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AACOPBIINS HEDOTAKCUMA HATPUS HA AKTUBMPOBAHHBIX
YIASIX PASANTYHOTI'O ITPONCXOXXAEHUA

A. B. IHIIIAH", T. A. CABHIIKAA", H. I. IIbITAHKOBA®,
JI. JI. TPHHIIITIAH?, O. A. HBAIIIKEBHY"

YBenopycckuii 2ocydapcmeennviii ynueepcumem, np. Hezasucumocmu, 4, 220030, 2. Munck, berapyco
Y Hayuno-uccredosamensckutl uncmumym Qusuxo-xumuseckux npobnem BI'Y,
yu. Jlenunepaockas, 14, 220006, e. Munck, benapyce

W3zyyena ajcopOiiust aHTHOMOTHKA 11e(aloCIIOPHMHOBOTO psijia lieOTaKCUMa HATPHS Ha IBYX aKTHBUPOBAHHBIX YIVISIX
B uHTepBasie temmeparyp 288-313 K. YeraHosieHo, uto saboparopHsiii oopaser yrist AC, MOJydSHHBIH U3 THIPOIN3-
HOTO JIUTHUHA, SIBJIICTCSI ME30TIOPUCTHIM U MPOSBIISICT 3HAYUTEIILHO OOJIBIINYIO aICOPOIMOHHYO0 aKTHBHOCTb IO OTHOIIIE-
HUIO K [1e()OTaKCUMY HATPHs, YeM MPOMBIIIICHHO BBITYCKaeMbIil yronb OY-A, U3rOTOBICHHBIN U3 JIPCBECHHBI Oepe3bl
U UMEIOIINH TIOPOBYIO CTPYKTYPY, MPEACTABICHHYIO MUKPO- M Me3omnopaMu. Moanukaius moBepxXHOCTH 000UX yrien
BOJIOPACTBOPUMBIM TTOJIUIIEKTPOIUTOM CYJIb(ATOM aleTaTOM IeIUTIONO03bI IPUBENA K YBEIHMUCHUIO YISILHON ajcopoun
AHTUOMOTHKA. AHAJIN3 MOJYYEHHBIX AaHHBIX C UCIIOJIb30BAHUEM MOJICIH MOJUCIONHON aIcOPOIMK C HACKIIIIEHUEM I10-
3BOJIMII OIIPE/ICIIUTD YKCIO MOJIEKYJ Ha aICOPOIMIOHHOM IEHTpE, IJIOTHOCTh aJICOPOILIMOHHBIX LIEHTPOB, 00IIee KOJIHYe-
CTBO C()OPMHUPOBAHHBIX CIIOEB ajcopOara, a TakyKe SHEepreTHIeCKrne XapakTepHUCTHUKH B3aMMOJCHCTBHI ajcopbar — aji-
copOeHT Ha Mex)(pa3HOW TPaHHUIIE U aJcopdar — aicopoaT B mpeeax aJacoOpOIMOHHOTO CIIOsL.
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The adsorption of the cephalosporin antibiotic sodium cefotaxime (CEFOT) on two activated carbons in the tempera-
ture range 288-313 K was under study. Experimental charcoal AC obtained from hydrolysis lignin was established to be
mesoporous. It demonstrates greater CEFOT adsorption activity than the commercially available charcoal OU-A made
from wood and characterized by both micro- and mesoporous structure. The surface modification of both activated car-
bons by a water-soluble polyelectrolyte cellulose acetate sulfate in the form of sodium salt (Na-CAS) leads to an increase
in specific adsorption. The multilayer model with saturation (MMS) was used for data analysis. As a result, the number
of molecules on the adsorption center, the density of adsorption centers, the total number of formed layers and the energy
characteristics of adsorbate — adsorbent interactions at the interface and adsorbate — adsorbate ones within the adsorption
layer were estimated.

Key words: adsorption; multilayer model with saturation; activated carbon; cefotaxime sodium.

BBenenue

D¢ dexTuBHOE yaaneHHe aHTUOMOTUKOB U3 BOJHBIX PACTBOPOB C MOMOILBIO aKTUBUPOBAHHBIX yIiieh (AY)
SIBJISICTCS] aKTYaIbHOM SKOJIOTMYECKOM 3a/1aueil, K peIIeHHIO KOTOPOW MPHUBJICYCHO BHUMAaHUE OOJIBIIOTO Ynciia
uccnenosarenei [1]. AHTHOMOTHKY, TONAAIOIIKE B TOBEPXHOCTHBIE M CTOYHBIE BOJIBI B pe3yibTare (QyHKIHO-
HUPOBaHUS (PapMaleBTUUECKUX, OMOTEXHOJIOTMYECKUX MPOU3BOJCTB, HETIOJHON YTHIM3ALUU U YaCTHYHOTO
00€3BpEKMBAHUSI TPOCPOUCHHBIX JIEKAPCTBEHHBIX CPEJCTB, XO3IHCTBEHHON AEATEILHOCTH YeJIOBEKa (KUBOT-
HOBOJICTBO, PBIOOBOZICTBO U JP.), HIPEACTABISIOT CEPhE3HYI0 PoOIeMy AJisl OKpyskatomiei cpensl [2]. Benen-
CTBHE TEHJICHIIMU K OMOAKKyMYJIHMPOBAHUIO aHTUOMOTUKHU CETOHS PAaCCMaTPUBAIOTCS KAK HOBBIN BUJI CTOWKUX
oprannyeckux sarpszaureneid [3]. OHu cnocoOCTBYIOT MOSIBICHUIO B MOBEPXHOCTHBIX M IPYHTOBBIX BOJAAX
AHTHOMOTUKOPE3UCTEHTHBIX Oaktepuii [4; 5]. [loaToMy [uIst 3aIIUTHI OKPYIKAIOIIEH CPe/Ibl U COXPAHEHHUS 3]0~
POBBS UeJIOBEKa HE0OX0MMa pa3padoTKa HOBBIX A QEKTHBHBIX METOJOB M3BJICUCHUSI aHTHOMOTHKOB U3 BOJIBI.

Ancopbuums Ha AY siBisieTcs HanOosee JeeBbIM U JOCTYITHBIM CII0COOOM OYHMCTKH BOJBI OT (hapMaleBTH-
YECKHX 3arpsA3HEHUI 110 CPAaBHEHHUIO ¢ OMOJIOTMYECKUMHU, OKUCIUTEIBHBIMU U AIEKTPOXUMUYECKUMHU METO/1a-
MU [6]. OHa npeacTaBiIsieT MHTEPEC U ¢ TOYKH 3peHHs 3P epeHTHOro yaaaeHnss aHTHONOTUKOB U3 OpraHu3Ma
B Cllyyae Mepea03UPOBKH, a TAKKE CO31aHHsI HOBBIX JIEKAPCTBEHHBIX (POpM Ha OCHOBE AY U1 epopaibHOTO
npumenenus [7-10].

