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OBIIAA XAPAKTEPUCTHUKA PABOTDBI

AKTyaibHOCTh TeMbl auccepranmuu. [lomymerammer Bi m Sb wm mx
COCUHEHHS] C YHUKAIbHBIMU (DU3UUECKUMH M  XUMHUKO-OHOJIOTMYECKUMU
CBOMCTBAMHU HCHOJIB3YIOTCSI B CO3/JAHUM COJIHEYHBIX 3JIEMEHTOB, DJIEKTPUYECKHUX
Oarapeil, B METAJUTypruu, 3JEKTPOHUKE, MeaulnHe. Hanpumep, nepcrnekTuBHBIM
IPEICTABIIAETCS TIPUMEHEHUE PAIUOHYKIUIOB BUcMyTa (Hanmpumep, 2°Bi) mis
JTMArHOCTUKY | JICYCHUS Pa3IMUHBIX OMyXoJei — mumdom, sielikemun [Mendis A.
H.W. U np., 2011; Morgenstern A. 1 ap., 2012].

BucmyTt nmeer caMbiii HU3KMI KO3(PGUIUEHT TEIIONPOBOIHOCTH, MOITOMY
paciuiaB BUCMYTa HCIIOJb3YETCSl KAK €IUHCTBEHHBIN TEIJIOHOCHUTENIb B aTOMHBIX
peaktopax [A.A. Enucees, A.B. JIykammun, 2010].

BucmMyT u cyppMa B HAHOCOCTOSHUM NPOSBIISIIOT CBOMCTBA HAMHOIO
YCUJICHHBIE B CpaBHEHMM C MacCUBHbIMH MeTauiamu [A.A. Emmcee, A.B.
Jykammn,  2010], T.e. 1mOMCK  HOBBIX  3(P(EKTUBHBIX  TEXHOJOTUU
HAHOCTPYKTypupoBanus Bi u Sb aktyanbHo.

Mbr  npemiaraem  crnocod  3PQGEeKTUBHOTO U JIOKAJW30BAHHOIO
HAaHOCTPYKTYPUPOBAHHUS BHUCMYTa W CYPbMBl C HCIOJIB30BAHUEM SHEPruu
MMITYJIbCHOM TUIa3Mbl, co3naBaeMoi B xkuakux cpenax (MIDK), tem Oonee, yto
anmnapaTypHoOe CHa0XEeHHUE ITOro crnocoda MpocToe, JKOHOMUYHOE U JOCTYITHOE.

CBs3p  TeMbl  JHCCEPTAIMM €  NPUHOPUTETHHIMH  HAaYYHBIMH
HANPABJICHUSIMHA, KPYNHbIMM HAYYHBIMHM MNpOrpaMMamM (IPOEKTAMH),
OCHOBHBIMM  HAY4YHO-MCCJIEA0BATEJIbCKHMH  padoTramM, MPOBOAUMBIMH
00pa3oBaTeJbHBIMHU U HAYYHBIMH Y4PeKACHUSIMH.

HccnenoBaHust NPOBEIEHBI B COOTBETCTBUM C MPOEKTOM  HAy4HO-
UCCIIEIOBATENIbCKUX padOT WHCTUTYTa XUMHUU U XUMHYECKOH TEXHOJOTUU
HallMOHaNbHOW  akagemMuu Hayk Keipreisckoit PecnyOnukum — «Pa3paboTka
TEXHOJIOTUYECKHUX CIOCOO0B MepepadOTKU METAJUIMYECKUX PYA, MUHEPAIBHOTO U
opraHuueckoro cwipbsi KbIpreizckoit PecrmyOnuku ¢ 1ENbI0 CO3JaHUSI HOBBIX
MarepuasioB». Paznen - «Co3maHue HOBBIX MaTepUajoB HAa OCHOBE BBICOKHX
texHonoru». llommpoekt «Hanomarepuansl W3 WMIYJBCHOM IIIa3Mbl B
KUIKOCTU» (HOMep rocynapctBeHHoi peructpamuu 0003939).

Heap wucciaenoBanusi: CUHTE3 HAHOCTPYKTYP BHUCMYTA U CYPbMBI C
VCIOJIb30BAaHUEM HUMITYJIbCHOU IIJIa3Mbl, CO34aBAEMON B BOJHOW W OPraHUYECKUX
cpenax.

3agaum uccjie10BaHuA:

e HaHnoCTpyKTypHpoBaTh BUCMYT, CYpbMY B BOJE, 3THJIOBOM, M30MPOIUAIOBOM
cnupTax, sTuieHraukone, rmuuepude 1 IM®A — numerundopamuae, IMCO
— muMetwicyiabdokcuae. lucneprupopath ciijiaBbl Bi-Sb ¢ 1enbio nogydeHus
HAHOCIIJIABOB.

o [lpoBectn (HU3UKO-XMMHUYECKUN CPAaBHUTEIBHBIN aHaIn3 (azoBOTO COCTaBa
MIPOJYKTOB HAHOCTPYKTYPUPOBAHHS BHUCMYTA, CYPbMBI, CILJIABOB BHCMYT-
cyppbMa ¢ wucnoib3oBanueM P®A (penrrenodaszoBeiii aHammi), [IOM



(npocBeunBaroniasi dJAEKTpoHHas MuKpockonusi), COM (ckaHupyromas

AIEKTPOHHASI MUKPOCKOIIHS).

e N3yunTth OaKkTepUUUIHYIO aKTUBHOCTh HaHOBUCMYTa U3 UK no oTHOmEeHuo

k Bifidobacterium.

Hayunas HOBHM3HA MOJIy4eHHbIX pe3yJIbTaTOB. [Tonyuensr
MeTaJUIn4ecKue, CyIbPuaHbIe, OKCUIHbIE HAHOTPYOKH M HAHOYACTHIIBI HA OCHOBE
BUCMyTa M CypbMbI, CHHTE3MPOBaHbI HaHOCIUIaBbl Bij«Shy — mepcrnekTuBHbIC
TEPMODJIEKTPUYECKUE  MaTepHasibl, H3yueHa OWOJOrMYecKas AaKTUBHOCTb
HaHOpacTBOpa BUCMYyTa B oTHoIneHuu Bifidobacterium.

IIpakTnyeckasi 3HAYUMOCTH IOJYyYEHHBIX Ppe3yJabTaTOB. Pe3ynapTaThl
UCCJIEIOBAHUM MOTYT OBITh MCIOJIb30BaHbl IS HANpPABJICHHOW pa3pabOTKH
TEXHOJIOTHI CaMOOPraHU3ali HAHOCTPYKTYP CYpPbMbl U BUCMYTa B UMITYJIbCHOU
miazMe. HaHOCTpyKTypbl BHCMyTa MOMOTIYT pa3paboTarh Ooyiee EHCTBEHHbBIE
JIEKapCTBEHHbIE TMpenaparbl C TOpa3l0 MEHBIIMM COJEpPXKAHUEM BHUCMYyTa B
CPAaBHEHUM C MAaCCUBHBIMU COEJIMHEHUSIMH 3TOro Meramia. Pe3ynbTaTsl
UCCJIEIOBAHMS OMOJIOTMYECKOW aKTUBHOCTA HAHOPACTBOPA BUCMYTA B OTHOUIEHUH
Bifidobacterium, BaxkHBI /IS TOTO, YTOOBI pa3padOTaTh IMATAIIYIO TEXHOJOTHIO
JIeYEHU MpenapaTtaMyu BUCMYTa, HAIPUMED, S3BbI KEIyJKa U PAKOBBIX OIyXOJIEH
XKeIyJIKa ¥ TOHKOW KHIIKH, TPHYUHON KOTOPBIX siBysitoTcst Helicobacter pylori.

JKOHOMHYECKA 3HAYMMOCTb MOJYYECHHBIX pe3yJbTaToB. BHenpeHue
HAaHOTEXHOJIOTMYECKHUX CIIOCOO0B CHHTE3a HAHOMATEpHUaJOB HA OCHOBE BUCMYTa U
CypbMbl TIO3BOJIUT CO3/JaTh HOBBIE HAHOMAaTEpUaldbl M HAHOTEXHOJOTUU IS
HApOJHOTO XO3SIMCTBA HAIleW PEeCHyOJIMKHA C BBIXOJOM Ha PHIHKUA OJIMKHETO U
JATBHETO 3apyOeKbsl.

OcCHOBHBIE I0JIOKEHHUA TUCCEPTAIH, BBIHOCMMbIE HA 3alUTY:

1. Pe3ynbTaThl uccneaoBaHus (a30BOro COCTaBa JUCIIEPTUPOBAHUSI BUCMYTA,
CYpbMbI, UX CIUIaBOB C MCIOJIb30BAHUEM JHEPTUU HMITYJIbCHOM IIa3Mbl,
co3JaBaeMoOil B JUCTHJLIMPOBAHOW BOJE, OJTHOATOMHBIX U MHOTOAQTOMHBIX
criuprax, JMCO u IMODA.

Mertonbl cunTe3a HaHOKOoMITO3uTa Sb/Sh,03, HaHOCIIIIABOB BUCMYT-CYphMa.

3. CpaBHUTENbHBIA aHANW3 MOP(OJIOTUN TOMYUYEHHBIX HAHOCTPYKTYp B

3aBUCHUMOCTH  OT MPHUPOALI  JUCHEPCHOHHBIX CpPEel U  MOPUPOIBI

HAaHOCTPYKTYpPUPYyEMOT0 MeTasuia 1o pesyjpraram POA, II19M, COM.

4. DKCepUMEHTAIbHBIE  pe3yJbTaThl 10  OaKTEPHUIIMIAHOW  AKTHBHOCTH

HAHOPACTBOpa BUCMYyTa 1Mo oTHoIIeHuro k Bifidobacterium.

Jlnunblii BKJIAJ couckaTesqs. B OCHOBY nmuccepTarimoHHOW pabOThI
MOJIOKEHBI PE3yJIbTaThl COOCTBEHHBIX HAYYHBIX MCCJIEIOBAHUN JHCCEPTaHTA.
PabGoTta BbImoiHEeHa B J1a0OpPaTOPUM HAHOTEXHOJIOTMM HMHCTUTYTa XUMHUU U
xumuueckoit Texnosoruu HAH KP. ABTop camoctosTenbHO pa3paboTan CHHTE3
HAaHOCTPYKTYp BHCMYTa M CYpbMbl TPOBEI OSKCIEPUMEHTAIbHO-HAYUYHYIO
MHTEPHPETALUIO PE3YJIbTATOB IKCIIEPUMEHTA.

AnpobGanum pe3yJbTaroB HcciaeaoBaHusi. (OCHOBHBIE  pPE3yIbTaThl
JUCCEPTAILIMOHHON pa0OThl JOKJIAABIBAIUCh W  OOCYXJAJIMCh Ha: Hay4HO-
npakTruueckoit koHpepenunu «Hanorexnonoruu B menuuuuey» (KI'MA, bumikek,

N

4



2008); MexnaynapoagnoM koHbepeHnn «llepcnieKTUBBI HAHOTEXHOJOTHM B
Hentpansuoit Azun» (MXuXT HAH KP, bumkek, 2010, 2011), MexnyHnapoaHas
HaydHass KoH(pepeHmus «HaHOTexHOMOTMH, HAHOCTPYKTYpHBIE MaTEPHAIbL:
nepcnektubl pazButus B Keipreizctane» (BAK KP, bumikek, 2020).

IHonHoTa oTpaxkeHusi pe3yjabTATOB [HCCEPTAIMM B MyOJMKAIUAX.
Matepuaiibl JuccepTalMOHHONM paboThl OIyOJMKOBaHbl B 10 meyaTHBIX padoTax.
[TonydeH aKT WCHBITAaHUST YYBCTBUTEIBHOCTM HAHOBUCMYTa IO OTHOUIEHUIO K
Bifidobacterium.

