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THOpO
ITpHH5ITa B neuar s 30.12.2010 r. r191, 

nJ H 3Y' l eH hl 1J.ecP0pMaW1oHHO-npO'lHOCTHble xapaKTepHCTHKH KOMrr03HUJ10HHbIX IlJIeHOK MCTl1Jl u eJIJIIOJIO­
n B<D.3bl C rrO JIJ1BHH IIJIWOp MaMH1I.OM , rrOJTY'!eHHbIX 113 paCTBOpOB cu ecen rrOJIHMepOB B B01J.e I1 1J.I1MCTI1JICYJIbcPOK­

CH1J.C. C nOMOIl\bIO Tep~IOMeXaHJ1lleCKO rO MeT01J.a J11J.HHaMI1'1eCKoro MeXaHI1 'leCKorO an an uaa orrpenene na J1a60r 

rexmepary pa peJIaKCaUIIOHHbIX n epeX01J.OB B cveuraaaux nJIeHKaX H yCTaHOBJIeHa 06JIa CTb COCTaBOB, B ua CT 

KOTO p bIX lIOJII1MCPbl COBMeC TlIMbI. B hl5IBJIeHO BJII15IHl1e npupozist paCTBOpI1TeJl5I na MeXaHl13 M KPI1CTaJUJJ1­ llleii 
3aUlH I ~leTllJT UCJIJlIOJI03 bI , np0'lHOCTII bl e xapaKTepl1CTI1KI1 KOMrr03l1Ul10HHblX rrJIeHOK 11 COBMeCTHMOCTb n pOH 

n. rrOJI I1MepOB. 

B 03MO)K HOCT b n o l yqe HI151 ueJIJIIOJI03HblX MaTe­

p HaJIOB C HOB bIMH q)YI I K U llOH aJlh H bI M H CBOHCTBaMH 

H YJI)"IlIleHHhI M I1 Mcx a H H lfCCK H MH xapaxrepa cr uxa­
M I1 ua OCllOI3C CO BMcmCH IHI 3 (!mpOB uenrnonoasr C 

CI1HTeTl1lJ eCKH MI1 IlOJl l1 M e p a M I1 n pe.uCTaBJIHeT nays­
I1blH II lI p aKTl1' ICCK Hl1 H H Tc p e c . Crp y KTYP H a H M01J.I1­

$ HK a l ( I1H n 0 1IH M e p OB paan a s no ro XH M l1lfe CK Or o 

CTp OCHH5I nyrera HX COBM m e H l1 5I B 06meM paCTBO­

pJ.-lTeJIC HCn OJl b 3YCTCH )J)lH nonyaen ua KOMn03l1TOB C 

p e rym l p ycM bl M I1 cno iicr nawa . B 3aBI1CI1MOCT H. OT 

XH MHlJeC KOrO COCTa Ba , )Ke CTKOCTI1 MaKp OM OJIe KYJI, 

CTCneHI1 n OJl ll ~LCp l13auml H I1l 1,Ua p a CTBOp l1TeJlH n o ­

Jl H M e p L I ~lO ryr 0 6 p a 30 BblI3 aTb B p a CT 130 p e cr py icrypsr 
pa3JHI'I H O H oprau naamr u H c Ta6l1J1bH OCTH. 113 n po­
l13 BO.uII " IX U CJlJl 10110 3 b l H UI16 0 JIc e 1lII1p O K Oe u pu ve ­
nenue H a llu m e e BO) (Op a CT BO p I1Mbl e 3~ I1PbI: MCT11JI ­

ue Ul lOJI03U (M U ), H a T P HeB aH COJlb Kap60KCH MeT HJI­

u eJIJlIOJI03h l, n l .up O KCI13T HJIu eJIJII0110 a Ii T.JJ,. fl - 6]. 
M U13 3a B l1Cl1M OCT H OT CTCn CHl1 3 a M emCII H.H, p a c ­

npc,UeJJCH I15I 3aM e CT H TC.'l c }i B a H rl1.u p o rJ IIOK 0 3HbIX 

3 BCH b HX H BA OJI b M3K po u c n ci[ M O)KCT 6b11'1> p a CT BO ­

p l1M a B BOllC l1 B Oprm l l1 lJCCK H.X p a CTBop J.-lTeJUI X [7­
10], YTO n 03BOJI5leT nonys an , ua e e OCH OBe KOM Il0 3 H ­

U,110HH b l e I1J1CllK I1 11 BOJIOKHa 113 p a CT Bo p OB CMCCe l1 

n OJI I1M Cp OB B 130.u H1>IX 11 Opr a HH Qe CKJ1X cpenax. B 

an p OTOIIHbl X p a CTBOp H TCJl HX, T a K HX K a K )],MAA H 

)], M C O , M U p a CT BOpHCTC5I npu uarp enau au, 11 npn 
OXJl a )KJJ.CH 1m pacr uopa ofipasyer cs cPH3 11 lfeC K l1 H 'rep­

E- mail: boc he k@hq.macro .ru (Eo-rex AJreKC3H.llp Mnxan­
JlOBWI) . 

)J.MC 
TOOpeMo06panlMblH rens c o CB OI1CT Ba M l1 , OTJIl1 lfalO m l1M H­
70°C C5I OT CBOHCTB reneji B BO,UH b IX pac ruopax [II , 12]. 
,Ll,MC

B sone MU paCTBop5IeTCH rrpn oxnaxneu 11 11 , if npa 
nJlCH n arpeaanmi pacrnopa 06pu 3yeTc51 TC p M o 0 6 p anlMbl H 
oxcrn rens. MexaHH3M reJIe06pa30 Ba ll J.15I M U B BOJJ,e Ii 

,Ll.M AA pa3JIHlJeH , -rro OTpa)KUCT CH ua nediopsrauu­ cran 

OHHo-rrpOlfHOCTHbIX xapaxrepncruxax fTOJIYlfe H HblX M 
HblX113 paCTBopOB nJIeH OK l1 HX CT P YKTYP H OH opraruo a­
B pex UI1H [13]. 
IIOt1 : 

B H a CT 0 5Im CC BpeMH B M e.uH u,I1 H C, 6 HOT e XHOJI O­ 10 (­
n m H npyrnx 06J1aCTHX H ayKJ1 H T e XlHl K H WH p OKO p OCT 

npI1MeHHIOTC5I noztopacr aopnxuae CHl ITeT H lfeCKJ1e na -ta 
n OJI IIM e pLI , na rt pu siep nOJl I1- N - BH H l1JIaM H.ub l [14] . H CO b 

C p e1J.l1 H l1 X XOp O IUO 113y'l CH b l l1o JI I1-N-BHH l1JI 1II1PPO­ H H H 

JI H.uOIl H n OJI l1 - N - mlll J.1JI K a n p OJl a KTaM . He M CHbW I1H Jl 51JIl1 

I1 I-ITepeC n p cnCT3 13nHeT n OJIU - N - UH II I1 <!)OPM UMI1,Ll CT H ' f 

(n B<1>A), KOTOpb l H HCIlOJlh3YIOT B xa-recr ne I1C XO.ll.­ M a U l 

no ro M UTe p H aJI a npa Cl1H Te3e Ka T H OH H b l X dinoxy­ 11 
JIHHTOB , <PYH K U I10 1IaJIhHbl X conona uepon 11 npn pas­ 1l.l1JLv 
pa60 TKe ] !OBbl X M OIOm l1X Cp C.nCT B 115- 171. OCHOU­ H a rp 
H o ir He.nOCTaTOK ncpe-nrcne u nsrx CHHT eTWl CCK HX nocr 
n OJIlI M CpO B - TO, YTO IUICI-I K VI H3 J.1 X OCH OBe xpy rtxne. )J.JIH 

B 3 TOi.f CB H3 11 n p e.uCTaBJIHeT H aYlf H bl H l1 npaxruse­ Hmf 

CKl1 H l1HTepeC nony-teu ne KOM n 03H UVlOllll blX MaTe­ 3 a m l 

P l1 aJI OB, B KOTOpbl X necyuieii M aTpHuci! 51BJ1 H10TC5I ro 
nonopacr s opuxn .te 3 <tHlP bl u eJIJI IOJJ0 3 bI. M U Ii n p Ol 

n B ¢ A XOpOUlO paCTBop HIO TC5I B BOllC H )],M CO. -rro " N e 

n 0 3 BOn 5IeT n p l1 r OTO BHT b pacrnopsi CM CCCI1 3 T I1X n o ­ npn 
JIl1M e p OIl 8 0 6 m CM p aCT BOpl1T e JIe [18 1. n pu 
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717 CI30 C1CTBA KOMn03V1UVlOHHbIX OJl EHOK M ETVlJlUEJIJ11OJI03bl 

Ilens uacr oa uicii pafiors: - nony-reau e K OM nO­bl 
JliUHOHll bl X IUICH O'lH bI X MaTe p HaJlOB C pe ryrm pye ­
IlblMH cPYl3 H KO- M CXall l1'lCCK I1M I1 C I30 ~lc' r13aM I1 ua OC­

HOBe r eTCp OLU1KJ111 4 CCKOro (M U) 11 xapfio uen uo ro 
(I1B<PA) 1l0Jl l1M CPOB I1 I1CCJlCnOBalHl e BJJ I15IlHl5I npu ­
POllbl paCT BOp llTeJl5I Ira r epvonuHaM l1'l e c KYlO COB­

\leCTl1MOCT b nOJlI1MepOB B T BCp ,nOM COCTOH lIl1l1. 

