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M CTOAa M l-I pearre-roncxon AH<pp aKlum HCCJle,Ll,OBaHa crpyxrypa nJleHO'-lHbIX KO M Il03HTOB a a ocnone Me 

Tl-IJTueJIJIIOJl03bI H HanOJlHHTeJl eH H3 M OHTOM Op HJTJlOH HTa , a 'rajoxe HaHO'-laCTlIl( Ag, cTa6 11J]l-I3H p OB aHHblx 

nOJll1BH IHIJlnHppOJIIUl.OHOM ( I IO BH ap r OJl ). TIoKa3aHo, 'ITO HaHOLfaCTI1UbI MOHTM Opl-lJIJIOHMTa B OM n0311Te 

HaXO,Ll,51TC5I B 3 K C<pOJlI1 I1POB3 H H OM COCT05lHHH; npa conepxaaan lIaH O'-laCT H U Me H ee 7 M a c . % K p IIC T3JJ

J11 1'-1 H OCTb MeT I1JI Ut~JlJlIOJl03bI yueJlI1'-1MnaeTC5f . H 3JJH '-IH e aanomurrena u yrropnno-reune CTPYKTYP bI M aTPI1

UbI npI1BO,Ll,51T K nODb11lIeH111O ynpyrirx xapaKTepl1CTII K H YBeJlH'-IeHHIO revneparypsr paanoxcemor K OM n o 

3HTOB. Mer onaxnr peHTreHOCTPYKTypHoro aH3JJH3a nOK3 3aHO, '-ITO paaxrep '-IaCTHU Ag B KOM n03H Te MeDI JI 

uerouonoaa.-noaaapron COCT3BJI.HeT OKOJlO 30 HM. B Be,Ll,e H H e ,Ll,O 20 Mac. % nosaaprona cnocoocrsver xpu 
CT3JJJlH3a IUlH MeTHJlueJlJllOJl 0 3bl. Ilneuoxuu e KOMn03HTbI aa OCHOBe MeTI1J1ueJlJlIOJl03bl 11 nonnaprona 06

JI3,LI,alOT rr p 0 '-lHOCT H bIM H VI ,LI,e<j)0pMa l(HOHHbIMli x apaKTepHCTHKaMI1 , n03BOJI5lIOIUI1MI1 I1CnOJIb30BaTb 

TaKHe M aTepl13JJbI B MCAVlU I1H e 11CeJIbCKoM·X0351 HcTBe . 

BBE)J. EH 11 E 

I1c CJ1ell.OBa HHK) cr pyxrypu KOMIlOJIfTOB na OC

H one n p OI13 BOAHbIX u eJ1JIIOJ10 3b l li lIa nOJIHI-1TeJ1e H IfJ 

rHlI.p OCH;IHKaT H hIX Ha HO'l aCTI1U nocnsnueu u pa60 T bI 

[I - 5 1. Tloxaaaao, '11'0 'l a CT H U h l M OHT M OP HJ1J10 H IfTa 

(MMT) B HIITe pKaJ1Hp OBa HHOM H 3 K CcP0 J1 Hl-1p OBa H 

HO M COCT05f H H 5IX cnocofi nsr cyuiecrnenuo 113 Me H 5ITb 

cnoa crna K OM n 03HTa - noum urart, MOLIYJ1b ynp yro 
CTI1 , yny-nuars fiapsepn ste CBOHCT Ba , B ' raC T H OCT H 

YMe HbwaTb BOll. OnpO IH f uaeMOCT b lIJ1e HO' IH bIX 

K OM I103H TO B [5]. n03TO M Y npir H a n OJI H CIlH l1 no 

J1 H M e p l-IOH M aT p l1 U bI H a HO'-la CTH u a M H Ba)KH O 

y M CT b KO H TpOJIHpO BaT b crpyxr ypnoe COCT0 5IIlUC 

HanOJ1 I1HTeJIH , crcneas cro LIHc ncpCHOCTIf , xapax
r ep B3 a I-1 M OLIcHCTBH5I 'IaCTH I ~ p a 3JI I1' I HOr O XJ1M H 'Ie 

CKO ro CTp OCH I-1 H, qJOPM bl 11 paawepo s C MaKpOM OJ1e

Ky-J1a l\lI-1 M aTpIf U bI. B p afio r e [6] n pHBOLI5ITC5I LIa H llble 

n o B3a l1MOLIe l'1c TBI110 HaHO'IaCTH U 30J10 Ta 11 M MT C 

p a CTBopOM XJ1TOJaHa n0J1 H - ( 2 - a M HH o- 2 - LIe o K c H - (l 

4)-P- D - rJIIOKo n Ifp aH03b l ) . 113 p e3YJ1 bTaT0 I3 MIfK PO 

CKOnJ.1lIeCKI1X HCCJI CLIO llaHI-1H CJ1eLIyeT, '-ITO '1aCTHUbl 

M CTaJ1J13 IfM e IOT I IJI OCKylO, -re ury a-raryio cP0 P MY. 

E-mail: dobrov@hq .macro.ru ()J,06P OBOJlbCKa51 HpHHa ITeT
pOBHa) . 

B pafiorax [7-91 IlOKa3a HO, ' ITO Hai i OK OM II0 3HThi 

Ag, CTa6 HJI H3H ponau H bl e n OJ1l11lHH HJ1fUlPP0J1 l1.11-0

HO M (080), npOSlBJI5IIOT IllH POK I-1 H crrexrp aHTI1

MI-1Kp06HOro LIei.fcTB IfH B OT H Ollle IIHH 60Jl biliOrO 

tIl1CJ1a 6aKTCp HtL B POCCH H OH H BblfIYCKaJOTC5I nOli 

Ha3BaHueM "nOB l1a prOJ1" , K OTOp hl H p e K oMeHLIOU<lH 

)J)l5I H Cn 0 J1b30Ba HHH B M ell.HUIfJl CK Ot1 npaxru xe B su
LIe 1- 5% -Hbl x 1l0LIli bIX pacrnopoe, BMCCTC C Te ~1 

diopsronan ae nJ1e IlO' 1HbIX n e p e l35I30 ' I I-Ib IX MaTep l1a

J1 0 n HJ nounaprona 3aTpYLIH c HO, nOCKOJlbKY nJICHKII 

113 nonuaprorra 06J1a,u.aIOT Ilh l COK OH xpynxocr uo. 
)J.aHl lOe 0 6 CT0 5ITeJl bCTBO npensrr cr nyer HX HClIOJlh

