroCTH; 

- MOJIYJIH IOttra .n;mI scex H3MepeHHb!X o6pa3I.IOB, KOTOpbie COBITa):(aIOT c 

Ta6JIHqHbIMH 3HaqeHHllMH; 

- 3aBHCHMOCTH ynpyroii .n.e¢opMaI.IHH KpHCTaJIJIHqecKOH perneTKH ( OITpe,D,eJieHhI 

H3 MeTO,D,a .n.11¢paKI.IHH HettTpOHOB) OT 06Uiett .n;e¢opMaI.IHH o6pa3I.Ia (oITpe.n;eJieHa 

MexaHHqeCKHM MeTO,ll,OM), KOTOpb!e B yITpyroii o6JiaCTH ITOJIHOCTh!O COBITa):(aIOT ITO 

a6coJIIOTHOii senHqHHe. A B ITJiaCTHqecKoii o6JiaCTH, MaKpo.n;e¢opMaI.IHll: 6hICTPO 

yseJIHqHsaeTcll (o6pa3eI.I CHJihHO y.n;JIHHlleTcll), HO ITPH 3TOM perneTKa cna6o pearnpyeT 

Ha yseJIHqHBaIOUIYJOCll Harpy3Ky. 

CosoKyITHOCTh pe3yJihTaTOB ITepsoro Mo.n;eJihHoro 3KCITepHMeHTa ITO 

paCTll)l(eHHIO o6pa3I.Ia Harnll:L(HO ,ll,0Ka3bIBaeT, qTQ MeTO.IJ; .n.11¢paKI.IHH HeHTPOHOB MO)l(eT 

ycITeillHO ITpHMeHl!ThCll ,ll,Jlll OITpe.n.eJieHHll OCTaTOqHhIX .n;e¢opMaI.IHH B ynpyroii 

o6nacTH. ToqHOCTh oITpe.n.eJieHHll: .n.e¢opMaI.IHH coCTasnlleT 5x 10·5, qrn ,D,Jill o6hJqHhIX 

KOHCTPYKI.IHOHHhIX MaTepHaJJOB cocTasJil!eT 10-30 MI1a H BITOJIHe .n.ocrnTO'IHO .n.AA 

npose.n.ettHll ITpaKTHqecKoro HH)l(eHepHoro aHaJIH3a. B ITJiaCTHqecKoii )l(e o6JiaCTH, 

MeTO,ll, n03BOAAeT ITpH6JIH3HTeJihHO 01.1eHHTh ypoBeHb ITJiaCTHqecKOH L1e¢opMaI.IHH. 

U,eJih!O BTOporo MO.IJ;eJibHOro 3KCnepHMeHTa 6brna HarJill:JIHllil ,D,eMOHCTPaI.IHll: 

B03MO)l(HOCTH MeTO,D,a OITpe.n.eJillTh ITpOCTpaHCTBeHHOe pacITpe.n;eJieHHe .n;e¢opMaI.IHH Ha 
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Heil:TpOHHOM .umppaKTOMeTPe <l>C)J:. .[{JUI 3TOfO 6brn BhlTIOJJHeH 3KCnep11MeHT no mm6y 

nnacTl1HhI HJ cTan11 Xl8HIOT, Harpy)f(ettttoil: B "leTb1pexTo"lelJHOM mm6aTene. B xo.ue 

3Kcnep11MeHTa onpe.uenHnOCb npOCTPaHCTBeHHOe pacnpe.ueneHl1H .ue<}>opMau1111 B.UOnh 

n11H1111 Harpy)f(eH11H. B pe3ynhTaTe 3Kcnep11MeHTa nony<JeHHaH n11Heil:HaH 3aBl1C11MOCTh 

.ue<}>opMau1111 8 OT KOOp.U11HaTbl x 113MepHeMb!X TO'leK, ne)f(all(l1X B.UOnh nl1H1111 

Harpy)f(ett11H nonHOCThJO coorneTcrnyeT pac"leTaM (P11c.3). TaK11M o6paJoM, 

nony<JeHHhie pe3ynhTaThI BToporo Mo.nenhHoro 3Kcnep11MeHTa npHMO no.nTBep)f()laeT 

