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Abstract

There was examined the way of life and creative work of the well-known scientist chemist, Doctor of Chemical
Sciences, Professor M. A. Rozenberg, the student and the follower of Academician L. V. Pisarzhevsky who was the one
of the founders and the first Dean of the Chemical Faculty of the Dnepropetrovsk University.

The scientific research of M. A. Rozenberg was mainly continuation of the works of Academician L. V. Pisarzhevsky. It
was related to the electronic chemistry, magneto- and electrochemistry. The kinetics and mechanism of electron-ion
reactions in solutions was studied, the idea about the catalytic role of the Hydrogen ions in these processes was put
forward. This idea was the start of the application of the magnetic phenomena in chemical research es. It was shown
that the permanent magnetic field restrained the processes of dissolution of ferro- and paramagnetic metals in the
acids and accelerated the dissolution of the diamagnetic metals. The cycle of researches on the defence of metals and
alloys from corrosion, which is important for the development of metallurgical industry of city, was conducted.

The Professor for many years taught the course of inorganic chemistry at the Chemical Faculty of the Dnepropetrovsk
State University. He is the author of about 40 scientific articles and 4 textbooks on inorganic chemistry. The
"Inorganic chemistry” textbook written in collaboration with L. V. Pisarzhevsky, was the first consistently expounded
book applicable to electronic presentations.

Keywords: M. A.Rozenberg, electronic chemistry, oxidation-restoration processes, corrosion of metals, magnetochemistry,
chemical faculty.

MEPIIWHA JEKAH XIMIYHOTO ®AKYJIbTETY

Banepiii C. KoBanenko, Biktop @. Baprantok, Hazis B. Ctenp

JlHinposcvkull HayioHaabHull yHigepcumem imeHi Osecsi [oHuapa,
npocn. laeapina, 72, [qninpo, 49010, Ykpaina

AHoTanis

Po3riiffaerbca KUTTEBUN Ta TBOPYMM HLIAX BiJOMOro BYeHOro-ximika, AoKTopa XiMiYyHMX HaykK, mpodecopa
M. A. Po3eHGepr, yuyeHuLi Ta mociaizoBHuni akagemika Jl. B. [lucapkeBcbKoro, ogHoro 3 iHiniaTopiB crBopeHHs
ximiyHOro ¢akysbreTy JHiNponeTpoBCbLKOro yHiBepCcUTETY Ta HOro mepuoro JekaH a. PO3KpUTO OCHOBHI HanpsMKHU
il HayKoOBOi, NeAaroriyHoi Ta HAyKOBO-OpraHizaniiiHoi JifAIbHOCTI.

Karwuosi caoea: M. A. Po3eHGepr, elleKTpOHHA XiMisl, OKHCHO-BiJHOBHI NpoLecH, Kopo3is MeTasliB, MarHiToximis, xiMiuHUH
dakybTeT.

MEPBbIA JEKAH XUMHUYECKOI'O ®AKYJIbTETA

Banepuii C. KoBanenko, Buktop ®. Bapranok, Hagexaa B. Crer
Anunposckuii HayuoHaeHbll yHUgepcumem umeHu Oaecsi FoHuapa,
npocn. 'azapuna, 72, /[Hunpo, 49010, YkpauHa

AHHoOTAaI U

PaccmannBaeTca ’KU3HEHHBIH H TBOp‘lecKl/Iﬁ nyTh U3BECTHOro y4Y€HOro-xuMHWKa, AOKTOpa XHMMHYECKHUX HaYK,
npodeccopa M. A. Po3eHGepr, yyeHUIbI M MOC/AeAOBaTeJbHHIbI akajgeMmuka JI. B. [lucap:keBcKoro, oZHOro us3
WHUIUATOPOB CO3JaHUA XUMHUYEcKoro ¢akyybTeTa JHENpPONEeTPOBCKOr0o yHHMBEpPCUTETAa M €ro NmepBoro AeKaHa.
PacKkpbIThl OCHOBHBIE HallpaBJeHUA €€ HAYYHOM, NeJaroru4eckoil 1 Hay4YHo-OpraHM3alMOHHON AesTe/IbHOCTH.

Knarwuesvie csaosa: M. A.Po3eHbGepr, 3/IeKTPOHHAs XUMHUSl, OKHCJIMTENIbHO-BOCCTAHOBUTE/NbHbBIE TPOLECCHl, KOPPO3Us
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*Corresponding author: Tel.: +380567768253; fax: +380563749841; e-mail address: nvstets@i.ua
© 2019 Oles Honchar Dnipro National University
doi: 10.15421/081901


http://chemistry.dnu.dp.ua/

Journal of Chemistry and Technologies, 2019, 27(1), 1-8

Bcryn

Hanpukinni 2018 POKy
BUnoBHUJ0csa 130 pokiB BiJ AHA
HapO/XeHHA BiZjoMOro BYEHOr0-
XxiMiKa, JOKTOpa XiMiYHUX HaYK,
npodecopa M. A.Po3eHbepr,
yYeHHUIli, HAaU6JIMKYO0l COPATHUIT
I MOCHiIOBHMIII 3aCHOBHHUKA
XiMiYHOI HayKOBOI LIKOJHX B /IHINpONETPOBCHKY,
akagemika JI. B.Ilucap»keBcbkoro,  mnpojoB-
)KyBaulli 1 mpomaraHfMUCTLi HOro HAyKOBUX |
negaroriyvaux iged. Ilonag 40 pokiB XUTTH i
JisibHOCcTi M. A. Po3eHbepr 6yau mnoB’si3aHi 3
xiMiyHUM ¢akynabTeTOM J[HIMPOMETPOBCHKOIO
yHiBepcutety (AJ4Y), oanum 3 iHiuiaTopis
CTBOpPEHHA fIKOr'O i MepLIUM HOro JeKaHOM BOHA
oysa.

OcHoBHI BixM 6iorpadgii. ManbBiHa AcupiBHa
Posen6eprHapoauaacsa 18 nucronaza 1888 poky
B M. E1M3aBeTrpa/ii XepcoHChKOI ry6epHii (3apa3
- M. KponuBHuubkuil KipoBorpazcbkoi o6.1acri)
B ciMi cayx60B0iB [1; 2]. Ii 6aTbko npanoBas
IIpOBi30pPOM, 3TOZ0OM CTaB BJIACHUKOM allTeKU
Kosin MasibBiHi BUNOBHUJIOCH BiCiM pOKiB, ciM's
nepeixasia 10 HKHBOAHINIPOBCHKA, a 1ie 4yepes
YOTUPHU POKM - 10 KatepuHocsaBa. /liBUMHKA B
LIKIJIbHI POKM BUSIBWJIA XUCT [0 NPUPOAHHUYUX
Hayk (KaTepuHocnaBcbKy riMHasito 3akiHunia 3
MeJlaJIIl0), TOMy BHILy OCBITYy 37400yBaJjla Ha
NPUPOLHMUYOMY BiAJiJIeHHI clo4YaTKy Buinux
KiHOYMX KypciB y MockBi, a 3rogom ¢i3uko-
MaTeMaTU4YHOro  ¢aky/abTeTy XapKiBCbKOIro
yHiBepcuteTy [2]. [lic/is 3akiHYeHHSI OCTaHHBOTO
y 1911p. pesakuil 4Yac BUKJajasa B LIKOJI,
IpalroBaja B xiMiko-6aKTepioyoriyHoMy
kabiHeTi (M. MockBa).

Ha mnoyatky 1917 p. ManbBiHy AcupiBHy
3anpocuau Ao KarepuHocnaBa Ha nocaay
acdcteHTa 3 6ioxiMmil MeAW4YHOro QakKyJabTeTy
LIOMHO BIJKPUTHUX y IIbOMY MicTi BUIuX )kiHOUMX
KypciB (HacTymHoOro poky Ha 6asi ocTaHHiX 6yJio
CTBOpPEHO yHiBepcuUTeT, a Jewo IMi3Hiwe i
MeJAWYHUN iHCTUTYT). B TOW 4ac kypc Ximii B
[pHUYOMY IHCTUTYTI | Ha BUIMX KiIHOYMX Kypcax

(a sromom - B yHiBepcureTi) udTaB [J00pe
BijoMuil yxe BueHuH-xiMmik Jl. B.IlucaprkeBchb-
kuil. Jle BosoguMupoBuy  TOAi  fIKpas

iHTEHCUBHO TpaIloBaB HaJl PO3POOKOI0 YSIBJIEHb
HOBOI'0 PO3JiJy XiMiYHOI HayKH — eJIEKTPOHHOI
ximii [3;4]. CBoi seknii BiH OyayBaB 3
BUKOPUCTAHHSIM OKMUCHO-BIJHOBHUX peakllilf,
po3rigialoyd OKHWCHEHHA 1 BiJZHOBJIEHHA $IK
MPOLEeCH Biijadi Ta NPUESHAHHSA eJIEKTPOHIB.

B Ti pOKM eJIeKTpOHHI YABJI€HHA JIMIle
BBOAWJMCb B  XiMilo, TOMy Ha JIeKwLii

[lncapxeBCbKOro NpUX0 UM He JIUILIE CTyZ,eHTH-
xiMmiky, a ¥ BukJajgavi iHmUx kKadeap i
dakyabTeTiB. OfHUM i3 Takux ciayxauiB 6ysa
ManbBiHa AcupiBHa. O4eBUHO, J€KLii BijoMoro
BYEHOI'0, HOT0 OCOOHUCTICTh CIPAaBUJIU I03UTUBHE
BpaXeHHS1 Ha MOJIOAY BHUKJaZauky,i B 1920 p.
BOHA CTA€ aCUCTEHTOM Kadeapu HeopraHiyHoi
ximii KaTeprHOC/IaBCBKOrO iHCTUTYTY HApOJHOL
OCBiTH (Tak CTaB HAa3WBATHCS YHIBEpCUTET Mic/s
peopranizaniiB 1920 p.), AKy o4ostoBaB Toji JleB
BosogumupoBry. A He3abapoM Iodyasa BeCTH
HayKoOBi JociipkeHHsT B Horo Ja6opaTopil
C.A.TycuHcbka, ofHa 3 TMepHIMX Y4YEeHHUIb
akagemika JI. B.[lucapxkeBcbkoro, 3raaye [5]:
«Mu Bxxe NPOUILIU KypC IKICHOTO aHaJ1i3y, KO
JeKIil JleBa BosioguMupoBuyda noyvaJsia
BiABiZAyBaTH MoOJIOAA TEMHOBOJIOCA »KiHKa -
MasnbBiHa AcupiBHa Pozen6epr. Ckopo BoHa
CTaJs1a npaupoBaTh Ha Kadeapi... Akock HENOMITHO
JleB BosioguMmupoBud nepeBiB il A0 Haoi
n'9TipKu (JocaigHUIbKOI rpynu — ABT.) i 1aB AJist
po3pobku onHy TeMy «EjnekTpoHHa mnpupoja
peaklild OKHUCHEeHHS». 3rofloM BOHa CTaJja
ApyxuHoMo [ncapxeBcbkoro. CriJibHI IXHI mpaj
JAo06pe BijloMi...»

Jocute mBHAKO M. A.Po3eHbepr craza
HalbMmk4yoro mnomivynuiero Jl. B.Ilucap:keBchb-
Koro Ha kadeapi; ii o6UpalOTh AOLIEHTOM, A B
1925p. - 3aBigyBaueM kKadeJpu HeopraHiyHOI
ximii [6] ([TucapkeBCbKUH BUPIIIUB 30CcepeUTH
CBOIO OpraHisaliHy JisJIbHICTb Ha HayKOBO-
JocaifHii kadeapi eseKTpoHHOI XiMii, IKy Homy
B/IaJ10Cd OpraHi3yBaTH Npu 'ipHU4OMy IHCTUTYTI
B 1922p.).¥ 1934 p.kowmiciss HKO YPCP (pimenns
Bix 13.05.1934 p., mpor. Nel17) miaTBepawia
BUeHe 3BaHHA npodecopa, Ha/laHe
M. A. Pozen6epr panimie,a B 1936 p. il iprUCBOEHO
HayKOBUH CTyHiHb [JOKTOpa XIMiYHHUX HayK
(pimmenHs Ipe3unii AH YPCP Big 09.09.1936 p,
npotT. Ne30) 6e33axucty gucepTariii [1].

3 1922p. M. A.Po3enbepr BHUKOHyBaJja
HAyKOBi JOCJAi/P)KeHHT Ha BXe 3rajlyBaHiil
kade/pi eseKTPOHHOI XiMii (6yJ1a, 4,0 pedi, O HUM
i3 TpboX nepiux ii cniBpo6iTHUKIB), a3 1927 p. -
B OpraHizoBaHoMy Ha 6asi kadenapu IHcTUTYTI
¢ismunoi  ximii  [7]. [lapanenbHo  BeJa
BUKJIAJALBbKY AisbHICTE Yy PapManeBTUYHOMY
iHcTuTyTi (y 1926-1932pp. - 3aBigyBau
kadeaporo HeopraHiyHoi xiMmii) Ta Ha XiMiuHOMY
BigisieHHi MeTaypriiHoro dakynbTeTy
lipuuyoro  iHctutyty  (1921-1927pp.) B
JuinponeTtpoBcbKy, [los1iTeXHIYHOMY IHCTUTYTI B
T6inici (1929-1935 pp.).

[lixz 4yac Beswukoi BiTyu3HAHOI BiHMHH,
nepebyBaoud B eBaKyallii Ha cxofi KpaiHy,
ovoJitoBaJia Kadeapu HeopraHiyHOI XiMii B
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®dapmaneBTUYHOMY iIHCTUTYTI, [0 po3MillyBaBcs
ToJli B [I'aTuropcbky, a misHime - B [HCTUTYTI

iHKeHepiB 3a/i3HUYHOTO TPAHCHOPTY, SKUH
eBakywBaBcsa A0 HoBocubipcbka [1]. B ayxe
BaXKKHX yMoBax M. A.PoseHbepr 3MorJa

Ha/IarOAYMTH HaBYaJIbHUM INponec i CTBOPUTH
HaJIeXXHI YMOBU [JJIl HAyKOBO-Z0CIiJHULIbKOL
ngisuibHOCcTi [8]. Haropomxena Megasiro «3a
fo6ecTHbId TpyA B Besnkoit OTeyecTBeHHOU
BoiiHe» [1].

Y 1944 p. BoHa mnoBepHyJsacad Ha Kadeapy
HeopraHiyHoi XiMil JHinIponeTpoBCLKOro
YHIBEpCUTETY, IKOI0 3aBiAyBaJia A0 1952 p., ko
yepes MOriplieHHs CTaHy 3/0pOB’Sl BUHILIA Ha
neHciro. Bce x M. A. Po3eHbGepr npojoBxyBaJia
BUKJIaJaLlbKy JisJIbHICTb Ha kadepi
HeopraHiyHoi ximii (o 1961p.) HaA yMoBax
noyacoBol omsaTy. [lomepsia BoHa 10 BepecHa
1965 p., noxoBaHa Ha 3aNoOpPi3bKOMY KJIaZ0BHLI B
M. JIHinpi.

A monumentis on the grave of
M. A. Rozenberg in Dnepr

[NaM’ASTHUK Ha MOTHWJIi
M. A. PoseHGepr B M. IHinpi

l'os10BHI HaNPAMKH HayKOBHX
JOCJiJKeHb
HayxkoBy LISUIBHICTD M. A. Pozenbepr

po3snodasia, K y»Ke 3a3HayaJsiocb, y 1920p. B
snabopartopii IucapxkeBcbkoro npu [ipHUYOMY
iHCTUTYTI (CBOiIX J1a6OpaTOPHUX NpPUMIillleHb
yHiBepcuTeT Tofi He MaB). Tomy ii mepuii, a
3HAYHOK MIipO10 1 BCi HAaCTyIIHI HAyKOBi IpaLy,

Oy/JM  MPOJOBXKEHHAM pobiT  aKajJeMika
JI. B.[lucapkeBCbKOro B rajy3i eJIeKTpOHHOI
ximii. «[lpyHIMNIMAZIBHO TeMbl MOM, — IHCaJa

nisHine MasibBuHa AcupiBHa B aBTo6iorpadii[2],
- ABJSAJIUCh PAa3BUTHMEM Hay4yHBbIX HJed MOero
yuuteia JI. B. [lucapxeBcKoOro».

«B  Hammx  coBMecTHBIX paboTax 1o
3JIEKTPOHHOM XWMMHM, - 3raJlyBaB aKaJeMiK
JL. B.Tlucap>keBcbkuil, — MasbBUHA AcCCHUPOBHA
Po3eHOepr ouyeHb CKOpPO € pPOJM YYEHUIIbI
nepelia Ha PoJIb TOBAPHIA, COBMECTHO CO MHOIO
paspabaTbiBaloLlero Kak TeopHulo, TaK U
IKCIIEpUMEHT  JJId IIPOBEPKHU TEOpHUH.
3HayuTesIbHAasA 4aCTb TOT0O HOBOTO, YTO BHECEHO
MHOIO B 06J1aCTb 3JIEKTPOHHOU XUMUH, SIBJISIETCS
Hallell COBMeCTHOW paboTol, B KoTopou M. A
NposiBWJIa 6OJIbILYI0 MHULMATHUBY ... Bckope M. A.
NOILJIA 110 BIIOJIHE CAMOCTOATEJIBHOMY U BIIOJIHE

OpUTMHAJBHOMY NYTH B 00J1aCTU 3JIEKTPOHHOU
HeOpraHUYeCKOU U Gpu3ndecKor xumun» [1].

Cdepa nHaykoBux iHTepeciB M. A.PozeHbepr
OyJia JJOCUTh LIMPOKOIO, Ta BCe > IepeBakHa
Oi/bLICTL [OCHAIAKEHb BHUKOHAaHa y TpPbOX
HalnpsMKax: MeXaHi3M eJIeKTPOHHO-HOHHHUX
peakiiiii B po34MHax; eJeKTpOMarHiTHa Npupoja
XiMIYHHUX NpPOLECiB; 3aXUCT METaJIiB Ta CIJIaBiB
Bi/| KOpO3il.

[lepwa rpyna po6iT, BUKOHaHa e y 20-1i
POKH, CTOCyBaJlacb [OC/HiJXKeHb KiHEeTHUKU |
MeXaHi3MiB iOHHUX OKMCHO-BiJJHOBHUX peaKIliii B
KMCJIHUX PpO34YMHAX Ta IMigTBEpPIPKEHHA IX
eJIEKTPOHHOI NPUPOAH. «IJIeKTPOHHAs MPUPOAA
HMOHHBIX peaKIui, TUIla Iepexo/a 3J1eKTPOHOB OT

OJJHHX aTOMOB M HOHOB K JpYruM, — IIHCaB
JI. B. [lucap»keBCbK UM, XapaKTepU3your
HayKoBUH  gopob6ok M. A.Pozenbepr, -
HECOMHEHHO JI0OJPKHA  OBITh  CBfI3aHA C

3JIEKTPOMAarHUTHOM MPUPO0U aTOMOB U MOHOB.
Tonbko npu eé yyeTe MOXHO HaJeATbCA AaThb
MOJIHYIO KapTHUHY BHYTpeHHeM! YKU3HU
XMMHAYECKUX IPOLLECCOB. JTa MbIC/Ab BIIEpPBBIE
6bL1a BbickazaHa MAP ¥ mosioykeHa el0 B OCHOBY
M3y4eHUs1 3JIEKTPOHHO-UOHHBIX peaklud B
pactBopax» [1]. OkpeMi po6OTH LBOTO LUKJIY
BUKOHaHI HeW CHIJIBHO 31 CBOIM yYyuTeJeM
3HayHUM iHTepeCc BUKJIMKAJIU [JOCHIJPKEHHS, B
IKHUX BHBYajJach crneuudiyHa posb ioHIB
ligporeHy B OKUCHO-BIIHOBHHUX CHUCTEMax.
lipporeH-iony, sik nokasasa M. A. Po3eH6epr Ha
pAAl  [pUKJIAAiB, BUKOHYHOTb KaTaJiTUYHY
byHKLiO i, K NpaBWJ/IO, COIPOLIYIOTh MeXaHi3M
LUX IPOLIECIB, 3HWXKYIOTh [IOPAL0K peakuil. B xoxi
IMX JOCJHi[P)KeHb Hel OyB 3alpolOHOBaHUU
OpUriHaJIbHUN MeTOJ BHU3HAYEHHS MOPSAKY
peakuii [2].

Jpyruit HUKa gocaipxkeHb, po3nodyatux y 30-Ti
POKH,  NPUCBAYEHUHM  BUBYEHHIO  BILJIUBY
MarHiTHoro mojss Ta yJabTpadioseToBOro
BUIIPOMiHIOBaHHS Ha Mepebir xiMiYHUX Mp o1leCiB.
Hali6inbmuii iHTepec BUKJIWKAIOTbh POGOTH,
3B’f13aHi 3 BUBYEHHSIM BILJIUBY MarHiTHOrO MoJist
Ha pO3YMHEHHA MeTaJliB y KucIoTax. byJso
BUAIBJIEHO, 30KpeMa, 1110 MarHiTHe I0Jie raJabMye
po3urHeHHs1 ¢epoMarHiTHUX i mapaMarHiTHHUX
MaTepiaJjiB i [IPUCKOPIOE pO34YHMHEHHA
AiamarniTHuUx. [losicHiorouu 1i ¢akTH, MasibBiHa
AcupiBHa BpaxoByBaJla MarHiTHI BJIaCTUBOCTI
aToMapHoro laporeHy, siki BIJIMBaJIU Ha e peobir
3BOPOTHHUX NpOLECIB. PesynbTaTn L HX
JoC/iJP)KeHb OyJIM y3arajJbHeHi B HaJpyKOBaHil
1930 p. moHorpadii «/lo MUTaHHA PO MeXaHi3M
eJIEKTPOHHO-IOHHUX peaK1il B pO3YMHAX».

Y 60-70-Ti poku pe3ysibTaTX MarHiTOXiMiyHHUX
nociipkerb M. A. PozeH6epr NpUBepHYJIU yBary
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6araTbOX AOCIiIHUKIB Y 3B’I3Ky 3 BHUSIBJIEHHAM

IapaMarHiTHUX BJIAaCTUBOCTEN BiJIbHUX
pasvKa/iB Ta BCTAHOBJEHHA IXHbOI poJi B
MexXaHi3Mi XiMIiYHHX  peaknii. [3 mpanp

JOBOEHHOIO Iepiofy CJiJ Ha3BaTU TaKOK
HallMCaHy ChijbHO 3 akaj. JI. B. [lucapxeBcbkuM
MoHorpadii «3/J1eKTPOH B XMMHUH PacTBOPOB U B
asekTpoxumuun»  [9], B dKii  JicTanau
y3arajJibHeHHs pe3yJ/bTaTH IXHiX NiOHepCbKUX
AOCHi>)KeHb  MeXaHi3MIiB  IOHHMX  OKHCHO-
BiJJHOBHHUX peaKIil.

Tpetiéi, HaWbGisbmUHA 3a  obcaromM i
HAaUTpUBAJIIIMK 3a 4YacoM ULMKJ AOCTiAXKeHb
MasnibBiHM AcHpiBHM 3B’sI3aHMH 3 KOpO3iHHO0
TEeMaTUKOI. Ii mpali NepeJBOEHHUX PpOKIB
NPUCBSYEHI BHBYEHHIO IIPOLECIB pPO3YWHEHHA
TOHKUX, TaK 3BaHUX «BaKYYMHHUX», [IJIIBOK 3aJ1i33,
xpomy, HikeJsto, Mizii B kuciaoTtax [10]. B po6orax
MiCJIABOEHHOTO  Iepiofly  BeJIUCh  IOLIYKH
Hailb6inbl  epeKTUBHUX METOMAIB  3aXUCTy
MeTaJiB, HacaMmIiepe/ 3aji3za, THUTaHy Ta IX
crnaBiB, Bif Koposii [11-13]. JleTasbHO BUBUEH],
HAIpHUKJIaJ, IPOLLeCH eJIeKTPOXiMIYHOr0 3aXUCTy
3aJi3a y BOJAX PIi3HOr0O CKJAAy B IPUCYTHOCTI
iHri6iTopis. YcraHoBisieHa KOHIL|eHTpaLjq
iHri6iTopie, W0 3abe3nedyye MOBHUH 3aXHUCT
MeTaJjly BiJ, KOpoO3ii, BH3HauYeHa MiHiMaJibHA
3aXMCHA TycTHHa cTpymy. M. A.PoseHGepr i ii
cuniBaBTopu (JI. M. ®anbkoBcbKa, €.1. [loropess-
cokui, @. b. OpkoBcbKa) BCTAHOBUJIM 30KpeMa,
mo 3i 36iJblIeHHAM KOHIeHTpallii KaToJHUX
iHri6iTopis 3axXMUCHa rYCTUHA CTpyMy
3MeHWyeTbcA [11]. ABTOpM  MNOSICHIOBaJIU
3Hal/ieHi HUMU 3aKOHOMIipHOCTI 3
BUKOPDUCTAHHSIM Teopii 6GaraToesieKTPOHHHUX
cucrteM AximoBa-TomamoBa. Byau pgociigxeni
TaKO0X IOTEHLiaJId MOHOKPUCTAJIIB pAAYy MeTaJliB

B KHMCJOTaxX 1 cojsiX, 3alpoNOHOBAaHHUU
OpUTiHAJIbHUM  MOTEHIL[iOMETPUYHHUU  METO[,
BUBYEHHS1 mporecy Kkoposii [12]. [Ipod.

M. A.Po3eHbepr Ta chniBpo6iTHUKHU 0Y0JIF0BaHOI
Heto Kadepy 3HaYHy yBary NpUAiJIsIu OIOMO3i
NPOMHCJIOBUM MiJANPUEMCTBAM Yy pO3B’sI3aHHI
ixHix moTouyHux mnpobsem. Ha [pusHinpoBchbKii
3aJIi3HMIl, HanpukJaja, Kadeapa BIPOBaJUIA
MeTOAHY 3M'IKILeHHS BOAH, BUJAJIEHHA HAKUIY 3

[OBEPXHI MapoBUX KOTJIB, a Ha pgil
NPOMHUCJIOBUX  MeTaNyprilHUX  MiJlIPUEMCTB
MicCTa - MPOLLeCH KUCJIOTHOIO TPaBJIEHHA IPOKaTy
yopHux MeTasiB [14]. 3a mpomo3ulii€e
MeTaJypriliHOTO 3aBoAy im. JleHiHa
(M. lHinponeTpOBChK) BUKOHAHO LUK
JOCHipKeHb 3 IHTepKpuCTaJiiyHOl  Kopo3il

Fe-Cr-Ni-Ticrasnei [2].

Opranizaniiina ta negaroriyia JisiibHiCTh

barato cun Ta eHeprii ManbBiHa AcupiBHa
BifilaBaJia opraHisaliiHii aissbHOCTI. 3 1922 p,
dK BXe 3a3Hayajiocb, BOHA BHUKOHyBaJa
TeOpeTUYHI Ta eKCllepUMeHTaJbHi JOC/IiJKeHHA
Ha HayKOBO-JOCHiJHIA Kadeapi eseKTpOHHOI
ximii npu lipHudomy iHcTuTyTi. CTaTyC HAyKOBO-
JOCHILHOI MaJio TOAI Ay»Ke HeBeJHMKe YHUCJIO
kadep,y KatepuHocsagiix 6yJ10 CTBOpEHO JIHIIE
BiCiM i He BCi BOHM BUSBUJIMUCH XKUTTE3TATHUMU.
JisibHicTb e Kadeapu esleKTPOHHOI XiMii 6ys1a
JIOCUTb YCHILIHOW, KiJbKIiCTb WwieHiB KadeapH i

acnipaHTiB CTPIMKO 3pocraJjia. y
JI. B.llucapkeBcbKOro Bu3pijla JAyMKa IIpo
CTBOpeHHs Ha 1i 6a3i HaykoBoO-A0CIiHOrO

inctutyty [7]. M. A.Po3senbepr pasom 3
JI. B.llucapkescbkuMm Ta O.l. BpogcbkuM B3si1a
HaWaKTHUBHIIIy y4acTb B Opradisalii Takoro
3aks1azy - BceykpaiHcbkoro iHCTUTYTY $i3uuHOl
ximii HapkomocBiTu YPCP (3apas - IHcTtuTyT
¢dizuuHoi Ximii AH Ykpainu
im. JI. B.[lucapkeBcbkoro, npauwe B Kuesi). B
HbOMy ManbBiHa AcupiBHAa TpHUBaJHUM 4ac
04OJIIOBAJIAa BIAAI MPHUKJIALHOI eJIeKTPOXiMil
[15].

