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Po6ona HaBHajibHa nporpaMa 3  ,uncunnjiiHH  «ri6pH/jHi  opraHo-HeopraHimii
HaHOKOMNO3HTH»

nporpaMa Bi/uioBi/jae TpeTbOMy (ocBiTHbo-HayxoBOMy) piBHi0 bmujoT ocblth

OjieKcaH/ip CTPIOUbKHH

Ojibra CJIICEHKO

3ATBEP/PKEHO

Bhchoio pa/joio iIHCTHTyYTy xiMii' BncoKOMOJieKyjiapHnx
cnojiyx HAH YKpaiHH

npOTOKOJI JV2

poxy

BneHHH cexpeTap Bipa
EY~3IHCbKA



1. MOACHIOBAJIBHA 3AIINCKA

Hucuumnina «[i0puaHi  opraHo-HEOpraHiuHi HAHOKOMIIO3UTH» BHBYA€ CyYacHI
MIIXOAW JI0 CHHTE3Y OpraHO-HEOpPraHIYHUX TIOpUIHMX HAHOKOMIIO3UTIB 3 IIUPOKUMHU
MOKJIMBOCTSIMHM PETYJIIOBaHHs iXHBOI XIMIUYHOI OyJOBH, CTPYKTYpH Ta BiacTHBOcTei. Ha
BIIMIHY BiJl «TPAIUIIIHHNAX» KOMIIO3UTIB JaHUN THI MaTepiajiiB XapaKTEPHU3yEThCS OUTBIIT
PO3BUHYTOI0 Mik(a3HOIO MOBEPXHEID, OOYMOBJICHOIO KOJIOIAHHUM CTAaHOM HEOPTaHIYHOTO
KOMITOHEHTY (pO3MipH YacTHHOK cKianaroTh Big 1 mo 100 HM), 110 M03BOJISLE MOETHYBATH
OpraHiyHy Ta HEOPraHiuHy CKJIQJIOBI Ha MOJEKYJsipHOMY piBHI. OCTaHHE Ja€ MOXKIIUBICTh
OTPpUMYBAaTH MaTepiaii 3 THYYKICTIO, JETKICTIO, NPOCTOTOI MEXaHIYHOi O0O0pOoOKHU
MOJIMEPHUX MaTepialiB, BHUCOKOIO TEPMIYHOIO CTAOUIBHICTIO 1 MEXAHIYHOK MILHICTIO
HEOPraHIYHOI CKJIAJIOBOI Ta PSAJIOM IIIHHUX BJIACTUBOCTEH, OOYMOBJIEHUX SK IPHUPOJIOIO
caMHX KOMIIOHEHTIB, TaK 1 OCOOJIMBOCTSAMU IX B3aeMOli. 3aBIaHHSA AUCIHILIIIHU IOJIATAE B
OMaHyBaHHI MPUHIIMIIIB CHHTE3Y OPraHO-HEOPraHIYHUX HAHOKOMIIO3UTHUX MaTepialiB, B
TOMY 4YHCHl TiApOGIILHUX, OTpUMaHHSA (yHIaMEHTaIbHUX 3HAHb, WO JO3BOJSATH
nepea0ayuTu 0a30Bi BIACTUBOCTI HAHOKOMIIO3MTIB 1 T1IpOresiei 1 iX 4yTIMBICTh 10 3MIHU
(akTOpiB HABKOJIMIIIHBOTO CEPEJOBHINA MUISXOM OOpaHHS CKIaAy 1 Mpenu3iitHoro
KOHTPOJIIO YMOB CHUHTE3Yy. AHali3 eKCIEPUMEHTAIBHUX JaHUX, OJEP)KAHUX PI3HUMU (P13UKO-
XIMIYHUMH Ta PI3UKO-MEXaHIYHUMHU METOJaMHU, JJIS ONMCAHHS CTPYKTYpPU Ta BJIACTUBOCTEH

riapoIbHUX HAHOKOMIIO3UTIB.

2. METOJUYHI PEKOMEHJAIII IO BUBYEHHIO JJUCLHUILIIHUA

Hucturunina  «['10pugHi  opraHo-HEOpraHiuHI HAHOKOMIIO3UTH» BITHOCHUTHCS [0
BUOIPKOBHUX KypcCIB cremianizamii «Ximis BUCOKOMOJIEKYJISIPHUX CHONYK». Buknanaerbca B
5-My ceMecTpl, Ha TpPeTbOMY pOIll HaBYaHHS 3a OCBITHHO-HAYKOBUM PIBHEM «IOKTOP
¢inocodii» B 06csa31 240 roauH, y ToMy yucai 38 TOOuH ayAMTOPHUX 3aHATH (22 roa. —
aekuinHi 3aHaTTs, 10 rogun — ceMinapu, 8 roj. - KoHcyubralii), 202 rom. camMocCTiHHOT
po6oTtu. [1i1cyMKOBHIT KOHTPOJIH — €K3aMEH.

Merta HABYaJIbHOIL AUCHMILTIHA «I'iopuaHi OPraHoO-HEeOPraHivYHi
HAHOKOMIIO3UTH» . (POpMyBaHHSI Cy4aCHOTO PIBHS 3HaHb B O0JACTI MOJIMEPHOI XiMii,
MIIXOMIB 1 CTpaTerii MO0 CHHTE3y HAHOKOMIIO3UTHUX MaTepiaiiB, OTPUMaHHS

dbyHIaMEeHTaIBHUX  3HaHb, 1O  JO3BOJSATH  IepeadayuTd  0a30Bl  BIACTHUBOCTI



HAHOKOMIIO3UTIB, B TOMY UYHCII, TIAPOPIIBHUX 1 iX YYTIUBICTH 10 3MIHM (DaKTOpIB
HaBKOJIMIITHROTO CEPEAOBHINA IUITXOM OOpaHHS CKIaay 1 MPEeHu3idiHOrO0 KOHTPOJIO yMOB
cuHTe3y. MeTor Kypcy € TakoX O3HAWOMJICHHS 1 ONaHyBaHHS METOIOJIOTIYHIMH
MIIX0/IaMH, 1[0 BHKOPUCTOBYIOTh B TOJIMEpHIA XiMli, IO IPYHTYIOThCS Ha HOBITHIX
JOCATHEHHSX B LN ramy3l. BannBoo MeTOI0 Kypcy € TaKOX MIArOTOBKa acIHipaHTIB SIK
NEPCTIIEKTUBHUX JOCHIIHUKIB, 3/JaTHUX aHATI3yBaTH E€KCIEpPUMEHTANbHI JaHi, OJep)KaHi 3a

JOTIOMOTOI0 (B13MKO-XIMIYHUX Ta (Pi3UKO-MEXaHIYHUX METO/IIB.

B pe3ynbTaTi BUBUEHHS JAHOTO KypCy aclipaHT MOBUHEH:

3HATH:

- 3aKOHH, PUHITUIIA Ta MPABHJIA 3 XiMii BHCOKOMOJIEKYIISIPHHUX CIIOIYK, HEOPTaHIIHO1,
opraHiyHoi Ta (pi3ugHOT XiMii.