COOTBeTCTBl1e 113MepHeMb!X 3HalJeHl1H .ue<}>opMau1111, TeopeTl1'1eCK11 rrpe.ucKaJaHHh!M 

3HalJeHl1HM, 11 CB11.UeTenhCTByeT 0 B03M0)!(H0CTl1 11CIIORb30BaHl1H MeTo.ua .umppaKU1111 

HeHTPOHOB 11 Heil:TpOHHOro .u11<}>paKTOMeTPa <l>C.[{ .nnH perneHl1H 3a.UalJ IIO orrpe.ueneHl1JO 

npocTpaHcTBeHHoro pacrrpe.ueneH11H .ue<}>opMau1111 no ce<JeH11JO 113.uen11H. 

0.0015 

0.001 

"' s 0.0005 ':r .. 
:Ii 
a. 
0 

-& 
0 Cll 

c:[ 

"' ~ 
>. 
g. -0.0005 

>-

-0.001 T l i 
I 

I i , , 
! 11j1111 / -0.0015 1 1 r r l-1111jr1 

11 'I 
I 

'I 1 J 

-20 -15 -10 -5 0 5 10 15 20 
PaCCTOffHMe OT 1.1eHTpa 06paJ1.1a, MM 

Puc. 3. 3a6UCUMOCmb oerjJopMOlfUU /'lJIQCmWlbl U3 11ep:J1Ca6e10Ufeii CmQJIU XI 8H 1 OT om 
KoopouHambz U3MepReMoii mo'IKU. Ha'IQJIO Koopow1am noMeUfeHo 6 4e11mp nJ1acmuHb1. 

Ilo pe3ynhTaTaM BhIIIOnHeHHoro 11ccne.uoBaHHH 6brna npoBe.neHa 

.i:~onom"leCKaH arrecTaUHH Heil:TpOHHoro <l>yphe CTPecc .umppaKTOMeTPa, 

Jacrrono)f(eHHoro Ha 11 KaHane peaKTopa l1EP-2 H rrony<JeHo CBH.n;eTenhCTBO 06 

1rrecTauH11 cpe.n;CTBa H3MepeHHH. 

16 

Bo BTopoil: "laCT11 TpeTbeil: rnaBhr paccMoTpeHhI .ueTan11 3KCnep11MeHTMhHOil: 

pa60Tbl no aHMl13Y OCTaTOlJHO-HaIIpH)!(eHHOfO COCTOHHl1H y.uapH11Ka nep<}>opaTopa, c 

uenh!O OnTl1Ml13au1111 TeXHOnomlJeCKOfO rrpouecca 113fOTOBneHl1H .UM yBen11'leHl1H 

cpoKa ero cny)f(6b1 11 yny"lrnett11H 3Kcnnyarnu110HHhIX xapaKTep11cT11K cTan11. Y.uapH11K 

nep<}>opaTopa HBAAeTCH TH)f(enoHarpy)!(eHHOH .n:eTanblO, pa60TaIOll(eil: np11 Bh!COK11X 

U11KRl1lJeCKl1X Harpy3Kax. 3a,n:alJa 6bIJia BhIIIOnHeHa B paMKax cornarneHl1H c KpynHb!M 

Mailll1HOCTPOl1TenhHh!M 3aBO):(OM "TY J1AMAlll3ABO.[{" 11 11MeeT np11Kna)lHOe 

JHalJeH11e. B pe3ynhTaTe .n;aHttoil: pa6oThI 6hlna Bhrpa6oTaHa 11 BHe.upetta s 

np0113B0,1l;CTBO HOBaH TeXHOnOfl1H TepM006pa6oTK11 3TOfO 113.uen11H, II03BOnl1BillaH 

yBenl1"111Th cpe.n:Hee speMH Hapa60TKl1 Ha OTKaJ B 2,5 pa3a c 40 .no I 00 '!aCOB (P11c.4 ). 

