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TUOPOJ/Wl l11t<eCK01J lIOJIUKOHOeIlCaI{Ue17 mempasmoxcucusana 6 npucymcmeuu 011- 11 mpuzuopoxcunpouseoo­

IIblX 6eH3011a cunm esupoeauu opeauo-ueopeanuuecx ue eutip uou e cucmeu e .MII020amO.M/lbIC qle/IOJlbl- Kp CM­


ueseu. H a ocuoee 311111X cmpy xmyp nonyuenu 11Jlell KOo6p a311blC no xp u mun U usy veuu UX nexomopu e qJll­

3Ut< CCKue ceoiicm ea. 

O)l,HlI ~1 113 IUlTepCCHblX H nep crreicrannsrx nanpannemni 
xmulH nOill-ICHJIOKCaIlOB HBIDIeTC5I paapafi orxa MeTOL(on 

KOJlCTpYlI1'OBa m IH nomorepnux K OM110 311T0B, 06JIaJI.a IO ­

IIU IX np a KTH'ICCKH uellHblMH cnokcrnaxa. 3 1'0 Bb I3BaIlO 

rex, 'ITO MHorne rexnnxecsne Xa1'81ITepHCTHKH TaKliX 

KOM110311TOB cyuiecrnemro npensnnaror aUaJIO r W IHbie 

xapaxrepncrnxn lIeMOJI,HqlHuupoBaUllblX nOill-ICUJIOK ­

caHOB [I]. 

Ko~m0 3UTbl, nonysemrsre n nune opraao -neopramrsec­
KIlX mOpUJiOB , COqeTaIOT B ce6e 3JIa CTIfqU OCTh II n16 ­

KOCTh opram rs ecxrrx xosmouerrron C BblCOKOH TepMOC­

TOJIKOCThIO, MeXaUHqCCKOH npO'IHOCThIO U XHMUqCCKOH 

cra61IJIhHOCTbIO , xapaxrcpasnm JI.JUI HeOpr8HHlJeCKHX 

\lar epUaJIOB [2]. 31'0 n03BOJUleT cYll-iCCTBeHIIO pacum­

plITb ofinacru II B03MOII<HOCTIf rrpnneneturs T aKHX no­

'IHMepllbi X MaTepuaJIOB [3]. 

Ilpn norrysemm DI6pH,1UlhIX noxpsrnrn lIlIIpOKO npu­
\leHllIOTC5I BKJIIOlJeHHLle B rtonncnnoxcaaoayro Ma11>HUY 

IUlcHKOo61'a3y'IOIIJ.ue opramrsecxne nomurepsr , o 6pa ­

J}'IOIIIH e TCp M OTIJIa CTI'I 1JHb le nOKphlTWI c KOMllJICKCOM 

ueUIILIX <pII3HKO-XHMHqeCKHX caoacra (OhICOK811 31IaC­

TII'I Il OCTh, MCXaHH'leeKaH npO'lHOCTb, aopamaoycr on ­
'IIIDOCTh U zp.) [4, 5]. ,nIDI KOHCTpyHpoBamfH DI6puJI:HhIX 

nOKpblTHH paamrsnoro naanasemra UCrr OJIh 30 0 a m i e 

KpeMIm iio p r 8 m l QeeKHX MOllOMepOB U onnr oa epon rrpezt­
CT8BJUlCT OC06blH HIrrepec , T8K KaK o n n 06JIaL(aIOT xo ­

