BIATI'YK
0(iLifiHOro OMOHEHTa Ha JUCePTALIHHY poGoTY
Tumkosens Mapii BauecnaBiBnu
Ha TeMy «CTBOPEHHS HEOPraHiYHHUX 3B’ A3yBabHUX KOMIIOHEHTIB i IPOLECiB
(OpPMOYTBOPEHHS TUBAPHUX CTPUKHIB Ha IX OCHOBI»,
NpencTaBlieHy Ha 3000yTTs CTYNEHS JOKTopa (inocodil
B rajysl 3HaHb 13 MexaHi4Ha imKkenepis

3a crieriansHicTo 136 Meranypris

AKTyaabHIiCTh TeMH AHCEpTALIT.

Y TeXHOJIOr] BUTOTOBJEHHs TIMTUX deTasleil i3 Oyab-AKUX CrNaBiB mepenbadeHo
BUKOPUCTaHHA (OPMYBANbHUX 1 CTPUKHEBUX CyMiluei, ski 6araTo B uoMmy
BH3HAYAIOTE AKICTH FOTOBOI MPOAYKIUIl. ¥V Cy4acHHX TEXHOMOTiAX (HOPMOYTBOPEHHS
IIMPOKO BHKOPHUCTOBYIOTH OOMEKeHe KOJIO CyMilleil, B OCHOBHOMY i3 BMiCTOM
OpraHiYHMX (CMOJIAHMX) 3B’A3yBalbHUX Matepianis. [Togambiue 3pocTaHHs o6csris
TUTBA y CBITI TOTpedye 3amydeHHs Bce OLMBIIOI KiILKOCTI (QOPMYBANBHIX
MaTepialiB, WO, Y CBOK Yepry, HeraTHBHO BILIMBAE HA €KOJIOTiI0. Bilbiuicts Kpaik
0OMexy€e BUKOPMCTAaHHS ILIAHO-CMOJISHUX CyMillell Ta CHHTE3 KOMIIOHEHTIB /10
HUX. BkazaHi 00’€KTMBHI NPUYHHM [pPU3BENH 10 AKTHBHOTO MOLIYKY HOBHX
MaTtepianiB 71 BUTOTOBJICHHS GOPM i CTPHKHIB.

[porsirom 2015...2022 pokis o6’ekramu BuHaxoniB y Kwurai, Pecny6uini
Kopes, CIUA, Snownii, € HeopraniuHi, ekonoriyHo Ge3nedni 38’ A3yBaabHi MaTepiai.
llepeBaskia  OIfBIIICTL  BHHAXOAIB  CTOCYETLCA 3B A3YBAILHUX  KOMITOHEHTIR
cUiTiKaTHOI (611M3bKOT 10 pifKoro ckiia) i pocdaTHoT IPUpoIH.

Omxe, NUTaHHs [OLIYKY HOBHX MaTepianiB, sKi BiJUIOBiAalOTE BHUMOIram
JIMBAPHOIO BUPOOHMLITBA, MOKYThb OYTH OTPUMAHI Y 3HAUHHUX KIJIBKOCTSX, SIKi €
CKOJIOTIYHO Oe3MeYHMMH Ta CTBOPEHHS Ha iX OCHOBI TEXHONOTi#f BHPOOHULTEA
CTPHIKHEBHX CyMILLIeH, € TIHCHO aKTyallbHUM.

Mertolo aucepTaniiinoi po6oTH € CTBOPEHHS TEXHOJOTIT CHHTe3Y (ocdaTHix
3B’A3yBa/IbHUX KOMIIOHEHTIB Ta PO3POO/IEHHS Ha IX OCHOBI €KOJIONUHMX CTPHKHEBHX
CymimeH 3 NiJIBUIIEHUMH TEXHOJIOTIYHUMH BJIACTHBOCTSIMH JUIsi BHUIOTOBJIEHHS
BUJIMBKIB 13 3a/1i30BYT/ELEBUX CIIABIB.

3apaui gocaigxeHHn:

1. Ipoananisysatu ¢isuko-XiMiuHi npouecu, ski BiaOyBarOThCs y CHCTeMax
opTodochopHOi  KHUCIOTH 3 HEOPraHidHUMM  COMSMH  MeTaliB; BCTAHOBUTH
TEOPETHYHI  TepeyMOBH CHHTe3Y (oCchaTHHX 3B’A3YBATbHHX KOMIIOHEHTIB Ta
3IHCHUTH iX IPAKTHUYHY TTEpPEBIPKY.



2. Busnauntu  ¢asoBuil Ta  MiHepaJoriyHWil  cKJaam  3B’A3yBaIBHUX
KOMIIOHEHTIB, yYTBOPEHHX [pH B3aeMojii HeopraHidHux cojieil  Harpito 3
opTohochopHOIO KUCIOTOIO.

3. Jlocmiautu AWHAMIKY CTPYKTYPHHX TEpEeTBOpEeHbL IiJ{ Yac HarpiBaHHs
3B’A3yBaJbHUX KOMIIOHEHTIB, YTBOPEHHX y cHCTeMax opTohocPOpHOi KHCIOTH i3
cynb(harom anoMiHiro Ta Tpunosidocharom HaTpiro.

4. 3a MeTomamMM NJaHOBAHHUX €KCIIEPUMEHTIB YCTAHOBUTH 3a/IEKHICTh (Bi3UKO-
MEeXaHIYHUX BJIACTHBOCTEH CTPHIKHEBHX CYMIlIeH BiI CKIaay Ta BH3HAYUTH 1X
ONTUMAJIbHI PEUENTYPH.

5. IlpoBectu  naGopatopHi BHIPOOGYBaHHSA  pO3POOIEHUX  CTPHIKHEBHX
CyMmilIed, BCTAHOBUTH IX pobGodYi BIACTUBOCTI Ta MapaMeTpH SKOCTI BHUIHBKIB i3
3aJ1130BYTUICLICBUX CIITABIB.

6. Pospaxysat exkoHOMi4HY e(eKTHBHICTbL BiJ BIPOBA/KEHHS HOBHX
CTPIDKHEBUX CyMILICH Ta TEXHONOrifi BHUIOTOBIECHHS NMBAapHUX CTPH/KHIB Ta
BH3HAYHUTH PEKOMeHOALll U100 TX 3aCTOCYBaHHS.

