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OUBUKO-XUMUNYECKHUE IMTPOBJEMbBI A/ICOPBLIMU U TEXHOJIOT'UHU
HAHOIIOPUCTBIX MATEPUAJIAX

Marepuasnsl Bcepoccniickoro HHTEpHET-CUMIIO3UYMa C MEXKTYHAPOIHBIM y4acTHUEM,
19 oktsa6ps—15 nosi6pst 2020 r., Mocksa, Poccust

B cbopnuke npencraBieHsl MaTepraiibl Beepoccuiickoro HHTEpHET-CUMIIO3UYMa C MEXKTyHapOIHBIM
yuactueM «DU3MKO-XMMHUYECKHE MpoOJIeMbl  aacopOIMM M  TEXHOJOTMH  HAHOMOPHUCTHIX
MaTepHuayioBy, NOCBAIIEHHOTO 160- JeTHIO CO THS POXKIACHUS BBIIAIOMIETOCS POCCUUCKOTO YYEHOTO
Hukonast ImutpueBnya 3eIMHCKOr0, BHECUIETO T'POMAJHBIA BKJIaJ B MHPOBYIO HAayKy, pa3BUTHE
NPOMBIIIJICHHOCTH M 3alUTy YeJOBEYECTBA OT HEOJAarompHATHBIX BO3ICHCTBUI OKpYKaIOIIECH
CpEelIbL.

B cOopHuke npeiacTaBieHbl pe3yJbTaThl HAyUHBIX HCCIENOBAaHUM, OTpaXKarolUE IOCIEIHUE
JOCTHKEHHUSI B O0JIACTH TEOPHUH U MPAKTHKU aJCOPOIMOHHBIX MPOLECCOB, MpoxoauBiiero 19
OKTs0psA—15 Hos16pst 2020 r. OGCY)AAOTCS aKTyalbHbIE MPOOIEMBI a1COPOIIMU Ha TOBEPXHOCTHU U B
HAaHO- U MHKpPONOpPAx TBEPHBIX TeJ, KUHETHKH U JUHAMHUKHU aacopOIUHM B PAa3IMYHBIX YCIOBHUSX,
HEUHEPTHOCTH U CENIEKTUBHOCTH a/IcCOPOEHTOB. PaccMOTpeHbI 3ajaui YUCICHHOTO MOACIUPOBAHUS
aJcopOIMK B MOPUCTOM MaTepuanax M Ha ITIOBEPXHOCTH aJICOOCHTOB METOJaMHU MOJIEKYJISIPHOM
muHamuku, Monte-Kapno. IlpencraBieHbIpe3ynbTaThl AKCIEPUMEHTAIBHBIX M TEOPETUYECKUX
UCCIICIOBAaHUI TEPMOJMHAMUKA aJCOPOLMU Ui DHEPreTHYECKUX aJICOPOLMOHHBIX CHUCTEM,
pa3paboTku  (PEHOMEHOJOTHYECKHX TMOAXOJAO0B U TEOPETUYECKUX KOHIICTIUNA  aacopOoiuu
MHAMBU1YaJIbHbBIX BEIIECTB U CMECEH, IPOLIECCOB CAMOOPTraHU3alUY U aCCOLMMPOBAHUS B ajicopOare.
PaccmoTpensl HOBBIE GUBHKO-XUMHYECKHUE MOIXO0/IbI ONPEICICHUS XapaKTePUCTUK YPPEKTUBHOCTH
paszeneHus cMeceid ra3oB, aJACOpOIMOHHON nedopmany, 0cOOEHHOCTEH MOJIEKYIApHOH T dy3un
B [IOpax U Ha TTOBEPXHOCTH.

B cbopuuke npeicTaBieHbl pe3yibTaThl HCCIAEAOBAaHUHN B 00JIACTH CHHTE3a U aJICOPOIIMOHHBIX
CBOMCTB HOBBIX YIJIEPOJHBIX U MHUHEpPATbHBIX aJCOPOEHTOB, CHIIMKArejei, MeTaJuIopraHu4ecKuxX
KapKaCHBIX CTPYKTYp, CHHTCTHYCCKUX W TPUPOTHBIX KOMIIO3MIIMOHHBIX H (DYHKIIMOHATHHBIX
MaTepuasoB, a TaKXkKe M3YYEHHUS HX CTPYKTYphl U (U3HKO-XUMHUYECKHX CBOMCTB. OlleHEHBI
BO3MOXXHOCTH TPUMEHEHHS HOBBIX MAaTepUaloB B BBICOKOIHEPIreTUYECKUX aJCOPOIMOHHBIX
cucTteMax /s ra3oBoil M HedrenepepabarbiBaroIIell OTpaciiell MPOMBIIUIEHHOCTH, MOJEKYJISPHO-
CUTOBOI'O pa3/elieHUs] Ta30B, HCIOJb30BaHHA B MEAMIIMHE, a TAaKXKE B TEXHOJOTHSAX 3alllUThl
oKkpyxaroriei cpensl. [Ilupoko mpencTaBiaeHbl HOBBIE BHICOKOAKTUBHBIE aJCOPOEHTHI, TOMyUYEeHHBIE
U3 OTEYECTBEHHOTO ChIpbs. bonbioil pa3nen cOOpHUKA OTBEIEH Ha MPEACTaBICHUE MPOAYKLIHMU U
HOBBIX MaTepUaJIOB CIOHCOpA ¥ OJJHOTO U3 opranu3atopoB Cummnozuyma — OO0 «3enuHCcKuii rpynm»

[TpuBenennble B Matepuanax CUMIO3MyMa pe3ybTaThl IPEICTaBISIIOT UHTEPEC TS LUPOKOTO
Kpyra XMMHKOB, (PU3UKOB, MH)KEHEPOB, CIIEIUAINCTOB, pa0OTAIONINX B HAYYHO-UCCIIEI0BATEIbCKUX
MHCTUTYTaX M By3aX, aClIUPaHTOB U CTYJIEHTOB, Ubs JIEATEIbHOCTh HENOCPEACTBEHHO CBS3aHA C
UCCIIEIOBaHUEM aICOPOIIMOHHBIX MPOLIECCOB, CHHTE30M a/ICOPOSHTOB M OPUCTHIX (PYHKIIMOHATIBHBIX
MaTepuasoB, pa3pabOTKOM HOBBIX aICOPOLMOHHBIX TEXHOIOTHIA.

TOKTOp PU3MKO-MaTeMaTuueckux Hayk A.A. ®omkuH,
KaHauaat xumudeckux Hayk [ A. IleTryxosa,
KaHauaat pusuko-mareMatnyeckux Hayk E.B. Xo3una

© ®enepanbHoe ['ocyrapcTBeHHOE OI0JKETHOE YUPEKICHHE HAyKU
WUuctutyT dusnyeckoit xumuu u anekrtpoxumuu um. A.H. ®pymkuna PAH
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Hukonan 3eNnHCKun
1861-1953




Huxouaaii IMmutpueBny 3eauHcKkui

H.J. 3enmunackuii poausics 25 suapst 1861 roxa B r. Tupacnosne. 1o okoHYaHUU THMHA3UN
B 1880 romy, H.JI. 3enuHCKui MNOCTYyNWJI Ha €CTECTBEHHOE OTACIeHHEe (UZUKO-
MaTemaThieckoro ¢akyiabTeTa HoBopoccHuiickoro yHuBepcuTeTa, KOTopblii okoH4mI B 1884
roxy. beul ocraBiieH mpu yHMBEpCUTETE M HampaBieH B I'epmanuto. B TeueHue nByx et
(1885—1887) oH 3aHMMAICS HCCIIeOBAHUAME B TaGopaTopusix . Bucinnenyca B Jlefinmure
u B. Meiiepa B ['érTunrene, riae noixyuui Tskénoe orpasieHue unputom. B 1887 roay Ob11
Ha3Ha4YeH MPUBAT-JOLIEHTOM Mo Kadenpe xumun HoBopoccuiickoro ynusepcurera. B 1888
roJly BBIIEp>Kal MarucTepckuii sk3ameH, B 1889 rony 3ammrin maructepekyio («K Bompocy
00 m3omepuu B THOGEHOBOM psxy»), a B 1891 romy — moktopckywo («VccnemoBanue
SIBIIGHUN M30MEPUU B PsiIax MPEENIbHBIX YTIEPOIUCTRIX COSTUHEHUI) auccepTanuu. boin
npuriaméd B MockoBCkuil yHuBepcUTET no nHunuatuse /. 1. Menneneesa.

Hayunas nestensHocts H.J[. 3enunckoro BecbMa pazHocTOpoHHsIsl. OCHOBHBIE €T0 pabOThI
OTHOCATCS K XMMHH YTJIEBOAOPOAOB M opranmyeckoMy katanusy. C 1893 roma o cran
npodeccopom MockoBckoro ynuepcutera. B 1911 romy oH MOKHWHYJ YHUBEPCUTET BMECTE
C IpynmnoW Y4Y€HbIX B 3HAK MPOTECTa MPOTUB MOJUTUKU LAPCKOTO MHUHHUCTPA HApOJHOTO
npocsemeHus. B 1910 rogy oTkpeul siBieHHE AETrMAPOTreHU3AMOHHOrO Katanu3a. B 1911
rofly OCYHIECTBWJI IJIAJIKyI0 JErMJIPOr€HU3alMI0 LHUKIOIeKCaHa M €ro TIOMOJIOTOB B
apoMaTUYecKue YIJIeBOJOPOAbl B  NPHUCYTCTBUM IUIATMHOBOIO UM NaJlJIaJAMEBOTO
KaTaJu3aTopoB; IIMPOKO HCIIOJIB30BAI 3Ty PEAKUMIO JUIsl ONPENEICHUs  COJAEp/KaHUs
[IUKJIOTEKCAHOBBIX YTJIEBOJOPOI0B B OCH3MHOBBIX M KEPOCUHOBBIX (Ppakiusx HedTu (1920—
1930), a Takxke Kak NPOMBIILIEHHBIA METO/I MOJIYYEHUsI apOMaTHUYECKUX YTI€BOJOPOJAOB U3
HepTH. DT HccnenoBanus H.J[. 3enuHCKOro nexaT B OCHOBE COBPEMEHHBIX IMPOIECCOB
KaTaJIUTUYeCKOro pupopMHUHra HEQTAHBIX (paKLUi.

B 1917 rony H.A. 3enunckuii BepHysncs B MOCKOBCKHMI yHUBEPCHUTET. 3aBEAYIOLIUMI
kadenpoit opranmyeckoil xumuu (1929—1930 u 1933—1938); 3aBenyrouuii kadenpoit
xumun HepTH (1938—1953); 3aBenyromuii nmaboparopueli aHTUOMOTUKOB M OMOTEHHBIX
ocHoBaHuii (1950—1953) xumuyeckoro akynpreTa. 3aBeayrouuii kadeapoit opraHu4ecKoi
XxuMuu xumuaeckoro otaeneHus (1932—1933). Ilpodeccop kadenpsr xumun (1917—1929)

($u3MKO-MaTeMaTHUECKOTO (PaKyIbTeTa.
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Ocob6oe mecto 3aanMaroT padotsl H./l. 3enuHcKoro mo aacopOuuu U Mo CO3aHuIo ¢ A.
Kymantom yronpHoro mporuBorasza (1915), mpunsTOro Ha BoOpy»XeHHe BO Bpems IlepBoii
MHUPOBOM BOIHBI B pyCCKOW U coro3HnYecKux apmusix. H./l. 3enuHcKkuil He cTasl aTeHTOBATh
U300peTEHHBI WM TPOTUBOTa3, CYHUTAsl, YTO HENb3s HAXKUBATHCS Ha YEIOBEYECKUX
HecyacThsIX U Poccust mepenaia coro3HUKAM IpaBa Ha €ro Mpou3BOJICTBO.

B 1915 roay H.J. 3enuHCKUI yCHENIHO HCIOJb30Bajl OKHUCHBIE KaTalW3aTOPhl MpHU
KpEeKUHTe He(TH, YTO MPUBEIO K CHUKEHUIO TEMIIEPAaTyphl MPOIEcca U K YBEIUUYEHUIO
BBIXOJIa apoOMaTHYECKHX yriieBonoponoB. B 1918—1919 romax oH pa3paboram MeTon
MOJIy4eHUs OCH3WHA KPEKUHIOM COJIIPOBOTO Maciia M He(pTH B MPUCYTCTBUU XJIOPUCTOTO U
OpOMHCTOIO aJIOMUHUS; pealn3alus 3TOr0 METOJa B MPOMBIIUIEHHOM MaciiTade chirpaa
BaXHYIO poJib B o0ecrieueHnn 6eH3nHoM COBETCKOI0 roCcyAapCcTBa.

C 1935 roma akTMBHO y4acTBOBaJI B opraHm3auuu MHcTtuTyTa opranmyeckon xumuun AH
CCCP, B xoTOpOM 3aTeM PyKOBOJIUI psAoM JlabopaTopuii. B roast Benukoit OTeduecTBeHHOM
BOMHBI paboTast B 3Bakyanuu 10 jeta 1943 roga. H./l. 3enuHckuil npuHs yuactue B paboTax
IO MOBBIIICHUIO KAYeCTBA aBUAIIMOHHBIX OCH3UHOB U CMa304HbBIX Macedl.

H.JI. 3enuHCcKuil pYyKOBOJIMI Takke paboTaMu MO HU3BICKAHUIO MyTEH palioOHAIBHOTO
UCIIOJI30BaHMS TTPOYKTOB MEPBUYHON MEPEepabOTKU TBEPJIOTO TOIIMBA — YTJIs, CJIAHIICB,
topdpa. B pesynpraTe HAYYHBIX HCCIEAOBAHMA B Ka4yeCTBE I[EHHOTO CBIPhS JUIS
BBICOKOOKTAaHOBOTO MOTOPHOTO TOIUIMBAa M KayeCTBEHHBIX CMAa30YHBIX Macel CTallo
BO3MO’KHBIM HCIIOJIB30BaTh HE TOJIBKO KUJAKHE, HO U TBEpJble roproyne uckomaembie. Tem
caMbIM OBLIIM CO3/JaHbl HEOOXO0IMMBbIE MPEANOCHUIKH JIsl IepepabOTKU Ha MOTOPHOE TOILIMBO
Oorareimux yroJbHBIX pecypcoB 3amanHoit Cubupu, yriss U OPUPOJHOTO raza YXTHI U
[Tedops! U APYTrUX, OTJATCHHBIX OT GPOHTA PAOHOB.

H.JI. 3enuHckuil co3aan KPyNHYIO KOy YYEHBIX, BHECIIUX (yHIaMEHTAJIbHBIN BKIIAJ B
pasnuunbie obnactu xumuu. Cpenu ero yuenukoB: akagemukn AH CCCP A. A. bananauH,
JI. ®@. Bepemarus, b. A. Kazanckuii, K. A. Kouemkos, C. C. Hamérkun, A. H. HecmesiHOB;
yienbl-koppecnioneHTsl AH CCCP H. A. Wsrapemues, K. II. JlaBposckwmii, HO. T.
Mawmenanues, b. M. Muxaitnos, A. B. Pakosckuii, B. B. Uenunues, H. WU. lylikuH;
npodeccopa B. B. Jlonrunos, A. E. Ycnenckwii, JI. A. Uyraes, H. A. Illumos, B. A.

Hexkpacosa-Ilonosa u npyrue.
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https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%B3%D0%B0%D1%80%D1%8B%D1%88%D0%B5%D0%B2,_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B5%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D0%B2%D1%80%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,_%D0%9A%D0%BE%D0%BD%D1%81%D1%82%D0%B0%D0%BD%D1%82%D0%B8%D0%BD_%D0%9F%D0%B5%D1%82%D1%80%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BC%D0%B5%D0%B4%D0%B0%D0%BB%D0%B8%D0%B5%D0%B2,_%D0%AE%D1%81%D0%B8%D1%84_%D0%93%D0%B5%D0%B9%D0%B4%D0%B0%D1%80_%D0%BE%D0%B3%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BC%D0%B5%D0%B4%D0%B0%D0%BB%D0%B8%D0%B5%D0%B2,_%D0%AE%D1%81%D0%B8%D1%84_%D0%93%D0%B5%D0%B9%D0%B4%D0%B0%D1%80_%D0%BE%D0%B3%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D1%85%D0%B0%D0%B9%D0%BB%D0%BE%D0%B2,_%D0%91%D0%BE%D1%80%D0%B8%D1%81_%D0%9C%D0%B8%D1%85%D0%B0%D0%B9%D0%BB%D0%BE%D0%B2%D0%B8%D1%87_(%D1%85%D0%B8%D0%BC%D0%B8%D0%BA)
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,_%D0%90%D0%B4%D0%B0%D0%BC_%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D1%81%D0%BB%D0%B0%D0%B2%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D0%BB%D0%B8%D0%BD%D1%86%D0%B5%D0%B2,_%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80_%D0%92%D0%B0%D1%81%D0%B8%D0%BB%D1%8C%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A8%D1%83%D0%B9%D0%BA%D0%B8%D0%BD,_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9_%D0%98%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D0%BD%D0%B3%D0%B8%D0%BD%D0%BE%D0%B2,_%D0%92%D0%B8%D1%82%D0%B0%D0%BB%D0%B8%D0%B9_%D0%92%D0%B8%D1%82%D0%B0%D0%BB%D1%8C%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/w/index.php?title=%D0%A3%D1%81%D0%BF%D0%B5%D0%BD%D1%81%D0%BA%D0%B8%D0%B9,_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B5%D0%B9_%D0%95%D0%B2%D0%B3%D0%B5%D0%BD%D1%8C%D0%B5%D0%B2%D0%B8%D1%87&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A7%D1%83%D0%B3%D0%B0%D0%B5%D0%B2,_%D0%9B%D0%B5%D0%B2_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A8%D0%B8%D0%BB%D0%BE%D0%B2,_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BA%D1%80%D0%B0%D1%81%D0%BE%D0%B2%D0%B0-%D0%9F%D0%BE%D0%BF%D0%BE%D0%B2%D0%B0,_%D0%92%D0%B5%D1%80%D0%B0_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BA%D1%80%D0%B0%D1%81%D0%BE%D0%B2%D0%B0-%D0%9F%D0%BE%D0%BF%D0%BE%D0%B2%D0%B0,_%D0%92%D0%B5%D1%80%D0%B0_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%BD%D0%B0

Harpanbl u npemuu

o I'epoit Conmanuctuyeckoro Tpyma (10.06.1945)

 uethipe opaeHa Jlenuna (07.05.1940; 10.06.1945; 05.02.1946; 05.02.1951)
« 1Ba opaecHa TpymoBoro Kpacuoro 3uamenu (29.03.1941; 03.04.1944)

o npemus umenu B. W. Jlenuna ot KomureTa no xumuszanuu HapogHoro xo3sictsa Corosa
CCP (1934)

o CranmuHCcKas mpeMus niepBoit cteneHu (1942) — 3a BeIgaronecs HaydyHble paboThI O
OpraHNYecKOr XMMHH, OMyOJIMKOBaHHBIE B COOpHUKE M30paHHBIX TPYI0B aBTOpa B 1941
rofy.

o Cranuuckas npeMus Bropoii ctenenn (1946) — 3a pa3paboTKy HOBOTO METO/a
MOJIyYEHUSI apOMATUYECKHUX YTIIEBOOPOI0B

o Cranunackas npemus nepBoit creneHu (1948) — 3a MHOTOJIETHHE UCCIICIOBAHUS B
o0OnacTu XuMuU Oelka, pe3ybTaThl KOTOPBIX M3JI0KEHBI B padoTe «COBpeMEHHOE
COCTOSIHUE BOMPOCA O HUKINYECKON NPUPOJIe CBA3EH aMUHOKHUCIIOT B MOJIEKYJIe OelKa
(1947)

e ipemust umeHu A. M. Bytneposa (1924)

H. 1. 3enuHCKHI — OJMH U3 OPraHU3aTopoB Bcecor3HOro XuMU4uecKoro oo1mecTBa UMEHH
. . Menneneena.

H.Jl. 3enunckuii ymen u3 xku3aun 31 urons 1953 ropa.

JlokTop ¢hu3UKO-MaTeMaTHYECKUX HAYK
A.A. ®oMKuH


http://wikiredia.ru/wiki/%D0%93%D0%B5%D1%80%D0%BE%D0%B9_%D0%A1%D0%BE%D1%86%D0%B8%D0%B0%D0%BB%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%D0%A2%D1%80%D1%83%D0%B4%D0%B0
http://wikiredia.ru/wiki/%D0%9E%D1%80%D0%B4%D0%B5%D0%BD_%D0%9B%D0%B5%D0%BD%D0%B8%D0%BD%D0%B0
http://wikiredia.ru/wiki/%D0%9E%D1%80%D0%B4%D0%B5%D0%BD_%D0%A2%D1%80%D1%83%D0%B4%D0%BE%D0%B2%D0%BE%D0%B3%D0%BE_%D0%9A%D1%80%D0%B0%D1%81%D0%BD%D0%BE%D0%B3%D0%BE_%D0%97%D0%BD%D0%B0%D0%BC%D0%B5%D0%BD%D0%B8
http://wikiredia.ru/wiki/%D0%9F%D1%80%D0%B5%D0%BC%D0%B8%D1%8F_%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8_%D0%92._%D0%98._%D0%9B%D0%B5%D0%BD%D0%B8%D0%BD%D0%B0
http://wikiredia.ru/wiki/%D0%A1%D1%82%D0%B0%D0%BB%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%B5%D0%BC%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/31_%D0%B8%D1%8E%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/1953_%D0%B3%D0%BE%D0%B4

Hoxman 1
3ABUCUMOCTHU KOYOPPUINEHTOB PA3JIEJIEHUA KOMIIOHEHTOB
BUHAPHBIX CMECEM METAHA C JIJETKMMH YIJIEBOJJOPOJAMM OT
COCTABA CMECEWM, TEMIIEPATYPHI Y TABJIEHUSI.
ToamaueB A.M., I'ymepoB M.P., Ky3nenosa T.A., ®omenkos IL.E.

Mockosckuti 2ocyoapcmeennwiii ynugepcumem umenu M.B. Jlomonocosa. Xumuueckuii
gaxyromem, 119991, Mocksa, I'CII-1, Jlenunckue I'opwvt, 0om 1, cmpoenue 3.
E-mail: amtolmach@yandex.ru

CognepxaHue JETKUX YrIeBOAOPOAOB B TMPHUPOAHOM Ta3e OTAENbHBIX Ta30BBIX
Mectopoxkaenuii Poccum cocraBmsier 1-5% a, wnorma, u Ooinee. Ilockonbky Jerkue
YIJIEBOJOPObI SIBIAIOTCA IIEHHBIMU KOMIIOHEHTaMHU JI1 XMMHUYECKOM IMPOMBIILIEHHOCTH,
BAKHOM M aKTYaJIbHOM SIBJISIETCA 3a7]a4a WX U3BJICUYEHHUS U3 MPUPOTHOIO rasa.

B cBsI3u ¢ O3TUM TNEPCHEKTHUBHBIMH MOTYT OBITh BBICOKOCEJIIEKTHUBHBIE IPOIIECCHI
a7ICOpOIIMOHHOTO pPa3/ejeHus COOTBETCTBYIOIIMX Tra3oBbIX cMmece [1]. . [ns pazpabotku
TaKUX TEXHOJIOTUI, Hanbosee 3 (HEKTUBHBIX MPU MEPUOANUESCKOM U3MEHEHUH aBIICHUS WIH
TEMIIEPATyphl, HEOOXOAMMBI MOAPOOHBIE MAaHHBIE O 3aBUCHUMOCTSIX aJCOpPOMPOBAHHBIX
KOJIMYECTB M KOA(P(ULMEHTOB pa3/elieHuss KOMIIOHEHTOB OMHApHBIX CMeceld MeTaHa C
ATaHOM, MIPOIMAHOM M OyTaHOM OT COCTaBa CMeceH, Temmeparypbl U aaBieHus. [lomydyenue
TaKuX JaHHBIX B (U3WYECKUX OJKCIEPUMEHTaX MPUMEHUTEIBHO K MHUKPOIPUMECIM
3aTpyJIHEHO H3-3a OOJBIINX OMKMOOK B OIpEAeNieHUU aAcOpOMPOBAHHBIX KOHIICHTpPAIIH
MuKponpuMeceid. UnclieHHbIe METO b TO3BOJISIOT 100MBATHCS CYIIECTBEHHO 00JIee BHICOKUX
ToyHOCTEeH. KoNM4ecTBEHHOE COBIIAJIEHUE PACCUUTAHHBIX METOAOM MOJEKYJIIPHOU
JUHAMHKHU JaHHBIX ¢ JAaHHBIMU (DU3UYECKOT0 SKCIIEpPUMEHTa OBLIIO JOKa3aHo paHee [2].

Metonuka »sKcrepuMeHTa onucaHa B paborax [3,4]. B sueiiky, cxema KOTOpoM
npe/ICTaBlIeHa HA PUCYHKE |, moMenianachk MUKPOIIOpa, 00pa3oBaHHAs ABYMS KBaJIPATHBIMH
rpadeHOBBIMH TUTaCTHHAMHM I=5XSHM (aTOMBI BOJIOPO/1a Ha FPAHUIIAX MHUKPOIIOPHI HA PUCYHKE
He mokaszanbl) U 10000 monekyn cmeceil. Bce pacueTrsl mpOBOJIUIUCH IJisI KOHKPETHOTO
mukponopuctoro yriug JIIH, ucnonesyemoro mnsg aacopOIMOHHOIO aKKyMYJIHUPOBAHMS

MeTtaHa [5]. i 3TOro yris pacCuMTHIBAIOCH YHUCIO MOJEIBHBIX MHUKPOIOp, IIUPUHOU
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h=1.38am., B 1 rpamme yris u ycpenHeHHble 10 800 MTHOBEHHBIX CHHMKOB KOJMYECTBA

a71copOMpPOBAHHBIX B MUKPOIIOpaX yrieBoA0po 0B (MMoib-Tpamm yriist JIL[H).
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Puc. 1. fueiika ¢ Mukpomopoi mupuHoOi h, oOpa3oBaHHOW ABYMsS TrpadeHOBBIMUM
ITOBEPXHOCTAMU 5X5 HM. ATOMBI BOJOPO/Ia HA TPAHSIX MIOBEPXHOCTEN HE YKA3aHbI.

[To >TUM JaHHBIM pacCUYUTHIBAIMCH KodhduimeHTsl pa3aencHus (ypasHenue (1)) sraHa,
nporaHa U OyTaHa ¢ METaHOM TIPH aJICOPOIIUU COOTBETCTBYIOIIUX CMECE, colepkamux 95,
97, 99% wmerana, npu ucxoaHeix AasieHusx cmecer 10, 30. 70 m 100 aTM ¥ NOCTOSTHHBIX
temnepartypax 273, 303 u 333K.

o Xat-Yy)

— 1),
Y, (L= X,) @

rae Xi, Yi- MOJbHBIC JIOJU dTaHa, MpoMaHa u OyTaHa B aJCOPOIMOHHON M Ta30BOM (a3zax
COOTBETCTBEHHO.

OtHOcuTeNbble OMMOKK pacueToB KOIPOUIIMHTOB pasaeneHus cocToBisum 2—-3% nms
cMecel, coaepxkamux 95 u 97% wmetana, u yBenuuuBainuch 10 8-9% nna cmeceid ¢ 99%
MeTaHa. HTepBalbl W3MEHEHUS COCTAaBOB, MaBICHWM U TEMIEparyp BBIOpaHBI B
COOTBETCTBUHU C YCIOBHUSIMH TPAHCIIOPTHUPOBKHU MPUPOTHOTO Ta3za, Hanbosee MoaXOASIIIUMHU

JUIA pa3pabOTKU TEXHOJIOTUH BBIJICICHUS ITaHa, MPOMaHa U OyTaHa U3 CMECEH C METaHOM.



B kauectBe mpumepa B Tabnuie | mpuBeneHbl COOTBETCTBYIOIIME AaHHBIE JJIsi cMecen

MCTaHa C 6YTaHOM. AHanoruyHeie JaHHBIC IIOJIYUCHBI JIA CMecel MeTaHa C ATaHOM U

IPOIAHOM.

Tabmuna 1. AncopOupoBaHHbIE KOMMYECTBA (MMOJIB T ) U KO3 PUIMEHTHI pa3aeIeHus Py

aacopOumu cmeceit Oyrana u merana Ha yrie JIIIH mpu paznuusHbiX JaBiACHHUSIX U

TeMIIepaTypax.
_ Conepxxanne metana - 95 | Coxepxanne metana - 97 | Coxeprxanne Mmerana - 99
T=273K o o o
MOJL. % MOJ1.% MOJ1.%
MertaH, byras, Kosdd. Meran, byran, Koodd. Mertan, byran, Kosdd.
p, aT™M aszc. azc. a2 azc. azc. pas azc. azc. pas
mvomsrt | mvomsrt | PP | vmomsrt | vons © | mmonb T | Mmoo T :
10 4.1 0.2 1.2 45 0.3 2.3 4.5 0.1 3.1
35 7.2 1.0 3.3 8.3 0.7 3.8 8.7 0.2 4.0
70 7.9 2.3 12.2 8.5 1.1 8.7 9.1 0.5 6.2
100 7.8 2.7 14.9 10.0 1.4 9.5 11.6 0.7 12.7
_ Conepxanne metana - 95 | Coaepxkanne metana - 97 | Coxeprxanue metana - 99
T=303K o o o
MO0J1.% MoJ1.% MoJ1.%
Meran, Byran, Koo, Meran, Byran, Kosdpib. Meran, ByraHn, Koo,
p, at™ aszc. azc. a3 azc. azc. a3 azc. azc. a3
mvoms-r | mvomsrt | PP I vmoms et | moms | PP Lvmomsr?t | mmoms it | PE
10 2.6 0.2 1.9 2.8 0.3 4.2 2.9 0.1 3.6
35 6.0 1.1 3.3 6.3 0.8 5.9 6.9 0.2 4.0
70 6.5 2.3 12.2 7.5 1.2 9.6 8.9 0.4 8.3
100 6.7 2.6 14.7 8.5 14 11.7 9.8 0.4 9.2
_ Conepxanue merana - 95 | Cogepxxanue metana - 97 | Coneprxanue merana - 99
T=333K
MoJ1.% MOJ1.% MoJ1.%
Meran, Byran, Koo, Meran, Byran, Kosdpib. Meran, ByraHn, Koo,
p, aT™M aJc. azc. azc. azc. azc. azc.
1 1] pash. 1 4] pask. 1 1] Pask.
MMOJbT MMOJIb T MMOJIbT MMOJIbT MMOJIbT MMOJIbT
10 1.9 0.4 4.6 1.8 0.3 59 2.1 0.2 6.7
35 49 0.8 4.8 5.0 0.7 6.2 5.2 0.3 7.3
70 5.3 2.2 13.1 6.5 1.2 10.4 7.4 0.4 8.1
100 5.9 2.4 13.6 7.1 15 12.6 8.3 0.5 11.2

CunbHOE n3MeHeHue Ko (UIIMEHTOB pa3/IelIeHus U C JaBJICHUEM, U C TEMIIEpaTypoi Jienaer

BECbMa

MNEPCIICKTUBHBIM  HMCIIOJIb30BAHUC

«0e3pereHeparmOHHbBIX»

BBIJICJICHUSA TIPOIIaHa, 6YTaHa " 9TaHa U3 IPUPOJHOTIO Ira3a.

10

TEeXHOJIOTUH  JIIg




Takum 00pa3oM, NpUBEACHHBIE B JaHHON paboTe JAaHHBIE SBISIOTCS BaXKHOW 0a30BOMU
uHpopManmen i pa3paboTKU TEXHOIOIUH aJcCOPOLIMOHHOTO BBIJICIIEHUS IPUMECEH JIerKuX

yIJI€BOJOPOJIOB U3 METaHa.
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B.B. Yeposzoe, npogheccop @unancoeozo yuueepcumema npu Ilpasumenvcmee PD, 0.
du3.-wam. nayk): Cnenyer OTMETUTh, YTO pabOTa MHTEPECHAs] M TOJIE3HAs, OCOOCHHO C
TOYKH 3PCHHSI pa3BUTHS TEOPUHU aJCOPOIIUHA CMECEH.
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HMoxnan 2
TPEX-AI'PEI'ATHOE YPABHEHUE COCTOSHUSA U IIOBEPXHOCTHOE
HATSAXKEHUE: IPUJIOKEHUSA I AACOPBIHIMOHHBIX CUCTEM

Tosoun 10.K.
Hncmumym obweii u neopeanuueckotu xumuu um. H.C. Kypnaxosa PAH, Poccus,

119991 Mocksa, Jlenunckuti np-m, 31, tovbinyk@mail.ru

Ceromnst ajis KaXJAOTO arperaTHOro COCTOSIHUSI (Ta3a, KUAKOCTH W TBEPIOTO Tea)
CTPOSITCS CBOM MOJIEKY/ISIPHBIE MOJEIHM, OTPa)KalollUe €ro OCHOBHbIE MpH3HAaKu [1-6].
HawnbGosee pa3BUTHI MOJACIBHBIC YPaBHEHMSI IS JIaBICHHUs B Ta30BOM (Da3e, 9TO MO3BOJIUIIO
OOBSCHUTH C TIOMOIIBIO BHPHAIBHBIX ypaBHEHHUS cocTosHUS (YC) MHOTOYHCIICHHBIC
AKCIIEpUMEHTANIBHBIC JaHHBIE HAa OCHOBE IIPOCTEHUININX MOJEIEH MEXMOICKYISIPHOTO
B3aMMOJICHCTBUS B Ta3axX. [ KUAKOCTH W TBEPAOTO Teja JO0 HACTOSIIETO BPEMEHU HE
yAaBalioch cQopMyiupoBaTh o0mux ypaBHeHUH YC HU3-32 CIOXKHOCTH OJHOBPEMEHHOTO
OTIMCAaHMSI TIPOCTPAHCTBEHHOTO PaCcIpeICIICHUS MOJICKYJI M yUeTa XapaKTepa UX JBIKCHUN B
Kakaol u3 (a3, mo3TOMYy HCIOJIB30BAJINCh Pa3HBIe BEpCHU 0oJiee MPOCTBHIX MOJEIbHBIX
MOJIXOJIOB, KOTOPBIE MO3BOJISIOT OMUCATh IKCIIEPUMEHTANIbHBIE JaHHbIe 110 Y C I MITOTHBIX
da3 [1-6]. Jdna Beruucienus YC HEoOX0aWMO 3HATh JHO00M W3 TEPMOJIMHAMHYECKUX
NOTEHIIMAJIOB B BuAe (yHKIMM cBomx mapamerpoB [7,8]. Hampumep, ecnu u3BecTHa

['enpMronbua sHeprus (cBoboHas sHeprusi) F kak ¢pynkuusa 7' u V, T0 qaBieHre HAXOAUTCA

Kak (OF /8V)T’V =-P.

Cocyl1iecTByoIue da3pl  OTIIMYAKOTCA  TUIOTHOCTSIMH, MOATOMY  METO/IbI,
opueHTUpOBaHHble Ha YC OAHOrO W3 arperatHbiX COCTOSIHMWA, MOTYT HE€ [JaTh WX
CaMOCOTJIACOBAaHHOTO COBMECTHOTO omnucanus. Bompoc o cymectBoBanuu YC oOuiero s
napa v XXUJAKOCTH ObLI B IICHTPE BHUMAHUS, TaK KaK 3a7a4H IMapo — KUJIKOCTHOTO PABHOBECHUS
aKTHUBHO HCCJIEIOBAIMCH. B Teopuu MHTETpaibHBIX ypaBHEHUN ObLIO MOKAa3aHO, YTO METOJ]
boromoboBa [9] mist pacuera naBneHus B 00beMHOM (Da3e MOXKET OBbITh MPUMEHEH H s
nepexoHoi obmactu ux paszzaena [10—13]. DTo mo3BONMMIO AaTh OJHOTHUITHBIE BBHIPAKECHHUS
JUTSL pacyeTa JIaBJIeHUs B IBYX 00BbeMHBIX (Da3ax (COBMAJAIONINE C BBIPAKCHUEM U3 TEOPEMBI

BupHana [1]) u npoduns nokanbHBIX JaBICHUN BHYTPU TPaHUIIbI pa3jiena Ipu HaX0XACHUU
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nosepxHocTHoro HaTshKeHus ([TH). Onnako 3T BeipakeHus He ObLTH JO KOHIIA PeaTn30BaHbI
U3-32 CJIOXKHOCTH PEIICHUs] WUHTErPajbHBIX YPAaBHEHUU IS YHApHBIX U MApHBIX (PYHKIIHMA
pacmpeseneHnii  (mpeHeOperass KOpPpENALUSMU, OSTOT MYTh pealu3yeTcss B METOAE
($yHKIMOHAJIA TUIOTHOCTH). YUeT Koppesiuui ObL1 peanu3oBal [6, 14—16] B pamkax moaenu
pemerounoro raza (MPI) [8, 17-19], wucmone3yromeii OUCKPETHOE OIMKMCAHUE
IIPOCTPAHCTBEHHOTO PACIPENEIICHUI MOJIEKYJl COU3MEPUMBIX Pa3MEpOB.

B noknazne naH aHanu3 COCTOSIHUS MOJIEKYJISIPHOM TEOPUH, OPUEHTUPOBAHHOM HA ONHUCAaHUE
TpeX-arperaTHbIX CUCTEM C €AMHOW TOYKHU 3PEHMsI, BKIIIOUas UX Tpu o0beMHbIE (a3bl U TpU
BH/JIa TpaHUI] pasjena (a3: nap—KUIKOCTh, TBEPAOE—Tap U TBEpoe—KUAKOCTh [20]. Teopus,
pa3zpaboranHass Ha ocHoBe MPI, obOecrneunBaeT €IUMHYIO CTPYKTYPY BBIPOKEHHUS IS
JIABJICHUSI HE TOJIBKO TPEX Pa3HbIX arperarHblx OOBEMHBIX COCTOSIHMM, HO M BHYTPH HUX
nepexoHbIX obnacTel rpanuil pa3aena. Hanuuue Bakancuit B MPI™ mo3BosisieT ucnoap30BaTh
€e I BCEX KOHLEHTpPAalUWid KOMIIOHEHTOB MHOTOKOMIIOHEHTHONW CMECH OT HYJIEBBIX,
XapaKTEePHBIX JJI Pa3pe’KEHHOT0 rasa, 10 €IMHULBI (B MOJBHBIX J0JSAX), XapaKTEPHBIX IS
TBEPJOTO Tena. Teopusi yuuThIBAET MEXMOJICKYIISIPHbIE B3aUMOAECIHCTBUSI COU3MEPUMBIX T10
pa3Mepy KOMIIOHEHTOB U U3MEHEHUE CPETHUX JUIMH CBSI3EH MEX1y YaCTHIIAMU TUIOTHOU (pa3bl
B KBa3UXMMUYECKOM NMPUOIMKEHNH, ONKCHIBAIOIIEM MpsIMble Koppemsuuid. JlaHHbIN moaxon
SBIIIETCA €IMHCTBEHHBIM, KOTOPbII rapaHTUPYEeT PaBHOTOYHOE OIMHKCAHUE KaK CaMHUX TpexX
arperaTHbpIX COCTOSHMM, TaK M MX TpaHul] pasjena (a3. DTo MO3BOJISET COMOCTABUTH
KOHLENIMU MEXaHUKHU U TEPMOJIMHAMUKH IIpU BBeJIeHUHU noHsTHs o ITH.

CamMocorIacoBaHHOE OMHMCaHUE MOJEKYJSPHBIX pactpeneneHuii 1 YC gocturaercs ¢
NOMOUIBI0 €JUHOW CTPYKTYphl YpAaBHEHMIl Ha JIOKaJbHBIE MapIHUAJIbHBIE XHMHUUYECKHE
MOTEHILIUAJIBI, KOTOpas cleAyeT U3 MPOU3BOAHON CBOOOAHON 3HEepruH ['ebMrosiblia mo yucimy
MOJIEKYJl paccMaTpUBaeMOro cOpTa, M ONPEIENISIET IMPOCTPAHCTBEHHOE paclpeleICHHE
KOMITIOHEHTOB MHOTOKOMIIOHEHTHOM CMeCH B HEOJHOpOAHOW cucTeme. Ta ke cucrema
YpaBHEHHMI MO3BOJIIET PACCUMTATh MOJHBIE M JIOKAJbHBIE JaBJICHUS uYepe3 MPOU3BOIAHYIO
cB0OOIHOM sHeprun ['enpmronbia o o0beMy W/HIN Yepe3 MUKPOCKOMYECKUE YPABHEHUS
['n66ca-/rorema (B 3aBUCUMOCTH OT CTENIEHH OOIIHOCTH yueTa MUKPOCKOIUYECKUX CBOMCTB
KOMIIOHEHTOB). MPI' naer paBHOTOYHOE OMMCAaHHWE MO IUIOTHOCTU BCEX HEOTHOPOIHBIX

o0nacTeil cucTeMsbl, MO3TOMY cerojiHs oo0nacts npumenumoctu MPI™ pactmpena 1o noiaHoro
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COOTBeTCTBUA TepMoanHaMmuKke [ mb0ca, B KOTOpPOH BIepBhIe ObLUTH BBEICHBI MTPEICTABIICHUS
0 MHOTO(a3HBIX CUCTEMax M UX TpaHulaxX pasjena. BeipaskeHus Aiis JOKaJIbHBIX JaBICHUMA
onpenensitoT BennunHy [TH Ha rpanunax paszzaena a3 Tpex BUIOB: Map — KUJIKOCTh, TBEPI0E
— Tap ¥ TBEPAOE KUAKOCTH [21].

Jlns xoppekTHoro omnucanus paBHoBecHoro ITH mo I'mbGbcy crnemyer ucmoib30BaTh
onpenenenue [TH, kak n30pITOYHYIO0 CBOOOIHYIO SHEPTHUIO HA TpaHUIle pasnena ¢a3. BuyTpu
MOPUCTBHIX MATEPUATIOB TEOpUs MAOJKHA OTpa)xaTh, YTO IOJHOE PABHOBECHE CHUCTEMBI
npeJICTaBIsieT cOO0M 00s3aTebHOE OTHOBPEMEHHOE BHITIOJTHEHUE TPEX YaCTHBIX pABHOBECHIA
MEXaHHYECKOI0, TEIIOBOTO U XMMHYECKOT0, IOATOMY HEOOXOIUM yUeT BPEMEH pellaKcalluii
YCTAHOBJICHUS STUX YAaCTHBIX paBHOBecuil. T.e. cocTosiHME cocyiecTBYONMX a3 B mopax
JIOJDKHO YJIOBJIETBOPSITH TEOPUU KOHACHcaIuu Slura-JIu (a1 TBepasix ¢a3 — CHMMETPUHHBIM
mpaBuiiaM oTOopa JlaHmay), a Ha CBOMCTBA MEPEXOJHON 00JACTH PAaBHOBECHOW TPAHUIIBI
710001 KPUBHU3HBI B KAXKJIOM CIIO€ IOTIOTHUTEIHHO HAKIAABIBAIOTCS YCIOBHSI XUMUYECKOTO U
MEXaHUYECKOTO PAaBHOBECHI.

JlanHasi Teopusl BKJIIOYAET B ce0s ypaBHEHHUs COCTOSHUS aJCOPOEHTOB, KaK YacTHBIN
Cllydail yIpyrocTH TBEPAbIX TEJI, M KX IpaHull pa3aei ¢a3 [22], a Takke TeOpUH I ONTUCAHMS
pacrpeeneHus MOOMIBHBIX (a3 B ToJie ajicopoeHTa. PacueT MexaHMUeCKUX XapaKTePUCTHK
B HEOJHOPOIHBIX CHUCTEMaxX IMPOBOAUTCS Yepe3 YpaBHEHUS JIOKAJbHBIX MAPLUHUATBHBIX
H30TE€PM, KOTOPBhIE UMEIOT €IMHYI0 CTPYKTYpPY B Pa3HbIX 0OJACTAX OOIICH HEOTHOPOIHOM
cuctembl. [IpoBeseH ananu3 onucanus n1eOpPMUPOBAHHBIX TBEPBIX (Pa3 B TEPMOIUHAMUKE
C TMO3WIMU KOHIENIMA O ¢a30BOM pPABHOBECHUM, YUWTHIBAIONICH pealbHbIE BpEeMEHA
penakcaluy UMITyJibca M Macchl. [loka3aHO, YTO OCHOBHBIE IIOJIOKEHUS PAaBHOBECHOM
TEPMOJAMHAMUKHN U MEXaHUKH CIUIONIHBIX CPEJl B3aMMHO UCKIIIOUAIOT APYT JIpyTa.

PaccmoTpena Mukpockomnuueckast TeOpHs ONMCaHusl BHYTPEHHUX U BHEITHUX Aedopmaruit
Ne(EeKTHBIX OJIHO- M MHOTOKOMITOHEHTHBIX CHUCTEM. YCTaHOBIIEHO, YTO CYIICCTBOBAHHE
BHYTpPEHHUX JedopManuii TBEpIbIX TEN CBSA3aHO C 3aTOPMOKCHHOCTHIO TEpPEeMEITUBAHMS
KOMIIOHEHTOB TI0 MPOCTPAHCTBY cHUCTeMbI. [IpoaHanu3upoBaHa NMPUMEHUMOCTh MOJENEH
MexaHuku 11 pacuera [TH rpanun pasgena a3 ¢ mo3uiuu MoOJEKyISpHO-KMHETHUYECKOM
teopun. Ilomyueno, uto ypaBHeHue Jlaruiaca HECOBMECTHO C YCIIOBUSIMH PaBHOBECHS

COCYIIECTBYIOIIMX (Pa3 HAa HMCKPUBJICHHBIX T'paHUIAX Map — KUIAKOCTh, HO MOXET OBITh
14



MCIIOJIb30BAHO ISl ONMCAHUsl MEXaHWYECKOIO PAaBHOBECHS B CHCTEMAaX C MPOMEKYTOYHOU
TUICHKOW MEX Ty COCeTHUMHU (azaMu (B OTCYTCTBUU MEKIY HUIMH XMMHUYECKOTO PABHOBECHS).
ChopmynupoBaHa METOAMKA pacue€Ta HEPaBHOBECHBIX AHAJIOIOB  I[MOBEPXHOCTHBIX
XapakTepucTuk  (cBoOomHoW osHepruu ['enpMrosplia, XMMHYECKOTO  MOTEHIMANA,
MOBEPXHOCTHOI'O HATSKEHMSI) TBEP/BIX PACTBOPOB, OTpa)karolasi BHyTpEHHUE IedopMaliu
IPaHMI] TBEPABIX TEJ U BIUSHUE BHEIIHUX HArpy3o0K.

[Tpu onucannm MOOWIBHBIX (a3 BHYTPU MOPUCTBIX CUCTEM PeYb UIET 00 MCCIETOBAHUU
BJIUSIHUSL TIOBEPXHOCTHOTO TMOTEHIMATa CTEHOK MOp (IIENEBUIHBIX, HUIUHAPUYECKUX U
JIPYTUX) Ha MPOCTPAHCTBEHHOE paclpelielieHUe MIOTHOCTH BHYTPH IMEPEXOAHON 001acTH
TPaHULBI KUJKOCTb-TIAP U HA MPOCTPAHCTBEHHOE paclpe/iesieHne JIOKaabHbIX 3HaueHui [1H
[21] B mMpOKOM Juamna3zoHe TeMIlepaTyp. ODTO IMO3BOJISIET HCCIEA0BATh paclpeeieHus
MOJIEKYJ B 00JIaCTU KOHTAaKTHOTO yIJla W pOJib NMOTEHIMala CTEHKH B 3TUX OO0JIacTsX.
OO0Cy»KIaroTcsi BOMPOCH! MO METOJaM MOJICIMPOBAHUS T€HE3UCa TBEPHABIX MOPUCTBIX TEN U
BJIMSIHUE TPEIBICTOPUM HA XapaKTEPUCTUKH aICOPOLIUU U COCTOSIHUE aJIcCOpOEHTA.

Wnen 310 MoJienu MCHOJIb30BaHbl JIsl ONMUCAaHMS BYXYPOBHEBOU CTPYKTYpHOW MOJENIU
ME30MOPHUCTHIX TEIl U pacdeTa pacrpesesieHuil aacopbara B 3aJaHHON CTPYKTYpe afcopOeHTa
[23]. HagMonexynsipHbIi ypOBEHb MOJICNIN MPEJCTABICH B BUAC T'PaHYJIbl/3epHA TOPUCTOTO
MaTepuaia ¢ 3aJlaHHOW (YHKIMEH pacrpesieNieHns, CBSI3aHHBIX MEXIY COOOH Mop pa3HOro
thna u pasmepa. Ha monekymnspHom ypoBHe MPI' mo3BosissieT paBHOTOYHO ONKCHIBATh
MOJIEKYJISIpHBIE paclpe/esieHus ajicopdara B COCYIIECTBYIOMUX (a3ax mapa M KUAKOCTH U
Ha TpaHuLEe pazgena wMexay HuMuA. OHa 1O3BOJSET NPOBOAUTH MOJIECIUPOBAHUE
aZicCOpPOIIMOHHBIX ~ TPOIIECCOB €  Y4YETOM  HEHMHEPTHOCTH  aJCcOpOeHTa,  OMMCHIBAs
XapaKTEPUCTUKU aJcCOPOEHTa, CBS3aHHBIE C €ro (OPMUPOBAHHUEM U HU3MEHEHHEM B XOJI€
mpoiiecca aJicopoIu, B TOM YKCIIe U ¢ ero aedopmManuei.

Tak Kak B MOPHUCTBHIX aACcOPOEHTaX 3aTPyAHEHBI MpsSMble HAOTIOACHUS U U3MEPEHHUS BCEX
XapaKTepUCTUK, TO JIaHHAs TEOpHs BIIEpBbIe 00ECTeYMBAaET MOJCIMPOBAHUE BCEX CBOWCTB
TPeX KOHTAKTHUPYIOIMIMX (a3 © BO3MOXKHOCTH MPOTHO3a aJCOPOIIMOHHBIX CHUCTEM.
Bo3smoxHocTh monyuyeHus: jgokanbHOM uHpopmanuu o ITH, oTpaxaromield pa3MepHble U
YHEPreTUYEeCKHe 0COOEHHOCTH MOPUCTHIX CUCTEM, 3HAUUTEIBHO MPEBOCXOAUT BO3ZMOKHOCTH
TEPMOJUHAMUYECKOT0 MOAXO0A.
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A.A. Domkun, 3a8. 1ab6opamopuu copouuonnvx npoueccoe HOPXI PAH, 0. pus.-mam.
HAYK:
1. UnurepecHasi, akTyajabHasi U MoJe3Has paboTa.
2. JKenaTelbHO MOSICHHUTH, KaK B TIPEjIaraeéMoM TIOJIXOJIE OIPEIeIIIeTCs caMma
azIcopOIIrs, MOCKOJBKY TMOJYYEHHBIE Pe3yJIbTaThl OyIyT CYIIECTBEHHO 3aBUCEThH OT
ATOTO OMpejesieHus. B nmpakTuyecKkoM IiaHe TaKUX ONpeAesieHu MOKET ObITh
MHO>KeCTBO. BriOpaHHOE ompe/enenne JOMKHO JaBaTh BO3MOYXKHOCTh MTPOBEPKH
MOJIYYEHHBIX PE3YyJIbTaTOB TEPMOJAMHAMUICCKUMHU METOIAMH, OCOOCHHO MpHU
BBICOKOM MJIOTHOCTH PABHOBECHOM (pa3bl, a Tak:Ke B KPUTHUECKOM 001acTH, U NpU
HaJIUYIUH aICOPOITMOHHON nedopManmu ajgcopOeHTa.
3. bb1io 6B 1IeTIeCO00pa3HO MPUBECTH MMPUMEP MPUMEHEHUS pa3paboTaHHOMI
KOHIICTIIINH JJI aICOPOIIMOHHBIX CUCTEM.
Omeem_asmopa: IlocTpoeHHe ypaBHCHUH COCTOSHHS SBIIIETCS OOJACThIO pa3paboToK
MOJIEKYJISIPHON CTaTUCTUYECKON TEOPHUH, KOTOpas onepupyeT (QYHKIHUSIMH paclpeeIeHUA
MOJIEKYJI B M3y4aeMoi cucteme. B aicopOIMOHHBIX CHUCTEMax paclpeeiieHUus MOJIEKYy B
MOJIIX TIOBEPXHOCTHOTO TOTEHIMANA OMPEIEISIIOTCS MOTCHIMAIBHBIMU  (QYHKIIUSIMU
B3aMMO/ICHCTBUS MEXITY MOJIEKYJIaMHU M MEKy MOJIEKYJIaMU U aJICOPOCHTOM. JTO O3HAYaeT,
YTO cama BeJIMYMHA aJCOpOIMU OMpeaesseTcs Kak MOJHOE COJEpKaHHE MOJEKYI M0
OTHOIIICHUIO K 00CYK1aeMOMYy 00bEMY CHCTEMBI.
B mopucThix Tenmax MOXHO BBIIEIUTH OOMIMA O00BEM TOp MPH PACCMOTPEHUH BEIUYUHBI
ajcopOlMM TO OTHOIICHHIO K COJAEpKaHHWIO ajcopbara B oOvemMHON (aze, u
MPUTIOBEPXHOCTHBIE 00J1acTU BOJU3M TMOBEPXHOCTH ajcopOeHTa, Korjaa ajacopOrms
OTIpEJIeNIICTCS TI0 OTHOIICHUIO B 00JIACTH BHE JCHCTBHS MOBEPXHOCTHOTO TOTEHIIMANA, TIO
OTHOIICHHIO K KOTOPHIM MOXHO BBOJUTh TOHSITHE ancopOmuu. B oboux ciydasx
JIOTIOJTHUTENILHO CJIEIyeT YYUTHIBATh (DAKTOP BO3MOXKHOW KOHJEHCAIMHM ajcopOara Kak B
o0beMax Mmop, TaKk U Ha MOBEPXHOCTSIX aJCOPOSHTOB, UTO MPUBOIUT K (POPMUPOBAHUIO TPAHUI]
pazznena Qa3 ancopbara.
Pa3paboTaHHbIi TOAX0A K €IMHOMY METOAY ONMUCAHUS paclpeesieHuil KOMIOHEHTOB TpeX-
arperaTHbIX CHUCTEM OMHPAETCS Ha TOJYYEHHBIE B IOCJICIHEE BPEMs YCJIOBHUS OMHMCAHUS
PaBHOBECHBIX TpaHUIl paznena [19]. DOTu ycioBus SBISIOTCS OoJjiee TOYHBIMH, YEeM
ucnoib3dyembie panee [7,12,13]. Bece npenpiaymue GopMyIUpOBKH TEOPH MO OMHMCAHUIO
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MCKPHBIIEHHBIX TPaHMII pa3zena (a3 MOJEKyJ IPUBOAMWIN K 00pa30BaHNI0 METACTaOMITBHBIX
COCTOSIHMM, YTO UCKa)KAaeT BEJIMUMHBI TOBEPXHOCTHOI'O HATsHKEHUs. B HacTosiee BpeMs 3TOT
NeQeKT B TEPMOJMHAMUYECKUX U CTATUCTUUECKUX TPaKTOBKaX ycTpaHeH [19].
[TonmyueHHBIN eAWHBIN croco0 OmucaHWs TpaHUIl pas3nena (a3 MO3BOJISET MPUCTYIUTH K
ananu3y 3¢dexToB ancopOUMOHHON nedopMaluu B TOPUCTHIX TelaX, T.K. YCTpaHEHBI
pa3iauuus B TEPMOJMHAMHUYECKUX TPAKTOBKAX MOBEPXHOCTHOI'O HATSDKEHUS TBEPIBIX Tell.
OT0 COOCTBEHHO M MO3BOJWIO CcPOpMYyIHMpOBaTh caM (PAKT MOCTPOEHHsS] ypaBHEHUU
COCTOSIHUSL B TPEX-arperaTHhIX CHUCTEMaxX C Y4eTOM MPUCYTCTBUS TPEX THUIOB MOMApPHBIX
rpanun pazzaena ¢as [21-23] (cM. Takxke gokiaan 8).

JlanHas Teopust 0600111aeT BO3MOKHOCTH MPHIIOKEHUN MOJIEKYJISIPHON TeOpuu K
MHOTOYMCIIEHHBIM NMPAKTUYECKUM MPUIOKEHUSAM, 00CYKIEHHBIM B MOHOrpaduu [18].
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HMoxaan 3
ENTROPY-MULTIFRACTAL ANALYSIS REAL SURFACES WITH
FACTOR NONIDEALITY OF SISTEMS
Makarevich N.A.

Military Academy of the Republic of Belarus. Minsk. E-mail: nikma@tut.by
Northern (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk.

Into the mathematical entropy-multifractal apparatus for the analysis of real systems
introduced the generalized factor of nonideality of systems (GNF). New expressions are
obtained for information entropies with a fractional (0+1) moment of order, i.e. entropy factor
of nonideality g for the analysis of self-organized quasi-equilibrium structures in the Renyi
and in the Tsallis formalism.

Entropy-fractal approach is one of the universal tools for analyzing complex systems of the

most diverse nature [1], which operates with mutually complementary concepts:

— entropy (S) as a measure of randomness and as a measure of missing information on
the state of the system (L. Boltzman, J. Gibbs, C. Shannon, N. Kolmogorov, A. Renyi, K.
Tsalles, etc.);

— fractal with its key characteristic (d-fractal dimension) - extremely ordered, self-
similar and scale invariant structure (Cantor, Hausdorf, M. Mandelbrot, etc.) [1].

The important criterion of real systems GNF g is the generalized factor of non-ideality of
systems (g as a thermodynamic characteristic [2] connecting the ideal and real models of
systems logically fits in the entropy-fractal mathematical apparatus. Two competitive
(opposite in sign and action) processes: order (—ford) <> chaos (+a,,rq); attraction (=) «
repulsion (+); compression (—) «<» expansion (+); clustering (—) <> decay (+), etc. always act
in real systems.

GNF (g) is introduced into classical equations (models) suitable for studying ideal systems,
processes, etc. in order to use them to describe real systems. For example, it can be introduced
in the equations that correspond to the laws of Henry, Raoul, Vant-Hoff, Gibbs, Coulomb,
Hooke and many other equations (mathematical models) to describe the behavior of real
physical systems in natural-science fields of knowledge. At the same time, g itself can also be

in the form of constant or equations of any complexity. But with the obligatory condition that,
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besides the unit, g includes mathematically and physically sound, different in sign and action,
relative characteristics of the processes: ford = 1/nX} B, and aporq=1/nY7 o;.
In general, g can be defined by ford and anord [2]
g=1-p_,+ ora (1)

or through the probabilities p;(a, 8) of random variables a, B of opposite events ( — p;(B) +
pi(4))

g=1+(=p _,+ tora) =1+ (—pi(B) +p; (4)), (2)
where p;(B,A) = { — p;(B) + p; (4) ) is the mathematic expectation of events B and A.

Strictly mathematically, the factor g is defined through the quantities: “M is measure, ¢ is
size (scale), d is dimension” in the form of the ratio of the measures of real is InA7* and ideal
states is InMo of the object: g,,= InM * / InMo = d / D. Here d and D are the fractal and
euclidean dimensions.

GNF clearly fixes any deviations in the system under study from ideality when comparing
the experimental and theoretical (obtained by the classical equation) dependence.