- OCHOBHI HOpUHIMOM (OPMYBaHHS OPraHO-HEOPraHIYHUX HAHOKOMIIO3UTHHX
MarepiaiiB, CydyacHl TEXHOJIOT1i MPOBEAEHHS CUHTE3Y;

- OCHOBHI 3aKOHOMIPHOCTI (opMyBaHHS TIAPODUIBHUX OpraHo-HEOPraHIYHUX
HAaHOKOMIIO3UTIB, B3a€MO3B’SI3Ky MK CKJIQJIOM, YMOBaMHU CHHTE3y Ta CTPYKTYpolo 1
BJIACTUBOCTSIMU T1OpUTHUX HAHOKOMITO3UTIB,

- cTpaTerii NporHo3yBaHHs BIACTUBOCTEH MalOYTHIX TiIporeyiell BUXOAI4d 3 XIMIYHOT
MIPUPOU PEArEHTIB.

BMIiTH:

- CUHTE3yBaTH TOpUAHI HAHOKOMIIO3UTH P13HOI CTPYKTYPH;

- XapakTepu3yBaTH, JOCHIKYBAaTH CTPYKTYpPY, (QI3UKO-XIMIUYHI Ta MEXaHIuHI
BJIACTUBOCTI T10pUIHUX MaTepiaiB;

- 3aCTOCOBYBAaTH METOJAWKY OIlIHKH EKCIICPUMEHTAIBHUX HaHWUX I CKJIaJaHHS
CTpaTerii CUHTE3y MaTepiaiiB 3 3aIaHUMH KIHIIEBUMU XapaKTePUCTUKAMU;

- 3aCTOCOBYBAaTH TEOPETHYHI 3HAHHSA TPO NPHHIMIN (OPMYBaHHS OPTaHO-
HEOPTraHIYHUX HAHOKOMITIO3UTHUX MaTrepiajiiB Ta HAHOYACTOK JIsl BU3HAUEHHS pEareHTIB Ta
YMOB CHHTE3Y CHPUATIUBUX JUIsI OTPUMAHHS MaTepialliB 3 3aJaHUMH CTPYKTYpPOIO Ta
BJIACTUBOCTSIMH.

MATH HABMYKHU:
- OTpUMaHHS TIOpUIHUX HAHOYACTOK Ta HAHOKOMIIO3MTIB, XapaKTepUCTHKA iX

cnekrpanbEuMu Metogamu (IU- ta H, 3C, #Si SIMP cnekrpockorii) Ta 3acTOCyBaHHS



pi3HUX  ¢i3uko-xiMiuHux MetoaiB (MALDI ToF MS, TITIX (ana HaHOYACTOK),
(dbyHKIIOHATBEHUN aHami3, BU3HaueHHs renb-ppakiii, TI'A, JICK, mano- ta mmpoko KyToBui
pentreHorpadgiunnii anamiz, JAMA, TMA, nienekTpuuHa penakcaiiifHa CIEKTPOCKOITs
(APC)) mnst nocnmiKeHHST CTPYKTYpH Ta (PI3MKO-XIMIYHUX BIJIACTUBOCTEH CUHTE30BAHUX
riOpuaHUX MaTepiaiiB.

- CHUHTE3y TIAPOQPUIBHUX OPTraHO-HEOPTraHIYHMX HAHOKOMIIO3UTIB 31 CHelH(IYHUMU
BJIACTUBOCTAMU (TepMo-, pH-, CBITJIO-4yT/HMBI 1 T.I1.), BMITH AOCIIJPKYBATH iXHIO CTPYKTYPY
3a JIOMOMOrol0 OCHOBHHX (i3uko-ximiunux wmetoniB (IY-cmekrpockomii, JACK, JIMA),
BU3HAYaTH Ta aHaJI3yBaTH PI3HOMAHITHI BJIACTHMBOCTI, 30KpeMa MeXaHI4Hl, COpOIliliHi,

PO3paxoByBaTH MOJICKYJIPHI MTapaMETPH 3IIUTOI CTPYKTYPU KOMITO3HTIB;

3. BUMOI'A 10 PE3YJIBTATIB 3ACBO€HHS JTUCIUAIIJIITHA

B pamkax gaHo1 AUCIUILIIHU MOTIHOJIIOIOTHCS 1 PO3BUBAIOTHCS TaKl KOMITCTEHITIT:

% Vuieepcanvni komnemenyii: 3MaTHICTh TMPOSKTYBATH 1 3MIHCHIOBATH KOMILUIEKCHI
JTOCIIDKEHHSI, B TOMY 4YHCII MUKAUCHUIUIIHAPHI, HAa OCHOBI IUIICHOTO CHCTEMHOTO
HayKOBOTO CBITOIJISTY 3 BUKOPUCTAHHSM 3HaHb B 00J7acTi icTopii 1 pistocodii HAyKu;

% 3acanvnonpoeciiini Komnemenyii: 3MATHICTH CAMOCTIHHO 3IIMCHIOBATH HAYKOBO-
JOOCIITHULBKY MJISUIBHICTE B XIMIi BHCOKOMOJEKYJSIPHUX CHOJYK 3 BUKOPUCTaHHSIM
Cy4YaCHHUX METOJIIB IOCIIPKEHHS Ta 1HPOpMaIIHHO-KOMYHIKAIIIHTHIX TEXHOJIOT1i.

s Ilpoghecivini komnemenyii: 37aTHICTh OPTaHI30BYBAaTH MIPOBEICHHS CKCIICPUMEHTIB
1 BuUnpoOyBaHb, MPOBOJUTH iX OOpPOOKY, aHami3yBaTH pe3yJbTaTH EKCIEPUMEHTAITbHUX
JOCIIKEHb, POOUTH BHUCHOBKHM Ta y3arajJlbHIOBaTH OTPUMaHl JaHl y BUIJIAJI HAyKOBHX

myOJTIKaIii A1 NPOBIAHUX NPOPIIBHUX KYPHAIIB.



4. CTPYKTYPA TA 3MICT JUCHUIIJITHA

4.1. CTpyKkTypa IMCHUAILIIHUA. PO31IH IMCHUIUIIHA | BUIU 3aHATD.

Pozminmn
TUCIUATUTIHA

KinpkicTh OO0csr HaBYAJILHOT
KpEIUTIB poOoTH (B rOAMHAX)
CKTC

araJlbHUnu

o0csT
Bcyoro

ay IUTOPHUX
TeKii
ceMiHapH

3

KOHCYJIBTAIIi1

CamocriiHa
pobota

Bun
1JICYMKOBOTO
KOHTPOJTIO

Monayns 1

Memoou ompumanns, cmpyKkmypHi 0cooaueocmi ma 61acmugocmi

2IOpUOHUX OP2AHO-HEeOP2AHTYHUX HAHOKOMNO3UMHUX Mamepianie i
HAHOYaACMOK

I'i6pumHi oprano-
HEOpraHiuHi
HaHOKOMITO3HTH:
3arajibHi BIJIOMOCTI,
OCHOBHI IIOHSTTS,
METOJIN OTPUMAHHS,
CTPYKTYpHI
0COOIMBOCTI,
BJIACTHBOCTI Ta
obiacti
3aCTOCYBaHHSI.

