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AHHoOTanus. AkmyaibHocmb., B HacTosiiee BpeMsi TEXHOJIOTMH BOJIONOJATOTOBKH, COCTOSILIME M3 MOAYJEH, Mocjiei0Ba-
TEeJIbHOCTb KOTOPBIX B CXEME OYUCTKH MOXKET MEeHSIThCS B 3aBUCHUMOCTH OT MCTOYHHUKA BOJOCHAOXKEHUS U Iiesiell OYMCTKH,
SIBJIAIOTCS YHHUBepcaJbHbIMU. CTaJus COPOIMOHHOW OYMCTKM NMPUMEHSETCS NMPaKTHUYeCKH B KaxAoW TexHosoruu. I[lpu
OYHCTKE CTOYHBIX BOJ COPOIMs MPUMEHSIETCS KaKk OCHOBHAs CTaJiUs BOJONOATOTOBKHY, /UJIsI MOJyYeHHs MUTbeBOX BOJbI U3
HNPUPO/HBIX UCTOYHUKOB CTAJUI0 COPOLMOHHON OYMCTKU NPUMEHSAIOT B Ka4ecTBe JOOYUCTKU. CTabUJIBHOCTb PaboThl NpHU
pa3HOU TeMIepaType BOJbI, HEBBICOKAs: CTOMMOCTb, MeXaHH4ecKasi IPOYHOCTb, BO3MOXKHOCTb pereHepaliyd cOp6eHTOB U
YA06CTBO 3KCIJIyaTallMK JleJIaeT aKTyaJbHbIM IPo6JieMy MOJUUIMPOBAHUSA CYLECTBYIOIIUX COPOEHTOB /I YBEJUYEHHUS
UX CeJIEKTHBHOCTH M COpOLUOHHOW eMkocTH. IJeas. ViccnenoBaTh MeXaHM3M aJiICOPOLMU U COPOIIMOHHBIE BO3MOXKHOCTH
noJiydeHHoro npu Moaudunrposanuu AIOOH noHamu cepebpa copOeHTa 110 OTHOLIEHHUIO K HEOPTaHUYEeCKUM MOHAM U 0p-
raHU4YecKUM BellecTBaM. 06sekm. OKCUIUAPOKCU/, aIIOMUHUSA, MOAUPULMPOBAHHBIM HOHAMU cepe6pa. Memodsl. PenTtre-
HO}a30BBIM aHa/IN3, METO/, TEIJIOBOM JlecopbLuU a30Ta, GOTOKOJIOPHUMETPHS, IPOCBEYMBAIOILASA 3J1IEKTPOHHAs MUKPOCKO-
nus. Peaysabmamul u 86180001, [losiyyeH cOp6eHT MEeTOA0M MOAMPHUKALMK OKCUTHAPOKCHAA aJIOMUHHA HOHAMU cepebpa B
pacTBope HUTpaTa cepebpa c KOHIleHTpanueil HoHoB cepe6pa 0,22 mac. %. [IpoBesieHO Hcce0BaHNe GU3UKO-XUMUYECKUX
CBOWCTB MOJIy4eHHOTO COP6GEHTA PEHTreHO)pa30BbIM aHAIM30M, IPOCBEYHBAOLLEH 3/IeKTPOHHOH MUKPOCKOIIUENH U METO/JOM
TENJIOBOH Zlecop6LMM a30Ta. B pedysibTaTe 3TOro 661K onpesiesieHbl ero ¢pa30Bbld COCTAaB U y/ieJIbHast MOBEPXHOCTb. Onpe-
JleJleHbl KHHETHYEeCKHe NapaMeTphl Npolecca COpOIIMY HOHOB KPEMHHS, »KeJle3a U OpraHHYeCKUX BeleCTB Ha MOAUPUIIHU-
poBaHHOM cop6eHTe. [Io/ydeHbl U30TEPMbI COPOLIUY HEOPTAaHUYECKUX HOHOB U OPraHWYeCKHX BEI|eCTB Ha OKCUTHAPOKCH/LE
QJIIIOMUHUSA, MOAMPHUIMPOBAHHOM HOHAMH cepebpa. M3oTepMbl cop6uuu o6paboTaHbl B KOOpJHHaTax JleHrMmiopa H
®peiinpnnxa. [IpoBeieHHOEe HcCleloBaHME TTOKAa3as0, YTO MOJYYeHHbIH COPOEHT MOXET HUCIO0JIb30BAThCSl B TEXHOJIOTHSX
BO/IOTIOITOTOBKH N0/I3eMHBIX BO/I, XapaKTePU3YIOIMXCS OBBILIEHHBIMU KOHI[EHTPALUSAMU OPraHUYeCKHX BelleCcTB.
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Abstract. Relevance. Nowadays water treatment technologies are universal. They consist of modules, the sequence of which
may vary in the treatment scheme. It depends on the source of water supply and the purposes of treatment. The sorption
purification stage is used in technology very often. Sorption is used as the main stage of water treatment for treating
wastewater. Also it is used as a post-treatment stage to obtain drinking water from natural sources. Stability of operation at
different water temperatures, low cost, mechanical strength, possibility of regenerating sorbents and ease of use make the
problem of modifying existing sorbents urgent to increase their selectivity and sorption capacity. Aim. To investigate the ad-
sorption mechanism and sorption capabilities of the sorbent obtained by modifying AIOOH with silver ions in relation to in-
organic ions and organic substances. Methods. X-ray phase analysis, method of thermal desorption of nitrogen, photocolor-
imetry, transmission electron microscopy. Results and conclusions. The sorbent was obtained by modifying aluminum oxy-
hydroxide with silver ions in a solution of silver nitrate with a silver ion concentration of 0.22 wt %. The physicochemical
properties of the resulting sorbent were studied by X-ray phase analysis, transmission electron microscopy and the method
of thermal desorption of nitrogen. The authors have determined phase composition and specific surface area as well as sorp-
tion kinetic parameters. They obtained sorption isotherms of inorganic ions and organic substances on aluminum oxyhydrox-
ide modified with silver ions. Sorption isotherms were processed in Langmuir and Freundlich coordinates. The study showed
that the resulting sorbent can be used in groundwater treatment technologies characterized by increased concentrations of
organic substances.
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BBegeHue copOeHTaMHU, TTOTy4CHHBIMU B PE3yJIbTaTe MOAUDUIIH-
Pabora sBiseTCAs TPONODKEHHMEM HCCieoBaHus — poBanust ucxomnoro AIOOH woHamu MapraHiia U Me-
COpOIIMOHHBIX CBOMCTB copOeHTa, momydeHHoro Mo-  mu (II). JIast HOHOB KpeMHHUsI CTEIeHb U3BJICYCHUS BO3-
mudunuposanueM AIOOH wmomamm mapranma [1, 2], pacraer Ha 10 %, s copberTa, MOAUGMHUIITPOBAHHOTO
Menu U cepebpa. B pabore [1] ObuM McciemoBaHbl — HOHAMW Mapradma, u Ha 3 % — wonamu meau (I), co-
COpOIIMOHHbBIE CBOWCTBA MCXOAHOTO OKCHUTHAPOKCHAA  OTBETCTBEHHO. BO3MOXHOCTH COpOMpOBATH JAPYTHe
aTIOMUHUSA Ha MOJEIBHBIX PAacTBOPAX, COACPXKAIMUX  KOMIIOHEHTHI IMOA3EMHBIX BOJ HA OMHMCAHHBIX COPOCH-
CWJIMKAT MOHBI U MOHBI TPEXBAJICHTHOTO *kelie3a. Mak-  Tax He UCCIIeAOBaNach.
CUMaJlbHasi COPOLIMOHHAA €MKOCTh MO OTHOLICHHIO K [TepevyeHb KOMIIOHEHTOB, HEOOXOIUMBIX JUIS yJia-
MOHAM JKelle3a M MOHaM KpeMHusi cocraBisgeT 10 M jeHus U3 MOJ3EMHBIX BOJ C LENBI0 MOTYYCHUS THTh-
38 Mr/r, coorBercTBeHHO [1]. CpaBHeHHE COPOLMOH-  €BOM BOJbI, OMPEACISIETCS UCXOMHBIM COCTABOM HC-
HbIX cBOMCTB HcxoaHoro AIOOH u akTUBHUPOBAHHOIO  TOYHHKA BogocHaOkeHwus. COrIacCHO MOHHTOPHHTY
yIJIs TI0KA3aJ10, YTO CTENEHb M3BJICYECHUS MOHOB XkKelle-  ToA3eMHbIX Boxa 3amamnoit Cubupu [3] OCHOBHBIMHU
32 M1 MOHOB KPEMHMS JUIsl OKCUTHAPOKCUIA AIIOMUHUS  BELIECTBAMHM, 3HAaYCHHS] KOHUEHTPALUNH KOTOPBIX Ipe-
BBIIIIE, YEM JUIs aKTMBUPOBAHHOrO yris. OfHAKO MO-  BBIIIACT HOPMATHBHBIC JUISI THTHEBOW BOJBI, SIBIISIFOT-
JyYCHHBII HAHOBOJIOKHUCTBII COpPOCHT TIIOKA3bIBACT  Cs HEOPraHWYECKUE COCIMHEHHsS >KeJie3a, MapraHia,
HU3KYIO CTENEHb M3BIICUYEHMs OPraHMYECKUX BELIECTB  KaJBIUS, MArHus, KPEMHHS U OPTaHMYCCKHE BEIle-
TYMYCOBOTO TpOMCXOXAeHHs. B pabGore [2] mccieno-  ¢rBa, 4TO ONPENEIETCS TEOJOTHE yKa3aHHBIX Tep-
Bajy CTEIEHb U3JICYEHMS MOHOB KPEMHUS M JKele3a  puropwid [4].
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B Hacrosiiee Bpemsi CyIIecTBYeT OIPOMHOE KOJH-
YEeCTBO TEXHOJIOTHI OYMCTKH BOIBI [5], Kaxxmas U3 Ko-
TOPBIX UMEET CBOM NPEHMYIICCTBA U HEIOCTaTKH. ba-
30BBIMH CTQJIUSIMH JTFOOOW OYHMCTKHU SIBIISTIOTCS: OKHC-
JieHue, OTCTauBaHue U GuiIbTpoBanue. s Boj Clox-
HOTro cocTaBa [6], B KOTOPBIX NP OKHUCICHHH 00pa3y-
IOTCSI YCTOMUYMBBIC KOJUIOMIHBIC CHCTEMEI, JIUMHUTHPY-
IOIIel cTaaneil BOJOIOATOTOBKHU SIBJIICTCS CTAIHSI OT-
ctanBaHmsL. lIporiecc ocakaeHNsT OKUCIEHHBIX TPUME-
Cel CBS3aH CO CHWKCHHEM HX arperaTUBHOM WU CEIH-
MEHTALlMOHHON yCTOMYMBOCTH. [l 3TOro B TEXHOJO-
THSIX BOJIOIIOJITOTOBKHU HCTIONB3YIOT Pa3lUIHBIE METO-
JIbI:  YIBTPA3BYKOBYIO 00pabOTKY, SJIEKTpOpa3psIHbIC
TexHonoruu [7], nobGaBneHue KoaryiasHTOB [8] u cop-
6entoB. Cpeau MepeuncIeHHBIX METOJIOB UCIIOIb30Ba-
HHUE COPOCHTOB UMEET PSII MPEUMYIIECTB: HEBBICOKYIO
CTOMMOCTb, TPOCTOTY U YJOOCTBO OKCIUTyaTalluu.
Oco0eHHO 3TO TPENCTABISAET MHTEPEC IJs OTHAICH-
HBIX CEBEPHBIX PETHOHOB, B KOTOPHIX HET IIEHTPAITU30-
BaHHOTO BomocHaOxeHus. Kpome storo, HeOombIIme
GUIBTPYIOIIME YCTAHOBKH, 3allOJIHCHHBIE COPOCHTOM,
yIOOHBI B 9KCIUTyaTallld HAa CTAJIWU JOOYHCTKH, KOTIa
PACXOJI BOJIBI COCTABIIACT 10 | M B HEJIEITIO.

