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DpUMeHeHue KoazgnHHmoB gnH gMeHbweHUR 
npOMOH BMOKpOU qacmu 6ftM 

H.~.~3MaHnOBa ,A.B.~opeH4COH, 

10. M. YepHo6epe)f{CKI1H, 

Cn6 rrv pn 

An~ npe An pV1~ n1~ uenmon osuo-Sy­
Ma>KH OH nponuurneuu ocr« npotin ena 
YM eHbw eHV1~ KonV1 4eCTBa 101 CTeneHV1 331­
p~3 HeH V1~ CT04HbiXBOgV1M eeTnepso cre­
neuuoe 3Ha4eHV1 e. B MO KpOH 4aCTV1 6y­
MarogenaTenbHOH ~,a W V1 H bl ( EiAM) otipa­
3 Y IOTC~ BonOKHOCOAep>KalllV1 e CT04Hbie 
BOgb! (npOMOV1), COCTO~ IlIV1e 1013 BonOKOH 
uenmonoau 101 4aCTV1 lj uanonuarena, KO­
r opue He06xOA Y1 MO yganV1Tb gn ~ otiecne­
4eHV1 ~ 3KonorV14 eCKV1X HopM aTV1BO B. 

An ~ YB enV14e HV1~ C B~3ef1 Me>Kgy KOM ­
nOH eHTaMV1 6yMa>KH0f1 MaCCbl (BonOKH a 
uenruoncau, Men04V1, 4aCTV1ljbl HanonHV1­
rena) Baee B BOg~ T «oarynnuru. V1 x npa­
MeHeHV1 e CHV1 >KaeT KonV1 4eCTBO 3T V1 XKO M­
nOH eHTOB BnogceT04HOHsone (nponoe) 
MOKpOf1 4aCTV1 5AM 101 TeM caMblMyBenV1­
4V1Ba eT cre neus ygep>Ka H V1 ~ 4aCH1lj Hd­
n o nHV1T e n~ 101 MenKV1X BOnDKOH B 6yMa>K­
HOMnonoru e. BKO He4HOM V1Tore aaene­

HV1 e K o a ryn~H To B B 6y Ma>KH y lO Maccy 
cnocoricrsyer peweHV110 sana« pecypcoc­
6epe )l(eH V1 ~ 101 npuponooxpa uu [1,2]. 

HaY1 60nee urupoxoe npY1MeH eHY1e B 
Lj5n BKa4eCTBe koarynsxra uauien cynb­
diar an IOMV1HV1 ~ [3-5]. An~ V1 HTeHcV1¢V1­
Ka l\V1V1 Koa ryn ~ ljV1V1 Y1 n O BbIW eHY1 ~ ee 3¢ ­
¢ eKTY1 BH OCTY1 Y1Cn On b3Y IOT MOgY1¢Y1lj Y1 PO­
BaHHbie (npenrunponaaoeauuue) xoary­
n~HTbl (HanpY1 Mep, OXA) [6] Y1 KOMn03V1 ­
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PY1C. 1. 3aBY1CI1MOCTb OnTY14eCK0f1 nnOTH OCTY1 0 KOM n03Y1 lj Y1 HOTpH: 1 - MKLj-TiO;z
2 - MKLj-TiOz-TiOSO,; 3 - MKLj-TiOz-Alz(SOJ3npV1 KOHljeHTpaljV1V1 koarynanroa 10" M 

ljY1 0HHble Koa ryn~H T b l, npencraanao uiae 
c060Ci CM ecV1 coneCi a n IO M V1 H V1 ~ , xeneaa. 
K anbl\Y1~ 11 np. (7-10] . B nocnenuue ronu 
nO~ BV1IlV1Cb ny6nY1KaljY1101 06 Y1 CnOnb30Ba­
HY1Y1 npa 04Y1 CTKe aonu «oarynauroa ua 
OCHO Be coneCi Ti (IV), xoro pue ofinana­

lOT p ~ gOM npeaayuiect s no cpaBHeHY110 
Cc on ~MV1 an IO MY1 H V1 ~ 101 xen esa [11-14] . 