Lenp paboTel — M3yueHHe MeXaHu3Ma ajicopOuun antuonoruka nedgoraxcuma Harpus (LLE®OT), kotopslit
HMMEET CPEAHIOI0 CTENEHb SKOJIOTHYECKOr0 PUCKA U BBICOKYIO YCTOHUMBOCTB B OKPYKAIOIEH Cpelie, Ha IBYX
AY pacTUTENBHOTO IPOUCXOKICHMSL.

st ouenku napameTtpos nporecca ancopounu LIEDOT Obuia BeiOpana Moaenb HOMUCIONHON agcopOuun
¢ HacwitenueM (multilayer model with saturation, MMS) [11], koTopasi, B oTiraue ot Mozenei Jlearmiopa [12],
Opeitnanuxa [13], Temxuna [14], Xumna — ne-bypa [15], mo3BossieT 3a CHET UCTONb30BAHUS SJIEMEHTOB CTaTUC-
TUYECKOH (DU3UKH OLIEHMBATh TaKHE MapaMeTPhl, KaK KOJIMYECTBO MOJIEKYI Ha aJCOPOLIMOHHOM LIEHTPE, YUCIIO
1 IUIOTHOCTD aICOPOLIMOHHBIX LIEHTPOB, 00I1ee KOITMYECTBO CHOPMHUPOBAHHBIX aICOPOLIMOHHBIX CIIOCB.

MarepuaJjbl 1 METOIbI UCCJIEIOBAHUS

B kadgectBe AY TpUMEHSUIHCH yroib aKTUBHBIM OCBETISIONINI JIPEBECHBIN MOPOIIKOOOpa3Hblii OY-A,
MIPOM3BEICHHBIN M3 JIPeBECHHBI Oepe3bl MO BO3IeHCTBHEM BOJSHOTO mapa mpu temieparypax 800-900 °C
(OAO «CopbenT», Poccus), u yrons AC, nmorydeHHbIN B 1a00paTOPHBIX YCIOBHUAX U3 THIPOIM3HOTO JIUTHUHA
IyTeM ero KapOoHu3aImu 1 xumndeckoi akruBarmu B HUU ¢usuko-xummdeckux npobiem bI'Y (benapycs).
OO6pasupl UCCIIENOBAHHBIX yIIeH ObUIM MOAM(UIMPOBAHBI BOIOPACTBOPUMBIM CIOKHBIM CMEIIAHHBIM 3(U-
POM LEJUTION03bI — cynbdaToM aneraroM — B opme HaTpueBoi conu (Na-CALl) myTem cMeleHus ¢ ero Bo-
JIHBIMH pacTBOPAaMHU ¢ KOHIIeHTpauuei 2; 4; 8; 12 u 16 mac. % u nocaenyrouiei Cyuku.
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Mopdosoruro moBepxHOCTH 00pa3IOB HCCIIEIOBAIN METOIOM CKAHUPYIOIIECH AIIEKTPOHHOW MHKPOCKOTINU
(COM) ¢ nomompio mukpockorna LEO-1420 (Hunepnanabr). XapakTepuCTHKH MTOPOBOM CTPYKTYPHI M BEJIH-
YHHBI YJCTHHOHN MMOBEPXHOCTH AY HaXOJHMIM METOJIOM HU3KOTEMIIEpaTypHOH aJicopOLuu — ecopOInu a3oTta
Ha nipudope ASAP2020 (Micromeritics, CLLIA). JlucriepcHblii coctaB AY 1 MeIuaHHOE 3HAYCHUE JAHaMeTpa
gactul, Dng, onpenensin MeToOM J1a3epHON AU(PAKIMK C UCIOIb30BAHUEM AaHAIN3aTOpa JUCIEPCHOCTH
MasterSizer 3000 (Malvern Panalylical, BenikoOpuranus).

AHTHOMOTHK 11e()aOCIIOPHHOBOTO PsiJia BTOPOTO MOKOJICHHUSI MPUMEHSUTH B BHUJC MOHOHATPHEBOW COJIU
(MexmyHaponHoe HerareHToBaHHOE Ha3BaHue «lledorakcumy», ToproBoe Ha3Banue «lledorakcum Harpusy,
(Harbin Pharmaceutica Group, Kutait)). ®opmyis! 1 konrmuecTBeHHbIE XapakTepucTuku Na-CALl u [IEDOT
mpencTaBiieHbl B Ta0m. 1 u 2.

Taonuna 1
Xapakrepuctuxu Na-CALl
Table 1
Characteristics of Na-CAS
Haumenosanue no MIOITAK [Momn-(1B — 4)-(2-O-anernn-6-cynbdo-D-rmokonupanosa)
CocraBHOE TOBTOPAIOIICCC 3BEHO
n
CpeaHeBsI3KOCTHAsE MOJIEKYJISIpHAs Macca
pH 1 % BomHOTO pacTBOpa
Coneprxanne Tpym, %:
cyib(haTHBIX 29,0+ 0,1
areTaTHBIX 17,0+ 0,1
Tabnauma 2
Xapakrepuctuku HE®OT
Table 2

Characteristics of Cefotaxime

Harpus [6R-[60,7B(Z)]]-3-[(aueTmnoken )meTwn |- 7-[ [ (2-aMUHO-4-THA30.I1IT)
Haumenosanue no MIOTTAK (METOKCMMMHMHO )alleTHII |]aMHHO |-8-0KCO-5-THa- 1 -
azabunukio[4.2.0]-2-eH-2-kapOokcunar

|
§°
| H H
HZN\(N N8
CrpykrypHas hpopmyia /
S (6] N~ O
o Nl
0~ 0 0
Na’

