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OBIIASA XAPAKTEPUCTHUKA PABOTHI

AKTYaJIbHOCTBh TeMbI HCCIEJOBAHUSA

TepMUTHBIE COCTaBbl HAa OCHOBE CMECEHl METa/lIOB U TBEPIABIX OKUCIUTENEH HMEIOT J0JITYIO
UCTOPUIO CO3/aHUs, MCCIEIOBAaHUS M NpUMEHEHUs. K TpaauIMOHHOMY HCIOJIb30BAaHUIO TEPMHUTHBIX
KOMITO3UIMII MOXXHO OTHECTH CBapKy META/UIOB M MX MCIIOJIb30BaHHE B KaueCTBE MHHULUUPYIOIIHX,
OCBETUTEIBHBIX U 32)KHUraTeIbHBIX COCTaBOB Kak mucan LummoBckuii A.A.

TpaguuMOHHBIE TEPMUTHBIE CMECH HAa OCHOBE KOMIIOHEHTOB MMKPOHHOTO pa3Mepa HMEIOT
JIOBOJIBHO BBICOKHME TEMIIEPATyphl MIPOAYKTOB, HO OTHOCUTEIBHO HU3KUE CKOPOCTH FOpeHMs, Hopsaka 1
cM/c. 3aMeTHOEe YCKOpEHHE peakLuid B TEPMHUTHBIX COCTABaX MOXHO JOOMTbCA C IOMOIIbBIO
HaHOPa3MEpHBIX KOMIOHEHTOB. B 1960-b1x romax B MuctuTyTe Xumunueckoit ¢puszuku AH CCCP M.AL.
I'enom, M.C. ObulM MNOSyYyeHB! MOPOLIKU YIBTPAAUCIEPCHOTO ATOMHUHMS, HCIOJIb30BAaHUE KOTOPBIX
HO3BOJIMJIO IOJYYUTh 3aMETHOE YBEJIMYEHUE CKOPOCTEHl ropeHHs TBEpJOTOIIMBHBIX cocTaBoB. Kpome
TOro, OBUIO TMOKAa3aHO, YTO B COYETAHUU C OOBIYHBIMH SHEPrOEMKHMH MaTepHUaiaMd MHKPOHHOTO
pa3Mepa, HaHOpa3MEpHbIE KOMIIO3ULUHU I103BOJISIFOT JIy4llle KOHTPOJUPOBATH CKOPOCTU BBIJIEIECHUS
SHEpPruu. DTO OTKPHLIO 00IaCTU MPUMEHEHHUS, BBIXOASIIIE 3a IPeelibl TBepAoro Tormiusa. OHaKo, 4YTo
KacaeTcsi TEPMUTHBIX COCTaBOB C HAaHOPAa3MEPHBIMU KOMIIOHEHTaMH, TO MX aKTHBHOE MCCIIEJ0BaHUE
Havanoch Toiabko B 2000-x romax. ITomoOHbIE cocTaBhl HanOoJIee YacTO HA3bIBAIOTCS HAHOTEPMHUTAMH
(HT). B Hacrosiiiee Bpemst umeeTcs O0JIbIIOE KOJUYECTBO MyOJUKaIUi, Kak 0 pa3paboTKe pa3InyHbIX
cnoco6oB co3ganust HT, Tak ¥ mo um3ydyeHuro ux cBoilctB. O030p MOCHEAHUX IOCTHUKEHUH B ITOU
objacT MOXHO HaiTH, Hampumep, B paborax V.E. Zarko, M. Polis. IIpoBeneHHbIE HCCIIeIOBAHUS
nokasanu, uro HT umeror psa npeumyiiects. B pesynprare yBenuyeHus MOBEPXHOCTH KOHTAKTa MEXY
TOPIOYUM U OKUCIIUTENIEM U YMEHBUICHUIO OIpaHMUYEHMH 10 Temio- U Macconeperocy, HT umerot 6onee
HU3KYIO TEMIIepaTypy U 3aJep’KKy BOCIUIAMEHEHUS, CYUIECTBEHHO 0o0jiee BBICOKYIO CKOPOCTh
pacrpoCTpaHeHHs IIJJaMEHH II0 CPAaBHEHUIO C MX MHUKPOHHBIMHM aHaloraMu. OTO HaXOIUT CBOE
IPUMEHEHHE TpU PEIICHUU psAAa TEXHUYECKHUX 3a/ad, TaKMX Kak pa3paboTKa HOBBIX HHULUATOPOB,
ra3oreHepaTopoB, MUKpoBUraresneil u 1p. B yactHocTu, paccmarpuBaeTcsi BO3MOKHOCTb UCIIOJIb30BAHUS
HT B cucremax 3eKTpOMCKPOBOIO U JlazepHOro MHUIMHUpoBaHMs. Cpenu MHOrooOpasusi TEPMHUTHBIX
KOMITO3UIIMI Hanbosee NpUBJIeKaTeIbHBIMU 110 SHEProcoiepKaHuIo ABisAtoTcs cmecu Al ¢ okengamu Cu,
Mo u Bi. B pabGote Obu10 NMpoBeneHO HCCIIEOBaHME MpOIlecca MHUIMHUPOBAHMUSI M PACIPOCTPAHEHUS
nporiecca B3pHIBHOTO TOPEHUS B TAHHBIX CUCTEMaX IPH JIA3PHOM H AIEKTPOUCKPOBOM WHUITMUPOBAHUH.

Cpenu cnoco6oB cosznanuss HT Obim BbIOpaH Kak TpPaAMLMOHHBIA CIOCOO YIBTPa3BYKOBOTO
CMEIICHUS HAHOPa3MEPHBIX IMOPOIIKOB, TAaK U METO/T TIPEABAPUTEIHLHON MEXaHOXUMUYECKOH aKTHBAITUH B
[IAPOBBIX MEJbHUIIAX, KOTOPBIM, Kak ObUIO MOKa3aHO B MpeAbLAyIIUX padoTax, MO3BOJSET MOMy4yaTh
CMECH C BBICOKUMH CKOpPOCTSIMH TopeHHs. Panee ObulM IpOBEAEHBI UCCIIEOBAHUS MEXaHOAKTHUBAIUH
coctaBoB Al/MoO; u Al/CuO B paborax A.N. Streletskii, M.V. Sivak, A.Yu. Dolgoborodov. B
HacTosIe paboTe MpOBEIEHO MCCIAEAOBAaHUE MO M3MEHEHHUIO PeakIMOHHOM criocobHoctu Bi,O3 u ero
CMECH C aJJIOMHUHHMEM B MPOIIECCe MEXaHOAKTHBALINY.

Pa3BuTHe HOBBIX CIIOCOOOB IMOJNyYEHHs] HAHOPA3MEPHBIX SHEPreTHUYECKHX MaTepUalloB HAa OCHOBE
CMecell OKHCIIUTENb-TOpIoYEe, a TaKkKe HCCIEJOBaHUE MPOIIECCOB NMHULIMUPOBAHUS U PacpOCTPaHEHUs
TOpEeHHs] B CUCTEMax SIBJISIETCS aKTyaJbHOM 3ajaueil Kak /Il MOHUMaHUs 3aKOHOMEPHOCTEH B3PBIBHOTO
TOpPEeHHUs, TaK M JUIsL CO3JIaHUsl HAYYHBIX OCHOB TEXHOJIOTUM CO3/IaHUSI COCTAaBOB C IOBBIIIEHHBIMHU
CKOPOCTSIMU SHEPTOBBIICTICHHUS JJIs1 HOBBIX HHAITUHPYIOIIUX U 3Q)KUTATEIbHBIX YCTPOICTB.

AKTyanpbHOCTh pabOTHl TIOATBEPIKIACTCS €€ BBIOJHEHHEM B paMKax IPOEKTa MO TPaHTy Ha
IPOBE/IEHUE KPYIHBIX HAyYHBIX MPOEKTOB MO MPHOPUTETHHIM HANPaBICHUSM HAyYHO-TEXHOJIOTUYECKOTO
pa3BuTHs MHUHHCTEpCTBAa Hayku M BbIciiero ooOpazoBanus PO Ne 2020-1902-01-315 «OHepreruka
9KCTpPEMAaJIbHBIX COCTOSTHUII.

Henanb n 3axaun padoThI

Leap padorbl — YCTAaHOBUTH OCHOBHBIE 3aKOHOMEPHOCTH Ja3€pPHOrO U DJIEKTPOHUCKPOBOTO
UHUIMMPOBAHUS M PAaCHpPOCTPAHEHUS MpPOIlecca FOPEHUsI B TEPMUTHBIX CMECSAX AFOMUHUS C OKCHAaMHU
METAJIJIOB C MOBBILIEHHOW PEaKIMOHHON CIIOCOOHOCTHIO, MOJYYEHHBIX C HCIOJIb30BaHHEM METOoj1a
npeBapUTEeNbHON MEXaHOXUMUYECKON aKTHBALIMU U HAHOPA3MEPHBIX UCXOJHBIX KOMIIOHEHTOB.



JIns noCTHKEHUs TOCTaBIEHHOW LIEJIA PEIIAIUCh CIECAYIOIINE 3a4a4M:

—  M3yunTh 3aKOHOMEPHOCTH MEXAHMYECKON aKTUBAIIMM OKCHJIa BUCMYTa M €r0 CMECH C ATFOMUHHEM,
OTIPENIeIUTh M3MEHEHUE PEAKIIMOHHOM CIIOCOOHOCTH B 3aBUCHMOCTH OT BpPEMEHHM U YCIIOBHM
aktuBauuu. OnpenenuTs TEMIEPATypy MU 3aIEPKKH BOCIUIAMEHEHMS, CKOPOCTb TOPEHHUS H
TEMIEPATYPY MPOAYKTOB.

— HM3yuuTh mpouecc MMITyIbCHOTO JIa3€pHOI0 MHULMHUPOBAHUS HAHOTEPMUTOB Ha OCHOBE CMecei
ATIOMUHHUS C OKCHJIaMU METAJUIOB, OMNPEICNIUTh KPUTHYECKHE (MUHUMAIIbHBIE) 3aJE€PXKKU U
PHEPTUI0 HMHULMUPOBaHMA. VlccienoBaTe BIMSHUE CBETOMOIIIOMAIONIMX J00aBOK Ha IMOPOT
WHULIUAPOBAHUA.

— HccnenoBarh 3aKOHOMEPHOCTH 3JIEKTPOUCKPOBOTO MHUIMMPOBAHUS B 3aBUCUMOCTH OT COCTaBa,
IUIOTHOCTU ¥ UHTEHCUBHOCTH MHULMUPYIOLIETO UMITYJIbCA.

— N3yunTh 3aKOHOMEPHOCTH pPa3BUTHUSA U PACIPOCTPAHEHMS IPOLIECCA BBICOKOCKOPOCTHOTO FOPEHUs
IIPU Pa3IMYHbIX CIOCO0aX MHUIIMUPOBAHHUS.

HayuyHnasi HoBU3HA

B pabote BnepBbie UCCIIEOBaH MPOILECC MEXaHOXMMHUECKON aKTUBALIMU CMECH OKCHJIA BUCMYTa C
amomuHueM. [lokazaHo, yTo B pe3yjpTaTe MEXaHUYECKON aKTUBALlMU PEAKIIMOHHAs CIIOCOOHOCTH PE3KO
YBEJIMYUBAETCS, UYTO MPUBOAMUT K CHIDKEHUIO TemrepaTypsl Hadana peakuuu Al+Bi,O; —Al,Os+Bi.
OmnpeneneHpl ONTUMAIBHBIC YCIOBUS AKTUBAIMH, TPH KOTOPBIX JOCTUTAIOTCS HanOoiiee BBICOKHE
CKOPOCTH F'OPEHHS.

BrnepBble SKCIIEpUMEHTAIBLHO H3MEPEHBbl 3aJEPKKHU BOCIUIAMEHEHHUS, MUHUMAallbHAs SHEPrus
WHULUAPOBAHUA JIA3€PHBIM M3JIYyYEHUEM U 3aBUCUMOCTH CKOPOCTH TOPEHUSI U MUHHMMAJIbHOW SHEPruu
Ja3epHOT0 MMIYJbca B mHpokoM amamnazone miotHoctd HT Al/CuO, Al/BiOs;, A/MoOs u Al/NiO.
HccnenoBaHo BIUSHUE CBETOMOTIONIAIONINX 100aBOK HA mopor nHuimuupoBanus HT.

Bnepsble  ompeneneHbl  KPUTHYECKHE  YCIOBHUSI  DJIEKTPOMCKPOBOTO  HWHULMUPOBAHUS
MexaHoakTuBupoBaHHOro coctaBa Al/CuO. Ilpu HM3KOH MIOTHOCTH SHEPTHH HCKPHI (hopMupyercs
HECTAllMOHAPHBIN MYJIbCUPYIOIUN pexXuM ropeHus. /i nosydyeHus: CTallMOHAPHBIX PEKUMOB CrOpaHUs
06pasIoB ¢ MEHIMAIBHBIM BPEMEHEM HEOOXOIMMO HCIIOIb30BATH PA3PSi ¢ SHEpruei Gomee 5 MIi/Mm>.
IIpakTHYeckas 3HAYMMOCTH PadoThI

Pe3ynbrathl, monyueHHBIE B X0/1€ pabOThI, MOTYT OBITH HCIIONBH30BAHBI JIJIS Pa3pabOTKH HAyYHBIX
OCHOB TEXHOJIOTMM IIOJIyU€HUS CO3JAaHMUSI HOBBIX DJHEPreTUYECKUX COCTAaBOB C IOBBIIIEHHBIMU
CKOPOCTSIMH DHEPIOBBIACIEHUS Ul WHULHMHPYIOIUX M 3aXUTaTelbHbIX YCTpPOMCTB. OnpeneneHbl
IPAKTUYECKH BaXKHbIE XapaKTEPUCTHKH, TaKWE KaK MMHUMAaJIbHasl SHEPTUs U 33JCpKKU UHULUUPOBAHUS,
3aBUCHUMOCTH CKOPOCTH FOPEHMS OT KOMIIOHEHTHOT'O COCTaBa U MJIOTHOCTH.
OcHoBHbIE 110J10KeHHS, BBIHOCUMbIE HA 3AIIUTY:

1. Onpenenenbl ONTUMAIBHBIE YCIOBHS aKTUBALUU JJIsI TTOJIYYEHHUS] TEPMUTHBIX CMECel Ha OCHOBE
OKCHJIa BUCMYTa C AJTIOMUHHEM C HauOOJBIIEH PEaKIMOHHON CrOCOOHOCTHIO. [lomydeHbl 3aBUCUMOCTH
TEMIEPATYpPbl U 3aJ€P’KKH BOCIUIAMEHEHUS, CKOPOCTH TOPEHMSI U TEMIIEpaTypbl IPOAYKTOB TOPEHHUS
Al/Bi;03 OT BpeMeHU aKTHUBAIINH.

