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OpraHo30JIM HAHOYACTULI cepedpa 6J1arogapsi CBOMM YHMKAJIbHBIM CBOMCTBAM HAXOAST IIMPOKOE IIPH-
MEHEHME B ONTHYECKHMX W MOJIYIIPOBOTHUKOBBIX YCTPOMCTBAX, IJIST CO3MaHMS SJIEKTPOIPOBOISIINX
M TEIUIONPOBOISIIMX IJICHOK, B KAYeCTBE KaTaJlu3aToOpOB, aHTUOAKTEPUAIbHBIX MAaTePUAJIOB U IIp.
B nanHOiT paboTe TIpemToXeH IMPOCTOM M BRICOKOTIPON3BOIUTEIHHEIN METO, TTOTydeHUST OPTaHO30JIei
cepebpa ¢ KoHIeHTpanueil meramia 1o 1800 /1, comepsKammx HAaHOYACTUIIBI chepUIeCKON (pOpMBI
C HU3KOM MOJIMIUCIIEPCHOCTBIO M MEAUAHHBIM pa3dMepoM 9.1 HM, 3aKJTIOUaroIIniics B ITIepBOHAYAIb-
HOM moyiyaeHnu ruaposoieit Hanodactuil (HY) cepebpa ¢ koH1eHTpaumei 6omee 30 1/ ¢ mocieny-
oM nepeBonoM HY B opranudeckyro ¢azy o-kcunona. C moMolblo KOMILIEKca PU3NYECKUX Me-
TOJOB MCCIIEIOBAHMS M3yYeHbl 3aKOHOMEPHOCTH 9KCTPAKLIMU CEPEOPSHBIX HAHOYACTHULL 0-KCUIIOIOM
B NMpUcyTcTBUU Opomuaa uetuarpuMeTuiammonus (LITAB) u aTunoBoro cnupTa v onpeaeaeHbl oIl-
THMaJIbHbIE YCIOBUS IIPOLIECCA, B KOTOPBIX CTeIIEHb 9KCTpaKIuu gocTurana 62.5%. YcTaHOBIIEHO, YTO
aHMOH OpoMa, BXonsiuii B coctaB MojieKyinbl IITAB, BbI3bpIBaI arperaiyio HEKOTOPOTrO KOJIMYECTBa
HaHOYaCTUII cepebpa ¢ 00pa3oBaHUEM B BOAHOI (ha3e ocagka METAIZIMYECKOIo cepedpa, ComepKallero
Ha TTOBEPXHOCTH, TT0 JTAaHHBIM PEHTTEHOBCKOM (hOTO3JIeKTPOHHOM cniekTpockonuu (PDDC), no 4 at. %
OpoMmua-noHOB. CUHTE3UPOBAHHbBIE B ONITUMAJIbHBIX YCIAOBUSIX OPTaHO30JIM OTJIMYAIUCH CTAOMIbHO-
CTBIO B TeueHUEe Oojiee 7 MECSIIIEB M BbIICPXKUBAJIM MHOTOKPATHO IMOBTOPSIIOIIMECS LIMKJIbI BBICYIIIN -
BaHMS U peaucneprupoBaHus. Ha ocHoBe opraHo3olieii cepedpa mojydeHbl MeTaUIMYeCKUE IJIEHKU
C JIEKTPOIIPOBOIHOCTHIO 0KOJI0 68500 CM/cM, KoTopast Bodpactaia 1o 412000 u 509500 Cm/cm (87.8%
OT BJIEKTPOIIPOBOTHOCTH 00BEMHOTIO cepebpa) Iocie UxX TepMuIecKoit oopadorku mpu 150 u 250°C
COOTBETCTBEHHO.

Knrouesoie crosa: HaHouacTubl cepedpa (HY), KoHLIEHTpUpOBaHHBIE OPTaHO30JM cepedpa, (ha3oBblii Me-
PEHOC HaHOYACTHUILI, pEHTTeHOBCKas (hoT03j1eKTpoHHas criektpockonus (PO®DC), npocBeunBaloas 3jeK-
TpoHHast Mukpockonus (IT9M), anexkrpornpoBoasiiue TIeHKA cepedpa
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BBEAEHHUE

OpraHnyecKue 30JI1 HAHOYACTHUIL cepedpa MOTryT
OBITb MCITOJIb30BaHBI JJIs1 IPOU3BOJCTBA ONTUYECKUX
YCTPONCTB, XUMUUYECKUX U OUOJIOTMYECKHX CEHCOPOB,
KaTaJu3aTopoB, aHTUOAKTEepUaIbHBIX MaTEepUaJIOB,
yepHwI 11 2D- u 3D-neyaTtu, KOMITIO3UTHBIX MaTe-
puajgoB U MHOroro apyroro [1—-7].

Cpenn MHOXeCTBa CITOCO00B ITOJIYIEHHUSI OPraHO-
30J1eil cepedpa HauOOJbIIYIO TTOMYJISIPHOCTh MPUOOpeEs

MeToz a30BOro nepeHoca, 3akoyaloluics B nep-
BOHAYJILHOM TIOJyYeHUHU TUAPO30Jieii HAHOYACTUIL
cepebpa ¢ ToCIeayOIIMM IepeBOIOM YaCTUIL B Op-
raHu4ecKylo ¢asy ¢ UCMOJIb30BaHUEM MOBEPXHOCT-
HO-aKTMBHBIX BEIIECTB M TaK HAa3bIBAeMBIX “KaTajlu-
3aTOpoB IepeHoca” [8—15]. s morydyeHus TUapo-
3oJieil BogHble pacTBOpbl AgNO; BOoCCTaHAaBIMBAIOT
nevicreuem NaBH, [8, 9], dopmamuna [11], runpa-
3uHa [12] 1 gpyrux BocctaHoBuTelel. B kauecTBe op-
TaHWYECKUX pacTBOpUTENIEH TpUMeHSIOT Tonyo:n [10],
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CHCI, [11], uuknorekcaH [12], rekcagenmnamu [13],
meTtaHoa [14, 15] u np. Iag ctabuim3aluy MmoaydeH-
HBIX TUAPO30JIei U MOBbIIIeHUS 3(PPEKTUBHOCTHU Tie-
peHoca UCMOJIb3YIOT (hopMaMUl, OJIEMHOBYIO KUCJIOTY,
opomua uetmiarpuMetuaammonus (LITAB), NaCl, Ttu-
0JIbl, TeKCWJIAMMH, AoJeJIaMUH 1 ap. [8—15].

Takoii moaxon Mo3BoJISIET JIETKO KOHTPOJUPOBATh
pasMepsl 1 MOP(OIOTUI0 HAHOYACTHII, a TAKXKE OT-
HOCHUTEJIbHO MPOCTO UX BBIAENISITh M OUMILATH OT MPU-
Meceil myTeM CeJIeKTUBHOIO IepeHoca B OpraHuye-
cKyio ¢asy. OgHaKo B OOJILIIMHCTBE MPEACTaBICHHBIX
B JIMTEpAType METOAWK W MAaTEHTOB KOHIIEHTPAIIMS
HaHOoYacTHUlIl cepedpa B MCXOAHBIX TUAPO30JISIX U MO~
JlydaeMbIX M3 HUX OPTaHO30JISIX PEeIKO TpeBbIIIacT
0.5—1 r/a. Ucnonb3oBaHWe TaKUX HU3KOIIPOU3BOIM-
TEeJIbHBIX METOIMK CHHTE3a MPUBOIUT K CHUKEHUIO
93¢ GEeKTUBHOCTU U pEHTA0EIbHOCTH MX TPOU3BOJCTBA
1 HEOOXOIMMOCTH YTUIM3AIUKU U IepepadboTKM 00JIb-
IITOTO KOJTMYECTBA OTPAOOTAHHBIX PACTBOPOB.

