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V13Y'! eHbl p eon o r a x ec kae ceoucrna BO,UHbIX pacrnopon Kap60KCI1MeTl1JlueJ1J1JOn03bl C,U06anKa MH n an o x a ­
CTUU O'lJ1meHHOro MOHTMOpJ1JlllOHI1Ta li oenromrra. B5I3KOCTb pacr so poa cMeceM CHIDK aeTC5I n p u n aene­
HI1I1 B H HX 1 Mac. % H aHO'laCTl11\. M eTo,UoM penr renoscxoa ,UlHppaKUl1H yCTaHoBneHO, 'ITO lIa1lO'l3CTI1Ubl 
B nJTeHKaX HaXO,U5ITCH B 3KC<p0JTIm pOBaHHOM COCT05IHHli . Ha OCHOBaHlil1 aH aJT113a <DYPbe- 11K - cneKTp OB 
KOMn03liTHbiX DJTCHOK nOKa3aHO, 'ITO Ha6nJO,UaeTC51 cxrem en a e nOJTOCbI nOrJTOmeHIUl rpynn Si- O. 3 TO 
MO)l(eT 6blTb 06ycnOBJreHO KaK 113MeHeHI1eM ;HI3n eKTpH 'I eCKOH npOHHuaeMOCTH oxpyx arouren HaHOlIJla­
CTHHbI cpenu, TaK 11 oopasonaa ue« no,Uop0,UHbIX CB5l3eH Me)l(,ll)' rpynnaxm Si-O JI <PYH KUlIOHaJT hHbI MIi 
rpyrmava 3 cjm pa ueJTJTlOn0 3bJ. 0 6 Hap Y)l(eHO, '-ITO KonWIeCTBO BBe,UeHHbIX HaHO'laCTI1U BJIJ.15ICT ua .u.C(!>OP­
MaUHOHHo - npO' IH OCTlIbl e xapaKTepl1CT.I1.1U1 DJTeHOK, nOJlY'le HHbIX 113 nccnenoeanmsx CI1CTe M . 

B HaCT0 5J llLCC Bp e M 5I n OBbl W CII Hbl H mrrepec BbI­ POB n omoaepa H cycnenan a JIa H Oy a Cn tU H 1I0CJlCLl,y ­

3bIBa lOT caaoacco uaapo nainrue nOJTI1MepHble CI1­ iornee HX CMeWeHl1e . 3 TO 0 6 y CJlO WleHO TCM , 'ITO n o ­

creu u n a OCH Ou e B0 306 JIo BJI5IeM bIX npHpOLl,HbIX no­ rracaxapansr nepepa6aTbIBaIOTC5I C IIOMOlllhTO " p a c ­

m lM e p OB, xoro p u e 5IBJI5IIOTC5I 3KOJlOrHl.leCKI1 6C3 ­ TBOPHbIX" TeXHOJlorllH. 

Bpe,UHbI M H H 6 110 ,Ue r pa,uHpy eM bI M I1 [1- 31. JIb 
J1cCJTeLl,OBaHHIO 3a KOilOM e p H OCTe H H3l\le He1U 15I 

npocrsrx 3Qll1P0 13 ueJIJIIOJ103bI , conepxaura x 110HO­
p eonornaecxnx CBOHCT B pacr nopo n n OJI I1CaXa p HlI.OB 

renusre rpyn ru.i , Wl1pOKOe IIp l1MeHeHHe nauirra 
B 3aOHCHMOCTI1 OT KOJll1yeCT Ila I3BeLl,CHHblX I3 H lIX Ha ­

Kap 6 oKCI1MeTl1JIue.JlJl IOJI0 3a, KOTOp a5I Bbm YCK aeTC5J B 
HOl.l aCTH U He ynermnocs ,UOJDKHOr O nH H M a H I1H, XOTH 

I3l11LC H aTp H e IlOI1 COm I (Na-KMU). PaC W HpemI5I 
CBOI1CTBa norry -raexisrx n Jl e H OK 11 UOJlOKOll n pcn ­

<PYHKH I10 HaJlbHbIX CBOHCTB 3<l:>HPOB ueJlJlJOJl03bI 
onpenensnorca H M e H HO n penstcr opneri n OJTHM Cp OB 

MO)l(H O ,UOCTI1Yb nyrer-r I1X ,UaJlbHel1Wel1 XHMWleCKOI1 
1I HX CMeceH 13 pacr sopax. Flpnxrepsr n e o xcan a u n o r o 

MO,UH(lmKaI.l,H H [4- 7] l1JI 11 COB MemeHH5I C Ll,p y r H M H 
113MeHeHl15I peOJTOrHyeCKHX CROI1CTIl paCIUTa OOB IIO ­

npa ponnsn nr H Cl1llTCTW l e CKH M H rtonasrepa H l B 
Jl I1MepOB C Ll,06aBKOM HaHOyaCTH U IIpl1BeJLe H bI Il p a ­

o6me M paCTnOp H Te JlC [8-1 0]. 
60Te [20]. 

B TIOCJle,UHe e Ll,eC51Tl1JIeTHe HHTe H CI1BH O 113~IaIOT ­
Peorrora -recxa e CBOI1CTBa c u ece tt 1l0 JHICaXapH ­

CH CBOH CTBa nOJl H MepIlhI X K OM n03HTOB C Ll,0 6aBKaMH 
Ll,OB C MOHTMOPHJlJlOHI1TOM (M MT) 11 crpyxry pnan 

1.JaCTI1U nauopaawepnoro yponns [11-13]. Bnenerrne 
opraHH3aUH5I HaHO' IaCTll U B nOJl ~I MepHoH n n e u xe BO

HaHOyaCTI1 U 13 noruoaepnyro MaTpHllY "laCTO npHBO­
MHorOM 3aBI1C5IT OT rtpensapar em.a o ii o 6 pa60TKl1 

m rr K cyurecrnennosry nonsnu emuo MexaHWIeCKHX 
MMT B npouecce n OJlyyeH H5I cycneus nn , K OTOP YJO 

CBO!:fcT B KOM fI 0 311 11110 H H bIX H3Ll,eJl I1M, 113MeHeH I110 
3aTeM H BBOLl,51T B paCTBOp nomoaep a . B p afiore 121]

6ap bc p ll bl X CBOH CT B 11 T. rr . 0 6 b I YH O n o crre n o rry-ie­
6blJlH 113Yl.leHbI peorrornnec x u e cno i rc r ua cycu e u aasi

HI15I n OJl HM ep H bI X H a H OKOMII0 3 11TOn u c c rr en yror HX 
MMT c ,U0 6 aBKaM I1 N a - K M U , KcaHTa llOIlOI1 K a MeJJ. 11

CTp y KTyp HyIO o p r a HH3aU H IO , MeXaHl1yeCKHe CBOii: ­
11 1I.0Ll,eUHJlcYJlb<l:>aTa HaTp I W . H o HaH Ol.laCT H U bI 

CTBa H T.n . [14-] 9]. B cny-rae nornoaepustx HaHO­
M M T n p n 3TOM 113HaYaJlb H O H e 6 bUI I1 B 3 K c ¢ o m I H ­

KOMJl 0 3 HTOIl n a OCIlOBe n OJlHCaXapHLl,OB 'lame scero 
pOBaHH OM COCT0 51 H H H . B Ll,p yro i i p afio r e M MT n pezt ­

nepaoii CTa).l.HeH 5IBJT5IeTC5I npl1rOTOBJle1l11e paCTBO ­
naprrr ens no nncneprap o uan a B BOLl,e C nostouisro 
ynsrpaasyxa, n o cn e -rer o HaHO' lac TH UbI B 3 KC<!)OJllI ­E-mai l: bochek@hq.macro .ru(fio4exAneKcaH.lI.p Muxatino­


1311"4) . HpoBaHHOM 11 mrr e p x an a p o e a mro a COCT0 5IH I111 B130 ­
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2086 fi04EK H np. 