2. DKCHEpUMEHTATbHO MO OMNpPEIENICHbl KpUTHYECKHWEe (MHUHHMAIbHbIC) 3HAYEHHS TUIOTHOCTH
SHEPruu U 3aJep>KKU MHULMUPOBAHUS B 3aBUCUMOCTU OT coctaBa U miuotHoctd HT Al/CuO, Al/Bi,0s,

3. Pe3ynbrarhl HcclenOBaHUS BIUSHUS CBETOINOIJIOMIAIONIMX J00aBOK Ha TOPOT JIa3epHOTro
WHUIIUUPOBaHUS. MUHUMATbHBIE KPUTHYECKUE TTapaMeTpbl HHUIIMUpoBaHus nonydensl st HT Al/CuO
nipu BBeeHun 1% caxu.

4. DKCIIEpUMEHTAIBHO ONPEEIECHbl KPUTHUECKUE 3HAUEHUS DHEPTUU MHUIMHUPYIOIIErO NMITYJIbCa
aktuBUpoBaHHOM cMecu Al/CuO mpu 2JIeKTPOMCKPOBOM HHUIIMUPOBAHUH.

5. Pe3ynbTarhl uU3ydeHUs pa3BUTUS U PACHpPOCTPAHEHHUs IPOLEcca BBICOKOCKOPOCTHOIO TOPEHHS
IPU Pa3INyYHbIX CIOCO0AaX MHUIIMUPOBAHHS.

CooTBercTBHE COACPKAHHUS JAMCCEPTANMH NACHOPTY CHENHMAJBHOCTH, II0 KOTOpPOH OHa
pexoMeHayeTcs K 3aluTe:

Huccepranmonnas pabora ['pummna JL.U. «MmmynbcHOE HWHUIIMMPOBAHWE HAHOTEPMUTOB Ha
OCHOBE CMecell allfOMUHMS C OKCHJIaM{ METaJJIOB» COOTBETCTBYET MAacloOpTy HAyYHOM CIEeNHaIbHOCTH:
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1.3.17 — «Xumnueckast pus3nka, TOpeHUE U B3PHIB, (PU3MKA SKCTPEMAIbHBIX COCTOSHHUM BEIIECTBA»: —
dopMmyne macmopTa JuccepTaluu, T.K. B JUCCEPTAIlMM PAacCMAaTPUBAIOTCA BONPOCHI MHUIMUPOBAHUS U
IIPOTEKaHUsl IPOLECCOB FOPEHUSI B HAHOPA3MEPHBIX CMECSX OKUCIMTEIb-TOPIOYEE, a TAK)KE MOBBILICHUE
PEaKIIMOHHON CIOCOOHOCTH 3THUX CMEced 3a CYeT MpeABApUTENbHONW MEXaHOAKTHUBAalMU — 00JacTIM
MCCJIEJOBAHMSI 11aCIIOPTa CIELMAIBHOCTH, B YaCTHOCTHU:

— MYHKT 7. «3aKOHOMEPHOCTH M MEXaHU3Mbl PaclpOCTPAHEHUs], CTPYKTYpa, MapaMeTpbl U YCTONYHBOCTD
BOJIH TOPEHHS ...; CBSI3b XHMHUYECKON M (PU3NIECKON MPUPOIBI BEIIECTB H CHCTEM C X ... XapaKTePUCTUKAMH
TEPMHYECKOTO PA3TI0KEHHS, TOPCHUSL. .. »

— IyHKTS. «... yIIPaBJICHUE MPOLIECCaMU TOPEHHS ¥ B3PHIBYATOTO ITPEBPALLICHUSD».

Anpodanusi padboTbl

OcHoBHbIE pe3yNabTaThl JUCCEPTALMOHHON pabOThl JIOKIAABIBAIUCH M OOCYXKAATUCh Ha
CJICAYIOIIMX BCEPOCCHUICKUX M MEXKIyHAPOAHBIX KOH(pepeHuusx: - MexayHapoaHas koHpepenus XXI
XapuTOHOBCKHE TeMaThueckue HaydHble ureHus, CapoB, 15-19 ampems 2019; XXXIV International
Conference on Interaction of Intense Energy Fluxes with Matter, (ELBRUS 2019), March 1-6, Elbrus,
Russia; VI Mexnaynaponnas kondepenuus «JlazepHble, miasMeHHbIE UCCIEIOBAaHUS U TEXHOJIOTMH —
Jlallnaz-2020»,11-14 ¢espans 2020, Mocka; XV BcepOoCCHIICKUI CUMIO3UYM I10 TOPEHHUIO U B3pBIBY,
Mocksa, 29 nos6ps — 4 gexabps 2020 r.; XXXV International Conference on Equations of State for
Matter (ELBRUS-2020), March 1-6, Elbrus, Russia; MexnyHnapoanas Hay4yHas KOH(MEpeHIUs
"CoBpemeHHast XuMuueckas (pu3nKa — Ha CThIKEe (DU3UKHU, XUMUU U Ouonorun", 29 Hos0ps - 3 mexadbps
2021 r., YepnoronoBka; VII Mexnynapoanas koHpepeHus «JlazepHble, M1a3MEHHBIE UCCIEIOBAHHS U
texnosoruu Jlallnaz 2021», 23 - 26 mapra 2021 r., MockBa; XXXVI International Conference on
Interaction of Intense Energy Fluxes with Matter (ELBRUS 2021), March 1-6, 2021, Elbrus, Russia; VIII
MexnyHapoanas koHpepenius «JlazepHsle, MiIa3MeHHbIE Hccaea0BaHus U TexHonoruny» Jlallnaz-2022,
22 - 25 mapta 2022 r., Mockaa.
IMy6nukanuu mo Teme quccepTanun

[Io Teme puccepraumu omnyonukoBaHo 21 mnedarnas pabora, B TOM umcie & craTted B

pedepupyeMbIX Hay4dHbIX KypHanax, Bxonsaumx B [lepeuenr BAK u 6asbr manusix Web of Science u
Scopus, 13 Te31coB 10KIa10B B COOPHUKAX TPYJOB MEPEUHUCICHHBIX BbIIIE KOH(PEPEHIHIl.
JIM4YHBIA BKJIaJ aBTOPA

[Ipu HemocpenCTBEHHOM y4YacTHH, JTUOO JIMYHO aBTOPOM IPOBOJUIIOCH MOJyYEHUE MEXaHUYECKU
aKTUBUPOBAHHBIX 00pa3lOB, U3MEPEHUE BCEX HEOOXOIMMBIX CBOMCTB, a TakKe OOCYXJEHHE U aHAJIU3
SKCIIEPUMEHTAJIBHBIX JIaHHBIX. Takke ¢ ydacTueM aBTOpa IMPOXOJAWJIO IUIAHWPOBAHME, MOJATOTOBKA U
npoBesieHue 3KcrepuMeHToB. [loMumo 3TOro, ObUT OCYIIECTBIEH cOOp M aHAJIU3 JMTEpaTyphl IO
COOTBETCTBYIOIIEH TeMaTHKe [T U3YUEHHsSI U BBIIBH)KCHUS TUIIOTES.
JdocToBepHOCTH pe3y1bTaToOB

JloCTOBEpHOCTh MOIYYEHHBIX PE3yJIbTaTOB IMCCEPTAIIMOHHOM pabOThl MOATBEP)KIACTCS HUX BO

IPOU3BOJIUMOCT, HCIOJB30BAHUEM COBPEMEHHOI0 OOOpYJOBAaHUS M AaTTECTOBAHHBIX METOJUK.
MexaHnudeckasi akTHBAIHS TPOBOIMIIACH MIAPOBBIX MENBHUIIAX, BAOPAIIMOHHOW KOHCTPYKIIMKA APOHOBA U
rtanetapHoit AktuBatop-2SL. McxomHple Marepuanbl M MPOAYKTHl pPEAKIMH aHATH3UPOBAIKCH C
MOMOIIbI0 METO/I0B 3JIEKTPOHHOM MHUKPOCKOINUU, AU(PGEepeHIINATbHON CKaHUPYIOUIEH KaJopUMETpUU U
peHTreHoga3oBoro axanuza. Jlyis M3MepeHHs SPKOCTHOH TeMIlepaTypbl HCIIOJIB30BAICS IMHPOMETP.
BricokockopocTHasi cheMKa MPOILECCOB OCYILIECTBISAJIACh C IMOMOLIBIO CKOPOCTHBIX BHJIEOKaMeEp
CORDIN-222 u PhantomMiroLS 310.OkcriepuMeHTalbHbIE METOAMKH, MPUOOPHI, O00OpYIOBaHUE —
OTJIMYAIOTCSI BBICOKUM YpPOBHEM pa3pabOTKH, YTO 0OeCreurBaeT HaJEeKHbIE M KaueCTBEHHBbIE TaHHBIE.
Taxke JOOCTOBEPHOCTh MOATBEPXKIACTCA YACTHYHBIM COIJIACHEM C paboTaMH JAPYrHMX aBTOPOB.
Pe3ynbTaThl UMEIOT PU3NYECKHUI CMBICI U HaXOAAT OTPAKEHHUE B TEKYIIEM IPEICTAaBICHUHN O MpeaMeTe
UCCIIEJOBAHMSL.
CTpykTypa H 00beM AuccepTanuu

Pabota conep>kuT BBeJleHHE, 5 TJIaB, BBIBOJIBI, CIIMCOK JIUTEPATYPHI U MpuioxeHue. OOumii o00bem
pabotel coctaBusier 106 crtpanwmi, Brirouas 40 pucyHkoB u 4 Tabmuipl. CIUCOK HMCHOI30BAaHHOM
JUTEPATyphl COACPKHUT 78 HAMMEHOBAHUIN PabOT OTEUECTBEHHBIX U 3apyOEIKHBIX aBTOPOB.



OCHOBHOE COAEPKAHME PABOTbI

Bo BBeaeHMH [aHO OOOCHOBAHME AaKTYaJIbHOCTH TEMbI JUCCEPTAllMM, OCBELICHA CTENEHb
pa3paboTaHHOCTH TeMBI, CHOPMYIUPOBAHBI LM U 33Jja4l UCCIIEIOBaHN, OTpaKeHA Hay4YHasi HOBH3HA U
IPaKTUYeCcKas 3HAYMMOCTb PAOOThI, N3J10KEHBI OCHOBHBIE ITOJIOKEHUS, BRIHOCUMBbIE Ha 3aILUTY.

B nepBoii riaBe npuBOIUTCS 0030p JTUTEPATYPHBIX JTAHHBIX 10 U3BECTHBIM CIIOCOOAM IOITYYEHUS
HAaHOTEPMHUTOB, a TAaKXE M3YyYEHUI0 HUX CBOMCTB. IIpoBencHHbIE HCCIENOBAHMSA IIOKa3aJd, YTO,
HAaHOPa3MEpHbIE CMECU UMEIOT psill IPEeUMyIecTB. B pe3ynprare yBeNnM4EeHHs MOBEPXHOCTH KOHTAKTa
MEX1y TOIUIMBOM M OKHCJIMTEIEM M YMCHBIICHHIO OrPAaHWYEHHH IO TEIJIO- M MAacCOIEpEeHocy,
HAaHOTEPMHUTHI UMEIOT Oojiee HU3KYIO TEMIIEPaTypy U 3aAep>KKy BOCIUIAMEHEHUs, CYIIECTBEHHO Ooiee
BBICOKYIO CKOPOCTb PACIPOCTPaHEHMsI IUIAMEHH 110 CPAaBHEHUIO C UX MUKPOHHBIMM aHanoramu. Cpenu
CHOCcO0OB CO3JIaHHMsI HAHOTEPMHUTOB HamOOJIee TPOUZBOAMTEIBHBIME M OTHOCUTEIIBHO JICHIEBBIMH
ABJIAETCS METOJ YJIBTPa3BYKOBOI'O IEPEMEIINBAHNS UCXOIHBIX HAaHOPAa3MEPHBIX KOMIIOHEHTOB, a TaKkKe
METO/ IPEIBAPUTEILHON MEXAHOXUMUYECKON aKTUBALMU B IAPOBBIX MEJIbHULIAX.

Bo BTOpO# ry1aBe NPUBOIATCA XapaKTCPUCTHUKU HCCIIENYyEMbIX MAaTepUalOB M HMCIOJIb30BaHHBIC
METOAMKH. B KauecTBe OOBEKTOB SKCIEPUMEHTAIHLHOIO HCCIEIOBAHUS OBLIM BHIOPAHBI TEPMUTHBIE
CMECH alIOMMHHUS C OKHCIUTEISIMH, 00JalaroIine BEICOKUM 3K30TepMuuecKuM 3ddexkrom peakuuu. U3
OKHCITUTENICH HCIONIb30BAINCh OKCHIBl MEIH, MOJHOJeHa M BHCMYyTa. MaKCHMAJIbHBIA TEIJIOBOM
s¢dexra peakiuii Al ¢ 3TUMH OKUCIUTENSIMU CPaBHUM HJIM IPEBOCXOIUT TEIUIOTY B3pbIBA OOBIYHBIX
6pusanTHbIX BB, (Hanpumep, THT — 4,18 k/lx/r 1 6,86 k[x/cm’).

