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JluccepTanysuiblKk KEHEIITUH OKYMYIITYY KaT4bICHI,

XUMUS WIMMICPUHUH KaHIUaThl,

YAYK WIMMHI KbI3MaTKep 3. A. llabganoBa
HNIHITHUH KAJIbBI MYHO31O0MOCY

JluccepTanMsHbIH  TEeMAaCBIHBIH  aKTyaJaayyayry. Wuauiinun (celipek
KE3/ICIIYYUy >KaHa ©Te YaubIpaHJbl AJIEMEHT) JKaHa aHbIH aHAJIOTY AJIOMHHUIINH
naiganyy KacueTTepu HaHoaOanbIHaa Oup kbrita xyweut [T. H. Lim, B. Ingham,
K. H. Kamarudinetal, 2010].

Yuypna uWHAMM JKaHa  AaHBIH  ANIOMWHUN  AaHAJOTYHA  HETHU3AEITCH
HAaHOMATepHalapAbl  OWION  Yblrapyy AYWHOHYH KONTOIeH OJKeJIepYHYH
HSKOHOMMKACBhIH OHYKTYPYYZA® 30p Kyd Oonyn caHanyyna. byn kxunuumHekeit
KapaThUIbII pecypcTapbl jkaHa asp uyeipecy Oap KeIpreizcran ydyH e3reye
MaaHWIYy. AJIIOMUHUN CBIAKTYY WHJAWWIE HETU3ACITeH HaHoMaTepuaaaapisl
b dexTuBaYY KOJIIOHYY  KeOyH4Ye HAHOCTPYKTYpaJIap/Ibl (xmacreprep,
HaHOO®JYOKTep, KIACTEPAUK MaTepuajiap, HaHOMarepuaijgap) ajlyy Y4YH >KaHbl
aJJABIHKBl TEXHOJOTMSUIAPABIH OHYIYY JapakacblHa JKaHA QJIbIHTAH WJIMMHAN
AKBIMBIHTBIKTAPIBIH TEOPHUSIIBIK MHTEPIIPETALUACHIHA KO3 KapaHIbl.

byn smrekre cywok ueiipene (MIDK) »xana Oyn nucnepcusiiblk 4eHpeHYH
KOMIIOHEHTTEPUH/E TY3YJIOH HAHOCTPYKTypaJIaHTaH KaTyy, UMIIYJIbCTYY IUIa3Ma
MEHEH >KaMaaTThIK 63 apa apakeTTeHYYHYH HaThbliKachblHAa naijga OOJITOH WHIWUN
KaHa  AJIIOMUHHAM ~ HAHOCTPYKTYpPaJlapblHBIH  y4dyplAarbl  W3WIIOOJIOPYHYH
KbIMbIHTBIKTApH! KentupuireH [C. K. Cynalimankynosa, Y. A. Acanos, 2002].

Koipreiz PecniyOnukaceiabia YiayTTyk uinumaep akagaemusicbiabia (UXXT HAH
KP) Xumus ’xaHa XUMUSJIBIK TEXHOJOTMSI ~ MHCTUTYTYHYH HAHOTEXHOJIOTHS
71a00paTOPHUSACHIHA KYPIY3YJITOH U3WIA06JIep CYIOK Yelpere KalralThIpblIrad KU
ANIEKTPOJAYH OPTOCYHJa Taiina OOJIroOH HMITYJAbCTYY IIJIa3MaHBIH SHEPTUSCHIH
KOJIJOHYY MEHEH KaTyy TEJOHYH HAHOCTPYKTypaJIOO ME3THJIJUK CHUCTEMAHBIH TOK
OTKOPIYUTYY  OJJEMEHTTEPHHE  HETHU3JIEITeH  HAaHOMaTepHaslJapabl  alyyHYH
KETKWINKTYY ’KaHa UIIEHUMAYY KOJIy SKEHUH KOPCOTTY.

JuccepranusiHbIH TE€MAaCBhIHbIH WIMMMH nporpamMmmaJ’iap,
(ynramenTanayy Herm3ru HIIMMHMH U3WJ1/166 MIITEPH MEHEH OailJIaHbILIbI.

Nnumuit i Keipreiz PecnyOnukachiHbIH YIIYTTYK WIMMIEP aKaJleMUSIChIHBIH
XuMus jkaHa GUTOTEXHOJOTUS UHCTUTYTYHYH "KbIprei3 PecryOnuKkacblHbIH MeTall
KEHJEPUH, MUHEpAJIbIK JKaHa OpraHUKajJblK YWWKU 3aTTapblH MIITETYYHYH
TEXHOJIOTHUSAJIBIK BIKMAJIApblH HIUTEN YbITYy' O0J0OOpYHYH aJIKarblHAA W3WJI0
IJIaHbIHA BUIAMBIK JKaHbl MaTepuaIaapAbl Ty3Yy MakcaTblHAA "(MaMJIEKETTUK KaTTOO
Homepu 0003939) xypry3ynaay. beaym - "JKoropky TexHonOrusjiapAblH HETU3UH/C



KaHbl ~ Marepuangapabl  Ty3yy'. "CylOKTyKTarbl  MMIIYJIbCTYY  IIa3MajiaH
HaHOMaTrepuaiaap" Ku4u J101000py.

N3nia160HYH MaKcaThbl: CYIOK 4oipesepae TY3YJIreH UMIYIbCTYY IJIa3MaHbI
KOJITOHYY MEHEH WHJIUW >KaHa aJIOMUHUNJIMH HAHOCTPYKTYypaJapblH alyy, ajlblHTaH
HAHOCTPYKTypaJlap/iblH KypamblH, MOP(OJOTHUACHIH >KaHa K33 Oup (PU3MNKaIbIK-
XUMHSUIBIK KaCHETTEPUH M3UI06. 3aMaHOan W3uiiee bIKMaldapblH KOJJIOHYY MEHEH
VH]IAW KaHA ATFOMUHAW HAHOCTPYKTYpajaapblH TY3YY MYMKYHUYJIYKTOPYH HETHU3/106.

HN3ui166HYH MaKcaThl )KaHA MUJIACTTEPU:

1. Cytok uyeiipenepae TY3YJreH HMIYIbCTYy IUIa3MaHblH TEH CajMaKChI3
IapTTapblHIa WHAUM MEHEH AQIIOMUHHMWIE HETM3JEITeH HAHOCTPYKTYypAIApAbIH
CUHTE3U.

2. CyloK  yIIeBOAOPOAIOPAO, MACHOHAOIITYPYAraH Cyyda WHANM MEHEH
ATIOMUHUNUIUH  JUCTHEPCUSUIBIK  TPOAYKTYJIApPBIHBIH  (a3aliblIk  KypaMblH,
MOP(OJIOTUACHIH JKaHa CTPYKTYPACHIH TaJIJ00.

3. Unaunit HaHO-3pUTMECUHUH OaKTEPULIUIANK aKTUBAYYIYTYH U3HIIIO6.

4. AnlbIHTaH ~ MaalbIMaTTapAbl HAHO  WJIMMIMH  >KaHbl  >KOOOJOPYHYH
IIO3ULIUSICBIHAH YEUMEIIO00.

AJIBIHTAH HATBIKAJIAPABIH MMM KAHBLIBITBL. [padeH HaHOJIeHTaIaphI
WHIUN >KaHa aIIOMUHUN HaHOOONYKYeJIIepYHYH OeTrrepuHae anblHrad. Muauii
HaHOOOJYKYOJIOPYHYH 3PUTMECHUHHH OaKTEePUIMIJIUK KACHETTepU OUPUHYM HKOJIY
M3WIACHAN. Ap KaHJal MYHO3J6TY CYIOK JUICKTPUKTEPAE OHAYPYJITOH UMITYJIBCTYY
MaasMaja WHIWA MEHEH allOMUHUNAMH (a3zayiblk maijga O00lyy e3redenyKTepy
CaJIBIIITBIPBLIAT. NmnynscTyy hinekvel WHJNN-TEKCaH CHUCTEMACBIH
TEPMOJIUHAMUKAIIBIK MOJEIIO0 KYPTY3YIAY.

AJIBIHI'aH HATBIMKAJAPABIH TNPAKTHKAJIBIK MaaHucu. H3unneenepnyH
KBIMBIHTBIKTAPbl KBIPTrbI3CTaHABIH SKOHOMUKACBIH OHYKTYPYY YYYH HMITYJIBCTYY
iazMazga  MHAMM ~ MEHEH  alllOMMHHUAMH  TpadeH  HaHOJEHTaJapbIHBIH
HaHOCTPYKTypajapbiH ajnyy  TEXHOJIOTMsUIApbIHA OarpITTaNTaH WIIUMHANA
W3WI06J16pAY OHYKTYPYY YUYH KOJJOHYIYITY MYMKYH.

JuccepranMsiHbIH KOProoro KOWJIyy4y Heru3ru ;k000/10py:

1. IMnynbCTyy IJla3Ma HHEPIrUsIChIH KOJIJIOHYY AapKbUIyy HWHJHAM MEHEH
AJTIOMUHUNIUH HAHOCTPYKTYPACHI;

2. ImniynibeTyy  IJIa3MaHbIH, CYIOK YOMPOHYH jKaHAa HAHOCTPYKTYpalyy
MaTepua [blH  KaMaaTTbIK ©3 apa AapakeTTEHIYYCYHe JKapamia  aJbIHTaH
HAHOCTPYKTypaJjiapra (PU3UKaJIbIK-XUMUSIIBIK aHATU3/IUH KbIHBIHTBIKTAPHI,

3. UmnynbeTyy mia3Majga MHAMKM KaHa aJIIOMHUHUN HAHOCTPYKTYypalapbIHBIH
©3YH-03Y VIOLITYpYy  ©3Ire4eJYKTOPYH OKCIEPUMEHTANABIK JKaHa  WIAMHUI
YEUMEOOHYH KbIMBIHTBIKTAPBI.

HN3nenyyyyHyH  sKeke  cajbiMbl. MHIMi  MEHEH  aTlOMUHHUUAWH
HAaHOCTPYKTypaJapblH CHUHTE3106, QJIbIHIAH HaTbIKAJIApAbl AHAIN3106 JKaHA
HErM3/1e6 MaKcaTblHIa J1a0OpaTOpPHSUIBIK  OOBEKTWIIEpAE  SKCIEPUMEHTTEPAU



KYPry3YYIAeH TypaT. ABTOp METaUIIbIK MHAWM MEHEH aJlOMUHUWIe HETU3IEITeH
HAaHOOOIYKYOJOpAY CHUHTE3NIETeH, alblHTaH HAHOCTPYKTypajapAblH  (a3aibIk
KypaMmblH, MOpPQOJIOTHIACHIH JKaHa CTPYKTYpachlH €3 alJblH4a HW3WIJETEH,
PEHTIeHIUK (pa3aliblK aHATU3INH, TPAHCMUCCHSIIBIK JKaHa CKaHEPJIOovY AIEKTPOHIYK

MuKpockonusicbiHbIH (ITOM, COM), PamaH cieKTpOCKONUSACHIHBIH, HAHO WIMMHHHUH
3aMaH0anm Ke3 KapalTapbl MEHEH alblHTaH >KBIMBIHTBHIKTApABl Tajjan >KaHa
TaJKyyJIalIThI.

JluccepTauMAHbIH  HATBHIMKAJAPBIH  anpodanusieo. Jluccepranusibik
WIITUH MaTepHallapbl TOMOHKY JapeKTepre OWIIUPWITEH »aHa TalKyyJaHTaH:
«Yon mnmumre kagam anyy"(KP YHUA 5-6 nosiOps 2013k. bumikek) Keipreizcranibia
Kall OKYMYIITYYJApbIHbIH HWJIMMHUA-NIPAKTHKAIBIK KOH(EPEHUHUSCHI, 371 apajblK
WINMHI-TIPAKTUKAIBIK KOH(QEPEeHIMIChIHIA KO3 KapaHAbIChl3 KbIprei3cTaHabiH
Oupunun  npembep-MuHuctpu, CCCPaun  VHeHepauk  aKaJeMMSICHIHBIH
akameMuruHuH 70 kpUIABIK toOmieiinHe apHanran ‘“Hacupaun HcanoB- Kwiprsiz
PecniyOnukaceinbin - kepyHYKTYY wuimmepu', (H.McanoB artemmgarsr KI'YCTA,
bumkexk 2014), HanorexHonorusimap, HaHOTY3YJIYIITYy Marepuaiaap:
KoIproi3cTanibii ©HYTYY Kelledern'" aTTyy 571 apaiblik unuMuil koHdepenuus (BAK
KP, bumkek, 2020).

JluccepTauMsSHBIH ~ HATHIKAJAPBIHBIH ~ 0acbLIbINl  YbITAPbLIbILIbI.
JluccepTalysUTbIK MIITHH KBIMBIHTHITEL O0toH4ya 10 mnamMmuii Makamna jKapbIsUTaHTaH,
aHBIH MYMHEH 3 YeT 0N1Ke10, S keke. Koiprei3 PecriyOnmkachiHbIH | MaTeHTHH airaH.