npY1 BOAY1 Mble B patiorax [3-14] CBe­
AeHY1~ ­He pacxpuaacr. OAHaKO, MeXaHY1 3
MOB B 3 aY1 M OAe H CT BY1 ~ npoAyKTOB rV1APO­
n V13a CYllb¢aTa anIOMV1H V1~ 101 TV1 TaH V1n ­
cynb¢a Ta (IlfI) Cpa3nV1 4HbIMV1 np V1 Me c~­

MV1, coge p)l(a lll V1MV1C ~ BnOAceT04H biXBO­
nax MOKp oCi 4aCTV1 5AM, 101 B 4aCTH OCTV1 C 

4aCTV1l\a MV1 H an On H I-1Te ll ~ 101 BonOKHaMV1 

uenn-onoau, ~Bn~ IOIlIV1M V1 C ~ OC HO BH bIM V1 
KOM nOHeHTaM V1 BonoKH ocogep)l(alllero 
nOTOKa Lj5n. Ljenb AaHHOf1 parioru ­
Bbl~ CH eHY1 e MexaHV1 3M OB xoarynapyiotue­
ro AeH CTBV1~ cynsrpar a an IO M Y1 H Y1 ~ Y1 TY1­
TaHY1n cynb¢aTa no OTHOWeHY11O KKOMn o­
HeHTaM 6Y M a )l( H O ~ MaCCbl 101 HaXO)l(AeHY1e 
onr unansuux ycnoBY1 Ci Y1 X npI1M eH eHY1~ . 

BKa4 eCT Be06beKTOB V1ccn eAOB aHY1~ 

6blnY1 Bbl6paHbi MY1KpOKpY1CTa n n Y1 4e CKa ~ 

uennoncs a (MKLj) Y1 AY10 KCY1 A TY1TaHa. 
Hecxorps ua TO, 4TO MV1KpOKp V1CTannY1­
4eCK a~ uenmc nosa WY1pOKO He Y1 CnOnb­
ayeres B 6yMa)l(H OM np0Y1 3B OACTB e, OHa 
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nanaer cs YA06HbiM06beKTOM Anil ~ c cn e­

AOBaHl<1il, MOAen~pYIOll.\~M npl<1 MeHileMYIO 
B np01<1 3BOACTBe uenruonosy. Ee CBOi-i ­
CTBa 1<1 npl<1 MeHeHl<1e nOAP06HO 1<1 3nO}/(e­
Hbl B[15, 16] . B xa-recrae 06beKToBuccne­
A O B aH~il ~ cn onb 30B anl<1 MKl.( (MKl.( - n 
DAO« n On~ 3 K C» , r. 61<1i-i CK) Cp a3Mep a ~1~ 

4aCTI<1 1..\ 1- 200 MK M 1<1 A~ O K C~A TI<1TaHa 
nv, rMeHTHbli-i - CI<1 HTeTl<1 lj eCKI<1i-i Heopra­
Hf,1 4eCKI<1i-i nl<1rMe HT 6enoro 1..\ aera , aHaTa3­
HO i-i cjJOpMbl, pasne p xacru u 0,3-0,5 MKM 
(IO CT 9808-84 ). 3neKTponoBepxHoCTHble 
caciicraa 1<1 arperaruauaa YCTO i-i lj I<1BOCTb 

oTAenbHblx KOMnOHeHTOB (MKl.(, Ti O,), a 
TaK}I(e VlX CMecVI nOAP06HO Vl 3nO}/(eHbi B 
[17]. B xa-recrae «oarynauroe Vl cnonb­
30BanVi 10-1 M paCTBOp TiOSO,2H,O B lH 
HS0 1<1 10-1M paCTBOp AVS04) 3.7H,O. 

