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BJUSHUE IPOMEXYTOYHON TEPMOMEXAHUYECKOM OFPABOTKH B
YCJIOBHUSAX NOJI3YUYECTH HA XAPAKTEPUCTHUKHU ITPOYHOCTHU "
MHUKPOCTPYKTYPY CIINIABA AMr6M

HccnenoBaHo BIHSHHE NPOMEKYTOYHOH TepMOMEXaHHYECKOH 0OpabOTKM B YCIOBHUSIX ION3YYeCTH Ha Xa-
PaKTEPUCTUKU IIPOYHOCTH M MUKPOCTPYKTYPY aJIFOMUHHEBO-MarHueBoro cruiaBa AMroM. MexaHuueckue UCIibl-
TaHUS OCYLIECTBIBUINCH B peXHMe MonsydecTH npu Temneparype 160 °C u Hanpspxenuu 23,3 MITa. O6pa3ns
HPEABAPUTENIBHO HCIBITHIBAIMCE B PEXKHME MOJI3Yy4ECTH HPUMEPHO 10 MOJOBMHBI BPEMEHH UX pa3pylICHHs, a
IIOTOM IIOABEPTaIICH IPOMEKYTOUHON TEPMOMEXaHHIECKOH 00paboTKe, KOTOpas BKJIIoYana JeHCTBHE CIKHIMAIO-
KX U PacTATUBAIOIIUX HArPy30K B TEIZIOBOM IIOJIE, @ TAKXKE yAapHOe BO3/EHCTBUE C YIbTPa3BYKOBOH 4acTOTOI.
VYnapHoe Bo3eiicTBHE OCYIIECTBIIOCH C MOMOIIBIO TeHEepaTopa IIyTeM CKaHHPOBAHUS OOHKOM yIapHUKA IO
MoBepXHOCTU obpasua ¢ yacroroit 20 k['n. O6paboTka mpoBoaMIacs Ha oOpasuax mo AByM cxemaM. B coorBert-
CTBHH C IEPBOI CXeMOIi, 00pa3Ibl epPBOHAYAIBHO BBIACPKUBAIUCE II0J] PACTATHBAIONIeil Harpy3KoH MpUMepHO
JI0 TIOJIOBHHBI BPEMEHHM Pa3pyLICHHs, 0CIIe PasrPy3KH U OXJIXKICHUS OHH MOJBEPraIuch JCHCTBUIO BHICOKOTEM-
NIepaTypHOro CXKUMAIOLIEr0 HAarpyXeHHs, a 3a TeM OCYIIECTBILIACh yiapHas oOpaboTKa C yIbTpa3ByKOBOH da-
crotoii. ITocine 3Toro oOpasibl CHOBAa HArpyKaluCh UCXOIAHOW pPacTArMBAIOLIEH HAarpy3Koi M BBIBOJMIMCH Ha
PEeXUM ION3y4ecTH 10 paspymieHus. CormacHo BTOpOil cxeMe, mocie 0O0pabOTKH BBICOKOTEMIIEPATYPHBIM CHKH-
MAIOIIUM JaBJICHHEM MPOBOAMIICS OTKHT 00pa3uoB npu temneparype 7= 320 °C B TeueHHe ABYX 4aCOB C MOCIIe-
JIYIOIIUM YyAApHBIM BO3JEHCTBHEM C YIbTPa3BYKOBOH 4acTOTOH. AHanu3 pe3ysbTaTOB HCIBITAHHN OOpasIoB B
HCXOJIHOM COCTOSIHMM U IIOCJIE€ SHEPreTUYECKOi 00paboTKU MoKa3ai, YTo MPOBEJCHUE IPOMEKYTOYHOM IIacTH-
YeCKOH Ae(opMaliy B YCIOBUSX MOJI3YYESCTH MTOBBIIAET XapaKTEPUCTHKN KPaTKOBPEMEHHOM IIPOYHOCTH U BPEMSI
110 paspyenus cmiasa AMroM. Ilpu o0paboTke 1o nepBoi cxeme CylIeCTBEHHbIM 00pa30M MOBBIIIAETCS BPEMs
JI0 pa3pyLIeHHs IIPU MOJI3Y9ECTH, OJHAKO IPH 3TOM PE3KO CHIDKAeTcs IUIACTHYHOCTh MaTepHana. Benenue o1-
KUTa TI03BOJISIET OBBICUTH BPEMs JI0 Pa3pyLICHHUs CILIaBa IIPU OTHOCUTEIBHOM COXPAHEHHH IIPE/IEia TEKYYEeCTH.

