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C 1I0MOlllb IO I\I CTOL\OB L\W»)ICKTp W l e c Ko H 1\ H K - cj:>YP be - c n e KTp OCKOTIlUI I t3 Y' JCIILJ OCOOCIII IOCTH B3aIl MO­

L\e i1c T BH5J XIlTO:.1aII a n OCHOBHOt! ¢OPMC C MOH MOP HJlJIOHIITOM n p a paanuu uo ii e r o KOIIUCHTP aIUll1 B KOM ­

rr oaarusix nJ lC IIKax. Il o xaaano 113alI MOL\e i1"cTB llc aviuro rpvnn H ncpan-nn-rx fl lL\POKCI1JlhH hIX r p y nn XI1TO­

la l la C JlOKaJl bH h l ~1 11 3apH,ll,a M I1 na nOBepXHOCTI1 H3110'WCl'l1 U I\I OHMop l1nnOHI1Ta, n pHB01I,51WeC K In MCHC­

1Il1l0 CI1CTe MbI BHyTpl1 - 11 MC:>KMOneKYJIHp llbIX BO/lOPOL\lI bJX CI3H3e ii, xap ajcr e pno ii JlJI H non ucaxapuna. 
H 3Me p CHa TCM fle paTy p a CTeKJ10 13a l-l l IH XIH 03aHa B KOM Il03HTH hl X C I1CTC ~ , ax . 

DOl : 10.7868jS0 5075475 13 120015 

B 1l0 CJIC,UII HC ronu H IlTC HCHBHO 11 3Y ' Ia lOT Cl30 1·j ­ KyJI XI1T 0 3a Ha C n OBc p X H OCT b lO nauo-r acrun n p OHC­

CTBa K OMII03J1T OB na OCHOBe KaK np a ponnu x, Ta K 11 XOD.HT 'I Cp C3 o opaaonanue BOJJ.OpOJJ.HbIX cnsnel·i n o 

CHHTCT W ICCK I1X nOJJ 1.1 MCpOB C 1l0 6aBK a r-.1II ' IaCT HU n a ­ rpy n n a u OH. B pafio r e r1OJ nOJIY' l CH bI HaHOKOM n o­

u o p a a u e p u o r o ypOBIUJ. BI3 CllCH He ua uo-racr uu B n o­ 3 11Th l XHT03all <l C MM'T , II K OT Op b lX n o nucax apun H a ­

m l Mc p H y lo M a T lm u y MO)KCT CYIUCCT BCIIIIO yny-runrn, XOllHTC Sl l3 COJlenOH II OCH OllH O f i <POPl\-IC , a TaK:,KC IIC ­

npomo crus re xap aK"rCpl1CTHK H nOJI H Mcp HbIX MaTC­ C IC,UOBaH a HX c r p y xryp n a s opr3H H3a WISl . nOKH3a ­

puanon H I13MCIII1T b HX < 1 >Y II K I~ 11 0H aJ1 bH b l e CIl0I1CT13a : n o , 'IT O B 3aBH CH MOCTll 0 '1' KOJIH'IeCTBa IlBOI IHMoro 

Ofl T H'lCCK J1C, J.U13 JI CKTP I I ' JCCK H C, 6ap hcpH bl C, TCp M O­ M l1HCpaJlbHOrO H a n OJIl-T H TCJI SI MO[")'T lIa 6Jl1011aT bC5J 

CTo i i KOCTh n n p yrire [1- 3]. HC CJIC)~OBa H H 5I M H 1I0Jl Y ­ I I HT CP KcUl l1p O l3a mlb l C 11 (1)J[OKYJll lpOBaHHbIC CTpyK ­

' [CIUllO Ha HO K O rn03HT OB ua OCIlOBe U CJ1JIIOJI0 3hl , Typ b l MMT. A BTo p bI 3TOi! p a 6 0 T bI n pCJlJl O)l(HJIJ1 CXC ­

xuru u a 1'1 I I X n p o u aao zuu.rx B HaCT05J1l~C C n p CM 51 T aK­ I bI B3al1MO.uCH CTlHISI M a K p OM OJl CKy Jr n OJI H M Cp a C 

)KC y ,UCJl 51 CT C5J 60Jl b WOC BH H M aH llC [4- 61 . Ho nsre IlO BCp X HOCT b lO lIaHOIIJJaCTI1 H . B cn y-iae COJICnOH 

cnojic r u a no M HorOM o n p eD.CJHI IOTC5J l\I CXaHlI3MOM <pOPM bI XHT03Hlla BJaHMOnciicTBl1C C n o nc p x u o c r e to 

B33 I1M OD.CH CT BH SI <PYH K U I10H aJ1b H bIX r p yrm I"lOJIH M C­ o CY I!leCT I3JI5JCTC5J -i e p e a 06pa30BHHllC BO/lOPO Il blX 

pa C nOBc pXHOCTblO 1I3 H Olfa CT H I( . CBSI3CH OH -rpyn n 1l0 JI H M c p a . B OCH OBHOii ¢OPMC 

M a K p OM OJIe Ky Jl bl XI1T03a lla B3aHMo,UcilcTl3YK>T ' JCp e 3 
B pafio rax 17, 81 nOKaJaHO, 'IT O n p n CMC W CIIIII1 ofipaaonanue nonoporun,rx cnm cii ucpca rpynm.i 0 1-1 

pacrs o p a x irroaa na B B O) ~ HOM y KCy CHOK HCJIO M p ac­ 11 N H2. 
TIlOpC C HaH O 'IaCn l u a1o.1 H MOHTMOPI1JlJIO HJU a H a T p l151 

Apy r Hc anropsr I l l ] ua n p u xr e p e llccnCnOBa H I15J(M M T ) 06pa3YCTCSI I1HTcpK aJUlpOBa H H35J c r p y xrypa 
CBOHCTB p a CTBopOB XHT03H Ha c ,U0 6aflKaMII M MTM MT 133allMOJJ.ciicTBI1C MaK p OMOJIe K y JI X I1T0 3a H 3 13 
MeTOJ~aM H 1l0 T CH UHOM CT p W I CCKo r o H K OHllYKT OM CT ­

COJJCIlOH <!>OPMC C M MT n p O HCXO,UHT -rep e a npOTO­
pWICCKoro TI1 T P O ll3 H l1 Sl npOllCM OH CT p H p OB<lJl ll , 'ITO

H 11 p OBa H H h l C aM 11n o r pyn n b l (3JI CKT p OCT a T W ICCK OC 
IIp l1 BB eD.CHHH H a H0 4 a CT H I.l u p a CT 130p n on u c a x a p n n a 

B3al1 M O CH CT B I1C rpy n n NH; C orpu u ar en s u suo a H H n Cp 130 M sra ne n p OH CXOJJ.IIT 3 JICKT p OCT aT H' ICCK o e 

3a p SI,Ua M I1 aa n O Be p XH OCT I1 H aHOIlJIaCT IU I JlCJICD.­ 1\331I M O CilcT B HC nporo n a p oua u u s rx a surno r p y n n C 

CT BlIC 3HMCllle H I151 11 0 HO B Na") 11 0 6 p a30Ba H I1C BOD.O ­ OT p H lla TeJIbHblM H a a pruia 111 Ha I I OB CP XIl OCT H I13HO ­

P0D.H bIX ClUDCi ! ' ICp C3 Ol-l - rpyn rn.r u o n u v e p a . A13T O ­ fl JI a CT l1 H . TaKH M 06pa10M, c y tuec ruyror p a 3JI W I H bre 

P bI patior u 191 BbIH B I1JIH, 'ITO I1H TCp KaJlll p OBHIl H bl X TO 'IK H 3PCH I1S! ua McxaHH 3M B3H HMOl.I Cik T llll51 1o.1aK­

crpyx ryp M MT 13 M a Tpl111e XHT03HHa II COJICB o ii qiop ­ pOMOJl CKyJl XI1 T033 Ha c nouepxuocri.io na n o n n a c ru u 

Me H e 0 6 pa3y c T C5J , a B3a H M OD.c H CT B HC M aKpOMOJ1C- MMT, IJa KOTOphl i1 Moryr OKa 3bIBa T b IIJI HSl IH1 C XH ­

M H 'ICCKoe COCTO~IJI I1C 1I0 JI I1Ca Xap l1,Ua U KOMn0311TC 

E-mail: afann@ma il. ru (A cP3H3CbeB3 H 3.l1.e)f():\3 B3CHJ1beBH3) . ( COJI C13aSl "I1 JIH OCHOBH a 51 <jJOpr-.ta). a Ta K)f( C c n OC06bJ 
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IlpIHOTonJICIH151,ll,H Cn e p ClI l1 WlJIO'laCT \1U 11 ee nuene­
HH H n pacr nop xuroaaua. 