AHanu3 JuTepatypHbIX NaHHbIX [9, 10] mokasai,
9TO IMOJYIEeHUE COPOCHTOB, KOTOPBIE OYIYT OTINYATH-
Csl CBOCH YHUBEPCAITBHOCTHIO IO OTHOIICHHIO K Pa3HO-
o0pasuio mpuMmecei, MPUCYTCTBYIOMINUX B BOJAX pPas-
JIMYHOT'O MMPOUCXOKICHHUA, U 6y}IyT O6J'Ia[[aTI) HOBBIMHU
YIy4IIEHHBIMA COPOIMOHHBIMU CBOUCTBAMH, SIBISICTCS
AKTYaJIbHBIM JJIs1 TE€XHOJIOTUU BOJONOATOTOBKH. Pas-
JUYHBIE METOJI MOJIU(MUIIMPOBAHUS COPOCHTOB, CO-
crostmx w3 AIOOH mmu Al,O;, mpencraBieHsl B pa-
oorax [11-18]. ABtopsr pabotel [19] uccienoBamu
KaTaJIMTHYCCKHUE U a}lCOp6HI/IOHHBIC CBOMCTBaA rnopu-
CTBIX (D)YHKIIMOHAJIBHBIX MAaTEPUAIOB HA OCHOBE OKCH-
JIOB KPEMHHS ¥ IFOMUHUS U OYACTKH CPEJT pa3iind-
HOT'O COCTaBa. Y CTAaHOBIICHO, 4TO J00aBlICHHE HAHOYA-
CTHII KOOAITbTa, MEAH U XKelie3a B BBICOKOKPEMHHCTHIE
[COTUTHI TIOBBIIIAET CEJICKTUBHOCTh K aproHy 3a CUeT
9KPAHUPOBAHUS HAHOYACTHIIAMH IIEHTPOB aACOPOIIUU
kucnopoga. B pabore [20] uccrnemoBaHbl COpPOITMOH-
HBIC M KaTaJUTUYECKUE CBOHCTBA COPOCHTOB Ha OCHO-
Be okcuma xenesa (III) m okcuma amroMuHUS W IS
MPOIECCOB (PMIBTPALMN M OYUCTKU OT 3arps3HSIONINX
BEIICCTB. YCTAHOBJCHO, YTO MAaKCUMAaJbHYIO aKTHB-
HOCTh TIPOSIBJISIIOT ME30MOPHCTHIC IUICHKH HAa OCHOBE
BBIIIICYKa3aHHBIX OKCHIOB. B pabote [21] uccrnemoran
MPOIIECC COPOIMH HOHOB TSDKENIBIX METAIOB (HUKEII,
KaJMUil, IMHK) Ha COpOEHTE, B OCHOBE KOTOPOIO HC-
MOJIB3YeTCS OKCHI amfoMuHus. Vccrmemys MexaHusm
copOIuK, aBTOPBI MPEINONAraloT Kak (QH3HYCCKYIO
aJICOPOLIMIO MOHOB Ha MTOBEPXHOCTH MOPHCTOTO OKCUJIA
ATFOMHUHHA, TaK U XemocopOumio. B pabote [22] wmc-
CIIEZIOBAH IPOIECC COPOIMU OKCHIA ATFOMIHUS HOHA-
MU cepedpa Il MOIy4eHHsI COPOSHTa, MPUMECHSIEMOTO
JUI YAAJCHUS MUKPOOPTAHM3MOB W3 CTOSUCH BOIBI
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ABTOpaMHU YCTaHOBIICHO, YTO 00€33apaKUBAHUE BOJIBI
HAaHOKOMITO3UTaMH Ha OCHOBE IMOJIyY€HHOI'O COpOeHTa
npoucxoaut 3¢ dekTrBHEE, YeM HAHOKOMIIO3UTaMH Ha
OCHOBE OPraHMYCCKHX MAaTpHUIl (AKTHBUPOBAHHBIN
yroiib, KapOOKCHJIbHBI KaTHOHOOOMEHHHK). ABTOPBI
JICNIAIOT 3aKitodYeHue, uro Moauduiuporanue AIOOH
HOHAMHU cepebpa JUIsl TOJNyYeHHsI COpOCHTa, KOTOPBIN
MOJKHO OyJIeT MPUMEHSTh ISl OYUCTKH KHUIKUX CPEII,
SIBJIIETCSL  MEPCIIEKTUBHBIM. TpymHO  yoasseMbIMH
MIPUMECSMHU  SBJISIFOTCSI YaCTHIIBI JIMCIICPCHON (pa3bl,
KOTOpbIe 00JaJal0T TOBBINIEHHOW arperaTMBHOW U
CEeIMMEHTAIIMOHHON  yCTOWYMBOCThIO. [Ipumenenue
AIOOH nns ynajneHus: TakKMX YacTHI[ M3 PACTBOPOB
HCCIIEIOBAHO HEJOCTATOYHO.

