HAIIMOHAJIBHASL AKAJJEMUS HAYK KBbIPTbI3CKOM
PECITYBJIUKH
UHCTUTYT XUMHUU U PUTOTEXHOJOIUI
MUWHHUCTEPCTBO OBPA3OBAHUMA U HAYKH KBIPTBI3CKOM
PECITYBJIMKN OIICKUU I'OCYJAPCTBEHHBIU YHUBEPCUTET

Juccepranmonnnlii coBer /1 02.17.561

Ha npaBax pykonucu
YIK:
546.56:549.07(575.2)(043.3)

OPO3MATOBA I'YVJIHYP TBIHYbIJIBIKOBHA

CHUHTE3 HAHOYACTHUII MEIM METOJOM XUMHNYECKOI'O
BOCCTAHOBJIEHUA

CnenunansHocTh: 02.00.01 — HEopranndeckass XuMHs

ABTOpedepar
IUCCEPTAllM HA COMCKAHUE YUYECHOU CTEIICHU
KaHAUATa XUMUYECKUX HAyK

bumkex-2018



PabGora BbImosHeHa Ha Kadeapax (QUIKOUIOMIHON, aHAIUTHUYECKOM,
OpPraHMYECKON XUMHUU M XUMUYECKOW TeXHONOrnu OIICKOTO TroCyJapCTBEHHOTO
YHMBEpCUTETa M XMMHUU M TexHoioruu e€ oOyudeHuss KsIpreizckoro
rocyJlapcTBEHHOro yHuBepcuteTta uM. M. ApabaeBa

HayuHblii pykoBoauTeIb:  JTOKTOp XMMHUYECKUX HAYK, Ipodeccop
CarbiBasiieB A0aypaum

O¢puunanbHbie ONMOHEHTHI. JOKTOP XUMHUYECKUX HayK, Podeccop
PaxumoBa MyoOammpxon Mup3oeBHa

KaHAUAAT XUMUYECKUX HAYK, TOLEHT
Myp3adexoBa dabmupa TyHrarapoBaa

Benymasi opranusanmsi: GakyabTeT XUMUHA U XUMUYECKON TEXHOJIOTUU
KeIpreizckoro HauronansHOro ynusepcurera um. JK. banacareina

Bammra muccepramuu cocrtoutest 31 mas 2018 roma B 10%° wacoB Ha
3acemaHuu auccepranroHHoro cosera J[ 02.17.561 npm MHCTMTYTE XMMUH H
¢urorexnonoruii HaumonaneHO#M akagemun Hayk Keipreizckoir Pecny0Onukwy,
Omckom T'ocymapcrBennom YHusepcutete MOuH KP no aapecy: 720071, r.
bumkek, npocnekt Yyi, 267.

C nuccepramueii MOXXHO O3HAKOMHTBCS B IICHTPAIBHOW HAyYHOU
oubmuorexke HAH KP mo anpecy: 720071, r. bumikek, np. YUyii, 265-a u Ha caiite
nucepranmonHoro cosera: http://www.ihftnaskr.kg

ABtopedepat pazocnan 27 anpens 2018 roga

VYueHslil cEKpeTapb

JUCCEPTALMOHHOIO COBETA,

KaHJAUJAT XUMUYECKHUX HayK,

CTapIIA HAYYHBINA COTPYIHUK Kamb6aposa I'.b.



OO01as xapaKkTepucTHKa padoThl

AKTYaJbHOCTh TeMbl. MaTepuaiibl B HAHOPa3MEPHOM COCTOSIHUM 00J1aaroT
cnerupUIeCKUMH  CBOMCTBaMH,  KOTOpbIE  OOYCJIOBJICHBI  OCOOCHHOCTSIMHU
dbopMHUpOBaHUS CTPYKTYpbl W HaJIMYMeM OOJIBIIIOTO0  KOJWYECTBA AaTOMOB,
HaXOJAIIMXCS Ha TOBEPXHOCTH YacTWIl. BcleacTBue HECKOMIICHCHUPOBAHHOCTH
CBSI3¢H aTOMOB, HAXOJISAIIUXCS MPUIIOBEPXHOCTHBIX CIOSX HAHOPA3MEPHBIX YACTHII,
HAPYIIACTCs] CAMMETPHUS PACTIPENICIICHUS CHIT, ICUCTBYIOIINUX HA HUX. DTO MPUBOIUT
K YBEJTMYEHHUIO CBOOOHON SHEPTHH MX IMMOBEPXHOCTH, YTO OMPEACTSACT YHUKATHLHBIC
busuko-xumudeckue cBoiictBa Hanodactul] [[Tomoraitmo A.Jl., 2001]. OcoOble
CBOWCTBA HAHOIUCIIEPCHBIX TIOPOIIIKOB METAJIJIOB, B TOM YWCJIC ME/IH, TIPEACTABIISIFOT
OOJBIIION MHTEpEC, KaK ¢ (YHIAMEHTAIBHOW, TaK U C MPUKIATHOW TOYCK 3PCHHUSL.
HanoucnepcHble MeIHBIC TIOPOIIKH UMEIOT IIIMPOKKE MTePCIIEKTUBEI IPUMEHEHHSI B
Ka4eCTBE KaTaJlM3aTOPOB JUISA TaKUX IPOIIECCOB, KaK KOHBEPCHS TSHKEIBIX (Ppakiinii
He)TH, TpeBpallleHue CHUPTOB B anpaeruinl, okucieHne CO, mpeoOpazoBaHue
COJTHEYHOM SHEPTUH, U30MEPHU3AIIHS XJIOPOIC(PUHOB, a TAKKE B MUKPOAJICKTPOHHKE,
IpU CO3/IaHUU SKUJKO- W Ta3o(aszHbIX AaTyukoB U ceHcopoB [Koponera M.IO.,
2011]. AwnTHOaKTepualbHBIC CBOWCTBA HAHOYACTHI[ MEIW MOTYT  OBITh
HCIIOJIb30BaHbI U CO3JIaHMS IMPENapaToB ¢ BRICOKON OMOJOTHYECKOM aKTUBHOCTHIO
JUIL TIPUMCHEHUSI B SKOJIOTHH, MEJIUIIMHE U CelbCcKoM xo3stiicTBe [EropoBa E.M.,
2001].

OCHOBHBIM METOJIOM IOYUYEHHUS HAHOYACTHI] MEAH SBJISETCS XUMUUYECKOE
BOCCTAaHOBJICHHE W3 PACTBOPOB, YTO HE TpeOYyeT CIOKHOTO OOOpYIOBAHHUS H
MO3BOJIAET IMOJyYaTh YacTHIBI C 3adaHHbIMU mapamerpamu [Commarenko b.M.,
2014]. Ognako, 00pa3oBaHHe HAHOYACTHII METAUIMYCCKON MEIU B 3THX YCIOBHUIX
OOBIYHO COMPOBOXKJAACTCS MX OKUCICHHMEM, U 33Jlauy MX HaAEKHOTO CHHTE3a
HENb3S CUMTaTh  PEHIEHHOM. Pe3ynbTaThl, MOJTyYeHHBIC  Pa3HBIMH
HCCIIeIOBATEIISIMK, YaCcTO IIPOTHBOpEYaT Apyr Apyry. KoHiieHTpalys MeTauioB B
KOJUIOMTHBIX PAacTBOpPaX, KaK IMPaBUJIO, HA3KA, UYTO CYIIECTBEHHO OTrpaHUYHMBACT
X TpaKTHIeCKOe NpHMeHeHHe. IIpoTHMBOpEeYMBBI TakK)Ke CBEJCHHUS O COCTaBe,
CTPYKTYpE U CBOMCTBaX MOJyYCHHBIX HAHOYACTHI] Meu. Bce aTo femaer padoTy,
HAIPaBJICHHYIO HA BBISBJICHHE 3aKOHOMEPHOCTEHW TOJYyYCHHS HAHOYACTHI] MEIH,
aKTyaJIbHOM.

Heab u 3agauym uccaenoBanms. Llenb — ycTaHOBIIEHHE 3aKOHOMEPHOCTEN
CHUHTE3a HAHOYACTHUI[ MEIU M WX THIPO30JICH MPHU BOCCTAHOBICHUH MOHOB MEIH
(1) ruapa3suHOM B IMPHCYTCTBHHU MOBEPXHOCTHO-aKTHBHBIX BEIICCTB U H3YUYCHHE
CBOMCTB CUHTE3MPOBAHHBIX HAHOTIOPOIIIKOB ME/IH.

JInst NOCTHKEHUS JAHHOM 1K PEIaIMCh CIISAYIOIINE 3a/1auu:

- ONpeleJICHUE XapakTepa BIMSIHHUS PA3NMUHBIX (AKTOPOB (MPUPOJIBI
coJiel MEeIW M TOBEPXHOCTHO-aKTHUBHBIX BEIICCTB, KOHIICHTPAIIMU PEarcHTOB H
COCTaBa PEAKIIMOHHOW cpeibl) Ha OOpa3oBaHME HAHOYACTHI] METALINYECKOM
MEJIH,

- M3yYCHHUE TOJYYCHHBIX IPOAYKTOB C IOMOIIBI0 (PU3MKO-XMMHUYECKUX
MeTOJ0B (peHTreHodazoro aHajausa, IPOCBEUMBAIOIICH U CKaHUPYIOIICH



AJIEKTPOHHOM MUKPOCKOMHUH, ONTUYECKON CHEKTPOCKONHUM) ISl YCTaHOBJICHUS
¢dazoBoro cocraBa u MOp(OJIOTHK HAHOTIOPOIITKOB ME/IH,

- HU3Y4YEHUE XMMUYECKUX, KATATUTUUYECKUX U aHTHOAKTEPUAIbHBIX CBOMCTB
HaHOIIOPOILIKOB ME/IH;

- OIIPENEIICHUE ONTUMAJIBHBIX YCJIOBUU CHUHTE3a YCTOWYMBBIX THAPO30JIEH
HAHOYaCTHUIl ME]IH.

