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、Ilpoueccbl cTpyKTyp006pa30BaHHⅡB ciiJIaBax

Ha OCHOBe CHCTeM c oFpaHHqeHHOH paCTBOpHMOCTbIO

B)KHAKOM COCTOⅡHHH

ABpaMoB，IO．C．KomKaa，B．H．珊ⅡHn粕A．Ⅱ．

ⅡeTaJlbHO paCCMOTpeHLI BOUpocM加pMHpo髓HHH MHKpOCTpyKTyp B cHJIaBax Ha OCHOBe CHCTeM HK npH

pa3miqHHx ycⅡoBHⅡx ox∞泓且eHHH pac肌aaoB，a T8K凇e B cnyl芏ae HHH珏HMp。BaHMR 06paTHOrO MOHOTeKTHqeCKOrO

ⅡpeBpa山BHHH． 110Ka3aHa B03Mo擞H。cTb HOJIyqeHHa CIIJIaBOB HK C nOBBIILIeHHbLM (Ⅱo 50％) coAepataHlleM

TH>Ke31bIXⅡerKonⅡaBKHx 9JIeMeHTOB C o皿Hop0且HbIM pacnpeAeJleHHeM ilo 06飞eMy COCTaBa． Oc060e BHHMaHHe

yAeⅡeHo B03MO)KI-IOCTH gOHTpoJIHpyeMoro H3MeHeHHff且Hcliepctihtx曲3．

BBe,o,eHtne

(LHCTeMbI，npoⅡBⅡHlou工He TeH且eHuH王o K paCCJIOeHHIO B搬H且KoM COCTOⅡHHH’Ha3blB3eMbte TaK)；Ke CHCTeMaMH

HeCMelL!HBaIOIRHXCH KOMHOHeHTOB(HK)·HBⅡHmTcⅡflepCHeKTHBHO衍OCHOBOfiⅡJlH KOMH03HIIHOHHblX MaTepHaJIOB

CHeⅡH&nBHOFO Ha3HaqeHHfl． qHcno noA06nhlX CHCTeM HCgHC册OTCH MHOFHMH COTHHMH，a HHTepec K C03AaHitIO

MaTepHaJIOB Ha Hx OCHOBe Bbl3BaH 60JIbmHM pa3H006pa3HeM CHelLH．qJIbHB]x CBOnCTB，KOTOpbie MOryT 6BITb B HttX

peaJ]H30BaHBI． B KaqecTBe npiiMepa MO>KHO H03BaTB TaKHe cHJlaBsI， KaK a皿loMHHH茹cBMHeu， >KeJle30-CBHHeIL，

：,Ke．,'Ie30一OJIOBO． AHaJIH3 ny6naKaRHfi， BblIIOJIHeHHBI自i aBTOpaMH[“， cBH且eTeⅡbcTByeT O TOM，tITO Ha OCHOBe

noA06nbIX CHCTeM MOFyT6blTb HoⅡyqeHb[yHHKaJIbHble aHTH由pHKKHOHHMe，H3HOCOCTO酋KHe，pa噩HaqHoHHocTo黄KHe，

paKHaILHOHH03flI／IHTHbie' MaFHHTHbIe， a．『IeKTpOTeXHHqeCKHe， BhlCOKOLLeMnqbHpytOIRIle H 且pyrHe CHJIaBBI

cneRHaⅡbHoro Ha3HaqeHHH，OKHaKOⅡo CHX hop 0HH由aKTHqeCKH He HpHMeHHIoTCH．9To，IIpemRe Bcero，CBH3aH0 C

TeXHOJ『lOFHqeCKHMH TpyJI,HOCTHMH no丑yⅥeHHH CHJIBBOD HK C o且Hopo且HbIM pacnpe且eneBBeM cTpyxTypnbIX

COCTaB．rIHIOIIIHX H He06xoⅡHMo曲Hx JIHCHepCHOCTbIO． BoJIbmaa pa3HnKa yAenbHblX Macc H TOtIeK呷aBxeHHa

KOMHOHeHTOB TaKHX CHYIOBOBⅡpHBOAHT K HX paccJIoeHH的B)|KHAKOM COCTOHHHH B IIIHp0KOM HitTepBaJ：le TeMrIepaTyp

H KoHueHTpauH蠡．TaKoe noBe珏eHHe CIIJIHBOB HK 3atpyKHaeT HoxyqeHHe o且H0p0且Hor0 CTpyKTypHoro cocToHHHⅡB

60肺ⅢHx 06五eMax，xITO He H03BO皿aeT HpHMeHaTb压册HX nonyqeHHa TpaⅡHUHoHHble MeTaJIJIypFHqeCKHe MeTo且bI，

TflK)Ke KaK H pa且OpHFHHaⅡbHbIX M盯。且oB，pa3pa60TaHHbIx panee HⅡepe删cJIeHHNx HH>Ke．

MeTo,O,bl几0』1yqeHH只cn]laeoe HecMeil．1HBaIoi_t．i,HxCfl KOMFIOHeHTOB

Bce H38eclH bI。“o“61TKPI“p0“3SOA。7Ba cnnaBoB Ha
OCHO．B8

CHCTeM HK MO)|KHO pa3且eⅡ“Tb Ha胖OCHOBHBIe
rpynnbzt

YIepaaa OTHOCHTCH K MeTOAaM nOpOLUKOBOfi MeTa“yprHn(CHeKaHHe H npOnHTKa)；HX npeHMylKeCTBa H