The author [2] proposes to introduce the factor g into the equations describing self-
organized structures of essentially nonequilibrium systems, i.e. fractal structures.

To substantiate the connection between S, d and g, we need to refer to some of the accepted
provisions of the modern entropy-fractal theory, such as the Hausdorff-Besikovich dimension,
the mass one, etc. with the transition to an ensemble having a whole continuum of fractal
dimensions is a fractal

lim,_, (XY, plflgir "=c, (3)
where pi(&i) is the probability of creating a fractal by the generator € at the n-th level of a self-
similar set with the number of elements (a) equal N;* and the set of indicatorsz= #(q) forming
the scaling size distribution of clusters, q is Rényi order, 0< ¢ <oo is a constant.

A fractal object can be any surface.

Relationships of fractal dimensions with entropies (L. Boltzmann, J. Gibbs, C. Shannon,
A.N. Kolmogorov, A. Renyi, K. Tsallis, and others) are established when considering the limit

d=lim,_,S(a)/In(1/ ¢), 4)
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where the entropy S(a) can be: S® —[ Boltzmann, S® — Kolmogorov, S® —Renyi, S(™) —
Tsallis, etc.

New expressions are obtained for information entropies with a fractional (0--1) moment of
order, i.e. entropy factor of nonideality g, for the analysis of self-organized quasi-equilibrium

structures in the Renyi formalism
- R
Sgs " (P) = - ln X ) )
and in the Tsallis formalism

RA-3; 9 plS)

Sgs () == (6)
with an application to study the adsorption and thermodynamic properties of nanoporous
materials.

The establishment of a functional relationship between gg, S and d is important for the
entropy-multifractal analysis of self-organized structures of simple and complex systems and
processes, including technological ones.

For example, this concerns surface modification with directed energy effects, such as ionic,
electron and laser beams, thermochemical treatment, sol-gel coating, plasma electrolytic
oxidation, etc. [3].
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mam. Hayk: PaboTa nHTEepecHas U Moje3Has, HO UMEIOTCS OIeYaTKH, a Takxke B hopmyie (3)
HE OIPEJIETICHO 3HaYEHHUeE C.

Aemop: IpeCTaBICH UCIIPABICHHBIA BAPUAHT.
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HMoxnan 4
PA3BUTHUE NIOAXOJA K OHEHKE MAKCUMAJIBHBIX BEJIMYUH
AJICOPBIIMOHHOM JJE®OPMAIIUU MUKPOIIOPUCTBIX AJICOPEEHTOB
HIxoaun A.B.*, ®omkun A.A., MenbmukoB U.E., A.JIL. Ilyaun,
Axosiaes B.1O.

Unemumym gpuzuueckoti xumuu u sanekmpoxumuu um. A.H. @pymrxuna PAH,
119071 Mockea, Jlenurckuii npocnexm, 31, Poccus, * e-mail: shkolin@bk.ru

BizaumoneiictBue  «amcopOeHT—aicopbar»  MPUBOAUT K pEaklMd,  BHEIIHE
nposBIsONIElics B aedopManuu, KOoTopas OOBIYHO il YTIAEPOIHBIX aJICOPOEHTOB IO
BEeIMYMHE He mnpeBblmiaeT npoueHta [1,2]. Ilpu 3toM ancopOuumonHas aedopmanus
pacmidpeHusi MpU JaBJICHUSX ONU3KUX K JIaBJICHUIO HACBIIIEHHOTO Tapa JOCTUTAeT
MaKCUMAJIbHOTO 3HAYEHHWS, YTO B TMpeieie MOXKET MPUBECTH K pPa3pyIICHUIO TpaHyll
ajcopOeHTa M YXYIUICHUIO JAWHAMHYECKHX XapaKTepucTuk azacopoumu. Kpome Toro,
ancopOmmonHast aedopManusi TpPH  BBICOKMX JaBICHUSX BIUSET HAa TOBEACHUE
TEPMOJUHAMUYCCKUX (YHKIUH agcopOuuu [3, 4].

BBuay oTCyTCTBHS YETKUX MPECTABICHUI O MMOBEACHUH IehOpMaIiK aJICOPOCHTOB IS
IIMPOKOTO psifa aJCOPOIMOHHBIX CHUCTEM, HEOOXOIMMO pa3BHBATh MOJXOABI K OIEHKE
BEeIMYMH jAedopManuu U €€ BIUSHHUS Ha TPOMBINUICHHBIC aJCOPOIIMOHHBIE MPOIECCHI.
[IpeanoyTHTETHHBIM MPENCTABISICTCS HCCICIOBAHUE KpaHEro ciiydas — MaKCHMalbHBIX
BEJIMYMH aJICOPOIMOHHON JehopMarii MUKPOTIOPUCTHIX aJCOPOCHTOB B M30TEPMHUUECKHUX
YCIIOBHSIX, YTO MOJKET TO3BOJHUTH Pa3BUTh CHCTEMY CpaBHEHHsS aJCOPOCHTOB C IENBIO
ornpeneneHus Haubojee JONTOBEYHBIX aJCOPOEHTOB B TOM WM MHOM TEXHOJIOTMYECKOM
nporiecce.

B pabore Ha ocHOBe MOAX0/a, MPEACTABICHHOTO B [5] ObUIM TIPOBEACHBI OILICHKU
MaKCHUMAaJIbHBIX BEIWYHH Je(opMari YriepoJHbIX aJICOpPOSHTOB U IICOJUTOB TIpHU
amcopOoImMM  yriaeBomoponoB. Jlias pacdera B MEepBOM MNPHUOMMKEHWH OBUTH TIPUHSITHI
CIIEyIOIIUE JOMYyIIEHUS: TPH BBICOKMX 3alOJIHEHUAX B MHUKPOIOpax oOpa3yroTcs
MOJICKYJIIPHBIE ACCOLMATHI BBICOKOW TUIOTHOCTH, OJNM3KOW K IJIOTHOCTH KUAKOCTH; TIPH

npuBeseHHbIX Temnepatypax T/Te >0.8 cpemssis mioTHOCTH ancopbaTa B MHKpOIOpax
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OJIM3Ka K TUIOTHOCTH KHJIKOCTH [6]; cunrtanu, 4yTo AedopManus aacopoeHTa U30TPOITHA, a Ha
JUHUM HACHIIICHWs] P=Ps CBOWCTBa ajcopbara TEPMOJUHAMUYECKHA HKBHBAJICHTHBI
CBOMCTBaM CBOOOJIHOM >KHIKOCTH, TO €CTh BHYTPEHHEE JABJICHUE 7T PABHO KMHETUYECKOMY
JIABJICHUIO B KUAKOCTH P [7]. YpaBHeHUE sl pacyeTa OTHOCUTEIBHOW JIMHEHHOU
azcopOMoHHON nedopmManuu, ompenensieMol B IKCIIEPUMEHTE HJIsl Ciaydas MpeAebHOU
aacopO1uu (aedopmaliui) Ha JIMHUM JTaBJICHUS HACHIIIICHHOTO Tapa umeno Buj (1).

B Hewn= (@ G @

p=ps P T

V— y,[[eJ'IBHBII\/'I 00BeM JKHUIOKOCTH, P — BHCIIHEE OaBJICHUE Ira3a, Ya — CXKUMAaCMOCTh

Al
aJICOPOLIMOHHOM CUCTEMBI Ya = 3 (I_) | (Pxun—p) .

p=ps
Hcmonb3yst pe3yabTaThl dKCIepUMEHTANbHBIX u3MepeHui (Al/l,)p=ps, amcopOumonHOH
nedopMar MUKpOIIOPUCTOTO yriepoaHoro aacopoenta AYK mpu agcopOunm HOpMaabHBIX
YIJIEBOJOPOJIOB H-TIEHTaHA W H-TENTaHa NpPU  P=Ps, PACCUUTAIH €ro CKUMaeMOCTb.

Pe3ynbpTaThl pacueToB M 3KCIEPUMEHTAIbHBIX U3MEPEHUH NpeCcTaBIeHbI B Ta0uLe 1.

Tabnuna 1. C:kuMaeMOCTh MUKPOIIOPUCTOTO yriaepoaHoro aacopoenta AYK

Crcrenta T,K | TlTq | Pam 6ap | (AlWlo)p=ps | pac10°,6ap™ | ya/ ym
okcnepumenm
AVKr-CrHue 273.1 0.50 2530 0.65 74 25
293.0 0.54 2420 0.55 7.0 2.3
AVK-u-CsHi, | 2430 | 052 2520 8.0 27
273.1 0.58 2350 0.60 7.8 2.6
293.0 0.62 2180 0.55 7.8 26

3nech ym= 3-10° 6ap™! — coxumaemocTs HenopucToro rpadura [8]. JlaHHbIe 11 TOCTPOCHHUS
TaOIHIBI B3ATH U3 [9, 10.].

N3 Tabmunpl 1 ciemyet, 4To cpefHsis c:kuMaeMocTh afcopOoenta AYK, kak mopuctoro
TBEPAOTO Tena, OJIM3Ka K MOCTOSIHCTBY MPH HCCIIEOBAHHBIX TEMIIEpaTypax, HE 3aBUCUT OT

CBOMCTB ancopbata u mnpu ancopOuuu yrieBogopoaoB #-CsHio m #-C7Hie B cpeanem
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cocrapmser p,AY¥ = 7.7-10° +£0.3-10° Gap™. Ilo cpaBHEHHIO ¢ HENOPUCTBIM TIpauUTOM,
cxkuMaeMocThb agcopoenTa AYK B cpemnem Boimie B 2.5 pasa.

Taxum 06pa3oM, OUCHIBAEMBIH ITOAXO0]T MOXKET OBITh MPUHST JUIA IPEIBAPUTEIHHOMN OIICHKU
TpeIeIbHOM afcOpOIMOHHOM edopMaIiu aacopOeHTa.

Paboma evinonnena 6 coomsemcemeuu ¢ I'ocyoapcmeennvim 3aoanuem UPX3 PAH N 0067-

2019-0011, 2ocyoapcmeennvlii pecucmpayuonnwiii Homep AAAA-A19-119111590053-4.
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CBOMCTB ajzicopOaTta. ABTOpPHI Pa3BUBAIOT TOJXOJbI K OIEHKE BEIMYMH JIedopMarvu Ipu
ancopOLMK pa3NUYHBIX BEUIECTB HAa MHKPOIOPUCTHIX aJcopOeHTax M €€ BIUSHUS Ha
MPOMBIIIJIEHHBIE aJICOPOIIMOHHBIE TPOIECCHI.

Pe3ynbTarhl paboThl UMEIOT peaibHbI NPAKTUUECKUM U HAay4HbIM HMHTEepec. B nampHeHmmx
paboTax aBTOPOB XOTEJIOCH Obl YBUJIETh BO3MOXHBIE KOPPEIALMHA BETUYHH aJCOPOLIMOHHOMN
nedopMaliid  MHUKPOIMOPUCTBIX aJCOPOCHTOB BO BpeMs aJCcOpOIMU CO CpPOKaMU HUX
AKCIUTyaTalluu B peaibHbIX ycioBusX. CienoBano Obl yKa3aTh pa3Mepbl FpaHyll aacopOeHTa
AVK.

Omegemul agmopos: Bennuunsl a1copOLUMOHHOM 1eopmalii MUKPOTIOPUCTHIX aZICOPOSHTOB
0€3yCIOBHO 3aBHUCAT OT MapaMETPOB pealn3allii MPOLECCOB: JABJIEHUS, TEMIIEpPaTyphl,
BEeIMYMH ajcopbuuu. llockonbKy mOpUCTBIE CTPYKTYypbl B OOILIEM Cily4yae SBISIOTCA
METacTa0MIBHBIMHA, TO CO BpPEMEHEM W3-3a Jerpajalliii TOPHCTON CTPYKTYpHI, HX
ajicopOLIMOHHAs aKTUBHOCTH JOJKHA Ma/laTh, a aJIcCOPOIMOHHas [edopMalusl YMEHbIIATHCS.
CkopocTh JAerpajaliid CTPYKTYpbl YBEJIMYMBAETCSA, KOT/AAa aacopOeHT paboTaeT u
nperepneBaetr AeopMalUIO CKATHSI —paCIIMPEHUsT B PEAIbHOM a/1COPOLIMOHHOM MpOIEcCe.
Jlnst TpaAMIMOHHBIX aJCOPOCHTOB, TAaKUX KaK AKTUBHBIC YIJIM, IEOJIUTHI STHU MPOIECCHI
pPa3BHUBAIOTCS OTHOCUTEIBHO MeIJIeHHO. OTHOCUTENBHO OBICTpasi Aerpajanus XapakTepHa
JUISL CUITMKaresieid. 9To 0cOOEHHO 3aMETHO B Ipolleccax OCylIKUA. BakHoe 3HaueHHE uMeeT
COCTaB Ta30BOIl cMecH, MPOMyCcKaeMou 4epe3 cliol ajcopbeHTa. B Hactosiiee BpeMs, MbI
pa3BUBaeM MOJXOJbI K OMUCAHUIO aCOPOIIMOHHON NedOopMalliid MUKPO- U ME3OTOPUCTHIX
aZcopOCHTOB TMpU aacoOpOLMH BEHIECTB C PA3TUYAIONIUMUCT (PU3UKO-XUMUUYECKUMHU
cBOiicTBaMH. B mepcrnexTuBe, Mpu MPOEKTHPOBAHWUU AICOPOIMOHHBIX TEXHOJIOTHYECKUX
MPOIIECCOB MPEIIOJIaraeTcsl UCIOIb30BaTh MOMYYeHHBIE PE3yJIbTAThI JJIsl IPOTHO3a CPOKOB
IKCIUTyaTalluu aJcopOeHTa B TEXHOJIOTMYECKUX Ipoleccax. - B sKcrepuMeHTalIbHBIX
UCCIe0BaHUAX afcopOimonHoi nedopmanuu aacopoenta AYK ucnonb3oBancss MOHOOTIOK
azicopOeHTa MWIMHAPUYECKOU popmbl nuameTpoM 11,4 mm u BeicoTol 54 MmM. Macca 6110ka
cocTaBisia okoJo 6.63 r. B pabore mapameTpsl rpaHyJibl HE YKa3aHbl, T.K. paboTa HallesleHa
Ha pa3BUTHUE MOJIX0J0B K OMUCAHUIO0 MAaKCUMAJIbHBIX BETUYHMH aICOPOLIMOHHON fedopMaluu
Ipy PaBHOBECHOW aJCcOpOIMM, a IKCIEpPUMEHTAJIbHbIE JlaHHbIe, MPUBEICHHbIE B padoTe,
UCTIOJIL3YIOTCSI JIJISl CPABHEHHMSI C pe3yJibTaTaMu pacueToB. OnedaTk UCIIPaBIICHBI.
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Hoxman 5
AJUJIOTPOIIBI YIJIEPOJA KAK MOJAEJIA YIJIEPOJHBIX COPBEHTOB
Yyrpees A.JL.

Uncmumym gpusuuecxoui xumuu u snekmpoxumuu PAH um. A.H. @pymxuna,
119071, Mocksa, Jlenunckuii np-m, 0.31, kopn.4.
tchougreeff@phyche.ac.ru

VYriepomHbie COPOCHTHI SBIISIOTCS HAOOJIee paclipoCTPaHEHHBIME B MPAKTUKE CO BPEMEH
H.JI. 3enuHcKoro: oHM Hanboee JErKOI0OCTYIHBI B TUIAHE CHIPBS JIJIsl UX TIOJTYyYEHUs] — yTOJlb,
caxa, rpadut, opraHnueckre oTxoabl — U Hepoporu. OAHAKO, OHU OYEHb CIIOKHBI B TUJIaHE
CTPYKTYpHOH XapaKTepU3alllH, TaK KaK 1Mo OOJbIIeH YacTH aMOp(HBI i TPOCTPAHCTBEHHBIC
CTPYKTYpbl HMX OCTAlOTCS HEM3BECTHBHIMU. [l09TOMY TOMCK YIJIEPOAHBIX COPOEHTOB C
JKETaeMBIMU CBOMCTBAMH TIPEACTABISIET CcOOOW clokHyto mpoOnemy. [Ipumenenue
TEXHOJIOTHI YHUCIEHHOTO (IH(PPOBOTO) MOIEIUPOBAHUS CBOMCTB COPOCHTOB M H30TEPM
azcopOmmu ¢ y4€ToM JeTajeii aToMapHON CTPYKTYphl BO3MOXKHBIX COPOCHTOB, a TaKXe MX
MHOT000pa3HON MOAM(UKALIUU, B IPOIECCE MPUTOTOBICHUS, MTO3BOJIMIO OBl CYIIECTBEHHO
COKpaTUTh 3aTpaThl Ha pa3paboOTKy COpOEHTOB, oOJIamaromux TpeOyeMbpIM HaboOpoM
XapaKTePUCTHK.

[Tpumensiemble B HACTOAIIEE BPEMSI PacUETHBIE METO/IbI, OCHOBAaHHBIC HA MPUOJIMKEHUU
(GyHKIIMOHANIA TIJIOTHOCTH, OTJIMYAIOTCS BBHICOKUMHU TPEOOBAHUSIMH K BBIYUCIATEIHHBIM
pecypcam U MaJiol CKOPOCTBIO pacdéTa, 4TO OrpaHUYMBAET UX MAaccOBOE npuMeHeHue. Js
NPEOJ0JIEHUsI 3TOr0 OrpaHUYEHHs HaMu ObUT1 pa3paboTaH BBICOKOA((EKTHUBHBIM MeETOA
NEAYKTUBHOW MOJIEKYyNsspHOW MexaHuku [1, 2]. B paGore [3] oH Obu1 mpoTecTHpoBaH Ha
nprMepe OTHOCUTENIBHOW CTAaOMIBLHOCTH anMmasa u rpadura. B ornuyme oT OONBIIMHCTBA
TEOPETUYCCKUX  WCCIICIOBAaHUM, TMPOBOJUMBIX YHCICHHO, HaMHU Oblla MNPUMEHEHA
aHAIUTUYECKAs MOJICTh JIJIsl BBISICHEHHS (DYyHIaMEHTAIBHBIX MPUYUH KBA3UBBIPOKICHHOCTH
AJUTOTPOTIOB C OYEHBb Pa3HBIMU CXeMaMH CBsi3ei. [1oTyueHbI BEIpaKEHUS JAJIT OTHOCUTEIIBHBIX
HHEPTUi AJUIOTPOIOB U IOKA3aHO HECKOJIBKO OOIINX YTBEPKIACHUI OTHOCUTEIBHO CTPYKTYPHI
MartepuasioB. [IpoBeI€HHBIN aHAIN3 TTOKA3bIBAET KBA3UBBIPOKICHHOE OCHOBHOE JIEKTPOHHOE
cocrosinue nns rpaduta u anmasza npu 0 K. UucineHHbIe OIEHKH XOPOIIO COTJIACYIOTCS C

9KCIICPUMCHTAJIbHBIMU JaHHBIMU U HCAABHUMMU PE3YJIbTaTaMH YUCJICHHOT'O MOACIINPOBAHNA,
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HECMOTpS Ha TO YTO TOJIYYEHBI C CYMIECTBEHHO (HAa JBa TMOPSAIAKA) MEHBIINMU
BBIYHMCITUTENIBHBIMU 3aTpaTamMu. PactipocTpanenue npeioxKeHHON TPaKTOBKH Ha aJUIOTPOIIBI
KPEMHHUS TaK’Ke€ 0Ka3aJoCh BECbMa YCIEIIHBIM.

B cnyuae anmnoTponos yriepojia HeKOTopble 001Ire GopMyIUPOBKH MOTYT ObITH TPOBEPEHBI
0€30THOCUTENILHO MMapaMeTpPOB ACAYKTUBHONW MOJICKYJsIpHOW MexaHuku. [lokazaHo, 4TO
Cpely 4YeTBHIPEXKIbl KOOPIWHUPOBAHHBIX QJJIOTPONOB KyOWueckas CTPyKTypa ajMasa
IpeCTaBIseT UCTUHHBIM MUHUMYM Ha3aBUCHUMO OT IapameTpoB. B cimyuae amioTpomnos, B
KOTOpbIX HeKoTopble C—C CBS3M OKa3bIBAIOTCS 0OJIEE MPOYHBIMU, YEM B aJIMa3e, BHIUTPHIII B
PHEPruM KOMIICHCUPYETCS 00s3aTelbHbIM TMPUCYTCTBHEM B TOM K€ aJUIOTPOITHOM
coelMHEeHUU Ooisiee Ci1alObIX CBSI3€M, YTO MPUBOAMUT K OOIIEMY YBEJIWYEHHUIO 3HEPIHH IO
OTHOIICHHIO K aMasy.

B pa6ote [4] npeanoxeHHbIN N0aX0/] ObUT pacIIMpeH Ha YEThIPEK bl KOOPAUHUPOBAHHbBIE
AJUIOTPOIBI YIIIepoaa M pa3paboTaH MakeT mporpamm ADAMAS [5], ¢ mOMOIIBIO KOTOPOTO
MOKHO PAaCCUUTHIBATh SHEPIMH AJUIOTPOIOB U UX YIPYTUe CBOMCTBA (MOIYJU YNPYTOCTH).
[Iporpamma  pmocTymHa ;s ucmonib3oBaHus — depe3  mopTtan  NetLaboratory
https://netlab.cartesius.info s 3aperucTpupoBaHHbIX Moyb30BaTenen. O630p pe3yabTaToOB
onyOnukoBaH B [6]. [To uToram mpoBeAEHHBIX UCCIEIOBAHUI MOXHO 3aKJIFOUUTh, YTO HAMU
co3nad 3¢ GeKTUBHBIA METOJ pacuéra SHEpPTruil JOObIX CTPYKTYp, 00pa3yeMbIX aTOMaMu
yraepoja, B TOM YHCIIE U HU3KOCUMMETPUYHBIX HEYOPSA0YEHHBIX COPOEHTOB Ha €ro OCHOBE,
MPUTOIHBIN JIJIs1 UCTIOJIB30BAHMSI TIPU UX 1I€JICHATIPABIICHHOM TIOHCKE.
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CBONICTBA U30JIMHUM NIOJIOBUHHOMN KOHIIEHTPALIMU B IMHEHHOMN
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Jlapun A.B.
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Ve B IepBOM pEIICHUH JIMHEWHON TMHAMUKH aJICOPOIIMH YUCIEHHBIM METOJIOM B paMKax
MOJIETI CJIOSI PAaBHOBECHOW ajacopOuuu Obuta OOHapy’KeHa JMHEHHOCTh W30JMHUM WM
M30MHKHBI TOJIOBUHHOM KOHIIEHTPALMK, KOTOpasi HE UCXOJIMUJIAa U3 TOYKHM Hayajaa KOOpAUHAT
[1]. DToT BBIBOA OBLI MOATBEPXKJICH U B AaHATMTUYCCKOM PEIICHHUH, TTOJIyYCHHOM TaKXKe Ha
OCHOBE MOJICJIHM CJIOSl paBHOBecHOW ajcopOrmu [2]. Llempro paGoThI SIBJISETCS YTOYHCHHE
CBOMCTB M30JIMHUY MOJIOBUHHOW KOHIICHTPAILIMH B JIMHEHHOW AUHAMUKE aJICOPOITIH.

BbIxoHbIE KpUBBIE B UHTEPBAJIE U3MEHEHUS! OTHOCUTENIBHON JUIMHBI CJIOS aZICOPOEHTA OT
1 mo 10 BBMYMCHSIIN 17151 KOHCTAHT MOJISIH CJIOSl pAaBHOBECHOM azcopOuuu b, paBHbix 0.5, 1, 2
u 5 ¢l Jlanee, st Kaxmoi KOHCTAHTHL b onpenensii Ko3Qp(UIUEHTE TMHEHHOTO ypaBHEHUS
JUTSL U30TIMKHBI ITOJIOBUHHON KOHIIEHTPALIUU:

t =kpn+ay, (1)
rae t — BpeMs MOSIBJICHUS MOJOBUHHOM KOHUEHTpalMu, N — OTHOCHUTENIbHAS IJIMHA CIIOS
agcopOeHTa, kj, u a, — K03PPUIUEHTH TUHEHHOTO YPaBHEHHSL.

Oxazasnock, 4To BO BCeX Caydasx HaOmogaeTcst abCOMOTHAS JTMHEHHOCTh N3YYEHHBIX
ypaBHenwuii ¢ R? = 1. Mcxoas U3 nory4eHHbIX K03 QUIUEHTOB, ObUIM PACCIUTAHBI OTPE3KH,
OTCEKaeMbl€ 3TUMU MPSIMBIMHU Ha OCH OTHOCUTEIBHOU JUTHHBI c104 ajicopOenTa. Oka3aliocs,
YTO OTPE3KU ObUIM MPUONM3UTENBHO paBHbIMU U uW3MeHsuuch oT 0.315 mo 0.296. 3necs,
HaBEPHOE, CJIEIyeT MOBTOPUTh U3MEPEHHUS € 00Jiee BBICOKON TOUHOCTBIO (PUKCAIIMK BPEMEHU
MOSIBJICHUS AaHAJIU3UPYEMOU KOHIICHTPALINH.

3HaYeHns TaHTeHca yriia HakjioHa k, ypasaenus (1) npu Bospactanuu b ot 0.5 1o 5 ¢
YMEHBIIAITCS, TPUMEPHO, OoT 2 110 0.2. DTH pe3ynabTaThl COOpaHbl HA PUCYHKE, U3 KOTOPOTO
BUJIHO, YTO Pe3yJIbTaThl BECbMa MOX0XH Ha rurnepoony. JlefictBuTensHO, B koopauHatax 1/k;,

oT b oHM 00pa3yIOT TUHEHHYIO 3aBUCUMOCTD:
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k, c PucyHok.

3aBUCHMOCTb TaHI€HCa yria
HakJIoHa ypaBHeHHs (1) ot
BEJIMYMHBI KOHCTAHTHI D.

0 2 4 b, c?

1/k, = 1.0004b + 0.008 (2)
Koaddurment nerepmuHanmu ypaBHeHHS (2) Takke paBeH 1.

OOGHapy>KeHHbIE CBOMCTBA U3O0IMUKH aJICOPOIUU MOJOBUHHON KOHIIEHTPAIlMU B TUHEHHOU
TUHAMUKE a7cOpOLMK paHee He pacCMaTPHUBAINUCh. DTU CBOMCTBA MO3BOJISAIOT 00Jiee TOUHO
OIICHMBATh TMPOIECCHl aJCOPOLIMOHHOTO KOHIIEHTpUpOBaHUA. Kpome TOro, mosBisieTcs
BO3MOKHOCTh OILIEHKH aJCOPOIIMOHHBIX KOHCTAHT B JIMHEWHOW JMHAMHUKE aJcopOLUU C
UCIOJIb30BAHUEM TTOJIOBUHHOM KOHIIEHTPAIMH, HO B 3TOM Cilydyae nmoTpedyeTcsi MpoBeieHre
Mo KpalHel Mepe JIBYX AKCIEPUMEHTATBHBIX UCCIEIOBAHUN C Pa3HBIMHU IO JJIMHE CIOSMHU
ajcopOeHTa.

Paboma evinonnena no npoexmy PAH Ne 01201355854,

Jlureparypa:
1. Jlapun A.B. U3B. AH CCCP. Cep. xum., 1983. Ne 6. C. 1235.
2. Jlapun A.B., [Tonyaun K.E. Unx.-¢us. xxypa. 1998. T. 71. Ne 5. C. 784.

B.B. Y2po3zoe, npogheccop @unancosozo ynueepcumema npu Ilpasumenvcmee PD, o.
du3.-mam. nayk: Ilonaratro, 4To HA4aJIO TE3HUCa CIEAYET CKOPPEKTHPOBATh. Tak «Yke B

NIEPBOM PEIICHHUU ...» O3Ha4aeT, 4To ObUTH U Apyrue ...?7 Toraa B ueM HOBHU3HA Pe3yJbTaTOB
paboOThl U €€ OPUTMHAIBHOCTb. ABTOPY CJIEAyeT KpaTko IaTh BBEJICHUE B NpPOOJIEMy U
OTMETUTD €€ MPAKTUYECKYI0 BaXKHOCTh (KOTOpas oka3ajach B KOHIIE T€3UCa) U HOBU3HY.

1. ABTopy cleayeTr CKOPpEKTUpOBaTh MOHSTHS BBEJICHHBIX B Te3UCe KOHCTAHT. Tak
MOHATHE KOHCTaHTa IOApPAa3yMEBaeT €€ IOCTOSHHOE 3HAYEHHE, a B TEKCTE TE3HCa
KOHCTaHTa b MOXeT NpuHIMAaTh HECKOJIBKO 3HAYCHHUH (3HAYHUT OHA 3aBUCHUT OT KaKUX-
TO TIApaMEeTPOB M SBISAETCS (PYHKUMEH OT HHUX). AHAJIOTMYHO B OJHOM MECTE TEKCTa
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aBTOp Ha3bIBaeT - k; U a;, mapaMeTpamu JuHeHHoTo ypaBHeHus (1), a B ipyrom kj u
@}, — KOHCTAHTBI 3TOT'0 YPaBHEHHUSI, KOTOPBIC 3aBUCAT OT mapameTrpa (KOHCTaHThI???) b.
Puc. cnenyer o6o3Hauuth moa HomepoM | ; MU3MEHUTh Ha3BaHUE Ipaduka , Tak
3aBHUCHUMOCTb KOHCTAHTBI OT KOHCTAHTHI 3BYYHT BeCbMa CTPAHHO U HAITUCATh MOJIHUCH
o1 rpaduKOM.

[Tonarato, 4TO cieayeT TaKKe CKOPPEKTHPOBaTh CIEAYIOIIHE BbIPAKECHHUS:
«OKa3anoch, 4TO BO BCEX CiIyyasx HaOIoAaeTcst a0COIIOTHASI TIUHEHHOCTD U3VUEHHbIX
ypasnenuii ¢ R?> = 1.». B Tesunce Tonbko omHO ypaBHeHHE (2). «OKa3amock, 4TO
OTpe3KH ObUIM TPUOIU3UTEIBLHO paBHbBIMU U u3MeHsiiuch oT 0.315 mo 0.296.»
«Pe3ynbTathl coOpaHbl (HABEpHO, Jy4YIlE€ MPEACTABICHBI) ...» . «... PE3YJbTaThI
BeChMa MOXO0XH Ha TUIEPOO0ITy ?»

4. Cnenyet npuBecTH 00J€€ CBEKUE CCHUIKHU.

Pab6ota HHTCPCCHAA U II0JIC3HAsA, XXCJIATCIbHO YCTPAHUTD OTMCUCHHLBIC 3aMCUaHMA.

Omeem__asemopa: 3aMeanI/Ie, Kacaromeecsa HCIIOJIb30BaHUA TCPMHHOB KOHCTAHTBHI H

napaMeTpsl BMecTO KOX(h(UIIMEHTOB JMHEWHOTO ypaBHEHMS, YYTEHO. TEKCT HCIpaBicH.
OTBeTHI 1O MYHKTaM PEIEH3UH.

1.

w

HoBu3Ha cocTOUT B TOM, YTO «Y3K€ B IEPBOM PEUICHHUH ... YUCIECHHBIM METOJOM B
paMKax MOJIENH CJI0sl PABHOBECHOM aficopOumu. ..». IIpocto Hago qounTars.
HcnpaBieHus BHECEHBI.

JlJis1 0THOTO pUCYHKa HOMEp MOXKHO HE CTaBUTh. [loAnucek pucyHka KOppeKTHa.

B te3ucax nBa ypaBHeHus. Mcnone3ys ypaBHenue (1) mosydeHsl ueTbipe Habopa
K03 (HULHUEHTOB 3TOI0 YPaBHEHHUS.

B te3ucax MpeacCTaBJICHbBI BCC N3BCCTHLIC pa60TBI, B KOTOPBIX aHAJIU3UPYCTCA
W30JIMHUS TTOJIOBUHHOM KOHIOCHTpAHNH, HC UCXOAAIIasd U3 Ha4Yala KOOpAHWHAT.
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HNoxnan 7
OLIEHKA BJIUSIHUA KOHCTAHTBI TEHPU HA MUHUMMU3ALIUIO
HUHTEPBAJIOB UHTET'PUPOBAHUSA B METOJAE MOMEHTOB
JAvurtpuenkona A.Il'., Jlapun A.B.

Hncemumym gpusuuecxoui xumuu u snexkmpoxumuu umenu A.H. @pymxkuna PAH, Mockaa,
119071, Jlenunckuii np., 31. e-mail: larin@phyche.ac.ru

Meton xpomarorpaduu IIUPOKO UCHONB3YETCS JJiA MOJy4eHHs HHPOpMaluu 00
a71cOpOLIMOHHBIX CBOMCTBAxX TBEPABIX MaTepHuasioB. [Ipy 3TOM BeIUMCIEHHS] KHHETUYECKON U
a7IcOpOLIMOHHONM KOHCTAHT YacTO MPOBOASTCS METOJIOM MOMEHTOB. [Ipu BBIUMCICHHSIX
MOMEHTOB BO3HUKAIOT OUIMOKH, CBSI3aHHBIE C 3aBBIIICHHUEM HWHTEPBAJIOB MHTEIPUPOBAHMSL.
Hamu npennokeH MeTOHOJIOTMYECKUN MOJXOJI, CBSI3aHHBIA C MOJyYEHHUEM 3aBUCHUMOCTEM
($uKCUpPOBaHHBIX OLIMOOK pacyeTa MOMEHTOB OT OTHOCHTEJIbHOM JJIMHBI CJIOSl aJcOopOeHTa.
[IpoBenenHoe B [1] nccnenoBanne MUHUMH3aUMU UHTEPBAJIA UHTETPUPOBAHMS TP OAHOM
(GbUKCUPOBAaHHOM 3HAYCHHHM KOHCTAHTHI ['€HpU TPHUBENO K MONYYEHHUIO TakuX (yHKIIHIA,
KOTOpBIE YAOBIETBOPUTEIBHO JIUHEAPU3YIOTCS. AKTyallbHBIM CTAHOBUTCS BOIPOC 00 00111eM
XapakTepe MOJMyYeHHBIX 3aBUCUMOCTel. Llenbio paboThl SBISETCS BBISIBICHUE BO3MOXKHOTO
BIIUSHUS KOHCTaHThI ['eHpu Ha BUA (QYHKIUN (UKCUPOBAHHBIX OIIMOOK BBIYHCICHHS
MOMEHTOB OT OTHOCUTEIILHOM JUTMHBI CJI05 ajcopOeHTa (n).

Kpusbie osmioupoBanuss (K3) paccuuTbiBaii B COOTBETCTBUM C  ypaBHEHUEM,
HCIIOJIb3YEMOM B MOJIEJIH CJI0s paBHOBECHOM ajicopOuuu. [Ipu aHanun3e BO3MOKHOTO BIUSHUS
KoHCTaHTH! ['eHpu Ha BuA GyHKIUN OmMMOOK MCHONB30Banu MonenupoBanue KO npu tpex
3HAYCHMSIX KOHCTAHTHI b. [lomaranu, 9ro n3MeHeHue b CBA3aHO TOJIBKO C KOHCTaHTOM [ eHpw.
JIns mpoOW3BOJIBHOIO MHTEpBajda BPEMEHHM DPACCUMTBIBAIA LIEHTPBI TSDKECTH W Jaliee,
CpaBHUBAsl C HICTUHHBIM UX 3HAYEHUEM, OTPEIEISUIA OTHOCUTEIBHYIO OMIMOKY BBIYUCIICHHUS.
PacueTsl npoBOIUIIN pa3AeIbHO IJI4 JIEBOM U MpaBoil yacteit ot MmakcumyMma KO. [Tonoxxenue
MHTEpBaJla UHTErPUPOBAaHUS CBA3bIBANIM ¢ o3uuuedl makcumyma KO. [{ns nesoit wactu KO
WHTEPBAJI UHTETPUPOBAHUS U3MEHSETCS OT T; 10 OECKOHEYHOCTH, a JJIs IIPABOM YaCTH OT HYJISI
1o T,.. Paccuntanaple OMTMOKK BBIYUCICHUS MOMEHTOB COIOCTAaBJISUTHCH C MCIIPABICHHBIM

BpPEMCHEM yIepKuBaHus tp. JIpyrol HOPMHPOBAHHOW BEIMYMHOW CTAN0 OTHOIICHHE
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KOHIICHTpAIUi B TOYKE (PUKCAIMY MHTEPBAJa MHTETPUPOBAHUS K MAKCUMYMY KD CpuxiC; ¥
¢,. llonmydeHnnsle pe3yabTaThl COOpaHbl B TA0JIHUIIE.

Tabnuna. 3HayeHrs HOPMUPOBAHHBIX MMAPaAMETPOB MPH OIIHMOKE BBIYMCICHHS LIEHTPa
TspKecTH (t,), paBHo#t 1 %, muist eBoit u npaBoit yactert KO npu n = 4.

b,ct | T/tg | a/cmax | Tr/tk | ¢/ Cmax
0303 | 0289 | 0204 | 3.676 | 0.016
0.9 0289 | 0.204 | 3676 | 0.016
3 0289 | 0.204 | 3676 | 0.016

[TonydyeHHbIE pe3ynbTaThl, B KOTOPbIX HOPMHUPOBAHHBIE BEJIMYMHBI COBNAJAIOT U HE
3aBUCSAT OT KOHCTAHTBI b, JIOKa3bIBAIOT, UYTO 3aBUCUMOCTH (PUKCHPOBAHHBIX OMIMOOK
OTIPEJICNIAIOTCS TOJIBKO OTHOCUTEIILHOM JITMHOM CI0s aicopOeHTa.

Janee, st 3TUX K€ HMHTEPBAJIOB HWHTErPUPOBAaHMS, OBUIM pacCUUTaHbl OIMIMOKH
BBIUMCIIEHUS! BTOPOrO LIEHTPAJIBHOIO MOMEHTa W, u n. Okaszanoch, 4YTO OMMOKa HX
BBIUMCIICHUS YBEITMYMIIACh, HO HE CTajla 3aBUCUMOM OT KOHCTAHTHI b. TO 03HAYAET, UTO MPH
BBIYHCJIEHUH BBICIIUX MOMEHTOB MHTEPBAJIbl HHTETPUPOBAHUS YBEIUUHUBAIOTCS, HO B JTIOOOM
clly4ae ONTHMAJbHBI WHTEpBaJl MHTETPUPOBAHUS HE 3aBUCUT OT KOHCTaHTHl ['eHpu, a
omnpeeNseTcs OTHOCUTEIbHOM IIMHOM CJI0s aJIcCOpOeHTa N.

B uenom, momy4yeHHble pe3yNbTaThl MOATBEPHKAAIOT OCHOBHOM BBIBOJ MOJIEIH CIIOS
pPaBHOBECHOM aicopO1Iuu 0 TOM, 4TO popMa PpOHTAILHOMN KPUBOM UITU KPUBOMW SITIOUPOBAHUS
ompeeNsieTcsl TOJLKO OTHOCUTEIBHOM ITTMHOM CJI0s aicopOeHTa U U30TEPMOM aIcOpOIIHH.
Jlumepamypa:

1. Jdmurpuenkona A.I'., Jlapun A.B. ®u3nKoX1UMusi MOBEPXHOCTH U 3alIUTa

matepuainos. 2019. T. 55. Ne 6. C. 563.

B.B. Y2po3zoe, npogheccop Dunancoeozo ynueepcumema npu Ilpasumenvcmee PD, 0.
du3z.-mam. nayk: Pabora uHTEpeCcHas U MOJIe3HAsI, 3aMEUYaHUN HET.
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JMoxan 8
I'A3OIIEPEHOC YEPE3 KOMIIO3UIIMOHHYIO MEMBPAHY C YYETOM
KUHETUKU AICOPBLIUUA I'A3A
Yrposos B.B.1?, ®uaunmos A.H.2

YDunancoewiii ynueepcumem npu Ipasumenvcmse Poccuiickoti @edepayuu, denapmamenm
mamemamuxu 123995 Mocksa, yn.lllepbakosckas, 38 € -mail: vugr@rambler.ru
2Uncmumym negpmexumuuecxkozo cunmesa um. A.B. Tonuuesa, Poccuiickotl akademuu Hayx,
119991, 2. Mockea, Jlenuncxuii np., 29

3Poccuiickuii 2ocydapcmeennniii yuugepcumem negpmu u 2aza um. U.M. I'voxuna

1. BBEAEHUE

WNuTeHcuBHAsT pa3paboTKa HOBBIX BBICOKOTPOU3BOIUTEIBHBIX Ta30pa3eIuTEeIbHBIX
KOMIIO3HIIMOHHBIX MEMOpaH ¢ TOHKUMH CEJICKTHBHBIMH CJIOSIMUA, HAHOCUMBIMHU Ha MTOPUCTYIO
MOJITIOKKY (puc.1l) mopokaeT HeOOXOIUMOCTh YTOYHCHHS TPATUITUOHHBIX TEOPETHICCKUX
NPEJCTaBICHU O MEMOpaHHOM Ta30lEepeHOCe, MyTeM Y4YeTa JOMOJHUTCIbHBIX (U3UKO-
XUMHUYECKHX MPOIECCOB, BIUSIIONINX Ha JaHHBIN niporiecc. OJHUM U3 HUX SBIIIETCA KUHETUKA
afcopOuuu audPyHIUPYIONIET0 ra3a Ha TMOBEPXHOCTH CEJIEKTUBHOTO CJIOA MeMOpaHHI,
BIIUSTHUE KOTOPOW Ha Tra3olepeHoCc Yepe3 KOMIO3UIIMOHHYI0 MeMOpaHy  paHee He ObLI
UCCIICZI0OBaH.

[lenp manHOW pabOTHI COCTOSUIA B M3YYEHHH Ta3olepeHoca 4Yepe3 KOMIO3UIIMOHHYIO

MeMOpaHy C y4eTOM KOHEYHON CKOPOCTH KHUHETUKH aJCOpOIMH rasa.

2. MOAEJIMPOBAHUE I'A3OIIEPEHOCA YEPE3 KOMITO3UILIMOHHVYIO
MEMBPAHY C YYETOM KMHETUKHN A/ICOPELINN

B pabore Obln mCcrnenoBaH Ta3oNepeHOC 4Yepe3 KOMIIO3MIMOHHYI0 MeMOpaHy — OT
CEJIEKTUBHOTO CIIOS - [ = 1, KOHTaKTHPYIOMIETO C Ta30M IPH JaBICHHUH -P;y,, K TTOPHCTOH

IHOMJIOKKE - [ = 2, BHCIIHAA ITOBEPXHOCTh KOTOPOTO KOHTAKTUPYET C ra3OoM  IIPpU JABJIICHHUU

= Pout, IPAIEM Pip > Pout (pHC-l)-
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Puc.1. Cxematnueckoe n300pakeHre KOMIIO3UIIMOHHON MEeMOpaHBI.
1- CenexTuBHBIH CIIOH, 2 TOpUCTas MOAJIOKKA, 3- IOpa.

[Ipenmonaranock, 4TO MEPEHOC Ta3a JUMHUTHUPYETCS NBYMSI MEXaHM3MaMHU: CKOPOCTHIO
KMHETUKH acOpOLMU HAa BHEUIHMX IMOBEPXHOCTSAX CEIEKTUBHOIO cios U auddysueil B
CEJICKTUBHOM CIIO€ U MOJIOXKKE.

[ToTOkM WMHIMBHUIyaJIbHOIO Tra3a, Ha IOBEPXHOCTSIX CEJEKTUBHOIO CJIOS C YYETOM
KOHEYHON CKOPOCTH aICOPOLIMH ONUCHIBAIOTCS CIETYIOIIMMH BBIPAXKEHUSIMHU

Vs1 = (kKa1Pin — ka1 - €51(0))Sm, Vs = (Kaz - c2(1) — kazﬁz)sp ) (1)
rae Vs, Vs,— ra3oBble NMOTOKHM, NMPOHMKAIOLIETO B CEJIEKTUBHOW CIIOM M IMOKUIAIOIIUI
CEJIEKTUBHBIN CJIOH HA TPaHUIIE C TOJIOKKOH COOTBETCTBEHHO, K1, K41~ KOOIPPHUIHESHTHI
CKOPOCTH aJcOpOIMHU U JecOpOIMN HA BHEIIHEW MOBEPXHOCTU CEJIEKTUBHOIrO ClOf, S, —
TUIONIA/Ib TOBEPXHOCTH CEJIEKTHBHOTO CIIOSI MeMOpaHbl, Cgq(0)— KOHIIEHTpamusi ra3a Ha
BHEITHEH MOBEPXHOCTH CENEKTUBHOTO CIOSI, Cgp(lg) - KOHIEHTpAIMS B CEJIEKTUBHOM CIIOE

u P, - IaBJIEHUE rasa B IOBEPXHOCTHBIX NOpPAX Ha IPAHMIIE CEIEKTUBHBIN CION/TIOIOXKKA,

S

p— mIomaab OTKPBITEIX ITOBCPXHOCTHBIX ITOP HOpHCTOﬁ IIOJJIOXKKHM.

['azonepeHoc yepe3 CENEKTUBHBINA NOJHMMEPHBIA CJIOW OIHKCHIBAICA B paMKax MOJEIU
pactBopenue - nupdysusa. Torna nuddy3uoHHBIN MTOTOK Ta3a yepe3 CeNeKTUBHBIN cioit - 1
UMEET BUJ

Vs = Qs( (Csl(o) — C2(4s)))Sm (2)

P
rae Qs = l—ss , P, = DK, - npoHuniaeMocTh U KO3((HUIHEHT TPOHUIIAEMOCTH CEJIEKTUBHOIO

cnosi, Dg, u K, — koapdunuents! nuddy3un 1 pacCTBOPUMOCTHU Ta3a B CEICKTUBHOM CIIOE
COOTBETCTBEHHO, g — TONIIMHA CEJIEKTHUBHOTO CJIOSI.
[Totox raza d4epes momnoxKy- V, mamurupyercs Kuyncenosckoi mupdysuein u

OMMUCBIBACTCA CIICAYIOIIUM BBIPAKCHUCM
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V, = Qp(ﬁz — Dout)Sp, (4)

Dgn

rae Qp = - TPOHUIAEMOCTh MOIJIOXKKH, Dyp, lp — ko3(punuent KuynceHoBckoi

p

mudPy3ud ¥ TOIMIMHA MOPHUCTOTO CJIOS COOTBETCTBEHHO, € = S, /Sy~ TMOBEPXHOCTHAS
TIOPUCTOCTh TOIIOKKH.

Breipaxkenne s motoka qudGyHAUPYIOMIETO Ta3a dyepe3 KOMIIO3UIMOHHYI0 MEMOpaHy
UMEET BU/I:

Ve = Qc(Pin — Pout)Sm ©)

rne Q. =PJl. , P. u [, — mponunaemMocthb, KO3QGUIUCHT MPOHUIAEMOCTH M  TOJIIHHA
KOMIIO3HIIMOHHON MeMOpPaHbI COOTBETCTBEHHO.

W3 cucrembr ypaBuenuii (1)-(5), ¢ yderoM HENpepHIBHOCTH IIOTOKAa Ta3a dYepes
MeMOpanHble cion (1.e. Vg =V, =V, =V.), 6b10 mostydeHo 000OIIEHHOE YpaBHCHHUE

ra3ornecpeHoca 4epe3 KOMIIO3UIUOHHYIO M6M6paHy

i=(L+L+i+L) (6)
Qc Qa1 Qaz Qs Qp

1 1
rae 1/Qq = Ky 1/Qa2 = ket

&

3amernm, 4TtOo ypaBHeHUe (6) sBisieTcs 0OOOIICHHEM HW3BECTHOTO YpPaBHEHUS MOJICIH
COIIPOTHUBJICHUS Ta30lepeHoca 4yepe3 KOMITO3UIIMOHHYI0 MeMOpaHy, MOCKOJBbKY BIEpPBbIC
MO3BOJISIET YYUTHIBATH BIUSHUE CKOPOCTU KMHETUKHU a/IcOpOLMU ra3a Ha ra3onepeHoc yepes
KOMITO3UITMOHHYIO MeMOpaHy.

N3 ananu3za (6) mokazaHo, 4TO MPU CPABHUMBIX BpEMEHAX CKOPOCTH KMHETHKU U Tudy3un
BJIMSIHME KHHETUKH M IOPUCTOM CTPYKTYPHI MOJIOKKH MOXKET ObITh 3aMETHBIM OCOOCHHO IpU
MajblX 3HAYEHUSX MOBEPXHOCTHOM IOPHUCTOCTH. [Ipn numutHpoBanuu U y3un
(Hampumep, B Cilydae TOJICTBIX CEJICKTHBHBIX CIIOCB), IMOJJIOKKA HE OKa3bIBACT BIMSHUS Ha
ra3oMpoOHUIIAEMOCTh KOMIIO3MIIMOHHONH MeMOpaHbl, a NpU JUMUTHPOBAHMM KHHETHUKH
BJIMSTHUE KUHETHKHU COPOLIMU U TTOBEPXHOCTHOM MOPUCTOCTH CTAHOBUTCS OMPEEIISIOIINM IS

Tra30IpOHUIIACMOCTH.

o
QSV

JUJi OLIEHKH aJIeKBaTHOCTHU NPEJI0KEHHON MO/ BOCIOIB3YyEMCs TApaMETPOM ff =

XapaKTEePU3YIOIIHNHI CTETICHb OTKJIOHEHUS TPOHUIIAEMOCTH KOMITO3UITMOHHON MeMOpaHbI - Q.

OT MPOHHUIACMOCTH IIOJIMMCEPA, TaKOM K¢ TOJIIIUHBI , YTO U CCJICKTUBHBIA CJIOU JaHHOI'O
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noJiuMepa, HAaHOCUMBINA Ha MOJUIOKKY -Q, , BCIEICTBUE BIUSHUS KUHETUKH aJICOPOIIUN U
MOPUCTON CTPYKTYPBI MOJJIOKKH.
[ToxazaHo, 4yTO BIUSHUE TOJIIMHBI CEIEKTUBHOIO CJIOS Ha Mapamerp [5 OMNHCHIBaeTCA

IMPOCTBIM BBIPA)KCHUCM BU A

1 l
sl g

— i Py3MOHHO-KMHETUYECKAS TOJIIIMHA CEIEKTUBHOTO CJI0SI MEMOpaHBI.

JInsl KOJMMYECTBEHHOTO TMOATBEPXKACHUS IMOJYYCHHOH 3aBHCUMOCTH ¢ TOMOIIbI0 (7)
BBINOJIHEH aHAJIU3 SKCIIEPUMEHTAIbHBIX JaHHBIX, TapaMeTpa [ 1715 UHAUBU Ty AJIbHBIX T'a30B:
CO2, H2 m N2 B 3aBHCHMOCTH OT TOJIIUHBI CEIEKTHBHOTO CIIOST L.

Kak BugHO u3 puc.2, cooTHouieHue (/) XOpOIIo corjacyercs ¢ IKCHepUMEHTaTbHBIMU

maHHbIMU. 1

0 0,005 0,01 0,015 0,02 0,025
1/ls,(1/Hm)

1 1 . .
Puc.2. 3aBucuMocCTh E —1 or o B cllyyae KOMITIO3UITMOHHOW MEeMOpaHbI C MOJJI0KKOM
S

(monucynbhonH-PES) u cenextuBHbiM citoem: 1-Teflon® AF1600, 2- Hyflon® AD-80.

HUccreoosanue svinoaneno npu noooepoicke epanma PODU (npoexm Ne 20-08-00661).

A.B. Jlapun, eedyuwiuii HayuHvlil cOmpyOHUK J1a00pamopuyu cCunmesa U _uccile)08anus
copoenmos, UDPXI PAH, 0. xum. nayk: B noknane aHaAIU3UPYETCS BIUSHUE KUHETUKHU
ajicopOlMM Ha Ta30MEePeHOC Yepe3 KOMIIO3MIIMOHHBIE MeMOpaHbl. BmepBbie momydeHo
ypaBHeHue (7) BIUSHHUS TOJIIMHBI CEJIIEKTUBHOTO CJIOS Ha TPEIOKEHHBIH IMapaMerp.
[TokazaHo, 4to ypaBHeHHE (7) OUYEHB XOPOIIO COTIIACYETCS C IKCIIEPUMEHTAIbHBIMU JaHHBIMU
NEPEeHOca psJia Ta30B 4Yepe3 KOMITO3UIIMOHHBIE MeMOpaHbl. PaboTa 3aciykuBaeT BBICOKOU
onenku. OHO 3aMedanue uiM Borpoc. YTo Takoe mopa noj Homepom 3 Ha puc. 1?

Omeem _aemopos: Homep 3 Ha puc.l, BBesieH popManbHO 111 0003HAYEHUS OJTHOM U3 TTOP
B IOPUCTOU MOAJIOXKKE.
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HMoxan 9
MOJAEJIMPOBAHUE NOBEPXHOCTHOI'O HATAKEHUSA ITAP - XKUJAKOCTb
B ITIOPUCTBIX CUCTEMAX
3aiinena E.C., I'o3neBa E.E., Topoun 10.K.

Hncmumym obweii u neopearnuyeckou xumuu um. H.C. Kypuaxosa PAH, Poccus,
119991 Mockea, Jlenunckuu np-m, 31
tovbinyk@mail.ru

MogenupoBanue paBHOBECHBIX U AMHAMUYECKHX MIPOLECCOB pacrnpeeneHus] MOOMIbHBIX
KOMITOHEHTOB B MOJUIUCIIEPCHBIX MaTepuanax (aacopbeHrax, abcopOeHTax, Karanu3aTopax,
MeMOpaHax, KOMIIO3UTax U T.J.), OOJIaJJaloIIMX ILIUPOKOH CTENeHbI0 HEOJAHOPOAHOCTH,
BBI3BAaHHBIX IIOPUCTOM, 36PEHHON U CMEIIAHHOW ITOPUCTO — 3€PEHHON CTPYKTYPOU peasbHBIX
MaTepHUaJoB, HEBO3MOXKHO 0€3 3HaHUS IOBEPXHOCTHOIO HATSKEHHS MOOWIIBHBIX (a3.
[ToBepXxHOCTHOE HATSDKEHUE OIpEAeNseT XapakTep IMPOCTPAHCTBEHHOI'O paclpeieieHus
MOOUJIBHBIX (a3 BHYTPH TBEPABIX OCTOBOB MOJUAMCIEPCHBIX MaTpull. B Takux marpunax
3aTPyAHEHbI MpsMble HAOMIONEHUS W U3MEPEHMs BCEX XapaKTEPUCTHUK, MOITOMY Tpedyer
pa3paboTKa JOCTaTOYHO TOYHOW TEOpuH, OOecredyHuBaIoOlel HaJeKHOE MOJIECIUpPOBAaHUE
CBOMCTB MOOMJIBHBIX KOMIIOHEHTOB U, 0COOEHHO, TOBEPXHOCTHOTO HATSXKEHHUSL.

B nanHol paboTe npoaomKaTCs UCCleI0BaHus, HaYaThIe s IEJIeBUAHBIX MTOp B paboTe
[1], mo pa3paboTke METOAMKHM pacyeTa MOBEPXHOCTHOTO HATSDKEHMsI HAa TpaHULEe map —
KUAKOCTh B IIOPUCTBIX CUCTEMAX, U UX MOJIETMPOBAHNIO. PaccMOTpEHbI IOPUCTHIE CUCTEMBI
Ha 0a3e IWIMHJPUYECKUX IMOpP MEPEMEHHOTO CEYEHHS M C U3MEHEHHUEM OpPUEHTALMU OCH
NOpBI, a TAK)Ke HayaT aHAJIM3 BIMSHUS OIPAaHUYEHHOCTH O0bEeMa MOp Ha XapaKTEPUCTUKU
IpaHuULIbl paszzena ¢pa3 B U30JUPOBAHHBIX NTOPAX, OTPAHUYEHHBIX IO CBOEMY O0BEMY.

Hamomuuwm, uto B pabote [2] moka3aHo, 4TO BCE CYIIECTBYIOUTUE METOIbI TOBEPXHOCTHOTO
HaTsDKeHUsT  [3—6]  ABISIIOTCA  HEKOPPEKTHBIMHU, TakK KaK HE  COOTBETCTBYIOT
TEpMOAMHAMUYEeCKOMy ompenenenuto ['md6ca [7] kak M30BITOUHON BETUYMHE CBOOOIHOM
HHEPrUM TPaHMIIbI pazjena (a3 Mo OTHOLIEHUIO K CBOOOJAHBIM 3HEPIHSIM COCYIIECTBYIOUINX
¢a3. B paborax [8,9] 6p110 chopMynupoBaH crmocod pacyeTa MOBEPXHOCTHOTO HATSHKEHUS 110
['n66cy: pacyer 0OBEMHOTO0 COCTOSIHUS COCYIIECTBYIOMIMX (ha3 JOJKHO YIOBJIETBOPATH

teopun koHneHcamuu SAxra—JIu [10], a Ha cBoiicTBa mepexoAHON 00JacTU PaBHOBECHOMU
37



IPaHULIbl JHOOOW KPUBU3HBI B KaXX/IOM CJIO€ JOINOJHUTEIBHO HAaKJIAJbIBAIOTCS YCJIOBHS
XUMHUYECKOT0 U MEXaHMYECKOTO PAaBHOBECHUH.

[Ipy nNOHMKEHMHM TeMIepaTypbl aJCOPOIMOHHOM CHUCTEMBl B TOpax IPOUCXOJIUT
KOHJIeHcaIus ajicopbarta, U Ha TpaHULAX pa3zelia MapoBOM U KUAKOCTHON 00JacTel BHYTPH
nop Qopmupyercsi UCKpuBiIeHHBIM MeHuck [11]. Pacuer mpoBoauTcsi B pamkax MOJIEIU
PEIIETOYHOI'0 ra3a, YUYUTHIBAIOLIETO MPsIMbIE KOPPENALUHA B3aUMOJCHCTBYIOIIUX MOJIEKYI
azcopbara B KBa3UXUMUYECKOM IpuOmkeHnn [8—11].

Kak u B pabote [1], B X0A€ paccnauBaHus nap — KUJIKOCTh YUUTHIBAE€TCS (POPMUPOBAHHE
NOJIMCIIOWHON IUIEHKM ajcopbaTa Ha HCKPUBIEHHOM IOBEPXHOCTH CTEHKH MOpPbHI KaK B
NapoBOM, TaK U B )KUJKOU (pazax. MeHHCKH MeX1y NapOBOM U KUAKOCTHOU (pazaMu BHYTpHU
MWIMHJIPUYECKUX TIOp MPEACTABISIIOT cOO0O0W 00JacTH cocyllecTBOBaHUS Tpex (a3 mapa,
XKUAKOCTH U TBepAOro Tena. Bee cBoiicTBa (a3 3aBUCAT OT SHEPTHUHU CBSI3U aficopdoaTa MEeKIy
co0oi1 ¥ ¢ aToMaMu TBEPJIOTO Tela.

Pa3zpaboran Meton nokanu3anuu obnacTeil Tpex(azHOro KOHTaKTa W OMKUCAHUE CBOMCTB
X obnacteil. OOCYXIAl0TCA MPEATOKEHUS IO aNTOPUTMHU3ALMU ANMPOKCHMHUPYIOITUX
MOCTpOeHU oObjacTed Tpexda3HOro KOHTAaKTa, W TMOAXOIBl JIA pacuera JHWHEWHOTO
HATSKEHHS B MOPUCTHIX CUCTEMAX 10 CPABHEHUIO C aHAJTOTUYHON BETMYMHOMN JIJIs IBYMEPHBIX
Karelb.