PaHee HaMM Ha OCHOBE HUTPATHO-CYIbMaTHOMN
MmeToauku (T.H. meton Kepu JIu [16]) Gbuta paspabo-
TaHa TPOCTast U BHICOKOIIPOU3BOIUTEIbHAS TEXHOJIO-
TUsl CUHTE3a OMHOPOMHBIX, arperaTUBHO CTAOUIbHBIX
¥ BBICOKOKOHIICHTPHPOBaHHBIX AUCTIepCcUii cepebpa
¢ KoHleHTpaluei metasuia ot 30 no 2100 r/a [17—20].
Llenpio maHHOM PabOTHI SIBIISIOCH N3YyYEeHHNE OCOOEH-
Hocreil nporecca nepenoca HY Ag® us BonHoii dasnl
B 0-KCHJIOJI B IIPUCYTCTBUM OpOMUIA IETHITPUMETH -
JTAMMOHHSI, a TaKKe 3aKOHOMEPHOCTeil M3MeHEeHMS
(pU3UKO-XMMUUIECKMX CBOMCTB HAHOYACTHII cepedpa
MpH Tepexone oT IUAPOo30Jieil K MaTepralaM Ha UX
OCHOBE.

OKCITEPUMEHTAJIBHAA YACTb

B paGote wucnonaw3zoBanu coaum AgNO;,
Na,Cit-5.5H,0 u FeSO,-7H,0 ot XumpeakTuBCcHa0,
o-kcunon or DKOC-1, HTAB ot Fluka, stunoBsIit
crupT 95% ot “Koncranta-®apm M”. Bee ncnonb-
30BaHHEIE B paboTe peaKTUBEI MMENIN KBATM(UKAIIIIO
X.4. VJIA 0.C.4. U TOTIOJTHUTEIBHOM OYMCTKE HE MOI-
Beprajauch. BogHble pacTBOpbI peakKTUBOB OTOBUJIN
HETMOCPEICTBEHHO Mepe MPOBeAcHUEM SKCIIepUMEH -
TOB C MPUMEHEHNEM IeOHU3NPOBAHHOI BOABI Kaye-
ctBa Milli-Q.

CHHTEe3 HaHOYACTUIl METAUIMUYECKOro cepebpa
MIPOBOIMIIN TIPH TIepeMeITMBaHNY Ha MAarHUTHOM Me-
manke co ckopoctbio 200 06./MUH TIpU KOMHATHOM
temnepatype. K cMecu BoaHbix pactBopoB FeSO,
(50 mu1; 1.08 M) u HaTpust TMMOHHOKHUCHOTO (70 MII;
1.36 M) npunusanu pactsop AgNO; (50 mi; 0.6 M),
TOCJIe YeTo PeaKIIMOHHYIO CMECh IPOIOJIKAIN TIepe-
MeIIUBaTh ellie B TeueHue 5 MuH. B pesynbraTe peak-
LU TIPOUCXOAUIIO OcaxXAeHUEe YePHO-KOPUUYHEBOTO
ocajKa KoaryJIupoBaHHBIX HAHOYACTUII cepedpa:

FeSO, + Na,Cit + AgNO, » FeCit +

+ Na,S0, + NaNO, + Ag! (1

BOPOBLEB u ap.

I X OYUCTKU OT PACTBOPUMBIX IIPOIYKTOB pe-
aKIM¥ U HeMpopearupoBaBIIMX PEareHTOB KOarysiT
LEHTpU(YTUPOBAIU B T€YEHUE 5 MUH Ha CKOPOCTHU
1000 06/MuH, 0cagoK OTAENHSIN U TMENTU3UPOBaAIU
B 25 MJI BOIbI, BHOBb BBI3BIBAJIA KOATYJISILINIO HAHO-
YacTull AeHICTBUEM pacTBOpa LUTpaTa HATpus (25 Mit;
0.3 M) u cHoBa ueHTpudyrupoBanu. Onepanuu Ko-
aryIsinyug — LEHTpUMYrupoBaHue — MENTU3ALNS 10~
BTOpSLIU 3—4 pasa, Mocje Yero ocaaokK IMernTUu3upo-
BaJId B UICXOOTHOM O0ObeMe NeMOHU3UPOBAHHOM BOMIHI.
OuuleHHbIE TAKUM 00pa3oM THAPO30JIU COACPXKaAIU
MeHee 3 Macc.% 1uTparta HaTpUs U CIeI0BOe KOJIude-
CTBO MOHOB XeJe3a.

s 9KCTpakKUMKU HAaHOYACTUIL B OPTaHUYECKYIO
(azy k 20 MJ1 OUUIIIEHHOTO TUAPO30JIsI cepedpa 100aB-
JISUTH TEMOHU3UPOBAHHYIO BONY M IPYTUe PEaKTUBBI
IO UITOTOBOM KOHIIeHTpalmuu cepedpa 0.2—0.6 M, atu-
sgosoro ciupra 0—6 M, IITAB 2.5-20.0 MM, mocie
yero npmwimBanu 5—40 MII 0-KCUIIoJIa, akKKypaTHO I1e-
peMelInBaIn B Te4eHue 15 MUH 1 LIeHTpUdYrupoBain
5 muH 1ipu ckopoctu 2000 06./muH. [Tocae neHTpudy-
rUpOBaHUs HAOJI0IAIO0Ch pa3ieJieHUEe CMECU Ha BepX-
HUI1 OpraHNYeCcKuii CJI0M TeMHO-KEJITOrO 1IBeTa U Oec-
LIBETHBIN BOIHBIN CJI0H ¢ HEKOTOPBIM KOJIMYECTBOM
yepHOTO ocanka Ha gHe. Oprannyeckyoo ¢asy orae-
JISUTA TIyTeM ieKaHTupoBaHus. PacTBopuTens ynaisiimn
IpU MOHMKeHHOM naBiieHun npu 30°C 1o KOHIIEeH-
Tpaluu MeTtajia B opraHososie 1800 r/a win rmojHoro
BBICBIXaHUST oOpasna. Ocamok TIIATeILHO IMPOMBIBAIN
IEeVOHN3NPOBAHHON BOMOM M BEICYIITMBAIM TIPU KOM-
HaTHOM TeMIiepaType Ha Bo3ayxe 6e3 JoCcTyma cBeTa.