Received date：2005—09—21

 万方数据万方数据



VoJ．】S No．2．3

的．C．ABpaMOB，et al：np0ⅡeccM cTpyKTyp006pa30BaHH$B CHJiaBax m OEHOBe CHCTeM

c0r霉oHH删H酿i pacn印HMocTb船B崔H且KOM COCTO日HBM

HeⅡOcTaTKH xopoIIIo H3BeCTHbI H ocTaHaBnHBaTbca Ha HHX 60nee no皿p06HO Hffr He06xoⅡHMocTH．

B?0paa rpynna BK3DOqaeT B ce6H MeTO丑bl，OCHOBaHHbIe HaⅡoⅡaBⅡeHHH(Ⅱ106bIM cnocoeoM)paccnOeHHH B

x(HⅡKoM COCTOHR!,I／d H nocne,Ⅱ,ylom,eM yCKOpeHHOM oxⅡa)K丑eHHH pac删Ba． nepeqHc以IIM OCHOBHBIe MeTO且M aTo曲

rpynnm：(1)HarpeB pacnnaBa HK丑o COCTOnHHR o且Ho中a3Ho盏；gZH_I％KOCTH(ecJiH 5TO B03MOMtH0)“ycKOpeHHOe

oxna_)KKeHHe pacnnaBa； (2) KpHcTaⅡ丑H3auHH nOK AaBJIeHIIeM H ycKopeHHoe oxⅡa玳且eHHe； (3) F／OBbtIIIeHHe

9唾'∞KTHBHo矗Ba3KOCTH pacnnaBa C IIOMOLD,blO noBepXHOCTHO—aKTHBHSIX 皿oSaBoK； (4) MexaHHqecKoe HⅡH

y滩Tpa3ByXOBOe HepeMemHBaHneⅡByx扣3HOFO pacHnaBa B xo且e KpHCT8J1J1H3aILHH H ycxopeHHoe oxJla>xJIeHHe；(5)

KpHcTam埘3aⅡHH B ycⅡoBHax MltKpOI'paBitTaKMU(Ha 50pTy KOCMHqeCKHX J1a60paTopafi)；(6)KpMCTannH3aKHH B

yCmOBHaX KBa3HHeBeCOMOCTH【C03&aHHOA nepeKpelILHBaIonLHMRCa 3JIeKTpHqeCKHM‘H MaFHHTHhlM 11051HMH)H

ycxopeHHoe ox珊獬且eHKe；(7)HanpaBⅡeHHaE KpHc他mⅡH3aⅡH目；(8)OKHOBpeMeHHOe H丌a3MeHHOe BanbtxeaHe HK．

CTpyKTypHbIe npeBpameH嘲B cnnaBax HecMeI．UVlBalOU4HXCfl KOM几0HeHToB

几p纠ycKopeHHOM oxna)I(,o,eHMM neperpeToFO pacnnasa 14 nocJle且yIo山eM

OTEMFe B MHTep色afie TeMnepaTyp TBepAo-)KMAKO中a3HOFO paBHOBeCMR

H3 HepeqHCYleHHMX BblKIe H3BeCTBhIX MeTOnOB HOAyqeHB且cnJIaBOB HK nⅡHH 3a凹yxH酗eT ocoSoro

BHMMaHHH．peqb H皿eT 0 MeTo且e，BKmo啪10Ⅱ上eM 8TaHbI neperpema pacnnaBa， ycKopeHnoro oxna：籼,eHl4n H

ⅡocⅡeⅡyIoIⅡer0 OT】KMFa B HHTepBa皿e TeMnepaTyp TBep皿o_琳H且Ko恤3HOFO ImBHOBeCHR·oc06eHHocTH巾op^IHp0BaHHR

cTpyKTypm TaKHM MeTOKOM H3yqaJIH Ha npHMepe cHJlaBa Me压5-CBHHeR MOHOTeKTHqetKOFO CocTaBa-

珏衄ⅡonyqeHHH Me且HO-CBHHILOBSIX CnJlaBOB B pe)KtiMe 3a髓mm H3)Ka皿,KOrO o。c∞HH删(3)壬(C)B KaqeCTBe

o彻a撤且a舢e曲)KH且KOCTH npHMeHⅡ肌HHⅡH廿ra肭HeBy的3BTeKTMKy， B KoTopo诸npa KOMHaTHOH TeMI]epaType

3aKa丑H瑚ml Me皿H0_cBHmloBM话pacnnaB BMeCTe c rp且枷To蹦M THr卫eM (npH 3ToM CKOImCTb ox册嫩AeH姗He

npeBblⅡIana 100—150 K／c)．TeMnepaTypy Harpeaa no且3aKanKy BapbHp0Baml B HHTepM以e 1273一i673 K，

Peayn5TaT 3)KC 6t棚BO Beex cnyqaHx npHH驵HnHanbHO o且HHaKoBbIM—HH B O且HOM noAe 3peHHSi flO Bce请BblCOTe

cⅡHTKa(OKOnO 50 MM)CBBHeu He Bbl￡]BJ]I：JL]]CH且a趟e npH yBeJIHqeHHaX nopgRKa 1 000．DTO npOT，IBOpeqnT BCeM

