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<CrpyrcrypoyrBopenna i $iau.rni e.rracrraeocri 6xraarrco-pisnosafi(Hlrx MeraJreBrax,
cxclt,unr{x ta GararoxoM[o$euTHrrx Kor{,qerrcarie a rraropoannipuNtuu eJreMe}rrflMrr}r
,Er{y troAarro ua ugo6ytrff rrayfionoru cryuerrfi AoKTopa (pisnxo-rrareuarur{r{ux Hayrc

ri eneqir.nbnocrpr 01.04.07 - giarrca mepgoro ri.na

II,r ,qracepraqiftrra po6ora crocyBaJraes Aoc.ni.ulrcenus aaxonouiprrocreft i uexasia-
mir mpyrerypoyrBoperrrfl, Sasonoro cKJraEy ra $iaratrrrax BJracrrarocrefi fiarrocrpyrcry-
poBar{r4x HouAer{caris Merafiie (Zn, Ni, Cr, Al, Cu), orcuair (ZnO, ZnO/NiO, ZnO/CaO)
i Gararoxourronerrrr{ux cucreM (ia ra4nreuuffM MerareBrtx eJreMerrris: W, Ta, Mo, Cr,
Al, Ni, Hf, Ti, Zr,Co, araxorrc lCap6ouy), ,Erdllx 6yxo o.qeprfiarro BayMoB 5;rrasrnoerra,4o
TepMoAr{rranri.asoi pirnotarz. Vrvrosfi 6.rrxarrcocru 4o pianoBarr{ 6y;ro pea.ninosafio sa-
B4flr{r4 Br{rdopficranuro EamorlrqyBaJrlunx crdcfem ([JrasMa-KouAerrcar> i xeui.rnoro
oea.qrfterrrsr ia raaosoi $aax.

,{oc;ti4xeui r ganift po6ori o6'ercrx y srnr;rn4i o4nopiguux ABoBrluipnrax cracrem
Trdny raeoocrpiuqir uerariu, piarrax aa uop$o.noriero iloplrcrr{x Hanoc}rcrenr Meraais
ra ixrix oxcu,qis ir poarraxeaoro rronepxrero, arart,ofii, r{aroclrcrem y BrarJrfl4i rprarranaip-
HI{x Mepe}r{ Mo}r{yrb auafiru cnoe rrpanTr4rrue Bacrocyranufl ffr( eJreMerrra raaonrax, 6io-
.norirrnrax ra ofiTr{qurax cencopin. Bo4noqae Marepig.nra s poaBr{Herroro rroBepxr{ep Brrce
Br{fiopacroBylo'rbcfi y rraJrurr{r,Ix eJreMerrrax, xara.nisaropax, cytteproa,4excaroBax,
rrpr4crpogx a6epirauus BoArrro, corr,finnr4x eJreMeuTax, ,fiIc eJrercTpo4x nirifi-fionnwx
ar{yMyJl,flTopin, B eJreMenrax HarrorrJraauoxixrt. Eararoe.neurenrni (rax sraui <sucoltoe-
rmponifiri>) noxprmra, firdlrx 6yxo ogep?fiauo s fiarifi po6ori, Tarcor{r e amryaJrbrrrirurir B

rrpardrnrruoi roqrra Bopy. Tax, nanpxrJraA, Gararomapori t'pagienrni mounoararrir Mo*
.lnyrb 6yru aagiani ,4ra crBopenlr;{ criftrcoro rqoAo arapifi roJrepauTuoro [&Jrr{Ba ,qJr,fi
flA€parax pearcropia. Orxce, ,qocxiArxer{Hs, ,{Krtx 6y.ro raronarro B,qncepraqifirlifi poGori
naui I. C. ICopuronlerrlco, e o6t'pyrroBaurlruri[ Ba axTyaJrnsicrlo.

IIIe go (poprryxrorar{H,rr aal4arrb Axs ,4ocni,qrfieub B paNrriax Aanoi gucep*aqiftuoi
po6orra nrrce 6y"ro rraKorrulrerro Brraqlly aa o6carour cyxynrrictb Aarrux qrocoBao Mo,*cJrlr-
Blrx $rexanisiuis crpyxrypoyrropeur{.fi o,qnorcoMrror{euTnux i 6araromomrroxeuTu}rx
fi,ouAerrca.rir ueroga*ru $isuuroro ra xeMi.rHoro oca6lrcer{HJ{ B raBonoi $aara. Axe nn-
?enrrrfi tparcSopMar{ii ceJrexTrrBrrmx npoqecin fta*oytroper{Hfl Ta rrpocropono-
poano4i.neuoro pocry Korrgeucatin aa yMoB oca4fireuu,fl napu npra na6nra;*ceuni cr{cretvr
(IrJlaaMa-$ox,qencarl a6o (xeuiallro arcrr{Brre cepe.4oBr{Iqe-KoHAerrc&f} Ao repuolr{Ha-
nai.{Hoi pirnosarlr ra s fiepexogou eig oArrorco]rfiorre]rrrr,rx go 6aratoroMrroreflTxfix sra-
cTer\[ BaJrrallraJrrlrc,s aigrcprararra]i .4Jrrr fio,4aJrbruoro BHBgeHn,s. B inmoro 6orcy, 6yxo rigo-
Mo, Iqo crBopeunro noeirnix SyrxqionaJrbrrux rrarocrtereM cfipu,rrrorb yrvloB]r fiepeBe-
fler{Hfl per{oBfifllt B r{onrqencoBanrafr craH fipu H4qfiuabrcnx rigfioeur{x flepeefiqer{rrflx
ocarqlr{ysa rroi napra.