4 |- |-

32

301b-Teab
TEXHOJIOT1S
OTpUMaHHS
riopuaHIX
HAaHOCTPYKTYPOBAHUX
Matepiaiis: (i3HKo-
XIMIYHI OCHOBH 30JIb-
Tellb TIPOIIECY, BILIUB
YMOB CHHTE3Y Ha
nepeOir peakii Ta
CTPYKTYpY 1
BJIACTUBOCTEM
MPOJYKTIB CHHTE3Y,
ix Kmacudikaris.

16

OtpuMaHnHs
HAaHOYACTHHOK,
MTOKPUTTIB,
MOPOIIIKIB,
IUTIBKOBUX Ta
MOPUCTUX MaTepiaiB
30J1b-T€JIb METO/IOM.

10




@DyHKIIOHATI30BaH1
riopuaHi
HaHOMaTepiaiu
pizHOTrO
MPU3HAYCHHS
CHHTE3, METO/IH
BBEICHHS QYHKIIIT,
XapaKTepu3allis,
CTPYKTYypa,
BIIACTHBOCTI.

Mooyns 2

Tiopoginwni opzano-neopzaniun
8i0 cunmesy

00 3aCcMoCy8aHHA

i nonimepui Komnozumu:

Oprano-Heopranivsi
riOpuaHi  Tigporeni:
kiacuikarmis Ta
OCHOBHI IIPHHIIMIIA iX
CUHTE3Y.

3

- 32

TepmoauHaMidHHIA
Ta KIHETHYHMI
aCIEeKTH copOrrii
Opraso-
HEOPraHIYHUX
TiIporeis.
HamoBueni
noJIiMepHi
KOMITO3UTHI
TriIporedi.

OpraHo-HeoprasiuHi
rizporei 31
CTPYKTYPOIO
B3a€MOIIPOHUKHUX
MOJIIMEPHUX CITOK Ta
riporeiinB 3
MMOABIHHOIO
CITYACTOIO
CTPYKTYpOIO.
AnomainbHi MIIHICHI
Ta copOiitHi
XapaKTePUCTHKH
rizporenis. ['igporemni
— CynepcopOeHTH.

[HauBiTyancue
3aBIaHHs

32

Paszom

240

38

22

10

6 |202

CK3aMCH




4.2. 3mMicT TMCHMILTIHA

Po3aiau pucoumiainm

3micT po3ainy (Temn)

dopma
NPOBEACHHA
3aHATH

I'opuni OpraHo-HEOpraHiuHi
HAHOKOMITO3HUTH: 3arajbHi
BiIOMOCTi, OCHOBHI  ITOHSTTH,
METOJIM OTPUMAaHHS, CTPYKTYpHI
0COOIMBOCTI, BJACTHBOCTI Ta
00J1acTi 3aCTOCYBaHHS.

PosrasayTo ribpuiHi opraHo-HeopraHiyHi
HAaHOKOMITO3UTH B aCHEKT1 KOJIOiJHOTO
CTaHy HEOPraHIYHOTO KOMIIOHEHTY
(po3MipH YaCTHHOK CKJIATAroTh Big 1 10
100 aM), 1110 OOYMOBJTIOE TIOETHAHHS X
OpraHiYHOI Ta HEOPTraHIYHOI CKIIAJI0BUX Ha
MoJIeKyJsipHOMY piBHI. OcTaHHE Ha/ae
riOpuIHUM MaTepianaM THYUYKiCTb,
JIETKICTh, TPOCTOTY MEXaHIYHOT 00pOOKH
MOJIIMEpHUX MaTepialiB, BACOKY TEPMIUHY
CTaOULTBHICTD 1 MEXaHIYHY MIIHICTh
HEOPraHiYHOI CKJIAJI0BOI Ta P LIHHUX
BJIACTUBOCTEHN, 0OYMOBJICHHX SIK
IPUPOIOI0 CAMHUX KOMITOHEHTIB, TaK 1
0COOJIMBOCTSIMHU X B3aeMozii. Po3risHyTo
OCHOBHI MOHSTTS, TIOB’s13aH1 3 OpPraHo-
HEOpPraHiYHUMHU HAaHOKOMITO3UTHUMH
MarepiajaMi Ta METOJIU X OTPUMAHHS SIK
32 TEXHOJIOTIEI0 «3TOPU - BHHU3)
(TuciepryBaHHSIM HEOPTaHIYHOTO
KOMITOHEHTY B OpTaHiyHiil MaTpuIli), Tak i
«3HH3Y - Bropy» (XiMiyHIUM (HOpMyBaHHAM
HEOPraHIYHOTO KOMIIOHEHTY («30Jb-TeJh
MeTo»)). [TokazaHo BITUB cIOcO0y
OTpUMaHHS HAHOKOMITO3UTIB Ha 1X
CTPYKTYPY Ta BJIaCTUBOCTI. Po3ristHyTO
00J1aCTi 3aCTOCYBaHHS OpraHo-
HEOPraHIYHUX HAHOKOMITO3UTHHX
MarepialliB B KOHTEKCTI KOMIUIEKCY iX
BIJIACTUBOCTEMN.

Jlekii, ceminapu,
caMmocTiiftHa poboTa

3071b-TeIb TEXHOJIOT1Sl OTPUMAHHS
riOpuAHUX HAHOCTPYKTYPOBAHHUX
MaTepialis: ¢bi13uKO-XIMIYHI
OCHOBH  30JIb-T€JIb  TIPOIIECY,
BIUIMB YMOB CHHTE3y Ha mepeoir
peakuii  Ta  CTPYKTypy 1
BJIACTUBOCTEH IPOAYKTIB
CUHTE3Y, iX Ki1acudikaris.

Po3rnsiHyTO OCHOBHI 3aKOHOMIPHOCTI
T1APONITUYHOI KOHACH Al BUXITHUX ISt
30J1b-TEJIb MPOLIECY CIIONIYK, a caMe
AJIKOKCH/IIB 1 TaJIOT€H1IIB TAKUX
€JIEMEHTIB, SIK KPEMHIH, TUTaH, IIMPKOHIM
Ta TIOKa3aHO MOXKIIMBICTh KEPYBaHHS IIHM
MIPOIIECOM IUISIXOM 3MIiHHU TeMIIepaTypH,
BUKOPHCTOBYBAHOTO PO3YMHHUKA,
Karani3zy (KHCIOTHOTO, HEUTPAIILHOTO Ta
OCHOBHOT0), KITBKOCTI B3STOT JIJIst
ripoi3y BOAM, KOHLEHTpAIIi] TOIIIO.
Takosk MOKa3aHo 3aJEeKHICTh CTPYKTYPHU
Ta BJIACTUBOCTEN OTPUMYBAHHUX
HAHOKOMITO3HTIB BiJ BUIIIEBKA3aHHUX
daktopiB. HaBeneno nepemik
HaWMOLIMPEHIIIUX BUX1JHUX CIOJYK,
3JIaTHHUX J0 30JIb-T€JIb KOHJICHCAallii, Ta

Jlexuii, cemiHapw,
caMocTiifHa poboTa




JOIIUTbHICTD 1X BUKOPUCTAHHS IS
OTPUMAaHHS MaTepiajiB 3 Harepe.
3aJJaHUMU BIacTUBOCTSAMU. [IpuBeaeHO
Kiacuikairo MpoayKTiB CHHTE3Y B
3JIEKHOCTI BIJ] XapaKTepy B3a€MOJIii
OpPraHIYHOTO 1 HEOPTaHIYHOTO
KOMITOHEHTIB Ta iX CTPYKTYypH.

