
Orsrrn

o$uqzanrHoro o[[oHeHTa Ha Ar,rcceprarlr4ro

Baruesa B aculus C epreeeu.ra

(IIOB bIITEHI/IE MEXAHI4IIECKI4X CB O fr C TB CI4JIYM VIHA MAPKI,I AK 1 2 HA

ocHoBE MOAI4@I,IUI4POBAHVIfr yJIbrpAnI,ICtIEpCHbIMI4 |IOPOIIKAMI4

BOJIb@PAMA VIMEAVI>), npeAcraBJIeHHyIo K 3arur4re Ha cor4cKaHr4e yqeHofi creueuu

KaHIla4ara rexHl4qecKl4x HayK no cneur4anbHocrr4 2.6.1. - MeralloBeAeHr.re 14

TepM[qecxar o6pa6 orKa M eraJrJroB Lr crrJraBoB

Anrya.nrnocrb reMbr AucceprarlrroHHoro uccJreAoBaHnq

Ha cerognrr,nuvrft AeHb ct4JlyMr4Hbr (cnnanu Ha ocHoBe cr4creMhr Al-Si) -rrBJrtrrorct

caMbIMI4 paclpocrpaHeHHblMr4 nzrefiHrrura aJrroMr4Hr.reBbrMr4 crrJraBaMr4. 3ro

o6ycrorreHo r4x rexHoJrorr,rrrHocrblo rrpr4 noryrreHuu orJrr4BoK cloxsoft Sopuu BceMr4

v3BecrHbIMH MeroAaMu IrLrrbfi. Haz6onee BbrcoKr4Mr4 lurefisuvz csoftcreauz o6la4aror

SBTeKTI4rIeaKI4e OI4JIyMI4HbI TIr[a AK12. O4uaro r43-ga Hrasxofi [porrHocrvr oHrr r4Meror

orpaHLrrreHHoe [pIrMeHeHI4e B u3Aenv-sx orBercrBeHHofo Ha3HarreHr4s. llocxo,rrKy 9Tr4

CIIJIaBbI I4CIIOnb3yrOTCt B JII4TOM COCTOflHI{I{, TO aKTyaJTbHbIM tBIteTCq [OBbIIIIOHI49 I4X

MexaHI4qecKI4x ceoftcrn (npex4e Bcero, nporrHocrurrx) 6es racnoJrb3oBaHr4fl

ynporrHrrouleft reptrzqecrofi o6pa6orxu.

O4uunl us cnoco6oB iloBbIIIIeHr4r MexaHr4qecKr4x csoficrs cr4JryMr4uoB .f,BJrrercfl

l,lo4ItSuqupoBaHl{e illroMl4Hl4eBo-KpeMHraeeofi gBTeKTr4Kr4 3a cqer Mr4KpoJrerLrpoBaHvrfl, B

ToM qucre HaHo- 14 yJlbrpaAl4clepcHbrMrr [opouKaMr4. Arryanrnocrb Ar{cceprarlr4r4

Bauresa B.C. saKmoqaerct B ToM, rrro oHa HanpaBJreHHa Ha o6ocuoeaHr4l4 Bo3MolKHocrr4

noBhIIxeHI4t MexaHLIqecKI4x csoficrs cI4JIyMr4Ha AK12 3a crreT yryqureHr4r efo

Ml4KpocrpyKTypbI nyreM rr,ro4uQuqupoBaHl4t ynrTpaAr4cnepcHbrMr4 noporrrKaMr4

nonr$pava H Meru.

AnarHs coAeplr(aHr.rfl Arrcceprarluu

lraccepraukloHHat pa6ora I43JTo)KeHa Ha 13 1 c uarunHorrr4cHoro reKcra, BKJrroqat

30 pucyurcos u 7 ra6nurl. OHa cogepx(lrr BBeAeHr4e, rr-f,Tb pa3AeJroB, o6uze BbrBoAbr rro

pa6ore, cIII4coK uLITI4pyeMofi rureparyphr rr3 I37 uauweHosaHr4fi u I npulo)Kegrre, B

Korop brx np rrBeAeH aKT BHeAp eHr4.rr p e3yJrbraroB p a6orbr.
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Bo nseAeHuu o6ocHoBaHa aKTyaJ'rbHocrr err6pauuoft TeMarvKZ Ar4cceprarruossoft

pa6oru, c$opuy,rupoBaHa ocHoBHat rIeJIb r4ccJIeAoBaHI4r, [ocraBJIeH:sr 3aftarrv, ottplcaHa

HayrtlJafl HoBI43Ha 14 npaKTl4qecKar 3Haqr4Mocr6 pa6oru, [peAcraBneHa crpyKTypa

II4cc 9pTaUI4I4' IIep eqI4cJI eHbI nOJIo)KeHIat, BbIHOQI4 MbIe Ha 3 aIIII4Ty .