To*ry, ,qJrfi .{oc.flrHerirufi rrocraBJreuoi a 4raceptaqifirdfi poGori Merrn, ago6ynauxoro
6y;ro poapo6xeuo ra Barrarerrtorarro uori aa trpr{Hqrarorr po6orra fiorni posrropouyeaui,
rrtro,qalorb BMory pearriaynarr{ yMosr4 d.nNarrcocrr,t 4o pinnoBarra, flpran4ran po6orr rro*o-
crBopenlrx npra.ragia 6aoyemca ga oco6.nlrBomy troe.4rrerrni e$emry fiopoJnlrrcnoi rcaro.qn
B Marr{erponrruM e$enrom. B npax+raunoi rorrxu Bopy Mae snalrenrrff pinnouipnrfr poa-
uo,qi;r Borra epoaii lra iuimerd auatrnoi n.rron{i, rqo yMoJrurlraJrroe (popuysau4 rcor{Aerrcara
y erarx*gi 6aratourapoBl,rx i co,4no.rac 6araroxourfiouer{Tar{x fioxpr{Trir (ia npardrrilqxo
neo6rrexeerrrlrM eJr€MefiTr{rrM crcaagorr). Tarcoxc 4o qirtarrtx ilpantlaqrfix peey.rrraria
po6oma c.rri4 ri4necru BarrareuToBany poapo6xy $yxxqiorraJrbrrr4x e.nemesrin ynieepca'
JIbHrax cercopie xa ocroei ippaxra"nrfio-[eprcoJrsqiftnax Harrocracrem ZnO, ZnOlCuO ra
ZnO/NiO. Toary, Bpaxoryroqn Baqeaasfiaqexe, flarry 4aceptaqifiny po6ory Mo,firra Br{-
Brr&Trr ufirnya.tLbworo B Toqxlr eopy $irrarr.r rBel).qoro ri.na ra ii uprxJra,qnux acne$ris.

Po6ory 6yxo eramosaxo na xaQegpi Nauoexexrpouinra ra rrogu$imaqii noaepxmi
Cyucrreoro ,4eplrcaBxoro yrirepeurery aa nigrpaMfirr: ,q@e.q MOH Ymparura y pamfiax
t'pauty flpeer4enra Yxparnr,qJrff MoJroAr4x )rqeHrrx i cuixrnoro yxparncsxo-uiueqbxoro
flpoexry; MOH Vxpairur y paMxax cni.irrnoro yxpaincrrco-cJroBaqb$oro rrpoexTy; pff.{y
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6y*a HayKoBraM xepirNnxoar; Son.4y (Pyn6pafira n Vxpaiui s paurcax ingNuiAyarrbrroro
r{ayr(onoro t'paury Ha rpone,Eenrrfi rrayrorrirx 4oc.ni,qereur y CIIIA; SoHIy Oxexcan4pa
Sor lyrvr6oJrbATa B paMr(ax irguri,qya-nbrroro rtayrcoBoro fuanry Ha [poBegeur{fi lrayno-
elrx 4oc.rriAfficeub y Hiueu'rrari.

Mera ,qracepraqifinoi po6oru nani I. C. I{opHn}uIeHHo, r{o peuerrayerrefi, ra igei
,qJrs ,qocfirrer{Hs ii Bi,qnosigarorb cyqaerraM rrailpsMaM $iauxr rBep,{oro ri"rra ra rraxore-
xuo*orifi. Po6ora uae npufinstunft cryninr roBHorK, nornu6.nenocrr.{, Irourcperrrocrlr
ra rori.rnoema uo6ygorr{; Bosa lricrurs eJremerTrr H.o6ttatut, rqo Brrsuaqarorbc,fr o,qepfiia-
rroro HoBorc HayxoBoro iu$oplraqiep croconrro uexaxianrir erpyxrypoyrBopexna ra $i-
ar{qrrrx BJracrrarocrefi 6.nuarxrirx,qo pirxosaru MeraJreBsx, oxcra6xrx i 6aratonoMrroxe-
ETrrr{x Horr,qenearia a sanopoarlipnaMu eJremenTail[]t. 3 o4epxcanux pesylrbTaris Maro
Bagrarrurfi nacrynni u.afia axcnuaiwi (ia Br{coxrrM cryfierreM uoeraanra).

1. 3 sxnoplrcranrr,ff*r 6nraarmux Ao piruorarx yMoB rdor,{eucaqil 6yro o.qep}rcauo
eigraoproeani ra crpynrypr{o-mop$orori.rnra*ra xapart*epucrrdxauu $orr.qeucaru fII[fI-
Zn y nwrxagi rpueranaipnux crrcreM, IrIo cxJragalofbc,tr ai c.ra6xoas',flBauxx nrim co6oro
Harrorrrdrox. 3a nigrlrnleroi msr.qnocrr4 rrorrarrcororo poairpiuy (= 16*2I- rpax/c) Harro-
crrcreu Zn Ao reurrepafypa rroflaJrbfioro rrotr{oro or![crrerrra Ix 6yno o1ep]rcarlo &pan-
TaJrbrro-fiepmo.nxqifini nanocrcreMu ZnA ia ivrop$o*oriero, u1o Bxaquoro rveipolo ei4noni-
Aae srxi.qlrllM xapaxTeprrcrrrxam Harrocficreru Zn.

2. 3 rraropucramrrfiM xelri.rnoro ocagmreurrs ia rasosoi $aara Brrepme 6yro pea-rriao-
BaHo caMoopraniaaqiro moaomapy HpyrJr.xcrrx rrauoxpuera.nis II{H-Cu s MaJrr{M poa-
r{rafloM ix aa posrripaanlr ra BraflB.neno,4oruinynaJrburrfi sunus rla rrpoqec crpynrypoyrBo-
pe$Hrr HarrocucreM rraflrlrlsbfirx riguocnllx flepecmrerrr oca,4,*ryeauoi napu, a He Jrrfirre
(pisrunoi qu ro xe*riqnoi trprapo,qu anTraarroro cepe{orrrq&, rr1o Aie na pocrory roBepx-
uio. SanpofiouoBarrrafi uanisewrniprunrafr (piaaxo-MareMarr{.rnmft MoAeJrb yuoircJlllrBrirB,
BaJrelKHo ni4 poaanipis aor.quSyeifinoro BaxorrJreHE.E agarorvrir rranxoJro narrorcprecta.nir
Cu, scraxoBarr{ sMinu ai,4nocuoro trepecrqenr{fi oee4}rcyBarroi uapu B Mex{ax eix 0,06.qo
0,1.

3. Ha nprxragi Zn ra Ni e suxoprrcrarirr.rrm rrar{oMe*r6pa:r arro4ro-oxer{Anoro
anrominim (dror) ta poapo6Jrexoro i sarareuroBaHoro yuirepca-rbnoro rexuo.rroriqroro
nigxogy 6y.rio cSopMoBarro yfiopg.qxonani ranocrrcreMra 6eeuocepegrbo Ha noBepxni ni-
EKJraIllrroK, rqo Marorb rrx eJlexTponporigni, rar i gienercrpugni r.nacrranocri.