,!jJU II1 B paCTB Op N a - K M U ,LJ)UI n o n y -r e u n a 1I10,UIH j:m­

TUlpOBaHHOrO MMT, K OTOp bIH 3aTCM HCn OJl b30 B3JII1 

npa CHHTC3C cynepanaroa bcopoe ura aa OCHOBe ax­
pHJIUM HJI,a 12 2 ] . C TPYKT YP H a H oprau nsaua a HaHO"-Ia­

Cn-1l1 M MT B IIOJIy '-lClI llb IX K OMn0 3HTa x OKa 3aJI aCh 

paann-u toil , -rero H CJl e.ll OBaJI O ())!<l1.ll3Tb . O O,U06H35J 

3aKOllOMCP H OCTb Ha6JIJo.llaCTC5I npn BBe,UCH HH CYC­

n CI 13HH MMT B p a CTB Op bI XHT03a Ha . B paocr e [23] 

noxaaano , '-ITO M a KpOMOJICKy n b l nOJI H Me p a He paspy­
uia tor crroncrv to crpyxryp y M MT. Anrops i UHTHp ye­

M OH pa6 0 TbI npcn nonaraior; '-ITO B3al1 M OAeHCTlme 

M a KpOMOn CKYn Xl1T0 3a H a C M l1 lCpO '-la CTHu a M H MMT 

n p OH CXO HT ua HX n OI3Cp XH OCTH . O b ln H nonyxem.r 
T3 K)KC llaH OK OM rr 0 3 HT bI XHTO'l a H a C H HTe p KaJIH p O­

BaHIlb l MH '-IaCTHuaMH MMT r18, 2 4J . 0 6 UXHM B YKa ­

aarrasrx pafiorax 5I BJ!5I eTC5I OTCYTCT BH e npenaapu ­
Te Jl b H Oll 0 6 pa60 T K H YJIhT p a 3BYKOM ,UI1Cnep CHI1 

M MT, KOTOpylO J aTeM B BO,UHJII1 B pacr uopsr XHT0 3a ­

aa. B peaynsrar e rpyrmo rtpennonarart., n K a K OM c o ­

CT05lHH H HaXO,UHJI HCh '-IaCTH U bl M MT B HC XO.ll H OH 

cycnCII3HH. nep CcIH CJICH Hble n pm-icpsr HarJI5JAHO 

noxaasrBa lOT Ba)KH OCTb CTaH,Ua p Tl13aUHH npouecca 
I1pl1r OTOBJ1CH H 5I ncxoruro ji cycnenaan HaHO'-laCT HU 

MMT. 

B ::nOH CB5I3H npe ,UCT3BJI5I CT HaY"'-IH bI H H npax­
T I1'leCKHJ1 H I-fT CP CC K OMIInCK CH OC 113 Y"'-I e H H C 3 3 K O­

n o xrepn ocrc it H3Me H eHH5I CBOH CT B K OM n 0 3 H T OB OT 

p COJI OrH CleCK H X CRoikTB p a CT Bo p OB CM ece H ,UO 

crpyxrypn o ji o p r aIH1 3a U H H H n p OCIHOCTH b I X xapax ­
Te p HCTH K IIOJIY'-le HHbIX H3 pacr nopo s nnenox . 

l.lem, lIacT051UXCH patiorur - H CCJJeA OBa H He PC o ­

fl OITI YCCKHX CUOHC T B BO,UH bIX paCT Bo p OB Na- K M U, 
co,Ue p )Ka UXH X npn pon m.re ,UIIOM OCW II1K aTH bl e UaJIO­

ClaCT H UhI '-IH CTO r O MMT J1 6 e HT OH l1Ta, np crnsapn ­
T CJl b HO nrrcrrcprn pouam n.re B none C rrOMOII.:(bIO y JJb ­

r paasyka. (pOpM OnaHI1e HaHOKOM rr 0 3H To n H3 3TH X 

pacrnopou H H 3yqe u I1C ¢J13H K O- M c x aHlfll e CKHX xa ­
p a KTCp HCTl1K n ony-rcmrsrx IJJIe HOK H HX CTpyKTyP­

H OH opran aaaua u. 

s xcnEPH M EJ-I TAJI bHA51 4A CTb 

B xaxecr ne M aTp l1U bI nneaoxaoro xrar epuarra H C­

rr OJl h 30 BaJI l1 n p o M bl lIIn c H H brJl oopaaeit Na- K M U co 

creneur. io '~a Me U (e H IHI , paa uori 0 .46 , J1 M = 9.2 X 104 

(cr enens IlOJIH MCpH3aUHH, 0 IlPC,UCJI CH H a5I llH CK03H­

MeTpH'-IeC K H M M CTO,UOM , COCTa BJIHe T 4 6 0 ) . N a - K M U 

n penu ap irrensuo OTMhl Ban H OT npmrecea roP 5I'-IJ1M 

70%-lI hI M BO,UH bIM pacruo pov naonporranona B an­
napare COKCJICTra . 

H a n OJllI HTeJUIMH CJly)I( l1JT 11 '-IJ1CThIJ1 M M T Q)J1p­

M bl " S o u t h ern Clay Prod u c t s , I n c . " (CWA ) H 6CHTO­

II HTOllaH r J1l1H a Tar a ac xoro MC CTOpO)K,!(e H J15I (Kasax­
crau ). OCHTOII HT 6bUI n p e,UBapHTCJIb H O pa3 M Ofl OT J1 

OT<pp aKl.(H OHHp OBaH. Y1 CIlOJlb30BaJI H <ppaKUJ11O C 

paasieposr eraCTH U 0.05-0.15 MKM. 

M MT H 6eHTOHJ1T npennaprrren s u o 3aJ1J11laJ1J1 

,UH CTH JUIHp o BaIl Ho }'1 BO,UOJ1 H n ep exreuursanu na 

M a r H I1TH OH M CWaJIKC B Te'JCH J1e 12 q, nocne uer o 

,UJ1crreprJ1p OBaJIl1 B TC'-IeIl HC 0 .5 Cl n a ynsrpaauyxo uoii 19 
YCTall OIlKe Jt[JT 10 0-6 ( P OCCJ151 ) . 

Pacrnop u c weccii 1l0JI H M ep a C HaIlO' IaCT H u a MI1 

r 0 1'OI3HJI H .ll BYl'-I5I crrOC0 6 a M l1 . n o I1Cp BO My cnocofiy 3 
CMCIllH BaJIJ1 3%-Hbl t"r pacr uop N a - K M U J1 3 % - H YJO 

cycn e H3 11J0 M M T B 3a,UaJ-Hl b IX nporropuuax. Flep e­
MelIlJ1Ba HJ1e CM cceH rrpOBO,LUlJl l1 B r e-re u He 5 ' l. no 

BTOp OMy cnocofiy K pacr aop au N a - K M U ,U0 6 a uJI5IJH1 3 
paC'-ICTHOC KOJIWICCTno KOI-I I (eIlT p Hp oBaJ IlI OH eye­
rr CH3J1J1 HaH O'laCT l1U ( 6 % - Ha 5I cyc nen ann MMT) C 

n OCJIe'uy IOlUH M pa36 a BnCIIl1CM ,UO oAH HaKoBoH 

( 2 .5 % -HO"li ) KOll u eHT p a U HH n OJI I1M Cpa. OpH HC­

rr OJl b3013aHI1J1 6 CHTo HHTa K pacrnopy rr OJI H MCp a JIO­

6aBllilJ1I1 7%-HYI0 cycnenamo I laH O'-la CTl1U C IIOCJIC­

.ll YJOUXH M pa36aBJIe H I1CM JlO 1 .5 % -Jlhlx p aCT Bo p OB no 
KOHueHTpaUl1H N a- KM U . K OHIJ.c IITp a I l H 51 na uo-ra­
CTHI l B K OM rr 0 3H UJ15J X nsrpasceua B n po ucirrax 0 '1' 

MaCCbl IlOJII1 Mep a . 

PeOJIOr I1'ICCK l1e CBOHCTn a K OH UC HTpHpOIlaHHbl X 3 
paCTBopOB HCCnC.llOBaJIH C 1I0 MOULb lO P 0 1'3 U I10 IlIlOro 

BHCK0311 MeTp a " Peor ecr 2 . 1" C pa60'nlM Y3JIOM U I1­

JIHH'uP - U l1JT I1I-fAP B ,UHarra 30 HC lIanp 5I)KCIII1 H cnsura 
3 - 600 D a . 3 

n JIe H K H H3 BO,UH bIX paCTBopOB CM CCCH n OJIy ' laJI l1 

MeTO,UOM c y x o r o <popMoBaH w I C !10 M Olllb IO rr JIOCK OI1 

nafiop ar op uoa <pHJIbePbI C peryn apyexrsur 3a30 p O!' 1 
2nyre ja HaHeCeHH5I pacrnopa na crexrrsnu u-re TIJl aCTI1 ­

Hbl npu 20 11 nocnerry rom ejt CYW KI1 IIP H 25°C. H cn a ­

p CHHe p a CTBOp H Ten 5I rr p OHCXO,UHJIO Il TC' I CH JlC 4 cy­

TOK. 

