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PE®EPAT

Jlunimomuast pabota coneput 58 c., 26 puc., 6 Tadia., 62 IUTEPATYPHBIX UCTOY-
HUKA.

O0beKTBI HCCIEI0BAHMS. HAHOYACTHUI[HI METAJUIOB MOATPYIIBI MeAu (MEb,
cepeOpo) U uX KOMIO3UTHI ¢ (pochaTtaMu KaJlbLIUs.

Heanb padoTbl — cuHTE3 HaHOYACTUL MeTauioB 11 rpynmel (Menp, cepedpo) u
MoJIy4eHHe KanbUuipochaTHbIX KOMIIO3UTOB HA KX OCHOBE; MOAU(ULIUPOBAHUE BOJIO-
KOHHBIX IIEJUTIONIO3HBIX HOCHUTENICH TMOJIYYeHHBIMH HAHOYACTHUI[AMU METAJUIOB U UX
KOMITO3UTaMu ¢ pocdaTtaMu KaabIusl.

MeToabl uccjieq0BaHUA: CHEKTPOPOTOMETPHUS, PEHTreHO(]a30BbIM aHaNM3,
muddepeHnmanbubiil TepMudeckuil ananus3, UK-cnektpockonusi, CKaHUpYyrOIIas dJIeK-
TPOHHAST MUKPOCKOITHSI.

BoccranoBnenueM HutpaTta cepedpa OOpruipua0M HaATpUsl B HEUTPaIbHOM BOJI-
HOM cpeJie MoJTyueHbl YCTONYMBBIC KOJUTOUIHBIC PacTBOPHI cepedpa ¢ 13,527 mr/n Ha-
HOYACTHUI[ MeTajljla. BOpruApuIHEIM METOJIOM C HCIIOJIb30BAHUEM DPACTBOPOB COJEH
menu (cynbdara 110 XJIopuaa), CTaOMIN3aToOPoB (MOJIMATHIICHTIIUKOJIS, TOJTUBUHUII-
MUPPOTUI0HA, TOJTMBUHUIOBOTO CIIUPTA, Kpaxmasa, HAaTPUEeBOM COJIM KapOOKCUMETHJI-
IIEJUTION03bI) U acKOpOMHOBYIO KuciotTy npu PH 10-12 nomydeHbl KOJIJIOUIHBIE pac-
tBOphI Meau ¢ 0,1-0,2 r/n HaHOYACTHUIT MeTalLIa.

BzaumoneiictBuem xmopuaa Kaubliusl ¥ THApodocdhaTta aMMOHHUS B BOIHOM
cpene ipu pH 10-11 cunre3upoBan AByx(ha3Hblil pocdart Kanpiuys, comepKaiiuii Tui-
pOKCHANaTUT U TpuKaimbluiidochar B amophru3upoBaHHOU dhopme.

MexaHH4eCcKUM CMEIIMBAaHUEM KOJUIOMIHBIX PACTBOPOB MeIU M aMOphHOTO
docdara kanpius mpu MoJibHOM cooTHomeHur Cu:Ca 1:8 monydeH KOMIO3UT Ha UX
ocHOBe, B coctaB KoToporo Bxoaat Caig(PO4)s(OH)2 u pocdarer meau Cu(OH)PO4 u
Ca19CuzH2(PO4)14. Coocaxmennem (hochaToB Kalblus MPH MOJIBHOM COOTHOIICHHH
Ca/P 1,67 u HaHOYACTHUI[ METAUIOB IOATPYIIIBI MEIH B 3aBUCUMOCTH OT MOJIBHOI'O CO-

otnomenust Ca:Cu (im6o Ca:Ag) u BenmuauHbl PH MOIYyYeHBI KOMITO3HTHI, COIEpIKa-
mwe Kucibie pocdatel Kanpius (pu PH 6) mubo amopdu3upoBaHHBIN THAPOKCHAITA-
tat (pH 10-11).