CBa3b TeMbl IHCCEPTAMM € IJIAHOM HAYYHO-HCCIEA0BATEIbCKHX
padot. /lanHas pabota BbIMOJHEHAa Ha Kadeapax (pU3MUecKol, aHaTUTHUECKOH,
OPraHUYECKON XUMHHU U XUMHUYECKON TEeXHOJOTHH OIICKOro rocyJ1apCTBEHHOTO
YHUBEPCUTETA B COOTBETCTBUU C TIOCOIOKETHOM Temou «Pa3paboTka HOBBIX
(UBUKO-XUMHUUYECKUX OCHOB HHHOBAIIMOHHOW TEXHOJOTMH TOJYyYEHHUS HOBBIX
MaTepuajaoB, OHMOJIOTMUYECKH AaKTHUBHBIX BeEIIeCTB W yAoOpenuid» (Ne roc.
peructpauuu 0005834, 2009-2017 rr) u XUMHM U TEXHOJOTUH €€ OOydeHUs
Ksipreizckoro rocynapcTBeHHOro yHuBepcutera uM. M. ApabaeBa 1o mpoekty
MOuH KP «HM3yueHune CBOWCTB HAHOPA3MEPHBIX IIOPOIIKOB METAJIOB,
MOJIYYEHHBIX B YCIOBHSIX MCKPOBOIO pa3psga HU METOJAOM XHMHUYECKOTrO
BoccTaHoBienusi» (Ne roc. peructpauuu 0005305, 2010-2013 r1r) wu
rocOroKkeTHO  Teme «Pa3paboTka (PU3MKO-XUMHUYECKMX OCHOB CHHTE3a
HaHOpa3MepHbIX MeTauioBy (2010-2017).

Hayunass HoBU3HA padoThI. 3yueHbl 3aKOHOMEPHOCTH BOCCTAHOBJICHUSA
MOHOB MEJIM B pPacTBOpPE /10 MeTajlla TUJIPa3MHOM. Y CTAHOBJICHO, UYTO CTENECHb
BOCCTAHOBJICHUSI MEJU 3aBUCUT OT MPUPOABI COJIEM Meau, MOBEPXHOCTHO-
AKTUBHBIX BEIIECTB M COCTaBa PEaKIIMOHHOM cpejbl. [Ipu BocCcTaHOBIEHUH MOHOB
MU TUAPA3MHOM O00pa3zyloTCsi HAHOAMCIIEPCHBIE YACTHUIbl MEAW C pa3MepaMu
meHee 10 HM, KoOTOpble 00pa3ylOT arperaTbl C pa3JIUYHBIMH pa3MEpPaMH.
Y CTaHOBIIEHO, UTO XMMHMYECKas M KaTaIUTHYECKAas] aKTUBHOCTh HAHOIIOPOILIKOB
M€ 3aBUCUT OT YyCJIOBUM HMX cuHTe3a. [lokazaHo, 4TO HAHOMOPOIIKH MEIH
0051a1al0T aHTUOAKTEPHAIPHOM AaKTUBHOCTBIO B OTHOIIEHWH BO30YIUTEIIS
OakTepuanbHOrOo Ookora Erwinia amylovora. MeromomM MOTEHIMOMETPUIECKOTO
TUTPOBAHWS  YCTAHOBJIEHO, 4YTO  TUApa3uH  sBIseTca  3(G(HEKTUBHBIM
BOCCTAHOBUTEJIEM MOHOB MEJIM B AMMHUAYHOM U LIEIOYHOU Cpee.

[Tonydens! ycroiiuuBbie 6omee 100 cyTOK ruipo30JM HAaHOYACTHUIl MEIU B
MPUCYTCTBUU JKeJaTHHa, noaenwicyibdara HaTpHUs u Opomu
rekcajeuImupuanans ¢ kouneurpamuei 0,2-0,4%.

IIpakTHYeckasi 3HAYMMOCTb MOJY4YE€HHBIX Pe3yJIbTATOB. Y CTAHOBIICHHBIE
3aKOHOMEPHOCTH MOTYT OBbITh HCIOJB30BaHbI JUIsl pa3paOOTKU METOAMK CHHTE3a
CTaOWUJIBHBIX HAHOYACTHI Menu. [IpenokeH MeToJ MONyYeHHUs YCTOWYUBBIX
TUAPO30JIe HaHOYACTUIl Me. HaHOMOpOIIKK MeIr MOTYT OBITh UCIIOJIb30BaHbI B
KaueCTBE KaTaJIM3aTOPOB U aHTHOAKTEPUATBHBIX MPETIapaToB.

OcHOBHBIE M0JI0KEHH I JUCCEPTAIMU, BBIHOCUMbIE HA 3aIIHUTY:

- 3aKOHOMEpPHOCTH BOCCTAaHOBJICHHUSI HOHOB MEIU B PacTBOpE 10 MeTailia
TUAPA3UHOM;



- pe3yabTaThl U3y4eHHUs: Pa30BOro coCcTaBa, JUCIEPCHOCTH U MOP(HOIOTrun
HaHOMOPOIIKOB MEJIH;

- pe3yibTaThl U3YyUEHUS XUMHUYECKOU, KATAIUTUYECKOW U OMOJIOTHYECKON
AKTUBHOCTH HAHOIIOPOILIKOB MEJIN;

- pe3yJIbTaTbl H3YyYEHHUS OKUCIUTEIbHO-BOCCTAHOBUTEIBHON CHCTEMBI
CU2+'N2H4;

- YCIIOBUS MOJYYEHUS] YCTOMYUBBIX THPO30JI€il HAHOYACTHUI] MEJIH.

JInyHblil BKJIAA couckKareas. ABTOPOM INPOBEACH AaHAIU3 HAay4YHOHU
JUTEPATYPBI, TOCBSIIEHHOW TMOJYYEHHI0O HAHOPA3MEPHOM MEIW METOJaMU
XUMHYECKOTO BOCCTAHOBJEHHS. [IpoBeneHBl OSKCIEPUMEHTBHI 10 CHHTE3Y
HAHOMOPOILIKOB W THAPO30JEH HAHOYACTHUI[ MEIU, a TAKXKE MO0 H3YYCHUIO
dha30BOr0 cocTtaBa, AUCIHEPCHOCTH, XUMHUYECKMX U KaTAIUTUUYECKUX CBOMCTB
HAHOMOPOIIKOB, ONITUYECKUX CIIEKTPOB U YCTOMYMBOCTH T'MIPO30JI€ HAHOYACTHIL
Mequ. OOCy X IeHBI Pe3yIbTaThl IKCIIEPUMEHTA U C/IENIaHbI BBIBOIBI.

AnpobGanusi pe3yJbTAaTOB HCCJIeI0BaHMM. Pe3ynbTaThl uccleI0BaHUM
JOKJI/IBIBAJIUCh Ha cieayrommux KoHdepeHuusax: PecmyOnukaHcKkol Hay4dHO-
MPaKTUYECKON KOoH(pepeHInn «XuMusg. XuMmuueckas TexHosorus. [IpoOraemsr u
nepcrekTuBbl», bumkek, 2013; MexayHapogHOW  Hay4YHO-TIPAKTHYECKOM
koH(pepeHnun «CoBpeMEHHOE Pa3BUTHE XUMHUYECKUX W OMOJOTUYECKHX HAyK U
nemaroruyeckoe ooOpaszoBanue», bwuiikek, 2014; PecmyOmukaHCcKoW Hay4HO-
npakTuiyeckor koHpepeHuuu «Ponb Hayku W oOpa3oBaHUST B COBPEMEHHBIX
ycnoBusiXx — riobamuzauumm», Om, 2015; MexayHapoaHoit  koHbepeHIuU
«International Conference on Aerospace Technology, Communications and
Energy Systems (ATCES 2017)», Samara University, Russia, 2017;
MexayHaponHOM  HaydHO-TIpakTHdeckod  koHpepeHuun  «CoBpeMeHHbIE
npoOiemMbl  XUMHHM, XHMHYECKOW  TEXHOJOTHMH. AKTyaJdbHbIE  BOMPOCHI
€CTECTBO3HAHUS, TYMaHUTAPHBIX HayK», O, 2017.

IMyoaukanuu. I[lo pesynpraTam wuccienoBanus omnyOnukoBaHbl 16
Hay4YHBIX cTareil, u3 Hux 2 crarbu B xkypHanax Poccum (PUHIL) u 1 cratesa B
SCOPUS.

CtpykTypa u 00beM guccepTanuu. J(uccepraiusi COCTOUT U3 BBeJeHMUs, 4
IJIaB, BBIBOJAOB, W3JIOKEHHBIX Ha 120 cTpaHHMIlaXx KOMIBIOTEPHOrO TEKCTA,
BKitovast 21 tabnuiy u 44 pucyHkoB, oubnuorpaduro u3z 126 HauMmeHoBaHU.

OcHoBHOe coJep:kaHue padoThI

Bo BBegeHMH HM3JI0’KE€HA aKTYyaJbHOCTh TEMbI JMCCEPTALMOHHON pabOTHI.
CdopmynupoBaHsbl 11€J1b U 337241 UCCIICIOBAHUS, & TAK)KE OCHOBHBIC TOJIOKEHHUS,
BBIHOCMMBIE Ha 3amuTy. OmpeneneHa HayyHas HOBH3HA U IPaKTHYECKas
3HAYUMOCTh PE3yJIbTATOB UCCIIEAOBAHUIA.