OTtpumanHs HAHOYACTHHOK,
MOKPUTTIB, MOPOIIKiB, IJIiBKOBUX
Ta TOPUCTHX MaTepiajiB 30JIb-
reJib METOJIOM.

Po3riistHyTO MOKIUBOCTI 30J1b-T€Th
TEXHOJIOTiSl B aCTIEKTi OTPUMaHHS
PI3HOMaHITHHUX T1OPUAHUX
HAaHOCTPYKTYPOBAHHUX MaTepiajiB
IIPOMHKCIIOBOTO Ta HAYKOBO-TEXHIYHOTO
3HAYEHHS 3 PEryJIbOBAHUMHU
BJIACTHBOCTSIMH. PO3IIIsSIHYTO NpuHINIH
(opMyBaHHSI OCHOBHHX ITPOIYKTIB 30JIb-
rejib CHHTE3Y, a CaMe MOHOJIITHUX
MartepialiB, TAKUX SIK TOKPUTTS TH ILUTiBKH,
HAaHOYACTHHOK (B TOMY YHCII 3
BUKOPHCTAHHSM 30JIb-T€JIb CHHTE3Y B
reTepOreHHOMY CEPEeIOBHIIL ), TOPOMIKiB
Ta MOPUCTUX (30KpeMa ME30IOPUCTUX
HaHO- Ta MIKPOYACTHHOK) MaTepialiB.

Jlekuii, ceminapu,
caMmocTiifHa poboTa

riopuHi
pizHOTO
METOU
byHKIT,
CTPYKTYpa,

OyHKIIIOHATI30BaH1
HaHOMaTepian
MIPU3HAYCHHS:
BBEIICHHS
XapakTepu3allis,
BJIACTUBOCTI.

CUHTE3,

PosrnsHyTo 3aranbHi Miaxoau 10
dbyHKIioHanmi3auii riopuaHIX OpraHo-
HEOpraHiYHUX HaHOMAaTepialiB 3
BUKOPHUCTAHHSM PI3HUX QYHKIIHHUX
N00aBOK, B TOMY YHCIIi 3AaTHUX 0 30JTb-
rejib KOHJAEHcAIlli, Ta IUITX0M
noJiiMepaHaoTi4HUX nepeTBopeHs. Ha
IPUKJIIA/1 CUCTEM 3 PI3HUMH (PI3UYHUMHU
byHKUiIMHU (HOHHUMU,
ONTUYHOAKTUBHUMH, MarHITHUMH TOILIO)
MIOKA3aHO peani3aliio JaHUX MIAX0/IB Ha
MPaKTHUIIl, PO3MITHYTO X OCHOBHI
BJIACTUBOCTI Ta BIUIUB TOPUIHOI IPUPOIU
MaTepiajiB 1 METOY iX OTpUMaHHS Ha
CTPYKTYpY Ta BJIaCTUBOCTI.

Jlekii, ceminapu,
camocTiitHa poboTta

OpraHo-Heoprasivsi riopuHi
rigporeni:  kiacudikamis  Ta
OCHOBHI IMPUHLIMIIH 1X CUHTE3Y.

[TponioHy€eThCs pO3TISHYTH KiIacudikalliio,
Ta OCHOBHI TPHHIIUIH CHUHTE3Y OpraHo-
HEOpraHiuHuX TiOpUIHUX TifporenmiB. A
TaKOX TEOPETHYHI OCHOBH, SIKI OMHUCYIOTh

nporec cop6mii. Tak, B 3araJbHOMY
BUIMAJKy, Tipomec mudys3ii copbary B
MOJIIMEPHE  CEPE/IOBHUINE  BHU3HAYAETHCS

MIBUJAKICTIO Mirpamii MoJekysl copOaTy
Kpi3b TMOJIIMEPHY CITKY 1 IIBHIKICTIO
penakcailii MakpoJaHIIOTiB MaTpulll NpU
ix mepeOynoBi B mpoueci  copOuii.

Jlexuii, cemiHapw,
caMmocTiifHa poboTa




Po3rnsgHyTo KiHeTHMUYHI Mojeni ski Oynmu

po3po0deHi TUTSt MIPOTHO3YBAaHHS
MIBUJKOCTI Ta BHBUCHHS MEXaHI3My
HaOyXaHHS  TiAPOTeIto, sAKI  IIJIKOM
BIJIPI3HSAIOTHCS BUILIE 1 HIDKYE
TeMriepatypu ckiyBaHHS Tck. Judys3iiini
moneni Dika, KonekTHBHI Audy3iiHI
MOAENI Ta  KpHUBI  CHUTI'MOiIaJbHOTO

HaOyXaHHs - BIJOMiI MaTeMaTU4YHI MOJENI,
3alpPOIOHOBAHI  JII1  ONMKHCY KiHETHUKH
HaOyXaHHS TiAPOTEIO.

TepmoauHaMigHMMA Ta
KIHeTHYHUN  acmeKTH  copOIii
OpraHO-HEOPTaHIYHHUX TiIPOTEINiB.
HanoBueni noJiMepHi
KOMITO3UTHI T1IpoTeri.

TepmonrHaMiKy piBHOBaXKHOTO HAOyXaHHS
TiApOreNiB  PO3MIITHYTO 3a JOMOMOTIOIO
Mozene. Mogemi  piBHOBarm Oy
pO3poO0IIeHl UII MPOTHO3YBAHHS CTYICHS
HaOyxaHHs rigporeiniB. TeopeTHUHUN omuc
HaOyXaHHS  TrigporemiB B yMOBax
piBHOBaru ©0a3yeTbcsi Ha  MiHIMI3amii
BiJIbHOI eHeprii ['i606ca remro.

