
OT3bIB 

se~yweii o p r a ~ ~ 3 a q ~ ~  o AMccepTaqm Arape~oii H ~ A ~ X A ~ I  A n e ~ c e e ~ ~ b ~  H a  TeMy 

< < @ O T O Y Y B C T B ~ I T ~ ~ ~ H ~ I ~  KOMlI03MTbI H a  OCHOBe ~OJIkIMeTMJIMeTaKpMnaTa M 

c o e ~ ~ ~ e ~ ~ i i  xenesa EI sono~a)), n p e g c ~ a s n e ~ ~ o i i  K 3 a w ~ ~ e  H a  CoMcKaHMe y ~ e ~ o i i  

CTelleHH KaHAMAaTa XMMMYeCKkIX HayK IIO CneIJkIa.lIbHOCTM 02.00.06 - 

BbICOKOMOJIeKynRpHbIe COeAMHeHMR. 

, l J k~ccep~a r~k~o~~aa  pa6o~a H a ~ e x ~ b ~  A n e ~ c e e ~ ~ b ~  Arape~ofi BbInonHeHa B 

MHCTHTYT~ ~ I P ~ I K J I ~ A H o ~ ~  @k13k1~kI P O C C H ~ ~ C K O ~ ~  aKaAeMkIkI HayK (ma, PAH) B 

C0OTBeTCTBkII.I C nJIaHaMM HayYHO-MCCJIeAOBaTeJIbCKEIX MHCTkITYTa no TeMaM: 

<<JkZ%epHoe CTpyKTypHpOBaHMe I I o ~ M M ~ ~ o I I o A o ~ H ~ I x  CpeA: llOJIHMepM3a~FiR, 

arperaqm, cBennaHr)) (2002 - 2004 rr, KOA npoeKTa 02-02-17745-a); 

((CJIy9afiHb1e JIa3epbI B HaHOCTPYKTYPMpOBaHHbIX CpeAaX)) (2006 - 2008 rr, KOA 

npoeKTa 06-02-1 73 8 1-a); < < n p e ~ e n b ~ b ~ e  B O ~ M O ~ H O C T M  na3ep~oro 

HaHOCTPYKTYPIlPOBaHatI llOnMMepOB>) (2009 - 20 1 1 rr., 09-02-00665-a); 

( ( ~ I C ~ O J I ~ ~ O B ~ H I I ~  na3epHoro csennmra AJIR @OPMHPOB~H~IX cy6-100 HM 

nna3MOHHbIX CTPYKTYP)) (20 12 - 20 14 rr., 12-02-0 1075-a); <<fla3ep~bIe MeTOAbI 

@ o ~ M E I ~ o B ~ H H R  HaAMOJIeKyJIRpHbIX CTPYKTYP pa3nMYHOrO MacIIITa6a B 

IIOJIEIMepHbIX, llOPklCTbIX M KOJIJIOEIAHMX CkICTeMaX)) (20 13 - 20 14 rr., 13-02- 

12433- 0 d > ~  - ~ 2 ) .  

Pa6o~a I I O C B R ~ e H a  p a 3 p a 6 0 ~ ~ e  MeTOAOB CMHTe3a KOMn03HTOB H a  OCHOBe 

npospas~oti MaTpHqbI nonHMeTMnMeTaKpMnaTa (INMA), KoTopbIe coAepxaT, B 

~ ~ B E I C B M O C T H  OT Tex qeneii, Anx KOTOP~IX npeAnonaraeTc2 M C I I O J I ~ ~ O B ~ T ~  

KOMI-IO~EIT B ~ a n b ~ e t i m e ~ ,  pa3nwmbIe coeAmeHm xenesa MnH 30no~a. npk~ 



n o c n e A H H e  r o w  ycnemo k 1 c n o n b 3 y e ~ c ~  T p e x M e p H o e  n a 3 e p H o e  MHKPO-- H 

HaHOCTpy KTypHpOBaHkIe COOTBeTCTByIoqkIX MaTepHaTIOB. 

M M K ~ O C T P Y K T Y P ~ I ~ O B ~ H H ~  OCyqeCTBJIIIeTCX V T e M  @OK~C~IPOBKII  JIa3epHOrO 

H3JIYYeHHR B 0 I I p e ~ e J I e H H b I f i  YYaCTOK B e q e C T B a ,  H~xo@II@?cII B o6ae~e .  B 

pe3yJIbTaTe  I I O r J I O q e H H e  IIpOkICXOAHT TOJIbKO B @ O K ~ J I ~ H O M  o 6 a e ~ e  B ~ J I H Y M H o ~ ~  

IIOpRAKa HeCKOJIbKkIX MHKPOH H H e  3aTparkIBaeT HkI IIOBePXHOCTb HCCJIeAyeMOrO 

o6pa3qa B e q e C T B a ,  HkI COCeAHHe er0 YYaCTKkI. ~ O C K O J I ~ K Y  B H a C T O X q e e  BpeMII AJIX 