Tabnuua 1 — TerntoBble 3¢ (ekThl TEpMUTHBIX peakuuit o gaHHbIM S. Fischer, M. Grubelich.

Peakwuis IlnotHOCTH 0, l'azoBbinenenue, 1 amm. | T,y

F/CM3 KI[)K/ r KI[)K/CM3 [F ra3a/ r CMCCH] [K]

2Al1 + Bi1,03 — 2Bi + Al,0O4 7,188 2,12 15,23 0,8940 3319
2Al1 + MoO3; — Mo + Al,O3 3,808 4,71 17,92 0,2473 3688
2A1+ 3CuO — 3Cu + ALLO3 5,109 4,08 20,83 0,3431 2843

nMoO; nCuO (Tomck)

Pucynok 1 — SEM HCXOAHBIX TTOPOIIIKOB

B kadecTBe MCXOJHBIX MOPOIIKOB HCMOJb30BATUCH MPOMBIIUICHHBIE MOPOIIKH C MHUKPOHHBIMU
YacTUIIaMU: MUPOTEXHUYecKas amomuHueBas myapa (I111-2J1) ¢ gyenryituaTeiMu yacTHIIaMU TOJIIAHOM 1 -
2 MKM u JuHeHHbIME pazMepamu 20-100 MKM, XUMHYECKH YHUCThIe opomku okuciureneid: CuO (YHAA)
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CO CpeIHEMacCOBBIM pazMepoM <o> = 20 + 50 mxm; MoO; (XY) <6> = 40 mxMm u Bi,O3 (XY) <6> = 50
MkM. HanopasmepHbie mopomiku - HaHoamoMuHUN nAl <6> = 100 um (momyden B MHOIIX® PAH
JICBUTAIIMOHHO-CTPYHHBIM METOJIOM C HCIIOJb30BaHHEM MoauduiupoBanHoi ycranoBku MIGEN).
CopaepxaHre akTUBHOIO aJIOMHUHHMS B MOPOIIKE cOCTaBisio okoso 90%. ITopomok nCuO ¢ pazmepom
yactull 50-80 HM U yenbHON MOBEPXHOCThIO S=20 m*/r (000 «[lepenoBbie MOPOIIKOBBIE TEXHOJIOTUNY,
Tomck). Hanopasmepnsie Bi;Os u MoO3 nonydanu myreM u3MelnbueHus XY MOpOIIKOB B YHEPTOEMKOH
IUIaHeTapHONH MenbHUIle «AKTHBaTop-2SLy». Ilocne wu3MenbuyeHUs: MOPOIIKH TPEACTABISIN CcOOOi
CyOMUKpPOHHBIE KOHTJIOMEPAThI, COCTOSIIINE U3 (PparMeHTHPOBAHHBIX YacTHUll pazmepom oT 20 10 200 M.
COM-u300paXkeHHs UCTIONBb30BAHHBIX MTOPOIIKOB MPEICTaBICHBI Ha pHC. 1.

s mpoBepkH pa3sMepoB M YHUCTOTHI UCXOIHBIX KOMIIOHEHTOB MPOBOJMJICS MpeABapUTEIbHBIN
peHTreHO(ha30BBIN U AIEKTPOHHO-MUKPOCKOITMYECKHI aHAIIU3.

Cnocoovl npuzomoenenusn
Yavmpaseykoeoe nepemewusanue

HT Ha ocHOBe HaHOpa3MEPHBIX MOPOIIKOB FOTOBUJIMCH MO CHEUAIBHON TEXHOJOTHH B HHEPTHOM
pacTBOpHUTENIE C MOMOIIBIO MOIIHOTO YIbTpa3BykoBoro nucrepraropa (Y3/) MO®93-T. B nporecce
usroroBienuss HT cHauana B cTekisiHHBIN cocyn Beickinanu nopomku nCuO, MoOs unu Bi;O3 (MoOs u
Bi,O; mpenBapuTenbHO HM3MENbYATNCh B MeJdbHHIE). 3aTeM aoOaBimsum rekcad (100 mim) u cmech
oOpabatbiBalii yIbTPa3ByKoOM B TeueHue 10 MUHYT, /Ui pa3felieHus KOHTrioMepaToB. nAl mo6aBisiiu K
CMECH OKCHJ/TEKCaH W 00pabaThIBAM YIBTPa3BYKOM B TeueHHe eme 30 MHHYT NMpU HETPEPHIBHOM
BOJISIHOM OXJIaX/IeHUU (0e3 OXJIaXJAeHHUS CMECh HarpeBaiach 10 TEMIEpaTyphl KUIIEHUS TeKcaHa uepes §
MuHYT). [locie 00pabOTKU CYCIIEH3HUIO BBICYIIUBAIN B BBITSHKHOM IIKa(y, IMPOCEHBAIIN Yepe3 CUTO U IS
MOJIHOTO YAaJIEHUs TeKCaHa CYIIWJIH MO BAKyyMOM.

Bce omepanmuu ¢ coctaBamMu IPOBOJWINCH C OOJBIION OCTOPOKHOCTBIO H3-32 BBICOKOM
YYBCTBUTEILHOCTU CBEKEIMPUTOTOBICHHBIX HAHOTEPMHUTOB K TPEHHUIO, YAApy M AJIEKTPOCTATUYECKOMY
paspsiay. 3a OJIMH IUKJ H3TOTABIMBAIOCH I XPAHUIIOCH He Oosiee 10 T TepMUTHON CMECH.

-

b, or 8% i
#t-‘i.u o -

Pucynok 2 — HT Al/CuO: (a) nHanouactuiisl nAl u nCuO nocne yapTpa3ByKOBOIO CMELICHUS;
(6) akTuBUpOBaHHAas cMech (cBeTabie yacTuilbl — CuO, ceprie Al)

Mexanoxumuueckas akmueayusi.

Meton mnonmyuenus HT ¢ mnomompbio mOpeaBapUTENbHOM  MeXaHOAKTUBALMK — OOiajaer
CYIIECTBEHHBIMH MPEUMYIIECTBaMU Iepe] APYTUMHU crnoco0aMH MO MPOU3BOAUTENBHOCTH. [Ipu 3TOM
KpOME U3MEJIbUYEHHUS U MEePEeMEIINBaHUs OPOIIKOB YAaCTHI] MUKPOHHOI'O pa3Mepa ¢ CO3/IaHUEM BBICOKOM
MOBEPXHOCTH KOHTAKTa, TaKXe MPOUCXOAUT 0Opa3oBaHHE Ie(PEKTOB KPUCTAIUIMYECKOH CTPYKTYPHI
OKHUCJIUTEJIEH, YTO MO3BOJIAET YBEIMYMBATH CKOPOCTh NMPOTEKAaHUS pEaKLUHUUd MEXKIYy peareHTaMmu, H,
COOTBETCTBEHHO, MOBBIIIATh CKOPOCTh 3HEPTOBBIIEICHHS B IIPOLECCAX TOPEHMS M IE€TOHALUU. PeKuMel
MEXaHWYECKON 00pabOTKH MOJOMPAOTCS TaKUM 00pa3oM, YTOOBI TOOUTHCS MaKCHMAaJIbHO BO3MOKHOMU
OJTHOPOJTHOCTH TMEPEMEIIMBAaHUS M AKTUBAIMM CMeCH 0e3 MPOTeKaHWs XMUMHUYECKON PpeakIuu MeEexXIy
KOMIIOHEHTaMH.

HT w3 ncxogHbIX MUKpPOHHBIX KOMIIOHEHTOB TI'OTOBWJIMCH B JiB€ craguu. Ha mepBoil craaun
MUKPOHHBIE OKHCIIUTEIH U3MENIbYAINCh B MJIAHETAPHOM MeNIbHHULIE O CYOMUKPOHHOTO pa3Mepa. 3areM
HOPOUIKU OKUCIUTENEH U Al CMEIIMBATUCh U AKTUBUPOBAIUCH NP PA3IMYHBIX YCIOBHUSX.
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CMemieHe W aKTUBAIUIO KOMIIOHEHTOB MPOBOAWIM B JBYX THUIAX IMAPOBBIX MEJIHHUIL: B
BUOPAITMOHHOW MEJBHHUIIE KOHCTPYKIIMM ApPOHOBA WJIM B TUIAHETAPHOW MeNbHHIIE «AKTHUBATOP-2sl» co
CTallbHBIMH O0apabanamu ¢ mapamu. Macca mapos - 200-300 r. PazoBas 3arpy3ka mopoIIKOB COCTaBJIsUIa
10-25 r. AKTHBaUMIO OPOBOJWIM IUKJIaMU 1o 60 cek Mpu MOJIHOM BpeMEHU akThBauuu t, ot 1 mo 20
MUH. JlJI1 XapakTEepUCTHUKA MEXAaHOXMMHMUYECKOW aKTHBAllMM B Pa3jIMYHbIX THUIAX aKTHUBAaTOPOB
UCIONIB3YIOT BEJIMYUHY 103bl akTuBauuu D, = Jxt, (xx/T), rae J - yaenpHas 3HEproHanpsHKeHHOCTD
aktuBaropa (BT/T). t, - BpeMs akTuBanuu (c). MakCUMallbHas SHEPrOHAMPSHKEHHOCTh JUISI MEIbHUIIBI
AponoBa coctasisier J = 3,7 B1/r, a g menbHunbl "Atuatop-2sl" J = 9,7 Br/r. Jlanee B pe3ynbTaTax
MPUBOAATCS KaK BpeMsi akTUBAIMH, TaK U J103a.

IKcnepumenmavHvie MemoOUKU.

Jns uccnenoBaHusl UCXOAHBIX KOMIIOHEHTOB M MTPOJIYKTOB PEAKIIUU UCTIOIb30BAIUCH CTAH/IAPTHHIC
METO/Ibl AJIEKTPOHHOW MHUKPOCKOIIMHU, pEeHTreHo(a3z0Boro aHainusa, quddepeHranbHol CKaHupyomen
KaJIOpUMETPUHU, TepMorpaBumeTpun. Mcnonp3zoBanuch 31eKkTpoHHBINH pacTpoBblii Nova NanoSEM 450 c
CHUCTEMaMHU JUIsl. SHEPTOIUCIIEPCMOHHOTO MHMKpOAHadu3a M pPEHTreHoBckui mudpakromerp JIPOH-3
(MenHas peHTreHoBckas TpyOka). Peakuumonnyro cnocodoHocts HT npu mennennom HarpeBanuu (10
°C/muH) ouneHuBanu c¢ mnomombplo auddepennuansHoil  ckanupytomieit  kamopumerpun (ACK) u
tepmorpaBumMerpu (TT') ¢ HCIIONB30BaHKEM CUCTEMBI OJTHOBPEMEHHOTO TepMudeckoro ananm3a (Netzsch
STA 449C Jupiter) B coueTaHuu ¢ KBaApYyIMoJIbHBIM Macc-criekTpomerpoM (QMS 403 C Aelos).

Jlyist BU3yanu3aliy TPOIECCOB TOPEHUS M HMCIIOJIh30BAIMCH CKOPOCTHBIC BUICOKamephl Phantom
Miro LC310 (ckopocts chemku oT 3 260 no 650 000 kamap/c, Bpems skcno3unuu ot 1 mkc) u Cordin 222-
4G (16 xagpoB, BpeMst 3KCIIO3UIIUU OT 2,5 HC).

Mydeabnas neun
IM-700 Hagecka

BeliecTBa

MeaHast NoAJI03KKa PI/IC}/HOK 3 - Cxema
Memas YCTAHOBKH I10
MACCHBHAsS N3MCPCHUTIO

NMOACTABKA
TEMIICPATYPhI
Tepmonapa patyp

J BOCILUIAMEHECHUS

/_. Tepmocrar ¢
\ 3a1aHHOM
¥ TemMmnepartypoii

Memoo usmepenus memnepamypuvl 60CHAAMEHEHUSL

[nsa  npurortoBnenHblx HT ¢ nomompro METOOUMKM 3aXKUTaHHUS TopsAYed ITOBEPXHOCTBIO
onpezensnach TeMIeparypa BOCIIaMEHEHUS [, OOHOBpEMEHHO C 7Tj, OIpENensulach BpPEMEHHAs
3a/IepKKa BOCIUIAMEHEHMS. MeToa MO3BOJSIET C MUHHUMAJIBHBIMU 3aTPAaTaMH OLICHUTHh ONTHUMAJIbHbBIC
YCIIOBHS IIPUTOTOBIICHHUS CMECEH, a INIABHOE, C JOCTATOYHOM CTENEHBI0 HAINEKHOCTH KOHTPOJHMPOBATH
Ka4ecTBO M3rotosyieHHou nmaptuu HT.

Cxema ycTaHOBKHM NOKa3aHa Ha puc.3. Harpes BocIUIaMEHSIOIIEH MOBEPXHOCTH (TOJICTas MeIHas
IUIaCTHHA) ocylecTBisuics B MydenbHoil neun [IM—700, a KOHTpOJIb TeMIepaTyphl MPOBOIUTCS MEb-
KOHCTAaHTaHOBOM TEPMOIAPOI ¢ TEPMOCTATUPYEMBIM BTOPBIM ClaeM ¢ TO4HOCTBIO 10 1°C. YcraHoBka
MO3BOJISIET YCTaHABIMBATH M IOJJICPKUBATH 33JaHHYIO 1 IOBEPXHOCTH NOMIOXKKM He MeHee 50 c.
HaBecka uccinenyemoro nopomka Maccod 30+1 mMr nmomMemiasace B KOHTEHHEp, BBOJAWJIACH B I€Ub U
cOpachIiBajlach Ha HarpeTyio MOBEPXHOCTh. 3a/iep)KKa BOCIUIAMEHEHHUS OIpefensiach CEeKyHIOMEPOM C
ToyHOCThIO 1 ¢. TecTupoBaHue pabOTHl YCTAHOBKH IMPOBEACHO MO M3BECTHOM TeMmmepaType BCIBILIKU
reKCOreHa.