B lI aCTO>1 LUe ~i paoor e npoaeneno KOM llJlCK CIIOC 

I1CCJlCJ~OBaHl I C Mcx a H 113 M a B3a U M O,D,c i-'ICTBHH Ma Kpo­

MOJICKYJI xirrosan a B OCH OUJIO ii cPOP f\IC C M MT C 

c)To i i neru.io 6 bIJIl1 I1Cn OJl h30 BaHh l M CTOJ~b l ,D,113J1 e K ­

Tp o c n CKTp OCKOnl1 11 11 H K - CPYPbc - c n e KTp OCKon ml. 

J],H3JICKTp OCllCKTp OCKo n 11 51 nacr B0 3 1\IO)I( I IOCT h HC­

CJIe1l.0 1l<lT h rrpOI I CCCb l , CIHI3<lH II " IC C M OJJeK YJI5IP H OH 

no.uIl H)I( 1I0CT bIO B H OJI I ! MC p llOM ofipasue, 1I0MelUCH­

110 M no B HCUI H CC n c pCMCH H OC 3 JICKTpWl e CK OC I JOJle C 

'I <lCTOTO (I f 3 TO 1I0 3 nOJI5IeT nOJl Y'I I1Tb I1HcPOP I\1aUl1 lO 

OTIIOCHTeJI bllO MOJleKYJl5I p llOii 1l0.uIl IDKBOCT I1 cer­
~IC HTO Il MUKpou c n d'r. 06'be ~ l H bI X 60K OBh l X 3a ~ I CCTI1 ­

TCJI Ci ;j, M a Kp OM OJI CK yJl bl KUK ne noro 11 · I~ ,U . , a n 113Y­

' Ie ll i f b l X CI1CTCM a X JUll 1n ste 0 KOJlI l lJCCT Il C 11 nO,D, Bl1)1(­

H OCT I1 nepnu -uu.rx r HJW OKCHJl b H h lX r p yn n X I1T03a lla 

13 lI a I IO KO :-'H10 3H Ta x . C n OM OU lblO H K - cPYPbc - c n CK ­

'rpocxon a n H 3Y' l el l bl H3ICIICII I15I B CTPYKTyp H Oi;j op­
rau nsa uu u rtepnu-uu.rx a HIHOl'p y nn , rll,UPOKCI1Jl b ­

HblX H a MHJI. ll h l X rpyrrn XH 1'OJ a H a . DJIarOI J.a p H KO M 6 11 ­

I I I1p Ona H l110 :JTH X ,UByX MCTOJI01l MO)l(H O OTCJICK I,lI3 aTh 

Il Jll t 5II H1C B BO,ll,HMOH KOMI10 llCHTbl ua crpyxrypn sre 
OC0 6 CH H OCTH K OM I10 3 HT3 . 

»xcn E P H MEHTAJIbHt\5I 4 A C T b 

.l1.JI H ll P ll roTOI:IJICII HH nJl e HOK HCnOJl b30BaJI H XH­

'roaan , Bb1JI CJICH H bI i I 11 3 n aIH UApeti Kpa60 1:1 C' 0110 ­

nporpccc" , PO CCIHI ) c o CTe n CH b lO ,UC3aL l CTH JIIIpOBa ­

HI151 0 .88 11 M = 1.72 x 105, 

* 
o 

NH 
I c=o 
I 

C H ] 

o12 0.88 

M ItIICPaJl h H bl M uarro 11111TI.:JlCM 5IDJUIJlC5I ruapo­
(1,\tjlhH bI M M OI-ITMOp HJIJl OH I1T M a p KH C l o i si te® N a 

q lH p M bl " Southe rn C lay Produc t s . I n c . " ( C W A ) C KU­

1'11 0 1l-0 6 M e I Il Io t! CM KOCT hlO 9 2 .6 M3K B/ I OO r. 
npe.uBapIITCJILH O r 0 1'Ol3llJl 11 3 %-HbIH paCTBOp XH ­

T03UH a 13 2 %-IIO M y KCy CH OK lICJIOM pacrnopc , B K0 1'O­

P hl H 3aTe M nnonunn p a ClJCT IIOe K OJl I1' ICCT BO cyc ne u ­
3 1111 MO,UI1(PIHIH p OBa H uoro M MT, 1I0CJIe xero pas­
6aBJHIJll1 ace pacr uopsi no O,UH I IUK OBOH 

KO HU CIiT pa U I1H non u v cpa ( 02 Ma c . %). MCTOllH Ka 

npllf"OTOBJlCII I15I M Ol1l1cPHUl1 p OBaHH oro M MT 110 ­

,Up 0 6 1-1 0 o rnrca u a B p a 6 0 TC [ 11] . 
n JICII K H H ] pacrnopo n CM CCCH XHT0 3a H - M0 I111 ­

¢ 11 11Hp OBa ll l-l h l ii M M T I I0 JIY<IaJI l1 l\tC1'OllO M c yxo r o 

Ql o p M OllaHl1H nyre xi lIallCCe H I151 pacr sopa -t e p e s cPl1­

n sep y C peryn upy c ra s n-r 3a 30 p OM n a CTeKJI HHHhle 

nnacru u u II p H 20° C C 110CJIC,UYIOUICH Cy IIl KoH rrpn 

25 ° C. H Cna p Cf-1I1C paC1'BOp I1TCJl5I n p OI1CXO,UI1JIO B TC ­

-r enue ,UByX CyTOK . )],JUI ne pe uona xirroaaua H 3 COJl C­

BOH B OCH OBH y lO diopsiy K OM II0 3 HTH bl C IJ]ICHKI1 0 6 ­

pafia'n.ruanu 2 %- II I>IM pacr aoposi a l\I M lla Ka B ::>TIIJIO ­

130M cn up r e , nocrre -rero npOMl>lI3aJ1l1 ::>Tl1JIOBhI M 

cn H p TO M , CYUl HJlH npu KO M H aT IIOH TCM l l c p aT y p c B 

Te'ICJ-IHC CyTOK II ,UOllOJ1HHTeJlbHO Bbl 'uCP )l( I1BaJI lt non 
BaKyy M o M B TC'I CII I1C CIU C rmyx cyrox W I H YJIaJIC ll lt 51 

cBo 6 0 mWH ( OCTaTOY IW H ) BOllbl I I 3T llJIO BOrO cn upr a 
1t3 nonn v epm.rx xrarpu u, 

H 3M CP CIH t51 Ta H ren ca yrna ,U11 C}JICKTPI1 'ICCKI1X 110­

r eps tg S 11 CM KOCTH 06pa3 110 B f1p OBOJlItJl lI na rtpufio­
pax L CR M e te r 4270 ("Way ne Kerr" ) 11 " LC R - 8 19 " 

( " G W Instek" ) . Ofipas u u JJ.JI 5I I1CCJleJlonamtH n OMC ­

u tann B CTCKJl51HI-I YlO 11 3 MCP l iTCJl b l-lY lO KO J16y C nna­
TI-l I-lOl3b IM \l 3J1CKTp o .ua M I I. Flpenaa puren s uo nee 06­

p a :3U b l Bb lCYlll l1J111 npu I 0 5 " C 110 nOCTOHlIllOii Mac ­

c i-r. H 3M c p e ll ll 51 n p OHOJl I1JllI B BaKyYMC npu 
.ua BJl CHH I1 10- 2-10- 3 I\IM pr , CT. II c o CK OP OCT b lO H a­

rpena (OXJIa )l(JlCIH t5I ) 1 rpaJI/ r-.III I1. 