JlociiKeHO BIUTMB NPOMIXKHOI TEPMOMEXaHIYHOT 0OPOOKH B yMOBaX MOB3Y4YOCTi Ha XapaKTEPUCTHKU Mill-
HOCTI 1 MIKpOCTPYKTYpY aloMiHi€BO-MarHieBoro cruiaBy AMroM. MexaHiuHi BUIIPOOyBaHHS 3IiHCHIOBAINCS B
pexumi noB3ydocti mpu temmepatypi 160 °C u manpysi 23,3 MIla. 3pa3sku momepeHb0 BUIPOOOBYBAIHCS B
PEeXUMI TTOB3y4OCTI NPHOIM3HO O MOJIOBMHY Yacy IXHBOrO PyHHYBaHHS, a IOTIM IiJJaBaJINCs IIPOMDKHIH Tep-
MOMeXaHi4Hii 00poOILi, 1110 BKIIOYANA Tif0 CTUCKAIOYUX 1 PO3TATYBaIbHUX HABAHTAXKEHb y TEIUIOBOMY IO, a
TaKOX yJIapHUH BIUIMB 3 YIbTPa3BYKOBOI YacTOTON. YIapHUIA BIUIMB 371iHICHIOBABCS 3a JOTIOMOTOIO TeHepaTopa
LUIIXOM CKaHyBaHHs OOWKOM yIapHHKa MO MOBEpXHi 3paska i3 yactoroo 20 kri. O6pobka mpoBoammacs Ha
3pa3sKax 3a JBOMa cXxeMaMH. BinmoBinHO 1o mepmioi cxemu, 3pa3Ky CrodaTKy BUTPHMYBAJINCS MiJ HaBaHTAakKEH-
HSM, L0 PO3TATYeE, HPUONU3HO A0 TMOJIOBUHU Yacy PyHHYBAHHS, ICJIS PO3BAHTaXKEHHS W OXOJIOMKCHHS BOHM
Ti1aBaancs Aii BUCOKOTEMIIEPATYPHOTO CTUCKA0UOr0 HABAHTAKEHHSI, IICJIs 4OTO 3AiliCHIOBanacs yaapHa o6po-
0Ka 3 ynbTPa3ByKOBOIO 4acTOTO0. [Ticiist bOTO 3pa3Ky 3HOBY HABAHTAXXYBAIHCS BUXIJTHUM HAaBaHTaXKCHHSM, IO
pO3TATye, i BUBOAMIMCA HAa PEXMM IMOB3y4OCTi 0 pyiHyBaHHs. BinmosimHo 1o apyroi cxemn, micnst oOpoOKm
BHCOKOTEMIIEPATypPHUM CTHCKAIOYHM THCKOM MPOBOJMBCS Biamai 3paskiB mpu temreparypi T = 320 °C npotsrom
JIBOX TOJIMH 3 HACTYITHUM YIapHHM BIUTHBOM 3 YJbTPa3ByKOBOKO YacTOTOI0. AHalli3 pe3ylbTaTiB BHUIPOOYBaHb
3pa3KiB y BHXIJTHOMY CTaHi 1 ICJIi €HepreTn4Hoi oOpOOKM MOKa3aB, IO MPOBEACHHS MPOMIKHOI MIACTHYHOL
nedopmarii B yMOBax MOB3y4OCTi MiJBHIINY€E XapaKTEPHCTHKNM KOPOTKOYACHOI MIIHOCTI i 9ac 1o pyHHYBaHHS
crutaBy AMroM. Ilpu o6poOii 3a mepIoro cXeMOr iCTOTHO MiJIBUILYETHCS Yac 0 pyHHYBaHHS IPH MOB3Y4YOCTi,
OJIHAK TIPU IIbOMY Pi3KO 3HIDKYEThCS TIACTHYHICTH Matepiay. BBeaeHHs Biamamy J03BOJS€ IMiJBHIIUTH Yac 0
pYHHYBaHHS CIUIaBY NPU BiJIHOCHOMY 30€peKeHHI MeXI1 IUIMHHOCTI.