H3BeCTHbIM且aHHbIM’HOCKOJIbKy paaee He c006maⅡocb O B03MO)KHOCTH巾HKcauHH B OTHOCHTe以bHO 60nbmHx

o嘶Max TaKOYO OABopoAHOFO CTpyKTypHoro COCTOHHHH npn OTHOCHTe3bH0 He60JIblIIHX CKOpOCTⅡX oxna)KⅡeHHH．

j10ⅡoⅡHHTeⅡbHoe nccne皿OBaHne OHHCaHHOrO 3由如xTa f1038001HJIO yCTaROBMTb，qTO垂aKTHqecKH HOJIHOe no皿aBneHHe

JIHKBalLHH lIO Matte Ha6且ioAaeTcR b MOHCrH3aMOHOTeKTHqeCKMX cnⅡaBax，co皿epmamHxⅡo 50 BeC％CBHHRa．

ORHaK0 HH npn KaKHX yCnOBHHX He yxaBaJIocb Ha6x10RaTb yKa3aHHblfi劬恤KT B AOMOHOTeKTHqeCKHX CHJIaBaX．

Pa3n．quMe MeTO且bl HccⅡe且oBaHHⅡHOKa3a皿M[1’“， qTO nocne 3)KC B MeRH B BHⅡe TBepRoro pacTBopa

c0且ep求HTcⅡH0qTM B 30 pa3 60Jibme CBHHU8 frO cpaBHeHH圭0 C删Tb啪CHJIaBOM TOFO擞e COCTaBa，npg 3TOM H CBgHeu

nepecb【meH Mq轴KL ypoBeBb MHKp弭豫ⅡpR琳eHH蠡TaK>Ke IIpeBBI[uaeT B 20 pa3 TaKOB0订Y以MTOrO cⅡJla雎．

HcxoRH H3 npHBe皿eHHblx BbIIile且aHHbⅨ06 Oc06eHHOCTHX MHKpocTpyKTypbI 3aKaJleHHbIX CrlJIaBOB，MO琳HO

Ⅱpe且ⅡoⅡo撤Hn，tlTO TepMO皿HHaMHqeCKHH CTnMya K CTpyKTypHbIM npeBpameu．5IM B HHX npn OT)K}ire 6y且e7

3HaqHTe_『IbHO BbIⅢe’tIeM Y JIHTbIX CIIJl8BOB·

皿21H nposepKH DTOFO npe且ⅡoJIo)KeHHⅡ6mna npoBeReHa cepna 0TM(RFOB 3aKaⅡeHHbIx Me且H01cBHHuoBblx

CH31tBOB B HHTepBane TeMnepaTyp TBep且o’玳M且Ko中a3Horo paBHOBeCnfl HO cxeMe，npeAcTaBJlenHofi Ha pmc．1． B

pe3ynbTaTe 6Mma yCTaDOBJleH8 3日BMCMMOCTb cpe2,ael'o paaMepa CBHHKOBbIX BKdI／OqeHH／i OT TeMnepaTypal OT)KHTa．

qbopMa CBHHKOBHX BK脚qeHHH B npolLecce oT擞Hra npH6nnmaeTca K c恤PHqecKo矗． Ha pnc．2 HpeKcTaB3eHM

npHMepu cTpyzTyP MOHOTeKTHqeCKOFO Me且HorcBH}￡uoBor0 CHM&Ba HOCJle pa331HqHMX De)HHMOB QT弹[HTa．
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PeXHM TepMltqeCKOn oSpa60TKn MeⅡ&：O--CaHHLLOBbtX CflJIaBOB(TM TeMrtepnTypa MOHOTeKTHYeCKOFO npeBpameHaa，Te

—TeMrtepaTypo aBTeKTHqeCKDIXI npeBpBLtLevtHa，t--BpeMⅡ)

PHc．2 MnKpOCTpyKTypa MOHOTeKTl4qecKOTO MeKHmCBHHILOBOrO CHJIaB日t，＆IKOSieHIiOFO OT 1473 K H

OTOZ,DKeHHOFO：npH 773 K 30 MHH．(a)；npn 973 K l qac(b)；npn 1073 K 1 qac(c)

CTpyKTypnb[e llpeBpanJ,eaHH B HHX H0cJIe OTⅨHFa B HaTepBaJle TeMnepaTyp TBep且0-mH且Ko由a3Horo

paBHoaecHaLlⅢMOryT 6blTb 06MCHeHM B IXaMKaX cJte2Iyioziiefi MoⅡenH(pnc．3)．
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Pac．3 CXeMB c7py竹ypl眦14扣30BbIX npeBpau_【eaHfi npH OT：*KHFe MexHcrCBHHRoBoro CIIJIBBa，3aKa_IIeHHoro R3

X(HJJ,KOEO COCTOfIHHH(ct--TBepⅡbIfi pacTBOp聃OCHOBe Me．口,H，口一TBepⅡH矗pacTBop Ha OCHOBe CBHHRa，

T0qKaMB H305pa>KeH H36bIT。qHbf自cBHHeu B MeⅡH)

