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BBenenue

MHorue feTaay MaliiH, paboTaroIye B YCJIOBUSX IMKIMYECKOTO HarpyKeHHs
IIPY HOPMAJIBHBIX M TTOBBIIICHHBIX TeMIieparypax (MOpIIHU JBUATATEIICH 1 KOMIIPECCOPOB,
IATyHbI KOMITPECCOPOB, TPYOOIIPOBOIBI, PAAMATOPHl U TETUIOOOMEHHHKH, KOpITyca Ha-
BECHOTO 00OpYIOBaHUSI JBUTAaTeIC M PETyKTOPOB, KPBIIIKKA KOPITYCOB, KIIAIAHHBIC
KPBIIIKH, KPOHIITEHHBI U T.I1.) U3rOTABIMBAIOTCS U3 AJTFOMUHKUEBBIX CIUIABOB. VX UCoNb-
30BaHME B TPAHCIIOPTHOM MAIIIMHOCTPOCHHH, OMpPEIEsIeMOe BHICOKUMH TTOKA3aTEeIISIMU
YIETHHOW TPOYHOCTH, TOBBIIEHHON KOPPO3UOHHOM CTOMKOCTBIO, a TaKkKe CIIOCOOHO-
CTBIO K MONIOUIEHUIO SHEPIUM KOJIEOaHW, UIMEET YCTOWYMBYIO TEHIEHLUIO K pocTy. B
HACTOSIIIEE BPEMS B CBSI3H C JE(DUIIMTHOCTHIO, BEICOKOM CTOMMOCTBIO, SHEPrOEMKOCTHIO U
HKOJIOTUYECKIMH TPOOIEMaMH TTOYUEeHHsI IEPBUYHOTO ATFOMUHUS 3HAYUTENBHAS YacTh
neTanell, 0COOGHHO M3rOTABIMBAEMBIX METOJIOM JIUTHS (KOpITyca W MX KPBIIIKH, KPOH-
IITEHHBI, (PUTHHTH), TIPOU3BOMTCS U3 ciuiaBoB (Trmia AK9IM2, AK8M3 u np.), conep-
KaIlMX BTOPUIHOE ChIphe. Takre MaTrepuaibl IMEIOT OOJBIIOE KOMMIECTBO HHTEPMETA-
JTMAHBIX (ha3, HEMETAJUTMYECKUX BKIIFOUEHHH, PACTBOPEHHBIX Ta30B, OTIIMYAIOTCS TeTepo-
T€HHOCTBIO CTPYKTYpPhL. MeXaHHUeCKue U OCOOCHHO HMX YCTAJOCTHBIC XapaKTEePHCTUKH
3HAYHUTETFHO YCTYMAOT CBOMCTBAM IEPBUYHBIX ATFOMHHHEBBIX CIUIABOB, YTO CYILECT-
BCHHO OTIPaHUYMBACT BOMO)KHOCTH HCIIOJIF30BAHMSI BTOPUYHBIX CIUIABOB JUIST H3TOTOB-
JIeHUs! IeTaIeH MaIllFH, Pa0OTAIONIMX B YCJIOBHSX HUKIHYECKOTO HArPY>KEHUS, CHIJKAET
HAZI©KHOCTh U KOHKYPEHTOCTIOCOOHOCTh BBIMYCKaeMbIX M3aenil. Pacumpenue cheps
UCTIOJIB30BAHMS BTOPUYHBIX JIMTEHHBIX AJIFOMUHUEBBIX CIUIABOB TPEOYET CYIIECTBEHHOTO
IIOBBIILICHNS UX YCTAIOCTHBIX XapaKTePUCTHK. J[7s1 pereHuss JaHHOW 3a/1aud, NPEKIe
BCET0, HEOOXOIMM OOJIBITION 00BEM YCTATIOCTHRIX UCTIBITAHUA. B HacTosiee Bpemst Hau-
OoJee MMPOKO MCTIONB3YFOTCS HU3KOYaCTOTHBIE (dactota HarpyxeHus 10 3001) mero-
b1 onpezienienst xapakrepuctk ycranoctu ([OCT 25.502-79)Onnako npoBeneHre Ta-
KUX HUCTIBITaHU TpeOyeT OOJBIIMX BPEMEHHBIX M MaTepUaIbHBIX 3aTpaT, T.K. I TO-
CTPOEHUSI KPUBOM YCTAIOCTH cOOTBETCTBYIOMIEeH S0% BEpOSITHOCTH paspylleHus: Tpedy-
eTCs OCYIIIECTBUTh HAarpy)keHue He MeHee 15 oOpasioB. [yt CHIDKEHHS TPYIOEMKOCTH
UCTIBITAHUI Ha OOJIBIMMX 0a3zax (I CIUIAaBOB IIBETHBIX METAILIOB 10-10° IIMKJIOB) U
00€eCTIeUeHHsI OTEPATUBHOTO KOHTPOJIS XapaKTEPUCTHUK YCTATOCTH BEChMa TMEPCIEKTHB-
HBIM SIBJIACTCS UCIOMb30BaHKe BhICOKHX (1-20kI'I 1 OoJiee) YacToT HArpy»KeHHs [03BO-
JISTFOIIMX CYIIECTBEHHO CHHU3WTH BPEMsl HApaOOTKU 3alaHHOTO YKcnia IHKIOB. OmHAKO
VMEIOIIUECS B JIUTEPAType CBEICHUS 110 BIIMSIHHIO YaCTOTHI HATPYXKEHHS HA YCTATIOCTHBIC
XapaKTEePUCTUKN BTOPHYHBIX ATFOMUHUEBBIX CIIIABOB MPAKTUUECKH OTCYTCTBYIOT, HEJIOC-
TATOYHO W3YYEHO BIMSHHME HA HUX TOBBIILICHHBIX TEMIIEPATyp, XapaKTEePHBIX I JKC-
TUTyaTalliy psifia IeTaeil JBuraresiel, KOMIIPECCOpOB, a CYLLECTBYIOIIUE METO/IBI OMpe-
JIeTIeHNs] HU3KOYACTOTHBIX XapaKTEPUCTHUK YCTAIOCTH M0 pe3yJibTaraM BbICOKOYAaCTOTHO-
T'O Harpy>KeHUs B CHJIy CBOMX OTPaHUUYCHHU HE MPEACTABIIIETCS BO3MOYKHBIM MPUMEHHTD
IUISL BTOPUYHBIX JIMTEHHBIX aJFOMHHHEBBIX CIUIABOB IMPU HOPMAIBHBIX U TIOBBIIICHHBIX
TeMIIepaTypax UCIIbITaHui. B 7Tol cBsi3n HayuHOE 0OecTiedeHne METOIMKN YCKOPEHHOTO
Onpe/eTICHNs] XapaKTEPUCTHK YCTATOCTA BTOPUYHBIX JIMTEHHBIX AJTFOMUHUEBBIX CILIABOB,
TIOBBIIIICHIE TOYHOCTH M JOCTOBEPHOCTH TAKUX HCIIBITAHUM, a TAKKE COBEPIICHCTBOBA-
HIE UCTIHITATEIIBHOTO 000PY/I0BaHHS SBISIETCS aKTyalTbHOM 3a/1a49eH.



OBIIASA XAPAKTEPUCTUKA PABOTBI

Cas13b pad0ThI ¢ KPYNMHBIMU HAYYHBIMH MPOrPaMMaMH U TEMAMH

Tema muccepTalMoHHON PabOTBI COOTBETCTBYET MPHOPUTETHBIM HAIPABICHHUSM
(byHIAMEHTATHGHBIX M MPUKIATHBIX HAyYHBIX HCcienoBanmii Pecryomku bemapych Ha
2006-2010rozp1 (I[Tocranosnenne Ne512 Cosera MunuctpoB Pecniyomiku Benapychk ot
17 mast 2005r.). [luiccepraiwis SIBJISCTCS YaCThIO MCCIICI0BAHMM, MPOBOAMMBIX Ha Kades-
pe «Jleramm mammH u [TTY» BI'TY B 2000-2014r., B cootBeTCTBUM C 3aaHeM MUHU-
crepctBa oopazoBanusi Pb «JccnenoBanre BIUSIHUS MapaMETPOB IUKIMYECKOTO HArpy-
JKEHUsI HA TIPOIECCHI YCTAIOCTHOM — TOBPEXKIAEMOCTH METAUTHYECKUX  MATCPHATIOB
(I'b 22-012 Ne I'P 20022047, 2002-2003..), 3amanviem [ TIODU, paznen «HanexHocTh
u O6e30macHOCTh — 18» ®a3paboTka HAyYIHBIX OCHOB METO/Ia YCKOPEHHOTO IMPOTHO3UPO-
BaHUS  I[MKIMYECKOM TIPOYHOCTH  MeTaumueckux — MarepuaioB»  (I'b 21-201,
NeT'P 20011556, 2001-200f:.), oTaenbHbIM 3a1aHreM VICIIOMHATENBHON MPOrpaMMBI
MEXTOCYIAPCTBEHHOTO HAYYHO-TEXHHYECKOTO COTpyaHmdecTBa bemapycn n YipauHsl
«ccrnenoBanre MEXaHM3MOB YCTaJIOCTHOTO MOBPEKICHUS 1 MOBBIIICHUE ITMKIMIECKON
MPOYHOCTH KOHCTPYKIIMOHHBIX MaTEpHAIIOB, PA0OTAIONIMX B SKCTPEMATBHBIX YCIIOBHSIXY
(BC 24-081,Ne T'P 2005322 2004-2006r.), 3ananuem ['KIIHN «Mexanuka», paszien
3.01 PazButre Teopun U pa3pabOTKa METONOB ONPEACIICHHUS MapaMeTPOB HAISKHOCTH
CIIOKHBIX TEXHMYECKUX CHCTEM, MOHMTOPUHIA PACXOJOBAHMS W IyTEH TMOBBIIICHUS pe-
cypca padboTocriocoOHOCTH (Ha IPUMEpPE TPAHCMUCCHIA M HECYIIIMX KOHCTPYKIIUH TPAKTO-
poB MT3 u 1p.) ¢ y4eTOM ONTUMHU3AIN SKOHOMIIECKON SPHEKTHBHOCTH HX )KU3HEHHO-
ro mukia» (b 26-142 Ne I'P 20064122, 2006-2010), otaenpHbM 3aqanrem McnomHu-
TENTHHOW TIPOrPaMMbl MEKTOCY/IAPCTBEHHOIO HAYYHO-TEXHHYECKOTO COTPYTHAYCCTBA
benapycu u Yipaunsl «Pa3paboTka TeXHOIOrHiA, 00ECIEUMBAIOIINX TTOBBIIIIEHUE MeXa-
HUYECKUX, TEXHOJOTHYECKUX M SKCTITYaTATMOHHBIX CBOMCTB BTOPHYHBIX CHITYMHHOB JIO
ypoBas niepBraHbIX (BC 10-096 Ne I'P 20103077, 2010-20%2.).

e 1 3212494 KCCIIEI0BAHUSA

[lenb paboThE HaydHOE 00ECIICUCHHE METO/Ia YCKOPEHHOTO (32 CUET TOBBIIICHHSI
YaCTOThI HAIPYXKCHHs 00PA3IIOB) OMPEEICHUS XapaKTEPUCTUK MHOTOIIMKIIOBOM YCTasIo-
CTU BTOPUYHBIX JINTEHHBIX ATIOMHHHEBBIX CIUIABOB, MCTIOJB3YEMBIX MPU M3TOTOBJICHUH
JieTaeil MalivH pabOTAOIIHMX B YCIOBUSAX IUKIIYECKOTO HATPYKEHHS TIPU HOPMATBHBIX
Y TOBBIIIEHHBIX Temreparypax (20-200 €).

s 0ocmudicenust ROCMAGIeHHOU Yeu CHopmMyIUpOBansl Cledyrouue 3a0adu’

1. O60CcHOBATh M 3KCIIEPUMEHTATIHHO TTOITBEPNTH BOSMOKHOCTH MCTIOBE30BAHMS
BBICOKHX YaCTOT HArPy>KeHUsI [Tl YCKOPEHHOTO OIPEICIICHNST HU3KOYaCTOTHBIX XapaKTe-
PHCTHK YCTAJIOCTH BTOPUYHBIX JITTEHHBIX AJTFOMUHUEBBIX CIIIABOB.

2.000CcHOBAaTh METOAWKY YCKOPEHHOTO OIPENENICHUS] XapaKTePUCTHK YCTAIOCTH
BTOPUYHBIX JINTEHHBIX aTFOMHUHUEBBIX CIUIaBOB, B quarnazoHe temmepatyp 20-200€ npu
HArpy>KeHUM 3HAKOTIEPEMEHHBIM W3rMOOM, C HCIOJIL30BAHUEM BBICOKHMX YacTOT Harpy-
KEHUS

3. YCTaHOBUTh 3KCIIEPUMEHTAIbHO-aHATIMTIHYECKHE 3aBUCUMOCTH HANPSHKEHHO-
1e(hOPMHUPOBAHHOTO COCTOSIHUS 00pa3IoB, YUUTHIBAIOIINE UX TEOMETPHUYECKHE TTapaMeT-
PBI ¥ QHBUKO-MEXaHMYECKHE CBOMCTBA BTOPHYHBIX JINTEHHBIX AJTFOMUHUEBBIX CILIABOB.



4. BBITOMHUTG pacyeT W aHaJW3 CHJT ICHCTBYIOIIMX HA JETAIM Pe3h00BOTO KpeTl-
JISHUS JUIsl COETMHEHNsT 00pasIioB C KOHIIEHTPATOPOM-BOJTHOBOJIOM TP MPOBEICHUH HUC-
NBITAHUMA Ha BBICOKMX YacTOTAX HArpYXKEHUsl M pa3padoTaTh KOHCTPYKIHIO, 00ecredu-
BAIOIILYIO MOBBIILIEHUE €T0 HAJIGKHOCTH, a TAKAKE TOYHOCTH U JIOCTOBEPHOCTU OTIpEAEIie-
HUS XapaKTEPUCTUK YCTAJIOCTH.