YfBEPJKAAIO 

~!Ui.Conoa .. a 

AKT 
no BHe;q>CHHJO B npoH'lBOJlCTBO YAIPHHU IlII80HB.00.006 

113 CTIU1H 20X2H4A 

06M-JtHHCHHWM HHcnrryTOM IJleptiblX HCCJIC.ll088.HHD (r.J.ty6u) COBMCCTltO 

c ica4>c.a,5X1A 4>H3HlCH Tyru.cKoro rocyn.apcTBCHHOC'O yttHacpcHTCTa npoecncHbl HCC.OO-­
.QOHHKJI pacnpe.lle.neHHJI OCTITO'ltlWX lffYTPCHHHX HWJ"IKCHKA B y.napHHUX OHCI~ 

woneP4-;>paropa MeTO.llON JlH4>pantHH HCltrpoHOI. 

Hcc.ne.z1,0BaHK1 npoB0.1tK11HC1> cpuuHTCJ1Wto Ha cep"bwx y.napHHacax Hl 

CT8.JIH 65C2BA c 001.ewuon UDJOO)jl H Ml CT1JUl 20X2H4A c UCNCKTtlUHdl. 

Hcc.ncnoB.aHHJ1MH )'CTUIOBJICHO, ll[1'0 :xaparrep pacnpc.!lCJJCHHJI OCT&TO'IHblX 

Hanp•:.:CHHA. y,napKHICC Kl C'I'a.llH 20X2II4A 6JlaronpH.tTeH Jl/ll OOBblllJCKJU co­
OpcmBJICHHJI MaTCpHalll )'CTaJ!OC11:10M)' pa.3pyweHHJO. 

Ha OCKOU.HHH :rroro 3&JUDOqCHK1 1 ruteawonq>41oparopc fln&OHB 6w11 

BHCJIPCH. DpoHJ.llO,QCTM) YJJ/APHKJ( nnsoim.oo.006 H3 CTa.JDt 20X2114A c XKMKXO-­

TCpMH'lCCW:Oll o6pa6oncoA - LlCNCHT&l(HCA. 

BHC,11.peHHC :YTOA CTIJIM o6ocnC'llHJJO OOllWDJeHHC X8parTCJ>HCTHIJ( CptllH.eA 

ttapa6:mot HA OTU3 • 2.s pa:sa. IlpH HCDOJDolOUKHH CTaJDt 6SC2BA CpcAHU Hapa-
6anca H& OTU3 COCTUJWJ& 40 1iacoa, i H3 CTaJIH 20X2H4A 31'8 xapu:repHClllD 6bl­
Jl& Y11CJIH'ICH& JlO l ()() 'llCOB. 

<)tt r1iuuwA ICOHCTp)'ICI'Op tll 
~ 

r.H. 3HHHH 

Jlwpern>pBJ0-1 R.11. Apocj> .. a . 

P11c.4. A Km no eHeopeHUIO e npou3eoocmeo yoapHuKa U3 cmQJlu 20X2H4A. 
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B TpeTbeH qacn1 TpeTbeH rnaBbl rrpe,ncTaBJieHO HCCJie,noBam1e OCTaTO'-lHO-

HarrpinKeHHOfO COCTOJIHHJI .npyroro peanbHOfO H3)lenm1 6HMeTaJIJIH'-leCKOfO 

rrepexo,nHHKa Hep)!(aBe10ma11 CTaJib crrnaB IJHpKOHHJI. Ylccne.nyeMbIH 

6HMeTaJIJIH'-leCKHH rrepexo,nHHK Hep)!(aBe!Oll(aJI CTaJib - crrnaB llHPKOHHJI HCI10Jlh3yeTCJI B 

KOHCTPYKUHH KaHanos peaKTopos PEMK, H rrpe.ncTasJIJieT co6oH. IJHJIHHJlP CJIO)!(HOro 

ce'-leHHJI c Hapy)!(HbIM cnoeM H3 CTaJIH H BHYTPeHHHM - H3 crrnaBa IJHpKOHHJI. OcHOBHOH 

ueJiblO HCCJieJlOBaHHJI JIBJIJieTCJI OI1THMH3a!JHJI TeXHOJIOfH'-leCKOfO rrpouecca 