3KCn EPl'IMEI-ITAJlbHNl 4AC Tb 

06b CKTaMI1 I1CCJlen OB a H I15I CJIY')KI1J111 npOM bI UI­

.1eHHLIH 0 6 p a 3CU M U co crertensio 3a M e w,e H I15I 1 .6 2 

1I M= 1.5 X 105, a raxx e CI1HTe 3l1p OBa H H bI H B Jla6 0­

paropuu x YCJJ OI3H 5IX n Bel>A C M = 2.38 X 105. 

Ilpenaapxren s uo r OTOBI1J111 3 %-Hhle s on uste p a c ­

ruopu MU M Il B<J)A 11 2 % - lI bl e pacruopst 1l0 JI MM e ­

rOB B ,UMCO . nonp06110cTI1 n p l1r OTOBJlCHI15I pac ­
rncpos n OJl l1M e pOB 11 I1X CMCCC H ornrcaa sr B pafior e 
119]. 

n JleHKYJ l13 BO,Ll,H bI X p a CTI.lOp OB cvecen M U C 

nSC!>A cPOp MOBaJIH rryrc sr norum a pacrno pa xepea 
:la6o paTo p H y IO cPMJJbCPY C peryna pyew sn« 3a30pOM 

Ha CTCKJl5IH H bi e nnacr m u.r TlP H 20°C C n OCJI CJJ.Y IO ­

[uei! Cy W K OH n pu 30° C . Hctra perrn e paCTBOp HTeJl5I 

npOHCXOJJ. 11JI O B Te'ICH lIe 4 CyT OK . 

Ilner ucu l13 pacrsopou cveceti M U C n B<l>A B 

AMCO n OJlY'IaJIH rryrev HaHeCeHI1H narperoro pac­

I - rsopa (70° C ) ua npennapar ens uo nonorpersre no 

7Q°C IUIaCTH llhl C n OCJl e,Ll,Y IOw, l1M ucnapen a ewI· 
11	 ilMCO npu ::nOH 'resmeparype . <l>0 p M l1p OBallMe 

'1	 nJleHOK aanepuian ocs B re-renne 6 CYTOK. So BCCX 

3KCnCp l1M CHTa X ruracr uau H a XOn l1JJHCh na Tep MO­

CT8THpye t-.lOH nrnrre. 

x Mexaa u -iecx ne xapaKTcpMCTH K I1 KOM n 0 3H U I101l ­

HblX nJl CHOK 113YlJaJJI1 npn K OM H aTH OH resmeparype 
Bpe)f(I1MC onnoocuoro paCTIDKC lI l15I ua YHI1BCPC aJlh­

" oi! yCTa Ho RKC J],JI 5I MCXa H l1lJe CK I1X I1Cn hITa H I1t'1 U T S 

10 (qmpM a " UTSte stsy stcm e " , r e p M a H I1H) . CKO­
o POCTb paCTH)\(CHI15I COCTa BJJ HJla 2 0 M M/M I1H (100% 
e HalfaJJbHOH )l,J1I1HbI ofipaaua B MI1HYIY ). B n pou ecce 
I.	 HcnblTaHH H per ucrpnpoaarnr ,nl1arp a MMy paCT5I)\(e­

H\15f ofipaaua , n o PC3YJl hTaTaM HCn bJTaHI1l-'r onpene ­
:l HJlH BCflWII1 Hb l M O,Ll,YJlH yrrpyrocr u E, n penena nna­
CTl1l IH OCT H O"n' n po-nrocru O"p 11 n peztem.nori zrecpop­
\faUIUI ,ll,O paapymenna t p ' 

Tca rteparypy peJlaKCaUl10 H HbIX nepexonou naxo­
i\IUII1MeTO,ll,OM T MA H3 yCTaHOBKe Y M 1-1 B - 3 B pe)[(I1Me 

HarpCBa HI1H o fip as u a c o CKOpOCThlO 5 rpa.rr/M HH n p n 
x	 nOCT0 5IH HOH p a c r aru na iou i e a narpyaxe 0.5 Mfl a. 

I11H 60JJhIIle i'r Hane)\(I-!OCT I1 Te M nepaTypy CTeKJIOBa­

HUH Tg o npe,Ll,eJI 5IJl I1 r ax x e C nowo uu. ro n p y r o r o H C­

38BHCI1MOr O (llH3H lJecKoro M CTo ,na - n I1HaMI1'IeCKO­

ro Mcxall WleCKoro aHaJJI13a (}.(M A). I1cnbITa H H5I 

npOBO,ll,l1JHI na YCTaHOl.lKe DMA 242 C qlHp M bl 

"Nctzsch" B TCMIIc paTy p H o M ,nH,UIa30 H e 2-220° C 

npn -racro re 1 Iit, a sr n n rrryn e KOJle6aHI1t'1 30 MKM, 

"p H CKOp OCTlI n a r p e u ann a 5 rpan/MI1I1. 

BbICOKO MOJIEKYJUI P H blE CO ELl.I1 H EH I151 Cepior A 

CTPYKTYPH YIO opraHH3H UHlO KOMLI03JHOB u ay-ra­
JIH MCTOnaMI1 peur rcuocr p yx-ryp uo ro an an u aa H 

qiyp se- VI K - c nCKTpOCKOn 11 11 . <l>YPbe-1-1 Kvcnexrpu 
nJlCHOK 3a n HCb l Ik'UI H na VI K -cPYPbC - CIICKTpoMcTpe 

F S -88 cPl1P M bl "Bruker". C n o IOW,bIO cneu a am.a o ti 
n p l1CTa BK I1 pCnI CT pl1pOllaJI I1 1-1 Kvcnexrpu OJJ. If0 ­

KpaT lI O uapyurcuaoro n OJl HOr O IlH YTpCHHcro orpa­
)\( ClI l15I n OBcp XH OCTH wrCH OK C ,Ll,BYX CTOp OH (co CTO ­

POHbI n OJ],JIO)[(K11 11 C BCPXHCH nOBCp XI-IOCT I1 fUICHOK) 

B p a3 1!hIX MeCTax. K a)l(Jlb l H 1-1 Kvcnexr p ClIl1MaJJ H C 

1l0 llepXH OCT I1 I IJIOIlJ,anb IO 1MM2, ' ITO II0 31.l0 JUICT npo ­
CJlC,Ll, I1Th paBHOMcpHOCT h pacn penenennn nOn I1MC­

p OB na nOBep XHOCTI1 nJlCI I OK . 

n OJJ YlJCH I-IbIC ofipaatust Y1 CCJl e OBaJJH peJITreiIOR­

CK I1M M CTO,ll,OM na yCTa Ho BKC ")],POH - 2.0". ItJ ClIOJl b ­

30BaJJI1 C UK - H 3JlytI CH I1C, M OH OXp O ranl3aUI11O oc y ­a 
w,eCTBJ1 HJJI1 N i -cPHJlhTpOM . 0 6 p a311bl roT Ol.lHJJH B nu ­
ne naxera nnenox TOJIIU I1HO H 1- 2 MM. 

PE3YJIbTATbi 1-1 ItIX 06CY>Kll,El-Il-1 E 

H a pnc . 1 np encr auneu u ,ne Q) Op M a UI10 IH l b IC KpI1 ­

as re nony-re n n srx TUICHOtlHblX M aTCpHaJIOB, a B 

Ta6J1. 1 - J1X MCXa Hl1tICCKl1C x a pmCrep I1CTI1K I1 . Ilpn ­
eenen nsre peaynsr a'n-i JJ.CM O HCTp l1p yIOT CYUI CCT llCI I ­

H YJO 3a BHCI1M OCT b MCXaHl1lle CKHX xapaKT Cpl1CT H K 

fUlCHOK OT c OJJ.ep)[(a HI15:1 B HI1X n B<l>A. 3aBJI CHMOCT I1 

BeJlHlJI1H, xaparcrepnayio urax )\(C CTKOCTbJaTepHaJla , 

E 11 o ., OT COCTaIl3 KOMn03H IIHI1 II0C5IT 3KCTpCMaJlb ­

H b l ti xapa xrcp J],JI5:I llJIC HOK , OTJIlITblX H3 paCTBopOB 

KaK B Bone, TaK 11 B )],MCO . 0 6c BCJIlI 'l IH l b i n aJ],aJOT 

n o Mepc pOCTa KOHueHTpaUI1 I1 n B<l>A B KOMn0311­

UI1I1 no 50% (I13MeHC H I1C O"n YJJ.a c TcH npOCJI CJJ.HTb no 

COJle p )\( a HI15I Il B<l>A 50%, 3a TCM paapytueuue 06pa3 ­

UOB uacrynaer JJ.O n OCTll )\(e IH BI n peziena llJIa CTl1l 1HO ­

ern) . Il pa JlaJI bHCH W CM y BCJJ l1 ' I CH I1H KOHucHTpamIH 

Tl B <1>A npOI1CXO,llIlT 0 6 p aTH bl H npo uecc - nOBbIlUC ­

H HC )\( e CT KOCT I1 MaTCpl1aJJa, n pn -re» n eJl l1tll1Ha E flJJ5I 

nJJClI K I1 Il B<l>A CYllleCTl.lCHI-1O npcs suuaer E W I SI ' Il1 ­

CTOH M U. Taxo ii xapaxrep 3anHcH M o c Te il CUOWCTU 

0'1' COCTaBa 5IBHO YKa3hIBaeT na flJJOXYIO COUMCCT U ­

MOCTh KOMnOHCHTOB KOM n 0 3H UH {1, t ITO Ilb13blBaeT 

OCJl a 6 J1e H I1C CI1CTe M bI M e )\(MOJlcKYJl5Jp HhiX CB H3CH B 

nn en xax no Mepe BB Cn eH H5I n B<l>A R M aTp l1uv M U. 
B npo THBHOM crryxae H a 6 J11OJJ.aJJCH 6bI MOHOT OH H hI H 

pOCT noxaaareneii )[(eCTKOCT H KOM n03H U~IO Hl-lb I X 

fIJl e H OK no M Cp C YBeJll1 lJe H I1H xonnenrpaujrn 
Il B <l>A - OT BeJlW IHH, xapaxrepnaytouur x n n e n x y 

M U , K BeJl J.1 lJI1Ha M , OTBe 'la lO IlJ,M M IlJI CJl KC 113 n B<I>A. 