MHICpOCTPYKTyPHPOBaHEIH YaCTO IIPHMeHXIOTCII @ ~ M T O C ~ K ~ H A H ~ I ~  JIa3epbI  

~~~~~~~0 ~ I H @ ~ ~ K ~ ~ c H o ~ o  (kIK) AHana3OHa,  3TO BbI3bIBaeT I I O T ~ ~ ~ H O C T ~  B n o H c K e  

C O ~ A H H ~ H H ~ ~ ,  0 6 n a ~ a m q k n r  C B O ~ ~ C T B ~ M H  H ~ J I H H ~ ~ ~ H M x  X ~ O M O @ O ~ O B  C 

ABYX@OTOHH~IM I I O I T O q e H H e M  B O ~ J I ~ C T H  700 - 800 HM. Q ~ P P O ~ ~ H  - OAHO H3 

~ a ~ 6 o n e e  H3BeCTHbIX B H a C T O X q e e  BpeMII C O ~ A H H ~ H ~ I ~ ~ ,  XapaKTepH3yEoqHXCH 

H e J I k l H e f i H b 1 ~  OnTkIYeCKHM lTOrJIOqeHHeM B 6 ~ 1 ~ x ~ e f i  H H @ P ~ K P ~ C H O ~ ~  (m) 
06nac~1-1 IIpH TOM, YTO B 3TOM A H a n a 3 0 H e  IIpaKTElYeCKH OTCYTCTBYeT JIHHefiHoe 

nornoqeme. 

H ~ H O C T P Y K T Y P ~ I ~ O B ~ H H ~ I ~  KOMn03HTbI MOIYT 6b1~b IIOJIyYeHbI n p H  

JIa3epHOM B O ~ A ~ ~ ~ C T B H H ,  n p H  KOTOPOM AaXe B CJIyYae PaBHOMepHOrO o 6 n y ~ e ~ m  

HCXOAHOI'O r O M O r e H H O r 0  o6pa3qa B HeM pa3BHBamTCII IIPOqeCCbI, lIPHBOAIIqHe K 

0 6 p a 3 0 ~ a ~ ~ m  HaHOwIaCTepOB kIJIH H ~ H O H ~ O A H O ~ O A H O C T ~ ~ ~  3a CYeT 

@OTOXHMHY~CKHX I I p e ~ p a q e H H f i  CneqHa.JIbH0 BBeAeHHbIX A O ~ ~ B O K - A O ~ ~ H T O B ,  B 

KaYeCTBe KOTOPbIX kIClTOJIb3YH3TCX COeAkIHeHEIII MeTWIJIOB. ~ O A O ~ H ~ I ~  COeAHHeHm 

pa3JIaraEoTCX IIOA A ~ ~ ~ C T B M ~ M  JIa3epHOrO H3JIYYeHkI2, YTO HPHBOAHT K 

0 6 p a 3 0 ~ a ~ ~ m  MeTWIJIklYeCKHX HaHOYaCTHq (m) B n 0 J I k I ~ e p H 0 f i  M a q H q e  H 

H3MeHeHkIIO OIITHYeCKHX C B O ~ C T B  KOMII03kITa, T.e. K C03AaHHIO 

@ O T O H H A Y ~ H ~ O B ~ H H ~ I X  HaHOKOMII03HTOB. &DI 3 T O r 0  YaCTO nPHMeHIIK>TCX 

COeAEIHeHWI 3OJIOTa. Ha~6onee AOCTYnHbIM H 3  HHX XBJUIeTCX 

30JIOTOXJIOp~CTOBO~OpO~HaSr KEICJIOTa, IIpM @ O T O X N M ~ ~ C K O M  pa3nOXeHHH 

~ 0 ~ 0 ~ 0 6  IIOA A ~ ~ ~ C T B H ~ M  Y@ H3JIyYeHtM 06pa3ym~cn 3OJIOTbIe . 3 ~ 0  

HanpaBJIeHHe B H a C T O X q e e  BpeMX HHTeHCkIBHO Pa3BHBaeTCX H a  OCHOBe XHAKHX 

PaCTBOPOB kI nJIeHOYHbIX MaTPkIq. C J I e n y e ~  OTMeTHTb, YTO KOrAa H a ~ e m ~ a  



HePeIIIeHHbIX BOIIPOCOB, CBII3aHHbIX C IIOJIyYeHHeM KOMII03HTOB W T e M  

p a ~ ~ ~ a n b ~ o f i  n o n ~ ~ e p ~ 3 a q ~ ~  MMA B M a c c e  B n p M c y T c T s m  B M C O K ~  

~ 0 H q e H T P a q H f i  YnOMIIHYTbIX C O ~ A H H ~ H M ~ ~ .  Bb160p rhfMA B KaYeCTBe 

MaTPRYHOrO IIOJIHMepa JIOrHYHO O ~ O C H O B ~ H  TeM, YTO 3TOT IIOJIHMep JIHARpyeT B 

OTHOIIIeHHR OIITHYeCKOrO IIPOlIyCKaHHII B BMAHMOM H ~ J I ~ T ~ ~ @ H o J I ~ T o B o M  (y@) 

A R a n a 3 0 H e  CpeAH OPI'aHMYeCKHX IIOJIHMepOB, KpOMe TOrO, 3 T 0  KOMMePYeCKH 

A O C T Y I I H ~ I ~ ~  ~ ~ P O M ~ I U I J I ~ H H ~ I ~ ~  nonmep, Y C T O ~ ~ Y H B ~ I ~ ~  K mare R n e p e n a A a M  

T e M n e p a T y p b I  B IIIHPOKHX npeaenax, XHMHYecKR M H ~ ~ T H ~ I ~ ,  M XOPOIIIO 