The effects of the intermediate thermo-mechanical treatment in creep on the strength characteristics and the
microstructure of the AMg6M aluminium-magnesium alloy were studied. Mechanical tests were carried out at
160°C and pressure of 23.3 mPa. Samples were preliminary tested in creep to about one-half the time of their
failure, and then they were subjected to the intermediate thermal mechanical treatment considering compressive
and tension loads in a thermal field as well as an ultra-sonic frequency impact. A generator was used as an impact
by scanning the sample surface with a frequency of 20 kHz using the block head of the striker. The treatment was
carried out using two schemes. In accordance with the first scheme, samples were initially endured at a tension
load to about one-half the failure time. After unloading and cooling samples were subjected to high-temperature
compressive loading and then samples were subjected to the impact treatment at an ultrasonic frequency. Thereaf-
ter samples were reloaded by an initial tension load and placed in creep to failure. In accordance with the second
schemes, after treatment with high-temperature compressive pressure samples were annealed at T= 320° during 2
hours following by the ultrasonic frequency impact. The analysis of the test results of samples in an initial state
and after the energy treatment presented that an intermediate plastic deformation in creep improves characteristics
of a short-term strength and the time to failure of the AMg6M alloy. The first-scheme treatment raises significant-
ly the time to failure in creep, however, reduces drastically the material plasticity. Annealing allows rise the time
to failure of the alloy on a relative retention of yield limit.
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Knrouesvle cnosa: amomunueso-mazHuesvili Cniae, camoopeanusayuonHble npo-
yecewvl, 00J1208€4HOCIb, NOJIZYYECTb, NPOMENCYMOYHASL NIACMUYecKdsl depopma-
Yus, BbICOKOMEMNEPAMYPHAS CHCUMAIOWASL HASPY3KA, YOapHble VIbMPA38YKOGbLE
KoAeOaHus, omoicue, 3aredusanue 0epexmos.

M3BectHo [1], 4TO TOA BO3ACHCTBHEM BO3PACTAIOIICH HSHEPTETHICCKOM
Harpy3Kkd B MaTepualle MociIeJ0BaTeIbHO Pa3BUBAIOTCS MIPOLIECCHl YIPYTol U Tiia-
CTHYECKON nedopmannu, 3apoKIeHUsI W PAcIPOCTPAHEHUS TPEIINH W, HaKOHEIl,
paspywenus. Harpyxenune matepuana B TEPMOAWHAMHYECKH OTKPBHITOH cucTeMe
MPEACTABIISIET COOOHW THUITUYHBIA CHHEPTETHUECKHH IpoIiecc. 34ech pedb HAET O
TOM, YTO B SKCTPEMAaJbHBIX YCIOBHUIX BIUSHHS BHEHIHUX BO30Y>KACHHWH 3a cyer
HENPEPHIBHOTO MPHUTOKA YHEPTHH B MaTepHalie HHUITUUPYIOTCS CaMOOpPTaHHU3aIlH-
OHHBIE TPOLECCHI, KOTOPBIE CIIOCOOHBI CYIIECTBEHHBIM 00pa3oM yIyYIIUTH €ro
MEXaHWYEeCKUE XapaKTepucTUkh [2, 3]. B obmem ciydae, HCTOYHUKaMU BO30YXK-
JIeHHs1, IPUBOSIIMMHI CHCTEMY B HEPaBHOBECHOE COCTOSIHUE, MOTYT OBITH DHEpTe-
TUYECKHE IO Pa3TUIHON (PU3NIECKON MTPUPOABI: TEPMOMEXaHHYECKOe, JJIeK-
TPOMAarHUTHOE U yJIbTPa3BYKOBOE BO3/ACHCTBHE, JIa3€PHOE U3TyUYCHHUE, IIa3MeHHAas
00paboTKa u T. 1.

B pabote nccnenoBanock BIUSHUE MPOMEKYTOYHON TEPMOMEXaHUIECKOH 00-
paboOTKH B YCIIOBHUSIX IOJN3YYECTH HA MEXaHWYECKHE XapaKTEPUCTUKA W MHUKPO-
CTPYKTYpPY aIlOMUHHUEBO-MarHueBoro criasa AMroM.

Ucnbiranns mpoBogmuchk Ha oOpasiax cruaBa AMroM (Al — 92,65%, Mg —
6,75%). OOpasupl umenu (GopMy IBOHHON JIONAaTKM ¢ 00beMOM paboyell yacTH
32x3x3 .