ponreii pacraopnsrocrsro B 60JIhUUlHcrne OpraHUlJCCKUX 

paCTBOp UTCJICH. 31'0 JI.8er B03MOII<HOCTiJ nonys ari, pac ­

rsopu C L(OCTaTOQHO BhlCOKUM COJI.ep)(\aHHeM OCHOOHoro 

senecraa (oonee 40% ) [6]. T CXH OJIOnIH (!lOpMIIpOBUml51 

nOillN epHh l X nOKphlTUH 1IJ Ta KI-LX paCTBOpOB o c o fiea u o 

repcnexr trana B COH3U C ax MCHhllleH BH3KOCThIO II 

~eHh UlHM n OBcpXH o CTIlh l M H8THII<CHUCM (nysuretl ca a­

'!ImaCMoCTbIO) no cpannemno C pacmopasm COOTBeTCT­

B}'IOIID IX nomcrepoa. 31'0 nonsnnerrae xporomea cno­

C06HOCTH TaKHX pacrsopoe n03BOIDIeT 11M npOUHK8Th B 

nopbl It JI.eepCKThI o6pa68ThIB8eMhiX nooepXHOCTCH. Ilpn 
nCITOJIh30 Ba iU m rn6pIIIDlhiX KOMn03HTOB na ocuoae 

K'P e~lHIIHOpra HU QeCKnX MOUOMepOB II o rnrro u ep o a 06­

paicaan a e n onnaepuoro nOKphITU5I npOTCKaeT HC TOJIh ­

KO aa nonepXHOCTU, UO H B nopax M8TCpnaJIa . 

OIDIUM 113 nantionee npOCTbIX II nepCneKTIIBHI,IX MCTO­

L(OB 1l0pMlq)00alUili n Om l CHJIOKCa HOBOH MaTJ>HUbI 510 ­

IDIeTCli 30 JIh - r eJIh MeTOL( nmpOill-ITHqCCKOH nonnxonnen­
cauan TeTpaaJIl(OKCHCIIJIaHOO [7]. ITponCL(eHIIe JOJIh-reJIh 

npouecca B npnc yrcraaa OpraHHQeCKlIX COCm m eHIIH 

n p IIB o JiHT K 0 6p830naHifIo oprano-neopraaasecxax 
m6pIIJI.OB [8]. 

B cnyxae HCnOJIh3 0naHUli nonn qrcaonos cr afinm.nocn, U 

ozmopomrocn, nonys aen ux npn :nOM crp yxr yp L(OJI)(\­

na 06CCnClJIIB8TbC5I aa C'IeT XlIMH'ICCKOr O CBH3bIBll ilUli 

KOMn OUClITOB CUCTCMbl MeJKJIY C0 60H: 

I I 
- Si - H + HO- Ar ~ - Sj- O-Ar + HX , 

I I 
#0 

r L(C X - OR, O H , CI, -C 
"OR 

B UCCnCL(OBaHUU n03MOII<UOCTH npOBcL(eHUH npouecca 
rerepoqryuxunonansaotl nOmIKOHJI.eHCaUHH onnroarox­
CHCHJIOKC8HOB C 1,4-JiHnmpoKcu6eIl30noM (runpoxaao­
UOM) 100,1 1,3,5-TpUrIf}:(poKcu6eH30JIoM «(!JJlopormo u u ­

110M) H 3aKJIIOQaJIa Cb OCUOBU811 uens aacroxutea pa­
6 0 ThI. 

3KcnepliMelITaJIbllaR 'laCTL 

Conepx aane KpeMUHlI B nonysemu,rx ofipamax o rrpezte­

JIj{JIJl rpamm erpsrsecxn paanoxennesr nanecxn nccne­
JIYCMo ro BCmCCTBa CMeChIO 20% OJIeyMa II xonuearpapo­

BaHUOH 8 30TIIOH KHCn OT1>I C noc]JeLJ:)'IOUU·IM npoxamma ­

HneM OCT8TK8 L(O rrOCT05IHHOH M8CChi rrpn 800D C [9]. 
3)Ilnoruocn, p (r,cM- rt o rrysennstx TBCPJlbIX MaTeplla ­

]JOB 113Mepj{JIll MeTOL(OM A p XHMCL(8 (cnCTCMa TOJryOJI-BO­

n a ) . nOpUCTOCTb W (%) o rrpen enann no ancoptnum-ne­

COp6U11l1 3T8110JIa H8 npYII<UHHhIX naKY)'MHhIX aecax 

Max-Bean [10]. MUKpOTBepL(OCTb (MT) U3Mepllill-1 aa 

MHKpOTBepL(OMeTpC nMT- 3. 