4. Ha oc$oni aivtin $oprvrr BoJrbr-aMrrepulrx xapaftTepracrrar{ (ppaxra.rruo-
repr{orr.flrlifiirrx Hauocucretw. ZnO, ZnOlCuO ra ZnO/NiO 6yao poapo6;reno ra aarrareu-
ToBarro yxirepca.nrai ceueopu, Eo Marorb nigeuutreny ceJrercTraBrrietu y poruituaraxni
pianrax raBoBHx peat'emir ra orrTraquoro otrpoMinenna.

5. By;ro a'ficoaa.rro, rr1o rrprl Hou.4encaqii 6araroKoMrrouenrnoi napra Ba yMoB, I{a-
6xraxcearx ,4o repuo,qlrnaui'rsoi pinnorarn, aampiuJreHu,fl agarouia rin6yeaetLcr{ Ha
aKTI4BEEx qerrrpax BHarrEo 6i.nrmoi rroBepxuesoi $o$qenrpaqii, & MaJra AoBlt{r4ua AId+y-
aifrxoro ueperuirqerrrfl a,{ero}ris ra saxpin.neun.x ix rra pocroBifi noeepxni e peaaiaar$ero
MarccfiMaJrrno uiqnux xervri.rnrax as'xsxis BfiBrrar{aJorL Bficor{y xor$it'ypaqifiHy eHTI)o-
niro aMiulaurrg r{oMrrosellrie.

Crpynrypa.qlrceprardii si,qo6paxrae .uori.rny noc.ni4oauie* poau'aaaunlr Banrqaxb
.qocni4:*cennr. fllrceprauis ercJraAaerbex is Bcryny, ruicmox porgirin, Bracuoexin, Cnu-
cKy Brlrl{oprrcTaHllx,4xrcpeJr i o4noro AOAaTHy.

Y Bcmyni o6t'pynroraso axryaJlrnicrr reMrr 4rceptaqifinoi po6orra, c$opmy.nro-
Barro rfiery ra BaBAaHn.r ,{oc"ri,qi*ce}rrrfl, Br.raua.qeuo o6'emr, npeAMer i meroglr goc"nig*teu-
H,fl, poarpritro rraymoBy Hour{Brry ra rrpaxTlrque Brraareunff o,4epxarrux pegy.rtbrariBn aa-
Blraqexo oco6acrraft BHecoK ago6ynarrnra, ai,4omoc*i npo anpo6aqiro peayJrbra?iu i crpym-
rypy Errcepraqii,

Y or.na4osalu,y ruepw.omy posdini gweepraqii poarnsrryro cyracni Merogfi pea.riaa-
qi.i Hou4encaqii peqoBrirulr Ba yMoB, 6xrasrrnx Ao repMo,qranaaai.raoro pirnorarra. Ha nig-
ctari aireparypmoro orJllrgy apo6aeuo BueEoBoK npo re, rqo mafieSerruauime rexrroJro-
ri'ane pimeuna n1ono peadsaqii 6ffasrxoi ,4o pinnorarra r(orrgencaqii t'pynryemc;{ Ha
moeAHaHHi gracranarprsuoi caMoopraxicaqii Ha,qrerabrcr{x nepeculrenb oca.Emynanoi trapa
B KorrcepBarr{Buoro caMoopraxiraqiero HarrocracreM rra noBeBxri nigx.nag}rnr{r,r. Tyr ra-



sHar{ae"bcJr, rrlo Tar{e floe{HaHrr.fi rrpe,qcTaBJr,fie cCI6oro cI{cTeMy noB}roi caMoopraEiaaqil.
Braenosrfi ,qo BeJrbMn smicroBnoro 1--ro pocAiJry rro cyri craJrr[ npCIrpaMoro,Er{ceprartrifi-
roipo6oru.

fio nepwoeo poadiny npuu,t4utloeux s&Ueawevb ,{eJuo.€. Briu, Barsaqy neesi He.Eo-
r:r6,qr{ a4e6i-rrm HaynoBo-pe4at'yra-n*xoro xapaeTepy. B oraa,qi Teopewrqurax y;rBJrerrb
npo Bapo.qxoyrnopeur{,fi ra ipopmyraaus nonqencarie y EaBe,qexax criBsixuorrreurrJrx
aagiaxo BeJrucrxua (G., AGr,, .B{f.}), neoana.resi s rexcri gracepraqii, a eroeo*Eo.{eJ{Hr{x
B Hrdx r{aseg€Eo Eeapoayuixi rsepg;xexrs {uaupuldna,E: *Ocrci.nsxra € adepxex* lq}onop-
qiitr*a rcs**p*my ttxewneptr.mgpu, To mes,qxieyr Bapo.qxoy"Baperrrs srrir$oerbclr
ccexp{1/?.}.*}. Taxoxr B Aefirclrx micqxx qboro posgi;ry {ra fr y Bcryri Ta EacrTrrrnrax
posgixax) aacrocoear{o He ua^&xpanly yxpaircsxouoBry $iaraury repuixo,noriro (pycra-
ma) ra xcapt'oxosi c:roaoesoJrIrleual{, Harrpg}sJra,q, {posrrrlJrerras uarepiaxy> (aaaricm
rrpfl.Britrlbsoro {poarroporrrerraJr ntarepia"ny+], <rrigr*ua4xa] (aanaicrs *ni,4.nonc*rcs] qrir ro
tuigrexagranxa*), <HprrBxsr{aa (aa*ricrb <rctr}rlEr{Ha+}, <xropcrrdets uorepxui* (aatrlcrr
*mepcrxicrb rroeepxui>), rioa ByrJreqx)r {aauicrr <ftos Kap6ony>} roruo.n