JuccepTanMsiHbIH TY3YJYLIY KaHa KeJemy. Jluccepranus KUPUIIYYIoH, 3
0OIYMI6H, JKBIMBIHTBIKTAP bl TAJKYYJI00/I0H, KOPYTYHIyJIapJaH jKaHa KOJJAOHYJTaH
amabuATTapIbIH TU3MecHHeH Typat, (66). DMrexk KOMIBIOTEPIUK KOMIUICKTHH 83
o6etunne OepwireH, 8 Tabnuiranan xana 30 CypeTToH Typar.

HUIITUH HETU3TU MASMYHY

JluccepTranMsiHbIH KUPHII CO3YHIO MU3WII06 OTKOPYYHYH AKTYyAJIAyyJIyry ’KaHa
3apBUIABITEL  KOPCOTYJAY, HU3WIAOOHYH MakcaTbl jKaHa MACENIeNIEpU, >KAHBLIBITHI,
IIPAKTUKAJIBIK MAAHWIIYYJIYI'y, KOProOro KOIOJIraH JHUCCEPTALMAHBIH HETU3IH
&K0O00JIOpY JKaHa U3MIJIOOHYH JKbIMBIHTHIKTAPBIH KANUBLITYY YarbUIIbIPHLUIIBL.

AJIABU CEPEIIl. Uuanii >XapaTUIGIITAa YadbIpaHABl TYpPAO KaHA JKaHa
celpeK Ke3NeHIKeHIUTHEe KapabacTaH, 3pyy TeMIepaTypachl TOMOH >KaHA >KyMIIaK
OONTOHIYKTaH, KOPPO3Usra Kapiibl KanTOOJOp YYYH KOJJIOHYJAT; KY4TYy MYMHEH
KYWYYYY KbIMMBUIJATKBIUTAPAA NOAMNIHUKTEPAN KaNTOO YUYH UHIUUAN KOJJIOHYY
7la MAaHWIYY .

Mupuiinn  kaHa  aHblH ~ alipbIM  KOLIYJMAJAPBIH  JKapbIM  ©TKOPIyY
AJIEKTPOHMKAAA KOJJAOHYYHYH Keneuern Oap. MHIuiAMH IyHMHOIYK  JIEHID3J1e
OHAYPYJIYILIY Ja ©Te a3 - JKbUIbIHA IMHK, KOPrOLIyH, >K€3, KajJlal KEHAECPHH



UIITETYYHYH KOLIyMya MpPOAYKTYyCY KaTapbl Oup He4Ye OHJOIOH TOHHA TaHa
OHIYpPYJIOT. BUpOK KuuMpeHTWIreH (MUHHMATIOPIAIITHIPBIITaH) HAHOTEXHOJOTHUS
YUYYH MBIHIAM  OHIAYPYWTYH KOJeMYy KOWIreh 5MeC, AaHTKCHW  HWHIUHU
HaHOCTPYKTypaJapblHbIH KacHUETTEPU MacCajblk MeETaJUIapra jkKaHa ajlapJiblH
OMpUKMENIEpUHE CAJBIIITRIPMANYy Kol XoJiy KydeTyheT. HanocTpykTypanapisiH
MaccajblKk KaTyy 3aTTapra CajblIITBIpMallyy KECKHMH e3repyury Oy, Oaamyy
MeTaJIAbl KEPEKTOOHYH KECKUH a3albIlbiH fa omnauper. Celipex ke3nenryydy kaHa
©TO YaubIpaHIbl TYPA® KE3ICHIKEH WHAUNAN KEPEKTOoO® KOWreMyHYH ONTUMAIIAYY
YEeUUMHU MUHHUATIOPIAIITHIPLITaH HaHOTEXHOJIOTUS MEHEH 17030102078
HaHOCTPYKTypaJlapblH ©HIypYYy Oonyn cananar. KaTyy ra3 »kaparyyuyy oTyHOapna
(TT'T) xonmonynranjma, HETM3rd KOHYJ aJlOMUHUNM HAHOMOPOIIOKTOpPYHa Oypyiart.
AMIOMUHMI HaHOOOJTYKYOJOpYHYH KOLIyJIMajapbl KyHyydy 3arTapAblH KYHYY
BUIIAMJIBITBIHBIH ~ JKaHA  JKBUIYYJIYTYHYH  JKOropyJjaliblHa e0eire  Ty3eepy
kepcotyaren [L. Galfetti, L. T. de Luca, F. Severini,2006].

Omon s1e ydypha, Karyy OesyKueslepAyH KOIIYJyIIyHa CaJbIITHIPMAIYyy
QIIOMUHUK HAHOINOPOIIOKTOPYH KOJIIOHYyJAAa Karyy pakeTra OTyHYHYH KyHyy
pUIAAMIBITEL 5-20 3ce xKoropy OOJylmly MYMKYH. AJIFOMHUHUA HaHOO®IyK4esnepy
KOppO3Usira TYpPYKTYy KOproody (KamTOOJIOPro) KOIyM4a  KaTapbl KOJJIOHYJAT
[D. E. Tallman, K. L. Levine, Ch. Siripirom, 2008]. KantoonyH (xka0yyHyH)
¢ dexTuBIyY Taacup 3TYYCY YUYH KadbIHABITEI 10-13 HM GOJITOH KaTMap *EeTUIITYY
[H. G. Kim, J. I. Park, G. H. Lee, 2013].

MpbIHIaH — THIIIKAPBI, AJIIOMUHUN  O6JIYKUeJIOpYHYH KamlToo KypaMbIHA
KOILIIYJIYIIYy SJEKTPAUK HWHUKEeMAYYJIYKKO aibil KeiaeT (Oup »dJe KOJAOHYJTraH
YblHANyyJa ap KaHJadh  OTKepryuTYKTYH dKH  abanbl).  AJOMUHUNAWH
HAaHOJWCIIEPCTYY MOPOLIOKTOPY CYYTEK OHEpPreTHUKAchlHAAa KoyimoHynar [A. 1L
Wnbun, A. B. Kopmynos, JI. O. Tombanoa, 2007]. HWIDKra xenrteren
MYHO3/76MeJ16py OOIOHYa OKIIONII OOJrOH KAapbUIyydy TEXHOJIOTHUIAp MEHEH
aJIBIHTaH METaJT HAHOOOTYKYOJOpYHYH d(PPEKT MyHO310MOCY KOIITyMUa ke alllblKua
SHEPTUSHBIH OOTYLTy MEHEH OaliaHbIIIKaH.

Amiblkua SHEpPrusiHblH ce0ebu, MeTail OyyJapblHBIH KOHJACHCAILUSCHI
yaypyHAa 0enyK4esepayH eTe Te3 Maiina Oomylly jkaHa KPUCTAJUIIBIK TOPYOJ0 TEH
CaJIMaKTyy 3MEC, METacTaOWJIIYY >KaHa YbIHAITaH CTPYKTYypalapJblH Naijga 0omymry
MYMKYH. JKaHbl JnagpiairaH aJtlOMUHUN HaHOOOIJYKYeJIOpYHIe allblkya SHEprus
(400 xain / r veiinH) Oap skeHu xkeHyHaery uaes [M. M. Mench, C. L. Yeh, K. K.
Kuo, 1998, A. H. XKurau, H. I'. bepe3kuna, H. 1. Ctoenko, 1. O. Jlelinynckuii, 2010
| xonnonyyra kupruswires xana [A. H. Kurau, H. I'. bepeskuna, H. 1. Croenxo, U.
O. Jletinyuckuit, 2010] getanayy Typae u3wiAeHreH. busaun oro0y3ua, alFOMUHUMA
HaHOOOJYKYOJIOPYH/® alllblKya SHEPTUsSHBIH OO0IyIly HAHOKYKYMIepAy (KyJ Maija)
THT anyy xonnoHyyra »aHa CyyTeKTHH cyyaaH 3¢ (eKTUBAYyY O6IyHYI YbITHIIIBIHA
MYMKYHUYJIYK Oeper.

N3u1160HYH MaTepHAJIbI dKAHA BIKMAJIAPbI



DnexTpoAIop YUYH MaTepHraiaap karapsl Metauiabik uaauid 99,99%rtyy xana

ATIOMUHUNA  KOJAOHYJIraH. Yeilpe Karapbl XUMHUSJIBIK Ta3a COPTTOTY CYIOK
yTIEBOAOPOAJIOP KaHa AUCTUPIICHTEH CYy KOJIJIOHYJTaH.
NMnynbcTyy 11a3Maja HaHOCTPYKTYpallyy TMPOAYKTYJIaplblH PEHTreH (ha3aibik
aHamm3u (PM®A) mopoimok bIKMachl MEHEH jke3 Hypianyycy Oap RigakuRINT-
2500VHF mudpakromerpunne sxana P1Xcel3D nerexropy 6ap PANalytical pearren
anmnapaTblHIa KYPIY3YJITreH.

CkaHepJieHIeH 3JIEKTPOHAYK MUKPOCKOIIHSI.

Scanning ElectronMicroscope, COM. DnektpoHmyk mukpockorn JSM-5310LV xana
COM Jeol 7001 TTLS xongonymy.

Paman coekrpockonusickl. Hypmanran cnexktpauH TypAayy (QOHOHIYK
TEPMENYYJIOPYHYH KO3TOJNYIIYHAaH yJaM JIa3epJuK HYpJIaHYyHYH YiAry OOroHYa
MIIKeMCHU3 YaudbIpalllblH KarTooro HeruzaenreH Paman cnektpockonusichl (KPC ke
Paman crekTtpockonuschkl), rpapeHau H3WIAOOHYH akbIparsic Oesyry Oomym
caHa’ar.

CylokTyKTarsl UMIyJbcTyK miaa3ma. Cyrwok ueitpege (UIDK) ty3ynren xana
XUMHUSL  JKaHa  XUMUSUIBIK ~ TEXHOJIOTHSUIAD  MHCTUTYTYHYH  HAHOTEXHOJIOTHS
1abopaTOpUACHIHAA HAHOCTPYKTYpaJapAbl TY3YY YYYH KOJJOHYJITaH HMIYJILCTYY
MJ1a3Ma, KaTyy HAaHOCTPYKTYpPaHbl TY3YYHYH 3H 3(Q(GEeKTUBAYY bIKMATAPbIHBIH OUPH.

N3unneenyn o0bexkTHcu: cywok auanektpukrepae (MIDK) ty3ynren
UMITYJIbCTYY TUIa3Majia MHANN MEHEH aIFOMUHUNANH HAHOCTPYKTYypajiapshl .

M3unpeenyn mnpeameru: HWIDK pmarsl uHAWKA MEHEH aJIIOMUHUWAWH
HaHOCTPYKTypaJlapbl, MOP(]OJOruschl, CTPYKTypackl, emuemaepy. Muauii MeHeH
ATIOMUHUWIMH HAaHOCTPYKTYpallyy NpPOAYKTYJApbhIHbIH (Pa3anblk KypaMmbIHBIH OUp
MMITYJIbC HEPTUAChIHA, YOUPOHYH KypaMbIHAATbl K63 KapaH bUIbITbI.

7Keke U3MI100HYH KbIiIBIHTBIKTAPBI
HanocTpykrypajyy uHani 06,1yK46JI6PYHYH Naiaa 00JIylyHa aijiaHa -
YOHPOHYH Taacupu

HanocTtpykrypanapaplH =~ yKMYIITYYy — (U3HKAIBIK-XUMUSIIBIK ~ KaCUETTEPU
ayapJipl MaccajblKk MaTepualapra CaIbIIThIpMaTYy OUp Heue as3alraH caHja >kKaHa
TOMOHKY KOHIICHTpAIMA/la KOJIJIOHYyyra MYMKYHAYK OepeT. bynm unauiinn kamThiran
CelpeK Ke3Nelyyyy, YaublpaH/bl *aHa TapThIll METAJIAAP/Ibl KOJJAOHYY/la ©3re4ye
MaaHUIYY.