[ns1 onpeneneHusI KOHIEHTpalMU cepedbpa B TU-
JIpO- U OpraHo30jsax | MJI KOJJIOMAHOIO pacTBopa
BeiaepxuBanu npu 150°C 1o moaHoOro ygajaeHUs pac-
TBOPUTENS, CTaKaH OXJaXKIaJu 10 KOMHATHOI TeM-
nepaTypbl U NPUJIMBAIU 2 MJI KOHLIEHTPUPOBAHHOM
a30THOI KUCJIOTHI IJIsl pacTBOpeHMs cepedpa. PacTBop
noBTOopHO yrapuBanu rmpu 150°C go mosiBiaeHUS OeIbIX
kpuctamioB AgNO;. CtakaH oxJjaXIaiu 0 KOMHAT-
HOW TeMIepaTtypsl, pacTBopsiau Kpucrauisl AgNO,
B Bone, nobasasanu Fe(NO;); u TuTpoBasnm ¢dukca-
HaiabHBIM pacTBopoM 0.1 M KSCN nipu nepemeinmBa-
HUM [0 TTOSIBJIEHUSI YCTOMYMBOI po30BOoii okpacku. Ha
OCHOBaHUU TMOJYYEHHBIX PE3yJBTaTOB PacCUYMThIBAIN
CTEIeHb KCTPaKIMMU KaK OTHOIIEHUE Yyucja MOJb
cepebpa, mepellealero B opraHuueckyto dasy, K Ha-
YaJbHOMY YMCJTy MOJIb cepedpa B rMapo3o0Jie.

AHanu3 cTabMILHOCTU OPraHO30JIell K UKJINYEeCKU
MOBTOPSIOIIMMCS CTaAUSIM BbICYIIIMBaHWE — II€NITU3a-
LIS TIPOBOJIMIIN ITyTEM ITOJTHOTO YIAaJIEeHUSI pacTBOPU-
TeJist U3 1 MJ1 OpraHo30J1s T10J, BAKYYMOM 1 00paboTKHU
MOJIy4eHHOTO ocanaka 1 M o-kcuitona. [Tocie yeThl-
peX LMKJIOB OTOMPAIN S MKJI OPraHO30J1s1, pa30aBIIsiiv
20 MJ1 0-KCUJI0J1a U 3aIlIMCBhIBAIM 3JI€KTPOHHBIE CIIEK-
Tpbl nornomeHust (DCIT).

s monydeHHUsS TIPOBOOSIIIMX TJIEHOK Ha Cy-
X0e 00e3XKMpPEHHOE MOKPOBHOE CTEKJIO pa3MepoM
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CUHTE3 U UCCIEJOBAHUE CBEPXKOHLEHTPUPOBAHHBIX OPTAHO3O0JIEM

24 x24 mm (OO0 “Munntla6”) Hanocuiu 20 MKI
KOHIIEHTPUPOBAHHOI'O OPraHO30JIsI cepedpa MEeTOIOM
Doctor Blade Coating [21] u BeICyIlIMBaIM Ha BO3AYyXE.
7151 TIOATOTOBKY CTEKJISTHHBIE TIJIACTUHKY TTOOYEPEIHO
obpabareiBanu 2 M NaOH, ciupToMm 1 arieToHOM B Y3
BaHHE B TeueHUe 10 MMH, TIIATEILHO MTPOMbBIBas IeU-
OHU3UPOBAHHON BOMON IMOCJIE KAXA0UW CTaauM, IOCIE
Yyero IUIACTUHKU CYIIMJIM Ha Bosnyxe. IlonydyeHHas
IUIEHKA UMeJia TUTIMYHBINA cepeOpUCThIii LIBET U 00J1a-
Jaja 3HAUUTENbHOM 3JIEKTPONPOBONHOCTHIO. [TneHKu
BhIAEpXKUBaIM ipu TemIiepatype ot 100 go 250°C B Te-
yeHue 2 4 B aTMOcdepe Bo3ayxa B MIpOrpaMMUpPyeEMOii
nabopartopHoii meun LF-15/13-V2 (LOIP, Poccus).
OGpa3sibl HarpeBaiu B Teuu co ckopocTbio 10°C/MuH
JI0 3aJaHHOI TeMIlepaTyphl, BbIICPXKUBAIN B TEUCHUE
2 4, TIOCJIe Yero BBIKJIIOYAJIU T1eYb, OCTaBJIsIsS B HEM 00-
pasubl Ha 5—12 9 10 ux oxnaxaeHus no 40—60°C, mo-
cJie 4ero usBlieKajau. DJIeKTPOIMPOBOIHOCTD TJIEHOK
JI0 Y MIOCJIe OTXKUTa U3MEPSIU YeThIPEX30HI0BbIM Me-
TOIOM C noMmoliibio Myiastumerpa ST-2258C (JG, Ku-
tait). [IpoBoguim He MeHee 20 3aMepOoB, ITOrPEITHOCTD
He npesbirana 2%. CpeaHrie TOMIWHBI TUICHOK ObLITH
OlLICHEHBI MO0 JAHHBIM PACTPOBOI BJIIEKTPOHHON MU-
Kpockonuu 1o 5—10 u3mMepeHusIM CKOJIOB C pa3iny-
HBIX YYaCTKOB.

PentreHoBckme (poTO3TEKTPOHHBIE CIEKTPHI
(P®BC) 6p1IM 3amCcaHbBl ¢ MCHOIH30BAHUEM MOHO-
xpoMmaruyeckoro msnydenus Al Ko (1486.6 3B) Ha
cnexktpomerpe SPECS (SPECS, I'epmaHust), odopy-
JoBaHHOM aHaymu3atopoM PHOIBOS150 MCD-9.
NasineHue B aHanuTU4ecKoi Kamepe — 1072 mbBap.
HccnenoBaHue MeTonOM IMHAMUYECKOTO pACcCEesSTHUS
ceeta (DLS) 305eii HaHOYACTUIl MPOBOAUIU C T10-
MOIIBIO crieKTpoMeTpa Zetasizer Nano ZS (Malvern,
BenukoOpuTtanust) mof yriom paccesiHust 173° B cte-
KJISTHHOI sueiike mpu temneparype 25°C. CnekTphl
OINTUYECKOTO TMOTIJIOMIEHNST ObUIM 3aITMCaHbl B IU-
anasoHe IIUH BoaH 190—760 HM B KBaplLeBhIX KIO-
BeTax C JUIMHOI ONTUYECKOTO MyTu 1 cM Ha mpudope
AvaSpec2048L (Avantes, Hunepnanabl). Mukpodo-
TorpacMym HAaHOYACTUIl ObLIM MOJYYEHBI Ha 2JI€K-
TPOHHOM IIpOCBeunBaomeM Mukpockore HT7700
(Hitachi, SImoHus1) ¢ yCKOPSIIOIIUM HaMpsiKeHUeM
80 xB. CraTucTtuka pacrpenenaeHus 4acTHIl 10 pas3-
Mepy 1o JaHHbIM [1OM 06bina oneHeHa u3 3032 u 991
n300pakeHUH IJIST MCXOMHOTO THUAPO30JIsI U opra-
HO30JI51 COOTBETCTBeHHO. MccnenoBaHnue MeTOa0M
pacTpoOBOil BJIIEKTPOHHON MUKPOCKONUU OBIJIO MPO-
BeneHo Ha npubope SU3500 (Hitachi, Anonwus) npu
yckopsiomeM HamnpsokeHnn 20 kB, PentreHoda3oBsrii
a"Hanu3 (P®A) BeICYIIEHHBIX 00pa31lOB MPOBOIIIN
¢ ucroab3oBanreM Shimadzu XRD-6000 (Shimadzu
Corporation, fIroHus) ¢ IpuMeHEHUEM MOHOXpOMa-
tudeckoro Cu Ko uznyuenusi. Unentudpukanuio das
OCYILIECTBJISIIA C TIOMOIIBIO KAPTOTEKU 0a3bl JAHHBIX
PDF-4. YTouHeHue napaMeTpoOB STYEMKU U ONpele-
JIeHWe pa3MepoB 00JIACTH KOTEPEHTHOTO pacCesHUsI
(OKP) nposonunuch B ITO Topas-3 npu nomoiu
Ne2 2024
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metona PutBenpna. MK-®ypbe crieKTphl TabIETOK,
comepxamux 1 r KBr u 2 Mr BeICyllIeHHBIX 0Opa3lioB,
ObUTM 3amKMCaHBl ¢ TToMoIIbio Dypbe-creKTpoMeTpa
Vector 22 (Bruker, I'epmanust). TepmorpaBuMeTpu-
yeckue usmepenus (TT/ATT) u nuddepenHumnaibHas
ckanupylomas kanopumerpus (JCK) O0bu1u npose-
JeHbl Ha CUHXPOHHOM TePMUYECKOM aHalM3aTope
SDT Q600 ¢ UK-Dypre nmpUCTaBKOM aHaIN3a OTXO-
nsaiux ra3oB Nicolet 380 B muHTepBajax TeMIieparyp
ot 25 go 1000°C npu ckopoctu HarpeBa 20°C/MuH
B okucautensHoit (N, 80 06. %, O, 20 06. %) aTMoc-
(epe u pacxone raza 50 mi/MuUH.