Haityacrime TS MONINIIEHHS
MEXaHIYHUX,  TEPMIUHHX, OITUYHUX,
CIIEKTPUYHKUX BJIIACTHBOCTEH TiPOreliB Ha
OCHOBI  IHIWBiAyaJlbHUX TOJIMEpIB  ix
3aMIiHIOIOTh Ha QHAJIOTH, IO CKJIAJAI0ThCS
3 cymimi nojimepiB (KOMIo3uTH) ado
MICTSITh HAaHOHAIMOBHIOBAYl
(manoxkommo3uTH). [IpocTopoBa MmisTliCHICTH
TiApOoTesnto B HAOPSAKIOMY CTaHi
3a0e3neuy€eThCsl HAsABHICTIO (Pi3MYHUX 200
XIMIYHUX 3IIMBOK MK MaKpOMOJIEKYJIaMHU

(JraHIFOramMM ) MOJIIMEPHOI MAaTpHIIL.
®di3uyHi  3MIMBKH, Ha BIAMIHY  BiJ
XIMIYHMX, BHHHMKAlOTh B  PE3yJbTaTl

MeperieTeHb MOMIMEPHUX JIAHIIOTIB, abo
3a paxyHOK cnaOkux (i3MYHUX B3a€MOJIM
3 HAIIOBHIOBAYEM.

Jlekii, ceminapu,
camocTiitHa poOoTa,
KOHCYJIbTAIi1

Oprano-HeopraHiyHi rigporemi 3i

CTPYKTYPOIO  B3a€MOIIPOHUKHUX
MOJIIMEPHUX CITOK Ta TiJIPOreiiB 3
M0/IBIMHOO CITYACTOIO
CTPYKTYpOIO. AHOManbHI1
MILHICHI Ta copOiiiHi
XapaKTEPUCTUKHU TiJIporeis.

I'igporeni — cynepcopOeHTH.

PosrasinyTo cy4acHi 1ocATHEHHS B 00J1acTi
CTBOpPEHHS Ta MOCIIHPKEHHS BJIaCTUBOCTEH
OpraHO-HEOPraHIYHUX T1ApOTreiB 3
CITYACTOI0 CTPYKTYpOIO OPTraHiuHOTO Ta
HEOPTraHIYHOTO KOMIIOHEHTIB, BKJIIOYAIOUU
OCHOBHI TIPUHIIMIIK iX CHHTE3Y 1 BUBYECHHS

dbeHomeHna eKCTpeMaIbHO BHCOKHX
MEXaHIYHUX TOKa3HHWKIB TiAporeniB 3
MOABIHHOIO  CITYACTOK  CTPYKTYPOIO.
lpporemi 3 TOABIWHOI  CITYACTOIO

CTPYKTYpPOIO € OKPEeMHM KJIaCOM B TPyl
rigporemninB 31 CTPYKTYpPOIO
B3a€EMONPOHUKHUX  MOJIMEPHUX  CITOK
(BIIC), sxi, mpu BmicTi Boau O6mm3bko 80
Mac.%, NeMOHCTPYIOTh aHOMAJIbHO BHCOKI

MeXaHIYH1 XapaKTEPUCTUKH. Taxi
riporeni XapakTepU3YIOThCS MOAYJIEM
npyxHocti  0,1-1  MIlla, Hampyrow

Jlexuii, ceminapu,
camocTiiiHa po6oTa,
KOHCYJIbTAIl1




pyiiHyBaHHsi npu ctuckanHi 20-60 MIla,
BIJIHOCHUM TIOJIOBKEHHSIM TIPU PO3PHBI
1000-2000% 1 poboToro pyiiHyBaHHS B
mexax 100 - 1000 [[)K/MZ. Hageneni
3HAYCHHS MEXaHIYHUX BiIacTUBOCTEH B 10-

20 pa3iB  MEpeBUINYIOTh  aHAJIOTIYHI
NOKAa3HUKH  TPATUIIMHUX  OpPraHIYHHUX
T1ApOreliB.

4.3. 3micT ceMiHAPCHKHUX 3aHATH

No Tema kypcy Tema ceMiHapChKOTO 3aHATTS
Ceminapcpke 3aHaTTsS Ne 1.
OCHOBHI ~ MOHATTSA  TOB’s3aHI 3  OpPraHO-HEOPTaHIYHUMH
HAaHOKOMITO3UTHHUMH MaTepiajlaMi Ta METOAM iX OTpHMaHHS SK 3a
TEXHOJIOTIEI «3rOpH - BHM3» (JIUCIEPryBaHHSIM HEOPraHi4HOTIO
KOMIIOHEHTY B OpraHiyHiii Marpuii), Tak 1 «3HHU3Y - BrOpy»
(xiMiyHUM (QOPMYBAHHSM HEOPTaHIYHOTO KOMIIOHEHTY («30Jb-Telb
['i6puani oprano- MeTon»)). BmmuB crmocoOy OTpHMMaHHS HaHOKOMIIO3HMTIB Ha iX
HEeOopraHiuHi CTPYKTYpy Ta BiactuBocTi. OO01acTi 3acTOCyBaHHS OpraHo-
HAaHOKOMITO3UTH: 3arajibHi | HEOPTaHIYHUX  HAHOKOMIIO3UTHHUX  MarepiagiB B  KOHTEKCTI
BiIOMOCTi, OCHOBHI KOMILIIEKCY ix BJIACTHUBOCTEM. OcHoBHI 3aKOHOMIPHOCTI
MOHSTTS, METOIU TIIPOJIITUYHOT KOHJEHCAIIl BUXITHUX I 30Jb-T€llb TPOIECY
1 oTpuManHs. Di3ukKo- BUXIJHUX CIOJYK, a caMe aJIKOKCHIIB 1 TaJlOTeHiIiB TaKUX
XIMiYHI OCHOBH 30JIb-T€JIb | €JIEMEHTIB, SIK KPEMHIH, TUTaH, IIUPKOHIN Ta MOKIMBOCTI KEpyBaHHS
npoliecy, BIUIMB YMOB UM TPOLIECOM MLUIAXOM 3MIHM TeMIepaTypH, BUKOPUCTOBYBAHOI'O
CHHTE3y Ha mepeoir PO3YMHHMKA, KaTaji3dy (KHCIOTHOTO, HEHTPAIBHOTO Ta OCHOBHOTO),
peaxiiiif Ta CTpyKTypy 1 KUTBKOCTI B3STOI JJI TiAPOJNi3y BOJAM, KOHIIGHTpAIi TOMUIO.
BJIACTUBOCTEH MPOAYKTIB 3anexHOCTI  CTPYKTypH  Ta  BJIACTUBOCTEH  OTPUMYBaHMX
CHHTE3Y, 1X Kiacudikalis. | HAHOKOMIIO3UTIB BiJ] BHILIEBKa3aHUX (AKTOPIB 3 MeETOW iX
nporHo3yBaHHs. [lepenik HaWNOIIMPEHINIUX BUXIJAHUX CHOJYK,
30aTHUX JI0 30Jb-Telb  KOHJEeHcalii, Ta JOUUIBHICTh IX
BUKOPUCTAHHS JJIsi OTPUMAaHHS MarepiajiiiB 3 Hamepes 3aJaHuMHU
BiacTUBOCTAMU. Kitacudikaris npoIyKTiB CHHTE3y B 3aJI€XKHOCTI BiJl
XapakTepy B3a€EMO/IIi OPraHIYHOTO 1 HEOPTaHIYHOTO KOMITOHEHTIB Ta
IX CTPYKTYpH.
Ceminapchke 3aHITTS Ne 2.
[Tpuninu ¢popMyBaHHS OCHOBHHUX NMPOJYKTIB 30JIb-T€Jb CUHTE3Y, a
OTpuMaHHS HAHOYACTHHOK, | CaM€ MOHOJIITHUX MaTepialliB, TaKUX $K TOKPHUTTS, TUIIBKH,
HOKPUTTIB, MOPOIIKIB, HaHOYACTUHOK (B TOMY YHCJIi 3 BUKOPUCTAHHSAM 30JIb-T€JIb CHHTE3Y B
IUTIBKOBUX Ta IOPUCTUX reTepOreHHOMY CEpEelOBUILIl), TOPOMIKIB Ta OPUCTUX (B TOMY YHCII
MarepialiiB 30J1b-TeJb ME30MOPUCTHX HAHO- Ta MIKPOYACTHHOK) MaTepiayiB. 3araibHi
METOJIOM. niaxoau A0 (QyHKHiOHam3amii TiOpUIHUX OpraHOo-HEOPraHIYHUX
2. OyHKII0HATI30BaH1 HaHoOMaTepialliB 3 BUKOPUCTAHHAM DPi3HUX (QYHKIUIHHUX 100aBOK, B
ribpuH1 HaHOMaTepiaau TOMY 4YHCII 3JaTHUX JI0 30JIb-T€lb KOHJAEHcalli, Ta IIJIIXOM
PI3HOTO PU3HAYEHHS: noJIiMepaHaJioTiyHuX TepeTBOpeHb. Ha npukiani cucteM 3 pisHUMHU
CUHTE3, METOAM BBEACHHA | (PI3UYHUMU GbyHKIIIMU (MoHHUMMH, ONTHYHOAKTUBHUMU,
byHKIIT, XapakTepu3aris, MarHiTHUMH TOI0) Oyje MOoKa3aHO peami3allilo JaHWX MiAXOJIB Ha
CTPYKTYpa, BIaCTHBOCTI. MPaKTHUIIl, PO3TISTHYTO IX OCHOBHI BJIACTMBOCTI Ta BIUIMB T1OpUIHOT
OpUPOJM MaTepialiB 1 METOAY iX OTpPUMaHHS Ha CTPYKTYypy Ta
BJIACTUBOCTI.
3 Oprano-HeopraniuHi Ceminapcpke 3aHaTTS Ne 3.

