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B cratbe npenjioxeH crioco0 Mmojay4eHust HAIHOKOMIIO3UTHOIO KPUOIesisi HA OCHOBE OKMCJIEHHbIX YITIe-
POIHBIX HAHOTPYOOK M BOCCTAHOBJIEHHOTO OKCHIA rpadeHa, MOTuUIIMPOBAaHHBIX TTOJTMAHUINHOM.
B kauecTBe CIIMBaOIIEro areHTa UCMojb3oBanach heHoopmanpaeruaHas cmoia. [lomydyeHue Kpu-
oreJisi OCYILIECTBISUIOCh METOAOM JIMOMWIBHOM CYIIKU B BaKyyMe. 3aTeM IIPOBOAMIACH IOCTOOpaboTKa
Martepuana — KapOoHM3aLus B TpyOuaToii neun. KoMIiekcHast AMarHoCTHKA MOJY4YeHHOIO HAaHOKOM-
TO3WUTAa OCYIIECTBIISITIACh METOMaMU CKaHUPYIOIIeil 1 IMpOCBEeYNBAIOIIEit 3JIEKTPOHHON MUKPOCKOITHIH,
MK -crekTpocKOomMu, peHTTeHOBCKOM TU(PaKTOMETPUH, CIIEKTPOCKOITMN KOMOMHALIMOHHOTO pacce-
sHus. [TapaMeTpbl TOPUCTOrO MPOCTPAHCTBA OLIEHUBAIU MO aICOPOLMM a30Ta. YCTAHOBJIEHO, YTO Ha-
HOKOMITO3UTHBII KapOOHU3MPOBAHHbIM KPUOTE/Ib SIBISIETCS ME30IIOPUCTBIM MaTePUAIOM C YAEIbHOM
noBepxHocThIo 299 M%/T. [Tposeneno cpasHeHne MK- u PaMaH-cIIeKTpOB, peHTTEHOBCKUX TU(MPAKTO-
rpaMM MCXOTHBIX MaTepHUAaJIOB CO CIIEKTpaMM KapOOHM3NPOBAaHHOTO Kprorelst. CoracHO MOITyIeHHBIM
pe3yibpTaTaM, HaHOKOMITO3UT COIEPKHUT COBMEIIEHHBIE ITMKU BCEX MCXOMHBIX MaTepraioB. COpOLIMOH-
Hasl CMoCOOHOCTh MaTepuaJja olleHMBajlach Ha MpUMepe COpOIIMU MOHOB TSIXKEJIOro MeTajlla — CBUHIIA,
M3 MOJEJIbHBIX BOIHBIX pacTBOPOB. [JIs1 onpeneieHUsI BpeMEHU COPOLIMK ¥ MeXaHU3Ma IOIIOIIEeHUs
ObLIY MPOBEACHBI KNUHETUYECKUE UCCIEIOBAaHMUs aacopOLMU B OrpaHuYeHHOM 00beMe. OGHApYyKEeHO,
yT0 99% 3arpsi3HUTEIIS COPOUPYETCS B MEPBLIE 15 MUH ¢ TOCTUXKEHUEM aACOPOLMOHHON EMKOCTH, paB-
Hoit 295 mr/T. C TOMOIIBI0 MOJIEJIel IICEBIOIIEPBOro U IICEBIOBTOPOIO ITOPSAKOB, Momenu Ejxosmya

¥ BHYTpUIUGDDY3MOHHBIX MOJIE/Iei YCTAaHOBJIEH IpearnoiaraeMblii MEXaHU3M alCOPOLIUMU.
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BBEAEHUNE

HaxoxaeHue TsKeIbIX METaJIJI0B B OKpYyXKarollei
cpelie SBJISIETCS HOPMAJIbHBIM SIBJIEHUEM, T.K. OHU CO-
JepXaTcs B 36MHOI KOpe B KAUYECTBE UCXOIHBIX KOM-
noHeHToB. HauboJsiee pacrnpocTpaHEHHBIMU MeCTaMu
UX HAaXOXIEeHUS SIBJISIIOTCSI TTIOYBEHHbBIE U BOAHBIE CU-
cremsl [1, 2]. [IpsiMoe UM KOCBEHHOE TTOCTYIUJICHUE
TSIKEJIbIX METAJUIOB Yepe3 MUILEBYIO 1IETTh UJIM 3arpsi3-
HEHHYIO BOy HEOJaronpusiTHO BJIMSIET HA BCE BaXKHbBIE
(¢yHkum opranusma [3, 4]. B vactHOCTH, CBUHEI] SIB-
JISIETCS OMHUM U3 CaMbIX pacIpOCTpaHEHHBIX 3arpsi3-
HEHUII HEOPraHUYECKOro TUIMA U OTHOCUTCS K KJlaccy
OIAaCHBIX XUMUYECKUX 2JIEMEHTOB. M30bITOYHOE CO-
JepXKaHWe CBMHIIA BO3HMKAET Yallle BCEro BCJIEACTBUE
WHAYCTpUaIU3aluu (CTOYHBIE BOAbI TEKCTUJIbHOM,

XUMUYECKOM, aKKyMYJISITOpHOI, HedTerepepadaThI-
Balollleil MPOMBIIIJIEHHOCTU; aBTOMOOMJIECTPOEHUE
U T.11.) [5]. HomycTrmasi KOHLIEHTpalL1s CBUHIIA B BOJIE
0.03 mr/n (CanlluH 2.1.4.1074-01) [6]. ConepxaHue
TSIKEJIOTO MeTajllIa B BOJE CBEPX AOIIYCTHMOIO YPOBHSI
BBI3BIBAET Ne(PUIUT YUCTOM Bomsl [5, 7]. Takum obpa-
30M, OUYMCTKA BOJBI, B TOM YMCJI€ OT TSIXKEJIbIX METaJl-
JIOB, SIBJISIETCS IJTIOOAILHOI 3KOJOrMYECKOM 3agadeii.