Y nmuceprauiiinii  poboti  Tumkosens M.B. ais  cTBOpeHHs  HOBHX
3B’A3YBAJILHUX MaTepialiB BAKOPUCTAHO MOLIHPeHi 1 HelediUUTHI HEOpraHiuHi codi
aMOMIHIKO 1 HATpllO B MOCAHAHHI 3 opTodochopHoo KucnoTow. Taki pesymbratu
NPeACTABIIAIOTHCS BIEPLIE.

Y Temi juceprauii BiA3HAYEHO [BI BaXJIMBHUX CKJIQJOBUX — CTBOPEHHs
HEOPraHIYHMX 3B A3yBaJbHUX MaTepiasiB Ta CTBOPEHHsS CTPHKHEBUX CyMilleil Ha iX
OCHOBI. [l CTpWKHEBHX CyMillleil ayKe BakKIMBHMH € 0araTo IOTaTKOBHX
XapaKTepUCTHK Marepially, OKpiM 3B’ s13yBajibHOT 31aTHOCTI. [le 1 Tepmiuna cTiiikicTs,
I XIMIYHA IHEPTHICTh /10 METAJICBUX PO3ILIABIB, 1 3a0e3Me4YeHHs JIerkoro BUIIyueHHS
CTPUKHIB 13 BHYTPILIHIX NOPOKHUH JHTHX JeTaned. BupilleHHs LMX NUTaHb y
KOMILIIEKCI Oe3Mnepeyno akTyamibHe.

Ouinka  oOrpyHTOBAaHOCTI  HAYKOBHX  pe3yJabTaTiB  JAMcepTamii, ix
JAOCTOBIPHOCTI TA HOBH3HH.

Haykosa HOBH3HA MTONIAITa€ B HACTYITHOMY:

. Bnepuie BcraHoBieHO MexaHi3M yTBopeHHs (ocdaris  Harpio i3
3B’A3YBaJbHUMK BIACTHBOCTAMH B Pe3y/bTaTi NpsMOi XiMiuHOI B3acMOZIl XIOpHIY
HATPIIO 3 0pTOHOCHOPHOIO KUCIOTOK TIpH Temriepatypi 6an3bko 300 °C.

2. Brepule BM3HaueHO KiHeTMKY yTBOpeHHs (pocariB HATpilo B pe3ylbTari
XIMI9HOI B3aemonil ioro Heopraniynux coneii (Na,CO;, NasP;0,, NaCl) 3
OpTOOCHOPHOIO KUCIOTOI Ta MOKA3aHO, IO 3aleKHO Bil TeMMepaTypHuX
IHTePBANliB B3aEMOJIT MiK BKA3aHHMM KOMITOHEHTAMH YTBOPIOIOTHCS OPTO-, Tipo- Ta
MmeTadocdaTt HATpPIkO.

3. Bmepue BCTaHOBIEHO 3aKOHOMIPHOCTI BIUIMBY KpPHCTAI4HOI OYyIOBH
(CTBBITHOIIEHHS pajiyciB KaTioHa Ta aHiOHa Ta BOAHEBUX 3B’A3KiB) CHHTE30BAHMX
docharis HaTpito Ha iX 3B'A3yBaNbHY 37aTHICTR y CKIAAl (GOPMYBAIBHMX Ta
CTPWIKHEBHUX CyMILLIEH.



4. Bmepme pospobGmeHo ommc  MexaHizMy — TepMidHHX NEePETBOPEHL
3B’13yBaJIbHOIO KOMIIOHEHTA, YTBOPEHOTo i3 opTodhocdOpHOi KHCIOTH i cynbdary
AIOMIHIIO, Ta BU3HAYEHO Horo (asoBHil CKIax NpU Pi3HUX TemIeparypax B
inTepBani Bix 200 go 1000 °C.

5. JlocmimkeHo auHamiky isHKO-XIMIYHMX TepeTBOpeHb 3B’S3YBAILHOIO
KOMITOHEHTA, YTBOPEHOTrO 13 OpTO(OoCcHOpHOI KUCIIOTH 1 TpHIToidocdary HAaTPItO 11pu
HarpiBansi Big 200 go 1000 °C.

ITyHKTH HaykoBOi HOBH3HM pe3y]bTaTiB JMCePTALIHHONO JIOCIi/KeHHS
3HAHILIN CBO€ MIATBEPIKE HHS:

1. BkasaHe HayKoBe MOIOMKEHHS PO3KPUTO Yy po3aimi 4 ﬂncepTauiT B m 4.1.2
MPEACTABICHO PE3yIbTATH TCPMOAMHAMIYHUX PO3PAXyHKIB, AKi MATBEPIKYIOTb, 110
TiC/is HarpiBaHHs 10 TeMmeparypH 6inbiioi 3a 250 °C XJIOpH/I HATPIO MA€ BCTYMaTH
Y B3aeMo[it0 3 opTohocdopHoio kucnoToro. Ha puc. 4.6 noka3aHo, 1110 MaKCHMAbHY
MILHICTL CyMIIl HAa OCHOBi KBapLOBOTO HAMOBHIOBAYA i3 MOEXHAHISM X JBOX
pedosuH Mae mpu temneparypi 300 °C. Ha puc. 4.11 (c. 95) HaBeneHo pesysbrar
(asosoro aHamizy, SKWil TIATBEPIKYE, 10 B CHCTEMi JUHCHO YTBOPIOETHCS
KPUCTAMIYHUH 3B’ A3yBaNbHUIT KOMIIOHEHT, KUl Mae hopmy MeTadochaty HaTpito.

2. Y pesynprari NOpPIBHSHHS OTPHMaHUX HAYKOBHX Pe3YIbTATIE BH3HAUYCHO
HacTynHe. 3B’A3yBalbHHUH KOMIOHEHT y KOMIIO3MIIi KapOoHary Hatpio 3
OPTOPOCHOPHOIO KHCIOTOK 33 TEPMOIMHAMIYHUM PO3PAXYHKOM YTBOPIOETHCS BIKE
MPpH HOPMAIBHIA TemmepaTypi (rpadik 4.1) ta mae dopmy oprodocdary HATPIIO
(basosuii ananis Ha puc. 4.8). 3B'sA3yBaibHHII KOMIIOHEHT Yy KOMIIO3UILIH
rpuronidocdary HaTPitO 3 KHCIOTOK yTBOPHOEThCA npu 150...200 °C i mae dopmy
nipoocaty HaTpito (puc. 4.14 Ha c. 98). 38 13yBaAbHUIl KOMIOHEHT y KOMIO3HL
XJIOpUIY HATPIIO 3 KMCIOTOIO, K BU3HAYeHO y 1. | HoBu3HM — MeTadocoar HaTpiro,
yTBOproeThes 1ipu 300 °C.