MexaHn4yecKue UCTIBITAaHHS OCYIIECTBIBUIUCH B PEXKIME TON3YIECTH TIPH TEM-
neparype 160°C u nHanpsoxenmm 23,3 MIla. KpuBas mon3ydecTd HCXOIHOTO
(reobpaboTaHHOTO) oOpasia
criaa AMr6M npuseaeHa Ha
pucynke 1 (3mech mo ocu adc-
IIUCC OTJIOXKEHO BpeMs T, a IO
ocu opauHat — JedopMarus
HOJI3YYECTH € ).

OctanpHbie 00pa3Ibl Mpe-

. s . s . ] . s BapUTEIbHO WCIIBITHIBAINCE B

f b j”g AU 0 pexume monsydecTH HNpUOIHU3M-

Puc. ’l TEJIHHO 10 IOJIOBUHBI BPEMEHU

WX pa3pylIeHus, a MOTOM IIOJ-

BEprajrch MPOMEKYTOYHON TepMOMEXaHHUECKOH 00paboTKe, KOTOpas BKJIFOUYAIa

JIEHCTBHE CKMMAIOIIUX M PACTATHUBAIONINX HArPy30K B TEIUIOBOM TIOJIE, a TaKKe
yAapHBIX YIBTPa3ByKOBBIX KOJEOaHUH.

OO0mas cxema o0pabOTKKU 00pa3IOB MPOBOIWIACH B CICIYIOIICH MOCIIEI0Ba-
TETHHOCTH:

— DIIEKTPOCTUMYJIMPOBAHHEIM HarpeB oOpasia dIeKTPUIECKUM TOKOM J0 TEM-
nepatypsl 7' = 160 °C;

— OJTHOOCHOE pacTsDKeHHE o0paslia B PeKUME IOJI3YUECTH € TOCIEAYIONIeH
BBIJICPKKOW TPUOIU3UTENBHO O TIOJIOBUHBI BDEMEHH pa3pylLleHUs;

— BO3JICiicTBME Ha oOpasel] CKHUMAIOUICH Harpy3kod IpH TeMIeparype
T =300°C;

— omxur obpasna npu T = 320 °C;

— BO3JeHcTBHE Ha 00pasel] YAapHBIMH yJIbTPa3ByKOBBIMU KOJIEOAHUSIMU.
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Bo3zeiicTBue cxaTmeM NPOBOAWIOCH Ha 0OOpas3lbl B HArPETOM COCTOSIHUH
(T =300°C) marpyskoit P=0,5MH. Ilpu 3TOM B CcpeaHeM TOJIIIMHA 0Opasma
yMeHbInaiach Ha 35 %, mupuHa yBenuunBanachk Ha 57 %, a ninuHa — Ha 4 %.

YinapHoe BO3ACHCTBUE C YIbTPa3BYKOBOM YacTOTOM OCYIIECTBIIIOCH C ITO-
MOIIBIO T€HEPaTOpa IIyTeM CKaHHUPOBAaHUS OOMKOM yIapHHUKA MO MOBEPXHOCTH 00-
pasua ¢ gacroroit 20 kI'm. IIpu 3TOM onTUManpHas aMIDIUTY/Aa KoyebaHwii OoiKa,
MO3BOJISIONIAs YIIPOUYHUTH Marepual, cocraBimsuia 19,8 mxm. B mpomecce ynbrpa-
3BYKOBOH 00pabOTKH TPOUCXOAWT IUIACTHYECKOoe nedopMHUpOBaHWE MaTepHana,
YTO NMPUBOAUT K U3MEHEHHIO €r0 CTPYKTYPHOT'O COCTOSIHUS.

ITpy ncnbITaHUAX HA MOJI3YYECTh 00Pa3LoB, KOTOPbIEC IOABEPIINCH SHEPTETH-
4yecKkoil 00paboTKe, BHOCHIACH ITONIPAaBKa HA BEIMYMHY HArpy3Kd C yYETOM H3Me-
HEHMS IUIOMIAAN TIOIEPEUHOTO CEUSHHUS.

[eiicTBue 3HEPreTHYECKNX MOTOKOB HAa MaTepHall OLCHWBAIOCH MO M3MEHe-
HHUIO XapaKTepUCTHK KPAaTKOBPEMEHHOM NMPOYHOCTH (Mpefeda HNPOYHOCTH Cp U
Ipesie] TEKYUECTH O ), JUIMTENBLHON NPOYHOCTH (BPEMs IO Pa3pyIICHHs MPH
MOJNI3y4YecTH), yIeNbHOW pabore paspymieHus: obopasua W , a Taxke MO0 MHUKpPO-
CTPYKTYPHBIM U3MEHECHHUSM.