CTpykTypa u o0bem auccepraumu. J(uccepranvonHas padoTa COCTOUT U3
BBEJICHMS, TpeX TJiaB, BBIBOJIOB, CIIMCKA MCIOJIb30BAHHBIX JIUTEPATYPHBIX
uctouHukoB. PabGorta BeimonHeHa Ha 90 cTpaHHUIIaX KOMIIBIOTEPHOTO TEKCTa,
conepkut 31 pucyHkoB u 6 Tabnui. bubmuorpadudeckuii criucok coctout u3z 109
HaNMMEHOBaHUM.

OCHOBHOE COAEPXAHUE JUCCEPTALIUU

Bo BBeeHun 000CHOBaHA aKTyaJlbHOCTb UCCIEIOBAHUM, OCBEIIECHBI LIENb U
3a/layd  MCCJICIOBAaHWW, HAy4dHas HOBHU3HA, MpPAaKTHYECKas M HSKOHOMHYECKas
3HAYMMOCTh TIOJYYEHHBIX pEe3YyJbTaTOB, MPEACTABICHBI OCHOBHBIE MOJIOKECHUS
U CCEPTAIK, BBIHOCUMBIE Ha 3aIIUTY.

B nmepBoil rigaBe [ucCEpTAaHTOM TIPOBEIECH AaHAIU3 JIMTEPATypHOUR
uHpOpMaIlMU 10 CHHTE3Y M HU3YyYEHHI0O HAHOCTPYKTYp Ha OCHOBE BHUCMYyTa M
CYPbMBbI, KOTOPBIH MMO3BOJIMJI YCTAHOBUTH, YTO MPH HAHOCTPYKTYypUpOBaHUH Bi u
Sb oOpasyror TpyOuaThie HaHOCTPYKTYpbl. HaHOTPYOKH (GOpMUPYIOTCS Kak MpH
IpsIMOM CHHTE3€, TaK W TPH KCIOJIH30BAaHUM TEMILIATOB (MMOPUCTHIX MeMOpaH,
Cpel, CIIOCOOCTBYIOMUX (POPMHUPOBAHUIO HAHOTPYOOK, IMJIEHOK, KOTOPHIE MOKHO
CBEpPHYTH B TPYOKH U T.IL.).

s IPSIMOTO CUHTE3a HAHOTPYOOK HE00XO0AMMO, YTOOBI
HAaHOCTPYKTYPUPYEMBIE METAJUIbI UMENH CIOUMCTOE TpauTONOJ00HOE CTPOCHHUE.
Eciu »storo Her, TO OOBIMHO (QPOPMUPYIOTCS HAHOYACTULIBI, OJU3KHE K
chepuueckoil popme, T.e. Ha TaOUTYC HAHOCTPYKTYpP BIIMSET KpUCTAJUIMUECKas
CTPYKTypa MpeKypCcopoOB.

BrnusgHue  KpUCTaNIMYECKOTO  CTPOGHHMSI BHCMYTa W CYpbMbl  Ha
dbopMHpOBaHHE X HAHOCTPYKTYP OUCCEPTAHT OOBACHSET HAa OCHOBE KJIACTEPHOU
MOJENU >KHJKUX METajUIOB: MPHU IUIABIICHUW METAIOB OOpa3yITCs KUIKUE
KJIaCTEPbl, KOTOPbIE HACIEAYIOT CTPYKTYpYy TBepAoro meramia [Bemtoxanos B.IIL.,
ApxapoB B.U., 1972]. OcoOeHHOCTH B3aUMOCBSI3U MEXy CTPOCHHEM KUIKON U
TBEPAOH METAJUTMUECKUX (a3 Ha3bIBAIOT CTPYKTYPHOU HACIEICTBEHHOCTHIO.

JIist co3manusi HAHOCTPYKTYp HE0oOXoaumbl mporiecchl, mogoousie MITK,
NO3BOJIAIOIIME  HAChIIIATh TBEPAOE TeNO MU30BITOYHOM  DHEpPrueu, T.K.
HAHOCTPYKTYpPhI SIBIIAIOTCS HEProHachlleHHbIMU cuctemMamu |[DenopoB B.b.,
Kanamnukos E.I'., Tananaes 1.B.].

I'nasa 2. METOJ0JIOTUSA U METOAbI UCCJIEAJOBAHUSA
Hcxoanble BemecTBa W PEeaAKTHBBI: HCXOJHBIMU BEIIECTBAMU JJIsI CHHTE3a
CIYKWIH MeTaJuInueckuii BUCMYT (uuctoTor 98,98%-99,8%) u Meramnuueckas



cyppMa (uuctotoit 98,99%-99,9%). B kadecTBe IMCIEPCHOHHOW CpEnbl
UCIIOJIB30BAIKCH: 1) AUCTWIUIMpOBaHHAs BOAQ; 2) OTWIOBBIA CHOUPT MapKu
«KcTpay; 3) H30MPONMMIIOBBIM cnupt, X.4. ; 4) aumerwicyiaspokcun (AMCO,
(CH;3)2S0), (xu.) TY 6-09-3818-77; 7) N,N-gumermndopmamun (MDA,
C3H7ON), (x.4.) TOCT 20289-74; 8) 3TUICHTINKOIb; 9) TIHIIepHH.
Pentrenodga3zosplii anaan3 (X-ray). CreMKy 00pa3IioB OCYIICCTBIISLIIA METOIOM
peHTreHOBCcKoro aHanu3a Ha audpaxromerpe Rigaku RINT 2500 B yauBepcurere
Kymamorto (SImonus) ¢ Cu Ka - uznydyenuem (A=1,54187A).

CkaHupymomasi  3JeKTpoHHass  Mukpockonusi (COM).  DIeKTpOHHO-
MUKpPOCKOITMYECKUE CHHUMKH CHEJaHbl Ha CKaHHUPYIOLEM 3JIEKTPOHHOM
mukpockorie JEOL JSM-6490LA B ynusepcutere Kymamoto (SAnonus).
IIpocBeynBamas 3JIeKTPOHHAS MUKPOCKOINHUS BbICOKOT0 paspemenus [[1OM
(Transmission electron microscope) MO3BOJIIET HACHTH(GHUINPOBATH (Pa30BbIit
COCTaB HAHOCTPYKTYPHBIX MAaTEpHaOB. bbII  HUCIONB30BaH  3JEKTPOHHBIN
mukpockon Mapku JEOL-200 FX ynusepcutera Kymamoto (SAnonus).
I'panyjioMeTpuyeckuii aHaau3 ObUl MPOBEIEH C HCIOJIb30BAHUEM ammapara
Beckman Coulter, N4 Plus Submicron Particle Size Analyzer (yHuBepcurer
Kymamoro, Anonus).

NmnyabcHas miiasma, co3gaBaeMasi B JKUAKOCTAX.

HaHocTpyKTypupOoBaHHe BUCMYyTa U CypbMbl OCYIIECTBIIIOCH JUCIEPTUPOBAHUEM
JAHHBIX METAJUIOB B MMIIYJIbCHOM IUIa3Me, CO3JaBaeMOM MEXAYy JBYyMs
IEKTPOJAMU U3 COOTBETCTBYIOLIETO METAJIA, OTPYKEHHBIMHU B KUIKYIO CPEAY
(Boma, 3THIIOBBIMA, U3OTIPOIUIIOBBIA CIUPTHI, ITUICHTIIUKOJIb, IIHIepuH U JIMDA
— mumetundopamu, JIMCO — nuMeTHIICYIb(GOKCHT).

O0beKT uccIaeJ0BaHUA: HAHOCTPYKTYPUPOBAHHUE BUCMYTa M CYpPbMbl U HX
CIUIaBOB B UMITYJIbCHOM TJIa3Me, CO3/1aBa€MOM B PA3IMYHBIX KUJIKUX CpEIaXx.
IIpeamer mcciaeaoBaHUsl: HAHOCTPYKTYPhl BUCMYTa U CYpbMbl U3 UMITYJIbCHOU
J1a3MBbl.

I'naea 3. PE3YJIbTATBI COBCTBEHHBIX UCCJEJOBAHUI
3.1. lucnepcuoHHAas cpea: BOAA.

Bona - camplil  pacnpoCTpaHEHHBIM IPOTOHHBIN PACTBOPUTEND  COHAEPIKHUT
nabunbHbI H + . Monekyibl Takux pacTBOPUTEIIEH JIETKO OTIat0T poToHbl (H +),
YTO TOMOTraeT OOpa30BaHUIO BOCCTAHOBUTEIBHOM Cpelbl B 30HE JEHUCTBUS
€AMHUYHOTO UMITYJIbCA.

BaxneimM ~ ycroBMeM — MOJMY4YEHHUS  HAHOMATEPUAJIOB  SIBIISACTCS
HEPaBHOBECHOCTh MPOLECCAa HAHOCTPYKTYPHUPOBAaHUSA MPEKYPCOpoB. B ycnoBwusx,
JTAJIEKUX OT PAaBHOBECHBIX MOYKHO JJOCTUYh CIIOHTAHHOTO 3apOAbIIIe00pa3oBaHus U
n3bexate pocra wu arperanuu  chopmupoBaBmuxcs HaHowactur [C.K.
CynaiimankynoBa, Y.A. AcanoB, 2002; borycnasckuii JL.U., 2010]. C »stux
no3uuuid DK (ummynbscHas ma3Ma B )KUIKOCTAX) OAUH U3 caMbIX 3(P(EKTUBHBIX
U JIOCTYIIHBIX B HACTOAIIEE BpeMs CIOCOOOB MOJyuYeHUs HaHo4acTHll. M3meHsis
NPUPOAY IUCIIEPCUOHHOU CpEbl, BOBMOXHO CHUHTE3UPOBATh HAHOCTPYKTYpPHI B
BUJIE HaHOCeED, HaHOMAJIOYEK, HAHOMPOBOJIOK, by3udopMHBIX
(BepereHoobOpa3ubix) [borycmaBckuit JI.M., 2010] nHaHOuacTHil, HAHOTPYOOK.
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VYcnoBusi cUHTE3a HAHOCTPYKTYp OOYCIIAaBIMBAIOT M KOHKPETHbIE O0JacTH HX
PUMEHEHUS.

B mepBBIX SKCepUMEHTaX CHHTE3 HAHOCTPYKTYpP CYpbMBI M BHCMYTa
IPOBOAMJICS B JUCTWJUIMPOBAHHOW BOJE, MCXOAS M3 TOro, YTO JaHHAs cpeia
HKOJIOTUYECKU YHUCTasl, TIPU Pa3I0KEHUU KOTOPOH MOJ NEHCTBUEM EIUHHUYHOTO
umnynsca UIDK o6pa3yroTcst TONbKO BOAOPOI M KUCIOPOJ, YTO OYEHb BAXKHO JIJIS
pa3paboTku Hanonpenapamos Ha ocHoBe Bi m Sb 0e3 Bpemnbix mpumeceii [A.A.
MartkacsiMoBa u 1ip., 2008].

MpbI npeanosioKuiInd, 4To i BUCMYTa U CYpPbMBbI, CO CJIOUCTOH, MOJO0HO
rpadury, pomOO’ApUYECKON (TPUTrOHAIBHOW) KPUCTAJUIMUECKOW CTPYKTYpOH,
BO3MOXEH CHHTE3 HAHOTPYOOK ITyT€M CBOPAUYMBAHMS METAUIMYECKUX CIIOEB,
OTCJAUBAIOIIMXCSA TpPHU BbICOKOAHEepreTrueckoM BozaedcTBuu MIDK, nmomoOno
(OpPMHUPOBAHUIO YTJIEPOJHBIX HAHOTPYOOK MpU JIUCHEPrUpOBaHUM TIpadura B
KHUJIKHX YTIIEBOI0OPOIaX, TUCTHILTHpoBaHHOM Boje [JKacHakyHoB JK.K., 2009].