5. BBINOIHUTE 3KCHEPUMEHTATIBHYIO TPOBEPKY METOJA YCKOPEHHOIO OIpesierie-
HUS XapaKTEPUCTUK YCTAIIOCTH BTOPUYHBIX JIMTEHHBIX aTFOMUHHUEBBIX CILIABOB, 00OCHO-
BaTh CMOCOO WX TIOBBIIICHHS, 0OECTICUNTh €r0 MPAKTUIECKYIO PEATH3AIHIO ISt U3rOTOB-
JICHUS JieTajield, paboTaIOIIMX B YCIOBHSX MUKIMYECKOTO HATPYKEHUS TIPY HOPMATHHBIX
 noBbIeHHBIX (0 200T) TemmepaTypax.

Obvexm ucciedosanus. amoMuHaueBble cruaBbl Tra AKIM2, AK8M3, ' momy-
YEHHBIE C UCTIONTh30BAHUEM BTOPHYHOTO CHIPhSI M IPUMEHSIEMBIE ISl I3TOTOBJICHUSI JIeTa-
Jieit ManmH (KpOHINTEHHSI, TIOPITHA 1 IaTyHbI KomipeccopoB 1 JIBC), paGoraronmx B
YCIIOBUSIX LIMKJIMYECKOTO HArPY>KEHUS IPH HOPMAJIbHBIX M TIOBBILIEHHBIX TEMIIEpaTypax.

IIpeomem uccrnedosanust: METOH YCKOPEHHOTO OIPENIENICHHUS YCTAIOCTHBIX XapaK-
TEPUCTUK TUIOBBIX O0pa3lOB M3 JIMTEHHBIX AFOMUHHUEBBIX CIUIABOB U 000pPYJOBaHUE
JUTIS €0 pean3alivu.

Ios10:xeHus1, BHIHOCUMbIE HA 3aIIHTY:

— pe3yJIbTaThl SKCIICPUMEHTAIBHBIX MCceaoBaHmi BivstHus 4actoThl (0,3-18&I )
u temueparypbl ucnbitanuii  (20-200C) Ha XapakTEpUCTHKH YCTAIOCTH, (PUBHUKO-
MEXAHWYECKUE CBOMCTBA M CTPYKTYPHBIE XAPAKTEPHCTUKW BTOPUYHBIX JIMTEMHBIX AIO-
MHUHHEBBIX CIUIABOB, MO3BOJIMBIINE YCTAHOBUTH €IMHCTBO MPOIIECCOB HAKOIUICHUSI yCTa-
JIOCTHOM TTOBPEKIAEMOCTH MCCIIEIOBAHHBIX MATEPUAJIOB B YKa3aHHOM JIHANla30HE YacTOT
¥ TEMITEpPATypP U TEM CaMbIM JIOKa3aTh BO3MOXKHOCTh UCTIOIIb30BaHHS BRICOKHX YaCTOT Ha-
TPY>KEHHS JUTS OTIPEACIICHNST HU3KOYACTOTHBIX XapaKTEPUCTHK YCTAJIOCTH;

—TEOpETUUECKas 3aBHCUMOCTh KPUTHICCKHX HANPsHKEHUH Hadasla Pa3BUTHS TIPO-
1[ecCa YCTAIIOCTHOTO pa3pylIeHHs] aFOMUHHMEBBIX CILIABOB OT aMILIMTYAHO-YACTOTHBIX
HapaMeTpoB KojebaHuil ¢ yueroM Bimstaus Temieparypsl (20-200C) na ynpyroe B3au-
MOJICHCTBHE TIpUMECEd 3aMelIeHHs C AMCIIOKAIMSAMHU, TTO3BOJIMBILAsT 0OOCHOBATH METO-
JMKY OMpeesIeHHsl HUBKOUYACTOTHBIX XapaKTEPUCTUK YCTAJIOCTH MO Pe3ysibTaTraM BbICO-
KOYACTOTHBIX UCIIbITAHUH;

— AKCIIEPUMEHTATLHO-AHATMTUYECKUE 3aBUCUMOCTH ISl TIEPBOM U BTOPOM popm
KoJIeOaHUH HANPSHKEHHOTO COCTOSTHUS 00pasiia OT aMILIUTY/Ibl KOJIeOaHHU ero CBOOOIHO-
IO KOHIIA B YCJOBUSIX HArpYyKEHUsS IMKIMYECKUM H3IHOOM, YUUTHIBAIOUIHE (DU3UKO-
MEXAHUYECKUE CBOKWCTBA BTOPUYHBIX JIMTEMHBIX AJTFOMUHHUEBBIX CIUIABOB M T€OMETPHYE-
CKHE TIapaMeTphbl 00paA3IIOB TSl UCTIHITAHKI, TTO3BOJISIFOIIE TIOBHICHTH TOYHOCTH OIIPE/Ie-
JICHVISI HANPSDKEHUH B PA3IMYHBIX CEYSHUSIX 00OPa3IIoB,;

—pe3yJbTaThl YHACICHHOTO aHaIn3a CHII, JCUCTBYIOIIUX HAa PA3IMIHBIX Y4aCTKAX
XBOCTOBHKA 00pa3iia, 3aleMIIIEMOT0 Ha KOHIIGHTPATOPE-BOJHOBOJIE, YUUTHIBAIOIINE
JIEHCTBUE 3HAKOTIEPEMEHHBIX HArpy30K, 000CHOBABIIKME HEOOXOIUMOCTh Pa3pabOTKHU HO-
BOM KOHCTPYKIMU KpETUIEHUs! MOBBIIIEHHON J0JTOBEYHOCTH, OOECTICUMBILEH TOYHOCTb
OIIPEIENICHUS XapaKTEPUCTUK YCTATIOCTH;

—pe3yJbTaThl AKCIIEPUMEHTATIBHON MPOBEPKH Pa3pabOTaHHOrO METO/A, TMO3BO-
JIMBIIVE OIPEACTUTh XapaKTEPUCTUKN YCTAIOCTU BTOPUYHBIX JIMTEHHBIX ATFOMUHUEBBIX
criaBoB tuna AKOM2, AK8M3 B tuanazone temmneparyp 20-200€, Ha ocHOBaHMM KO-
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TOPBIX YCTAHOBJIEHO IpPENENbHOE COACPKaHUE Keye3a B TaKHX Marepuaiax, HeoOXOou-
MOE€ KOJIMYeCTBO padUHUPYIOIIe-MOAUGBHUIMPYIOIIMX JT00aBOK, a TaloKe pa3pabOTaHBI
PEKUMBI TEPMOIMKIINIECKON 00paOOTKM TAKUX MaTEPHAIOB, OOCCTICUHBIIIME TIOBBIIIICHIE
YCTAIOCTHBIX XapaKTEPHCTUK, N3rOTABIMBAEMbIX M3 TAKMX MaTepUalioB JeTaieid, pado-
TAIOMIMX B YCJIOBHSIX IIUKIIMIECKOTO HATPYKEHHUSI.

JIMYHBLIN BKJIaJ COUCKATEJISA

ABTOpOM 000OCHOBaHA aKTYaJIbHOCTh WCCIIEIOBAHMIA, MOIEPHU3UPOBAH KOMILICKC
UCTIBITATEIIBHOTO 000PYI0BaHUs, pa3paboTaH METO/I YCKOPEHHBIX YCTATOCTHBIX MCIIBITA-
HHI TPY TOBBIILICHHBIX TEMIIEPaTypax, MPOBEJCH pacueT SKCIIEPUMEHTATBHBIX MOJIEIEH,
Npe/yIoKeHa KOHCTPYKLMA UX KperwieHust. Llens u 3amaun uccrnenoBanuii chopMyupo-
BaHbl COBMECTHO C HAay4HBIM PYKOBOAMTENIEM, KaHIUIATOM TEXHUYECKHX HayK, JOLECH-
toM C. E. benbckim. ComckareneM pa3paboTaH TEOPETUIECKHUN PacUeT, MO3BOJISTIOIINIA
OTPENIETIUTh KPUTHYECKHE HAMpPsODKEHUS] Hadala TMpOIEecca YCTATOCTHOTO Pa3pyIICHUs
AJTFOMHUHUEBBIX CIUIABOB, YUUTHIBAIOIIMIA BIMSTHUE TEMIICPATypPHOTO (hakTopa M HAIMUHe
TpHIMECE B METaJIJIe; BIIEPBbIC NCCIIEIOBAHBI IPY HOPMAJIBHOM ¥ TIOBBIIIICHHOW TeMITepa-
Typax yCTAJIOCTHBIE XapaKTePUCTHKHU IMPOKO HOMEHKJIATyphl AJTFOMUHHEBBIX CILIABOB B
muana3one yactor 0,3-18,0xl 1. C ucnons3oBaHueM MPEAJIOAKEHHOIO METO/Ia aBTOPOM
BIIEPBBIC OIPENIENICHO PAMOHAIBHOE KOJIMYECTBO PpaguHUpPYIOIIe-MOAUDHITPYFOIIHX
700aBOK 1 BIMSTHHAE TEPMUYECKON 00paOOTKH Ha YCTATIOCTHBIC XapaKTEPUCTHKN ATFOMH-
HHEBBIX CIUIABOB, M3TOTOBIICHHBIX C MPUMEHEHHEM BTOPHYHOTO CBIPhS, pa3paboTaH CIio-
€00 TePMOIMKIMYECKON 00pabOTKH, 00ECTICUUBAIONINIA MX TTOBBIIIICHUE. TeOpeTHUECKIe
UCCIIIOBAHMS B3aMMOZEHCTBYS AUCIIOKAMIA C MPUMECHBIMHA aTOMaMHU B MpoLieccax Iie-
penaun 3HEPIUi MEXaHUUECKUX KOJICOAHUN U BIMSHUE Ha 3TH MPOLIECCH] YaCTOTHI KOJie-
OaHMii ¢ y4eTOM TeMIepaTypHOro (hakTopa MpOBOIMIMCH COBMECTHO C JIOKTOPOM (pH3H-
KO-MaTeMaTh4ecKux Hayk, mpodeccopom B. P. CoboneM, skcriepriMeHTanbHbIE UCCIIeo-
BAaHUsI YCTAJIOCTHBIX XapaKTEPUCTHK aFOMHUHUEBBIX CIUIABOB — C KaHIUIATOM TEXHHUYe-
CKHX HayK, norieHToM @. @. LapykoM, 4To OTpaKeHO B COBMECTHBIX ITyOTMKAITHUSIX.

Anpodanus pe3yJibTATOB JUCCEPTALMU

OCHOBHBIE PE3YIIBTAThHl PAOOTHI JIONOXKEHBI U OOCYKIEHbI Ha MeXTyHapOIHOM
KoH(pepeHn <«COBpPEeMEHHBIC TEXHOJIOTHUH, MaTepHalbl, MAIIMHBI U OOOPYIOBAHHE»
(Morunes-2002), IVMexayHapoaHoM cuMiosuyme 1o Tproodatrke (TepHomob-
2002), |-l MexaynapoaHbix KoHpepeHimid «CoBpeMEHHbIE METO/IbI IIPOSKTHPOBAHKS
MaliyH. Pacder, KOHCTpyHpOBaHHE U TEXHOJOTHH u3rotoBieHus» (Murck-2002, 2005,
2008),MextyHapoiHoi KoH(pepeHiuH «d IporpeccuBHast TEXHOIOTHS, TEXHOIOTTYECKUE
nporrecchl 1 obopynoBanue» (Mormies-2003), MexayHapoaHoi koH(pepeHimn «Mare-
puanbl, 0OOPYIOBAaHHME M PECYpCOCOEPErarolie TEXHOJIOTMHM B MAIIMHOCTPOSHUU
(Murck-2003), VIl pecrryOnmkaHCKoi HayqHO-TEXHUYECKOH KOH(PEPEHIINH CTYICHTOB U
acrmpanToB (Muack-2003), Il MexmyHapoqHOH MEXBY30BCKOW HAyYHO-TEXHHYECKOM
KOH(EepEeHIIMK CTYJICHTOB, aCMPaHTOB W MaructpantoB (MuHck-2003), MexmyHapoa-
HOU KoH(pepeHimu «Matepuasibl, 000pyI0BaHHE B PECYpCOcOeperarome TEXHOIOTUH B
MarmHocTpoeHnn»  (Murck-2004), MexayHapoaHoi koHbepeHimn <« COBpEeMEHHbBIC
TEXHOJIOTHH, MaTepuasbl 1 ooopymoBanue» (Moruies-2004), MexayHapoaHOi KoHpe-
peniny «HoBbie MaTepuasibl, 000pPYIOBAHKE U TEXHOJIOTHH B MPOMBIILICHHOCTH (Mo-
ruiieB-2004), Mex nyHapoTHON Hay4HOM KOH(PEPEHIMH «AKTyaIbHbIC TPOOJIEMBI (DH3H-
ku TBeporo teia (Munck-2005), MexayHapoqHON Hay9IHO-TEXHUYECKON KOH(EPEHIIMH
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«Pecypco- 1 3HEprocOeperaroime TEXHOIOTMH U 000pyJOBaHKE, SKOJOTHYECKH 0e30-
nacHble TexHoyorum» (Munck-2005), MexayHapoaHoi HaydHOW KoHpepeHumn «/Iu-
TeliHOe MpoM3BOACTBO U Merautyprus» (bapanonun-2006), Hay4HO-TEXHUYECKOM Ce-
muHape <«OP(EeKTHBHOCTh HAYIHO-MCCIIEIOBATELCKOM pabOThI BBICIIIMX YUEOHBIX 3aBe-
JEHUH W MpoOJeMbl BHEAPEHUS Pe3yJIbTaToB B Mpou3BoacTBo» (Munck-2007), 67-76
KOH(pepeHIUsIX mpodeccopcko-npenoaaBareibekoro coctasa bI'TY  (Munck, 2002-
2012r.r.).

Ony01MKOBAHHOCTD Pe3yJIbTATOB TUCCEPTALIMH

[o pesynmbraTam uccienoBaHuii OImyOIMKOBAaHO 23TI€YaTHBIC PA0OTHI; B TOM YHCIIC
6 HayuHBIX cTaTeil B BKIOueHHBIX B [lepeuens BAK m3nanmsx, ooremom 1,4aBTopckux
ymcTa, 9 crareil B mpounx W3IaHusIX, 6 MareprasioB v 2 Te3uca JOKJIAI0B HAYy9IHbIX KOH-
depeHIwii, moTy4eHo 2 MaTeHTa Ha N300PETEHUSL.

