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Arcryal sHicrb reMrr Arrceprarlii
B ocraHHi poxz nyrreqeni HaHoMarepianu raxi .f,K rpaSeu ra rpa$enoni

HaHocrpiuxz, HaHorpy6xw, Synepenz ra iuui, lqo Marorb yHir<anrni uexauiuui,
eneKTpouponi4ui ra repvri.rrri sracraBocri gHaxoA.f,Tb Bce rur.{prue BuKopr4craHHfl y
Sararrox Bl,IcoKorexHoJrori.rHux r€rrry3flx: eJrexrpouiqi, ofrroeJrercrpouiqi,
KoMIro3I,ITHI,IX tuarepiarax, 6iovrelzquni Ta eneprernqi 3aBA{KH csoifi uiquocri,
lnanifi vraci, eucoxifi uponi4uocri Ta ropzcrocri.

3 iuuroro 6or<y, MeraJlosl,Iicui xararis aropkr e ni4oruuuz ra rrorx vrpelkrwu y
Sararuox rarariu4rrHklx [eperBopeHH.rrx. Bararo 3 HLrx Marorb cymeni He4orixu
uon'.qgaHi 3 JIeTKI,IM orpyeHH.f,M, cra6roro uexauirrHoro nriunicrro ra cxr4JrbHicrro
Merany Ao BI{AaJIeHH,f, 3 rloBepxni. IlepcueKrkrBHt4M y ubovry nignorxeHHi nanpxMKoM
AocniAxeHb e BI,IKopt4craHH.f, KaraJrisaropiB Ha ocHosi ByrneqeBax HaHoMarepianin.
KaralitrrrHy aKrI,IBHicm ni4HoueHoro oKcr,rAy rpaQeHy (BOf) Ta ByrneqeBux
HaHorpySor (BHT) 6yno BcraHoBJIeHo B oKr{cHo-siAHoBHr4x ra Kr4cJrorHo-ocuoBHr4x
peaxqirX, lrlo cni4uzrb [po [epcleKrrasHicrb BraKopr,rcraHHfl TaKux HaHoMarepiali" y
xararisi.

Tonry BcraHoBJIeHH,f, ocHoBHr{x urzttHzxin, uo BfIJTI{Barorb Ha rararirz.{Hi
Bnacrpleocri TaKI,Ix czcreM, 3oKpeMa, xopenxqifi uix aKTrrBHicuo/ceJreKTuBsiclo
xararisaropin ra crpyKTypHHMI4 xapaKTepr{cruKaMu fi oco6rusocrflMvr rroBepxHeBux

SynxqioHaJIbHkIM lpyn ByrnelleBr4x HaHoMarepianin e aKTyaJrbHoro 3aAarrerc.
CryuiHr o6 rpyHToBa H ocri HayKoBr.rx rroJroxeH b, BrrcHo sKin i percovrenla qi fi

Alrcepraqii'. [lx Bt4 BqeHH.f, BJlacrrasocrefi oAepxaHr,rx xararisaropin 6yno
3acrocoBaHo pfl!, cyqacHzx $iszxo-xinri.rHrax uero4iB, 3oKpeMa, peHTreno$asosuir
aHaris (POA), rpocniuyrouy eneKrpoHHy uinpocxouiro sucoKoi pos4inrHoi
:garuocri (IIEMBP3), cKaHyroqy eneKrpoHHy uircpocxouiro (CEM),
peHrreuoSoroeneKrpoHHy creKrpocrcouilo (POEC), F{ creKrpocxouiro,
PauauiBcbKy creKTpocrouiro, a4cop6qifinufi MeroA Br,r3HarreHH.fl nrrouoi
uonepxui, eJleMeHrnuit auaris, xeMocop6qiro CO, peHueuoSnroopecqeuruufi
aualis, r<iuet[.rui MeroAH AocriAxeHH.f, xaralir[rrHr,rx peaxqifi. BraropucraHHfl
La:aLrx uero4in .{o3BonHJIo AlzcepraHTy oAepxarz AocroBipui eKcnepxMeHranrni
p e3yJrb r arkr ra apo6 Lrru HayKoBo o6rpyHToBaHi sucHo BKr4.

HayrcoBa HoBrr3Ha Arcepraqifiuoi po6oru.
y Aplceprallii 3arporoHoBaHo nosi HayKoBi uiax o1vr . crBopeHH.f,

rararisaropin ri4pynaHH.rr Ha ocuoni ByrneqeBrax HaHoMarepia-uin (BHM).
BcrauoBJIeI{o ocHoBHi $arroptr, uo Br,r3Har{arorb rararirurrHy airo BHM y
rpouecax ri4pynaHH.s oprauiuHnx cronyK y ragonifi lpigxiit Sasax. PosrrsHyro
Hoelafi rI,IrI aKTIaBHoro IIeHTpa BHM .xK Karalisaropin 4erigpyBaHH.f, MeraHony,
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ЯKИM C CTpyKTypHИ Й ДeфeKT TИΠy《BaKaHCiЯ 》.

CфOpMyЛ ЬOBaHO HOBi ΠiДXOДИ  ДO p03BИ TКy HaΠ pЯMKy CTBOpeHHЯ

eф eKTИBHИX HaHOф a3HИX KaTaЛ i3aTOpiB Ha OCHOBi BIIIM ДЛЯ 
「
eTepOFeHHO―

KaTaЛ lTИЧHИX ΠpOЦeClB「lДpyBaHHЯ  Ta ДeFlДpyBaHHЯ .

Ha ΠpИKЛaДi BiД HOBЛeHO「0 0KCИДy FpaфeHy,BIepⅡ Ie,CKCⅡ epИMeHTaЛ ЬHO

ⅡpOДe:MOHCTpOBaH0 3Д aTHiCTЬ  BHM ДO KaTaЛ iTИЧHOr aКTИBHOCTi y peaKЦ iЯX

「
lДpyBaHHЯ  3a aTMOCф epHOFO TИ CКy.BCTaHOBЛ eHO,IЦ O HaЙ6iЛЬIⅡa aКTИBHicTЬ

ДOCЯ
「
aCTЬCЯ  ДЛЯ  Fpaф iTИ30BaHИX BIIIM Ta MaTepiaЛ iB  3 p03BИ HCHO10

ΠOBepXHeBOIC)π “CΠpЯ :ЖleHOK)CИCTelMO10.3HaЙ ДeHo,IЦo:BHM xapaKTepИ 3yIOTЬ CЯ

BИCOКOIO CTa6iЛ ЬHiCTI()ΠpИ 
「
iДpyBaHHi HCHaCИ ЧeHИX CⅡOЛyК Ta ΠOKa3aHO, IЦ 0

36iЛЬIIIeHHЯ  BNIicTy KИ CHI() y CTpyKTypi By「 ЛeЦeBИX MaTepiaЛ iB Ta B:MiCTy

aMOpф HOT ф
“

И ΠpИ3BOДЯTЬ Д0 3MeHШ eHHЯ KaTaЛ iTИЧHOF aKTИBHOCTi.