Y saxifil{sa;lry Spgeox.g posdixi,qscepraqii 4eranano oar{eauo aax1ry:vrai JrMoBlr
o,qepxffir{rrJ{ Korrgeucarin, uoraBaro, n{o rcoira6inaqis oqutr1exr{fl iuepruax raaia 6eano-
cepe,qnbo r po6ouifi ralrepl Ta Ba fi uexcailru yuolrcJrl,reJrroe c$oporr,frr{ uac nigroroBrr.r ,qo
excrreprirMer{Ty. flc-gpyre, Tyr [pe,qcraBJrerro Koucrpyr{rusui oco6fiusocri saHofirtryra-
JrbIrI{x fionuo-unaaMoBr{x posrroporuyaauir AJrff o,qep]rcanrg o,4xorcomrroneuTurlx HaHo-
cr{cTeM tvreta-nis i 6araroxourrorreuTur,rx rrox.pr{rriB, aaauaqeuo fi oco6"uanocri rcon,qen-
carlii peqoBrtrrn sa Mafitax srraqerrb nepecrr{euB oca,q}fcysarrr{x [apoBr{x nororcis. Itpiu
Toro, Tyr ouucaro Mero,qr{Ky oAepffiarrn,fi fiopllcrr{x r{auocucreM orccra4ir NretaJris i goc-
ri,qnrenn.a lxrix eJrer(Tpoxeui.rnrnx i cencopur{x BJraerrtnocrefr; AeraJrbuo oxapaxtepr-
BoBa:ro trprrEqrrrr cr{HTetrrfl ue*r6pan ano,4no-ordcr{,qHoro a.nronriniro mJrsxoM Arocryrreue-
uoi ano4uaaqii Ta rrpl4lrqran po6orx rrprrcrporo, tr{o.qae BMory y xorvrdixaqii is runopuc-
TaHHffM ueudpau mc ura6rouy (popmyaarlr ynop,agroeard meraxeri HarroliJracrepr{.
B;rraarrci go piuxosafi{ yMoBrir Korr.qeucarlii 6yxo peariaouano y podori aa ruxop}rcrarrrrfl
xeuirrnoro oca,qiffierru.a ia raaopol saara, i uprauqur po6oru niguorignoro rpr4crporo ra-
Iio,lri rra*e,qerro y qbouy posfixi,

fro 1pyeoeo pas*ing npuwt4urlaau.x saya&Jtterub rdetvr&€. Ta, ocxixbrdr,r y rlbouy poaxi.ri
Bnarrrry yBary rpragixexo Bar{yymufi}fi yMoBaM o.qepxraurrs rcorrAexcaris i lrrixixiraqii
sruicxy xemi.rso ar{Tr{BEEx goaaimox, 6yro 6 [epexorJruuirue, src6ra y {uceprarlli 6yxo
EaBeAeHo gaai ruac-crer{Tpoue?prrr{oro goc-nigr*cesss s}dsu cx.lrs"Ay sarrar:rrsoBsx ragis
y poSouift xarraepi Ba"xer*cuo ui4 rracy pos*Gtr)o$rcaaa {s Eer{ouy paai rarany}. Hpiru rotro,
y.qucepraqii craep,qx(yerbcr, qo Br4eor{a qr[crora po6ouoro raay rriAraep.4rfiyerlca $a-
BoBr[M cftJraflou ogepficaxr,rx B sasuarreran Bar{yyur{r{x yur}Bax nnigsx rr{tary, n{o riX-
rrorigae lll{fl-t'patxraqi c-Ti, ra ixsine rrr{ToMEM orropou, uopiauxmnr{M B nlrromrarvr
orropou MacI,rraoro Bpasxa 

"ETe.Ey. 
Ta 6yxo 6 xoqixrxo EaBecrr{ B qbouy poa,4ixi si,qro-

si,qri ,qagi e.rreietpoxorpa$irrusx gocxi.qxeecb rlrrary ra tsKaBarE Br{ar{exr,fi rrsromoro
ollspy.

fleprmafi rigpoagia rLpenxbo?a posAi*y gracepraqil crocyemca eranis nyxrreaqii
'KosAeucaris tuIerafiis (na npar;iagi Zn, Ct, A1, Ni, Cu) sa yMoB 6.lrrasr$oi 4o pirnorax<-
uoi craqionaproi $orr.4ercar{ir. BcranoBJrer{o, rqo Ba rarcr{x yMoB [poqecu Bapo,qx(errrfi
Hou4er{caris Marotr ictotni riglvriuuoeti sig rpaAuqifrnux y,Erresb rrpo fior{Aerrcaqiro
fiouno-poanopomenoi peqoBfiElrr, Tax, Ao raI{,nx rigruiarroctefi, nepm Ba Bce, riguocnrr-
c,fi encfiepr{MerrraJrrno Berarroe$era:fifr. picr nreracra6ixrroi aruop$noi $aau sa Aii rJras-
MII Ha pocrory noBepxulo; nprauitvr, ai g6i.rrmexrrfiM ToBrrlurrril Kon.qerrcaTy sig6yaarorr-
err JroxaJrbri nepexogu ri,q arrrop$noi,qo Kpr{srafiiunol Qaara.

V nacryurrax rigpos.qfurax 3-ro poa4iny poarx.frryro uexasirpru crpyrcrypoyrBo-
pexus rcou4eucarig Zn, Cr, Ni Ba rplirBaJriruol nongeucaqii B ymorax, Grrasrnmx go pir-
Horarr{, I{ixanu*r peayJrhrtrroM Bran$aro BcrarroBJreri,(xs Kor{,qercaqii qanrcy Borrfi Tex-

* 
fl Buurrruro ea norpidae, a n rrssimnix yuoBax axruSntpai,ssrroi ri6pu4xoi nifisra ft afiryaJrr,Ee, rlaca-ruuepe,E, B ygpa-