MomnsipHast Macca, T/MOJTb 477

CozieprkaHre OCHOBHOTO BEIECTBA

B cyOCcTaHIuu, Mac. % 998

Metonunka omnpeneneHHsi BeJTHYHHBI aACOPONMU AHTHOMOTHKA W3 €ro BOJHBIX PACTBOPOB Ha AY.
Hagecky uccnenyemoro AY maccoii 0,1 r (tounocts B3BemmBanus 0,0002 1) moMemnianu B mpoOUPKH BMe-
cTuMocThIo 50 cM’, mpubapisin 25 cm’ pactBopa LIEDOT ¢ konnenTparuamu ot 0,2 10 3,0 Mr/cm’. 3atem
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BhiepkuBain tipu 288; 293; 298; 303; 308 u 313 K B repmocrare Julabo MC-4 (I'epmanust), mo3BOJISIOIIEM
MoJIZIepKUBaTh TpeOyeMyto TeMiieparypy ¢ TouHocTsio 10 1,0 K, mepememnnBas ux copepkKuMoe ¢ OMOIIbIO
opoutanproro ieiikepa IKA KS 260 co ckopocthio 250 06/mun B Teduenue 30-360 muHn. [To ucreuenuun
ykazaHHoro BpeMeHu AY oraernsun nentpudyruposanueM (10 mun, 7000 06/MuH), NTOMOTHUTEIBHO TPO-
IycKany yepe3 MUKpoHIBTp ¢ pasmepom mop 0,2 MkM. 3ateM | cM’ QHIBTpaTa MOMEIAH B MEPHYIO KOOy
BMeCTUMOCTBIO 100 cM’, TOBOIHIKM 06BEM PACTBOPA AUCTHILTMPOBAHHOM BOJOH 10 METKHU ¥ epPEMEITHBAIIH.
Wzmepenus onTrueckoi miotHocTr D npoBoauiy Ha criektpodoromerpe Metertech UV/VIS SP8001 (Taii-
BaHb) B KBApIIEBHIX KIOBETAX C TOJIIMHOM clIos pacTBopa 10> M (IIOrpemIHOCTh H3MepeHus D cocTapisia
0,002) nmpu anmuHe BOJIHBI 236 HM, COOTBETCTBYIOIIEH MakcuMyMmy nornomenus LIEQOT.

AZICOpOIMOHHYIO aKTHUBHOCTH MCXOAHBIX B MoauduipoBanHbix AY no orHomenunto k LIEOOT xapaxre-
pH30Bau BEIMUNHON yneapHo ruo0coBckoit amcopOrmu I [11].

Jlia MareMaTHu4ecKoro OMUCAaHMs MOMyYeHHBIX M30TepPM aacopOunu ObUIM MCIIONB30BAaHbl MOZEIb TOJIH-
CJIOMHOM aJcopOIMK ¢ HAChIIEHHEM, HHaYe Moaeab MMS [11], u knaccuueckue mozenu Jlenrmropa [12],
Xumna — ge-bypa [15; 16] u @petinmmuxa [13].

CormnacHo Monen MMS ancopOnus pacCUnuTHIBANIACH 1O ypaBHEHHIO [11]

_ 1N, (F(e)+F(c)+ F(c)+Fi(c))
G(c)

2n n 2n
G S (2C
G G G
Fi (C) = 2 n + 2 )

b

b

e

n Cp n CP nN,,
o) e

371ECH Cp — paBHOBecHas koHueHTpauusa UEDOT; ¢, u ¢, — KOHIeHTpauy Npu MOIYHACBHIIIEHUH MIEPBOTO
¥ BTOPOTO a/ICOPOITMOHHBIX CIIOEB COOTBETCTBEHHO; 71 — KOJMYECTBO MOJIEKYJ ajicopOara Ha aJicOpOITMOHHOM
LeHrTpe; N, — KoJIM4ecTBO aACOPOLMOHHBIX LIEHTPOB, 3aHMMAEMbIX MOJIEKYJIaMH afcopoara.

O6miee uncio agcopOounoHHbIX cioeB (1+ L,) paccunTsiBaiu 1o Gopmyie

B

1+1L, =

nN

m
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3HepFeTI/I'-IeCKI/Ie XapaKTCPUCTUKHU ITpoLECCa aI[C0p6HI/II/I BBIYUCJIAIIN KaK

CS
g, =kyTIn o |
CS‘
€, =k;TIn 02‘ ,

IJe €, — ’Heprus aacopouuy, cBsi3aHHas co B3aumozneiicrsueM Moiekyiasl LIEDGOT ¢ noBepXHOCTBIO afcop-
OeHTa; €, — SHEpIUs B3aUMOJICHCTBUS LIECIgOT — HE®DOT; k, — nocrosiHuas bonsumana; 7 — temneparypa, K;
C, — pacTBOPUMOCTb LieOTaKCHMa, MI/IM .

Pe3yabTarsl U uX 00CyKIeHUE

AY npencTaBisIoT co00# MOPHUCTBIE YIIEpOIHbIE MaTepualisl rpaduTononodHol cTpykTypsl [8]. B Heii co-
YETaroTCs KaK yIops0ueHHbIE YIACTKU B BUJIE TAPAJUIEIBHBIX YITIEPOAHBIX CETOK (KPUCTAJUINTHI), TAaK M HEYIIO-
psiiovYeHHbIe 00JIacTH, COCTOSIIKE U3 peHTreHoaMopdHoro yriepona. [1o atoii npuunne AY XapakTepH3yroTCs
HEOIHOPOIHOH MTOPOBON CTPYKTYPOH, BKITFOYAIOIICH TOPBI pa3HOTO pa3Mmepa U (pOpMEI, UTO, B CBOIO OYCPE/Ib,
MIPUBOIUT K PA3IMYMIO B CKOPOCTSAX U BETMUMHAX afCOPOIIMN HU3KOMOJIEKYISIPHBIX coenuaeHmi [9; 10].

Krnaccnyeckas monens JIeHrMIOpa 1 OCHOBaHHBIE Ha HEl MOZIeTH (Harpumep, pruBeeHHbIe B [17] wu [18]),
MIPEAINONAraloT CyLIECTBOBAHNE SHEPTETUUECKU PABHOILICHHBIX aJICOPOIIMOHHBIX LICHTPOB H JIOMYCKAIOT TOJIBKO
MOHOMOJIEKYJISIPHYIO acopOuuio. B pamkax momenu JleHrMiopa moBEpXHOCTh aJICOPOCHTa PaccMaTpHBAETCs
KaK OIHOPOJIHAs!, Ha KOTOPOW OMH aKTMBHBINM IIEHTP MOXKET MPUHSTH TOJBKO OJHY MOJIEKYTy aacopOara [12].
OTa MOJIeNTb He TIO3BOJISIET OIMCATh TOJTHOE 3aITOJTHEHNE TTOp MOJIEKYTaMH ajcopOara, MOCKOJIbKY He Tpemyc-
MaTpuBaeT oOpa3oBaHKE MOJUCIIOEB. B cBorO odepens, Moaenp DpeifHumxa 10mycKaeT HepaBHOMEPHOE pac-
IIpe/ieJIeHHe MOJIEKYIT ajicop0ara Ha MOBEPXHOCTH aJICOPOCHTA BCIEACTBUE SHEPreTHYECKON HEOITHOPOJHOCTH