H K - <PYP hc - c n eKTphl n JICHOK Cll l1 M aJHI na c ne x­
Tp OMC Tp C "vertex- 70 " cl)lt pM bl " Brukcr " . llilH r o ro 
' IT0 6 bl H C H a p Y W lIT b CTp y KTy P Y IIJICHOK, H K - CIICK ­

rpsr CH I1M,1Jl11 C n p l1M Clle lH ICM M H Kp o n p H T a B K H on­
1I0 K p aTl I0 uapynreu uoro 1l0JII IO rO nuyrpeuuero OT ­

pa)KCH I15I (OH n BO) "Pike " C p a60'111i\1 3JICMeIlTOM , 

l13roTOBJ I CH H b IM 113 Z n Se. Flpn perucrpauun CIICK ­

1'p OB OH n BO B BOJU W a Cb no n pa uxa , y-urrt.nsaroutas 
r Jly 6 11 11y " POIlH K IlO nCI I15I B 3a BlIClIMOCT H 0 1' ,UJll1l1bl 

ROJl ll b!. 

PE3Y J1bTATbI H J.1X OoCY)l(lJ,EI-1 HE 

npe,UHap5I5I H 3Y'-lCHII C KO M n03 H UIIOHIlblX M aTC­

Pl1 aJIOB, H c 0 6 x o ,UIIMO I1CCJlC,D,OBaTb ,UH3JICKTPll'I C­

CK I1C x apaKTCpl1C1'llK I1 O1'JlCJlhHblX KOMnOlle HT, C ue­
Jl blO On p C,LICJl e Il H51 Ta K HX K II HCTWle CKH X xapa xr epa ­
C1'H K, KUK BpCMS! peJl a K CUlUIl1. 3 H c p n U I UKl'IlBa U/HII1 

TCM IIc p aTYp a CTCKJIOBa H IU I. H a pu c. J I1pCJlCTa BJI CH hJ 

TCM n c p UTyp ll hl e 3a BH CHl\fOCTl1 tg B 11ex011II O f 0 X1ITO­

sana. 
B I1JUIO ( pI1 C. l a ) , ' IT O B 113Y'ICJIl IO M r ewncpar yp­

HO- 'IaCTOT HOM Jl l1a n a 30 llC lIa6Jl1o,UaJOT CSJ IICCK OJl h KO 

0 6 JIa CTCH Jl l13JI CK r p l1'ICcK Oro 1101' IOUICHlUI. n \I K Jl I1­

3JleKTp Wle CKOH a 6 cop6UlIII B paiioue - 7 0 ° C uo BCCX 

nonucaxapnna x CBSI 3a ll n pen M y l UCCT BCH II h i M ofipa­
30M C n c p e Opl1CHTHU H CH n epnn-uuax rpyn n 01-1, Ha­

XOAA LUI1XC5I B ,UC(I) CKTHbI X 0 6J l a CT 5IX crpyxrypsr l 12 , 

13], Jl OnOJl H HTCJ h llh l t't I3KJl a,U B pena xca runo BIIOC5IT 

11 rpytm s t N H2, T a K K a K ofinacrt, p CJl aKC<lUHlI WI-lPO­

Ka5I H H CClIM MCTp n'JHU 5I. 

B nu co xor ev neparypuor t -racrn cnexr pa lIP I1 

2 0 -50°C ( p u c . 16) uaomonaror cx T p H 0 6JIa CTII l l l1­

3 J1 CKT P W ICCKo r o 1I0 r JIO LUCH 11 51 . [lcp naa 0 6 JIaCT b JlC ­

)l(I1T B I1ll'rCPBaJIC TeM nep ar y p 7 0 - 120 ° C II npClIIIO­

JlO)KI1TCJl b H O CB5I3a H a C n p Hc y TcT Bl1C M auerar u o r o 

+ 
n p OT II B0 l1011a n p n r pyrm e NH3 ,0C1'anUIHM CH nOCJ1 C 

nCpCBOJl a XI1T0 3HH <l 11 3 COJle nOH <POPM bl 13 OCIIO/lH YIO ; 

Bbl COKOM OJI : KYJHl PH bIE CO EW 11 I Ell 11 51 C t:Pf1 >I A TOM 55 Ng 12 20 13 
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PIIC. I. a - Tesrrreprrrypn o-uacro-nu.re 1amlCI1MOC'll1 tgo Xl1'l03aHa npn '1 aCTOTe I ( I) 11 5 KrU (2) B I1H 'lCpllane TCMncpa'lypbl 
01'- 120 )10 250°C; 6 - nucoxor esmcparypuan 'laC'lh111l3JICKTPI1 'lCCKHXClIeKTpOIlXIITOlaHa: J20 (/) , 200 (2) , 300 (J) , 500 (4) , 
700 (5) , 1000 (6), 1500 ( 7), 2300 (8) , 3400 (9) 115000 Ii..l (10) . 

311a' IIIT, XI I r OJ a H 6bIJI He nOJlHOCThlO nepc uene u n OC ­

1I0llHYlO qJOPl\IY. nOJ.!.06J1bI H 3(llQ>CKT 1-1a6JI IOJJ,aJll1 11 

n pyrue anr opu , nanpuxrep 13 pafiore 1141. Bropaa 06­

nacr i, - npH 190°C - ncpcna xca nuom u-ni n pOllCCC, 

CIHI 3aIHlb l H C OTIlLCllJICllHCM aUCTaTlIOI'O Jl P OT I10 0 ­

II0Ha. B rrOLlTBe p)l()lCH I1C ::n o l1 BCp Cl111 paCCMOTplfM 

I-W puc. 2 T CM Jlcpmyp HO-'JaCTOTlible 3aIlII CH M OCT Il 

XI1T03a Ha JIOCJIC nporpesa JJ,O 220°C. nCp Ba51 11 BT O­

pas 06Jl a CT U JJ, H 3 J1CKT p H'Je CKO r O n OrJl OlUCHH Sl rrpax­
TI1 ' ICCK I1 Il0 Jl IJOCTh l0 H C' I C3 IIi , 113 -rero CJl eJJ,y eT 131>1­

non 'ITO H C' I C3 JJ,HIIOJl b , JJ,a lO IlLlf lt cnolt a xn an B P C­

Jla KC a U H IO . TPCTblO 0 6J IaCTh penaxca uau MO)KHO 

CBSl3aTb c ce rv eirran i.uo tr 1I0 A IH1iKHOCTb I0 . YJl(Ul CIHIC 

OCTa T KOB auer aruoro n p OT H BOHOlia B P C3 YJl hT a TC 

npo rpena u If}! n p H 130 )l,HT K Y13CJl W I CH I110 'resnrepa'ry­

pbl CTCKl1 0 13a H lt51 xrrroaa ua . 'IT O CBsnaHO C 06p,nOB<l ­

Il ltCM 1I0 n OH , 60llCC y I IOp HA O' ICH H Oi1 CHCTCM hl UOLlO ­

POAHblX CB Sl3c i1 . 

Ha pH C. 3 Jl p C,L(CTa BllCH b l 3HIHlCHMOCTII 19o = ! ( 7) 
)1)151 n JI 1I0K XIIT03a llCl C Ll06aBKClMII MMT 13 06JlaCTH 

IH13KllX TC I\H1Cp aryp, a TaKiKC :m B I1CI1I\IOCT H H IlTCIl ­

CI1B110CTI1 tgomax (/( 19omax» HI1JKOTCMllcp,rrypHol'O 

p CJlaKCaUl10HHoro npouccca 11 TCMrrcpmyphl OT KOH ­

ucrrrpauu a M MT ,lLrISl uccneno na n usix CH CTCM 

( pIIC . 3a) I l a 6 Jl 10 A a CTCSl OAHH 1lI1K)l,H3JlCKTpI1'ICCKOro 

1l0nIO~CH I1SI , KOTOPblti MCIlSlCT cnoio HHTeHCHI3­

I'OCT b H rr OJIO)l( CH I1C 110 T C m eparype B 3 a BHCH M OCTII 

0'1' KOHllCHTpaU I1H M MT ( p IIC . 3 6 ) . npH ImCJlC~n1l1 

neooru.uroro KOJH1'ICCT Ba M MT (I H 3 % ) IIPOCJlC)l(H ­

BIJICOKOMOJIEKYJH1PI-lbIE CO EL(111-1Ef-IH5I CCplUJ A TOM 55 N2 12 2013 
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"IIC. 2. 'Iev nepar ypuo- vacr or a u e 33BI1CH MOC TH tgoXHTOJ3 Ha nocne nporpena no zzo-c. 120 (f), 200 (2) , 300 (3), 500 (4),
 
700 (5),1000 (6),1500 (7), 2300 (8) , 3400 (9) 11 5000 f u (/ 0) . 