BΠepIIIe CΠ OCTepeЖ eHO KaTaЛ iTИЧHy aК TИBHiCTЬ  ΠOЛiaHiЛiHy y peaKЦ iЯX

「
iДpyBaHHЯ ,   Ha  ЯKy   CyTTCBO   BΠ ЛИBaC  TepiM006po6Ka  OCTaHHЬ OFO。

TeplMOCTpyК TypOBaHИ Й  ΠOЛiaHiЛiH ДeMOHCTpyC KaTaЛ iTИЧHy aKTИ BHiCTЬ  y

「
a30фa3ⅡOMy riД pyBaHHi eTИ ЛeHy, FiД pyBaHHi HiTpOCΠ OЛyK Ta CΠ OЛyK 3 C=C

3B'Я3KOM y piД KiЙ ф a3i.

P03p06Л eHo opИ riHaJIЬHi MeTOД ИKИ CИHTe3y Ni@BHT 3 BИ KOpИ CTaHHЯM

MieTOДy iMΠ perHyBaHHЯ , IЦ0 3a6e3Π eЧyIOTЬ  OД epЖaHHЯ  HaHOIMaTepiaЛ iB 3

HaHOЧ aCTИHKaMИ  Ni,iHKaΠ CyЛЬOBaHИ MИ y 30BHiIⅡ HiX CTiHKaX:BHT Ta ΠOBHiCTIO

ΠOKpИ TИ IMИ  By「ЛeЦ e:M。 (DcTaHHC 3aΠ 06iraC OKИ CHeHH10 Ni Чepe3 BiДCyTHiCTЬ

,KOHTaKTy 3 ΠOBiTpЯ M Ta peaKЦ iЙHИM CepeД OBИIЦeNI.]BИЯBЛeHO,Щ O ΠepeHeCeHHЯ

3apЯДy B TaKИ X CИCTelMaX 3 MieTaЛ y Ha BI‐IT BiД i「paC KЛIOЧOBy pOЛ Ь y peFyЛ10BaHHi

KaTaЛ iTИЧHOF aKTИ BHOCTi Ni@BHT.

BCTaHOBЛ eHO,IЦ O By「ЛeЦeB:MiCHi M:aTepiaЛ И,IЦO HC MiCTЯ TЬ MieTaЛ ,MOЖ yTЬ

ΠpOЯ BЛЯTИ  KaTaЛ lTИЧHy aKTИ BHlCTЬ  y peaKЦ ll BOДЯHOΓ0 3CyBy Ta BΠ epIIIe

ΠpOДelMOHCTpOBaHO, IЦ O KaTaЛ iTИЧHe ⅡepeTBOpeHHЯ  :MeTaHOЛy Ha lBI~IM :MOIЖ le

Ⅱepe6i「aTИ B TOMy ЧИCЛliIIIЛЯXOM p03KЛ aДy MeTaHOЛ y Ha CO Ta I:12・
y 
「
iДpyBaHHi 4-Hi■ lpoToЛ yoЛy Ha ByFЛ eЦeBИX HaHOTpy6KaX y piД KiЙ фa3i

BCTaHOBЛ eHO KЛ IOЧOBy pOЛ Ь p03ЧИHHИKa.Π pOBeДeHHЯ ΠpOЦeCy y ΠpИCyTHOCTi

ΠpOTOaKЦ eⅡTOpHИ X Ta ΠOЛЯpHИX p03ЧИHHИKiB CΠpИЯC 36iЛЬIⅡeHHIC)KOHBepCi1 4中

HiTpOTOЛyOЛy. :BCTaHOBЛ eH0 3iCTaBHiCTЬ  IⅡBИДKOCTi 
「
iДpyBaHHЯ  CΠOЛyK 3

ΠOДBiЙHИ M 3B'Я 3KOM y piД KiЙ Ta y ra30BiЙ  фa3aX。

IIPaКTИЧHe 3HaЧ eHHЯ  OД ep】КaHИX pe3yЛ ЬTaTiB.

P03p06Л eHO  KaTaЛ i3aTOpИ   ДЛЯ  ΠpOIMИ CЛOBO  BaiЖ ЛИBИX  ΠpOЦ eCiB

CeЛeКTИBHO「O FlДpyBaHHЯ  aЦeTИЛeHy B HaД ЛИIⅡKy eTИЛeHy, peaKЦ ll BOДЯHOF0

3CyBy  Ta 
「
iДpyBaHHЯ   HiTpOCIOЛ yK.  30KpeMa,  KaTaЛ i3aTOp  CeЛ eКTИBHOFO

riДpyBanHЯ  aЦ eTИЛeHy Ha OCHOBi BiД HOBЛeHO「0 0KCИДy Fpaф eHy,OД eplЖaHOFO Ha

3「paф iTy 3 HИ3ЬKИM CTyΠ eHCM Fpaф iTИ3aЦiI;TepMOCTiЙKi HaHOф a3Hi KaTaЛ i3aTOpИ

3 HaHeCeHИ MiИ  Ha BIIT HaHOЧ aCTИHKalMИ  3aЛ i3a, IЦ0 3a6e3Π eЧyIOTЬ  999′″6

ΠepeTBOpeHHЯ   C() y peaKЦ iI BOДЯHO「0 3CyBy 3a 400  °C; 。ΠaJIaД icBИЙ

HaHOCTpyKTypOBaHИ Й     KaTaЛ i3aTOp 
「
iДpyBaHHЯ  4-HiTpo6icф lTaЛ oHiTipИЛy y

piДKiЙ  фa3i  3a  aTMOCф epHO「 O  TИ CKy,  IЦ0  3a6e3Π eЧyC  99%  BИ XiД

aMiH06icф TaЛ oHiTpИЛy 3a KiMHaTHOr TCMΠ epaTypИ o C)TpИMaHO Π'ЯTЬ ΠaTeHTiB



Yxpaiuw Ha Kopr,rcHy MoAenb.

flosuora BI{KJraAeHHfl Marepianin Ar.rceprarlii n ny6"rrircauigx i oco6ucrufi
BHecoK y HIrx aBTopa. 3a rraarepiaravtu Ar.rceprauifiuoi po6orz ony6liKoBaHo 23
HayKoBI4x crarri, 5 rlareHTin YrcpaiHH Ha KopHCHy MoAeJrb ra re3r,r 15 louoeiAefi Ha