3. Y tabn. 4.1 mHa c.99 HaBeneHO pO3paxyHKOBI [aHi aBTOpa MO0
KpHCTaﬂquHx XapakTePUCTHK pisHUX (ocdaTiB Ta iX MOPIBHAHHA 3 MOMEPEaHbO
BIIOMHMH JaHUMH iHLIIKX asropis. Ha puc. 4.15 na c. 98 HaBemeHo CXeMaTUYHY
OynoBy nipodocdaris B nopisHsiHHi 3 opropocharamu, 3 1Kol BHAHO, WO i0H P,0O-
Mac 3Ha4HO OlIbLIMIA pajiyc, i Le € nepeayMoBo A5 3a6e3MneyeHHs MaKCHMAabHO!
3B’ A3YBAJIBHOI 30aTHOCTI came mipodocdary HaTpiro.

4. BrasaHe momoskeHHs PO3KpUTO y po3mini 3 nuceprauil. st I1ATBEP/KEHHSI
BUKOPHCTAHO auepenuiiinuii TepmorpasiMeTpuunuii  amaniz (puc. 3.4) Ta
pesynbratd (asosoro amamisy (puc. 3.3, 3.5, 3.6). ABTOopKa oUcepTalii AeTaabHO
NpoaHaiisyBaja yci MepeTBOpPeHHs Ta onucata iX XiMIYHHMH piBHIHHAMH (3.7) —
(3.10). Marepianbnuii 6ananc piBHsHb NOBHOK MIpOO BiAMNOBiae pe3yabraram 000X
HPOBEACHUX CTPYKTYPHHUX aHalli31B, OTKe MOSCHEHHS! YCIX MepeTBOPEHb MOBHOH)
MIpOIO TOCTOBIpHI.

5. Ha ocHoBi jnanux ¢azosux ananizis (puc 4.14 1 4.17) ta audepenuiitoro
TEPMOTPaBIMETPUIHOro aHamisy (puc. 4.16) MmiATBEpPIKEHO MPOXOIKEHHS PSIY
(ba3oBUX mneperBOpeHs Ta iX Temmeparypui IHTEPBAJIM 3 METOK MPOrHO3YBAHHS



MOJAJIBIIMX BIACTHBOCTCH CTPHKHEBOI CyMILIl Ha OCHOBI LOTO 3B’ S3yBalbHOTO
KOMIIOHEHTA.

HaykoBi monoxenHs auceprauii € [J0CTaTHbO OGIPYHTOBAHHMH, BOHM
BIANIOBIZAIOTh  CYYaCHWM VABICHHSM WIOMO0 CTBOPEHHS HOBHX e(eKTHBHHX
CTPHKHEBHUX CYMIIIEH AJ1s TABAPHOTO BUPOOHHIITBA.

Y Beryni  oOrpyHTOBaHO BHGIp TeMM  IMCepTAliHOIO  JIOCII/KEHHS,
OCTaBIe€HO MeTy 3a 3aiadvl. llpexctaBneHo HaykoBY HOBHU3HY, TEOPETHUHE Ta
NPaKTHIHE 3HAYEHHS Pe3y/bTaTIB PoOOTH, 0OCOOMCTHI BHECOK 3100yBaya, AaHi mpo
anpoOarliro pe3yjabTaTiB Ta 3aralbHy CTPYKTYpYy auceprauii. Beryn odopmieno
3r1JJHO HasIBHUX BHMOT, 3p03yMij0 Ta CTHCIIO.

B nepuromy po3aiai npencrasneno onuc cyyacHux hOpMyBanTbHHX MaTepiaiis
Ta TpPOLECIB BUTOTOBJEHHS NMBapHHX (OpM i cTpukHiB. Sokpema, y m. 1.2.2
HaBEJICHO 1H(OPMAIIO NMPO HEeOpraHiuHi 3B A3yBaibHi Marepianu, ski BioMi Ha
ChOTOZIHI AJSI BUTOTOBJEHHS CTPIKHIB. V m. 1.3 npoanamizoBaHo (hi3uko-XiMiuHO
OCHOBHM CTBOpeHHsA (ochaTHUX 3B’SI3yBAIbHUX KOMIO3WINH Ta BH3HAYEHO
HeBIpUIUEHI TUTaHHs y wiii cdepi. Jly)e IPYHTOBHO MpOaHaIi30BaHO MpoIecH
CUHTe3y (ocdaTHUX 3B’A3YBAaTbHMX KOMIIOHEHTIB (Tabm. 1.5) Ta cTpusKHeBMX
CyMille# 1715 TMBapHOTO BUPOOHMLTBA Ha iX ocHOBI (Tabm. 1.6). 1o 1HpopMaLiro
MOXHa BUKOPUCTATH He IUIA OJHIE] AHCEepTAaliiHOi poGOTH B MOANBIIOMY, BOHA
n00pe cucTeMarH3oBaHa | KPUTHYHO oiliHeHa. Ha ocHoOBi Takoro [PYHTOBHOTO
aHaJli3y YiTKO BU3HAYEHO MeTY Ta 3a/1a4i AucepTaLiiiHoi po6oTH.

Y apyromy po3aili mpencTaBieHO METOAM BHpIlICHHS MeTH Ta 3a1au
nuceprauil. TyT noeaHaHo craHIapTHI METOMMKU i3 OPUriHATBHUMH, MAKCHMAIbHO
3aJIy4€HO TepeloBe HayKoBe 00JiajiHaHHA. 3arajbHUi XiJ{ IPOBEAEHHS TOCITIIKEHb,
SKWH TIOJIArae y MONepeiHbOMY MPOBEIeHHI pO3paxyHKIB Ta aHamizy XiMigHUX
B3a€MOJIiif, TIOJANBIIOMY 31ilffCHeHH TX Ha MPaKTHLI, aHAMi3i YTBOPEHHX HNPOOYKTIR
Ta BUBYCHHI iX BJIACTHBOCTEH 1 B KiHIIEBOMY MiACYMKY BM3HA4YeHHi BJACTHBOCTell
CTPHKHEBHX CyMILICH Ha OCHOBI JOCITIIKEHUX MaTepianiB, € onTHManbHuM. Omuc
TEXHOJIOTI{i CTBOPEHHS 3B’A3YBAIbHAX KOMIIOHEHTIB Ta TPUIOTYBAHHS CTPUIKHEBHX
cyMiliell BUKIAJeHO TMOBHO i 3po3ymino. Y m. 2.6 onucano oamH i3 MPOrPECHUBHUX
METO/IIB IJIaHyBaHHs eKCIIePUMEHTIB, SKUil 1ae 3MOry OTPUMATH Gilblie iH(opmariii
BIZl CHCTEMH MIPM MeHLUiji BUTpaTi MaTepialiB Ta eHepre THUHUX pecypciB.