30 Ba H 1-1 10 )J)l51 J1eq e lll-151 pauenu x H HCp e Klll1 H . 113BCCT

H O, 'ITO MeTI1J1ueJIJIIOJT03a (M U ) - BOLIopaCTBOpl1

MbU1 3Q;>HP ueJ1J11OJ103bI 06mUl,aCT 1l0JIOKHO - l1 lIn CH

K00 6pa3YIO U~HMH CBOHCTBaM H r/OJ, lU l1p OKO 

IIpHMeH5IeTC5I npa nOJ1yqeHIfH J1e Ka p CT BCllllbIX npe

n ap ar o s . n03 TOM Y n p eLICTa BJ151 eT iu rrepec n o ny-te

HHe, HCCJICLIOUaIl He CTPYKTYPbl , a TaIOKe I1pO' IH OCT

Hbl X H LIe<j;>opMaUHOH llbI X CBOtfcTB DJIe H O' l H b l X KOM

II0 3 HTOB Ha OCH OBC M U H Ha ll OJ1 W1Te~q H 

n OBHaprOJ1a. 

)J.Jl51 n p o r H0 3Hp OnaH I151 CBOHCT n H 3110KOM n 0 311

To n n a OCH OBe n OJ1 HM Cp IIOH M a Tp H 1l bi He06xo)lIHla 

H HcPo p M a U HH 0 BJ1l1HH UH XH MHLlecKoro CTPOCII I1H, 

<j;>OPMbI H p aasr epo a '1aCT HU I1a fl OJ1 H HTe J15I u a csoii
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CTBa KOMll0 3I1Ta. C p a BHHTCJl b HOe nccnen o na une 

crpyx r ypu s ix OC06CH HOCTe l1 H CBo ~i cTB H a HOKO Mn O

3HTOB, B Kn I0'IaIOUU 1X f1JlOCKl1e ' IaCT I1Ubl MMT H 

fUeHOK , B COCT3 13 KOTOp b IX BXO,ll5IT HaHO'Ia CTHUh l Ag, 
1I0nlHPI1I( I1P OB3 H H bl e aMo p qlHbl M n OJIH M Cp OM , n03 

BOJlI1T nony-urrs .ua HH bIC 0 p o rm <POPM b! ' l ac n l U 11 

BJHUIH H H a xro prp n o r o 110 JIllM epa na M OJIc K y n Hp HYJO 

ynop51.u0' ICH H OCTh n On l1M Cp HO H M aTp l1UhI. M O){( HO 

npen n o n o xar r s , ' ITO HaJl W IllC aM o p CPHoro DBn , 06

.anarouiero c y m e cr sen n o fione e IH1JKO H M OJICKy JIHp 

1I0H Mac c o H , ' l eM M U , 6 Y.LlCT ynena-m nan, CB060,lJ,

IIbrH o6beM n OJIH M Cp a 11Te M c a M blM c n o c o tic r n o a ar i, 

KPHCTaJIJIH 3a U l111 M aTp l1U bl M U . Kpo sie roro, nann 

Yilt: IlJlOCK HX '1aCTH U M M1~ Ha XO,!JJI ll(l1XC51 B 3KCepO 

:lllI1p OBamloM COCTOHH H l1, o yner r axx e npanonars 

Kynopsuto-temuo crpyxrypu MaTpI11(hI. 

Lleiu, nacrosunea p a o o r sr - I1CCJIC,UOBa lll1e nan

IIOJlCKyJI Hp H OH CTPYKTy p hI , M e X3 HI1'IeCKI1X 11 Te p M I1

yeCKHX CUOHCT 13 n JICH O' I H bIX K OMn0 3HTon Ha OCHOBe 

\IU11 Han OJIHHTCJIe l1H3 rroan a p r o n a , a TalOKC M M T. 

sxcn E PHM EHTNTbHNl l.JA C T b 

B Ka 'IeCTBe MaTpl1Ub l nneuo-nroro M aTe p l1aJIa I1C

aon sso nana npowu uureanyro MU CO CTcnCHblO sa

IleIl(CHllil 1.6 211 M = 1. 5 x io '. H anOJIHI1TeJI5I M H CJIy 

:-KILll1 Na - M M T C KaTHOH o 0 6 MCHHOH eMKOCTblO 

92.6 M3 K I3/ 100 r C!Hlp M bl "Southern Clay P r o d u c ts, 

Inc." (C LU A ) H I10 13J1apr OJI n p Olf3BO,UCTBa Cneun
ansnoro x ouc r p y x r o p c x o ro TeXH OJIOI' l1'leCKOro 6 10 

po " TeX H OJIOr" (Ca HIcT- Iler epoypr) . 
TIJICHO'{J( bIC KOM n 0 3H l (UOH H bI C 06pa3UhI nOJIy

113J1 11 Q>o p M OBa H l1e, f sepea rnen e uyto epHJlhepy na 

CreKJIHH HyK> IlO,UJIO){( KY ){(H,ll KO I1 KOM ll0 3H U H H , co 

CTOHllICI1 H3 p a CT 130 p a M U B BO,llC C K OH u e l-ITp a U HCH 

2% 11 Han OJIHHTeJIH - M M T I1JIH n o s x ap r o n a. Ilepen 
BUe,ll,CH I1CM B paCTBOp nOJIHMe pa M MT n o n n ep r ann 

y:I bTpa3By KOBO M y ,ll HCn e p fHpOBa H I1JO B BO.Lle BTe'lC 

IlHe 1 'I n p n '13 CTOTe KOJl e6 a H H H 40 KrU u a YCTlI HOBKe 

Y3B- 1.3 . K OM llOJ I1TH hl e rUJCIIKH M U - IIo n HaproJI 

npHf OT3BJI H BaJII1 11 3 I30)l H hIX p aCTBo p OB CM CCCI1 CO

OTBeTCT nYJOLUI1X K OM nOHCHT Ofl . TOJILUH Ha [JJICHO'l 

IIblX KOMIl0311TOB 40- 5 0 t-.f KM . 