HayKoBHx KoH$epeuuigx.
3ara"usHi 4ani rpo crpyKrypy po6orr{. flzcepraqifiHy po6ory Br4KnaAeHo Ha

3 50 cropiurax. Boua cKnaAaerbc.f, si ncryny, 7 pos4inin, BracHoBr<in, uepenir<y
Bl4Kopr{craHr4x Axepen (332 uafiueuyBaHH.f,), uicrzrr 1 04 pucyHKr4 ra 37 ra6twJs.

y Bcryni HaBeAeHo aKry€Lrrnicrr Ar{ceprarlifinoi po6orz, ii 3B'^fl3oK 3

rIJIaHoBoro reMarl,IKoro iucrutyry, c$oprnryJrboBaHo Mery ra saAa.ri AocriANeHHrr,
rloKa3aHo HayKoBy HoBH3Hy ra npaKTr4r{He 3HarreHH.f, pe3ynbrarin, nu4ileHo
oco6ucruit BHecoK s4o6ynaLta) BKa3aHo silol,rocri rpo uy6nixaqii ra arrpo6aqiro.

llepmnfi pos4ir upzcBf,qeHo ornf,Ay rireparypkr. flpe4craBJreHo aHaris po6ir
is ri4pynaHH,fl oprauiuHl4x cy6crparin 3 Br{Kopr{craHH.f,M HaHoByrneueBux
Kararisaropin, Ir1o pearisosaHo y rpucyrHocri sr MoneKyn,rrpHoro BoAHro, raK i inurzx
Axepen peaxqifiHo3AarHboro BoAHro (6opriapv1y, rigpa:uny roqo). PosrrsHyro
rrepcrexrzsui HarIp.f,MKH po3BI4rKy xararirprrrHprx cr{creM Ha ocHosi BHM, MexaHisl,rz
pear<qifi, rIepcneKTHBI4 npoMrlcrosoi peanisaqii HoBr,rx rereporeHHo-KaratirvtqHux
rpoqecis. HaseAeHo auarig icnyrouux uiAxoAis Ao BcraHoBJreHH.rr npupoAra aKrr4BHHx
qenrpin Ha uonepxui BHM, a raKox poni $yur<qioHaJrbHrax ryyil y npoqeci
roBepxHesoi vrirpaqiro no4Hro.

Y apyroMy posgini HaseAeHo neperir BuKopucraHr4x peareHris ra uarepialin,
orll4caHo eKcnepl{MeHTamni MeroAra AocniAxeHHrr. llpe4craBJreHo MeroAr,rKa cuHre3y
BHM ra MeraJlosldicuux cplcreM Ha ix ouroei, ueroAzrlr AocliAxeHH.f, crpyKrypHr4x
ra Sisur<o-xinaiqHux BJlacrlanocrefi, MeroAvrKtr rrpoBeAeHHfl AocniAxeHb Karariru.{Hrax
BJIacrI,Iso crefi orpr{MaHrrx BHM y rerepo reHHo -raraliTr,rrrHux np oue cax.

Y rperboMy por4i"ui upe4craBJreHo pe3ynbraru AocnilxeHH,rr crpyKrypHux ra
SyHxIIioHaJIbHIrx xapaKTepr{cruK orpaMaHrrx uarepianis. Cepeg Hkrx po3rnflHyro
3pa3KI,I ByrneqeBllx HaHorpy6or (BHT), 3pa3KH ni4uonneHoro oKcr.rAy rpa$eHy
(BOf), uoliasinin ra npoAyKrla fioro repnaiunoi o6po6ru, HaHoKoMro3Hrr4 MeraJr-
BHT 3 HaHorracrr,rHKaMr4 sariga (Fe"OrlBHT) Ta iHrcaucyJrboBaHr4Mr4

HaHorracrlIHKaMI,I Ni (Ni@BHT), cr{creMn 3 HaHeceHr{Mr4 Ha oKcraAHi socii
ByrneIIeBI4MI4 roqKaMa (BT) 6eg ra 3 AoAaBaHH,f,M po4iro. IocniaxeHo ix Sieuro-
xinri.{Hi BJracrr4socri p.flAoM Mero.qie.

BcrauoBJIeHo, ulo nci 3pa3Krr BHT e uuriuApr4rrH[M]r HaHorpy6rcaMu 3 Br,rcoKr4M

eNaicroxa snavrie, Iqo cni4uurr npo ix BracoKy 4e$errHicrr. lianrerpu 35-BHT
3HaxoAflTbcfl, B IxI4poKoMy4iauasoni sia 10 ao 80 nvr, cepeAHfl ToBrrlkrnacrisxu 6 nvr.
3pasox 23-BHT uicrum HaHorpy6rcu 3 4iavrerp aM:z 10-30 HM ig cepeAHboro
roBrrluHoro crisrcu 6-7 HM, roAi src 13-BHT uicrwrb HaHorpy6rcwT-I5 HM, roBrrIHHa

criurz 3-5 nnr.

Busua.reHo, rqo cepeAHifi posnaip HaHeceHrax sanisosuicnzx HaHorracruHoK

craHoBraTb 6,5 HM, rrlo ,iarro"i4ae cepeAHboMy posnaipy HaHoqacrr4HoK Fe"O, y
roloi4noMy posuuui. Hauecesi HaHorracrr{HKr{ He 3asHaBaJIIa aruIoMepaqii a6o
cnixauus Hasirb 3a uiAnurueHux reMrreparyp lo 450 oC.



Ananie oAepxaHnx reKcrypHnx xapaxrepxcruK BHT noKa3ye, uo BoHH

xapaKrepu3yrorbcr po3BnHeuoro roBepxHero ra BHcoKHM sruicrol,r 4e$exrie. EiJrrrr
rosxi BHT Marorb Hafi6inbruy noBepxHo, ge$exruicrr, nuicr Kr4cHlo i, soxpeua,
KoHueHrpaqirc rap6ouimsHx rpyr.

3nrina SynxqioHaJlbHrx xapaKTepr4crr4K Kararisaropa B yMoBax rpoBeAeHHrr
peaxqii BoAnHoro 3cyBy (PB3) nupaNaerbc.f, y 3Hr4xeuHi nuicry KktcHro ua 0,4Yo, ra
g6immensi nvricry xap6oninie, tl1o BKa3ye Ha sutr1y cra6inruicm qiei rpyrrd
nopinnflHo 3 ri4por<cnrravrn. Tarox cilocrepirarocx s6imrueHHfl geSercruocri
rloBepxni, u1o rloflcHroerbcr yrBopeHH.f,M geSexrin uepeg enivrinaqiro KHcHeBuicHux
rpyil. Buicr KI4cHro y rroBepxHeBoMy ruapi nzxiAuux BHT craHoBr4B 4,3 ar.o/o.