JIeCTBUTENBHO, CIIONCTast CTPYKTypa BHUCMYTa M CypPbMbI I103BOJIHJIA
MOJMyYUTh  HAM  HAHOTPYOKM  OTHX  DJIEMEHTOB TpU  HUX  OPSIMOM

HAaHOCTPYKTYPUPOBAHUU B JUCTUIUIMpOBaHHOU Bojie (IIOM - cHUMKU Ha pUCYHKE
3.1).

100 MY ENTTERS0 HM

Pucynok 3.1 - [I9M-cuumMku HaroTpyOOK Bi (3,b,c,d), Sb (e,f,g,h) u3 ummynabcHoM m1a3MBl,
CO371aBa€MOH B BOJE.

[To pesynpraram POA (pucynok 3.2, 1), mpu 3HEProOHACHIIIEHUN CYPHMBI
(uuctota 99,97%) B TUCTHIUIMPOBAHHOW BOJE (PHEPTUS CIUHUYHOTO UMITYJIbCA -
0,05 JIx.) hbopmupyrotcst Tp (as3bl: ocHOBHas (aza (muuuu otpaxenus - 012, 104
u 110) - meraumueckas cyppma. Btopas mo coxmepxkanuto ¢asza ¢ HHICKCAMU
orpaxenusi 222, 400, 331, 440, 622, 444 — xybudeckuii ceHapMOHTUT SbyO3
UMEIOTCS Cieabl opropoMbrueckoro Sb,O; — BamenturuTa (200, 161, 321, 223).
[IDM-cHUMOK TIpoayKTa (CM. PUCYHOK 3.2, 2) TO3BOJISIET BBIIBUTH CHEpUUIECKHE
HAHOYACTUIIBl OKCHUJIOB CYPbMBI M TpyOudaTble HAHOYACTHUIIBI METAJUTMYECKON
CypbMBbl. JJEMEHTHbI aHaiu3 (CM. PUCYHOK 3.2, 3) TMOATBEPXkKIAET COCTaB
NpOAYKTa JUCIEPTUpOBaHus SD B MUCTHIUTMPOBAHHOW BOJE: OCHOBHas (aza —
MeTtayuinueckas cypsma (88,39%). B oOpasiie npucyTCTByeT yriiepoa, T.K. OH OblI
MOMEIIEH Ha YTIIEPOJIHYIO MOJIOXKKY.
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Pucynok 3.2 - Pe3ynbTaThl HAHOCTPYKTYPHUPOBAHUS CYpbMbI B Bojie: | -PDA: HeoTMeueHHbIe
JUHUU — BAICHTHHUT; 2—[19M-CHUMOK (BUAHBI HAHOTPYOKH METAILTMYECKON CYpbMBI U CBETJIBIC
ceprueckre HaHOYACTHIIBI OKCHIOB CYPbMbI — CCHAPMOHTHUTA U BAJIEHTUHUTA; 3 — 3JIEMEHTHBII

aHaJIn3.

PentrenogazoBblii aHaau3 [UCIEPCUU BHUCMYTa W3 JUCTHUILUIMPOBAHHOM
BOJIBI (pUCYHOK 3.3) MO3BOJIMII YCTAHOBUTH, UYTO B JIAHHOM ciiydae (hOpMHUPYIOTCS
YaCTHUIIbl METAITTMYECKOTO BUCMYTa (OTMEUYEHBI 3BE3/I0UKOM) M OKCHJIa BUCMYTa —
o - momudukanus okcuga BiO; (MOHOKIMHHAS KpUCTAJUIMYECKas peIIeTKa,
npocTpancTBenHas rpymmna P2;.14, peduekcer 002, 012, 202, 322, 018, 214, 300).
Yactunpl Metaummueckoro BucmyTta [D. Wang wu ap., 2003], Takxke Kak
HAaHOTPYOKU CYpbMBI M3 BOJIbl, KPUCTAJUTM3YIOTCS B POMOOIIPUUECKON CHHTOHUU
(mpoctpanctBeHHass rpynna R3m,166) ¢ mapamerpamMu KpUCTALTUYECKOM
pemetku: a=0.455 M u c=1.186 HM.
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Pucynok 3.3 - JludppakrorpaMma 1ucrepcu BUCMYTa, MOJTYYEHHON B IUCTHIUIMPOBAHHON BOJIE.

[TpoaykT HaHOCTPYKTYpHpoBaHus Bi B TUCTHIIIIMPOBaHHOM BO/Ie OBLI OYHIIICH
oT ero okcuga 15 % pacTBOpOM BHHHOW KHUCIIOTHI, BBICYIIIEH TPU KOMHATHOMN
TeMIiepaType B motoke azora. POA cnenan Ha peHtreHoBckoM anmapare JJPOH-6
¢ Cu Ko — uznyuenuem (A = 0.1542um) (pucynok 3.4). Bce nuHNM oTpaskeHus Ha
POA - cHUMKE OYMIIEHHOTO OT OKCHAAa BUCMyTa oOpaslla OTHOCATCA K



poMOo3IpruUecKoi BUCMyTa (MpocTpaHcTBeHHas rpynna R3m, 166, a = 0.4308 um
uc=1.1280 um).
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Pucynok 3.4 — JludppakrorpaMma yucThIX HAHOTPYOOK BI, mosryueHHBIX B
JTUCTUIITUPOBAHHOM BOJIE.

Ha IIOM - cHMMKax OYHMINEHHOrO MPOAYKTa AUCIEPTUPOBAHUSA CYpPbMBI B
Bojie (cM. pucyHok 3.1, e-h), oOHapyxeHbI HAHOTPYOKH METALTMYECKON CYPBbMBI C
D 40 am u L = 200-250 am. PaccTosiHMe MEXTy MeTaTMYecKuMuU cinosimu - 0,32
HM (cM.pucyHnok 3.1, f.).

Judpakrorpammsel u [IDM-cHumkn  (pucyHok 3.5) Hamux HaHOTPYOOK Sb

N3 BOJbI U IIOJIYYCHHBIX THAPOTCPpMAJIbHBIM CHOCO6OM NIACHTUYHBI (CM.pI/ICYHOK
3.5,h).
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Pucynok 3.5 - Tudppakrorpammsr u [I9M-CHUMKH HAHOTPYOOK CYpBMBI: @ — U3 HMITYJTLCHOM
TUTa3Mbl B TUCTUIUIMPOBAHHOM BOJIE Mociie 00paboTKH pacTBOPOM BUHHOM KHUCIOTHI; O —
MOJTy4YeHHbIe aBTOKJIaBHBIM T'HIpoTepMalibHBIM criocodoMm [D. Wang u ap., 2003].

B omimmunme or aBTOKIAaBHOrO (BeChbMa B3PBIBOOIIACHOIO) Crocoda
mpeayiaraeMblii HaMHA CIIOCOO DSHEPTOHACHIINICHHS] CYpbMBI 0oOJiee JTOCTYTEH C
MO3UIIMN aMmapaTypHOTo OOECTCUYeHHs: HET HEOOXOJAMMOCTUA B XOJIOIUIBHUKAX,
IIPOTHUBOB3PBIBHBIX yCTpoMCTBax. KpomMe TOro, KWTanuCKHWE WCCIENOBATEIN B
KaueCTBE MPEKypcopa UCMOIB3YIOT COJIU CYpbMbl U BOCCTAHOBUTEU, KOMIIOHEHTHI
KOTOPBIX 3arps3HSIOT 1EJEBOM MPOIYKT — HAHOTPYOKH CYypbMbI, TOTJa Kak Ha
AIEKTPOHHOMUKPOCKOITMYECKOM CHHUMKE OOpabOTaHHOrO BHHHOW KHCJIOTOMN

9



NPOAYKTa TUCTIEPTUPOBAHUS CYpbMbl B AMCTUJUIUPOBAHHON BOJE HET CBETJIBIX
HAHOYACTHI] OKCUIOB CYpPbMBI (CM. pucyHok 3.1, e-h).

Ha II9M-cuumkax oOpaboTtanHbix 15 % BHHHON KHCIOTOM IuCHiEpCcHUid

BUCMYTa M3 JUCTHIUIMPOBAHHOW BoAbl (cM. pucyHok 3.1, a - d) oOHapyxeHbI
npsiMble HAaHOTPYOkH Metaumdyeckoro Bi muamerpom 30-40 uM u amuHO# 50-200
HM.
3.2 JIlucnepcuoHHbIe cpelbl — NPOTOHHbIE 3TWIOBbIH M H30NPONUJIOBBII
cnupthl. [lo pesyneratam PDA (Rigaku RINT-2500 ¢ Cu Ko-usnydenuem A=
0.1542 HM) NpOAYKTHl HAHOCTPYKTYPUPOBAHUS BUCMYTAa U CYPbMbI B 3THIOBOM
CIHUPTE COCTOST JIUIIb U3 METAJUIMYECKUX BUCMYTa U CYpbMbI O€3 CJIeIOB OKCHJIOB.
JudpakTorpaMMbl MOTYYEHHBIX JTUCIEPCUN TPEICTaBICHBI HA PUCYHKE 3.6 (Iis
BUCMYTA - 1, CypbMBI —2).

012

|
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Pucynok 3.6 - Tuppakrorpammer 1 COM-cHuMkn aucniepenii BucmyTa (1) u cypsmsl (2),
IIOJIyYE€HHBIX B ATHJIOBOM CIIUPTE.

NutepecHo TO, 4TO POMOOIIPUYECKUI BUCMYT MpPH JUCIIEPTUPOBAHUU
paspyliaercsi B 3TUJIOBOM CHHUPTE ¢ (OPMUPOBAHUEM METAJUIMUECKUX YaCTHUIL C
MOHOKJIMHHOW CUHTOHUEH (mpocTpaHcTBeHHas rpynna P2.1/m,11) ¢ napamerpamu
Kpucraumueckoi pemerku: a=0.6693 A, 6=0.4146 um, ¢=0.4706 um, f=86,57°.

B pesynbraTe 3HEproHachIeHUs B 3THJIIOBOM CHUPTE CypbMa, TAKXKE KAaK B
JTUCTUUIMPOBAHHOW BOJE. KPUCTAUIM3YETCS B HCXOJHOHW pPOMOOIApUYECKON
CUHTOHUU (TpOCTpaHCcTBeHHass rpynma R3m,166) ¢ mapameTpamu pemIeTKH:
a=0.4306 uM u c=1.12811M, uTo coBmanaer ¢ AaHHBIMH KapToTeku JCPDS daiin
Ne 35-732.

Ha COM-cuumkax (JEOL JSM—-6490LA) o0Opa3iioB BUCMyTa U CypbMbl U3
STHJIOBOTO criupTa (CcM. pucyHok 3.6, a, b) nabmromarores armoMeparsl CO CpeIHUM
pasmepoM (Mo pe3yJsibTaraMm IpaHyJioMeTpuyeckoro ananusa, LS 13 320 Aqueous
Liquid Module) 10002000 uM, HAHOYACTHIIBI HE BUIHBI.

HNanee Obutn cHATHI [IDM-cHUMKH TpOAYKTOB AucneprupoBanus Bi u Sb .
Ha IIDM-cHuMKaX AUCHIEPCUU BUCMYTa M3 STHIIOBOTO crupra (pucyHok 3.7, a, b.)
oOHapy»eHbl HAaHOTPYOKHU BUcMyTa nuameTpom 3—10 HM u gymmHoM 110 200 HM.

10
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Pucynok 3.7- [IDM - cHUMKH HaHOTPYOOK BUCMYTa, MOJTyUYEHHBIX AUCIIEPTUPOBAHUEM BUCMYTa
B 3TUJIOBOM CITHPTE.