riOpHIHI T1aporeni:

OOroBopeHHs1 OCHOBHHMX MPHUHIMIIIB CHUHTE3y OpPraHO-HEOPraHIYHUX




KkJacugikaiis Ta OCHOBHI
NPUHIIANY iX CHHTE3Y.
TepMmoauHaMiuyHUH Ta
KIHETUYHHH acrieKTu
copO11ii oprano-
HEOPraHIYHUX TiJIPOTeIiB.
Hanosueni noximMepHi
KOMITO3HMTHI TiJIporei.

riOpuaHuXx rigporeniB. A TaKoX TEOPETMYHUX OCHOB NPOIECY
copOii. Po3rnsHyTH KiHETHYHI MoAem skl Oyiu po3poOsieHi s
MPOTHO3YBAaHHS IIBUJIKOCTI Ta BHUBUYEHHS MEXaHI3My HaOyXaHHS
TiAPOTeNto, SKi IMUIKOM BIIPI3HSIOTHCSA BHUIIE 1 HIKYE TEMIIEpaTypH
ckiayBaHHS Tew. Audysiitni monmemi ®Dika, KOMEKTUBHI AuQy3iiiHi
MOJIeJII Ta KPUBI CUTMOiTaIbHOTO HaOyXaHHS - BiJOMI MaTeMaTH4H1
MO/IENIi, 3aIPOITOHOBAHI JIJIsl ONUCY KIHETHKH HaOyXaHHS TiIpOTeNo.
TepmonuHaMiKy piBHOBOKHOTO HAaOyXaHHS TiAPOTENIB PO3TIISTHYTO
3a IOIOMOTI'0K0 MOJCJICH.

Oprano-HeopraHiyHi
rigporedi 31 CTPyKTypOIO
B3a€MOIIPOHUKHUX
MOJIIMEPHUX CITOK Ta
TiPOreITiB 3 MOABIHHOIO
CITYACTOIO CTPYKTYPOIO.
AHoMabpHI MILHICHI Ta
copOLiiHI XapaKTePUCTUKU
rigporems. ['igporeni —

Ceminapcbke 3aHATTs Ne 4.

Po3rnsHyTH cydacHi JOCSATHEHHS B 00JacTi CTBOpEHHS Ta
JIOCJIIJDKEHHS BJIACTUBOCTEH OpraHO-HEOPTaHIYHMX TIiAPOTeliB 3
CITYACTOI0  CTPYKTYpOIO  OPraHiyHOTO Ta  HEOPTaHIYHOTO
KOMITOHECHTIB, BKJIIOYAalOUYM OCHOBHI NPUHIMIKA iX CHHTE3Yy 1
BUBUCHHS  (EHOMEHa  EeKCTPeMalbHO  BHCOKMX  MEXaHIYHHX
MOKA3HUKIB TiAPOTeNiB 3 MOJBIMHOIO CITYACTOK CTPYKTYpor. A
TAaKOXX TiApOresli 3 TOABIMHOIO CITYACTOI CTPYKTYPOIO, SKi €
OKpeMHM  KJacoM B TpyIli TigpOreliB 31  CTPYKTYpOIO
B3aeMOINPOHUKHUX moiiMepHux citok (BIIC), i mpu BwmicTi Boam
6nmuszpko 80 mac.%, AEMOHCTPYIOTh aHOMaJlbHO BHCOKI MEXaHI4Hi
xapakTepucTuku. OOroBOPUTH Tally3i 3aCTOCYBAaHHS TiPOTEICBUX
MaTepiajiB, a caMeé TKaHMHHA IH)KEHepis, IITy4yHI M's3y,

CynepcopOeHTH. nepeB'si3yBasIbHI Martepiany, (6i0)ceHcopH, KOHTAKTHI JIiH3H, 3ac00u
JO0CTaBKH J'IiKiB, CUILCHKOTO rocinoaapCcrsa - KOHTPOJILOBAHC
BUBUIbHEHHS TOOpWB a00 MECTUIINIIB, IIPOMKCIOBOTO BUPOOHUIITBA
- BUCOKOTEXHOJIOTIYHUN CHHTC3, C0p6eHTI/I JJIs1 OYHUILCHHSA CTIYHHUX
BOJI, QUIBTPYIOYi MaTepiayn, KaTajli3aTOPH, ONTUYHI MaTepiaiiu.
4.4, InpuBigyaabHi 3aBJaHHS
Bu
. DM : : Bceworo
1HIMBI Ty aJIbHUX TemaTuka 1HIUBITYyaIbHUX 3aBAaHb -
3aB/IaHb
1. T'eneyTBOpeHHsS B 307X KpPEMHI€BOI
KUCJIOTH.
2. JlyxHl culikatd - HOpPeKypcopH
HAaHOJIMCIIEPCHOIO KPEMHE3EMY.
: 3. Cunres KOHIICHTPYBaHHS  Ta
ITinroroBka L TPYE
MO (pIKAIIS 30J11B KPEMHIE€BOT KUCIIOTH.
Mpe3eHTallli 3a AugiKan P
TEMATHUKOXO 4. ArperaTMBHa CTIHKICTb KOJIOiJHOTO 32
HMBIAYATBHAX | kpevHeseMy.
3aBJIaHb.
5. ['opuani OpraHo-HEOpraHiuHi
HAaHOKOMITO3UTHI JTTIATIPOBIIHI
€JIEKTPOIITH.
6. HanonanmoBHOBadi: MpeICTaBHUKH, iX
BJIACTUBOCTI Ta BUKOPHCTaHHS  JUIA




OTpUMaHHS r1OPUIHUX HAHOKOMIIO3HTIB.