Crpykrypa u 00beM uccepTanun

JluccepTanysi COCTOMT W3 BBEIICHHS, OOIIEH XapaKTePUCTUKHA PabOTHI, TISITH TJIaB,
3aKTo4YeHus, Onodmorpaduaeckoro crmcka, Brmodaroniero 203 HaMeHOBaHMS, B TOM
yucie 23myOiuKaIyy COMCKaTeN sl U MpuiiokeHusl. PaboTa uznoskeHa Ha 226 cTpaHnIiax,
Brrouas 91 wimoctparuio Ha 48 ctpanuiiax, 16Tabmui Ha 8 cTpaHuiiax, MpUIoKEHUS
Ha 49 cTpaHuIiax.

OCHOBHOE COJAEPKAHME PABOThBI

B nepBoii r1aBe paccMOTpeHBI OCOOCHHOCTH KOHCTPYKIIMM W YCIIOBHSI paOOThI
psi/ia OCHOBHBIX JICTANICH IBUTATENEH N KOMIIPECCOPOB (IOPIIHY, IATYHBI, KPOHIIITEHHEI,
KOpITyCca W KPBIIIKA HABECHOTO OOOPYAOBAHUS, PEIYKTOPOB, TPYOOIIPOBOIBI, TEILIO00-
MEHHUKH 1 JIp.), N3rOTABIMBACMbIX 13 JINTEHHBIX aJTFOMUHUEBBIX CIUIaBOB. [Toka3aHa He-
00XOIMMOCTb TIOBBIIICHUST (PUBUKO-MEXaHMUYECKUX XaPaKTEPUCTUK MAaTepHalioB IS
00ecTeueHs HJISKHOCTH W JIOJITOBEYHOCTH TakuxX m3zenuii. OTMe4eHo, YTo B CBSI3H C
Ne(PULIMTOM U BBICOKOM CTOMMOCTBIO TIEPBUUHBIX CIUIABOB ATFOMUHUS IS IPOMU3BOICTBA
IIMPOKOH HOMEHKJIATYPBI JIETaNiel HCTIONB3YIOT CIUIaBbI, COAEp KaIlie 3HAYNTEILHOE KO-
JIMYECTBO MHTEPMETATMAHBIX (pa3, ra30BbIX U yCAIOUHBIX TIOP U, CIIEIOBATENHHO, IMEIO-
IIMC HECTAOWIbHBIC MEXAHMYECKUE XapaKTePUCTUKH (MPEIeN MPOYHOCTH, MPEIENT BbI-
HOCJTUBOCTH, OTHOCUTEIIEHOE YUTMHEHHE U JIp.), KOTOPbIC 3aBUCSAT OT COCTABA IIMXThI U
JPYTUX TEXHOJIOTHYECKUX (DAKTOPOB. Y CTATIOCTHBIC XAPAKTEPHCTUKH TaKHX MaTepUasioB
3HAYNUTETFHO YCTYIAIOT CBOMCTBAM IEPBUYHBIX AJTFOMHHHEBBIX CIUIABOB, UTO CYIIECT-
BCHHO OIPaHUYMBACT MX TIPHIMEHEHHUE TSl M3TOTOBIICHUSI JieTaslel, paboTaloIuX B YCIIO-
BUSIX [UKJIMYECKOTO HArPY KEHHSI.

CoBepILIEHCTBOBaHHE TEXHOJIOTUU MPOW3BOJICTBA U3JIENUI U3 BTOPUYHBIX JINTEH-
HBIX ATFOMUHHUEBBIX CIUIABOB, MPEXKIIE BCETO, TPpeOyeT peam3aliu 00JbIIoro oobema yc-
TQJIOCTHBIX UCHIbITaHWI. OHU MPOBOJISTCS, KaK MPABUJIO, IPU HU3KUX YaCTOTAX HarpyKe-
Hust (0,1-1001m) u mosToMy XapaKTepu3yrOTCS 3HAUMTEIBHBIM BPEMEHEM, BBICOKHMHU
TpyAO- U 3Heprozarparamu. [losToMy [Uisi COKpaleHusi uX CTOMMOCTH, OCOOEHHO TpH
spaunTenbhbix (10-10°) Gasax, memecooGpasHo HCOIB30BATh BHICOKHE YACTOTHI HATPY-
YKEHWs1, 00eCTICUHBAIOIIYE 32 MEHBIIIee BpeMs HapaOOTKY 3aIaHHOTO YHCIIa IIUKIIOB.

OmHako B CBSI3U C OTINYMEM XaPAKTEPHCTUK YCTAJIOCTH, TIOYUYSHHBIX HA Pa3ivy-
HBIX YaCTOTaX HArpy>KeHWsl, HEOOXOIMMBI TEOPETHUIECKUE U IKCIIEPUMEHTAITHHBIE HCCIIe-



JIOBaHMSI BJIMSTHUS YACTOTHI POBEICHMS] UCTIBITAHUI Ha MPOLIECC YCTAIOCTHOTO pa3pylle-
HUS JIMTEMHBIX ATFOMUHHUEBBIX CILIABOB.

Cy1iecTByOIIME METO/IbI ONPEIETICHUS] HU3KOYACTOTHBIX XapaKTEPUCTHK YCTaIIO-
CTH M0 pe3yJIbTaTaM BbICOKOYACTOTHOIO HArpy>KeHHs, TMO0 MPUMEHSIFOTCS U1l OTpaHu-
YEHHOIO Kpyra MarepuajioB (Marepuasibl Iy KOTOPBIX ONMPEICIIACTCS TOPHU30HTAIBHBIM
y4acTOK Ha KPUBOH YCTAJIOCTH), JIMOO UCTIONB3YIOT SHEPTETHICCKUE KPUTEPUH YCTaIOCT-
HOT'0 Pa3pyILEHNs, OCHOBAHHbIE HA M3MEPEHUH KOJIMYECTBA TEIUIOBOM SHEPTUH BhIIEIsIe-
MOI1 TIPH HAaTrPyKEHUHU Ha Pa3fIMYHBIX YaCTOTax, peasi3alys KOTOPOro TpeOyeT CII0KHOTO
Y JIOPOTOCTOSIIIEr0 000PYI0BaHusl, & UCTIONB30BAHUE TAKOTO TOIX0AA MPY UCIIBITAHUSX B
YCJIOBUSIX TIOBBIIIIEHHBIX TEMIIEpATyp €Ilie OOJbIIe YCIOKHIET H3MEPEHNE PaccesHust
DHEPTUU 00pa3IIoB

AHanm3 IMTepaTypbl OKa3all, YTO B HACTOSIIIEE BPeMsl HEAOCTATOUYHO CUCTEMATH-
3UPOBAaHHBIX JAHHBIX, TO3BOJIIOIIMX KOPPEKTHO YYWTHIBATH BIMSHUAEC AMIUIATYIHO-
YaCTOTHBIX MAPAMETPOB HAIPY>KEHUSI HA U3MEHEHUE YCTAIIOCTHBIX XapaKTEPUCTHK U (pu-
3UKO-MexaHn4ecknx CBOUCTB (PMC) IMTEHHBIX aTFOMHHHMEBBIX CIUIABOB, TAK KaK MHO-
TME€ WCIBITaHUS TIPOBOJWJINCH B HECOMOCTABUMBIX YCIIOBUSIX M MPEUMYILECTBEHHO Ha
nedopMUpyeMbIX cIuiaBax, Takux Kak J[16 u AMr. IIpakTiyeckn OTCyTCTBYIOT CUCTEM-
HbIE UCCIICIOBAHNS BIIMSHUS TEMIIEPATYPhl U YACTOTBI UCTILITAHUI Ha COTPOTUBIICHUE YyC-
TaJIOCTH JeTajlel MaIlMH U 3JIEMEHTOB UX KOHCTPYKITHH.

Cremyer OTMETUTH, YTO pa3pabOTKa METOMA UCIIBITaHUI TpeOyeT COBEPILEHCTBO-
BaHUsI MCTBITATENIbHOrO OOOPYIOBAHUA U MPUOOPHOTro obecrieyeHus. [y MOBBIIICHUS
TOYHOCTH U JIOCTOBEPHOCTH OIPEIETICHNS XAPAKTEPUCTUK YCTAJIOCTH ATFOMUHUEBBIX
CILIaBOB, MIOJIyYEHHBIX C HCOb30BaHUEM BTOPHYHOTO CHIPbs, HEOOXOANM €AMHBINA MO/
XOJl K YCTaHOBJICHHIO MOMEHTa pa3pylieHusi 0OpaslioB MPH UCIIBITAHUAX, a TaKKe KOp-
PEKTHOE ONpeeNeHNe UX HaIpsLKeHHO-Ie(OpMUPOBAHHOTO COCTOSHMA. C 1IENbI0 CHU-
YKEHMS pacCesHUS XapaKTEPUCTUK COMPOTUBIICHHUS YCTAIOCTH HCCIEAyEMbIX MaTepUasioB
HEOOXOJIMMO COBEPIIICHCTBOBAHKUE 3JIEMEHTOB KOHCTPYKIMU KpEIUIEHHs 00paslioB MpH
BBICOKOYACTOTHBIX MCIILITaHUSIX. BhINOMHEHE 3HAYUTENHHOTO 00bEMa YCTAIOCTHBIX HC-
NbITAHUH BTOPUYHBIX AMFOMUHUEBBIX CIUIABOB OOECIICUUT MOBBIILIEHUE UX YCTAIIOCTHBIX
XapaKTEPUCTUK MYyTEM COBEPIICHCTBOBAHUS TEXHOJIOTMI BBIIUIABKK U TEPMHUYECKON 00-
paboTKH.

Ha ocHoBaHMM aHaimM3a TEOPETUYECKUX M 3KCIEPUMEHTATBHBIX HCCIEIOBAHUM
BIIMSIHUSL YaCTOThl HAarpy>KEHUSI Ha YCTATOCTHBIE XapaKTEPUCTUKH AITFOMUHUEBBIX CILIa-
BOB M CYILIECTBYIOLIMX METO/IOB UCIIBITAHUH CPOPMYIHPOBAHBI LIENb U 33/1a4H JHCCepTa-
ITUOHHOM PAOOTHI.

Bo BTOpOIi I71aBe OmMrcaHbl UCTIHITATEIBHOE 000PYIOBaHUE U METOMKA HCCIIETO-
BaHWS (PH3UKO-MEXaHUIECKHUX CBOWCTB 00Pa3IiOB W3 BTOPHUYHBIX ATFOMUHHUEBBIX CIIABOB
NpPH UX HAarpy>KeHUH 3HAKOTMIEPEMEHHbIM M3rHOoM B auamnasone yactor 0,3-18,0xl, a
TAaKXKE PACUEThl AIIEMEHTOB KOJIeOaTeIbHBIX CUCTEM. J[J1s HU3KOUaCTOTHOTO HArPY>KEHUsI
(0,3 kI ') Mcmosp30BaH AIEKTPOMArHUTHBIA BHOPOCTESHI, IPY YacToTax Harpyxenus 3,0,
9,0, 18,kI'11 - MarHUTOCTPUKITMOHHBIE YCTAHOBKH, pa3paboTaHHbIe Ha Kadenpe «JleTamm
MalllMH U TOJIbEMHO TPaHCHOPTHBIE ycTporcTBa» bl TY. [l mpoBeneHust UCTIbITaHUIA
NPU TIOBBIIIEHHBIX TEMIIEpaTypax UCIBITATEbHbIA KOMIUIEKC ObLT IOMOIHUTEIHLHO 000-
PY/ZIOBaH CTAlMOHAPHBIMU HArpeBaTeIbHBIMU TEYAMH C KOHTPOJILHO-U3MEPUTEIbHBIM
o0opynoBanueM. VcrbITaHus MPOBOAMIIMCH IyTEM HUKIIMYECKOTO Harpy»KeHusi 00pasiioB
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3HAKOIMIEPEMEHHBIM H3MMOOM MPU CUMMETPUYHOM IMKJIE, YTO TMO3BOJUIO PEaTn30BaTh
PE30HAHCHBIN PEKUM KoseOaHul 00pas3iioB 0e3 MPUMEHEHHs JOTIOHUTEIBHBIX COTJIa-
CYIOIIMX 3JIEMEHTOB.

OOpa3tibl 11 UCTIBITAaHUH TPEACTABISUTA COO0H OATOUYKH C TPSIMOYTOJIBHBIM T10-
TIEPEYHBIM CEUYeHHEM 6x2 MM, KOTOpbIE BBIPE3AIMCh M3 CIMTKOB WM U3 JETaJleH, 3aTeM
TIOJIBEPraJIUCh MITU(OBKE, FIEKTPOIIOIMPOBKE, a MPYU HEOOXOMMOCTH - TEPMOOOPadOTKe.
Br16op Takoi opMbl 00pasIioB MpeacTaBisieTcs: Haubosee y100HbIM KaK C TOYKH 3PSHUS
WX TIOJITOTOBKH, TPOBEIACHUS WCIIBITAHHI, ONPEIETICHUs] HANPSHKEHUHA B HEOOXOIUMBIX
CEUYEHMSIX, TaK M JAJIbHEHIINX HCCIAESIOBaHUN (DH3UKO-MEXaHMYECKUX XaPaKTEPUCTHK.
MukpoTBepocTs m3Mepsiiach Ha npubopax [IMT-3M u DuraminS (Struers/lanms),
AIIEKTPOCOTIPOTUBIIEHHE OTIPEIEISUIIOCh Ha CTEHJIE C UCTIONBb30BaHUEM M3MEPUTEISL MIMMU-
TaHnca E7-20, mioTHOCTh JUCIOKAIMI U MUKPOHATPSHKEHUST — C HOMOILBIO PEHTTCHOB-
ckux mudpaxromerpos JJPOH-3 u Bruker.

