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FOpx Bukropust MuxaiinoBHa

I'MAPOXUMHNYECKOE OCAKJIEHUE
BbICOKO®YHKINOHAJIBHBIX IIVIEHOK CEJTEHUJIA CBUHIIA
CEJJEHOMOYEBHWHOM C UCITIOJIb30BAHUEM
PA3JIMYHBIX AHTUOKCUJAAHTOB

05.17.02 — TexHomOTHs PEIKHUX, PACCESTHHBIX U PAIHOAKTUBHBIX SJIEMEHTOB

ABTOPE®EPAT
JIUCCEPTALUUA Ha COUCKAHNE YYCHOU CTEIICHU
KaHIMuaTa XUMUYECKHUX HAyK

Exarepunoypr — 2019



PaGora BemonHena Ha kKadenpe Gu3MUecKOW U KOJNJIOMJAHOW XUMHUHU  XUMHUKO-
texHoyiorundeckoro nHCTUTyTa ®I'AOY BO «VYpanbckuii gpeaepanbHbli YHUBEPCUTET UMEHU
niepBoro IIpesunenta Poccun b.H. Enpunna

Hayunslif pykoBOOUTEH JOKTOP XUMUYECKUX HaYK, Tpodeccop
MackaeBa Jlapuca HukosnaeBHa

Odunuansusie onnonentsl  Ky3nenoB Muxania Baagumuposny,
JIOKTOp XUMHUUYECKUX Hayk, mpodeccop, PI'BYH Unctutyt
XUMUHU TBEPIOTO Tena YpalbCKOTO OTAeNeHUs Poccuiickon
akaJeMuu Hayk, T. EkatepunOypr, TMpeKkTop HHCTUTYTA,
3aBeyIOITUH TabopaTopueil KBAaHTOBOW XUMUH U
criekTpockonuu uM. A.JI. UBaHoBCKoOrO;

®enopoBa Exatepuna AjiekceeBHa,

kaHauaat xumuueckux Hayk, OO0 «3HBUPO-XEMU I'm6X»,
r. EkaTepunOypr, HHXEHEP-XUMHUK
Hay4YHO-HUCCIIEI0OBATEIBCKOTO IIEHTPA

Benymas opranuzanus OI'BOY BO «HamnmoHansHBIN HCcIeq0BaTEIbCKUN
yauBepcuter «MOW», r. MockBa

3amuta cocroutcs 10 urons 2019 roga B 15:00 u Ha 3acenaHum nuccepTaLIMOHHOTO
coBeta /[ 212.285.09 na 6aze ®I'AOY BO «Ypanbckuii dhenepanbHblii YHUBEPCUTET UMEHH
nepsoro [Ipesunenta Poccun b.H. Ensiinna» no agpecy: 620002, r. Ekarepun0Oypr, yi. Mupa,
19, ayn. 1-420 (3an YdeHOro coBeTa)

C nuccepranmeid MOXKHO O3HAaKOMHUTBCS B OmoOmmoreke W Ha caiite ®I'AOY BO
«Ypanbckuii  (enepasbHbI  yHMBepcUTeT UMeHW mepBoro  IIpesupenta  Poccum
B.H. Ensruaay, http://lib.urfu.ru/mod/data/view.php?d=51&rid=289018

ABTOpedepar pazociaH « __ » 2019 r.

YueHsll ceKpeTaphb

JIACCEPTAIMOHHOTO COBETA Brnagumup Cepreesuu CeMeHHUIIIEB
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OBILIAS XAPAKTEPUCTHUKA PABOTbBI

AKTyaabHOCTh padotbl. Cenenuy cBuHIa PbSe paccmarpuBaeTcst B HacTosIee BpeMs Kak
OJIMH W3 Hamboyiee BOCTPEOOBAaHHBIX (DYHKIMOHAIBHBIX MAaTEPHAIIOB JUIsl Pa3IMYHBIX OOJacTei
TeXHMKd. Ha  ero  ocHoBe  pa3pabaThIBAlOTCS  TEPMOAJIEMEHTHI,  (POTONETEKTOPHI,
HAHOCTPYKTYPUPOBAHHBIC KaTaJWu3aTOpPbl, KBAaHTOBBIE TOYKH M IPeoOpa30BaTesid COJHCUHOMN
sHepruu. OcoOyI0 BaKHOCTh 3TOT MaTepyal UMEET JIJIsl ONTOJCKTPOHHUKH, BBICTYIIAs B KaYeCTBE
YYBCTBUTEJIBHOTO 3JEMEHTA I MH(PPAKpPaCHOrO JMana3oHa 1-5 MKM, oOecrieuuBas CO3JIaHHE
BBICOKOYYBCTBUTEIIBHBIX (DOTONPUEMHBIX YCTPOHUCTB B OOOPOHHOW TEXHHKE, MPUOOPOB KOHTPOJIS
BBICOKOTEMITEPATYPHBIX TEXHOJOTMYECKHX TMPOIECCOB B METaUIyprud, METauioo0padoTKe,
MaIIMHOCTPOEHUH, B TCTUIOBUACHUH U MUpoMeTpuu. CBA3aHO ATO, B MEPBYIO OYepeb, C TEM, UYTO
9TO MOJIYIIPOBOJAHMKOBOE COCIMHEHHE 00J1a1aeT KOMILIEKCOM YHHKAIBHBIX 3JIEKTPO(PH3UISCKUX U
doTostekTpruYecKuX cBOMCTB. OJHAKO, HECMOTPS Ha IPOBOJAMMBIC HMCCICAOBAHUS U IIHPOKOE
KOMMEPUYECKOEe MCIIOIb30BAaHUE CEJICHMIAa CBUHIIA, MHOTHE acleKThl ()OPMUPOBAHMS CTPYKTYDHI,
(GU3HKO-XMMHUYECKUX U (PYHKIIMOHATIBHBIX CBOMCTB TOHKOILIEHOUYHOTO PbSe ocTaroTcs HesICHBIMH.
B yacTHOCTH, HEMHOTOYHMCIICHHBI M MPOTUBOPEYMBHI JaHHBIE O MPHPOJAE (HOTOUYBCTBUTEIBHBIX
cBoiicTB PbSe, monyueHHBIX Kak (U3HYECKUMHU, TaK U XUMHUYECKUMHU criocobamu. K HacTosmemy
BPEMEHH  POCCUHCKMMHM W 3apyOC)KHBIMH  HCCJICIOBATCIIIMH  HAKOIUIEH  OOIIMPHBIH
OKCIIEPUMEHTAJILHBIM MaTepuaj, MOCBSIICHHBIH HMCIIONIb30BAHUIO IS IMOJIyYeHHs IUIEHOK PbSe
crocoba THUAPOXUMHUYECKOTro ocaxaeHus. Croco0 ammapaTypHO W TEXHOJIOTMYECKH IPOCT H
JoKa3zald CBOK A(M(EKTUBHOCTh M TOJYYCHHS IUICHOK IIUPOKOro Kpyra BemectB. M3
npenaraéMblX W HMCCIEAYEMbIX B HACTOSIIEE BPEMs XaJIbKOTCHHU3aTOPOB — BEIICCTB,
yYacTBYIOIIMX B peakiuu oOpa3zoBanusi PbSe, HamOosee BBICOKMMH (OTOAICKTPUUCCKUMU
XapaKTepUCTHKaMU 00JIaJaloT CJIOM, TIOJIYYCHHBIE C HKCIIOJIB30BAHUEM CCIICHOMOYEBUHBI
(cenmenoamuna yrompHON KHCIOTHI N2H4CSe). OmgHako cepbe3HBIM €€ HEIOCTATKOM SIBIISICTCS
cmabasi yCTOWYMBOCTh K OKHCJICHHIO KHCIOpPOJIOM BO31yXa ¢ 0Opa3oBaHWEM METaNIMYECKOTO
ceneHa. B pesynprare, 10CTaTOYHO JOPOTOM XalbKOTCHH3ATOP HCIONb3yeTcs HeddexTtuBHO. K
TOMY e oOpa3yrluecs B 00beMe peakTopa KOJUIOUIHBIC YaCTHIIBI CeJIeHA BIMSAIOT Ha TMPOIECC
3apOKICHUS HOBOM (ha3bl U MOTYT HEKOHTPOJIUPYEMO BXOJUTh B COCTaB CUHTE3UPYEMBIX TUICHOK,
NPHUBOJISA K YXYAIICHUIO BOCIPOU3BOAMMOCTH HMX ONTHYCCKHX M JJICKTPO(U3MUECKHX CBOWCTB.
[TepcrieKTUBHBIM IyTeM PEHICHHS 3TOH MPOOJIEMBI SBISCTCS pa3paboTKa TEXHOJOTHYCCKHX
YCIOBHI CHHTE3a BBICOKOUYBCTBHUTEJIBHBIX IUICHOK PbSe ¢ uCHosib30BaHHEM B COCTaBe
PCaKIIMOHHON CMECH aHTHOKCHUIAHTOB — BEIIECTB, CIOCOOHBIX 3a CUYET CBOMX BOCCTAHOBUTEIBHBIX
CBOMCTB MHTMOMPOBATH IIPOIECC OKMCIICHUS CEJICHOMOUYEBHUHBI KUCIIOPOJIOM BO3TyXa.

C 9TO# 1ENbl0 pAIOM HCCIIeoBaTelel PH CHHTE3C TUICHOK CEJICHHM/Ia CBHHIIA BBOJISATCS

00aBKH B PEAKIIMOHHYIO CMECh: CYJIb(PUTA HATPUS, ACKOPOMHOBOW KHCIIOTHI, THAPA3UH-TUIPATA U
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npyrux BeniecTB. OHAKO MMEIONIUECS B HAYYHOU JIUTEpAType CBEACHHS HOCIT (hparMeHTapHBIN
XapakTep U HE TMO3BOJISIOT BBICTPOUTH IIETIOUKY ‘COCTaB — CTPYKTypa — CBOWMCTBO”, YTO, Kak
U3BECTHO, SIBJIAETCS OAHOU M3 PyHIAMEHTANbHBIX 3374 MaTepPHaIOBEICHHS.

OO0 axTyalnbHOCTH TPOBOJUMBIX HCCIEIOBAaHUA CBHUAETENLCTBYET TMOAJAEPKKA pPabOThI
MunuctepcTBoM 00pa3oBanus M Hayku Ha roczamanue Ne 4.1270.2014/K "PazpaboTtka ¢u3uko-
XUMHYECKUX OCHOB M QJITOPUTMA KOJUIOMIHO-XMMHYECKOTO CHHTE3a IUICHOK XaJIbKOTCHHUIOB
MeTaJyIoB Ji71s1 POTOHUKHU U ceHCOpHOU TexHuku" (2014-2016 rr.).

Crenenpb pa3padoTaAaHHOCTH TeMbI HCCJIeI0BAHUS

Teme noiy4eHus: MOIynpOBOIHUKOBBIX TOHKOIUIGHOYHBIX MAaTepUAIOB Ha OCHOBE CEJICHHIa
CBUHIIA TOCBAILICHBI JOCTATOYHO MHOTOYHCIICHHBIE pa0OThl KaK OTEYECTBEHHBIX, TaK H
3apyOeKHBIX YUCHBIX, B KOTOPBIX MPEIAraloTCsl pa3IUIHbIe METOABI MX moiydeHus. [locnennue
JECATHIICTHST O3HAMEHOBAHBI MEPEXO0JIOM CHHTE3a CelIeHHJa CBMHIIA B 00JacTh HAHOAMANA30HA,
9TO O0YCJIaBIMBAET HOBBIC MEPCIEKTUBBI €r0 MPUMEHEHHs. JTO Kacaercs, B NEPBYIO OYepeb,
CO3/1aHUsl YCTPOWCTB aJbTEPHATUBHON HSHEPreTUKU. AKTyalbHBIM OCTAe€TCsS BOIPOC Pa3BUTHUS
METOJIOB CHHTEe3a IUIeHOK PhSe ¢ 1enbro mocTikenus BRICOKMX (DyHKIIMOHATBHBIX XapaKTePUCTUK
U UX BOCHPOHM3BOAUMOCTH. ['HIpoXxuMuYeckoe OcaxkleHHe sBISeTCS Hambosiee MepCIeKTHBHBIM
METOZOM IOJIy4eHHUs] (POTONPOBOAAIIMX TOHKHX IUICHOK PbSe. B nmreparype mpuBomutcs
JIOCTATOYHO MHOT'O MaTepualia O BIMSHUU KOMIIOHEHTOB PEaKIIMOHHOW CUCTEMBI Ha XOJI IpoIiecca
OCaXJICHUS, OJHAKO IPH O3TOM HE YIEeIIeTCs IODKHOTO BHHMAHHUS XallbKOT€HU3aTopy, B
YaCTHOCTH, CEJIECHOMOYEBHMHE, KOTOPasi CYMTACTCS OJHUM W3 OCHOBHBIX KOMIIOHEHTOB CHUCTEMBI,
OTBETCTBEHHBIM 32 JJOCTHKECHHE BBICOKMX (DYHKIIMOHAIBHBIX CBOWCTB TUICHOK CEJICHH A CBUHIIA. B
pa3BUTHE METOJa THAPOXMMHYECKOTO CHHTE3a MaTepHalioOB B TOHKOIUICHOYHOM COCTOSIHUU
OCHOBOITOJIATAIONIUI BKJIaJ ObUT BHECEH pabOTaMM YpalbCKOW KOJIOMAHO-XUMHUYECKOH IIKOIIBI,
BBIMTOJIHEHHBIMU B Yp®DY, B KOTOPBIX OBLIH 3aJI0KEHBI (PU3UKO-XUMHUUCCKUE M TEXHOJIOTUICCKHE
OCHOBBI OCX/ICHHS TUICHOK CEJICHHU/IOB METAJIJIOB.