Y TpeTbomy posaini jucepTamii npencTaBieno BCi pesynbTaTH AOCTIIAKEHHS
3B’S3YBAJIbHOIO KOMIIOHEHTa, SKHH OTpUMaHo i3 opToocOpHOT KUCIOTH |
cyabpary amominito. ¥ m. 3.1 i 3.2 HaBeneHo ninTBepmKeHHS IIYHKTY 4 HayKoBOT
HOBU3HH. B 1. 3.3 mocTaBieHo BakIMBE 11 TEXHOJOTIT BHTMOTOBIEHHS JIUBAPHUX
CTpH}KHlB MUTaHHS — BHKOPHMCTAHHS TBEPAOTO, [IONEPEAHLO IPHUTOTOBJICHO,
3B ﬂ3yBaJIbHOF0 KOMIOHEHTa, ab0 PiKOro, KUl yTROPIOETHCS BiKE Ge3M0cepeHL0 Y
CKNIaAl CTPUIKHEBOI CyMiLLi. ABTOpKa JucepTauii MiATBEPIKYE MOKIHBICTD
BIPOBAJKEHHS 000X Mpomecis (puc. 3.8), axke 3a Pi3HUX MacOBHX CHIBBIIHOLIEHD
oprodochopHol KHCTOTH Ta cyibdaTy amoMmiHito 3B’ A3YBAJILHHI KOMIIOHEHT BCe
ONHO YTBOPIOE€TbCA. Y m. 3.4 1 3.5 mpencraBNeHO IOCTi/KEHHS BJIACTHBOCTEl
CyMillel i3 CyXUM Ta PIAKMM 3B’S3yBATbHHM KOMIIOHEHTOM, 3 noOya0BOKO PIBHSAHL



perpecii, rpadiynux 3anmexkHocteil Ta cmpoboio rpadiunoi omtumizamii. Vi
BUCHOBKH, c(OPMy/IbOBaHi 3a LIMM PO3/IiJI0M, TOBHOK MipOKO MifTBEPIKEHO.

Y uerBepTOMY PO37ii T0CTiNKEHO KIHETUKY B3a€MOJii HEOPTAHIUHUX CIIOTYK
HaTpilo 3 OpTO(OCPOPHOIO KHCIOTOIO Ta TEPMiuHY CTaBimBHICTH YTBOPCHHX B
pe3ynbTaTiB 3B’SA3yBaNlbHUX KOMMOHEHTIB. Y 1m.4.1.1 mposeneno TeopeTHuHHil Ta
NPaKTUYHKIA aHajli3 npouecis B3acMoJil kapGoHaTy Ta rijgpokapb6oHaTy HaTpilo 3
OpTO(OCHOPHOIO KUCIOTOIO, B Pe3y/bTaTi AKOrO MiATBEPIKEHO (Mpo 1e cBig4aTh
maHi puc. 4.3 i 4.4), mo amst cTBopeHHs (PoCcPAaTHOro 3B’A3YBATLHOIO KOMIIOHEHTA
O/IHaKOBO mpuaatHi obwisi wi cromyku. [lpo B3aeMmojtiio XJOpHAYy HATpilo 3
oprodocopHoro Kucnorow (m. 4.1.2) HaeTeca y myHKTi | HayKOBOI HOBHW3HHU
poboTH. 3 METOO BUPIlLEHHs TOCTABIEHHX 3a1a4 HAYKOBOTO JOCILIKEHHS 1eTalbHO
MpoaHai3oBaHo (a3oBuii ckTam i Horo 3miHM y pisHuX ¢ocgarax Harpito. Vi
pe3yJbTaTH MIATBEPIKEHO JaHUMH (Aa30BOI0 aHamdizy, NpH ILbOMY BiJMiueHO fK
NOABY KPUCTAMuHMX (a3, Tak I amopduux (Hanpuknaz, puc. 4.10 Ha c.94 abo
puc. 4.17 na c. 102), sKi BUHUKAIOTH MiC/s BHCOKOTEMMEPATyPHOTO HArpiBAaHHA Ta
10/1a1bILIOT0  OXOJIOJIKEHHS JIOC/IJUKEHUX 3B SI3yBA/IbHUX KOMIIOHEHTIB. B . 4.3
MPE/ICTABJICHO PE3yIbTaTH JOCHKEHHA BIACTHBOCTEH CTPUKHEBMX CyMillled 3
yciMa ocTiDKeHUMHM 10 1boro Qochatamu Hatpiro. TyT Takox BUKOPHUCTAHO
METO/IH TIJIaHyBaHHS €KCTICPHMEHTIB. 30KpeMa, T0CHTh CKIaaHy (opMy 3a/eKHOCTE
Ha puc. 4.22 aBropka aucepTallil MOSCHIOE 0COOIMBOCTAMHU XiMiYHUX MPOLECIB, SKi
BIIOYBAIOTbCS Y CKIIa/l CyMiLLi.

B uinomy, y posnini 4 npoBeneHo MOpiBHANBHUIT aHalli3 CTPIKHEBHX CyMimeii
i3 TaK 3BAHMMH TBEPAUMH Td PIAKUMH 3B SI3yBalbHHMH KOMIOHEHTAMH. Trepni
ABJISIIOTE COOOKO MONEPE/IHbO CHHTE30BaHl, TOOTO Bike roToBi npoaykTH. Pinki — e
PO3YMHH HEOPraHiuHMX coneil Hartpito B opTodocdopHill KUCIOTI, 3 SKHX BXKe Mij
4ac TCIIOBOTO OOPOO/ICHHS CTPUIKHS CHHTE3YEThCS 3B’ A3yBalbHHH KOMITOHEHT.

