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06~aH xapaKTepl1CTl1Ka pa60Tbl 

A«myanbHOCfflb pa6ombl 

B3aHMO,UettCTBHe TeIIJIOBbIX HeihpOHOB C BemecTBOM OTHOCHTeJibHO crra6o: 

HeiiTJ)OHbl He HapymruoT CTJ)YKTYPY H He H3MeHHIOT XHMH'leCKHe CBOHCTBa BemecTBa. 

Cna6oe B3aHMO,UettCTBHe o6ycrrOBJIHBaeT lI 6oJibIIIyIO rrry6uHy npOHHKHOBeHHH 

HellTJ)OHOB B o6pa3eU (B OTJIH'IHe OT peHTreHOBCKHX nyqeii H 3JieKTJ)OHOB), 'ITO 

II03BOJIHeT HCCJie,D;OBaTb o6'beMHbie CTJ)YKTYPHhie H )lHHaMH'leCKHe 3q>q>eKTbl. 

TTepequcneHHbie CBOllCTBa ilOilOJIHHIOTCH TeM, 'ITO ,D;JIHHa BOJIHbl TeIIJIOBbIX H 

xorro,nHhIX HeiiTpOHOB (A= 1 - 10 A) u ux 3Heprn» (En = 1 -- 100 M3B) COOTBeTCTByIOT 

THilH'IHbIM Me)KaTOMHblM paCCTOHHIIHM B TBep,nbIX Tenax II xapaKTepHbIM 3Hepr1IHM 

B036y)K)leHIIii. TaKIIM o6pa30M, O,UIIH II TOT )Ke IICT01IHHK HettTJ)OHOB ,uaeT 

B03MO)KHOCTb uccrre,noBaTb II CTJ'YKTYPY, II ,UIIHaMIIKY BemecTBa. 

B 1936 r. BCKOpe rrocrre OTKpbITIIH HeiiTJ)OHa 6hIJia rrpo)leMOHCTJ)HpOBaHa 

,UIIq>paKUH.sI HeiiTJ)OHOB, IIplI'leM, KaK 6bIJIO Bbl.sICHeHO BIIOCJie,UCTBIIII, IIOJIO)KeHHH 

,UIIq>paKUIIOHHbIX IIIIKOB CTJ)OfO COOTBeTCTBYIOT 3aKOHY Byrrbq>a-6p3rra. TaKIIM 

o6pa30M, IlOHBIIJiaCb B03M0)KHOCTb IICIIOJib30BaTb HellTJ)OHbl B Ka'leCTBe 

rrpeUII31IOHHOro IIHCTJ)JMeHTa ilJl.sI II3MepeHIIH MIIKpOCKOIIII'leCKIIX ,uecpopMaUIIll 

KplICTaJIJIII'leCKOH pellieTKII no CMemeHHIO ,nucppaKUIIOHHbIX IIIIKOB, II 3aTeM, 

HCIIOJib3YH 3aKOH fyKa, orrpe,neJI.sITb OCTaTO'IHble HaIIp.sI)KeHII.sI B IICCJie,uyeMOM o6pa3ue. 

OcTaTO'IHbIMII HaIIp.sI)KeHII.sIMII rrplIH.sITO Ha3bIBaTb TaKIIe Harrp.si)KeHII.sI (C)KaTIIe 

HJIH paCT.sI)KeHIIe), KOTOpbie cymecTByIOT II ypaBHOBellIIIBaIOTCH BHYTJ)H TBep,uoro Terra 

rrocne ycTpaHeHIIH rrp1I1IIIH Bbl3BaBllIIIX IIX II0.sIBJieHIIe. K BHYTJ)eHHIIM Harrp»)KeHIIHM 

OTH0C.sITC.sI TaK)Ke Hanp»)KeHII.sI, KOTOpbie B03HIIKaIOT B MaTep1Iane 3KCIIJiyaT1IpyeMoii 

ileTaJIII HJIII KOHCTJ)YKUIIII no,n ,ueiiCTBIIeM BHellIHIIX rroneii II orrpe,neJIHIOT 

corrpOTIIBJIHeMOCTb MaTep1Iana BHellIHIIM B03,neiiCTBIIHM - ero rrpO'IHOCTb. OcTaTO'IHbie 

Harrp.si)KeHIIH B03HIIKaIOT B MaTep1Ianax II KOHCTJ)YKUIIHX BCJie,D;CTBIIe MeXaHII'leCKOro II 

TeMrrepaTypHoro B03,UeHCTBII.sI Ha MaTep1Ian B rrpouecce ero II3fOTOBJieHII.sI, BCJie,UCTBIIe 

rrnacrnqecKoii ,necpopMaUIIII TaKoro MaTep1Iana, cpa30BhIX rrepexo,uoB II KaK crre,ncrn1Ie 

1 



llMelOT MeCT0 11paKTifqeCKll BO Bcex . ,n:eTaJHIX If K0HCTPYKUllHX. ITpaKTifqecKll Bee 

11pouecc1,1, llCl10Jlh3yeMble 11pll 11p0ll3B0,l{CTBe MaTepttaJI0B If KOHCTPYKUllll, C03,l{alOT Te 

llJill llHble 0CTaToqHble Ha11pH)KeHHH. 

OcTaToqHJ,Ie Ha11pH)KeHttH ttrpaIOT 3HaqnTeJihHYlO p0Jib B 11pnpo.n:e If TeXHllKe, 

11pnqeM 0Ha M0)KeT 6bITb KaK 110JIO)KllTeJihHOH, TaK If OTPHUaTeJihHOll. fpaMOTHoe 

llC110Jib30BaHlle BHYTPeHHero 0CTaToqHoro C0CT0HHllH pa3JIIfqHJ,IX KOHCTPYKUllll If 

ll3,l{eJillll' 1103B0JIHeT ynyqlllllTb llX 3KCl1JiyaTaUH0HHhle xapaKTepttCTllKll If 3T0 M0)KH0 

ueneHarrpaBJieHHO llC110Jib30BaTh B peaJibHbIX 11pllJI0)KeHllHX. B yrrpyroii o6JiaCTll 

0CTaToqHble Ha11pH)KeHllH cyMMllPYlQTCH C 11pllJI0)KeHHblMll 3KCl1JiyaTaUll0HHhIMll 

HaITpH)KeHllHMll. ITptt 3T0M 061,JqHO C)KifMaIOIUlle 0CTaToqHble Ha11pH)KeHllH 0Ka3bIBaIOT 

110JIO)KllTCJibHblll 3cpq>eKT Ha YCTaJI0CTHYlO ,l{0JiroBeqH0CTb If C011p0TllBJieHllC K0pp03IJll 

110,l{ Ha11pH)KCHlleM, TaK KaK 11pe11HTCTBYlQT 3ap0)K,l{CHlllO ,If P.ac11p0CTpaHeHttlO TPemttH B 

MaTepuane. PacnrruBaIOmne Ha11pH)KCHHH Hao6opoT yxy,n:lllamT MexaHuqecKue 

xapaKTCpHCTllKll MaTepnana. 

OCTaTOqHo-Ha11pH)KeHHOe C0CT0HHlle K0HCTPYKUll0HHblX MaTepllaJI0B tt ll3,l{CJlllll 

CHJibHo'. BJlllHei Ha HX 3KCl1JiyaTaUH0HHbIC q>ll3llKO-MCXaHifqecKlle CBOfiCTBa. Hannque 

HJlll 0TCYTCTBlle 0CTaToqHJ,IX Ha11pH)KeHllli B MaTepnane, llX pac11pe,n:eJieHtte 110 

ceqeHlllO m,n:eJillH CllJibH0 CKa3blBalOTCH Ha 11poqH0CTll If cpoKe 3KC11JiyaTaunn. TaKllM 

o6pa30M, 11poqH0CTb, Ha,l{C)KHOCTb If . CTCl1eHb 11pttr0,l{H0CTll KOHCTPYKUllli ,l{J1H 

llCl10Jib30BaHllH 110 3KC11nyaTauH0HH0My Ha3HaqeHlllO BO MH0roM orrpe,n:eJIHlOTCH' 

HaJIHqneM, xapaKTep0M If BCJIIfqllHOH BHYTPCHHllX HaITpH)KCHllll. 

CymecrnyIOmtte cero,l{HH pa3JIHqHJ,IC TeXH0JI0rHll TepMoo6pa60TKll ll03B0JIHlOT 

y11paBJIHTb 0CTaToqHo-HallpH)KeHHblM C0CT0HHtteM MaTepnana, C03,l{aBaH TaKoe 

pac11pe,n:eneHtte Ha11pH)KCHHll ll0 ceqeHlllO ,l{CTaJlll, K0T0poe ll03B0JIHeT K0Ml1eHCHp0BaTh 

nnn MHHHMtt3ttpoBaTh rrpuno)KeHHbie 3Kcrrnyarn~'noHHble iiarrpmKeHHH. HarrpnMep, 

C03,l{aBaTh HarrpH)KCHllH C)KaTllH Ha 110BepXH0CTll .neTaJill, K0T0paH pa6oTaeT B ycJI0BllHX 

paCTH)KCHllH. TaKHM o6pa30M, 0CTaTOqHJ,Ie Ha11pH)KeHllH 6y.n:YT CTPCMllTbCH 

3aTOpM03HTh nnn Boo6me 11peKpamTh 3apo)K.l{eHne n pocT TPCIUHH, 06pa1ymmn~cH Ha 

rroBepxHocrn. ITo3TOMY, y11paBJIHH cpopMttpoBaHtteM ocrnrnqHo-HanpH)KeHHoro 

C0CT0HHllH MaTepnana .neTaJill, Mbl M0)KCM llCll0Jlb30BaTh ttMeIOmtteCH BHYTPeHHlle 
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HarrpH)KeHllH L{JIH ynyqllleHllH 3KCITJiyaTaull0HHblX CBOHCTB OTBeTCTBeHHbIX ll3.L{eJittll, 

06ec11eqnBM, TaKllM o6pa30M, HX 6e30l1aCHYIO 3KC11nyaTaUttlO . 

AKTYaJibHOCTb BhI6paHHOH TCMbl 011pe.neJIHCTCH 11epBOCTCllCHHOll Ba)KH0CTblO 

B011p0C0B, CBH3aHHhlX C yBeJittqeHueM pecypca pa60Tbl If 011TllMll3auneii 

3KCl1JiyaTaUH0HHbIX CBOHCTB H3.L{CJillll If MaTepttaJI0B, a TaK)Ke 06ec11eqeHtteM 

6e3011acuoii 3KC11JiyaTaUHll 0TBeTCTBCHHblX ll3.L{eJittll, llCll0Jib3YlQIUllXCH B HL{epHOH If 

.npyrnx 0TPaCJIHX rrpoMbllllJieHH0CTll. 