H a n n o x yio COBM e CTlIMOCT b n OJJI1Mep OB YKa 3h IBaCT 

TalOKe nouyrnemre KOM I10 3HUH OH H bI X fUICH OK 110 

Mepe n oaunue n a s COnep)[(aH W I nS<l>A ,no 5 0% . Flp n 
Or paHHlJCHHOH COBMeCTI1M OCT J.1 KO M n OHCJlTO Il CMe ­

CM B33I1M OJle H CTB H5I Me)l(Jly MaKp OM OJl c KyJl a M 11 M U 
11 n B <l>A n KO M n 0 311 UI10HHbIX IIJle H KaX OCJl a 6J15110T ­

CH. BBcJJ.e H l1e « axno r o H3 3 THX KOM n OHe HTOB Il MaT ­

p H UY n p y r o r o npHBOJJ.HT K 113Me HCH I11O CI1CTCM bI I.l0­

JlOP0 JJ.H bIX CB5I3eH, x a p a xre p a o a ,llJJ5I IIJI CH OK MU I1 

TO M 53	 NQ 5 2011 



[lOll EK 11 np, 

_.-

__ -, 2 

160 

120 

80 

40 

(6) 

I 

20 40 60 80 
s , % 

I'HC. I. JJ: l1 ilrpaMMbI paCT5IJKeHlIlI IlJ1eHOK MU (1), CMe­
ceH M Il - ·IIBet>A (2-4) 11 TIBet>A (5) , rrOJ1Y'leHHbI X 113 

3%- HbIX BOJj,l1 bIX paCTBopOB (a) 11 2% -HbIX pilCTBOpOB 
B/LMCO (6 ). Coztepx amre TIBet>A 1 (2) , 20 (J ) 11 

50 Mac. % (4). 

n B<1>A , ' ITO 6y,u eT nOK a3aHO HID Ke npn aHaJI113e ¢y­

pi,e- H K -crtexrpos nJI CHOK. 

KaK y >KC OT MC l.£aJIOC b s u ure , ILTle HKI1 n B<1>A 5lB­

JUIIOTCH XPYllK H MH (c, < 2% ). C OOT I3CTCT Be mlO BCJIJ.1­

-uu ra cp .ITJIH K OMfl0 311 LU10 1l ll bl X nnCHOK MOHO TOllH O 

nanaer no Mep c pOCTa 13 mix KOH u e HTp a UIHt nB <1>A 

(pMC. 1, Ta6 JI. 1) , Ta K LJTO )"A<C npn concpx aunn n o ­

cnen nero 50% I ICHKH .rr.CM OHCTp J.1 pyIOT xpyn xnii xa­

paxrep paapyur errus BH C 3a BHCH MO CT H 01' rnna p a c ­

T BOp I1TCJUl , npa xreune uoro n p H I1X 113rOTOBn CH H J.1 . 

Ilpn c p aBHCHHH CHo i1cT B I1J1CHOK , OTJU1Tb IX 113 

p a CrBOpOB B BO,f(C H LlM CO, ycranonneno , l ITO n pn ­
POItU 1·I CIIOJl bJOll aim Or O pacrnopar ena cynrecr nenno 
I3n H51eT na KOMnneKC MC Xal-ll1 l.£eCKHX xapaxr epucr ux 
3THX M aTep HaJIOD. Llml ucex HJ YLJell HblX M aTe p l1aJlO B 

( 0 1' 11l1CTOH M U.rr.o n B <1>A ) B cny-rae BOLLb1 peannay­
eTCH n OBbl WC H H a H )l(CCTK OCT b nnea ox - Bbl COKH e 

311aLJ CH I1H E 11 ()n (BO 13CeM .rr.l1an a 30 HC xouuerrrpainut 
nB<l>A, B KOTOpOM ynaercs 3apCrH CTp l1pOBaTI, nepc­
XO -tepes npen ert Ilna CT I1LJ 1I0 CT I1) . O c06eH HO c nn b -

HO BnHHHl1e IlPHp 011b l paCTBOpl1TCn R Ilp m lBJIHC1'CH 

.ITJIH K OM Il03H U H it C BbI COK H M CO):lc p )l( a H I1CM n B <DA 

11 .ITJIH nnCIIOK I13 nB <1>A (LLJ1 H nneaox nB<l>A, nony­
LJ CHHhIX l13 pa311bIX pacrnopurenen, I3Cn H'HIHbl E 
p a 3JIH LJ a IOTC 51 B 2 paaa). 3 a CLJeT paaunusr 13 xapaxre­
p l1CT I1K aX )l(eCTKOCTM nn H KI1 , OTJI HT blC 113 nonn a x 
paCTBop OB, fionee npo-msre, 'leM nneu xu TO r O )l( C co­
craua, OTJIHTb lC H3 paCTBo p OB B LlM CO, HCCI\I 0 1'P}l 

na nouuureua u e :ma' ICI I I1R cp y 1I0CJ1C.rr.H I1X. 

GonbW l1e BenHl.£HHbI c y nne uo x M U I1 M U­p 

Il B <l>A C COLlCp)l(aHl1e M nB<1>A no 50 Ma c . %, n OJI)'­

'leHHblX "11 3 paCTBo p OB B ,lJ,M CO, Be p05rI'H O, ofiycnos­
neHbI npncyr cr aa exr OCTaTOllH bI X KOn H'ICCT B pac­
TB OP I1TCJIH B I1J1eHKaX, T.e. nna CTH cp H Ka U HOH H hlMH 

3q)¢eKTaMI1. 

OTM eT I1M , LJTO B nnen xax, npHfOTOBn e H HblX 113 

paCTB o p OB B LlMC O , 11 3M CHC H I1e COOTl IOUlCHI151 

KOIIueHTpa IU1H KO J\.InOHCH TOB n p H BOLl.HT HC TOJl bKO 

K K On H'l eCTBCH Jl OM Y 113 M eHCH I110 x apaKTCpHCTI1K 

M aTcp Mana, Jl O nax e K Kal.£e CTBCHH bI M H3MCHeH HlfM 

xapaxrepa Llcc!>opMa U l10 llH o ro npouecca (pMC. 16). 
LlnH IlneH OK M U I1 KOM Il0 3HlJ,HJ.i C He 6 0 JIbWOH KOH­

uenrpaurren nB(I>A (no 20%) H a 6 J1 K)LLaeTC5J np euxty­
uiecrscn uo O.rr.HOP 0 Ll.H bIH xa paxrep L1.e<I)QpM I1p ORa­

HMH, a ne pe xon -rcpe s n pencn Iln a CT W lJIOCT H peanu ­
3y eTC5J K a K rrepernf l1JUI O'l CH b cnafio B bl p a )l(CH HhlH 

MaKcMMyM Ha.rr.C(p OpMaUH OJII-lOH KpH BO H . Il pn yse­
nl1LJ e lll111 KOHueHTPtll t l111 nB<1>A .rr.o 50% ncrpopv a­
UHOHHa5J KPI1Btl ~1 Iln CH K H n puotiper aer BH Ll , 1'11­

1l 11 ' l lI b l H .rr.nH cny-rax nnacra -recxoil .rr.eq)OpMaIUHt 

MaT Cpl1aJIa. Ha KpI1BOi1 n pncyr crnyer 'ICT KO sstpa­
)l(eH tI bIit " 3y 6 nJlaCTI1LJHOCT H " , a LLaJI b He i1 LLI a H rre­
c!>OP M aI t I1R ocyruCCTBnHeT C5J sa c-rer 06p a :30B<lH l1il 

LlJCH K l1 I1 ee pacn p OCTpaHCIH15J -iepea ofipa seu. 
B iu erixe n p OHCXO.lU IT p a 3p YW ClI I1e 0 6pa3IJ,a. K co­
)l(aJI e H HIO , npocnerurr s YK a 3a HHYIO TeH.D:CH U HI O na 
IlnCHKa X C CU te oonee BblCOKoti KOH llCIITpa U HeH 

n B <1>A He ynanocs, n OC K OJl b KY H 3-3 a pea xoro 
CH I1)1(CHH51 BCn WrH H b l cp OH I1 paapyuranncs Ll O 110 ­

CT H )I( CH H H npene.na IlJl a Cn l l.£ 1I0CT H . B uneu xax, 
n p l1fOT OnJICHH hl X II 3 BO.rr.HbIX paCTBopOB, OIl I1Ca H­

nan TCH.rr.eIl U H H K H3MeHCHI110 xa pa xre pa nerpop­
Ml1 p OOa HI1H npu pOCTe KOH u eHTpaUH I1 IlB<1>A He 
Ha6J11oLl.a e TC H ( p HC. 1a). 