MeXa H H '-Ie CKHC xap aKTe pHCTHK H K OM n03H I111 0 H ­

HbIX nrre n ox H3Y"'-IaJ1H n pn KO M ll a THoii TCM !1Cpa Ty ­

pe 13 p e)K J1M e O,UH OOClI o r o p a Cn l)Ke IIl1 5I na YIIHBCP ­

CaJI b l lOH yCTaH o BKe ,LJ)I 5I M CXaH l1 ' IeCK H X uc m.rra­
H HH U T S 10 ("UT S test syst e m e ", fcpMaHH 5I) . 

M e x aHH'ICCKI1e I1CrrbITa lI J15J rr p OUOAHJI I1 na 0 6 p a 3 ­

uax TUI CH OK r omu ua o ti 15 - 20 MKM Il q>OP M C nonce 
C B3aHM Il0 napannensnsnia Kp a51M H (xaxecr ao Kp a5I 

H OTCY1'CTBH e xpaeusrx ,Ue<!>eKTOB K OI -lTpOJI Up OU,UllI C 
eM 

n OMOUlbIO OI1T H CICCKoro MHKPOCKOIW) Ill I1PHIIOii 
n oi 

2 M M H MHI-IOJ1 paoo-rea ' I a CTH 30 MM . PaCn l)KCHJ1e 
lIel 

0 6 p a 3UO B ocyurecr nnan u CO CKOpOCT b lO 2 0 MM/M HH 
TO,! 

(100% na-ransnoa M H H b l 0 6pa 3ua/MHH) . B np ouec­
C lI 

ce HCrrblTaHHH pemCTpl1 pOBaJI H nnarpaxory paCT5I­
JI5IJ 

)l(eHH5I ofipaau a, rro p e 3YJIbT aTaM HCnbIT,UIHH onpc­
,UeJI5IJII1 BeJIH'-I HH bI. MOllYJI 5I yn pyrocrn E. npenena xet 

BbIHY)K,I\eIlHOH :3J1a CTJ1'-1 110 CT H <Y n p OCIHOCT H <Yp I-IB , 

rrpe,UeJIbHOJ1 ,Ue<:j:lopMa U H H AO paspymenaa lOp' 

Texine par ypy CTeKflOBaH H 5I IIJICHOK T; HaXO.ll11 H 

Tc p M OMeXallI-l YCCK H M MeTO,llOM lIU YCT ClHOBKC 

YMI1B- 3 B pe)l(J1 M C narpena ofipaa ua c o CKOpOCTblO 
CM! 

ern 
5 rpaA / MHH npn n OCTOHH H OH p a CT5IB lBa lO w c H HU­

xp: rpysxe 0.5 M n u . 
BI1 

)l,;I51 113yqCH H5I CTp y KTYP l lO K opra uuaanua K OM­ CT I 
rr O:JHTOII ncnorn.aouann MC TO ,UbI peurreuocr pyx­

3 bl 
ryp u oro a uannaa H C1->YPhe - H K - c n e KT p OCK OIlJ1H . 

<DYP b e - VI K -CnCKTp bl lIJIe llOK CII H MaJIH u a c n e x r p o ­
we 

MeTpe " Ve I1c x - 7 0 " ¢ H PM bI "Bruker" C npu srene u n- H3 

HbTCOKOMOJIEKYJUI PHbl E COE,LI,I1 HE HI151 CepJ151 A TOM 53 NQ 12 2011 
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CBOJlfCTBA BOW -IblX PACTBOPOB KAP60KCl1M ETHJl lJ,EJIJJlOJl03bl 

2.5 

1.5 2.0 2.5 3.0 3.5 

3.5 

3.0 

2.5 

(6) 

5 

1.5	 2.0 2.5 3.0 3.5 
Ig-r [na x 10-1] 

Puc, I. Kpnnue Teq eHH5I paCTBOpOB Na-KMH (1) .11 

Na-KMU c .lI.06anKaMJol MMT (2-5) npJol20°C, npn ro­
TO BJleHHblX no nepuovy (a) H DTOpOMy (6) cnocoriaa . 
CO,D,ep>KaHHe MMT 1 (2) ,5 (J) , 7 (4),10 Mac. % (5) (a) H 
1 (2) , 3 (3) , 5 (4) ,10 Mac . % (5) (6). 

eM 1\U I KpOn p I1CTa BK I1 O,UHO Kp aTH O napyurennoro 
nonnoro RHYTP CH Hc ro OTp a )l( e H I151 " P ike". n OJIY­

-rennsre 06p a3UbI HCCJIe1l.0n aJI I1 pCHTreHOBCKI1M Me­

T01l.0 M na yCTa H oBKC " L1.p o H - 2 .0 " . VlCnOJIb30BaJIH 

Cu Ka. - 113JIy<ICHl1 e , M OHOXpOMaTI13aWtlO ocy uiecrn­
mum Ni-<pI1JIbTp OM . O tipaa u s r r OTOB I1JII1 B Bl111.e n a ­
xer a n JIeHOK TOJI m H H OH 1-2 MM. 

P E 3 Y J1h TATbl VI. VlX 06C'Y)I(LJ.EH VI E 

H a P I1C. I n OKa 3a H bI KP HBbJe Te'leHI151 pacrnopou 
c v ece ti Na- K M U C M M T, npl1rOTOBJIeHH bl X 1I.B)'M5I 

cIIoc0 6 aM H . O H I1 npe1l.CTa 13JI51.l0T C060H HenOJlIIbJe 

xpnut.re Te'leHl151 HeHblOTOHOBCKI1X )I(I111.K OCTCH. 

B I111.IIO, l ITO B13e1l.eHHe B p a CT BOp nomorepa naaoxa­

CTI1U M M T B 113)"-l e H H OM I1HTepBaJIe COCTallOB n s i ­

3bIBaeT He3 IIa 'l I1TCJIh HO e CHI1)1(eHl1e, a 3aTeM I10Bb] ­

urenae B513KOCTI1 CI1CTeM (cpaBHI1BaJIH pe3YJIbTaTbI 

113MepeHI1H n p a lgr = 2 .0) 11	 H3MeHeHI1e yrna Ha-

BbICOKOMOJIE KYJUIPHbl E COELU1 H EHl15I Cepas A 

Igl1 [MDa cJ 

3.5 

3.0 

2.5 

•.~.---- ---- - -..:..I . 
. .0.. 

4 
. . ... . . -6 

/; /; /; /; .. 

o 4 8 
MMT, Mac. % 

Puc, 2.3aBHcHlIoloCTb BHJKOCTH aonasrx pacr sopoe CM ­
ce MNa- KM LlOTcone pxauan B HH XMM T, nony-reausrx 
no nepnovy (1, 2) HBTOpOMy (3, 4) cnocobaxi npa 20 (/, J) 

Jol 40°C (2, 4). Ig1: = 2.0. 

KJIOlla KpHBbl X TelJeH IU I , lJTO YKa3 hIBa eT na 113MCII ­

Hl1e CTCneHI1 CTP YKTYpl1pOUa lll1 51 CI1CTeM . B C y-rae 
pacr uopos . npl1r OTOBJI HH bl X no BTOp OMy cno co6y 

(pHC. 16 ), <popMa KPI1 Bbl X (l>a K T wlcc KI1 OCTaCT CH 

npeaoreri. H a 6Jl10 1l.a eTC}1 T OJIbKO 11 3MeH CH H C U5I3 ­

K OCT I1. 