LJenu u 3aiJa'lu uccneooaaHuR 

OCHOBHOH UCJiblO pa60Thl HBJIHJiach .neM0HCTPauHH B03M0)KH0CTll 11pttMeHCHHH 

MeTo.na .nucppaKUllll HeHTPOHOB BblC0K0ro pa3pelllCHllH L{JIH aHaJill3a OCTinoqHo

HarrpH)KCHH0ro C0CT0HHllH MaTepttaJI0B If ll3.L{eJillll C UCJiblO 011TllMH3auttu TeXH0JI0rllll 

llX tt3r0T0BJieHllH, YJIYqllleHHH HX 3KCITJiyaTaull0HHbIX xapaKTepHCTllK If yBeJIIfqeHttH 

cpoKa CJiy)K6hl. B xo.ne pa60Tbl 3aBeplllCH0 C03.L{aHtte If Bbll10JIHeHa aTTeCTaullH 

HeiiTPOHHoro cpyp1,e- .nncppaKTOMeTPa <I>C,n: (<l>yp1,e-CTPecc-.Z1:ncppaKToM~), 

pa3pa60TaHa MCT0L{llKa rrpOBe.neHllH Ha HeM .nncppaKUllOHHbIX 3KC11epttMeHTOB If 

llCCJICL{0BaHhl BHYTPCHHllC MexaHnqeCKlle Ha11pH)KeHllH B pH.ne M0L{eJihHbIX If peaJibHbIX 

ll3.L{eJillll H MaTepuaJI0B •. 

Hay'IHaR Hoau3Ha pe3yn1:,mamoa uccneiJoaaHui1 

B HaCT0Hmee BpeMH 0115111 HBJIHeTCH CL{HHCTBCHHblM HayqHJ,IM UCHTP0M B 

Poccttll, B K0T0p0M rrp0B0L{HTCH peryJIHpHbIC llCCJie.L{0BaHllH 0CTaToqHblX Ha11pH)KCHllll C 

110M0ll.lhIO .nucppaKUllll HCHTPOHOB. B JlH<l> OI15II1 Ha ttMITYJihCH0M peaKTope I16P-2 

C03.L{aH If .neiicrnyeT YHllKaJlbHblli C11CUllaJill3llpOBaHHblll .nncppaKTOM~ ,l{J1H TaK0ro 

po.na nccJie.noBaHifii - <l>yp1,e-CTPecc-.Z1:ncppaKTOM~ (<l>C.Z1:), Kornp1,1ii 110 CB0HM 

rrapaM~aM HBJIHeTCH ycTaHOBKOH Mllp0B0r0 yp0BHH. ,n:ncppaKUllH HeHTPOHOB HBJIHCTCH 

cpaBHllTCJibH0 H0BblM MeT0L{0M ll3MepeHllH KaK MaKpo- TaK If MHKp0Ha11pH)KeHllll If 

o6Jia,n:aeT cephe3HblMll 11pettMymecTBaMll 11epe.n TPMllUll0HHbIMll MeTOL{aMll. 

B L{aHHOH pa6oTe B11epBbIC c.neJiaHa 110llblTKa o6o6mttTh pe3yJihTaThl 

llCCJICL{OBaHllll 0CTaToqHhlX Ha11pH)KCHllll B pa3JIIfqHJ,lX KJiaccax K0HCTPYKUll0HHbIX 
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MaTepl:l~OB l:I l:13,UeJII:lll l:13 Hl:IX MeTO,UOM .nmppaKUI:ll:I Heil:TpOHOB, ll Ha OCHOBe 

nOJI)"leHHbIX BbIBO,UOB pa3pa6oTaTb MeTO,UHKy onTHMI:13aul:ll:I OCTaToqHo-HanpmKeHHOro 

COCTOJIHI:IJI C ueJihlO ysen11qeHI:1JI cpoKa CJiy)K6bI l:I YJI)"IIIIeHHJI 3KcnnyaTaUI:IOHHbIX 

xapaKTepl:ICTI:IK l:ICCJie,nyeMhIX MaTepl:laJIOB l:I l:13,UeJII:lll l:13 Hl:IX. 

npa«mul.feCKBR 3HB'-IUM0Cfflb pa6ombt. 

Bee nOJI)"leHHbie B .n11ccepTau110HHOll pa6oTe 3Kcnep11MeHTaJihHbie pe3yJihTaTbl 

npe.ncTaBJIJIIOT cymecTBeHHYIO npaKT11qecKy10 ueHHOCTh. Pe3yJihTaThl npoBe.n;eHRJI 

MO,UeJibHbIX 3KcnepHMeHTOB no3BOJII:IJII:1 BnepBbie. B · PocCI:ll:1° aTTeCTOBaTh MeTo.n 

.nmppaKUI:ll:I Heil:TPOHOB 11 Heil:TPOHHhIH CTPecc-cKattep <l>C,[( .nnJI l:13MepeHI:IJI 

OCTaTOqHblX HanpJI)KeHI:lll. B MaTep11anax l:I ll3,UeJII:IJIX. Pe3yJihTaTbl pa60Thl no 

onTI:1Mll3aUI:ll:I TeXHOJIOffill ll3fOTOBJieHI:IJI y.napHI:!Ka nepqiopaTOpa y)Ke BHe.npeHbl B 

npOI:13B0.!J:CTBO, 0 qeM CBI:IJ:{eTeJibCTByeT COOTBeTCTBYfOIUI:lll aKT. Pe3yJibTaThl .npyrnx 

3KCnepI:1MeHTaJihHbIX pa60T HaxO,nJITCJI Ha CTaJ:{l:ll:I naTeHTOBaHHJI l:I BHe.npeHI:IJI B 

npOll3B0J:{CTBO. 

OCH08Hble nonoJKeHUR, 8blH0CUMble HB 3BLU,Umy 

• PeJyJihTaThI pa3pa6oTKI:1, C03.!J:aHI:IJI 11 aTTecmu1111 Heil.TPOHHOro <l>yphe CTPecc 

.n11qipaKTOMeTpa - <l>C,[(. 

• PeJyJihTaTbl 3KCnepl:IMeHTOB no l:ICCJie,nOBaHI:110 BHyrpeHHI:IX MeXaH11qecKI:1X 

HarrpJI)KeHI:lli B MO,UeJibHhIX l:I peanhHhIX l:13,UeJII:IJIX l:I MaTepHanax. 

• PeJyJihTaTbl pa60Tbl no OnTI:IMll3aUI:ll:I TeXHOJIOrHI:I TepMoo6pa6oTKI:I y.napHI:!Ka 

nepqiopaTOpa, B pe3yJihTaTe qero y.nanoch yBen11qI:1Th BpeMJI Hapa6oTKR ero Ha 

OTKa3 B 2,5 pa3a. 

• Pe3yJihTaTbl 3Kcnepl:IMeHTOB no onpe.neneHI:110 OCTaTOqttO-HaIIPJI)KeHHOro 

COCTOJIHI:IJI B pa3JII:lqttbIX ceqeHRJIX 611MeTaJIJII:1qecKoro nepexo,nHI:IKa 

Hep)KaBeIOIUM CTaJih - cnJiaB Ul:lpKOHI:IJI . 

• Pe3yJihTaThI l:ICCJie,[(OBaHI:IJI OCTaTOqttbIX HarrpJI)KeHI:lll. B COBpeMeHHhIX 

KOMn03l:IUI:IOHHhIX MaTep11anax WC-Co 11 W-Cu, no,nBeprIIII:IXCJI pa3JII:lqttOH 

TepMoo6pa6oTKe. 
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• Bo3MO)KHOCTb npl:IMeHeHI:IJI MeTO.na .nmppaKUlll:I HeHTPOHOB BbICOKOro 

pa3peIIIeHHJI J:{JIJI aHaJII:13a OCTaTOqHO-HarrpJI)KeHHOro COCTOJIHHJI MaTepl:laJIOB ll 

l:13J:{eJII:lll C ueJiblO OnTI:IMI:13aUI:lll TeXHOJIOffill HX H3rOTOBJieHI:IJI, ynyqIIIeHI:IJI llX 

3KcnnyaTaul:IOHHhIX xapaKTepl:ICTI:IK l:I ysen11qeHI:1JI cpoKa cJiy)K6bI. 

Anpo6au,uR pa6om&1 

Pe3yJihTaThl l:ICCJie,noBaHI:lll. qacTI:lqHo y)Ke BHe,npeHhl B npOH3B0,UCTBO, 

Hanpl:!Mep, pa6oThl no onTIIMll3au1111 TeXHOJIOrlll:I ll3fOTOBJieHI:IJI y,napHIIKa 

nepqiopaTopa. PeJyJihTaTbl .npyr11x 3KCnepIIMeHTaJihHbIX pa6oT HaxO,nJITCJI Ha CTaJ:{l:lll 

naTeHTOBaHI:IJI l:I BHe,npeHI:IJI B npOII3B0,UCTBO. 

Bee 3KCnepIIMeHTaJihHbie pe3yJibTaTbI, noJIO)KeHHbie B OCHOBY .n11ccepTau1111 

,UOKJiaJ:{hIBaJII:ICb Ha HaUI:IOHaJibHblX 11 Me)K,nyHapo,nHhIX KOHqiepeHUI:IJIX 11 IIIKOJiax: Ha 7-

oil: EBponeil.CKOll. KOHqiepeHUI:lll no OCTaTOqHhIM HanpJI)KeHIIJIM (EepJII:IH, repMaHI:IJI, 

2006); Ha 10-oil: EBponeil.cKOH KOHqiepeHUI:ll:I no nopOIIIKOBOll .n11qipaKUI:1l:I ()KeHeBa, 

ll1Beil.11ap11JI, 2006); Ha cep1111 pa6oq11x c0Bematt11il. Me)K,nyttapo,nHoil: Konna6opau1111 no 

CTaH,napTll3au1111 Heil.TPOHHhIX MeTO,noB "NET - Network on Neutron Techniques 

Standardization for Structural Integrity": 6-oe (IleTTeH, H11.nepnaH,nh1, 2004), 7-oe 

(MnmoH Keil.He, Ben11Ko6p11TaHI:1JI, 2005), 8-oe (IleTTeH, H11,nepnaH,nh1, 2005), 9-oe 

(CmM6yn, Typ1111JI, 2006), 10-oe (IleTTeH, Hn.nepnatt,nhI, 2006); Ha CeMI:IHape B 

11:HcmryTe l:IM. IIayJIJI illeppepa (B11nn11reH, llIBeil.11ap11JI, 2005); Ha 9-oil: EBponeil:cKoil. 

KOHqiepeHUI:ll:I no nopoIIIKOBOil. .n11qipaK111111 (Ilpara, qexnJI, 2004); Ha XVIII 

CoBeIUaHI:ll:I no l:ICnOJib30BaHI:IIO pacceJIHI:IJI HeHTPOHOB B l:ICCJie,UOBaHI:IJIX 

KOH,neHCI:lpOBaHHOfO COCTOJIHI:IJI (3apeqHhIH, PocCI:IJI, 2004); Ha 5-oil. KOHqJepeHUI:ll:I 

«<l>I:13l:IKO-Xl:IMI:lqecKI:le l:I neTpOqJI:13l:lqecKI:le l:ICCJie,UOBaHI:IJI B HaYKax O 3eMJie», (,[(y6Ha, 

Pocc11JI, 2004); Ha pa6oqeM coBeIUaHI:ll:I repMaHI:IJI - OH5.IH no 11ccne,noBaHI:1JIM 

KoH,neHc11poBaHHhlX cpe.n Ha peaKTope HEP-2 (,[(y6Ha, Pocc11JI, 2004); Ha 4-oil: 

HaUI:IOHaJihHOll. KOHqiepeHUI:ll:I no np11MeHeHI:1IO peHTreHOBCKOfO, Cl:IHXPOTPOHHOro 

l:13JI)"leHI:lll, Heil:TPOHOB I:1 3JieKTPOHOB ,UJIJI l:ICCJie,noBaHI:IJI MaTepIIaJIOB (MocKBa, 

Pocc11JI, 2003); Ha Pocc11il:cKoil: Ha)"IHOil: KoHqiepeHUI:ll:I «MaTepnanhI JI.n;epHoil: TeXHI:IKll. 