CnissiaHollreHss Fe2* ra Fe3* craHoB urb 1 ,3 8 ra 1 ,56 gttt suxiAH oro 3o/o Fe*OrlBHT
ra nicrf, peaKllii siauonigno, ruo csilqlrrb npo He3HarrHe s6irbrrreHHfl nvricry Fe2*.

3pasrn Ni@BHT orpuMyBanl4 IrrJrflxoM HaHeceHH,f, arlerlrnaueroHary nixeJrro
(Ni(acac)z) na 13-BHT 3 roAaJrbrrrr,rM ni4uoueHHf,M B arMocSepi BoAHlo. Posnaip
HaHor{acrI,IHoK Ni, BcraHonrennfi 3a AorroMororc TEM, go6pe y3roAxyerbc.f, 3
;.aHr4vttr POA, CEM ra rloKasye He3HarrHy ximricm oKpeMVx aruroMeparin
posnaipoM Ao 100 nna. Bur<opplcraHHfl MeroAy P@A rpoAeMoHcrpyBarro s6imureHHfl
HeBropflAKoBauocri spasrin si s6imrreHH.f,M nuicry Ni, u1o ui4rnepAxyerbcfl .f,K

pe3ynbraraMla Pauas-cneKTpocxouii, TaK i s6irbrrreHHf,M nvricry sp3-
rilpugu3oBaHoro Byrneurc, ruo 6yno BcraHoBneHo MeroAoM POEC. Ilonepxueei
KucHeBvriuri SynxqioHaJrbHi rpynu Ni@BHT cKnaAarorbc.n 3 ri4poxcunis i
xap6oninin.

YrnopeHHfl crpyKTypkr 3 inrcaucyrboBaHzMu HaHor{acrr4HKaMr4 uixemo e

p$ynbraroM ABox rpouecin 
- 

po3KnaAa[Hfl Ni(acac)z ra yrBopeHHrr Merari.{Hofo
Ni. PogKnaAaHnx Ni(acac)z y rpl4cyrHocri xracsrc rpr4BoAr,rrb Ao yrBopeHHs NiO,
rod flK po3KnaAaHHx Ni(ac ac)z y ni4HoBHoMy cepeAosraui rpr4BoAurb Ao yrBopeHH.f,
rroKpuroro ByrneIIeM MeraJleBoro siremo. Moxua spo6uru Br4 cHoBoK, rrlo
nuacrigox po3KnaAaHH,f, arlerunarleroHary nixemo y eiAHonHoMy cepeAosraqi
yrBoproerbcr rpa$iusonaHl,Ifi Byrnerlb, xrcvtit xapaKTepra3yerbcf, BzcoKoro
Kpucrari.rHicrlo.

3a pe3ynbrurav,.r AocniAxeHH.f, crpyKrypHr.rx ra Synr<qioHaJrbHux
xapaKTepr4crux BOf Br,rflBJreHo, rqo ni4vrinuicrr y crpyxrypi rrorrarKoBr4x rpaSirin
cyrreBo BTTJII{Bac Ha niguoniaui xapaKTepucrraKr{ Ta Brracrtrnocri cr4HTe3oBaHHx
or<cIa4ie rpaSeHir (Ofp) ra BOf. BcrauoBJreHo, rqo 3HarreHH.s cryneHn
rpa$irr,rsaqii e KmorroBlaM napaMerpoM, ltxuit BH3Har{ae noBHory oKHcJreHHfl Ta

ni4ruapyBaHHf rpa$iry. Bucoxufi cryuiur rpaQirusauii rpa$iry npr.r3BoAurb Ao
yrBopeHH,,I Ofp i BOf 3 BI,IcoKNrra sl{icroM sp2- rilpwau3oBaHax aroMir nyrneurc.

AHanis crpyKrypv rorrarKoBr,rx rpa$irin, Ofp i BOf BKa3ye Ha re, rqo rrrn
rpaSirie posuip Kpl4craririn, posnaip qacrr4HoK i r<pzcrari.rHicrr 3MeHrrryrorbc.fl B

psAy: G-fp>A-fp=F-fp, Ae A-Gr ra F-Gr - cr4HrerurrHi rpa0irr{ Br4po6nzursa Alfa
Aesar 3 po3Mipovr qacrLIHox7-10 uru m Fischer Scientific, a G-fp -.naiueparrr*wrir
rpa$ir nupo6uullrBa TOB <3asanriscrKr.rfi rpa$ir> is cepeAHiu posuipovr qacrr4HoK

500 MKM.

Y qerseproMy pos4i"rri upe4craBJreHo pffiynbraru AocniAxeHb ByrnerleBrrx
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HaHoMarepianiB y peaxuisx ri4pynaHH.fl eruJreHy ra arlerr4neHy.
Ha upurcnaAi rigpynaHH.f, errrrreHy y ra3osifi Sasi ua BOf- 1 npeAcraBrreHo

sAaruicrr ByrnelleBoro HaHoMarepiary npo,f,Bn flTkr xarariruqHy aKrr{BHicm y
peanqirx ri4pyeaHHfl. IlopinH s:l;lsuttit aHaris xaralira.rHoi aKrzBHocri pisnux
ByrneueBl4x naarepianin y ri4pynanui erzneuy noKa3aB, trIo sait6utbrrra rararirkrq*a
aKruBHicrr Sirccyerbcfl, llnfl, rpa$iru3oBaHrax ByrnerleBr4x HaHoMarepianax raKr,rx f,K
BHT, ra BOf, a raKox Anfl repMocrpyKrypoBaHoro uoriauiniHy. 36inrureHH-rr
nvricry KI4cHro y crpyKrypi ByrnerleBux rr,rarepiarin ra sSimmeHH.f, nrraicry avrop$noi

Sa:ra [pI,I3BoilflTb Ao 3MeHrxeHHfl,, Karalriru.{Hoi aKT}rBHocri. 3orcpeua, aKTr4BoBaHe

nyrinnx CKT He rpoflBnfle xararirz.rHoi aKrraBHocri. Hafinuuly aKrr4BHicrr
:a$ixcoBaHo [nfl repMocrpyKrypoBaHoro uorianininy EB-3 00 (2,7 MKMoJrb.l4-2..-l
sa275 oC) ra 35-BHT (0,43 MKMoJrb.l4-2..-l sa300 "C).