Hpn HarpeBe且o TeMnepaTypbl TBep且0-嫩H皿Ko如3Horo paBHOBeCHH H36bITOtlHbIfl CBHHeⅡBbIⅡeⅡHeTcH H3

pemeTKH MeAll， MnrpvtpyeT K 3epHorpaHHqHo曲30ae H CKaHJIHBaeTcR TaM B BH皿e npocⅡofiKa． OAnoBpeMeltno

pa3BHBa}OTCEⅡpoⅡeccb王 peKpHeTa丑丑H3auHM B Me且Ho螽 YmTpRue． MHrpHpyloⅡ珥Ⅱ rpaHHILa oxa3bI髓eT CHJIC*BOe

 万方数据万方数据



V01．15 No．．2，3

抑．C．ABpamos，et al：Y[poRecchf CTpyKTypooOpa30BanHfl B cn』aBax Ha OCHOBe CHCTeM

C orpaHHqeHHo自paCTBOplIMOCTb}O B玳HAKoM COCT05IHHH

B03Ⅱe黄cTBHe Ha npoc2IOiiKy ’KHAKOFO CBHH皿f1．1lpH 3ToM MoLKeT ffpoHcxO且HTb nepeMelKeHHe nlx3COlO自lKtt

0poHraJIbno BnepeⅡH rpaaHKM H‘BhIFAHMaHHe’ee rpannIIefi B MeCTa CTblKB Tpex 3epeH．且OCTarnyB TaKHM

06paaom MeCT TpOfiHor0 CTbIKa'rpaH蛐a Me且Horo 3epaa cMcmaeT Maccy CBHHⅡa，aaxo皿amy+oca B H030CTH CTblKa

且o TeX nop，noKa KoH由H。ypauHH CTblKa He CTaHeT paBHOBeCHO曲．

CpaBHHTeⅡbHbI菇aHaJIa3 3TOFO MeTO皿a H且pyrHx，OHHCaHHblX BblIIie，CBHAeTedlbCTByeT B noJII矗y MeTO且a 3)KC

H OTXc(Hra B HHTepBa3e T，一T。．O&HaKO H 9TC／T MeTOA HMeeT cepi,e3Hhm oFpaHHqeHHH．Oa HpHMeHHM TO_IlbKO K

CHCTeMaM C 3aMKHyTbIM KyHOJIOM pacceHHHH
14 H3Ae丑Ha，11『OSlyqtieMble C ero noMOmb帕，BeCbMa 011paHHqeHM B

06beMe．

Ⅱ0aTOMy Aaaee 6y且eT pacCMOTpeH aⅡbTepHaTHBHbI矗MeTO皿， IIpHHI-IHHHaJIhHO OTJltlqaIoIJLHflCII OT Bcex’

06cy玳且aBⅢHxcH payee．

由OpMl4pOeaHVle．cTpyKTypbl KOMn03HLI,HOHHblX MaTepHaJ．IOB 143

HeCMeLLIHBaIOu-tHXCR KOMnOHeHTOB， OCHOBaHHOe Ha MOHOTeKTHHecKOM

npeBpameHHH

B pe3y皿bTaTe npoBe且eHHbIX HccⅡeⅡoBaHH诗6hlJIH pa3paSoTavibi OCHOBb]HpHHuHHHaabHO HOBO靠TexHo册rHH

C朋aBOB HK，ⅡBⅡ剐。工【【萌明aⅡbTepHaTHBHo诸Fro orHo工【【eHH抑K Tpa且HILHOHHbIM CIIJItIBJIeHHIO H CHeKaHH的．HoBH3Ha

aWOfi rpynnui pemeHH自i HOATBep>KⅡeHa 50JIee qeM 20 aBTOpCKHMH CBHJIeTeJIbCTBaMH Ha CHOC06bl HpOH3BOⅡCTBa

cⅡ3aBOB HK．Pa3pa60TaHHbm CⅡOC06bl H03yqHJIH 06m,ee Ha3BaHHe‘Cnoc06m KOHTaKTHOFOⅡerH王)0BaHHⅡ’(KJI)，

flOCKOXBKy HX CyTb COCTOHT B C03ⅡaHHH CIl3aBOB nyTeM B3aHMHO自MHrpaⅡHH peareHTOB qepe3 HX Me)K她3HM#

KOHTaKT，pa3聊H10II工H曲：Htl4&KylO H TBepAym曲3bT．HoBble TeXHOJIOFHqeCKHe pelueHHa n03B。miⅡH CHflTb BCe

orpaHHqeHHH Ha XHMHqeCKHITI COCTaB，o且Hopo且HocTb MHXp0CTpy-：Typbl，O咖Mbi n3&enHfi，BOCIIpOH3BO皿HMOCTb

pe3y皿bTaTOB H且p·H珏8ⅡH B03MO嫩HOCTb C03AaBaTb HOBbIe KOMIl03HILHOHHble MaTepHa3M’ripOH3BOnCTBO KOT0pMx

payee 6who HeB03MOwKHO．

HeCMOTpn Ha eⅡHHCTBO MeTo皿oⅡorHqecKoro n0且xo且a B TeXH030FHH KOHTaKTHOFO皿erHpoBaHHff，MO：6(eT 6b[Tb

