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C13(
V1 CCJIe,nOBaHbI peonortrxecxxe CBoHcTBa pacraopos XI1T03aHa B 2 % - HOM nOJ],HOM p acrnope YKCYCHOH KI1C­

npJIOTbI C ,no6aBKa MII HaHOt.IaCTHU MOHTMOpI1JIJIOHHTa, a TaK)I(e Q:>H3HKo-MeXaHl1'leCKlfe cnokcr sa H CTpyK­
yJITypHa51 Op raHl1 3aUI151 norryaeaasrx na OCHOBe XHT03aHa IUleH Ot.IHbIX KOMrr03HTHhi X M3TepHaJIOR. Mer ona­

Mlf KOI W YKTOMeTp lfH H rroTeHUHOMeTpl1H nonrnepxneno B3aHMolle HCTlll1e MC)l(JJ.y <PYHK U110HaJIbHbIMI1 JI H 

rpynrravn nortujaepa 11 3ap 5l,naMH aa rr013epXHOCTH HaHOIUlaCTI1H. Mer onosi p CJlTr CHOBc KOH ,nHQ:>paKIU1J.1. no. 

yCTaHOBJIeHO, t.ITO H3HOt.IaCTl1UbI B nneuxax HaxO.u5.ITC5I B 3 Kc Q:>o m m p o BaHHo M 11 I1HTCp KaJlllpOmll l Ho M CO­ HH 

CT0 5lHI1I1. Bsenemre B MaTpHUY XHT03aHa ,no 10 Mac. % HaHOlfaCTHU Mo,nl1Clm uHp o BaHHo ro MOHTMOp llJIJIO­
HHTa npnaonnr K rrOCJIe,noBaTeJIbHoMY pOCTy )l(eCTKOCTI1 H K CHH)I(eHH IO npenen su ott ,neQ:>o p M3 UHI1. 

H e o cJla6c Ba10 W} I H n n r e p ec K npn p o zutsu: n o n a ­

Mcp a M 0 6 y CJl ORJl.CH TCM, lJTO OH H H3BJIe K a IOTC5I 113 

U0306 110 BJl 51 e M bfX HCTOlJ H H KOB CblP bH H 5lBJl 5110TC51 

6HO.ll,Cr p a,uHpYCMbIMH, lITO oxeas Ba )f(HO C TOll KH 

3PClI H 51 3 KOJl.Or l1'-Ie CKOH 6C 3011aCH OCT H . K IIH M OTIIO­

C51TC51 TaKHC nonncaxapansr , Ka K UCJl.J1.IOJl03a, XHTHH 

H HX nponaeonnsre [1-6]. Hapany C XH M HlJCCKOH 

MO.ll,H <pH K a u H e H npaponasix rrOJlHMCpOB H norryse­

HHCM rr OJlHMCp HblX cvecea aa HX OCH OIl C 13 1l0 CJl eJJ.­

HUC rouu H HTCHCHUIIO HCCJlCJJ.YIOT CROHCTBa n OJlH ­

xrepusrx KOMIl0 3I1TOB C .u0 6 a BKa M H H a H O"l UCTHU p,13­
HOH npu p o au 17- 9J. OPH BBCJJ.CHHH Ha H OlJaCT UU B 

nonna c pay io M aTpHUY MOryT CyruCCT DCH HO H 3 M C­

HHTbC51 .ll.e Q:>o p M a U Ho H HO- n POqHOCTHblC x a p a rcre p n ­

CTHKH ITJICHO K H BOJlOKOH , 6apbcpHbiC ( n anpavep, 

n p o n a u ae a o c r s t.ICpC 3 nJleHKH rason), OIlT J.1.l l e CKHC 

CUo ~i CTBa Ii. T.n. 

B n p one c c e nOJlyqcHH51 11 0Jl li. M CPH bIX HaHOKOM ­

rr 0 31ITOB Ha OCHOBC normcaxapnnoa llCpBOI-IalJaJIbHO 

fOTOD51 T paCT BOp OOJl H M e pa H cycnenamo aano-ra­

CTHI~ , KOTOp bI C 3aTCM CMeW H Ba lOT B 3a,u aI-IHbiX npo­

n Op U H51 X . B 3a BHCH M OCT H 0 1' YCJlOBHH rrpU r OTORJlC­

H UH cycnenaan HaHOl IaCTHU 11 cnocooa HX BBeJJ.CH H 51 

B p ac r no p 110Jl HCax ap HJJ.a M OryT 6blTb n o n yse u si 110­

JlH MCp H bl e HaH OKOM fl0 3 11T bl C p a 311b l M I1 CBO HCTBa ­

M H , B PC3YJl bTaTC -rero B o n y 6 Jl H KO Ra H HhlX p a fiorax 

CYU.J.e CT By lo T IIPOT I1BOp e l lHBble BblBOJJ.bl 0 c r p y x r y p ­

Ho ~i Op r UH I13aIU lH HaHOlJ aCTI1 I ~ U n OJl H MCpHO:H MaT­

p n ue 1\ CI30HCTBa x KOM n 0 3H TOB . 

E-mail : bochek@hq.macro .ru (130'J.eK Anexcanzip Ma xaa rro­
Bl1 '1) . 

B p a tio r e [10] H 3YI I CH bl pCOJlOnI l-JeC KI1 C CBOHm T03 
p aCTBo p OB XI1T 0 3aHa B 1% - HO ~[ BOllHOM pacrsope j 

CYCI\OH KH CJlOT bl C n 06allKaMH MO HTMOP HJlJlOHIE 
.ll,C3 

(M MT), a T3 10KC CTp YKTYP Ha51 Opra H I13a W UI H Te; pa; 
MOCTa6HJ1 bHOCTb nonyxeua u x H3 3TH X paCTBO MO 
K OM ll03HTH biX MaTCp HaJIOB. Cnenan BblBOll 0 TO: "S< 
lJTO Ma Kp OM OJlCKyJI bl XMT03aHa He n p OlIHK a lOT 

o6~ 
Me)l(CJ10 CllOe npOCTp allCTBO HaHOITJIa CT YlH , OJJ.Ha 

YCT3 H OBJleHO CYll1CCTBO Ba H H C 3J1 e KTp OCTaTll'I C C KO~ 
pee

B3a HM OJJ.C:HCTUHH M C)KJJ.y n OJ]())f(HT CJlbHb I MH (<ppa' U n, 
MCHTbl M a KpOM OJICKyJl XH T033 Ha ) H OTpH IJ,aTCJl bHC JIO, 
MH (i ra 1l0 UCpXHOCTlI M HKp Ol IaCT H U M MT) aapar 

UHI 
MH . )],py ruc a ar o p u aa OCHORallHH n p OBCJJ.ClI llbl H CKe 
CJlCllOB3 HHH p acr n o p o s XHT03a lla C MMT CJIe 
KOM I10 3H U HOH H biX I lJ1e H OK n p n urrm K BblBOJJ.Y, 'I YJ1l, 
0 6 p a 3ycTC51 HHTCpKaJIHp OBa H Ha H crpy xrypa M M1 KOl\ 
rrOJl H M Cp llOH M aTp Hue I l l , 12]. B p a o o r e [13] H 3Y~ vOl 
na CTPYKTy p Hafl o p r a n a aa una KOMn03 HT H bl X ru 
HOK, B KOTOpbl X XH T03aH Ha xo.uI1J1 CH B COJleBOH H(\ 