BcranoBJleHo, Iqo nafiauuly aKTHBHicru AeMoHcrpyrorb nyrneqeni
uarepiaru, tloBepxH.f, flKHx e crrpflxeHoro cr4creMoro fi-3B'f,3xis. Cepe4 HHx e

rpa$irusosaui nyrneqeni naarepiawr ra cnpxxeHi uoriuepu, 3oKpeMa?

repMoo6poSne:r^uit uoriauirin EB-300. AvropSuui,r Byrnerlb, eiAnoniAHo,
aKTI4BHicm He npoflBnfle. He [poflBnflrorb xararirurrHy aKTHBHicm i orucneui
nyrreqeni HaHoMarepiarz. flo4arrcoBoro yMoBoro HaqsHocri xarariru.rHoi
aKruBHocri e raKox HI43bKI{fi Bnaicr Kr4cHeBrraicnux rpyn Ha rroBepxni naarepiany.

Y n'qroMy porgi"rri socepeAxeHo locniAxeHH.f, xarariu4rrHrax BJracrr,rnocrefi
ByrneqeBrlx HaHoMarepianin ra uoriauininie y rpouecax ri4pynaHH.f, 4-
nirporonyony (4-nr) ra CI,-Mernncrpr4pony y piarifi Qusi. 3a ruripy aKruBHocri
Kararisaropin 6yno upzfinxro KoHBepciro cy6crparie 3a oAHaKoBr4x yMoB.

[ocni4xeHHf, MoxJII4socri ri4pynaHH,r xap6onilrnux cnonyK, uirputin ra
apoMarI,IrIHHx cucreM rIoK€BaJIo, ulo ri4pynaHH.fl TaKrrrx Kracis cilonyK za 200 oC ra
rr{cKy 100 arnr He eil6yBaerbcfl.

Bue.reHo KaraJIirkI.IHi BJlacrl4socri suxiAHnx rpa$iris m BOf y riApynanni
4-ur. BcrauoBJIeHo, ruo Karariurqsa aKTrrBsicrr BOf Br4rrla nopinn.rrHo g nzxiIHr4MH
rpa$iranrz ra sr\diuroerbcn B prilyi G-BO|>A-BO|>A-t-BOI>F-BO|. Toai nK

rararirtrqHa aKTI,IBHicrr rloqarKoBrax rpa$iriB 3aJrexkrrb nig cryrreH.,r rpaQirusaqii:
G-fp>A-fp>F-fp.

Cuocrepiraerrcfl 3Haquwit BrrJrr,rB [pr4poAr,r po3rruHHr4Ka ua e$exrunuicrr
uepe6iry rpoqecy. HairHzlxr{a KoHBep cis 4-*n 15 ,IoA Sixcyerbc.r ilnn HMII ra Ann
mpem-6yraHony l8,5yo. Konnepcts. 4-nr y HerronflpHrx po3rrraHHrrKax ra eSipax e
cuiscraBHolo ra 3HaxoAl{Tbcf, B Mexax 19-35%. IIosHa KoHBepcis cuocrepiraerbc,f,
y BI4naAKy C 1-C3 cuuprie ra uiprz4r,rny. IIp, rroMy si s6irsrueHHflM AoBxr,rHH
ByrnelleBoro naHurora opraniqHr,rx cuzprin KoHBepcix sNreHrrryerbcr. Cepe4 nerKux
cuuprin Hairli^lrbrua ruBraAKicm ri4pynaHH.fl 4-lar y Merasoli.

Ilopinn.f,HH.f, HaBeAeHr{x AaHrax 3 po3rrraHsicuo BoAHro y eiAuoeiAHr4x
po3r{r4HHr4Kax rroKa3a[o, Iqo Kopen.fluis naiN po3rrraHsicrro BoAHro ra KoHBepciero 4-
Hr ni4cyrux, ocximxu si s6imueHHflM AoBxr4Hr,r ByrneueBoro naHurora
po3rrI4HHI,rKa KoHBepcis sldeHruyerbc.f,, ToAi sx po3rrr,rHuicrr BoAHro 3pocrae. IIp,
IIboMy po3trl4Huicrr BoAHlo y Merauori ra uiparuani e siluocHo Hr43bKoro. Touy,
orleBprAHo, KoHrleHrpaqix po3ru4HeHoro BoAHro e BToprrHHt4M Saxroponr y
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ΠOplBHЯHH1 3 BΠ ЛИBOM: p03Ч ИHHИKa, BrrJrr{B [p]rpoA[ flKofo 3arrilruaeTbc_fl

rroB'.f,3aHvrfi. 3 MexaHi3MoM [epeHocyHeBCTaHOBЛ eHИM  Ta  MO)Ke

pearqifiHo3AarHoro BoAHro.

Pe:ynrrarvAocniAxteHH.f, Brrnr4By reMrreprypv, Tr4cKy ra KoHrleHrpauii 4-nr
Ha KoHBepciro, a raKox :vrina KoHBepcii e .raci rroKa3aJrra, rrlo cnocrepiraerscx pi:re
g6irrueHH.f, KoHBepcii s 2,4 yo Ao 33,3o rpu g6inruenni reMreparypr4 s 100 oC 

Ao
150 oC, ni4uoni4no. Toai f,K rroAaJrbrue s6imrxeHHrr reMneparypvr Ao 200 oC

rpl43Bo 4krrb Ao He3HarrHoro 3pocraHH-f, r<onnepcii Ao 37 ,5yo. Taxwit xapaKTep
3anexHocri BKa3ye Ha BenHKy eueprirc aKrrsaqii ninairyrouoi cra4ii, ,rrKoro,

fivronipuo, e aKrasaui.f, MoneKynflpHoro BoAHro. BiAnocso HeBeJrHKe s6imureHHfl
xonnepcii y reMrreparypHoMy 4ianasoui 150-200 oC e uacrigxou sMeHrxeHH.n

KoHlleHrpaqii 4-ur ra rpoflBoM AoAarKoBr,rx uuuuuxin, qxi rpr43Bo aflTb Ao
3MeHIUeHH-f, IxBI4AKocri pearqii rpr4 g6immenHi KoHBepcii. Oaru4M 3 raKux .ruHHuris

e BrrJrHB BoAH, flKa e rpoAyKToM y yaulfi, pear<qii.

