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KnlO4eSbie cnos a: Ilpueeoenu oauuue 0 6 aocoptiuuu cmpenmonuuuna U3 eoouoeo pacmeopa 8 cmamu­
ancopfiuaa. '1 eCKUX U OUHOMU'IeCKUX ycnoeusx HO OKmU8HOMyene, nOIlYlfeHHOM U3 pocmumenutux 
y p aB HeH~~ ~ 3 0TepM. ocmamxoe q;opMOL(e8mU'IeCKOcO npouseoocmea. nOK030HO. smo pocsern p08H08ecHoiJ 
CTpenT OM ~~~ H. eellU'IUHbl aocoptiuuu U npooonmumensnocmu npouecca npu KOHL(eHmpO~UU anpenmo­
CT04Hbie BOAbl. 

MUL(UHOnenee 200 Mc·OW 3 c oocmamounoii mouuocmuo MOJKHOeunonuums, ucnonesy«04HCTKa CT04HbiX BOA. 
ypoenenus; coomeetncmeenno,J],y6UHUHO- POayWKeeU'IOU J],y6uHuHo- HuKolloe8o. 

1. BBeAeHl1e Bnpo6neMy 
<DapMa l\CBT u 'ICCK UC n p CAnpH5ITU5I x apa KTepu3y lOTc 5I 

06bl'I HO cpa BlIuTcnbHo IIC6 0nbllHlM u (sa I1CKnlO'ICHUCM 

6UoTcx Honor w-lccKUX n p o u 3 BoACTB) 06bCMaMl1 CTO' IHbIX 

BOA, KOTOp bI C, OAHaKO, n p CACTa Bn 5llOT 3 lIa ' lHTcnbHylO o n a c ­

HOCTb A n51 BOA H bl X 06b CKTOB. 3 TO ofiyc n osn e no, npC)I( AC 

BCCro, pa3H0 06p a 3 l1CM npUMCH 5ICM bI X CblPbCBbIX MaTepua­

nOB, n o n y ' lac M bIX cy6cTa Hl..\I1CI 11 rOTOBblX qJOpM , KOTOpbIC 

B Bl l AC n o r eps n c p CXOA 5IT B CTO'lH bIC BOAbI 11 KnaCCl1qJHl\I1­

PYIOTC5I Ka K BCIl.\CCT Ba 1-3-ro KnaCCOB o n aCIlOCTI1; A n51 pana 

3arp5l 3H5I IOIl.\ llX BCIl.\CCTB (3B) c 6 p o c B BOAHblC 06b CKT bI 3a ­

n pC Il.\ CH. B CB5I3U C 3TUM sana-ra Ha AC)I(lWrO oriecne-i en a n 

npaKTl1'ICCK U n onuoro y naBn l1Ba H ll 51 ornensnsrx 3B C n o ­

cncAYIOIl.\ CH YTI1n113a l\ llCH 6 C3 yuieptia An 51 oxpyxca rouien 
Cp CAbl npcACTa Bn5lCTC5I aKTyan bHoH. 

,lJ,n 51 A OCTII)I(CII I151 Ta Ko r o pC3ynbTaTa npenno -rrnrens­
H blM U n epcnexru a u una 51 Bn5lCTC5I aAcop6l\IlOHII b ltl MCTOA, 

KOTOp blH M O)l(C T otiecne-nrr s n p a KTI1'ICCKll n onao e 113BnC ­

' ICH llC 3B, AOC TaTO ' IIIO n p o c T B axc rm y ar a u n a , I1CKnJO'la­

CT 0 6pa30Ba H Il c OT XOAOB H c n ocpcAcT BCH II O B n pouecce 

O'Il1CTK I1 CT OKOB. Ilocne I1C'ICpnall l151 pccypca anc optieura 

nocnernnni M O)l(CT 6 blT b p Ca KTll Bl1p OBa ll I1nl1 I1CnOnb30 ­

BaH B Ka'ICCTBC TO nn l1BH OH A06 a BK U (COBM CCTIIO C a ACOp ­

6l1pOBaHHblMll 3B). B Ka' ICCT BC an c opoeura 06bl'l1l0 p CKO­

MCHAYIOTC5I a KT I1B llblC y rncpoA H b lC MaTCpl1aJlbI. 