WH 
HOBHOH cj:>OPMC. B 3a BH CI1M OCT H 0 1' K OJTHlJCCT Ba Dh Mex 
JJ.H M o r o M H HCp aJIbH Or O H allOJJ.HH TCJI51 MO BBa. 
nafim onar t.cn H H Te p K UJll1 p OBa H H hI C H <pJI0 Kymlr 11m 
Ba H H blC CTPYKTYP b l M MT. B ne pe-rn c eita s rx pac 6aB. 
Tax M M T n pC JJ.Ba p H TCJIbHO ).J.I1Cne p n l p OBaJI H n HOI' 
MCXa HH"ICCKOl\l lIe peMe W H HUH H H B BOLI.HOM pacrn 0.35 
yKCy CH Ot"1 K YlCJI OT bl [10I ( p UCTBOpHTCJl b JJ.JI H XYITO 0.5 
na) I11I H U ,LlHCTlUI JlIlPOU3 HHOH BO.ll,C 111- 13], n « nO( 
-re r o c y c n CH 3H10 HaHO"laCTH I ~ llBOJJ.HJlI1 B p acr s o p n past 
JI I1M e p a . J.13 BCCTHO, l ITO B BOlle M MT nafiy x aer J.j 611J1 
p e x o znrr B 3KC<P0 JlYl l1p OBa H H OC COCTOHHI1C n p n x M}l 

x a H H l l e CK OM n Cp CM eI.ll HBat HH I cyc n e uau a B 'res e xpa 
HCCKOJlbK H X I l a COB. B yKCy CHO H KH CJlOTe CJIOHCl HOJi 
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ClpyKTypa MMT HC 113MCH HCTC}] [1 4 j, MO)l(HO n OJIa ­

I'm, 'ITO l:l 130.uH b1X KI1CJIbl X pacr uopax, B 1.JaCTHO CTI1 

U JIIHOM pacr nope y KCyCI-IOH KI1CJIOT bl C p H < 5 .0 , 

HJJlO'IaCTI1UbI M MT MOryI' H e nepexom rn, B 3KCq)0­

:lHlIposaHHo e COCT05I IHf C, B PC3 YJIhTaTC xe ro B pac­
mop XI1T03a Ha H311a ' l aJI b HO BBO.u511' J-1 aH 0 1.Ja CTI1U bl C 

pamoH CTpyKTYP HOI1 opran aaauaen. Taxxe COCTOH­

IIlIe HaHO'Ia CTI1U B p aCT 130pe Xl1T03a Ha 6y.uCT 3a UI1­

ren.ot toro, Ka KOH xon uerrr pau jm BO.uH bl ti pacr nop 
yKCyCllOti IGfCJI OTbl I1CnOJIb30BaJI l1 B Ka1.JeCTBC p a c ­

1Il0Pl1TCJlH nOJII1 MCp a . lfCM 6 0J l b W C KOIl UCHTpaUI1}J 

KIIC10Tbl, 1'CM MeHce aKTI1BHo t i 6y.uCT ara CI1CTeMa B 

OTHoweHHH MMT. 

n.~}! yCKOp CH I1H n OJJ YlJCHH51 c y c n CH31111 HaIIOlJa­

erilU sacro npHMCH mOT YJIbTpa3BYKOBOC B03.uCI1­

rranc. B:)1'0 11 CBH3 11. 11p CnCTaBJISlCT HaY1.JHbll1 H rrpax­
f114ecfCH ti mrrcpec HCCJIe.uOBal- ll1C peOJIOrl1lJeCKI1 X 

CBOrleTS pacrsopo n Xl1T03a H a C .u06a BKa M I1 MMT. 
npeJlIlapl1TeJIb HO znrcnepra po ea n uoro C nosrou u.ro 
y!lbTpa311yKa B pa:16aBJlCIlHOM pacrnope sr oro )I(C n o ­

JlI\fCpa, a Ta K)l(C 11 3Y ' ICHI1C M CXaIH11.JCCKI1X CBOMCTll 

rIO,~ Y4 e HHbIX KOMn03HTOB 11 I1X CTPyKTypHOM op ra­
fl1I33UIUI , 

3KCoEPI1M E HTNTbHNI l IAC T b 

LIml npl1rOTOBJleHI1S1 llJICHOK I1CnOJlb30BaJll1 XI1­

1033H, BbIIleJICHHbl11 H3 naauapeit Kpa60B (qmpMa 

"Bnonporpecc", UJ,CJlK OBO , P OCc m ! ) CO creneasro 
:\eJaueTHJIHp OBa H I1S1 0.88 H M = 17.2 x 104 . MHHe­

pa.lb Hbl M Ha n OJUIl1TeJleM C.JIY)KHJl rl1.upoqmJlbHbll1 

\IOHTMOPHflJIOHl1T MapKI1 C loisi t e ® Na ¢HP MbI 

"Southern Clay P rod u c t s , I n c . " ( C iliA) C KaT110 1I­

06MeHHo ti CMKOCTblO 92. 6 M3 K B/ 100 r. 
)lJm npOBe.ueHI1S1 cpauuur ensnsrx HccJle.uo BaHl1l1 

peoJlOfH lJeCK11X CBOI1CTB r OTOIlHJT H rutcnepcmr M MT 

R IlO!le H 2 %-HOM BO.ll HOM pacrnope YKCYCHOH KHC­

JIOTbl (YK). Cycnenamr M M T pasuoi! KOHueHTpa­

UII I1 (1,3 , 5, 6 l-1 7 Mac. % ) nOJly'l3Jl11 npn MexaHWIC­

C, OMnepeueunusana« npn 20°C B 'revenue 3 lJ C IIO­

c.~CIWIOmI1M .uI1Cn ep r Hp OBaH 11CM C rrOMOW:bIO 

y,mpa.1BYKa B TC' l e HHC I lJ. 06p a 6 0 TKY ynsrpasny­
KO~I ocyuiecrnnann C n OM OW:b lO Y3-.uHcncpraTopa 

11J1100-6 ( POCCl-lSI) . 

M O,Ul1cPHuHpon aH H bl H M MT nOJlYlJaJlH cnenyro­

rrUlM cnocofio xr. Hanecxy M M T 3aJlHBaJll1 llO.llOH 11 

\ICXaHl1lfeCKH nepCMeWI1BaJlH II TClJeHHC 3 lJ, 3aTeM 

BIlO}(I1JII1 YK B pacxere na 2%-H b l l1 BO.uHbll1 paCTBOp 

II nepeaeunmann 1 lJ . o OCJlC sro r o K cycrrenamr no­

6allmlJlI1 pac-iernoe KOJIH lJeCTBO KOHueHTpHpOBaH­

noro (3%) pac r s o p a Xl11'03aHa )J.Jl51 nOJlYlJeH1151 

O.3%-Horo p a cr s o p a nOJl11 Mcpa, neperaeuurnana 

0.5'111 nonsep rann Y3-B03.ueI1cTBHIO Il TClJCJ-IHe 1 lJ. 

Ilocneo 6 p a6 0 TK H YJlbTpa3BYKOM .u11crrepCHSI M M T B 

p316anJleH HOM pacrnope Xl1T03aHa OCTaeTC}1 CTa­

611.;lbHOH B Te lJCH HC )J.JlI11'eJlbHOro BpeMCHI1, B TO spe­

II}! KaK -racr n u st M M T II BO.uHOM pacrnope Y K npu 

XpalleHl111 ocenaror ua .uHO cocyna. lJ.acTh nonyseu­

11011 cycnem a « MO.ul1cPl1Ul1pOllaHHoro M M T .lll1aJTH­

BbICOKOMOJI EKYJHIPHbIE COE)J.J.1HEH~5! Cepl151 A 

30Barl H n pOTJ1B nonsi, Cy WWIH JBlO<PI1JTbHO H aI-/aJIl1 ­

311P OllaJI11 c r p y x r y py n p onyxr a. )lPYl)'IO 'lUCTb I1C­

nonsaonarra N IH npnroronnea ua KOMn03HTOB 

XI1T03a H-Mo .ul1qH1 UI1 P OBaHllbII1 MMT. C :noj,i uc­
Jl bTO B 3%-HhIC pacruopsi n OJl I1M Cpa I/PH MeXaHlJ1.Je ­

CKOM nepeM CIU H Ba ll H H unonan n pacuer noe KOJlWIC­

CTBO cycnenamr Mo.umpHUl1pOBaJlHOro M MT H 3a ­

TeM paaoaanan n see CI-ICTCMhl no o.uIlJl aKOBOH 

KOH u e HTp a U I1H 1I0Jl HM e p a ( 2 Mac. %). 