OGBbeKThI M MEeTOAUKA UCCIIeAOBAHMS

Copbenm. B kauecTBe MCXOJHOTO MaTepualla HcC-
MOJIb30BAIM HAHOBOJIOKHUCTBI OKCHUTHIPOKCH]] allto-
muaus (AIOOH), moxydeHHBIH 0 METOANKE, OIHCaH-
HOU B pabotax [1, 12]. [{nst momy4yeHuss HAHOMOPOIIKa
QITFOMHMHUS TTPUMEHSUITH METO/ DJIEKTPHUYECKOTO B3PhIBA
npoBogauka (DBII) B cpeme aprona. [lociemyroriee
ero Moau(UIPOBaHIEe HOHAMHU cepedpa OCYIIeCTBIIS-
JU COBMECTHO C TIPOIIECCOM pOCTa HAHOBOJOKOH
AIOOH 1o crnenyromieit MeToIuKe: TOTOBHIM PacTBOP
HUTpaTa cepeOpa KBaTM(UKAIUMK dY.)1.a. O0BEMOM
200 mn ¢ xonueHTpanuein 0,22 mac. %. B mpurotos-
JICHHBIA PacTBOP MOMEMIAH HAHOMIOPOIIOK ATFOMUHUS
maccoit 0,200+0,005 r. B pe3ynbrate mpoTeKaHHs pe-
akuuu Tepmorunponmza (T=60 °C, t=8 u) BwImaman
0CaJloK, KOTOPBIA OTHEISUIM OT PAacTBOpa, 3aTeM IMPO-
MBIBAIH JUCTHUTHPOBAHHONH BOJOW W CYIIMIN MpU
105 °C mo mocTossHHOM MacchI [2].

UccnenoBanne MopQoOIOTHUECKUX XapaKTEPUCTHK
MOJIyYEHHBIX COPOEHTOB MPOBOJMIN METOJIOM IPOCBE-
YUBAIOIIEH 3JEKTPOHHOM MHKPOCKOIIMU C HCIOIb30-
BaHUEM DJIEKTpoHHOro Mukpockona JEM-2100F
(JEOL, Snonus).

MeTo10M TEIIOBOM JIecOpOIMU a30Ta ¢ TOMOIIBIO
npubopa «CopoOtomerp-M» (Poccust) omnpenernsiim
IUIOUIAb YIENbHON MOBEPXHOCTU IOJy4YEHHOTO COp-
OeHTa.