[lpencraBneHHass paboTa SBJISETCS  PE3YJIbTATOM  KOMIUICKCHBIX  CHCTEMAaTHYCCKHX
UCCIICIOBAaHUI MO BIMSHUIO COCTAaBa PEAaKIMOHHON CMECH, YCIOBUH TEPMOCEHCHOWIHM3AIMU Ha
COCTaB, CTPYKTYpY, MOp(HOTIOTHIO U PyHKIIMOHATBHBIE CBOMCTBA ocakaaeMbIxX TuieHoK PbSe(I).

Heasto HacTosimieii padoThl sBISETCS pa3padOTKa TEXHOJIOTHYECKHUX YCIOBUH CHHTE3a
BBICOKOUYBCTBHUTEIIBHBIX IUICHOK CEJICHHIA CBUHIIA C HMCIIOJH30BAaHHEM B COCTaBE PEAKIIMOHHOMN
CMECH aHTHOKCHJIAHTOB Pa3JIMYHOMN MPHUPOJIBI, YCTAHOBJICHHE WX BIHUSHHS HA COCTaB, KPHCTAJLIO-
CTPYKTYPHBIC, TTOJYIPOBOIHUKOBEIC U ()OTOIICKTPUICCKHIE CBOMCTRA.

JI1st MOCTHIKEHUS MMOCTABICHHOH 1171 HE0OXO0AMMO PEIIUTh CJICIYIONINE 3aa4M:



1. Pa3paboraTh METOAMKY ¥ HCCIEAOBaTh YCTOHYMBOCTH BOJHBIX PAacTBOPOB
CEJICHOMOYEBUHBI K OKHCIICHHIO KUCIOPOIOM BO3/lyXa B MPUCYTCTBUU PA3NUYHBIX MHTHOUTOPOB B
3aBUCUMOCTH OT COCTaBa CPE.IbI.

2. UccnenoBaTh KMHETHYECKHE OCOOCHHOCTH 3apOXAeHUs W o0pa3oBaHUs TBepaou (aszbl
PbSe ¢ ompeneneHnemM KOHCTaHTBI CKOPOCTH M SHEPTUU AaKTHBAIMHM MPOIECCa B MPUCYTCTBHUH
AQHTHUOKCHIAHTOB PA3IMYHON MPUPOIBI.

3. UccnenoBate BiusHNUE T00ABKM BEIIECTB C PA3TUYHON aHTUOKCUAAHTHON aKTUBHOCTBIO B
PEaKIMOHHYI0O CMeCh Ha MOpP(OIOrui0, TpaHyIOMETPHUECKUH W XHUMHUYECKHH COCTaB,
KPUCTAJNIMYECKYI0 CTPYKTYypy IUIeHOK PbSe, B TOM umcrne nerupoBaHHBIX HOIOM MpHU HX
MOJTYYEHUH THAPOXUMUYECKUM OCAXKIACHUEM.

4. Pa3pabotaTh TEXHOJOTUYECKHME YCIOBHUS CHHTE€3a BBICOKOUYBCTBUTEIBHBIX K
NK-u31ydeHnr0 JIeTUPOBAHHBIX MOJIOM IUICHOK cejeHuaa cBuHIA (o6o3HaunM PbSe(l)) ¢
BBEIOOPOM HamOoJee TEepPCIEeKTUBHOTO AHTHOKCHUIAHTA CEJICHOMOYEBHUHBI W yCTAHOBJICHHEM
ONTUMAJIEHOTO PEKHUMa TEPMOCECHCHOMIN3AIIAN CIIOEB.

Hayuynas HoBU3HA:

1. BrepBeie mpoBeaeHBl KOMIUIEKCHBIE HCCIEIOBAaHMS YCTOWYMBOCTH CEIIEHOMOYEBUHBI K
OKHCJICHUIO B KHUCJIBIX W IIEJIOYHBIX BOJHBIX pacTBOpax, coaepkamux HWHruouTopbl NaxSOs,
CeHgOs, cmecm NaSOs ¢ CgHsOs u SnCl,. OOGnapyxeH cuHepreTHUecKuii 3pQexT
AQHTHUOKCHIAHTHOM AaKTUBHOCTH W CTAaOWIM3allMd BOJHOTO pPAacTBOpAa CEICHOMOYEBHUHBI TPHU
COBMECTHOM NPUCYTCTBUU B HeM cyibduta HaTpusi Na:SO3z u ackopO6uHoBoit krcinoTel CsHgOs.

2. BrepBble yCTaHOBJICHBI OCOOCHHOCTH 3apOKACHUS U pocta TBephod ¢aser PbhSe ¢
OIpe/IeIECHNEM KOHCTAaHThl CKOPOCTH W JHEPIMM aKTUBALMU Ipollecca B PEaKUMOHHOW CMECH,
coJieprKalleil aHTHOKCHUIAaHThI CEJICHOMOUYEBHUHBI PA3JINYHON MPUPOIBI.

3. BrmepBbie TPOBEIECHO CUCTEMATHUECKOE HCCIEAOBaHWE MOPQOJIOTHH, 3JIEMEHTHOTO W
¢da3oBoro cocraBa, a TaKKe KpPUCTALUTMUECKOW CTPYKTyphl IUIeHOK PbSe, mnomydenHbIX
THAPOXUMUYECKAM OCAXKIIEHHWEM W3 PEAKIIMOHHON CMECH, COAECpIKaIIeH pa3iudHble MHTHOUTOPHI
OKHCJICHHSI CeJIeHOMOUYeBUHBI. [loyueHbl HOBbIE TaHHBIE, TIO3BOJISAIONINE YCTAHOBUTD TEHICHILIUIO
K YMEHBIICHUIO MEpUoJa KPUCTAUIMYECKOM pEemIeTKM M YBEJIUYECHHUIO IO  YacCTHII
HaHOJMAama3oHa B coctaBe ciost PbSe B psny ucnonbsyembix uHruOuTopoB NaxSO3z + CeHgOs,
Na2S0Os, CsHsOs, SNClo.

4. OmpeneneHa ONTUMalbHAs TeMIIepaTypa TEPMOCCHCHOMIHM3AIMN OCAXICHHBIX TUICHOK
cenenuga cBuHna k WMK-m3nmyuenuto, coctaBuBmas 653 K. VYcTaHOBIEHO colepxaHue B
TepMOOOPaOOTAHHBIX TICHKAX KUCIopojcoaepkamux (a3: cenennra PhSeOs, cenenara PbSeO4n

okcuoB ceuHIa (Pb3Osu PhO,).



5. IloxazaHo BAMSIHUE BBOJAMMBIX AaHTUOKCUAHTOB HA TEPMUUYECKYIO U ONTHYECKYIO IIUPHUHY
3alpelIeHHOI 30HBI, MOJYIPOBOJHUKOBBIE U (YHKIIMOHAIBHBIE CBOMCTBA OTOXIKEHHBIX IIEHOK
PbSe(l). YcranoBneHo ydwacTHe B HENPSAMBIX IEpPEX0Jax MPEHUMYIIECTBEHHO MPUMECHBIX
HOCHUTEJIEH 3apsiioB, B YACTHOCTH, C YBEJIMYEHUEM COJEpKaHUSA Hoja B TepMOOOpabOTaHHBIX
IUIEHOYHBIX 00Opasmax PbSe BennuwmHa HEMPSIMOrO SHEPreTHYECKOro Oaphbepa YMEHBIIACTCS OT
0.25 (mobaBxka CeHgOg) x 0.19 aB (modaBka SnClz), 0.15 »B (mo6aBka Na>SO3z) mo 0.13 »B
(no6aBka Na2SOs + CsHgOs).

TeopeTnueckasi U MPaKTHYeCKAasi 3HAYMMOCTDH PadoThI

Pabota BHOCUT CylIeCTBEHHBI BKJIaJ B pPa3BUTHE THAPOXMMHMUYECKOrO Crocoda CHHTE3a
CEJICHWJIOB ~ METaVIOB, HCKIIIOYAIOLIEr0 HEOOXOAMMOCTh B  CJIOKHOM  JJOPOTOCTOSLIEM
000pyZIOBaHMM ¥ HarpeBe [0 BBICOKMX TEMIIEpaTyp, KakK IMEpPCHeKTUBHOTO MeToaa JUIs
MPOMBIIIJICHHOTO TOXYYSHHs] HE TOJIBKO KPYMHOKPUCTAIUIMYECKHX TOHKOIUIEHOYHBIX CTPYKTYD,
HO ¥ TOJYNPOBOAHUKOBBIX HAHOKPUCTAUIMYECKHX YACTHI[ C PA3IWYHOU CTPYKTYpOMl.
[IpennoxxkenHelii B paboTe NOAXOA K M3YYEHHIO YCTOMYMBOCTHM BOJHBIX PACTBOPOB
CEJICHOMOUYEBHUHBI U MyTeHd MX CTa0MIM3alMM HMEET Ba)KHOE IPAKTUYECKOE 3HAYCHHE JUIs
ONTUMM3AIMK  YCIOBMM  MOJY4eHHMs]  IUIGHOK  CEJIEHMJIOB  METAJIOB C  BBICOKHUMH
(GYHKIIMOHATTFHBIMHA XapaKTEPUCTHKAMHU.

Pa3paboTranbl  TEXHOJIIOTMYECKHWE  YCIOBUS  CHHTE3a  BBICOKOUYBCTBHTEIBHBIX K
NK-u31ydeHnIo TICHOK CeJIEHU Ia CBUHITA ¢ BEIOOpPOM HanboJjiee MePCIEeKTHBHOTO aHTHOKCHIAaHTA
celleHoMoueBUHbI. [lomyyeHHble pe3ysbTaThl MOIYT OBITh HCIOJB30BAHBI B TEXHOJIOTHMU
TUAPOXUMUYECKOTO OCAXJICHUS CEJICHHJIOB METAJUIOB U TBEP/ABIX PAaCTBOPOB HA HUX OCHOBE C
LEJIbI0 MOJIYUYEHHUS BBICOKO(YHKIIMOHAIBHBIX MTOJYIPOBOAHUKOBBIX COSIUHEHHI.