B mnepBoii riaBe mnpuBeaeH 0030p HAay4YHOW JUTEPATYphl MO CHUHTE3Y
HAHOYACTHUIl MEJIM METOJOM XMMUYECKOTr0 BoccTaHOBJIeHUsl. Ha ocHOBe aHanuza u
COTIOCTABJICHUS JTUTEPATYPHBIX JIAHHBIX BHIOPAH B KAUECTBE BOCCTAHOBUTEIS JIsI
CUHTE3a HAHOYACTUIl MEJIA THIPA3HH.



Bropas riaBa uccepTalMu  MOCBSIIEHa OOBEKTY UM METOJaM
uccienoBanus. OOBEKTOM  MCCIEIOBAaHUSA  SBIAIOTCS  CUHTE3UPOBAHHBIC
HAHOTIOPOIIIKK M€Y U TUAPO30JIM HAHOYACTHUIl MEJIH, a JJIs1 U3yUYEeHUS UX CBOMCTB
UCIIOJIb30BAHBI COBPEMEHHBIE (PU3UKO-XUMUYECKHE METO/IBI.

B Tperneii riiaBe NpuBOIATCS SKCIEPUMEHTAIIBHBIE JAHHBIE 110 U3YUYEHUIO
¢dazoBoro  cocraBa, JUCHEPCHOCTH, XUMHUYECKUX, KATAIUTHUYECKUX M
OMOJIOTUYECKUX CBOMCTB CHHTE3UPOBAHHBIX HAHOMIOPOIIIKOB METH.

YerBeprasi rJjiaBa TOCBAIICHA TMOJYYEHUIO M U3YUYCHHUIO CBOWMCTB
TUAPO30JIE HAHOYACTHL] MEH.

Bausinme mnpupoabl cojieil, NMOBEPXHOCTHO-AaKTUBHBIX BelIeCTB M
COCTABa PEaKUMOHHOH cpeAbl HAa MNpoLecC BOCCTAHOBJeHMs Menu. s
NOJIyYEHUS] HAHOYACTUI[ MEAM METOJIOM XHMMHYECKOTO BOCCTAHOBJIICHUS B
OCHOBHOM HCHOJIB3YIOT cylbdar meau. OrnpenesieHHbIH UHTEpPEC MPeACTaBIseT
UCIOJIb30BAaHUE JAPYIMX COJIeM Menu, T.K. aHUOHBI, aJcopOupysch Ha
MOBEPXHOCTH HAHOAMCIEPCHBIX YAaCTHIl, MOTYT HIpaTh pOJb CTaOWUIU3ATOpA.
[TosTOMy nJi1 MOTYyYEHUS] HAHOYACTHUIl MEIU HCMOJb30BAaHbl KPUCTAJIIOTHAPATHI
cynbdarta CuS0O,4-5H,0, TapTpara CuC4H40¢-3H,0, OyTtupata
CU(C3H7COO)22H20 u OeH3oara Meau CU(C6H5COO)23HQO (pI/IC 1)
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Puc. 1. JIludpakrorpaMmsbl MPOTyKTOB BOCCTAHOBJICHHSI MEIH M3 PaCTBOPOB
coneit CuSO, (1), CuC4H,O06 (2), Cu(CsH,COQ), (3) u Cu(CeHsCOO),(4) B
menouHoi cpene (pH=11).

PesynbTarsl ananuza Au@pakTorpaMM MpoayKTOB BOCCTAHOBIICHUS MU
MIOKa3bIBAIOT, YTO HA BOCCTAHOBJIEHUE MEJIN BIIUSAET IPUPOJA aHUOHA comu (puc. 1,
Ta6s.1). HauGonpmmii BHIXO HAHOMOPOIIKOB MEIM HAOIIOJAETCs U3 pacTBOpa
OeH3oaTa MeJIu.

JlanbHeiye SKCOepUMEHThl ObUIM MPOBEIEHBI C  HUCIOJIb30BAaHUEM
cynbdaTta MeIu, T.K. OH 0oJiee JOCTYIHBIM, OTHOCUTEIBHO JEHIEBBI U XOPOIIO
pPacTBOpHUM B BOJIE.



Tabmuua 1 — 3aBUcUMOCTh BbIXOJa (1)) U IJIOTHOCTU (p) HAHOMOPOIIKOB
MEJIU OT MPUPOJIbI AHHOHA

No AHHOH n, % p, T/cM®
1 S0~ 68,2 1,06
2 C,H,0¢" 72,8 1,18
3 C;H,COO 79,6 1,24
4 C¢HsCOO 82,2 1,21

V3yyeHo BIMSHHE COCTaBa PEAKIMOHHOHW Cpelbl H  MPUPOJBI
MOBEPXHOCTHO-aKTUBHBIX BemiecTB ([IAB) Ha mpoliecc BOCCTaHOBIICHUS MEIH
(puc. 2, 3). B kauectBe IIAB ucnonn30BaHbl: MUIICBOM JKEIATHH (GKEJIATHH),
nonuakpuioBas kucinora (ITAK), remman, nomuBunwioBeiii crupt (I1BC),
noymdTuiaeHrukons (I1917), momuBununmupponunon (I1BIT), nomeuuncynbdat
natpus (JJACH) u 6pomun rexcaaermmmupuaunuii (bIIIT).
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cpene (pH=11) (1) u B nmpucyrctBuu xenaruna (2), [IAK (3), rennana (4), [IBC
(5), IIBI" (6), AJACH (7), IIBII (8) u BI'AIT (9).

AHanu3 nudpakTorpaMm MoKa3bIBaeT, YTO B HIEJIOYHOM cpeie MPAKTUUECKU
MIOJIHOE BOCCTAaHOBJIEHHE HMOHOB MEAHM MNPOUCXOAUT B MPUCYTCTBUM >KEJIATHHA,
[MAK, II3I" u BI' AT (puc. 2, Ta61.2). B amMuadHo cpejie MpOIyKThl, COCTOSIIME
TOJIBKO W3 METAJUIMYECKOW Meau, oOpa3yloTcs B MpUCYyTCTBUM kenatuHa, [IBII,
JJICH u BI'ITT (Ta6n.2).

B menouHoli cpene HanOOIBIIHMI BRIX0 HAHOYACTHUIT MEAU HAOJII0TaeTCS B
npucyrcteum [101, a Haumenbmmii Beixoa B npucyrcteuu JJICH. B ammuaunon
cpene B mpucyrctBuu BI'JIII BhIXOj HaHOuyacTull Meaud HamOOJiee BBICOKUIA
(Tabn.2).

[I10THOCTP HAHOMOPOIIKOB MEIM TAaKKE€ 3aBUCHUT OT YCJIOBUM CHHTE3A.
[lonyyeHHple B aMMHAYHOM Cpelle TOPOIIKM MEAUM HMMEIT O0Jee BBICOKHE
3HAQYEHUS IUIOTHOCTHU IO CPABHEHUIO C MOPOLIKAMH, IMOJYYEHHBIMU B IIEJIOYHOMN
cpene (Tabm.2).



Tabnuua 2 — 3aBUCUMOCTB BbIXOJa (1) ¥ IVIOTHOCTH (p) HAHOMIOPOLIKOB
MEJIM OT YCJIOBUM CHHTE3A

Ne CrabunmuszaTop YciaoBue peakiuu n, % D, r/em’
1. - NaOH 68,2 1,06
NH,OH 93,4 1,24
2. Kematun NaOH 96,3 1,16
NH,OH 98,6 1,26
3. ITAK NaOH 97,6 1,08
NH,OH 76,6 1,23
4, [enman NaOH 94.6 1,23
NH,OH 88,7 1,24
5. I[IBC NaOH 76,9 1,30
NH,OH 79,2 1,28
6. [1or NaOH 97,8 1,17
NH,OH 75,3 1,25
7. I1BIT NaOH 73,6 1,15
NH,OH 95,8 1,27
8. JIJICH NaOH 46,7 1,24
NH,OH 98,9 1,25
9. BI'AIT NaOH 95,1 1,12
NH,OH 99,2 1,27

Takum oOpaszom, JIJIs CHHTE3a HAHOYACTHUIl MEJI THAPA3UHOM B IIECITOTHOM
cpeae HeoOXO0IUMO TIPOIECC IIPOBOJUTH B MpUCYTCTBUM kenaturHa, [TAK, T191" u
BI'II1, a B ammuauHo# cpeae B mpucytctBuu xenaruna, [IBI1, JI/ICH u BI'II.

JJIeMEeHTHBIH cOCTaB MNPOAYKTOB BOCCTAHOBJICHHUSA MEIN.

Tabmuma 3 - Pesynbrarel pEeHTIEHOCHEKTPATbHOTO MHKpPOAHAIN3a
MPOAYKTOB BOCCTAaHOBJICHUS MEIM B IWIEJIOYHOM MW aMMHAyHOW Cpede U B
npucyrctBun JJJICH u BI'II1

Ne ITAB CopepxaHue IEMEHTOB
Cu ©) C S
Macc.% | Ar.% | Macc.% | At.% | Macc.% | A1.% | Macc.% | A1.%
NaOH
1. - 81,25 50,28 1432 | 3519 | 4,44 | 1453 - -
2. JJCH 48,25 16,35 17,09 | 23,01 | 33,30 | 59,72 1,36 0,92
3. BI' I 74,39 37,83 10,02 | 20,23 | 15,59 | 41,93 - -
NH,OH
1. - 96,61 87,76 2,13 6,52 | 1,26 5,72 - -
2. JJICH 90,75 67,19 3,53 10,37 | 573 | 22,44 - -
3. BI' 11 89,33 62,84 2,75 7,69 | 7,92 | 29,47 - -

MCTOI[OM OQHCPIOAUCIICPCUOHHOTO PCHTTCHOBCKOI'O MHUKpPOAHAJIN3a

OIIPCACIICHO KOJIMYCCTBCHHOC COACPKAHUC 3JIEMCHTOB B IMpOAYKTax

BOCCTaHOBJCHHS Meau (Tabm.3) .