W3 pe3yiabpTaToB TIpaHyJIOMETPHUYECKOTO aHAJM3a — OCHOBHAas Macca
HAaHOTPYOOK BUCMYTa M3 ATHJIOBOTO ciMpTa uMmeeT pasmepsl: D=3-10 am, L=70-80
oM. [lpu aucneprupoBaHWU CYpbMBI B 3THJIOBOM CIUPTE TaKKE IOJYYCHBI
MeTtaumdeckue HaHOoTpyOku (D = 3-20 um, L go 100 mm). IIDM - cHUMOK
NPOJIYKTa TUCTICPTUPOBAHUS CYPbMBI IIPEICTABIICH Ha prCYHKE 3.8.

BT 00 o

Pucynok 3.8 - [I9M-CHUMOK HaHOTPYOOK CYypbMBI (JIUCIIEPCUOHHAS CpeJia: STHUIIOBBIN CIIUPT).

ITo pe3yabTaTam IPaHyJIOMETPUUIECKOTO aHanm3a MPOTyKTa
JTUCTIEPTUPOBAHUS CYpPbMBI: B OTWIOBOM croupTe (opmupyercs 99,99%
HAHOTPYOOK CYpPBMBI.

Ha nudpakrorpammax mpoayKTOB TUCIIEPTUPOBAHUS BUCMYTa M CYpPbMBI B
UMITYJIbCHOW IIJITa3ME€ B HM3OTPOIMJIOBOM CIUPTE, OBUIM OOHAPYKEHBI JIMHUW
METaJUIMYECKUX BHCMYTa U CYPbMBbI, KPUCTALTU3YIOMIUXCS B OJHOW U TOU XKe
poMmOodAprYecKor CHHTOHUU. [[isi 000MX METalloB MPOCTPAHCTBEHHAS TpyIa
R3m (166), ¢ mapamerpamm pemetok: a=0.4562 um um c¢c=1.187am nmna Bi,
a=0.4313am u ¢=1.1288 um s Sb.

Ha IIDM - cHuMmkax 3Tux 00pas3ioB oOHapyxeHbl (puUCyHOK 3.9)
chepruecKrue HaHOYACTHUIIBI ¢ pa3Mepamu oT 6,5—140 M.
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Pucynok 3.9 — [I19M - CHUMKH METaJJIMYECKUX HAaHOYACTHII BUCMYTa (a) U CypbMbl, (D),
MIOJYYCHHBIX B H30IIPOITHMIOBOM CITUPTE.

[Ipu nucneprupoBaHuu BUCMyTa U CypbMbl B mpoToHHBIX (CaHs)OH u
(CH3),CHOH MTOJTYyY€HBI HAHOTPYOKH, chepuieckue HaHOYaCTHULIbI
METaJUIMYEeCKMX BUCMyTa M CypbMbl ¢ pasmepamu g0 140 um. Ilpu
JTUCNIEPTUPOBAHUU  BHCMYTa M CypbMbl B  JTaHOJIe, Takxke, Kak B
JUCTUIMPOBAHHOM BOJIe, 00pa3yloTcs HAHOTPYOKH, HO HAHOTPYOKH BHUCMYTa
KPUCTAJUIM3YIOTCS B 0oOJieeé HU3KOM MOHOKJIMHHOW CHHTOHHMM B OTJIUYHE OT
BUCMYTOBBIX POMOO3PUUECKIX HAHOTPYOOK, MOJTYYEHHBIX B AUCTHUILTUPOBAHHON
BoJie. HaHOTpyOKHM CypbMBbI M3 STHJIOBOTO CIHPTAa KPUCTALIM3YIOTCSA B TOU Ke
POMOO3IPUYECKON CHUHTOHUH, KaK U HAHOTPYOKH CYpbMbI U3 JAUCTHUILUIMPOBAHHOM
Bogel. B (CH3);CHOH oOpasyiorcss  pomOosapuueckue  chepruecKue
HAHOYACTHUIIBI JAHHBIX METAJJIOB.

Cnoucrtoe cTpoeHHEe BUCMYyTa M CYpPbMbI TO3BOJMJIO HaM OCYILIECTBUTH

IpsIMOl CHMHTE3 HAaHOTPYOOK B UMITYJIbCHOW TazMe. Mcnosib30BaHUE 3TUIIOBOTO
CUpTa B Ka4yeCTBE CpeIbl TO3BOJIMIIO CHUHTE3UPOBATH YHCTHIE HAHOTPYOKH
BUCMYyTa M CypbMBbI, TOT/Ia KaK B JAUCTHIUPOBAHHOW BOJE KpOME HAHOTPYOOK
dbopmupyroTcs cheprudeckue HaHOYACTHIIBI OKCHJIOB HCCIEIYEMBIX 3JIEMEHTOB.
OoOpasoBanue okcuzoB Bi m Sb mpu mx aucmeprupoBaHuuM B BOJE CBSA3aHO C
OonpImMM cozepkanueM kuciopoza (88, 88 %) B maucmepcuoOHHON cpeje, 4eM B
ATUJIOBOM CITUPTE.
3.3 IIpoayKThl HAHOCTPYKTYPUPOBAHMS CYPbMbl B MHOTOaTOMHBIX CIIMPTaxX
(OTwieHraukoge u riaunepuHe). OQHOW W3 HWHTEHCUBHO Pa3BUBAIOIIUXCA
o0JlacTeil COBPEMEHHOM TEXHOJIOTHH SIBJISIIOTCS KOMIIO3UIIMOHHBIC MaTepuasbl Ha
OCHOBE HAaHOTEXHOJIOTUH.

IIpy xOMHATHOW TeMmmeparype C MCIIOJb30BAHUEM DHEPIrUU UMITYJILCHOM
IJIa3Mbl HAMH TPOBEJICHO JUCIIEPTUPOBAHUE CYPbMBbI B STUJICHIJIMKOJIE C IIEJIbIO
cuHTe3a HaHoKommo3uTa Sh/Sh,0s.

Ha mudpakrorpamme (pucynok 3.10) mpoaykra aucrieprupoBaHUs CYPbMBI
B STHJICHIIHKOJIE (1BYyX aromubii criupt — C,H4(OH),) oOHapyskeHo oOpa3oBaHue
nByX (ha3: METAIMYEeCKOW CypbMbl B pomOodapuueckoi cuHronun (PDF
kaproreka Ne 85 -1323, a = 4301A u ¢ = 11,232A) ¢ napamerpamu
KpHcTauTdeckoit pemerkn: a = 4,310 A u ¢ = 11,28 A n okcuna cypsmbl Sb,Os
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(oTMeueHbl poMOuKkamu) Kyouueckoi cunronnu (PDF Ne 71-0365, a = 11,15A) ¢
napamMeTpoM KpHCTauIndecKoii pemerku a = 11,55 A.
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Pucynok 3.10- Iudpakrorpamma npoayKTa AMCIEPrHPOBAHUS CYPbMBI B STHIICHTIIMKOJIE

Ananu3  auQpakTOorpaMMbl TIPOAYKTAa JTUCIEPTUPOBAaHUS CYpbMBI B
OTWJICHTJIUKOJIE TI0 HWHTEHCHUBHOCTAM JH(PPAKIMOHHBIX JUHUH  TTO3BOJIHII
yCTaHOBHUTH ()OPMHUPOBAHHME YACTHII METATU4eCcKoi cypbMbl (83,87 %), u Sb,03
(13, 33 %).

Jlis Oojiee TOYHOTO aHaIW3a MPOJIYKTAa JTUCICPTHPOBAHUS CYpbMBI B
STHJICHTIIMKOIEe ObUTd BbIMOJAHEHBI I[IOM - cHumku (JEOL-200FX). BumHsl
Sb/Sb,0; kommo3uTHBIE OAHOPOJHBICE HaHOYACTHIBI ¢ pa3smepamu 10-50 HM
(pucynok 3.11).

Pucynok 3.11- I[I9M - caumok Sb/Sb203 KoMIO3UTHBIX HAHOYACTHI
CYPBMBI B 3THUIICHTITHKOJIE.

HudpakrorpaMma mpoayKTa AUCTIEPTUPOBAHUS CypbMbl (pUCyHOK 3.12) B
riunepune (tpexatomubiii crupT C3Hs(OH)3) mokassiBaeT oOpa3oBanue AByX (as:
MeTayuinueckor cypbMbl (86,17% - mo pe3ynbraraM MHKpPOAHAIM3a HA PUCYHKE
16, 6 B poMOO3IpHUYECKON CHHTOHUH C TapaMeTpaMU KPUCTAIUTMYECKON PeIIeTKH:
a=4311 Auc=1129 A u okcuna cypsmsl (9,17 % - no pesyabTaTam
MUKpoaHau3a Ha pucyHke 16, 6 Sb,O3; kyOW4YecKOW CHHTOHHH C TapaMeTpOM
KpHCTanyeckoir pemerku: a = 11,12 A. VIHTeHCHBHOCTH MeTaIMYECKOM
CYypbMbI HAMHOTO clia0ee, 4eM OKCHJIa CYpPbMBI, a TIPU JUCTIEPTUPOBAHUH CYPHMBI B
STHJICHTIIMKOJIE — HA00OpOT, T.e. B TJMIEpUHE TMpPOTEKaeT Oojiee MHTCHCHBHOE
dbopmupoBanue HaHodacTui] SbyOs.
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Pucynox 3.12 - ludpakrorpaMma npoyKTa JUCTIEPTUPOBAHKS CypbMBI B TIIHIIEPHHE.
Sb/Sbh,03 koMmo3uTHBIE chepryecKkrue HAaHOYACTHUIILI ¢ pazMepamu oT 10 110

100 BM w300paxkensr (pucyHok 3.13) ma IIODM - cHUMKE TpOIyKTa
JTUCTIEPTUPOBAHUS CyPbMBI B TJIHIICPUHE.

8 “1‘, pu——
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Pucynok 3.13 - [IDM - cHUMKH c(epUIecKIX KOMITO3UTHBIX HAHOYACTHI] CYPHMBI B TIIHIIEPHHE.

Takum oOpazoM, npu AUCTIEPTUPOBAHUU CYPHMBI B ABYX - (STUJIICHTIIUKOJIb)
U Tpex-(TJIUIEepruH) aTOMHBIX CIUPTax 00pa3yroTcs NBE (asbl: MeTaIMdecKas
(poMOOdapUIecKast) CypbMa U OKCUI CypbMbI KyOudeckoli cuHronuu - Sh/Sh, Os
KOMITO3UTHBIE chepuueckue HaHodacTulbl ¢ pasmepamu ot 10 mo 100 M. Dtu
JIaHHbIE TOJITBEPKIAIOTCS HccienoBaHusiMu aBTopoB [Zeng D.W. u np., 2004],
KOTOpbIE CHUHTE3UpPOBAJIU aHajloruyueie cdepudeckue Sb/SbyO3 KoMmo3uTHbIE
HaHo4acTUllbl ~ 80 HM B JUaMETpe METOJOM COUYETaHHS TMOPUIHOW MHIYKIUU U
na3epHoro Harpesa (HILH).  IIpeanaraemsiii HaMH METOL CUHTE3a
KOMIIO3UTHBIX HAHOYACTHUI[ CYpbMbl C HCIOJIb30BAHUEM SHEPIUU UMITYJIbCHON
IUIa3Mbl, CO3[1aBAEMOW B  PA3NMYHBIX KUAKOCTSAX, MPOILE, OJHOCTAJHEH,
2 PeKTHBEH U SHEPTECTUICCKH SIKOHOMHUYCH.
3.4 IlucnieprupoBanue CypbMbl U BUCMYTa B anpoToHHBIX JIM®PA u IMCO

ANpPOTOHHBI PACTBOPUTENIL — PACTBOPUTENb, YbU MOJICKYJbI, HE
CIIOCOOHBI TpU jaucconranuu  obpazoBeiBath H+. [lonspHBI  anmpOTOHHBIHM
pPacTBOPUTENIb COXPAHSET CIOCOOHOCTh PACTBOPSITH HMOHBI, HO HE COJEPKHUT
KHCIIOTHOTO BojAopoja. OHHU OOBIYHO UMMEIT OO0JbIINE JHUAJIEKTPUUECKYIO
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MPOHUIIAEMOCTh W BBICOKYIO MOJSPHOCTh. [Ipumepsl: AuUMETHICYIBGOKCU],
numetuidopmamu, nuokcad, [M®TA, terparuapodypas.