Vl 3 pHC. 2 Bl111.Ha 06mu5I TeH1I.eHu.W I I1J M CH CH H5I 

B5I3KOCTI1 OT KOHUCIITPUUI1I1 M M T B pacruopax, 
npl1r OT0 13JIeHHbIX1I.BYM 5I CIJOC0 6 Ur-,.H t : CH II)I(CIU I B5I3­

KOCTH npn conepxan 11 11 M MT 1% 11 3UTCM c e ox una ­
esroe nonsnucu ne n o M e p c YBeJI l1'lCH HH KOH u e HTpa­

UI1H M I1HepaJl.b llo r o Han OJIIII1TeJI 51 . T UKo H BUll 3aBI1 ­

CI1MOCTI1 BH3KOCTI1 OT conepxcaun n IlaliOllUCT H U 

YKa3bIBaeT lIU nepecrporixy crpyxrypsr pacraopa 11 0 ­

JII1MepHOr o KOMIJ0 3I1Ta . n U1I.e llHC B5I3KOCTH PUCTilO­

POB cxreceti , rrpnror o anea u u x no n ep ao xry cn ocofiy; 
npn KOHueHTpall l111 M M T 6 0 JIbUle 7% (pu c. 2 , xp u ­
nsre J 11 2) 0 6 yCJIOBJIe HO :J<pqJe KTOM paafia unen un n o­

JII1M epa. )].JI5I n ozrrne paczreu a a uuc xasan u o ro npen­
n OJIO)l(e H H5I 6hIJI I1 H3y tIeHbi pacrsopsr cxrcceii N a ­

K M U C MMT, rrpl1rOTOBJIe JlH b lC n o BTOp OMy CII OCO­

6y, npn KOTOpOM K OHueHTPaUI'Bl 1I0JIltM Cp a OCTUCTCSl 

n OCT0 51. HHOH . B I111.HO, l ITO Ha6Ju o 1l.a eTC5I CH H)I(e H l1e 

B51.3K OCTI1 B 06JIaCT H M aJIbl X 1I.0 6 aBOK MMT 11 OTCYT ­

crayer nanen n c B51.3K OCTI1 IlPI1 xo uueirrpau m r lIaHO­

llaCTI1U 60JIbWe 7% (puc . 2. x pa aue 3 11 4). 

Bnene ua e MaJl h l X K OJIl1 lJe CT B M MT ua py ruaer 
crpyxrypy pacrno pa N a -KMU, BCJle.ll,CT BI1C -rcro 
n p OI1CX01l.I1T YM CJl h Ul e HI1 C B5I3KOCT H . Ilanenue nsra­
K OCT H paCTBopOB 11 p aC OJIa llOB csrece ti nOJIH M epOB 

C He60JIbWI1M conepacan a e v HUHO<la CT I111 lIa 6 J11o ­

1I.aJII1 11 AJI5I 1I.PYrHX CI1CTe M [20 , 2 5 ] . Cmoxeuae B5I3­

KOCTI1 asropsr o ny6 Jl l1K OUaHH bIx pU 60T 0 6 bHCWIIOT 

a1l.COp6UHeH onpenen e n 110 11 ,UOJIH Ma K p OM OJl e KyJI 

TOM 53 NQ [2 2011 
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PIIC. 3. Kpuasre r e-reun n npn 20°C l.5%-HbIX BOAHbTX 
pacraopos Na-KM U (I) .l1 CMeceM N a-KMU C 2 (2), 
5 (3), 7 (4) 11 10 Mac. % 6eHTOHl1Ta (5) . CMecH npl1rOTOB­
nensr no BTOpOMy cnocofiy. 

n OJU1M cpa aa n OBc p XH OCT H HalIO' lacTHU, 'ITO n prr ­
BO,nHT K Y M CH blliCHHIO cpenneri nflOTHOCTH CeTKl1 

3,u ICn flCH I1H xra xpostorre xyrr B pacruope , cxorn.xce­
H I1IO nOKpbITbI X fa KPOMOflc K Yfl a M H qaCTH U B no­

JIHMC p HOI1 M aTp l1li e u n OTOKe H T. n . [25J. Cn en yer 
OTM CT HT b , ' ITO IIco6XO).I}I :\W yqHT hIBaTb 11 113M eHC­

Hl1C M o p q)OflO r l1 H pacrnopa n OJI H M Cpa, con epxa­
utero H a HO'IaCT H U bI , npn aapsu ponanaa CK OpOCTH 

H Hanp H)\(CII HH cnnnra, u P C3YJl b1'a1'C xero BH3 KOCTh 

CHCTCMbI Ta K )f(C M O)f( eT CH H )f(aTh CH [20]. Il pu 60flec 

llbI COKHX KOH U CH Tp aI 0 1HX M M T BH 3 KOCT b paCTC1', 

YTO 06yCflOBJICHO y ncflwlc H HCM KOH u e H Tp a U I1H Ha­

nOJ1l IHTefl H II U03MO)f( lI bIM YCHfleHHCM B3allMo,neti ­

CT BHH M C)\(.IlY ¢ Y H KUHOHaJ1 bHhIMH rpynrra sor n o­

13Cp XHO CT H H a H On fl a CTHII H MaK p OM OflCKYfl ITOJIH ­

Mcp a . 

A HaJ10 r l1YH bl C 3aKOH OM CPIIOCTH xapaxrepast H 

,llJUl paCTBo p OB Na-KM U C ,ll0 6aBKaMH 6C HTOIIHTa, 

n p l1!'OTOIlJI CH H bIX no BTOp OMy cnocooy (pu c. 3 H 4). 
I3IlC,nCIIH C 6 CHTOH HT3 B paCTUOp N a - K M U n p HBCJIO 

K H 3MCH CH l1 1O CI)OPMhI Kp H BbI X TeY CHHH: pacr nop sr 
CTaJI11 I\.ICH e e crpyxr yp aposam I bI M l1 (B ~I3KOCTb B 

MC lIhlUel1 C1'e neHH 3a BllCHT 0 1' HaUpH)l(CIB151 cznsnra). 
H a p IIC. 4 BI1,llH O, -rro 0 6 c y )l(,lla e M bIH 3¢CPCKT CHH)\(e­

Hl1~1 BH:lK OCTI1 cxrecei! 13 06JIa CT l1 MaJ1blX ,ll 0 6 a BOK Ha­

HOqaCTl1 U B 3a Bl1Cl1M OCT H 01' HanpH)l(eHJUI cnanra 
(l1JIH CKOp OCTH cnnnra), npu K OTOp OM n p OB o .ul1TCH 

cpanucuuc B5I3 KO CT H pacrnop on cxreceri, M O)f(eT H lie 

Ha 6 JI IO,llaTbCH. Ho 0 6 111CH 3a K OH OM e p H OCT b IO .nJ1H 

paC-rROpOB N a - K M U c A06a BK a M H MMT H 6eHTo­

HHTa H llJ1HCTCH YBeJIH ' l e Hl1C BH3 KOCT l1 n pn BBC,llCHI1 I1 

M I1HCpaJl b Ho ro irartomurrenn B KOfl l1'ICCTBe 6 0 Jl b UI e 

2%. 
H a u a ur n s r n an , CIIH)\(eHI1C BH3K OCTI1 pacrsopon 

CMeceH N a - K M U - M M T H Na-KM U - 6 e HTOH l1T B 

Igll [M Oa c] 

r2.5 I 

------------. 
/ - -0 

•	 ~ .0 -,-·------------2 

~.~. " " ,/"
 

..0 __-------------------0·
 

0 " 

2.0 

o 4	 8 obeIlToHHT,Mac . % 

J 
PIIC. 4. 3aBllCllMOCTl1 B513KOCTll 1.5%-HbIX BOL\HbIX pac ­

TBOpOB N a- K M U npu 20 0 e OT COAep)KaHI1Sl B HllX 6eH­

TOHI1Ta 0PI1 19l: = 1.8 (I) 112.0 (2) . 

06flaCTH MaJ1hIX n otianox H a llO'I3CTM U (1-2% 01' Mac­

ChI nonnvepa) 0 6 yCJIO BflCHO n nepnyro o-iepem, na­
pyureunev crpyxrypu pacr nopa non uv epa - paap y­
m CH l1e M n p OCTpa HCT n eHH OI1 Cl1CTCM hI BO,ll0POAHhIX 

CB5I3eR, xapaxrepno ii JI,J1 H BO,ll,HOr O paCT130pa Na­

KM U . H e CTOI1T MCKJI IOl.faTI , H 113Me HCI UlC cpeznre ii 
11J10 TH OCT l1 CCTKI1 aanennena a M3KPOMOflCKYJI Il pac ­

ruope scnencrane aacopfi u nn onpeJi CJICH HOI1 'laCTl1 

MaKpouenei,j I-1 a n o u e p XH OCTH H a I-IOnJIa CT H H MM T J1 

6eHToHHTa. He K OJIW I CCTBO Ua H O'IaCTI1U OTHOCI1 ­

TeJIbHO HeBefl I1K O. Il osr ouy na xce aLl COp 6UI151 ortpe ­
neneu n o rt yaCTJ1 Ma Kp o M o flCKyJI rr OJIH Me p a ua n o­

Be p XH OCTI1 I LaHo n J'l a CTI IH HC MO)\(eT npl1BOAl1 1'b K 'ra ­

K Ol\IY CYUieCTBeHHoMy CH H )f(CH H IO BH3 KOCT I1 CI1CTe .M. 