Orxe, Ha npzxna4i ri4pynaHnfl 4-len y rpracyruocri BHT rroKa3aHo, u1o

lpl4poAa po3rrI,IHHlrKa ni4irpae 3HarrHy ponb B 3a3HarreHoMy npoqeci, rpurroMy
KoHlleHrpaqix po3rrlaHeHoro BoAHro e BTopr4HHLrM Saxropovr. llorasano, uo
s6inuueHH.fi nvricry BoAI4 He npl43BoAr,rrb Ao cyrreBoro 3MeHrxeHH.f, KaraJrirnquoi
aKTI,IBHocri, qo cni4uum npo ni4cyruicrr orpyeHHfl aKTr,rBHprx qenrpin BoAoro.
IlporoHoressi cnonyKu rrpkr3BoA,f,Tb Ao 3MeHrrreHH fl, ruBkrtrxocri ri4pynaHHfl, y rofi
qac .rIK rlporoHoaKuenropHi per{oBprHr4, raxi ,rrK uipz4uu, crpr4flrorb uepe6iry
rigpynaHH,f, nirpocnonyK Ha ByrneueBrax HaHoMarepianax. 36inrureHH.fl rronf,pHocri
po3trHHHIaKa B rIeBHHx Mexax ilpr{3Bortrrb ao s6irblueHH.f, rrrBr,rAKocri ri4pynaHH.f,.

AocriaxeHH,fl rarariu{r{Hax BJracrrasocrefi TepMocrpyKTypoBaHoro
uoriauidny noKa3aJIkI, rqo rari uarepiarra npoflBJrflrorb rararirurrHy aKrraBHicrr ue
rimrz y raso$asHoMy ri4pynauui err4JreHy, a f4 y piaxoQa3HoMy ri4pynanHi 4-
uirporonyony ra o,-Merl,Incrnpony. Ha aKTHBHicrr uoriauiriny cyrreBo BrrJrr4Bae

repnri.rHa oSpo6ra y ni4uosuifi arvroc$epi. Tarc, ttaitar<rusHirrvrM Br4flBtrBcfl.3pa3oK,

repMoo6po6nesuir, sa 300 oC, rqo sa6e3reqye ruBnAricm ri4pynaHH, oprauiuHr4x
crlonyK y.uiauasoui 10-5-10-a uorb.c-l.r-l y rasosifi ra n pi4xifi Sa:ax.

BHn.{eHHs xarariruqHux BJlacrl4nocrefi ByrneqeBux HaHoMarepianin y
pearcqixx ri4pynauH.tr y piarifi Sasi rroKa3ye , u1o sdimmeHH.fl xaraliru.{Hoi
aKrHBHocri y peaxqirx ri4pynaHH.f, Aoc,sraerbc.s oAepxaHH.sM ByrneqeBux
HaHoMarepianie 3 po3Br,rHeHoro rroBepxHero, Br,rcoKraM cryneHeM rpaSirrasaqii, B

nona6inaqii g AirsHKaMkI 3 BucoKoro KpktBra3Horo noBepxni, u1o npu3Borr4rb Ao sN,riuu

JIoKaJIbuoi ereKTpoHHoi rycruHr4 Tt-ctrpflxeuoi clrcreMra rpa$enosoi rrnoIqtrHu Ta

crrpr4fl,e aacop6qii BoAHro. Heo6xi4uzvr raKox e naseHicrr crpyKrypHr,rx
rIoBepxHeBI{x 4eQexrir, B repruy .repry 4eSemie r}rry ((BaKaHcix>>, .sKi

po3rnflAalorbcfl, flK rleHrprz a4cop6qii solHo, ra ri4poKcraJrbHr4x rpyn, xri cnpr,flrorb
rloBepxHeeifi nrirpaqii no4nro. Y suuaAxy ri4pyBaHHf, uirpocnonyK y piarifi Sasi
Br4coKa e$er<rrasHicm [poqecy Aocfl r aerbcfl, y [poroHoaKrlenropHr{x po3rrr4HHuKax,

TaKr4x xx nipz AhH, a6o Hlrxqlax cruaprax, TaKr{x .f,K MeraHoJr.

IIIocrufi porgin rpl4cBflqeHo BuBr{eHHro xaralirlarrHux BJracrusocrefr
ByrneueBl4x HaHoMarepianin (BHT ra BOf) y rasoSasnzx peaxqixx 4erigpyBaHHrr

6yTИ
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eraHy ra neperBopeHH.f, MeraHony. Tepvroguuanaiqni .{uHH krKtr 4eri4pyBaHH.,r eraHy
.f,K 3BoporHoro rlpoqecy lo ri4pynaHH.fl erraJreHy, cni4uarb rpo 3cyB pinnoaarrz y 6in
upo4yxrin 4eri4pyBaHHf, Jrrarre 3a Br,rcoKr4x reMrreparyp (6inrure 500 "C) ra
HI,I3bKO|O THCKy.

Alrceuu e qilroBl{Mz rpoAyKTaMr,r 4eri4pyBaHHf, arrcaHis, oAHaK, rrapaneJrbHo
ni46ynaerbc,s yrBopeHH.f, MeraHy. OcxinbKkr ne icnye 3ariubHorrpr4fi nsroi rconqenuii
uiAelatt1eHHfl ceJIeKTHBHocri upoqecy, To 6yno AocriAxeHo MoxJrrasicrr yrBopeHH.f,
MeraHy rlr.sxoM ri4porenonisy eraHy B HaAnkrrrrKy BoAHro na A-BOI-H2 ra35-BHT
3a 700"c. [o4anaHH.f, Hz rrpH3BoAr{rb Ao 3Hr,rxeHH.fl ruBrrAKocri pearqii.
CelexrzsHicrr 3a erIaJIeHoM He 3€urexr4rb niA xouUeHTpaqii Hz, rUo csiArrr{Tb rrpo
rapanenrni pearcqifiHi uaprupyru yrBopeHH.f, MeraHy ra err4JreHy. Ovenra4no, erau i
BoAeHb a4cop6yrorbc-s Ha oAHux i rHX xe aAcop6qifiHux rleHTpax. Taxuvr rrr4HoM,

HaAnI4ruoK BoAHro nepelxKoAxae arycop6uii ra KaraJriruquoMy neperBopeHHro eraHy,
uo e roJloBHoro eiAN,IiHHicuo y rcararirvrrHrrx Bnacrr,rBocrflx Byrner.IeBr4x
HaHoMarepianin i ueranin, ocrimxu Merzurkr e xarariu4qHo aKTLTBHtTMH B
ri4poreuonisi amanin Haeirr 3a Hrr3bKrax reMreparyp.

