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BILIUB OPTAHIYHOI ®A31 HA EKCTPAKIIIIO IOHIB
HE3IIO TA PYBIAIIO ®PEHOJIAMU

1Incmumym @isurxo-opeaniunoi ximii i @yeneximii im. JI. M. Jlumeunenka HAH Yxpainu,
eyn. Haykosa, 3, 79053 Jlvsis, Yrpaina
e-mail: gmidyana@gmail.com

Incmumym 2eonozii ma eeoximii 2oprouux xonanun HAH Yxpainu,
eyn. Hayxosa, 3a, JIveie 79053, Vkpaina

Egpexmusnum memooom KomyenmpysanHs CHOIYK ye3ilo € iXHa eKCmpaxyis 3 800HO2O0
cepedosua poHUHAMU GUWUX ANKII-DeHoNie 6 opeaniunux pozuunnuxax. Koegiyienmu
po3snodiny K 3anedxcamov 6i0 cmpykmypu ekcmpazenma md 6i0 npupoou pO34UHHUKA.
Bnaus ghizuko-ximiunux xapaxkmepucmukx posyunnuxie na eeauyuny K mooce Oymu
A0eK8aAMHO y3a2abHeHull THIHUMU 6a2amonapamemposuMu Pi6HAHHAMU.

Kniouosi crosa: pisnanna Konnena-Ilanvma, 6acamonapamemposi pisHAHHA, PO3UUHHUKU,
PO3n00in tioHis.

Oco011BO 3HaYHI YCIIXH B JIOCITI/PKCHHI PYIIIHHAX cl PepMEHTATHBHOTO KaTaji3y
OynM JOCSATHYTI y BUNIAAKY XIMOTPHUIICHHY. XIMOTPHUIICHH — II€ €HIOIMEeNTHIa3a, SKa B
MENTHIaX PO3LIETIIIOE IIENTHIHI 3B SI3KH.

[e3iit Ta #Ooro CroJyKHu MAarOTh BCE LIUPIIE 3aCTOCYBaHHS Y BUPOOHMITBI (hoToeme-
MEHTIB, Ta30CBITHUX TPyOOK, ONTHYHUX MPU3M, Y MeIuLuHI. Takox BemyThcs IoCTil-
JKEHHS 3 BUKOPUCTAHHSIM II€3110 Y KaTali3i 1 K MajguBo B HOHHUX ABUryHax.OJHAK BiH €
JOCHTB PiIKAM €IEMEHTOM — BMICT 1ie3ifo B mitochepi omiHowTs Ha 7-107* % (T06TO Ha
piBHI 3 MoJiOmeHoM, TopieM 4u pTyTTIO). lllonpaBna, 1e3ii KOHIEHTPYETHCS B JACIKUX
MOpo/ax, OCOONMBO y BUBEPIKEHHX, NEIKHX KHUCINX CJIAHISAX 1 KaM sHOMY Byrium. Sk
MiHEpaJIM-KOHIICHTPATOPH PO3TIISIAIOTh TaKOX QIFOMOCHIIIKATH: JICMIJOMIT YH IIiHH-
BaJIBJIT, SIKi € OCHOBHOIO CHPOBHHOIO JUISl OA€p>KaHHS 1e3i0. | B HUX BMICT 1esito OyB
nepeBaxHo y Mexax (1-5)-107 %.

OCHOBHOO TIPOOJIEMOIO Y BHIUICHHI II€3110 € Te, 0 WOro CIIOJIYKH 3a3BHYai CYIpo-
BOJDKYIOTBCSI TIEPEBAKAIOUYMMH KIJTBKOCTAMH ONM3BKUX Z0 HBOTO 33 BIACTHBOCTSIMH
CHOJIYK pyOifito Ta KaJifo.

[HIIMM TOTEHIIMHUM JDKEPENIOM OJIepXKaHHs IIE31I0 € COJIEBI PO3COJM, B SKI BiH
MOTpAIUIsie B MPOLEC BUBITPIOBAHHS MOPIJ 1 MiHEpaliB, a TAKOXX MOKJIAIH KaliiBMICHUX
MiHEepaliB — CHIBbBIHY Ta KapHAJIITy. Xo04Ya BMICT XJIOpHAY IE3il0 TaM MiHIMaJbHUI
(> 2107 %), i BHACTIIOK BETHKOTOHAXKHOTO OCPIKAHHS KATITHIX T0OPUB, PO3CONH, SIKi
BIIXOJISITh, TEK MOXKYTh OyTH JDKEPEIIOM OJIEp>KaHHS TIe3it0.
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Bapro mie 3ragaty, o B OCTaHHI JECATHIITTS, Y 3B’ SI3KY 3 PO3BUTKOM SIIEPHOI €HEp-
TeTHKH Ta 3aCTOCYBAHHSM PaJiOaKTUBHHX JUKEPET Y NPOMHUCIOBOCTI, CTAa€ MOKJIMBOIO
3arpo3a MOSIBH y BOAAX i IPYHTAX PalioaKTHBHOTO i30TOIy Le3io = Cs.

OT03, Ba)XXJIMBOIO € Mpo0iieMa aHATITHYHOTO BH3HAYCHHSI CIIONYK Le3if0 Y MiHepayax,
BOJaX 1 TEXHOJOTIUHIA cupoBUHI. OMHAK Take BH3HAYCHHS YCKIAIHEHE TapajesIbHOIO
HasIBHICTIO CIIOJYK pYyOifito, aHamiTH4HI (HOPMH SKOTO 31e0LIBIIOro Taki cami, SIK Y
1e3iro (XJIOpIIaTHHATH, TIepXJiopaTt). BpaxoByrouu, mo BMICT pyOifito B 3pa3kax 3BH-
YaHO CYTTEBO OUTBIIHIA, HIXK II€31F0, AOIIILHO PO3POOHTH METOIH HOTO MOMEPEIHBOTO
KOHILEHTpYBaHHs. EQEeKTUBHMM METOJOM KOHLEHTPYBAaHHS CIOJYK Ie3il0 € ixHs
€KCTpaKIis 3 BOAHUX PO34YMHIB. [[bOMY IMTaHHIO NPUCBSYEHO 0AraTo eKCIepuMeHTallb-
HUX JTOCIIHPKeHb, 0COOINBO €(PEKTUBHUMHU €KCTpPAreHTaMH BUSIBHIIMCH (DEHOJN Ta aJKiJi-
¢enonu [1, 2] y cnabkonyxxaomy cepenouiii. [l{ompasaa, K eKCTpareHTH TOCIIKYBATN
TAKOXX 1 CIOJYKH IHIIKMX KJIaciB, HAMPHUKIAA, PochoMOoIiOaeHOBY KHUCIOTY, aje 11 edek-
THUBHICTH MeHIa [3].

Ockinbku cam (eHon 1 OLIbLIiCTh HOro MOXiMHMX NPH KIMHATHIM TeMmmeparypi €
TBEPIUMH TiJIaMH, TO iX BUKOPHUCTOBYIOTH y BHUIJIAII PO3YHMHIB B OpPTraHiYHUX PiIUHAX.
[ligTBepmKeHo, 110 BeandrHa Koedilienta po3noaity K HoHa 1e3ii0 CYTTEBO 3aJICKHUTh
BiJl OCHOBHOCTI BOJTHOI (pa3M, a TaKOXK CTPYKTYpU aKTUBHOTO eKcTpareHTa — (peHomy [2,
4, 5]. HaiineranpHime BIITUB CTPYKTYpH (DEHOJIB 1 pO3YMHHUKIB Ha BennmdnHy K HOHIB
Cs" ta Rb* BuBueno y [2]. TaM BH3HAUECHO PO3MOJIT IHX HOHIB Mix po3unroM NaOH
ipo3unHamu 9 (eHoIiB, Bin N-Kpe3oiry 10 H-HOHUIpeHoy y 8—15 po3unHHHKaX. ABTOpH
BHSBWJIM, 110 E€KCTparyBaJlbHa 3NIATHICTh (PEHOJIB 3pOCTa€ 3 JOBXKHWHOIO JIKIIHHOTO
JIAHIIOTa Y napa-TIONOKEHHI: KoM 11s Kpe3oliB 3HauenHs K iownis Cs* 3a3Buuaii <1, To
TIpH KUTBKOCTI BYTJIEIB Y 3aMiCHUKY BuIle ceMd K>1 i HaBiTh Bumie necsatu. OmHaK
HasBHICTh 3aMiCHUKa HE B napa-, a BOpmo-TIOJNIOKCHHI JIO OKCHTPYIHU PI3KO 3HUKYE
3Ha4eHHsA K.

CyTTeBO BILIMBAE Ha MPOLEC EKCTPAKIIT TAKOXK MPHUPOAa OpraHiqHoi a3y — 3aJIeKHO
BiJl PO3YMHHHUKA 3HaYeHHs KoedilienTa posnoiny Horis Cs* MoxyTs 3MiHFOBaTHCH B 5-10 i
6inbine pasis. LlikaBo Te, 10 mapanenbHO BifOyBaeThes 3Mina K posmoniny Hona Rb”,
MpoTe 11 BeJMYUHHU B 4—8 pas3iB HWKUI, HiK K HOHIB Cs®. BaBmsku IOMY MOJJTUBE
36araueHHs BOJHHMX PO3UMHIB IIUM HOHOM i yacTkoBe po3isienns ioniB Cs* Ta Rb'. Ane
B PO3TIISTHYTHX JOCITIDKEHHIX JOTENEp He BU3HAYCHO HAMIMHOTO 3B 3Ky MiXK BEITUYH-
Ham¥ K 1 TAKUMH XapaKTEpPUCTUKAMH PO3YMHHHMKIB, K TXHS JiENEeKTPHYHA TPOHUKHICTH
€, mapameTp po3umHHOCTI [inmpmeOpannra 6 [6] um mapamerp enekrpodimpHOCTI Paii-
xapara Er [4, 7]. MakcumanbHi 3HaueHHss K CHOCTEpIraroThCsi Uil MaJIOIOJISIPHUX
ByrneBoaHiB i CCly, a Ay Meskux po3YMHHUKIB 3Ha4eHHS K JIIHIHHO 3MEHIIYIOThCS 3
360ibIneHHM iX Et. BogHOYac oqHMM 3 Kpaliyx pO3YMHHHKIB € HOJISIPHUIT HITPOOEH30I1
[4]. OueBumHO, Take HEY3TOMKEHHS 3yMOBJICHE OJHOYACHOIO Pealli3aiic€lo B PO3UMHAX
PI3HOTHITHHUX BHIIB COJNILBATAIIHUX MPOIECIB BHACTIIOK CIICIM(IYHUX 1 HE CeHUpITHIX
B3a€EMOJIiH, a BenmuurHa K BH3HAUYATUMETHCS iIXHBOIO CyMapHOIO Ji€ro. JIJis aieKBaTHOTO
y3araJbHEHHS 3aJIeXHOCTI K BiJl XapaKTepUCTUK PO3UYMHHHKIB TPeOasriZHO 3 MPHHIMIIOM
niHiiHOCTI BibHUX eHepriit (JIBE), BpaxoByBatu yci conpBaTamiiiHi eekTH, a TakoxX i
MOJJIMBHH BIUTMB IHIIMX YAHHUKIB, TAKUX SIK camoacoialis (Kore3is) po3YHHHUKIB [4,
8].

Mu 3’scyBamm [8], m0 AN y3aradbHEHHsS BIDIMBY PO3YHMHHHKIB Ha TOBCHiHKY
PO3YMHEHHUX PEYOBHH (COJNIOTIB), Y TIM YHMCII i Ha KOE]ILIEHTH IXHBOI'O PO3MOILTY MiX
mBoma (azamu, SKi HE 3MIINIYIOTHCS, HAWTININ pe3yabTaTH Oa€ MISCTHIIAPaMETPOBE
piBasHHS (1)
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IgK = ap + a,f(n%) + a,f(e) + a3 B + ay E, + a5 + agVy, (1)

VY npoMy piBHSIHHI N — IOKa3HHMK 3aJIOMJICHHS CBIiTJIa OPraHIYHMX PO3YMHHUKIB; & —
JieTIeKTpUYHA MPOHHUKHICTD, KA BH3HAYAE IXHIO MOJSIPU3OBAHICTH 1 MOJIIPHICTH, BiIITO-
BilaJIbHI 32 Hecmenu(ivyHy COIBBATAII0 CONIOTIB; B — OCHOBHICTh PO3YMHHHKIB 3a
[MampmoMm 1 Et — ixHs enekTpodinpHICTh 3a Paiixaparom, 110, BiINOBiAHO, XapaKTepH-
3yIOTh 3ATHICTh PO3YMHHHKIB 10 Cremu(idHOi CONpBATALIL; 0° — KBagpaT mapamerpa
PO3YMHHOCTI PilWH, IPOMOPIIIHHUH 10 eHeprii Kore3ii cepemoBUIa 3 MOJIEHUM 00’ €MOM
V,. Yci mi xapakrepuctuku Opanns ormsiais [9, 10]. KoedinienTn 3Ha4nMOCTi ooANHO-
KUX WIEHIB DPIBHAHHSA @; OJCPXKYIOTh INPH KOMIT IOTEPHOMY y3arajdbHEHHI HasBHHX
EKCIIepUMEHTAIBHUX 3Ha4eHb 1gK /17151 HU3KM OpraHiYHuX po3unHHMKIB. CaMa MeTouKa
pO3paxyHKy 3TimHO 3 pexoMmeHmamisMu CekIlii 3 KOpEeNsAIifHOro aHaji3y B XiMil mpH
[YOITAK [11]. Takuii miaxix MM YCHIIIHO 3aCTOCYBAJIM MPH y3arajlbHEHHI eKCIepHUMEH-
TaTbHUX JaHUX 3 PO3MOAUTY MiX BOJHOIO Ta opraHiuHoro (azamu denoinis [12], kapbo-
HOBHX KHUCIOT [13] 1 NesSKUX IHIINX PEYOBHH.

{06 mepeBipuTH, Y1 BUIICONMCAHUI METO/I y3aralbHEHHS JaHHUX 3 PO3IOJIITY PEUYOBHH
MDK JBOMa (a3aMu OyJie NPUAATHUI 1 y BUNIaaKy HOHIB | Tpymnu, MU po3IIISIHY/IM JaHi 3
exctpakuii ffoniB Cs* Ta Rb* poszunzamu nesknx denomnis. Ha mincrasi qanux npami [2]
(Ta6m.1) My monamu Bemmunan Keg' i Kgy™ Misk 0,1 M Boguum po3unrom NaOH Ta oHo-
MOJSIDHUMH PO3YMHAMH B OPraHiYHUX PO3YMHHHMKAX JIBOX «IOOPHX» EKCTpParceHTIB —
n-mpem-oKTHI(EHOIY Ta n-H-HOHII(PEHOIY, @ TAKOXK OJTHOTO «IOTAHOT0» €KCTpareHTa —
n-Kpe3oily. Y3araJpHIOIYH i JlaHi, OJep)KINTaKi pe3ybTaTh: eKCTparyBaibHa 3/1aT-
HICTb 1-KPE30J1y 3pOCTAE 3 MOJSPHICTIO PO3UNHHUKIB (HITPOOEH30JI, XJIOpOGOPM), OTHAK
3MEHIIYETHCS 3 IXHBOIO €JIEKTPOPUIBHICTIO (CIIUPTH) — MaOyTh, BHACIIIOK OJOKYBaHHS
rpyn OH ¢enony wepe3 yrBopeHHS BOAHEBHX 3B’sa3kiB. 3HaueHHs IgK mmsa ycix 11
PO3YMHHHUKIB 33JI0BUIBHO y3arajibHEHO PIBHSIHHAM (2)

IgK = 7,9242 — (4,8462 + 3,6694)f(n%) + (16,4483 + 2,4268)f(c) + (0,0032 +
+0,0019)B — (0,3265 + 0,0583)E, — (0,0012 + 0,0010)5?— (0,0015 + 0,0021)V,..  (2)

PiBHSHHS XapaKTepU3YETHCSI MHOXKHHHHM KoedimieHToM kopensmii R = 0,9770 i
CepeHbOKBAIpATHYHUM BigxmieHHsM S = +0,1437.

OpmHak BeNWKi 3HAYSHHSI CTAHJAPTHUX BiAXUIICHD NMPHU KOEPIIliEHTaX NESIKUX WICHIB
perpecii MaroTh MiJCTaBH MPUITYCTUTH iXHIO HE3HAYMMIiCTh. llepeBipka iXHBOI 3HAYH-
MOCTI IIUISIXOM TIOYePrOBOT0 BUKIIIOUEHHS TIOOAMHOKHX YJICHIB PiBHIHHS 3TiqHO 3 [8, 11]
MIPUBOJUTH 10 aJICKBATHOTO ABOXIIAPAMETPOBOIO PiBHIHHSA (3)

IgK = -4,1266 + (12,3934 + 1,0820)f(¢) — (0,2374 + 0,0200)E, (3)
R 0,9669; s+0,1718.
Ili cami YMHHMKHM € 3HAUMMMMH TPU y3aralbHEHHi JaHMX 3 po3nofimy ioniB Rb'.

Ipore ms ycix 11 excrparentie R gopieaioe Bcsoro 0,9122 i mist oxepKaHHS 330B1JIb-
HOTO 3Ha4eHHs R Tpeba BUKIIIOUNTH 3 PO3MIBIAY JlaHi JAJIs HITpOMETaHy

IgK = 6,0813 — (19,2446 + 5,1414)f(n%) + (7,4078 + 3,4101)f(c) — (0,0037 + 0,0028)5B —
—~(0,2366 + 0,0681)E, + (0,0109 + 0,0036)5° + (0,0029 + 0,0024)V,,  (4)

R 0,9613; s+0,1635
1 ITICJIS BUKJIIOYEHHS MAJIO3HAYMMUX WIEHIB

IgK = 8,7579 — (19,2678 + 5,7289)f(n%) + (11,1318 + 1,9003)f(c) -
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— (0,3063 £ 0,0421)E,+ (0,0077 + 0,0032)5? (5)
R 0,0513; s +0,1831.

VY Tabn. 2 moAaHo MOPIBHSIHHS CKCIEPUMEHTAIBHUX 1 PO3PaXOBAHUX 34 PIBHIHHIMU
(3) i (5) 3nauens IgK itonis Cs*, Rb*, a Takox PO3XOMKEHHS Mk IMMH BEIMYMHAMH
AlgK. SIx 6aunmo, B OUIBIIOCT] BUMAKIB 1i PO3XODKEHHS IepeOyBalOThy I'PaHMIX +S i
HE TIEPEBHINYIOTh +2S (BUHATOK — BUKIIIOUEHI 3 3aTJIbHOTO po3paxyHKy 3HadeHHs 1gK
ans Rb* B Hitpomerani).

Takox Jani Ui OKTHII- Ta HOHIJI(EHOIB MOXKYTh OYTH y3arajibHEHi 3a JJOIIOMOTOI0
piBHsSHB TUMy (1), MpaBIa 3HAYUMICTh TOOJAWHOKHX COJIBBATAI[ITHIX YUHHUKIB TaM iHIIA,
10 CBIMYUTHIIPO Pi3HUH BIUIUB JIKUIBHHUX 3aMiCHUKIB. st mpem-N-okTHI()EHONY IS
eKCTpaKii 11e31f0 OTpUMYEMO PiBHIHHS (6)

IgK = 0,6621 ~ (1,071 £ 5,1864)f(n") - (2,1237 + 1,0193)f(¢) - (0,0081 £ 0,0008)B —
~(0,0544 + 0,0547)E, + (0,0085 + 0,0029)0° + (0,0041 + 0,0026)V,, ()
R 0,09886; s 0,1608

1 ITICJIS BUKJIIOYEHHS MAJIO3HAYMMUX YWIEHIB

Igk = 0,0296 — (2,9807 + 0,9159)f(¢) — (0,0085 + 0,0007)B + (0,0061 + 0,0008)5> (7)
R 0,9817; s +0,3549.

A ms Rb™:
lgK = 2,5837 — (8,2142 £ 5 6494)f(n ) —(1,1481 £ 1,1103)f(e) — (0,0082 + 0,0009)B —
—(0,1089 £ 0,0596)E, + (0,0117 £ 0 0032)5 + (0,0032 + 0,0028)V,, (8)

R 0,9862; s+0,1752
1 miciist BUKIIOYEHHST MaJIO3HAYNMHX YICHIB

IgK = 1,1046 — (0,0078 + 0,0010)B — (0,0979 + 0,0385)E, + (0,0083 + 0,0017)5° (9)
R 0,9764; s +0,2287.

To0T0, B 06MIBOX BUMAIKaX YAHHHUKH CIENN(IYHOI combpBaTallii (heHOIy pO3UNHHH-
KOM INPOTHAIIOTH B3a€MOJIII KaTiOHa OJHOBAJIEHTHOrO Mertaiy 3 (eHonoM. HameBHo 1e
OB’ 5I3aHO 3 YACTKOBHM IIEPEXOJIOM KOMITIEKCY (DEHOJ—PO3UMHHUK Yy BOIHY (a3y.
BonHouac camoacorriartist opraHquOi' (as3u npoTUie TaKOMy nporiecy.

[Toni6Hi, X049a MEHII 3al0BibHI, pe3yJIbTaTH OJIePIKAHO 1 U1 eKCTpakmii 7-HOHII-
denonom. Tomy 1o aani qas Cs* yzaranbHioThes piBHAHEAM 3 R 0,8419, 3 06unciens
BHKJIIOUEHO BennmuuHy 1gK miist HiTpoOeH30iy, sika HaWO1IbIIE BiIXUIAETHCS

IgK = —3,5506 + (3,9398 + 1,8176)f(n?) — (8,3110 + 1,2843)f(c) — (0,0065 + 0,0013)B +
+(0,1783 + 0,0361)E, — (0,0029 + 0,0010)5 + (0,0047 + 0,0021)V,, (10)

R 0,9778; s+0,1362,
a MicJisl BUKIIIOUYEHHS MaJlO3HAYMMHUX YJICHIB PIBHSHHS O/IEPIKYEMO

IgK = -0,6672 — (6,6052 + 1,7895)f(c) — (0,0040 % 0,0017)B +
+ (0,1319 *+ 0,0496)E, — (0,0033 + 0,0014)5? (11)

R 0,9503; s+0,2022.



BIUIMB OPT AHIYHOT ®A3U HA EKCTPAKIIIIO IOHIB LE3IIO TA PYBIJIIO ®EHOJIAMU 13

V Bumanky Rb* onmepkaHe ysarambHeHHS TaHUX IS 12 PO3UMHHHKIB TAaKOXK JA€
BHpa3 3 HE330BUIBHUM 3HaueHHAM R = 0,8316; a micns BukiroueHHs gaHuXx mo 1gK mist
HITPOOEH30ITY

IgK = —4,2811 + (2,0278 + 1,9591)f(n) — (7,9546 + 1,3844)f(¢) — (0,0065 + 0,0014)B +

+(0,1915 + 0,0389)E; — (0,0035 + 0,0010)6* + (0,0069 + 0,0022)V,, (12)
R 0,9778; 50,1362,
a IicJisl BUKIJIIOYEHHS MaJIO3HAYMMHUX YJICHIB PIBHSIHHS OTPHUMY€EMO
IgK =-1,3387 - (6,2283 + 2,0029)f(¢) — (0,0037 + 0,0019)B +
+(0,1299 + 0,0556)E,~ (0,0036 + 0,0016)5° (13)
R 0,9386; s *0,2264.

OTxe, mani o koedimiearax posnoxiny ionis Cs* Ta Rb* Misk posunnamu peromnis B
OpraHiYHUX PO3YMHHHMKAX Ta BOJHUMH PO3YMHAMH JIYTIiB 3aJISKaTh Bix (PI3NKO-XIMIYHUX
napameTpiB opraHiqaoi (a3u i MOXKyTh OYTH y3arajbHEHi 3a JOMOMOTO0 JIiHIHHUX Oara-

TOIIAPaMETPOBUX PiBHSIHB, IO A€ 3MOTY MPOTHO3YBATH 3HAYCHHS K JUIS iHIIHMX, HEJI0C-
JPKEHUX OpTaHivHuX (as.

Tabauys 1

Koediuienru poznoainy K iionis Cs* ta Rb* mizk 1 M po3uunamu ¢eHoIiB B OPraniyHux po3uMHHUKAX
Ta 0,1 M Bogunmu pozunaamu NaOH (3rigno 3 [2])

Homep T— N-Kpe3o N-TpeToKTHI(EeHOI N-u-oHindeHon

3a mop. Cs’ Rb* Cs* Rb* Cs* Rb*
1 n-I'enrran - - 12,4 2,6 17,3 3,3
2 Iluknorekcan 0,36 0,054 10,2 2,3 17,3 3,4
3 Jexamin 0,24 0,046 27,0 5,0 18,5 3,8
4 Benzon 0,07 0,008 8,0 1,1 57 0,91
5 m-Keunmon 0,062 0,007 6,8 0,96 51 0,84
6 Xnopodopm 0,15 0,023 53 1,1 6,4 1,2
7 CCl, 0,21 0,035 12,6 2,8 16,0 3,2
8 1-OKTaHOJI 0,011 0,002 0,65 0,14 - -
9 [{uKIOreKCanoa 0,060 | 0,0010 0,82 0,19 0,52 0,12
10 Bensunoswuii criupt - - 2,7 0,41 2,4 0,47
11 Metunizo0yTHIKEeTOH - - 0,035 0,006 - -
12 I3onpominosuii edip - - 0,009 0,002 - -
13 Hitpomeran 0,77 0,013 - - 0,33 0,058
14 Hirpobenzon 2,80 0,49 20,7 3,8 22,3 4,7
15 o-Hitporomyon 14 0,25 8,8 1,7 0,76 0,15

[TopiBHAHHSA OAEp’KaHUX PIBHSIHB JAa€3MOTY 3pOOMTH BHUCHOBOK IIPO HPUHIUIIOBY
PI3HHINIO E€KCTparyBalibHOI 3aTHOCTI HHU3HKOMOJIEKYJSPHOTO N-KPEe30JIy TMOPIBHSIHO 3
(eHonmaMu 3 OITBIIMMHU AIKUIBHUMH 3aMICHHKaMH. SIKIIO B IEpIIOMY BHIAIKy 301Jb-
IIeHHS TONAPHOCTI POIYMHHUKA MPUBOIMTH 0 MiJABMIIEHHS Benuuun K s ionis Cs” i
Rb", To a1 BUmMX ankindeHoNiB epeKT 3pOCTaHHS MONAPHOCTI POZYUHHHUKIB MPOTH-
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nexHnid. TakoX MOKHA 3a3HAYUTH, IO JJIT 000X BUBUYEHUX HOHIB 3HAKH TPH TTOOIUHO-
KHUX YICHAX PIBHSAHb MPAKTUYHO Taki cami, TOOTO BIUIMB MOOJWHOKHX XapaKTCPUCTHUK

PO3UMHHHEKIB Ha mponec excrpakiii mmst Cs” i a1 Rb* ograxosmit.

Tabauys 2

ExcnepumenTaibhi Ta po3paxosani 3a piusnusvu (3) i (5) 3navenns IgK po3noainy iionis Cs* ta Rb*

MiK PO3YHHAMH N-KPe30J1y B OPraHiYHUX PO3YHHHUKAX i BOJHO-TY:KHOIO (a3oro

Howep Po3unnanaMK Ce’ Rb’

3a 1op. 19Keen. | 19Kposp. | AlgK | 19Keen, 19K posp. AlgkK
1 Huknorexcan -0,4437 | -0,6965 |-0,2528 | -1,2676 -1,2114 0,0562
2 Jexamin -0,6198 | -0,5938 |-0,0259| -1,3372 -1,3736 -0,0363
3 Benszon -1,1549 | -1,1583 |-0,0034 | -2,0969 -2,1225 -0,0256
4 n-Keumon -1,2076 | -0,8915 | 0,3161 | —2,1549 -2,0327 0,1222
5 Xnopodopm -0,8239 | -0,7142 | 0,1097 | -1,6383 -1,6084 0,0299
6 CCl, -0,6778 | -0,7609 |-0,0831| -1,4559 -1,5765 -0,1206
7 IMukmorekcanon | —1,2218 | -1,4105 |-0,1887 | —2,0000 -1,9056 0,0944
8 1-OKTaHOJI -1,9586 | -2,0007 |-0,0421| -2,6990 -2,7728 -0,0738
9 Hirpomeran -1,1135 | -0,9063 | 0,2072 | —1,8861" 0,6707 2,5568
10 HitpoGenson -0,4472 0,2857 |-0,1614| -1,3098 0,9790 0,3308
11 o-Hirporonyon | —0,1461 0,2187 | 0,0726 | -0,6021 -0,9793 -0,3772

* JlaHi, IKi BUKJIIFOYEHI 3 PO3PaXyHKY.
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Cunmesosano pao N-ziopoxcuimioie pisznoi cmpykmypu: 3amiweni y OeH301bHOMY Kinbyi
N-zciopoxcugpmanimiou, N-ciopoxcunaghmaninio, wo micmumes KOHOEHCOBAHUL APOMAIUY-
nuti gppaemenm, N,N-ouziopoxcunipomeniminio 3 osoma N-OH epynamu, N-ciopoxcubens-
mpiazon 3 mpvoma cemepoamomamu. Ienepysanns N-OKCUTbHUX paOUKanié nposeoeHo
WIAXOM OKUCHEHHSI OP2aHiYHUM OKUCHUKOM ¢heHintiododiayemamom Phl(OAc), 6ionosio-
Hux N-2iOpoxcuimioie. BusnHaueno Makcumymu NOIUHAHHA [ KOeiyicHmu excCmuHKyii
N-oxcunvrux paduxanis.

Kmrouogi crnosa: nimpoxcunoni paouxkanu, N-ciopokcughmanimio, YD-euouma cnekmpockonisi.

HitpokcuiibHI pagukaid MPHUBEPTAIOTh 10 cede yBary y 3B’s3KY 3 MEPCIEKTHBOIO
BUKOPHUCTAHHS B MEIUKO-010JIOTIYHUX JOCHTIDKEHHAX [1] SIK peryisaTopu pocTy JaHIora
B Mporiecax KOHTPOJLOBAHOI <OKWUBOI» MoiMepu3amii [2], KaTaliTHIHUX TPEeKypcopiB
IIPY OKMCHEHHI IIEPBUHHUX 1 BTOPUHHHUX CIHPTIB, A10JIiB, ()EHOIIB Y BiIOBIIHI ajbeTi/IH,
KeToHH, XiHOHM [3]. Ha BimmiHy Bix cTaGinbHUX HITPOKCHIIIB, SKi OOpUBAIOTH JIAHIIOTH
[UITXOM PEKOMOIHAIT 3 aKUTBHIMH paaukaiaMu, ramiMin-N-oKCHIbHI paauKay iHi-
LIIOIOTh PaJUKaIbHO-JTAHIIOTOBI IPONECH OKHCHEHHs [4] i momimepuzanii [5]. Bonu
3IIaTHI CEJICKTHUBHO BipUBaTH aTOM BOJHIO Bif C—H 3B’s13KiB BYIJIeBOAHIB [6], a Takox
pueAHyBaTUCH 3a oaABiHHUM C=C 3B’s13k0M [7].

Oranimia-N-okcuneHi pagukanu (PINO) yTBOproroThCs 3 BiAmoBiqHUX N-TiIpoKCcH-
imigiB (NHPI) noisixoM OKHCHEHHS OpraHiYHUMH a00 HEOPTaHIYHUMH OKHCHUKaMHU. Y
npotieci pinuHHO(A3HOTO OKUCHEHHS OPraHidYHUX CYOCTPAaTIB MOJEKYJISIPHUM KHCHEM
HITPOKCHIIbHI PaJMKaIy 3/[aTHI yTBOprOBaTHCh iN Situ. Ha Biaminy Bix iHilirorounx
paavKamiB, sSKi OepyTh y4acTh TUTLKH B TIOYATKOBUX CTAMifAX PaJUKATbHO-JIAHI[IOTOBOTO
nporecy, ¢ramimin-N-oKCHIBHI paguKamy, 3alydeHi B CTaii MPOJOBXKCHHS JAHIIOTA i
3MiHHU B iXHIi CTPYKTYpi, MalOTh CYTTEBHH BIUIMB Ha Bech mporiec. Hamnpukian, BBeqeHHS
€JIEKTPOHOJOHOPHUX a00 eIIEKTPOHOAKIENTOPHUX 3aMICHHKIB Y OCH30JbHE KTbIE CYT-
TEBO BIUIMBAE HA CTAOUIBHICTB 1 PEeaKIiiiHy 3aTHICTh HITPOKCHIBHUX paaukaiis [8, 9].
Merta Hamoi mpami — cuHTe3 N-TiIPOKCHIMIIIB pi3HOI CTPYKTYpH, TeHEPYBaHHS BiAIO-
BifHMX N-OKCHJIBHHX paJMKaIiB 1 TXHI TOCHIMKCHHs 3a jgomomorow Yd-suaumoi
CHEKTPOCKOITII.
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EKcnepnMeHTaana YyacTHHA

3amimieni N-TiIpOoKCHIMIIN CHHTE3YBAU 3a PEAKITIEI0 BiMMOBITHUX (DTAaJeBUX aHTIM-
pHIIB 3 TiAPOXJIOPHAOM TiIPOKCHIaMiHy 3a MomudikoBanumu Metoaukamu [10-15].
BuxopucrtoByBanmu N-rigpoxcudranimia ¢ipmu Fluka 6e3 momaTkoBOro OYHINCHHS,
aneToHiTpua Mapku «gradient grade» ¢ipmu Merck. ®eninitononianerarom PhI(OAc),
CHHTE3YBaJIH 3TiTHO 3 [16].

Y®-criekTpu peecTpyBalil OJHONPOMEHEBUM criekTpodoTomerpom AnalyticJena
SPECORD S300 (muprHa OonTHYHOI IMITHHA 1 HM) y KIOBETI 3 TEPMOCTATyBaHHSIM
(0,1 °C) Ta mepeMilryBaHHsIM.

CrangapTHa Tpoleaypa reHepyBaHHS (TamiMia-N-OKCHIBHUX paJHuKaliB: PO3UYHH
PhI(OAC), i BimnoBimHux N-rigpOKCHIMIIIB B aLETOHITPHIII MPOAYBAIH aprOHOM MPOTSI-
roMm 10 xB, 3MilmyBaiM, 3HOBY mpoAyBand 1,5 xB i 3ammcyBamu Y®-BUAMMUN CHEKTP
OTpUMaHOTO 3paska npu 25 °C y TepMocTaToBaHiif KBapIeBiil KIOBETI 3 IEpEMIlTyBaHHSIM.

Pe3yabraTi T2 00rOBOpEHHS

OTanimMin-N-okcHiIbHI pajuiKaid TeHepYyBaIM IUIIXOM OKHCHEHHS BiamoBimHux N-
ripoKcuTaIiMiIiB OpraHiuHIM OKHCHHUKOM (eHinmionoaianerarom PhI(OAc), B auero-
HiTpwii. Bzaemogist mixk N-rizpokcuiminamu i PhI(OAc), BimOyBaeThCs 3a peaKIli€ero:

0O

0 |
2 NOH +©—|(0Ac)2—> 2 @EENO' + © + 2 CH,COOH
0 o)

CrienanbHi JOCHIAN BHUSBWIM MOOIYHI HPOAYKTH — HOIOEH30J Ta OLTOBAa KUCIOTA,
SIKi YTBOPIOIOTHCS TP TeHEpaIlii paguKkaiiB, He 3aBaXKaOTh CIICKTPOCKOIIIYHIM BUMIpIO-
BaHHSM Y JIOCIIJPKyBaHiil 001acTi.

[Ipu nomaBanHi N-rimpokcuiminiB 10 po3unny PhI(OAc), uepes meskwii 9ac criocTe-
piraeTscst mosiBa cMyr noriauHaHHsA B o0macTi 350—600 HM 3 PI3HUMH Apax 3aJI€XKHO Bij
cTpykrypu ¢raniMin-N-okcHIbHOTO panukana. 3 9acoM ONTHYHA TYCTHHA PO3YUHY
3MEHIIYETHCS, IO CBIAYUTH PO camopo3nas pagukaiis (puc.1) [17].

Jlnst BumiproBaHHS KOe(iIieHTIB E€KCTHHKIII BUKOPHUCTOBYBAIM CITiBBiTHOIIICHHS
noyaTkoBux KoHueHtpauiit [NHPI] : [PhI(OAC),] =1:10 ([NHPI]o=1 mmons/n i
[PhI(OAC),]o = 10 Mmmoinb/n), ockinmbku Hamauinok PhI(OAc), 3abesneuye KibKiCHHI
nepexig N-TiIpoKCHIMiAiB y BinmoBigHi N-OKCHIIbHI pagukaid. ToMy 3a KOHIICHTpAIio
HITPOKCHIILHOTO paJiyKaiia MpuAMay KOHIICHTPALIO BiAMOBITHOTO N-TiipoKcu(TamimMiTy.
EKCIIepHMEHT IIPOBOMIIHN B 00IACTi KOHIIEHTpaIii pagukaiis < 107 Momb/m, 1e BHKOHY-
eTbest 3akoH byrepa-Jlambepra-bepa.

Sk BugHO 3 puc. 2, momatouu 4-MeO-NHPI no namgnumiky oxucHuka PhI(OAc),,
CIIOCTEPIraeThCsl CHIIBHE TIOTIUHAHHS B 001acTi 425-570 HM 3 Aya 494 HM, sike 3011b-
HIyeTbes 31 30iapmeHHsM koureHTpamii 4-MeO-NHPI. KoedirieHT eKcTHHKIIT po3pa-
XOBYBAJIU SK TAHI'CHC KyTa HaXWIy 3aJeKHOCTI ONTHYHOI T'YCTHHHU BiJ] KOHIICHTpAIii
N-rigpokcuiminy (puc. 3). 3HaueHHS MaKCHUMyMIiB CMYT IOTJIMHAHHSI Ta KOCQIIli€HTH
eKCTHHKIN{ N-OKCHIBHHX pPaIUKaliB, TCHEPOBAHHX i3 3aMimeHHX N-TiIPOKCHIMIMIIB,
I10JIaHO B TaOI.
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Puc. 1. Kinernka HakonmdeHHs Ta po3nany 4,5-muxinop-¢ranimin-N-oKCHIBHOTO paguKaily B
aueronitpuii: [4,5-CI-NHPI]o = 2,5-Mmmons/n, [PhI(OAc),]o = 2,5-MMOIIB/J1.

2,5+

2,04

0,5+

0.0 I T v T T T ; T v 1
350 400 450 500 550 600
A, HM

Puc. 2. YO-cnextp pozunny 4-MeO-NHPI ta PhI(OAc), (5 MMob/i1) mpy pi3HUX KOHIIEHTpAIIiX
4-MeO-NHPI B anieronitpmi: 0 (1), 0,1 (2), 0,15 (3), 0,25 (4), 0,3 (5), 0,4 (6), 0,6 (7) MMOIIB/II.



Tabnuys

MakcuMyMH NOTJIMHAHHSA Ta KoeinieHTH eKcTHHKIIT N-OKCHIBHUX paauKaliiB, reHepOBaHMX i3 BixnoBianux N-rigpokcudraiivinis

3]\/‘-1('; Dopmyna R Papukan Amax, HM € max 103, /momb ¢
[e]
Vi
1 — Oranimia-N-oxcunsauii (PINO) (ggg) (i'ig)
2 Cl 3-xuop-¢ranimia-N-okcubauii (3-CI-PINO) 378 3,47
3 o | 3-itoa-¢pranimin-N-okcuspruii (3-1-PINO) 383 2,18
4 F 3-drop-dranimia-N-oxcunbauii (3-F-PINO) (22(7)) (ig;)
5 Br 3-0pom-¢ranimia-N-okcuibauii (3-Br-PINO) 371 3,57
6 i \o CH;3 3-merun-pranimia-N-oxcunphuii (3-Me-PINO) 386 1,72
7 Cg 3 | 3-meroxcu-dranimin-N-oxcunbuuii (3-MeO-PINO) 467 0,26
8 Cl 4-xnop-dranimin-N-okcunbauii (4-CI-PINO) (ggi) (i'gg)
9 | 4-iton-¢pranimia-N-oxcuibauii (4-1-PINO) 422 0,69
10 y F 4-gyrop-dranimia-N-oxcrsrnii (4-F-PINO) (ggg) (i'gi)
11 Br 4-6pom-¢ranimia-N-okcunpauii (4-Br-PINO) 394 1,57
12 R \3 CH; 4-metun-¢pranimin-N-oxcunbhuii (4-Me-PINO) (gg% (i'gg)
13 C(I)-I 3 | 4-meroxcu-(ranimin-N-oxcunpruii (4-MeO-PINO) 494 1,52
14 88 4-xap6okcu- ¢ranimin-N-okcunsHuit (4-carb-PINO) 379 6,26

I VINTVd XUHIIUOMO-N-ITINII VLD BHHDKITIDOTAHRILIONDOd LIAIID FANTAG-PA

6T



IIpooosoicenns maon.

3]\/‘-;'; Dopmyna Panukan Amax> HM Emax 10%, /Monb-c
o
Cl )
15 —° 4,5- muxsiop-¢ranimia-N-okcubHuit (4,5-CI-PINO) 409 0,81
Cl \
Ph
o
Ph /
o . . . 435
16 — Terpadenindranimia-N-oxcunsuuii (TPINO) (425) 0,66
Ph \j
o
=
o | o
N 74
17 Hadranimin-N-oxcunsauii (NINO) 378 1,38
&} o
18 Mipomenitimin-N,N-nuokcunsanii (PINDO) 398 3,98

/ 0z

AN VI9I0 “NTIHVIINOM OIFMVXUIN ‘VHOMIGOH VHUJALV ‘VITMAII0 HUDON



Ilpooosoicenns maon.

Ne

o/ Dopmyna Panukan Amax> HM Emax 10%, /Mo ¢

7
19 —0 Cyxkrunimin-N-okcusbruit (SINO) 441 0,04

N
W 474
20 / Bensrpiazon-N-okcunbuuii (BTNO) (474) 1,54

21 )\N /g@ Bionypogoi kucnoru N-okcwibauit (VANO) (igg) 0,11
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Puc. 3. 3anexnicts ontuunoi ryctunu (385 um) po3unny 4-F-NHPI ta Phl1(OAC), (5Mmous/i1)
Bix kouneHrpaii 4-F-NHPI B aneronntpuni npu 25 °C.

OTpyMaHi 3HAYEHHS MAaKCUMYMIB CMYT IOTJIMHAHHS Ta KOE]ILieHTIB eKCTHUHKLIi
MTOPiBHIOBAJIM 3 BiJOMHUMHU B JIiTeparypi. Hezamimenomy ¢ranimia-N-okcHIbHOMY paau-
Kaldy B OITOBIM KHCJIOTI BIANOBiJa€ MAaKCHMyM CMYTH TIOTJIMHAaHHSA mpu 382 HM Ta
koedimient excruukiii 1,36:10% wmoms ¢ [18], a B areronitpuni 380 uM u 1,46:10°
n-Mob e [18]. Bu3HaucHi 3HAYCHHS CTAHOBIATH 382 HM U 1,48:10% mrmoms ¢

[Ipu renepyBanHi rekcaniTparoneparoMm amoHiro (IV) Terpadenindramimin-N-okcuib-
HOTO pajJyiKaja B alleTOHITPHIII B JITEPaTypi HABEACHO Amax = 425 HM [13]. Busnaueno
[19] MakcuMyMu MOTTIMHAHHS BiOJypOBOi KHCIOTH N-oKCHIBHOTO (474 HM) 1 OeH3Tpia3on-
N-okcmipHOTO (420 HM) paaMKaiB, TeHEPOBAHUX reKcaHiTparouepaToMm amoHio (IV) B
aneroniTpumi. s pany 3amimenux (ramimin-N-oxcunsaux pamukanis (4-Cl-PINO,
4-F-PINO, 4-Me-PINO, 3-F-PINO), ski oTpuMaiy NUISIXOM OKHCHCHHS aleTaToOM
Co(IlT), Bu3HAYEHI MAKCUMYMH TOTJIWHAHHS 1 KOe(Iili€HTH EKCTUHKII B OITOBIiH
kucioTi [20], sKi TakoX HaBeJCHO B TaOJN. Pi3HUIA y BeTHMYMHAX MOXKE MOSICHIOBATHCH
BIJIMBOM PO3YMHHHMKA.

OTo3, cuaTe30BaHo 18 N-TiApOKCHIMIIB Pi3HOT CTPYKTYPH, 3/1€0UIBIIOTO CIIOIYKH 3
PI3HUMH €JEKTPOHOJIOHOPHUMH W €IEeKTPOHOAKIENTOPHUMH 3aMiCHHKaMU B OEH30IIb-
HOMY KinbIi. [IInsxoM OKUCHEHHS OTpUMaHUX N-T1IPOKCHIMIIiB TeHEPOBAHO BiIIOBIIHI
¢dramimia-N-okcuibHI pamgukand i npoBeacHO Y ®D-CIEeKTPOCKOIIYHE MOCHIIHKECHHS —
BHU3HAYCHO Apay CMYT TIOTJIMHAHHS PAJUKAIIB 1 KOS(DIIIEHTH SKCTHHKIIII.
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Posenanymo ooeparcannsa enekmponpogionux niieox Ha OCHOBI NONIAHINIHY HA 8ETUKOPO3-
MIpHUX (NAAMIGKY, AUCMU, CMPIYKU, HUMKU, B0IOKHA MOW0) NONIMEPHUX NIOKIAOKAX-
cybempamax pizHoi npupoou in situ 6 npoyeci XiMiyHOT OKUCHIO8ATbHOT NONIKOHOeHcayii
AHINIHY PIZHUMU OKUCHUKAMU.

3’scosano, wo 0ns moougikayii 6UKOPUCIOBYIONb HeeleKmpOnpogioni noiimepu pisHoi
npupoou, a came: HoIiemuieH, noiiemuienmepepmanam, noiMemMpapryopoemuneH,
noaiamio ma iHwi NAIBKOSI cybocmpamu; MKAHUHKI CyOCcmpamu, HaAnpukiao, noiiecmep,
HeLIOH, 8ICKO3d, 606HA; A MAKOJC NPUPOOHI, WMYYHI MA CUHMEMUYHI BOJIOKHA, AK OM.:
WI0BKOBI, KOKOCOBI, Yentono3ni, nponineHosi ma in. Ompumani KOMNO3UMHI Mamepianu 80.10-
Oitomb  eNeKMpPOnPOGIOHICMIO, ONMUYHOK NPO30PICIIO, SHYYKICIIO, MEXHOJIO2IMHICTIO,
BUCOKOIO0 MEXAHIYHOIO MIYHICIMIO | 6UUJOI0 60CHEMPUBKICNIO.

Hageoeni Oesiki ¢hizuko-ximiuni 61acmugocmi, a MaKolc NPUKIAOU 3aCMOoCy8aHHs KOMNO-
SUYIUHUX Mamepianié Ha OCHOBI NONIAHINIHY MA HeeleKMPOnPOSIOHUX MACUGHUX NONIMEPIE
NPUPOOHO2O, WMYYHO20 A CUHMEMUYHO20 NOXOO0HCEHHS.

Kniouosi cnosa: Kniouosi croga: aminin, nOAaHiniK, Henpogioni noiimepu, mMoougixkayis,
3acmocy8amisl.

Beryn

[omianinin (ITAH) — BaXXIHBHI MPEACTABHUK HOBOTO KIIACY MOJIMEPIB, KU 3aBISIKH
BHCOKIH €JEKTPOMPOBIIHOCTI 3aYKCIICHO J0 CHHTETHYHUX MetaiiB [1-3]. PisHOMaHIT-
HICTh (PI3UKO-XIMIYHUX BJIACTUBOCTEH TOIIaHUIIHY, MOKJIMBOCTI HAOYTTS HUM 3aBISKH
MEXaHi3MYy JOITyBaHHS-JICIOMYBAHH PI3HUX (POPM-CTAHIB i3 XapaKTEPHIUMH BIACTUBOCTSIMH,
cepel SKUX BaXIIMBOIO € IIATOMA €JIEKTPOIIPOBIIHICTh, 6araTo0apBHUM €IEKTPOXPOMI3M,
XiMiYHa 9y TIMBICTh, XiMiUHA 1 TepMidHA CTIHKICTh, OOMEXKEHa POZUYUHHICTH POOIIATH IIeH
moJIiMep 1 KOMITIO3UTH Ha HOTO OCHOBI BaXKJIMBAMH MaTepiajlaMH B Cy4aCHHX TEXHOJIO-
risix [1-8].

[Monianiniz — nepuMii 3 eNEeKTPONPOBITHUX TIOJIIMEPIB, SIKUH OyB 3aCTOCOBaHMH JUIs
TIPOMHCIIOBOTO BUKOPUCTAHHS B JKepenax ctpymy [9, 10] i 6iocencopax [11]. 3a octanHi
poku [TAH anpoOoBaHMii y pi3HUX TEXHOJOTIAX i pe3ynpTat oOHaminmBi [1-3, 5, 7, 8,
12].