2 4 

Anfl nonY4eHVlil He06xoAVlMoi-i KOHljeHT­
paljf,1V1 koarynaura B I<1ccneAyeMoi-i CYC­
neH3V1V1 A03V1pOBanVi onpeAeneHHbl e KO­
n~4eCTBa pariovux paCTBopOB. 

Allfl npuroroaneuan cycneH3V11<1 MKl.( 
4 r nopourxa MKl.( noxeuiana B 1000 Mn 
Af,1 CT Vlnnl<1 pOBaHHoi-i BOAbl VI BblAep}/(VI ­
Banf,1 B TeljeHl<1e 10-TVI MI<1HyT. Anil npu­

rOTOBn eHVl il cyc neH31<1 V1 TiO" HaBecKy 
0,05 r nOM ell.\anVi B 500 Mn AVl CTVlnnVl po­
BaHHoi-i BOAbl, BblAep}/( Vi Ban l<1 B TeljeH Vle 

10 M ~ HYT B ynbTpa3ByKoBo i-i BaH He (Y3B 
- 1,3MapKI<1 «Canmup») Anil AO CT~ }/( eH~il 

Haf,1IlYljWero Al<1 cn eprl<1p OB aH~ il. 

CycneH 31<11O CMeC I<1 MKl.(-TiO,-nose, 
~ MKl.(-TiO,-Al, (S0.l3 roroeuna MeTOAOM 
;·lrHOBeHHoro cneureans . Anil sr oro cnn­

san a B Kon6y Ha 100 Mn cOAep}/(I<1 MOe 

serupex Kon6 Cpacraopaxu - TiO" MKl.(, 

noso, j Al, (SOJ3' ~ NaOHjH,SO, (Anil 
perynapoaaau a pH CI<1 CTe Mbl) . llony­
4eHHylO c ~ CTe~IY, nOMell.\ anl<1 B KIO BeTY 
f,1 onpenensnu B Te4eHI<1e 60-T I<1 M~ HYT 

f,13 MeHeHl<1 e ee onT~4e c K oi-i nnOT HOCT I<1 

oHa cKaH~pYIOll.\eM cnekrpo dioro wer­
pe LEKI SS2109UV npu An~ H e BonHbl 
540 HM. 3HaljeH~il pH C ~CTe M onpene­
nflnf,1 Ha pli-aerpe «pH-410» C K OM 6~­

Hf,1 pOBaHHbIM1<13Mepl<1TenbHbiM anexrpo­
AOM 3CflK- 01. 7. 

Cornacuo paHee npoBeAeHHblM ~ c­

cneAOBaHl<1ilM [17] Ha~60nbwei-i arp era­
Tf,1BHOi-i 1<1 CeAI<1MeHTaI..\1<10HHoi-i YCTOi-iljl<1­
BOCTblO CMeCb 4aCTI<1lj TiO, VI MKL~ otin a­
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PI<1 C. 2. 3 a B ~C I<1 MOCT b O nT ~ ljeC Ko i-i nnOTHOCT~ D KOMn031<11..\1<1i-i OT pH: 
1 - MKl.(-TiO,; 2 - MKl.(-TiO,-TiOSO,; 3 - MKl.(-TiO,-Al,(SO)3 np~ KOHl..\eHrpaljl<1V1 
koarynaaroe 10.3M 

naer npa pH=9,0 (PI<1c. 1., Kpl<1Bail 1). 
11 0 Mepe n OA KI<1 CneH~ il CI<1CTeMbl Ha6nlO­
naercs H e 3H alj~Ten bHa il noreps YCTOi-iljl<1­
B OCT~ , 1<1 ee MI<1H~MYM HaXOAI<1TCil npa 
pH=1,3. BBeAeHl<1 e xoarynauro e BCMeC b 
«MKl.(-TiO,» cyurecrseuno 1<13 MeHileTxap­
T~HY 3 a B ~c ~ Mo CTe i-i O=f (pH). 