H 3 11 3y y e H H bI X p a CTBop OB MCTO,llOM c y x o ro ¢ op ­

M OBaHl1H 6blflH non y-ren sr n JICH K I1 11 113y' leHa I1X 

CTp yKTypHaH o p r a H H3a U H H 11 nerpopxrauaouno ­
I1p O' l H OCT H bI C x a p aKTCp I1CTHKI1. Ha p H C. 5 npencr an­
JIe H hI pCI-ITr CH OUCK l1e .ull¢ p a KTorp a M M hI nJICH OK 

Na- KM U C M M T B 06Jl a CT l1 lliH p OK H X 11 M aJl bI X yr­
fl OB. P c q)J1e K Ch I n pn 20 = 12.0° H 2 1.8° namup p a xro ­

rpasore N a -KM U OTHOCHTCH K 11J10 CKOCT5IM [1 101 H 31'( 
[0201, xapaxr epuu xr ,LI;.JHI I"I1JI.paTUCflJlIOJI03bl H ee cPll 
rrp0I13BO,llHbIX ( p HC. Sa ) [2J. M M T B 11CXOA H OM c o ­ yx: 
CTOHHl1 l1 npencraanser cofioii MI1KpO'WC1'I1Ubl, co­ n o 
ziepxaume rraxersr 6 a3HCHbIX afl lOMOCI1Jll1 KaTHblX nnoc­ 5tH 
KOCTCH, paccr oa inre M C)I(Ay xoropsnor d = 1.25 HM. 

Ha n rppaxro rpaxoae M MT 3 TO p a CCT0 5I1H 1C orpa ­
)\(aCT p 'qlJI CK C nJ IOCKOCTJ1 00 I npn yrne 20 - 7.5° KO 

( p HC. Sa, Kp J1Ua H 5) [11- 131. Orcyrcrnne pedincxca IHI 

I-1a pearreaomnppaxr orpaa v c N a - KM U Il 0 6 flaCT I1 M 
YfJI OB 28 Me Ilbw e 10° n 0 3 IlOfl5ICT I-1aLle)f(HO per u ­ U b 

CTpJ1pOnUT h 11 3M e llCH I1H CTP YKTyp HOH Op r a IIJ13a UHlI CT 

M MT B KOM n031-1UllOHHbiX nJICIIKa X 3 q)l-\ P l{eJlJ110 11 0 ­ (t)] 

3bI-HaHOlJaCTHUbL B KOM Il0 3 H IlHOII HblX unerncax Ull 

BbIC OKOMOJlE KYJl51 PHbJE COEW 1 H ElI l151 Cepl151 A TOM 53 N2 12 201 l 
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P IIC. 5. PeHTr eHOJ1l1CppaKTorpa MMbJ nJleHOK N a-KMU VI 
KOMn03HTOB Na-KM U -M M T B06JTaCTYI lllHpOKVlX (a) VI 
MaJlbl X (6) yrno n (pacr nopsr n pHrOTOBJTeHbTno BTOpOMy 
cnoco6y) . a: 1 - Na- K M U , 2- 4 - nJleHKH N a-KMU C 
!106aBKol1 I (2 ) ,7 (3), 10 Mac. %. M M T (4),5 - YVlCTbl 11 
M M T; 6: J - M M T; 2, 3 - nJTeHKVI N a- K M U c 7 (2) H 
10Mac. % MMT(3) . 

sr o r o p CcPJIe K Ca H CT. T aK)Ke He Ha6JI1o.naeTC5I p e ­

Q:>Jle K COB 11 B 0 6 JIa CT H MaJI J,I X yrnos (p uc. 56). 3 1'0 

YKa 3blJ3a eT na T O, YT O H a H Oya CTI1 Ubl M M T B KOM ­

n 0311Ta x H a xo.n51TC5I B :JK CcP0JHlI1 p OBa H HOM COCTO­

HII IU !. 

Flono tiu u e I1CCJlC,UOBa HIUI 6blfll1 nponenensr 11 C 

KOMn0311UH OH H bl MH nJIeH K a M I1 Na- K M U-6eHTo ­

HI1T (pHC. 6 a H 6 6 ) . B 6 eHTOH I1TOBb lX rrnnrax Kp OM e 

MMT n pHCyTCTBylOT zipy r ne M HH ep aJT bH b l e ':laC TI1 ­

Ubi [ 261 , BCfl eJ~CTB l1 e s ero p aCCT 0 51 H l1e Me)l(Jly nna ­

CTI1H a M I1 MO )f( eT 6bITb 6 0 Jl bwe. 8 pesynsrare p e ­

Q:>Jl CKC nJIOCK OCTlI 0 0 1 CMemaeTC5I B CTOpOHy MeHb­

1I1l1X 3H a y e H I1H yrn a 2 8 . B a aurexr cnysae 

(a ) 
020 

f I 

I 
2 
3 

4 
5 

o 10 20 30 40 
20, rpaa 

1 

(6) 

3 
-----::::::::::::=::::::::::::=::::: 2 
~--------~-- -- 1 

2 4 6 
28, f pan 

P II C. 6. Pear reaonao paxrorpav wu nJleHOK N a- K M 11 11 
KOMn0311TOB N a- K M U- 6eHToHHT B 06JTaCTVI lllHPOKI1X 
(a) VI MaJJbl X (6) yrnca, nonyseu as ix 11 3 1.5%-HblX pac­
TBOpOB (pacrsopu npnrcr oanea u no BTOpOMy cnoco6y) . 
a: 1 - N a- K M U, 2-6 - N a- K II.~ C llo6aBK0J1 2 (2) , 
5 (3) , 7 (4), 10 Mac. %. 6eHTOHVlTa (5) , r eJTS! 6eHTOH.I1Ta 
B BOlle (7 Mac. %) (6) , 7 - 6eHTOHJ1T; 6 : N a- K M U CIlO­
6aBK0l1 5 ( 1) , 7 ( 2) VI 10 Mac. % 6eHToHI1Ta (3) . 

Ha6JI1o.naeTC5I pedinexc nnoc ' OCTH 00 1 C MaKCI1My ­

MOM npu 28 = 6 .0 0
• Hepca 0 .5 ' ( 06p a60 T KH yn srpa­

3ByKOM 7 %-HOii c yc neH31111 6C lfTOH HTa B BO.nC ofipa­
3y eTc 5I cT a 6 HJlbHblj:1 BO BpeM CH H r em , ( p H C. 6a, xpn ­
Ba 5I 7). nOflY':le HH bIH r CJTb Xpa H HJlC5I lJPII 100e B 

Te' IeH He 3 M eC5IUCB 6e3 BH.nHM bl X 113M e llCII I1H 

CBOHCTB: penrreaozunpp a k r o rpa I M bl r en a 1l0CflC e r o 

npl1r OTO BJleHl15I H xepea 3 M eC Hu a OK a3aJI I1Cb HJl e H ­

T1I ' jHblMl1 . OTCyTCT Bl1e ua perrr renozmrppaxr orpav ­
M e r en a pedinexca IlflOC KOCTl1 0 0 1 CBHjJ,eTCJl bcTByeT 0 

Bbl CO KO M OJl EK YJHIPH bl E CO E,ll,HIIEH Iif 51 Cepn s A TOM 53 NQ 12 2011 
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PHC. 7.¢YPbe- i'I K-crre KTPbI Na-KM U (1) Ii Na-KMU 
C 1 (2),3 (J ), 5 (4), 10 Mac. % M MT(5). 