Hal160nb W l1C n p CI1M Y Il.\CCT Ba M CT o A a np0 5lBn >IIOTC5I 

npl1 O'l I1CTKC Hl1 3 KO KOHl..\CH T p Il p OBaH ll b IX CTO'IH bI X BOA 
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OT paCTB o p CHHbI X op r a H ll ' ICCK I1X COCA I1HCH I1I1 . Ilpn 3 T OM 

OH M O)l(CT 6 bITb p c anU3 0 Ball caMOCT05lTCnbHO I1nll B x a ­

'ICCTBC OTAcn b H0I1 CTaA l111 BbI6pall llo CI CI1CTCMbl O'II1CTK I1. 

flOJlO)l( l1TCJl bHOH xap a KT epl1CTII KOH M eTOAa 51Bn5lCTC5I B03 ­

M O)l(HOCTb npl1MeH5ITb B Ka ' ICCT BC aAcop 6 eH TOB a KT I1BHblC 

y rn l1, nOJlY'leHHble na OCHOBC OTXOAOB n p0I13BOACT Ba . 

K ua ationee xapaKTepHbl M 3B CT O'I H bI X BOA (pap­

M al..\CBTIl'leC KllX n p CAn p ll H T I1H MO)l( HO OT HC CTll pac ­

T BO P I1M bl C B BO AC aHTll 6110TII K I1, npoonexra KOHTpOn51 

11 YA a n CII I1H KO T Op bl X 113 CTO'lH bIX U npl1pOAllbl X BOA 

CT a lIO Bl1T C5I B HaCT05lIl.\Ce Bp CM 5I a c e 60nee axryan suofi. 

Il pa 3 TO M Ba )l( HO non y'III T b A aH H bl e , KOTopble MO)l(HO 

I1CnOnb30BaTb B n p a KTll 'lCCK I1X pa C'ICTaX np0l..\eCCOB 

a Ac o p 6l..\110 1lHOCI O' I I1CT KI1 CTO'IHbIX BOA OT aHTll6110TII­

KOB. K TaKI1M Aa H HbI M OT HOC5ITC5I , B '1aCTHOCTI1, BCnl1 ­

' I l1l1a paBH OBeCHOH anc opfiumr 11 npOAOn)l(IITCnbHOCTb 

a A cop6l..\1111 AO n05lBneH I1 51 u a Bbl XOAe 113 ancopoepa AO ­

n YCTI1MOCl npoc Ko KOBOH xoaue a r p a n a u 3B n p l1 3 a A a H ­

1I0 H BbICOTC enos ( I1n11 BblC OT bl en o s , H e0 6 x OA l1M O H AnH 

n p OBCAC HI151 a A c o p 6 l..\1111 B T e ' l e H I1C a a n a a aoro BpeMe ­

H I1) . B J1IITCpaTypc nan usrx B 3 TOM OTHOWCHI1I1 HCMHO ­

r o 11 01111 OT IIOC5ITC 5I, B OCH OB HOM , K JlCCnCAOBaHI151M B 

0 6na CT l1 3 1la'lC1l1111 KOIl l..\eH T p a l..\11 11 aHTII6IlOTJlKOB 60nce 

200 Mr·A M - 3. ~OCTaTO'l HO nOJ\p06HO I13y'leHa aAcop6l..\1151 

p 5lA a a HTl1 6110T l1 KOB 113 BO A H bl X paCTBopOB na aKTI1B ­

H bl X y rn5lx : B p a BH o BcclI bl X [1 , 2] 11 AI1HaMl1'l eCKIIX [2] 
y c n OB I151x. O A Ha Ko pCKOM e H A a l..\11 11 no I1CnOnb30BaHl11O 



MeToAbl Vl CpeACTSa o6ecneyeH Vl 51 6e30nacH oCTVl 

134	 nony s eux u x p C3yn bTa oB Ami I1H)f(CH CPHbIX p a C'-ICT OB 

npouec c a aAcop6L\1111 OTC y TCTBy IOT. 

OCH06HaJlsaoawa aannoi; patiomu - B bl HBI1Tb OC06C H­

HOCTI1 aAcop6 ~1111 CTpCnTOMI1 ~ I1 Ha 113 BOAHblX p aCTBo pOB 

aa aKTI1BHblX yrnHx B 06naCTI1 M anb l X KOH L\CHT pa~l1l1, xa­

paKTcpHblX 0 6 b l 'lHO AnH CTO'-l HbIX BOA , 11 I1c n o n b 30BaTb l1X 

npl1 paC'ICTC ancoptiepoa 11 ancopfiunoaaoro npouecca. 