Pa.n11au110HHM noBpe)K,naeMOCTb I:1 CBOHCTBa - TeOpl:IJI, MO,nen11poBaH11e, 3KCnep11MeHT» 
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(Arofi, Poccm1, 2003); Ha 2-ofi Me)KJJ;yHapo,nHofi KOH<pepemum no onpe,nenemrn: 

BHyrpeHHJIX HanpH)KeHJill C noMOil.{hIO HeHTJ)OHHOro JI CJIHXpOTJ)OHHOrO JI3JI)"leHJill 

(MaHqecTep, BeJIJIKo6pJITaHJIH, 2003); Ha 10-oM Me)KJJ;yHapo,nHOM ceMJIHape no 

npJIMeHeHJIIO HeHTJ)OHHOro pacceHHJIH ,nJIH JICCJie,noBaHJill KOH,neHCJipOBaHHbIX cpe.n 

(IT03HaHb, ITOJibllla, 2003); Ha EBponefiCKOH IIIKOJie no pacceHHJIH HeHTJ)OHOB 

(Ey,narrelIIT, BeHrpJIH, 2003); Ha 1-ofi EBpaJJIHCKOH HayqHo-npaKmqecKofi 

KOH<pepeHQJIJI «IIpoqHoCTh Heo,nHopo,nHhIX C'fPYKTYP» (MocKBa, PoccJIH, 2002); Ha 

CosMeCTHOH neTHefi IIIKOJie OIUil1- PYMhIHJIH no JicnoJih30BaHJIIO HeHTJ)OHOB ( oxpatta 

OKpy)Karomefi cpe,nbI, <pJI3JIKa KOH,neHCJipOBaHHbIX cpe,n, H,nepHaH !pJI3JIKa) (EaH Mape, 

PYMhIHJIH, 2002), Ha XVII CoBemaHJIJI no JICnOJih30BaHJIIO pacceHHHH HeHTJ)OHOB B 

JICCJie,nosamrn:x KOH,neHCJipoBaHHOro COCTOHHJIH (faT'IJIHa, PoccJIH, 2002); Ha 1-ofi 

JICTHell IIIKOJie no JICCJie,noBaHJIHM KOHJ:(CHCJipOBaHHOrO COCTOHHllH semecrna (Qy03, 

IllsefiuapHH, 2002); Ha KoH<pepeHUJIHX MOJIOJ:(bIX )"ICHbIX JI cneUJiaJIJICTOB OIUil1 

(JJ:y6Ha, PoccuH, 2002, 2003, 2004, 2005, 2006, 2007 rr.); Ha ceMJIHapax flH<l> OIUil1; 

TynhcKoro rocy,napcrneHHoro ynJisepcJITeTa; 11Hcmrym IIaynH Illeppepa (PSI, 

IllsefiuapJIH). 

06beM u cmpy«mypa ouccepma~uu 

)J;JiccepTaQJIH COCTOJIT JI3 BBe,neHJIH, Tpex rJiaB, 3aKJiroqeHJIH JI cnJICKa 

JIHTepaTypbl (103 HaJIMeHOBaHJIH). )J;JiccepTaUJIH co,nep)KJIT 131 CTJ)aHJIUY, 70 

pJICynKOB JI 14 Ta6JIJIU. 

Pa6om BhIITOJIHeHa B fla6opaTOpJIJI HeHTJ)OHHOH <pJI3JIKJI JIMeHJI 11.M. <l>paHKa 

O61,e,nJIHCHHOro JIHCTJITYTa H,nepHbIX JICCJie,noBaHJill (.ny6Ha, PocCJIH). 

ny6nu«a~uu 

Pe3yJibTaThl pa6oT, BbIITOJIHeHHbIX no TeMe ,nJiccepTaUHJI, orry6JIHKOBaHbl B 15 

CTaTbHX, cnJICOK KOTOpbIX rrpHBe,neH B KOHUe aBTopeqiepaTa. 

6 

KpaTKOe CO,Qep>KaHL1e pa60Tbl 

Bo BBe,'leHIIII 060CHOBbIBaeTCH aKryaJibHOCTb nOCTaBJieHHOH 3a,naqJI, 

<pOPMYJIHPYIOTCH ueJib ll Ha)"IHaH HOBJI3Ha npOBOJ:(JIMbIX llCCJie,nOBaHllll. KpoMe Toro, 

noKaJaHa npaKTUqecKaH 3HaqJIMOCTb pa60TbI ll npJIBe,neH KpaTKllll ofoop co,nep)KaHJIH 

rJiaB ,nuccepTal(llJI. IIpe,ncTaBJieHbl nOJIO)KeHHH, BbIHOCllMbJe Ha 3alIIJITY ll nepeqeHb 

neqaTHbIX pa6oT, B KOTOpbIX OTJ)a)KeHbl OCHOBHhie pe3yJihTaThl npose,neHHbIX 

llCCJie,noBaHllll. 

B nepsoii rJiaBe npJIBOJ:(HTCH TeopeTuqecKHe OCHOBbl OCHOBHbIX noJIO)KeHJIH 

TeOpllJI ynpyroCTll, BBOJ:(llTCH noHHTlle ll KJiaCCll<pllKaUHH OCTaToqH~IX HanpH)KCHllll, a 

TaK)Ke paccMaTpllBaIOTCH OCHOBbI HaH6onee pacnpOCTJ)aHeHHbIX MCTOJ:(0B onpe,neJieHHH 

OCTaTOqHbIX HanpH)KCHllll B MaTepuanax JI m,nenmix. IIpHBe,neH cpaBHllTCJibHblll 

aHaJill3 B03MO)KIIOCTell 3TllX MeTOJ:(0B. KpoMe TOro, B 3TOll rJiaBe rrpHBe,neHbI 3JieMeHTbl 

TeOpllll TepMuqeCKllX rrpoueccoB o6pa60TKll MaTepllaJIOB ll paCCMOTJ)eHbI OCHOBHhie 

MeTOJ:(bl <pOpMHpOBaHHH OCTaToqHo-HaIIpH)KeHHOro COCTOHHllH MaTepllaJIOB. fnaBa 

COCTOllT ll3 qeTbipex qacTeil.. 

B rrepBOll qacTll IIplIBOJ:(JITCH KpaTKJill ofoop OCHOBHbIX IIOJIO)KeHllll TeopJill 

yrrpyroCTll, BBOMTCH IIOHHTllH TeH3opa .neqiopMaUllll JI TeH3opa HarrpH)KCHllll, CBH3b 

Me)KJJ;y KOTOpb!Mll OIIllCbIBaeTCH 3aKOHOM fyKa. B o6o6meHHOll <pOpMe 3aBHCJIMOCTb 

,neqiopMaQllll OT HarrpH)KeHJIH Bbipa)KaeTCH KaK: 

[;ij = Sijkl(J'kl 

O'y = Cijkl&kl 

(1) 

(2) 

r,ne Sykl JI Cyk/ - ynpyrue MO,nyJIH rro,naTJillBOCTll ll )KCCTKOCTll MaTepuana, HBJIHIOJUJICCH 

TeH30paMH qeTsepTOro paHra. 

Ilpll 3TOM, B CJI)"lae paCCMOTJ)eHirn ll30TJ)OIIHOro MaTepnana yrrpyrne 

IIOCTOHHHbJe 6y,nyT OJ:(JIHaKOBbl BO Bcex HarrpaBJieHJIHX, T.O. qJICJIO HC3aBllCJIMbIX 

yrrpyrnx Mo,nyneil. CHll3llTCH ,no ,nsyx. B 3TOM cnyqae o6o6meHHblll 3aKOH fYKa CJIJibHO 

yrrpomaeTcH JI rrpJIHHMaeT cne.nyromuil. su,n: 

l+v v 
sij =Taij -oij Eakk (3) 

llJlll 
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E vE 
aiJ = I+v eiJ +oiJ (I+u)(I-2v) ekk (4) 

r,ne k- HH.n;eKc C)'MMttpomUim1 OT I ,no 3, 8- CHMBOJI KpoHeKepa, ITpHHHMaJOIUHil: 

JHaqeHHH 

oij =I, eCJIH i=j 

OiJ = 0, eCJIH i'~ j, 

E - Mo.n;yno IOHra HJIH Mo,nyno rrpo,noJihHOH ynpyrocTH, E=-I 
Sil, 

V - K03<p<pHU:HeHT IlyaccoHa V=-S E s, 12 =-~2 

Sn 

KpoMe Toro, B rrepBoil: qacTH rrepBoii rnaBhI HJJIO)KeHhl Han6onee qacTo 

HCIIOJio3yeMhie B rrpaKTHqeCKOH pa6oTe MO,ll;eJIH <l>oiirra, Poiica H KpoHepa. 

Bo BTOpoii qacTH rrepBOH rJiaBbI BBe.n;eHbI IIOH»THe H KJiaCCH<pHKau;llji 

OCTaTOqHI,lX HaIIpH)KeHHH. IlpH 3TOM OCTaToqHI,IMH HarrpH)KeHHHMH HaJbIBaJOT TaKHe 

HarrpH)KeHHH (c)KaTHe HJIH paCTH)KeHtte), KOTOpore cymecTB)'IOT H ypaBHOBeIIIHBaJOTCH 

BHYTPH rnep,noro Tena IIOCJie ycTpaHeHHH rrpHqHH BbIJBaBIIIHX HX IIOHBJieHHe. 3TH 

HarrpH)KeHHH BCer,na BHyTpeHHHe H HX o6pmoBaHtte BCer,na CBH3aHO C Heo.n;Hopo,n;HhIMH 

JIHHeiiHhIMH HJIH 061,eMHbIMH ,necpopMaU:HHMH B CMe)KHbIX 061,eMax MaTepnana, 

arperaTa HJIH KOHCTpYKU:HH. 