YoH emyemaery CyIOKTyKTapAa HaTpuil OOpPrUIpUAMHUH METAHOJ 3PUTMECU
MeHeH InClzauH  KanblObIHA KEJNTUPYY YUYypyHAA 4YOH eJd4eMIery WHIUN
HaHOOeJIyKYesepy naiaa 60y0T. ABTopiop auameTpu 20 HM OOJITOH TOTOJIOK UHIUN
HAHOOOJIYKUOJIOpYHYH Maiga OoJylIyH KepceTyuikeH; Y d-cnekTpiepuHeH HUHAUN
HAaHOOOIYKYOCYHYH MYHO31yY 238 HM CBI3bITbl TaObUIraH. PeHTreHamk (a3anbik
aHAJIM3/IMH JKbIMBIHTBIKTAphl OOIOHYA TOPYO MapaMeTpiepd MEHEH TEeTparoHaiayy
uHANM HaHoOemykdenepy anbiHran: a = 0,3250 um xana ¢ = 00,4944 um, Oyn
TEeTparoHaJ1yy UHAUUANH OKIIOII MaajdbiMaTTapbl MeHeH nan kenet (a = 0,3251 um



xkaHa ¢ = 0,4954 uwm).QudpakrorpamMmaza HHAUN OKCHUIWHUH YarbLIbIIITaphI
(pednexcrepu) anbiktanran (222, 431, 622), 6ankuM, HOHAYY CYIOKTYKTYH >KaHa
METaHOJITYH KypaMbIHJArbl KbIYKBUITEK MEHEH MHIUN HAaHOOOIYKYOCYHYH OCTHHUH
KBIYKBUIJJAHBIIIBIHAH, OLIOHAON 3JI€, CAKTOO yUypyHJa aTMOC(EpasibIK KbIYKBUITEK
MEHEH OO0Iylly MYMKYH. ABTOpJIOp TapaOblHAH CUHTE3JEITEH YITYJIepaery UHIUN
OKCHUIMHUH  COCTaBbl ~ HMMIYJLCTYY  IUIa3MaJa  HMHAAW  JUCIIEPCUSCHIHBIH
MIPOIYKTYJIAPBIHIA HHINNA OKCUIUHUH COCTaBBIHAH JKOTOPY OOJIOT.
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1-cypet - MoHayK CYIOKTYKTarsl UHIWNA HaHOOe yK4YeIepyHYH YD criekTpu

P®A ananusu (Phillips X'Pert PRO) kepceTkeHneii, nmapadhun MaibiHAarbl
VHJIAWIMH dpyulinHeH YK HypilaHyyCyHYH TaaCUpH aCThIHAA METAJUIAbIK WHIWUINH
HaHOOOJIYKYeJIepy TOpT OypuTyy (TETparoHajAblK) CHUCTEMaHBbIH KPUCTAIIIIBIK
Topyocy MeHeH Ty3yiet: a = 0,3251 nmis = 0,4945 umM, Oyn MaccaiblK YAy YYYH
nan kener. Judpakrorpammaa MHAMM OKCUAMHUH OUp HEYE YOKYJapbl aHbIKTAJITaH
(hkl: 222, 431, 622 meHnen), Oyn abaaa KypraTbUIrania MHANN HAHOOOIYKUYeIepYHYH
OETUHUH KbIYKbUIAAHYYyCYy MEHEH OaiJIaHbIILIKaH.

2-cypeT - MaccalbIK MHIMH Y3W HypraHyycy MEHEH albIHTaH UHAUN
HanoOenykyecyHyH [IEM cyperty: a) 1200 Bt / cM2 nypnanyy kyayszae; 6) 800 Bt / cm2

JEOL JEM-100CX 0Gepyyuy 37ekTpoHAYK MukpockontyH (IIOM) xapmambl
MEHEH aJIbIHTaH MaansiMaTTap (2-cypet) auametrpu 50-70 am (a-Y3U kyuay 1200 Bt/
cm2), 300-500 BM cdepanpik WHAMNH HAHOOOTYKYOJIOPYHYH TMaia OOJyIIyH
kepcetoT. (0 - Y3U kybarsr 800 Bt / cMm2), 0.a. Y3U kyuy KaH4anbIK xKoropy 0oJco,
WHANM HaHOOOJIYKYeIepy OMIOHYOIYK KHYMHE OOJIOT.

I'ekcanaars! MHAMHAMH HAHOCTPYKTYPAChI



KBIYKBUITEKTHH U31 KOK Ta3a MHIUWIUH METaJUIJIbIK HAHOOOTYKYOIepYH alyy
MakcaTblHa MHAWNAM OenMe TemriiepatypacbiHaa CeHis rexcanma aucnepcusiioo
Kepek. O3yHue Oup wuMNynabcTyH sHeprusickl 0,025 JIk. Taacupu acThiHAa Maiina
00roH raz ke6yrynyH kememy 1072 cm®, xeOykryH GermnuH asuTel 36-10% cm?,
©3YH4Y6 OMp MMITYIIbC Kydy 6,666 kBT / cM?, 6.a msungeenyH Y3U kyuyHen 5,5 ace
xKoropy. ©O3yHUe Oup UMITYJIbCTYH apakeT »3TYYy 30HACBIHAAIBl KOTOPKY
TeMIlepaTypa 3JEKTPOJIYK Marepuaiabl raHa sMmec, omonaoi sne C, Hy, CHs x.
MEeTaJUl HaHOOOJYKYeJIOpYHYH Maima OoiymryHa e0enre Ty3yydy KalbliObiHA
KeNTUPYYUY dYeHpe Ty3yheT. Peaykuusuioouy 4eWpeHyH KalblOblHA KETYYCYHOH
THIIIKAPBI, UHANA METAJUTBIHBIH HAHOOOIYKYONOpYHYH Maiaa OONyIIyH WHAWNAIIH
Oup BalneHTTYyy abaibl TypyKTalIKaH 5S> MHEPTTYY DIEKTPOH KyOyHYH TaacUpH
MEHEH TYUIYHAYPYYr® OOJOT, an KaublObIHA KENTHUPYYUy 4Yeilpeae OHOW HeJAYK
BaJeHTTYy Oonyn kamar. HWueprtuk xyn osddextn 13, 14, 15 xana 16-
rpynnajgapiblH 00p 3JEMEHTTEPUHE TaObUIraH PENSITUBUCTTUK 3(PPEKTTEp MEHEH
TYWIYHAYPYJIOT. S-3J€KTPOHYHYH XUMUSJIBIK OalJaHBIILITAPABl TY3YYT® KaTbIIIYy
KOHIOMYHYH TOMOHJI00 KyOylynly KeOyHUe unepmmux oicyn s¢ggexmu Oen
amanam.
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X Axis Title
3-cypert - 0,0251>x e3yH4Ye Oup UMITYJIBC YHEPTUSACHIHAA TeKCAH/IaT bl
uHauianH POA HanocTpykTypanaps! (Oup UMITYyJIbCTYH Kyuy 6,666 kBT / cM2)

['excannarsl MHOUWAMH AUCTIEPCHSUIBIK TPOIYKTYCYHYH PEHTIeH (ha3alblk
aHanmm3uHUH HaTelibkamapsl (CuKo nyprnanyy menen A = 1,54187 A) (3-cyper)
TeTparoHajayy CTPyKTypachl Oap MeTaul HHAWWWHUH JUHUSUIAPBIH aHBIKTOOTO
MYMKYHAYK Oepau (MedkuHauk ton 14)/mmm (139), usunneeuynep ChIKTYYy 3iie
KaHa KpPUCTAIUIABIK TOPYOHYH mapamertpiepu: a = 0,3258 um, ¢ = 0,4953 um, Oyn
JCPDF ¢aiinsiHbiH MaanbIMaThl MEHEH Jai kenet, daiin 85-1409. Kyrynrennaeit e
UHIWNA OKCUAVHMH JIMHUSIIApbl TAOBUITaH 5KOK.
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4—cypet-0,025 [I)x OUpAUKTYY UMITYJIBC DHEPTUSACHIHAA TeKCaHIarbl HHIUN
aucnepcHsChIHbIH TpoaykTycyHyH CEM cypety

CEM cypety (4-cypet) 9-20 umzaeH 40 HMre 4eWHUHKU ©TYOMJIOTY WHIMIM
MeTall1 0eJyKUeJIepYHYH KOHIJIOMEPaTTapblH KOPCOTOT.

Wunuit  OenykuenepyHyH Y3M  MeTrony MEHEH  CHUHTE3CIMIINHEH
allplpMallaHbIl,aH/la WHIWA OKCHIM Ja Tnaijga OoJoT jkaHa OeJdyK4YeJlepyHYH
muamerpu S50 HMIEH amar, rekcaHaa naiga OOJITOH HMITYJIbCTYY IJIa3MaHbI
KOJJIOHYYy KOHIJIOMEpalusi MEHEH alraHJarbllaH Ja KUYMHE Ta3za WHAUN
METaJUIBIHBIH O06JTYKUYeIepYH allyyra MyMKYHUYJYK Oeper.

buzaun or00y34a, yapTpa3ByKTYK HaHOCTpyKTypara canbimreipmanyy UK na
KAYMHE HaHOOOJIYKUeJepAYH Maijga OoJylly MMITYJbCTYY ILIa3Ma 3HEPIHSICHIHBIH
MacCaJIblK HMHAMNre KeOYypeeK TONTOJITOH JKaHa KydTyy TaacUpU MEHEH
OailIaHbIIITYY.

buszaun KOJIJIOHTOH 1200102070107 TY3 HAaHOCTPYKTYpPJIAIUTHIPYy
BIKMAaChL,UHAUWIUH  HAHOOOJYKYOJIOpYH  CHHTE3/106re®  HHUETTEHI'eH  OapibIK
nabopartopusiap/IbIH KbI3MAaTKEpJepyU YUYH JKETKUIMKTYY Oonyn caHanat. bamika
HEpceJlep MEHEH Karap Kaplblpyy Y4YyH TY3YJAYLITOPre >kaHa My3AaTKbluTapra
MyKTaxablKk koK. MIDKgarel HaHOCTpyKTypasllapAblH CHHTE3MHUH OapIblK OH
aCHeKTWJIepy OEpUIITE€H HSHEPrUsHBIH a3 KOeJeM/e >KOTOPKY KOHLEHTPAlUsSCHIHBIH
’KaHa KaTyy 3aTKa ©Te KbICKa YOaKbITThIH MYMHJIE TaacUp ATUIIMMHEH yJiaM naija
00J10T.

NMnyabcTyy miia3MaaaH ajbIHTAaH HHAMUINH HAHO001YKY6JIepY - rpadeH

HAHOJICHTAJIAPBIH OHAYPYY YYYH KaTaaIu3aTopJaop

Nunuit woropky UIDK kyOateiHma dauwsipan ketkenme, 0,025 Jlx Oup
UMITYJIbC SHEPTrUsIChIHIA ons TapaObIHAH aHbpIKTAI0arad 1505910505
HAaHOOOJIYKYOJIOPYHYH OETHHJE aJbIHTaH >KaHbl KOMYPTEK MOAU(UKAIMSICHIHBIH
naiaa 6osynryHa 6ailiaHpITyy ab/laH KbI3bIKTYY JKbIMBIHTHIKTAp aJIbIHTaH.

benykyenepayH TYWylAyK Maiia KbUIyYCYHYH JKOTOPKY BUILIAMIBITHI AHBIH
OCYLIYHYH TOMOH BbUIIAMJBITBIHIA, CYIOK 4Oipe[e 3H a3 KeJeMmle HMIYJIbCTYY
IUTa3MaHbIH SHEPTUSICHIH KOJIJIOHYTN, WHAWN HaHOOOJYKYeJepyH CHUHTE3/166 YYYH
CYHYLITaJIraH METOAYyOYy3/1yH TaOUTbIi MyHO3Y OOJyN caHalar.

CyHymranrad HaHOCTPYKTYPaJIbIK bIKMa BaKyyMAYK KaOayyJapibl, >KOTOPKY
SHEPrus ’kKaHa MaTEPUaJIbIK YbITBIMIAP/bl, MYy3AaTKbIUTAP/bl TaJIalNl KbIJIOANUT KaHa
Oyn eTe MaaHWIYy ap KaHIal TOK OTKepryd, aTryryJl O5H OTKO YbLAaMIYyy
MaTepUaIIapAbl JUCIEPCHUIIOO YUYH BUIAUBIKTYY.
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bup xkarap okcnepuMeHTTepiieH KuknH 4MKD  chIMBIMOyynyry — 6ap
KOH/IEHCATOpJIopAy KoJJoHYyy MeHeH xerumwireH 0,05/x Oup uMIysbCc pexuMu
TaHJaJJIbl.

Wunuit  HaHoOeNyKueJlepyH allyy Y4YyH, TekcaHra d4emyireH 99,999%
Ta3aJIBIKTArbkl KU MHAMN SIEKTpoAyHyH oprocyHaa 1073¢ ysakreirsr G6ap 0,05 [k
(13,332 kBt / cM2) kyOaTTyyayKTarsl €3yH4Ye OUp HMMIyJIbC Ty3yiay. Waani
TUCHEPCHSUIBIK MPOAYKTYCYHYH TYIIYMIYYJYTYH >KOrOopyJiaryy Y4YYH MYPYHKY
skcriepumenTtke(0,025 JIx) canblutbipManyy e3yH4e OHp UMIYIbC KYYYHYH O©CYIIY
xacanael. [Ipoaykius sk 3ce kebeiloT. Y3ryaTykcy3 6 caaT JUCHEPCHUSIIOONO
JUCHEPCTHH TYITYMYYJIYTY METaUIAbIK UHANIMK YuyH 1,2 T OONroH.