OCHOBHO~ BHHMaHHe yAeJMeTCII pa3pa6o~~e MeTOaOB CHHTe3a O ~ S ~ M H ~ I X  

IIpO3paYHbIX OIITkIYeCKHX CHCTeM W T e M  p a ~ l H ~ a J I b H 0 f i  IIOJIRMepH3aIJHH kfMA B 

MaCCe n p H  HUIHYHH BbICOKUX K O H ~ ~ H T P ~ I J H G  TaKHX C O ~ ~ H H ~ H H ~ ~ ,  KaK ( P ~ P P o ~ ~ H  

HJIH 30JIOTOXJIOPHCTOBOAOpO~HaSI KHCJIOTa HJIH ee ~pOH3BOJ(HbIe.  n p R  3TOM 



MMA B KOH4eHTPaI@fXX, I I P e B b I I I I a K l ~ H X  KOHqeHTPaqEIIO HHkIqHaTOpa H a  

IIOPRAOK Pi Gonee, H H T H ~ U P Y ~ T  llOJIHMepEZ3aqHIO, B TO BpeMX KaK a300HHqElaTOP, 

~ Y A Y Y L I  MHePTHbIM 110 OTHOIIIeHklIo K @ ~ P P O U ~ H Y ,  II03BOJIXeT n p O B e C T 0  CEIHTe3 

o 6 a e ~ ~ b 1 x  KOMH03HTOB H a  OCHOBe W A ,  H a C b I u e H H O r O  @ ~ P ~ O ~ ~ H O M .  

~ O A ~ O ~ H O  0CCJIeAyX B ~ ~ H M O A ~ ~ ~ C T B H ~  ~ ~ J I O T O X J I O ~ ~ C T O B O ~ O P O ~ H O ~ ~  KkICJIOTbI 0 

TeTpaXJIOpaypaTa  (111) N-qe~0nn0p0~0~~l r r  (Au-PIG) C MMA Fi PaAElKZUIbHbIMEZ 

HHPiqElaTOpaMEl, aBTOp AEZCCepTaqEZ0 YCTaHaBJIMBaeT, YTO 0MeHHO B IIpkICyTCTBkIH 

ALl-P16 (B OTJIHYkIe OT ~ ~ J I O T O X T I O ~ ~ C T O B O ~ O P O ~ H O ~ ~  KEICJIOT~I) lTOJIHMep03aqtUI H e  

COIIpOBOXAaeTCR ~ O ~ O Y H ~ I M H  PeaKqtUIMkI BOCCTaHOBJIeHtUI COeAHHeHHX 30JIOTa. 

 TO lI03BOJMeT IIpOBeCT0 non~~ep03aq01o A 0  my6o~~ix  K O H B ~ P C H ~ ~  6e3 

OYeBPiAHa, IIOCKOJIbKy B pe3yJIbTaTe  03YYeHkIII IIpOqeCCOB pa~Fi~Z.iJIb~06 

n o n ~ ~ e p u 3 a q ~ a  MMA, conepmawero B b r c o K n e  K o H q e H T p a q a a  @eppoqe~a, 

aBTOPOM IIOJIyYeHbI o 6 a e ~ ~ b 1 e  KOMII030Tb1, 06na~a101q~e H ~ J I M H ~ ~ ~ H ~ I M  

o n T m e c K m  n o m o I q e H H e M  B A H a n a 3 o H e  700 - 800 HM, EI xapa~~epk13y101qk1ec~ 

YyBCTBUTeJIbHOCTbIo K JIa3epHOMY H3JIySeHHK), C@OKYCUPOB~HHOMY B M U b I e  

YYaCTKkl o6ae~a  BeweCTBa.  T a ~ k l e  CElCTeMbI nepCIIeKTkIBHb1 AJIX MCIIOJIb30BaHtUI 

np0 JIa3epHOM MElKPOCTPYKTYPkIPOBaHkIkI, B YaCTHOCTEI, B KaYeCTBe 

p e r m T p H p y I o u a x  cpen Ann o n ~ m e c ~ o f i  s a n ~ c a  t i ~ @ o p ~ a q a a .  

H a f i ~ e ~ ~ b ~ f i  COkICKaTeJIeM IIOAXOA K IIOJIyYeHElIo KOMII030TOB H a  OCHOBe 

IIMMA EZ COeAEIHeHFlH Au-PI6 no3~onae~  @OPMEIPOB~T~  B o 6 a e ~ e  o6pa3sa 

pa3JIHYHbIe MEZKPOCTPYKTYPbI 03 30JIOTa. 3~0 KOMII030TbI IIePCIIeKTHBHbI AJIX 

IIpHMeHeHUX B OIITUKe, B YaCTHOCTU AlIll C03AaHHX ( ( c w ~ ~ ~ H ~ D o )  n a 3 e p O B  38 CYeT 



a n c c e p ~ a q u o ~ ~ a n  pa6o~a H.A. Arape~ofi ~3nomeaa H a  140 cqaauqax, 

COCTOHT H 3  BBeAeHHR, T p e X  m a B ,  C O A e p X a ~ H X  6 ~ a 6 n ~ q  H 50 PHCYHKOB, BbIBOAOB 

H CIIHCKa E I C I I O J I ~ ~ O B ~ H H O ~ ~  JIHTepaTYPbI, BKJI IOYamqerO 307 H ~ H M ~ H o B ~ H H ~ ~ .  

BO BBEAEHm 0 6 0 c ~ o ~ a ~ a  aKTYaJIbHOCTb TeMbI AHCCePTaqHH, 

C@OPMYJIHPOBZ~H~I 4 e n H  H 3aAaYH pa60~b1, OCHOBHbIe IIOJIOXeHHR, BbIHOCHMbIe H a  