K BHyrpeHHHM HaIIpH)KeHHHM OTHOC»TCH TaK)Ke HarrpH)KeHHH, KOTOpbie 

BOJHHKaJOT B MaTepnane 3KCITJiyaTHpyeMOH ,neTaJIH HJIH KOHCTpYKU:HH rro.n ,neiiCTBHeM 

BHeIIIHHX IIOJieil: H orrpe,neJIHJOT corrpoTHBJIHeMOCTb MaTepnana BHeIIIHHM BOJ,neiicTBHHM 

- ero rrpoqHOCTb. OcTaTOqHble HarrpH)KeHHH B03HHKaJOT B MaTepnanax H KOHCTpYKa;HHX 

Bcne.n;cTBne MexaHn:qecKoro n TeMrreparypHoro BOJ,neil:CTBHH Ha MaTepnan B rrpou:ecce 

ero H3rQTOBJieHHH, BCJie,ll;CTBHe IIJiaCTHqecKoil: ,necpopMau;HH TaKOro MaTepnana, 

<paJOBbIX ITepexo,noB H, KaK cne,ncTBn:e, HMeJOT MeCTO IIpaKTHqecKH BO Bcex ,neTaJUIX H 

KOHCTpYKU:HHX. 

Ilpn 3TOM o6hl'!HO C)KHMaJOIUHe OCTaToqHhle HarrpH)KeHHH OKaJbIBaJOT 

ITOJIO)KHTeJibHhlll 3cpcpeKT Ha ycTaJIOCTH)'IO ,noJiroBeqHOCTb H COITpOTHBJieHHe Kopp03HH 

ITO,ll; HarrpH)KeHHeM, a pacrnrnBaJOIUHe HarrpH)KeHHH Hao6opOT yxy,nIIIaJOT 
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• -
MexaHnqecKne xapaKTepttCTHKH MaTepnana. B ynpyroil: o6nacTH ocTaToqm,re 

HarrpmKeHHH C)'MMHP)'IOTCH C ITpHJIO)KeHHbIMH 3KCrmyaTaU:HOHHbIMH HaITpH)KeHHHMH. 

(Pnc.l.). 11MeHHO ITO 3TOH ITpHqHHe C)KaTHe ITOJBOmleT CHH3HTb peJyJioTHpyiomee 

HaITpH)KeHHe, ,neiicTB)'IOIUee Ha MaTepnan, qTo COOTBeTCTBeHHO ITpHBO,ll;HT K 

ITOBbIIIIeHHJO ycTaJIOCTHOH rrpoqHOCTH. 

residual 
stress 

z applied 
stress 

X 

Puc. 1. CyMMupoeaHue ocmamo'IH0ZO u npwzoJ1CeHH020 3Kc1111yama1fU0HH020 
HanpJ1J1CeHuu. 

TaKHM o6paJOM, ITPOqff0CTb, Ha,ll;e)KHOCTb n CTeITeHb ITpHro,ll;HOCTH KOHCTpyKU:Hll 

,ll;JIH HCITOJibJOBaHHH ITO 3KCITJiyaTau;HOHHOMY HaJHaqeHHJO BO MHOroM OITpe,neJIHJOTCH 

HaJIHqHeM, xapaKTepoM H BeJin:qnHoil: BHyrpeHHHX HaIIpH)KeHHll. 

B TJ)eTheii qaCTH ITepBoii rnaBbl ITpHBO,ll;HTCH KpaTKoe OITHCaHHe HaH6onee 

pacITpOCTpaHeHHbIX MeTO,ll;OB OITpe.neneHllji OCTaToqHI,IX HaITpH)KeHHll, KOT0pore 

YCJIOBHO pm,neJUIIOTCH Ha pmpymruomne H Hepmpymruomne MeTO,ll;hl. K 

pmpymruomn:M MeTO,ll;aM B ITepByJO oqepe,nb OTHOCHT pa3JIHqHble MexaHn:qecKHe 

MeTO,ll;HKH. Bee MexaHnqecKHe MeTO,ll;bl HJMepSIIOT ynpyrne MaKpOCKOITHqecKHe 

,n;ecpopMaa;HH MaTepnana H JaTeM, HCITOJih3YH JaKOH rYKa, OITpe,n;eJIHJOT BHyrpeHHHe 

OCTaTOqHble HaITpH)KeHHH. Ilpn 3TOM MeXaHnqecKHe MeTO,ll;bl ,n;OCTaToqHo TQqffbl, HO 

rJiaBHbIM HX He.n;ocTaTKOM HBJISieTCSI TO, qTO HCCJie,nyeMblll MaTepnan HJIH KOHCTpYKU:llji 

pmpymaeTCSI BO BpeMH HJMepeHHii. MexaHnqeCKHe MeTO,ll;bI OITpe,neJIHJOT TOJibKO 

HarrpH)KeHHH 1-ro po,na. bOJibIIIOe BJIHSIHHe Ha TQqHOCTb HJMepeHllji ,n;ecpopMau;nii 

OKaJbIBaeT Bor6op CITOco6a y,n;aneHllji CJIOeB MaTepnana, T.K. OH MO)KeT BHOCHTh 

,ll;OIT0JIHHTeJibHble BHyrpeHHHe HarrpSI)KeHHH. 

Hepmpymruomne MeTO,z:t;bI HJMepeHllji 0CTaT0qffbIX HaIIpSI)KeHHll OCH0BaHbI Ha 

HJMepeHHH HeKOT0poro <pHJHqecKoro ITapaMeTpa, TaK HJIH HHaqe CBSIJaHHOro C 
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0CTaToqHhlMll HanpaiKeHHJIMll. Ha cero}:{HJIIIIHllH }:{eHh ll3BeCTH0 HeCK0JihK0 TaKIIX 

!pll3IfqecKHX rrapaMerpoB, :no - MllKpO}:{e<popM~llJI KpttCTaJIJIIfqecKOH peIIIeTKll 

MaTepttaJia, CK0p0CTh pacrrpocrpaHeHHJI YJihTPa3Bj'Ka B MaTepttaJie, :meKrpttqecKaJI 

rrpc;m0}:{llM0CTh MaTepttaJia, MarHllTHhie CBOHCTBa MaTepttaJia If HeKoTOphie }:{pyme. 

Ka)K}:{bill ll3 TaKHX MeT0}:{0B llMeeT CB0ll rrpeHMYIIJeCTBa If He}:{0CTaTKll, II03TOMY B 

rrpaKTifqecKllX rrpttMeHeHttJIX llCII0Jlh3YJOT Hatt6oJiee IIO}:{XO}:{JIIIJllH MeT0}:{ }:{Jill peIIIeHHJI 

IIOCTaBJieHHOH 3a}:{aqif_ B :noii qacTtt rrepBOH rnaBhl rrpttB0}:{llTCJI cpaBHHTeJihHaJI 

rn6Jim1a Hatt6oJiee pacrrpocrpaHeHHhIX MeT0}:{0B orrpe}:{eJieHttJI ocTaToqHhIX 

HaIIpJiiKeHllH. 

J1 B 3aKmoqttTeJihHOH qeTBepTOH qaCTll nepBOH rrraBhl 0IIHCaHhl cymecTBYJOIIJlle 

MeT0}:{hl, II03B0JIJIIOIIJlle cpopMttpoBaTh 0CTaTQqHble nanpJiiKeHttJI, B03HllKaIOIIJlle B 

MaTepttaJiax B npo11ecce llX ll3fOT0BJieHttJI. TaK C0BpeMeHHhie TeXH0JI0fllll If 3a}:{aqtt 

MaIIIHH0CTP0eHHJI rpe6yioT He T0JihK0 aHaJill3ttpoBaTh 0CTaToqHhie HaIIpJiiKeHttJI B 

MaTepttaJiaX, HO TaKiKe tt ynpaBJIJITh llMll. 3a}:{aqa cpopMttpOBaHllJI n 0IITHMll3~llll 

0CTaTOqHo-HaIIpJiiKeHH0ro C0CT0JIHllJI MaTepttaJI0B CTaH0BHTCJI peIIIaIOIIJeii }:{JIJI 

ll3fOT0BJieHllJI ll3}:{eJIHH, orneqaIOIIJHX C0BpeMeHHhlM TpefiOBaHllJIM, n pa6oTaIOIIJllM 

qaCT0 B oqeHh iKeCTKllX ycJI0BllJIX. K 0CH0BHhIM MeT0}:{aM cpopMttpoBaHttJI 0CTaToqHhIX 

HarrpJiiKeHllH B MaTepttaJiax If K0HCTPYKIIHJIX 0TH0CJIT: MexaHttqecKoe If TeMnepaTypHoe 

B03}:{eHCTBllJI Ha MaTepttaJI, IIJiaCTttqecKaJI }:{e<popM~llJI TaKoro MaTepttaJia, !pa30Bhle 

nepeX0}:{hl. B rrp0MhIIIIJieHH0CTll B 0CH0BH0M llCII0Jlh3YJOTCJI TepMttqecKaJI o6pa6oTKa, 

XllMllK0-TepMttqecKaJI o6pa60TKa If rrrraCTttqecKoe }:{eq>OpMttpoBaHtte. 

BTopaH rJI8B8 II0JIH0CThIO II0CBJIIIJeHa paCCM0rpeHHIO HCII0Jlh3yeMoro B pa6oTe 

3KCIIepttMeHTaJihH0ro MeTO}:{a }:{tt<ppaKIJllll neiirpOHOB BhIC0K0ro pa3peIIIeHHJI. B 

pe3yJihTaTe rrpoBe}:{eHHJI HeiirpoH-}:{ll<ppaKIJllOHHhIX 3KCrrepttMeHT0B rrorryqaIOT 

}:{II<ppaKIJllOHHhie crreKrphl. IlpII 3TOM, orrpe}:{eJIJIJI II0JI0iKeHHJI If llHTeHCllBH0CTh 

}:{ll<ppaKIJllOHHhIX IIHK0B, rrorryqaIOT CTPYKTYPHYIO IIH!pOpMaIJIIIO, IIH!pOpM~llIO 0 

TeKcrype llCCJie}:{yeM0ro 06pa311a, a orrpe}:{eJIJIJI roqHoe II0JI0iKeHIIe }:{II<ppaKIJllOHHhlX 

IIllK0B M0iKH0 HaHTll rrapaMerphl peIIIeTKII. TaKHM o6pa30M, C}:{Bllr }:{ll!pPaKIJllOHHOfO 

IIllKa II03B0JIJieT BhJqifCJlllTh ll3MeHeHtte rrapaMerpa peIIIeTKll, a C00TBeTCTBeHH0 

yrrpyryio }:{e<popMaIJHIO KpllCTaJIJIIfqecKOH peIIIeTKll If ocrnroqHbie HanpaiKeHHH. A II3 
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aHaJill3a cpopMbl }:{ll<ppaKIJllOHHhIX IIHK0B M0iKH0 rrorryqttTh IIH<pOpM~llIO 06 

llCKaiKeHHJIX KpllCTaJIJIHqecKOH peIIIeTKII BHYTPll 0T}:{eJihHhlX 1epeH 

(MHKpO}:{ecpopMaIJHJIX) n llX pa3Mepax. Ha PIIc.2 II0Ka3aH TllIIHqHhIH }:{ll!ppaKIJllOHHhlH 

cneKrp, rrorryqaeMhlH B pe3yJihTaTe 3KCIIepttMeHTa II0 BpeMeHll rrporreTa. 

Standart a-Fe sample, 
fe236, FSD, v=6000, BS detector 

---- Experimental points 
#., Calculated curve 

f 

,_' 
0.5 

T 

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 
d,A 

Puc.2. Tunu'lHblU ou,PpaKlJUOHHblU cneKmp om a-Fe o6pmlJa, nolly'laeMblU 6 

pe3Yllbmame 3KCnepUMeHma no epeMeHu npoJ1ema. 