B TpeTbeii ri1aBe NpUBEICHBI PE3YIIBTATHl YCTAIOCTHBIX UCITBITAHUN BTOPHYHBIX
AJTFOMHUHUEBBIX CIUIABOB, OIpE/IeNieHa 3aBUCUMOCTh BIIMSTHHUS YaCTOThI MEXaHUYECKUX KO-
7e0aHMii Ha pa3BUTHE YCTATOCTHOM MOBPEXKIAEMOCTH CIUIABOB C YIETOM TeMIIepaTypHO-
0 (hakTopa. DKCIIEPIMEHTATHEHO JIOKa3aHO, 9TO (pOpMa KPHUBBIX YCTAIOCTH C YBEITMICHHU-
€M YacTOThl He HM3MeHsieTcs. VIccienoBaHHbIe . BTOPUYHBIC ATTFOMHUHUEBBIE CIUIABBI HE
MMEIOT TOPU30HTATIFHOTO YYacTKa, KaK Ha HU3KOH YacTOTe, TaK M Ha BRICOKHX YacTOTaXx, a
KPUBBIC YCTAIOCTH JUTsI Pa3HBIX YAaCTOT PACMOararoTcs MPaKTUUECKH SKBUAMCTAHTHO,
YTO MO3BOJISET TOBOPUTH O BO3MOYKHOCTH HCHOMB30BAHUSI BHICOKHX YACTOT HAIPY>KEHUSI
U OTIPEZIENICHHS HU3KOYACTOTHBIX XapaKTEPUCTHK YCTATIOCTH. AHAIN3 Pe3yIbTaTOB UC-
NIBITAHUI TTOKAa3aJl, YTO ¢ POCTOM YaCTOThI JUISl pa3fIMIHbIX 0a3 Harpy>KEeHUsI XapaKTepPHO
MOHOTOHHOE YBEJIMUCHHE YCTAJIOCTHOM JOJITOBEYHOCTH, pacTyT (B 1,5-2,5pa3a) u Benm-
YMHBI TIPEIETIOB OIPAHNYEHHOMN BBIHOCIMBOCTH (PUCYHOK 1), a MOBBIIIICHIE TEMITEpaTyphl
TIPUBOJIT K MOHOTOHHOMY CHIDKEHHUIO YCTATIOCTHBIX XapakTepucTrk (B 1,1-1,6pa3a B uc-
CJICZIOBAaHHOM JTaIia30He TeMIIepaTyp) Ha Bcex 0a3ax ucrbitanuil (pucyHok 2). Mccnemno-
BaHNE M3MEHEHUSI MUKPOTBEPIOCTH, MUKPOHAIPSHKEHUH U TUIOTHOCTH JIUCIIOKAIINIA TTOKa-
3aJ10, 4TO XapakTep WX M3MEHEHUI TP POCTE YaCTOThI COXPAHSIETCS KaK MpY HOpMAab-
HBIX, TaK Y TIOBBIIIEHHBIX TEMITEPATypax (PHCYHOK 3), 4TO MOATBEP)KIACT BO3MOXKHOCTh
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MIIa -0 MIIa 130 y=-1 :J Lin(x}) 81.24
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1-20C; 2-100C; 3 -200C
Pucynok 2 — YCTaJ0CTHbIE KPUBBIE CIIABA
AK9M2 (wactora ucnbiTanmii 18 kI'ix)

Pucynok 1 —Ilpenesibl orpaHn4YeHHOM
BBIHOCJIUBOCTH ciiiaBa AKSMS3 npu
Pa3JMYHBIX YACTOTAX U 0a3aX HATPYKEHHUS
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VICTIOJIB30BaHMsl BBICOKHAX YaCTOT HArPYXKEHHs JUI MMPOBEACHUS UCIILITAHUM B PacCMOT-
PEHHOM JMaIa30He TEMIIEPATYP.
Jl1s1 TeOpeTMYeCKON OLICHKH BIIHSA-

H,. 114 - HMSL 4YacTOThl MCIBITAHUA Ha pa3BUTHE
R };; npolecca YCTAJIOCTHOTO pa3pyLLEHUs U
1\ M /4:\ | BBIOOpA KpUTEpHsI MO3BOJISIOILETO OIpe-

LAY > J /P § Tul JENATh HU3KOUACTOTHBIE XapPaKTEPUCTUKU
108 /‘ I ] \\ YCTAJIOCTH IIO0 PpeE€3yJIbTaTaM BbICOKOYAC-
106 T/ Al \\\'\ TOTHOTO Harpy>KeHHsI ObUTH PaCCMOTPEHBI
o J/A/R ~3 NN OCOOEHHOCTH TIOBEJIEHHS  TACIIOKAIMOH-
¥V T4 N HOro ucroynuka @paxka-Puna, Haxons-

102 LIEr0Csl B YCIIOBUSIX BO3JICMCTBUSL 3HAKO-
100 IIEPEMEHHOIO  HAIIPSHKCHUS  PA3IMYHOU
1OOE+05  1.00E+06  100E+07  100E+0§ 4YACTOThI B paMKax TPHOIMKEHHOH MO-

N UKL TUHUIIMPOBAHHON € yYETOM  BJIMSTHHS
21—_003?:;1;11(%%%))2_—1188%;11?; ((ZZ%OUQ)C) TEMIEATYPhL Ha yIpyroe B3aMMOJICHCT-
Pucynok 3 —3MeHeHre MUKPOTBEPIAOCTH BUC TPUMECCH 3aMCIICHIS € TUCIIOKa-
cnnasa AK9M?2 IUAMH ¥ TOYEUHBIMU JIe(heKTaMU MOJIENH

Kemnepa.
B pe3ynbrare Oblia mogyueHa 3aBUCUMOCTb, MO3BOJISIONIAST ONPEIETUTh BIMSHUE
YaCTOTbl HAIPYKEHNUS HA KPUTUUECKUE HANPSHKEHUs, XapaKTEPU3YIOIINE HAYAIO Pa3BU-

THSI IPOIIECCA YCTAIIOCTHOTO pa3pylIeHNs CIUIABOB C yYETOM TeMITepaTypHOro (akropa:

2 y 2
5-Gbl 6 1+(coBI 1'[(12 u)j L leeo ﬂj | 1
|| n1-p) 4Gb 4b kT

rie b —Bexrop Broprepca; B — K03((UIMEHT OnpeneNsoIi CUTy TMHAMHYIECKOTO BSI3-
KOO TpeHusi cermenTa; G — ynpyruii MojtyIs cisura; L —koadduiment [lyaccona; w—

3 R, -R
YacTOTa 3HAKOIIEPEMEHHOM CHJIbl BHEIIHETO MCTOYHMKA HANpsDKEHUs; € = ———2
0

HOCHUTEJBHAS Pa3HOCTh PAINYCOB MPUMECHBIX aTOMOB R 11 cOOCTBeHHBIX aToMOB Ry; ¢ —
00BEeMHAsl PAaBHOBECHAS! KOHIICHTPALIUSI PUMECHBIX aTOMOB BIAJIM OT JUCJIOKAIIMOHHOTO
cermenTa, | —abcomorHas TeMreparypa; | — amHa qucnokanoHHoro cermenra; K —mo-
crosinHas bonbivana, W —3Heprusi CBsI3u cerMeHTa ¢ PUMECHBIMU aTOMaMHU.

Y CTaHOBIIEHO, YTO TPU AMITIUTYIAX G, MPEBBIIIAONIMX ONPEIEICHHOE 3Haue-
HHe (KPUTHYECKHME HAIPsDKEHHUS) MPOUCXOJUT HEOOpPaTHMOE CMEICHHE M YBEIMYCHHUC
YyCTIa AUCIIOKANINA, TIPY 3TOM JUIS TOCTHXKEHHUS OTMHAKOBOTO YPOBHSI CMEILICHHS JIUCIIO-
Kallii Ha BBICOKHX YacTOTax TpeOyeTcs 6oJiee BEICOKME YPOBHHU HANPSHKEHHUH, a n3MeHe-
Hue temmneparypsl B npezenax 20-200C He oka3bIBaeT CyIIECTBEHHOTO BIIMSHUS Ha Me-
XaHW3M CMEIICHHS IUCIIOKAIIMOHHOTO CETMEHTA M C €€ BO3pacTaHWEM YacTOTHAs 3aBUCH-
MOCTb G, HE M3MeHsieTcst (prcyHOK 4). Takum 00pa3om, TIoka3zaHa MPUHIMITHATBHAST BO3-
MO)KHOCTh HCIIOJIb30BaHUsI BBICOKHMX YacTOT HArpY)KEHHUS JUISl ONPENENICHHsI XapaKTepu-
CTHK COTIPOTHBIICHUSI YCTAIOCTH JIMTEHHBIX aJTFOMUHUEBBIX CIIABOB TPH TTOBBIIICHHBIX
Temneparypax. st uccneJ0BaHHBIX MaTePUaIOB SKCIIEPUMEHTAIBHO OTpe/IeIeHbI Opo-
TOBBIC HANPSDKEHUST HIDKE KOTOPBIX CTPYKTYPHBIE M3MEHEHHSI HA MUKPOYPOBHE OTCYTCT-

J— OT_
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BYIOT. XapaKTep YaCTOTHBIX 3aBUCHMOCTEN TEOPETUYECKH PACCUUTAHHBIX KPUTUYECKHX
HalpsbKeHUH Hayasia MpoLecca YCTaJIOCTHOTO paspylleHHs U TIOPOTOBbIX HANPSHKEHUH,
NPAKTUYECKU OJIMHAKOB, YTO CBUJIETENILCTBYET O KOPPEKTHOCTH TEOPETUIECKOIO pacyeTa.

Gﬁ
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100°C ///
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1,05 - o
150°C =5 /
o L]
1.00 *-—-:—”;fés”//
T =
1| TT=200°C
0,95
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PucyHok 4 —3aBUCMMOCTHh KPUTHYECKUX
HANIPSZKEHUH OT 4acTOThI KOJIe0aHu

NP pa3jUuYHbIX TeMIepaTypax

VYCTaHOBJIGHO, YTO YacCTOTHBIC
3aBUCHUMOCTH TIPEICIIOB OIPAaHUUCHHOM
BBIHOCJIMBOCTH (O.1) M TIOPOTrOBBIX Ha-
npsbkeHni (Op) BTOPUYHBIX JIMTEHHBIX
QTFOMHHKEBBIX CIUIABOB B PacCMOT-
PEHHOM JIMaIa30He TEMITEPaTyp SKBH-
JIMCTAaHTHBI, PA3HOCTh 0.1 ¥ Opy B JiAaria-
3oHe yacror 0,3-18,0 x['1 Bemunza
MPAKTUYCCKH TOCTOSIHHASE (KOJICOaHMsI
He 6onee 10%). 310 1M03BOJISET IPEI-
JIOKUTh METOJL -~ OTPEHIENICHHST HU3KO-

YACTOTHBIX XapPAKTEPUCTUK MHOTOLIVIK-
JIOBOW YCTAJIOCTU TaKUX MaTEPUAJIOB C
HCIIOJIb30BAHUEM BBICOKMX 4YacTOT Ha-

TPYXKEHUS.

Pa3paboTaHHbIi METO/I Mpe/rioiaracT MPOBEACHHE CIICIYIOIIUX Orepalyii (prcy-
HOK 5): 1 —moaroroBka 00paslioB; 2 — M3MEPEHHUE MHUKPOTBEPIOCTH OOpasIoB 10 Ha

6. Harpysxenneo6pa3uos
Ha yactore 18 k'L

1. [MoarotoBka
o0pasiuoB

|

2. U3mepenue
mukpoTseprocti H |

3. HarpyxeHnue o06pa3uos,
yactoTa 0,3 k"1,
0a3a ucneiTanuii N

3. HarpyxeHnue o6pa3ios,
yacrora 18 kI,
0a3a ucneiTaHuii N

7. Onpenenenue

t
OrpaHUYEHHBIX NMPEACJICOB BEIHOCIUBOCTH, U_I (IS KrLl)

yactoTa Harpyxenus 18 k'

4. U3mepenue

mukpoTeeprocTi H

5. Onpenenenne moporoBbiX

HanpsKEeHU i
t
011 (0,3 )

5. OmpeneneHue NOPoOroBbIX \
HanpsKeH Uil
t

O (18 «T)

8. PacueT orpaHH4eHHBIX Mpe/esoB BHIHOCIAUBOCTH A1 yacToThl 0,3 k't

Pucynoxk 5 —IlociienoBare/ibHOCTh ONepalnuil IPH YCKOPEHHOM OIIPeieIeHHU
XaPAKTEPUCTHK YCTAJTOCTH 10 Pe3yIbTATAM BbICOKOYACTOTHOI'0 HATPY KEeHUs
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rpyxeHus; 3 —Harpyxenue oopasioB Ha Hu3kou (0,3kI 1) u Ha Beicoko# (18I 1) yacro-
Tax Ha 3aJJaHHOI Oa3e PKU HEOOXOIMMON TEMITEPAType UCTILITAHMIA; 4 —M3MEPEHHE MUK-
POTBEPIOCTH 0OPA3IIOB MMOCTIE HATPY)KEHHST; 5 —CpaBHEHHE Pe3y/IbTaTOB U3MEPEHHST MHK-
POTBEPIOCTH JI0 U TIOCIIC HATPY>KEHHSI, ONPE/Ie/ICHHE TOPOrOBBIX HAPSHKCHHI Ha HU3KOM

yactore (0,3x') O (03« 1 Ha BbICOKOH actote (18kI') o (8w » © —TIAPAILIENBHO

orepaiysaM 2 v 3 POM3BOIMTCS Harpy)KeHHe 00pa3IioB Ha Bbicokoi yactoTe (18I 1) Ha
33/IaHHBIX YPOBHSIX HANpPsDKEHUH C NATBHEUIIMM OIpPEIeTICHHEM BBICOKOYACTOTHBIX OT-
PaHUYCHHBIX MPE/IEIIOB BHIHOCIMBOCTH (Orepaiws 7); 8 —pacuer HU3KOYaCTOTHBIX Orpa-
HIYICHHBIX ITPEJIESIOB BEIHOCIMBOCTH 110 3aBUCHMOCTH (2).

t — t t t
U—l(O,SKFu) - Un (0,3kI') + (U—l(lSKFu) - an (18«I'w) ) . (2)

[Tpumep pacdeTa HU3KOYACTOTHOTO TIPEZeNia OTPAaHUYCHHON BEIHOCIIMBOCTH TIOKA-
3aH Ha pUCyHKe 6. BbIronHeHne yka3aHHbIX orepalyii pa3paOoTaHHBIM METOIOM IT03BO-
JISIET COKpaTUTh BpeMsi rpoBeieHus uccienopanuii B 10-15pa3 kak npr HOpMaIbHBIX TaK
¥ TIPH TTOBBIIIIEHHBIX TEMITEPaTypax.