['excangarsl MHIWWIMH HAHOCTPYKTYPACBIHBIH MPOAYKTYCYHYH MOP(OIOTHUSCHI
xaHa OenmykdenepyHyH emdemy JEOLJEM-1400 gareunitein Gepyydy SJCKTPOHAYK
MUKPOCKOIITYH KapAamMbl MEHEH U3UJIJICHTEH.
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X Axis Title

5-cypert - 0,05 Ik e3yH4e Oup UMIYJIbC YIHEPTUACHIHA TeKCaHIaH UHIUWIUH
nucnepcuscolHbIH POA cypeTy

Pentren (QazacbiupiH  aHanmu3u  (5-cypeTTe audpaxkTorpamma) MYpPYHKY
skciepumentre 0,025 JIx  Gonron OopOopIIOIMITYpYyJTaH  TETPArOHAIIYY
AIIEMEHTAP/IBIK SYeUKAChl Oap MHAMKN OOTYKYOJIOPYHYH Maiijfa O0NTrOHYH KOPCOTTY.
bupok, MypyHKY SKCTIEpUMEHTKE CAJIBIIITHIPTAaH/a , TApAMETPIEPAUH a3alTaHIbIThI:
MelKkuHAuK 100y 14 / MM, a u ¢ (a=0,323 um, ¢c=0,489 HM), Z=2 kaHa WHAHUN
JTUCTIEPCUSIIBIK  TIPOAYKTYCYHYH JKOTOPKY DHEpPrusi  MEHEH KaHBITYyCy jKaHa
0eJIyKUeIepyH KPHUCTAUIJIBIK TOPUYOJIOPYHYH OUPAMKTYY HUMITYJIbC DHEPTUICHIHIA
0,05/ THITBI3ANTaHABITEI MEHEH OaliJIaHbBIIIKAH.
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6-cyper - 0,05/ 'g
SHEPrUsAChIHAA [
JACTIEPCHACHIHBIH |

©3YHUO OUpP UMITYJIBC
reKcaHjgaH MHIUNIUH
I[I9M cypety

I[TEM cypeoty (6-cypet) 0,05 JIx Oup
UMITYJIbC . DJHEpPrusChIHAAa T'eKCaHJarbl
UHIUAIMH HaHOCTPYKTypachl 10—22 HM ©IYeMYHIOrY MHIMA HaHOOOJYKYOCYHYH
naiina KeliapelH KepcereT. Kememy 22HM JieH jKOropy OOJITOH HaHOOeJyK4esep
aHBIKTAJITAH 3Mec, 0.a. ©3YHYO OUP UMITYJILCTYH JKOTOPKY KYUYH/I® KHUNUPIIK HMHIAN
HaHOOOIYKYeJ6py maimaa 00JIoT.

U 2
. )
\
» &
N R )
1 { "
N

50 nm

d

0

7 — cypert. 0,05 JIx (a) ©MITyJIbC SHEPTUSCHIHBIH OUPAUTHH]IC TEKCAHATrbl WHIUH
HaHOOOJYKYOJOpPYHYH dJIeMEHTapbIK ssueiikachiHbIH [I9M cypety. HaHonernTa
TYpPYHAOrY TYUMeKTYY MemOpanaHbid [I1OM cypettepy (b, ¢)

TyHYK KpUCTaUIABIK TOpUyocy Oap unauii [I9M cypety anbiuasl (7 -cyper,a).
[Tapamerp ¢=0,481 M emuemme (7,a -cyper) OOJIrOH ©3YHU® OHUp HMIYJIbC
SHEPTUSACHIHIA allbIHTaH WHAWN HaHoOemykuyenepyHe kaparanma 0,025 JDx amma
kaH4da a3 mapamerpaeru ¢=0,481 um (7, a -cypet) emuenmy. 0,05 Jx Oupaukryy
UMITYJIbC DHEPTUACHIHIA aJbIHTaH WHJIWA HaHOOOYKUYOIOPYHYH KPUCTAILIIIBIK
TOPUYOJIOPYHYH a jKaHa B MapaMETPJICPUHUH TOMOHJIOIIYH Jarbl KHUMHE ©TYOMIOPY
MEHEH TYHIIYHAYPYYTe 00J0T, 0.a. OETUHHH KOTOPKY UbIHATYYCY.

Nunuit  manoGenykuenepyHyH [IOM cypeTTepyH KpUIZaT Taigoo, aiap Ou3
OMJIOTOHJION, TEKCAHIBIH KOMYPTEK aTOMJIOPYHAaH TY3YJIT6H HaHOAWANA30HIOTY
elYeM/I® TYHYK JIEHTa MEHEH KanTajaranelH kepceteT (7-cypet, 7, 0, B).
JleHTanapapiH (TacManap/blH) Tarkipaak alKajibllibl 7, O, B CYpPOTTOPYHIO KOPYHYII

Typar
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8-CYp8T - FeKcaHI[aI‘I)I I/IH,Z[I/Iﬁ AUCIICPCHUACBIHBIH Paman CIICKTPH

HaHoneHramapaplH  maiiga  OOJIyIIYH — TacTBIKTOO YYYH  UHIUU
HAHOJUCIIEPCUSCHI Paman CIIEKTPOCKONUSACHIHBIH (KPC Ke Paman
CHEKTPOCKOMUSCHI) JKapJaMbl MEHEH HW3WIACHTeH. PaMaH CIeKTPOCKOMUSICHIHBIH
KBIMBIHTHIKTAPBI aBTOPAYH MaajJbIMAaTTaphl MCHEH CANBIIITHIPBIITAH,

PaMaH CHEKTpOCKOMMACHIHBIH MaajbIMaTTapblH TaAam XaTKaHAa, KOropyna
aTajiraH W3WIIeeHYH aBTopy rpadur, rpadeH xaHa rpadeH OKCUIUHUH
cnektpnepunne: G - 4Yokycy (rpaQuTTMH KOMYPTEK OalllaHBIITAPBIHBIH Sp2
CHCTEMAchIHBEIH TepMenyycy, ~1580cm™) xama 2D -chi3bIk  (medexT 30HACHI,
~2700cm™?), 6yn D-munmsceabin (~1330cm™) obGeprony. I'paden oxcuam >xaHa
rpadeH yarynepy yuyH D- JuHUSCHIHBIH maiga Oonymry rpadurtke kapara gaedext
CTPYKTYpachIHbIH (HaHOCTPYKTypa) Taijga OOJITOHYH KOepCOTeT, al AMHU 'Terepek"
YOKYHYH Iaiiga 6omymry (rpadeH cTpyKTypachlHaarsl kKatmapiaapsl) (2700cm™) anbia
CaHBIHBIH a3alTraHbIH KOPCOTOT.

I'excangarsr MIDKgan ansiHran uHanii HanoOenyk4eaepyHyH Paman cnektpu
OILLIOHAOM 3J1€ KU UHTEHCUBIYY YOKYHY aukaH (8-cypeT, a, Kapa CbI3bIK). Ajap/bIH
oupu, G-IMHHS €T aTalraH KOMYPAYH Sp>-OaiilaHbIITaphIHBIH TEPMEIYYCY MEHEH
maprranrad (~1588,5¢cm™, rpadut 30Hackl), D-ChBBIrbIHBIH Goxynry (~1348,9cm™)
KOMYPTEK HAHOCTPYKTYpachl YYYH MYHO31yy OoJiroH emuemMayy 3¢(deKT MeHeH
rpauTTHH 1e(PEKTHK CTPYKTYPACHIHBIH KAJIBITITAHBIIIBIH KOPCOTOT.

['padurren aiibipManiaHraH Oalika HAHOCTPYKTYpPaHBIH TMaiiia OOMyIy WHAUNA
HaHOOenykuenepyHyH [IOM cyperyHme aubik Oaiikamar (8-cypert,0,B). Mumumit
HaHOOBOJIYK4YeJepy TYHYK HaHO-THJIKEJIepre OpOJITOHYH Kepyyre 00y0T. UMmynbcTyy
MIa3MajiaH MHAWWIMH JKaHbl YATYCYHYH Paman cmektpunae D-nunusceiabia 2D
O00OCpTOHYHYH KOKTYTy WHIWNA HaHOOONYKUeNepYHYH OerrepuHae rpadeH
HaHOJICHTAChIHBIH KON KaTMapiyy IUIEHKAchl maiiga OoJroHyH kepceTeT. 1-2 xyma
CaKkTaraHjaH KHWHMH TPOAYKUHUSHBIH Au(]pakTorpamMmachl ©3repreH Kok, 0.a.
HAaHOOOIYKYOJIOpPYHYH KPUCTAUIIBIK CTPYKTYypachl ©3repyycy3 KajraH. 8-
CYpOT,a(KbI3bJT  CBI3BIK)  OOIOHYA  TIEeKCaHJarbl  WHAUN  JUCIEPCUSICHIHBIH
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NpOayKTyCyHyH PaMaH crekTpuHuH (opmackl keHYHAe aiTyyra 00i0ouT. byn
CHEKTPAN KbUIAAT TaJ00/]10, Ou3 D CHI3BITBIHBIH MHTEHCUBIYYJIYTY TOMOHJIOIN, YKU
TerepexTenareH 4okyHyH 469 2cm? sxama 2250-3450cm? nme maiima Gonronys
aHBIKTabIK. bu3z D-4OKyCyHYH UWHTEHCUBAYYJYTYHYH TOMOHIOUIYH WHIWN
HaHOOOYKYeIOpYHYH OeTTepuHjierd rpadeH KaTMapiapbIHbIH CAaHBIHBIH a3aibIIIbI
MEHEH TYIIYHAYPeOy3, Oyn Ou3auH maptra rpageH HaHOJECHTACHIHBIH aUbLIBIIIBI ©3
KE3ErMH/IE KAJIMAK KOMYPTEKTYY HAHOCTPYKTypaJapAblH Maiiia OOJylly MEHEH
OailmaHpllikaH, AJNAOMATTHIK MaanbIMaTKa bUIAMBIK, OWPUHYM Japa)kanars
THJIKENEPEH ThILKaphl, Paman cnektpnepunne 2693, 2935 xama 3145cmt (2D
aliMarel) skalraiikaH IUana3oHJOpAyH Oenrwiyy Oup adlkanbliibl OalikanaTt. bus
YOKYHYH YBITBIIIBIH 469,2cM™ MHauil HaHOGOIYKIeIopy MEHEH GalIaHBIIITHIPIBIK,
anap rpadgeH HAHOJICHTAJIaPbIHbIH "a4bLIBIIIBIHAH" yaam JKaJaKk
HAHOCTPYKTypaJIapAblH Maiiaa 6oJIylry MeHeH adblKKa YblkKaH. 469,2cm™ uokycynyn
TAOMSITBIH TAKTOO YUYH OM3 JHUCTUPJIEHT€H CYy/la CHUHTE3/IEITE€H KOMYPTEK KaObITbl
KOK MacCaJIbIK MHJIWM >KaHa MHAWN HaHoOedykdesnepy yuyH Paman cnekrpriepun
angeik. KepyHyn Typranpaii, Maccanblk uHaMiauH dokycy (513,3cm, 8-cyper, 2),
VHIUWINH Ccyynarkl HanoGemykuenopy (431,9cm™, 8-cyper, 1) xaHa rexcaHiarsl
VHIUHINH HaHoOoaykuenepy (469,2cm™) 1, 8-cyper, 3) omion siie KbICKa TOJNKYHIYY
alMaKTa yKalramkaH. MacCHBAYY MHINIM YOKYCYHA CaJbIIITHIPMAyy KallCyJldaHraH
MHIUNA HaHOOOIYKYeJOpYHYH J>KaHa CyyJarbl HAaHOO®IYKUYeJIepIyH KEeCHJIMII
JUHUATAPBl KbICKA TOJKYH Y3YHAYKTApbIH/AA JKalrallKaHbIH OCNTHIIeH KeTYY Kepek.
Cyynan uHaui HaHOOeJYKUYeIepYHYH YOKYCy KeOYpeeK KbliaT, Oallikada aiTkaHza,
Maiiia HaHoOeJIyKuenep cyyla maiina 0oyioT. PamaH CHeKTpiepuHUH aHATU3UHUH
KBIMBIHTBITBIHAH ~ AJIbIHTAH JCENTEeNreH OJ4eMIYK MyHe3qemesiep (Tarbipaak
alTKaHJa, MaccalblK WHJIWWIUH CHEKTPUHE KapaTa >KbUIBIIITAp) TOMOHIOIryAeMu:
reKCaHJaH KallCyJJaHTaH WHIWWIWH HaHoOenykdenepy - 15 - 35HM, MHIUNIUH
cyyaaH HaHoOeyk4denepy - 7 -13 HM.