MeTtoao0rust 1 MeTOAbI INCCEPTANMOHHOIO MCCIEI0BAHUSA

JIist MOCTVIKEHUS TOCTABJICHHBIX 3a7a4 HCIOJIh30BAaH KOMIUIEKC COBPEMEHHBIX METOOB
uccienoBanus. CHHTE3 IJICHOYHBIX OOpa3llOB CEJICHHA CBHHIIA BBIIIOJHEH IO TEXHOJIOTHH
THAPOXUMHUYECKOTO OCAXKACHMsI, pa3paboTaHHON Ha Kadenpe GU3NIECKON M KOJUIOMTHOW XUMHUHU
Yp®V. Kunerndyeckue HCCIICAOBAHUS THIPOXUMHUECKOTO OCaXJIeHHs TBepaoi ¢assl PbSe
U3y4alii 0OpaTHBIM TPUIIOHOMETPUYECKUM TUTPOBAHUEM METOIOM H30BITOUHBIX KOHIIEHTpAIUH.
Pacnipenenenrie yacTul] CeleHHMJAa CBUHIA IO pa3MepaM Ha HaudaJbHOW CTaguM mpolecca
OTIPEICIISITA METOJIOM TUHAMUYECKOTO PACCEMBAHMS CBETA Ha CIICIMAIHLHOM aHAIM3aTOPE pOCTa
gactur Photocor Compact. ®a3oBblii cocTaB ObUT OXapaKTEPU30BaH METOJOM PEHTTCHOBCKOH
mudpakuuu Ha nudpakromerpe JJPOH-4 B MenHoM m3nmydeHuH B WHTepBajie yrios 20 ot 15 no
100 rpamycoB ¢ BpEeMEHEM HAaKOIUICHHMsI CUTHajda B Kaxaoil Touke 7.2 cek. OOpaboTka
pPCHTIEHOIpaMM  BBINOJIHEHA ¢  wucnojib3oBanueMm nporpammbel  FullProf.  Mopdonoruio

MOBEPXHOCTH IUICHOK HCCIIEOBAIIA PACTPOBOM 3IIEKTPOHHOW MHKPOCKONHEW C IOCTPOECHUEM
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JUarpaMM  pacHpeleNieHHsl 4YacTUL[ [0 pa3MepaM UM aTOMHO-CHUJIOBOW MMKPOCKOIIHEH ¢
OIIPEJICNICHUEM IIEPOXOBATOCTU IOBEPXHOCTH OTO}¥OKeHHBbIX TuieHOK PbSe(l) wa pactpoBom
anekTpoHHOM MuKpockorie MIRA 3 LMU wu Ha ckanupyromniem 30H10BoM MuKpockorie NTEGRA
Prima. TemneparypHble MccIeOBaHKs MPOBOJUMOCTH OTOXKEHHBIX MIeHOK PbSe(l) nzyuanu B
BakyyMe npu octatouHoMm paamieHuu 0.1 Ila B maTepBanme temmepatyp 213-333 K. Usmepenue
CHEKTPOB MpomycKaHus ¥ Iu(d(y3HOTO OTPAKEHUS IUICHOK CEJICHHWJA CBHHIA, 1O KOTOPBIM
pacCUMTHIBAIA ONTHYECKYIO IHUPUHY 3alpelieHHON 30HbI, BRIMOIHEHO HAa UV-criekTpodoromeTpe
B nuanazoHe juuH BoiaH 1000-2500 mM. HM3mepeHune QOTOIIEKTPUYECKUX XapPaKTEPUCTUK
npoBoawii  Ha ycraHoBke K.54.410 mnpu oOmydyeHun (OTOUYBCTBUTEIBHBIX 0Opa3IoB
NK-u3nyuenuem, HCTOYHUKOM KoToporo siBisiioch AUT, Harperoe 1o Temmepatypsl 573 K.

IToJ105keHN s, BBIHOCUMbIE HA 3aLUTY:

1. PesynpTaThl wWCCIEIOBAaHWS YCTOWYMBOCTH BOJHBIX PACTBOPOB CEIIEHOMOYEBUHBI K
OKHMCJICHHIO B TIPUCYTCTBUHU PA3IMYHBIX WHTHOMTOPOB IpoIecca W CPeaooOpa3yIonInX areHTOB
(KUCTIOT U OCHOBAHUM).

2. Pe3ynbTarhl onpenenaeHusl BIMUSHMS Pa3iIMYHbIX aHTHOKCHIAHTOB HAa CKOPOCTh PEAKIUU
TUAPOXUMUYECKOTO OCAXKJEHUSl CEJEHUAA CBUHLA U OCOOCHHOCTH 3apOKIEHUS TBEpAOW (azbl
PbSe.

3. DnemeHTHBIN, ()a30BbIi U TPaHYJIOMETPHYECKHI cOCTaB, MOP(HOIIOTHS U KPUCTAIINYECKas
CTPYKTypa IJICHOK cBexeocaxaeHHbXx PhSe u PbSe(l) B mpucyTcTBUM pa3invHbIX HHTHOMTOPOB
OKHCJICHUSI BOJHBIX PaCTBOPOB CEICHOMOUYEBHHBI.

4. B3auMoCBsI3b MEXAY yCloBUsiMH OoTxura ruieHok PbSe(l) m monynpoBomHUKOBBIMEH U
(byHKIMOHATBHBIMU CBOICTBamMu. Bri6op NEPCIIEKTUBHOTO aHTHUOKCHJIAHTa IS
THIPOXUMHUYECKOTO cuHTe3a mieHok PbSe(l).

JIMYHBIN BKJIA aBTOPA

AHanM3 JUTEPAaTypHBIX JaHHBIX, CHHTE3 IUICHOK CEJeHWJAa CBUHIA, MOATOTOBKA U
MPOBEJICHUE OKCIEPUMEHTOB 1O M3YYCHHIO (POTOIIEKTPUUIECCKIMX W HHU3KOTEMIIEPATYPHBIX
uccienoBaHuil, 00pabOTKa M HHTEpHpeTanusi AAHHBIX IO PEHTTEHOCTPYKTYPHOMY aHau3y,
ONTUYECKUM HCCIIEOBAHUSAM BBIOJIHEHBl CAMHM aBTOPOM WJIM MPU €ro HENOCPEICTBEHHOM
yuactuu. O0cyX/IeHre MOJIyYeHHbBIX PE3YJIbTaTOB U HAMCAHUE CTaTel IPOBOAMIOCH COBMECTHO C
HAyYHBIM PYKOBOJUTEIEM palbOTHI U coaBTOpamMu paboT. YacTh MCClIeIOBaHMI BBIMOJTHEHBI Ha
obopynoBanuun YpO PAH: pentrenocdasoseiii ananmu3 Boponmneim B.U. (k.p-m.H., CT.H.C.
WNucturyra ¢usukn merammoB YpO PAH); pactpoBas »3JeKTpOHHasE MUKPOCKOIHUS —
[TankpatoBeiM A.A. (K.X.H., CT.H.c. MHCTHUTyTa BBICOKOTEMIEpAaTypHOU 3yekTpoxumun YpO
PAH); onrtuueckas cnektpodoromerpuss — Jlunmnoir O.A. (k.X.H., H.c. MHCTHTyTa XUMUU

tBepaoro Tena YpO PAH) wu Mattomkuneiv  JILb.  (accucrenT kadenpsl MUKpo- U
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HAHOJ3JIEKTPOHUKH Cankr-IlerepOyprckoro roCy/1apCTBEHHOIO IIEKTPOTEXHUYECKOTO
yHuBepcutera «JIDTH»).

CreneHb 10CTOBEPHOCTH Pe3yJIbTATOB MCCJIeI0BAHUIT

J1oCTOBEPHOCTh PE3YJBTATOB MCCIAEHOBAHMM pabOThI ONMpPENEISETCS BOCHPOU3BOIUMOCTBIO
OKCIIEPUMEHTAIBHBIX PE3yJbTaTOB, KOMIUIEKCHBIM IOAXOIOM K BBIOOPY COBPEMEHHBIX
B3aMMOJIOTIONHSIONINX ~WHCTPYMEHTAJIBHBIX METOAOB  (PU3UKO-XMMHUYECKOTO HWCCIEIOBAHUS
MaTEpUaIOB; BCECTOPOHHUM aHAJIM30M OJKCIEPUMEHTAIBHBIX U TEOPETUYECKUX PE3yJbTaTOB H
COIIACOBAHHOCTBIO YCTAHOBJIEHHBIX 3aKOHOMEPHOCTEHW C MMEIOIIMMUCSA B HAay4HOH JMTEparype
CBEJICHUSIMU 110 U3y4aeMOl TEMaTHKeE.

AnpobGanus pe3yJbTaTOB

Marepuansl guccepraiud B (opme AOKIaIoB U coolmieHnid obcyxaanuck Ha Il HaydHo-
MPAaKTUIEeCKONW KOH(pepeHnnn «XumMus B ¢eaepanbHbix yHHUBepcutetax» (ExatepunOypr, 2014),
Il MexayHaponHoil  HaydHO-TIpaKTU4YeCKOW  KoH(pepeHIM «Xumus B  ¢eaepatbHbIX
yHuBepcuterax» (ExkarepunOypr, 2015), [X Mexaynapoanoit konpepenuuu «Menaenees-2015»
(Cankr-Ilerep6ypr, 2015), XXVI Poccuiickoii MonOAE&KHON HaydHOM KOH(PEPEHUUU C
MeXAyHapoAHbIM yuyactueM «lIpoOsemMbl TEOpEeTHYECKOM U SKCIEPUMEHTAIBHON XUMUM»
(ExatepunOypr, 2016), Bcepoccuiickoii koHpepeHmHH «XHUMHS TBEpAOTO Tela H
dbynkuonansHeie MaTepuansl — 2016», IX cemunape «TepmoanHaMuKa U MaTepUATOBEICHUE)
(ExatepunOypr, 2016), Ttpetheii Bcepoccuiickoil MOIIOAEKHON HAydYHOW KOH(GEPEHIHH C
MEXIYHApOAHBIM Yy4yacTHEM «IKOJoro0e3omnacHble U pecypcocOeperaronie TEeXHOJIOTUU H
matepuansl» (Ynan-Ymap, 2017), |l MexayHapoaHoll HaydyHO-IPAaKTUYECKON KOH(epeHIuu
«CoBpeMEHHbIE CHUHTETHYECKHE METOAOJOTHUU JUIsl CO3/aHUS JIEKAPCTBEHHBIX IpEnapaTtoB M
¢dyHukimoHansHbIx Marepuanoy (MOSM 2018) (Exarepunoypr, 2018).

Hyoaukanun

[To maTepuanam guccepranuu omyO0auKkoBaHo 14 paboT, B TOM umcie 4 CTaThU B )KypHAJax,
pekomenoBanueix BAK P®, u3 Hux 2 crateu pasmeriensl B 6ase manHbix Scopus m Web of
Science; mosnyuen 1 maTeHT Ha HW300peTeHHE; 8 TE3UCOB OKIAA0B HA MEXIYHAPOIHBIX M
BCEPOCCUNUCKUX HAYYHBIX KOH(pEPEHIIMSIX.

CTpykTypa u 00beM JUCCEPTALUN

Hucceprammonnass paboTa COCTOMT W3 BBEACHHS, MATH TJaB, 3aKIIOYEHUS M CIIHCKA
auTepaTypbl. MaTtepuan u3noxeH Ha 176 cTpanunax, padora cogepxut 15 tabnwui, 21 puCyHOK,
CIIMCOK JInTepaTypsl — 312 HauMEHOBaHUI.

OCHOBHOE COJEPXAHUE PABOTbI
Bo BBeneHMM  O0OCHOBaHa  aKTYaJbHOCTh  JMCCEPTAIMOHHOTO  HCCIEIOBAHUSA

TUAPOXUMHUUYCCKHN OCAXIACHHBLIX INNICHOK CCICHHWOAa CBHUHIEQ, ABIIOIHUXCA JTCPCIICKTUBHBIM
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MaTepualoM JUIs ONTO- M HAHOA3JIEKTPOHUKH, CHOPMYJIHPOBAHBI II€Nb PabOThl U OCHOBHBIE
MOJIO)KEHHS, BBIHOCMMBIE Ha 3alllUTy, OIpENEJCHbl HayyHash HOBU3HA, TeEOpeTHYecKas |
IpaKTUYECKas: 3HAYUMOCTb IIPOBEACHHBIX MCCIEAOBAHMW; JaHa KpaTkas XapaKTepUCTHKa
OCHOBHBIX Pa3/IeJIOB AMCCEPTALUH.