Ha puc. 1 (xpas ue 2 1<1 3) npasene­
H~ 3aB~ C~ M O CTI<1 OnTl<14ecKo i-i nnOTHOC­
TI<1 KO Mn031<1 1..\ 1<1 i-i (xouueurpa ua» xoary­
nilHTOB 10-4 M) OTpH. 1<13M epeHH biecny­
era 60 MI<1H nocne I<1 X npnroroeneuas. 
BI<1AH O, -rro npn pH<4 ( xpaa an 2) senu­

ljl<1Ha 0 OTHOC I<1 TenbHO Kpl<1 Boi-i l (cMeCI<1 
MKl.(-TiO,) YBenl<1ljl<1BaeTCil, 3TO CBI<1Ae­
renscrsyer 06 06pa30BaHI<1 1<1 CeAI<1 MeHTa­
1..\1<1 0HHOyCTO i-i lj I<1 BO i-i cjJa3blnn. B otinac­
TI<1 pH=4-6 npol<1 CXOAI<1T 3Ha lj l<1 TenbHOe 
YMeHbweHl<1 e 0, -rro CB I<1 AeTenbCTByeT 0 
reTepoKoarynillj l<1 0HH OMBblAeneHl<1 1<1 61<1­
HapH oi-i CM eC I<1 MKl.(-Ti O, . MaKcl<1M yM no­
t epa arperaraaaoa 1<1 CeAI<1 MeHTaljI<10 H­
HOi-i YC TO i-i lj I<1 BOCTI<1 Ha6nlOAaeTcil npa 
pH=5,5 (0=0,12) . n pl<1 AanbH ei-iweM no­

BblWeH1<11<1 pH CI<1CTe Mbl °yse n 1<141<1 saer ca, 
CI<1CTeMa CTa HOBI<1 TC il BH OBb arperar usuo 
1<1 CeAI<1 MeHTa lj l<10 HHO YCTOi-i 41<1 BOi-i. OTCyT­
CTBl<1e «oarynsuaouuoro BblAeneHl<1il B 
KI<1Cno i-i 06naCT I<1 pH<4,0 CBil3aHO C TeM, 

4TO ljaCTl<1l..\bl nrr ~ TiO, nonoxarensuo 
aapsxenu. a ljaCTl<1ljbl MKl.( npakrw-ec­
K~ He I<1MelOT aapsna. B 06naCTI<1 pH 4,0­
6,0 np0I<1CXOA~T rerepoxoarynnuaouu oe 
B3a~MoAei-iCTBl<1e ljaCTl<1lj CMeCI<1 «MKl.( ­
TiO/> C4aCT~ljaM~ lllT.TaK KaK lj aCT~l..\ bl 

MKl.( ~ TiO, orpauarensuo 3apil}/(eHbl, a 
llf T ~MeIOT cna6bli-i nOnO }/(~T en bHb l i-i 3a­
psn. B ll.\e nOljHoi-i 0 6n aCT ~ C ~CTeMa 

BHOB b CTa H O B ~ T bCil arperarueno YCTO i-i ­
4~B Oi-i. 3TO CBil3aHO CTeM, 4TO ace ljac ­
Tl<1l..\bl 3apil }/(eHbi orpuuarensuo [1 6. 17]. 

Ilpa BB eAeH~1<1 BCMeCb MKl.(-TiO, KO­

arynaura Al,( SO) 3 (PI<1 c. 1, Kpl<1Bail 3) B 
06naCT I<1 pH=5-9 CI<1 CTeMa reps er CBOIO 
YCTOi-iljI<1BOCTb, npol<1 CXOAI<1T BblAeneHl<1e 
6l<1H apHoi-i cneca . MaKcl<1MyM norepn ar­

per amBHoi-i ~ ceA~ M e HTa I..\ 1<10 H Ho i-i YC­
T O i-ilj ~B OCT~ Ha6n lOAaeTcil B ofin acrn 
pH=7-8 ( 0=0,135). B K ~c noi-i (pH<5) 1<1 
ll.\enOlj Hoi-i (p H>9) ofinacrax pH CI<1CTe­
Ma arperarusu o 1<1 ce A ~M eHTaljI<10HHO YC­
Toi-i4I<1Ba. Cnenyer OTMeTVl Tb, - rro npu 
BBeAe H~~ B CMeCb MKl.(-TiO, «oarynsura 