B otnmuuwme ot [4], mpoMexxyTouHas miactudeckas nedopMarus Mpu UCIbITa-
HUSIX Ha MOJ3Y4YeCTh JOCTUTANaCh ABYMsI CIOCOOaMH.

B cootBetcTBHE € mepBOi cxeMol, 00pa3iipl IepBOHAYAIBHO BBIACPKUBAINCH
II0J] PacTATUBAIOLIECH HArpy3Koi NPHOIU3UTENIFHO A0 TOJIOBUHBI BPEMEHH pa3pyliie-
HUSL, TIOCTIE PAa3rPy3KU M OXJIAKACHHUS OHHU MOJBEPrajiuCh ACHCTBHIO BBICOKOTEMIIE-
PaTypHOTO CXKHMAIOLIETO HArpy>KeHus, a 3aTeM OCYILECTBIISUIACH yAapHas yJIbTpa-
3ByKoBasi 00paboTka. [locnme 3Toro 00pasmbl CHOBa HArpy»KajucCh UCXOTHON pacTsi-
T'MBAIOILEH HArpy3KOi U BEIBOAMIIMCH HA PEXXUM MOI3YUECTH 10 paspyIICHHS.

CornacHo BTOpOi cxeme, nocie 00pabOTKU BBICOKOTEMIIEPATYPHBIM CKHUMa-
IOIUM JIaBJICHWEM IPOBOAMIICS OTKHUT oOpa3noB npu temmneparype 7 = 320°C B
TEUYEHHE JIBYX YacOB C MOCICAYIOIIMM BO3JCHCTBUEM Ha HUX BBICOKOYACTOTHOTO
YIOApHOTO BO3JICUCTBHUSL.

B tabn. 1 u Ha puc. 2 npuBeneHbl PE3yNbTaThl UCHBITAHUN 00pa3LOB CIUIaBa
AMTr6M B HCXOJTHOM COCTOSIHUM U IOCJIE€ BO3ACHCTBUS pa3IMYHBIX BUIOB MIPOMeE-
XKYTOYHOM ITacTHUECKON AehopMalri B peKUME MOJI3yUeCTH.

Tabmuma 1
VnenpHas
Peskum IIpenen teky- Ipenen : OTHOCHT. Bpewms 1o T
Hﬁdxzﬂ(;:;igne 06patoT- YECTH, MPOYHOCTH, pggs;;ﬁig YATUHEHHE, (pa3pylIeHHUs, ,L__l
p K1 Go,2 . MIla Og , MIla W, Ml 5,% T 60, ¢ 0
Hcex. 167,0 333,0 68,2 20 8 -
AMroeM I cxema 440,0 483,0 17,2 4 240 30
1T cxema 250,0 378,0 48,9 14 64 8
T
3nech —L — OTHOmIEHHE BPEMEHH 10 pa3pylleHus oOpasua, o0paboTaHHOTO
To

10 MEPBOH M BTOPOH cXeMe, KO BPEMEHHU A0 pa3pyleHus: HeoOpaboTaHHOTo 00-
pasua.

Huarpammbl nedopmupoBanus () U KpUBbIC MOJI3y4decTH (6) 00pasioB criia-
Ba AMr6M mnpezcraBieHsl Ha puc. 2, rae: 1 — KOHTpobHBI 00paser;; 2 — mocie
06paboTku 1o |I-ii cxeme; 3 — mocine o6padotku mo |1-ii cxeme.

Ha puc. 2 (¢) o — npuioxeHHOe HanpsHKeHHe B 00pasie, € — OTHOCUTEIILHOE
yIUTMHEHHE.
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Puc. 2

AHanu3 pe3ysIbTaToB MCIBITAaHUH 00pa3loB B UCXOJHOM COCTOSHHM U IOCIHE
SHEpreTHYeckoi 00padOTKM MOKa3al, YTO MPOBEIEHHE MPOMEXKYTOUHOM IJIacTH-
YecKOM neopManiy B YCIOBUSAX IMOJI3YYECTH NMOBBIIIACT XapaKTEPUCTHKHU KpaT-
KOBPEMEHHOH MPOYHOCTH U BpeMs N0 pa3pymieHus cruraBa AMroM (cM. tabmm-
iy 1 u puc. 2). [Ipu ucnbITaHAAX IO TIEPBON CXeMe CYIECTBEHHBIM 00pa3oM To-
BBILIACTCS BPEMsI 10 Pa3pyLICHUS MPH MOJI3YUECTH, OJHAKO IPU 3TOM PE3KO CHU-
JKaeTcsl MIACTUYHOCTh MaTepuaiia. BBejeHue oTxkuUra mo3BoJIET MOBBICUTH BPEMS
JI0 Pa3pyLIEHUs CIUIaBa IPU OTHOCUTEIBHOM COXPAaHEHUH IMpeiesia TEKYIECTH.