Bee BbIlllCnCI)eQUCneIlHhIC napasrerpsr 6hUIH onpenenenu 

JIJUI 061'831.100 , He p 8crpeCK I lBaIOllUfXC5I B npouecce Obl­
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CYIllllBamI5I nnn H'3!>lepcmnl . To-rxa reJIe06pa30 BaIUUI 
xapa xrcpmonanaci, npesreneu , no ucr es ca nn xoropor o 
CHCTCMa TepH-TJa nOJI,BlDKHOCTb. 

Tepxn txecxne ac cnenouanna npOnO.lUIJUI aa JJ:epUBClTOr­
pa¢ e Q-1500D (Bearpna) no IOOO°C, CKOpOCTb aa rpena 
20 rpall·Mmr ' . 

.LJ:lliI 3JICKrpoHHo-!>IlIKlw CKOlli lqCCKOrO HCCJICllOBamrn 
xceporeneii IICnOJIb30naJD1 npn fiop 3 M-125 np a ycxo­
pxroutcx n anpSI )KCHIIH 75 KB. 

.LJ:JN norryscrmx rH6pH,ll,Hb1X no xpsrra a 10JIb-r CJIb MC­
TOllOM B n OJI)"'ICHlIbIH runpomnar Terpa3TOKCHCIIJIaHa 
naozmnn oprana secxne KOMn OHeHTbl - rJLilPOXHHOII (I) 
(BCKTOH) !LiIH qJJlOp ormoUHH (II) (Merck). H ap xzry C 
mlMH UCnOJIb10namI 1,4-6HC(TpIDToKCncwmn)oKcH6eH­
30n (III ) n 1,3,5-Tp UC(TpInTOKCnCHilli )oKcn6cH30n (VI). 
Oan 6bIJUI nonyxensi D3amIOlleHcTBHcM Si(OEI)4 C run­
pOXJlHOHOM II dmopormoturaoa B MOJIbHOM COOTHOllIe­
IIml 2 : I U 3 : I a rrpucyr crmnr CF3COOH B xas ecrse 
xaranmaropa B COOTB(''TCTBHH C 06UUIM ypannennea 

H + 
n Si(OEt)4 + (OH)nC6H6_n ~ 

~ [(EtO)3SiO]nC6_nH2 + n EtOH, n = 2,3. 

1, 4- o Hc (Tp H TO)(CH CHJlUJI )o Kcu 6 e H30 JI ( II I ) . 
CMCCb 10.0 r (0.048 I\IOJIb) T30 C, 1.32 r (0.012 MOJIb) 
rll.llP0XlIHOH8 H 0.2 r CF3COOH xnnarann Co6paTHblM 
XOJIO)Ol JIbHHKOM B TeqCHHC 4 q, rrocrre s er o OTr OHSIillI 
ofipasonaeun nica 3TllJIOBbrH crtapr. ITPII rtepcr onxe oc­
TaTI(a II B8KyyMe Bbl.ll:eJIeliO 2.5 r (48% 0'1' TCOpCTWICC­
xoro) COC.lllIHCIIWI (II I), TK,m= 180- 190°C (0.01 MM 
pT.CT.) . Cnexrp 5IM P 1H (CDCI 3): 6.88 C (4H , Hap)' 
3.89 KB (12H, - Si- O-CHr ), 1.23 '1' (I 8H , CH3). 