Y 1929p. M.A.Posenbepr (paszom 3
JI. B.[lucap>keBCbKHUM) Ofieprkajia 3alpolleHHs
Hapkomocgitu I'py3uncekoi PCP B3aTH y4yacTh B
opradisalil HayKOBO-JOCJIiJHOTO  IHCTUTYTY
ximiyHoro npodinw B T6inici Ta HanaromxeHH
Moro gistnbHocTi [2; 16]. Toro » poky IHCTUTYT
ximii AH T'pysPCP 6y.10 ctBopeHo (3 1965 p. BiH
CTaB Has3uBaTUCb [HCTUTYTOM i3U4yHOI Ta
opradiyHoi ximii im. I1. . MenikimBiai). ManbBiHa
AcupiBHa npoBesa B ['py3ii 3 nepepBamMu mainke
I'SITh POKIiB — MiBpOKY BOHa uJa B Toiici, a iHmi
[iBpOKY — B /IHIIIpONIEe TP OBCHKY.

B nmepwi poku pignbHocti KaTtepuHo-
C1aBCbKOro yHiBepcuTeTy Horo xiMiyHi kadeapu
BXOJAWJIU [0 CKJaAy ¢i3vKo-MaTeMaTUYHOTO
dakyabTeTy. XiMmiyHoro x QakysabTeTy, SK
OKpeMOl CTPYKTYpHOI OAWHMLi, He icHyBaJo.
[Ipod. M. A.Po3eHbepr gokJjajia YUMajao CUI i
Typ60TH /s HOro CTBOpPeHHs. i AisnbHiCTDL y
bOMy  HalpsMKy aKTUBHO HiJTpPUMyBaB
JI. B.Ilucap:keBcbkuit [2; 17; 18]. O60€e BoHHU
BXOAWIHA [JO CKJaJy KOMITeTy CHpHUAHHA
oprasisanil YHiBEpCUTETY, ONiKyBaJIUCb
opraHisaniero ximiunoro ¢akynbrery [2]. IxHi
CHiJIbHI 3ycuJIJIs He3abapoM JOCATJIM METH: Y
1933p. B cTpykTypi /JlHINpOnmeTpOBCHKOTO
yHiBepcUTeTy 3'SIBUBC HOBUW mifgposzpin -
xiMiyHuM pakyabTeT [19].
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L. V. Pisarzhevskiy, F. 1. Berezovskaya,
M. A. Rosenberg (from left to right) with employees of
the Institute of Chemistry of the Georgian RSSR
(Thilisi, 1930)
JI. B. [Tucap:xeBcbkuii, ®. I. bepe3oBcbKa,
M. A. PoseHGepr (3;1iBa Hanpago) 3i cniBpoGiTHHKaMu
iHcTuTyTy Ximii I'py3uncbkoi PCCP (M. T6inici, 1930 p.)

[{iJIKkoM MpPUPOJHO, 10 NEepIIUM KWOro AeKaHOM
6yJsio npu3HayeHo caMe MaJsibBiHy AcCUpiBHY; B
1938 p.ii moBTOpPHO 06pau Ha 110 Tocaxy [2; 6].

XapakTepusyoud O0COGJIMBOCTI opraHizarnii
HaBYaJILHOI'O i HAYKOBOTO IIPOLECiB HA XIMIYHOMY
dakysbTeTiy cTaTTi, NpUucBsdeHii 40-piuyto /Y,
M. A.Po3zeHnbepr BiJ3HayaJia, 1110
JHiNponeTpoBCbKUN YHIBEPCUTET AK MOJIOAUU
HaBYaJbHUM 3akjaj, y 30-Ti poku «He
CKOBYBaBCl paMKaMM YCTaJeHUX Tpajulid I
CIpUiiMaB yce HOBe — B Haylji, BUKJaJaHHI, y
migbopi 1 BHUXOBaHHI KajApiB paAsHCbKUX
cnenianaictie» [20].

Ynpopoexk 6aratbox pokiB (moHax 30)

M. A. Pozenbepr yypTaaa Ha XiMiYHOMY
bakysbTeTi yHiBepcUTeTy 3arajbHUHA KypC
HeopraHiyHoi xiMii, MOCTiHO IIyKaJja HOBI

nigxoAu y BUKJIaAaHHI. BoHa Bigirpasia 3HayHy
posib y mepebyfoBi Kypcy HeopraHiuHoi xiwmii,
BUKJIMKAHOI BIPOBA/)KEHHAM Y HaBYaJIbHy
NpPaKTUKy eJIeKTpOHHUX ysaBjaeHb [8]. Lo
Jif/IBHICTB, poO3MO4YaTy Hew  CHiJIBHO 3
akagemikoM JI. B. [lucapkeBcbkuM e B 20-Ti
POKH, BOHA YCIIIIHO MPOAOBXKYBaja MPOTArOM
BCbOTO KUTTHA. «Tpeb6a 3HAOMUTU CTYJEHTIB 3
Haykoro B il pyci», - 1ell [JeBi3 akan.
JI. B. [lucap>eBCcbKOro cTas i Ii Kpeno.
[Migpyunukun 3 ximii «Kypc nekuuit no
HeopraHuyeckoll xumuu» [21], «Heopraniyxa
ximisg» (1934) [22] (BuTpumaB 4 BHJIaHHS),
HanucaHi cnizibHo 3 JI. B.Ildcap>keBCbKHUM, Ta
«Ximisg» [23], cTBOpeHHH OJJHOOCIOHO, CTaJU
OJHUMH 3 IeplLIMX, y AKUX BeCb MaTepiaJ XiMil
MOCJIiZ0BHO BUKJIAZleHUH 3 HNOIJIALY
eJIeKTPOHHUX ysaABJeHb. Lli ixel 3Hauuin
Bifio6pakeHHs i BHAIMCAHOMY HElo MPAKTUKYMi 3
Kypcy 3arajibHoi ximii [24]. [Hma oco6/uBicTh

OiIpy4yHUKiB Ta  NOCIOHHKIB,  CTBOpEHHX
M. A. PozeH6epr, nosifirajia B TOMY, 1110 OMMCOBIiH
YacTUHI MepeyBasio BUKJa/leHHSI OCHOB OY/10BU
peyoBUHH, a GaKTUYHUK MaTepias iI0CTpyBaB
TiCHy 3aJIeXHICTb BJIACTUBOCTEH eJieMeHTIB
nepioAMYHOI CUCTEMHU Ta IX CHONYK BiJi 6yJ0BU
atomiB. ChoroZiHi Taka nob6yoBa KypciB ximii €
3arajJibHONMPUHHSATOI Y MepeBaXKHiM 6inbLIocTi
Hipy4YHUKIB Ta NOCIGHUKIB.

Axagewmik I0. C. JIsnikoB, IKUM HaBYaBCS Ha
XiMiYHOMy BifJiJIeHHI YHiBepcUTeTYy i ciyxaB Ii
Jgekuii, 3ragyBaB [25]: «Jlekuii MasibBiHU
AcupiBHM 3aB¥/AU Oy/M IJIMOOKMMH 33 3MiCTOM.
Bona yBakHO cJifKyBaja 3a HOBUHKaMH
BITUM3HSIHOI Ta 3apy6iXKHOI HAyKOBOI JIiTepaTypy,
B sACKpaBié Ta gocTynHii ¢opmi BBoguaa ix 70
CBOIX JIEKIIiH, IKi 3aBK/IU Bifj06parkajiu OCTAHHE
CJI0BO HayKH.

Y cBoix seknisx PoseHb6epr po3BuBasia izel
JleBa BosioguMupoBH4a i mokasyBaJia 3HaYeHHs
iXx 3 mor/isAy HAWHOBIIIMX XIMIYHUX Teopiil
[IpopoBxyroun Tpazuuii [lucapxeBcbKoOro, BoHa
0CO6JIMBY yBary npu/iijisijia JieMOHCTpaliiHoOMy
ekcnepumeHTy. Ha ii sekuisx pocnigu 6ynu

3aBXaU epeKTHUMU i 6e310raHHo
ompanboBaHMMU. HaBiTh  cmenkypcu, K,
HalpuKJaajd, «XiMiga nepexifHUX MeTaJsliBy,
CyIpOBO/I>)KYBaJIUCh OpUTiHaJIbHUMH
JocCiiaMu...

M. A. Rosenberg (in the center) with the staff of
the Department of Inorganic Chemistry, DDU (from
left to right: associate professors R. B. Yampolskaya,

E. I. Pogorelskiy, L. M. Falkovskaya,
F. B. Yurkovskaya; 1946)

M. A. PosenGepr (y neHrpi) 3i cniBpoGiTHUKaMu
kadepu HeopraHiuHoi ximii Y (371iBa Hanpago:
aoueHTH P. B. iIMnosbcebKa, €. 1. [loropesibcbKui,
JI. M. ®anbkoBcbKa, @. b. DpkoBcbka; 1946 p.)

MausnbBina AcupiBHa 6yJia JUBOBUXKHO TOHKUM
Ta TAKTUYHUM BHUXOBaTeseM. «A 44 4dTaau Bu
0Cb TaKy CTaTTIO?» — HIOW BUNA/IKOBO LiiKaBUJ/1ach
BOHA y PO3MOBIi 3 MOJIOAMMU CIiBpOOGITHUKAMH i
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JloJlaBaJsia JBa-TpH LITPUXH, AKi
XapaKTepusyBajJid CTaTTiO. f{IK mOpaBu/io, Bxe
HaCTyIHOrO JHA Lf CTAaTTd JieXasa Ha CToJi
cniBpo6iTHUKA i peTesbHO HUM
ompalboByBajachk.. Hiyoro # kasaTy, $K
niJiBYIlyBaJia Taka aTMocdepa HayKOBUH piBeHb i
aBTOpUTET Kadeapu».

Bucokuii piBeHp Jieknin M. A.Po3eHGepr

Bif3Hayasm 1 iHmi aBTOpu: «Eé Jekuuy,
OpPUTMHAJIbHO TMOCTPOEHHble Ha HOBEUINMUX
JIOCTM)KEHUSIX ~ XUMMWM, yBJ€KajJud  MHOrO-
HaLlMOHAJIbHYIO LIMPOKYIO ayUTOPUIO

CTY/ZleHTOB, IpUBJI€Ka/IY IIUPOKUN KPYT XUMHKOB
u nejaroros» [16]. B.Ilik, imkeHepy 3 BpaTcbka
(Pocis1), B cTy/1IeHTChbKi pOKH MTOTA/IaHUJIO CJIYXaTH
Jieknii ManbBiHM ACUpPIBHM 3 eJ1€KTPOHHOI XiMi],
AKI 3aJIMIIWIN BpaXKeHHA Ha BCe KUTTH i 3roZ,oM
BWIWJHUCh y TMOeTHUYHI pajgku [26], 1o
3aKiH4YyBaJIMCh C/IOBAMMU:

Jla, cka3ka He CMOXKET yBJIeUb TeOs
Tak, kak KOpOTKUY J0KJIaf!

O He¥i MPO3ByYaTh GBI MECHSAMY,
[IBeTamMu el Ny Th yCTJIATh!
3aTo, YTO cyMeJia 3aXKe4yb OHa
B Hamux cepjax oroHek!
CtpoiHag, 4YyTKasd KeHIuHa —
[Ipodeccop u neparor!

[Ipop. M. A.PozeHbepr O6ysa aBTOpoM i
criBaBTOpOM moHaJ 40 HayKOBUX Mpalb, JABOX
MoHorpadil, mecTy NiJ[pyYHUKIB Ta HABYAJIbHUX
MOCiOHUKIB; mif I KepiBHULUTBOM BHUKOHAHO i
YCHILIHO 3aXMILEHO 10 KaHAUJaTChKUX
JucepTtaliil. Y 1946 p. BoHa oTpuMaJia oyecHe
3BaHHA «BigMiHHNK HapoaHOI ocBiTH YPCP».

HacaMkiHenp, mpo ocobucte uTTa MasibBiHU
AcupiBHu. Bona fBiui Buxoguia 3aMmik. Y
nepuioMy 1i06i B Hel Hapoauaack Jovka Hina,
fKa JesIKUH Jac )kuja B ciM'1 MasibBiHM AcupiBHU
3 Jleeom BonogumupoBudem [lucap:keBcbKuM [3].
[lisnime Hina CamoiniBHa llpelaep TpuBaauii
yac mnpauoBaJja JoLeHTOM Ha Kadenpi ictopil
3apy6ixHoi 1iTepaTypH icTopuko-¢inosoriyHoro
dakyabrety JJY.

N. S. Schrader
H. C. Ulpeiigep

V. L. Pisarzhevskiy
B. JI. [lucap:xeBCbKMHA

CuH JL. B. [lucap»keBcbKOro Bij, nepLioro Horo
uuiro6y BiKTOp Takok KHUB pas3oM 3 HUMH. Y

1941 p. BiH mimoB J06poBoJiblleM Ha PPOHT i 3
BiliHU He OBEPHYBCS, TOMeD BiJl paH.

CimeliHi crocyHkUu MasnbBiHM AcupiBHHU i JleBa
BosogumupoBuua 6yau ApyxHiMu. B ixHiK ciM'l
3aBXAY TaHyBaJM 3J1aroja, B3aeMolloBara i
MOBHE B3a€MOpPO3yMiHHA. X04ya CHIJIbHUX JliTer

(Sevastopol, 1927)

JI. B. [lucap>keBcbKkuii Ta M. A. Po3eHGepr Ha
BignounHkKy (M. CeBacTtonosb, 1927 p.)

,.... ,: : > !
¢ 3
4‘%‘3’ ““ & 0' "

L. V. Pisarzhevskiy and M. A. Rosenberg at dinner
(1934)

JI. B. [lucap>keBcbKuii Ta M. A. Po3eHGepr 3a 06igom
(1934 p.)

y HUX He 0yJ10, Ta ¥ ciMeMHUI cTaH CBill BOHU TakK
odiniiiHo i He opopMuUIn.
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Abstract

There are no chemical and biological weapons on the territory of Ukraine, however, in the industrial and everyday
use there is a large number of chemicals, which can become chemical weapons. This determines the active
participation of Ukraine in the processes of ensuring chemical safety at the global and regional levels. Ukraine takes
part in the leading international agreements on chemical disarmament. Ukraine signed the Convention on the
Prohibition of the Development, Production, Stockpiling and Use of Chemical Weapons and their Destruction and
participated in the establishment of The Organization for the Prohibition of Chemical Weapons. Annually, Ukraine
prepares national declarations on chemical industry objects on its territory, accepts inspections of the Organization
for the Prohibition of Chemical Weapons and participates in various activities of this multilateral institute. Ukraine
participates in all international export control regimes and has been actively developing the national system for
controlling the international transfers of military and dual-use goods since 1991. Ukraine actively builds on the
cooperation with the leading countries of the world chemical industry, international organizations and regional
security institutions in the field of chemical safety. The problem of neutralization and utilization of harmful
chemicals is a priority for Ukraine. The development of the national chemical safety system and the international
cooperation of Ukraine will make possible the development of the foreground directions of reforming the chemical
industry in Ukraine.

Keywords: poisonous substances; toxins; chemical weapons; weapons of mass destruction; military and dual-use goods;
chemical safety; chemical disarmament.

CYYACHUU CTAH TANIEPCIEKTUBH MDKHAPOHUX BITHOCUH YKPATHH Y
C®EPI XIMIYHOI BE3NNEKU

Irop B.Imenko, Onnekcanppa C. /IBypedeHcbKa
/JlHinpoacvkuil HayioHaabHull yHigepcumem imeHi Osaecsi F'onuapa, npocn. Fazapina, 72, [JHinpo, 49010, Yxkpaiuna

AHoTarist

JdocnigkeHo 3arpo3u Ta HeGe3nekH YKpaiHU B XiMiuHiHi rajiysi. OxapakTepu3oBaHO OCHOBHi eTanu Ta Cy4YacCHUit
CTaH MbKHapoOAHUX BiJHOCHH y cdepi xiMiyHOI 6e3neku. [IpoaHanizoBaHO MiKHapoAHY HOPMaTHUBHO -NIPaBOBY 6a3y
3a6e3nevyeHHa XiMiuHOi Ge3nekH, 3okpeMa KoHBeHLil0 mMpo 3a60poHY pO3pOGKH, BUPOGHUIITBA, HAaKONMHYeEHHS,
BUKOPHUCTaHHA XiMiyHoOi 36poi Ta npo ii 3HMIeHHA. AKIIeHTOBaHO yBary Ha iMmjieMeHTalnil0 MDKHapOAHUX HOPM Yy
cdepi ximiyHOi Ge3nekH B yKpaiHCbKe 3aKOHOJABCTBO Ta BUOKpPEeMJIEHO NPOBiJHi HODMaTUBHI JOKyMeHTH YKpaiHu
y AaHiil raaysi. BusHaueHO NPOBiAHI 6araToCTOpPOHHI IHCTUTYTH 1040 3a6e3neyeHHA XiMidyHoOI Ge3nekH Ta piBeHb
y4dacri y ix aissibHOCcTi YKpainu, B nepmy 4yepry, B Oprani3aiii i3 3a60poHu ximiuHoi 36poi, MbKHapOgHUX peXumMax
€KCIMIOPTHOro KOHTPOJK. AKIeHTOBaHO yBary Ha cnenudiky ytuiisanii ximiyxoi 36poi B Ykpaini. IlogaHo
pekoMeHanii mo0 HanpsAMiB pedpopmyBaHHA chepu XiMiuHOI 6e3neKHu YKpaiHu.

Kawuosl cnoea: OTpyHHI pEUYOBHUHHM; TOKCHUHM; XiMiuHa 306posi; 30posi MacoBOro 3HMIIEHHS; TOBapU BiHCbKOBOTO
MpU3HAYEHHS TaMNOABIHHOTO BUKOPHUCTAHHS; XiMiuHa 6e3mneka; XiMiuHe pPo336pOEHHS.
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COBPEMEHHOE COCTOAHHME W INIEPCHIEKTUBbI MEXK/IYHAPOTHBIX OTHOLIEHUH
YKPAHWHDBI B CPEPE XUMHWYECKOU BE3OITACHOCTH

Hrops B. Umienko, Anekcanzpa C. /IBypedeHckas
JHenpoeckull HayuoHaabHbll yHUgepcumem umeHnu Oaecs 'onuapa, npocn. l'azapuna, 72, /[Hunpo, 49010, YkpauHa

AHHOTausa

HccnenoBaHbl yrpo3sl U ONACHOCTM YKpavHbl B XUMMHU4YeECKOH oTpaciu. OxapaKTepu30BaHbl OCHOBHbIE€ 3Tambl U
COBpeMeHHOe COCTOSSHMEe MEeXAYHAapOAHBIX OTHOIIEHMHA B cpepe XMMUYeCKOH Ge3onacHOCTH. [IpoaHaimsupoBaHa
MeXAyHapoAHasi HOpPMAaTUBHO-NPaBoBasA 6a3a o6ecneyeHUss XMMUYeCKOU 6e30MacHOCTH, B YacTHOCTH KoHBeHIuA 0
3anpelleHUH pa3paGoTKHU, NPOM3BOACTBA, HAKONJIEHUS, IPUMEHEeHUsA XUMHYEeCKOro OpyKHS U O ero YHU4TOKEeHHUH.
AKIeHTUPOBAaHO BHHMaHHE Ha MMILJIEMEHTALUI0 MEXAYHapOAHBLIX HOPM B chpepe XMMHUYECKOH 6Ge30MaACHOCTH B
YKpaMHCKOe 3aKOHOJATeJ/JbCTBO U BblAe/ieHbl BeJylliie HOpMaTHUBHbIE JOKYMEHTbl YKpauHbl B AAHHOH 06/1aCTH.
OnpeaesieHbl BeAyllyie MHOTOCTOPOHHHE HHCTUTYThbl N0 oGecne4yeHUI0 XMMHYeCKOH 6e30I aCHOCTHM U ypOBeHb
y4acTus B UX JeATeJbHOCTU YKPauHbl, B IepByI0 o4epeab, B OpraHu3anuu no 3anpeneHnuio XMMU4ecKoro opy»xus,
MEXJAYHAapOAHbIX peXHMaxX 3KCHOPTHOrO0 KOHTPOJIA. AKLeHTUPOBAaHO BHUMaHHe Ha crnenudHuKy yTHIH3ALUHU
XMMUYECKOro opykusi B YKpauHe. /laHbl peKOMeHJalM 1 110 HanpaBjeHUusAM pedpopmupoBaHus chepbl XMMUY eCKOU

6e30MaCHOCTH YKPauHBI.

Karwuesvie caoea: AAOBUTDBIE BeLIeCTBA; TOKCHUHbI, XHMHUYECKOe Opy»KHe;, OpyXKHWe MACCOBOro YHHYTOXEHHUA; TOBaphI
BOEHHOI'0O Ha3Ha4eHHUA HﬂBOﬁHOFO HCIIOJIb30BAaHHUA; XHUMHUYECKasd 68301’IaCHOCTb,' XAMUYECKOe pa3opyKeHHe.

Beryn

XiMiyHi pe4yoBUHHM, 34aTHI 3alOLiATU LIKOAY
JIIOAWHI Ta HABKOJMIIHBOMY CepejoBHILY, V
gKocTi 3acoby 60poThOM Mig 4Yac 30pPOHMHMX
KOHQJIIKTIB BiHOCATBCA MO0 30poi MacoBOro
ypaxkeHHs (3MY). [lepeBaxkHa  6ijbIIicTb
XIMIYHUX PEYOBUH CbOTOJHI BUKOPHUCTOBYETHCS
y MUpPHUX Liax. Of4HaK HaJMipHa KOHLeHTpali
Ha NepIINH NOrJasa/] 3BU4alHUX XiMiYHUX CIOMYK,
HallpUKJIaZ, KYyXOHHOI COJiI YU €TUJIOBOIO
COUPTY, TAaKOX 3/aTHAa CIPUYMHUTH JeTasbHi
HaCJaigKU AJis JIFOJUHU. PesysbTaToM
BUKOPHUCTAHHSA XiMiyHOI 36poi y TNO€HAHHI 3
JOCTYIHICTIO 1i BUT'OTOBJIEHHS],
TPAHCIOPTYBaHHA Ta aKTHBAlil, NEepeTBOPIOE
JlaHuk By 36poi HAa OAMH 3 HAUGIIbII
HeOe3neuHux. Yepesz MmBUAKY Ail0 paay
OTPYWHUX PEYOBMH BUHHUKAIOTb CKJAAHOCTI ¥y
3aXMCTi HaceseHHSA ab0 CKJAAJHICTb BUSBJIEHHS

xiMiyHy 36por 6yJsio 3acTocoBaHO Maibke 200
pasiB. BigHocHa JierkicTb  BUKOPHCTAHHS
XiMiYHUX PEYOBHH y SKOCTi 306pOi pO3IMUPIOE
Koo cy6’ekTiB ii 3acrocyBaHHs. KiacuuHum
NPUKJIAZLO0M BUKOPHUCTAHHSA XIMIYHUX PEYOBUH Y
AKOCTI 36poi  3JIOUWHHUMHM yTPyHOBaHHIMHU
CAYyTY€E JAiSUIbHICTb SIMOHCBKOrO peJIiriiHOro
KyJbTy «AyM-CiHpiKbO», AKUU TPOTATOM MepiIoi
nosoBuHU 90-x pp. XX cT. 3ailicHUB 12 cripo6
3aCTOCyBaTH XiMiyHy 36poro. O/jHa 3 TaKUX CIPO6
npusBesia A0 TepakTty 20 Gepesnsa 1995 p. y
TokilickkoMy MeTpo. BHaciiiok 3acTocyBaHHA
rasy 3apuH nocrtpaxzjaJso noHas 1000 oci6, 12 3
AKHX I10MepJIO.

3acrocyBaHHs OTpYyUHOI pEYOBHHU
«HoBuuok» y Besnukobpuranii kijnbka pa3siB
nporsrom 2018 p. mokaszajsio MacumTtadbu il
xiMmiyHOi pedoBuHHM (Cxema 1), HaBiTH KW Ii
BUKOPHUCTOBYBAaTH MPOTH KOHKPETHHX 0cCi6. JlaHi

3apaXkeHHs, AKL0 XiMIKaTU Y4 TOKCUHU MalTb HPHKJIALH AOBOJATD, mo Mi>KHapO/Hi
MOBIJIBHY Ai10. IHCTpYMEHTH IIONlepeJpKeHHsA Ta JiKBiganii
TpaauLiiiHO BUKOPHUCTAHHA XiMiyHoi 36poi HACHiAKIB  3acToCyBaHHA  XiMiyHOi  36poi
NOB’A3yI0Th 3 MbKAep:KaBHUMM KOHQJIKTaMu. BHABWINCA HeePEKTHBHMMHM Ta MOTPEOYIOThH
[lig yac BiicbkoBoro koH$ikTy BCHpiiz 2012 p. MoJaabLIOro B/IOCKOHAJIEHHSL.
I I I
P P Cl PN Cl
IR PR
F7\ o F~\ o F \NO
sarin cl Cl
3apuH novichok-5 novichok-7
HOBHYO0K-5 HOBHYOK-7

Cxema 1. XimiuHi popMy/iu pe40oBUH 3apUHY, HOBUYKa-5 Ta HOBUYKaA-7
Scheme 1. Chemical formulas of sarin substances, novichok-5 and novichok-7
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[[py4rHOI0 BUCOKOI TOKCHYHOCTI 3apUHy Ta
iHmux ¢ocPopopraHiuHUX OTPYHHUX PEYOBUH €
XiMidyHe 3B'sI3yBaHHA XO0JIiHecTepasu 3
yTBOpeHHsIM  docdoHinboBaHOTO depMeHTa,
BHACJiJOK 4yoro ¢epMeHT BTpaya€ 3AaTHICTb
KaTaJji3yBaTU pPO3KJaJ aleTWUJIXOJIiH, SKUH €

HEe3MiHHOMY BUIJIS[Ii B Mi>KkHEHpOHHUX, HEPBOBO-
M'SI30BUX Ta HEPBOBO-PENENTOPHUX CHHAICAX,
nepe3oyaKyE MUMOBIJIbHI M'I3U Ta CEKpeTOpPHi
3aJ1031. B pe3yJsibTaTi  mepe30yIKeHHs
BUHUKAIOTb CYyJOMH M's3iB, L0 NepeXoAsTh B
napaJiiyi, 3amaMoOpO4YeHHs TOJIOBH, MiTJHUBICTBH,

XiMIYHUM NepefaTYMKOM HEPBOBUX IMIIYJIbCIB  YTPYAHEHHS JVIXaHHS, 36i/IbIIEHHS
(Cxema 2) [1]. AueTuixosiH, 110 36epira€Tbca y  CJIMHOBUJiJIEHHS.
i I
OH I
_ n p o AChE P
AChE X/ \\RZ \O/ \\RZ
OR - HX OR
1 1
acetylcholfnesterase organophosphorus nerve agent inhibited acetylcholinesterase
aueriixommnecrepasa pocdopopraniuna oTpyiina pedoBHHA inridoBana aneTuJxosiiHecTepasa
CxeMa 2. YTBOpeHHs iHri6oBaHoi aneTHJIXoJiHecTepa3un
Scheme 2. Formation of inhibited acetylcholinesterase
YkpaiHa Mae PO3BUHYTY xiMiYHy  CaHiITapHO-TiIri€HIYHMX HOpPM; CTHUXIHHI JuXa;
[IPOMUCJIOBICTh Ta BeJIUKY KIJIBKICTb ~ TpPaHCHOPTYBAaHHA Ta yTWIi3anid XIMiYHUX
NiANPUEMCTB, $Ki MpaUlTh 3 XIMIYHMMHM BiIXOJiB; He3aKOHHe IlepeBe3eHHs XiMiKaTiB
pe4oBHMHAMH, 1110 JLO3BOJISIE NOCTIHHO 4Yepe3 KOPJOH; MOXJIUBICTb BUKOPUCTAHHS

HaKONWYyBaTH JOCBii po6OTH 3 OTPYWHUMHU
MaTepiasiaMd Ta GOpMye 3HAYHUM MOTEHIias
y4acti JiepxaBd y GOpMyBaHHI Mi>KHApO/HOI
cucteMu XxiMiuyHoi Oe3snexkd. Ha TepuTopii
YkpaiHu icHyl0Th 06’€KTH TOCHO/aprOBaHHS, Ha
AKHUX BUKOPHUCTOBYIOTbHCS TOKCHUYHI, B TOMY YMCJIi
CUJIbHOJIiI04i, OTpPYHHI pedyoBUHU. YacTUHA LUX
06’€KTIB 3HAXOJUTHCSI HA TEPUTOPii, TUMYACOBO
He MiJAKOHTPOJIbHIN ypALy YkpaiHu. BpaxoByouu
THMYacOBO OKYIOBaHI TepuTopii, B VYKpaiHi
3HaXOAUTbCA OJIM3bKO JBOX THUCAY OO'€EKTIB
rocrofiaploBaHHs], Ha fIKMX 36epiraroTbcsi abo
BUKOPHUCTOBYHTHCA CWJIBHOJil0UI  OTpYiHI
PEYOBHHM, 3[]aTHI HaHECTHU WIKOoAY 6JiM3bKo 20
MJIH. 0ci6 Juie Ha TepuTopii Ykpainu [2, c. 51].
Ha civenp 2018 p. B [lepkaBHOMy peecTpi
MOTEHIIHHO Heb6e3MeYHUX 06'€KTiB MicTATbCA
JlaHi 1mpo 26567  06’ekTiB, Ha  {KUX
BUKOPHUCTOBYIOTBHCSI PEYOBUHHU Pi3HOTO CTYIEHIO
6e3neyHocTi. Halb6isbma KiJbKICTh TaKHX
00’ekTiB 3HaxoauTbcad B JloHenbkikl (3244),
JHinponeTpoBcbkiit  (2396) Ta XapKiBCbKil
(1914) ob6aactax [3]. HebGe3sneky CTaHOBUTHb
TaK0oX aMiaKONpOBiJ, SKUH NPOXOAUTb 4Yepes
TepuTopito YKpaiHu.