CrpyKTypa nojiaHiTiHy 3a3BU4ail BIAMOBIIa€ 3aranbHii popmyri
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[(B-NH-B-NH),B-N=Q=N)x, ],
ne B — 6eH3oinHuii ki, Q — XIHOTAHUIA HUKIT Y MAKPOMOJIEKYJI.

3anexHo Bix crnocody o0poOku [TAH Moxxe HaOyBatu pisHHMX (opm (cTaHiB) — BiA
MIOBHICTIO BiTHOBIEHOTO JeWkoemepanpauHy (JIEM, Y = 1), HamoJoBHHY OKHCHEHOTO
emepansauny (Em, y = 0,5) 1o moBHicTio okucHeHoro nepHirpanininy (IIHAH, y = 0).
Emepansaun i nepHirpanisia MoxyTh yrBoproBaTu coii (EMC i ITHAHC, BimmoBigHO)
[13].

Jst cuntesy ITAH i1 pi3HUX KOMIO3UIIHHIX MaTepialliB Ha HOTO OCHOBI PO3POOJICHO
0araTo Pi3HOMaHITHUX METOMIB, Cepel SKUX BAXIUBUM € XIMIYHHMA, SKAH TOJNATae B
OKHCHIOBAJIbHIM TOJTiKOHAEHCamii aHimiHy (AH) pI3SHUMH OKHCHHKAMH, HANPHKIAM,
Nazszog, KzSzOg, (NH4)28208, Feclg, Fe(CIO4)3 i CU(BF4)2 Ta 0araTo iHIIUX [7, 8, 12,
14-16]. CepenoBuinieM CIyryloTh, 31¢01TBIIOTO, BOJHI PO3YMHH HEOPTAaHIYHHX 1 opra-
HIYHUX KHUCJIOT. 3a HasBHOCTI B PEakLiifHOMY PO3YMHI Pi3HUX MaTepiaiiB, HalpHKIa[,
JIMC.TIEPCHI YW MaCHBHI TMOJIMEpH, NIe TXHS TOBEPXHS MOKPUBAETHCS MOJiaHITIHOBHMH
IUTiBKaMHu 9 Trapamu [ 13].

Moaudikarttist mogiMepHUX i IKJIAI0K MoJianitiHoM in Situ

CpOro/iHi aKTUBHO TPHUBAIOTH JOCIIDKEHHS 3 BJOCKOHAJICHHSIO ICHYIOUMX METOJIB
cunte3y IIAH, MO 3yMOBIEHO TONIYKOM HAJIiHHUX BiJTBOPIOBAHMX METOIWK IS
OJIepKaHHS TONIaHUTIHY 3 TOTPIOHUMH (Pi3UKO-XIMIYHIMH XapaKTEPUCTHKAMH, a TAKOXK
3 PO3BHHYTOIO MOP(QOJIOTIEI0 NOBEPXHI Ta MIKpO- 1 HAHOCTPYKTYPOBAHICTIO. Y 3B’SI3KY 13
HU3BKOIO TEXHOJIOTIYHICTIO TOJIIaHIJIiHy aKTUBHO PO3POOJISIOTH CIIOCOOH HOT0 HaHECEHHS
Ha Pi3HI MiIKIAIKH, SKi O CIYryBalHW HOCISIMHU IUTIBOK 4M mapiB [IAH, Hagaroun Homy
BIZIMOBITHOT MeXaHIuHOi THy4KocTi. L{s npoGiiema Mae Ba)<IMBe 3HAYSHHS 3 OISy Ha
MIPaKTUYHE 3aCTOCYBAaHHS IONIaHITIHY, 30KpeMa, y BUDNISII IDIBOK, IIApiB Pi3HOTO
MacmTady 4Yu HaHO- i MIKpOJMCIHEpCiii Ha PI3HOPO3MIPHUX Marepianax MOoJiMepHOT
MPUPOAN — CUHTETHYHI, IITYYHI Ta MPUPOIHI BUCOKOMOJICKYJISIpHI coNTyKH. [IpakTianuii
OiK MUTaHHs TaKOX IOJISIra€ B OTPHMAaHHI €JIEKTPONPOBITHUX TKaHHH, €JIEKTPOIPOBIN-
HUX TUTIBKOBUX IIOKPHUTH HAa HETIPOBITHUX IMOJIIMEpax AJIsi BUKOPUCTAHHS SK aIcopOiii-
HUX, aHTUCTATUYHHX, YYTJIMBHX 1 CEJICKTHBHUX LIApiB JUIS PO3JUICHHS ras3iB, XeMo- Ta
0ioceHCOopiB, 3aXUCHUX mapiB Bix Y D-0mpoMiHEHHS, eJICKTPOMATHITHOTO eKpaHyBaHHS
TOLIO.

JI1s 1bOTO BUKOPUCTOBYIOTH XIMIYHUI MeTOA CHHTe3y IUTiBOK [TAH Ha pi3HHX MOJi-
MEpHHX MaTepiajax, HampuKiaj, HaHeceHHs IUTiBoK [TAH in Situ 3 mapoBoi uu ra3oBoi
¢azu [17], pismananii MeTox — BunapoByBaHHs po3urHHUKA [ 18] Ta iH. [19]. Taki HanpsMu
Moudikamii pi3HUX MOJIMEPIB AalOTh 3MOTY HAJIaTH IUIIBKaM YW LIapaM IOJIaHUTiHY
HAJIe)KHOI TUTACTHYHOCTI, MEXaHIYHOI MIIIHOCTi, ONTHYHOI MPO30POCTi, a TaKOX 30epe-
KEHHsI BCIX NPUTaMaHHUX IOJiaHiMiHy (i3MKO-XIMIYHUX BiacTuBOcTed. HemposimHi
MaTepialy MOTIMEPHOI PUPOIH, SKi BHKOPHCTOBYIOTh SIK TMIIKIAAKH IS (OPMYBaHHSI
MOJTIaHUIIHOBHUX TUIIBOK, 30€piraloTh MepBUHHY (HOPMY MiAKIAIKH.

[Ipoctr™ i mpuBaObIMBIM MeTOOM € OpMyBaHHA IUTIBOK [TAH Ha momiMepHHX Ma-
Tepianax in SitU 3a yMOBH XiMiYHOTO OKHCHEHHS AH PI3HUMH OKHCHHKaMH Y BOJHHUX
pO3YMHAX MiHEpaJIbHUX KHCIIOT 32 HASBHOCTI B PEAKIIIHHOMY CEpEJIOBHIII TaKUX MaTe-
piani: momiermnen (I1E), nomiBininxnopux (IIBX), mnomisininigendtopux (I1IBJAD)
nomiectep (ITEc), momietunentepedranary (IIET®D), nonikapoonat (ITK) Tomro [13, 20—
22].

Cyte MeTomy in Situ mossrae B TOMy, 110 HPU XIMIYHOMY OKHMCHEHHI aHiTiHYy pi3-
HUMH OKMCHUKaMH 4yacTiHa [1AH, mo ¢gopmyeTbest B 06’eMi peakuiiiHOTo cepeqoBHIa,
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CaMOYMHHO OCiJiae Ha MOBEPXHIO PI3HUX MaTepialliB, 3aHYPEHUX Y TMOJIMEepHU3alliiHH
po3uuH. Posmonin [TAH Mi>k HAaHECEHOIO Ha MaTepiai i 0CaKCHOI0 Ha JHO, YH TI€I0, sSKa
€ B 00’€Mi peakIiiHOTO MOCYIy y BUIIISANI CyCIeH3ii (hopMaMHu, 3aleKuTh Bil Pi3HUX
YMOB 1 3MIHIOETBCSI B MEXKaX IIUPOKOTO psiny. st epeKTHBHOTO MOKPHUTTSI MaTepiaiiB
mapom [TAH Tpeba 3MIHUTH 1Ie# pO3MOALT Ha KOPUCTH ()OPMYBaHHS MOJIMEPHOTO APy
Ha cyoctpari [13].

HanecenHs iIiBoK nmoJriaHiJIiHy Ha MoJIiMepHi HeeJIeKTPONPOBiIHI miaKIaAKH.

Sk migkmanky i HaHeceHHA [IAH MOKPUTH BUKOPHCTOBYIOTH Pi3HI MOJIIMEpHI IUTiB-
KOBI CyOCTpaTH, HalpuKia, notieTuiex [23-26], momiectep [27], nonietmientepadranat
[28-34], nomiamix [35-37], momiterpadiyopoeruien [38] ta iH.

MikpomnopucTi miiBku 3 [1E moaudixkysanu [1AH i3 BogHoroposunnyanininy 8 HCI3
BHUKOPHMCTaHHAM aMoHii nepokcoaucyabdary (AMIIOC) sxokucuuka [23]. Bmict [1AH
y kommno3utax [1E/ITAH cranoBuB HeOinbme 12 %. OTOX, OTpUMaHO €IEKTPOIPOBIIHY
noJiMepHy Oe3nepepBHy (asy Ha moBepxHi 1 B 06’emi mikpomnopuctoi I1E mmiku. Taki
KOMITO3MTHI TUTIBKH BOJOMAIIOTH BUCOKOIO MPOBITHICTIO 3aBJSIKM Opi€HTAllIHHOMY Xapak-
tepy [IE migkmagku. 3pa3ku Mamu BUCOKY aare3iro [TAH 10 TMOPUCTOI MiIKIaaKH, SKa
3abe3neuye 1wIiBLi [ITAH XOpoIIi MeXaHiuHi BIACTHBOCTI — MIIHICTb 1 €JIACTHYHICTS.

ITAH rutiBky ToBurHO0O 100 HM 0CaPKeHO B TpoIieci XiMiYHOT OKMCHIOBAJILHOT MOJTi-
mepusariii Ax Ha [TE Tpy6kax 3 BaytpimHiM d = 3,5 MM i 30BHimHIM d = 4,2 MM niamer-
pamu. TpyOku 3 I1E ButpumyBamu B po3uuni 0,1 M animiny i 0,1 M amoHi#il mepokco-
mucynbdary B 1 M HCI Bripogossk 2 1oz 3a KIMHATHOI TEMIIEPATYPH, TICIIS YOT0 3pa3KH
MIPOMUBAIH JICKLTbKA pa3iB IEHOHI30BaHOO BOIOKO [24].

Enexrponposiany rtiBky [TAH Ha cyocrpati 3 T1E Husbkoi rycrunu (IIEHIY) otpu-
MaHO MUISXOM BHTPHUMYBAaHHS MIAKIAAKH B PEaKIiiHIA CyMIIIi, SKa CKiIagamacs 3 po3-
YMHHUKA, MOHOMEpA, OKHCHUKA Ta PEYOBHHHU IomaHTa (mpoTuiioHa-cepenosuina) [25].
Ha migrorosnenomy cyoctpari [IEHI mniBku [TAH ocamkyBaiu IUIXOM CYCIICHTyBaHHS
wrieku [IEHT y peakuitiniit cymimi (0,025 MAM ITOJACi 0,05 MAH a6o 0,5 M n-to-
myencyibdonosa kuciota (TCK) abo 0,5 M cymedocaninmiona kucnora (CCK). [TniBku
BUTPUMYBAJIM B peakiiifHIHCyMilll BOPOJOBXK pi3HUX mepiofis, nmpomuBaiu 0,05 M abo
TCK abo CCK i cymmnu mpu 3HIDKCHOMY THCKY. 3’SICYBajlHd, IO Yac BUTPUMKH CYO-
CTpary y peakuiiHOMY pO34YMHI NMPAaKTUYHO HE BIUIMBAE Ha TOBIIMHY [IAH MOKPHTTS.
Bussnn, mo suxopuctanas CCK 3amicte TCK npu3BoANTE 10 YTBOPEHHS TOBCTIIIHX,
xo4a i MeHI npoBigHux miiBok [TAH. [Tosepxus IIEHI, cniBnonimepizoBana 3 BiHisO-
BUM MoHOMepoM akpminoBoi kuciaotu (AK) i N,N-mumernnakpraamizom (IMAA), 3Ha4HO
MIJBHILYE AATe3if0 eIEeKTPOAKTUBHUX ITOJIMEPHHX TOKPHUTTIB, a TaKOX IPUCKOPIOE pICT
TIOKPHUTTS TaK, IO YTBOPIOETHCS TOBCTIIIIA IDTiBKA 32 KOPOTKUH MEPioJT Yacy, IO MOB’I3aHo 3
e(eKTOM JIaHIIFOroBOT 3aIUTyTAHOCTIH €IEKTPOCTATUYHOT B3a€EMOJIii MK MPHUIIETUIEHUM CITiB-
nomiMepoM AK i eleKTpoaKTHBHAM HOJIIMEPOM.

VY [26] orpumano nomianinia-nanamgiesi (ITAun/Pd) moxkpurrs Ha ITEHI migkmagkax
(2 cMmx2 M, ToBumHa 125 mMm, Goodfellow, UK), nmoBepxHst SKUX CIIBIIOIIMEPU30BaHa 3
AK. TTokpurtsa [TAH Ha cniBnomiMmepusoBanux 3 AK miiskax [TEHIT otpumyBanu muis-
XOM BUTPUMKH ITUX 3pa3kiB y npu 0 °C BIpoaoBx 5 roa y nojiMepu3aliifHoMy po34nHi,
skt mictuB A, AMITIOJIC i H,SO,. TMananiii Ha oTprMaHi 3pa3K¥ HAHOCHJIU IBOMa
MeToJamMu. Y mepuiomy crnocobi ocamkenHs Pd mpoBoauiM Ha MOMEPEAHBO MiArOTOBA-
it mniBui JIEM wa TMEHIT minknanmi. Pesymbratom 1poro mMeTony € (GopMyBaHHS
knactepiB Pd posmipom 100 HM, siki, 3pemitoro, 37MBalOThCs B Imap Pd Ha moBepxHi
MiIKTaIKY, SKUH HaJla€ TPOBITHOCTI TUTIBIIl HABITH Mmicisl Toro, sk [TAH aemxonyroTh. Y
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npyromy merofi Pd ciogatkyHnanocsats Ha JIEM IUIiBKH, SIKi IICIIs JA€A0IYBaHHS BUJIMBA-
s va [TEHI ciiBnionimepizoBannuii 3 AK. BHaciijgok yoro yactunku Pd posmosineni B
Mmarpuili [TAH, a HEOOMEXYEThCS TIOBEPXHEBOK 00JIAaCTIO (MK IOKa3aHo B cmocobi 1).
Po3mip yacTHHOK MeTany 3ajJeXHTh BiJl 4acy peakiii i BHXIIHOTO CIiBBiIHOIICHHS
IMA#H/Pd. Bucoka ryctuna Pd wacturok y matpuiii [TAH Hamae MpOBITHOCTI TUTiIBKaM,
xoua [TAH nepeOyBae B IeJONOBAaHOMY CTaHi. 3°SCyBajy, IO JIIIIE 3YENJIEHHS MK
IMAH-Pd nrapom i migkmagkoro ITEHID orpumyrots mepmumM croco6om. Hmkga crima
ajresii IIiBOK, OTPUMAHUX JPYTUM CIOCOOOM, 3yMOBJICHA HAsBHICTIO 4acTHHOK Pd y
NOJiaHUTIHOBIH (a3, sika 3aBaxkae B3aemonii Mk [TAH i AK-criBnoniMepHIUMH JaHIIO-
ramu Ha [IEHT migknanmi. 3poctaHds BMicTy nanaairo B [IAH npu3BOIUTE 10 3MEHIICH-
mst aaresii mix [TAH-Pd mrapom i mimkmamkoto 3 ITEHT. Buma rycruna AK-cmiBroti-
Mepa MOKe 3HAYHO 30UIbIIUTH Mil(HICTh afresii [26].

Ximiuaum oxucHenHsM aHininy FeCls na miiskax 3 mosiectepy (75 mm, DUPONT
de NEMOURS & CO, Luxembourg) y Bogaux po3unHax oTpuMyBanu mwiisku [TAH [27].
1,8 MFeCl; i 0,16 MAH nepeminrysanu Brpoaosk 30 ¢, HOMIIIAIU B [€l PO3UUH ILTiBKH
IMec (1,4 cmx4,5 cm) i 6e3nepepBHONEpeMiyBaiu cymimn Bapoaosx 30 xB. Ilicnst yoro
3pa3Ku MPOMHBAIN O1MCTHIHOBAHHOIO BOJIOIO.

I[NET® cy6eTpatu (MOABIHHO akcianbHO PO3TATHYTI TUTIBKH 31 CTYMEHEM KPHCTANTiy-
HOocTi 69 % 1 TOBIIMHOIO 25 MM) BUTPHMYBAJIH B AH, SIKUH IOTIM IOJIMEPH3YBall B
posuntni AMIIOJIC [28]. I'mnOuHa NPOHHKHEHHs aHiNiHYy craHoBHMIa ~4-5wmM, a
TOBIIMHA yTBOPEHOTro mnoBepxHeBoromapy [1AH ~2—-4 Mm. BusiBunum, mo agcopboBanuii
anuniH B3aemozie 3 [IET®, ane na [IET®-ITAH KOMIIO3UTI B3a€MOJIT HEMAE.

ITniBku ITAH orpumyBanum Ha miiBkax [IET® toumHowo 20 mxm (Goodfellow
Cambridge Ltd) [29]. 3pasku IIET® BurpumyBaiu B AH, I10AaBaad OKUCHHK (PO3UHH
xJ0py) Bignoiguo 10 [30]. JomyBanHs oTpuMaHuX 3pas3kiB npoBoawu oopobdkor HCI
37 % Ta 20 % posunnom HCIO, Buponosx 48 roa. denonysanns [TAH Bukonysaau 5 %
po3unHoM NH,OH Bmponosx 2 roa. JloBeaeHo, mo HasBHICTH [IAH 3HAYHO 3MiHIOE
JEeKTPUIHI BIACTUBOCTI KOMIIO3UTA. 3’CYyBaJIH, IO BEJTMYMWHA JiCIIEKTPUIHUX BTPAT
y ZJiana3oHi HU3bKUX YacTOT 30UIBIIYETHCS 3 PO3MIPOMJIONYIOUYOTO aHIOHa, KU, HMo-
BipHO, CNIPUYMHSE MEHIIUH PO3MIp YTBOPEHUX KIIACTEPiB, i OT K€, CTBOPIOE OUIBIINY
IIUTOMY TOBEPXHIO. BHSBIIM TakoX HAasBHICTh NMapaMarHiTHUX LEHTPIBY JOTOBAaHUX i
JICIONIOBAHMX 3pa3Kax.

Ipo3opi miiBku ITAH oTpuMyBamu mojiMepu3auiero aHimgiHy in Situ na ITET®
cyoctpari 3 po3mipamu (5 cmx5 cm) [31]. Ilicns Butpumysanns [IET® Bopoaosxk 2 roa
y 0,2 M BomHOMYy po3umHi AH mpu 5 °C, nmoBineHO monmaBanmu 0,2 M BomHMIA po3YuH
(NHy),S,0g, oxomomkenuii 10 5 °C. Yepes 4 roa 3pa3ok KiibKa pasiB IOCIiIOBHO IPO-
MUBAJIH BOJIOIO ¥ aneroHoM, cynmun npu 60 °C. Toumny miiBku [IAH perymroBann
LITAXOM 3MiHHK "acy momiMepu3antii. [IpoBigHicTs X 3paskis cramoBmaa ~10 Cv-cM .

KommosurHi miBku [TAH-IIET® oTpumyBamu XiMiYHOIO OKHCHIOBAJBHOIO ITOJIIME-
puzartiero AH, 3a3aaneriap BBeaeHoro B [IET® marpwirto, €0 XJIOPHYBATUCTOT KHCIOTH
[32] i po3unHOM X70pY Yy Bozi. IToTiM 3ayMmKy AH eKCTparyBajid OpraHi4YHUM PO3YUH-
HUKOM BHpOIOBX 6—8 ron 3a meroxukoro [33]. Iloepxuio ITAH-IIET® kommosuta
00po6sin pozunnom KOH Briponosx 12—-24 rox asist HafgaHHS HOMY OiIbIT pO3BUHEHOT
TTOBEPXHi.

Hogi npo3opi ceHcopy Ha OCHOBI KOMIIO3UTHHX IUTIBOK Ha OCHOBI [TAH, SIK 4yTJIMBOTO
KOMITOHEHTa 1 miarpumytodoi nomiMepHoi Matpuni [IET® (5 cmx7 cMm), oTpumMyBann
HUBIXOM  TIoJliMepu3anii AH BCepeIuHI TOHKOro moBepxueBoro mapy IIET® [34].
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Kommo3uitiiiHi 3pa3ku roTyBajid BiAMOBIAHO 10 crocoOy, skuii onucanuii B [29, 30, 32,
35]. INonepenHpo MiAroToBaHi IUIIBKH BUTpHMYBaiu B AH mpu 25 °C Bopogosx 120-
130 rox, o6poGisin 3 oxHoro 6oky Boauum posurHoM HOCI Bopomosx 85 xB [30].
Komrmo3uTHi mtiBky micis nojiMepu3anii MicTsaTh y noBepxHeBoMy mapi [TAH nonosa-
auit HCl (ITAH-HCI/TIET®). Otpumani [TAH-HCI/IIET® mwiiBku 06pobisin TphoMa
cnocobamu. Ilepmmii — myxHa 06poOka nmx 3paskiB y 1 M BogHoMy pozumHi KOH
BripoioBk 48 tox mpu 25 °C mns nenomyBaHHS [TAH. YV IboMy BHIIAJKY MOBEPXHEBUN
mIap IUTBKY cTaBas nmopucTuM. Lli 3pa3ku BUKopHcTaHi Uil BU3HAYEHHS TapiB Mypaliu-
HOi kucsotH. [ToTim 11i 3pasku 06pobisinu napamu HCI Bipomosk 30 XB it OTpUMAaHHS
JONIOBaHWX KOMITO3HMILIHMX IUIIBOK 3 PO3BHHEHOIO IOPUCTOIO IOBepxHElo. [pyruil —
06po6ka ITAH-HCI/ITET® miBku B 3 % BOAHOMY PO3YHHI aMOHiaKy BIIPOIOBXK 3 TO
it nepomyBaHHs [TAH i 30epeskeHHs Mopdoorii mriBku 6e3 3MiH. TpeTiit — BiTHOB-
NeHHs moTpiOHOI KoHIeHTparil monanTa B 3paskax [TAH-HCI/ITET® micnst excrpakiiii i
nporeciB cymrinns min giero mapis HCl Bropogorxk 30 xB. [lum coco6oM oTpuMyBaiu
3pasKy y BUTIIAII MPO30PUX JBOIIAPOBHX ILIIBOK 3 IUIOCKOIO MOBepxHEo [29] i cepenHim
noBepxHeBHM oropoM ~10° Om/cm [29, 30].

IMAH miiBKHOTpHMaHO Ha miakmagkax 3 nomiamig-6 (ITA-6) (ToBmuHa 25 MKM,
Goodfellow Cambridge Ltd) ta IIET® (toBuuna 20 mxm, Goodfellow Cambridge Ltd)
[35]. CyberpaT BuTpuMyBaiu BAH, a OTIM y po3unHi okucHuka [22, 30, 36]. 3’scoBaHo,
10 XapakTep MOJIIMEPHOI MaTPHIll BIUIMBAE HA TNIMOWHY NMPOHUKHEHHS AH, MMBUIKICTH
nosiMepu3anii AH i po3noain kiaacrepiB [IAH. B obnacti HU3pKMX 4acToT MK (a3oBy
MOJIIPU3aIi HHY peTaKcalliio 3a4ucisioTh 0 MIapyBaToi i KilacTepHO1 OyI0BH.

Momudikamiro moniterpadmyopoetmneroBoi (IITOE) minknanku miiBkamu [TAH y
PO3YHMHAX XJIOPUIHOI, XJIOPHOI, SIOJyIHOI Ta UTPATHOI KUCIOT omucano B [37]. [ITOE
cyOCTpaTH BUTPHMYBAIM B JBOJSHIA OaHI BIPOIOBXK 2 roJl y po34rHI AH y METHIICH-
xnopumi ta (NH,),S,0g, pozurneroro B 1 M momyrouiii kucnoti. ITicias cuHTE3y IUTiBKH
npomuBasiy 1 M po34MHOM BiJINOBIAHOI AOITYIOUOi KHUCIOTH, CYLIMIN NpH iHppayepBo-
HOMY CBiTJHi. BusBmmmM, mo mnpomec IOIyBaHHSA-IENONYBAHHSI-IOBTOPHE NOIMYBaHHS
3MIHIOE €JIEKTPUYHI Ta MOBEPXHEBI BIACTHBOCTI IUTIBOK. BU3HAUMIM 3MEHIICHHS IIPO-
BiTHOCTI 3 TPHBAJICTIO Yacy BUTPUMKH, a TaKOXK MPAKTUYHO HEMPOBIIHWUN CTaH (aemo-
moBaHuil) oxepkaHux [IAH IDTBOK Iicis BUTPUMKH y BoIi BrpomoBxk 1 rox. Ilicis
MTOBTOPHOTO JIOMyBaHHS €JIEKTPOIPOBIIHICTh MUX 3pa3KiB BimHOBMOBanacs. OTpuMaHi
ITAH rutiBkn Oynu rigpodiIbHUMU, a Ticisl MPOLecy JeJO0NyBaHHs CTaBalIu Tiapohoo-
HuMH. [Ticnst MOBTOPHOTO NOMyBaHHs IXHS TiApOQLIbHICTD BiHOBIIOBAIACH.

XiMiuHYy OKHCHIOBaJIbHY TOJIiMepH3anito AH BUkopucTaHo mis cunresy [TA/IITOE
Oararto mraposux IiBok [38]. 3pasku IITOE (3 cmx5 cm, Sinoma Science & Technolog
Co. Ltd., Nanjing, China, ToBiunnaa 20 MKM) BUTPUMYBaIU B AH BIPOJOBXK 8 XB, a MOTIM
BepTHKaIbHO 3aHyptoBaiu B po3unH AMIIOJACy 1 MHCI i surpumysamu mpu O °C
BrposoBx 20 rox. OTpuMaHy IUIIBKY NMPOMHBAJIN KiIbKa pa3iB BOJOIO 1 €TaHOJIOM, CY-
i y Bakyymi pu 60 °C BripooBx 6 roa. 3’sicyBaiiu, 10 KOMIIO3UTHA ITIBKa BOJIO-
JIi€ BUCOKOIO NPOBI/HICTIO, TEXHOJIOTIYHICTIO, XOPOIIUM PO3TATYBaHHSAM, PETYIbOBAHOO
rizpo¢iapHICTIO Ta 000POTHUM MEPETBOPEHHAM MiX TipohoOHICTIO 1 T1IPOGITBHICTIO.

®dopmyBaHHS eNeKTpOrpoBinHUX MTiBOK [TAH Ha minknankax 3 [IET®, 6ichenon-A,
IIK, IIBJI® i [IBX TtosimuHoto 25, 10, 30, 25 i 30 MkM, BiAMOBIAHO, OTPUMYBAIH XiMIYHOIO
OKHCHO-BiTHOBHOIO ToNTiMepu3aitiero AH pisaumu okucHukamu [30]. TlomimMepHi mmiBky,
3a BuHATKOM [IBX, BuTpumyBanu B AH B atMocdepi aprony Brnpoaosx 48—96 rox 3a
KiMHaTHOI TemnepatypH, a Bk [IBX — B 50 % po3unHi AH y n-rekcaHi. SIK OKHCHUKH
BukopuctoByBaiu Cl,, HOCI, (NH,4),S,0g, K,Cr,07, KMNnO, y BogHHX po3uHHAX Pi3HUX
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kucior HCI, HBr, HI, H,SO, HCIO,;, CH;COOH, HNO; sk momanri. Orpumani
w1iBKK [TAH BOJIOJIIOTE IOBEPXHEBOIO €JIEKTPUYHOIO MPOBIHICTIO.

IMosepxHto noniyperany (ITY) (Tecoflex 60 D, Thermidic Inc., MA, USA) moxudi-
KyBanu ToHkuM mapom [1AH [39]. Jlo | TAH B TUCTHIROBaHIN BOAI JOAABAIH MO Kparl-
nsx 1 M HCI Ta caninmunosoi kucinotu (CK) 1 HarpiBaim g0 po3unmHeHHs. Cmyxku [TY
(1%3 cMm) momimianu B mosimMepu3auiiHuit po3unH, nomaBamu Hammumok AMIIOAC i
BUTPHUMYBAJIH 32 KIMHATHOI TeMmepaTypu BpoaoBxk 12 rox. Ilicns 9oro miiBKu MpoMu-
BaJIN IUCTHIILOBAHOIO BOJIOIO 1 CYIIMIIM Y BakyyMHii meui npu 50 °C.

[Momicyne(oHOBY MTIBKOBY MeMOpaHy, oTpuMaHy 3a Metoankoro [40], MomudikoBaHo
eneKTporpoBiHoto mIiBKoto ITAH B [41]. 11 11boro mosticy1-(OHOBY IUIIBKY BUTPUMY-
Bau B 0,325 M posunni AH B 1 M po3uuni HCI i nogaBanu piBHHI 00’€M po3dyuHY
Hatpiit oproBanangaty (0,125 M) B 1 M BogHoMy po3umHi HCl. Peakuiro mpoBomunu
BIIPOZIOBXK PI3HOTO Hacy B IbOAAHIN OaHi. IL1iBKy MpoMUBaIN JUCTUIHOBAHOIO BOIOIO i
1 M HCI, cymmnu y Bakyymi nipu 50 °C BripoaoBx 24 ro. BusiBuiy, 1110 BOpOBaIKEHHS
cynb(GOorpynu B NoONicyab()OHOBY MATPHIIO € KOPUCHUM JUisi (POPMYBaHHS peryssipHOT
CTPYKTYpH.

[Minrorosieny miacTUHKY 3 mrekcuriasy (1 cm X 5 cm) Burpumysanu B 1,0 M pos-
yuni HCI, mo mictus 0,1 M anininy i 0,1 MAMITIOJIC [42]. OkucHIOBalbHY HOJIIMEPH-
3amit0 AH TIPOBOIIIIN 332 KIMHATHOI TeMIlepaTypH BIpoAoBxk 12 rox. Busnaummm, 1o 3i
301IbIIEHHSM Yacy peakuii 10 12 rox, crabinbHicTh [TAH TUTIBKY 3HAYHO MOJIMITYETHCS.
Taxi ITAH mTiBKY BUSBIIIA IIBHAKY 000POTHY 3MiHY KOJBOPY IpH 3MiHi pH.

CuHTe3 eNeKTpOakTUBHUX ITAH-HEHIOH 6 KOMIIO3UTHHX IUIBOK BUKOHaHO B [43].
[Ticnst BUTpUMYBaHHS IUTIBOK HEIMIIOHY 6 B AH BIPOAOBX | TOX X MPOMOKAJIM Ha CyXO
GineTpyBaNbHUM TarepoM i BuTpuMyBamd y posumui 0,25 M AMIIOACB 2 M HCI
BIIPOJIOBX Pi3HMX mepiofiB. ITicist 3akiHueHHS moniMepu3alii IUIiBKY IPOMHUBKH JCHOHI-
30BaHO0 BOmow0, 2 M HCI i cymmuu y Bakyymi. 3’sCyBajd, IO L€ METOJ CHHTE3Y
KOMITO3HULIHHNX ITiBOK [TAH-HEHIOH 6 MO)ke NpHU3BECTH A0 HAJMIPHOTO OKHCHEHHS
ITAH, 110 3MeHIIye BUXiJ 31 301bIICHHAM Yacy TOJiMepH3aliii.

XiMiuHOIO TToJIiMepH3aliero AH OTPUMYBaJIM ONITHYHI 21 MKM mapu Ha cyOcTparax 3
nonimMetwiMerakpuiaty (IIMMK) [44, 45]. [Ina voro IIMMK cy6cTpaté BUTpUMYBaiIn
BIIPOJIOBX 5 XB y po3umHi, skuii mictuB AH B 2 MHCl i 0,1 M Bomuuii po3umH
AMITO/IC.

Enexrponporinai miiBku [TAH/ITIMMK i ITAs/TIBX oTpuMyBamu OKHCHEHHSM AH
FeCl; micns BuTpuMyBaHHS iX B po3unHi AH [46]. IToBepxHeBuil omip i mpo3opicTh
takux ok mpu 500 am cranosumx 10°~10% Q/y Ta 60 %—70 %, Bigmosizuo. Crocre-
peXyBaHiI JesKi BIAMIHHOCTI 3HaYeHb IOBEPXHEBOTO OIOPY Ta TMPO30POCTI Mixk
MAH/TIMMK i [TA®/TIBX HOKPHUTTSIMH aBTOPH MOSCHIOIOTH BiJMiHHOCTSMH B iXHIil
MopdoJorii.

I'mydxi Ta npoBigHi Kommno3uniiiHi Bk [TAH Ha nomiakpwonitTpwii (ITAH) min-
roroBao B [47]. XimiuHy OKHCHIOBaNbHY mosiMepusaiito A B posumni 1 M HCI,
iHiniroBanu nusixom posmwieHHs 0,25 M posuunny AMIIO[C B 1 M HCI Boagnomy
po3unHi, yac peaxiii cranoBuB Bix 1 10 5 roa. OTprMaHi KOMIIO3UTHI IUTIBKH CYIIHIIH Y
BakyyMHii medi mpu 60 °C Brpomosxk 48 ron, NOTIM TPOMHUBAIHM JAWUCTUIEOBAHOIO
BOJIOIO 1 CYIIMIIM BIPOAOBX 5 rof. Taki IiIiBKH, IPUTroTOBaHi 3 BUKopucTaHHAM 1 Mac.%
AH, Mamu MiHiManeHHiT moBepxHeBmit omip 7,4 kOM/cM’, BUMIpsHMI 33 KiMHATHOI
TeMIiepatypu. 3’sCyBajd, 10 TePMidHA CTaOUTBLHICTh KOMITO3HIIHHUX ILTiBOK CYTTEBO
BJIOCKOHAJICHA TIPH 30€PEKEHH] XOPOIINX MEXaHIYHUX BJIACTUBOCTEH.
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Sk 6aunmo, HaHeceHHSIM [TAH Ha MOJTIMEpHI HESJISKTPOTIPOBIAHI ITiIKIATKH MOXHA
OTpHMATH EJEKTPOINPOBiIHI, ONTHYHO NPO30pi, THYYKI, TEXHOJOTIYHI IUIIBKH, IIO
00YMOBITIOE 1XHE IIHUPOKE 3aCTOCYBAaHHS. 3MIHIOIOUHW YMOBH CHHTE3Yy (KOHIICHTpAIIiIO
MOHOMEpa, OKHCHHKA, JIONaHTa, TEMIEpaTypy 1 4ac rmojimMepusanii Tomo) MOXHA pery-
JIFOBATH iXHIO MEXaHIYHY CTIHKiCTh, €JEKTPUYHI Ta IOBEPXHEBI BIaCTHBOCTI. BubOupatoun
YMOBH MOJU(IKAI] IUTIBKOBUX MiAKIAI0K 3a3BHYall TOCSTAIOTh BHIOI aAre3WBHOI B3a€-
MOJIii, sIKa 1 BU3HAYa€ CTIHKICTh TIiBOK [TAH Ipy BUKOPHUCTaHHI B Pi3HIX YMOBaX.

Mopandikanis TKAHHHHUX cyOcTpAaTiB MoJIaHIIHOM

o cyOcTpatiB-miakiaaoK, BHOpaHUX s MoAudikamii MoJiaHiIiHOM, BHKOPHCTaHO
Taki TKaHWHHU, Hanpukian, 3 [TEc [48-49], IIET® [50], Bicko3u [51], BOBHSIHO-HEMIIOH-
naiikpoBa [52], wmrepcti, akpuiy i 6aBoBHH [55] Ui CTBOPEHHS EIEKTPOIMPOBITHUX
TKaHHH.

[Momimepu3zaniss AH Ha HeeneKTporpoBigHHX TkaHWHaX 3 [IEc, ckimoTkaHuHHM Ta
BHCOKO KPEMHE3eMHUCTOI TKAHWHH TIPOBOJIMIN XIMIYHOIO OKHCHIOBAJIBHOIO MOJIMEpHU3a-
ieto [48]. Cyberparu ButpumyBanu B 0,1 Moib po3unHi AH B po3zunHax kuciot (n-TCK
a6o HCI) pH 1-2 npu 2-5°C i nomaBamu AMIIOJIC npu mocriiiHoMy oOepTaHHi
cyOcTpatiB Ay 3a0e3mnedeHHsT piBHOMIpHOT peakii Ha minkmaani. Yepes 4 rox cyocTpaT
BUJIAJISUJIN 3 PEaKLiiHOTO CepeIOBHIIAl IPOMUBAIIH BOJIOIO.

[IEc TkauuHu (moBepxHeBa wiimpHicTs 140 r-M ™2, Viatex S.A.) TMOKPHBAJIH HAH y
npoueci Horo XiMi4HOTO CHHTE3Y, SIKHA HpOBO[[I/IJ'H/I y BOAHOMY po3umHi 2 1 AH
(criiBBiHOIIEHHS OKMCHHK/MOHOMEpP cTanoBwio 1,25) B 0,2 M H,SO, un 0,2 M HCI
kucnotax [49]. Iomepenubo cydctpatu (6 cM X 6 cM) a1 ancopOuii AH i momyrouoi
KHUCJIOTH BUTPUMYBaiIH BIPoAoBxk 30 XB, MmicCIs YOTO JOJABAIH IO KpAaIUAX PO3YUH
K,S,05 (50 mi). [Tonimepusanist Tpusaia Bopoaosx 180 xB 6e3 nepeminryBanus. [Totim
TKAHUHY, IOKPHUTY I1AH, npomuBanu BoguuM 0,2 M posuntom HySO4 un HCI i cymumum
B eKCI/IKaTopl BIIPOOBXK 24 rox. 30iNbLIEHHS Bard 3pa3Kka TKaHUH, TMOKPHUTHX [MA=-
HSO, i [IAu-CI", cranosuio 6 % i 2 %, BignosigHo. 3’scyBajH, O CTYIiHb JOITyBAHHS
(N*/N) ans TIEc/ITAu-HSO, 3paskis (0,66), a ans ITEc/ITAu-CI™ (0,28), mo cBiguuth
PO BHIIMIA CTYIiHb OKucHEHHs [lan naniroriB y ITAH-HSO, mokpuTTi, a TAKOXK BHUIIY
€JICKTPONPOBITHICTb.

Enextponposigni muiBku [TAH otpumyBanu Ha 3pazkax [IET® tkanuau (Du Pont
SA, Typuist) po3mipom 4x5 cm [50]. Tlomimepusariito AH Ha 3pa3kax MPOBOIUIH OKUC-
werasiM K,Cr,O; y Bogaux pos3umHax pisHux koHuentpariin HCl. 3pasku npomwuBaim
posbasnennm pozunHoM HCI, cymmnm y Bakyymi BhponoBx 24 ron. BusBumm, mo
I[TAH/TIET® KOMMO3WTHI TKAaHHH BOJIOJIIOTH XOPOIIUMH MEXaHIYHUMHU BIACTHBOCTSIMHU
I[NET® Tta enexrponposignicTio [IAH. Bu3Haummy, mo eneKTpONpoOBiJHICTH TKaHHH
3pocrae 3i 30inpmenHsaM BMicTy [TAH. [locaimkeno, mo kinekicTs [TAH, SKul yTBOpPIO-
etbest Ha [IET® TkanuHI, 3 yacoM Jocsrae HacnaeHHst Bipoosx 2 rox npu 0 °C 120 °C ta
BrponoBx 1 rox mpu 40 °C 1 60 °C. 3’scyBasin, mo mnoBepxHeBuii omip IIAHW/IIET®
KOMIIO3UTHHX TKaHWH, sIKi 30epiraiu mij BakyyMoM, Outemmii y 5 pasis, Hixk [TAH/TIET®,
SIKi 30epiranu B aTMOC(EPHUX YMOBAX.

Komrmo3utu Ha ocHoBi [TAH i Hetkanoi Tkanuuu ([IET® abo BiCKo3a) OTPUMAHO B
[51]. 3pasku mromero 5 CMZBI/ITpI/IMYBaHI/Iy BOJTHOMY po3uuni 0,5M anininy i 0,05 M
n- aoaeunn6eﬂ3nncyan)0HaTy IPY TIepeMiNTyBaHHI BIPOJOBXK | T/, MPOMHUBAIN PO3UH-
noM AH i gomaBanmu 0,5 M FeCls. Txanunau BUTPHMYBAITH B po3unHi Brpomosx 1, 3 abo
24ron i TPOMHBATH 1,0 M HCI. ocniaunu, mo Taki KOMIIO3UTH 3 €IeKTPOIPOBIIHICTIO
nonaz 0,06 CM-cM ™ BOJIOIOTE €NeKTPOXPOMHIMHE BIACTHBOCTSMI. 3MiHa 3aGapBICHHS



32 FOJIIS THI3AIOX, MUXATJIO SIIIUIIWH, HATAJIIS TAHZSIK

cnocrepiragacs 3 3enenoro (EMC) na cuniii/dioneropuii (ITHAH) npu HaknagaHHi
noreHuiany *3 B Bnpomomx 1 xB. 3miHa kombopy Oyna oboporHoro 1o 10 mwmkiiB.
HeBenuka KinbKiCTh ITUKIIB, HA JYMKY aBTOPiB, HIMOBIPHO, TOB’s3aHa 3 MOPYIIECHHSIM
NIEPEHECEHHS €JIeKTPOHA BHACIIOK CKIICIOBAHHS MOJTIMEPY 3 TKaHWHOIO-CyOCTpaToM.

[TinroroBieHy BOBHSHY-HEWIOH-TAKPOBY TKaHUHY, sika ckianaetbes 3 90,5 % BoBHH,
8,0 % weiinony i 1,5 % naiikpu (CSIRO Textile and Fibre Technology) Burpumysanu y
posunti Ax B HCI (pH 1,4) [52]. AMIIOJIC momaBamu 70 po3unHy AH MO Kparwisx
Brpoaorxk 30 XB, a MOTIM mepeMmilryBanu e Bipoaorx 17 rox npu -2 °C. [Mutomwuit
TIOBEPXHEBHH OIIp TaKOT TKAHHHY CTAaHOBHB 342 KQY/cM®. JI0CITiUKEHHS BINIUBY PO3TAT-
HCHHS Ha TPOBITHICTh TKaHWHU 3 [IAH TOKPUTTSM BHSBHJIO, IO 31 30UTBIICHHIM
nedopmariii omip TKAHWHU 3MEHIITYBaBCS.

3pasku TkanuHU Heitnon 6 (43x30 cm, KATRI, Korea) micnst npocToi migroTOBKH
BUKOPHCTAIIH JJIs IPUTOTYBaHHS KOMIO3UTHHX Matepianis 3 [TAu [53]. J{st opiBHSHHS,
MOKPHUTTS. TKAaHMHM HPOBOJIWJIM 3a JBOMa PI3HUMH IpOLENYpaMH, a camMe B OKpeMid
BaHHi, 1 B 3Mimranii BaHHi. {51 npouecy HaHeceHHs [IAH cmoco6oM B OKpeMmil BaHHI,
MaKCHMaJlbHa IPOBIIHICT OTpUMaHa IUIAXOM BUTpUMKH TkaHuuu B 100 % An mpu
40 °C Brpomorx 3 rox i momimepu3ariero B 0,25 M AMITIOJIC mpu 5 °C Bupomosxk 1 ro.
Y mpomeci B 3MimaHiii BaHHI TOJTIMEPHU3AII0 IMPOBOAWIN JOJABAHHAM pPO3YHHY
OKHCHHKA TIpH mnepeminryBanHi Brponorx 30 xB mpu 5 °C, MoysipHE CHiBBiIHOIICHHS
animin ; okucuuk : HCI 1: 1 :0,7. MakcumasbpHa POBiAHICT (O,6><10_1 CM'CM_I) ocsAr-
HyTa LUIIXOM BUTPUMKH TKaHHHH y BogHoMy po3umHi AH B 0,5 M HCI npu 40 °C
BripoioBk 1 rox. 3’scyBanm, mo OaraTopa3oBi KHUCIOTHI Ta Jy>KHI OOpPOOKH HisSIKHX
CYTTEBUX 3MiH B IPOBIJHICTh KOMIIO3UTHHX TKaHWH HEe BHOCHIM. BusBmim, mo npu mii
cBiTia Brupoaork 100 ro mpoBiAHICTE 3HM3UIIACS MEHIIL, HiXK Ha 1 MOpsIoK.

BB muta3moBoi ra3oBoi (KMceHb, amiak, aproH) oOpoOKH Ha eIeKTPOINPOBIAHICTS i
npoaykTuBHiCTh [IAH-He#non 6 BuBuamun B [54]. 3pasku  HEHIOHOBOT TKaHWUHU
(43%30 cm, Korea Apparel Testing Research Institute, Korea) BurpumyBaiu y BOZHOMY
posunti Ax B 0,35 M HCI mpu 40 °C Bupomosx 2 ron. IMomimepusanito iHiIiroBaIn
pozurnoM AMITOJIC y HCI 3a monsipHoro criBignomienust AH : AMIIO/IC : HCI, sxe
cranoBmwiol : 0,7 : 1 i npoBoaunu npu 5 °C Buponosx 30 xB. OTpuMaHi 3pa3Ku CyIIAIN
min BakyyMoM. BusBII€HO, 0 KMCEHb HAaWOiibII arpeCMBHUN Ta €(EKTHBHHM ra3 Ui
1a3MoBoi 0OpOOKHM MOpIBHSHO 3 amiakoMm 1 aproHoM. Ilicist kucHeBoi 0OpoOku Ha
MTOBEPXHI BOJIOKOH YTBOPIOIOTHCS Pi3HI QyHKIioHANBHI rpymnH, Taki sk COOH i C=0.
Busnauwiy, 1o npoBiaHicTh [TAH-HEWI0H 6 TKaHUH, 0OPOOICHUX KHCHEBOK IIa3MOI0,
cTalipHINIA J0 IOBTOPIOBAHMX IMKIIB TpaHHA, HiK [IAH-HelnoH 6 TkaHWH 0e3
MOMEPEIHBOI TIA3MOBOI 00pOOKH. 3’sCYyBajM, IO MiABHINCHHS MPOBIIHOCTI TKAHUH
BiOyBa€eThCs 32 YMOBH 30unbIneHHS KoHIEHTparii AH mo 0,5 M. Ilomanpmoro 30imb-
LIEHHS EJICKTPOIPOBIHOCTI MOXKHa JOCSATHYTH 30UIbLICHHSIM KuUTbKOCTI mapiB [TAH.
[IpoBigHiCTE TKAHWH 3 OJHUM IIAPOM CTAaHOBUTH Bim 21,6-22,2 CM’CM_l, 3 IBOMa — Bij
21,4-21.9 Cmem ), a TphOMa — Bix 21,1-21,6 Cmem ™

Txauunu 3 weperi, [IET®, neitnony 6, akpuny ta 6aBoBHu (Japanese Standards
Association) moaudikoBano ITAH [55]. [TigroTosneHi 3pa3ku TKaHuH (5 cMX5 ¢M) BHUT-
puMyBaimu y posumHi, mo mictuB 0,02 M An i okucuuk (0,0096 M KIO;, 0,024 M
AMITOJIC a6o 0,008 M K,Cr,0O; y BogHomy pozumni 0,5 1 HCI). Iomimepusarniro Ax
npoBoaniy npu 25 °C, moTiM 3pa3Kyl TPOMHUBAIIN TUCTHIILOBAHOIO BOAOI0, BUTPHUMYBAJIH
B 0,5 1 HCI Bupomossx 15 xB i cymmnu mpu 50 °C. 3’scyBanu, mo map [TAH celleKTHBHO
(dopmyeThes Ha miepceti y pasi nosimepusanii Az 3 BukopuctanusaM KlOj; six okucHuka 3
yTBOpeHHsAM 1ucTeiHoBOi kucnotu (Cy—-SO3H) BHAcCmizoK OKHCHEHHS LHCTETHOBHX
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3B’s13kiB (Cy—-S—-S-CY) y miepcri, sika 3B’SI3YEThCSA 3 CENEKTMBHO yTBOpeHuM Ilan Ha
LIEPCTSIHIA TKaHUHI.

XiMiuHy OKHCHIOBAJIBbHY IOJIMepH3alilo AH Ha 3pa3kax TKaHHH (panama weave,
OBepXHeBa rycTHHa 239 r-M %) mpoBoxmin B [56]. 3paské TKAHHHH BHTPUMYBAIH
Brponosx 3 rox mpu 0-5°C B 1 M posunni Aux B8 1 M HCI i moctymoBo momaBain
oxonomkenuit (0-5°C) 1M poszuunn AMIIOJC B 1 M HCI. CrissigHomieHHsT OKuc-
nuk/aninin cranoBuio 1 : 1. TloxiMepu3alito MpOBOAMIK MIPH Ge3IIEPEPBHOMY TIOMIpHO-
My nepeMimryBanHi Bripoaosx 1 rox mpu 0-5 °C. 3pasku mpomuBaim 1 M po3unHOM
HCI i nrcTrap0BaHOIO BOJOKO.