Cr py icr ypy KOMn 0 3 l1T0 I3 H CCJle J(OBaJl H MCTOIlaMI1 

\laJIO- U 60JIhIIlCYrJIOB0 J1 pC H"IT e HOBCKOI1 Ill1cPp a K 

UHlI a a M HOroc!)YH K U I10 H aJl hIlOM 'u l1Cp paKTo MeTp c 

ULT I M A IV epl1P M hI "Rig a k u " ( 51n o H I1H) co LUeJIe

BOH KOJIJIH MaUHel1; HCn OJIh 30 BaJlll Cu K(). -H3JIy'-lC

Hue. GOJIbIIley rno fl hJC H3M c pellHH npOBO,UHJII1 n a 0'1'

palKCHHe . 13 PC){(HMC 0 - 2 0 , M aJl o y r JIOn bl e - aa npo

CBeT. 11 HTerp3Jl bHyJO HHTe HCHBH OCTh o rt p en en an u 

IIHTcrpHp o n a l H1e M M aJlo y r JIOBOr O paccesnrusr 13 znra 

n330 HC yl'JI0 13 0 .1 ° -1 .0° . Il axer llJICHOK paawepov 
10x 10M 1 I1MeJI TOJIIU H HY 3 0 0 MKM . 

'Ievnepatypm.re J a BI1CMM OCTH MO,llYJIH ynpyrocru
 

nony-ran n MCTO,llOM ,UH Ha M H'IeCKo r o MeXaHl1'leCKOro
 

aHaJII13a CUMA) Ha n p ntiope D M A 242C cPHpMbl
 

"Netzsch" . V1 3Me p e H H H. BhlflOJIH HJl H aa 'laCTOTe 1 Iu
 

6 BblCOKOMOfl EKYJl5IPHblE CO E,ll I1H EH I151 Ce pns A 

C aMnJIHTY.LlOH K OJIc6a H HH 3 0 MKl\1 13 Te MnCp aTY p HOM 

,ll Ha na30 HC 2 2 - 4 5 0 ° C n p n CK Op OCTH n arpenanun 

5 r p M /M HII . T f A lIPOBO.LU1JI H ua npnfiope 20 9 Fl qm p 

MbI "Netzsch" , CKOpOCTh lIar p C13a H HH 20 rpan/va u. 
TC M n e p aTY PY u a x ana p a 3JIO)l( CH H51 KOMn0 3H T3 T[ H 3 

XO.uI1JI H 110 BeJIHlJ I111e nor epn MaCChi 1% . 

Mexa ru r-recx ne xap a x rep u cruxa nJl e HOK onpe 

.ueJIHJI I1 n pe){(I1MC O;U IOOCH o ro p a Cn I ){(e H HH u a 06

pasuax B BH,llC n OJIOC 1I111p H H OH 2 MM H ,llJI11Hoii p a6o 

'ICI1 4 a CT H 2 0 M M . I1 c n OJIh30BaJlll y CT3 1l 0 BK y N IH M C

XaHl1'l e CK HX I1c n bITa mll1 U T S 10 ( r CpMaH I1H) , 

CKOpOCT h paCTH)l(CHHH COCTaBJIHJI a 10 M M/ MHI I. 

PE3YJl bTATbl V1 V1 X 06CY'A<,Ll,EH 11 E 

H a PI1C. 1a npencr aunen u pe I I TrCH O,ll ~{(I)paKTO 

r p a M M hI M U, a Ta lOKC I1JIe llO'lHhl X KOMn03HTOB u a ee 

OCH OBC, CO,ll ep ){( a LUHX 1-7 Mac . % MMT. HaJIi1 '1l1c 

p a3M hIThl X ,UH<p p m<U 110 IlH bl X MaKc HMyMOB ua [JJIe Il 

xe M U YKa3hIBaeT n a ec cJIa60 y n o p anoscuuyio 'fa 

CTH 'JIlO KPHCTaJlJIH'IeCKYIO CTPYKTy p y ( H e60JI h woj,i 

p aavep KPHCTaJlJII1TOB, HX I3hICOK 3H uerpexruocn.) . 
Flpa BBCIleH H H Il063 I30 K M MT H a 6 JIIOIla eTCH ynerur 

'ICHHC HHTe HCHBHOCTI1 pecPJICK Ca ( 020 ) n p u y r n e 

2 0 = 20.2° ; KpOMe r o r o , n pn conepx ana u HanOJIl1l1

'rens 60JIec 3 % nOHBJIHeTCH pedine xc ( 110) Ha yrn e 

2 0 = 8.3 ° , '1'1'0 cBH,UeTeJIhCTBy cT 0 6 YBeJI lfllC H IHl yno 

p H,llO'lCH H OCTH KPI1CTaJlJT l1're CK HX o finacrcii M U . 

C JICily eT OTMCTHTh, '11'0 'ra x a e H 3MCH e H IUI ,Ll,H Q>p a K

UHOHHOH KapTl1HhI He O'leHh an a-r I ITCJI bJl bl, H O 

Bn OJIH C 3a M CTH bI 11 H a XOIlHTCH BHC n o rpCIU HOCT H 

3 Kc n c p H M CHT3. 

P OCT HHTe HCHBHOCTI1 p e q)JICK Ca 20 = 20.2°, d = 

= 0.43 H M M U M O.iKeT 6bITb CBH33Il H e TOJI bKO C yue 

JlH'1eIlHCM n Op HJIKa M e){(,ll y M aKpOMOJIe Ky JIaMH , HO 11 

C n OBhl IU e H He M o pHe HTa U HI1 M aKpOMOJICK yJI Il n JIOC

KOCTH I1Jle H KI1, a TaK){(C C cyne p n o a a u a eri pC cPJIe K 

COB M U H M M T; ,llJI H n o cnenn e r o TalOKC xapa xr epu o 

nan u-nre u n rp o x o r o perb re x c a u6JI 1:13H 20 = 2 0° . 