Il..rr CH KIl lJ3 pacr nopo n CM CCCH XI1T0 3aH - MO.llH ­

cPHUH pOBa1lHb111 M M T nOJl Y1.JaJlH MeTO.ll OM cyx o r o 

<po p M OBa H IfSl nyrexrHallCCCJI HSI pacrnopa ' ICpC3 <pl1 ­

rrsepy C perynn pyewsrs; 3a 30 p OM na C1'CKJl 51H H bIC 

DJlaCTl1Hbl npn 20° C C IlOCJIC.ll YlOlUCI1 Cy lUKOII npn 
25°C. Hc napc n ae p a CTIlOpHTCJIH npo ucxonano B Te­

lJCHHC 2 CyrOK. o OCJIC aroro nJI CIlKH Bbl.uCP)l(l-IHaJ1H 

non B3 KyyMOM II TC'ICJ-II1C 2 cy rox )J.J I SI ynanenu» cno­
6 0 .uHO H (ocr aroa aoa) Y K H3 1I0Jll1l\1CPHblX MaTpHU. 

PC OJIOrH lJe CKI1 c CllOHC1'Ba KOB UCI ITpI1pouau IIbIX 

pacrnopou xnr osaua C n o 6 a llKa M l1 HaIIO' laCT I1U HC ­

cnenoaann C n OM OlUb lO pcoxrerpa "Physica MCR 

3 0 1" cPlfPMbI "Ariton PAAR " B H 3Mep l1TCJl bH OM Y3JIC 

DG2 6 .7 - SN4 0 4 4 (.uBOKH OH xoaxcnam-uu u U H ­

JlI1H.up). 

3 JlCKTpOn p o Bo .uHOCT b .ul1CITCP CI1H orrpenennn a 
na KOH.uYKTOM eTp e E C - 2 15 ( "Ha n na" , fCpMa H I1H) . 

Mexa n H' l eCKI1 e xapaK1'Cpl1CT I1Kl1 KOMn03HU HOH ­

HblX DJleHOK 113Y1.JaJl l1 rtpn K OM Ha TH OH re smeparvpc 
B pe)KI1Me O.uHOOCHoro p a C1'SI )KCH I-fSl na YH I1BCPCaJlb­

HOK yCTaHoBKC )J.JlSl M eX a H H lJe CKl1X l1CllbITa H H I1 U T S 

10 ("UT S tcstsystcm c " . Ie psraun»). P a CUl)I(CH HC 06­

paauon rtpoaomom c o CKOp OCTh lO 20 MM/MH H ( 10 0 % 

u axansnoti )J.JlHH b l 0 6 p a :3Ua B MI1H yry). B n p o n e c c e 

ncnsrraaa a perncr pu pouanu nnarpa v vy paCTH)KC­

HI151ofipas ua , n o PC3YJlhTaT3 M I1CllblTaHHH HaXOlll1JlH 

BCJll1lJHH bl M O.llYJlSl ynpyrocrn E, npezicna IlJJaCTl1lJ­

1I0CTl1 O"n' n p OlJH OCTl1 O"p l1 npencns noa .uC<pOp M aLUll1 

no pa3pYlJ--leHI1S1 lOp' 

CTPYKTYPY 06pa3 I ~oB HCCJle.uOUaJl H MCTO.ll.aM H Ma ­

JlO- n 6 0 Jl b w cyr Jl0 130 H P CI-ITrCHOBCKOH .u11<pp aK1Ul11 

n a M l lOrOcPYHKUH OHaJl b HOM .uHlp p a KT o M c TPC U LT I­
MA IV qm p M bl " R igaku " (51n oHl1H) . I1 c nOJlb 30BaJIH 

C U K a - 113JlYLICl-ll1e ; 1f3Mepel l H5I npOBo.rr.I1JI H na o r p a ­

)KeHHC. B P C)KHMC 8-2e . Il axer nneno x p as sr ep o xt 

IO x 10 M M HMCJI TOJlUUlHY 300 MKM. 

P E 3 Y flbTA Tbl. 11 I1X OBCY)K)lEHI1E 

H a pHC. 1 npencraanensr Kpl1BhlC Te'leHH5I CYC­

nCH31111 M M T B sone 11 B 2 %-HOM BO.uHOM p a c r uope 

YK. B none llSl3KOCTb CYClICI 13HH cn a fio 3a BI1CI1T 01' 

CKOpOCTI1 cnunra, rorna KaK B BO.uHOM p a c ruope YK 

OTlJeTJlIfBO Ha6JlIO.uacTcSI HeHblOTOHOllCKOC TC' ICH HC, 

lJTO yxassnsaer na fionee BbICOKY lO crerr ens CTp y KTY­

pl1pOBaHJ-IOCTI1 cycneuaa a M MT B BO.uH OM p a crno p e 

Y K . 31'0 MO)J(CT 6bITb CBSl3aHO C TeM, LITO II non e Ha ­

I I 0 n Jl aCTH H bl M M T npn MeXaHl1'leCKOM ne pexiennr ­
BaHl1l1 nepexonxr B 3 K CcP0 Jl l1 l1p OBa H Hoc COCT0 5lH l1e , 

TOM 54 NQ 3 201 2 
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PIIC. 1. 3 aBI1CI1 MOCTI1 3 ¢ ¢eKTI1BH Oll BSl3KOCTI1 OT CKOPO­

CTI1 cnanra .lJJHI cycneaanu MMT [j BOne ( a ) 11 2 %-H OM 

BOn HO M pacrsope YK (6) rrpu 25°C. K OH ueHTpaUHI1 

MM'I: I (1 ) , 3 (2) 11 5 Mac . % (3). 

'rorna KaK B 'UICTOll YK npoYlCXO.LlI1T J1 Y1 I ll b u e aaa-nr­

'rerrsno e pacunrpenue (YlHTepKaJIHU YlH) M e)l(CJlOeB O­

ro npocr paucr na HaHOnJIaCTYlH [1 4 J. 

Ilpa notiannea na YK K sone yxyrnuaerca cnocofi­
HOCTb cxreuraunoro pacTBopHTeJUI n pon u x ar s B 

M e)l(CJlOe noe npoCTpaHTcTBO M M T H COOTBCTCTBeH­

HO yxynuraerc s consaarnpyrouraa c n oc0 6 HOCTb CMe­

lIla HHOH CI1CTeMbI no OnlOIU e H lIJO K M YlHe p aJl bH OM Y 

uano rn n r r eruo . MO)KHO nonarars, 'ITO p a 3JIH lf l151 Ml1 B 

COJlbUaTH PYlOwell cnOC061-10 CTU nO).1,bI 11 BO).1,HOro 

pacr nopa YK n o o r n o ute n mo K M MT 06'b5lCH5IIOTC5I 

CYW CCTBeH H bie p a 3nll'IH51 Ben H'I H H BH3KOCTlf cyc­

n CH 311 H 11 x apaxrep e lIX H3Me HeHlHI C p OCTOM KO H ­

neirrpaun a HaI lOn HHTeJ151 (pa c . 2). B o fin a c r n MaJlbIX 

).1,0 6 a n OK ( ).1,0 4 %) 6 0 Jlee p e sx o e YBeJIWJellHe B5I3KO­

CTl1 .uH c n ep CHH M MT B nO).1,HOM pacr uope YK n o 

cpa n u c n m o C ).1, l1Cn e p ClIeH M M T B s o n c M O)l( CT 6 bITb 

CIHI 3aHO C TeM , '-ITO 13 nnyx ncnon saoaaa a srx ClICTe­

10-1 

10-2 

10-3 

10-4 L-l- --'-- --'-- -----' _ 

o 4 
l M MTj, ~; 

PIlC. 2. 3a Bl1CI1 MOCTb BSl3 K OCT I1 cycne nana M M T [J BO­ s 
ne ( 1) 1'1 2%-HOM BOAH OM pacr u ope YK (2) rrpa 25°C 65 
OT KOHueHrpaUl111 na rromnrrena . C KOpOCTb cnsnra y = 

= lO c- 1. 