Ga= 100 T T
20
MIIa O 1018 )
50 ]
20 LT “G-:ELS T}
—
_...--"""# _..a-"'"ﬁ

70 acee=] e 0

0 L [ &G .

G £U ,,.n--"'"'— | ] ‘ﬁ(_ 150
.u-""# A -+

i) fre"] ] g m

- | LA TI(18 o

150 »
50 RE .

e
‘___,....--'""'"F __,..-—"'" G 150
40 _ — — TI(18 T}
G2 L o
o 1] ...-*-""'"#—'
\ _,...--""""-'-#"
20
\ Gﬁ-u
10 :
.
10° 10° 10* f, T
G, =6, +Ac"™"

20 7
G =620+ Ac”

Pucynok 6 — Cxema pacyer npejesia OrpaHU4eHHOH BbIHOCIMBOCTH A1 ciiiaBa AK9M?2

OKCTIEpIMEHTATHLHOM TTPOBEPKOM PazpabOTaHHOTO METO/IA YCTAHOBJIEHA BHICOKAST
CTEIeHb CXOIMMOCTH €T0 PE3yJIBTaTOB C Pe3y/IbTaTaMU CTIBITAHNI Ha HI3KMX YacTOTaX.
Wx pasHocts He npepbiiiana 10-25%kak mpy HOpMaJIbHBIX, TAK U IPHU MOBBIIIEHHBIX (10
200°C) temneparypax (pucyHku 7 u 8).

OreHKa HEOIPeIENIEHHOCTH TIPOBOAMIIACH AIMITUPUIECKAM METOJIOM, TIPH 3TOM €e
BermmunHa gocturana 40%. beiio ycTaHOBIEHO, YTO OCHOBHOM BKJIAJ BHOCUT CPEIHEE
KBAJIPaTUIECKOE OTKJIOHEHHE TPEJIeNia BHIHOCIMBOCTH TMOTYYEHHOTO Ha OCHOBAaHWH FIC-
TIBITAaHUH Ha BRICOKOH vacToTe (18 kI 1), 4To BBI3BAIIO HEOOXOAMMOCTH COBEPIIICHCTBOBA-
HUST METOJMYECKOTO OOECTICUCHUsI TPEIJIOKEHHOTO METO/a C IIETIBI0 TIOBBIIICHHS €r0
TOYHOCTH.
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/ s}
(-T- «l . i)
) Il\(lf)r' y=-16.599Ln(x) + 298.02 MIla

R¥=0,9581 90
1 y=-13,812Ln(x) + 23833

80

FRN|

R'=0.9461 80 ,/
= y=-14,096Ln(x) + 238,64 HI:“—E:-_&
G0 2 AT 70
N NN R*=0,9699 g 7
3T TR >\ =l /:%r
I < N 60 = T
- ‘\ m| \\ __.———'"-j? 2
N3 e N - -::"::. —
20 N N >0 =
FAY SNgN
\\?\;
0 3,00E+02  1,00E+03 1,00E+04
1,00E+03 1.00E+06 1,00E+07 £ Tu
N, 1pKT.
1 —uactora Harpyxenust 18kl'n; 2 —vacrora 1-20¢; 2 - 200€
narpyxenus (0,3xI'm); 3 —nporaosupyemas Pucynok 8 — JKcrnepuMeHTaAIbHbIE (—)
HU3KOYAaCTOTHAd KpUBasl 10 pe3yjibTaTaM u HporH03npyeMbIe (_ R -) Hpeneﬂbl
BBICOKOYACTOTHBIX UCTIBITAHHHA BLIHOCAMBOCTH ci1aBa AKIM2

PucyHok 7 — Pe3yJbTaThbl yCTATOCTHBIX

NpH Pa3IHYHBIX TeMIepaTypax
ucnbiTannii cimiasa AK9M?2

B 4erBepToii I1aBe [T MOBBIIIEHUS TOYHOCTH pa3pabOTaHHOIO METO/IA OIpeIe-
JICHUSI XapaKTEPUCTUK YCTAIOCTH BTOPUYHBIX JIMTCHHBIX ATFOMHUHHEBBIX CILIABOB JKCIIC-
PUMEHTAIBHBIM TyTEM ObUTH yCTAHOBJICHBI 3aBUCHUMOCTH MEXKIy M3MEHEHHSMH Pe30-
HAHCHOM YacTOTHI KOJICOaHMH CUCTEMBI i OTHOCHTEIIHFHOTO YMCIIa IIMKJIOB HATPYyKECHHS.
AHanmm3 MOy4eHHBIX Pe3ybTaTOB TIOKa3all, YTO /IS JIMTSHHBIX ATFOMUHUEBBIX CILIABOB,
B OTJIMYHME OT JAe(OPMHUPYEMBIX, YCTOWYIMBOE CHIDKEHHE PE30HAHCHOM YacTOTHI KoJieOa-
Huit hrKcHpyercst npu MeHblmx Gazax Harpyxernst (N=1-16-5- 10 ko). Beuio ye-
TAHOBJICHO, YTO YCTAJIOCTHAS TPEIMIMHA JOCTHTAeT PasMEPOB COOTBETCTBYIOIINX YCTAIIO-
CTHOMY pazpyIIeHHIO MpY MajieHny 9acToThl ucnbitannii Ha 0,3-0,5 Yyt Hu3kovacTot-
Horo Harpyxenust (0,3 ), Ha 7-9% —y1st BeICOKOUacTOTHOTO Harpysxerus (18I ), uto
TIO3BOJIAJIO €TMHOOOPA3HO MOXOANTH K BEIOOPY MOMEHTA Pa3pyILIeHHS 00pa3iioB

KonTpomb noctmkerns He0OXOIMMOM CTETICHN TIOBPEKACHHS 00pA3IioB 0 OTHO-
CHUTEJbHOM IO YCTAIIOCTHOTO pa3pyILeHuUs Ha U3JI0Me JUIS Pa3HbIX 4acToT KoJeba-
HUI TTO3BOJIIT YMEHBIIINTH Pa30opoc pe3yIbTaToOB SKCIIEPUMEHTA, a IPOBE/ICHUE UCTIBITA-
HHI B aBTOKOJICOATEITEHOM PEXHUME 00ECTICUIIO BO3MOYKHOCTh 00JIee TOYHO OTPEIENISITh
110 MBMEHEHHUIO PE30HAHCHOM YacTOTHI KOJICOAaHH CUCTEMBI CTETICHb YCTATOCTHOIO TIO-
BPSKJICHNS MaTepraia o0pasiia.

JI71si TIOBBIIICHUST TOYHOCTH OTPEACISIEMbIX 3HAYCHHI TIPEIETIOB BHIHOCIMBOCTH
UCCIIeTyeMbIX MaTepuasioB, kak Ha Hu3kuX (0,3k[ 1), Tak ¥ Ha BLICOKHMX YacTOTax Harpy-
xenrs (18 xI'1), ObLT BBIIOJHEH pacyeT HalpsLKCHHO-IS(OPMHUPOBAHHOIO COCTOSHUS
00pa3IioB, B OCHOBY KOTOpPOTO TIOJIOKEHO OOIee ypaBHEHHE TEXHUYECKOH TEOpUH
cTepkHen. i yyera BIMSIHUS TTOJIATJIMBOCTH 33/IEJIKH, )KECTKOCTH NPUKOPHEBOIO y4a-
CTka 00pasla, CMEIICHUs OIACHOTO CEUEHUs OT 3afelKd Ha  HalpshKeHHO-
ne(hoOpMHUPOBAHHOE COCTOSTHIE 00Pa3IIoB ObLTM MPOBECHBI PACUETHI METOJIOM KOHEUHBIX
AJIEMEHTOB C TMOMOIIBI0 TpHkiIaaHoro makera ANSYS. Ha ocHoBaHMM HCCiieI0BaHMi
OBLIN TIOTy4YEHBI HOBBIE SKCIIEPUMEHTAIFHO-AHAMTHYECKHE 3aBICHMOCTH HAIPSDKEHHO-
T'O COCTOSTHMSI 00pa3LOB, HATPYKaeMbIX 3HAKOMIEPEMEHHBIM M3rMOOM IIpU BO30YKICHUH
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4epes 3aJIeNKy JJIs1 IEPBOi 1 BTOpoi (hopM COOCTBEHHBIX KOJICOAHHI, TIO3BOJISTFOIIIME OTT-
PEIeISITh HANPSDKEHKS B HEOOXOIMMOM CEUeHHH 00pasiia 1o ¢hopmyie:

O (X =X,) =W, [, Oy LA [O(X = X)), 3)

rae Ay — aMIUMTyaa KoseOaHuil CBOOOIHOTO KOHIA 00pasIa; o(X=X,) HAIpsDKeHHs, pac-
CUMTaHHBIC HA OCHOBAaHWM yYPABHEHUSI TEXHMUYECKOW TEOPHU CTEPIKHEH; 3 — KO3 hurm-
SHT YYUTHIBAIOIINI BIIMSTHUE TIOATIIMBOCTH 33CIKH; /i —KOI(PQUIMEHT YIUTHIBAIOIINIA
BIIVSIHUE YBEMYUCHUSI TUIOMIAM TIOTIEPEYHOTO CEYEHHUS TIEPEXOJHOTO ydacTka oOpasiia
(m1s BTOpO# (hopMBbI KoseOanvii Ko3duieHT ywi=1); wx — KO3(DOHUIMEHT YIUTHIBAIO-
M BIMSTHAE KECTKOCTH TIPHKOPHEBOTO ydyacTka oOpastia. [Ipu 3Tom ObII0 ycTaHOBIIe-
HO, YTO MONpaBOYHbIC KOA(POHUIMEHTHI MPUHUMAIK cleayronwe 3HadeHus: ys;=(0,94-
1,00),y1; =(1,00-1,06)y« =(0,90-0,99).

AHanm3 pe3ylbTaToB MCTIBITAHNHA MOAEIBHBIX 00Pa3IoB METOIOM TEH30METPUPO-
BaHUsI MIOKA3aJl MX a/IeKBATHOCTb TEOPETHUYECKUM JJAHHBIM, TIOTYYEHHBIM TO 3aBUCUMOCTH
(3). PasnocTh pe3ynbTaToB coctaBuia 3-5%.

dopma 1 pazMepbl KperieH!st 00pa3lioB ¢ KOHIICHTpaTopaMH KoJieOaHHil onpee-
JSUTACH TPeOOBAHUSIMI MUHUMM3AIMK PE30HAHCHO-KOJIEOMIOIIMXCS MacC BBHUIY OIpaHU-
YEHHOW MOIIHOCTH 3KCIEPUMEHTATIBHBIX YCTAHOBOK: Y CTAHOBJIEHO, YTO HCIOJIb30BaHUE
M3BECTHBIX KPEIUICHUI MPUBO/IHIIO JTMOO K HEZIOCTATOYHOM TOYHOCTH MO3ULIMOHUPOBAHUS
00pasifa, HU3KO! JOOPOTHOCTH CHCTEMBI, JTMOO OHU MOKA3bIBATM HI3KYIO HAJISKHOCTH B
AKCIUTyaTanuu. VX MCronb30BaHue A1l BTOPHYHBIX JIUTEHHBIX ATFOMUHHUEBBIX CIUIABOB
NPUBOJIUT K CYIIECTBEHHOMY YBEIMYCHUIO PACCESIHUS XaPAKTEPUCTUK COMPOTHBIICHUS
YCTAJIOCTH, YTO TIOBBIIIACT B 2-3pa3a JTUTSIBHOCT UCTIBITAHHI.

JI71sl TIOBBIIIICHHST HAISKHOCTH KPETUICHHsI 00pasiia Ha OCHOBAHHMM aHAIN3a CHII
JEHCTBYIOIIMX Ha €ro JIeTaan pa3paboTaHo u 3amateHToBaHo (mareHT Pb Ne 12691 )yct-
poiictBo KperuieHust (pucyHok 9), obGecrieun-
Baroliee CTaOMIbHOCTh KOIPQUIMEHTa TPEeHUs
NpH BO3JIEHUCTBUM BBICOKOYACTOTHBIX KoJeOa-
Hui (18 k['1) 3a cyeT MOBBIMICHHS CHITBI 3aTSDK-
ku. [IpemnokeHHass KOHCTPYKUMSI TO3BOJIMIIA
TIOBBICHTh TOYHOCTh TTO3MITOHAPOBAHUS 00-
paslia OTHOCUTENIHHO KOHIIEHTPATopa 3a CYeT
COOCHBIX TIpOpe3eil Ha XBOCTOBHKE KOHIIEHTpa-
topa 1 (pucyHoK 9) U NPIKMMHOW THIB3bI 4.
Pe3ynmbraTthl CpaBHUTENBHBIX WCTIBITAHUNA HA
yactoTe 18kl 11 mokazamu CHIKeHHe pacCcesHus
XapaKTEePUCTHUK COIPOTHBICHUS YCTATOCTH Ha
25-30%,4T0 MO3BOIO ITOBBICUTH TOYHOCTH U
JIOCTOBEPHOCTb MX ONpPEACNICHUs], CHI3UTh pac-
XOJ1 KICCIIETyeMbIX MaTepUasioB U TPYJOEMKOCTh

1 —koHuEeHTpaTop; 2 —obpazerr; 3 —audde- ”
peHIManpHas raifka; 4 —nprkuMHas runpza;  VCTIBITAHNHA.
5 —mpoxknanka; 6 —koHTpraiika Hcnons3oBanne Hp@IUIO)KeHHOﬁ KOHCT-

Pucynok 9 —VeTpolcTBO KPeIUIeHusl  pykiuy KpeIuleHus 00pasLioB U PacUeTHBIX 3a-

o0pa3ua A yCTAJOCTHBIX HCIIBITAHUH
NPH HATPYKEHHH 3HAKOIEePeMEHHbIM
U3rudoM Ha BBICOKHX 4aCcTOTAX

BUCUMOCTEH JUIS  ONpPEICIICHUS] HaIpsDKESHHO-
1ehOpMHUPOBAHHOTO COCTOSTHUSI OOpa3IoB TIO-
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3BOJIJIO YMEHBIIINTH HEONPEIENICHHOCTh HAXOXKICHUS TIpefieiia BHIHOCIMBOCTH BTOPUY-
HBIX JIMTEHHBIX AJFOMUHUEBBIX CIUIABOB MpesyiaraeMbiM MetofoMm o 20%. [pu 3tom
Pa3HOCTBh C pe3yJibTaTaMy MCTIBITaHHA, TOTyYeHHBIMI Ha HU3KOW 9acTOTOM HAarpy>KeHusl,
coctapysiia He 6osee 10%.