1,3 ,5 -T p HC (Tp H3TOKCII CHJUJJl )OKCH6cH3 OJI ( IV ) . 
CnHTe3HpoBaHO aUaJIOrHqHO 1I3 10.0 r (0.048 MOJIb) 
T3 0 C, 1.0 r (0.008 MOm,) qmopormOUHH8 H 0.2 Mn 
CF 3COOH. BbIXOJJ: 1.2 r (25%), =210- 220°C TKu n 
(0.0 I MM pT.CT.). CnCKTp 5IMP ' H (CDCl3): 6.64 C (3H, 
H ap)' 3.85 KB (18H, - Si- O-CH r ), 1.24 '1' (27H, CH3). 
COCJUlIIcmlll (III) , (IV) - nerx o rnaponnayio unreca 
6eCIJ,B t-'Tllble )KlLiU<OCTII co CJIa6hIM 3an aXOM. 

.LJ:JISI IflOpl>mp OnaHlUl nOilllClIJIOKCaHODOH MaTI>HUbI HC­
nOJIh30DaJIH CMeCH nOml3TOKCHCHJIOKCaHOJ3 (V) II (VI), 
CHUTc3I1pyeMhlc xorrrponnp yenott r H.upOJIHTlI'ieCKof! 
nOJIHKOllllCHcaUIlCH '1'CTpa3TOKCIICHnaHa B YCJIOJ3 mlX 
KHCnOTHOr o KaTaJD13a . 

.LJ:JISI 1l0JIy'ICHU5I omU'OMcpOB (V) H (VI) ncnonsaonann 
9.8 r (0.044 MOm,) T3 0 C, 4.8 r (0. 104 MOJIb) 3TIIJIOBOrO 
crurpr a , a TaK)Ke 1.1 H 1.2 r 0.0 I H. HC I COO'1'BeTCTBell­
110. KOMnOHCHTbI CMCIlIHBaml B CJIC.llYJOIUCM no panxe: 
3TIIJIOBbIll crurpr , pa crnop COJISlIIOH KHCJIOThI, T30 C. 
Il onys emryio CMeCb nouemana B nommp on nn en ousre 

X'''W II 4 E.H. II iJp. 

6allo'U(lI C 3aBllH'iUUaIOInUMllCSl xpuuncaaa (no TjJH 

oopaaua na xasoryro 1I3 cHCTeM) II Bbl.llcp jKlIUaJIII B re­
xea ne 2- 4 cYT B TC}>MocTaTc npn 90°C no npeapainemu 
B xcepor ern, (non. I ). 

Tafinnua 1 

CKOpOCTh reJIC06pa30BamlSl n CHCTeMC
 
Si(OEt)cH 20 - EtOH- HCI rrpa paannsnoa xormxecrse
 

pa crn opa HCI
 

OJIl1fO -

K OJIl I-

q eCTBO 

Ccnep x a-
Hue Si0 2 B 

{I * { * 1 C OCTOil HHe 

aacrsretuero 
rens 

Mep 0.01 H. 

H Cl, r 

lKl1L\KO M 

OJIl1f OM epe , 

% 
4 

(V) 

(VI) 

1.1 

1.2 

59,13 

57.90 

98 

44 

106 

48 

M OHO.ITHTHbI lI 

» 

{I - Bp eMSI o6p a30Ba HIUl lK ll,1U<OfO omrroxiepa C MaKCII· 

M aJIbHO L\OCTl1fHYTbIM c o rr epxan n eu Si02, npa KOTOpOM 

CMCCb COXp aHSlJIa n O,/l.BHlKHO CTb; { 2 - n pOL\OJIlKI1Tem ­

HOCTb feJIeo 6pa30BaHHSI, 

06pa30BaHHe nornoaepm.rx KOMn 0311'1'OB aa ocnone npo­
.ll)'I<'1'OB KOHlleHcaUIIU CMCCH Oilllr 03TOKCHCllJIOKCaHOJIOB 
(V) H (VI) C nr.upOXIlIIOllOM n IllJlopOrmOum lOM ofiyc­
JIonJICIIO npor exana ea CJICll)10111IlX OCUOBllbiX peaKIU1H 
(na npnsrepe rnnpoxnaona): 