Bueprue Syno rpoAeMoHcrpoBaHo xararirurrHy aKTr4BHicrr HaHoByrnerleBr4x
nrarepiani, y rp.flMoMy 4eri4pyBaHHi eraHy ra rroKa3aHo niAvrinnicrr raralirr4rrHux
Bnacrl4eoctefi BOf ra BHT. A cavre, BHT e aKTuBuiruwu rcararigaropoM, aile MeHrrr

ceJIeKTI4BHIaM 3a erI4JIeHoM uopinnflHo s BOf . O6ulsarvrrrkr uarepiarin cra6inrni sa
<700 oC nupoAoBx 72 roguu i 4euoHcrpyrorb ceJrerrusnicrb 3a errrrreHovr 80-90%.
Eran i no4enb aAcop6yromc fl. Ha oAHrrrx i rnx xe aAcop6qifiHux rleHTpax, a BoAeHb
rpllrHlrIye AerlApyBaHHfl eTaHy.

IlpogenaoHcrpoBaHo BHcoKy aKrLrBHicrr ra craIimsicrr BHT y nepernopeuui
MeraHony. 3pa3oK is HafisHIrIlrM nuicrou KrrcHro ra 4eQeruuicto 13-BHT rroKa3ye
BI,IcoKy cra6inruicm sa 550 oC, euxiA Sopuranr4eri4y 36,70 ra Hr43bKy Eu 30,5
xAN'uom-l.

y cLoMoMy pos4ini nane4eHo AocriAxeHHfl rararirurrHr4x BJracrr4nocrefi
MeriuIoeNIicHI,Ix KoMnoszris Ha ocHoai nyueueBr,rx HaHoMarepianin ra norianininie
y peaxqixx ri4pynaHH.n y rasosifi ra piaxifi $aaax, 4eri4pyBaHH.f, ra y peaxqii
BoA{Horo 3cyBy. KaraniTl4rrHy aKTr4BHicrr HaHoKoN,ruoguris 3 HaHeceHHMr4

HaHorIacrHHKaMI,I saniga (Fe/BHT) ra KoMrro3rarie u1o uicr.flTb HaHeceni ua oxca4ui
nocii nyrneqesi rot{KLI (BT) ra Rh 6yno AocniAxeHo y peaKqii eoaflHoro 3cyBy.
Karaniru.IHi BJlacrilsocri HaHoKol,ruosurie Ni@BHT 6yno AocniANeHo y
raso$asHlax npoqecax ri4pyBaHHf, erkrJreHy, 4eri4pyBaHHfl erany, PB3 ray rpoqecax
ri4pynaHH.n 4-sr ra cr,-MeruJrcrrlpony y piar<ifi $asi.

HessaxaroLtvr Ha HV3bKy rI{ToMy rrnoqy roBepxui ra nigcyuricrr nrixpouop,
rcararisarop 3%FerOy/BHT rpo.f,Bn.f,e BrrcoKy rararirur{Hy aKrnBHicrr y pearqii
BoArHoro 3cyBy 3a 400 oC AeMoHcrpyloqu 99 % KoHBepcilo CO.
HauocrpyKTypoBaHa naop$onoris 3o/oFe"OylBHT s isomoBaHuMr,r HaHorracrr4HKaMu

oKcI{Ay sanisa Ha ByrneqeBrrx HaHorpy6xax sa6esne.{ye BracoKy xaraliu4rrHy
aKrl4BHicrr nopinu.flHo 3 HerpoMoroBaHr4Mu xararisaropaMrr Ha ocHoei BHT 3

HaHeceHoro rrJrarr4Horo a6o Hixeleu.
3anpouoHoBaHzfi uilxia rqoao cr4HTe3y HaHorracrr,rHor Ni, inr<aucyJrboBaHux
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y 3oBHirunix criuxax BHT ra noBHicto rroKpr{rrrx ByrneueM, sauo6irae KoHTaKry
Ni 3 nonirpxvr ra peaxqifiHraM cepeAoBurrleM. locnigxeuux rararirurrHr,rx
BJlacrlasocrefi HaHoKoMrro3urin Ni@BHT rroKa3iuro, qo s6imilreHHfl nuicry Ni
uignzulye ix xararirurrHy aKrr,rBHicm y peaKuisx ri4pynaHH.rr flK y ra^:onifi, rar i n
piar<ifi Sasi sa yqacrro MoneKynflpHoro BoAHro, a raKox y 4erigpysaHHi eraHy.
Bzxo4xuu ig orpuMaHrrx pe3ynbraris MoxHa crBepAxyBarh, rrlo nepeHeceHH.s

3apflAy 3 Merari.rHoro Ni Ha BHT ni4irpae KnrorroBy ponb y perynrcsaHHi
rarariru.rHoi aKTkIBHocri Ni@BHT, xoqa rarcuir, e$exr Moxe KoMneHcyBarucs
BHcoKr{Nr sNaicroM Kr4cHro m 4e$exruicuo BHT. Marepiaxu s iHxaucynboBankrMvr
HaHor{acrHHKaMH Merarie po3rnf,Aa}orbcfl .rrK nepc[exrusHi 3 Tor{KH 3opy
oAepxaHHfl HaHoByrnerleBzx KariurisaropiB An.f, peaxqifi ri4pyaaHHrr.

Karanirvqsi BJracrr{socri cr,rHre3oBaHoro Ni@BHT uopinnroBaJrkr ig

ropomKoM Ni y 4erigpynausi eraHy. Byno rroKa3aHo, rqo Macr,rBHrafi Ni 3a3HaBaB

rrr B HAKoi 4 es axrz s aqii nHacr i4o K 3 aByrnerlroB a:a:nfl,.

Ilopinn.flHH.f, crpyKTypHux i xarariru.{Hr,rx xapaKTeprrcr}rK AocliANeHHx
spasr<in Heoprani.{Hzx nociie ig BT ra pogieu noKa3ye, Ir1o Byrneuenvricni
uarepiaru, uo He Iraicrsm MeraJr, rrpoflBnflIorb rararirr4rrHy aKTr4BHicrt y PB3.

flo4atrcoBe HaHeceHH-f, Rh cilpzfle s6imueHHro xaraliru.ruoi aKruBHocri
orpl4MaHr4x KoMrro3uris Ha ABa nopflAKm. Hafi6imura rrrBr,rAKicrr PB3, Aocflraerbcf,
AIrn Kararisaropa Rh-BT-ZrOz 3a reMrrep arypw 430 oC ra craHoBr{rb 1,9
vttuom/(t','). BcrasoBJreHo raKox, Ir1o g6imureHHf, uzrouoi xarariru.rHoi
aKrzBHocri gSimruyerbcfl si s6imrreHHf,M noBepxHesoi KoHrleHrpaqii po4iro:

Rh-BT-SiOz < Rh-BT-AlzO: < Rh-BT -ZrOz

Ao rurcepraqifinoi po6orr4 MoxHa spo6uru Hacryuui sayBa)r(eHHfl:
1. y nireparypHoMy ornxgi 3raAaHo raxi napianru Br4KopucraHHfl

pearqifiHo3AarHoro BoAHro xx 6opkrp1u ra ri4pa3vrH, oAHaK, AracepraHT oSlaexuecs
Jrralre ra3orroli6nuvr BoAHeM. r{ouy?