2. 3KcnepHMeHTanbHoe HccneAOBaHHe 
B Ka'lCCT BC a H TlIl6 110 T l1K a I1c n o n b 30Ba ll l1 CTp c n TOM lIl ­

~I1H . B Ka'-l CCTBC axrneaoro y rnH 6 bln Bbl6paH yrollb yClIOB ­

HOI1 MapKI1 AY-1. AKTlIl BH b l 11 yrollb M ap K I1 A Y - l nony-rana 
n yTcM nnpozmsa pacrsrrensns rx OCTaTKOB (urpor a), 06p a3Y­

1Ol1.\I1XCH nocne 3KcTp a K ~ lIlOH H0I1 o 6 p a6 0 T K I1 KOpHCBlIl l1.\a 11 

KOpHH aneyre poxoxxa xomoxero. I1CXOAHbll1 CblPbCBOI1 Ma­

Tc p u a ll npOCCU Ban l1 na CUTC A lIH YA allCH I1H Kp y nHblx rpy ­

6 blX BKlIlO'-ICHIU1, ortiapanacs <j>pa K ,-\lIlH (3,0-6,0)xlO-3 M . 

Ilanee MaTcp lllall YBna)f(HH1JJ1 AO 55-60% , nnacrmpn uapo ­
Balll1 B 1I0na CTH OM CM CCI1TClIC l1 rpanyna posan« Ha W HCKO ­

u· BOM rpaHynHTop c '-ICp C3 <j>lIln bcpbl A lIla Mc T p o M 5,5x lO - 3 M; 
,IX 

B Ka'-lCCTBC CB1I3YIOl1.\CrO B KOMn03 l1l ~ lIl lO A0 6 a BlI lI n l1 runpo­
)/J 

lIl1l 3Hbll1 nurHlIlH . I pauynu BbICYWl1Ball l1 AO B03AY WHO ­
o· 
VR	 

cyx o r o COCTOHHl1l1 n p l1 TCM n c paTypc 3 7 3 -378 K. Il a ponaa 
III aKTlIlBa~ l1 1O OCYl1.\CCTBn llnl1 B BCp T I1Ka llb HOI1 KBap~CBO I1 

pCTOpTC C BH y Tp CH Hl1 M A l1aMCTpOM 3 5 x lO -3 M , n OM Cl1.\CH­

HOI1 B rpyfisaryro My<j>cnb H YIO ne-rs. 06bCM 3arpY3KI1 co ­

CTaBlIlIn 0 ,5xlO- 3 M 3• Il npomis n pOBOA l1 l1l1 n paKTI1 ' ICCKI1 

M 6C3 AOCTyna B0 3A y xa B ar wocrpepe npoAy KTo B p ca K ~1111 
I­ npl1 resmeparype 773-823 K B TC'ICH I1C 1 -raca: a KT I1BI1 ­

I.	 pOBa HI1C OCY l1.\CCTBlI lInl1 B CpCAC 6 a nnoHHo ro A I10KC I1Aa 

l-	 y rnc p oAa npl1 TCM n c p aTyp c 1100 K AO nOTCpl1 M aCCbl y rn ll 

55-6 0% OT ero I1CXOA Horo KOn l1'ICCTBa. 0 6 b CMbi nop o npc ­

AClIlInl1 no MCTOA I1KaM, 113nO)f(CH HbI M B [3]; <j>YH K ,-\l1oHa ll b ­

HblC rpynnbl aHanl13 I1p OBan l1 C y '-lCTOM P CKo M CHAa~UI1 [4]. 
XapaKTCp I1CT l1Ka y rnll npu BcAcHa B r atin, 1. 

BOAHblC p a cTBop bl cTpCnTOM I1 ~ I1 H a r OTO B l1 l1 l1 a a 
OCHOBC rOTOBOI1 n CKapcT BCH H OI1 <j>Op M bl - c T pcnTo­

MI1~I1Ha cynsdiara (C2l H 39N 70 12)z" 3 H2S O 4) - B A l1ana ­

3 0 HC KOH~CHTpaL\11 11 5 ,0-200,0 Mr'AM- 3 ( B n cpc c ' ICT C na 
CTpCnTOM I1 ~ I1 H) . 