B msrroit riaBe mpeacTaBieHbl Pe3yIIbTaThl UCCIISIOBAHKS XapaKTEPUCTUK YCTAJIO-
CTU BTOPHYHBIX JINTEWHBIX ATFOMUHHEBBIX CIUIABOB C MCIIOIB30BAHMEM TPEIOKEHHOTO
metona. CokpariieHre BpeMEeHH Harpy)KeHHs: 0OpaslioB TO3BOJIJIO BBITIOJHHUTH 3HAYH-
TENIHbHBI 00BEM HCTBITAHUH, B XOZIC KOTOPHIX OMPEACICHO PAIMOHAIHHOE KOIMYECTBO
MPEIUTOKEHHOTO CIEIUAIMCTAMH 3allOPOYKCKOTO HAIIMOHATIBHOTO TEXHIMYECKOTO YHUBEP-
cutera (Ykpanna) padunrupyrome-momuduimpyromiero cocrasa (PMC), comeprkariero
Na,CO; — 25-40 %, SiC — 10-20 %, KCI — 10-15 %, Ti — 3;&8%-ocraisHoe (maTeHTt
VYxpaunet Ne 57584). TTokazano, uro Beenenue 0,06-0,08 ¥PMC obecnieunBaer cHU-
JKEHUE CPETHETO 3HAueHus mapameTpa (GopMbl HHTEpMETAUTHIOB A ¢ 5,8-6,75m0 3,94-
4,211,910 CrIOCOOCTBYET CMEIICHUIO KPUBBIX YCTAJIOCTU B 00J1acCTh 00Jiee BHICOKHMX Ha-
npspkeHnit (pucyHok 10)u, Kak Ci1e/ICTBUE, MOBBIIICHHE YCTATOCTHBIX XapaKTePUCTHK Ha
40-50 Y%Ha Bcex paccMaTpyBaEMbIX YAaCTOTAX HArpyKeHUs. Y CTaHOBJIEHO, YTO s o0ec-
HeYEHHsT CTAOMIILHOCTH YCTAJIOCTHBIX XapaKTePUCTHK (CHIDKeHHE He Oojiee yem Ha 10-
15 %)coneprkanue xene3a He J0/KHO npeBbiiarh 1,0-1,1 %.

& 40 §=-13.005L() + 279.8. Pesynbratel  nccnemoBaHUiA
Ml 2 R?=0.98 ObLIM arpoOUpOBaHbl NPH H3MOTOB-
ol - 1= 5 < 74,541 5
20 L[ y=-13.589L069 27434 T Y ONBITHOM MApTUX OTIIMBOK Jie-
S B SN X'~ ogig i 201-732000
] L -
100 LTSN ] y=-14287In(x) + 281 94| TICH PAJIAATODA AKCM
80 Ve SRS ﬁ%m\ ~. | R’=0,965 1 nopiHa 682B-2924028 ycnoBusix
< NI [ i
3 SRR \‘\}3‘5@&1\ OAO «bEJIHUWJIUT>» ¢ ucons3o-
Oy=-13.6030009 + 281,514 N 7“*%% e BaHUEM BTOPHYHBIX JIMTCHHBIX CILIA-
: R*=0.9985 s ol
40 B
y=-15838Ln(x) + 292,49 LT j ||| BOB AKOM2, AK8M3, An25,
20+ R'=09891 = AK5M4 npu miaBke KOTOPBIX J10-
NI, ~ . GaBsUCh  padMHUPYROILIEe-MOIH-
1,OOE+05 LOOE+06 " 1,00E+07 LOOE+08  (DUIIPYIOIIIE COCTABBI 3arIOPOKCKOTO
N, o,
HAlMOHAJIBHOTO TEXHUYECKOrO YHHU-
1 —6e3 o6padotku; 2 — 0,05%moaudukaropa; Bepcutera. IIpemaraemas TEXHOJO-

3 — 0,06%monuduxaropa; 4 — 0,07%moaudukaropa;

5 — 0,08%wmoaudukaropa; 6 — 0,09%monudukaropa T3 TIO3BOJIIIA CHUSHTD pacxoad yHU-

0
Pucynox 10 —Pe3ybTaThl yCTAT0CTHBIX BepcabHoro - moca ¢ 2,20% no
ucnpiTannii ciasa AKOM?2, BeInjIaBJIeHHOI0 0,05%o0T1 Macchl XKUIKON BaHHBI O€3
n3 JioMa (aJUOMHHHeBaﬂ Cpr)KKa) CHIDKCHISI KAUYCCTBCHHBIX IIOKA3aTc-

Jell OTVIMBOK. AHAJIOTMYHBIE PE3YJIb-

TaThl OBUTM TIOMYYEHBI B XOJC TPOBEACHUS OIMBITHO-TIPOMBIIUICHHON TJIABKU TApPTUH
amomuHreBoro criaBa AKSM2 B yureitnoMm miexe Ne3 PYTT «MT3».

Hcnonp3oBanne pa3pabOTaHHOTO METOJ[a YCKOPEHHOTO ONPEICTICHUSI XapaKTepy-

CTHK YCTAJIOCTH TIO3BOJIMJIO TIPEIJIOKHUTh PEKUMBI TEPMOLIMKINYECKON 00paboTku (ra-

tenT Pb Ne 12582) srirouarortieii TepMOLIMKIMPOBAHKE TTEPe/T 3aKATKOM, 3aKaIKy 1 CTa-

peHue MyTeM TepMOLIMKIMpoBaHus. Hcronb3oBaHue Takoil 00paboTKH, 00eCTIeUrsIo Io-

BBIIICHNE YCTAJIOCTHBIX XapakTepucTHk ciuiaBoB AKOM2 u AK8MS3 B 1,4-1,5paza (pu-

cyHok 11)10 cpaBHEHHIO CO CTaHIAPTHOM TepMooOpadoTkoi T5. PazpaboTaHHbIe pexxu-

MBI TEPMOIMKIIMUECKON 00pabOTKU BTOPHUYHBIX CIUIABOB CIIOCOOCTBYIOT OOJiee paBHO-
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MEPHOMY pacHpeeNeHNI0 TEPMUUECKUX HAMpPSHKEHUN W IPOOJICHUIO JKeNe30Ccoepka-
mmx a3, npexae Beero, Al3Fe CHimkeHne cpeHero 3HaueHUs mapamerpa (GopMbl UH-
tepMeTautaoB A ¢ 3,94-4,2110 2,73-3,21) DpdheKTHBHOCTD TEPMOLMKINIECKON 00pa-
0otk ObUTa ompoOoBaHa B Mpou3BOACTBEHHBIX ycioBusix OAO «bEJIHUWIINT» Ha
amomuHeBbIX crtaBax AK9, AKOM2, AK8M3, AJI25, AKSM4. Vicnionb3oBanue Tep-
MOITUKJTYECKON 00pabOTKHU TIO3BOJIMIIO TIOBBICHTh YCTAJIOCTHBIE XapaKTepucTuku B 1,3-
1,4 pa3a. Ha stom e npeanpustiy ObUia M3TOTOBJIEHA ONBITHAS MAPTUS AETAIN KPOH-
mreitH menamm Topmo3noi (TY BY 100354059.091-201%)3 amoMHUHHEBOTO CIUiaBa

©, Mla T AK9M2, noimydeHHOTO ¢ MCTIOJIb30Ba-
LU EY y =-13,465Ln(x) + 325,13
ST 22— 0095 HHEM BTOPHYHOTO ChIPbs. BBLIO ycTa-
130 1 — _
s NN y— 14539Lucx) + 3342 HOBJICHO, HTO TPHMEHEHHE pa3pa60v
110 = ::_,\\ D T TAHHBIX PEKUMOB TEPMOLMKIHICSCKON
o \k\\}} 00pabOTKH TIO3BOJIAIIO TIOBBICHUTH TIpe-
B N R T -200 -
'y =-14.667Ln(x) + 31947 \-\\;\\ | nen npoyHocty Ha 15-20%, ke
0 R® =0,9944 N = CKYIO JIoiroBedHOCTh —Ha 40-50%.
[
50 Ly =-14,726Ln(x) + 311,09 nSui PazpabotaHHble peXUMBI TEp-
. R’ =0,993 i MOIMKIIYECKON 00pabOTKK OBLIH OIf-
DU I

1,00E+03 1,00E+06G 1,00E+07  1.00E+08  1.00E+09 p060BaHBI Ha npemnpustin  OAO

N, KT «M » _
1-1,0 % Fe 45; 2 - 1,3 % Fe ¥5; otop Cuw» (Vipauta) s Msro

3-1,5% Fe 45; 4 — 1,5 % Fe +epmouniimue- oo o OHBITHOM TIAPTHH ZICTANICH K

cKast 06paboTKa JIBUTATEIISIM MOTOPHBIX JIOJIOK W OCH-

Pucynok 11— Pe3yJbTaThl yCTaJ0CTHBIX 30011, PAOOTAOIIMX B YCIOBHSIX CTa-
ucnpiTanuid Ha yacrore 18 k' cntasa AKOM2  Tygeckoro M JMHAMHUYECKOTO Harpy-
C PAa3/IMYHBIM COACPKAHHUEM Kej1e3a JK€HMS, U3rOTOBJICHHBIX W3 aJIIOMU-

M pasHHON TepMoodpadoTKoi HHUCBLIX CIUIABOB, C COACPKAHHEM B

nmxte 0 S50% BTOPUYHOTO CHIPHS.
DKCIIeprMeHTATbHAs TIPOBEPKA MOKa3ajia, YTo TI0 MEXaHHMYECKUM U 3KCILTyaTalliOHHBIM
CBOWCTBAM OHM HE YCTYTAIOT JETAJIsIM, W3TOTOBJICHHBIM W3 TIEPBHUYHBIX CIUIaBOB. c-
TMOJIb30BAHUE BTOPUYHOTO CHIPHsI MO3BOJIMIIO CHU3HUTH CEOECTOMMOCTh STUX JCTallel Ha

15-20%.
3AK/IIOYEHUE

OcHOBHBIE HAYYHbIE Pe3yJIbTAThI JUCCEPTALIMI

1. B pesynbrare sKCIIEpUMEHTATIBHBIX UCCIEIOBAHUI BIMSHHS YaCTOThI HArpyxkKe-
HUS Ha XapaKTEPUCTUKU YCTAIOCTH U (DPMBUKO-MEXAaHMYECKHUE CBOMCTBA PA3IMYHBIX ATIO-
MUHHUEBBIX CIUIABOB YCTAHOBJICHO, YTO M3MEHEHUE YaCTOThI 3HAKOMEPEMEHHbIX Kojeha-
Huii ¢ 0,3 71018 kI 11 mpuBOMT K POCTY MPEIETIOB OIPaHUUEHHOM BRIHOCIMBOCTH B 1,5-2,5
pa3a. AHalM3 YaCTOTHBIX 3aBHCUMOCTEH XapaKTEPUCTUK YCTAIOCTH U (PU3UKO-
MEXAHUYECKUX CBOMCTB TAaKMX MATEPHUAJIOB MO3BOJIAJT YCTAHOBUTH MX KAYECTBEHHO OfW-
HAKOBbIM XapakTep, a Pa3HOCTh MPEENIOB ONPAHUUEHHON BBIHOCIMBOCTH U TOPOTOBBIX
HANPSDKCHU B UCCIICZIOBAHHOM JTMAria30HE YacTOT BEJIMYMHA TOCTOSHHAsS (KoJieOaHusI
menee 10%). [ToBbimienrie Temreparypsl uctbitanuii (1o 200T) npuBoamiio K CHibKe-
HUIO XapaKTepuCTUK yctanoctu B 1,1-1,6pa3a 6e3 u3MeHeHus1 XapakTepa 4YaCcTOTHBIX 3a-
BUCHUMOCTEH IpeIeNioB OrPaHNUEHHON BRIHOCIMBOCTH, TIOPOTOBBIX HANPSLKEHUH U (HU3u-
KO-MEXaHHUYECKHX CBOMCTB TaKWX MAaTepUasioB, YTO TO3BOJIMJIO YCTAHOBHUTH EIMHCTBO
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MEXaHU3MOB HAKOIUICHHUS YCTAJIOCTHOM MTOBPEKIAEMOCTH MCCIIEIOBAHHBIX MAaTEPHAJIOB B
yKa3aHHOM JIMaIia30He 4yacToT U TeMneparyp [2, 8, 14, 15, 16, 18, 20, 21].