B nepBoii riaBe, SBISIONICHCS JTUTEPATypHBIM 0030pOM, JaHO OOIee MPEACTaBICHUE O
(GYHKIIMOHATBHBIX CBOMCTBAX, MPUMEHEHUH M MeTOIax cuHTe3a mieHok PhSe. Cuenan akieHT Ha
THAPOXMMUYECKOM OCAXJICHWU KaK HauOoJjiee MEPCIEeKTMBHOM METOJIe TOJy4YEHHUs CEJICHH[A
cBuHIa. [Ipoananu3upoBanbl MyOIUKaIMK, COAEPKAINe HHPOPMALIUIO O CTPOSHUH, CTPYKTYpE H
XMMHYECKMX CBOHCTBAax CeleHOMO4YeBHMHBbI. [loka3aHa CKJIOHHOCTb BOJHBIX pPacTBOPOB
CEJICHOMOYEBUHBI K OKHCJICHHIO U HEOOXOAMMOCTb WHTHOMPOBAHHS 3TOrO Mpolecca IyTeM
BBEJICHUSI Pa3IMYHBIX AHTUOKCHUIAHTOB. Ha ocHoBe aHamm3a nurepatypbl CHOpPMYITHPOBAHBI
OCHOBHBIE 33/1a4¥ TUCCEPTAIIMOHHON paOOTHI.

Bo BTOpoii riaBe TmpuBENEHHI OCHOBHBIE PEAKTUBBI W MaTepuaibl, YCIOBUA
THIPOXUMHYECKOTO OCaXICHUs TUieHOK PhSe, ommcaHbl TpUMEHsSEMbIC SKCIIEPUMEHTAIbHBIC
METOJIMKH, a TAKXKE METObl, UCIIOIb3yEMbIE Ui aTTECTALIMM CUHTE3UPOBAHHBIX 00PA3II0B.

Y CcTOMYNMBOCTH BOAHBIX PACTBOPOB CEJICHOMOYEBHHBI K OKMCIEHUIO KUCIOPOJOM BO31lyXa, a
TaK)K€ B TMPUCYTCTBUHM PA3NIMYHBIX IO MPHUPOAEC AHTHOKCHIAHTOB OICHUBAIHM 1O HM3MEHEHHIO
ONTHYECKON TIUIOTHOCTH pPacTBOpa B KBAapLEBBHIX KIOBETax mpu aauHe BomHB 600 HM Ha
criektpooromerpe UNIKO-2804.

Cunres meHok PhSe ocyiecTBisuiM U3 peakKIMOHHON CMecH, COJepIKallell aleTaT CBUHIIA,
arieraT aMMOHHUS, THJICHIUAMUH, ceineHoMoueBuHy u aHTHokcuaaHT (Na:SOsz, CsHgOs, SnCly,
cmech NaSO3 + CsHgOg), mpuuemM HaBeCKy CEICHOMOYEBHHBI PACTBOPSUIM B BOJHOM PacTBOpE
AQHTHUOKCHUJIaHTA, 3aT€M BBOAWIM B PEAKTOP C OCTAJIbHBIMU KOMIIOHEHTaMH. OcaxkaeHue
OPOBOAMIIM HA TIPEABAPUTEIHLHO OOEIKUPEHHBIC CHUTAUIOBBIE TMOJIOKKH B OKHIKOCTHOM
tepmoctate U-4 pu 308 K ¢ TouHOCTBIO TOIAepKkanus Temneparypsl £0.1°.

Kunetnky nmpeBpamieHus CoJu CBUHIA B CEJICHU]] M3ydain 0OpaTHBIM TPHIOHOMETPHIECKUM
TUTPOBAHUEM IPU MOCTOSTHCTBE OCHOBHBIX KOMIIOHEHTOB PEAaKIIMOHHOM CMECH U BapbHUpPOBAaHUU
coaepxkanus antuokcuaanToB oT 0.0001 go 0.005 mob/1.

W3mepenue pa3smMepoB 4YacTHIl, OOpa3yIOIIMXCS Ha HAYaJbHOM CTaJuu OCAXKICHUS,
MPOBOAMIIA METOJIOM JMHAMHYECKOTO paccessHus cBeta Ha mpubope Photocor Compact. Jlns
00paboTKH pe3ybTaTOB H3MEPEHUI UCITIONIb30Bau porpammy DynalS 2.8.3.

TonmuHy HaHECEHHBIX IUICHOK OIICHMBAJIM Ha MuUKpountepdepomerpe JIlunnuka MUN-4M
M0 CMEILIEHUIO UHTEP()EPEHIIMOHHBIX MOJIOC.

HccnenoBanne Mop(hosIoruu, 3J€MEHTHOIO COCTaBa M CTPYKTYPBI IMOBEPXHOCTH OOpPAa3IOB

MPOBOAMII C MTOMOIIBIO PACTPOBOM 3JEKTPOHHON MuKpockonuu Ha npudbope MIRA 3 LMU npu
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YCKOPSIOIIEM HaIpsDKEHUM 3JIeKTpoHHOro mydka 10 kB, a Taxke pacTpoBOro 371€KTPOHHOTO
mukpockorma JEOL JSM-5900 LV ¢ mpuctaBkoit s 3HEprogucnepcuoHHoro anammsza EDS
IncaEnergy 250. IlorpemHOCTh ONpPENENEHUs] COAEPKAHUS DIIEMEHTOB B COCTABE ILIEHOK
cocrasisiia okoso 10%.

Kpucrannmaeckyto CTpyKTypy IUJICHOK HM3y4Yalld METOJOM PEHTTEHOBCKOM Mu(pakiuu Ha
mudppakromerpe J[POH-4 B Mmenqnom m3nmyuennn CuKai, B maHTepBane yrinoB 20 ot 15 mo 100
rpaaycoB ¢ marom A(26) = 0.02° u sxcriosurueii 7.2 cek B kaxaoii Touke. Onpenenenue HazoBoro
cocTaBa 00pa3lioB U YTOYHEHHE CTPYKTYPHBIX APAMETPOB IIJIEHOK MPOBOJIUIM C UCIIOJIb30BAHUEM
nporpammuoro makera Fullprof.

HccnenoBanne Tomorpadguu o00pa3ioB OCYIIECTBISIIM C IOMOIIBIO aTOMHO-CHIIOBOU
MUKPOCKOIIMH, BBIIOJHEHHOW C MCHOJb30BAHUEM CKAHUPYIOLIET0 30HJ0BOTO MMKPOCKONA
NTEGRA Prima B KOHTaKTHOM peXHME Ha BO3TyXe IPU KOMHATHOW TeMIiepaType.

TepMuuecknii OTKUT TUICHOK MPOBOJIMIIM B BO3AYIIHOW aTMocdepe My(heabHON MeYr THIIa
[IM — 1.0 — 7 mpu 633-683 K ¢ TouHOCTBIO TTOAIep)KaHus Temmeparypbl £2 K.

Jlns u3MmepeHuss BOJIBTOBOM YYBCTBUTEIBHOCTH, TEMHOBOI'O COMNPOTHBICHHUS U IIYMOB
IJICHOK  CEJIEHWJAa CBUHLA  HUCNOJb30Banu  uaMmeputenbHbii  creHn  K.54.410. Ha
HKCIIEPUMEHTAIILHBIE 00pa3Ibl SJIEKTPOXUMUIECKIM CIIOCOOOM HAHOCWIIM HUKEIIEBBIE OMUYECKUE
KOHTaKThl. PazMep 4yBCTBUTENBHOIO 3JIEMEHTA COCTABIUI 5*x5 MM. llorpemHocts n3zmepeHus
TEMHOBOTO COIPOTUBIIEHUSI COCTaBisgeT =+ 5%, BOJIBTOBOM YYBCTBUTENBHOCTH — =+ /%,
HaIpsHKEHUs yMoB — = 7%.

HuzkoreMmiepatypHble uccie1oBaHust (POTOIIEKTPUUECKHUX CBOMCTB MPOBOJAMUIIN B BaKyyMeE C
ocratouHbiM ngasineHueM 0.1 Ila B wuHrepBanme Ttemneparyp 213-333 K ¢ oxnaxaeHuem
qyBCTBUTEIHHOTO 3JIEMEHTA 2X2 MM TEPMOIJICKTPUISCKIM MHUKPOOXJIaIUTEIeM, padOTaroIIUM Ha
spdexre Ilenmprhe. [lorpemrHOCT, W3MEpEHUS HHU3KOTEMIEPATypHBIX XapaKTEPUCTUK HE
npessbimaet + 13%.

Usmepenue crmekTpoB auddy3HOro OoTpaxkeHuss ITuieHOK PbSe mpoBommnm  Ha
cnekrpooromerpe UV-3600 Shimadzu (fnonus), ocHamenHom npucraBkoir ISR-3100 c
uHTEerpupytoueii chepoit, B auanazone ;uH BoiaH 300-2700 HM c marom 2 HM, a CIEKTPOB
npornyckanusi — Ha crnekrpodoromerpe CP-256 BUK B untepBanie miuH BonH 300-2500 HM C
maroM | M. IlorpemrHocTh ompeneneHus ONTHYECKON IIMPUHBI 3alpelleHHONW 30HBI JaHHBIM
criocobom coctasisieT + 3%.

B Tperbeii riaBe O0O0CYXTAarOTCS OCOOCHHOCTHM YCTOWYMBOCTH BOJHBIX PAacTBOPOB
CEJICHOMOUYEBHUHBI B MPHUCYTCTBUHU PA3IUYHBIX AHTHOKCHIAHTOB KaK B IIEJIOYHOM, TaK U KUCIION

cpenax.
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ITpouecc OKMCIEHMSI CEJIEHOMOYEBHUHBI KHUCIOPOJIOM BO3yXa, NPOTEKAOIUNA C y4acTHEM
JIBYX DJIEKTPOHOB, MOXKHO 3amnucaTh peakuueii (1)

NHy B .
_C==Se + 0,—> Se + 2H,0, + N=C—NH, 1)

NH;

OOpa3oBaHHe YCTOMYMBOTO MPOXYKTa B BHJE KOJUIOMIHOTO CelleHa pEe3KO CHMXKAET
KOJIMYECTBO XaJIbKOTEHU3aTOpa, YYacTBYIOLIETO B TIPOLIECCE CEJICHW3AlUH COJMH MeTajlia.
[ToaTOMY Uil TEXHOJOTHYECKOTO Mpoliecca MonyueHus mieHoK PhSe BakHO OlEeHUTh BpeMEHHOM
IPOMEXYTOK YCTOHYMBOCTH CEIICHOMOYEBHMHBL. [l0o3TOMy MeETOJOM  CHEKTPOGOTOMETPUU
NPOBEJICHBl KHMHETHYECKHE WCCIEIOBAHUSI OKUCICHHS BOJHBIX PACTBOPOB CEICHOMOYCBHHBI
(puc. 1). JmurensHocTh uHAyKmuoHHOro mnepuona 0.001-0.1 monw/m ceneHOMOYEBHHBI HE

MIPEBBIIIAET 2-X MUHYT.

—_
(o)}

—_
[\

Puc. 1. Kunernueckue KpuBbl€ OKUCICHUS
BOJIHOT'O PacTBOpa CEJIEHOMOYEBUHBI IIPH €€

HCXOI[HOﬁ KOHIICHTpPAIMKU B paCTBOPC, MOJIB/J:

0.001 (1), 0.01 (2), 0.05 (3), 0.1 (4).

<
~

OnTudeckas IINIOTHOCTB, OTH.C.
= o
o o0

Kak u3BeCTHO, peaklIMOHHbIE CMECH IJISi THIAPOXHUMHUYECKOTO CHHTE3a TUICHOK OTIMYAIOTCS
no pH B 3aBHCHMOCTH OT PUPOIBI CEICHUAA METalIa, TOATOMY OBLTH MPOBEACHBI HCCIIEIOBAHHS
BIIMSIHUSL CPENo00pa3yrolIuX arceHTOB Ha OKHCIIEHHE CEJICHOMOYEBUHBL. B Kucioit cpeme mnpu
nobasiennn opranudeckoit (CH3COOH) u wmmuepampubix kucior (HCI, HNOs, H2SOy)
OOHAapy)XK€HO UX HEOJAHO3HAYHOE BIMSHHE Ha MPOIECC OKHUCICHHS BOJHOTO pacTBOpa
cenleHOMOuYeBUHBL. Tak, moHbl Cl™ B KHCIOW cpelle MHTEHCU(UIMPYIOT MHPOLECC Pas3sIoKeHUs
CEJICHOMOYEBUHBI Kak U j00aBka mienoun. [IpucyrcTBue xe anerat-monoB CH3COO™ Heckonbko
3aMeIJIsieT ATOT TMPOIECC, YBENWYWMBas HMHAYKIHOHHBIM mepuox a0 30 wmuH. Brigenenue
3JIEMEHTApHOT'0 CEJICHA MPOUCXOIUT OoJiee MEUIEHHO, O YeM CBUIECTEIILCTBOBAJIO HE3HAUUTEIBHOE
U3MEHEHHE ONTUYECKON MIIOTHOCTH PacTBOpa celeHOMO4YeBHHBI (He Oosiee ueM Ha 20 %). Kucnas
cpema, cosmaBaeMasi a30THOM JIMOO CEpPHOW KHCIOTOW, TOBBIIIACT YCTOWYMBOCTH BOJHBIX
pPacTBOPOB CEIICHOMOUYEBUHBI IPUMEPHO JI0 2 YaCOB.