B posaini 5 BH3HaueHO BakIMBI TEXHOJOTIYHI BJIACTHBOCTEH pO3po0JIeHUX
CTPHKHEBHUX CyMIillUel: CTIHKICT 10 YTBOPEHHs npurapy, poboTy BHOMBAHHS,
TICPOCKOMIYHICTE. VY  pesymbTari 1okasaHo, o gesiki  cymimi 3a0e3MmeuyroTh
BIACYTHICTh MpHUTApPy Ha MOBEpPXHI JHTHX IeTaieil HaBiTh [IPH BUKOPHUCTAHHI
HerogapboBaHuX CTpHKHIB. Yei cymiwi 3abesneuyioTh 3a10BiibHY LIOPCTKICTh
IUTUX MoBepXoHb. CyMiwi 3 ¢docdaramMu aTOMIHIO MarTh MiHIMambHY poGOTY
BHOMBaHHA, a 3 Gocdaramu HaTPiO (i e MosCHeHO B poGoTi) — 10CUTH BUCOKY. Lle
MOB’SI32HO 13 YAaCTKOBHUM CIIIKAHHAM 3B S3YBATbHHUX KOMIIOHEHTIB. [Tpu ubomy
aBTOPKOIO JMCEpTaLlli 3alpONOHOBAHO BUIANCHHS CTPUIKHIB Y BOJ, sIKe 6a3yroThes
Ha QI3W4HIA po3YMHHOCTI Bocdaris HaTpiro. [3 TUTHX neraseii, peaCTaBJICHUX Ha
puc. 5.18, auMBapHi CTPWKHI YCHIIIHO BHIYYEHO caMe TAaKHM  CIIOCOBOM.
3aBepuIyeTbCsl PO3J1iJ PO3paxXyHKAMH €KOHOMIUHOT e()EeKTUBHOCTI BUKOPHCTaHHS
PO3pOOIEHUX CTPHIKHEBUX CyMillIEH.

B nomatkax mnpencrasieno AKTH BrnpoBamKeHHS pe3ynbTaTiB muceprauii y
HaB4aJIbHUK NpoLeC.

OOIpyHTOBaHICTb  HAYKOBUX  MOTOKEHb, BHCHOBKIB i peKoMeHalliii,

chopMyIbOBAHUX B AucepTaliiinii podori Tumkosems M.B. BUCOKa 0CKLTLKH:



— OazyeTbes Ha GyHAAMCHTATLHUX MOJOKCHHAX Teopii popMyBaHHS BUJIUBKIB
1 Teopii CTBOpeHHsI HOBUX e(eKTUBHHUX CTPUIKHEBUX 1 hOpMYyBabHUX CYMIIIEH 1is
JTMBApPHOr0 BUPOOHHULTBA Ta HA KOMIUIEKCHOMY KPHTHUYHOMY aHali3l HasBHOTO B
JiTepaTypHUX Ta IHPOpMaALIHHUX JKepenax MaTepiany 3a T1aHo MpodJIeMolo;

— peani3oBaHO KJIACHYHUH MIAXIA 10 HAYKOBOTO JOCIIIKEHHS, SKUH BKIIOYae
B ce0e MOCTaHOBKY MeTH, BU3HAYEHHS 3aB/laHb JIOC/IJUKEHHS (8chyi), aHaITHYHWH
orusil (po3din nepuiuil), B SIKOMY TPOAHATI30BAHO HAYKOBO-TEXHIUHY JIiTepaTypy
OI0 CYYacHOTO CTaHy TEXHOJIOTIH BHTOTOBJIECHHS JHUBApHUX CTPHUKHIB, HABEICHO
iHpopMmallilo 1po HeopraHiuHi 3B’43yBajbHI MaTepiaid, MpoaHaiizoBaHo (izUKO-
XIMIYHI OCHOBU CTBOpeHHs (ochaTHUX 3B A3YBATBHUX KOMIIO3ULIN Ta MPOLECH
CTBOPEHHSI CTPUIKHEBUX CyMilleid 1 BU3HAUYCHO HEBUpILIEHI MUTaHHA V IiH cdepi;
PO3pOOKY METOAMKH HOCTIIKEHDb (po3din Opyeuil); TPEACTABICHO BCI Pe3yJibTaTh
JOCHIJIKEHHS. 3B S3yBaJbHUX KOMIIOHEHTIB, BHPIIIEHO  TMHTAHHS BHKOPUCTAHHSI
TBEPJOro Ta PLOKOro 3B’A3YBAJIBHUX KOMIIOHEHTIB, Mi/ITBEPKEHA MOKIUBICTh
BITPOBAKEHHS 000X MPOLECB, MPeACTARICHO JAOCTIKSHHS BIACTHBOCTEH CyMileit
13 CyXMM Ta pIIKHM 3B’A3yBalbHHMH KOMIIOHEHTaMH, 3 MOOYJ/IOBOK PpIBHSIHb
perpecii, rpa(iuHux 3ajexHocTeld Ta crpobor rpadivHol onTuMizanii (po3din
mpemii); JNOCHIAKEHO KIHeTHKY B3acMOIli HEOpraHiYHUX CHOJYK HaTpilo 3
opTOQOCHOPHOID KHUCJIOTOI Ta TCPMIYHY CTabIMBHICTL YTBOPEHHWX B pPe3yNbTaTiB
3B’SI3yBaJILHUX KOMIIOHEHTIB, JeTajlbHO IIpoaHalizoBaHo (a3oBUH ckiaj 1 #Horo
3MIHM Yy pi3HHX Qocdarax HaTpiro, OpeacTaBIeHO pe3yIbTaTH JIOCIIHKEHHs
BJIIACTUBOCTEH CTPHMIKHEBUX CyMILICH Ha OCHOBI BHKOPHUCTAHHS METOJIB IJTAHYBAHHS
eKCIIePUMEHTIB  (p030in  wemeepmuil); TIPeJICTABIEHO Pe3YJbTaTH [PAKTHYHHX
BUIIPOOYBaHb 3 BUKOPHUCTAHHAM YCIX po3poOieHuX B poOOTI CTPHUKHEBUX CyMilleid,
BU3HA4YE€HO BAX/IMBI TEXHOJIOMYHI BAACTUBOCTI UMX CTPH)KHEBUX CYMILICH: CTIHKICTD
J0 YTBOPEHHS MpuUrapy, podoTy BHOWBAHHS, TIrPOCKOIIYHICTB. 3aMpONOHOBAHO
BUJAJIEHHS CTPHIKHIB Y BO/lI, [IPe/ICTABICHO PO3PAXYHKH €KOHOMIYHOI e()eKTHBHOCTI
BUKOPUCTAHHA PO3POOJIEHUX CTPUIKHEBUX CYMIIICH (po30in n samuil);