Jlo TO/I0BHUX XiMiYHUMX 3arpo3 Ta Hebe3leK B
YkpaiHi HajiexaTb: 3aCTOCyBaHHA XiMIYHUX
pe4yoBUH y rOCIIOAAPCTBI; HadABHICTb
3a600poHeHUX ab0 HeNpUAATHUX NeCTULUAIB;
BUKW/JIM LIKiJUIMBUX PEYOBUH y MOBITpS;
3acTapisii TexXHOoJIOrili Ta 3HOLIeHI TexHi4Hi
boHAM MiANPUEMCTB, fAKi TpaloiOTh 3
OTPpYHHUMHU pe4yOBUHAMH, HeJJOTPUMaHHS HUMH

XiMiYHHUX pEYOBHUH y BIMCbKOBUX KOHQJIKTax Ta
TEPOPUCTUYHUX aKTaX; 3JI0YMHHI Aii Jojei
(HanmpuKJa/, criajoBaHHA i3oa41iil Kabesro s
J0OyBaHHA MiJi NpPU3BOAUTHL [0 YTBOPEHHHA
Hebe3MevYHoro Tif[poreH XJopuAy); po3pobka
xiMmigyHOi 36poi i MoTpe6 NPABOOXOPOHHUX
nisiedt. KoxkHa 3 Takux 3arpo3 3/jaTHa 3aMoliATy
IIKOLY  HacCeJeHHI0 Ta  HAaBKOJIHWLIHbOMY
cepeJiOBHULLY He JIMILe B MexaxX YKpaiHy, aje i
BIUIMHYTU Ha CTabLIbHICTh  perioHaJjbHOI
CUCTeMHU Ge3NeKH.

Jlisl pery/itoBaHHSI NUTaHb XiMiYyHOI 6e3MeKHu y
2008 p. B Ykpaini 6ysn0 cxBaseHo KoHuemnuito
MiBUIIIEHHS PiBHA XiMiyHOI 6e3MeKH 3 MEeTOH
BU3HAaYEHHS1 OCHOBHMX ULUIAXiB 1 CHoOCo6iB
dbopMyBaHHs  36aJ1aHCOBAHOI Jlep>KaBHOI
MOJIITUKM 3 NUTaHb IMiJABUILEHHA PiBHA XiMi4HOI
6esneku [4]. OpHak, NpaKTUYHA peaJsisalis
MoJIoXKeHb KOHIIeMNIIii BiZioyBaeThCsA HEJOCTATHBO
aKTHUBHO.

CtaH xiMiyHOi 6e3neku YKpaiHU 06YMOBJIIOE
HeoOXiIHiCTb MiXKHApOAHOI clliBIpaIli Aep:KaBu y
cbepi mporuzii po3pobui, BUPOOHUIITBY,
PO3IMOBCI/KEHHIO XiMiuHOI 36poi, I 3HUIIEHHSA
Ta JKBifaLil HaCaiAKIB 3aCTOCYBaHHA, a TAKOX
KOHTPOJII0 3a OTPYWHUMH pedoBUHaMHU. JlocBij
BUPOOHUIITBA XiMmiuHOi  36poi  Pocificbkoro
Qenepani€ro Ta BiNCbKOBUM KOHQJIIKT Mixk PO Ta
YkpaiHow po6UTH TaKy CIiBIpaLO
06e3a/IbTepHATUBHOIO.

MeTa po60OTH - JJOCAIJUTH OCHOBHI HaNPsIMY,
oxapaKTepu3yBaTH CyYaCHUM CTaH Ta BUSHAYNUTH
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[epCIEeKTUBU 30BHILIHIX BIAHOCMH YKpalHU y
cdepiximMiuHOI Ge3neKu.

[Ipo6.1eMaTHKa y4dacTi Ykpainu y
Mi>dKHAapOAHHUX BiJHOCMHAX 11040 3abe3neyeHHS
XiMiyHOI ~ Oe3neKd  3HalILIa  emi3oJu4yHe

BUCBITJIEHHI B HayKOBiW JjiTepaTypi. Bmuius
HasiBHOCTI OTPYMHUX XiMiUYHMX pEYOBHH Ha
TepuTopil YKpaiHM Ha 3ab6e3mneyeHHs XiMidHOI
6e3neKH MpoaHaai30BaHO JOKTOPOM MeJUYHUX
Hayk O. €. JleBuyeHko [5]. KangupaT 6ionoriyHux
Hayk C. M. KydepeHko 3[iliCHUB aHaJi3
OCHOBHHMX TNoJyiokeHb KoHBeHIIii mpo 3a60poHy
pO3pOOKH, BHUPOOHMIITBA, HAKONWYEHHS i
3aCTOCYBaHHSA XiMiyHOI 36 poi Ta mpo 1i 3HUIIEeHHS
A pO3KpPHUB JidNbHICTb YKpaiHu 1mogo ii
peauizarii [6]. KuiBcbKi HAyKOBIIi ¥ KOJIEKTUBHIN
MoHorpadii po3KpHUBaOTh CYyTHICTb, MeXaHi3M Ta
3HaYeHHS MDKHApPOAHUX PEXHMIiB eKCIIOPTHOIO
KOHTpPOJIIO, HaCHAiAKKA ydacTi YKpaiHu y Ix
peadizanii [7]. B koHTeKCTi €éBpoiHTerpaliiiHoro
HallpsIMy  30BHIIIHBOI  MOJITUKKM  YKpalHU
aKTyaJIbHUM € JOCJiJP)KEHHS BiJHOCUH YKpalHU 3
€C B cdepi LUBIIBHOTO 3aXUCTy, BKJIOYHO 3
eJleMeHTaMu XxiMiyHoro 3axucty [8; 9]. Psap

creniajsizoBaHUX  Tpalb  /JA03BOJUB  OijJbII
I'PYHTOBHO 03HaWOMUTHCH 3  XiMiYHUMH
dopmynamy, npouecaMd  YTBOPEHH  Ta

HelTpaJiizanii He6e3neyHux peuoBuH [1; 10-23].
HasiBHicTb B VYKpaiHi Hebe3ne4yHux XiMiuHUX
peYOBUH 0OYMOBJIIOE KOMIIJIEKCHE JIOCJi/I>KEHHS
MiXKHapOAHUX BifJHOCMH YkpaiHu y cdepi
xiMiuHOI 6e3neku.

Pe3ysibTaTH Ta iXx 06rOBOpPEHHS

OTpy¥HHI pedyoBHHHM y SIKOCTI 36poi modanu
BUKOPHUCTOBYBAaTH 1Ille 3 4YaciB CTapoJaBHIX
gepxkaB  (y €runti, Inuaii, Kwrai). I[lepma
Mi>KHapo/ZHa [IOMOBJIEHICTb LI0JI0 OOMeXeHHs
BUKOPHUCTAHHSA XiMiuyHOI 36poi 6y/1a AOCATHYTa Y
1675 p. mixk ®@paHiiero Ta HimeuydnHor. BoHa
CTOCyBaJ1acsi 3a60pOHU BUKOPUCTAHHS OTPYHHUX
KyJb. 3HA4YyHOro MacuTaby BUKOPHUCTAHHS
OTPpYWHUX PpEYOBHH TMijJy dYac BiMCbKOBUX
KOHQJIiKTIB HaOys10 y XIX cT. mif yac Kpumcbkoi
(1853 - 1856 pp.) Ta aHryo-6ypcbkoi (1899 -
1902 pp.) BiAH. IcHyBa/M MJaHU LIOAO
BUKOPMCTAHHA XIMIYHUX pPEYOBUH Mifg d4ac
I'poMazsaHcekoi BitiHu y CIIIA (1861 - 1865 pp.).
Hacnigkm  BUKOpUCTaHHS  XiMiuHOI  36poi
3MyCUJIU CBITOBY CIiJIBHOTY CKOHLEHTPYBaTH
3yCWIJsl Ha 3a60pOHI BUKOPUCTAHHS /JaHOIO
BUAy 36poi. ¥ 1874 p. Ha kKoHdepeHLii B
Bprocceni 0yB MiArOTOBJEHUN IIPOEKT
Jeknapanil npo 3aKOHM i 3BU4YAi BiMHH, AKUU
MicTUB B TOMy 4Mcai i 3ab6opoHy Ha

BUKOPUCTAHHSA OTPYWHUX PEYOBUH MiJ Yac BiliHU
(cratta 13) [24, c.4]. [leknapalis He OyJsa
npuiiHaTa. Brepiue BiAnoBifHUN JOKYMeHT 6YB
yXBajJleHW JepxkaBamMu y 1899 p. Ha
koHepeHLii B [aasi. YuacHuku koHpepeHLil
NPUUHSVIM KOHBeHIil0 «[Ipo HeBHUKOpPHUCTAHHSA
CHapsAfiB, W0 MalTb E€JUHHUM NPHU3HAYEHHAM
pO3MOBCIOXKYBAaTH 3aAyLUIUBI YW LIKiAJAUBI
rasu». [lo/10>)keHHs1 JOKYMEHTY OyJIM yTOUHEH] Ha
laasbkiit koHdepeHwuii B 1907 p. Y gokyMeHTax
aKLEeHTOBAaHO yBary, B Iepuly 4Yepry, Ha
peyYoBUHY, fIKi 3aBAAKOTh JIIOAWHI HaJMipHUX
cTpakJaHb. [lesdki AOCAIAHUKM BBaXKalOThb, IO
Jlekjapanii  3a60pOHSAJIM  BUKOPHUCTOBYBATH
OTpYHHI pe4oBUHH (sIK BipoJIOMHY 36pOM0), a He
xiMmiyHy 36por [24,c. 10]. Taa3bki KOHBeHIli],
0e3yMOBHO, CHpPUSJIU (POPMyBaHHIO [EBHOIO
THUIy CBiZJOMOCTI I10/j0 BUKOPUCTAHHS OTPYHHUX
peYoBUH, OJHAK 3aroCTpeHHs Mi>KHapOJHHUX
BiJHOCMH Ha 1mo4yaTky XX CT. [JOBeJH
JleKJIapaTUBHUH XapaKTep JaHUX Mi)KHapOLHUX
JOKYMEHTIB.

BukopuctanHsa xiMmiyHoi 36poi cy4yacHoro
TUIly po3noyasoca mnifg vac Ilepuoi cBiToBOI
BiliHU. Bxke y 1914 p. @paHiiia g/ 60poTb6H i3
CYNPOTUBHUKOM I0YaJia 3aCTOCOBYBaTU rPaHaTH
i3 cabo3oriHHUM rasoMm. Ilofi6HY pedoBUHY
BUKOpHUCTOBYBasia Takok Himeyuuna. [o
3HAYHUX JIIOJACbKUX XepPTB Lie He MpH3BeJo. Y
6utBi npu Hes-lllanens y »xoBTHi 1914 p.

Himeuuynna 3acTocyBaJjia uIparnHeJ/b i3
TPUHITPOTOJYEHOM Ta JiaHU3UIUHOM
(xs0pocysibpoHATOM) 3 METOW  3HHUIIEHHSA

cosaTt Bopoxoi apmii. Cipo6a 6y/1a HEBAAJION
yepes3 HelpaBUJIbHI PO3paxyHKH HaNpsMY BiTpYy.
[lomunky 6ysi0 BUIIpaBJeHO 4Yepe3 KijbKa
MicaniB. 3actrocyBaHHda HimeyyHuHOIO XJy1OpY
OpoTU conjaTt ¢paHLy3bkoi apMii y KBIiTHI
1915 p. 6ing m. Inp (besabrisi) mpusBeso A0
3arubesi 5000 4yosioBiK Bifpasy x Ha wMicmi
3actocyBaHHA. Okpim xJyiopy mnig d4ac Ilepuioi
CBITOBOI BiMHM CyNpOTUBHHUKH 3aCTOCOBYBAaJHU
docreH, inpuT, rijporeH LiaHiJ, MULI SIK.

[licna Ilepumioi cBiTOBOI BiMHM y MPOBIAHUX
KkpaiHax (Benuko6puTaHnisi, Kanasa, HimeyurHa,
ClIA, CPCP, ®panuig, fAmnoHis) posmnodansocs
IIMPOKe HAayKOBe JOC/IiJ)KeHHA MOoTeHLialy
3aCTOCYBaHHA Pi3HUX XIMIYHUX PEYOBUH Y AKOCTI
36poi Ta po3pobka 3acob6iB XiMIYHOrO 3aXHCTY.
Psi HayKOBUX YCTAHOB B LIi¥i rajy3i, 3acCHOBaHUM
y TOHW 4Yac, MPOJAOBXHUB iCHYBaTH i Ha NMOYATKY
XXI ct. O6’eKTaMHu AOC/Ti/P)KEHHSI CTAlOTh iMPUT,

rizporeH LiaHiz, XJIOPOILiaH, docren,
nexkadTopoaucyibdig, apuJkKap6amary,
dTopouToBa, ¢ochbatHa Ta ankudpochopHa

KHCJOTH, TaOYH, 3apHH, 30MaH.



13

Journal of Chemistry and Technologies, 2019, 27(1), 9-30

Y wMixkBoeHHUW mnepioa ximiyHa 36pos
3aCTOCOBYyBajlaci y BOEHHHUX KOHQJIIKTax B
AdpuniTa Aszii. ¥ 1936 p. HiMelbkUil HAYKOBE I b
[ llpexep BHHAHLIOB OTPYHHY pEYOBUHY

HEpPBOBO-NapaJIiTUYHOI AL Himenbkum
HAayKOBLSIM HaJle»KaTb TaKOX BiJKPUTTH 3apUHY
Ta 30MaHy. Po3snouynHaeThCs po3pobka
ipATaHTIB.

OfHoyacHO y MDKHAapoOJAHUX BiJJHOCHHAX

MOXHA BH3HAYUTHU TMPOTHJIEKHY TeH/EHIio:
IparHeHHs1 06MeXUTH BUKOPUCTAHHA OTPYUHUX

pEeYoBUH. Y TeKCTax MHPHUX [JOrOBOpPiB 3
HimMeyynHowo Ta 1i COHW3HHUKAMH MiCTHIHCSA
MyHKTH npo 3a60poHy BUKOPUCTAaHHS

3a/lylIVIMBUX, OTPYHMHUX Ta iHIIMX rasiB i ycix
noAi6HUX piAWH, pe4vyoBHH abo mNpuaafiB, ix
BUPOOHHULITBO Ta BBe3eHHS Yy /JaHi KpaiHu.
CTtaTTa mnpo 3abOpOHYy OTPYHHUX pEYOBHH
JeKJapaTUBHOIO XapaKTepy MicTuWaacd y
BamuyHrToHcbkoMy JoroBopi. HesBakarouu Ha
e, depe3 kKisbka pokiB HimeyunHa ta CPCP
[OYaJid CIIJIbHI TAa€EMHI HayKOBi JOCJHiJKEeHHHA
xiMiyHOi 36 poi.

Y 1925 p. mig THCKOM TpoMajigsHCHKOIO
CyCHiJIbCTBa IPOBiJHUMH MDDKHapOAHUMU
aKTopaMu 6yJi0 mignucaHo 6araTOCTOPOHHIN
Mi>KHapOJAHUH A0roBip — ’KeHeBCbKHUM NPOTOKO0JI
npo 3a00poHY  3acTOCyBaHHi Ha  BiHHI
3a/lylIMBUX, OTPYHHUX ab0 iHIIMX MNOAIGHUX
raziB Ta 6akTepiosioriunux 3aco6iB. [IpoTokon
3al04YaTKyBaB dbopMyBaHHA ~ MiXKHapoOAHOI
npaBoBoi 6a3u WoA0 XiMiyHOI 36poi, OfHAK Yy
MiXKBOEHHHUM mepioJ, BIUIMB [JOKYMeHTa Ha
Mi>kKHapoAHi BifHOCMHU 6YB He3HAYHUM. [I[puinH
HeedeKTUBHOCTI KeHEBCbKOro MPOTOKOJY $IK
MiXKHapOJAHOTO [PaBOBOr0 MeXaHi3My 6yJio
Kisbka. [lo-mepiue, AOKyMeHT He 3a60OpOHAB
BUPOOHULTBO, 30epiraHHsd Ta MOLIMPEHHS
ximiyHoi 36poi. [lo-Apyre, Horo aBTOpamMu 6yJu
Ti cami KpaiH{, fIKi y MDKBOEHHUM Mepiof
IparHyJiu A0 IOCUJIEHHS CBOI'0 perioHaJibHOIo
a6o MiXKHaApPOAHOTrO JiZilepcTBa, i XiMiuHa 36pos
Jl03BOJIslIa iM JLOCATTH IIOCTaBJIEHUX
30BHILIHBOINOJITUYHUX 3aBaHb. [Ipore Ha
noyaTtky XXI cT. Bxxe HapaxoByBaJiocsd 140 kpaiH,
ki paTudikyBaJu JOKYMEHT ab0 NPUEHATUCS
Jlo HboTO [25].

3BakaloyM Ha MacuTabu BHPOOHMULTBA Ta
BUKOPHUCTAHHA XiMiyHOI 36poi y Mi>KBOEHHUI
nepioJi, BapToO OYyJIO OYiKYBaTU 3aCTOCYBaHHSA
ximiyHoi 36poi mify Yac HOBOro CBIiTOBOrO
KOHGQJIIKTY. Y mnepuwi TwxHI /[pyroi cBiToBOI
BiMHM NpPAKTHU4YHO YCi NMPOBiAHI KpaiHH, B TOMY
yucai i HimeyunHa, i Ti, XTO He 6yJ/IM yYacCHUKaMHU
JKeHeBcbKOro MpOTOKONY, 3aABWJM, IO He
OyAyTb BHKOPUCTOBYBATH xiMiuHy 36poro. [lif

4yac /lpyroi cBiTOBOI BiMHM 3 HEBiJJOMHUX NPUYHH
xiMiyHa 36 pos 1iiCHO He 3aCTOCOBYBAJIACS.

[licnsa [pyroi cBiToBoi BiliHM »KeHeBCbKUI
IPOTOKOJ JIMIIABCA OCHOBHUM JOKYMEHTOM, Yy
SIKOMy 3a60pOHSJIOCS BUKOPUCTAHHS XiMiyHOI
30poi. [Ipo6sieMor0 xiMiYHOrO pPO336POEHHS
aKTUBHO NOYUHAE 3aiiMaTUCA OOH.
[IpofioBKYy€ETBCA OOrOBOPEHHA AAHOI0 NMUTAHHA
NPOBIJHMMU MIDXKHApOJHUMU aKTOpaMH. Y
Apyriit nmosoBuHi XX CT. BHACHIAOK «XOJIOJHOL
BillHW» JOCHimKeHHS XiMiyHOI 36poi [JocsArio
3HayHoro Macurta6y. B ueit yac y CILIA ta CPCP
O6yna cuHTe30BaHa pevyoBuHa VX (pizHOBUA
docdopunrtioxosina). VX cTana
HaliHe6e3MeyHillow  OTPYHHOK  pPEeYOBUHOKO
HepBoBo-napaJjituyHoi aii (Cxema 3). Amxe
BUCOKA TeMIlepaTypa KHIIHHA Ta HU3bKa
JIETKICTB JLO3BOJISIIN Bpa3uUTHU BEJIUKY
TepuTopilo, a /[Jid [OCATHEHHS JIeTaJbHOIOo
HacJAiAKy JIOAWHI NOTpi6HA He3HAYHA KiJbKIiCThb
pedoBuHU. Kpim Toro, VX Bumarae 6isbin
CKJIaJHOT0 3aXUCTY JIIOAUHU. Yacy, AKUH 10 1MHa
BUTpayajla Ha OpraHisanil IHAUBIAYaJBHOrO
xiMiyHOTO  3axXHCTy, 6yJO [AOCTaTHBO JJifl
NOBHOIiHHOI Ziii peyoBuHU. CuTyauisa y coepi
MiXKHapoAHOI XiMi4HOI 6e3MeKH yYCKJiaJHI0BaJlacsd
HeBaasiuMH cupo6amu CPCP Ta CIIA mignucatu
CHiJIbHI JOMOBJIEHOCTI 1[0/10 XiMi4yHOI 36 pOi.

D

\(NV\S/P\\O/\
CH,

VX

Cxema 3. XimiyHa ¢popmy.ia pedyoBuHH VX
Scheme 3. The chemical formula of substance VX

JocnigkeHHsT OTpPyHHUX PpEYOBUH Oy/IU
COpsIMOBaHi He Jivlle Ha poO3po6Ky 36poil
JleTaJIbHOI Aii, 3a MeTy CTaBWIKCA TaKOX
JocsirHeHHs1 edeKTy Je3opieHTanii JIlOJUHH,

3aCMOKOEHHS /30y IKeHHS if NICUXiKH,
[OJApa3HeHHd WKIpU Ta LUIAXIB [JUXaHHA.
AKTUBHO  pO3pOOJANIACA  PEYOBUHU [

3HMIIEHHSI pPOCJIMWH, 30KpeMa 3JIaKOBUX Ta
TEXHIYHUX KYJIbTYp, JiciB. Xo4a mepepaxoBaHi
pEeYOBUHM MiKHAapOJHA CHIJIbHOTA He BiJHOCUTH
A0 XiMmiyHol 36poi, HacaAiAKK 3acTOCyBaHHS,
HanpukJaaj, repbinuais Ta gedosiaHTiB mijg vac
B’eTHamMcbKOi BilfHM MOKHa crocTepiraTv i
CbOT'O/IHi.

JlocaigxkeHHs OTPYUHHUX BJIACTUBOCTEH
pPOCJMH Ta TBAapUH J[03BOJIMJIO BUSBUTH Psf,
HebGe3MeYHUX TOKCHHIB, HAaNpPUKJAJ, pUIUH (Y
WiCTh pasiB OTPYTHIWIMK 3a LiaHig KaJjiio) Ta
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NasiTOKCHH, aJle MacoBOro BUPOOHMIITBA 36poi
Ha 1Ix oOcHOBI He posnoyanocd. TOKCHUHHU
OJIHOYACHO HaJiekaThb i Ao 6ioJsiorivyHoi, i g0
xiMmiyHOi 36po0i, OCKiJIbKKU BOHU € HPOAYKTAMH
KUTTELIANBHOCTI OpraHi3MiB, ajie He € »KUBUMU
opraHiaMmamu. TokcuHM 6yau  3a60OpoHeHi
KoHBeHIli€l0 npo 6ioJjioriuHy i TOKCHYHY 36pOto
1972 p.

3 iHiniaTuBu Besiuko6puTaHii Ta B pe3ysibTaTi
TpHBaJUX NepeMOBUH y 1972 p. 6ysna nifinucaHa,
a B 1975 p. Habysa yuHHOCTI KoHBeHILis mpo
3a60pOHY PO3pO6KH, BUPOGHUIITBA i
HaKomu4eHHs 6akTepiosioriyHoi (6iosoriyHoi) i
TOKCUHHOI 36poi i mpo ii 3uumenHsa (KbT3). B
JIOKyMEeHTi HLLIOCS TaKOX MpPO HeobXiAHiCTb
3a60pOHM  pO3pPOOKH,  BUPOOHHUIITBA  Ta
HakKomuieHHsA ximiuyHoi 36poi. ¥ cr. IX KBT3
CTOPOHH 3000B’sA3a/11Cs IPOJOBXUTH
06roBOpIOBaTH 3ab60pOHY xiMiyHOi 36poi [26].
KBT3 po3rasgaeTbcs K BaXXJIMBUK eTalm [0
nignvcanHs KoHBeHIii mpo 3a60poHy XiMidHOI
30poi. ¥ KonBeH1iii fep»kaBu 3060B’s13a/1MCs Hi 3a
SKUX 00CTaBUH He PO3POOJISITH, HE BUPOOJIATH,
He HAKOMW4YyBaTH, He pO3NOBCHOXyBaTH, He
KyIyBaTH MiKpooprasiamu, 6iosioriudi areHTH
abo TOKCHMHU (3a BUKJIIDUEHHSIM THUX BUIAJKiB,
KOJIM BOHM MOTPi0OHI AJ1s1 MUPHUX Liijeit), 36 poto,

o0JlIaflHAaHHA Ta 3aco6M JOCTaBKU TaKHX
opraHiamiB Ta pevyoBHH. KpalHu Takox
3000B’I3yBa/IUCA 3HUILUTHU abo moyaTH

BUKOPHUCTOBYBAaTU BUKJIIOYHO Yy MHUPHHUX LIJIAX
areHTd Ta TOKCHMHU. KoHBeHIli€lo nepenbayveHi
KOHCyJIbTalii Ta 06MiH iHdopMaLielo Mix
Jlep>)kaBaMu 3 npuBoay npeamety KoHBeHIil.
KoHBeHIliT Mae HeoOMexeHWH TepMiH Jii Ta
BiiKpuTa A0 nianucaHHA. [lepebayeHUN TaKOXK
MexaHi3M BuxoAay 3 KonBeHuii. Y Tol camuii yac
JIOKyMEHT He IepeAbadyae KOHTPOJbHUX
MexXaHi3MiB OJise CIIOCTEepEeXEeHHS 3a
JorpuMaHHaM mnosoxeHb KBT3 Ta cankniil y
pasi nopyuieHHs1 cTaTeil. Y 3B’I3Ky 3i 3HAUHUM
PO3BUTKOM 6ioJiorii Ta XiMi4HOI rasy3i BUHUKaE
HarajibHa HeOOXiJHICTb CKJIaJleHHs Nepesiky
MiKpOOpraHi3MiB, 6io/sioriyHUX areHTiB ab6o
TOKCHHIB, BPaxoBYIOUH reHeTUYHO
MoaudikoBaHi MikpoopraHizMu.