VYV pocmimkenni [57] naneceno ITAH Ha komepuiitHWi GUIPTpyBaJbHHN Hamip
(Whatman 40) mis goro mamip mpocodyBaau BOaHHM posdnHoM AH B 2M HCI i
BrponoBxk 2-3 xB, goxaBanu 1o kpamwrix 30 % H,O,. 3pa3ku mpoMuBanim BOAOK Ta
eraHosioM i cymmmin. EmepansauaoBy cinb [lan (3emeHuii Koutip), sika yTBOPHIACH HA
GbinbTpyBaNpHOMY Mamepi, MEepeTBOPIOBANIN B eMepajibHMHOBY OCHOBY (CHHIll KoJip)
nursixoM 00pooku 0,1 M po3unaom NaOH. Busiriu, 1o 00poOka eMepesbInHOBOT Couti
0,01 M po3unaom NaBH,4 nepetBoproe [1AH y neiikoemepainbIuHOBY GopMmy (Oe30apBHA).

Sk GaunMo, 31 CKa3aHOTO, TKAHWHHI CyOCTpaTH-TIIAKJIAIKA MOYKHA 3 YCIIXOM BHKO-
PHUCTOBYBATH JIJIsl CTBOPEHHS KOMITO3UTHUX MaTepianiB 3 [TAH. Taki KOMIIO3UTH 32 YMOB
00poOKKM TOBEpXHiI CyOCTpaTy BOJOIIIOTH BHUCOKOK 000pOTHICTIO mepexoxiB ITAH i3
onHiel popMu B IpyTy, aAre3UBHICTIO KOMIIOHEHTIB 1 €IeKTPOIIPOBIIHICTIO.

Mopaudikauisi cyécTpaTiB Ha 0CHOBI BOJIOKOH NOJIiaHiTiHOM

Sk cyOcrparu-niaknanku uist Mmoaugikauii [IAH BUKOPHCTOBYIOTh TaKOX pi3HI BO-
JIOKHA, HANMpUKIAA, HeimoHoBi [58], mpomineHosi [59], moBkosi [60], kokocosi [61],
LETIONI03HI [62] Ta iHIII JJI1 CTBOPEHHS €ICKTPONPOBITHIX BOJOKOH.

EnexTponpoBiaHi Ta i30TepMiuHO cTabinbHI BoloKHa I[TAH:HeimoH-6,6 oTpruMaHo B
[58]. Heiinon-6,6 BUTprMyBaay B MypalIuHii KUCIOTI, MO KPAIUISIX TOAaBAH PO3YHH 5,
10, 15 i 20 % animiny. BosokHa 3aidInanyd Ha HiY Y XOJIOAWIBHUKY, IICIS I0JaBaJIA
1M pozunn AMIIOZC. MoaudikoBaHi BOJOKHa NMPOMHBANN JABIYl JIHCTHILOBAHOIO
BOJIOIO 1 allETOHOM, 3aJMIIATIH Ha HiY y 2 % BOJHOMY PO34MHI aMiaKy, 3HOBY MPOMHBa-
JU JBiYi JUCTHIBOBAHOK BOAOK. EnexTpudHa mpoBigHicTh KoMmo3utiB [TAH:HEiIOH-
6,6, oTpEMaHuX 3 pisHEX KoHueHTpauiit Au (5, 10, 15 i 20 %), BapiroBana Bix 10~ 10
107 Cwrem ™

[Ipoctuii Mmeton oTpuManHsa [IAH Ha HETKAaHUX Marepianax, BUTOTOBJICHHUX 3 TIOJi-
NIPOTIEHOBUX BOJIOKOH, OIMCAaHO B [59]. 3pa3ku TKaHHH pO3MIpOM 5 cMX5 CM BUTPUMY-
BajgM y po3uuHi, mo mictuB 0,2 M Au y 0,2 MH,SO, Bupomorx 10 xB 3a KiMHATHOT
temrepatypu, a notim y 0,1 M AMIIOJIC 3a pisHuMX mnepioXiB yacy i HpOMHBaIU
JIeHOHI30BaHOIO BOIOKO0. JIJisl oTpuMaHHS pi3HOT TOBIUHU [laH MOKPUTH Ha ITiaKIaIKax
3pa3KH KiibKa pa3iB nokpuBain [TAH. I[IoKpUTI TKaHWHH CYIIWIIM y BaKyyMi BIPOZOBX
24 rox mipu 70 °C. BusiBiIH, 10 TaKWA METOJ MOYKHA 3aCTOCOBYBATH 0 BCIX M SIKHX
MOTJIMHAIOYNX MaTepialliB, TAKUX SIK Marip, CHAHTETHYHI Ta HaTypaibHi TKAHUHU.

EnexTponpoBigHi KOMIO3WTHI BOJIOKHA IMOJiaHUIiH/BookHa MoBKY (I[TAH/BIII)
oTpuMaHo monimMepusauieto in situ [60]. LlIoBkoBi BOJOKHA AUCIEPTYBANH Y BOJHOMY
po3uunHi AH, 10 sikoro Brpoaorx 30 xB momaBanu Boguuil po3una AMIIOJIC B po3uuHi
HCI. Cymim nepemimyBaiu BOpoJoBx 24 roja 3a KiMHaTHOT Temmeparypu. OTpumani
KOMIIO3UTHI BOJIOKHA ITPOMHBAJIH ICHOHI30BAaHOIO BOIO0, cymnmin y Bakyyminpu 40 °C.
[posignicte kommo3uTie [TA#/BIII cranoBmia 0,9—1,2><10_2 Cwmrem ™ Ili xKoMmo3uTHI
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BOJIOKHA BOJIOMIIOTH KPAIUMU EJICKTPHYHUMHU 1 TEPMIYHUMH BIIACTUBOCTSIMH, HIX
okpeMo B3sTi kKomnoHeHTy BII i [TAH.

EnexrpornpoBiaHi BoJOKHA HA OCHOBI KokocoBux BosiokoH (KB), (EPAGRI Empresade
Pesquisa Agropecudriae Extensao Rural de Santa Catarina, Brazil) i [lan otpumano in
Situ okucHIOBanbHOW mojiMepu3aiiero AH Ha KB 3 Bukopucranusm FeCl;x6H,0 a6o
AMITO/IC six okucHuka [61]. KB BurpumyBanu y BogHomy posunti Az (0,2 M) B8 HCI
(0,1 M) npu nepeminryBanHi 3a KIMHaTHOI TeMIieparypu, depe3 10 XB 1o1aBaiy BOIHHM
po3unH okucHuka. MousipHi criBBigHOmeHHs FeCly3x6H,0 : AniAMITIO/IC : AH cTaHo-
Buar 3:1 1 1:1, BigmoBigHo. Yepe3 6 rog KOMIIO3WTH IMPOMHBAIM BOAHUM PO3YHHOM
HCI, cymmnu y BakyyMi 3a KiMHATHOI TemrepaTypu. ENeKTpOmpoBigHICTE KOMIIO3H-
iffHUX MarepianiB, BUrotoBieHunx npu BukopucrtanHi FeClzx6H,0 i AMIIOJC,
CTaHOBHUJIA -~1,5><1O_l i 1,9><10_2 Cwmcm -, BimnoBigHo. KB/ITAHI uncTuii [IAH, BUKOpHC-
TaHi SK €JCKTPOTPOBIAHI JOOABKU I 3MiHU CTPYKTYpH Ta BIACTHBOCTI IMOJIiypeTaHy,
orpumanoro 3 kactopoBoi oxii. Kommosuru ITY/KB-ITAH xapakrepu3yBainucsi BUILOIO
enekTponpoBiaHicTIO, HiX unctuit [1Yi [TY/ITAH. Kpim Toro, KOMITO3HIIiHI MaTepiaan
ITY/KB-ITAH 3MmiHIOBaNHM CBIH €NEKTPUYHUHN OIIp IPH 3aCTOCYBaHHI HANIPYT'H CTHCKaHHSI.

Kowmmosutu momianinia-niemtono3Hi BongokHa (ITAH-IIB), nomoBani Tproma Heopra-
uiuaumu kucnoramu (H,SO,4, HiPO,4 1 HCI), otpumano momimepusanii Ax in situ [62].
Lemrono3ni BonokHa (Mudanjiang Hengfeng Co. Ltd, Canada) BurpumyBanu B AHY
JTHOMISAHINA OaHi, T0aBalli PO3UYMH KUCIIOTH, TIEpeMillTyBaJId BIpoaoBxkK 40 XB 1 A01aBau
mo kparuix po3uud AMITIOJIC. CrisBigHomnienus mMac Al : AMIIOJIC cranosuio 4 : 3.
IMonimMepu3aIiito MpOBOIWIN MPH OCTIHHOMY IepeMinryBadHi Brpoaosx 105 xB. OTpu-
MaHi MoaudikosaHi 1B mpommBanu kinbka pasiB Bojoro, cymmnu npu 105 °C Bmpo-
nosx 10 xB. BusBriIH, 110 IPOBITHICTH 1 BOTHETPUBKICTH KOMIIO3HTIB 3pOCTa€ 3i 30111b-
LIEHHSM KUIbKOCTI HaHeceHoro ITAH. 3’sicyBany, IO BIaCTHBOCTI KOMIIO3HMTIB MOKHA
moJiinmuTH AonyBaHHsaM [TAH ekBimMossipHOto cywmimmio kucior HisPO4 1 H,SO4 abo
H3PO, 1 HCL. Hasericts H,SO,4 i HC y kucnoTHi# cymilni Hajae 4y 0BOT IPOBIIHOCTI,
a HiPO, Hagae xopolly BOrHETPHUBKICTH TaKMM KOMITO3MTaM. JIOCIiIWIH, IO MPOBifd-
HICTB 1 BOTHETPHUBKICTh KOMITO3MTIB 3aiIIanucs crabinbHumu micis 30 quiB 30epiranus
B IIPUPOJIHAX YMOBaX.

MonudikoBaHe KapOOKCHIBHOK TPYIO MOJiaKpuIoHITpribHe BookHO (KITAHB)
[63] BuxopucToByBanu sk cyberpar mis ocamkenns ITAH [64]. 0,5 rk [TAHB BosokHa
muctiepryBanud Bl M BogHOMy po3umHi HCl, mo mictus 0,2 MAH i gonasamu 0,2 M
AMITOZIC B 1M Bognomy poszumni HCl. Cymim migmaBamu oOpoOIli yiabTpa3ByKOM
BrponoBx 30 xB 1 BuTpuMyBanmu Brponosx Houi mpu 5-10 °C. 3pasku npomuBaiu
JIMCTHIbOBaHO Bonoto 1 cymnun npu 60 °C. TlopiBusno 3 HemonudikoBanum [TAH
BOJIOKHOM, cuHTe30BaHi KITAHB BoJOKHa Malii 3HAYHO BUILY aCOPOIIHY €MHICTD IS
AH, onTuMaibHa aacopOIis BinOyBatacs B mianaszoni pH 3,0-6,0.

I6punni matepianu Ha ocuosi LIB 3 mposiguum [TAH nokputtsm otpuMani B [65].
Lenrono3ui BomokHa (Carter Holt Harvey NZ) sutpumysanu B posuuni Au (0,5 M) i n-
noxneuunoensencyabdonari (0,05 M) y Boxmi mpu mepemimnyBaHHI BOpoAoBX 1 rof,
npomuBand pozurHoM moromepa (0,5 M) i gnomasanu AMITOJIC (0,5 M). Hac nonimepu-
3amii ctanoBUB 3 roa. OTpumani enekrpornpoBigdi [[B nmpoMuBanm Bomoro i minmaBamn
06po6i1ri ynprpasBykoMm B etanodi, npomusanu HCI (1,0 M) nns nonysauust Cl™ iionamu
3 HACTYIIHAM INIPOMHBAHHSAM BOJOI0. EJEKTpONpOBIAHICTE OJEpKaHUX TiOpUIHUX Mate-
pianiB cranosuna 2,6x10™" Cm-cm . Ha HoBepXHIO BOIOKOH 3 [TAH IOKPUTTSM HAHOCKIA
cpibno ximiummm Bigmoszenmam Ag” mo Ag’. Kommosutn y dopmi emepansIuHOBOL
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ocHoBH [TAH nomaBanmu 6e3nocepennso B 0,1 M pozuna AgGNO3, EMO okucHroBamacs 1o
nepHirpanininy, a Ag® Bisnosmoascs 10 Ag’ Ha MoBepXHi BoMOKHA 3 [TAH TOKPHTTAM.
OTpuMaHi BOJIOKHA TIPOMHUBAIH TUCTHIILOBAHOIO BOJOIO, 0OPOOISUTH yIBTPa3BYKOM B
etaHoui. [IpoBiHICTE TaKUX 3pa3KiB CTaBalla MEHIIOK CTOCOBHO komro3uta LIB/I1AH,
HWMOBIPHO, Yepe3 MOTaHul eICKTPUIHUN KOHTAKT Mk HAHOYACTHUHKAMHM CpidJia, a TAaKOX
MEHIIIOK0 0a30BOI0 TPOBITHICTIO OKUCHEHOTO [TAH.

20 mxMm BostokHa 1enroi103u (J. Rettenmaier & S6hne Gmbh-Co, Rosenberg, Germany),
nokpuBanu 0,1 Mxm mapamu [TAH Bripomosxk peakiuii okucHeHHs aHutiHy AMITIOJIC
[66]. Y mizcyMKy MHTOMA eIeKTPOIPOBiAHICT BONOKOH 3pocTana Big 4,0-10™ Cy-em™
10 0,41 Cm-em™. Ha momudikosani [TAH BONOKHA HAHOCHITH YACTHHKH CPiGIa MLIIXOM
rioro BimHOBICHHS 3 po3unHy AgNOj. [IpoBigHICTE TaKWX KOMIIO3HMTIB CTaHOBHIIA
4,110 Cmrem™.

3a takux yMmoB Moaudikartii [IB mosmiaHiTiHOM e1eKTpOnpOBiTHICTE OTPUMAHUX KOMIIO-
3UTiB B [66] Ha TpH TOPSIAKK HIPKYA 32 enekTpornposinHicTs [TAH/LIB, otpumanux B [65].

HanoxomnosuTHi miiBky Oakrepunmana 1emtonosa/momianinin (BL/TTIAH) oxepikxano
XIMIYHOIO OKHCHIOBAJIbHOI moimMepu3aiicro Au [67]. Jlo BogHOro po3umHy AH, 110
mictuB BIi, momaBamu mo kpamisx Boguuii pozund HCI (35 mac. %) mo pH 3, mepemi-
mryBanu BrpoaoBxk 1 ron i nonaBaim AMITIO/IC sik okucHuk i TCK sk qonant. Mospae
CHIBBITHOIICHHS MOHOMEp : OKHCHUK : JIOMaHT cTaHoBmwio 4 :1:2. TlomiMmepusamiro
MPOBOMIIA 3a KIMHATHOI TEMIIEPATypH BIPOIOBXK 2 rof. 3’sCyBajid, II0 OKHUCHHK i
JIOTIAHT MAalOTh CYTTEBHU BIUIMB Ha CJCKTPUYHY IMPOBITHICTH i TEPMOCTIHKICTH HAHO-
KOMITO3UTHHX IUTBOK. [TAH y HAHOKOMIO3WTHHX IUTIBKaX Ma€ KYJSACTY CTPYKTYpY 3
CepeHiMU po3MipaMu 3epeH, mounHarouu Bix 100 go 200 HM.

I'Hy4Ki Ta eJeKTPOIPOBIIHI KOMIIO3UTH HAa OCHOBI HaHOLEN0I03U Ta [IAH oTpumaHi
in SitU OKHCHIOBAJIILHOIO MOJIMEPH3AI[EI0 TiAPOXJIOPUAY AH y BOIHINH cycreHsil
HaHonemrono3n npu BukopuctanHi AMIIOJC sk okuchuka [68]. 0,21 mopomky
rigpoxmopuny AH i 0,44 r AMIIOJIC po3unHsIIH y IUCTHIBOBaHIN Boai. Po3uuH Timpo-
XJIOpHAY AH J0JaBaiy 10 BOAHOI Cycrensii HuTkonogionux Hanokpucraiis (0,5 mac %)
uemroio3u (Bigbinena susiHa Hutka (Jayashree Textiles, Kolkata, India) 3 nactymaum
nonaBanHsaM 1o kparmiax AMITIOJIC. Barose cmiBBiZHOIIEHHS TiApoXjopua AH | HaHO-
nemtosio3a craHoBwio 1:9, 2:8, 3:7. Cymim mepemimyBanu BIpoaoBXK 24 roj 3a
KIMHaTHOI TeMIepaTypH, po30aBisuli Ta TPOMHBAIH JCHOHI30BAaHOIO BOJOKO IIPH
neHtpudyrysanHi. [1niBku GpopMyBann METOIOM MOJIMBY i BUMAPOBYBaHHS PO3YMHHHKA
Ha vamkax Ilerpi. BusBuim, mo ToHKa KOMIO3WTHA IUIIBKA Ma€ XOPOIIY T'HYYKICTh —
wiiBKy ToBmmHOo0 50 MkM MoskHa 3irayTe Ha 180 °, He 3namasiuu. EnexTponpoBigHicTs
OTPUMAHHX KOMIIO3MTHHX IUTiBoK 3poctae Bim 107° 1o 102 Cwmeem ™ 3i 36imbiieHHsIM
BMmicty Ilan Big 10 no 20 % (mac) 3i 30epekKeHHSIM Ti€l X BETMYMHU TPOBIAHOCTI MPH
360utbmenHi Bmicty Ilan Bim 20 mo 30 mac. %. KommosuTHa IIiBKa BOJIOIIE MOKpaIle-
HOIO TepMivYHOI cTabinbHicTio Brie 300 °C[68].

VY mocmimkenni [69] Au (21,5 mmois) 1 1,4-¢peninenmiamin (3,05 MMOITB) PO3UHHSITH
B 1 M BomHOMY po3uuni HCI, cymim oxomomkyBanu Ha mso/sHi# 6ani qo 0-5 °C, mona-
BaJ® 5 r mKyToBHX BoJOKOH (/[kB) i mepemimnryBanu Bopoaorx 5 xB. IlomiMepusamniro
An nposoamnmu pozunHoM AMIIOJC (7,1 mmone) y 1M posunni HCl mpu 5°C
BIIPOJIOBXK 65 XB, a MOTIM — BIPOJIOBXK HOYi 332 KIMHATHOI TeMIiepaTypH. JlenmpoToHOBaHMA
komno3ut [TAw//[xB BukOpHCTOBYBaNM Ui aacOpOIIHHUX AOCHTIHKeHb. Jlocmiammy,
mo MakcuMansHa azgcop6uis saramproro xpomy ((Cr(V1) i Cr(ll)) 72 i 48 % s
nogarkosoro Cr(VI) cranosmia 10 i 50 mr-n ", BimoiaHo, criocrepiramacst mpu pH 3—4.
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Enexrpocrartidne NpUTSATaHHS HOHIB XpOMAary IMPOTOHOBAHOIO aMiHO IPYIOI0 KOMIIO3HTA
[TAH/JIxB 3 yTBOpeHHSIM MOHOIIAPOBOTO MOKPHUTTA 62,9 1 62,5 Mr-T " BiZOyBaeThes Ipu
pH 34, Bignosigno. Ancop6uiitua pisaosara Cr(VI) 50-500 mr-n" ycTamoeTsces BIpo-
nosx 40-120 xB.

Momudikarniss [IAH CHHTETHYHUX, IITYYHUX 1 TPUPOJHUX BOJOKOHHUX MaTepialiB
HaJa€ UM MarepiajaM BHCOKOI elleKTpudHOl mposigHocTi (0,15 Cmem?, 0,26 Cmeem ™t
an0,41 Cmrem™) [60, 61, 65, 66]), BHwIOI TepMidHOi crifikocTi [67, 68], BOrHETpUBKOCTI
[62] i Bucokux ancop6uiiinux Bractusocteii crocopuo Cr(VI1) i Cr(l) — 72 148 % [69].
Hageneni mpuknaan monudikarii [TAH BOJIOKOHHUX MaTepiaiiB pi3HOT MPUPOIN TAIOTh
MiJICTaBU BBaXKaTH, IO MOJIOHIA Moauikamii MOXHA TiamaBaTh OABOBHSHI YH JIISHI
TKaHWHHM 3 HAJAHHSIM 1M Pi3HHX BIACTUBOCTEH, Y TIM YUCI i aHTHOAKTepiaIbHHX.

3acrocyBaHHSI KOMIIO3ULIHHUX MaTepiaJiB MoJiaHlIiH — moJiiMepHa migkaagka

ineHwit 1 ogHOpimHMIA [TAH 1mIap Ha TOBEPXHI TOPUCTOT MOTiICTHICHOBOT MiAKIIAIKH —
koMmmo3uT [TE/TTAH HaOyBae CeNeKTUBHHUX BJIACTUBOCTEH N0 posmineHHs ra3iB O, i N,.
MakcumanbHa MPOHMKIIMBICTH I'a3y abdo ra3oBa CEJICKTHBHICTh Takoi MeMOpaHHM 3aie-
JKaTh BiJl CTyIeHs AonmyBaHHA. KoedillieHT CeNeKTUBHOCTI Ta3y IS PO3iICHHS CyMilli
O,/N, cranoBuB 9,5. 3’scyBanu, 1o B3aemofis Mix O, i [TAH y enekTponpoBiaHii
(bopMi 3yMOBIIIOE BUCOKY €(peKTHBHICTH po3aiienns rasis O, i N, [23]. dus moaudiko-
BaHuXx [IAH mOJiypeTaHOBHX IUTIBOK KOE(]ILIEHT CEJIEKTUBHOCTI O-aMiHOOCH30MHOT
KHCJIOTH 1 aIleTH/I CANIIMIOBOT KHCIIOTH cTaHoBUB 22 i 16,5, Bimnosiano [39].

Mopanodikosani I[TAH 3pa3ku [1Ec 3acTocoByBanu Juisi BU3HAUYEHHS CyIb(iT-HOHIB Ta
CIpKH JIOKCHAY y 3pa3KaxX BHHA 1 pe3ybTaTH y3TOJKYBAIH 3 JaHUMH, SKi OTPUMAIIH 3a
METOJIOM HOMOMETPHUYHOTO THUTPYBaHHS. BUSBMIM, 10 TaKi IUIIBKM MOKHA BUKOPHUCTO-
ByBaTH BIpoaoBX ~10 BHMIpIOBaHb HHU3BKMX KOHLEHTpaLii cyibdir-iiona (J0
0,5 Mrr %) i ~5 BUMIpiB JUIs BHIEX KOHIEHTpALi aHamiTy. BiaTBOproBaHicTs, mpocToTa
IATOTOBKM 1 HU3bKa BapTICTh IUNBOK JAa€ 3MOTY X BHUKOPHCTAaTH 5K OJHOPA30BY
cUcTeMY Ul BUMiproBaHHs [27].

Moandikosani [IAH 1KyTOBI BOJOKHa BUKOPHCTOBYBAJIH SIK €(DEKTHBHUIT a1cOpOeHT
MIECTUBAIICHTHOTO XpoMy 3i cTiuaux Box [69]. MomudikoBare KapOOKCHIBHOIO TPYIIOH0
MOJTIaKPUIIOHITPHUIIbHE BOJIOKHO 3 HaHECEHMM IapoMm [laH Mae moTeHuiliHe 3acTOCyBaH-
HSI B a7ICOPOIIii BAXKUX METaliB i 3axucHOMY 0715131 [63, 64].

Komrmosurhi miBku [TAH Ha nonicyns(poHOBiH MeMOpaHi MOXYTb MaTH NMOTEHLiITHE
3aCTOCYBAaHHS SIK €JIEKTPOIPOBiIHI MeMOpaHHI MaTepianu Ta marepiaid I CEHCOPiB
[40]. TTAH miiiBKM Ha MOJiIETHICHOBHUX TpyOKax Oyiu ompoOyBaHi U AaTYHKA ONTHY-
HOTO CeHcopa Ha rasonoaiouuii amiak. Jocmiaumy, mo log IN(A/Ag) € crporo niHilHOK
3ajexHICcTIO Bif g (koHneHTpanii amiaky) B mexax 180-18000 nmm [24]. 3’scyBanu, 1o
chopmoBanuii y moBepxHeBux mapax [IET® mnisku npomapok [TAH Moxke OyTH TyTiIH-
BUM eneMeHToM ceHcopa Ha NHj. Bukopucranns ITAH-IIET® pa3oM 3 ABOKaHAJIbHOIO
ONTHYHOIO CXEMOI0, JTA€ 3MOTY IMPAIIOBATH B OiJIBII MIUPIIOMY ialla30Hi KOHIIEHTpAIIil
(s amiaxy, Harmpukian, 1-20000 ppr) [32]. IlniBku ITAH Ha nomiMeTHIMETaKpHiaTi
TAKOX 3aCTOCOBYBAJIM JjIs ONTHYHOro BusHaueHHs NHj (<10 yactun Ha Minbiton) [44,
45]. T'a30Bi CeHCOpPH HAa OCHOBI MOJITPOIIJICHOBUX TKaHWH, MOKpUTHX [TAH, BUABWIH
BHUCOKY IIBHAKOMIIO I JICTKMX OPraHiYHMX CHOJyK 3 d4acoMm Bigkmuky (~10 c).
BusHaueHO NOPANOK YYTJIIMBOCTI A0 JIETIOUMX OPraHIYHHX CIIOJyK €TaHOJ >XJO0po-
¢opM > TomryeH > aneToH > eTun aneraT. KpiM TOro, Takuif CEHCOp Ha TPH HOPSIKH
YyTJIMBIMIMNA HA aMiak, HIX {HIII ceHcopH Ha Hboro [59].
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EnexTponpoBigHi BOJIOKHA Ha OCHOBI KOKOCOBHMX BOJIOKOH 1 IOJIIaHUIIHY MOMXHA
BUKOPUCTOBYBAaTHU sl ceHcopiB [61]. ABropu [31] BUSBHIN MOXIHBICTh 3aCTOCYBaHHS
[NET® mniBok, momudikoBanux I[IAH sk marepiamiB Il XiMIiYHHUX 1 O10JOTIYHHX
ceHcopiB. [Ipo3opi ceHcopu Ha ocHOBI [TAH K YyTIHBOrO KOMIIOHEHTA 1 MATPUMYHOUOL
nonimepHoi MaTtpuni [IET® maroTh po3BHHEHY MOPHCTY IMTOBEPXHIO 1 JAIOTh CHIIBHI,
MIBUAKI, OOOPOTHI ¥ JiHIHHI BIJKIMKKM ONTHYHOI'O CEHCOpa MOABIHHOTO Xapakrtepy,
3anexHo Bif popmu ITAH, Ha amiak (sxmo [TAH y momoBaHOMYy cTaHi) abo MyparmuHy
kucioty (sxmo [TAH y negonoBanomy crasi). JlOCHiAMIN, IO MIIHICT 3B’SI3Ky LBOTO
CEHCOPHOTO MaTepialy CHIBHO 3aJIe)KUTh BiJl CTAHy HOTO MOBEPXHI Ta IOCTYIHOCTI
MoJIeKyJ aHaniTy 1o kinacrepiB [TIAH. O6po0Oka 3paskiB [TAH-HCI/TIET® xoMmo3nTHHX
mw1iBok pozunHoM KOH monermryBana fOCTYIHICTE MOJIEKYJ aHAMITY 10 kiacTepiB I1AH
[34].

Mopudikosani [ITOE ninknanku miiBkamu [TAH y po3unHax XJIOPHIHOI, XJIOPHOT,
A0y9HOT Ta UUTPATHOT KUCIOT [37] 3a0e3medyoTh XOpOLIy XapakTepUCTHKY LUX MaTe-
piayiB [l BUKOPUCTAaHHS SIK HEHTpaJbHUX 30HAOBHX IOKPHUTh. Matepiaau Ha OCHOBI
[AWTIIT®E 6araromapoBux IDIiBOK MOXYTh MaTH MIHPOKE IPAKTHYHE 3aCTOCYBAaHHS B
€JIEKTPOMArHITHOMY €KpaHyBaHHI, ()OTOEIEKTPUIHOMY IIEPETBOPEHHI, CCHCOPHUX Marte-
piajax Ta iHIIMX BUCOKOTEXHOJOTIYHMX rany3six mpomucioBocti [38]. 3’scyBanu, 1o
MOJTIECTEpPHY TKAaHWHY, CKJIIOTKAaHHHY Ta BHCOKOKPEMHE3eMHY TKaHMHHU 3 IIAH mokput-
TSIM MOXHa €()EeKTUBHO BUKOPHCTOBYBATH JIJIsl EKPAHYBAaHHS €JIEKTPOMArHiTHUX Iepeli-
kox y nmiamazoHi yactor 100-1000 MI't. Y®-B mocaiimkeHHs: TKaHUH 3 [1aH MOKPUATTSIM
BUsABWIIO, 10 98 % eHeprii mornuHaeThes 1 TUtbku 2 % BinOuBaeThecs. EdekTuBHICTH
eKpaHyBaHHs ctaHoBmiIa Bif 3 1011 ab y nianasoni wacror 8-12 I'T'yy [48].

BoutokHa 3 HeisioH 6,6, MoaM(iKOBaHi MOJIaHITIHOM MOXYTh OYTH TEPCIIEKTHBHUMHU
IUIA 0araThbOX 3aCTOCYBaHb, IO TOTPEOYIOTh IMOETHAHHS €IEKTPOMPOBIAHOCTI 3 i30Tep-
MiuHOIO cTabiipHicTIO [58]. THyUKi Ta MPOBiAHI KOMIO3WUTHI IUIIBKH MOMIaHITIHY Ha
MOJIAKPWIOHITPIIIBHAX CyOCTpaTax BOJOMIIOTh XOPOIIUMH MEXaHIYHUMH BIACTHBOCTSI-
MU Ta MalOThb BEJMKI MOXJIMBOCTI JUIl PO3BHTKY HIMPOKOI'O CIIEKTpa 3aCTOCYBaHb 5K
6i0IOTiYHO aKTHBHI cyOcTapaTH, TPOBiIHI IDIIBKOBI MaTepiand, CEHCOPHI Marepiaid i
memOpanu [47]. KoMIo3uTHI BOJIOKHA MOMIaHINiH/BOJIOKHA IOBKY MOKYTh MAaTH MOTCH-
[ilfHe 3aCTOCYBaHHS B TEKCTHJI, OiooTiuHMX Ta iHmI QyHKIiOHATEHEX MaTtepianax [60].
I'myuxi # enekrponpoBinHi, Oionerpaayrodi KOMIo3uTH Hanolerono03a/[IAH € nepcnek-
TUBHMMH MaTepialaMM IJIsi BUKOPUCTAHHSA SK CEHCOpPIB, €JEMEHTIB aKyMyJSITOpPIB Ta
eNeKTponpoBiaHuX KieiB [68]. 3’sacysanu, mo nomiecrepui tTkauuuau (ITEc/ITAH-HSO,4,
[MEc/TTAH-CI™) MoXHa BUKOPHUCTOBYBATH SIK MPOBIIHI MaTepiaiy, a TAKOK SIK MaTepiaiu
JUI aHTHCTaTUYHUX MOKpUTh [49]. TToBimoMieHO, 1[0 TKAHUHU ITaHaMH, MOKpHTi [TAH,
MaroTh BigMiHHI BractuBocTi Y®-3axucty. Enexkrpudne 3HaueHHS ONOpY TKaHWHH,
nokpuroi ITAH, cranoBuno 350 Q. CepenHsi enekTpoMarHiTHa e€(EKTHBHICTH EKpaHy-
BaHHS Ta CCEpeAHS BeIMYHMHA aOcopOIii Takoi TkaHWHU cTaHoBWIKM 3,8 1b 1 48 %,
BinmoBiaHO [56]. Jocminumy, mo riOpuaHi MaTepialii Ha OCHOBI IIETIOJIO3HUX BOJIOKOH 3
ITAH NOKPHTTAM i3 BKJIIOYEHHSIMH HAHOYACTHHOK Cpi0jia BUSBHIIM AHTUMIKpPOOHY aKTHB-
HICTB, 30KpeMa, MIPOTH 30JIOTHCTOTO cTadigokoka. Taki KOMIIO3UTH MOXHA BUKOPHCTO-
BYBAaTH [P BUPOOHMITBI IUIaCTMAC i MAKyBaJIbHUX MaTepiaiiB, HAAAI0UM IM YHIKaJIbHUX
BJIACTUBOCTEH: OKHCHO-BITHOBHHH ITOTEHIliaJl, €IEeKTPONPOBIAHICTE 1 AHTUMIKpOOHI
BIacTHBOCTI [65].

Momudikoany ITAH MIacTHHKY 3 TIEKCHUTTIa3y BUKOPUCTOBYBAIHU ISl BUMIPIOBAaHHS
pH npu dikcoBaHiit TOBKHHI XBHI — Amax. [ITIBKE BUSBUIM OOOPOTHI 3MiHH KOJIBOPY B
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Mmexax pH 2—-12. Ockinbku mutiBku Matoth pK, ~6,7, To Toune BumiproBanns pH Big 5 1o
8 MoxHa IpOBOANTH 3 yacoM BiMKIMKYy MeHme 1 c. Ockutbku [1aH ITiBKM HETOKCHYHI 1
610JIOTIYHO CYMICHI, TO TaKi ONTHYHI CEHCOPH J0OpEe MiAXOIATH IS iN VIVO BHMipro-
BanHs pH kpoBi [42]. MoxiuBicTs BuKopucTaHHs MoaudikoBaHoro [lan ¢inbTpyBais-
HOTO Manepy sIK KHCJIOTHO-JIY)KHOTO CEHCOpa, a TakoX Uil (DIIbTPYBaHHS KHCIOT Ta
OCHOB jociijpkeHo B [57]. UyTnuBicTh Takoro ceHcopa Ha aMiak ctaHoBuia 45 moM y
mapax Ta 14 nnm 11t BA3HAYEHHS aMiaky B po3unHi [57].

CnekTp 3acTOCyBaHHs KOMIIO3UIIHHNX MaTepiaiiB MOiaHLIiH — TOJIIMEpHa ITiIKIaIKa
JOCHUTh LIMPOKUii, ajie HeBUYEPIaHUH 0 KiHIP. SIK BUIHO 3 pe3yNbTaTiB JOCIIHKEHHS
CyJaCHHX HAyKOBHX MyOINiKamif, MPUCBSYCHUX MpoOIeMaM MoOIUQiKaimii HEeleKTpo-
MIPOBIIHUX MOJIMEPiB Pi3HOTO MOXOJKEHHS, ChOTOHI HAIIPAabOBaHO JOCTaTHRO Oararto
MIPUKIIA/IiB 3aCTOCYBAHHS TAKOTO BUAY KOMITO3HIIIHHUX MaTepiais.

BucnoBku

XiMiuHy OKHCHIOBaJIbHY IIOJIIMEPHU3ALIEI0 aHITIHY 32 HAsBHOCTI B pPeaKIiiHOMY
CepelIOBHUIIII Pi3HUX BEIMKOPO3MIPHHX MOIIMEPHHX MaTepialliB MPOBOAATH 3 BUKOPHC-
TaHHSM SK OKHCHUKIB 3/1€01IbIIOT0 aMoHiknepokcoaucynbdat un Bonuuii dpepym(I1l)-
xmopua. IlimkmagkaMu CIyTYIOTH TOJOBHO MPO30pi CHHTETHYHI, TUIACTHYHI (THYYKI)
MOJIMEpH, a TaKOX HasiBHI NMPUKIaIM MoAWQiKamii ITyYHUX 1 IPUPOJHHUX TOJIMEpIB,
HalpHKIaJ, BiCKO3H, KOKOCOBHUX 1 JDKYTOBHX BOJOKOH, @ TaKOXX IIOBKOBHX BOJIOKOH 1
TKaHWH.

Bubip yMOB cHHTE3y Ta BiJIOBIAHOIO cyOCTpaTy Jae 3MOTY OTPHUMYBATH Ha Pi3HUX
3a TIPUPOJIOI0 MAKPOMIOBEPXHSX €NIEKTPOAKTHBHI, CEJICKTHBHI Ta CTAOUTBHI TUTIBKY MOJIi-
aHITIHY, SIKI MOXYTb 3 YCIIIXOM OyTH BHUKOPHCTaHI JUI PI3HUX TEXHOJIOTIUYHHX IIEH.
OTpumaHi KOMIO3HUTHI Matepiaii anpoOoBaHi, sIK ONTHYHI, XeMo-, 0io- i pH ceHcopw,
AHTHKOPO3iiiHi, aHTUCTATHYHI, EIEKTPOCTATUYHI Ta MPOTUMIKPOOHI MOKPUTTS, MaTepianu
U eKpaHyBaHHS €JEKTPOMATHITHAX XBWIIb i YIbTpadioneTOBUX MPOMEHIB, OPTaHITHUX
OIITHKO-EJIEKTPOHHUX TPHJIAIB, MITYYHUX M’SI3iB, €JIEKTPOAW Ul XIMIUYHHX JDKepel
CTpyMY, CyTIep KOHICHCATOPIB, a TAKOX 5K €JIEKTPOIPOBiIHI TKAHUHU.
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Methods ofproduction of conductive polyaniline films on the large-size (plate, sheet, strip, threads, fibers,
etc.) polymeric substrates of different nature have been discussed.

It is shown that both nonconducting polymeric films of different nature (namely polyethylene, polyethylene
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transparency, flexibility, adaptability, high mechanical strength and fire resistance properties.
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Oyineno enekmpoximiuny axmusHicme 3paskie amop@uux memanesux cniagig (AMC):
FeB4szBl4, FeBszzB]AYz, FegszzB]AGdz, FegszzB]Asz, FeBszzB]ADyzy 5,0 M soono-
my posuuni KOH. Buseneno, wjo 6ci docnioxcysami 3pasku nio uac yuxkaiuHoi 80abm-
amnepomempii y 6oonux posuunax KOH 3a memnepamyp (293-313) K e cmabinonumu.
Haiibinvw xopositinocmitikum ¢ AMC FegyNbyB14Th,.

Bcmanosneno dsocmaditinicms npoyecy xoposii cniasie FeggND,Biy, FegoNb,B1,Thy i
FegoNb,B14Dy,. ITokazano, wo saxucni wapu nezoéanux Tb i Dy cnaasie nicis decsimu-
pazoeoi anoonoi noasipusayii y 5,0 M 6oonux poszuunax KOH ywinenioomucs.

Knouoei cnosa: amopuni memanegi cnnasu, cmpym Koposii, nomenyian Koposii, enepeis
akmueayii.

Beryn

TemmepaTypa CyTTEBO BIDIMBAE HA MIBHIKICTH MPOIECIB XIMIYHOI, B TiM i Ta30BOi KOPO3ii
MmeraiiB [1-4]. 3 migBHILNEHHAM TEMIIEpaTypy MPOLECH OKUCHEHHS METAJIB BiI0yBarOTHCS
3HAYHO IMIBHJIIE, HE3BAXKAIOYM Ha 3HIKEHHS IXHBOI TEPMOJMHAMIYHOT HMOBIPHOCTI.
XapakTep BIUIMBY TEMIIEPATyPH Ha IIBUAKICTh OKUCHEHHS METAJiB BUSABIIAETHCS TEMIIC-
paTypHOIO 3aJIC)KHICTIO KOHCTAHTH IIBHUAKOCTI XiMiYHOI peakuii (IIpH KiHETHYHOMY
KOHTpOJII MPOILeCy OKUCHEHHsI MeTaniB) abo koedinieHta mudysii (mpu andysiiHOMY
KOHTPOJII TIPOLIECY), KA BUPAKAETHCSI THM CAMUM €KCTIOHEHIII HHIM 3aKOHOM

k= Apg ElRT

ne K— xoncTanTa mBHAKOCTI XiMiuHOT peakiii a60 koedinient mudysii; A — crana, mo
OB’ s13aHa 31 CTepUYHUM (PaKTOPOM 1 KiJIbKICTIO 3ITKHEHb pearyrounx rpyn; E, — enepris
(Termora) akTHBamii XiMidHOT peakiiii abo mu¢ysii; R — ra3oBa crama; T — aGcomoTHA
TeMIIepaTypa.

Y OinpmiocTi BHITAIKIB TeMIlepaTypa YHWHWATh CYTTEBUN BIUIMB Ha INBHIKICTH
EJIEKTPOXIMIYHOI KOpPO3il MEeTalliB, OCKUIBKM 3MIHIO€ MIBUAKICTH AUQy3ii, nepeHanpyry
€JIEKTPOJHUX TIPOIIECiB, CTYIiHb AHOTHOI IMACHBHOCTI, PO3YMHHICTH IEMOJIIpH3aTOpa
(HanpuKIIa/1, KUCHIO) 1 BTOPHHHUX IPOAYKTIB KOPO3ii:
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1) y mporieci kopo3ii MeTalliB y KUCHEBMICHUX KHCIOTax (HANpPUKIAJ, y PO3UYHWHAX
Cynb(paTHOI KHCIOTH), KA BiJOYBA€ETHCS 3 T1IPOTCHHOK ACTIONAPU3ALIET0, MiABHICHHS
TEMIIEPATYPH €IIEKTPOJITY 3HUXKYE TMEPEHANPYry BUAUICHHS BOJTHIO 1 MPOCTEKYETHCS
EKCIIOHEHIII}Ha 3aJIeXKHICTh MIBUAKOCTI KOPO3ii Bi TeMIeparypu;

2) y mporieci Kopo3ii MeTaniB y HeHTpaTbHUX E€JEKTPOIIITax, sIKa BiIOYBAa€ThHCS 3 KUC-
HEBOIO JIETIOJISIPU3Ali€lo, IiJIBUIICHHS TeMIlepaTypd 3HIMae IepeHanpyry HoHizamii
KHCHIO, TIPUCKOpIOoE au(y3if0 HOro J0 MOBEPXHI KOPOAYIOUOTO METally, ajieé 3MEHIIYe
PO3YMHHICTE;

3) y 6aratbox BUIAAKax BIUTMB TEMIEpaTypH Ha MIBUAKICTH IEKTPOXiMidHOI KOpo3ii
METally OLIHIOETHCS 3MIHOK SKOCTI 3aXHCHOI IUTiBKHA. Hampukinana, MIBHAKICTE KOPO3il
[UHKY B JUCTHJILOBAHIM BOMAI MpH mmiaBHIICHHI Temmeparypu Bix 50 °C 3pocrae, 10X0-
JIUTh 0 MakCUMyMY, a IOTIM Pi3KO 3HIDKYEThCS. Lle mosicHAeTbCs THM, 10 B 00J1acTi
temrepatyp 50-95 °C Ha MeTasi yTBOPIOETHCS 36pHHUCTA, MTOTAHO MPUIISTaloda IO HbOTO
IUTiIBKa BTOPUHHUX MPOIYKTIB KOPO3ii 31 CITAOKUMH 3aXUCHUMH BIACTHBOCTSMU, TOJI K
HIDKYE 1 BHUIIIE II€] TeMIepaTypHOi 001acTi GOpMyeThCs IIiIbHA, JOOpE MPUIsIrarnya 10
MeTally IUTiBKa 3 BUCOKMMH 3aXHCHUMH BJIACTUBOCTSMH,

4) BHACTIZIOK pPIi3HOTO BIUIMBY MiJABHWINEHHS TeMIIepaTypyd Ha aHOMHI 1 KaTOJIHi
€JICKTPOJIHI MPOLIECH eJIEKTPOXIMIYHOT KOpo3ii, Ha Pi3HUX MeTalax MOXe JyXKe 3MIHUTUCS
HE TUTHKHU MIBUAKICTH KOPO3ii, ane i MOJpHICTh eNeKTPoIiB [4].

IIpu 150 °C mBHUAKICTH KOPO3il aJOMIiHIIO y AUCTHIBOBAHIA BOII HTOPIBHIOE
~0,04 r/(M*-106a), a mpu 200 °C BoHa cranoButb 0,25 r/(M°-1062). Koposis B ycix mux
BHITAJKaX Ma€ PIBHOMIpHHHA XapakTep, MITHHT He BHUABIECHUH. [1ics BUTPUMKH MPOTS-
T'OM JIEKUIbKOX JIHIB IPH BUIIMX TeMmeparypax (Harnpukias, npu 275 °C) mBUIKICTh KO-
po3ii 3poctae B 10-20 paziB. Kopo3sist mpoxoauTs 0e3moceperHbo B30BK I'PaHUIlb 3€PEH,
CHPUYMHAIOUYM HIBUJKE PyHHYBaHHs MeTamy [5].

BpaxoByrouu Te, 10 CIIaBU Ha OCHOBI 3ai3a, AKi MicTATh P3M € nepcrneKTHBHIMH
SJICKTPOAHUMH MaTepialaMy IS €JIeKTPOXIMIYHOTO BUAIJICHHS BOJIHIO 3 JY)KHUX PO34H-
HiB, MH JOCIIAWIN BIUIMB TEMIIEPATypH PEaKIiifHOTO Cepe/OBHINA Ha aHTHKOPO3iHHY
TpuBKicTh amopdHux cruiaBie Fe—Nb-B (P3M), 1mo Mae BakiiBe 3HAUCHHS ISl BUKO-
pHUCTaHHS B €JIEKTPOKATaTi3i.

Marepiaau Ta MeTOAUKA AOCTiAKEHHS

O06’exTaMH TOCITIPKCHHS OyJN CTPIUKOBI aMOp(HI METaJeBl CIUIAaBU TAKOTO CKIIaLy:
F684szBl4, FeSZszBMYz, FegszzBMGdz, FeSZszBMsz, FegszzBMDyz, oxlepmaHi
METOJIOM TapTYBaHHs 3 PiJKOTo CTaHy B aTMocdepi remito (melt spinning) (wBuakicts
oxolomwKeHHs posmiay 10°K/c).

JInst mociKeHHs 3MiHA KOPO3idHOI cTilikocTi cTpiuku AMC B arpecHBHHX Cepeio-
BHIIAX Pi3HOI TeMIlepaTypy BUKOPHCTOBYBAIH METOJ BOJBTAMIIEPOMETPil B MOTEHITIO-
JUHAMIYHOMY PEXHMi 3 aBTOMAaTHYHOIO PO3TOPTKOI0 B 4Yaci 3aJaHOro IOTEHMialy
MTOBEPXHI MeTaxy. BompTaMnepoMeTprdHi BUMipIOBaHHS ITPOBOIMIN B TEPMOCTATOBAHIN
koMipui npu temmepatypi (293-313) K 3a momomororo mpunany Potentiostat type EP
20A 3a TpUENIEeKTPOIHOI cXeMow. PobounmM enekTpoaom Oyia TuIacTUHKA 3 JTOCITIIKY-
BaHOro amophuoro Marepiany miomeio 0,15 cM’, eIeKTpoa MOPIBHAHHS — HACHYCHHIL
KaJIOMEIICBHi, TOMOMDKHHI — IUIATHHOBA IUIACTHHKA IUTomero 2 cM’. [lomspusariiiai
KpuBi pozunHeHHsT AMC — enekTpoaiB 3HiManu y BogHoMmy po3unHi KOH 3 koHneHTpa-
mieto 5,0 MOJIB/JT 31 MBUAKICTIO pO3ropTKH NoTeHIiany 50 MB/c. Po3paxyHok enekTpoxi-
MIYHHUX MapamMeTpiB Kopo3ii aMop(hHHUX CIUIaBiB MPOBOAMIM 32 piBHAHHAM Taders:
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n=a+blgi.

PesynbTaTn excnepuMeHTy Ta iX 00roBOpeHH

[TixBuIeHHsT TeMnepaTypy KOPO3iHHOTO CepefoBHIa MPUCKOPIOE ANGY3iHHUNA pyX
rioniB OH™ 10 moBepxHi eNeKkTpoIa, 10 CIpHUse IXHOMY KOHIICHTPYBAaHHIO Ha METaJIEBil
noBepxHi. OKUCHEHHS ITOBEPXHI €JIEKTPOa BHACHIIIOK EIEKTPOXIMIYHOI peakiii 3yMoB-
JIIO€ TaKOXK (GOPMYBAHHSI MIUTPHUX OKCHIHO-T1APOKCUIHHUX 3aXUCHUX IIApiB, M SKAMH
BiIOYBa€ThCS MACHBAIlisl METaleBOi MOBepXHi [6—8]. OfHAK MiIBUINCHHS TEMICPATypH
CepeOBHUINA TAKOX MOXKE CIPUIMHUTH, Yy BUMAIKY HaJIHIIKOBOI KinbKocTi HoniB OH,
JIOKJIbHE PO3YMHEHHS HEPO3UYMHHUX OKCHIIB YHACITIJOK MEPETBOPEHHS iX y PO3YMHHI
TiAPOKCOCTIONYKH. Y IIbOMY BHUMAJAKY aHTHKOPO3iliHA TPUBKiCTh AMC-eneKTpoIiB 3HH-
KYETBCSI, 1[0 3yMOBIIIOE TIPUPICT CTPYMiB KOPO3ii PU MaJMX BIAXMICHHSIX MMOTCHIIANIB
Kopo3zii. L{e crocyeThcsi HE TUTBKM KUCHEBMICHHUX CITONYK 06a30Boro MeTany Fe, a Takox
i MeTaneBux Jieryrounx no6asok Nb ta P3M [9-11].