OAHI1M 113 OCHOB HblX aAcop6~110HH blX n OK a3 aT Cn CI1, 

ncnonsayesnax B I1H)f(CHC P HOI1 npa KT lIl KC npl1 onp CAcn c ­

HI1I1 HCo6XOAI1M 0l1 MaCCb l ancopoenr a U n p OAOn)f( I1TCnb­

H OCTI1 ero pafiorei , lI Bn llCT O I BCn l1 '-1 I1Ha p aBHOBCCHOI1 

ancopou ua, KOTopaH np"H IMa CTC lI na OCHOBC axcne ­
pl1MCH TanbHOI1 1130TCpM bl aAcop6L\l111 1111 11 p a c 'l cTH bl M 

To6nuuo 1 
X apaKTepKCTHKa aKTHBHOrO y rn SiAY· l 

YAenbHblH 06b- KOHl.\eHTpa l.\HA KHcnopOAcoAeplKa ­
1

MapKa eM nop, CMl ' r - I1.\HX rpynn, Mr-3KB·r 1 

yrnSi cjleHonb- Kap60K- allbAe- OCHOB­
V... V•• V... HblX CHllbHblX rHAHbix HblX 

AY-1 0,35 0,11 0,35 0,069 0,097 0,076 0,174 

6e30naCHOCTb Brexsocoepe, NQ 2 (Ma pT- a n p en b), 2015 
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M CT OAOM . I1CX OAHbIC Aa H H b lC Anll nOCTpOCH l1l1 l13 0 TCP ­

Mbl ancop tiua u CTpCnTOM I1 ~ I1 Ha n Oll Y ' l anl1 aMnYllbHblM 

cnocooov B CTaT l1 'ICCKI1 X ycnoB I1HX n o o6 l1.\Cn p 11 HlIT0I1 

M CT OAI1 KC [5] ; AnH Ka )f( AOI1 TO'IK I1 ua 11 30TCpMC npoBo­

A l1nOCb naa, 11 uorna Tpl1 n apa ll llClI bH bl X onsrr a. Aaanu ­

TI1 '-1CC KO C OnpC)l,C lI CHI1 CKOHI..\CHTpa~ I1 I1 C T p C n T O M I1 ,-\ I1H a 

n pOBOA" l1U n o MCTO)l,I1KC [6] . B n penaaparen s a srx onsr­

Tax 6 bl no o n pcAcncHo Bp CM lI yCTa HoBncH l1 l1 ancop fiun ­
OtI HOro paBHOBCCl1l1 , KOTOpOC COCTaBI1110 26 ' l aCOB. 

Vby'ICHl1C aAcop6 ~ 11 11 CT p Cn TO Ml1l..\ l1Ha B )l,I1HaMI1­

' I CCK I1X YClIOB l1l1X npOBOAl1 n l1 H a Tl1nOBOI1 n pOTO'IHOI1 

y CTa HoBKc . 

3. Pe3ynbTaTbi H HX o6cy>KAeHHe 
Ha P l1c . 1 npcAcT aB lIcH a 11 3 0 T CpM a an copoua a 

CTpCnTOM l1l..\l1H a n p l1 TCM ncpaTyp c 291±2 K. 
11 3 p l1C. I BI1AHO, ' ITO B 113 y'ICHH OM A I1a na30HC KOH ­

,-\ C HTpa ~11 11 (C) CTpCnTOM I1 ~ I1 Ha aKT I1B H bl11 yronb AY-l 

lIBlIlICTClI )l,OCTaTO'IHO aKTI1BHblM a Acop6cHTOM. no <j>op­

MC 1130T c p M a B npCACTaBnCHHOM I1H TcpBa n c KOH ~CHT pa­

~11 11 MO)f(CT 6blTb OT HCCCH a K ncpBoM y T l1ny no KlI aCCI1­

<j> I1Ka~l1l1, npC)l,nO)f(CHHOI1 B [7 ] . 11 3 s roro cnenyer , '-ITO 

ancopouua CTpCnTOM I1 ~ I1 Ha npOT CKaCT, BCpOllTHCC scero, 
no MCXaHl13M Y <j>11311' ICCK0I1 aAcop6~1111. O A Ha KO n o CTpo ­