H313e CT HO [ 11 - 13 1, ' ITO B HaT HIlH OM COCTOHH Hlf 

' IaCH 1U hI M MT COCTOHT 11 3 nax er a 6a3HCHblX aJlIO 

MOCHJH1KaTHhi X IlJIocKOCTCj,i , p aC CTOHH He M e)l(,lly KO 

TOPbI M H d = 1.3 H M . 0 6 31'0 1\'1C13H,llCTCJIbCTByeT u an a 

' II1 C ua IlHepp aKTo r p a M M c M M T MaKcHMyMa n a Y fJI C 

28;:::: 7.4° (pHC. 16, KpHBaH I ). OrMCTHM , -rr o zrauuur! 
MaKcHMYM cyutecrnyer TOJI h KO M H '1HCTOro MM1: 

Ha IlHcPpaKTorpaMMax KOMn0 3 11THhI X n JICH OK OH 0'1'

CyTCTByeT (puc. ] 6 , Kp U BaH 2) . PeepJlCKC 0'1' 6 a3Hcll hIX 

llJIOCKocTe'i1 ( 0 0 1) M M T H e H a 6 J11o )( a eTCH 11 n a ,llH 

drpaxr orpasoae, rr OJIy'lcH H OH npu C'be M K C B r o p e u 

naxera I1JIeH OK , conepxaum x 5 % lla nOJI HHTeJlH , no
.nyseunsre n a u x s i e YKa3hIBa JOT Ha orc y r c r m re n cpu 

OIlI1'1HOCTH B p 3 Cn OJIO){(e H I1H 6 a 311cH hi X nJIOCKO CTCH 

M M T. TaKaH ,UH cPp a KU HoH HaH KapTH Ha xapa xrepua 

,llJIH MMT B 3 KCQ>OJIH Hp On a Hl-IoM COCT05IHH I:1 . 

H aXO){(,ll CH H C M M T B 3 K Cc!>0 I1HpOBUHHOM c o 

CTOHHHH nonrnepxnaercn PC3YJl hTaTa M H M aJIOYfJI O 

soro peirrrenoecxoro HCCJIe.uOllaHH5I (pu c . 2 a ), H3 

KOTOphiX BI1,UH O, 'ITO C n o n bI WCH He M COIlep){(aII I1H 

TOM 53 NQ 2 201 I 
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200 YBeI 

npu BBe 

~ITO Kp v 

e-r B cet 
yneJI l1'11 

o6ycJIO 

MOB) K 

Hble np 

C51T 01' 

paCTB OI 

100 

lIaJIH l l11 
o	 20 30 40 Cl'BCH H

28, rpa.u	 HOr, M, 
I, OTH . en. I, O1'H . en.	 06beM, 
400 30	 npouec

(6)	 (B) 
113 

113Mcpe 

CTaJIJl H' 

CT aJIJI l1" 
200 UI1 I1 n p 

3.ueCbA 

hkl (yr. 
7 Jl I3blCOTh 

28, rpaa 
TaKe. 

ur y io u< 
I'HC. I. Pexrrea onarppaxrorp auso,r: a: )LJlH MU (1) 11 KOM003I1TOB, coneoxaumx 3 (2) , 5 (3) 11 7% MMT (4); 6:)Jjl5T MMT(l) 

CT I1 pe
11 KOM003 l11'a, con epxauiero 5% MMT (2) ; [J: ,lI.lli! KOMTI03l1Ta, con epxaurero 5% MMT (ct.cxuca "B ropeu ") . 
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8 

M MT B TU1CI IOlJHOM KOM fT0 3H Te HHTeHCl1BJ-IOCTh 

p a CCe HH l1H YBCJB1YH BaeTC5I. P OCT HHTerpaJlhHOH H H

TCH CH BIlOCTH M aJloYrJl OBOr O pCHTrCHOI3CKOrO pacce
HHH5I ( p HC. 26) npn n OBI>I UIe J-I H H conepxanna Ha

1l 0 Jl ll HTeJIH CBWJ:CTCJIhCTI3YCT 0 6 YBeJIl1'l e HJ1H IUlOT 

J-10CT HO H reTc p o r CHHOCTH MaTCp l1aJla H HaJll1'IHH B 

HCM 'l a CT HU C pa3Mcpa M H C.uH HHU bl - .uCCHT K H IIaHO

MeTpOB. T a K H M H ' laCTHua M H B HCCJl e.uYCM hI X I faHO

KOMn 0 3 HTa x 5I13JHI IOTCH HM CH H O ' IaCTl1 Ubl M MT B 

3 KCcPOJIH l1pOBa J-I J-I OM COCT0 5UIH H . 

Hanwuic n JIOCKI1X Y a CTHI ~ B nOJI I1MCpHOl l M aTp l1 

ue cnocoocrnyer yno pH .uOlJCHI1IO ee CTP YKTYPbI \I PH 

cP0 p MoBaHH H Ha J-l OK OMfT 03HTa, ' ITO n p OH BJIHeTCSI B 

Yllem l.'ICJ-IH H HHTCB CHBJ-I OCTI1 n pu yrrtax 28 = 8.3° 11 

2 0 .2°, x a p a KTepJ-lbIX)J.JI5I KPI1CTaJlJIHTOn MU ( p HC. la, 

KpHBLl e 2 H 3). 

B pafiore fI 3 1 n pH Bo .u5lTC5I na rrusre 0 nanpaanea
HO M KP l1CTaJIJI I13aUH I1 M a KpOMOJle KYJI Il III na 11 0 

BCpXHOCT H YrJlCPO.u HhIX HallOB OJIOKO H KaK na MaT

p n u e . .lJ,.rr 51 IUleHOK MU TaKHMI1 HHHUl1aTOpaMH KpH

CTaJIJIH 3aU H H , BH.uH M O, 51 BJIHIOTCH nJIOCKHe 

Kpl1CTa 

J-1a~ nCJ 

KaK upHaHOlJaCTHUbl 3 K CcPOJI H I1p 0 13a H H OrO M MT. OTMe
q>JIeKCa T UM , l ITO KP HCTaJ[J] H3a U HOHHbl e npoueccsr II nOJIl'1 