H3fOTOBJieHHJI rrepeXOJlHHKa Jlllll yseJIH'-leHHJI cpoKa ero CJly)!(6bI H ynyqIIIeHHJI 

3KCITJiyaTauHOHHb!X xapaKTepHCTHK MaTepHana. 3anaqa BbIITCJlHeHa B paMKax 

cornaIIIeHHJI c MHHHCTepcTBOM aTOMHOH 3HeprHH P<l> H HMeeT rrpHK1la)lHoe 3Ha'-leHHe. 

B pe3yJihTaTe rrposeneHHOro Hccne.nosattHJI o6Hapy)!(eHo, 'ITO .norronHHTeJibHaJI 

TepM006pa6oTKa fOTOBOfO rrepeXO)lHHKa I103BOJIHT COJ,naTb 3HaLJHTeJlbHO 6oJibIIJHe no 

BeJIH'-lHHe C)!(HMa!Oll(He HarrpJI)!(eHHJI B OJlHOM H3 HCCJie,noBaHHb!X Ce'-leHHH (ce'-leHHH A­

B), B o6nacTH rrepsoro IJHPKOHHesoro 3y6a, '-lTO rro3BOJIHT KOMrreHCHposaTb 

HeraTHBHblH 3¢¢eKT OT HaJlH'-lHJI KOHUeHTpaTopa HarrpJI)!(eHHJI B 3TOH o6naCTH; a TaK)!(e 

rroJBOJIHT KOMrreHCHpoBaTb rrpHJIO)!(eHHb1e HarrpJI)!(eHHJI pacTJ1)!(eHHJ1. TaKaJI 

TepMoo6pa6oTKa no3BOJ1HT JHaLJHTeJibHO yny'-lWHTh pe3ynhTHpy10mee HarrpJI)!(eHHoe 

COCTOJIHHe rrepeXOJlHHKa, COOTBeTCTBeHHO ynyLJWHTb see ero 3KcrrrryaTaUHOHHbie 

CBOHCTBa H cpoK ero pa60Tbl. 

B t.JeTsepToH. t.JaCTH TPeTbeH. mash! coo6ma10TcJI pe3ynhTaTbI aHaJIH3a MaKpo- H 

MHKpoHarrpl!)!(eHHH s cospeMeHHhIX KOMIT03H!JHOHHbIX MaTepHanos WC-Co H W-Cu c 

rsep.noH. KepaMH'leCKOH H MeTaJIJIHLJeCKOH MaTpHueH. H MeTaJIJIHLJeCKHM HaITOJIHHTeJleM. 

8CHOBHOH rrpHKJla)lHOH uenhIO HCCJie.nosaHHJI JIBJIJIJiaCb OI1THMH3aUHJI 

rexHOJIOfH'-leCKOfO rrpouecca TepMoo6pa6oTKH I1pH rrpOH3BO)lCTBe TaKHX 

<OMIT03HIJHOHHbIX MaTepHanos, c TO'lKH 3peHHJI ynyt.Jll!eHHJI HX 3KcnrryaTauHOHHbIX 

<apaKTepHCTHK. BTOpoH. )!(e ¢ytt,naMeHTaJ1hHOH ueJiblO 6h!JIO HCCJie,nosaHHe 

v1exaHH3Ma, OTBe'-la1omero 3a ITOJIBJieHHe OCTaTOl.JHb!X HarrpJI)!(eHHH B TaKHX 

COMI103HTHh!X MlrrepHanax, B oco6eHHOCTH HepaBHOBeCHb!X 3¢¢eKTOB, B03HHKaI0ll(HX 

10 BpeMJI TepMH'-leCKOH o6pa60TKH, MeXaHH'-leCKOfO H TepMOMeXaHHl.JeCKOfO 

iarpy)!(eHHJI. B xo.ue pa6oThI 6bIJIH rrpose,neHbI HCCJie,noBattHJI cepHH o6pa3UOB, 