HaeTC}1 p CT tgoma " a ca x: IlH K cn nn raer ca n c TOp OH y 

6 0 JI CC IlI13KH X 3 Ha'icH llH 'rexrn epar ypsr. ,UaJlb flCH W CC 

yuenu-reu ne K OH IJ.cH Tpam l H M M T (5 11 7 %) c o n po­

HO)l()laeTC51 y M HhIIlCHHC:\1 tg ma x H , I3KCH M y M rnrxa 
Cnl3Hra CTOI B CTOp OH y 6 0 11 CC Bb lCOK HX :ll-l a ' l c H H t i 

reuuepar yp u . 3T0 M O)\( H O OGbHCIlHT b TCM, 'iTO 13Ue ­

l~CH He IIC6 0 Jl h1U0 1'O K Oll H'iCCT Ba M MT ane -ier uapy­
ureu He CHCTe Mb l su y rpn- H I\I C)I(MOllCKYJUl p llbL BO­

nopou n r.tx CllSn e H , xapaxrcpn o ii JlJl H XH T0 3a 1l3, T.C. 

YBCJ1 H'HlBa CTC51 uocryu uocrt, n ep uu-mux rlLUp O K ­

CHJ1 bHbIX r pyu n . B p e 3YJ1bTaTC H a6JlJOAaeTC}! POCT 

tgo, BCJT H'lIlJ Ia xoropo ro npHMO nponopnuo uan su u 
KOJII-I'ICCT IlY JT. H 1I0 Jldi , Aa lO W Il X BKJIa,lI, B pcna xca­
U1110 . npH l \aJl b l l cii IlICM n O Bb l UICH Il H KO H UCIIT p a ­

HIlll M T (5 I I 7 % ) n Cp BH'I H bI C rp yum-i OH 1l0 JIH ­

caxap una H'l'U1 l1a IOT B3a H M O,llei1cT Bo B3Tb C nosepx ­

1l0CTb lO M MT uc pea nonoponu u e CBH3H H tg omax 

yxren hIlIaCTCSl. 

B Bbl c o Ko TeM IICp alY P I-IOH -racrn nu anexrpn -ie ­
CKOro cnexr pa ( p uc, 4) JJ.] 151 nce x nccneno na n n u : CI-1­

CTCM JIOK3J11-13YCTC51 T p H 0611 a CTl1 l UDJICKTp l1'-l e CKoro 

1I0 rllOlllCIII UI. B 33 BH Cli M OCTH OT KOH I \CIITpaUI1H 

M T 111M CIUIeTC5f TO Jl h KO 0 6 Jl a CT b PCJT3 K C3 U H Il , 

CBSl3aH ll a 51 co CTC KJl OB3 11I-1C M ( TaK I Ja3 bIBaCM bU1 a ­

n p ouecc), apcxr e u a xoroporo orrpen 151IOTC51 M e )l( ­

MO l e KYll51 p Hb IM 11 B3a H :'-IOJ\c HCT IIH5I Ml1 . Tesm eparyp ­

HaH 3a BHCHMOCTb Bp CMCH H p e taxc a u n u JUHI a - n p o ­

u c c ca xoporuo On l1C bIB3CTCH 3 M n H p H'-ICCKI1 M y p a n u e ­

IHlCM <f)or CJISl- <J)aJll-rc p a - T a M Ma Ha - Iec cc 115 ] : 

Tmax =T.ocxp(B/T -To), (I ) 
r n e T.o- npensxcn oacruuran su u ri MIIO)l( I-lTCll b , B - aK­

T l lU UUHOH Hbl H napavcrp , To - xap3 KTcpHCT W I CCKaSi 

TCM n c p aryp a . 

Ha PI-1 C. 5 n p ellCTUBJ1 CH h l J a m lCH M OCTH BpCMCHH 

perraxcau ua OT r esm eparypu JlJl 51 Ill13KOT xmep a­
r ypuoro 11nstcoxorew neparypuoro npou c c B (ana­
LIC HIlH r evnepary pst CTCKJI OBa llJnt T". p aC C'IHTaHbl no 
<PoPM YJTe ( I». 

,Un}! 'iHCTOro , HT033H3 B 06JTaCTH T xmeparypst HII ­

)I( C KO M H 3T II0 t'1 lIa6JT10 A aJo TCSl nsa npouccca, CBSlJa H­

n u e C JTOK3Jl l>HOH n OABI-1)1(\I 0 CT b i0 ( pHC. 5 a), B TO BpCM 51 

KaK ,lI,JlH ofipaauon n OllHMCIXl C M M T - TOJ1hKO OllH II. 

Hcxonn H3 BCllH'i I1H npcxrcmr penaxcau nn CJ1 ellYC1~ ' ITO 

npouecc C MCHblllHM H apcxreua u a p CJTaK Ca WHl 

(- lg T. - 5) B33H M oLLcHCTByeT C n OJT.B1DKHOCT b IO nep­
BWlHblX I"l ILLPOKClUIOU, 3 n p OIlCCC c 6 0 J1 1>IIIH I\I H npeve ­
lIa M H (- IgT. - 4) cssnau C 6 0 JIl:c "T}DKCJ1 hiM" ,Il lInoneM 

rpynn N H2. n pH BBCACHHH M MT IJp OUCCC, CB5I33 H ­

IIbl H C NH 2, HC' IC3aeT. T aK H M 0 6pa30M , np u 6 0 11 1>111 11­

3 H a ' ICIIIH IX KOH u e HT p 3 1lH l1 M M T B KOM n0311I\H H 

BKJl3n B uuaxor exi nepa'ryprtyto 06JJaCTb pen axcaun u 
naer TO I I>KO n Cp BIf'-lH b I H r H.up O KC I UI. 

,Ll.}'IH ne npo rperoro xirroaaua 'rc strtepa'rypa CT K­

JIOBat IH51 (1~ = 19 3 ° C ) H I I)I( , ll CM lUIH nporpcroro 
Tg = 2 05° C (pHC. 56) , '-ITO CB H:3a H O, c x o p c e u c ero, C 

H aJIH'i I ICM auerarno ro n p OTl Il.lOHO Ha . nOJ1Y'-ICIIIIOC 

311a' l 'H H C ~ = 2 0 5 ° C 6 JI1-1 3 KO K BCJI H'II1HC, n p nuo zut­

Moif LLp y n ll\HI anropaxur. B pafior e 116 / LLa H O 3 H3 'IC­
)I( 

C: IHI C Tg = 2 03 ° C , o n p enenaevoe M CT naM H llCK H 
pJOUla M H '-Ie CKO r O MC X3HH'IC CKOro a H aJ1H J a ()l,M A). q

O T MeT H M , 'ITO CYlllCCT IlYIOT n poruuope-rausre CBC,IlC­
I' II lUI 0 BCll W lH lIC Tg XI-IT0 3a lla. Ha npuxrep , B pafior ax 

