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KopucHa Mogenb Hanexmtb OO0 HaHO- i BGIOTEXHONOorin 3 OoAepXXaHHSM HaHOCTPYKTYPOBAHOro
cpibna (HaHouyacTuHOK cpibna) i moxe OyTuM BuKOpuCTaHa ANs BUMPOBHMLUTBA HOBMX BionoriyHo
aKTMBHUX NpenapariB i kKaTanisaTopiB XiMiYHOro CUHTE3Y.

Binomnii cnocib ogepxaHHs HaHOYACTUHOK Cpibna, sIKMi BKNOYae BiOHOBMNEHHS iOHIB cpibna 3
BOOHOrO poO34MHy HiTpaty cpibna, Ae noniBiHINMiponigoH BWKOPUCTOBYOTL K cTabinizatop
HaHOYaCTMHOK, a SIK BIQHOBHWK - HaTpito TeTpaboporigpug [Silver nanoparticles synthesis with different
concentrations of polyvinylpyrrolidone / D. Malina, A. Sobczak-Kupiec, Z. Wzorek, Z. Kowalski //
Digest Journal of Nanomaterials and Bio structures. -2012. - Vol. 7. - No. 4. - P. 1527-1534].

Ane gaHui cnocib 34iACHIOTbL 3a BENMKOI BUTPATX NPEKYpPCopy (apreHTyMyi HiTpaTty), TpuBanoro
nepeMillyBaHHS peakLiiHOro cepefoBuila MarHiTHOK Miwankow (ynpogoBx 1rof). [ns oTpuMaHHS
cTabinisoBaHNX MOHOOMCMEPCHMX HaHOYACTUHOK cpibna y cnocobi 3acTocoBylTb GaratoctaginHy
TEXHOSOrito, BigNOBIAHO A0 AKOI roTylOTb ABa PO34MHU, @ FOTOBY peakuiiHy CyMill nepeMillyioTb npu
KiMHaTHIN  TemnepaTtypi BnpogoBXx 15 xB. Hapgani HaHoyacTMHOKM cpibna BigginswTb
ueHTpudpyrysaHHam (13000 06/xB Bnpogosx 20 xB) Big po34MHYy i NOBTOPHO po3noaingaoTb y Bogi. ia
Yac KOHTaKTyBaHHSA HaTpilo TeTpaboporiapvay i3 NoBITPSAM 3pOCTaE MMOBIPHICTb MOr0 OKUCHEHHS 3
YTBOPEHHSIM HaTpito MeTabopaTy - KOMMOHeHTy repbiunais. baratoctaginHicTb i JOBroTpuBanicTb
CUHTE3Y 3yMOBIOE 36inbLUEHHs COBIBapTOCTi N YCKNaAHIOE TEXHOMOrI0 O4epKaHHA cTabinisoBaHmnx
HaHOYaCTMHOK cpibna. Kpim uboro, Takmi cnocid He pgae 3mory oTpumaTtu cTabinbHi okpemi
HaHOYaCTMHKM cpibna, a nuwe ix arnomepaTtn y PO34YMHHI, WO MiATBEPAXYE HeCTabiMnbHICTb TakMx
PO34MHIB Y Yaci.

B ocHOBY KOpMCHOI Mopgeni nocTaBrieHa 3adada CTBOPUTM HOBMIK CMOCIO  ogepaHHs
HaHOCTPYKTypOoBaHOro cpibna, skun ©6m 3a paxyHOK MNOEQHAHHA  yNbTpasByKOBOrO Ta
erneKkTpomarHiTHoro nons, 3abesneynB BWCOKi LUBWOKOCTI OfepXaHHSA cTabinisoBaHWX HaAHOCTPYKTYP
cpibna, gaB 3Mory ogepxaTu HAHOCTPYKTYpW cpibna MeHLWNX po3mipiB L NiABULIUTY iX CTaBINbHICTD i
3a paxyHOK LibOro nokpamMTi Koro (pyHKLioHanbHi BMacTUBOCTI Ta AOCATHYTM BUCOKOI iHTEHCUikaLil
Ta iHiLiloBaHHSA XiMIYHUX NEPEeTBOPEHb.