3aQHTY,  OIIpeAeJIeHbI HayYHLUI HOBH3Ha H llpaKTHYeCKaR 3HaYHMOCTb pa6o~b1. 

r J I a ~ a  1 - 0 6 3 0 ~  JlLITepaTJ'PbI - COAePXHT pe3YJIbTaTbI no~po6~oro  

aHaJIH3a aBTOPOM AHCCePTaIJHH MHOrOYHCJIeHHbIX n y 6 n ~ ~ a q ~ f i ,  IIOCBRQeHHbIX 

HCIIOJIb30BaHHK) aKPHnOBbIX H MeTaKPHJIOBbIX l lOnHMepOB B KaYeCTBe OIITHYeCKHX 

MaTepHaJIOB. O ~ C ~ X A ~ I ~ T C X  11po6ne~b1 CHHTe3a H OIITHYeCKHe C B O ~ ~ C T B ~  

IIOJIHMepHbIX CHCTeM, C O A e p X a Q H X  @eppoIJeH. C O H C K ~ T ~ J I ~ ,  C O A H O ~ ~  CTOPOHbI, 

YAeJIReT IIpHCTaJIbHOe BHHMaHHe PaCCMOTPeHHK) POJIH @ e p p o I J e H a  B IIpOIJeCCaX 

p a ~ H ~ a J I b H 0 f i  IIOJIHMepH3aIJHH BHHHJIOBbIX MOHOMePOB. ~ P H  3TOM aBTOPY 

YAaJIOCb OXBaTHTb JIHTePaTYPY IIO A ~ H H O ~ ~  TeMaTHKe, BbIIIIeAIIIyH, B TeYeHHe 

6onbrrroro HHTepBaJIa  IIO BpeMeHH, HaYHHaH C 1950-x rOAOB, T.e. CO BpeMeHH 

OTQbITHH @ e p p o q e H a ,  A 0  HaLUHX AH&. C ~pyr0f i  CTOPOHbI, aBTOP IIPHBOAHT 

AaHHbIe 06 OnTHYeCKHX C B O ~ ~ C T B ~ X  @ e p p O q e H a ,  B YaCTHOCTH, C B e X H e  AaHHbIe no 

HeJIHHefiH0-OIITHY~CKHM XaPaKTePHCTHKaM @eppoIJeHa .  O T M ~ Y ~ ~ T C H ,  YTO 

~ e n ~ l ~ e f i ~ o e  nornoqeaae B CHcTeMax, C o A e p x a Q H x  @eppoqe~, CTaHoBHTcx 

3aMeTHbIM I IpH B ~ I C O K O ~ ~  er0 KOHqeHTPaqHH B H H ~ P T H O ~ ~  IIp03paYH0fi  C p e A e  - H e  

M e H e e  0,2 - 0,3 ~ o n b l n .  

A H C C ~ ~ T ~ H T O M  T a m e  o 6 c ~ o ~ ~ e n b ~ o  IIpOaHaJIH3HpOBaHO 6onbrrroe 

KOJIHYeCTBO H ~ Y Y H O ~ ~  H T ~ X H M Y ~ C K O ~ ~  JIHTePaTYPbI, B K O T O P O ~ ~  OnHCaHbI CIIOCO~M 

IIOJIyYeHHH H OIITHYeCKHe C B O ~ ~ C T B ~  IIOnHMepHbIX HaHOKOMII03HTOB, COAePXaLI@fX 

~ J I ~ ~ O ~ O A H ~ I X  MeTaJIJIOB, 6onbuax YaCTb KOTOPbIX IIOCBXQeHa 

Q>op~mposa~~m sono~a rryTeM @ O T O X ~ I M ~ I Y ~ C K ~ I X  n p e ~ p a ~ e ~ ~ f i  

~ ~ J I O T O X J I O ~ H C T O B O ~ O P O ~ H ~ ~  KHCJIOTbI. ~ ~ ~ B ~ C T H H  C I I O C O ~ ~ I  IIOJIYYeHHR 30JIOTbIX 

B XHAKMX CHCTeMaX H B TOHKMX IIOJIMMePHbIX IIJIeHKaX llOA A ~ ~ ~ C T B H ~ M  

JIa3epHOrO y@ H3JIYYeHMR. C B ~ A ~ H H H  0 IIPHMeHeHHH A P y r H X  C O ~ A H H ~ H H ~ ~  AJM 



PeIIIeHRII ~ I O A O ~ H ~ I X  3aAaY ~ p a i i ~ e  MUIOYHCJIeHHbI H OTHOCXTCX K HH3KHM 

KOHqeHTPaqHRM HX B P ~ ~ K ~ H O H H O ~ ~  CHCTeMe. 

I I o ~ p 0 6 H b 1 f i  ~ H ~ J - I H ~  JIHTepaTypHbIX AaHHbIX no3~onlm H.A. Arape~oii 

BbIAeJIHTb CBOH) H H W  AnX HCCJIeAOBaHRII, a HMeHHO, C @ O P M M P O B ~ T ~  lIOAXOAbI K 

CHHTe3Y O ~ ~ ~ M H ~ I X  @ O T O ~ B C T B H T ~ J I ~ H ~ I X  KOMlI03MTOB H a  OCHOBe m, 
H a C b I q e H H O r O  @ ~ P ~ O ~ ~ H O M ,  cnoco6~b1x K n a 3 e p H O M y  MHKpOCqYKTyPHpOBaHHK), 

a T a K X e  CHCTeM H a  OCHOBe H C O ~ J ( H H ~ H H ~ ~  TpeXBaJIeHTHOrO 3OJIOTa AJIX 

@ o ~ M H ~ o B ~ H H X  @ O T O W H A ~ ~ H P O B ~ H H ~ I X  HaHOKOMII03HTOB, C O A e P X a q H X  