BM且e皿e且o HeCK03王lK0 CgIMOCTOHTelIbHhlX HaⅡpaBⅢeHH由， OTJIHqatOlⅡHXCSi lIO MeXaHH3My p朗jlH3y】0u王HxcH

npoaeccos．o且Ho H3 HHX—HpOH3BO且CTBO KOMH03HKHOHHblX MaTep王la肿B H3 HK，OCHOBaHHOe Ha MOHOTeKTRqeCKOM

npeBpatlLe删n．B OCHOBy且aHaofi rpynnui cnoc060a HpOH3BO且CTBa 6+,in HOJIO)=KeH a帆OeKT KOHTaKTHOFOⅡJIaBJIeHHⅡ

(KH)，KOTOphHTI B OTJIHqHe OT TaKOBOro且皿H 3BTeKTHqecKHX CHCTeM巾aKTHqeCKH He H3yqaⅡcⅡ．

HecmoTpa Ha qacToe oToⅢⅡecTBⅡeHHe MOHOTeKTHqeCKO盏

H 3BTeKTHqeCKOfi peaKRHfi，HMeeT MeCTO cylKeCTBeHHOe

pa3nHttHe MeXC皿y HHMH，COCTOaiKee B TOM’tfTO I”pORyKT

MⅡ： ATB+B擞一 I。M， HBⅡH删【工IH曲cⅡ )KHJlKOCTblO，

060raIⅡeHHOfi TyFOHJIaBKHM KOMHOHeHTOM’cpaay x4e HocJIe

cBoero 06paaosam,[a OKa3hlBaeTCYI B KOHTaKTe C瓢HⅡKo盘qasofi

—paCllJIaBOMⅡerKoⅡⅡaBKoro KOMHOHeHTa·

Bmam且apⅡ aTOmy， 且axce np．HCKJIIOqeHHbIX

“。耶8“1肺“Hx“poue。。8x 8 30H。MⅡ6y且。1 HM。Tb Me。T0
p眦．4 CxeMflTHqeCK0e H306pa)KeHHe MH“pocTpyKTypM

ycmopeaHblfi OTBOⅡaTOMOB TyFoHJIaBKOFO KOMHOHeHTa B 06％eM
IIOB8pXHOCTHOfi 30HhI B MeKH，

==⋯胂：：rr一⋯一”蛳3“=肿蛐““竺篡=三B K—OBTaK哪Te
tC<r。‘，H：。TOFOKII B CHCTeMBx C oHOTeKTHqeCKHM

““

BCne丑CTBHe ， M
。‘

npeBpameHHeM 5yⅡeT HpoxOⅡHTh donee HHTeHCHBHO，qeM B aBTeKTHqL=!cKHX CHCTeMax．T．nnqHwfi yqaCTOK
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MHKpOCTpyKTypbI Mesh，ⅡpHⅡer口10u王H曲K rpaHHue T：礓(B HOKa3aH Ha pnc．4．

KIpH OTHOCHTeJlbHOM HeⅡOCTaTKe：．KHⅡKOfi巾a3bI KH B MOHOTeKTHqeCKOPI CHCTeMe 3aKOHqHTCH 05pa30BaHHeM B

npHKoHTaKTHO诗30He pacnaaBa，COCTaB KOTOpOro 6yKeT onpe且e几aTbcⅡHO_IIO}KeHHeM MOHOTeKTHqeCKOdI T0qKH H

TeMnepaTypofi w30TepMHqecKo且BhIXepⅨK11． B npolIecce nocJie皿ytolIlero oxna*(且eHHⅡB pe3ynbTaTe 05paTHOrO

MOHOTeKTHqeCKOFO npeBpa邺HHⅡHa IIOBepXHOCT J4 TyFoHJlaBKoFo MeT哪a cc》opmJ4pyeTcn C06CTBeHHO cⅡⅡaB AB。

l，，13yqeHHe KHHeTHKH KJl，OCHOBaHHOFO Ha Mn，HOKa3a_IIo，q∞STOT npoIIecc IIOJIHOCTI)IO KOHTpOJIHpyeTCfl

0TBO皿OM npo且yKTOB H3 peaKuHOHHo葫30HbI；TaK，eCJlH KOHBeKTHBHMe npoUeccM no且aBneHH H HMeeT MeCTO qHCTO

皿H蛐y3HoHH0e gepepacIIpeKeneNHe KOMHOHeHTOB，TO CK0pOCTb nepeMeⅡ王eHHR中p0HTa peaKUHn cocTaB册竹OKO_IIO 1

MM／MHH*qTO H cae且yeT H3 pacqeTOB．CTpyKTypHhle npeBpau<eHHⅡB aoHe MOHOTeKTHqeCKOI目I peaKItHM 6bIⅡH

KeTaahHo H3yqeHbl Ha CHCTeMe Me且pcBHHeⅡ．

B xoKe aKCHepHMeHTOB，B qaCTHOCTH，cpaBHHBaJIM B03Ⅱe矗cTBHe pacnnaBa CBHHUa Hfl HOnHKpHCTaJIJIHqeCKyIO

MeXb'a TaK】Ke Ha MOHO--H 6HKpHCTanJI Mesh oⅡHHaKoBo曲CTefleHH 0qHCTKH．

Coraacno n彻yqeHHhtM peaynhTaTaM，MⅡHHHuHHpyeTcH I]peHMylILeCTijeBItO B且e枷KTHMx MeCTaX TBep且oro

peareHTa，B HaCTHOcTH'Ha rimHHⅡaX 3epeH，6nOKOB H XBOAHHKaX．

B aKCHepMMeHTaX C MOHOKpHCTaⅫOM B SKBHBaJIeHTHBIX yCn0BHSX naS．um且anu曲KTHqeCKH FIOBHOe