Lln 5J Bbl5JCHe H I-UI xapaxrepa IlOBC)J,CH J.1 5J HCCJ1CLl.ye­

M h l X MaTCpl1aJl OB n pu nousnne u usrx TCM nCpaTYp ax 11 

oueu xa CTCIlCII I1 COBM e CTl1MOCTH M U C nB<l>A MC­

r onavn T M A H ,lJ,MA 6 bLJ1 a onpeneneua r evrtepary­
pa penaxcaunonxu x ncp e XOLLOB B nneaxax (1'a611. 2). 
Flpa a HaJUl3C ua nnsrx LlM A TeMnc p aTYPY nepe xonon 
H a XOLl.l1n H .rr.nyMH cnocofiaxm - n o 113Me HCHI110 MO­

nyna noreps E" H H 3M CHeHHIO r au reuc a yrna Mc x a­

H H LJ e CK H X noreps tgo. B KCl'ICC T Be n pu a epa Ba PI1 C. 2 
H 3 H p e.rr.CTa BJICH bl Tcp MOMexaH ~t'le C K H C xpnnsre 11 

TCM n e p aTy pH bl e 3alH ICH M OCTI1 M o~wnH yn pyr ocrn 
E', Mo.rr.yn ll rror eps E " 11 tgo . PC3ynbTaTbI , n onY'I CH­

u s te C acnonsaosa n ae« nsyx M CTO):lOB, XOp OIlJO no-
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fao;lIIua 1. MCXaHl1'ICCKUCXapaKTepl1CHIKU nJICHO'IHbIX MaTCpHaJIOB, nOJlY'ICHH blXH3 paCTllOpOIICMCCCH M u -n B<1>A 
IIBolle l1 n MCO 

COllep)KaHI1C n B<1>A, nO MYTHCHI1CE, r n a (In ' Mna (Jp , M n a t>p , %Mac . % nJleHKI1 

11:3 

HSI 

b KO 
'UK 

SIM 

6) . 
OH ­

. I Y ­

i ua ­
,JIH ­

l bl~1 

( BC ­

'Ma ­

TH­
LIH H
 

ipa­
lI.c ­

H IH I 

aeu. 
co­

) ua 
.H e i1 

.o ro 
JlO ­

xax , 
;au ­
l O P ­

H e 

A YC ­

la x H 

MC­

.a'ry ­
I. 2 ) . 
onou 
MO­


c x a­


f1C. 2
 

.re H
 

DCTH
 

' I CH­


1 lI.0 ­

I I 

0 4. 11 ± 0.10 

I 4.17 ± 0.07 

20 3.94 ± 0.10 

50 3.69 ± 0.08 

90 4.65 ± 0.2 1 

100 6.77 ± 0. 15 

0 3. 11 ± 0.09 

I 3.13 ± 0. I I 

20 2.66 ± 0.05 

50 2.29 ± 0.1 1 

70 2.24 ± 0.23 

90 3.05 ± 0.06 

100 3.37 ± 0.11 

n JleHKI1 113 BO,llHblX paCTBopOB 

177 ± 6 

100 ± 2 

95 ± 3 

168 ±4 

89 ± I 99 ± 2 

77 ± I 77 ± 1 

69 ± 2 

115 ± 5 

nJlCHKH 113 paCTBopOB n )l,MCO 

64± 5 

64 ± I 

52 ± 3 

49± 3 

nOJlH5I IOT npyr npyra 11 11 0 3 BOJI SIIOT n p OC11C,Il,I1Tb 06Jl a ­

CTa COCTa BOB , B KOTOpbI X n OJI H M e p bI COB M CCT H M bI. 

Tcu rrepar ypa CTC KJIOBallH5I n B<I>A, o rr p CA CJICH ­

113H 0 6 0 U MH M CTO,Il,aMI1, paunaa 13 0 - 1 4 0 ° C , cyure ­
CTBeHHO (ira 50- 60°C) H yI)KC , ' I CM r esmeparypa 
CTeKnOBaHlU I M U, K OT o p a H COCTaI3JIHCT 19 5 - 2 0 5 ° C. 

il3HHOC 3 Ha y.CH I1C XOPOIllO COBrrMa CT C pesynsrara ­
\111, nOJlyqclIHbI M H pauee [5, 2 0J . Te~mC p aTYP3 n 113 Il ­

.Je HI151 M U HUXO,nHTC H B 06J1 UCTH 270- 305° C [ 2 1], a 

IlI lTeHCH IlH OC T CpM HtICCKOC p a3J10)f(CH He n OJlH MC p a 

nporexaer npn rev nepar ypax Bh I W C 300° C [ 2 2 ] . no­

}TOMy rrpu YCT a HO B11CHHH 0 6 JIa CTl1 COCT a BOB, 13 KOTO ­

pblX MU 11 n B <t>A COB M CCTI1M bl, n o 113M CH CH I110 ue ­
.'1l1'IHHbl Tg TCMncp a TYp HbI C IICpCXO,Il,bI B M U, H CMC­

1lI3HHbl X IIn CH K a x n pn 280°C H Bbl WC HC 6y,ltCM 

Y'IHTbIB 3T b , TUK KaK OIlH xapaxrepu aytor I1P OI (CCC 

1I.'13BJICH USI nonasrepa, 

PC3YJlbTaTbI 0 60 l1x MCTO.llOI3 CBI1,Il,CTCJl b CT UYIOT 0 

BCCbMa IH I 3 K OH L. cnCIlH COB M CCT I1MOCH1 K OM rI O ­

HeHTOB CMC CCH npaKT I1l.{e CKH BO BCCM HCC11Cn OBa ll ­

HOM nnanaaone H X COCTaBOB . 

B KOMrr031111HoHH bIX nJICHKaX, C¢opMOBaHHbIX 

113 BO.ll.Hb IX p UCT BOp O B, Y)f(C npn UnC,Il,CHl1ll MaJlblX 

(1 0- 20%) KOH llCH TIXlUI1 H n B<t>A B MU COBM CCT I1 ­

socn, KO M n OHCHT OB KO M ll 0 3 11 UI1 H YXY.ll Illa CT C5I: na 
reanepar ypu bl X 3a UHCU M OCT SIX CBOH CT B 1105l B115110 T ­

CHJI.Ba nepexona B nnanaaonax TCM lIcpaTYP CTCKJl O­

Ba HI1 51 K OMIIOH ClITOU CMCCI1 (r afin . 2) . TaKa51 CI1Tya­

HHH cox pa W ICTCSI n pn ,Il,aJl h HCHIllCM nOBb lUICII HI1 

KOHUCHT p a U I1H OB<t>A B KOM n03 l1U H I1 BlInOT b ,Il,0 

90%. 
110 Mcp e pOCTa K OH U CIIT paU HH nB<PA 11 CMCC}I X 

063 3Hal.{CIUUI 7~ IIOCTCrrCIl H O CMCwaIOT C5I B crop o u y 

117 ± 8 

117±2 

80 ± 3 

41 ± 3 

36 ±4 

43 ± 3 

60 ± 5 

11113 KJ1X 'rexrrreparyp (na n naa T CHJlC H una OC06CHIIO 

S1CH O 1lI 1JlH a npn all aJH13 C PC 3 YJlbTa OB T M A, 

Ta 611. 2 ) . Omraxo 3 TO CM Cl11C H~I C HC IIOCHT 11IITCH­

CHBH o r o xapaxr epa. B L l cOKOTeMI1CpaTYPH l>lI'1 rtepe ­
XOlI. CMCll.I.aCT C5l sc ero n a 1O- 15° C npu 1l0BbIIlJeHHll 

KOHLICH Tpa lJ,H I1 n B<t>A B CM CCSlX 01' 0 lI. 0 50% , a Hl13 ­

K OTCMnCpaTYP H bIl'1 nc pexoa - npa p OCT e KOH llCH ­

Tpa UI1H nB<t>A C 10 A O 100% . Moxno nonarar s , 'iTO 

B U Il1pOK OH 0 6 11a CT H KOH I ICIH PaI lIlH KOMIlOHCH TOB 

HapSIJlY C 0 6 p a30BaHUCM MOJI CKY11HPHbIX CM CCCi1 110 ­

n l1M Cp OB «ITO n p H BOJl HT K H c60Jl b lllOMY 113M CH CH l1 IO 

60 

40 

20 

47 ± 3 

36 ± 2 

15 ± I Jlerxoe 

2.8 ± 0.1 C I1JlbllOC 

1.7 ± 0. 1 Jlerxoe 

1.9 ± 0.2 

65 ± 6 

70 ± 3 

56 ± 5 

40 ± 5 J]c rKOC 

1.9 ± 0.1 CHJIIJIIOe 

1.5 ± 0.3 Jlerxoe 

1.9 ± 0.3 

) 
2 

,. - - . 

50 150 250 350 
T, °C 

!'HC. 2. T epMOMeXaHl1y eCKHe xpaasre nnenox cvecea 
Mu-n B<t>A COCTa Ba 50 : 50. nony-reu m.rx 113 p aCTBOpOB 

B sozre (1) 11 B JlMCO (2) . 
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720 604EK H np. 

Ta6J1HUa 2. Teu neparypu nepexonon B K OMIT0 3HTH bi X 

nnenxax, onpenenc un sie .\ l eTOn a M H T M A II LlMA 

Conepx aHHe
 Tesmepar ypa ncpexonos B nncirxax, °C
 
IlI3<l>A. 
Ma c . % TMA no E n no tgb 

Flnerucn H3 sozun.tx paCTBopOB 

0 195. 280 20 1 220 

1 190,270 199 2 15 

10 191, 280 145, 180 152, 210 

20 136, 186, 286 149, 201 154, 207 

50 134,179,290 144, 200 150, 205 

90 133 

99 131 135, 158 145, 163 

JOO 130 135 164 

IlJI CHKH 11.3 p aCTBOpOB B LlM CO 

o 207,28 8 l S I 212 

I 218 ,295 167 205 

20 202, 300 143 153, IS9, 203 

50 134, 305 137 150, 202 

70 156 139 153 

90 140 135 

99 133 

100 138 

0 6Cl1 X TCl\U lep aT YP CTCKJ10 BaHlUI ) n p OH c XOlJ.HT VI 8 b l ­

,lJ,CJleH I1C 'WCTI1 xaxnoro 113 KOM llOHCHTOB 13 BHAC 01' ­

nenbHOM q la1 b l. 

