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AHHOTaNMA

IIpeamer wucciaenoBanms. IlpeacraBieH ONBIT NPUMEHEHUS YCOBEPIIEHCTBOBAHHOM TEXHOJOTHMHM a3pOaKyCTHUECKOM
00pabOTKN MaTepHajyoB Ul IOBBHIIIEHHS YIAPHON BSI3KOCTH 00pasoB KOHCTPYKIMOHHON cramu Mapku 40X. B ocHoBe
MeToJia JISKHUT BO3JEHCTBHE Ha 00pasel] ITyJIbCHPYIOIIEr0 BO3AYIIHOTO IOTOKA, COAEPIXKAIIETro KoJeOMIomuecs yaapHo-
BOJIHOBBIE CTPYKTYpBL. B pe3ynbraTte B 00pa3siie BOZHHKAIOT TaK Ha3bIBaeMbIe BOJIHBI MakKcBellIa, KOTOPhIE MOT'YT IPHBECTH K
ONaronpUATHOMY M3MEHEHHIO MUKPO- U CyOCTPYKTYpBI, a Takke (a30BOH CTPYKTYpHI, B YACTHOCTH, B 3aKaJICHHBIX CTAJISX.
ITomyueHHBIX U3MEHEHHI MOXKET 0Ka3aThCs JOCTATOUHO /IS MOBBIMIEHUS yJAPHON BA3KOCTH U CHUXKEHHUSI OMACHOTO YPOBHS
OCTaTOYHBIX HAIPSDKEHUH, BO3HMKAIOIIMX B IpOIecce MPEALIECTBYIOMIMX 00pabOTOK. DTO CIOCOOCTBYET YMEHBIICHUIO
ngedopmanuu feTaneid M MOHIDKEHHIO BEPOATHOCTH MX paspylICHHs NpH AanbHeHmed o0paboTKe WM HKCILUTyaTalH.
JIOCTOMHCTBOM ~ TEXHOJOTHH  SIBISIETCS ~ HMCKJIIOUEHHME  JOMOJHHUTETBHOH  TEPMHUYECKOH  00paboTkM, HampuMep,
PEIAKCALlMOHHOIO OTXKMIa, CIYXKALIEro JUIl YMCHBUICHUS OCTAaTOYHBIX HANpPsKEHUH. DTO MOMKET OKa3aThCs IOJNE3HBIM, B
YaCTHOCTH, AJISI COXPAHEHUS BBICOKOH TBEPJOCTH M H3HOCOCTOMKOCTH, MOyUEHHOH IPU 3aKaJIke ¥ HU3KOM OTITycKe (OKOJI0
200 °C), Tak Kak peNaKCAI[MOHHBIA OTXHWI, MMEIONIMH, KaK MpaBHJIO, Ooyiee BEICOKYIO TeMIepaTypy, HMpHUBEIET K HX
CHIDKEHHIO. B KauecTBe mokazaTens IOJIOKHMTEIBHOTO BIHMSHHMS paccMaTpuBaeMoil 0OpabOTKM IPHHSITO YBEINYCHHE
yIapHO# BsI3KOCTH 00pa3noB. OcHOBHBIE pe3yabTaThl. OnpeneneHbl XapaKTepUCTHKUA M PEKUMBI IKCIEPHMEHTAIBHOTO
aKyCTHYECKOT0 M3ITydaTesIs, pealn3yIOIIero a3poaKkyCTHIECKy0 00paboTKy. IIpoBeIeHbI SKCIIEPUMEHTHI MO OLIEHKE BIUSHUS
a’pPOAKyCTHYECKOTO BO3ACHCTBHSA HA yAApHYIO BS3KOCTh LIMPOKO ucmonbdyeMoi cranu 40X. IlomyueHHble pe3ybTaThl
TO3BOJISIIOT TMPEIIOIaraTh, YTO MPUMEHEHUE adpPOaKyCTHYECKOH 0O0pabOTKH IS YIPOYHEHHBIX TEPMHYECKOH 00pabOTKOM
00pa3moB NPUBOAUT K YBEIHUESHHIO YIAPHOH BA3KOCTH HCCIIEIOBAHHOTO MaTepuaina. IIpu 3TOM coXpaHSeTcsl HOBBIIICHHOE
3HAUCHUE TBEPAOCTH, MOIydeHHOE Tocie TepMoodpaboTku. IIpakTnyeckast 3HAYMMOCTH. Pe3ynbTaTsl paboTH! JOMOIHSIIOT
MIOJTyYeHHBIE paHee JKCIEepPHMEHTANbHBIE NaHHBIE 110 adPOaKyCTHYeCKoH 00paboTke MeTamnieckux MarepranoB. OHHU
MOT'YT OBITh HCIIOJIB30BaHBI (ITOCIIE TIOBBIMICHHUS CTaTHCTHYECKOH JOCTOBEPHOCTH JIAaHHBIX) NPU pa3pabOTKe TEXHOJIOTUH
00paboTKK AeTanei, Uil KOTOPBIX BaYKHO HalW4YMe BBICOKOH TBEPJOCTH W W3HOCOCTOWKOCTH INMPU JOCTATOYHOH yAapHOM
BSI3KOCTH.
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Abstract