60 

5S 

5( 

M a x p a CTBOp HTeJleH 0 6pa3yIOTCH paau u e n o q>o p Me 

paasrepy cr pyxrypsr naHO 'I aC7l1U , 'ITO 0 6ycnOBJleH 

pa3n W I HOll corn.narnpytoutea crrocoouocr sro p aCTIlC: 

p rrrerr e ii . n O).1,06HbIH x apa ....rrcp KO llneHT)JaUlIOHH~ 

3aBHClIMOCTlf BH3KOCT H Ha6JIJO).1,aeTC51 LlJlH xouue 
r pa poaauaux pacr sopon n OJI I1MepOB n p a CTBOp l1TIl 

JUI X, pa3J1Y1lfaJOIUYlXC5I n o TCp M On HHar.1I1xecxos 
cponcrsy K rronnn epy [15]. 

)] ,.rUI BbJ5ICHell l151 x a p a xrepa B3a l1Mo neHCTIlI' 

M MT C M aKpOM o n e KYJl aMH XHT03aHa B BO.uHOM pac 
rnope YK 6 bl JII1 npos eneus t cpaaua'ren snsre I1CCJK 

.uOBa H l15I 113M e H e HYl5I pH CHCTCM H 3 JIe KTpOnpO BOJ 

HOCnt 13 3a UI1CI1M OCT YI OT KOH u e HTp a U,H H uaenenuc 
ro HanOJlHHTeJl.51 B Bo n H OM pacrnopc YK 11 O,3 % - HO' 

pacr sope 1l0 Jl I1M e pa. B eJlI1 ' IHHa p H pacrnopa XUT 

sa n a , KaK 11 Cn eD,OBaJl O mKl1n aTh, 60Jl bW e 3Ha'-leHIlO 

p H BO).1,H Or O pacruopa YK: '-IaCTb n p OTOIIOB ROnOpO 

n a p aCXO).1,yeTC}( n a B3a l1 MOnc ~icTB l1e C a M I1H Or pynna 

Mll Xl1T03a Ha (pu c . 3a ) . Bnenen ue MMT B BOD,Hbl 

paCTBOp YK n p H BO lIT K He60JlblllOMY MOHOTOHHO 

My nOBblweHH IO p H , n OCKOJl b KY 'JaCT b npOTOHOBBO 

nopona pacxonyercn aa B3aI1MOD,CHCTBl1e C orp mu 

TeJlbHO 3ap 5J)l(CH HblMl1 3ap5l).1,aM H na nOIlc p XH OCl 

'JaCTlIU M M T B c n yu a e 0 .3 % - lIor o p a cr n o p a XI1T03a 

ua H a6J11o n a CTC5I WlaTO )10 COn Cp)KaH I1H M MT 0.1· 
0. 2 % . Ilpn LJ:~Ul bHeH llIcM yBenl1'JeH I1I1 KOH u e HTpa 

UI1I1 MMT, KaK 11 13 c n y-ra e 1l0).1,HOrO p a c r n o pa YK 
3H a ' IC H I151 p H MOHOTOH HO n OBbl w a IOTCH. B em 

60nbwell c r e n emr H a 6 JlJo ).1,aIOTC51 OTJl l1'lH5I LlJl51 L\B) 

CYlCTe M B 113MCH CH IHl 3n e KTp On p OBOD,HOCT H np 

BBe).1,eH J1H B HHX M MT ( puc , 36) . B c i ty-ra e BO).1,HOI\ 

pacr nopa YK n p OHCXOLl\-IT POCT 3 JICKTpOnpOBOD,Hc> 

C' I1, 06YCJlOBn c HHblj:'t nOSlnJl CH YleM n p a crno p e no 
n OJIH HTeJl bH bI X 110 HOB Na. [lpu BBCneJllHI MMT 
pacr nop XI1T0 3aHa B mrr e p uanc KOH UCIlTPaU I1H no 

I 

3. 

3. 

BbICO KO M0 J1 EKYJ151PHbIE COE)]JHIEHI151 Cepnn A TO M 54 NQ3 2012 
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pH	 (a) 
4.0 

2 

Jj 

o	 0.2 0.4 0.6 0.8 
[M MT l, Mac. % 

j X 10-\ eM/CM (6) 
650 L 

600 

2 
• 

550 ° 

500'--'­ _ ---'_ _ L-­_ .l.­_ -L_ --'­_ ---l_ _ .L-_...L 

o 0.2 0.4 0.6 0.8 
[M MT ], M ac. % 

PHC. 3. 3aBI1CHMOCTII p I I (a) H 3J1e KTpo n p OBOlIHOCTII S (6) 
OT KOHueHTpaL\Y1l1 as enen noro M MT B 2 %-HOM DO,UHOM 

pacrsope YK (I ) 11 0 . 3 %-HOM pacruope XI1T03aHa (2) rtpn
We. 

6allKH n o 0.2% 3 JICKTpOn p o Bo ,uH OCT b CHlDKa eT CH , 

lITO MO)l(eT 6 b l T b 0 6 b HCH eHO 3 JICKT p OCTaT H QeC Klf M 

IlJal1MOn eHCTBIfCM n OJlO)f{IfT CJl b H O 3a pmK CH H bIX 

(npOTOIIIIp OBa IIHbIX) aMIf H o r pyn n 1I0JIlfMCpa C OT­

plll(aTeJlb H bIMIf 3a p 5m a M 11 na I10 13CPXJ-IOCTIf M M T. 

B0 3MO)f{IWCTb 3 JIe K T p OCTa T W I e CK o r o B3aIfMO,UCH­

CTIHl51 Me)f{ny n o O)f{ IfT CJI b HO 3ap mKe H H bi M If aMHHO­

rpynnav a XlfT0 3 a H a 11 or pa narens nsuor 3ap5l,UaMIf 

ua nOBep XIIOCTlf H a HOQa CTI1 U M M T cornacyercs C 

IlbIBOL\aMIf a UTopOB pa6 0 T Il l , 121. B 3a l1 M o ,uc Hc T Blfe 

raxxe MO)f{CT 6hlTb p eaJIl130Ba H O -repes 0 6 p a30 Ba H l1e 

1l0110P0D,HbIX CBH3 CW M C)f{,Uy rpyrrrravn O H n OJIl1Me­

pa 1Irpynrra II I SiO ua nOB epXHOCTI1 n JlaCTI1H l13) . 