OmHUM U3 CaMBIX PaCIPOCTPAHEHHBIX U TTPOCTHIX
METOIOB OYMCTKM BOIHBIX CPeNl OT 3arpsi3HEHU He-
OPTaHMYECKOTO THUIIA, a UMEHHO TSDKEIBIX METAJIIOB,
SABJsIeTCS aacopOnus. JJaHHBIM MEeTOH ITO3BOJISIET U3-
BJIeYb TOKCUYIHBIE 3aTPsS3HEHUS U3 BOIBI 32 HEOOIb-
e TTPOMEXYTKI BpeMEHH, TIPU 3TOM TOCTUTAsI BHI-
COKYIO CTEIIeHb OYMCTKH. [laHHBIC YCIOBUS BBITION-
HUMBI TIPY HAJTUINU BBICOKO3(h(GEKTUBHOTO COpOEHTA.
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B mocnenHmne HeCKOIBKO OECATWICTHN TS yaaire-
HUSI TSDKENIbIX METAJVIOB U3 BOAHBIX Cpel 0co00e BHU-
MaHMe yAensieTcs IPUMEHEHUIO aacopOeHTOB Ha OC-
HOBE YIJIEPOTHBIX HAHOMATepHUaJIOB (YIJIEPOIHBIC Ha-
Hotpyoku (YHT), okcun rpadena (OI') u KOMITO3UTHI
Ha ux ocHOBe) [8]. DTo 00yCIOBJIIEHO TEM, YTO HAHO-
MaTepHaTbl TTOKa3bIBAal0OT YHUKAJIBHBIE (QU3UKO-XH-
MUWYECKHUE CBOMCTBA U MOTYT ObITh MOIM(MULIMPOBAHBI
noj KoHKpeTHble Lieau. CopOLMOHHBIE CBOIMCTBA
YIJIEPOIHBIX HAHOTPYOOK M oKcuaa rpacdeHa nocTa-
TOYHO BBICOKM 3a CYET UX Pa3BUTOI MPOCTPAHCTBEH-
HOM CTPYKTYPHI, HATUIMST OOJTBIIIOTO KOJIMYECTBA KHC-
JIOpoA- U azoTcoAepXalux GyHKIIMOHATbHBIX TPYII
[9]. OgHako, HanipumMmep, HaTuBHbIe Y HT umetor psin
HEIOCTATKOB: IIOXO B3aMMOIEHCTBYIOT C OOJIBIITH-
CTBOM pacTBOpHUTeJIeil, UMEIOT OrpaHUUYeHHOEe KOJIM-
YEeCTBO OMpeneNeHHbIX (YHKIIMOHATBHBIX TPYIIT Ha
TTOBEPXHOCTH, HEOOXOTUMBIX TSI TIPUCOCTMHEHMST O~
HOB MeTajuioB. Okeu rpaceHa o6j1agaeT XMMUYECKU
aKTUBHOI TTOBEPXHOCTHIO, a TpacheHOBbIE TNTIOCKOCTH
00pasyloT BbICOKOMTOPUCTYIO CTPYKTYpY [10]. OnHako
MEXIy JTUCTaMU rpacdeHa CyIeCTBYIOT IPOYHbIE CBS3U,
KOTOpBIE MPUBOIAT K HEAKTUBHBIM XUMUYECKUM CBOI1 -
CTBaM MOBEPXHOCTHU, YMEHbILIEHWIO paboueil ruioianu
U TUIOXO# IMCIIepCHM B BOAHBIX Cpefax, a TAaKKe CHU-
KaroT 3 dekTuBHOCTH agcopoumu [11, 12].

B nutepatype oTMevaeTcsi MpUMEHEHUE TMojira-
HunuHa (ITAHW) nns co3naHus copOLIMOHHBIX KOM-
no3uLIMoHHBIX MaTtepuanoB. [ITAHW — npoBoasiumii
MOJIMMEP C HU3KOI CTOMMOCTBIO, TPOCTHIM CUHTE30M,
BBICOKO# 3KOJIOTUYECKOM CTaOMJILHOCTBIO U aacopo-
nuoHHoi# eMKocThio. [IAHWM ncnonb3yercs misa pas-
JieJIeHUsT BOABI U Maciia, alcopOLMU KpacuTeseil 1 no-
HOB TsKenbIx MetasioB [13]. Takke ITAHU moxeTt
HCIIOJIB30BAThCS KaK MOTEHIMABHBIN MOTU(PUKATOP
YIJIEPOIHBIX HAHOMATEPUAJIOB IS MOBBIIIIEHUST COPO-
LIMOHHBIX XapaKTepUCTUK [14—16].

B cuny onmncaHHBIX BhIlle HegocTaTKoB Kak YHT,
Tak 1 OI" (HEBO3MOXHOCTb WIN HElleJIeCOO0pa3HOCTh
MPUMEHEHUS B HATUBHOM BUJE), aBTOpaMU TMpPeIsio-
JKEHO TOJYYUTh 9KCIUTyaTallMOHHYI0 (hopMy copOeHTa,
HaIpuMep, TpaHyJibl, OPUKETHI U T.1., ucnoyb3yss YHT
u OI' myTteM MX CIIMBKU (PYHKIIMOHAJIBHBIMMU areH-
tamu — [TAHW n dpeHondopmManbaerugHoi cMOJIbI
(ODPC), u nanbHeiel TMO(PUIbHON 06pabOTKOI 1151
noiaydyeHus kpuorens. Takke B paboTe IIpenjiaraeTcs
OLIEHUTh BJIWSIHUE TIpollecca KapOoHU3allM1 KaK Ha
(busuKo-XxuMHYeCcKue CBOMCTBA MaTepuaa, Tak U Ha
€ro COpOLIMOHHYIO CTTIOCOOHOCT.

OKCITEPUMEHTAJIBHAA YACTD.
CHUHTE3 MATEPHAIJIA

s mosyyeHus: KpMoresisi B Ka4eCTBE MCXOIHBIX
KOMITOHEHTOB MCHOJIb30Balu: OoKUCIeHHble YHT
(0-YHT) (11,48 macc. % cyxoro BeuectBa) (OO0
“Hanorexuentp”, r. Tam060B), BoccTaHOBAeHHbIN OI

KY3HELIOBA u np.