Omentun, 0,05 XK UMOyNbCTyy IUIa3Ma 3HEPTUACHIH KOJIJAOHYY MEHEH
UHAUMIM JUCIIEPCUPIIO® HKOJMYy MEHEH KeMyp MeHeH KanrtairaH (rpaden
HaHojieHTachl) 15-35HM enuemzery uHaMi HaHoOenykuenepy anbiHran (Paman
CHEKTPOCKOTUSICHIHBIH  KBIMBIHTHITHL  OotoHYa). ['padeH HaHOOOTYKYOIOPYHYH
"auypliblIbIHAH"  KUiMH PamaH  cnekTpuHAEe UWHAUNH  HAHOOOIYKYeIepYHYH
JIMHUSCHIHBIH Taiila 0OoJylly ’KaHa MHAMN HAaHOOOIYK4YeJOepYHYH "IKCIO3UIUACH"
reKcaHJaH WHIUNW HaHOOOJYK4YeJOpYHYH OerrepuHie TpadeH HaHOJECHTACHIHBIH
naia 60JIylry JKeHYHIeTY 00KOMOJyOy31y TaCTHIKTAMT.

Bbup aTroMayy cnupTTep/eH JKaHA JeHOHAOIITYPYJITaH CYy/AaH aJbIHIaH
UHAMA HAH006JIYKY0JI6pPY

Nunnit okcnand Inp;O3; KBIYKBIITEKTH KaMTBHITAaH CYIOK 4eHpe/e CHHTE3/100
Y9YH MHJJIET KOIOJNTaH, aHTkeHU MHaui okcumu (InpOs)-amanazony 60mKo MEHEH
2,9 5B Oonron keH OOIITYKTYy N THOMHIETH KapblM OTKOPTYY, aHbIH MYHO3IYY
Oenrucu SIEKTPOMArHUTTUK HYpPJIaHYyHYH KOPYHTOH [AMala3oHyHJa TYHYKTYK
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MEHEH alKaJbIIIKaH JPKUH SJIEKTPOHAOPAYH >KOTOPKY KOHIIEHTpPAIUACH OO0JIyIl
caHaJar.

Maccanpik  unpuid  0,05/[>k  OMpAMKTYY  MMIIYJIbC  SHEPTUSICHIHIA
HAHOCTPYKTYpaJlaHTaH. ODTHJI, M3OMPONWI CHUPTTEPU >KaHA CYIOK 4Yedpe Karaphbl
JEUOHIOMITYPYJTaH CYy TaHJaJIraH.

6
101
a
20 10 60 80
110 20 (rpagyc)
W 112 211

w 200103 | 202 213

A 213
30 60 90

9 —cypert - DTun CIUpTUHACTH () )kKaHa JeMOHOIITYPYITaH Cyyaars! (0) HHIUHINH
P®A nucnepcusiiblk NPOAYKTHICHI

Heunonpomrypyiran cyyaa (9-cyper, 0) skana stui cnimptunie (9,a-cypet)
WHAUN  JUCHEPCHUSUIBIK  MPOAYKTYJApbIHBIH  PEHTreH  (asajblk  aHaIU3u
KopcoTKoH oM, Oapapik muHusIap 14/mMm (139) meiikunauk 100y 0ap MeTayUIIbIK
TETparoHaIAyy WHAWNre TaaHIbIK. UHIUNWANH AUCTUPIIECHTEH CyyAa TapaJbIIIbIHBIH
npoayktycy yuyH a=0,3251 um >xana ¢=0,4945 um; a=0,3256 um xana ¢=0,4951 um
STUJ CHUPTHHAC. M30mponuia CIUPTUHACTH WHAWW JUCTIICPCUACHIHBIH MPOAYKTYCY
yuyH okmom a=0,3267 uMm xana ¢=0,4961 HM mapamerpiepu ajbIHradH. MbIHIaH
TBHIIIKApPHI, ap OWp MU(PAKIUSHBIH YIATYCY MHAWNA OKCHIWHWH KyO CHHTOHHUSCHIHA

TaaHAblK (20=30,68) anchl3 4OKyHY (KbUIJbI34a MEHEH OEITMJIEHI€H) KOepCOToT.
MeTannaplk  MHAMM ~ JKaHa WHAMM ~ OKCUOWHUH  YarbUlyy  CBI3BIKTApPbIHBIH

WHTEHCUBIYYJYTYHOH JCENTENTeH WHAWN OKCHUIWHUH KypaMbl OapIbIK YATYIOpIe
3% naH alimanT.
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10 —cypet - (a,0) - oTiyI cIUpTHHJETH;(B,I') - U30IPOIIIT CIUPTUHIACTH. WHIHN
HaHoOenyk4enepyHnyH [I9M cypertepy

JEOLJXA-8230 sHeprusi IUCHIEPCUSIIBIK aHAIM3ATOPY MEHEH CKaHepJiereH
AJIEKTPOH MUKpOCKOMyH 1a skacairan 3tuii(10-cypet, a) sxana uzonponuin (10-cyper,
0) CHOUPTTEpUHAETH HUHAMM JUCHEPCUSIIBIK HpoAykrymapasiH COM  cypertepy
KOHIJIOMepaTTap/bl KOPCOTOT, HAHOOOIYKUOJI6pPY KOPYHOOMT.

Nunuit nanoGenyk4desepy mnaiia OONTOHAOH KUIUH, TUCTIEPCUSIIBIK 4OUPOIO
(3T, M3OMPOMNWI CHUPTTEPH, CYY) KBIUKBUITEKTUH OOMYIIyHAH yJiaM adblK 3J1e
anap/abiH OeTTepUH/Ie OKCHJI TUIEHKAchl Maiiaa 0010T. Koproody KbIUKbIT TUIEHKaHBIH
naifia OoJIylly WHIAWNA HaHOOOJIYKYOeJOpPYHYH CTaOMIICHIYyCyHO ©60eJre Ty3eT,
OIIOHYH 3CEOMHEH aNaplblH aHJaH apbhl KBIYKBUIAAHYyCy OOJIOONT, Oynm 3THi
CIUPTUHEH HAHOOOIYKUONIOpAYH DPEHTTeH (a3alblk aHAIM3HM MEHEH JKH IKyMma
CaKTaJIbIN TYpraHJaH KUMUH TaCTHIKTAJITaH.

Wuanit HanobeykuenepyH aHbIKTOO YuyH, yiaryiep JEOL-200FX >xoropky

MYMKYHYYJYKK® 33 OOJTrOH 3JeKTpOHAYK MukpockonTyH (II9M) sxkapaambel MeHEH
AHAJIU3/CHIEH.
OTWII KaHa U30MPOINMI CIUPTTEPUHAETH MHAWN JUCIIEPCUSIIBIK MPOAYKTYJIAPbIHBIH
[I9M xkbritbiHTBIKTapEl (11-CypeT) TOTONOK MHIWKA HAHOOOIYKYOJOpPYHYH TMaija
OOJylIyH OpHOTyyra MyMKYHAYK Oepau. CypeTTepay aHaIW3/1e6/1® H3OMPOIHI
cnuptuaae (11l-cyper, B, 1) 0,5-10 HM enueMyHOery KUYUPIIK UHAUN
HaHOOeNYKYeNepy mnaiaa 0onroHyH skana 3T cnuptusae (11-cyper,a,0) doHIyTYy
1,5 um nien 10 HM re YyeinH O0JATOHAYTY TaCTHIKTAJbI.

Omentum, 6up aroMmayy cnuprrepae (3Twi, uzonponui) 0,05 Ix e3yHue Oup
MMITYJIbC SHEPIUsChIHIA MHAMMAUH AUCHEPCUSIChl METAUIIBIK MHAWNANH TOTOJOK
MOAU(PUKALMICBIHBIH OPTOYO ©J46MY 5 HM OOJITOH TOTOJIOK HAaHOOOIYKYeJIepyHYH
naija 60JIylly MEHEH KOILITOJIOT, 0.a. aBTOPJIOPAYKYHAH KHYMHE KaHa aBTOPJIOPAYH
HaHOOOJYKY6JOPYHYH 6146MYHO Tyypa KeJeT.

JKoropky buIIaMIIBIKTarbl >KOrOPKY TEMIIEpaTypaja KaKTOO ’KaHa OKCHIN
Koproouy mieHkagan ynam, WIDKpan aneiHran wmuamii HanoGemykuesepy alaga
CaKTOO Y4ypyHJa aHAaH apbl KbIYKbUIAAHOAWUT. In2O3 TUH KBIYKBUITEKTH KaMTHITaH
yeiipesniepine Ja alyy MYMKYH O5M€C, AHTKEHM WHJIWA THIIIKBl 3JEKTPOH
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KaTMapbIHAArbl MHEPTTUK SKYI JJICKTPOHIOPIAYH IIapamnarbl MEHEH MEeTaJUIIbIK
HaHOOeYKYeIepAy Maiiia Kbuiart.

Nmnyaberyy miiazmaaa aTlOMUHUATUH HAHOCTPYKTYPacChl
bu3 antoMuHUN 31EKTPOIIOPYH ITUI )KaHa U3OMPOIUI CIUPTUHE TUCTIEPCHUSIIAIBIK.

—_
—

00

16

3
T El
1l

(e (el B0 10O
20 (rpamyc)

11-cypet - ANIOMUHUWIMH STHII CIIUPTUHEH AUCIIEPCHUSIIAHYYCYHYH
I pakTorpaMmachl

ANIOMUHUNIMH 3TWUJ CHOUPTUHEH TapalbIIIBIHBIH TUQPAKIUSITBIK MOJICITHH
TIJOOHYH  JKBIUBIHTBITBI ~ OoroH4Ya  (11l-cypeT):KpHCTaUIIbIK  TOPYOHYH
napamerpiepu: Al (ky6) a = 4,0528; Al,O3 (terparonanayy) a = 5,627 A, ¢ = 23,852
A

1.0+ Al
0.8 4
0.6 4

0.44

1.00 2.00 Energy-keV

12-cypet - AntoMUHUNA HAHOOOTYKYOCYHYH 3TUII CHUPTUHJIE aJIbIHTAH YHEPTO
nucriepcusibik aHanus (a) skana COM cyperty (0)

r T
20 40 GO |0 100
20 (rpaayc)
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13-cypet - M3omnponun COUPTUHIETH ATIOMUHUNWIUH JIUCTIEPCUSCHIHBIH
nudpakTorpaMmachl

bup aroMayy cCHOHpPTTEpAErd  HUMIYJIbCTYy IUIa3MaZa  aJlOMUHUNAUNH
JTUCHEPCHUSUIAHBIIIBIHAH ~ 9KU  (a3aHblH  JIMHUSJIAPBIH ~ @uKaH:  METaJUIIBIK
ATIOMUHUMIMH KyO CHCTeMachlHIa KPHUCTAJUIIANIYyCy, TETparoHaJIIbIK CHCTEMaja
ATIOMUHHUIA KbIUYKBUIBIHBIH Oenykuenepy(12,14-cypet). COM cypety (14-cypert,0H
JKarblH/1a) AJIIOMUHHUN SKU 4elpeie Yyadyblpan KeTKEH/ e, MeTaJUT alllOMUHUMIMH jKaHa
QTIOMUHUNA ~ KBIYKBUIAAPBIHBIH TOTOJOK HaHOOeJyK4esepy TMaija OOJroHyH
KOpcoToT. DKW ueipene TeH OeiiykuenepayH emdemy 4 HM JieH 10 HMre d4eiuH.
DHEPreTUKANbIK  TUCIICPCHSUTBIK  aHanmm3re  butaiblk  (14-cyper,conmo) UITK
mapTeiHAa OWp aTOMAYy CHOUPTTEPAE HErM3WHEH METAJULABIK AJIIOMUHUN Maija
6onmopy npamwinenreH. byn 62,06% (otun cnmptunae), 63,06% (u3omnpormui
CHUPTUHAE). OTUJ CIHUPTUHEH AaJbIHTaH MPOAYKTHIAArbl ATOMUHUN OKCUAMHUH

naibI3bl 37,94%, uzonponui cnupTuHeH - 36,94%.
Al I i > :

532 4

425

3194

1.00 2.00 Energy—ke\

14-cypet - M3onmponui COUPTHH/IE aJbIHTaH aTIOMUHUNA HAaHOOOTYKYeJIepYyHYH
AHEProJIUCTIEPCHsIIBIK aHamu3u (a) »kana COM cypety (b)

NMnynbCTyy m1a3majia skbIiap SKbITTYY YIIIEBOAOPOIIOPAYH aKbIPOOCY apOMaTHKAIIBIK
AIPOJIOPYH TONTOJIYUIY MEHEH KOIUTOJOT Jien OO0KOMOJI00ro OO0JIOT jKaHa
apoMaTUKaJbIK  (PparMeHTTepAeH kaHa TpadeH  KIACTepJCpUHEH  MeTalll
HAHOOOJYKUOJIOpAYH AaKTUBIYY O€TMHE uereT. AJIOMUHUN  HaHOO®IYKYeJIOpYHYH
OETUHETH KBINAp KBITTYY (PparMeHTTepACH HAHOUAIMA30H JIEHTAChI OCYIIY BIKThIMAJL.