1
AKTUBHBIX LHCHTPOB U AOIOJHHUTCIILHO MPECAOCTABIACT BO3MOKXHOCTE 110 3HAYCHUIO KOS(I)(i)I/IHI/IeHTa ﬁ OLCHU-

BaTh HEJIMHEHHOCTh 3aBUCUMOCTH BEJIMYMHBI aJIcCOPOIIMK OT KOHIIGHTpaluu ajgcopoara [13]. Moaens Xumia —
ne-bypa [15; 16] npexarmonaraer oOpa3oBaHKe OTHOTO CJIOS B Havajle afacopOIliu, TOCIIe YeTo aCoOpOIMOHHBIN
[EHTP MOXET IPUHSATSH €Il 72 MOJIEKYJI, YTO COOTBETCTBYET SIBJICHUIO TIOIMMOJICKYIISIPHOH a7copOIIHy.

B ornmume ot BeIieonucanHbIXx Moesib MMS [19-22] MoxkeT ObITh IPUMEHEHA JIJISl OLIEHKU KOJTMYECTBA
(hopMupyrOIIKUXCS CIIOEB ajicopbara Ha MOBEPXHOCTH aJICOPOCHTA U IIPpH ToJuaicopomu B nopax. OHa Jomy-
CKaeT, YTO OJIH aJICOPOIIMOHHBIN LIEHTP (IT0pa) MOKET BMECTHTD 77 MOJIEKYJ1. DTO IMO3BOJIET B paMKax MOZICIH
OIIEHNTH KOJMYECTBO O0OPA30BABIIMXCS CIIOEB W OMHCATh KaKk B3aUMOJEHCTBHE azcopOaTr — ajgcopOeHT, Tak
Y B3aMMOJIEHCTBHE ajzicopOar — agcopOar. Takxke HOMyCKaeTcsl CyIIeCTBOBAaHUE PA3INYHBIX 110 YHEPTHH IIEH-
TPOB aICOPOLIUH U MIPEATIONATaeTCs, YTO MOJIEKYJIbI IEPBOTO CIIOS aACOPOUPYIOTCS C SHEPTUEH €, MOJIEKYJIbI
MOCIIETYIOIIHX aICOPOLMOHHBIX CIIOEB — C SHEPTHEH €,.

W3 tabn. 3 BuIHO, UTO Uil OMUCAHUS Tpolecca afcopOLun Ha 000MX YINISIX HE3aBHCHMO OT TeMIIEpaTyphl
Y KOJIMYECTBa MOIU(HUIMPYIOLIETo MOMMepa U3 BCEX PACCMOTPEHHBIX MOJIEIel HanOoIee OIXO IS SBIISCTCSI
MMS, nockoIbKy i Hee KOd(PPHUIMEHT TUHEHHOW TOCTOBEPHOCTH AIMIPOKCUMAIIUN TP 00pabOTKe pe3yinb-
TaToB MMeeT HanOoubInue 3HadeHus. Ha puc. 1 neMoHCTpUpyeTcs MPaKTHYECKH TOTHOE COBIMAJICHUE DKCIIEPH-
MEHTAJIBHO OIPE/IEIEHHBIX BEJIMYNH aICOPOIMH M BENWYHH, paccuuTaHHbIX 10 MMS. C HecKoIbKO MeHbIIeH
JIOCTOBEPHOCTHIO Jij1st onricanus ajncopoumu LIEOOT MoxHO Takke UCIIONb30BaTh MOJIENb Xuinia — jie-bypa (s
OVY-A) u monens @peitaamuxa (s AC). Y Bcex Mojeniel TOCTOBEPHOCTh Pe3ysIbTaToOB PacTeT C YBEIUUEHHEM
Temreparypsl. [Ipu 3ToM U3MEHEHHE TIOCIICAHEH OKa3bIBACT HAMMEHBIIICE BIMSHUC HAa KOI(PPHUIUCHT JTUHCHHON
JIOCTOBEPHOCTH aIPOKCUMAIINH B CITydae MPUMEHEHU TTOINCIOWHON MOJIENTH aICOPOITIH C HACHIIIICHUEM.

Tabnuma 3

Ko3¢(HuHenT 10CTOBEPHOCTH annpoKcuManuu R’ pasimunbIx Mojesneii axcopouuu npu 288 u 313 K

Table 3
Reliability coefficient of approximation R” of various adsorption models at 288 and 313 K
Konuentpauus Na-CALl, %
Mopenn
0 2 4 8 12 16
OV-A nmpu 288 K

Jlenrmriopa 0,993 0,993 0,993 0,993 0,993 0,993
Opelinunxa 0,935 0,935 0,935 0,935 0,935 0,935
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Okonuanue Tabm. 3
Ending table 3

Konnentpanus Na-CALL, %
Mopnens
0 2 4 8 12 16
OVY-A mpu 288 K
Xuina — ne-bypa 0,994 0,994 0,994 0,994 0,994 0,994
MMS 0,995 0,995 0,995 0,995 0,995 0,995
OY-Anpu 313 K
Jlenrmropa 0,993 0,993 0,993 0,993 0,993 0,993
Opeiinmxa 0,960 0,960 0,960 0,960 0,960 0,960
Xunna — ne-bypa 0,994 0,994 0,994 0,994 0,994 0,994
MMS 0,995 0,995 0,995 0,995 0,995 0,995
AC pu 288 K
Jlenrmiopa 0,844 0,844 0,844 0,844 0,844 0,844
Opeltnnxa 0,938 0,938 0,938 0,938 0,938 0,938
Xuiia — ne-bypa 0,845 0,845 0,845 0,845 0,845 0,845
MMS 0,996 0,996 0,996 0,996 0,996 0,996
ACmpu 313 K
Monens Jleurmropa 0,853 0,853 0,853 0,853 0,853 0,853
Monens @peitnanuxa 0,912 0,912 0,912 0,912 0,912 0,912
Mogens Xumna — ae-bypa 0,857 0,857 0,857 0,857 0,857 0,857
Mogens MMS 0,996 0,996 0,996 0,996 0,996 0,996
a/a
350
300 ¢ OVY-A + 16 % Na-CAILl npu 288 K
250 e OVY-A + 16 % Na-CALl npu 313 K
= s OY-Ampu 288 K
S 200
e 4 OY-Ampu 313 K