Ykpaina, sak cniBaBTop KBT3, mnignucana
JloKyMeHT y 1972 p., a patudikyBana y 1975 p.
Ha TepuTtopii YkpaiHu BiacyTHs 6iosoridyHa
30posi, OJHAK € psAJA YCTaHOB (JiKyBaJibHO-
MeJWYHi, HAyKOBi, NPOMUCJOBI TOIO), SKi
BUKOPHUCTOBYIOTh MiKpPOOPraHi3MU Ta NPOLYKTH
IX KUTTEAIANBHOCTI, AKI mignazawTb Mifg [Airo
KBT3 [7, c. 19]. Ykpaina micaa patudikanii
KoHBeHI1ii JOTPUMY€ETbCS B3ATHUX 3000B’s3aHb i
JIo6poBiIbHO Hajiae mopiuHo 3BiTh OOH mpo

BUKOHAHHA I0JIOKeHb JJOKYMEHTY, HaMara€ThbCsd
BpaxoByBaTu mnosoxeHHd KBT3 B pamkax
BHYTPILIHBONOJITUYHOL AiA/IbHOCTI.

HoBu#i etan o6roBopeHHs1 npobyaeM xiMidHOi
6esneku posnodaBcsa y 70-x pp. XX cT. ¥ neit yac

6ys10 IpeJCcTaBJIeHO KiJIbKa MPOEKTIB
BiNOBIAHUX  MIXKHAapOLHUX  [JOTOBOPIB  Ta
po3mnoyaaucs paJisTHCbKO-aMePUKaHCbKI

nepeMOBHHH 3 XiMi4uHOI 36poi. KOHCTpyKTUBHUM
eTan IMepeMOBHH HAacTaB Julle Yy JApyrii
nosoBrMHI 1980-x pp. y 3B'3Ky 3 aKTUBHUM
3aCTOCYBaHHSM XiMiyHOI 36 poi B ipaHO-ipaKChKii
BilHI Ta mokpalleHHaM BigHocuH Mixk CPCP Ta
CHIA. Y pesyabTaTi y 1990 p. kpainu nignucanu
«Yrogy nmpo 3HULIEHH | HeBUPOOGHUITBO
xiMmigyHOi 36poi Ta 3axoAW IOAO CIPHUSHHSA
0araTOCTOPOHHIM KOHBeHIlii 1po 3a6opoHY
xiMiyHOi 36p0oi» Ta po3po6UIM MJIaH 3HUIEHHS
YaCTUHU BJIaCHOI XiMiuHOI 36poi. Yroza Tak i He
BCTynUIa B Jito. ¥ moctbinossipHuid nepion B
Pocii 3zanumuiaca noOTy»KHa HaykKoBa Ta
BUpOOHMYA 6a3a ximiuHoi 36poi. 3a odiniHHUMU
Aanumu Opranisanii i3 3a60poHu XiMiuHOI 36 poi
Pocisa Ha BepeceHb 2017 p. ocTaTO4YHO 3HUIMIIA
yci 3anacu xiMmiyHoi 36poi [27]. [HmuM Hacaigkom
ipaHo-ipakcbkoi BiliHI CTas0 yTBOPEHHA Y
1985 p. pexxUMy eKCIIOPTHOrO KOHTPOJIIO Yepes
ABcTpaniliceky rpyny. OCTaHHS € MiXKHapO/HOO
opraHisanieto. Jlo il kommeTeHLii HaJeXUTb
dbopmyBaHHS KepiBHUX IIPUHLUIIIB
Mi>XHapOJHOI'O PeXXUMY €KCIIOPTHOI'O KOHTPOJIIO.

[licns  3aBeplleHHA  «XOJIOAHOI  BiWHU»
npo6JieMa xXiMiYHOro po330pOEHHS He BTpaTU/a
AKTyaJIbHOCTI Yy MiXKHapoZHUX BifjHocuHax. Ha
noyatky 90-x pp. XX ct. 6yJsio mignucaHo psij
JOTrOBOpPiB MiXX KpaiHaMHu JIaTUHCBKOI AMepHUKHY,
NOCTPaZAHCbKOrO0 IMPOCTOPY 11040 3abOpOHU
xiMiyHOl 36poi. BaKJIMBUM [JOCATHEHHSIM ¥
NoCcTOINOMSAPHUM Nepiof, cTaso 3000B’sI3aHHA Y
1992 p. Inaii Ta IlakucraHy, kpaiH, €Ki
3HAXOAATHCS Y CTaHi KOHPJIIKTY, He pO3p0o06JIsiTH,
He BUpOOJIATH, He BUKOPHUCTOBYBAaTH Ta He
HabyBaTH XiMiuHy 36 pOI0.

Y 1993 p. Ha KondepeHriii no po336poeHHI0
6ysio mignucaHo KoHBeHIilo npo 3a60pOHY
PO3pPOOKH, BHUPOOHHUIITBA, HaKOIUYEeHH4,
BUKOPHUCTAHHA xiMmiyHOi 36poi Ta mpo ii
3HuLeHHs1 (KX3). l'enepanbHuii cekpetap OOH
ctaB Jleno3uTtapiemM KonseHiiii. /lokyMeHT HabyB
yuHHOCTI y 1997 p. KoHBeH11ig cTasa nepuiuM i
JIMIIAETHCA €JUHUM I'PYHTOBHUM MI>KHapOJHUM
JOKYMeHTOM y cdepi XiMiuHOro po330pPOEHHS.
CrtaHom Ha kBiTeHb 2017 p. KoHBeHIit0
patudikyBasio 192 kpainu [28].

BinnosigzHo g0 KoHBeHIii mpo 3ab6opoHy
pO3po6KH, BUPOOHMUIITBA, HaKOIWYEeHHH,
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3acTocyBaHHA xiMmiyHOoi 36poi Ta mpo i
3HUIEHHS], XiMiyHA 36posi - 1le TOKCHYHI
XiMiKaTH Ta IX NPEKypCcOpH, 3a BUHATKOM TUX
BUIIA/IKIB, KOJIM BOHM MAalOTb NPHU3HAYEHHA AJI9
uisied, siki He 3abopoHsThc KoHBeHLi€, 3a
YMOB, I00: IX BUAMU Ta KiJIBKOCTI BiANOBiJalOTh
TaKMM LiJsM; GOempuUmacd Ta MPUCTPOI,
creniaJbHO TMpPU3Ha4YeHl JJid CMepTeJbHOrO
ypakeHHs1 a00 3amofisHHA iHIIOI IIKOAM 3a
paxXyHOK TOKCHYHUX BJIACTMBOCTEH, TOKCHUYHUX
XiMiKaTiB, 4Ki BUBLIBHAKTBCA Yy pe3yJbTaTi
BUKOPUCTAHHA TaKUX 6oenpumnaciB  Ta
NPUCTPOIB; OYyAb-sIKe 00JIaJlHAHHS, CrelniaJlbHO
NpU3HayeHe JJ1s1 BUKOPUCTaHHSA Ge3nocepeHbo
y 3B'A3Ky i3 3acTocyBaHHsIM OOeNpuIaciB Ta
npucTpois [29].

KoHBeHILid cTaBWJa 3a MeTy 3HHUILIEHHA
xiMmiyHOi 36 poi Ta mi/NPUEMCTB 3 ii BUPOOHHUIITBA
Ta nepeabdayvasa psaj 3axoAiB JJis Il JOCATHEHHS.
[lix yac yknagenHsa KX3 3Hu1LeHHA BCi€l XiMi4HOI
36poi y CBiTi MJIaHYBa/JM 3J[iIHCHUTH MPOTArOM
JlecITU POKiB 3 MOMEHTY HabyTTsl 4YUHHOCTI
JoKyMeHTy. Ha JaHui MOMeHT Lie 3aBJaHHA He
peaJii3oBaHe.

KX3 Takox nepesbadyeHi BUNAJKH, 32 SAKHUX
KpalHa Ma€ NpaBO poO3poO6JISATH, BUPOOJIATH,
Nnpua6aBaTH iHIIUM YUHOM, 30epiraTy,
nepejaBaTH | BUKOPUCTOBYBAaTH TOKCHUYHI
xiMiKaTh Ta IX ImpeKypcopu. BaxiuBum €
HasBHicTb B KX3 Tpbox chnuckiB xiMikaTiB, B
3aJIe)KHOCTI Bif, iXx He6Ge3nekd. Y JOKyMeHTi
3BEPTAETHCA yBara Ha MiXHapojHe
CHiBpOOGITHULTBO Y BHUKOPUCTAHHI XiMiKaTiB B
MUPHUX LiJNSX, & TAKOX XiIMIKaTiB MOJABIMHOIO
NpU3HayeHHs, HaJalTbcAd JefAKi IepeBaru
KpaiHaM-y4acHULISIM MiJ; 4Yac eKcrnopTy/iMmopTy
XiMIYHUX pe4yoBUH. Y BUIaJKaX 3aCTOCYBAaHHA
xiMmiyHoi 36poi B KX3 nepegbavaeTbcs HalaHHA

MidKHapogHoi gonomoru. B  pamkax KX3
nepezs6ayeHo YTBOPEHHSA pexuMy
Mi>)KHapOJHOTO KOHTPOJIKD 3a BiMICbKOBUMM Ta
IUBIJIBHUMM  06’€KTaMM  XiMiyHOI  TaJjysi.

MexaHi3MOM nepeBipKU JOTPUMaHHSA MOJ0XKEHb
KX3 € iHcnekmil.

Jnsa  KoHTposiw 3a pgorpuMmaHHaM KX3,
BHECEHHfl 3MiH [0 JOKYMEHTy Ta NpPUHUHATTA

HeOOXiJJHUX  CyNyTHIX  JIOKyMeHTIiB  GyJio
yTBopeHo OpraHizanilo i3 3a60opoHM XiMidHOI
36poi. Ilix yac ypouucToro mifnUCcaHHS

KonBeHriii B [lapwki 6ys1a mpuiHATA clieljia/ibHa
pesoJitoLida npo yrBopeHHA IliAroToB4yol KoMicii
aasa 03X3. lle o3Hayaso, 10 KpaiHU BU3HAKOTh

HeoOXiAHiCTb  XiMiYHOro  po336pOEHHS, a
3MiliCHEHHA  HOro MOXJIMBO  JIMIIE  iJ
MiXKHapOAHUM KOHTpOJIEM, KUK  OyJe
3A4iACHIOBAaTH  CHeljajJibHO  yIOBHOBaXKEHUH

opraH. YkpaiHa 6paJia y4acTb y BCiX IJIeHApHUX
3aCijaHHAX Ta 3acilaHHAX TPyl eKCIepTiB
[linroroByoi kowmicii. O3X3 6ysa yTBopeHa y
1997 p. 3i wrab-kBaptuporww y Tlaasi
(Higepnauau) i ckJafa€eTbcsl 3 TPbOX OCHOBHUX
OpraHis: KondepeHuis  gepxaB-ydyacHUIb,
BukonaB4a pajia Ta TexHiyHUi cekpeTapiaT.

Yci ydvacHnkn KX3 aBTOMAaTH4YHO CTawTh
yreHamu 03X3. Buxig 3 03X3 He Moxke 6yTH
3aCTOCOBAaHUM HABIiTh Y IKOCTI CAaHKLiH, OCKiJIbKH
nme o3Hayae Buxig 3 KX3. Tak, 03X3 €
IHCTpyMeHTOM BHKOHaHHA KX3, BuAB/IeHHA
NOpyLIeHb Ta 3aCTOCYBaHHA INOKapaHb. OTxe,
MeTa 03X3 - KOHTpPOJIb 3a PO330POEHHSIM Ta

HepO3MOBCIO>KEHHSIM ~ XiMiuHOI 36poi. KX3
MOBHICTIO peryiaMeHTye AisnbHicTb 03X3.
MexaHi3M  KOHTpPOJIIO 33  BUKOHAHHAM

nonoxkenb KX3 3giiicHioeTbess 03X3 yepes paf,

cTafiii: 30ip 3arajbHOi iHpopmanii Ta
iHpopManii 1040 pe3ysbTaTiB BHUKOHAHHS
Jlep>kaBol0  B3ATUX Ha cebe 3000B’sI3aHb,

KBasidikalia Ta oliHKa MOBeAiHKH [AeprKaBU
I0/10 BiJIMOBiHOCTI NPUNAHATUX 3060B’3aHb.

JlikBijmaniro  ximiyHoi  36poi  3AiHCHIOIOTH
Gesnocepe/IHbO HallioHa/NbHI JAepxkaBu. 03X3
nepeBipsie  3HMILEHHA XxiMmiuHoi 36poi Ta

3[IINCHIOE P 3aX0AiB MPOTH BiJHOBJEHHA Ii
BUpOGHUIITBA. OpraHisarisg Takmk 3abe3nedye
3aXUCT Ta JONOMOry B 60poTbb6i 3 xiMiyHOMWO
306POEID, 320X0UYE Mi>)KHApO/IHE CIIiBPpOOiTHUI[TBO
y BUKOPHUCTAHHI XiMIiYHUX pPEYOBHMH y MHPHUX
nisisx [30]. e onHiero MeToro AissibHOCTI 03X3 €
COpUsAHHA NpuefHaHHIO Ao KX3 ycix gepxas
CBITY. JisinbHiCcTD 03X3 MOCTINHO
BJIOCKOHAJIIOETbCS BiJITIOBIJHO A0 ONTHMIi3allil
BUKOHaHHA KX3. V wu4epBui 2018 p. 03X3
OTpYMaJia IpaBO HA3WUBATH BUKOHABLiB XiMIYHUX
aTak.

Ykpaina patudikyBana Kousenrnito y 1998 p.
HauioHanbHuM  opraHoM  YkpaiHW,  SKHH
BiinmoBizae 3a BuKOHaHHA KX3, VYkazom
[Ipesugenta Ykpainu y 1999 p. npusHayeHO
MiHicTepcTBO 3aKOpA,0HHUX clipaB YKkpainu. M3C
BUCTYNA€ IOCEPEJHUKOM Y BiJJHOCMHaX MiX
Ykpainoro Ta 03X3. VYKpalHa aKTHUBHO
cniBnpauoe 3 03X3 y copaBi xiMiuyHOro
po336poeHHs. BinbyBaeTbca  iMmieMeHTallis
nosioxxeHb KX3 y HaljioHa/JibHe 3aKOHOJABCTBO.
Ha JaHuH MOMEHT icaye Heob6XimHa
HOpMaTHBHO-IIpaBoBa 6a3a /i1 CHPUAHHA
BUKOHaHHIO nosoxkeHb KX3.

Y 1997 p. 6ysa pospobseHa ta 3 1999 p.
rnovaJjia JidTH HanjionasbHa nporpama
BukoHaHHA KX3.VY 2012 p. Ykaszom [lpesuznenTa
Ykpainu 6yB 3aTBepmxeHudt [lnaH 3axofiB Ha
2012 - 2021 poku 3 BukoHaHHsa KX3. YkpaiHa
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B3ssla Ha cebGe 3000B’sI3aHHS NPOBOAWUTH
IOPiYHO B YCTAHOBJIEHI CTpoKW 36ip, aHaJi3,
nepeBipKy, 3BeJleHHA Ta mnogaHHda o 03X3
HallioHaJbHHUX JeKJapanin Ykpainy,
3OIMCHIOBAaTH 3ax04M 110J0 3abe3MedyeHHs
NPOBeJIeHHS B YKpaiHi iHCeK[iMHOI AisJIbHOCTI,
3[iICHIOBAaTU  [Jlep>KaBHUM  KOHTpPOJb  3a
nepeBe3eHHSM XiMiKaTiB TEpUTOpPi€l0 YKpaiHHy,
MPOBOJAUTH IHCTPYKTUBHI HapaZH, HaB4YaJIbHi
ceMiHapu 3a y4acTIo npeACTaBHUKIB
3aliKaBJIeHUX LeHTPaJbHUX OPTraHiB BUKOHABYOI
BJa/JY, IHIIUX Jep>KaBHUX OpTaHiB 3 NUTaHb
BUKOHaHHA KX3, y10CKOHa/110BaT¥ HOPMaTHUBHE,
MeTOJMYHE Ta aHaJiTU4YHe 3a6e3levYeHHs
poboTH [JeprKaBHOI aHaJiTU4YHOI JabopaTopii,
3a6e3nevyyBaTH 3aXUcT iHopMaIlii 3 06 MeKeHUM
JIOCTYTIOM Y XiMiuHiM rauaysi [31].

3a mepioa 4ieHcTBa YKpaiHa 4YOTHpPHU pasH
6yna y ckuaaai BukonaBuoi pagu 03X3 Bif
CxiTHOEBPONENCBbKOI  perioHa/sbHOI  TpYIH.
Takox KaHAuZAaTypy YKpalHU 3aTBepAWJd Ha
yaeHcTBO y BukonaBuill pagi 03X3 Ha mepiog
2018-2020pp.

Xouya YkpaiHa He BoJ1oZi€ XiMi4yHOW0 36pOEI0,
OJJHAaK Ha TepPUTOpIi Jep>KaBU PO3TALIOBAHO P/,
06’EKTiB XiMiuyHOI MPOMHCJIOBOCTI, AKi
niznagatoTe nifg airo KX3. Y 3B'sa3ky 3 uum
YKpaiHa rotye 1opivyHo HallioOHa/IbHI AeKaapanii
CTOCOBHO JaHuX 00’€EKTIiB XiMigHOI
MPOMMCJIOBOCTI, NPUKAMA€E Ta CYNPOBOJXKYE
incneknii 03X3, npoBoAUTE ClIiJIBHI Mi>kHap oA Hi
3ax0Ad 3 INpo6JsieMaTHKH XiMmiyHOi  306poi.
3okpemMa, y LOPiYHUX HallioHaJIbHUX
JlekJaapanisax YkpaiHa nogae iHdopwmaliio npo
06’eKTH XiMiYHOI TMPOMHCJIOBOCTI, JiIJIBHICTh
SKUX Mifnajgae mig KoHTpoJib 3 60Ky 03X3, npo
eKCrnopT/iMnopT ximikaris, HalliOHaJIbHI
nporpaMu 3axuCTy Big xiMmiyHoi 36poi. Ha
TepuTopii YkpaiHu Bxe 6yJjio mpoBeseHO 22
iHcmeknii O03X3 Ha 15 o06’ekTax XiMiuHOI
npomuciaoBocti. 3 2012 p. o6iapme 100
yKpaiHCbKUX (axiBIiB MpPOHIIM HaBYaHHS Ha
MixkHapoaHux kypcax 03X3. OpuH i3 daxiBuiB

npautoe B TexHiyHoMy cekpeTapiati 03X3.
Ykpainni 6pasnu AKTUBHY  y4acCTb y
fparaToHalliOHaJbHUX HaBYaHHSX «Joint

Assistance 2005» (Ykpaina) Tta ASSISTEX 3
(2010, Tynic), y mTabHMX HaBYaHHAX W00
nonepeJpKkeHHsd  TEPOPUCTUYHUX  aKTIiB i3
3aCTOCYBaHHAM  XiMiKaTiB Ha  XiMiYHOMY
nignpuemctBi (2010, IMonbma) Ta mTabHOMY
HaByaHHi CHEMSHIELD 2011 (Hizepnangu). Ha
TepuTopil YKpaiHU OpraHi3oByHOTbh CeMiHapH Ta
HaBYaJIbHI KypCU [JIsl PATYBaJIbHUX CJIYXKO,
¢daxiBUiB y rajnysi aHajiTh4yHOi xiMii, ¢axiBLiB
MHUTHOI Ta MPUKOP/IOHHOI caIyk06 [32].

TakuMm 4yuHOM, VYKpaiHa HabyBae Ta
BJOCKOHAJIIOE JOCBif JifJIBHOCTI y cHOpasi
xiMiyHOro po336poeHHs. [lpuenHanHsa po KX3
JOIy4Yusio YKpalHy TaKOX [0 MiXKHAapOAHOI
AisIbHOCTI i3 3HUILEHHA 30poi MacoBOTO
ypa)KeHHs, L0 chnpuse 6iabll edeKTUBHIN
cniBmpali, HanpukJaaz, Mixk Ykpainoto Ta HATO B
it chepi.

OkpiM 6a30BHMX /[JAOKyMeHTIB 3 XiMiyHOI
6es3neky, Mi>KHapOJHUM CHiBTOBapUCTBOM 6YyJ10
OPUHHATO P/l KOHBEHI[iN, fIKi peryyaomTb 06ir
OKpeMHX XiMiYHUX pe4yoBUH. Ha 3ycrtpidyax B
Worannec6ypsi (2002 p.) Ta Hewo-Hopky
(2005 p.) rnaBu jgepkaB i ypsa/iB CXBaJUIU
dbopMyBaHHSI  KOMILJIEKCHOIO  MiAXo4y [0
OXOpPOHM 3/0pOB’Sl JIIOJJUHU Ta HAaBKOJIMILIHbOIO
cepegoBulia. Y 2006 p. cniJibHUMHU 3yCHIJISIMU
[IporpamMu OOH 3 HaBKOJIMIIHBOTO CeEpesOBHUIIA,
MixkopranisaniiiHoi nporpamu 3 paLioHaJIbHOTO
yIpaBJiHHA B Tajy3i XiMiYHUX pEYOBUH Ta
MixkypsioBoro ¢popymy 3 xiMidHOI 6e3neku 6yJia
opraHizoBaHa MixHapogHa KoHepeHLis 3
ynpaBJiHHA B rajay3si xiMiuHux pedoBuH B /ly6ail
(OA€E). Ha koHepeHIiii 3a y4acTio GijbII Hi>K cTa
npeJCTaBHUKIB YPAAIB, IrpOMaSHCBKOIO
CyCHniJIbCTBa,  NPUBATHOrO  CeKTopa  OYB
NPUNHATHAN «CTpaTeriuynumn miaxip pifo]
MI>KHapOJHOI0 peryJitoBaHHA XiMIYHUX
pedoBun» (CIIMPXP/SAICM). [Tpuuomy CIIMPXP
OPUHHATUN Ha KOHCEHCYCHIA OcHOBI Ta 6e3
IOpUAMYHUX  3000B’si3aHb. 3arajibHa MeTa
CIIMPXP nmossra€e B JOCATHEHHi paliOHaJIbHOIO
yIpaBJiHHA XiMIYHUMU pEeYOBHHAMH IPOTATOM
BCbOI'0 IXHBOT'0 KUTTEBOI'O LIUKJIY TAKUM YUHOM,

mo6 Jjgo 2020 poky BUPOGHHUITBO Ta
BUKOPUCTAaHHS XiMikaTiB HabyJio MiHiMaJbHOTO
HETraTUBHOIO BIUIMBY  Ha HaBKOJIALIHE
cepelloBvllle Ta 340poB'a Jwaer  [33].
Oco6auBicTio  CIIMPXP € cxBaseHHa Ha
HaWBUIIOMY MOJIITUYHOMY piBHI Ta
BCTAaHOBJIEHHS1 3B'fI3Ky XiMiuHOI 6e3leKu 3
npo6seMaMu CTaJsIoro PO3BUTKY,
¢diHaHCyBaHHAM, peryJwYow iHQpacTpyKTy-
poro, KOHTpOJIEM 3a BUKOHAHHAM
3akoHozaBcTBa. CIIMPXP pnosBosife kpaiHam
OTPUMYBaTHU [OJIITUYHY NiATPUMKY  Ta

¢diHaHCYyBaHHA BiANOBIAHMX NpPOEKTiB. YKpaiHa
nojae CcBol mpoeKTU fo IlporpamMu WBHUAKOIO
crapty. ¥ 2014 p. ykpaincekud IIpoekT
«3MillHeHHSI MOTeHUiaqy AJs 6e3MeYyHoro
yHpaBJiHHS 6ionuaiB (mectunuau i
JAe3iHdikyrodi 3acobu) A1 3MeHIIEHHS BIJIMBY
Ha HaceJIeHHs B YKpaiHi» MOCiB mepuie Micue i
6yB peasizoBanuil npotsarom 2017 - 2018 pp. 3a
OiATPUMKKM  €BPONENCHKOr0  perioHajibHOTO
6topo BOO3 Ta EBponeiicbkoro nentpy BOO3 3
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OXOPOHM  HABKOJIMILIHBOTO
310poB’s [34].

OpHi€lo 3i CK/1al0BUX peXXUMY 3abe3neyeHHs
MiXKHapoAHOI 6e3neKH € peXHUM eKCIOPTHOro
KOHTpOJIIO. MixkHapoHUH eKCIIOPTHUM
KOHTPOJIb MiCTUTb TaKi CTPYKTYPHi KOMIIOHEHTH
AK HOpPMaTHBHO-NIPAaBOBi JOKYMEHTH, CUCTEMY
3ax0/[iB KOHTPOJIIO 32 TOBapaMH Ta MOCIYTraMH
BiliCbKOBOTO a60 MOABIMHOrO MPU3HAYEHHS, SAKi
MOXYTb OYTH BUKOPHUCTaHI JJisl BUTOTOBJIEHHS
36poi MacoBOro ypakeHHs, 3ac06iB JJOCTaBKH il
Ta iHII0i 36poi ¥ BiHCbKOBOI TEXHIKH.

B cBOI0 d4epry, rojsoBHa MeTa €KCIOPTHOIO
KOHTPOJIIO B YkpaiHi IIOJIATAE y
HEPO3MOBCIO/P)KEHHI 36p0i MacoBOro 3HUIIEHHS,
3acob6iB ii JocTaBKM, OOMexeHHi mepejay
3BUYaWHUX 030pPOEHb Ta MPOTHUJAIA TepOopHU3MY.
3aci6 peanizarnii eKCOOPTHOrO KOHTPOJIIO
NOJISAITA€ Y BCTAHOBJIEHHI e p>KaBHOI'0 KOHTPOJIIO
3a 3iMCHEHHAM Mi>KHapOAHUX Nepeaad TOBApPiB
BilICbKOBOrO0 MpHU3HAYEeHHSA Ta I[OB'SI3aHUX 3
HUMHU TOBapiB N0 BiAHOro npru3HayeHHs [35].

BUHVKHeHHA pexuMy €KCIIOPTHOTO
KOHTPOJIKO GyJIO MOB'A3aHO 3 MO/[isIMH «X0J10[HOI
BiliHU» Ta HEOOXiZIHICTI0O BCTAHOBUTHU KOHTPOJIb
HaZ, s/lepHOI0 30 POEIO.

cepeZioBHI[A Ta

YkpaiHa 6epe y4yacTb B YCiX Cy4YaCHHX
opraHisanisx MI>KHapOJHUX pexuMiB
€KCIOPTHOTO  KOHTpoJito:  «BacceHaapcbka
JnomMoBsieHicTb» (B/]), «Pexum KoHTpoJsiro 3a
paKeTHUMHU TEXHOJIOTiSIMU» (PKPT),
«Ipyna sipepaux mnoctravyaibHukiB» ([AI) Ta

KowmirteT Lanrepa (KLI), «ABcTpaJiilicbka rpymna»
(AT). TlepeniyeHi peXUMH [OMOBHIOIOTH OAWH
OJIHOTO Ta CIPHUSATb BUKOHAHHIO MI>)KHapOJHHUX
JloroBopiB y cdepi po336poeHHS. Yci perxuMy, 3a
BUKJIIOUEHHAM «'pynu simepHux
nocradyajbHuKiB» Ta  Kowmitery  llaHrepa
(cTocyroTbCSl SIIePHOTO €KCHOpPTY), MOB'si3aHi 3
XiMiYHOIO0 6e3MeKOo0.