117 - 2 1] II K <1 3a H O, '-IT O T H a XOllHTC51 B l1 HT p nane 
]I 

g 

TeM nep ar yp 14 0- 170° C. Zlpyrne asr opsr H3 OCHOna ­
[
 

HH H HC CJICllO Ba lll1H XHT0 3aHa C n o v o un.io MCTOJ\O B
 

,UCK H ,UMA yrnepx n aior ; ' ITO T - 220 ° C [22 ] H ,u a ­
g 

)I(e (KaK H y U CJ1JII0 J103 hl ) , BbIlIIC TCM n e pary n u pa3J10 ­

BblCOKOMOJl EKYJI51 PH bI E COEJ],I1H EH yHf Cep na A TOM 55 N2] 2 2013 
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10 (4) , 

pe MCI1I1 

:Mnepa­
III (ana­
'a Hbl rIO 

'pbl HII ­

:mn aH­
) IlPC,\HI 

J OllVl H . 

yeT, ' ITO 

KCaIUHI 

'0 ncp ­
BpCMe ­

mOJIeM 

Il513<11l ­

Ilbll l 11X 

3HUlHI 

caunu 

crex­
ieroro 
ero, C 

~ II Hoe 

BO;J.H­

H<llIC­

CK J[ 

MA). 
neue­
)OTaX 

mane 
rona­
0JJ.OB 

11 1Ia ­

I1JTO­

tgo 

-1 20 -80 - 40 o 40 T, "C
 
I(tgo ) r.:: C
max 

0.024 
(6) 

• • - 72 

0.020 - 74 

o 

o - 76 

O.OJ 6 L-------l -l..- -----L --' 

o 4 8 MMT. Mac. % 

"HC. 3. Teunepary puuc 3aUHCllM OCTI l Igo KOMn03lt Ul1H XI1T03aH-M M T B 06J1 aC TIl 1l111 KIIX 3Ha' lell ll H rc xuiepary pu (a ) 1133 ­

BI1CI1MOCTII Il ll Te ll CI1BIIO CTII tg o (I( tg o » Hll1 KOTe Mll e p aTyp Ho r o pCJl aKC3U1lOHHoro lI P Oll CCC3 11 TC Mn c p a r y p bl T,lI fLlmax max 

OT KOIl UC Il Tp,\I l1UI M M1' !UHf scex I13YlJeHH h IX CIlCTC M (6 ). C OJ\CP )l(3 H I1C M MT 0 (I ) , I (2) , 3 (3) , 5 (4) , 7 (5) Il 10 Mac . % (6) ; 

0.028 

0.024 

0.020 

0.0 16 

0.0 12 

I = I xFlr . C TpCJl KIt yK a 3bIR,HOT HanpaBJlC HI1C xpu sou K OCI1. 

:KCIIIIH /I0JIHMepa [231 . Ha Be Ill'lH H y T OKa3J,lBa1OTg 

Cl1n bH OC BJHlHHI1e OCTaTKIt 1301l.bl B n OJl lI M puoii MaT ­

P II UC, xoropue no I HOCTh lO T PYJJ.HOYJJ.aJ111T h , a Ta lOK C 

(po p .M a , B KOTOp 0l1 IIaX01l.HTC51 XHTO:1al-l - B COJIC Bo ti 

I1JIII OCHOIllIO?i. n OJJ.P 0 6Hblt1 nop e -re m, 3H(l<tellllti 7~ 

XI1T0 3alla , 1l0JlY' I CH H b IX p a3H bI M H arrr opa sru C I'IC­

I10 Jl b30Ra H l1e M Bc e B0 3 M O)f(HbIX MCTonOB H CCJl Cn Onu ­

IIIUI , n p ezrc r a an e u II p a o o r e 1241. 
r1 P H IWCJ~ C II H H 3% MMT B M3TP1HLY 1I0 JIH M e p a 

lIa6Jl lO.na eTC5I II C3 H3 lBI'r CJl hH Oe (no cpa n HCII HIO C 

4 BI>ICOKOMOJIEKYJI5IPJl bIE C()E)lH I -I EII H~1 .cpu s A 

• I 
o 2 
x 3 
~ 4 
• 5 

6 

n p o r peT hl M 06pU3UOM) y nc 11'ICIII1C TCMnepaTypbl 

CTCKnOBa H I1H Tg = 209 C. Ilarn.uenuree 110Bhllli uue 

KOHILC HTpaUH H M MT npHB01l.I1T K CYIHCCTIlCHHOMY 

PO CTY TC,\I n c p m y p b l CTCKJlO\3<UBHl (7~ = 224°C), lITO 

u a ncpnosi arane (n o 7% M MT) .\10)1(110 0 6"b5I CIBITh 

113J\1CIICHIICM CIICTCM bl RO.nOpOAllbIX CBH3etr II, KaK 

CJlCHCT Bl1C, 06pU30BUIII1CM fio nee npo-ruoti CT PYKTy ­

psr . Flpn KOII UCJ'lTpa UI1 H , 6 Jl l13 KOH K 10% MMT, 
o n p C1I.Cn H T h r c sme p aryp y CTCKlIOBalll1H H C npCJL-

TOM 55 NQ 12 20 13 13 
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Puc , 4. Te ~mepaTYPHO - 'iaCTOTHaH Ja Il l1CI1MOCTb tg o KOMn0311U l1H XIIITO Ja H- MMT B 0 6 Jl a CH l I3bl COKIIX :l lia ' l e l lll i i rexmepa ­
'rypsr. C OJI Cp )f( aH l1e M MT 0 (1), nocne nporpcna no 220 " C (2) ,3 (3), 7 (4) III 10 Mac. % (5); f = 300 ru. 

CT,lJ3J1 51 eTC H B0 3M O)KH bI M , T3K K3 K OWl 6 JIH3K3 K TCM ­

n e p aryp e ,11CCrpYK 1U I H X HT 0 3a Ha . 

C UCJl b lO nbWCH CH IU I MCXLlI Il13Ma tn a IlM O,11Ct't ­

CTBH 5I ~taKP OMOJlCKYJt XIITOJLlIlLl C M MT 6 blJlH c u srr s r 

VI K -cn c xrpu 0 6 p a :3Uol3 M MT, Xl fTOJLlI !3 n COJle llOH II 

OCHOIIHOH (! lo p t\.ta X, a T3 K)KC XI1TOJ aIra B OCI-IOBH OM 

( j)OP MC C ,Ll0 6aBKUM H PU3JllICI II blX KOJIWICCTIl MMT. B 
VI Kvcnexrpc IICXO,D,1l0 r o M MT, IIMCIOLlle ro CJIOH ­

CTY IO CTpy KTY PY ( p HC . 6 ) , II MCCTCSI n o n o c a n o rJIOW C­

H IISI r p y n n Si-O II )l-f 990 CM - 1, KOTop aST nafinionaer ­

CH B06JI 3CTI190 0 - 1 100CM- 1 [ 2 51 . B I1K- cneKTp e r e ­

JIH M MT B BO) ~ e ( 110 ,11a HI-I bl M p e n r eu ocrpyxrypnoro 

a HaJI 11 3a nauo- racru usr H a XOJIHTCH B 3KCq)OJUtHPO­

BallHO M COCTOHl-l li H 12 6 1) IILl 6 J11o ,11a c TCH n OJIOCa n o ­

rJ I O Ll~C HlHI r p y n n Si-O n p u 104 3 CI\C I . C,11BH r IlOJlO­
JChI n OrJ IOLllCH I1H OT 990 a 1043 CM - 0 6YCJlOllJlC H 

l l lly :>.H I n p wnll-J3:-'HI. C onnoi i CTOp OH bl , C,11BH r ~IO)KeT 

6 blT b CIIS13a H C 11 3MCI-lCIII1CM JI,H3JICKTPH '-J CCKO ii n po­

IHlllaCMOCTlI MC)K CJIOCIlOro lIpOCTpaI-lCTB <l 1251, a C 

n p y roi! - YM Cl l h UICJ-l HCM 31-lCpnill IlJ3 H M Ol ICHCTI1H H 

MC)K,l.ly rpynna uu Si-O BCJleJ\CTlH IC I1X COJl bnaTa U H I1 

.\ 1OJICKyJIaMII norn.r u nep e x o na ll a HOIlJ l a CT H I-I B 3 KC­

(1)0 unr p o na n u o e COCT05lI-lHC . 