Subject of Research. The paper deals with experience in the use of advanced technology of aeroacoustic treatment of
materials for impact toughness improvement of the 40X type constructional steel samples. The method is based on the
influence of pulsating air stream with oscillating shock-wave structures on the sample. As a result, the so-called Maxwell's
waves are generated in the sample, that can lead to a beneficial transformation in the micro- and substructure and also in the
phase structure of hardened steels. Obtained changes may be enough to improve impact toughness and decrease the residual
stresses that arise in the course of previous treatments. Distortion of components decreases in this case, and failure
probability becomes lower at the further treatment and operation. The advantage of technology is elimination of the
additional heat treatment, for example, of the relaxation annealing that serves to reduce the residual stresses. This can be
useful, particularly, for the preservation of high hardness and wear resistance, obtained by hardening and low-temperature
tempering (about 200 ° C), as the relaxation annealing has typically a higher temperature and will result in their reduction.
The toughness increase of the samples is assumed as an indicator of the positive impact of the considered treatment. Main
Results. We have defined characteristics and modes of experimental acoustic transducer implementing the aeroacoustic
processing. Experiments have been carried out on the impact assessment of aeroacoustic effects on the toughness of widely
used 40X type steel. The obtained results enable to suggest that the application of aeroacoustic treatment for samples
hardened by heat treatment leads to the toughness increasing of the investigated material. In this case an increased value of
hardness obtained after heat treatment is maintained. Practical Relevance. The results supplement previously obtained
experimental data for aeroacoustic processing of metallic materials. They can be used (after increasing data statistical
reliability) in development of component treatment technology, where there is important to have high hardness and wear
resistance with adequate toughness.
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BBenenue

OpnHoit U3 3amau obecreueHHs: padoTOCHOCOOHOCTH TEPMOYIPOYHEHHBIX CTajed B M3ACNUSX SIBIISETCS
YMEHBIICHHE pUCKa JedopMaluK U pa3pylleHus U3JeNHi B Ipolecce 00padOTKU WITH SKCIUTyaTalluy IIpH coXpa-
HEHHUH BBICOKOW TBEP/IOCTH M M3HOCOCTOWKOCTH. IlepCHeKTHBHBIM B JAaHHOM CIIydae MOKET OKa3aThCsl METO ad-
poaxyctuueckoir 00pabotku (AAO), OCHOBaHHBIH Ha IIEPUOANYECKOM BO3JICHCTBUH YAAPHO-BOJIHOBBIX CTPYKTYD,
cofiep KalliX KoJIeOaH!s TMCKPETHOTO TOHA 3a CUET BOSHHUKHOBEHHMS B MaTepuaie BosH Makcsemna [1, 2]. Takas
00paboTKa, 10 HaIlleMy MHEHHIO, TTO3BOJISIET BIUSATH HA ITapaMeTpbl MUKPO- ¥ CYOCTPYKTYPhI METAIIMIECKUX Ma-
TEpHaJIOB, a TAK)KE BBI3BIBATH B HUX (ha30BbIe M3MEHEHUS [3, 4]. B pe3ynbTaTe MOIKHBI MIPOUCXOANTD PETaKcaIi-
OHHBIE TPOIIECCHI, KOTOPBIE BBI3BIBAIOT IOBBIIIEHHE PA3MEPHON CTAOMIBHOCTHU JETANIEH 3a CUET CHIKCHUS YPOBHS
OCTaTOYHBIX HANPSDKEHUH U COIYTCTBYIOMIee eMy yBennueHue ynapHoii Bsskocta (KCU) [5, 6]. [Ipu sTom BaxkHO,
YTOOBI peraKcanys IpoTeKala JOCTaTOYHO JOKAIBHO, B 00JIACTSAX HaMOOJBIIEH KOHIIGHTPAUU HAIPSHKCHU. JTO
TMO3BOJIUT COXPAaHUTH BBICOKHME 3HAYCHUA TBEPIAOCTH U H3HOCOCTOﬁKOCTH, TMOJIYYEHHBIC TIPpU Hpe)llHeCTByIOH.ICﬁ
TepMHUUYECKOil 00paboTke. B HexoTophix ciydasx [7, 8] Ha0M0AAI0Ch MOBBIIICHHE TBEPAOCTH Ha 00pasnax, mpo-
HIEIINX 3aKaJIKy C BBICOKUM OTITyCKOM H ITOCJIE 3TOTr0 MOABEprHyTHIX AAQ.