10.useprll!HXCJI pa31lH'-lHOH TepMoo6pa60TKH. TaKHe HepasttosecHbie 3¢¢eKTbI, KaK 
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Heo.nttopo.nttoe H 6bICTpoe OXJla)!()leHHe, rrnaCTH'-leCKaJI .ne¢opMal\HJI MeTaJIJIHl.JeCKOH 

¢a3hI H B03HHKHOBeHHe MHKPOTPell(HH B TBep.noH. ¢a3e, OKa3bIBaIOT orpoMHOe BJIHJIHHe 

Ha OCTaTO'-lHO-HaITPJl)!(eHHOe COCTOJIHHe MaTepHana, H COOTBeTCTBeHHO Ha ero 

3KCITJiyaTaUHOHHbJe xapaKTepHCTHKH. l1crroJih30BattHe .UOITOJlHHTeJibHOH 

TepMoo6pa60TKH I103BOJIJieT yrrpaBJIJITh OCTaTOl.JHO-HaITPJl)!(eHHblM COCTOJIHHeM TaKHX 

KOMI103HTOB H C03,UaBaTb TaKoe OCTaTOl.JHO-HarrpJI)!(eHHOe COCTOJIHHe, KOTOpoe He 

TOJlbKO He yxy.UIIJHT 3KCITJiyaTaUHOHHbJe xapaKTepHCTHKH MaTepHana, HO H Hao6opoT 

I103BOJIHT ynyqIIJHTb HX, c TO'lKH 3peHHJI ITOBbllIIeHHJI Ha)le)!(HOCTH H JlOJlfOBel.JHOCTH 

pa60Thl. 

B xo.ne HCcne.nosaHHJI 6hIJIO rroKa3aHo, '!TO TepMH'-leCKaJI o6pa6oTKa c 

3KCTpeMaJihHO HepaBHOMepHb!M OXJia)!(_neHHeM o6pa3UOB (KOMI103HTHOH rrJiaCTHHbl, 

rrpHI1aJIHHOH Ha CTaJlhHYIO ITO)lJIO)!(Ky) se,neT K C)lBHry MaKpoHarrpJI)!(eHHH K 6onee 

C)!(HMaIOll(HM Ha rrosepXHOCTH rrnaCTHHbl ('-lTO ynyqIIJaeT 3KCITJiyaTaUHOHHbJe 

xapaKTepHCTHKH ,naHHOfO KOMI103HTa) H yseJIH'-leHHIO paCTJirHBa!Oll(HX HaITpJI)!(eHHH Ha 

rpaHH!Je co CTaJlhHOH rro.uno)!(KOH. YcHJIHBaJI HepaBHOMepHOCTb oxna)!(JleHHJI MO)!(HO 

npo,noJI)!(HTh 3TY TeH,neHIJHIO. 3anaqa 6hrna BbIITOJIHeHa B paMKax coTpy,nHH'lecrna c 

.[ij>e3,neHCKHM HHCTHTYTOM Hepa3pyrnruomHx MeTo,nos KOHTPOJIJI. Pe3yJihTaThI ,naHHOH 

pa60Tbl B HaCTOJlll(HH MOMe!IT rraTeHTYIOTCJI )lJIJI rrocne.nyIOmero BHe,npeHHJI B 

rrpOH3BO)lCTBO. 

B 3aKJHO'ICHHH ,nHccepTauHOHHOM pa6oThI cyMMHposaHhI ocHoBHbie 

peJyJibTaThI H rrp1rne.uetth1 rnaB11b1e BblBOJlhI pa6oThJ. 
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Pe3ynbTaTb1, BblHOCHMble Ha 3a~HTy. 