Bce mpoayKThl BOCCTAHOBJICHHS MEIH COCTOSAT M3 MEAH, KHCIOpoja U
yraepoaa. CoaepkaHue 3JIEMEHTOB 3aBUCHUT OT YCJIOBUN CHHTE3a. MakcuManbHOE
KOJIMYECTBO MM COACPKHUTCS B COCTaBE MPOIYKTA, MOJYYCHHOTO B aMMHAYHOM
cpele, 4UTO COrJIacyeTcsi C pe3yjibTaTaMH PEHTreHo(a3zoBOro aHamusa.
3HaUUTENFHOE COJIEpPKAHUE YTIEpoJa B COCTaBE MPOAYKTOB MOXKHO OOBSICHHUTH
ancop6rueii [IAB Ha moBepxHOCTH YacTHIl MeIH (pHC. 3).
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Puc. 3. MUK-cmektper BI'JIIT (1) wu wHanomopomka wmean (2),
CUHTE3UpoBaHHOTO B npucytcTtBuu bl JIII B ammuaunoit cpeze.

Ha HMK-cnektpe HaHOMOpOIIKAa MEAW, CUHTE3UPOBAHHOIO B MPUCYTCTBUU
BI'II1, wHaGmromarOTCs TIOJOCHI TOIJIOMIEHUs] XapaKTepHbIe MJia Opomujia
rexcagermupuaunaus. [1ogocel BaleHTHBIX U J1e(OpMAlMOHHBIX KOJeOaHWH -
CH; u —CH,- rpynnm mnOpakTUYeCKM HE U3MEHAITCA. V3MeHeHue mosoc
HaOroMaeTcst B 00J1aCTH, XapaKTePHOU ISl MUPUIUHOBOTO KOJIbIIA U TOSBIISICTCS
O4YeHb HWHTEHCHBHas IMojioca mpu 621 CM'l, 4TO, BO3MOJKHO, CBS3aHO
B3aUMOJICHCTBUEM a30Ta MUPUAUHOBOM TPYIIIBI C TOBEPXHOCTHIO YACTHUIl MEJIH.

PesynbraThl peHTreHOCHEKTpAIbHOTO MUKpoaHainn3a u MK-cnektpockonuu
YKa3bIBalOT HAa TO, YTO JUIsl TMOJYYEHUS HAHOYACTHUI] MEAH BOCCTAHOBJICHUE
HE0O0XO0IMMO TMpoBoauTH B mpucyrctBun I[IAB, korTopsie o00pa3yroT Ha
MTOBEPXHOCTH HAHOYACTHI 3AILUTHBIN CIION.

JucnepcHOCT, HAHOMOPOIKOB MeaAu. [Ipy BOCCTaHOBIEHUH MOHOB MEU
TUIPA3UHOM MIPOUCXOAUT 00pa30oBaHUE HAHOPA3MEPHBIX YACTHUIl MEJIU, KOTOPhIE

o0Opa3yloT arperaTbl, B OCHOBHOM, C(hepUYecKOoil (GOpMbI M Pa3TUYHBIX
pa3MepoB B 3aBHCHMOCTH OT npupoisl [TAB (puc. 4). DTu arperatbl, B CBOIO
ouepeqlb, COCTOSIT W3 4YacTull pasmepamMu MeHee 10 HM, YTO MOJATBEPKIAIOT
MukpodoTorpadun HaHOIOPOIIIKOB M€, CHSATBIC c MIOMOIIBIO
MPOCBEUYUBAIOLIETO 3JIEKTPOHHOTO Mukpockomna (IIOM) (puc. 4).



Puc. 4. Mukpodororpabuu (a) u pacnpeneneHue 1o pasmepam (0)
HAHOIIOPOIIKOB MEJH, TMOJIYYeHHbIX B aMMHadHOW cpeae (1) m B IPHUCYTCTBUH
xenatuna (2).

Pacnipenenenne arperaroB HaHOYAacTHII MEIU IO pa3MepaM ITOKa3bIBAET,
YTO CPEHUI TMaMeTp arperaroB 3aBUCHUT OT yCJIOBUM cuHTe3a (Tabi.4).

Tabnuua 4 - Brnusxue ycrnoBuii cuHTe3a Ha pa3Mepbl arperatoB (O, ) u
o0bJactel KoHrepeHTHOro paccestuus (Joxp) HAHOYACTHI] METH

Ne I[TIAB arp., HM ConeprxaHue dokp, HM
arperaros, %

1. - 60 49,0 21

2. Kematuna 100 52,5 25

3. JJCH 30 38,5 23

4, BI'aI1 200 46,6 27

Haunbonee Hu3KOpazMepHbIe arperatbl co cpeaHuM nauamerpoMm 30 HM
obpazytorcs B mpucyrctBuu JIJICH. Pesynbratel pacuera pasmepoB OKP
MOATBEPXKIAIOT ~ OOpa3oBaHWE  HAHOYACTUIl MEOU  MpPU  XUMHYECKOM
BOCCTaHOBJICHMHU. Pa3mepnl 4YacTuil Meau cocTaBisioT oT 21 1o 27 HM B
3aBHCUMOCTH OT YCJIIOBUU CHHTE3A.

XHMHUYeCKas U KaTATUTHYeCKAsl AKTHBHOCTh HAHONOPOIIKOB ME/IH.

N3BECTHO, YTO HAaHOAMCIEPCHBIE YACTULBI C MU30BITOYHON MOBEPXHOCTHOM
SHeprued o0JaJal0T BBICOKOM XUMHUYECKOW aKTUBHOCTHIO. B CBSI3U ¢ 3TUM
ONPENECICHHBIN VHTEPEC MIPEJICTABIISET V3y4ECHUE B3aUMOJCHUCTBUSA
CHHTE3UPOBAHHBIX HAHOMIOPOILIKOB MEAY C PACTBOPOM aMMHAKA.

[Ipm B3auMozeiicTBMM MeAWM C pPAcTBOPOM aMMmuaka oOpasyercs
xommiekcHsiit noH [Cu(NH;).]*:

Cu + 4NH,OH + Og—)[CU(NH3)4]2+ + 2H,0 + 40H
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CkopocTh B3aMMOJEHCTBUSL TOPOIIKOB MEOUW C PacTBOPOM aMMHUaKa
3aBUCHUT OT IPHUPO/IbI TOPOIIKOB MeH (puc. D).

D
0.5 -

0.45 4
0.4 4
0.35 1
0.3 1
0.25 1
0.2 1
0.15 4
0.1 4
0.05 4
0 T y T J
0 5 10 15 20 T, MHH

Puc. 5. KuHeTtnueckue KpHBBIE B3aUMOJCICTBUSI TOPOIIKOB MEIU C
pactBopoM ammuaka. [lopomku memu: 1- Cu-1; 2 -Cu-5; 3 -Cu-2; 4 - Cu-3; 5 -Cu-

4; 6 -Cu-6. O6o3nauenue mnopomkoB meau: CuU-1 — CHHTE3UpOBAaHHBIM B
ammuadHoil cpene; CU-2 — CHHTE3UpOBAaHHBIA B MPHUCYTCTBUH >keiatuna; Cu-3 —
cuntesupoBanHbiii B mnpucyrcrBun  JJICH; Cu-4 — cuHTE3upOBaHHBIA B

npucyrctBu  BUJIII;  Cu-5 —CHHTE3UpOBAaHHBIA MpPU  DIEKTPOUCKPOBOM
JTUCHEprupoBaHUU Menu B Boje; CU-6 — MpOMBIIUIEHHBIH NOPOIIOK MEAU MapKu
«IIMC-1».

CkopocTh peakiuu B3aUMOACHCTBHS TOPOIIKOB MEIU C PacTBOPOM
aMMHakKa Ipu U30BITKE aMMHAKa OIMCHIBACTCS YpaBHECHHEM pPEaKIUHU IIEPBOTO
MOpsJIKA:

2,3

k — . __ "o

T c —C T D -D

rae C, u C — KOHLEHTpaIsl MOHOB MEJIH IPY MTOJIHOM PAaCTBOPEHNUU MEIU U
B MOMEHT BpeMeHHU T; D, 1 D — onTudeckas mIOTHOCTh pacTBOpa MpHU IOJHOM
PacTBOPEHUHU M€ U B MOMEHT BPEMEHHU T

Pesynbrarel pacdyera KOHCTAHTa CKOPOCTHM B3aMMOJEHUCTBHUS ITOPOILIKOB
M€Y C paCTBOPOM aMMHAaKa MPUBEJIEHBI B Ta0I. 5.

Tabmuma 5 — KoHcTaHTa CKOPOCTH B3aMMOJICHCTBHS TIOPOIITKOB MEIH C
pacTBOPOM aMMHUAKA

k- 10", mun™

Cu-1 Cu-5 Cu-2 Cu-3 Cu-4 Cu-6
3,05 2,35 1,34 1,23 1,11 0,33

CpaBHeHHE KOHCTAHTBI CKOPOCTHM IIOKa3bIBa€T, YTO HAWOOJIBIIICH
CKOPOCTBIO B3aUMOJEHUCTBYET C pACTBOPOM aMMHAKa HAHOIIOPOIIOK, IMOJTY4Y€HHbIN
XUMHYECKUM BOCCTaHOBJIEHHEM B oTcyTcTBUHU [TAB.