«Pexxum KOHTPOJIIO 3a paKeTHUMH
TEXHOJIOTiSIMU» TOB’I3aHUH 3 XiMiYHOIO 30POEID
yepe3 BUKOPUCTAHHA paKeT 9K HOCIIB XiMiyHOI
36poi. Pexxum 6yB chopmoBanuit y 1987 p. Ha
ocHOBi  cmisibHOi  3agBu  CIIA, Kanagm,
Benuko6puranii, Ppannii, PPH, ITasii Ta AnoHii.
YcraHoBuMi JOKyMeHT BiacyTHil, Tomy PKPT €

HedoOpMaIbHUM 06’€AHAHHAM [JlepXKaB, sKi
JIOMOBHUJIUCS JOTPUMYBaTHCS KepiBHHUX
NPUHLUIIB. 3 MeTOH MOCUJIaHHS

fomoBaeHocTell B pamkax PKPTy 2002 p.y l'aasi
(Hizepnanau) 6yB mignucaHuil «MixkHapogHUN
KOJIeKC TOBeJiHKM IpPOTH pO3MOBCIOKEHHSA
Oa/MicTUYHUX paKeT», Jle KOHKpeTHU3yBaBCA i
Jlelll0 PO3LIMPIOBABCA KOMIJIEKC 3aBJaHb Ta
3000B’s13aHb JlepKaB-ydacHullb PKPT.

PKPT nemae popmanbuux 38’s3kiB 3 O0H, aste
nie B koHTeKCTi mosiTuky OOH 110/10 60poTHOU 3
po3noOBCOKeHHSAM 3M3 Ta KOHTpOJIO 3a
excnoptoM. ¥ PKPT BifCyTHIN TakoX KepiBHUH
opraH. 3yCTpidi Ipyny HpOBOIAATHCH LIOPIYHO.
Yci pimeHHda Ha 3ycTpidax NpPUHUMAlOTbCA Ha
OCHOBI KOHCEHCYCY.

Coorogni mo PKPT mpuegnasiocsa 35 kpaiH.
PexxuM KOHTpOJIIO 32 paKeTHUMM TEXHOJIOTISIMU
JloMOBHIOE JlorOBip MpO HepO3MOBCIO/AKEHHS
saaepHoi 36poi. Meta PKPT - 3amo6GiraHHs
NOIIMPEHHIO CUCTEM INOCTayaHHf, fKIi MOXYTb
IOCHPUATH PO3MOBCIO/)KEHHIO 36p0I MacoBOro

ypakeHHs (KpiM MJIOTOBaHMX  JIiTaJbHUX
anapariB), i po60Ta Ha/l KOOpAUHAIli€10 3aX0/iB 3
JIiLleH3YBaHHA HalLliOHaJIbLHOT' O eKCIIOpTY,

HalliJleHa Ha 3ano6iraHHs MOUIUPEHHI0 CUCTEM
nocrayaHHs [36]. Ilix o6MexeHHS MijiNA/al0Th
TaKOX TeXHOJIOTIl, MaTepiaJiu Ta yCTaTKYBaHH4,
AKi MOXYTb 6yTH BUKOPUCTAaHI  AJid
BUPOOHHULITBA paKeT. YKpaiHa NpUeAHaIAcTd 10
PKPT y 1995 p., ane odiuifiHo cTasa 4ieHOM
aume y 1998 p. g Bctyny Ykpaini foBesiocs
Bi/IMOBUTHCS BiJi MOXXJIMBOCTI Yy MalOGyTHbOMY
BOJIO/|iITM BUCOKOTOUYHUM PaKeTHHUM 030 POEHHAM
HaBITb JAJ151 3aXUCTY BJacHOI 6e3neku. BHacinigok
MepeMOBUH I€BHUM KOMIPOMIC UIOAO0 Iii€l
BUMOrH 6yB 3Hanaenudt [37]. Pasom 3 Tum, PKPT
He TIIepellKO/»KAa€E HallioHa/MIbHIA KOCMIiuHiN
nporpaMi Ykpainu. Kpim Toro, icHy1oTh MINpOKi
MOXJIUBOCTI A 06MiHYy paKkeTHUMU
TEeXHOJIOTiAMU Ta MI?>KHap O HOT'O
cniBpoO6iTHUITBA Mix yieHamMu PKPT.
3060B’s13aHHS  Ykpainu sk uwieHa PKPT
No/NAraloTb B  yTPUMaHHI Bif eKcHnopTy
KOMITOHEHTIB 3aC006iB JOCTaBKH 30p0i MacoOBOI0
ypaxkeHHs: (Karteropis 1) y kpaiHu-Hey4acHUL
PKPT Ta Bif ekcnopTy TOBapiB, 1[0 MOXKYTb 6y TU
BUKOPUCTAHi IpH po3po6Iii Ta CTBOpEHHI 3ac06iB
JlOCTaBKM 36poi MacoBoro ypaxkeHHs (KaTeropis
2), K0 B aHaJIOTiYHOMY eKcnopTi 6yJio
BiJIMOBJIEHO OZHIN 3 KpaiH-y4yacHunb PKPT, 6e3
nonepe/HiX KOHCYyJIbTalil 3 yps/A0M Liiei KpaiHU-
ydacHulli [38]. B pamkax PKPT Ykpaina 6pasa
y4acTb y nporpaMi «MopcbKUH cTapT», a Lie
paHille mij 4ac «X0J04HOI BINHW» — BUKOHYBaJla
NPOBiIHY poOJib Yy po3po6Ii Ta BUPOOHHUIITBI
pakeT. [lo Toro , 6epyyd aKTHUBHY y4acTb y
PKPT y nocrt6inonsipuuii nepioxa, Ykpaina mae
MOXKJIUBICTb 3aIIPOIOHYBATH CBIiTOBIM CIiJIBHOTI
CBil AOCBiA, Ta HaykoBUM moTeHIian y cdepi
paKeTHHUX TEXHOJIOTIH Ta pO3BUBATU
CHiBpOGITHUITBO 3 MPOBIAHUMU KpaiHaMH CBIiTY
B paKeTHO-KOCMiyHii ranysi. Ha nmouatky 90-x
pp- XX cT. YkpaiHa 06 pOBiJIbHO BiiMOBUJIACS Bif,
BJIacHUX pakeT, i Tomy y4dactb y PKPT cnpuse
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TaKOX
JleprKaBU.

[lepminM peXUMOM EKCIIOPTHOTO KOHTPOJIIO
ctaB Koopaunaunivinuii KoMmiTteT 3i 37ilicHeHHA
KOHTpoOJIlO  Haj  ekcrnoptom (COCOM -
Coordinating  Committeein Export Control)
yTBOpeHU# y 1949 p. MeTa pexxumy nojsrania y
KOHTpPOJIi 3a BIMCbKOBUM €KCIOPTOM Ta
NOB'SI3aHMX 3 HHUM TOBapiB  MNoABiKHOrO
BUKOPHUCTaHHS, 3an06iraHHi NmoTpamyisiHHA LUX
TOBapiB A0 couiasicTU4HUX KpaiH. byJio
CKJIaleHO  CIMCOK  TOBapiB, [0  AKUX
3aCTOCOBYBaJIMCA Cliellia/IbHi IpaBuia eKCIopTy.
YneHamu pexxkumy ctasu Bci kpainu HATO (kpim
Icnanpii), Anonia Ta ABcrpania [7, c. 53].
3araJsibHa KiJIbKICTb WieHiB ckJasa 17 kpain. Ak i
y PKPT, B KOKOM He icHyBaJlO yCTaHOBYMX
JOKYMEHTIB. Pimenusa HOCWUJIU
peKoMeHJallilHUN  XapakKTep, OJHAK [0
[OPYIIHUKIB  3aCTOCOBYBAaJIMCA  €KOHOMIiYHi
CaHKIIiI. [licna posmnaay CPCP
30BHILIHBONOJJITUYHA CUTyalligd 3MiHWIacd, 1 y
1993 p. Oy/n0 UOPUHHATO pillleHHd Mpo
npunuHeHHsa icHyBaHHd KOKOM i ykjiazeHHA
HOBUX [IOMOBJIEHOCTeH (TMM4YacoBa Ha3Ba
«HoBui1 ¢popym»), [0 AKUX BiKpWUIA LOCTYN i
KOJIMIIHIM coliasicTU4HMM KpaiHaM. OcTaTo4yHa
yrojia 6ysa ykaajieHa y 1995 p. y m. Baccenaapi
(Hizepsnanpu) ta BcTynuiaa y i y 1996 p.
YyacTte y «BacceHaapcbKHUX JOMOBJIEHOCTSIX IIPO
eKCIIOPTHUM  KOHTPOJb 32  3BUYaHHUMH
030pPOEHHAMHU 1 TOBapaMM 1 TexXHOJIOTiAMU
nojBiiHOro mnpusHaveHHs» (B/]) mop’si3aHa 3
o6oB’s13koBoto yuyactio y JAHA3, KX3 i KBT3 Ta
HasfABHICTIO PO3BHUHYTOIO BilICbKOBO-
MPOMUCOBUI IoTeH1iany. Ykpaina
npueaHanacagoB/l B 1996 p.

MeTa B/l mossirae y cnpusiHHI perioHaJbHil
Ta MiKHapogHii 6e3sneni Ta crabisbHOCTI
LUIAXOM NiJBUIIEHHS NPO30POCTi I MOCUJIEHHH
BifiMOBifabHOCTI Yy TmepeJadax 3BUYAWHUX
036pO€EHDb Ta TOBApiB i TeXHOJIOTIH MOJBIHHOIO
BUKOPUCTAHHS, 3aMobiraroyd TaKWM YHUHOM
JlectabinizyrouuMm HakonudeHHsM [39]. B/l
JIONIOBHIOE iHIII  peXXUMH  eKCIOPTHOrO
KoHTpoJsilo. OcHoBHa yBara B/l 3ocepenxeHa Ha
030pO€HHAX, 10 MicTaTbcsds B Perictpi
3BU4YallHUX 036poeHb OOH. [Jlanuit Perictp 6yB
cTBOpeHUN y 1991 p. Ta oxomtoe ciM KaTeropin
036pOEHD: 6OMOBI GPOHBOBaHI MalIWHHU, TAaHKH,
apTwiepid BeJUKUX KasibpiB, G0HOBI JiTakwy,
60110Bi BepTOJIbOTH, BiiCbKOBI KOpabJ1ii pakeTH.

B/l He 3abopoHs€e KpaiHaM 3AiMCHIOBAaTH
TOPTOBY AisIbHICTD 3 6Y/1b-IKUMU KpaiHaMH, HE
CIpsIMOBaHa MNPOTU KOHKPETHOI JepaBu 4YM
Ipyny JepkaB Ta [Jl03BOJISIE NPUA0ATH 3aKOHHI

3aXUCTy  HaliOHaJbHUX IHTepeciB

TOBapu AJis BJjacHOi caMoo6opoHH. OcTaHHiN
IPUHLUI POOOTH € [JOBOJI CylHepeuinuBUM Y
KOHTEKCTi 3a6e3neyeHHsI Mi>kHapOAHOI Oe3MeKH.
MexaHismMu ¢yHKLioHyBaHHS B/l BKJIIOYalOTh
06MiH iHpOpMalliel0 Ta KOHCYJIbTAllil 3 MIPUBOAY
TOBapiB BiMCbKOBOrO MpPU3HAYEHHS, a TaKOX
NOZABIMHOTO BUKOPHUCTAaHHA. 3HauyHy poJb Yy
BUDpilllEeHH]I NUTAaHb eKCIOPTY/iMIOPTY NP OAYKL
Ta TEXHOJIOTIH HaJAeTbCad  HaliOHAaJbHUM
cUcTeMaM €KCIIOPTHOT0 KOHTPOJIIO Ta
CaMOCTIHUM pillleHHSM JlepKaB.

Ha sntotuit 2018 p. yyacts y B/l 6epyTb 42
kpainu. Illlta6-kBapTupa Ta ceKpeTapiaT
3HaxoAsATbcsd vy Bigai  (ABcrpis). [lieHapni
3aciflaHHsl BifOyBarTbcsl pa3 Ha pik. [osioBy
06MpalTh HA OCHOBI MNPUHLMIY poTalii.
[MlopiyHO  CcKJaAawTh Mepesikh  TOBApIB
BIICBKOBOTO MpU3HAa4YeHHA Ta MOZBIHHOIO
BUKOPHUCTaHHH, cepen AKUX JleTaJbHO
[epepaxoByOTbCA  XiMiyHI  ped4yoBHHH, 1O
MOXYTh OYTH 3aCTOCOBaHi y fIKOCTi 36poi Ta y
sIKOCTi fle3akTHBaLii 06’ekTiB [40]. Hanpuknazg, y
nepeJsiiky TOBapiB MOJABIMHOTO NpU3HAYEHHS
JeTaJbHO IepepaxOoBYIOTbCA XiMIYHI CIIOJNYKY,
AKi BUKOPHUCTOBYHTBCA B IpoLeci XiMiYyHOro
BUNIAPIOBaHHSA Ta MOXKYTb OYTH 3aCTOCOBaHI AJid
BUTOTOBJIEHHSI OTPYHWHUX pEYOBHUH. ToBapu
NoABIMHOTO TMNpU3HAYEeHHs pO3Mo/JijieHi 3a
KaTeropisiMy, i B KOXKHil kKaTeropii 3BepTaeTbCs
yBara Ha XIiMiuHI mIpoLecu Ta eJIeMeHTH, fKIi
3aCTOCOBYIOTbCS Y BUPOOHMUIITBI JaHUX TOBapiB

[41].

Pexxum €KCIIOPTHOTO KOHTPOJIIO
ABctpaniiicbkka  rpyna  (Al)  cTocyeTbcs
6e3mnocepeHbO KOHTPOJTIO 3a

HEPO3MOBCIO/)KEHHAM XiMiuHOI Ta 6GiosiorivyHoi
36poi. Al 6ys1a yTBopeHa BHAC/i/[0K BUSIBJIEHHS
dbakTy BUKOpUCTaHHSA [pakoM xiMiyHoi 36 poi mij
yac ipaHo-ipakcbkoi BiHH (1980 - 1988 pp.).
Ekcneptu BCTAaHOBUJIY, 110 YaCTUHY
KOMIIOHEHTIB /11 XiMiuHOiI 36poi Ipak npua6as
LiJIKOM JieraJbHO. /[lesiki Jep»aBU Bijpasy
3anpoBaIUJIA PEXUM €KCIIOPTHOIO KOHTPOJIIO 33
XiMIYHUMHU peYOBUHAMM Ta Marepianamu. [luid
Y3roJP>KeHHS HalliOHAJIbHUX CUCTEM €KCIIOPTHOIO
KOHTPOJII0 ABCTpasiis 3aponoHyBaJa IPOBECTH
HapaZy LUWX JepaB [JJaA  MiJBUILEeHHA
epexTuBHOCTI cniBnpaui. Hapaga Bigbynacs B
Bprocceni y 1985 p. 3a yuacti 14 kpaiH Ta
EBpornelicbkoi kowmicii. 3 Toro yacy Hapaau
BifioyBaroThcsa mopiyHo B [lapwxki. CTaHOM Ha
civeno 2018 p. po ckiagy I'pynu Bxoguthb 43
JepaBu. Yci aepxkaBu-wieHu Al NOBUHHI 6yTH
ydyaciukamu KX3 Tta  KBT3. Al mMae
HedpopMaJbHUNA cTaTyc, a 1ii pilleHHsa He
HabyBawTh 3000B’s3aIbHOrO0 XapakTepy. Al
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Oysn po3pobieHi nepesiku pEYOBHUH,
MaTepiasiiB, TexHOJIOTIM Ta 06JIaJlHAHHS, AKi
MOXYyTb OyTH BUKOPMUCTaHi [Jifi BUPOOHHUITBA
ximiyHoi Ta  OGiosoriyHoi 36poi. YkpaiHa
3ampoBaZiuja npaBuJa Ta CIUMCKUA po3pobJieHi B
paMkax pexumyy 1997 p., asie uieHcTBa Habyaa
gume y 2005 p. KpaiHu-yyacHUI TakoX
06roOBOPIOIOTh NMTAHHS pearyBaHHs Ha 3arpo3u
Ta HeGe3NMeKH.

MeToro Hapag Al € moumyk MOXJIUBOCTEH
nifBuileHHs epeKTUBHOCTI iCHYIOUMX METO/iB
KOHTpOJIIO, BKJIIOYalouu iHGopManiiHuil 06MiH,
3abe3neyeHHs Y3TOJXKEHOCTI  HaliOHaJbHUX
NpaBUJ eKCHOPTHOrO JiLleH3yBaHHA Ta, e e
MOXX/IUBO, BBeJleHHs AOAATKOBUX 3axoAiB [42].
JisgnpHiCTE  KpaiH-wieHIB cOpsAMOBaHa  Ha
0O0MeXeHHsI eKCIopTy 63 pedvyoBUH, SIKi MOXYTb
CTaTH BUXiJHUM MaTepiasoM [/ BUpOOHUITBA
xiMiyHOi 36poi. 3 MeTOK CHPHUSIHHS NPO30POCTi

TOPTOBUX oOlepalid KpaiHK 3060B’sg3ayucs
JlileH3yBaTU eKCIopT 3a HAaCTyMHUMU
HanpsMKaMu: XiMiyHi BUpPOGHHMYI 3acobu Ta
obJafiHaHHA  MOABIMHOrO  NpU3HAYeHHd |
MOB'I3aHi 3 HHUMH TeXHOJIOrii; 30yAHUKH

3aXBOPIOBaHb POCJIMH; 30y/JHUKH 3aXBOPHOBAaHb
TBapUH; 6iosoriyHi  areHTH;  ©6ioJsioriuHe
006J1aJlHAHHSA MOABIHHOr0 MpU3HAYeHHs. Y CBOIH
JisibHocTi Al BukopuctoBye:  llepesik
€KCIIOPTHOT0 KOHTPOJIIO: Marepianu-
nonepejiHUKU («mpeKypcopu») XiMiyHoi 36poi,
KoHTposibHUI nepesik BUPOOHUYMX 3aC06iB Ta
o6J1aflIHAaHHA [JAJI1 BUIOTOBJIEHHS XiMiYHHUX
CHOJIYK MOJABIMHOr0 NpHU3Ha4YeHHS Ta MOB’I3aHUX

3 HUMU TEXHOJIOTIiN i IIPOrPaMHOr0
3abe3MeyeHHs, KonTposbHuii nepeJsik
6ioJIOriYHOr0 00J1afHaHHS MoBiHOrO

NpU3HAYeHH | MOB'A3aHUX 3 HUM TEXHOJIOTiH Ta
nporpaMHoro 3abe3neveHHs1, CIMCOK 30yJHUKIB
3aXBOPIOBaHb  JIAWHA 1  TBapuH  [Jd
eKCIIOPTHOTO KOHTpoJto, [lepesiik 36y HUKIB
3aXBOPIOBaHb  POCJUH  [JI1  €KCIOPTHOIO
KoHTposilw. KpiMm Toro, icHye mnepesiik KpaiH,
TOpriBjadA XIMiYHMUMHM TOBapaMd 3 AKUMHU
3HAXOAUTbCA MiJi 0CO6IUBHUM KOHTPOJIEM.
['osloBHMM  3aBJaHHAM  KpalH-Y4YacHUIb
ABCTpailCcbKOI TPYIY € BAKOPUCTAHHSA CUCTEM U
JilleH3YBaHHA EeKCIOpPTHOI JifJIbHOCTI  JJif
3a6e3neyeHHs 6i/bII )KOPCTKOrO KOHTPOJIIO HaZ,
€KCIIOPTOM IIE€BHOTO BHUAY XIMIYHHUX pPEYOBUH,
OioJIOriyHMX areHTiB, a TaKOX XIMiYHMX Ta
OioJIOTiYHUX  TeXHoJIorik i 06J1alHaHHA
MO/ABIHOTO NpU3HAYEeHHs, SIKi MoOrJIM 6 6yTH
BUKOPUCTaHI A1 BUPOOHHUILITBA,
pO3MOBCI/>)KeHHs XiMiyHOi i 6iosioriuHoi 36poi
[43]. Temamu IJIeHapHHUX 3acilaHb
HEOJHOPA30BO CTAa€ BUKOPHUCTAHHA XIMIYHHUX

pe4yoBMH  AJid  3[iMCHEHHd TepaKTiB Ta
06roBOopeHHs1 3aco6iB monepe»KeHHS LbOTrO.
Boporbba 3 Tepopu3MOM CTa€ OAHUM 3
NpoBiJHMX HanpsamiB JgiaabHocti Al Meta
KepiBHux npuHuunis AI' € 3HWKeHHA pU3UKIB
PO3MOBCIOI>KEHHA Ta TEPOPUCTHUYHOI AiAJbHOCTI
i3 BUKOpHUCTAHHAM XiMi4HOI Ta 6iosoriyHoi 36 poi
[44].

3BaKalo4uM Ha HasfBHICTb Ha TepUTOPIl
Ykpainu niAnpueMcTB XiMidHOI rajysi Ta THX, 9Ki
MPanTh 3 XIMIYHUMHU PeYOBUHAMY, CHiBIIpaLd
3 Al cnpusie o6MmiHy iHdopMmauielo y cdepi
XIMiYHMX TEXHOJIOTiM Ha MpeAMeT 3aCTOCYBaHHS
ix y sKocTi 36poi Ta BUPOOGJIEeHHIO e eKTUBHOI
CAUCTEMM HaLliOHAaJILHOTO Ta Mi>KHapOAHOTO
3axXUCTY.

YkpaiHa Gepe aKTUBHY y4yacTb Y JisIbHOCTI
yCix MIDKHApOAHHUX PEXUMIB eKCIIOPTHOIO
KOHTPOJIIO 3aBJASKU peryJspHid y4acTi y
IJIEHAPHUX 3acCilaHHAX, POOOTI eKCIepTHUX
rpym, nocTinHoMy o6MiHy iHpopMaIii€w, B TOMy
YUCJAI NpPO HaLAHHA [JO03BOJIy YW BiJAMOBI
eKCIIOpTy TNeBHUX ToBapiB, po6oTi Haj
B/IOCKOHAJIEHHAM HalliOHAJILHOI Ta Mi>KHap O HOI
HOpPMaTHBHO-IPAaBOBOi 6asu y cdepi Gesmneku.
Ykpaina Takox 6epe Ha cebe psj 3060B’si3aHb
040 peaJsiizanii OCHOBHUX 3aBJaHb, KOperye
nepesiik TOBapiB BiMCHKOBOrO Ta MOJBIHOTO
NpU3HAYEeHHS.

B YkpaiHi fep>kaBHUN KOHTPOJIb EKCIIOPTY Ha
3aKOHOJaBYOMy piBHI OyB 3amnpoBa/pKeHUU
3aKOHOM «Ilpo 30BHIILIHbOEKOHOMIYHY
JistibHiCTB» (1991 p.). Uepe3 pik 6yJsi0 yTBOpeHO

Ypanosy €KCIIepTHO-TEeXHIYHY KOMicito.
Buacnizok YHCeJIbHUX TpaHcpopmMmarin
ypA440BOr0  OpraHy, BiANOBiZaJbHOrO  3a

eKCIOpTHUM KOoHTpoJib, y 2001 p. 3'aBuiacsa
JepxaBHa cayb6a €eKCIOPTHOTO KOHTPOJIIO
YkpalHu 31 CTaTycoM LIEeHTPaJIbHOIO OpraHy
BUKOHABYOI Baaiu [45]. OmHouacHoO Biji6yBasiocs
B/IOCKOHaJIEHHS1 HOpPMaTHUBHO-NPaBOBOI 6aswu.
[IpoBiAHMM [OKYMEHTOM, SIKUHA perjaMeHTYE
AisJIBHICTD YKpalHU 100 PeKUMY €KCIIOPTHOIO
KOHTpOJII0 € 3akoH YkpaiHu «Ilpo pep:xaBHUU

KOHTPOJIb 33 MDKHAapOAHHMMU TepeJadyaMH
TOBapiB BiICbKOBOTO MpU3HAYEeHHA Ta
noABiHOrO BUKOpHcTaHHsS» (2003 p. i3

noAasblIMMy 3MiHaMu) [46]. [licis npyuesHaHHSA
YKpaiHu 10 Mi>KHAapOAHUX PEXKUMIB €KCIIOPTHOI'O

KOHTPOJIIO  MiXKHApOAHI HOPMAaTHUBU  OYJIH
IMIIJIEMEHTOBAaHI [0 HaliOHAJbHOI NPaBOBOI
6a3u.

Y 1993 p.ypaaom 6yB 3aTBepaxxeHui [lep etk
BU/IiB CHPOBUHHM, MaTepiasiiB, o06JiaflHAaHHSA i
TEXHOJIOTIH, BUBI3 SIKMX 3a MeXi YKpaiHU Moxe
34iHCHIOBAaTHCA  TiJIBKM 3a  CHeliaJbHUM
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JI03BOJIOM.  Jlep>KeKCIIOPTKOHTPOJIb  AKTUBHO
B3a€EMOJie 3 JaHUMU opradizagiamu. [o
MNOBHOBaXKeHb JlepKeKCNOPTKOHTPOJIA BXOAUTH
BUKOHaHHA 3000B’A3aHb YKpaiHM B paMKax
KonBeH1iii npo 3a60pOHY pO3po6KH,
BUPOOHHUIITBA, HAKONMWYEHHA | 3acTOCyBaHHA
xiMmiyHOi 36poi Ta mpo Ii 3HUINEHHS, a TAKOX
KonBeHnii mnpo 3a6opoHy 6akTepiosorigyHoi
(6iosoriyHoi) W TOKCHMHHOI 36poi. Y 1boMy
KOHTEKCTi Bif0YBa€TbCl aKTHMBHA MiKHapoJHa
crniBnpaud YKpalHU B paMKax pi3HUX NpOrpam.
Tak, CIIIA B3aeMozi€ 3 HalOI0 KpaiHOIO B paMKax
[IporpaMu 3 eKCIOPTHOT'O KOHTPOJIIO Ta 6e3neKu
kop/oHiB, EC - [Iporpamu 3i cniBpo6iTHUIITBA 3
NUTaHb KOHTPOJIIO 3a TOBapaMU BilICbKOBOTO
MpU3HAYEHHS Ta MOJABIMHOr0 BUKOpPUCTaHHA. [0
TOTO K, HAa JIBOCTOPOHHIN OCHOBi BiZj0yBa€eThCA
cniBpo6iTHUIITBO YKpaiHu 3 Yexieto, llIBeri€to,
AnoHiero [47].