Boanbie pactBopel CSe(NH2)2 B obmactu pH ot 7.2 mo 8.0, co3maBaeMoii OCHOBaHHSIMH

NaOH, NH4OH u stunenguamunom HoNCH2CH2NH:, ctabunbubl B Teuenue ~100 munyt. Ilpu
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pH > 8.0 uepe3 13 MHH B BOAHOM PacTBOPE CEIICHOMOYECBHHBI HE3ABHCUMO OT TPUPOJIBI IIEI0YN
o0pasyercsi yCTOHYUBBIA 30Jb KOJUIOMIHOTO CEJICHa, MMEIOIIUN KpPAaCHO-OPAaHKEBbI OTTCHOK.
Takum 00pa3oM, OKHCIIEHHE BOJHOI'O PACTBOpa CEJICHOMOYEBUHBI B IIEIIOYHOM Cpeie BBIPAXKEHO
CHJIBHEE.

[TockOMbKY THAPOXHMHYECKOE OCAXKICHHE CEIICHHIOB METAaJUIOB CEJICHOMOYEBUHON B
OCHOBHOM TMpOBOIAT B Imienounoil obmactu (pH ~9-11), cymectByer He0oOX0AUMOCTh
UCTIOJIb30BAHUSI BOCCTAHOBHTENEH, CIIOCOOHBIX WHTHOMPOBATH MPOIECC OKHUCIEHHS BOTHOTO
pacTBOpa CeJICHOMOUYEBUHBI. B paboTe uccieqoBanu aHTHOKCHIAHTHYHO aKTHBHOCThH Cyib(ura

Hatpus  NaxSO3 = —-093 B), ackopounoBoii kucinotel CgHgOs

( Pso2 /soz
((PCGHGOG /CgHgOg = —0.4 B), xmopuna omnosa ) ((pSn4+ Jsn?* = —0.349 B), rugpoxcuiamuHa

constaokucaoro  NHOH'HCI = —1.87 B), rugpasun-rugpara N2HsH>O

( (PNH30H+/N2
((PN2 INoH, = 0.1 B). YcranoBneHo, 4TO JBa MOCJIEIHUX AHTUOKCHUJAHTA HE CTAOMIU3UPYIOT

PacTBOpPbI CCIICHOMOYCBUHEI. 06 YCTOﬁQHBOCTH BOIHBIX PpacTBOPOB CCIICHOMOYCBUHLI B

MMPHUCYTCTBHUH OCTAJIbHBIX BOCCTAaHOBUTEICH CBUACTCIILCTBYCT pUC. 2.

8
. 4
3 Puc. 2. 3aBUCMMOCTh MHIYKIIHOHHOTO

6 L

5| ) MEepHOo/a OKMCICHHS BOAHOI'O pacTBOpa
S
4
E 4t . CCIICHOMOYEBHHBI KHCIOPOOM BO3/1yXa OT
(@]
T 37 KOHIeHTpanuu antnokcuaanta NaxSOs (1);
e 9

2r SnClz (2); CeHgOs (3); cmecu NaxSOs +

1

0 CsHgOs (4).

0,000 0,004 0,008 0,012 0,016 0,020

Konnentparst, MoIb/a
Cynbpdut HaTpusi oOecreunBaeT YCTOMYMBOCTH XaJbKOT€HHM3aTOpa B TedeHue 90 MHHYT,
HaunHasg ¢ KoHueHTpauuu 0.0005 monws/n (kpuBas 1). MHAYKIMOHHBIA NEpUON OKHUCICHUS
ceneHoMoueBuHbl B mpucytctBuu 0.001 mons/n xnopuaa onosa (ll) cocraBnser 110 munHyT
(xpuBas 2), a B cpeae 0.0001 monp/n ackopOuHOBOM KucaoThl — 10 180 MuHyT (kpuBas 3).
[Tonoxxenne KpuBOM 4 CBHUIETENBCTBYET O MPOSBICHUM CUHEpreTudeckoro sddekra mnpu
OJTHOBPEMCHHOM HAaXOXXICHUM B BOJHOM pPAacTBOPE CEIICHOMOYEBHUHBI CYJIb(UTAa HATPUA H
ACKOpPOWMHOBOM KHCJIOTHI TIO CPAaBHEHHWIO C TPUCYTCTBHEM TOJbKO omHoro m3 HuX: CgHgOs

(xpuBas 3) miu Na2SOs (kpuBas 1).
JITUTenbHOCTh THIPOXUMHUYECKOTO OCAXK/IEHUS TUIEHOK CEJICHHUI0B METAJUIOB, KaK MpaBHIIo,

He mpeBblmaeT 120 MHUHYT, MO3TOMY JJIsi OOEcleyeHUs yCTOMYMBOCTH CEJICHOMOYEBHUHBI B
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PEaKIIMOHHON CMECH MOYKHO PEKOMEH10BaTh JIt00oi n3 anTrHokcuaanToB (NaxSOs, SnCl,, CsHgOs,
cmech NapSO3 + CsHgOs).

B uyerBepToOli IjiaBe MPHBEIEHBI PE3YJIbTAThl HCCIECIOBAHUNA TEXHOJOTHMUYECKUX YCIOBUUI
cuHTe3a IUIeHOK PbSe ¢ wucnosnb3oBaHMEM B COCTaBe PEAKIMOHHOW CMECH aHTHOKCHUIAHTOB
Pa3IMYHON IPUPOIBI.

TexHONMOrNYeCcKH Ba)KHBIM 3TallOM MPU THAPOXUMHUYECKOM CHUHTE3€ (DOTOUYBCTBUTEIIBHBIX
IUICHOK Ha ocHOBe PhSe sBisiercs ycTaHoBIeHHE BIMSAHHS (DYHKIIMOHAJIBHBIX 100aBOK B
PEaKIMOHHYI0 CMECh Ha MPOLECCHl 3apOXKIEHUS, (OPMHUPOBAHUSA U CTPYKTYPHBIE OCOOCHHOCTH
ocaxnaemMbix cioeB. [loaTomy B paboTe ObUIM NPOBENEHBI KHHETHYECKHUE HCCIIEAOBAaHUS C
OTpenielieHneM KOHCTAaHThl CKOPOCTH XMMHMYECKOW pEakIMH M SHEPruH aKTHBALMU Mpoliecca B
3aBUCHUMOCTH OT MPUPOABI U KOHIICHTPAIIMU aHTHOKCHJIAHTA, a TAK)KE POCTa YaCTHIl TBEPAOH (ha3bl
CEJICHH]Ia CBUHIIA B 00BhEME pacTBOpA HA HAYAJIBHBIX ITAIMAX OCAXKICHHUS.

Kak moxazanm pe3ynbTaThl 3THX HCCIEIOBAHWN, N3MEHEHHE KOHIICHTPAIIMH aCKOPOWHOBOM
KHCJIOTHl B PAacTBOpE MPAKTUYECKH HE BIUSET HA CKOPOCThH MpoIecca. 3apobliieo0pa3oBaHue
TBepaoii (azel PbSe ocymiecTBisieTcss mMpenMyIIECTBEHHO 3a CUeT OpPOYHOBCKOTO JBUIKECHUS
KOMIUIEKCHBIX uacTull anerata csuHma Pb(CH3COO),?™, MoneKysa CeleHOMOYEBMHBI W HX
KOHIIEHTPAMOHHBIX (IYKTyalluii B peaknuoHHOM oObeme. [lpm peammsammm mogo0HOTO
MEXaHU3Ma Ha MOBEPXHOCTHU MOJITTOKKH dbopmupyercs MJIOTHOYTTAaKOBAHHAS
MOJIMKPUCTAINTMYECKAsT CTPYKTypa C TOJIMMOJAIBHBIM paclpeneieHueM KPHUCTaUIUTOB I10
pa3mepam ot 70 go 310 HM™.

3apopsiieoOpazoBanrne TBepaoi (a3pl ceneHuna cBuHIa B mpucytcTBuM NaxSOsz u ero
cmecu ¢ CeHgOg Ha HayaNIbHBIX ATANAaX CUHTE3a MPOUCXOIUT MPEUMYIECTBEHHO Ha IMOBEPXHOCTH
koutonaHbIX vactuil Pb(OH)2, sBusromuxcst neHTtpamu Hykieamuu ¢Gasel PbSe kak Ha
MOBEPXHOCTH TOJIOKKH, TaK M B 00beMe peakimoHHON cMecu. [lomonauTensHoe (hopMUpOBaHHE
gacturr Pb(OH), oOycnoBineno oOpa3oBanuem B pactBope OH -MOHOB B mporecce THIPOIN3a
cynbuta HaTpus. OTIMYUTEITHHOW OCOOCHHOCTHIO [100ABICHHUS ACKOPOMHOBOW KHCJIOTHI K
BOCCTAaHOBUTEIBHOU cpefie Cyib(puTa HaTpus SIBISIETCS CHM)KEHHUE CKOPOCTH Ipoliecca 3a CueT
NpPOSIBJIEHUSI CHUHEpreTudyeckoro »3¢dexkra M 3aMeUICHHE TUAPOIUTUYECKOTO PA3I0KEHUS
celleHoMoueBUHBI.  BcenenctBue storo  ¢opmupyercs IUleHKa ¢ Oosiee  OJHOPOAHOM
MHUKPOCTPYKTYPOM, 4eM B CITydae UCTIOIb30BaHUS WHINBUAYATIHLHOTO aHTHOKCHAaHTa Na2SOs.

[Tpu wucnonp3oBanuu SNCl, B kayecTBe aHTHOKCHIAHTa HAOIIOJACTCS WHKYOAIIMOHHBIN
MIEPHOJ] PEAKIUHU, JUTUTEIBHOCTh KOTOPOTo He mpeBbimaeT 30 CeKyH I, CBSI3aHHOTO C THAPOIU30M
COEJIMHEHUH 0JI0Ba B pacTBOpe. [ MIPOKCOKOMILIEKCHI, MAJIOPACTBOPUMbIE COEAMHEHMSI OJIOBA, a
Taxke obpasyromuecs HaHoyactibl SN(CSe(NH2)2)2(OH)a?™" BBICTYNAIOT LEHTPaMK HyKJICaluH,

a 3a CYeT CIMOCOOHOCTH 0JIOBA MPUCOEAUHATH OJTHOBPEMEHHO Heckoiabko OH -rpynm, oO6pasyercs
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pa3BeTBIIEHHAs! CTPYKTYpPa, B Pa3HBIX YaCTAX KOTOPOH MPOUCXOAUT COPOLHMS YACTHI] CEJICHUIA
CBHUHIIA U3 pacTBOpa. B pesynbrate popmupyercs poixias mienka PbSe.

Pe3ynpTaThl KMHETUYECKHMX  WCCIEAOBAHHMHA  IMO3BOJIMIIM  OMPEICIUTh  ONTHMAJbHBIC
KOHIIEHTPAllUM aHTHOKCHIAHTOB, KoTopble cocTaBmid 0.001 Moiw/m B ciiydae HCIOJB30BAHHS
NazSO3 mim SnClz, 0.0001 moas/im CeHgOs, 0.001 moas/m NazSOs u 0.0001 mons/n CsHsOs mis
BOCCTAHOBHTEJIPHON CMECH. YCTaHOBIICHHBIC 3HAYCHUsS YHEPIHMH aKTUBAIUU B 3aBUCUMOCTH OT
uCrnoNb3yeMoro aHTuokcuaanta coctaBwm 34.79 kJ/x/monbs (CeHgOg), 26.10 x/[x/monb
(Naz2S03 + CeHsgOs), 25.30 x/Ixx/moinb (NaxSOs), 24.67 xJIxx/mons (SnCly).