1500

500

HHTeHCHBHOCTS
"
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15—cypert - TonyonnoH antoMUHUNA HAHOOOTYKY6JIOpYHYH IU(dpaKTOrpaMmachl

Tomyonnory NIDKnarst ATFIOMAHUNIUH HaHOCTPYKTYpachl, oetu
O6opOopomTYpyIral KyoayK TOpUoCy Oap aJlOMHHHN HaHOOOIYKYeJIOpYHYH Maiiia
6omymry MeHeH komTooT (15-cypet, KpucTamuiaslk TOpuoHyH napamerpu: Al (ky0)
a=0,4057um,an 4°K Temmeparypaman OalKyy TeMIlEpaTypachblHa YEHHH TYPYKTYY.
AJIOMUHHI aJNIOTPONTYK €3repyyJiepre ayymap 00100UT, Oanikaya alTKaHaa aHbIH
CTPYKTYypachl TYypyKTyy. MuUsiep WHIEKCTEpU MEHEH TOJIYOJJAOH aTOMUHHUMAIUH
JTUCIIEPCUSICBIHBIH 3H KYYTYY audpaktorpammachkibid chi3birbl. UITKnan anbiaran
ATIOMUHUIM HaHOOOIYKUeJIOpYHYH PEHTTeH (a3ajblK aHAJIM3UHUH KbIMBIHTHIKTAPbI
KepcoTkoHnoM, amapaa (111) Oypurap ©Oap, ©0.a. Kblmap KBITTYY TOJIYOII
MoOJIeKyJlalapblHaH rpageHanH naiga Oonymry MyMKyH. YsiHbiHAa sine, [IEM
CYpPOTYH/le aJIIOMUHUI HaHOOeIIyKYeepy rpapeH/iuH Oup KaTMapiyy
JIEHTaNIapbIHA "opoaron"(15-cypet). AntoMUHNII HAaHOOOIYKYOJOPYHYH €14eMy
5-50 HM.

AHpaH apel Ou3re KpHUCTaUIABIK TOPUYOHYH MUIIep WHACKCTEpU MEHEH >Ke3
HAHOOONIYKYOJOpYHYH  OeTTepuHae rpadeH HaHOIUICHKACHIHBIH Maiija OomIyycy
kepcoetynay (111).

16 —cyper - I'ekcannars! ;xe3 HaHoOeMyKUeIepyHYH PDA npoayKuuscet

& -

17 —cyper - T'ekcannan rpadgeHarH OUp KaTMapbIHArbl *e3 HaHOOOTYKYeJIepyHYH
[I9M cypety

['excanmarel  &e3 HAHOOOIYKYOJIOPYHYH peHTreH aHanuzu  (18-cypert)
rpano(0ypuryy) 6opOopiomrypyaran kyonyk crpykrypa (I'LIK)) ctpykrypacs (11T
Op>-Fm3m) MeHeH MeTaan HaHOOOJIYKYOJIOPYHYH Makiaa OONyIIyH Ty3yYyre
MYMKYHAYK Oepau. 2Ke3 HaHOOeNYKUeNepyH paguaijblk OenylmTypyy Hilpu
CBI3BITBIHBIH OpTO4O emdemy 3,0 HM (17 -cypeT).OH umHTeHCHUBAYY CbhI3bIK (111)
WHACKCUHE Tyypa KeneT. [‘excanmarel k€3 HaHOOOIYKUeIepYHYH Yarbulyy
CBI3BIKTApBIHBIH KbIWBIHABICH [ I[K- TopyHa Tyypa kener.
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betun OGopOopnomTypynran TepT OypuTyy OWMpIMK KIETKachl Oap HHAWMN
HaHOO®IYKYeIepYHYH audpakrorpammackl 111 garbutyyHy kepceTkeH skok; (111)
O6etuHaery rpadeHINH apTHIKYBUIBIKTYY TY3YIYIY )KOHYHIOTY 005KOMOIA0p OM3INH
U3WJIIeeNIep TapaOblHAH KOKKO 4YbIrapbuiraH. bamkum, Ousmun yuypma, WIDK
arbIMBIHBIH IIAPTTAPhl MAAHUIIYY POJITY OWHOMT: YOAKBITTHIH OTYITY MEHEH JKOTOPKY
0acblM MEHEH TEeMIIepaTypaHbIH albIpMachl, MPOIECCTHH KbhICKA MOOHOTY JKaHa
SHEPTUSHBIH OTO a3 KOeJeM® TONTONyIly. bynm maprrapman yinam, MeTacTaOWIIyY
DHEPTHUATa KaHBIKKaH WHIUN HAaHOCTPYKTYpaJIapbIHBIH — WHIU]
HAaHOOOJIYKY6JOpYHYH OeTTepuHieru rpadeH HaHOIUICHKAIAPBIHBIH Maiiaa Oomymry
’KaHa CTaOUJIJIeNTyYCy mnaiia 00JIoT.

Nuauiiam rekcania TapkaTyy npouecCuH TEPMOIMHAMHKAJIBIK MOI€JI/100:

(CeHus - 1) + (In - 1). Kypambl, moas / kr: C-34,812; H- 81,229; In-4,355;

Nuuii-rekcaH CHCTEMAChIHBIH DJIEMEHTAPIBIK KypaMbIH ACKE allyy MEHEH,
naiija OOJTOH MeTayul IUIa3MachlHBIH (a3alblk KypaMmblH ajjIblH aja auTyy
MaKCaThlHJ]a HWMIIYJIbCTYY IUIa3MaHbIH OHEPTUSIChIH KOJIJIOHYY MEHEH WHIUN
META/UIBIH ~ TEeKCaHra  YaubIparTyy(IUCIEePCUSIIO0) TMPOLECCUHUH  (U3UKAIBIK-
XUMUSJIBIK ~ CUMYJISIIIUSICHI  KYpry3yiareH. Omion i€ ydyphaa, dCeNTeNreH
SKCIIEpUMEHTAIIBIK MaansiMarTap 2981eH 9993 K re ueitmn, Gaceimbl 2x 10711,
npouecc yoakreichl 10 - 108 cek. Deenrenren maansIMaTTapAblH HETH3UHIE Oyy-ra3
MJIa3MachIHAArbl HETU3TH KOMITOHEHTTEPJIWH (MOJIB/KT) aHBIH TeMIlepaTypachblHaH
rpaduKaIbIK K63 KapaHIbUIBITE KypyiraH (20-cyper).

SU MOAESKT H

p=20 MNa

18-cypet - Hernsru KOMIOHEHTTEpUH kaHa OOJIYKUONOpAYH  YUKYHTa KaKbIH
MEHKUHIMKTUH TeMIIepaTypachiHa ko3 Kapanasuibirbl. (cuctema CgHis—In),
moab/kr: C -34,812; H- 81,229; In-4,355)
TeMmeH1® K€Ke KOMIIOHEHTTEPAUH KOHUEHTPAIUSCHIHBIH KO3 KapaHIbLIbIThI
KOpCOTYJOT: UHAWM KaMTbhIlaH, CyyTEK KaMTbII'aH, KOMYPTEKTYY, YTJIEBOIAOPOJ]
dbparmenTTepu

5 MOAE KT

Indc

i w00 a0 B00D goon T, K

p=20 HMNa



19-cypert - Uuauiian kKaMThiraH KOMITOHEHTTEP,IMH YaHa 06TYKYeI0pIyH
KOHIICHTPAIUSACHIHBIH YUKYHTa KaKblH MCHKUHJINKTHH TEMIIEpaTypachiHa Ko3
KapaHaeuUIBITH (cuctema CgHia -In), moms / xr: C -34,812; H- 81,229; In-4,355)

19-xe3 KapaHJBUIBIKTaH Te€KCaH/Ia WHAWNA JUCIEPCHUSCH yUypyHJa Y4YKyHra
KAKblH MEUKUHJWKTE HETU3MHEH METAJUIIbIK WHIUNWIWH KOMIIOHEHTTEpU Maija
oonronyH kepyyre Oozor. 0-3000K TtemmepaTypa auamna3oHyHAa ©3yHYO O
UMITYJIbC MPOLIECCUHUH OallITaIbIIIBIHAA, Oyy-ra3 apajiammMacbeiHAa
KOHJICHCAIUsIJIaHTal WHAUN Oap, OankuMm an  3pun xkaHa Oyy typyszae. 2000K
TeMIepaTypaga WHIWNA aTOMIAOPYHAH, WHAWN TUAPUAMHEH XaHa OH 3apsyiyy WH'
KaTHOHYHaH TypraH METAJUIABIK IJIa3Ma naiiaa 0oJioT.

Nuauii HaHOOeJIyKUYeJiepy MeTall IUIa3MachblHAH KECKUMH My3JaraH KesJe
naiiga 0osoT. XKoropky TemriepaTypaHblH alblpMachl MHAWN HAaHOOOIYKYOJIOpYHYH
aMaH KaJIbIIlIbIHA MYMKYHAYK OeperT.

gQ  MOABSKD H

(1]

40

0

0 2000 4000 £000 g000 T, K

p=20 MMNa

20- cypet - CyyTek KaMThIraH KOMITOHEHTTEPMH JKaHa 06JIyK4eIepIYH
KOHIICHTPAIUSACHIHBIH YUKYHIa )KaKbIH MEHKHHIUKTHH TeMIIEpaTypachiHa KO3
kapauapuIbITel. (CeHi4 -cuctemana), monb / kr: C -34,812; H - 81,229; In-4,355)

MOAD KT
40

Cich C
i e

i 000 tnoo g00o 2000 T. K

p=20 MNa

21-cypet - KeMypTek KaMThITaH KOMIIOHCHTTEPAUH jkaHa 06JTyKUeIepayH
KOHIICHTPAIUSACHIHBIH YUKYHTa KaKbIH MEHKHHIUKTHH TEeMIIEpaTypachiHa Ko3
kapauapUIbITel. (cuctema CgHis—In), monw/kr: C -34,812; H- 81,229; In-4,355)
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22-cypet - KeMypTek yUKyHIApBIHBIH KOHIICHTPAIIUSCHIHBIH YUKYHTa JKaKbIH

MEUKUHANKTUH TeMIlepaTypachiHa ko3 kKapanasuibirbl (CeHisa-IN Cucremana), moms /
kr: C -34,812; H 81,229; In-4,355)

Nuauiinu Onon 10000K yeiinH TapkaTyy MpoOILECCHHIE MOJIEKYJIaIap/iaH >KaHa
CYyTE€K aTOMJIOPYHAaH TYpraH y4KyHra KakKblH MEMKHMHANKTE PEAyKLIHAIO0UY 4Yenpe
naiiga 6omnot (20-22-cypet). CyyTek KamMThiraH KOMIOHEHTTEPIEH THIIIKAPHI UHIUN
HaHOOOIYKYOJIOpPYHYH Maijga OOJylry KOMYPTEKTH KaMThIraH KOMITIOHEHTTEpJIMH
Oonylrly MEHEH KOJIZJOOTO aliblHAT, anapiablH apackiHna Cp TypyHAery QysuiepeH
dbparmMeHTTepH,  YrAEBOAOPOA  KamablkTapel  Oap  (22-cypetr).  I'paden
HaHOIUICHKAJApbIHBIH Maiga Oonymy QyJUIepeHIMH KaJlJbIKTapbl jKaHa >KbIIap
KBITTYY ()parMeHTTEpUHUH OOJyIIyHaH yjaM naija 0oioT.

Nuauii HAaHO06JIYK4Y6JI0PYHYH OaAKTePUUMIAUK AKTUBIYYJIYTY.

HanobOenyk4enepayH OUONOTUSIIBIK AKTUBIYYJIYTY AacTblHAA WJIMMIIO3A0D
OMpPHUHYM KEe3EKTE aHTUOAKTEpUAJIbIK, BUPYCKa KApIbl TAACUPJEPIN OUIITUPET.

AnabusiTTapaarsl 00JTOH MaajbIMaTTap WHUI KOITyJIMasapbl
dapmakonoraopAay aHAaH apbl U3WIAO6 YUYYH KEJICUEKTYYy OOBEKTHIIEp KaTapbl
KBI3BIKTBIPBINT JKaTKaHbIH KepceTyyne. WHIMIIM KaMTbiraH Japbl -IapMEKTEp
MEUITMHAJIBIK TIPAKTUKA/Ia PACMUN TYP/I® KOJIOHYIOAUT (pamnodapMalieBTUKAIbIK
KapaxaTTap/bl  KOINMOTOHMO0). byn, OupwHun Ke3ekre, ¢apMaIeBTUKAIBIK
MakcarTapra bUIAWBIKTYYy HWHJHWA KONIyJIMallapblH AaspAOOHYH, KOJJIOHYYHYH,
TaJJOOHYH aHa CTAaHAAPTTAIITHIPYYHYH BIKMAJIAPBIHBIH )KOKTYT'YHAH KEJIUI YbITarT.

bankum, nHANN HaHOOOIYKYeNepYHYH OaKTEpULIMIIUK JKaHa TUIIOTEH3UBAUK
KaCHETTepU HAHOCTPYKTypaJlapAblH KeJeMAYy A((EeKTUHEH yiaM MeAUIMHAIbIK
mpenaparrap Y4yH HETM3 Karapbl Jarbl  KbI3BIKTYY. A3bIpbIHYa  HMHAWM
HaHOOOIYKYOeJIOpYHYH OaKTepUUUIANK aKTUBIYYJIYTy OOIOHYa H3WjAeesnepay Tada
aJraH *OKIy3.