)] ,.1Uf I \JlCHOK, CCpop M O Ba H H bl X 11 3 paCTl30 p OB CMC­

ceM rr OJIl1 M Cp OB B )],MCO, lIa6 m o ,lJ,a CTC5J ,lJ,OBOJl b H O 

CflO)KHa}1 xapr nua, n p l1'ICM r exrrrepary pu u e 3aIH1CH ­

MO CT H .lleq)Op Ma U I1H nnen ox (MCTO,lJ, TMA ), E" H tg <5 
(MC1'OJl.D.MA) ,lJ,aIOT H CCKOJI bK O paansre PC3YJlbTaTbl. 

MeTO)l TMA perncrpnpyer JI I1111 b O,lJ,I1H (BbICOK O­

reuueparypnsrjt) n pouecc CTe KJI OnaHH51 B ,lJ,I1a n a30­

H e KOH l\CHTp aHI1H M U 13 n JlC H xax 01' 80 Jl.0 10 0 % . 

O .lllI013PCM CIIH O Jl.JlH fUIClIOK , c o Cp )K a lUHX lJ.0 50% 

M U, xapaxrepcu astcoxor evrtepa'rypusra (nu ure 
280° C ) nC p CXO) I , OT BC<faIOIUH H TIJlaBJl CH H IO Kp I1CTM ­

JII1<fCCK OH cl:>:'131>1 M U . O TCYT CTBI1C na K p H BbI X KaKI1 X ­

JI 11 60 Bb l p a )f(e HH b l X nepexonos B 06JIaCTI1 CTe KJIOBa­

HHH n B<1>A YK a 3bIBaeT na <faCTH<fHym CO BM CCTH­

MOCTb n OJIl1 M Cp OB npn correpzsau uu Tl B<1>A OT 0 ,lJ,0 

2 0 % : B n J1 e H KC H aXO.llHTCH (l>a 3a <fI1CTOH M U (ee na­
J1 H <fI1C norrrne pscnaer pcrncr pu pyexu.ui na xpuusrx 
TMA npOlICCC rtnannen nu K P I1CTMJI l1TOB M U ) 11 rpa ­
aa M OJICKy JI HpHOii CM CCI1 M U - n B<1>A. 

npl1 flaJl b He i1weM n ODblll l CH I1H COLIe p )Ka H I15J 

n BcDA nafirnonaerca JIlH Ub H l13 Ko Tc r.m c p aTyp H blll 

npou e c c CTeKJI OBalHIH. 

H c06xo ,lJ,I1MO OT M eT UTb , <fTO n l1JTe H K a X C COLICp ­

)KaHHCM n B<1>A 6 0J l e C 5 0 % npn 're xmeparype BbllllC 

170° C npmICXO,lJ,HT H HTCH CHBll b lM POCT n o n ar lI BO­

CTU (o fipaansr " TCKyT" ) , 'lTO MO)KeT 06bHCHHTbC!I 

n p ucyrcrmrew D I1J1 CH Ka X OCTa TOtlHOro )], M C O , KO­

T OP b l ll OKa3bIBaCT flJ JaCT lI Q>HUHpYlOwc e L1elk TBl1e. 

n O:nOMY o n p C,lJ,CJIHTb I l aJI WHl e ~ IJl Jf OT CyTCTBI1C BTO­

p o r o , usrcox orcsm eparypuoro , npo uecca CTCKJIOBa­

H I1}) B rr JIe HK a X He Y,lJ,aJJOCb U rosoprrn, 0 COfiMeCTH­

MOCT H n OJHlI\I CP0 13 lUl U ee OT CyTCTIHI H U n J1e HKaX 

yxasa u uo ro COCT3 I3a HC n p CLlCTa13J1HCTCH B0 3MO)l(­

HbI M . 

Flpn U CITbITa H H 5IX MCTO,L(O M D.M A ua x punsix 
E" (7) H a 6JT1o.llaCTC51 0 ,lJ,11 H ucpexon 130 BC ~i 0 6 J1 aCTIl 

H 3M e H CHH5I COCTa BOB CMe CH, rr p W I CM rev neparvpa 
aroro IICp e XO,lJ,a M OHOTOH HO CH I1)KaeTC 5I npn pocre 
KOJl U CHTpa WtH n B¢A Jl.0 7 0 % . Ha 3aBUCl1MOCT5IX 

tg<5(7) , KaK H ua K p H 13bI X TMA, M51 llJIC H OK c Mc c e i1 c 
KOHlIcHTpaUHc J1 n B cDA ,lJ,o 2 0 M ac. % peracrpnpycr ­
CH O,lJ,H H nepexon ( 13 0 6J1aCTH CTCKJ10 n 3 H H 5I M U). B 
CM e CHX, COJl.CP)K3WH X 20-50% Il B<1>A, npncy rcr ny­
101' u na nepexona npu T CMnCp aTypax, OTBe<faIOIUHX 

CTCKJTOBa H HlO KOM n OH CH TOB CM e CH, a B IUICHKC, co­
nepxauiea 20% f1 B cDA, - )10 110 J1 H HTCJl b ll bI H nepe­
XO,lJ, rrpa n p OMe% YT O' I/lOH r ev ncparype (T a 6 J!. 2), 
CBI1,lJ,CTeJ1 bCT BymU.l, I1H 0 n p l1CYT CT BlH I B ::HOM nneirxe 
epa 3bl MOJICKYJ1 Hp H Ol i CM e CH M U -f1 B<1>A. 

)],a H H b l c 0 HaJ1I1 <fH H ua KpHBbIX tg<5(l) n c p CXOJl.OB 

B 0 6 J1a CT H CTeKJ10na H H H M U Jl.JI5I rr J1CHOK CM CCCi1 c 
BbICOKHM (nsnue 50% ) CO.ll e p )Ka H H CM n B <I>A lie YLIa­

CTCH nony-nrrs BCJ1e,lJ,CTBH C pesxoro CHH )I(e H H 5I )KeCT­

KOCTH rrJTCHOK n o paccvorpeu nsua 13bIUI C n p H'-I I1­

Ha M. 

TaKHM 06pa30M , na OCH OBaHHH ,lJ,a H H hIX TMA H 

D. MA MO)KH O C,lJ,CJlaTh B bIBO,lJ, 0 ' l a CT H<fHoti coave­
CTI1 M OCT H M U C n B<1>A. 0 6JIa CT b COCTan Ofi . H KOTO­

psix rr OJHl MC p bl COBM CCT H M h l , 3aBH CHT 0 '1' npsrponu 
p a CT BOp I1TCJ151. B nJ1CHKa X, crpopu oaaaasrx U3 BOLI­

HbIX p a CT Bo p OB CMCCCH. nOJ1 H M Cp bl COI3M CCT l l Mbl 

(XOT51. 6 bl <fa CT W I H O) n pu cO,lJ,Cp )Ka H I1H nB<1>A LIO 

10 Mac. %. B K OM n 0 3I1Ta x , norryuemn.ix H3 p aCTBO­

POB B D.MCO, I10J IHM Cph l COBM CCTH M hI n 0 6 JlaCTH 

COCTaBOB C CO,lJ,Cp)Ka H l1e M n B <I)A )1.o 20 Mac . % . PII 
tgo 

Ha nys uryio COIl ICCTlfMOCTb MU C nB<J)A B 

n JTCIIKa X, C<l>oPMOI3aH llhIX 11 3 p a CTIlOp OI3 B )],MCO, 

YKa 3blBaCT casta cPop ra 3a B ll CH M OCT6 i E " H tgo OT xau n: 
r exu repar yp u. B n OJTyq CH IIOH H 3 BO,lJ,IIO r O pacrnopa namu 
K OM II0 3 H lIHOH II0 J1 nnen xe, c O.llCp )Ka U Ic J1 8 0 % M U" C nox 
ua ofieux 3a BH Cl1MOCTHX tIC TKO Q>l1KCHPYJOTC5J ,lJ,Ba 

TCM lIc p aTyp H bl X nepexona, OTIIOCHWHXCH K MU 11 H. 
Tl B<1>A ( p H C. 3a). B n JTe H KC , CCpOpM OB aJlHOH H3 pac­ T H BOI 

r sopa B D.MCO, XOp OUIO IHI,lJ,Hhl 06U(H H MaKcHMyM MH T 
n pa 18 9 ° C II n ua rr e p cru6 a npn 15 3 H 203° C. Il pn JI H 3a 

6 0 JTb Ule J1 CKOp OCTI1 na rpena ann 0 6 p a 3L(a 3 TH u ep e­ J1 c H , 

xozis i MO)KHO II lie aaperucrp np ouar s .	 HCCJ1' 

I ru e I 
OTM eTH M , ' ITO Be H'IHII.bl Tg JJ.JI5I ' IH CTOH M U H 

HO H ) 
CMCCCi1 M u - n B <1>A , crpopuonaa nsrx 11 3 paCTRopOB 

B D. M CO, OKa 3aJI H Cb n snue , <fCM AJl }1 n JTCHOK TOrO )Ke 

COCTa Ba , IIO n OJ1Y<feH lIb IX H3 BOLllIbl X p a CT Bo p OB . Ha­
6 JI I0 ,LJ,;l e Mhli-i 3(P<l>CKT 06YCJ1 0l3JTCH pa3JIl1'II1SIMH U Me-

BbICO KO MOJI EKYJUIP H blE COE ,Ll,l-1 H EH I·H I CepHH A TOM 53 NQ5 2011 5 n 



721CBOJ1CTBA KOMn03HQI10HHbiX nJlEHOK METMJlUEJlJllOJl03bl 
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I)HC. 3. Teu ncpary pa u e 33RI1Cl1MOCTJII Mony ml ynpyrocru E ' ( I) , MonYJUI noreps E" (2) 11TaHreH C3 yrrra MeXaHl1yeCKHX rroreps 
19o (3).QJlH nJleHOK Mu-nB<l>A (80 : 20) , nony -renusrx 113 p aCTBopOB D Bone (a) .IfR nrv l C O (6) . 

xauusxrax Kpl1CTaJlJUJ3aUI1H M U B u p o u e c c e o opaso­

SaHl-Hl IVl e HOK H3 pacr no p on, xor opsre YCTaHOBJlCHbl 

Crtov ouisro PCA. 