Bo BTOpoii qacTII BTOpoii rJiaBhl rrpIIB0}:{llTCJI KpaTKOe 0IIllCaHlle 

cymecrnyIOIIJllX llCT0~IIK0B HeiirpOHOB (peaKTOpbl II0CT0JIHH0ro }:{eHCTBIIJI, 

ttMrr'yrr1,cHb1e peariophI tt ttcroqIJttKII HeiirpoHoB Ha ocHoBe ycKopmerreii). 

B rpeTheii qacTll BTopoii rrraBbl 0IIllCaHhl IIO}:{p06HOCTll HCII0Jlh3yeMhIX B pa6oTe 

3KCIIepttMeHTaJihHhIX MeT0}:{0B orrpe}:{eJieHllJI 0CTaToqHhIX HarrpJiiKeHIIH C II0M0IIJhlO 

}:{ll!ppaKIJlllI HeiirpOHOB, K0T0pbie pa3}:{eJIJIIOTCJI Ha }:{Ba ni:rra: MeTO}:{ IIOCTOJIHHOH }:{JIIIHhl 

B0JIHhI II MeT0J:l BpeMeHtt rrporrern (TOF MeTOJ:l), BKJIIOqaIOIIJIIii B ce6a MeT0J:l o6paTnoro 

BpeMeHn rrporrern (RTOF MeTOJ:l). 

Ilptt 3TOM MeT0}:{ II0CTOJIHH0H }:{JlllHhl B0JIHhl rrpIIMeHJieTCJI Ha llCT0~IIKax 

HeiirpoHOB C HerrpepbIBHhIM II0T0K0M, a II0CTaH0BKa 3KcrrepttMeHTa TaKaJI iKe, KaK B 

penTreHOBCK0H }:{II<ppaKTOMerpttll. Oco6eHHOCThlO MeT0}:{a II0CTOJIHHOH }:{JlllHhl B0JIHhl 

HBJIHeTCH ll3MepeHtte ofihNHO T0JlhK0 0}:{H0ro }:{ll!ppaKIJllOHHOro orpaiKeHllJI (hkl), }:{JIJI 

K0Toporo tt orrpe}:{eJIJIIOTCH ocTaTo_qHhie }:{e<popMaIJIIll tt HarrpsriKeHttH, qro B crryqae 

llCCJie}:{0BaHllH CllJlhH0 TeKCTypttpoBaHHhIX o6pa3IJOB rrpttBO}:{llT K CYIIJeCTBeHHhIM 

norpeIIIH0CTJIM. 

I I 



Me-ro.n BpeMeHH nponeTa Han6onee 3<p<peKTHBHO HCil0llh3yeTCJ:I Ha HMnynhCHhIX 

JICTO'IHJIKax HeiiTpOHOB, r.ne 3HepreTJitJ:eCKJIH cneKTp Tenn0BbIX HeHTPOHOB JI3 

peaKTopa JIMeeT HenpepbIBHbIH (MaKCBennoBCKHii) xapaKTep, CK0p0CTh Tenn0BbIX 

HeiiTPOHOB HeBennKa H eCTb B03M0)KH0CTb ocymecTBHTb aHMH3 3Heprnn (nnn ,nnHHbI 

BOllHbI) neiiTP0Ha II0 BpeMeHH nponeTa. Oco6eHHOCTbIO 3T0ro MeTo,na HBIDieTCJ:I 

HCII0llb30BaHHe «6enoro» IIYtJ:Ka HeiiTPOH0B. qTO II03B0IDieT B CB0IO 0'Iepe,nb 

onpe,nenJ:ITh 0CTaT0'IHble ,neqiopMaI~HH H HaIIpH)KeHHJ:I MH MH0fHX 

KpJICTannorpa<pntJ:eCKHX nnOCKOCTeii H II0nytJ:aTb ycpe,nHeHHbie 3HatJ:eHHJ:I ,nJUI 

Jiccne.nyeMoro nonnKpncTanna. 

MeTo.n o6paTHOro BpeMeHH nponeTa y,no6no HCII0llb30BaTh Ha HCT0'IHHKax 

HeiiTpOHOB c ,nnJIHHhIM HMIIYllbC0M, KaKHM HBnHeTCJ:I peaKT0p 11EP-2 [I]. '.:ho 

cneunanhHaJ:I K0ppenHUH0HHaJ:I MeT0,nJIKa, 0CH0BaHHaJ:I Ha HCII0llb30BaHHH 

6b1cTporo <l>yphe-npepbrnaTeni:i Heil:TpoHnoro IIYtJ:Ka [2]. B pe3ynhTaTe ero 

HCil0llb30BaHHH, neiiTPOHHbIH IIYtJ:0K Mo,nynnpyeTCJ:I II0 HHTeHCJIBH0CTJI, qiaKTJitJ:eCKJI 

pa36JIBaHCb Ha JIMIIYllbChI, umpJIHa K0T0pbIX o6paTHO nponopunoHanbHa CK0p0CTJI 

BpameHJIJ:I npepbIBaTeni:i JI npn CK0p0CTH 3000 06/MJIH C0CTaBmieT 0K0no 20 MKC (B TO 

BpeMH KaK JIMIIynhC TeIInOBbIX HeiiTPOHOB 11EP-2 JIMeeT IIII:lpJIHY 320 MKC). IlpJI 3TOM 

RTOF-MeTO,n II03Boni:ieT pa,nJIKanhH0 ynytJ:IIIJITh pa3peIIIeHJIH (npJI6nJI3HTenhHO B 40 

pa3) IIPJI He3HatJ:JITenhHOii IIOTepe B CBeTocnne. 

11cnonh30BaHHe MeT0,na ,nJI<ppaKUJIJI HeiiTPOHOB II0 BpeMeHJI nponeTa ,nJUI 

onpe,neneHHJ:I 0CTaT0'IHbIX nanpH)KeHJiii HMeeT cne.nyIOIIIJie 0CH0BHhie npeJIMymecrna: 

1) coxpani:ieTci:i uenocrnocTh Jiccne,nyeMoro ofaeKTa (nepa3pyrna10mJiii KOHTPOnh), 

2) rny6JIHa CKaHJipoBaHI:IJ:I Jiccne,nyeM0fO MaTepJiana HaMH0ro npeBbIIIIaeT 

B03M0)KH0CTJI .l(pyrnx MeT0.1(0B, (.1(0 3 CM .nni:i CTaneii, .1(0 IO CM ,nni:i anIOMJIHJIH), 

3) BbIC0K0e np0CTPaHCTBeHH0e pa3perneHne (.no 1 MM B n1060M HanpaBneHHH), 

4) B03M0)KH0CTb IIIJip0K0f0 BapbHpOBaHJIH H3Mepi:ieMoro 061,eMa OT 1 MM
3 

.no 1000 

MM3
, 

5) JI3 C,nBJira .l(JI<ppaKUJIOHHhIX IIJIK0B onpe,neJUieTCJ:I ycpe,nHeHHaJ:I II0 JI3Mepi:ieM0MY 

061,eMy ,ne<popMauJIH peIIIeTKJI, 
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6) HCil0llh30BaHne TOF - MeTo,na ,naeT B03M0)KH0CTb Ha6n10,naTb HeCK0nhK0 

.nnqipaKIIHOHHhIX OTP~eHJiii o,nnoBpeMeHH0, 'ITO II03B0llJ:leT o,nH0BpeMeHH0 

orrpe,nenJITh ,ne<popMauJIJI .nIDI pa3HhIX KpncTannorpa<pntJ:ecKJIX narrpaBneHnii (hkl), 

7) orrpe,neJUieTci:i KpJicTannorpa<pntJ:ecKai:i aHJI30TP0ilJIH .neqiopMaunii, 

8) B CnYtJ:ae MHOrO<pa3HOro MaTepJiana (KOMil03HTbI, KepaMJIKJI, CIIllaBbI) 

o,nnoBpeMeHH0 orrpe,neIDIIOTCH pacnpe,neneHne nanpH)KeHJiii .nni:i Ka)K,noii <pa3hI 

0T,nenbH0, 

9) rrpnMenenne rrpo<pJinhnoro attanl:13a ,nJI<ppaKUHOHHoro crreKTPa rro Mern,ny 

PJITBenb,na II03B0nHeT orrpe,neJUITb ,neqiopMaun10, ycpe,nHeHHYIO He T0llbK0 II0 

H3MepHeM0MY 061,eMy, HOH II0 BCeM KpJicTannorpa<pJitJ:eCKJIM narrpaBneHI:IJ:IM (hkl). 

B CnYtJ:ae MHOfO<pa3HbIX MaT_epJian0B II0HBIDieTCJ:I B03M0)KH0CTb oueHJITh 

CO0TH0IIIeHJie <pa3. 

10) H3YtJ:ai:I yrnJipeHJIH ,nJI<ppaKUJIOHHhIX IIJIK0B M0)KHO orrpe,nenJITb MJIKponarrpH)KeHJIJ:I 

B npe,nenax 3epen, 

H)attanH3Jipyi:i qiopMy oT,nenhHhIX ,nmppaKUJIOHHhIX IIJIK0B (IIIJipima rrnKa B 

3aBJICJIM0CTJI OT nanpaBneHHJ:I [hkl] B KpJICTanne, ero aCJIMM~JIR, KpbillbJ:I IIJIKa) 

M0)KHO nonytJ:JITb ,naHHbie 0 pa3Mepe KpJICTannHT0B, pacrrpe.neneHJIJI rrn0TH0CTH 

,nncnoKaIIJIH, T0'IetJ:HbIX .ne<peKTOB H MHKp0HaIIpH)KeHJIJ:IX B MaTepnane, 

12)MOryT JI3YtJ:aTbCJ:I KaK MarHJITHhie, TaK JI HeMarHI:ITHbie MaTepJianbI, 

13) JI3YtJ:eHHe xapaKTepJICTJIK K0HCTPYKIIJI0HHbIX MaTepJian0B B03M0)KH0 B pe)KJIMe in 

situ (T.e. Herrocpe,ncrnenno BO BpeMi:i rrpJino)KeHJIH BHernneii narpy3KJI Jinn 

TeMrrepaTypbI), 

14) 0,l(H0BpeMeHH0 C BHYTPeHHJIMJI HaIIpH)KeHI:IJ:IMJI M0)KeT 6bITb onpe,neneHa TeKCTypa 

MaTepJiana. 