sono~a. 0630p n H T e p a T y p b 1  3 a ~ ~ ~ a e ~  24 C q a H H q b r  H sa~epmae~ca ~ ~ K J I I ~ Y ~ H H ~ M ,  

B KOTOPOM aBTOp JIOrkIYeCKH 0606qae~ IIpeACTaBJIeHHbIe CBeAeHE.uI B KOHTeKCTe 

n o c ~ a ~ n e ~ ~ o f i  qem A H c c e p T a q H o H H o r o  H c c n e A o s a H M x .  

r n a ~ a  2 - 3 1 c c n e p a ~ e ~ ~ a n a ~ a ~  racTa c o A e p x H T  AeTaJIbHoe o n H c a H H e  

HClIOnb30BaHHbIX B pa6o~e PeareHTOB,  cnoco60~ OYHCTKH B e q e C T B  H IIOArOTOBKH 

MaTepHaTIOB AJIX H c c J I ~ ~ o B ~ H H ~ ~ ,  MeTOAHK in  it^ JIOJIyYeHkIII o 6 a e ~ ~ b 1 x  H 

lIJIeHOYHbIX KOMlI03HTOB H a  OCHOBe m, C O A e p X a q e I ' O  BbICOKHe 

K O H q e H q a q k I H  @ e p p ~ q e H a  HJIH C O ~ A H H ~ H M ~ T  30JIOTa (III), MeTOAbI HCCJIeAOBaHkIII 

MOJIeKyJIXpHO-MaCCOBbIX XapaKTepHCTHK H OlITHYeCKHX C B O ~ ~ C T B  

CHHTe3HPOBaHHbIX JIOJIHMePHbIX KOMlI03kITOB. C J I e a y e ~  OTMeTHTb, ZITO 

3KCnepHMeHTaJ-IbHaX YaCTb HanMCaHa Y ~ ~ A H T ~ J I ~ H O  H OTBeYaeT OCHOBHOMY 

T ~ ~ ~ O B ~ H H K ,  K OnHCaHHH) 3KClIePHMeHTOB - B03MOXHOCTH HX BOCllPOH3BeAeHkIII. 

O C H O B H ~ I ~  pe3yJIbTaTbI pa6o~b1 IIpeACTaBJIeHbI B r J IaBe  3 - Pe3yJIbTaTb1 N 

NX 0 6 c y ~ e ~ a e .  B IIepBOM pa3Aene aBTOp YAenReT 3HaYkITeJIbHOe BHHMaHkIe 

IIOJIyYeHHH) npO3paYHbIX KOMn03HTOB, CTPYKTyPHPOBaHHe KOTOPbIX 

OCyqeCTBJIXeTCX HyTeM @OKYCHPOBKEI J I m e p H O r O  H3JIyYeHHX B MUIYH) 06nac~b 

B e q e c T B a ,  p a c n o n o x e H H y m  B o6ae~e ,  YTO C B X ~ ~ H O  c peLueHHeM ~ a x ~ o f i  s a ~ a ~ ~  - 

IIOJIYYeHkIeM KOHqeHTPHPOBaHHbIX TBePAbIX PaCTBOPOB H ~ J I H H ~ ~ ~ H ~ I x  XPOMO@OPOB 

B nonu~epaofi M a T p H q e .  p e m ~ 3 a q ~ ~  nmepaoro M H K ~ O C T ~ ~ K T ~ ~ ~ O B ~ E . ~ I  

IIyTeM ABYX@OTOHHO~O IIOlTIOqeHkIII T ~ ~ ~ Y ~ T C X  BBeAeHHe B IIpO3paYHyH) 

lIOJIHMepHyH) MaTPHIJJ BbICOKHX K O H ~ ~ H T P ~ ~ H ~ ~  H ~ J I H H ~ ~ ~ H ~ I x  XPOMO@OPOB. B 

3TOM KaYeCTBe B pa6o~e HCnOJIb30BaH @ e p p o q e H .  H ~ C M O T ~ X  H a  XOpOLIIyH) 

P a c T B o p H M o c T b  q>eppoueaa B MMA, K H a Y m y  pa6o~b1 c o a c K a T e n x  HaA 



n o c ~ a s n e ~ ~ o f i  s a ~ a ~ e f i  B ~ a y ~ ~ o f i  n m e p a T y p e  H M e n H c b  c s e A e H m ,  OTHocxrqHecx  

K BJIHXHHIO JIHLLIb MaSIbIX K O H ~ ~ H T P ~ ~ H ~ ~  @eppoqe~a B MMA H a  PaAHKaSIbHyIO 

IIOJIHMepH3aqEIIO B MaCCe. Eb1JI0 H3BCCTH0, YTO @ ~ P P O ~ ~ H  B KOHqeHTPaI@IH - 

10 '~  ~ o n b h  H e  BnHXeT H a  CKOPOCTb l lOnHMePH3aqHH B CJIyYae HCllOJIb30BaHH5I 

a30HHElqHaTOpa H YCKOPHeT IIOJIHMePH3aqHIO, IIPOBOAHMYIO IIpEl IIOMOQEI 

IIepeKHCHOI'O HHHqHaTOpa.  ABTOP AHCCePTaqEIH AeTaJIbHO HCCneAyeT P O n b  

IIpHpOAbI PaAHKaJIbHOrO HHHqHaTOpa IIPH llOnHMepEI3aqHH MMA B nPHCYTCTBHH 

BbICOKHX K O H ~ ~ H T P ~ ~ W ~ ~  @eppoqe~a H BbIXBJIXeT 3aKOHOMePHOCTH, KaPAHHaJIbHO 