05 1,0 15 20 25 30
C, r/nM’

o/b

*

AC 300-500 + 16 % Na-CALI mpu 288 K
AC 300-500 + 16 % Na-CALl mpu 313 K
AC 300-500 mpu 288 K
AC 300-500 mpu 313 K

>

05 10 15 20 25 30
C, r/am’
Puc. 1. OxcniepumenTansHble 3HaueHus ancopOym LIEDOT Ha AY (Mapkepbl) U H30TEPMBI,
paccunrtanuble ¢ nomoisio MMS (crutomssie nunun) npu 288 u 313 K s yreit OY-A (a) u AC (6)

Fig. 1. Experimental adsorption values of CEFOT on the AC (markers) and isotherms
calculated using MMS (solid lines) at 288 and 313 K for carbons OU-A (a) and AC (b)
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B Tabn. 4 mpeacrasieHa 3aBUCUMOCTD OT TeMIIEpaTyphl MapaMeTpa 7, KOTOPBIA XapaKTepru3yeT KOJTUIESCTBO
MOJIEKYJI aJicopOara Ha aJIcOPOIIMOHHOM IIEHTPE U MPEACTABIISET COO0H KOA((HUIMEHT, OIMCHIBAIOIIN IPOCTpaH-
CTBCHHOE pacCIIOJIOKeHNE MOJIeKyll. B cooTBeTcTBHM ¢ Momenbio MMS, eciu n < 1, To Monekyma ajgcopbara pac-
T10J1araeTCsl mapauIeIbHO TIOBEPXHOCTH aficopOeHTa. B aToM ciydae ofiHa MoJeKyiia afacopoara MOXET 3aHUMaTh
JiBa 1 OoJree aIcopOMOHHBIX IIeHTpa. Ecii 7= 0,5, TO BO3MOXKHBI /1Ba BapuaHTa, T. €. 50 % MOJIeKyI B3auMoJIeHCT-
BYIOT C OJTHUM a7cOpOIIMOHHBIM TIeHTpoM U 50 % — ¢ nBymst. Eciu n > 1, To MoteKyibI ajcopbaTa pacmoiaratoTcst
IO/ YIJIOM K ITOBEPXHOCTH ajicopOeHTa. Toria ¢ ofHUM aJICOPOIMOHHBIM [IEHTPOM MOXKET B3aUMOJICHCTBOBATh
arperar 13 MoJIeKyll. B aTom citydae agcopOrws paccMaTpuBaeTCst Kak TIOIMMOJICKYISIPHBIIA TIPOTIecC.

Tabnuma 4

3aBHCHMOCTB KOJHYECTBA MOJIEKYJI a1c0p0aTa, NPUXOASIIUXCH Ha aIcCOPOLMOHHBII LeHTp (1),
U IUIOTHOCTH aICOPOLHMOHHBIX IEHTPOB (/V,) OT TeMIepaTypsbl

Table 4

The dependence of the adsorbate molecules number per adsorption center ()
and the density of adsorption centers (/V,,) on temperature

Temneparypa, K “
OV-A AC OV-A + 8 % Na-CAIL AC + 8 % Na-CAILL
288 1,90 £ 0,04 1,93 £0,04 1,91 £0,04 2,05 +0,04
293 1,55+0,03 1,58 £0,03 1,56 £ 0,03 1,70 £ 0,03
298 0,95 £ 0,02 0,98 £ 0,02 0,96 £ 0,02 1,10 £0,02
303 0,75 £0,02 0,78 £ 0,02 0,76 £ 0,02 0,90 £ 0,02
308 0,60 £ 0,01 0,63 £0,01 0,61 £0,01 0,75 £0,02
313 0,59 £ 0,01 0,62 £ 0,01 0,60 £ 0,01 0,74 £ 0,01
IIpononxenue Tabn. 4
Continuation of table 4
Temmneparypa, K N
OV-A AC OV-A + 8 % Na-CAIL AC + 8 % Na-CAL|
288 24,43 + 0,49 24,05 £ 0,48 24,30 £ 0,49 22,64 £ 0,45
293 34,19 £ 0,68 33,54 £ 0,67 33,97 £ 0,68 31,17+ 0,62
298 63,89 + 1,28 61,94 + 1,24 63,23 + 1,26 55,18 £ 1,10
303 86,48 £ 1,73 83,15+ 1,66 85,34 £ 1,71 72,07 £ 1,44
308 145,91 £2,92 138,97 £2,78 143,52 £ 2,87 116,73 £2,33
313 161,24 £ 3,22 153,44 £ 3,07 158,55 £ 3,17 128,55 £ 2,57

Paznnune Mexny yrisiMM MOKHO OOBSICHUTH Pa3HOM CTENEHbIO arperaluu MoJIeKya ajacopbara. Eciu
n > 1, To 3TO YKa3bIBaeT Ha SIBJIEHUE arperauy 1 o0pa3oBaHue, HApUMep, TUMEPOB WIK TPUMEPOB U3 MoJIe-
Kyn ancopbara. [Ipu n = 1 npoucxoauT aacopOLus TOILKO MOHOMEPHBIX MOJIeKyl. M3 puc. 2 ciaenyet, 4To 1ist
00pa3roB AY xapakrepHa o0mIas TSHASHIUSI — YMEHBIIIEHHUE BETUYHUHBI 72 C POCTOM TEMIIEpaTypsl OT 77> 1 10
n < 1. DTo CBUETENBCTBYET O EPEXOJE OT MHOTOCIOMHOTO MpoLecca K MOHOCIOHHOMY.

Kax crmemyer u3 tadim. 4, monomonekyisipaas aacopomus HEDOT umeet mecto mpu temmeparype 298 K
(3Hauenue n Onmu3ko K 1) Ha 000MX HEMOAU(PHUUIUPOBAHHBIX yIsiX U yrie OY-A, moguduimpoBanHoMm 8 %
Na-CALl. I AC, mogudummupoBaHHOTO TaKuM ke KonmdecTBoM Na-CALl, MOHOMOJIEKYIISpHBIH CII0H aacop-
o6uposannbix Mosiekyn HEDOT cymectByer B nnTepBase temneparyp 298303 K. IloBbItenne temmnepaTypbl
MIPUBOJNT K A€COPOLIMU MOJIEKY aicopdaTa, ¥ KOIMYECTBO CBOOOIHBIX aICOPOLIMOHHBIX LIEHTPOB CTAHOBUTCS
Oosble, 4eM YuCIIO aAcopOMpPOBAaHHBIX MOJIEKYN. B 3TOM ciydae MosieKyabl MOTYT PacIiojaraThCs napai-
JIETBHO MOBEPXHOCTH (77 < 1) M KOHTAKTUPOBATh OMHOBPEMEHHO C HECKOJILKUMH a/1COPOLIMOHHBIMU LIEHTPAMHU.
Jlannplie TabI. 4 TakKe CBUIETENBCTBYIOT, uTo iprucyTcTBre Na-CAlLl Ha moBepxHOCTH AY MPUBOINT K POCTY
3HAUEHHS /1. ITO MOXKET OBITh OOBSCHEHO B3aUMOJICHCTBHEM aHTUOMOTHKA C TIOJIMMEPOM IO MX (DYHKIIMOHAIb-
HBIM TPYIIIaM.