PE3VIJIBTATHI U UX OBCYXAEHUE

Onpedenerue onmuMatbHbIX YCA08UN IKCMPaKUUU
Hanouacmuy cepeopa 0-KCcui010m

B npenBapuTeIbHBIX UCCIAETOBAHUSX SKCTPAKIIUU
HaHOYacTull cepedpa U3 BOAHOU (ha3bl 0-KCUIOJIOM
u3ydyaau 100aBKU Pa3IMYHBIX TUIIOB OPraHUYECKUX
COCMHEHUIA: JoAeKaHTHOJIa, NoAeHuICyIbdara Ha-
Tpusl, aJUIMJIaMWHA, OKTUJIAaMUHA, TelIUJIMEeTUIaMUHa,
JUOKTUJIaMUHA U ap. OQHAKO YIOBIETBOPUTEIbHBIN
pe3yabTaT ObUI MOJYYeH JIMIIb TIPU MUCIOJb30BaHUU
KaTUOHHOTO TMOBEPXHOCTHO-aKTUBHOIO BelllecTBa
(ITAB) 6pomuna uetuntpumetuaaMmmonus (LITAB).

B xadecTBe opraHU4YeCcKOM Cpemsl IsT SKCTPaKIIUKI
HCTIBITBIBAIACH Takxke H-ankaHbl CgH 4, C;H ¢, CoH g,
C,H,,, C,\H,, u C;;H,,, onHaxo 3 (HeKTUBHOCTD 3KC-
Tpakuuu nocturaiga MeHee 10% mpu MpoYrx paBHBIX
ycaoBusix. Mcnonbp3oBaHue KaHIIEPOreHHBIX O€H30J1a
M TOJIyoJIa HEe pacCMaTpUBaIOCh. O-KCUIION IoKa3asl
HauO0o0JbI1IYI0 3P (hEKTUBHOCTh B IIPOLIECCE DKCTPaAK-
1IUM, SABJISSCH TIPU 3TOM CJ1a00JEeTYyYUM, UMEIOIIUM
YMEPEHHYI0O TOKCUYHOCTb U OTHOCUTEIbHO HU3KYIO
PO3HUYHYIO CTOUMOCTh (~500 p/m).

HcxomHble THAPO30JIU cepedbpa ¢ KOHLIEHTpaLei
30 r/n umenu 3HayeHue pH 8.3 u 3HadyeHue n3e-
ta-nmoreHuuana —35 mB [20]. OrpunaTenbHBIil 3a-
psII TOBEPXHOCTH HAHOUYACTHUI] cepebpa, BEpOsSTHO,
o0ycoBeH cnenuduueckoit amcopolumeil HuTpar-
aHnoHoB. [Ipm 3TOM, KaK YyCTaHOBJICHO METOIOM
PEHTTEHOBCKOM (POTORIEKTPOHHON CIIEKTPOCKOTUHN
(PDDBC, Tabm. 1, puc. 5), 11 KOMIIeHCALIMU 3apsaaa
B IBOMHOM 3JIEKTPHYECKOM CJIO€ ITPUCYTCTBYIOT Ka-
THOHBI HATPUsI, KOTOPHIE IIPU 006paboTKe GPOMUIOM

Ta0muna 1. AToMHbIe KOHLIEHTpaluu (%) 2J1eMEHTOB Ha
MMOBEPXHOCTH HAHOYACTHI] cepebpa: UCXOMHBIX, TTOCTe
BKCTPaKIIMU U HEe SKCTPATUPYIOUTUXCS 0-KCUIIOJIOM

O6pa3ernn Ag (0] C Br N Na
Iuaposonb 13.0 | 294 | 51.5 | — — 6.1
Opranosons | 5.7 6.2 | 863 | — 1.8 —
Ocanok 19.0 | 6.0 | 71.3 | 3.7 — —
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Puc. 1. Biusinue konuentpauuii LITAB (a) u atunoBoro crivpra (6) Ha CTeNeHb 3KCTPaKIMU cepedpa OT UCXOTHOM KOH-

nentpaumn Ag’: 1 —0.2; 2—-0.3;3—-04;4—0.5M. [a — (CCZHSOH =2M,V,

= 15uM, chunonzvjonb = 2)]

_ (a) _

IlormolueHue

KCV[J'[OJ'I:V30."II> = 2)’ 6 — (CAg =04 M’ CL[TAB =

(6) -

(8)

600
JiHa BOJIHBI, HM

400

500
JInmHa BOJIHBI, HM

400 600
JimHa BOJIHBI, HM

600

Puc. 2. Ontuueckue CneKTphl MOMIOIIEHUs: | — MCXOIHOTO TMAPO30Jisl, 2 — CBEXENOoJIy4eHHOIro OpraHo3oisi U 3 — opra-
HO30JIs1 TIOCJIE YETHIPEX MOCIENOBATENbHBIX CTAIMI BRICYINMBAHMS U TENTU3aUMK. Cpypap, MM:a — 7.5, 6 — 10; B — 12.5.

LHETUITPUMETHUIIAMMOHUS 3aMelllaloTCsl KaTUOHAMU
C,¢H33N(CH,)3 (1a nosepxHoct HY cepebpa B op-
TraHO30JI¢ MPUCYTCTBYIOT aTOMbI a30Ta U OTCYTCTBYIOT
aTOMbI HaTpus — Tabj. 1). DTo, BEpOsITHO, TTOBBIIIAET
ruapo(hoOHOCTb MOBEPXHOCTU HAHOYACTHUIL cepedpa,
YTO CIIOCOOCTBYET UX Ilepexony B a3y o-Kcuioia
(puc. 1a).

OnHaKO MpU JalibHEWIIEM YBEIMYCHUN KOJIUYE-

crBa LITAD 115 Bcex M3ydeHHBIX KOHLEHTpaLuii ce-
pebpa cTeneHb ero KCTpaKIUM pe3KO CHUXKAETCH,

a B TUOAPO30JIC HaOJI0aaeTCsS MOSIBICHUE YEPHOTO
ocaaka.