Bbicokuii ypOBEeHb OCTaTOYHBIX HAIIPSHKCHUH, BOSHUKAIOIINX, B YACTHOCTH, B IPOIIECCE YNPOYHSIOIICH
TEpMHUYECKO 00pabOTKM, MOKET PUBECTH K HEJOMYCTHUMOU JeopMaluy JIeTalel, a TakKe UX pa3pylIeHUI0
Npy JanpHelnel oopadorke miK skcruryatanni. AAO mpu3BaHa CTaTh OJJHUM M3 BApPHAHTOB PEIICHHs pooie-
MBI, TIOCKOJIbKY, KaK MOKAa3bIBAIOT NPEIbIIYIIHE NCCIIeIOBaHNs, IPUBOANT K YBEIMUCHUIO YAAPHOW BS3KOCTH,
YTO BO MHOTOM CBSI3aHO CO CHIDKCHHEM YPOBHS HEXKENaTeNbHBIX OCTaTOYHBIX HANpsDKeHUH. DToMy, MHO-
BUINMOMY, CIIOCOOCTBYET (pa30BO-CTPYKTypHAs 3BOJIIOIMS B MaTepHanax, mpoucxozasmas mpu AAO.

Iensto HacTosAmIel pabOTHI SBISIACH OIEHKA CTETICHH BIMSHHS a3POAaKyCTHUECKON 00paboTKH Ha ydap-
HYIO BS3KOCTB 00pa3ioB cranm 40X, mpeaBapuTeIbHO MOABEPTHYTHIX YIPOYHSIOMIEH TePMIUIECKOH 00paboTKe.

OnucaHue npeIaraeMoro MeToaa

B paboTe noctaBieHs! Ciefyomue 3a1aun:
— OIpEeJeNIUTh BO3MOXKHOCTb YIPABICHHS MMapaMEeTPaMU HUCHOIb30BAHHOTO AKYCTHUECKOTO M3IIydaTens C Le-
JIBIO TOJIy4EHUs] ONTHUMANBHBIX pexXxUMOB AAQ;
— JIaTh OLEHKY BIMSHUS BBHIOpaHHOTO perkuma AAQO Ha yJapHYIO BSI3KOCTh M TBEPJOCTh 00pasnoB cranu 40X,
MPEABAPUTENHHO MPOMIEIIINX YIPOUHSIONIYI0 TEPMOOOPabOTKY.
Jnis peanu3anuy METOa a3poaKyCTHIECKOW 00paOOTKHM NMPUMEHEH aKyCTHUECKHH H3IIydaresb, COCTOS-
I U3 CHEeNMaTbHOTO pe30HaTopa M reHeparopa ['aBpo, ncmons3yroniero 3h(GeKT reHepannuy KoneOanuid npu
HATEKaHUHU JTO3BYKOBOTO (MMEIOIIETO CKOPOCTh MEHBINIE CKOPOCTH 3BYKa) MOTOKA HA OCTPYIO KPOMKY («HOXK).
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3a cueT M3MEHEHHs I'€OMETPHUYECKHX IapaMeTpOB H3IydaTelsl MOoydyeHa BO3MOKHOCTh HACTPOWKU TE€HEPALUH
aKyCTHUYECKHX KOJICOaHMH IMPOKOTO CIIEKTpa (IIyMa), HMEIOIIETO AUCKPETHBIM TOH ONPEJEICHHON YacTOTHI.