irolroagnx HayroBrrx qpaqr{x sagaa tepruixo?BopeEflE ra repuinorxrnBarrgfl opienryrarues Ea nrtroueuue yrcpain-
crxe ([axore saaoBur{qTro B,{orpr{Myraxrr*M ocraErroro rrpar4l{Boro (goereuenuoro}, Tax BBaEoro +xaprciacudoro*
yxpairrcrxoro rrpaBou]rcy.
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r{oJrorirru?rx flapaMe"pie, y Me]Kax fiKlrx $opmynrrrca npu6arasuo o,quaxosi ea crpyrcry-
pro-mop$o.norir{uaMlr xapa$repr[crranaMu nopucri r{anocl{creura. Barx.nrarrrma B rrpax-
rrrrror ToqKrlr Bopy e cTpyKTypr,r qlllrray y nrar"na4i cxa6Hose'flaaHrax wrim codoro HaHorrr4-
ror (rvropSo.rroris fiKrlx risya,nrao Hara,4y€ r*ertponxi wrepexd), ocri.nsnu rani crpynrypn
uicna oxlaefierrul{ Mo)r(yrL'6yru B&crocorani. gxa frrol}enuir cencopir. 8i sSifirmeur{su
qacy fios,qencaqii xpoMy ra uixnro 6yxo ecrarouJrero uepexig nig crpyrryp y rrar.nngl
cra6moss'flBaxr4x rvrix co6oro crpyxrypnnx $pat'rvrenris ,qo ipopmyranrrr Hrarr{,yBarrax
HIII{eTaJMI(ie (<rrycir*). Taxa erpyr(tytr lla ceJrefiTr/tsHicrr eui4uraru ilpo Te, rrlo KorrAerr-
ca4ia rig6yna"rac* Ba yMoB, rpanlrrrrro 6.rrasrxux go pinnosaru. Tanol*c B.qarrouy poagi.ri
BarrporroxoBauo Sisnro-tvrareluarr,ruufi mo,4em, rqo yMc,rcJrrlBnB Br{Buaqurra arf,iuu sig-
Hoeaoro rellefr{lterrrtr oca,qrr(yeanoI perloBaulr ts aaJre}$Hoeri eig paamipir aou fifiibyaift-
Eoro BaxorrJrerrn.a a.qatonrie EaBKoJro Harronprrcranie Cu. Haupuxir{i qroro poa.qiriy
Irpo4eruousrpoBauo ni,qxiA, rrlo ,qae BMory pea-tiaysarm r(oxgeucaqiro peqoBuuu Bcepe-
Ar4Hi fi6p anofi-iio-orcii;lrioro a.Erouifiiio nta ipopMynarra yrrop,s4xoaaxi Harrocrpyx"ypll
Mera.[is Ha rronepxni renposiArnx nigxxagrnnor.

fio rnpem.aoeo pos?i*y e ltlpu Henpar{.tyaruo*uic se.A8dilceHH"fl, Lr IIefi poagirr crJraBcg
BeJlrax,r.tM aa o6cgroe{ i uepeodraEterrrrrM aa s},ricsoM, i, Ha Moro AyMKy, 6yxo 6,qope.rxrau
Blrrrecrll ura*epia.n crocorao nor{Aerrcfrr{ii pe'roertux ia axxopficra.HrrgM rueu6pan ano,q-
so-omcr{.quoro aJlmluiniro s oxpe*rrafi poagix. ?l}J,a Jfi€rJrl, ryr r{e or?rcaro ri excnepltrwe-
atx a KouAelreardi seoporsix notoxie fioxuo-poarropomeroro Elrrtxy B Haxorrmr.rynaJrb-
rrifi crrcterui <uxaams*rdelrEgucar*, sa,qasrauu srcnx 6y"rro uo6ygoBarro qixaay (fi x.nro-
r{say g.n.r irtepnperardi} giarpauy (pnc" 3.7) e reprriaax rexroxoriqnrax napa*retpia
*aory;xxicrs nea6axaueoBalroro Marrrerllouxoro porrropouryBaqa-Tuex podouoro IaByD.
3)Haaegeurafi ryr $isuxo-uareuarrr.{sufi Mo.{eJrL ga.e BMoryn up arafrrlrui, axi*no oqi-
rrlrrr[ s*risx rigxocaoro uepecNuenxs rrpr{ Honfiencaqii ITIH-Higi; Ta r{u yaararbrrosrb-
c.a qefi xarisesf,$ipaueafi rtfio,qeJ{b *Jrfi Bxr{epr4cracaa y p$Bpsxynxy smin rrepec.]rqexrr.E
oeagxeyrasof perroBralru npr xoa4eacaqii inmrax mera.nis, EarrpardJraA, y IIIH-
afimuiuifiarxfi a6o IYI{II-qxHI(oBr,tft tlla ro Ol{IC-xpauoeafr rdorrfierrcar, Hasirb sa yMoB
6Jr$srxoctr4 Ao repuogrnua*ri'rroi piraorarra, ro6ro rrae d:rsng crplrxtytr]olryrrlrgoro e
nepeg6auyearicrr Mo.qeJrB BaBgaHE Bpaxyearruro B rrrouy $irra.rxux uexanriamir npoqe-
cia, qo sigEyraro+rcn? (Saarssy rar{offc, rqo B Aucepra.qifiroro orJrs,4y rireparypr{ {BH-
rraJlrd* gopeuri Tyr &Jrfr iurepuperaqii peey.rsraris Mo.4eJrroBarrna upaqi A. C. Muxafi-
xosa is cni.eamopaulr ")

Verneepmuit poadin crocyeybc.n pea-niaar{ifi yruor 6xuarroerN 4o pisaoBarrir Ba Br{-
Kopr(crarrtrs xeivri.rnoro oca4rrceuur{ ia raeoeoi Saara Ha nprirr{Jragi xon4eucaqii Migi. B
TarcoMy BlIrraAKy qimarrau pesyJrbraroM craJla peaJriaoBaua ry" caMooprauisaqia Morro-
mapy nprd"nnsuo o,qnarcoBoro poawripy Har{orcpucraxin II{IC-migi }cpyrJr.acrol $opura. B
qbovy pougiri apo6.neuo aaxcxr,rguft BrrcnoBor{ fipo re, rqo supiruaxuu.a"it BtrJrlrB lra Mexa-
uiaura crpyxrypoyrBopelrufi Harroclrcrervr eigirparorb came yMoBu dfinarroc?r,r Ao repMo-
granauiuuoi pirnorar[I, a re (pier,runa qlr ro xeuriqna rpupo,{a arcrrrBrroro cepegoBntr{&,
rqo 4ie r{a poeroBy rroBepxuto i rarram rrurrolu rrourir$cye enepriro gecop6qii agarouir go
eipexrrarnoro Buaqenua, ua6.rulfi aloqlr cucreuy go pisnorarrdrroro crauy.