Jis aHanm3a (a3oBOro cocraBa MOJYYSHHBIX 00-
Pa3loB HCIOJIB30BAIM PEHTTEHOBCKUNA JU(PAKTOMETP
Shimadzu XRD-7000S (flnonus), auama3oH YIJoB
ckanupoBanusi coctaBmsur 20...80° ¢ marom 0,5° u
CKOpPOCTBIO cKaHupoBaHus | rpan/muH. s monyde-
HUSI XOPOIIUX PEHTIeHOrpaMM o0pasel] U3MeIbyualin
pacTUpaHUEM B araToBOM CTYIKE araTOBBEIM MECTHKOM
(st ICKITFOYEHUS 3arpsi3HeHUs poObl). MneHTuduka-
muio (a3, BXOIIIIUX B COCTAB COPOCHTA, MPOBOIWIN
pentrenodazosbiM ananm3oMm (POA). CocraB copben-
Ta OTPEICIISUTH, AaHATN3UPYS HA0Op MEKIUIACTHHIATHIX
PAcCTOSHUM U OTHOCHUTEIbHYIO MHTEHCHBHOCTH COOT-
BETCTBYIOIIUX JINHUU HAa PEHTTCHOTPAMME.
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3Ha4yeHus A3€Ta-MOTEHIHANA B HCCIEAYeMOM MO-
JCIBHOM PAaCTBOPE ONpEAesUIM  Ha aHalIu3aTope
Zetasizer Nano ZS (Malvern Instruments).

Ipoyecc copoyuu. AHanu3 cOpOLIMOHHON aKTHBHO-
CTH COpOEHTa HCCIENOBANM HAa MOJEIBLHOM PAaCTBOPE.
Meronuka TPUTOTOBJIEHUS MOJIEIBHOTO pacTBOpa 3a-
MaTeHTOBaHa W omnucaHa B paborte [23]. Beuay Toro,
YTO MOJIyYCHHBIH COPOCHT IUIAHUPYETCS MPUMCHSTH B
TEXHOJIOTHAX BOJOIMOATOTOBKH, COCTaB MOJEIHLHOTO
pacTBopa OmpeneisuICS XUMHUYECKUM COCTaBOM TOJ-
3eMHBIX Boja Tomckoii obmactu. MoJlenbHbI pacTBOp
TOTOBWIA IIyTEM PACTBOPEHHS B IHCTHIUIMPOBAHHOU
BOJIe TyMaTa HaTpus, cyibdara xenesa (I1) u cunnkara
Hatpus. CoJep)kaHHe OPraHUYEeCKUX BEHIECTB B MO-
JIeNbHOM pacTtBope cocTaBisuio 4,0 mrO/n, HOHOB XKe-
ne3a (I1I) u xpemuus — 6,7 u 25,6 MT/T COOTBETCTBEH-
Ho. KoppextupoBky pH ocymecTsisuin 1o0aBieHHEM
CepHOM KUCIOTHI ¥ THAPOKCUIA HATPHSL.

AncopOIOHHBIE CBOUCTBA aICOPOCHTOB H3MEPSIIH
B CTATUYECKOM PEKUME TIPU Pa3THIHOM BPEMCHU KOH-
takta. ns sroro 0,15 r agcopOeHTa momerianu B
MEpHYIO K00y 00beMoM 250 MII U TOBOAWIH 10 MET-
KA MOJICIIEHBIM PacTBOPOM C MCXOJHOU KOHIICHTpAITH-
et (Cy). PaBHOMepHOE pacmpeseneHre copOeHTa Mo
BCeMy 00BEMY PacTBOpa OCYIIECTBILSUIA ITYTEM Iepe-
MemuBaHus Ha yctpoiictBe Lab-Shaker 110 co ckopo-
cThio BpaieHus 150 06/MuH. 3aTeM NOJTY4YCHHYIO JUC-
MEPCHYI0 CHCTEMY (UIBTpOBAIM dYepe3 MeMOpaHy
Millpore (CHIA) (pa3mep mop 400 HM) IS OTACTCHUS
agcopbeHTa OT pacTtBopa. B pactBope, ocTaBiieMmcs
nocie GUIbTPOBAHMS, aHATU3UPOBAIN KOHIICHTPALIUIO
MOHOB eJie3a, KPEMHHS M OPTaHUYECKIX BEIISCTB.

KonmeHTpanuio MOHOB jKele3a W KpeMHHS B pac-
TBOpE OIPEIEISUTH METOAOM (POTOKOIOPHUMETPHUH, CO-
rnacao PJ[ 52.24.433-2005 u T'OCT 4011-72, coot-
BETCTBEHHO. V3MepeHue ONTHYECKON IUIOTHOCTH IPO-
Bommin Ha crnekrpogoromerpe [13-6100YD pupmsl
[NPOMDBKOIJIAB. CopaepxaHue OpraHMYECKHUX Be-
mectB oneHuBanu cornacao ['OCT 31859-2012 doro-
METPHUYECKHM METOIOM II0 BCIHYHUHE XUMHUYECKOTO
notrpebnenus kucnopona (XIIK) c¢ ucnonwp3zoBaHuem
ananmmu3aropa «®Diroopat-02-3M» pupmer «JIromekcy.

3HaueHne CcOpOIMOHHONH eMKocTH A, (MI/T) pac-
CUNTBIBAJIM 110 ypaBHEHUIO (1):

v

_ ( B Cpaml) p-pa

e >

m, copb

C

HUCX

A (1)

rae A, — copOumonHas eMKOCTh, MI/T; Cyex U Cpapn —
UCXOIHASI M PABHOBECHAS! KOHIICHTPALIUK HOHOB B pac-
TBOPE, MI/JI; Meops — MAcca COpOeHTa, I; Vppa — 00beM
pactBopa, .

Kunerndeckne mapamerpbl OMPEACIsUTH C UCIIOJNb-
30BaHMEM MOJIEJIeH TICEB0-TIEPBOTO U IICEBIO-BTOPOTO
nopsijika. YpaBHEHHE TICEBIO-IIEPBOTO MOPSAIKA UMEET
BHI:
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Ln(A,-A,)=Ln(A,)-k¢, ()
rae ki — KOHCTaHTa CKOPOCTH YypaBHEHHs TIICEBIO-
-1
BTOPOTO TIOpsiiKa, MUH ; A, U A, — COPOITMOHHBIC EM-
KOCTH IIPH PAaBHOBECUH U BPEMEHHU £, COOTBETCTBEHHO.
VYpaBHEHHE IICEBIO-BTOPOTO TOPSAKA MMEET Clie-

JIYIOIIANA BUA:

t 1
—=— +
At kZAe

t

A

e

) 3)

rne k; — KOHCTAaHTa CKOPOCTH YpaBHEHHS IICEBIIO-
BTOPOTO MOPAIKA, I/(MI"MHH).