NMMepcuoHHBIM METOAOM W3 KOJUIOMIHBIX PACTBOPOB METAJIIOB MOJTPYIIIHI
MeJU ¥ UX KOMITIO3UTOB ¢ (pocharamur KambIus MOIy4eHBl MOAUPUITIPOBAHHBIEC BOJIO-
KOHHBIE TICJUTIONIO3HBIC MATEPHUAIIbl, XapaKTePU3YIOINECS U3MEHEHUEM YIOPSI0YCH-
HOCTH CTPYKTYPHI IEIITION03bI K TUTPOCKOMUYHOCTH MaTtepuanoB. [lonmydeHHbie MaTe-
pHUabl IEPCTICKTUBHEI /IS UCTIOJIH30BAHUS B KAU€CTBE KAPTPUHKEH JIJIsi TPOTUBOMUK-
POOHOM 3aITUTHI.

KiroueBbie ¢cJ10Ba: HAHOYACTHUITHI MEIH, HAHOYACTHUITHI cepedpa, hochaThl Kaib-

oy, THAPOKCHUAIIATHUT, OCJIIK0JI03a.



PODEPAT

JIpiruioMHas npaiia 3msirgae 58 c., 26 mMai., 6 Tabi., 62 mTapaTypHbIS KPHIHIIBI.

AO0'eKkTBbI JacjiefaBaHHS: HaHAyacCIilbl MeTajgay Mmaarpynbsl Measi (Men3b,
cpabpa) 11X KaMmasiTel 3 pacharaMi KaJlbLbIs.

MbsTa padoTsl — ciHT33 HaHavacwil Metanay 11 rpymnsl (Men3s, cpa0pa) 1 aTpbl-
MaHHEe Kaiblibli(hachaTHBIX KaMIa3iTay Ha i1X acHOBE; MajblpikaBaHHE BaJTaKOHHBIX
LJIIOJIO3HBIX HOCHOITAY aTphIMaHbIMi HAHAYACIIIAM1 MeTajay 1 1X KaMmmnasitami 3 ac-
daTami KaabIbIs.

Metaapl gacjiefaBaHHs: CrieKTpadaTOMETPhIs , pIHTreHada3aBbl aHATI3, JIbI-
bepaHIBIUIBHE TOpMIUHBL aHami3, |Y-cmekTpackaris, ckaHaBaJbHasi AJIEKTPOHHAs
MIKpacKarnis.

AnHayneHHeM HiTpaTy cpr0pa OapriipbliaMm HaTPHIIO ¥ HEHTPATbHBIM BOJHBIM
acsipoJiI31 aTpbIMaHbl YCTOWJIIBBIS KOJUIOIIHBIS PacTBOphl cprdpa 3 13,5-27 wmr/n
HaHayacCIil] MeTalny. boprupuaHeIM MeTajaM 3 BBIKAPBICTAHHEM pacTBOpay COJISTY
mensi  (cymbary abo  xjapeiy),  crabumizatapay  (MOJIITHUICHTIIKOIIO,
HOJIBIHUIMIPAIiIOHy, TOJIBiHIIaBara CHoipTy, KpyXMaiy, HaTpbleBaii CoOJi  Kap-
OOKCIMEIIIPITI003bI ) 1 ackapOiHaByto KicnaTy npbl PH 10—12 aTpriMaHbl KOJUTO1THBIS
pactBopsl Mea3i 3 0,1-0,2 r/n HaHaYacIil MeTay.

VY3aemaa3essHHeM XJIapbIAy KaJbIbId 1 TiapadacdaTy aMoHII0 ¥ BOJHBIM acsapo-
131 ipel PH 10—11 cinTa3aBans! AByxda3Hbl pacdart Kaublpld, SKi 3MSIIYae THIAPOKCH-

anaTtuT 1 Tpukanbiuidacdar y amapdizaBanaii popme.