Crnocoan"a qerfiaepflLozo paa4iny Aucepmat4ii moxaa a&ysarnurnu, u4o: rro-rreprtre, B
po6oti exerrepnuerr*rr a reor,qexcaqii rwini 6yxa uporegeni Eur{;rroquo na xpeurifiosi ni-
,qrilIa,{rdrrxrir, Ta 6yxn 6 Kopr{ero a'acyrarr, Jr}e Ea crpyxTypoyrtoperrxrr rrorrAencary aaixi
BrrJlrrBa]orr ronepxni pocry pianoro rra$y; ro-gpyre, B Aarrouy pougi:ri Baromtr{M gonaso-
BsM AoIroEHeHr{sIs creJrr[ 5 excuepnuer*TaJrbiri Naxi eJrexTpouorlm@iuxxx goexigr**eur
Saaoeoro ercJrffrEy Kosgercarir i xplaera-ni.rsoi crp:n{Typlr $ae; uo-rper€, Ha i{raJrb, B Nyr-
cepraqii Eario ;rffm€ axieuy inreprpetaqirc og*px{as:irx erdcrtepuuermairrxtrx &gfir{x,
aJre se apo6aeno rtiarrieue eriserasxe$ss ix ie saarraqerrlrur{ ryr cui.nei4uomernamu
reopii aaapiearra {<nepexorr.qerrca.qii>} aa B. S. Oc*na.nrgoM, a qe yuo;f;cJrr{BaJro 6 oqi-
Errrri[ rapauerpr{ rrrBa,qr(ocra aruisr,r pagiycia rtyJrficrfix rrarrorcpracra-rris MiAl,

fiau,uozopasdi*y m$rcosre e a$.y6ailte*t*n-nadaacaaree. Heaafirai $pr4aMerrrarrbaocrpr
uefi poa,4ix ua6y* 6u, rxu4o 6yxr 6 ryr uaae,4exi peayJrb"arm goe-ni;qitteglrfi rconAexcaqii
inruax ruetaxir, EaJIIlnHJra,q, EiftJrro, xpguy ra quuxy sa lrmoe 6.naerrtoc*ra 4o pisaoraru
e cscreMi * xemi.r go-axtr{Brre cepe,qog}rrqe-rdorrAerrcar } .



V gocrarumo smicroanomy tL',flrnawq posAini Hasegerro e$cfiepr{Menranrni,qani cro-
eoero ofieplrarruf, ta pe"rdolreagaqii flIoEo 1\i[o]rcflnBoc{efi rpartrur{fiot.o saeroeyBauafi
nopr{crltx orccugin Mera.nie. Tyr aanpororronarro Mero4rrxy o4ep}fiaurr,fi [opr4errrx HaHo-
crlctem oxcr,14y I{ranmy ruJr.fixom on}rcl{enrrr nraxi4nrax fiepmcfr[x cacreM Zn. Tarta rex-
nonoria rqaJra sMCIry $opmyearra $pattranLfio-nepnorarllftui Harrocnereillu flnO B Mop-
Sonoriero, ,fiKa auarruoro rvriporo si.qnori4ae rmxignranr xapaxTepucrlrrtavr Harocr{creM
Heorr4cr{euoro qu}rxy. (flpxuari4no s'#coBaro ocuosni pucrr flepexeceunfi sa.ps,qy y
Sparcra-rraxo-ilepxoJrauiftuux Har{oeucreuax ZnO.} Itpirr ?oro, r poSori o,4ep}rdarro KoM-
norraqiftni rvratepianw ZnO/CuO i ZnA/NiO ra BaBHaqeHo rrepcrercTr{Brir Blrrcopmcrar{u,fi
ix y axocti SynmqiouaJrbl{rrx e.ileMenris raaoBrax cercopia, .sni uarorb Bficomy rryrJrrir-
eicrs i ce;rermnasierr. Tax, na ocrroai rmiu $opmu Bonbr-amfiepxlrx xapanrepr,rcmrn
@panraaruo-replioJraqifirux Ha:roclrcrew ZnO, ZnOlCuO i ZnO/NiO poapod.neuo yul-
eepca.risri ceucopx, rqo Marorb rigultqeiry ceJrentnrnicrr poaniaraaaunJr pianrax raBo-
rrax peat'enrir ra otrTr.rqmoro onpominerrnrr. CriA sigmirrarr, lqo.qJIr{ poaniamaoannx pi-
Brlltx rasoBrax rcoMrro$extir nrreoprrcrarro Mareuatuv:ry o6po6r(y BoJrbr-aM[eprr[x xa-
Ilarteprrcrr4rt, 'rra yMorttJrr{Bl{Jra He ri.rrrxra Br(fiBHTrr na.xsai s noairp*nift armocfrepi
racori KoMrronelrra, aJre fi oqirrurra ixuro HorqeuTpaqiro. Hanpraxinqi pos.qiny .qoeni-
Aff(eao BIJrI{B Jraaepuoro ruupo*rirelrurr Ha BoJrbr-a*rnepni xaparTepncrl,r$ta rranocrac-
re*r ZnO i ZnA/CuO ra rpraai sapJuxieuu,fl-poapff.qlr(eurr,fi ,qJ{,fi Hauocr{creMrzr ZnO/NiO
rrpr{ Bprnopqcranni ocrannroi s e$ocri eJrexTpo,q ririfi-fionrrrx axyuy;reropir.

fio rt**aea pos1ing dueepwagiT e dca ilellpunr4utloaax sflgs*.fiteruru*. llTyr gx.s
ana"riau peay.ntr:arie eeHcopuxx,4scrigi*err6 Buxotr)r{c"ano pisri Mero,qrirxrr Ma?emarrrq-
r*oi o6paSHH gar{Ex c?seosElo BsJrbr*auu€prrirx xape$t'eprrc?lrr{, aJtre 5y-ra 5 rrosqa.Esr{o
gera-nrairue oxrcarra enocofia taxoi odpofixr,r peayxuraria uipxuna y rtolr(Eouy B Br{rra-
gxiu, xopien*mt rrefioJrir{ll fa'rrepesarla r(ol*drroro cnoco6y. Soxpeua, qixarunarr Bmfla-
ro?rc'a Iro6ygonaxi puc. 5.22 i 5.30, ca Aorromororo firtxx, firt c?Bep5${yerbcff, Moiltxa
susua,raru ccpt i Rorrr{exrpaqiro roro arlr ir*moro peat'enry r uosirpi; aJre X-Y-
uapauerpraaaqiro ix $opmy.xamu (5,6) {'rr *o {5.S}, (5.10)} sa o.qep}fiarrrau!{ Xagr{Mrir rpo
BAX nasirr y <ua&npocrimoilry* Br4nag$y lranocrircrem ZnO y eiguoriguifi armoe$epi
ryr o6r'pyaToBaxo cxJra,qr{o i. nereno {ra fi }re Baaxaqerro Mexauian }r efierdrpo@iar.lrrrax i
xemi"rsNx npoqecie, rqo xepe6iraxlrb B T€rr{,ux cencopax}, 2) ilIo,qo o$opm.rreurrJr pr/rcyu-
xie: Ha gefir{Ex is Hnx qixy,racrrauy euuiproparr}rx BeJTFTEH rifi,{ireuo sig gpodonoi no-
uoro (xarrpr{nJr?/(, rla prc, 5.22}, a na inmlrx Kparrmora {raupnxaag, rra pHC. 5.30).