O06paboTKy H30TEpM COPOIHK TPOBOIMIN B KOOP-
nuHaTax ypaBHeHu# Jlenrmropa m ®@pennanuxa [24],
KOTOpBIC MPEICTABICHHI B ypaBHEHUsX (4) u (5) cooT-
BETCTBEHHO

el ey D 0
Ae A”l Amb
Ln(4)=1Ln(C)+Ln(K, ). 5)

n

rne A, — KOJIMYIeCTBO BEIIECTBa, ancopOupoBaHHOTO 1
M? moBepxHOCTH (Wim 1 T) agcopOeHTa (yaenbHas ai-
copOmmst BemecTBa), I/M> WU T/T; A, — KOJIHYECTBO
BEIIIECTBA, aICOPOUPOBAHHOrO 1 M? MOBEPXHOCTH (WK
1 1) ancopOeHTa MpH MaKCUMAaJTbHOM €€ 3allOJTHCHHH,
r/m* wn 1/1; C, — paBHOBECHAs! KOHIICHTPAIIUs BeIlle-
CTBa B pPacTBOpe, MI/JI; b — KOHCTaHTa ypaBHEHHS
Jlenrmiopa, xapakrepusyrolias dHEPrui0 B3auMOJICH-
cTBUS ajncopbara u agcopOenTta; Ky m n — KOHCTaHTHI
ypaBHeHus Opeiinuxa.

Pe3y/ibTaThl HCC/IEAOBAHUS M UX 06CYXKeHUE

B paborte [12] Obu1H IPOBEACHBI AKCIIEPUMEHTHI TI0
Momuduuupoanuio AIOOH moHamMu mapraHia u me-
. [TosTomy mnst mccnenoBaHMs COPOIMOHHBIX IPO-
1eccoB ObUTH BBIOpaHbI clieAyronue oOpasubl: | — He
MomuduuupoBanusiii AIOOH (oOpaserr cpaBHEHUS);
2 — ¢ koHIeHTpaueil nonoB mapranma 0,4 mac. %; 3 —
¢ xoHmeHtpanueit woHos meau (1) 0,4 mac. %. s
MOTYYEHUs] COpOCHTa, MOTU(DHUIMPOBAHHOTO HOHAMU
cepeOpa, KOHICHTpAILMIO cepedpa BapbHPOBAIU OT
0,22 no 2,74 mac. %. bpi1o ycTaHOBIIEHO, UTO C YBEIHU-
YCHUEM COJICpYKaHUSI MOHOB cepedpa B pacTBOpE yBe-
JIUYHUBACTCS CO/Iep KaHue OKCUAOB cepedpa u B o0pas-
e (2,74 mac. %) MOABISIETCSI METaIIIYECKoe cepedpo
(puc. 1). YaenbHas MOBEpXHOCTh MOAM(DUIINPOBAHHO-
ro okcuruapokcuna amomunus (0,22 mac. %) cHuxa-
ercs ¢ 245,0 1o 220,7 M/t (2,74 mac. %). Tlosromy
JUTSL TalTbHEHWIITNX MCCIIeIOBAaHUN M3 Bcex 00pa3oB, T0-
nydeHHbIX MojuduimpoBanneM AIOOH wonamu ce-
pebpa, ObLT BEIOpaH OfMH 00pa3el] — ¢ KOHIIEHTpaIuen
noHoB cepedpa 0,22 mac. %.
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Puc. 1. PenmezeHozpamma copbeHma HA OCHOBe OKCu2uo-

pPOKcuda anMUHUSs, NOJAYYEHHO20 nymem Moougu-
YupoeaHusi UOHaMu cepebpa ¢ KoHYyeHmpayueil
2,74 mac. %

XRD patterns sorbent of aluminum oxyhydroxide modi-
fied with silver ions with a concentration of 2.74 wt %

Fig. 1.

3HavyeHUs yAENbHOW MOBEPXHOCTH U (pa3oBoil co-
cTaB 00pa3IoB MPUBEACHHI B Ta0M. 1.

Ta6auya 1. Xapakmepucmuku adcopb6eHmos

Table 1. Parameters of adsorbents
Mo uduIupoBaHHbINA
AIOOH
AlOOH modified with
= 3
: |2 %
= = =
< = =
o Q, <
EL|E e
O6paseny AlOOH | & 2 58 2 3T
Sample £ 2GR o
gsXg ¢ g <
vZglcZgiQ3
SEECEEeNS
SO 5T o s
S s|S o< =)
=~
s s z
I ]
= z z
g = =
Y esnbHast IOBEPXHOCTh
npu 105 °C, M2/ 232 255 250 245
Specific surface area at 105°C, m?/g
PazoBbIi
cocTas o6pas- AlOOH 635 | 658 | 72,4 60
L0B 10CJIe
TEPMUHECKON | A} (OH)s 36 | 358 | 269 | 27
06paboTKH IpU
105°C, %
Phase composi- | o1 0.5 0.7 0.7 _
tion of samples ' ' '
after heat
treatment at Ag20 - - - 13
105°C, %

VYaenbHas MIIONMAab MOBEPXHOCTH 00pasiia, MOJIU-
¢dunmpoBaHHOTO HOHAMU cepebpa (oOpaser 4), yBenu-
YHJIach B CPABHEHUH C MCXOIHBIM 00pasmom (tabim. 1).
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CrnenoBaTenbHO, HOHBI cepedpa, TaK K€ KaK U HOHBI
Maprania ¥ menu [2, 12], B ManbIX KOHIEHTpAIHIX
TOPMO3AT POCT 3apOMBIIICH KPHCTAIUIOB OKCUTHUIPOK-
cHjJia aTIOMUHHUA 3a CUeT COpPOLMU yKa3aHHBIX MOHOB
Ha TpaHAX 3apONBIIICH KPUCTAIMYSCKOH  (ha3bl
AIOOH. B pesynabrare NpOUCXOAHUT OOpa3oBaHHE
HOBBIX 3apOJBIIICH, YTO MPHUBOTUT K YBEIUUCHHIO
IJIoMmaan yJAedbHOW MoBepxHOCTU copbeHTta. [lpu
3TOM I o0pasiia ¢ KOHIEHTpaIueil HOHOB cepedpa
0,4 mac. %, TPOUCXONUT CHUKEHHUE 3HAYCHHS TLIO-
maau yAenbHOM MOBEpXHOCTH A0 239 M>/T, 9TO CBSI-
3aHO C BO3pacTaHHEM paanyca HOHa cepedpa, Mo
CPaBHCHHIO C paglycaMd MOHOB MEIU W MaprafIiia.
B cBs3u ¢ 9TUM IS MCCIENOBaHUS COPOIMOHHBIX
CBOIMCTB OKCHUTHIPOKCHIA aJTIOMUHHS, MOTUPHUIIUPO-
BaHHOrO MoHamu Ag', GbLI BBIOpaH oOpa3sen ¢ co-
JepkaHueM noHoB cepedpa 0,22 mac. %.