Al,(SO)3 BblAeneHVle 6 ~ Ha p Ho i-i CMecVI 
npoucxonar B 60nee Wl<1pOK OM I<1HTepBa­
ne pH=5-9. 3TO CBil3aHO CTeM, 4TO B OT­
nVllj~e OTCI<1CTeMbl MKl.(-TiO,-TiOSO4 BAaH ­
HOM I<1HTepBane 3Ha4eHVli-i pH npOAyKTbI 
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rf1APOM13a Al (SOJ 3I-1M eIOT nonoxarens­2

Hbl ~ 3api\A [19, 20] . 
np l-1 ysenl-1y eH1-1 1-1 KO Hl.J,eHTpa l.J, l-1 1-1 KO­

arynsaroa AO10-3 M (pHC. 2) Ha6n1OAaB­
wai\Ci\ pase e TeHAeHI.J, I-1 i\ COX paHi\eTCi\, 
OAHaKO3¢ ¢eKTbl arperauua yaCH11.J, 60­
nee apxo Bblpa}t(eHbl. MaKcl-1 MyMnorepa 
arperar asaoji 1-1 CeAI-1 MeHTa l.J, iII 0HHoC! YC­
TOC!Y iII BOCTiII CiIICTeMbl npu BBeAeHiII iII 
TiOSO, ( D=0,081) Ha6n IOAaeTCi\ npill 
pH=3 (pac, 2, Kpl-1B ai\ 2) . YBenillyeHille 
KOHl.J,eHTpal.J,l-1 i11 TiIITaHillncynb¢ aTa npwso­
AiII T KYBenilly eH ill10 p a6 0Y e~ 06naCTiII pH 
patioru xoarynnura (pH=3-6,5) . B Cilln b­
HOKill cnoC! (pH<3) ill llj en OYHO~ (pH>7,5) 
06naCTiII pH CI-1 CTeMa Haill60nee YCT OC! YiII­
aa (D=OA ill D=0,32 cooTB eTCTB eHH o), 
BenillYiIIHa D B HeCKonbKO pas 60nbwe 
npenunyuiero cnysan (pac, 1, KpillBai\ 2), 
YTOCB i\3aHO CYBenillyeHilleMKOHl.J,eHTpa­

l.J, iII i11 nn. BBeAeH ille xoarynaura Al,( SOJ 3 
60nbweC! KOHl.J,e HTpal.J,iIIi11 TaK}t(e pacun-­
paer 06naCTb Koaryni\l.J,iII 0HHoro aunene­
HiIIi\ CMe CiII MKl.\- Ti0 

2 
(p H=4, 5-9 ,5) 

(puc. 2, KpillBai\ 3) . MaKciIIMyM norepn ar­
p eraTI-1BH O~ ill ceAiIIMeHTal.J,iII 0HHoC! YCTOC!­
YI-1B OCTI-1 Ha6n1OAaeTCi\ B 06naCTiII pH=6­
8 (D=0,08) . 

Ha pHC. 3 npencraaneuu 3aB illC iII MO ­
CTiII D=f(pH) npa KOHl.J,eHTpal.J, iII i11 xoary­
ni\HTOB TiOSO, ill Al (SOJ 3 - 3·10-3 M. 2

BblAeneHille 6 i11 HapHoC! CM eCiII «MKLj­

TiO,» nOA Ae ~cT Bille M nrT npoucxonar 
npaKTiII yeCK iII BO Bc e~ 06naCTiII pH, KPO­