V se MeHm aMicroeuolay tt octnouy pas}ini onracaso uexaniaupr crpyrcrypoyrBo-
IlenlrJr ra s'ncosano $iaa.lni sracrueoeri no*parrir na ocuosi dararorcorurrorerrrr{Ex
xap6i.qir, o.qepJnaulilx Ba yMoB, 6Jrasrxrax go pinro*arr{. Ba gonorraororo poapo6.nenmx
aBTopxolo fiounax poBropomyrauin ogep)fiauo 6ararorcoivrnonen*ri cHCTeMlr (Cr*Co*
Ni-W-Ta*Hf-Zr-TilC ra (Ta*Hf-Ti*Mo-Cr-Al-VlC, Aoc;ri,{meno ixni crtr}yr(rypno-
uopSo.norivni xapaxrepucrlrr{ra, $aeosrafi crxag, eJreMerTrr*tia e*r.ag, ruirporrepgicrr.
EaeuenruNfi cr.nag fio$prlrrrr i, arc peay.nbrar, fioro Siaraqui rfiacrueocri Brrarraqairr{cfl
rroJro?$eul{xu ni,qrnarql,fr{n}r gi5socEo posrroporuyBzurbrroro crpfi}r(,rrfi. }tpim roro, Tyr
,qocni,{xcer{o Baxououipnocri crpynr}rpoyrBopeur{Jr rro}rpr{Ttir na ocsosi eracrerura (W*
Ta*Hf-Ti*Cr*ZrlC a t'pagierruoro sluiroro rcorrtrerrrpaqii cxra4oBr4x. I{a cracreua e
qirearolo,q.trfi MorriJIlIBr.Ix trpaxTr{qrrrx BacroeyrarrB g nrcocri Korerpyrtqifirirax rvrarepia-
"rrie aromuoi eneprerumra.

fio utocntoaa p*e6iag e ileu rlenpuvt4unoau,x arya&Neflrus.Il.o.-rriep[e, MogeJrroBau-
Es eJreuerrrrroro pornagixy y rrorplrrrrx 6yxo Brrr{orrauo ra nopiarJrr{o B e}ccuepr{Mer-
TaJt&rrxuu gaxr[il[H ri:raxr* gxa fiararorcourr*Eer{Trrnx nonpu*rin cficre$(u (Cr*Co*Ni-
W-Ta*Hf-Zr-TilC. Ta 6y.iro 6 xoprcxxm rrposecru rignonigni oqinroeaflHs raxolrc ,qrr.fi
errc?emlr {Ta*Hf-Ti-Mo*Cr--dl-V}C i. aopisssr}r peayJr*Tarll trx}Bpc.xyr*xie a Aarlr{Mrir
ercrrepr4uesry. flo-gpyre, B Axcepraqii aasnauexo, qo Bpason 2 &xs crcreur.r (Cr*Co-
Ni-W*Ta-Hf-Zr*TiiC m spasom I &ns saelelrrr {Ta*Hf*Ti-Mo-Cr-A1-Y}C MarorL
xafidi.nrury rrir<po*repgicrr, aJre gseraruxo o6t'pystoBalrofi) rro,Ecr{egrr,fi, arurlr cfiprrrra-
gege uoxiffmeaxs rvrexard'asgx sfiacrnBocrefi caMe,qJrJr rIHx Bpacr{ie, ryr He,qaso.

A.ne aaeuaqy, trIo mar?xce noi nnrqeua-eegeui sayBarfiexrr.fi ,qo gracepraqii nani I. C.
Itoparonqexrto Maffirr gracxyciftsra& xa.paxr€p i ue rroxryrb rroxrtarfrru BaraJrsny {noalrrlr-



Frl\r) ouiglry ft fiuceprauiiiuoi po6*ru.
ArropHa o/xepx{ara apuriHeilbui ra mpy4o,pr,icmui uayxoei peayJrbraru. Excnepu-

ivrentarrni gani ctocoBxo yMoB lcor{Ae}Icaqii, 6.nfianxxx 4o pirno*&rfi}rr{xt i. camoopraai-
sar1ii il{op{Ponsri"i noaepxui nougerrcarin sAarotuca ncesi qinxoru t}ienutixnH ra aaSesrre-
qyrc?h o6t'pynronaxicrr c+opldy*.fibsBa]rmx Ha]rnoB]rx sxegosxis,

BipotiAruicntb o.{ep}&&Hr.rx Hayr{our{x pesyJrbrarir aaSeaneqyerbc$: aagiannra xora-
nrrexeom excnepr{Me}rraJrbHr{x Me?og gnr Soplryts&Hrrn xor{AencariB i aocfii,qlxenns ix-
Hix crpyxtypn, Saaoeoro fi eJreil{enTxoro cxxa;qin; ana.mitoro eficrrepHxenraJrbnr{x JIa-
r"rtlx ir"rlfi cnopigxeaHx c[{ereMi HoMrlrer{cNicrm r:a aigruoprcsaHictK} peff};'rbr&Tir; rcope-
n.ruiem eftcnepr{MexTaJ{hxr.{x IaHHx i poapaxyunsuux oqinox.