B VI K - c n c KTp c XHT0331la ( p u c. 7 ) B COJTCI30 (r cj)OP ­

MC lla6J110 ,L(a 10 TC51 c n cJ\YIOIll I1C X<lPLlKTCP H bI C II0JlOCbl 

no r;I O U ~CHlUI: UllIpOKaH 1I0JIOCa 350 0 - 31 00 CM- 1 

( II CP UI1YH bI C H IlTOP W (J-J h IC r p y n u s t OH [ 27 ]) ,3350 11 

328 2 CI\C I ( n p o TOIlI1 POBaIIH bIC rpyn n s i NH ; ), 
3 282 CM - I ( r p ynnu N H IJTOPII'/H Oro al\tH,L(a , cum a u­

HhlC BO,L(oPOHl lhIMI I CBH3HM I1 [ 2 8 ]) , 1647 CM- 1 ( r p y u ­

n b l CO A l\H I,L( I) , 13 2 0 CM- l ( A MH,D, 111) [ 2 9 ] . W liPO­

Ka H n OJ!OC3 C MaKcl1M y M OM 156 0 C!\1- 1 I1MceT cn o xc-

Hbl ii XLlPLlKTCP U npCJ\CTaBJIHCT cofioii HaJlml<CIIHC 

'rpex n o rt o c n OrJIOIUClII I5l : 15 5 0 - 15 6 0 Cl\C I ( a M I1)l If ) 

[ 29,30 1, 15 6 0 - 15 30 CM-1 (npor ou uponatu u.rx rpynn 

1NH ; ) H 15 90- 1550 CM - rpynn COO- ( a u er ar u s rx 

n p OTl1BOHOI-10 0 ) . l-Ia npl1CyTCTnJ lC a u er ar ru.i x npo ­

T H nOU OI /OB yxa a t.m a er 'raxxcc I IOJIOC<l T101'JlOLllCIHU\ 

n p n 14 10 Cl\C I [ 28 , 2 9 1. Pa3,D,CJlHTh nepe-nrcneuut.re 
1nonocsr n o rn o uieu u a B 06JlaCHI ( 600- 1550 CM ­

neci.ua 3,lTpy,L(I-lHTCJlbHO, H :n a aana -ra He CTOHn a n e ­

PC)~ <lBTOp a M H IJaCT 05l IJl eH p a fio r ur , HO 11 X IILlJHl'lI1e 

CJICllYCT y -nrr s i nar t. npu HllTepnpCTaUH II 3 KCI ICP I1­

MellTaJl h llhlX PC3YJII' l'aTOB. 

nOCJ1 C nepenona XliTOJ3 H3 11:3 COJICBOii B OCI-lOB ­

I IYIO diopsry B 1-1 K - CIICKTPC II0JIlIl\tep3 Ha 6 JIIO,D,310TCSl 
1rt o n o c u i nornoureu ua npu 3 4 5 0 11 3 3 10 CM - , OTHOCSl­

1UlI1CC5I K rpynnasr N H }. B o finacru 3 2 8 0 II 336 0 CM ­

(oC'r (lBWI1CCH r pyn nsi N H ; ) , 3 2 8 2 CM - 1 - uaneur­

Hble KOJIC6 aJ I l1H r p y nn NH , a raxxe x a p a x r c p n uc 

n o n o c si n OrJlOLllCI-I I1H al\W,110B B 06JIa CTH 165 0 ( A M Hl t 

I) , 155 0 (AMH,11 11 B Blute n n ex a ) , 132 0 CM - 1 ( A M I IJ/, 

III ) H n o noc a IlOrJlOLUCJ-J I1H HcnpoToH HpOBaJ-lHbLX 

rpyn u NH 2 XIIT0 3aJ Ia n p u 1580 CM - I . 

n o MC pC YllCJIWICHH5I KOJl ll'-lCCTB3 M MT n x o xr ­

1l0 J I1T H bi X I1JICH KUX ( p uc . 8) ua6m0,11aCTC5I Yl\ICJ-JbWC­

II li e H HTCHCH BI-lOCTH n OJIOC 1I0rJIOLlJ,CI-lHH rpy rm N H2 

rr p u 3 4 50 1,1 3 3 10 CM- I . B u eJIOM , B 3Toii 06JlaCHI, 

c n e x r p npl106pCTUCT s u n , xapaxrcpm.ni nnn XIIT03a ­

J-J a B COJICBo i'L diopsrc . Ha.ue)J(HO xorrrponaponart, 
y nenn -re n a e K OJIHy e CTBa rJ-l llPOKCHJl bH bI X rpy u u M C­

To n OM 11 K - c n CKTp OCKo n H I1 B CB5I3H C xaparcrepov 

n OrJ IOUICH HH 13 ::H OH 0 6 JlaCT H 3aTpYJtHHTCJlbHO. B 06 ­

I3bICOKO MOJl EKYJUI I' H bIE COEm·1 H E II~HI CC p HH A TOM 55 N2 12 20 13 
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PII C. 5. ] a BH c l-I M OCT H np MCH penaxcauaa OT oti parno ji r esrne pary psr . nsr HHJKOTCMncparypHo ro ( a) H BbICOKOTCM Jlcpal YP ­

uoro (6) npo ueccos B KO ~1Il0J I1T HbIX nneaxax x HTo3aH - M M T. a - C OilCp :Ka H He M M T 0 (I), I (2), 3 (3) , 5 (4) H 7 Mac . % (5) ; 
6 - c OilCp:KaHH C MT 0 (I ) (1 ~ = 193° C) , 0 (2) nocne nporpena ( Tg = 205°C), 3 (3) (1~ = 209°C) 11 7 M ac . % (4) cr,= 224°(') . 

J1aCTU 1560 CM - 1 H a Gm OJl a CTC5I 3a MCTH o e pacumpe­ n p OI1CXOJl J1T Jll1 n pn 3TOM 113 M e lle H lI ' KOII¢ OP l\Ia­

HHe n o n o c u n OrJIOlll,CII H 51 .	 U I I I1 Il A [3 1j, '{TO lIa6JHOf W..'I H )l.JI 51 c xrec c ii M THJl UCll ­

1110110 % 1 C nOJH1- - BH H J[J\( p Op M a M I1Jl OM 1321. CKa ­
Orsr ents«, '{TO n OJI O)l(CII HC nonocsi 1I0 r Jl OLu.CI II-JH 

3 aT b T p YW -I O . 
AWI)I, I lie 113Me IlHCT C5I, a n o t o ea no rnomeuua A M HJl 

II I pacuru psrcr cn U cr o po u y HW1K H X ' l a CTOT 0 1'	 1326 lLn 51 0 6bHCH CH I151 11 3MeHe H I1 ~i B xapaxrepe II 110 ­

n o 1320 CM- I , .sa C' ICT lI aJIO)l(CH I151 n o n o c u 1320 CM - 1 
JlOIKe H l1 11 n onoc nornouten us rpynn NH2 11 N H.;110 ­

CI-1MMCT p ll'l H Or O KOJl c Ga H I15I n p OT OH I1P OllaJiOi1 a r.ll1 ­ n ucaxapuna H c o 6 x OJU1M O y 'u lT(,lllaT b npcnsrcropu 10 
uorpy nuu [3 1J. 06 H 3 MC HC HI1H nonoc sr no rnoiue ­ nOJI y '{cHH 51 nn e a o -iH (,IX lla H OK O M 1l0 3 11T O B. [l.ne uo-r­
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P ile. 7. 11 Kvcrtexr pu XI1T03aHa B COJl e BOH ( 1) 11 OCHOBHO H (2) <j)opMa x . 