MoctaBneHa 3agadva BMPIWYETbCA TUM, WO 3a CNOCOOOM OOEpPXKaHHA HAHOCTPYKTYPOBAHOMO
cpibna, 3a SKMM BMKOHYIOTb CUMHTE3 HAHO4YaCTMHOK cpibna 3 BUKOpUCTaHHAM cTabinisatopa
nonisininniponigoHy, 3rigHO 3 KOPWCHOK MOAENo, CUMHTE3 HaHOYaCTMHOK cpibna 34iNCHIonTb
€NeKTpOoni3oM B yNbTpa3BYKOBOMY MOSi Nig Ji€t0 €NeKTPOMarHiTHOro BUNPOMiHIOBAHHS.

MepeBaru 3aiNCHEHHA CMHTE3Y HAaHOCTPYKTYPOBaHOro Cpibria eneKkTponisom B yNbTpa3ByKOBOMY
noni nig Aieto enekTpoMarHiTHOro BUMPOMIHIOBAHHSA nonsrawTb y TakoMy. Cnocid opep)xaHHs
HaHOCTPYKTYpOBaHOro cpibna 3gificHioBanu enekTponiaoM B YNbTpa3ByKOBOMY MOSi, BHACMigoK
iHTEHCMBHOIO CNIIECKYBaHHS KaBiTauinHNX 6ynbOallok, WO CynpoBOMKYETLCA YTBOPEHHSAM JTOKabHMX
30H i3 HaA3BUYANHO BUCOKMMMK TemnepaTypamu Ta TUCcKamu, BigOyBalTbCsl MPOLECH COHOMI3y BOAM
(1) Ta gecTpykuii NnoBepXHEBO-aKTUBHOT PEYOBUHU (2) 3 YTBOPEHHAM BiflbHUX pagukanis:

H20—))) *H, *OH, HO>*, (1)

R-H—))R*+H". (2)

Pagukanu, 3okpema H* (3) Ta R* (4), GepyTb yyacTb y BiAHOBMEHHi ioHiB Ag* oo aTtomiB Ag° 3
nodanbwum ¢opMyBaHHAM HaHOKMNAacTepiB i HaHo4acTMHOK cpibna (5), ki crabinisytoTbes
MoneKyrnamu noniBiHiNMiponigoHy:

H*+Ag*—H*+AgP (3)

PVP*+Ag*—PVP'+Ag°+H*, (4)

nAg°—Agn, (HaHOKNacTepu—HaHo4YacTuHkN). (5)

KymMynaTuBHi - MIKDOCTPYMMHKM, $Ki  BMHMKAKOTb Ha 3aBepllanbHil  cTagii  CnneckyBaHHSA
KaBiTauinHux Bynbballok, 3anobiratoTe Nacueauii CpibHUX aHOAIB, CMPUSAOYN aKTUBHOMY OHOBIIEHHIO
X NOBEPXHi Ta eNeKTPOXiMiYHOMY PO3YMHEHHIO cpibna. B ynbTpa3BykoBoMy noni nig Aieto akyCTUYHOI
KaBiTauii iHTeHCMiKytoTbCA ANdY3iliHI npouecy, peani3yeTbCs pPiBHOMIpHE "M'sake" nepemiwyBaHHSA
peakuinHoro cepepoBuwia. [ucnepryBanbHui eqeKT ynbTpa3BYKOBOI KaBiTauii 3abesneuvye
OTPVMMaHHS HaHOCTPYKTYpPOBaHOro cpidbna 3 By3bkMM [iana3oHOM BapitloBaHHS poO3MipiB -
MOHOAMCMNEPCHMUX HaHOCTPYKTYp. KOMMMEKCHWIA BNNUB YNbTPa3BYyKOBOro Monsd Aae 3Mory CyTTEBO
NigBULLNTY LWBUOKOCTI OAEPXKaHHS HAHOCTPYKTYpOBaHOro cpibna (Tpueanictb cuHTesy -5...15 xB), He
notpebye BWKOHAHHA [O04ATKOBUX TEXHOMOMYHMX onepauii  (Hanpuknag, nepemiwyBaHHs),
BUKOPUCTaHHA MPeKypcopiB Ta opraHiyHMX PO3UYNHHUKIB.