TOM , ' ITO M J1KpO'-la CTH U bl rJUlUbl LI.HCn Cp r Hp Ol3a H bl 

LlO ane xte u r a p n s tx IlJIaCHIU , H 6 JI H)f(HCrO 1l0p}ILI.K a HC 

Ua6m OLI.a CTC5I, T.e. npOH 301lJ 11a 3Kc qlOJUlaU H5I UaHO­

'-IaCTHU 6 CHTOIHITa . D, a lllf bl c p CU·ITCHOBCK Or O pacce­

5IHJ.l51 KO MII03HllHO H Hbl X TIJICHOK B 06113Cnl M aJl blX 

yrn o n (pHC. 6 6 ) yxaasiuaior na TOT ¢ a Kf, {I TO, KaK H B 

cny -rac OM n03HTO B N a - KMU MMT, nano -racr n­

UbI 6 e llTOHHTonot! rJll l H bI B TIJICH Ka X HaxOLI.51TC5I B 

3KC¢OJH1Hp OBaHHOM COCT05lH H H . C 11eLI.y eT OT M e ­

TH T b , 4.TO Ha p CHTre IlOJIH¢pa KTorpaM Ma KOM I10 3H ­

TOB n p HCYTCTBylOT x a p axrepasie .IIJ15I 3¢Hpa UCJlJl IO­

110 31>1pedinexcsr rrpn yrnax 28 = 12.0 ° H 21.8°. 

C ue.nu ro BbI5ICHeHH5I McxaHH 3Ma B3aH M OLI.e t! ­

CTBH 5I M aKpOM OJl ery11 n o m o-i ep a C MMT 6 blJlH CH}l ­

ThI <l>y p bC- J.1 K -cne x r p sr KOM n 0 3H U110 H H bI X 1rJI CH OK 

( pHC . 7). BUHLlY 3H a ' I I1TCJl bHoi1 TOJIU 1HH bI HCCJIeLI.ye­

M blX IlJreHOK (1 5-20 MKM) 6 [,111 n p u venen MeTOLI. 

\IIK vcrrexrpocxo n H11 1-10 BO (uap y m en uor o n OJlH O­

1'0 n n yrpcnuer o orpaxea a n) C r.ny6H1 ro t! rr p orrnx u o­

BeHH5I 2.0-2.5 M KM . O PCLI.UUpI1TeJlbH O I10 BCp XH OCT b 

o fipa au o s rureuo x 6blJl a 113y'leHa MeTOLI.OM orrr u s e­

c x o i i MHKpOCKO n HJ1 C LI.Byx CTOp OH , H Pa3JlH t.Il1 H na 

n OB PXIlOCTH l1Jl CH OK HC 6 bIJI0 otinapyx eno . ll;J51 

flOJrHOTbI x a pruusr 6 bm H CH 5IT bI 11 K - c n eKTp bI 

HnB O C LI.Byx CTOp OH n JIe H OK . O OCK OJIbK Y 13 

\II Kvcnexrpax non ep xrrocrej i C 06CHX CTOpOH aa­

6 J110LI.a CTC5I npo n o p u a onans u oe ynerr H '-Ie II He H1lTe H ­

CI1BHOCTI1 n OJIO Cbl n OrJI OIUCH H H S i - O C P OCTOM KOH­

u er rrp ann u MMT, M OA<HO nona rari., '-ITO conepxa­
Hl1e MHHCp aJl b Ho ro Imn OJIHHTCJIH n a rrOBepXIIOCTI1 11 

B 06be Me n11eH OK OLI. I1H aKOIlO. 

B \II Kvc rrexr pe Na- KMU n p Hc yTcTBYJOT n OJIOCbr 

nOrJ IOlllCHJ1H rr p n 1590 11 14 \0 CM - 1, COOTBeTcTBylO­

unre aHTH CH M MeTpl1'-1HbIM 11 CI1M MeTp l1' IHbIM K011C­

6 a H H5IM 11 0 H H 3HpOBa H H brx Kap60KCHJIbHblX rpyrrn 

COO-, npn 2900 CM- 1, OTHOC5Ima5lC5I K rpynn n st 

1200 1000
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990 
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1006 
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j)HC. 8. Paanocrrrsre IdKvcrtex'rpsr rem! M MT (rrarro-ra­

cr u uu B 3KC<j:>OJHfl1pOBaHHoM COCTOHlH1l1) (/), rrneuox
 
Na- K M U C 1 (2),5 (J), 10 M a c . % MMT (4) Ii liCXO,llHOrO
 

M MT (5) . B H.
 

UHH ~ 

CMC Ul I 
CH 2 11 CH, a TaKA<e p U3M blTa 51 n o n o c a B 06JlaCH I CTOPO 
3200-3600 · CM - 1, OTBe tI aJOl u aH rHLI.p OKCUJl b ll bI M CTpy K 
rpynrtaxi UCJlJl IOJl03bl 11 e e np0I13UOLI.HbIX P71. B IIC ­ (ppaK1 
XOLI. UOM MMT, HMCJOlllCM CJIOII CTYJO crpyx rypy, H a ­ He sar 
6 JIIOLI.aeTC5I I10JlOCU n OrJlOm e H I I 5I r p y rm S i - O U o6JIu­ Ho me 
CTH 950- 1050 CI\C 1 [28]. B nauresr cny-iae IIMCCTC5I CT HtI. 

n onoca nOrJIOmeHIDI Op H 990 CM- 1 (pHC. 8, KpHB<lSl 5), Hbl X I 

HO OH a rtepex psmaerca W HPO Ko ~i H H HTCH CH UHOH JH IHp 

1l0 JIOCOH n OrJI OllleHH5I Na-K M U B 06JI UCTII 900 ­ H( 
1100 CM- I (puc. 7). 003TOMY 6blJIH H3M c p e H bl pas­ Cbl III 
HOCTHbIC cncxrp si n y rexr Bbl'l H'raH H 5I 113 \IIK -cnCK ­ l/UCTC 
TpOB N a - KMU C ,L!06aBK:lM H M M T CIICKrpa ' lHCTOii MOLle 
N a- K M U ( p HC , 8, Kp H llbl C 2-4). llJl 51 CPUBl I CH H5I II a n o 
6blJ1 1I0JIyYCH pasnocr uu rt \IIK -ClICKTP r CJI5I M MT pot! ( 
(HaH O'-laCTHUhl HaXOLlHT CH B oxcdio rr uupouamrov CTylO 
COCT051HH l1) n yre xr llbl ' I HTUH HH H3 l1 K - cneKTp u f CJI51 JI H H[: 
M M T c n exrp a BOLI.bI (PJ1c . 8, KpHBUH 1) . B 3 K CQl OJIH ­

BH pOBa H HOM COCT05U1I1 H ( 13 r ene ) ora [JOJIoca CLI.BIIJlY­

'ra B CTOp OHy 6 0 JIe e BbICOK I1X t.laCTO T (1040 CM - l ) . 
Mcx a 

lUlCH 

Taxoa CLI.Bl1r M O)l( II0 OO·bHCH I1T b n o K p a HHct'1 Mepe -rro y 
LI.Ry M Sln p ll'-l I1H aM H . C onHOH CTOp OIIbl, YMe HbUleJll l ­ nuan 
eM auepr n u B3a HM o LI.e l lcTBH5I M C)I(J].y r pyrmaxur Si­ n bl H 

o BCJIeLI.CTBHe HX COJl h BaTaUH H MOJlC"'Y'JlaM H uonsr, ,l],am 
n p IlBOLI.}l1U Cr o K 3 Kcq>o JllIHp o BaH Ho M Y COCTOH H I1IO 10 M; 

HaHOITJlaCTI1H . C npy r o ii CTOpOHbl, CLI.BH f 11 0 JIOCbI LlYJI5I 
nOm OLl (eH l151 rpynn Si- O MO )l(eT 6bITb o6y CJIOBJICH HO C1 

H 3MeHCH H CM LI.I13JIeKTp W JCCKOH n p o u n u a CMOCT H ¢CK1 
Me)l(C110eBOr o n p OCTPa H CT Ba M MT [28]. B KO M II03H ­ n eCT 
UItOH H bIX IDl CH K ax TUKA<e B03MO)l(HO 133UIIMOLI.di ­ Ha6J 
CTBHe rpyn n Si-O c Ol-l - rp ynnanu Na- K M U x e p e a 13 110 