PesynpraT KOpO3IMHUX AOCIIIKEHb aMOP(hHUX METaleBHUX CIUIaBiB y 5,0 M BomHOMY
pozunni KOH, sik 300paxeno Ha puc. 1-3 ta y Tadu. 1, 3acBiI4yioTh, IO B CHIILHOTY K-
HHUX CepelOBHUINAX YHACIIIOK AecATHpa3oBoi mospu3arii B Mmexax —1,0 B 1o +1,0 B yci
3pa3ku 30epiraroTh KOpO3ilHy cTilikicTh. HaliMeHIi rycTHHE CTpyMiB KOpo3ii criocTepi-
ratotbest Ha AMC FegyNb,B14Th, i cranosmsits (0,11--0,26) 10 A/em?.

Tpeba 3BepHYTH yBary Ha €JIEKTPOXIMIYHI XapaKTepHCTHKH aMOP(HUX CIUIaBIB, sIKi
Oy 3adikcoBaHi Ha BOJbTaMIIEpOrpaMax, 3HATHX y PO3UMHAX, 30aradeHuX MOJIEKYIISp-
HUM KucHeM. [Torenmianu kopo3ii ux AMC-eneKkTpoaiB yHaCli0K 0HOPa30BOi aHOHOT
noJspu3anil 3cyBarwThes B aHoaHui Oik Ha 0,1 B, HabyBaroun 3nauens —(0,67+0,63) B.
JecatupasoBa nosspusallis eJIeKTpoJIiB NPUBOAUTE 10 cTabimizauii 3HadeHHs By, gki
s enexkrpona FegyNb,B1, cranossars —0,67B, a s neropanux P3M — 0,62 B (aus.
Taom. 1).

Sk BimOMO, 3 TIIBUIICHHSAM TEMIIEPATypy arpeCUBHOTO CEPEIOBHIIA 3pOCTaE MU(Y3is
HOHIB y mpuenekTpoaHoMy mapi. [le mosicHroe okucHeHHs moBepxHi AMC-eleKTpoiB,
III0 OTMCYETHCS HE3HAYHUM 3CYBOM ITOTEHIIAiB KOpo3ii B aHOAHMI Oik (puc. 1-3, Tabm. 1).
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Puc. 1. ITouarkoBi nonspu3anuiiiHi KpuBi (a) Ta micis AecsATHPa30BoOi aHOAHOT HoJsipu3anii (6)
FegsNb,B4-enexrpona y 5,0 M Boxromy po3uuni KOH npu pisHEX TeMIepaTypax:
1-293 K; 2 -293 K, po3unn Hacuuenuit O,; 3 —298 K; 4 - 303 K; 5-313 K.
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Puc. 2. TTouatkoBi nonsipu3aniiiai Kpusi (a) Ta micis AecATHPa30BOi aHOAHOT HoJsipu3arii ()
FegoNbyB1,Th,-enexktpoay y 5,0 M BogsoMy posunni KOH nipu pisHEX TeMiieparypax:
1-293 K; 2 -293 K, po3unn Hacudenuit O,p; 3 -298 K; 4 -303 K; 5-313 K.
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Puc. 3. TTouarkoBi nonsipu3aniiiai Kpuei (a) Ta micis AecATHPa30BOi aHOAHOT HoJsipu3arii ()
FegoNb,B14Dy,-enextpona y 5,0 M Bogromy po3unni KOH npu pisHuX TeMiieparypax:
1-293 K; 2 —-293 K, po3unn Hacuuenuii O,; 3-298 K;4-303 K; 5-313 K.

Ha puc. 4, a, 6 300pakeHo 3MiHY Eyp. Ta iyop, 32JIEKHO BiJl HATBHOCTI JIETYIOYUX €Jle-
MEHTIB 1 6araTopa3oBOTro HaBaHTXKEHHS MOTEHITiaTy. [ yCiX MOCHTIKYBaHHUX CIUIaBiB
30araycHHsl arpeCUBHOTO CEPEOBHINA KHCHEM IIiJIBUINYE TXHIO aHTUKOPO3iHHY TPUB-
KicThb (puc. 4, a, kpusa 1,3). [ToTeHianm Kopo3ii 3cyBatOThCs B aHOAHUN Oik. 301UIbIICH-
HS KUJTBKOCTI TOJSAPU3AI[ifHOTO HABAHTAXKCHHS B JCaCPOBAHOMY CEPEIIOBHII IPUBOIUTH
JI0 YaCTKOBOTO PYHHYBAHHS 3aXMCHUX IIAPiB, IO 3yMOBIIOE 3CYB E,,. Y KaTonHuil OiK,
a igp 3pocTac. OueBHIHO, NPUPICT CTpyMiB KOpO3ii MOB’A3aHuWi 3 BUXOAOM HOHIB
(dbepyMy B pO3YHH Y BUTIISI pO3ZYMHHKX T1IPOKCOCTIONYK.

JleryBanHs aMop(HHX MeTajeBuX CIUIaBiB 2-Ma aT.% P3M yTpynaHioe nporecy HoHi-
3arii moBepxHi AMC-enekTpoiiB, TOOTO KOpo3iiiHa CTIHKICTh 3pOCTaE 3aBISKH MPAKTHIHO
MMOBHOT HEPO3YMHHOCTI OKCHIiB P3M 1ipu KiMHATHIH TeMmepaTypi.
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Tabauys 1

Kopozsiiini xapaktepucrukn AMC-esieKTpoaiB npu pisHux temneparypax 5,0 M BogHoro posunny KOH
(a-mouyaTKoBa MoJsIpU3aNis, f-mic/Is1 AecsiTHPa30Boi moasipusauii B mexax (—1,0+1,0)B)

a [
T.K “Erop B | iop10°, Alem? ~Eyops B i0p10%, Alem?
FegsNbyB14
293 0,73 3,56 0,72 5,05
293 (po3umH HacuyeHuit Oy) 0,64 0,77 0,67 7,93
298 0,70 1,57 0,62 2,78
303 0,70 0,59 0,68 5,05
313 0,71 2,03 0,70 7,81
FegoNb,B14Y)
293 0,68 1,3 0,73 5,61
293 (po3uun Hacuuenuii O,) 0,58 0,91 0,61 11,30
298 0,62 1,76 0,65 35,40
303 0,61 2,18 0,62 1,81
313 0,67 0,51 0,67 15,90
FegszzBl4Gd2
293 0,69 1,08 0,67 3,51
293 (po3uun Hacuuenuii O,) 0,55 3,15 0,61 10,90
298 0,62 6,55 0,62 54,70
303 0,56 0,43 0,61 3,20
313 0,66 0,10 0,59 0,40
293 0,67 0,26 0,72 0,11
293 (po3umH HacuyeHuit Oy) 0,57 1,85 0,61 10,70
298 0,62 6,74 0,64 46,10
303 0,59 3,77 0,52 1,42
313 0,65 9,92 0,63 9,69
FegoND,B14Dy,
293 0,69 2,46 0,70 1,58
293 (po3umH HacuyeHuit Oy) 0,53 2,86 0,62 3,16
298 0,64 5,81 0,64 4,40
303 0,63 4,70 0,62 10,50
313 0,64 8,39 0,63 1,98

[pu BuOpaHux HaMu TemrepatypHoMy iHTepBani (293-313) K Ta mBHIKOCTI CKaHy-
BaHHs noteHmiany 50 mB/c y Bunanky FegsNb,B1,4, FegyNb,B14Th, 1 FegyNb,B14DY, dik-
CYIOThCS JIBI cTajii mporecy Koposii. 3 MiBUIIEHHSM TEeMIIEpaTypy arpecuBHOIO cepe-
JIOBUINIA €HEPTis aKTUBAIll KOPO3IHHUX MPOIECIiB 3HIKYETHCS, IO CBITYUTH MPO MPHC-
KOpPEHHS IIPOLIECY OKMCHEHHS B LIJIOMY 1, 30KpeMa, O4eBHUJHO, YACTHHHE PO3YMHCHHS
3axucHuX okcuiaHux mapis mpu (303-313) K y 5,0 M KOH, okpiM THX HIiIBHUX, SIKi
CaMOYHMHHO YTBOPIOIOTHCS HA IOBEHINIbHIM MOBepXHi (IuB. Ta0MI. 2).

VY Bunagky AMC, neroBannx Y ta Gd, IpOCTEeKYEThCSI HU3BKUI €HEPreTHIHUI 6ap’ep
KOpO3ii, SKUH, NPAaKTUYHO, HE 3aJeKUTh Bij TemepaTrypHoro intepsany (293-313) K i
MPOLIEC OKUCIIOBAJIBHOTO PO3UUHEHHS (DIKCYETHCS SIK OJTHOCTAMIHHHMA.
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Puc. 4. 3anexHicts noreriiany (a) ta crpymy (6) koposii Fe-Nb-B-P3M-enexrpoais y 5,0 M
BoauoMy po3uuni KOH micnst mepmoi (1, 3) Ta necsitoi aHoaHOT mossipu3artii (2, 4)
B Mexkax (-1,0-1,0) B mpu T =293 K.

Tabnuys 2

AxTHBaniiiHi xapakrepucTuky KoposiiiHux npouecis AMC y 5,0 M Bognomy po3unni KOH B
inTepBaii Temneparyp (293+313)K i 6araTopa3osiii mossipusanii e;lekTpoaa

AMC TemnepatypHuii E,, kJlx/Mo1b
inTepBai, K 1 nonsipu3artist 10 nossipu3artist
Fe..Nb.B 293-303 145,9 48,7
siem 303-313 85,6 28,5
FegoNb,B14Y 5 293-313 33,1 15,2
FegoNb,B1,Gd, 293-313 33,8 93,3
293-303 276 225,0
FesaNDoB1eTh 303-313 82,7 158,0
293-298 69,9 164,0
FesaNb2B1iDY, 303-313 47,8 142,0
BucHoBkH

Henerosanwmii cruaB FegyNb,Bis Mae 10CUTh BHCOKY IIOYATKOBY MPOTHKOPO3iHMHY
TpuBKicth y 5,0 M Bognomy posumHi KOH B intepBani (293-303) K, sika BHacmizok
0araTopaszoBoi MOJsIpU3aIlii 3HIKYETHCS BTPUI.

Jlo6aBKu iTpiro MiABUINYIOTH IIBUAKICTh po3unHeHHs. JleryBanns 2 at.% tepbito abo
JMCTIPO3it0 TiBHUIYE aHTHKOPO3iitHy TpuBkicth AMC Fe—Nb—-B—(P3M) mpubiuzso B
3-5 pasiB, ska mig yac 6araTopazoBoi MoJSpU3alii M IBUIYETHCS.

3a akTHBaLITHUMH apaMeTpaMH BU3HAUYEHO JABOCTAAIHHICTG MPOIECy KOpo3ii cIlIaBiB
FegsNDbyB14, FegNb,B1,Th, 1 FegoNb,B14DY,. 3axucui nrapu nerosarux Tb i Dy cruiasis
TTCJIS IECATAPA30BOi aHOTHOT MOJIIPH3AITii YIIITBHIOIOTHCS, TIPO MO CBiTYHUTH 301IBIIICHHS
eHeprii akTHBalii MOPiBHIHO 3 MOYATKOBOO ITOJISIPU3ALIIEI0 eNeKTpoaiB y 5,0 M BogHuX
po3unaax KOH.
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SUMMARY

Lidia BOICHYSHYN, Oksana Hertsyk, Myroslava Kovbuz, Bogdan Kotur

INFLUENCE OF THE REACTION ENVIRONMENT ON ELECTROCHEMICAL
CHARACTERISTICS OF METALLIC ELECTRODES Fe-Nb-B DOPED BY Y, Gd, Th OR Dy

*lvan Franko National University of Lviv,
Kyryla & Mefodiya Str., 6, 79005 Lviv, Ukraine
e-mail: o_hertsyk@yahoo.com

Electrochemical activity of samples of the amorphous metallic alloys (AMA): FegsNb,B14, Feg,Nb,B14Y 2,
FegoNb,B14Gd,, Feg;Nb,B14Th,, Feg,Nb,B14Dy, in 5,0 M aqueous solution of potassium hydroxide was investi-
gated. All samples after cyclic voltammetry in 5,0 M KOH aqueous solution at temperatures (293—-313) °C are
stable. The Feg;Nb,B14Th;, alloy exhibits the highest corrosion resistance.



50 JIJIST BOMUYMIIMH, MUPOCJIABA KOBBY3, OKCAHA TEPLIMK, BOI'JIAH KOTYP

Two stages of corrosion of alloys FessNb,Bis, Fes,Nb,B1sTh, and Feg;Nb,B14Dy, were determined.
Protective layers of doped by Tb and Dy alloys after ten times anodic polarization in 5,0 M aqueous solution of
KOH are packed.

Keywords: amorphous metallic alloys, corrosion current, corrosion potential, activation energy.
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DETERMINATION OF THE PEROXIDES BY
ELECTROCHEMICAL METHODS
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Pushkinska Str., 53, 61002 Kharkiv, Ukraine
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In review the electrochemical behavior of peroxides, typically used as disinfectants,
antiseptics and bleaching agents (e.g. hydrogen peroxide, potassium peroxomonosulphate
(Oxone®), sodium perborate, organic peracids, hydroperoxides, dialkyl peroxides and
acyl peroxides) on the different electrode materials was introduced. At some electrodes an
excellent separation of their redox peaks can be obtained and the results are utilized in the
amperometric and voltammetric electroanalysis of these peroxides over a wide range of
their concentrations. A simple novel methods was given for a simultaneous potentiometric
analysis of these peroxides using platinum, gold, stainless steel, carbon glass electrodes etc.
Factors affecting the selectivity, sensitivity and response time were examined in detail. The
current research on peroxides detection is mainly focused on electrode modifications
including the application of nanomaterials in order to decrease the overpotential and
increase the electron transfer Kkinetics was showed. The possibility of peroxides
determination by electrochemical methods with applications ranging from the medical,
pharmaceutical and paper industry to household washing powder was demonstrated.

Keywords: determination, peroxides, electrochemical methods, disinfectant and
pharmaceuticals.

Hydrogen peroxide (H,O,) and other peroxides are involved in a wide variety of
industrial processes. Hydrogen peroxide, potassium peroxomonosulfate (PMS) and
peroxycarboxylic acids (PCA) are used as disinfecting and bleaching agents [1-7] with
applications ranging from the medical, pharmaceutical and paper industry to household
washing powder, and they are also are attractive reactants for decontamination of
chemical warfare agent [8-10].

Therefore development of analytical methods them quantitative determination has an
outstanding important value. Numerous methods for determination of peroxides are
described in the literature. In this review we will consider the modern electrochemical
methods of quantitative determination of the most used peroxides in medicine and
industry. Most of them are based on the oxidizing properties of peroxides.

In the early work [11] a titration (potentiometrically or with visual definition titration
endpoint) of Caro acid with H,O, in sulfuric acid medium solution by NaAsO, was
investigated.

The original version of iodometric method for simultaneous determination of H,SOg-
H,S,0g-H,0,, based on H,0, titration by permanganate in acid solution followed by the
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addition of iodine solution and back titration with thiosulfate to determine of H,SOs was
developed by Bodin [12]. Then Cu,l, and KI were added to the solution and iodine was
titrated by thiosulfate for determination H,S,Og. It is also possible used potentiometric
titration: H,0O, by permanganate, H,SOs by thiosulfate and then H,S,0g by iodometric
titration (after adding to solution a mixture Cu,l, and KI).

Improvement of this method by adjusting the determination conditions was described
in the [13]. A platinum electrode was used in titration of K,S,0g, H,SO5 and KMnO, at
pH 1.8. The pH was increased to 4 with sodium acetate for the titration H,SOs with
Na,S,03, and KI-CuSO, was added for final titration of K,S,0g with Na,S,05.

In the early Hungarian scientists work the methods based on direct titration each of
peroxides by solution orthoarsenic acid with amperometric method of titration endpoint
definition was described [14-15]. This method is also suitable for the determination of other
peroxide compounds in the simultaneous presence, for example, H,O, and PAA or
peroxomonophosphoric acid (PMPA).

Spectrophotometric, titrimetric, and polarographic techniques were compared for
stability testing of commercially available benzoyl peroxide (BP) pharmaceuticals.
Initial testing revealed comparable results but significant discrepancies were observed on
prolonged testing. The titrimetric procedure employed showed little degradation of the
BP at elevated temperatures, while both the spectrophotometric and polarographic
methods demonstrated radical potency losses under the conditions of testing. Agreement
was excellent between the polarographic and spectrophotometric procedures above 70
per cent of the original assay with a significant divergence being noted only below this
level. A rapid, reproducible procedure of sufficient accuracy for pharmaceutical product
stability and control purposes was presented [16].

Potassium peroxydisulphate-alkali halide systems have been studied by direct current
(dc-) and alternative current (ac-) polarography. When the mercury drop of the mercury
electrode becomes covered by a film of adsorbed bromide or iodide ions, a peak due to
peroxydisulphate (PDS) ion is found in the ac-polarogram at a potential more negative
than that of the halide peak. This peak was probably due to a product of a chemical
reaction between the PDS ion and halide ion close to the surface of the mercury
electrode (DME). The determination of the PDS ion by ac-polarography was described
[17].

In the paper [18] the possibility of selective potentiometric titration PMS by tin (I1)
solution in the presence of sulfuric acid and potassium bromide. Titration was carried out
using spiral platinum and saturated calomel electrodes. Auxiliary electrode was
connected by Agar bridge.

The voltammetric behavior of PMPA and peroxodiphosphoric acid (PDPA) on a
platinum microelectrode with periodical renewal of the diffusion layer was studied.
PMPA gave an oxidation and a reduction wave which corresponded to the following
overall irreversible processes:

H3P05 + Hzo — H3PO4 + 02 + 2H++29_
oxidation

H3P05 + 2H+ +26 — H3PO4+ Hzo
reduction

PDPA gave a wave corresponding to the irreversible reduction of H4P,0g according
to the following scheme:
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H4P,0g + 2H" + 26" — 2H3PO,

The voltammetric technique provided a method for the determination of the two
peracids, even in the presence of H,0O,. The kinetics of the hydrolysis of PDPA to give
PMPA had been studied by this method and the results supported the mechanism
suggested by Crutchfield. The kinetic analysis of the reduction wave of H4P,Osg at
various acidities showed that one hydrogen ion is involved in the rate determining step
of the overall electrode process and gave a lower limit for the second dissociation
constant of PDPA. The mechanism of electrochemical reduction of PDPA and PDS was
compared with the mechanism of their reaction with the iodide ion. Similarities between
the electrode reactions and the reactions in the homogeneous phase were observed [19].

A voltammetric study of the reduction of some substituted perbenzoic acids in
aqueous solution had been performed by using a platinum microelectrode with periodical
renewal of the diffusion layer. The acids gave a cathodic wave corresponding to the
irreversible process. Analysis of the reduction waves shows that the potential-
determining step involved a molecule of undissociated peracid and one electron. The
effect of substituents on the half-wave potential had also been investigated and the
mechanism of electroreduction of peroxyacids was compared with the mechanism of
their reduction by iodide ions. It reduced according to the overall equation:

RC(0)OOH + 2H" + 2¢” — RC(O)OH + H,0 [20].

An iodometric method for the rapid microdetermination of organic peroxides,
utilizing electrochemical reduction in the iodine-iodide system, was developed. After
complete reaction between peroxide and iodide in an acidic semi-aqueous medium the
iodine produced is reduced at a rotating platinum electrode, at constant potential.
Electronic integration is used. Organic peroxides of different reactivities had been
analyzed by making use of the increased rate of reaction at elevated temperatures.
Accurate and precise results were obtained for samples at the 1 mg level and the total
time of analysis varied from 8 to 20 min, depending on reactivity [21].

A direct reductimetric method for the determination of PDS, hydrogen peroxide,
sodium perborate, nitrate and nitrite in fairly concentrated phosphoric acid medium with
iron(ll) was developed, with both potentiometric and visual end-point detection.
Cacotheline, Methylene Blue, thionine, Azure A, Azure B, Azure C, Toluidine Blue,
new Methylene Blue, ferroin, N-phenylanthranilic acid, p-ethoxychrysoidine and barium
diphenylaminesulphonate were used as indicators. The method is useful in the analysis
of binary mixtures of PDS and H,O, or perborate and in the estimation of the nitrate
content of fertilizers [22].

The electrochemical behavior of PMPA on platinized platinum was studied. The
process of electroreduction was irreversible and involved one electron in the rate-
determining step. From the dependence of the half-wave potential on the acidity it was
concluded that the species HsPOs, [H,POs]", and [HPOs]*" were simultaneously reduced.
The electrode reaction was interpreted in terms of a mechanism involving nucleophilic
attack by the electrode on the outer peroxidic oxygen of the depolarizer, and mechanistic
analogies with the reduction of H3POs by iodide ion were discussed [23].

In [24] the electrochemical studies of H,O, at platinum disc electrode under
quiescent and steady state conditions, in the pH range of 2-12.3 in a universal buffer
medium were carried out. At all pH values, a mixed cathodic-anodic wave was obtained.
The anodic had being due to oxidation of peroxide to oxygen. At pH values below 6, one
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more cathodic wave in addition to the mixed wave was obtained. The cathodic part of
the mixed wave was due to the reduction of oxygen (founded by the catalytic
decomposition of peroxide) to hydrogen peroxide. The additional cathodic wave was,
however, due to the reduction of the undecomposed H,0,to water. At pH values below
six, the cathodic part of the mixed wave decreased, with the equivalent rise in the
additional cathodic wave. Electrode Kinetic-parameters were evaluated employing
chronoamperometry, chronopotentiometry and rotating disc electrode voltammetry. Thus
the possible mechanism for the reduction of peroxide can be summed up as follows:

(1) At pH < 6 oxygen obtained from the decomposition of peroxide forms the cathodic
part of the mixed wave and the second additional cathodic wave was due to the reduction of
H,0, to water.

(a) Cathodic part of the mixed wave.

2H202 = 2H20 + 02
02 +2e+2 H+ = H202
total 2H,0, + 2H" +2e = 2H,0
The observed reaction was the reduction of peroxide to water.
(b) Second cathodic wave

H,0, + 2H" +2e = 2H,0
(2) At pH > 6, the reduction process was the same as (a) above. In alkaline solution

2HO,” = 20H-+0;,
0,+H,0+2e =HO, + OH™
total 2HO,™ + H,0 + 2™ = 30H"~

The voltammetric behavior of the catalytic reduction of perborate at carbon paste
electrodes modified with Prussian blue was compared with that of hydrogen peroxide.
Good linearity was observed between the voltammetric current and the concentration
from 1 to 100 ppm H,O, as perborate. The influence of the paste composition and other
variables were studied [25].

The voltammetric procedures for PCA and acyl peroxides determination in mixtures
based on selective PCA (peroxybutylacetic and peroxytetradecanoic acids) electro-
chemical reduction on a gold rotation electrode and PCA and acyl peroxides (lauryl
peroxide, diacetyl dipersebacyanate) mixture electrochemical reduction on HCE on the
background of dimethylformamide (C,Hs);NCIO, 0.1 mol I"* solution were described.
The peroxyacids reduction current on a gold disk electrode was directly proportional to
the concentration at Ey, = 0.12 V (vs. SCE) within 0.5-5x10~ mol I™* [26].

The H,0, concentration by a voltammetric method involving a rotating disk electrode
(RDE) was determined. The oxidation limiting current at +0.4 VV/SCE was proportional
to the concentration of H,0, founded in 1 mol I* KNO; containing a phosphate buffer,
pH 7.5. An analytical blank was prepared «in situ» by addition of catalase enzyme to
avoid interferences. The detection limit obtained was 5x10 ° mol I™* [27].

A chemically modified electrode for the amperometric detection of H,O, was
described by electrodeposition of a copper heptacyanonitrosylferrate(I1) (CuHNF) film
on the surface of a glassy carbon (GC) electrode, the overvoltages for both oxidation and
reduction of H,O, can be drastically decreased. Cyclic voltammetry at the resulting
modified electrode revealed the presence of two pairs of redox peaks corresponding to
the Cu(l)-Cu(ll) and Fe(I1)(CN)sNO-Fe(11)(CN)sNO redox couples, respectively. The
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modified electrode was less prone to fouling and shows enhanced sensitivity for hydrogen
peroxide. Various electrochemical response characteristics were investigated. When
applied as an electrochemical sensor in a flow-injection system, the modified electrode
permitted detection of H,O, at lower potentials than at the unmodified electrode surface.
Thus greatly unproved the selectivity. A linear amperometric response range with H,0,
was obtained between 0.4 umol 1" and 1 mmol I". The relative standard deviation for 30
repetitive injections with a 10 umol 1™ H,0, solution over a 30 min period was less than
4 % [28].

The electrocatalytic reduction of H,O, was studied for carbonaceous electrodes
modified with horse-radish peroxidase (HRP), microperoxidase (MP), and lactoperoxi-
dase (LP). The carbonaceous electrodes were of three different graphites, carbon and GC.
The peroxidase modified electrode was inserted as the working electrode in a flow
through amperometric cell of the wall jet type and connected to a flow injection system.
The effect of different pretreatments of the electrode surface prior to adsorption of the
enzyme was investigated. Heating the electrodes in a muffle furnace at 700 °C for
1.5 min was found to yield the highest currents. The electrocatalytic current for HRP-
modified electrodes starts at about +600 mV vs. Ag/AgCl (pH 7.0) and reaches a
maximum value at about —200 mV. For MP- and LP-modified electrodes the currents
start at a lower potential (=300 mV). For the best electrode material for HRP, straight
calibration curves were obtained between 1 and 500 pmol I H,O, at 0 mV. The mechanism
for the electron transfer from the electrode to the adsorbed peroxidase is discussed.
Deliberate modification of the electrode surface with quinoid type electroactive species
was found to mediate the reaction. It is proposed that spontaneously occurring electro-
chemically active surface groups mediate the electron transfer to the adsorbed enzyme.
However, a contribution to the observed current from a direct electron transfer cannot be
ruled out [29].

H,0, in aqueous solutions can be determined directly by square wave voltammetry.
The method was applicable to samples with a large range of pH in matrices ranging from
distilled de-ionized water to sea-water. Its dynamic range extended from 0.5 to at least
1000 p mol I™* and the precision was about £6% at 2.5 pmol I™* and +2% at 215 pmol 1™
In comparison to dc- and differential pulse polarography, by using square wave
voltammetry the scan time was reduced from minutes to a fraction of a second, the
sensitivity was increased by several-fold and the dynamic range had been greatly
expanded at both the lower and the upper end by at least an order of magnitude. The low
detection limit allowed this method to be applied to the determination of H,O, in some
samples of rainwater [30].

Several organic peroxides were studied by differential pulse polarography in water and
water-solvent media, and compared to hydrogen peroxide. Reduction occurred usually
between —0.1 V and +0.3 V vs. SCE, except for the peroxides containing a tert-butyl group
adjacent to the —O—O- function. In this case, reduction was more difficult and was shifted to
the 0.9 V to —1.1 V vs. SCE range. Diffusion coefficients were determined and are in the 4-
9x10™° m® s™* range. The detection limits were generally no lower than 5x107° mol I}, due
to the high irreversibility of the reduction process. Calibration plots from 5x10™ to about
5x107° mol I™* exhibited very good linearity [31].

Differential pulse and current sampled (TAST) polarography were applied for
measuring H,O, in actual washing systems. In addition to the possibility of the H,O,
determination in commercial detergent species containing sodium perborate monohydrate
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as bleaching substance, the change in peroxide concentration can be followed under the
conditions which usually exist in the washing process. The possibility of determining
dissolved oxygen in the peroxide decomposition reaction was also demonstrated. The
reduction takes place in two two-electron processes. At pH 9.2 both are irreversible and
correspond to

02 +2e+2 H+ = H202 (1)
H,0, + 2™ + 2 H* =2 H,0 (2)

At pH < 9.2 the half-wave potentials of both of these steps are pH-independent,
indicating that electron transfers are potential determining and that proton transfers occur
in processes consecutive to electron transfers. At pH 11 the reduction in the first step
was reversible. Standard deviation of the analytical method described was of the order of
2104 % (n=10) [32].

The electrochemical reduction of five dialkyl peroxides in dimethyl formamide was
studied by cyclic voltammetry. The electron transfer (ET) to the selected compounds is
concerned with the oxygen—oxygen bond cleavage (dissociative ET) and is independent
of the electrode material. Such an electrochemical behavior provided the opportunity to
study dissociative ETs by using the DME and therefore to test the dissociative ET theory
by using heterogeneous activation-driving force relationships. The convolution voltammetry
analysis coupled to the double-layer correction led to reasonable estimates of the standard
potential (E°) for the dissociative ET to dialkyl peroxides, as supported, whenever possible,
by independent estimates. A thermochemical cycle based on the dissociative ET concept
was employed to calculate the bond dissociation free energies (BDFES) of the five peroxides,
using the above E°s together with electrochemical or thermochemical data pertaining to
the redox properties of the leaving alkoxide ion. The BDFEs were found to be in the
25-32 kcal/mol range, suggesting a small substituent effect. The dissociative ET E°s were
also used together with the experimental quadratic free energy relationships to estimate
the heterogeneous reorganization energies. Cyclic voltammetry is useful for quantitative
estimation of these peroxides with +1% accuracy, upto 10~ mol I"* concentration [33].

Ultramicroelectrode arrays have been applied for monitoring the disinfectant H,O, in
swimming pool water. The sensors were manufactured using silicon thin-film technology.
Each consisted of nine miniaturized platinum working electrodes connected in parallel.
A platinum counter electrode and a silver/silver chloride reference electrode completed the
measuring setup. The ultramicroelectrode arrays were characterized by cyclic voltammetry
and chronoamperometry. The sensor properties could be improved and the interfering
influence of the swimming pool water matrix was reduced by covering the working
electrodes of the arrays with NAFION™ membranes. A comparison of the introduced
chronoamperometric method using the ultramicroelectrode array with the German standard
method (DIN) for the H,O, determination showed that the accuracy of the NAFION™
coated sensors is suitable for monitoring and controlling the H,O, concentration in
swimming pool waters [34].

The possibility of evaluating the content of H,O, in several authentic matrices, such
as cosmetic and pharmaceutical formulations, was studied. A new catalase biosensor
fabricated using an amperometric gas-diffusion oxygen sensor as electrochemical transducer
and the catalase enzyme immobilized in kappa-carrageenan gel and capable of operating
in both aqueous and non aqueous solvents was developed and tested for this purpose.
Creams, emulsions and disinfectant solutions were analyzed. To this end, a preliminary
check was needed to establish the best conditions to analyze these matrices; the choice of
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solvent was one of the most important points studied. The solvents considered included
dioxane, water-dioxane mixtures, water saturated chloroform and aqueous solutions. The
different solubility properties of the matrices analyzed were taken into account [35].

Reversed-phase high-performance liquid chromatography with oxidative amperemetric
detection was optimized for the determination of several organic peroxides in drinking
water under ideal conditions. The determinations were performed under isocratic
conditions using acetonitrile and methanol as the organic modifiers with 0.05 mol I™*
potassium phosphate buffer solution. The oxidative amperometric response of the organic
peroxides was dependent on the concentration of organic modifier and the electrode
potential. The optimum electrode potential for the simultaneous determination of the
organic peroxides was approximately +1.15 + 0.05 V versus the Ag/AgCl reference electrode.
The maximum analytical signal for butan-2-one peroxide and tert-butyl hydroperoxide,
when using acetonitrile, was obtained with 20% v/v organic modifier. For cumene
hydroperoxide, the maximum analytical signal was achieved with approximately 35 % v/v
acetonitrile. The retention time of cumene hydroperoxide, on an octyldecylsilane column
(250x4 mm id), decreased sharply from > 100 to < 10 min when the organic modifier
concentration was varied from 5 to 50 % v/v. The retention time of butan-2-one and tert-
butyl hydroperoxide, under the same conditions, varied by <10 min. The calibration
curves for the aliphatic peroxides and aromatic peroxide were linear from 2 to 200 ng
and from 0.2 to 200 ng injected, respectively [36].

The kinetics and mechanism for the electrochemical oxidation of H,O, on platinum
electrodes in phosphate buffers were studied. A mechanistic model for this reaction was
developed that involves binding sites, on the surface of the electrode, that are thought to
be based on some form of hydrous platinum oxide, initially identified as Pt(OH),. H,0,
adsorbs onto the binding sites to form the complex Pt(OH),-H,0,. The complex then
undergoes internal electron transfer to form a reduced platinum site, Pt, with the release
of the products water and oxygen. The binding sites regenerate electrochemically to give
rise to an amperometric signal together with the release of protons. Two side reactions
were proposed, the first involved a competitive inhibition of the binding sites by oxygen
to form the species Pt(OH),-O,. The second involved a non-competitive inhibition of the
complex Pt(OH),-H,0, by protons. A maximum response was found at pH 6.8 and
decreased markedly at more basic or acidic conditions. This pH-dependence suggested
that H,PO, was the species involved in the formation of the binding sites. The decrease
in response at pH > 6.8 being caused by the decrease in [H,PO,7], whilst an inhibition of
the precursor site by protons was proposed to account for the depression in electrode
response at pH < 6.8. The influence of chloride upon the kinetics of H,O, oxidation was
examined and described qualitatively in terms of the new model. It was found that the
rate of oxidation was decreased markedly in the presence of chloride. Two possible inhibition
modes for chloride were identified and it was established that a non-competitive inhibition
of the precursor sites was likely to be the dominant cause for the chloride inhibition. The
work described in this thesis has not only identified a new and comprehensive mechanism
for the oxidation of H,0, at platinum electrodes, but also provides information that may
prove useful when designing sensors that rely upon this reaction. In particular the
important role of hydrodynamic conditions, buffer composition and concentration are
clearly identified [37-41].

Cyclic voltammetric studies on the reduction of di-tert-butylperoxide and tert-butyl-
hydroperoxide have been carried out in three dipolar aprotic solvents, namely, dimethyl
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formamide, dimethyl sulphoxide and acetonitrile, at a GC electrode. A single irreversible
peak corresponding to a two-electron reduction of these peroxides to the corresponding
alkoxides, was observed in each of the three solvents. The values of voltammetric peak
potentials were compared in the three solvents. The reduction was observed to be diffusion
limited for lower concentrations and adsorption limited at higher concentrations of the
peroxide. Cyclic voltammetry was found useful for quantitative estimation of these
peroxides with +1 % accuracy, upon 10~ mol I™* concentration [42].

The combination of cathodic amperometric detection with capillary zone electro-
phoresis was demonstrated to be a versatile method for the quantification of organic and
inorganic peroxides. A gold microelectrode, polarized at 2600 mV against an Ag/AgCl
reference electrode, was placed at the end of the capillary. Since the electroosmotic flow
purges the detector electrode from oxygen, no degassing of the detector cell or the
sample was necessary. With an injection volume of ca. 1 nl, H,O,, peroxosulfate, peroxy
alkanoic acids and the hydroperoxides of linoleic acid can be detected down to 10 pmol/l.
Separation of the isomeric hydroperoxides of the unsaturated fatty acids was achieved by
addition of g-cyclodextrin to the electrolyte [43].

The voltammetric behavior of H,0, at a GC electrode in alkaline solution was studied.
An anodic prewave, preceding the well-known transport controlled oxidation reaction of
H,0,, was observed. The voltammetric current in this wave was independent of the
rotation speed of the GC disc electrode, even in what looks like a limiting current plateau,
denoted by a pseudo limiting current. This current was dependent strongly on pH and
temperature, didn’t vary linearly with H,O, concentration and the reaction orders, with
respect to H,0, and hydroxyl ions (pH), and was dependent on the H,0, concentration.
A mechanism that can explain these experimental results had been proposed. It consisted
of two submechanisms, occurring simultaneously at the electrode surface, which are in
competition with each other. Their relative predominance was controlled by the H,0,
concentration, which can explain the varying reaction orders with respect to hydroxyl
ions and hydrogen peroxide. The current equation resulting from the proposed mechanism
showed the possibility of using the studied electrode reaction for the amperometric
determination of H,O, up to high concentrations [44].

The electrochemical behavior of PAA in the presence of H,0, by cyclic and square
wave voltammetry was studied. Using gold electrode, two well-separated peaks for the
reduction of PAA and H,0, were for the first time observed on their cyclic and square-
wave voltammograms. The two peaks were utilized in the simultaneous analysis of both
species. Good calibration curves were obtained for each species over a wide range of
their concentrations [45].

A method for the polarographic determination of organic peroxyacids in aqueous
solutions at DME was developed and the possibility of its determination was shown. The
procedure is commonly used for mono-(C,-Cy,) and diperoxy carboxylic (C4-Cy) aliphatic
as well as m-chloroperbenzoic and monoperoxyphthalic acids. The possibility of
simultaneous PCA and H,0, determination in weakly acidic and alkaline solutions by
presented method was shown. The quantity of the limiting diffusion current values (Z;)
was proportional to PCA and H,0O, concentration regardless of the PCA nature, and the
quantity of values Z;/Ac in the range of 2x10°-2x10*mol I™* to about 1.7 times higher
for di- PCA than for mono-PCA. The LOD for di-PCA at pH 8-9.2 was 3x10°mol I,
for H,0, — 4x10° mol I'". Relative error of 8x10~ mol I™* organic peroxyacids determination
was < 6% (P =95 %, n =7) [46].
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An indirect polarographic method of organic peroxyacids determination at DME by
iodate, which was obtained by the quantitative oxidation of free iodine by the determined
peroxyacids, has been worked out. The peroxyacid detection limit, LOD (P =95 %, n=7)
was 0.25-0.5 pg/ml, limit of quantitation, LOQ was 0.5-1 pg/ml, relative error of organic
peroxyacids determination was 5% in the proposed analysis in ac-mode [47].

The electrochemical behavior of PAA in the presence of H,O, using cyclic
voltammetry and hydrodynamic techniques [RDE voltammetry and rotating ring-disk
electrode (RRDE) voltammetry] was investigated. The results aiming at simultaneous
electroanalysis of both species were analyzed. GC and gold electrodes were used for this
investigation. It was found that the reduction of PAA, as well as H,0,, is highly sensitive
to the electrode material; for example, at 100 mV s, the reduction peak potentials of
PAA were 0.2 and —1.1 V at gold and GC electrodes, respectively. The well-separated
steady-state limiting currents were obtained using a gold electrode for the reduction of
both PAA and H,0, and also a well-defined one for the oxidation of H,O,. On the basis
of the RDE experiments, good calibration curves were obtained for both species over a
wide range of their concentrations, for PAA and H,0; in the range of 0.36 to 110 and
0.11 to 34 mmol I%, respectively. The simultaneous and selective electroanalysis of PAA
and H,0, in their coexistence was demonstrated for the first time [48].

The simultaneous electroanalysis of PAA and H,O, in the presence of a large excess of
H,0,, up to hundred times the concentrations of PAA, was presented for the first time.
Square wave voltammetry using a gold electrode was successfully applied for this purpose. It
was found that a careful electrochemical pretreatment of the gold electrode is the key for
obtaining reproducible data. Good calibration curves for the reduction of both species were
obtained with correlation coefficients higher than 0.996. The detection limit for PAA was
found to be 45 umol I™* [49].

A microfluidic analytical system for the separation and detection of organic peroxides,
based on a microchip capillary electrophoresis device with an integrated amperometric
detector, was developed. The new microsystem relies on the reductive detection of both
organic acid peroxides and hydroperoxides at 2700 mV (vs. Ag wire/AgCl). Factors
influencing the separation and detection processes were examined and optimized. The
integrated microsystem offers rapid measurements (within 130 s) of these organic peroxide
compounds, down to micromolar levels. A highly stable response for repetitive injections
(RSD 0.35-3.12 %; n = 12) reflects the negligible electrode passivation. Such a «lab-on-
a-chip» device should be attractive for on-site analysis of organic peroxides, as desired
for environmental screening and industrial monitoring [50].

The stoichiometry of the formation of H,O, from ascorbic acid in a model wine system
by square-wave voltammetry (SWV) on a hanging mercury drop electrode was examined.
Both ascorbic acid and H,O, could be determined in the same test sample by first employing
an anodic scan for ascorbic acid and then a cathodic scan for hydrogen peroxide. Linear
calibration plots were obtained for ascorbic acid (up to 235 mg/L; 1.335 mmol I™*) and
H,0, (up to 0.12 umol 1), both ranges being appropriate given the concentrations likely
to occur in white wine. The reaction stoichiometry for the oxidation of ascorbic acid to
the production of H,O, showed significant deviation from the expected value of 1:1.
Evidence is presented to suggest that this deviation from the expected stoichiometry is
due in part to the generated H,O, reacting with residual ascorbic acid. The generation of
ascorbic acid in model wine base solutions containing dehydroascorbic acid was observed
but H,0O, was not a critical component of this interconversion reaction. The implication
of these observations for the browning of white wines is discussed. The advantages of



60 MYKOLA BLAZHEYEVSKIY, OLENA MOZGOVA

square-wave voltammetry for the real time measurement of the reaction sequences
involving ascorbic acid are highlighted [51].

The determination of potassium monoperoxosulfate persisting in some disinfectants
in the form of triple salt (2KHSOs-KHSO,4-K,SO,4) based on titration by tin(l1) chloride
solution in the presence of potassium bromide at 70°C with potentiometric registration
by means of point platinum and glass pH electrodes was presented. The analysis of «Virkon»
solution was performed [52]. The disadvantages of this technique are the necessity of
heating the solution of the test sample to a temperature of 70 °C, and the instability of the
titrant solution.

The development and characterization of a biosensor for hydroperoxides was described,
which was obtained by combining an oxygen gas diffusion amperometric electrode and
two immobilized enzymes (peroxidase and tyrosinase) working in parallel and competing
for the same substrate (catechol). The response of the biosensor to several hydroperoxides
was investigated (LOD = 5 pumol I for hydrogen peroxide). It was experimentally
founded that the biosensor is able to respond also to aqueous solutions of ionic peroxides
(LOD = 2 pmol I"* for PDS). The biosensor was applied to the determination of the H,0,
content of pharmaceutical products, i.e. aqueous disinfectant solutions (RSD% <0.5;
recoveries by standard addition method between 96.0 and 98.5%) [53].

A rapid and highly selective potentiometric determination method for the simultaneous
analysis of PAA and H,O, was proposed, for the first time, using GC as an indicator
electrode and I,/I” potential buffer. On the basis of the large difference in the reaction
rates of PAA and H,O, with I” a transient potential response corresponding to the reactions
of the two species with I~ was observed. The response times were typically a few seconds
and several minutes of PAA and H,O,, respectively. The potential response obtained
using the GC indicator electrode was found to be Nernstian over a wide range of their
concentrations (from micromolar to millimolar) with slopes of 30.5 and 29.5 mV for
PAA and H,0,, respectively [54].

A rapid and highly selective potentiometric method for the simultaneous analysis of
PAA and H,0, was proposed, for the first time, using GC as an indicator electrode and
I,/1” potential buffer. On the basis of the large difference in the reaction rates of PAA and
H,0, with 17, which was confirmed using stopped-flow spectrophotometry, a transient
potential response corresponding to the reactions of the two species with I~ was observed.
The response times were typically a few seconds and several minutes for PAA and H,0,,
respectively. The effects of the concentrations of molybdate catalyst, H", I,, and 1™ in the
potential buffer on the selectivity as well as the sensitivity were examined. The potential
response obtained using the GC indicator electrode was found to be Nernstian over a
wide range of their concentrations (typically from micromolar to millimolar) with slopes
of 30.5 and 29.5 mV for PAA and H,0O,, respectively (in close agreement with the
theoretical value, that is, 29.6 mV). O, was found to have no substantial effect on the
potential change at the GC electrode in the present potential buffer [55].

The potentiometric analysis of PAA in the presence of a large excess of H,O,, up to
500 times the concentrations of PAA, was presented for the first time. This method is
based on the detection of the potential change of the GC indicator electrode in the 171,
potential buffer which is caused by the change in the concentrations of 1" and I, as a
result of the redox reaction of the PAA and/or H,O,with I". Based on the fact that the
reaction rate of PAA and I” is much faster than that of H,O, and 17, a high selective
response for PAA was obtained. The different factors, such as the concentrations of 1~
and I, in the potential buffer, affecting the selectivity and sensitivity was studied. A good
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calibration curve for PAA, the slope of which is in close agreement with that expected
from the Nernst equation, i.e., 29.6 mV per decade, was obtained with a correlation
coefficient higher than 0.993. The detection limit for PAA was found to be in the
micromolar range depending on the concentration of the coexistent H,0O, [56].

Ozone (0O3) and H,0, (the mixture is commonly called peroxone) have been analyzed
potentiometrically using Pt indicator electrode and I7/l5” redox couple as a probing
potential buffer. The analysis is based on the measurement of the change of the open
circuit potential of the indicator electrode as a result of the reaction of the oxidant
mixture and I”. The large difference in the reaction rates of the oxidation of I by the two
oxidants enabled a selective and simultaneous analysis of both oxidants: the oxidation of
I” by Os is instantaneous and results in a transient potential change, while that by H,0, is
comparatively slow and it takes a few minutes for a steady state potential change to be
attained. The experimental factors affecting the oxidation of I~ by the two oxidants were
examined for optimizing the selectivity. Further, the equation describing the time
dependency of the potential change was derived by considering the rate constants of the
reactions of I~ and the oxidants and it was found to fit the experimental results. The
detection limits for O; and H,0, were estimated to be 0.3 pumol 1™ with correlation
coefficients higher than 0.995, over their concentration range of micro and submicromolar
level [57].

The kinetics of electroreduction of PAA at a gold electrode in acetate buffer solutions
of pH in the range 3-6 was studied. The electroreduction of PAA was irreversible. The
relevant kinetic parameters including the Tafel slope, the standard rate constant (k°), the
electrochemical reaction order (m), the product (an,) of the transfer coefficient and the
number of electrons involved in the rate-determining step, and the number (n) of electrons
involved in the overall electrode reaction were determined using cyclic voltammetry,
hydrodynamic voltammetry, and hydrodynamic chronocoulometry. The Tafel slope =
0.215 V/decade, m = 1, k= 9.4x10 ** cms ™, an, = 0.32, and n = 2. The formal potential
of the PAA/acetic acid redox couple was also theoretically calculated to be 1.762 V vs.
Ag/AgCI based on the equilibrium constant for the reaction of PAA and H,0, in the
presence of acid catalyst and the standard redox potential of H,O,. The diffusion
coefficient of PAA was also estimated. Based on the obtained results, the overall
electroreduction of PAA is considered to be composed of two one-electron reduction
steps with the formation of acetate or hydroxyl radical as probable reaction intermediates
[58].

Electrochemical behavior of PAA and H,0, was examined at various metal and carbon
electrodes (i.e., Au, Ag, Cu, Pt, Pd, Rh, Ti, W, Hg, Ni, Fe, GC, and basal-plane pyrolytic
graphite (BPG)) in 0.1 mol I acetate buffer solution (pH 5.5) using potentiostatic (i.e.,
cyclic voltammetry and RDE voltammetry) and galvanostatic techniques. It was found
that the electro-reductions of PAA and H,0O, are highly sensitive to electrode material.
Both species were found to be electrochemically and separately reduced at Au, Ag, Cu,
Pt, Pd, GC, and BPG electrodes. On the other hand, at Fe, Ni, Hg, Rh, Ti, and W
electrodes, voltammetric response for the PAA reduction was not obviously observed.
The kinetics of electro-reduction of PAA in 0.1 mol I acetate buffer solution was
studied at Au, Ag, and GC electrodes in details, and the relevant kinetic parameters (i.e.,
the exchange current density, jo, the standard rate constant, ko, and cathodic transfer
coefficient, ;) were estimated from the Tafel plots. The cyclic voltammetric reduction
peak potentials obtained for the PAA reduction at Au, Ag, and GC electrodes were
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compared with those calculated using the kinetic and thermodynamic parameters obtained
under the same experimental conditions. The measured and calculated reduction peak
potentials at each electrode were found to be in agreement with each other, indicating
that the evaluated values of kinetic parameters for the reduction of PAA at Au, Ag, and
GC electrodes are reasonable [59].

BP was determined by differential pulse voltammetry using a GC electrode in
dichloromethane-acetic acid (1.5x10 mol I™) solution and tetrabutyl ammonium
perchlorate (0.01 mol I™) as the supporting electrolyte. The peak potential was —0.045 V
(vs. Ag/AgCI). There was a good linear relationship between the peak current and BP
concentration in the range of 2.5x10°-1.0x10™ mol I™". The detection limit of the
method was 2.5x10”" mol I, The samples of the local wheat flour were directly
determined with the desirable results [60].