OTnEIYaIOuHeCX OT TOrO, YTO HMeeT MeCTO I I p H  HH3KHX KOHqeHTPaqMIIX er0 B 

MOHOMepe. T ~ K ,  I IpH HCIIOnb3OBaHHH IIepeKHCHOrO HHHqHaTOpa @ ~ P P O ~ ~ H  

H H ~ H ~ H P ~ ~ T  llOJIEIMePEl3aqHH). B TO Xe BpeMX a30HHHUHaTOP ll03BOJIHJI IIPOBeCTH 

CHHTe3 IIOJIHMepa A 0  rny6o~oii KOHBepCHH IIpkI HaCbIueHEIH P ~ ~ K ~ M O H H O ~ ~  CMeCH 

@ ~ P P O ~ ~ H O M  EI OCyqeCTBHTb n E 3 e p H O e  MHKPOCTPYKTYPHpOBaHHe 

CHHTe3HPOBaHHbIX KOMII03HTOB. G03a JIa3epHOrO H3JIYYeHHR B 6 n ~ x a f i r u e ~  klK 

AHaIImOHe,  AOCTaTOYHasI AnH OCyqeCTBJIeHHX nmep~0r0 

MHKPOCTPYKTYPHPOBaHMII IIOJIHMepa, H a C b I q e H H O r O  @ e p p o q e ~ o ~ ,  OKa3aJIaCb 

6onee YeM H a  IIOpXAOK H H X e  H 0  CPaBHeHHIO C m, H e  C O A e p X a u H M  

@eppoqe~. H3 IIOJIyYeHHbIX 3KCllepHMeHTaJIbHbIX AaHHbIX aBTOp AeJIaeT 

n o r ~ ~ ~ b ~ f i  B~IBOA o TOM, YTO H a c b I w e H H e  M a q m q b I  IIMMA @ e p p o q e ~ o ~  

II03BOJIXeT OCyqeCTBHTb n a 3 e p H O e  MHKPOCTPYKTyPHPOBaHHe B 0 6 5 e ~ e  o6pmqa, 

6 n a r o ~ a p X  A B ~ X @ O T O H H O M ~  OllTkIYeCKOMY IIOI'JIOweHHEO B KOMll03HTaX C 

B~ICOKHM c o A e p x a H H e M  @eppoqe~a. 

Bo BTOPOM pagene o n H c a H  C H H T ~ ~  IJMMA B I I ~ H C ~ T C T B ~  

~ ~ J I O T O X J I O ~ H C T O B O ~ O P O ~ H O ~ ~  KkICnOTbI H OIITEIYeCKHe C B O ~ ~ C T B ~  IIOnyYeHHbIX 

KOMII03EITOB. ~ Y T ~ M  TQaTeJIbHOrO HCCneAOBaHWI I I p O ~ e C C O B  B ~ ~ ~ ~ M O A ~ ~ ~ C T B M I I  

HAuC14 C MMA H PaAHKaJIbHbIMH HHHqHaTOPaMH ~ a f i ~ e ~ b 1  YCJIOBMII, 

06ecne~u~a101q~e n o n y Y e H u e  o6pmqo~ ~IMMA, coaepmawix 1x1 0-' ~ o n b / n  

HAuC14. OAH~KO 3~0fi K O H q e H q a q H H  ~ e ~ X C n 0 0 6 p a 3 y I O ~ e r 0  COeAHHeHm 

HeAOCTaTOYHO AJIH @ o ~ M H ~ o B ~ H M I I  KOMIIO3HTOB C 30JIOTa, llepClleKTElBHbIX A m  

IIpHMeHeHHH B OIITHYeCKHX YCTPO~~CTB~X.  



T p e ~ ~ i i  pa3AeJI IIOCBXmeH CHHTe3Y KOMIIO3BTOB H a  OCHOBe H 

TeTpaXJIOpaypaTa  (111) N - ~ ~ T H J I I I H ~ H A H H W I  H EiCClIeAOBaHHEO OIITHYeCKHX CBO~~CTB 

M @OTOXHM~IY~CKMX I I p e ~ p a w e ~ H t i  B IIOIIyseHHbIX CHCTeMaX. Y C T ~ H O B J I ~ H O ,  YTO 

3 a M e H a  KaTMOHa BOAOpOAa B ~ ~ J I O T O X J I O ~ H C T O B O ~ O ~ O ~ H O ~  KHCJIOTe H a  o ~ ~ ~ M H ~ I G  

O P ~ ~ H H Y ~ C K H ~  KaTkiOH IIPHBOAHT K 3aMeAJIeHHIo er0 BOCCTaHOBJIeHEVI 

C B O ~ O A H ~ I M H  PaflkiKaTIaMM ki IIpaKTHYeCKH K n0JIHOMy OTCYTCTBHK) 

BOCCTaHOBJIeHIiLSI er0 MOHOMepaMH, YTO CBHAeTeJIbCTByeT 06 OYeBMAHOM 

I I p e H M y q e C T B e  COeAHHeHHX, CHHTe3MPOBaHHOTO AHCCePTaHTOM, IIepeA 

~ O J I O T O X J I O ~ H C T O B O ~ O P O ~ H O ~  KHCJIOTO~ B CJIyYae CHHTe3a KOMII03HTOB, 

c o A e p x a w H x  coeAkiHeHkie sono~a, cnoco6~oe K (POTOXMMHY~CKOM~ 

BOCCTaHOBJIeHkiEO, C ~ O C O ~ O M  ~ ~ A H K E U I ~ H O ~  IIOJIkiMepH3aqHH B MaCCe. Aanee aBTOp 

AeTaTIbHO HCCJIeAYeT BJIHXHHe IIpHpOAbI PaAHKaTIbHOrO HHkIqHaTOPa H 