CH I1C 1130TCpMbi no 3 KCn Cp " M CHTan b H bI M p,a H HbIM B KO­

Op )l,I1HaTa X nl1H CI1HOI1 <j>OpMbl y p a BHC H l111 Jlearsnopa l1 

Bpyuayspa- Bsoaer a-Tennepa (fi3 T) ( P I1C. 2a 11 26) (COOT ­

C C 
BCTCTBCHHO: (Cia) - C 11	 ----- , rne C, Cs-

arCs-C) Cs 

KO H ~c HTpa ~I1Jl a A c o p 6T I1B a (crperrro v 11 ~11 aa) 11 ero 
3p a CTBOpl1MOCTb, M r')l, M - ; a - BCnl1'-1I1Ha ancoptiua a, 

l1\1[·r- ) n OKa3bI BaC T, 'ITO nl1Hci'IHall 3 aBI1CI1 M OCTb Hapy ­

w aCTCH l1 TCM B 601l bWCl1 CTC nCHI1, 'ICM MCHbWC KOHI..\CH ­

T pa '-\ l1 l1 CT pCnTOMI1 ~ I1 Ha . Ha H a w sarnan 3TO oriycnos­
lI CH O n p OllBnCHI1CM xCMocop61..\110HHOro 3 <j><j> CKTa [8], HC 

CK a3bI BalOl1.\CrOClI , B )l,a H HOM cnyuae, 3 a MC T HO aa <j>OpM C 

113 0 TCpM b i ancoptiunu. 

a, Mr ' r - ! 

160 r 

140 )
I 

120 1 
100 j

!
 
80 1
 

60 ] 

40 )
!
 

20 1
 

a !-... - . . . _-~-_... _..- - - -- -.- - ­. .-.___ __

a 50 100 150 200 250 
C, Mr 'AM ; 

PHC. 1. Vl30TepMa aAcop6l.\1111 CTpemOMI1l.\I1Ha (T = 291 K): a - Be­

1l11 411 Ha aACo p 6l.\I1I1 , Mr r l, C- KOHl.\eHTpal.\I1A aAcop6TI1Ba, Mr'Aw ' 
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PHe. 2. 1Il30TepMbi aAco p6l\HH CTpe m OMHl\ HHa: a) B Koo PAHHaTax ypaBH eHH~ JleHrMlOpa; 6) B KOOPAHHaTax ypaBHeHH~ 53T 

Ha ioaea s uure OTKlIO HeHn H OT rrpHMOllnHeHHoH aa ­

BHc n MOCTH Ha6 11 1OAa lOTCH rrpH oueuxe pa aaonecuoti 

an co pduu a cTperrT OMHl\ I1Ba C noxrouu-ro ypallHeHHH 

.D:y6n HHHa- PaAYlllKeBH'la (.D: P) (pac, 3): 

0 ) 

l;rAe: a - Bell l1' IH Ha ancopou a a, Mr·r-

W - rrp eAell bHbl H 0 60 eM ancopouaomroro rrpo­

cTpaHcTBa, cM 3·r -'; 
1;U - MOll bHblH 06oeM, CM3. MOllb-

B - CTpyKTy p HaH KOHCTaHTa, rpaA -2; 

p- K0 3qlcpH l\neHT rroA06HH, 6e3 p a3Mcp Hbl H; 

T - TeMrrep aTy p a ancoptiumr, K; 
Cs - p aCTBOp l1MOCTb aAcop6TI1Ba, Mr'AM -3; 

C - KOHl\eHTp al\HH ancoporaaa, Mr·AM-3. 

Ha OCHOBe pH C. 3 orr p eAc lI cHbl KOHCTaHTb l ypaBHe­

HHH .D: P: W = 0,4 1 cM 3·r- l ; B = 23,9·1O·6r p aA -2. ITo crro ­

19o 
2,5 ,-- - - - - - - - -· - - - ­

2 

1,5 

1 

0,5 

o -­ -_ .--.-....--.-...­ ....,.--.. ··· _··· ~ _··· ··7_ .....-­ ..........----- ~ 

o 2 4 6 8 10 12 14 
19 (CHIC) 

PHe. 3. 1Il30TepMa aACOp6l\HH CTpem OMHl\H Ha B KOOPAHHaTax ypaa ­
HeHH ~ ,llP 

64 - --- ----------­

cooy Benco ua [9] pacc-urrau MOllbHbIH 060eM cTperrTo­

Mnl\HHa, U = 531,4 CM3. MOllb- l; K03qlcjJnl\neHT nonooua 

orrpeAelleH 101 3 COOTHOllleHHH MOllbHbIX 06oeMOB CTperr ­

TOMnl\ I1Ha 101 6CB301la . 