This paper [61] presented an on-line monitoring device for PDS concentration that
uses a coulometric measuring method. The method was based on the redox potential
control in a miniaturised electrochemical reactor. This paper presented the design of the
measuring cell and described the integration of this cell in an on-line measuring device
which can be applied in a process environment. Experimental results illustrated its
dynamic characteristics and accuracy.

In review [62] the electrochemical behavior of oxidants, typically used as disinfectants
(e.g. hydrogen peroxide, ozone, hypochlorite and peracids) on the different electrode
materials was introduced. At some electrodes an excellent separation of their redox peaks
can be obtained and the results are utilized in the amperometric electroanalysis of these
oxidants over a wide range of their concentrations. Further a simple novel method was
given for a simultaneous potentiometric analysis of these oxidants using the iodide/iodine
redox couple as a so-called potential buffer. Factors affecting the selectivity, sensitivity and
response time were examined in detail.

Based on preliminary voltammetric investigations at both Pt and Au electrodes in
aqueous solutions buffered at different pH values in the range 0-10, two possible profitable
triple-pulse amperometric approaches were developed for determining simultaneously
PAA and H,0, present in the same samples. At both surfaces a pulsed waveform applied
at rotating-disc electrodes was adopted to take advantage on one hand of the optimized
signal reproducibility achieved by this potential multistep antifouling approach and on
the other hand of the constant thickness of the diffusion layer, which is necessary when
the recording of time-independent currents is desired. At a rotating disc Pt electrode an
anodic selective signal was indeed recorded for H,O, alone, while PAA contents could
be inferred only from the difference of convenient signals, since at all pHs explored its
sole cathodic reaction could be observed at potentials coincident with those proper for
the reduction of H,O, too. The same pulse approach at Au electrodes instead provided
totally independent signals for the two analytes considered, thus proving to be suitable
for their independent detection. In fact, H,O, alone undergoes anodic oxidation also at
this surface, while the reduction of PAA occurs at potentials less cathodic than those
required for H,O,. At both electrodes, the best results turned out to be achieved at pH 0
in terms of both precision (+2-4%) and detection limits (0.2—0.3 mmol 1), as well as of
linear range which extended for about three orders of magnitude. The kinetics of the
equilibrium involving the generation of H,O, from the reaction of PAA with water was
also evaluated, since it was suspected of making unreliable the proposed amperometric
approaches [63].
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Oxidative chemisorption and cathodic stripping reductive desorption of iodide have
been studied at a smooth polycrystalline gold (Au(poly)) electrode. Potential- dependent
surface coverage of iodide has been controlled on the basis of its reductive desorptlon in
0.1 mol I KOH alkaline media and its quantitative oxidation to aqueous iodates in acidic
media. The Au (poly) electrode surface catalyzes the decomposition of H,O, to O,. Specific
adsorption of iodide on the Au electrode inhibits fully the catalytic decomposition and
electrochemical oxidation of H,0O, as well as the adsorption of unknown impurities and
the oxidative degradation of the electrode surface by H,0,. A quantitative
characterization/detection of H,0O, at the iodide-modified Au (poly) electrode in the
alkaline media has, thus, been achieved. Performance of the electrode toward the detection
of H,0, with respect to response time and sensitivity as weII as operatlonal stability has
been evaluated. It has a sensitivity of 0.272 mA cm™? m mol™ | in amperometric
measurements with a detection limit of 1.0 umol I"* H,0,, and the response time to
achieve 95 % of the steady-state current is <20 s. The effect of O, in the air-saturated
solution can be minimized by subtracting the additional current for the O, reduction.
Experimental measurements were based upon cyclic voltametric and amperometric
techniques [64].

Peroxycitric acid (PCA) was successfully synthesized for the first time as an
equilibrium mixture with citric acid and H,0, using sulfuric acid (homogeneous) and
Nafion (heterogeneous) catalysts. The formation of PCA in the equilibrium mixture was
detected by the potentiometric measurement based on the triiodide/iodide redox couple
potential buffer and the concentration of PCA was determined from the obtained potential
change. The equilibrium % yield of PCA was found to largely depend on the concentration
and the nature of catalysts. The peculiar roles of the heterogeneous and homogeneous
catalysts in the formation of PCA were discussed briefly [65].

The electrochemical reduction of peroxycitric acid (PCA) coexisting with citric acid
and H,0O, in the equilibrium mixture was extenswely studied at a gold electrode in
acetate buffer solutions containing 0.1 mol I* Na,SO, (pH 2.0-6.0) using cyclic and
hydrodynamic voltammetric, and hydrodynamic chronocoulometric measurements. The
reduction of PCA was characterized to be an irreversible, diffusion-controlled process,
and the cyclic voltammetric reduction peak potential (E;) was found to be more posnlve
by ca. 1.0 V than that of the coexisting H,0,, e.g., the E, values obtained at 0.1 V' s~ ! for
PCA and H,0, were 0.35 and -0.35 V, respectlvely, vs. Ag|AgCI|KCI (sat.) at pH 3.3.
The E, of PCA was found to depend on pH, i.e., at pH > 4.5, the plot of E, vs. pH gave
the slope (-64 mV decade *) which is close to the theoretical value (-59 mV decade )
for an electrode process involving the equal number of electron and proton in the rate-
determining step, while at pH < 4.5, the E, was almost independent of pH. The relevant
electrochemical parameters, Tafel slope, number of electrons, formal potential (EP),
cathodic transfer coefficient and standard heterogeneous rate constant (k°) for the reduction
of PCA and the diffusion coefficient of PCA were determlned to be ca. 100 mV decade™,
2, 1.53 V (at pH 2.6), 0.29, 1.2x10 ™ cms™* and 0.29x10°° cm? s %, respectively, and
except for E, the obtained values were almost independent of the solution pH. The overall
mechanism of the reduction of PCA was discussed [66].

In [67] a petentiometric method to determine peroxide hydrogen and glucose was
studied. This method had been applied on the petentiometric determination of peroxide
hydrogen and glucose in the total ionic strength adjustment buffer (TISAB) (pH 7.5)
solution with the glassy electrode modified by the calix[4]arene. The GC electrode covered
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with the calix[4]arene depended on the H,O, concentration in the range of log[H,0,]
from —3.3 to —1.2 in the solution of TISAB (pH 7.5) with nearly Nernstian slope of about
65.6 + 3mV and the detection limit of peroxide hydrogen was 4.0-10° mol I'*. The GC
electrode covered with the calix[4]arene depended on the glucose concentration in the
range of log[glucose] from —3.6 to —2.8 in the solution of TISAB (pH 7.5) with nearly
Nernstian slope of about 50.2 + 2 mV and the detection limit of glucose was 2.0-10°°
mol "%, The electrode had the good selectivity, sensitivity, stability and repeatability.

Electrochemical reduction of H,O, on a sand-blasted stainless steel electrode in an
aqueous solution of NaClO,4 was studied. The cyclic voltammetric reduction of H,0, at
low concentrations was characterized by a cathodic peak at —0.40 V vs. SCE. Cyclic
voltammetr}/ was studied by varying the concentration of H,O, in the range from
0.2 umol 1™ to 20 mmol I™" and the sweep rate in the range from 2 to 100 mV s™.
Voltammograms at concentrations of H,O, higher than 2 mmol I or at high sweep rates
consisted of an additional current peak, which may be due to the reduction of adsorbed
species formed during the reduction of H,O,. Amperometric determination of H,O, at —
0.50 V vs SCE provided the detection limit of 5 umol I™* H,0,. A plot of current density
versus concentration had two segments suggesting a change in the mechanism of H,0,
reduction at concentrations of H,0, > 2 mmol I'"*. From the rotating disc electrode study,
diffusion coefficient of H,0O, and rate constant for reduction of H,O, were evaluated [68].

A series of dopant-type polyaniline-polyacrylic acid composite (PAn-PAA) films
with porous structures were prepared and developed for an enzyme-free H,O, sensor.
The composite films were highly electroactive in a neutral environment as compared to
polyaniline (PAn). In addition, the carboxyl group of the PAA was found to react with
H,0, to form peroxy acid groups, and the peroxy acid could further oxidize the imine
structure of PAn to form N-oxides. The N-oxides reverted to their original form via
electrochemical reduction and increased the reduction current. Based on this result, PAn-
PAA was used to modify a gold electrode (PAn-PAA/Au) as a working electrode for the
non-enzymatic detection of H,O,. The characteristics of the proposed sensors could be
tuned by the PAA/PAN molar ratio. Blending PAA with PAn enhanced the surface area,
electrocatalytic activity, and conductivity of these sensors. Under optimal conditions, the
linear concentration range of the H,O, sensor was 0.04 to 12 mmol I™* with a sensitivity
of 417.5 pA/mmol I* cm?. This enzyme-free H,0, sensor also exhibited a rapid response
time, excellent stability, and high selectivity [69].

Behavior of H,0O, in alkaline medium by dc-polarography with DME aiming to apply it
in antioxidant activity determination was studied. Development of a peroxide anodic current
having form of a peak, instead of common polarographic wave, was investigated. As a base
for this investigation the interaction of H,O, with anodically dissolved mercury was followed.
Formation of mercury complex [Hg(O,H)(OH)] was confirmed. The relevant experimental
conditions, such as temperature, concentration and pH dependence, as well as time stability
of H,O, anodic current, were assessed. Development of an antioxidant assay based on
decrease of anodic current of H,0O, in the presence of antioxidants was described. Under
optimized working conditions, a series of benzoic acids along with corresponding cinnamate
analogues for H,0, scavenging activity was tested. In addition, the assay versatility was
confirmed on various complex samples was confirmed [70].

In work [71] the electrocatalytic behavior of phosphotungstate-doped glutaraldehyde-
cross-linked poly-I-lysine (PLL-GA-PW) film electrode towards reduction of H,O, in
acidic medium was described. The modified electrode was prepared by means of
electrostatically trapping the phosphotungstate anion into the cationic PLL-GA coating
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on GC electrode. The PLL-GA-PW film electrode showed excellent electrocatalytic
activity towards H,O, reduction in 0.1 mol It H,S0,. Under the optimized conditions,
the electrochemical sensor exhibited a linear response for H,O, concentration over the
range 2.5x10 ® to 6.85%x10 3 mol I™* with a sensitivity of 1.69 pA m mol™. The curvature
in the calibration curve at high concentration was explained in terms of Michaelis—
Menten (MM) saturation kinetics, and the kinetics parameters calculated by three different
methods were compared. The PLL-GA-PW film electrode did not respond to potential
such interferents as dopamine, ascorbic acid and uric acid. This unique feature of PLL-
GA-PW film electrode allowed selective determination of H,0O,. Finally, the proposed
electrochemical sensor was successfully applied to determine H,O, in commercially
available antiseptic solution and soft-contact lenses cleaning solution and the method
using independent estimation by classical potassium permanganate titration method was
validated. Major advantages of the method were simple electrode fabrication, stability
and high selectivity towards hydrogen peroxide.

A built-in three-in-one screen-printed electrode assembly containing nano bismuth
species deposited silver as working, pre-oxidized silver as reference and unmodified silver
as counter electrodes (designated as SPAgE-Binano), for simple electrochemical sensing
of H,O, in pH 7 phosphate buffer solution was developed. The working electrode showed
~250 mV reduction in over-potential and a two-fold increased peak current values for
electrocatalytic reduction of H,O, over the respective unmodified silver working electrode
(i.e. SPAQE) following a diffusion-controlled electron-transfer mechanism. 50 nm sized
Bi particles on SPAQE surface was seen in SEM picture of the working electrode. Linear
range of H,0, detection from 100 umol I to 5 mmol I}, a sensitivity of 0.627 pA m mol™ |
and detection limit (S/N = 3) of 56.59 umol I* were obtained. Finally, SPAgE-Binano
sensor assembly was utilized for cosmetic H,O, determination, where obtained values and
labeled values were in good agreement with recovery in the range of 94.75-101.03 % [72].

In [73] a PAA in the presence of a large excess of H,0,, about 500 fold that of PAA,
using Au(111)-like gold electrode in acetate buffer solutions of pH 5.4 was selectively
electroanalyzed. Au(111)-like gold electrode was prepared by a controlled reductive
desorption of a previously assembled thiol, typically cysteine, monolayer onto the
polycrystalline gold (poly-Au) electrode. Cysteine molecules were selectively removed
from the Au(111) facets of the poly-Au electrode, keeping the other two facets (i.e.,
Au(110) and Au(100)) under the protection of the adsorbed cysteine. It has been found
that Au(111)-like gold electrode positively shifts the reduction peak of PAA, while,
fortunately, shifts the reduction peak of H,0, negatively, achieving a large potential
separation (around 750 mV) between the two reduction peaks as compared with that
(around 450 mV) obtained at the poly-Au electrode. This large potential separation
between the two reduction peaks enabled the analysis of PAA in the presence of a large
excess of H,O,. In addition, the positive shift of the reduction peak of PAA gives the
present method a high immunity against the interference of the dissolved oxygen.

Such compounds as urea peroxide, Na,CO;x1.5H,0,, peroxidon (N-polyvinyl-
pyrrolidone complex with H,O,, M = 35000-1500000) are used as the active substances.
In the paper [74] a comparative study of the possibility potentiometric titration of
aforementioned peroxides using redox platinum indicator electrode by various methods
using as oxidation (KMnQ,, Ce(S0,),, NH4VO3), and reduction (KI, Na,SOs, ascorbic
acid) reagent was conducted. It was shown that it was preferred to use cerium sulfate
among oxidation reactants. High speed reaction allows to direct potentiometric titration
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with clear potential jumps. The indicating agreement between the results obtained by
different analytical methods shows the correctness of the founded peroxides content.
Peroxides reduction reaction occurred in time and analysis requires the use of back-titration.
As the reducing agent, we proposed metol-sulfite mixture of sodium sulfite and metol (p-
methylaminophenolsulfate) in the presence of oxalic acid in sulfuric acid media. Reagent
excess was titrated with iodine solution. The necessity of the control experiment during
reverse titration allowed avoiding errors due to insufficient impact resistance and reagent
mixture components. The choice of analysis depends on the solubility of the polymer films
(acetic acid, ethyl alcohol, acetone, etc.) The artificial mixtures of starting peroxides do
not contain peroxides films analysis showed that the presence of dissolved polymer film
does not affect the results of the analysis. A number of bleaching agents samples were
analyzed. The various methods of determination were proposed.

The behavior of potassium hydrogenperoxomonosulfate (KHSOs) has been studied
using alternating current voltammetry with square wave modulation in potential range
+1.0...-1.2 V at carbositall electrode as indicating and auxiliary electrode (reference
electrode Ag, AgCI/KCl(sat)) (E, = +0.25 V) [75]. A linear relationship between peak
current and concentration was obtained in the range 0.9x10° mol L™ to 5.4x10™° mol L™
of the KHSOs concentrations at pH ~0.8 for pure substance. It is I,= (8.3 + 0.6)x10%xc
(r= 0.999). RSD were 2.68 %, 2.55% and 2.39 % for the 3.6x107, 4.5x10™° and
5.4x10™ mol L™ concentrations of KHSOs model solutions, respectively (5 =-0.28...
+0.44 %). The addition method was used for KHSOs determination in disinfectant
«Ecocid S», RSD were 2.01 % and 1.88 % for ¢(KHSOs) = 4.65x10™° and 7.75x10™° mol L™,
respectively. The obtained results have good agreement with those obtained by using the
reference method of iodometric titration, with an accuracy lower than —0.42 %.

In the paper [76] the electrochemical behavior of KHSOs in the presence of sodium
dodecylbenzenesulfonate (SDBS) has been studied using cathodic voltammetry at the
carbositall electrode as indicating in the potential range of +1.0...-1.2 V (the reference
electrode Ag, AgCI/KCl(sat)) (E, = +0.3 V). It has been experimentally proven that the
height of KHSOs reduction peak decreases and the potential of the reduction peak is
shifted toward more electronegative values with increasing of the background electrolyte
pH from 0.80 to 7.17. The maximum peak (l,) occurs at a pH of approximately 0.8 and
at a pH around 5 the analytical signal almost disappears. The effect of pH on the peak
potential (E,) shows the following: when the pH value increases in the interval from 0.8
to 2, E, remains almost constant, but E, decreases sharply to the negative value with pH
increasing over 2. It has been experimentally proven that SDBS leads to increase of the
current peak and the peak potential shifts to the more electropositive side (+0.25—
+0.3V). The influence of the present SDBS has been examined. The current peak
increases with the concentration of the surfactant up to 1.2x107 mol I and then stays
almost constant with the increase in the concentration of SDBS above 3.0x10° mol L™,
The linear relationship was observed in the KHSOs concentration range of (1.8-9.0)x
x107°mol L™, the calibration curve equation was I, = (4.3+1.1)x10% (r = 0.998). When
determining KHSOs in the test solution of «Ecocid S» disinfectant with the
concentrations of 4.65x10™°, 6.20x10™° and 7.75x10™> mol L™) the RSDs were 0.025,
0.023 and 0.021, respectively (8 = —0.64 ... +0.16%); LOD = 6.50x10°mol L™, LOQ =
2.17x10”° mol L™

Thus, the current research on peroxides detection is mainly focused on electrode
modifications including the application of nanomaterials in order to decrease the
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overpotential and increase the electron transfer kinetics was showed, and the possibility
of peroxides determination by electrochemical methods with applications ranging from
the medical, pharmaceutical and paper industry to household washing powder was
demonstrated.
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3a donomoeoio ximiunoi OKUCHIO8ANILHOI NONIKOHOEHCAYI] AHINIHY NEPOKCOOUCYIbGaAmom
AMOHII0 Yy BOOHUX PO3HUUHAX YUMPAMHOI KUCIOMU CUHME308AHO 3PA3KU NOMIAHINIHY ma
KOMRO3Uumie 2naykonim/nonianinin. Bracmusocmi cunmesoganux 3paskie 0ocniodiceHi 3a
00NOMO2010 CYYACHUX DIZUKO-XIMIYHUX MemoOie ananizy. Buseunocs, wo 3i 30itbuieHHam
KOHYeHmpayii yumpamnoi Kuciomu y GUXIOHUX PeakyitiHux CyMiuiax 3p0Cmae Kpucmaniy-
Hicmb noaianininy. [IpueOHanus MOIEKyn aHINIHY 8 MAKPOMOLEKVIAPHOMY IAHYI02Y 8i00)-
8acmbCsl 20106HO 6 napa-nonodcenns. [Ipoyec mepmodecmpykyii noriauininy 6azamo-
CcmaoiiHull, a mepmivHa CMAOLILHICIb 3A1eXHCUMb 610 HAAGHOCHIL 2AAYKOHIMY V KOMNO3UMI
ma xonyenmpayii yumpamuoi kucromu. Ompumani KOMNO3Umu € eiekmponpogioHUMU.
Hasgnicmo y cxkniadi komnosuma 2nayKOHIny 3YMOGII0E HAMASHIYY8ANHA KOMNO3UMA 6
306HIUHbOMY MACHIMHOMY NOJL.

Knrouoei ximiunuii cunmes, NOMIAHINIH, 2AAYKOHIM, KOMRO3UMU, CMPYKMYpd, MepMiuHa
cmabinbricmy, e1eKmponpogioOHiCmb, HAMAZHIYEHHS.

1. Beryn

Enexrponporiani momimepu (EITIT) — HOBHI KJTac OpTaHIYHUX TOJTIMEPIB — CHHTETHY-
HUX METaJliB BUHHUKIJIN MTOPiBHAHO HeAaBHo [1, 2]. [Tomaninin (ITAH) — oguH i3 OCHOBHUX
TIPEeICTaBHUKIB IIHOTO KJIACY TOJiMepiB Bimomuit Bxke 180 pokis. Y 1834 p. #ioro Brepire
TEpMOXIMIYHUM MeTOJIoM oTpuMaB PyHre, a y 1862 p. enekrpoxiMiuHuM MeTooM Jle3ebi
[3]. Tinmbku 3aBASIKKM BIAKPHUTTIO SIBUIIA €JIEKTpompoBigHOCTI modimMepiB (1977) TTAH
CTaB MPEIMETOM JOCIIJKEHb 0araTboX HayKOBHX JlaboparTopiil pi3HOTO CHIpsIMyBaHHS.
CpOTo/IHI aKTHBHO JOCHTI/KYIOTh aHINIH, OCKUIBKH MOXHA CHHTE3YBaTH HaHOCTPYKTYp-
poBanwuii [TAH [3, 4]. ['onoBHa MeTa WX JOCIIKEHb — MONTYK HOBHX METOJIIB CHHTE3Y 1
3actocyBanHs [1AH. [llopoky npobnemaruka mocmimkens EIIT i [TAH, 30kpeMa, CyTTEBO
30imbInyeThest [4]. HemomaBHO 3ampomnoHyBaiM CHHTE3YBaTH KOMIIO3UTHI Martepiayiu
(Tak 3BaHi riOpUAHI KOMIIO3UTH) Ha OCHOBI [IAH i MIMH 4u MiHEepaIbHUX TJIHMH (MiHEpaiB),
SIK HAIMPUKIIAJ, MOHTMOPWJIOHIT, LIEOJIT, KaOoJiH, MEPOBCHKIT, KPEMHE3EM, KPEMHE3eM-
[TIAYKOHIT, TIayKOHIT Tommo. [loeaHanHs BiactTuBocTer [TAH i3 mpupoTHUMEU MiHEpaTaMu
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Jla€ 3MOTY OTPHMYBATH MIiKpO- i HAHOKOMITO3UTHI TiOpHIHI MaTepiaan 3 HOBUMHU (Hi3HKO-
XIMIYHUMH BiacTHBOCTSAMH [5—8]. ['IOpuaHNM KOMIIO3MTaM BJIACTHBI KPHCTAJIIYHICTB,
BHCOKa TepMidHa CTiHKICTh, MarHeTU3M 1 BHUCOKI 3HAYEHHS EJIEKTPOINPOBIAHOCTI, a
0COOJTMBO HAHOCTPYKTYPOBAHICTE [7, 8] 1 Jy’Ke Ba)IJIMBI € HOBI CHHEPIiYHI BIACTHUBOCTI.
Taki KOMIIO3WTH TOYadM BHKOPHCTOBYBATH SK UYTIHMBI IIapH XeMo- Ta 0iOCEHCOpiB,
KOMITOHEHTH aHTHKOPO3iHHMX Ta IHIIMX HMOKPUTHh — 3axvcHUX mapis [9, 10]. 3 mporo
OTJISITY PO3TIISAA HAUPSAMIB CHHTE3y KOMIIO3UTHHX MaTepialiB MiKpO- Ta HAHOCTPYKTYp-
poBanoro ITAH 3 MpuUpoIHMMH MiHEpaJaMH, sIK TEPMIYHO CTAaOUIBHOIO 1 JIEHIEBOIO IS
LbOTO CUPOBHHOIO, € JIOCUTh BaKIIMBUM HaIpSIMOM po3BUTKY Hayku mpo EIIIl. Hano- Ta
MIKPOIUCIIEPCHI YaCTUHKHU IPUPOJIHUX MIHEPATIB YA OKCHIIB CIYTYIOTh TeMIUICHTaMH
JUIA CHHTe3y HaHOCTpykTypoBaHoro IIAH. B ramy3i CTBOpEeHHS CTPYMOIIPOBITHHX
KOMIIO3UTIB HEOPTaHIYHUI MaTepiaj/moiiMep € IOCHTh 0arato JOCIHiIKCHb, SKi HE
NPUIHHSIOTHCS 10 TEMep, 10 CBIIYUTH PO aKTYaIbHICTh TEMaTHKH, 1 3alliKaBJICHICTh
HAYKOBIIIB BChOTO cBiTy [11].

HaiinommpeHimmii MeTo/; CHHTE3y TiOpUAHUX KOMIIO3UTHUX MaTrepiaiB — XiMiYHHNA
METOJI OKHCHCHHSA aHUTIHY (AH) pi3HUMH OKHCHHUKAMH 3a HAasSBHOCTI MPHUPOIHOTO
minepay (in situ) [12, 13]. 3a3Buyaii Taki CHHTE3H POBOIATH B OJIHY CTAJIif0, 3AEOLIBIIIOTO,
y BoaHux posumHax MiHepanbHux (H,SO,; HCI, HNO;, HCIO4 HsPO, Ttomio) uu
opraHiyHux KuciotT [5-9, 13, 14]. TakuM METOOM OTPUMYIOThH JAOTIOBaHI MOJIIaHIIIHOBI
Iapy Ha TIOBEPXHI JUCTIEPCHOTO MiHEpay.

CuHre3 riOpuAHMX KOMIIO3HUTIB METOAOM iN SitU Mae BaXKJIMBe MPAKTHYHE 3HAYCHHS.
CuHTe3 1a€ 3MOTY CIPOCTHTH CHOCOOM TOETHAHHSI BIACTHBOCTEH MPUPOTHOTO MiHEepay
ta [IAH i oTpuMaTH HOBi Marepianu 3 iHIIMMHU (DI3MKO-XIMIYHUMHM BJIACTHBOCTSIMU.
3ayiexxHO Bij BHOOPY YMOB IMPOBENEHHS PEakilii OKUCHEHHs AH, MPUPOAN KUCIOTH —
JIOTIaHTa, CHIBBiIHOIIEHHS KOHIEHTpAalLili MOHOMEP/OKHUCHIOBAY, TEMIEpaTypy CHHTE3Y
i BIAMOBIAHOI MOMEPEaHbOI MiATOTOBKH MOBEPXHI MiHEepany, e)EeKTUBHICTh OCAKEHHS
mapy ITAH, Horo crpykrypa Ta Mopdosoris Oyne pi3HOI0. 32 JONOMOTOI0 XiMIYHOTO
METOJIy CHHTE3Y OTpUMAaJH Pi3HOMaHITHI T1OpUAHI KOMIIO3UTH, CEPE]l SKUX BAPTO BHUJIi-
JUTH B OKPEMY T'PYIy KOMIIO3UTH 3 HEOPraHIYHMMHU MaTepiajaMy NPHPOIHOTO MOXOJ-
JKEHHsI, SIKI MiIBHILYIOTh TepMiuHy cTiiikicte [IAH, HaJarOTh KOMIIO3UTaM MarHiTHHUX
BlactuBocteii Tompo [5-8, 13, 14].

Cepen HPUPOAHUX MiHEpaliB, SKi BHKOPUCTOBYIOTH [JIi CHHTE3y KOMIIO3UTIB
npupogauii MiHepa/EINll, He BUBYCHUM € TIIAYKOHIT, KU MICTHTH oKcuau Depymy,
Aumtominiro, Tutany, Cuinito Tomo [15]. AkTyansHIiCTh TPOOIEMH 3 CHHTE3Y Ta JOCIi/-
KEHHs BIACTHBOCTEH KOMIO3WTHHX MarepianiB Ha ocHOBI IIAH i I'm € oueBnaHOIO —
CTBOPCHHS €JICKTPOINPOBITHUX TiOPUIHMX KOMIIO3UTIB 3IaTHHUX J0 HAMarHiuyBaHHS B
30BHILIHLOMY MarHiTHomy mnoumi [16, 17].

2. PeakTHBH Ta MaTepianu

Jlnst ximiuHux niepeTBopensb BukopuctoByBaiu aninin (CsHsNH,), dipmu «Aldrich»,
SIKAI TIepe]l BUKOPUCTAHHSM JIOJaTKOBO TIEPETaHsIIN MiJl BAKYYMOM, IUTPATHY KHUCIIOTY
[C3H4(OH)(CO,H)3] — x.u., amoHiit nepokcoaucyabdar (NH,)»S,0g), dipmu «Aldrich».

['MayKoHIT OTPUMYBAJIM 3 MPUPOAHOI CYMIllli KPEMHE3eM-TJIAyKOHITY HUISIXOM Mar-
HiTHOTO OounineHHs [18]. MiHepan ckianaeTbes 3 TiIaykoHiTy ~98 % Ta noMIIoK Kpem-
HezeMy ~2 %. Cxian ['m BU3HA9amm 3a JOMOMOTOIO MIKpOaHANi3y B I€pepaxyHKy Ha
okcuan, % (Bar): SiO, — 56,6; Al,Os — 11,4; FeO i Fe,03 — 14,2; MgO - 3,8; TiO, - 0,8;
K,O - 5,0; CaO - 1,8; Na,0 — 0,4 i H,O ~6 % (3a pe3ynbTaTaMu TEPMIi4HOTO aHATI3Y).
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Po3mip 9acTHHOK CTAHOBHB MEHIIIE 2 MKM.

3. MeToau aocCiaKeHHs

Hudpakrorpamu 3paskiB peectpysaiu Ha audppakromerpi STOE Powder Diffraction
System P 3 Cu Ko Bunpomintosannam (A = 1,54060 A) y pesxumi nponyckanns. Indpa-
YepBOHMH CHeKTpaibHui aHaii3 i3 @yp’e neperBopennsm (I4-PII) 3paskis y nianazoni
4000-500 cM™ mpoBommIM y BHIUISAI TAaGIETOK 3a IOMOMOTOK CIEKTPodoTOMETpa
NICOLET IS 10. Tepmiunuit anani3z 3paskiB mpoBoxwiu Ha npuiani [epuBatorpad
Q 1500-D y TemnieparypHomy nianazoni 20—700 °C npu mBHAKOCTI HarpiBaHHs 3pa3KiB
10 °C/xB B armocdepi noBitps. Maca 3paska cranoBwiaa 100 mr. Turmi nimatiHOBI, eTa-
nonHa pedoBuHa Al,O;. Ckiaj i po3Mip 4aCTHHOK IJIayKOHITY BU3HAYAIM 3a JOIIOMOIOKO
pacTpoBOro €JIeKTPOHHOrO Mikpockona-mikpoaHanizatopa PEMMA-102-02 3a mikpo-
doTorpadisimu Ta cnekTpamu ITUGPaKIlii eISKTPOHIB, BiAMOBIIHO. EXeKTponpoBigHiCTh
BUMIPIOBAJIM y YapyHKax THIY «CaHJBIY» Ta KOMIUIEKCY amaparypy ISl BUMipIOBaHHS
onopy Rigol DM 3068 3a temmepatypu 293 + 1 K. [Ijus 4oro mopomkonomioHi 3pasku
MOJIMEPY Y KOMIIO3UTa IPEeCyBaH y TabJIETKH TOBIIMHOIO ~2 MM 1 niamerpoM 10 mm y
MeTaneBiii mpecopmi mpu 3ycwmn 150 arm/cM? BIOPOIZOBX 5 XB 3a TeMIEpaTypH
293 = 1 K. IluroMy HamarHiyeHicTh 3pa3KiB BU3HAYaIM 3a J0rmoMororo Mmerona Papanes

[16, 17].

4. MeTonMKH CHHTe3Y NOJiaHLIIHY Ta KOMIIO3HUTIB

3pasku [1AH Ta xommosura I'/IIAH onepkyBanu XiMIYHUM OKHCHEHHSM aHUIIHY
(NH4),S,0g y Boanux 0,1, 0,5 i 2,0 M pozuunax 1K 3a temmeparypu 293 + 1 K. Cmis-
Bigaomenns: Au:(NH4),S,0g cranosuio 1:1,2. Jlo 80 mu po3unny AH B 1K BHOCHIH
HaBaxky ['n, 10 XB migmaBamu i ynbTpa3ByKy Ta HEpEeMILIyBaldl CyMill BIPOIOBXK
omuiei romunan. 20 Mt posunny (NHy),S,0g y LIK BBOAMIM 10 pO3YHHY AH 49 CyMilii
I'n—AH, npukamnyioun BIPOAOBXK TOJUHU NMpH nepeMimryBanHi. [licast nopaBaHHS OKuC-
HUKa peaKIiifHy CyMilll TepeMillyBalld OAHY roauHy. [licis 4oro peakiidHy CyMirl
BUTPUMYBAJIH 24 rof, GiIbTpyBaiu, MPOMHUBAIN JUCTHILOBAHOIO BOJOIO 110 HEHTPaJb-
Horo 3HaueHHS pH Ta cymmmm y Bakyymi npu 333 K. Otpumani 3pa3ku po3THpain B
¢bapdopoBiii cTynmi Ta ZOCTiKyBaJM 32 JOIOMOTOI0 Pi3HUX (i3UKO-XIMIYHMX METOJIIB
aHastizy. BuximHi KiTpKOCTI peareHTiB i BUXiJ MPOIYKTIB peakiii HaBeaeHo y Tad. 1.

Tabauys 1
CniBBiHOIIeHHSI KOMIIOHEHTIB y Ipoleci CHHTe3y Ta BUXil NPOAYKTiB

3pazox Maca a;HUnHy, KOHHeHTpall\_[/[lﬂ KHUCJIOTH, BH:l;[, Bygzm,

ITAr 1,0 0,1 0,866 86,6
I'n/TTIAH 1,0 0,1 1,836 91,8

I[1AH 1,0 0,5 0,881 88,1
I'n/TIAH 1,0 0,5 1,847 92,4

I[1AH 1,0 2,0 0,944 94,4
I'n/TIAH 1,0 2,0 1,970 98,5

Bwmicrt I'n cranosuB 1 1, maca AMITOJIC — 2,7 1.

Sk BUAHO 3 Tabm. 1, 31 30UIBIMICHHSIM KOHIICHTPAIIi KHCIOTH Y PEaKIIIHHOMY cepeo-
BHIIII JACTIO0 30UTBIIYETHCS BUXI1]T TIOJiaHITIHY Ta KOMITO3UTIB.
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5. Pe3yabTaTH eKCiepUMEHTY Ta 00T 0BOPEHHSA
5.1. CTpykTypa nojiaHijliHy Ta KOMIO3UTIB IJ1ayKOHIT/MoJIiaHiTiH

Judpaxrorpamu 3paskiB I'n, [TIAH i komnosutiB ['/ITAH 3a pi3HHX KOHLEHTpALii
K 300pakeno Ha puc. 1. Sk BuaHO 3 puc. 1, @ — ¢ kpuBa 1, ms AudpakTorpam 3paskin
ITAH, cuATe30BaHMX 3a pisHMX KoHHeHTpamii LK (Crk) y mexax 26 = 10 — 35°, xapak-
TepHe aMop(QHE Trajo, Ha SKOMY IMPOCTESKYIOTHCS TPU CIA0KO IHTEHCHBHI TIKH TIPH
20=154, 19,8 1 25,2°, sxi e xapaktepuctuuHuMu s [IAH i cBiguaTh mpo Horo
YaCTKOBO KPHUCTAIiuHy CTpyKTYpy [19].

BigHocHi omuamii
w
w

2
2
1 1
0 20 30 40 5 6 70 10 20 30 4 50 6 70
20, rpan. 20, rpan.
a 6
g
. 3
&
o
: 2
1
0 20 30 40 5 6 70
20, rpan.

6
Puc. 1. Judpaxrorpamu 3paskis [T1AH, I'1/TIAH cunTe30BaHuX 3a KoHUeHTparii LK, sxi
nopiBHioloth M: ¢ —0,1; 6 -0,516—-2,0. 1 —T1An; 2 - Tw/1IIAn i 3 - '

Jus mudpaxrorpam 3paskiB kommosutiB [1/ITAH (puc. 1, kpusa 2) y mexax
20 =10-35° Texx xapakTepHe amMop(dHE Tajo, Ha SKHX MPOCTSIKYIOTHCS ITKH, SKI
BIZMOBINAIOTH KpUCTATIUHIN cTpykTypi ['n1 (puc. 1, kpusa 3). InTencuBHicTh qudpakmiii-
HUX TIKiB, sKi BianosigatoTs [TAH, y 3pazkax [TAH i [W/ITAH 3pocTae 3 miaBUIIEHHM
koHueHrpauii LIK B peakuiiiHoMy po3uuHi.

[iku, 30cepemkeni npu 26 = 20,7° i 260=25,9° cBigyath Mpo BUILY NEPIOAUIHICTH
JIUITHOK KPHCTAJITIB 3 MapaJIeNIbHOIO Ta IEPIEHIUKYIISIPHOIO OpieHTalisIMUA (PparMeHTiB
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JIAHITIOTiB MakpomoJekyn [TAH, BiANOBiIHO, B aMmopdHO-KpUCTamidHii cTpykTypi [TAH
[20]. TIAH y cuHTe30BaHHX 3pa3Kax nepedyBae B CYKyITHOCTI ABOX (hOpM IpUTaMaHHUX
st ITAH, a came — eMepalTbIMHOBOI OCHOBH M €MepaJIbJITHOBOI COJIi ITUTPATHOT KUCIIOTH
[21]. TlomimMepu3aT € KOMIIO3UTaMH, SKi CKIAJAIOTHCS 3 YACTHHOK [J1 3 HaHECCHHM
mapoM [TAH, KpucTaNigHICTE SKOTO 301UIBITYEThCA 31 30inMbImIeHHsM KoHIeHTpaii LK.
IY-®IT criextpu [AH (puc. 2, kpusi 1) B nianasoni 4000-500 cM ™ i HaGip OCHOBHEX
XapaKTepUCTHYHUX cMyT (Tabir. 2) Biamosigae ITAH [6-8, 19-21].

X
é 3 3
g 2
= w 2
1 1
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 110'00 500
XBHIbOBE HHCIIO, CM XBUITHOBE YMCIIO, CM
a 9]
X
é 3
3
g
= 2
1

4000 3500 3000 2500 2000 1500 1000 500
-1
XBUIIHOBE YHCIIO0, CM
8

Puc. 2. IY-OI1 3paskis [1AH, [1/T1AH, cuaTe30BaHKX 3a KoHIeHTpauiil LK, sxi nopiBHIOIOTE M:
a-01,6-0516-2,0.1-11An; 2-T1w/1Aui13 -

Sk BugHO 3 puc. 2, a — 6, kpusi 2, na [4-@II cnekrpax 3pa3skiB kommo3utiB ['/[1An
TEXX HasBHI XapakTepuCTH4Hi cMyrH BiacTuBi [TAH (Tabmn. 2). [HU-OII ciekTp rnaykoHiTy
(puc. 2, a, 6, 6, KpuBa 3) BIAMOBIZA€ CIEKTPaM MOAIOHUX MaTepialliB, OCHOBHOIO O3HAKOIO
AKHX € HASBHICTh WIMPOKOI CMyrH B MexaX 3750-2750 cM™' i BHCOKO iHTGHCHBHOI
XapakTepHCTHUHOi cMyrd npu ~959 cM ™ Bractueoi Si-O-Si un Me=0 38’s13xam, 1e Me =
Al, Ti, Fe Ta in. [6, 8, 19-21]. JIsi mmpoxi cmyru mpu 3584 i 3397 e BinmoBinaoTs
HAsBHOCTI MEpPEeBaKHO MOBEPXHEBUX TimpokcuibHuX rpyn Si—-OH i BomHeBUM 3B’s3Kam
i Ha3Boto «H-miku», BiAMOBiaHO [6, 22].
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JIBi xapaxrtepuctuuni cmyru B I9-OIT criekTpax KoMmo3utis mpu ~1557 1 ~1455 cv™
BIZIMIOBITAIOTH KOJIMBAHHSM XIHOIMHOTO Ta OCH301MHOTO KiNelb MakpoMouiekyn ITAH, i €
03HAKOIO JUTSl HOTO iIeHTU(IKAIIT SIK CTPYKTYPH 3 UePTYBAaHHAM XiHOITHUX 1 OEH30TTHIX
KiJlelb y MaKpOMOJIEKY/S[PHOMY JIaHI031. [HTeHCHBHA cMyra mpu ~1233 cM ™ BiamoBi-
Jla€ eMepabANHOBIM cOJi 1 CBiAUWTH Tpo ii BHCOKWH CTymiHb momyBaHHs [8, 23].
Banentni emyru C=N, C=C, i C-N y xommno3urax ['/[IAH 3MiIIyl0TbCsl CTOCOBHO IUX
cMmyr y 3paskax [IAH B OiK BUIIUX 3Ha4eHb XBUJIbOBHUX YHCEJ, OYEBUJIHO, 3aBISKH
YTBOPEHHIO BOJHEBOTO 3B’SI3Ky MK MOBEPXHEIO EJICKTPOHETAaTHBHMX YacTHHOK [ i
ionizoBanux rpyn 'N—H B makpomonekyni ITAH, a Takoxk Mix mosepxueBumu —O—H,
Me=0 rpynamu i N—H rpynamu makpomonexy: [1AH [24] (Ta6m. 2).

Tabnuys 2

3HavyeHHs] XBUWJILOBHX YHCeJl OCHOBHHX XapaKTePUCTUHYHHUX CMyFTIlOC.]'liL[)KeHHX 3pa3KiB

XapakTepuCTHYHA CMYTa, XBHIBOBE YHCIIO, CM
3pazok Cix, M -
C=N c=C C-N C-N* C-H
ITAn 0,1 1558 1436 1285 1227 873
I'n/TTAn 0,1 1560 1474 1289 1239 954
ITAn 0,5 1558 1455 1285 1233 948
I'n/TTAn 0,5 1561 1459 1288 1237 937
ITAH 2,0 1539 1417 1281 1219 906
I'n/TTAn 2,0 1560 1474 1290 1240 929

Mpumitku:* wiomusHI nedopmariiini konuanus C—H 3B’s13kiB.

CnabkoiHTeHCHUBHA cMyra mpu ~745 cM ! MOXe CBITUHTH TPO napa-TpHeHAHHS
MOJIEKYJI AH Y MaKpOMOJIEKYJIIPHOMY JIaHIo31 [23-25].

5.2. TepmiuHuii aHa1i3 CHHTE30BaHNUX 3pa3KiB

JlepuBaTorpamu siK CyKyIHICTh KPUBHX KOMIUIEKCHOTO aHali3y 3paskiB, a came 1T,
JTT i ITA imocTpytoTh TPOIECH, SKi BiIOYBAIOTHCS B 3pa3Kax i Ji€0 TeMIepaTypH
(puc. 3, a). Crymingacty Brpary Macu (TT-kpuBi) BHAacIiJOK BUIIAPOBYBAHHS UM JAECTPYKIIii
3pa3kiB minTBepkytoTh mikm JTT-kpuBux, a JITA-kpuBi 1LTIOCTpYIOTH HasBHICTBH
EHJIOTEPMIUHHMX Ta €K30TepMidHMX edekTiB. OLiHKY TepMiYHOI CTaOUIBHOCTI YHUCTOTO
ITAH i komnosutiB ['1/TTAH ipoBeneHo 3a gornomororo anamizy TI'- 1 JITT” kpuBux (puc.
3,6-2).

Ha TT" xpuBux 3paski ITAH, cunresoBanoro 3a Cyg = 0,1 M, HasBHI, SIK MiHIMYM,
I’ATh CTajaill BTpaTH MacH, a 3pa3kiB kommosutiB ['1/ITAH — Tpu craxii (puc. 3, 6 — 2),
3paska ['m — aBi craxii Brpatn Macu. 3 aHanizy TI-kpuBux (puc. 3, 6 —2) BHIHO, IO
BMicT [IAH (pa3oMm i3 BOJOIO Ta JOMYIOYOK KHCIOTOK) B kommo3utax [1/T1AH,
cunTe3oBanux 3a Cyx = 0,1, 0,512,0 M, cranoButs 48%, 49% i 50%, BinnosigHo.

Ha nepuuiii cranii Mana yactka BTpaT Baru BinOyBaetbes g0 ~120 °C i 3ymoBneHa
BTPATOIO MOJIEKYJI BOJH, abcopOoBaHuX y 3pasky. pyra cranis o ~290 °C xapakrepHa
JUTS CHIBBUJIUICHHSI BOJU Ta KUCIIOTH-IOMAHTa. TpeTs crajis, sKa BiJlOBIAE PO3KIATY
ITAH, BinOyBaetbes micis 290 °C. CroctepexyBaHa Brparta Baru aiisi [IAH npu 590 °C —
craHoBuTh 39% 1 BTpara Bark 3MEHIIYETHCS, OCKUIBKM BMICT ['J1 3pocTae B KOMIIO3MTI
I'n/TTAn. Brpata Baru 3pa3kom ['J1 3yMoBIieHa, rOJIOBHO, BUAUICHHAM (Pi3HYHO 3B’3aHOT
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BOJIM Ta BOJM, SIKa BXOAWTH Y MIXKIIIAPOB1 MPOMIKKH TIATIBOK ['J1, @ TAKOXK KPUCTATITHOT
BOIH (UB. puc. 3, 6 — 2).
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Puc. 3. [lepusarorpama [TAH cunre3oBanoro 3a konrenrpauii [IK 0,5 M —a
1 TepMOTpaBiMeTPUYHI KPUBI 3pa3KiB CHHTE30BaHMX 3a KoHIeHTpaniit [IK, M:
6-0,1,6-0,512-2,0.1-TIAn; 2 -Tw/IlAn; 3-T'n.

TepmognecTpykuis 3paska IIAH, cunTezoBaHoro 3a Cyx = 2,0 M, 3aBepIuyeTscs npu
660 °C, mo Ha 135 °C Buie 3a TeMuepaTypy 3aBepLICHHs TEPMOJACCTPYKIIi 3pa3kiB ITAH,
CHHTE30BaHUX 3a HIKIMX KoHIeHTparii [1K. 3aBepiieHHs] TepMOASCTPYKIii KOMIIO3UTIB
I'n/TTAH BigOyBaetses 1o Temueparypu ~500 °C, mo 3ymoiieHo BrutnuBoM 1. SIK BHIHO
3 puc. 3, 6 -2, 30inpmenHs koHreHtpamii [IK y BuximHOMYy peakiiiHOMy pO3dYMHI
NIPU3BOJNUTH JI0 3MILIEHHS TeMIepaTyp BTpaTH MacH 3pa3kaMH y OiK BHIIMX 3HA4EHb.
Cymapna Brpara Baru 3paskamu npu 7 =600 °C, mpakTHYHO, HE 3aJICIKUTH BiX
KOHLEHTpalil kKucinoTy. HalBumumii BifCOTOK BTpaTH Bard XapakTepHUH AJs 3pa3KiB
IMAH ~98 %, menmmii juis kommo3utiB ['1/TTAH ~50 %, a s T'n mo 10 % (puc. 3, 6 — 2).

JTT-kpuBi € auepeHniaTbHIME KpUBHMH, siKi oGy noBani 3a T -kpusumu (puc. 4, 6 — 2),
1 € XapaKTepHCTUKOK 3MIiHM IMIBHJIKOCTI BTPaTH MacH JOCIIPKEHHMH 3pa3KaMH, a TaKoX
CITYTYIOTB TS BHSIBIICHHS BIUTHBY KOMITOHCHTIB KOMITO3HTIB HA TEPMiYHY CTaOLTHHICT 3pa3KiB
3a 3MimeHssM TikiB JITT-kpuBux crocoBHO mikiB BnactuBuX 1t JTT-kpuBux 3paska I[TAH



CHHTE3 I BIACTUBOCTI KOMITO3UTIB I'JIAYKOHIT/ITOJITAHIJITH, JIOTIOBAHUIA IIMTPATHOIO... 79

[26]. TTixu ATT-kpuBux 3pas3kiB [TAH BUII 32 IHTEHCUBHICTIO, HDXK TKH KPUBHUX BJIACTUBHX
st Tn/TIAH, mo 3ymosieHo BuiuM BMmicToM [IAH y 3paskax. [awi puc. 4, xpusi [
T ATBEPDKYIOTh OaraTocTaliifHiCTh BTpaTy Macu 3pazkamu [TAH (muB puc. 3, kpuei 1). Tlepri
yorupH miku Ha J{TT-kpuBHX BiIIOBiaroTh mporiecaM, siki BigOyBarotees 3 [1AH, a penira —
MPOAYKTaM MOTO PO3KIIAIY.
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Puc. 4. JTT-xpuBi 3pa3kiB, cuHTe30BaHUX 3a KoHIeHTparii LK, sxi nopisHio0Ts M:
a-01;6-0,58-2,0.1-11An; 2-T1wIlAn; 3T

3MimeHHs Temriepatypu po3kiany [IAH B KOMITIO3UTI y OiK BHUIIUX 3HAYEHb MOYKHA
MOSICHUTH B3aEMOJIi€10 MK yacTiHKaMu ['71 1 Makpomosnekyiamu [TAH [27].