[puniun padotsl n3mydarens (puc. 1) ocHOBaH Ha MpeoOpa30BaHNUU SHEPTHU CXKATOTO BO3AyXa B JHEP-
THIO TyJIbCHPYIOIIEro MOTOKA C M3Iy4YE€HHEM B IPOCTPAHCTBO aKyCTHYECKHX BOJH. Bosnyx, mon nasnenuem Py
MO/IaBa€MbIil U3 MarucTpaiu | B IEHTPaIbHBIA KaHA 2, IPOXOAUT Uepe3 IIesIeBoe paauaibHoe comio 3. Brixo-
JiIasi M3 COIUIa IUIOCKas pajualibHas BeepHasi CTPysl HAaTEeKaeT Ha OCTPYI0 KPOMKY KOJIbIEBOH Juadparmsi 4.
[Tynbcupyronumii MOToK (OPMUPYETCst B PETYINPYEMOM 00beMe pe30HaTopa 6 U paclpoCTpaHsIeTCsl B HalpaBJie-
HUHM 5. BBIOOp aMIUIMTYTHO-4aCTOTHBIX XapaKTEPUCTHK M3IYUYEHHs OCYIIECTBISETCS 3a CUET U3MEHEHHUS LINPH-
HBI 3a30pa h, nuamerpa amadparmer d, a Takke u3MeHeHHs oObemMa pe3oHaropa V MepeMelleHHeM CTEHKH 7.
Pe3onaTop A7t aKyCTHYECKOTO M3ITydaTeis pa3padoTaH M U3rOTOBIICH Ha OCHOBE MaTeHTa [9].

[Tpu akycTryeckoit 06paboTke oOpasen moaBepraeTcsi KOMOMHUPOBAHHOMY BO3JICHCTBHIO KOJIEOAHHUH ra-
30BOTO MOTOKA MPH ITyJIECALUH AABJIEHHS, YTO JOJDKHO CIIOCOOCTBOBATh M3MEHEHHUIO (Da30BO-CTPYKTYPHBIX ITa-
paMeTpoB Marepuana. Perucrpamnus XapakTepUCTHK aKyCTHYECKOTO H3JIyYCHHUS NPOU3BOIMTCS aKyCTHUECKUM
JATYMKOM C LITyMOMEPOM M aHAINW3aTOPOM CIEKTpPa 4acToT KonebaHui. CUrHanbl JaTYNKOB MOCTYMAIOT B CHC-
TEMy PEeTHCTPaLNH TaHHBIX 1O KaHary RS-232.
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Puc. 1. AkycTudeckuin nsnydatens: 1 — Bxog MarucTpanu; 2 — LeHTparnbHbli KaHan; 3 — paguanbHoe cono;
4 — xonbueBas gnadparma; 5 — HanpaBneHve n3ny4eHns; 6 — pesoHaTop; 7 — CTEHKa pe3oHaTopa
(d — anameTp konbueBon anadgparmsl, h — WnpuHa 3a3opa wenesoro conna, V — 06bem pesoHaTopa)

TexHoI0rHYeCKHE PEXKMMBI 2IPOAKYCTHYECKOiT 00padoTKH

Tak xak B JaHHOM paboTe 00pa3lbl 0IBEPIaIuCch aKyCTHIECKOMY BO3/ICHCTBUIO TOJILKO NTPH KOMHATHOW
TeMIIepaType, TO, B OTIMYUE OT MPEABIAYIIUX YKCIICPUMEHTOB, OBLIO HCIIOJIb30BAHO ITOHATHE A3POaKyCTHYESCKON
(AAO), a He asporepmoakyctuaeckoit (ATAO) o6paboTku.
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Puc. 2. CnekTp akyctudeckoro uanydenus L = f(H), dpopmupytowuiica npy nasnexnm
Poot 0,25 g0 2 atm (h =2 mm, d = 100 mm, V = 1428 CM3)