Cono crasn en ae paC'leTHblX AaHHbIX C 3KcrrepH­

MeHTallbHblM I1 (Ta611. 2) noxaasrsaer, 'ITO 3Ha'IeHHe OT­

HOCHTClIbHOi1 rrorpeWHO CTH cpenaero Me)f(AY HnMH 

COCTaBlIHeT rrpHeMlIeMy JO AlIH nH)f(eHepHbIX paC'ICTOB 

BellH'1I1H y. Ilpu 3TOM cnenyer OTMeTHTb, 'ITO HaH601lb­

unre 3Ha' IeHn H rro r p eWHOCH l rrpnXOAHTCH (B 601lbWei'1 

crenenn) aa p aC'I eTbI AlI H MallbIX KOHl\eHTpal\HCl, CO 

CHn )f(CHneM KOTOp bIX MeHee 5,0 Mr'AM-3 ypaBHeHne .D:P 

MO)f(eT OKa3aTbCH He aAeKBaTH bIM. 

.D:lIH o rrpeAelleHn H AnHaMll'IeCKnx xapaKTepHCTnK 

ancopou u a CTpe rr TOM n l~ n H a 6bIlIn CHHTbI nsixonnsre 

Kpl1Bble AlIH ABYX BblCOT ClIOH yrllH (h): h = 0,045 M 

101 h = 0,0 75 M. Hcxon n si e AaHHble AlIH nocrpoeuna Bbl­

XOAHOH KpnBo i1 npaseneasr B Ta611 . 3. 

Ha p nc. 4 I1p nB CAeHa Bbl XOAHaH KpilBaH aACop6l\I1H 

CTpCrrTOMI1l\H Ha B nonynorapadoaa -recxnx KoopAnllaTax. 

20 40 60 80 100 120 

-0,5 ~ 

- 1 j 

I 
! 

- 1,5 i 

-2 j 

- 2,5 LII _ 

PHe. 4. BblxoAHble KpHBbie aACop6l\ HH CTpemOMHl\HHa
 

1 - BblCOTa enos 0,045 M; 2 - BblCOTa CJ10~ 0,075 M
 

~~ 
--------- - - - ~ ~1TILfti}: 

". ,,~-:.;;....~; 



MeTo,ll,bl iii cpencrsa 06eCne4eHIiI51 6e30nacHoCTIiI 

Tatinuua 2 
norpe wHoCTb pacsera H30TepMbi a.o.COp61.1HH CTpe nTOMH I.IHHa 

Yron b AY-l 

Ig (Cs/ q 
3Kcn ep HMeH ­

paClf eTHall 
Tan bHall 

3,44 6,65 7,87 11,88 

3,14 13,31 13,54 1,21 
2,75 31,00 27,43 8,64 
2,45 54,29 47,22 9,85 
2,14 81,04 82,75 1,47 
1,97 118,64 112,57 3,71 
1,84 142,39 142,43 0,02 

113 P"c. 4 MO)f(HO BI1A eTb . <ITO B oonacr u ManbI X OT ­

HO CI1TenbH b lX 3Ha<JeH I111 n p o c Ko KOB0I1 KOH lleH T pall1111 

(CII/Co) CTp e n TOM I111I1H a ( AO 0.26 npl1 h = 0.045 M It AO 

0.29 n p l1 h = 0.075 M) H a6moA aeTcll n l1HCHHall 3a BI1CI1 ­

MOCTb. HaKnOH KOTOpOI1 C noasuuea a esr n p ocKoKOBOH 

KOHlleHTpall1111 YMeHbwaeTcll . 3TO c BI1 AeTenbcTByeT 

o TO M. 'ITO B 06naCTI1 M a nbI X KOHlleH Tp a ll ltH CTpen TO ­

M I111lt Ha 11, COOT Be TCT B e H H O. M anbl X e ro n p OCKOKO BblX 

KO H lleHTp a ll l1 llX aACOp611l1 ll n poTeKae T BO BH eWHCAI1 ¢­

¢ Y3110HHOH 06nacT I1 [10] 11 OCHOBHoe COn pOT I1B n CH l1e 

M acconepeAa<Je cocpenoro-ren o B )f( I1A KO H ¢a3e . Il pa 60 ­

nee BbICOKI1X npocxoxossrx KOH lleHT pall ltllX 11. cnenos a­

Ten b HO. fions unex cr eneua x aanonn eana n OBepXHOC T I1 

y rn a , CKOpOCTb n CpCMe Ll\eH l1ll c T p CnT OM I111I1Ha B cnoe 
CH I1)f( a eTCll. 'ITO 06yCJIOBneHO. B epOllT Hee ncer o, n p Oll B ­