Pazom i3 mpoamykramu posknany ITAH BuIISETbCS BOJa, sika mepedyBana y
MaKpOMOJIEKYJIaX 3a paXyHOK BOJHEBUX 3B’s3KiB [24] (puc. 4 i Tabmn. 3). [Tiku 51 6 Ha
JATT-kpuBUX BigNOBIZarOTh po3KIamxy HpoxykTiB mectpykmii ITAx. Hassaicte I'm y
komro3uTi ['1/ITAH npu3BOANTE 10 3MEHIIEHHS KiJIBKOCTI cTazii Tepmonectpykuii [TAH,
0 3yMOBJICHO MEHIINM BiJCOTKOM BMicTy IIAH B KOMIO3HTI CTOCOBHO 3pa3ka IIAH.
Tikn na JATT-xpuBux xomnosutis mpu remneparypi 153 °C (puc. 4, 6, kpusa 1 1 6, kpugi
1 i 2) BiANOBiAalOTH YaCTKOBOMY BMIIAPOBYBAaHHIO NMPOAYKTIB po3kiany LK, ska mma-
BUTHCH 3a Wi€l Temriepatypu [26] i € B 3pa3Kax sk IoIyroua pedoBuHa. Lle miaTBepmkye
cxonunka Ha TT-kpuBHx y Mexkax temmeparyp 150-170 °C (puc. 3, a, 6). J{ns 3paska '
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XapaKTepHi, MPAKTUIHO 2 CTajil, AKi MATBEpKYIOTh mikk Ha I TT-kpuBiit 3a Temmepa-
Typ 73° 1 500 °C. HasBHicTs ['1 y KOMIO3uTax NpH3BOAWTH 10 3MILICHHS TEMIIEPaTyp
mikiB JITT-kpuBuX y Oik BUIIUX 3HaYeHB (Ta0II. 3).

Tabauys 3
PesyabraTu 06podoku JATT-kpuBux gociaigxeHux 3pa3kiB
Temme ikiB £1, °

3pasox Cue M - ; gaTypn numj1r 1, °C - -

ITAr 0,1 70 276 350 414 431 528
I'n/TTIAu 0,1 70 340 - - 452 525

I[1AH 0,5 84 168 294 369 432 -
T'/TIAu 0,5 75 - 331 361 470 -

I[1AH 2,0 80 162 272 - 480 545
T'/TIAu 2,0 70 140 222 370 480 520

Ha JTA-xpuBux 3paskiB (puc. 5) HasgBHHH EHIOTEPMIUYHHH MIHIMyM Yy Mexax
temrepatyp 60 — 125 °C, sikuii Bianosiae BUIUICHHIO (BUIIAPOBYBaHHIO) BOJM 3 3pa3KiB
MAH, I'n/TIAn 1 I'n. He3naunuit enporepmiunmii minimym npu 153 °C Biamosigae
IJTaBJICHHIO 3 4acTKOBMM BumapoByBaHHsAM LK (puc. 5). lnsg Bcix 3paskiB y Mexax
temrepatyp 180-560 °C xapakTepHa HasBHICTb €K30TEpMIYHHX IIiKiB, IHTCHCHBHICTb,
SKMX 3MEHITY€EThCS 31 30imbpIeHasM koHteHTpaiii L{K (nuB. puc. 5).

I3 pesynbratiB 06podkn ATA-kpuBnx nepusarorpam (tabdi. 4) BUIHO, IO TeMIepa-
TypH TiKiB 30iratotbcs 3 Temneparypamu mikiB AT -kpusux (tabum. 3). Iliku 3-5 Ha
JATA-kpuBux [TAH i KOMITO3HTIB T€X 3yMOBJICHI TepMOAECTpyKLi€ro moiimepy [28]. ITix
6 BigmoBigae po3kiaxy npoaykTiB Tepmoaectpykmii [TAH. Ilupokuit minimym Ha [ITA
KkpuBHX 3paszka [TAH y mexax temnepatyp ~190-250 °C (puc. 5, a), oueBHIHO, 3yMOB-
neHnit po3knanoM i BumapoByBaHHM LK. 3i 36inpmennsam korunentparii LIK Temmnepa-
TypHHi giana3zon poskinany LK 3pocrae g0 ~320 °C (puc. 5, 6).

ITik 6, o4eBHIHO, BIAMOBIAAE AECTPYKILi MPOAYKTIB po3kiany [TAH. Horo smimenns
B HU3BKOTEMIICPATYpHY IUISHKY 3yMOBJICHO 3MEHIIECHHAM BMicTy [TAH y Kommo3urax
BIBiUi. AHaJi3 pe3ysbTariB AepUBATOTPa(ivHOrO aHaNi3y IOCHTIPKEHHX 3pa3KiB CBif-
YHUTH NP0 Te€, IO HASBHICTH [T B KOMIO3UTI 3MIHIOE Tpoliec TepMoaecTpyKuii ITAH y
ckiani kommosuTa. 3mimeHns mika 2 Ha JITI- i JITA-KpUBHUX KOMIIO3UTIB CTOCOBHO
BOTO X IiKa 3pa3ka [IAH y Oik BHIIMX TEMIIEpPaTyp € 03HAKOIO 301IbIICHHS TePMITHOL
crifikocti [TAH y Kommo3urax.

5.3. EfneKkTponpoBiaHicTh i HAMarHiyeHicTp 3paskis

Sk Bimomo, ITAH y JOMOBaHOMY CTaHi BOJIOJIE €NEKTPOHHOIO mpoBigHicTio [1, 2].
Enexrpuuni xapaktepuctuku (omip (R) i enekrponposianicts(o)) I1AH i 3paskiB KoMrio-
3WUTIB HAa HOTO OCHOBI MM JOCHIJWJIM 1 Pe3yJbTaTH 3alucajd B TaOJ. 5. 3MeHIICHHS
€JICKTPOIPOBITHOCTI 3pa3KiB KOMIIO3HUTIB HacamIepe]] 3yMOBJICHO BMiCTOM HEEJIEKTPO-
nposinHoro I'm y kommnosuti ['/ITAH. Bmict [TAH y KOMIIO3UTI MEHIINMN, IO i TPU3BO-
JIUTh JI0 3MEHIICHHS eIEKTPONpPOBiAHOCTI. Hikul 3HaUeHHs ¢ JUIsl KOMIIO3MTa J0M0Ba-
Horo 2,0 M IIK MoxyTh OyTH 3yMOBJIeH] BUCOKHM BMicToM [[K y KOMITO3HTiI.

Sk BugHO 3 TaOI. 5, BimMiHHICTE y 3HaueHHAX o Mix [TAH i ['/ITAH, cuHTe30BaHuU-
mu 3a Cyx=0,1 M i 2,0 M Big 3paskiB cunre3oBanux 3a Cyx = 0,5 M, crnpuuuHeHa
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BHIIMM cTyneHeM gonyBanHs [IAH. Konnentpamnis gomyrodoi kuciotu 0,5 M, ogeBuaHO,
OITHMAaJbHA.
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Puc. 5. ITA-xpuBi 3pa3kiB, CHHTE30BaHNX 3a KoHneHTpamnii LK, ski gopiBHIOIOTE M:
a—-01;6-0,5,8-2,0.1-TIIAn; 2-TwIlAn; 3T
Tabauys 4
Pe3yabTaTn 00podku JITA-KpuBHX 10CTiTKeHHX 3pa3KiB
Temneparypu nikis +1, °C
3pazox Cix, M 1 5 3 7 5 6
I'n - 82 - - - 492 629
[MAr 0,1 75 222 289 360 414 482
I'n/TIAn 0,1 85 260 352 385 468 512
[MAr 0,5 90 308 372 481 425 484
I'n/TIAH 0,5 83 344 380 470 438 461
1A= 2,0 80 282 350 471 548 602
I'n/TIAH 2,0 95 280 354 480 520 647

Tabauys 5
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Omip i nuTOMA €/1eKTPONPOBIAHICTH 10CTiIZKeHNX 3pa3KiB

3pa3ok Cix, M R, Om ox10%, Cmrem™
I'n - 6520 0,0032
ITAn 0,1 540 40,8
I'/TIAH 0,1 700 315
I1AH 0,5 296 122,0
T'/TIAH 0,5 920 29,1
I1AH 2,0 261 84,3
T'/TIAH 2,0 760 29,0

JlocmimkeHHsS TOBEIIHKA 3pa3KiB Y 30BHINTHBOMY MAarHiTHOMY TIOJIi BHSIBHIIO, IIIO
3pa3Ky KOMITO3MTIB 3/1aTHI 10 HaMarHiueHHs 3a temneparypu 20 =1 °C (puc. 6).

3pazku [TAH € HEMarHiTHUMU B yMOBax IPOBEICHHS IOCIiIKEeHb (pUC. 6, cepis
kpuBux 1), Tomi sk A7 3pa3ka ' BIacTWBa JAOCHTH BHCOKA IMHTOMa HaMarHi4eHIiCTh
(puc. 6, kpuBa 3), sika 30UIBIIYyETHCS 31 30UIBIIEHHSIM HAINPY>KEHOCTI MAarHITHOTO MOJIS.
Bwumict y monimMepHOMY KOMIO3UTI ['J1 IPU3BOIUTE 10 BUHUKHEHHS MATOMOI HAMarHive-
HOCTI KOMITO3MTIB, sIKa, IPaKTU4HO, HE 3aJeXHTh BiJ KoHmeHTpanii LIK, a 3amexurs
TUTBKH Bil HANPYKCHOCTI MPHKIAACHOTO MAarHiTHOTO mouisi (puc. 6, cepis KpuBUX 2).
BenmunHa muTOMOT HAMarHiYeHOCTI 3pa3KiB KOMITO3UTIB TIpH cHiBBigHOIEHH [TAH : T'n

sike JopiBHIOE 1 : 1, Mae mpomikHEe 3HAUEHHS MK BEIMYMHOIO TUTOMOT HAMarHiue€HOCTi
HAnilm
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Puc. 6. 3anexxHicTh TUTOMOT HAMArHIYEHOCTI OCIIKEHNX 3pa3KiB BiJl HAMIPYKEHOCTI
npuknagenoro Marditaoro nosst: 1 — [MAn; 2 — I'/I1An; 3 - I'n.

6. BucHoBKH

[MopiBHsNBHMIA aHami3 pe3ynbTariB peHTrenodasosoro, [Y-DI1 crekTpansHoTO, IE-
puBaTorpadiqHOTO, EIEKTPONPOBIAHOCTI Ta MUTOMOI HamarHideHocTi 3paskiB [IAH i
komro3uTiB I'/[IAH, CHHTE30BaHMX 3a pI3HMX KOHIIEHTpaWill IUTPAaTHOI KHCIOTH
BHSIBUB, III0:
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— 31 30UTBIIICHHSIM KOHIIEHTPAIlii ITITPATHOI KUCIOTH 301JIBITY€ETHCS CTYIiHL KPHUCTa-
JYHOCTI noJianininy. [IprerHaHHsS MOJNEKy aHUIIHY B MaKPOMOJICKYJIIPHOMY JIAHIIIO31
BiI0YBA€THCS TOJIOBHO B 1apa-TIOJOKEHHSIX;

— nporuec TepmozaecTpykuii [IAH 6ararocraniiiHuii, a TepMiuHa cTaOUIBHICT KOMIIO-
3WUTIB 3QJIKUTh BiJ] HASBHOCTI TJAYKOHITY y KOMITO3UTI Ta KOHIIEHTpAIii IUTPaTHOI
KHCJIOTH B PeaKIiiHil cymini;

— 30UIBIICHHS KOHIIEHTpALii IUTPATHOI KUCIOTH Y BHXIIHUX PEAKIMIMHUX cyMmimax
NPU3BOJNUTE /IO IIABHIIEHHS IHUTOMOI EJIEKTPOIPOBIIHOCTI, SIKAa € ONTUMAJBHOIO 32
koHneHTpatii 0,5 M 1 3yMOBIIIO€ BUIIMIA CTYIIHb JOITyBaHHS MOMiaHITiHY;

— HAasBHICTb Yy CKJIaJli KOMIIO3UTa TJIayKOHITY MMPU3BOJIUTH J0 BUHUKHEHHS IMHTOMOL
HaMarHiueHOCTi KOMITO3UTA.
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Polyaniline and glauconite/polyaniline composites have been synthesized in citric acid agueous solutions
of different concentrations by chemical oxidative polycondensation method when the ammonium peroxy-
disulfate was use as oxidant. X-ray diffraction, FT-IR spectral, thermogravimetric, electrical conducting and
magnetic properties of synthesized samples were studied. It is shown that crystalline, electric conducting and
thermal properties of polymeric component of composites depends on citric acid concentration. In particular,
the use of concentrated citric acid solutions leads to the increasing of crystallinity degree of polyaniline and
electric conductivity of composites due to the higher degree of doping of polyaniline. In the same time, the
presence of mineral component defines the ability of composites to specific magnetization in magnetic field. It
was determines that thermal degradation of glauconite/polyaniline composites is multistage and thermal
stability of synthesized samples depends on both the glauconite content and of citric acid concentration in the
initial reaction mixture.

Keywords: chemical synthesis, aniline, polyaniline, glauconite, structure, composite, thermal stability,
conductivity, specific magnetization.
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Structure-functional changes in cells which die by apoptosis mechanism have systemic
character and occur at different levels of cell organization, namely, in plasma membrane,
cytoplasm, and nucleus. It should be noted that mitochondria play a dual role there. In
normal state, these organelles support most processes of cellular life with energetic
resources, while at the action of extreme agents (toxic substances, for example, anticancer
drugs, or x-ray irradiation) they turn to killers of self cells. Such dualism in mitochondria
effects is expressed in various forms. The mitochondrial membrane contains Bcl-2 and
Bcl-XL proteins whose increased level blocks apoptosis, while an elevation of the amount
of other proteins, like Bax and Bid related to Bcl-2, oppositely, facilitates the apoptosis.
Mitochondrial matrix contains cytochrome C which is vitally important for energy
generation by these organelles, while simple release of this protein from mitochondria to
cytoplasm is absolutely deadly for cells. It activates a cytosolic protein Apaf-1 whose
complex with cytochrome C further activates the proteolytic enzyme pro-caspase-9 which
gets a capability to split so-called effector caspases 2, 3, 6, 7 and 10. The last degrade the
intracellular proteins which are critically important for supporting cellular life processes.
The reactive oxygen species are important mediators for realization of apoptosis program,
and blocking their generators or neutralization of the action of those highly reactive
agents also suppresses apoptosis development. The article presents literature data, as well
as the results of studies of collaborators of the Department headed by the author,
regarding potentials of enhancing or inhibiting cell death by the apoptosis mechanism.

Keywords. Cell death, apoptosis, mitochondria, mechanisms, reactive oxygen species.

Up to recent time, investigation of the mechanisms of cell death did not attract big
attention of scientists, since cell death was considered only as a consequence of evident
cell damage or aging. Massive death of cells during development of multi-cellular
organisms was observed, however, switching mechanisms of that phenomenon were not
known, since not only old and impaired cells, but also «young» cells possessing high
potential to reproduction are dieing [1]. In this article, we have addressed the role of
specific cellular macromolecules and role of changes in functioning of energy generating
intracellular organelle, the mitochondria, in cell death mechanisms. It is accepted that
mitochondria is an ancient endosymbiotic organism which lost most of its genetic
apparatus during co-evolution with its host organism and has been specialized for energy
generation for host cell [2]. Since membrane potential of mitochondria is critical for its
functioning as cellular «electric power station», the ultra-structural and molecular events
in this organelle can affect processes of cell death.
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There are two principal ways of cell death — programmed and un-programmed [3].
The programmed cell death, also called apoptosis, is genetically determined, and the
protein products of specific genes are responsible for switching on processes of
destruction of specific macromolecules (proteins and nuclear DNA) and cell structures
(plasma membrane, cytosol, mitochondria, and nucleus). Autophagy is another form of
the programmed cell death that is accompanied by cellular self-digestion [3]. The un-
programmed cell death, also called cell necrosis, is mainly induced by the pathological
agents, and it is accompanied by the inflammation development, while the apoptosis is
not [3]. It should be noted that the apoptotic or necrotic effects strongly depends on
duration of action of stressing agent, as well as its dose. The pro-apoptotic agent acting
for a longer time and in higher dose can induce the necrotic effects in the same target
cells. Although apoptosis, opposite to necrosis, demands energy for its realization, if the
mitochondria functions are impaired, cell death processes are also enhanced. The reactive
oxygen species are among the most damaging agents affecting cellular structures and
functions [4], and mitochondria are both a generator of these agents and their target.

In this article, we have analyzed a dual role of mitochondria in apoptosis — as a
generator of energy needed for life processes, and as a source of bio-molecules that
participate in realization of cell death program.

Materials and Methods of Investigation

Reagents. Chelidonium majus L. alkaloids sanguinarine, chelidonine, chelerythrine
were prepared in our lab by Dr. Maxym Lootsik as described in [5]. Anti-caspase-8, anti-
caspase-9 antibodies were supplied by Beckman Coulter (Miami, FL), anti-Bcl-2, anti-
caspase-3 and cleaved PARP antibodies — Santa Cruz Biotechnology (USA), anti-actin
antibody — Sigma Chem. Co. (USA), anti-cytochrome ¢ antibodies — BD Pharmingen
(USA), anti-Bax — Immunotech (France), proteinase K — Fluka (Germany), RNase A —
Sigma Chem. Co. (USA), lauroylsarcosinate — Fluka (Germany), EDTA — Serva (Germany),
Trizma base — Sigma Chem. Co. (USA), NADP* (Reanal, Hungary), glucose-6-phosphate
dehydrogenase (Ferak Berlin, Germany), hexokinase (Ferak Berlin, Germany), epoxide
resin epon-812 (Fluka, Germany), cacodilate buffer Sigma Chem. Co. (USA), NP-40 —
Sigma Chem. Co. (USA), glutaric aldehyde — Sigma Chem. Co. (USA), protease inhibitor
mixture — Roche (Germany), ECL reagents — Sigma Chem. Co. (USA), N-acetyl-cysteine
(Sigma Chem. Co. (USA), cyclosporine A (Sigma Chem. Co. (USA).

Cells and their culturing. CEM T-leukemia human cells (obtained from cell
collection at the Institute of Experimental Pathology, Oncology and Radiobiology NASU,
Kyiv, Ukraine) were cultured in suspension in RPMI-1640 medium (Sigma Chem. Co,
USA) supplemented with 10 % fetal bovine serum (Sigma Chem. Co, USA) in 5 %
CO, — 95 % air atmosphere at 37 °C and 100 % humidity. Cells were grown in 35 mm
plastic culture dishes and their growth and viability was measured after staining dead
cells with 0.1 % trypan blue.

Determination of cell death and apoptosis. Cells were stained with propidium
iodide for study the membrane integrity and with Hoechst 33342 — for study of cell
nucleus intactness. Cell suspension was transferred to Eppendorf tube, Hoechst 33342
(final concentration 1.5 uM) and propidium iodide (final concentration 1 pg/ml) were
added for 15 min at 37 °C, and fluorescent microscopy using blue and red excitation
filter at magnification x400 was applied. Digital images were captured using the digital
camera.
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DNA isolation and electrophoresis. Isolation of DNA from the apoptotic cells and
DNA electrophoresis were performed according to Gong et al [6]. Briefly, cells were
centrifuged at 2,000 rpm for 5 min, washed with PBS and fixed in 70 % ice-cold ethanol.
Then the cells were centrifuged at 2,000 rpm for 5 min, and cell pellet was resuspended
in 40 ul of phosphate-citrate buffer (pH 7.8) for 30 min at room temperature. After
centrifugation at 3,000 rpm (5 min), supernatant was transferred to the Eppendorf tube
and 3 pl of 0.25 % NP-40 solution and 2 pl of RNase A (10 mg/ml) were added. After
1 h incubation at 37 °C, 5 pl of proteinase K (1 mg/ml) was added and the mixture was
incubated for 1 h at 37 °C. Separation of apoptotic DNA fragments was performed for 2
hat4 V/cm in 1.5 % agarose gel supplemented with 0.5 pg/ml ethydium bromide. DNA
was visualized in UV-transilluminator and photographed by digital camera.

DNA comet assay. DNA comet assay was performed at moderate alkaline conditions
as described [5]. Briefly, cells were pelleted by centrifugation, and re-suspended in PBS.
Cell suspension was gently mixed with low melting point agarose and pipetted on
microscope slide. Then slides were immersed in cold (4 °C) lysis buffer (0.5 M EDTA,
2 % lauroylsarcosinate, 0.3 mg/ml proteinase K, pH 7.5) for 60 min at 4°C. The cells
were lysed for 20 h at 37 °C and then were transferred into the electrophoretic chamber
filled up with freshly prepared electrophoresis buffer (90 mM tris, 90 mM boric acid, 2
mM EDTA, pH 8.5). Electrophoresis was performed at 0.6 V/cm for 25 min [77].
Samples were stained with 2 pg/ml ethydium bromide. The DNA impairment was
evaluated by a visual score using an arbitrary scale ranging from 0 (no DNA damage) to
3-4 (intensive DNA damage), which was based on the length of comet tail and relative
proportion of DNA in the comet head and tail [88]. Minimally 300 cells were evaluated
in each sample at magnification x200.

Determination of intracellular level of ATP. The ATP concentration was determined
enzymaticaly using hexokinase and glucose-6-phosphate dehydrogenase. Produced
NADPH was measured spectrophotometricaly at 340 nm. Briefly, cells were cultured
with alkaloids, washed twice with ice-cold PBS and 20 pl of 0.6 M ice-cold perchloric
acid was added to 10° cells. Perchloric acid was neutralized with 2 M KOH and pellets
were removed by centrifuged at 10,000 rpm for 5 min. For enzymatic reaction, sample
were mixed with buffer (0.2 M Tris-HCI (pH 7.5), 1.4 MM NADP", 8 MM MgCl,, 65 MM
glucose, glucose-6-phosphate dehydrogenase). In 5 min the absorption E; at 340 nm was
measured using the NanoDrop spectrophotometer. Then hexokinase suspension was
added and left for 30 min at 37 °C. Finally, absorption E, at 340 nm was measured and
calculated value E, — E; was used for determination of ATP concentration from the
calibration curve.

Western blot analysis. Cells were treated with lysis buffer containing 20 mM Tris-
HCI (pH 7.4), 1 % Triton X-100, 150 mM NaCl with freshly added protease inhibitor
mixture for 30 min at 4 °C and supernatants with protein samples were collected after
centrifuged at 12,000 g for 15 min. Protein concentration was determined by Peterson
method [9]. Equal amounts of protein (30-40 pg) were subjected to electrophoresis in
12 % polyacrylamide gel with 0.1% SDS. The proteins were transferred by electro-
phoresis onto the nitrocellulose membrane. The membranes were blocked by 5% nonfat
dry milk in PBS containing 0.05% Tween 20 at 20 °C for 1 h, and then probed with an
appropriate dilution of primary antibody overnight at 4 °C. The blots were washed twice
for 5 min with PBS-Tween-20 and incubated with a 1:5,000 dilution of horseradish
peroxidase-conjugated secondary antibody (Amersham Life Science, Inc., Arlington
Heights, IL) in 5 % milk/PBS-Tween 20 at 4 °C for 1 h. After washing twice in PBS-
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Tween 20 for 5 min, the proteins were visualized by the ECL reagents. The following
primary antibodies were used: anti-caspase-8, anti-caspase-9; anti-Bax (1:1,000; mouse
monoclonal); anti-caspase-3, anti-cleaved PARP, anti-Bcl-2 (1:1,000; rabbit polyclonal).
For each immunoblot, equal loading of protein was confirmed by stripping the blot, and
its reprobing with anti-actin antibody (1:300; rabbit polyclonal).

Measurement of cytosolic and mitochondrial cytochrome c, Bax, and Bcl-2. After
treatment with the alkaloids, cells were washed twice with cold PBS, collected by
centrifugation at 1,500 g for 5 min, and incubated for 5 min in ice-cold buffer (250 mM
sucrose, 70 mM KCIl, 100 pg/ml digitonin in PBS) according to [1010]. Then the cells
were pelleted for 5 min at 1,000 g, and the supernatant was collected, as a cytosolic
fraction. Mitochondria fraction was prepared by lysis of the pellet in the immune-
precipitation buffer (50 mM Tris-HCI, pH 7.4, 150 mM NaCl, 2 mM EDTA, 2 mM
EGTA, 0.2 % Triton X-100, 0.3 % NP-40 with freshly added complete protease inhibitor
cocktail from Roche). 20 ug of cytosolic or mitochondrial proteins, as determined by
Lowry protein assay, were loaded onto a 12 % SDS-polyacrylamide gel. Proteins were
transferred onto the nitrocellulose sheets as described above. Cytochrome ¢, Bax, and
Bcl-2 were detected with appropriating antibodies, and then re-probed with anti-p-actin
antibody. After incubation with 1:5,000 dilution of horseradish peroxidase-conjugated
anti-mouse g, the blots were developed by ECL.

Rhodamine-123 accumulation in mitochondria. To check intactness of cellular
mitochondria, the cells were loaded with rhodamine-123 fluorescent dye used for
measuring mitochondrial membrane potential (MMP) [11]. Cells were cultured for 30
min with rhodamine-123 (1 pg/ml). After incubation, the cells were centrifuged for 3
min at 2,000 rpm, resuspended in PBS to final concentration 3-10° cells per ml, and
photographed under fluorescent microscope using green excitation filter at magnification
x400.

Electron microscopy. Cells were fixed with 1.5% glutaraldehyde in 0.2 M cacodilate
buffer (pH 7.2) for 1 h at 4 °C. Samples were washed with cacodilate buffer and
additionally fixed for 1 h at 4 °C with 2 % OsOysolution in cacodilate buffer. Then, they
were washed out of the fixating solutions, dehydration was carried out using increasing
ethanol concentrations (50, 70, 90 and 100 %). Additionally, samples were dehydrated in
propylene oxide and transferred in epoxide resin epon-812. Sections were prepared,
contrasted for 15 min with 2 % uranil acetate, and then treated with lead citrate, according
to Reynolds [12]. The sections were analyzed with electron transmission microscope
PEM-100, and photographed on digital camera.

Statistical Analysis. All experiments were repeated three times. The results are
presented, as mean + standard deviation. Differences were considered statistically
significant, when P was less than 0.05.

Results and Discussion

It is known that mitochondria play a decisive role in apoptotic cell death due to a
release of cytochrome C and switching on caspase cascade [13]. We have applied different
alkaloids of Chelidonium majus L. medicinal plant as inducers of apoptosis in human T-
leukemia CEM cells. While sanguinarine and chelerythrine rapidly and directly damaged
mitochondria structure by impairing their functioning, the effect of structurally related
chelidonine towards mitochondria was considerably delayed and, probably, a secondary
and indirect one [14]. We have analyzed which could be the role of mitochondria in
defining rate and intensity of apoptosis. It was demonstrated that apoptosis induction is
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accompanied by following principal changes in mitochondria: 1) a decrease in the anti-
apoptotic proteins of Bcl-2 family; 2) an increase in the pro-apoptotic proteins of this
family (ex. Bax); 3) an elevation of intra-mitochondrial Ca®*; 4) a drastic decrease in
trans-membrane potential (wAm) and, as a result, a decrease in generated ATP; 5) a release
of mitochondrial protein — cytochrome C [3]. In most effects listed above, the action of
sanguinarine and chelerythrine was very fast (for example, these alkaloids induced a
release of cytochrome C from mitochondria to cytosol as soon as in 2 min after the start
of cell targeting), the action of chelidonine which is known from literature as the
cytoskeleton inhibitor [15] was significantly delayed and observed in 12-24 hrs [14].

While sanguinarine and chelerythrine (1 pg/ml, 3 h) caused drastic changes in the
ultra-structure of mitochondria (marked disordering of cristae and intra-mitochondrial
vacuolization) of CEM T-cells, chelidonine was un-effective there even in 4 pg/ml dose
[14]. These morphological changes are in agreement with the results of measuring the
mitochondrial trans-membrane potential estimated as amount of Rhodamine-123
accumulation in mitochondria. It should be noted that chelidonine did not affect that
indicator in 6 hrs, however, in longer terms (12 and 24 hrs) this alkaloid inhibited dye
accumulation in mitochondria. These data also correlate well with the effect of alkaloids
on the parameters of oxidative phosphorylation in the isolated mitochondria: there was a
significant inhibition of oxidative phosphorylation under the action of sanguinarine and
chelerythrine, while chelidonine was ineffective there. Finally, the differential effect of
studied alkaloids towards mitochondrial structure and functions can be well seen when
measuring of ATP content was conducted in human T-leukemia cells of CEM line.
There were no statistically significant changes at 1 hr time point of alkaloids’ action,
however, in 3 hrs ATP level decreased by approximately 60 % at the action of
sanguinarine and chelerythrine, while chelidonine did not affect ATP level in the treated
T-leukemia cells.

As noted above, the reactive oxygen species (ROS) can be an important player in
apoptosis scenario, particularly when the mitochondria are involved. For measuring the
effect of specific alkaloids on ROS production dihydroethidium reagent was used, and
the product was measured by FACS on FL3-H channel. It is know that N-acetyl-cysteine
(NAC) is an effective scavenger of ROS [16], and, thus, it was used for defining if the
alkaloids under study can realize their pro-apoptotic effects via induction of ROS
generation. We found that NAC was capable of blocking most effects of sanguinarine
and chelerythrine mentioned above, namely, a release of cytochrome C, activation of
caspases, DNA damage, level of mitochondrial trans-membrane potential, while this
ROS scavenger was not effective towards chelidonine induced proapoptotic effects. The
effect of sanguinarine and chelerythrine on ROS production was time and dose
dependent, and 30 min pretreatment of cells with NAC (5 mM) suppressed significantly
the effect of following 60 min treatment of cells with sanguinarine or chelerythrine.
Chelidonine did not induce rapid generation of ROS, and its very late effects here could
be secondary ones.

Thus, a multi-target action of specific alkaloids as apoptosis-inducing agents was
demonstrated. Blocking mitochondria as principal energy generating machine of cell is
leading to a start of apoptosis scenario expressed via different actions, such as
morphological changes in mitochondrial ultra-structure, various effects leading to a drop
of trans-membrane potential and a decrease in oxidative phospholyration and ATP level,
a release of cytochrome C and Ca?* flow into mitochondria. Altogether, these changes
lead to cell death. A principal question appears — why the eukaryotic cell entrusted its
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ancient endosymbiont — the mitochondria which is not capable of independent life —
diagnosing cell death and, moreover, cell killer role?
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PE3IOME

Poctucias CTOMKA

SAK MITOXOH/IPISI HEPETBOPIOETHCS 13 EHEPITOI'EHEPATOPA KJIIITUHU
Y BBUBIIO KJIITUHA

Incmumym 6ionoeii knimunu HAH Yxpainu,
eyn. [lpacomanosa 14/16, 79005 Jlvsis, Ykpaina
e-mail: stoika@cellbiol.lviv.ua

CTpyKTypHO-(YHKIIOHAIBHI 3MiHH B KIITHHAX, [0 THHYTH OUIIXOM allONTO3Y, MAIOTh CUCTEMHHI XapaKTep
i BiZOYBaIOTHCS HA Pi3HHUX PIBHAX KIITHHHOI OpraHizamii, a came B IUIa3MaTHYHIA MeMOpaHi, [IMTO30Ii, MiTO-
XoHIpisX 1 szapi. Ilpu mpoMy HEOOXiZHO BiI3HAYUTH, IO MITOXOHIpIi BiAIrpaloTh TYT IBOSKY pOJb. 3a
HOPMAJIbHUX YMOB IIi OpraHeiy 3a0e3MeuyloTh eHEPreTHYHHMHU PECYpPCamMi OUIBIIICTb MPOLECIB KUTTEJiSIIBHOCTI
KJTITUHY, TOAIL SIK 32 Jii eKCTpeMalbHUX YMHHHKIB (TOKCUYHI PEUYOBHHH, y T.d. MPOTUITYXJIHMHHI IperapaTH, U
PEHTTeHIBChbKE BUIPOMIHIOBAHH) BOHU CTAIOTh «BOMBIIIMID BIAaCHHUX KIITUH. Lleil xyanmism y il MiTOXOHApiH
MPOSIBIIETBCS Y Pi3HUX (opmax. J[o ckiaxy MiToxoHzapianbHOi MeMOpaHu BXomsth Oinku Bcl-2 i Bel-XL,
MiJIBUIICHUI PIBEHD SKUX MPOTHUJIE aroNTo3y, TOAI SK IepeBakaHHs TaM iHImMX OinkiB, Bax i Bid, criopigne-
Hux 10 Bel-2, HaBnaku, cnpusie anmonto3y. Y MaTpUKCi MiTOXOHPiH MicTHTBCS LUTOXpoM C, KUl € )KUTTEBO
Ba)KIMBUM IS 3IHCHEHHS MK OpraHeqaMu (YHKIII eHepro3abe3HneueHHs KIITHHY, i B TOH ke Jac IpocTe
«BUTIKAQHHS» LBOTO OlNka 3 MITOXOHAPIH y LHUTOIUIA3My cCTa€ abCOMIOTHO CMEPTEIbHHM JUIsl KITITHH.
AxTuByIOuH B IuTomuiasMmi Oinok Apaf-1, #oro xomruiekce i3 muroxpomom C y IMomanbIIOMy aKTHBYE Ie i
MIPOTEOTITUYHUH €H3UM IpoKacmasy-9, sika IpH [OMY HaOyBae 31aTHOCTI PO3MIEILIIOBATH TaK-3BaHI e(eKTOpHI
kacmasu 2, 3, 6, 7 i 10. OcranHi pyHHYIOTh BHYTpPIIIHbOKIITHHHI OLIKH, SKi € KPUTHYHO BXKITUBHMHU IS
3a0e3meueH s KUTTENSUIBHOCTI KIiTHH. Cepell MOoCepeHUKIB y peamizamii IporpaMu armonTo3y € aKTHBHI
tdopmu kucHO. Tomy OJI0KyBaHHS il iXHIX TeHEPATOPIB UM 3HEIIKOHKEHHS CAMHX IHX CIONYK i3 BUCOKOIO
peaKIifHOI0 3MaTHICTIO TAKOXK raJbMye€ IPOSIB O3HAK anonTo3y. Y poOOTi HaBeeHi AaHi JIiTepaTypH i pe3yib-
TaTH JOCIIPKEHb CIIIBPOOITHHKIB BiUIiTy, KEPOBAHOTO aBTOPOM, IIO0 MOXIIMBOCTEH BIUIUBY (CTHMYJIFOBAHHS
Y1 raJlbMyBaHHs) Ha BIIMUPAHHS KJITHH [IUIIXOM aronTosy.
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Water soluble fraction of dextrin was isolated from the commercial specimen of corn
dextrin using fractional precipitation with ethanol at 33-74 % of alcohol concentration.
The obtained product (mol. mass 4-21 kDa with median point at 10 kDa) can be considered
as dextrin with middle sized molecules. It develops specific red-brownish color with iodine
which is expressed as an extended peak of light absorption with maximum at 395 nm. It is
soluble in water, DMSO and pyridine. 40 % solution (w/v) in water or saline shows
1,15 + 0,01 g/cm® density. Obtained dextrin was used for preparation of density gradient
media to be used for fractionation of cell populations. Optimized procedure for separation
of total white blood cells from the peripheral blood and of their mononuclear (MN) and
polymorphonuclear (PMN) subpopulations is described. Separation of MN and PMN was
achieved by centrifugation in a discontinuous 1,083 g/cm® density gradient which was
prepared by mixing stock dextrin solution with blood plasma/serum. Thus the proposed
water soluble middle sized dextrin can serve as a versatile natural compound for preparing
density gradient media for cell separation in addition to commonly used media produced
with the aid of xenobiotics (sodium diatrizoate or percoll).

Keywords: water soluble dextrin, density gradient, cell separation

Centrifugation in density gradient media defined as isopicnic sedimentation is commonly
used for fractionation of heterogeneous cell populations. Several substances are used for
preparation of media with higher density and physiological osmolarity, Hypaque—Ficoll
solution is the most popular. It was introduced by Boyum A. for separation of human
mononuclear (MN) and polymorphonuclear (PMN) white blood cells (WBC) [1,2].
Nowadays numerous modifications and improvements of that method were published
[3-7]. Nevertheless in all versions sodium diatrizoate (Hypaque) is used for preparing
dense solutions. The main disadvantage of diatrizoate is that it is light sensitive
xenobiotic substance which may be decomposed during inappropriate storage to toxic
products exerting harmful effect upon WBC.

Percoll (Pharmacia, Sweden) is another frequently used material which is a solution
of colloidal silica coated with polyvinylpyrrolidone [8, 9]. It is also a xenobiotic, yet
non-toxic, more expensive then Hypaque, and less accessible. For obtaining of density
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gradients, especially continuous linear gradients, are used concentrated (30 %) solutions
of bovine and human serum albumins, however, they are viscous enough thus complicating
cell sedimentation [9]. Ready for use concentrated albumin solutions are proposed by
«Sigma», USA, yet they are more expensive then two previously mentioned media.

We have addressed to oligosaccharides with medium sized molecules as possible
substances for obtaining solutions with high density. These compounds are hydrophilic,
possess almost no electric charge and reactive chemical groups, like proteins, and can
produce concentrated solutions of low viscosity which do not retard cell sedimentation.
The aim of this study was to obtain water soluble dextrin from commercial partially
soluble dextrin specimen and to investigate a possibility of its application for cell
separation by density gradient sedimentation.

Materials and methods.

Commercial specimen of corn dextrin (Sphera Sim, Lviv, Ukraine) was used in this
study for isolation of water soluble dextrin fraction.

Isolation of water soluble dextrin. 50 g of dextrin powder was suspended in 250 ml
of water and 125 ml of ethanol was added under the constant stirring. Mixture was
leaved at room temperature for 24 hours and thereafter centrifuged at 3000 g during 20
minutes. Supernatant was saved and sediment was placed on paper filter for several days
in order to obtain an additional portion of clear filtrate. Dextrin was precipitated from the
clear solution with two volumes of ethanol and the turbid mixture was leaved for 24
hours in refrigerator. The sediment settled on the bottom of the flask and forms a yellow
honey-like mass. Clear supernatant was carefully eliminated and sediment was treated
with 2-3 volumes of acetone. By mincing with a glass rod this mass turns to a solid
powder which is easily collected by centrifugation, washed with small volume of
acetone and dried. Yield 23-25 g. Low molecular weight constituents were eliminated
by dialysis. 20 g of powder were dissolved in 100 ml of water and dialyzed in visking
tubes against 1 L of tap water during 6—7 hours at 4 °C. After dialysis solution (160 ml)
was treated with 80 ml ethanol and leaved for 48 hours in refrigerator. Small precipitate
was eliminated by centrifugation 15 min at 3000 g, clear supernatant was treated with
two volumes of ethanol and leaved for 24-48 h in refrigerator. After formation of yellow
viscous mass of sediment on the bottom of the flask a supernatant was carefully
eliminated, the sediment was treated with several volumes of acetone, washed with
acetone and dried. Yield 11-12 g.

Molecular mass of the obtained dextrin was determined by column gel filtration on
Sephadex G-50 [10]. Bovine serum albumin (67 kDa), soybean trypsin inhibitor (20 kDa),
cytochrome ¢ (12,3 kDa) and raffinose (504 Da) were used as reference substances.
Detection of sugar in eluate was performed by anthrone method [11] and of protein — by
Lowry method [12].

Samples of human blood were obtained from one of authors (M. L.) and from donors
of blood after their consent at Lviv Regional Station of Blood Transfusion (Ukraine).
Blood samples of mouse, rat and rabbit were obtained at vivarium of Lviv National
Medical University (Ukraine) with preservation of all bioethical rules. Blood samples
(5 ml) were taken by venipuncture (human) or cardiac puncture (rats under the ether
narcosis) and stabilized with 1/20 volume of 1.3% EDTA in the syringe or by
defibrination. In the last case, blood was transferred immediately from a syringe into the
plastic tube and defibrinated by gentle swirling with a glass hook during 15-20 min and
fibrin clot was discarded. Mouse blood was taken after animal decapitation and collected
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drop wise in equal volume of solution A (10 mM tris, 0.13 M NaCl, 5 mM KCI, 2 mM
MgCl,, 0.6 mg/ml EDTA, 0.1 mg/ml heparin, pH 7,4) by mixing on a magnetic stirrer.
Rabbit blood was taken similarly by the puncture of ear marginal vein.

For isolation of WBC from the peripheral blood, the following solutions were used:

10 mM tris, 0.13 M NaCl, 5 mM KCI, 2 mM MgCl, , 0.6 mg/ml EDTA, 0.1 mg/ml
heparin, pH 7,4;

5 % solution of Dextrane T-500 (Fluka) in PBS. Solution we sterilized by filtration
and it can be stored for several years in sealed ampoules at 4 °C.

Hemolytic buffer: 0.83 % solution of NH,CI containing 0.5 mg/ml EDTA, adjusted
to pH 7.4 with 10 % ammonia;

Preparation of total pool of WBC. Stabilized with EDTA or defibrinated blood was
diluted two fold by addition of an equal volume of solution A (blood of mouse and rabbit
was not diluted as it was already two fold diluted during its withdrawal). Blood was
mixed with 1/8-1/10 volume of 5% dextran (solution B), transferred to appropriate
syringe and installed in the inclined position at 45° (syringe tip upward) for 15 min.
Thereafter syringe was placed strictly vertical for 30-35 min. In the presence of dextran
sedimentation of red blood cells is greatly accelerated and blood in syringe is separated
into upper layer of blood plasma with leucocytes, platelets, residual red blood cells, and
lower layer of packed red blood cells and the rest of leucocytes. The needle was replaced
with a thin polyethylene canula and upper layer was carefully transferred to plastic 2 ml
Eppendorf tubes and cells were sedimented by centrifugation at 1,000 rpm during 5 min.
Supernatant material of blood plasma/serum was maximally removed, the cell sediment
was treated with hemolytic buffer for elimination of red blood cells. For this purpose,
cells were suspended in a residual plasma by shaking and 0.4 ml of the hemolytic buffer
was added. The tube was incubated in water bath at 30 °C during 3—4 min, then 0.5 ml of
the autologous plasma/serum was added, and suspension was centrifuged for 2 min at
1,000 rpm. Supernatant was carefully removed, white sediment of cells was resuspended
in 0,4 ml of blood plasma and cells were collected by centrifugation for 2 min at 1,000
rpm. Cells were suspended in appropriate volume of the autologous plasma or serum, or
processed further according to a subsequent protocol of investigation.

Separation of MN and PMN populations of WBC was performed by centrifugation
on a density gradient medium with a specific gravity 1.083 g/ml, which was prepared as
follows. Stock 40 % (weight/volume) solution of dextrin was prepared by dissolving
substance in Tris-buffered saline (TBS) in a proportion of 400 mg of dextrin, 0,55 ml
TBS and 0,15 ml of water. For preparing of density gradient medium the following data
were taken into account: 40 % (w/v) solution of dextrin in saline shows a density of
1.15 £ 0.01 g/ml. Mixture of equal volumes of this solution and blood plasma/serum has
density of 1.086 g/ml, and in proportions of 0.45 dextrin solution — 0.55 plasma/serum
density is 1.079 g/ml .

The medium with 1.083 g/ml density was prepared ex tempore by mixing stock
solution of dextrin with autologous blood plasma/ serum in 1:1 (sometimes 1:1.1)
proportion. Thereafter, 1 % solution of heparin in saline was added to a final concentration
0.1 mg/ml. After 20-30 min a turbidity appeared due to aggregation of lipoproteins, and
solution was clarified by centrifugation 15 min at 5,000 rpm. Clear liquid was carefully
collected not disturbing the floated layer of the lipoproteins on the surface of liquid.
Density of the obtained solution was controlled by weighting in a calibrated pipette
(picnometry). The solution could be stored for no more than 3 days at 4 °C.
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The initial steps of blood processing were the same as at obtaining total pool of WBC,
up to the point after the first centrifugation of cells. After centrifugation, upper layer of
blood plasma was eliminated leaving about 0,5 ml of residual volume in which the
sedimented cells were resuspended. Cell suspension (0.5-0.7 ml) in 2 ml Eppendorf tube
was carefully underlayered with 0,5 ml of medium with an appropriate density, i.e.
1.083 g/ml. Tube was centrifuged for 20 min at 2,000 rpm (580 g) without brake
(«Janetzky» centrifuge, bucket rotor, r = 13 cm). Mononuclear cells were retained at the
border of sample/medium interface and aspirated by pipette with fine bent tip. The
obtained suspension was diluted with an equal volume of solution A, cells were collected
by centrifugation for 3 min at 1,000 rpm, and suspended in a small volume of the
autologous plasma.

PMN and red blood cells passed the medium and were collected at the bottom of tube.
Cells of the sediment were suspended in 0.4-0.5 ml of hemolysing buffer and incubated
in water bath for 3-4 min at 30 °C. Hemolysis was stopped by addition of an equal
volume of plasma, and centrifugation 2 min at 1,000 rpm. Cells were washed with blood
plasma/serum and suspended in 0.3-0.4 ml of blood plasma/serum.

WBC count was performed according to standard procedure using hemocytometric
chamber. Cell suspension was diluted 11-fold with Turck solution (0,1 mg/ml gentian
violet in 3% acetic acid) [13]. Proportion of PMN and MN cells was estimated
simultaneously in hemocytometric chamber according to the shape of cell nuclei stained
with gentian violet, which could be distinctly differentiated at x 600 magnification. Cell
morphology and their integrity were investigated on cytological smears after staining by
Romanovsky-Giemsa method [14].

All quantitative data were statistically evaluated by M+m parameters using Microsoft
Excel 2003 program.

Results and discussion.

Properties of water soluble dextrin specimen. The obtained dextrin specimen is a
powder of light beige color, readily soluble in water. It is also soluble in DMSO and
pyridine. Molecular mass was determined by gel filtration on Sephadex G-50 column
(Fig. 1). Substance was eluted as a broad peak corresponding to molecular mass of 2—
24 kDa. 80 % of material was eluted between 4-21 kDa, the median point of the
molecular mass is 10 kDa, which corresponds to approximately 62 glucose residues.
This permits considering the obtained dextrin as a substance with middle sized molecular
mass. It develops specific red-brownish color with iodine expressed as an extended peak
of light absorption with maximum at 395 nm. The product demonstrates negative
Trommer reaction which suggests that it does not contain reducing sugars, like glucose
or its di- and trisaccharides. A commercial corn dextrin is available in great quantities
and water soluble fraction can be prepared in a sufficient amount for reserve. Dry
product is stable and can be stored in closed vessel at room temperature for more then a
year without changing its properties.

An employment of density gradient centrifugation for fractionation of cell populations
is mostly used for separation of the peripheral blood leukocytes. Since introduction of
A.Boyum’s method in 1968 [2], methods of purification and isolation of WBC and their
subpopulations are constantly modified and improved as it can be seen from publications
[3-7]. Taking this into account it was reasonable to prove obtained soluble dextrin in
separation of blood leukocytes.
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Fig. 1. Gel filtration profile of water soluble dextrin and reference protein mol. mass markers
(bovine serum albumin — 67 kDa, cytochrome ¢ — 12,4 kDa, raffinose — 504 kDa) on Sepadex
G-50 column. Column 98x1.8 ¢cm, eluent — tris-buffered saline, pH 7.4. Sugars were determined
by the anthrone reagent, and proteins were measured by Lowry method. In both cases optical
density was measured at 620 nm.

The isolation process consists of three steps: 1) separation of total pool of WBC
using the method of accelerated sedimentation of red blood cells (RBC) in presence of
dextrane T500; 2) separation of the thepopulations of MN and PMN cells by centrifugation
in density gradient medium; 3) purification the PMN cells by lysis of the RBC with
ammonium chloride buffer.

During our preliminary experiments it was noticed that separation of WBC, and
especially MN cells, proceeds more efficiently with the defibrinated blood due to
elimination of blood platelets which induce aggregation and damage of the PMN cells,
as well as occasional formation of fibrin clots, thus complicating separation of cells. We
compared the effect of blood stabilization with EDTA used as anticoagulant recommended
in protocols of Lymphoprep procedure [15] and defibrination of blood on characteristics
of obtained total population of WBC (Table 1). It was found that defibrination
significantly reduced WBC count up to 65 % of that in EDTA treated blood. The
proportion of PMN to MN did not change significantly. The overall yield and the rate
PMN/MN in final WBC pool did not differ significantly in both types of blood
stabilization. It was drawn a conclusion that anticogulants and defibrination can be used
equally well for purification of total WBC pool. For purification of MN population blood
defibrination is preferred since elimination of blood platelets improves a yield of the MN
cells due to a blockage of fibrin network formation. The only inconveniency of
defibrination is that it takes some time (15-20 min) just after obtaining blood by the
venipuncture which is undesirable in clinical conditions but is acceptable in research.

Separation of MN and PMN cells was achieved by centrifugation on density gradient
formed by soluble dextrin. Fraction of MN cells was obtained in a sufficiently pure state
without additional treatment with hemolytic buffer (Table 2). 97.5 % of cells in this
fraction were represented by MN cells, the rest were mainly damaged PMN cells and
single RBC. It should be noted that lower value of density gradient, e.g. 1.077 g/ml,
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provides higher uniformity of MN cells up to 99,5 % due to a retention of small resting
lymphocytes and a loss of enlarged MN cells (activated lymphocytes and monocytes)
passing to the PMN cells fraction. The cells of this fraction moved up to the bottom of
the tube and were significantly enriched with RBC that we eliminated by treatment with
the ammonium chloride buffer at strictly controlled conditions. After proving several
recommended receipts [15] we have found that treatment of cell suspension with lysis
buffer at 30 °C for 3-4 min with a subsequent addition of 2 volumes of autologous
plasma/serum, provides minimal damage of PMN cells. Hosts of RBC are eliminated
with two washings of cells with plasma/serum. Counting and cytological investigation of
PMN cell fraction showed that it contained about 15 % of large MN cells (Table 2).
Generally, a yield of PMNs was higher than that of the MNs.