Ha puc. 2 mpencraBnensl Mmukpodororpaduu mo-
JY9eHHBIX 00pa3IoB.

6/c e/d
Puc. 2. Muxpogomoepaguu ob6pa3yos: a) ucxoduviii AIOOH;
6) AIOOH, moduguyupoganHblli UOHAMU MAP2AHYA
(0,4 mac. %); 8) AIOOH, moduguyuposanHblil uoHa-
mu medu (II) (0,4 mac. %); 2) AIOOH, moduguyupo-
8aHMbLll uoHamu cepebpa (0,22 mac. %)
Microphotographs of samples: a) AIOOH; b) AIOOH
modified with manganese ions (0,4 wt %); c) AIOOH
modified with copper (1) ions (0,4 wt %); d) AIOOH
modified with silver ions (0,22 wt %)

Fig. 2.

Kak BugHOo w3 Mukpodororpaduii, mMopdomorus
o0pasua, MoaAu(pUIMPOBAHHOTO HOHAMH cepedpa, OT-
JHYAETCsl OT CTPYKTYPHI OCTANBHBIX 00pas3noB. Kpymn-
HBIC arjoMeparthl Ha puc. 2, 2 — 3TO OKCHUI cepedpa ¢
pasmepom yactul 10 100 Hm. OgHAKO BUAHO, YTO BCE
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00pas1el 0071a1a10T BOJTOKHUCTOM CTPYKTYPOH C OTHO-
CUTCJIbHO PAaBHOMCEPHBLIM PACHPCACICHUEM HOHOB MO-
nudukaTopa 1mo scemy oobemy nopucroro AIOOH.

HccnenoBanne KUHETUYECKUX MapaMETPOB
COpOIMH IS OTIPE/ICIICHUSI BpEMEHH, TIPU KOTO-
pOM MPOUCXOAUT MAKCUMAIIBHOE JOCTHXKEHHE
COpPOIIMOHHOW €MKOCTH, MPOBOJWIH B CTaTHYe-
CKOM pexuMme. M3 pe3ynbraToB, NPENCTaBICH-
HBIX Ha puUC. 3, OBLIO OMpPEAENICHO, YTO ITO Bpe-
Ms coctaBiisieT 120 MUHYT AJ11 HEOPraHUYECKUX
MOHOB U OpraHnveckux BemecTB. [lomydeHHoe
3HAYECHUE WCIOJIb30BaIU TMPU MPOBEACHUM II0O-
CIEAYIOLIUX SKCIIEPUMEHTOB.

40,0 1 2
—{
30,0 4
"
=10
E 200 -
al 1
10,0 4 A A— A
3
O O
0,0 L T T T T T T 1
0 50 100 150 200 250 300 350
. min
Puc. 3. KuHemuueckas 3agucumocms npoyecca copo6yuu:
1 - uoHos xcenesa (Feooy); 2 — uoHos kpemuus (Si);
3 - opeaHuueckux eewecme (XIIK) Ha AIOOH,
ModuduyuposaHHoM UoOHAMU cepebpa (obpasey 4)
Fig. 3.  Kinetic dependence of sorption of: 1 - iron ions (Fetotal);

2 - silicon ions (Si); 3 - organic substances (COD) on
AIOOH modified with silver ions (sample 4)

Jnst onpeneneHust JBIDKYIISH CHIIBI TIporecca
copOuuu OBLTH TPOAHATU3UPOBAHBI KHHETHYCCKHE
3aBUCHMOCTH (pHC. 3) U pacCYUTaHbI TAPAMETPHI C UC-
MOJIb30BaHMEM MOJENEH TICEeBIO-IIEPBOro  IOpsiIKa
(In(Ac—Ay) ot t) u IceBIO-BTOpOTO TOpsiKa (t/At OT t).
PesynbraThl BbUMCIEHUE 10 ypaBHeHHsIM (2) u (3)
MIpeCTaBICHHI B Ta0MI. 2.

Bricokne koaddunmentsr xoppemsaun 0,97...0,99
(Tabn. 2) ykasplBalOT Ha TO, YTO MOJYYEHHbIC KUHETH-
YEeCKHE 3aBHCHMOCTH COOTBETCTBYIOT YPAaBHEHHIO TICCB-
JIO-NIEpPBOTO MOpsiaKa. MIcXo/s U3 3TOro, MOXKHO ClieaTh
BBIBOJI, YTO MPOIIECC aJCOPOLMH OrpaHHMYNBAETCS CKO-
POCTBIO B3aMMOJICUCTBHS ajicopdaTa ¢ afcopOCHTOM H
nporiecce U dy3un mpeamecTByeT CopOIHn.