nCHI1CM BH y TpI1AI1¢ ¢y3110HHOro COnpOTI1 BnCHl1ll . 

C y <JeT OM OTMe<J e HHoro npeACTa Bn lleTCll B 0 3 M O)f( ­

HbIM o n p eAen J1T b npOAOn )f( I1TCJIbHOCT b ('lip) a Acop 6 1111 11 

CTpen TOM I111I1Ha ua yrne AY- I B I1H TepBa n e xoa uerrr pa u u n 
MeHbw e 50 M r'AM,3 11 n p l1 3a A a H Ho H BbICOTe (h) enos 3 a ­

r p Y3 KI1. ncnonsaya ypas ae aae .ny6 11 H I1Ha-H11 xonaeaa [10]: 

' lip= [h - w. !n(CoICllp)IK,.,].(a.a)/(Co·w). (2) 

rne w - ¢I1KTI1BHall JIJ1H e H Hall CKO p OCTb nOTOKa pac ­

raopa. M ·C,I. 

KM - K0 3¢¢I111l1eHT Mac conepcAa<m . c': 
Co 11 CliP - naxan snaa 11 n pocxoxosaa KOH I~cHTpa­

311l1ll a,llC Op 6 T I1Ba, Mr'AM - ; a - K03¢¢ I111l1e HT. y <I I1T b l ­

BalO Ll\ I1H OT KnOH e H l1e BpeMeHI1. c o oTBeTc TBYIO Il\CrO 

TO<I Ke nepeceseaua n p OAOn)f(eH l1 ll n l1H eHH Or o y<lacTKa 

Iotinuua 3 
Pe 3ynbTaTbi A HHa MH'leCKHX onerroa 

T. MHH h,M T, MH H Cnp/C. h, M 

25 0,09 70 0,09 
30 0,12 80 0,18 
40 0,26 90 0,37 0,075 

0,045
50 0,43 100 0,57 
60 0,55 110 0,67 

70 0,90 
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BblXOAIlOH Kpl1BOH C OCblO aoc u ncc OT BpCMCH I1 (pac. 3), 
on p e A en mouier o nOnO)f(CH ne n On OBI1 H HOll KO H uerrrpa ­

1111 11CT p e n T OM I111I1H a. 6 e 3p a 3 M Cp H bl l1. 

K03¢¢ I111I1CH T Mac concpcA a <II1 paces I1Tb l Ba n 11 113 

ycnonu a MrHO BCHHor o npOCKOKa crpcrrrova u n u a no 

¢opM y n c : 

(3) 

.nn ll BblCOT bI enos yrnJl AY-1 h = 0,045 M 3 Ha<l eH HC 

K" = 21.7 M I1H- I • A n ll Bbl COT bI h = 0.075 M - 3 Ha<IC HltC 

KM = 19,2 M H H- I • Ilpa CpCAHCM 3 I1a<IC H 11 11 K03¢¢I111I1CH­

'ra Macconcpc A a<m K" = 20,4 MI1H - 1 OTHOC I1TCnbHall no ­

r p c w Ho c T b pac-rer a n pOAOn)f(HTCn bHoc TI1 a Acop6111111 HC 

npeB bIUIacT 10.2%. 

4 . 3 aKnlO4eHl1e 

.nn ll pacuera pa a uosecnosi KOHlleHTpal\1111 CT pen ­

T OM I111I1 Ha np l1 KOH lle HT pa ll 11 11 B CTO'IHOH BOAe 

5- 200 Mr'A M ' \ O'I I1Ll\aeMOH aAcop611IIOH HbIM MeTOAOM 

C npl1MeH CHl1e M a KT I1BHO r O yrnll . uenecootipaano I1C­

no nsaosar s y p a BHeH l1e .ny6 1111 I1H a -Pa A YUI Ke BI1 ' Ia. Il pa 
Hc 0 6xOA I1M OCT I1 AO CT l1'l b ManoH npocxoxosoa KO H lleH­

Tp a ll l1 l1 cTpen ToM 111111 aa B O<IH Ll\ eHHOH CTO<JHOH BOAe 

cnenyer y'II1TbI Ba Tb. 'ITO OCHOB Hoe con p OTI1 BneH I1C Mac­

conepena -re coc penoroueno B )f( I1A KO H ¢ a 3C. 