I I 
~ -Si-O-C H - O- Si- + 2 H 20 , 

I 6 <I I 

I I 
~ - Si-O-C H -O- Si- + 2 EtOH , 

I 6 4 I 

.LJ:JI}I nx np oaenea na K 0.5 r CMeCII nOillI3TOKCUClIJIOKca· 
HOJIOn (V) um r (VI) B JUIMenlJIaUeTaMIL-TJ.e (.LJ: MAA), 
aarperox JJ:O 70-80°C, npnoaanann pacraop rturpoxn­
HOHa (I) rmn rpnopormona na (11) B .LJ: MAA II 0.2 WI 

CF3COOH. KOJllllJeC'l"BO rnnpoxanoaa s apsnpoaamr OT 
0.015 no 0.075, qlJlop or mOIuma - OT 0.01 JJ:O 0.04 r. 
I'op a-ryro CMeCh asunmann na CTeKJISlHIIyro nJmcTHI-IKY II 
asrcyumn anu npn 80°C B rrapax .LJ:MAA U TCqCHHe 1- 2 
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CyT. O P II 3TOM na n OBCp XHOCnl CTCKJla 0 6 pa30BblBa ­

mtci. n OJllIMCp HblC rmCHKH. <1>H3HKo -xm .IlI 'IecKu c cnoiicr ­
aa I1CKOTOPbIX H3 unx n p C,UCTa BJICHhI B T8 6 JI. 2. 

TaOJUI1l3 2 

<1>H3IIKO-;UL\Ul'Ie CKHC cnoiicr na 
n OJllL\lCp Hb IX n JIeHOK (VII)- (XI)' 

KOM- Ornr- COL\ep)I(a -

no­ ro- HHe tlJeHo -

3HT Mep .na , r 

(VII) (V) 0.03 

(VIII) (V) 0.045 

(IX) (V I) 0.045 

(X) (VI) 0.03 

(XI) (VI) 0.03 

t , 
lJ 

18 

18 

18 

21 

23 

p, 
r,cM ­ 3 

W, 

% 

MT, 
- 2 Kr 'MM 

1.45 37 90 

1.46 35 90 

1.44 37 88 

1.48 35 96 

1.53 32 101 

• (V I I)-(lX) - n n eaxn aa OCHOBe r unpoxanou a; (X) , 
(X I) - n n c n x n u a OCHOBe epJIOpOrJUOUI1H a . .. 
t - npOL\OJI)I( HT CnbHOCTb BbICYWHB8Hl1H rIJleHKH rrpH 

SO°C. 

AaHHMC Ta6JI. 2 CBH,UeTCJIhCTBYIOT 0 TOM, 'lTO nJICHKH 

(X) H (XI), B KOTOpbIX cnraaaiouurn a r eHTOM )IBIDIe-f C5I 

¢rrop o r m OIUIH , 0 6JIa.naIOT IICCKOJIhKO 60JIhl..llCH mIOT­

:I	 HOCTbIO U MHKpOTBCp.nOCTblO, He CMOTIHI na T O, 'ITO KOH­

uearp aturs dmopormounaa n noxps rrtm MClIh UIe, 'leM II 

CHCTeMa X C n m p OXlIHOHOM. 3 TO MOlKHO 06bl'ICm rrb TCM, 

'ITO Tl m epYIIKUHOHa JIh llblH qlJIo p OrmOUIIH B OTJll ltIHC OT 

;U1QJYUKllHOll a JIh HOr O rIl.npOXlIHOHa CBH3bIBa eT CIlJI OK­

CaHODbIC crpyxrypsi II TpeXMcpHYIO CCTKY. 