(B-0OTI') (2.42 macc. % cyxoro BemiectBa) (OO0 “Ha-
HoTexueHTp”, I. TamM0O0B), BomHas 11acTa MoJIMaHWINHA
(c conepxkanuem cyxoro ITAHU-ocHoBanus — 11%, co-
m1acHo Metonuke [17]) u pe3osibHasE BogopacTBOpUMast
DODC “Penoram-GR-326 ¢ conepxanneM 50% cyxoro
BemectBa (ITAO “Kpara”, r. Tam6oB, Poccust). Pea-
TeHTbI CMEIIMBAIN B IUCTUINPOBAHHOI BOIE B MacCo-
BOM cooTHoureHuu 1:1:1:1, momyyast TeM caMbIM KOJIJIO-
WIHYIO CUCTEMY, KOTOPYIO IOABEPTaIv YIETPa3ByKOBOI
00paboTke B TeueHue 1 4. [I1st Koaryiasiiuu K pacTBOpy
J006aBIIsUIA 25 M 9% YKCYCHOM KUCIOTHI U BhIIEPKU-
Baju B TeueHue 1 4. IlomydyeHHy10 cMech (DUIIBTPOBAIN
¥ TIPOMBIBAIV AUCTUILIMPOBAHHOM BOMOI IS yualie-
HUsI TIOOOYHBIX MPOAYKTOB peakuuu. JIMIIHIOW Biiary
yaaisiin BakyymMHo# ¢uiasrpaumeii [18].

st co3naHusl KpUOTEJIbHON CTPYKTYpPhl HaHO-
KOMITIO3MTa MCIOJb30BaIN JUODUIBHYIO CYIIUIKY
Scientz-10n (Scientz, Kuraii) (—30°C B TeueHUe
48 4). KapboHM3alLuo MPOBOAWIN B TpyOUaTOi ITeun
B UMHEPTHON cpene (aproH cCO CKOPOCTbIO MOTOKA
1 1/mMuH). Kpuorens Beiaepxusanu npu 140°C B te-
gyenue 1 4. 3areM moBbuanm teMmireparypy go 800°C
U BbIIEPKMBAJIH ellle Yac.

AHAJIMTUYECKUE UCCIIEJOBAHUA

HUccrnengoBaHue KpPUCTANIUUYECKON CTPYKTYpPHI
pa3paboOTaHHOTO HAHOCTPYKTYPUPOBAHHOTO KPHO-
TeJIsl MPOBOMUIIY C IIOMOIIBIO PEHTTEHOBCKOTO AU(-
pakromeTrpa Thermo Scientific ARL Equinox 1000
(TechTrend Science Co., Ltd., TaiiBanp), pama-
HoBckoro crekrpoMeTrpa DXR Raman Microscope
(Thermo Scientific Instruments Group, Yoiurewm,
CIA), UK-Dypwe-cnekrpomeTpa Jasco FT/IR6700
(Jasco International Co., Ltd., Simonus). Onpene-
JIeHUe TapaMeTpOB MOPUCTOTO MPOCTPAHCTBA MPO-
BOIMJM Ha aBTOMAaTUYECKOM aHanu3aTtope Autosorb
iQ (Quantachrome Instruments, ®mopuma, CIIIA).
Mopdosiornio 1 0COOEHHOCTU CTPOEHUS YIIEPOI-
HO# CTPYKTYPHI BBISIBJISUIM METOAOM CKaHUPYIOIICH
9eKTpOHHOU MuKpockomuu (COM) (MERLIN
(Carl Zeiss, Uena, I'epmanHust) 1 npocBeYUBaIOIICi
3JIeKTpOHHO# Mukpockonueit (ITOM) (JEM-2010
instrument (JEOL Ltd., Tokuo, Anonus).

COPBIIMOHHBIE UCCIIEJOBAHUA

O1eHKa COpOLIMOHHOM CIIOCOOHOCTU HAHOCTPYK-
TYPUPOBAHHOTO KPUOTEIS MPOU3BOIUIACH TTO PE3YJIb-
TaTaM KMHETUYECKUX MCCIIeA0BaHUI COPOIIMU NOHOB
Pb?* B orpaHMueHHOM 0OBbEME. YCIIOBUS POBENEHNUS
skcriepumenta: 0.01 r copbenTa, 30 M pacteopa Pb?*
¢ C, = 100 mr/n, npu pH = 6 (yKcycHo-aueraTHast
OydepHas cucrema), BpeMst copouun — 5, 10, 15, 30
n 60 MuH. KOHeuHyI0 KOHIIEHTPAIIUIO MeTaljla B pac-
TBOPE OLICHWBAJIUM METOIOM PEHTIeHOMTYOPECIIEHTHOM
sHeprogucnepcruoHHomn crnekrpomerpun (ARLQuant
ThermoScientific, ThermoScientific, CILIA).
Ne3 2024
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KMHETUKA COPBLIMU CBMHLUA N3 BOOAHBIX PACTBOPOB
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Puc. 1. Pacnipenenenue mnop no pasmepam (a) u uzorepma ancopounu-necopouuu N, (6) oOpasiia KOMIIO3UTa J0 U Toce

KapOOHU3aIUMU.

PE3VIJIBTATBI U OBCYXJIEHUE.
®U3UKO-XUMUYECKUE CBOMCTBA

XapaKTepUCTUKH ITOPUCTOTO MPOCTPAHCTBA pa3pa-
OOTaHHBIX MaTEPUAJIOB MPEACTABIIEHB Ha prC. 1.

CornacHo TIOJlydUeHHOMY pacIipenesIeHUIO Top T10
pasMepam (puc. la), mpeuMyIilecTBEHHBbII pa3Mep Top
000X MaTepuaJioB HAXOMUTCS B Auarra3oHe 1—2 HM.
IIpu aTOM B pe3yibraTe KapOOHU3ALMU IIPOUCXOAUT
yBeJIM4eHne o0beMa Iop ¢ nmaMeTpoM B 1 HM. Xapak-
Tep U30TEPM aACOPOILIMK a30Ta TAKKE OIUHAKOB IS
00oux 006pasLoB, U Ux ¢opMa COOTBETCTBYET ME30II0-
PUCTBIM MaTepuaiaM, Ha MIOBEPXHOCTU KOTOPHIX a/ICO-
pOLIMS IPOUCXOIUT IO MEXAHN3MY KaIUJUISIPHOM KOH-
neHcauuu (puc. 10).

TexkcTypHble TTapaMeTpbl KpUOTeleid 10 U Mocie
KapOOHM3aLIMM IIpeaCcTaBIeHbI B Ta0. 1.

YcTraHOBIEHO, YTO KapOOHMU3AIMsI CITOCOOCTBYET
YBEJIMYCHUIO YACIbHOI ITOBEPXHOCTH 110 Monmenn bOT
¢ 176 mo 299 m?/t, mo DFT — ¢ 143 no 283 m?/r. Be-
JIMYUHBL Spyr U Sppr PA3IMYAIOTCS, BO3MOXHO, B CHITY
Hajauuus B oOpaslie Apyrux (popM Me301op, a TakxKe
MaKpoIiop U MUKPOMOP, HE YUUTHIBAEMBIX B MOJEIb-
HbIX pacuetax DFT. Takxe mpociaexxnBaeTcs U yBeJIU -
yeHne oobema 1op (Tadi. 1).