B 'IeTBepTOH tJ:aCTJI BTOp0ii rnaBhI npJIB0,nl:ITCJ:I 0IIJICaHJie JICII0nb3yeMoro 

3KcnepJIMeHTMbH0f0 o6opy,noBaHHH, BKnIO'IaIOIIIero: HeiiTPOHHhie ,nJI<ppaKTOM~bI 

<l>yphe CTPecc ,nJI<ppaKToMeTP (<l>C.[() [3] JI <l>ypbe ,nn<ppaKToMeTP BhIC0Koro 

pa3perneHJIH (<l>)];BP) [4]; ,nononHJITenhHoe o6opy,noBaHJIH l:13 oKp~eHJIH o6pa3IIa (5-
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TH Kpy)KHhIH rottnOMeTp Huber, nnHettHhIH CKaHep, 3epKanhHM ne'lh, Harpy30'IHM 

MaIIIIIHa TIRA), no3B0lliIIOIUee pacumpHTh B03MO)KHOCTll 3KCnepnMeHTa, ll, Hanpm,tep, 

npoBO.!J;llTh 3KCnepnMeHTbl npn BhICOKllX TeMnepaTypax ll npHJIO)KeHHOH BHeIIIHeii 

ttarpY3Ke. 

3.n;ecb )Ke npllBO.!J;llTCH .n;eTaJibHOe onncattne npoue.n;yphl nOCTaHOBKll HeHTPOH

.n;mppaKL{llOHHOro 3KCnepnMeHTa, n03lll{ll0HllpOBaHllH o6pa3l{a B HeHTPOHHOM nyqKe, 

B03HllKaIOmne npn 3TOM noBepxHOCTHhie 3q>q>eKThI. O6cy)K.!J;eHhl npll'IllHbl 

B03HllKHOBeHllH Han6onee pacnpOCTPaHeHHhIX OIIIll60K 3KcnepnMeHTaTOpOB. KpoMe 

Toro, no.n;po6Ho paCCMaTPHBaeTCH 3Tan aHaJill3a 3KCnepnMeHTaJibHhIX .n;aHHhIX. 

TpeThH rJiaBa co.n;ep)KHT pe3yJihTaTbl Bcex 3KCnepnMeHTaJihHbIX pa6oT, 

paCCMOTPeHHhIX B .n;nccepTal{llll. B Heu Ha peaJibHbIX npnMepax nOKa3hIBaIOTCH 

pe3ynhTaThI onTHMH3aumi: TexHonornqecKHx npoueccoB ll3roToBneHnx n3.n;ennii nocne 

aHaJill3a OCTaTO'IHO-HanpH)KeHHOrO COCTOHHRH MeTO.ll;OM .n;ncppaKL{llll HeHTPOHOB. 

ITpnBO.!J;HTCH qeTbipe npnMepa .!J;JIH pa3Jill'lHbIX KnaCCOB OCHOBHbIX KOHCTPYKUllOHHhIX 

MaTepnanoB: aJIIOMllHllH, CTaJill, KOMn03lll{llOHHhIX MaTepnanoB, MHOrOKOMnOHeHTHhIX 

ll MHOrDq>a3HhIX MaTepnanoB. KpoMe Toro, B xo.n;e BbIIIOJIHeHHH .n;nccepTal{llOHHOH 

pa60ThI, 6billll BbIIlOJIHeHhl 3KcnepnMeHThl no aHanll3y OCTaTO'IHO-HanpH)KeHHOro 

COCTOHHllH B MaTepnanax C 3cpq>eKTOM naMHTll cpopMbI, Ha . npnMepe Han6onee 

pacnpOCTPaHeHHOro MaTepnana TiNi. Bee npe,n;CTaBJieHHbre 3KCnepnMeHTbl BbIIlOJIHeHbl 

Jlll'lHO aBTOpOM .n;nccepTal{llll C nOMOIUhlO MeTo.n;a .n;ncppaKL{llll HeHTPOHOB BhICOKOro 

pa3pemeHnx Ha HeiiTpOHHhIX .n;ncppaKToMeTpax <l>C,ll;, <l>,ll;BP (flH<l> Ol15II1), POLDI 

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

B nepBOH qacTll TPeTheH rnaBhI, npHBe.n;eHbl pe3yJihTaTbl MO.ll;eJihHbIX 

3KcnepnMeHTOB no aTTecTal{llll MeTo.n;a .n;ncppaKL{llll HeHTPOHOB ll OCHOBHOro 

o6opy.n;oBaHHH, ncnonh3yeMoro B pa6oTe - HeHTPOHHoro <l>yphe CTPecc 

.n;ncppaKTOMeTpa <l>C,ll;. U:enb nepBoro MO.!J;eJibHOro 3KCnepnMeHTa - HarIDI.!J;HOe 

3KCnepnMeHTaJibHOe no.n;rnep)K,n;eHne B03MO)KHOCTll llCnOJih30BaHmI MeTo.n;a 

.n;ncppaKL{HH HeHTPOHOB .!J;JIH onpe.n;eneHHH OCTaTO'lHhIX .n;ecpopMal{llll ·u COOTBeTcTBeHHO 

HanpH)KeHllll. 3To nOKa3aHO Ha cpaBHeHllH HeHTPOHHOro MeTo.n;a C 06bl'IHhIM 

MexaHH'leCKHM MeTO.!J;OM. ITpn npoBe.n;eHHH 3KCnepHMeHTa no paCrn)KeHHIO nnocKOH 

14 

nnacTHHhl H3 cnnaBa aJIIOMllHllH .n;eq>OpMal{HH o6pa3Ua O.!J;HOBpeMeHHO ll3MepHeTCH 

.ll;BYMH MeTO.!J;aMll. C O.!J;HOH CTOpOHhl, .n;ecpopMal{HH o6pa3l{a B ynpyroii o6nacrn 

onpe.n;enxeTcx no ll3MeneHHIO napaMeTPa KpllCTannn11ecKoii perueTKll MaTepnana npn 

ll3MeHeHim BHeIIIHeii narpY3Kll. A c .n;pyroii CTOpOHhI, nOJIHall .n;ecpopMal{HH o6pa3l{a 

H3Mepxnacb c noMOIUhIO MHoropa3oBoro 3KCTen3oMeTPa "MiniMF A", KOTOphlii BXO.!J;llT 

B KOMnneKT K Harpy30'IHOH MaIIIHHe "Tira-test 2560", npHKpenneHHOro K H3MepHeMOMY 

o6pa3UY-

B pe3yJihTaTe npoBe.n;eHHhIX 3KCnepnMeHTOB Ha 'leTbrpex n.n;eHTll'IHhIX o6pa3uax 

6hmll nonyqeHht'. 

- 3aBHCllMOCTll .n;ecpopMal{llll KpllCTaJIJill'leCKOH pemeTKll ( onpe.n;eneHbl MeTO.!J;OM 

.n;ncppaKL{llll HeHTPOHOB) o6pa31(0B "OT npllJIO)KeHHOH Harpy3Kll, KOTOpbie Be.n;YT ce6x 

nOJIHOCThlO B COOTBeTCTBllll C Teopneii ynpyrocTn; 

- Mo.n;ynn I0Hra .!J;JIH BCex ll3MepeHHhIX o6pa3UOB, KOTOpbie COBna.!J;aIOT C 

Ta6Jill'IHhIMll 3Ha'leHllHMll; 

- 3aBllCllMOCTll ynpyroii .n;ecpopMal{llll KpllCTaJIJill'leCKOH pemeTKll ( onpe.n;eneHbI 

ll3 Mern.n;a .n;ncppaKunn HeiiTPOHOB) oT o6meii .n;ecpopMaunn 06pa3na (onpe.n;eneHa 

MeXaHll'leCKllM MeTO.!J;OM), KOTOphie B 'ynpyroii o6naCTll nOJIHOCTbJO COBna,n;aIOT no 

a6COJIIOTHOH BeJill'lllHe. A B nnaCTll'leCKOH o6naCTll, MaKpo.n;eq>opMal{llH 6bICTPO 

yBeJill'lllBaeTCH (o6pa3el( CllJibHO y.n;nllHHeTCH), HO npn 3TOM peIIIeTKa cna6o pearnpyeT 

Ha yBeJill'lllBaIOIUYJOCH narpy3Ky. 

CoBoKynHOCTb pe3yJibTaTOB nepBoro MO,n;eJibHOro 3KcnepnMeHTa no 

pacrn)KeHlllO o6pa3l(a HarJIH.n;HO .!1;0Ka3bIBaeT, 'ITO MeTO.n; .n;ncppaKl(llll neHTPOHOB MO)KeT 

ycneIIIHO npmteHHTbCH .!J;JIH onpe.n;eneHllH OCTaTO'IHhIX .n;ecpopMal{llll B ynpyroii 

o6naCTll. TO'IHOCTh onpe.n;eneHllH .n;eqiopMal(llll COCTaBllileT 5xl0"
5

, 'ITO .!J;lliI o6hl'IHhIX 

KOHCTPYKl(llOHHbIX MaTepllaJIOB COCTaBJIHeT I 0-30 MITa n BnOJIHe .!J;OCTaTO'lHO .!J;lliI 

npoBe.n;eHllH npaKTH'leCKOrO llH)KeHepHOro aHaJill3a. B nnaCTll'leCKOH )Ke o6nacru, 

MeTO.!J; no3BOllileT npH6Jill3llTeJibHO Ol{eHllTb ypoBeHb nnacmqecKOH .n;ecpopMal{llll. 

U:enhIO BTOporo MO.!J;eJibHOro 3KCnepnMeHTa 6hma narllil.!J;Hall .n;eMOHCTPal{llH 

B03MO)KHOCTll MeTO.n;a onpe,n;eJIHTh npOCTPaHcTBeHHOe pacnpe.n;eneHne .n;eqiopMal{llll Ha 
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HeiiTpOHHOM .n:ucppaKTOMeTJ)e <l>C)l. )lm1 3TOro 6b!JI BbIIIOnHeH 3KCITepHMeHT ITO HJrn6y 

ITnaCTHHhI H3 cTanH Xl8Hl0T, Harpy)I{'.eHHoii B qeThrpexToqeqHoM HJrn6aTene. B xo.n:e 

3KCITepHMeHTa OITpe.n:enIDIOCh npOCTJ)aHCTBeHHOe pacnpe.n:eneHHH ,n:ecpopMaUHH B.!l:Oilb 

ilHHHli Harp~eHHH. B pe3ynhTaTe 3KCnepHMeHTa nonyqeHHaH ilHHeliHaH 3aBHCHMOCTb 

.n:ecpopMauHH C OT KOop,n:HHaThI X H3MepHeMhIX ToqeK, ne)I{'.amux B,n:Onh ilHHHH 

Harpy)I{'.eHHH IIOilHOCThlO COOTBeTCTByeT pacqeTaM (Puc.3). TaKHM o6pa30M, 

nonyqeHHbie pe3ynhTaTbI BTOporo MO,n:enhHOro 3KCIIepuMeHTa IIpHMO IIO,n:TBep)I{'..Zl:aeT 

COOTBeTCTBHe H3MepHeMbIX 3HaqeHHli .n:ecpopMaUHH, reopeTuqecKH ITpe,n:CKa3aHHhIM 

3HaqeHHHM, H CBH,n:eTenhCTByeT O B03MO)I{'.HOCTH liCilOilb30BaHHH MeTo,n:a .n:ucppaKUHli 

HeliTJ)OHOB H HeliTJ)OHHOro .n:ucppaKTOMeTJ)a <l>C)l ,n:nH perneHHH 3a,n:aq ITO onpe.n:eneHHIO 

npOCTJ)aHCTBeHHOro pacnpe.n:eneHHH .n:ecpopMauHH IIO ceqeHHIO HJ,n:enHH. 
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PaCCTOJIHMe OT 1.1eHTpa 06pa31.1a, MM 

Puc. 3. 3aeucUMocmb oe,PopMalJUU 1'1.!lacmuHbZ U3 Hepxaee10Ufeu cmC1J1u XI 8HJOT om 
1<oopouHamb1 U3MepReMou mo'IKU. Ha'ICIJIO 1<oopOuHam noMell{eHo e lJeHmp 1'1.!lacmuHbZ. 