Memoo usmepenuss memnepamypuvl npoOYKmMo8 20peHus

Jns m3MepeHusi Temreparypbl MPOIYKTOB OBbLUT HCIOJIB30BAaH METOJ| ONTHYECKOW MHPOMETPHH,
OCHOBAHHBIM Ha OMPENIEICHUU TEMIEPATYPhI Tella M0 U3Ty4aeMOMY MOTOKY SHEPIUH MPU HEMPEPHIBHOM
CIIEKTpEe M3TydeHHUs. B ompITax perucTpupoBaioch U3IYUYCHHE MPOIYKTOB CO CBOOOIHOW MOBEPXHOCTH
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3apsnoB. [l M3MEpeHMi HCIOJB30BAJICS CKOPOCTHOM IATHKAHAIBHBIA IHUPOMETP C BPEMEHHBIM
paspemienueM 1 He (MO® PAH). ITupomerp (puc. 4) cOCTOUT M3 ONTUYECKON YacCTH C OOBEKTUBAMHU H
CBETOACTHUTEIHHON CUCTEMbI HA OCHOBE MHTEP(EPEHIIMOHHBIX CEIIEKTUBHBIX 3€PKaJl, BHLACIISIOMINX MSATH
HIMPOKUX CIEKTPAIbHBIX Juamna3oHoB. (CBETOBOM IMOTOK OT HM3y4aemMoro oOBEKTa dYepe3 CUCTEMY
O00BEKTHBOB M CBETO(UIBTPOB mocTynaer Ha (ortonpuemuukn DOY Hamamatsu H10720-01 co
criekTpanbHbiM  quanazoHoM 230-870 wwm. Ilepen DDV ycraHaBiuBaroTcs WHTEPPEPCHIIMOHHBIC
ceeropmnbTpel 400, 500, 600, 700 u 800 HM ¢ mmpuHON mojockl mpomyckanus 10-20 um. s
PETHCTPAllMM CUTHAJIOB HCIIONB30BAMCh 4-X KaHaiubHble mudpoBble ocumuiorpadsr LeCroy 7200 nmm
Rigol DS7024 ¢ monocamu nponyckanus 2 [T u 200 MI'm.

Erg an, b, A, kL

Pucynok 4 — ®ortorpadus 1 onTHYECKas cXeMa MUPOMETPA.

OO0 - BxonHoii 00bekTHB; [P 5- nHTEpPepeHnnonnbie cBeToGuabTpseI 1-5 kananos; 3D, s —
3epkana-QuiubTpsl (45) 1-6 kananos; @;_s- HeliTpanbHble cBeToGmIbTPEI TUNIA HC 1-5
kaHanos; [I1.s - npueMHUKH ONTHYECKOT0 u3iaydeHus 1-5 kananos Ha 6aze @OV H10721-01
Hamamatsu; CP - cucrema peructpauuu Ha 6a3ze ociuorpados LeCroy u Rigol.

B pabore omnpenensnack SpKOCTHasl TemIiepaTypa HpOAYKTOB. [l mosydyeHus 3HA4YeHUH
TEMIIepaTypbl MCIOJIB30BAICA CTaHJAPTHBIA METOJ| aKTMHUYHBIX MOTOKOB. HauanbHas kanuOpoBka
NUpPOMETpa IMPOBOJAWIACH IO M3Iy4eHHIO BosibppamoBoi jeHtoyHod mgammbl CHUPII 8,5-200-1, a B
YCIIOBUSAX B3PBIBHOM KaMmepbl Mepes SKCIEPUMEHTOM - 110 CBEUEHHIO (pOHTA JAETOHALMU HUTPOMETAaHa,
Temneparypa koroporo npuHumanack paBHoi 3700 K. ITo meroay akKTMHMYHBIX MOTOKOB I'paJyHpOBKa
IPOBOJUTCS 110 ATAJOHHOMY MCTOYHHMKY C U3BECTHOM M3ITydaroleil MOBEPXHOCTBIO (3apsil HUTPOMETaHa,
CBEUYEHME IMPOJIYKTOB pErucTpupyercs uepe3 auadparmy 5 MMm). B skcriepumeHTe BMECTO HUTpOMETaHa
Ha TOM € PACCTOSHUU IOMeIaeTcsi HcciaelyeMblii 00beKT ¢ Toi ke nuadparmoil. Torma sipkocTHas
TeMIEpaTypa ONpeAeseTcs IO COOTHOIIEHUIO CUTHAJIOB B IPaJyUPOBOYHOM OIIBITE U B IKCIIEPUMEHTE:!

Toeen (V) = {1/Trns + [12 (Vi Vien) + Ex(li — Lcen)] / [0.4329(C2/2)] )
rae Vi 1 Vixen — BEIMYMHBI CUTHAJIOB B IPAyHPOBOYHOM OIIBITE C HUTPOMETAHOM U B DKCIIEPUMEHTE, T,y
=3700 K; A - nnuHa BOJIHBI B MakCUMyME IpPOIyCKaHHUs MHTep(EepeHIIMOHHOro cBeTopuinpTpa; E; —
KOA((UIIMEHT TOTJIONMIEHUS HEUTPAIbHOTO CBETOPHUIbTpA HA AJTUHE BOIMHBI A; [, U lyen — TONIIUHBI
HEUTpalbHBIX CBETO(UIBTPOB B OMBITE C HUTPOMETAHOM U B IKcnepuMmeHTte. OmmoOka ompereneHHs
TEMIIepaTyphl IO TaHHOMY MeToay cocTasisier 150 K.

B Tperbeill riaBe NpUBENCHBI pPE3YyIbTaThl HMCCIEAOBAHUSA 3aKOHOMEPHOCTEM MEXaHMYECKON
aKTHBAlLIMM OKCHJIa BUCMYTa M €r0 CMECH C aJlOMUHHEM. B kauecTBe MCXOJHBIX KOMIOHEHTOB B paboTe
UCTIOJIB30BaIM MOpomKu o-BiO3 Mapku “x.u.” (dactuubl ¢ pasmepamu 40-50 MKM) M aTIOMHHHUEBYIO
nyapy Mapku III1-2JI. MexaHOaKTMBAaLMIO MMOPOIIKOB IPOBOJMIIN B IIAPOBBIX MEIbHUIIAX ApPOHOBA U
AxtuBatop 2sl (cm. ['maBy 2) B uHepTHOI cpene. Macca 3arpy3ku cocrasisuia 12 1. ITocne o6paboTku
MPOBOAMIIN PEHTI€HO(DA30BbIA U 3JEKTPOHHO-MUKPOCKOIIMUECKUN aHallu3, a TaKKe KaJIOpUMETpHUUECKHe
UCCIIEIOBAHMSI.

Ha puc. 5 npusenensl SEM n3obpaxenust yactuin BiO3, 06paboTaHHBIX B MelIbHULIE AKTHBATOP
2sl B Teuenue 2 u 4 MmunyT. BugHo, 4to yxe 2 MuH 00paOOTKM B MENbHUIE MPUBOAUT K 00pa30BaHUIO
YaCcTHUI] CYOMUKPOHHOTO pa3Mepa, a yBeJIM4eHue 10 4 MHUH - MPUBOJUT K arjoMeparnuu '"CIuiaBieHuo"
HAHOYaCTHII.
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Pucynok 5 — SEM u3obpaxkenue cyOMukpoHHbIX yacTull Bi,O3 mocie MmexaHoakTUBalluu B
MenbHuIe AKTUBaTOp 2sl B Teuenne 2 MuH 1 4 MuH.

Pentrenoa3oBelii aHaNMM3 MCXOMAHOTO M aKTHMBUpOBaHHOrO BiO3 mokasain, 4To mMpHU aKkTHUBAIMH
MPOUCXOUT JIUITh HEOOJBIIOE YIIUPSHHS JTHHUNA 0€3 CYIIECTBEHHOrO cIBUTa ()a30BBIX M3MECHECHUN HE
00HapyXeHO.

PeaknrionHas CloCOOHOCTh MCXOJHOTO M MEXaHUYECKH aKTHBUPOBAHHBIX 00pa3ioB a-BiO; Oblia
COIOCTaBJICHA Ha MpUMepe peakiuu BocctaHoBieHus: BiOs npu nmporpese B atmocdepe CO. Ha puc. 6
nokazanel JICK u TI' kpuBsie u Bbaenenue kuciopoga. I[Ipu mporpese B CO ymeHblIaeTcs Macca
obpasua u Beiensercs CO,. EcrecTBeHHO monaraTh, YTO YMEHBIIEHHE MacChl 00YCIOBIEHO OTPHIBOM
aToma Kuciopona ot okcunaa s odpasosanusi CO; u3z CO. udpaxinmonHsle JaHHBIE MTOATBEPKAAIOT,
yro nociae mnporpeBa obpasnoB B CO oOpasyercs Bi. Cnenyer ormeruTh, BO Bcex oOpasmax
OPUCYTCTBYIOT TOJIBKO (pasel Bi;Os u Bi. Takum o6pazom, nmporekaet peakuus Bi,O3 + CO — Bi +COs,
npu 3toM npu goctkeHnr 200 C Hanbonblas moTeps Macchl U BBIJCICHUE KHCIOPOAa HaOII01aeTCs
NP AaKTHBAIIMH B TEYCHHUE 2 MUH.

TG /% VoHHBIA Tok *10-10 /A
BocctaHoenenue B CO

1051 Bi203

100+ e

Ini Mass Change: -1.91 %
05 4 min Mass Change: 613 %
2 min Mass Change: -7.48%

=13 ] e

100 200 300 400 500 600
Temperature /°C
Pucynok 6 — YMeHbIIeHHE MacChl, CHUKEHUE TTapiuaibHoro nasienus O, (32) u Beigenenne CO,
(44) npu mporpeBe UCXOIHOTO U aKTUBHPOBAHHBIX 00pasioB Bi;O3 B atmochepe CO (akTuBanus B
MJIaHETApHOU MeTbHUIIE 2 U 4 MUH).

TakuM 00pa3oM, COBOKYITHOCTh JAHHBIX MOKA3bIBAET, YTO akTuBaius Bi,Os; B TeueHue 2 MHUH B
IJIAHETAPHOW MENBHUIIE JaeT JOCTAaTOYHO MEJIKMEe HaHOpa3MEpHBbIE 4YacTHIBI ¢ 0oJiee BBICOKOM
PEaKIMOHHON CIIOCOOHOCTHIO TI0 CPABHEHUIO C HCXOJHBIM OKCHIOM. AKTUBUPOBAHHBIN B TAKUX YCIOBUS
MTOPOIIOK OBLIT MCITONB30BAH JUTS TATBHEHIITNX HCCIICTOBAaHUH.

Cwmecu Al ¢ Bi,O3 rOTOBIIINCE B BECOBOM COOTHOIIEHNH 15/85 ¢ HEOOIBIINM M30BITKOM AJTFOMUHUSI
M0 OTHOIIICHHUIO K CTEXHMOMETPUU KOMIOHEHTOB. [Ipu momone B 6apabanbl 100aBisu mo 15 My rekcana,
9TOOBI W30€KaTh B3PBIBHOIO TPOTCKAaHUs peaknud. [ TOIydeHHBIX O00pasloB  MPOBOIUIH
TU(GPAKIIUOHHBIE, KAIOPUMETPUUYECKUE, TEPMOTPABUMETPUUYECKHE M MAaCC-CIEKTPaTbHBIE H3MEpPEHUS.
TemmnepaTypy BOCITIaMEHEHHS U BpeMsl 3aJICPKKH IIPH KOHTAKTE C TOpsUe MOBEPXHOCTHIO U3MEPSUTH 10
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METO/MKE, OMHCAaHHOW paHee. M(pakIMOHHBIA aHANW3 TOKa3ajl, YTO B pE3yJbTaTe aKTHBALUU Ha
nudpakrorpammax kpome JmHHN Al n Bi;Os; mosBisroTcss nuHuu Bi, cBUIETEIBCTBYIONME O HaJale
peakuuu 2A1 + Bi;03 — Al O3 + 2Bi yxe npu MUHUMAIBHBIX 103X aKTUBAIUH (6 MUH B BUOPALIMOHHON
MEJIbHUIIC U 2 MUH B TUTAHETAPHOM ).

BnusiHne mMexaHoaKTMBalMM Ha ycKopeHue mnpeBpameHus cmecu Al/BiO; 15/85 mposepsiin B
ycloBusiX MeljieHHoro mnporpesa (10 rpan/MuH) He aKTHBHUPOBAaHHBIX M aKTUBUPOBAHHBIX CMeEcei B
sueiike JICK. Ha puc. 7 mpuBeaeHo cpaBHEHHE TEIJIOBBIX 3(P(EKTOB MCXOIHON M aKTHBHPOBAHHOMN
cMmeceil.

Temneparypa, C

Pucynox 7 — TemmoBsie 3¢ dextsl mpu nporpese cmecu Al/BixO3 15/85 no (1) u mocne
MEXaHH4YeCKOW akTuBauuu (2, 3), KpuBas 3 MOJIy4YeHa [IPU IIOBTOPHOM IPOTrPEBE aKTHBUPOBAHHOTO
oOpasma

Kpugast 1 Ha puc. 7 cooTBETCTBYET TEIUIOBBIM 3(h(eKkTaM MpH MporpeBe CMECH 10 akTUBaluu. J[Ba
sunpodddexra pu 650 u 730 rpagycoB Llenbcus OOBACHSIOTCSA TUIABJICHHEM ATIOMUHHS U (Ha30BBIM
nepexonoM. Ha nudpakrorpamme sxe npucyTcTtBytoT (as3sl Al u Bi,Os3, HO oTcyTeTByeT dasza Bi, Takum
o0pa3zoM, peakius He MPOTEKaeT MpH nporpese ucxomnou cmecu a0 750 C. KpuBas 2 cooTBETCTBYyET
IpOTpeBy aKTHUBHUPOBAaHHOro oOpa3na. Ha kpuBoil cHawanma BuJeH cnaOblii SHIOTEPMUYECKHUH MK
IUTaBJIEHUSl MeTajuindeckoro Bi, KoTopelii oOpa3zoBaiics B XOJie aKTHUBAIlMU, 3K30TEPMUYECKHE IHKH,
oreevarome 530 m 620 rpagycos, orBevaromue 3a peakuuu Al m Bi;Os; u sHIOTEpMHUYECKMH MHMK
coxpanuBmrerocsi Al. Takum 00pa3oM, MOXHO NPEIANOIOKHUTh, YTO, TMPOTPEB MEXaHHUUECKH
aKTUBUPOBAHHOM cMecH 710 760 MPUBOAUT K MOJTHOMY MPOTEKAHUIO PEAKLIMH.