H 3 n O' [3 CT Hl rh [ M MT B 3KC<!IOJH H lpOB3 H HOM COCTOH ­ 10, 11] . 0 6 p a60T K a n OJlY4 cIH l bi X nJl CII O K 2 % - Jl bt l\1 

H vIH, n03MO)KHO BCJl CJICT lH[C 3J IC KTp OCn lTH ' I CCKoro paCT UOp OI\! aMM IJa K a B ::>H lJIOIlOM C[ lHp TC ( M 5lI 'KHC 

B3 3H M O)1.CHCT I3lU I rr pOTOHHp OB31111bl X rpy u rr XHT 0 33 ­ y CJ1 0 BHH n Cp CXOLI.3 XHT 0 3m l3 1'1 3 COJI CBOH B OCIIOB IlYJO 
11 3 C OTP H T[3 T CJl bHbl l\HI 3ap 5ILI.aMH WI rr O lle p X H OCT H <!)opr,w ) npHBOJI HT K n c p e UOJ1.Y TOJl b K O TCX r p y rm 
113 HOIIJl a CHIII . Y IIc n p OpCan l p o n 3 13WH X C n OBepXHO ­

N H; B rpy n n s i N H 2, KOTOpblC lie IlpOB3a H ;\ 1 0)J.e ~i ­CTblO M MT n p OTO HH p OB3HH b[ X r p y nn IlOJIHCa Xapu ­


) I,a 113XOLI.HTCH aueraru sic n p OT H BOH OH bl , <[T O XOpO ­ CT BOBaJI H C 1l0BCP XH OCT b i0 MMT. npOT OlIVlpOBa H ­


W O COrJl a c yeTC51 C P C3 y hT a TaMH LI.PYfl1 X p a 60T [7, 8, II bI C rpyn rn.r XI1T 0 3<lHa , K OT Op bl C 3JICKTpOCT aTH4C ­

Bb IC O KO MOJIEKYJI5IPIl h IE C OE H H Ell VI 51 CCPI1 5I A T OM 55 NQ 12 2013 
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CKH CBH3a H b l C n o u e p x u ocr t.io IlaH OnJIaCTl IH , H C Y)~3 ­

JlOCb ncpene cr u B OCIIOB IIYIO ¢OP M Y C n OM O IUb lO 

TaKoit o6pa60TKH nJTCH OK , na 'ITO yxaai.maior PC ­

3Y; Il; r aT h l LI,C- H ItfK- cncKTpOCKO lllU I. A M IHlOf p y n ­

nbl XH T0 3a H a llK) rlO'lCllhl B C l1c Te MY BH yTp l1- 11 I\IC )I(­

MOJTeKy JI 51 p l-l b IX RO,U0P0.LlHbTX CB 51 3CH, B 1'01\1 'H ICJl C C 

nCp l3l1'ff1 h I M H rl-11lPOKCWTbHoIM H rp yrmasm npyr ux 
MaKpOM OJICK YJT non ucaxap una [5, 10, 33 j. 

Bnenen lie M M T 13 xrarp n ny XI1T03alla n pnuonur K 

CIUI :+:CIU1l0 K OJTWJCCT133 3l\H1H orpy n n B C,UH IH II [ C 

00-" e M3 , cno cofi uux K 06pa30 13a1HlIO M e)l( :-'IOJl e KY ­

Jlll PH bl X BO,UOPO.n.ffbfX CB5IJci-i C nCp B l1 lJ llhlM H rpyn na ­
MH OH nonucaxap nzra , TaK K a K uacrt, asm uo rpynn 
OCTan CH B IIP OTOll l1POBalH IO H q>OPM C 11 CIHl 3a H 1I0H 

nORe p XHOCT b lO IIi.lHOflJ\(lCT I1H . OC06CIlHO HBIIO H3 ­

MCHe HI151 IIpOH BJHl JOTC 51 npn BBe.uCHlfH 1-3% MMT, 

ua 'iTO Y Ki.l3 blBa 1OT na uu sre Itf K - c n CKTp OCKOfl l1 l1 

(pH C. 8). M CT Oll. .u113Jl e KT p W lcC KO i i CIIe K T p OCKOflH H 

HaJIC)I(l-IO H YCT K O perncr pa pycr r axoe U3M CllCIfH C 

(0 1. p IIC. 4) : n p m lCXOJl I1T ynerm-reu a e tg b . Ilpn 
nan bll e H UJCM B0 3 p a CT a H H 11 KOJT YJll e CTBa B 13C.n.CJl H Of O 

1MT n o 6 pa3 0 B3H HJ1 130JlOP OJl H b lX c m n c i-i C 1I0Be px ­

HOCT b lO H3 110nJ13 CT l1H n p Hl-II1 M 3 IOT y-racrue TaK)I( C H 

nepea-nu.re lYlJlpOKCHJrhHbIC I 'P Y lUIbl XI11'03aHa, ' ITO 

npH BO.llHT K CH I1)1(CIHIIO I1H Te H CU B HOCTH p CJl a KC a U H ­

oauoro npo uecca. 
B 03M O)l(H OCT h B3a I1M OJl c i-i CT B I1H rl111.p OKClfJl h H bI X 

rpy n n nonncaxapuna C rpyn na H I S i - O ua 1l0 11CPX ­

HOC1'H Ha H OTlJIaCTH H noxaaaua II pafior e [261 na npu­
Mepe KOMIl03HTO H Kap60 K cm.l c T H JIueJTJlIOJ103bl C 

MMl: B Jl a H H O I C ryxac , npu B bl CO KII X KO HUCH T p a ­

IlW ! X M MT B XI1TO JallOBOH ~taTPI1 UC M OI)'1' Ha6J1I0­

LlUTbCH r pn uuna B3a H M o .ueii c n m ii : :JJTCKTpOC1'aTH'IC ­

cxoe I\I C)I(JlY n p OT O H l1pOBaH H bl M I1 31\111 11Of pYlInaM I1 

nonucaxapana H OTp l1 u aT C.f1bH bIMI1 aap anasm na [[ 0 ­

Bep XH OCH I WlHorUI 3 CTl1 11 , a TaK)l(C B3a HMoJ~c HCT.BIUI 

sepea 0 6pa 30Ba H I1e nonoponuux CBH 3d i MC )!(,ll.y 

rpynnaxni N I-I2 11 n CpUI1YH b l M H 01-1 1l0 JIHMCpa C 

qly H Kf.(110H aJl bH bl r-Ul r p Yl\[ 13MI1 na nonepxuocr u 
MMT, uanpuvep C rpynnasm 01-1 H a H On Jla CTI1 H 

[10] . 
A CB51 3 H C TCM . 'ITO norro ca I10rJT OU ICIH1 H rp yrur 

Si- O B otinacr n 950- 1059 CM - 1 nepexpstnacr cst UIH ­

poxori VI H H Te HCI113HO H nonoco it n O I'Jl ome H IU I XI1TO­

sana, 6 b lJl1t nony-ren 1,1 pa3HOCT lI bIC ClICKT P bI l1yTCI\I 

Bbl ' llIT a HH H 113 Itf K-c n cKT pOI3 XH T033 Ha 11 OClI OJ)1I0H 

cj>Op M C C Jl,0 6 a BKaM H M M T cnexr pa "IHCTom XI1T03a­

IJa B OC H OBJIO(( ¢ OP M C ( p u c , 9, xpn nste 2-4). PU3 ­

HOCT Hbl C cnexr pu 6bl1111 1I0n YlJCTl bl M CTOll.OM npHMO­

1'0 Bhl ' !Ii TUHlt5f , 1l 0CKOJl b KY HC!IOJlo'l y c M a H II<I MI1 

npn crauxa " P i k e " rapau rupycr OJ.lI1 l1aKonY IO CT e ­

rrcus n p H)I( Iu,m , 11, CJTCn ORa TeJl h H O , OJl HH a KOllYIO 

rJl y611 11Y npo u u xu oueu nn HK- I1JJ1y yeJl I15I B o 6pa ­

seu. O W I16Ka MO)l(CT B0 3 1111K ll YT b H3 - 3 3 H3MC HC IHIH 

KOHT y p a 1l0JlOC nOrJIO IlrCH H 51 XI1 T 0 3 a H a B 06JlaCT II 

1200- 850 CM - 1 film B BCll.e H H H B I\taTPHllY flOJIHCa Xa ­

p una aano-racrn u M MT. ,UnH lI CKll IO' ICH Vl5f 3TOII 

OWH6 K!1 6bUI 0 nposeneuo Bbr'lHTa HllC cnexr pa XH ­

BbiCOKOMOJIEKYM1PHbiE COE,ll, HII EHH51 Cepl151 A 
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PIlC. 8. 1-'1K - Co e KTP b l X I1T03a Ha 13 OCHoBHO i:! <pOp MC ( 1) 11 

c,Uo6aBKaMI1 1 (2).3 (J) 11 lO% MMT (4) . 