06pa 30 Ba H I1C 130LI.OpOLI.H blX CB5I3e H . B p a tio re [18 J no­ 1'.111 \ 

Ka3a HO, '-ITO B KOM Il0 3 l1T aX x HT0 3a u - M M T lIa6JI1o ­ }IX [: 

LI.a IOTC5I B3u H M o n d k TIlH 51 C 1l0BCPXHOCThiO IIUH On Jl a ­ 11110 
CTI1H I10 JlO)IGlTe11bIIO aapax eun blX a v u u orp yn n 13 Jla 

)l(en -N 1-1; (311eKTpOXHMHQCC KOe U3UHMOLI.CnCTJ3I1e) , a 

raxxe rpyrrn 01-1 nOJIHCaXap l1LI.u -repes 130 OPOLI.JIYIO UH II 

CB5I3b. cp: I 
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£\e¢ opMaUHOHHO- fl P0 '-lHOCTHble xapaKTepl1CTI1KH 11 UeJ1114HHbl T KOMfl03HUHOHHblX ITJIeHOK N a- K M U C MMT 

Conepxanae 
MMT, Mac. % 

E,rna E j E a-KMU 0D' MD a 0p, Mll a t p , % t ., «: 

- 5.61 ± 0.15 1 109 ± 2 153 ± 7 17 ± 2 244 

1 5.60 ± 0.11 1 107 ± 2 128 ±2 II ±2 245 

3 5.83 ± 0.18 1.04 112±3 135 ± 10 12 ± I 256 

5 6.74 ± 0.33 1.20 127±6 162± 8 11 ± 2 255 

7 7.96±0.31 1.42 138 ±4 158 ± 5 6±1 246 

10 7.33 ± 0.27 1.31 130 ± 2 142±2 3.1 ± 0.2 246 

BH[( HO , '-ITO n o M e p c y sen a -reu a a KOHueH Tpa­

UHH MMT 13 IIJr e H K a X npo ucxoznrr nocr erreu noe 
CMCUxe H l1e rr OJIO CbJ no rn o uren an rpyn n Si- O 13 

CTO pOHy '-IaC TOT b l , x a p UK Tep H OH ll.JI 51 CJIOI1CTOt! 

crpyxrypsr H a H O'-laCTlIU. ,UaH Hble pCHT r e H O.IJ. I1­

cPpaKTOMeT p H H I:l 0 6 JTa CH I M~lJ lb lX YrJl OB (p u c. 5 6) 

He 3a<pI1K CI1ponan 11 K UK I1X - JII1 6 0 11 3 MeHeHI1 tt B OT ­

HOllJeHIU1 cTp yKTYPHOt! Op r a H I13 a UH H H a H OlIJIa­

CTHH. )10 COll. e p )f( a H I151 Ha U O'-l a CT H U B KO M n 0 3 H T ­

IIblX rrJ1eHKaX 10 M a c. % OH I1 H a XO.IJ.51 T C5I 13 3KCcPO ­

.H!I'l p OBa Il HoM COCT 0 5l1l I1H . 

n OJ1a r a CM , '-ITO n OCTe nCH H oe cxreuteu ne n OJl O ­

Cbl rrO rJI O Uj e H.I151 rpyn n Si- O 13 CTO p OHy HI13 K l1X 

~ aCTOT or paxcaer TCIlll. e Il U I1 IO YCI1JTCH I151 I1X B3al1 ­
:I 

\ \O,1l.eJ1CTI:lI151 11 n p I16 JII1 )f( e H I151 K K O l lueHTpaUl111 
~ 

r lIaHOQaCT I1U u rrolU1 M c p lIOH M a T p l1 u e , npn KO TO­

poii O[( Ha -racri, HaH O l lJlaC1'I1H 6Yll. CT l1Me1'b CJlOl1­

cryio cr pyxr ypy, a n pyras ­ HaXOll.l1.TbC51 13 3 K c<j10 ­

:U1 Hp OBa HIIOM COCT0 51Hl1 l1 . 

B Ta6 JTJ1I.J.e rrpencraanem.r PC3YJIbTaT b l l13Y<leHl15I 

MeXaHl1y eCK I1X xapa xr epa cr irx KOM fl0 3 11UI10 llH bl X 

nneaox l1 I1X r esm eparypu CTeKJronaH I151 . B I1.IJ.HO, 

'ITOysenu -rem te KO H u e H1'p a U l1.11 M MT B n on a xiepe B 

;lHarra30 H e 3-7 M a c . % BbJ3bm a e1' nocnenosarens­
Hblii POCT )f(eCTKOCTl1 M aTCp l13JI a - BeJI I1YI1 H E l1 a w 
!1aJ[bHe ih u e e 110Ub l w e H I1e xo rruenr pau a a M MT (no 

) 10Mac. %) llPl1110 )1.l1T K HeKOTo p OM y CHI1)f(eHl11O MO­
,I .uyml ynpyrocrn l1 npenena BbI I-ly)f(.Il. e H Ho t! 3JIaCTWr ­
1 HOCTH. 3 TO CI35T3a ll0 C YBeJIJ1lI e lll1eM KOJTl1'-1eCTBa ne ­
1 qleKTo llll n OJlI1MepHot! TIJICHKe. TaK He 3cPcPCKTbl 113­

BeCTHhI B Hay'-lHoH nrrr eparype . I-1x MHo r OKpaTHO 

Ha6J11oll.3J1l1 npn BBell.eHH I1 p a 3"J1 H~lHbI X HaH OyaCTI1U 
3 Il nOJfI1Hl>lHllH b l C M aTp l1U b l it 0 6 b 51 CI-l5IJl11 npouecca­

\111 HX arperau mt npu nouu uren m.rx xou uerrr pau n ­
51 X [29- 31]. C TOJIb )f(e TI1I1W ICIl ll.Jl51 HaU OKOM Il0 3H­

UI10 HHbl X n OJIl1MepH b IX M aTe p l13J10 B Ha6JI IOll.aeMh I H 

BnaHHo H patior e 3q)(peKT n OCJ1 C)lOBa TeJI bH OrO CIII1­

1 :KeHHH BeJI I1Y I1H bI lO p nJICI-lOK npn p OCTe KOHueHTpa­

) UHH MMT ( Ta6JTl1ua). H )')KH O OT M eT I1T b , '-ITO 110 

cpaBHeHl1 10 C JIl1TepaTYPllbIMl1 ll.aHHbIMl1 0 CBOt!­

e 

CTBax I1JIeH OK HaHOK OMlT03111l l1H p a 3JIl1 YH bI X nOJI H ­

Mep OB C M M T [29-32] B uauiev CJTY' laC HMc eT :-.r CCTO 

yC Ko peHHbIH npouecc CIII1)f(CI-l I1H 1le ¢ Op M Hp y e M o ­

CTl1 M aTe p m UIa npu n Oll hl W ClIIH I KOH UC I"l'rpaUH I1 

MMT, a 3Ha '-le H I151 E 11 aD )JOCTl1 r a IOT MaKcHMyMU 

)')Ke n p n necsxra II H3 KHX K OH IJCHTpa U H5lX H3IIO'-la ­

CTI1U ( 06bl '-lHO :31'0 n p OI1CXOll. I1T npn l1X KOHU CHTp a ­

U H I1 OT 10 )1.015 M a c . %). 

B 0 3MO)f(H 0 , rrep C' I HCJl e H H hIC oc06eHIlOCTH Mcxa­

Hl1'-1eCK o r o n OBell. e H U5I I1CCJICllYCM blX W IIIOKOMII0 3H ­

u nonnsrx rrJIe HOK CB5I3aH bl c o crte u jtdia xo ii npoucc­
ca I3Bell. e H l1H M M T B M aTp W lH blH n OJIH M e p , nc nons­
30 Ba H H o r o B nauiea p a60 TC. L!.e t!CT BI1T eJl bHO, 

n OCKOJTbKY M M T BBO[(I1JIH B BOll.O p a CTBo p H M bIH n o ­

JIl1Mep, He 6blJIO HC0 6 XOll. I1M OCTI1 HCn OJl b 30 BaTh 

rr pezrs apnrens no HHTCp K3Jl Hp OUa ll llbJt! oprai 111'1C­

CK I1M l1 seutecraawa M M T, Ka K oro 1lCJIa CT C51 n 6 0 J1b ­

Wl1HCTBe CJIyYacB. 