CreneHb 3KCTpaKLMKU HaHo4yacTull (puc. 10) Bo3-
pacTtayia MpakKTU4eCKU JUHEHHO C POCTOM KOHIIEH-
Tpaum 3TuioBoro crmpTa ot 0 1o 6 M. BepositHo,
MOJIEKYJIbI 3TUJIOBOTO CITUPTA BHICTYIIAJIIM B KAUeCTBE
“KaTajJu3aTopoB IepeHoca”, yMeHbllIasl TOBEPXHOCT-
HOe HaTsDKeHHUE Ha TTOBEPXHOCTH pasnena da3 0-KCH-
Jlon — Boja U obJieryasi epexon HaHO4YacTull B opra-
Huyeckyo dasy [15].

Ne2 2024

KOJITOUJTHBIM )KYPHAL oM 86
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15 20

hameTp, HM

Puc. 3. Mukpodororpadpun (ITDM) 1 cCOOTBETCTBYIOIIME THCTOIPAMMBI paclpeaesieHUs o pasMepaM HaHOYACTHIL B UC-
XOIHOM TUAPO30Jie (a) M MOCJIe UX KCTPAKIIUU 0-KCuiioyioM (0).

3aBUCUMOCTH CTENEHU DKCTPAKLUUU OT KOHIIEH-
tpauuu LITAB npu pa3nuuHbIX OTHOIIEHUSIX 00Be-
MOB V.. ion® Vion, B MHTEPBaJIE 0.5—2 (HE MPUBENEHO)
0JU3KM MeXay co00il M MOLOOHBI KPUBBIM, NpEI-
CTaBJIEHHBIM Ha puc. 16. OnHako NMpU CHUXEHUU
Vcunon: Vions 20 0.25 IpOUCXOONIIO pe3KOE CHUKEHUE
CTENEHM KCTPAKIMU. MaKcuMasbHas CTENEHb U3BJIE-
gyeHust HY (62.5%) nadmonanacs mput V00t Vo = 2,

KOHIIEHTpALs HAHOYACTUILL cepedpa B MCXOTHOM T'-
aposojie — 0.4 M, HTAB — 10 MM u sTaHona — 2 M.

Ha puc. 2 (kpuBsblie /) mpeacTaBieHbl 3JeKTPOH-
Hble CIIEKTPbl MOMIOUIEHUSI UCXOAHOT'O TUAPO30Js
cepebpa, KOTopble cofepKaT XapaKTepHYIo IJisl Ha-
HouacTul Ag’ TI0JI0Cy ITOBEPXHOCTHOTO TUIA3MOHHOTO
pe3onanca (ITITP) ¢ makcumymom npu 393 uwm [17,
18]. OnHako mocie 3KCTpaKIMU MeTajlla 0-KCHIOJIOM
(KpuBbIe 2) MPOMCXOAWIO CHUKEHUE MHTEHCUBHOCTHU
makcumyMa I1ITP, 4to cBSI3aHO ¢ yMEHBIIIEHUEM KOH-
neHTpauuyu HY Ag B opranndeckoii pase mo cpaBHe-
HUIO C KOHLIEHTpalUell B TUAPO30Jie, a TAKXKe CMellle-
HUEe MakcuMyMa K 416—423 HM 1 TosiBJieHUe TIeda
B uHTepBasie 510—540 HM, BEpOSITHO, BHI3BAHHOTO
arperanueii yactuil. baToXpoMHBIN CIBUT MaKCUMyMa
IIITP oOyciioBieH He yBeIUUYeHUEM pa3Mepa HaHOYa-
ctull (4TO moAaTBepxKaaeTcss faHHbIMU [1DM), a u3me-
HEHUEM UX ONTUYECKUX CBOMCTB B pe3ysbrare ajacop-
OLMM KaTUOHA LETWITpUMeTHIaMMoHus [13].

[Mony4yennsie B onTuMabHbix yeaoBusax (C,, =
=04 M’ CL[TAE =10 MM’ VKCI/IJIOJI:V3OJI]) > 05’ CC2H5OH =
=2 M) opraHo30.i1 BbIAEPKUBAIU BHICYIIIMBAHUE IO
BaKyyMOM ITpU KOMHATHOI TeMmepaType U MOTJIU
OBITb TOBTOPHO PEAUCIIEPTUPOBAHbBI B 0-KCUJIOJIE HE-
cKoJibKO pa3 noapsia. [1pu atoM (puc. 2, Kpusbie J)
3a YeThIpe LIMKJIa BLICYIIMBAHUE — PEAMCIIEPTUPOBa-
HUE IPOUCXOAMJIO JINIIL HE3HAYUTEILHOE YIITNPEHUE
makcumyma I1ITP u pocT MHTEHCUBHOCTH T1jIe4a IIpu

KOJJIOUOHBINM XKYPHAJT Ne 2
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510—540, cBsI3aHHBINA C HEOOJBIIMM yBEINYCHUEM
nonm arperupoBaHHbix HY. Bricokast cTaOUIbHOCTD
MOJIyYeHHBIX OPTaHO30JIel TTO3BOJIMIIA TTyTeM yaaje-
HUS YaCTM PACTBOPUTESI IMTOBBICUTH KOHILIEHTPAIIUIO
MeTaaa B Hux a0 1800 r/i, mpu 3TOM 3011 COXpaHsUIU
CBOIO YCTOMUYMBOCTh B TeUeHUE Oosiee 7 Mec.

Hccnedosanue eudpo- u opearosoneii cepedpa

I1o maHHBIM IMPOCBEUYMBAIOIIEH 2JIEKTPOHHON MU-
KpocKonuu (puc. 3), UCXOAHBIE TUAPO30JU cepedbpa
coliepxKaJii HAaHOYACTUIIbI, UMeIolre OJM3KYIO K ce-
pudeckoit hopMmy 1 MenuaHHbIN pa3mep 8.4 HM. ITocae
9KCTpaKIMU B a3y o-Kcuiosa hopMa 4acTUll Mpak-
TUYECKU He U3MeHUJIach. PacrpeneneHyue yacTull mo
pa3MepaM B OpraHo30Jie, Kak U B TUAPO30Jie, UMeJIo
JIOTHOPMaJIbHBI XapakTep, YTO CBUIETEILCTBYET O Ha-
JIMYUU HEKOTOPOTO KOJIMUeCcTBa arperatoB. MeauaH-
HBIM pa3Mep YacTHII ITOcie TIEpeXoaa B OpraHMIECKYIo
(ha3y HEe3HAYUTEIBHO YBEIUUWICS 10 9.1 HM.