2. B pe3ynbprare TEOpETHUECKHMX WCCIENOBAHUNA TPUOMKEHHON, MOIU(UIIpO-
BaHHOW C YYeTOM BIMSHHS TeMrieparypbl Moaenu Kemepa, ycTaHOBIeHa 3aBUCHMOCTb
KPUTUYECKUX HANPsDKEHUH Hadasla pa3BUTHS MPOIIECCa YCTATOCTHOTO Pa3pyILCHHS aTko-
MHHHEBBIX CIUIABOB OT aMILTUTYHO-YaCTOTHBIX MapaMeTpOB KOIeOaHMiA ¢ yIeTOM BIIHS-
aust Temrepatypbl (20-200€) Ha yrpyroe B3auMOJICHCTBIE TIPUMECeii 3aMEIICHHS C JTHC-
nokarmsivi. Ee rpaduueckuii aHanm3 ToKasai, 4To ¢ pocToM 4actoThl konebanuit (0,3-
18 k['mr) kpuTHUECKHE HanpspKeHus Bo3pacTaroT Ha 15%wu Goree, a TIOBBIIICHHE TEMITE-
paTypbl IPUBOIUT K MIX CHIDKEHHIO BO BCEM JIAIIa30HE YacTOT 0€3 M3MEHEHMS XapaKTepa
3aBHICUMOCTH, YTO TIO3BOJIHJIO TIPEJIOKUTH METOIWKY OMPENENICHHUs] HA3KOYaCTOTHBIX
XapAKTEPUCTHK YCTAJIOCTH TI0 PE3yJIbTaTaM BhICOKOUACTOTHBIX MCHBITAHHUN B YKa3aHHOM
Jaria30He TEMITEpaTyp ¢ 0OECTICUeHNEM COKPAITICHHST BPEMEHH MPOBEICHUS UCTIHITAHUIA
B 10-15pa3 [1, 3, 4, 5, 17, 19].

3. Ha ocHOBaHMM pacuera HanpspKEHHO-IE(POPMUPOBAHHOTO COCTOSTHHST KOHCOITh-
HO 3aKPEIICHHBIX Harpy’KaeMbIX 3HAKOIIEPEMEHHBIM M3THOOM Ha ITEPBOI U BTOPOH (op-
Max KoJIeOaHi ¢ BO3OYKICHHEM uepes3 3aeNKy 00pa3IoB JJisi UCTIHITAHNI YCTAaHOBJICHBI
Y OKCTICPUMEHTAIILHO TIOITBEPKICHBI aHATUTUUECKIE 3aBUCUMOCTH HATIPSHKEHUH, IHCT-
BYIOIIMX B Pa3fIMIHBIX CEYCHUSX OOPA3IOB OT aMIUIMTY/Ibl KOJICOaHHIA, YUUTHIBAOIINE
(HBUKO-MEXaHIMIECKHE CBOMCTBA BTOPHYHBIX ATFOMUHMEBBIX CIIABOB M TEOMETPUYUCCKIEC
mapaMeTpbl 00pasIoB. DKCIIEPHUMEHTATIHHAS MPOBEPKA HA MOJIEITBHBIX 00pa3iiax MeTo/ia-
MH TEH30METPHUPOBaHUs MOKa3ana pazoexky 3-5% c pe3ynbraramu, MOMy4YEeHHBIMHU C UC-
TIOJTE30BaHHUEM TIOTYYEHHOM 3aBUCUMOCTH. B pe3yrbTare 3KCepuMEeHTAIBHBIX HCCIIEI0-
BaHW BIMSTHUSI OTHOCUTEJIHFHOTO YHCIIA IMKIIOB HArPYKEHHS Ha N3MEHEHHUE PE30HAHCHOM
YaCTOThI KOJICOAHUH CUCTEMBI OBIIO. YCTAHOBJICHO, YTO YCTAJIOCTHASI TPEIIMHA JOCTUTAeT
Pa3MeEpPOB COOTBETCTBYIOIIUX YCTAIOCTHOMY Pa3pYILICHUIO TIPH TAJCHUN YaCTOThI HUCIIBI-
tanuii Ha 0,3-0,5 %11 HuskouactotHOro Harpy»xkenws (0,3I), Ha 7-9% —mjist BEICOKO-
yacToTHOrO Harpyxenus (18I'1r), 4To Mo3BOMIIO €MMHOOOPA3HO MOAXOIHUTH K BBIOOPY
MOMEHTa pa3pyliieHus oopasiios [1, 3, 7, 11, 13, 18].

4. Ha ocHOBaHHM PacueTHO-aHATMTIYECKUX MUCCIICTIOBAHMI CHJI, ISHCTBYIOIINX Ha
Pa3MYHBIX yYacTKaX XBOCTOBHKA 0Opaslia /I MCTBITaHUA, U3TOTOBICHHOTO W3 UCCIIe-
JIOBaHHBIX MATEPHAIIOB, IIPY HATPY>KEHUH 3HAKOTIEPEMEHHBIM U3THOOM Ha BBICOKUX Yac-
totax (18 kI 1), yCTaHOBJIEHO, YTO aMIUTUTY/IHbIC 3HAYCHHS 3HAKOIICPEMEHHBIX CHJI MO-
ryt gocturarsk 1,0-2,0xH, 9ro Be3BaIO HEOOXOMMOCTH Pa3pabOTKH KOHCTPYKIMN KpeET-
JICHVST OOPA3IIOB MMO3BOJIMBIIECH TIOBBICUTH €€ HA/ISKHOCTD 3a CUET YBEIIMUYCHUS JUaMETpa
PE3BOBI, a TaKKE OOCCTICUMBIIICH 33 CYET MOBBIIIIEHNS] TOYHOCTH TIO3UITMOHUPOBAHUSI 00-
paztia i UCTIBITAHUHA OTHOCHTEIILHO KOHIICHTPATOPa-BOJIHOBOA CHIDKEHHE. PAcCcEenBa-
HUS pe3ysbTaToB uctibitanuii Ha 20-30%0;HeonpeaeneHHOCTH Pe3yIbTaToOB HCTBITaH i C
40 no 20%;pazHoCTH C pe3ybTaTaMy UCCIESIOBAHNM Ha HU3KOM YacTOTE HArPY>KEHUS JI0
10%; HeoOXoqMMOro yrciia 00paslioB Ui OMPECSICHUs TIPEACIOB OrPaHMYEHHON BbI-
HOCJIMBOCTH B 2-3paza [12, 23].

5. Ha ocHOBaHMM pe3yNbTaTOB AKCIEPUMEHTATLHON MPOBEPKH PazpabOTaHHOTO
METO/Ia YCKOPEHHOTO OTPEIENICHHsI YCTAIOCTHBIX XapaKTePUCTHK YCTAHOBJICHO, YTO TSI
BTOPUYHBIX JIMTEHHBIX aFOMUHKMEBBIX ciiaBoB AKOM2, AK8M3 parroHaibHOE KOJU-
4ecTBO paduHUpYrolie-Moaubuimpyrommx 1o6aBok coctasiser 0,06-0,08 %oa komye-

15



CTBO KeJe3a B TaKMX Marepuajiax He MopKHO npesbimath 1,0-1,1% Camkenne cpeanaero
3HAYEHHMS TapameTpa (GOpMbl HHTEPMETAIUIHIOB UCCIIeyeMbIX MaTepualioB A (¢ 5,8-6,75
1o 3,94-4,21 pbecniednio OBBIIICHHE YCTAIOCTHBIX XapakteprcTrk Ha 40-50 % Pa3pa-
OOTaHbI PEKUMBI TEPMOITUKIMIECKON 0OpaOOTKH, OOECTICUMBAIOIINE JTOTIOTHUTEITLHOS
TIOBBIIIICHUE YCTAJIOCTHOW JIOJTOBEYHOCTH HCCIICZOBaHHBIX MatepuaiioB (AK9M2,
AK8M3) B 1,4-1,5pa3 3a cueT paBHOMEPHOTO PaCIpe/IC/ICHUSI TEPMUIECKUX HAIPSHKCHHUIM
¥ JpoOIIeHns xKere3oconepkanmx ¢as, npexie Becero AlsFe CHwkenue cpemrero 3Have-
Hus1 TapaMetpa Gopmbl uHTEpMETALTHIOB A ¢ 3,94-4,21n0 2,73-3,21)IloBbImcHue Xa-
PaKTepUCTHK ycTanocTr Obuto odecriedeHo kak mpu 20T, tak u npu 200€C [6, 9, 10, 22].

PexomeHganmm 1o NpakKTU4eCKOMY MCIIOJIBL30BAHMIO Pe3yJIbTATOB

MeTton yCKOPEHHOTO ONPEEICHNs] XapaKTEPUCTHK YCTAIOCTH JIMTEHHBIX aTFOMH-
HreBbIX cruiaBoB (MITITY 0911/01 — 2011)crpoiicTBO KperuieHuss o0pasiia K KOHIICH-
TpaToOpy MPH BEICOKOYACTOTHBIX HCIbITaHMSX (ateHT Pb Ne 12691)yTouHeHHbIi pacuer
HANpsDKEHUI B OMACHOM CEYEHHH IS PA3IMYHbIX (OpPM COOCTBEHHBIX KOJeOaHUil 00-
PasIoB, UCTIONB30BAHIE 3aBUCHMOCTH Hadalla pa3BUTHS IPOIIEcca YCTaJIOCTHOTO paspy-
IICHUS C TIAJICHUEM YacTOThl KOJIeOaTeNIbHOM CUCTEMBbI OOECTICUMBAIOT MPOBECHHE HC-
IBITAHUH B YCIOBUSX pa3nuHbIxX Temiepatyp (20-200€) ¢ skoHoMHuei MaTepraibHbIX U
TPYJOBBIX PECYPCOB MPHU MPOBEACHUN TAKUX MCCIACIOBAHUI 32 CYET CHMXKEHUS! BPEMEHH
npoBeieHus ucnbiTanuii B 10-15pa3, 4o noaTrBepykaaeTCcsi akToM O MPAKTHUIECKOM HC-
nosb30BaHuu. Mcnonb30Banne pa3paboTaHHOIO METOJIa YCKOPEHHOTO ONpezesieHHs Xa-
PaKTEPUCTUK YCTAJIOCTH TMO3BOJIMJIO YCTAHOBUTH PALMOHAILHOE KOJIWYECTBO paduHU-
pyroiie-MoAUMUIMPYIONHX J00aBOK M MOA00PATh PEKUMBI TEPMOLIMKIMUYECKON 00pa-
ootku (matent Pb Ne 12582),00ecrieuuBIige MOBBIIICHHE YCTATOCTHBIX XapaKTEPUCTHK
BTOPUYHBIX JINTEWHBIX ATIOMUHHEBBIX CIJIABOB. JTO TMO3BOJIJIO OCYIIECTBUTH 3aMEHY
NIEPBUYHBIX CIUIABOB BTOPUYHBIMHU /IS M3TOTOBJICHHS JETajlell MallH paboTaolyX B
YCIIOBUSIX IIUKJIMYECKOTO HATPYKEHUs, YTO MOATBEP)KACHO MPOBEICHUEM Psi/Ia OIBITHO-
NPOMBIIIIEHHBIX IUIABOK B YCHOBUAX MMHCKOTO TPakTOPHOTO MU MHHCKOIO MOTOPHOIO
3aBOJIOB, onbITHOTO Tipou3BojicTBa YII «Muctutryr BEJIHUJINT>, 3anopoxckoro 3a-
Bofa «Motop Cru» C. BBIITyCKOM OIBITHOW MapThu u3nemii «Paguarop», dlopmens».
PazpaboTaHpl TEXHWYECKHUE YCJIOBUSI HA 3aroTOBKY KPOHIITEHHA MeAaid TOPMO3HOM
(TY BY 100354059.091-2011) opranuszoBan Ha orbITHOM pon3Boactee Y11 «HcTH-
TyT BEJITHUWNJINT>» BbITyCK ONBITHOW MApTUU JICTAJIEH U3 BTOPUYHBIX JIMTEMHBIX AJIkO-
MUHHEBBIX CIUIAaBOB C TOBBIIIEHHBIMU MEXAaHMYECKUMHU XapakTepucTukamu. Mcrnosmb3o-
BaHWE IIPY U3rOTOBJICHUU TAKUX JIETAJIC BTOPUYHOTO ChIPhsI TIO3BOJIMIIO CHU3UTH cebe-
crouMocTb ux u3rotosnenus Ha 10-20%.

HcnpiTarensHoe 000py10BaHKE, 00ECIIEUNBAIOIIIEE CHIKEHUE HEONPEIeTIEHHOCTH
PE3YyNbTAaTOB HCCIEA0BAHMI, UCTIONB3YETCS [Tl ONpEIeIeHNs] XapaKTEePUCTUK YCTAIOCTH
IIMPOKON HOMEHKJIATYphI CIUIaBOB, a Takxke B yueOHoM mporiecce BI'TY. Pacuer namps-
KEHHO-/Ie()OPMUPOBAHHOTO COCTOSIHMSL IUIOCKHX OalOYHBIX OOpaslioB HArpy’aeMbIX
3HAKOIIEPEMEHHBIM U3THOOM IO aMIUTUTY/IE KOJICOaHHU ero XapaKTePHBIX TOUYEK, YUUThI-
BAIOLIMI >KECTKOCTh MPUKOPHEBOTO yJYacTka 00pasilia U MOAATIMBOCTh 33/ICNIKH, pacuer
YCWJIMM IEUCTBYIOIIMX HA JETAIM COEIMHEHUN, HAXOIAIIMXCS IO/ BO3IEUCTBUEM 3HAKO-
MIEPEMEHHOI'0 HAarpy»KeHHsl, METOJIOM KOHEUHBIX AJIEMEHTOB BHEAPEHBI B Y4EOHBII Mpo-
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necc Ha Kadenpe «/leramu mamms u [ITY» BI'TY a1 npoBeaeHus NpakTHYECKUX 3aHs-
THI TI0 Kypcy «JleTaiy MalH».

Pe3ynbrarsl paboThI LIEecO00pa3HO UCHOIB30BaTh HA NPEINPUSTHSIX U B OpraHu-
3alUsIX, 3aHUMAIOIIMXCS pa3pabOTKON aTFOMUHUEBBIX U JPYTUX CIUIABOB LIBETHBIX Me-
TAJUIOB, NPUMEHSEMBIX IJIs1 U3TOTOBJIECHUS JETale MallvH, paboTaloUMX B YCIOBUSIX
LMKJIMYECKUX HArPYy30K IMPOKOIO TUAIa30Ha YacTOT IPY HOPMAIBHBIX U TOBBIIIICHHBIX
TEMIIEPATYpax.
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PO3IOMD
Baaxin Aaskceil YaaazimipaBiu

HaBykoBae 3a0ecnsiydHHEe MeTA/y MACKOPAHATAa BbI3HAYIHHSA XaPAKTAPbICTHIK
CTOMJIEHACH] IPYracHbIX JIIEeHbIX AJTIOMiHIeBbIX CIJIaBay JJIsl I3TAJSY MallbIH,
SIKisl MPanylob Ba yMOBAX IBIKJIiYHATa HATPYKIHHSA

KuouaBbisi cJioBa: MeTa bl pa3iiKy, CTOMJICHACHBIS BBITPAOOYBaHHI, [IBIKJIIYHBIS
XBaJIIBaHHI, y30p IS BBITPAOOYBaHHS, aIOMIHICBBI CIUIay, MsDKa BBIHOCIIBACII,
JacraTa, TAMIepaTypa.