Ha xpimsrx	 ,UT A (puc. 1) KOMn0311TOll (VII), (VIII) II 

(X) npacyr crnyror nna MaKcIlMyMa . 3 u ,Uo Tep MH'l eCKIl H 

illlK npn 15 0 - 180°C COOTll eT CTllYeT ynaneruno 113 KOM­

n03HTa coptinponam ts ix 3Ta UOJIa II BOJlbI. 3 K30 TCp MH­

'1eCKIIH MaKCIlMYM B lIHTCpnaJIC 400- 6 0 0 ° C nsnuan Bb[ ­

rOpa HlICM Op r a Hll'ICCKII X KOMn OHCHTOB (:n OKCHJIh HbIe 

rpynnu , 6 CllJOJIh HbIC aapa). C MCIlICHHC 3K30TCP MIltIec­

KOrO Ma KcHMyMa B 06n a CTb llb ICOKHX Tc r-.mep a Typ na 
KpHBblX ,UTA KOMn 0 31ITa (X) n o cp a e a e m n o C KOMn o ­

3HTaM[1 (VII) II (VIII) yx an.maer na ero n On hl l..llCHIIYIO 

ycrotisnaocn, K TCP MOOKlI CJIe IlIUO, 'ITO otiycnosnea o 
a­

er o cuurro ii TpCXMCpllOH Crp)'KT)'POH. ,) ,
 
fl ­ 3aMcHa rHJIpo KCnJIbllhIX rpynn B rIlJIpO XHl IOlI e H qino­

U! por m o u a a e aa rpH3TOKCHCIIffilJIhHbiC n03BOJmcr YBC­


)T )ll['1HTb uaxarn.aoe conepxannc a r o x c n rpy rm B KOMn o ­


L	 JIUa X, 0 6pa3YIOIllHXc5I rrpn B3aIlMo.ncH CfBIIII C runpo ­

mnaTaMn S i(O E t) 4 (V) II (VI). C o cJUUl e n HH (III) II" - 2	 (IV) - lKlI'/ll(OCTlI, 06p a 3)'lOIII.n e C orntroxrepaxnt (V) II 

D.m 
o 

20 

40 , 

~t
 
~ 
t::[ 

~l
 
400 SOOT 

P II C. 1. Kpnssre zrrA II rr KOMrr0 3HTOB (VII), (VIII ), (X). 
ITneHKa: 1 - H8 OCHOBe I'IIL\POXl lHOH8 (VI I) , 2 - H8 OCHOBe 

I'IIApOXHHOHa (VIII) , 3 - H8 OCHOBe dmopormounn a (X). 
&11 - rtorepa MaCCbl (M8C% ) , T - 'rest nepar ypa e C); TO lKe 

AJIH pIIC. 2. 

(VI) r osrorem n.re lKll)lI<He CMCCH. <1>0p~lHpO naml e HJ 

3TIIX cMeceti KOMn 0 3HTo n 06yCJIOBn CHO rrpo'rexarrnen 
napannem.ao-nocnenonarem.m,rx p c a KUHH xonzterrca ­
LJ,HII (ncpcerepadnrxanna) no OOIl1Ci1 CXCMe 

I 
-Si-O H + (C 2HsO )3 SiO-C6H4- 0 S i(O C2 Hs)3 ~ 

I 
I 

~ - Si-O-S i(OEt)2-0 - C6H4- 0 S i (O E t ) 3 + C 2H O H .
I	 . s 

C IIlITC:l KO~m0311TO ll H3 TP ll 3TOKCIICHJlllJIh llhiX npom ­
nO)I,HhlX rnnpoxancaa, qJ.Tlo p Or mOUl lII a II OillU ' OMCPOB 

(V) H (VI) ocymecrnnamr cnenyrounoa 0 6 paJOM . K 0 .7 r 
CMecH ornrroxrepoa (V) II (VI) B 0.5 r 3THJIOn OrO cnnpr a 
.no 6 a BIDIJllI 1,4 -6HC(rpH3TOKCHCI lJIl lJI) o KcH6 c moJI (OT 