B nepnofi rJraBe paccMorpeHbl ocHoBHhre reoperr4qecKr.re 14 [paKTzrrecKue pa6orbr

no I4ccJ'IeAoBaHI4Io csoftcre a!'IIoMI4HI4eBbIX cIIJIaBoB B pe3yJl6Tare BIruflHvtg, Ha ycJIoBI4t

KpI4criLrIJIIBarIVvr pacrlJlaBa. A I{MeHHo cKopocTu oxJrarKAeHkr-f,, Bru.sHr4ro

uoAzQIaqapyrcIul4x Ao6aeoK 14 cocraBa cvrryMnHa Ha vrx crpyKTypy, pacilpeAeleuve Sas,

QopvrzponaHl4e BKJIto.{eHufi 14 gBTeKTr4Krl Ha lporrHocrHrre csoftcrea. TaK xe 6ulz

paccMorpeuu cnoco66l nonylleHua uoguQr4qr4pyroqux go6anoK, KaK oAuoro r43 He Mano

BalxHhrx acrreKToB rrpr4 MoAr4$zqupoealrau.

Bo nropofi rJraBe o6ocHoeaH eu6op Marepvara uccreAoBaHu-s, B KarrecrBe

I4ccneAyeMoro BbIcryrII4rI cr4JryMrru MapKr4 AKl2 KaK oAkrH r43 sara6olee

pacnpocrpaHeHHblx, h nao4zQuqupyrcque Ao6asrfl4. llo4po6tro orrr4caHbr ycJroBr{t

npoBeAeHI'I-tI sKcrIepI4MeHToB. llo4o6pana v onncaHa MeroAr4Ka MeraJ'rJrorpa$auecKoro

aHutuBa I4 MeroAI4Kvr AIrfl rlpoBeAeHrrt MexaHrrrrecKl4x l4crrrrtauufi [o pe3yJrbraraM

npoBeAeHHbIX sKclepl4MeHTiulbHbrx nJraBoK c nprrMeHeHr4eM uo4rzSurcaropoB.

B rperrefi rJIaBe npkIBeAeHbI pe3ynbrarbr vtcerreroBaeils, Bo3HuKarouue npu

n'ro4rzSuqrapoBaHl4l4 cI{nyMI4He MapKr4 AKl2 qr4crbrM HaHonoporuKoM nonr$parraa na

crpyKTypy u ceoficrea orJII4BoK. llogpo6uo oflllcaHo BrrvrlH:ae ycnoeufi Kpr4craJrJrt43ar\uu

OTJIITBKIT Ha nrop$onoruro sxrrc.IeHzfi 14 oBTeKTr4KI4, 14 r4x csoficrsa. llora^:aga

3aBuclrMocTb MexaHI'IqecKZX csoftcre I4ccJlelyeMoro cI4r'IyMuHa oT ptBMepoB KorTrrrrecTBa

u Qopuu, sBTeKTrrxu. Taxxe B pe3yJrbrare npoBereHHrrx ucrrbrralriuit ycraHoBJreHbr

3HarIeHI4t yaapHofi Bt3KocrI4 npkl pa3rl4rrHbrx KoHrIeHTp ar\Lrflx naogzQrar<aropa.

BHxereHo qro 3HaqI4TeJIbHa-f, r{acrb ruo4zszxaropa BbrrraAer B ocaAoK 14 He yrracrByer B

npoqecce lroAraQurqupoBaHru.

B uerneproft r.nane orucaHbl KoJruqecrBeHHbre r4 KaqecrBeHHbre pe3yJrbrarbr r4c-

cle4onauzil B pe3ynbrare uogu@uqrapoBaHr4r r4ccneAyeMoro cvnyM7rHa cMecbro

yJTbrpaAl4clepcHblx [opoIIIKoM no.rnQpatta vr MeI.vr.llpe4craureHa onucaHa rexHoJrort4t

npeABapl'Ire,usofi noAroroBKl4 nopollrKon-nao4ra$r{KaropoB B rrrapoBofi nlaserapnofi

MenbHl4ue. VcraHoeJIeHo, tITo MoAl4@zqzponaHr4e rrpeABapurenbHo nonroroBJTeHHhrM
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loporrrKoM [o3BoJrseT yMeHbrrrr4Tb KoJrrrqecTBo BbrnaAaeMofo B ocaAoK MoAuQr4KaTopa Lr

rroBbrcr4Tb [poqHocTHbre cBorcrBa [oJryqaeMbrx oTJrr4BoK.