Jist perynmpoBku pexnma AAQO ycTaHaBIMBaNACh CBSA3b MEXKAY NapaMeTpaMH U3IydaTesst U XapaKkTepH-
CTHKaMH aKyCTH4ecKoro n3iaydeHus. C LeNblo OIeHKH BIMSHHS HA XapaKTEPUCTUKU Pe30HaTOpa U auadparMel
OBUTH ITPOBEJCHBI AKCIIEPUMEHTHI ¢ MCIOJIB30BaHUEM M 0e3 MCIIOIb30BaHMs tuadparmMsl U pe3oHaropa. B mpo-
necce ontuMm3anun pexnma AAO u3MepsuIcs HHTErpajibHBIA YPOBEHB IIyMa BEEPHOW CTpyH. bbuIo ycTaHOB-
JICHO, YTO HAJWYHME PE30HATOPA MOBHIIIAET YPOBEHD ITyMa Ooiee dyeM Ha 40%. YcraHoBKa anadparmsl, Ha OCT-
PYI0 KPOMKY KOTOpOM HaTeKaeT BEEpHas CTpysl, Aaja BO3MOXKHOCTh PEalN30BaTh KoyieOaTeIbHbBIE MPOLECCH ¢
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YCTOWYMBBIMHU 3HAYCHUSIMH YacTOTHI U aMIUIMTYBL. DTO IMO3BOJIMIIO PErYJIMPOBATH 4acTOTy H muckperHoro to-
Ha aKyCTHYecKoro m3nmydeHus B mHTepBajie oT 500 mo 2200 I'm. IIpu Hactpolike m3mydarens ObIIH MOTyYeHBI
ONITUMAJIbHBIC JUTS TAHHOTO 3KcrepuMenTa mapametpbl: h = 2 mm, d = 100 mm, Py = 2 at™m, V = 1428 om’. Dt
napaMeTpsl COOTBETCTBOBAJIM HanOOJee BBICOKOMY 3BYKOBOMY [aBICHHIO AaKyCTHYECKOTO H3IydCHHUS
L = 131 nb BOau3u BeIOpanHoit yactotrel H = 630 I'tr (puc. 2).

Takue XxapaKTepUCTUKH aKyCTHUECKOTO M3JTyueHUsl ObLIIM IPUMEHEHBI B TaHHOH padote it AAO 00pa3ios
cranmu 40X. OHaKo B CIIEKTPE, KPOME 3TOTO, MPUCYTCTBYIOT BBICOKOIHEPreTUYECKHE KojeOaHus (IIMPOKOOIIOC-
HBI yIapHO-BOJHOBOH IIyM) ¢ AaBiieHneM okojo 100 nb 1 yactoramu, OJIM3KUMH K YJIBTPa3ByKOBOMY JHAIIa30HY,
KOTOpBIE TAKKE BBI3BIBAIOT B 00pa3iie KojieOaHusl, YCKOPSIOIINE peakcalionHbie nporeccs [10—13].

MaTepna.ﬂ HCCTICA0BaAaHUA

B kauecTBe Marepuana uccienoBanus Beiopana crtas 40X. BeiOop 00ycClIoBIIeH MMPOKUM IPUMEHEHUEM
JAaHHOI HM3KOJETHPOBAHHOM CTaNM. 3aKallka W HU3KUH OTIIYCK 3TOH CTain 00ECTIeYMBAIOT BHICOKHE 3HAYCHHS
TBEPJIOCTH U M3HOCOCTOWKOCTH, HO TIPH MAJOi yIapHOH BS3KOCTH. 3aKalika M BBICOKHH OTIYCK IO3BOJISIOT TI0-
JTy4UTh COYETAHUE ONTUMAIBHOM JUI MHOTHX IPUMEHEHUI POYHOCTH, MIACTHYHOCTH U BA3KOCTH IPU YMEHb-
IIEHHOW TBepIoCcTH U m3HococTokocTH [14]. Huskuit otmyck (okono 200 °C) He NpUBOAUT K CHHXKEHHUIO YPOB-
HsI OCTAaTOYHBIX HaHpSDKeHHﬁ, JOCTATOYHOMY JUJIA MPUEMIIEMOT'O MMOBBINICHUSA BA3KOCTH. HpI/I BBICOKOM OTITYCKC
(oxomo 600 °C) HanpspKEeHUs CHIDKAIOTCS B MOJIHON MEPE, YTO BBI3HIBAET MOBBINIEHUE BI3KOCTH, HO TPU 3HAYU-
TEJIHLHOM YMEHBILIEHUH TBepaocTH [15].

DKcnepuMeHT 1o n3ydeHnto BiusiHuss AAO Ha yiapHYIO BS3KOCTh 00paslia MpOBOAMIICS B CIIEAYIOIIEH
MIOCJIE/I0BATELHOCTH.