T e M n e p a T y p b I  npoqecca c k i ~ ~ e 3 a  H a  n o n y g e H H e  K O M I I O ~ H T ~ ,  ki y c T a H a B n t i s a e T ,  YTO 

IIpHMeHeHHe HH3KOTeMnepaTypHOrO PaAkiKZiJIbHOrO MHHIJHaTOpa AJIX CMHTe3a 

KOMII03HTOB H a  OCHOBe TIIMMA H Au-PI 6 IIO3BOJIXeT IIpOBeCTH IIOJIMMepH3aqHIo 

6e3 p a 3 n o x e H k i X  ~e~anJI006pa3yK)Iqer0 COeAHHeHIiLSI. T ~ K H M  06pa30~, 

MCIIOJIb30BaHHe KOMn03HTOB H a  OCHOBe rh!m'fA H AU-P 16 o 6 e c n e ~ ~ ~ a e ~  

Pe3yJIb~a~b1 A H C C ~ ~ T ~ ~ ~ ~ O H H O ~  pa60~b1 H.A. Arape~oti IIOTeHqHaJIbHO 

MOrYT 6b1~b PeKOMeHAOBaHbI Pil3JIMYHbIM HayYHO-MCCJIeAOBaTenbCmM 

HHCTHlyTaM H IIpeAnpHXTEHM, 3 a H H M W m H M C X  pa3pa60~~0G IIOJDiMepHbIX 

MaTePHaJIOB OIITHYeCKOrO Ha3HaYeHHB H ki3TOTOBJIeHHeM t i 3 ~ e J I H f l  H3  HHX. B 

K a Y e c T s e  upmepa c n e A y e T  y n o M x H y T b  OAO ( ( ~ ~ ~ ~ P X H H C K O ~  OprcTeKno))  

(((fioc))), BbIIIyCKaeTCX l ~ H p 0 I W f i  aCCOPTMMeHT T O B ~ P H O ~  IIPOAyKqHM, 

COOTB~TCTB~EOLT&?~~ MllpOBOMy YPOBHH) KaYeCTBa: ~ J I O Y H O ~  ( J I u T o ~ )  OPTaHRIeCKOe 

CTeKnO a B H a q H 0 H H O e  H KOHCTPyKqHOHHOe MapOK CO-95, CO- 120, AO- 120 H 



T e x H a Y e c K o e  MapOK TOCII, TOCH, TOCII-Y, TOCn-H; 3KCTPY3UOHHOe 

o p r a H e Y e c K o e  memo M a p K a  Acryma; r p a ~ y n a p o ~ a ~ ~ b ~ f i  MaTepuaJr  M a p o K  

Aa~pan  (5 1, 61, 71, 81); C Y C I I ~ H ~ N O H H ~ I ~ ~  6ucep MapKM flcoM. Piupa6o~~a  

HOBbIX MapOK OpraHHYeCKPiX CTeKOJI H a  OCHOBe MMA HapXAy C ax 

MaJIOTOHHaXHbIM lIPOE13BOACTBOM OCYlL(eCTBJIXeTCX B @rm <(= I I o J I H M ~ ~ o B ) )  

(A~~PHCEIHCK H ~ ~ X ~ ~ O P O A C K O ~ ~  0611.). 

B qeJIOM, AEICCepTarIEiOHH2UI pa6o~a H.A. Arape~oii ( (@oToYYBcTB~IT~JI~H~I~ 

KOMII03EITbI H a  OCHOBe IIOJIklMeTkIJIMeTaKpkInaTa $3 ~ 0 e ~ k I H e H k l f i  Xene3a EI 30JIOTaD 

XBJIXeTCX H ~ ~ Y H O - K B ~ J I H @ M K ~ ~ O H H O ~ ~  pa6o~ofi B 06nac~1-1 XkIMkIkI 

BbICOKOMOJIeKYJIXpHbIX C O ~ A H H ~ H H ~ ~  C IIpOrH03EIpyeMbIM IIOTeHqElaJIOM 

IIpaKTkIseCKOrO IIpHMeHeHkuI. f laccep~ar~m HaIIEICaHa COBPeMeHHbIM, TpaMOTHbIM 

HaYYHbIM X3bIKOM, IIPaKTEIYeCKEl H e  COAePXEIT TpaMMaTEIYeCKEIX OUIEI~OK kI 

OIIesaTOK.  TO CBllAeTeJIbCTByeT 0 B ~ I C O K O ~ ~  H a y Y H o f i  KyJIbType  KaK CaMOrO 

COEICKaTeJM, TaK EI HaYYHOrO KOJIJIeKTEIBa, B KOTOPOM 6 m a  BbIIIOnHeHa pa6o~a. 

C n u c o ~  TPYAOB amopa, n p e a c ~ a s n e ~ ~ b ~ f i  B a ~ ~ o p e a e p a ~ e ,  B K n I o r a e T  4 

CTaTbH B p e q e H 3 H p y e M b I X  HaYYHbIX XYPHaTIaX, 1 IIaTeHT Pocc~fic~ofi @ ~ A ~ P ~ ~ E I E I ,  

kI Te3klCbI 8 POCCEI~~CKMX EI MeXAYHaPOAHbIX K O H @ € ! P ~ H ~ ~ I ~ ~ .  Bce n y 6 n a ~ a q a k 1 ,  

BKJIIOSeHHbIe B CIIHCOK JIkITepaTypbI,  I I P E I B ~ A ~ H H ~ I ~ ~  B a ~ ~ o p e & p a ~ e ,  KaK PI CaM 