Table 1

Characteristics and yields of WBC population depending on a mode of blood stabilization

Initial blood sample Elimination of RBC by dextran Lysis of residual RBC with NH,CI
P induced sedimentation solution
Mode of Total Total Total
blood WBC Proportion WBC WBC Proportion WBC WBC Proportion
treatment PMN % yield, PMN % yield, PMN %
count, MN % count, % MN % count, % MN %
x10%/ml x10%/ml x10%/ml
Stabilization 61 58 51
with EDTA 26.0 39 15.3 59.0 42 11.0 42.3 49
Defibrinated 56 53 45
blood 16.9 44 8.7 515 47 7.0 414 55

Note on abbreviations: WBC — white blood cells, RBC — red blood cells, PMN — polymorphonuclear
cells, MN — mononuclear cells.

Table 2
Characterization of MN and PMN cell populations separated by density gradient centrifugation
. Purity of cell population Yield
Cell population (%) %)
MN cells 95.7+£2.0 39.8+2.4
PMN cells 85.8+1.9 56.5+3.3

Note: the yield of MN cells after separation was calculated relatively to the count of MN
cells in a volume of plasma collected after sedimentation of RBC in presence of dextran.
The same with PMN cells.

Conclusion. The proposed specimen of water soluble middle sized dextrin can serve
as a versatile natural compound for preparing density gradient medium for cell separation
in addition to commonly used media prepared with the aid of xenobiotics such as sodium
diatrizoate or percoll. Its efficiency was demonstrated at separation of WBC populations
from human peripheral blood.

Application of the developed water soluble dextrin for preparing a continuous linear
density gradient for accurate fractionation of heterogeneous cell populations is expected.
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PE3IOME

Makcnm JYIUK?, Bipa YYMAK?, Makeum JIYIUK (vo:.)%, Xpuctuna CTPYC?

BOJAOPO34YMHHUIA IEKCTPUH CEPEJHbOI MOJIEKYJISIPHOI MACH 1 HOI'O
3ACTOCYBAHHS JJISI ®PAKIIIOHYBAHHS KJIITHHHUX MOITYJISIIIA



100 MUXAMIIO SILUILVH, FOJIIS JINTBYH, BIKTOPISI MAKOT'OH, TTABJIO JIEMUEHKO, AJUIA JIEMA

Yuemumym Gionozii knimunu HAH Vipainu
eyn. [pacomarnosa, 14/16, 79005 Jlveis, Yrpaina

2 TTvsiscuruti nayionanshuii meduunuii ynisepcumem im. Januna Ianuybkozo
eyn. Ilexapcoka, 69, 79010 Jlvsis, Yrpaina

I3 mpoMHCIIOBOrO 3paska KyKypyA3sHOrO IEKCTPHHY OTPUMaHO (PaKIiio BOJOPO3YMHHOIO IEKCTPUHY
LUTAXOM (PpaKiiifHOro OCaPKEHHS €TAHOJIOM B MeXaX KOHLEHTpawii anmkoromo 33 % — 74 %. Mon. maca oTpH-
MaHOTO HPOAYKTY cTaHOBHTh 4-21 k/la i3 cepennim 3HadeHHsM 10 x/la, mo m03BOIA€ BimHECTH HOTrO HO
PEUOBHH CepenHbOi MOJI. MacH. PeuoBnHa Jae uepBOHO-KOpHYHEBaTe 3a0apBIICHHS i3 HO0OM, SKOMY BiAIOBI-
Jla€ MIMPOKa CMyTa CBITJIONOINIMHAHHA i3 MakcuMyMoM npu 395 uM. IIpenapat posumnHmii y Boni, IMCO i
nipuauHi. I'ycruna 40 % posunny (Bara/o6’eM) y Boji abo ()i3i00ri4HOMY COJIbOBOMY CEPEIOBHILI CTaHO-
Buth 1,15+ 0,01 r/mn. OTpumaHHil IeKCTPHH 3aCTOCYBAlIM Ul IPUTOTYBAHHS CEPENOBHUINA 13 TpaJi€HTOM
TYCTHHH M1 (ppaKiioHyBaHHS KIITHHHHX HOMyJmiid. ONHCaHO ONTHMI30BAaHMII MPOLEC BUIUICHHS CyMapHOIO
MyJy JISWKOUMTIB i3 KpoBi i momymsmiid MoHonykieapuux (MH) i momimopdonykneapuux (IIMH) xmituH.
Posminerns MH i1 [IMH kniTHH npoBogwian HEeHTpU(YTYBaHHAM Y CTYIEHEBOMY TIPaji€HTI TyCTHHH
1,083 r/mi1, sIKuii CTBOPIOBANM 3MILIIyBAHHIM 3allaCHOTO PO3YMHY ACKCTPHHY i3 I1a3MOK/CHPOBATKOIO KPOBI.
OtpuMaHHii penapart BOJOPO3IUHHOIO AEKCTPUHY CepelHbOI MOJIEKYIIPHOI MACH MOXKE 3aCTOCOBYBATHCH SIK
PEYOBHHA IPUPOIHOTO IOXODKSHHS JUTS IIPUTOTYBAHHS CEPEOBHIN i3 IPafieHTOM T'YCTHHH I (paKIioHy-
BaHHS KIITMHHHX NOIY/IALIM Ha JOJATOK 10 3BMYaHO BXKMBAHUX IPANIEHTHUX CEPEIOBHII, CTBOPIOBAHUX 3
JIOTIOMOTOF0 KCeHOOI0THKIB ( iiaTpu30aTy HAaTpito abo MEepKoILTY).
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BIIJIMB IBUJIKOCTI OXOJIOIKEHHSA PO3IIJIABY HA
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2Iucmumym memanogpizuxu in. I'B. Kypowmosa HAH Yipainu
Ilp. Bepraocwroko, 36, 03680, Kuis, Yxpaina

Jughpaxmomempuyno 6CMan061eHO, WO I3 PO3NIAGY WUXMU OOHAKOBO20 CKAAY 3DA3KU
CIMPIUKOGUX CRIABIE HA OCHOGI 3aniza ompumani i3 weuokicmio oxonodxcenns 10° K/c
Xapakxmepusyomscs amop@OHoI0 CmpyKmypoio, a 06 €MHUX, AKI OMPUMAHI i3 WBUOKICIIO
oxonodacenns 10> K/c — amopno-xpucmaniunoio. Cepeduiii posmip Hanokpucmaniunoi
Gaszu y cmpiukosux 3paskax cniagie cmanogumo 0ins 2 um, a 06 emnux 50 m. Buacniook
NoBINbLHO20 3amEepOiHHs po3naagy i ¢popmyeants 06 emnozo 3paska HBPC-2 3 ckiadom
nogepxui Fegy 56M0g 07Cr 10 48P 69S10.09(C+B)g 18 nepesasicro sudinsemvcs cknaona FeyBg
ma a-Fe ¢asu. ¥V sunaoky 06 ’emnozo cnnagy NHRP-1 i3 ymouneHum ckiaoom nogepxmi
Fess.00Niz0.19MO0, g5Cr7.49Vo 58Al3 37512 88(C+B)g 7 6 pesyavmami ougpaxmomempuunozo ananisy
susieneno nepesaxcno FesB azy, saxa posknadaecmuca na Fe,B ma y-Fe.

Knrouosi cnosa: amopghui memarnegi cnnagu, 00 emui cniagu, cmpiukosi Cnaagu, HAHOKPUCHAIU

BCTYII

JlochiKeHH. OCTaHHIX AECATHIITH CYTTEBO PO3MHUPHIN YABICHHS HPO ePeKTH
OB’ s13aHi 3 PO3MIPOM 3€peH HOJIKPUCTAIIYHOTO TBepAoro Tijla. OCHOBHA yBara mpui-
JsiIacs BUBYEHHIO MaJIMX YaCTHHOK — HAHOKJIACTEPIB, BIACTHBOCTI AKHX € MPOMIXHUMHU
MDK BJIACTUBOCTSIMH OKPEMHUX aTOMIB 1 IOJIIKPUCTAIIYHOTO TBEPJIOTO Tina. BiaMiHHOCTI
BIIACTHUBOCTEN MallMX YaCTHHOK BiJl 00’€MHOT0 MaTepially BiJJOMi JTaBHO i BUKOPHUCTOBY-
I0ThCS IPY BUPOOHUNTBI (DYHKIIOHAJIBHUX BUPOOIB /I PI3HUX raiy3eil TexHiku. Bkiro-
YeHHS HAHOYACTHHOK B aMOp(HY MATPHIIO 3aCTOCOBYIOTHCS y BUPOOHHMITBI CyJacHHX
MIKpOEJIEKTPOHHNX IPUCTPOIB Y PEHTTEHIBCHKiH Ta yibTpadioneTosiit onruni. AMopdHi
CIUTaBH BOJIOJIIOTh TaKOX BHCOKOIO B’S3KICTIO Ta emacTHdHicTo. SIK Bimomo [1] HaHo-
kpuctaniuHi pepomartithi criasu cuctemu Fe—Cu—Me-Si-B, ne Me — nepexinHi Metanu
IV — VI rpymn) 3Hafnuim 3acTOCyBaHHS SIK TpaHC(OPMATOPHI MarHiTOMSAKI MaTepiaid 3
Jy’Ke HH3BKOK KOCPLMTHBHOI CHJIOK i BUCOKOK MArHiTHOK NpoHMKHicTIO [2]. s
Nepexoy 10 HOBOTO IOKOJIIHHS Ta30TypOiHHMX ABHUIYHIB HEOOXiJHI KOHCTPYKLIiiHI
MaTepiany 3 BHIIOK Ha 25 % MIIHICTIO 1 TBepAicTIO Ta BUMIOKW Ha 50 % B’s3KICTIO
pyiHHYBaHHS 1 Xoua O BIIBO€ OLIBIIOK 3HOCOTPUBKICTIO.
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AMopdHiI MeTaseBi CIUIaBU MOPIBHSIHO 3 PI3HUMHU KOHCTPYKIIHHUMH MartepianaMu
BOJIOJIIOTH TIOMITHO BHIIOI0 MeXero MinHocti Bim 1500 — 2500 MIla Ta iHTepBasioM
npyxHocti 1,75 — 2,25 % (puc. 1) [3].

2000 [ Craas

Avopdui meTanesi cniaBn

TutaHoBi cn1aBH

Me:xa minrocTi, %o
i
[==]
[==]
=
1

500 - s Toaivepn
Keapn C::>
oL Oxem @ |
0 1 2 3

Mesxa npyvasOCTI, %0

Puc. 1. Mexi MiITHOCTI Ta IPYXHOCTI Pi3HUX MaTepialiB

Orxe, amopdHi MeTaneBi CIUTaBH € TMEPCIEKTHBHUMH HAWHOBIITUMH METAJIEBUMH
Marepiaiamy, B SKMX 3MIHOI0 KOMIOHEHTHOTO CKJIaay Ta PiBHEM CTPYKTYPOBAHOCTI i
MOXKHA PETYNIOBATH iX (Hi3MKO-XIMIUHI MapaMeTpu 3alie)KHO BiJl YMOB BHKOPHCTAHHS.
OcTaHHIM 4acOM OKpiM TOHKOIIAPOBUX 3aXMCHHUX 200 MPOBITHHUX CTPIYKOBUX BUPOOIB 3
aMOp(HUX METaJeBHX CIUIaBiB TOBHIMHOIO 20—-50 MKM, BUTOTOBJISIOTH 00 €MHI 3pa3Ku
CKJI4IHOJIETOBAHUX IIBUAKOOXOJIO/DKEHHX CIiaBiB [3 — 5]. CuHTe3 sIK CTPIYKOBHX TaK i
00’eMHIX aMOP()HIX CIUIaBiB IPOBOANUTHCS IIBHIKAM OXOJIOKEHHSAM PO3IUIABY METAIEBHX
i amop(izyrounx koMmoHeHTiB [6]. IIBHAKICTIO OXONOMKEHHS METAIeBOr0 PO3ILIABY
MOYKHA PETyJIIOBATH CTPYKTYPHHII piBeHb BUPOOY, Oe3nocepennbo. B podori [S] HaBeaeHa
MOPIBHSUIbHA Jllarpama 3B’sI3Ky TeMIIepaTypHUX MEX CKJIOBAHHS 3 KPUTHYHOIO IIBHUAKICTIO
0XO0JIO/KEeHHS (puc. 2).
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Puc. 2. [liarpama 3B’513Ky TeMIEPaTypPHUX MEK CKIOBAHHS 3 KPHTHYHOIO [IBHAKICTIO
OXOJIO/DKEHHSI PO3IUIaBY HPH OJepiKaHi aMOPYHUX CTPYKTYP
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AMop(dHHIA CTaH METAJIEBUX CIUIaBiB 30€piraeThCs MpH Iy’Ke BUCOKUX IIBHIKOCTSIIX
oxonomxenust 104-106 K/c. BiamoBinHo ¥ iHTepBan CKIyBaHHS € MOMITHO BYXXYHM
MOPIBHSIHO 31 3pa3kamMu 00’ €MHHUX CILIABIB, Ki GOPMyIOTHCs pH mBHAKOCTAX 102-10-2 K/c.
MexaHi3M CKITyBaHHSI MYJIbTHKOMIIOHEHTHHX PO3IUIABiB MPOXOAUTH 3 BUAUICHHSAM Pi3HHX
MIPOMDKHHX Ta CTaOUTBHUX (a3 [6, 7], BiOMOBIIHO, KIHIIEBHI CTPYKTYPHHI CTaH CTPIYKOBUX
Ta 00’€MHUX 3pa3KiB, 110 CPOPMOBaHI i3 IIMXTH aHAJOTIYHOTO CKJIay MOXE BiJPi3HATHCS.

EKCHepl/lMEHTaJILHa YacTHuHaA Ta 06[‘080])9]—[]—[5[ pe3yJ’[bTaTiB

MeTotoM TapTyBaHHS 3 PIIKOTO CTaHy (HAIIIBUAKOTO OXOJOHKCHHS PO3IUIABIB 3
mBuakicTio 108 K/c) ciuTe30BaHO CTPiuKoBi aMOp(Hi MeTaneBi CIIaBH Ha OCHOBI 3ami3a
mapkn HBPC-2 ta NHRP-1 Ta ananoriuni 3a CKJaIoM HIMXTH 00 €MHI 3pa3kd, sKi
OTPUMAHO METOJIOM iHXKEKTYBaHHS PO3ILIABY MiJ TUCKOM B MiJHHU KOKIJb 3 IIBUAKICTIO
oxonomwxkenns 10> K/c. Cunres 3paskiB mposeneHo y Incruryti meranodizukn HAH
VYkpainu, M. Kuis.

BusHaueHHs XiMITHOTO CKJIQy CIDIaBiB IPOBOIMIN HAa PEHTTEHIBCHKOMY €JIEKTPOHHOMY
Mikpockomi-Mikpoanaiizatopi PEMMA-102-02 (nmpuckoprotoua Hanpyra 20 kB). Metonom
EHEProIUCIIEPCIHHOTO aHalli3y BCTAHOBJIECHO ICTHHHUM CKJIQJ TIOBEpXHI EJIEKTPOIiB.
BusiBiieno, mo sk moBepxHs 00’€MHHX Tak 1 CTpIYKOBHX enekrponiB mMapku HBPC-2 e
neroBai hocopom. Ckiaj moBepxHi 00’ €MHUX Ta CTPIYKOBHX €JICKTPO/IiB BCTAHOBICHUI
E€HEePToAUCTIEPCITHIM aHaTi30M HaBeIeHO B Tabmii 1.

Tabauys 1

EnemenTHnii ckiaaag AMC pi3Hoi ¢popmu

EnementHuii cknan, at %.

Mapxka dopma

Fe Ni Mo Cr \Y Al P Si C+B
HBPC-2¢ CTpiuka 70,43 571 | 9,63 849 | 13 | 4,44
HBPC-20 | o6’emuuii | 64,59 6,06 | 10,48 9,69 | 0,99 | 8,18
NHRP-1¢ CTpiuka 54,42 |22,20| 3,06 | 7,87 | 0,82 | 1,55 3,00 | 7,09
NHRP-1o | o6’emunit | 5290 20,19 2,88 | 7,49 | 0,58 | 3,37 2,88 | 9,71

Pi3Ha mMBUIKICT OXOJIOKEHHS PO3IIABY MPUBOIUTH IO HEBEIUKOI 3MIiHH BMICTY
KOMIIOHEHTIB Yy TIOBEpXHEBHX HIapax. Hampuknan, BmicT 3aniza y 3pazky HBPC-2c Bummii
Ha 4 at. % Bix BMicTy Ha moBepxHi 3paska HBPC—20. Oco6nmBo Bifpi3HAETBCS BMICT
amominifo y 3paskax NHRP-1c i NHRP-1o. Mana mBHIKICTh OXOJIOJUKEHHS PO3ILIaBY
MIPUBOJIUTH 10 BUXOJY QJIFOMiHiIO Ha TOBEPXHIO.

Judpakuiiini KapTUHM BUXIJHHX O0’€MHMX 1 CTPIYKOBHX CIUIABIB OTPUMAHO Ha
nmudpakromerpi JIPOH-3.0M (CuK,, BunpomintoBanss, 20 = 15°-120°, Kpok CKaHyBaHHS
0,025°, menepepBHuil pexxum) Ha Kadempi ¢isuku MmeramiB. Ha ocHOBI audpakrorpam
CTPIYKOBHX Ta 00’ €MHHX 3pa3KiB CKJIaHO JIETOBAHUX CIUIABIB IIPUBEICHO HMOPIBHIBHUN
aHai3 BIUTMBY Pi3HOT MIBUAKOCTI OXOJIOJKEHHS Ha TPOIEC HAHOKPUCTAII3AIi 3pa3KiB.
Judpaxrorpama 3paska HBPC-2c HaBeneHa Ha puc. 3a.

3pa3ok XapakTepHu3yeThCs aMOP()HO-KPUCTATIYHOIO CTPYKTYyporo. Jljis BH3HAYCHHS
CTPYKTYPHHUX XapaKTepUCTHUK aMOp¢HOI Ta KpHUCTaliyHOi (a3, TOJOBHUH MaKCHUMyM
KPHBOi IHTEHCHBHOCTI MPECTABIIUIN y BUIVIAI cymepro3utii Makcumymy (110) dasn o-Fe
Ta U y3HOTO MAKCUMYMY 3aJIUIIKOBOI aMop¢HOi (azu (puc. 36). [Ipodine Mmakcumymin
ornucyBanu 3a noromororo ¢yHkuii Jlopenna. O0’eMHYy YacTKy KpHUCTaiidyHOI (aszu
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BH3HAUaJM, K BiIHOIICHHS iHTETPaJbHOI IHTEHCUBHOCTI MakcumyMmy (110) mo moBHOT
inTerpanbHoi iHTeHcHBHOCTI po3cisHHA: W = I110)f/l,. Cepenmni MikaToMmHi BincraHi
Bu3Hauanu 3a dopmyiorw Ependecra: r = 0,95/5in(26,), ne 26, — KyTOBE MOJOKCHHS
makcumyMiB (CuK,-BunpomintoBanss). I[liBUIMpUHM KPUBHX BHKOPHUCTOBYBAIU JUIS
OIIIHKH PO3MIipiB YaCTHHOK a-Fe Ta po3mipy obnacteii KorepeHTHOTO pO3CisTHHS aMophHOT
da3n 3a popmymoro Hlepepa: L = A/fcos(26,), A = 1,5418 A. PesynsTaTé mpoBeaeHNX
pO3paxyHKiB HaBEJCHO B TAOMIHII 2.

SU 350
3004 a < 3004 6
2250, %
: < 2504 a-Fe
~§2004 g
%150‘ % 2001 amopdHa daza
°§1004 5 1501
~ 5 £ 100.
0 T 50" )
10 20 30 40 50 60 70 80 90 100 110 1 %6 33 40 42 44 46 48 50 52 54
o

26°
Puc. 3. ludpaxrorpama (a) Ta npodias TOJIOBHOTO MakCuMyMy (0)
crpiukoBoro 3pa3ka HBPC-2¢

Tabauys 2
Pe3yabTaTi po3paxyHKiB cTPYKTYpHMX napameTpis 3paska HBPC-2¢
®daza 26, ° p r, HM W, % L, am
a-Fe 44,387 0,708 0,251 0,27 494 +51
Amopdna 45,054 3,646 0,248 0,73 3,0+£0,3

Sk BUIUTMBAE 3 OTPUMAHUX JAHUX MAaKCHMYM, SIKHH OITUCYE PO3CISTHHS BiJ amophHOT
(azu, 3MILEHUH B CTOPOHY OUTBIIMX KYyTIiB PO3CISHHS, 1110 BKa3ye Ha 3MEHILICHHS CEPEAHIX
MDKAaTOMHHUX BiJICTaHEH, MOPIBHIHO 3 KPUCTATIYHOIO ¢a3oro. OYeBHIHO, B TPOIECi
BuAiIeHHS 3 amopdHOi (a3u yacTuHOK o-Fe 3ymoBmoe i 30araueHns aromamu B i sk
HACIIIOK 3MEHINICHHST MXKaTOMHUX BificTaned. OUeBHIHO 1€ TTOB’S3aHO 3 MAJIM PaJiiycoM
6opy (0,091 HM) NOpIBHSHO 3 IHIIMMH eleMeHTaMH Ha ToBepxHi (M = 0,126 HM).
MikaToMHa BiJICTaHb B KpUCTaIiuHil a-}a3i Fe memro 30imbpIena nopiBHsIHO 3 yucTuM Fe
(0,249 HM) 3a paxyHOK PO3YMHEHHsS aTOMiB Jieryrouux enemeHTiB B OLIK-rpartii.
Cepenniii po3mip gacTHHOK o-Fe mocsrae ~50 HM.

3rifiHO TaHMX peHTreHiBchKOl audpakromeTpii, 06’ emMuuit 3pazok HBPC-2 xapakre-
PHU3YETHCS KPUCTATIIYHOIO CTpyKTypoto. Ha mudpakrorpami (puc. 4) MpUCyTHI IBi CHCTEMH
madpaknidaux TiHid [7, 8]. HalOinbmn iHTeHCHBHI JTiHIT Hamexath (a3l Ha OCHOBI
KyOiuHOTO O0pHAY 3ami3a Fe,3Bg (I'LIK — rpaTka, mpoctoposa rpyma Fm
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aToMHuM pagiycom. CIiij Bifi3HAUNTH BUCOKY iHTeHCHBHICTh MakcumyMiB cepii (h 0 0),
h =4, 6, 8, mwo Bkasye Ha mepeBaXkar0dy OPIi€HTALII0 KPHCTANITIB GOPUIY B HANPIMKY
[100] meprnengukynspHO mMOBepXHi 3pas3ka. Jlpyra cucTeMa Ca0LIMX MaKCHMYMIiB
HaJIe)KUTh TBEPJOMY PO3YMHY Ha OCcHOBI a-Fe 3 mapamerpom kxomipku a = 0,28693 +
0,00078 uMm.

Tabauys 3
Pe3yabTaTi po3paxyHKiB CTPYKTYPHHX napamMeTpiB 06’eMmHoro 3pa3ka HBPC-2
w 2% [ aA | m, | dasa
HBPC-2b
1 33,93 2,64 20,1 400 Fey3Bg
2 38,14 2,36 35 420 Fey3Bg
3 42,10 2,15 8,7 422 FexsBe
4 43,62 2,07 10,5 111 a-Fe
5 45,01 2,01 100,0 511 FeysBg
6 45,52 1,99 35,5 110 o-Fe
7 48,85 1,86 13,2 440 FeysBe
8 51,05 1,79 90,2 531 FeysBe
9 51,75 1,77 99,8 600 FeyBg
10 65,30 1,43 10,9 200 a-Fe
11 71,01 1,33 30,5 800 FeyBg
12 82,78 1,17 6,4 211 o-Fe
13 99,39 1,01 9,0 220 a-Fe
NHRP-1
1 24,80 3,59 9,0 - FesB
2 35,93 2,49 15,2 - FesB
3 43,80 2,06 100,0 111 FesB
4 45,05 2,01 24,6 - y-Fe
5 46,65 1,94 8,6 - FesB
6 50,93 1,79 63,2 200 y-Fe
7 56,52 1,62 13,6 - FesB
8 74,80 1,26 50,3 220 FesB
9 79,55 1,20 20,0 - FesB
10 82,09 1,17 6,9 - v-Fe
11 91,00 1,08 39,9 311 FesB
12 94,50 1,05 17,7 222 y-Fe
13 96,11 1,04 12,2 - y-Fe

CyrreBa BinMiHHICTD y ckiazi 3paskiB NHRP-1c Ta HBPC-2¢ BmmBae Ha dopmy
nudpakrorpam 3HATAX st cTpiukoBux AMC. Ha audpakTorpaMi He CIIOCTEPIracThCst
pediiekciB XapakTepHUX IS CIUIaBIiB 3 HAHOKPHCTATIYHUMHU BKIIOYEHHAMH (pHUC. 5a).
Ha mudpaxrorpami 3paska NHRP-1 npucyTtHi audy3Hi MaKCUMyMH, IO CBITYUTH TPO
amopdHy cTpykTypy. KyTOBE 1M0I0KE€HHS FOJIOBHOTO MaKCUMyMY KPHBOI IHTEHCUBHOCTI
(20 = 45,28°) Bignoeigae cepenuiii MixkaToMHii Biacraui I = 0,246 um. Po3mip obnacreit
KorepeHTHOro poscisiHHs L = 1,7 HM, 1110 € TUIIOBUM JUIsi aMOp(HHUX CIUIABiB Ha OCHOBI
Fe.
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Puc. 5. udpaxrorpama crpiukoBoro (a) Ta 06’emuoro (6) 3pazka NHRP-1

O06’emuuii 3pazok NHRP-2b xapakrtepusyerscst Kpuctaniytoro OynoBoro. Ha mud-
pakrorpami (puc. 56) mpucyTHI ABi cucTeMH JiHil. [HTeHCHBHINT JiHIT HaIeXkaTh ¢asi
Ha ocHoBi y-Fe (I'LIK-rpatka, mpocropoBa rpyma Fm



BIUIMB IIBUAKOCTI OXOJIOJXKEHHA PO3ITJIABY HA CTPYKTVYPY 3AJII3HUX ... 107

FeB4y5ggM061064C|'101475Pg'697sioyggg(C"’B)gylg. TIIEPEBAKHO BUAIIAETECS cKitagHa FeysBg (1)3.33.
Ha ocHOBi KyOiynoro Oopuny (I'LIK-rpatka). 3MeHIIEHHS MapameTpiB KOMIpKH IO
BiIHOIIICHHIO JI0 IHIUBIyambHOI CITONYKH Fey3Bg CBIMINTh PO YaCTHHHY 3aMiHy aTOMIB
Fe Ha aToMu neryrounx eJeMeHTIB 3 MCHIIIUM pajiycom [9].

Y Bumagky crmmaBy NHRP-lo 1 i3 yTOYHeHMM  CKJIaJoM TIOBEpXHIi
Feszyg03NizoylgsM02Y877Cr7’496V0’580A|33698i2’880(C+B)9’7 B pesynLTaTi HI/I(l)paKTOMeTpI/I"IHO'
r'0 aHaji3y BUsBIEHO mepeBaxxHo FesB Ha ocHOBI kyOiuHOTO OOpHMay 3ami3a, mo Gopmye
'K rparky. MoxnuBi Takox iHTepMmeranmiam ckinany Fe,B, siki BuabisioThes 3a
paxyHok po3kiany FesB [8, 9], mpo 1o cBiquuTh MpUCYTHICTH ¢a3u y-Fe.
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Diffraction revealed that from molten mixture of the same composition ribbon samples of iron based
alloys obtained at the cooling rate 106 K/s are characterized by amorphous structure and bulk obtained with
cooling rate 102 K/s — are amorphous-crystalline. The average size of nanocrystalline phase in ribbon alloy
samples is about 2 nm and 50 nm in bulk. Because of the slow melt solidification and forming the bulk sample
HBPC-2 with surface composition Fess50M05.07Cr10.48P9.69Si0.99(C+B)s.15 preferably emerges a complex Fe,;Bs
and o-Fe phases. In case of bulk alloy NHRP-1 with the updating surface structure
Fes2.00Ni20.19M07.68Cr7.40V058Al3 37Si28(C+B)g7 by diffraction analysis revealed mostly FesB phase, which
decomposes to Fe,B and y-Fe.

Keywords: Amorphous metallic alloys, bulk alloy, ribbon alloy, nanocrystals
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POMAH BOJOAUMHUPOBHUY KYUYEP
(10 90-pivust Big THSI HAPOAKEHHS)

Icr opis x HT T 4,

Poobor a, rayxka,
Buapykysaum Ha 901 XPOHIKY,
AKy He 3a0yBAIOT b T 1,

XT 0 nposoBx ye Horo fina. ..

Poman Bomomumuposnda Kydep nHapommscs y JIsBoBi 12 Oepesns 1925 poky. ¥V
1942-1944 pp. BiH HaBYaBCS HAa TEXHIYHMX KypcaxX y JIbBIBCHBKOMY IMOJIITEXHIYHOMY
iHcTHTyTI, @ v 1944-1947 pp. — y JIeBiBChbKOMY yHiBepcuTeTi iMeHi IBaHa ®panka.
[Micns 3akindeHHs y 1947 p. XiMiuHOTO (paKyIbTETY, 3aJIMIIMBCS MPALFOBATH Ha MOcai
nmabopaHTa, a MmoTiM — acucTeHTa Ta y 1952 p. 3aXUCTHB KaHIUAATCHKY TUCEPTAIlifo
«JlocIiKeHHs BETMYUHH 1 (JOPMHU MiLleN JeIKUX CyIb(QOBaHUX EMYJIraTopiB y 3B’ SI3KY
3 BUKOPHCTAHHSAM iX IPH HOJIiMepH3arii BYTJIeBOAHIB B eMYJIbCIAX» 1 IPAIFOBaB JOIIEHTOM
kadenpu GizuIHOI Ta KOJIOTTHOT XiMmii.

VY 1962 poui Kyuepa P.B. mpusnaumnm kepiBHHKOM Jsaboparopii MiHXiMIpomy
CPCP B wmicti bopucnagi JIbBiBchkoi obnacri. Ilicis 3axucty y 1964 poui nokTopchkoi
nmucepTanii Ha TeMy «®Di3uKo-XiMidHEe JOCTIKCHHS IPOLECY PiIKO(Pa3HOTO OKHUCICHHS
aNKiT-apOMaTHYHUX BYTJIeBOAHIB», P. Kydep odonuB kadenpy ¢izuuHol Ta KOJIOIAHOT
ximii JIpBiBCHKOTO yHiBepcuTeTy iMeHi [BaHa ®panka. B 1965 poui oMy mprcBoeHO
3BaHHs mpodecopa i B I[bOMY X POIli BUueHH OyB 0OpaHmii wieH-kopecnonaeHTom AH
YPCP.
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3 1966 p. Poman Kydep owonuB, opraHizoBaHWii HUM B MicTi JIOHEUbKY, BiIIii
pamukanbHUX mnpoueciB JloHeupKkoro BinmiaeHHs (isnko-opraHiuyHoi ximii IHCcTHTYTY
¢izmunoi ximii AH YPCP, sxuit B 1975 p. Oyno meperBopeHo B IHCTHUTYT ¢i3uko-
opraniuHoi ximii Ta Byrneximii AH YPCP. V 1972 p. Poman Kyuep oOpanuii akagemikom
AH VYPCP.

3a ki poOit «JlocmiKeHHs IPOLECIB PaarKaIbHO-IAHIFOTOBOTO 1 ()epMEHTATUBHOTO
OKHICHEHHS BYTJIEBOIHIB B EMYJIbCISX» BUEHOMY IpUCYKeHa B 1975 pomi iMeHHA mpeMmist
AH VYxkpaincekoi PCP imeni JI.B. ITucapxeBcbkoro.

3 1982 poky axagemik P.B. Kyuep, ogonus IacturyT reosorii Ta reoximii roprounx
kommamH AH YPCP Tta Bimmin opranigvaux MiHepamii. 3 1986 p. BT OKUCHIOBATEHIX
mporeciB OyB BHAUICHUH 3 11bOor0 [HCTUTYTY 1 Ha HOro OCHOBI OyII0 cTBOpeHO BinminenHs
¢i3uko-ximii i TexHOMOTIl roprounx KomanwH [Hetutyty dismanoi ximii im. JI.B. Tlucap-
xeBcbkoro HAH Vkpainu. KepiBHukom nporo BiaminenHs OyB oOpanuil akajgemik
P.B. Kyuep, skuii mpoIoBKyBaB KepyBaTH HOTO HAYKOBOI [ISUTHHICTIO @)X MO KIiHIIA
CBOT'O XKUTTS. Yci 11l poku Poman BononumMupoBry akTHBHO MPALFOBaB 32 CyMICHHUIITBOM
npohecopom JIbBIBCHKOTO yHiBepcUTETYy iMeHi IBana ®dpaHka, nmepeqarouun CBii TOCBIL i
3HaHHS MOJIOJMM CTYICHTaM-XiMiKaM.

Poman Kydep — aBrop Oinmbme Hix 450 HayKOBHX Tpailp, B ToMy ducii 10 MmoHOTrpadiii
Ta psily BUHAXOJIB. 3 HAyKOBOI ImiKoiu akanemika P. Kyuepa uiiniuio nonan 70 xauau-
nmatie Ta 10 mokTopiB Hayk. BiH BMIB BUHMTH 1 3aCTaBISB CYMJIIHHO TIPANOBATH, ajie
3aBXKAH MATPAMYBaB OCOOHMCTY iHINIaTHBY HAYKOBIIB, 0 BBA)KaB HEOOXiTHOIO YMOBOIO
PO3BUTKY TBOPYOCTI.

Axagnemik P.B. Kyuep momep y JIbBOBI B pO3KBiTi TBOpUHX CHII Ha 67 pori XUTTA 24
BepecHs 1991 poky. [ToxoBanuit BueHNH Ha JIMguakiBCbKOMY IIBUHTApI.

B 1993 poui 3a muxn mpamnb «[IpoMikHI 4acTKM Ta KOMIUIEKCH B OpraHIYHHX
peaxiisx: posb, OymoBa, peakmiiiHa 31aTHICTE» akaneMiky Pomany Kydepy npucymxeno
nocMepTHO JlepkaBHy npeMiro YKpaiHH B raiy3i HayKH i TEXHIKH.

Cnpatounch Ha Tpaauiii HaykoBoro ToBapuctsa imeHi llleByeHka, siki Oyim nepenani
akazemiky Pomany Kyuepy #oro 6arbkoM, i MpoOsIBIISIIOYN BUCOKY IPOMAJSIHCBKY CBis0-
MicCTh, BiH y 1989 porni OyB y mepmux psaax iHIIIaTUBHOI TPYIH JHBIBCHKUX BUEHUX, 110
Gopommcst 3a BIPO/PKEHHS AISUIBHOCTI ToBapucrBa. B mpomy sx poui OyB oOpaHuid
Hiticanm anenom HaykxoBoro ToBapuctBa imeHi llleBuenka y JIpBoBi Ta uwinenom Pamn
ToBapucTBa. Poman BomommmupoBuu nokiaB ycix 3ycwis o opranizamii [leproi
BCEYKpaiHChKO1 KoH(epeHwii «lcTopis XimiuHOi Hayku B uyacu amismibHocti HTII Ta
VYkpaincekoi AkaneMii Hayk», mo BigOymnacs 14—16 tpaBusa 1991 poky i Mayia mupoKuid
pe3oHaHC cepel XiMiKiB YKpaiHu. 3 IbOro 4acy 3alo4aTKOBaHO NpOBeneHHs Bceykpa-
iHCBbKO1 KOoH(pepeHTIii «JIbBIBChKI XIMIUHI YUTAHHS», KA BiIOyBA€THCA KOXKHI JIBA POKU Y
CTiHaX XiMi4HOTO (aKysIbTeTy JIPBIBCHKOTO HalliOHATBHOIO YHIBEPCUTETY.

Bignaroun HajexHe HayKOBUM IIPallsiM HAIIOTO BUAATHOTO CIIBBITYM3HMKA ILE Y
1990 pomi y JIbBiBChbKOMY yHIBEpPCHTETI Oyiia BCTAHOBJICHA CTYACHTChKA CTUTICHISI HOTO
iMeHi, a micist Woro cMmepTi, iMeHeM akaneMika Kydepa HasBaHa ojHa i3 BYJIMIb HOTO
pimHOTO CcTapoBUHHOTO JIEBOBA.

VY 1994 poui Buena Pana ximiunoro ¢axyabTeTy NpHiHsIA TOCTAHOBY 1IPO BCTAHOBJICH-
HS Ha XiMiuHOMY (aKkyipTeTi JIbBiBCBEKOTO yHiBepcHTeTY iMeHi [Bana @panka Mmemopiaib-
HOi Tuuth 3 moptperoM P. Kywepa i Hagmucom: «TyTt BUMBCS 1 mpanioBaB BHIATHHNA
yKpaiHChKHI BueHHI-XiMiK akanemik Kyuep Poman BomogumupoBua».

Brsgani yari
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Muxona OBYIIIAK

JTO 80 PIYHUIII BIJ JTHSI HAPO/)KEHHS
IMPO®ECOPA MUKOJIM TAHYIIIAKA

VY 2014 poui BunosHmiocst 6 80 pokis npodecoposi Mukoii IBanoBuuy I'anyimaxy,
BiIOMOMY YKpaiHCbKOMY XiMikoBi (25.11.1934-24.07.2007). Bin mapoauscs y ¢. YepHs-
TuH ['oposeHKiBcbKOTO paiiony IBaHO-DpaHKIBCHKOT 00JI. B cessTHCBKIN poanHi. Y 1949
p. 3aKkiH4MB UepHATHHCHKY HEIIOBHY cepenHio, a B 1952 p. — ['0poaeHKIiBCEKY cepeaHio
mkosu. 3 1952 no 1957 p. — cryzeHT XimMidHOTO (aKyabTeTy UepHiBEIBKOTO AepKaBHOTO
YHIBEPCUTETY, KU 3aKiHYMB 3 Bij3Hakow. 3 1957 mo 1959 p. mpaioBaB yuurenaem ta
IHCIIEKTOpOM KN paifony. Y 1959-1961 pp. Mukona 'anymak — acnipaHT kadenpu
opraniyoi ximii YepHiBerpkoro yHiBepcutery. Y 1962 p. B [HcTUTYTI OpranigHoi ximii
AH VYxpain 3aXMCTHB KaHAWAATCHKY AmcepTaniio, a B 1973 p. y JleHiHrpagcekomy
TEXHOJIOTIYHOMY IHCTHTYTI — JOKTOPCHKY. IlpairoBaB Ha kadeapi opraHiunoi Ximii
UYepHiBEIIBKOTO YHIBEPCUTETY CTAPIIMM HAYKOBHM CITiB POOITHHKOM, AOLIEHTOM, Ipode-
copom (1962-1977). Bix 1977 mo 2003 p. M.I. T'anyimak kepyBaB kadeaporo opraHigHol
ximii JIpBIBCHKOTO HAIIOHAJIBHOTO yHiBepcHTETY iMeHi IBana Ppanka, a 3 2003 p. OyB
npodecopom wiel x Kadenpu.

OCHOBHHM HanpsiMOM HaykoBoi po6otu M. 'aHymaka OyJiv IMPOKOIIIIAHOBI TOCTI -
JKeHHsI B3a€EMOIii apeH/Iia30HI€BUX COJIEH 3 HEHACHUYEHNMH CIIOyKaMH. BoHu npuBemnm 10
BCTAaHOBJICHHSI 3arajlbHOTO XapakTepy peakiii aHIOHapHIIOBaHHS Pi3HOMAaHITHUX HEHa-
CHYCHUX CIIOJNYK Ta ICTOTHO po3mmpuiu chepy ii 3acrocyBanHs. M.I. IaHymak 3Ha9Hy
yBary NpuIULIB 1 MPUKIQIHUM JIOCIIDKEHHSIM 32 TOCIJJOTOBIPHUMHU TEMaMH: CTBOPEHHIO
KJICEBUX KOMITO3HIIIH Il KPIOTEeHHOI TEXHIKH, OJIi() 1 CHKaTHUBIB, pO3p0O0Ii KOMIIOHCHTIB
CBITJIOYYTJIMBHX MaTepiaiiB. 3a BOPOBAKEHI y BUPOOHHUIITBO BUHAXOAU HATOPOKEHHUI
3HakoM «Bunaximank CCCP». Bin ymoctoennii Takox Bia3Haku «BinmMiHHUK HapomHOT
ocBiti YPCP».
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HayxoBuit mopo6ok npodecopa M. 'anymaka ckmamae moHan 460 myOmikarii, 48
aBTOPCHKHUX CBIJIONTB Ta MATCHTIB, 3 SKUX 5 BIPOBAHKCHO y BUPOOHUITBO. BiH € cmiB-
aBTOpoM 7 HaBYaNbHHMX TOCiOHUKIB. IlinroTyBaB 15 kaHammaTiB Ta 2 JOKTOPIB HayK.
[MocTifiHO BXOJMB IO CKJIAAY CHCIiaTi30BaHUX BUCHHUX PaJl i3 3aXUCTy KaHAUIAATCHKUX
Ta JOKTOPCHKUX MUCEPTalliid, OyB YWICHOM PEIKOJICTi HU3KH HAYKOBHX BHAAHb, YWICHOM
HaykoBoro ToBapuctsa imeHi llleBueHka.

Muxona ["anymak OyB BigmaHuid HayIl 1 megaroriuHii podoTi. Bin menpo nepenaBas
3HaHHS Ta HAYKOBHI JOCBiJ CBOIM YUHSM 1 CTyJCHTAM.



Ipawi HTLI Proc. Shevchenko Sci. Soc.
Xim. Hayku 2015. T. XLII. C. 115-125 Chem. Sci. 2015. Vol. XLII. P. 115-125

Onygpini BAHAX
CIIOMUHMU ITPO JOUEHTA IBAHA 3AJYIHBKOI'O

IBan 3anyupkuii (1935-2004) 3anumuB nam’sTh Opo cede SK TaJaHOBUTHH yUEHUH,
CYMIIIHHUH eKCIIepUMEHTaTop 1 3MiOHWi memaror. HamekaB 1m0 IIiesim HayKOBIIB
JIbBIBCBHKOT KpHCTANIOXIMIUHOT MIKOJH, KA i HUHI (QyHKLIOHYe Ha Kadenpi HeopraHiyHOI
ximii JIbBiBChbKOTO yHiBepcuTeTy iM. PpaHKa i Biqoma Aalieko 3a Mexkamu Y kpainu. Jlo
i€l HayKoBoi mwKonn IBan [yt noxydmBes 3pa3y Mmicis BCTYIy Ha XiIMi9HUHA (haKyIbTeT
yHiBepcuTeTy. B3arairi, ifjeelo HayKOBOTO IOIIYKY BiH 3aXOIUBCA € B IOHAIbKI POKH;
BIATOAI IUIEKaB YECTONIOOHY MpIiO MICTaTHUCS HE3BIJaHWX TOPH30HTIB HAYKH, 3pOOHTH
0COOMCTHI BHECOK /IO CKapOHMIII CBITOBOTO 3HAaHHS. Jl0 CBOET METH HMIIIOB HAIOJIETIINBO
1 LiJecIpsIMOBAaHO, 31 MIKITBHOI JIaBU TOTYBaBCSA 10 MaOyTHBOI JOCIHiTHUIBKOI MisiIb-
HoctH. OcoOnuBHUI BIJIMB HAa HHOTO MaB AOIEHT yHiBepcutery Ilerpo Kpun’skesuu
(1923-1980), oauH i3 sigepiB JIbBIBCHKOT KPUCTATOXIMIYHOI IITKOJIH, CHH BiJOMOTO iCTO-
puka Ykpainu IBana Kpun’skesuua. Iletpo IBaHOBHY OyB HAacTaBHHKOM 3allylBKOTO 1
HE3MIHHUM HAayKOBUM KEPIBHHUKOM, MOYMHAIOYHM BiJl 3aHSTh y CTYAEHTCHKOMY HAyKOBOMY
TYPTKY, 1 KOJU TOW TOTYBaBCs O 3aXHCTY AWUIUIOMHOI poOOTH, 1 3r0I0M, MiJ Yac Ipari
HaJl KaHIUIATChKO nucepratieto. [llaHo6muBe craBnenns ao [lerpa Kpun’skeBuya, sik
1 TICHI HAyKOBI 3B’sI3KH 3 HUM, [BaH 3amynpkuii 30epiraB yIpoIoBK YChOTO ITOAATIBIIOr0
HKHTTAL.

JIpBiBCHKa KpHCTAJIOXIMIUHA ITKOJA Oyia 3acHOBaHA npodecopom €BreHoM Yepkariu-
HuM (1905-1982), 3aBigyBauem kadeapu HeopraniuHoi Ximil yHiBepcutery im. Ppanka.
o JIpoBa BiH mpuOyB 1o 3akiHdeHHI [pyroi cBiTOBOI BiffHM y KOHTEKCTI IMiJACHJICHHS
MICIIEBUX HaBUYAJIbHUX 3aKJaJiB YKPalHCBKUMHU KaapaMu. YepkamuH OyB ypo/KeHIEM
Bommni, sxka B To#l wac Hamexama mo Pociiicekoi immepii. Ilicms cmeptu OaTbKa,
CUIBCHKOTO CBSIIEHUKA, MaTH 3 IIiCThMAa JITbMH nepeixana g0 Xapkosa. Tyt €BreH y
1932 poui 3akiHguB [HCTUTYT HapomHOi OCBiTH, 3aXHCTHB y 1937-My KaHIUIATCBKY
nucepranito Ha TeMy «lloTeHmiany cruiaBiBy, MiC/s YOTO MPALOBaB JOLEHTOM BiTHOB-
JeHOTO XapKiBChKOTO yHiBepcutery. Y 1945 pomi #oro ckepyBamn mo JIpBiBCEKOTO
YHIBEpCUTETY Ha mocany 3aBimyBava xadenpu Heopraniunoi ximii. Jlotu i ouoiroBaB
npodecop Bromsimexx TmebstoBcekuii (1906-1982), mpore y mpormeci penartpiamii
MOJIbCHKOI'O HAaceJIeHHs BUixaB 1o Bpoiyrasa. Ilicns cebe 3anmmuB noOpe obnagHaHy
MeTaJ03HaBYY J1ab0opaTopilo, OCHAIICHY PEHTTEHIBCEKAME TU(PPAKIIHHIMA yCTAHOBKAMHU.
3aBmsiky wiii oOctaBuHI €BreH UepkalivH OTPUMAaB 3MOTY PO3LIMPHUTH JIOCIIJDKEHHS
METaJiYHuX cIiaBiB [1].