MikHaponHi pexumu €KCIIOPTHOI'0
KOHTPOJI0 [ONOBHHKTHL OCHOBHI MiXXHapozHI
JIOKyMeHTH B cdepi xiMiyHOI 6e3neku Ta
CIPUAITH IX peaJizalii. Y4acTp y Mi>XKHap OLHUX
pexumax €KCIIOPTHOI'0 KOHTpPOJIIO €
B3a€EMOBUTIJHOK [ YKpalHU Ta MDXXHapOLHOI
CHIJIBHOTH, 3Ba)Kal0YM Ha y4yacTb YKpaiHU ¥
BUpOOJIeHHI  BilicbkoBOi 36poi 3a 4aciB
6inosisipHOi cUCTEMH Ta Cy4acHUH TPaH3UTHUHN
norteHyiasn. KpiM Toro, cniBpo6iTHULTBO 3
[POBIJHUMU KpalHaMu CBiTY Crpuse
dopMyBaHHIO MO3WTHUBHOrO iMiJ)Ky YkpaiHy,

O3HAWOMJIEHHIO  MI>)KHApOAHOI CHiJIbHOTH 3
YKpalHCbKUM TOBapamu Ta PO3BUTKY
30BHIITHbONOJIITUYHUX 7 30BHIIIHBO-
€KOHOMIiYHUX 3B AI3KiB.

[IpoTyuaia 3acTocyBaHHIO XiMiuHOI 36poi
BXOJAUTb TAKOXK [0 KOMIeTeHLil MiXXHapoJHUX
opraHizanid, ki 3aliMalOTbCd MUTAHHAMHU

o6esneku (OOH, HATO, OBCE, €C). Ykpaina
aKTUBHO JJOTPUMYEThCSA BiANIOBIJHUX PE3OJIOLil
OOH, piweHs OBCE, 3a MOXKJIUBOCTI [,0/1y4a€ThCA
no nporpam €C Ta HATO y cdepi ximiuHOoI
6e3MeKu.

Hanpukusag, cniieHo 3 KoopauHaTopom
npoekTiB OBCE B YkpaiHi 34iHCHIOETBCA DS
3axo/iiB y cdepi 3MinHeHHs XiMidyHOI Ge3MeKH.
Cepes, 3HAaYMMMX CHOIJIBHUX MPOEKTIB, fKi
peasizyroTbCd B YKpalHi, MOXHa BiJI3HAYUTH
«BpockoHaneHHs HallioHaJbHOI CUCTEMHU
HOPMaTHBHOTO peryJiloBaHHA y cdepi xiMmiuHOl
6esneku Ta 3axucty» (2018 p.), «IligBuiieHHs
CIPOMOXKHOCTI YKpalHU pearyBaTH Ha 3arposu
ximiyHoi 6e3neku» (2017 p.), «Haganusa Ypsany
YkpaiHu JonoMoru B peabisiTauii TepuTopiy,
3a6pyZHEHUX BUOYXOHeOe3MeYHUMH NpeJMeTa-
MU 4YaciB MUHYJIUX BiliH, B paioHi MmicT Kepuy,

CeBacrtomnosb i bina llepkBa» (2008 - 2011 pp.),

«[lixBumeHHss 06i3HaHOCTI mNpo pPUBUKH i
3arposy, TIIOB’sI3aHi 3 BUOYXOHeOe3NMeYHUMU
3aqvmkamMd  BiH  (B3B)» (2012  p.),

«IligBUILleHHA COpPOMOXKHOCTI Ypany Ykpainu
I110/10 BUKOHAHHS POOIT 3 MiIBOAHOI0 OYHILEeHHSA
Bifi BUOyXOHeGe3MeUHUX  3aJIMIIKIB  BilH
akBaTopin YopHoro Ta A30BCHKOro MOpPiB»
(2012 p.). HigTpumMky peasnizanii mpoekTtiB O6CE
3 ximiuHOi 6e3neku B Ykpaini HazawTb EC Ta
CHIA. Y rpyani 2017 p. B pamMkax MikHapoJHOTO
ceMiHapy 3 NUTaHb 3Mil[HEHHSA XiMiYHOI 6e3meKu
Ta 3axuvlieHocTi B YkpaiHi 6ysa Bu3HaHa
HayKOBO-TeXHIYHa MOXKJIUBICTb CTBOPEHHA Y
JepikaBi JlabopaTopil 3 igeHTUdiKanil XiMiuHMX
pedoBuH. lle no3Bo/IUTH YKpaiHi npeTeHAYBaTH
Ha BXO/DKEHHS [0 Mepexi JiabopaTopiit 03X3
[48].

Y 2017 p. OBCE B YkpalHu 3amaHyBaJu
peaJsizaliilo 4YOTUPbOX IMPOEKTIB 3arajibHOK
BapTicTiIo 2 MJH €Bpo. [IpoekTu cTocyoTbCca
B/JLOCKOHAJIEHHSI 3aKOHOJABCTBa, IOKpalleHHA

MaTepiasibHOl 6a3u igeHTudikanii xiMiyHHUX
pedoBUH, 3a6OpOHM TepeBe3eHHsS XiMiYHUX
pEYOBHH 4Yepe3 KOpPJAOH Ta IPOBEJIEHHSA

TpeHiHTiB 3 ximiuHOi Ge3neku. Jlo peasnizarii
NpOeKTIiB  MJaHyeTbcA  3aayuutu  03X3,
MixkHapogHUU LEeHTp 3 XiMIiYHOTO 3aXUCTy Ta
6esneku (ICCSS), Himeuuuny, [lonbuty, CUIA.

Ha Teputopil YkpaiHu yTBOpeHa HeypsJ0Ba
opraHiszania Coro3 xiMikiB Ykpainu, AifbHICTb
AKOl BKJIIOYAE HAYKOBO-TEXHIYHY CKJIaJ0BY,
po3pobKy mnpomno3unin gasa BepxoBHoi Pagu Ta
ypAaAy, Mi>KHapoAHY CliBIIpalto i 3ayilae okpeMi
acnekTH XiMiuHoi 6e3neku. [lapTHepamu Coro3sy
xiMikiB YkpaiHu €, 30kpeMa, MixkHapogHUI
eHTp 3 ximiyHoro 3axucry ta 6e3neku (ICCSS),
Mi>kHapojHa pazga ximiunux aconiauiit (ICCA),

€EBpomneiicbka pajla XiMiyHOI NPOMMCJOBOCTI,
MixkHapoJHUH  1eHTp  xiMiyHOI  Ge3meKu
(IMosbia).

OcHoBHa MeTa chiBnpani Ykpainu 3 ICCSS
MoJiAra€ B MiABMINeHH]I XiMiyHOi 6e3meKu U
Ge3neku npu po3pob1ii,  BUPOOHUIITBI,
BUKOPUCTAHHI, TOPriBJI Ta TPaHCIOPTYBaHHI
TOKCUYHHUX XIMIiYHMX PEYOBHH, €HEeProHOCiiB, a
TaKOK JJs 6e3nedHol yTWIi3alii TOKCUYHUX
BiaxoxiB [49]. [lapTHepamMu BucTynawTb LleHTp
nonepe/pkeHHss KoHuikTiB OBCE, YnpaBainHa
OOH 3 nuTaHb po336poeHHs Ta Col03 XiMiKiB
Ykpainu. Cepen cniJibHUX NPOEKTIB YKpaiHU Ta
[CCSS: migTpuMka pob6otu Iligrpynu xiMmiyHoi
Oesnexku [JioGasbHOrO  mapTHePCTBA  Mif
KEepiBHULTBOM YKpaiHCbKOrO 1 IOJBCBKOTO
ypAaAy; oOpradisalid Kypcy 3 NiJBUILEHHA
kBaJsidikanii gsg kpaiH-maptHepiB HATO, mo
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¢iHancyroTbcs HATO B pamkax mnporpamu
«Hayka 3apagu mupy Ta 6esneku» (2014 p.,
[Tonbia); po3pobka Ta peasnisarlis rpanty €C
«Mepexa yHiBepcuTeTiB Ta IHCTUTYTIB 3
MiBUIEHHS O06i3HAaHOCTI 100 MOABIMHOTO
BUKOPHUCTAHHA XiMIYHHUX MaTepiasiB», CIPUAHHA
xiMmiyHil 6Ge3mneri Ta 6e3mnerni kpaiH CxijHoro
[IapTHeEpPCTBA y MUPHOMY 3aCTOCYBaHHI XiMil,
BKJIIOYAK4YM TPAHCIOPTYBAaHHA XiMiKaTiB Ta
HOCIIB eHepril.

B pamkax B3aemoaili Ykpainu Ta [CCSS
MPOBOAUTHLCS P/l 3aX0/1iB IK CAMOCTiMHUX, TaK i
y cniBnpani 3 OBCE. Cepen ocraHHIX -
MixkHapogHU caMiT 3 TMUTaHb XIMIYHOIO
3axucty Ta 6e3neku CHEMSS-2016 (Iloabiua),
NMpPUCBYEHUNW  pe3yJbTaTaM CHiBOpaLi Ta
nepmuM mnigcyMkaMm KomiiekcHoi nporpamu
xiMiyHOi Ge3MeKr Ta OXOPOHH 3/0pPOB'S B
YkpaiHi. Y po60Ti caMiTy B3s/1M y4acTh JepKaBHi
IpeJCTaBHUKH, HAYKOBLi Ta IpeACTaBHUKH
rpoOMaZiCbKOCTI. 3aBISgKH MiATPpUMIL
Koopaunatopa npoekTtiB OBCE Big Ykpainu Ha
camiTti 6ysnu npucyTHi 6inbiie 30 oci6 3 pi3HUX
YCTaHOB, MOB’I3aHUX 3 XiMiYHOIO Ge3nekow. Y
paMKax caMiTy Bif6yBcs YkpaiHcbkui ¢popym 3
nuTaHb xiMmiyHoi 6e3neku (2016, [lonbwa). Ha
®opymi akTHBHO ob6rooptoBaJiaca [Iporpama
KOMILJIEKCHOI XiMiuHOi 6e3MeKd Ta 3axucTy
(ICSSP), ska pno3BoJIsiE He JIMIIE 3aJy4YUTH
LIMPOKI KoJila TIpPOMaZCbKOCTI [0 BUpIilIeHHA
npob6JieM xiMiyHOI Ge3nekH, ajse W iHO3eMHHUX
napTHepiB. [lepuii pe3ysbTaTH BNPOBaJKEeHHS
nporpamMu BUSIBWIM psAJ MOpobJseM B rajysi
xiMiyHOI 6e3neku (HeHasIeKHY yBary ypsiay /10
CUCTEeMHU XimMiyHOI 6e3neKy, BiZICYyTHICTb
KoHIenilii XiMiyHOro 3axucTy Ta 6e3MeKHy,
HeJl0CTaTHIN piBeHb KOOpPAUHALII MixK yps/0M Ta
eKcrepTaMy, HeoOXiZHICTb N10/,aJ1bIIOT0
BIOCKOHaJIEHHS HOPMAaTHBHO-NIPAaBOBOI 6a3u)
[50]. MixHapomHUH caMiT Ta YKpalHCbKUU
dopymM OyJM TaKOX CHpsIMOBaHi Ha PO3BUTOK
cniBnpani Ykpainu Ta [loabiwi B raaysi XiMigyHol
6e3neKu.

CniBnpang 3 €Bponeiicbkor Pagoro XimiyHoi
[Tpomucnorocti (CEFIC) mo3Bossie 3aificHIOBaTH
06MiH inpopmariero 110/10 KOHTPOJIIO,
kJiacudikariii Ta MapKyBaHHS XiMiYHHUX pEYOBHH.

Y codepi ximiuHOI 6Ge3neku YkpaiHa po3BUBaE
BifHocuHu 3 €C. [lpegMeTHuUM mnoneM L€l
CriBmpani € HoBa CcUCTeMa peryJBaHHA
BUPOOHHUIITBA Ta BUKOPHUCTAHHA  XiMiyHOI
npoaykuii REACH, ska gie B €C 3 2007 p. BoHa
BKJIIOYA€E PEECTpaALLilo, OLIHKY Ta aBTOpHU3aLilo
xiMiuHUX pedoBuH. ['onoBHa Meta REACH
nossira€e y 3abe3neyeHHi 3aXWUCTy JIIOJUHU Ta
HaBKOJIMIIHBOTO cepefoBulla. Ii epeKTHBHICTb

IDYHTYETBCA Ha aJbTepPHAaTUBHUX MeTOZAAX
OLiHKM He0e3MeYyHOCTI pEeyYoBUH, a TaKOX
BiJIbLHOMy  006iry  XxiMiYHMX pEYOBHH Ha
BHYTpPIIHbOMY pUHKY €C 3 MeTO0 NiJBUILEHHA
KOHKYPEHTOCIPOMOKHOCTI XiMiqHOI
NpOMHUCAOBOCTI KpaiH €C Ta COpUsAHHA
BIIPOBA/I?)KEHHIO iHHOBAI[iMHUX TEXHOJIOTiH [9, c.
7].3axon REACH cnpsimoBaHUI Ha peryJ/ioBaHHS
BUPOOHHULTBA Ta BUKOPUCTAHHA XiMiYHUX
pe4yoBrMH Ha TepuTopil €C. BignosifaJibHUM 3a
peasiszanilo 3aKOHy BHUCTyIa€e EBpoOIeNCbKe
xiMiyHe areHTCTBO. 3BaKal0UM Ha 3HAYHUU
ekcnopT ykpaiHcekol npoaykuii go €C, REACH
ClIpyde aKTuBi3aUil cniBopani YkpaiHu 3
€sponelicbkuM Corw30oM B XiMiyHIH rajysi.
JlocTynm Ha €BpONEUCBKUM PUHOK MNPOAYKIii
YCKJIaAHIOETHCA yepes HeoOXiAHiCTb  1i
ceprudikanii, mo cOpuse BOPOBAaKEHHIO B
yKpaiHCbKe BHUPOOGHHUITBO Py €BpONENCHKHUX
MpaBUJI, OB I3aHUX 3 XiMiYHOW 6e3IMeKOol0.

Y 2002 p. Ha camiti ['pynu BocbkMu 6yJi0
3al04YaTKOBAHO iHiniaTUBY «[1o6anbHe
IapTHEPCTBO MPOTH PO3MOBCIOX)KEeHHSA 306poi Ta
MaTepiaJiB MacoBOro ypakeHHA». B pamkax
[y06anbHOrO  mapTHepcTBa  3J1MCHIOETBCA
CHiBpOGITHULTBO 3 YKpaiHOW, B TOMYy 4YMCIi
yKpaiHCchKi feneraliii 6epyThb y4acThb Y 3acifjlaHHi
Po6ouynx rpyn. OfHUM 3 HaC/IiJIKiB chiBmpari
ctaso ykaageHHsay 2015 p.yrogu mix YkpaiHoro
Ta ®PH npo cniBpoGiTHUIITBO y cdepi
6iosioriuHoi Ta xiMiyHoOI 6e3neku i
si/lepHOro/pa/lio/IoTiYHOro0 3axUCTy. Y paMkax
yroau ®PH Hajae kot Ha 3aKyNiBJII0 TEXHIKU
3 Ge3MeKy Ta iHIIMX NMpPeJMETIB yCTaTKYBaHHS],

HaJaHHS MOCJIYT 3 OyAiBHHUIITBA i
TPaHCIOPTYBaHHS, KOHCYJIbTyBaHHS,
IH)KeHepHO-TeXHIYHUX  MNOCAYr, a  TaKOX
TpeHiHriB # migroroBku [51]. I[lposonranis

yroAu i3 JessKkuMd 3MiHaMU Bifiby/acs y rpyaHi

2017 p.

Baxk/IMBUM JJ1s1 3MillHeHHSI XiMidyHOI Ge3neKu
Ykpainu Ta Mo/ aJbIIOro PO3BUTKY
€BpOiHTerpauiiHoOl MOJITUKM € y4acTb Y

MexaHi3Mi IUBIIBHOTO 3aXUCTy EBPOINENUCHKOr0
Cowa3y, crtBopeHoro y 2001 p. MexaHi3am
nepesbayae  MiJATOTOBKY TIpyn  IMIBUJKOTO
pearyBaHH¢], eKCIIepTiB, NpOBeJleHHA
iHpopMaLiiHUMX  3aXOofiB Ta  ONepaTUBHY
JOMOMOTrYy y pasi HaJ3BUYaMHUX CUTyalil.
YkpaiHa posnodaJsia cniBopanp 3 MexaHizaMoM
yepe3 lleHTp MoHiTOpUHTry Ta iHpopmarnii €EC 3
2008 p. i BXe HeEOLHOPA30BO OTpUMYyBaJia
JOIOMOrY, OJHAaK IIOBHOLIHHUM Y4YaCHUKOM
MIOKH 1[0 He cTaJja.

YTuiisanis HenpugaTHUX [AJs NOAAJIBLIOTO
BUKOPUCTAHHs i 36epiraHHs pakeTi 60enpumnacis
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Ta KOMIIOHEHTIB paKeTHOro MajiiBa € OAHIE0 i3 Scheme 5. The standard hydrolysis process of sarin gas
BAXXJIMBUX  CKJIQJOBHUX 3HHWXKEHHA peaJIbHOT

3arpo3v BUHUKHEHHS TEXHOTE€HHO-eKOJIOTiYHHX Y cna6konyxkHoMy posumdi (pH 9) wac
KaTacTpod. 3a pesyibTaTaMH BUKOHAHHA  gyepmyeThest 40 25 xB. (CxeMa 6). Jlst

Jlep>asHoi nporpamu yruisauii nporarom 2008 jerokcukanii 3apuHy 3acTocoByOTb 5% pO3YHH
- 2017 pp. B YkpaiHiyTuaisoaHo 234.843 tuc. T Jyry 260 25% po34KH aMiaKy.

3BUYalHUX BU/JIB 6oemnpunaciB, HempHUAATHUX

JIJ1S1 TIOJ@/IbLIOr0 BUKOPHUCTAHHSA Ta 30epiraHHs. o 0

Ha cknagax  36poiHux  Cun YkpaiHu I NaOH L! )\

30epiraeTbcs  6Ginbme 300 T HaJJIHUIIKOBUX P o NaG~ \\O

KOMIIOHEHTIB piJJKOro pakeTHoro majauBa, ki F \ "o - NaF CH

NoTpeOyITh yTUI3allii [52]. CH, -H,0 ’
OCHOBHMMM  3aCTOCOBYBaHHMHM MeTOZLAMHU sarin

3HUIEHHS XiMiyHOI 36poi € crHajroBaHHA i 3apuH

HelTpasizanisa [17; 21]. Binpwicte 60HOBUX

OTPYWHHUX PEYOBUH € HECTIMKUMHU [0 JIY>KHOTO Cxema 6. [lponec craHZapTHOrO riApoJiisy rasy

3apHUHY Y CJIaGKOJIY>KHOMY PO34YHHi
Scheme 6. The standard hydrolysis process of sarin
gas in the weakly alkaline solution

rigposizy. Tiaposaiz ¢pochopopraHiyHUX CIONYK
Bifi6yBaeThcsA3a P-F 38’s13koMm (Cxema 4).

I H,0 ||:l [IpUT TakoXK WBUAKO TiAPONI3YE y JIYKHOMY
/F’\ _— - \\ .
\ > R2 R2 cepegoBuii (Cxema 7).
Cxema 4. IIponecriaponizy ¢pocpopopraniyHux / NaOH /
CNoNyK S - S
Scheme 4. The process of hydrolysis of \_\ - NaCl \_\
organophosphorus compounds
Cl OH
3apuH Trigposisye 3 mnepiogoM HamiB- sulfur mustard
IepeTBOPeHHAA 5 TroJ., NepeTBOPIIYNCH Ha inpur
MeHII TOKCHYHI TpoaykTH (Cxema 5). Cxema 7. [Iponecrigposisy rasy inpury y JyHoMy
0 O cepeJ 0B
|| H,0 Ll Scheme 7. The hydrolysis process of sulfur mustard
P _ PN as in alkaline condition
“\>o HE HO” \~o g
CH, CH, OfHak mOpouec YCKJAJHIOETbCI  MaJiol
sarin pO34YMHHICTIO inpUTy y Bogi. HaToMicThb peakiito
3apuH 3 JIyTOM MPOBOJATH y CEpeLOBULL CIUPTY.

Cxema 5. [Iponec cTaHAapTHOTO rigpoJiisy rasy sapuHy

o 0
I )\ HO-CH,-CH,-NH, |P| )\
AR = HNcHCH,0  \To

o "F CH,
sarim
3apHuH
|| KOC,H- i
\( N /\\O/\ - = KO/P\\O/\
CH,

VX

Cxema 8. [Iponecyruiisanii rasy sapuny ta VX
Scheme 8. The utilization process of sarin gas and VX
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[HIITUM CIoco6oM yTHJIi3a1i1
docdopopraHiyHuUX crnojyk € ix B3aEMO/is 3
eTa”HoJlaMiHOM  (AJi1  3apuHy) Ta  KaJjii
izobytriaarom (ass VX) (Cxema 8) [10].

Po3noscromxeHUMHU TOKCUYHHUMHU
BMOYXOBHMHM pPEeYOBHHAMM € HiTpoapoMaTH4HI
cnosiyku i HiTpaMiHM  (TPUHITPOTOJIYEH,
JUHITPOAHi30/, TeKCOreH, OKTareH Ta iH.).
Ha#6inbm edpeKTUBHUMU MeTo/laMu

CH, CH,
ON NO -
2 2 oy~ ON OH O,N
+
-NO,
NO, NO,

2,4,6-trinitrotoluene
2,4,6-TpuHiTpOTOIYEH

CH,
NO, oy~ O OH  Ho OH
e
- +
-NO,
OH

JeTOKCHKallil HITPOCHOJIYK € JIY>KHHUH Tifpoii3,
¢doToui3, okMCHO-BiIHOBHI mponecu [12-16; 18 -
20; 22; 23]. Y mnpoueci rigpoJizy HiTporpyna
3aMil[yETbCA HA TigpokcuiabHy rpyny [13; 15;

16]. B  nmnopganbmomy — 6GeH3osbHe — abo
reTepPOLUMUKJIIYHE  KiJiblle  pO3PUBAETHCA 3
YTBOPEHHAM CyMilll CIOJYK, fAKIi MiCTATb

KapO6oHiJNbHY, KapbokcuabHy rpynu (Cxema 9).

CH

OH NO

ON H 0
2 \H/\NH \’%
OZN\N/\N/NO2 OZN\ /\NH —0
- - H
H N, O
\\ J ° \\ \vH H = 2
N -NO, N\
| | © H,C=N NH, H._ O
NO, NO,
NO,
RDX -

TEeKCOreH

Cxema 9. IIpouec geTokcukanjii HITpoCmoyK
Scheme 9. The process of detoxification nitro compounds

BifHOBJIEHH HITPOCIOJYK NpPU3BOLUTH [0
YTBOPEHHS1 MeHII TOKCU4YHUX aMiHiB. [Iporec
KaTaJli3y€eThbCs CIIOJIYKaMU lepeXiJHUX MeTaJliB i

3aBEPIIYETHCA 3a 3 roa anas FeKCOreHy (CxeMa

10) [12; 18].

CH, CH,
OZN\©/NOZ 18H*, 186" H2N\©/NH2
—_—

NO, NH,

2,4,6-trinitrotoluene
2,4,6-TpUHITPOTOTY€EH

OzN\N/\N/Noz
k ) [H]
—_—
N
|

NO,

RDX
reKcoreH

2,4,6-triaminotoluene
2,4,6-TpuaMiHOTOIy€EH

H o
/ —_ +
+* NO; + NH,

H

Cxema 10. IIponec geToKcuKanii TPUHITPOTO/IY€EHY i FeKCOTeHy
Scheme 10. The process of detoxification of hexogen

OKHCHEHHSI  HITPOCIOJIYK  Bifi6yBaeTbcs
LUIAIXOM B3a€EMOJAil 31 cnoJsiykaMmu, fIKi Jierko

reHepywThb Tigpokcua-paaukan (Cxema 11).
[loBHe mepeTBopeHHs THT BigGyBaeThca 3a 24
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roA. Jlanui npouecnp

CH,
(0] (@)
O,N NO, Fe?* + H,0, O,N NO, Fe2* + H,0,
- -
- CO, -NO, HO oH

NO, NO,
2,4,6-trinitrotoluene 1,3,5-trinitrobenzene oxalic acid
2,4,6-TpUHITPOTOIYEH 1,3,5-Tpunirpodensen HIaBeJieBa KHCJI0Ta

O,N NO,
~N P N

9

2

RDX
TeKCOreH

Bce 6isbmioi yBaru mpuUBEpTAOTh /10 cebe

MeToAu Giomerpajza

HCKOPIEThCA IUIAXoM YO -  ompomiHeHHS i 3aBepuiyeTbes 3a 1 rog [9; 23].

H OH

Cxema 11. [Ipomec OKMC/I€eHHA HITPOCHOJIYK
Scheme 11. The process of oxidation of nitro compounds

. H o H o
OH = .
5 + + NO, + N, + CO,

HiTpocnosiyk [14; 22]. [lepeTBOpeHHA HITpOrpy I

Uii TOKCMYHMX pPEYOBUMH. Ha aMiHOIPyNH BiAOYBa€eTbCA 3a [ ONOMOIOH)
BusiBjieHo  MikpoopraHiamu, SKi ~ MIiCTATb HITpOpeAyKTas, fAKi MNPUCYTHI y 6aKTepisx,
depMeHTH, L0 34aTHI KaTajisyBaTH rifgposiis  pociavHax, rpubax i TBapuHax (Cxema 12).

dochopopraHiyHuX  CIOJYK, BiZJHOBJIEHHSI
CH, CH,
O,N NO, O,N NH,
[H]
_—
NO, NH,
2,4,6-trinitrotoluene 2,4-diamino-6-nitrotoluene
2,4,6-TpuniTpotoyen 2,4-niamino-6-niTporonyen
Cxema 12.[IepeTBOpeHHs HITPOrpynu Ha aMiHOTpyNnH
Scheme 12. Conversion of the nitro group into the amino group
3a aHaepobOHUX YMOB MOYaTKOBAa BiZI0YyBa€ETbCA  JABOMA  ULISAXaMHU: HITpO-
6ioTpaHcopManiss  IUKJIIYHUX  HITpaMmiHiB  BiZJHOBJIEHHSM i pO3KPUTTAM LUKy (Cxema 13).
OZN\N/\N/NO2 N o
ON NO H 0 2N 2
enzyme 7
P i e T
| " ’ !
NO, N,
RDX
T€KCOIr'eH
ON__  _~_ NO, ON_ /NO
N N

9

2

RDX

T€KCOreH

H

enzyme N N CH, H ©
— — | + + N,O + CO,
N OH

NO

Cxema 13. IIpouec Giorpancpopmanii BUKJIIYHUX HITpaMiHiB
Scheme 13. The process of biotransformation of circular nitramines
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3aaepoOHUX YMOB BiZ1I0YBaEThCs AeHITpYBaHHA (CxeMa 14).

OZN\N/\N/NO2 N/\N/NO2
K ) enzyme \\ )
—_—
|\|j -NO, N
NO,
RDX

IF'eKCOreH

“ H,N o
O.N /\)L + \f
S
TN W

Cxema 14. IIponec AeHITpYyBaHHS 32 aepOGHUX YMOB
Scheme 14. The process of denitrification under aerobic conditions

BioTpaHcdopmaliis 3a3BUYail TpUBAE JIOBIIIE,
HiXK xiMiuHa JeToKcuKauis (TWXKHI, i HaBiTb
Micsli, 3ajieXKHO Biji GY/J0BHM pPEYOBUHH), ajie
BUBeJleHI MyTaHTHI BUAU 34aTHI poO3KJaaLaTu
xiMiYHi TOKCUYHI pe4oBUHM 3a XBUJIUHHU [20].

Ha coorogHimHii aeHb B YkKpaiHi roctpo
CTOITh NHATaHHA npo 3HELUKO/KEeHHA
BUCOKOTOKCHUYHHUX XJIOPOPTaHiYHMX NeCTULHUAIB,
sKi 3abOpOHeHi [0 BHUKOPUCTAHHS, a TaKOX
opraHodocopHUX MEeCTULU/IB, SIKi BTpaTHIU
NPULATHICTD zlo BUKOPHUCTAaHHA.
3arajJibHOBM3HaHUM CIOCOGOM 3HEIIKOJKEHHS €
CmaJ/IloBaHHS, fIKe BiJOYBa€ETbCA y Meyax,
037,06/1eHUX CUCTeMaMH BU/IAJIEHHA
HebGe3NeYyHUX pe4yoBUH Ta 06JaJHAaHHAM [
OUYHMILleHH AMMOBUX rasiB. OZHUM 3 BaroMux
HeJoJiKiB MeToAy CIaJIIOBAHHA € YTBOPEHHH
TOKCHUYHHX J[iOKCHUHIB.