a ~ ~ o p e @ e p a ~ ,  a A e K s a T H o  o l p a x m T  c o A e p x a H a e  A a c c e p T a q a a .  

H~CMOTPR H a  O~IUJIO B~ICOKYIO OqeHKY AkICCepTaqkIEl H.A. Arape~ofi npkI  

YTeHkIkI pa6o~b1 B03HkIKaeT PXA BOIIPOCOB Pi 3 a ~ e Y a H E I f i .  

1. B nkITepaTypHOM o63ope (Ha CTpaHEIqaX 25, 27, 28, 31 - 33) aBTOp 

YAeJIXeT CyIQeCTBeHHOe BHEIMaHkIe BOIIpOCaM IIOJIYYeHElX IIOJIElMePHbIX 

HaHOKOMII03kITOB C pa3JIEIYHbIX MeTaJIJIOB, B YaCTHOCTEI, cepe6pa EI MeAkI. &IH 

C03AaHEIX KOHTpaCTHbIX a306pa~e~ufi ,  YTO COCTaBJIXeT OCHOBY I I P ~ K T H Y ~ C K O ~ ~  

3HaYklMOCTEI A E I C C ~ P T ~ ~ E ~ O H H O ~ ~  pa6o~b1, lIpI4MeHeHkIe KOJIJIOHAHOrO cepe6pa 

XOPOLIIO kl3BeCTHO. OAH~KO IIpeACTaBJIeHHbIe BO BTOPOM kI T p e T b e M  pa3geJIaX 

rJIaBb1 3 Pe3YJIbTaTbI OTHOCRTCX TOnbKO K 3OnOTa. B O ~ M O X H ~  JIH 3 a M e H a  

30no~a B Barnax CllCTeMaX H a  ~pyr0fi MeTaJIJI, B YaCTHOCTH, H a  cepe6po? 

2. C p e ~ ~ l  C O ~ A H H ~ H H ~ ~  3OJIOTa, KOTOPbIe aBTOp HCHOJIb3yeT AJIX AOCTkIXeHMR 

I I o c T ~ B J I ~ H H o ~ ~  qenEi, B A E ~ C C ~ P T ~ ~ E ~ O H H O ~ ~  pa6o~e @EI~PEIPYIOT BCerO JIEIUIb ABa 



B e w e C T B a  - 30~OTOXJIOpkICTOBO~OpO~HaSI KkICnOTa kI TeTpaXJIOpaypaT (111) N- 

rTeTHJInHpkIAkIHHR. %M 06ycnosne~ CTOJrb y3KEifi K p y r  o 6 a e ~ ~ o ~  ~ I C C ~ ~ A O B ~ H ~ R ?  

n 0 Y e ~ y  H e  PaCCMaTpkIBaeTCR IIpMMeHeHHe A p y r H X  C O ~ A M H ~ H H ~ ~  3OJIOTa, 

HaIIpkIMep, KOMIIneKCOB OAHOBaTIeHTHOrO 3 0 n O T a  C @ O C @ ~ ~ H O B ~ I M ~ I  J I M ~ ~ H A ~ M H ?  

T ~ K H ~  KOMIIJreKCbI H e  AOnXHbI  BCTyIIaTb B no6o~~b1e  PeaKJJHH C PaAHKaJIbHbIMM 

HHHqHaTOpaMkI. 

3. OY~BMAHO, YTO HapRAy C BbIAeJIeHkIeM 3OJIOTa IIpH Pa3JIOTeHIGI 

c o e ~ ~ ~ e ~ ~ i i ,  c o A e p x a u H x  ~ e T p a m o p a y p a ~ - a ~ ~ o ~ ,  o6pa3ye~c~ mop, a B cnyqae 

30 .JI0~0XJI0pH~~0~0~0p0~~0f i  KkiCJIOTbI T a m e  kI X T I O ~ H C T ~ I ~  BOAOPOA. OCT~~TCII  H e  

B n o n H e  xc~ofi ((cy~b6a)) ~ T E M  ra3006pa3~b1x ~ P O ~ ~ K T O B .  

4. B ~ a 6 n k 1 q e  4 H a  CTpaHElqe 89 IIpeACTaBJIeHbI I IpeBpaweHkIR 

MOJIeKyJIRpHbIX MaCC m, n p O k I C X O ~ I Q k I e  I I p H  y@ O ~ I I ~ Y ~ H ~ I R  kI 

T ~ ~ M H Y ~ C K O ~ ~  0 6 p a 6 0 ~ ~ e  06pEiq0~ kICCneAyeMOr0 KOMII03kITa. HpFi 3TOM aBTOp 

n o a c m e T ,  YTO C H m c e H M e  ~ o n e ~ y n x p ~ o f i  M a c c M  nocne YQ, n a 3 e p H o r o  o 6 n y ~ e ~ m  

IIPOkICXOAkIT B p e 3 y n b T a T e  @ O T O X ~ I M H ~ ~ C K O ~ ~  AeCTPYKJJkIkI IIOJIkIMepHbIX 4eIIefi. 

OAH~KO IIPMYkIHY B03PaCTaHkIR MOJI~KYJIIIPHO~~ MaCCbI HpkI ~ e p M k I Y e c K 0 f i  

0 6 p a 6 0 ~ ~ e  o 6 n y s e ~ ~ o r o  o6pa3qa, KaK kI TOT (@KT, YTO TePMIlYeCKaFI o6pa6o~~a  

~ e o 6 n y r e ~ ~ o r o  IIOnHMepa  H e  BbI3bIBaeT kl3MeHeHkII er0 M O J I ~ K ~ J I R ~ H O %  MaCCbI, 

aBTOp AkICCepTaIJklkI H e  KOMMeHTHpYeT. 
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