H a KOH eu , Hy )KJIO OTMCT HTb, -rr o HCKOTOp a 51 n p o­

TI1BOpey.H BOCTb P C3YJl bTa TO B HCCJle,UOBaH H5I M eTO,Ua ­

\111 TMA 11 )l,M A, KaK H p a 3Jl H y.IUI p e 3YJIbT 3TOB ana­

.1I13a IUJCHOK , n OJIyy.CHH bI X 11 3 pa3H bIX paCTI~ OpHTC­

.1el1 , MOryT orpax ars r CTc p o r CIHIOCTb crpy x ryp s r 

ltCCJle,Uye M bI x IIJIeHOK 11 HCO,UHo pO,UHo e pac n p en err e ­

Hl1e 1I m I x KOM n OHCH TOB cweceji , -rro 6y,UeT n o x a sa ­

HO !HDKe n p n aHaJ1113 e J.J.a H HbIX J.1 K vcnetcrpocxorrn a . 

Ha Pl1C . 4 H 5 npen c r a nnensr p e UT r e H OBCK He ,U11 ­

cPpu KTo r p u M M bI l13YY.eHlI bIX W i eH OK . Pe<!>JIe K CbI n p a 

28 = S.oo H 21.8° na m r¢ p a KTorp u M M c M U OTH OCHT ­

C5I K I IJIOCK OCT}IM [110] H [0201 (pHC. 4, K p H Ba 5I I) 11 

YKa3bIBaIOT na TO, Y.TO reJIe06p a30Ua H l1C B 130J1H bIX 

p acr n o p a x M U c o n p o u o xna er c n Bbl,UCJIe II HCM B IIO ­

ayio cjJa3Y H JIOKaJIbHO(r K P l1CTaJIJI H3aw1c t'1: (ynopnao ­

lieHHCM) y qaCTKOB MaKPOUc ne t'1: M U, c o ,Ue p :>KaIH HX 

n p CI1M yrn:e CT BCH H O Tpl13a M Cm e IIH b l e 3BC H b5I. 31'0 

c orri acyerca C ,UaHHbl M l1 npy r n x aInOpOB [ lO, 23J. 
)l,JI5I n B<1>A Ha6JI IO,UalOTC5I xap a x r ep n s rc peqincxcu 
n p n 20 = 15.0°-17.0° 11 25.0° (pHC. 4, Kp H Ba5I 8), 0 1'­

HOC5IlllHe C5I K lIJl OCKOCT5IM [ 11 01 H [020]. B HJ.J.HO, 'iTO 

B 3a BHCI1M OCTl1 0 1' COCTaBa Ha pCHTreHO,UHQ:>paKTO ­

rpa xu rax c sr e ura mua x nJlCHOK n pOHCXO).l,HT HaJIO:>KC­

H He pedin exco u o zmoro norm Mcpa u a p ecPJ1CKCbl 

npyroro, ITOBbl lllClI l1C T<OH u e HTp a U I1H nB<1>A 60Jl b ­

we 50 Mac. % npa nomrr K n051.BJle JIH IO p CcPJ1e K COll 

5 BblCOKO MOJI EKYJ151 P l-lblE COE,LU1H EHI1 5I Cepns A TOM 53 NQ 5 2011 
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o	 10 20 30 

PIIC. 4. Peirr reHOilHlppaKTorpa M M hI DJJeHOK MIJ, (I) , 
CM CCCH MIJ,- n B<t>A (2-6) 11 IIB<I>A ( 7), nonys eua srx 113 

UOI.\H b IX p aCT BopOB; 8 - il l1cPp a KTo r p a M M 3 rropounca 
n B<t>A. Con epxaane n B<t>A 1 (2),20 (3) , SO (4) , 70 (5) 11 

90 M ac . % (6) . 

rrpn 28 = 15.0° 11 25.0° 11 K 11C'IC31I0BCHl1lO xapaxrep­
H bl X MH MU pedinexcon npn 20 = 8.0° 11 21.8 °. 

HHa H xaprmra H a 6 JII o n.acTC5I B flJICII KaX, crpop­
MOllaHHhIX 113 pacr uopon B )J,MCO (pHC. 5) . )J,JIH M U 

xapa xre pust pedinexcs: n pa 28 = 9.0°- 9.5° H 2 1.8°­
22.0°. nOJIO)l(ClIlfC pedinexca . COOTB CTCTllYIOlllero 

n JIOCKOCT I1 r1101. np n 28 = 9.0°-9.5° Y Ka3hIlla CT na 
TO, ' ITO KP HCTaJIJI 11 3aI.U I H MU ll )J,MCO COn pOBO)l(.IJ:a ­

CTCH BhI.IJ:eJICH l1e M B H0 13YIO cPa 3Y cPp a r M CHTOB MaK­

p OM OJIe K y JI . conepsca uurx n p CH MYllleCTBCHHO ' 18 ­

CTH "I H O 3aMelllCH H hl C 3 BCHhH. 3TOT BbIBO)J. 110 .IJ:TBCP ­

)f(JI,a lOT na u u u e pa6 0 T r13, 23], B K OTOpbIX n OK a3a1l 0 , 

' ITO pe<pJICK C npn 28 = 9.0°-9.5° OTB C"I a CT M U c o 

CTc n CHhlO aa l ClllCIUH I ~ 1.0. n O- lHll1,l1MOMY, p a3JIH ­

<fHCM 11 M CXa H I13MC K p HCTaJIJlI1 3aU H H Ma K pOMOJICKy JI 

MU II BOn.C 11 )J,M C O , a TaJOK C B COCTaBC KpI1CTaJI ­

JI I1T H bl X 'l OH nOJlHMCpa H MO)l(HO 0 6 b HCH I1T b OTJIl1 ­

'llHl B llCJIWHlIIa X 7~ flJI ClIOK M U , cdiopvouauusrx H3 

paaa u x p a c TBOp HTCJICH . 

CJICJIYCT OTl\lCTH T b 06wYl0 3aKOHOMCP IIOCTh )l)Hl. 

nJICHOK, 06pa 30 Ba H HblX 113 pasuu x paCTBOpHTeJIC ~i. 

B nC)J.CH UC n.0 6 a n OK n B<l>A B M aTp l1uy M U IIp H BOJUfT 

K Yl\lCH hWCH l1 lO I1HTCH CH 13 HOCTH pedinexcou n JIOC­

KOCTCH [ 110] 11 [020], CB H)J.eTCJIh CT I3YIOIUCM Y 0 6 

a Mo p qHlJaI (I1H 3q>Hpa UCJIJIlOJI0 3bl, T.C. no oanxa O)J.­

aoro n OJI I1M Cp a 3a M CM5lCT CKOp OCTb KpHCTaJIJIH3a­

U 11 11 npyroro , n p C06JIM m OWCro n o Mac c e B KOMflO­

3 111'11 011 IlJICH KC. AHaJI OrWIHa 5I 3a K OH OM epHOC1'h i ta ­
6 J110uaeTC5I npu BI3CUCIIlU1 M U B M aTpl1llY n B<JlA. 

113)J.aH HhIX P CA 'ralOKC CJIC,Uy CT, -rr o H OBbl X CMe IUaH ­

H h l X K p l1CTaJIJI W I CCKI1X CTPYKTYP 13 K OMn 0 3 H m IOIl­

H b l X IIJICH K aX HeT. M O)l(HO nonarari ., 'ITO B 0 6 JIaCT I1 

cocras o n, 11 KOTOpblX M U 11 nB<l>A COB M CCT H M bI I1JIH 

C ll. BJl 
1650 0 
I''PYI 1Il ( 

A M I1,U I 
110JIO )l(I 

MOLI.CHC 

uafimo: 
H c06xo 

K OH<P0l 

nOBCLI.C 

na'rs C I 

IIC MU 
JI O H a X 

<p o p M a 

113M CH t 

no OTH 
'- ---' --.l --.l L 

KOH(PO
10 20 30 40 xapa xr 

28, rpa.ll 
11 AMI1 

CT HYI0 1 
PIlC. 5. PCHTrcHoilf1cPpaKTOr p a M MbI ITJlCHOK M L( (I ), MUTpl1J 
CMCCel1 MU - OB<t>A (2·- 7) 11 nB<t>A (8) . no nv s em u,rx 113 OTHOCl 
paCTB opOB B )J,MCO. Conepx aa ne n BeDA I (2),20 (3), 