Ak pKepeno enekTpoMarHiTHOro BUNPOMIHIOBaHHSA BUKOPUCTOBYBAanW HaniBNpOBiAHMKOBUIA nasep
3 JOBXMHOIO XBUMi BUNPOMiHIOBaHHA A=445 HM Ta noTyxHicTio 1 BT. HaknagaHHA enekTpoMarHiTHoro
BUMPOMIHIOBaAHHA Ha ynbTpassBykoBe none 3abesnevye wBugke W edekTnBHe QOpMyBaHHS
HaHO4YacCTMHOK cpibna, X koarynsuito 6e3 BMKOPUCTAHHS O04AaTKOBUX peareHTiB Ta BogHOYacC Lae€
3MOry ogepXaTu HAHOCTPYKTYpu cpibna MeHWwmnx po3MipiB Ta NiABULLMTY iX CTabINbHICTb | 32 paxyHOK
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LbOro noKpawuTn Moro dyHKUiOHanNbHI BAacTUBOCTI Ta AOCATHYTM BUCOKOI iHTEeHcudikauii Ta
iHiLitOBaHHS XIMIYHUX NEPETBOPEHB.

Ha kpecneHHi - SEM-306paxeHHs1 HAHOCTPYKTYp cpibna, cMHTe3oBaHUX y po3yuHi PVP (2 r/n) B
ynbTPa3ByKOBOMY MOMi Nif, Ai€to enekTpoMarHiTHoro BunpoMiHioBaHHs 3a t=20 °C npotarom 5-15 xB.

Cnoci6  opgepXaHHa  HaHOCTPYKTYpOBaHOro  cpibma  3fiMcHOBanu  efekTponisoMm B
ynbTPa3ByKOBOMY MOMi  nig AOi€l0  enekTpoMarHiTHOro  BUMNPOMIHIOBaHHS.  BukopuctosyBanu
yNbTPa3BYyKOBUIN BUMPOMIHIOBAY MarHiTOCTPUKLINHOrO Tvny "YneTpa3sykoBuin gesiHterpatop" UD-20.
Ak mKepeno enekTpoMarHiTHOro BUNPOMIHIOBAHHSA BUKOPWUCTOBYBanuM HaniBnpoBiAHWKOBMIK Nnasep 3
OOBXMHOIO XBWUIMI BUMPOMIHIOBaHHA A=445 HM Ta noTyxHicTio 1 BT. Lle 3abesnevye wBugke i
eeKkTMBHe (QOPMYBaHHSI HAHOYACTMHOK cpibna, ix koarynsuito 6e3 BUKOPUCTaHHA A0AaTKOBUX
peareHTiB Ta BOAHOYAC Ja€ 3MOry MOBTOPHO O4EPXyBaTW HAHOCTPYKTypOBaHe cpibno po3mMipamu o
20 HMm.

lMpuknag BUKOPUCTaHHA Cnocooby.