Pa3paborana MeToauKa pacyeTa MOBEPXHOCTHOIO HATSHKEHMSI B IMJIMHIPUYECKHUX MOpax,
OTBEYaIOIas YKa3aHHBIM BBHIIIE YCIOBUSIM M TIO3BOJISIONIAS AaHAIM3UPOBATH CBOWCTB
MEHHUCKOB Tap — HUAKOCTb B CBSI3aHHBIX CHCTEMax MOp MpPU BapbUPOBAHUM SHEPIETUKH,
HIMPUHBI U TEOMETPUU TOP. DTa METOJMKA, 0000IIaroIasi MeTOAUKy pacueta [12], BKIO4aeT
B ce0s pacuerT pacmpeleieHHil MoJjiekyn ajacopbara Ha MSTKOW MOJENHM peneTOYHOU
CTPYKTYPBI )KUIKOCTHOU CUCTEMBI, KaK (PYHKIIMH TEMIEPATYPbI, INIOTHOCTH U MMOUCK CPEIHUX
JUIMH CBSI3€M 3TOM CTPYKTYpbI, KOTOPBIE ONIPENEIISAIOT MEXaHUYECKOE PABHOBECHE MOJIEKYJI B
CJIOHOW F€OMETPUHU UCKPUBJICHHOT'O MEHUCKA MEXKIY JBYMSI CTEHKAMU TMOPHI .

CdhopmynupoBaHbl KpUTEPUM Ha OPTaHMU3AIMIO PACYETOB B 00JACTH TpeX-arperaTHoro
KOHTaKTa TBEPJIO€ — >KUJIKOCTh — Map W HUCcliejoBaHa pa3MepHbie 3(Q(EKThl i BETUUUH

KOHTAKTHOI'O YyTJjla B 3aBUCHUMOCTH OT MIHWPUHBI TIIOPHI. PaCCMOTpeHa YCTOﬁqHBOCTB
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MEPEMBIYKH B MIJIMHIAPUYECKUX MOPUCTHIX CHCTEMax B 3aBUCUMOCTH OT JJIMHBI y4acTKa U
HHEPTeTUKU CTEHOK.

Paboma evinonnena npu noooepacke PODU (koo npoexma 18-03-00030a).
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HMoxuaan 10
INFLUENCE OF MAGNETIC FIELD ON MICROPOLAR FLUID FLOW IN A
TUBE ENCLOSING AN IMPERMEABLE CORE WITH A POROUS LAYER
Filippov A.N. *, Khanukaeva D.Yu. **

Gubkin Russian State University of Oil and Gas (National Research University)
Leninskii pr., 65-1, Moscow, 119991 Russia
e-mails: * filippov.a@gubkin.ru, ** khanuk@yandex.ru

In this research work, we have investigated the Stokesian flow of a micropolar fluid in a
cylindrical tube enclosing an impermeable core coated with porous layer in the presence of
magnetic field. The axis of the cylinder is taken along the direction of fluid flow and the
uniform magnetic field is applied in the direction perpendicular to the axis of the cylinder.
Using appropriate boundary conditions, fluid velocities, micro-rotational velocities and
stresses are evaluated for corresponding fluid flow regions. Expressions for volumetric flow
rate through the annulus and the filtration velocity are obtained. Graphs of linear (v) and
micro-rotational (®) velocities and flow rate Q for various values of different parameters are

plotted and discussed.

B*

2 Solid boundary )
U* ,” “. > ‘/' ~\‘ O Clear region

© Porous region
@ Solid region

Figure 1. Geometry of the problem.

Consider the steady, incompressible, electrically conducting micropolar fluid flowing with
uniform velocity U” along the axial direction in a cylindrical tube of radius a" enclosing a
concentric cylindrical solid core of radius ¢” which is covered with porous cylindrical layer of

radius b” (Fig. 1). The common axis of the cylindrical shell is taken along z*-axis and the
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uniform magnetic field B* (B*=|B*|) is applied in the direction perpendicular to the axis of

the cylinder. The fluid flow takes place under the influence of constant pressure gradient P
along the direction of the fluid motion. We assume that magnetic Reynolds number is
exceedingly small and external electric field E” is absent so that the induced electric current
can be neglected.

The non-dimensional form of the governing equations inside the porous cylinder (A <r <1)

are:
Vv, =0, (1)
2 2
n M 1
V‘“(l_w*“fjvl‘mw”ﬁmwwvo’ @
1 L (1-M?) W?(1-M?)
ml_EVXV1+ vE VxVx@,-——=V(V-0,)=0. (3)

Similarly, the field equations outside the porous cylinder (1 <r <1) are,
V-v,=0, (4)

2

Vp2+H22V2—11VITVx(02+ﬁVXVXV2:0, (5)

1 L*(1-M?)

2(1_np2

2

VxVxw,— V(V-@,)=0. (6)

2

Here, H,=B*a*\/o;/u* is the Hartmann number (0<H, <o), M =, /k*/(x*+u*) is the

micropolar parameter (0<M <1) and L:\/(6*+s*)/(2p*a*2) is couple stress parameter (

0<L<w), W =\/(8*+(1*—8*)/(2u*a*2), nz(a*)z/k* is the permeability parameter, k* —

specific permeability of the porous layer, u* and «* are viscosity coefficients and o*, 6*, *

are angular viscosity coefficients of the micropolar fluid, and A=c*/a* |I=b*/a*,
A=o0,*/c,* H,=H,/\A , oi* (i=1,2) — conductivities of a porous layer and pure liquid.

The system of governing equations (1)—(6) should be completed by the following boundary
conditions: no slip (v1=0) and no spin (»1=0) at the surface of impermeable cylinder r=A;
continuity of the velocity, microrotation, couple and tangential stresses at porous-liquid

interface r=I; no slip (v2=0) and no spin (»2=0) at solid boundary r=1. The boundary value
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problem was solved analytically [1], and Fig.2 shows the graphical behavior of the flow rate
(Q) with respect to parameter | for the various values of permeability parameter (n) and

Hartmann number (Hy).
Q I

05
>

0.20

0.20

0I5+ >
! 015+

1 - L L 1 L
0.4 7 0.6 0.7 ! 0.4 ] 0.6 07 !

a) b)
Fig. 2. Flow rate Q in dependence on I: #=0.2 (1), 2 (2), 5 (3), H1=0.2 (a) and H1=1 (1), 1.5

(2), 2 (3), n=3 - (b); M=0.15, L=0.5, A=0.04, P;=P,=-3, 2=0.2.

The flow rate Q increases with increasing specific permeability k* (when n decreases) and
will vanish for small values of specific permeability. As the parameter | is smaller than 0.5,
then flow rate is negative, i.e. backward flow will exist (Fig. 2a). Fig. 2b represents that when
magnetic parameter within the porous region increases (i.e. Hartmann number Hj increases)
then rate of flow Q will decrease. It is necessary to mention that velocity v decreases with an
increase in the values of Hartmann number H: which is coincided with our paper on
hydrodynamic permeability of a membrane built up with partly porous cylinders having an
impermeable core [2]. Interesting thing is that the velocity obtains its maximum value in the
region that is outside the porous cylinder. For every considered value of H; velocity increases
till a maximum value (i.e. vertex of parabola) and due to parabolic behavior in the velocity
profile, v decreases and vanishes at the surface of outer cylinder.
This study was financially supported by RFBR (project # 19-08-00058).
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MICROPOLAR FLOW SIMULATION IN MODIFIED MEMBRANES
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The idea of the cell method in mathematical modeling of membrane processes is the
replacement of porous medium by the assemblage of identical cells. Consequently, the flow
problem should be solved in a single cell. The interaction of cells with each other is accounted
by setting special boundary conditions at the outer cell surface. The flows of viscous and
micropolar liquids were earlier considered in cylindrical and spherical cells of various
compositions. The review of the results for Newtonian liquids are given in [1], an example of
the cell modeling of a fibrous membrane in a micropolar liquid flow is presented in [2]. It is
worth noting that applications of micropolar liquids, which represent fluids with the
microstructure, are actively developed in the last decades. Micropolar fluids are potentially
promising in the filtration modeling as they represent peculiarities of liquid-structure
interactions important at the microscale.

The consideration of various geometry of the cell is aimed at simulation of various types of
membranes and regimes of their operation. An unmodified membrane can be described by a
simple solid-liquid construction. While the membrane modified by an intrusion of some
material, a fouled membrane or a degraded membrane is usually presented as a porous or
solid-porous matrix filled with liquid. In the present paper we discuss the conditions for
stresses and couple stresses at the liquid-porous interface and their principal influence on the
flow pattern inside a porous core of the cell.

A traditional cylindrical cell is considered. It includes a porous core of radius b (region 1)
and a coaxial shell filled with the micropolar liquid (region 2). The outer cell radius c divided
by the core radius b relates to the membrane effective porosity.

The micropolar flow in region 2 is governed by the system of the continuity equation,
momentum equation and moments of momentum equation, which in the Stokes approximation

and in the absence of external forces and couples look like
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V-v,=0,
—(L+K)VxVxV,+2kVxm, =VPR,, (1)
—(0+¢)VxVxm, +2«kVxv,—4xko, =0,
where subscript 2 corresponds to region 2, v,» are the linear and angular velocity vectors

respectively, P is applied pressure, p,«, 8, ¢ are viscosity coefficients of the micropolar

medium.

Filtration of the micropolar liquid in region 1 is governed by the system, where the
momentum equation contains an additional Darcy-type term and includes two more
parameters: the porosity € and the permeability k of the porous medium:

V-v, =0,

L+ K

—(E+EJVXVXV1+EVX(°1——V1ZVPl’ (2)
€ € € k

—(0+¢)VxVxm, +2«kVxv, —4km, =0,
subscript 1 implies the values referred to the first region.

Systems (1) and (2) were solved analytically. Two different boundary value problems were
investigated. The condition of the solution finiteness is used inside the porous region. The
condition of the flow uniformity is set at the outer cell surface, i.e. the flow velocity v(m) is
equated to the velocity U of the incoming uniform flow. Besides, a condition of the no-couple
stress is assumed at this hypothetical liquid surface, although other conditions are also possible
at this boundary. The continuity of the linear and angular velocity vectors at the porous-liquid
interface is a natural condition from the mechanical point of view. Finally, the conditions
dealing with stresses and couple stresses should be set at this surface. The traditionally used
continuity of the normal stress in the flow passing the interphase boundary is provided by the
assumption of the negligible volume deformation of the porous obstacle. The condition of the
tangential stress continuity assumes the negligible shear deformations which compensate the
tangential load exerted by the obstacle and, hence, the jump of tangential stresses for the liquid
elements. The couple stresses of the liquid elements are substantially connected with its
microstructure and the curvature-twist deformations. If the liquid couple stress remains
continuous at the interface boundary, it may imply that a considered porous medium does not

violate the liquid microstructure. Thus, the jumps of the tangential stress and couple stress at
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the liquid-porous interface investigated in the present work correspond to physically different
types of liquid interaction with porous core of the cell. Consequently, one obtains different
regimes of the membrane operation.

The effect of the tangential stress jump at the liquid-porous boundary is demonstrated by
the stream field in Fig.1a. One can see a circulatory motion inside the core, resembling the
motion of two immiscible liquids, although a partial penetration of the filtrate into the outer
layers of the core can be seen in Fig.1la. Such a flow pattern may take place when the core has
a gel nature and behaves as a liquid differing from the filtrating one. The jump of the couple
stress at the core surface, on the opposite, almost does not affect the flow. The streamlines in
this case (Fig.1b) correspond to the flow over a rigid porous body. Thus, even one boundary
condition is a perspective tool for modeling different types of membranes, having rigid matrix

or modified up to a gel-like structure.

Fig. 1. Flow patterns in the cells with the condition of the tangential stress jump (a) and the
couple stress jump (b) at the porous-liquid interface; ¢ = 2b; £=0.75; k = b,
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AJICOpOIIMOHHBIN METOJI SIBIIIETCS OJAHUM M3 HamOoJee MEePCIEeKTHUBHBIX IS CO3JaHUs
sHEProdhPEeKTUBHBIX CUCTEM pa3jielieHHs ra30B U mapoB. OAHAKO IE€TalK TAKOTO pa3Ae/ICHHs
HA MUKPOTIOPHUCTHIX aIcCOPOEHTaX HEJOCTATOYHO U3yUECHBI.

HauGonee BocTpeOOBaHHBIM, B IPAKTUYECKOM ILJIaHE, SIBIIETCS pa3/ielieHne CMECH MeTaHa
U dTaHa, YTO OMNpPEACNeTCS C OJHOW CTOPOHBI CPABHUTENBHO HEOOJBIIMM COJEPKaHUEM
’TaHA B METaHe, a C JPYyrod CTOPOHBI, IIUPOKON 0O0JAaCThl0 MPUMEHEHUS STaHa B
MIPOMBIIIJIEHHOCTH.

Jlnst ompeneneHuss ONTHUMAIbHBIX YCJIOBHI TIpoliecca aJcoOpOLMOHHOTO pa3ziesieHus
YIJIEBOJIOPOJIOB, B YAaCTHOCTH METaHa M 3TaHa, HEOOXOJAMMO HMETh MPEACTABICHUS O
CTPYKTYp€ M CBOMCTBax BEI[ECTBA B MUKpomopax aacopOeHta. B cBs3u ¢ aTum, B pabote
YUCIICHHBIM METOAOM MOJICKYJISIPHOM JMHAMUKHU MPEIIOKEHA MOJIEb MHKPOIOPHI
yraepoaHoro ajcopOeHTta, paHee aHanu3upoBasiascs metogom TO3M [1], obpazoBaHHas
JIBYyMsl CJOSIMU TpadeHOB, PacroIOKEHHBIMU Ha PAacCTOSHUHM 1.56 HM, OTCUMTAHHOM IO
[IEHTpaM aToOMOB yriiepona. Takum oOpa3zom, MIMpUHA MHKPOIOpPHI cocTtaBuia 1.42 HM.
KpaeBbie atombl yriepoma B rpadeHax CBsi3aHbl C aroMamMu Bojaopoja. Sueiika
MOJIETUPOBAaHUS TpeJicTaBisia coOol mapasienenunesa, B KOTOPOM OJHA M3 ocedl Obuia
OTpaHHWYEHA IUIOCKOCTSIMHU, Pa3MEUICHHBIMU IO LIEHTpaM aTOMOB YTIJepojia B IUIOCKOCTH
cioeB rpadeHoB U uMena pazMep 1.56 Hm. bokoBbIe rpaHu SYEHKH MOJCTUPOBAHUS UMETU
pasmep 10 um. Ha rpanu siueiiku MOAEIUPOBAHKS HAKIIAbIBATN IEPUOIUYECKUE TPAHUYHBIE
ycaoBuUs. B sueliky MoienupoBaHus pa3Meniaiy pa3inyHOe KOJIMYECTBO MOJIEKYJI METaHa 1
ITaHa, TAKUM 00pa3oM, 4TOOBI MOTBHOE COOTHOIIICHUE METaH/ITaH B SUEHKE MOICTUPOBAHUS

ObUIO TOCTOSIHHBIM U cocTaBisio  95/5  %. MogenupoBanue MNPOBOAMIOCH B
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mukpokaHonndeckom (N,V,E) ancamOne npu mnoctosiHHOM Temmeparype. Temmeparypa
sKcriepuMeHTa coctaBmsuia 298 K. Jlnmsg Bcex CHUCTEM MNPOBOAMUIM  HUCCIIEAOBAHUS
MOJIEKYJIIPHO-IMHAMHYECKON Tpaekropun BpemeHeM 2x107° c¢. DnemeHtapHbIi Imar
MHTETPUPOBAHNUS YPaBHEHMs IBUKeHHs cocTasun 1072 ¢,

Pe3ynbTatsl MOJIEKYJIAPHO-AMHAMUYECKOTO MOJCIUPOBAHUS MOKA3alld, YTO aJcopOIus
KOMITOHEHTOB CMECH UMEET pa3Hble MeXxaHu3Mbl, puc. 1-3. [lepBoHavanbHO B 001aCTH MaJIBIX
u cpenuux 3anoigHeHud g0 100—-200 Moyiekyn B siUCMKE MOJETUPOBAHHUS COPOUpPYETCS
npeuMyliecTBEHHO MeTaH (puc.l). AncopOuus sTaHa Mana. AJCOpOMPOBAHHBIE MOJIEKYJIBI
MeTaHa M HeOOJIBIIOE KOJIMYECTBO MOJIEKYJ ATaHa B 00JIacTU MaibIX 3anosHeHud, 1o 100
MOJIEKYJT CMECH B CHCTEME MOJEIUPOBAHUSA, MPEUMYIIECTBEHHO TPYIIUPYIOTCS Y
MoBepXHOCTEeH TpadeHoB (puc. 2a). Momnekynbl 3TaHa pacrojaralorcs OJmKe K Kpasm
rpadeHOB, BEpPOSTHO B CJEACTBHE HANWYMs TOTEHIMAJIbHBIX OapbepoB HA BBIXOJE W3
Mukponopsl [2]. C pocToM KOJIMYECTBa MOJEKYJ B CHUCTEME MOJEIHUPOBAHHS MOJICKYIIBI
MeTaHa MPaKTUYECKU MOTHOCTHIO 3aMOHAIOT OJIMKANUIIIE CJION Y IOBEPXHOCTH TpadeHoB, a
MOJIEKYJIbl 3TaHa MEepEeMEeNIaroTcsl ONMKe K CepelrHE TMOphI BCJIEACTBHE HApacTaHUs CHII
MEXMOJICKYJISIPHOTO IPUTSKEHUS 3TaH-3TaH. [Ipr 7TOM ¢ yBeTHYEeHHEM KOJTMYECTBA MOJIEKY
B syedike ™oaenupoBaHus ot 200 mo 1000 mT, KOJIMYECTBO MOJIEKYJ MeETaHa,
a7IcOpOMPOBAHHBIX B MOpe OJU3KO K MOCTOSHCTBY, a aJcOpOIMs dTaHa MJIAHOMEPHO PACTET,

IMOCTCIICHHO 3aIIOJIHAA HCHTPAJIBHYIO YaCTh ITIOPBHI.

250

95%CH, + 5%C,H,

100

50

0 200 400 600 800 1000 1200 1400 1600
N, wT

Puc. 1. 3aBucumocTs Komu4ecTBa aacoporpyembix Mosiekyn N merana CHy, stana C2Hes 1 nx
cmecu 95%CH4 + 5%C2Hg oT konnyecTBa MOJIEKYJ cMecH B siueiike MoaenupoBanus N.

47



[Ipn yBenuyeHUMM KOJIMYECTBA MOJIEKYJI B cHUCTeMe MojenupoBaHus Oomapmie 1000,
HaOmroaeTcss JanbHEHIIMI pOCT aacopOIMM MOJIEKYJl MeTaHa C HE3HAUYUTEIbHBIM
HOHIDKEHHEM aJCcOpOLUM 3TaHa, YTO, BEPOSATHO CBA3aHO C IPOIECCOM 3allOJIHEHUS

MOJICKYJIaMHU MCTAaHa HeHTpaHBHOfI 4aCTH IIOPBI U BBITCCHCHUCM MMH MOJICKYJI 9TaHa.

Puc. 2. MrHOBEHHBIE CHUMKH MOJEKYJISIPHO-IUHAMUYECKUX TPACKTOPUN CHUCTEMBI
MO/ICIIMPOBAHUS, COCTOsIIEH U3 1BYX rpadenos, u a — 100, b — 500 u monekys cmecu 95%CH4
+ 5%C2Hs. Monexynbsl MeTaHa U 3TaHa 3a MpejeiaaMy Mopbl, 00pa3oBaHHOM rpadeHamu, He
MOKa3aHbl g HariasaHocTu CBs3M aTOMOB, 00pasyrolux rpadeH yka3aHbl CIUIOUIHBIMU
JUHUAMU. MoJIeKyJIbl METaHa U 3TaHa MPEICTaBIEHbl HE MacCIITAOUPyEMBIMHU IIapaMH CEPOTO

H OPaH>XCBOI'0O IIB€TA, COOTBECTCTBCHHO.
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Puc. 3 IInotHOCTH BeposiTHOCTH Oz HaXOXIACHUS MOJICKYJIBI METaHA M dTaHa B MOJICIIbHOM
HOpe YIIepoHOro afacopoenTa mo mupuHe nopsl (ock Z) pu a — 100, b — 500 monekyn cmecu
95%CHa4 + 5%C2He B stueiike mogenupoBanus. Ocbk OpAMHAT MepeceKaeT ock adbciuce B T. 0,
COOTBETCTBYIOLIEH OCH CUMMETPHH MOPBI OTHOCUTENBHO OcH Z. Cepble TMHUM — PE3YJIbTaThI
OTIpeJIeNICHNs BEPOSTHOCTH HAXOXJACHUSI MOJIEKYJbl MeTaHa W 3TaHa B mope. KpacHeie u
YepHbIE JTUHUM — alMPOKCUMALUs TNIOTHOCTH BEPOSTHOCTH HAXOXKJEHUSI MOJIEKYJIbI 3TaHA U
MeTaHa B [I0pE, COOTBETCTBEHHO.
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Ha ocHOBe pe3ysnbTaToB MOJICKYJISIPHO-TUHAMHUECKOTO MOCIUPOBAHUS aJICOPOIMH
CMECH METaHa M ATaHa B IOpPEe MPOBEH OIIEHKA BO3MOXKHBIX KOA((UIIMEeHTOB pa3aeneHus K
cMecu HopMaibHbIX yrieBojopoaoB 95%CHs + 5%C:Hs. Pe3ynbraTsl mpencraBieHbl B
tabmnure 1.

Tabnuna 1. Pe3ynbrartsl MOJEKyISIPHO-IMHAMHYECKOTO MOJCIUPOBAHUS aJCOPOIIMH CMECH
MeTaHa M 3TaHa B MOJIEJIbHOM MOpe yIiIepOJHOTO aicopOeHTa

N, T N(CHa), n(CzHs), mr K
100 95.2 35 0.7
200 160.4 5.4 0.6
300 158.9 9.5 1.1
400 156.7 12.3 1.5
500 157.5 14.6 1.8
1000 164.7 27.2 3.1
1500 189.3 25.9 2.6

3nech N — KonMMYeCTBO MOJIEKYJ B stuelike mojaenupoBanus, mT, N(CHs) — xomudecTBo
MOJICKYJI ME€TaHa, aICOPOMPOBAHHBIX B MOJICIbHOM mope, miT; N(C2Hs) — KonmruecTBO MOJIEKy T
9TaHa, ajacopOupoBaHHBIX B MojaenbHoM mope, mrT, K = (Ycare XcHa)/(Xcone YcHa) -
kKod(puimeHT pasneneHus dTaH-MeTaH, X U Y OTHOCSTCS K Ta30BOW W aJcOpOMpOBaHHOMN
¢aze, COOTBETCTBEHHO.

Kak cnegyer u3 Tabm.1, ¢ pocTom 00111ero KOJIM4ecTBa MOJIEKYJI METaHa U 3TaHa B CHCTEME

(u maBneHust cmecu) kodpdunuent pazaenenust K cHadana pactet A0 3.1, a 3aTeM najgaer 10
2.6 mpu konumyecTBe Mouiekyls, aocturaromem 1500 mr. To ecTb mpu pasaeieHuu
00eTHEHHBIX Ta30BbIX CMeced CYHIECTBYIOT YCJIOBHUS Haumbojiee  ONTUMaJIbHOTO
aIcOpPOIIMOHHOTO pa3eNeHus] KOMIIOHEHTOB. TakuM 00pa3oM, MOXKHO C/I€TIaTh BBIBOJ, YTO B
CPaBHUTEJIBHO LIMPOKUX MHUKpPOIOpax (CyNepMHUKpPONOpax) yriepoaHOro aicopOeHTa, co
cpenneit a3¢phexkTuBHON mUpUHOM 1.42 HM, MOKHO TOCTHUYB pa3/IeJICHUs CMECH HOPMAJIbHBIX
yraeBoaopooB 95%CHs + 5%C2He ¢ xoaddunmentom paznenenus okono 3. Ilpu stom
MOJIEKYJIbl MeTaHa MPEUMYLIECTBEHHO JOKAJIMU3YIOTCSI y TMOBEPXHOCTH TpadeHoB, a
ancopOIMs 3TaHA NPOUCXOAUT B LEHTpajdbHOW wacth Mukpomop. [Ina sddexruBHOTrO
aJCOPOLIMOHHOTO pa3/eIeHUss CMECH MeTaH/3TaH JOJKeH ObITh onTuMmuszupoBaHbl COX

ancopOeHTa U TEPMOJUHAMUYECKUE YCIOBUS NMPOBEACHUsI Tmpouecca. Pe3ynapTatel paboTs
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MOTYT OBITh WCIOJB30BAaHBI Il PAa3BUTHS TEOPUU aACOPOIMHM CMecel BEIeCTB B
MUKpOTIOpax.

Paboma evinonnena ¢ coomseemcmesuu ¢ I'ocyoapcmeennvim 3ad0anuem UDPXD PAH N
0067-2019-0011, cocyoapcmesennwiii pecucmpayuonnsiii Homep AAAA-A19-119111590053-4.
Jlumepamypa

1. |L.E. Menrshchikov, A.A. Fomkin, A.V. Shkolin, V.Yu. Yakovlev, E.V. Khozina //
Russ.Chem. Bull. 2018. V.67. No.10. P. 1814-1822.
2. bakaeB B.A. MonekymnspHas Teopus Gpu3maeckoit aqcopOunu Ha HEOTHOPOIUCTHIX

MOBEPXHOCTSX U B MEKPOTIOPUCTHIX ajicopoeHTax. // Jlucce. nokT. ¢pus. mat. Hayk. M.: UDX
AH CCCP 1989. 351 c.

A.M. Toamaues, npogpeccop kagheopwvt puzuueckoit xumuu MI'Y um. M.B. Jlomonocosa, 0.
xum. Hayk: Pabora wHTepecHas, BakHas NpakTH4deckd. [IpeacTaBiseTcss BaXKHBIM IS
MOHUMaHUs 0oJiee CHIIBHOW aacopOlMKM MeTaHa HMCCIIEeNIO0BAaTh KHUHETHUKY IPOIECCa, YTOOBI
JI0OKa3aTh, YTO MOJY4YCHHBIM 3(PQeKT sBIsIETCS PaBHOBECHBIM, a HE CIIEJCTBHEM Oosee
ObICTpOM a7cOopOLIMK METaHa [0 CPAaBHEHUIO € ATAaHOM (cM. 1okjaz 29).

Omegem_asmopos: llpencraBieHHble B paboTe pe3ysbTaThl YUCIEHHOTO MOJECIUPOBAHUS
aJicopOlIMK MEeTaHa U 3TaHa B IIEJIEBUAHON MHKPOIIOPE METOJIOM MOJICKYJISIPHON TUHAMUKH
MOTYT OBITH HCIIOJB30BaHbI /JIi TOHKOTO aHaJIM3a PaBHOBECHBIX JAHHBIX IO aACcOpOIUu
cMmeceid BemiectB. I TMOATBEpXKIEHHUS PABHOBECHOCTH IIpOLiecCa  aHAJIU3UPOBAIU
3aBUCUMOCTh TIOJIHOM 3HEPruy CHUCTEMBl MOJEIUPOBAHUS OT BPEMEHH MOJEITUPOBAHUS.
AHanu3 JaHHBIX MPOBOAWIM TI0O BPEMEHHOMY JHamna3oHy, B KOTOPOM HaOI0JaIoch
MOCTOSIHCTBO 3Hepruu. [lpencraBisieTcs, 4TO MCCIEIOBAHME KUHETHMKH IpOlecca, HA YTO
oOpalaer BHUMaHHE PEICH3EHT, TAKKe SBIIACTCS BAKHOW M TEPCHEKTUBHON MPOOJIEMOI.
Takue wuccienoBanusi, 0€3yCIOBHO, MO3BOJST MPUOIUZUTHCA K TOHUMAHUIO MEXaHH3MOB
azicopOIu cMecel BEIeCTB.
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HMoxaan 13
AJCOPBIHUA CMECH CO2/N; B ME3OIIOPUCTBIX YIJIEPOJAHBIX
MATEPHAJIAX PA3JIMYHOM TOIIOJIOI UU:
KOMIIBIOTEPHOE MOJAEJIMPOBAHUE
CuzoBa A.A., Aimdopenxko J1.B., ®unonosa E.C., Cuzos B.B.

Canxm-Ilemepoypeckuil 2ocyoapcmeentulil yHugepcumem, Uncmumym xumuu
198504, Canxm-Ilemep6ype, Ynusepcumemckuii np., 0. 26, a.a.sizova@spbu.ru

[Ipy TexymieM MHUPOBOM YpOBHE NOTPEOJICHHUS SHEPTMM M HMHAYCTpUAIU3allid Ha
MPOM3BOJICTBAX PACXOAYETCS OOIBIIOE KOJTUIECTBO OPTAaHUIECKOTO TOTUTUBA, YTO TMPUBOIUAT
K 3HQUUTEILHBIM BBIOpOCAM YTIEKUCITIOTO Ta3a B atMocdepy. [ yMeHbIIeHHs] HeTaTUBHBIX
MOCTICICTBUH  3TUX BBIOPOCOB AaKTHBHO pa3palbaThIBAIOTCA PA3MYHBIE TEXHOJOTHU
Beigenieanss CO2 w3 ras3oBeIX cMmeceil. B kauecTBe OMHONW W3 BAXKHEWUIINUX TEXHOJIOTHNA
paccMaTtpuBaeTcsi MeMOpaHHoe pasaenenue. [loMrnMo momuMepHBIX MeMOpaH, IMEIOIINX Ha
CETOHSIIHMI IEHb HaHOOJIbIIIee PacIIpOCTPAaHEHUE, MTPEAIAraeTCs UCIOIb30BaTh MEMOPaHBI
U3 PAa3JIMYHBIX HEOPTaHUYECKUX MaTeprasioB. VX nmpeumyIiiecTBaMu sBISIOTCA YCTONYMBOCTD
K BBICOKHUM TeMIIepaTypaM, MEXaHHUYECKas MPOYHOCTh U JUIUTEIBHBIA CPOK CITyKObI. JlJis
NOCTIKEHUsT Haubonbiiel 3¢GGEKTHBHOCTH TMpoliecca MPEINOYUTAIOT HUCIOJIb30BaTh
MaTepuaibl ¢ XOPOLIO KOHTPOJIUPYEMOU CTpyKTypou. K Takum martepuanaMm OTHOCSTCS, B
YaCTHOCTHU, ME30IIOPUCTHIE YTIIEPOIHBIE aJICOPOCHTHI.

B macrosmieir paboTe Ui yCTAHOBIIGHUS BIMSHUASA CTPYKTYpPHI aJcopOeHTa Ha
3¢ (dEeKTUBHOCTD pa3[eleHUs] Ta30BBIX CMeceil ObUIO PAcCMOTPEHO TPH  YIJIEPOIHBIX
ME30MOPUCTHIX MaTeprana paznuanoi Tomonoruu: CMK-5, CMK-3 u FDU-15. Marepuan
CMK-5 xapakTepusyercs HaTuIueM Me3010p (MOJIbIX MUIUHAPOB U3 aMop(HOTOo yrieposa),
COEJIMHEHHBIX TPEMS YTIIEPOTHBIMA HAHOCTEPKHIMHU. MEXy IIMIIMHAPAMU €CTh CBOOOTHOE
MIPOCTPAHCTBO, IOCTYIHOE IS aACOpPOIUU («MEXIMOPUCTOE MPOCTPAaHCTBOY) (puc. 1, a). B
otianuuu ot CMK-5, mopet B CMK-3 npeacTaBiieHbl TOJIBKO MEKIOPUCTHIM MPOCTPAHCTBOM,
WIMHAPUIECKIE ME30IOpPhl OTCYTCTBYIOT (IIMJIMHAPHI MOJHOCTHIO 3aNIOTHEHBI aMOPGHBIM
yraeponom) (puc. 1, 6). Ctpykrypa FDU-15 sBnsercs obpatHoii ctpykrype CMK-3: ona

COJIEP>)KUT ME30IIOpbl M COEAMHSIOIIME UX LMUIMHApUYECKHEe MUKponops! (puc. 1, B). g
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ynoOcTBa CpaBHEHHUS PE3YJIbTaTOB MOEIMPOBAHUS OOIIME AJIEMEHTBHI CTPYKTYPBI Pa3HBIX
MatepuaioB (Mexmnopucroe mpoctpanctBo B CMK-3 u CMK-5, me3onops B CMK-5 u FDU-
15) umeroT oaMHaKOBBIE TeoMmeTpuueckue mapamerpbl. Juamerp mesomop mns CMK-5 u
FDU-15 6b11 3a1aH paBHbM 32 A. Jlnamerp coequanTenbHbIX cTepxkHeil B CMK-3 u CMK-
5 u amamerp mukponop B FDU-15 cocrasun 8 A. IloBepXHOCTh BceX YIIIEPOIHBIX
a7copOeHTOB ObLIa aKTUBUPOBAHA KHUCIOPOACOAEPKAIIMMHU (DYHKIIMOHATBHBIMU TPYIIIAMU
(xapOOKCHIIbHBIMH, KapOOHWIBHBIMA M THAPOKCHJIBHBIMH) C IUIOTHOCTBIO 0.12 HM™,
[TapaMeTpsl B3aMOJICHCTBUSI aTOMOB aJICOPOCHTOB OBLIN B3SATHI U3 criioBoro mojs OPLS-
AA.

Metonom Monte-Kapio B 6oblioMm KaHOHMYECKOM aHcamOie Oblia n3ydeHa aacopOouus
skBUMOIIsIpHON cMecu CO2/N2 B ONTMCAaHHBIX BBIIIE YIIICPOIHBIX ME30MIOPHCTHIX MaTepuaiax

npu Ttemmepatype 298 K um maBmenumsx mo 50 atm. [[ns o6omx ra3oB HCIIOJIB30BaJHChH

Molekyssipabie mojenu 1raPPE.

“(8)

Puc. 1. Koudurypamuu aacopderros: CMK-3 (a), CMK-5 (6) u FDU-15 (B), nyHKTHpOM
0003Ha4YEHO PACIIONIOKEHUE MUKPOTIOP.

[TokazaHo, 4TO MPU HU3KKUX JAABICHUSIX U30TEPMEBI aicopOrmu razoBoii cMecu B CMK-3 u
FDU-15 nmpaktuuecku coBnaaarot (puc. 2, a). [Ipu gaBnenusx soiie 20 atm emxocts FDU-
15 cranoButrcs Beime emroct CMK-3, mockonbky o6beM me3omop B FDU-15 Gombiie
obwema mexnopuctoro npocrpanctea CMK-3, 3anonHenne KOTOpOro B JaHHBIX YCIOBHIX
npuoOIIKaeTcs K npeaeabHoMy. AncopoirionHas emkocth Matepuana CMK-5 cymectBenHO
npeBocxoaut eMkoctd CMK-3 u FDU-15. [TomyueHHbli pe3yabTaT MOXKXHO OOBSICHUTH TEM,
yto CMK-5 umeer HanbGonbImuii cpenu MpeCTaBICHHBIX aJCOPOCHTOB YACIbHBIM 00BEM

nop.
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Puc. 2. M3otepmsl agcopbumu (a) U KodhGHUITUEHTHI aIcCOPOIIMOHHON CeeKTUBHOCTH S (0)
JUISL TPEX YTIIEPOJHBIX ME30MOPUCTHIX MaTepuasioB mpu 298 K.

Bce wuccnenoBaHHble yriiepoJHBIE MaTepuajbl CEJIEKTUBHBI K YIJEKUCIOMY Tra3sy:
paccuuTaHHble KOA(DPHUIIMEHTH aacOpOIMOHHON CeJIeKTUBHOCTH S BhImie 1 (puc. 2, 0).
Haumbonpme#t  cemexktuBHOCTBIO  oOmamaer  aacopbert CMK-3.  KoaddummeHnTsr
CEJIEKTUBHOCTH JUIsl 9TOTO MaTepuaja Mall0 MEHSIIOTCS C JIaBIEHHEM M HMMEIOT CpeiHee
3aavyenne 2.15. s cenextuBHoctn CMK-5 Takke He BBISBICHO BBIPAKCHHOMN 3aBUCHMOCTH
OT JaBJICHWS. 3HAYCHHS TOJY4YeHHBIX [ ancopoOeHta FDU-15 koaddumuenTon
CEJIKTUBHOCTH PE3KO CHIDKAIOTCS B MHTEpBalie AaBieHuid 1-10 atm, mocie 4ero BEIXOAAT Ha
MOCTOSTHHOE 3HAYCHHE, OJIM3KOe K KodpduimeHTy cenekruBHocTr 1t CMK-5.

OnucaHHbBIM XapakTep W3MEHEHHH K03()(PUIIMEHTOB CENEKTUBHOCTH HA HAYaJbHOM
y4acTKe 3aBUCUMOCTH OOBsCHAETCA HanuuueM B cTpykrtype FDU-15 nmnmmnapuyecknx
MHUKPOIIOpP, CEIEKTUBHOCTh KOTOPBIX 3HAYMTEJBHO BBILIE, YeM A1 Me3omop. OnHaKo 10
a7cOpOMpPOBAHHBIX B MUKPOIIOPAx MOJIEKYJI M UX BKJIAJl B 00IIME XapaKTEPUCTUKU MaTepuaa
OBICTPO CHIKAIOTCS C POCTOM JIaBIICHUs, U YxKe ipu 15 atm ancopOrimonnsie cBoiictBa FDU-
15 mpakTUYeCKH MOJHOCTHIO OMPEEISIIOTCS aAcopOIMe B Me30Iopax.

JlononuutensHass MHQOpMALUs O CBSI3U TOIMOJIOTMM MaTepHUalioB € 3(PQPEKTUBHOCTHIO
pazaeneHust OyAeT TMOJlydeHa TOCIE TPOBEACHUS  MOJIEKYJISIPHO-IMHAMHYECKOTO
MOJIETUPOBAHUS UCCIIEAYEMbIX CUCTEM.

Paboma  ewvinonnena npu noooepocxe Poccuiickoco ®onoa  DynoamenmanvHuix
Uccneoosanuii (ecpanm 19-03-01051 A).
A.M. Toamaueg, npogheccop kaghedpuvt pusuueckoit xumuu MI'Y um. M.B. /lomonocosa, 0.

Xxum. Hayk: Jlokiang HMHTEpeceH, MOCKOJIbKY B HEM MCCIIEIOBAaHO BIMSIHHE CTPYKTYpPBI
ME30MOPHUCTHIX aJCOPOCHTOB Ha 3(PPEKTUBHOCTD BBIJIECICHUS YIJIEKHCIIOIO T'a3a U3 ra3oBbIX
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cmeceit. OgHaKo, U3 TE3UCOB HESICHO, IOYEMY BRIOPaHBI ME30TIOPHCTHIE, 8 HE MUKPOIIOPUCTHIC
aKTUBHBIE YIJIM, C YE€M CBA3aH BBHIOOp HMMEHHO J3THUX aJICOPOEHTOB, OTCYTCTBYIOT
JUTEpaTypHbIE CCHUIKH, YTO 3aTPyAHSICT IOHUMaHKE BCEH 3a/1a4 B 1I€JIOM, HAalIpUMep, BEIOOP
YTIEPOIHBIX aJCOPOCHTOB, a HE I[COJIMTOB WJIU aTIOMOCHJIMKATOB, BHIOOP TeMmIeparyp |
NaBJIICHUN U T. 1I.

Omegemul _aemopos: JIns MeMOpaHHOTO pa3[elieHus Ta30BbIX CMeceH, CoAepKaIiux
YTJIEKUCIBIA Ta3, NEHCTBUTEIHFHO MOTYT OBITh UCIOJIB30BAHBI HEOPTAHUYECKUE MaTECPHUAITBI
pazmunoi mpuposl [C.A. Scholes, et al. Int. J. Greenh. Gas Control 2010, 4, 739]. HauGomnee
HIMPOKOE PACTIPOCTPAHEHUE UMEIOT KPEMHHUEBBIE aICOPOSHTHI (B IEPBYIO OYEPE/Ib, LIEOJIUTHI).
OpHako mpu pas3felieHUd TOTOYHBIX T'a30B B PEKUME «IIOCIE CXKUTAHH», KOTJa ra3oBas
CMECh COJACPXKUT CYIIECTBEHHOE KOJUYECTBO BOJSHOTO Iapa, TAKHE MaTEPHAIbI MOTYT
yTpauyuBaTh CBOU aJICOPOIIMOHHBIC CBOWMCTBA B CHITy Pa3pyIICHUS WX TMOPUCTOU CTPYKTYPHI
[C.A. Scholes, et al. Int. J. Greenh. Gas Control 2010, 4, 739]. Yriepoassie aacopOeHThI B
MEHBIIICH CTETICHH TOJIBEPKCHBI TAKOMY BO3JICHCTBUIO, COMMOCTABUMBI 1O 3()(PEKTUBHOCTH,
OTHOCHUTEJIPHO TIPOCTHI U HEJAOPOTH B M3TOTOBJICHHUH, TIOTOMY MX HCIOJb30BaHHUE B JAaHHOM
nporiecce 1enecoodpasno [D.M. Alessandro, et al. Angew. Chem. Int. Ed. 2010, 49, 6058].
O} PeKTUBHOCT, MEMOpPAHHOTO pa3JeeHUs] OMPEEIsieTCs] Ta30BOM MPOHUIIAEMOCTBIO |
CEJICKTUBHOCTBIO MaTepuajga, U OCHOBHAs 3ajadya 3aKII0YacTCs B TOM, YTOOBI JOOUTHCS
MaKCHUMAaJIbHBIX 3HAUE€HWU 000MX MapamMeTpoB. MUKpPOMOPUCTBIC MaTepHalbl O00JIaTaloT
XOPOIIEH CEeTEeKTUBHOCTHIO, HO IPOHUIIAEMOCTH BBIIIIE B CITy4ae ME30MOPUCTHIX aJICOPOSHTOB.
Kpome Toro, moBepXHOCTh ME30MIOPUCTHIX aICOPOCHTOB TOpa3/0 Mpoile MOAUGUIIUPOBATH B
ciydae HEOOXOJMMOCTH, B YaCTHOCTH, IS JIOCTMDKCHHS OoJjiee BBICOKMX 3HAYCHHM
agcopounonHoii cenekruBHoctu [D.M. Alessandro, et al. Angew. Chem. Int. Ed. 2010, 49,
6058]. BeiOpannbie yriepoanbsie Me3onopucteie Matepuanbi, CMK-3 [S. Jun, et al. J. Am.
Chem. Soc. 2000, 122, 10712], CMK-5 [R. Ryoo, et al. Stud. Surf. Sci. Catal. 2001, 135, 150]
u FDU-15[Y. Meng, et al., Angew. Chem. Int. Ed. 2005, 44, 7053], 061aaar0T, cpeiu Mpoyero,
Y3KHUM pacrpeiesieHueM Iop MO pa3MepaM U OOJIBIION IUIOMIA[bI0 MOBEPXHOCTH, UX
MOPUCTOCTh M CBOMCTBA MOBEPXHOCTH MOXHO KOHTPOJUPOBATH B MPOIECCE CHHTE3a, YTO
OTpeJeNIIeT MX BBICOKHIA TOTCHIIMAT B Ka4yeCTBE aJICOPOCHTOB JUISI PAa3fCIICHUS Ta30BBIX
cmeceii [S. Tanaka, et al., Carbon, 2011, 49, 3184; K. Saini, et al., Sep. Purif. Technol. 2010,
75, 366]. IloMmuMo »3TOro, oOmpeAeicHHE aJCOPOIMOHHBIX CBOWMCTB IEPEUMCIICHHBIX
MaTEPHUAJIOB SBJISETCS AaKTyaJIbHOM 3aJaveil, IMOCKOJIBKY B JIUTEpPAaType YHCIO pador,
MOCBSIIIICHHBIX 3TOM TeMe, CHIIBHO OTPaHUYCHO.

Br16op BHEIIHUX yCIOBUMN /JIsl MPOBEACHHS MOJICTUPOBAHUS HA JAHHOM dTare paboThl ObLT
OPHUEHTUPOBAH HA TE, YTO OOBIYHO HCIOJB3YIOTCS B JIA0OPATOPHBIX MCCIICIOBAHUSX.
MonenupoBaHue mporecca pas3/iejicHUs] Ta30BbIX CMecel B YCIIOBUSAX, COOTBETCTBYIOIIUX
TexHoJIorndeckoMy mporieccy yiarimuanus CO2 (50°C, nasnenus no 30 at™ [2]), mpoBoUTCs
B HACTOSILIMIA MOMEHT.
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HMoxnan 14
MOAEJIMPOBAHUE NPOLECCA INUPOJIN3A IIJIAM-JIMT'HUHA C
MOJYYEHUEM AKTUBHBIX YI'JIEN
Boponnos K.b., bornanosuu H.HA.

CesepHnuiii (Apxkmuueckuti) gpedepanvrsiii ynusepcumem umenu M.B. Jlomonocosa, nao.
CesepHoti /leunvl, 17, Apxaneenvck, 163002, Poccus
k.vorontsov@narfu.ru, n.bogdanovich@narfu.ru

AKTyaJbHOM 3a7aueid pu MPOU3BOICTBE aKTUBHBIX YIJICH SIBISIETCS] CHHTE3 aJICOPOEHTOB
C 33JIaHHBIMU CBOMCTBAMHM U XapaKTEPUCTUKAMU, K KOTOPHIM B MEPBYIO OYepeIb CIEIyeT
OTHECTU TNapaMeTphbl, ONpPEIEISAIOUIME TMOPUCTYIO CTPYKTYpY aJCOpPOEHTOB: O0BEM H
yAENbHYI0 TOBEPXHOCTh. JlaHHas 3amaya pemraercs MyTeM pa3padOTKH MaTeMaTUYeCKUX
MOJENIEH, CBS3BIBAIOIIMX XapaKTEPUCTUKU AY €  yCIOBHUSIMHU €ro  MOJy4YCHUS.
MopaenupoBaHue mpoiiecca MUPoIn3a TEXHUIECKUX TIUTHUHOB MOXKET ObITh OCYIIECTBIICHO C
UCIIOJIb30BAHHEM METOJIOB IUJIAHUPOBAHHOTO SKCIEPUMEHTAa, OJHAKO, B OTHOIIEHUU K
NUPOJIN3Y NIIaM-IMTHIUHA MTOJ00HBIE PaOOThHI HE MTPOBOIUIIHCH.

[lenp paboOThl — MOTyUYEHUE MATEMATUYECKUX MOJIENIeH, YCTaHABIMBAIOIIUX 3aBUCUMOCTH
XapaKTePUCTUK AaKTUBHBIX yTJEed W3 IUIaM-JIMTHUHA C YCJIOBUSIMHU THPOJH3a METOJI0M
IJIAHUPOBAHHOTO AKCIIEPUMEHTA.

[Tuponu3 naM-IUrHIHA TPOBOIUIN METOIOM TEPMOXUMHYECKOM aKTUBAIIMH, B KAYECTBE
AKTUBUPYIOIIETO areHTa UCMOJIb30BAIM TUAPOKCU HATPUsL. DKCIEPUMEHTAIBHOE U3yUYECHHE
npouecca MHUpOoJIh3a MPOBOJUIM C HCIOJIb30BAHHEM TPeX(PaKTOPHOTro poTaTadenbHOro
LHEHTPaIbHOTO KOMIIO3UI[MOHHOTO TUIaHa BTOPOTro MOPSIKA.

Jlnst sxcnepuMenTa ObutH BhIOpaHBl Hanbosiee 3HAYMMbIE (PAKTOPHI TEPMOXHMMHYECKOU
aktuBanuu: X1 — Temmepatypa nupoiausa (T,°C), X2 — npoJ0IKUTENBHOCTD TUPOJIN3a (T,MHUH)
u X3 — jmo3upoBKa aktuBHpytouiero areHta (D,%). B kauecTBe BBIXOJHBIX MapaMeTpoB
WCIIONIB30BANIA  CJICNYIOMNE XapakTepucTuku: BeIxod yris (Y,%); oO0bem MHKpoOIOp,
paccuuTaHHBIM MO ypaBHeHuio [lyOmHunHa-PanymikeBnda Teopun OOBEMHOTO 3aNOTHEHHS
mukponop (Vor,em®r); 06bem mukponop (Veer,em®/r), obmuii 06bem mop (Vs,eM®/r) u

yIelnbHas IOBEpXHOCTh (SgeT,M?/T), pacCuMTaHHBIE II0 ypaBHEHHIO bpyHayspa-DMmera-
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Temnepa (bOT) Teopun moauMoNEKyISIPHON acoOpOLUM; 00BEM ME30IIOP, ONPEACICHHbIN 1O
metony Bappera-Jlxoiinepa-Xanenasl (VeH, c¢M3/T); yIenbHas IOBEPXHOCTH ME30- W
Makpormop, onpeenennas 1mo Meroxy t-plot (Sm, M%/r).

XapaKTepUCTUKH MOPUCTONM CTPYKTYpbl AaKTHBHBIX YIJIEH OIpeNessid  METOI0M
HU3KOTEMIlepaTypHO ancopOuum aszota (mpu Temneparype 77 K) ¢ mnomomibro
aBTOMaTH3upoBaHHOU cuctreMbl ASAP 2020MP (Micromeritics).

[TpoBenu 3KcHepUMEHTAJIbHBIE MCCIIEOBAHUS, MOJIYyYEHHbIE JTAHHBIE MCIOJIb30BAIN IS
pacueta KO3(p(QUIMEHTOB YpaBHEHUN perpeccuu M pa3pabOTKH CTaTUCTUYECKHX MOeIeH.
OcyuiecTBUIM MPOBEPKY Mojened mnmo Kputeputo Puiepa: Bce MOJAEIH aJeKBAaTHO
ONMKCHIBAIOT HM3yYaeMbl€ MPOLECCHl, T. K. JUIsl BCEX MOJYYEHHBIX YpPaBHEHHMH pacyeTHOE
3HadyeHue kputepus Ouinepa He npeBocXoaUT TabnuyHoe (pu ypoBHe 3Hauumoctu 0.05).
[To ypaBHEHUSIM MaTeMaTHYECKUX MOJENEH MOCTPOMIM MOBEPXHOCTU OTKJIMKA, HATJSIHO
J€MOHCTPUPYIOLIHE BIUSHUE (PAKTOPOB SKCIIEPUMEHTA Ha BBIXO/IHBIE XapaKTEPUCTUKH.
MareMaTnuecKkue MOJIEIIN:

Y =19.8 — 2.0X; — 3.5X, X5 — 3.1X7 + 2.6X2

Vpr = 0.31 + 0.13X; — 0.06X, X, + 0.06X, X5 + 0.02X7

Vger = 0.36 + 0.15X5 — 0.06X, X, + 0.07X, X5

Vgju = 0.08 4+ 0.07X5 + 0.03X, X3 + 0.05X5

Vs = 0.45 + 0.23X; — 0.08X, X, + 0.1X, X5 + 0.08X%

Sper = 788 + 374X; — 138X, X, + 162X, X5 + 41X,X; — 88X% + 69X2 + 86X%
Sy = 145 — 45X, + 119X; — 55X, X, + 87X, X5 + 63X5 + 38X2

[TonydyeHHbIE HAMU MaTeMaTUYECKUE MOJIETU CBS3BIBAIOT YCIOBUS CHUHTE3a AY U3 1UI1aM-
JUTHHUHA C UX XapaKTEPUCTHUKAMU U MO3BOJIAT MOJEIMPOBATH MIPOLECC MUPOIN3a, MOJIyYdast
IIPU 3TOM aJICOPOEHTHI € 3apaHee MPOTHO3UPYEMBbIMU CBOMCTBAMHU.

VY CTaHOBIJIEHO, UTO JI03UPOBKA aKTUBHUPYIOLIETO areHTa (TMIpPOKCHIAa HATPHsI) OKa3bIBAET
HauboJee CyIEeCTBEHHOE BIUSHUE HAa BCE U3YUCHHbIE HAMHU BBIXOJIHbIE TTApaMETPhl: BO BCEX
MOJIENIAX, KpOME YpaBHEHHS BbIxoaa AY, naHHBIN (aKTOp MOJOKHUTENEH. TakuM o0pa3om,
YBEJIMUYMBAs JO3UPOBKY IIEIOYH, MOKHO IMOJy4YaTh YIJM C BBICOKOPA3BUTON MOPUCTOMN
CTPYKTYpOM, OJIHAKO HUX BBIXOJ TMpu JSTOM OydeT CHWKaTbca. Temmeparypa H

MNPOAOJDKUTCIBHOCTL IIHMPOJIM3d OKa3bIBAKOT MCHBIICC BIIMAHHUC Ha XapaKTCPHUCTUKU
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AKTHUBHBIX yIJIed U3 IUIaM-JIMTHUHA. B TO ke BpeMs, OJJHOBPEMEHHOE yBEJIMYEHUE JTaHHBIX
($bakTOpOB MPUBOIUT K HEKOTOPOMY CHMKEHHIO VBET U SpeT M yBenuueHuo Sv. Mcnonb3ys
3¢ (eKT B3aMMHOIO BIHUSHUSA T U T, MOKHO B ONPE/IEIIEHHON CTENIEHU U3MEHATh COOTHOIIEHNE
napaMeTpoB MUKPOIIOP U ME30TIOpP.

[To cOOTHOLIEHUIO BENTUYMH 00BEMOB MHUKPOIIOP M ME30MOP U YJEIbHBIX MOBEPXHOCTEH

SBeET M Swm CACJIaH BBIBOA O TOM, 4YTO CTPYKTYypa INOJIYUCHHBIX AY saBiseTcs B OCHOBHOM

MUKPOIIOPUCTOM.

Sget SeeT)
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Puc. 1. 3aBucumocTs SgeT OT ycnoBui monydenust AY: mpu noctosiHHou no3uposke NaOH
(2) u mpu mocTosTHHOM TemrepaType nuposu3a (b)

[To xapakTepy BIusiHUSA (DAKTOPOB DSKCHEPUMEHTA Ha BEJIWYUHY SpeT YCTaHOBWIH
ONTUMAJIbHBIE PEKUMHBIE TTapaMeTphl Tuponu3a nuiaMm-nmuranna: T — 700 °C, Tt — 80 mun, D
— 200 % (puc.l). [lomyyeHHble MpU ONTHUMANBHBIX YCIOBUSX aKTUBHbIE YTIU 00JagaroT
BBICOKMMH XapaKTEPMCTHKAMH TIOPUCTON nmoBepxHocTH (Sget = 2000 M?/r) u, B LENOM, He
yCTyHaroT IO CBOMM CBOWCTBaM aJICOpOEHTaM, CHHTE3UPOBAHHBIM W3 JAPYTUX BHJOB
TEXHUYECKHUX JIMTHUHOB MTyTeM TEPMOXUMHUYECKOIN aKTUBALIMU C TUPOKCHIOM HATPUS.

B.U. /lyoapes, npogheccop kaghedpvl xumuu u nuuiegvix mexnonozuii HPHUTY, 0. mex.
nayk: llpencraBieHHBIi MaTrepual IOCBAIIEH aKTYalbHOM 3aJade IPU INPOU3BOJACTBE
AKTHUBHBIX YIJIeH — CHHTE3y aJICOPOEHTOB C 3aJaHHBIMU CBOMCTBAMU U XapaKTEPUCTHUKAMU, K
KOTOPBIM OTHOCAT MapaMeTphbl, ONPEACIISIONINe TOPUCTYIO CTPYKTYPY aZCOPOCHTOB: 00bEM U

YIAEIBHYIO TIOBEpPXHOCTh. [IpHBeNEeHO pelieHue TakoW 3aJa4yd  IyTEM IOJIy4YEeHUs
MaTeMaTUYECKUX MOJIENIEH, YCTAHABIMBAOIINX 3aBUCUMOCTH XapaKTEPUCTUK AKTUBHBIX
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yIJied U3 NUIaM-JIMTHUHA C YCIOBUSIMU MUPOJIU3a METOJIOM IJIAHUPOBAHHOTO SKCIIEPUMEHTA.
Pe3ynbTaThl UMEIOT ONpeie/ICHHBIN HAyYHBIN U TPAKTHYECKUN HHTEpec.
M.B. Tanunosa, Huarcenep-mexnonoz HITC CHU3, AO «Copoenmy:

1. Kaxkoit 06beM MaKpo U MHKPO TOP, a TaK Ke yAeIbHYI0 IOBEPXHOCTh Bam ynanock

JOCTUTHYTb MPOIIECCOM MUPOJIU3a MIJIaM-TUTHUHA?
2. KaxoBa mexaHnuecKkas MpOYHOCTh B (PPAKIIMOHHBIN COCTaB MOJYYCHHBIX MTPU
ONTUMAJIBHBIX YCIOBUSIX AY?
3. KakoBo mpouncxoxaeHue ucciaeayeMoro nuiaM-IMTHAHA TI0 MECTOPOKICHUIO?
4. T'ne pekoMeHAyeTCs UCTONIb30BaHUE AY, IOTy4YEHHOTO U3 IIaM-JTUTHUHA?

Omegemul agmopos:

(1) Onpenensnu cienyromue napamerpsl: 00beM Mukpornop (okono 0.8 cM®/r), oobem
mezomop (0.2-0.3 cm®/r) u o6mmii 06sem mop (1.0-1.5 cm®r) B, Sger (2000-2500 Mm?/r) B
3aBHCHMOCTH OT yCIIOBUW MUPOJIN3A;

(2) B nanHOM WCCIEIOBAaHUY TH ITapaMeTPhl HE OICHUBAIIH;

(3) lllnam-nurHUH OBUT MOJTyYeH B JIAOOPATOPHBIX YCIOBHSIX IyTeM O00paOOTKH MOJCIEHON
BOJIBI ATTIOMUHHH COJIEPIKAIMM KOATyJISTHTOM,

(4) B mporeccax OYHCTKH CTOYHBIX BOJ OT OPraHWYECKUX 3arpsA3HCHUH, HampuMmep,
JIUTHUHHBIX BEIECTB.
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Hoknan 15
HNCCIEAOBAHUE BJIMAHHUSA CBIPBEBBIX KOMIIOHEHTOB HA
KAYECTBEHHBIE XAPAKTEPUCTUKU AKTUBUPOBAHHbIX
T'PAHYJIMPOBAHHBIX YIJIEN
Ilykanosa A.H.!, ®apoeposa E.A.2, Ilepmun E.A.?, Jlumonos H.B.!

140 «Copbenmy, 614042, Poccus, 2. Ilepmo, ya. I'anvnepuna, 6,
angi.tsukanova@gmail.com; nvlimonov@sorbent.su.
2[TepmcKuii HAYUOHATLHBLI UCCE008AMENbCKULL NONUMEXHUYECKUTl YHUBepCUmenn,
614990, Poccus, 2. [lepmv, Komcomonvckuii npocn. 29, elenafarb@gmail.com;
egorpershin96@gmail.com.