OnHUM W3 TEPCHEKTUBHBIX HAINpaBIICHUH NPUMEHEHUS HaHOpPa3MEpPHOU
MENIH, SIBJISIETCS HMCIOJIb30BAHHE €€ B KauecTBe Kartanuzaropa. [dns uszydeHus
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KaTaJIUTUYECKOM AaKTHMBHOCTU HAaHOIIOPOIIKOB MCAW B KadCCTBC MOHCHBHOfI
HCII0JBb30BaHa pCaKus OKUCICHHUA-BOCCTAHOBJICHUA HOdA (pI/IC 6)

0 20 40 60 80 100 120 140 160 T,Cex

Puc. 6. Kunetnueckue KpuBbIe peakiiy OKUCIICHUS-BOCCTAHOBJICHUS O/
B MIPUCYTCTBUU MOpoIkoB Meau. [Topormku meau: 1- Cu-6; 2 — Cu-4; 3 — Cu-3; 4
— Cu-2; 5- Cu-5; 6 — Cu-1.

CKOpOCTh peaklMi OKHCIIECHUS-BOCCTAHOBJICHUSI MOJA MPU U30OBITKE BOJbI
ONMUCHIBAECTCS YPABHEHUEM PEAKLIUY [IEPBOTO MOPSIKA!

= £|gc_0 = §|g&
T o T D

rae C, u C — KOHUEHTpalus HOoJia B HaYaje peakliui U B MOMEHT BPEMEHHU T;
D, u D — onruueckasi IJIOTHOCTh PacTBOpa B Hadalle PEAKUMA U B MOMEHT
BPEMEHU T.

Pe3ynprarel pacdyeTra KOHCTaHTa CKOPOCTH  PEAKLIMH  OKHUCIICHHS-
BOCCTaHOBJICHHUS UOJa IPUBEJIECHBI B Ta0JI. 6.

Tabmuma 6 - KoHcTaHTa CKOPOCTU PEaKIIMU OKHUCIICHUS-BOCCTAHOBJICHUS
M0/1a B IPUCYTCTBUU MOPOIIKOB MEIN

k- 102, cex
Cu-1 Cu-5 Cu-2 Cu-3 Cu-4 Cu-6
2,26 2,16 2,07 1,84 1,84 0,31

Karanurrueckass akTHBHOCTh HAaHOIIOPOIIIKOB COBIIAJACT C MX XUMHUYICCKOM
aktuBHOCTHIO: Cu-1 > Cu-2 > Cu-3 = Cu-4.

Bbuosiornyeckass AaKTHBHOCTH HAHONMOPOIIKOB Meau. OpHOM W3
aKTyaJbHBIX MPOOJEM COBPEMEHHON TEXHOJIOTHM, YUUTHIBAsi MOCTOSIHHBIA pPOCT
PE3UCTEHTHOCTU OAaKTEpHUil K JEHCTBUIO aHTUOMOTHKOB, SIBISIETCS MOMCK HOBBIX
areHToB, 00€CNEeUYMBAIOLINX AHTUMHKpPOOHOEe aelctBue. Cpelu HAHOMETAIIOB
NEPCIEKTUBHBIM KaHJIMWJATOM Ha CO3JAaHUE JIEKAPCTBEHHBIX CPEICTB HOBOIO
IIOKOJICHHUSI SIBIISIETCS] MENb.

[TpoBeneHo ucnbITaHNE OMOJIOTMYECKON aKTUBHOCTH HAaHOIOPOILIKOB MEJIH,
10 OTHOIICHHIO K BO30yauTento Oojie3Hel cenbxo3kyasTyp Erwinia amylovora

(puc.7).
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Puc. 7. 3ona mnomaBiaeHus pocta KyabTypsl Erwinia amylovora mpu
BO3JICHCTBMM HAHOYACTHI[ ME/IH, IMOJYYCHHBIX B IieaouHoi (1) u ammuauHoi (2)

cpene.

Tabnuua 7 — 3aBUCMMOCTH 30HBI TOJIaBIIEHUS pocTa (MM) BO30yauTENs
OaktepuaabHOro oxxora Erwinia amylovora ot koHIeHTpaIiu HaHOYACTHUI] METH
yepe3 72 daca

No Hanonopomok menn Konuentpanusa HaHOYaCTHL] METHA
Swmr/ma | 1 mr/ma | 0,5 mr/min | 0,1 mr/min

1. Cu-NaOH 20,0 16,0 10,0 4,0

2. Cu-NH,OH 18,0 4,0 4,0 3,0

3. Cu- NaOH-Xex. 18,0 7,0 4,0 1,0

4. Cu- NH,OH-Xemn. 17,0 12,0 8,0 1,0

VY CTaHOBIIEHO, YTO HAHOIOPOIIKH MEAW 00JadaroT JOCTAaTOYHO BBICOKOMN
aKTUBHOCTBIO JUIsI BO30ymuTens OakTepuaiabHOro oxkora Erwinia amylovora, a
30Ha TOJIABJICHUSI POCTA BO30YIUTENS 3aBUCUT OT KOHIICHTPAIIMM HAHOYACTHI]
meau (tadm. 7).

JJIeKTPOXUMHUYECKHEe CBOMCTBA CUCTEMBbI Cu? - N,H,. Cucrema Cu?*-

NoH,  saBasgercs OKHCJIUTEIbHO-BOCCTAHOBUTEILHOM, rae Meb
BOCCTAaHABIIMBACTCSA, a THUIPA3WH OKHUCISAETCA. BOCCTaHOBICHHE WOHOB MEIU
THAPA3MHOM  SIBIIAETCS  OKHCIWTEIbHO-BOCCTAHOBHUTEIBHBIM  TIPOIIECCOM,
MPOTEKAIOIIUM T10 CXEME:

2Cu” + N,H, + 40H — 2Cu + N, + 4H,0

CornacHo 3TOM cxXeMe MOTEHITHAN JICKTPOJ1a ONIPEACIISIETCS 110 YPaBHEHUIO

E=E’+ 2'2§T lgaéuz+~aN2H4-a3H—

rne E, E° — 3JIEKTPOJHBIE TMOTCHUHUAIBI MPU JAHHOW KOHUEHTPAUWUHU WU
cTtanjapTHeie, B; R— yHuBepcanbHas razoBas noctosiHHas;, F- uucno @apanes; T
— abcomoTHas Temmneparypa, K; ac,z+, AN,H,» Xon~r — AKTUBHOCTH HOHOB ME/IH,
TUJpa3uHa, TUPOKCU]T HOHA.

[TosToMy pnaHHas cuctemMa H3ydeHa METOJIOM MOTEHIMOMETPUUYECKOTO

tuTpoBanus (puc. 8).
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Puc. 8. KpuBble MNOTECHIIMOMETPUYECKOIO THUTPOBAHUS HOHOB MEIH
pacTBOpoM TujpasuHa B HelTpanbHoit (pH=6,9) (1), ammuaunoi (pH=11) (2),
menounort (pH=11) (3) cpene (a) u B ammuaunoii (1) cpeae B npucyrcreuu [1BIT

(2), AACH (3) (0).

B OKHCIHUTENBHO-BOCCTAHOBUTEIBHOM CHCTEME, 4YEM 3HAYUTEIIbHEE
W3MEHEHHE TMOTEHIMaNa, TEM BBIIIE CTENEHb MPOTEKAHUS IOJIypPEaKIUM.
Vsmenenne motennuana cucrembl Cu”* - N,H, 3aBucur ot pH pactBopoB. B
HEUTpaAIbHOM pacTBOpE Jake MHOTOKPATHBIM H30BITOK BOCCTAHOBUTENS Mallo
BJIUSICT HA MOTEHIMAJ CUCTEMBI. B aMMHauHOM pacTBOpe HEOOIBIIOE KOJTUYECTBO
rUApa3suHa MPUBOAUT K 3HAYNUTEIIBHOMY HM3MEHEHUIO NOTEHIMANa CHCTEMBI.
Pe3koe u3MeHeHMe NOTEHIMana JaHHOM CHCTEMbl HAOJIOJAeTCsl B ILIEIOYHOM
pactBope (puc. 8, a).

K ymeHbIIeHHIO pa3mMepa 4acTUIl MEAU CIIOCOOCTBYET BBEJCHHE B PACcTBOP
ITAB. [TosToMy poBOAWIIOCH TUTPOBaHUE pacTBopa Menu B mpucytctBuu [1BII
JJCH B kauectBe I[TAB B ammmauyHOW W 1meno4Hoit cpemax (puc. 8, 0). B
npucyrcteun IIBII u JJJICH mnoreHmman cuctemsl Cu**- N,H; m3memnsiercs
3HAYUTEIIBHO.

[Tony4deHHble SKCIIEPUMEHTAIBHBIE JAHHBIE IMOATBEPKIAIOT, YTO THAPA3UH
aBigeTcsl 3QQGEKTUBHBIM BOCCTAHOBHUTEIEM B aMMHUAYHOW M ILEJOYHOM Cpenax,
MO3TOMY CHHTE3 HAHOYACTHUIl MEIH MPOBOAWICSA B ITUX CPeNax B MPUCYTCTBUU
ITAB.

CrnekTpbl MOIJIOIIEHUs TMAPO30JeH HaHO4YacTHL Meau. B pactBopax
HAHOYACTUL MHOTMX METaulOB, B TOM YHCJI€ HAHOYACTHUILl MEAHU, HUMEIOTCS
MHTCHCUBHBIEC IIOJIOCHl ONTHYECKOrO TMOIJIOIIEHUSI B YJIbTpaduoNeToBON U
BUAUMON OOJACTSIX AJIIEKTPOMArHUTHOTO W3JIY4YEHHs, T.€. TaK Ha3bIBaeMble
MOJIOCHl TOBEPXHOCTHOrO MiazMeHHoro pe3onanca (IIIIP). Bua cnekrtpa
NOTJIOUIEHUSI TUIPO30JIEM HAHOYACTUIl MEAM 3aBUCUT OT KOHueHTpauuu [IAB

(puc. 9).