M O)f( HO rronarar s , ' ITO I1Me l U IO nau noc 06C1'OH ­

TCJIb CT BO onpenens er n OBb l W CHIlYIO T CI UJ.CH I U1JO H a ­

HOn JT OCK OCTe H M M T K arperauau Ii COOT Be TCTBCJ( ­

H O OT M e y e H H bI e BblWC o c 0 6 e H Ho c T H ;\I eXaHHtleCKHX 

xapaKTepl1CTI1K uccnezryer-nax rrJI CHOK . 

3 a UI1CI1MOCT H n p OtlHOCTI1 I1J1CHOK OT xo uueurpa­
Ul1l1 MMT H OCHT CJT O)f(H bI H xapaxr ep , nOCKOJTbKy I1X 

n p OYHOC1'H bJe xapaxr epa cruxu o npCll.CJI5lIOTC51 n c t! ­

CTBl1 e M ll.BYX ¢ aKTo p OB - )KCCTKOCT I1 Ma r Cp H3JI a H 

e r o ll.e<popMI1PYCM OCTb lO . YBC.Jll I' ICH HC M Oll.YJT 5I ynpy­
rOCTH 11 npezrerra BbIHY)f([(CH HOH 3JTUCTH'IHOCTl1 BCllCT 

K p OCTy 3Ha-qeHI1H a p , B TO upexra KaK CH l1 )f(CH HC ripe­
ll.CJl h I IOt! ll.C¢ OP fa U I1H n o xtepe n OBbl UI CH HH KOH ­

UCHTpaUl111 MMT B I1JIe HK C nsrar.maer COOT BeTc 1'By ­

ioruee CHJ1)f(eH HC a p ' B P C3YJIbTaTC JHI .IJ.Jl 51 O[(HO H H 3 

nony-reun srx K OM II0 3 l1U I10IlHbIX 11J1eHOK H C YJUl ­
JIOCb ll.OCTH'l b aav er uoro 3 cPcPe KTa no uuureu nn 
npO'-lHOCTl1. 

AH3JI113 'rexnreparyp CTCKJIOBa lll151 n OJl y t1CH H h l X 

nneuo-uuax MaTepl13JI OB He npOll.CM ()HCTP ~I POB3Jl 

Bb l p a)f(e H H bI X Tel-lll.eH Ul1H H3MCH e H l1H I3eJT H l.fH ll bl Tc C 

BblCOKOMOJIEKYJI5I Pll bTE COEJ(I1JlE H H5I Cepl151 A TOM 53 NQ 12 20 11 
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llOBbIWCIm eM COnCp)f(3 H HlI M M T B M aTCp HarrC. 

M O)f( HO OTMCTHTb JII1W b CJIa 6 bIi1 (n npencrrax 10 ­

12 °C) PO CT T; npn YBCJIH'-1 CH H H KOJIH'ICCT Ba M M T 

n o 3 - 5 M a c . % C n OCJIen YJOWJ I M CHIDKCHHCM :n OH 

BCJIll'll1 HhI npu narrhHCHllICI\\ lIOBbllIlCHHH K O IIl~CH ­

T p a U ('111 MMT. B UCJIOM )f(C MO )f( H O yruepxnar i., lJTO 

r ev nep arypu CTeKJIOBa llH H ncex l1CCJIC.l10 BaH H hl X 

0 6 pa31J.oB JIC)f(aT B I1H TCp BaJIC 2 5 0 ± 6°e. 
T a KIlM o6p a 30M , B PC 3YJI bTaTC llCCJICn Ol3a I I H5I 

pCOJlOn l lJCCKH X CBOHCTB paCTDo p OR K M LI, C n 0 6 aB­

KaMM HaI-IO'm CTl1U M MT H 6CHTOH I1Ta rr OKa 3aHO, 

' ITO B 06J1 a CT H MaJIblX (1- 2% 01' M a CCbI non avepa) 
J10 6 aBOK B5I3 KOCTb CHCTCM YM eHbwaCTCH. H a6JIIO.l1a ­

e MbJH 3 Q>¢ CKT 0 6 b 5ICH.5ICTC5I napyuren HCM npo ­
crpancr ucnnoa CI1CTCM bI I10l~OpOnll bIX cuaaeii, c y ­

lI (CCT ByrOruC H B pacrnopaxnomoaepa, H B0 3M O)f( HbI M 

I13M CHeHllCM CCT KH 3a UCJIJICrn1H M a Kp OM OJICKy JI II 

pacr uopc, 0 6 y CJIOBJICHHbiM 3.l1COp6 U HCH onp CnCJICH­

HOH lJaCTJ1 MaKp o u c n c H na n OBCp XHOCTll H<UlOn JIa ­

CT I1H . B n OJlyYCH H bl X KOM n 03I1UI10H H bIX rrJICHKaX 

HaHOnJIa CTH Hbl MMT H 6 CH To H HTa HaXOn5ITCH B 

::>KC¢ oJnIH p Ol3a H HOM COCTOlIH I1H . 

B CI>YPb e - 11 K -C I1CKTp aX oziaoxpar no napyuren ­
noro nOJIHo r O BllyTp CJ-I HCr O OT p a)f(CH I1Sl n pOCJIC)KJ1­

Ba CTC5I TCHllCH U H H CMcu ~eH H Sl non ocsi 1l 0rJI O ll~e 1111H 

rpyrtrr S i -O 0 1' 10 4 0 no 9 9 0 CM- 1 n o M c p e y neJIH'IC­

H I15I KO I-lllCIlT p a U H I1 M M T B KO M n 0 3HUl10 HHbiX 

llJICHK a x . T a Ka 5I 3a KOI IOM CPHOCT b MO)f(CT 6bITb 06y ­

CJIO BJICfI <l Ka K H 3MCH CHl1CM l U D JlCKTPH'ICCK OH npo ­
H (,([ ~ae M OCTI1 oxpyxcato uren f1a H OJIJl a CTI1H bI cpensi , 
Ta K H 0 6 p a 30naIm CM nonoponnsix CB5I3CH MC)f(,Il,y 

rpynnav a S i -O 11 ct>YHK UI10HaJlbHbI M I1 rpynrtaxm 
(O H - rpyrmau n) 3(j:Hl p a UCJlJIl OJI03bI. 

Beenexne M M T B M aTpHuy N a - K M LI, B KOJIH lJC­

CTBC no 7 Mac. % n p H BOnl1T K nOBbl W CH I110 M on yJIH 

ynpy rocr n E 11 npenerra B bIHy)f(,Il,CHHOH ::>JlaCTH'lHO­

CH I nony reunsrx llJICHOK. I lpx 6 0 lICC BbICOKl1 X K OH ­

UCHTp aUHSlX M M T naomonaer csr CT/H)Ke H UC MOJJ.YJI5I 

ynpyrocrn E 11 npezicna BblHy)f(.lle H H oH 3JI aCTI1 lJH O­

CT I1 (JB ' lJTO YKa 3bIBa cT na naxano I1p OUCCc a arpera­
U1H f HaHO' JaCTHU B fl OJ1l1M CPH OH M aTpHUC. Flpafinn ­
)f(CH l1e K "Kp I1T H ' I e c K o t1" KO H UCHTp aU I111 n aa o-ra­
CTHU , ar.nue KOTO p Ot1 MO)f(CT npOI1CXOn l1Tb H X 

arpe ruuun , p CfH CT p H p yCT C5I C noraornsro H Kvcnex­
Tp OB ( n o crmnry n onocsi n OrIlOIUC H I15I r pyn n Si- O II 

CTOpOH y Hlf3KH X tTa CTOT). OnH aKO B 11 3y y e H H OM I1H ­

re pnane COCTan OB KOJTH'IeCTB O arper npoaaunsix H H­

1l0 lJa CTH U HeBCJlH K O, BCJICn CTBHe xero 113MCHeHH5I 

CTP YKTy p H Ot \ opran a aau a u H a HOI1JIaCTHH (nOSlBJIC­

HI1C CJ1 0 I1CT bIX CTP YKTYP ) n o lJ,aH H bIM p e IlTfCHOB­

CKOI1 nH¢p a KI~HI1 13 0 6 JIacTlI M<UI bIX H 6 0Jl bW HX yr­
JIO B He Ha6 l I 10 .l1aCTC51. 
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