Ha puc. 2 npeacrasiensl COM- (a, 6) u [1DM-
(B, T) u300paxkeHUs1 MOPGOJOTUU U CTPYKTYPbI Kap-
OoHu3MpoBaHHOIO Kpuoreis. IIpuBeneHHbIE MUKPO-

Taommna 1. TexcTypHBIe cBOICTBa

(oTorpacun maTepuana MokasbIBaroT, UYTO B IIpoLIecce
KapOOHU3AINU CTPYKTYPOOOPa3yroIIne KOMITOHEHTHI
o0pasiia CoOXpaHWJIM CBOIO M3HavaabHyIo hopmy. YHT
HaxXOMsSITCSl Ha TMOBEPXHOCTU I'paeHOBBIX IJIACTUH,
UMEIOT HWIMHIPUUYECKOE PacloioxXeHue rpadeHOBBIX
cJIoeB C mepeMbluKaMu BHYTpu KaHajia. [IAHU mpu-
CYTCTBYET B BUZIEe C(pepOnof0OHbIX YacTUll (pUc. 2r).

Ha puc. 3 npencraBiieHBl peHTTEHOBCKME TP paK-
TOrpaMMBbl UCXOJHBIX MaTepUaJIOB, KpUOTeIs U KapOo-
HU3MPOBAHHOTO Kpuoreis. B Tadn. 2 mpeacTaBiaeHBI
3HAYEHMST MEXIIJIOCKOCTHBIX paccTosiHUit (d) mist uc-
XOIHBIX MaTePUaIOB U MOJTYyYEHHBIX KOMITO3UTOB.

AHanu3upys IUOPaKIUOHHYI0 KapTUHY, MOXHO
cIenaTh BBIBOM, YTO pa3pabOTaHHbIC HAHOKOMITO3UTHI
TNPEICTaBISIOT OO0 aMOop(HBII HEOTHOPOIHBIN Ma-
tepuai. s Bcex MmatepuanoB, kpome ITAHHA, xapak-
tepeH pedekc (0 0 2) mpu 20 = 25°, oTBevaroluii 3a
KPUCTAJUTMYECKYIO YINIEPOTHYIO CTPYKTYPY, a TaKXKe
nuK npu 20 = 42°, v rano npu 20 = 77°. [lonnaHu-
JIVH JaeT nNukK npu 20 = 19° u HeGobllIOE Tajio Mpu
20 = 42.63°. B KOMIO3UTe ITOC/Ie KapOOHU3ALIMK OT-
CYTCTBYET MUK Tpu 19°, oTHOCAIMIACS K TTOJUAHU-
JIMHOBBIM CTPYKTypaM 10 KapooHuzauuu. [Iuku npu
20 = 25°, 42° n 77°, xapakTepHble IJIS1 YIIIePOIHBIX
CTPYKTYP, COXPaHSIOTCSI.

CornacHo Taba. 2 1 3, KOJIMYECTBO CIIOEB IJIST
YIJIEpOOHBIX HAHOCTPYKTYpP coctaBisieT 11—12. Ycra-
HOBJIEHO, YTO B pe3yJbTaTe KapOOHU3AlMU MPOUCXO-
IHAT POCT pa3MepoOB KPUCTAINIUTOB Kpuoreist ¢ 3.86

Marepuan Sgar> M2/T Sprp MY/T | Vipr, /T | Vo0 MY/ | V0, eM¥/r
KpHOTelhb 176 143 0.234 0.126 0.104
KapOOHU3UPOBAHHBIN KPUOTENIb 299 283 0.327 0.098 0.232
KOJIJIOUJTHBIN XYPHAJT Tom86 Ne3 2024
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100 nm
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KY3HELIOBA u np.

Puc. 2. COM- (a, 6) u [I9M- (B, r) u3odpaxkeHUs1 KapOOHU3ZMPOBAHHOTO KPHOTEJIs.

10 3.92 M B obnactu 20 = 25°. JIns kapOOHU3UPO-
BaHHOTO MaTepuajia HaOJIoAaeTcsl yBeIUUYEHUE KO-
JuuyectBa cioeB ¢ 8—11 mo 11—14, yTo mpoucxonut
BciencTBue TpaHchopMaruu cTpyKTypbl @D C. Iud-
pakuoHHast kaptuHa 1y o-YHT, B-OI, ITAHMU co-
XpaHUJIach TaKas xe.

CrekTpbl KOMOWMHAIIMOHHOTO paccesHUus
(KP-cnextpnl) a5 ucxonHbix Matepuaion (ITAHU,
o-YHT, B-OI') u kpuores 10 1 1ocjie KapOOHU3aLKN
npencraBieHbl Ha puc. 4. Taba. 4 conepXuT omnuca-
Hue mukoB KP, xapakTepHbIX 111 UICXOMHBIX MaTepH-
aJIoB, UICXOJHOTO ¥ KapOOHU3UPOBAHHOTO KpUOTEJIE.

Kak BugHO M3 puc. 4, CIEKTp IOJIUAHUINHA COOT-
BETCTBYET CHEKTPY TUIMMMYHOUN SMepaIbIMHOBOM OC-
HOBHOI1 popMmbl monuanunmHa. KP-cnektper YHT
u B-OI' ”MeIOT TUTTMYHBIN BHUI IJIsI YIIIEPOIHBIX Ha-
HoOMaTepHuaioB, MoKa3biBasl XapakTepHble mosockl G
(1500—1600 cM~!) 1 D (1250—1450 cm~!). OTHOWIEHME
1/1; KapOOHM3MPOBAHHOTO KPUOTEJIsl BBILIE, HEXENU
y ucxomgHoro kpuorend (1.69 u 1.22), 94To Ipeanoioxu-
TEJILHO MOXET ObITh CBA3aHO C POCTOM YKC/Ia SP>-TH-
OpUIM3UPOBAHHBIX AaTOMOB.

MK-cnekTpsl, IpUBeASHHBIE HA PUC. 5, CMEIIEHBI
M0 BEPTUKAJIM OTHOCUTEIbHO NCTUHHOTO TTOJIOKEHUSI.

KOJUIOUAHBIM XYPHAJT tomM86 Ne3 2024
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Puc. 3. ludpakrorpamMmMbl 06pa31oB 10 1 TTocjie Kapoo-
Huzauuu: I — I[MAHHU, 2 — o-YHT, 3 — B-OT, 4 — kap-
OGOHM3UPOBAHHBIN KPUOTENIb, 5 — KPUOTEJIb.

Tabmmna 2. MeXIII0CKOCTHBIE paCCTOSTHUS
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Puc. 4. KP-cniekrpnl MaTepuaioB: / — KapOOHU3UPO-
BaHHBII Kpuoreib; 2 — o-YHT; 3 — [TAHU; 4 — kpuo-
renb; 5 — B-OT.