14



14 1
121 1

0.8 1 06 2
0,6 1

024

[] L} T T L} u Al T T 1
450 500 850 500 50 1} HM 450 500 550 600 650 A, HM

a 0
Puc. 9. OnTrueckue CrieKTphl MOTJIONICHHUS THAPO30JIeH HAHOYACTHIl MEIH
(Cc=1-10" monb/i), momyYeHHBIX B mpucyTcTBHE xenatuua (a) u JJICH (6) c
konuentpanueit 0,1% (3), 0,2% (1) u 0,4% (2), uepes 24 yaca OT HayaJia CHHTE3A.

'unpo3oan HaHOYACTHI MEAM, MOJIY4YEHHbIE B MPHUCYTCTBUM KeJlaTHHA,
UMEIOT MAKCUMYMBbI MOTJIOMEHUS (Ay,,) TPU JUIMHE BOJHBI 3JIEKTPOMArHUTHOTO
uznydeHus: 560-570 HM B 3aBHCHMOCTH OT KOHIIGHTpaluu >kenaTuHa. Ha
ONTUYECKUX CIEKTpax THUAPO30JeH HAHOYACTHUIl MEIW, MONyYEeHHBIX B
npucyrcteun  JI/ICH, nonoxenune u 3HaueHue wuHTeHCMBHOCTH [IIIP Taxxke
3aBUCAT OT KoHIeHTparu [TAB (puc.9, 6; Ta6n.8).

Tabmuma 8 - Bausnue konueHtpanmuu I[TAB Ha MakcUMyMbl (Ay.x) |
unteHcuBHocty (D) morsomienus ruaposoneld Meau depe3 24 vaca OT Havayia
CHUHTE3a

No ITAB Konnentpamus [1AB, % (macc.) | Ayax, HM D

1. Kenarun 0,1 560 0,369
0,2 570 1,032
0,4 560 1,093

2. JJICH 0,1 590 0,407
0,2 570 0,851
0,4 - -

3. BI'AIT 0,1 590 1,408
0,2 570 1,388
0,4 580 1,645

OnTtuyeckue CHEKTphl TUAPO30JIEH HAHOYACTUI] MEIH, TOJYYECHHBIE B
npucyrctBud  bI'JIII, HE3aBUCHUMO OT €ro KOHUEHTPALHUH, XaAPAKTEPU3YIOTCA
JIOCTATOYHO MHTCHCUBHOU U Y3KOM MOJIOCOM TorionieHus (Tadi. 8).

Bua, WHTEHCHMBHOCTP W MOJIOKEHUE IMOBEPXHOCTHOIO IUIA3MEHHOTO
pEe30HaHCa OMpeessaoTes pazMepoM u dopmoirt HaHowyacTull. s chepuyeckux
HAaHOYacTull Meau ¢ pasmMepom 2-10 HM, TOJOXKEHHE MOBEPXHOCTHOTO
IJIa3MEHHOTO PE30HAHCAa COOTBETCTBYET 570 HM.
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3aBucumocTs TP ot koHuerpanuu [TAB nokaseiBaeT, 4To AJIsl TOTYy4YEHUS
TUJPO30JI€d HAHOYACTHUIl MEIM ONTHUMalbHOW KoHUeHTpanuen [IAB sBnsercs
0,2%. I'mapo3oau HaHOYACTHUIl MEJTH, TTOJTyUYEHHBIE MPU 3TOM KoHIeHTpaluu [1AB
XapaKTePU3YIOTCs OAMHAKOBBIM Toj10keHUEM [TITP (A= 570 HM).

Ha wmakcumym mnornomenuss u wuHTeHcuBHOCTH [IIIP  rupposzoseit
HAHOYACTHUII MEJIU TaK)Ke BIUsAET BpeMs (Tadi1.9).

Tabnuma 9 - 3aBucuMocTr MakcuMyMma (Ay.x) ¥ mHTeHCUBHOCTH (D) TIITP
TUAPO30JIEM HAHOYACTUL MEIW, IMOJNy4YeHHBIX B mnpucyrctBun [IAB ¢
koH1eHTpanuen 0,2% ot BpeMeHn

No ITAB Bpewms, vac Aiax,HM D
1. Kenatnu 3 560 0,599
24 570 1,032
72 560 1,049
2. JJCH 3 570 0,518
24 570 0,851
72 570 1,054
3. BI'AI1 3 580 0,842
24 570 1,388
12 580 1,525

[To yBenuuyeHHI0 ONTUYECKOUN IJIOTHOCTH THUAPO30JIEH HAHOYACTHUI] MEIU C
TEUESHHEM BPEMCHH MOXXHO IPEATOIOXKUTh O TOM, YTO CHHTE3 U (popMHpOBaHHUE
HaHo4yacTull Menu B npucytctBun [IAB He 3akaHuMBaeTcs 3a ONpPENCIICHHBIN
MIPOMEKYTOK BPEMEHU.

YCTOHYMBOCTH THAPO30J1€ii HAHOYACTHI] ME/IH.

Puc. 10. FI/IJ.IpOE}OJ'II/I HAHOYACTHII MEH, IOJYYEHHBIC B MPUCYTCTBUHU
JJCH (1,2), BI'AIT (3,4) u xenatuna (5,6) B amMuadnou cpenae yepe3 800 gacon
(35 cyTok) ot Hauana cunre3a. Konnentparus [TAB: 1,3,5 - 0,2%; 2,4,6 — 0,4%.

CuHTEe3UpOBaHHBIE B BOJHOW Cpelie HAHOYACTHUIILI MeEIU O0pa3yroT
THUAPO30JIH, OKPAIlICHHBIC B KPACHO-KOPUYHEBBIN 1IBET Pa3IMIHON MHTEHCUBHOCTH
B 3aBUCHMOCTH oT nmpuposl [IAB (puc. 10).
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Puc. 11. 3aBucUMOCTbh ONITHYECKOM MIIOTHOCTHU TUIPO30JI€H HAHOYACTHIL
MeJIH, TTOJTyYeHHBIX B IPUCYTCTBUH keaTrHa (a) [kornentparus 0,1% (3), 0,2%
(2) u 0,4% (1)] u JJACH (6) [konnuenTpamueii 0,1% (3), 0,2% (1) u 0,4% (2)], ot
BPCMCHH.

Ta6muma 10 - YcToiuuBOCTh TUAPO30JIEH HAHOYACTHUI] METU, TTOJTYUYEHHBIX
B npucytctBuu xenatuna, JJJICH u BI'JITT

Ne ITAB Konuenrpanus D Bpewms koary-
ITAB, % (macc.) JISILHM, Yac
1. Kenatun 0,1 0,376 250
0,2 0,881 -
0,4 0,941 -
2. JJICH 0,1 0,302 40
0,2 0,676 -
0,4 0,922 -
3. BI'AIT 0,1 0,963 -
0,2 0,882 2040
0,4 0,425 1728

[To xapakTepy U3MEHEHUS ONTUYECKON MIIOTHOCTU TUAPO30JI€ HAHOYACTHII
MeJY OT BPEMEHU MOXHO CYAUTh 00 X ycroitunBoctu (puc. 11, t1admn.10).

Heo06xo1umMo 0TMETUTD, YTO B COOTBETCTBYIOIIMX THAPO30JIIX HAHOYACTHI]
MEJIM, TOJYYEHHBIX B MPUCYTCTBHUM jKeJlaThHa ¢ KoHueHTpauueun 0,2% u 0,4%,
MOsIBJICHUE Ocajika He Habmomaercs gaxe yepes 2880 uacos. [Ipu koHUEHTpaIK
xemnaruna 0,1% wnabmromaercs mosiBneHue ocaaka uvepe3 250 wacoB (puc.ll,a;
Tab.10). XapakTep U3BMEHEHHs] ONTUYECKOM MJIOTHOCTU TUIPO30JIeH HAHOYACTHI]
Menu, noiiydyeHHbix B npucyrctBun JIJICH, 3aBucHT OT BpeMeHH, a TakXe OT
konuentpamuu AJICH (puc. 11, 6). Ilpu xonnentpanuu JIJICH 0,1% ontuueckas
IJIOTHOCTh THAPO30Jid YMeHbIaeTcsa u uepe3 40 4acoB B ruapo30Jie MOSIBIAETCS
ocaniok. B rungpo3onsx Hanowactun Meau ¢ cogaepxanuem JIJICH 0,2% u 0,4% nHe
HaOmogaeTcst oOpa3zoBanue ocaaka depe3 2880 dacos, T.e. HAHOYACTHUIIHI MEAH
arperaTuBHO ycToiuuBbl Oosnee 120 cyTtok (Ta6s.10). 3aBUCUMOCTH ONTHUYECKOM
IJIOTHOCTH TUAPO30JIENH HAaHOYACTHUI] MelH, coaepxkaiue B kauectse [IAB BI'II1,
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OT BpeMeHHU JocTatoyHo ciioxkHad. [Ipu konuentpauun bI'IIT 0,1% ontuueckas
IJIOTHOCTh THAPO30JM JOCTATOYHO BBICOKAs U HE MOSIBIISIETCS OCAJOK B TEUCHUE
HaOmomaemoro BpeMenu. [Ipu konmentparuu BIJIIT 0,2% ocanok mosiBiseTcs
yepe3 2040 gacoB. B ruaposonu Hanouactuny meau ¢ coaepskanrem bI'JIIT 0,4%
nociie 1728 yacoB HaUMHAET MOSABIIATHCS 3aMETHBIN ocaiok (Tabi.10).