PentrenodasoBblit aHanu3 (puc. 4a) Bcex IMoOy-
YEeHHBIX 00pa3loB MOATBEPANI HAJTUUHUE B HUX TOJIHKO
odHoit da3bl MeTadnuueckoro cepedbpa (JCPDS,
4-0783). YTouHeHUe nudpaKkTOrpaMM IO METOILY
PutBenpma moxkasano, 4To 006JacCTh KOTE€PEHTHOTO
paccesaust (OKP) mist mcXomHBIX HAHOYACTHUI paBHA
7.7 £ 0.1 HM, a TOCJie UX DKCTPAKLUHU 0-KCUJIOJIOM
yBeauuuBaetrcs a0 11.7 = 0.1 HM, 4TO XOpolllo corja-
cyercs ¢ naHHbIMU [IDM. Ocanok, obGpa3ymomuiicsa
B BOOHOI (pa3e B Xole 3KCTPAKILIUU, TAKXKE SIBIISIICS
¢azoii YucTOro MeTaIIMYecKoro cepedpa, ogHaKoO
OKP B aTOM 00Opa3sue cocraBuia 71.3 = 0.8 HM, 4TO,
BEpPOSATHO, OOYCIOBJICHO MPOILeCCAMHU OCTBAaJIbIOB-
cKoro co3peBanus [23].

NK-cnexkTpsl (puc. 46) MCXOMHBIX HAHOYACTUIL
cepeOpa coaepxar WUPOKYIO MOJOCY MOTJolle-
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Puc. 4. PDOA (a) u UK-®ypbe crieKTps (6) BRICYIIEHHBIX 00pa3IloB MCXOMHBIX TUAPO30JIeii cepebpa (KpuBas /), opraHo-
30J1eii cepebpa (KpuBas 2) 1 He Tiepexosiero B a3y o-Kcuiaoja ocanka (Kpusas 3).

HUS, XapaKTePHYIO [JIs1 BaJeHTHBIX KoJdebaHuit af-
copOMpPOBAaHHON BOIBI M CTPYKTYpHBIX OH-Tpynm
(3427 cm!), acCHMMETPUYHBIX ¥ CUMMETPUYHBIX Ba-
neHTHBIX Konebanuit C—H (2920 u 2852 cm~1), acum-
MeTpuyHoro konedbanus C—OH (1295 u 1077 cm™ 1),
pactsxeHus C—O (1135 cM™!) ¥ BaJIeHTHBIX KOJe-
6anuit C—0 (1259 cm™!), CMUMMETPUYHOTO U ACUM-
MeTrpuuHoro Kosnebanus COO~ (1606 u 1399 cm™!)
KapOOoKCUIbHEIX Ipyni [18, 24]. I'pynna ciadeix mo-
Joc B paitoHe 980—820 He Momia O6bITh TOCTOBEPHO
naeHTuuposana. Hanuuume B oOpasue anudaTu-
YECKUX, TUIPOKCUIBHBIX U KapOOKCUIbHBIX TPYIIIT
NoATBepKaaeT aacopOlLMI0 LIUTPAT-UOHOB Ha IO-
BEPXHOCTH HAHOYACTHUII, YTO U 0OecreyrBaeT ux cra-
OMIBHOCTH BO MHOXECTBEHHBIX ITPOIIECCaX KOATyJIsI-
IIUYA — TIETITU3allNN.

ITocne o6padbotku staHonoM, LITAB u 3kcTpak-
LMY TTPOUCXOIUIIO 3aKOHOMEPHOE BO3pacTaHUE WH-
TeHCUBHOCTH TI0JIOC TTOTJIONIEHUST KOJIeOaHW CBA3U
C—H npu 2920 u 2852 cm~!, a Takxke mosiBIeHUE
c1abbIx moJjioc ae¢opMallMOHHBIX KOJICOaHUM IS
cBasu C—N* ipu 1465 cm~!. KpoMe Toro, HabI0-
JaJIOCh CHUXXKEHUE OTHOCUTEJIbHON MHTEHCUBHOCTHU
M0JIOC CUMMETPUUYHOTO U ACUMMETPUUHOTO PacTsKe-
Hug COO~ u ux caBur B o61acth 1628 u 1383 cm—L.
OmHaKO He MCKIIIOUEHO U HaJoXeHHUE Ha IOJI0CY
1628 cM~!' xapaKTepHOIi TIOJIOCHI MOIVIOIIEHUS HOX-
HUYHBIX KosiebaHuil Bonbl npu 1636 cm~'. ITo Bceit
BUAMMOCTHU, MPOUCXOAUTIO U3MEHEHHE XapaKTepa
W CUJIBbI CBSI3BIBAHMST KapOOKCUJIBHBIX TPYMIT LIUTpaTa
C MOBEPXHOCTHIO HAHOYACTHUI] M YMEHBIIEHHUE UX KO-
JmaectBa ripu oopabdorke LITAD [18, 24]. B UK-criek-
Tpax ocajka HabJI0JalloCh 3HAUUTEJIbHOE CHIKEHUE
MHTEHCUBHOCTU ToJjiockl nornoueHus nisd C—H ko-
JiebaHui ¥ MpaKTUUECKU MOJHOE UCUE3HOBEHUE BCEX
OCTaJ'II)HBlIX MOJIOC, KPOMeE TIOJIOCHI TTOMIOIIEHUS TPpU
1628 cm~ L.

[ToyyeHHBIE pe3yabTaThl MOATBEPKIAOTCS TaH-
HBIMM PEHTT€HOBCKOM (DOTO3JIEKTPOHHOI CIIEKTPO-
ckonuu. OBG30pHBIE CIIEKTPhI CONEPXKAIU JUHUU Ag,
O, C, Br, N u Na (ta6x. 1, puc. 5a). Hanuuue Ha no-
BEPXHOCTHU UCXOAHBIX HAHOYACTHIL cepedpa MOHOB Ha-
TpHUSI, KaK 00CYyXIaJIoch paHee, CBSI3aHO C amcopOiuei
LHUTparTa HaTpusl.

IMosepxnocts HY Ag® B opranuyeckoii ¢pase co-
IEepXUT OoJiee BHICOKME KOHIEHTpalMM YyTIIepona
u GoJice HU3KHME KUCIIOpOoIa, YeM B THAPO3O0JISX,
a TakKe aTOMBI a30Ta, YTO OOYCJIOBICHO aacopOoumeit
I TAB. TlockoabKy TMHUM OpoMa Ha MOBEPXHOCTU
JTaHHOTO oOpa3lia OTCYTCTBYIOT, BEPOSITHO, KATUOHBI
LHeTUITpUMeTMIaMMOHK 3aMeniaior Na® B 1DC.
Ocanok cepebpa, oOpa3oBaBIINiics B BOTHOI (ha3e
B XOZI€ 9KCTPAKIIMU, HATIPOTUB, COACPXKUT OPOMUI-U-
OHBI, BEPOSITHO, BCJIEACTBUE MX aAcOpOLMU Ha I10-
BEPXHOCTU HAHOYACTULI, YTO MPUBOAUT K UX arpera-
U1 U cefuMeHTanuu [22].

JIunusg Ag 3d5/2 (puc. 50) B cnexTpe MCXOIHBIX
HAHOYACTHI] MMeJIa SHEPTUIO CBA3M OKO0JIOo 368.2 3B,
XapaKTepHYyIo JUIsT MeTaJiimdeckoro cepedpa [20]. On-
HaKO B OpraHo30Jie HabII0aI0Ch CMEIIeHe SHEPTUU
cBsI3U 10 367.5 3B, BUunuMo, cBA3aHHOE C amcopoLueit
YEeTBEPTUYHOTO AMMOHMEBOTO KATUOHA Ha ITOBEPXHO-
CTU YaCTUIL WM MOBEPXHOCTHBIM OKMCJIEHUEM cepe-
Opa [25]. B ocanke cepebpa aHeprus CBsI3M COCTaBIsIa
367.9 3B, 4TO MOXET COOTBETCTBOBATH OOPA30BAHUIO
HEKOTOporo KojuuectBa AgBr Ha moBepXHOCTU 4a-
crui [26].