Ha Toii yac y HaykoBiii iTeparypi pa3 1o pas 3’sBJISIIMCS OBIIOMIICHHS PO IHTEp-
METaJiuHi CIONYKH, SIKi YTBOPIOIOTHCSI BHACIIOK B3a€MOJIIi TBOX YH OLIbIIE METAIIB.
st Tema Oyra HOBOO 1 IOTEHIIHHO CTAHOBUJIA OKPEMHUH HANIPSIMOK HAYKOBUX JIOCII)KCHb.
SIkoicek 3aranpHOT Teopii, 0 Moriaa OM MOSICHUTH IPUPOY 3B’ A3KIB 1 Oy0oBY iHTEepMeTa-
TiAiB, HE iICHYBAJIO.
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Hanpuxkinti 1940-ux pokiB €8ren Uepkaria opraHizyBaB Ha kKadeapi rpyry MOJIOANX
HaYKOBIIB JUIsl BUBYEHHS wiei npoGiemu. Cepen HUX OyiaM MOJOIWHA acUCTEHT CBreH
I'magmmeBcbkuit (1924-2012) i mabopant xadenpu Ilerpo Kpun’sixkeud. Tak cranocs,
110 HayKOBI J10J1i 000X TICHO MEPEIUITATIICS YIIPOIOBXK yChoro XUTTs. OONIBa HaBYAINCEH
y JIbBOBI B YKpaiHCHKil akaJeMidHii TiMHA3ii, CTyIit0BaIl XiMif0 Ha BUIIMX TEXHIKHUX
(haxoBUX Kypcax, OpraHi30BaHMX HIMEIbKOIO OKYIIAIifHOIO BJIa0k0 3aMicTh JIbBIBCHKOT
nomitexHikd. Jlo pedi, pa3oM i3 HAMU HaB4yaBCcs MaWOyTHiNH akagemik Poman Kydep
(1925-1991). Ilicns mpuxongy Apyrux coBiTiB €BreH [JTaauIIeBChKHHA TPOJOBKUB
HAaBYaHHS HA XIMIKO-TEXHOJIOTIYHOMY (haKyJIbTET] BiTHOBJICHOTO MOJIITEXHIYHOTO iIHCTUTYTY.
[erpa Kpun’skeBuua HaTOMICTh OATHKO ITepel HaOMIKeHHIM YepBOHOI apMii BiAIpaBUB
pazoMm i3 monoamuM cuHOM Pomanom (1925-1999) nmo BimeHCBKOTO yHIBEpPCHTETY.
Ipore y kBitHI 1945 poky Bimenr oxymyBama YepBoHa apMmis, i OOHIBOX XJIOMIIIB
3abpanu 110 Bilichka. IM sikoch yaanocs 1emo6iisyBaTuch, i [1eTpo NpooBKUB HABYAHHS
Ha XIMIiYHOMY (aKynbTeTi JIbBIBCBKOTO YHIBEPCHUTETY, SIKHH TUTBKH-HO BiTHOBUB CBOIO
poborty. [lo yHiBepcuTeTy mnepeBiBcs i €Brex I naauieBChbKuit; 3aKiHYUBIIN HABYAHHS Y
1947 poui, BiH 3anumuBcs Ha Kadeapi HeopraHigHol ximil acuctenrom. OnHak 1o [lerpa
Kpurn’sikeBrya g1oi1st BUSBHIIACS JKOPCTOKOI0. Y 1946 polii BiH 3aXBOPIB Ha MOJIIOMIENIT i
Ha BCE MOJAJIBIIE JKUTTS 3AJIHIINBCS NPUKYTHH 1O iHBasigHOTrO Bi3Ka. IlozaTtmMm Homy
BIAJIOCSI 3aKiHUUTU YHiBepcuTeT ekctepHoM y 1951 pori [2]. Lle Oyna moauHa BUCOKOT
KYJIBTYpH, IHTEJIIeHT, €CTET, HaJ3BU4YaliHO epyoBaHnii. He qUBHO, 1110 10 HHOTO TOPHY-
Jlacs CTyJ€HTChKa MOJIO/Ib.

V ne cepenoBuuie y 1952 poui HoTpanus cTyJeHT-NIEPUIOKYPCHUK [BaH 3anylbKuii.

Mu 00uzBa TUTBKH-HO CKIHYMIIM CEPEIHIO MIKOITY i BCTYIIIIN Ha XiMIYHHUH (ha KyIbTeT
yHiBepcuTeTy. Bij mepuioro kiacy HaBYaiMcs pa3oM, IMOXOIWIM 3 OJAHOTO ceja 1 Oyiu
Ipy3siMu. Mymny ckas3arty, o iHimiaTuBa y BUOOpi MalOyTHBOI Ipodecii Takok Halekaa
IBanoBI.

IBan 3axympkuit Hapoxuscs 25 ciuas 1935 poky B cemni [Nanud [ligraenskoro moBiTy
Ha TepHONIBbIIMA] Y 3BHYAiHil CeNIHCHKIH POJMHI APYrOK TUTHHOK 3 TphOX. oro
6atek0 OyB ,ZIO6pI/IM rocrofapeM, 3HaBcs Ha 6y,ZI1BeHBHII/I CIIpaBi, BMiB Ha/IaTH BETEPH-
HapHY JIOTIOMOTY, i 3arajiom MaB y celli oBary ¥ aBtoputer. [lo mkosm mu 3 [BaHOM
minumi y BepecHi 1941 poxy. Ockinpku 'anmu € daxtnano mepeamictam I[limraimis i
BJIACHOI IIKOJIM He MaB, MU Bumincs y [ligraenpkiit mkomi. [epmi nBa 3 10JI0BHHOIO
POKH TIpUTIAIM Ha HIMENbKy okymariito. HaBecHi 1944 poky movanucs 3anexm 001, i B
MIPUMILICHH] IIKOJIY BIIAIITYBaJM HIMEILKUN BiICHKOBHH MIMUTanb. TakuM 4WHOM, 1O
TPETHOTO KJIacy OBEJIOCS WTH BAPYTE 1 BXKE 3a pajsHChKOI Biaau. Ha Toif yac 060B’s13-
KOBOIO OyJla ceMHpiuHa OCBiTa, TOMy HaBUaHHS y CTapLIMX Kiacax OyJio IUIATHUM: IO
150 xap6oBaHIiB 32 iK.

3 IBaHOM MU 3ApYyXMIIHCS Y I’ SITOMY KJ1aci. BiH cripaBiisiB BpaxkeHHs! 100pe BUXOBaHOTO
XJIOMIIS, AMCIUILTIHOBAHOTO, HAJIHHOTO TOBAPHIIIA, IIJIECIPSIMOBAHOTO 1 CyMIIiHEHOTO. BMiB
BHCITyXaTH KOXXHOTO, TFOOUB MY3HKY 1 crtopT. Hikonn He OemrkeTyBaB, B3araii, HC YHHHB
HIYOTO BCymeped BoJli 0aThKiB, 0oco0nmmMBO Marepi. Martu ximkana ioro IBacem abo
Sukom. TTozaTtum OyBai BHITAIKH, IO BUXOAMIH 1032 MEXi 0AThKiBCHKOT KOMITCTCHITI.
Mu 3aunTyBanics 3a00pOHEHOI0 JITEPaTYpOr, OCOOIMBO 3aXOILTIOBAIUCS KO3ALbKUMH
moBicTsMu AHJpis YaliKOBCHKOTO 3 JOBOEHHUX BHIaHb. SIKIIO O y BIATIOBIAHUX OpraHax
JIOBIIaJIMCSI TIPO L€, BCIO POAMHY MOTJIH OM BrBe3TH Ha CHOip.

VY 4OTHPHAALTE POKIB HIXTO 3 HaC He Oa)XxaB CTaBaTH KOMCOMOJIbLIEM. AOM OMHHYTH
IO HAMACT, NPHAYMYBAITH pi3Hi criocobu. IBaH nech po3n00yB JAOBIJKY, IO MPALIOE HA
BUPOOHMITBI, 1 y BUIIYCKHOMY JAECSATOMY KJaci HOro 3apaxyBajii JI0 BEHipHBOI LIKOJIH
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poOiTHHYOi Moomi, sika (QyHKIIOHYBajla B TOMY X OYyIOWHKY, 10 W Hama mkoja. Jlo
TaKUX B)KE€ HE YIIUBLINCS, OCKUIBKM Yy BEYIpHIX IIKOJIaX HaBYAIWCS 1 LIJIKOM J0POCi
IaabpKu. BTiMm, Ti, XTO HE Manu Takoi MOBITKH, TAKOXX SKOCh BUKPYTHIINCH i CKiHYIFIIH
HaBYaHHS 0e3 KOMCOMOIY.

3are HaJ3BUUYANHO TOMYIAPHOIO Oyla y4dacTh y XyHOXHIH camonisubHOCTI. Ls
TEHJICHIIis1 MaJia TJIMOIIe KOPiHHA 1 IPYHTYyBanacs Ha KyJbTYPHHUX TPaIHLisX JTOBOEHHUX
qaciB. | B Iligraiusx, i va [aauui icHyBanu untanbHi «IIpOCBITHY», MPH SIKUX KOJHCH
NpaIfoBaJId PI3HOMAHITHI XyAOXHI rypTku. Hacnigkom mporo Oyna BHCOKa My3H4YHA
KyJbTypa HaceneHHs. 3okpema y 1920-ux pokax xopom npu Hapogromy momi B ITiaraii-
IPIX KepyBaJlM TaKi BUIATHI My3HKaHTH, sIK JupureHT Jmurpo braBanpkuii i kommosurop
Isan Heminbebkuit (1895-1970), Biporianuii aBTop MOMyssipHOT micHI «UepBoHI Makmy.
Mu 3 IBaHOM 3anylbKuM y CTapIINX Kjiacax Opaiy aKTHBHY Y4acTh Y XyJOXKHIX TypTKax,
0 Aisuty mpu [liaraenpKii mMKoi, a TAKOX MPHU CUTbChbKOMY KiTy0i Ha [anugi. OqHuM i3
HUX OyB caMOMIAJBHUA aHCaMOIb CTPYHHHUX iHCTpyMeHTiB. KoXKeH 3 y4JacHHKIB MaB
KYIUTH BIIaCHUH MY3UYHHH IHCTPYMEHT; MU 3 IBaHOM Iipuabany coOi MaH 1011 HH.

Ancam01b CTpYHHUX iHCTpyMeHTiB nipu [ligraerpkiii mixomni. bepesens 1952 p.
VY npyromy psay cumats: O. Banax (apyruii 3niBa), . 3anyupkuii (crpasa)

AXTHBHIUM OYB IpaMaTHYHUHA TYPTOK; HOTO perepTyap CTaHOBWIIM IT'€CH yKpPaiHCHKOL
JIOPEBOJIIONIHHOI Ki1acukH. IBaH 3amynpkuii OyB HE3MIHHHM YYacHUKOM JIpaMIypTKa;
BHCOKWHIA, CTaTHHUI, KpaCeHb — HOMY IicTaBajHCs TOJOBHI poui, Taki, sk ['Hata y m’eci
IBana Kapnenka-Kaporo «besrananna» yn Cemena MensHIueHKa i3 «Jlaii cepito BoJIro,
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3aBesie B HeBoao» Mapka KponuBHunbkoro. Takox [BaH 3axoIuioBaBcsl CKIaJaHHAM
BIpIIiB.

Jpamaruunuii ryprok c. IN'anuyg. 12.111.1952. Yuacuuku BucraBu «be3ranaHHay:
Y BEpXHBOMY psiy mocepenuHi I. 3amynpkuii, y HIDKHbOMY Apyruii cripaBa O. banax

VY Toit 9ac mwKiIFHa MOJIOIb TATHYJNACS IO 3HaHb, Mpisia mpo yHiBepcuteTH. Kpaem
JIBI4i MPOKOTHJIACS BOEHHA XyPTOBHMHA, TOUYMJIACS TPUBaJa MOBCTaHChKa O0poThOa, mo 1i
BEJO CTaplle MOKOJIHHS, BCe Il PyHHyBalo TPagWLiHHUI KOHCEPBATUBHHUI YyKIIaja
xkutTs. [laprusann YIIA, siki Hepas3 NMPUXOAWIM 10 HAc JI0 XaTW BEYEPSATH, TOBOPHIIH
barbkaM: «Ilocuaiite mitTeit qo0 mKin, 60 Ykpaini OyayTsh MOTPiOHI OCBIYCHI Kaapm.

3arayioM TOJIIIHIA HACTPii MOKHA BIIYYTH Y BipIIi, 110 Horo HamvcaB [BaH 3aybKuid:

Juist Tebe, Kparo MIITHIA,
Ilynbc cepus He3pa IuBU,
I momucnu npaBauBi,
OcTaHHI#i noaAuX Hall.
Kparo — cTpimki noporu,
OO1mp cremniB po3Jorux,
Bennu {ninpa moporis,
Kapnarceka TrimmHa.

3apa3 He MOXy cKa3aTH, YoMy IBaH BUOpaB came xiMito. MOXKIMBO, LIbOMY TIOCHIpHsLIa
Hallla MOJIOAa BUMTeNbKa 3iHaina ['onoB4eHKo, sika npudyna 3i Cxoxy Ykpainu. Moximso,
1o nporo cupuunHuBes Demip ['yma (1890-1953), yunTens MaTeMaTHKM i aCTPOHOMI.
BiH MaB uM He HaiOLNBIIMIT aBTOPHUTET cepell Y4YHIB Ta W Y4YHTENiB. YpOJKEHelb
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Henayekoro cena Hocosa, 3m00yB OIUCKYdy OCBITY, JOCKOHAJIO 3HAB YEChKY, HIMEIIbKY
MOBY, sicHa pi4, oybChbKy. Ilicist Ilepmroi cBiToBoi BiitHM ommHuBes y 1pasi. CkiuaBum
JIOKTOpAT, BUKJIAIaB TYT B YKPAiHCBKOMY BHCOKOMY IEAaroriyHOMY iHCTHTYTi. 3a TO#
yac BUJaB MiapyyHuky «Teopis BekTopiB» i «Cdepruna actpoHoMisn», a B JliteparypHo-
HaykoBomy Bicauky HTIII y JIbBoBi omy6ikyBa po3Binky «Morannec Kemep». degip
IBaHOBHMY BMIB 3aXOmuTH OyAb-SIKYy ayIMTOPiI0O CBOIMH PO3NOBIIIMH Npo (yHIaMeH-
TanbHi Haykd. Komm poskasyBaB mpo turaHetn COHSYHOI CHCTeMH a0 YM iCHYIOTh
103a3eMHi [UB1JIi3aMii, MU Ha YpOKax CIyXaJlu sIK 3aBOPOXKEH1, PO33SIBUBILIHU POTH.

VY necaromy knaci [Ban 3amyrpkuii 3HaB TOYHO, IO e Ha ximito. Takox 3BiIKHUCH
oMy Oyio BimoMo, mo y JIbBIBCEKOMY HOMITEXHIYHOMY IHCTUTYTI HEMa€e acmipaHTypH,
TOMY BCTyIaTH Tpeba 1o yHiBepcuTeTy. TakuM YMHOM, MU OOWIBA BUPIIIMIN TOAATUCS
Tynu. Bymno yxsaneno crporuit rpadik miIrotoBku ao ekzameHiB. ['oTyBammcst pasom:
OJHa rOAWHA 3aHATh, MOTIM 10 XBHJIMH BiIMMOYMHOK — 1 TaK I[UNICIHBEKHUI IE€HB, 3arajioM
JIeCSATh TOJMH MIOIHS YIPOIOBXK YepBHA—IHITHS. Toxi moTpidHO Oyno 3maBaT 7 iCIUATIB —
XiMito, (i3MKy, MaTeMaTHKy, YKpaiHCbKy MOBY 1 JliTepaTypy, pociiicbky MOBY i JliTepary-
Py, OJUKTAaHT 3 YKpAiHCBKOI i TBip 3 pociiickkoi MoBu. HampukiHmi jumHs 310pamics B
nopory. Jlo Hac mpueaHABCS OJHOKIACHUK Muxaiino Muxainumus (1932-1984), sxuit
TeX BUPIMMB CTaTH XimikoMm. Hamsewip miii Oatbko moBi3 Hac ¢ipoto mo Iloryrop.
3BiaTH HmoB HiYHUI MOI3 70 X0I0pOBa; TaM MOTPIOHO OYJI0 MEpeciCTH Ha JThBIBCHKUI
TOTSIT.

Jlo JIpBoBa npuOynu yaocsita. 3BaXalodd Ha Te, 10 MU BXKE€ JIOCUTh OaraTo 4ynu i
3HaJIM MPO MICTO, TEpINe BPaKEHHs OyJI0 THITIOYMM. SIK BHUSBUIIOCS, PEANBHICTh HE
BignoBifgana o4ikyBaHHsAM. [lepoH OpyaHHI, TPUBOK3AIBHI CHOPYAHM 3aJuMIICHI, ax
TeMHi. JIOKOMOTHBH 3 LIMITIHHSM 1 CBUCTOM PYXaJHCSl KOJISIMH, BUKHIAIOUH 3 TPYO
KIIyOM "4OopHOTO AuMy 3i cakero. Tak caMO HENMpHWBaOIUBOIO BUTJISIANA MPHBOK3aJIHHA
Teputopis. BynnHky 3akinTaBial ¥ cipi. Bromieni i HeBucmaHi Mu 3iHIUTM 3 TpaMBaro
Ha Bynuni Komeprrka HaBmpoTtn OynuHKy Ne36 i momamucs B Oik YHiBepcutery. Aje
Termep Bce Bpas nepemiHwiocs. KpacuBi OyanHKH, omiatHi OyiabBapH, 4HMCTE, OXaliHe
MicTo. | ochk 3a TOBOPOTOM BiAKpHIIacsS BEIMYHA MaHOpaMa. IMIO3aHTHa cropyna, npu-
KpalleHa KOPHH(CHKMMH KOJIOHamH, (acaj MoManboBaHWH y cBiTii Konbopu. Lo i
Ka3aTH, BpaXeHHS OyIiBmA crpasisuia rpanpmiosHe. Ille sxumxochk BiciM pOKIB TOMY
JIbBiBChKMIT yHIBEpcHUTET OyB 3aKpUTHH HIMEIBKOIO OKYHALIHOIO BIIA/IO0, i B MPHUMI-
meHHl (QyHKIOHyBaJIa aiMiHICTpallis AUCTpUKTY «[amuumHay. AJje HOTo CIIpaBkKHE
npusHadeHHs — Oytn Xpamom Hayku. [Ipo ne cBimumim ckymsntypHi rpymu «OcBitay i
«[Ipars», BCTaHOBJICHI IO OOKaX BiJl TOJIOBHOTO BXoay. [Ipo BuXij Ha MIMPOKI HAYKOBi
IIPOCTOPH TIPOMOBJISUIA 3BE/ICHA HA aTTHKY aJIETOPHMYHA KOMITO3MIIsS, 1[0 CHMBOJII3YE
lanmuuny, Bicny i duictep. Ilam’sTanka @pankoBi me He Oyno, i Ha TOMY MicIi pocin
JIEKOPaTHBHI KyIlli. AKypaTHO MiJACTPYOKEHI, OAHI OynM KynscTol (GopMH, iHIII TBOPHIH
KHUBOILITIT.

AOGiTypi€eHTIB IOCEIIUTH B TYPTOXKHUTKY Ha Byiuili KomepHuka, 36 — KOJNHIIHIN TPeKo-
KaToNHIBKIHM akamemil. Termep TyT mpumimeHHs reorpadiunoro ¢akynsreTy. Bxim Oys
yepe3 Opamy 3 Bynuii KomepHuka HaBIpOTH Ti€l K TpaMBaiHOI 3yIHHKH; Terep Opamy
3aKpUTO HATIyXo. XJIOMIIB IOCEIMWIN y CIIOPTUBHOMY 3ali Ha MEpLIIOMY IOBEpCi; TYyT
CTOSIIO 75 3ali3HUX JIXKOK, III0 Malld TBepAUi nepeB’ssHuil HacTiia. OOCTaHOBKA 3arajioM
HarajyBaja MypamHuk. Tyau-Ccloin CHyBalll cHpariii 3HaHb NPUOYIIBII 13 3aKJIONOTaHUM
BUTJISIIOM 1 KHIDKKaMH MiJ] maxBoro. KyxHs Takox Oyna Ha mepiioMy IoBepci, Tam
3aBXKIIU [[OCh KUIILIO, IIHUITLJIO, IIKBAPYAIIO, IHOII TUMLJIO, KOJIM XTOCh HAaJITO 3aXOILTIOBAB-
cs1 rpoto B maxu. J[eXTo yXuTpsBcs MILHO CIIaTH B koMY Oemiiami. SIcHa pid, rotyBaTucs
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JIo icnUTIiB He OYyJI0 KOTHUX YMOB, i MU 3 IBaHoM inum 1o napky Kocrtromka. J{ns Tux,
XTO TIOBEPTABCS IMI3HO yBedepi, BXKe ICJS TOTO, SK KOMEHIAHT 3aKpUBaB JBEpi, IUIAX
TaKOX IIPOJISITaB Yepe3 BIKHO CIIOPTUBHOTO 3aITy.

[epmmm OyB icnwr 3i crienianbHOocTH. Ham 3 [BaHOM Bumano 31aBatu B ekaHa. Oenip
Hepxaa (1908—1987) BumaBaBcsi CTpOTUM, BUIHO OYJI0, IO HE 30MPAETHC MAaHHKATHUCH 1
HE JI03BOJINTH XBWIIIOIOYY YPOYHCTICTh NEPETBOPUTH Ha XapT. byB (poHTOBHKOM,
CYBOpHH, MITATHYTHH, 3 BilicbKOBOIO BUMpaBKkoro. [Ipote mu 3 IBaHOM miarorysamucs
JIOCKOHAJIO 1, sICHA pid, OTpUMAaJH BiAMiHHI oniHku. Kpim Toro, Oyno BumHO, mo Demip
AHJPIOBAY CTaBUTHCS JIO HAC, CLICHKHUX XJIOTIIIB, 31 CHMITATI€l0.

VY To# pik Ham (akyIbTET, IOPIBHIHO 3 MONIEPEAHIMH, MaB HalOibpIIMiA Habip — 75
CTYIEHTIB, i3 HUX 25 xmomnuiB i 50 xiBuat. Mu 3 IBaHOM NOTpanmuau B mapajiesbHi TPy,
npote 1abopaTopHi 3aHATTS BCE OJIHO NMPOBOIWIN CIIUIBHO. [BaH mpaitoBaB IpyHTOBHO,
HE XaJTypHB, aKypaTHO 3alUCyBaB PE3YJIbTATH B 30ILIHT.

VY nepepBax MiX JIEKIISIMH, TOKHA HE 3alIIOB BHKJaJad, MU BJIAIITOBYBAIH CIiBH Y
BecTnO0Ji. KoxkHoro pasy iHiliaTuBy MposBISUIM MM, niaraifuanu. CoiB y Kopumopax —
Hazaran B Ti poku 1ie OyJia 3BMYHA CIIpaBa. IBaH HajaBaB repeBary JJOBOEHHHM POMaHCaM
«Koun Ha kpuiax Houi», «CTaBoK 3acHYB» i «Tuxa Boaa OepesKeukd 3HOCHTHY, Ha3BU-
YaifHO TIOIYIISIPHUM y TOU TIepioI, 1 3a0e3nedyBaB MIUIEHUH OapUTOH.

Heopraniuny XiMit0 mpoxoaminu Ha mepimomy Kypci. Jlekmii mpoBoauB 3aBimyBad
kagenpu €sren Yepkamms. BiH unTtaB yKkpaiHChKOIO MOBOIO, MOIIPHU T€, IO BHIIY MaTe-
MaTHKy, HalpHUKJIal, BUKJIaAamm pociiicpkoro. Komu #mmiocs npo teopiro bopa i 6ynoBy
aToma, €BreH €BreHOBHY OCOOJMBO HATOJIONIYBAaB HAa KBAHTOBHMX YHKCIAX, 1, MOXKJIUBO,
TOMY 3aciyXHB Npi3BUCEKO «KBaHT». BiH 000B’s13K0BO TOpKaBcs mpo0ieM, me He Po3-
B’sI3aHUX TOJIIIHBOI HAYKOIO, I THM HIOW 3a0X0YyBaB MEPIIOKYPCHUKIB IO TOCIITHHUIIBKOT
pobotn. MoximBo, 3 miel mpUYWHU IBaH 3amynpKuil 3alUCcaBCS IO CTYICHTCHKOTO
HaYKOBOT'O I'ypTKa Ha Kadenpy HeopraniyHoi ximii. Kosu crapocTta po3noiiss TypTKiBIiB
MTOMIX BHUKJIanadamu, Iana 3ammcanu 1o [lerpa Kpun'’skesuya.

[erpo Kpum’skeBnu uucnuBcs Ha Kadeapi crapmmM jadopanTom. Ha mio mocany
fforo 3apaxyBanm me cryaeHToM y 1948 pori. Uepes xBopoOy BiH 3MymIeHHi OyB mpo-
BOJIUTHU 3aHATTS yaoMa. Takox 10 Horo oOOB’SI3KIB Hajle)Kallo peJaryBaHHs HayKOBHX
po0iT, AKi momaBamucs 10 APYKY — OcKibKku IleTpo IBaHOBHMY 3HAB KibKa iHO3EMHHX
MOB 1 100pe OpieHTYBaBCsl y TEMaTHIlI 3aKOPJOHHHUX BUJaHb. BiH MpoXnBaB Ha BYIHII
Octpospkux mmig KaiizepBanbaoM pazom 3 6atbkamu i OpaTom. Jlo momerikanas Kpwr’si-
KEBUUIB pa3 MO pa3 HaBigyBaBcs i [BaH 3anmynbkuil 1uiss 0OOrOBOPEHHSI CBOIX €KCIepH-
MEHTaJIbHUX PE3YJIbTATIB.

Beci, xTo 3HaB [lerpa Kpun’sikeBuua, HaroJonryroTs Ha HOTO BHHATKOBIHM epyanIii.
IcTopito BiH 3HaB Kpare 3a Oaratbox (¢axiBiliB. JJoOpe opieHTyBaBCs y CBITOBIH JiTepa-
Typi, LIKaBUBCSI TBOPUICTIO 3a00POHEHNX YKPAiHCHKHX TIOETIB, JIIOOUB BHIIYKaHY MY3HKY,
Haiibinpme Barnepa i Manepa. OkpiMm Toro, OyB BHHATKOBO KOPEKTHHH, HaJI3BUYAHHO
nenmikatHui. Ha cBOIX BHXOBaHIB CHpaBisB HE3a0yTHE BpaKeHHS. Y IPHBATHHX
po3MoBax [BaH BiAryKyBacs Ipo HbOTO MaJjo sk He Ipo bora.

[lepmi 1Ba pokK HaBYAHHS MU MTPOXKUBAIN y TOMY CAMOMY T'YPTOXHUTKY Ha BYJIHII
Komnepnuka; Hac mocenwin pazom 3 IBanom. Temnep y ximuaTi Oymno mume 13 mikok. Kpim
XIMIKIB, 3 HAMHU TIPOXKUBAIIO KiJIbKA CTYACHTIB 3 I1HIUX (aKyIbTETiB, 30KpeMa MaiOyT-
Hiit moer Bomomgumup Jlyuyk (1934-1992). Uepes mopory Bena crexkka no0 Haykomoi
0i0mioTexkn Akanemii Hayk iM. Credanmka. Mu nyxe NHIIANHCA THM, IO CTalH ii
YUTAa4aMH, HA3UBAIH ce0e «akaaeMiKaMu» 1 Ha MiATBEPIKCHHS IEMOHCTPYBAIH OIUH
OJTHOMY YHTAI[bKi KBUTKH 31 IITAMIIOM AKaJeMil HayK.
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IBaH 3aBXk1M 1OTPUMYBABCS CTPOIOro
pexuMmy JaHsA. YBedepi Ha MIBrOAMHU
000B’S3KOBO HIIIOB Ha CTIIOPTMAaMIaHUIHK
3aiimMatucs 6ackeT00JI0M. 3aBXKIu Opra-
Hi30BaHWH, y HBOTO Bce OYJIO UITKO
CIIaHOBaHO 1 mpoxymano. by npuH-
IUMOBHH 1 Oe3kommpomicHud. Hikomm
He BCTyIaB y XojHI cynepeuku. Kosm
XTOCh MII' TIOBECTH cebe HeIOCTOHHO,
IBan Hamami irHOpyBaB #oro i He BBa-
JKaB 3a MOTPiOHE MIATPUMYBATH 3 HUM
Oynmp-siki koHTakTH. He mnpumyckas
HaBITh IYMKH, a0H XTOCh CTOPOHHIMH
pobuB oMy sKy-HEOyOb IOCIYTY.
Konm x Taka curyanis naBajia 3MOry
3pOOHUTH BUCHOBOK IIPO HOTO THMYaco-
By (piHAHCOBY HECIIPOMOXKHICTb, TO 1€
B3araii Oyino HeMHCIHMO. [HKOITH HmisB
HaJTO KaTeropu4HO. SIKock 1O HAc 10
KIMHATH 3aHIIOB XTOCH i3 JOPYYCHHSIM
nepenatu [BaHOBI cMakeHy KypKy. Mu
BCi, IPUPOJHO, 3aBMEPJIH B COJIOAKOMY
odikyBaHHi. [IpoTe BiH 3 AKHXOCH NIpH-
YMH BBaXKaB L€ HENPUHHATHUM. Bizu-
Tep, OJHAK, HE Oa)kaB YTrOMOHHTHCH.
IBaH i Jani KateropuyHO BiJAMOBIISBCA.
MokanuBO, TOW HaAMoOJATaB 3aHAJITO
akTuBHO. CKIHUMIOCS THUM, IO IBan

3 monoamoro cectporo Jlrobomuporo. 1955 p. BIYMHMB BIKHO i MOXKOYPHB MaKyHOK
Ha/BIp.

MoskHa TiBKHM YSBUTH €00l 3arajibHe po3dyapyBaHHS. Y Tii e XBHJI 32 BIKHOM
MIOYyBCA PaIiCHUN COOauMil TaBKiT.

51 1 cam Mir iHOAI MOXapTyBaTH 3 HOTrO MPUHIMIIOBOCTH:

— IBane, mato st Tebe oOpy podoTy.

— Axy?

— bynem nupexropom pato. bo Tv 3aHanTO YECHU.

Ha we BiH cMisiBes 1 HIKOTH HE 00OpakaBcsl.

Jlekonu oMy NPOTIOHYBAJIM BUCTYIIUTH B pOJIi apOiTpa:

— IBane, Tu cepen Bcix Halipo3ymHimmid. CKaXu, XTO 3 HAC HETPaBUiA?

— Ta BcTymiThes, BM 000€ OHAKOBI.

Ocb Taka (opmyrna 1oMiHyBaa, KON HIUIOCS 1 PO SBHI HICEHITHUI, YN HaB SI3JIMBI
CTOCYHKH, @ BPaXOBYIOUH, 110 KOPHUCTYBABCS HEAOUAKUM YCIIIXOM Y [iBYAT, II¢ i MaTpH-
MOHiaJIbHI MipKyBaHHs — y TAKMX BHIAJKaX BiH 00MpaB 3a Kpallle TOHOPOBHUH BiACTYI:

Pix mouty i BcTymaiicst 3 JOPOTH.

Bci cBoi aii IBan perenpHO 00ayMyBaB, 3aBX a1 OyB 00epeKHUN y BUCTIOBITIOBAHHSX.
Koy Ha TpeThOMy KypcCi BUSIBWIOCS, 1110 MU BCE IlI¢ HE KOMCOMOJIBIIi, HAC NPHUIIEPIIH 10
CTIHM 1 BUKJIMKaJIN Ha 3acifaHHs (akynbreTcbkoro 6ropa BJIKCM. Mene 3anuranu: «Tu
YOro TaK Mi3HO BUpIimmB BcTynatu? CTUIBKM NMPOBYMBCS 1 BCE M1 HE B KOMCOMOUi?». S
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BIAMOBIB: «Xaif BXKe Kpale Mi3HO, HiK Hikomamy». e Bukimkano o0ypeHHS HOPMAJIBHICTIO
migxoay, 1 MeHe 3abpakyBanu: «baHax — 9T0 TEMHas JTMYHOCTH B HAIIEM KOJUICKTHUBEY.
IBan 3amympkuii HaBIAKW, HIYOTO TAKOTO HE TOBOPHWB, i 31 BCTYIIOM y HBOTO HE OyIo
JKOJTHUX TIPOOIIEM.

VY Bepxubomy pany O. banax, I. 3anyupskuii. 1955 p.

Ha III kxypci Hac mepecenwnau A0 TypTOXWTKY Ha Bymumi ['epmena, 7. IloOyToBi
YMOBH TaM OyJIM 3HAYHO Kpallli; Terep y KIMHATI TPOKUBaJIo He Oijblie mecTr ocid. Mu
3HOBY Ioceuircs pa3oM 3 [Banom. 3Bincu Oyio 3Ha4HO OnIKYE A0 XIMIYHOTO KOPIYCY,
mo Ha Bynuni JlJomoHocoBa (tenep Kupuia i Medoaist), i Mu 3acupKyBanucs B ladopa-
TOpIsX Momi3Ha — [BaH Ha Kadeapi HeOPraHiyHOI XiMil, st — Ha aHATITHYHIA. Y TO# Yac Ha
xadenpi HeopramiuHoi XiMmii HabGupana cumu JIbBiBChbKa KpHUCTANOXiMiuHa IKona. [i
YYaCHHUKHU 3aliMajICsl CHHTE30M 1 BHUBUCHHSM BJIACTUBOCTEH HOBHMX IHTEpPMETAJIIYHHX
cnonyk. Ha ceoronui Bimomo O6musbko 50 THcsd iHTepMeTamniniB. 3a OyqoBOIO KpHcTa-
JIYHOT IPaTKU BOHU OO0 €IHYIOThCS MK CO00I0 y CTPYKTypHi THmd. Cepea TOJOBHHX
3M00yTKIB KPHCTAJIOXiMil OyJI0 BUSBICHHS HOBHX CTPYKTYPHHUX THINB iHTEpMETATIYHUX
croayk. Po3mymu mpo 1ie OykBajabHO 3amojioHWIHM IBana. ByBamo Take, mio imoB 3a
XJ1I0OM 10 KpaMHHUI, ajie B3SBIIN 3/1a9y KOMHKaMH, BEpTaBcs JoAoMy 0e3 xuioa.

BpaxoByoun HamoJIernuBiCTh i NPalbOBUTICTh, Y ciuHi 1957 poky 3anyupkoro Iue
CTYZIGHTOM I SITOTO KypCy 3apaxyBaji Ha Kadenpy HeopraniqHoi ximii ymaGopanToMm.
€BreH UepkalivH nparHyB 3aJIMIIUTH HOTO JUIs HAYKOBOT poOOTH.

Hamnpukinni 1950-ux pokiB Ha Kadenpi copMyBanucs 1Bl HAyKOBI TPYIH, OYOJICHI
€prenom [magumescekum Ta [letpom Kpun’skesuuem. Ha Toii yac BoHM oOuaBa Bixke
3aXUCTHIIA KaHTUAATChKI mucepTanii — [magnmeBcekuit y 1953-my, Kpum’skesuda — y
1957 pori; 0OuBI Tpali CTOCYBaJMCs iIHTEpMETANIYHUX CIIONYK. HayKoBUM KepiBHHUKOM
00ox mucepramiii 0yB €Bren UepkammH, sskomy B 1959 pomi mpucBoinmy BUEHE 3BaHHI



CIIOMMHMU ITPO JOLIEHTA IBAHA 3AJIYIIBKOT'O 123

npodecopa. €Bren €BreHoBHY 3IHCHIOBAB 3arajbHe KepiBHUUTBO JIbBIBCHKOIO KpHC-
TAJIOXIMIYHOIO IIKOJIOK0. [IpM mboMy criocTepiraBcs NMEBHHH «IMOINT mmpari». SKmo
€preH [magnmeBcrkuii 0yB TOOpUM OpraHizaToOpoM i 3abe3redyBaB eKCIIepUMEHTAIbHUI
070K Ta BUCOKHMIT HAYKOBHI piBeHb myOumikariii, To 3a Ilerpom Kpum’sikeBnuem 3akpimnu-
Jlacs OMiHIS «MO3KOBOTO IEHTpY». Bzarami, Ha kadezapi icHyBaso HemncaHE HPABUIIO:
KO>KEeH, XTO 30MpaBcs OAaBaTH HAYKOBY pOOOTY 10 APYKY, MyCiB OTPUMATH BiJIIOBIAHY
«Bi3y» y Ilerpa IBaHOBHHUA.

ITpo 3Haunmit BHecOK JIbBIBCHKOT KPUCTANIOXIMIYHOT IIKOJIM /10 CBITOBOI HayKH CBij-
YHTh Te, IO ii BUEHI 3a KiJbKa AeCsATKIB pOKiB 3a0e3neumn 20% cBiTOBOT HAyKOBOI Ipo-
nIykuii 3 miel npobnemaTtuky. 13 4000 BiTOMUX Ha CHOTOHI CTPYKTYPHHX THIIIB iHTEpMe-
TaTIYHUX CIONYK JIbBIBCBKMMH KPHCTATOXIMIKaMu BiAkputo 450, ToOTO Oiblie, HiXK
JIECATY YaCTHHY.

Takum unHOM, IBaH JyIs HAYKOBOT'O CTApTy OTPUMAB i/lealibHi YMOBH.

V naboparopii kadenpu Heoprauignoi ximii. 1958 p.

PoOoty Haj ekcriepuMEHTOM ISl KaHITUIATCHKOT AUCEepTalii po3novas Biapasy. Temy
okpeciuB [letpo Kpum’sxesmd. OCKiTbKM OTHUMH 3 HaWBaKIIMBIIINX MaTepiamiB B
aBialiiiHii, paKeTHii, KOCMIYHIN TEXHIIll € ATIOMIHI€BI CIUIABH, HEOOXITHO OyJI0 BHBYHTH
BIUIMB Ha HUX JIETYIOUMX 100aBOK PiIKiCHO3eMEIbHHUX MeTajiB. BimoMo, mo neryBaHHs
HUMH Pi3KO MiIABHINYE TBEPAICTh, MIIHICTh 1 TEIUIOCTIHKICTh aMIOMIHIEBHX CIUIaBiB, a
TaKOXX TOKpAIIye iXHI JMBapHI BIACTHBOCTI. Bjke HAaCTyHmHOTO POKy BHHILIA Tepia
HayKoBa cTaTTsl 3ayrynpkoro y cmiBaBTopcTBi 3 Ilerpom Kpun’skeBuuem Ta €BreHom
I'magumeBcbkum [3].

V To¥i nepiox IBaH e pa3 NOBIUIMBaB Ha MOIO HAyKOBY aoito. Came HoMy s 3aBASIYIO
BCTynmoM 10 acmipanTypu. Ha mouatky 1960 poky, KOJK S YUMTENIIOBaB y Til caMmiii
[Migraeupkiit mkoi, BiH MOBiZOMUB, 1o qoueHT Poman Kydep i3 kadeapu ¢izkomoinaoi
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XiMii HaOmpae acmipaHTiB i 3TOJCH B3ITH MeHE B HayKy. OIHaK, y pe3yNbTaTi s MOTPAIHB
He 10 Kydepa, a 1o mouenta Tuxona [Tonorcskoro (1902-1999).

B acmipanTtypi MeHi qoBenocst 3aitHATHCS
JociipKkeHHsM neouitiB. L{i minepanu ma-
IOTh KPHUCTANIIYHY CTPYKTYypy, i IBaH oxoue
B3sIBCS1 3poOuTH i1 aHami3 y cBOil peHTIeHo-
CTPYKTYpHIil abopatopii.

Kanaunatcbky aucepraiiro 3arynbKui
3axuctuB y 1968 poui y JIbBiBCBKOMY yHI-
BepcuteTi [4]. Y Hill mogaHi pe3yabpTaTu 10C-
JDKCHHSI PEHTICHOCTPYKTYPHHM METOJIOM
CIUIABIB YCiX MOJBIHHMX CUCTEM aTFOMiHiA—
piaKo3eMenbHI MeTalu TpH BHCOKOMY,
TTOHA/T /1Bl TPETUHH, BMICTI B HUX aJIFOMIHIIO.
Byro BuBYeHO Bci iHTEpMETaTiuHI CIIOTYKH
y mianazoHi Temneparyp Big 400 o 800 °C
1 BCTAHOBJICHO iXHI KPUCTAIIYHI CTPYKTYPH.

Ha Toii ac B IBaHa OyB cOIiTHUI CIIUCOK
JPYKOBaHMX HAyKOBHMX IIpallb, OMYyOJiKO-
BaHUX Yy IOBXXHUX BHIAHHAX, TaKHX SIK
«JomoBini AH VYPCP», «Kpucramiorpa-
¢bust», «Mzsectuss AH CCCP», «Heopranu-
YecKre Marepuaibl». B aBTopedepari BiH
nogas 15 mpaup, mo Ounblie, HK yTpudi
TepeBUIIyBaI0 ToroyacHi BuMorn BAKy
I0J10 KaHAMJATChKUX AucepTauiil. Jlo Toro

«/lpyeosi oumsanux, wkinbhux i XK, JBi po0OTH GyiM OMyGIIiKOBaHI TOJIBCh-

cmydenmeviux poxie Onypio b. 3011957, o6 4 aprmiiichkoro MoBaMH 3a KOPJIOHOM.

Jvsis. lean 3anyyvruiin .

V tomy xk 1968 poui €sren I napumescs-

KAl 0490MB Kadenpy HeopraHigHoi Ximii, 3MIHMBIIN Ha wiif mocani mpodecopa Yepka-

mmHa. OgHovacHo IBana 3anmyrpkoro oOpany acucTeHToM Kadenpu. HaBecHi HacTymmHOTO

pOoKy y Bimi 45 pokiB momep moreHT kadeapu Muxaiino Tecirok (1923-1969). Tlomep

panTtoBo, TOTyloud y MOCKBI CBOIO MoHOTpadito 1o aApyKy. Y miii curyanii €Bren
I'magumeBcbkuit X0TiB Oa4UTH HA BAKaHTHIN TI0cali 3ayIbKOTO:

— IlogaBait 1OKyMEHTH Ha JOIEHTA. AJile MYCHII TaKOXX NOJATH 3asBY 1 B MapTiio.
[Hake npuIuIIOTE KOIOCh 4YXKOr0.

— Slx mogapatwy, sxmo He 6axkaro BctynaTu B KITPC?

— Hy, Toai HaM He CBITUTb. 3aMiCTh TeOE KOroCh MPHUIILTIOTE. AJle paKy To01, 100pe
noaymau.

1 Bepecust 1969 poky IBana 3amynbkoro oopagu IOUEHTOM Kadeapu HEOpraHidyHOI
Ximii.

Tenep BiH e Oinble TOPUHYB Y HAYKOBO-NEAArOTiYHY AisUIbHICT. AKTUBHO Ipa-
IIOBaB HaJ JOKTOPCHKOKO THUCEpTali€cro, 3a HACTymHI 10 pokiB omyOIikyBaB MiBCOTHI
HAYKOBHX IIpallb i3 KPUCTAIOXiMii. ByB HaykOBHM KEepiBHUKOM KaHAUIATCHKOI TUcepTaIlii
laran TuBoHYYK; BoHA 3axucTtmiaca 16 cigas 1979 poky. OdomoBaB poOoTy Ha I0C-
JIHAIBKAMH TeMaMH, sSIKi BUKOHYBaJIHCh Ha 3aMOBJICHHs JIbBIBCHKOTO MOTO3aBOMY Ta
MOCKOBCBKOTO BCECOIO3HOTO IHCTHTYTY JIETKHX cIIIaBiB. [lo Bcboro, mpodecop [manu-
IICBCHKHUI — JTOHEAaBHA JIeKaH XiMigHOTO (akymbreTy, a Bim 1971 poky mpopekTop
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YHIBEPCHUTETY 3 HAYKOBO1 pOOOTH, 4acTO JOopydaB 3adylbKOMY OYTH CBOIM ITOMIYHHKOM
Ha CTaHOBHINI 3aBinyBava kadeapu. OcobnmBo 3axormoBascs [Ban ity miAroToBKoio
Mal0yTHROT HAYKOBO1 3MiHH, 30KpeMa BiB Ha Kadeapi KOy FOHUX XIMIKiB, SKa IMi3HiIIe
yBifnuia 1o ckiaany Manoi akanemii Hayk. OHuM i3 Horo y4niB 0yB IOpiii I'punb (Hap.
1955 p.), maiiOyTHi#t mOmEHT i mpopekTop yHiBepcuTeTy, a 3 2002 poKy — AMPEKTOp
[nctutyTy XiMiunoi hiznkm TBepaux Tin ToBapucrta Maxkca [Inanka y [pe3neni. Takox
He nopuBaB KOHTAKTiB i3 [letpom Kpun’sakesudem, 10 ocobn sxoro 30epiraB He3MiHHUI
nierer. CBoro cuHa Ha3BaB [leTpom Ha HOTO YecTs.

AJe HecTIo/IiBaHO B YCHIIIHIM HayKoOBii kap’epi HacTaB 31aM. 15 kBiTHI 1980 poky y
npuBaTHiil po3moBi IBaH 3anynpkunil 3asBHB, 110 TPUNHHSIE POOOTY HAJ JOKTOPCHKOIO
aucepraniero. TakoX IOBIZIOMHB, II0 BBa)Ka€ pPEATBHUM MaTeMaTHYHE [OBEICHHS
noctynatiB bopa mpo 0yz0By aToma; 1i€l0 TEMOIO 3aXOIHUBCS B OCTaHHI poku. Yepes Tpu
Micsini nokuHyB JIbBiBChbKHI yHIBepcuTeT i nepeixas 10 Kuesa. 3a auBHUM 30irom, TOro
K poky nomep Ilerpo Kpun’sikepuy.

Y Kuesi nposoBKyBaB 3aiiMaTHCs NeJarorivHoo poooToo B TeXHOIOrYHOMY iHCTH-
TYTI JIETKOT IIPOMICIOBOCTH, TIOTIM TIEPEHIIIOB 10 [HCTUTYTY iHXKEHepiB IMBLTGHOI aBiarii.
Barato mpairoBag 3i MIKUTEHOIO MOJIOJJIIO B paMkax Maioi akazemii Hayk. Jlo kpucTaso-
XiMii OiseIIe He oBepTaBcs. Ha skaib, mpo 1ei mepiof Horo KUTTS BiZOMO IyKe Malo;
BiJl IKOTOCh Yacy [BaH ImoYaB YHHKATH KOHTAKTIB i3 KOJHIITHIMA 3HAHOMHUMHU 1 IPY3IMHU.
ITomep 30 6epesnst 2004 poky, noxosanuii y Kuesi Ha JlicoBOMY KJ1a0BHIILI.

[epernsanatoun marepiaan HOro 0COOHCTOTrO apXiBy, MOXKHA CTBEPAKYBAaTH JIMIIE
onue: IBaH 1 HajlaJIl 3aJIMIIABCSI HEBUIIPABHUM JIIPHUKOM, TaKUM JKe€, SIKUM OYB 1 B IOHAIbKI
nita. IIpo me cBim4aTe HamMcaHi HUM PSAAKH:

106 360poTH 310, TH F0OOB 6E3 MexK
Jlacky i Teruto B cepui Oepexert;

B micHi nponecnacsk Hag CrnaByToro,
3eMitto 00Hs1Ia 3eJIEH-PYTOIO.
Bepernne 4oBHa B MOPi ITOPMOBIM,
Twu 30pst poBiznHa B 00pito MoiM.
Beperune aymi, mapocTKiB )KHTTS,

He BTOMUCH, KONUIIK HAIlIE MAWOYTTSL.
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PYYHUKH i MaTepialiv, MPUCBSIUYCHI TaM’ ATHAM Ta iICTOPHYHUM JaTaM, IOBIJIesM.

IMomanns cratTi ams myOmikamii B «[Iparsx HTHI. Ximis i Gioximis» mependavae,
110 B Hilf MiCTUTBCS OPUTIHAIBHIN MaTepial, ikuii He OyB paHile omyOIikKoBaHUH.

OO6csr opuriHanbHUX cTaTeld 10 12 cTOpiHOK, orysiniB — 10 20 CTOPiHOK, KOPOTKI I10-
BiJIOMJICHHS — 10 4 CTOPiHOK (BKJIIOYAIOYH UTIOCTPATHBHHUN MaTepial, CIIHUCOK ITOCHIaHb
Ta pe3rome).

Pykomuc crarTi ciig Habpatu y dopmari MSWord. ExextpoHHuit BapiaHT CTaTTi Ta
CYIPOBO/DKYIOUHMI JTUCT HaIicIaTH Ha ajapecy: chemsci_ntsh@gmail.com, 3 BiamiTko0O
po3aiTy — XiMist a00 GioXiMis.

Pykomuc crarti (Bucora wpudty 12 TimesNewRoman, intepsan 1,5), Tpe6a odop-
MHUTH y Takomy nopsaky: YJIK, iM’s Ta mpi3Buine aBTopa(aBTopiB), Ha3Ba CTATTi, MiCIle
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Tparii, aHOTAaIlisl aHTTIIHCHKOK MOBOFO (iM’s Ta Mpi3BHUILE aBTOpa(aBTOPiB), HA3Ba CTATTI,
Mmiciie mparii i moBHI ciryG00Bi aapecu aBTOpiB, e-Mail, po3mmMpeHuii TeKCT aHOTAIii
(00’em mo 1 ct.), 0 5 KIIFOYOBHUX CIIB), aHOTAIiSI POCIMCHKOI0 MOBOIO, BIIIOBIIHA O
YKpaiHCBKOT aHOTAIlil.

Mosga. CTaTTi ApYKYyIOTh YKPAiHCHKOIO (3 aHIUIIHCHKOIO Ta POCIHCHKOIO aHOTAILISIMH)
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HE BOJIOZIIOTH YKPaiHCHKOIO MOBOIO, pelaKilis 3a0e3MeduTh INepekiaj aHoTamil 3
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Lmroctparii Tpeba mpuroTyBatu B eleKTpoHHIN ¢opmi y cdr, jpg abo tif popmarax.
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[Mocunanns Ha niTepaTypy CIiJ TO3HauYaTH HOMEpaMH Y KBaJIpaTHHUX IYXKKax.
[Mepenik niTepaTypu HaBOAWTH y OPAAKY IUTYBaHHS.

Cratti go «[Ipams HTI. Ximigni Haykm» (Bumyck 2016 p.) mpocuMo moaaBaTH 10
30 sxoBtHs 2015 poky. Komrru 3a penaryBaHHs Ta BUJABHUY1 BUTPATH BUITYCKY CTaHOB-
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