Menununaza sxana ¢papmanusga UIDK HaHOCTpYKTYpanapbiH KOJJOHYY YUYH,
OMpUHYM Ke3eKTe, aJlap/IbIH OaKTePULIMIINK KaCUETTEPUH U3UJII66 Kepek 0omdy.

Cyyna anplHraH MHAMN HaHOOeNyK4Yesaepy HaHo3puTMere eTkepynny. Muaui
HaHO-3PUTMECHUHUH Oaktepuruaauk  aktuBayyayry  MVYK  4.2.1890-04
"MuKpoOpraHu3MIepIuH aHTHOAKTEpUANIbIK Japbuiapra OOJTOH CE3TWYTHTUH
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aHBIKTOO" KOPCOTMOCYHO BUTAWBIK CYIOK a3bIKTYy YOMPOI® CEPUSIIBIK CYIONTYY KOy
MEHEH M3WIJCHTEH. bakTepusiiapibiH CyCTICH3UsChI AT-TICNTUKAIBIK arapbsiaaa 37°C
©CKOH KYHYMIYK KYJIBTypaJiaH JaspaliraH.

ChIHOOYY JapblHBIH MHHHMAJAYy OaKTEPHOCTATHKAIBIK KOHIICHTPAIHSICHI
aKbIpKBl TPOOMpKaga CYIONTYy OOJIym JCEenTeNeT, MbBIHAAa MHUKPOOPTaHU3MINH
BU3YJIJIBIK ©CYIIY KOK OOJITOH.

Diplococcussepticus  y4yH CypbMaHblH MHHUMAJIAYy HHTHOUTOPAYK
koHeHTpanusicel 0,0014 macc.%, oudunymbakrepusiiap yuyH uaauit yuays - 0,002
macc.%.

Kymym HaHoOenmyk4denepy KyuTyy OaKTepUIUAIMK AaKTHBAYYJIYKKE 039.
Wuaniinua  HaHOOOIYKYeNepy CcypbMa HAHOOOIYKYOIOPYHO CAIBIITHIPMAIYY
aJICHI3bIpaak OaKTEePUIUIINK aKTUBIYYIYKTY KOPCOTYIIOT.

Diplococcussepticus  0,0014 wmacc.% YIYH CYpPbMaHBIH MHHHMAIAYY
UHTHOUTOPAYK KOHILIEHTpanusichl, Oudugymobakrepusuiap yuyH unnud - 0,002
macc.%, ouduaymbakrepust kymym yuyH - 0,00001 macc.%

KBIMBIHTBIK

OmeHTHN, UHANHANH TeKCaHIarbl HAHOCTPYKTYypajaphl xaHa Oenruinend KeTay
HEpCe, WMITYJIbCTYY IUIa3MaHbIH JHEPTHSICHIH KOJJOHYI KBIYKBUITEKTH KaMTBITaH
TUCTIEPCUSUTBIK  YOUPO/I® HAHOCTPYKTYpPalIoO  yUypyHAa METaUIIbIK WHIWNWIIH
HaHOOeNyK4enepy raHa maiina 6onor. HWHauil HaHOOOIYKUYOJIOPYHYH ©I4eMIepy
©3YHUYO OMp HMITYJIbC SHEPTUSACHIHA KaHA AUCTICPCUSIIBIK YOUPOHYH MYHO3YHO
xapama Oonor. Muamii rekcanga Taparanaa, umnyibc sHeprusickiHbiH 0,05 Dk
OUpIUTUHAE, MHIUNA HAHOOOIYKUYeNepYHYH OeTTepuHjie TpadeH HaHOIJIEHKACHI
naiiga 6omot. ['paden HaHOIIEHKATAPHI ATIOMUHUN HAHOOOIYKUYOIOPYHYH OCTHHIC
TOJTYOJIJIOH ’KaHa FeKCaHAarsl Jke3/ieH naiiia 6osot. by MetamigapiblH UMITYJIbCTYY
1a3Maza 3HEepPrus MEHEH KaHBIKTBIPYY Y4YypyHAa HHAWNA MEHEH alIOMUHHUUINH
MeTaJlJl HAaHOOeIYKUeJIOpYHYH OackiMayy mMaiga Ooiyiry e3yHue Oup MMIYJIbCTYH
TaaCUpH aCThIHJIA YTIIEBOIOPOAIOPAYH aXKbIPOO yUypyH/a naiina 00JiroH arMocdepa
MEHEH Kamchiaanar. KanpiOpiHa KenTupyydy atMochepanbiH O0Tylry — WHAMM-
TeKCcaH CUCTEMAaCHIHBIH TEPMOINHA-MUKAIBIK MOIEIIH MEHEH  KOpCOTYJIOT.
budunymbakrepusimapra  kapara  OUCTHpPJCHTEH CyyAa  alblHTaH  WHAWNA
HaHOOOIYKYOJIOPYHYH OaKTePUITUAINK aKTUBIYYIYTY U3HIICHTEH.

KOPYTYHAYJIAP
1. I'excanza, 3TWII KaHa M3ONPONWI CIMPTUHIEC KaHa ACUOHIOLITYPYJraH

CyyJa WHIUNAN HAHOCTPYKTYPAJIOOJI0 TOPT OypUTYyy CHMMETPHUSHBIH METaJUIIBIK
HaHOOenyKk4enmepy madga  Oomor. Mummit  okcumm  InpOs  meTamwiasik
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HaHOOOIYKYeNOpAYH OeTTepuHie (AMCTIEPCUSIIBIK YeWpe: OTU, H30MPOMHII
CIUPTTEPH, ACHOHIOIITYPYJTaH Cyy) KOProovy IjieHKa KaTaphl naiiaa 00oT.

2. Uaawmit 0,025 JIx OMpAMKTYY MMITYJIbC SHEPTUSACHIH/A TeKCaH1a Taparasia,
TETpParoHaJIbIK CHCTeMaaa KpucTaaamkad 9-40 HM MeTaul HaHOOOJIYKYesep
naiiga 6osot (14 / mm (139), kpuctamiablk TOpUYOHYH napamerpiepu: a=0,326 HM ,
c=0,495 nm.

3. O3yHue Oup uMmynbcTyH 3HepruschiHbiH 0,05 JIk delnH >Koropynarmisl,
rpadeH HaHOIUICHKAJIapblHA OPOJTOH OIIOHAOW 3JI€ CHUMMETPHSUIYY METalll
HaHOOOJIyKUeNepAYyH TMaiga OodylryHa anbll  KeJneT. MbIHAall KOMIIO3UTTED
ANIEKTPOHUKA/AA, AJIbTEPHATUBIYY SHEpPrusifa 3JeKTp OarapesyapblH, OLIOHION 3iie
KYH OaTapesuiapblH Ty3Yyre Herus 000 anart.

4. UTDK mapTrapblHga MHAWA METAJUIIBIK HaHOOOJIYKUYeJepYHYH OachIMAyy
Typle naiga Oonymry Oyl METaJUIIbIH 3JIEKTPOHAYK KaOBbITBIHIA WHEPTTHK KYII
AJIEKTPOHIYH OOJTyIlIyHA, OLIOHJOM 3Ji€ peaklMsl 30HAChlHJAa KaJbIObIHA KEeJITUPrud
aTMocdepaHbIH Maiaa 60ayiryHa OaiIaHbIIITYYy.

5. AnromMuHHMH 3TWII criupTuHe Taparanma, AL (62,06%) + Al,Os; (37,94%)
Kypamayy Al maiiga 60yi0T, adtOMUHUNI HaHOOONYK4eJdepyHYH eimdemy 4-10 HM.
W3zonponun crimptunzie Al (63,06%) + Al,O5 (36,94%) HaHOKOMIIO3UTTEpH Ja Maia
00J10T.

6. I'padeH HaHOMJIEHKANaphl AJIIOMUHUNA HAHOOOIJIYKUYOCYHYH O€THUHJE
TOJIyOJIJOTY HAHOCTPYKTYPAChl apKbLTyy CUHTE3/I€ITEH.

7. NUHuii HaHO-3PUTMECUHUH OaKTePULUIANK aKTUBAYYJIYTY U3UIIJICHTEH.

IHPAKTHUKAJIBIK CYHYLITAP

['padben HaHOTIIEHKACHl WHAWM J>KaHa aJIOMUHMM HAHOOOIYKYOJIOPYHYH
oertepunae anpiHraH. MHIui HaHOOOIYKUYOIOPYHYH SPUTMECUHUH OaKTEPUIIMITUK
KacuerTepu OUPHHYM KONy M3WIAEHAM. Ap KaHIall MYHe3lIery CYIK
JOUBJICKTPUKTEPAE OHAYPYJITOH UMIYJIbCTYY IUIa3Mala MHIAWNM MEHEH aJtOMUHUNIUH
dazanbik maiga 00yy ©3re4esyKTepy CalbIITHIphIIaT. MMIyNnbCTyy IIa3MalibIk
mapTTap/la UHIUNH-TEKCAH CUCTEMAChIH TEPMOJINHAMUKAIIBIK MOJENAO6 KYPIy3YJIay,
V3WIAOOJIOPAYH HaThIIKajJapbl HWHAWN >KaHa aJlOMUHUN HaHOCTPYKTYpaJlapblH,
rpageH  HAHOIUICHKANIAPBIHBIH  HMMIYJbCTYy  Mmiuasmaga  KbIpreI3cTaHIbIH
SKOHOMMKACBIH OHYKTYPYY YUYH MAKCaTTyy UIITEI YbITYyAa KOJJOHYJYIIY MYMKYH.
Nunnit sxaHa amoMUHUNA HAaHOOOTYKUYeJIepY KapbiM ©TKOPryd KaTapbl KOJIOHYY/A,
anbTEPHATUBAYY DJHEpPrusija jkKaHa MEIWIMHAAA KOJIOHYY Y4YYH CyHyLITajar.
ApomaTTblk  (parMeHTTepu ©Oap CYyIOK YIJIEBOJOPOIJAOPAO HHIUA MEHEH
ATIOMUHUMIM ~ HAaHOCTPYKTYpPAJIOO  TEXHOJIOTHUACHI  TpadeH  HaHOIUICHKACHI-
AIIEKTPOHMKAAA, KYH OaTapesuiapblHia, KaTalu3Ae KOJAOHYY YUYH >KaHbl, OelIrucus
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KaCUuCTTCpH 6ap HaHOMaTcpuajagapabl CHHTC3100 YYYH OH JKAaHblI MCTOI 60Hy1'[
CaHaJiaT.
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HAHOCTPYKTYPAJIbIK MaTepuajiap aJAUCTUTd O0OIOHYA XUMMS WJINMMJAEPUHHH
KaHAUAaThbl HJINMUH Aapaachl Y4YH JKa3blITaH “Unamiiann
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Herusru ce3nep: uHIui, HaAHOOOIYKYO, CYIOKTYKTa HMITYJIbCTYY IUIa3Ma,
HAHOJIOMEHJIEP, AJIIOMUHUNA, TrpadeH HaHOIUIEHKAJIAPhl, TEPMOJUHAMUKAIIBIK
MOZEN166, UHANN-TEKCAaH CUCTEMACHI.

N3ni160HYH 00BbEKTHCH: CYIOKTYKTAapJia TY3YJIN®H HUMITYJbCTYYy IIa3MaZaH
WHJW MEHEH aTIOMUHUIINH HAHOCTPYKTYpaJIaphl.

N3uiapeenyH mpeaMeTH: WHIMNA MEHEH AIIOMUHUWIMH HaHOOeIIyKuYesepy,
rpadeH  HaAHOIUICHKANAphl,  WHAMA  HAHO-3PUTMECUHUH  OaKTEPUIUIIUK
AKTUBAYYJIYTY, UHAUN-TEKCAaH CUCTEMACBIHBIH TEPMOINHAMUKAIIBIK MOJEIIH.

N3uiapeenyH MakcaTrbl: CYIOKTYKTap/a TY3YJIT6H HMITYJIbCTYY IUIa3MaHbl
KOJIZIOHYY MEHEH MHAWN MEHEH alIOMUHUKWIMH HAHOCTPYKTYpaJIapblH allyy, ajJblHIaH
HaHOCTPYKTypaJlap/iIbiIH KypaMblH, MOP(QOJIOTHSICHIH aHa K33 Oup (GUBUKAIBIK -
XUMUSIIBIK KaCUETTEPUH U3UJIA06. 3aMaHOal U3WIee bIKMalapblH KOJJAOHYY MEHEH
WHJMI )KaHa aIFOMUHUAN HAHOCTPYKTYpaJapblH TY3YY MYMKYHUYJIYKTOPYH HETH3/106.