Me pH=8 (KpI-1 Bai\ 2). B OTnl-1 Yille OT ABYX 
MeHbWillX K OHl.J, eHTpal.J,l-1~ TiOSO, MI-1HiII­
ManbHai\ OnTiII yeCKai\ nnOTHO CTb CillCTe­
Mbl CO CTaBl-1na D=0,063, YTO caunerens­
crsyer 06 06pa30BaHI-1i11 60nee xpynuux 
6blcTpee ceAeMeHTl-1 pYlOlljillX arperaroa. 
06nacTb pH Koaryni\ l.J, iII0 HHoro sunen e­
HiIIi\ 6i11 Ha pHoC! CMeCiII TiIITaHillncynb¢ aToM 
TaK}t(e pacun-paercs (pH= 2,5-6,5). Koa­

ryni\HT Al/ SOJ3 CKO H l.J,e H Tpa l.J, iIIe ~ 3·10­
3 M (KpillBai\ 3) AeMoHcTpillpyeT aucoxae 
3HayeHI-1 i\ D (D>l ), cBI-1 AeTenbCT BYi\ 0 
B~Aen eHI-1i11 3H aYI-1TenbHOro KOnl-1 yeCTBa 

HeceAeMeHTl-1pYlO ll1 l-1 X yaCTiIIl.J, Al(OH)3' 
npOBeAeHHo e I-1 CCn eAOBaHl-1e noxa­

s ano . YT O nocne BBeAeHI-1i\ B CI-1CTeMY 

«MKl.\-Ti O/» xoaryn aur oa TiOSO, ill 
Al /(SOJ 3pa60yai\ otinacn, pH, BKOTO P O~ 

Pill e. 3. 3aBillciIIMoCTb OnrillyeCKoC! nnOTH OCTiII D KO Mn03i11 l.J, iIIC! OT pH: 

1 - MKLj-TiO/; 2 - MKLj-TiO,-TiOSO,; 3 - MKl.\-Ti0 SOJ 3npill KOHl.J,eHrpal.J, i111-1
2-Al2( 

xoarynauros 3·10'3M 

npOillCXOAiIIT iIIHTeHCiII¢iII Kal.J, iII i\ sunene­
HiIIi\ yaCT iII l.J, MKl.\ illTiO/, HaXOAiIITCi\ B06­
naCTiII pH pH=2,5-6 ill pH=4,5-9,5 COOT­
BeTCTBeHHO. BblAeneHille 6i11H apH O~ CM e­
Cill Koaryni\HTOM TiOSO, nponcxonar B 
K iIIC Jl O ~ ill H e~T panbHo~ cpeaax, a 

Al /(SOJ 3B H eC!Tp a nbHo~ ill cnaoouieno-r ­
HOC! cpea ax, npillyeM 3¢¢eKTiII BHOCTb KO ­
aryni\l.J,iII 0HHOro BblAeneHiIIi\ 6 i11 H a p HO ~ 

CMeC iII «MKL(-Ti0 
2
» TiIITaHillJl cynb¢aToM 

npill scex KOHl.J,eHTpal.J, iII i\X iIIcnoJlb3yeMbix 
xoarynntrros ssuue,yeMcynb¢ aTO Mamo­
Mill HiII i\, OAH aKO3TO npOillCXOAiIIT B60nee 
Y3KOM iIIHTepBane pH. 

Iloxasaao. YTOnpill BBeAeHiIIiII B CiIIC­

TeMy koaryns -r t oa TiOSO, ill Al/SOJ )' re­
repoxoa rynauws KOMnOH eHTO B MKl.\ ill 
Ti0

2 
3HaY iIITenbHOYCl-1nI-1BaeTCi\, YTO MO­

x er npaaecru Kysenill4eH 1-1 10 I-1X ynepxa­
HiIIi\ B6Y Ma }t( HO ~ Macce. Ilocnensee npa­
BeAeT KynyYW eHilllO «asecraa nonceros­
HO C! BOAbl, KOTOpylO MO}t(HO 6YAeT aep­
HyTb BTeXHonor ill4eCKiII~ npouecc ill 3Ha­
4i11Ten bH OMY pecypcoctiepexemu o KOM­
nOHeHTOB 6yMa}t(HOC! ~1 aC Cbl . 
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nameHmbl 
IDnomallUOHHaR KaMepa 