CuHTE3 HaHOCTPYKTYpOBaHOro cpibna, 34iACHIOTL eNeKTPOsli3oM Yy PO3UMHI NMONIBIHINMIPONiAoOHY
(C=2 r/gM®) B ynbTpa3BykOBOMY MOMi nig [Ai€l0 enekTpoMarHiTHOro BUMNPOMiHIOBaHHA. [ns
NPOBEAEHHSA €MNeKTPOni3y BUKOPUCTOBYBANW CTaHAAPTHY TPUENEKTPOAHY eneKTPOXiMiYHy KOMIpKy
o6'emom 50 mn Ta noteHuioctat MTech PGP-550M (uukniyHi BONbTaMNepoMeTPUYHI AOCNIMKEHHS
(LUBA-gocnigxeHHs)). CpibHi nnactuHm (S=10 cm?) BMKOpWUCTOBYBanM sk poboudi Ta [OMNOMiXKHI
enekTpogn. Ak enektpoam nopiBHAHHA BukopucTaHo AgQ/AJCI, ski BcTaHoBneHo B kaninspi JlorriHa,
wo wmictute 1 monb/am® KNOS3. LBuakictb posropTku noteHuiany nig 4ac LIBA-pgocnigxeHb
craHoBuna 50 wmB/c B pianasoni E Big +1,0 go -1,0 B. BukopuctoByBanu ynbTpa3ByKOBUN
BUMNPOMIiHIOBAY MarHiTOCTpUKLUINHOIO Tuny "YnbTpasBykoBuin paesiHterpatop" UD-20. YactoTta
ynbTpa3Byky - 22 klu. KopucHa nutoma noTyxHicTb — 40-62,5 BT1/gm3. 130TepMiYHi YMOBU CUHTE3Y
HaHO4YaCTMHOK cpibna 3abes3nevyBanu ynetparepmoctatoMm UTU-4. Ak mxepeno enekrpoMarHiTHoro
BUMNPOMIiHIOBAHHSA BUKOPUCTOBYBaNM HaniBnpoBigHMKOBUIA Nna3ep 3 AOBXWHOIO XBWUITi BUNPOMIHIOBaAHHSA
A=445 Hm Ta noTyxHicTio 1 BT. Temnepartypa npouecy 20 °C. TpuanicTb cuHTe3y - Big 5 go 15 xs.
Bucoki KoHuUeHTpauii cTabinisatopa B poO34MHi CNpUsOTb (POPMYBAHHIO Manux 3a po3Mipom
HaHOYaCTMHOK.

Mopdonorito yTBOPEHMX HAHOYaCTMHOK BM3Ha4yanu 3a 4ONOMOrol TPaHCMICIIHOMO eneKTPOHHOro
mikpockony (TEM) JEOL-1011. BcTtaHOBREHO, WO cepedHii po3Mip YyTBOPEHUX HaHOYaCTUHOK cpibna
ctaHoBuUTb 10 HM (Pir.).

3anponoHoBaHui cnocib opgep)kaHHA HaHOCTPYKTYpOBaHOro cpibna 3a paxyHOK 34iMCHEHHS
CMHTE3y HaHOYacCTUHOK cpibna enekTponiaoM B yrnbTpPasByKOBOMY NONi Nid i€ eneKTpoMarHiTHOro
BUMNPOMIHIOBaHHS, 3abe3nevye BUCOKI LUBUMOKOCTI ofepXaHHs Ta (OpMyBaHHs cTabinisoBaHmx
HaHO4YaCTMHOK cpibna, 4O3BOMsiE OTPUMATK HAHOCTPYKTYPU Cpibra MeHLLMX PO3MipiB Ta NigBULLNTY iX
cTabinbHiCTb.

®OPMYIA KOPVUCHOI MOJESI

Cnocib ogepxaHHA HaHOCTPYKTYpOBaHOro cpibna, 3a AKMM BUKOHYOTb CUHTE3 HaHOYaCTUHOK cpibna 3
BMKOPUCTaAHHAM cTabinizaTtopa noniBininniponigoHy, Sk BigPI3BHAETbCA TUM, WO CUHTE3
HaHOYaCTMHOK cpibna 3AiNCHIOITL  eNeKTPoni3oM B yNbTpas3ByKOBOMY Mofi  nig  Aieto
€reKTpOMarHiTHOro BUNpPOMiHIOBaHHS.
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