CornacHo o0mieii cxeme aegopMUpOBaHMS HCClleAyeMoro crjasa AMroM,
POMEXYTOUYHAsl 3HEpreTudeckas oOpaboTKa BKIIOYaia ACHCTBHE BBICOKOTEMIIE-
PaTypHOTrO CXKMMAIOIETO HarpyXeHus. YIPOUYHEHHE MaTepuana BCIIEACTBUE Ta-
KOl 00paboTKM OOYCJIOBJIEHO KaK 3aJeYMBAaHUEM MMKPOHECIUIOIIHOCTEH, TaK M
MOBBIIICHUEM MJIOTHOCTU Iuciokauui [S]. Jns ompeneneHus: BKiIana yKa3aHHBIX
3¢ eKxTOB 00pa3Lbl TOIBEPraliuCch OTKUTY B TEUEHHE Yaca IPH Pa3HbIX 3HAYCHUSIX

Oy » Oy MITa TEMIIEPATyPHI.

[ Ha puc. 3. mokazaHa 3aBHCHMOCTb
npenena npounoctu (1), mpexena Teky-
yectu (2) 1 paboThl pazpymieHus (3) oT
TEMIIEpaTyphl OT’KUTa 00pa3LoB CIUIaBa
AMroM, noaBeprHyThIX BBICOKOTEMIIE-
paTypHOMY CXKHMAIOLIEMY Harpyxe-
15F 100k HUIO.

Kak BugHO U3 puc. 3, B uHTEpBae

o 200 400 temneparyp ot 20 mo 100°C mnpenen

Lo npouHocTH (kpuBas 1) cocraBiseT oko-
Puc. 3 no 490 MITla. Haumnas c¢ 7=100°C
MIPOMCXOANT 3aMETHOE YMEHBIIEHHE €ro 3HaueHus. [Ipum TemmepaType oTKura

w, 60 F 400
5
£ 45 [ 300
=
Bz

30 200
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T'=400 °C u BbllIc KpHUBas IMPOYHOCTH, KaK U KPHUBBIC TeKyudecTH (KpuBas 2) u
yAeIbHOU paboThl pa3pyieHus (KpuBas 3), BBIXOJAUT Ha TOPU30HTAIBHYIO aCHMII-
TOTY.

[MocnenHee CBUIETENHCTBYET O TOM, YTO MPH YKAa3aHHBIX YCIOBUSX IMPOUCXO-
JISIT, OYEBUIHO, AHHUTHJISIIIAK JICTIOKAIINE, KOTOPBhIE BO3HUKIIN BCIIEJCTBHE 00pa-
00TkH cxxuMaronuM jgasineHueM. OmHako B mHTEpBane temmeparyp oT 400°C mo
450°C mpouHOCTh 00pa3IOB HE BOCCTAHABIMBAETCS K CBOEMY HCXOAHOMY YPOBHIO,
kotopeiid coctaBiseT 333 MIla, a ocraercs ma rpanune 363 MIIa (puc. 3, xpu-
Basi 1). WTak, MOBBIMICHHE MpEAEiTa MPOYHOCTH, OOYCIOBICHHOE 3ajeYMBAHHEM

nedekros, n cocraiser 30 Mlla, a usmenenne Gy, CBA3aHHOE C Ae(OpPMaLMOH-

HbIM yrpouHeHreM — 130 MITa. B monbe3y Toro, 4to moBBINICHUE Mpejeia mpoy-
HOCTH TTOCIIE BO3ACHCTBUS CKUMAIOIIETO HATPY>KEHUS OTIPEAEIISETCs, B OCHOBHOM,
nedOopMaIOHHBIM YIIPOYHEHHEM, CBHIETEIHCTBYET YK€ OTMEUCHHOE BBIIIE CHHU-
JKEHHE IIACTHYHOCTH MarepHuaiia oOpas3IoB MPH HCIBITAHUAX IO TIEPBOM cxeme
BBEJICHUS TIPOMEXYTOYHOM TmacTiuaeckoil nedopmanuu. Takum obpazom, ympod-
HeHHUe ciaBa AMroM npu o0paboTke cKUMarommM HarpykeHuem Ha 81,25 %
00yCIIOBIIEHO N3MEHEHHEM TUTOTHOCTH TUCIIOKAaWi 1 nuib Ha 18,75 % 3anednBa-
HUEM J1e(DeKTOB.