Amnporornsle JIM®A ((CH3):NC(O)H) m JIMCO (C;HeSO) Obum
UCIIONb30BaHbl I MOJyYeHUs] HAHOYACTUIl cepedpa B KauecTBE PacTBOpPUTENEH
nosmMepHbIX crabunmzaropos — [IBIT u IIOI' [IImakoB C.H., 2009]. Ilo
pe3yJibTaTaM HUCCIEIOBaHUM aBTOp ycTaHOBWI: eciu B npucyrctBuu JJMCO u3
AgAc QopmupyroTcs cdepuueckue HaHOYacTHUIBI cepedbpa, To B MDA —
OrpaHEHHbIE HAaHOYACTHIIBI cepedpa, T.e. MOPGOJIOTHs HAHOYACTHUI[ 3aBUCUT OT
IPUPOBI CPEMIBI, B KOTOPOH MPOTEKAET BOCCTAHOBIICHNE HAHOYACTHII.

Ha audpakrorpammax mnpoaykroB aucreprupoBanusi cypsMmsl B JIMCO u
JIM®A (pucyHok 3.14) npu sHepruu eauHuygHoro ummyiabca — 0,05 [k  Hamwu
oOHapyKeHbl METAJUIMYECKasi CypbMa U OKCHJl CypbMbl. MeTaminyeckas cypbma
KPUCTAJIM3YeTCs. B pOMOO3IPUUECKOM CUHTOHUM (TPOCTPAHCTBEHHas TpyIia
R3m, 166) c mapamerpamu pemerku: a = 0,4314 amu c = 1,129 um g IMCO
ua=0,4315A u ¢ = 1,130 um gua JM®DA, xyOuueckuii okcua Sb,Os
(cummetpus O'y) ¢ mapamerpom pemerkn a = 1,119 uam o6pasyercs u B JIMCO, u
B JIM®A. Ilapamerp pemetku coBnagaer ¢ faHHbIMU Kaproteku JCPDS Ne 35-
732 1 Ne 5-0534.

Ha mudpaxtorpamme (cMm. pucynok 3.14, a) mpomykra aucCHeprUpOBaHUS
cypbMbl B JIMCO oOHapy>KeHbl MHTEHCHBHBIE JIMHHUM OTPaXXEHUs KyOHYECKOro
okcuaa cypbMbl ¢ uaaekcamu hkl (222, 400, 440, 622- oTMeuCHBI 3BE3I0YKAMHU),
Ha AudpakTorpaMme NpoayKTa JucneprupoBaHusi cypbMsel B JJIM®PA (cMm. pucyHok
3.14, 6) oOHapyXeHa TOJIBKO ci1abasi TUHHUS OTparkeHus 222,

a b
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Pucynok 3.14-JIudpakrorpaMmsl MpoAyKTOB aucnepruposanusi cypbMsl B JIMCO (a) u
IM®A (b).

Pe3ynbTaThl 31€KTPOHHO-MUKPOCKOIIMYECKUX UCCIIEIOBAHUI, TPOJICIaHHbBIX C
ucrnoas3oBanueM [I9M mnokazanu, 4ro npu gucneprupoBanuu cypbmsl B JIMCO
(pucynok 3.15, a-d) u JIM®PA (pucynok 3.15, f-i) oOpa3yrorcsi HaHOYACTHIIBI B
BHJI€ MHOTOIPAHHUKOB Pa3JIMYHOrO pa3Mepa.

15



o PPN SO v O 100 s

‘|

JIAM®A (f,g,h,i)

[lo pe3ynbpTaTam IpaHyJOMETPUYECKOIO aHaIW3a YCTAaHOBJIEHO, YTO MpPH
nucneprupoBanuu  cypbMbl B JIMCO 00pa3yroTcsi HaHOYACTHIBI CYpPbMBI C
pa3mepamu ot 31,6 am 1o 48,7 HM B KonuuectBe 27,7 %, ¢ pazmepamu 1000 HM -
72,3 %. IIpoaykT aucneprupoBaHHs METAUIMYECKOW CypbMbl B cpene MDA
coaepxut: 61,7 % HanouacTul cypsMbl ¢ pazmepamu ot 25 1o 100 M, 28,6 % ¢
pasmepamu oT 115 1o 649 um u 9,8 % co cpennum pazmepom - 1000 M.

Uccnenosarensmu [Lou W. U ap., 2007; Ye C. U ap..2002; Haawmrpunk JI.H.
u 1p., 2005] ObUTH OTYyYEeHBI HAHOTIPOBOJIOKH M HAHOCTEPKHU CYJb(pHUIa BUCMYTa
COJIbBOTEPMAJIbHBIM METOJIOM. BipS; kpucrammusyercs B OpTOPOMOMUYECKOM
cuHroHud. Bo3moxxHOCTH (opmMupoBaHHS TOMOOHBIX HAHOCTPYKTYp ObLia
paccMOTpeHa MpU HAHOCTPYKTypupoBanuu Bucmyta B [IMCO.

Ha paudpakrorpamme (pucynok 3.16, a) mpoaykra AMCHEPTUPOBAHUS
BHCMYyTa B UMITYJILCHOM Tu1a3me, co3naBaemoii B JIMCO (CH3)2SO) o6Hapy»keHbI
Bi,S; u a-BiyOs. BiS; kpucrammmsyercs B OpTOPOMOMYECKOW CHHTOHHH
(mpoctpancTBeHHas rpynma Pbhnm) ¢ mapamerpamMu KpUCTAJUIMYSCKON PEIICTKH:
a=1,106 uMm, 6=1,137 um, c= 0,397 HM, 4TO COBHAJAET C JAHHBIMU KapTOTEKHU
JCPDS daiin Ne 17-320 (a=1,114 um, 6=1,130 um, ¢=0,398 HM), a MOHOKJIMHHBIH
a-Bi,O3 xapakrepusyercs JIByMs JOCTaTOYHO WMHTCHCHUBHBIMH  JIMHUSMH
OTPaKEHUS, OTMEUEHHBIMHU 3BE30UKaAMHU.
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Pucynok 3.16 - ludpaxrorpamma u [I9M - CHUMOK NMPOYyKTa AUCHIEPTHPOBAHUS BUCMYTa B
JAMCO.

DIEKTPOHHO-MUKPOCKOTTHYECKHE UCCIIeIOBaHMUS, CleTIaHHbIe Ha
IIPOCBEUMBAIOIIEM 3JICKTPOHHOM MHKPOCKOIIEe BBICOKOTO paspemrenus (JEOL-200
FX) , noka3anu HaJlm4ue HAaHOTPYOOK cynbduaa BucMmyTa (cM. pucyHok 3.16, b) c
auamerpoM 20 - 25 Bm w gmuHou 500 - 1000 wm. Ilo pesynbratam
DHEPTOJUCIIEPCUOHHOIO aHajau3a NPOAyKT nucneprupoBanus Bucmyta B [JIMCO
coctouT Ha 92,8 % u3 HaHOTPYOOK Bi,Ss.

Ha paudpakrorpamme mpoaykra gucneprupoBaHusi BucMyTa B MDA,
(C3H;ON), oOnapyxensl JuHuu  oTpaxeHuss (pucynok 3.17, crnesa)
METAJJTNYECKOI0 BHCMYTa, KPHUCTAJUIM3YIOLIErocss B MOHOKJIMHHOM CHHTOHHUU
(mpocTpaHcTBeHHas rpymnmna P2.1/m) ¢ mapamerpaMu KpUCTAUTMYECKON PEIIeTKH:
a= 0,655 um, 6= 0,418 um, c= 0, 445 uMm, ¥ aBe TUHUH, TpUHALISKAIIHE o-BioO3
MOHOKJIMHHOW CHUHTOHMM (TIpocTpaHCTBeHHas rpynmna P2, (14)), oTMedeHHBIE
3Be3gouKkoil. [I9M BP cHumMku nmokazanu Hajgunune HaHOTPYOOK (cM. pucyHok 3.17,
CTpaBa) METAITMYECKOTO BUCMYTa MOHOKIIMHHOW CUHTOHUU ¢ tuamerpom 80 - 160
HM U JJIUHOM 10 1 MKM.
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Pucynok 3.17 - ludppakrorpamma u [I9M BP cHuMok HaHOTpYyOOK METaJITMYECKOTO BUCMYTAa,
noiay4yeHHbIX B JIMDA.
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Takum 00pazom, Mpu AUCHEPTUPOBAHUU BHUCMYTa B HMMITYJIbCHOM Iia3Me B
(CH3)2SO m C3H7ON o0pa3yroTcss HaHOTPYOKHM METaUIMYECKOTO BHCMYTa
MOHOKJIUHHOW cuHronnu B JIM®A u cynppuga BuUCMyTa OPTOPOMOMYECKOU
cunronnn B JIMCO, Gnaromaps c1ouCTOMY CTPOEHUIO BUCMYTA.

B npupone BUCMYT, B OCHOBHOM, BCTPEUYAETCsA B BUAEC MUHEpPAJa BUCMYTHHA
(Bi,S3) m3-3a BBICOKOTO CpOJICTBa ATOr0 MeTaia K cepe. MMiryibcHas 1uiazma
NPUOJIMAKAETCS 110 CBOMM CBOWMCTBAM K IPOLECCaM, IPOTEKAIOUIUM B IPUPOJIE, T.€.
npu aucneprupoBanuu BucmyTa B JIMCO, copepskaiieM Kak cepy, Tak H
KHUCIIOPOJl, MPEANOYTUTENbHO (GopMUpoBaHue cyibduaa Bucmyta. [IpuponHbrit
cynbdun  Bucmyta(Illl)  (BUCMYTHH) o0pa3zyeT  KOpPHYHEBO-UEpPHBIC
KpPUCTAJUIBl pPOMOMYECKON  CHHTOHMHM, POCTPAHCTBEHHAs]  Tpynmna Pbmn,
napaMetpsl siueriku @ = 1,113 um, b= 1,127 um, ¢ = 0,397 um, Z = 4. [1apameTpsl
KPHUCTAJUIMYECKON pelieTkn opTopoMOmueckoro Bi,S3 M3 MUMITYyJIBCHOM I1a3MBbI
a=1,106 um, 6=1,137 um, c¢= 0,397 HM CcOBMNaNaAOT ¢ KpUCTALIOrpadUUECKUMU
napamMeTpaMl BUCMYTHHA, HO TpUpOAHbIA BiyS; He BcTpeuaercs B BuUie
HAaHOTPYOOK, T.e. HEOOXOAUMBI OCOObIE HAHOTEXHOJIOTMYECKUE YCIIOBUSA,
BO3HMKAIOIIME B UMITYJIbCHOM IJ1a3Me, 1Sl (POPMHUPOBAHUSA HAHOTPYOOK BUCMYTA.

3.5 HanocniiaBbl BUCMYT-CypbMa

[Tony4yeHHbIe BBILLIE AAHHBIE O BO3MOXXHOCTH MOJYyYE€HHUS HAHOKOMIIO3UTa
Ha OCHOBE CYpbMbI SDh maroT mepcneKTHBBI Ui HAHOCTPYKTYPUPOBAHHMSI CIIABOB
Ha OCHOBE BUCMYTa C IEJBbIO CO3/IaHUSI HAHOJOMEHHBIX CILJIABOB C YJIYUYIIEHHBIMU
B CPaBHEHUU C MACCUBHBIMU CBOMCTBAMH.