B nqrofi rJraBe rrpoBeAeHo npoMbrrxJreHHoe a[po6r4poBaHl4e noJIyqeHHbIX

pe3ynbraroB Aausofi Ar4cceprarluonHofi pa6orsr B ycJroBr4rx rrpe1npvrflTkrfl, OAO

<Toncr<zfi oJreKTpoMexauu.recxufi 3aBoA r4M. B.B. Baxpyruena>, ollrcaH

TexHoJrorr{qecrufi npouecc nossorqrour4fi rroJryqarb orJrr{BKr4 c BbrcoKr{Mrr

MexaHI4rIe OKUMH I4 np oqH ocrHblMr4 csofi crs aN4 z.

B saKr ro.reH r{ u r{3Jro)r{eHbl BbrBoAbr rro Ar4ccep rarltrv.

B rrprrJrolneHrrn npr4BeAeH aKT o BHeApeHr4r4 noryrreHHhrx pe3yrrbraroB

Ar4CCepTaUr4OHHOrO UCCJTeAOBaHT4_rr.

Hayvnar HoBr{3Ha Ar{cceprarluoHuoft pa6oru cocror,rr B ToM, qro B uefi,

ycraHoBJIeHbI 3aKoHoMepHocrrr BIrr4fl:aufl, MrlJrbrx Ao6asox B KoJrr{qecrse 0,01-0,5 wac. o/o

cMeckr yrbrpap.ncnepcHhrx roporrrKoB W+Cu Ha crpyKTypy v ceoficrea orJrrrBoK

cI4JryMuHa MapKr{ AK12. floxa:auo, r{To BHeApeHue Ma,'rbrx Ao6aeox B Korr4qecrne 0,01-

0,5 ltac. o/o oxasHsaeT cyrIecTBeHHoe BrrllflH:/le Ha cTpyKTypy Lr csoficrea oTJrr{BoK

cI4nyMI4Ha. llonyveurr 3aKoHoMepHocrr{ BrrvflHkrfl. BpeMeHrr BhrAep)KKr4 pacnnaBa c

rrro4IaQnraropoM B fIerII4 Ha crpyKTypy u cnofcrBa orJrr4BoK cr4JryMvHa MapKu AKI2.

VcranosreHrt orITI4MiLJIbHbIe rexHonorrrrrecKr4e rlapaMerpbr nro4zSraqupoBaHurr, B

rlacrHocrl4, TeMrleparypa u ppeMf, BbrAeplrcKr4 pacnJraea. VcraHoBJreHo BJrr4.f,Hr4e BpeMeHr,r

MexaHl4qecroft arrkrBarJnr4 14 cocraBa aKTr4Br{pyenofi cvecu nopouKos W z Cu s

lJraHerapHo mapoeofi MeJrbHrrrle Ha crpyKTypy Lt cnoftcrea rraoAuQraqupoBaHHbrx

orJrr4BoK cr4JryMAHa MapKr4 AK12.

flparcruvecKafl 3HaquMocrr Aassoft pa6o'rn cocror{T B ToM, e Hefi o6ocHoeaHrr

14 3KCIIepI4MeHTaJrbHO nOATBepXAeHbI KOnr4LreCTBeHHLIe 3HarreHr4_s COAep)KaHI4t

nao4rlQuxaropa nonl$paMa Ir MeAlr B paclnaBe 14 BpeMr BbrAep)KKr4 B pacnJraBe Ha

$opuuponaHl4e Ml4KpocrpyKTypbr 14 rroBbrrrreHrre MexaHr4rrecKrax csoficrB orJrr4BoK r43

cr{nyMl4Ha MapKI4 AKl2. Paepa6oraHa rexHoJrorr4r rrpeABapureJrbHofi axrIaearlr4r4 cMecr4

nopollrKoB nonr$paua u l,l'e4;r4 B nJraHgrapHo ruaponofi MeJrbHr4rle. Pa-:pa6o'raHa vr