MeXIUIOCKOCTHOE | MeXIIOCKOCTHOE | MeXIUIOCKOCTHOE | MeXIUIOCKOCTHOE
Marepuan paccTosHue paccTosHue paccTosHue paccTosHue
(d) nng yrna 20 (d) nns yrna 20 (d) nns yrna 20 (d) nns yrna 20
B oGnactu 19°, A B oOacti 25°, A B oOnacti 42°, A B obnactu 77°, A
YHT 3.50 (25.41°) 2.13 (42.40°) 1.23 (77.81°)
[MAHU 4.64 (19.11°) 2.12 (42.63°)
B-OI 3.58 (24.88°) 2.15 (42.10°) 1.23 (77.24°)
KPHOTEIb 4.62 (19.11°) 3.48 (25.60°) 2.12 (42.61°) 1.22 (78.68°)
KapOOHM3MPOBAHHbI 3.51 (25.38°) 2.13 (42.32°) 1.22 (78.26°)
KPHOTEIh

Taomna 3. PasMepnl obmactu korepeHTHOro paccessHust (OKP) kpuorens no u mociie KapOOHU3aLUKU

Martepuan Pasmep OKP mys yrios 20

B obsactu 19°, HM B oOyiacTu 25°, HM B o0acTtu 42°, HM
KPHUOTEIb 3.13 (19.13°) 3.86 (25.67°) 7.72 (42.56°)
KapOOHU3MPOBAHHBIIA KPUOTEIIb 3.92 (25.73%) 6.19 (42.62°)

B 1abn. 5 npuBeneHo onucanue MK-cnekrpoB ucxom-
HBIX U CHHTE3UPOBAHHBIX MaTepUaJIOB.

Ha MK-cnekTpe Kpuoreisi HaOJ0Ia0TCSI MUKU
(2982, 2943, 2865 cm~!), xapakTepHbIe 1151 (PYHKLIK-
OHAJILHBIX TPYIII U CBs3eii aTOMOB YIJiepoaa ¢ HUMHU.
Takue xe MUKy oOHapyXuBarTcd Ha cnekTpax YHT
n B-OT. TTux npu 1590 cm~! BEI3BaH KoJebaHUAMU
cBs3eil C=C B apoMaTUYeCKUX KOJIbLIAX, SBISIOIIUXCS
CTPYKTYPHBIMU 3BEHbSIMU I'padeHOBBIX MIOCKOCTE,
a Takxe ¢pparmeHramu Moiiekyn [TAHU u ®DC.
Ne3d 2024
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UK-cniektp @DC comepXKUT UHTCHCUBHbBIE MTUKU
npu 3200—3700 cm~!, 1607 cM~!, umMpokuii NUK npu
1077 ecm~ 1.

Kap6oHuzanusi CHUXXaeT MHTEHCUBHOCTD MTUKOB,
XapaKTepHBIX IS UCXOOHOro Kpuorenst. Ha criek-
Tpax KapOoHu3ara umeercsd nmuk npu 3200—3700 cm~!,
NpY 3TOM MHTEHCUBHOCTH IMMKOB B obsactu 2800—
3000 cMm~! cymecTBeHHO cHU3MIAchk. B obnactu ot 1700
10 500 cm~! HaGomaeTCs MUK, a TAKXKE ABA TaJIO B MH-

tepBaiax ot 1500 mo 1350 cm~! u ot 1350 mo 900 cm~.
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Ta6mua 4. Pacimudposka gaHabIX KP-cniekTpockonn

KY3HELIOBA u np.

Casur KP, cm~! Onucanue Ip/15
o-YHT
1330 (D), 1590 (G) MUK, XapaKTepHBbIE IJIs1 YIJIEPOMHBIX TIOBEPXHOCTEN M 0OYCIIOBIEHHbIE HATMUYNEM 114
’ nedeKkToB, GOPMUPYIOIIMX MTPOCTPAHCTBEHHYIO CTPYKTYPY ’
B-OI'
1330 (D), 1590 (G) MUK, XapaKTepHBIE IJIsT YIIIEPOMHBIX ITOBEPXHOCTEM M 0OYCIIOBJICHHBIC HATMINEM 1.43
’ nedekToB, GOPMUPYIOIINX TPOCTPAHCTBEHHYIO CTPYKTYPY )
Kpuorenb
IMuku, xapakTepHbIe IS MOJMAaHWIMHA, O0YCIIOBJICHHBIE!
416, 525 BHEIUTOCKOCTHBIMU AeopMalrsiMu OEH30JIbHOTO KOJIbIIA
747 780. 840 KOJICOAHUSIMHU CBSI3€H B 3aMEIIEHHBIX apOMAaTUIEeCKUX KOJIbIIaX, B T.4. B (peHA3H-
’ ’ HOMIIOTOOHBIX (hparMeHTax 1.22
1218, 1470 HaguuneM cBsizeil C-N
1166. 1595 BaJICHTHBIMU U 1e(POpMaIITMOHHBIMU KosiebaHusaMu cBsi3eit C—C B XMHOMIHOM
’ KOJIbLIE
1330 (D), 1590 (G) | nuku, XxapakTepHble 111 TpacheHOBBIX CTPYKTYP
Kap6oHu3upoBaHHBIN KPUOTETh
1330 (D), 1590 (G) | mukm, XapakTepHbIe IS TPacheHOBBIX CTPYKTYP 1.69

IMornoweHue

3500 3000 2500 2000 1500

BonHoBoe uncio, cMm !

1000 500

Puc. 5. UK-crieKTpbl MICXOQHBIX U MOJYYESHHBIX MaTe-
puanos: I — [TAHU; 2 — ®DC; 3 — o-YHT; 4 — B-OT;
5 — KapOOHM3UPOBAHHBII KPUOTENIb; 6 — KPUOTEb.

Taxkoe M3MeHeHMe CBI3aHO C MOBEASHUEM MaTepHa-
JIOB, BXOASAIIMX B KOMIIO3UT, I10J, BO3J€iCTBUEM BbI-
COKUX TeMITepaTyp.

OIMMNCAHUE KUHETMKHW COPBLINUN

Db PeXTUBHOCTL Mpolecca aacopounm MOXET
OBITh OLlEHEHa IyTeM aHajiu3a KMHETUKU MOTJIO-
LIEHUS TSXEJIbIX METAJUIOB, B yacTHoctu Pb?*, Ha

. 150—: —a— KapGoHusuposaHHblit
KpHoresib

—e— Kpuorenb

0 5 10 15 20 25 30 35 40 45 50 55 60 65

f, MUH

Puc. 6. Kunetrika copOIi MIOHOB CBUHIIA Ha UCXOTHOM
1 KapOOHU3UPOBAHHOM KPUOTEJISIX.