Jlns moHMMaHMs MeXaHW3Ma COpOLUH | ompesielie-
HUSI MaKCHMaJbHOH COpOIIMOHHONW €MKOCTH CTpPOMIIH
HU30TEPMBI COPOLINHU. DKCIEPUMEHT MIPOBOIMIN B CTa-
THYECKOM pEeXMME Ha MOJEIBHOM pacTBope. Maccy
copOenTa BapbupoBaiu ot 2,0 1o 700 mr. [TomyueHHbIE
M30TEPMBbI COPOIIMY TIPE/ICTABICHBI Ha puUC. 4, 5.
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Ta6auya 2. Kunemuyeckue napamempbwl, pacciumaxHsle no
YpasHeHUsIM nceedo-nepeozo u ncegdo-emopozo

nopsoka
Table 2. Kinetic parameters calculated by pseudo-first
and pseudo-second order equations
[IceBmo-nepBbId llcesno-sTOpOH
HOPSI0K
NopAAoK
o ! Pseudo-second-
b | Pseudo-first-order
s order
g - =
Ancop6ar 7 z to N to
= = 80 = &0
Adsorbate 2 e £ g £
Sl DT R T |T R
< <
Feosu/Ferotal 10,310,022 {12,0 10,97 {0,00087]13,6 [0,82
Si 35,4(0,0314| 50,2 | 0,98 |0,00037 43,7 ]0,83
OpraHuyeckue
sewectsa (XIK) | 5 | o914 | 6,1 [099 [0,00378] 6,6 | 097
Organic sub-
stances (COD)
45,0 +
B 300 -
=11]
£
-:‘E‘_
15,0 A
0,0 Ll T T T T 1
0 5 10 15 20 25
C (mg'L")

Puc. 4. Hzomepma adcopbyuu uoHoe kpemHusi Ha AIOOH

(Ag)

Fig. 4. Isotherm ofsilicon ions adsorption on AIOOH (Ag)

12,0

9,0

6.0

>

A, (mggh)

3,0

0,0 £r T T T T 1
10

=]

C (mgL™)
Hzomepma adcopbyuu: 1 - uoHos xcesne3a u 2 -
opzaHuveckux seujecme Ha AIOOH (Ag)

Isotherm of: 1 - iron ions and 2 - organic substances
adsorption on AIOOH (Ag)

Puc. 5.

Fig. 5.
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Ha ocHOBaHMU MOJTy4eHHBIX 3HAUSHUI KOPPEIISIIHT
nu30TepM copbuuu (Tabna. 3) MOXKHO CHENaTh BBIBOJ,
YTO HM30TepMa COPOLMM MOHOB KPEMHHS U OpraHude-
CKHUX BEILECTB XOPOLIO allPOKCUMHUPYETCSI ypaBHEHH-
em JleHrMiopa, 4To roBOpHT 00 00pa30BaHUN MOHOMO-
JIEKYJISIPHOTO CJIOSI Ha OTIEIBbHBIX aKTHBHBIX LICHTPaX.
N3oTepmMa copOLMKM MOHOB Kelie3a JIydIle arpOKCH-
MUpyeTcsl ypaBHeHHeM PpelHminxa, Ha OCHOBaHHU
4ero MOYKHO CJHeJaTb BBIBOJ 00 DKCIOHCHIHAIBLHOM
pacIpesieNicHu MOHOB jKejle3a Ha MOBEPXHOCTH COp-
OcHTa.

Ta6auya 3. AdcopbyuorHbvle xapakmepucmuku uoHog (Ag)
Ha AIOOH

Table 3. Adsorption parameters of (Ag) ions on AIOOH

Mopesnb JlenrMmiopa | Mogesb @pelinannxa

Langmuir model Freundlich model
Apncopbar o - -
R -
Adsorbate = & i téo R2 K n R2
EEl e
<
Feosm/Fetotal 16,110,2117)0,8942|1,4033| 0,961 |0,9829
Si 51,5| 0,095 [0,9946|1,4835| 0,912 |0,9855
OpraHuyecKue Belie-
crsa (XI1K) 8,0 |0,3297/0,9773(1,2674(1,11850,9279
Organic substances
(COD)

Jlnst cpaBHEHHS 3HAYCHHH MaKCHMaIbHON copOIu-
OHHOW €MKOCTH H XapakTepa copOIMy Ha puc. 6 TmoKa-
3aHbl M30TEPMbI COPOLIMM MOHOB KPEMHHUS IS YEThI-
pex HcCleayeMbIX COPOEHTOB.

459 2_45-0=0
073

A, fmgg")

0 T T T T |
0 5 10 15 20 25
C (mgLh)
Puc. 6. Hsomepma adcopbyuu uoHos kpemHusi Ha: 1 - AIOOH;
2 - AIOOH (Mn); 3 - AIOOH (Cu); 4 - AIOOH (Ag)
Fig. 6. Isotherm of ions silicon adsorption on: 1 - AIOOH;
2 - AIOOH (Mn); 3 - AIOOH (Cu); 4 - AIOOH (Ag)

Jnst obpasma 4, MoIupUITMPOBAHHOTO MOHAMU Ce-
pebpa, 3HaUeHHEe MAaKCUMAJIbHOH COPOIMOHHOW €MKO-
ctu cocraBuiio A,=35 wmr/r. [lomydeHHoe 3HaucHHE
HE3HAYUTENHHO TPEBBINIACT 3HAYEHUE IS HCXOIHOTO
AIOOH (A,=31 Mr/T) © UMeeT MCHbIIee 3HAYCHUE,

24

4yeM JAJs1 00pa3ioB, MOJU(PHUIIMPOBAHHBIX HOHAMH Map-
ranna (A,=43 mr/r) u meau (A,=38 mr/r). JJns Bcex
MOJU(DUITUPOBAHHBIX 00Pa3I[0B OTMEUYACTCS IOBBIIIIC-
HHUE COPOIMOHHOI €MKOCTH IO CPAaBHEHHUIO ¢ HEMOJH-
(bumpoBaHHBIM 00PA3IIOM, YTO CBSA3aHO C YBEITUYCHH-
€M IDIOIAAN YAETHHOW MOBEPXHOCTH copOeHrta. Mo-
JICTBHBIA PAacTBOP, KOTOPBIA HMCIOIB30BAJCS JIJIST HC-
cJeoOBaHUsA COPOIIMOHHBIX CBOWCTB, MPEACTaBISIET
KOJITOMIHBIH pacTBOP JKEJITOTO IBETA C Pa3MEpOM Ha-
crutl guctiepcHoi (Gaspl ot 30 10 170 HM ¥ 3HaYCHHEM
Ji3eTa-moTeHnuana, paBipiM —31 MB. OTpunarensHoe
3HAUYCHHUE ITONYYCHHON BEIMYNHBI MOXXHO OOBSCHHTH
TEM, YTO PacTBOPHMEIC TYMHHOBBIC BEIIECTBA B BUJIEC
rpymni R- v KUCIOTHBIE OCTATKU KPEMHHUEBOM KUCIOTHI
BCTPAaMBAIOTCS B aJICOPOIIMOHHBIN CIIOM MUIICIUIBI JKe-
me3a. 3HAUCHHE DSJICKTPOKHHETHUSCKOTO ITOTEHIIAANA
JUTS NICXOHOTO OKCUTHAPOKCHUIA ATFOMHHHUS COCTABIIS-
et +60 MB [12]. Moandummposanue AIOOH nonamu
Maprasia, Meid U cepedpa He MPUBOIUT K 3HAUUTEITh-
HOMY HM3MEHCHUIO J3€Ta-MOTCHINANA, 3HAYCHUS KOTO-
poro BapbUpylOTCs B Ipeaenax +55...+62 mB. Iloaro-
MY MBI IIPEAIOIaraeM, 9To aKTUBHBIC IICHTPHI TIOBEPX-
HOCTH COPOCHTOB 3apsDKCHBI  ITOJIOKUTEIBHO, YTO
oOecreunBaeT COPOIMIO OTPUIATENIBFHO 3apsHKEHHBIX
9acTHUIl AUCIEPCHON (ha3bl MOIETHHOTO PacTBOpa 3a
CUET 3apsIOBBIX B3aNMOICHCTBHIA.