Takum 00pa3om, Ha OCHOBE M3YUYEHHUS] ONTHUYECKUX CIIEKTPOB IMOTJIOMICHUS
TUAPO30JIe HAHOYACTUI] MEJId MOKHO CJI€JIaTh BBIBOJ O TOM, UTO arperaTuBHas U
CEeAMMEHTAMOHHAs YCTOMYMBOCTh THJPO30JI€d HAHOYACTUL[ MEIHU 3aBHUCIT OT
npuponsl n KoHueHTpaunu IIAB. [lnsg momydeHHs: JOCTATOYHO YCTOMYMBBIX

TUAPO30Jied HaHOYacTUll MeAu KoHieHTpauus [TAB B pacTBope nomkHa OBbITh
0,2-0,4%.

BbIBO/IbI

1.YcraHoBieHbl ~ 3aKOHOMEPHOCTH  BOCCTAaHOBJICHHSI  MOHOB  MEJIH
TUAPA3UHOM B 3aBUCMMOCTH OT MPHUPOJABI COJEH MEIH, MOBEPXHOCTHO-aKTUBHBIX
BEIIECTB M COCTABAa PEAKIMOHHOM cpeabl. B IIenodHou cpene u3 pacrtBopa
cynbdaTta MeIu NMPaKTUYECKH MOJTHOE BOCCTAHOBIEHHWE MOHOB MEIH MPOUCXOIUT
B npucytrcrBun xenatuHa, [TAK, [I93I' u BI'AII, B ammuauyHoii cpene - B
npucytctBun xenatuna, [IBIT, J1CH u bBI'I1.

2.MeTonoM  DNEKTPOHHOM  MHMKPOCKOIIMM  yCTaHOBJIEHO, 4YTO IIPH
BOCCTAHOBJICHUM HOHOB MEAW OOpa3yIOTCsS HAHOJUCIEPCHBIE YACTHUIIBI MEIU C
pa3mepamu MeHee 10 HM, KOTOpble 00pa3yroT arperathbl cepuyeckoi Gopmel ¢
pPa3IMUHBIMUA pa3MepaMy B 3aBUCHUMOCTH OT MPHUPOJIbI OBEPXHOCTHO-aKTUBHBIX
BEILIECTB.

3.XumMuueckass W KaTaJUTUYECKass AKTUBHOCTh HAHOMOPOUIKOB MEAU
3aBUCAT OT YCIOBUM UX cuHHTe3a. [lOBEpXHOCTHO-aKTUBHBIE BEIIECTBA Ha
MOBEPXHOCTH HAHOYACTUIl OOpPa3yOT 3alllUTHBIA CJIOW, BIUAIOIMIMK Ha WUX
CBONCTBA.

4.TlokazaHo, YTO HAHOMOPOIIKK MEAW O00JaTaloT aHTHOAKTEPUATBHOU
AKTUBHOCTHIO B OTHOIICHWH BO30yIUTENsS OakTepHaapbHOro oskora Erwinia
amylovora, a 30Ha TOJaBIIEHUS POCTa BO3OYIUTENST 3aBUCHT OT KOHIICHTPAIUH
HAHOYACTHUIl MEJIU U YCIIOBUM X CUHTE3a.

5.M3yueHa OKHUCIHUTENbHO-BOCCTAHOBHUTENIbHASI CHUCTEMA, COCTOSIIAs U3
MOHOB MEIM WM THUJpa3uHa, C MPUMEHEHHUEM METOJa MOTCHIMOMETPUYECKOTrO
TUTPOBaHUS M  YCTAHOBJIIEHO, YTO THUAPAa3uH  sABIsSeTcs  AP(HEKTUBHBIM
BOCCTAHOBUTEJIEM MOHOB MEJIM B AMMHUAYHOM U IIEJIOYHOM Cpee.

6. MeTo10M XMMHUYECKOTO BOCCTAHOBJICHUS MOJTYUYEHbl yCTOWYUBLIE (OoJee
100 cyTOK) rujipo30JM HAHOYACTHUI[ MEAW B MpuUcyTCcTBUU >kenatuHa, JJICH u
BI'I1 ¢ konuentparuei 0,2-0,4%.

Cnucok ony0JJUKOBAHHBIX PadoT:

1. Oposmaroa, I'.T. HM3yueHwe MeTONOM MOTEHIHOMETPUUECKOTO
TUTPOBAHUs YCJIOBHM BOCCTAaHOBJIICHUSI HAHOPAa3MEPHOM MEAUW U3 PACTBOPOB

18



runpasuaoM [Tekcr] / T.T. Opo3marosa, A.C. CareiBamaues, [.H. OcMoHkaHOBa
[ U3Bectuss HAH KP. - bumkek, 2011. - Ne3. — C. 21-24.

2. Opo3martoBa, I'.T. l3yueHue BO3MOKHOCTHU MOTYyYECHHUSI HAHOPA3MEPHOM
MeId METOJ0M XuMudeckoro BoccraHosienus [Tekcr] / I'.'T. Opo3marosa, A.C.
CarpiBanaueB // Hayka u HoBbIe TexHONIOTHH. — buiikek, 2012. - No7. — C. 82-84.

3. Opo3maroBa, I'.T. 3yueHue kaTtaTuTUYECKUX CBOWCTB HAHOPA3MEPHOU
MeIH, TOJYyYEeHHOW METOJoM XuMmuueckoro BoccraHoBiienuss [Tekcr] / T.T.
OposmaroBa, A.C. CarbiBannues // U3Bectus By3os. - bumikek, 2012. - Ne6. — C.
104-106.

4. baarsipkyaoBa, K.A. [IlomydyeHue  ycTOMYMBOW  CyCHEH3UU
HanopasMmepHor meam [Tekct] / [K. A. baateipkysnosa, I'.'T. Opo3matoBa, A.C.
CateiBanaueB u ap.] // U3Bectus By3os. — bumikek, 2013. - Ne3. — C. 95-97.

5. Opo3marosa, I'.T. BzaumopeiicTBue HAaHOTIOPOIIKOB MEIH C PACTBOPOM
ammuaka [Tekcr] / I'.T. Opo3matosa // U3Bectust By3os. — burikek, 2013. - Ne4, —
C. 106-108.

6. Opo3smaroBa, I'.T. W3yueHue pacTBOPOB HAHOpPA3MEPHON MeIU
METOZOM 3JIeKTpoHHOM cnekTpockonuu [Tekcr] / I'.T. OposmartoBa, A.C.
CateBangues// Becrauk KHY unm. JK. bamacarsina. — bumkek, 2014. - Beimn.3. —
C. 94-98.

7. OposmaroBa, I'.T. O jgucnepcHOCTH HaHOpPa3MEpPHOW Me.H,
CUHTE3UPOBAHHOM METOJOM XMMHYECKOIO BOCCTAHOBJIEHUS B mpucyTcTBuu [TAK
[Texct] / I'.T. Opo3matoBa // U3Bectust By3oB. — bumkek, 2014. - Ne5. — C. 68-
70.

8. Opo3matroBa, I'.T. Bnusinue npupo/ibl cTabMIM3aTOpa HA AUCTIEPCHOCTh
HAHOTIOPOIIIKOB MeIu, CUHTE3UPOBAHHBIX METO/IOM XUMHUYECKOTO
BoccranoBieHus [Tekcr] / [I.T. Opo3marora, E.B. Beicorkas, Dmun OMyp3ak u
np.] // Hayka u HoBble TexHosoruu. — bumkek, 2014. - Ne4, — C. 154-156.

9. Opo3maroBa, I'.'T. ®a30Bblii CcOCTaB W JUCIEPCHOCTH MPOTYKTOB
BoccTaHOBJICHHUsT Meau ruapasuHoM [Texcr] / TI.T. Oposmaroma, A.C.
CarsBasiueB // U3pectus HAH PK, cep. xumum u TexHosoruu. — Anmarel, 2015.
- Ne3. - C. 155-158.

10. OposmaroBa, I'.T. 3aBucumocts (a3oBoro cocraBa NPOAYKTOB
BOCCTaHOBJICHHS MeI1 OT npupo bl annona [Tekcr] / I'.T.Opo3marosa // BectHuk
OmI'Y. — Om, 2015. - Ne4. - Bem. V.-C. 80-84.

11. Opo3maroBa, I'.T. BausHue npupoabl MNOBEPXHOCTHO-aKTUBHOTO
BeniecTBa (ITAB) Ha (a3oBbIif cOCTaB MPOAYKTOB BOCCTAHOBJICHUS MOHOB MEIU
[Tekcr] / TI'.T.Opo3maroBa // Hayka, HOBBIC TEXHOJOTMH W HWHHOBAIMH
Koipreizcrana. — bunikek, 2015. - Ne4. — C. 116-118.

12. OposmaroBa, I'.T. CunHTe3 HaHOYaCTUI[ MEAM B NPUCYTCTBUH
nonemicynbdara Hatpus [Texcr] / I'.'T.Opo3martoBa, A.C.CaTbiBaigueB, DMHMI
O. //Hayka, Texauka u oopazoBanue. - 2016. - Ne3 (21). —C. 67-70.

13. Opo3maroBa, I'.T. IlomydyeHne yCTOWYUBBIX PAacCTBOPOB HAHOYACTHII
Mead B mpucyTcTBUM jgoaeumicynbdara Hatpus [Texcr] / I'.T.OposmatoBa,

19



A.C.CarpiBanmueB, [ .K.Hacupauuoa // IIpoGneMbl COBpeMEHHOW HAyKH H
oOpazoBanus. - 2016. - Ne6 (48). — C. 28-32.