naTeHTYIOTCfI ycoaepureucrsoaaauaa KO H CT PYK ~ ~ fI epn oTa~~oHH o i'l Ka Mepbl, KOTOpylO YCTa Ha BIl ~ B a IOT B TexHonor~4ecK o~ 

n ~H ~~ AIlfi 06ec ~B e4I1B a H I1f1 MaKynarypHoi'l MaCCbl. B H ~ >K He ~ 4acm ep ll o Ta~ l1oHHoi'l KaM epbl npenycworpeuu rpytionposonu ~ 

conna Allfl nOAa411 nOA AaBneHl1eM 11 paeuonepuoro n ep e M eW I1B a H~fI cyc ne H311~ MaKynarypHoi'l MaCCbl co C>KaTbI MB03AyxOM . 
KOHCTPYK~I1f1 epll oTa~l1oHHo i'l KaMepbl 06ecne4 ~ BaeT Bbl COKYIO np0I13 BOAI1Tell bHOCTb, 3ep epeKTI1 BHOe YAalleHl1e 4 a CTI1 ~ ne­

4aTHoi'l KpaCKI1, APyr~x 3a rpfl3 HeH ~ i1 ~ nOllY4eHI1e MaKyllaTypHoi'l MaCCbl CBblCOKOi'l 6enI13Hoi1. 
US Patent. N2 8167133 B2. 01.05.12. 

Yng ~meHue palOmbi mpegepa 
naTeHTyIOTCfI yny4weHH afi K OH CT PYK~~fI uipenepa ~ cnocof 3 ep epe KT ~ B H o i'l 06pa60TK~ OTXOAoB 6Y Ma r ~ ~ xaproua B anna­

pare, OC Ha ~e H H O M pe>KY~~ M~ H O>K aM ~ npfiMoyronbHoi1 epOpM bl. 
npeAycMoTpeHOYCTpoi'lCTBOAnfl paBHoMepHoi1 n OA a 4~ Macna ~ CMa3 K~ npuaona 11 A Pyr~ x apauiaiouta xca Y3nOB uipenepa. 
KO HCTPYK~ I1 f1 uipenepa 06ecne411BaeT BblCOKY IO nP0I1 3 B OA~ T ell bHOCTb TeX Hon or~ 4 ecKoi1 n~ H~ ~ , YAo6Hbie YCIl O B ~ fI peM OHTa 

11 06CIlY>KI1BaHI1f1 060 pYAO BaHI1 f1 . 
US Patent. N2 8167224 B2. 01.05.12. 

DOBblO Memog 
naTeHTYIOTCfI yny4weHHafi TeXH OIlOrl1f1 np0l13BOACTBa 6YMa r ~, xaproua 11 cnocoti Y B e nl14 eH~ fI YAep>KaH I1 f1 B nOIlOTHe Mell­

K ~X BOIlOKOH ~ 4aCTI1~ MI1H epallbHoro uancnuarenn. 
llpenycnorpeao BB eAeH~ e B6yMa >K HylO Maccy HI13K0i1 KO H ~e H Tpa ~ l1 ~ X~M~4eCKI1X A06aBoK, koropue conepxar pacrsopu­

Mble B BOAe aH~OHH bl e n on ~ M epb l . 

V1 cnonb30BaHl1 e uoaoro MeTOAa 06ecne411 BaeT pasuonepaoe epopMOBaHl1e, nocreneuu oe 06e3 BO >K ~ B a H ~ e nonorua, aupa­
60TKy 6yMarl1, xaproua sucoxoro Ka 4eCTBa C cO Ae p>KaH ~eM uanonawrena > 10%, OTn l1 4HblM I1 MeXaHI14eCK I1 MI1 ~ n e4aT H blM ~ 

cBoi'lCTBaMI1 . 
US Patent N~ 8168040 B2. 01.05.12. 
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