2. Cepe4 AocniAxeHlzx y po6ori npoqecin po3rn.rHyro 4eri4pyBaHH.f,
erlaneHy. Yonay 6yno BuKopr,rcraHo Br4KJrloqHo Hra3bKoMoJreKynqpuuit ByrneBoAeHb,
roli xx qiuuurMvt e i npouireH, 6yruteH, & orpr4MaHH.f, Br.rqr4x ameHis C10-Cl2 e

oco6ruso aKTyzubHr,rM. Hu MoxHa [porHo3yBarr4 MoxJrlrsicrr 3acrocyBaHH.f,
pospoSJIeHI4x Itararisaropin i lttr- ByrneBoAuis 3 AoBrur,rMH ByrneueBr{Mr4
naHurorawu?

3. Pospo6JleHo MeroA HaHeceHHfl sixemo ruJrsxoM iuuperHyBaHHs is corefi
oprauiuHl{x KIacJIor. Ognax, HassHicrb rracrr{HoK posuipou 100 HM cni4.rum, tr1o

nosHicrrc yHI{KHyrI,I arJloMepaqii siremo He BAiurocfl. HacxinbKr4 4o5pe
ni4uouroerbcf, iuxaucyJrboBaHufi nixenr?

4. IIp, aHanisi aKTkIBHocri nixemsuicnux spasrcin y KoHBepcii eraHy aBrop
3ocepeAr4Bcfl. JII,Iure Ha BrrJluni sNricry nir<enro. O.renr,r4Ho, Bapro 6yno 6vr poernflHyrkr
i eurrae posvripHoro Sar<ropa, ocr<inbKa caMe 3pa3Kr4 g HafiN,reHrrrr4Mu HaHoqacrHHK awkr

BHT-0,5 ra BHT-I (puc. 7.lI).uevroncrpyrom Haitsurqi rora3Hr4Kr4.

5. -f,ruu qr4HoM yrBoproerbcf, MeraH rpu ri4pynaHni auerraneHy, roAi .sx

fioro yrBopeHHf, npv ri4pynauui eruneHy He crocrepiranoc.s. KoHnep cis eruneHy Ha

ncix 3pa3Kax 6ymAosori Hr.r3bKoro (ao 20 %).3 qr,rM r1e non'ssauo?

8



6. Ilpra cHHTe3i Fe-svricsux apasnin BuKopucraHo oJrear sarisa. y rroMy

fioro repeBarr4 y uopieusuHi 3 Heopraui.ruuMu coJr flv,vr sariza? rlorray HaHor{acrr4HKr4
garisa crror{arKy orpr,rMyBanr,r y xonoigHoMy po3rrl4Hi, a rurue noriu HaHocI4 ttu?

7 . Cepe4 ouy6niKoBaHr{x po6ir 3HarrHy rracrKy cKnaAarorb crarri y Nypnani
<TeoperrrrHa ra eKcrrepr4MeHriurbHa xiuio ( 10 is 23) i rrurue 2 y BHLaHHnx Q 1 ra 6
y Br4AaHH.nx Q2. Ilepenix uy6nixauifi He yui$iroBaHo, He yniSixoBaHo raKox
rrpeAcraBJreHHflpt4cynrie. Y pesymrari qacruHapktcyHrin y Arrceprarlii HaAro neruri
(uaupraKrraA, 4.8, 6.12-6.16, 7.5,7.8, 7.9), a LtacrvtHa - HaAro uali (3.39, 6.9, 6.18,
6.21). y Araceprarlii :ycrpiuarorbc.f, HeBA€rrri nupasvr, Hartptrnr,a!\, ((ceJleKrzsHicrb rlo
qimoeuM [poAyKTaM)> saMicrb (cenexrueHicrb 3a uinrosuMu [poAyKTaMI4)), ToIrIo.

3po6neHi 3ayBaxeHH.fl He crocyrorbc.f, ocHoBHrax rroJroxeHb AucepraqifiHoi
po6oru, H€ rpuMeHruylorb if Hayxosoi ra rorenqifinoi uparcru.{Hoi 3Harlyuocri, a

roMy He BrrrruBarorb Ha BHcoKy oqinry Axceprallii B qinovry. Posmruyri
ouy6niKosaui po6orn 3 HanexHoro rroBHororo [epeAarorb sl,ricr ALrceprauii.

Taruu qr,rHoM, Aucepraqiftna po6ora Euqrca I.E. Ha reMy <KamanimuqHi
lracmueocmi 6yznerye6ux HaHol4amepianie y pearcqiax zidpyeaHH-fl opzaruiuHux

peHo6uH>> e 3aBeprrreHr4M 3 TorrKH 3opy c$opuyJrboBaHoi ueru ra rIocraBJIeHrIx 3alarr

AocniAxeHH.f,M, xapaKTepr,r3yerbcfl aKTyiusuicto, Mae reoperurlHe i uparrl4rrHe
3HarreHH.f,, a ga o5'enrorvr eKcrrepr4MeHT€urbHkrx AocniAxeHb, crreKTpoM o6pauvrx
o6'errin, 3arponoHoBaHuMvt niAxoAaMH Ta piuneu HayKoBoro o6roeopeHH.fl

oAepxaHr4x pe3ynbraris uosHicrrc silnosi rae Br.rMoraM, rrlo BktcyBalorbcfl Ao

AoKropcbKr4x Ar4ceprauifi rrrr. 7 -9 <Ilopx4ry npkrcyAxeHHfl ra nos6asJreHH.f,

HayKoBoro cryrreH.f, AoKropa HayK)), 3arBepAxeHoro nocraHoBoro }lb 1 1 97 Ka6inery
MiHicrpia Yrpaina six 17 Jrracrora[a 2021 p. (is svrinauu, BHeceHuv^kr sriAno 3

IlocrasoBaMrr KM Ns502 r;it 19.05.2023 i J\b 507 eir 03.05.2024), a fi anrop, Euaxo
Izop Eozduttorutt 3acnyroBye npucyAxeHH.f, HayKoBoro cryrreHrr AoKropa xiNri.rHr4x

HayK 3a cneqianrnicrro 02.00.15 - xir,ri.rHa riuerura i xararis.

3an. eiaairy xararirLrrrHoro cr,rHTe3y

Iucrzryry 6ioopraHiuuoi xiuii ra
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