7. dyHKITIOHATI30BaH1 30J1b-T€ITb
MTOKPHTTSI.

8. Metoau oaepxkaHHS TiAPOGUIBHUX
riOpUJIHMX HAHOKOMIIO3UTIB 3a PaxXyHOK
GIBUYHUX  B3aEMOJIN MDK OpraHidyHUM

oJIIMEpPOM Ta HEOPTaHIYHUM
komronenToM  ([Opumui  maTepianm
kiacy ).

Q. MeTtoau CHUHTE3Y Opraso-

HEOpPTraHIYHUX TMOJIMEPHUX TiOpuAiB 3
KOBAJEHTHO 3B'A3aHOI0 OPraHIYHOK Ta
HEOPTaHIYHOIO bazamu (T'6punHi
marepianu kiacy ).

10. SBume copOitii/mecopOitii B oprano-
HEOpraHIYHUX rigporensx. TeopeTnyHuit
miaxiy (pIBHOBa)KHA Ta KIHETUYHA
MoJeni).

11. CunTe3 Ta CTpyKTypa HAlOBHEHHUX
OpraHO-HEOPTraHIYHUX T1ApOTeIiB.
MexaHI4HI BJIACTUBOCTI Ta OCOOJIMBOCTI
copOl11ii HaAMOBHEHUX T1JPOTEIIiB.

Bcrworo

32




5. OCBITHI TEXHOJIOI'T

e AKTMBHI OCBITHI TEXHOJIOT1i: JIEKIIii, CEMIHApH.
e MeToau HaBUaHHS: CJIOBECHI — JIEKIIisl, IOSICHEHHS, 0ecifia, KOHCYJIbTAITis,
HAOYHI — TIPE3eHTAIII;
MPaKTUYHI - Ja0opaTopHi pOOOTH, BUKOHAHHS ITPAKTUYHHX 3aBJIaHb;
POOIEMHO-TIONTYKOBI METOIM — JUCKYCiS Ta KOJICKTUBHE OOTOBOPEHHS MOKIMBHX
iXOIB O BUPIIICHHS 3a/1a4 YM CKCIICPUMCHTAIBHIX 3aB/IaHb;
e MeToau CTUMYJIIOBAaHHS 1 MOTHBAIlli HaBYAIbHO-TI3HABAJIBHOI JISUIBHOCTI —

O3HAMOMJICHHSI 3 HASIBHUMH B 111# ramy3i Mpe3eHTallisIMH, BiIe0 MaTepialaMu.

6. HABYAJIBHO-METO/IUYHE 3ABE3IIEYEHHSI CAMOCTIHHOI POBOTH
ACIIIPAHTIB. ®OPMA KOHTPOJIIO 3HAHD.

Buau camocriitHoI podoTH:

ITinroToBKa 10 NEKIIHHUX 3aHATh,

[TinroToBKa 10 CEMiHAPCHKUX 3aHATh.

Indopmauiiini pecypeu:

Enextponni pecypcu HamionansHoi 016morekn Ykpainu imeni B. 1. Bepraacbkoro;
Enextponni 6asm Web of Science, Scopus; Pecypcu Bimkputoro mocrymy Chemexpress,
ABC Chemistry.

MeToau KOHTPOJIIO:

Ilomounuii kommpons — OOTOBOPEHHS 3alMTaHbh 3a TEMaMH JICKI[IHHOTO KYypCy,
TECTyBaHHS 3HaHb CTYJICHTIB, YCHE OIMMMTYBAaHHS, BAKOHAHHS 3aBJaHb,

ITiocymkosuii KOHmpob — €K3aMeH.



7. HABUAJILHO-METOJNYHE TA THOOPMAILINHE 3ABE3NEYEHHS
JTUCHMUILITHA

PEKOMEH/OBAHA JIITEPATYPA

Cnucok nimepamypu 00 mooyns 1

1. T'iopuoni opzano-neopzaniuni HAHOKOMRO3UMU:@ 3A2a1bHI 8I00MOCMI, OCHOBHI NOHAMMA,
Memoou OompumManHs, CmpyKmypHi 0co01ueocmi, 61acmueocmi ma 00.1acmi 3acmocy8anHs.

1. Kim C.S. Hybrid and hierarchical composite materials Chapter 2. Organic-inorganic polymer
hybrids: Synthetic strategies and applications / C.S. Kim, C. Randow, T. Sano. - Switzerland: Springer
International Publishing, 2015, P.11-63.

2. Brinker C.J., Scherer G.W. Sol-gel science: the physics and chemistry of sol-gel processing /
London: Academic Press., Inc., 1990, 908 p.

3. lIunosa O.A., lllunos B.B. HaHOKOMIIO3UTHBIE OKCHIHE W THOPUIHBIE OpraHO-HEOPTraHUYCCKUE
MaTepuaibl, MolydyaeMble 30Jb-Teldb MeTtoioM. Cunres. CoiictBa. Ilpumenenue. — 30ipHUK HAayKOBUX
npaips «Hanocucremu, HaHOMartepianu, HaHoTexHosorii», T.1, Bumn.1. —KuiB: Akxagemnepionuka, 2003. —
C.9-84.

4. llaGanoBa H.A., CapkucoB I1.[]. 3omb-rens TexHonornu. HanoaucnepcHblid KpemMHe3eM. - M. :
BUHOM. JlaGoparopus 3nanwmi, 2015. - 328 c.

5. MomnukoB B.A. 30/1b-rens TEXHOIOTHS MUKPO- U HaHOKOMNO3uToB / B.A. Momnukos, O.A.
[Munosa, T.B. Xamora, FO.M. Taupos. - CII6: «Jlanb», 2013. - 304 c.

6. [lla6anoBa H.A. Xumus ¥ TEXHOJOTHUS HAHOJMUCIIEPCHBIX OKCHIOB: YueOHoe mocodue / H.A.
[ITa6anosa, B.B. Ilomnos, I1.JI. Capkucos. - M.: UKI] «Akagemkuura», 2006. — 309 c.

7. Hench L.L., West J.K. The Sol-gel process // Chem. Rev. — 1990. — V.90. — P. 33-72.

8. Zou H., Wu S., Shen J. Polymer/silica nanocomposites: preparation, characterization, properties,
and applications // Chem. Rev. — 2008. — V.108. — P.3893-3957.