MMT B IfCXO,UIIOM COCT0 5lH lf l1 npencrannsrer CO­

60H '.1IfK p o l l a CT l1Ubl , conepx aume naxerst 6a311C­

HblX MIOM OCHJlI1KaTH bIX IlJIOCKOCTew , paCCT051 Hl1e 

BbICOKOMOJIEKYJUIPH blE COED,l-111 EHYl.5I Cepns A 

1 

2 

1 

o	 10 20 30 40 50 
28, rp an 

PHC . 4. PeHTreHo,Ul1¢paKTOrpaMMhI l1C XO,UH o rO (1) 11M O­

,UYI¢ I1I .\H p o Ba HHoro M MT (2). 
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100 

... 
\90 ,, ,, , 

80	 \ 

\ 
... ... 
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60 
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PIlC. 5. Kpa nsre lTA MOHTMOP YlJlJl OH YlTa (1) 11 M O,lJ:l1q:m­

uaponaa noro MMT (2). 

Me)f{,Uy K OTO P bI M l1 d = 1.25 HM , 'IT O cnenyer 113 H aJU I ­

' IH H peQ:>JICKCa 001 npn yrne 20 ~ 7.50 (puc. 4, xp n ­
B aH 1) na ,U11Q:>p a KT o rpaM MC M M T. H a pCHTrCHO,uI1 ­

cPpaK'fOrpaMMe M O,uHQ:>H UlfP OB3H noro MMT jl3H H O­

ro peQ:>JIeKCa HeT. 3 1'0 YK a 3 b IBa e T ua TO, -rro 
HaHO'laCTl1Ubl Haxo,uHTC5I B 3 K C(POJlll l1p OBa H H OM CO ­

CTOHHIfl1 . O T M e T l1 M , lITO H a 6J IIO,ua CTC5I neoon suroc 
l1JIeLJO rrpn 28 = 5°_6° (puc, 4, K p l1Ua51 2). C Jl eJIOBt ­

TeJIbHO, MQ)KHO yreepxnar t., LITO OCHOBlIa 5l ,UOJUI na ­
HO'laCTIfU HaXO,Ul1TCH B 3 KCQ:>OJI 11 HponaHHOM COCT0 5l­

HHIf l1 Hc60JIbIlla51 LJ aCTb - 13 IfHTc p K am 1p OBa HHOM . 

C ueJIbIO onpeneneuna KOJIWleCT Ba ancopfinpo ­
saaaoro nOJlIfMepa ua n OBe p XH OCT H HaH OQa CT H U 

6bIJI nponenen TfA- a H aJll1 3 I1CXOjlHOr O l1 MO,UHQ:>If­

I I lf p OBa H H OI'O M M T (puc . 5). Ofipaaeu M OJI I1Q:>l1U H ­

pOBaHHOro M MT conepaorr ,UO 20 Mac. % ancopfiu-

TOM 54 NQ3 2012 
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ll , n ac 
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o 2 4 6 

PIlC. 6. 3a 13HCHMOCTb BH3KOCH I 2%- HbIX pacruopon XH­
T03aHa OT KOHueHTpaUHH MOUH<pHUHpoBaHHoro MMT 

rrpa 25°C. y = 10 c- I . 

ponaa uoro X I1T03alla. OTM Cn I M, '-IT O CCJ1I1 6bII1HTCP­

KaJHlU I15I HaJ-lOn JlaCT HH npoasoum a TOn b KO 

6na r o aps I1X 0 6pa60TKC UO,Ll,H b I M paCTUOpOM YK, 
KaK 1I0Ka 3a HO n p a 6 0 T C l 10 ], TO npn npOrpCBaHHH 

0 6 pa'3Ua H C IIa6 JlIo.uaJIaCb 6bI TaKa5I 6 0 11i.m as nOTCp51 

M aCCbI. Ilonys en asre '-IaC TH U b l npencrannaror C060H 

Cb IllY'H I H 6Cl 1blH n Op OLIJOK 11 ne rxo nncnepr xpyrcr ca 
B UO,Ll,HOM pacrnop YK. 

Ilpa BBC.uCH I1H cycn c H 3 11 11 J-IaIlO'-la CTHU M O.uUqlH ­

un poaa uuoro M MT B KOHIlCHT p H p o uaHHblc pacr uo­
p st XltT0 3a Ha npoacxomrr aHO ~I aJ1 bHOC 113M CH CHlIC 

BH 3 KOCTH CH CT CM B 3aUI1CI1M OCT I1 OT K OJI I1'ICCT n a Ha­

n OJl]I HTCJl 5I (puc. 6). Bnenea ne MO.uI1¢>HUl1p O Ba H H o­

ro M MT ,LI,O 3 % OT MaCCbl normstepa Bbl 3 bIBa eT CH 11 ­

)KeHl1e B513 K OCTH. Ilpa .uanbJ-ICHIlICM n OUblllIeHHI1 

KO lI UCHTP aI lIH 1 M O.uI1¢>HuHpouaHHoro M M T na­
6J110 ,Ll,a CTCH O)K II,LI,a e M bI H PO CT U5I.3KOCTI1, CB5I.3aH H bIH 

C yue I W l eH H eM KOJlWIC CT Ba MIH iCpaJIbHOr O nanon­
II I1TeJIH . 

YMCH bWCllHC UH3K OCTH pacrsopon 11 pacnnason 
nomoacpos npn nofiannenua neoonsuroro KOJI H '-IC­

CTBa H aHO' IaCT H U xapaxrepno 11 .DJ151 Jl PYrHX CHCTe M 

l 16, 17). C H I1)KCH I1C J3H3 KOCTI1 asropu onyonnxo­
nanu srx pafior 0 6 b 5lCH HlOT ancoptiunea on pencneir ­
HOH .uOJlI1 MaK p o MoJl e K y JI nonuuepa ua nOBep XIIO­

CTI1 HaIlO'-laCTI1U, 'IT O n p HBo.uI1T K YMCH bweHHlO 

cpennen n n OTHOCT I1 CCTKI1 :m UCnJIe H H H MaKpOMOJlC­

xyn B pacrnope , CK OJl b)/(CHII JO IfOKPblTblX MaKpOMO­

nexyrra I H '-IaCTlfU B f10 Jl I1I1I CP IIOH M aTp l1 u e B n OTOK C 

11 T.n. 

n OCKOJJb KY U paCT BOp XI IT 0 3aHa UUO.uHJlI1 HaHO­

-racr uuu C y)KC anc opti npoaanasu m H a JlX rronepx­
HOCTIf M a K p o 10Jl CKYJlallHf ar oro )/(C norravepa ( M O­

.u11¢>HUHpo naHHblif M MT), 0 6 'bHCH HTb CHIf)/(CHHC 

BH 3K OCTH Jlon OJl H HTellbH OH ancopfiua ea MaKpOM O­

JJCKy JJ XHT03 a H a na nOBcpX H OCT H '1aCTHU, na aaur 
U3f'JHI.u, HCKoppeKTHO. MO)K HO 1I0 JJa r a T b, 'ITO .u06aB­

n CH H C Hc6 0 JJb W OrO K OJlH'lCCTBa HaHO'laCTHU MO.uH­

cPHIJ.HpOlm HllOro M MT napyuraer crpyxrypy rrpo­
CTp aHCT UCH H OI1 CHCTCMbl non o p o znr s i x CU}13cti H 

nnOTHOCTb CCT K H 3aUCnJlCHHi-i: MaKpoMoncKyn I3 pac­

'mopc, xapa x r e p n bl X .DJ1 H KO lI l(CH T p H p OBa H H o r o pac­

r n o p a XH T0 3 a H a , K OT OpblC B CBOIO O'-lCPC.l.I.b BH OCHT 

I 

4 

3 
2 

J 

o	 10 20 30 40 
28 , rpaa 

I'Hc. 7. PeHITeHoUH<ppaKTOrpaMMbI KOMTI03HTHblX TIJIe ­

HOK XHT03aHa C I (I), 3 (2) H 5 % MOUH<pH UHpoBaHHoro 
MMT (3) ; 4 - 'IH CTbIH XHT03aH. 