JIunus yrepona C Ls (puc. 5B) B CIIEKTPE UCXO/I-
HBIX HAHOYACTHII cepebpa comepikajia CUTHAIIBI aJlv-
¢datuyeckoro yriaepona npu 285.0 3B (C—H, C-C),
cIpTOBEIX rpym Tipu 286.5 3B (R—OH) n kap60ok-
cunbHBIX rpymi pu 288.6 3B (COO™) ot agcopbupo-
BaHHOTroO 1uTpara Hatpus [27—29]. ITocne obpaboTku

KOJIJIOUJHBIN XXKYPHAII Ne 2
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Puc. 6. Pe3ynsraThl TEpMIYECKOTO MCCIIENOBAaHMS BEICYIIIEHHBIX opraHo3oseit HY cepebpa (a) u 3aBUCHUMOCTY MHTEHCUB-

Hoctu UK-curHanoB oTxomsiimx ra3oB OT TeMrepartypsl (0).

pactBopamu LITADB B criekTpax MosBisjIaCh KOMIIO-
HEHTa ymiepoaa, CBI3aHHOro ¢ a30ToM Iipu 285.8 3B
(C—N7), cHukeHne oTHocuTeabHOro Bkinaga COO~
u R—OH rpymnm 1 ymeHbllIeHHe 3HEePIUU CBS3U 10
287.5 3B gng COO~. OTo TakkKe MOXET yKa3blBaTh Ha
CcOpOLIMI0O KaTUOHA LIETUJITPUMETUIIAMMOHMS Ha T0-
BEPXHOCTU HAHOYACTMUII.

Jluausa O 1s (puc. 5r) UCXOOHBIX HAHOYACTHII CO-
Jnepxkajia KOMITOHEHTBbI, OTBeYalolue KUCIOPOLY

KOJIJIOUIHBIM )KYPHATL  Ttom 86 Ne2 2024

OH-rpynn (531.1 a3B), —COO~ rpynn (532.0 3B),
cnuptoBoii rpynnbl R—OH (533.4 3B) u ancop6upo-
BaHHOI1 Bonbl (535.5 3B) [17—20]. ITocne o6paboTku
pactBopamu LITAB sHeprust cBsI3u OCTaBIIMXCS Ha
MOBEPXHOCTHU TPYITI Bo3pacrtaia 10 532.6 3B (—COO")
un 533.9 3B (R—OH), BeposiTHO, BCaencTBHE IIepeHoca
BIIEKTPOHHOM TNIOTHOCTH OT COPOMPOBAHHOTO KATH-
OHa LETUITPUMETUIAMMOHUS K aTOMY KHCJIOPOJa
B —COO™ — rpynme [30].
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Puc. 7. BHenmHuit BUI KaIlJId OPTaHO30JI8 ¢ KOHIeHTpanueil Metauta 1800 r/7 M 3aBUCMMOCTD YAECTBHOM 3JIEKTPOITPOBO-
MHOCTH OTHOCHUTEJILHOTO 0OBbEMHOTO cepedpa MOTyYeHHBIX IIJICHOK OT TeMIIEpaTypPhl OTXKUTA.

Hccnedosanue naenok, noayueHHvx
ocascoeHuem opeano3oneil cepebpa

Kpusbie TT' u JICK BbICYlLIEHHOTO OpPraHO30Js,
CHATHIE B BO3IYIIHON aTMocdepe, IIpeacTaBIcHbl Ha
puc. 6a. Ha xpusoii TT' B uHTEepBaje TeMmneparyp Ot
25 no 400°C HabaonaoCch HECKOJIBLKO CTyIeHel mo-
TEpPU MAaCChl, COMPOBOXIAIOIINXCS CIa0O0OBBIpaKEH-
HBIMU Ha CUJIBHOM BHAOTEPMUYECKOM (pOHE IK30Tep-
MudyeckumMu Makcumymamu rpu 207 u 282°C, a Takxke
9k303ddexrom npu 343°C. Ilpu T < 100°C npoucxo-
JIWJIO yIaJeHUue pacTBOPUTESl. AHAIU3 OTXOISIIIUX Ta-
30B (puc. 66) pUKCcUpoBaj yaajieHue CIOXKHBIX 3(Du-
pos B uHTepBase 180—260°C (makcumyMm mpu 220°C),
cMeCH aJIkaHOB M/WJU KETOHOB B MHTepBaje 190—
390°C (makcumyM npu 290°C) u yrjaekuciaoro rasa
B untepBajue 180—400°C. YkazaHHbIe BellleCTBa SIBJISI-
JOTCS MPOAYKTAMU TEPMUYECKOTO Pa3IOXKEHUS U Ya-
CTUIHOTO OKUCIIEHUSI OCTATKOB PACTBOPUTEIIS M afl-
COpOMPOBAHHBIX HAa TTOBEPXHOCTU HAHOYACTUII OpTa-
HUYEeCKUX coennHeHmnii. CHUXXeHUe Macchl 00pasiia Ha
0.8% B nHTepBane Temieparyp 660—850°C nmpoTekano
0e3 BhIpaXK€HHBIX TEIJIOBBIX 3(D(HEKTOB M HE OBLIO
3apeructpupoBaHo B UK-crekTpax. BeipaxkeHHBIN
aHpoa¢ ekt Ha KpuBoil JICK mpu 939°C, He compo-
BOXIAIOIIUCS U3MEHEHUEM MacChl, COOTBETCTBOBAIT
IU1aBJICHUIO HAaHOYACTUI] cepebpa, YTo, BCIACACTBUE
pa3MepHEIX 3P dekToB, Moyt Ha 23°C HMXe TeMIle-
paTyphl IIaBlieHUs 00beMHOro cepebpa [31].

[MonydeHHBIE OpraHoO30JU cepebpa ¢ KOHIIEH-
tpaumeit 800—1000 r/1 HaHOCWIN Ha CyXylo 06e3-
XKXKUPEHHYIO MOBEPXHOCTH MOKPOBHOTO CTEKJIa IO

metonuke Doctor Blade Coating [21]. ITocne ucnape-
HUS 0-KCHJIOJIA TIpU KOMHATHOM TeMIlepaType ocTa-
BaJIOCH MISTHO C TUITMYHBIM METALIMIECKUM OJIECKOM
U HU3KUM 3JIEKTPUUYECKUM COMPOTUBJICHUEM (OKOJIO
68500 Cm/cm). IlonyyeHHBIE IIJICHKU UMEIN XOPO-
1Y aIre3ui0 K MTOBEPXHOCTH U IMPU HEOOXOTMMOCTHU
MOTJIM OBITh CMBIThI 0-KCUJIOJIOM Wi rekcaHoM. Ilo
naHHbIM POM (puc. 8), mieHKu uMeau OIUHAKOBYIO
ToMUHY (1 MKM), HE3HAUUTEJIbHYIO 1IEPOXOBATOCTh
U ObLIM 00pa3oBaHbl aryioMepaTaMu CyOMUKPOHHOTO
pa3Mepa, COCTOSAIINMH U3 0ojiee MEJIKUX YaCTHII.
Bruto ycTaHOBEHO, YTO 3a OMHY MPOIEAypy HaHece-
HUS B pe3yJibTaTe YBEJIMYECHUS] 00beMa OpraHo30Js,
HAHOCHMOTO Ha IWHUITY TUTOIIAIH TOITOXKH, MOTYT
OBITh MOJIYYEHBI 00Jiee TOJCThIE IIeHKU (10 20 MKM).