YnapHoe ynmbTpa3BYKOBOE BO3JEHCTBHE BBI3BIBACT IpoOJieHHE OJIOKOB MO3a-
WYHOW CTPYKTYpBI, KOTOpas IOBBIMIAET TUIOTHOCTh TUCIIOKAIUH W TMOPOKIAET
YIpyTue UCKAKEHUS KPUCTAIUTMYECKON PEIIeTKH, CO3/1aBas TEM CaMbIM IPETIsT-
CTBUS JUTSI IBUTAIOIIHUXCS JUCIIOKAIHHA [6].

Pe3ynbraTel MUKPOCTPYKTYPHBIX HCCIIEIOBAHUN M JBOJIONHS JUCIOKAI[HOH-
HOM KapTUHbl KAYCCTBECHHO COBIAJAIOT C IMOJYYCHHBIMU JAaHHBIMU IO OLICHKE MC-
XAHUYECKUX XapaKTEePUCTHUK ciiaBa AMroM.

Ha puc. 4, a npuBesieHa CTpYKTypa CIIaBa B UCXOJHOM COCTOSIHHH, KOTOpast
OTIpeeNIsIeTCS 3€PHUCTBIM CTPOCHUEM MaTepuaia ¢ MHOTOYMCICHHBIMH BKIIOUE-
HUSMH BTOpOH (Da3bl Kak MO rpaHUIaM, TaK U PaBHOMEPHO paclpelleIecHHBIMH B
MaTpuile 3epHa. /luciokalMoHHas KapTHHA B BUAE SMOK TpPaBJCHHUS, KOTOpHIE
UICHTU(DUIIMPYIOTCSA KaK BBIXObI JMCIOKAIMIA HA TIOBEPXHOCTb, JOBOJIBHO OIHO-
poanast (puc. 4, 6). DIEKTPOHHO-MHKPOCKOIMYECKUE HCCIIEIOBAHUS WILTIOCTPHU-
PYIOT NPAKTHYECKHU MPSIMbIC JIMHUH CKOJIBKSHHUS U YacTH BTOPOit (ha3sl (puc. 4, 6).

ITocne MPUIIOKCHHUA PACTATMBAIOIICTO HArpy>X€Husd B TCIUIOBOM IIOJICE U I10-
ClIeAyIONIEH BBIIEPKKU 00pa3iia MPUMEPHO JI0 TIOJIOBHHBI BpEMEHH Pa3pyIIeHUs B
peXUMeE TON3y4YecTH HAOMIOAAeTCsl TEKCTYpOBAaHHAs 3EpPHUCTAas CTPYKTypa
(puc. 5, a). Ilpu 3TOM OYEeHb MHTEHCHBHO HaKarIuBatoTcs nedexTol. Puc. 5, 6 mi-
JIOCTPUPYET HAIWYME JTMHUN CKOJILKEHUS, 00pa30BaHUE KOTOPHIX CBS3aHO, O4e-
BUJIHO, C POCTOM IIOTHOCTH AMCIOKanuid. CileayeT OTMETUTh, YTO B COCEIHUX
3epHax JMHUU CKOJIbKCHUSI HUMEIOT Pa3HOE HaIpaBieHUE. DTO CBUICTENBCTBYET O
TOM, YTO KaXI0€ 3epHO jaedopMUpyeTcs Mo-pa3HOMY, CMENIasCh OTHOCHTEIBHO
apyr npyra. I[Ipy HapylmieHUM CBSI3U MEXAY HUMH IOSBISTIOTCS MEXKy3€pPEHHbBIE
TpelmurHbl (TOKa3aHO CTpeNIKaMH Ha pHC. O, 8). DIEKTPOHHO-MHUKPOCKOITMYECKHE
WCCIIEIOBaHUS BBISIBUIIM TIPH JIe(hOPMAIIUU PACTPECKHUBAHNE BKIFOUSHHUH B HATIpaB-
JICHUH, TIEPIICHIUKYIIIPHOM JICHCTBHIO Harpy3ku (puc. 5, 2).
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Puc. 5