MexaHi4HBIM 3MEIIBaHHEM KOJUIOIHBIX pacTBopay Mea3i 1 amopdHara ¢acdara
KaJIbIIBIIO MPBI MOJIBHBIX cyagHocinax Cu:Ca 1:8 aTpbpIMaHbl KaMIIa3iT Ha IX aCHOBE, Y
ckiaax skora YyBaxomsaib Caijo(POs)s(OH), 1 dacharer mensi Cux(OH)PO, i
Cai9CuzH2(PO4)14 . Cyacamksune ¢acharay Kaiablblsd MPbI MOJBHBIX CYaJIHOCIHAX
Ca/P 1,67 i maHavacIiiy MeTanay maarpynsl Mea3i ¥ 3ale)KHAcCIi aJ MOJBHBIX Cyal-
HociH Ca:Cu (a6o Ca:AgQ) i BemiubiHi PH aTphiMaHBl KaMmasziThl, KIS 3MSAITYAIOLb
Kicieis acdaTsl Kablisist (pel PH 6) abo amapdizaBansl rigpokcianateit (pH 10-11).

IMmepciitHpIM MeTaiaM 3 KOJUIOIIHBIX PACTBOpAY MeTajay maarpyrbl Measi i iX
Kammasitay 3 gacdaraMi KaJabIblsl aTPEIMaHbl Ma bl iKaBaHbIS BAIAKOHHBIS IIITIOJI03-
HBISI MATAPBISUIBL, SIKiS XapaKTaphI3YIOIIa 3MEHal yIapaJaKaBaHACIll CTPYKTYPHI IIDITI0-
JI03BI 1 TIrpacKamiyHacIli MaTIphisIay. ATPBIMAHBIS MATAPBISIIBI TEPCTICKTHIYHBIS IS
BBIKAPBICTAHHS ¥ SKACIIl KAapTPhDKAY I CynparbMikKpoOHail abapoHBbI.

KiarouaBbis cJIOBBI: HaHAYaCIIIBI MEA31, HAHAYACIIIIEI cpa0Opa, (pacdaTsl KaabIlbid,
THIPOKCIANATHIT, IDJII0J1034.



ESSAY

The diploma work contains 58 pages, 26 figures, 6 tables, 62 references.

Research objects: nanoparticles of copper subgroup metals (copper, silver) and
their composites with calcium phosphates.

The purpose of the work is the synthesis of nanoparticles of metals of the 11th
group (copper, silver) and the preparation of calcium phosphate composites based on
them; modification of fiber cellulose carriers with obtained metal nanoparticles and
their composites with calcium phosphates.

Research methods: spectrophotometry , X-ray phase analysis, differential ther-
mal analysis, IR spectroscopy, scanning electron microscopy.

The reduction of silver nitrate with sodium borohydride in a neutral aqueous me-
dium yielded stable colloidal solutions of silver with 13.5-27 mg/l of metal nanoparti-
cles. By the boron hydride method using solutions of copper salts (sulfate or chloride),
stabilizers (polyethylene glycol, polyvinylpyrrolidone, polyvinyl alcohol, starch, so-
dium carboxymethylcellulose) and ascorbic acid at pH 10-12, colloidal solutions of
copper with 0.1-0.2 g/l metal nanoparticles.

By reacting calcium chloride and ammonium hydrogen phosphate in an aqueous
medium at pH 10-11, a two-phase calcium phosphate containing hydroxyapatite and

tricalcium phosphate in amorphous form was synthesized.

Mechanical mixing of colloidal solutions of copper and amorphous calcium
phosphate at a Cu:Ca molar ratio of 1:8 was used to obtain a composite based on
Cai10(PO4)s(OH), and copper phosphates Cuz(OH)PO4 and Cai9CuzH2(PO4)14. Co-pre-
cipitation of calcium phosphates at a Ca/P molar ratio of 1.67 and nanoparticles of met-
als of the copper subgroup, depending on the Ca:Cu (or Ca:Ag) molar ratio and pH ,
was used to obtain composites containing acidic calcium phosphates (at pH 6) or amor-
phized hydroxyapatite (pH 10-11).

Using the immersion method, from colloidal solutions of metals of the copper
subgroup and their composites with calcium phosphates, modified fiber cellulose ma-
terials are obtained, characterized by a change in the orderliness of the cellulose struc-
ture and the hygroscopicity of materials. The obtained materials are promising for use
as cartridges for antimicrobial protection.

Keywords: copper nanoparticles, silver nanoparticles, calcium phosphates, hydroxy-

apatite, cellulose.