14
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*
104
o 8]
q) *
# 61
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4 v
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0 v 3
260 280 300 320 340 360 380 400

T°C

Pucynok 8 — 3anepxka BocIulaMeHEeHUsl akTUBUPOBaHHbIX cMeceit Al/Bi,0O3 15/85.
BpeMs mexaHoakTHBaIMK B BUOpAITMOHHOW MenbHHUIIE 6, 12 u 15 MuH 1151 KpuBbiX 1,2 u 3
COOTBETCTBEHHO
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Ha puc. 8. npuBeneHsl KpUBbIE 3a1€P>KEK BOCINIAMEHEHUS IIPU KOHTAKTE C rOpsAUYeil MOBEPXHOCTBIO.
Kak mokazaHo Ha puCyHKE IpOIIe BCEro BOCIUIAMEHsETCsl oOpasen BpeMeHu aktuBanuu 12 muHyT. Ero
muHuMmanbHasg T Bocmiamenenus 267 C, a npu T=320 C oH BcnbpIXxuBaeT MrHOBEHHO. [Ipu cHuxeHun
TEMIEpaTyphl MOAJOKKH HIKE HEKOTOpOro 3HadeHus T BocIiamMeHeHus He npoucxoauT. Ha puc. 8 atu
TeMIIepaTypbl 0003Ha4YeHbI BEPTUKATBHBIMH CTPETIKAMH.

TemnepaTypa MNpOIYKTOB TOPEHHsI U3MEpsUlach MO METOAMKE, omucaHHoi panee. [locTtaHoBka
OIBITOB M IIPUMEP 3alMCU SIPKOCTHOW TeMIlepaTypbl Ha 4-X JJIMHAX BOJH IOKa3aHbl Ha puc. 9. [lopouiku
3achINIaIUCh B TPyOKy nuamerpoM 10 MM M YIUIOTHSUIMCH 10 TWIOTHOCTH 0,4 OT MakCHUMaJIbHOM,
WHULUAPOBAHUE IIPOBOJUIIOCH JIEKTPUYECKON UCKPOU. Perucrpanus cBedeHus NpOBOAWIACH U3 LIEHTpa
3apsaa depe3 nuadparmy 5 MM. XapakTep 3aluCH H3JyYeHUs CBHUJIETEIBCTBYIOT O HEOJAHOPOJHOCTHU
(¢poHTa ropeHHs MPHU BBIXOJIE HA MOBEPXHOCTh 0Opa3na. MakcuManbHOE 3HaYeHUE TeMIIepaTyphl (OKOJIO
3100 K) mocturaercs uepes 25 MKC TIOCIIC TTOSIBJICHUS TOPEHUS Ha MOBEPXHOCTH 00pasiia.

Taxoke Oblla M3MEpeHa CKOPOCTh TOPEHHsI MEXaHOAKTUBHUPOBaHHBIX cMmeceil Al/ Bi,Os 15/85 ¢
IIOTHOCTBIO 3,0 T/eM’ (mopucroctb 58%). Ilopoiiku MOPIHUOHHO 3aCHINAIKNCh B IJIACTUKOBBIE TPYOKH C
BHYTPEHHUM JuamMeTpoM 6 MM M YIUIOTHSUIMCh BpYy4HYIO. ['OpeHHe HWHUIMUPOBAIM HarpeBOM
HUXPOMOBOHM IPOBOJIOKU. B oTBepcTusi TpyOKM Ha ONpenenEHHBIX PACCTOSIHUSIX BBOIMIUCH CBETOBO/IBI.
CBeToBOE HM3JIy4YE€HHE MPOAYKTOB TOPEHHS PETUCTPUPOBANOCH (oronuonamu. [lomyueHa 3aBHCHMOCTH
CKOPOCTH TOpeHHs OT BpeMeHH akTuBanuu. Ha paccrosHuum 60 MM OT TOYKHM MOJDKUTA MOJyYEHBI
ckopoctu ropenus 130 m/c, 220 m/c u 180 m/c s cMecelt co BpemeHeM aktuBanwu 6, 12 u 15 muH.

TakuM 00pa3oM, COBOKYMHOCTh MO JAaHHBIX aKTUBalUMU TepMuTHOW cmecu Al/Bi203 mokazana
CYIIIECTBEHHOE IIOBBIIICHUE €€ PEaKIMOHHON crocoOHocTH. B ucxomnoit cmecu Al/Bi,O; peakmmro
MEXAy KOMIIOHEHTaMu He ynanoch npoBecTd npu T<800°C npu menneHHom HarpeBe u npu T<400°C
npu OblcTpoM pa3orpeBe. MexaHuueckas aKTHBAallMsI CMECH KOMIIOHEHTOB COIIPOBOXKIAETCA
B3aMMOJICHICTBHEM MEXIy HHUMH YK€ B IPOLECCe IOMOJIa U MPUBOAUT K PE3KOMY CHUKCHHIO
TEMIEpaTypbl Hauajga peakuMu IpU HocieayroueMm nporpese. Ilpu mamoMm BpeMeHH aKTUBaLMU
MOBEPXHOCTh KOHTaKTa KOMIIOHEHTOB €IIe HEJOCTaTOYHO BEJMKa, MO3TOMY TITyOMHA MpEeBpalleHUs PH
MOMOJIe MUHUMaJIbHA, @ CKOPOCTh TePMHUUECKOro IpeBpaiieHust B auamnazone 270-500°C cyiecTBeHHO
HUKE, YeM N7 00paslioB, aKTHBUPOBAHHBIX B TeueHue 12 u 15 muH (BUOpaloHHas MeNbHHUIA). ITO
IPUBOJIUT K TOMY, YTO BOCIUIAMEHEHHUE MPU KOHTAKTE C ropsvYeil MOBEPXHOCTHIO MPOUCXOIUT MIPH OoJee
BBICOKMX TeMIiiepaTypax. C TOUYKM 3peHUsl MMapaMeTpPOB BOCIUIAMEHEHUS M MAaKCUMaJIbHOM CKOPOCTH
ropenust Al/Bi;O3; onTumanbHOE€ BpeMEHsI aKTUBAalMKM 12 MUH B BUOpAIMOHHOW MEJbHUIIE U 8§ MHH B
IIJIaHETApPHOU.

B yeTrBepTO¥i Ii1aBe NPUBEICHBI PE3YIbTAThl IO UMITYJIbCHOMY HHUIIUUPOBAHUIO HAHOTEPMHUTOB Ha
OCHOBE AJIFOMHUHMSI JIA3€PHBIM UMITYJIECOM.

B nocnennee BpeMst IUPOKO U3Y4AIOTCS pa3IUYHbIE ACTIEKThI J1a3€pPHOT0 MHUIIMHUPOBAHUS, KOTOPOE
UMEET CYLIECTBEHHBIE NMPEUMYILECTBA MO CPABHEHUIO C TPAJUIMOHHBIMU CHOCOOAMM 3a CYET BBICOKOM
MIOMEXOYCTOMYUBOCTH U CTA0MIIBHOCTH cpabaTbiBaHus. C MOSBIEHUEM MOUIHBIX JIA3€PHBIX AUOJOB CTAI0
BO3MOXXHBIM CO3/1aBaTh KOMITAKTHBIE CHCTEMbl WHUIMUPOBAHUS AJIS PA3NUYHBIX YCTPOUCTB. OcoOBbIit
MHTEpEC MPEACTABISAET JIa3epHOE BOCIJIAMEHEHHE HAaHOPa3MEPHBIX CMECEil METaNIOB C OKUCIUTEISIMU U
B3pbIBUATHIMM  BEILIECTBAMH, KOTOPbIE pAacCMaTPUBAIOTCS B KAueCTBE 3aMEHbl TPAAUIMOHHBIX
BOCIJIAaMEHUTEJIEN U IETOHATOPOB.

B pa6ote 6butn mpoBeaens! uccnenoBanus nauimupoBanus HT nAl/CuO, nAl/Bi,Os, nAl/MoOs u
nAl/NiO umnynabcoM ManorabapUTHOIO JIa3epHOro Iuo/ia C MaKCHMMallbHOM MomHocThio 0 8 Bt. Ha
TMOBEPXHOCTH 0GPA3LOB CO3ABATHCH MMITYIBCHI C IIOTHOCTBIO MOIIHOCTH m3imydenns 10 800 Br/em”. B
3aBUCHUMOCTH OT IOPUCTOCTU U COCTaBa KOMITO3UIUMN OMNpPENesUINCh: BpeMs 3aJepKKU 3aKUraHus,
MUHUMAaNbHAS TUIOTHOCTh DHEPTMH U CKOPOCTh TopeHus. Takke OBLIO M3Yy4e€HO BIUSHUE
CBETOIOIJIOMAIOIIUX /100aBOK: caxu, rpadena, yriaepoanbix HaHoTpyOok (CNT) m HaHOpasmepHbIX
4qacTULl HUKeIs Ha qyBcTBUTENbHOCT, HT Kk nasepHOoMy m3myudeHHio M ckopocTh ropeHus. CocTaBbl
TOTOBWJIMCH YIBTPa3BYKOBBIM NepeMenrnBaHueM. [IpuroToBiieHHbIE CMECH MOPIMOHHO 3arpyXajiuch B
UUJIMHAPUYECKUI KaHaJl MUIIIEHU U3 TeKcTonuTa. Jnamerp kaHana ot 4 10 8 mm, qiuHa ot 4 10 10 MM.
[lepenHIO0 U THUIBHYIO CTOPOHBI MUILIEHU 3aKPBIBAJIA IOKPOBHBIMHU CTEKJIaMU TOMIKUHOM (.13 Mm.
Cxema sKCepUMEHTAIbHOW YCTaHOBKH MoKa3aHa Ha puc. 10. s naunuuposanus HT ucnonb3oBancs
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Ja3epHBId AWOJ C ATUHOW BOJHBI m3nmydeHus 808 M. M3nmydeHue (GoKycHpoBalioch HA MOBEPXHOCTH
o0pasnoB nuH30M. CpefHsisi MOITHOCTh J1a3€pHOTO W3JIYUYCHHs] B TUIOCKOCTH PACIIONIOKEHHUS 00pa3IioB
U3MEPSIach KAJTOPUMETPUUYECKUM ONTHYECKUM M3MEPHUTENIEM Tepe]l KaXIbIM ONBITOM U HE npeBHmaﬂa
Wnax=3.3 BT. D dexTuBHas miomanp NONEpeyHOro ceueHus mydka Sy coctasisiia ot 0,42 I[o 1,5 MM
COOTBETCTBEHHO IUIOTHOCTD MOLIHOCTH M3NYUeHHS Ipqx M3MeHsUTach oT 230 10 786 Br/em® (Ges ytIeTa
MOTEPBH).

BHJeOK a 3ammATHBIC CTEKIa
I 1 E MuieHb TTumzsa 2
Uasepm;m amon I / \

[ S— )
I—‘ ; k | CeetoBoael _—

. ‘.‘
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Yupasnsirormii
KOMIBIOTEp

Pucynok 10 — Cxema 3KcriepUMEHTAIbHON YCTAHOBKH

JUIMTENBbHOCTh JIA3€PHOTO UMIYIbCa (fimp) 3allaBallach YIPABISAIOIUM KOMIIBIOTEPOM, OJIOK
ynpaBieHus: BblpabareiBan TTL-ummynbec mnpsMoyronsHOW (OpMbI, TepeaHuil (QPOHT KOTOPOro
3amyckaeT ocuusuiorpad, kamepy Phantom Miro LC310 u Bxirouaer mazep ¢ 3anepxkkoir 100 mxc, a
3aHUA (PPOHT — OTKIIOUAET Jlazep ¢ 3amaepxkoi 20 Mkc. CBeueHHE MPOAYKTOB FOPEHHUS C MEpeAHEr U
3aJJHel MOBEPXHOCTU 00pPa3LiOB PErUCTPUPOBATIOCH MHOTOKAHAIBHBIM IUPOMETPOM.

Pucynox 11 — OcunnnorpaMMH 1 - mazepHoro HMnnbca (t,mp—1820 MKC);
2 - TTL umnynbca (1900 mxc)

Ha puc. 11 npuBeneH mnpumep OCHWILIOTpaMM HMITyJIbCa JIa3epa, 3aperuCTPUPOBAHHOTO
nupomerpoM (1), u coorBercTBytomero emy TTL-umnynbca (2). MakcuMaiibHasi BETMYMHA aMILTUTYAbI
UMIyJbca u3iaydenus nocturana 90% MakcuMmanbHOTo 3HaUeHus 3a 650 MKc.