1. 3akanka, Bkmrodatomias HarpeB 10 850 °C, Beiaepkky 30 MHH W OXJaXICHHE B BOAE OOpasloB ¢
U-00pa3HbIM KOHIIEHTPAaTOPOM HalpsDKeHUH, UMEIONIUX CTAaHIapTHBIE Ui MCIBITAaHWH Ha ylIapHBIN M3ru0
reOMETPHYECKHE ITapaMeTpBbI.

2. Huskwuii otmyck 06pasnos (200 °C), Beiaepkka 30 MHH 1 OXJTaXICHAE HA BO3AyXe (IIPOBOIMICS IS TOJIO0-
BHHBI 3aKaJICHHBIX 00pa3IoB).

3. Bo3neiictBue Ha TepMooOpaboTaHHBIE 00pa3Isl P KOMHATHOHN Temmeparype B Tedenne 15-20 MuH mynb-
CUPYIOUIMM JJO3BYKOBBIM BO3YIIHBIM MOTOKOM IIUPOKOTO AMAIa3oHa C 4aCTOTOH KoJeOaHUil AMCKPETHOTO
ToHa H okomo 630 I'm u ypoBHeM 3ByKoBOro nasneHus L okono 130 nb.

4. HWcneiTaHus Ha yllaprIﬁ U3ruo C MPUMEHCHUEM MAasATHUKOBOI'O KOIpa B COOTBETCTBUU C HOPMATHUBHBIM J10-
KyMEHTOM', HCIIOIB3y 110 3 06pasiia Ha OJMH BAPHAHT 06PAGOTKY.

5. ®pakrorpaduueckuii aHaIN3 NOITYYECHHBIX H3JIOMOB 00pa3IloB C NPUMEHEHHEM CKaHUPYIOILETO JICKTPOHHO-
ro mukpockomna Quanta Inspect Ha kadenpe HAaHOTEXHONOTHI 1 MaTepraioBeneHus YHuBepcureta UTMO.

Honyqenm,le pe3yabTaTbl U UX aHAJIN3

Ha puc. 3 npencraBineHo BIMSHUE Pa3IHYHBIX PEKUMOB TEPMUYECKOH 00pabOTKH, a TaKKe TePMHYECKOH
00pabotku, nonorHeHHON AAQ, Ha BeNWYNHY YAapHOH BSI3KOCTH 00pasioB u3 ctamu 40X.
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Puc. 3. PesynbTaTthl ucnbiTaHuii Ha yaapHyto BaskocTb (KCU) npu pasnuuHbix Bugax obpaboTku: 1 — 3akanka;
2 — 3akanka +AAQ; 3 — 3akanka + HU3KU OTNyCK; 4 — 3akarnka + Huskum otnyck + AAO

[Nomy4yeHHble pe3yinbTaThl IEMOHCTPUPYIOT IOBBINICHHE YIAPHOW BA3KOCTH 3@ CYET JOIOJHUTEIBHOM
AAO Kak mocie 3aKajKH, TaK U MOCJIe 3aKaIKd U HU3KOTO OTIycka. OIHAKO 3HAYCHHs yIapHOW BA3KOCTH OCTa-
FOTCS MEHBIIE PEKOMEHIYeMOil /T KOHCTPYKIMOHHOH cramn Bemmanusl KCU (me menee 0,4 MJDx/m?). Jlst

"TOCT 9454-78 Metannbl. MeToq HCIIBITAHKS HA YAAPHbI H3rH6 IPU OHIKEHHBIX, KOMHATHOM H MOBBIIICHHEIX TEMIIC-
patypax. Beea. 01.01.1979. M.: U3x-Bo cranpapros, 1978. 12 c.
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cranu 40X 3Ta BeNUYMHA, HATPUMED, MOCIIE 3aKAJIKH M BHICOKOTO OTIYCKAa B COOTBETCTBHU C HOPMATHBHBIM JI0-
KyMeHTOMl JIOJDKHA cOCTaBiIATh He MeHee 0,59 MI[)K/Mz.

Opaxrorpaduyeckre UCCIe0BaHHs MPOBOAMINCH HA OCHOBE COIMOCTABJICHHUSI M3JIOMOB 00pa3loB, pa3-
PYILIEHHBIX TOCJIE MCIBITAHWS HA yAAapHBIA M3rH0, C MAHHBIMH CIIpaBOYHMKa-atTiaaca «JleexTbl B mMeTaiuax»
[16].