['panynupoBaHHbIE aKTUBUPOBAHHBIE YTJIM HALLIM IIMPOKOE MPUMEHEHHE B OUHCTKE ra30-
BO3JIYIIHBIX IIOTOKOB OT HEXEJIATEIbHbIX MPUMECE, CTOYHOM M MUTHEBON BOJBIL,
TEXHOJIOTUYECKUX PACTBOPOB, B MPOLIECCAX PEKYNEpalyd OpPraHMYEeCKUX PacTBOPUTENEH, B
MEIUIIMHE, a TakKe€ B CpEACTBAaX HWHIAWBHUIYaJIbHON 3alllUTBl OpraHoB napixaHus. Ha
CETOJHSIIHUNA JeHb 00bEMBI MPON3BOJICTBA U ACCOPTUMEHT YrOJbHBIX COPOEHTOB B Poccun
HE YJOBJIETBOPSIIOT BBICOKUI CIPOC Ha PBIHKE, KaK CJIEICTBUE YBEIMYUBAETCA A0S UMIIOPTA.
OpnHoli W3 NpPHUYMH TaKOM TEHACHLMH SIBISIETCS KAayeCTBO ChIPbS, HUCIOJIB3YEMOIO B
MPOM3BOJICTBE AKTUBUPOBAHHBIX yTJIEH.

TexHONOorus Nnoxy4eHus: rpaHyIMPOBAHHBIX AKTUBHBIX YIJIEH COCTOUT M3 CJENYIOLIUX
KJIFOUEBBIX CTaJAMI: MOTyYeHHE YTOJIbHO-CMOJISIHOM MAcThl MyTEM CMEUIECHUS YTOJIbHOM MbUIH
U CBA3YIOLIETO KOMIIOHEHTa, (OpPMUPOBAaHUE TpaHyJs, KapOOHHM3alus M MaporasoBas
akTuBalusd. B KauecTBe CBA3YIOIIETO MOIYT HCIOJB30BAThCS pa3iIU4HbIE IPOAYKTHI
KOKCOXUMHYECKOW M  HePTEeXMMHUYECKOW MPOMBILNUIEHHOCTH. Ha  xapakTepucTtuku
IpaHyJIMPOBAHHBIX YTJIEPOJIHBIX COPOCHTOB BIMSIOT TaKWe CBOWCTBA CBS3YIOILETrO, Kak
BA3KOCTh U COJIEp’)KaHHE KOKCOBOTO OCTaTKa, KOTOpoe oOecnedyrBaeT HeoOXOIUMYIO
MPOYHOCTh TpaHyll roroBoro yris [1]. B Hacrosiiee Bpemsi BeAETCS aKTUBHBIA IOUCK
pPa3IUYHBIX BUJOB CBA3YIOIIMX, HCIOJb30BAHME KOTOPBIX IMO3BOJMWIO OBl MOJIy4YaTh
aKTUBUPOBAHHBIE YT CTAOMIIBHOTO KauecTBa.

B 3aBucumoctH OT BHAa CBA3yIOMIETO (OPMUPOBAHUE TOPUCTOW CTPYKTYPHI

AKTUBUPOBAHHOTO YIJISI MOET MPOUCXOJIUTH paszaudHbIM oOpazoM. g s¢dekTuBHOrO
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NPOTEKAHUS aJICOPOIMOHHBIX MPOIECCOB YIIAEPOAHBIA COPOSHT TOJDKEH UMETh OOJBIIYIO
YAENBHYIO TUIOMIA/Ib TOBEPXHOCTH U PA3BUTYIO CTPYKTYPY aJACOPOILIMOHHOTO MPOCTPAHCTBA —
MHUKPO- U Me301op [2].

C uenbio onpezielieHns BIUSHUS COCTaBa CBA3YIONIErO HAa KaYeCTBEHHBIE XapaKTePUCTUKU
AKTUBHOTO YTJIs1 U POPMUPOBAHUE TOPUCTOCTH MTPOBEACHBI UCTIBITAHUS 00pa31[0B COpOEHTA U
aHaJlU3 M30TEPM aJcopOIUH, PE3yNbTaThl NMpUBEAeHB B Tabn. 1. B pabore ucnons3oBanu
C1a00CTICKAIOIIYIOCS TBLIh KAMEHHOTO YTJISA C TIOIIMXTOBKON MOJYKOKCOM (pakiuu 5-25
MM, B Ka4eCTBE CBS3yIOlIero — kameHHoyrosbHyto cmoiy (KYC), ceazytomee BC u cmomy
Tsokenyto nuponusnyto (CTII), cootnomenuwe yras u cBssytomero — 70 u 30 %
COOTBETCTBEHHO.

Tabnuna 1. OcHOBHBIE (PU3UKO-XUMHUYECKHE XapaKTEPUCTUKH 00pa3I[0B aKTUBUPOBAHHBIX

YIJIEH U ITapaMeTPbl IOPUCTON CTPYKTYPhI

HanMeHoBaMIe HoKA3aTes 3HaveHue 1mokasaress 41 0opasia
Ne 1% Ne 2 Ne 3

HachInHas mI0THOCTD, T/aM° 479 468 465
[TpouHoCTh U UCTUPAHUH, %o 88 87 83
CyMMapHBIii 00beM 1Op MO BOJE, CM /T 0.87 0.84 0.89
V enpHas muomaas nopepxHocty mo AT, M%/r 949.6 836.3 812.3
TTOBEpXHOCTH MHKPOIIOP, M%/T 1114.0 976.4 955.7
[IpenenbubIi 06T)GSM a7ICOpOITMOHHOTO 0.4995 0.4217 0.4229
MIPOCTPAHCTBA, CM™/T
O6BeM MEKpOTIOp, cMY/T 0.3959 0,3470 0.3396
[TosrymmpuHa mop, HM 0.870 0.856 0.851
Dueprus aacopoumu, kJHx/Mob 14.943 15.193 15.283

* Nel —KVYC 10% + BC 90%; Ne2 — KYC 35% + BC 65%; Ne3 — CTII 100%.

Cornactao Ta6a. 1 obpazery Ne 1, U3roTOBJICHHBIN ¢ UCMOIB30BAaHUEM KOMITO3UIITMOHHOTO
CBSI3YIOIIEr0 M3 KaMEHHOYTOJIbHOM cMoJibl U cBsizytoniero BC B cooTHomenuu 1:9, umeer
HauOOJIBIIIYI0  YJEJABHYIO TUIONIA[h TOBEPXHOCTH, TOBEPXHOCTh MHKPOMOp, 00beM
aJICOPOLIMOHHOTO MPOCTPAHCTBA U MHKPOIOP, OJHAKO MPH ATOM 00Ja/JaeT HaWuMEHbIIUM
3HaYEHUEM XapaKTEPUCTHUECKON 3HepTrun agcopOuu. [1oBblIeHne 1011 KAMEHHOYTOJIbHOU
CcMOJTBI B KoMTIo3uIinu (06pazerr Ne 2) mpuBOIUT 3HAYUTEIIBHOMY CHI)KEHHUIO TIOBEPXHOCTH U
o0beMa COpPOIMOHHOTO TMPOCTPAHCTBA, YTO CBS3aHO C 3aTPYJHCHUSMU Ha CTaJUH
mapora3oBoil akTuBaruu mpoaykra. OOpaszer;r Ne 3, TOJy4eHHBIH C HCIOJIB30BAHUEM

AJIBTCPHATUBHOT'O BHUa CBA3YIOLICTO — CMO/JIBI TSDKEIION HPIpOJIPI3HOI>’I, HUMECT
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XapaKTePUCTUKH, HICHTUIHBIE 00pasiy Ne 2, HO B TO K€ BpeMs XapakTepu3yercsi Hanbosee
BBICOKOM PHEPTHUEH aIcopOIuu.

Ha ocHOBaHWM MOJIyYEHHBIX PE3YJBTATOB MOXHO CIEIaTh BBIBOJ, YTO IS MOJYyYEHUS
IPaHyJIUPOBAHHOTO AKTUBUPOBAHHOIO YIUISI C PA3BUTOW MHUKPOIOPUCTOM CTPYKTYypou H
OONBIION TJIOIMIA/IbI0 TOBEPXHOCTH HEOOXOAMMO MHUHHMHU3HPOBATH HUCIIOIb30BAHUE
KaMEHHOYTOJIbHOM CMOJIbI Ha CTaJIMH MPUTOTOBJIEHUS YTOIbHO-CMOJISTHOM MMACTBHI.
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HAllMOHAJIbHBIN UCCIIEI0BATENIbCKUN MOTUTEXHUUECKUN YHUBEpCUTET"

2. Kenbue H. B. OcHoBsl aacop6imonnoi texuuku / H. B. Kenbies. - Mocksa: Xumusi, 1984

B.U. /lyoapee, npogheccop kagheopvt xumuu u nuwiesvix mexuonozuii HPHUTY, 0. mex.
Hayk: Pe3ynbTaThl TPEACTaBICHHOW paOOThI OTpa)karoT IEJIECOO00Pa3HOCTh PEIICHHS
MIPOU3BOACTBEHHOM 3a/1aul MOUCKA PA3JIMUYHBIX BUJIOB CBSA3YIOIIHNX, UCIIOIb30BAHUE KOTOPHIX
MO3BOJIUJIO OBl TOJIy4aTh AaKTUBUPOBAHHBIC YIIW CTAaOMIBHOTO KadecTBa. B wurore
BBITIOJITHCHHBIX MCCIICIOBAHUM TIOJIyYEH BBIBOJI, YTO JJIA TOJIYYEHHUS TPaHyIUPOBAHHOTO
AKTUBUPOBAHHOTO YIJISI C PAa3BUTOW MUKPOMOPUCTON CTPYKTYpOHl U OOJIBIION TUIOMIAABIO
MOBEPXHOCTU HEOOXOIMMO MUHMMHU3UPOBATH UCIOIH30BaHUE KAMEHHOYTOJIBHOM CMOJIBI HA
CTauu TIPUTOTOBJICHUS YTOJIBHO-CMOJISHOW TMAacThl. MaTepuaibl UMEIOT KOHKPETHBIN
MPAKTUYECKUN UHTEPEC, BAKHBIN JIJI MPOU3BOJICTBA KAUECTBEHHBIX AKTUBUPOBAHHBIX yIJICH
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JMoxaan 16
NCCIIEJdOBAHUME BJIMSAHUSA PASJIMYHBIX ®PAKTOPOB HA
KAYECTBEHHBIE XAPAKTEPUCTUKU XUMHUYECKOI'O IOT'JIOTUTEJIA
AMMMUAKA M CEPOBOJIOPOJIA
Ilykanosa A.H.!, ®ap6eposa E.A.2, Jlumonos H.B.!

140 «Copbenmy, 614042, Poccus, 2. Ilepmo, yi. F'arvnepuna, 6,
angi.tsukanova@gmail.com; nvlimonov@sorbent.su.
2[TepmcKuii HAYUOHATLHBLI UCCE008AMENbCKULL NONUMEXHUYECKUTl YHUBepCUmenn,
614990, Poccus, 2. [lepmv, Komcomonvcxuil npocn. 29, elenafarb@gmail.com

CoBpeMEHHBII MHp XapaKTEPU3YyeTCs BBICOKMMHU TEMIIAMU pa3BUTUS psfa oTpaciei
IPOMBIIIJIEHHOCTH — METAJUTYPrHUUeCcKoH, (hapMaleBTUYECKO, XUMHUECKOU U Jip. B cBsi3u ¢
THUM B HACTOAIIEE BPEeMs BBICOKHI MPHOPUTET MMEET co3laHue 3(PQPEKTUBHBIX CPENICTB
3aIllMThl OPraHOB JABIXaHUS OT BPEIHBIX U OTPABIISIOIINX BEIIECTB.

s cHapsiKeHus CpelICTB MHANBUIYAIbHOW M KOJJIEKTUBHOM 3alIUThl OPTraHOB JbIXaHMUS,
GUIBTPOB MPOMBINUICHHOTO HA3HAYEHUS, CIOCOOHBIX OYMINATH BO3AYX OT BpPEIHBIX
BBHIOPOCOB aMMMaKa M CEpPOBOAOPOJA, HCIOJB3YETCS XUMHYECKHH MOTJIOTUTENb MAapKH
Kynpamut. Kynpamut npeacrapiser co0oil rpaHyIHpOBAHHBIN aKTUBUPOBAHHBIN YTOJb C
Pa3BHUTON MOPUCTON CTPYKTYPOW M BBICOKOW MPOYHOCTHI), UMIIPETHUPOBAHHBIA AKTUBHOM
XUMHUYECKON J00aBKOM — CyJb(paToM MEIH.

CymiecTByromass Ha CErOAHSIIHMK JE€Hb TEXHOJIOrus npous3BoicTBa Kympamura B
MPOMBIIIJIEHHBIX MaciiTadax He IMO3BOJSET CTA0WIBHO IMOJIy4YaTh BBICOKOA((HEKTUBHBIN
npoayKT. [[s onpeneneHus BAUSHUS pa3IMUHBIX (PAaKTOPOB TEXHOJIOTHYECKOTO MpoIiecca Ha
KA4eCTBO NOTJIOTUTENSI MPEMIOKEHO HCIIOIB30BaTh METOJ KOPPEISLMOHHOIO aHain3a. B
XUMHUYECKON TEXHOJIOTUU UCIIOIb30BAHUE KOPPEISALIMOHHOIO aHAIM3a IOMOTaeT YCTAaHOBUTh
CBSI3b MEXIY JBYMS WIM HECKOJBKUMH HCCICTyEMbIMH BEIUYMHAMU WU SIBICHUSMHU.
Koppensimonnsiii aHanu3 HEOOXOIUM B ClIy4ae, KOTJa OTCYTCTBYET TEOPETUYECKasl CBS3b
MEXy SIBIICHUSIMH, a 3aBUCHUMOCTb HOCUT BEPOSITHOCTHBIA XapakKTep U MOMOTAET CHENATh
3aKJIIOYEHHE O HaJIMYUU WIM OTCYTCTBUU CBSI3U MEXIY BEJIMYMHAMH, TPUMEHHUTH

IIOJIyYEHHBIE PE3YyJIbTATHI JUIsl KOPPEKTUPOBKH ITAPAMETPOB TEXHOJIOIMYECKOTO IIpoLiecca.
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KoppensuuoHHblii aHaIu3 IPOBEJIEH HA OCHOBE JaHHBIX NIPUEMO-CIATOUYHbBIX UCIIBITAHUN
MPOMBINUICHHBIX mapTui noryotutens Kynpamut-M 3a 2018-2020 rr. npousBojactea AO
«CopOeHT» ISl BBISBICHUS BEPOSATHBIX 3aBUCUMOCTEM TOKazareneil CcopOUUMOHHON
3¢ (HEeKTUBHOCTUA TMOTIOTUTENST OT CIEAYIOMMX (DAKTOPOB: KaYECTBEHHBIX XapaKTEPUCTHUK
HOTJIOTUTENS, TOPUCTON CTPYKTYPhl aKTUBHPOBAHHOT'O YIJII-OCHOBBI U OT HCIIOJIb3yEMOTO
CBIPbsI 11 U3TOTOBJICHUSI OCHOBBI.

[ns mornorutenei, copepkammx B cBoeM coctaBe 12—-15 % BomopacTBopUMOit
CEpPHOKHUCIION MeaH, 3aBUCUMOCTh ITOKa3aTeNlel «IMHAMUYECKasi aKTUBHOCTh 10 aMMHUaKy» U
«MaccoBas J0Js BOJOPACTBOPUMOM CEPHOKHUCIONW MEAM» XapaKTepU3yeTcsl 3HAYMMBIM
KO3 (HULUEHTOM KOPPENSIUH, T. €. YEM BBIIIE JOJs aKTUBHOW (POPMBI MEIUM B yKa3aHHOM
WHTEpBAJie, TEM BBIIIE MOTJIOMIAIONIAs CIIOCOOHOCTh copOeHTa o amMuaky. OmHako, pu
YBEJIMUEHUHU KOJIMYECTBA aKTUBHOM 100aBKu 6osee 15—16 % mogoOHas 3aBUCUMOCTh MEHSIET
XapakTep — COpOIMOHHAS AKTUBHOCTH [0 aMMHAKy CHHXKAETCS, YTO MOATBEpPXIAeTCS B
pabotax [1, 2]. IIpu 3TOM CBSI3b TMHAMUYECKON aKTUBHOCTH 110 CEPOBOJIOPOAY OT KOJIMYECTBA
BHECEHHO 100aBKU MPAKTUYECKU OTCYTCTBYET.

Ha 5>@@exkTuBHOCT, NOTIOTUTENS CYIIECTBEHHO BIMSET ChIPbE, HCIOJb3yEeMOE IS
M3TOTOBJIEHUS YIOJBHOM OCHOBBI. Tak, MOBBIIEHUE JI0JI JAPEBECHON CMOJIBI AM3UHCKOIO
JIX3 B cocraBe KOMIIO3WIIMOHHOIO CBSI3YIOIIETO IPHU HW3rOTOBJICHUM AKTHUBHOIO YIS
MO3BOJISICT MOMYYUTh Oosiee 3(PPEKTUBHBIH XEMOCOPOEHT MO OTHOIIECHUI0O K aMMHAKy H
CEpPOBOAOPONY. YBEJIWYEHUE JIOJM KaMEHHOYTOJBHOM CMOJBl B COCTaBE CBA3YIOIIETO
HAIPOTUB NPUBOJIUT K oOpaTHOMY 3 PekTy. [Ipr 3TOM 0TMEUEHO, UTO MPH MOBBIILIEHUHN 10U
KaMEHHOYTOJIBHOM CMOJIbI MPOUCXOJUT YBEJIMYEHHE JOJM MaKpoIop, M, CIEAO0BATEIBHO,
YMEHBIICHUE MPEJEIbHOI0 00beMa aJCOpPOLMOHHOTO MPOCTPAHCTBA U JOJU MUKPOIOp B
aKTUBUPOBAaHHOM YTIJIE-OCHOBE.

[IpoBeneHHbIN aHaNW3 TMO3BOJWI BBISIBUTH KIIOUEBble (DAKTOPHI, OKa3bIBAIOIIUE
HauOoJbIlIee BIMSHUE HAa KAaueCTBO CEPUMHO BBHIMYCKAEMOIO0 XUMHUYECKOTO MOIJIOTUTEINS
Kynpamur. Ha OCHOBaHMM TIOJYyYEHHBIX pE€3yJbTaTOB BO3MOXXHO  IIPOBEJICHHE

KOPPEKTUPOBOK TEXHOJIIOTHUYCCKOTO ITPOoIecca € UCJIbIO MOJTYUCHUA 3(1)(1)GKTI/IBHOFO COp6CHTa.
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Jlumepamypa

1. ®apb6epoBa E.A., Tunsraca E.A., KobeneBa A.P. u np. Ilormoturens amMMmuaka u
CEpOBOJOPO/Ia HA OCHOBE AKTHBHBIX YTJIEW M HCCIIECIOBAHUE €r0 CBOWCTB. bymiepos.
coobwy. 2017. T.50. Ne6. C.41-47.

2. Cmupunonosa E.A., Camonun B.B., [Toxssizaukos M.JI., Mopo3zosa B.1O. [lonydenne u
UCClIeI0BaHUE MOAU(PHUIIMPOBAHHOTO (DyJIepeHaMU XUMHUYECKOTO MOTJIOTUTEIIS aMMHUaKa

Ha OCHOBE aKTUBHOTO yTis. JKypran npuxinaorou xumuu. 2020. T. 93. Ne 5. C. 683-690.

B.M. Myxun, npogheccop, nauanvhux _nadopamopuu _axmusnvix yaaeu AOQ «IHIIO
«Heopzanuxkay, 0. mex. nayk: Bo MHOTUX IPOMBIIIUICHHBIX LIeHTpax Poccun atmocdepHsbiit
BO3[lyX JIOCTATOYHO CHJIBHO 3arpsi3HEH, 4TOo OTpaxxeHo B Maiickom (2018 r.) VYkaze
[Ipesunenta Poccuu. [lpuuem 3HauuTenbHass MO 3arps3HUTENCH aTMOC(EpHOro BO3IyXa
MIPUXOUTCA HA TaKUE ra3bl KAK aMMHUaK U cepoBoopo. KynpaMuTs! SsBIstOTCS, 0€3yCIOBHO,
caMbIMH 3(PPEKTUBHBIMU TOTJIOTUTEISIMU TakuX OJopaHTOB. [IpuBelneHHBbIE B JIOKJIaje
pe3ysbTaThl IO ONTHUMM3AIUU TPOMBIIUICHHOW TEXHOJOTUU TIONYyYEeHUS KylpamuTa
npou3BocTBa AO «CopOeHT» M03BOISIOT MOBBICUTH KAY€CTBO ATOTO COPOEHTA M 00€CTICUUTh
6omnee 3¢ (heKTUBHYIO 3alIUTy aTMOC(HEPhI HAIIUX TOPOJIOB.

M.B. Tanunoea, unyxcenep-mexnonoz HTC CH3, AO «Copoenm». B noxnane
YTBEP)KIAETCS, YTO YMEHBIICHUE COAEPKaHUS KaMEHHOYTOJIbHOM CMOJIBI B CHIpbE YIJIS U
NOBBILLIEHUE JIONM JIPEBECHOM CMOJBI TO3BOJISIET MONY4YUTh Oosiee 3(HEKTUBHBIM
XEMOCOpPOEHT MO OTHOIICHHIO K aMMHaKy U cepoBoaopony. He mornu Obl Bbl mosicHUTS,
HACKOJIbKO Oosiee 3(h(hEeKTUBHBIN U IPUBECTH PE3yIbTAThI?
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HMoxknan 17
PA3PABOTKA TEXHOJIOI'MA ITIOJYUYEHUSA
HUMIIOPTO3AMEIAIONINX AKTUBHBIX YIJIEA
Myxun B.M., I'ypbsinoB B.B., 'umataunos T.B.

AO «Inexkmpocmansvckoe HIIO «Heopeanuxka», Poccus, e. Dnexkmpocmans, Mockosckas
061, victormukhin@yandex.ru

B Hactosmiee Bpems uMIOpT akTUBHBIX yriaed (AY) B Poccuiickyto ®eneparuio
onieHuBaeTcst B 30 ThIC. TOHH B TOJl, IPUYEM OCHOBHYIO JIOJIIO COCTaBIIAIOT AY Ha OCHOBE
CKOPJIyIIbI KOKOCOBOTO opexa [1]. 3To 06CTOSITeNnsCTBO 00YCIOBICHO TEM, YTO OHU UMEIOT
ONTUMAIBHOE COUYETAHUE LIEHBI U KauyecTBa. KauecTBEHHbIE XapaKTEPUCTUKA AY Ha OCHOBE
CKOpJIYIIBI KOKOCOBOI'O Op€Xa XapaKTepHU3yIOTCs BbICOKOW mpoyHOCThiO (90-95 %) u
OONBIIMM pa3BUTHEM oObeMa copOupyromux wmukpomnop (0.50-0.70 cm’/r). Do
MPEeAONPENESIIIO UX IIUPOKOE MPUMEHEHHE B MPOLECCAX CAHUTAPHOW OYUCTKH BO31yXa,
MPOTUBOTA30BOM TEXHUKE M PSAAE BaXHBIX Ta30(a3HbIX aJCOPOIMOHHBIX TEXHOJOTHIX
(Hanpumep, B padhUHUPOBAHUM T'EIHS).

B PO pns Takux 3aja4 MCHOJB30BalM aKTHBHBIE YIJIM HA OCHOBE KaMEHHOYTOJBHOTO
ceipbst Tuna Al-3 u AI'-5. Onnako B Poccum umeroTcsi B HAIMYUM JOBOJBHO OOJBIIHNE
00BEMBI KOCTOYEK MEPCHKa U abpUKOca, KOTOPBIE MO CBOEH CTPYKTYpEe COMOCTABUMBI CO
CKOPJIyIIO KOKOCOBOTO opexa. B kauecTBe MCXOIHOTO ChIPbSi MBI UCIIOJIB30BAIN KOCTOUKY
[IepCHKa, rocTaBieHHy 0 u3 KpacHogapckoro Kpas.

[TommydyeHne akTHBHOTO YIJISl U3 KOCTOYKH TIEPCHUKA OCYIIECTBIISUIA ITyTEM €€ TPOOJICHUS 0
dpaxiuu 1.0-2.0 MM ¢ mocneayromei kapOoHU3aIMel 1 mapora3zoBoi aktupanueit. Kauectso
nonydeHHoro aktuBHoro yris mapku JIKC (HpoGnensiii Kocroukoswiii CopOeHT) B
CpaBHEHMH ¢ NpoMblIeHHbIM Al'-5 n umnopTHeIM KOKOcOBBIM AY mapku GSN 816 (Hopur)
npuBegeHo B Tabnuie 1. M3 maHHBIX TaOIMIBI BUAHO, YTO AKTUBHBIN yroJib HA OCHOBE
POCCUHCKOTO YIUIOTHEHHOTO PACTUTEIBHOTO ChIPhs (KOCTOUYKH MEPCHKA) TOXKJICCTBEHEH IO
CBOEMY KaueCTBY MMIIOPTHOMY aHAJOTy U MPAKTUYECKU B 2 pa3za MPEBOCXOIAUT MO CBOEMY

KauyecTBY NMPOMBILIUICHHBINH Al-5.
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Tabmuma 1.

Oo6pa3zen Oonem nop, cm>/r Ancopounonnasi | B3/l mo | Ilpounocrs
CIOCOOHOCTH OeH3oJy, npu
Vnxpo | Vmeso | Vmakpo Vx no no MI', MHH HCTHUPAHUM,
iony, Mr/r %
%
AT-5 0.29 0.06 0.32 0.75 50 131 45 75
(pom)
JKC 0.64 0.26 0.19 1.10 110 310 92 93
GSN 812 | 0.46 0.15 0.09 0.70 101 250 93 92

Takum oOpaszoM, ckopeifmas opranuzanus B Poccun mpou3BoJICTBa aKTHBHBIX yTied U3
KOCTOYEK TJI00B (PYKTOBBIX JIEPEBHEB OOCCHEUUT MX IIUPOKOE MPUMEHEHHE B Ba)KHBIX
a1cCOPOLIMOHHBIX TEXHOJIOTHUSIX M YACTUYHO PEIIUT MPoOIeMy UMIIOPTO3aMEIEHUs B 00JIaCTH
aKTUBHBIX yTIIEH.

Jlumepamypa

1. Myxun B.M., Kypunkun A.A., Boponaesa H.JI. u agp. MecTo akTUBHBIX yTJ€il B 3KOJOTUU
U DOKOHOMHKE, HOBbIe TexHosorun ux npomsBoactBa \\ CopOIHOHHBIE U

xpoMarorpadudeckue npoiecchl. — 2016. T. 16. Bemm. 3. — C.346-353

B.B. Camonun, npogheccop, 3a8. Kaghedpoui Xumuu u mexno102uy Mamepuaios u uzoeau
copoyuonnon_mexnuku CIIoI'TU(TY) 0. mexn. nayk. Tema pnokiaaa, HECOMHEHHO,
aKTyallbHa, B CBSI3M C TEM, YTO BBIIYCKAEMBbIE B HAIIEH CTpaHE AaKTUBHbIC YT W3
OTHOCHUTEIIBHO JICIIEBOTO ChIPbSl C MCIOJIB30BAHHMEM METOJla Mapora3oBOM aKTHUBALIHH,
XapakTEPU3YIOTCS HEOCTATOYHO Pa3BUTOM MOPUCTOM CTPYKTYPOM M OTHOCUTEIBHO HU3KOU
MIPOYHOCTHIO, HApUMep, yriau cepud Al U3 KaMEHHOYTOJBHOTO Chipbs U yriau BAY wu3
npeBecuHsbl. [I[pumeHeHne ke MeToga XMMUYECKOW aKTUBAIIMU, KOTOPBIA 1a€T BO3MOKHOCTh
noJiydath 00Jiee aKTUBHBIE YTIepoAHbIe acopOeHThl, Hanpumep, yriu cepun CKT u3 topda,
BEJET K 00pa30BaHUIO OOJBIIOTO KOJMYECTBA TOKCHUYHBIX OTXOJOB B BHUJE BBHIOPOCOB U
cOpPOCOB, UTO JieIaeT UX MPOU3BOJICTBO HepueMiieMbIM. Kak moka3sIiBaeT MUpOBast IPAKTHKA,
HanboJiee KA4YeCTBEHHBIE B OTOM OTHOIICHWU aKTHBHBIE YIJIH, TOJy4aeMble C
UCIIOJIb30BAHMEM METOJIa MAapOora3oBOM AaKTHUBALIMM W3 PACTUTEIBHOTO ChIPhS BBICOKOM
cTenieHu TioTHOCcTH. Hanbosee n3BeCTHR M3 HUX aKTHBHBIC YTIIM U3 CKOPIIYIBI KOKOCOBOTO
opexa. B Hamelt ctpane, Kak U3BECTHO, KOKOC He npouspacraer. OgHako, Ha Teppuropuu PO
pactyT PpyKTHI, B COCTaB KOTOPBIX BXOAT KOCTOUKH, OTIMYAIOITUECS BHICOKON MIIOTHOCTHIO.
K HUM OTHOCSTCS IEPCUKH, CIIMBBI, a0pUKOCHI 1 1Ip. B 1anHO# padoTe nmokazana BO3MOKHOCTb
MOJIYYEHUsI BHICOKOAKTHBHBIX, TIPOYHBIX YTJICPOAHBIX aICOPOCHTOB M3 KOCTOUKH IMEPCUKA.
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Kak BuHO M3 MPUBOAMMON TAaOIHIIBI, XapaKTEPUCTUKH TAHHBIX aJICOPOSHTOB HAXOJSATCS Ha
YPOBHE CBOWCTB AaKTUBHBIX YIJIEM U3 CKOPJIYIBI KOKOCOBOTO opexa. HecoMHEHHO, 4To
peanuzanusi MOAOOHOM TEXHOJIOTHMH JAcT BO3MOXHOCTh OCYHIECTBIISITH COPOLMOHHBIC
MpOILIECChl C UCIMOJIb30BAHHEM TMOJOOHBIX BBICOKOAKTHUBHBIX M MPOYHBIX YTIEPOIHBIX
afcopOeHTOB Ha 0Oosiee BHICOKOM ypoBHE. lIpu 3TOM, KOHEYHO, HA/IO y4E€CTh CE30HHOCTH
JAHHOTO CBIPBSI, B COOTBETCTBMM C YeM HEOOXOJUMO IUIAHUPOBaTh W BHICTPAUBATh
OpraHU3aIMI0 TEXHOJOTMYECKOTO Mpoliecca Ha NPEANpPUATHH, Ha KOTOpPOM OyayT
MIPOU3BOJUTHCA TAHHBIC aJICOPOCHTHI.

A.B. Jlanz, pykosooumenvs HTC CU3, AOQ «Copoenmy, k.m.n.: B 0KI1aze yKa3pIBaaoCh,
YTO KOCTOYKOBBIC aKTHBHBIE YIJIM CIIOCOOHBI 3aMeHUTh B PMD akTUBHBIE YIJIM U3 CKOPJIYIIBI
KOKOCa B BaXHBIX aJCOPOLIMOHHBIX TEXHOJIOTHSX CO CCBHUIKOW Ha MpPUMEHEHUE B
MIPOTUBOTA30BOM TeXHUKE. B 3T0i cBsI31 Moriu Obl Bl IpuBeCcTH HEKOTOPHIE CPABHUTEIBHBIE
pe3yabTaThl HUCHBITAHUNW Ha MPUMEPE OJHOTO M3 KaTaIM3aTOPOB (WM TMOTJIOTUTENEH),
BBITIOJTHEHHOTO HA OCHOBE pacCMaTpUBaeMbIX B 0Kjane akTuBHbBIX yrinen Al'-5, JIKC u GSN
8127

2) Moryr nu, Ha Bamr B3msia, ObITh HMMIIOPTO3aMENIAIONIMMH aKTHBHBIC YIS W3
CKOPJIYTIBI TPEIIKOT0 Opexa, U oueMy Bl MpHOPUTETHO BBIOpAIH 1711 KMIIOPTO3aMEIIAIOITUX
AKTUBHBIX yTJIeH B KAYECTBE OCHOBBI MMEHHO TUIOJIOBBIE KOCTOUKH?
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HMoxaan 18
PA3PABOTKA TEXHOJIOT'UM IIOJYUYEHUS AKTUBHBIX YIJIEN
IMPOI'PECCUPYIONIEN AKTUBAIIMEN HA OCHOBE AHTPAIIUTA
Myxun B.M.

AO «Dnekmpocmanvckoe HIIO «Heopeanuxay, Poccus, Mockosckas o011,
2. dnexkmpocmany, Victormukhin@yandex.ru
B Hacrosiee Bpemsi BOINPOC TOBBIIICHHWS KauyeCcTBa MHUTHEBOM BOJBI BBIIIENT Ha

rocyJaapcTBeHHbIH ypoBeHb. B Mailickux 2018 1. Vkazax Ilpesunmenta P® (m.7) mpsmo
cka3aHo: «lIoBBICUTH KayecTBO NUTHEBOM BOJBI IMOCPEICTBOM MOJIEPHU3ALMN CHUCTEM
BOJIOCHA0KEHHUSI C UCTIOJIb30BAHUEM MEPCIIEKTUBHBIX TEXHOJIOTUH BOJOTIOATOTOBKH, BKITFOUAS
TEXHOJIOTUH, pa3padOTaHHbIE OPTaHU3ALUSIMU 000OPOHHO-TIPOMBIIUIEHHOTO KOMILIEKCa.

CoBpeMeHHBIE 030HO-COPOLIMOHHBIE TEXHOJIOTMH OYUCTKU MUTHEBOW BOJBI BO MHOTOM
0a3upyrOTCA Ha UCIOJIb30BAHUH BHICOKOKAYECTBEHHBIX aKTUBHBIX yriiei (AY).

AHTpanuT, 0e3yClIOBHO, SBIISIETCS MEPCHEKTUBHBIM ChIpbEM JUIS MOdy4yeHus AY BBUAY
CBOEH BBICOKOM IUIOTHOCTH, HU3KOIO COJEPXaHUS 30JbI U MPAKTHUYECKOTO OTCYTCTBUS
JETY4YMX BellecTB. B kauecTBe HCXOHOTO ChIphs ObLT B3AT aHTpauuT Boctounoro Jlonbacca
(maxta «OO0yxoBckas») B 3epHeHuu 1-3 mMM. Ero mnporpeccupymolyo MmaporazoByio
akTUBaLMIO IpoBoawian Ha anekrponeun DIIB-300 nmpu Ttemmneparype 870 °C. Pe3ynpraThl

HKCIIEPUMEHTOB MPUBEICHBI B TA0JIHUIIE.

O6rap, | Haceimnas | IIpounocts | Cymmaphsiii | O6bem mukponop | AxcopOimonnas | Copuep-
% IUIOTHOCTb, npu 00BeM 1op, aKTMBHOCTB II0 | >KaHHE
r/mm® UCTHPaHKH, cMe/r rony, % 30J1BL,
% (F'OCT eMr | em¥em® | wmr/r | mr/em® %
161880-70)
0 975 87.0 0.01 0.01 0.009 150 146 3.6
24 735 78.1 0.19 0.09 0.06 290 219 45
28 705 72.3 0.24 0.14 0.10 490 345 6.7
30 687 70.0 0.30 0.19 0.13 560 384 9.1
AT-3 452 75.2 0.80 0.17 0.02 620 280 16.4

Kak cnemyet u3 Tabauiibl, 00eM COPOUPYIOMIUX MUKPOTIOP U aJICOPOIIMOHHASI aKTUBHOCTh

no oay Ha enuHuily oObema y AY Ha OCHOBE aHTpaluTa 3HAYUTENBHO BBIIIE, YEM Y
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npombiliieHHOTO Al-3. A Tak kak Ha cTaausx BOAONOATrOTOBKH AY paboraer B 00Obeme
ajcopbepa, TO CleyeT OKUJATh MOBBIIICHHS Ka4eCTBa OYMCTKU MUTHeBOUW BOBI Ha 25—30
%.

Jlumepamypa

1. Bonkor B.B., Kosepra A.B., biaarosa O.E u np. HoBbie MeTO1bI TOATOTOBKH MUTHEBOM
BO/IbI Ha PyOreBckoil BojonpoBoiHOM cTaniny // BogocHabxkeHne U caHuTapHas
texauka. - Ne 5, 2003. —gacts 2, C. 9-14

H.U. Bbozoanosuu, npogeccop Kagheopvl ueniroio3Ho-0VMAaANCHBIX U _J1eCOXUMUYECKUX
npou3e00cme CADPY um. M.B. Jlomonocosay, 0. mex. nayk: JIokiag N3BECTHOTO YUYEHOTO U
CIIeIIMAJIICTa B OO0JIACTH TEXHOJOTHH Iapora3oBOM aKTHBAIMHM PA3IUYHBIX YIJIEPOIHBIX
MaTtepuaioB npodeccopa Myxuna B.M. nipencTaBisieT HECCOMHEHHBIN MPAaKTHISCKUM HHTEPEC.
[TonmyuyeHnne akTUBHOTO YTJsl U3 CTOJIb, Ka3aJlOCh OblI, TPYJAHO aKTUBUPYEMOTO CHIPhS, KaKUM
SBJISIETCS aHTPAIUT, 3TO HOBOE HAIMpAaBJICHHE B TEXHOJOTHM akTuBauuu. Kak u criemoBaino
0KHJIaTh, aKTUBHBIN YTOJIb U3 aHTpalUTa 00J1a/laeT 3aBUAHON MEXaHUYECKON MPOYHOCTHIO U
JIOCTAaTOYHO BBICOKUMHU COPOIIMOHHBIMH CBOMCTBaMH, YTO JCJIA€T €ro MNPHUTOTHBIM IS
HCIIOJIb30BaHMS B TEXHOJIOTHH BOJIOIMOATOTOBKH U MIPUTOTOBICHUU MTUTHEBOU BOJIBI.
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Hoxnanx 19
PA3PABOTKA TEXHOJIOI'A NOJTYYEHUSI AKTUBHBIX YIVIEN
HA OCHOBE YIJIEIIEKOBOU KOMIO3UIINAU
Myxun B.M.%, Kopoaes H.B.?

140 «Inexkmpocmanvckoe HIIO «Heopeanukay, Poccus,
2. Dnekmpocmanw, Mockosckas obracme, Victormukhin@yandex.ru
2 xonoune AO «T. onllpomy, 654007, Poccus, Hosoxy3Heyx,
Kemeposckas o6x., nvkorolev@mail.ru

[Ipou3BOJCTBO aKTUBHBIX YIJIEH CTPEMUTENBHO PACIIUPSETCS BO BCEM MHUPE U HMEET
yCTOMUMBBINA pocT 5 % B 1o, mocTUrHyB K 2020 r. 00beMa 1.5 MiTH. TOHH B rof. EcTecTBeHHO,
UJET pacUIupeHue ChIPbEeBOM 0a3bl U BOBJICUEHHE B MPOU3BOJICTBO aKTHUBHBIX yrieh (AY)
HOBBIX BUJIOB ChIpbs. Kak ObI0 moka3aHo [1], UCroap30BaHUE YIVICTIEKOBBIX KOMITO3HUITUN B
KaueCTBE HCXOJHOTO ChIPbSl MO3BOJISIET IMOJYYUTh AKTHUBHBIE YIVIM BBICOKOI'O KauecTBa.
OngHako W3BECTHO, YTO IIMXTOBAHUE PA3JIUYHBIX TUIOB KAMEHHOYTOJIBHOTO CHIPbS,
MPUMEHAEMOE B TEXHOJOTMU AaKTUBHBIX yried tuma Al, 1O03BOJSET MNOBBICUTH UX
KaueCTBEHHBIC W SKCIUTyaTallHOHHBIC MTOKA3aTEIH.

B nganHOM uccnenoBaHMM Mbl MPUMEHSIM B KauyeCTBE HMCXOJHOIO ChIPbS IIMXTOBYIO
KoMIo3uIuio Ha ocHOBe yrieit mapok XK u CC Kysneuxoro 6acceiina. [lonyuenne akTUBHOTO
YIJIS BKJIIOYAJTIO CIAEAYIONIUE CTaJWH: TMOJATOTOBKA HIMXTHI C PAa3TUYHBIM COOTHOIICHUEM
yraeit 2K u CC, ux COBMECTHBIN pa3MoIl ¢ KAMEHHOYTOJIBHBIM 1eKoM (5 %), OpukeTHpoBaHueE,
npobiieHne OpUKeToB, BeiceB (ppakimu 3epeH 1-3 MM, uX TepMooOpabOTKy U Mapora3oBYIO

aktuBanuto npu 870 °C. KauecTBO MoTy4eHHBIX aKTUBHBIX YTJIEH MPUBEICHO B TAOIUIIE.

Tabnma.
CripbeBast Hacemuas  IIpounocts Cymmapan  OOwem mukpornop B3/l no
KOMITO3UIIUS IJIOTHOCTh, MpHU bIif 00BEM  CM°/T em/em® OeH301y, MUH
/nm° ucrtupanun, %  T0p, cMo/T
80%K+20%CC 673 91 0.61 0.33 0.22 79
70%2K+30%CC 609 92 0.59 0.28 0.17 69
50%XK+50%CC 614 90 0.50 0.30 0.18 68
AT-5 (pom) 430 75 0.82 0.30 0.13 45

Kak cnenyer u3 pe3ysabTaToB, MPUBEACHHBIX B TaOJMIlE, aKTUBHBIC YIJIM Ha OCHOBE
muxToBOM KoMno3uuuu K+CC, nojiydeHHbIE ¢ MCIOJIb30BAaHUEM B KAUE€CTBE CBA3YIOIIETO

KaMCHHOYTOJIBHOT'O IICKa, IO MPOYHOCTH W BPCMCHU 3aAIIUTHOTO I[Cf/iCTBPI?[ 10 6eH30ny
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CYILIECTBEHHO IPEBOCXOIAT NPOMBINUIEHHBIN Al'-5. 3T0 00CTOATENBCTBO OTKPHIBAET HOBBIM
copOeHTaM IIHMPOKHE BO3MOXKHOCTH B Ta30(pa3HbIX aICOPOLIMOHHBIX MPOLIEccax, OCOOCHHO B
00J1aCTH CAaHUTAPHON OYUCTKU OTXOJISALIUX Ia30B, B T.4. U HA MyCOPOCKUTaTENIbHBIX 3aBOJAX.
Jlumepamypa

1. B.M. Myxun, H.B. Koposnes [lonyyeHne akTUBHBIX yTrieil HA OCHOBE YIJIETIEKOBOM

KoMmno3unuy // XuMus B HHTepecax ycroitunBoro passutus. — Ne 26, 2018. C. 577-582
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HMoxaan 20
HAHOIIOPUCTBIE YI'JIEPOJHBIE MATEPHAJIBI BBICOKOM
MNJIOTHOCTH IS AICOPBIIMOHHOI'O XPAHEHUSA
INPUPOJHOI'O I'A3A
CoaosuoBa O.B., Yyraes C.C., MenbmuxoB WU.E., Ilyaun A.JL.,
IIxoaun A.B., ®omkuH A.A.

‘\dIrBEYVH Uncmumym gusuueckoii xumuu u snexmpoxumuu um. A.H. @Ppymxuna PAH,
119071, Mocksa, Jlenunckuii npocnexm, 31, 0.solovtsova@phyche.ac.ru
CHIKEeHHE TPUPOJHBIX 3aMacoB HEPTH U YIUIsI, a TaKXKE SKOJOTMYECKHE MPOOJIEMBI,

CBSA3aHHBIE C UX HUCIIOJIIB30BAaHUEM, IIPUBOJAT K IOCTENIEHHOMY CHMKEHHUIO J0JIHM 3THX BUIOB
TOIIMBA B MUPOBOM SHEPreTUKE 3a CUET pOocTa NoTpediieHns npupoaHoro rasza [1]. Ognaxo,
XpaHEHUE MPHUPOAHOIO ra3za IPU BBICOKMX JaBJICHMSIX B Cllydae KOMIIPUMHPOBAHHOIO
npupoanoro raza (KIII') unm KpruoreHHbIX TeMIepaTypax B ClIydae COKUKEHHOTO MTPUPOAHOTO
ra3a (CIII') He siBAsieTCS ONTUMAJIBHBIM C TOUKH 3pEHUS SHEPTOA(P(HEKTUBHOCTH U TIOKAPO- U
B3pbIBOO€30MmacHOCTU. OJJHUM U3 NIEPCIIEKTUBHBIX PELICHUH SIBISIETCS XpaHEHUE TPUPOTHOTO
ra3a B aicopOMpOBaHHOM COCTOSTHUU IIPH O0JIe€ HU3KUX IaBJICHUSAX U TEMIIepaTypax OJU3KUX
K TeMIlepaType OKpy»karomlel cpenbl. B xkadecTBe ancopOIMOHHBIX MaTEpUanIoB I 3TUX
uesei Hanbosee NpenoYTUTEIbHBI AaKTUBUPOBaHHbIE yIiu [2].

B ncxoaHOM BHIE yTIepOIHBIE aICOPOSHTHI IMEIOT OTHOCUTENIEHO HEBBICOKYIO HACHIITHYIO
IUIOTHOCTh. D(PPEKTUBHOCTh aJICOPOLMOHHBIX CHUCTEM AKKYMYJIHUPOBAHHUS MOXKET OBITh
yBEJIMYEHA 3a CYET T[OBBIIICHUS] HACBIMHOM IUJIOTHOCTH aJCOpOEHTa IMyTEeM €ro
TEXHOJIOTUYECKOro (OPMOBaHUS MMOJ JIABJICHHEM C HCIIOJIb30BAHUEM CBS3YIOLIET0. JTO
ITO3BOJISIET 3HAYUTEIBHO MTOBBICUTH KOJIMYECTBO AKKYMYJIMPYEMOro rasa [3] u, Kak CJIe/ICTBHE,
ClIeNaTh CHCTEMBI aJ1copOUpPOBaHHOTO MIPUPOIHOTO rasa (AIID) 6omnee
KOHKYPEHTOCIIOCOOHBIMHU 10 CpaBHEHMIO ¢ TpaauioHHbiMu cucremamu KIIIM u CIIT.

bnounsie aacopOIMOHHBIE MaTepPHalbl BHICOKOW IUIOTHOCTU W3 CKOPIIYIBI KOKOCOBOTO
opexa (AP) u ¢ppesepuoro Topda (AT) momyuensl popMoBaHHEM Ha MPECCEe MPHU PA3TUUYHBIX
nasneHusx (25, 50 u 100 MIIa) ¢ ucnonpb30BaHUEM CBSI3YIOIMMX HA OCHOBE CHHTETUUECKOTO

JaTeKkca U HaTpUeBOu coiu kapOokcuMeTmemuono3sl (KMLI).
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[ToxazaHo, 4YTO HAachIHAs IJIOTHOCTh OJIOKOB YBEJIMYMBAETCSI C POCTOM [JABJIECHUS
IPECCOBaHMs, KpOME TOro, MPU NPOYUX PABHBIX YCIOBUSAX IUIOTHOCTH OJOYHBIX
aZIcopOIIMOHHBIX MaTepuanaoB Ha ocHOBe AP okazanach BhIle, 1o cpaBHeHuto ¢ AT. Takxke
OTMEYEHO, YTO HCIOJIb30BAaHUE dMYJIbCUU JIATEKCa B KAUECTBE CBS3YIOIIErO 0OecreyrBacT
0osiee BBICOKYIO HACBIHYIO MIIOTHOCTh, yeM KMII. Jlnga m3roroBieHus cepuu oOpasloB
MaTepUalioB C LEJIbI0 JalbHEHUIIEro UCCIEJOBAHUSA aJICOPOLIMOHHBIX U EMKOCTHBIX
XapaKTEPUCTUK 110 METaHy, B KaYECTBE OCHOBHOI'O ObUIO BHIOPAaHO AABJICHHUE MPECCOBAHUS
100 MITa.

HccnenoBanue CTpyKTypHO-9HEPIeTUYECKUX XapAKTEPUCTUK UCXOAHBIX U (POPMOBAHHBIX
o0Opa3nuoB (tabnuma 1) mokaszano, 4TO UCIOJIB30BAHUE CBA3YIOLIETO MPUBOJIUT K YaCTUYHOU
Jerpajlaliiil MOPUCTOM CTPYKTYpbl ajncopOeHToB. Ilpu 3TOoM Gojiee HeratuBHOE BIMSHHE
okaszbiBaeT npuMeHeHue KMLI B kauecTBe CBSA3YIOILIETO, IO CPABHEHUIO C JIATEKCOM.

Ta6muma 1. CTpyKTypHO-IHEPreTHUECKHUE XapaKTepUCTUKU 00pa3ioB ajicopoeHToB AP u AT
B ucxogHoM u popmoBarHoM mipu 100 MIla cocTosiHuu ¢ pa3nuYHBIMU CBSI3YIOIIHMH.

Ne | Ancopbent/cBszyromee | Wo, eM®/r | Eo, kJIK/MOMIB X0, HM d, r/em® | Sger, MY/T
1 AP ucxomusiil 0.57 6.95 0.57 0.380 1580
2 AP/narekc 0.46 7.24 0.55 0.671 1298
3 AP/KMI] 0.44 7.70 0.51 0.646 1280
4 AT ucxoaHbIH 0.61 6.58 0.61 0.360 1606
5 AT/narexc 0.54 6.34 0.64 0.579 1351
6 AT/KMI] 0.51 6.80 0.59 0.535 1324

W3mepenue axkTUBHOHN yAelbHONH OOBEMHONM E€MKOCTH IO METaHy aJCOpPOLMOHHBIX
CHUCTEM Ha OCHOBE (POPMOBAHHBIX MATEPUAIOB OCYIIECTBIISIIU OOBEMHBIM METOJIOM, TPH
nasnenusx 35 u 100 6ap u temmeparype 273 K. Kpome Toro, aHajqoruyHeiii mapameTp
aJICOPOITMOHHBIX CHUCTEM OMPESIISIN TEOPETUUECKH, UCIIONb3ys noaxoq M.M. JlyOuHuHa
[4], ¢ UeTbI0 MOPOBEPKH CXOAUMOCTH PE3YJHTAaTOB M BO3MOXKXHOCTH MOJACIUPOBAHUS
napaMeTpoB aKKyMYJIHpPOBaHUs ra3za 0e3 TMPOBEACHHSI DJKCIEPUMEHTa. Pe3ynbTaThl

HKCIIEPUMEHTA U pacyeTa MpeICTaBICHbI B Ta0IuIe 2.
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Tabnwia 2. Y aenbHas akTUBHAsE eMKOCTh (JOPMOBAaHHBIX MaTEpUANIOB IIpH TeMmepatype 273
K u naBnenusix 35 u 100 Oap.

Pacuet \ OKCIEPUMEHT
Ne | AncopbOenT/cBs3ytoiee JlaBnenue, 6ap
35 100 35 100
1 AP/nmatekc 121 178 117 183
2 AP/KMI] 112 168 120 179
3 AT/narekc 124 192 110 177
4 AT/KMI] 113 180 117 178

B uenom, matepuansl, MojJydyeHHbIE C MPUMEHEHUEM JaTeKca B Ka4eCTBE CBSI3YIOIIETO,
MoKasaiau 00Jiee BBICOKYIO eMKOCTh 1o cpaBHeHHI0 ¢ KMLI, uto o0bscHseTcst 60see BBICOKOM
HACBHIITHOM IIOTHOCTBRIO M MEHBIICH Ierpamaruedl MOpucToil CTpyKTyphl. M3 Tabmuier 2
CledyeT, YTO SKCIEPUMEHTAJIbHBIE JaHHBIE XOPOIIO COIJIACYIOTCA C PacyeTHBIMH, YTO
CBUJIETENIbCTBYET O 1iesiecooOpasznoctu mpumeHeHus: TO3M 1u1st ipeiBapUTEIbHBIX pacYeTOB
napaMeTpoB aJICOPOIMOHHBIX CUCTEM aKKYMYJIHUPOBAHUS IPUPOIHOTO raza.

Paboma evinonnena 6 pamxax memul 2ocyoapcmeennozo 3aoanus Ne 01201353185.
Jlumepamypa

1. Arutyunov V.S., Lisichkin G.V. Russ. Chem. Rev. 2017. Vol. 86. P. 777-804.

2. Tsivadze A.Yu, Aksyutin O.E., Ishkov A.G. et al. Russ. Chem. Rev. Vol. 87. P. 950-983.
3. Strizhenov E.M., Zherdev A.A., Petrochenko R.V. et al. Chemical and Petroleum
Engineering. 2017. Vol. 52. P. 838—-845.

4. Nyounun M.M. Ancop6rust u mopuctocts. M.: M3a-so BAX3, 1972. 127 c.

M.b. Anexuna, npogheccop Kagedpbl mexHon02uu _HeOpAHUUECKUX Geulecms u
anexkmpoxumuueckux npouweccoe PXTY um. /ILUH. Menoeneesa 0. xum. nayk: B pabote
U3JI0’KEHbI HOBbIE JAaHHbIE N0 pa3pabOTKe YIIepOJHBIX aJCOPOEHTOB B BHJIE OJIOKOB IS
XpaHeHMs MPUPOHOIO Tra3a B aJCOPOMPOBAHHOM COCTOSHUM MPU TemIepaTypax OJIM3KUX K
TeMrepaType  OKpyxkaromed  cpeapl.  I(DPEeKTHBHOCTH  aACOPOLMOHHBIX  CHUCTEM
aKKyMYyJIMPOBaHUS MOXET OBbITh YyBEJIMYEHA 3a CUET MOBBIIIECHUS HACHIMHOW IJIOTHOCTH
azicopOeHTa MyTeM €ro TEXHOJIOTHUYECKOTo (pOpMOBaHUS MO/ 1aBIEHUEM C MCIIOIb30BaHUEM
cBa3ymolero. B pabore nccienoBaHbl 1Ba BUA CBS3YIOLIETO M IMOKA3aHO, YTO MaTE€pHAJIbI,
MOJIy4YEeHHbIE C MPUMEHEHHUEM JIaTeKca B KaueCTBE CBSI3YIOIIET0, MMEIOT MpeUMyIIecTBa 10
CPaBHEHUIO C MaTepuagaMu, ($bopMOBaHHBIMU c HaTpUEBOU COJIBIO
KapOOKCHUMETHIIIICIUTIONO3bI.

3aMeyaHus MO TEKCTy: HE paciin(poBaHO MOHITHE AKTUBHOW YJIENbHOM 0O0BEeMHOU
€MKOCTH 110 METaHy MCCJIe0BaHHbIX MaTEPHAJIOB U HE yYKa3aHa €€ pa3MEpPHOCTb.
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Omeem _asmopog: I1osicHuM, 4TO aKTUBHAs y/eabHas 00beMHass EMKOCTh — 3TO KOJUYECTBO
raza B nepecuere Ha crannaptaeie (CTJl) mim Hopmansubie (HTJI) TepMogmHaMuueckue
YCIIOBHUS, KOTOPOE MOKHO H3BJ€Ub U3 €IUHUIIBI 00bEMa EMKOCTH C aJCcOpOECHTOM MpH
M30T€PMUUYECKOM OTOOpE raza OT TEKYILIEro YpPOBHS JAaBJICHUS B €MKOCTH J0 3a/JIaHHOTO
MUHUMQJIBHOTO  3Ha4€HUsA. MHUHUMaJIbHOE  3HAYEHUE  JIABJIEHUS  COOTBETCTBYET
MUHUMAJIBHOMY JKCIUTYyaTalliOHHOMY TOPOTY IOJayd ra3a B CUCTeMY MOTpeOJieHHs rasa,
HaIrpuMep, IBUraTeIb BHYTPEHHETO cropanus. B Tabnulie 2 npuBeAeHbI JaHHBIC IO aKTUBHOM
yaenbHol 06beMuol eMkocty B M3(HTI)/M®, rne HTJI — HOpMasbHBIE TEPMOAUHAMUYECKHE
ycinoBus mis omnpeaencHuss oobema raszoB mo ['OCT 2939-63 wim B COOTBETCTBUH C
HaronansubivM MuctutyTom CrangaptoB u Texuomoruit CIIA (NIST): T=293.15K, P =
101.325 «ITa.
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Hoxnan 21
MHNOJYYEHHUE BBICOKOINIOPUCTBIX YIJIEPOA-YIJIEPOJIHBIX
HAHOKOMITIO3UTOB HA OCHOBE NOJIUBUHUJIXJIOPUJIA
3aneBasioBa E.C.*, AuukeeBa U.B., Tpenuxun M.B., I'yasieBa T.H.,
Kpsxes 10.T.

Lenmp nosvix xumuuecrkux mexnonoeuit MK CO PAH, 644040, Omckas 06a., . Omck,
ya. Hegpmesasoockas, 54, *e.s.zapevalova@chemomsu.ru

B nocnegnue roxel B 00jacTH yIIEpOAHBIX MaTepUaloB CTAHOBUTCS Bce Oolee
aKTyaJIbHBIM TOJy4YeHUEe YTIepoa-yriaepoausix HaHokommo3utoB (YYHK). Panee namwu
coobmanochk 0 Bo3MokHocTH Y YHK Ha npumMepe BcTpanBaHMs YacTUL HAHOTJIOOYJSIPHOTO
yriepoJia B yIriIepoIHyI0 MaTpuily, GOpMUPYEMYIO U3 XJIOPHUPOBAHHOTO MOJUBUHIIXIIOpUIA
NyTeM JCTHAPOXJIOPHPOBAHUS MaKpOMOJEKYNn KapOoremnHoro xjopmomumepa  [1].
[TpemiokeHHBIM MOAX0A K CHHTE3Y YIJIEPOJHBIX MaTepUAIOB 3aKJIIOYAETCS B IIETOYHOM
JNETUJIPOXJIOPUPOBAHUN KapOOIENHbIX XJIOPIOJIMMEPOB B pPACTBOpPE C 00pa3oBaHUEM
TIOJIMBUHWICHOB,  SBISIOIIMXCS  PEAKIMOHHO-CIIOCOOHBIMM  MPE/NIECTBEHHUKAMU  SP-
YTJIAEPOJIHBIX CTPYKTYpP U CIIOCOOHBIMH OOpPa30BBIBaTh YIJIEPOJ IMPU OTHOCUTENIBHO HU3KHUX
temneparypax (He 6onee 400 °C).

B pa3ButHe yka3aHHOTO MojAX0Jla, B IaHHOW paboTe Ha CTaguM JETUIAPOXIOPUPOBAHUS
XJIOPNOJAUMEpPa BBOAWIMCH paziinyHble MOAU(ULMpPYIOIIHE A00aBKH, oOecredyrBarolfe
BCTpPaMBaHUE YIVIEPOJHBIX HAHOYACTHUL] PA3JIMYHOIO THUIIA.