Ha puc. 2 u3zo0pakeHa 3aBHCHMOCTh 3HAUCHHUH 7 OT KOJHUYECTBA IOJMMEPHOTO MOTU(HUKATOpa MPH pas-
JUYHBIX Temreparypax. s temneparypsl 288 K ona skctpemansHa npu 12 % konnentpanuu Na-CALl s
o0oux yrieit. [Ipy moBbIIeHNN TeMIIepaTypbl 3aBUCHIMOCTDh CTAHOBUTCS MOHOTOHHOW. MOYHO TIPE/IIONIOKHUTD,
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YTO HAJMUYUE IKCTPEMyMa 00yCIIOBICHO MPOTEKAHUEM JIBYX MPOIECCOB: C OAHOM CTOPOHBI, aICOPOIUOHHBIM
HACHIIICHUEM MMOBEPXHOCTU yTiiss Makpomodiekynamu Na-CAll, ¢ npyroit — KOMIUIEKCO0Opa3oBaHUEM ITOJIH-
Mep — aHTHOUOTHK. Tak, MakCUMaJIbHOE 3HAUYCHUE 71 JocTHraeTcs npu conepskannu Na-CAll 12 mac. %, uto
COOTBETCTBYET Mpe/IeTbHOMY 3HAYCHUIO ajicopOIiu anTrOnoTrka [23]. [lpu nanpHenIeM yBeIIMYCHUN KOJIH-
YeCcTBa TOJIMMEpa €r0 MaKpOMOJIEKYIIBI HE COPOMPYIOTCS Ha MOBEPXHOCTH AY, a cpasy MepexomsiT B pacTBOP
1 00pa3yloT BomopacTBOpuUMbIi komuieke ¢ LIEDOT [7].

[1n0THOCTD aACOPOLMOHHBIX LHEHTPOB N, SIBIISETCS TapaMeTPOM, KOTOPBIM XapaKTepu3yeT 001acTu, 3aHAThIe
B mporiecce ajacopounu mosekyinamu [IEDOT. M3meneHue 3Toro napamerpa npejicTaBieHo B Ta0i. 4, U3 KOTO-
pOii BUIHO, YTO MOBBIILIEHUE TEMIIEPATYPbl IPUBOAUT K yBenudeHUto N, . CreryeT OTMETUTb, uTo N, U3MEHsAEeTCs
00paTHO MPOMOPIMOHAIBHO 7. IHBIMH CTIOBAMH, €CITH KOTMYECTBO MOJIEKYIT Ha a7COPOIIMIOHHOM [IEHTPE MaKCH-
MaJIBHO, TO IJIOTHOCTbH aJICOPOIMOHHBIX [IEHTPOB MHUHUMAJIbHA., JTa 3aKOHOMEPHOCTh MOXET OBbITh 0OBSCHEHA
TEM, YTO C POCTOM TEMIIEPATYypPhI TIOBBIIIACTCS KHHETUYECKAsi DHEPTUsl MOJIEKYT aHTHOMOTHKA, U 3TO JIENIAeT
Ooree MPEAMOYTUTEIEHBIM B3aUMOJICHCTBHE afcopbar — ajcopOeHT, yeM ajcopoar — ajicopoar.

3HaueHus napameTpa | + L, 1aroT AONOIHUTEIbHYI0 MHGOPMAIMIO O Mpolecce aacopOLuy 1 XapaKkTepu-
3yIOT 00I1Iee KOJIMIecTBO C(hOPMHUPOBABIIMXCS cII0eB ajcopbara (puc. 3). Mi3aMeHeHrne HaKIIOHa TeMITepaTypHON

ala o/b
A A
2,61
T 1,3+ = OYV-A
2,5k ] 12 _ e AC
2,41 % 11k
2,31 1,00
s 2,2¢ < 0,9 i
2,1} : 0.8
L ' L
2,0k % % 0,7} £ { { {
19- § ! : 0,61 £ i . . .
1’8 ! ! 1 1 1 1 > 0’5 1 N ! N ! N ! N 1 s 1 »
0 2 4 8 12 16 0 2 4 8 12 16
Konnenrpamust Na-CALl, mac. % Konnenrparust Na-CALL, mac. %

Puc. 2. 3aBucUMOCTb KOJTHYECTBA (7) MOJICKYII aficopOara, MPUXOASIIIXCS Ha OAWH aJICOPOIIMOHHBIN IIEHTP
MoauduimpoBanHbix AY, ot konnentpaimu Na-CALL npu 288 K (a) u 313 K (6)

Fig. 2. The dependence of the number of adsorbate molecules per adsorption center (7)
of the modified AC on the concentration of Na-CAS at 288 K (a) and 313 K (b)

A
8k

1+1L,
BN W (@)Y ~

L~ N W KN

2

\/

285 200 295 300 305 310 315
T,K

Puc. 3. 3aBECUMOCTH 00IIETO KOJIMYECTBA aJICOPOIIMOHHBIX
cnoeB monexyn LLEDOT (1 + L,) ot Temneparyps! (7):
1 —-0VY-A; 2-0Y-A + 8 % Na-CALl; 3 - AC; 4 - AC + 8 % Na-CAL|
Fig. 3. Dependence of the total number of adsorption layers
of CEFOT molecules (1 + L,) on temperature (7'):
1-0U-A; 2—-0U-A + 8 % Na-CAS; 3 - AC; 4— AC + 8 % Na-CAS
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3aBUCHMOCTH JIAHHOTO MapaMeTpa HaONIOAaeTCs JIJIsl BCEX MCCIICAOBAHHBIX 00pa3IioB AY U MOXKET CITYKHUTh
YKa3aHUEM Ha TIEPEeXO0]] OT MOJIUMOJICKYIISIPHOM afcOPOIIMU K MOHOMOJICKYJISIPHOM.