Tonmunza meHok PhSe, mosydeHHbIX U3 peaKIIMOHHOTO PacTBOPa, COJACPIKAIIEIO B KAYeCTBE
aaruokcuaanTa CeHsOs mmu SnClz, coctabmsia 230 - 290 um. McnonszoBanue Na;SOs uinm cmecu
Na SOz + CsHgOg m03BONMIIIO MOMYyUHTH OOJIEE TOJICTHIC IIEHKH celeHnaa ceuHna: 690 u 640 am
COOTBETCTBEHHO.

Pesynbpratel peHTreHodasoBoro aHamm3a TMOKa3alnW, YTO Bce o0OOpaslbl COCTOAT U3
enuHcTBeHHON (ha3el PbSe kybOuueckoit ctpykrypst Bl (NaCl) ¢ mpocTpaHCTBEHHOW TpyIIOi
Fm3m. OxHako feTanbHOe H3yYeHHe CTPYKTYPHBIX IapaMeTPOB HCCIeyeMbIX 00pa3LoB BhIABUIIO
CYIIECTBEHHOE BIIMSIHME MPUCYTCTBYIOIIETO B PACTBOPE AHTHOKCHIAHTAa HAa MHUKPOCTPYKTYPY.

OcHOBHBIE CTPYKTYpHbIE TapaMeTpbl IUVIEHOK MTPUBEACHBI B Ta0. 1.

Ta6n.1l. CrpykrypHble mnapameTpbl IieHOK PDhSe, cHHTe3MpOBaHHBIX B MPUCYTCTBUU

Pa3INYHbIX AaHTHOKCHUJAHTOB

AckopOuHOBas
NaxSOs +
AHTHOKCHIAHT Na,SO3 KHCJIOTA SnCl,
CesHgOs
(CeHsgOs)
[Tepuon
5 6.1531 + 6.1472 + 6.1399 + 6.1367 +
KPUCTAUTNICCKOM
0.00005 0.00004 0.00023 0.00021
pemreTku a, A
Pasmep OKP, am 196 £ 1 135+2 435+ 4 40 £ 1
TT200] 0.993+0.012 | 0.998+0.013 | 0.999+0.012 | 0.952+0.017
Muxkponanpsoxenus €,-% | 0.026 +£0.001 | 0.034 +0.001 | 0.054+0.001 | 0.325+0.002

HaGmoaemoe yMeHbIIIEHHE

neproja KPUCTALTUIECKOW PEHIETKH  KOppeIupyeT

yBEJIMUEHUEM J0JM HaHoaucnepcHo (pakuuu (mMeHee 100 HM) B CTPYKType IUIEHOK, KOTOpas
COTJIACHO PE3yJIbTaTaM pacTPOBOM JIEKTPOHHOM MHUKpOCKonuM coctaBisieT <1%, 4%, 17%, 90%
npu wucnonb3oBanun NaxSOsz + CsHgOs, Na2SOs3, CeHgOs 1 SNCl2 cootBercTBeHHO. Hapsimy c

OTHM, HAONIOMACTCA KOPPENSAUsS MEXAy NapaMeTpoM pPEIIeTKH WCCIEAYEeMbIX IUICHOK H
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BO3HHUKAIONIMMU B HUX MUKPOHAMPSKEHHUSIMH € C YMEHBIICHHEM @ PAacTyT MHUKPOHANPSIKECHUS,
4TO0 00YCIIOBJICHO (pOpMHpPOBaHHEM OoJiee TUIOTHOYNAaKOBAaHHON CTPYKTYpBI, IPH KOTOPOW JJIMHA
CBsI3eH MEXy COCEHUMU aTOMaMH COKPAIaeTCs.

B nsTOl rJjaBe MpHUBENEHBI PE3yNbTaThl MCCIECIOBAHUN BIUSHUS TEXHOJIOTHYECKHX
YCIIOBUI Tpollecca CEeHCHOWIM3AlMU, BKIIOYAIOMIETO 3Tallbl JIETUPOBAHUSA OCAXKIAEMBIX CIIOEB
HOIOM M TEPMHUYECKOIO OTXKHMra, Ha COCTaB, MOP(OJOrHMI0 U CTIPYKTypy IuteHok PbSe,
MOJIyYCHHBIX B MPUCYTCTBUU PA3IMYHBIX AHTUOKCHUIAHTOB, a TAK)K€ YCTAaHOBIIEHA B3aMMOCBS3b
CTPYKTYPHBIX XapaKTEPUCTHK C (POTOANEKTPUUECKUMHU CBOWCTBAMH.

JlerupoBaHue MJIECHOYHBIX OOpa3LOB HOJOM OCYIIECTBISUIM B MpPOIECCE CHUHTE3a MyTeM
BBEJCHUA B peakiuoHHyl0 cmech NHul. DxcnepumeHTanbHO YCTaHOBJICHHAs ONTHMAalbHas
KOHIICHTpanus 3Tou (pyHKImoHanpHOM nqo6aBku cocrapmwia 0.01 momne/n. [IpuBenenusie Ha puc. 4
(a-2) MUKpPOM300paKEeHUST JIEMOHCTPUPYIOT APXHUTEKTYPY IICHOK, CHHTE3UPOBAHHBIX MPU
nobapneHnM Homuaa amMmoHms. OOpasmaMm, cojaeplKaluM HauOOoJbIee KOJIWYECTBO Hoja
(cuntesupoBannbiM B npucytctBuH NaxSOs, cmecu CeHgOs + NaxSOz u SnCly), xapakrepHbl
onuskue mo Qopme arperathl pazmepoMm (~20x300 HM). PenTreHodazoBbIM aHAIM30M IUIEHOK
PbSe o6HapyskeHO mpucyTCTBUE pUMecHO# dassl PDlo.

3HAUNTENBHO OTJIMYAIOTCS OT PAaCCMOTPEHHBIX BbImIe o00pasmoB tieHkn PbSe(l),
CUHTE3WPOBAHHBIE B TMPHUCYTCTBUM AacCKOPOMHOBOW KuCHIOTH. Kpucrammrel umeroT G¢opmy
CJIIOHBIX MHOTOTPAHHHKOB, CPEAM KOTOPBIX MOXXHO YBHAETh (POPMY YCEUECHHON NHPAMUIKU.
O4eBHUIHO, YTO CTENEHb BIUSHUS NpUCYTCTBYMommero B pactBope NHsl Ha cTpykTypy MiieHOK
3HAYHUTEIHHO MEHBIIIE, YeM B CIIy4ae C OCTaJIbHBIMU AaHTHOKCHIAHTAMHU.

Ha puc.4 (a-2) mnpuBeneHbl pPEHTTEHOTPaMMBbI CBEKEOCaKICHHBIX IuieHOK PbSe(l),
CHUHTE3MPOBAHHBIX C HCIOJIB30BAaHHEM PA3JIMUHBIX aHTHOKCHIAHTOB, a B TaOJd. 2 pe3yibTaThl MX
o0Opabotku 1o Mmeroxy PutBenma B mporpamme Fullprof. OGpamaer BHHMMaHue W3MEHCHHE
MPEUMYIICCTBCHHOW OPWEHTAIMM KPHUCTAJUIUTOB IUICHOK W CHIDKEHHE TEKCTYpPUPOBAHHOCTH
o0pa31oB mpuMepHo B 1.2-2.5 pasza mo cpaBHEHHIO C KOIPPHUIIMEHTOM TEKCTYPHI TNIEHOK CEJICHU 1A
CBUHIIA, NTOJYYEHHBIX U3 PEAKIMOHHON CMecH, He cojepkauiei oauaa ammonus (cM. tadu. 1).
Taxoke HaOMOgaeTCS YBENMYCHUE TEpHOAa KpHcTauimdeckoil pemretku tuieHok PbSe(l), yro

yKa3bIBacT HAa BHEJPCHUE aTOMOB HoJia B CTPYKTYpy (aser PbSe.
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Puc. 4. PeHTreHorpaMMbl 1 MUKPOH300paKEeHHS CBEKEOCAKICHHBIX (a,6,6,2) U

CUHTC3UPOBAHHBIX B ITPUCYTCTBUU

b

anTrHokcuaanToB: Na2SOs (a,0), Na2SOs + CsHgOs (6,¢€), CeHsOs (6,91¢) 11 SnCl2 (e,3).

TepMO0OpaboTaHHbIX (0,e,4c,3) meHok PbSe(l)

Ha penTreHorpamMmmax oTMedeHbI pe)ieKChl OCHOBHOM KyOudeckoit ¢aser PhSe

* —Pblz, 0 — PbSeOs, + — PbSeOs.

Y TIPUMECHBIX (ha3:
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Ba)kHBIM TEXHOJOTHYECKUM 3TAIOM MPHU CO3JaHUH (POTOMPOBOASIIUX CTPYKTYpP HA OCHOBE
CeJICHU/Ia CBHHIA SIBJSICTCS TEPMUYECKOE OKHCIICHHE B KHCJIOPOACOAEpKaliei arMmocdepe, B
pe3yabTaTe KOTOPOro IMPOUCXOJUT JISTHPOBAHHE CJIOEB KHCIOPOJIOM — BaKHOH aKICNTOPHOM
NPUMECHIO, CIIOCOOCTBYIOIIEH ONTHMU3AIMN KOHIIEHTPAIIMK HOCUTENEH 3aps0B M IMOBBIIICHUIO
dorouyBcTBHTEIbHOCTH. Kak mokazanu pe3yiabTaThl MPOBEACHHBIX HCCIICIOBAaHHUM, CTPYKTypa
PEKypCOpHBIX 00pa3noB PbSe okaspiBaeT 3HAUMTENBHOE BIMSHUE HA MEXaHU3M IPOMCXOISAIINX
BO BpeMs OTXKHIa TIPOIECCOB OKHUCICHHS U IEePEKPUCTAIUIM3AIMU, YTO OTpakaeTcs Ha

(GyHKIMOHATBHBIX CBOICTBAaX MaTepHaa.

Tabn. 2. CrpykrypHble XapakTepucTHku IuieHOK PbSe(l), cuHTe3upoBaHHBIX B

MNPUCYTCTBUH PA3JINYHBIX aHTUOKCHIAHTOB

AckopOuHOBas
Na,SOs +
AHTHOKCHIAHT KHCJIOTa NaSO3 SnCl;
CsHsgOs
(CsHsOs)
a, A 6.1298+0.0004 | 6.2519+0.0008 | 6.2659+0.0007 | 6.2488+0.0013
Pasmep OKP, um 61.16+£0.031 13.88+0.008 27.58+0.018 7.88+0.003
Muxkponanpsoxenus €, % | 0.21+0.0001 1.08+0.0004 0.51+0.0002 1.25+0.0005
Ty - - - 0.711
Tr200] 0.609 0.338 0.356 -
T12201 - 0.347 0.332 -

Pentrenorpammer treHok PbhSe(l), moaseprimmxcs nmporeaype TepMOCCHCHOMITU3AIUY TIPH
temmeparype 653 K mpuenenst Ha puc. 4 (0-3). [locme TepMooOpabOTKH CTPYKTypa M COCTaB
wieHok PbSe(l) 3HauuTENbHO M3MEHSIOTCS, TMOSBISIOTCS HOBBIE KHCIOpPOJACOAEpXk amue ¢asbl
cenennta cBuHIa PbSeOs, cenenara ceunna PbSeOs u okcuno ceunma (PbzOs u PbOy). Crour
OTMETHUTh, YTO Tociie oTxkura mieHok PbSe(l) cooTHomenuss MHTEHCUBHOCTEN MUPPAKIIMOHHBIX
OTpaXCHHWI MPHUCYTCTBYIONIMX HAa PEHTTEHOTpaMMaxX OCHOBHOW M MPHUMECHBIX (Da3 oTiamdaroTcs
IpyT OT Jpyra, 4TO YKa3blBaeT HA WX PA3IUYHOE KOJIMYECTBEHHOE COOTHOIICHHE B COCTaBE
TUICHOK, TTOJTy9€HHBIX C MCTIOJIB30BaHUEM PA3IMYHBIX aHTHOKCHIAHTOB.