MepHOM M aTpl1ue Ha6 JIJo.ua IOTC5I rtpn conepscanuu )],JI5\
 

-tacrun H a n OJl\l I1TCJI51 3 -5 Mac. %. Cl'H U 1
 

pe irrrc 
KaK n OKa 3,UlH n pOBC)J.CIHlb le HCCJIc.uOBaHlHI, 

Jlbl xpi
KPHCTaJ[J] H 3a UH51 M aTp HIJ,hI M U npoucxonar 11 npn 

K O M Il O 
B£lC.uCIIlHf n n ee noua a prona. Flpir )J.0 6 aBJICm ll1: 10

Bl1aprO
20 Mac. % nonuaprona B03p a CTaeT I1HTe H CHBHOCTb uano If 
pC cPJIe KCOB (1 10 ) M (020) M U ua yrnax 2 8 = 8 .3 

0 
H 

JJ, HT K C 
2 0 . 2 ° (pHC. 3), 'ITO YKa3bIBa CT a a YBeJI l1'IC H l1e ynopa

p aC Ce 5I1 
.uOy e H HOCTH ee KpHCTaJ[J]H'ICCK HX 06JIaCTCH. Ilpn 

nsnuen 
nan blle ih u e M nousnu eua 11 conepxan H 51 HanOJIHllTe

1-IOCTI, r 
JI51 AO 50 Ma c . % (pac . 3 , KpHBa H 4) I1HTeHCHBHOCTb 

P a 31 pedmexcoa M U BH OBb YMCH b IIJ a eTC5I. 0 HaJlH'II1H 
.L ~O M rl1K p HCTaJU[WIe c Ko ro cepe6 p a B KOMn03HTC cunne
KOppC KTeJI bCTI3YJOT perpnexcu npn yrnax 20 = 3 2 .4° H 38 .2° , 
cr ews: 

I1HTe H C.l1BHO CT b KOTOpbl X MOHOTOH IIO y BeJU l ' II1 BaeT
'faCT H'ICH C paCTOM concpzcanna nos a a p r o n a. 
CCHBaIC 

'-l a CT.l1 IJ,bI Ag HaxO.u51TCH B 060JlO'IKC 113aI\Wp(!IHO 0 6 p a 30 
ro FlBfl [141 . conepxcanae Ag B FlBl'I ,LlOCTaTO' IHO 

HH3KO 11 COCTaBJI51eT OKOJIO 8 Mac. % 18]. y 'I I1T bIBa5l, 

BblC OKOMOJl EKYJUIPl lbf E COE,1J, M1-IEHH5I Cepua A TOM 53 NQ 2 2011 Bbl( 



259 CTPYKT YPA JII CBOHCTBA nJlEH04HbiX KOMn03J11TOB 

YTO fUlOTHOCTb Ag (p = 10.5 r / c M 3) Cyu..J:eCTBeH H O Bbl

ure fIJI OTH OCT H Il Bfl (p ~ 1.15 r/cM3) , 061,e M H aSi ,LJ,O 

i151 MeTaJlJ1a B H a n OJlHHTeJlC COCTaBJlSleT MeHe c 0.0111, 
CJle,lXOBaTCJl b H O, I-Ic n OCpe,LJ,CT BCI-IH bl ll KOH TaKT KpU 

CTaJJJIOB c e p e 6 p a C M aKp OMOJ1e KYJl a M l1 M U rtpaxr n 
yeCKH HeB0 3 M o )/( e ll . 

YUCJI W IC H H e y nOp 5IJl,O' l e HJlOCT H CTp yKTYP bl M U 
npu nnene u un nonnaprona, UYI,lU IMO, CBH3a H O C TCM, 

YTO Kpl1Cn U 1113aUl1S1 - npouecc, KOTOpbIH BKJ110lJa

er B ce65I aapoacnen ue uerrr pon KPH CTaJTJlH 3a U l111 11 

YBeJ1l1'-1e IiHe l1X pasv epon. C KOPOCT b BTOp O n CT3,LJ,HH 

o6yCJ10BJICH a CK Op OCTblO ll.H l p QJY3 H H MOJleKYJl (aro
\IOB) K aaponsuuy K P HCT,IJIJ1 H3a \Ll1H . ,l],H¢ll >Y3HoH

nue n p OU CCCb l B cnoro OlJCPC,LJ,b CY1UeCTBeHHO 3a BH 

ClIT OT BeJl W Il1 H b I cB0 6 o ,UH 0 1'0 06b e M a 13 pacnnaee, 
pacrso pc l1JLI1 TBCp ,LJ,OM TC]lC. M bl npenn ona raen , 'ITO 

H3.JlWIHC H e K p I1CT3JIJI H3Y IO l ller OC5I nBfl C cyuie
CTBeHHO (nO'lT H B 10 pas) 60Jlcc H H3KOH M OJl CKyJIHp 

HOH Ma c c o H , 'lCM M U, yBCJI l1'1 H BaeT cB0 6 0):U-Ib l i:'t 

06bC M, ' ITO c n oc0 6 C rBYCT KP l1CTaJTJl H 3a U HOH H bl M 

npoueccasr B M U. 
vb 6 0 Jl b Ule Y fJ10 BbIX pCIiTr CH O,LJ, H¢paK UHoll Hbl X 

113\1ep C1!I 1ii c .nC JlYCT, 'ITO ' IaCTl1Ub l Ag H Me lOT xpu 
CTaJI] IH'ICCK YIO CTp y KTYP Y. P aC'-ICT pasvepon K pH 

CTaJJJH1TOB Lhk l n o ,LJ,a H lIbIM 60Jl blllcyrJloBoH Jl I1¢ p a K 

LtIHl rrpOBOllHJIH n o M eTOllY Llleppepa [15]: 

0.94A Lhkl =. (1)
[3cos 80 

3,lXeCb A- J].JI 11 ua B011 H bl , f3 - non yunr p a u a pedinexca 
hkl (yrJ10Ba5I IIIHpH IIa PCcP11cKc a ua nOJlOBHHe ero 

aucor i,t) , 80 - 6 p 3 1TO BCKH H y r OJI . 