r osa ua C 3% MMT ~u cne xrpa XHT 03a l la C 10% 
M MT, n OCKOJlbKY H3Me H CIHt H n cnexrpe npn ynernt­
-reuuu KOH UCHTp a UJ'IH MMT OT 3 no 10% IIpaKTI1 IIC­

CK I1 H eT. X OTSI B nonyueu nosi cnexrpe I3bl'II1TaIlH5l 

11l lTCII Cl1 BH OCT H 1l 0 JfOC H CCK OJT I>KO 'ICH b I UC, ' l e M npu 
Bbl'lHTa H HH 'l HCTOro X HT03aIW, n OJT O)l(e lH iC HX ocra­
e TC 5l IfCH 3 M CH [[ b IM . TaK H M 06pa30M, rrOJlY"ICHHbIC 

np H B l>l ll1Ta H I1 H XI1T0 3a H a p a 3110 CTlI bl e cnexr pu , '
M O)l( [[ O C I I1Ta T b K OP P CKTH b l M H H I1MCIOW,HCC51 B HI1X'
nOJIOCbl OT HOCHTb K rton ocaxr Si-O B M MT 

,Un51 cpa nueuus nonys eu p a3110CTH blii H K ­

c ncxr p r CJ151 M MT (mHlOY3CT Vlll bJ HaXOll.5ITC H II 3 KC­

q )OJIH H p O Ba HlfOM COCTOHHHH) nyrexi llbI 'l IH UH lIH 113 

H K - c nCK 'pa r CJT 5I M MT cn exrpa BOl~hl (puc. 9, K p H ­

Ba SI I ) . A 3 KC<ll OJl I1H p O n a HHo M COCTm l Il l111 (n rene) 
3 TH nonoca cnsa nyra B CTOp O H y 60Jlcc Bh l COK I1X 'la ­

cror (1040 CI\I - I ) . 

TOM 55 NQ 12 2013 
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P IlC . 9. 1'1 Kvcn exr pu re.nsr M MT ( 1) B BO,lJ,e (naa ovacr uusr 8 3 Kc~JOm1l1pO Ba H HOM COCT0 5IH I1I1) , p a 3 HOCTHble cuc m p s t KOM n o ­

'I J-1 Tli b I X TIJlCIIOK XJ-1 T 0 3aHa C,IJ,0 6 aBKaMJ-1 I (2) , 3 (J ) J-1 10% (4) M MT I1I1CXO,lJ, H OrO M MT (5) . 

H a 6 JlJo ,Ua CM h l ii cn unr MOiKI IO 06'b5ICIIHT h , ITO 

Kp ,1i1IIc i1 Mep e , J.W y M H n p \I'Ht HHM I I. C o n noii CT Op O­

H sr, y !\t CH bJUCHltCM onepn ru ll:laI1.M OJleJ:i c T BI15I M CiK­

)ly rpy nna vu Si - O BCJI C,UCT B I1C I1X con s aaramm M O­

JICK y JIaM I1 uouu , n p \1H0 ).!,51111c ro K :JK c q>OJIH HpOBa H ­

H OMy COCT051JlI1 10 m IHO nJJUCn lH . C n p y r o ii CTOp OI-Ih l , 

CJlUI1r Jl OJJOCbI n Om OlllCJl I151 r p yu n S i -O M O)(( CT 

6 1>1T b 0 6 y CJJO llJICH 113 M CJl CHHCM ,UH3 JJCKTpWIC CK0i1 

n p Oll l1 UUCM OCTI I M C)(( CJJOCBO ro npOCTpHIlCT Ba M MT 

[25] . B K OMlI0311 11HOH ll b IX JIJIC II Ka x TaK)((C Il0 3 M OiKH O 

B3 a .I-1 M OJlc i1cTB I1. C rpyrm S i - O C rpynrrav u Ol-f xrrro­
s a na 'JCPC3 06p U30Ba l-ll1 C 1l0 ,UOp0 ).1 H bIX CB5I3Ci1 . P U3 ­

H OCTl Ibl C CIlC KTP hTCIH1,UCTCJlbC T IlY IOT 0 H aJII1 ' IIH 1 B3a ­

H M o n c ilcT Bl IH M C)I( 'u Y n OJIHCa Xapl1110 M 11 H aI JOn JIa­

CTi l Ha M I1.. nOCK OJJbKY x apa x rcp H 3 Me llCJl H H B 

cne x r p e COOTIlCT CTBy CT n c p c x o ny M MT B 3KC< !>OJI I1­

I1p O Ba H HOC COCT0 5IHI1C, C 6 0 JJb W OH ,UOJJC ~:lnCp051THO ­

CH I M O)l( I-IO npCJl.1l0 ! IO)l(HT b , '-ITO 11 MCXUH I13M B 3a l1 ­

M01.l,CHCT RH Sl a H UJIO n 1'-ICH 133UH M OJlei1cT BH IO H aI lO­

n n acruu C r p y u n a v u OH norn,r. n o 1\l Cp e 

YBCJJWl CHH 5I KO JI H YCCTB a ll aI I O' l a CT I1U M MT B M UT­

p H UC XHT03aIlU I10JJOca Si-O C).!, I3H r UCTCH B CTOp OH y 

HH3KH X '\a CT OT, O/U IaKO H X KOIIucHTp a U H 51 e rne ncno ­

CTa TO'-IIIU /.l,JJ5I 0 6pa 30 13a Jl l1. H CJJOH CT Oi1 cr pyxr ypsr. 

TaK I I M 06p a 30 M , C Jl O :'.WU ~h IO M CT OA OB J1I13 JICK ­

TP W l c c K o ti c n CKT p OCK o n H H 11 H K - <PYPbc - cncKT p o ­

CK o n HII 113 y 'ICll bl OC06CI IIIOCT11 n3aHMOJl.c i-i: cTB ~f51 

M3 Kp OM OJICK y JI XH T0 3mm C H a IIO' laCTH ua M I1 M M T 

n P I I ncpCBO).!,C XH T03alla 113 COJICBOH q >OP:'.l bI B OC­

1I0 BH y lO nyr e xr o 6pa 60TKH n JJCHOK p a CTBo p O M axi­
.:\fl1 a K a B 3 T H [OBO M cn11pTC, B KOMn0311T3X OCT a IOTC5I 

+ 
IIPOT Oll l1.pOBa H H h lC rpynrrsr J H 3 1I0 JII1 Ca Xap HJla, 

rr p O'JHO CB51 3a HH bIC C OTp l1 l.~aTl~JI b ll bI M ~1 3 a p H).1HM H H 11 

n O BCp X I-IOCTI1 H a H O\ \JJa CTJ.1H ( 3 j ICKT p OCT an l LICCKoe 

B3 3 I1M OJl c ikTJm e ) . C n O I3Cp X l lOCT b lO lIall0ll.JJ3CTlI II 

T a K)((C B3 3 H M O).lCH CTByIOT rH).!,p O K CHJI bll bIC 11 uc npo­
ron aponan usre <lM H Horp YlI lI bI ' Je p C3 06pa 3013aH I1. C 

B0 ).10pOJl H bTX CB513d i. 

n o Mcp e YI3CJJI1'-ICH H 51 KOJJJ.1'ICCT lla HaHO'I3CT I1U 

MMT B M aT p H ue X I1T0 3UH a npOIlCXOn IlT n epec rpoa ­

xa CI1CTC /lf h l BlIy TpH - 11 M C)f(M OJJeKyJUJpHbIX B0).10­

P0).llI bI X CB5J3c ti , x a p a x r e p u o i i )J) I H 11 o n u c a x a p una, 

'-ITO IIp I1B O).1 I1T K y BCJU I'-Iem uo TCMIIc p UT y phl CTCKJJO­

BaU ll51 XHT03a H a . 
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