B npe.11.crnsneHHoii .D.HcceprnuJIOHHOii pa6oTe np1rne.11.eHbI pe3ynbTaTbI 

HCCJle.D.OBaHHH BHYTpeHHHX MexaHHqecKHX Hanp.silKeHHH B OTBeTCTBeHHbIX MaTepHanax 

H H3.D.eJ1H.sIX H3 HHX H nonyqeHbl cne.11.yJOmHe OCHOBHbie pe3yllbTaTbJ: 

1. PaJpa6oTaH, C03.D.aH H arrecToBaH nepBbIH B Po'ccHH cneuttanH3HpoBattHbIH 

HeHTPOHHbIH CTpecc-.11.tt<l:>paKTOMeTP - <t>C,U. PaJpa6ornHa MeTO.!J.HKa npose.11.eHH.sI Ha 

HeM .D.H<l:>PaKUHOHHblX 3KcnepHMeHTOB. Tipose.11.eHa MeTPOllOrnqecKa.sI aTTeCTaUH.sl 

.11.11<t>paKTOMeTpa H nonyqe1-10 CBH.D.eTeJlbCTBO 06 arreCTal.lHH cpe.11.crna H3MepeHH.sI. 

2. Tipose.11.eHbl 3KCnepHMeHTbl no HCCJle.D.OBaHHIO BHYTpeHHHX Mexatt11qecKHx 

1-1anp.s1JKeHHH B MO.D.ellbHblX H peanbHb!X H3.D.enm1x H MaTep11anax, 11pe.D.CTaBl1.sIIOIJ.lHX 

pa3nHq1-1b1e KJlaCCbl OCHOBHb!X KOHCTPYKUHOHHb!X MaTepHallOB: CTaJlH, 

MHOfOKOMnOHeHTHbie H MHOro<t>aJHb!e MaTepHMbI, KOMH03HUHOHHbie MaTepHallbl, 

MaTepHanbI c 3<l>cl>eKTOM naM.sITH cpopMbI. ToqHoCTb 011pe.11.eneHH.sI Hanp.s1JKeHHii 

COOTBeTCTByeT peanbHbIM nOTPe6HOCT.sIM HHJKeHepoB H COCTaBJl.sieT I 0-30 MTia. 

3. 3Kc11ep11MeHTaJlbHO onpe.11.eneHo OCTaTOWO-Harrp.silKeHHOe COCTO.sIHHe o6pa3UOB 

y.11.apHHKa nepcpoparnpa, no.11.seprnyTb1x pa3nHqHbIM TepMoo6pa6oTKaM. BbIJJ.aHbI 

KOHKpeTHbie peKOMeH.11.auHH no onTHMH3auHH TeXHOJlOrHH TepMoo6pa6oTKH y.11.apHHKa 

riepcpopaTopa, B pe3ynhTaTe qero y.11.anocb ysen11q11Tb speM.s1 Hapa6oTKH ero Ha OTKaJ B 

2,5 pa3a. Hosa.s1 TexHonorn.s1 TepMoo6pa6oTKH BHe.D;peHa B npoH3BO.!J.CTBO, qTo 

10.11.rnepJK.D.eHO COOTBeTCTBYIOIJ.lHM aKTOM. 

L 3KcnepHMeHTaJlbHO onpe.11.eneHO OCTaToqHo-Harrp.silKeHHOe COCTO.sIHHe B 

)a3J1HqHbIX ceqemu1x 611MeTanJI11qecKoro nepexo.JJ;HHKa HepJKaBeJOma.s1 cTanb - cnnas 

~HpKOHH.sI. 06HapylKeHo, qTo Ha116onee onaCHbIM c TOqKH 3peHH.sI pa3pyweHH.sI 

1epexo.JJ;HHKa H HaH6onee sepo.sITHbIM MeCTOM 3apoJK.D.eHHe ycTanOCTHbIX TPell.lHH 

1BAAeTc.s1 ceqeH11e A-B. PeKoMeH.D.OBatto BHe.D.pHTb HOByJO TepMoo6pa6oTKY rornsoro 

1epeXO.!J.HHKa, KOTOpa.sI Il03BOJ1HT C03.D.aTb 3HaqHTeJlbHO 60JlbllJHe no BeJlHqHHe 