T a Ka 5I OUCHKa paasrc pou I1M CCT ,llOCTaTO' I H O 6 0 11 b 

uiyro n orpCW H OCTb BBI11,ty IIC6 0 JIb iliOH I1HTeHCH BHO
(I ) ern perpnexcon. Il ony-renuoe 3Ha' l eHHC pasaepa 

KpHCTa11JIH TOll Ag COCT a UJUl CT OKOJlO 20 H M. Peans
Hall BCJIWII1Ha ,lLOJDKH a 6bITb H e CK OJIbKO 13bI W C, Ta K 

KaK npa paC'-I CTC He y ' II1TbIBaJTOCb yumpena e peM C 
<pJleKCasa CCICT llCcPeKTlIOCT I1 K pHCTaJTJlHTOB.OJlH 

a li H H L1.Jl 5I 6011c e '1'0'1 110 1'0 o npcnene u na paanepos '13 


CTlIU Ag 6 b l 11 rtpu ra eu eu M CT O).!, Mallo y r JI O BOrO
 

peurreuoacxoro paCCCHH I151. H a pHC. 4 npnu ene 

nHHH, 

Hbl xpn nsre paCCe 5IHH51 n 11eHKH M U H IlJle H O'-lH blX
f1 IIP H 

KOM 110 311 TO B, c o ).!,c p )/(a IilHX pasnoe KOJl H ' l e CT BO 11 
11 10 

suaprona . 113 H H X cn ezryer , '-IT O nBe,LJ,e H H e 10 Ma c . % 
HOCTb 

Ha110J1H HTCJl5I , CO,LJ,Cp)/(a1Ue r O xpacrann u Ag, npnuo.3° H 
;l il T K CY1UCCTUCHH OM Y yBCJIH'-IeHHIO HHTeHCHBHOCTH 

1I0 p H
paCCemHI5I (pHC. 4 a , Kp H Ba 51 2) H C ,LJ,aJTb H e lllllH M no

npl1 
Ilbl UleHH CM CO,LJ,ep)/(aHH5I Ilan0 J1 H HTeJI51 HHTe HCHB

HTC 

HOCTh paCCe5IHI151 rrpon o n xcaer paCTH.
 

-JOCTb
 
Pa3MCp p a CCClI BaI01UI1X '-Ia CT H U HaXO,LJ,HllH MeTO
IHlJ H H 

;lOM Iinu .e [1 6J. Em rrp l1M CHCHHC npe,LJ,CTaB115IeTC5IBH.lle 
KOppe KTH blM , TaK KaK B cny-rae pasoaaneiuroti CH. 8.20 

, 

CleMbl n OJ1 H M e p H a 5I MaT p H ua-A g H CKJ1IO'IeHa Me)/(IBa e T
yaCTH'-IHaH I1HT c p cPcpe H U HH . Paznryc HHepUHH pac

CCHBaI01UJ1X uerrrpou R paCC'IHTbIBaJTH C11e,llYI01UHMg
lDHO 06pa30M:
 
OlJlIO
 

smaa , 101(5) = J0 1(0) - 5 2R~/3 , (2) 

011 BbICOKOMOJlEKYJUlPHbIE COE)]J1HEHI15I CCPl1il A 

1, OTH. eLI. 

100 

60 

20 

(a) 

0.1 0.3 0.5 0.7 

I , OTH. eLI. 

14 

10 

6 

2 

26, rpan 

(6 ) 

2 6 10 
[M MTl, % 

Puc. 2. KPI1BblC MarroymoBoro pearrenoscxoro paccen 
HI1Sl (a) 11 3aBI1CliMOCTb I1HTcrparrbHoH I1HTeHCI1UHOCTH 
paCCeHlIl1H OT COACP)l(JHI1H M MT (6) ,!LJ15I M U ( I) Ii nne
HO'lH bIX KOMn03I1TOU, cOACp)I(aLUVlX I (2) ,3 (3), 5 (4) 11 
lO% MMT(5). 

rne 1 - HllTe HCHBIIOCT b paCCC5IH H 5I, 5 = 4nsi n e/ A, 
A - ,UJ1HH a BOJl Hbl , 0 - yron paCCcmH1 5I. 

H a p V. C. 46 npnnenen rpadia« 3a BHCH M OCHI 1(5) B 

KOOPJlI1H aTa X r H H bC (In I - 52) . K a K BH ,llIlO , KpHBa 51 B 

lllHp OKOM ,LJ,Hana30He 3H a lJCH HM 52 XOpOIlIO an npox 
cHMHpyeTC5I J1HHeH H OM 3aBI1CH M OCT b lO , ' ITO 1l0 3BO

ns er KOp p CKT HO ortpenenar t. panuyc H H e p I l\m . 

Ilpennona raa , 'ITO '-IaCTHUbl A g HMCIOT cP0PM Y urapa , 
M O)/( H O on peziernrn, I1X CP CllHlI M pasaep R 110 rpop
My11e 

R2 R2 
= ~ (3) 

g 5 

n p OBe,LJ,e l IHbIM pac -re r noxasan, lJTO c p en mra 

paavep '-IaCTHU Ag B K OMn0 3 11Te n a OCH OBC M Uco 

CTaBJI5ICT R = 30 ± 5 H M. 3Ha'lCH HC paavepa p accen 

BalO1UHX ueHTpOB XOpOILJO cOrJl a CYCTC51 C zta II II blM I1 , 

nOJIY'lCHHblMH Ha OCHOBe fi om.ureyrnonsr x p eirr r e 

H OBCKHX H3MCPCHI1M. 

TOM 53 NQ2 2011 6* 
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I , OTH. eLJ. . 
300 

200 

100 

K 
OCT a 

7~, 

MOn ] 

H HSI 

HaD( 

P).4 
MM 

WI\. 
CT OH 

UHC ~ 

3<j)QlI 

ll\ I1C 

OHIO 

PH U) 

HH'le 

B 
MU ,::~ ~:l 
crneiO '------ --'---------'--------L------ -----'---------' 

5 15 25 35 45 CTHK 
28, rp a.LI, nona 

n o 5( 
PHC. 3. Peurreaonadipaxrorpau siu DJl CHO'lHbIX KO M n 0 3HTOB , conepxaumx I (I), IO(2), 20 (3) H 50% nosnaprona (4) . CKHe 

3Hat.JCHlUI M OJlYJl SI ynpyr ocr n E, npenena nna

CTI1Y IIOCTI1 CYrl' p aap sm n o r o n a n p xxe n a a CYp , a TalOKC 

n c ql o p M <lU I1H npn paapyuremm c .1IJ[SI nJICHot.JHbfXp 

Ko~m03HTO B aa OCHO BC M U H M MT npCLlCTaBJICHbl 

B Ta6JI . I . Bueneu ne B n OJI H McpH y lO M aTp HUY Ha HO

-racra u MMT II KOII UCHT p a U HH LlO 7 Mac. % nOBbI

uraer BCJIH'IH H bT E H CYfT npu HC3Ha'l I1TCJIbHOM CH H 

Ta6J11t1~a 1. Cnoncr s a KOMn03l-ITHbIXMeHOK M U-MMT 

TOB. 