B skcnepumenTax omnpezensiack MUHAMAabHAs IUIOTHOCTh dHEpruM Ejg, wHunmuposanus HT c
BepoaATHOCTBIO  100% ®  3ajepikka HMHUUMHPOBAHMA  lign. Ejg, OIpenensnach YHCICHHBIM
UHTErPUPOBAHMEM BPEMEHHOM 3aBUCHMOCTH IUIOTHOCTH MOIIHOCTH m3nydenus I(z) ot 0 10 tig, (MOMEHT
TIOSIBJICHUS CBEYEHHs HAa (PPOHTAIILHOM MOBEPXHOCTH 00Pa3La) MPH timp > tign NI UHTETPUPOBaHUEM OT 0
10 tlimp TPA timp < tign. BpeMeHHON MHTEepBan Af MeXIy IIOSABICHUEM CBCUEHMS Ha TBIJIBHOW M
(GpoHTaNbHON CTOPOHAaX MHILIEHU (IO PErucTpaluy MHPOMETPA) IO3BOJSET ONPEAETUTh CPETHIO0
ckopocTh ropenus (u) uccienyemoro HT. Jlns kaxoro cocraBa npoBoauiiock ot 10 10 15 onbIToB.

[TommyueHHble JaHHBIE JEMOHCTPUPYIOT CHJIBHYIO 3aBUCHMOCTh KPUTHYECKHX I1apaMeTpoB
MHUIMMpoBaHus u ckopocteil ropennsa HT ot nopucroctu. Haumensiyro sHepruo MHULMUPOBAHUS U
3/IEPXKKY TTOKA3aJId COCTaBbI C MOPUCTOCTHIO 85-90%.
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Hexotopeie pe3ynbTarhl 10 KPUTUYECKUM ITapaMeTpaM HHUIMUPoBaHus nopuctsix HT npuseneHst
B Tabymmne 1 (B Tabmuue ykazanwl 3HaueHUs! ¥ = (F/0), /(F/0)s 3necy F — macca nAl, O — macca
OKHCITUTENS, MOJACTPOYHBIE UHACKCHI act M St COOTBETCTBYIOT (PAaKTHUECKOMY M CTEXMOMETPHUECKOMY
COOTHOIIECHUIO KOMIIOHEHTOR).

Tabnumna 2 — Kputrueckue napaMmeTpsl JIa3epHOT0 MHUIIMUPOBaHKs opucThix HT

g, 00aBKa, | Iy, u, Lign, Eigp, Jer
HT v % A 1% Br/cm? M/c i&c ﬂ)lf/CMZ Mk
91 - 625 590+20 1.0£0.1 | 0.39+0.02 1.7
1.1 | &9 Caxa 688 420+10 | 0.72+0.02 | 0.25+0.01 1.1
91 CNT 665 40030 | 1.0+0.1 0.4+0.1 1.7
AVCuO 90 - 660 350+£30 | 1.0+£0.1 | 0.34+0.03 1.5
1.3 | 91 | TIpaden 665 40030 | 0.8£0.1 | 0.29+0.02 | 1.25
91 nNi 640 400430 1.1+0.1 | 0.48+0.02 | 2.1
L6 86 Caxa 685 370£10 | 1.9+0.2 1.1£0.1 4.7
85 36010 | 0.9+0.1 | 0.36+0.02 1.5
Al/Bi,O3 | 1.1 | 86 ] 702 22010 | 1.0+£0.1 | 0.40+0.02 1.7
1.3 | 86 220+10 1.0£0.1 | 0.39+0.02 1.7
1.8 | 88 70+20 1.7+0.1 | 0.86+0.04 | 3.7
Al/MoO; | 1.2 | 84 - 685 110£10 1.2+0.1 | 0.29+0.05| 2.1
AINiIO 1.3 | 88 - 570 30+5 2.4+0.2 1.1£0.1 4.7

100 =

Pucynok 12 — Kputnueckas
TUIOTHOCTH SHEPTHH MHUIIUUPOBAHHS
E;,, nia nAl/CuO (P=1.1)

B 3aBUCUMOCTH OT ITOPUCTOCTH: | —
1,,,,=207 Br/em?; 2 — 1,0 =650
Br/em®

Kpnmmuecran nnomHocTe sHepran (xom’)

.95 TR (PR PN SRR RN (BT L R O L RO [ T RS PR R oI
48 52 56 B0 64 B8 T T6 B0 84 88 2 0BG

MopucTocTs (%)

I'paduk 3aBucumoctu Ejg, o nopucroct HT nAl/CuO npu AByX 3HaYEHUAX MOIIHOCTH Lpyay (PHC.
12) neMOHCTpHpYET CyLIECTBEHHOE CHUKEHUE Ejy, C yBETMUEHHEM NTOPUCTOCTHU. M3 cpaBHEHMS KPUBBIX |
¥ 2 BUJIHO, YTO JJIS JIA3€PHOT0 U3IY4YEHHUSI MEHbIIEH MOIIHOCTH (IpU mopUcTOCTH ~85%) Tpebyemast st
nauiuupoBanus HT sHeprust Bo3pactaer Ha MOPSAIOK.

I'padux 3aBucumoctu ckopoctu ropenuss HT nAl/CuO ot mopucroctd mokasaH Ha puc. 13.
3aBUCHMOCTBH XOPOIIIO aNnmpoKCUMHpYyeTcs: GyHKIMeH Buna: u = exp (4.57 - 0.0609¢ + 0.000881¢°) u
XOpOILIO COTIaCyeTcsl C JTaHHBIMH IPYTHX aBTOPOB.

W3ydeHre BIUSHUS CBETOIMOIIIOMAONINX 100aBOK [MOKa3allo, YTO BBEJIEHUE CakU (pa3Mephbl YacTHUIL
okosmo 10 HM) mo 1% MoOXeT yMEHBIIMTH BpeMsl 3aJEpKKH 3aKUTaHUS U KPUTHUYECKYIO SHEPIHUIO
uMmnyiasca Oosiee, 4yeM B JBa paza. JTO TOBOPUT O TOM, YTO YaCTUIBI caxH, obOiagass OOJbLION
HOTJIOIATENIFHOW CHOCOOHOCThIO, OJMM3KOM K €QUHMIIE, NEHCTBYIOT KakK JOMOJHHUTEIbHBIE AKTHBHBIC
LEHTPbI Pa30rpeBa, U3 KOTOPHIX BOSHUKAIOT OYark peakuuu. BMmecte ¢ TeM, ¢ yBelIMUEHUEM COJIEPIKAHUS
caxxu 710 5% cka3bIBaeTcs ee poiib, KaKk MHEPTHOIO «Oajuactay, U MpH TeX e MOPOTrOBBIX 3HAYEHUSX
SHEPrUM JIA3€pPHOTO MMILYJIbCA CKOPOCTh IOpPEHMs majzaeT B 2 pasa. B mocienyromux 3KCneprMeHTax
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uHepTHas nobaBka He mpesbimana 1% ot maccsl HT. Heoxxumanueie pesynbrarsl noiydensl s HT
Al/CuO c¢ npyrumu no6askamu. I'paden npakTruuecku He Jan HUKakoro sgdekra, a nNi — moutu Ha 20%
YBEIUYMII TIOPOTOBYIO DHEPTUI0 MHUIMHpOBaHUsS. VHTepecHbI 3¢ ekt oOHapykeH mpu J00aBICHUU
yraepoanbix HaHOTPYOok (CNT). Mano Toro, 4To CHM)KEHHS NOpOra MHULMHUPOBAHUSA HE MPOU3OILIO,
tak eme Ha 50% ymama CKOpPOCTb TOpeHHUs cMecH. BO3MOXKHO, 3TO CBS3aHO C aHOMAJbHO BBICOKOH
termonpoBogHocThio CNT. Caxka, mo6asnenHas B HT Al/Bi,Os; (W=1.6), npuBena kK 2-X KpaTHOMY
YBEIUYEHUIO JHEPTUM HHULUUPOBAHHUA MPHU TOW XKE CKOPOCTH TOpeHus. IToT 3Pdext Tpedyer
JTOTIOTHUTEJIbHBIX UCCIIE0BAHUH.
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100 |- =
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Hopucrocrs (%) Copepxanue camu (%)
Pucynok 13 — 3aBUCHMOCTb CKOPOCTH TOPEHUSI OT Pucynok 14 — Bnusiaue conep:xanus
nopucroctu HT Al/CuO (P=1.1): CaXKu Ha 33aJICPIKKY U KPUTHICCKYIO
1 — nannas pabora, 2 — nanHkele V. Sanders, B. Asay et al, 3HEpruro uHunuuposanus HT
3 — nannsie B.B. 'opneesa, M.B. Kazytuna u ap. Al/CuO (Y =1.1, £ = 89%).

Busyanuzanusi mporecca MHUIMUPOBAHHUS C (QPOHTAIBHON IMOBEPXHOCTH IOKasaja (paKTalbHbIHA
XapakTep paclpoCTpaHEHMs peakLuH Mo MOBEepXHOCTH obpasua. Ha puc. 15 nmokaszansl kaapsl Gpukcanuu
cBedyeHust ropsauux npoaykros no noepxuoctu HT Al/CuO (P=1.1, €=89%). Ludpr! Ha kanpax 3aech u
Jlaniee COOTBETCTBYIOT BpPEMEHM (B MHKpOCEeKyHAax) oT Hadana TTL-ummynbca. CKOpOCTh perucTpanuu
coctaBisuia 301075 xanp/c (untepBan 3.34 mkc) mpu pasmepe kaapa 64x64 mukcenst U BpeMEHU
skcno3unuu 0.75 mxc. ITyHkTupom 0603HadyeHa rpaHuLia ucciaeryeMoro oopasia.

1802 umc 1805 uxr 1208 umc
Pucynok 15 — Kanpsl pacipocTpaHeHus peakiiK 10 MOBEPXHOCTU o6pa3ua HT npu €=89%

3aBeplIeHHe peakUU Ha MOBEpXHOCTH Mpousouuio Ha 1805 mkxc umm uvepes 20 MKc mocie
BOCIUIAMEHEHUS. DTO BPEMS COIJIACYETCA € AJIUTEINBHOCTBIO IIEPBOTO MUKA MUPOMETPUUECKUX U3MEPEHUN
¢ (poHTANBHON MOBEpXHOCTU. PaguanbHas CKOPOCTh PACIPOCTPAHEHHUSI PEAKIIMU 110 TOBEPXHOCTH PE3KO
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mensiercst or 80 m/c Ha HauanbHOM d3Tane a0 400 m/c Ha paccTosHHM 1 MM OT OOKOBOW MOBEPXHOCTH
oOpa3ua. Ha kagpax MOXXHO YETKO Pa3IMYUTh XapaKTEpHBIE CIEObl CTPYH CBETSAIIMXCS IMPOIYKTOB
peakuuu.

[IpuBeneHHble BbILNIE PE3yJIbTaThl MO H3MEpPEHHI0 ckopocTu ropeHuss HT Obun momydeHsl Ha
KOPOTKHX 00pa3slax B YCIOBHSX IPAKTHUYECKH CBOOOJHOTO pasjieTa HPOAYKTOB peakuuu. OgHaKo,
JnaHHbIe Tpeapaymux padot V. Sanders, B. Asay, T. Foley, et al moka3siBaroT, 4T0 Ha CKOPOCTh PEAKIINH
HT cymecTBeHHOE BIMAHUE OKAa3bIBAET POCT JaBJICHUS. J{JIs1 OLEHKM TaKOro BIMSHUS ObUT IPOBEACH P
9KCIIEPUMEHTOB 10 Hccie0BaHuio pactipoctpanenus ropenus Al/CuO (e=85-87%) B 3aKpbITBIX TOHKHUX
CTEKJISIHHBIX TpyOKax pa3HOM mjuHbBl. VHMLIMHPOBAHME OCYHIECTBIISUIOCH JIA3€PHBIM JIy4OM C
ILUIOTHOCTBIO MomHocTH 690 Br/cm’. 3HaucHue CKOPOCTH NIPU MUHUMAJIBHOH JJIMHE TPYOKH COTJIaCyeTCs
C JaHHBIMH, [TOJIYYEHHBIMH B MMILEHSAX U3 TEKCTOJIMTA COOTBETCTBYIOIIEH TONLUHBL. CpenHss CKOpPOCTb
TOPEHHS] B 3TUX YCIIOBUSX 3aMETHO BO3pAacTaeT C yBEIWYCHHEM AJUHBI TPYOKH U mociie 45 MM HMeeT

TCHACHIIMUIO K BBIXOAY Ha CTallMOHAp.
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Pucynok 16 — Kunorpamma ropenust Al/CuO (6=85%) B BepTHKaJIbHOM CTEKISIHHOM TpyOKe ¢
BO3YLIHBIM [TPOMEXYTKOM (@) (BBEpXY MOKa3aHO BpeMs MOCjie MHUIIMUPOBAHUS B MKC) U U3BMEHEHHUE
CKOpPOCTH TOPEHHSI 110 JUIMHE TPYOKH C BO3AYIIHBIM IPOMEKYTKOM (46-73 MM) (0) U Cl10eM CTEKISTHHBIX
Mukpocdep (47-61mm) (B)
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OCOOEHHO MHTEPECHBIN pe3yNbTaT MOJIYYEH JUIS ClIydash paclpoCTpaHEHHs TOPEHUs B TPyOKax C
3a30poM (puc.16). 3apsia momenayics B CTEKISTHHYIO TPYOKY BbICOTOM 120 MM ¢ BHYTPEHHUM JIHAMETPOM
4 mMM. Bayrpu c¢ momompio meperopomok u3 Batbl (1,5 mm) Obut cmeman 3azop 27 mw. Ilocne
WHULIMUPOBAHUS TOPEHUE PpaCIpOCTPaHIIOCh C Hapactaromieil ckopocteto (10 850 wm/c). Ilocme
TOPMOXEHHS B MEPETOPOAKE B BO3IYLIHOM 3a30p€ MPOAYKTHI TOPEHHUSI YCKOPUCH JO CKOpOCTH Ooiee
1600 m/c, a 3aTeM BHOBb MHUIIMUPOBAIN FOPEHHE 3apsia B KOHIIE TPYOKH C MPEXHEH CKOPOCTHIO OKOJIO
850 M/c. DTH DSKCHEPHUMEHTHI CBUJCTEIBCTBYIOT O BEAYyIIEH pOJM BBICOKOCKOPOCTHOTO pasjera
IPOAYKTOB B oOecreueHuH BbICOKMX ckopocteil ropenuss HT. Bo3moxkHO, uTo 3TO 0obecreunBaeTcs
ra3o00pa3HbIMH NPOMEXKYTOUHBIMH HPOAYKTAMH OKHCICHHS THUNAa MOHOOKcuaa amomuuus AlO,
pasieTaloUMUCI  CO CBEPX3BYKOBOM CKOPOCTBIO, OJIHAKO COCTaB d3THUX HPOAYKTOB TpeOyer
CIEIMAIBHOTO MCCIIEI0BaHUS.