[IpuHMMas BO BHUMaHHE XapaKTEPUCTUKU TTOPOBOH CTPYKTYPHI UCCIIEIOBAaHHBIX e (Tabi. 5), onpene-
JICHHBIE C TIOMOIITHI0 METO/Ia HU3KOTEMIIEpaTyPHOI aicopOmim — aecopOItuu azota (puc. 4), MOXKHO TPEIITOI0-
JKUTh, 9TO MEHBIIIEE KOTUIECTBO clioeB Ayt OY-A (cM. puc. 3, kpuBblie / 1 3) 00yCIOBICHO MIPEUMYIIECTBEH-
HBIM COJICP’KaHUEM B JIAHHOM YTJIe MUKPOIIOP, pa3Mep KOTOPBIX HE 00eCIIeYrBaeT BO3ZMOXKHOCTH POTEKAHUS
TTOJTUCIIOMHON a/ICOPOITHH.

Tabnuna 5
OcHOBHBIC XapaKTePUCTHKHU NOPOBOii CTPYKTYPBbI
HCXOHBIX M MOIU(UUHPOBAHHBIX AY
Table 5
The main characteristics of the pore structure
of the original and modified AC
O65BeM 1op, cM’/T ViIepHas MOBEPXHOCTH TIOp, M*/T
AY Sy M/T
VMHKPO VMC30, Maxkpo V()ﬁl.ll MHKPO M€30, Makpo

AC 1210 0,00 1,14 1,14 0 1210

OVY-A 750 0,24 0,31 0,55 460 290

AC + Na-CAIl 1136 0,07 0,35 0,42 197 940

OVY-A + Na-CAILl 690 0,21 0,30 0,51 410 280
[Ipumeuanue. S, — 00mAast MOBEPXHOCTD ACOPOEHTA; V., — 00BEM MUKPOTIOP; V| .y \apo — ©OBEM ME30- 1 Makponop; Vg, —

001wt 00BbEM MOP; YACIBbHAS IOBEPXHOCTE: S, — MHKPOIIOP; S0, \upo — ME30- M MAKPOIIOP.

550}
500
450
400
350
300 F
250 | &

200 o
00 02 04 06 08 1,0

P/Po

3
Kﬂcopﬁm" M /r

Puc. 4. I30TepMbl HU3KOTEMIIEPATYPHOU aIcopOIMy a30Ta Ha AY:
1—-0Y-A + 8 % Na-CAII; 2 — AC + 8 % Na-CAI
Fig. 4. Isotherms of low-temperature nitrogen adsorption on AC:
1—0U-A + 8 % Na-CAS; 2 — AC + 8 % Na-CAS

Ucxonst n3 GopMbl U30TEPM, MOKHO 3aKITIOUUTh, YTO TIOPOBAst CTPYKTYpa N3ydaeMbIX YIJIeH HEOJHOPOIHA.
[locnennee, B cBOIO ouepes, koppenupyer ¢ naHabiMu COM (puc. 5). Beimykislii XxapakTep H30TepM CBUAEC-
TEJILCTBYET O HAJIMYMU B yIJIE MUKPOIOP, a NPOSBICHUE rHCTepe3nca 00yCIOBICHO KallMJUISIPHO-KOHICHCa-
IIHOHHBIMH TTPOIIECCaMU, MMPOTEKAIOIITIMH B Me3omopax [24].

Pacnpenenenue yacTuIl HCCIEAOBAaHHBIX YIIIEH MO pazMepaM OBLIO U3YYEHO C MMOMOIIBIO METO/Ia JTa3epHON
mudpaknun. [lpeacraBnennsie Ha pyuc. 6 JaHHBIE YKa3bIBAIOT Ha €0 YHUMOJAIBHBIA XapakTep s 000oux
yrireit. [Ipu aTom yrmu, moBepxHocTHO-MOomuduIpoBanabie Na-CALl, MeroT MeHbIHIA pa3Mep 9acTHIl.

Kak ciemyer n3 qaHHBIX pHC. 7, yBEIWYCHNE TEMIIEpaTypsl HE3HAYNTETFHO YMEHBIIAET BEIMINHY THOOCOB-
ckoit aacopomu LIEDOT mist Bcex mccnenoBanHbx oOpasnoB. [Ipuuem B ciydae AC BenmMuMHA aacopOLUH
CyIIECTBEHHO Oomnblre, yeM y OY-A, u st 000oux yriel oHa Bo3pacTaeT B IPUCYTCTBUH acOPOMPOBAHHOM Ha
noepxHocty yrist Na-CATL
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Puc. 5. COM-u3006pakenue AY:
a—0VY-A; 6 —-0Y-A+ 16 % Na-CAll; 6 — AC; 2 — AC + 16 % Na-CAL]

Fig. 5. SEM image AC:
a—OU-A; b—OU-A + 16 % Na-CAS; ¢ — AC; d — AC + 16 % Na-CAS

a/a o/b
JoA 20}
—— OVY-A + 16 % Na-CAIL 181 —— AC + 16 % Na-CAI]
< 8f ——OV-A 2 ——AC
O_n'\ 16 L ﬁm
S 14t g l4r
E 12f
E 12+ E 12
= 10+ = 10
3 2 gt
2 8F g
2 g 6t
2 of 5
= 40 Al
2t 2
0 ) ! i > 0 " L L >
0,1 1 10 100 1000 0,1 1 10 100 1000
Pasmep vactui, MKkM Pasmep wactun, Mkm
6/c
< 2
1
=
=1
a
0

OY-A OVY-A+16 % Na-CALl AC AC + 16 % Na-CAIL

Puc. 6. UucnoBoe pacnpenenenue (a, 0) 1 auarpaMma MeAUaHHBIX 3HaYeHuH Dny, (6)
Pa3MepoB YACTUIL HCXOJHBIX U MOAU(DUIMPOBAHHBIX AY

Fig. 6. Numerical distribution (a, b) and diagram
of the median particle size Dny (c) of the initial and modified AC