BHeApeHa rexHoJlorl4x rr,ro4raQvllr4poBaHus rurefiuoro cr4JryMuHa MapKvr AKl2 rryreM

BHeApeHI4t uo4uQlaxaropa Ha ocHoBe cMecr{ yIil roporrrKoB nonr$panrav Meru.



crenenr AocroBepHocrrr rl o6ocuosaHHocrrr HayqHbrx BbrBoAoB

locronepHocrb noryrleHHblx pe3yJrbraroB o6ecne.rznaerc-f, 6olrruzu o6renaona

npoBeAeHHbIX oKcnepIrMeHToB, krx crarr4crl4rrecxofi o6pa6orrcofi, [poBeAeHraeM

vsltepennft Ha ceptuQuql4poBaHHoM o6opyaoeaHr4rr Toucroro [oJrr4TexHurrecKoro

I4HcrI4Tyra v LIucruryra Susuxu npoqHocru v MareprzilJroBeAeHr4fl Cu6upcrcoro

orAeJ'IeHI4t Poccuftcttoff ara4ertvu HayK, a rarcKe Bocnpor{3BoAr{Mocrbrc pe3yJrbraroB,

corJlacoBaHHocrbto noryrIeHHbIX AaHHbrx c pe3ynbraraMa r.rccJreAoBanuft asropoB B

cMelr(HbIX HarrpaBJreHI4 f, x.

3atvreqaunr no pa6ore

1. B n.l Hayvnofi HoBI43HbI He xBaraer KoHKperr4Kr4. B qacrHocra, B

rrpeAno)KeHr4r{ ((....oKa3brBaer cyrqecrBeHHoe BrvrflHvre Ha crpyKTypy..)

cJreAoBa"rro 6tr yKa3arb crpyxrypnrrft sJreMeHT, Ha[pvMep, trop$olorux

gBTeKTI{qeCKOf O KpeMHr4r.

2. Her cpaBHr4TeJrbHoro anaJrvna nro4rasuqzpyroqefo B[rvrflHr4fl

yJIbrpaAI4crIepcHoro IIopoIIIKa, colep)Karrlero nolrQpanr, u rpaAr4rlr{oHHbrx

uo4u0araropoB oBTeKTr4rrecKoro KpeMHr4r, coAep)Karrlr4x Harpafi u crpout\vtft.

3. O4HIatt I43 Kpl4TepIaer e$$eKrlrBHocrr4 l,ro4rasur<aropa rBJrrercr coxpaHeHr4e

uo4uSraqupyrorqefi cuoco6uocru [ocJre reperrJraBa. flpznreHr4TeJrbHo K

I4c[oJIByeMoMy n pqSore W-cogepxalrleMy Ir,to4uQuraropy o6 oroM Hr4rrero He

foBopr4Tcr.

4. Atts qrlcrorbl oKcrIepI4MeHTa cJreAoBnJro 6rr r4crroJrb3oBarb cr4nyMr{H c

MI4HI,IM,tiTbHbrM coAepxaHr4e x{eJre3a (AK12ov), rrro no3BoJrr{Jro 6rI ucKmo.r[u

B[7r4flHue Fee-co4epxarll4x Qas, czlrHo cHrDKarorlr4x MexaHr{qecKrre csoficrea

14 Hr4Benr4pyro ut{x e $ S exr lro4raQ uqupoBaHr4r KpeMHr{r.

5. Cor,racso AI4arpaMMe cocrorHzs Al-W (Mondolfo, r4crorrHrlr tl8]) eonrspau

oopa3yer c alIIoMI4HI4eM pa3nl4qHbre r4HTepMeraJrJrr,rAbr. OAsaro B Ar4ccepra\vLr

HI4rrefo He cKa3aHo o6 ux HaJil4rrvrv vJru orcyrcrBl4r4 B crpyKType

uo4u$uqnpoBauHoro crrJraBa.

6. flocr<omxy AaHHoe r4ccJTeAoBaHrre cQorcyczpoBaHo Ha r43yrreHprg BrrarflHvrfl

yJlbrpaAl4crrepcHoro nopollrKa ua nopQoJrorr{rc KpeMHr4eBoft Sasrr, To aHaJrrr3

cTpyKrypbl [pI4 I4CTIOJIb3OBaHI4I4 SJTeKTpOHHO|O CKaHr4pyroqefo Mr4KpocKona
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cJreAoBiuro 6u npoBoAr,rrb Ha rpaBJIeHHbIx urnzQax (vttlt flocne

oJreKTpoJrr4Tr4qecKoro rroJrr4poBaHnr) n pexuMe BTopr4qHbrx oJreKTponos. 3ro

[o3BoJrrrJro 6rr su.flsrrrb rpexMepHoe crpoeHr4e KpeMHI4eBhIX KpI4cru]JIiIoB.