B kadectBe mnpekypcopa aMOppHO YIJIepoAHONM MaTpullbl ObUI  HCIOJNb30BaH
nomusuHIWIXI0pUa ([IBX), B kauecTBe MoauduUIUpyonux 100aBOK MCIIOIB30BATUCH: 1)
azoTcojaepxauue yriepoassie HaHoBosiokHa (N-YHB), nonydyeHHbie pa3iokeHHeM 3TUIEH-
ammuavHoi cMecu Ha Ni-Cu katanmusatope nipu 550 °C; 2) okcun rpadura (O), mosryueHHbI#H
N0 KJIACCHMYECKOM MeToauke Xammepca; 3) BOCCTaHOBJIEHHBbIM okcup rpadura (BOI),
MOJIYYCHHBIN «B3PBIBHBIM» BOCCTaHOBJICHHEM oOKcuga rpadpura mnpu 700-750 °C; 4)
MHOTOCTEeHHbIE yriepoanbie HaHoTpyOkm (YHT) wmapxkm Baytubes C 150 HP; 5)
HaHornoOysapHeIi yriiepon (HI'Y) — snexktponpoBoaHbI TeXHUUYECKHH yriiepol Mapku 11

267-3, moJy4YeHHBIH NEUYHBIM CIIOCOOOM MPOU3BO/ICTBA.
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[Tocne peruppoxmopupoBanusi [IBX c BBeaeHHoil goOaBkoit mojn aeiictsuem KOH
OPOBOJIMIM  TE€PMOOOPAOOTKY BBIIECIEHHON M3 PEAKIMOHHOW CMECH KOMIIO3HUIMU
«monuBUHWIEH — nobaskay npu 400 °C, B pesynbrare uero Obutn nonydeHsl Y YHK. Ilpu
nanpHeimen yriekucaoTHoil aktuBauu npu 900 °C oOpa3yroTcst HOPUCTbIE YITIEPOAHbIE
Martepuaisl (Tadim. 1).

Tabnuua 1. IlapameTpsl MOPUCTON CTPYKTYphI YIIIEPOA-YIIEPOAHBIX HAaHOKOMIIO3UTOB Ha
ocHose [IBX

Moaupuuupyromas
1 og a;bKafl 55)/?: M;HC c Seom MZ/ r Vukpos CM3/F Vieso, CM3/F
YHB 1100 0.45 0.61
BOTI' 1790 0.62 0.8
or 1115 0.41 0.29
YHT 803 0.20 0.26
HI'Y 791 0.3 0.05
bes nobaBku 1102 0.40 0.07

[IBX B orcyTcTBHE MOAUPHUIIUPYIONINX T00aBOK 00pa3yeT MUKPOIOPUCTHIN MaTepHal ¢

o6wemom mukpormop 0.40 CM3/r ¥ yaebHol noBepxHocThIo 1102 M?/r. Benenue HI'Y umu
VYHT B coctaB YM cHMKAET yaeNbHYIO TOBepXHOCTh Ha 25 %. Ilpu BctpauBanuu OI' u YHB
HE M3MEHseTCs 00IIast MIoWaAb YAIbHON MOBEPXHOCTH 10 CPAaBHEHUIO C MaTepuajoM Oe3
n00aBKM, HO HAOJIOJAETCsl 3HAYUTENBHBIH pPOCT JOIM Me3omnop. Bo3MoxkHo Hamnuue
rerepoatoMoB (O, N) B crtpykrype N-YHB u OI' o0ycnaBiumBaiOT NOBBIIIEHHYIO
PEAKIIMOHHYI0 CHOCOOHOCTh TaKMX 4YacTHIl B MPOLECCe OKHCIUTEIBHOW Ta3u(uKauu
yriepoaHoro Marepuana. Ilpu BcrpamBannu BOI' momans yaeiabHON MOBEPXHOCTH
yBenuuuBaercs B 2.5 pasza. IIpu 3Tom, Habmonaercs U 3HAUUTEIBHBIM pocT oObeMa Kak
MHUKpO- , TaK M ME30I0p, ¢ IpeodiaaHueM Me30110p.

Oo6pazoBanne YYHK mnonreepknaercs JaHHBIMH MPOCBEUYMBAIOLIEH AIIEKTPOHHOM
MUKPOCKOIINH.

B nmpensiaymieii myonukanuu [2] Obuto nmokasano, uro YYHK, conepxanuii BCTpOSHHbIC
B TOPHUCTYIO YITIEPOAHYI0 MaTpuily rpadeHononoOHsle yacTuibl, obpazyemsie BOT,
ABJSIIOTCA ~ IIEPCHEKTUBHBIMM  JUII  MCIIOJIB30BaHMs B KadeCTBE  DJIEKTPOIOB

ANEKTPOXUMHUUYECKUX CYTIEPKOHIEHCATOPOB.
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ABTOpPBI BBIpaXarOT 0J1arofapHOCTh 3a MPEJOCTaBIEHUE 00pPa3loB MOAU(PHUIMPYIOLIUX
no6asok O.10. [Togwsuepoii (cunte3 N-YHB [3]) u B.I1. MeasaukoBy (cunte3 BOT', OI [4]).
Paboma evinonnena 6 pamkax eocyoapcmeennozo 3adauusi Mncmumyma xamanuza CO PAH
(nomep eocpecucmpayuu 6 cucmeme ETUCY HUOKTP AAAA-A19-119050790074-9).
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[2]. Kpsxes 1O.I'., BombproBuu HO.M., MenpaukoB B.II. u np. // Ousukoxumus
MOBEPXHOCTH U 3ammuTa maTepuanos. 2017. T. 53. Ne3. C.266

[3]. Shalagina A.E., Ismagilov Z.R., Podyacheva O.Yu., et.al// Carbon. 2007. V.45.
P.1808-1820
[4]. Hummers W. S., Offeman R. E. // J. Am. Chem. Soc. 1958. V. 80. P. 1339.

B.M. Myxun, npogeccop, nauanvHux nadopamopuu axkmugnvlx yenei A0 «IHIIO
«Heopzanuxkay 0. mex. nayk: B mocienaue roasl B 00JIaCTH YIJIEPOJHBIX MaTEPHAIOB
CTAHOBUTCS Bce 0oJiee aKTyalbHBIM TIOJYyYCHHE YIJIEPOA-YTIEPOIHBIX HAHOKOMIIO3UTOB
(YYHK). ABTopamu npennoKeH HOBBIM MOIX0J K CHHTE3Y TaKUX YIJIEPOJIHBIX MATEPUANIOB,
3aKJTIOYAIONINICS B IIETOYHOM JETHUIPOXJIOPUPOBAHUU KAPOOLETMHBIX XJIOPHOJIUMEPOB B
pacTBope ¢ o00Opa3oBaHWEM TIOJWBHHWICHOB. VccienoBaHO BIMSHHE Pa3IHMYHBIX
MOAUGDUIIUPYIOMIUX J00ABOK, OOECMEUYMBAIOIINX BCTPAMBAHUE YTIICPOJHBIX HAHOYACTHIL
Pa3IMYHOTO THIIA.

B memom pabGoTa, HECOMHEHHO, SBIISETCS BECOMBIM BKJIQJOM B HAyKy YIJIEPOI-
YIJIEPOJIHBIX HAHOKOMITO3UTOB.
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Hoknan 22
OU3UKO-XUMHNYECKHUE OCHOBbBI MOAUD®ULIUPOBAHUA YIJIEPOJAHBIX
COPBEHTOB BETEPUHAPHOI'O HABHAYEHUSA
IbsinoBa JL.I'., lenssiruna M.C., CenanoBa A.B., JlaBpenoB A.B.

Lenmp Ho8bIX XUMUYeCKUX mexHonrocull PedepanbHoeo 20cy0apcmeeHHo20 O100ICEMHO20
yupesicoenus Hayku « PedepanbHulil UCCIe008amenbCKull yenmp « Muemumym Kamanuza um.
I''K. hopeckxosa Cubupcrkozo omoenenus Poccuiickoti akademuu nayky» (Omckuil chunuan)

(LIHXT UK CO PAH), yn. Hegpmeszasoockas, 0. 542. Omck, 644040 Poccus
E-mail: medugli@ihcp.ru

B mocnennee BpeMs niis edeHUs U MPOPUIAKTHKY 3a00JI€BaHUM JKEITyJ0YHO -KHIIIEYHOTO
TpakTa XMBOTHBIX BCE Yaille JOOABISIOT B UX PallMOH NMUTAHUA OMOJIOTHYECKU AKTHUBHBIE
no6aBku u copOeHThl. [IpuMeHeHne copOCHTOB B MEUIIMHE M BETCpUHAPUN HAIPABJICHO Ha
HEUTPAIM3ALMIO0 HETATUBHOTO BO3JEHUCTBUA YHA0- U SK30TOKCMHOB Ha OPTaHU3M YEJIOBEKa U
JKUBOTHBIX. Pa3InuHbIe HApYIICHUS «OMOXUMHUYIECKOT0 TOMEOCTa3a» He MOTYT HE OTPa3UThCS
Ha CHUCTE€Max 3alllMThl OpPraHW3Ma: OpraHax JIETOKCHUKAlWH, SKCKPELHH, HWMMYHUTETA.
«ToKcHYEeCKHIT MPECCUHI» BBI3BIBAET KAacCKaJl MOCIEAYIOIIUX PAcCTPONCTB, ¢ KOTOPHIMHU
OPraHU3M YK€ HE MOXKET CIPABUTHCS CAMOCTOATEIBHO WM C MTOMOIIBI0 MEIUKAMEHTO3HOU
Tepanuu. OTO TPUBOJUT K PA3BUTHUIO COCTOSHHUS XPOHUYECKONM HMHTOKCHUKAIIWH,
yCyTyOJIsIroIeil TeYeHNE MaTOJIOTHISCKUX TTPOIIECCOB.

VYrnepoansie COpOEGHTBHI OTHOCATCS K HECEICKTUBHBIM MarepuajiaM, CIOCOOHBIM
copOMpoBaTh MIMPOKUH CreKTp BemecTB. OHM MEPCIEKTUBHBI B KaueCTBE HOCHUTENCH IS
co3maHus OuocnenuUUecKuXx MaTepHalioB, YTO OOYCIOBIEHO WX YHUKAJIbHBIMU
cBoiicTBaMH. J[71s1 TOBBIMICHHUS aJCOPOIIMOHHBIX CBONCTB COPOSHTOB IO OTHOIICHHUIO K
TOKCHUYHBIM COCIMHEHHSIM HCIOIB3YIOT XUMHUYECKOEe MOJUPUIIMPOBAHUE YTJIEPOTHOM
MOBEPXHOCTH (YHKIIMOHAIBHBIMU TPYIaMH, OMOJOTMYECKH aKTUBHBIMU BemiecTBamu. C
MOMOIIIbI0  BapHallMd KOJWYECTBA TPyNH © HMX XUMHYECKOHW MPUPOABI  MOMKHO
[[eJICHANIPABJICHHO HW3MEHUTh (PU3NKO-XUMHYECKHE CBOMCTBA YIVIEPOAHBIX COPOCHTOB,
pacimpsisi TeM cambiM chepy UX IPUMEHEHHUS.

Ilens pabGoTel: paszpaboTaTh (UBUKO-XUMHUYECKHE OCHOBBI  MOJIUDHUIIMPOBAHUS

yIJICPOIHBIX COPOEHTOB A BerepuHapu. OgHa M3 OCHOBHBIX 3a/ad HMCCIEAOBAaHUS -
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MPOBECTH MOJUPUIMPOBAHUE YTIEPOJHOrO0 COpOEHTAa OJIMTOMEpPaMU U  COIMOJIUMEPOM
TJIMKOJIEBOM M MOJIOYHOM KHUCIJIOT MyTeM IMOJIMKOHACHCALUU JAHHBIX THAPOKCUKHUCIOT 0e3
NPUMEHEHUSI  KaTalu3aTOpOB U pPACTBOpUTENEH,  MPOSBIAIOINIMX  TOKCUYHOCTD,
HEMOCPEJCTBEHHO Ha MOBEPXHOCTH U B TIOpaxX YIIEPOJHOTO MaTepHalia C COXpaHEHUEM €To
ME30IOPUCTOM CTPYKTYpHI. [10 pe3ynbratam OleHKH OMOJIOTHYECKOM aKTUBHOCTH MOKAa3aTh
NEPCIEKTUBHOCTh MCIIOIB30BAHUSI HOBBIX COPOCHTOB B KAadyeCTBE AHTUOAKTEPUAIBHBIX U
MPOTUBOTPUOKOBBIX TMpenapaToB ISl JICUCHHS JUAPEHHOTO CHUHJIpPOMa, OTPABIICHUI
YKUBOTHBIX MECTULIUIAMU U 3a00JI€BaHUH KeNTyA0YHO-KUIIIEYHOTO TPAKTA.

[Tpu pa3zpaboTke PU3NKO-XUMHUYECKHX OCHOB CHHTE3a MOIU(PHUIIMPOBAHHBIX COPOEHTOB
JUIST BETEpUHAPUU H3ydallaCh B3aMMOCBS3b MapamMeTpPOB MOAUQPHUIUPOBAHUA C (UZHKO-
XUMHYECKHUMH CBOMCTBAMU YTIIEPOTHOTO COPOEHTA; 3aKOHOMEPHOCTH aJICOPOITUU Pa3TMIHbIX
0 TPUPOJIE OPraHMYECKUX BEIIECTB, MOJCIUPYIOMIMX TOKCUYHBIE COCAMHEHUS, Ha
HCCJIelyeMBbIX COPOCHTAX; BIUSHUE TIPUPOJIBI MOTU(DUKATOPOB U .

MoaudunrupoBaHHbie COPOCHTHI 00JIa1al0T BHICOKUMH aJCOPOIIMOHHBIMUA CBOMCTBAMU U
CEJICKTUBHOCTBIO IO OTHOIICHHIO K MapkepaM TOKCHYHBIX BemiecTB. CopOeHT,
MOIU(DUIIMPOBAHHBIM OJIMTOMEPOM MOJIOYHOM KHCITIOTHI, MPOSBISET CEICKTUBHOCTh K
KPaCcHUTEI0 METHJIICHOBOMY CHHEMY W TECTUIIMIHOMY Mpernapary UBEPMEKTHHY, a COPOCHT,
MOIU(DHUIIMPOBAHHBIA OJUTOMEPOM TIUKOJIEBOW KUCIOTHI, - K KPACHUTEI0 METAHHIOBOMY
XKenaTomy U xkenatuHy. Kpome Toro, MmoauduiimpoBaHHbie COPOCHTHI SBISIOTCS MaTepraiaMu
NPOJOHTUPOBAHHOTO  JIEUCTBUSA: TIPU  DHTEPOCOPOIMH  MPOUCXOJIUT  IMOCTENEHHOE
BBICBOOOXK/ICHHE TUJIPOKCUKHUCIOT B pe3ysibTaTe OWOJerpajallid WX OJIMTOMEPOB MyTEM
ruipoiiu3a B ouonorudeckoi cpezae. [lpu sTom nmokanbHO cHmKaercss pH, 4To mpUBOIUT K
pa3pylIeHUI0 U TUOENM MaTOTeHHBIX MHKPOOPTaHU3MOB (OaKTEpHil, IPOKKENOT00HBIX
rpuboB). DTO CBsSI3aHO C TEM, YTO KOHTAaKT MOJAU(PUIMPOBAHHBIX COPOCHTOB C
OMOJIOTUYECKUMHU CpeJlaMU  COMPOBOXKIACTCS THAPOIU30M CIIOKHOA(DUPHBIX CBSI3CH B
3aKperJICHHBIX Ha TTOBEPXHOCTU YIJIEPOIHON MATPHIIHI IIETSAX OJIMTOMEPOB THAPOKCUKUCIOT
u cHmwkenneMm pH cpensr ot 6,3 no 1,8. B mporecce mecopOruu CHMXKAETCS KOJIUYECTBO
HaHECeHHBIX MoaudukatopoB B 1,1-4 pasa u yBenuuuBaeTCs yjAelbHAas TUIONIAAb
MOBEpXHOCTH cOpOeHTOB B 1,3-4,5 paza B 3aBUCHMOCTH OT croco0a MOAuUITUPOBAHMUS.

KonngecTBo 00pa3oBaHHBIX THAPOKCUKUCIOT cocTaBisieT 7,1-7,6 mr/r copOeHTa.
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buonornueckyro akTHUBHOCTh MCCIEAYEMbIX COpPOEHTOB IMpoBoawiid B bromkeTHoM
yupexxaenun Owmckoit  obmactu  «Omckasi oOiiacTHasi BETepUHapHas J1abopaTopus.
HccnenoBanus npoBOAWIN Ha OTHUIE (MHIIONIATA, KYpPhl, TYCH, YTKH) U KPYITHOM pOraToM
ckote (Tensta). OnpeaeneHne OMOTOTUYECKON aKTUBHOCTH MOIU(MUIIMPOBAHHBIX COPOCHTOB
MOKa3aj0, 4YTO OHU MOTYT ObITH 3()(PEKTUBHO UCIIOIH30BAHBI B KAYECTBE aHTUOAKTEPUATIbHBIX
NpernapaToB, B YaCTHOCTU I JICUCHHUS IUAPEHHOrO CHUHApPOMA, OTPaBICHUN >KMBOTHBIX
MECTULIUIaMH U 3a00JIeBaHUH HKEJTyJOUHO-KHUIIIEYHOTO TPaKTa.

Takum oOpa3om, pa3paOoTaHHBIE YIJIEPOAHBIE COPOEHTHI, MOIU(MUIIUPOBAHHBIE
OJINTOMEpaMU TTUKOJIEBOM, MOJIOYHON KUCIIOT, UX COTIOJIUMEPOM, SBISIOTCA 3 (HEKTUBHBIMU
MaTepuaiaMu, MPOSBIISIONMMUA OHUOJIOTHYECKYIO aKTUBHOCTh. Pe3ynbTaThl HCCIEIOBAHUI
MOKa3alii, YTO pa3paboTaHHbIEe COPOEHTHI 001a1at0T OU(YHKIIMOHATFHOCTBIO: COUYETAIOT B
cebe JETOKCHUKAIMOHHBIE W OHOJIOTHYECKH AaKTUBHBIE CBOICTBA, OOYCIOBICHHBIE
ME30MOPUCTON CTPYKTYpOH MATPHUIl U KHUCIOTHO-OCHOBHBIMU CBOMCTBAMH HAHECEHHBIX

MOIU(UKATOPOB.

B.B. Camonun, npogheccop, 3a6. kaghedpoi Xxumuu u mexHon02uu Mamepuaios u u3oeauil
copouyuonnou _mexuuxku CIIOI'TH(TY), 0. mex. nayk: Cunte3 3(pPeKTUBHBIX
MOJU(PUIIMPOBAHHBIX YIIEPOAHBIX COPOEHTOB JUIsl SHTEPOCOPOLMHU SBIISETCS HECOMHEHHO
akTyalibHbIM. B paGore  mnokazaHa  BO3MOXXHOCTb  MOdy4YyeHUS  A()PEKTUBHBIX
MOIU(DUIIMPOBAHHBIX  YTIAEPOAHBIX  COPOCHTOB,  OOJATAOIINX OJIHOBPEMEHHO
JIETOKCUKAIMOHHBIMU U OMOJIOTMYECKH aKTUBHBIMU CBoWicTBaMu. K coxasneHuto, B Te3ucax
HE M0Ka3aHo BJIMSHHE NapaMeTpoB Ipoliecca MOIU(UIIMPOBAHUS HAa CBOMCTBA MOJTy4YaeMbIX
COpOCHTOB.

81



JMoxaan 23
MOAUPULHHNPOBAHUE AKTUBHOT'O YIJISI BAY COEAUHEHUAMUAU
KEJIE3A U MAPTAHIA U3 METAJIUTYPTUYECKUX CTOKOB
®uguenko M.M., Kypuiakun A.A.*, Kamenuyk U.H., Knymnn B.H.

@I'bOY BO «Poccutickuil XuMuKo-mexHoa02uiecKuil yHugepcument
umenu [[.1. Menoeneesay
125480, Mocksa, yn. I'epoes I[langpunosyes, 0. 20, kopn. 1, akurilkin85@gmail.com

OaHuM u3 JTydImux aJCOpOIMOHHBIX MaTepHaliOB, TPATUIMOHHO NPUMEHSEMBIX IS
OYUCTKM Ppa3IMYHBIX BHUJIOB CTOKOB, SIBIISIETCS AKTUBUPOBAHHBINM yroib. OOBIYHO OH
HCIIOJIB3YETCS U B KAYECTBE OCHOBHOTO (DHIIBTPYIOIIETO AIEMEHTA, U IJIs TOOUYMCTKH BOAbI [1].
W3BecTHO TaKkke, 4TO AKTUBHBIE YU — ATO HE TOJIBLKO AP PEKTUBHBIE aJICOPOCHTHI I MHOTHX
OpraHMYECKUX BEIIECTB, HO M XOPOILIWE KATaJUu3aTOphbl MPOIECCOB PA3NOKEHUS CHIIBHBIX
OKHCIUTENEN — O30Ha M INepokcuaa Bomopoaa. IlosTomy okucnuTenbHas OeCTPYyKLIHS
YCTOMYMBBIX K OMOXMMHUYECKOMY Pa3JI0KEHHUIO BEIIECTB Ha MOBEPXHOCTU aKTUBHBIX yIIIEH —
3TO COBPEMEHHOE HAIPABIICHUE MPOILECCOB JOOUYMCTKH BOABI [2].

Karanutuueckass akTUBHOCTh YIVIEM 3aBUCUT HE TOJIBKO OT MX MPOUCXOXKACHHS, HO U OT
crienuanbHOW OOpabOTKM MOBEPXHOCTH, B YACTHOCTU, OT €€ MOAUGHUIIMPOBAHUS MOHAMHU
TsOKeIbIX MeTtaioB  [3]. B kadecTBe MeTaisioB, MNPUAAIOLIUMX YIISAM  BBICOKYIO
KaTaJIUTHYECKYl0 aKTUBHOCTb B IIPOLIECCE OKUCIEHHS OPraHWYeCKHX 3arps3HUTENIeH,
SBIISIIOTCSI, HAIIPUMED, JKEJIE30 U MapraHell.

B mnacrosmeit paboTre paccMOTpeH MpOLEcC TMPUTOTOBIEHUS KAaTajJu3aTOpoB C
HCII0JIb30BAaHUEM IIMPOKO PACIIPOCTPAHEHHOI0 aKTUBHOTO yriis Mapku bAY. Karanutuueckas
akTUBHOCTh yrisi BAY 6e3 monudukaropoB Oblia MOATBEpXKIEHA paHee B Ipoleccax
OKHUCJIUTEIIBHOM JECTPYKIMHM TIEPOKCUIOM BOJOpPOJA HEHOHOTEHHBIX IIOBEPXHOCTHO-
aktuBHbIMU BeniectBamu (HITAB).

B kadecTBe MOAM(PUKATOPOB €ro MOBEPXHOCTH JKEIE30M W MapraHueM MpeiokKeHO
UCnoib30BaTh crouyHbie Bonabl (CB) mpeampusitus «Bananuii-Tyna» u3 Touku otOopa

«O3ep0>>, COACPIKAMME BEICOKHMC KOHICHTPAIINH 3TUX MCTAJIJIIOB.
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Jns  mpoBeAeHUsT HCCIENOBAHUN HMCHOJMB30BaIM 0O0Opasel] YyKa3aHHBIX CTOKOB C
conmepkaHueM Maprasma 2577 mr/m m obmiero keneza — 556 mr/ia.  Ilommmo xene3a u

Mapraiua B CTOKax oTMedeHo npucyrcteue V20s, Ca, Si, Al, Mg, n SO4* . KonmudecTBo 3THX

npuMeceil B 00pasiie CTOKOB JOTOTHUTENBHO He MPoBepsid. CTOKH UMENTH KUCTYIO PEaKIIUIo
(pH = 3).

Panee taxxke ObLJIO yCTAaHOBIIEHO, YTO MPUCYTCTBHE KeJie3a U MapraHila B CTPYKType He
TOJIBKO bAY, HO TakXke psla APyTUX MAapOK aKTUBHBIX YITIEH 1 MOHTMOPUJUIOHUTOBOM INIMHBI,
NPUBOAUT K CYHIECTBEHHOMY POCTY MX KaTaTUTHYECKON aKTUBHOCTH B PEaKIIMH Pa3JIOKEHUs
MEepOKCHUIa BOIOPOJA U, KaK CIEACTBUE 3TOr0, Oonee rddexruBHOMYy okucienuto HITAB nHa
ITUX aJicopOeHTaX-Karanu3aTopax [4].

[Tpouiecc MoauduIMpoBaHus aKTUBHOTO YIiisi BAY BKItodan: BbIIEpKUBAHUE B CTOYHOMN
BOJI€ PA3JIMUHBIX /103 MpeABapUTENIbHO BbicymeHHoro mpu 105 °C obpasua yrias (10+120 r/n)
B TeueHue 2+12 CyToK; OTAeJIeHUE YIJII OT MATOYHOT'O PacTBOpa Ha PUIIbTPE MO BAKYYMOM;
npombiBKa yrist Ha ¢uiasTpe 0.1 H pactBopom NaOH no moctmwxkenuss pH mpombeiBHOTO
pactBopa, paBHoro 10 mo mokazanusiMm pH-meTpa; cyiika yris 10 MOCTOSHHON MaccChl MpU
105 °C.

MarouHblii 1 TPOMBIBHOM PACTBOPBI AHAJIM3UPOBAIIA HA COJIEPIKAHME JKeJle3a U MapraHia
no u3BeCTHBIM (oTomMeTpuueckuM MertoaukaMm [5]. CopeprkaHue »xkeie3a W MapraHiia B
MOIU(ULIMPOBAHHBIX 00pa3lax oNpeAessau B GUIbTpaTe U Mocie BhIIEIaYuBaHUS U3 HUX
METAJIJIOB «IIAPCKON BOAKOW» IIPH KUIISTYEHHH [6].

Bocemb 00pa3ioB MoaudUIMPOBAHHOTO YIJIA, OTIMYAIOIIMECS KOJIMYECTBOM JKeJe3a
(3.5+20.2 mr/r) m wmapranna (15.2+110.3 Mr/r) B ux CTPyKType, MPOTECTHPOBAIN Ha
KAaTaJUTUYECKYI0 aKTUBHOCTh B PEaKIMU PA3I0kKEHUS Mepokcuaa Boaopona. Hasecku
copbentoB 100 + 0.002 mr, momemnieHHbIe B cepuyecKkre KOJObI C TUIOCKUM JTHUIIEM
oosemoM 200 mi, 3amuBanu 50 mur pactBopa okucnutens ¢ pH=10 u konuenTpanueit =~ 150
MI/J1 U BBIIEPKUBAIIM UX B BOJSIHOM Tepmocrtare B TedeHue 30 munyt npu 70 °C. 3arem
COJIEP)KMMOE KOJIO OBICTPO OXJNXKIAIH TOJA CTPyed XOJOJHOW BOABI JO KOMHATHOM
TEeMIEpaTyphbl, afCOPOCHT OTACNIN OT >kuJakod (a3el Ha QuiubTpe LloTTa ¢ OyMaxHBIM

GUIBTPOM «CHHSSL JICHTa», (UIBTPAT aHAIM3UPOBAIM HA COJEPKAHHE  OCTATOYHOTO
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MIEPOKCHIa BOAOPOIa HOJTOMETPHUECKUM METOJOM [7]. AHATOTUYHBIM 00pa30M OIIPEIEIISIIH

KaTaJIUTUYECKYIO aKTUBHOCTh UCXOJHOTO yris bAY.

Pe3ynbTaThl MccieqoBaHus MOKa3ajd, 4TO IMpH A03€ yris, paBHoil 40 r/m, nmocturaercs
MaKCUMaJlbHasl KaTAJIUTUYECKasi aKTUBHOCTh MOAM(DUIIMPOBAHHBIX a/ICOPOEHTOB B pEaKLUU
pa3ioxkeHus nepokcua Bogopoga. CreneHb pa3ioKeHus NEPOKCHIAa BOJAOPOJIA COCTaBUIIA
6onee 92% u moutu B 2.5-3 pa3a mpeBhICHIIA TAKOBYIO ISl HCXOAHOTO yrist BAY B Tex ke
YCIIOBUSIX.

Takum oOpa3oM, ¢ TOUKH 3peHHs YPPEKTUBHOCTH PA3I0KEHUs MEPOKCHIA BOAOPOAA,
HauOoJjee MpUeMIIeMOM i mpoliecca MOAM(PUIMPOBAaHUS NpuU3HaHa fo3a yras BAY B
MeTajyprudyeckuii crok, paBHas 40 r/n. CooTHoIlEHHE 3Keje3a M MapraHiua B Iopax
MOJIUGUIIMPOBAHHBIX 00pa3LOB MPAKTUUYECKU HE 3aBUCENO OT J03bI YIJI U COCTAaBISIO B
cpenrem 0.21-0.23, 94TO MOTHOCTHIO COOTBETCTBOBAJIO TAKOBOMY B HCITOJIE3YEMOM HCXOIHOM
pEaJIbHOM CTOKE.

Jlumepamypa

1. X. Kunnu, O. bagep. AKTUBHbBIE YIVIM U UX MPOMBILIUIEHHOE MPUMEHEHUE. «Xumus». JI.
1984, c.215.

2. Kypuikun A.A., Mopo3oB A.P., Pomuonos A.M. Kamenuyxk W.H. Ancopb6rus
HEHMOHOT'€HHBIX MOBEPXHOCTHO AKTUBHBIX BewlecTB Tuna HEoHONI A®do-10 Ha aKkTUBHBIX
YIJISIX pa3InYHbIX MapoK. / YCIeXu B XUMUU M XUMUYECKON TEXHOJIOTUU: €O. Hay4. TP., TOM
XX11, Ne 13. M.;, PXTY um. JI.11. Menneneena, 2008. c.54-58.

3. Mopo3zos A.P., Pognonos A.U., Kamenuyk M.H. AncopOiimoHHO-KaTaIUTHYECKask OYMCTKA
BOJIbI OT HeMOHOTeHHBIX [IAB ¢ npumeHeHneM nepokcuaa BOAOPOAa U aKTUBHOTO yIiis. /
Yenexu XUMUU U XUMHAYECKON TEXHOJIOTUU: cO. Hayd. Tp., ToM XX, Ne 6 (64). M., PXTY
um. JI.11. Menneneesa, 2006. c.28-33.

4. Mlam6 V., Cerrepduna Y., BentBopc P. Ilepekucwy Bomopoma. M: usn. MuocTpanHoO#
auteparypsl. - 1958, 580c.

5. Mopo3os A.P., ®aneeB A.b., Kamenuyk M.H. [lonydyeHune karaam3aTopoB Ha OCHOBE
aKTUBHBIX yIIeH, HaHOMOAU(DUIIMPOBAHHBIX Kene3oM U MapraHuem., COOpHHK
MaTepHagoB MeX/. KOH}. « XUMHUYECKask TEXHOJIOTHsI (DYHKIIMOHAIBHBIX HAHOMATEPUAJIOB.

M.: - PXTY um. JI.U. Menneneena, 2017, ¢.178—179.
84



6. Jlypre F0.1O., PeibnukoBa A.W. XuMudeckuii aHamu3 IpON3BOICTBEHHBIX CTOYHBIX BOJ. —
M.: Xumus - 1974, - 335 c.

7. Ananmutnueckas xumuda. KomnuectBeHHBIN aHanmn3. @OU3NKO-XUMUUYECKUE METOJIbI
aHanu3a: yueobnoe nmocodue / FO. 5. Xapurtonos, /. H. [[»xa6apos, B. FO. I'puropresa. —

2012. -368 c.: ui.

H.U. Bbozoanosuu, npogeccop Kagheopvl ueniroio3Ho-0yMAaNCHBIX U _J1eCOXUMUYECKUX
npou3e00cme CADPY um. M.B. Jlomonocosay, 0. mex. Hayk: ABTOPHI JOKJIa/ia OMBITAINCH
COBMECTUTH Ka3aJIOCh Obl HECOBMECTHUMBIE 3aJ]a4l: OUYMCTKY CTOYHBIX BOJ[ METAUTyTHYECKUX
NPEANPUITHI OT MOHOB JKejie3a M HUKEJs C MCIOJIb30BAHHEM YTJIEPOJIHBIX aIcOpOCHTOB U
CHHTE3a Ha OSTOH OCHOBEHOBOTO Kjacca aJcopOEHTOB, OOJaarONIMX KaTaJTUTHYCCKHUMHU
CBOMCTBaMU B OTHOIIIEHUH HEKOTOPHIX BEIIECTB.

Jlokmaa mpeacTaBiseT HECOMHEHHBIM HHTEPEC U COOTBETCTBYET TEMATHKE CUMIIO3UyMa.
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HMoxaan 24
N3YYEHUE KNUHETHUKU PA3JIOKEHUS IEPOKCHU/JIA BOJOPOJA HA
AKTUBHOM YIUIE BAY, MOJAU®PULTUPOBAHHOM COEJUHEHUAMHA
KEJIE3A 1 MAPTAHIA U3 METAJUTYPTUYECKHUX CTOKOB
®uruenko M.M., Kypuiaknn A.A.*, Kamenuyk U.H., Knymun B.H.

@I'bOY BO «Poccutickuil XuMuKko-mexHol02U4ecKuli yHugepcumem
umenu J[.U. Menoeneesay
125480, Mocksa, ya. I'epoes Ilangunosyes, 0. 20, kopn. 1
e-mail: akurilkin85@gmail.com

CrnenyromuM 3TanoM paboTsl ObLIO HAXOXKACHUE ONTHUMAIbHOTO BPEMEHU KOHTAKTa YT
CO CTOKOM B IpoIiecce MOAU(PUIUPOBAHUS — aBTOPBI PA0OTHl  YCTaHOBWIN 3 (PEKTUBHOCTD
pa3joKeHus MepoKCUIa BOAOpOJa  Ha MOAM(PHUIMPOBAHHBIX oOOpa3Lax, MNPOIIEAIINX
00paboOTKy B TEYEHHE pA3IMYHOTO MPOMEXKYyTKa BpeMmeHH (2-12 cyTok). DTH OMBITHI
IPOBOAWINA ¢ MOIU(UIMPOBAHHBIMU O0pa3aMu, MOJYYEHHBIMU C MEHBIIMMHU J103aM YIJIs
(10 = 40 1/7m), obecrneuynBIIMMU BBICOKHE CTEMIEHU pa3lIoKeHHs nepokcuaa. OcTaibHbIe
ycioBus paznoxenuss H2O2 ocraBanuch npexxHuMH. 13 moay4yeHHBIX pe3yabTaToB ClEeayerT,
4TO Co/IepKaHME KaK kKeje3a, TaK U MapraHiia B MOIu(UIIMPOBAHHBIX 00pa3iiax, MoJy4YeHHbIX
IpU OJMHAKOBOM J103€ YIJIsl, HO Pa3IMYHON JUIUTENIbHOCTH KOHTAaKTa MCXOJHOTO YIS CO
cTokoM Onmu3ku. s mpoBeaeHHs] MOIU(UIMPOBAHUS JOCTATOYHO JBYX CYTOK KOHTAaKTa
VOIS C HCCIEAYEMBIMH METAJUIYPrUYECKMMHU CTOKAMH, [OATOMY I MPOJOJKEHUS
UCCIIEIOBaHUN Bce MOJIU(ULMPOBAHHBIE B OJMHAKOBBIX YCIOBHUSX 00pa3lbl yCPEeTHUIH
IyTEM UX MPOCTOTO0 MEXAHUYECKOTO CMEIINBAHUS.

C wucnosib30BaHMEM YCPEAHEHHBIX OOpa3lOB C MaKCUMajibHbIM M MHHHMAaJIbHBIM
coJiep>kaHreM MOAUPUITUPYIOMUX MeTaluoB (no3a yrist 10 v/mu 40 r/:1) mpoBenu OLIEHKY
KMHETUKH paznoxeHuss Ha HUX H202. [Ipoepunu Takxke 3()(PEeKTUBHOCTH MCXOIHOTO, HE
MoauduumpoBanHoro yriasi BAY u pasznoxkenue nepokcuaa B Boje 06€3 MPUCYTCTBUS YTIIEH.
Bpewms BappupoBanu B unTepBaiie 10 - 40 MUHYT, OCTaJIbHBIE YCIOBUSL OIBITOB OCTaBAJIMCh
noctostHHBIME: pH pacTBopa 10; Temneparypa 70 °C; no3a agcopoentoB 2 /7. [TomyueHHbie

PE3yJIbTaThl MIUTFOCTPUPYET PUCYHOK 1.
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Puc. 1 - Kunetnueckue kpuBble npoiiecca pasnoxenus H2Oz2 Ha paznudHbIx
oOpasuax yrisg BAY u 6e3 ero npucyrtctBust (1 — yrons ¢ 24 mr/r Fe u 106,8
mr/r Mn; 2 — yrons ¢ 6,7 mr/t Fe u 31,4 mr/r Mn,)

YcTaHoBIIEHO, YTO O€3 MPUCYTCTBUS YISl B paCTBOPE pa3ioKeHUE EPOKCHIa BOJAOPOIA B

IICPBLIC 10 MHUHYT OT Ha4daJia OIIbITa IIPOUCXOJUT CO CKOPOCTBLIO

creneHp pasnoxenus H202 mno ucredenun 40 muHyT He npesbimaer 21 otH. %. B
IPUCYTCTBUU HcXonHOro yrig bAY mocine 40 MMHYT OmbITa OCTaTO4Has KOHLEHTpaLUs
NEPOKCUIAa YMEHbIIAeTCs MPAaKTHYECKU BABOE, a MOAU(UIMPOBAHHBIE 00pa3Ilbl 3a TO Ke
BpeMmsi pasnaratoT ero Oosnee yem Ha 92 %. [Ipu 3TOM cyllecTBEHHbIE NMPEUMYIIECTBA B

CKOpPOCTH PAa3JIOKCHHUA HMCCT O6p336].[, conepmamnﬁ MCHBIICC KOJIMYCCTBO KCJIC3a H

Maprasia (cm. Tabnuiy 1).

Ta6muma 1. CkopocTh pa3inokeHus IEpoKCcuaa BoAopoaa Ha oOpasiax akTuBHOro yrisi BAY

u 6e3 "ero ( pH = 10, t = 70°C, t = 10 muH, no3a yras = 2 r/m1)

0,114 mr/mun. [pu sTom

O6pasupsr yriust BAY

CxopocTtsb paznoxenus H2O2

MT/MUH Mr/T * MUH
be3 yras 0.114 -
Hcxoaublii 0.164 1.6
MoaudunmpoBaHHbIe

1-24 mr/tr Fe u 106.8 mr/T Mn 0.385 3.8
2—6.7 mr/r Fe u 31.4 mr/r Mn 0.556 5.6

Takum o0Opa3oM, MPOBEIEHHOE HCCIEIOBAaHUE MOKA3aJI0 MEPCHEKTUBHOCTh MPUMEHEHUS

CTOYHBIX BOJ MPOMU3BOACTBA INCHTOKCHIAA BaHaJIHsdA, COACPIKAIIMNX BBICOKHC KOHICHTpaIUH
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o0miero »ene3a W MapraHia JIjsl MONy4eHus 3(PQPEKTUBHOTO KaTaau3aTopa pas3ioKeHHUs
MEePOKCH/Ia BOJOPOa Ha OCHOBE LIMPOKO PACIPOCTPAHEHHOTO aIcOPOEHTa - aKTUBHOTO YTJISI
BAY. Ilonyuennbie 00pa3iibl 10 CBOEH KaTaTUTUYECKONU AaKTUBHOCTH MTPEBOCXOISAT UCXOTHBIHN
yTOJIb MOYTH BJIBOE U 00J1a/1al0T BHICOKOM YI€IbHON CKOPOCTHIO Pa3I0KEHUs IEPOKCHIA.

H.U. bozoanoeuu, npogheccop Kageopvl uenirosi03H0-0VMANHCHBIX U _J1eCOXUMUYECKUX
npouzeoocme CADPY um. M.B. Jlomonocosa», 0. mex. nayk: Tema nokiama cBg3aHa C
pelieHneM 4YacTHOM 3ajaui: U3ydeHHUE KUHETUKH Pa3IOKEHUs IEPOKCH A BOJAOPO/Ia B BOJIHBIX
pacTBOpax ¢ HCHOJb30BAaHUEM CIICIHAIBHO CHHTE3UPYEMOTO YTIEPOJHOIO aacopOeHTa,
MOIU(UIIMPOBAHHOTO MOHAMM KeJie3a M HUKems. PaboTa npeacTaBisieT CKopee TEOPETHUECKHIA
MHTEPEC, HO TMOJIYYEHHBIE PEe3yJbTaThl MOTYT OBITh HCIOJB30BaHbl B HEKOTOPBIX YACTHBIX
CIyvasx.
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JMoxaan 25
2D YI'JIEPOJHBIE HAHOMATEPHAJIBI KAK IEPCIIEKTUBHBIE
AJICOPBEHTbBI YPAHA
Kapmanos A.I1.!, Bosnsakoscknii A.I1.%, Kouesa JI.C.%, Paukosa H.I'.},
JHemun B.A.%, Bornanosnu H.W.°

Ynemumym 6uonoeuu ®UL Komu HI] YpO PAH, 2. Coikmuiskap, Poccust
2VITI «<HUUCK um. C.B. Jlebeoesay, 2. Canxm-Ilemepbype, Poccus
SUncmumym 2eonozuu OUL] Komu HI] YpO PAH, 2. Cuikmuiexap, Poccus
*Coikmuiskapckuil necro uncmumym, 2. Coikmuiekap, Poccus
SC(A)D@Y um. M.B. Jlomonocoea, 2. Apxanzenvck, Poccus

[IpupoaHble W AHTPOTIOTEHHBIC TPOIECCHI, CBSA3aHHBIC C MUTpAIMCH pPaJInOaKTUBHBIX
AIIEMEHTOB, UX PACTBOPEHUEM—OCAKICHUEM, COpOIInei—necopOineil Hem30eXKHO MPUBOISAT K
3arpsA3HCHUI0 TIOJI3EMHBIX M MOBEPXHOCTHBIX BOJ. B manmpHeiIieM paguoHYKIHIBI MOTYT
BKJIIOUAThCS B THUIIEBBIE IIEMH «IIO0YBA—PACTEHUE—KHUBOTHOE—UEIOBEK» U IMPOBOLKUPOBATH
BO3HUKHOBEHHE MHOTHX, B TOM YHCJIE OHKOJIOTHYECKUX, 3a00JIeBaHU. B CBsI3U C 3TUM MOUCK
nyTei 3QpPEeKTUBHON OYHUCTKH MPUPOTHBIX BOJ OT PAIHMOAKTHBHOTO 3arps3HEHUS SBIISICTCS
aKTyaJbHOM HayYHO-NIPAKTUUYECKOW M COUAIIBHOW 3a/1a4eHl.

Jlannas pa0GoTa MOCBSIIEHAa OLEHKE BO3MOKHOCTH HcmoJib3oBaHus 2D yriepomnbix
HAHOCTPYKTYp, MOJTYYEHHBIX HAMH W3 MPUPOJHBIX M TEXHUYECKUX JIMTHUHOB METOJIOM
caMopachpoCTpaHsIIIerocs BeicokoTeMiiepatypHoro cunre3a (CBC-cuHTtesa), B KauecTBe
BBICOKOA(D(PEKTUBHBIX aJCOPOCHTOB ypaHa M3 BOJHBIX Cpel, a TaKXKe YCTaHOBICHUIO
B3aMMOCBSI3U MEXIY OCOOEHHOCTSIMH TTOBEPXHOCTO-TIOPUCTOM CTPYKTYPHI B COPOIIMOHHBIMU
CBOMCTBaMU YTJIEPOIHBIX HAHOMATEPHUAJIOB.

B kadecTBe aJicOpOCHTOB WCIOJB30BAIM: JIMTHUHBI W3 Oepe30Boil npeBecuHbl Betula
verrucosa (o6paser; L-1) u crebneit 6pycuuku Vaccinium vitis-idaea (L-2); TexHudeckue
runponu3Hbii (L-3) u cynbdarusiii (L-4) nurauast. Hanoyrnepoansie matepuansl cepun CL
noytyyanu kapoonusanueit oopasios L-1-L-4 meronom CBC-cunte3a.

Y cTaHOBIJIEHO, YTO CPE/IH JIMTHUHOB HanboJIee BRICOKOM acOpOIMOHHON CTIOCOOHOCTRIO B
OTHOIICHUH YypaHa o0namarT oOpasmsl L-3 u L-4: Benmumna amcopOruu A gocturaet

3HaueHuit 94,6 u 88,6 % cooTBercTBeHHO (Tabnuia). HawmmeHbiiel aacopOIMOHHON
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crocoOHOCThIO Xapaktepusyercs npenapar L-1 (30.1%), npuuem s nonoBuHa (50.4%)
ypaHa COpOUPYIOTCS HEOOPATHMO.

Tabmuma. CopOuus-necopOius ypaHa oOpasliaMu JUTHHHOB U KapOOHM3WPOBAHHBIX

MaTepuanoB*
Sample A, % Dh2o DcHacoonH4 Dhci Ar, %
L-1 30.1 24.9 6.5 18.2 50.4
L-2 88.6 1.6 1.0 26.2 71.2
L-3 94.6 20.0 1,0 39.0 40.0
L-4 86.2 1.6 0.73 8.1 89.6
CL-1 87.0 0.46 5.7 8.0 85.9
CL-2 85.1 4.12 0.6 6.75 88.5
CL-3 97.7 0.2 1.8 45.6 524
CL-4 88.4 0.93 2.5 40.4 56.2

* pexoausiit pactsop UO2(NO3)2, c=1.02x10 r/mi, pH 6

[Tocne mposenenusi CBC—cunte3za ana obpasma CL-1 mokaszatens A mo cpaBHEHHUIO C
HCXO/IHBIM MaTepUaIoOM YBEIUYWICS MPAKTUYECKH B 3 paza, mokaszareiab DH2o yMEHBIIHICS B
50 pa3. DTo roBOPUT O 3HAYUTEIHLHOM YBEIMYEHUH MPOYHOCTU CBA3U ypaHa C COPOCHTOM:
85.9% ypana ajicopbupyercs OueHb IPOUYHO U HE BIMBIBACTCSI HU BOJIOM, HU YKCYCHOKHUCITBIM
aMMOHHeM, HH pacTBopoM KucioTbl. O6paszmel CL-2 u CL-3 Ttakke mokasbiBaioT Oosee
BBICOKHE a/ICOPOIIMOHHBIC XapaKTEPUCTHKH, YEM HCXOTHBIE 00Pa3Ilbl JIUTHHHOB.

Cornacuo knaccudukamuu Brunauer-Emmett-Teller (BET) nmpencraBieHHbIE U30TEPMBI
(puc. 1) otHocsatcs k tTumy H1. M30oTepMbl S-00pa3Hoil popMBbI CBSA3BIBAIOT C MEXAaHU3MOM
NOJMMOJIEKYJISIPHOI afcopOLnu, KOT/1a B3auMOJICHCTBHIE acOpOeHT-a1copOaT MpeBaInupyoT
HaJ B3aUMOJICHCTBHSIMH JPYTUX THIIOB, a Takxke Korma Qusuueckas amacopOuus
compoBoXaaeTcs xemocopouueit. M3otepmer 06paszioB CL-1 u L-1 3aMeTHO oTiIMuarOTCs

JpyT OT ApYTa, 4TO CBSA3aHO C OCOOCHHOCTSIMU UX IIOBEPXHOCTHO-TIOPUCTON CTPYKTYPBHI.
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Puc. 1. U3otepmbl agcopOiuu azota ajis oopasuos L-1 () u CL-1 (C); pactipenencuue
nop o pazmepam st L-1 (b) u CL-1(c).

[TpupoaHble TUTHUHBI OPEACTABISIIOT COO0M MaTpuily, MOCTPOCHHYIO U3 TI00YJISIPHBIX
YacTUIl M UX arperartoB HAHOMETPOBOTO, CYOMHUKPOHHOTO W MHUKPOHHBIX Pa3MEpOB.
MexriaoQynspHoe MPOCTPAHCTBO, B KOTOPOM MPOUCXOAST COPOLMOHHBIE TPOLECCHI, COCTOUT
u3 Mukpornop (mwmpuHO 10 2 HM) U Me3omnop (2-6 HM). B oramume ot 3TOrO
KapOOHU3UPOBAaHHbIE O0pa3lbl COCTOAT M3 KPUBOJIMHEMHO-TIIOCKOCTHBIX (YyHIyHYyaThIX)
yacTHll TpadeHOBOTO THUIA. DTOT BHIBOJ OCHOBAH Ha pe3yjbTaTaX UCCIIEIOBAaHUS METOAAMMU
DJEKTPOHHOW  MHUKPOCKOIIMHM, pPaMaHOBCKOM  CIIEKTPOCKONMM U PEHTTEHOBCKOU
nudpaktometpun. Kpome toro, npenapatsl CL-1 u CL-2 uMeroT MakcuManbHbIE BETUYHUHBI
yaenbHO# mnomanu nosepxHoctu (YIIIT) (288 u 283 M?/r, cooTBEeTCTBEHHO, MeTon SSA-
BET). AHanu3 KOppENSIMOHHBIX 3aBUCUMOCTEH JEMOHCTPUPYET, 4YTO TMOBBIIICHHbIE
nokaszatenu YIIII kapOoHH3MpOBaHHBIX 00Pa3I0B OKA3BIBAIOT MOJIOKHUTEIHHOE BIUSHUE HA
agcopbuuio ypana. Takum 006pazoM, MoJy4eHHbIE PEe3yJIbTaThl CBUAECTEIBCTBYIOT O TOM, YTO
KapOOHHU3aIMs JUTHUHOB B ycioBusix mporecca CBC sBisieTcss mepCcneKTUBHBIMU MyTEM

noiay4yeHust 3p(HEKTUBHBIX COPOCHTOB JIJIsl OYMCTKU BOJHBIX CPEJ] OT ypaHa.
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Uccneoosanue  gvinoaneno npu  Quramncosou  noodepoicke  Poccuiickoco  ¢ponoa
@DYHOAMEHMANbHBIX UCCIe008AHUL 8 PAMKAX HAYUH020 npoekma No 18-29-24129ux.

Ivanoea JLI., 6ed. nayuyn. compyoHUK Jadopamopuu__cunmesa (HYHKUUOHATbHbBIX
yenepoouslx _mamepuanax Ilenmpa nosvix xumuueckux mexnonozuii_Dedepanvhozo
uccinedosamenycko2o uenmpa «Hucmumym xamanuza um. I. K. bopeckosa CO PAH
(Omckuii_cdhunuan), 0. 6uon. nayk, oouenm: ViccienoBaHHs TOCBSIIIEHBI aKTyaJlbHOMU
npoOeMe: OUMCTKE MIPUPOIHBIX BOJI OT PAIMOAKTUBHOTO 3arpsi3HEHUS. ABTOPBI ITPeAIaraloT
MHTEPECHOE pEIICHHE JTOM 3aJadu:  IOpUMEHNUTbh 2D yrimeponHble HaHOCTPYKTYPBI,
MOJIyYEHHBIE u3 MIPUPOIHBIX U TEXHUYECKUX JUTHUHOB METOA0M
camopacIpocTpaHsonierocss BeicokotemmneparypHoro cunteza (CBC-cunrtes3a), B KauecTBe
BBICOKO?(D(PEKTUBHBIX aJICOPOECHTOB ypaHa M3 BOJHBIX Cpell. YCTaHOBJIEHAa B3aUMOCBS3b
MEXJy OCOOCHHOCTSIMU MOBEPXHOCTO-TIOPUCTOU CTPYKTYpPHI U COPOIIMOHHBIMU CBONCTBAMU
YIIEPOIHBIX HaHOMaTepHuasioB. [IpoBeneHHbIE MCCIeI0OBaHUs TTOKA3aJIM, YTO KapOOHU3aIHsI
JUTHUHOB B ycnoBusix mpouecca CBC sBnsercss NMepCHEeKTUBHBIMHU IyTEM IOJTYyYECHHS
3¢ (HEeKTUBHBIX COPOEHTOB ISl OYMCTKHU BOJHBIX CPEJ OT ypaHa.

[Tpu o3HakomIIeHNH C pabOTON BO3HUK Psifl BOIIPOCOB:

1.Yem o60cHOBaH BHIOOP TUTHUHOB B KaUeCTBE aJICOPOCHTOB COSAMHEHH ypaHa?

B uem ux mpeuMyIiecTBO nepea IpyruMu aicopOIMOHHBIMA MaTepUaiaMu?

2. Kakue eme 2D yraepoaHbsle HAHOCTPYKTYpPbI UCIIOJIB3YIOT B KauecTBE COPOEHTOB
PaANOAKTHUBHBIX JIIEMEHTOB?

3. Ilouemy BBIOpaH METOJ CaMOPACIPOCTPAHSIONMIETOCS BBICOKOTEMIIEPATYPHOTO
cunre3a (CBC-cuHTe3) i1 IpoBeIeHUsT KapOOHU3AIMH JTUTHUHOB?

Omegemul agmopos:

(1) JIurHuHBI — IPUPOAHBIEC MTOTMMEPHI PACTUTEILHOTO TIPOUCXOKICHHS, KOTOPHIE SBISIFOTCS
HEUCYEPIIaeMbIM PECYpCOM HCXOJHBIX MaTepuajoB JUisl MPOU3BOJACTBA PAa3IMUHBIX
MPAKTUYECKH MOJIE3HBIX MPOAYKTOB, B TOM YHUCJE AJisl aCOPOEHTOB. TeXHUYECKHE JIUTHUHBI
—3TO0 0TX01bI Tpou3BoJicTBA L[BII 1 1eCOXUMUUECKON MPOMBIIIIEHHOCTH, KOTOPBIE CIEAYET
YTUIN3UPOBaTh, B TOM YHUCJIE€ C TOYKM 3peHus 3Kosoruu. IlomckoBble uccienoBaHus,
HaIpaBJICHHbIE Ha MOJyY€HUE HEAOPOTuX aJcOpOEHTOB TSKENbIX PaJUOHYKIUIOB ypaHa,
panusi, TOpusi, OKa3aJu, YTO OHU SBJISIOTCS JOCTATOYHO XOPOIIUMH aCOPOSHTAMHU TSHKEIBIX
METAJJIOB, B TOM YHUCJE paAUOHYKIUAOB. [l03TOMy €cTh OCHOBaHUS 1JI M3BICKAaHUSI HOBBIX
nyTel nonydeHus: 3pQGEeKTUBHBIX U JTOCTATOYHO JIEUIEBBIX aJCOPOCHTOB ISl J1€3aKTUBALIUU
BOJHBIX CPEJl U yAaJieHusl HOHOB ypaHa. K uuciy npeumyIiecTB JUrHUHOB CIEAYeT OTHECTH
HeHCUepraeMyto CHIphEBYI0 0a3y, JOCTYITHOCTh, BHICOKYIO PEAKIIMOHHYIO CIIOCOOHOCTh 3TOTO
ouomosiuMepa, CBS3aHHYI0 C HaJIMYMEM AaKTUBHBIX (YHKIHMOHANbHBIX TPyHIm —
kapookcmibHbIx COOH-rpynn u ¢henonbubix OH-rpymm;

(2) K Hacrosimemy BpeMEHH HaMH [TOCTaBJICHBI SKCIIEPUMEHTHI TI0 COPOIIUH PaTuOHYKIIUI0B
2D yriepoaHBIMH HaHOCTPYKTYpaMH, MOTyYeHHbIME KapOoHu3aueil B mporecce CBC kak
WMHAUBUAYAJIbHBIX KECTKOLEMHBIX OMOMOIUMEPOB - KpaxMmaia, JIMTHUHA, LEJUTI0N03bI, TaK U
CJIOXHBIX MPUPOAHBIX OMOKOMILIEKCOB - KOPbI XBOMHBIX J€pPEBhEB, OMOMAacchl OOpIIEeBUKA
CocHoBckoro. YacTp MONyYeHHBIX OKCHEPUMEHTAJIBHBIX JAHHBIX 10  copouuu
paauonykauaoB 2D HaHOyriaepoaoM, MOJy4YeHHbIM KapOOHHM3alueld Kpaxmala, onucaHa B
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pabote [A.Vozniakovskii, S.Kidalov, A.Vozniakovskii, A. Karmanov, et al. FULLERENES,
NANOTUBES AND CARBON NANOSTRUCTURES, 2020. V.28, No. 3. P.238-241];

(3) VYuukanpHas CTPyKTypa MaKpOMOJIEKYJI JHUTHHHA OrPaHUYMBAET BO3MOKHOCTH €r0
nmepepaboTKM B paMKaxX KIIACCHYSCKOM XWMHU M OHMOXMMHH M TpeOyeT IpHUBICUYCHUS
MEXIUCITUTIMHAPHOTO TOAX0/1a. DTH OTPAaHUYCHUS MPUXOAUTCS YIUTHIBATh M MPHU BBIOOpE
METOAMKHA KapOOHM3allUM JIMTHHWHA. Takke HE0OXOAMMO YUYWTHIBATh, YTO IIpejsiaracMas
METOJIMKa JOJDKHA OTBEYAaTh COBPEMEHHBIM KECTKMM TpeOOBaHUSIM IO 0OECIEeUYECHHIO
AKOJIOTMYECKUX MMapaMeTpPOB, NPEABABIAEMBIX K METOJAWKAM, MpPeAHA3HAYCHHBIM IS
MacITabupOBaHUs BIUIOTH O POMBIIIUICHHOTO TIPOU3BOJICTBA. B 4aCTHOCTH, UMETh HU3KOE
sHEpronoTpebdieHne, UMETh HEOOXOIUMYIO CHIPbEBYIO 0a3y, jKelaTeIbHO OCHOBAHHYIO Ha
BO30OHOB/ISIEMBIX HCTOYHHMKAX, HE HYXIATbCSd B JOPOTOCTOSIIEM TEXHOJIOTHUYECKOM
000pyIOBaHNHM, HMETh IPOU3BOJAUTEILHOCTh, OTBEYAIOIIYI0 PEabHBIM TMOTPEOHOCTSIM
noTpebnenus. Hambornee mongHO, MO HamieMy MHEHHIO, 3THM TpeOOBaHMUSIM OTBEYAET
Mmeroguka CBC. OTmermM, 9TO 10 HACTOSAIIETO BPEMEHH JII KapOOHHW3AIlMW JIMTHUHA
HCIIOJIB3YETCS TOCTAaTOYHO 3(P(HEKTUBHASI METOIUKA ero upoiau3a. OaHaKo, CyIIeCTBYOIIAs
TEXHOJIOTHS pacCUMTaHa B OCHOBHOM Ha moJjrydueHue ororasa. [lomydenue 2D HaHOYTIEPOI0B
Ha CYIIECTBYIOIIMX YCTaHOBKaX JHOO HEBO3MOXKHO, JHOO TpedyeT CyIIeCTBEHHBIX
KOHCTPYKTHUBHBIX u3MeHeHuH. C »a3T1oMl TOuku 3peHuss Meroauka CBC BwIrIsiouT
IIPEATIOYTUTEIIBHEN.
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JokJuan 26
CUHTE3 MATHUTOBOCIIPUNMYHUBBIX AJICOPBEHTOB HA OCHOBE
I'MJapPOJIN3HOI'O TUT'HUHA
Apxuaun ML.A.L, Camconosa B.B.:, Bornanosuu H.W. !, E¢ppemona C.B.?

LCegepuuiii (Apxmuueckuii) pedepanvruiii ynusepcumem umenu M.B. Jlomonocosa, 163002
Poccus, e. Apxaneenvck, nab. Cesepnoii /leunsl, 0. 17, E-mail:m.arhilin@narfu.ru
2HayuonansHwlii yenmp no KOMNIeKCHO nepepabomie MUHepaibHo20 coipbs Pecnybnuku

Kazaxcman, 050036 Pecnyonuxa Kazaxcman, e. Aimamui, ya. Kanoocosa, 0. 67;
s_yefremova@cmrp.kz

MarnautoBocnpunmuuBbie agcopoerTsl (MBA) nMeror, kak mpaBuiio, MOPOIIKOOOpa3HyIO
dbopmy, UTO MO3BOJISIET HHTEHCUPHUIIUPOBATH MPOIECC aACOPOIMH, OHU MOTYT OBITH JIETKO
OTJIEJICHBI OT OUMIIAeMOH (ha3bl METOaMU ANEKTPOMArHUTHOM cenaparuu. Tem cambim MBA
BBITOJTHO OTJIMYAIOTCS OT JPYTHUX BUIIOB aICOPOCHTOB.