— BUKOPHCTAaHO CY4YacH! MEeTOAM JOCTUIKEHHS (I3HKO-MEXaHIYHUX BJIACTH-
BOCTEH: MILIHOCTI [PH CTHCKAHHI, 00CHIIAEMOCTI, TIrPOCKOMIYHOCTI Ta BHOMBAEMOCTI,
Ta CXWIbHOCTI CTPHUIKHEBHX CYMIIIel 10 yTBOPEHHS MPUIapy, Bijl SKHX 3aJI€KHTD
SIKICTh BUJIMBKIB;

— BUKOPHCTAHO pPEeHTreHOo(pa3oBUi Ta IudepeHUitHud TepMIYHHI aHali3H,
TEPMOJAMHAMIYHI  PO3paxyHKH, MaTeMaTH4yHe IUIAHYBAHHS eKCIIepUMEHTIB |
MaTeMATH4YHY CTATUCTUKY, BU3HAYEHHs (13MKO-MeXaHIUYHMX BIACTHBOCTEH 3pa3KiB 3
BUKOPUCTAHHAM CYYaCHHX J1a00paTOPHUX MPHIAIB /IS BANTPOOYBAHHS CyMIIIIe;

— HaBEJEHO SIKICHe (OpPMYITIIOBAaHHS OTPUMAHUX BUCHOBKIB.

Omxe, B nuceprauiliHiii poOOTI MocTaBieHe HAayKOBE 3aBIAaHHS CTBOPEHHS
dochaTHHX 3B’ A3yBaIbHHX KOMITOHEHTIB Ta PO3pOOICHHS €KOJOMTYHUX CTPUKHEBHX
cyMmilied 3 MiABHILNEHHMMH TEXHOJIOMNIYHUMH BJIACTHBOCTSMH IS BHIOTOBJIEHHS
BHJIMBKIB 13 3a/1130ByIJIelleBUX CIUJIaBIB BHKOHAHO I[IOBHICTIO, 3400yBay [OBHOIO
MIpOIO OBOJIOIB METOMOJIOrICH0 HAYKOBOT AiA1bHOCTI.



IIpakTH4yHe 3HAYEHHS pe3y.JIbTATIB POOOTH.

Pospobneno HoBi docdaTHi 3B’A3yBajdbHI KOMIIOHEHTH Ui JTMBAPHOIO
BUPOOHHUITBA, SKI BIAPI3HAIOTECS THM, LIO YTBOPIOIOTHCA BHACIIAOK XiMiuHOT
B3a€MOJII TIpH HarpiBaHHI Mix OpTO(HOCHOPHOI KHCIOTOIO Ta HEOPraHIYHHMH
COJIAMHU aJIFOMIHIO 1 HaTpito. [Ipoliecy cuHTe3y 3B A3yBallbHHX KOMIIOHEHTIB MOKYTh
OyTH peani3oBaHl fK y CKIall CTPUMkKHEROI CyMilll MiJ 9ac TENJIoBOro 3Mil[HEHHS
CTPHXKHSA, TaK 1 TIepel MPUrOTYBAHHAM CYMIII Ha XIMIYHOMY MiAMpHEMCTBI abo
OesnocepeHbO y JMBapHOMY Lexy. [Ipollecu cHHTE3y npocTi, Manoomnepalliiiui,
noTpeOyroTh MiHIMYMy MatepiaiiB. [0ToBI 3B’si3yBajlbHI KOMIIOHEHTH MarOTh
NPaKTUYHO HEOOMEKeHMH TepMiH MPUIATHOCTI, MAaKCHMMalbHO eKOJIOIIYHI.
CrpukHeBi cymimi 3a0e3neduyioTh HalexHy AKICTh MOBCPXOHb BHIMBKIB i3
3aJ1130BYTJIELEBUX CIUIABIB.

Ouinka 3micty auceprauii, ii 3aBepineHicTb Ta TOTPHMAHHS NPHHUHNIB
aKaJeMi4HOI J0OpOYeCHOCTI.

3a cBOIM 3MiCTOM Jucepraliiina podoTa 3100yBava Tumkoseus M.B. nosnicTio
Bianmosinae CraHgapty BulIOl OCBiTH 31 cneuiansHocti 136 Metanypria Ta
HanpsMKaM JOCIKEeHDb BIATOBIIHO /10 OCBITHBOT nporpamMu «MeTamyprisy».

Jlucepraniiina poGora € 3aBepHICHOI0 HAYKOBOK MPALEK 1 CBIIYMTL Npo
HasgBHICTh 0COOMCTOr0 BHecKy 3100yBaua y HaykoBuil Hampsm  «Teopis Ta
TEXHOJIOTIS TUBAPHUX (opm».

PosrnsHyBmm 3BiT noaibHOCTI 3a pesylibTaTaMM IMEepeBipKH aucepTauiiiHol
poborn Ha TekcToBi criBnajiiHHs (3,79%), MoOkHA 3pOOMTH BHCHOBOK, IO
aMceprauiiina po6ora Tuwkosels Mapii Badec1aBiBHU € pe3ynbTaTOM caMOCTIHHMX
JOCITIKEHb 3700yBaya 1 He MICTHTh eJIeMCHTIB (anbcHdikamii, KoM,
(pabpukanii, niariaTy ta 3anosudeHb. Bukopucrani e, pesyjibrati i TeKCTH 1HIINX
aBTOPIB MaIOTh HaJIeXKHI [IOCHTAHHS Ha BIANOBIIHE IKepeno.

MogBa Ta ¢cTH/Ib BHKJ/1A/IeHHS Pe3y/bTaTiB

Jlucepraiiiina pobora HanMcana YKpaiHCBKOK MOBOIO.

HucepTanis cKIanacTbes 3 BCTYMY, 5 PO3/iIiB, BUCHOBKIB, CIIUCKY JliTepaTypu
Ta TOIATKIB. 3araJbHuil odcsr nuceprauii 157 cTopiHOK.