Ha uznome o6pa3na, nonsepruyroro AAO mociie 3aKaiki, 0OHapy>KeHbI BBIICICHUS, PEAOI0KUTEIEHO
KapOuaHoit ¢asbl (mo3uuus 1, puc. 4, 0), OTCYTCTBYIOIIME HAa M3JIOME 3aKaJCHHOTO 00pasiia, He MPOILIE/IIIero
AAO (puc. 4, a). B 3akancHHo# cramu Tuma 40X oOpa3oBaHUE KapOWIOB, CBSI3aHHOE C BBIXOJOM U3 PEIICTKH
MapTeHCHUTa aTOMOB YIVIEpOJa, 3aMETHO JIMILb MOCJe OTIycKa mpu temmeparype okoso 200 °C. AAO, no Bcei
BHUAMMOCTH, YCKOPHIJIO MPOLECCHI BBHIJIENCHUS yriiepoaa M oOpa3oBaHMs KapOumoB. [Ipu 3TOM, Kak H3BECTHO,
CHIKAETCS yPOBEHb PACTATHBAIOMINX OCTATOYHBIX (3aKAIOYHBIX ) HANPSDKEHUH, YTO CONPSIKEHO C YMEHBIICHUEM
TETparoHaJbHBIX MCKaKEHHWH MapTEHCHTA, OOYCIIOBIEHHBIX NPHCYTCTBHEM H30BITOYHOW KOHIIEHTpPAlWU B pe-
LIETKEe aTOMOB YINIepojia. ITO CIIOCOOCTBYET HAOIIOAaEMOMY TTOBBIIICHHUIO YAAPHOU BSI3KOCTH 3aKaJICHHOM cTau
mociie AAO.

-1 It 1 r 6
Puc. 4. CTpykTypa usnoma obpastia npu ysenuyeHn 500 nocne 3akarnku (a) u sakanku + AAO (6)

W3BecTHO, 4TO TpamWIMOHHAS TepMHUUYecKas 00paboTKa, MpeqHa3HAaYeHHas IS ITOMYYCHHS BBICOKOM
TBEPIOCTHU JIeTasieii, COTIOCTaBUMBIX 110 pa3MepaM ¢ oOpaznamMu MeHaxke, BKIFOUAeT HU3KUM OTIIYCK B TE€UCHHE
1,5-2 4, mpoBoauMbIi mocie 3akankd. CToib MPOMOIKUTEIBHBIA OTIYCK TPeOyeTCsl JUIs TMOHWKCHHS YPOBHS
3aKaJIOYHBIX HAMPSHKCHUN M HEKOTOPOW CTaOMIM3aIlMK YHEPTETHYCCKOTO COCTOsiHUS Marepuana [15]. [lpu stom
CYILIECTBEHHO YBEJINYWIACH yAapHas BA3KOCTb, HO mocienytomas AAO, npoBeAeHHas BCEro B TeueHue 15 MuH,
TOBBICUIIA YAAPHYIO BA3KOCTS ele B 1,7 paza. D10, MO-BUAMMOMY, CBA3aHO C AAJIbHEHIIINM CHIDKEHUEM 3aKajiod-
HBIX HAMPSDKCHUH 3a c4eT OOoJiee MOTHOTO BBIXO/A U3 PEIMICTKH N30BITOYHOTO YIICpOa.

Puc. 5. CTpykTypa usnoma obpasua npu ysenuueHun 5000™ nocne 3akarnku 1 HU3KOro oTnycka (a) 1 3akarnku,
Hu3koro otnycka n AAO (6)

"TOCT 4543-71 [IpoKaT U3 JIerMpoBaHHON KOHCTPYKIMOHHO# cTany. TexHUYecKue ycaoBus. Beeg. 01.01.1973. M.:
W3p-Bo ctanzapTos, 2001. 41 c.
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MCMONb30BAHVE MYNbCALA OABNEHUSA KOJNEBOLWEMOCA TrA30BOIO MNOTOKA ...