[lenp nmaHHOW pabOTHl — U3YYUTh BIUSHUE PEXKUMHBIX IApaMETPOB CHHTE3a Ha
COpOIIMOHHBIE U MarHUTHBIE cBolicTBa MBA 1 Ha (hopMHUpOBaHUE UX TTOPUCTOM CTPYKTYPHI.
CuHTe3 MpOBOAWIN Ha OCHOBE ruaponusHoro jgurauHa (I'JI) ¢ ucrmonp3oBanneM B KauecTBe
aktuBaropa ruapokcuma skeneza (III), ocaxnénnoro u3 pactBopa Fez(SOs)z 25%-m
pactBopoMm ammuaka. Cmech ['JI u Fe(OH)3 oTMbIBanu OT NpOTUBOMOHOB, MOJICYIIMBAIINA U
MOJIBeprajii MUPOJIU3y B TPyOUaTOM Meyn.

HccnenoBanue mpoBOAMIN METOOM TUITAHUPOBAHHOTO dKCIIEpUMEHTa. bbuT Mcmonbp30Ban
[EHTPATBHBI KOMITO3UIIMOHHBIM poTaTa0eNbHbI YHU(DOPM-TIIIaH BTOPOTO TOpsAKa Js 3
daktopoB (Tabi. 1). BeixomHble mapaMmeTpsl: BBIXOA ajncopOeHTOB B, ancopOrmoHHas
aKTUBHOCTH 110 MeTuieHoBoMy roimybomy A(MI), no nony A(l2), mo mapam rexcana A(I') u
no BomsHomy mapy A(H20), oTHocurenbHass MarHuTHas BocmpuuMyuBOCTH OMB
napaMeTpbl TOPUCTON CTPYKTYPBI: CyMMapHBId 00béM TOp Vy, 006EMBI MUKPOIIOp Vmi H
Me30T0pP Ve, yA€TbHASI HTOBEPXHOCTD MOP S, yJelbHas MTOBEPXHOCTh ME3OTIOP Sme, CPEIAHAS
mmpuHa nop d. C 1enpro MpakTU4eckoro npuMeHeHuss MBA Obutn Takke OmNpeesicHbI
napaMeTpbl OYMCTKU CIIUPTOBBIX PACTBOPOB OCTYJIMHA: CTETIEHb U3BJICUCHHS TPUMECEH Ompu,

OeTynuHa Oger U CEIGKTUBHOCTD M3BNIeUeHUs TpumMeceit C.
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Tabnuma 1. YpoBHU 1 HHTEPBAIIBI BapHUPOBaHUS (PAKTOPOB

XapaKTepUCTUKH TIIaHA
YpoBHU BappupoBaHus HaKTOPOB
[lepemennbie pakTopbI lWlar, % | -1.682 . ) ) 1682
(-)) ()

Conepxkanue xeine3a o(Fe203),
% (X1) 5 21.6 25 30 35 38.4
pH o6pabotku obpasiia (X2) 1.2 6.0 6.8 8.0 9.2 10.0
Telv;nepaTypa nuposu3a T, °C 40 773 800 840 880 907
(X3

ypaBHeHI/I}I perpeccun, nNpeaACTaBIAOINC co0oli MaTeMaTHYECKHE MOJCJIN 3aBUCHMMOCTH

BBIXOJHBIX IAPAMETPOB OT BapbUPYEMBIX (PaKTOPOB, IIPEICTABIECHBI HUXKE.
B =44.1-1.20X3 - 0.51X2* — 0.84X3%;
A(MT) =222 +20.3X1 + 8.5X2 + 9.8X3 + 11.3X2X3 — 6.8X7%;
A(CsHi2) = 185 + 31.1X1 + 19.3X2— 16.2X3— 23.3X2X3 + 37X12— 10.5X5?
A(CeH14) = 167 + 25.1X1 + 16.8X2— 14X3— 22.3X2 X5+ 29X12— 7.7X5?
A(C7Hi6) = 149 + 19.4X1 + 14.7X2— 11.7X3— 21.5X,X3 + 21.3X12—5.1X5?
A(H20) = 245 — 10.6X1 + 15.3X2+9.2X3 +13.8 X1 X2 + 10.2X2X3— 19.7X2% — 20.8X35?
A(l2) = 750 + 122X; + 26X5 + 109X3 + 43X1X3;
Brob = 13 + 3.4X1 — 3.7X5 — 1.4X1 X2 — 2.6X2X3 + 2.5X1% + 1.5X27;
OMB = 131 + 15.8X1 — 21.1X2 + 12.4X3 — 19.7X1X3 — 21.6X:%;
Vy =0.258 + 0.035X1 — 0.040X> — 0.041X2X3 + 0.042X1? —0.018X2? — 0.018X3?;
Ve = 0.171 + 0.039X2 — 0.014X3 — 0.055X2X3;
Vmi = 0.088 — 0.006X1 — 0.007X, + 0.009X3 — 0.007X1X3 + 0.010X2X3 — 0.010X1?;
S =274-9.4X; +21.3X; + 13.2X3 — 8.6X2%;
Sme = 115 + 33.8X;, — 14.7X2X3 + 14.3X12 — 5.6X22— 9.6 X5%;
d =3.59 + 0.69X1 + 0.38X2 — 0.44X3 — 0.65X2X3 + 0.78X12 — 0.29X3?;
Supiw = 17.6 + 3.6X1 — 1.8X> — 3.3X3%;
Ser = 11.7 + 1.1X2— 2.0X1 X3 + 1.2X1% — 1.6X2%;
C =1.58-0.4X2—0.2X1%+ 0.3X22 — 0.4X32.
Bce YpPaBHCHHUA OKa3aJIWCh aACKBATHBIMH (3H3H€HI/I${ KpUTCpUd @Hmepa HC IPCBBIIIAIA
TaOJIMYHBIX 3HAYCHUN).

MeToioM pEHTIeHOCTPYKTYpPHOTO aHajdu3a IOKa3aHo, 4YTo Mno coctapy MBA

MPEACTABISAIOT COOOM KOMITO3UTHI yTiepoia, jkelie3a, OKCHA0B U KapOuaoB xkemneza, a OMB

o0Opasia pacTéT NpONOPLHUOHATIBHO COACP>KAaHUIO0 OCHOBHBIX MATHUTOAKTUBHBIX COCIMHEHUM
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— a-Fe, FesC, Fe3O4 (Tabm. 2). M3ydyeHne MarHUTHOW MPOHUIIAEMOCTH 00pa3noB MBA

MOKa3aJio, YTO OHU O0JAJAI0T CMEIIAaHHOW MarHUTHOW MPUPOION — 3TO (eppOMArHETUKH C

JIOJIEN  cyleprnapaMarHeTu3Ma, XapakTEpPHOTO JUII MArHUTHBIX HaHo4dacThl. MeTtomom

BHCKTpOHHOﬁ MHUKPOCKOIINH IMOATBCPIKACHO HAIUYUC JKCIIC30COACPIKAININX HAHOYACTHUIL Ha

NOBEPXHOCTU ajcopOeHTa nuamerpoM 10 50 HM (Oenble chepuuecKkue YacTHIbl), a TAKKe

BUJIHBI Me30T0pHhI cpeaneit mupuHoit 10—20 um (u€pubie Toukn) (puc. 10).

Tabmuia 2. MarauTHbIE KOMIIOHEHTHI B cocTase MBA

YcnoBus nonyyeHus
Ne | O6pasent | (Fe;05) Tup,® OCHOBHBIC PEHTTCHOAKTUBHBIC KOMITOHCHTHI OMB, %
% pH c (B mopsiKe yObIBaHHS MHTCHCUBHOCTH ITUKOB)
1 13 25.0 8.0 770 | FesC > y-Fe O3> Fes04> C 83.2
5 14 250 8.0 910 g-elz> Fe304> FeO > C > y-Fe > y-Fe:03 > 141
3 15 25.0 8.0 840 | a-Fe > C > FesC > y-Fe;03 112
4 9 216 80 840 s_eFC; > a-Fe > C > y-Fex03> Fe304 > FesC > 48.9
5 10 38.4 8.0 840 | FeO > C > FesC > a-Fe 60.0

[lopuctast cTpykTypa ajcOpOCHTOB MpEICTAaBICHA Kak MHUKPO-, TaK U ME30I0pamH,

NocJIeIHIE UMEIOT IIeTeBUIHYI0 popMy (reTiu ructepesuca tuna H3 u H4, puc. 1a).

KosuyecTBO 21cCOpOMPOBAHHOTO

azora, CM%/r (1.y)

250

200

=
(S
o

[N
o
o

a1
o

0,0

0,2

04

0,6

0,8

WD = 2.9 mm
|
P/PO Mag = 50.00 K X

Puc. 1. UccnenoBanue xapakTepuCTUK U CTPYKTYpsl MBA: n3otepmsl agcopOiun a3oTta (a),

MUKpocTpykTypa MBA (6)

MetonoM TepMOTrpaBUMETPUYECKOIO aHaIM3a M3y4yeH mpouecc nuponusa cmecu ['JI u

rugpokcuaa sxeneza(lll). Ilo monmydeHHBIM AaHHBIM ONpENENEH MOPSIOK pEeaKkiuu u

KOHCTAHTBI CKOPOCTHU PCaKIUU. 3HaueHHs OHCPIUH aKTUBAlUHW OKa3aJIUCh B 2 pasa MCHBIIIC,
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gyem nipu tuposinze ['J1 (126 u 270 kJI»k/MOJIb COOTBETCTBEHHO), IIOATOMY CZCJIaH BHIBOJI, YTO

peaKius KaTaTUTHYEeCKast, a B POJIM KaTaau3aTopa BeicTynaeT ruapokcun sxemnesa(lll).

JLU. benvuunckasn, npogeccop Boponercckozo 20cydapcmeennozo 1ecomexHuyeckozo
yHUgepcumema, 0. mex. Hayk: Te3ucbl NOKIaJa TOCBAIIEHBI BOMPOCOM MOJYYECHHUS
HaHOCpPOEHTa HOBOTO mokoJyieHus. MccnenoBancs pesKuM CUHTE3a MarHUTOBOCITPUUMYHUBBIX
ajcopOeHTOB Ha (HOpPMHpPOBAHUE TIOPUCTOU CTPYKTYpHI, €€ COpPOIMOHHBIE W MAarHUTHBIC
CBOICTBa. ABTOpHI MOJy4Yaldu COPOCHT HAa OCHOBE THUIPOIM3HOTO JHUTHHWHA U THAPOKCUAA
xenesza (III). [Jns uccnenoBanue MCHONB30BAIM METOJI MJIAHUPOBAHMS dKCIepuMenTa. Jlis
OIICHKU COPOIIMOHHBIX CBOWCTB BHIOPAHBI KIIACCUYECKUE IMApaMETPhl U TTapaMETPhl OUUCTKH
CIIUPTOBBIX PAacTBOpPOB OeTynuHa. [IpuBeeHBI YPOBHU W MHTEPBAIBI BAPbUPOBAHUS TPEX
BbIOpaHHBIX (pakTopoB. CUnTalo, YTO B TE€3MCAX JOKIA/IOB HE 11eeCO00pa3HO MPUBOIUTE 18
ypaBHEHUM perpeccuu yisl 0Ka3aTeIbCTBAa IMOJYYEHHBIX MaremaTudeckux monenend. K
COKaJICHUIO, HE NPHUBEACHBI aJCOPOLIMOHHBIE MOKa3aTenu sl Haumbosee 3(PQPEeKTUBHOIO
copOeHTa. YKa3aHbl MArHUTHBIE KOMIIOHEHTHI B TISITH 00pasiax. Kakoe koiamdecTBo 00pa3Ios
HCCIIEIOBAIOCH B TaHHOU paboTe? B Tabmuie 2 He moka3aHbl MAarHUTHBIE KOMITOHEHTHI IS
obpasmoB 16 u 12, u3orepMbl KOTOPBIX NpeAcCTaBieHb Ha puc. la. CremoBaiio ykasarh
MOPSIOK W KOHCTAHTBI CKOPOCTH peakmuh. ABTOPHI HE aKIICHTHPOBAIA OCHOBHOC
HANPaBJICHUE WCCIEAOBAHMUS B BHJIE aJCOPOIMOHHBIX M KaTaJUTHUYECKHX CBOWCTB
noyiygyaeMbix copOeHToB. ClrienoBano ykaszaTh JUIsl KakoMl Iedu HeoOXOoAuMa MarHUTHas
BOCIPUUMYHUBOCTH a/ICOPOEHTOB.
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HMoxaan 27
UNIQUE PROPERTIES OF NEW CARBON MATERIAL WITH HIGH SPECIFIC
SURFACE AREA AND HIGH PSEUDOCAPACITANCE: POSSIBLE
APPLICATION IN SUPERCAPACITORS
Volfkovich Yu.M.!, Sosenkin V.E.}, Rychagov A.Yu.},
Melezhik A.V.2, Tkachev A.G.2, Kabachkov E.N.3, Korepanov V.14,
Shulga Yu.M.2

IA.N. Frumkin Institute of Physical Chemistry and Electrochemistry, RAS, Leninsky pr. 31,
Moscow 119071,e-mail: yuvolf40@mail.ru
2Tambov State Technical University, ul. Leningrad 1, Tambov, 392000
3Institute of Problems of Chemical Physics, RAS, Chernogolovka 142432, Moscow Region
*Institute of Microelectronics Technology and High Purity Materials, RAS, Chernogolovka
142432, Moscow Region

A new carbon material (NCM-R) was studied, which has a number of unique properties: a
high specific surface area according to the BET (Sger = 3270 m?/g), a high micropore volume
(~ 1.7 cm®/g), and a very high specific capacity of 870 F/g.

According to the manufacturer (“NanoTechCenter” LLC, Tambov, Russia), a new carbon
material (NCM-R) was obtained by alkaline activation of a carbonized mixture of graphene
oxide and dextrin. The bar obtained by pressing a powder mixture of NCM-R with 15% PTFE
had a specific gravity of 0.26-0.28 g/cm?®.The adsorption-desorption isotherm for NCM-R is
characteristic for microporous samples. Table 1 shows the data obtained by the method of

standard contact porosimetry (MSCP) [1].

Table. 1. Characteristics of NCM-R porous structure and hydrophilic-hydrophobic
properties: Vs - volume of all pores, Ss - specific surface area of all pores, Sme - specific surface
area of mesopores, 0* - average wetting angle of water, cos*0 - average cos 0 of water.

Vs, cmi/g Sy, m4g  Sme, M?/g o* C0S*0

Pores with octane 5.42 3530 1130
Hydrophilic pores 5.28 3090 1466 35.4 0.66
Hydrophobic pores 0.14 - - - -

The following main conclusions can be drawn from the data of MSCP:
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1) The specific surface area values measured for octane (3530 m?/g) and for water (3090 m?/g)
are very large and indicate the uniqueness of the structural properties of NCM-R.
2) NCM-R is a rather hydrophilic material, unlike most carbon materials. The volume fraction
of hydrophobic pores is only 2.6% of the total volume of all pores.
3) The values of the total specific surface area measured by MSCP and BET are close to each
other. 4) Micropore volume is very high: 1.72 cm®/g for octane and 1.29 cm?®/g for water.
Figure 1 shows the cyclic volt-farad (CVF) curves: (1) measured at the potential sweep rate
w=1mV/s; (2) at w=5mV/s; and (3) at w = 0.5 mV/s. Curve 1 corresponds to the classical
form characteristic of charging electrical double-layer (EDL) with specific capacity of about
210 F/g. Deep cathodic charging (curves 2 and 3, Fig. 1) leads to the appearance of two
maxima Redl and Ox1 with a high specific pseudocapacitance. The average value of the
anode capacitances (552 F/g for 5 mV/s and 756 F/g for 0.5 mV/s) exceeds the capacity of the
EDL, which indicates the significantly greater contribution of pseudo-capacity to the total
capacity. The deep cathodic charging capacity has a significant dependence on the potential
sweep rate. A comparison of curves 2 and 3 shows that the anodic processes of the reaction
under consideration pass with greater kinetic inhibition than cathodic processes. As the
potential sweep rate increases, the potential difference AU between the maxima on the anode
curve (Ox1) and on the cathode curve (Redl) increases.
Coulometric studies of NCM-R were carried out by potentiostatic charging followed by
discharge in the galvanostatic mode (direct current) with a change in time and charging
potential. As a result, we obtained a family of discharge curves in coordinates: the amount of
electricity versus potential in a wide range of charging times and a family of curves of the
dependence of the amount of electricity on the potential at a constant charging time (Fig. 2).
Figure 2 shows a family of discharge curves obtained at a constant charging time of 200
seconds for different potentials in the range of the Faraday process from 125 mV to -375 mV.
A comparative analysis shows that the charging rate increases significantly with a shift in the
charging potential in the negative direction. The inset shows the dependence of the total value
of the discharge amount with respect to the electricity on the charging potential. This
dependence has a sigmoid character with an inflection point located at the potential of the

cathode maximum for the capacitance-voltage curves (Fig. 1).
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Figure 2 follows the maximum value of the discharge amount of electricity Qmax = 870 C/g
with a change in potential AE ~ 1.0 V. Therefore, the obtained maximum specific discharge
capacity is equal to Cmax = 870 F/g. This value is close to the value obtained in [26] for the
AAC-] (see above). According to [2], the mechanism for achieving such an ultrahigh specific
capacity mainly due to pseudo-capacitance consists in the intercalation of hydrogen into
carbon with the formation in the charged state of a CxH compound (where x > 6) and in the

limit CeH, which has a higher resistance than carbon in a discharged state condition.
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Fig.1. The cyclic volt-farad curves for NCM-R Fig.2. Discharge galvanostatic curves measured

at various potential sweep rates: 1 -1 mV/s, 2 - at a current of 3.3 mA/cm? after a potentiostatic

5mV/s, 3-0.5mV/s. potentiostat charge for 200 s at different
charging potentials NCM-R: 125 mV (1); 25
mV (2); -75 mV (3); -175 mV (4); -275 mV (5);
-375 mV (6). The inset shows the dependence
of the total value of the discharge electricity
amount on the charging potential

The limiting stage of the intercalation process is the solid-phase diffusion of hydrogen into
carbon. A mathematical model confirmed all these factors. It was noted that the average
capacity of the discharge curve (240 F/g) exceeds the average charging capacity of the EDL
(210 F/g) even at 2 seconds charging time. The discharge capacity is close to 360 F/g at 10
second charging. Thus, even at times of the order of several seconds, deep cathodic charging
can significantly increase the discharge capacity, which makes it possible to consider NCM-

R as a promising material of negative electrodes for fast energy storage systems.
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A large Cmax Value indicates that NCM-R can be used as an anode material for high-energy
supercapacitors.
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Apucmoe IO.U., npogpeccop, 2nagn. Hayun. compyoHUK 1a00pamopuu cunmesa u
UCCNIe006AHUSA__HOBbIX _MAMEPuanos 0. _pecypcocoepecaruiux Kamaiumuieckux u
adcopouuonnvix npoueccoe HI'Y, 0. xum. nayk: B 1emom, aBTOpPBI NPEICTABHUIM HOBBIN
WHTEPECHBIN YIIIepOJIHBIA MaTEpHUall C BHICOKOM JIEKTPUUECKONH EMKOCTBIO, KOTOPBI MOXKET
MIPEACTABIATh UHTEPEC AJIs CYNEPKOHACHCATOPOB. Te3UChl MOTYT OBITh IPUHSATHI, XOTS B HUX
u He paccMmarpuBatorcs OUSUKO-XUMUYECKUE IIPOBJIEMbI AJICOPBIIMN U
TEXHOJIOTUN HAHOITIOPUCTBIX MATEPUAJIOB. 3ameuanus: Tepmun "specific
capacity" oOBIYHO WCHONB3YIOT UIsI 00O3HAYCHUS TEIUIOEMKOCTH MaTepuana WU €ro
azCcopOIMOHHON eMKOCTH (1o KpaitHedt mepe, Ha 3ToM Cummosuyme). s TOro, 4TOOBI
n30e)KaTh MyTaHMILY, SJCKTPUYCCKYIO eMKOCTh JIydIle Ha3bIBaTh "Capacitance”.

Omeem aemopos:
1. IlepBoe u3 00baBICHHBIX OPrKOMUTETOM OCHOBHBIX HampaBieHui THTepHeT cumnosnyma

TakoBO: «DU3MKO-XUMHUECKHE MPOOJIEMbl CHHTE3a HAHOMOPUCTHIX M HAHOPAa3MEPHBIX
(byHKIMOHAJIBHBIX MaTepHUaIoB JUISE ra3oBoi, HedTenepepabaThIBatoIeH
POMBIIINIEHHOCTH ¥ SHEPTeTHKI». [[0CKONbKY AaHHas paboTa MMEeT MPSIMOE OTHOIIICHHE
K CIIeIyIoIIeMy HanpaBieHHI0 « PU3NKO-XUMUYECKHE MPOOIEMbl CHHTE3a HAHOTIOPHCTHIX
U HaHOPa3MEpPHBIX (PYHKIMOHATBHBIX MAaTEPUANIOB IS DHEPTreTHKW», TO Hamma padora
BIIOJIHE OOOCHOBAHHO YYacTBYET B JaHHOM MHTEPHET CUMIIO3HYME.

2. JlanHas paboTa He UMEET HUKAKOTO OTHOIICHUS K TEIUIOEMKOCTH, @ UMEET OTHOIICHHE K
AIIEKTPOXUMHUYECKOW DHEPreTHKe, B KOTOPOHW yNeNbHas EMKOCTh TIEPEeBOIMTCS Ha

aHrTuicKui sI3bIK Kak "specific capacity" unmm kak  "specific capacitance ". MoxHO

COTJIACUTBCS C PELIEH3EHTOM, YTO BTOPOM TEPMUH SIBJIsIETCS 00JIee TOUHBIM.
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JMoxaan 28
BJIMSAHUE ®YHKIHUOHAJIBHBIX I'PYIIII BAKTUBUPOBAHHBIX YIJUISAX HA
XAPAKTEPUCTUKHU CYIIEPKOHAEHCATOPOB
Boabdxosuu FO.M., Poruaros A.1O., I'psizios /[1.1O., Cocenxkun B.E.,
Borpaues /L. A.

Uncmumym gpusuuecxou xumuu u snekmpoxumuu um. A.H. @pymxuna PAH (UDXI
PAH), Jlenunckuti np. 31, 119071, Mockea, yuvolf40@mail.ru

Kak wu3BecTHO, akTuBUpoBaHHBIE yriu (AY) BCIEICTBHE OYEHb BBICOKHUX BEJIUYUH
IJIOMIAIM yAeIbHOU moBepxHOCTH (~oT 500 mo 2500 Mz/r) SIBJIAFOTCSL OMHUMH U3 HauoOolee
pPacCIpOCTPAHEHHBIX YTJIEPOAHBIX MAaTEpUaOB, MPUMEHSEMBIX B KadeCTBE OCHOBBI [IJIs
AJIEKTPOJIOB AEKTpoXUMHUUeckux cynepkouaeHcatopoB (DX CK). DTo o0bscHsIETCS TEM, UTO
€MKOCTb JIBOMHOr0 3nekTpuyeckoro cios (JIC), sBustomascs OCHOBHON XapaKTepUCTUKOM
OXCK, mpaktudecku mpomopionanbHa eMkoctd DXCK [1, 2 ]. C nmpyroit cTOpoHHBI,
U3BECTHO, yTO B AY copep uTcsi 00JIbII0e KOJINYECTBO (PYHKIIMOHAIBHBIX TOBEPXHOCTHBIX
rpynn [2]. Otu ®I' ObIBalOT OCHOBHBIMHU, KHCIBIMHU, (DEHOJBHBIMHU, KapOOKCHUIBHBIMU,
TUAPOKCUIIBHBIMU, TJAKTOHHBIMU U JIp. OxucineHue AY MNOpUBOJUT K CYIIECTBEHHOMY
yBenu4yeHuro KoHueHTpauuun PI' B ocHOBHOM 3a cuerT ruapokcurpynn. Muorue @I
aKTUBUPOBAHHBIX YIJIEH 00Jaal0T KaKk KaTHOHOOOMEHHBIMH, TaK M aHHOHOOOMEHHBIMHU
cBOWcTBaMH, T.c. AY SBISAIOTCA JIEKTPOHO — WOHooOMeHHmkamu [3]. Yrimm nerko
XEMOCOPOUPYIOT Ha BO3/IyXE MOJICKYJISIPHBIN KUCJIOPOJ OKpPY KaroIIeh cpeibl. XeMocopOoIus
KHCJIOpO/ia YBEIMUMBAETCA C POCTOM TeMIlepaTypel # (GOPMUPYET pa3IUvHbIC
(GyHKIMOHAJIbHBIE TPYIIBI HA YTaepoAHON noBepxHocTH, Hanpumep, -COOH, =CO, xuHOH —
TUAPOXUHOHHBIE U JIpyrue. DIEKTPOXUMHUYECKOE OKHCJIEHUE MPHUBOAMUT K BO3PACTAHUIO
émkoctu AY. Jlo6aBOUYHBIN BKJIaJ B CyMMapHYIO €MKOCTh OOYCIIOBJIEH ICEBJI0EMKOCTHIO
pEeIOKC- peakIuii MOBEPXHOCHBIX Tpynil. OJHUM U3 IPUMEPOB 0OPATUMBIX PEIOKC- PEaKIIHA
@I, BHOCSIIMX BKJIA]] B TICEBJJOEMKOCTb YTOJIbHBIX 3JEKTPOJIOB, SIBJSETCI BOCCTAHOBJICHUE
— OKHCJICHHE UUKJIMYECKON AUAIMINEPOKCUIHON TPYMIbI 10 ABYX KapOOKCHIBHBIX TPYIIII

10 peakluy, NPUBEACHHON Ha puc. 1.
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Puc. 1. Bapuant mexanu3Ma nmoBepXHOCTHOM pefokc- peakuuu @I rpyni Ha yrie.

Hamu Ob110 oOHapykeHo BiusHUE penokc- peakimui @I ma KIIJ mo sneprum (310
OTHOILIEHUE SHepruu paspsna k sHepruu 3apsana) DXCK Ha ocHOBaHUM U3MEpPEHUI
raJlbBaHOCTaTUYECKUX KpUBBIX. CrefyeT noauepKkHyTh BakHbIN QakT, uto KII/] mo sneprumn
nBoitHOCTOMHBIX KoHJeHcaTopoB ([CK) He nmumuTHpyeTcs Moispu3aiueil 3JIeKTPOIHBIX
peakuil, B OTIINYNE OT aKKyMYJIATOPOB, & OTPAHUYUBAETCS TOJIBKO OMUYECKHMH ITOTEPSIMU
sHeprun. [lostomy B mpunnune KIIJ JICK moxer npubmmkarbes k 100%. Ha puc 2
IIPEACTABJICHBl SKCIIEPUMEHTANIbHAsT M Teoperndeckas 3aBucumoctu KIIJ[ ot Toka mid
cummerpuanoro IXCK (¢ mBymsi oMHAKOBBIMH 3JIeKTpoaaMu) Ha ocHoBe AY Norit. DTa
3aBUCUMOCTh UMEET KOJOKOJI0Opa3Hbi BuA. M3 3TON 3aBUCMMOCTH BUIHO, YTO BEIMYMHA
KIIJ] nmpu nBuXkeHUM B CTOPOHY OOJIBIIMX TOKOB CHAadajla BO3PACTaET, 3aT€M JIOCTHIaeT
makcumyMa KITJ[ (oxom0 90%), a 3aTeM yMeHbIIIaeTcs. ITO OOBSICHIETCS TEM, UTO TP MAJIbIX
TOKax B CYMMapHyl €MKOCTb, KpoMme eMKocTh [I9C, BHOCUT BKJaJ MNCEBIOEMKOCTHOU
(akKyMyJIsITOpHBIN) npouecc, y koroporo KIIJI man BcnencTue nosspusanuu 3JI€KTPOAHOM
peakuuu, a nmpu OOJILIIMX TOKaX MPOSBISAIOTCS oMudeckue norepu. Ilpu cpenHux e Tokax
UMeeT MECTO MPAKTUYECKH TOJIbKO 3apspkeHue [IDC 6e3 MceBI0eMKOCTHBIX IMPOLIECCOB U
OMHUYECKHX NOTEPb. OJTa 3aBUCUMOCTb Ba)KHa JUIsl NpakTUku npumeHeHus OXCK s
CIUVIAKMBAHUS MMUKOBBIX HArPYy30K AJIEKTPUUYECKHUX CETEH, ITOCKOJIBKY B 3TOM CIydae HYXKHO
CTpeMUThC paboTtaTh B oOmactm wmakcuMmanbHoro KIIJ[. Hamm Obplma pasButa
MaTeMaThudecKkas MOJEib, Y4YMThIBawomas Kak 3apspkeHue J[OC, Tak M ICEeBIOEMKOCTb
penokc- peakuuii @I'. 13 puc. 2 BUIHO, 4TO paccunTaHHast TaKUM 00pa3om 3aBucuMocTsb KI1J]
OT TOKa OJM3Ka K KCIEPUMEHTAIbHOW, YTO MOJATBEPKIAET MPUHATHI MEXaHU3M PabOThI

9XCK.
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Puc. 2. Teoperuueckas (1) u Puc. 3. 3aBucumoctu emxoctu AYD Norit
JKCTepUMeHTaNbHAas (2) 3aBUCUMOCTH 3apsana (l) u paspsna (1) ot miotHocTH

KII ot Toka nns DXCK Ha ocHOBEe AY toka mias DXCK ma ocuose AY Norit.
Norit.
Kax BugHO U3 puc.3, eMKOCTh BO3pACTaET C yMEHbIIIEHHEM ToKa. B 0651acT 6071b1IMX TOKOB

BO3pacTaHe JIOCTATOYHO MEJJICHHOE; OHO OOYCJIOBIIEHO CHIKEHHEM OMHUYECKUX IOTEPb.
OHaKO P MaJIbIX TOKaX UMEET MECTO PE3KOE BO3pACTaHUE eMKOCTH 110 BenuuuH 170 u 240
®/r COOTBETCTBEHHO TSI pa3psiaa U 3apsaa. ITo 00yCIOBICHO MOSBICHUEM CYIIECTBEHHOTO
BKJIAJIa TICEBJOEMKOCTH pelloKc- peakuui DI,

Bnusiaue penokc- peaxiuii @I Ob110 Takke UCCIEAOBAHO B CYNIEPKOHIEHCATOPE HA OCHOBE
omu3koi o cBoiicTBaM K AY caxu KJEC 600/Li ¢ HeBogHBIM AtekTpoauToM: 1 M pacTBop
LiPFs B cmecu stunenkapoonat (1/3), nustmnkapoonat (1/3), numerunkapoonat (1/3). Ha
puc. 4 mpuBeIeHbl UHTETPAJIbHBIE KPUBBIE pacipeeeHus mop 1no 3pHEeKTUBHBIM paguycam
r* =r/ cos 0, usmepennnie 1 caxku KIEC 600 MeTo10M 3TaJIOHHOM KOHTAKTHOM IIOPOMETPUHT
B OKTaHE€ W B BOJE, IAe I — UCTUHHBIN paauyc Mop, U3MEPEHHBIH MO Boje, a O -yron

CMaudMBaHMs BOJOH [4].

1T

0 1 > 2 i : 0 500 1000
0 1 2 3 4 5

I MA/T

log r*, Hm

Puc. 4. lnterpanpHble KpUBbIE Puc. 5. 3aBucumocts KIIJ[ no sHeprum ot
pacnpeneneHuss nop MO 3(PQPEKTUBHBIM pa3psAIHOTO TOKA JUIsl CYNEpPKOHAEHCATOpa
pamuycam, msmepennsie musi caxu KIEC KJEC 600/Li B HeBOIHOM IIEKTPOIUTE.
600 MOKII B okrane (1) u B Boze (2).
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W3 sroro pucyHka BHIHO, YTO MAaKCHMaJlbHas IMOPHUCTOCTh MO OKTAaHY CYIIECTBEHHO
OoJbllle, YeM MOPUCTOCTH MO BOJIE, YTO TOBOPUT O HAIWYUHU KaK THAPOQPUIBHBIX, TaK U
ruipopoOHbIX mop. MHTEepecHo, 4To B 00sacTu Menkux nmop ¢ I ~ 10 HM 3TU KpuBbIE
nepeceKaroTcs, T.e. KpUBas 10 BOJE CABUHYTA B CTOPOHY MEHBIIUX BEJIHMYUH * IO CpPaBHEHUIO
C OKTaHOBOM KpuBOH. [10CKOJIBKY OKTaH MPaKTHYECKH UJI€ATbHO CMAYMBAET BCE MaTepUalbl,
TO M1 HeTo 0 ~ (; cliemoBaTENbHO 3TO MEPECceUeHrEe 03HaYaeT, 4To NaHHbIi MaTepuan (KJEC
600 ) cmaumBaeTCsi BOJOH eIe JIydille, YeM OKTaHOM. ODTO SBJIEHHE MOXKHO Ha3BaTh
«CynepruapoGuiIbHOCTBIO», KOTOpoe 00BsCHsETCs OonpinM KonudectBoM DI, xkoTopbie
TUAPATUPYIOTCS B BOJIE, YTO NPUBOJIUT K HaOyXaHUI0 MaTepuaina. M3 raibBaHOCTaTUYECKUX
KpUBBIX Obl1a paccunTana 3apucuMocthb KI1J[ mo sHeprum ot pazpsaHoro toka ( puc. 5 ). Kak
BUJIUM, 3Ta 3aBUCUMOCTb UMEET MAaKCUMyM, KaKk M y KpuBOW Ha puc. 2 . Hammuue sToro
MaKCUMyMa OOBSCHEHO BBIILIE.
3akirouenne.

TakuM o00pa3oMm, YCTaHOBJIEHO CYIIECTBEHHOE BIMSHUE (DYHKIIMOHAJIBHBIX TPYIII
aKTUBUPOBAHHBIX  yIVIEM HA  BaXXHEWIIYI0  XapaKTEPUCTUKY  DIIEKTPOXUMHUUYECKUX
CYIIEPKOHIEHCATOPOB, a UMeHHO, Ha KII/] mo sHeprum.
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SJICKTPOJHBIM MaTcpuajiomMm B TCXHOJIOTUHU CYHCPKOHACHCATOPOB ABJIAKOTCA
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BJIUAHMUE SJIEKTPOIIOJITUMEPU3ALINU ITUPPOJIA HA
AKTUBUPOBAHHOM VYIJVIE HA EI'O IOPUCTYIO CTPYKTYPY,
SJIEKTPOXUMUYECKHE U BUOJIOTHYECKHUE CBOMCTBA
Boabdrosuy F0.M.L, F'oponuaposckas U.B. 2, Escee A.K.2, Cocenkun B.E. 1,
IlIa6anoB A.K.%, Tonbann M.M.?

YUnemumym usuueckoii xumuu u snexmpoxumuu um. A.H. @pymxuna,
Mockea, 119071, Jlenunckuii npocn., 31, e-mail: yuvolf40@mail.ru
2Haytm0-ucwleéoeameﬂbc;cuﬁ uncmumym um. H.B. Cxaugpocosckoco, Mocxesa, 129090,
bonvwasn Cyxapesckas na., 3

HccnenoBano BAUSHUE MPEIBAPUTEILHOIO KOHTAKTa aKTUBUPOBAHHOTO yIuisl (AY) Mapku
Norit RXS ¢ pacTBopoM mupposia 1 3JIEKTPOIOIMEPU3AIIH ITHPPOJIa HA TOBEPXHOCTH ATOTO
YTl Ha €ro THIPpO(UIBHO- THAPO(POOHBIE, NMEKTPOXUMUUECKHUE U OMOJIOrMYeCKre CBOUCTBRA.
bbu10 HccnenoBaHo BIUSHUE YCIOBHUM 3JIEKTPOCHUHTE3A MTOJIUITUPPOIIa Ha MOBEPXHOCTH AY Ha
XapaKTEPUCTUKU COPOEHTa, OINpEeNeNsIOIIUe ero re0COBMECTUMOCTb. DJIEKTPOXUMUYECKHMA
CHHTe3 moyumuppoiia Ha moBepxHoctu AY Norit RXS npoBoawim B MOTEHIIMOCTATUIECKOM
pexxume nipu orenimaie +800 MB u3 pactBopa 0,15M NaCl, conepsxariero 0,1M nuppona;
AJIEKTPONOJUMEPHU3ALMI0O  TUPpPOJIa  3aKaHUMBAJIM IO  JIOCTMOKEHMM  KOJIMYECTBa
npomnymeHHoro anekrpudectsa 20 Ki. B kadectBe BCIOMOraTenbHOrO 3JIEKTPOJAA
UCTIOJIb30BAIM TEPMUYECKU PACHIMPEHHBINA I'paduT, 37IEKTpoJa CpaBHEHUS! — HACHIIIICHHBIH
xyopucepeOpsiHbiil anekTpod. s BBISBICHHUS BIUSHUS TPEABAPUTEIBHOTO KOHTAKTa
MCXOJHOTO YIJIsl C paCTBOPOM IIUPPOJIA, YTOJIb BBIAECPKUBAIN B pACTBOPE NUPPOJIA B TEUEHHE
ot 1 yaca 10 1 cyToOK, Mocje 4ero NpoBOMIH 3JIEKTPOXUMUYECKYIO TTOJTUMEPHU3ALHUIO.

['eMOCOBMECTUMOCTD yIJIEH IO OTHOLIEHHWIO K KJIETKaM KPOBHM OLIEHUBAJIU IO CTENEHU
reMojn3a SPUTPOLMTOB MpU KOHTAKTEe ¢ oOpasuamu yrieid. B kontakt npuBoaunu 0.5 mi
yras U 5 M SpUTPOLIMTHOM MaccChl, OTMBITOM OT OCTaTKOB IUIa3Mbl U pa30aBiIEHHON
¢uznonornueckum pactBopom 110 remarokpurta 0.4. Bpems skcnozunuu cocrasmsuio 1 gac.
KonnenTtpanuio cBOOOJHOTO reMorjoOrWHa OINpeAessan crnekTpodoToMerpuuecku. s
UCCIICZIOBAHUSI TIOPUCTONW CTPYKTYPHI U TUAPOPHIBLHO-THAPO(YOOHBIX CBOWCTB HMCXOJHOTO

yrast Norit RXS 1 MoauduuupoBaHHbIX MOTUIUPPOIOM HCHOIB30BAJICS METOJ dTaIOHHON
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koHTakTHOUM mopometrpun (MOKII) [1]. Ha ocHoBanuu 3akona ®dapajnes oka3ajioch, 4TO B
CpelHeM Macca MoJumuppoia, npuxojsimascsa Ha 1 r AY, cocraBmsina 4.9 mr (0.35% ot
oOmieit maccsl yris). Jlons nopepxHocTd AY, MOKPBITON HOJUIUPPOIIOM, OKa3ajach PaBHOU
Bcero yimiib 0.13%. OnHako, 0ka3anock, UTO JIEKTPONOIMMEPU3ALINS TUPPOIa 3HAYUTEIBHO
BIUSET HA OMOJOTMYECKYI0 AKTUBHOCTh CHUHTE3MPOBAHHBIX KOMIIO3UTOB, BOIPEKH CTOJIb
HU3KOM BEIIMYMHE CTETEeHM 3amojHeHus. TakuM oOpa3oM, U3BMEHEHHE SIEKTPOXUMHUYECKUX
CBOICTB 1 OMOJIOTMYECKHON aTUBHOCTH KOMIIO3UTHOI'O MaTepuaia o OTHOIIEHHIO K KJIETKaM
KPOBH, BEpOSITHO OOYCIIOBJICHO KAaTaJUTHUYECKUMH CBOWCTBAMH, KOTOPBIE MOJIUIIUPPOIT
npuaaeT KOMIIO3UTaM. 3aTeM ObUIO HCCJIEJOBAHO BIUSHUE YCIOBUN 3JIEKTPOCHHTE3a
noiumuppona Ha moBepxHocth AY  Norit RXS Ha xapaktepucTHKH COpOCHTa,
OIpEICIISIONIME €T0 reocoBMecTUMOCTh, [TP1] u pH.

Bbu10 yCTaHOBIIEHO, YTO C YBEJIMYEHUEM JTUTEIBHOCTH MIPEABAPUTEIBLHOTO KOHTaKTa AY
C pacTBOpPOM MHppoJia IPOUCXOAWIO yBenuueHue ciapura BennuuH [IPL] B crtpony ero
yMeHbIIeHHsT OT 159 MB HemocpeAaCTBEHHO MOCHE NMPOBEACHUS AJIEKTPONOJNMEpU3ALUN
nuppona 10 147 MB nipu KOHTaKTe ¢ pacTBOPOM MUPPOJIa B TE€YEHUE CYTOK; U OT 199 MB 1o
178 MB wuepe3 30 cyTok XpaHEHUS TIOCJIE€ MPOBEACHUS SJIEKTPOIOIUMEPU3ALINH.
CyliecTBeHHOE BIIMSHUE OKa3al MpPEJBApPUTENIbHBI KOHTAKT YIJIA C pacTBOPOM HHUpPpOJIa
TaK)K€ Ha BeIMYMHY pH MOJIy4eHHBIX KOMIIO3UTOB: C YBEJIIMYEHUEM JUINTEIBHOCTH KOHTAKTa
BeIM4MHbl pH mojyyaeMbIX KOMIIO3UTOB CHMXKalIMCh. Tak, ecnu y kommno3uTa [Norit
RXS/IIIT/CIT] (3aech IIIT — 3TO monumuppos), CHHTE3UPOBAHHOTO 0€3 MpeaBapUTeIbLHOTO
KOHTaKTa C pacTBOpOM nuppoia, BeauwunHa pH cocraBimsuia 7.63, TO y KOMIIO3MTA,
CUTE3MPOBAHHOIO I10CJIE KOHTAKTa C pacTBOPOM IUpposa B TeyeHue | daca, BenuunHa pH
cocraBuia 6.96, a B Teuenne 1 cyTok — 6.2.

HccnenoBanue TpaBMUPYIOIIEH AaKTUBHOCTH HCCIEIOBAaHHBIX B HacTodlled padbore
00pa3loB MO OTHOIICHHIO K JIPUTPOLUTAM I[OKA3allo, YTO HMCXOMHBIN yroib Norit RXS
oKazaJcsi o0yiajaroluM HauOoJNbIIeH TPaBMUPYIOIIEH aKTUBHOCTHIO, YTO MPUBOAMIIO K
YACTUYHOMY pa3pyLICHUIO SPUTPOLIUTOB M, COOTBETCTBEHHO, K YBEIUYEHHUIO YPOBHS
cBobogHoro remornoouna Ha 0.12 r/m. OTCyTCTBHE TeéMOCOBMECTHMMOCTH 3TOrO YTIJIS,
CBSA3aHO, BEPOATHO, C BbicokuMHM BenuuuHamMu pH yrisa. Hanecenuwe mnosmnuppona Ha

NOBEPXHOCTh YIJII MpUBOAWIO K casury pH 1m0 ¢usnonornyeckux 3HaYCHUH, W,

107



COOTBETCTBEHHO, MOBBIIIEHNUIO €r0 TeMOCOBMECTUMOCTH. [Ioka3aHo, 4To npeaBapuTeNbHbII
koHTakT yrist Norit RXS B pactBope mupposia B TedeHue 1 cyTOK 1O CHHTE3a, OKa3ajcs
BIIOJIHE JOCTATOYHBIM [UISl TOJYyYEHUS KOMIIO3UTOB, HPAKTUYECKHM HE pPa3pyLIatONINX
sputporThl. Metogom LIBA KpuBBIX OBIIM HCCIIEIOBAHBI JIEKTPOXUMHUYECKHE CBOMCTBA
MCXOJHOTO W ToMMepu3oBaHHOTO THpposioMm AY B pactBope 0,15M NaCl co ckopocThio
pasBepTkn mnoteHuuana 1 wMmB/c. Oxazamock, YTO Tpu yYBEIUYEHUH BpPEMEHU
IPEIBAPUTENBHOIO BbIACPKUBAHUS YISl B PaCTBOpPE MUPPOJIA MPOUCXOAMIIO ONPEIEIEHHOE
yMEeHbIIICHHE YaeIbHO# emkocTr 00pa3noB Norit RXS/IIIT/Cl” BennuuHa 3T0ro yMeHbIIEHUS
BO3pacTaja C yBeJIMYEHUEM BPEMEHH IPEIBAPUTEIHHOIO KOHTAKTa MUPPOJILHOTO PACTBOPA
c ymieM. BBHIly HE3HAauUMTEIBbHOCTH COJEpKaHHUS TMOJMIMPPOJTA, W, Kak CJEACTBHE,
OTCYTCTBHUS €r0 3HAUMMOTO BIMSHHUS Ha MOPUCTYIO CTPYKTYPY YT, B JaHHOHM paboTe ObLIO
pEIIEHO HCCeA0BaTh BIMSHUE MOJUIUPPOJIa HA CMAaUYMBAEMOCTh MOJYyYEHHBIX KOMIIO3UTOB
BOJIOM, IOCKOJIBbKY paHee [2] HaMu ObUIO YCTAaHOBJIEHO, YTO HaHECEHHE TUIEHKH TOJIUIUPPOIIa
Ha MOBEPXHOCTh akTUBHpOBaHHOTO yriig Mapku CKT-6A npuBoauio k ero rujipodpunnzanuu
BCJIEJICTBUE TUAPOPHUIBHOCTU MOJIUIIUPPOIIA.

MDOKTII Obu1M N3MEpeHbI OKTAaHOM U BOJIOM IOPOMETPUUYECKUE KPUBBIE JUIsI HICXOIHOTO YIJIs
mapku Norit RXS, yriist 6e3 npeiBapuTeIbHOTO BBICPKUBAHHS B PACTBOPE MUPPOJIA U YIIICH,
IPEIBAPUTENBHO BBIIEP)KAHHBIX B pacTBOpe nupposna B TeueHue 1 yvaca u 1 cyrok. U3
MPE/ICTaBJICHHBIX IaHHBIX OBLJIO YCTAHOBJIEHO, YTO B UHTEPBAJIE PaJNyCOB MOp OT I = 1 HM 110
r ~3000 HM Bce MOPOMETPUYECKUE KPUBBIE OJIM3KU APYT K APYTY, YTO CBUIECTEIBCTBYET 00
OTCYTCTBUU BJIMSHUS MOJUIUPPOIIa HA 00BEM MUKPO- U Me3010p. BBUly HE3HAUUTEIBHOCTH
COJIep>KaHMsl MOJUIMUPPOJIA, M, KaK CIEACTBHE, OTCYTCTBHUSI €r0 3HAYMMOIO BIIMSHHSA Ha
HOPUCTYIO CTPYKTYpY VIJs, ObUIO pEIIeHO HCCIAeA0BaTh BIUSHUE MOJUIHMPPOIa Ha
CMA4YMBaEMOCTh  TOJYYEHHBIX KOMIIO3UTOB BOJOW  BCIEICTBUE TUAPO(UIBHOCTH
HOJIUITUPPOJIA.

B TabGnuie npuBeaeHbl BEIMYMHBI MOJHOW TUIOMIAIN YACIbHON MOBEPXHOCTH U ILIOIIATU

YACIBHOU IIOBEPXHOCTU ME30I10P, U3MEPEHHBIE OKTAHOM U BOJOM.
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Ta6auna. BennanHbI OTHOW IIOMATN YASTHHOW TOBEPXHOCTH (Sonw.) Y TUIOIIAIN
yIEJIbHON MOBEPXHOCTH ME30MOP (Swesonop), HK3MEPEHHBIE OKTAHOM M BOJOM.

Snonn., M2/ r Sme3onop, M2/ r
HasBanne

OkTaHd BOJIa A Oktalg Bona A
AY memonud. 1470 1310 160 38.8 86.8 48
[AV/OX] 1530 1290 240 449 102 57
[AV/IIIT/CI] Ou. 1453 1230 223 41.7 83.9 42.2
[AV/IIIT/CI] 1u. 1310 1165 145 39.3 133 93.7
[AV/III/CI] 24u. 1390 1210 180 35.8 135 99.2

Kak BUHO U3 JaHHBIX, IPEICTABICHHBIX B TAOJIUIIE, BEIUUUHBI Spom. 715 BCeX 00pa3iioB
KOMITO3UTOB, M3MEPEHHBbIE OKTAaHOM, OOJbIINE, YeM COOTBETCTBYIOIINE BETUYMHBI Spomm.,
WU3MEPEHHBIE BOJIOHU, a TAK)KE TO, YTO COOTBETCTBYIONINE BEIMIHHBI Spomm., K3MEPEHHBIE U TI0
OKTaHy, U IO BOJIE, YMEHbINAIOTCA TMocie moiuMepusanuu. U3 Tabmuiel criemayer, 4yTo
nornupoBaHue nogunupposioM AY RXS nmpuBOIMIO K YBETUYCHHUIO Syesonop, H3MEPEHHBIX
BOJION, MIPUYEM PA3HOCTh A MEXIY BEIMYUHAMHU Syesonop, I3MEPEHHBIMU BOJION M OKTAHOM,
BO3pacTajla ¢ yBEJIMYEHUEM BPEMEHH BBIIEPKKU YIJIsl B pacTBOpE NMUpPpOJa BILIOTH 110 1
CYTOK.

Takum o00pa3oMmM, Ha OCHOBAaHHMHM TOJTYYEHHBIX TOPOMETPUYECKUX JIAHHBIX MOKHO
3aKJII0YHTh, YTO, HECMOTPS Ha OYEHb MAJIOE COJIEP KaHNE MOIUIUPPOIIa HA TOBEPXHOCTH YTJIS
Norit RXS, oH oka3bIBaeT CyMIECTBCHHOE TUAPOPWIH3UPYIOIICE BIMSHUEC HA 3TOT Yrojib B
obOnactu me3onop. Mtak, BrepBble OOHAPYKEHO CYIECTBEHHOE BIUSHUE MUKPOKOIMYECTB
NOJIMPUppOSIa HA TOBepXHOCTH AY Ha ero 53IeKTpOXUMHUYECKHe, THApPOoPoOHO-
rUAPOPUIbHBIE U OMOJIOTMYECKUE CBOMCTBA.
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2. Volfkovich Yu.M., Goroncharovskaya 1.V., et al. // Russ. J. Electrochem. 2017, 53, 1334.

B.B. Camonun, npogheccop, 3asedyioniuii Kagheopou Xumuu u mexHo102uu Mamepuaios u
uzoenuit_ copoyuonnou mexuuxku CIoI'TUH(TY), 0. mex. nayk: Co3naHrue COBMECTUMBIX C
KPOBBIO SHTEPOCOPOCHTOB HECOMHEHHO AKTyalbHO M MMEET MPAKTUYECKYH) 3HAYUMOCTD.

ABTOpamMH yOeIUTeIbHO JOKA3aHO, YTO HaHECEHHWE MUPPOJia MPUBOIUT K THAPOPUIN3ALNU
MIOBEPXHOCTH YIJISI, CHMDKEHHUIO €r0 TPAaBMHUPYIOIIEH aKTUBHOCTH.
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Hoxnanx 30
AJCOPBIMUSA ITPUPOAHOI'O I'A3A U EI'O OCHOBHBIX KOMIIOHEHTOB HA
YI'JIEPOJHOM AACOPBEHTE C BLICOKUM OB bEMOM MUKPOIIOP
Aprtamonosa C.Jl., [IpudbL10B A.A., ®OMKHH A.A.,
MenbmukoB U.E., llIkoaun A.B.

Uncmumym gpusuueckoui xumuu u snekmpoxumuu um. A. H. @pymxuna PAH,
119071 Mocksa, Jlenunckuit npocnexkm, 31. cmp.4.
e-mail: svetlana.artamonova@gmail.com

[IpupoaHbIi ra3 BISIETCS OJJTHUM M3 BAXKHEUIIINX YHEPTETUUECKUX PECYPCOB BO BCEM MUDE.
B coctaB mpupoaHOTrO Tra3a KpoMe OCHOBHOTO KOMIIOHEHTa METaHa BXOJST TaKKe JIETKHE
yrieBogopoaubie gppakuuu Cz - Ca, KOTOPBIC SBIAIOTCS IIEHHBIM CHIPhEM JJISI HEPTEXUMUMU.
ConepxaHue STaHOBOW W MPONMAHOBON (pakiuii B 3aBUCUMOCTA OT MECTOPOXKACHHUS U
MPOUCXOXKJACHUS MOXKET cocTaBysiTh oT 1 10 15 % u ot 1 mo 10 %, coorBercTBEeHHO [1].
HecMmoTpsi Ha HEBBICOKOE COJIEpKAHHE YTIEBOJOPOIHBIX (Gpakiuii, WX BBIACICHUE U3
MPUPOJHOTO ra3a MOXKET ObITh PKOHOMHUYECKH BBITOJHBIM OJiarojapsi BHICOKUM oOBeMaM
no0bIBaeMoOro raza. B cBsi3u ¢ 3TuM 3a/1aua aacopOIMOHHOTO BBIICJICHHS 3TaHa U MIpoTaHa U3
IIPUPOAHOTO ra3a sIBJIIETCSA BaXKHOM U aKTyaJIbHOM.

[IpuMeHUMOCTh aJCOPOLIMOHHBIX TEXHOJIOTUH TpeOyeT 3HAHUA BEIUYUH aJCcopOIuu
KOMITOHEHTOB B IITUPOKOM JIMAMa30He TeMIIEpaTyp U JaBICHUHN I OIEHKH CEIEKTUBHOCTH U
eMKOCTH ajacopOumu aacopOeHTa, a TakKe DSHepreTuku mpoiecca. IPHEKTUBHOCTD
a7ICOPOIIMOHHOTO aKKyMYJIUPOBAHUS CYIIECTBEHHO 3aBUCHUT OT CTPYKTYPHO-IHEPTETHUECKUX
XapaKTePUCTHUK aJICOPOCHTOB U MPEXK/IE BCETO OT PA3BUTOCTH 00hEeMa MUKPOIIOpP acopOeHTa
[2]. TlosTomMy BaxkHOW 3adaucii sBiseTcs paspaboTka aacopOeHTta, >h(HEeKTHBHOIrO s
aJIcCOpOIIMOHHOTO  AaKKyMYJUPOBAaHUS TPHUPOJHOTO Ta3a W JIETKUX YIIIEBOJAOPOJIHBIX
KOMITOHECHTOB.

[lenpt0o maHHOM pabOTHI SBISATIACH OIEHKA aJCOPOIMOHHON AKTHBHOCTH HOBOTO
MHUKpoTopucToro yriaepoanoro ancopbenra ACW c BeicokuM oObemoM Mukpomop (1.44
cM®r) m GMMOmaNBHBIM pachpesielleHHeM IIOp MO pa3MepaM MO OTHOIIEHHWIO K JIETKUM
yTIeBOA0POaM (METaH, 3TaH, MPOTaH) B YCIOBUIX, TPUOIMKEHHBIX K PealbHOMY JIaBJICHUIO

B Ta30IIPOBO/JIC.
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[IpencraBneHbl SKCIEPUMEHTATBHBIC JIAHHBIE IO OJJHOKOMIIOHEHTHOH aJcopOinuu mapoB
MeTaHa, 3TaHa U MporaHa, NoJy4eHHbIe 00beMHO-BECOBBIM METO/IOM IpH TemriepaTypax 303,
313, 323 u 333 MlIla B untepBanax naBnenuit merana 0.1 — 40 MIla, srana — 0.01-3.8 MIla
u nponana — 0.01-0.9 MIla. Ilpu Temnepatype 303 K MakcumanpHass BeTUIHMHA aIcOPOIIMHU
MeTaHa gocturaet 42.4 mac. %, atana — 75 mac. % u npomnana — 95 mac.%. B o6iacTu Mansix
naBieHuit (puc.l), rae mpoucxoauT Hauboliee CUIIBHBIA POCT aIcOpOInH, aIcOpOIUs 3TaHa U
IpoTaHa 3HAYUTEILHO MPEBBIIIACT aICOPOITHI0 METaHa, YTO TIO3BOJIICT IPOBECTH BBIJICIICHHE

HpHMeCCﬁ OTaHa U IIpoIllaHa U3 IMPHUPOAHOIo Irrada MCcTaHa.

30 4 303 K 7

313 K
323 K
333 K

o n

25 o

a (mmol/g)

T —T— —
0.0 0.2 0.4 0.6 0.8 1.0
P (MPa) P (MPa)

Puc. 1. M30TepMbl abCOMIOTHOM a1copOILIMuy JIsl CUCTEM MeTaH-TIponaH (a) u MeTtaH-3TaH (0)
Ha ACW npu 303 - 333 K. CuMBOJIBI — 3KCIIEPUMEHTANIbHBIE JIaHHBIE, CIJIONIHbIE JIUHUU -
pacuet 1o (2).

Paccunranbl guddepeHuanbHble MOJIbBHBIE TEIUIOThl aJcOpOIMM MeTaHa, 3TaHa U
IpolaHa ¢ y4eTOM HEHUJCaTbHOCTH Ta30BOM (a3bl. B HawanbHONW 007acTH 3amoJIHCHUIH
MUKpOTIOp (~ 10 7 MMOJIB/T) TEIUIOTa aJCcOpOIMU MeTaHa, dTaHa W MpOIaHa MPaKTUYECKU
MOCTOSTHHA JJISl BCEX TEMIIepaTyp U COCTaBiseT cOOTBETCTBeHHO 14, 22 u 28 x/[x/monb. C
YBEJIMUYEHUEM CTEIIEHHU 3alOJHEHUSI MUKPOIIOP MPOUCXOIUT MOCTENEHHOE MaIeHUE TEIIOTHI
ancop6umu. B 0065acTi BRICOKMX JTaBJICHUN y4eT HEUICTbHOCTH Ta30BOM (pa3bl MPUBOIUT K

MOSIBIICHUIO TEMIIEpAaTypHON 3aBUCUMOCTH TerioThl aacopoumu. [Ipu temnepatype 333 K u
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BEJIMYUHE a1cOpOIIH 22 MMOJIB/T, A epeHInanpHas MOJIbHAs TEIUIOTa aACOPOINN METaHa
Y 3TaHa majaeT B 2 pasa CUJIbHEE Mo cpaBHEHUIO ¢ TerioToi mpu 303 K.

N3 ananuza aOCOMIOTHON M OTHOCUTEIBHON 3(PPEKTUBHOCTH aacOpOLIMK METaHa, 3TaHa U
IpoIlaHa, a TakXKe OICHKU paBHOBecHOM afcopoiuu cmeceit CHa/CoHes 1 CH4/C3Hsg caenano
3aKJII0YEHUe, YTO HauboJiee MpeAnoYTuTeIbHas 00J1acTh JaBJIeHUM pabOoThI aICOPOIIMOHHOTO
aKKyMYJISITOpa JISKUT B Iranazone ot 3 10 5 Mlla.