HO噩aBSeHHe MH；c03且aHHeⅡe由eKTHⅡx 30H B HeM(uanpnMep，nyTeM HaHeceHHH l工aparltfabi)RpHBO且HnO K

HeMe胛eHHOMy ero npoB0uHpOBaHHD．B fiHKpSCTaJlne peaKunD Ha6JiioAaJii4 TOJIbKO B MeCTe BbIXO／I,a eⅡHHCTBeHHOPI

rDaHHU bI。

纠3MeHeHMe,D,McnepcHOCTM CTpyKTypHblX COCTaB．rlRIOt．U,MX B cnnaBax

3,neKTpOl—Mnyn bCHblM B03且e诵cTBHeM

o皿Ho螽H3 OCHOBHh[X Tpy且HocTefi HoJ工yqeHHK CHJIaBOB HK， B TOM qHcⅡe H MeTO且OM KOHTaKTHOFO

ⅡerHpoBaHHH，HBJISeTCH KOHTpOJib pa3MepOB H巾OpMhI BK皿∞qeHH矗Ts：】王(enofi nerKonnaBKO矗击a3b【． Cnoc06M

KOHTpomIPYeMOPO HsMeⅡbqeHHa cTpyKTypHblx COCTSBJIHIOIIIHX RHCHeprHpo酗HHⅡ 强KJlloq&JOTcⅡ B C03且aHHH

ycⅡ0BM菇 皿ⅡH且oⅡoⅢmTeⅡbHoro T髓p皿o_MH且Ko中a3Horo B3aHMo皿e黄cTBHR RaCTH工L TH)王【eⅡ曲 nerKonnaakofi

cocTaBⅡRⅫ且e矗C rBepAo矗MaTpHRefi． Cpe且．HHX MO)KHO BbIⅡemlTb a／leKTpOnMnynsCHyIO 06pa60Txy CHSSBfl nps

KOMHaTHOH TeMnepaType． KaK 113BeCTHO， npn HMFIyJH，CHOM MeXaHHqeCKOM Bo置贼cTBHM Ha MeTaJIJlHqeCKHe

MaTepHaJi51 CKBHFOBaa 且e如pMauHR B HI'IX ocyIIIeCTBJIHeTCH HepaBHoMepno， a 皿oKaⅡbHo B ／iOJlOCaX

BXHa6aTHqeCKOFO CKOJIB：,KeHHH(ⅡAC)．B STHX HOJIOCaX peanHayeTcH Ol'pOMHSjt HⅡOTHOCTB aHeprHH．CIIOC06HaH

HpHBeCTM K B03HHKHOBeHHfO COCTOHHH!；I， Ita3BaHHhIX aKa正 B．E．ⅡaHHHbIM ‘aTOMHO-髓KaHCHOHHIoIMH

COCTOHHtIHMH’．Tag．M 06pa30M，B TeqeHHe KOpOTKOFO npoMe)王【，TKa BpeMeIIH B MeTanne CTflHOBHTCH B03MO嫩HI,IM

cocyIRecTBoBaHI，e y3KHX 30H CHJIBH0 neperpeToro pacnnaBa(B IIAC)H TBep且ofi oKpy№amu／efi MaTpHKM．

Ⅱp0TH搬eHHocTb HAC SaBHCHT OT aHeprHn H qaCTOTM nMnynlxca．IIpH 0TCyTCTBHH KOHTaKTaⅡAC C KaKOfi-n1460

且PYFOH哇阻30H IlO HCTeqeHHH OqeHb KOpoTKOFO 11poMe)KyTKa BpeMeHH npoHCXO且HT HX pe皿aKcauHⅡ，H TOJIbKO

ciIeEH柚bHble MeTaAJlorpa窜llqecKHe HccⅡe皿。醯HHH MoryT BSIHBHTb巾日KT HX 06pasoeaHHa H MecToH8xo礅且eHHe．

Ean．)Ke B KOHTaKTe C HAC HMeeTCH KaKaR aRgO OTHOCHT鲫bHO 6∞ee ⅡerKon皿BKaH 击83a，TO Mo：,KeT

Ha6Jn0ABTbCH t H HaOnDRaeTcs)HHTeHCHBHaR MHrpaⅡHH BTOMOB aTOfi中n3H B HAC，tlTO BHOJIHe onpaBAaHo

TepMOAMHaMHqeCKH，HOCKO_『IbKy 06pasoBaHne IIAC pe3KO IIOBbIILIReT nosepxaocTnylo aHeprH：o MaTepHa／la．

上工nH IlpOBeⅡeHMH 9KCHepHMeHTOB HO HsyqeHHn BHHⅡHHHⅫeKTpHqeCKOFO iiMilyJibca Ha MHKpOCTpyKTypy

KoMⅡ03HuHoHHbTx MaTepMa月os H C．qJIaBOB Ha OCBOBe HecMeIIIHBaloll工HxcH KOMHOHeHTOB 6bin C03AaH KOMnhlOTepHblfl