[Tocine TepMooOpabOTKHM TEPHOA KpUCTAJUIMYECKOW pemieTkd (a3el PbSe cymiecTBeHHO
cHmKaeTcs 10 3HadeHuil 6.1065 A (CeHsOs), 6.1063 A (NaSOs), 6.1049 A (NazSOsz + CgHsOs),
6.1057 A (SnCl,). D10 cBsA3aHO ¢ TeM, 4To Npoucxoaut Audysus iHoaa K rpaHHUIE KPUCTAILTUTOB
B MpoIlecce TMEePeKPUCTALIM3AIMN W OKWCJICHHE WOIMAa CBHWHIIA JI0 OKCHAOB. B pesymnbraTe,

3amMenieHue oosee kpymHoro aroma | (r = 0.22 am) Ha MeHbIIHI 110 pasmepy atoM O (r = 0.14 M)
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CIOCOOCTBYET VIUIOTHEHHIO CTPYKTYPbl W YMEHBIICHHIO JUIMHBI CBS3M MEXIY Yy3JIaMH
KPUCTAJTTMYECKON PEIISTKH, U, COOTBETCTBCHHO, BEJIMYMHBI ITapaMeTpa PEIIETKH d.

3a cY4eT MPOUCXOIAIIMX MPOIECCOB MEPEKPUCTAIUIM3AIMN pa3Mep YacTHI] 3HAYMTEIHHO
YBEJIMUUBACTCS, YTO SIBHO JIEMOHCTPUPYIOT MHKpOdoTOrpaduu IICHOK, MPUBEACHHBIE HA pHC. 4
(0-3). ®opmupyrOTCS II00YIBHBIE arperaTbl pa3MepoM 1 MKM u Oojice, KOTOPBIE PacIpe/IeIeHbI
M0 TIOBEPXHOCTH TJICHOK HEPAaBHOMEPHO, BBy YeTO HAOJIOIAl0TCSA BBICOKHME 3HAYCHHS TIEpernaaa
BbICOT MOBEPXHOCTH ~300 - 350 HM.

Pe3ynbpTaThl 3JIEMEHTHOTO SHEPTOAMCIICPCHOHHOTO aHallM3a IOKa3ald, YTO COJCpIKaHHE
kuciopoaa mocie omkura rmieHok PbSe(l) mocturaer 39.84 atr.% (Na:SOs3), 42.17 ar.%
(NazSOs + CeHgOs), 52.87 at.% (CeHsOs) u 54.06 at.% (SNCl,). [Ipu 3TOM cpenHee comepkaHue
fioga 3ameTHO ymeHbInaetrcs: ot 9-10 ar.% 1o 5.74 at.% (NaxS0s3), 6.02 at.% (NaxSO3 + CsHsOg),
4.07 at.% (SnCly), 3.73 ar.% (CeHgOs).

N

o

o
T

0’0 O _._,, 1 1 1 1
02 04 06 08 10 1.2 00 02 04 06 08 10 1,2
hv, 3B hv, »B

Puc. 5. I'paduueckoe omnpesencHne ONTUYECKOM IIMPHHBI 3aIpelieHHo M 30HbI Eg ruieHok PbSe(l)

npu IPsIMOM (@) ¥ HenpsiMoM (6) niepexoax. [IJIeHKH oyueHbl Ha CTEKJIe B IPUCYTCTBUU
uHruoutopoB NaxS0s3 (1), Na2SOs + CsHgOs (2), CsHgOs (3) u SnCl2 (4).
Ha BcTaBke K pHiC. 5 a TIOKa3aHO ONMpPE/C/ICHHUE ITUPUHBI 3aPEIICHHON 30HbBI TP MPSIMOM

repexo/ie B 00JIaCTH MaJTBIX SHEPTUH

['padmueckoe ompeneneHre ONTHYSCKON HIMPHHBI 3ampelieHHoN 30Hbl Eg menok PbSe(l)
npu mpsMoM (a) U HempsiMoM (6) mepexoiax mpuBeaeHO Ha puc. 5. [lIeHkH, moyydeHHbIe Ha
ctekie B mpucyTcTBuU HHrHOUTOpoB NaxS03, NaxSOs3 + CeHgOs, CeHsOs 1 SnCl2, ipu HEnpssMom
DHEPreTHYeCKOM Tiepexone umeroT cienyromue 3HadeHus 0.25+0.007 5B, 0.19+0.006 5B,
0.15+0.005 5B, 0.134+0.004 5B. IIpu mpsiMmoM mepexojae MOJYy4YeHO MO JBE BETUYHUHBI HIMPUHBI
3anperneHHon 30HbI: 0.79+0.024 3B (Na2S0s3), 0.74+0.022 3B (NaxSOs + CsHgOs), 0.69+0.021 3B
(CsHgOs), 0.60+0.018 3B (SnClz) u 0.385+0.012 3B (Na2S0s), 0.37+0.011 3B (Na2SO3 + C¢HgOs),
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0.36+0.011 3B (SnClz), 0.34+£0.010 3B (CeHgOs), 4TO COOTBETCTBYET MPSAMBIM ONTHUYCCKUM
nepexo/iaM B Pa3IMYHbIX (pa3ax BapU30HHOU CTPYKTYPHI.

B pesynbraTe ymopsimodeHHs CTPYKTYpPhl TOJYIPOBOJHUKOBBIX CJIOEB TIOCIE OTKUTA
HaOJII0aeTCsl CHIDKEHUE TeMHOBOro compotuieHus Rt muenok PbSe(l) ¢ 700 mo 320 kOwm
(NazS0:s3), ¢ 1000 mo 700 kOm (NaSO3+ CsHgOs), ¢ 1200 10 670 kOMm (CeHgOs) 1 ¢ 1500 mo0 700
kOM (SnCly) (puc. 6 a). MakcuManbHOE 3HAYE€HHE BOJIBTOBOM YYBCTBUTEIBLHOCTH OTOMKIKEHHBIX
wienok PbSe(l) mpu xomuatHO#i Temmeparype cocraBuiao g0 750 mMxB (puc. 6 6). Ilpu stom
JY4IINE XapaKTePUCTUKH UMEIOT IJICHKH, OCAXIACHHBIE C MCIIOIb30BaHUEM HHruOuTOpa NaSOs,
ONTUMAJIbHAS TeMIIepaTypa OTKUTa KOTOphIX coctaBuia 653 K. JlanpHelmmii pocT TeMneparypbl
omkura 10 683 K u Gosiee criocoOCTBYET CHMIKEHHIO BOJIBTOBOM UyBCTBUTEIIBHOCTH, CBSI3aHHOMY
C TIEPEOKUCIICHUEM IIJICHOK M YMEHBIIICHHEM B HUX KOHIICHTpaIMK HOcuTeNel 3apsaoB. Cieayer
OTMETHTh, 4YTO BCe o0O0pa3lbl O0O0JIaJadd HHU3KOW BEIMYMHOW COOCTBEHHBIX IIIyMOB, HE

npesbimaronmx 10 MxB.

1500 800
1200 - 600 [
=
O 900 F 4 @ 2
= = 400t 1
[ 3 P
A 600 ) 3
2 |
300 F 1 200
4
0 1 1 1 1
640 650 660 670 680 690 (6)40 630 660 6%0 6é0 690
Temnepatypa oTxura, K Temmeparypa omkura, K
a 9]

Puc. 6. 3aBUCUMOCTb TEMHOBOT'O COIPOTHUBIICHUS (@) U BOJIBTOBOM UyBCTBUTEIBHOCTH (0) TIIEHOK
PbSe(l) ot TemmniepaTypbl oTxkura. PazMepbl 4yBCTBUTEIBHBIX AIEMEHTOB 5X5 MM. OcaxieHue

IJICHOK IIPOBCACHO U3 BTHHeHﬂHaMHH'aHeTaTHOﬁ CMECH C HCIIOJIBb30BaHHUEM aHTHUOKCHIAaHTOB
Na2SOs3 (1), Na2SO3 + CeHgOs (2), CsHsOs (3) 1 SnCl> (4)

[Tpu oxnakIeHUM TyBCTBUTEIBHBIX 2JIeMEHTOB 110 213 K oTMedaeTcst 3HaYMTENBHBIN POCT
¢dorooTkiMKa. DTO, B MEPBYIO OYEpe]b, KacaeTcsl IJICHOK, OCAKIEHHBIX C HCIIOJIb30BAHHEM
CsHgOs 1 SnCl2, 1151 KOTOPBIX BOJIT-BATTHAS! UyBCTBUTEIBHOCTH COOTBETCTBEHHO BO3PACTAET /10
~1700 u ~1900 B/BTt, T.e. B ~15 pa3. [{ns oOpa31oB, XapakTepU3yIOUIMXCA HCIOIb30BaHUEM BO
Bpemsi cuHTe3a NaSOsz m NapSOs + CeHgOe, HaOmromaeTcss cTabuimsanus BOJIBT-BATTHON
YyBCTBUTEILHOCTH TIPH HU3KUX TEMIIEpaTypax. DTO CBA3aHHO C BOZHUKHOBEHHEM MEXaHUYECKUX
negopmanuii, BO3HUKAIOIINX KaKk BHYTPH CJOf, TaK U Ha UHTepdeiice “IuieHKa-MmouIoxKkKa”, 3a

CUeT pa3IM4YHBIX KOA(POHUIMEHTOB TEPMUUYECKOI'O PACIIMPEHUS KOHTAKTUPYIOIIMX MaTepUasoB.
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Cremyer OTMETHTH, YTO JIONOJHHMTEIBHOE BBEJEHHE ACKOPOMHOBOM KHCIIOTHI CIIOCOOCTBYET
HOBBIIIEHUIO DJIACTUYHOCTH O00pa3lOB, HAa YTO YKa3bIBAET MEHEE OKCTPEMAJbHBIA POCT
COIPOTHUBIIEHUS [IPU OXJIAXKICHUH, 0€3 CHUKEHHS MX YYBCTBUTEIBHOCTH.

Bce uccnenyeMbie B paboTe 4yBCTBUTEIBHBIE DIEMEHTHI 2X2 MM Ha OCHOBE OTOXIKEHHBIX
wienok PbSe(l) o0iamaroT JOCTATOYHO BHICOKOH OOHAPYKHUTEIBHOM CIIOCOOHOCTBIO (pHC. 7),
CBHJETEIBCTBYSS O MEPCIHEKTHBHOCTH WX HCIONb30BaHUs B pasnuunbix HK-merexropax,

paboTaronux B Auana3zoHe IJIUH BOJIH OT 1 10 5 MKM.

9
1.0x10 Puc. 7. TemnepaTypHas 3aBUCUMOCTh

8| 00HAPYKUTEIBHOI CITOCOOHOCTH
8.0x10

3 (hOTOUYBCTBHUTEIIBHBIX DJICMEHTOB Ha
" 6.0x10°
m ocHoBe PbSe(l), momyueHHbIX

4.0x10° - THAPOXUMHUYCCKHUM OCAXKICHUCM C

3
! X
1

FHI/Z

*

ucnosb3oBanneM NaxSOs (1),
NaxSO3 + CeHgOs (2), CeHgOs (3) 1
SnCl; (4). Temneparypa omxkura 653 K.
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ITnenxku PbSe(l), cunresmpoBannbie ¢ wucmonb3oBanueM SnCly, mpu  OXJIaKICHUH
MOKA3bIBAIOT BBICOKHI POCT OOHAPYKUTEIHHONW CIIOCOOHOCTH, YTO MO3BOJSET PEKOMEHI0BATh MX
Uit co3manus BbICOKOd(dekTuBHBIX MK-merekTopoB, pabortatomux B cpemnerr MK-oGmactu
CHEKTpa, a TAKKE B TEPMORIIEKTPUUECKUX MTPEoOpa30oBaTENIX SJHEPIHH.