OTa 3aBUCHMOCTH KOPPEIUPYET C PACCUMTAHHBIMU SHEPIeTHYECKUMH IapaMeTpaMH aicopOLuH €, U &,
(tabm. 6). [lepBeiii mapameTp gaeT HHGOpMAIHIO 0 B3aumoaeicTBun Mexy LIE@OT u moBepxHocThIO AY, BTO-
PO OTpakaeT B3aMMOACHCTBUE MEXIY MOJIEKyJIaMHu aHTHOMOTHKA. 3HaueHus €, i1 AC u OY-A MoaHOCThIO
KOPPEIUPYIOT C JaHHBIMU 110 KoiudecTBy azcopOuposanHoro LIEDOT. IlockonbKy 3HaYeHUS €, MEHbLIE, YeM
40 xI>x/M01B, TO TIpOIIECC aICOPOIUU Ha 000OHX YIIIAX MOXKET OBITh OTHECEH K (pU3udeckoil copOiuu [25].
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a/a o/b
A e OY-A + 8 % Na-CAI] o AC + 8 % Na-CAI]
2601 = OV-A A m AC
250 }—H_},\{»\} 370+
240t 3601
I 350
230+ A
£ I 340+
S 2201 =
i I S 330}
210+ = I
A 320
200 ' 310l
190-— 3001
180 290;
170 + ; 1 1 1 1 1 P 280 I L 1 1 1 1 1 1 Ly
285 290 295 300 305 310 315 7285 290 295 300 305 310 315
Temmneparypa, K Temmeparypa, K
Puc. 7. 3aBucumocTs ynensHoit agcop6uuu LHHEDOT na AY
OT TeMIIepaTyphl JUIs HCXOTHBIX U MoanduuupoBanHbx OY-A (a) u AC (0)
Fig. 7. Dependence of CEFOT specific adsorption
on temperature for initial and modified OU-A (a) and AC ()
TabGnuma 6
H3meneHue >Hepruii axcopouuu €, U €, B 3aBUCUMOCTH 0T KosmuecTa Na-CAILL
Table 6
The change of the adsorption energies €, and ¢, with Na-CAS amount
g
z = €,, KJK/Monb €,, KJK/MoIb
2 <
e
% U& OV-A OV-A AC AC OV-A OV-A AC AC
O Z| mupu288K npu 313 K npu 288 K npu 313 K mpu 288 K npu 313 K npu 288 K npu 313 K
0 |18,25+0,37| 8,89 +0,18 |29,90£0,60 | 14,71 £0,29 | 15,67 £ 0,31 | 8,01 £0,16 |25,67+£0,51|13,26 £0,27
2 |18,52+0,37| 9,83 £0,20 | 30,55+ 0,61 | 15,24 £0,30| 15,90 +0,32| 8,85+0,18 26,23 £0,52| 13,73 £0,27
4 124,65+0,49|12,48+0,25|31,20+0,62 (15,76 £0,32|21,16 0,42 | 11,24 £ 0,22 | 26,79 £ 0,54 | 14,20 + 0,28
8 124,04 +0,48|12,43£0,25|32,50+£0,65|16,81 £0,34|20,64 +0,41|11,20+0,22|27,91 £0,56| 15,14 £0,30
12 122,68+0,45| 8,99+0,18 |31,13+0,62|13,37+0,27|19,47+0,39| 810+0,16 [31,71 £0,63|12,04 0,24
16 |24,62+0,49 (12,78 £0,26 33,07 £0,66| 17,16 +0,34 | 21,14 £0,42| 11,52 £ 0,23 | 33,38 £ 0,67 | 15,48 £ 0,31
3akiaoueHue

IIpoBenens! nccaenoBaHus anCcOPOIIMOHHON aKTUBHOCTH 110 oTHoMeHU 0 K [IEDOT pa3nuaHbIX 1Mo mpouc-
XOKIeHUI0 AY, kKak HeMOTH(PHUITMPOBAaHHBIX, Tak U MomuduupoBanubix Na-CALl. YcraHoBIeHO, YTO JKC-
MIEPUMEHTAIBHO TTOyYEHHBIA B TaOOPAaTOPHBIX YCIOBHUAX JTUTHUHOBBIN yroib AC SIBISETCS ME30MOPHUCTHIM
" XapaKTepHu3yeTcst OOJBITUMH 3HAUCHUSIMHA YACIBbHON amcopOItiu, YeM NpeBecHbIN yronb OY-A, mis KOTo-
pOro XapakTepHa HEOJHOPOIHAS TIOPOBask CTPYKTypa (MIpeacTaBiieHa MUKPO- B Me3omopamu). Moandukanms
Na-CAIl moBepxHOCTH 000WX yTIIel MPUBOANT K pocTy aacopoumu [IEDOT, HecMOTps Ha HE3HAYUTEIIBHOE
YMEHBIIIEHHE BEJIMYMHBI TUIOMIATN YASTFHON MMOBEPXHOCTH, YTO MOYKHO CBSI3aTh CO B3aMMOJICHCTBHUEM aHTH-
omoTHKa ¢ monuMepoM. llpruMeneHre Moey OMUCIOWHON aIcopOIy ¢ HACBIIIIEHUEM ITO3BOJIMIIO OTIpe/ie-
JUTH YMCIIO MOJIEKYJT Ha aJICOPOIIMOHHOM LIEHTPE, TUIOTHOCTH aJICOPOIIMOHHBIX IEHTPOB, 00Iee KOINIECTBO
c(hOpMHPOBAHHBIX CIIOEB M SHEPTETUYECKUE XapaKTEPUCTHUKHI B3aMMOICHCTBHI acopOaT — aIcOpOeHT Ha MEXK-
(haszHOI1 rpaHuIe U ajcopdar — ajcopdar B mpenenax amcopomnoHHoro ciost Moiekyn LIE@OT ma obomx AV.
YCTaHOBIIEHO, YTO C POCTOM TEMIIEpaTyphl IPOUCXOIUT TIEPEX0] OT TOIMMOJIEKYISIPHOHN aicopOIMH K MOHO-
MOJICKYJSIPHOH 1T Bcex o0pa3ioB uccienoBaHHeIXx AY. [1pu aTom sHepreTndeckn 0ojiee BRITOMHBIMU CTaHO-
BATCSI B3aMMOJICHCTBUS amcopOaT — aJacopOeHT, ueM amcopOaT — ajacopoar. YBeIUdIeHne TeMIIepaTyphl TaKKe
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MIPUBOANUT K M3MEHEHHIO MPOCTpPaHCTBEHHOTO pacrnonokeHuss Monekyl LIED@OT na moBepxHOCTH yIVIs: OT
NEPICHIUKYIISIPHOTO TIPU HU3KKUX TEMIIepaTypax 10 NapajjieabHoOro npu Ooee BEICOKUX TeMmeparypax. Pac-
CUHMTaHHBIE 3HAYCHMS dHEepruit agcopoumu Monekyn LIEDQOT mis oboux yriieit KoppeaupyroT ¢ dIKCIIepUMEH-
TaJILHO ONPEACICHHBIMU BEJIMYMHAMU I'MOOCOBCKOM aIcCOPOLIMU U CBUACTEIBCTBYIOT O (DU3UYCCKON IPUPOC
aJICOpOITMOHHOTO TIpoTIecca.
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