Zurepuperawrfl pe3yrrbraron lCK a:aaJwrca (puc.3.4) Bbr3brBaer couseuue. B

rlacTHocrl4, c,TeAyer orMerrrrb, rrro reM[epaTypa HaqaJIa Kpr4cTaJrJ[r3ar\r4vr

zLTroMr4Hr4eBo-KpeMHr4esofi ssreKTr,rKr{ He Moxer 6rrrr Bbrrrre 577 aC.lloerovry

yrBeplrqeHr4e ((....KprrcraJrrrv3a:,1:as eBreKrrrKr{ (o-Al+Si) B cr4JryMr{He MapKrr

AK12 6ee nne4peHrrs MoAlr$zxaropa HaqvHaer nporeKarb npu reMneparypax

-590 oC> npegcraBrrrercfl HeKoppeKrHbrM. Teuneparypa 590 0C n 6omruefi

cTe[reHr4 cooTBeTcTByeT KpI4CT[uIJII43aIII4I4 nepBI4rIHOrO IIJIIOMLIHVIfl.

Paspa6oraHrryro v BHeApeHrryro rexHoJrorr4ro vo4nQraqupoBaHr4-rr cl4JryMprHa

AKl2 cJIeAoBa,rIo 6u o$opir,rr4Tb B Br4Ae rrareuTavrlrvr Hoy-xay.
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3arcrro.reune

VxasauHHe 3aMer{aHr4r He cHr4xalor

Cepreenuva, He Brr4qror Ha cAenaHHbre

lzccepraqlroHHar pa6ora BHocr4T eaxHrIft

rrao4uQuqzpoBaHr,r.rr lrarefi nrrx cfrJraBoB.

ueHHoarr4 pa6orrr Baruesa Bacv;rus

aBTOpOM BhrBOAbr V peKOMeHAAUxId.

BKJTaA B paspa6orxy HoBbrx cnoco6oe

Pesymmru pa6orrr rycraroqHo noJrHo orpaxeHhr B rry6nuraqr4rx aBTopa vr

rrpeAcraBJreHbr Ha rconSepenur4-rrx pa3Horo ypoBHr, a rarcKe noATBepxqeH aKToM

BH9ApeHr4r.

Tercr Al{ccepraupll4 xopouro crpyKTypr4poBaH, oQopnneu corJracHo rpe6onaHanlr

14 coorBercrByer cneqrra-rrbHoctu 2.6.1. - MeraruroBeAeHrre r4 TepMr4rrecKaf, o6pa6orrca

MerannoB r{ crrrraBoB, B qacrHocrr4 rr.1 u 3 naclopra cnequaJlbHocrr,I.

lucceprauur rpeAcraBnter co6ofi aanepu€nnyro HayqHo-KBanuQuxaqr4oHHyro

pa6ory, orBeqaer KpI4TepI4tM, ycraHoBJreHHbrM <lloroNesrreM o noprAKe rrpr4cylKAeHr4t

yqeHbrx crenenefi>.

llpuuunaaa Bo BHr4MaHLre HilJrrlqr4e [pr,r3HaKoB HayrrHoft nosu3Hbr, 3Harrr4Moerb 14

AocroBepHocrb rloJloxeuzfi pa6omr, cqrzTaro, qro Ar4cceprauuouHat pa6ota Earueea B.C.

orBerlaer rpe6onanzqM BAK P@, upegrrBJrreMbrM K KaHAVAarcKrlM Arlcceprarlutrtw, a e€

aBTop 3acny)Kl,IBaer npIzcy)KAeHVr yveuofi crerreHr4 KaHAuAara rexHr4rrecKr4x HayK.
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Ha o6pa6orKy nepcoHaJrbHbrx AaHHbrx corJracen.

O$zqraamnrrft onnoHeHT,
npo$eccop ra$e4prr o6pa6orru MeruurJroB

.rraBJreHr4eM OfAOy BO <Hauuonamuufi
r4ccJle.rloBaremcruft TexHororr,rrr
yHr{Bepcrarer <MITIC uC >
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