Bl)I(CHH H CY H c ' Co xpanen ne .n;c <p o p M a U I10 H HbIX p p 
n o 30 c noacra nJICHOt.JH o r o MaTCpHaJJa npn o zu ro npe
H YLl 

M CH HOM cymccTBC I I IIOM p OCTC MO.uYJI SI yrr p yrocru 
CTHK 

CBHLlCT CJIbCTBYCT 0 LlOCTa TO' l lIO pa uno srcpno« 
KO CI 

nnc n e p r -aponaaaa H a H Oy a CT H U 13 061,CMC Jl OJUf 
nJICH 

M Cp '-iOH M aTpl1Ubf. )J,aHH blc PCA norrr uepxnaiorcs n
PC3YJIbTaTaMH MCXa H lI'I CCK H X HCH bITUI-IH H IUrCHO'l 

KOMn
HbIX ofipaauos M U- MMT. 

xa pai 
-recx: 
3 TH 

c noi« 
Hbl, : 

cra m 
KOMn 

conej 
yn pyi 
CJI 0 13J 

HMCK
 

MClfb
 

Toro, 

IMMT ], Mac. % E, r n a afT, Mn a a p , Mna Cp , % t ., «: TI, oC 

0 4.05 ± 0.03 85 ± 3.0 172 ± 5.0 30 ± 3.0 203 ± 2.0 304 ± 3.0 

1 4.37 ± 0.03 91 ± 4.0 175 ± 5.0 32 ± 3.0 196 ± 2.0 303 ± 2.0 

3 4.82 ±0.03 96 ± 3.0 153 ± 4.0 27 ± 2.0 193 ± 3.0 306 ± 2.0 

5 4.93 ± 0.04 99 ± 3.0 144 ± 3.0 19 ± 2.0 197 ± 2.0 312 ± 3.0 

7 4.38 ± 0.03 108 ± 4.0 155 ± 3.0 2 J ± 3.0 198 ± 3.0 317 ± 3.0 

10 4.59 ± 0.04 94 ± 2.0 137 ± 4.0 22 ± 2.0 198 ± 3.0 3 19 ± 2.0 

Tafinuua 2. Csoacrna KOMn03l-ITHbIXfTJIeHOK M Ll-snoea apron 

Coziepx anae 
nosiraprona, Mac. % E, r n a a", Mila a p , Mna cp , % r.,«: 

0 

1 

5 

10 

20 

30 

50 

4.11 ± 0.03 

4.04 ± 0.03 

3.81 ± 0.03 

3.56 ± 0.04 

3.42 ± 0.03 

3.53 ± 0.04 

3.05 ± 0.04 

90 ± 4.0 

88 ± 5.0 

83 ± 3.0 

79 ± 4.0 

77 ± 5.0 

80 ± 'LO 

70 ± 5.0 

175 ± 5.0 

170 ± 4.0 

133 ± 3.0 

138 ± 5.0 

112±4.0 

104 ± 4.0 

71 ±5.0 

4 1 ± 3.0 

42 ± 3.0 

38 ± 3.0 

34 ± 5.0 

27 ± 3.0 

29 ± 4.0 

10 ± 2.0 

203 ± 1.0 

-
-

201 ± 2.0 

196 ± 2.0 

194 i 3.0 

J84 ± 2.0 

'laCT I'. 

KOM I1 

Pc 
ziotia r 
Myt\1 

Ll H H 

HI13KI 

CT, l l TI 

pa31J,C 

Jl CH O 

HI1CM 

OTI'tIC'1 

CJl CLl 

TeJJS[, 

Bhl COKOMOJIEKYJHlPH hIE COE21I1H EHI15I Cepns A TOM 53 NQ 2 2011 Ilb 
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261 CT PYKTYPA Jt1	 CBO (1CT BA nJ1EHOlIHbIX KOM n03l1TOB 

K a K snru ro H 3 Ta 6 l. 1, lI p a KT W.JCCK H H CH 3MC H H OH 

OCTaCTC51 TC M n epa r y pa CT CKJIOl3<U I.lI51 K OMn0 3HT o n 

Te, OU PC JJ.CJICHHa51 n o 're jan epa-rype M aKcH lll y Ma 

MO.uYJUI norept, E '. Tcsrncpar ypa na-tarra pa3JIO)!(e 

Hl-HI 1\ KO M n 0 3H T H bI X IlJICH O K na OCIlOBe MU 11 

tv! MT B0 3p a CT aeT npu YBCJIH 4 CH l1l1 cOJJ.cp )!(aIl H 51 

nanom I I1Tem I . 

POCT McxaH W ICCKHX x ap a KTepl1CTI1K 11 TC p M O 

CTOHKOCTH KOIIUI03HTOil CIl51 3a H Ka K C KpHCTaJIJII13a

UHeH J1 0J II1 M CP HOH M aTpI1 U bI , TaK If C a p MHp y lO W.H M 

:JcP<1>C KTOM H a nOJIH HTCJI51 . 4aCT HUbi M MT, H M CIO 

ume n J10 CK YIO KO Hq>Hry p a U11l0 VI 60JIb lllOC OCCBoe 

OTHOWC I I I1C (> I 00) , 5lBJIH IOTC51 YCI1J1 I113a lO w.H M MaT

pHUY 1I0J1l1 M Cp a KO M IlOlleJ-lTOM .1u onsnuator M c x a 

HWICCKl1 C n OKa 3aTCJI l1 IlJICIlO'lIIoro KOM II0 3 V1 Ta . 