Tio pe3ynhTaTaM BhmonHeHHoro uccne,n:oBaHHH 6hma npoBe,n:etta 

MeTJ)0il0rnqecKaH aTTeCTaUHH HeliTJ)OHHOro <l>ypbe CTJ)ecc .n:ucppaKTOMeTJ)a, 

pacnono)I{'.eHHoro Ha 11 Kattane peaKTopa 11EP-2 u nonyqetto cBu,n:erenhCTBo 06 

aTTecnm;uu cpe,n:cTBa H3MepeHHH. 
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Bo BTOpoii qaCTH TpeTbeii rnaBbI paccM0TJ)eHhI ,n:eTanH 3KCIIepuMeHTanhHOli 

pa6oThl II0 aHanH3Y OCTaTOqtt0-HaIIpH)I{'.eHH0ro C0CTOHHHH y,n:apHHKa nepcpopaTopa, C 

uenhIO onTHMH3auHH TexttonornqecKoro npouecca u3roT0BneHHH ,n:nH yBenuqeHHH 

cpoKa ero cny)I{'.6hI H ynyqmeHHH 3KcnnyarauuoHHhIX xapaKTepHCTliK CTanH. Y.n:apHHK 

nepcpopaTopa HBnHeTCH TH)I{'.enottarpy)I{'.eHH0li ,n:eTanhJO, pa60Ta10meii IIpH BhICOKHX 

UHKnHqeCKHX Harpy3Kax. 3a,n:aqa 6hma BhIII0ilHeHa B paMKax cornarneHHH C KpynHhIM 

MaIIIHH0CTJ)0HTeilhHhIM 3aBO,n:0M "TYJ1AMAIII3ABO)l" u uMeeT npuKna,n:ttoe 

3HaqeHHe. B pe3yilhTaTe ,n:aHHOli pa60TbI 6bma Bbipa6omHa H BHe,n:peHa B 

np0H3B0,n:CTBO H0BaH TeXHOil0fHH TepMoo6pa6oTKH 3T0f0 H3,n:enHH, II03B0ilHBlliaH 

yBenuqHTh cpe,n:Hee BpeMH Hapa60TKH Ha 0TKa3 B 2,5 pa3a c 40 .n:o 100 qacoB (Puc.4 ). 

YfBEPlKJIA]O 

r,\~-11. CoooBLCB 

if /I "JV' , I '- 2002r _,, 

AKT 
no ■He~HHJO a npoH'lBOJ?.CTBo )'A&pHI0.'.8 IIIlSOHB.00.006 

H> ctaJ111 20X2ll4A 

~HCIIHLIM HHCJ1<T)'TOM l.l(cplll,IX HCCJIOJIOB8Hllli (r_l\y6HB) COBMCCTHO 
c JCa4>c,np<>A cl>HlHKH Tym.cJCOrO fOCY.llllpctBCH11oro )'HH&epcHTCT8 npoac,n;cm.1 Hcc.no
llOaaHHI pacnpcJleJICHIDI 0CTaT()IIJlhD[ BHyrpeJIHHX Han~ B YAllPHHDX naea
Monepqx>paropa MCTI>)lOM )(Hlj>pan!HH HelhpoHOB. 

HCCJic.IlOBaHKI. DpoBOJlKJIHCh CpaBHHT'CJibHO HA CCpHlttu.lx y,napHHICaX H3 = 65C2BA c o6i.eMHoA 3UJIJJl:OA n Hl CT1J1H 20X2H4A c 11eMe1na11HcA. 
Hcc.nc.no88HHJIMH yctaHOB.IICHo. 'ITO uparrep pacnpe,ne.neHHJ1 OCTaTO'IHhlX 

Hallpnccmdl a Yll&PHKXC H3 CTa.111120X2I[4A 6JlaronpUTCH AM DOBhllDCHIU co
npanm.neBHll warepHana )'CTaJJOC'mOMy palpymelOIIO. 

Ha OCHOB8HHH ~ 381CJDOqCHHI B OHeBMODCpt,oparopc nil&QHB 6LVI 

BH<Jll)OH • DpoHJBO)lCTBO YllllPHHX IIllSOIID.00.006 "'CTI1J1H 20X2114A c XHMHJtO

TepNH11«:JCOA ot'ipaOOTkOA - llCMeRTalUfcA. 

BHCJlPCHHC 3TOA c;TIJIH o6ocncqJ{JJ() OOBWIDeHHe xaparrepHCTHJJ4 cpe,zw:cA 
UBpaoonat ... onw a 2,5 pa33. llpn HCIIOJlbJOWUIH CTaJD1 65C2BA CJ>CJlHU uapa· 
oorxa Ha cmw COCTUJlllJJ8 40 W:OB. ·• H3 CTaJ1H 20X2H4A 3T8 xapa,crepHCTHJCI 6w
na )'BeJIH'ICHa llO I 00 qacoa. 

~ fJIIJUtwA KOHcrpynop 

J{HpCKmp B311-1 fer/ fll.3H.HKH 

B.11.Apecj> .. ,. 

~ 
Puc.4. AKm no eHeopeHUIO e npou3eoocmeo yoapHuKa m cmC1J1u 20X2H4A. 
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B TJ)eTbeii qacn1 TpeTbeii rJiaBbI npe,ncTaBJieHo nccJie,noBaHIIe ocTaToqHo-

HarrpH)KeHHoro COCTOIDIHH .npyroro peaJibHOro ll3,neJiml 6HMeTaJIJIHqecKoro 

nepexo,nHHKa Hep)KaBeIOIIIM CTaJib CIIJiaB IJHpKOHHH. 11ccJie,nyeMbIH 

6HMeTaJIJIHqecimii nepexo,nHHK Hep)KaBe!OIIJaH CTaJib - CIIJiaB IJHpKOHHJI HCIIOJib3yiTCJI B 

KOHCTJ)YKIIHH KaHaJIOB peaKTopoB PEMK, n rrpe,ncrnBJIHeT co6oii IIHJIHH,np CJIO)KHOro 

ceqeHnH C Hapy)KHbIM CJIOeM H3 CTaJIH Ii BHYTJ)eHHHM - H3 CIIJiaBa IIHPKOHHH. OcHOBHOH 

ueJib!O HCCJie,noBaHHJI HBJIHeTCH OIITHMH3a1JHH TeXHOJIOrHqecKoro rrpouecca 

H3roTOBJieHHH rrepexo,nHHKa ,nJIH yBem1qeHHJI cpoKa ero CJiy)K6bI Ii ynyqmeHHH 

3KCIIJiyaTalJHOHHbIX xapaKTepHCTHK MaTepnana. 3a,naqa BblIICJIHeHa B paMKax 

cornarneHHH C MHHHCTepcTBOM aTOMHOH 3HeprHH P<l> H HMeeT rrpHKJia,nHoe 3HaqeHHe. 

B pe3yJibTaTe rrpoBe,neHHoro HCCJie,noBaHHH o6Hapy)KeHo, qTo ,nOIIOJIHHTeJibHM 

TepMoo6pa6oTKa roTOBOro rrepexo.nHHKa II03BOJIHT C03,naTb 3HaquTeJibHO 60JibIIIHe !IO 

BeJIHqHHe C)KHMaIOIIIHe HaIIpH)KeHHH B O,nHOM H3 HCCJie,nOBaHHbIX ceqeHHH (ceqeHHH A

B), B o6JiaCTH rrepBoro IIHpKOHHeBoro 3y6a, qTo II03BOJIHT KOMIIeHcnpoBaTb 

HeraTHBHblll 3q>q>eKT OT HaJIHqHH KOHIJeHTJ)aTopa Ha!IpJI)KeHHJI B 3TOH o6naCTH; a TaK)Ke 

II03BOJIHT KOM!IeHcnpoBaTb rrpHJIO)KeHHb!e Ha!IpH)KeHHH paCTH)KeHHJI. TaKaH 

TepMoo6pa60TKa II03BOJIHT 3HaquTeJibHO ynyqIIIHTb pe3yJibTHPYIOIIIee HarrpJI)KeHHOe 

COCTOJIHHe rrepexo,nHHKa, COOTBeTCTBeHHO ynyqmnTb Bee ero 3KCIIJiyaTaIIHOHHb!e 

CBOHCTBa H cpoK ero pa60Tbl. 

B qernepTOH qacTn TJ)eTbeii rJiaBbI C0061IJaIOTCJI pe3yJibTaTbI aHaJIH3a MaKpo- H 

MHKpoHarrpH)KeHHii B coBpeMeHHbIX KOMII03HIJHOHHbIX MaTepnanoB WC-Con W-Cu c 

rnep,noii KepaMuqecKOH n MeTaJIJIHqecKOH MaTJ)HIJeH H MeTaJIJIHqecKHM Ha!IOJIHHTeJieM. 

OCHOBHOH rrpuKJia,nHOH ueJib!O HCCJie,noBaHHH JIBJIJIJiaCb OIITHMH3alJHH 

TexHonornqecKoro rrpouecca TepMoo6pa6oTKH rrpn rrpOH3BO,nCTBe TaKHX 

KOMII03HIJHOHHbIX MaTepnaJI0B, C TQqKH 3peHHH ynyqmeHHH HX 3Kcrrnyanu:i:noHHbIX 

xapaKTepHCTHK. Brnpoii )Ke - q>yH,naMeHTaJibHOH ueJib!O 6bmo HCCJie,noBaHne 

MexaHH3Ma, 0TBeqammero 3a IIOHBJieHHe OCTaToqHbIX HarrpH)KeHHH B TaKHX 

KOMII03HTHbIX Ma-repuanax, B oco6eHHOCTH HepaBHOBeCHbIX 3q>q>eKTOB, B03HHKaIOIIJHX 

BO BpeMH TepMnqecKoii o6pa6oTKH, MexannqecKoro n TepMoMexannqecKoro 

Harpy)KeHHH. B xo,ne pa60Tbl 6bIJIH rrpoBe,neHbl HCCJie,n0BaHHH cepnn o6pa31JOB, 

IIO,nBeprIIIHXCJI pa3JillqHoii TepMoo6pa6oTKn. TaKHe HepaBHOBeCHbie 3q>q>eKTbI, KaK 

18 

Heo,nHopo,nnoe u 6bICTJ)Oe OXJia)K,neHHe, IIJiaCTHqecKaH ,neqiopMalJHH MeTaJIJinqecKoii 

q>a3bl Ii B03HHKHOBeHne MHKpOTJ)eIIIHH B rnep,noii qiroe, OKa3bIBaIOT orpOMHOe BJIHHHHe 

na OCTaToqHo-narrpH)KeHHOe COCTOHHHe MaTepHaJia, H COOTBeTCTBeHHO Ha ero 

3KCIIJiyaTalJHOHHbie xapaKTepHCTHKH. 11crroJib30BaHHe ,norrOJIHHTeJibHOH 

TepM006pa6oTKH II03BOJIHeT yrrpaBJIHTb 0CTaToqno-narrpH)KeHHbIM COCT0HHHeM TaKHX 

KOMII03HT0B H C03,naBaTb TaKOe 0CTaToqHo-HarrpH)KeHHOe COCTOHHHe, KOT0poe He 

TOJibKO He yxy,nIIIHT 3KCIIJiyaTalJHOHHbie xapaKTepHCTHKH MaTepuana, HO H Hao6opoT 

II03B0JIHT ynyqmHTb nx, C TOqKH 3pennH IIOBbIIIIeHHH Ha,ne)KHOCTH Ii .nonroBeqHOCTH 

pa60Tbl. 