Ogeprxani peayfibraru lrdalorr npax"fiquy qiunicru, ffKa noJrfirae, y Mslr{Jrrrnoil[y sa-
crocyBer{Hi ix gns crropeuHfi {tyrxrlioxaJrbrrr.rx e.neareRrin cexeopir, rara,riaaropir,
cynepHorrfrencaropir, eJler{rpoA eJreKTpoxeuriqultx AE{epeJr x{fiB,rreHnr{r naJlr{BE}rx noui-
pox Ta iu. Eararoxomnonellrai roxpnrrs ra noxp!{TTfi B rpagienrxom cuinoto eJreMeHT-
Horo c!("{a4y e rrepcilemT}rBrlrlMr{ .qJlfl sacrocy*&}rb B aronruifi euepretuxi. Peay.nbrarr{
gauoi guceprauiiiHoi poOotlr nor.un6nrcIorr, yr{Bner{r{ff lrpo Mex&Hi.sn{fi Ta naxononripno-
cri erpyrrypoyrBopeHHfi aa 6nr.ranNxx go piruonalrcnlrx yMoB nprr ocaAxtenui xon4euca-
rig fionNo-rtJIasMoBHMLr MsroAaMLr, cnpnt{}orL poBBHT}cv 4c&Mooprauiaaqii'tuExr r{&Ho-
rexsoxorifi.

Bce ile Molrde 6yra eurcopncr&Iro, soxpelda n ni,qposgirax $iaraurloro r{arror'ra.repia-
JIosEaBcrBa, I rar{r{x sflHJra.Eax MOH Vxpaiuu sx HTV +Xf,IIr, XHy iru. B. H. Kapasi-
na, H?VV (KnI irrresi Iropx Cixopcurorou, BHTV <Banopiarxa noairexuixa+, CI,:u[V,
&'raxoll( n pn4i ycraHoB HAH Vxpaiux: HHU <X(DTII,lfIM im. L M. Spauqeurla,I&,
I(DHil iu. B. €..Ilaruxapbosa, IM(D im. I. B. Kypgromona.

fixcepraqilo B ocHoBI{oM},'Hanxcauo l{ay$oBolo ywpaincuxoro MoBoro ra crpy}rry-
psaaxo eignorigHo lto Br{Mor,(AK MOH Vxpaixm il{oAo oSopna,tenux glrcepraqilt.

Ba peayxrtaramu g*rceptaqifiuoi po6ori-r 6y.ro ony6nixorano 25 crareii y $axonux
HayrcoBllx ,*cypr{aJlsx, orpxMano rprc na?erirr4 Vxpatxra xa eNxaxi;1 i o6l.ru narexT Ha
rioprcxy rdo,qerb; peayJlbrarm 6y,ao ofiplrrrroltrHexo rra Sararsox uixuapognxx i aiT.rr{a.
rtrfi !rax rou$epeirrlinx"

Br,rier i ocnosni lroJrolxerHrr gr{cepraqii uixxona i aipuc uigo6paxteno s ii aBrope-
$epari. (Xo.rr: M,r1Io Bal$ar{Irrrr. ulo ryr rafio}:r iultoxl* aacrocora}ro ue uai-irptriitl' 1-i,;pai-
r{cb}iol{or}r}: 'r*puixo:roliro "ra rxapfoHosi e.{{rsrrclroryqeffHs, HBDpr.rHJra4, *r:itr.rc.,reHn}-*i

afl[ruiHii*+ *auicrr' r.oxttcl{e}illr? a;rmlriniit+ .iu'ro <ro}ic}I,{ A'I}oMiHi}o$. 6lt}tcoxoe}{"rpo-
uiiimtu:i cnJag$, ir rre *6*rar{lxomrronesrnuii crorrr> (uo 6i-,:r,ru $iar':.luo}.)

tsT{CHOBOI{
Otnte, guceptaqiiiNa podota rani I. C. I(opNrou{errrco (a iagenco*r lipura h: L2 ra

inAexcou qxryner{trs Cf * 4OB ii ny6ainauiii sa Jla}r}rr{fi urirxnapognoi xayxol,rerpuuxoi
Saen Google Seholar ra $ ll : trL i CI : 242 aa AaHlIMfi 6aun Scopus) serxe co6orc ca*roc'rirt-
He, BaBeprueHe B qii"loMy (y ncexcax EocraBrsHHx saB,qaHb) naynoue,qocJfi,qHieHHfl.

3a axryaxrxictro rgMH, ri.nrxicro, HoBlraroro ra snsr{yrqictlo ogeprxauux pesy.nb-
rariu, erlmeuem o6fpyrlroaarocrr{ ra eipori4iiicrro e$opmynroa&urx rucuorNis. iloB-
Ho?oto Br{HJra.qerrxs ix r onydnixoxanux irparlffx .q}rceprarl,in *Crpvreryps}r"Bopenxn i
$iauuui BJIaerrrBoc'ri 6$Narxo-pi*uoaaxtxrrx Me'r'aJreBfix, orccu.{Hux ra 6ararol(oMrroue-
HTHrrx ltoHgexcarin * uanopoamipuanu eJreMeHTaM;{n aaAouo"Trbrrffe BcraHoEJreHuM Kp}r-
repiau gAIt MOH Vxpainlr uloIo gncepraqifi Ha agoGyrrrr HayxoBoro cryrens Aoxropa
rlay$, a ca*re, nrr. S, 10, 12, LB *Ilopxgrty npflcy.q$(enxJ{ Hayr{orr{x rrynexir,r, BarBep-
Alr(er{oro noc"auoaoro lta6i.xery Mixicrpin Vxpai*ix }SiSS? siX 84.O7.2S1,3 poxy {ai aui-
flaldx, Br{ecerrurlrfi rri&No r flocrasoaaut{ Iea6inery Mixicrpin Vnpaixu },{b656 sig
19.08.9015,.IS11SS ri.{ S0.12.2015 i l\l!56? Bia ?7.07.2016}.

Touy.s Era)fi&roi rus aBTopxa [.i, naui lanRa Cepriinua l{oprroueuxo, aa-

Aoltropa $isuxo- nnareer&Tsrr{ H trx !{ayH

ix. I. B. Ityp.{pmosa HAH V'n*.rl{&fr$ ysflSld*ffi
qrr. -x. HAH Yxpar nr.r, n "t}. - u. Yn,l, *F$$*:ir,ijl"'i
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