[MonTBepxaeHue >TOMYy NpPEACTaBICHO Ha QoTorpadusx H3NOMOB 00pa3moB (puc. S). DIEKTPOHHO-
MHKPOCKOIINYECKOE MCCIEI0BAHNE BBISIBHIIO PyUbHCTOE CTPOCHHE M3JIOMOB 00PAa3LiOB MOCIE 3aKaJIKU U HU3KOTO
otmrycka (rmo3unus 1, puc. 5, a), THOIUYHOE [T XpynKoro paspymenus. [locie nomomaurensaoit AAO TepMo006-
paboTaHHBIX 00PA3IIOB MU3IOM MOXHO XapaKTepHU30BATh KaK MEJIKOSMOYHBINA (ITO3UIHA 2, puc. 5, 6) ¢ mpUCyTCT-
BUEM OTJAEJBHBIX O0Jiee KPYIHBIX AMOK (TO3UIMs 3, puc. 5, 6). DTO CBUAETENLCTBYET O KBa3UXPYIKOM XapakTe-
pe pa3pylIeHus, KOTOPOMY YK€ IPEeIIeCTBYeT 3aMeTHOE [uIacTHYecKoe e OPMUPOBaHUE.

3akJjouenue

Hcrionp30BaHHbINA B paboTe aKyCTHYECKHI U3ITydaTenb IMO3BOJIMI B JOCTATOYHBIX JUIS TPOBEJICHHBIX HC-
CJIC/IOBaHUH IIpeesax yIpaBisaTh XapaKTEPUCTUKAMH M3ITyUSHHUS C LIENbI0 ONTHMHU3AINN PEXKUMOB a3pOaKyCTH-
yeckor 00paboTku. it MpoBeAeHUST adpoaKyCTHUECKO 00paboTku obpasnoB ctamu 40X MpUMEHSIIOCH aKy-
CTHYECKOE M3IyUYEeHHUE IHUPOKOTO CIEKTPa C MAKCUMAJIBHBIM 3BYKOBBIM AaBieHHeM okoio 130 nb mpu wactote
muckperHoro Ttona BOmm3m 630 I'm. Kpome 3Toro, B cmekTpe HpHUCYTCTBOBAX IMIMPOKOIOIOCHBIN yIapHO-
BOJIHOBOH IIIyM CO 3HAYUTEIHHBIM 3BYKOBBIM AaBiieHHEeM (0kojo 100 n1b) 1 9acToTOM, COMOCTaBUMOM C yIbTpa-
3BYKOM, YTO TaKXK€ JOIDKHO CIIOCOOCTBOBATH Pa3BUTHIO PENAKCALMOHHBIX IIPOIIECCOB B Marepuane oOpadarsl-
BaeMbIX 00pa3IoB.

[TonyueHHbIe pe3yNbTaThl MOKA3ald, YTO METOJ adPOaKyCTHUECKOH 00pabOTKM MOXKET OKazaThCs Iep-
CTIEKTUBHBIM, B YaCTHOCTH, UISi TEPMUYECKH OOpaOOTaHHBIX M3AEIMH U3 KOHCTPYKIMOHHOW cranu Tuma 40X
IpY HEOOXOJMMOCTH TTOBBIILICHUS YIapHOH BSI3KOCTH O3 CHU)KEHHUS TBEPJOCTH U M3HOCOCTOMKOCTH. Pe3ynbrarh
HOCST TIpEIBAPUTENILHBIA XapaKkTep, TaKk KakK IPH M3MEPEHHH YIApHOW BS3KOCTH 00paslloB, HAXOISIIUXCS B
XPYIIKOM COCTOSIHMH, KaK MpaBHiIO, HaOmomaercsi OONbIIOH pa3dpoc moiydaeMblX 3HaueHWH. B panpHedmmx
WCCJIEIOBAHUAX TPEAIOJIaraeTcsl MOBBIIICHHE CTaTUCTUYECKON 3HaYMMOCTH pe3ynsraroB. Kpome storo, mpu
JATbHEHIINX UCCIIEJOBAHMAX JUIS TTOBBIIICHUS! OOBEKTHBHOCTH OIEHKH M3MEHEHHH (a30BO-CTPYKTYPHBIX Iapa-
METpOB MarepHuajia o0pas3inoB norpedyercst Gosiee MOAPOOHOE M BCECTOPOHHEE HCCIIENOBAHNE M3JIOMOB, ITOJY-
YaeMBIX IIPH MEXaHWYECKUX HCIIBITAHUSX.
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