B nomnonHeHue K 3THUM ONbITaM MPOBOAMIINCH SKCIEPUMEHTHI B aHAJIOTMYHOW MOCTaHOBKE, HO C
IPOMEKYTKOM 3aIlOJIHEHHBIM BaTOW MJIM CJIOEM CTEKISTHHBIX MUKpocdep (nuamerp 80 Mkm). B ombite C
BaTON CKOPOCTh FOPEHHUS K KOHITy Ha4aJbHOTO y4acTka 44 MM JocTuriia 3HadeHust okojo 800 m/c, 3aTem
pe3Kko ymaina, GpOHT CBEUSHHS IPOIYKTOB B CJIOE€ BaThl PACIIPOCTPAHSIICS CO CPEeIHEH CKOPOCTHIO OKOJIO
300 m/c, mocie BbIXOJa B TOPIOYYIO CMECh CKOPOCTh TOpeHus BoccTaHoBuiach 10 700 m/c. B ombiTe co
crexiocepamu HabIrOAaTaCh aHAJOTHYHAS KapTHHA, B CIIO€ MHUKPOC(Ep CKOPOCTh (PpOHTA CBEUCHHS
ymana, HO K KOHILy CIlIosl yBEeJIMYWIach 10 cpenHero 3HaueHus 480 m/c, a mocne BBIXOJa MPOIYKTOB B
TOPIOYYIO CMECh CKOPOCTh TOPEHHS OTIATh Bo3pocia 1o 700 m/c.

Pucynoxk 17 — IIpoaykTel ropenus
Al/CuO. Cepslie wactuisi - Al,O3,
ceetrable - Cu. 1o pe3ynpraram
SHEProUCIEPCUOHHOTO aHAIN3a
EDAX B 30Hax 1, 2, 3 u 6 BecoBoe
coaepxanue atomoB Cu 80-95%, a
B30oHax 4 u 5 Al - 46—48%

u O - 45-46%

[TpoBeneHHBIE ONBITHI CBUAETENBCTBYIOT O BEAyLIeH poiu (UIBTPALIMOHHOTO pEeKUMa TOPEHUs U
NPUCYTCTBUH B MPOAYKTaX Tra3000pa3HBIX KOMIIOHEHTOB, XOTSI KOHEYHBIE MPOAYKTHl PEaKIMH TBEP/bIC
Al,O; u Cu. SEM wuzoOpaxkeHHe NpPOAYKTOB IMOKa3zaHO Ha puc. 17. B pesynbrate ropenus u
MOCJIEIYIOMIETO OXJIAXICHUS MPOAYKTHI PEAKIUU MPEUMYIECTBEHHO COCTOAT M3 CHEPUIECKUX YaCTHUI]
Al,O3, TOKPBITBIX MEIbIO, @ TAK)KE HEOOIBIIOT0 KOJIMYECTBA HAaHOPa3MepHbIX dacTul] Cu.

Takum o00pa3om, B XO/€ HCCIENOBAaHUS JIa3€pHOTO HUHHUIMHpPOBaHUS HaHOoTepMHTOB Al/CuO,

Al/Bi,03, Al/MoO; u Al/NiO nosyueHsl clieAyIonme pe3ynbTaThl:

*  DKCHEpUMEHTAJIbHO  HW3MEPEHbl  33JE€P)KKM  BOCIUIAMEHEHMS W MUHHMaJbHas  DHEPrus
UHUIUUPOBAHHUS.

*  OmpeneneHsl 3aBUCUMOCTH CKOPOCTH TOPEHUS U SHEPTMM UHUIIMHUPYIOLIETO JIA3EPHOT0 UMITYJIbCA OT
nopucrtocti HT. IlokazaHo, 4To ¢ yBeIMYEHUEM IJIOTHOCTU CKOpOCTh ropeHus HT pe3ko mamaer.
[TomyueHHble pe3ynbTaThl MOATBEPHKIAIOT BEAYIIYIO POJIb MEXaHU3Ma KOHBEKTHBHOTO TOPEHUs MPH
HU3KHAX TUIOTHOCTSAX C IUTABHBIM TIEPEXOJOM K Oojiee MEUICHHOMY KOHAYKTHBHOMY PEXHUMY
pacripocTpaHeHus npu cHwkeHuu nopucroctu HT.

*  MomHocTh Ja3epHOr0 H3JIYyYeHHs HAYMHAET 3aMETHO BJIMATH Ha IOPOTOBYIO HSHEPIUIO
unnnuupoBanust HT, xorma 3ajnepkka BOCIIAMEHEHHsI CTAaHOBUTCS CPAaBHUMOW C XapaKTEpHBIM
BPEMEHEM TEIUIOOTAaYl B MaTepHall MUIIICHH.
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*  HccrnenoBaHo BIMSIHHE CBETOIOTIIONIAIONIUX J100aBOK Ha mopor nHunuupoBanus HT. bonee yem B
JBa pa3a CHU3WIMCh MUHUMAIIbHBIE KPUTHYECKUE MmapameTpbl uHunuupoBanus it Al/CuO c
nob6askoit 1% caxu.

* Ilokazano, uto ckopocth roperuss HT Al/CuO B TpyOkax Bo3pacTaeT ¢ yBEIMYCHHEM WX JJIMHBI;
3TOT 3 (PeKT MOKeT ObITh CBSI3aH C CYIIECTBEHHBIM POCTOM JIaBJICHUS B YCIOBUSX 3aTPYAHEHHOTO
paszieTa NpoyKTOB peaKLUu.

* [lomyuyeHbl J@aHHBIE CKOPOCTHOM BHUIEOCHEMKH, IOATBEPKIAIOIIME OYArOBbII  MEXaHHU3M
MHUIIMMPOBAHUS W CTPYWHBIM MexaHu3M TropeHus uccienoBanHbix HT. Bbicokas ckopocTh
pacnpoctpanenus peakuuu (1o 800 M/c) obecriednBacTCsl OMEPEKAIONINM PACTIPOCTPAHCHHEM
TFOPSYUX IPOMEKYTOUYHBIX TPOAYKTOB CO CBEPX3BYKOBBIMU CKOpocTsMH (6onee 1600 m/c).

B nsATOM riaBe TpUBENCHBI PE3YNbTaThl HUCCICAOBAHMS SJICKTPOMCKPOBOTO HHUIIUUPOBAHUS
HAaHOTEPMHUTOB. DJIEKTPOUCKPOBOEC WHULMUPOBAHUE O00Ja/laeT PSJIOM OTIUYUTEIbHBIX OCOOEHHOCTEM:
KPaTKOBPEMEHHOCTb BBIJIETICHUSI SHEPTUU (~] MKC), TOYHOCTh CHHXPOHHU3ALMK C APYTHUMH IMPOLIECCaMU
(~1 MKC), BO3MOKHOCTBIO T€HEpaIlMi XUMUYECKH aKTUBHBIX YaCTHI] BO BpeMs pa3psaa. KoneuHoi nenbto
JAHHOTO HCCJICIOBAHUS SBJISCTCS ONTUMU3aIMs mapaMmeTpoB MexaHoaktuammu HT mist apdextuBHOrO
MPUMEHEHHUS B Pa3HBIX YCIOBUSX.

Ha ocHOBaHWUM TIpeIbITyIIUX HCCICIOBAHUN B KAa4eCTBE OCHOBHOTO OOBEKTA HMCCIEAOBAaHUS ObLIa
BoiOpan HT Ha ocHoBe MmexaHoakTuBupoBaHHOH cMecu Al/CuO 19/81 na ocnoe myapsr III1-2J1,
MOCKOJIBKY TI0 COBOKYITHOCTH MPEIBIAYIIMX JaHHBIX ATOT COCTaB IMOKa3ajdl HauOOJIbIINE CKOPOCTh
TOpPEHUS U TeMIIepaTypy, a Takke UMeeT HauOobIInil 00beMHBIH TernoBoi 3¢ dekT (6onee 20 K JK/cM’
IIPH TIOJTHOM pearupoBaHuu). MexaHOaKTHBAIMsI COCTaBa MPOBOIMIACH IO METOAMKE, OTTMCAHHOM paHee.

B pesynbraTe akTHBAIMM MOJy4Yaid MOJIHIMCIEPCHYIO CMECh JOBOJBHO KPYIHBIX KOHTJIOMEpPATOB
wiockux ¢parmentoB yactuil Al (~ 1 - 10 mxm) ¢ cyomukponasiMu yactuamu CuO (puc.18). B cuy
pa3HBIX MPOYHOCTHBIX XapaKTEPUCTUK MaTepHralia KOMIIOHEHTOB, pa30dpoca B pazMepax u ¢popMe YacTHIl,
KOHTJIOMEpAThl TPEACTABISLIM  COOOW HEYMOPSIOUYECHHBIE CTPYKTYPhI C MHOTOYHCICHHBIMH, HO
pa3ZieieHHbIMM, TOYKAMHU  KOHTaKTa KOMIIOHEHTOB. OJTH TOYKM KOHTaKTa KOMIIOHEHTOB,
MPEANOIOKUTENBHO, MOTYT  CIYXXWTb  TEPBUYHBIMU odaramu XUMUYECKON  peakiuu

2A1+3Cu0O=A1,05+3Cu.

Pucynok 18 — MexaHoakTMBMpOBAaHHasi CMECh Pucynoxk 19 — OcuuiiorpaMmma HCKpOBOTo
Al/ CuO paspsma. 1 - U); 2 - I(t); 3 - P(1)

Jns co3maHus SIIEKTPUYECKOW HCKPBI MCIOJIB30BAJCS MCTOYHHMK HMMIYyJIbcoB Toka 40-350 A,
BbIpa0aTHIBAIOLINI UMITYJIbCHl JJIUTENBHOCTBIO OKOJIO | MKC 1O OCHOBaHHIO. 3apsiiHOE HampsiKeHUe
ucrounnka coctaBisuio oT 500 mo 5000 B. DueproeifeneHne B UCKpe E,; 3aBHCENIO OT YCTaHOBIEHHOTO
3apsiqHoro HampspkeHus. Ha puc. 19 mokazanel ocuuiuiorpaMmsl U3MEpPEHUs NMAACHUS HANPSOHKEHUS U
Toka UCKphl U(t) u I(t), a TakKe MOIIHOCTH SHEPTOBBIACICHUS B UCKkpe P(1)=U(t)*I(t). DHeprus UCKpbI
M10JIy4a1ach YUCIEHHBIM UHTETPUPOBAHUEM.

E,_JU®I@) dt
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Mcnonb30Baiuch pa3indHble KOH(QUTYpaAIlMH MOCTAaHOBKH SKCIIEPUMEHTOB. B ombITax u3MeHsach
MOPUCTOCTb, PHEPTUSI FTEKTPOMCKPOBOIO MHHUIIMUPOBAHMSI, MCIOJB30Bajach pa3inuHas (opma 3apsjaa:
HACBHITHOH nosrychepruecKuii, TMHEHHBIN, 3apsAa B KaHAJIaX Pa3IMYHbIX AUAMETPOB, PACCTOSHUE MEXKIY
aekTpoaaMu. B GOJBIIMHCTBE OMBITOB HCIOJIB30BATUCH MEAHBIC AJIEKTPOJBI C IJIOCKMMU KPYTJIBIMU
TopLaMu ¢ paccrosiHueM mexay Humu 0,5-1,5 mM. Ilpu BocrmameHeHuH HachlmHbIX HaBecok (<1 r) HT
UCKpo# ¢ aHeprueit 6onee 20 Mk XMMHUYECKOE B3aUMOJCHCTBHE KOMIIOHEHTOB IPOUCXOAHUT B (opMe
(akesbHOTO TOPEHHsS CO 3HAYUTENBHBIM pa3OpocoM mpoaykToB peakiuu (puc. 20). XapaxTtepHas
CKOpPOCTH pacuirpenust odnactu ceedeHus coctanisier ~100 m/c. ITo cOBOKYITHOCTH JaHHBIX CKOPOCTHOTO
dororpadupoBanus, ocuUMIIIOTpaMM cpabaThIBaHUS SJICKTPOKOHTAKTHBIX JATYMKOB U TPEKOBBIM
OTMETKaM Ha TOHKHX oyibrax oonacte cBedeHus (paken) craeayeT XapaKTepu3oBaTh Kak
paCIIUPSIONINICA TOTOK pPEarupylolx KIACTepOB M XOJOIHBIX KOMIIOHEHTOB CMECH B oOOlake
U3ITy4aroulel 1maa3Mpl MPOyKTOB TOPEHUS.