TaKOI1SO(4), 70 (5), 90 (6) 11 99 M a c. % (7) . 
6 bl T b 0 

MUI1 

'laC1'H'1I10 COBJl.ICCTH M b l , q)OP M HP YIOTCSI TOJI 1>KO CMC­ COCTall 

uranu sre a MOp ¢ H bI C CTPYK1YPH hl C 06p a 3013a1lHSI. CT I1M h 

H a PI1C. 6 npCLI.CTaBJIe II b I <PYPbe- VI Kvcnexrpu C l 

CT P H P( 
nJICHOK, cdiopwoaan ma x 11 3 paCTBOp OB 1l0JIH M CpO B B 

noro 11
BO'uC H )J,MCO. )J,JI5I M U Xapa KTCpH hI M I1 HBJI51lOTC5I 

BC p XHI 
1I0JIOCbI n OrJIOlllCHI15I C130 6 0 LI.H b IX H C135133IIHhlX 

nouep 
rpynrt OH H 0 6 JIaCTIf 3220-3400 CM - 1, BaJI ClITH bI X 

pOH . I 
KOJI C6 a H H H C -H , BXOllJl m l1X B rpyrm sr CH3, npu 

cTBeH ' 
2817 I1 2898 CM - 1 H cncUH <pI1<J Ha5I nOJIOCa IlOrJIOIl.le­ crax n 
H H5I npn 942 Cl\-C I , no KOTOp Ol1 OTJI I1'1810T M U OT HOW C 
3 T1IJIUCJlJI lOJI 0 3 bl [24] . B HK- c IIc KTPax Il B<JlA Ha­ Ar.U1Jl. 
6JI10 u alOTC5I xapaxrep usre n OJIOCbl nOrJIOLUCHlI5I C51 K j\ 
r p y n n C O IIp H 1640 ( A M 11LI. I), UC<po p Ma U I10 HH ux 'JeCTIl 
KOJIc 6 a ll H I1 rpyn n N H rt p -r 1530 (A M I1,U JI) 11 np u nJIeHI 
1250 CM - 1 ( A M I1J.l III) [25j . TaK )f(C I1MCCTC5I nonoca 'I'Pa UI 
IIOrJlOlllCHI1 5I B 06Jl a C1'l1 3250 CJl..C 1, OTI IOC m ua51C5I K H aTeJ 
rpyrtnav N H IlTOp l1"1HOr O a M HLI.a, xor opsie CB5I3a Hhl BI 
I30 ,UOp O)J.HbI M H CB5I3HM H. OHHh 

no MC p C yBCJIH<JCH H5I .IJ:OJI I1 n B<JlA Il CM CCHX 110­ .D.b l I 

H 13JUI IOTC5I xap axrepnsre N U l Hero nOJIO Chl nornouie ­ nJICH 

HI1 SI C O,UH OBp CMCH H hIM YM CHhw e H I1CM H HTCH CH B­ MU­

1I0CTlI n 0 J10C nOrJI OlllCHIUI , COOT BeTCTllYK)fJ l I1X M U. II Ma' 

C UCJIb10 Bb l5IC HCB 11 S1 McxaH 113Ma B3 al1 MOLI.CHCTB H5I H 3 B 

Me )f(Jl,y Ma KpOMOJIeKYJIaM I1 MU H n B<JlA a a rpa uuue nsr cc 

paanena <1>a 3 IfJI U B 06JIa CTl1 ' l a CTW I HOI1 COBMeC1'I1J1.I O­ JIHm 

CTI1 1l0 J1HMCPOB 6 bUl nOJIy<rCH pa3HOCTHbLii c o C' 

Vl K - c n e KTp CM CCH Mu-nB<1>A ( c OCT<lD a 80 : 20) 1303[. 

IIYTe M BbI<l I1Ta H H5I. H3 H Kvcnexrpa CM CCI1 MU ­ HbIX 

n B cDA crrexr pa "I I1CTOI1 M U ( p HC. 6, cncxrp 6) . I3HJI ­ CTiI 

H O, ' ITO He 3a BHCH M O 0 1' n pnpon sr paCTBOpI1TCJ1 H Ha ­ Iw6. 
6 JIlOLI.aCTC5I OU H OBpCM CH lIblH CU Bl1r B 06JJaCTh p ac: 
fionee BbI C K H X ' I a CTOT nOJIOC IlOrJIOIHClI H5I A HI,U I u wee 

A M HLI. I I . n B 

BblCO KOMOJl EKYJUIPH bl E COE)J, IifHEII HH Cepnn A TOM 53 NQ5 201I 
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C.aBI1r nOJIOCbl 110 rJI oJ.JJ:e H 1151 ( A M 11,U I) C 164 0 ,U0 A 
(a) 

rpyrm CO. KPOMC r oro, cmnrr 1l0JIOCb l 1l0f JIOIH e H H H 

1650 C~C I YKa3bIBaCT na yC HJIeH He B3,u 1MoAeHc TBH H 

5
:\\!f LU II C 15 3 0 110 15 4 0 CM - 1 llP H BOlUl T K nporuso­

4n0;10)f(HOMY 3a KJI IO' l e H H I0 , T.e. K YMCHhWCHHIO B3a H ­
3Ilon.eHcTBlfH '-Ie p C3 rpyn ri u N H . .I),JUI 06b51CH e H H 51 

2 
Ua6JllOllaCMOr O, ua n e p a s ui B3 l"JIH.lI , n p On IBOp e 'IH 51 

Heo6xo.aHM O yqJIT bIBaTb B03MO)i(HOe 11 3M e lfCH H C 

KOIl¢ OPMa UHH MaKpOMOJI CKyJI n o m r aau n a . Taxoe 
nceeneu a e [[OJIOC A M HA ] H AMll)l II CJIe ,Uy c T CB513b l ­ 1 
IJ3Tb C 113MClfCH I1CM KOHepopMauml n B<1>A B MaTp H ­

ue MU. Ilonotia oe n OIl C.lICH l1e I1MCCT M CCTO B Ha i1­

.10HaX rtp n nep e x o n e 113 a - K o HcP0pMa U I1H B y - KOH ­

q,opMaUI1/o [ 2 61 . B :)TOM CJI)"w e x o a dio p n auaoa a s i e 

113MeHeHI1H CBSl33 H bl C nOBopOTO M a Mll.uHo H r p y rm s t 

no onrorueu m o K OCI1 CI IJ1PaJll1. O rMCTI1M , '-ITO 06e 

KOH¢ OPM3 1l11 11 B COOTBeTCTB l111 c o c nex r p an snsma 

xapaKTCp l1CTH K 3 M 11 (nOJlOC3M 11 1l0 rJIOII..\e H 1151 A MlI,U ( 

II AMI1)J, II B 11K-cnexrpe lll1CTOrO n B<1>A) n p n c yr­

CTllYIOT B r o lOnOJIIIMCpC . Flpu unen H H II nB<1>A B 

\tarpl1 UY M U n p OlfCXOllJIT n e pcpacn p en en e n n e I1X 

OTHOCI1TC rs uoro conepx auu s B MaKpOM OJICKyJIax . 

TaKOH crpyxrypn sni n ep e x o n nOJl l1a~1I1:,Ua MO)l(CT 

6blTb 06YCJIO BJlCH B3aHMO CHCT BHCM MaKp OM OJICKyJl 

MU 11 n B<1>A ua r p a u u u e paanena <pa3 H B 06JIa CT II 

COCTaBOB, B K OTOp bl X f10 JIH M ep bl -racru-uro COBM C­

CTIIMbl. 

C n OMOIUb lO n p I1CTaBKI1, n 0 3Bo lliI I0IUCH per'n­

CTpl1pOBaT b H K -cnexrpsi onaoxpar uoro uap ytueu ­

noro non n o r o BIIYTp CH H c r o orpaxeu 11 51 C MaJIOH n o ­

BepXHOCTH , 6 blJI I1 CH HT bl TO'lC' l lI bl C H K - c n eKTPbJ 

nOllepXHOCTl1 fIJI CH OK B p a a u s i x M e CTa x C zmyx CTO­

pOH. n o n OJIy '-lc H HblM cne x r p a sr C,UCJl a H a KOJIH'IC­

CTOeHHa}1ouen xa COnep)i(aH I151 n B<1>A B Pa3HbLX M e ­

crax nJleHOK . KOJIH lJCCTBO n B<l>A OUCH HBaJI 11 n o 01'­

HOWeHl11O I1HTCH Cl1 lmOCTH n OJIOC n Of JlOIUCH l1H 

A<.\I1,u [ n13<1>A H n o OCbl I1pH 9 4 2 CM- 1, OTIIOCH J.JJ:CH ­

CHK MU. 8 Ta 6J!. 3 npencraan e n s r PC3YJIbTaT br KOJI II ­

secrnennoro onp en enea n a c o nep aca a n a Il B<1>A B 

m cx xax . B 'IHCJI.I1TeJIe YKa 3a H pasopoc n o KOHu eH ­

lpaUII\1 n 13<l>A B BCp Xlle H '-Ia CT I1 IlJJCHOK , a B 3H a MC­

nar ene - B 1I (1)1(I Icl1 ( co croponsr nOlLJIO)i(KJI ) . 