Binbm epcrneKTUBHUM METO[,0M €
Oe3KUCHeBe  3HMIIEHHS NeCTULUAIB,  fKe
BiIGYBAETHCA LUIISIXOM Bi/lHOBJIEHHS 32 BUCOKHUX
TeMrepaTyp y Ta3oBiii ¢a3i B mnpucyTHOCTI
npupojAHoro rasy abo BozasiHoi napu [11]. [lpu
bOMYy IHpOLECi AOCATAETHCA NOBHHUM PO3KJAZ
OpTraHiyHOl CKJIaZL0BOI NeCTULHULHOTO
npenapaty. OCHOBHUMM NPOAYKTAMH € METaH,
BOJE€HB, OKCUJH Kap6oHy (11, V).
CynbdypoBMicHI NpPOAYKTH  3HEILKO/KEeHHS
npe/cTaBjeHi TAKMMU CIIOJYKaMHy, SIK Cyabdyp,
rigzporeHocynibdyp, KkKapboH aucyabdig. I3
HITPOTEHOBMICHUX  CIIOJIYyK B  INPOAYKTax
3HELIKO/KeHHS1 HadBHI TiZjporeH LjiaHij, aMiak
Ta HiTporeH. I3 cnoayk ¢ochopy HasiBHI
BiTHOBJIEHUI docdopom Ta docoin.
PosimnpeHHa Mi>kHapozHOI criBnpani Ykpainu B
xiMiyHil rasy3i, 6e3yMOBHO, CIOpPUSE OOMiHY
JO0CBigoM yTUJIi3anil Ta HeUTpaJsizanii
Hebe3MeYHUX XiMiYHUX CIIOJIYK.

BucHoBKH

Tak¥M YHWHOM, CbOrOJHI YKpaiHa pO3BUBAE
chiBmparIo 3 MiXKHapOJAHUMH aKTOpaMu y cdepi
xiMiuHOI 6e3MeKH B KiJIbKOX HallpsiMax: BOHA €
Y4YaCHUKOM OCHOBHUX MDKHAapOAHUX JOKYMEHTIB

Ta YCiX ICHYWYUX MIiKHApOLHUX pEXUMIB
eKCIIOPTHOTO  KOHTpOJIlo, 6epe y4YacTb y
OisIIbHOCTI BiIMOBiJHUX MI>KHapOJHUX

opraHizaniii, nporpaMax, po3BUBa€ JBOCTOPOHHI
KOHTakKTU. Kpim Toro, YkpaiHa € yyacHuILel0 yCix
MPOBiJHUX Mi>KHapOJHUX JOTOBOpPIB  Ta
KOHBeHIIiM y cdepi 3a60poHH BUPOOHHIITBA Ta
3aCcTOCYBaHHSA XiMiuHOI 36poi. Jlani MixkHapoaHi
JOTOBOPU KOPEJIIOKTb 3 iHIIUMHU Mi>KHapOJHUMU
JloroBopaMu Ta iHiliaTuBamu y cdepi KOHTPOJIIO
HaJ, 030pOEHHSM. YKpaiHa BXOAUTb A0 CKJIaAy
Opramni3sarii i3 3a6o0poHu XiMiuHOI 36 poi.
MixkHaposiHa chiBnpansa Ykpaini y cdepi
xiMiyHOI ~ 6e3neKM  HaJlAa€e CTUMyJay [
nozasbiioro pepopmyBaHHs B YKpaiHi xiMidyHOI

raaysi. Cepen nmpiopuTeTHUX 3MIH MOXHa
Bi[3BHAYWTHU TaKi: IoJaJiblla iMIJeMeHTalis
Mi>XKHapOJHUX HOPMAaTUBHUX  JOKYMEHTIB,

BTiJieHHA moJioxkeHb KoHuennii migBuieHoro
piBHA XiMiyHOI 6e3mnekH, sika OyJia CXBaJeHa
yKpaiHCcbKUM ypagoM y 2008 p., npuesHaHHA 1,0
MexaHi3My IIUBiJILHOTO 3aXUCTy EBPOINENUCHKOr0
Coro3y, onTumiszanisa croiBnopani Ta KoopAHUHaLil
3yCW/Ib Jilep>KaBHUX Ta HeJlep>KaBHUX Cy0’€KTIB
ximiyHoi  rasysi, pedopMyBaHHA  MHUTHOI
NOMITUKHA WI0JI0 eKCHopTy/iMHopTy XiMiyHHUX
pEYOBHMH Ta TOKCHHIB, peryJjiipHe OHOBJIEHHA
CIIMCKIB PEYOBUH BiMCbKOBOTO Ta MOJABIHHOrO
NpU3HAYEHHS, L0 MOXYTb CTaTU CUPOBHUHOIO
JJIs1 BUTOTOBJIEHHSI XiMiuHOI 36poi, MOCTiHHMUX
MOHITOPHUHI NiANPUEMCTB XiMidHOI raaysi i THX,
AKI ~ BUKOPHUCTOBYIOTb  XiMiYHI  pe4YOBUHY,
OHOBJIEHHSA MaTepiaJIbHO-TeXHIYHOI 6asu
06’eKTiB (mignpueEMCTBA, 06’€KTH 30epiraHH:),
dKi MoB'A3aHi 3 HeOe3NeYHMMU peyOBUHAMH,
BCTAHOBJIEHHS CHUCTEM PpaHHbOTO BUSBJIEHHS
3arpo3 Ta OIOBillleHHs], NOCTiHHI MepeBipKHU

3JaTHOCTI CHCTeMHM HallioHa/sibHOI 6e3IeKHu
pearyBaTH Ha XiMiyHi 3arpo3d, mOCTiliHe
OHOBJIEHHA IlepeJiiky XIMIYHUX 3arpos Ta

Hebe3IeK, BAOCKOHAaJIeHHA CUCTEMH JIiKBigaiii

HaCJiAKIB 3acTOCyBaHHf XIMIYHHUX pEYOBHUH,
NpUAiJeHHA MaKCUMaJIbHOI yBaru
3aCTOCyBaHHIO, 36epiraHHi Ta  yTuWJizanii
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JI06pUB, Hebe3NeyHUux [Jisl JIIOJWUHH, Nepers
cucteMu GiHAHCyBaHHS XiMiYyHOI Trajysi, B TOMy
yucai COpUSIHHS 3aJlydeHHI IHBeCTHULiH, 3
nosullii copsMyBaHHSI pecypciB y 06e3MeKOBy
CKJIa[IOBY, TpaKTU4YHA peaJisanisga B3ATHX
MiDDKHApOJHUX Ta HaI[ioHaJbHUX 3000B’sI3aHb
cy6’ekTaMu xiMiyHOi raJjiysi, O6iJibII aKTHUBHA
niATpUMKa 3 6GOKYy JepaBU XiMi4HOI HayKH,
MiArOTOBKA CIlelianicTiB-XiMiKiB, monyJisspu3anis
cepeJ LMBIJIBHOTO HaceJeHHd NMpaBUJ XiMI4YHOI

Ge3NeKu. [loTpe6y0Th MO/IAJIBIIOTO
Jl0OMpallloBaHHA MeXaHi3MM KOHTPOJIIO HaJ,
OTPYWUHHUMH pevyoBHMHaAMH (001053020 (0) 0]

BUKOPHUCTaHHS, fKi MOXYTb CTaTH OCHOBOIO JJIl
BUPOO6JIeHHS XiMiuyHOI 36 poi a60 HaHECTH LKOAY
KUBUM OopraHismam. XiMiyHa Gesmneka
HEepO3pMBHO IOB'fI3aHa 3 IHIUMMHU BUAAMHU
O6e3nek” Jiep:KaBH, TOMYy BaXK/IMBUMHM €
BUPOOJIEHHSA IDYHTOBHOIO  KOMILJIEKCHOT'O
MiJIX0AY 10 CUCTEMH HalliOHabHOI 6 e3MeKU.

B yMoBax B3a€EMO3B'SI3Ky MiXKHapoJHOI Ta
HallioHaJIbHOI ccTeMM 6e3MeKu 0O6MiH J0CBioM
Ta MDKHapoJHa MNiATpUMKA Y IpOBeJeHHI

HeOoOXilHMX 3MiH OOyMOBJIIOE  MOAaJiblle
pO3LIUpEeHHSA criBnpauni Ykpainu 3
MDDKHApOJAHHMMHM  aKTOpaMHM Ta y4acTb Y

perioHaJbHUX Ta MDKHApOLHUX IPOEKTax y
cdepiximiuHol He3neKu.
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Abstract

This article deals with the impact of the chemical elements of the multifunctional modifier on the stabilization of
chemical composition of the wheel steels KP-2 and KP-T. Increasing of the level of mechanical characteristics of
such steels have been considered. Also, the causes of instability of the chemical composition of the wheel steel for
locomotives of the class «C» have been studied. It has been established, that the injection of the multifunctional
modifiers into the steel melt caused the increasing of the stability of chemical composition and the level of
mechanical characteristics of steel. The systematic thermodynamic investigations of the probable influence of the
components of specific modifiers on the melt have been carried out. The basic thermodynamic parameters of
compounds, formed in the melt of steels after the injection of special modifiers have been determined. It has been
established, that modification contributes to the improvement of the morphology of nonmetallic inclusions in the

investigated steels, which-causes the increasing of the mechanical characteristics of the ones.

Key words: chemical composition; stabilization; wheeled steels; non-metallic inclusions; thermodynamic and mechanical
characteristics.

BII/INB BATATO®YHKIIOHA/IbHOrO MOAU®IKYBAHHA HA CTABUIIBALIIIO
XIMIYHOI'O CKJIAZAY KOJIICHUX CTAJIEHN

Cepriit O. [lonimko
JHinposcvkuil HayioHaabHull yHigepcumem imeHi Osaecsi l'onuapa, npocn. l'azapina, 72, [Jninpo, 4901 0. Ykpaina

AHoTarist

Y paniil craTTi po3risAAacTbca BIJIMB GaraTopyHKLioHa/bHOro MogudikaTopa Ha cra6irisanilo xiMiyHoro ckaagy
KosticHux crajeit KII-2 i KII-T. Po3riissHyTo nigBUILeHHA piBHA MeXaHIYHMX XapaKTepUCTUK TaKHX cTajel. Takox
6y/I1 BUBYEHi NPUYMHU HECTAG/ILHOCTI XiMiYHOro CKJIaAy KOJIICHOI cTasi A/ KoJieca AJisl JIOKOMOTHUBIB KJjiacy «C».
YcTaHOB/IeHO, 10 BBeJeHHA 6GaraTopyHKIioHa/JIbHMX MoaM@ikaTopiB B cTajeBUil po3njaaB NPU3BOJ UTh [0
NiABUIEHHSA CTAa6GUIBHOCTI XiMiyHOro ckJjaay i piBHA MexaHiYHUX XapakTepucTHK. IIpoBeaeHi cucreMaTH4Hi
TepMOAMHAMIUHI AOCIiIKEHHSI MOXKJIMBOro BIJIMBY KOMINOHEHTIB cnenudiuHux moaudikaTtopiB Ha posmias.
BusHayeHi OCHOBHI TepMOAMHAMIi4YHi MapaMeTpH CHOJy4YeHHX, {0 YTBOPWIOTh PO3MJIaBH CTajied Mic/isA BBeJeHHA
cnenjanbHux MoaM@ikaTopiB. BcraHoBieHo, mo Mogudikania 3gaTHa noainmuTH MopddoJsiorii HeMeTanaidyHUX
$yHKLiH B J0CTiA)KYyBaHUX CTA/AX, 0 TAKO0XK NPU3BOAUTD [0 MiABUIEHHA iX MeXaHIYHUX XapaKTepUCTHUK.

Kawuvosi csao0ea: XiMiyHWE cKJag; cTab6inisanis; kKoJicHi cTami; HeMeTasleBi BKJIIOUYEHHS; TEpMOJMHAMIUHI Ta MexaHiuHi
XapaKTepUCTUKU.

* Corresponding author: e-mail: polishkopsa@gmail.com
© 2018 Oles Honchar Dnipro National University
doi: 10.15421/081903


http://chemistry.dnu.dp.ua/

32

Journal of Chemistry and Technologies, 2019, 27(1), 31-39

BJINAHUE MHOIrO®YHKIIMOHAJ/IBHOrO MOAHPUIIMPOBAHHUSA HA
CTABMJIM3ALHUIO XUMHNYECKOI'O COCTABA KOJIECHBIX CTAJIEHN

Cepreii A. [lonuiuko
JHunpoeckuil HayuoHabHblll yHUsepcumem umeHu Oaecs 'onuapa, npocn. ['azapuna, 72, [JHunpo, 49010. Ykpauna

AHHoOTAa U

B pAaHHOHM cTaThbe paccMaTpHBaeTcs BJHMAHHE MHOTOQYHKIMOHAJIBbHOrO MoaHMpHUKaTOpa Ha CTaGHUIN3ALUIO
XMMHUYECKOro cocraBa KosecHbIx crajeii KII-2 u KII-T. PaccMOoTpeHO NOBbIIIeHHE YPOBHS MeXaHHU4YeCKHX
XapaKTepHUCTHK TaKHX crajel. Tak:ke GblIM M3y4eHbl NPUYHHBI HECTAGM/IBHOCTA XUMHU4Y€CKOro CoOCTaBa KoJIeCHOH
CTa/IM JJs KoJiec JJs JIOKOMOTHBOB KJjacca «C». YcTaHOB/JIE€HO, 4YTO BBeJAeHHEe MHOropyHKIHMOHAIbHBIX
MoAMPUKaATOPOB B CTA/IbHOM pacnjaB NPHBOJMWJIA K MOBBILIEHHI0 CTAOM/IBHOCTH XMMHUYECKOro COCTaBa U ypOBHA
MexXaHHYeCKHMX XapaKTepHCTHK craad. [IpoBejeHBl cHcTeMaTHYeCKHe TepMOJHHAM MYeCKHe HCCIe/0BaHus
BEPOATHOIO BJAMAHHUA KOMIIOHEHTOB cnenuduyecKkux MoiudUKATOpPOB Ha pacmiaB. OnpejesieHbl OCHOBHbIE
TepMOJAMHAMHYeCKHe MapaMeTphl coeJHHEeHNH, 06pa3ylomuxca B pacijiaBe cTajael nocjie BBeJeHUs CenuaJlbHbIX
MoaMduKaTopoB. YcraHoBJI€HoO, 4yT0  MoAMduUIUpOBaHU e CIOCOGCTBYeT  yjay4YlleHHI0  Mop¢oJioruu
HeMeTa/l/INYeCKUX BKJIIYEeHHH B HCCIeJyeMbIX CTaldAX, YTO TaK:Ke MPUBOAMT K NMOBBIIIEHUI0 UX MeXaHUYeCKHX
XapaKTepHUCTHK.

Kawuesbie cso0e6ea: XUMHY eCKUN COCTaB, CTa6I/IJ'II/ISaLU/Iﬂ, KOJIeCHbIE CTaJiy, HeMeTa/JInYeCKue BKJIOY€HUA,

TepMOJHHAMHWYECKHE W MEXaHHYE€CKHEe XapaKTepUCTHKHU.

Introdution

Wheel steel in the modern conditions of
production is a multicomponent system. But to
date, many problems of transporting the metal
have not been solved. Studies of the
measurementofthe crystallographictexture of a
set of rail wheel steel samples with different
regimes of thermo-mechanical treatment and
with and without modification by system Al-Mg-
Si- Fe-C-Ca-Ti-Ce for improving the quality of
finished products have been carried out[1].Also,
such tasks as significant interlacing and in-situ
spread (within the same fusion without any
violation of normative documentation) of the
chemical composition remain unresolved. This
leads to a decreasing of the dispersion of the
structure, the coarsening of the morphology of
nonmetallic inclusions, the destabilization of
mechanical characteristics and the not
predictable decreasing of performance of the
wheel steels. Despite the use of technologies for
evacuation of alloys in the liquid state, the using
of continuous casting, the processing of melts by
aluminum rod of various ligatures such as FeSi,
FeMn, SiMn, FeV, FeMo, SiCa, Al, CaO, CaF; and
others, the problem of stabilizing ofthe chemical
composition and improving the quality of the
finished wheels remains relevant [2-4].

Results and its discussion

Improving the characteristics and the
structure is possible by using deoxidation,
modification, microalloying and refining of the
steel melt in the liquid state and heat treatment
in the solid state. However, the most progressive

way to improve the quality of carbon steels is to
treattheminaliquid state [5-10].

In recent years the multifunctional
modification has been actively used in the
industry. As a result of this process, the level of
mechanical characteristics of various materialsis
has been increased. To solve the problem of the
instability of the chemical composition of various
alloys it was proposed to modify the melts of
low-alloyed alloys with nanodispersed
compositions obtained by plasma-chemical
synthesis. In the same time a significant (in 2 ...
3.5 times) grain refinement and stabilization of
the alloy structure as a result of nanopowder
modification of titanium carbonitride has been
achieved [8-16].

In connection with the above, pilot-industrial
smelting with the wuse of multifunctional
modifiers was carried out in "INTERPIPE NTZ"
[17]. Wheel steels of grades KP-T,KP-2 and class
«C» were smelted in the 100 ton unit of a ladle
furnace. After this, the array of data from the
chemical = composition and  mechanical
characteristics of these brands of wheel steels of
the open-hearth and electric steelmaking modes
was collected and systematized todetermine the
degree of instability of each of the characteristics
of the transported metal. To do this, the
coefficients of variation in the chemical
composition of the steels were determined
(Table 1). Asis known, the lower is the coefficient
of variation, the more stable is the system.

The results in the table 1 show the average
concentrations of components and the
coefficients of variation of their values. The
coefficients have small values for the content of
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the main alloying elements of both the serial and
modified steels. At the same time, in the serial
metal these coefficients for harmful impurities (S
and P) are significantand range from 0.01 t0 0.30
for sulfur and 0.01 to 0.34 for phosphorus.In the
modified metal, such coefficients are lower: from
0.01 to 0.15 for sulfur and from 0.01 to 0.30 for
phosphorus. These impurities occur in different
amountsin almost all the materials of the charge,
which was used in the process of steel smelting
and its secondary processing. The impurities are

caused by the dispersion of their concentrations
in the smelted steel [18].

Coefficients of wvariation of the residual
concentrations of the elements in the modifier (Al
and Ti) range from 0.08 to 0.10 for titanium and
from 0.02 to0.23 for aluminum. At the same time,
the variation coefficients in the modified metal
are not that different, but are still lower: from
0.07 to 0.08 for titanium and from 0.05 to 0.09 for
aluminum.

Table 1
Indicators of stability of the chemical composition of wheeled serial and modified steels
Steel Parameter Components
C Mn Si S P Cr Ni Cu Ti V Al
KII-2 Average Serial
0.60 0.74 0.34 0.01 0.01 0.07 0.05 0.06 0.01 0 0.03
Modified
0.63 0.73 0.33 0.01 0.01 0.13 0.13 0.05 0.01 0.03 0.02
Coefficients Serial
of variation 0.03 0.01 0.05 0.27 0.08 0.17 0.12 0.14 0.09 0 0.10
Modified
0.01 0.01 0.01 0.04 0.06 0.03 0.07 0.09 0.08 0.01 0.05
KP-T Average Serial
0.66 0.76 0.31 0.01 0.01 0.19 0.13 0.06 0.01 0.10 0.02
Modified
0.67 0.76 0.32 0.01 0.01 0.21 0.14 0.06 0.01 0.09 0.03
Coefficient Serial
s of 0.02 0.03 0.05 0.19 0.34 0.06 0.09 0.18 0.10 0.13 0.23
variation Modified
0.02 0.01 0.03 0.15 0.30 0.03 0.10 0.31 0.07 0.04 0.09
Class «C»  Average Serial
0.72 0.76 0.33 0.01 0.01 0.15 0.05 0.06 0.01 0 0.02
Coefficients )y 003 006 030 033 013 024 031 008 0 0.16
of variation

To determine the reasons for the stabilization
of the chemical composition, systematic
thermodynamicstudies have been carried out on
the possible influence of the components of
special modifiers in their interaction with the
melt[19].

The key thermodynamic parameters of the
compounds which can be formed in the fusion

steels after the injection of special modifiers are
shown in the fig. 1 - 3. Melting temperature,
enthalpy and entropy of formation of carbides,
nitrides, oxides and sulfides, which are
submicroscopic compounds, arised in the fusion
after the modifying with special deoxidizers is
illustrated.

10000
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2600 2427
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Temperature, °C, enthalpy, kDzh/m and
entropy, Dzh/im K
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Connections

O Connection melting temperature
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Fig. 1. Melting temperatures, enthalpy and entropy of formation of nitrides (half-logarithmic scale)
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Fig. 2. Melting temperatures, enthalpy and entropy formations of oxides (half-logarithmic scale)
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Fig. 3 - Melting temperatures, enthalpy and entropy of formation of sulfides (half-logarithmic scale)

Thered dotted lineindicates theiron melting
temperature - 1539 °C. If the formed compound
hasa higher melting temperaturethan the steel it
becomes the center of crystallization and could
be related to the modifier of a sort II (by the
inoculation mechanism). However, it is also
important to know the values of enthalpy and
entropy to define the stability of a compound as
modifier. As it can be seen in the fig. 1-3, the
following compounds have an optimum
combination of three key thermodynamic
parameters: TiN, VN, CeN, AIN,MgsN2, CaO, MgO,
Al;03, TiOz, TiO, CaS, TiSz, MnS, MgS, TiS, CaS [20-
27].

According to the formation of a large number
of stable submicroscopic compounds, it is
possible to expect the increasing of chemical
uniformity of the metal. Usually, the

crystallization expands from a mold wall in an
ingot by the growth of dendrites, the great bulk of
which sprout deeply into in the direction of an
axis of the ingot where there is a significant
amount of non-metallic inclusions where the
steel crystallizes. There is the homogeneous grain
here, as shown on the scheme. After the
modifying there are formed the centers of
crystallization as a result of interaction of special
multicomponent deoxidizing modifiers with the
steel fusion. They are proportionally distributed
in the metal because of the special physical and
chemical characteristics, structure of deoxidizing
modifiers, constancy of their geometrical form
and weight. When an ingot hardens, it generally
takes place the volume crystallization, not
oriented on the heat sink. The dominance of the
volume mechanism of crystallization is one of
basic reasons of stabilization of chemical
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composition of the steels, modified by special
deoxidizing modifiers [28-31].
Modifying has led to improvement of

inclusions were investigated on the scanning
JEOL JSN-6360LA electron microscope equipped
with the JED-2300 system. The results are

morphology of non-metallic inclusions. The represented on fig. 4 (table 2, 3).
structure and morphology of non-metallic
[—— m
&
0%
a b
Fig. 4. Non-metallic inclusions in the serial and modified KP-T steel, h3000
Table 2
Structure of non-metallic inclusions of the modified KP-T steel
Ne point 0 Si S Ca Mn Fe Amount,%
015 0 0 31.2 6.3 62.5 0 100
016 0 0 33.6 2.8 63.7 0 100
Table 3

Structure of non-metallic inclusions of the KP-T serial steel

Ne point S Mn Fe Amount,%
007 29,84 61,79 8,38 100
008 28,67 57,41 13,93 100
009 26,26 57,72 16,03 100

The data obtained confirm that the non-
metallic inclusions in the modified steel even
after magnification have the globular structure
and do not act as the concentrators of tension.
Also, the modification caused the increasing of
the mechanical characteristics of modified steels
of grades KP-2 and KP-T, as can be seen on the
tables4 and 5.

It was determined that the obtained
characteristics of the modified KP-T steel are
higher than the characteristics ofthe serial steel
of the same grade: in 1.02 times in the tensile
strength oB, in 1.14 times in the KCU toughness,

in 1.02 timesin the relative elongation 6, (?) in
1,06 times (what exactly number?),andin 1,006
timesin hardness.

The mechanical characteristics of the low-
carbon constant, both serial and modified, are
givenin Table 4, 5.

The value of the mechanica characteristics of
modified steels is higher than their value in the
serial metal. This ensures a higher reliability of
reinforced concrete and wheels, being used in
construction of vehicles due to the increasing of
the level of mechanical characteristics.
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Table 4
Mechanical characteristics of serial and modified steel KP-2
HB3o, KCU, Dzh m /cm?
Type os, MPA 5,% P,%
MIla rim drive
1020- 3200-
Requirements =29 216 =18 =20
1180 3600
Serial
Average 1000 11,5 21 2910 - 25
Coefficients of variation 0,02 0,07 0,1 0,03 - 0,15
Modified
Average 1052 11,5 22,9 2982 - 29
Coefficients of variation 0,01 0,02 0,08 0,03 - 0,11
Table 5

Mechanical characteristics of serial and modified steel KP-T

2

Type o5, MPa 8.% W% HB3o, KCU, Dzh m /cm
MIla ; :

rim drive
. 1020- 3200-

Requirements 1180 29 216 3600 218 220

Serial

Average 1132 111 229 3254 23 20

Coefficients of variation 0.02 0.14 0.15 0.05 0.15 0.34

Modified

Average 1153 11.2 26.2 3273 27 24

Coefficients of variation 0.01 0.08 0.11 0.03 0.15 0.28

Conclusions

It was set that the effect of multifunctional
modifiers provides a reduction of the content of
non-metallic inclusions and stabilization of both
the chemical composition and the level of
mechanical characteristics of the KP-T wheel
steel. The results prove that modifying is the
most effective way of eliminating such essential
drawback as instability of the chemical
composition. The reduction of the content of
harmful impurities such as phosphorus and
sulfur, undoubtedlyleads tothe improvement of
the quality of the finished wheels. Stabilized
chemical composition and mechanical
characteristics plays an important role in the
usage of the ready-made wheels. Modification
without significant additional costs ensures the
stabilization of the chemical composition and
characteristics of steel and is possible by the
implementation of the mechanism of bulk
crystallization of the melt, reduction of liquation,
grinding of structural components.
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Abstract

The article investigates the influence of exogenous antioxidant substances (chlorophyllipt, ionol and lecithin) on
the duration of storage and the quality of zucchini fruit (Kavili F1 and Tarmino F1). It has been established that the
use of compositions of the listed antioxidants allows for lengthening of the storage of zucchini for 6 ... 12 days,
depending on the type of treatment. It has been shown that in an antioxidant composition, the optimum
concentration for ionol is 0.048% and 0.75% for chlorophyllipt. It has been found out that for creating a
delamination-resistant preparative form of the antioxidants the required concentration of lecithin amounts to 4%.
The joint effect of optimum concentrations of ionol and chlorophyllipt, as well as of the three-component
composition, which includes 0.75% chlorophyllipt; 0.048% ionol and 4% lecithin, has been investigated. Ithasbeen
shown that during the application of the complex antioxidant composition, the average daily weight loss is 2.73 ...
3.14 times reduced as compared with control variants and 1.36 ... 1.86 times reduced as compared with other types
of treatment depending on the hybrid of the zucchini. It has been established that the use of such a composition
allows for lengthening the storage time of zucchini up to 24 days, which is twice as long as compared with the group
of control. Thus the output of standard products of processed zucchini after storage is 91,88 ... 91,95%, taking into
account natural mass losses.

Keywords: storage; zucchini; heat treatment; antioxidants; concentration.