JluciiokaiMoHHas KapThHa J1e(OPMHUPOBAHHOTO PACTSDKCHHEM — CIUIaBa
AMr6M HeoIHOpOIHA C SBHBIMH MaKCUMyMaMH W MHHUMYMaMH IO TUIOTHOCTH
sMOK TpaBieHusi (puc. 6, a). TTosSBISAIOTCS JTOBOJILHO [UITMHHBIC THCIOKAIIMOHHBIC
JIMHUH, KOTOPBIC B Psijie CIIydaeB 3aKPEIUICHbI MEJIKHMH YaCTHI[AMU BKIIFOUCHUIN
(puc. 6, 6). MHorna HAOMIOJAFOTCS MEJIKWE MHUKPOTPEUIMHBI 10 IPaHUIAM 3epeH
(oTMedeHbI cTpesikamu Ha puc. 6, 6). Kak MoxHO HabOmonaTh Ha puc. 6, 2, rpaHu-
1Bl 3¢PEH MOT'YT CTaTh HCTOYHUKOM 3aPOXKICHHUS TUCIOKAIIHH.
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Puc. 6

Puc. 7
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JleiicTBe MHTEHCHUBHBIX CKUMAIOIINX HATPY30K MOBBIMIAET IJIOTHOCTH JIHC-
nokarwii. [lpum 3ToM HAOMIOAAIOTCA JIOMaHHBIE JUCIOKAIlMOHHBIE JIMHUHU
(puc. 7, a). DNEKTPOHHO-MHUKPOCKOITMYECKUE WCCICIOBAHUS TIOKA3alu HAIIHE
MHOTOYHCIIEHHBIX TUCIOKAIMOHHBIX IMeTeNb (puc. 7, 6). Menkne 4acTHIbI BKITO-
YeHUH He SBISIOTCS 3(P(EKTUBHBIME OaphbepamMH IS JUCIOKAIMM, YTO XOPOIIO
BUIHO Ha puUC. 7, 8. Bo3ie KpymHBIX 9acTHUI] TUIOTHOCTh TUCIOKAIINH HEMHOTO BBI-
mre (puc. 7, 2).

3aneyrBaHUEe MHUKPOTIOP W MUKPOTPEIUH COIPOBOXIAETCS TOSBICHUEM BO-
KPYT HUX MHTEHCHUBHBIX CJIEJIOB IUIACTUYECKON nedopmartuu (puc. 7, 0; puc. 7, e).
Nx obpa3oBanne CBSI3aHO, OYEBHIHO, C SMUCCHEH MOpPaMH TUCIOKAIMOHHBIX TIe-
TENb.

Taxkum oOpa3oM, IPOBEIEHHBIE WCCIEOBAHNS MTOKA3aIH, YTO POCT U 3aJIeUH-
BaHWe Ne()eKTOB MO HArpy3Koi B cilaBe AMroM ompenensiroTcsl JUCIOKAIIHOH-
HBIMA MeXaHm3MaMHd. JleQeKThl WK 3aJIeYNBAIOTCS MO/ CXKUMAIOIIEH Harpy3Koi,
pacmanasch Ha JUCIOKAI[MOHHBIC TETIH, WM BO3PACTAIOT IMPH paCTITHUBAIONIECH
HarpysKe, BBITyCKast MEXy3J0Bble meTiau. OTKUAT 00pa3loB Mociie AeUCTBUS CIKH-
MaloIIei Harpy3Ky MOBBIIIAET IUNIACTUYHOCTh MaTepHaa.

BBenenune nmpoMexyTouHOM TepMOMEXaHUUECKOH 00paboTku crmaBa AMroM
YBEIMYMBACT €r0 XapaKTePUCTUKH KPATKOBPEMEHHOW W JJUTENBHON MPOYHOCTH
MIPH UCIIBITAHUAX HA MOJBYYeCTh. D(PPEKT YIPOUHEHHS B TOM CiIydae 00yCIOBIH-
BaeTCs Kak 3ajeurBaHueM 1e(DEeKTOB, TaK U MOBBIIIEHHEM TUIOTHOCTH TUCIOKAIINN.
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