J11st OLleHKW BO3MOYKHOCTH MPUMEHEHHUS COPOCHTOB
B KadecTBe (MIBTPYIOLIEH 3arpy3kd mjIsd TIIyOOKOM
COpOLIMOHHOM OYMCTKH TOCIEC MEXAHHIECKOTO (DIUIb-
TPOBAHMA U CTAIMU a’paliv MPOBOAMIMCH UCTIBITAHUS
00pa3IoB Ha MO3eMHOM Bojie (Tabm. 4). OuibTpoBaHHue
MIPOBOIWIIN B TUHAMHYIECKOM peskume. CopOeHT mome-
[T B CTEKIBTHHYIO TPYOOUKy qramerpoM 10 MM Mex-
ny MmemOpanamu (pazmep mop 400 Hm). Beicota 3arpys-
ku coctaBispia 100 mm. [Ipoba Bogb! U3 Oaka, yCTaHOB-
JICHHOTO HA BBICOTE 2 M, IIOCTYIIANIA B PE3HHOBYIO TPYO-
Ky BbicoTol 180 cM, COEOUHEHHYIO BHU3Y CO CTEKJISIH-
HOH TpyOOUKOH, B KOTOPOH HaXOIUIAch 3arpy3Ka cop-
OcHTa. DUIBTPOBAHUE OCYIIECTBIUIOCH CaMOTEKOM.
Ckopoctb GunbTpoBanus coctaisuia 0,05 /4.

Ta6auya 4. Xumuueckuti cocmas 80dbl ¢. AnekcaHdposckoe
(Tomckas ob6aacmb)

Table 4. Chemical composition of water in Aleksandrovskoe
village (Tomsk region)

CocTaB l'lp06bl BOJBI ITocyie

copbOuuHy Ha
Kommnonents! | MUcxoaubiit | Composition of the water sample | [TIJIK
Components Initial after sorption on MPC
AlOOH | AIOOH | AIOOH
AIOOH
Mn) | (Cu) | (Ag)
Epn. usm./Units mr/na/mg/l
XIK (mMrO/n)
COD (mg02/1) 7,2 2,4 2,2 2,3 1,8 5,0
Mn 1,1 meHee 0,1/less than 0,1 0,1
Feosu/Ferotal 12,3 1,2 0,6 1,0 0,7 0,3
Si 21,7 12,4 7,9 9,4 10,3 |10,0
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Kak BunHO 13 Tabiu. 4, GuinbTpoBaHUE BOJIBI Yepe3
BCE COPOEHTHI MPUBOJUT K CHIDKEHHIO KOHIICHTPALUU
aHAM3UPYEMBIX TpuMmeceil. Mcmonp3oBaHme copOeH-
TOB, MOJU(PUIIMPOBAHHBIX HOHAMU MapraHiia, MeIu U
cepeOpa, MPUBOJUT K OOJIBIIEMY CHUKECHUIO KOHIICH-
Tpauil yKa3aHHBIX MIPUMECEH, IO CPABHEHHIO C HEMO-
JTUQPUITUPOBAHHBIM COPOCHTOM. MaKCHMalbHOE CHH-
JKEHUE KOHIICHTPALMU OPraHUYEeCKUX BEIECTB IMOKa-
3a5 oOpasen, MOAU(PHUIIMPOBAHHBIH HOHAMHU cepedpa
(tabn. 4). Cremenp m3BneueHHs coctaBmia 75 %. U3
JUTEPaTypbl [25] U3BECTHO, YTO MOHBI cepedpa B3au-
MOJCHCTBYIOT C aKTUBHBIMU aJCOPOIMOHHBIMA IICH-
TpaMU TYMHHOBBIX KHCJIOT BBHIY (DPH3UIECKUX XapaK-
TEPUCTHUK CBOICTB HMOHA cepedpa, MPEeACTaBISIONIETO
co0oit msrkyto kucnoty JIstouca. [lpumeHenue Takoro
copOeHTa [T OYUCTKH BOMBI, CONEPIKAMICH KOJIIOWI-
HbIC COCAUHCHHA, B COCTaB KOTOPBLIX BXOJAT OpraHu-
YECKHE BEIeCTBA TYMYCOBOT'O MPOUCXOKACHUS, SBIIS-
eTCs IeTIeCO00pa3HBIM.

CrnemyromuM dSTarmoM Hamied paboThl  SBISETCS
moI00p YCIOBHUM Ui pereHepanuu MoupUIIMPOBaH-
HBIX COpPOCHTOB, H3YyUCHHE Mporecca (GpriIbTpoBaHUS
O] NABJICHHEM U BIISIHAS Ha MPOIECC ancopOIuu
TPaHyIUPOBAHUS COPOCHTA C IETbI0 YBETHUCHUS TOJ-
IIUHBI CITOS 3aTPY3KH.

3aKJ/iloueHue
B pesynberaTe mcciemoBaHus mporecca aJcopOoruu

HNOHOB XK€JI€3a, KPEMHUA U OPraHn4CCKUX BCIICCTB U3

CITMCOK JIMTEPATYPbI

MozenbHOro pactBopa Ha AIOOH, momudunuposan-
HOM MOHaMH cepedpa, OIpEeAeseHO BpeMsl CopOIuu
JUIS. HEOPIaHUYECKUX MOHOB U OPraHUYECKUX BEIIECTB,
koTopoe coctaBwio 120 munyt. Ha ocHOoBaHuU TOMy-
YEHHBIX KWHETMYECKUX 3aBUCUMOCTEH yCTaHOBIIEHO,
YTO TPOLECC COPOINH XOpPOIIO OIHCHIBACTCS ypaBHE-
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