BI1,uHO, ' ITO conepxaune n8<1>A 13 KOMn03H U H ­

OHHblX nJl CII Ka x HCOn H Op OD,HO 11 3aBHC HT OT n p n p o ­

l bl ucnom .ao s a mue r o c n p a CT BOp HTCJIH. TOJIbKO B 

nJleHKC, nony-reuuon 11 3 BO.llH Om p a c r n o p a CMCCI1 

Mu - n 8<I>A COCTa Ba 8 0 : 2 0, p a c n p c n en euue n B<1>A 

oxarpnne M U HBJI5lCTCH 0 D,1I0 P0 ,UH bI M . )J..n51 nJICIiOK 

113 BO.aH bIX p a CT BopOB cv ecea 1I0JI l1MCP OB C 60JIce 

n:,ICOKJl M CO ep)i(a H I1CM n B<1>A KOH u e HT p a U I151 rro ­

:lIlaMI1,1a B Bep xIH 1X CJIOHX nJIeHOK yBCJI I1'-1HBaCTCH, a 

co CTOp OH bl n OJJ.JI O)l( K I1 YM CH b w a eTCH. KpOMe To r o , 

B03paCTaCT paafip o c n o KOII UCHT p a Ul1 l1 11 B <1>A B p a s ­

HblX MeCTax fIJIeHOK. Ofiuapyx emu.ie 3a KO HOM c p H O­

cm cBH,UcTeJl bcT ByIOT 0 TO I , 'ITO B rt p o u e c c e cyiuxn 

lIa6mo)laCTCSl <pa30 no c pa3,UCJ I CH~tC n OJl I1M Cp OB H 

paccna a sa u u e paCTBo p OB MU ll n B<I>A. npHBO,U51­

uiee K H CO,UIlOp OD.HOM y p a c rr p Cn eJICH I110 ¢ a3 bl 

nScDA na n OBc p XH OCTU 11 13 0 6 b e M C nneuox . 

I3 blCO KO M OJI E KYJl 5lP ll b l E C O . l I1 I-1 E H I151 Cep ua A 

36 32 28 16 12 

PIlC. 6. <1>YPbe- I1 K -cneKTpbl nJIeHOK MI( (7 ) , cv ecea 
M u - nB<1>A (2-4) H nB<l>A (5) , rrOJIy 'l eHHbIX H 3 pac ­
TBOpOll B Bone (a) H LlM CO (6); 6 - paax ocr s cnexrpon 
CMeC,1c conep x ana ev I IB<l>A 20% H M U. Conepxanae 
n B<1>A 20 (2), 50 (3) H 70 xrac. % (4). A _. a6c op 6UH!I . 

n pa <po p MOBaHIHI n Jl e H OK M U-n 8<1>A .11 3 p a c ­

T BOp OB CM CCCH rr OJIHM Cp On B .llM C O B c ui 6 0JIblUCH 

CTCJleHI1 n p OI1CXO,UHT paCCJIa H Ba H He p a CTBOp OB n a 

,UBC <pa 3h !. C JIC.uYCT OT MCTI1T b , '-ITO BO BCCX nJlCH KaX 

He3a B HCH ~1O 0 1' npnponsi paCT BOp HTCJIH <pa3a nB<1>A 

Hax o .uIlTC51 II BCp XH CH xacru, ' IT O 0 6yCJIOBJICHO 

M CH bW CH nJIOTHOCT blO H Mellbweii BH3 KOCT h i0 pac­

TBOp OB 11 B<1>A. B n p o uecce q)Op MOBa Il H H nneuox 

npn I1Crrap CHI1 H paCTBOp HTCJIH 11 n OBbl llICH l111 Cy M ­

Ma p llOM KOH ueHTpa Ul1 11 n OJIl1M Cp OB HMCCT MCCTO 

<!>H301l0 e pa3,UCJl eH I1C, 11 I IH KpOKa llm l p a crno p a 

11 B<1>A ,UH<P<!) YH,UH PYIOT K n OBc p XHOCTI1 nJ ICHOK . 

TOM 53 NQ5 2011 5* 
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'lafinuna 3. C O.D:e p)KaHl1e nB<l>A B nJTeHKaX, crpopxroaan ­
Hbl X 11 3 paCTBo p OB B BOne 11 )lMCO 

Concpx au ue 
nB<I>A, Mac. % 

KO H I~eHTpa mHi n B<I>A B rronepx­
HOCTHbIX CJTOID( nneuox", Mac. % 

BO.D:a )lM C O 

20 
20-25 
20-25 

28-65 
10-60 

30-65 70- 80 
50 

35-40 35- 40 

35-	 88 86-90
70 

25-	 30 65-75 

* B 'IHCJl I1TCJJC KOHue HTpaUl151 n I3<I>A B BepXHeU y aCTI1 fTJleH OK, 

B 3HaMe HaTeJle - B HIDKHeu (co CTOpOHbl nonnosocu) . 

Ta K I1M 06p a30M, H 3Y'{C H bI nerbop u au uoa uo­
n po-u rocr us re xa pax'rcp ucrn xu K OM I10 3 HU HOH H bIX 

n JTCHOK Ml.l-Tl B<l>A, rr OJIY' ICHH bIX 113 pacr nopos 
c vece ii n OJIH M Cp OB B nozte H ,1J,MCO, a Ta lOKC 'resme­
parypm-re nepexons r, a afimonaexn-rc B nJTe H KaX, 11 

CTp y KT y p Ha H Op r a H I13a U H H I1JTe H OK . [lon y-rensr K OM ­

I103I1UHOIHl ble IlJT e ll K I1 na OCHOBe M U C ,ll 0 6 aBK a MH 

nB<t>A C YJlOBJ1eTBOpllTeJ1 b H bI M If ¢ 11 3 I1KO - M CXa H I1­

'IeCKHM B cuo a craa jaa. Bs ene ua e B M aTpl1UY M U no 
20 Mac . % 11 B<I>A He npl1 I3o JUiT K cyntecrseu noxty 
YXY,llIUCHI1IO C130 i1cT B KOM Il0 3U TOB. KOM n 0 3HU Ho fl ­

HbIC JIJleH KJ1, C¢ o p M OBa ll Hh IC 11 3 BO,llH bIX paCTBop OB, 

0 6 JIa,lla rOT fion ee B bICOKOH n p O' I HoCT bIO , 11 0 MeHb­

ID e H JlCcj)OpMa U Hc i1 n pu paa puue n o cpaBHeH I110 C 

uneuxasra , nOJ1Y<JCH HbI M H 1-13 p a CTBo p OB cxreceii I10­

JlH MepOB B ,1J,M CO. 

YCTa HOBJTe llO BJHUI H He npupozu.r paCTBOp HTCJI 51 

ua MCXaHI1 3M K P HCTaJIJll13aIlH H M U 11 COIlMCCTl1 ­

MO C1'b n o I1MCp OB B r nepnosr COCT0 5l1l 11 11. B OTJ1I1<Jl1e 

0 1' KPl1CTaJTJl 113aUH H M U B BO,llH bI X pacr aopax Kp11­

C1'aJI J1 WlaU ~H1 M U. B L1.MCO c o n p OB O)j([(aCTC5I IlbI,UC­

JICHHeM B HO llYlO diaay rpparv ea r oa M a KpOM OJ1eK)'JT , 

CO,llCp )l( aI UH X npcHMy Ul,eCT Be H HO <JaCT I1'I HO 3a Me ­

Iu e H lI hIC 3BCHh5.l. 8 n J1CH Ka X, crpop woaaun srx Ii3 

BOJlH J,IX pacrnopo u cM eceH, n OJ1 H Me p bI COBMeCTUM bl 

B 0 6JIaCT H M aJ1bI X ,U0 6aBo K (no 10%) nB<DA K M U. B 

KOM I10 3HTa X, n OJ1Y'le HJ I J,IX H3 pacruopon n ,llM C O , 

nOJII1 MCp bI COBMe CTH M bI B 0 6 J1a CTIl COCTaUOB C co­

,llep )K a H He M 11 B<t>A,Uo 20 Mac. %. 

B Be CII HC ,U06aBOK Il B«>A B MaTpl1uY MU. sastezr­
JT5IeT CKOp OCT I> KpI1CnU1JlH 3a U Hll 3¢up a lleJIJTIOJI03I>I , 

npeo rinanaio uiero no M a c c e B K OM I103111'II0 11 rr J1CH K C. 

A HaJ10fI1'IH,UI 3a KOIIOMepHOCTb H a6 J1l0 ,Ua CTC5I npn 
BBC,UCI-IH H M U. B M aTpH UY n B<t>A. B 06JT a CTI1 COCTa­

BOB, II KOTOpblX MU II nB<t>A COBM e CTI1M bl l1JTJ1 xa­
CTI1'IHO COI3M CCTI1 M b I , ¢ OP M HP YIOTCH cveuran usre 
a M o p q>Hb le CTp y KTy pH u e 06pa30 8al 11151. 

I1PH BIle,lleH HI1 11 B<t>A n M aTpH IJ,y M U H3Me H 5IeT­

C5I CTPYKTy p lla51 oprau n aauua IfOJIl1a M I1,D.a . np0 11C­

XOJU1T KOH¢Op M a U I10 H H bIH nep e x on, 0 6 yCJT0I3J1e H ­

HhIH B3a HMO,ll e H C1'BI1CM M a Kp OM OJle Ky J1 M L~ J.1 

n 8 <1>A na rpan Hue paanena <1)a3 11 B 0 6 Jl a CTII COCTa­

BOB, B K OTOp hIX I10 JI HM e p bI COBMCCTH MbI. 

B n p o u ec c e dio pxrouan an I1J1CIIOK n pu ucnape­
IIH H p a CT BOp HTCJ151 11 n OB bI W CH I1H cYM M ap ll o ~i KOH­

U CHTpaW 1H 110 JTJI M CPOil lIa 6J1l0,llaeTC51 diasonoe par­
neneu ue H paccnannaa uc pacr uopo s M U 11 n B<DA. 

n pusonauiee K lIeOJI HOpO)lHOMy pac npC,llCJICHHIO 

diaasr n B<t>A na n OBc p XIIOCTl1 H 1\ 0 6bCMC I1JTeHOK 

H C3a BI1CH M O OT npupon sr paCTBOp HTCJI5.I rpaaa 
n B<I>A npeoon aaaer B ue pxue ji 'l a CTI1 nJTCH OK, a rpa­
aa MU - B HI1)1(HeU. 
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