BriBoanl

1. Pa3paboTrana MeToJlMKa OLEHKH YCTOMYMBOCTU BOJHBIX PACTBOPOB CEIEHOMOYEBHUHBI K
OKHMCJICHHIO KHCJIOPOJIOM BO3/IyXa B 3aBUCHMOCTH OT COCTaBa PEAKIIMOHHOMN Cpe/bl. Y CTAHOBIICHO,
YTO CBEKENPHUTOTOBJICHHBIC BOJAHBIC PACTBOPHI CEICHOMOYEBHHBI YCTONYMBHI HE Ooee 2 MUHYT.
B menouHo# cpene pas3ioKeHHE CEICHOMOYEBUHBI YCHIIMBACTCS 3a CUET HYKJICO(DMIHHONW aTaKH
THJIPOKCHI-HOHA 10 aroMmy yriepona B monekyine CSe(NH2).. B xkwucnoit cpene, cozmaBaemoit
a30THOM TMOO CEpHOM KUCIOTaMH, OKUCIICHHUE XaIbKOT€HU3aTOpa 3aMeJIIETCs, paCTBOP OCTAETCA
YCTOWYHMBBIM JI0 JIBYX YacOB, a CTAOMJIBHOCTh BOJIHOTO PacTBOPA CEJICHOMOYEBHHBI B TPUCYTCTBUU
YKCYCHOM KHUCIOTHl cHmkaercss g0 30 muH. CossHas KHCIOTa aKTUBHO MHTEHCHU(UUHUPYET
MIPOIIECC PA3IOKEHHUs CEJICHOMOUYEBHUHEI, B PE3yJIbTATe YEro BBIICICHUE SJIEMEHTAPHOTO CejieHa
HaOJI0AaeTcs yxKe uepe3 2 MUHYTHI.

2. VYcraHOBJEHa BO3MOKHOCTh HCIIOJIb30BaHUS B KadeCcTBE WHTHOWTOPOB TMpoIriecca

OKHUCJICHHA CCICHOMOYCBHHBI BCHICCTB, CO3JAIOIMIUX BOCCTAHOBHUTCIIBHYIO CPCAY: CYJIB(I)I/ITa
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Hatpus NaxSOs, ackopounoBoi kucioTel CeHgOs, 1 € cMecu ¢ cynb(huTOM HATpus, XJIOpUIA
onoBa SnClz. OOHapyxeH cuHepreTrueckuii d3QPeKT aHTHOKCHUIAHTHOTO JICHCTBUS Ha ITPOIECC
OKHCIICHHUSI ~CEJICHOMOYEBUHBI MpPH COBMECTHOM HCIIOJNIb30BaHUM Cynb(ura HATpUs U
ACKOPOMHOBOM KHUCIIOTHI.

3. TlpoBenmena oreHKa OCOOEHHOCTEH OOpa30BaHUS M THUIPOXUMHYECKOTO OCAKICHHS
CEelICHU/Ia CBUHIIA B TIPUCYTCTBHH HWHTHOUTOPOB OKHCJICHHS CEIICHOMOYEBUHBI PA3IUIHOM
OPUPOJBI C OMPENEICHHEM JHEPrHH aKTHBAIMKM Tpoliecca oOpa3zoBaHusi TBepmou ¢aszwr PbSe,
3HAaYeHUS KOTOPOH B pEaKIIMOHHBIX cucTeMax, coaepkanmx NaxSOz, CeHgOs, Na2SO3z + CsHgOs 1
SnCly, coorBercTBenno cocrasunu 25.30, 34.79, 26.1, 24.67 x/x/monb. IlokazaHel OTIMYUS B
MEXaHU3ME  3apoJbllIeO0pa3oBaHMsl  CEeNeHWAa CBMHLIA B  TNPUCYTCTBHH  Pa3IUYHBIX
AQHTHOKCHUIAHTOB.

4. Tloxa3aHo BIHMSHHAE BEIICCTB C pa3IMYHBIM AHTHOKCHIAHTHBIM JICHCTBHEM Ha
MOP(OJIOTHIO, TPAaHYJIOMETPUYSCKH W XHUMHYECKUH COCTaB, KPUCTAJUIMYCCKYIO CTPYKTYpPY
IUIGHOK CEJIEHW/Ia CBHHIA, OCAXICHHBIX M3 ITUICHIUAMHH-allETaTHOW pEaKIMOHHOW cMecHu. B
psany no6aBok NarSOz + CeHgOs, NaSOs, CeHgOs, SnCl, HaOmomaercs TeHACHUIHUS K
YMEHBIIEHHIO epHoa KPUCTAINUECKOH pemeTku oT 6.1531 = 0.0003 g0 6.1367 £0.0002 A, a
TaK)Ke BO3PACTAHUIO JTOJIM YACTUIl HAHOIMAIIA30HA B COCTABE CIIOA.

5. [lokazano BaustHUE 100ABKU HOIMIa aMMOHUS, UTPAIOIIETO Poib ceHcuOmnmm3aTopa Kk UK-
U3JIYYCHHIO, Ha COCTaB M CTPYKTYPY CBEKEOCAKICHHBIX IUICHOK. OIEHEHHBIN 10 YIIUPEHUIO
I paKIMOHHBIX OTPAXEHUH cpeaHui pasMmep uactull B rieHkax PbSe(l) ymenbmaercs B 3
(CeHgOs), B 5 (SNCl2), B 10 (Na2SO3) u B 17 pa3 (Na:SO3 + CsHgOs). Bxoxknenue iosia B coctan
IUICHOK CHOCOOCTBYET YBEIMYCHHIO B HUX MUKPOHAIMPSDKEHHUH, a Takke 00pa3oBaHUIO B psfe
ciyuyaeB (dasel Pblo.

6. OmnpenencHpl yCIoBUs TepMoceHcuOmm3anuu wieHok PbSe k MK-m3myuenuro. Omxur
npu 653 K mpuBoaut kK 00pa3oBaHHUIO B CIIOSX KHUCIOpoacoaep:kamux (a3 ceiaerura PbSeOs,
cenenara PbSeOs u oxcunos cBunma (PbzOsu PhOy). Conepikanne Kucaopoja B IJICHKAX IOCIE
OT)KHT'a MOHOTOHHO YBEJIMYUBACTCS MPH UCIIOJIb30BAHUU aHTHOKCHIAHTOB B psimy NaxSOs (39.84
a1.%), Na2SOs + CeHgOs (42.17 at.%), CeHsOs (52.87 at.%) u SnCl2 (54.06 at.%).

7. Jlns TUIEHOK CeNeHHIa CBUHIA, CHHTE3UPOBAHHBIX IO pa3pabOTaHHOW METOIUKE C
UCITIOJIb30BAHUEM PA3JIMYHBIX AHTHOKCHUIAHTOB, OIPEICICHBI MOPOTrOBhIC (POTOIIEKTPUUCCKHE
XapaKTEPUCTUKU. MaKkCUMallbHbIC 3HAUCHHS CUTHAJIOB (POTOOTKIIMKA MPU KOMHATHBIX YCJIOBHSIX
MOJTyYEHBI JUISI CJIOEB, OCaXJCHHBIX C wHcronb3oBanueM 1no6aBku NaSOsz m ero cmecu ¢
aCKOpPOMHOBOM KUCIIOTOM, a Mpu HU3KUX Temmeparypax npu BeeneHun SNCl2 u CeHgOs.

8. Ilo pe3yapTaTaM HHM3KOTEMIIEPATYPHBIX HWCCIEHOBAaHUN CHHTE3UPOBAHHBIX IUIEHOK

OompeeieHa JHEpPrusi TEPMUUYECKOM 3alpelieHHON 30HbI, 3HAYEHHS KOTOPOM COCTaBUIU
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0.265+0.007, 0.271+0.007, 0.308+0.008, 0.349+0.009 5B s cimoeB, TOJYyYEHHBIX C
HCIOJIb30BaHUEM aHTHOKCHMIAaHTHBIX 100aBok SnCly, CsHsOs, NaxSOs + CeHsOs u NaxSOs3
COOTBETCTBEHHO. [l0 CrmekTpam MpoInycKaHWs OINpeAecHa ONTHUYECKas IIMPHUHA 3alpelieHHON
30HBI TIOJYYEHHBIX IJICHOK, KOTOpas B Clydae HENpsAMBIX mepexonoB cocraBuia 0.13+0.004 5B
(NazSOs + CeHgOs), 0.15+0.005 5B (NaS03), 0.19+0.006 5B (SnCl2) u 0.25+0.007 3B (CsHsgOs),
a mpu mnpsmbeix nepexomax 0.79+0.024 5B (NapSOs), 0.74+0.022 5B (NaxSOs + CsHgOg),
0.69+0.021 »B (CesHgOs), 0.60+0.018 3B (SnCly) u 0.385+0.012 3B (Na.SO3), 0.37+£0.011 »B
(NazSOs + CeHgOs), 0.36+0.011 3B (SnCly), 0.34+0.010 3B (CeHgOs), uTO XapakTepHO s
MHOT0()a30BO¥ BApU3OHHOM CTPYKTYPBHI.

9. Pa3paboTaHbl TEXHOJIOTHYECKHE YCIOBHMS THAPOXHMHYECKOTO  OCAKACHUS U
nocieayromeid  tepmoceHcuOmnm3anun  wieHok PbSe(l) ¢ wucnonb3oBaHMEM — pa3IUYHBIX
UHTHOMTOPOB OKHUCIIEHHS celeHoMoueBuHbL. M3rorosnennsie MK-nerekropsr Ha ocaose PhSe(l) ¢
pasMepaMH 4yBCTBUTEJBHBIX J3JEMEHTOB 2X2 MM OTJIMYAIOTCS BBICOKUMH 3HAYCHHSIMU
o6Hapy ) UTeNbHOH crocobHocTH (10 1.46-108 Bri-T'm?-cm B ciaydae ucnonb3oBanns NasSOs).
JIJis TIJICHOK, OCaKICHHBIX ¢ ucnoiibzoBanueM SnCly, B TemreparypHoM auamnazone 213-333 K
OoOHapyXUTENIbHAsT CIOCOOHOCTH Bo3pacTaeT Oojiee, yeM B 10 pa3. JlaHbl peKOMEHIAIMU II0
NPaKTUICCKOMY  HCIIOJIb30BAHUIO CHHTE3MPOBAHHBIX TEPMOCECHCHOMIM3MUPOBAHHBIX ILICHOK
PbSe(l), ucxoas u3 ux MOPOrOBBIX XaPAKTEPUCTHK.

IlepcnekTUBBI JajIbHENIIEH Pa3pad0TKU TeMbI MCCJIeI0BAHUM

[TonyueHHble B paboTe pe3ysIbTaThl HCIOIb30BAHNS aHTHOKCHIAHTOB PA3IMYHOMN MPUPOIBI B
KaueCTBE MHTMOUTOPOB OKUCIICHHS CEJICHOMOYCBUHBI MOT'YT OBITh MCITOJIB30BAHBI JJIs pa3pad0TKU
TEXHOJIOTHUHU THIAPOXHUMHUYECKOTO OCAKIACHHS JPYTUX CEICHHUIOB METAJIOB M TBEPABIX PACTBOPOB
Ha WX OCHOBE C IICJIBIO MOJIYYCHHUS BBICOKO(YHKITMOHAIBHBIX MOJIYITPOBOJHUKOBBIX COCTUHCHUH.
[Inenkn cemeHuWaa CBUHIIA, CHUHTE3WPOBaHHBIE C Hcmoib3oBaHueM NaxSOs3 um cMmecu
Na>SO3 + CeHgOs, 00mamaroT MaKCUMaIbHON YyBCTBUTEIHHOCTHIO TPH KOMHATHOM TeMIIepaType,
MOATOMY MOTYT OBITh HCIOJB30BAHBI MPH HM3TOTOBJICHMHM Ha uX ocHoBe MK-merexropoB, He
TpeOYIOIUX TITYOOKOT0 OXJIaXICHHSI, B YaCTHOCTH, CIIEKTPOMETPOB, JIA3epHBIX PallapoB U Kamep,
HAXOAIINX MPUMEHEHHE B CIIEKTpoMeTpun U actpoHoMuu. J{ns menok PbSe(l), ocaxaeHHbIX ¢
ucnonb3oBanneM CeHsOs u SnCly, xapaktepeH pocT (HOTOUYBCTBHUTEIBLHOCTH IMPH TIyOOKOM
OXJIXKJICHUW YyBCTBHTEIBHOTO dJIeMeHTa Oosiee, yeM B 10 pas, 4To Jenaet uxX MpHUBICKATSIIbHBIMU
matepuasiamu st MK-perekropoB, paboTaromux B Oojiee JajlbHEM JHMANa30HE JUIMH BOJIH
(> 4.5 Mmxm).

OcHOBHOE cOJepKaHue TUCCePTANMU U3J105KeHO B CJAEAYIONINX My INKAIUAX:
CraTbu, ONYyOJMKOBAHHbIE B peHEH3HMPYEMbIX HAYYHBIX JKypHajJax W H3aHUSX,

onpeneseHbix BAK:
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