HanoctpyktypupoBanue cruiaBoB  BiixSb ¢ 1enbl0  MOJMydeHHS
HAHOCIUIABOB OBLIO OCYIIECTBIICHO pa3pylIeHHEM CIUIaBOB B OeH3oie: Bi — Sb ¢
cootHoweHusiMu 9:1 u 8:2 mpu s3Heprum eguHuyHoro ummynsca 0,05 k. B
pe3yabTare mojydeHsl HaHo4dacTuIlel (10-15 HM), B 1Ba pa3a 0ojiee MEIKUE, YeM y
CHHTE3WPOBaHHBIX OopruapuaHeiM crocodom [Golin S. U ap., 1968] T.e.
HAaHOCTPYKTYPUPOBAHHE BUCMYyTa U CIJIaBOB C OOJBIIMM €ro COJAEPKAHHEM B
UMITYJIbCHOM I1a3Me A (deKkTuBHEE, YeM it SD 1 00oraleHHBIX UM CIIABOB .

JIuaum otpaxenus 202, 223, 024 u 107 Ha nudpakiiMOHHON KapTUHE
MPOIYKTOB AUCHEPTUPOBAHUS CILUIABOB BUCMYT-CypbMa C 33JJaHHBIMU COCTaBaMH
npeacTaBiieHbl Ha pucyHke 3.17. JIs 000MX CIUTaBOB MOTYYEHBI YaCTHIIBI
HAaHOMETPOBOI'O JIUara3oHa ¢ POMOO3IPUYECKON KPUCTATUIMUYECKON PEIIECTKOM.

1-Bi; 2-Bio 5Sbo.2:3-Bio.oSbo 1

Al 202 024

A .2
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—
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https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%BC%D0%B1%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B3%D1%80%D1%83%D0%BF%D0%BF%D0%B0

Pucynok 3.17 - JIudgpakrorpaMmmbl MpOAYKTOB TUCTIEPTUPOBAHMS CIUIABOB: JIMHUS
otpaxkenus 012; nunuu otpaxkenus 202, 223, 024, u 107.

Pasmepsr  HaHokpucTamuioB  BigoShgi, BiogSbo2, paccumTanHble TI0
nonymupuHe JuHui otpaxkenus 202, 223, 024 u 107 — 5-20 HM, T.e. OHHU
HATIOJIOBHHY MeJIbue, 4YeM HaHOYACTHUIIbl, CHHTE3MpPOBAHHHBIC OOPTHUAPUIHBIM
cnocodom [Gopinathan K.K. u ap., 1974] u ropasao mMeibye, 4eM MUKPOMETPOBBIC
YJaCcTHUIlBl B MPOAYKTE AMCIeprupoBanus ciuiaBa Bi o5 Sb o5 B UK (pucyHok
3.18). CraBbl CO 3HAYUTEIIBHBIM cojiepkaHueM Bi, B 3a7aHHBIX HAMH YCIOBHSX
WIDK, Bo3HuKaromeM B OCH30Jie HAHOCTPYKTYPUPYIOTCS OOJbINe, YeM
o0OoTraimeHHbIe CYphbMOIO, XOTS CyphbMa B O€H30JIC HAHOCTPYKTYPHPYETCS C
oOpa3oBaHMEM 4YaCcTHI[ C pa3MepaMd HaHOAMAMa30Ha. JTO SBICHHE TpeOyeT
JTOIIOJTHUTEILHBIX Oouee Ty OOKHX HUCCIIET0BAHUN npoiiecca
HAaHOCTPYKTYPHPOBAHUS CIJIABOB BUCMYT-CypbMa.

. -

1 2
Pucynok 3.18 - [I9M - cHuMKH HaHOoYacTuIl u3 Oen3ona: 1. BiosShos; 2. BiogSho 1.

[Ipennaraempbiit aBTOPOM JAHHOU JIUACCEPTALUN cnoco0
HAHOCTPYKTypHupoBaHus ciuiaBoB BiixSby B MIDK mpoTekaer B OHy cTaauio,
OTJIMYAETC Majol HHEpPro- M MaTepUaJOEMKOCTbIO Oylarojgaps MNpPOTEKaHUIO
npouecca B HaHopeaktope. I[lomyueHue HaHowacTull ©€3 BOCCTAHOBHTEI,
dopMUpOBaHHE HAHOPEAKTOpa B O0bEME JAHUCIIEPCHOHHOM Cpeabl TO3BOJISET
n30exarb MpoOJieMbl  3arps3HEHUs  LEJNIEBOr0  NPOAYKTa KOMIOHEHTaMHU
BOCCTAHOBUTES.

3.6 UYyBCTBHTEJBHOCTH HAHOPACTBOPa BHCMYTa B OTHOLICHUM
Bifidobacterium

Pe3ucteHTHOCTH  OOJIE3HETBOPHBIX  OakTepuit K  pa3pabOTaHHBIM B
HACTOsIIIee BpPEeMs aHTUOMOTHKAM TpeOyeT OCTPYH0 HEOOXOAMMOCTb PEIIEHUs
JaHHOW  mpoOsiemMbl. Yaie BCero yCTOMYMBOCTh K aHTUOMOTHKAM IMOKAa3bIBAIOT
Mycobacterium  tuberculosis,  Streptococcus pneumoniae, Staphylococcus
epidermidis u Klebsiella neumoniae, ouu ke SABIAIOTCS TPUYUHOW OTPOMHOIO
KOJIMYECTBA BHYTPUOOJBHUYHBIX HHPEKIH. MHKpoOpranusmMbl pa3paboTaiu
HECKOJIBKO MEXAaHHU3MOB Ui PE3UCTEHTHOCTH K aHTUOMOTHMKaM, CaMbIM
MyTaIOIINM SIBJISIETCSl 0Opa3oBaHKe OMOTUICHOK U3 3k3omnonucaxapunos (EPS).

buonnenkn — oOpraHu3OBaHHbIE KOJOHMUM OakTepuid, oOpaszymolne
3alIUTHYI0O OOOJIOUKY BOKpPYI coooOmiecTBa. buorieHka HageXHO 3alluIiaeT
OaKkTepuu OT UMMYHHOH CHUCTEMBbI X035uHa. Jlake OYeHb BBICOKHE KOHIICHTPAIHH
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AaHTHOMOTHKOB HE YHHUYTOXAIOT MUKPOOPTaHW3MBI B OuoruieHke. HeoOxoaumo B
1000 pa3 6oJibllle AHTUMUKPOOHOTO CPEACTBA, YEM JIJISl TTITAHKTOHHBIX KJIETOK

OavH W3 caMbIX IMEPCHCKTUBHBIX ITOJXO0JIOB TPEOJIOJICHUS OWOIUICHOK -
UCIIOJIb30BaHUE HAHOYACTHII, KOTOphIC OJlarojapsi CBOMM HaHOpa3MepaM JIETKO
IPOHUKAIOT B OMOIICHKY.

B mactosmelr pabore Obuta wu3ydeHa OWONOTHYECKas aKTUBHOCTH
HaHOpacTBOpa BUCMyTa o oTHomieHuto k - Bifidobacterium ¢ yenvio onpedenenus
MUHUMATBHOU 6AKMEPUYUOHOU KOHYEHMPAayuu, 0si mo2o, 4modvl He pa3pyuiums
noae3ublll  6AKMepuanvhvili.  (QOH  AHCeTYOOUHO-KUWEYHO20 — Mpakma  npu
UCNONL306AHUU  HAHOBUCMYMA,  Hanpumep, OISl NOOABAEHUsL  POCMdA
bonesnomeopubix  6axkmepuii, nooodomsix P. Aeruginosa, Escherichia coli,
Helicobacter pylori. [Tocneannue MOTyT OBITh IPUYMHON BO3HUKHOBEHHUS PAKOBBIX
omyxonei. Pacrymuii mHTEpec K mpemaparam Bi BO3HHMK, MMEHHO TOCI]E
orkpeiTuss  Helicobacter pylori. HeoOxomumo yuuThIBaTh W pa3pyllaroliee
BO3JICHCTBHEC HAHOCTPYKTYp Ha TaKhe HEOOXOJMMBIC OpraHU3My YelIOBeKa
OakTepuu xkak Bifidobacterium.

HanopacTBop OBUT HW3rOTOBJICH W3 MPOJAYKTa HAHOCTPYKTYPHUPOBAHUS
METAJUIMYECKOr0  BHUCMyTa B HUMIYJbCHOM  IUIa3Me,  CO3/I1aBa€MOM B
JTVCTAJITIMPOBAHHOM BOJE.

B kadyectBe TeCT-KyJIbTYphl OBUIM HCIIOJB30BaHBl MHKPOOPTaHHU3MEI,
BbIJICJICHHBIC U3 aiipana — Bifidobacterium.

W3 HaHopacTBOpa BHCMyTa C MCXOJHOW KoHIleHTparmen 1% Bi roroBmim
passenenus: 1:10, 1:100, 1:1000, 1:10000, 1:100000 .

MuHMMaIpHON OaKTEpUIIMIHONW KOHIICHTpAIMeld HCCIeayeMOoro Ipernapara
CUMTAJIM Pa3BeJICHUE B IMOCIECIHEH TPOOHpPKE, I/Ie BU3yaIbHO OTCYTCTBOBA POCT
mukpoopranuszma — 107 % Bi.

B pesynpTaTe uMccemoBaHUS YCTaHOBJICHO, YTO HAHOPACTBOP BHCMYTa
NeHCTBYeT 0AKTEPUOCTATHYCCKH M OAKTEPUIIMIHO B OTHOIICHUU M3YYCHHOW TECT-
KYJBTYPBHI.

CnenyeT OTMETUTh, YTO (PU3MUECKAas M XUMHUYECKas aKTHBHOCTH YaCTHIL
KapAWHAJIBHO HW3MEHsieTcs B aAuanazoHe or 10 go 1 HM, T.K. JeWCTBUE
MOBEPXHOCTHBIX CHJI, IPOHUKAET BIUIyOb HA MATh-IIIECTh AaTOMHBIX CJIOCB BEIIIECTBA
U 9TH CHJIbl JCHCTBYIOT HAa BCE aTOMBI YaCTHIbl yYKa3aHHBIX Pa3MEpOB, YTO U
OOBSCHSCT KapJAWHAJIHHOC M3MEHCHHE €€ CBOWCTB B CPAaBHEHUH C MAaCCHBHBIMHU
TenaMu (MeTaJJIaMH ).

JIJiss cpaBHEHHUsS MPOBEACH 3KCIEPUMEHT C MCIOJIh30BAaHUEM HAHOPACTBOPA
cepeopa wu Bifidobacterium. PesyabTarthl 3KCIIEpUMeEHTa IOKa3aid, YTO
HAHOYACTUIIBI cepebpa o0JamaroT MOIIHEWIeH OaKTePUIIUIHON aKTHBHOCTHIO.
MuHUMalIbHasT WHTHOWpPYIOMIAs KOHIICHTpAIlMsl ~ HaHOYAacTHIl cepebpa s
Bifidobacterium - 0,0001 macc. %, MEHHMaabHAst HHTHOMPYIOIIAs KOHIICHTPALIVS
Ha"ovactull BucmyTa — 0, 003 macc. % Bi. HanocepeOpo B cOTHHM pa3 MpeBbIIIacT
OaKTepUIIUIAHYIO  aKTUBHOCTH HAHOYACTHI[ BHCMyTa B  OTHOIICHHUH
Bifidobacterium, Ho HaHOYACTHIIBI BHCMyTa MOTYT CTaTh IPEKypcopamMu s
co3/aHus OoJiee MSTKUX IAISAIIAX HAHOMPENapaToB JJIsl JICUSHHUsS sI3BBI U paka
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Kelyka W KHUIICYHUKOB, MOPAKEHHBIX XETMKOOAKTepusMU Onarofaps Takke
MaJIO paCTBOPHUMOCTH BHCMYTa U €T0 COCTUHCHUN MPAKTUICCKH HE BCACHIBAIOTCS
B KPOBb M HMEHHO IIO3TOMY MPOSIBISIIOT CBOH MaKCHMAaJbHBIA 3(PQPEKT B
xenynouHo-kumegyHoM tpakre [Chande N. U ap., 2017; Tahir S. Kafil u op. 2017,
MockaineB A.B. u 1p., 2016].