OCHOBHOM BKJla,LJ, B BCJI H ' IIIHy BH3KO CTll pacrnopa no­
nHMepa. A np n 6 0 JIce BblC OK l1. X xonuenrpanaax Ha· 

f10J IH HTCJIH yxcenpc 0 6 J1a,LJ,aeT BJUUlI lI1C KOJlW l eCTDal 

paasrep on HaHO'laCTHU na TC'ICII IIC )K I1.L!.K OCTH B no­
TOKe. 

]113 pacraopos XHT 0 3a H 3 C MMT MC T O.uOM cyxon 
¢>opMOBaHI1H 6blJIH H 3roT OBJIClI bl IlJlC HKH II uccne 
nonaua HX CTpYKTypHaH op rauaaaun a H Mcxa H Wle· 

CKHe xapaxrcpacruxa . fu m nJl CH K H xHT03a H a , nony 
'1CHH OM H3 UO.uHbI X 2 %-lIbIX Y KCyclIOIGI Cn bl X pacruo 
POB, xapaxrepno HaJI l1'l HC pedincxcon np u yrna 
28= 10.2°,15° H 20.8° , CBH.uCTCJl bCT13YIO !.UH X o cy 

!.UCCTBOnaIlltH B I1nCIIO ' I H O M 06p c13u C .uCq >CKT HOii. 

M CJl KOKPHCTaJIJlH'-ICCKOti cr pyxryp u (p uc. 7, Kp ll' 

BaH 4) . 

Il pa BUC.l.I.CH HH H XHT0 3allOB)'JO MaTp l1U Y 1-3 Mac. ~ · 
MO.l.l.If<pIiUH p OBa H Horo M MT H3Mc mlCT CH K p HCTaJ' 

Jl H '-Ie CK a H CTpyKTYpa X HT0 3a H a , ' ITO CJlC).I,YCT 1f3 BItlL 

.uH<ppaKTorpaMM KOM n03H T H bI X IIJIC IIOK . O C06CHH\ 

3aMCT H bl 3TH H 3M CH CH HH .DJ1 H KOM n 0 3HT a , conepxa 
ute ro 3 % M O.uH<p H u H p o Ba H H o ro MMT (pHC. 7, Kpll' 

BaH 2) . H 3 M CH CH H C HHTCHCH BH OCT H TIIn WII I bIX J1.l 

XHT03aHa pedinexcon YKa3 bIBac T H3 CYIlICCTBCHHy!< 

nepecrpoitxy Ha,LJ,MOJlcKynH p H oi-i: CTpYKTypbI nonu 
Mcpa. n OH BJl CIHIC pc(l)JIcK COB n pu yrnax 2 8 = 8.5 
11.9°, 18.5 ° H 23.5 ° CBH.uCTcn bc T By c T 0 npeofinana 
H I1H COJJCUOH ¢>OPMbI nonua epa. TaKa H KpH CTaJI JllI' 

'ICCKaH crpyxrypa ofipasyer csr n pn B3aH Ill0.ucMCTIl H:: 

XH T03aIla C YK Ii xapaxrepa aycrcs H 3.JlI1'IHCM Y npo 
TOI-/lfpOBaHHbIX aMHHorpy nr l 0 61>CMHhIX auerai 
H OHOB. n OJl Y'-!CH H bI C .uaHH hIC XOpOIliO c OrJlaCYIOTCi 

C peaynsrarasor nccneno n a n u a c rpyxr ypsr X HT03a· 

HOBblX nJlCHOK, crpopxrouau u stx H3 p a c rnopon yK' 
CyCHOH H Myp a Bb lf H o M KHCJIOT [ 1 81 . 

KpOMe n 

a3lfCHblH p 

yrn ax 20 = 
YBCJlI", 'I H uaei 
1l:lIIO 'IaCTIIU 

r o perhncxcs 
perpn e xca B 

(pHC. 4 , Kplfl 

nau u o ro M r 
11H ' I II naCTCSI 

CY I llCCT BCHI1 

(lmexca ( 0 0 

11 pennonoxi 
,LI, p)/(aIUCM : 

'13CTH Ubi H3 

I) OJI H u pouai 
CI1 B H OCT H r 
IIpU 20 = 6. 
n OSlnJI CII HC 

Y K a 3 b IBa CT I 

TCpKaJHlpOB 

CTHU no cp 

1I0ro MO.l.l.H(1 

3aBHcHM 

H O K O M fl 0 3 1l 

J.t H <p H U H p OE 

Ilb\ ua puc. I 
ute ro .nCHCl 

n Jl I1 M Cp HO 

C J.I M OCT II E, 
C.n H H uuax ( 
pU CTHK o n 

n OJIHMCpH 

\I13Bec TI 

JI H 'III blC nr 
npa lH IJIO , K 

nocnenona: 
yII pyrocr n 
U I IOCJIC.uO 

q >o p M a UHlI 

6 b l 13aCT Hb l 

I.lC HTpaUHJ. 

, p y nKoc p c 

CT HT CJIbCl 

rpauuua .l.I. 

6 3 Bl l C lI l lH 

Hbl IltaT CP I 

non l>30BaH 

0 6a 3¢ 
<lmUH p o B3 

HO na pHC 

10 Mac. 9't 
YBCJIWICHI 

' IT O 3 T OT I 

K II M - Tl] 

KJl a CCOB, 

CTlf' l b 6 

O U C IHlI3a . 

uars c rreu 
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KPOMC nCp e y.I1CJle H H b I X peqinexcos fl 0 5IBJI5IeTCM 

6al l1Cll bl H p Cq)JICK C MO,nHcPl1po Ba H H oro M MT n p n 

YLiax 28 = 6.5°- 7,0° , I1HTCH CH 13110CT b KOTOp Oro 

YlleJ1wnmaeTC~ no xrepe B0 3paCTaH l1H conepxaa ua 
naacsacruu I3 KOMH03HT a x. H HT CH CH BH OCT b nau no­
ropedinexca CYU\CCTBCHHO 60JIb W C 11 HTC I ICI1BHOCTH 

peqlJleKCa B HCXOJlH OM MOJl 11qm U l1 p OBaI I H OM MMT 
(pIlC, 4, Kp l1Ba H 2), Il pn BBCJlCHH J15% M o ,nl1cjmUl1po ­

naHHo r o M MT B XllT03aH O BYIO M aTp l1UY PC 3KO YBC­

M I Y I1 BaeTC~ MaJIoymo Doc paCCC5IH l1C rrpn 28 ~ 3° 11 

CYllleC1'BCH H O YMCH b llIa CTC5I 11H Te H CH BH OCT b p e ­

qJ.leKCa (00 1) ( p u c , 7, Kpl1 Ba5I 3) . 3 TO 1103UOJIH eT 

npe,llIl OJIO)!( HTb, Y.TO B flJICH Ol l H OM KOM n03HTC, c o ­

l Cp)l(aruCM 5% MO.ul1cPI1U HpO Ba H H o ro M MT, HaH O­

QaCTI1Ub[ n axonsrrca B U HTe p KaJIHpOBaH H OM 11 3 KC­

IpOJ1I1I1p0 13a H H OM COCT05IHI1J1. H 3MCIleH l1e H HTCH ­

nmuocrn pecPJICKCa MO,nHcPI1Ul1pOBaHHoro M MT 
np~ 20 = 6.5°- 7.0° B KOM fl 0 3HHHOHHbIX nn e uxax H 