Koadhdurmentsr paspenenust cuctem CoHe/CHa, C3Hg/CHs m CsHs/CoHe (T = 303 K),
paccuUMTaHHbIE 110 COOTHOIIEHUIO KOHCTAHT ['eHpu ¢ ucmnoiab30BaHueM ypaBHeHUs bakaesa,
COCTaBIIIIOT COOTBETCTBEHHO OKOJI0 8, 50 1 6. /[ TeXxHn4yecku BOCTpeOOBAHHOTO AABJICHUS
3.5 MIIa [3] u temmnepatype 303 K mpu cojaepkaHud B IPUPOJTHOM Taze 5 00.% dTaHa u 5
00.% mporaHa BO3MOXKHO BeIzieaeHne 10 ~ 60 mac.% 3taHa u ~ 75 mac.% mporana.

[TonmyuyeHnHble AaHHBIE TO3BOJISIOT CIETIaTh 3aKIIOUYEHUE O BO3MOXKHOCTU HCIIOJIB30BaHUS
JAHHOTO aJicOpOeHTAa /JIsl BBIACNIEHUS JIETKUX aTKaHOB U3 IPUPOJIHOTO Ta3a.

Paboma evinonnena 6 coomeemcmeuu ¢ 20Cy0apcmMeEeHHbIM 3adanuem, npoekm Ne
01201353185 u nnanom Hayunoeo cosema PAH no ¢usuueckou xumuu (mema Ne 20-03-460—
01).

Jlumepamypa

1. CoxonoBa B.A., becryxeB M.A., Tuxomonosa T.B. Xumuueckuii coctaB HedTel u
IIPUPOJIHBIX I'a30B B CBA3U € UX Mpoucxoxaenuem. M.: Henpa, 1972.

2. MenpmukoB U.E., ®omkun A.A., llkomun A.B., Ctpuxenos E.M., 3aiines J1.C.,
TBapnoBckuit A.B. // ®u3nkoxumus MOBEpXHOCTH U 3amuta Marepuanos. 2017. T. 53. Ne 5.
C. 459.

3. Burchell T., Rogers M. // SAE Technical Papers. 2000-01-2205.

Kommenamapuu _aemopos k peuenzuu npogeccopa A.M. Toamaueea (cm. ooknao 11):
PaGoTa BaxkHa nJis pelieHus MPAKTUYECKOW 3a7a4Ml BBIJACICHHS JIETKUX YTIE€BOJOPOIOB U3
NPUPOJHOTO Ta3a, B KOTOPOM OCHOBHBIM DJJIEMEHTOM SBJISIETCS MeTaH. B pabote
MpEACTaBICHBl PE3yibTaThl pacueTa KOI(DQPUIIMEHTOB pa3feieHuss Ta30B Ha HOBOM,
MEePCIEKTUBHOM MHKPOTIOPUCTOM YIJIEPOAHOM aJCOpOEHTE M TIOKa3aHa BO3MOXKHOCTh

MPaKTUYECKOTO BBIJICTICHUS JIETKUX YTJIEBOAOPOJOB U3 METaHa B JMana3oHe AaBiICHUM oT 3
1o 5 MITa.
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HMoxaan 31
PACYHETBI AACOPBIIMN DTAHA HA CYIIEPAKTUBHOM
MUKPOITIOPUCTOM YIJIEPOAHOM AJCOPBEHTE C UCITIOJIB3OBAHUEM
TEOPUU OBBEMHOI'O 3AITIOJIHEHUSA MUKPOIIOP
I'punuyenko A.E.,* MeHbIMKOBa E.E.,?
MenbmukoB U.E.,? [lIkoaun A.B.,> ®oMkuH A.A. ?

¢ Uncmumym gpusuuecxoui xumuu u snekmpoxumuu um. A.H. @pymxuna PAH,
119071, Mocksa, Jlenunckuii npocnexm, 31, cmp. 4
% Jluyeti Hayuonanvrozo ucciedoeamenscko2o ynueepcumema «Bvicuias wikona
axkonomuxuy 101000, Mockea, borvwou Xapumonvesckuii nepeyiox, o. 4,
e-mail: i.menshchikov@phyche.ac.ru

Teoputo o6beMHoro 3amnoiaHeHus: Mukponop (TO3M) mupoko KUCMONB3YIOT AJSl pacuera
azicopOIMy Ta30B U MapOB HA MUKPOMIOPUCTHIX YIIEPOIHBIX afncopOenTax|1-4]. AacopOeHThI
¢ OMMOJANBHBIM pacHpeielieHeM Top MO pa3MepaM MPEACTaBISIOT OCOObIM ciy4ail. B
paboTe mpoBeieHbl pacueTsl ajcopOuuu 3Tana Ha agcopoente MITY-007 (yaenbHbI 00beM
mukpornop Wo = 1.44¢M%/r; mMprHa MEKPOIIOp HEPBOM MOBI X01=1.5HM; IIMpMHA MEKPOIIOP
BTOPOH MOJBI X02=3.5HM; yIelbHas IOBEPXHOCTh MO a30Ty Sgor = 2520M%/Tr) B 0obnactu
CBEPXKPUTUUYECKUX TEMIEPATYP.

Jlist pacueTa afcopOIMOHHBIX paBHOBECU MCIIOIB30BAIH ABa Mmoaxoaa. [lepBorit moaxon
OCHOBAH Ha pacyeTe «CTaHJIAPTHBIX COCTOSIHUI» MPEIONIAracT ONpeIeICHNE PABHOBECHBIX
JaBIeHMI Mapa ¢ NOMOIIBIO JHHEHHOoM 3aBucumoctu INPs — T skcTpanonuposanuoii B
007acTh CBEPXKPUTHUYECKUX TemrepaTyp. [IpenenpHyro BelwuuMHy aacopOLMH, B CBOIO
o4epesib, OMPENCISUTN IKCTPANONSAIUeH JMHEeHHON 3aBucumoctu Inap — T B oOmacTh
CBEPXKPUTHUYECKUX TeMmmeparyp. BTopoil moaxon OCHOBaH Ha HCIIOJIb30BAHUM CBOMCTBA
JMHEHHOCTH HM30CTEp aacopOlUU B UIMPOKOM HHTEpBaJe TeMIlepaTyp M JAABICHUMU, T.e.
MOCTPOCHHUH JTMHEHHBIX U30CTEp aJACOPOINH M0 TeMIlepaTypaM KUIICHHUS U KPUTUUYECKOH, U

NOoCIEAYIONIEN IKCTPANOSIUU B 00J1aCTh JOKPUTUYECKUX U CBEPXKPUTHUECKHUX TEMIIEpaTyp

[5].
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Puc. 1. M3oTepmsbr ancopbmuu 3Tana Ha agcopoente MITY-007.

3HauKH — SKCIIEpUMEHTANbHBIE TaHHbIe ITpH Temmeparypax, K: 303 (1), 313 (2), 323 (3), 333

(4). ChyomHple JUHUKM pacdyeT 1o ypaBHeHuto JlyOmnuHa-PanymikeBuua (Meron

«CTaHJIAPTHBIX COCTOSTHUIN)
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Puc. 2. 3oTepmsr ancopbuuu 3Tana Ha aacopoente MITY-007.
3HaYKW — SKCIICPUMEHTAIIbHBIC JaHHbIC ITpH TeMmepatypax, K: 303 (1), 313 (2), 323 (3), 333
(4). ConomHble JMHAKM pacyeT 1o ypaBHeHuio JlyOmnuna-PamymkeBnua (meron

«JIMHEHHOCTHU U30CTEPY)
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OTKJIOHEHHS] PACCUUTAHHBIX BEJIMYHUH OT MOJYYEHHBIX IKCIIEPUMEHTANBHO [6], IPU pa3HbIX
3aroJHeHusX O, npencraBieHsl B Tadbuuie 1.

Tabmuua 1. 3HayeHUs  MaKCUMaJbHOM  OTHOCHUTEIBHOW  MOTPEIIHOCTH  MEXIY
AKCIIEPUMEHTAILHBIMU IAaHHBIMU M pacueTHBIMU. MeTo pacdera 1o ypaBHeHUIo JlyOnHuHa-

PanymkeBuua: | — MeTO «CTaHIAPTHBIX COCTOSHUNY, || — METON «JIMHEHHOCTH H30CTEp»
azIcopOInu.
T [Torpemnocts, %
eMne}IiaTypa, Meropn pacuera Crenens 3anonHeHus 0, %
0<30 30<®<70 0>70
| 6 9 11
303 I 25 9 11
| 19 5 6
313 1 21 10 10
| 29 6 4
323 I 28 7 9
| 41 4 2
333
I 30 5 18

CornacHo ganHbIM puc. 1 u 2, ob6a moaxoma oO0JaarOT XOpOLIeH CXOAWMOCTBIO C
AKCIIEPUMEHTAIIBHBIMU JIaHHBIMU U MOTYT OBITh PEKOMEHJOBAHBI JUJIsl pacyeTa afcopOoLuu
ra3oB M MapoB Ha MUKPOIIOPUCTHIX aJcOpOEHTaX ¢ OMMOJAIbHBIM PACIIpE/IeIeHUeM 1op 10
pa3mMepam.

B nenom u3 puc. 1 u 2 MOXHO caenatbh BbIBOA 00 YJIOBJIETBOPUTEIBHOW CXOAMMOCTH
pacUETHBIX U SKCIEPUMEHTAIBHBIX JaHHBIX, YTO MO3BOJIAET UCIOJIb30BATh 3TU METOABI JJIS
NEPBUYHON OIIEHKHM TEPMOJMHAMUYECKUX CBOMCTB aJCOpPOLMM 3TaHa HAa MHUKPOIOPHCTOM
YTIEPOTHOM aJICOPOCHTE.

Pacuer nuddepeHunanbHoil MOJBHON TEIUIOTHI aAcOpOLMK MPOBOJIMIM MO H30TEpMaM

aﬂcop6u1/11/1, paCcCUUTaHHBIM 11O METOAY CTAHAAPTHBIX COCTOSIHUH.
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Puc. 3. luddepennmanbabie MOJIbHBIE H30CTEPHUUECKHE TEIUIOTHI aJICOPOIINH, PACCUNTAHHBIC
METOJOM «CTaHJIAPTHBIX COCTOSHUW (CIUIOLIHBIE JMHUHU) U PACUET MO AKCIEPUMEHTATHHBIM
JAHHBIM (TOYKH, CIUIOIIHBIC JIMHUK —alllPOKCUMAaIus)) mpu Temmneparypax, K: 303 (1), 313
(2),323 (3), 333 (4). [TynxTup — Temnota kouaencanuu dtana rnpu 300 K (~ 4.2 x[x/mons).

W3 puc. 3 crmemyer, 4TO XOJ paCUYETHBIX KPHUBBIX TEIUIOTHI aJcopOmuu OIU30K K
OKCIIEPUMCHTAIBHBIM W 3HAYUTEIBHO  IPEBBIIIACT  TEIUIOTY  KOHJCHCALMH, YTO
CBHJICTEIILCTBYET 00 0COOBIX CBOMCTBaxX ajncopbara B mukponopax (HJIC-cocrosHue).

Paboma evinonnena 6 coomsemcmsuu ¢ cocyoapcmeennvim 3aoanuem. Ilpoexm No
01201353185 u nnanom Hayunozo cosema PAH no ¢uzuuecrou xumuu (mema Ne 20-03-460—
01).
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M.b. Anexuna, npodeccop Kaheopvl mexXHOA02UU HEOPZAHUUECKUX 6CULECE U

anekmpoxumuueckux npoueccoe PXTY umenu /I.H. Menoeneeea 0. xum. nayk. Pabora

MOCBSIIIEHA pacyeTy aJicOPOLIMOHHBIX PABHOBECUH B 3aKpUTHYECKOM 00sacTu. Mcronbp3o0BaHo
nBa noaxoza. IlepBelii - onpeseneHne paBHOBECHBIX JAABJIECHUH Mapa ¢ MOMOIIbIO JTMHEHHOM
saucumocty INPs — T1, skcTpamonuposanHoil B 0671aCTh CBEPXKPUTHYECKHUX TEMIIEPATYP.
3HaueHue MpeesbHON BEJIMYUHBI aicOPOLUHU, do ONPENEISUIM SKCTPANOISAIUEN B 001acTh
CBEPXKPHUTHUYCCKHX TEMIIEPaTyp JHHEHHOW 3aBucuMocTH Inao— T. BTopoii moaxon ocHoBaH
Ha MHCIIOJb30BAaHUU CBOMCTBA JMHEMHOCTH HM30CTEp aAcopOLMHM B IIMPOKOM HHTEpBAJE
TEMIIEPATYp U JaBIEHUH, T.€. IOCTPOCHUH JUHENHBIX U30CTEP aCOPOIMH 110 TEMIIEPATYPAM
KUIIEHUS! M KPUTUYECKOH, M TOCIEIYIOMEH 3KCTPANosIUu B 00JIaCTh JOKPUTHUYECKUX U
CBEpPXKpUTHYECKUX TeMieparyp. O0a noaxoa U3BECTHBI U HEOJHOKPATHO 00CYkAaIUCh Ha
KoH(pepeHusax. ConocTaBiieHUe pe3ybTaTOB pacyeTa Mpu UCII0JIb30BAHUU 000UX MOIX00B
U1 ajcopbmmu drtaHa Ha ajacopoente MIIY-007 rosoputr 00 yAOBIETBOPUTEIBLHOMN
CXOJMMOCTH PACYETHBIX U AKCIIEPUMEHTAIBHBIX JAHHBIX, YTO MO3BOJISIET UCIOIb30BaTh 3TU
METOABl JJIsi TEePBUYHOM OLEHKU aJICOPOIIMOHHOIO DPABHOBECHS HAa MHUKPOIIOPUCTOM
YTIEPOIHOM aJICOpOEHTE.

Pe3ynpTaThl paboThl MMEIOT Ba)KHOE TEOPETHUECKOE M IMPAKTUYECKOE 3HA4YE€HUE U
MOTYT OBITh PEKOMEH/IOBaHbI K MyOJUKalMi B COOpHUKE MHTEpHET-cummnosuyma. Ha moii
B3IJIS1/, CJIE0BAJIO Obl IPUBECTH JOIOJHUTENbHBIE cBeAeHHs 00 ancopbente MITY-007. U3
KaKOT'O CBIPbs ITOJIy4€H, KAKUM METOAO0M IPOBOJIMIHN aKTHBALIUIO?

Omeem asmopos. Cenenns o6 ancopoente MITY-007 comepxarcs B ctatbe: Fomkin 4. A.,
Pribylov A. A., Tkachev A. G. et all.// Protection of Metals and Physical Chemistry of
Surfaces, 2020, Vol. 56, No. 1, pp. 1-5.
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Hoxknan 32
SELECTIVE SORPTION OF ETHANE FROM NATURAL GAS BY CARBON

ADSORBENTS WITH A TAILORED POROUS NANOSTRUCTURE
Men’shchikov L.E. 1, Shkolin A.V.1, Grekov D.I.?2, Gaidamavichute V.V.1,
Pré P.2, and Fomkin A.A.1

IM.M. Dubinin Laboratory of sorption processes,
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry RAS
Leninsky pr. 31, building 4, Moscow, 119071, Russia
2IMT Atlantique, GEPEA UMR CNRS 6144, Nantes, F-44307, France,
e-mail: i.menshchikov@phyche.ac.ru

The adsorption method is one of the most promising for creating energy-efficient systems
for separating gases and vapors. At present, the separation of a methane/ethane mixture is one
of the most demanded in practical terms, which is determined, on the one hand, by the
relatively low ethane content in methane, and, on the other hand, by the wide application of
ethane in industry, in particular in the large-scale polymer production. The problem of
separating hydrocarbons contained in natural gas is of great current interest, especially for
Russia, in connection with the new gas fields commissioning, as well as gas chemical
production and gas-energy centers developed in Siberia, the Far East, and Yamal.

The key element of the adsorptive gas separation technology is a special adsorption material
with high selectivity to one of the components of a binary gas mixture. In this case, the
principle of separation of substances can proceed according to one of two mechanisms —
Kinetic or adsorption. The first mechanism is characterized by using so-called molecular sieve
adsorbents, the second — adsorbents with a higher energy of adsorption of one of the
components, usually with a lower concentration. Currently, from the point of view of the
technical implementation of the separation process, pressure swing adsorption (PSA) units are
the most common technique.

It is important to note that high requirements are currently imposed on gas separation plants,
involving, in particular, an ability to flexibly vary operational conditions in wide ranges of
temperatures and pressures at different stages of the processing chain of natural gas production
and applications — from the bore-well (upstream) to the end consumer (downstream). In this

regard, the development and optimization of the state parameters of the "P-T-concentration-
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adsorbent” system for the most efficient gas separation process is an important and urgent
scientific and practical task is of scientific and practical significance.

Nanoporous carbon adsorbents are the most promising materials for PSA units intended to
separate a binary "methane-ethane” mixture, due to the possibility of varying the parameters
of their structural and energy characteristics, the specific volume of micropores Wy, the
standard characteristic adsorption energy Eo and the average effective radius micropore xo, in
a wide range of values. In contrast to a new class of advanced materials such as metal-organic
framework structures (MOF), carbon adsorbents have a chemically and mechanically stable
structure resistant to moisture. The low-cost production of activated carbons makes them
suitable for use in PSA units.

In this work, the structural and energy characteristics of carbon adsorbents with strongly
different porous structures were studied. In accordance with the Dubinin theory of volume
filling of micropores [1], the specific volume Wo and the effective radius xo of micropores
varied in the ranges 0.4-1.5 cm®/g and 0.40-0.80 nm, respectively. The absolute adsorption
isotherms of the pure methane and ethane on the studied adsorbents were measured
experimentally in the range of pressures from 0 to 100 bar and temperatures from 0 to plus
60°C. Based on the experimental data on adsorption and the Ideal Adsorption Solution Theory
(IAST) [2], the adsorption equilibria of co-adsorption of the CH4/C2He mixture with the
composition of 95/5 vol.% were calculated, and the effective gas separation factors were
determined.

It was shown that in separation systems operating at pressures below and near atmospheric,
it is most advantageous to use adsorbents with ultra-micropores, while at high pressures over
10 bars, materials with high micropore width and volume are more efficient. The obtained
results and optimization parameters can be used in designing the scaled pilot plants for the
separation of the CH4/C2He mixture under various operating conditions.
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Hoxknanx 33
AJICOPBIIMOHHASI IEGOPMALIMS YTJIEPOJHOI'O AJICOPBEHTA
DAC-3 [IPU AICOPBIIMMA YITJTEBOIOPOI0OB
Baiines JI.C.!, TBapaosckuii A.B.}, ®omkun A.A.2

YdI'BEOY BO «Tsepckoii 2ocyoapcmeentviii mexuuyeckuii ynueepcumemy, Hab. Aganacus
Huxumuna, 22, 2. Teeps, Poccutickas @edepayus, 170026
E-mail: tvardovskiy@tstu.tver.ru” , zaytsev.d.s@mail.ru
2PI'BYH «Hucmumym ¢pusuueckoui xumuu u anexmpoxumuu um. A.H. @pymxuna PAH»,

Jlenuncxuii npocn., 31, kopn.4, Mockea, Poccuiickas @edepayus, 119071
E-mail: fomkinaa@mail.ru

Ha pucynkax 1 u 2, 3, 4 cOOTBETCTBEHHO NpPEJCTaBIEHbI M30TEPMa aJCOPOIMHU MAPOB
oensona Ha aacopbente GAC-3 U 3aBUCUMOCTH OTHOCUTEIIBHOW JUHEHHOW nedopmanuu
storo aacopbenta (A1/l) mpu agcopOiuu TeTpaxaopMeTana, OCH30j1a ¥ reKcaHa U3 MOTOKa
ra3a-HOCUTENs a30Ta OT BpEeMEHHU U sl pa3iudHbIX KOJIMYECTB BBEIECHHOTO aJCOPOTHBA B
HEPABHOBECHBIX YCJOBHUSX. B paboTe uUCHONb30BaM yCTAaHOBKY JJisi HCCJEI0BaHUA
ajcopOLunoHHON nedopmarii  TBEPIbIX aJICOPOEHTOB, H3TOTOBJICHHYI0O B MHCTUTYTE
¢uznueckor xumuum u osnekrpoxumun uMm. A.H. @pymxuna PAH. [lng usmepenuit
OPUMEHSUICA MPOTOYHBIA  JAWJIATOMETP, TO3BOJSAIOMIMNA  H3MEpPATh  aJCOPOLMOHHYIO
negopmanuo aacopbeHTa npu NpOMyCKaHWU Yepe3 HEero MOpLUU MCCIEAyeMOro BEIeCTBa
WIM CcMecH B TMOTOKe raza — Hocutens [l1]. Tlpumenssica ancopobent DAC-3,
CHUHTE3MPOBAHHBII Ha OCHOBE cBepxcmuToro ¢ypoypona. CTpyKTypHO-IHEpreTUdecKHue
XapaKTePUCTUKHU MOPUCTOU CTPYKTyphl yriass GAC-3 onpenensii CTaHJAPTHBIM CIIOCOOOM
JlyOunuHa o uszorepme aacopouuu napoB Oensona npu 293 K. Ha msorepme aacopOumu
OeH3zona B obsactu naBieHuit p/ps > 0.65 oOHapykeHa eI aAcOpOIMOHHOTO TUCTEpe3nca
«anacopbuumn-necopOuum». B 310l 00MacTé CTPYKTYpHBIE XapaKTEPUCTHKU OMPENEIsUIA C

UCTOJIb30BaHuEeM ypaBHeHHs KenbBrHa. Pe3ynpTaTsl pacueToB npeacTaBieHsl B Tabnuie 1.
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Tabmuma 1. CTpyKTYypHO-IHEPTETUYECKHE XAPAKTEPUCTHKU MOPHUCTON CTPYKTYPHI
MUKPOTIOPUCTOTO yriiepoaHoro aacopoenta @AC-3.
V nenbHbIi 00beM Mukporop; Wo, cM3/r 0.51
CranmapTHas xapakTepucTuueckas sHeprus  23.9
ancop6uuu; Eo, x/{x/Monb
OddexTuBHAs MUpHUHA MUKpoTop, Xo, HM 1.0

V nenwbHas nosepxuocthb o BIT; Sy, M%r 1088

IToBEpXHOCTbh ME30MOP; Sye, M2/T; 32.2
Juametp Me3010p; dmax, HM 12.8
CymmapHsiii 06sem nop; Ws , cM®/r 0.73
9
8
7
=6
=5
2 4
< 3
2
1
0 . .
0 5 P, KIla 10

Puc. 1. U3otepma ancopbuuu (cBeTIBIE MapKephl) U AecopOuuu (YepHble MapKephl) MapoB
OeH3011a Ha MUKpOTIopUcTOoM yriepoanoM agcopoente DAC-3 npu 293 K.

10 -

81 3
o 61
S
4 4
X /2
= 27 1
3 L
| 200 400 600 800 1000
4

Puc. 2. 3aBucumoctn OTHOCUTENbHOM muHeWHOUW nedopmamum Al/l mMukponopuctoro

yraeponHoro agcopoenta @AC-3 mpu agcopOLUnn YeTHIPEXXJIOPUCTOTO YIIEpoaa U3 MOTOKa
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OT BPEMEHH t JUTsl pa3JIUYHBIX KOJUYECTB BBeIeHHOTO ajcopotuBa: 1 —0.125 mur, 2 — 0.25 m,
3 —0.75 mn. Temneparypa sxcnepumenta T = 493 K. ["az-HocuTens — a30T. CKOpOCTh OTOKA
ra3za-HOCHUTENS 2 MJI/C.
20 -
15 -

10 - 4
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Al/l x 10°

0
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t,c

Puc. 3. 3aBucUMOCTH OTHOCUTENBbHON JHHEHHOU nedopmannu Al/l MUKpOHOPUCTOTO
yraepoaHoro anacopoenta ®AC-3 npu amcopOruu OeH30J71a M3 TIOTOKA OT BPEMEHHU t IS
Pa3IMYHBIX KOJIMYECTB BBeAeHHOTO afacopotuBa: 1 —0.075 mm, 2 — 0.125 mmm, 3 — 0.25 M1, 4 —
0.5 mn. Temneparypa sxcniepumenta T =493 K. ['az-Hocutens — a30T. CKOpOCTh MOTOKA T'a3a-

HOCHUTENS 2 MIT/C.

Al/l x 10°

)

2 200 400 600 800 1000

Puc. 4. 3aBucMMOCTM OTHOCHUTENbHON JHMHEHHON aedopmauuu Al/l mMukpomopucToro
yriepoanoro ajacopoenta ®AC-3 npu aacopOIuMu H-TeKCaHa U3 MOTOKAa OT BPEMEHU t ISt
Pa3IMYHBIX KOJWYECTB BBeAeHHOTO ancopOtuBa: 1 — 0.125 mm, 2 — 0.25 mm, 3 — 0.75 mo.
Temnepatypa skcnepumenta T = 493 K. I'az-HocuTens — a30T. CKOpOCTh MOTOKa Tras3a-

HOCHUTENS 2 MIT/C.

123



Ha pucynkax 2—4 npeacraBiieHbl KpUBbI€ COPOOCTPUKIIMU — U3MEHEHUSI OTHOCUTENIbHOM
JTUHEHHOHN afncopOLuuoHHOM Aedopmaiuu yriepoaHoro aacopoenta @AC-3 Bo BpeMeHU MpU
ajicopOLMK apoB TETPAXJIOPMETaHa, OEH30J1a U T'€KCaHa U3 MOTOKA ra3a-HOCUTENS a30Ta IIPU
pa3IMYHBIX BBOJUMBIX 00BbeMax B raz-Hocutesb. ®opMbl KpUBBIX COPOOCTPUKIIMM CBA3AHbI
CO CTPYKTYPHO-IHEPre€THUYECKHMMH CBOMCTBAMHU aJacopOeHTa U C (PU3UKO-XUMHUUYECKUMHU
cBoiicTBamu ajacopbaToB. Kak BUIHO Ha pucyHkax 2—4 B caMOi HayaIbHOU 00JIaCTH AJIs BCEX
TpeX KPUBBIX HaOro1aeTcss HEOONbIION MUK 3aBUCUMOCTH Al/l oT t. DTO 00BACHSAETCS TEM,
YTO MHUKPOIOPUCTBIA aACcOpOEHT 001aJaeT HEKOTOPOH HEOJHOPOJHOCTHIO IOPUCTOTO
npocTpaHcTBa. HauMeHbline mopbl MUMEIOT HAWOOJIBIIYI0 3HEPrETHKY aJICOPOLMOHHOIO
B3aUMOJICUCTBUSL C MOJIEKYJIaMU OPraHMYeCKOro aJcopOTHBA, 3TU TOPHI 3ANOJIHIIOTCS B
nepBylo ouepenb. [lanee Mbl BUAUM CTPEMUTENbHBIA POCT aJCOPOLUMOHHON aedopManuu
azicopOeHTa 1Jisl BCEX KPUBBIX B CBS3H C 3aII0JIHEHUEM BCEro mopucToro npocrpaHcrsa ®AC-
3 MonexkynamMu ajacopOTHBa, UYTO COINPOBOXKAAETCS POCTOM BHYTPEHHETO [aBJICHUS B
a7COpOLIMOHHOM CHUCTEME H3-3a HapacTaHWsl CUJ OTTAJKHUBAHHUS MEXAY MOJEKYJIaMU
azicopOMpyIOIIErocss  BEIIeCTBAa.  3allOJIHAETCS OCHOBHOE IOPHCTOE  IPOCTPAHCTBO
azicopOeHTa, B KOTOPOM MOPBI UMEIOT MKUpUHBI 0koio 1.0 HM. Tlociie mpoxoxaeHus muka Ha
KpUBBIX Habmromaercsi mageHue BenudynH Al/l kak (yHKIMHM t, TOCKOJIBKY MPOUCXOAUT
MOCTETIEHHOE BEIMBIBAHUE MOJIEKYJ aICOPOTHUBA U3 MOPUCTOIO MPOCTPAHCTBA ajicopOeHTa. U3
PUCYHKOB 2—4 BHUAHO, YTO aMIUIMTyJa COPOOCTPUKIIMH KOPPEIUPYET C KOJIMYECTBOM
BBEJICHHOTO BemiecTBa. [Ipy 3TOM BpeMsi BbIXOJa Ha MakCUMyM JedopMaiii TaKkxke
U3MEHSETCS — B OOIIEM clly4ae, YBEJIUUYHMBAECTCS C yBEJIMYEHUEM KOJUYECTBA BBOJAMMOIO
BEILECTBA.

BBIBO/IbI

B pab6ore npencraBneH aHanus ancopOrmonHo nedopmanuu agacopoenra DAC-3 npu

aZcopO1MK MapoB TeTpaxjiopMeTaHa, OeH30J1a U TeKCaHa B HEPAaBHOBECHBIX YCIIOBUSIX.
JIMTEPATYPA

1. 3BaiineB M.C., TBapmosckuii A.B., lkomua A.B., ®omkun A.A. CopOocTpukius
MHUKpPOMOpUCTOTO  yrieponHoro aacopbenta ®OAC-3 mnpu azacopbuum mapos
OpraHMYECKHUX BEIECTB U3 MOTOKA ra3a-HOCUTENS a30Ta. M3eecmus @vicuiux y4eOHvIx
3asedenutl. Cepusi: Xumus u xumuyeckas mexvonoeus. 2017. T. 60. Ne 4. C. 54-59.
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B.B. Camonun, npogeccop, 3asedyrouiuil Kagheopoii Xumuu u mexnoa02uu Mamepuaios u
uzoeauni_copouyuonnou_mexuuxku CIHIOI'TUH(TY), 0. mex. nayk: JIokjaja MOCBAIICH MaJio
HCCIIEOBAaHHOM 00acTH - aJcOpPOIMOHHON AedhopMaIlii OPUCTHIX Tell. AICOpOIMOHHAS
nedopmaliisg COpOIMOHHOTO Marepuajga MOXKET OKa3blBaTh CYIIECTBEHHOE BIMSHUE Ha
TepMOJAMHAMUYECKHE (DYHKIIMU aJCOPOIIMOHHOM CHUCTEMBI, OOPATUMOCThH aJICOPOIIMOHHBIX
MpOIIECCOB, a TaKXKe MEXaHWYeCKHEe CBOMCTBA COpOEHTa, UTO  OMNpeAeisIeT
MPOJIOJKUTENIBHOCTh €r0 pa0OThl B MHOTOIMKIJIOBBIX Tpolieccax. B cBsizu ¢ 3TuM Tema
JIOKJIaZla HECOMHEHHO aKTyajlbHa.

K coxaneHnto, TEKCT TE3HMCOB JIOKJIaga HE HMMEET BBEACHHUS, KOTOPOE OTpakajao Obl
aKTyaJbHOCTh IMPOBOJIUMBIX HUCCIEAOBAHUM, a COMEPKUT TOIBKO Pe3yJbTaThl MPOBEICHHBIX
HCCIICIOBAHUM.

B noxnage mpencTaBiieH KOMILIEKC HCCIEIOBAHUM COPOOCTPUKIIMM MHUKPOIIOPUCTOTO
yriepoaHoro anacopbentra DAC-3 mapoB TeTpaxjopMeTaHa, O€H30jla W TeKcaHa B
HEPaBHOBECHBIX YycloBUsX. [lokazaHo, 4TO aMIuIUTyJa COPOOCTPHUKIUHU KOPPEIUPYET C
KOJIMYECTBOM BBEJICHHOTO BEIECTBA M BPEMSI BBIX0/1a KPUBBIX COPOOCTPUKIINY HA MAKCHMYM
— WHAMBUAYAIBHO IS KaXJIOTO M3 KMCCIICIOBAHHBIX BEIISCTB M 3aBHCHT OT KOJUYECTBA
BBOJIMMOTI'O BEIIECTBA.

[IpeacTaBiaeHHbIN KOMIUIEKC JaHHBIX aHAIN3a aJcopOIMOHHON nedopmanun agcopOeHTa
®AC-3 npu aacopOIuu MapoB TeTpaxJopMeTaHa, OCH30Ja U TeKCaHa B HEPABHOBECHBIX
YCIIOBHUSAX MOXKET OBITh HCIIOIB30BaH JJIs MPOTHO3HUPOBAHUS NHUKIMYECKHX HArpy3oK Ha
TpaHyJIbl aIcCOpOEHTA U ONPEe/IeTICHUS ONTUMANIBHBIX PEKUMOB pabOTHI aIcOpOEpOB.

A.B. JIane, Pykoeooumenv HTC CH3, AO «Copboenm», k. mex. Hayk: KakoBO COCTOSIHIE U
MEePCIEKTUBBI MPOon3BOACTBa afcopOeHTa MAC-3 u Ipyrux CUHTETHUYECKUX aJICOPOCHTOB C
aHAJIOTUYHBIMHU COPOIMOHHBIMU CBOMCTBAMH B HACTOSIIEE BpeMs?

Omeem asmopos: ITpoMbIlITIEHHOE TPOU3BOICTBO aicopOeHToB Tuna @A C-3, Kak U3BECTHO,
ObLI0O OpraHM3oBaHO Ha mpou3BojacTBeHHON Mmomanke AO «OHIIO «Heopranukay.
[TepcrieKTUBBI TPOU3BOACTBA HA HACTOSAIIMNA MOMEHT HE SICHBI, TaK KaK OTCYTCTBYET 00JIacTh
a7ICOpPOIIMOHHON TEXHHUKH, B KOTOPOM aJICOpPOCHTHI TAaKOro THUMAa HMMENH Obl KIIOYEBOE
MPEUMYIIECTBO MO aJICOPOIMOHHBIM XapaKTePUCTHUKaM, TpU KOTOpoM 3PPeKT oT ux
NpUMEHEHHsI TpeBblan Obl 3arpaThl. B HacTOAmMNA MOMEHT HMEIOTCS Ha pBIHKE, U
CHUHTE3UPYIOTCS B JTAOOPATOPHBIX YCIOBUSIX, aJICOPOCHTHI CO CXOKUMH aJCOPOIIMOHHBIMU
XapakTepuCcTUKaMu U3 0Oojee JACNMIeBBIX CHIPhEBBIX MaTepuasnioB. Kak mpaBwmio, 3Tu
MaTepHalbl CYIIECTBEHHO OTIMYaloTcs oT aacopbeHtoB tuma PAC mo MexaHHYeCKUM
CBOMCTBAM M COJEPKaHMIO BOJOPACTBOPHUMBIX IpuMeceld. B0O3MOXKHON NEpCHEKTHUBHOU
obnacTeio mpuMeHeHus aicopoeHToB DAC-3 MOXKET cTaTh MEAUIUHA.
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Joxnan 34
AACOPBUUSA n-BYTAHA HA CYIEPAKTUBHOM MUKPOITIOPUCTOM
YI'JIEPOJHOM AJACOPBEHTE
IpuosLI0B A.A., ®OMKHH A.A.

Hncmumym uzuueckoti xumuu u snexkmpoxumuu um. A. H. @pymxkurna PAH,
119071 Mocksa, Jlenunckuii npocnexm, 31. cmp.4.

[TpupoanbIii ra3 ABISIETCS OJHUM U3 BAXKHEUIIIUX YHEPTETUIECKUX PECYPCOB BO BCEM MUPE.
B cocraB mpupogHoro raza, B TOM 4HcCli€ IOIYTHOrO HE(TSIHOro ra3za, KpoMe OCHOBHOI'O
KOMIIOHEHTa MeTaHa BXOJAAT Takxke Jierkue yrieBofoponabl Cz — Ca, KOTOpBIE SIBISIOTCA
LEHHBIM HSHEPreTUYECKUM M XHUMHYECKHUM CbipbeM. [IpomaH-OyTaHOBbIE CMeCH IIHPOKO
UCIIOJIb3YIOTCS B OBITY, XUMUYECKOM MPOMBIIUIEHHOCTH, B KQ4€CTBE MOTOPHOTO TOIUIMBA U
JUIsl CHAOKEHUsI JIOKaJbHBIX moTpeduteneil. s pa3paOoTku ancopOIMOHHBIX MPOIECCOB
BbIJIENICHUS] H-OyTaHa U3 Ta30BBIX CMECEH aKTyalbHBIM SBIISIETCA MCCIEIOBaHUE afCcoOpOLHH
Ha aJcopOeHTaX C BBICOKOM aJCcOpOIMOHHON AaKTUBHOCTHIO. OJHAKO OOJBIIMHCTBO
MPOMBIIIJIEHHBIX aKTUBHBIX YIJIeH MMEIT 00beMbl MUKpomnop He mpesbimaromme 0.5-0.6
em/r [1].

B pabGore wuccnemoBaiu aacopOuuito H-OyraHa (#-CsHig) Ha cymnepakTHBHOM
Mukponopuctom agcopoerre ACW ¢ OuMoaalibHBIM paciipeielieHueM mop 1o pasmepam. 1o
JAaHHBIM HccaeaoBaHus a3oTa npu 77K mMeTonom Teopuu 00bEMHOTO 3aMIOJIHEHHUSI MUKPOIIOP
JlyOuHuHa, ancopOeHT HMeN Cienylollue CTPYKTYPHO-IHEPreTUYeCKUe XapaKTePUCTUKH:
yaenbHb 00beM Mukponop Wo = 1.44 cM®/r; ynenbHbIl 00beM MUKPONOp IIEPBOH MOJIBI
Woi= 0.94 cm®/r; ynemsHbI 00beM Mukpomop — Bropod  momsl  Wo2=0.50cMm%/r;
XapaKTepUCTUYecKasi HSHEeprusi ajacopOonuu 1o OeHzomy mepBod Moabl  Eoicsts=15.6
kJ[>k/MOJIB; XapakTepucTUUecKasi SHeprus afcopOLuu Mo O€H30Ty BTOPOU MOIBI Eo2(csrs=4.3
k/[>k/MOb; IMpUHA MUKPOTIOP MEPBOM MOABI Xo1= 1.5HM; IIUPHUHA MUKPOIIOP BTOPOIl MOJIbI
Xo2= 3.5HM; yJelnbHas IOBEPXHOCTb 1O a30Ty Spor = 2520 M%/T; yaenbHas MOBEPXHOCTh
meszonop Sz = 444 M%/r; ynenwublii 06beM Mesonop Vme = 0.59 cm®/r; oOmmit yaenbHbIi
06wem nop Wo = 2.03 cm®/r; maceimnas mnotHocts d,= 120 r/am3. Ancopbuuto onpepensnu

Kak abCcoNIIOTHOE coaiepkaHue ajcopbaTa B Mukponopax. [ImotHocTs agcopbenTa cocrapisiia
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2.0 r/cm®. PU3MKO-XMMUYECKUE XapaKTePUCTUKH #-OyTaHa (#- C4H10): MonspHas macca — 58
r/monb; maotHocTs (0°C): 0.6010 r/cm®; Temnepatypa nnasnenus —138,4°C; temneparypa
kunenns, —0.5°C; yucrtora n-Oyrana — 99.9 006.% [2]. M3mepeHus aacopOruu x-OyTaHa
MIPOBOJIUIIN C UCIIOJIb30BAHUEM METOANKU, OTMCAHHOM B [3].

Ha pucynke 1 mnpenacraBieHbl H30TEpPMbI aacopOUuM H-OyTaHa Ha CyHNEpPaKTUBHOM

MUKporiopucToM ajgcopoente ACW.
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Puc. 1. M3otepmbl afcopOuuu MoyiHOTO cojiepkaHus x-Oyrtana Ha ajncopoente ACW mpu
temneparypax, K: 1 — 303, 2 — 313, 3 - 323, 4 — 333.
N3otepMbl afcopOimu omucanu ypaBHeHHEeM (1), TMOJIyYeHHOM C HCIOJIb30BaHUEM

SYEEYHON MOJIeNN aCcCOPOIIMH U MOX0/I0B CTATUCTUYECKON TepMOIUHAMUKH [4]:

a4 = k1P+2k,P?3k3P3 )
0 1 +k P+k,P2+ksP3

r7ie a — afcopOIus ra3a Mpy JaHHOM JaBiacHUH p, Ko K1, K2, K3 - KOHCTaHTBI.

ITpu naBnenuu, crpemsiemcs K Hyiawo p — 0 ypaBHeHue (1) mepexoaut B ypaBHEHHE

I'enpu:
a = kokip = Kp (2).
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K — xoncranta I'enpu. Koncrantel ['enpu mnpenctaBnensl B Tabmuue 1. Hauanphas
nuddepeHimanbHas MoJabHas U30CTepUUecKas TEIJIoTa aicopoiuu #-OyTaHa Ha afcopOeHTe
ACW cocraBuna (st = 15.4 xJ>x/MoIIb.
Paboma evinonnena 6 coomeemcmeuu c¢ 2ocyoapcmeenHviM 3a0aHuem. Ilpoexm Ne
01201353185 u naanom Hayunozo cosema PAH no ¢puzuuecxoii xumuu (mema Ne 20-03-460—
01).
Jlureparypa.
1. Myxun B.M., Tapacos A.B., Kitymun B.H. AxktuBnbie yrimu Poccun. M.: Metamnyprus,
2000.
2. Bapraptuxk H.b. CripaBoyHHK 1O TETNTOQHU3NIECKHM CBOMCTBAM Ta30B M KHUIKOCTEH.
1972. M.: Hayka. 1972.
3. [IpubsutoB A. A., Kamammuukos C. M., Cepnurackuii B. B. // U3B. AH CCCP. Cep. xum.
Ne6. C. 1233. 1990.
4. bakaeB B.A. // 3. AH CCCP, Cep. xum. 1971. Ne2. C. 2648.

M.b. Anexuna, npodeccop Kaheopvl mexXHON02UU HEOPZAHUUECKUX 6CULeCmE U
aekmpoxumuueckux npoueccoe PXTY umenu JI.UH. Menoeneeea, 0. xum. nayk: OueHn

MHTEpecHOoe coobuieHue. st nydiiero BOCHPUSATHS MaTepuaia cjieloBajo Obl MPUBECTH

CpaBHHUTENIbHBIE JaHHBIE TO aacopOIuu OyTaHa Ha MPOMBIIUICHHBIX YIJIEPOJIHBIX

ajicopOeHTax, a TakKe JOMOJHUTENIbHbBIE CBeJCHHUsI 00 MUKporopucToM aacopoente ACW.
N3 kakoro CchIpbsi MOJIYUYEH, METO/ AKTHUBALIMM ?

be3ycnoBHO, pe3ynbTaThl pabOThl HIMEIOT BaXKHOE TEOPETUYECKOE M TPAKTUYECKOE 3HAUCHHE.
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Hoxnanx 35
AACOPBIHUA BOJOPOJA HA MUKPOITIOPUCTBIX YIJIEPOJAHBIX
AJICOPBEHTAX, PABJIMYAIOUIUXCSA TEHE3SUCOM
DoMKHH A.A.

Hucmumym puzuueckoti xumuu u snexkmpoxumuu um. A. H. @pymxuna PAH,
119071 Mockea, Jlenunckuu npocnekm, 31. cmp.4
e-mail: fomkinaa@mail.ru

Bonopo mupoko UCrosib3yeTcs BO MHOTHX OTPACIISIX TPOMBIIIJICHHOCTH — B XUMHUYECKOU
TEXHOJIOTUU, TpU TMepepaboTke HedTH, MPOU3BOJICTBE aMMHaka, MeTaHoia u nap.[1].
WMHTEeHCUBHBIE HCCIEA0BAHUS O HMCIOIB30BAHUIO BOAOPOJAa B KaYECTBE DHEPreTHUECKOTO
rasa, TEIJIOHOCUTENS, aKKyMyJsTOpa SHEpPruH, WCTOYHWKA SHEPTUU I PAa3HOTO poja
norpeduTenel, MpoBOJATCA B MOCIETHUE AecsaTwieTus. lcmonb3oBaHue BOJIOpoAa, Kak
BBICOKOPHEPTeTUYECKOTO ra3a C MPaKTUYECKH HEOTPAaHWYCHHOW CBIPHEBOM 0a30il, s
JBUTATeNIell BHYTPEHHETO CrOpaHusl OMpaB/laHO, MPEXAE BCEro, TEM, YTO BBICOKAs TEIUIOTa
cropanusi Bogoponaa, (~120 MJIx/kr), npeBbitaer 6oiee 4eMm B 4 pasza TEIUIOTY CTOPAHHUS
oemsuHa (okoso 25 MJlx/kr). HTEHCMBHO MpOBOAATCS TakKe pabOThl MO CO3AAHHIO
MEePCIEKTUBHBIX BOJIOPOIHBIX TOIJIUBHBIX 2JIEMEHTOB.

[Ipu Bcex ero MOCTOMHCTBAxX, BOJOPOJ B Ia3000pa3HOM COCTOSHUU 00J1aJaeT HU3KOU
temrepatypoit cxxmxenus (7p = 20.38 K), Hu3Kko# mIoTHOCTHIO PU aTMOC(HEPHOM JaBICHUU
(695 M}HTH)/M3)[1] wu, cnemosaTenbHO, HU3KOM 0OLEMHON »BHeprueil. MaccoBoe
MCIOJIb30BAHUE BOJOPO/A B KAUE€CTBE PKOJOTMYECKH YUCTOTO UCTOYHUKA SHEPIrUU 3aBUCHUT
OT perieHus: mpodsieM 3PGEeKTUBHOTO €r0 XpaHEHUsI U TPAHCIIOPTUPOBKHU. B cBsizu ¢ 3TUM
MEPCTIEKTUBHBIMH TaKXKe SBISIOTCS aOCOpPOIMOHHBIE W aJICOPOLIMOHHBIE METOABl XPAHCHHUS
BoJiopoa [2—-5]. B Takux marepuanax aacopOMpOBaHHBIN BOJOPO HAXOJUTCS B YCHICHHOM
aIcCOpOIIMOHHOM TIOJIE, CO3aBAEMOM MOTCHIIMATLHBIMY TIOJISIMU TPOTHBOIIOIOXKHBIX CTEHOK
MUKponop. B Takux mopax, BcleACTBUE CYNEpIIO3ULIUN MOTEHIIMAIBHBIX MOJeH, aacopOuus
IPOUCXOUT 110 MEXaHU3MY 0OBEMHOTO 3aIOJIHEHUSI MHUKPOTIOp [6].

Ancop0O1us BOJOpO/ia Ha CYIIECTBYIOUIMX MPOMBINUICHHBIX YTIEPOIHBIX aJcopOeHTax

nocturaet ~1.5 % macc npu 293K u nanenun no 10 MIla. Ilpu temneparype 77K u
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naBieHuu ~ 5 Mlla ona mMoxeT qocTurath rpaBUMETpUUEcKoil mioTHocTu ~ 3 % macc [7].
MaxkcumanpHasi BeJIMYMHA acopOIuu Boopoaa ~ 6.2 %macc nonyyeHa B padore [8] mpu 77
K u nasnenun 5.1 Mlla. B Toxxe Bpems [uisi NEPCHEKTUBHOTO MCIIOIb30BAHUS TEXHOJOTMHU
a7ICOPOLIMOHHOTO aKKyMYJIHMPOBaHMsS BOAOpoJa TpeOyeTcsl MOCTHKEHHE aJcopOLMOHHOM
aKTUBHOCTU 10 BOJXOpOAYy Okoio ~5%macc [9] mpu KOMHaTHBIX TeMmieparypax. B
cootBerctBUU ¢ TO3M, ancopOIMoOHHAsT AaKTHUBHOCTb YTJIEPOIAHBIX MHKPOIOPUCTHIX
a7CcOpOEHTOB 1O BOJAOPOAY pacTeT C pOCTOM YJEIbHOr0o 00BbeMa MHUKpPOIIOP.
DKCHepUMEHTaJbHbIEe HM30TEPMbl aOCONIOTHOM ancopOIUu BOAOPOJA OT JaBlieHUs Ha
YIIAEPOIHBIX MHUKPOIOPHUCTHIX aJCcOpOEHTaX pa3HOro TeHe3uca C YBEIMYMBAIOIIUMHUCS

o0beMaMu MUKPOTIOP, MPECTABICHBI HA pUCYHKE 1.

12,00
10,00
8,00

65,00 -

a, mmonb/r

4,00

2,00

0,00 4,00 8,00 12,00 16,00 20,00 24,00
P, MMa

Puc. 1. U3otepmsl agcopbuuu Bogoposa rmpu tremmeparype 303 K na ancopdenrax: 1 — MITY-
007, 2 - ®AC-2008, 3 - PAC-3,4 - AVK, 5 - ITAY-700,

Kak cnenyer u3 puc. 1, Haubonbias agcopOius Bogoponaa ~ 11 mmons/t (2.2 %Bec.) npu
15,7 MlIla nocruraercs Ha ancopoente MITY-007, Haumensbias — 4 mmons/T (0.8 % Bec.) Ha
anpcopbente [TAY-700 npu Tom xe nmaBiaeHuu. B tabnume 1 mpeacraBiieHa 3aBUCUMOCTh

azicopO1Mu BoJiopojia B n3o0apHbix yciousax npu 10 MIla u 303 K.
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Tabnuna 1. DkcrnepuMeHTalbHbIE BETWYMHBI aJCOPOIMU BOAOPOJIa HA MHUKPOMOPUCTHIX
yriepoanbix agcopoentax npu 10 Mlla, 303 K u paccunrannsie mo TO3M mpu 20 K
Mpe/iesIbHbIC BEIMUMHBI aJICOPOIIUH.

AncopGenTs! MAY-700 | AVK | ®AC3 | D00 | MIY-007
VY nenbHsIi 00beM Mukpomnop, Wo, cm>/r 0.46 0.51 0.71 0.96 1.44
gg)(beKTI/IBHaﬂ IMPUHA MEKPOTIOP, Xo, 0.80 0.82 134 170 071
Ancopbuust Bomoposa (10 Mlla,
303 K, skcniepument), % macc. 0.66 0.84 1.0 1.16 1.48

N3 Tabnunet 1 cienyeT, 4To yBETUUYEHHUE YIETBHOTO 00beMa MUKPOIIOP YTIEPOIHBIX
a7icopOCHTOB HE TNPUBOJUT K CYIIECTBEHHOMY YBEIWYEHUIO ajacopOuuu Bojopoaa. B
cootBerctBUM ¢ TO3M yBenuueHue ajacopOUUU BOJOPOAA BO3MOXKHO C POCTOM
XapaKTePUCTUIECKON SHEPTUU aJICOPOIIHH.

AHanuTHYecKoe MOJEIUpPOBaHUE aACOpPOLMH  BOAOPOJA B CYNPaAMOJIEKYJISPHBIX
CTPYKTypax Ha ocHoBe rpadeHoB ¢ ucnonbzoBanueM TO3M mnokazano [10] , yTo Takoii

MOJIXOJT MOKET OBITh MEPCHEKTUBHBIM (TabyuLa 2).

Tabnuna 2. AgcopOuuu Boiopoaa Ha MojielibHOM ajncopOente AY3:5 npu naBnenuu 20
MIla u paznuunbix Temneparypax (pacuer no TO3M).

Temmepatypa, K 77 200 300 400
AncopOuust, MMOJb T 53.5 46.6 39.5 32.7
I'paBumeTpuueckas mioTHoCTh 10 Ho

npu 20.38K, % (macc) 10.7 9.3 7.9 6.5
O6bemMHas mioTHocTh o Hz pu 671 585 496 410

20.38K, m® (H2)/m3

AHaNOTHYHbIE PE3yJIbTaThl IMOJYYCHBI B CYINPAMOJICKYJISIPHBIX CTPYKTYpax Ha OCHOBE
yTIepOIHBIX HAHOTPYOOK [11].

Paboma evinonnena 6 coomseemcmeuu ¢ 20cyoapcmeeHHviM 3a0anuem. Ilpoexm Ne
01201353185 u nnanom Hayunoeo cosema PAH no ¢usuueckou xumuu (mema Ne 20-03-460—
01).
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M.b. Anexuna, npogeccop Kagheopvl mexHo02uu __Heop2AHUUECKUX _8eulecme U
nekmpoxumuueckux _npoueccoe PXTY umenu JI.U. Menoeneesa, 0. xum. nayk:. Ilo-
MIPS)KHEMY aKTYaJIbHBIM SBJISICTCS TTOMCK aJCOPOSHTOB JIJIsl XpaHeHUs Bojopoaa. BomopoaHoe
TOIUTMBO CETOJHS paccMaTpuBacTCs Kak HanmOoJiee TEPCIEKTUBHOE, MPEICTABIISIONICE
c0o00M HSKOJIOTMUECKH YHUCTYI0 3aMEHy YTJEBOJOPOAHOMY TOIUIMBY. JIJisi MCHoib30BaHUS
TEXHOJIOTUH aJCOPOIIMOHHOTO aKKyMYJHPOBAaHHS  BOAOpOAa TpeOyeTcsi IOCTHKCHHUE
€MKOCTH ajicopOeHTa Mo BOJOPOAY B pa3mepe 5,5 mac. % mpu KOMHATHOW TemrepaType H
nasnenuu 3-100 OGap.

N3 pesynpTaToB pabOTHI CIEAyeT, YTO YBEJIUUYEHUE YJIETBHOrO0 00beMa MHUKPOIOP
YIJIEPOJHBIX aJICOpPOCHTOB HE MPHUBOAUT K CYIIECTBEHHOMY YBEIMYCHHIO aJICOPOIMHU
BOJIOpPO/IA.

ABTOp mpeasiaraeT Apyroi moaxoja K mpoOjieMe: MyTeM MOJETUPOBAHUS aICOPOIN
BOJIOpOJa B CYINPaMOJCKYJSIPHBIX CTPYKTypax Ha OCHOBE TpadeHOB M YIVIEPOJHBIX
HaHOTPYOOK.

Pe3ynbTaThl paboThl MMEIOT peasIbHbIN MIPAKTUUYECKUI 1 HAYYHBIH HHTEpEC.

3aMeuaHue: B TEKCTE BCTpedaroTest Mac. % u Bec. %, Jydllle BCe-TaKU UCMOJIb30BATh
OJHY Pa3MEpPHOCTb.
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CymiecTByIolue CpeACTBa HWHIWBUIYATbHOM 3alUThl OPraHOB JIbIXaHUS YeJIOBEKa
OCHOBaHbl Ha TMPUMEHEHUU UIMPOKOMOPUCTHIX MaTEPHANIOB (TOBSI3KH, PECHUPATOPHI) H
MUKPOIOPUCTBIX a/copOeHTOB (mpoTuBorasbl). OCOOEHHOCTH (QUIBTPYIOIIMX CPEJICTB
WHIUBHUYaTbHON 3ammuThl opraHoB jgeixanus (CU30/l) cocToIT B HaIMYUM y HUX
GUIBTPYIOUIETO AIEMEHTA, C TOMOIIBI0 KOTOPOTO 3arpsI3HEHHBIN BO3/TyX OYHINAETCS OT IMbUTH
U a’po30Jieil, KOTOphIE OCEHAl0T Ha BOJIOKHaX MPOTUBOA’PO30JbHOTO GuiabTpa. B
KOMOMHHUPOBAHHBIX (DUIBTPYIOMIMX CPEICTBAX JOMOJHUTENHLHO BPEIHbIE Tapbl U Ta3bl
MOIJIOIIAKOTCS cJioeM akTuBHOro yris. Jma kaxaoro Buga CU30/] npegHa3sHayeHbl CBOH
GbuIbTPHI, B 3aBUCUMOCTH OT O0JIACTH UX NMPUMEHEHHs M HazHadeHUs. B cBs3u ¢ TeM, 4TO
(GUIBTPBI UMEIOT OIPEJICTICHHYI0 HATPABICHHOCTh HA 3alIUTy OT KOHKPETHBIX XUMUYECKUX
BemiectB, npumeHenne CU30J] sddekTuBHO TOIBKO TOrAa, KOT/a COCTaB OIMACHBIX
COeIMHEHUH 3apaHee U3BeCTeH [1].

OuIbTPHl MPOTHUBOTA30B UMEIOT OOJiee IMIMPOKUN CHEKTP 3alIUThl U HCIOJIB3YIOTCS B
YCJIOBUSIX MOBBIIIEHHON OMACHOCTH — 3aLIUTHI OT ONACHBIX ISl 310POBbs Ta30B [2]. JlaHHbI
Bua CU30/] 3amuinaer otT BpeIHbIX BO3AECHCTBUNA HE TOJIBKO OPraHbl JbIXaHUs, HO U OPTaHbI
3pEHUsl, KOXKY JIUIA, & OTJEIbHbIE MOJENH U BCIO TOJI0BY [3]. I3BeCTHO, YTO OCHOBHBIM IyTEM
MIPOHUKHOBEHHSI KOPOHABUpYyCa B OPraHU3M YEJIOBEKa SIBIISETCS JbIXaTelbHas CUCTEMa U
MOBEPXHOCTH CIIM3UCTBIX 000JOYEK Tena denoBeka. [Ipu nbIxaHuwu, Kamuie, YUXaHuH, TpH
BBIJICJICHUH HOCOPOTOBBIX MOKPOT, BUPYC PACIIPOCTPAHSIETCS B OKPYIKAIOIIYIO CPEy BMECTE
C KamejabHOM KUIKOCThIO. Hanmmume BOMOKUAKOCTHON OOOJOYKH IJiIsi BUpYCa SBISETCS
HE00X0AUMBIM ycioBueM ero cymectBoBanus. CU30/] - mapieBbie MOBSI3KH, PECIUPATOPHI,
YrOJbHBIE TPOTHBOTA3bl 00ECIEUMBAIOT KPATKOBPEMEHHYIO 3alllUTy 4YeJOBeKa OT

KopoHaBupyca. OHUM HMEIOT, Kak IpaBuiio, nopsl B 100-1000 pa3 Oonbumux pa3mMepoB, 4eM
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kopoHasupyc COVID-19, pasmepsl koToporo cocrtaBiusiior okojo 100 wM  [4].
CymiecTByroniue akTHUBHBIE YIJIM B CBOEM MOPUCTOM CTPYKType COAEpKaT B OCHOBHOM
MUKponopsl ¢ pazmepamu 10 3 HM (80-90%), me3omopsl oT 3 1o 20—40 uMm (10-15%) u
coBceM HeOomnplioi o0beM makporop — 10 1000 uM. Takum oOpazom, st 3¢ (HEKTUBHOM
OYMCTKH BJIBIXa€MOTO W BBIJIBIXaeMOTO Bo3ayxa oT kKopoHaBupyca COVID-19 Heo6xomumo
pa3paboTaTh HOBBIE MPEIU3UOHHBIE COPOUPYIOIINE TOPUCTHIE CTPYKTYPHI BEICOKOW €MKOCTH
¢ pasmepoM nop okosio 200 um. Kpome cenekTuBHOM copOIIMU KOpOHABUpYCa, TapaJlIeIbHO
JOJKHA OBITH pelleHa 3ajaya 00e3BOKMBAHUSA M KAaTaJUTUYECKOW NIECTPYKIMU BHUPYCA, UTO
MpUBEIET K ero rubenu. B cBs3u ¢ 3TUM, BaKHON U aKTyaJdbHOM SIBIIIETCS 3ajladya CUHTE3a
ounopucToro ajgcopOeHTa sl yJIaBIMBaHUS KOPOHABHUPYCa, KOTOPHIM JAOKEH BBHIMOIHATH
TPUEIUHYIO 33a49y:

1. YnaBnuBats KopoHaBupyc (mopsl pazmepom 200 HM);

2. O6e3BOXKUBATh BUPYC (ITOPHI MEHBIIIE 3 HM);

3. Katanu3upoBaTh peaknuio ASCTPYKIUU BUPYCa, CO3/IaBasi TEM CaMbIM YCIOBHS, IS
ero rudenu.

JInst  pemieHust TMOCTAaBIEHHOW 3amadd  IeJIeCO00pa3HO  HWCIOJIB30BaTh  HOBEIC
ruipooOHBIE aICOPOSHTHI, UMIIPETHUPOBAHHBIE COMISIMU cepebpa.