9. Sanchez C., Julia’'n B., Belleville P., Popall M. Applications of hybrid organic—inorganic
nanocomposites // J. Mater. Chem. — 2005. — V.15. — P.3559-3592.

10. Kumar A., Yadav N, Bhatt M., Mishra N.K., Chaudhary P., Singh R. Sol-gel derived
nanomaterials and it’s applications: A review // Res. J. Chem. Sci. — 2015. - V.5, N12. — P.98-105.

11. Pandey S., Mishra S.B. Sol-gel derived organic-inorganic hybrid materials: synthesis,
characterizations and applications // J. Sol-Gel Sci. Technol. — 2011. - V.59. - P.73-94.

2. 30n1b-2e1b MeXHON02IA OMPUMAHHA 2IOPUOHUX HAHOCMPYKMYDPOGAHUX mMamepianie: Qizuko-
XIMIYHI OCHO8U 30/1b-2¢]1b NpOUECy, 6NIUE YMO6 CUHmME3y Ha nepebdiz peakuiii ma cmpykmypy i
enacmueocmi npooyKmie cunmesy, ix Knacugpixkayis.

1. Kim C.S. Hybrid and hierarchical composite materials Chapter 2. Organic-inorganic polymer
hybrids: Synthetic strategies and applications / C.S. Kim, C. Randow, T. Sano. - Switzerland: Springer
International Publishing, 2015, P.11-63.

2. Brinker C.J., Scherer G.W. Sol-gel science: the physics and chemistry of sol-gel processing /
London: Academic Press., Inc., 1990, 908 p.

3. IlIunosa O.A., llunos B.B. HaHokoMNO3UTHBIE OKCHIHE U THOPUIHBIE OPraHO-HEOPTaHUYECKHE
MaTepuaibl, MojydyaeMble 30Jb-Teldb MeToAoM. Cunre3. CoiictBa. Ilpumenenue. — 30ipHUK HayKOBUX
npais «Hanocucremu, HaHoMarepianu, HaHoTtexHosoriiy, T.1, Bum.1. —Kui: Axagemnepionuka, 2003. —
C.9-84.

4. lllabanoBa H.A., Capkucos II./l. 3omnb-rens Texnonoruu. HanogucnepcHslii KpemHe3eM. - M. :
BUHOM. JIa6oparopus 3nanwmii, 2015. - 328 c.



5. MomnaukoB B.A. 30/1b-T€nb TEXHOJOTHS MUKPO- U HaHOKOMMO3uTOB / B.A. Momaukos, O.A.
[unosa, T.B. Xamosa, KO.M. Taupos. - CII6: «Jlaas», 2013. - 304 c.

6. MakcumoB A.M. OCHOBBI 30Jb-T€JIb-TEXHOJOTHH HaHOKOMIIO3UTOB / A.M. Makcumos, B.A.
Momaukos, FO.M. Taupos, O.A. lIunoga. - CI16.: OOO "Texnomenua" / M3a-Bo"dmmop", 2007. 255 c.

7. lllabanoBa H.A. Xumus U TEXHOJOTUS HAHOJIUCIEPCHBIX OKCHUIOB: YueOHoe mocobue / H.A.
[ITa6anoBa, B.B. Ilomnos, I1.J1. Capkucos. - M.: UKII «Akagemkuura», 2006. — 309 c.

8. Hench L.L., West J.K. The Sol-gel process // Chem. Rev. — 1990. — V.90. — P. 33-72.

9. Zou H., Wu S., Shen J. Polymer/silica nhanocomposites: preparation, characterization, properties,
and applications // Chem. Rev. — 2008. — V.108. — P.3893-3957.

10. Sanchez C., Julia'n B., Belleville P., Popall M. Applications of hybrid organic—inorganic
nanocomposites // J. Mater. Chem. — 2005. — V.15. — P.3559-3592.

11. Kumar A., Yadav N, Bhatt M., Mishra N.K., Chaudhary P., Singh R. Sol-gel derived
nanomaterials and it’s applications: A review // Res. J. Chem. Sci. — 2015. - V.5, N12. — P.98-105.

12. Pandey S., Mishra S.B. Sol-gel derived organic-inorganic hybrid materials: synthesis,
characterizations and applications // J. Sol-Gel Sci. Technol. — 2011. - V.59. - P.73-94.

13. Danks A.E., Hall S.R., Schnepp Z. The evolution of ‘sol-gel’ chemistry as a technique for
materials synthesis // Mater. Horiz. - 2016 - V.3. - P.91-112.

14. TTomoraitmo A.Jl. ['mOpuaHbe MOIMMEP-HEOPraHUYCCKHE HAHOKOMITO3UTHI // YCIeXu XUMUH. -
2000. - T. 69. - C. 60-809.

3. Ompumanua HAHOUACMUHOK, NOKPUMMIE, NOPOWIKI8, NIIBKOGUX MA NOPUCHMUX Mamepiaie
30/1b-2€71b MEeMOoOOM.

1. Brinker C.J., Scherer G.W. Sol-gel science: the physics and chemistry of sol-gel processing /
London: Academic Press., Inc., 1990, 908 p.

2. llunosa O.A., IlIunoB B.B. HaHOokOMITO3UTHBIE OKCHIHE U TUOPUIHBIE OPraHO-HEOPTaHUYECKUE
MaTepuaibl, MolydyaeMble 30Jb-Teldb MeToAoM. Cunres. CoiictBa. Ilpumenenue. — 30ipHUK HAayKOBUX
npanb «Hanocucremu, HaHoMaTepianu, HaHoTexHoJori», T.1, Bum.1. —KuiB: Akxagemnepioauka, 2003. —
C.9-84.

3. IlIa6anoBa H.A., Capkucos I1./l. 3ome-rens TexHonoruu. HaHomucnepcHbI KpeMHe3eM. - M. :
BMHOM. JlaGopatopus 3nanui, 2015. - 328 c.

4. MakcumoB A.M. OCHOBBI 30JIb-T€IL-TEXHOJIOTMH HaHOkKoMmIIo3uToB / A.M. Makcumosn, B.A.
Momnukos, FO.M. Taupog, O.A. lllunoga. - CI16.: OOO "Texnomenua" / M3a-so"dmmop", 2007. 255 c.

5. MomnukoB B.A. 305b-rens TEXHOIOTHS MUKPO- U HaHOKoMmno3uToB / B.A. Momnukos, O.A.
unosa, T.B. Xamosa, FO.M. Taupos. - CI16: «JIanby», 2013. - 304 c.

6. IIlabanoBa H.A. Xumusi ¥ TEXHOJOIMsS HAaHOJUCIIEPCHBIX OKCHIOB: YueOHoe mocobue / H.A.
[[Ta6anosa, B.B. [Tonos, I1.JI. Capkucos. - M.: UKI] «Akagemkaura», 2006. — 309 c.

7. Hench L.L., West J.K. The Sol-gel process // Chem. Rev. — 1990. — V.90. — P. 33-72.
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