B xo.ne HCCJie,noBaHHJI 6bIJIO IIOKa3aHO, qro TepMHqeCKM o6pa60TKa C 

3KCTpeMaJibHO HepaBHOMepHbIM OXJia)K,neHHeM o6pa31JOB (KOMII03HTHOH rrnaCTHHbl, 

rrpurraHHHOH na CTaJibHyIO rro,nJIO)KKy) Be,neT K c,nBnry MaKpOHarrpJI)KeHHH K 6onee 

C)KHMaIOIIJHM Ha IIOBepXH0CTH IIJiaCTHHbl (qro yJiyqmaeT 3KCIIJiyaTalJHOHHbie 

xapaKTepHCTHKH ,nanHoro KOMII03HTa) H yBeJiuqeHHIO paCTHrHBaIOIIJHX HarrpH)KeHHH Ha 

rpanuue co CTaJibHOH rro,nJIO)KKOH. y CHJIHBM HepaBHOMepHOCTb OXJia)K,neHHH MO)KHO 

rrpo,n0JI)KHTb 3TY TeH,neHIJHIO. 3a,naqa 6hma BbIII0JIHeHa B paMKax C0TJ)y.nHnqecTBa C 

,[(pe3,neHCKHM HHCTHTYTOM HepropymaIOIIIHX MeTO,nOB KOHTJ)OJIH. Pe3yJibTaTbl ,nanHOH 

pa60Tbl B HaCTOHIIJHll MOMeHT naTeHTyIOTCH ,nJIH IIOCJie,nyIOmero BHe,npeHHH B 

IIpOH3BO,nCTBO. 

B JaKJUoqeunn .nuccepTaIIHOHHOH pa60Tbl CYMMHpOBaHbl OCHOBHbie 

pe3yJihTaTbl H rrpttBe,neHbl rnaBHbie BbIBO,D;bl pa60TbI. 
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Pe3yllbT8Tbl, Bb1HOCL1Mble Ha 38~L1Ty. 

B npe,ncTaBJieHHOH .D:IICCepTaUHOHHOH pa6oTe npIIBe.n;eHbl pe3yJihTaThl 

HCCJie,noBaHHH BHYTPeHHHX MexaHnqeCKHX HanpH)KeHHH B 0TBeTCTBeHHhIX MaTepnanax 

H H3,neJIHSIX H3 HHX H nonyqeHbl cne.n;y101u;IIe 0CH0BHbie pe3yJihTaThI: 

1. Pa3pa6oTaH, c03,naH n arrecT0BaH nepBhIH B Poccnn cneu;ttanmttp0BaHHhIH 

Heil:TPOHHhIH CTPecc-.n;mppaKTOMeTP - <I>C.[{. Pa3pa6ornHa MeTO,nttKa npOBe,neHIIH Ha 

HeM .D:Hq>paKUHOHHhIX 3KCnepttMeHT0B. IIpoBe.n;eHa MeTP0JI0rnqeCKM arreCTaUHH 

.D:IIq>paKTOMeTPa H Il0JiyqeH0 CBII.D:eTeJibCTB0 06 arrecTau;IIII cpe.n;cTBa II3MepeHIIH. 

2. IIpoBe,neHhl 3KCnepHMeHThl no HCCJie.D:0BaHIIIO BHYTPeHHIIX MeXaHIIqecKIIx 

Hanpsi:)KeHHH B M0,neJibHbIX H peaJibHhIX m,neJIHSIX H MaTepIIanax, npe.n;cTaBJIHIOiu;HX 

pa3JIIIqHbie KJiaCChl 0CH0BHhIX K0HCTPYKUII0HHhlX MaTepnanoB: CTaJIII, 

MH0roK0MTI0HeHTHhie II MHOroq>a3Hhie MaTepHaJihI, K0MH03HUII0HHhie MaTepHaJihl, 

MaTepIIaJihl C 3q>q>eKTOM IlaMHTII q>OpMbl. ToqHQCTh onpe.neneHIIH HanpH)KeHIIll 

C00TBeTcTByeT peaJibHhIM IlOTPe6HOCTHM IIH)KeHepoB n C0CTaBJIHeT 10-30 MIIa. 

3. 3KcnepIIMeHTaJihHO OITpe,neJieH0 0CTaToqHo-HaITpH)KeHH0e C0CT0HHIIe o6pa3D;OB 

y.n;apHIIKa ITepqiopampa, IT0.n;BeprHYThIX pa3JIHqHhIM TepMoo6pa60TKaM. BbI.n;aHbl 

K0HKpeTHbie peKOMeH,nau;IIII ITO 0ITTIIMII3aUIIII TeXH0JI0rIIII TepMoo6pa6oTKII y.napHIIKa 

ITepqiopampa, B pe3yJihTaTe qero y.n;anoch yBeJIHqIITh BpeMH Hapa6oTKII ero Ha 0TKa3 B 

2,5 pa3a. HoBM TeXHOJI0rHH TepMoo6pa6oTKII BHe,npeHa B ITP0H3B0.D:CTB0, ~o 

IT0.n;TBep)K.D:eH0 C00TBeTCTBYIOIUIIM aKT0M. 

4. 3KCITepIIMeHTaJihHO OITpe,neJieH0 0CTaT0qHo-HanpH)KeHH0e C0CT0HHIIe B 

pa3JIIIqHbIX ceqeHHHX 6IIMeTaJIJIHqecKoro ITepexo.n;HHKa Hep)KaBeIOiu;M CTaJih - CITJiaB 

UHpK0HIIH. O6Hapy)KeHO, qTo uan6onee 0ITaCHhIM C T0~II 3peHIIH pa3pyrneHIIH 

nepexo.n;HHKa II HaII6onee Bep0HTHhIM MeCT0M 3apo)K.D:eHIIe YCTaJI0CTHhIX TPeIUHH 

HBJIHeTC11 ceqeHIIe A-B. PeKOMeH,noBaHo BHe,npIITh H0BYIO TepMoo6pa6oTKY roToBoro 

ITepexo.n;HIIKa, K0T0pM IT03B0JIHT C03,naTb 3HaqIITeJibH0 60JihIIIHe ITO BeJIHqnHe 

C)KHMaIOiu;IIe HanpH)KeHIIH B ceqeHHII A-B, qTo IT03B0JIHT K0MITeHCIIp0BaTb HeraTIIBHhIH 

3q>q>eKT OT HaJillqHSf K0HD;eHTPaTOpa HanpH)KeHHSI B 3TOH o6JiaCTII; a TaK)Ke IT03B0JIHT 

K0MITeHCHp0BaTb ITPIIJI0)KeHHhie HanpH)KeHHSI paCT1!)KeHHH. 
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5. I1ccne,noBaHhl 0CTaToqHble HaITpH)KeHHH B C0BpeMeHHhIX K0MIT03IIUH0HHhIX 

MaTepnanax WC-Co H W-Cu, no.n;Beprrnnxcsi: pa3JIIIquoil: TepMoo6pa6oTKe. IloKa3aHo, 

qTQ TepMttqecKM o6pa6oTKa C 3KCTPeMaJihH0 HepaBH0MepHbIM 0XJia)K.D:eHHeM o6pa3UOB 

(KOMIT03HTHOH ITJiaCTIIHhl, npHITMHHOH Ha CTaJihHYIO ITO.n;JIO)I(Ky) Be.n;eT K C.D:BIIry 

MaKpOHanpH)KeHHH K 6onee C)KIIMaIOIUIIM Ha IT0BepXH0CTII ITJiaCTHHhl (~o ynyqrnaeT 

3KCITJiyaTaUII0HHhie xapaKTepIICTIIKII .n;aHH0ro KOMIT03HTa) H yBeJIHqeHHIO 

pacrnrIIBaIOiu;HX HanpH)KeHHll Ha rpauttu;e co CTaJibHOH UO.n;JIO)KKOH. y CHJIHBM 

HepaBH0MepH0CTh 0XJia)K.D:eHIIH M0)KH0 ITpo,n;0JI)KIITh 3TY TeH,neHUHIO. Pe3yJihTaThl 

,naHHOll pa60Thl B HaCTOHIUHll M0MeHT ITaTeHTYIOTCH .D:JIH IT0CJie.nYIOmero BHe.n;peHIIH B 

ITp0II3B0.D:CTB0. 

6. Ha M0,neJibHhIX H peaJihHhlX o6pa3u;ax npo.n;eM0HCTPIIP0BaHa B03M0)KH0CTb 

ITpIIMeHeHHH MeTO,na .D:IIq>paKUIIII • HeHTP0HOB BhIC0Koro pa3perneHHH .D:JIH aHaJIII3a 

0CTaToqHo-HaITp11)KeHH0ro C0CT0HHII11 MaTepIIaJI0B II m,neJIIIll C u;eJibIO 0ITTHMH3aUIIH 

TeXH0JI0rIIII IIX II3r0T0BJieHIIH, ynyqrneHHH HX 3KCHJiyaTaUII0HHhIX xapaKTepIICTHK H 

yBeJIIIqeHHH cpoKa cny)K6hl . 

7. Co3,naHHhlll .D:Hq>paKTOM~ <I>C.U H pa3BIITM MeTO.n;HKa IT03B0JIHIOT C Heo6xo.n;IIMOH 

TQqH0CThlO pernaTh TaKIIe IIH)KeHepHhie 3a,naqtt, KaK myqeHIIe .neqiopMau;IIii B 

MH0roK0MIT0HeHTHhIX II MHOroq>a3HhIX CIICTeMax; 0ITpe,neJieHIIe 0CTaTQqHhIX 

HaITpH)KeHttii, B03HIIKaIOIUIIX IT0CJie pa3JIIIqHhIX TexHonornqecKIIX OITepau;nii (cBapKII, 

ITpoKaTa, 0T)I(Hra, 3aKaJIKII II T • .n;.); .neqiopMaUIIH, B03HHKaIOIUHX IT0.D: B03,neiiCTBHeM 

UIIKJIIIqecKHX Harpy3oK (MexaHIIqecKHX II TepMttqecKIIX), pa.n;IIau;noHH0ro o6nyqeHIIH II 

.n;p. 
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