1l0HBJIeH l1e MaJIoymo ooro pedinexca npu 28 ~ 3° 
YKa3bIBaeT ua H 3 M e H e H l1 C COOTHOWeH l15I ,noJIe~i 111-1­

repKaJIl1p Om ll-lH b l X H 3 K CcP0 JI I1H p OBa H H bi X n a no-ra­
emu no cpamremno CO CTPYKTYPO Vt npHrOTOBJIeH ­

uoroMOLl,HcPHUHponaHHoro MMT. 
3aBI1CH M OCTH M e Xa H Hy.e CKl1 X xapaxrepacrnx Ha­

HOKOMn 0 3 11 1l110H H bIX nJIeHOK OT KO H I \e HTp a U l111 MO­

JII<pI1UI1POllaIIJIOro MM T 13 KOMfl 0 3HUH H npusene­
Hblaa p I I C. 8. Ll.Jm ynoficrna Olle H KH MO.uHcPHUl1P Y1O­

mero ,a:CMCT BH5I H 3 H Oy.aCTlI U na CBOVtCTBa .u3HHOH 

nOill1Mep H OVt M 3Tp H U b i KOHueHTpaUI10HHbie sann­
CIIMOC1'II E, an H Ep npencrannensr 13 OTHOCHTeJIbHbIX 

eJ1liHl1l l aX (TeKYUIH C 3H a y.eH l1~ YKa3aHHbi X xapaxre­
PIICTI1K or neceuu K H X Benl1y.HHaM M5I l1CXO,nHO Vt 

nOn l1Mep H OM IlJl e H KH ) . 

113BecTIlO r19- 2 1], ' [TO nsenexue MMT B pa3­

.lll 'lHble 1l0JI I1Me p H hle MaTepl1aJIbl npHBOD.IIT, KaK 

npaBI1JIO, K p CaJI H 3a U H H zmyx THnl1'rHbiX 3 cP¢ CKTOB: 

nOCnej1,OBaTCJl bH OMY p OCTy )!(eCTKOCTH (Mo,nym l 

ynpyrocra 11 npenena Bb l H y )]()lCH HO H 3JIaCTHy.HOCT H) 

II nOCJIeLl,0 13aTCJl bH O IY CIl I1)J(e HHIO npenern.uo a ne ­
¢opMaUH II JlO paapyureu na . BTOP OVt 3cPcPeKT y.aCTO 

6blllae1' asipaxce u CTOJI b CHJlhH O, lITO )')ICe n pn K OH­

IICIlTpaUIU 1 H aHOliaCTHU 10-12 Mac. % nponcxonur 
spynxoe panpyrueu ae M aTe p H aJI a . H M e HHo 3T I1M 06­

CT051TeJIbCTllOM 33y.acT YIO o n p e,UeJUI eTCH nep XH515I 

rpaaaua nnanaso ua KOl I u cHTp aUH H MM T, npa no­
6allJ1eHI111 KOTOpbl X K nOJII1M ep y MoryT 6blTb nonyxe­
IIbl Ma1'epl1 aJI b l , npn ronn sre K npaxrnseckoery HC­

nomcosamuo. 
06a 3cP<l>c KTa P CaJIII 3YIOTCH n pn BBe,neHl111 M O,nl1 ­

¢ IIUl1p OBa Himr O MMT B XI1T03aH, Y.TO xopouro Bl1,n­

110 na PI1C. 8. ,U06aBJICHHe B XIH0 3a HO BYIO MaTp Huy 

10 Mac . % Mo.ullqmUH p o BaJ-lll o ro MMT BbI 3 bIlla eT 

yneml lleH He M o ,ny n 5I yn pyrocr n aa 26%. O TM CTl1 M , 

liTO 31'OT nOKa3aTCJlb lie 5IBJI51CTC5I pexopzuio Bb[CO­

KItM - npn 13Be,neHlIH M MT B nonnr-re pst npyrux 
KJlaCCOB, a raxxe B IlOJII1 Ca Xa p l1,nbi ynananoci, no­
CTII'1b fioru-urero p OCT a )KeCTKOCTl1 [22]. Onn axo , 
OUCHI1Ba5I nOJIy' I c H Hb l C pe3YJIbT aTbI , HY)/(HO y-urr si­
naTbcn eu nrpa -re c x a e OC06CHHOCTl1 nJICHOK H3 Xl1TO­

BblCOKOMOJIEKYJB1PH bIE COEDJ 1H EH I15f Cepl1S1 A 
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- - - - - ~ - - - - -- - - -- - - --- -.1.1 
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PHC. 8. 3aBHCI1MOCTH MO,UyJUI ynpy rocrn E, (I) . rrpenena 
f1JI3CT H4HOCD1 Gn , (7) 11 npenensuoa nerpopxraum: 110 

paapyurenas cp (J) OT KOHUeHTpaU I1H MOlJ:!1epHUI1POB3 H­

noro MMT. 

saa a K3K M aTpHy.H o r o nonyxccrxoucrmoro nonaue­
pa. ,UeJIO B TOM , l ITO M o ,nYJIb ynpyrocr n rIJlCH OK 3TOro 

MaTepl1aJIa (5-6 rna ) )')ICe aecssra BbICOK , lITO o rrpe­
,nCJI5IeTC5I CTpOeHHCM normcaxapuna H llaJI l1'I l1CM B 

HeM CHCTeMb[ BO,nOpO,nHbiX CB~3C Vt . A llaJU13 ,naHHbIX, 

conepxaurnxcs BO MHorHX n y6JII1K a U I15IX , II0 3 110 JIH CT 

3a KJI IOy.HTb, -rro JlJI 5I RbICOKOMO,nYJlbH bIX MaTpH y.HbIX 

n OJIH M e p OB , TaKH X K 3 K n OJIH r CTCp Oa p l1JICHbl , nOJII1 ­

caxapnnsr, H pana npyrnx CHCTeM rerepoapou ar n-ic­
CKOVt CTpy KTYpbI 3¢¢ CKT p OCTa )KCCT KOCT H itpn nne­
,nCHl1H n H HX HaH Ol laCTH U nsrpax eu cnafiee, y.e M .LJ:JI5I 

IIH3KOM O,nYJIbH bl X MaTp Hy.Hb[X n OJIIlMCp OB , TaKH X 

KaK n OJII10JIe cPl1H bI. 

AH aJIH3H PY~ nony-rennsie 33 n H Cl1 M OCTH, cnenyer, 
0 ,nH3KO, OTMeTHT b c Ta6HJIbHOCTb neJI I1' 111 H b l Ep KOM ­

n03 H UH OH H bi X n JICJ-IOK n pn nousruren n a coztepxa­
H l15I B H HX MO,nHcPl1 UHpOBa IlJ IOrO MMT. ,U CH CTBH ­

TeJIb H O, auenen ne 10% HallOl l a CT I1U ( Y.TO M 5I KOM llO­

3 HU H Vt na OCHOBe P5I,n3,npy r I1X 1l0 Jl l1M epH bI X M aTpIl U , 

H 3Y'Iel IJIb i X panee [21, 23], UpHBO,nHJlO K CII H )!( CH HIO 

neJIWlH Hbi Ep B 5-10 paa l1 ,na){(e K rronyxeu mo xpyn ­
KHX nn euox) n HCCJIe,nOBaHHOM MaTepHaJIe BbJ3 bIBa­

JIO YM eHbllIeHI1 C Ep scero n o 0.66 01' l1C XO,nH OM He 111­

l!l1Hb1. ,UaHHbIH ¢aKT yxaas maer na Hbi COKyIO CTC­

nens 3 KCcP0 JIH a U H H HanOJIHI1TeJI5I B 1l0J [ H MCP fl OH 

MaTpH ue , ,nOCT l1 r H YTYIO npn H3rOTOBJIeHHH IlJICH OK , 

H na ,nOCTaT o ' I H O CHJlbHOe B3aHMo,ne HCTBHC cPYH K­

U I10 H aJI b HblX rpynrt nOJI l1M Cp 3 C aTOMaMl1 na no­
nepXHOCTI1 HaH On JIa CT H H , -rro 11 n03BOJIHJIO 1136 e­

)KaTb n05IllJleHI1H BH y Tp e H H IIX aanpaxcn a ii H3 rpa­
nnuax paanerra cPa3 b l 1l0JIlIMCPHOH MaTp l11\bI 11 

y.aCTHU Han OJIHHT eJIH. 