[Ipu HarpeBe TMOJIY4YeHHBIX IIJIECHOK Ha BO3AYyXe
(puc. 7) B TeueHue 2 4 yxe mnpu 100°C mpoucxoaunio
W3MEHEHHUE LIBeTa MOBEPXHOCTH Ha MaTOBO-OEJbIi
¥ YBEeNMYCHUE YIEIbHOM 3JIEKTPONPOBOTHOCTH IO
76164 Cm/cm (25°C). C manbHEHIIUM POCTOM TE€M-
nepatypsl orxkura 1o 150°C yaenbHas 3JIEKTPOIIPO-
BOTHOCTH YBEJIMYMBAIACh IMMOYTH B 6 pa3 U JOCTUTAIA
3HaueHus 411939 Cm/cM, uto cocrasisieT 66.4% oT
3JIEKTPONPOBOIHOCT 00BEMHOTO obpa3siia cepebpa
npy JAaHHOM TeMIlepaType.

ITocne oTkura MCXOOHBIX IJICHOK B TeYeHUE 2 4
npu temnepatype 250°C nmpoucxonuio yMeHbIIeHNe
TOJIIIUHEI TIJICHOK MOYTHU B 2 pa3a, BEI3BAHHOE CIIeKa-
HUEM MCXOIHBIX HAHOUACTUIL C 00pa30BaHUEM XOPOILIO
BBIpaXXeHHOM TOHKOI CTPYKTYphI, 0Opa30BaHHOM
CyOMUKPOHHBIMU YacTULIaMU cepebpa, obagalonieit
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Puc. 8. POM mukpodororpacduu moBepxHocTH (a, B) U MOMepeyHoro cpesa (0, r) rieHok ao (a, 6) u mocie (B, T) OTXKUTa

npu 250°C.

HE3HAYUTETBLHOM MTOPUCTOCTRIO. I1pn 3TOM 351eKTpO-
MPOBOIHOCTH MIeHOK nocturaia 509500 Cm/cM, uTo
cooTBeTCTBYET 87.8% OT 3JIeKTPOIIPOBOTHOCTH O0h-
eMHoro cepebpa. CTOUT OTMETUTD, YTO, I10 JIUTEpa-
TYPHBIM JaHHBIM, IIPU TePMUUYECKOIl 00paboTKe MpU
250°C [32] wiu nazepHoM crieKaHuu [33] mpoBoasIIUX
YepHII U3 HAHOYACTHUII cepedpa MTOCTUTHYTOE 3HAUe-
HUE YAEJbHOI 2JIEKTPOINPOBOJHOCTU MOJYYEHHOTO
MaTepuana peako npesbimaeT 20% oT MpOBOANMOCTH
00BEeMHOTO cepebdpa.

BbIBO/IbI

B naHHoi1 paboTe ¢ ucoab30BaHUEM MOIUMUIIM-
POBaHHOTO LUTPATHO-CYJbMaTHOrO MeTona (MeToxa
Kepu JIu) cuHTe3upOoBaHbl TUAPO30OJIU HAHOUYACTHUIL
MeTaJJTMIECKOTO cepedpa ¢ MeIMaHHBIM pa3MepoOM Ya-
ctull 8.4 HM 1 KoHLeHTpaiuei ot 30 r/a, crabuiusu-
pOBaHHBIE INTPAT-HOHAMM M TIPOTYKTAMH €TI0 YaCTUI-
Horo pacnana. [ToaydeHHbIe TUIPO30IU TPUMEHSIINCH

KOJUIOUAHBIM XYPHAJI  tomM86 Ne2 2024

IUTSL u3y4enus ocobenHocmell npoyecca neperoca HY ce-
pebpa 6 ¢pa3zy o-KCWiiojia B MPUCYTCTBUU OpoMUIa 1ie-
THJITPUMETHIIAMMOHUS M 3THJIOBOTO CITMpTa. MeTo-
Jamu PODC, UK-cniekTpocKonun U TEpMUIECKOTO
aHaJu3a YCTaHOBJIEHO, UTO B Mpoliecce IKCTPaKIUU
KaTUOH NETIWITPUMETUIAMMOHHUS 3aMelall KATUOH
HaTpHs B aICOPOIIMOHHOM CJIO€ Ha TIOBEPXHOCTH Ha-
HoyacTull cepebpa, yBeIuunuBas ux ruapochoOHOCTh
U obJieryas repexon B a3y o-kcuiaona (CTeleHb 3KC-
Tpakuuu 62.5%). I[lpu aToM paszmep u Mopdoorus
HaHOYAaCTUIl MPAKTUYECKU He u3MeHsuTuCh. [TomydeH-
HBbIE OPTaHO30JI1 cepedpa OCTaBaINCh CTAOMIIBHBIMK
Ha TIPOTSKEHUH YeThIPEX MTOCIeI0BATEIbHBIX IIMKIIOB
BBICYLIMBAHUS U PEOUCIIEPTUPOBAHUS B 0-KCUJIOJIE
W MOIJIM OBITh CKOHIIEHTPUPOBAHBI MyTeM YaCTUY-
HOTO yIaJeHUs PaCTBOPUTEIISI IO COMEePXKaHMSI MeTallia
1800 r/m.

TTonyyeHHBIE HA OCHOBE OpraHo3oJjeit cepedpsi-
HbIE TICHKU 0 00XWTra UMeIn 3JIeKTPOIPOBOIHOCTD
okoJjio 68500 CM/cM, KoTopast Bo3pacraja 6ojiee yeM
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B 6.0 1 7.4 pa3a nocie ux TEPMUIECKON 0OPabOTKHU
npu 150 u 250°C coOTBETCTBEHHO.

OMHAHCHUPOBAHUE PABOThHI

Pa6GoTa BhITIONIHEHA TTpU (PMHAHCOBOM MOAAEPXKKe Oa-
3oBoro nmpoekTa UXXT CO PAH FWES-2021-0014 n ®e-
nepanbHOit iporpammbl “IIpuoputer 2030” ¢ ucnonb-
30BaHMeM obopynoBaHus KpacHOSIpCKOTO pernoHaib-
HOTO 1LIeHTpa KOJUIEKTUBHOTO noiab3oBaHusg OUIL KHII
CO PAH. This research was financially supported by the
basic project FWES-2021-0014 of ICCT SB RAS and the
Federal program “Priority 2030” using the equipment of
the Krasnoyarsk regional center for collective use of the
Federal Research Center of the Siberian Branch of the
Russian Academy of Sciences.

COBJIOAEHUE OTUYECKHNX CTAHIAPTOB

B nanHoit pa60Te OTCYTCTBYIOT UCCJICAOBAHUA YECIIO-
BC€Ka WM >JKUBOTHBIX.

KOH®IUKT UHTEPECOB

ABTOpEHI 3aSIBIISIIOT, YTO Y HUX HET KOHMIUKTA UHTE-
pecoB.
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