KapOOHU3UPOBAHHOM KpUOTese, MOCKOIbKY 3TO IO-
MOTaeT OIpeNeuTh obliee BpeMs Ipoliecca U, cleno-
BaTeJIbHO, MPUMEHUMOCTD aICOPOEHTA B IIPOMBIIILICH -
HoM Maciutabe. Ha puc. 6 nmpuBeneHa 3KCIIepyUMeEH-
TaJlbHAsI KpUBasI KWHETUKU COPOITMY MOHOB CBMHIIA Ha
HWCXOTHOM KpHOTeJie W Il ero KapOOHW3UPOBAaHHOM
(opMBHIL.
YcTaHOBIIEHO, YTO KapOOHU3AIINS TTO3BOJISIET HE
TOJIbKO COKpaTUTh BpeMsi copouuu ¢ 30 go 15 MuH,
KOJIJIOUJHBIN XXKYPHAII Ne 3

TOM 86 2024
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Ta6mua 5. Pacimudposka ganabix MK -criekrpockonmm

BosHoBoe yucio, cm™!

Onucanune

3200—-3700
1607
1452
1270, 1202, 1145
867

3300
2800—-3200
1590, 1497

1302
1010—-1170

828

3200—3700
2975
2925
2857
1712 (1727)
1631 (1635)
1588 (1590)
1409, 1090 (1413, 1091)
869 (866)

2982, 2943, 2865
1590
3400
1733
1635
1468, 1313
822
1137
3300

3200-3700
2800—-3000
500—-1700

OOC
Banenrtasie konedanus cszu -OH
Kone6anus cBa3u C=C B XUHOMIHBIX 1 apOMaTUYECKUX KOJIbIIAX
ITnockocthble nedpopmaninonHsle konebanusa CH,
Konebanus cBsizu C-O B ankuideHoe
HennockocTtHbie nedopmanuu ceszeit C-H
[MAHUA
BanenTtHrbie konedbanust -NH- BTOpUYHBIX aMUHOTPYIIIT
BaneHntHbie konebaHus cBa3eilt =C-H B 6eH30JbHOM KOJIbLIE
Konebanust cBa3u C=C B XUHOUAHBIX U apOMaTUYECKUX KOJIbLAX
C-N cBA3M BTOPpUYIHOTO apOMAaTHIECKOTO aMIHA
Hedopmammonnbie Kojiebanmst C-H cBsI3eil B INIOCKOCTH apOMaTUIECKUX KOJIeI]
HennockoctHble gepopmannu csseii C-H
B-OI, 0o-YHT
BanenTtHsbie KosiebaHus cBsizu -OH
Konebanus rpynnbel OH- B GyHKIIMOHATBHBIX TPYIIax
AHTHCUMMETPUYHBIE BAJIEHTHBIE KoJe6aHus rpynmsl -CH,-
CuMMeTpuuHbIe BaleHTHbIE Kosiebanus rpymnmnsl -CH,-
BanenTtHsbie konedbanus cBsi3u C=0 B KapOOKCUIBHOI IpyIine
BanentHble konebaHus cBsizu C=0 B KapOOHWILHOI1 IpyIine
Konebanus C=C B XUHOUAHBIX U apOMaTUYECKUX KOJIbLIAX
Konebanus cBsi3u C-O B (GyHKIIMOHAJIBHBIX TPYITIIAX
Hennockoctable gepopmannu cesseit C-H
Kpuorens

Konebanus ceszeit C-H B aJIKMJIBHBIX TpyIIax
Konebanus ceaseit C=C B apoMaTUYECKMX KOJbIIAX
Kone6anug cBsa3eit O-H B TMIpOKCUIBHBIX TPYITIAX
Konebanus cesazeit C=0
Konebanus cpsazeii C-O
Konebanus cesg3eit C=N BO BTOPpUYHOM apOMaTUYECKOM aMUHE
Konebanus cpsazeit N-H
KosnebarenapHas Moma cTpyKrypsl -NH*-
Cas3p N-H

Kapb6oHn3npoBaHHBIM KPUOTEIIh
BaneHntHsbie Konedanus csizu —OH
Konebanus ceazeit C-H B ankuibHBIX IpymIiax

Konebanus cBsizu C=C B apoMaTUYECKUX KOJIbIIAX

KOJIJIOUJTHBIN KYPHAJI

ToM86 Ne3 2024
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¥ Mogesib TICeBIOBTOPOro MOpsiiKa
2(5) 1 Monens EnoBuua

»
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Puc. 7. I'padpuyeckoe npencraBicHue Moaeaeii rceB-
IIOTIEPBOTO, IMICEBIOBTOPOTO MOPSAKOB U EnoBuua misa
rnpoliecca ancopouuu MoHos Pb?* Ha paspaboraHHOM
HaHOKOMIIO3UTE.

HO U YBEJIWYUTH COPOLMOHHYIO €MKOCTh ¢ 261 1o
295 mr/r. Takke cieayeT OTMETUTD, UTO B cIydae Kap-
OOHM3MPOBAHHOTO KPHOTENISI KWHETHUKA COPOIIMU HO-
cuT Oosiee aKTUBHEIM XapakTep — 3a IepBble 15 MuH
mpoliecca MPOMCXOIUT HomiolieHue 95—98% 3arpss-
HUTEIS, B TO BpeMs KaK Ha MCXOTHOM KpHoOTresie Tpo-
WICXOIUT MOCTENEHHOE HACBIIIeHUE TSIKEIbIM Me-
tajinoMm. HaGmomaemblii 3¢ (peKT MOXXHO OOBICHUTH
pe3yJabpTaTaMM OLIeHKH MapaMeTpoB MOPUCTOrO Mpo-
cTpaHcTBa 0b6oux maTtepuaiaoB (Taba. 1), corracHo
KOTOPOM BCJIEACTBUE KapOOHU3ANU YBEINIUBACTCS
ylieJbHasd MOBEPXHOCTD ¢ 176 10 299 M2/ 1 00beM MU -
Kpo- 1 Me3omnop. Takum ob6pa3oM, Bo3pacraeT 1uddy-
31sI MIOHOB CBUHIIA B 00eM COPOLIMOHHOTO MaTepurajia
M 3a OJUH U TOT XK€ IIepuoja BpeMeHU OyneT ancopou-
pPOBaHO OOJIbIIIEe KOJTUUECTBO 3arpsi3HUTEIIS.