14. Opo3maroBa, I'.T. BiausiHue moBEepXHOCTHO - aKTUBHBIX BEIIECTB Ha
yCTOMUUBOCTh rujapo3osied HaHouactuir meaud [Tekcr] / TI.T.Oposmatosa,
A.C.CarpBaniiueB, Typar6ek k. H. // Hayka, HOBble TEXHOJIOTMM W WHHOBAIIUU
Keipreicrana, 2017, Ne 2. - C. 34-35.

15. Opo3smaroBa, I'.'T. Xumuueckass aKTMBHOCTh HAHOIIOPOIIKOB MEJIH,
CHUHTE3UPOBAHHBIX METOJOM XHMHUecKoro BoccraHoBienus [Texcr] / TI.T.
Opo3maroBa, A.C. CarsiBaniaueB, b.C. Myp3akyinosa, P.T. baiimaToBa //BecTHuk
Oml'Y, 2017, Bem.6. — C. 41-44,

16. Satyvaldiev, A.S. Copper Nanoparticles: Synthesis and Biological
Activity [Texcr] / A.S. Satyvaldiev, Z.K. Zhasnakunov, E. Omurzak, T.D.
Doolotkeldieva, S.T. Bobusheva, G.T. Orozmatova, Z.Kelgenbaeva //IOP Conf.
Series: Materials Science and Engineering, 2017, 302. — P. 1-7

20



Oposmarosa I'yiiHyp ThHIHYBLIBIKOBHAHBIH
«XHMHAIBIK KAJIBIOBbIHA KeJITHPYY BIKMAChI MEHEeH JKe3AUH
HAHO0OJIYKY6JIOPYH cuHTe3100» aereH temaaarbl 02.00.01 —opranukasbik
IMeC XHMMHUS AAUCTHUIH OOWHYA XMMHUA WJIMMIACPHMHMH KaHAUIATHI
OKYMYIITYYJIYK JaPa’kacblHA CYHYII KbIJIBIHIAH AUCCEPTANMACHIHbIH
KOPYTYHAYCY

Hermsrm ce3mep: JXe3nuH HAHOKYKYMIOPY, CHHTE3/100, XUMHSUIIBIK
KaJIBIObIHA KEITUPYY, KaablObIHA KEATUPIUY, THAPa3uH, OCTTUK aKTUBAYY 3aTTap,
KE3MH HaHoOenyKuesepy, Gaszanblk Kypam, AUCHEPCTYYJIYTY, XUMUSIIBIK
aKTUBIAYYJYK, KAaTaJIUTUKAIBIK AaKTUBAYYJIYK, OWOJOTHSIBIK aKTUBAYYJIYK,
KE3TMH HAaHOOOTYKUYO6JIOpYHYH TUAPO30TY, ONTHUKAIBIK CIEKTP, TYPYKTYYIYK.

N3unpeenyH 00beKTHCH: Keznun HaHOKYKYMAOpPY KaHa
HAaHOOOTYKYOJIOpPYHYH THAPO30ITY.

NmTun makcarbl: beTTUK akTUBAYY 3aTTApIblH KaThIIYYCYHIA XKe3
woHmopyH (II) THapa3swH MeHeH KajblObIHA KEITHPYY MEHEH IKE3JUH
HAaHOOOJYKYeJepYyH JKaHa ajapJblH THAPO30JIJIOPYH CHHTE306  3aKOH
YEHEMAYYJIYKTOPYH aHBIKTOO KaHa >K€3IMH CUHTE3/IEJIreH HAaHOKYKYMIOpPYHYH
KACUETTEPUH U3UIII00.

N3uanee bikmagapbl: Pentren  (aszanblk  aHanmu3, AJIEKTPOHIYK
MHUKPOCKONUS, PEHTIEH CHEKTpalAblK MuKpoaHanu3, WK-cnekrpockonus,
ONTUKAJIBIK CIIEKTPOCKOIIHS.

Nanmuii skadabikrap: RINT-2500 HV  audpakrtomerpu, 3HEPTHsUIBIK
JTUCTIEPCHUSUIBIK PEHTIeHANK MUKpoaHanu3aeedy cucremacsl menen JOEL JSM-
7600F ckanupneeuy HIeKTpOoHAYK MuKpockody, JEOL-2000 FX xepyHyyuy
autekTpoHayk  MukpockoOy,  Nikolet-IR-1200 HK-cmekrpomerpu, CD-46
cnektpodoromerpu, IB-74 pH-meTpu.

N3nia106HYH KBIMBIHTBIKTApPBI: JK€3 HMOHOOPYHYH MeETajuira 4YevuH
KaJIbIObIHA KEJITUPYY 3aKOH YEHEMAYYIYKTOpY aHbIKTanabl. JKe3nIuH HOHIopy
TUIpa3MH MEHEH KalblObIHA KENreHJE, ea4eMIepy ap TYPAYY arperarrap.ibl
naijga Keuirad, emuemzaepy 10 HM TemMeH OOJrOH Xe€3[WH HAHOAUCHEPCTYY
Oenykdenepy mnaiga Oonor. Ke3aMH HAHOKYKYMII®OPYHYH XUMUSJIBIK >KaHa
KATAINTUKAJIBIK aKTUBIYYJIYTY aJlapJbl CHHTE3/166 LIAPTHIHAH KO3 KapaH]IbUIbITbI
KopcoTyireH. JKe3MH HAaHOKYKYMIIOPY aHTHUOAKTEpUAIbIK aKTUBAYYJKKO 33.
KonneHTpauscel 0,2-0,4% 0oJIro” JKEJIaTUHINH, HaTpUIIUH
TONeUUICYIb(QAThIHBIH ~ JKaHa  TEeKCAACIWINMUPUIUHUUINH  OpOMUIMHUH
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TUAPO30JIM HAHOYACTHUI] MEAU, ONTUYECKUN CIIEKTP, YCTOMYUBOCTD.

OO0beKT nccjie0BaAaHUA: HAHOIIOPOUIKY Y THAPO30JIM HAHOYACTHIL] MEJIH.

Leas paGoThl: yCTaHOBJIEHHE 3aKOHOMEPHOCTEH CHHTE3a HaHOYACTHIL
MEIM U MX TUAPO30Jiei mpu BocctaHoBiieHMM MOHOB Menu (I1) rumpaswHOM B
NPUCYTCTBUM  TOBEPXHOCTHO-aKTMBHBIX BEIIECTB U  M3yUYEHHUE CBOWCTB
CUHTE3UPOBAHHBIX HAHOIIOPOLIKOB ME/IH.

Metoabl Hccae0BaHMA. PEHTTEHO(A30BBIA  aHAINU3, AJIEKTPOHHAS
MHUKPOCKONUS, PEHTIE€HOCIEKTPaIbHbI MHKpoaHam3, HMK-cnekrpockonus,
ONTHYECKAsi CHEKTPOCKOMHUSI.
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anekTpoHHbI Mukpockon JOEL JSM-7600F ¢ cuctemoii SHEpTOANCIIEPCHOHHOTO
PEHTI€HOBCKOTO MUKpOaHaIN3aTopa, MPOCBEUMBAIOLIUMN  BJIEKTPOHHBIN
MHUKPOCKOIT JEOL-2000 FX, HK-cniekTpomeTp Nikolet-1R-1200,
criektpodoromerp CD-46, pH-metp OB-74.

Ilonyyennble  pe3yabTaTbl M MX  HOBHM3HA:  YCTaHOBJICHBI
3aKOHOMEPHOCTH  BOCCTAHOBIIGHHS ~HMOHOB  Meau g0  Meramwia. [lpu
BOCCTAHOBJIEHMM HMOHOB MEIU THApPa3uHOM OOpa3yroTCcsi HaHOJIUCIEPCHBIE
JacTULbl MeAu ¢ pa3Mepamu MeHee 10 HM, KOTOpble 00pa3yloT arperartbl C
paznuuHbiMH  pasmepamu. [lokazaHo, YTO XuUMHYECKass M KaTalUTHYECKas
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koHueHTparuei 0,2-0,4%.
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SUMMARY
for the dissertation of Orozmatova Gulnur Tynchylykovna on "Synthesis of
copper nanoparticles by chemical reduction™, presented for the degree of
candidate of chemical sciences, specialty 02.00.01 - inorganic chemistry

Keywords: copper nanopowders, synthesis, chemical reduction, reducing
agent, hydrazine, surfactants, copper nanoparticles, phase composition,
dispersibility, chemical activity, catalytic activity, biological activity, copper
nanoparticles hydrosols, optical spectrum stability.

Object of research: nanopowders and copper nanoparticles hydrosols.

The purpose of the work: identification of copper nanoparticle synthesis
patterns and their hydrosols during the process of reduction of copper ions (1)
with hydrazine in the presence of a surfactant and study the properties of the
synthesized copper nanopowders.

Research methods: x-ray diffraction analysis, electron microscopy,
electron microprobe analysis, infrared spectroscopy, optical spectroscopy.

Scientific equipment: diffractometer RINT-2500 HV, scanning electron
microscope JOEL JSM-7600F with a system of energy dispersive X-ray
microanalyzer and transmission electron microscope JEOL-2000 FX, IR
spectrometer Nikolet-1R-1200 spectrophotometer SF-46, pH meter EV-74.

The results obtained and their novelty: There were identified the patterns
for copper ions reduction to metal. When reducing copper ions with hydrazine it is
formed nanodispersed copper particleswith dimensions less than 10 nm which
form aggregates of different sizes. It was shown that the chemical and catalytic
activity of copper nanopowders depends on the conditionsof their synthesis.
Copper nanopowders have antibacterial activity. We obtain stable hydrosols of
over 100 days of copper nanoparticlesin the presence gelatin, sodium dodecyl
sulfate and hexadecylpyridinium bromide with a concentration of 0.2-0.4%.

Sphere of application: chemical industry, medicine and agriculture.
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