OOrpyHTYBaHHS HayKOBMX Ta MPAKTHYHHUX PE3YJIbTATiB 0a3yeThcs Ha
MO€HAHHI [aHUX JITepaTypHUX JUKepes, IOB'S3aHHMX 3 TeMOK0 aucepTalii, Ta
BIIACHUX JAHUX, OTPUMAHUX 37100YBAUKOI0 OCOOUCTO.

Hucepraniitna pobota opopmirena Binnosigno g0 Bumor Hakasy MO Ykpainu
i 12 ciynsg 2017 p. Ne 40 «ITpo 3aTBepikeHHs BUMOT J10 0OPMIICHHS JTUCePTaLIii».

OnpuiiroaHeHHs pe3y IbTaTiB AHcepTAUiiiHOT po6oTH
OcHOBHI HayKOBI MONOKEHHs JIMCepTaLii JI0M0BI1a/IMCh Ta 0OrOBOPHOBAIUCH HA

28 HayKoBO-TeXHIUHMX KoH(epeHuisx: «Hosl Mmartepianu i Texuomnorii B
MamuHoGyaypauHi» IX-XIIT (M. Kuis, 2017-2022); «IlepcriekTUBHi TexHOMOTIT,



Matepianu i obmamgHaHHS y JuBapHoMY BUpoOHHUTBIY VII, VIII (M. KpamaTopchbk,
2019, 2021); «JIuteé, Metannyprusi» (m. 3anopizxxs, 2017-2021); «Marepianu st
pobotH B ekcTpemanbHux ymoBax» I[X-XII (m. Kui, 2018-2021); «IIpuknaasi
HAayKOBO-TEeXHIYHI JochimkeHHs» [V, V  (m. IBano-®pankiscek, 2020, 2021);
«IlepcrieKTHBHI ~ TEXHOJIOTII Ha OCHOBI  HOBITHIX  (Pi3MKO-MaTepialo3HaBUNX
JOCJIIZKEHb T KOMIT FOTEPHOIO KOHCTPYIOBaHHA MaTtepianiBy (M. Kuis, 2018, 2019);
«HemeTanesi BKparuieHHs 1 ra3u y TUBapHUX cIutaBax» (M. 3anopixks, 2018, 2021),
«Perspectives of world science and education» (M. Ocaka, 2019), «Ynpasminus
SKICTIO B OCBITI Ta IIPOMHCIIOBOCTI: JIOCBI/I, MpoOJieMH Ta mepcnekTusu» (M. JIbBis,
2021). ¥V 2020 poul inHoBauiiinuil npoekT «ExonoriyHuii 3B’ s3yBajibHUM MarTepia
IJIs JIMBAPHOTO BUPOOHMUTBa» NpoiiloB a0 ¢inany [X MiKHapomHOr0 KOHKYpCY
Sikorsky Challenge.

HayxoBl pesyiabTaru juceprailii BHCBITIEHO y 36 HayKoBHX myOiikanisx
3n00yBaya, cepel fKHMX: 2 CTATTI Y HAYKOBHX BHIAHHSX, BKIIOYEHUX Ha JaTy
onmyOMIKyBaHHSA [0 MEpeiKy HayKoBHX (axoBHX BHIaHb YKpaiHu; 3 crarti y
NepioJJMUHMX HayKOBHUX BUJIAHHSX, [IPOiH/ieKcoBaHuX vy Oa3ax nanux Web of Science
Core Collection Ta/abo Scopus, 3 skux | crarrs y BHJIAHHI, BiJHECEHOMY 0
nepuioro-tpetboro kpaptuiais (Q1-Q3) BinmoBinHo mo knacudikamii SCImago
Journal and Country Rank abo Journal Citation Reports; 0 maTeHTiB Ha BUHAXIJ, 110
NpoHILIKM KBaniikauliHy exkcrnepTusy Tta Oe3rnocepesiHbO0 CTOCYETHCS HAYKOBHX
pesynbTaTiB Aauceprauii; | nmareHT YKpaiHH Ha KOpUCHY Mojenb; 0 omHoociOHMX
MoHorpadiif, mo pexkoMeHIoBaHi 10 JpyKy Buenow pamoro KIII im. Irops
CiKOpchKOro Ta NpoiiLIM peLleH3yBaHHs.

KoxHy myOmikauito NpUCBSAYEHO YaCTKOBOMY BHpIIIEHHIO 3a1a4 AucepTallil.
Y cTaraX, BUKJIAJEHUX Yy HAyKOBO-METpHYHHX 0a3ax, MiATBEP/UKYIOTbCA OKpeMi
MOJIOKEHHSA HAYKOBOI HOBU3HU pOOOTH.

Takum 4YMHOM, HayKOBI pe3ysnbTaTH, ONHCaHI B JMceprauiiiHiii pobori,
[IOBHICTIO BUCBITIIEH] Y HAyKOBUX MyOiKauigx 3100ysayva.

Pexomenanii 11010 BHKOPHCTAHHSA Pe3yabTATIB {0CHIIKEHH

Pesynbratu nociimkeHb MOXKYTb OyTH PEeKOMEHIOBaHi Il BHKOPUCTAHHS
HayKOBUMH IPalllBHUKAMM, $KI CHELIaTi3ylOTbCS B Traly3l CTBOPEHHS HOBHX
(GopMyBamBHUX Ta CTPHKHEBHX CYMillel, HAyKOBO-AOCIIAHMX OpraHizamigx  Ta
IHCTHTYTaxX, TEXHOJIOraMU JIMBAPHUX LEXiB, @ TAKOK y HABYAILHOMY NpOLECi MpH
4yuTaHHl KypciB «DopMyBanbHi Marepianny», «DopMyBanbHi MaTepiaau Ta cyMimiy,
«Teopetnuni ocosu GopMoyTBOpeHHS», « TexXHoIOTIs TUBAPHOT GOPMH».

Henouiku Ta 3ayBaskenns 10 iuceprauiiiHoi po6oTu:

I. ¥V mucepraniitniit poboTi He OOIPYHTOBAHO, YOMY HE OCIIIKYBAINCh TaKi
000B’s3K0BI Napamerpu (HOpPMyBaTBHHX CyMilllell sK BOJIOTICTH i Ta30MPOHHUKHICTE
cymiweii. bes BMBUeHHs uMX napameTpiB iHdopMallis nmpo AoCTiKYBaHI cyminii
SBJISI€THCS HEITOBHOIO.,



2. Posgin 3, c. 76, piBHSHHSA perpecii (3.11). ABTop poboTH He 1ana MosCHEHb,
4OMy BiZOyBaeThesl NajliHHA MILUHOCTI 3pa3kiB IpM CTHCKAHHI NpU 30ijblIeHH]
TeMIIepaTypH 1X CYIIiHHA.