l3 p a6 0 TC [ 17JnOKa 3a HO, ' ITO 13 BC,nCH I1C n MaTpl1 UY 

MU JrO 20 Mac . % rro nnaprona IIC n p I1BOJJ.I1T K cyme
cTBeHH o My yxy ,nW CH H IO n pouuocr nsrx xapaxrcpn
CTHK IlJICHO K . B nacr osuue a pafiore H HTCp BaJI H CCJ1C

aosauuux KOH u e l-ITpaU I1H H a n OJIH I1T CJI5l pac urnpen 
no 50%. B Ta6 J1 . 2 II p l1BC CH LI q:>H3I1KO - M CXall w l c 

CKl1e xapaKTCpl1CT H K H n OJIY4CHIIbl X HaHOKOM lJ 0 311

TOB. 

l3HJJ.HO , '-ITO TIJICH K H C CO,nCP)!(UIl HCM nomraprona 
HH b I X 

no 30 Mac . % 11 M CIOT 13h l COKOC paapsrsnoe ynrnnreuae 
oupe 

f{ y.uOI3JI T BOP HTCJ1 b H bIC n p O'IHOCTHbIC xapaxrepn
OCTH 

CTHKH . np H 60J1b1llCM conepx anna nOBHaprOJIa p C3 
pHO M 

KO CHH)!(a IOTC5l npO'-lH OCT b 11 PU3PblBHOC y,nmIHCHI1C
10 H 

nneno x . 
UOTe}! 

Ilpouenen u u e HCCJ1eJJ.o naH IHI nOKa3aJIl1, '-ITO
eH O' I 

KOM003HT H bi e nJICIl K I1 H a OCH OBC M U H nonnap rona 
xapaxr epnsytor ca y ,nOBJICTBOp HTeJI b H bI M I1 McxaHH

4CCKH M I1 CBo HCT BaM I1. B OTJIH ' I I1C OT n OB H a p r OJIa 

3TH KOM fl0 3HTbI 06JIa,na lOT nJIeHK 0 0 6 p a 3YIOWHMH 

CllOHCTBa M I1, n p W-ICM n JICHKI1 ,nOCTaTO'IHO 3JIaCTH'I 

Hbl, 3 IJa ' I CIIIH I HX pa3pbIRHOrO Hanp51)!(eHI15l cono
cr aBH M b I C TaKOBbI M I1 ,UJIH n JIeHOK na OCH OBC MU II, .0 
KOMD0 3 HTOB , CO.uep )«a IIr H X M M T I1PI1 Y13CJI I14 e HH I1 

2.0 COnep )« aHH 51 nonnaprona U M aTPH ue M U MO,l-'YJIb 

2.0	 ynpyrocrn 11 n pO'IH OCT b YM CH b W a IOTC5I, 'ITO 06y 

CJlOBJ1e H O HaJII1 ' Il1 CM 60Jl b i1I0ro KOJB I '-ICCTBa nBfl,3.0 
HMelO Il(e ro awoprpa yio CTpyKTYPY 11 c y w.CCT Be H HO 

3.0 
MeHbWYIO M0J1 CK YJI 51 p H y IO Maccy, lIeM M U . Kposie 

2.0 rora, cdiepn-recxae HJI H 6JI H3KHe K H H M no qlopllle 

4aCTI1Ubi cepe6pa H e M Olyr 5lBJI5lTbC51 apanpyrouiav 
KOMn OH e HTOM . 

PC3YJIbT aT bl )J, M A TIJIeH 0 4HbIX 06pa 3UOB MU C 

1l06aBKOH 110Bl1aprOJIa yxaasmaror Ha TO, 'ITO M a K CI1 

\IY~I MOJJ.YJI5I noreps E' C yBCJlI1'-1eHHCM KOHUCHTpa 

llHI1 H a n OJI HI1Teml B CM CCI1 cveuraer ca B CTOpOHy
.0 

Hl13Kl1X 'rexm epar yp . YKa3aH Hoe CMcweH HC osnaxa
er;qTO TCM ne par ypa CTCKJ10 Ba H 1151 1~ n JICH04HbIX 06

pa3UOB M U-noBHa proJI CHl1)!(aeTC51 , lITO 0 6 y CJIOB 

.~ eH O B nepny to O'-lCPC,nb nJIaCTI1<pI1UHPYKl IUH M BJIH51.0 
Hl1eM H Jil3KOMOJIe KyJI 51 p H Or O nBn. B a )!(H O .0 
OTMeTHTb , ' ITO XOT5l CM Cw e H l1e T; npOI1CXOJJ.I1T no

,.0 
CJle.uOBaTeJI b IlO C p OCTOM KOHueHTpaUHH H arTOJIH H 

:.0 TCn5l, Mh I HC H a 6Jl1o,na e M n p u 3TOM p a anen e n n e " n u 

1', OTH . en. 
6
 

In/ 
10 

6 

2 

(a) 

0.5 
20 , rpau 

(6) 
'>, 

~3 

~------~-~--v--""-~_-'"Y~~ 

0.2 0.6 

PHC. 4. Kpasue MaJJOy rJI ODOrO pearreuoncxoro paccex
HIiH B KOOp .D: I1HaTaX 1- 8 (a) 11 KOOp .D: HHaTaX lim be (6) )l)I5l 
M U ( I) Ii KOMn0 3I1TOB, CO.D:ep)l( aI.l..\I1X 10 (2), 20 (3) 11 50% 
no sa aprona (4). 

KOB CTCKJ10 Il a II 1151" , Xa paKTCpHOC ,lVI51TepM o.uI1Ha MI1

'IeCKH H e COBM eCTI1MblX n OJIH M Cp OB . P e3 YJIbT UT bI 

)J,MA B ,naHHOM CJ1 Y'l a c CIHr,UCTCJl bCTBYIOT B n o say 
xopo uieii COB MC CTH MOCT H Mlll1 nBl'I 6C3 aunane 
HI151 nOCJIc,nHCro B OT,neJ1su yro <j)a 3Y. 

ABTOPbl nu pax aror firraronapnocrt, 10.r. CmITY 

p 51H ( \II B C PAH ) aa n pc,nOCTaBJICH H bIC oopasnsr 0 0 

nnapro a. 
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