:JKHMaJOIJ.lHe Hanp.silKeHH.sI B ceqeHHH A-B, qTo Il03BOJ1HT KOMTieHCHpOBaTb HeraTHBHblH 

•cl>cl>eKT OT HaJlHqff,S! KOHUeHTPaTOpa Hanp.silKeHH.sI B 3TOH o6naCTH; a TaKJKe n03BOJ1HT 

:oMneHCHpOBaTb npHllOlKeHHbie Hanp.silKeHH.sI: pacrnlKeHH.sI . 
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5. 11ccne.JJ;OBaHbl OCTaToqHbie Hanp.silKeHH.sI B COBpeMeHHbIX KOMl103HUHOHHb!X 

MaTepttanax WC-Co 11 W-Cu, 110.11.sepmrnxc.s1 pa3nHqHoii TepMoo6pa6oTKe. TioKaJatto, 

qTO TepMH'IeCKa.sI o6pa60TKa c 3KCTpeManbHO HepaBHOMepHbIM oxnaJK.11.eHHeM o6pa3QOB 

(KOMl103HTHOH 11naCTHHbl, npHna.sIHHOH Ha CTaJlbHyJO nO.D.JlOlKKy) se.11.eT K C.!J.BHry 

MaKpoHanp.silKeHHH K 6onee ClKHMaJOIJ.lHM Ha 110BepXHOCTH 11JlaCTHHbl (qTo ynyqwaeT 

3KC11nyaTauHOHHb!e xapaKTepHCTHKH ;:\aHHOro KOMl103HTa) H ysenHqeHHIO 

pacT.sifHBaJOIJ.lHX Harrpl!lKeHHH Ha rpa1-111ue co CTaJlbHOH 110.11.JlOlKKOH. y CHJlHBa.sI 

uepaBHOMepHOCTh oxnaJK.D.eH11.s1 MOlKHO 11po.11.on)J<HTh :ny TeH.11.euu11JO. Pe3ynbTaTb1 

):\aHHOH pa60Tbl B HaCTO.sIIJ.lHH MOMeHT naTeHTYJOTC.sI .II.AA nocne.11.ymmero BHe.11.peHH.sI B 

npoH3BO.D.CTBO. 

6. Ha MO.JJ;ellhHhIX 11 peanbHhIX o6pa3uax 11po.11.eMOHCTPHPOBatta B03MOlKHOCTh 

11pHMeHeHH.sI MeTO.D.a .11.11cppaKQHH HeHTPOHOB Bb!COKOro pa3peweHH.sI .!J.ll,SI attanH3a 

OCTaToquo-uanp.silKeHHOro COCTO.sIHH.sI MaTep11anoB H H3.D.em1ii c uenbJO onTHMH3auHH 

TeXHOJlOfHH HX H3fOTOBJleHHll, YllY'IWeHH.sI HX 3KC11nyaTauHOHHb!X xapaKTepHCTHK H 

ysenHqeHHll cpoKa cnylK6h1. 

7. CoJ.11.aHHhIH .11.11cppaKTOMeTp <t>C.[( H pa3BHTa.sI MeTOAHKa no3BOJI.sI:JOT c ueo6xo.11.HMOH 

TOqHOCThlO pewaTb TaKHe HHlKettepHbie 3a.D;aq11, KaK H3yqeHHe .11.ecl>opMauHH B 

MHOfOKOMnOHeHTHb!X H MHOrocl>aJHh!X CHCTeMax; 011pe.11.eneHHe OCTaToqHbIX 

uanp.silKeHHH, B03HHKaJOIJ.lHX 110CJ1e pa3J1HqHb!X TeXHOJlOfHqecKHX onepau11ii ( CBapKH, 

npoKaTa, OTlKHra, 3aKaJ1KH H T . .11..); .11.ecl>opMauHii, B03HHKaJOIJ.lHX 110.11. B03;:\eHCTBHeM 

u11KJ1HqecKHX Harpy3oK (MexaH11qecK11x 11 TepM11qecK11x), paA11au110HHoro o6nyqeHH.sI 11 

.11.p. 
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