MbTa mpamnpel: pacrnpaioyka MeToy nackopaHara (3a KOIIT MaBbIUTIHHS 4aCTaThl
HArpYXKOHHS) BBI3HAUIHHS XapAKTAPBICTHIK CTOMIICHACI JPYTacHBIX aJFOMIHIEBBIX
CIUIaBay, BBIKAPHICTABAEMBIX MPH BbIpaOe JITASTy MAIlbIH, KIS MPaIyolh Ba YMOBaX
LBIKJIIYHATa HAIPYXKOHHS [IPhI HAPMAaJIbHBIX | MaBBIIAHLIX TOMIepaTypax (20-200°C).

MeTaapl JaciiefaBaHHsl | amaparypa. CydYacHbIMI. MeTanami BBIKOHBAJIICS
CTOMJICHACHBIS BBIITPAOOYBaHHI JIIIEHHBIX aJIOMIHICBBIX CIUIABAY Yy JbISAIAa30HE 4acTOT
0,3-18,0 kI'u, mper Tamueparypsl 20-200 °C | mpasopginics macinenasanni ix Qisika-
MEXaHIYHBIX XapaKTapbICTBIK. MeTajiaM KaHEYHBIX JJIEMEHTAY JaciiefaBaycs Harpyxa-
Ha-71P(dapMaBaHbl CTaH y30pay Ui BITPaOOYBaHHSY. Pa3ilikoBbIM MeTa/iaM BhI3HAUYAIA-
Csl YaCTOTHAS 3aJICXKHACIh KPBITBIYHBIX HANpyKaHHAY MMa4aTKy MpandCcy CTOMJICHacHara
pa3OypIHHS MaTIPhIsIAY.

HaBykoBasi HaBi3HAa aTPpLIMaHBIX BBIHIKAY: paciipaliaBaHa METOJIbIKa MacKopa-
Hara BBI3HAYSHHS XapaKTapbICTBIK CTOMJICHACI  JaciieZlaBaHbIX MaTIPbIIAY, sKas
aIpo3HiBaeNia YilikaM yIublBy ToMIeparypaara (akrapy ¥ apisamnazone 20-200°C. Ipa-
NaHaBaHbl SKCIIEPbIMEHTAIbHA-AHAI TBIYHBIS 3aJC)KHACII BBI3HAUDHHS HANpyKaHa-
mdapmaBaHara cTaHy y3opay, sSkis Mpamyrolb Ba YyMOBax IBIKJIIYHAra HampyXaHHS |
Ja3BaJISIFOIb MTABBICI b JIAKJIAHACIb BEI3HAUIHHS HANPYKAHHIY Y HEOACIICUHBIM CSIYdHHI
y3opay. Ha majgcraBe pasiiky HampyskaHara CTaHy J9Talsay pa3bOoBara 3aydsHHS y30pa 3
KaHI[PHTpaTapaM XBaJISBaHHSAY paclipallaBaHa W 3alaTdPHTaBaHa KaHCTPYKIIBIS MallaBaH-
Hs, sKas 3a0scredBae ‘crablibHacih Kad(]ilmieHTa TPIHHS 3a KOIIT MAaBBIMISHHS ClJIbl
3albDKKI TPl y3/M3€sHHI  BBICOKAYACTOTHBIX  BIOpalplii. BbikappicTaHe raTail
KaHCTPYKIIIl 1a3BOMiIa 3HI3IIb HAMDYHACI BBIHIKAY BBI3HAYIHHS MSXKbI BBHIHOCIIBACIII
pacrmpanaBaHaii METOJbIKall BBIIIPAOOYBaHHSY. 3 BBIKAPHICTAHHEM METOJBIKI IparHasa-
BaHHS YIEPIIBIHIO aTpPhIMaHbl XapaKTaPbICTHIKI CTOMIJICHACI ¥ JBIANIA30HE TIMIICPATYP
20-200°C mepumiacHbIX i APYracHbIX JiLEHHBIX AlOMIiHIEBBIX cIulaBay. PacrnpanaBaHsl i
3alaTPHTABaHbl METaJ] TMaBBIIIDHHS CTOMJICHACHBIX XapaKTapbhICTBIK JPYTacHbBIX
JITIEHHBIX - ATIOMIHICBBIX CILIaBay, SKi 3akiodaeiia Yy MpaBsa3¢HHI TIPMAIbIKIIYHAMH
ampaloyki mepaj 3arapToykai | mpsl CTapIHHI.

CtyneHb BBIKAPBICTAHHS. BBIHIKI JacieaBaHHAy ObUTl ampaOaBaHbl ¥ BBITBOP-
ypix yMoBax AAT «bEJIHIIJIIT» (Pacmy6nika benapycs) i AAT «Motop Cuu» (Ykpaina).

lanina mnpeIMsIHEHHS. BBIHIKI TIpambl MOTYIb OBIb BBIKAPBICTAHBI IS
pacrpanoyki amoMiHICBBIX CIUIaBay, MPBLAATHBIX Ui BBIpAOy IITAISAy MAIlblH, SKis
HpaIyIolb Ba YMOBaX IBIKIIUHBIX HAIPY3aK IIBIPOKAra JbIAMa30Hy YaCTOT MPhI MaBbIIIIa-
HBIX TAMIIEpATypax.
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PE3IOME
baoxun Anekceit Biagumuposuu

MeToauKa YCKOPEHHOT0 MPOTrHO3MPOBAHMS XaPAKTEPUCTHK YCTAJOCTH BTOPHYHBIX
JIUTEHHBIX AJIOMUHUEBBIX CIJIABOB IS IeTajieil MAallluH, pa00TAIOIIUX B YCJIOBHAX
HMKJINYECKOT0 HATPYKeHU S

KiroueBple c0Ba: METOAMKHM pacyueTa, YCTAJOCTHBIE HCIBITAaHUS, IUKINYECKUE
KOJIeOaHHS, HATIPSDKEHHMS, 4acTOTA.

Llens paboThI: pa3paboTka METOAMKU M UCIIBITATEILHOTO 000pYIOBaHUS Al TIPO-
THO3MPOBAHUS XapaKTEPUCTHK YCTAJIOCTH BTOPUYHBIX JTUTEHHBIX aTFOMUHUEBBIX CIUIABOB
UCTIOIB3yEMbIX MPU M3TOTOBICHUH JETaNCi MalliH padOTAIOMUX B YCAOBHUAX UKINYE-
CKOT'0 Harpy>KeHUsI TPH HOPMAJIBHBIX U MOBBIIIEHHBIX Temieparypax (20-300C).

Meroapl HWccleqOBaHUS W ammapaTypa: pacdeThl  HaNpsSKEHHO-IeQopMu-
POBAaHHOTO COCTOSTHHSI 00pa3IoB, pabOTAIONINX B YCIOBHUIX 3HAKONEPEMEHHOTO M3ruoa,
HANpPSHKEHHOTO COCTOSIHHSA JIeTalel pe3bOOBOr0 COEAMHEHUs 00pasla ¢ KOHIIEHTPATO-
POM KoJieOaHUI ¥ YaCTOTHOM 3aBUCUMOCTH KPUTHYECKUX HAIPsHKECHUI Havasa mporecca
YCTaJIOCTHOTO pa3pyIIeHUs] MaTepHajoB. BBINONIHAINCH YCTAaJOCTHBIC HCIIBITAHUS JIH-
TEHHBIX ATIFOMHUHHUEBBIX CIUIaBOB B quamnaszoHe vactor 0,3-18,0x['m mpum Temmeparypax
20...300C u mpoBOaMIKCH UCCIEAOBAHUS UX (PU3HUKO-MEXaHUYECKUX XapaKTEPUCTUK C
UCIIOJIb30BaHUEM COBPEMEHHOH ammapaTypbl JUIS PerHeTpalud U o0pabOTKU SKCIepu-
MEHTAJIbHBIX JaHHBIX.

Hayynasi HOBI3HA NOJTyYeHHBIX Pe3y/IbTATOB. SKCIIEPUMEHTATbHO-aHAINTHIECKHE 3a-
BUCHMOCTHU ONpEAETICHNs HaNpsLKeHHO-Ae(OPMUPOBAHHOTO COCTOSIHUA 00pasLoB, pado-
TAIOIIMX B YCIOBHAX IMKJINYECKOTO HArpy>KEHHs, MO3BOJISIOIINE TOBBICUTH TOYHOCTH
OTIpesiesieHns HANpsHKEHWH B OMACHOM CEYeHHH 00pa3inoB. BrimonmHeH pacder Hamps-
KEHHOTO COCTOSIHHSI JIeTaneil pe3b0oBOro coennHeHus: o0pasia ¢ KOHIIEHTPATOpOM KO-
neGaHNi, yIUTHIBAIONINH 1eHCTBHE 3HAKOTIEPEMEHHBIX HAarpy30K. 3aaTeHTOBaHA KOHCT-
PYKLUS KperuleHus!, o0ecTiednBaroias cTabMIbHOCTh KO PHUINEHTa TPEHHUS MpPU BO3-
NeMCTBUM BBICOKOYACTOTHBIX BHOpAIHii, TO3BOJISIONIAS] MOBBICUTH TOYHOCTH PE3yJbTa-
TOB HCIIBITaHM. Pa3paboTaHa MeToMKa YyCKOPEHHOTO ONpEACICHUsI XapaKTepUCTHK ycC-
TAJIOCTH UCCIETYeMBIX MAaTepHajoB, OTIMYAIOIIANCS yYETOM BIHSHUS TEMIIEPAaTypHOTO
¢dakTopa W TMO3BOJAIONMAs MPOTHO3WPOBATH XAPAKTEPUCTUKU YCTAJIOCTH B JMANa30HE
temnepatyp 20...200C. C ucnonp3oBaHHEM METOIWKU MPOTHO3WPOBAHUS BIEPBBIE I10-
Jy4eHBbl XapaKTePUCTUKHU ycTalocTH B auamnazone temiepatyp 20...200C nepBUYHBIX U
BTOPUYHBIX JINTCHHBIX aIFOMUHHMEBBIX CIIIaBOB. Pa3paboTaH M 3amaTeHTOBaH METOX IO-
BBIIIECHHUS YCTATIOCTHBIX XapaKTEPUCTHK BTOPUYHBIX JIUTEHHBIX aJTIOMUHHEBBIX CILJIABOB,
3aKJIIOYAIOLINICS B MPOBEJICHUN TEPMOIMKINYECKOH 00pabOTKHU mepes 3aKalKoi U Ipu
CTapeHUHU.

CreneHb MCNOJIb30BAHUSA: PE3YIbTATHl MCCIEIOBAHUN EI€CO00Pa3HO HCIIOIb-
30BaTh LIS OTIPEACTICHHS XapaKTEPUCTUK COMPOTUBIICHUS YCTAIOCTH JUTEHHBIX aTIOMU-
HHEBBIX CIIJIaBOB.

OfsacTh MPUMEHEHMS. PE3yNbTaThl pabOThl MOTYT OBITH HCIIOJNB30BaHBI IS
pa3pabOTKH aFOMUHUEBBIX CIUIABOB, MPUMEHSIEMBIX JUIsI M3TOTOBICHUS JETajIei MalluH,
paboTaroMmuX B YCIOBUAX IUKINYECKUX HArPY30K IUPOKOTO JUAra3oHa 4acTOT HpH I0-
BBILICHHBIX TEMIIepaTypax
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SUMMARY
Blokhin Aleksei V.

Scientific support of the method for accelerated fague characteristics test
of the secondary cast aluminum alloys for machinel@ments operating
in the conditions of cyclic loading

Key words: method of analysis, fatigue tests, cyclical @gmihs, test sample, aluminum al-
loy, fatigue limit, frequency, temperature.

Work objective: method study for accelerated (due to the rise of éhfrequency of cy-
cling) fatigue characteristics test of the secondgrcast aluminum alloys for machine elements
operating in the conditions of cyclic loading undeithe standard and elevated temperatures
(20-200°C).

Analysis and equipmentmodern techniques have been used for acceleradee feharac-
teristics test of the secondary cast aluminumslloyhe frequency range from 0,3 to 18,0 kHz un-
der the temperatures from 20 to 200°C and thesigiiymechanical properties were being investi-
gated. Finite element method has been used tarexdeflected modes of the test samples. Design
method has been applied to define frequency depemdét the critical stresses at the beginning of
material fatigue failure.

Scientific novelty of the obtained resultsthe technique for accelerated fatigue characteris-
tics test has been developed. This techniqueitakesccount the effects of temperature factdnen t
range from 20 - 200°C. There have been suggestetireental and analytical dependencies for
defining deflected modes of the test samples apgiiatthe conditions of cyclic loading and allow-
ing to rise the accuracy of stress calculatioramgérous section of the samples. Fastening construc
tion providing the stability of friction factor die a rise in pull force under high-frequency \iorzs
has been developed and patented on the basiess state determination of the elements of the
sample threaded joint with oscillation concentralie use of this construction made it possible to
decline the results ambiguity.in fatigue limit deimation. The fatigue characteristics of the wirgi
and secondary cast aluminum alloys in the temperatnge from 20 to 200°C have been obtained
by means of prediction technique. The method oéasing fatigue characteristics of the secondary
cast aluminum alloys has been developed and gétdriies method comprises thermal fatigue
treatment before casting and aging.

Efficiency: investigation results have been tested in manufagtanvironment at public
corporations “BELNIILIT” (Belarus) and “MOTOR SICHUkraine).

Application domain: the obtained results can be put into practicéhrdevelopment of
aluminum alloys being used for the manufacturinghathine elements operating in the conditions
of cyclic loading in a wide frequency range undenmal and elevated temperatures.
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