[TponenanHbie HaMHM HAOJIOJCHHS ACWCTBUS HAHOPACTBOpPA BUCMYTa Ha
Bifidobacterium mo3BoyAT co31aBaTh HaHOIpemapaThl Ha OCHOBE BHCMYTa C
y4eTOM KOHIIGHTpAIIMiA STOTO METajyla B HAHOCOCTOSIHHHM, KOTOpPHIE HE BPEHIST
MIOJIC3HBIM OaKTEePHUSIM B JKEIyI0YHO-KUIIIEYHOM TPAKTE.

buonornueckas akTHBHOCTh  HAHOPACTBOpPA BHCMyTa B OTHOIICHUH
Bifidobacterium ¢ 1enbpr0 KOppEKTHOTO MCIOJIB30BaHHUS HAHOMIPENapaToB BUCMYTa
JUTSL ICUCHUS KEITyTOTHO-KUIIICUHBIX HHPEKIINH N3ydeHa BIICPBBIC.

3AKIIOYEHMUME 110 JTUCCEPTAIIUU

1. TIpoBeneHO HAHOCTPYKTYpUPOBAHHUE BUCMYTa U CYPbMBI B IMPOTOHHBIX U
anmpOTOHHBIX CpEJax: BOJA, 3TWJIOBBIM, M30MponuioBeli cruptel, JIMCO,
JIM®A. C wucnons3oBanueM P®DA, 31eKTpOHHOMUKPOCKOMUYECKOTO,
IPaHyJIOMETPUYECKOTO aHAJIM30B H3yueH (Ha30BBIA COCTaB, CTPYKTYpa,
MOPQOJIOTHUS TIOTYUYEHHBIX MTPOTYKTOB.

2. YCTaHOBJIEHO, 4YTO B TMPOTOHHBIX JKHJIKUX Cpeaax IPOUCXOIUT
dbopmMupoBaHUE, B OCHOBHOM, METALIMYECKUX HAHOCTPYKTYp: - B BOJIE,
ATUJIOBOM CHUpTe —HaHOTPYOku Bi u Sb; wusonponuiaoBomM crnupre

chepuyeckue HaHowacTuibl Bi um Sb. ®opMupoBaHue MeETaNIMYECKHUX
HAaHOTPYOOK W HAHOYACTHUI[ BHUCMYTa U CYpPbMBl B IPOTOHHBIX Cpelax
OOyCJIOBJIEGHO  HaJU4YMeM  BOJOPOJAHOW  BOCCTAHOBHUTEIbHOM  CpEbl.
MeTtanninyeckre HaHOTPYOKHM BUCMYyTa U CypbMbl (POPMHUPYIOTCS Ojlarojaps
rpaduTONOA00HOM CTPYKTYpE ITUX DIIEMEHTOB.

3. B anpotonnsix [IMCO u IM®A, /1€ HET BOCCTaHOBHUTEIIHBHOM
BOJIOPOIHOM aTMOChEphl KapTHUHA CKIIAJBIBACTCS CIEIYIOIUM 00pa3oM:

- Bi B aumetmicynbpOKCHIE HAHOCTPYKTYPHPYETCS € 0Opa3oBaHUEM
poMOOo3IpuUecKuX HaHOTPYOOK BixS; M chepuyecknx MOHOKIMHHBIX
HaHovacTull o-Bi,O3, B TO BpeMs Kak IpH ~ AWCIIEPTUPOBAHMM B BOJE
oOHapy»XeHbI JIUIIb clieabl 0-Bi,O3, T.. B ampoTOHHOM
TUMETWICYIb(oKcH e TpeodiiaiaeT OKUCIUTENbHAS cpeia (cepa u
KHUCJIOPOJ)
- Bi B qaumeTundopmamuie 00pazyer MOHOKIMHHbIE HAHOTPYOKH BUCMYTa U
a-Bi 2,03 MOHOKJIMHHO# CHHIOHHHU.
4. Ilpu aucneprupoBaHUU CYpbMbl B TPOTOHHBIX JIBYX - (3TUJIEHTJIMKOJb) U
Tpex-(TJIUIEpPUH)  aTOMHBIX  COUpPTaX  OOpa3yrTCs  KOMIIO3UTHBIC
chepuyeckre HaHodacTuibl - Sb/Sh,0; ¢ pasmepamu or 10 g0 100 HM.
[Tony4yeHHBII HAHOKOMITIO3UT MOXET OBITh TMPEIOKEH B KadeCTBE
npeKypcopa Juisl CO3AaHUSI AKKYMYJIATOPOB JIEKTPUUYECKON SHEPTUU HOBOTO
MTOKOJICHUS.
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5. [Ipennoxxen  croco6 MOJTyYEHUSI HaHOocIUIaBa  BigoSho;
JIUCTIEPTUPOBAaHMEM MACCHMBHOTO CIJIaBa TaKOro CcOCTaBa B OeH30IIe.
[lonmy4yeHHBI HAHOCIUIAB BHCMYT-CypbMa, OOOTAaIICHHBIH BUCMYTOM
mpernoiaraeTcs JJsl UCHOJB30BAaHUS B KA4YECTBE TEPMOIIEKTPHUUECKOTO
CIUIaBa B aTOMHBIX PEaKTOpax.

6. W3ydyena Ouonornyeckass akTUBHOCTh HaHoBucmyTa u3 WIDK B
orHomennn Bifidobacterium ¢ menb0 KOPPEKTHOTO  HCIIOJIE30BAHUS
HaHOIIPENapaTOB HAa OCHOBE BUCMYTa JJISl JICUEHUS JKEITyI0OUYHO-KHUIIECUYHBIX
UH)EKIIHH.
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Catnes Mupaanbex Opo3anueBudTuH '"'Bucmyr sKaHa CypbMaHBIH
HEerM3UHAe HAHOMATEPHANIAPAbI CYYy KAaHA OPraHUKAJBIK 4eiipene aiyy'
aereH Ttemana Temaga 05.16.08 - wHaHoTexHosorusa. HaHOCTpyKTypaibIk
MATEpHAIIAPD ANUCTUTH OOKHYA XMMHMS WIMMIACPUHMH KAHAWIATHI WIMMHUNA
TAPAKACHIH U3ICHUIT AJTYY YUYH KA3bLITAH JUCCEPTANUSICHIHBIH

PE3IOMECHU
AYKBIY  €O316pP:  BUCMYT, CypbMa, CHHEpPreTHKa,  HaHOTpyOKamap,
HAHOOOJIYKYeJep, NPOTOH >KaHAa AalpPOTHUKAIBIK YeUpeaepaery HUMITYJIbCTYK
J1a3Ma, MUKPOOPTaHU3M/JIEpTre CE3TUUTUK, TEPMOIJICKTPAUK HAHOCILIAB.
N3nia160 00beKTHCH: BUCMYT MEHEH CypbMaHbIH aHa aJlapJIbIH YPUTMEICPUHUH
ap KaHjal Cyrok ueilpeniepiie maija OOJITOH HUMITYJbCTYK IJIa3MajaH aJlbIHTaH
HaHOCTPYKTypajiapsbl.
M3uimee Temachl: MMIYJIbCTYK IUIa3MajJlaH aJIbIHTAH BHCMYT JKaHa CypbMa
HaHOCTPYKTypajiapsbl.
M3miie6eHyH MakcaTbl KaHA  MWIAETTEPH: BUCMYT KaHa CypbMa
HAHOCTPYKTYpaJIaphlH CyyJa TMaijga OOJroH UMITYJIBbCTYK IUIa3MaHbl, OMp KaHa
nosmaroMayk — crnuprrepau, JAM®PO  (mumerundopmamuna) xana JMCO
(mumeTuncynbGHOKCHT) KOJIOHYT CUHTE3/106.
N3ungee muiaerrepu:
* BucMyTTy xaHa cypbMaHbl CyyJla, 3TUJ COUPTUHIE, U3OMPONII CIIUPTUHJIC |,
STUJICHIVIMKONAO, runepunae »kaHa JM®DA- aumermndopmunne, JIMCO-
TUMETUIICYIb(MOKCHIIE HAHOCTPYKTHPIIOe. Sb/Sb,O3; HAHOKOMITIO3WTHH alyy,
TEPMODJIEKTPJUK HaHOKyHMMamnap/bl ajlyy MakcaTbiHAa Bi-SbHbIH KyliMasiapbiH
JUCTIEPTUPIIOO.
* BUCMyTTYyH, CypbMaHbIH, BACMYT-CypbMa 3PUTMEIEPUHUH HAHO TY3YMAOILITYPYY
MPOMYKTYJIAPBIHBIH  (pa3aliblKk KypaMblHa (DU3UKATBIK-XUMUSIIBIK CaJIBIIITHIPMA
aHanmu3au P® (pentrenodazusneik anHanmmz), [IOM (eTkepyydy SJIEKTPOHIYK
Mukpockonus), COM (ckaHepyieedy »SIEKTPOHIYK MHUKPOCKOMNUS) KOJJOHYY
MEHEH XYPry3yy.-
* ImmynicTyK 1mia3Majia ajgblHTaH HAaHOBUCMYTTYH OaKTePUIIUIINK aKTUBIYYIYTYH
176370) 01 I
W3unaee MeTOIOpPY KaHA ammaparypa: peHTreHoda3oBblid Tangoo (X-ray)
kapara mgudpaktomerpe Rigaku RINT 2500, ckaHupytomas 3JIEKTPOHIYK
mukpockonus (SEM) kapaTta CKaHHpYyIOIIEM 3JIEKTpOoHAYK Mukpockorne JEOL
JSM-6490LA, npocBeunBaroiias 3JIEKTPOHIYK MUKPOCKOIIHS KOTOPKY YpyKcaThl
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TEM  (Transmission electron  microscope) 3JIEKTPOHAYK  MHKPOCKOIIE
mapkaceigaarsl JEOL-200 FX, rpanyinomMeTpudeckuil Tanmoo Kypry3yiaay MEHEH
naiinananyy ammapatbiHeiH Beckman Coulter, N4 Plus Submicron Particle Size
Analyzer. BucMyT MEHEH CypbMaHbIH HAHOCTPYKTypajapbl CYIOK uYeilpere
OaThIpbUIraH THUEUIENYY METAUIIBIH 3K 3JEKTPOAYHYH OPTOCYHJa Maiia 60iroH
UMIYJIBCTYK IJIa3Maja METaJUT MaaJbIMaTTapbIH Yadyy MEHEH KYPIy3YJIy.
AJIBIHI'aH HATBIKAJIAPABLIH  MJIMMHHA  KAHBUIBITBL. bupuHUM KOy
JTUCHIEPCUSUIBIK YOUPOHYH MYHO3YHO Kapaila BUCMYT, CypbMa >KaHa alapiblH
ASPUTMENIEPUHUH HAHOCTPYKTYPAJIOO MPOAYKTYJIApbIHBIH (Pa3aiblk KypaMblHA
TaJA00 XKYPry3yiaay. Bucmyr sxana cypbma HErM3WHIETH METaIlI, CyJIb(ua, OKCHUT
HAaHOTpyOaylappl  KaHa  HaHOOeJYKYeJep  MEHEH  Karap,  KeJIe4YeKTYY
TEPMOAJIEKTPIUK MaTepuaiiap Y4YH HaHOKyHMamap CUHTE3/1EIIHII,
HaHoBHUCMYTTYH Bifidobacteriumea cesruururu usnineHrex.
Kouamonyy 0oroH4a cynymrap. M3ningeenyH HaTblibkanapbl HAHOMAaTepUaIAap bl
allyy ~ MakcaThlHJa  HUMITyJIbCTyK  Ila3Majga  CypbMa  JKaHa  BHUCMYT
HAaHOCTPYKTYpaJlapblH ©3YH-03Y YIOIITYPYY TEXHOJIOTUSIIAPHIH UIITEM YbITYY YIYH
KOJJIOHYJYIly MYMKYH. BHCMyT HaHOCTpyKTypamapsl YIIyJd MeETaJUABIH
MacCaJIbIK KOIIIyJIMajapblHa CaJbIIITHIPMAyy BHUCMYTTYH Kypambl a3bIpaak
00NroH Japel-TapMEKTEpAN HIITEN YbITyyra skapaam Oeper. HanoBucMmyTTyH
Bifidobacteriumea ce3ruuTUTMH W3WINOOHYH HATBIIDKANAPHl  MEIUIIMHAHBIH
HErn3ru "3pIsH KenTupOe" npuHuumOuH Oy3000 yuyyH MaaHwinyy. Bucmyrt napei-
JAPMEKTEPUH JKyMIIIAK 1apblJI00 TEXHOJIOTUSACHIH UILUTEN YBbITYY, MUCAJIbI, allIKa3aH
’KapachIHbIH KaHa alllka3aH MEHEH MYKEe WYETWHUH paK HIMIIUKTEPUHHH cedeOu
OO0JroH.