0 .0 5 no 0 .5 r ) arm 1,3 ,5 -TpIlC(TIHI3TOKCHCn.;llLl)OKCH6 cH­

30 JI (OT 0.2 no 0 .5 r) H 0.03 r pacr aopa 0 .0 1 II. COIDIHOH 

KHCJIOTbI. Ilonys emryro CMCCb nsrnna arm ua CTCKJIHHHYIO 

rm8CTIIHI<y , KOTOp YIO astcyunraarm rrpn 8 0°C B TClJCHIIC 

1- 2 CyT . <1>H3HKO-XHMHlJCCKHC CBOHCTn a IICKOT OPb[X II3 

mrx n pe.nCTaBJI CHbI B T a 6JI. 3. 

H a pn c, 2 npirneneuu xpnasre Tf H A T A roU[ oop a a u o a 

(XVI) H (XVII). TaK lKC KaK II B cnysa e C KOMll0 3HTa MII 

na OCl-IOBe epCHOJIOB (PHC. 1), ira rp a dnncc BH)I,Hb l .1I.B8 

Ma KcHMyMa . 3 H.nOTepMII'lCCI<HfI m IK ( 14 0- 18 0 ° C) COOT­

BCTCTllYCT yn a n e mno H3 CIICTCMbl COp o Hp OBa n Hh[X 3T a ­

HOJIa II BO.1I.h!. 3 K30TepMH'iCCKHC mncn xpnnsrx ATA B 

mrrepnan e 45 0-6 3 0 ° C nIDI KOMll 0 3HTOB (XVI) II (XVII) 
UecKOJIhKO CMCIlICHbl B BbICo Ko Tc Mnepa Ty p HYIO 0 6 JIa CTb 

no cp a a n emno C 06pa3U8 MII (VII) II (X). 

C TpYKTYIl bl nc ex CIIHTC3I1P0Ba HHbIX Ko~m03 1 I TOB exert­

IIh!. B Ka lJCCTBC npnuepa n a p HC. 3 npezrcranneaa 3JICKT­
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Tufianua 3 

<l>u 3UK O-XlIMlI'Iec KUC c n OHCTB a 

n OJIHMepIlblX n JTCHOK (XII)-(XV)· 

KOM-
no-
JilT 

Onu­
ro -
Mep 

Conepxaane 
a. KO KCIICII-

JlIIJl¢eHOJla, r 

t , 

'i 

p, 
r ,c\I- 3 

rv, 
% 

MT, 
-2Kr'M M 

(XI £) (V) 0.25 23 1.54 33 104 

(X III) (VI) 0.25 18 [.4 7 35 98 

(XI T) (V) 0.4 23 1.59 29 11 2 

(XV) (VI) 0.4 18 1.47 32 105 

PIIC. 3. 3JleKTpOHHaSi MIIKpo¢ oTorpa¢IISI nJlCIIKII IIJ xosmo­

JUTa (VIII).
 

YBCJl II'lCHIIC 80 000.
 

BhmO/lLl 

* (, ' II ), (XII I) - nonn srepu a a OCHOBe 1,4-6I1c(rpIl3ToKCU- Bnepnsre nonysenst nOill13TOKCHCHJTOKC8Hbl , CIIllI11>le 

CIIJlI IJI)oKcII6eHJo., a; V IV). (XV) - 1,3,5-rpIlC(rpIl3TOK­ rU.IlP0xIUlOIlOM umr rpnopormounnou. Crpyicrypu , 
CIICI HIIIJI)oKcII6eHJO!la. cunrrsie dmopornrotumou, 06JIa.u81OT 60iThUlCH Tep~lO ­

oxucmrrensaoii ycron-umocrsro, qCM CIIUITbIC rnnpo­
XIUlonOM. 
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