Cpa BHeHHe n e dio p v au aomts tx xpa ssrx n JIe I IOK 

Xl1T03aHa H KOMn03HUHll XI1T 0 3aH -Mo.ul1cPH UHPO­

TOM 54 NQ3 20 12 
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I'HC. 9. D,e<popM 3UI10HHble Kp l1Bb le IlJIeHOK XHT033Ha (I) 11H 3H OKOMfl0 311UH H C COAep)f(3Hl1 eM MODJ1<PI1UI1P OB3HHo r o MMT 1 (2), 

30 40 

3 (3) , 5 (4) H 10% (5) . 

BaH H blH M M T (puc. 9) CBl1neTeflbCTBYCT 0 TOM , ':ITO 

npu BBe,Ll,eH H I1 B n OJII1M e p H y lo M aTp l1UY nanoxacrau 
B KO H u e HTp a m UI n o 10% He n pOHCXOnl1T Ka':le CTBeH ­

HblX I13 Me H e H I1H xapaxr epa n e <po p Ma U l1o mib l X rrpo ­
ueccon n nn euxax, LI,JHI nce x ucrn.rrau ru.rx TUTe HOK 

nOCJIe nepexozia ':IepC3 npenen BbI H Y)f()J:e H H OH 3 J1 a ­

CT I1':1HOCTU , ' IeT KO Bblpa./Ke H H bl H na scex nediopv a ­
UH OIIHblX K pHBbIX, IIa6 JJIo n a eTC5J 06pa30BaHue uren ­
KU C n OCJICnYIOUUIM pacnpocrpauennev ee xepea 06­

paseu. O JUIaKO 3'1'0 '1'npeUMYll.J.eCTBeHHbIH MCXaHI13 M 

ztedio pvnposauaa peaJII13yeTC5J B orpa H l1'I e H H OM 

nuanaaoue n e <!>o p MaUI1H (no 20%) , rrOCJIe -rero npo­
UCxon HT nepexon 0'1' TUTaCTl1'IeCKOro Te'leJI l15J K 

ysacrxy n e¢Op MaUI10HHOrO ynpo-urenas MaTe p u a ­

na. LI,amlbl H ¢ a KT YKa3bIBaeT na HaJI U ':IUe n MaTepu­

aJIC ryCTOH c eTKH Me./KM Ofle KYJUl p H bI X aoztopoztasrx 
CBH3e t\ . 

Cnenyer Ta K)l(C OTMeT U Tb , ':ITO no Mepe rrossrnre­
1I1151 xon uearpauaa HaHOyaCTHU B MaTepl1aJl e Y'Ia ­
CTOK IWaCTl1'IeCKOr o Te'JeH U51 H a n e ¢ o p M aUH OHHbIX 

K p H BhIX CTaHOBI1TCH nee MeHee yeTKO Bblp a./KCH H bIM, 

TaK 'ITO M 5I KOM n 0 311U1111, coziepxaurea 10% MOnl1­

¢HUlIp OBa JII-IOr O M M T, npouecc ne<popMaUI10H HO­

ro yn po-taenas Ha ':l l1HaeTCH Y./Ke npn ne¢OpMaUI1HX 

Me Hee 10% - n paKT H y eC K I1 cpa ay nOCJIe peaJII1 3<U(I1H 

npenena nJlaCTl1':1HOCTI1 . n OJ.i.06 HOe noneneune Ma­

Tep11 ana 10)l( eT paCCMaTpUBaT bC51 KaK CBHJJ:CTCJl b ­

CTBO .n:on OJIH I1TeJI bH Or O YCI1JIe H I15J CI1CTeMbl Me./KMO­

fl c KyJI5l) )Hh IX CIl513CH n o M e p e p OCTa KOH u e IlTpaUJ.-1l1 

HaHO'laCT I1U B KOM n 0 3 H U I1I1. 

TaK H M 0 6 PaJOM , C nov ouu.ro MeTOnOB n OTCH UI10­

MeTpH I1 11 KO HnyKTOM eTp H H nOKa3aHO, ':ITO npu no ­

6aBJICHl1 11 B pacraopsr Xl1T0 3a Ha Ha H O':la CTI1U MOnl1 ­

<pH UI1POBUU Iloro MMT Ha6JJIo .n:aeTCH 133aHMOneH­

CTBHe Me)f()J:y n OflO./KI1T CJl b HO 3ap5I./KCH H W r 

(np OTOHl1p OBaHHbIM H) a M I1Horp y n n a M I1 Ma Kp o~1O 

JIeKyJI nonncaxapazta C or pn uar ens nsuaa 3a p 5Jn aMI 

ua rrOBepXHOCT I1 H aHOITJIa CT H H . B KO Mll03 I1UI1011Hbi' 

n JIeHKaX HaHO':laCTI1Ubl MonHqm U l1p o naHllo ro MMT 
HaXOn 5J TCH B 3KC¢OflI1HpOBaH H OM 11 H HTepK aJI l1pO­

Ba H HO M COCT0 5lHI15I X. 

Ilpa BBeneHHH no 3 Mac. % M o n lH p H U HpOBa H HOfl 

M MT B paCTB Op XH T03aH a BH3KOCTb p a CTBopOB CHII­

./KaeTC5J. 3 '1'0'1' 3 <p <peKT 0 6 b 5ICH 5JeTC5J Te M , 'ITO nseze 
HHe Hc 6 0 Jl bUIOr O KOJII1':1e CT Ba HaHO':l a CT Hl( M onll epl1' 

un po nan no ro M M T napyuiaer CT PYKTYP Y npo 
CTpaH CT BCH HOll CH CTCM bl BOJ.i.Op OnHb IX CB5J 3eH (I 
3a Ue n JleH UH) , xapaxrepuyro ! .J.J1 5J KO Hue HTpHpOllaH' 

a oro pacr nopa X HT03aH a , KOTo p a H BHOC J.-fT OCH OBHO; 

UKJla.LJ. B UCJIl1 ':1HHy B5I3KOCT H pacr nopa IlOJIH Mepa 

n pH 6 0 Jle e n hl COKI1X xouueirr par~ mlx M I1H e paJl b HOfI 

HanOJIH HTeJl5J B pacr nope nornnrepa n p OH CXO.rU 

O./Kl1naeM Oe B03p a CTa H I1e m l3 KOCT H CJ.-ICTCM , 06)· 

C.JlOBJIeHH o e YBeJlH':IeHHeM K OflH'leCTBa MJ1Hepa.:Tb· 

xoro Ha rr Ofl H HTeJl5I. 

LI,06aBJle HHe B MaTpH UY XI1T0 3aH a AO 10 Mac . 

lIa HOy a CTJ1U I\lOnH<pI1UHp OBaH lIoro M MT npnnoms 
K nOCJICJ.i.OBaTeJlbHOM Y p OCTy )I( CCT KOCT I1 nneaor 
'ITO rrpOHBJl5JeTC5J B nOBbllUeHHI1 Mon YJl H ynpyroct 
E H npenena UbIHy)f()J:eH HO H nJlaCT J1 'l HOCT I1 O"n ' a TaK· 

./Ke K nOCJlenOBaTeflbHOM Y CH H./KCH H 10 n penen sno 
nediopvauna no paapynreansr L p ' 
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