3. Po3nin 4, nynkt 4.3.1., c.111. BBakaio, II0 3HAYEHHS MIIHOCTI pu
CTHCKAaHHI OJIHAKOBI IS 3pasKiB cyMmimeit, ska MictuTh 30%-H po3dnH kapBoHaty
Hatpito B oprodocdopriit kuciaoti 70%-1 konuentpauii H;POy i sika micturs 20%-ii
po34rH KapOoHaTy HaTpito B opTodochopHiil kucioti 85%-i xonuentpauii HiPO,.
Tomy B Tabn. 4.8. kpame Oyn0 6 nokasats 06HaABA Ui cKaamgu. AGO MPOBECTH GiNbI
AeTalnbHI J0CIIJKEHHSA, o0 NepeKoHaTuest y NnpasuiibHOCTI o6paHoro cknany. Lle
CTOCYETHCS JOCAIIKeHb 1 B MyHKTI 4.3.2.

4.V poszini 4 10CAIAKYIOTECA BA PI3HOBHIN KapOoHaTy Hatpito — Na,COy i
NaHCO;. Ilo nepmomy mnposeneno (aszoBuil anazi3 yTBOPEHOTO 3B S3YBATBHOTO
KOMIIOHEeHTa, & [0 JPYroMmy Taki JaHi BIACYTHI, X04a 1 BKa3lyeTbcs, 10 OOM/IBI
HEOpraHiYHi CIOIYKH 3a0e3MeuyoTh OJHAKOBUIl pe3y/IbTaT.

5. llnanyBanns eKCIEpHUMEHTIB BUKOPHUCTAHO MU JOCIIKEHHS BIACTHBOCTEll
HE BCIX MPEJICTABICHNX B POOOTI CTPUKHEBUX CYMilLEH.

6. Poszin 5.1. I3 Tekery nuceprauii He siCHO, YOMY IS PI3HUX CTepKHEBUX
cymilued BMOpaHi pi3Hi Temmepatypu cywkd. baxaHo Oyiao 6 BH3HAYHTH
ONTHUMAITBHY TEMIIEpaTypy CYLIIHHSA 1 11 TPUBATICTE.

7. ITin 4ac po3paxyHKIB eKoHOMiuHOTO edekTy (I1. 5.5) BU3HAUYEHO BHKIIOYHO
BapTiCTh KOMIIOHEHTIB, 03 ypaxyBaHHs BHTpaTH €HEpropecypciB Ta TPHBAIOCTI
TEIUIOBOTO CYIIHHA CTPHKHIB, TOMY IIi AaHi NOTPeOYIOTH YTOUHEHHS.

8. Jlis NOpIBHSHHS BJIACTHBOCTEH CyMmilleil Ta BH3HAYEHHS EKOHOMIYHOT
e(peKTHBHOCTI BMOPAHO CYMillli 3 CHHTETHUHMMH CMOJIAMHM, TOJi SIK OUIBLI BAAJIMM
MOPIBHAHHAM Oynn O cyMimn 3 HeopraHiuHHUM 3B S3yBalbHUM KOMIIOHEHTOM —
PIIKUM CKJIOM.

BBaxato, 110 BHCJIOBI/IEHI 3ayBaKeHHsS He € BH3HAYAILHUMH i He 3MEHINYIOTh
3arajlbHy HayKOBY HOBM3HY Ta IPAKTHUYHY 3HAYHMICTh PE3V/IbTATIB T HE BILIUBAIOTD
Ha MO3UTHBHY OLIHKY JUCepTaLiifHOT poGoTH.

BucHoBOK npo aucepTauiiiny podory

Beaxkato, 10 auceprauiiina poGora 3100yBaua cTymeHs A0KTopa ¢inocodii
TnmkoBens  Mapii  BswecnasiBun  Ha Temy «CTBOpeHHS — HEOpraHIqHHX
3B’A3YBa/IbHUX KOMIOHEHTIB i POIeciB (JOPMOYTBOPEHHS JIMBAPHUX CTPHIKHIB Ha iX
OCHOBI» BHMKOHaHa HAa BMCOKOMY HAyKOBOMY piBHi, He IOpYLIye MPHHLHIIIB
aKaJeMivHOT 106pOYeCcHOCTI Ta € 3aKiHYCHNM HAyKOBUM JIOCTiIKeHHAM, CYKYIHICTb
TEOPETUYHHX Ta MPAKTHYHHX PE3yJbTaTIB SKOrO PO3B’A3y€ HAYKOBE 3aBIaHHS, 110
Mae ICTOTHE 3HAYeHHs JUIs MeXaHiuHol imwkeHepii. JIuceprauiiina pobora 3a
aKTyaJbHICTIO, IPAKTUYHO LIHHICTIO Ta HAYKOBOKO HOBH3HOK MOBHICTIO BiANOBiNae
BHMOTaM YHHHOTO 3aKOHOJIABCTBA YKpalnu, 1o mependaveni B m. 6 — 9 «[lopaaky

NPUCY/UKEHHS CTyneHst [okTopa dinocodii Ta ckacyBaHHA pilIeHHS pa3oBOi
crieuianizoBaHoi BYeHO! paid 3aKiIady BHUILOI OCBITH, HayKOBOI YCTAHOBH PO
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MPUCYIKEHHA CTYNeHA TOKTopa (inocodiin, 3atBepmkenoro [loctanosoro Kabinery
MinicTpis Ykpaiuu Bia 12 ciung 2022 p. Ne 44,

3n00yBay THmxoBeus Mapis BsiyecnapiBua 3aCIIYTOBY€ Ha TMPHUCYIKEHHS

CTYNCHA JTokTopa ¢inocodii B ramysi smanb 13 Mexaniuna imkenepis 3a
crienianeHicTio 136 Meranypris.

Odinilinuii ononenT:

1. T. H., Tpoecop Kabeapu

nuBapHoro supoouunTea HTY Nl o e
~ 4
«XapKIBCLKMH NONITEXHIYHUI IHCTHTYT» ; Onbra [IOHOMAPEHKO
e
‘ ;’/',L'(,’ Lozl [1dht« t’/ il