PE3IOME
auccepraumu  CarueBa  MupaanOexka  OposanmeBnua  «IlonyueHue
HAHOCTPYKTYP Ha OCHOBE BHCMYTa M CYPbMbl B BOJHOW M OPraHM4YeCKHUX
cpeaax» Ha COMCKAHUE YYEHOHM CTEeNeHM KAHAMAATA XHMHYECKHX HAYK 10
cnenuagbHocT 05.16.08 - HanoTexHoornu. HaHOCTPYKTYpHBIE MATEPHAJIBI.
KioueBble ciioBa: BUCMYT, CypbMa, CUHEPIreTHKA, HAHOTPYOKH, HAHOYACTHIIHI,
MMIYJIbCHAS TJIa3Ma B MPOTOHHBIX M alPOTOHHBIX CPEAax, YyBCTBUTEIBHOCTH K
MHKPOOPTaHU3MaM, TEPMOICKTPUIECKUI HAHOCTIIIAB.
O0beKT wuccIaeN0BaHUAA. HAHOCTPYKTYPUPOBAHHUE BUCMYTa M CYPbMbl U HX
CIUJIABOB B UMITYJIbCHOM TJIa3Me€, CO3/1aBa€MOM B PA3IMUYHBIX KUJKUX Cpeax.
IIpeamer ucciaeq0BaHMs: HAHOCTPYKTYPhl BUCMYTa U CYPbMbI W3 UMITYJIbCHON
TJ1a3MBI.
Hear wuccaenoBanus: CuUHTE3 HAHOCTPYKTYpP BHCMYTa U CYpPbMBI C
HCIOJIb30BAaHUEM HUMITYJIbCHOU IIJIa3Mbl, CO3JaBaEMON B BOJHOW M OPTraHUYECKHUX
cpenax.
3aga4m HCCaeT0BAHUSA:
» HanoctpykrypupoBaTh BHUCMYT, CYpbMYy B BOJI€, 3THUJIOBOM, H30MPOMUIOBOM
CIIUpTax, dTUJEHIINKoJe, riauiepune u MDA — aumerundopamune, IMCO —
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numetuicyiabdokeuae. I[lonyunts Hanokommosut Sb/Sb,Os;, aucneprupoBarth
cruiaBbl Bi-Sb ¢ 11e1b10 MOTy4YeHUs] TEPMOIJICKTPUUECKUX HAHOCILIABOB.

* IlpoBecTn (PU3MKO-XUMUYECKUN CPaBHUTEIbHBIA aHanu3 (a3oBOr0 COCTaBa
IPOIYKTOB HAHOCTPYKTYPUPOBAHUSI BUCMYTa, CYPbMBI, CIUIABOB BUCMYT-CypbMa C
ucrnoynb3oBanueM PDA (pentrenodaszoBenii ananmms3), [I9M (mpocBeunBaromias
ANEKTpOHHAasg MUKpockomnus), COM (ckaHupyronias 3JIeKTPOHHAsT MUKPOCKOIIHSA).

* U3yunth GakTepuIuAHYI0 aKkTUBHOCTh HaHoBUCcMYyTa u3 UIDK mo oTHOmeHuio k
Bifidobacterium.

MeToabl ucc/ieIOBAaHUsSI U anmaparypa: peHTreHoda3oBbiii aHanu3 (X-ray) Ha
nudpakromerpe Rigaku RINT 2500, ckanupyromiast 3JCKTPOHHAS MUKPOCKOIIHS
(SEM) Ha ckanmpyromeMm 31eKTpoHHOM Mukpockorne JEOL JSM-6490LA,
MIPOCBEUMBAIONIAST AJCKTPOHHAS MHUKPOCKOIHUSI BBICOKOTO pasperieHuss 1EM
(Transmission electron microscope) Ha 3JIEKTPOHHOM MHKpockorie mapku JEOL-
200 FX, rpaHyJOMETpUYECKHI aHanu3 ObLI MPOBEAEH C UCIOJIb30BAaHUEM
annapara Beckman Coulter, N4 Plus Submicron Particle Size Analyzer.
HanocTpykTyprpoBaHHE BUCMYTa U CYPbMBI OCYIIECTBIISIIIOCH TUCIIEPTUPOBAHUEM
JAaHHBIX METaJUIOB B HMMIYJbCHOW IUTa3Me, CO37aBa€MOM MEXAy JAByMs
AJIEKTPOJIaMHU U3 COOTBETCTBYIOIIETO METAIIA, MOTPY>KEHHBIMH B KUIKYIO CPEy.

Hayunasi HOBM3Ha MOJIy4eHHBIX pe3yJbTaTOB. BriepBrle MpoOBEACH aHAIU3
¢dazoBoro cocraBa MPOIYKTOB HAHOCTPYKTYPUPOBAHUS BUCMYTA, CYpbMbl U HUX
CIUIAaBOB B 3aBUCUMOCTH OT HPUPOJBI JAUCIEpCHOHHOW cpeabl. Hapsay c
METaJUIMYECKUMHU, CYJIb(PUAHBIMUA, OKCUJIHBIMU HAHOTPYOKaMU M HAHOYACTUIIAMU
HAa OCHOBE BHCMYyTa M CYpPbMBI, CHHTC3UPOBaHbI HAHOCIUIaBbI Bij(Shy —
MEPCTIEKTUBHBIE TEPMODJIEKTPUUYECKUE MaTepuaibl, U3y4eHa UYyBCTBUTEIHbHOCTH
HaHoBHcMyTa K Bifidobacterium.

PexomMeHIaluM MO UCNOJIB30BaAHMIO. Pe3yIbTaThl UCCIIeIOBaHU MOTYT OBITh
WCTIONb30BaHbl I HampaBlIeHHOW pa3paOOTKH TEXHOJOTHHA CaMOOpTraHU3aIlluu
HAaHOCTPYKTYP CYpPbMBI U BHCMYTa B MMITYJIbCHON IUTa3Me C IENBIO TOTyUYeHUS
HaHOMaTepuasoB. HaHOCTPYKTypbl BHCMyTa TOMOrYyT pa3zpaborath Ooliee
JICHICTBEHHBIE JICKAPCTBEHHBIE IMpemapaThl C TOPa3A0 MEHBIIMM COACpKaHHEM
BHCMYTa B CPAaBHEHUH C MACCUBHBIMH COCTUHEHHSIMH 3TOTO MeTasuia. Pe3ynpraTsl
WCCIICIOBaHMs YYBCTBHTEILHOCTH HaHOBHCMyTa K Bifidobacterium, Baxubr s
TOTO, YTOObI HE HAPYNIUTh OCHOBOMOJATAIONIMNA TMPUHIWI MeaunuHbl: «He
HaBpeN» U pa3zpaboTaTh MIAASANIYI0 TEXHOJIOTHIO JICUSHUS MperapaTaMu BUCMYTA,
Hanpumep, ot Helicobacter pylori, koTopblit sBisIeTCS MPUUUHON S3BBI KETyIKa U
PAKOBBIX OIyXOJIEH XKEITyIKa U TOHKON KHILKH.

SUMMARY
of the dissertation of Satiev Mirlanbek Orozalievich "Obtaining
nanostructures based on bismuth and antimony in water-organic media" for
the degree of Candidate of Chemical Sciences in the specialty 05.16.08 -
Nanotechnology. Nanostructured materials.
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Keywords: bismuth, antimony, synergetics, nanotubes, nanoparticles, pulsed
plasma in proton and aproton media, sensitivity to microorganisms, thermoelectric
nanoalloy.

Object of research: nanostructuring of bismuth and antimony and their alloys in
pulsed plasma created in various liquid media.

Subject of research: nanostructures of bismuth and antimony from pulsed plasma.
The purpose and objectives of the study: Synthesis of bismuth and antimony
nanostructures using pulsed plasma created in water, monoatomic and polyatomic
alcohols, DMFO (dimethylformamide) and DMSO (dimethyl sulfoxide).

Research objectives:

 Nanostructure bismuth, antimony in water, ethyl, isopropyl alcohols, ethylene
glycol, glycerin and DMFA — dimethylforamide, DMSO — dimethyl sulfoxide. To
disperse Bi-Sb alloys in order to obtain thermoelectric nanoalloys.

* Conduct a physicochemical comparative analysis of the phase composition of the
nanostructuring products of bismuth, antimony, bismuth-antimony alloys using X-
ray diffraction (X-ray phase analysis), TEM (transmission electron microscopy),
SEM (scanning electron microscopy).

* To study the bactericidal activity of nanovismuth from IPJ in relation to
Bifidobacterium.

Research methods and equipment: X-ray phase analysis (X-ray) on a Rigaku
RINT 2500 diffractometer, scanning electron microscopy (SEM) on a JEOL JSM-
6490LA scanning electron microscope, high-resolution transmission electron
microscopy TEM (Transmission electron microscope) Using a JEOL-200 FX
electron microscope, granulometric analysis was performed using a Beckman
Coulter, N4 Plus Submicron Particle Size Analyzer. Nanostructuring of bismuth
and antimony was carried out by dispersing these metals in a pulsed plasma created
between two electrodes of the corresponding metal immersed in a liquid medium.
Scientific novelty of the results obtained. The phase composition of the
nanostructuring products of bismuth, antimony and their alloys depending on the
nature of the dispersion medium is analyzed for the first time. Along with metallic,
sulfide, oxide nanotubes and nanoparticles based on bismuth and antimony, Bi;.
xobx nanoalloys — promising thermoelectric materials - were synthesized, the
sensitivity of nanovismuth to Bifidobacterium was studied.

Recommendations for use. The research results can be used for the targeted
development of technologies for the self-organization of antimony and bismuth
nanostructures in pulsed plasma in order to obtain nanomaterials. Bismuth
nanostructures will help to develop more effective drugs with a much lower
content of bismuth in comparison with massive compounds of this metal. The
results of the study of the sensitivity of nanovismuth to Bifidobacterium are
important in order not to violate the fundamental principle of medicine: "Do no
harm" and to develop a gentle technology of treatment with bismuth preparations,
for example, from Helicobacter pylori, which is the cause of stomach ulcers and
cancerous tumors of the stomach and small intestine.
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