B paboTte ncrnonp30Bany KOMIO3UTHBIE OUITOPUCTHIE MAKPO- MUKPOTIOPUCTHIE YTICPOTHBIC
aJICOpPOCHTHI, TOJTYYCHHBIE 1O TEXHOJOTHU CHHTE3a CHUCTEM CIIOKEHHS Ha OCHOBE HOBBIX
MUKPOTIOPUCTBIX YTJIEpOAHbIe aacopOeHToB. IlpenmonaraeTcss MoOMyduTh aacoOpOCHTHI C
y3KHM pactipejiesieHneM Makponop (okoio -200 HM) 1o pazMepam U yIeIbHbIM 00bEMOM J10
1 cm®r. OO6beM MHUKpOIOP MCXOJHOrO YTJIEPOJHOIO aiCOPOEHTA, MCIIOJIL3YEMOIo IS
TIIPUTOTOBIEHHS MAaKpOMOPHCTOr0 cOpOeHTa cocTaBiuser okoio 0.8 cm®r, a ynenbHas
IOBEPXHOCTH 10 1500 M?/r. AncopOLMOHHAS aKTUBHOCTh MOJYYEHHBIX MAaTEpPUAIOB OyaeT
TECTHPOBATHCS 1O CTaHAAPTHBIM MeToaukaMm JlyOoumnuna, BOT u mo copOuu MomenbHBIX
MOJTMMEPHBIX a’p030JIel ¢ CBOMCTBAMH TIOBEPXHOCTH, ONHM3KUMHU K (U3NKO-XUMHUYECKUM

CBOICTBaM MOBEPXHOCTH KOPOHABHpYcCa.
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Paboma evinonnena 6 coomseemcmeuu ¢ 2ocyoapcmeenHuviM 3a0anuem. Ilpoexm Ne
01201353185 u nnanom Hayunozo cosema PAH no ¢huzuueckou xumuu (mema Ne 20-03-460—
01).
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IO.M. Bonvghxoguu, 21aéHbvlii  HAVYHLLL _COMPYOHUK 1a00pamopuu npoueccos 8
xumuyeckux ucmounukax moxka HDPXI PAH: Orta pabota BechbMa HHTEpECHas U
aKTyallbHasi, 0COOEHHO B HACTOsIIIIee BpeMs aHACMHH 110 KOPOHABUPYCY.

Opnako, Moe 3aMe4aHHe BBI3BaHO clienyromieil ¢pa3oit B moknane: «CylIecTBYIOIIHE
aKTUBHbBIE YIJIM B CBOEH IMOPUCTON CTPYKType COJEpKAaT B OCHOBHOM MHKPOIIOPHI C
pasmepami 10 3 HM (80-90%), me3omopsl oT 3 10 20—40 uM (10-15%) U coBceM HEOObIION
o0veM makporiop — a0 1000 am» . S cormaceH HacueT HAJIWYUS MHKPOIIOP U ME30IMOp B
aKTUBUPOBAHHBIX yTIX (AY), OqHAKO yTBEpKACHUE O HEOONBIIONW MOJIM B HUX MaKpoOIop,
BUJMMO, OCHOBAHO Ha NPUMEHEHUU HamOojee paclpoCTPaHEHHOTO B HACTOSIIEE BpPEMs
metona bOT u emy mogoOHBIX METOJOB, KOTOpPBHIE MPAKTUYECKH HE IMO3BOJSIOT MEPHUTH
Makpomopsl. Mexay TeM, pa3paOOTaHHBI HAMU paHee METOJ| JTaJOHHON KOHTAKTHOU
nopometpun (MOKII) u npusnanssii |[UPAC, mno3BosisieT MepuTh MOpPbI B HHTEpBae
pasmepoB ~ ot 2 10 2x10° um [ 1]. [Ipumenerne MOKII k akTHBUPOBAaHHBIM YIJIAM MOKA34JI0,
4TO0 OOBEMHasl JIOJIsi MAaKpoIop B HMHTepBaie ux pasmepoB ~oT 200 um mo 200000 HM
CYIIECTBEHHO OOJIbIIE, YeM 00BEMHBIE O MUKPOIIOP M ME30IO0p, CM. Hanpumep, [ 2,3].
MDOKII gaeT BO3MOXKHOCTh TaKXe HUCCIAEA0BaTh THAPOGUIBHO — THAPOGOOHBIE CBOWMCTBA
uccienyemMbix o0pas3ioB. O4eBHIHO, YTO COpPOIMS AKTUBUPOBAHHBIMH YIIISIMH BHPYCOB,
COJIepKaIIMXCsl BO BIAXHOW MAaKpOTe IMPU YMXAHUHM U KalUle, CYIIeCTBEHHBIM 00pa3om
3aBUCUT OT TUA0GUIBHO- TUApPoPoOHBIX cBOMCTB AY. Kak ObUIO TOKa3aHO HamW,
npakTUuecku Bce AY cojepkar Kak TuapoduiabHbIE, TaK U THAPO(OOHBIC MOPHI, TPUIEM
COOTHOIIIEHUE MEXTYy UX 00beMaMu 3aBUCHUT OT Buaa AY [1, 2,3].
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Ivanoea JLI. Bed. Hayun. compyoHuk nadopamopuu__cuHmesa (OYHKUUOHATbHBIX
yenepoouvtx _mamepuanax Ilenmpa nosvix xumuueckux mexnonozuii_Dedepanbhozo
uccnedogamenbcko2o uenmpa «Uncmumym xamanuza um. I.K. bopeckosa CO PAH
(Omckuii_gunuan), 0.6.H., douenm: IIpoBeneH 0030p M aHaIU3 (PUIBTPYIOIMIHUX CPEICTB
UHANBUAYaIbHOU 3amuThl opraHoB Abixanus (CU30/). Llenas paboTsl: pa3zpaboTka HOBBIX
MPEIU3UOHHBIX COPOUPYIOMINX MOPUCTBIX CTPYKTYP BBICOKON €MKOCTH i 3(PEeKTUBHOM
OUYMCTKH BJIBIXa€MOT0 M BBIABIXa€MOro Bo3ayxa oT kopoHasupyca COVID-19. [Ipemnoxkeno
penieHue B Bujie ruApoOoOHBIX COPOSHTOB, UMIIPETHUPOBAHHBIX COJIIMU cepedpa, KOTOpbie
MO3BOJISAT YJIABIMBATh BHUPYCHBIC YaCTHUIIbl, WHAKTUBHPOBaTh WX. Ha 1MaHHBIH MOMEHT
CHUHTE3UPOBaHbl 00pa3Ibl U MPOBEACHBI MEPBBIC ATAIbl MCCICIOBAHUN MO U3YUYEHHUIO UX
(bU3UKO-XUMUYECKUX CBOWCTB.

[Tpu o3HakomIIeHHH C pabOTOM BO3HUK Psifl BOIIPOCOB:

1.3a cuet yero OyneT MPOUCXOAUTH MHAKTUBAIMS BUPYCHBIX YACTHI] TP KOHTAKTE C
copOeHTom?

2. Kakue kaTanmuTHueCKHe peakilfy C yuacTueM cepedpa OyayT mpoTeKaTh Ha copOeHTe
MIPU KOHTAKTE C BUPYCHBIMU YACTUIIAMHU?

3. CootBercTBYeT 1 cOpOEHT TpeOoBaHusaM MeauiuHbl? Kakue wucciemoBaHus
TUTAHUPYETCSI IPOBOJIUTH B STOM HaIpaBICHUU?

Omegemut agmopa: 3BectHo, uto BUpysneHsl COVID-19 6bicTpo nmorubatot npu
OTCYTCTBUU KHJIKO-BOJSTHOM 000J0YKU. AJICOPOIIMS BOIbI MUKPOIIOPUCTON CTPYKTYpOI
AKTUBHOTO yTJIsl IPUBOJUT K «OTOJICHUIO» BUPYJICHOB, a IPUCYTCTBUE HOHOB cepedpa, Kak U
B AKTUBHBIX YIJISIX, BEPOSATHO, KATAIU3UPYET OKUCIEHUE UX KUCIOPOIOM BO3aAyXa. DTH
paboThl BeayTCsl B MHULIMATUBHOM nopsiake coBmecTHo ¢ UMBIT PAH.
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HMoxknan 37
IMPAKTUKA IPUMEHEHUSA AAICOPBEHTOB J1JIsd @OPMUPOBAHUSA
ACCOPTUMEHTA COBPEMEHHBIX ®UJIBTPOB /IUISI TIPOTUBOI'A30OB U
PECIIMPATOPOB. COOBLIEHME 1.
JIsur A.B.

Axyuonepnoe oouecmeo « Copoenmpy, 2. Ilepmo, yn. I'anonepuna, 6, 614042,
E-mail:avi@sorbent.su.

Bcnencrue pa3BUTHS TEXHUKH U MHTEHCUBHOT'O POCTA MIPOMBIIIIEHHOCTH Y>KECTOYAOTCS
TpeOOBaHUsI K CpeJCTBaM WHIMBUAYyalbHOW 3ammThl opraHoB nabixanus (CU30[]), B Tom
yyciie K puibTpam s IpOTUBOTa30B U PECIIUPATOPOB.

[TpakTuka mpuUMEeHEHHs aacOpOCHTOB ISl (DOPMHUPOBAHUS ACCOPTUMEHTA COBPEMEHHBIX
(GUIbTPOB AJI MPOTUBOTA30B U PECIIUPATOPOB OCHOBBIBAETCS HA JOCTUTHYTOM HaMU YPOBHE
u 06a3upyeTcs Ha CIeAYIOIUX MOIX0aaX

1 Hcnonb3oBaHue U pa3pabOTKa MUKPOMOPHUCTHIX aKTUBHBIX yriei (AY) u HOBBIX
XUMHUYECKUX MOTJIOTUTENEH Ha UX OCHOBE. Y CTAHOBJIEHO, YTO Ha CBOMCTBA U (D (PEKTUBHOCTH
a71copOCHTOB OCHOBHOE BIIMSIHUE OKa3bIBAIOT OCOOCHHOCTH UX YTOJIbHOM OCHOBBI: 00BEM
MUKPOIIOP, XapakTep XMUMHYECKOM MNOBEPXHOCTH AY UM €ro mnoBeJEHUE IPHU NPOIUTKE
BOJHBIMU WIEJIOYHBIMH pacTBopamu J00aBoK. Haubonee omntumanen AY Ha OCHOBe
CKOpIyIIbl KoKoca ¢ 00béMoM mukpomop 0.5-0.6 cm®/r, umerommii HanGosiee BBICOKYIO
TIOTJIOIIAIOIIYI0 CITIOCOOHOCTH IO TIapaM BOJbI B 00JIACTH HU3KUX KOHIeHTpauui (10 0.5 P/
PS) u mienoyHoi XapakTep noBepxHocTH [1].

2 IlpoexTHpoBaHHE COCTaBa IOJMKOMIIOHEHTHBIX XUMHUYECKUX MOIJIOTUTENCH Ha
ocHOBe AY, 00safaroImux onpeneléHHON YHUBEPCATbHOCTBIO IEHCTBUS NPU JE€TOKCUKAIIUU
BPEAHBIX BELIECTB, IO MPUHLHUITY XUMHUECKOH UHAUPPEPEHTHOCTH, KOTOPBINA BBITOIHSIETCS
B Cly4yae NMPUMEHEHHUS B KAa4eCTBE MMIPETHHPYIOMUX 100aBOK COJIeH C OJHOMMEHHBIMU
anuoHamu [1].

3 Pa3pa0oTka NOJMKOMIIOHEHTHBIX XHMHUYECKHUX IOTJIOTHTENeH Ha ocHoBe AY,

o0Jamaromux onpeaeaéHHON YHUBEPCATBHOCTHIO JEUCTBUSA TPH JETOKCHUKAIIMH BPEIHBIX
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BEIIECTB, C COBMECTHBIM HCIIOJIb30BAHWEM B KaueCTBE MMIIPETHUPYIOUINX 100aBOK COJEH
KHCJIOTO U OCHOBHOT'O XapakTepa.

4 Ontumusanus GpakIUOHHOIO COCTaBa aICOPOECHTOB.

5 IlpuHUIuNManTbHO MHAsE TEXHOJIOTUS CHApsDKEHHUs (QWIBTPOB, OCHOBAaHHAs Ha
€CTECTBEHHOM T'PABUTAIMOHHOM OCAQKJIEHUU YacTHIl aJCOpPOEHTOB MO MNPUHLHUITY «SNOW
stormy («magaronuii CHer»).

6 ABTOMaTH3aIUs TEXHOJIOTHH U3TOTOBJICHUS (DUIBTPOB.

[Tocnennue aBa pakTopa MO3BOJISAIOT IPOEKTUPOBATH COCTAB IUXTHI (PUIBTPOB, 00J1a1AI0IINX
HOBBIIIEHHOM CTETIEHBIO0 YHUBEPCATBHOCTH JEHCTBHS, 10 IPUHLIUITY MHOTO(QYHKIIMOHAIBHON
MHOTOCJIONHOCTH IIHUXThl C HECMEIIMBAIOLUIUMUCS PABHBIMU WM HEPABHBIMU MO O0BEMY
CJIOSIMH aJICOPOEHTOB.

B pesynbTate npoBeAEHHBIX pabOT HAMU JOCTUTHYTO (hopMHpOBaHUE (DUIBTPOB CO
CJIEIyIOLIIMMH BapUaHTaMH CBOMCTB B CPAaBHEHUU C FAPMOHU3UPOBAHHBIMU C €BPONEHCKUMHU
HOpMaMHU:

1 TIloBblmieHHBIE HOPMUPOBAHHBIE 3aIMTHBIE XAPAKTEPUCTUKU IPU COXPAHEHUU
rabapuToB U MaccChl.

2 CoxpaHeHHE HOPMHMPOBAHHBIX 3alUTHBIX XapaKTEPUCTUK MPH YMEHbIICHUU
HOpPMAaTHUBOB 1O rabapuTaM U Macce.

3 CoxpaHeHHE HOPMHMPOBAHHBIX 3AlIUTHBIX XapaKTEPUCTUK TMPU YBEIUYECHUU
CTENEeHU YHHUBEPCAIbHOCTU 0€3 U3MEHEHUs TadapuTOB M MACCHI.

4  TloBbllIEHHbIE HOPMHUPOBAaHHBIE 3alllUTHBIE XapaKTEPUCTUKU MPH COXpPAHECHUHU
JOCTUTHYTOT'O IO CTETIEHN YHUBEPCAILHOCTHU JACUCTBUS, rabapuTam U Macce.

Jnst bunbTpoB, 0ONAMAIOMIMX TOBBIIIEHHONW CTENEHBI0 YHUBEPCAIBHOCTU JIEHCTBUSA,
UCIIOJIb3YETCS IIPUHLIUI MHOTO(QYHKIMOHAIbHON JBYXCJIOWHOU LIUXTHI c
HECMEIIUBAIOIIMMHUCS CJIOSMHU, OJIMH U3 KOTOPBIX MPEACTABIISAET COOOM MOTMKOMIIOHEHTHBIH
MOTJIOTUTENb, MOJIYUYEHHBIN C UCTIOIB30BaHUEM MPUHIMIIA XUMUUECKOH UHIN(PEepEeHTHOCTH
WIM MMIPETHUPYIOLIUX COJEH KHUCIOr0O M OCHOBHOTO XapaKTepa, a BbHIOOpP BTOPOTO CIOs
00ycnoBieH TpeOOBaHUSIMHU K cTeneHn yYHuBepcanbHocTu aectBus CU30/] (mormoturens

Kynpamut-M, ronkamur u np.). JIubo B MHOro(yHKIIMOHAIBHOM MINXTE MCIIOJIb3YETCs /1Ba
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MOJIMKOMIIOHEHTHBIX TOIMJIOTUTENSA: OAWMH C MCHOJIb30BAHUEM MPUHIMIA XUMHYECKOU
uHAN(PGEPEHTHOCTH, IPYTOil — C UCIIOIB30BAaHUEM COJIEH KHCIIOTO M OCHOBHOTO XapaKkTepa.
[IpoBenénupie pabOTH MO3BOMWIM CO3JaTh acCOpPTUMEHT HOBBIX (uibTpoB JJOTmpo,
KOTOpBIM B CpaBHEHUHU C aHAJOraMu CepUiHO BhIMyckaembix puibTpoB JOT oTnuuaercs
YBEJIMUYEHUEM [IOJI YHUBEPCAIbHBIX (WIBTPOB, a TakK€ YBEIMYEHHEM KJjacca
3¢ (HEeKTUBHOCTU MPAKTUYECKU KaXKIOU MapKHU.

[IpuMeHeHre HOBBIX aJICOPOCHTOB U MIUXTHI MO3BOJINIIO0 pa3padoTaTs GuiasTpsl 1O Topo u
UNIX, HOpMaTHBHOE BpeMsl 3alUTHOTO JCHCTBUS KOTOPHIX HAMHOTO BHIIIE TpeOOBaHMIA
MexrocynapctBenHoro crangapta ['OCT 12.4.235-2019 u eBpomeiickoro crangapta EN
14387:2004+A1:2008 B mpeaenax COOTBETCTBYIOLIETO Kiacca 3(pPEeKTUBHOCTH 3alUTHI.
Jlumepamypa

1 JIsur A.B. Pa3zpaboTka HOBBIX XUMHUECKHX noryoTuTeneid u ¢punbTpoB CU30/] Ha ux
OCHOBE IS HCIIOJNB30BAaHUS B Upe3BbIUAlHBIX curyanwsx /[ ABropedepar
JTUCCEpTalli MO CHEIUATbHOCTH «be30macHOCTh B UYPE3BBIYAMHBIX CHUTYaILHSIX
(xumuueckass TtexHonorus)», kox 05.26.02 / TOY BIIO «Cankr-llerepOyprckuii
rOCYJapCTBEHHBIN TEXHOJIOTUYECKUA UHCTUTYT (TEXHUYECKHM YHHBEPCHUTET)», 3A0

«Cop6ent—Llentp Buenpenue». — 2007 r. — Cankr-IletepOypr. — C.4, 17.

B.M. Myxun, npogeccop, nauanvnux nabdopamopuu axkmugenvix yaieu AO «IHIIO
«Heopeanuxkay 0. mex. nayk: PaboTa moCBSIIEHA COBEPIICHCTBOBAHUIO (UIBTPYIOLINX
CPEJICTB 3aLUThl OPTraHOB JIbIXaHUs — IPOTHUBOTa30B U PECIIUPATOPOB, UTO CHOBA CTAHOBUTCS
aKTyaJIbHBIM.

ABTOp pa3paboTan HOBble MNPUHUUIBI CHApSHKEHHUs MPOTHBOTA30BbIX KOPOOOK IO
OPUHIUIY MHOTO(QYHKIMOHAIBHOW MHOTOCIOWHOCTH HIMXTHl C HECMEUIMBAIOIIMMUCS
pPaBHBIMU MJIM HEPABHBIMU 1O 00BEMY CIIOSIMU aJICOPOSHTOB.

[TpMeHeHre HOBOI'O THUIA IUXTHI O3BOIMIIO pazpadoTaTh GpuiabTpbl JOTnpo nu UNIX ¢
BBICOKMMHU 3aLIUTHBIMU XapaKTEPUCTUKAMH.
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Joxnan 38
INPAKTUKA IPUMEHEHUSA AICOPBEHTOB JIJIA ®OPMUPOBAHUSA
ACCOPTUMEHTA COBPEMEHHBIX ®UJIBTPOB JIsI IPOTUBOI'A30B U
PECIIMPATOPOB. COOBIIIEHHUE 2
Tanmunoa M.B., JIaur A.B.

AO «Copbeumpy, 614042, Poccus, 2. Ilepmv, yi. I'anvnepuna, 6,
E-mail: talipova@sorbent.su; avl@sorbent.su

BcnencrBue pa3BUTHS TEXHUKU M HHTEHCUBHOT'O POCTA MPOMBIIIUIEHHOCTH YKECTOYAIOTCS
TpeOOBaHUsI K CpeJCTBaM WHIMBUAYalbHOW 3amuThl opraHoB abixanus (CHU30]]), B Tom
yucie K GUuiIbTpaM Juisi IPOTUBOTa30B U PECIIUPATOPOB.

Panee Hamu ObUIO MOKa3aHO, YTO B CBS3M C YIYYIICHHEM YCIOBUN U OXpaHbl Tpyna
paboTarouMX BO3HUKAET HEOOXOJUMOCTh B MayorabapuTHbIX JETkux ¢uiabtpax (MJID)
CU30/1, obnamaronux HU3KUM COMPOTHUBICHHEM IBIXaHUIO, C BHICOKON 3(PHEKTUBHOCTHIO
3aIIUTHI OT adPO30JIeH, a TaKkxke AP (HEKTUBHOM 3aIUTOM OT ra30B U MAPOB MPU UX HEBBICOKON
KOHIIEHTpAuu 10 3 mpenenbHo-aomycTumMbix kormenTpamuil (I1IJIK) mo 'OCT 12.1.005-88.
Coznanue Takoro GuibTpa(oB) C €IUHBIM IMPOTUBOTa30a3p030JbHEIM AnemeHToM (I1I'3) c
HU3KUM COMPOTHUBJIEHUEM MTOTOKY BO3yXa MPU JbIXaHUH SIBISETCS aKTyallbHOU 3aaauei [1].

AHanu3 NMpaKTUKA TPUMEHEHHs aJicCOPOEHTOB M WX MCCIEAOBaHMs TMokKazanu, uyro 11D
MOXET OBITh B IIJIOCKOM WIM TOQPUPOBAHHOM BHUIE U TOJY4YEH M3 HCIIOJIH30BAHHOTO
COBMECTHO € ajicopOeHToM punbrpyromero Mmarepuana (OM) amst 3aIuTsl OT a3po30JIeH WK
azcopOeHTa B BUJAE €IUHOr0 (GUIbTpyrolIe-copoupyromiero marepuaia (PCM) Ha ocHOBe
®M. Kak npaBuiio, B KauecTBe YaCTHI] aJICOPOCHTA UCTIOIb3YETCS MUKPOIIOPUCTUI aKTUBHBIN
YTOJIb HA OCHOBE CKOPJIYIIBI KOKOCA C Pa3IMYHON aKTUBHOCTBIO U Pa3MEPOM YaCTHLL.

[Tpu 3ToM ycTanoBieHno, utro ®CM B o011eM cirydyae MOKET ObITh MOJIYUEH:

— JJaMMHHMPOBAHUEM pacIlyiaBa YacTHIL aicopOeHTa ¢ kieeM u OM,;
— HAaHECEHHEM YacTHI] aicopOeHTa Ha MOANI0KKY u3 OM.
OrnpeneneHo, 4To JOCTOMHCTBOM JIAMUHUPOBAHUS siBisieTcs mpouHocTh DCM, oTcyTCcTBUE

OCBIIIaHHuA 4YaCTHuIl az[cop6eHTa, HH3Kasd YBJIIAXKXHACMOCTDH a)ICOP6GHTa BCJICACTBUE 3alllUTHI
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KJI€eBOH IIEHKON. HeqocTaTok — CHI KEHUE 3alIUTHBIX CBOMCTB BCIEACTBHE OOBOJIAKUBAHUS
YacCTHIl KJIEEBOW INIEHKOW B pacIljIaBe.

Hanecenue wactui agcopOeHTa Ha MoANIoKKy u3 ®M, no-HameMy MHEHUIO, HallpOTUB,
crocoOCTByeT 0oJiee BRBICOKMM 3HAYEHUSIM 3allUTHBIX MOKa3aTeNel, HO BEAET K BO3SMOKHOCTH
OCBINIAHHS YaCTHII.

Taxxe npencrasiset uurepec noaydeHune @CM npu nonydeHurn @M uMIIperHupoBaHUuEM
®OM akTHBHBIM YIJIEM.

Cpenu accopTUMeHTa aJCcOpOEHTOB [UIsi COBMECTHOro mpumenenus ¢ ®M Haumbomee
MEPCIEKTUBHBIM, Ha HaIl B3TJISM, SBISETCS OOBEMHBIA MaTepual, 3aKIIOUEHHBIH MEXIY
JBYMSI HETKAaHbIMU TOJJIOKKAaMH, B BHAE HANbUIEHHBIX YaCTHUIAMH AaKTUBHOTO YTJIA
MOJIMMEPHBIX BOJIOKOH — (AY+I1B), mo3Bosionii JOCTUTAaTh JOCTATOYHO BBICOKOTO YPOBHS
II0 BPEMEHU 3aIUTHOIO JEHCTBHUS, 3a CUET, NPEATION0KUTEIBHO, CO3/IaHNs JIOKAJIBHBIX 30H
BBICOKOW TypOyJIEGHTHOCTH BOKpPYI YacTHI] akTUBHOro yris. HemoctaTtkom aacopOeHTa
(AY+IIB) siBnsieTcst OChITIaHUE YACTHII, YTO TpeOyeT npuMmeHeHuss ®M ¢ AByX ero CTOpPOH.

[IpoBeneHbl CcpaBHUTEIbHBIE HWCIBITAHUS HEKOTOPBIX aJCOPOCHTOB C MOJYYCHHBIMU
obpazuamu ®CM u (AY+IIB), ananu3 pesynapraToB. OnpenencHa CTENeHb ONTUMAIBLHOCTH
MOJIy4eHHBIX 00pa31oB s BuaoB MJI®. Onpenenén Tpedyemblii pa3Mmep 4acTull aicopOeHTa
Y €ro napaMeTphl.

Ham npexcrasnsiercst, uto uisi GOpMHpPOBaHUS acCOPTUMEHTA coBpeMeHHbIX MJID s
IPOTUBOra30B M PECIUPATOPOB JAIbHEHIIEE IPOAOJDKEHUE HCCIEAOBAHUN JOJIKHO
OCHOBBIBATbCS HA JOCTUKEHUN HEJOCTUTHYTOTO B CIEAYIOIIMX BBIBOAAX aHAIN3a MPAKTUKHU
MPUMEHEHHSI aJICOPOSHTOB!

1 Kak npaBuno, MJI® npenHazHayeHbl TOJIBKO AJIS 3alIUTHI OpraHu4eckux napos. To
€CThb ONBIT CO3JaHUs IMOIVIOTUTENIC HAa OCHOBE AKTUBHBIX YIJIEH JUIsl IPOTHBOTAa30BBIX U
koMOuHupoBaHHbIX GuibTpoB 110 ['OCT 12.4.235-2019 ncnons3oBaH HEAOCTATOYHO.

2 JlamuaupoBanasie ®CM Ha ocHOBe @M M3 CTEKJIOBOJIOKHA HE UMEIOT JOJKHOTO
pacnpoctpanenus B CU30/1. ®axt npumenenus ®CM, nosnydeHHOro npu noaydyennn OM
uMInperaupoBanuem @M akTuBHBIM yriiéMm, B MJID Ham HEU3BECTEH.

3 TexHonorusi HAHECEHUS YAaCTHUIl aJICOpOEHTA Ha MOUIOKKY M3 OM HemoCTaTOuHO

oTrpaboTaHa.
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Hameuens! ganpHelnme ucciieqoBaHus, OCHOBaHHbIE Ha noiaydyeHun ®CM pa3inyHbIMU
crmocobamu, B TOM 4mcie Ha ocHoBe @M u3 crekiioBosiokHa, (AY+IIB) u paznuanasix MJIO,
noiyyeHHbIX Ha ocHoBe @OCM wu (AVY+IIB), npenHazHayeHHBIX [Js 3allUTBl  OT
OpraHNYECKUX, HEOPTaHUYECKUX U KUCIIBIX Ta30B U apOB, aMMHAKa B COCTaBE IPOTUBOTa30B
Y PECTIUPATOPOB.

Cnucok numepamypui

1. TanunoBa M.B., Jlsar A.B.: Marepuansl 5 MEXIyHapOJAHOW HAyYHO-TEXHUYECKOU
KOH(pepeHI1H, MocBsAIeHHON namsaTu npogeccopa B.1. Komapona, 11-14 cents6ps 2019
r./ M-Bo Hayku ¥ Bbicil. oOpa3oBanusi Poc. ®enepanuu, @eaep. roc. aBTOHOM. 00pa30Bar.
yupexaeHue Boicil. oopasoBanus «Ces. (ApkT.) penep. YH-T uMm. M.B. JlIomoHOCOBaY. —
Apxanrenbck: [0. u.], 2019.-368 c.: u.

Myxun B.M., npogheccop, nauanvnux nadopamopuu axkmusenvix yaieu AO «IHIIO
«Heopeanuxkay 0. mex. nayk: Bcrnenctsue pa3BUTHS TEXHUKH M MHTEHCHUBHOTO POCTa
IPOMBIIIJIEHHOCTH Y>KECTOYAlOTCsl TpeOOBaHUS K CpEACTBAM HMHAMBHUAYAJIbHOW 3aIUTHI
opranoB npixanus (CU30/1), B ToM uncie K puiabTpaM A1 IpOTUBOra30B U PECIIUPATOPOB.

B pabore paccMOTpeHBI HOBBIE MOAXOJIBI K MOJYUYEHUIO (PUIBTPYIOIIE-COPOUPYIINX
matepuanoB (O®CM) ansg  [OpoTUBOra3oBOM  TEXHHUKM MYTEM  HMMIIPETHUPOBAHUS
¢unbTpytouiero matepuana (OM) akTuBHbIM yriém (AY).

[TonmyueHHbIE pe3ynbTaThl MOTYT OBITH UCIIOJB30BaHbI MPU pa3pabOTKEe HOBBIX THIIOB
IPOTHBOTa30BBIX KOPOOOK.
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Hoxnanx 39
COPbLUSA PEHUS U3 CEPHOKHUC/JIBIX PACTBOPOB
YTV EPOJHBIMU HAHOKOMITIO3UTAMU
Tpomkuna U./1., Bypakosa U.B. *, Beit Moe Aynr, I'akues A.JI.

DI'HOY BO «Poccutickuil XumMuxo-mexHoai02uiecKutl yHugepcument
umenu [[.1. Menoeneesay
125190, Mocksa, A-190, Muycckas na., 9. E-mail: tid@muctr.ru
*®@I'HOY BO «Tambosckuii 2ocy0apcmeentbiil mexHu4ecKull yHUueepCcumen
392000, e. Tambos, yn. Cosemckas, 0. 106. E-mail: iris_tamb68@mail.ru

K HeTpaguLIMOHHBIM [IOTOJIHUTENBHBIM CHIPbEBBIM HCTOYHHKAM PEIKUX 3IIEMEHTOB
OTHOCSIT CEpHOKHUCJIIbIE PACTBOPHI MOA3EMHOTO BBILIEIAUYNBAHNS YPAHOBBIX MTOJIMMETAUIBHBIX
pYyZ, coliepikaliye, Hapsay C LeJIeBbIM KOMIIOHEHTOM — YPaHOM, TaKUE MOMYTHBIE JIEMEHTHI,
KaK peHHH, CKaHAUH, peAKO3eMeIbHbIE 3JIEMEHTBI, B OCHOBHOM, JIETKOM IPYMIIbI, MOJIIUOAEH,
ceneH u ap. [1]. ConepxkaHue peHMs, CTPATETMUYECKH BAKHOTO TYTOIUIABKOIO MeTallia,
UCMOJIb3yEMOT0 B aBUAKOCMHUYECKOH, HedTenepepadaThIBAIOLICH U 3JIEKTPOHHON OTpacisX,
cocraBisser O,n — N wmr/n. [nsg wu3BIEYEHHS] MHUKPOCOAEPMKAHUM ATOrO 3JIeMEHTa
11eJ1IeCO00pa3HO UCIT0JIb30BaTh COPOLIMOHHBIE MaTEepUaIbL.

AJbTEpHATUBHBIMU HCIIOJIB3YEMBIM CMOJIAaM  SIBJISIFOTCSL  YIJIEPOAHbIE HAHOKOMIIO3MTHI,
coniepkaiue rpadeH uinu yriaepoanbie HaHOTpyOku (YHT).

[enb paboThI — HccneqoBaHle COPOLMOHHBIX XapaKTEPUCTHUK MO PEHUIO 3TUX MATEPHAIIOB
IPU W3BJIEYEHUU U3 CEPHOKHUCIIBIX PACTBOPOB, MOJEIUPYIOLIMX [0 COCTAaBy pPAacTBOPHI
II0JI36MHOTO BBILIEIAYMBAaHUS YPAHA.

CopOuuto peHus yriepoaHbIMU HAHOKOMIIO3UTAMU M3YyYalld U3 pacTBOPA, UMUTHPYIOLIETO
110 OCHOBHBIM MOHAM CEPHOKHCIIBIC PACTBOPHI TIOA3EMHOTO BBIIICIaYMBaHus ypaHa: [Re] —
20 mr/m, [SO4]% — 10 r/i; [CI]™ — 1 r/m, pH 2. YriiepoaHble HAHOKOMIIO3UTEI U3TOTOBJIEHBI B
TamMOOBCKOM  TroCyJapCTBEHHOM TEXHMUYECKOM yHHUBepcurere. [lpeaBapurenbHbIMU
UCCIIEIOBAaHUSIMHU OBLIO MOKAa3aHO, YTO COPOIMs peHHs U CKaHaAug HaHokomnozutamu [1I'X
(okcun rpadena/momuruapoxunoH) u [IAK (mommamunokymynen/YHT) He3nauutenbHa.
JlyqmmMu  XapakTepuCcTUKaMu oOsiagaer HaHokommo3ut mnonuanwine ([TAHW)/VHT.
[Monmmanunun — monuMep, coiepkamuil (EeHWICHIMAMUH W TPYNIbl MMHUHOXUHOWIOB.

CpaBuenue uzobpaxenuit YHT u xomnosura Ha ero ocHoBe (puc. 1) [2] moka3biBaeT, uTo
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KOMIIO3UT Tpuodpen 0Oojiee IUIOTHYIO CTPYKTypy 3a CYET MOJMMEPHOTO MOKPBITHA

nosepxHoctu YHT.
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Puc. 1. N306paxenus crpykrypsl YHT (a) u moBepxunoctu | Puc. 2. PamanoBckuii criekTp
I[TAHW/YHT (6) (ITAHU/YHT)

Ha pamanoBckom cmektpe kommnosuta [TAHW/YHT (puc. 2) mpucyTCTBYIOT THKH,
XapakTepHbIE s IIPOTOHUPOoBaHHOM (opmel IIAHU B Buze comu smepanbauHa: 1585 cm™t —
muKk G COOTBETCTBYeT pacTsaruBaromuMm koiedanusm cBsizei C—C B rpadeHOBBIX CIOSX,
1570 cm! — BanentHble Konebanus C=C cBsseil B pparMeHTax XMHOHAMMMEHA, 1450 cm™t —
nedopmanronssle konebanuss C=N cBs3u B PparmeHTax (OMIOJIAPHBIX) XMHOHAUMMUHA,
1334 cm! — nuk D ykasbiBaeT Ha 006pa3oBaHKe aIMa3oNoI00HBIX CBA3el sp® ¢ mosBIeHnemM
TOTIOJIOTUYECKUX Ae(PEKTOB B rpa)eHOBBIX CIOAX U HATMYUEM aMOP(HBIX YaCTHUI] YIIIepoa.

N3otepma copOuuu penust Hanokomno3utom [TAHWU/YHT umeer nuHelHbIN XapakTep U
onuchiBaeTcs ypaBHeHueM ['enpu ¢ konctantoi 3000 mi/r.

Kunernueckue naHHble NO COpPOLMM PEHUS, TMOJYyYEHHBIE METOJIOM OTPaHMYEHHOIO
o0bemMa pacTBopa, 0oJjiee aJeKBATHO OIMCHIBAIOTCS YpPaBHEHHEM MOJIENU TICEBIOBTOPOIO
nopsiika (Tabauua).

Tabnuna. Koncrantsl ckopoctu copoumu peHust komnosutom [TAHU/YHT

Mogzens nicesno- Mogzens nicesno- Mogens BHyTpeHHER
Mognens Enosuua

IIEpBOTO MOpsJIKa BTOPOIO MOPSIIKA muddy3un

k k

-1 2 2 2 p’ 2 B, 2

k] ,» MUH R | | R -1 0,5 R -1 R

I'MI' ‘MHWH MI* T ‘MUH r"mMr
0.0017 0.715 0.124 0.999 |2.87 0.859 10.0912 0.952
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[TosydyeHHbIE TaHHBIE MO3BOJISIIOT BBICKA3aTh MPEANOJI0KEHHUE, YTO MEXAaHU3M COpOLUU
penus Hanokomno3utoM [TAHW/YHT Hocut nuddy3uonnsiii xapaktep. JlnneapuzoBaHHas
npsimasi (MOZeJIb BHYTpeHHEHN nudy3un) He POXOIUT Yepe3 Hayano KOOpJAUHAT; 3TOT (aKT
CBUJETENILCTBYET O TMPOTEKaHUM Tpouecca Bo  BHemHenupdy3noHHou, numobo
cmemanHo UG dy3uoHHOM ob6nmactu. Kpome Toro koppensuus AaHHBIX C ypaBHEHHEM
EnoBuua yka3pIBaeT Ha SHEPIE€TUUECKYIO0 HEOJHOPOJHOCTh AKTUBHBIX LIEHTPOB KOMIIO3UTA.

Hanuuwne B Hanokomno3sute [ITAHU/YHT amMuHO- 1 IMUHOTPYIIIT MOKET YBEIHYUTD JOJIO
XUMHUYECKOTO B3aMMOJICHCTBUSI B MEXaHU3ME COPOIMH, MOCKOJbKY Hapsiy C BEpOSTHOU
(busrueckor ajacopOIMell MOJICKYJ MeppeHaTa ypaHuia win mojubaeHwia [1], Bo3amoxen
AQHUOHHBIA OOMEH NeppeHaT-uoHa C ITUMH TPYIIIaMHU.

Jlumepamypa

1. [MTanant A.A., Tpomkuna U.J1., YekmapeB A.M., KocteuieB A.U. TexHonorus penus. M.:
00O «l'anmnes-IIpunt», 2015. 329 c.

2. Aung W.M., Marchenko M.V., Troshkina I.D., Burakova I.V., Gutnik 1.V., Burakov A.E.,
Tkachev A.G. Scandium Adsorption from Sulfuric-Chloride Solutions by Nanocomposite
PANI/CNTs // Advanced Materials & Technologies. 2019. No. 4(16). P. 58-65.
DOI: 10.17277/amt.2019.04.pp.058—-065.

B.B. Camonun, npoghpeccop, 3asedynouiuiil Kagyeopou Xumuu u mexHoao2uy Mamepuaios u
uzoeauu copoyuonnou mexuuxu CHol' TU(TY), 0. mex. nayk:Tema 1oki1aga HECOMHEHHO
aKTyaJlbHa, B CBSI3U C TeM, 4TO B Poccuu B Hacrosiiiee BpeMsi OTCYTCTBYIOT COOCTBEHHBIE
CBIDBEBBIE HMCTOYHUKHM pEHUs M TMOJIYYEHUE  PEHHMsSI 3a CYET M3BICYEHHUSI €ro U3
HETPaJAUIIMOHHOTO MHUHEPAIbHOTO ChIPbs, HAlpUMeEp, MPU MOA3EMHOM BBIIIEIAYNBAHUU
YPaHOBBIX PYJ BEJET K CHIXKEHUIO UMIIOPTA.

B pabore mokazaHo, 4YTo afcopOIUsS pEHHS U3 CEPHOKHUCIBIX PpPacTBOPOB,
MOJIETTUPYIOLIUX 10 COCTaBy PACTBOPBI MOJ3EMHOIO BBIIIEIAYMBAHUSA ypaHa, KOMIO3UTOM
[TAHU/YHT omnuchiBaeTcsi ¢ MOMOIIBI0O MOJIENIN TICEBJOBTOPOTO MOPSAJIKA, U MPOTEKAET BO
BHeIHeUPPy3uoHHOU, MO0 cMemaHHoaupPy3nonHo obrmactu. Ha ocHoBaHuu
KOppeJISIlIMM KUHETUYECKUX JaHHBIX C ypaBHeHHeM EioBuua aBTOpamMH YCTaHOBIIEHA
’HEpreTudecKasi HEOIHOPOJAHOCTh aKTUBHBIX IIeHTpoB kommno3uta [TAHU/YHT.
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Hoxnan 40
POJIb IOPUCTOM CTPYKTYPBI U JUCHIEPCHOCTU COPBEHTOB-
HAIIOJIHATEJIEA B SMUCCUU ®OPMAJILJAETHUJIA U3 JPEBECHO-
KVIEEHBIX KOMIIO3UTHBIX MATEPHUAJIOB
Kyabkosa T.A., Ileryxosa I'.A.

DeodepanvHoe 2ocyoapcmeerHoe 0100Hcemuoe yupexcoenue nayku Unemumym guszuuecxoii
xumuu u dnekmpoxumuu um. A.H. @pymxuna PAH, 119071, . Mockea, Jlenunckuti np-km,
31, k. 4
e-mail: petukhova galina@mail.ru

OgHuM W3 TEPCIEeKTUBHBIX HAMPaBICHUN MPUMEHEHHUS COPOIMOHHBIX TEXHOJOTUHN
ABJIAETCA  MCIOJb30BaHHWE  aJCOPOLMOHHBIX  HAMOJHUTENEH B  JAPEBECHO-KIEEHBIX
KOMITO3UTHBIX CTPOUTENIBHBIX MaTepHaoB. VX MpuMeHEeHHE MO3BOJISIET CHU3UTD BBIJEICHUE
cB0OOHOTO (hopMalibJIerHia U3 TAKUX MaTEPHAJIOB M3-32 IPUMEHEHHS B HUX CUHTETUYECKUX
kieeB. O(PPEeKTUBHOCTh MPUMEHEHUs aJCOpPOCHTOB 00s3aHa WX Pa3BUTOW MOPHUCTOU
CTPYKTYyp€, 3HAUUTEIBHOM IUIOIIAIM TMOBEPXHOCTU U €€ XMMHUYECKOMY COCTOSIHUIO, 4YTO
MO3BOJISIET UM aJICOPOMPOBATH IIUPOKHUI KPYT TOKCUYHBIX BEILIECTB C PA3ITMUYHBIMU (PU3HKO-
XUMHYECKHUMH CBOMCTBaMH, BKJIIOYasi popMaibaerus. Kpome Toro, oHU XapaKTepusyroTcs,
ruApoPoOHOCTHIO, TEPMOCTOMKOCTHIO, HEIOPOTH, HE TPEOYIOT pereHepanuu, COXPaHSIOT
NPOYHOCTh HE3aBUCUMO OT (PaKIMOHHOrO cocTraBa. JlucmepcHocTh ajncopOeHTa Takke
CYIIECTBEHHO BIHUseT Ha 3(P(EKTUBHOCTH aacOpOEHTa, TaK Kak BIMSIET HA HU3MEHCHHE
HNOTEHIMAILHOW SHEPTUH Ha TpaHuLe (as3.

B pabore mnpoBeneH CpaBHUTENBHBIA aHAIM3 NPUMEHEHHs YTJIEPOJCOAEPIKAIINX
aZICOPOCHTOB B KAadyeCTBE HAMOJHUTENS JIPEBECHO-KJIEEHBIX KOMIIO3UTHBIX MaTEepUasoB,
UCCIIEIOBAHO BIIMUSHHME IOPUCTON CTPYKTYpbl M JHCIEPCHOCTH HA CHW)XXEHHME SMUCCUU
dbopmanpieTrIa U3 IPEBECHO-KICCHBIX 00pa3oB 6epe30Boit paHephl.

B kauecTtBe OOBEKTOB M3y4y€Hbl MMKPOIOPHUCTBIA aKTMBUPOBAaHHBIA yroib BAVY-7,
ME30MOPUCTHI HAHOCTPYKTYPUPOBAHHBIN yriepoaHnbiii mMarepuand CHUOYHUT, HENOPHUCTHIM
TexHudyeckux yriepop (caxa) mapku [IM-75 u mynrur-III 3akoruHckoro MecTopoxaeHus
(Kapenus). [TapameTpsl MOPUCTOI CTPYKTYPHI aICOPOSHTOB MPHUBEACHBI TAOIHIIE.

Jlnst noBeiieHus: 3¢p(HEKTUBHOCTU aJCOPOCHTOB MPOBOAMIN (PPaKIIMOHUPOBAHHUE YACTHII,
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BBOJIMMBIX B KJIEEBYIO KOMIIO3UIIUIO, ¥ TUCTIEPTUPOBaHKE TIyHTUTa. Dpakiuu ancopOeHTOB
OBLTM TMOJy4YeHBl ¢ ToMolbio BuOpamuoHHoro mpoceuBatenst FRITSCH mnpocenBanmem
CyXuX OO0pa3IoB CKBO3b CHCTEMY CHT C IOCTOSHHBIM BCTPSIXMBaHHEM. JIMCIIEPCHOCTH
MOPOIIKOB OINpeNessuIi METOJOM JMHAMHUYECKOTO CBETOpaccestHUs Ha mpubope Zetasizer
Nano S. Cepust 00pa31oB nojsepraiach U3MeJIBICHUIO B OucepHoM aucrneprarope DYNO-
MILL (Multi Lab, Mcnanus) mo TEXHOJIOTHMH MOKPOTO pa3MoJja ¢ TpaHyJaMH ITUPKOHHS B
JMCTIEPCHON JKUAKOM Cpelle MO BO3JCMCTBUEM MEXaHWYECKHX Chll mpu ckopoctu 700
00./mun., Temneparype 40 °C u ynsrpassyxoBom mucneprarope Ultrasonic Homogenizers
(Hielscher Ultrasonics, I'epmanmns). Ha puc.1 npencraBieHo pacnpeeaeHne YacTHIl ITyHTUTa
o pa3MepaM B pe3ylIbTaTe €ro MU3MEIBICHHUS 110 TEXHOJOTUHM MOKpPOTO IIOMOJIa M
TUcneprupoBanus B Buze cycnensuu B 0,1% -HOM pacTBope 0JeMHOBOW KUCIOTHI B Boje. Kak
BUTHO W3  PHUCYHKa, JIaHHAasg  METOAWKA  TO3BOJIMJIA  TOJNYYHTH  OOpasIlhl
BBICOKOJIMCIIEPTUPOBAHHOTO IIYHTUTA C MpeobnanaromuM paanycom yactuil 100 Hm.

Taoauna. [TapameTpsl MOPUCTON CTPYKTYPbI 15

a71copOCHTOB i A
Oo6vem | Illupuna | O0vem | Vi s 10 ;‘f \
MHKpO- | MHKpO- | Me30- | MOB. | z f"‘ \";,
Obpasen nop Wo, nop nop Sear, | £ / \
em¥/r H, am Ve, M¥r | E " / "
eM/r 0.1 1 10 1001000 10000
Mlyarur | 0.03 20.50 0.06 2 Size (r. o)
BAY-7 0.23 1.12 0.10 50* | Puc. 1. PacmpeneneHume 4YacTHIl IO
CubyHut - - 0.72 300 | pasmepy mIyHTHTa, H3MEIBUYCHHOTO IO
[IM-75 - - - 75 | TEXHOJOTMHM MOKpPOro TIomMojia H
“- s 06pasia MUKPOIIOPHUCTOTO JIMCTIEPTHPOBAHHOTO B BUJIE CYCIICH3UH
AKTHBUPOBAHHOIO yTJIsl MPUBECHA yAEIbHAs B 0,1%-HOM pacTBOpE O0JIEMHOBOI
HOBEPXHOCTH ME30II0p. KHCIIOTHI B BOJIE.

EDAX aHanm3 9SJIeMEHTHOTO  cocTaBa  OOpa3lOB  HCXOJHOTO  NIYHTHUTa U
HAaHOAMCIEPTUPOBAHHOTO JO CpEIHEro paszmepa dactul, okono 100 HM mokasan, d4To
JUCTIEPTUPOBAHUE CIIOCOOCTBYET OOYIJIEPOKMBAHUIO MCXOJHOTO OOpas3lia W BBI3BIBACT
pa3pyllieHue CHJIMKATHOM OCHOBBI, TPHU JTOM MPAKTHUYECKH COXPAHSAETCS CIIOKHBIN
MUHEpaJbHbIl cocTaB (koHHeHTpauuss C isi HUCXOAHOTO - 39,5 % wmacc, g
qucneprupoBaHHoro — 76,5 % wmacc.). MexaHoakTuBanusi, Kak croco0 JAUCIEprupoBaHus,

NO3BOJIWJIA JIOCTUYb YCTOMUYMBO CTaOUIIBHBIX Pa3MEPOB MEJKOJUCIIEPCHOIO MaTepHaia B
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muana3zoHe ot 90 M 10 40 MKM, a TakKe YBEITUYHThH yJIEIHHYIO MMOBEPXHOCTH 0Opasna B 35
pa3. Ilpm »STOM MNPOUCXOAWT pa3pylIeHHE CHJIMKATHOIO Kapkaca, BBICBOOOXKIECHUE
IIYHTMTOBOI'O YTJEPOJa, CBSI3aHHOTO B arperarbl ¢ kBapueMm. OOpa3zoBaHue OOJBIIOrO
KOJIMYECTBA HECBSI3aHHOTO yTiepoAa, 1e(PEeKTHBIX CTPYKTYP M aKTUBHBIX IIEHTPOB MPUBOJUT
K TTOBBIIIICHUI0 XUMHYECKOH U aICOPOIIMOHHON aKTUBHOCTHU IIYHTHUTA.

Jns  obOpasmax ¢aHepbl, COJAEpKalMX B KIEEBOM KOMIIO3ULUHU  CIEAYIOIIHE
a7ICOpOIIMOHHBIE HAMTOIHUTEIN: HAHOAUCTIEPTUPOBAHHBIM MEXaHOAKTUBUPOBAHHBIN IIYHTUT,
akTUBHBIM yroiab bBAY-7, Cubynur, yrmepon texuuwdeckuit IIM-75, a Taxke s
KOHTPOJBHOTO 00Opa3iia (QaHepbl, CKJICCHHONW YHCTHIM KJI€eM, H3ydeHa DMHCCHUS
dbopManpaerua KamepHbIM MeToqoM. Kak BUAHO W3 puc. 2, YBEIWYCHHE DMHCCHH
dbopmanpaeruaa B arMocepy MPOUCXOAUT OKOJO 6 CyTOK, 3aTeM HaOIIoJaeTcsl chaa Uit
00pa31oB ¢ aJcOpOLIMOHHBIMYU HAMOIHUTENIMU. PaBHOBecHe HacTynaeT yepes 2 Henenu. s

KOHTPOJIbHOI'O 06pa3ua POCT 5MHUCCHUHU Ha6n1011aeT051 B TEUcHHUE & CYTOK C IMOCJICAYIOIINM

CHaJoM.

0.13 ] Puc. 2. Dmuccus dopmanbaeruaa
(Erg, mg/l) u3 napeBeCHO-KICCHBIX
MaTepHajoB, colepKalluX B
KOMIIO3UTHOM KJIee
a/IcOpOLIMOHHbIE HANOJHUTENN: 1 —
YUCTHIN Kilel (0e3 HamoiIHUTENS); 2
— myHrut (pa3mep gactui 40 MKM);
3 — IIM-75; 4 — BAY-7; 5 —
CHOYHMT; 6 —
HaHOJUCIIEPTUPOBAHHBIN
MEXaHOAKTUBUPOBAHHBIHN LIIYHTHT.

0,12 -
0,11
0,10 -

0,09 4

Epg mg/l

0,08
0,07

0,06 4

0,05 T T

Time, days

Haubonee Hu3Kue 3HadeHHs BblOpoca CBOOOJHOTO QopMaibaeruia B aTtMochepy
XapaKkTepHbI 7151 00Pa3IOB JPEBECHO-KIEEHBIX MAaTepHANIOB, COJACPKAIIUX B KOMIIO3UTHOM
KJiee€ HAHOAMCIIEPTUPOBAHHBIA MEXaHOAKTUBUPOBAHHBIA IIYHTHT W MEJIKOIUCTICPCHBIN
Cubynut. Comep:kaHue BBIICIIEMOTO B BO31yX (opManbaeruaa coctasiset npu 3tom 0.040

mr/m3, 4to B 2.5 pasa Hmxke EBponeiickoit Hopmsl 0.124 mr/ Mo dbopmanbaeruia B BO3ayxe.
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HMoknan 41
XAPAKTEPUCTUKA MACCOIIEPEHOCA L-TUCTUJAUHA ITPU
AACOPBIUHA - JECOPBIIU HA AKTUBUPOBAHHOM YIJIEPOJHOM
BOJIOKHE
IBeTtHoB M.A., Mopryun H.II., Konapuxos H.b.

Jlanvnesocmounsiii hedepanvruiil ynusepcumem, Poccus, 690922 Braoueocmok,
n. Aaxc, 10; e-mail: tsvetnov.ma@dvfu.ru

AJICOPOLIMOHHBIE METOJbl HCIONB3YIOT MPU OYUCTKE CTOYHBIX BOJ, MOCKOJIBKY OHHU
MO3BOJISIIOT TOJIHOCTHIO M3BIIEKATh BPEIHBIC BEIIECTBA; ISl pa3leiCHUs, BBIICICHUS U
OUYMCTKHU Pa3UYHBIX BEIIECTB, B TOM YKCII€ U OMOJOTHYECKHX KOMIIOHEHTOB. B Memuiinne
UCIIONIb3YETCS. TeMOCOPOIMOHHAs JIETOKCHUKAIUSl OpraHu3Ma TpH JICYEHUH OCTPBIX
orpaBiueHuil. s pa3BUTHS  MOCIEOHEr0 MPEACTABISIET HMHTEPEC  HCCIEIOBAHHE
MacCOOOMEHHBIX XapaKTePUCTUK aKTUBUPOBAHHOTO YTJIEPOJHOTO BOJOKHA B TUHAMHYECKUX
npoiieccax aacopoumu — qecopOuun L- ructuauna.

Hcnosnb30BaHHOE AKTUBUPOBAHHOE YTIIEPOJHOE BOJIOKHO “AKTHIIEH - b” 0 macnopTHBIM
JAHHBEIM MMEET yIEeNbHYI0 oBepXHOCTh 700 M%/T, 00beM Mukponop 0.4 cM3/T npu cpeaHeM
pasmepe nop 0.4 HM. L-TUCTHANH XapaKTepU3yeTcs MOJEKyIsspHOil Maccor 155.16 r/moinb
pu pacTBOPUMOCTH B Boze 277 mmonb/a u pKi= 1.8, pK2 = 6.1 u pKs = 9.2.

Hamu Obuta monmydena uzotepma aacopouuu L-ructuauna na AYB “Axrtunen — b”. [ng
JTUHAMUYECKUX HCCJIEAOBAaHUN MO TPEABAPUTEIBHBIM OMBITAM OBLIO BHIOPAHO 3HAUYCHUE
ckopoctu notoka 0.6 MiI/MHH, OCTaTbHBIE YCIOBUS SKCIIEPUMEHTa M METOJIbI pacuera ObLIH
TaKUMHU K€, Kak u B [1].

@poHTaNbHBIE KPUBbIE HACHIMICHUS A5 L-THUCTUAMHA TpU pa3iIUYHBIX MOTEHIUANAX U
BBIOpAHHOM CKOpPOCTH MOTOKa NpuBeldeHbl Ha pucyHke 1. Kak BuUAHO U3 (PpoOHTaNIbHBIX
KPHUBBIX OBICTPEE BCETO aICOPOIIMOHHOE HACHIIICHHUE JOCTUTACTCS ITPU HYJIEBOM MOTEHITHAIIE.
[Ipu aHOMHBIX TMOTEHIMANIAX YBEJIWYUBACTCS BpeMs JO TMpockoka. I[Ipwm KaTomHBIX
MOTEHIIMAJIaX YBEJIMYEHHUE 3TOTO BPEMEHU MEHEE 3HAUNTENbHO.

@®poHTANIbHBIE KPUBBIE BBIMBIBAHUS, XapaKTEPU3YIOIIUE MPOIIECC AECOPOINY THCTUINHA,

IMOoKa3zajiu, YTO U3SMCHCHHUEC ITOTCHIMAJIa HC TPUBOAWUT K YMCHBIICHUIO BPEMCHU JJIFOMPOBAHMA,
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HEOOXOAUMOTO ISl TIOTHOM JecopOunu. D10 OOBSCHSIETCS TeM, YTO MpOIEecC aecopouuu
JTUMUTHPYETCS BHYTpUIUDDY3HOHHOM cTanuei.
3aBUCUMOCTh KO3(D(UIMEHTOB BHYTPU- W BHEIHEAU(P(Y3UMOHHOTO MaccooOMeHa OT

IMPHUWJIOKCHHOI'O ITOTCHIMAJIa IJIA IIpoucccCa az[cop6u1/11/1 IIpcacTaBJICHA HA pUC. 2.

2.5 q

——E=0
—s—E=—100
—5—% E=—300
E=—500
——E=—700
—e—E=—1000
——E=+100
E=+300
E=+500
E=+700
E=+1000

C, mmonb/n

0 10 20 30 40 50 60

t, MuH

Puc. 1. ®ponTanbHble KPUBBIE HACHIIICHUS MPU pa3nnuHbIX notennuanax (E, mB).

HpOII@CC HaCBhIIIICHUA BOJOKHA THCTUANHOM HUMECT CMeIIaHHbBIN KOHTPOJIb, C TGH)IGHIIHGfI

K Mpeo01aiannio BHYTPUAN(PHY3NOHHOTO MEXaHU3MA.

4.5
4 -

—e— B*BHYTP., MUH-1

—=— (3 BHeL., MUH-1

KoadhduumeHT macconepeHoca, MuH

- " E,B
41500  -1000  -500 J) 500 1000

Puc. 2. 3aBucumoctb k03 PUIIEHTOB MaccOOOMEHa, BEIUMCICHHBIX U3 (DPOHTATIBHBIX

KPpHUBBIX HACBIMICHUSA, OT MG)K(I)aBHOFO IHoTCHOMuaa.
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Pacuer 3aBucmmocTu Ko3((PHUIMEHTOB MaccomepeHoca OT TOTEHIMajda i IMpoiecca
JecOpOIMK TIOKa3aJl €ro KOHTPOJIUPYEeMOCTh BHYTpUANG(Y3HOHHBIM MeXaHu3MoM. Pacuer
BbIsIBIII (cM. Tabil.), 4TO HaJOKEHHE MOTEHIMAlla MPUBOJUT K YMEHBIICHHUIO TOJIIUHBI
paboTaroIiero cjaos, Mpu COXPaHEHUH BBICOKOW CTETICHH MCIIOJIb30BaHU aIcOPOCHTA.

Ta6muma. ToxmuHa padoTatomero cios (Lo) 1 cTeneHs UCTOIB30BaHU aicopOeHTa (o) T
(GPOHTATHHBIX KPUBBIX BEIMBIBAHHUSI

E,B Lo, cMm o
0 1.94 0.9871
-100 0.64 0.9956
-300