M3mi1166HYH BIKMAJAPbI  KaHA Ka0ayyJaapbl: peHTreH (asachl,
06JIYKUeJIepIYH 6JJU6MYH aHAJIM3/1004Y, YarbULIbIPyyyy, CKaHEPIeeuy JIEKTPOHAYK
mukpockonusicel (II9M BP, COM, TOM), nudpaxkromerpiaep: APOH-3, IPOH-6
xana Rigaku RINT-2500, sxoropky (MyMKYHUYJYKTOI'Y) YCUMIHMIITYY SJICKTPOHIYK
mukpockon (I19M BP) 6pennu JEOL -200FX, JEOL JSM-6490LA ckanepneeuy
anekTpoHayk mukpockorn. N4 Plus Submicron Particle Size Analyzer u LS 13 320
Aqueous Liquid Modul annapaTtsl MEHEH rPAHOMETPUKAJIBIK aHAJIU3/106.

Cywokrykra mMnyabcTyk miasma. Cywok ueiipene (MIDK) ty3ynren xana
Xumus kaHa XuMKUIBIK  TexHonorusuiap MHCTUTYTYyHYH HAaHOTEXHOJIOTHS
1a0b0opaTOpUACHIHAA HAHOCTPYKTYypajapAbl TY3YY YYYH KOJJAOHYJITaH HMIYJIbCTYY
J1a3Ma, KaTyy HAaHOCTPYKTYpPaHbl TY3YYHYH 3H 3(pPEeKTUBIYY bIKMaJIapbIHBIH OUPH .

AJIBIHTaH HATBIHKAJIAPAbIH WIMMHUN KAHBLIBITBI. I'paden
HAHOTUICHKAJAphl ~ WMHAWM JKaHa alIOMHUHUN HaHOOOIYKYOCYHYH OeTTepuHje
anbiHrad. MHauil HaHOOeJIYKUeIepyHYH 3PUTMECUHUH OAKTEpULUAIUK KacUeTTepu
OMpUHYM KOy M3WIACHIUW. Ap KaHJall MYHe3Iery CYIOK JIUAJIEKTPUKTEpIe
OHJIYPYJITOH HUMITYJIbCTYY TJIa3Majia WHIUNA MEHEH aIOMUHUNANH (a3aliblK Maiina
00JTyy ©3Tre4esyKTepy CalbIIThIpbUIaT. VUMIynsCTyy Mmiia3ma MapThIHIA WHIAWMA-
IeKCaH CHUCTEMAChIH TEPMOJMHAMUKAIIBIK MOJEIII00 KYPrY3YJIay.

Koamonyy OorwnHuya cynymrap. 3ungeenepayH  KbIMBIHTBIKTAPbI
KbIproI3cTaniblH AKOHOMHUKACHIH OHYKTYPYY YYYH HMMIYJLCTYY IUIa3Maaa WHAWM
MEHEH AIOMUHUNANH, TpadeH HaHOIUICHKAJapblHBIH HAHOCTPYKTYpajapblH allyy
TEXHOJIOTHUsJIAPbIHA OarbITTalIraH OHAYPYII YUYH KOJJAOHYIIYITY MYMKYH.

Koanonyy weiipecy. Munmii ’xaHa amiOMUHUN HaHOOOJIYKYOIOpYy KapbiM
OTKOPIYUTOp/l0, ATbTEPHATUBIYY HHEPrusija skaHa MEIUIMHAAa KOJAOHYY Y4YYH
CyHylITanar. ApomarTblk (parMeHTTepu Oap CYIOK YIriIeBOAOPOAIOPIO HHAMM
MEHEH ATIOMUHHUIIN HaHOCTPYKTYPaJIOO TEXHOJOTHUSCH rpadeH HaHOIUIEHKaIaphl -
AIIEKTPOHMKAAA, KYH OaTapesuiapblHia, KaTalu3Ae KOJAOHYY YUYH >KaHbl, OelIrucus
KacuerTepu 6ap HaHOMAaTepHaIJap/Ibl CUHTE3/106 YUYH 3H >KaHbI OOy caHamarT.
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PE3IOME
auccepraunu KynaiOeprenosoit /lunapbt  CaObipoBHBI Ha Temy “Cunres
HAHOCTPYKTYP WHIMSA W AJIOMHHMHS, u3ydyeHme HUX (PU3NKO-XUMHUYECKHX
CBOICTB», HAa COMCKAHME YYEHOIl CTeNeHH KAHIMIATA XMMHUYECKHX HAYK 10
cnenuagbHocTu 05.16.08 - HanorexHnosioruu. HaHOCTPpYKTYpHBIE MaTepHaJIbI

KuroueBble cjioBa: MHIWN, HAHOYACTULA, UMITYJIbCHAS IUIa3Ma B JKUJKOCTH,
QTIOMUHHM, TpadeHOBbIE HAHOJIEHTHI, TEPMOJMHAMUYECKOE MOJCIUPOBAHHE,
cucTeMa MHINN-TEKCaH.

OO0beKT uccael0BaAHMS: HAHOCTPYKTYPBI UHAMS U aTIOMUHHUS U3 UMITYJIbCHOM
ILIa3MBbl, CO3JaBa€MOM B JKUJIKOCTSX.

IIpenmer ucciieqoOBaHMs: HAHOYACTUIBI MHAMS U AIIOMHUHMS, IpadeHOBBIE
HAHOJICHTbI, OAKTEpUIIUAHASL AKTUBHOCTh HAHOPACTBOPA MHAMSI, TEPMOJUHAMUYECKOE
MOJICJINPOBAHUE CUCTEMBI HHINN-TEKCaH.

Henp padoTbl: TMONyYEeHUE HAHOCTPYKTYP HHIWA W AIIOMHHHUS C
UCIIOJIb30BAHMEM HMITYJIbCHOM IUIa3MBbl, CO3/1aBAEMOM XUAKUX CpeAax, U3ydyeHHe
cocTtaBa, MOP(OJIOTUH U HEKOTOPBIX (PUIUKO-XMMHUYECKHX CBOMCTB IOJyYEHHBIX
HaHOCTPYKTYyp. OOOCHOBaHME BO3MOXKHOCTEH (POPMUPOBAHUSI HAHOCTPYKTYP WMHIUS
Y QJIOMUHUSA C UCTIOJIb30BAHUEM COBPEMEHHBIX METOJOB HCCIIEIOBAHMUS.

MeTtoabt UCCIeJ0BaHUSA U anmnaparypa: peHTreHo(a3oBbIil,
IPaHyJIOMETPUYECKUN aHaIu3bl, IPOCBEYMBAIOIIAsA, CKAHUPYIOUIash  DJIEKTPOHHbBIE
mukpockonuu (IIDM BP, COM, 39M), nudpakromerpsi: JAPOH-3, JIPOH-6 u
Rigaku RINT-2500, mnpocBeunBarommii 3JIEKTPOHHBIA MHUKPOCKON  BBICOKOTO
paspemenuss (IIDM BP) mapxku  JEOL-200FX, ckaHUpYIOMUNA 3IEKTPOHHBIN
mukpockon JEOL JSM-6490LA. TI'panynomerpuueckuii ananu3 Ha amnmapare N4
Plus Submicron Particle Size Analyzer u LS 13 320 Aqueous Liquid Module.

NMnynbcHasi miiasmMa B KHAKOCTH. VMmynbcHas mia3ma, cosjlaBaemasl B
xuakux cpenax (MIDK) m ucnonp3dyemass B 1a00OpaTopul HAHOTEXHOJOTHUU
WNHcTrTyTa XUMHHM U XUMUYECKON TEXHOJIOTUU JJI CO3/1aHUsI HAHOCTPYKTYp, OJUH U3
3¢ (PEKTUBHBIX METOJIOB HAHOCTPYKTYPUPOBAHUS TBEPOTO Tena [6].

IMonyyeHnble pe3yabTarbl M HUX HOBHM3HA. [lonmyuyeHsl rpadeHoBbie
HAHOJICHTHI HA MOBEPXHOCTSIX HAHOYACTHI] MHIUS U alIOMUHUA. BriepBbie n3ydeHbl
OakTepHIIMIHbIE CBOMCTBAa pacTBOpa HaHoudacTull uHAuA. [IpoBeneHo cpaBHeHUE
ocobeHHocTel (a3o00pa3zoBaHus WHAUS M ATIOMHHUS B HUMIYJIbCHOM ILIa3Me,
CO3aBacMOW B JKUIAKUX JUNIEKTPUKAX pas3ndyHoW npuponsl. IIposeneHo
TEPMOAMHAMUYECKOE  MOECIUPOBAHUE CHUCTEMbl HMHAWW-TEKCAaH B  YCJIOBHSX
UMITYJIbCHOM TUTa3MBl.

PexoMeHnganum mo UCNoab30BaAHMIO. Pe3ynbTarsl HcClieqOBaHUI MOTYT OBITh
WCIIONB30BaHbl  JJIS1  HAMpaBlIEHHOW  pa3pabOTKM  TEXHOJOTHUH  IMOJy4eHHUS
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HaHOCTPYKTYp MHAMS U QJIIOMUHUSA, TpaQ)€HOBBIX HAHOJEHT B UMIYJIbCHOH I1a3Me
IUIsl pa3BUTUS DKOHOMUKH KeIpreiscrana.

O0Jsiacte npuMeHeHusi. HaHOYaCTUIBI MHINS U QIIOMUHUS PEKOMEHIYETCS
UCIOJb30BaTh B IOJYHPOBOAHMKOBOW O0NAacTH, alIbTEPHATUBHOM 3HEPIETHUKE,
MeauuuHe. TexXHOJOTHs HAHOCTPYKTYPUPOBAaHUS WHAUS W QIIOMUHUSA B JKHJIKHX
YIIEBOJIOPOAAX C apOMATUYECKUMHU (pparMEHTaMH SBIIIETCS HOBEHINEH NJIsl CUHTE3a
rpad)eHOBBIX HAHOJIEHT — HAHOMATEPHAJIOB C HOBBIMU, HEM3BECTHBIMU CBOMCTBAMHU
JUISL UCITOJIB30BAHUS B DJIEKTPOHUKE, COJIHEUHBIX DJIEMEHTAX, KaTallnu3e.

SUMMARY
of the dissertation of Kudaibergenova Dinara Sabyrovna on the topic "'Synthesis
of indium nanoparticles and study of their physico-chemical properties', for the
degree of Candidate of Chemical Sciences in specialty 05.16.08 -
Nanotechnology. Nanostructured materials

Keywords: indium, nanoparticle, pulsed plasma in liquid, nanodomains,
aluminum, graphene nanofilms, thermodynamic modeling, indium-hexane system.

Object of research: indium and aluminum nanostructures from pulsed plasma
created in liquids.

Subject of research: nanoparticles, indium and aluminum, graphene
nanofilms, bactericidal activity of indium nanosolution, thermodynamic modeling of
the indium-hexane system.

The aim of the work is to obtain indium and aluminum nanostructures using
pulsed plasma created in proton and aprotic liquid media, to study the composition,
morphology and some physico-chemical properties of the obtained nanostructures.
Substantiation of the possibilities of formation of indium and aluminum
nanostructures using modern research methods.

Research methods and equipment: X-ray phase, granulometric analyses,
transmission, scanning electron microscopy (TEM BP, SEM, ZEM), diffractometers:
DRONE-3, DRONE-6 and Rigaku RINT-2500, High-resolution transmission electron
microscope (TEM BP) brand JEOL-200FX, scanning electron microscope JEOL
JSM-6490LA. Granulometric analysis on the N4 Plus Submicron Particle Size
Analyzer and LS 13 320 Aquatic Liquid Module.

Pulsed plasma in a liquid. Pulsed plasma created in liquid media and used in the
Nanotechnology laboratory of the Institute of Chemistry and Chemical Technology to
create nanostructures is one of the effective methods of solid nanostructuring [6].

Scientific novelty of the results obtained. Graphene nanofilms were obtained
on the surfaces of indium and aluminum nanoparticles. The bactericidal properties of
a solution of indium nanoparticles were studied for the first time. The features of
phase formation of indium and aluminum in pulsed plasma created in liquid
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dielectrics of various nature are compared. Thermodynamic modeling of the indium-
hexane system under pulsed plasma conditions is carried out.

Recommendations for use. The research results can be used for the targeted
development of technologies for the production of indium and aluminum
nanostructures, graphene nanoribbons in pulsed plasma for the development of the
economy of Kyrgyzstan.

Scope of application. Indium and aluminum nanoparticles are recommended
for use in the semiconductor field, alternative energy, and medicine. The technology
of nanostructuring indium and aluminum in liquid hydrocarbons with aromatic
fragments is the latest for the synthesis of graphene nanoribbons - nanomaterials with
new, unknown properties for use in electronics, solar cells, catalysis.
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