IIporpaMMHO aIIIIapaTHbIfi KOMHaeKC (pHC． 5) C B03MO)=KHOCTblO 3a且aHHR pa3JIHtIHBlX napaMeTpoB H 3aHHCH
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pe3y皿bTaTOB IlpOBO且HMblX 9KCHepHMeHTOB． KoMⅡb帕TepHMA nporpaMMH0ranⅡapaTHM茜KOM叫eKC BK／iIOqaeT B ce6a

9JIeKTpOHMrIyJJbcHylo yCTaHOBKy(pa3pa60TaHilylo H c03且aHHy跆B HMAⅢPAH nO 3axa3y MrHy)，6noK

perHcTpal_【HH napaMeTpoa H 6noK ynpaBJIeHHH， KOTOpble YIO且KYIIOqeHBI K KoMnbloTepy CO CllelLHa J：lbHblM

rlpOrpaMMHblM 06ecHeqeHHeM．

1恤．5 CxeMa KOMn№TepS0r0 nporpeMMHo-annapaTHoro KoMⅡneKca

ⅡaHHbI自I IIporpaMMHO-anrlapaTI{hifi KOMHjIeKC AaeT IlpaKTHqeCKH HeorpaHntfeHHbte B03MO)jKHOCTH IIO H3yqeHHl0

CBOfiCTB MaTepHaJIOBⅡpH B03皿e酋cTBHH Ha HHX 3JIeKTpHqeCEi4X aMIlyabCOB pa3JIHqHSIX a．eprufi·

Pe3ynbTaTSI 3KcHepHMeHTOB coxpaHSlOTCft Ha KOMIlblOTepe B cⅡeuHaJlbHo夤 6aae且aHHBIX． Baza RaHHblX

npe且cTaBaseT c060螽 apXHB, B XOTOpOM 腿Kan衄髓阳口eⅡ napaMeTpm H pe3yⅡbTaTbI aKCHepMMeHTa ”

COOTBeTCTByDIIIIIe HM qboTorpac扣nn 06pa3uoB H BH且eoMaTepHanbl 0 xo且e aKcnepHMeHTa．

Cn钮珊丑b}毛aH nporpaMMa n03B。月ⅡeT HepecqHTbLSaTb 3aperHcTpHpo豫HHHe ⅡapaMeTpM B atJleKTpHqeCKHe

HOKa3aTeJIH．Ha OCHOBaHHH DTOFO yCTaHaB21HBaeTcH 3aBHCHMOCT5 Me：'KKy aHeprHefi 9ⅡeKTpHqeCKOFO MMnynbCa H

xapaxTepOM H3MeHeHMH cTpyKTypbI KOMU03HⅡHOHHblX MaTepHaJIOB Ha OCHOBe HeCMeLLIHBal01LIHXCg KOMHOHeHTOB·

3珊KTpoHMⅡy皿cH蛆 yCTaHOBKa ocHatKeHa CMCTeMOH BbITfI)KKH aeTyqHx hpoxyKXOB， 06pa3yeMbIx ⅡpH

3KCHepHMeHTaX．oHa TaK：HKe ocHaI驵eHa tIpOapaHHhIM 3BHIHTHBLM xomyxoM’KOTOpblh皿aeT B03MO)jKHOCT5 DH3yansHO

aa6nloⅡaTb 3a XOⅡOM bKCHepHMeHT&H BecT’_I如To—H BaReOC"oeMKy．

9KCHepHMeHTMⅡpoBoⅡHmi Ha 06pa3Aax CI]JIaBOBCu—Pb(sec．36％)，Cu Bi(nec，36％)，Al-Sn(Bec．20％)，

A1一Pb(BeC．20％，cⅡe丑b王Sn)，a TaKM‘e H11 cSopKe Al—Pb A皿H3yqeHHⅡKOHTaKTHOrO B3aHMORefiCTBHflⅡpH

MMIlyIIbCHOM Harpy>xenon．Ⅱ丑0TH0cTb TOKS B HMⅡym，ce cocTaBⅡRⅡa 10 XA／CM2，LttlgJlO MMnyABCOB BapbHp‘)BaⅡH

OTlⅡ010．

Ha pnc．6--7 B Ha。leGTBe npnnepa npe且cTaB删mM pe3yflbTarl】I cTpyKTypHMX H3MeHeHHH B CHJ]aBe Cu—Pb(sec．

38 2<)B pe3ynbT8弛aseTponMnyabcsoro B03且e诸cTBHR，Ha pnc． 6．HOKa3BHa MHKpOCTpyrTypa JIHTOFO CHnaBa．

Sho THⅡHqHaR MHKpOCTpyKTypa MOHOTeKTHHeCKOFO cnnaBa， B KoTo∞M 6naro皿apa He OqeHh 60ⅡbIuo矗paamfu,e

yl,eJlbsblX Macc KOMHOHeHToB且HKBaqHg／IO y且eⅡbHo矗Macce He ycfIeBaeT[／pOXo正MTB BO BCeM o毛虹eMe·