CKOpOCTb KWHETUKU Ha KapOOHU3UPOBAHHOM KpPH-
orejie OblIa MpoaHaIM3UPOBaHAa C UCIIOJIb30BAHUEM
MoJIieieit TICeBIONePBOro U MCeBIOBTOPOTo MOPSIKOB,
Enosuua, a Takke nugy3noHHBIX ypaBHeHUT Mop-
puca—Be6epa u boiina (puc. 7, Ta6a. 6).

KuneTnueckue skcriepuMeHTaIbHbIe JaHHbIE ObLITN
00paboTaHbl B KOOPIMHATAX BEIOPAHHBIX MOEJIEH C IO-
MoOIIbIO MporpaMmMHoro npoaykra OriginPro. [1ist onpe-
JeneHust KoadduiMeHTOB ypaBHEHUN U HAXOXKIESHUSI
TEOPEeTUUECKUX YPaBHEHUI KUHETUKW COPOLIMU CTPO-
WIN JIUHEApU30BaHHbIE KPUBbIE B BBIOPAHHBIX KOOP-
nrHaTax. COOTBETCTBUE MEXKIY 9KCIIEPUMEHTATbHBIMU
JAHHBIMU Y TEOPETUUYECKUMU 3HAUCHUSIMU BbIpaxaiu
koadduumenrom koppensauun (R?). Kunetuueckue
KpUBbIE, TAHHBIE KOTOPBIX PACCYMTAHBI 110 TEOPETUYE-
CKMM YpaBHEHMUSIM, MIOCTPOEHbBI HAPSITY C 3KCIIEPUMEH-
TaJIbHOM KMHETUYECKOM 3aBUCMMOCTBIO Ha puc. 7.

banzocTth MEXAY SKCIIEPUMCHTAJIbHBIMU N TCOPEC-
TUYCCKMMHU 3HAYCHUAMMU ITIOKA3bIBACT, YTO ITPOLECC

KY3HELIOBA u np.

Ta6muua 6. YpaBHeHUS U TapaMeTphl KWHETUIECKUX MO-
nenem

Monenb ITapameTtpbl

Mopnens nceBaornep-
Boro nopsiaka [18]

g, ¥ g, (Mr/r) — KOJIMYECTBO
MOHOB CBUHIIA, aicOPOM-
pPOBaHHOTO MIPU paBHOBE-
CHM U B JIIOOOH MOMEHT
BpeMeHU f (MUH), COOTBET-
CTBEHHO; k; — KOHCTaHTa
CKOPOCTH YpaBHEHUS
TICEeBIOTNIEPBOTO MOPsIIKA
(mun™).

In(g, — g;) = Ing, — kit

k, (r (Mr'MuH)"") — KOH-
CTaHTA CKOPOCTH YpPaBHE-
HUS TICEBIOBTOPOIO T10-
pszIKa.

Mozenb TNCceBIOBTO-
poro nopsiaka [19]

t 1 t

% kgl e

o, (MT/T"MUH) — HaYaJlb-
Hasi CKOPOCTb aacopOLmu,
B (r/mMr) — KoHcTaHTa a-
copO11uu, CBA3aHHAS CO
CTEMeHbIO MOKPBITHS TO-
BEPXHOCTU U DHEPrUeit ak-
TUBALKX XEMOCOPOLIMU.

Monenp EnoBmnaa [20]

q, = %ln(l + oft)

k., (Mr/r-Mun'/?) — KoH-
CTaHTa CKOPOCTH IJIST MO-
JIeJIM BHYTPUYACTUYHOM
mddysnu, C — mapamMerp,
CBSI3aHHBIN C TOJIIUHON
IOrPaHUYHOTO CJIOSI.

Monenb Bebepa
u Moppuca [21]

1
G =ky t2+C

Bt — dynkuus F
(Bt =0.4977 — In(1 — F));
F — nmosnst pacTBOPEHHOTO

BEIECTBA (F = &j
qe

Monens boiina [22]

F=1- (n%)exp(—Bt )

aZicOpOLIK CIIeAYET MOJEI TICEBAOIIEPBOro MOPSIAKA,
JIEMOHCTPUPYS Haubosbllee 3HadyeHne R? =0.9913
(tabna. 7). Monenps EjloBUYa onMCHIBAET aicOpOIIMIO
Ha HepreTUYeCKU HEOTHOPOIHOM MOBEPXHOCTH, ITPU-
yeM MPOLIeCCHl KaK COPOLIMU, TaK U JeCOpOIUM BIIU-
SIIOT Ha KUHETUKY MOIJIOIIEHUs] PACTBOPEHHOTO Be-
mectBa. Kak BumHo u3 1abia. 7, HayajibHasi CKOPOCTh
copbuuu (0)) HAMHOTO BBIIIIE CKOPOCTH AECOPOINU
(B), BeposITHO, U3-3a BHICOKOU JOCTYITHOCTU aKTHB-
HBIX LIEHTPOB HA MOBEPXHOCTU KapOOHU3UPOBAHHOTO
KPUOTEJIS 110 OTHOIIEHUIO K KOJIMYECTBY MOHOB Pb%"
B pacTBoOpe.

YT100OBl OOBSICHUTH aACOPOILIMOHHOE IIOBeEde-
HKe MoHOB Pb?" Ha ancopOeHTe, BAXXHO MOHATL Me-
XaHU3M afcopbuuu. B mnaHHOM MccienoBaHUU TS
Ne3 2024
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Ta6mma 7. [TapaMeTpsl KWHETUYECKMX MOJIENel 1 mpolecca copouny Pb?™ Ha KapOOHM3MPOBAHHOM KPUOTEIE

DKCMNepUMEHT Mognens boitna Moaens Moppuca—Bebepa
q, R? k., C R?
0.9555 113.82 71.805 0.9778
Monenb TceBIonepBOro Mmopsaka Mognenb NceBIOBTOPOro MopsiaKa
k, q, R? k, q, R?
~300 0.20283 305.97 0,9913 0.00075 344.88 0.9619
Mopnens EnoBuua
B o R?
0.01581 2.41-10% 0.9011
(a) (6)
325
300 ey ————=— 6+
275 ] /
5
250
225 4 /
= 200 .
2 L ]

Monens Moppuca-Beoepa

1 2 3 4 5 6 7 8

& 3- //

04 Mognenb boiina

10 15 20 25 30 35 40 45 50 55 60 65
f, MUH

Puc. 8. I'paduku Moneneil BHyTpuyacTuuHoi nuddysuu (a) u boiina (6) mig ancopbunu nonos Pb** Ha xap6oHU3MpO-

BaHHOM KpHUOTI€iec.