[Toxoxee akenpHOE TOpPEHHS HAOMIONACTCd TNPH WHHULUUPOBAHMM M TOPEHHH TEPMHUTHOU
KOMIIO3UIIMH, pa3MElIeHHOH B 000JI04ke cO CBOOOJHON MOBEPXHOCTHIO. llpu JOCTHMKEHHHM BOJHBI
TOPEHUsI KOMITO3UTa B 00OJIOYKE HAa CBOOOTHYIO MOBEPXHOCTH (hOpMHUpYeETCs (akesl M3 pearupyronmx
dbparmenToB cmecu. Jljis OLEHKH SPKOCTHOW TeMmmepaTypbl Qakena MPOBEACHBI MUPOMETPUUYECKUE
u3MepeHus Ha jummHax BoiaH 500, 600, 700 m 800 HM B SKCIEpUMEHTAIBHBIX COOpKax ¢ pasHOU
reoMeTrpueil ¢akenpHOro mpoctpanctsa. [lpu pasnere npoaykToB B TpyOke quamerpom 10 MM (cM. puc.
21) remnepaTypa npoAayKkToB peakuuu ais cmecu Al/CuQO, akTHBUpOBAaHHOH B BUOPAIIMOHHON MEbHHUIIE,
Bo3pacraia oT 2400 K (npu t, = 2 MuH) 1o MakcumaiabHoro 3HadyeHus 3400 K (mpu t, = 8 MuH), 4TO
COTJIACYeTCs ¢ MPENbIIYIIUMHI UCCIEAOBAaHUSIMU 110 ONTHMAIBHBIM yciaoBusM aktuBanmuu Al/CuO, yto
HaxoauT nmoaTBepkaeHue B padborax A.N. Streletskii, I.V. Kolbanev, G.A. Vorobieva et al.
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Pucynok 20 — Tunuunsie ¢pororpaduu u rpaduyeckoe npeacTapieHne JUHAMUKH PACIIMPEHUS
oOnactu cBeueHus npu cropanuu HaBecku cmecu Al/CuO B cBoOonHOM npoctpancTBe. H u D — BricoTa
U TuaMeTp 00JIaCTH CBEYEHUSI.

20 50 80 100 150

Pucynok 21 — ITocTaHOBKa SKCIEPUMEHTOB U KaJIpbl ChEMKHU IIPOLIECCA TOPEHUS
MexaHoakTuBHpoBaHHOU cMecu Al/CuQO B CTEKIISIHHBIX TpYOKaxX B BOASHOW 000JI04Ke MpU
pa3IM4HON 3HEpruu UCKpsl (Mx)
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OHeprusg MHULUUPYIOLIEH MCKpPBl  OKa3bIBAa€T CYIIECTBEHHOE BIMSHHE Ha  XapakTep
pacnpocTpaHeHMsl mpoliecca ropeHust B kaHanax. C pocTOM PHEPIUU yMEHBIIAETCsl BpeMs 3alep:KKU
Pa3BUTHs CTALIMOHAPHOI'O TOPEHMSI U MEHSETCS AMHAMUKa “‘pasroHa” peakuuu. Ha puc. 21 npuseneHbl
¢dororpaduu, pukcupyrole HeOJHOPOJHOCTH CBEYEHUS B T€J€ BOJIIHBI ropeHUs. OnbIThl IPOBOJWINCH B
CTEKJISIHHBIX TpyOKax AuameTpoM 6 MM BbicoTOH 110 MM, KOTOphIE Al NPEAOTBpAILEHUS 3aCBETKU
pas3jeTalolMMUC MPOJAYKTaMH IOMEUIAJUCh B CTakaHbl Cc Boxo. ortorpaduu mMoaydyeHbl B
skcnepumentax ¢ HT Al/CuO, otnuyaromuxcs TOJIbKO 3HAYEHUEM HEPTUU UCKPHI. [Ipu sHEprun ucKpbl
20 m/1x popmupyeTcst ppakTalbHBIA XapakTep CBEUEHUS MPOIYKTOB C HATMUYMEM TEMHBIX 00JIacTe, 4To
CBHUJICTEIILCTBYET O HEMOJIHOTE cropaHust cmecu. llpum yBenmuenmm »sHepruum Oomee 100 m/Dx
IPaKTUYeCKH cpa3dy (uKcupyercs IOJNHas 3acBeTka 0Oe3 TeMHbIX obusacteid. Pa3z0poc 3HadeHuit
CTaIlMOHAPHON CKOpOCTH OKazaics B mpexaenax ~10%. XapakrepHoli 0COOCHHOCThIO HEOTHOPOIHOCTEH
ABJISIETCSA UX COXpaHEHHE UX (POPMbI BO BPEMEHH, UTO MOXKET CBU/IETEIILCTBOBATH O HEIOJIHOTE CrOPaHUs
CMECH U MEPKOJIALIMOHHOM XapaKTepe ePEeHOCca PEaKIUK PU HU3KUX 3HAYEHUSIX IHEPIUU UCKPBI.

Kputnueckne yciaoBUsST WHULIMHUPOBAHUS MEXaHOAKTUBUpOBaHHOW cMecu Al/CuO (ynmenbHas
SHEPrUH UCKPHI U 33IePIKKa) OTPENEISIIACh IIOCTAHOBKE OIBITOB C (PMKCUPYEMBIM 00bEMOM BO3IAYIITHOTO
IPOMEXKYTKA MEX/y TNIOCKOCTBIO PACIIONOKEHHSI JIEKTPOAOB U CMECH, UCIOJIb30BaIuCh HaBecku 0,1 T B
KaHaJe IMaMeTpoM 3 MM, BbICOTA 3apsA0B 6 MM (cM. puc. 22). 3apsa MTHULIMUPOBAJICSA YEPEe3 BO3AYLIHYIO
HOJIOCTh, pa3Mepbl KOTOPOW 3a/1aBAIUCh IPOMEKYTOUHON IMJIACTUHON C OTBEPCTUEM 2,5 MM Pa3InYHON
BbICOTHI (0-3,2 MM). DTO MO3BOJISIIO OMPENETUTh IJIOMIA b KOHTAKTA IJIa3Mbl MCKPOBOTO pa3psiia co
cMecblo. BpeMsi Hayana cBedeHMs HPOAYKTOB CO CBOOOAHOM moBepxHOcTH (pukcupoBanocs DY, uro
MIO3BOJISIIO OIIPEJEIUTh BPEMsI CropaHusi 00pa3LoB.

d2,5xh 0,11 (d3xh6mm)

(0-0,2-0,4-2-2,6-3-3,2) mm /
R

! R L
Pty e -
| 0% I
i

-

r _.--.;-*-'.._‘ i

I ol s # ] o
|.--4_...u.._.-...-._a- ')
¥ A
&
o

0,5-4 kB
Pucynok 22 — IlocTaHOBKa 3KCIIEPUMEHTOB U (pOpMa IEKTPOAOB I OIPEIEICHUS
KPUTUYECKON yJI€IbHON YHEPTUU UCKPbI

Ipu sueprum uckpsl 20 MJk u mioTHOCTH sHeprum 0,7 MJ[K/MM® HHHIHHPOBAHHE HOCHIIO
BEPOSITHOCTHBIN XapakTep, Habmoganuch otkasbl. [Ipu yBennuenun sHepruu 10 30 MK U MIOTHOCTH
sHepruu Oonee 1 MJI)K/MM2 Habmonanock 100% uHUIIMMpPOBAHUE.

bbula mpoBeneHa OLEHKa 3aJepKKH  MHULMUPOBAHMSA, KOTOpas HEOoOXOJuMa IIpH OICHKe
BO3MOXXHOCTH HCITIOJIb30BaHUSI COCTAaBOB B HHULMHUPYIOLUUX ycTpoiicTBax. Hampsimyio omnpenenutsb
3aJIepKKYy MHULMUPOBAHMS B 3THX OMNBITAX HEJb3s, HO MOXHO ONPEAEIUTh BPEeMsl CropaHus o0paslioB
(buKCHpPOBaHHON TONIIMHBI B 3aBUCUMOCTH OT SHEpruu MHULMKpoBaHudA. Ha puc. 23 mokazaHo Bpems
cropanusi o0pa3ioB 6 MM B 3aBUCUMOCTH YAEIbHON SHEpruu UCKphl [lomyueHHble, JaHHBIE TOKA3bIBAIOT
BO3MOJKHOCTb MHUIMHPOBanus Al/CuO HCKPOBBIM paspsioM ¢ yaenbHO# sHeprueir 0,7 wmJli/Mm’,
OJTHAKO JJIsi TIOJIyYEHHUs] CTallMOHApHBIX PEKUMOB TOPEHHUS HEOOXOAMMO HCHOJIb30BAaTh paspsia C

o 2
sHeprueit bonee 5 mJbx/mMm”.
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Pucynoxk 23 — Bpems cropanusi o0pa3iioB 6 MM B 3aBUCUMOCTH YEJIbHOU

B menom pe3ymbraThl MOKa3aid MEPCIEKTUBHOCTh MPEABAPUTEIBHON MEXaHOXUMHUYECKOU
aKTHBALUK JUIS TOJYYEHUsS] OBICTPOTOPSIIMX TEPMUTHBIX COCTABOB HA OCHOBE ATIOMUHHS M OKCHJOB
METAJUIOB Ui CHUCTEM DJIEKTPOMCKPOBOTO HMHUIMHpOBaHMsA. Hamboiee BbICOKash peakOHHAs
CIIOCOOHOCTB, CKOPOCTh TOPEHUS M TeMIIepaTypa MPOJYKTOB IOJy4YeHA JJIsl aKTUBUPOBAHHBIX CMeECEH
Al/CuO npu no3e aktuBauu okoio 2 kJ[x/r. OnpeneneHsl 3aBUCUMOCTH TEPHOAA WHAYKIIUH U CKOPOCTH
pacnpocTpaHeHus: (poOHTa TOpEHHS B 3aBHCUMOCTH OT MOPHCTOCTH CMECeH U  aMIUTUTY.IbI
MHUIAMPYIOIIET0 uMIyibca. [Ipy HH3KOM YpOBHE TOKAa HMHUIMHPYIOIIETO HMITYJIbCa HaOIromancs
HECTAllMOHAPHBIA MYJIbCUPYIOUIMH PEXHUM TOpeHHs. Pe3ynbTaThl B LENOM IMOKa3adu Mpeodiia aronuii
XapakTep (QUIbTPAIMOHHOTO MEXaHHW3Ma PaclpOCTPaHEHHsI TOPEHUS B MCCIEJOBAHHBIX cMecsx. [locme
BBIXOZIa TOpPEHHST Ha CBOOOJHYIO TIIOBEpXHOCTh JOrOpaHHE€ CMECH IIpOTeKaeT B oOOjake
JUCIIEPrUPOBAaHHBIX KOMIIOHEHTOB CMECH M TOpsSYMX MPOIYKTOB ¢ Temneparypoil ceime 3000 °K. Jlns
HaJIS)KHOTO MHUIMMPOBAHUS CTAIIMOHAPHOTO PEXHMMa TOPEHUS CMECH HEOOXOMMa yJelbHas IHEPTHs
HCKpBI Goee 5 MK/ MM,

OCHOBHBIE PE3YJIBTATBI PABOTBI 1 BBIBO/bI

1. DOKCHepuMEHTAIbHO MCCIEJOBAHO M3MEHEHUE PEAKIIMOHHOW CIIOCOOHOCTH OKCHJA BHUCMYTa U €T0
CMeCH C QJlIOMHHHEM B 3aBHUCHUMOCTH OT YCJIOBUH MEXaHOXMMHYECKOM aKTHBAIMH.
Mexanoxumuueckas aktuBaius Al/Bi;O; IpuBOIUT K CHUKEHHIO TEMIEPATyphbl BOCINIAMEHEHUS U
HOBBIILIEHUIO CKOpocTell ropeHus. OnTumaibHOE BpeMsl akTHUBalMM 12 MUH B BHOpPAllMOHHON
MEINIbHUIIE U 5 MUH B IJTAaHETAPHOM.

2. DKCHEpUMEHTalbHO  ONpEAeNieHbl  3aJCpKKH  BOCIUIAMEHEHUS, MHUHUMAallbHas  SHEeprus
MHUIMAPOBAHUS M CKOPOCTH ropeHus 1 HaHotepMuToB Al/CuO, Al/Bi,0s3, AI/MoO; u AI/NiO
IpU JIa3€pHOM MHUIIMMPOBAHUHM. MHUHHUMaJbHAs SHEPrus U 3aJ€pKKa WHULUUPOBAHUS MOTYYECHbI
s HT Al/CuO ¢ no6aBkoit 1% caxu. Onpenenensl 3aBUCUMOCTH CKOPOCTH TOPEHMS U SHEPTUU
MHUALMHpYIOHIero jazepHoro mmmyibca oT nopucroctu HT. IlokazaHo, 4ro ¢ yBenmnmueHueM
IUIOTHOCTU cKOopocTh ropenus HT pesko nanaer.

3. OmnpeneneHbl KpUTHUYECKHUE YCIOBUS 3JIEKTPOUCKPOBOTO MHUIIMMPOBAHUS MEXaHOAKTUBUPOBAHHOIO
coctaa Al/CuQO. Ilpun HM3KOM IUIOTHOCTH BSHEPruu HUCKpbl (HOpMUPYETCS HECTallMOHAPHBII
NyJIbCUPYIOUINH PEKUM ropeHus. [t momydeHus CTallMOHAPHBIX PEXUMOB CropaHHsi o0OpasIoB C
MHUHHUMAJIbHBIM BPEMEHEM HE0O0XO0IMMO MCIIOJIb30BaTh pa3psi/ ¢ YHEpTUe ooee 5 MK/ MM

4.  PesynpTaThl B 1I€JIOM TOKa3alM MpeoOiajaroniuii xapakrep (QUIBTPAIIMOHHOTO MEXaHU3Ma
pacrpoCTpaHeHHUsT TOPEHHMsT B HCCIEIOBAaHHBIX CMecCsX. BBICOKas CKOpPOCTh pPacHpOCTpaHEHUs
peakuu (1o 800 wm/c) oOecneuMBaeTcss ONEPEXKAIOMIMM  PACHPOCTPAHEHUEM TOPSIYUX
MIPOMEKYTOUHBIX MPOJYKTOB CO CBEPX3BYKOBBIMHU cKopocTsimu (6omee 1600 m/c). Tlocne Bhixoma
TOPEHUsT Ha CBOOOHYIO TIOBEPXHOCTH JOTOpPAaHUE CMECH MPOTEKaeT B O0JIaKe AMCIIEPTHPOBAHHBIX
KOMIIOHEHTOB CMECH U TOPSIYUX MPOAYKTOB ¢ TemrepaTypoi ceime 3000 °K.
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