Hocne aneKTpOHMnynbcHofi 06pa60TKH(DHO)TpeMn MMnyabcaMn,Ⅲ3MeHeHHg．B MnKpocTpyKType e且Ba
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3aMeTHbI(pnc．7(a))．9HO nHTb”HMHyJIbCaMH npHBOXHT yme K 3aMeTHOii

c扣poM且H3aⅡHH OT皿eJIbHblX CBHHTIOBMX BK册qeHHH (pHc． 7(b))．

HaKoHeⅡ，DHO 8 HMny月L∞MH ⅡpH甄疆Hr K RpK。 BMp盛)KeHHo螽

c巾epoH且H3auHH H KoarynauwH cBHHuoBbIx HaCTHu(pnc．7(c))．

MO)KHO Ha60]b02,aTB yqaCTOK，rⅡe gpOH30illJIO 210KaJIbHOC OllJIaBJleHHe c

Ⅱocne皿ymu王e五 KpHcTa删H3auHe矗，tITO Ⅱo且TBep]王【且aeTcH HaJIHqHeM

THI'IHqHMX xeHXpHTOB Mesh B CBHHUOBOH MaTpHIEe．

9neKTpoHMⅡyJIbcHaⅡ06pa60TKa 3acJIy>KHBaeT oc060ro BHHMaHHH He

TOY／bKO nOTOMy， qTo 目B“HeTcH HHcTpyMeB'rOM 且ⅡH 中0pMHpOBaHHFI

cTpyKTypM B 06beMe MaTepHaJIOB Ha 0CHOI*CHCTeM HK，HO H H03BOⅢT
c03且aBaTb HOBepXHOCTHhle cnoH C yHHKaJIbHO酋cTpyKTypO矗．Ha pHc．8

npeACTaBneHa cTpyKTypa CTaJIBHoro 06pa3Ⅱa c rIOBepXHOCTHblM CYIOeM

：xKeJIe30CBHHuOBOF。cHJIaBa．
陆·6

cMu_3．HK6pOCTpBecyK叫‰“nPbana；
2功H[[odlyqeI-a,m FtoBepxHOCTHOID CJIOH Ha CTaJIIo mHecjIH cⅡo诸TT"KeJlor0

Hc)【oⅡHoe COCTORHHe，×

JlerKolMaBKoro KOMIIOHeHT。一CBnHIIa H nponycTmm鲫eKTDHl眦KH矗wmynhc．
100×4

x8paKTepH姐ⅡJI。TH∞Tb TOKa B HMnyⅡbce“x珊瑚巩衄OKOJTO 10 KA／耐．I≥peMg Bo∞永TB职aneK7pM嘁KjⅨ脚叮rynbc0B
Ha 30Hy KOHTflKTa(T．B KoJmq。cTB0 931eKTpHqeCKl4X HMnyJ工bc。B)cocTaMHJl0 nopaAKa 1．0 ceK．

PKc．7 1VittKpOCTpyKTypa cn皿Ba Cu-Pb(Rec 36％)；[ioc31e9Ho，×100×4

(a)一3 rlr“nyJtbcal<b)一5 HMnyⅢa；(c)8 HMffy。qbCOB

Pnc．8 CTpyKTypa CTaJlbHOrO oSpaaua c nOBepxHOCTHbIM

cmoeM嫩eⅡex，cBHHⅡoBor0 cⅡmBa，×300
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BbmBO且bI

1． MeToⅡ neperpeBa pacnnaBoa B CHCTeMaX HK C nocⅡe且ylomHM 6biCTpblM OXJIa】_K]IeHHeM Ⅱ0380ⅡⅡeT

IIOJIyqaTb cHJIaBM TO皿bKO B CHCTeMax C 3aKpSITblM KynOJlOM paccJlOeHHff H B BeCbMa orDaHHqeHHoM 06％eMe．

2．且JIH Ho．qyqeHHR CHmBOB HK B nt060M 06_eMe 60Jme He，OCHeKHBeH MeTOⅡ，OCHOBaHHbI自I Ha 06paTHOM

MOHOTeKTHqeCKOM npeBpauLeHm4·

3． ⅡJm KHcNepFHpOBaHHS CTpyKTypHsIX COCTaBJIg[[OIILHX B CHJlaBax HK MO)KHO HpHMeHaTS

SJmKTpOHMHynbCHOe B03Ⅱe矗cTBHe．

4．5heKTpoHMⅡyⅡbcHaH oOpa60TKa MoHKeT TaK>Ke HpHMeHHTbCH且nⅡC03KaHHⅡKOMIl03PII_IHOHH51X MaTepHaJIOB

c HoBepXHOCTHbIM cJIOeM·co且ep}Katu,14M nOBbII工_ieHHOe KoJIHqeCTBO TH}KC／IOFO nerKosnaBKOFO aaeMeH3a．

．丁IXTepaTypa

[1]ABpaaMoB IO．C，IⅡaHHHH A皿CnaaBM Ha OCHOBe CHCTeM c orIla洲eHHo自pncT肋pHMocTb的B琳HⅡKoM COCTOflHHH．一

M．：HHxepHayKa，2002 rm372 c．

[2]ABp0“IMOB IO．C．，IIiaanHH A．且．，KOUtKHH B．H．Pa3pa60TKa H H3"eHHe HOBbIX KOMHOSHuHOHHBIX MaTepna册B哪

OCHOBe CMCTeM WecMelnHEalOmHxcfl KOMI]03HEHOJIHbtX MaTepHaⅡOB Ha OCHOBe CHCTeM HecMeTIIHBBmⅢHxcH KOMflOHeHTOB／／
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