D p OAOn )f( I1T Cn b HO CTb aAcop61111 11 CTpc nToM 111111 na 
113 CT O' IHbI X BOA na aKTI1BHOM yrn e npn M an OH ero Ha ­

' I a n b HOH 11 npOCKOK OB OH KOHllCHTpalll111 M U)f(CT 6 b I Tb 

p a CC<I I1TaHa n o ypaBHeHl110 .ny6I1HI1Ha-HI1KOna eB a. 

0 6 0 3Ha 4 eHI1 S1
 

a BeJH14HHa ancopouaa, Mr·r -1 ;
 

8 cr pyxrypuaa KOHCTa HTa, rpazr ' :
 
C KOHl\eHTpal\H Sl ancoporaaa , Mr'Aw3;
 

Cs. paCTBo pHMOCTb ancopfiraaa , Mr/AM l ;
 

Co Ha 4 all bH a Sl KOHueHTpal\HH ancoptiraaa. Mr'Aw3;
 

C - npOCKO KOBaSl KOHueHTpaUHH a A c o p6TI1 Ba . Mr'Aw l ;
 

V

K

np 

h BblCOTa CIlOSl yrns, M; 

M K0 3<P<PI1Ul1e HT Ma c c o n e p e A a 4 l1, C -' ; 

T rest neparvpa aAcop6UI1I1 , K; 

M H - YA e ll b Hbl H 06beM MHKponop, c M3·r -' ; 

V il li - YAeIlbHbl H o6beM nepexonaeix nop, c M3' r - ' ; 

VMa - YA e ll b Hbl H 06beM Ma Kponop, c M3·r ' ; 
w <pI1KTI1BHa Sl IlI1HeHHaSl CKOpOCTb nOTOKa pacrsopa , M'e ' ; 

W npeAeIlbH bl H 06beM aAcop61.1110HH OrO npocrpa u­
CTBa, cM 3' r -' ; 

a - K0 3 <P <P I1l\l1e HT, Y4l1TbiBalOlLll1 H OTKnOHeH l1e BpeMe ­

HH , COOTBeTcTBylOlLlero T04Ke nepece-reuvs n p o ­

AOIl>KeHHSl IlI1HeHHOro Y4aCT Ka Bb lXOAHO H Kp l1BOH C 

OCblO aocuacc OT BpeM eHI1 (P I1C. 3), on p enens io ur e ­

ro n OIlO>KeHl1e nOIlOBI1HHOH KOHu e HTpa Ul111 crp en ­

TOMH l\ I1 Ha ,6e3pa 3MepH~H ; 

I~ K03<p<pI1Ul1e HT nOA06 l1Sl , 6e3p a 3MepHbl H; 

u MOIl bH blH 06beM, CM3. MOIlb-' . 
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Wastewater Purificati on from Streptomycin Throu gh Adsorption Method 
L.N. Grigoriev, Head of Department , Doctor of Engineering, Professor, Saint-Petersburg State Chemical Pharmaceutica l 
Academy 
G.A. Shanova, PhD.of Engineering,Associate Professor,Saint-Petersburg State Technological University of Plant Polymers 
L.G. Verentsova, Ph.D. of Engineering, Associate Professor, Saint-Petersburg State Chemical Pharmaceutical Academy 

Data on adsorption from aqueous streptomycin solution in static and dynamic conditionsfor the activatedcarbon obtained 
from plant waste of pharmaceutical production is provided. It is displayed that the calculation of the equilibrium values 
of adsorption and the duration of the process at a concentration of streptomycin less than 200 mq-dm:' can be performed 
with sufficient accuracy using equationsof, respectively, Dubinin - Radushkevich and Dubinin - Nikolaev. 

Keywords: adsorption, equat ion adsorp tion isotherms , streptomycin, waste wate r, wastewater decontamin ation. 

66 ------ ---------------------- ­