U3yYEHMST MeXaHU3Ma afcopOLMU UCTIOIb30BAIU MO-
Jenu BHyTpudacTuuHoM nuddysun u boitna (puc. 8).
Ha puc. 8a BUgHO, 4TO JIMHEHAsI 3aBUCUMOCTb UMEeT
IIBa y9acTKa IJIsT SKCIIEPMMEHTAJIBHO TTOJIydeHHBIX K1-
HEeTUYeCKUX TaHHBIX. [1epBEIil 3Tall CBA3aH C 0OBEM-
Holi nuddysueii, koraa noHsl Pb>" Murpupymor uepes
pacTBOp K BHEIIHEe# MOBEpXHOCTU KapOOHU3UPOBAH-
HOTO KpUOTes, CIOCOOCTBYSI MTHOBEHHOM amcop06-
U, Bropoii atan npeacTapisieT co00il paBHOBECHYIO
cranguto. OTKJIIOHEHHWE JIMHUU OT Havajla KOOpAWHAT
u 3HayeHue C # 0 (tabj. 7) yka3bIBalOT Ha TO, YTO Ha
KWHETUKY aJcopOLIMU BAUSI 0ojee 4eM OAUH Mpo-
1ecc, Harpumep, 3pGheKT NorpaHUYHOTo CIos (Iie-
HouHas nuddy3ust).

Monens boiina nmpuMeHsieTcs mis ornpeneaeHus
JUMUTUPOBAHUSI COPOLIMOHHBIX MPOLIECCOB CTa-
aueit BHemrHenug@y3noHHOro Maccoreperoca. Ku-
HeTUYECKUE NaHHbIE afcopOoLuu MoHOB Pb?" Taxxke
OBUTM OIleHEHBI TT0 Mone boiina, 4TOOBl OIEHUTH
Ne3d 2024
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JUMUTUpYIOLIYIo cTaguio (puc. 86). JlaHHast Moaesb
MpearoaaraeT, YTo BHyTpudacTUIHasI nudy3ust 8-
JisieTcsl cTaaueii, orpaHUYMBAlOIIE CKOPOCTh, €ClIn
yepe3 HAavaJlo KOOPAMHAT IIPOXOAUT MpsiMast JTUHUS,
B IIPOTUBHOM cCJlydae mieHo4YHas Audy3uss Wim Kak
IJICHOYHasI, TaK U BHYyTpUYacTUYHas J1UpPY3Ust MOTYT
VIIPaBJISITh TIPOLIECCOM aacopoumu. Takum obpa3om,
BUIHO, 4TO TpachuK 3aBUCYMOCTU Bf OT f TPOXOIUT Ue-
pe3 Havajio KOOpAMHAT, UTO O3HAYaeT, YTO BHYTpUYA-
ctruHasg T Gy3Us MOXET pacCMaTpUBaThCI KaK OJHA
W3 CTaAuii, OrpaHMYMBAIOIINX CKOPOCTH IIpoliecca afl-
copounu Pb?' Ha KapOOHU3NPOBAHHOM KpHOTEJIE.

SAKJIIIOYEHUE

B manHoit paboTe mpoBeaeHa OlleHKa BIMSHUS
KapOOHU3alM B MHEPTHON cpele HAaHOCTPYKTY-
pupoBaHHOro Kpuorejsi Ha ocHoBe B-OI' u o-YHT,
MOJIUMMULIMPOBAHHBIX MPOBOASIIUM TMOJUMEPOM
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(momuanuHoM) 1 @D C, Ha mapaMeTpbl TOPUCTOTO
MpPOCTpPaHCTBA MaTepuaia, a TakXKe Ha ero copoLu-
OHHYIO CIIOCOOHOCTh Ha IpHUMEpPEe COPpOLMU MOHOB
cBUHIA. JIJIsI ICXOMHBIX MAaTEPUAIOB U HAHOCTPYKTY-
PUPOBAHHBIX KOMITO3UTOB OIpeneeHbl (PM3UKO-XM-
MUYECKHMEe CBOMCTBA, a TakXe MpoBeAeHa OlleHKa
MOp@OJIOrur U 0COOeHHOCTe! CTPYKTYypooOpa3oBa-
HUA. YaenbHas IIOBEPXHOCTb UCXOTHOTO KPUOTEIS 110
mozneau BAT cocrasuna 176 Mm%/t (pu o6beMe TIOp
0.234 cM3/r), B pesynbrate KapOOHU3ALUN BETUYMHA
BbIpoca 10 299 m2/r (pu 06beme mop 0.327 cm3/r).
O1eHKka COpOLIMOHHBIX CBOMCTB KapOOHU3UPOBaH-
HOTO KpHOreJsl TpOBOAWIach Ha MMpUMepe KuaKohas-
HOIl cop6uuu noHOB Pb?' B cTaTMUecKuX ycIoBUsX.
B pesynbraTe KWUHETUYECKUX MCCIENOBAHUI DKCIIe-
pUMeHTaTbHasI aacopOIIMOHHAs €eMKOCTh COCTaBHIIA
okoJjio 300 mr/r 3a BpeMst copounu 15 muH. CornacHo
TEOPETHYECKOM 00paboTKe KNHETUIECKUX TaHHBIX, Ha
CKOPOCTbD TOTJIOIIEHUSI CBUHIIA OKa3bIBaeT BIUSIHUE
B3aMMOICHCTBIE NOHOB METaJllIa ¢ aKTUBHBIMM 1I€H-
TpaMu copOeHTa, a Takke TUPPy3nOHHOE ITIPOHUKHO-
BEHHE B MIOPUCTOE TIPOCTPAHCTBO MaTepuaa.

OMHAHCHUPOBAHUME PABOThHI

PaGora BbhimonHeHa Tpu (PUHAHCOBOW TIOMd-
nepxke PH® (rpant Ne 22-13-20074), https://rscf.ru/
project/22-13-20074.

COBJIOAEHNE DTUYECKHNX CTAHIAPTOB

B maHHoOi1 paboTe OTCYTCTBYIOT UCCAEIOBAHUS Y0~
BeKa WJIU KUBOTHEIX.

KOH®IUKT UHTEPECOB

ABTOpBI JaHHOU pabOThI 3asBILIOT, YTO Y HUX HET
KOH(DIMKTAa UHTEPECOB.
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