ONTUMAJIbHI KOHIEHTPALIl EK30TEHHUX AHTUOKCUAAHTIB /1
3BEPIT'AHHA IIJIOAIB KABAYKA

OnecsaIl. Mlpicc, Banentuna @. XKykosa
Taspiticbkull depacasHuli azpomexHoio2ivHUll yHisepcumem, np. b. XmeavHuywvkozo, 18, M. Meaimonoay, 3anopizbka 06.1.
72310, Ykpaina

AHoTanisa

JocnifkeHo BIJIUB €K30reHHUX aHTHOKCHJAHTHHUX pe4YyoBUH (x/10podirinT, ioHO/ Ta JeMTHH) HAa TPUBAJIICTh
36epiraHHsa Ta fKicTb maojiB ka6auka (Kasini F1 Tta TamiHo F1). BcraHoB/€eHO, 0 3aCTOCYyBaHHSI KOMIIO3MLii 3
nepesjiiveHUX aHTUOKCHJAHTIB [03BOJISAE MOJOBXKUTH TPUBAIICTh 36epiraHHa ka6aykKiB Ha 6..12 1i6 3a1exKHO Bij,
BUY 06po6KHu. [loka3aHo, 0 B aHTUOKCH/AHTHIM KOMN03u1lii onTHUMa/JbHA KOHLLEeHTpaLis ioHo/1y ctaHOoBUTH 0,048
%, xjopodininty 0,75 %. BusBiaeHo, Mo A CTBOPpEHHA CTiKOI J0 po3mapoByBaHHA NpenapaTUBHOI ¢popMu
AHTUOKCHJAHTIB HeOOXiJHAa KOHLEHTpaLiA JenmUuTUHy ckaaza€ 4 %. BuBueHO CyMicHMI BIJVIMB ONTHMAaJIbHUX
KOHIIeHTpaliil ioHoay Ta x10podininTy, a TAKOK TPbOXKOMINOHEHTHOI KoMMo3ullii, 70 ckaaay skoiBxoauau 0,75%
xjaopodininty; 0,048 % ioHony Ta 4 % neputu”y. I[lokasaHo, WO Wi Yac 3acTrocyBaHHA KOMILJIEKCHOI
AHTHOKCHJAHOI KOMNO3uLii, cepegHbOJO0G0BI BTPaTH MacCH CKOPOYYKOTbCA Yy MNOPIiBHAHHI 3 KOHTPOJbHHUMHU
BapianTtamMu y 2,73..3,14 pa3u Ta B 1,36...1,86 nopiBHAHO 3 iHIIMMHU 06pPOGKaAMM 3a/1€KHO BiJ riopuay Ka6aukis.
BcTaHOBJIEHO, 10 BUKOPUCTAHHA TaKoOi KOMIO3MIii J03B0JIAE€ NOJOBXKHUTHA TPHUBAJIICTh 36epiraHHA KaGaukiB g0 24
Ai6, mo BABiUi JoBmIe NMpu NOpiBHAHHI 3 KOHTpoJsieM. [Ipu BbOMy BHUXiJ cTaHZAPTHOI NPOAYKUil 06poGIeHUX
Ka6aukiB nicsid 36epiranHa ckaagae 91,88..91,95 % 3 ypaxyBaHHAM NIPUPOJHHUX BTpaT MacH.

Karuosi cnoea: 36epirants; kabauki; TemnioBa 06po6Ka; aHTUOKCUJIAHTH; KOHLEHTpallisi.
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OINTUMAJIbHBIE KOHUEHTPAIIMU 3K30TrEHHbIX AHTUOKCUJAHTOB /14
XPAHEHHA I1JI0OA0B KABAYKA

Onecall. lIpucc, Banentruna @. XKykoBa
Taspuueckuii 2ocydapcmeeHHblll azpomexHoio2u4eckuli yHusepcumem, np. b. XmeavHuykozo, 18, M. Meaumonos,
3anoposcckas 06a. 72310, YkpauHa

AHHOTa s

HccepoBaHo BJIMSIHME 3K30reHHbIX AHTHUOKCHUAAHTHBIX BellecTB (XJ10podUIIMNT, HMOHOJ M JIELUTUH) Ha
NMPOJO/IKUTE/IbHOCTh XPaHEHHs M KauyecTBO IJIOAOB KaGauyka (KaBuau F1 u Tamuno F1). YcraHoBieHo, 4YTO
NnpUuMeHeHHe KOMMNO3ULUi M3 NMepeyUucjeHHbIX aHTUOKCUJAHTOB NMO3BOJIsSIET NPOJJIUTh CPOK XpaHEeHHUs KaGauyKoB
Ha 6 .. 12 cyToK B 3aBHCMMOCTH OT BHJAa 06paGoTku. [loKka3aHO, YTO B AHTHOKCHUJAAHTHOH KOMMO3UIUH
ONTHUMAJIbHAasA KOHLEHTpauys uoHosa cocrapiset 0,048%, xinopodpusiunta 0,75%. BoisiB/IeHO, UTO AJIsS CO3AAHUA
YCTOMYMBON K paccJlauBaHMI0 NpenapaTUBHOIl popMbl AaHTHOKCHAAHTOB He06X0AMMasi KOHIEHTpal s JeluTHHA
coctrasasdeT 4%. U3yyeHO cCOBMeCTHOe BJIMsHHE ONTHMA/IbHBIX KOHLLEHTPALUi HOHOJIA U XJIOpOPHU/IJIMIITA, a TaKKe
TPEeXKOMIOHEHTHOH KOMIIO3MLUU, B COCTaB KoTopoi Bxoauau 0,75% xaopopuaaunta; 0,048% wuoHosa u 4%
nenuTuHa. [lokasaHo, YTO NPU MCNOJIb30BAaHUM KOMIIJIEKCHOH aHTHOKCUAAHTHONH KOMIO3ULUH, CpeJHEeCYyTOYHbIe
NMOTepH MACChl COKPALKAITCA MO CPABHEHUIO C KOHTPOJIBHBIMU BapuaHTamu B 2,73 ... 3,14 pasau B 1,36 ... 1,86 no
CpaBHEHHUI0O C JAPYrUMH 06paGoOTKaMH B 3aBUCMMOCTU OT rM6pH/Ja KaGayKoOB. YCTAaHOBJIEHO, YTO HMCHOJIb30BaHUE
TaKOH KOMIIO3MLIUM NO3BOJIAET NPOAJUTb CPOK XpaHeHHMs KaGaykKoB A0 24 CyTOK, 4YTO BABOe J0Jblie NpU
CpaBHEHUM C KOHTposieM. [Ipy 3TOM BBIXOJ, CTAaHAAPTHOI NPOAYKIMU 06paGOTaHHBIX Ka6auyKoOB IOC/Ie XpaH eHus

cocrasjdeT 91,88 ...91,95% cy4yeToM eCTeCTBEHHOH YObIJIM MaCChI.

Kawuesvle ca08a: XxpaHeHWe; KabauyKH; TelJioBas 06pab0TKa;, aHTMOKCUJIAHTbl; KOHIIEHTpallysl.

Introduction

Ukraine has entered the top five vegetable
producing countries in the world, since 18% of
Europe'svegetables and 33% ofthe vegetablesin
the CIS countries are grown here [1]. Today
Ukrainian producers supply about 2.15 million
tons of tomatoes, 1.88 million tons of cabbage,
0.94 million tons of cucumbers and 0.53 million
tons of zucchini to the domestic market [2]. But
consumption of vegetables in our country
remains low, despite the growing production rate
- about 240 kg / one person peryear [3]. Taking
into account feeding costs (16%), losses in
storage (12%), exports (3%), seeding (1%), the
consumer receives only 163 kg / one person.

All of these positions require a correction of
loss during the storage of products. Potential
manufacturers are experiencing an acute need of
scientific knowledge. The results of scientific
research can reduce the loss of products and
increase their shelf life, in particular, of such
popular vegetables as zucchini. This will be a
convincingrationale for investors.

Problem Statement. At present, Ukraine has
1343 storage facilities with the capacity of 2.4
million tonnes for the storage of vegetable
products [4]. But the use of refrigeratory
conditions in the storage of fruit of tropical and
subtropical cultures proved to have low efficiency
due to the damage of subambient temperature
and rapid loss of quality [5-8].

The task of improving the livability of zucchini
fruit, which represent tropical crops, is still

unresolved [9]. The traditional refrigeratory
storage resultsin the coldness stress of zucchini.
It is an adaptive response to low temperature
conditions.

The damaging influence of excessive free
radicals concentration on biological structures is
an established fact[10; 11]. Undertheinfluence
of extreme factors, oxidative stress provokes an
increase in the level of active forms of oxygen,
which can damage molecules, suppress the
activity of enzymes, and destroy cell membranes.
In these pathological conditions, the fruit quickly
lose their quality [12; 13].

Analysis of Recent Studies and Publications
Scientists around the world are working on the
development and improvement of the products
that can prevent the development of the stress
state of the fruit on condition of cooling and
prolong the storage time [14-17].Itisimportant
to block the processes of free radical oxidation at
the initial stages of their development.

Excessive synthesis of active forms of oxygen
suppresses the function of endogenous
antioxidants, which prompts the development of
reliable sources of counteraction. The search for
inexpensive, non-toxicantioxidantsisunder way
around the world [18; 19]. But the main attention
of scientists is focused on natural oxidation
inhibitors, because they play a key role in
preventing the oxidation of biological structures
[20].
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To compensate for the damaging effect of low
temperatures, leading world scientists
recommend using post-harvest heattreatment of
fruit with antioxidants [21; 22].

Statement of the Objectives of the Study. The
heat treatment of zucchini fruit with the
compositions of natural and synthetic
antioxidants will provide the effective support of
protective functions of the antioxidant system of
fruit only under the condition of proper choice of
concentrations. Increased concentrations of
some exogenous antioxidant substances can be
toxic due totheir pro-oxidant effect at high doses
[23]. Insufficient level of antioxidants in the
agents for heat treatment of zucchini will not
provide the desired result. Therefore, the
purpose of the work is to choose the optimum
concentration of antioxidants for the heat
treatment of zucchini before storage.

Research methods and materials

The research was carried on the basis of the
Laboratory of Processing and Storage Technology
of Agricultural Products at the Research Institute
of Agro-Technologies and Ecology of Tavria State
Agrotechnological University (Ukraine).

The subject of the study was the fruit of Kavili
F1and Tarmino F1 zucchini. Healthy fruitwith a
16-21 cm long fruitstalk were put for storage.

Fruit of zucchini were immersed in the

solutions of antioxidant compositions at the
temperature of 42 ° C for 10 minutes. They were
preserved at8 £ 0.5° Cand therelative humidity
of 95 £ 1 %. The temperature and duration of
heattreatmentare basedon literary sources [21,
22].

The compositions consisted of the following
components [24; 25]:

- chlorophyllipte (Ch) prepared from an
alcoholic  chlorofilipot  solution (  PJSC
"Halychpharm", Lviv),

—ionol (I) by Sterlitamak Scientific-Production
Plant (Russia),

- lecithin (L) 96.55% pure, obtained from
sunflower seeds (Sunny Ltd., Dnipro). Untreated
fruit were taken for control.

Results and discussion.

Selection of Ionol Concentration. Higher
concentrations of ionol (0.036, 0.048, 0.060%)
and Chlorophyllipt (0.5%, 0.75%, 1%), whichare
characterized by minimal antioxidant status,
were tested for correction of the antioxidant
protection of zucchini tissues. To create a
resistant to stratification of antioxidant
formulation, the required concentration of
lecithin is 4%.

The use of antioxidants extends the shelflife
to 18 days, which is 1.5 times more than for the

control group (Table 1).
Table 1

Natural Loss of the Mass of Zucchini Due taking into account the action of Antioxidants; X * SX, n=5

. Kavili Tarmino
Duration of
Treatment Storage A Dail A Dail
Version days ’ Natural Loss of \[/‘eragef aly Natural Loss of verage Latly
the Mass % oss of the the Mass,% Loss of the
Mass,% Mass,%

Control 12 2.32+0.09 0.19+0.01 3.02+0.05 0.25+0.00
0,036 I+L 18 1.88+0.06 0.10+£0.00* 2.43+0.06 0.14+0.00*
0,048 I+L 18 1.81+0.05 0.10+0.00* 2.44+0.06 0.14+0.00*
0,060 I+L 18 1.85+0.06 0.10+£0.00* 2.48+0.08 0.14+0.00*
0,50 Ch+L 18 2.26+0.05 0.13+£0.00* 2.92+0.07 0.16+0.00*
0,75 Ch+L 18 2.11+0.05 0.12+0.00* 2.59+0.06 0.14+0.00*
1,00 Ch+L 18 2.06+0.06 0.11+0.00* 2.63+0.06 0.15+0.00*

HIPo,95 - 0.18 0.01 0.20 0.01

Sx, % - 3.08 341 2.53 2.44

Note. * - difference is likely to be comparable to the control group, p<0,05.

Antioxidants also reduce the natural loss of
the weight of zucchini. The experimental fruit
had less natural weight loss for 18 days of
storage, than the control group for 12 days. The
average daily weight loss in the experimental
variants of Kavili hybrid was 1.5... 1.9 times less
than in the control group. The natural loss of
mass for the antioxidant treated Tarmino

zucchini is 1,6...1,8 times less than in the control
group. The concentrations of ionol and
chlorophyllupt probably do not differ according
to the effect on the reduction of weight loss. The
two-factor analysis to determine the effect of
processing and the hybrid on the average daily
weight loss confirms the predominant influence
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of the antioxidant processing factor, being 74,2 %
(Fig. 1).

A short period of the storage of zucchini (12
days in control group) is due to their rapid
yellowing and development of microbiological

diseases. Changes in the coloring of Tarmino
zucchini is less noticeable. So, Tarmino has a
higheryield of standard fruit, both in the group of
control and in the experimental one due to its
intense dark green color.

742

Fig. 1. Share of the Influence of the Factors on the Average Daily Weight Loss:
|:| - antioxidant treatment; |:|— zucchini hybrid;.— interaction of factors; D - residual

In treated fruit, the yield of standard products
after storage for 18 days varied from 87.11 to
92.99%, depending on the hybrid of zucchiniand

the variant, taking into account natural mass
losses (Fig. 2).

93
92

HIP,=1,82

91
90
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Standard Product, %

85 T .

0,036 I+J1 0,0481+J1 0,060 1+JI 0,5 Xn+JI 0,75Xn+J1

1 Xon+J1

Fig. 2. Output of standard production of zucchini after storage under the action of antioxidants: |:|— Kavili,
|:| — Tarmino

For experimental data, control and
experimental fruit were stored for 18 days. The
regression model was constructed using
averaged data output of the standard production
of both hybrids of zucchini for the effects of
various concentrations ofionol. The dependence
of the output of standard products on the
concentration of ionol is described by the
following model:

y = —5,36x2 + 33,53x + 41,66, R?=0,99 (1)

where y shall mean the output of standard
production of zucchini,%; x shall mean the
concentration ofionol,%.

Graphical representation of the predictive
theoretical curve is shown in Fig. 4.

Thus, the optimum concentration of ionol to
increase the yield of standard products after
storage shall be 0.048 %.

Selection of Chlorophyllipt Concentration.
Studying the influence of different concentrations
of Chlorophyllipt on the output of the standard
product showed that for the Kavili hybrid of
zucchini, unlike Tarmino, the increase of the
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standard product output on condition of the use
0.75 Chis misleading with respectto 0.5 Ch (see.

Fig. 3).
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Fig. 3. Dependence of the Output of Standard Zucchini Production on the Concentration of Ionol: 1-
experimental curve; 2 - expectation parabola

The results of studies built very accurate
(R2=0,98) dependence of the yield of standard

zucchini product from concentration of

Chlorophyllipt (Fig. 4).
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Fig. 4. Dependence of the Output of Standard Zucchini Production on the Concentration of Chlorophyllipt: 1-
experimental curve; 2 - expectation parabola

Dependence is described with a regression
model:

y = —4,89x2 + 30,75x + 42,78, 2)

where y shall mean the output of standard
product after storage,%; x — shall mean the
concentration of Chlorophyllipt, %.

Thus, 0,75% of Chlorophyllipt shall be the
optimum concentration to increase the yield of
standard zucchini after storage.

In the course of studies, the combined effect of
optimum  concentrations of ionol and
Chlorophyllipt have been studied, as well as a
three-component composition consisting of
0.75% Ch; 0.048 % I and 4 % L. The use of this
composition for processing the zucchini fruit
allows to extend storage to 24 days (2 times
longer in comparison with the control group).
When using the composition Ch +I + L, the output
of standard products after storage is 91.88 ...
91.95% depending on the hybrid of zucchini,
takingintoaccount natural masslosses. Average
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daily natural masslossesarereduced 2.73 ... 3.14
times in comparison with the control group and

1.36...1.86 times compared toother treatments
depending on the hybrid of zucchini (Fig. 5).

0,35

0,30

0,25

HIP,=0,03

0,20 +

0,15 +
0,10 +

0,05 +

Average Daily Loss of Mass, %

0,00 T T

4 5 6 7 8

Fig. 5. Average Daily Loss of Mass During the Period of Zucchini Storage Under the Influence of Antioxidants:
[] - Kavili, [_] - Tarmino;
1 - control, 2-0,0481+L;3-0,0601+L; 4-0,50 Ch +L;
5-0,75Ch+L;6 -1 Ch +L; 7-0,75Ch +0,0481; 8 -Ch +I+L

Conclusions

The use of biologically active substances
(1(0.036,0.048,0.060%),Ch (0.5%,0.75%, 1%),
L (4%)) allows to extend the shelflife of zucchini
(Kavili F1 and Tarmino F1) for 6 .. 12 days
depending on the treatment. Average daily
weightloss due to antioxidant activity is reduced
by 1.5 ...1.9 times.

Optimum concentration of ionol shall be
0.048%, concentration of Chlorophyllipt shall be
0.75 %.

The developed three-component composition
Ch+1+L(0.75%Ch; 0.048%]1 and 4 % L) allows
to reduce the average daily weightloss of fruit by
2.73 ... 3.14 times, depending on the zucchini
variety. The use of such a composition allowsyou
to store zucchini for 24 days with a yield by
weightafter storage, 91.88...91.95% (takinginto
account the natural weightloss).
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Abstract

Aim. The research is devoted to determination of the regularities of pectic substance changes in pears during
refrigeration storage after antioxidant composition treatment. Methods. The content of pectic substances was
determined by titerometric method, which was based on alkaline titration of the pre-selected and prepared pectic
substances before and after hydrolysis. The titration results are proportional to the number of free esterified
carboxylic groups, and when multiplied by the corresponding equivalents, they indicate the content of
polygalacturonic acid residues in the pectic substances of the product. Results. The research showed that late
ripening pears had greater content of pectic substances when putto storage. During the first 30 days of storage an
insignificant (1...4%) increase of pectic substance content was observed in the fruit of control variants, during further
storage (130 ... 180 days) a decrease was recorded. The loss of pectic substances by the control fruit amounted to 49
% for the entire storage period. During fruit storage after antioxidant composition treatment the increase of pectic
substance content had been lasting for 2-4 months longer than of the control variants fruit, and further transfer of
protopectin to the soluble pectin was taking place at a slower rate. It provided for the best preservation of pectic
substances during storage. The loss of pectic substances by fruit treated with antioxidants amounted to 15 % for the
entire storage period. Conclusions. Minimal losses of pectic substances (7%) were found out at the storage of pears
of the varieties Victoria, Conference, Cure, Izyuminka Crimea, which had been treated with the antioxidant
composition DL.

Keywords: pectic substances; protopectin; pectin; antioxidants; pear fruit; refrigerated storage.

3MIHHU BMICTY IEKTUHOBUX PEYOBHH I1PU 3BEPITAHHI IIJIOAIB I'PYLII 3A
OBPOBKU AHTUOKCUJAHTHHUMHU KOMIIO3ULIIAMU

MapuHa €. Cepatok,t Jlrogmuna M. [lununenko?, Hona A. lanpingamsinil, Onena l. CyxapeHkol,

Ceitsiana C. baiibepoBal
ITaepiiicokull depacasnuii azpomexnoaozivHull yHisepcumem, np.b. XmeavHuybkozo, 18, M. Meaimonoav, 3anopizeka 0641
72310, YkpaiHa
200ecbka HAYiOHANLHA aKadeMisi Xap4oeux mexHo02il, gys. Kanamua, 112, m. Odeca, 65039, Ykpaina

Amnorargs

Jlocuinzke HHSI IPUCBsIYe Hi BU3HAYe HHIO 3 KOHOMipHOCTe i 3MiH I1e KTHHOBHX pe Y0BHH I10/1i B Py 1i MPOTATOM X010 111 b HOTO
30epiranust 3a o0pOOKM AHTHOKCHIAHTHHMH KoMmo3uumisMu. B pesyabTati gociigkeHb BCTaHOBJIEHO, W0 B Iepiox
3aKJIaJaHHA IUI0AIB Ha 30epiranus 0iJib MM BMicTOM Ne KTHHOBHX Pe4YOBHH XapaKTe pu3yBaJHcs IUVIOAM TPyl Ii3HbOTI0
TepMiny nocturanns. Ilporsirom nepumux 30 1i6 30epiranus y miogax KOHTPOJIbHUX BapiaHTiB cnocTepirajocs He3HauHe
30i/1b I HHSI BMiCTY CyMH Ile KTUHOBHX Pe40BHH, IIPU N0JaJIb1IOMY 30epiranni 3adikcoBane ii 3Hmke Hus. Ipu 30e piransi
MJ10/1iB 32 00POOKH AHTHOKCHAAHTHUMH KOMIIO3ULiSIMH 3POCTAHHA BMiCTY Ne KTHHOBHMX Pe4OBHH TPHMBAJIO Ha 2 — 4 micsam
J0BLIE, Hi’k y IJI0AiB KOHTPOJIb HUX BapiaHTiB, a NoAaJIbIIMI e peXi/l NPOTONEKTHHY Y PO3YMHHMI NEeKTHH Bif0yBa€rbcs
0inbm noBiabHUMHE Temnamu. Ile 3a0e3medyBasio Kpamyy 30epeskeHicTh e KTHHOBHX Pe4YOBHMH MNPOTAroM 30epiraHHs.
O CHOBHOIO TeHJAeHUi€l0 3MiHM MOKA3HMKA IMHAMiYHOI TBepAOCTi MIOAIB 0yJI0 3MeHIIe HHSI HOro KiJibKiCHOI0 3HayeHHS
NMPOTSITOM YChOT0 TepMiHy 30epiraHHsi He3aJeKHo BiJ Bapianty o0podku. OJHAK, IBUIKOCTI HOro 3HWKEHHSI Yy ILIOJIB
KOHTPOJIbHUX BapiaHTiB 0yJu icroTHo Bumumu. Haiiéinb mmii nosutuBHmii edekr 1151 Beix cOPTiB MI0AiB BCTAHOBJICHUHA
npu BUKOpUcTaHHi kommo3uuii 1JI.

Kamwouosi cn08a: 1EKTUHOBI pe40BHHH; NPOTOINEKTHH; INEeKTHWH; aHTUOKCUAAHTH; IJIO AN l"py].L[i,' XoJioauJIbHE 36epiFaHHﬂ.
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U3MEHEHHWA COAEP’KAHUA IEKTHHOBBIX BELIECTB ITPYU XPAHEHHH 11J1010B
Irpylin C O6PABOTKOU AHTUOKCUAAHTHBIMU KOMI1O3UIIIAMHU

MapuHa E. Ceparok?, Tiogmuna H. [lununenko?, Houna A. F'anpungamsunun?, Enena U. CyxapeHkol,
Cetsiana C. bai6epogsal

1 Taspuueckutl zocydapcmeeHHblil azpomexHoo2uveckutl ynueepcumem, np. b. XmeavHuykozo, 18, 2. Meaumono.y,
3anopodcckas 06a. 72310, YkpauHa
2 0decckast HAYUOHAALHASL AKadeMus nuwesblx mexHosaozull, ya. Kanamuas, 112, m. Odeca, 65039, YkpauHa

AHHoOTAaI U

HccnesoBaHusA NOCBALIEHBI ONPeAe/IeHHI0 3aKOHOMEPHOCTel M3MeHeHMil NeKTUHOBBIX BelleCTB B IJIOJaX IPYyIIH B
TeyeHHEe XOJOAM/JIBHOrO XpaHeHMA C O0OpaGOTKOH aHTHOKCHAAHTHBIMM KOMNO3MLMAMH. B pesysabrarte
HCC/1e0BaHUI YCTAaHOBJIEHO, YTO B EPHOJA, 3aKJIAAKH IJIOA0B HA XpaHeHHe GOJIbIIUM COJepKaHUEM NEeKTHHOBBIX
BellleCTB XapaKTepPU30BaJIMCh MJIOABI IPYLIM NO3AHEro CpoKa co3peBaHus. B Teuenune nepBbix 30 CyTOK XpaHEeHUs B
NJ10JaxX KOHTPOJBHBIX BADUAHTOB HAaGJ/II0a/10Ch HE3HAYUTE/IbHOE yBeJUYEHHE COJePKaHUA CyMMbl NEKTHHOBBIX
BellleCcTB, NpPH AajJbHellIeM XpaHeHUHU 3aPUKCHPOBAHO ee CHIKeHHUe. IIpy XpaHeHMHU NJIOJOB C 06paGOTKOM
AHTMOKCHAAHTHBIMH KOMHNO3ULMAMHU yBeJHYEHHE COAepKAaHUS NMEeKTHHOBBIX BeIeCTB MPOAO/KAIOCh HA 2 - 4
Mecsla JaJiblie, YeM Y J10,0B KOHTPOJIbHBIX BADHMAHTOB, a NOC/IeAYIOIIUNA NepeXos NPOTONeKTHHA B PACTBOPUMBbIit
NMEeKTHH NPOMCX0J1J Gojiee MeJIeHHBIMH TeMNaMHu. ITO 06eCne4YrBaJjIo JY4Ylly COXPAHHOCTh NEKTHHOBBIX BELeCTB
npu xpaHeHuU. OCHOBHOH TeHJeHIMel HW3MEeHeHHs NoKa3aTejs JMHAMHUYECKOH TBEpPAOCTH IJIOJOB GbLIO
yMeHblIeHUEe ero KOJMYeCTBEeHHOro 3HayeHHUsA B TeyeHHe BCero Cpoka XpaHeHHs He3aBHUCHMMO OT BapHaHTAa
06pa6oTkn. OJHAKO, CKOPOCTH €ro CHWXEHHMs Y IJIOAOB KOHTPOJIbHBIX BAPMAHTOB GbLJIM CyLIECTBEHHO BBIIIeE,
Haun60/1b111ii 10JI0KUTENBHBII 3G PEKT AJis BceX COPTOB IJI0J0B YCTAaHOBJIEH IPHU HCI0Ib30BAHUU KoMmno3unuu /1.

Karoueeble c1068a: TEKTUHOBbIE BELIECTBA, NPOTONEKTHUH,; IMEKTHH;, dAHTHOKCUAAHTHI; IJIOAbI FPYIUH; XOJIOAWJIbHOE XpAHEHHE.

Introduction

Pecticsubstances (PS) are presentin almostall
plants. Fruit are especially rich in them. Pectic
substances form part of the fruit cell walls,
participate in theregulation of the water regimeof
tissues, regulate transpiration [1]. Their
transformation during ripening and storage, the
transition from an insoluble form to a soluble one
and reverse determines the consistency of fruit
pulp. In this regard, the rate of the fruit ripening
and their keeping capacity are determined by the
nature of the metabolism of pectic substances [2].

However, the study of pectic substances
conversion processes was carried out with a
limited amount of fruit products. The apple fruit,
used as raw materials in the canning and
confectioneryindustry to produce products witha
jelly-like consistency were studied in the majority
of scientific works. Difficulties in extracting
individual fractions, their stabilization and
separation from other substances have led to the
fact that existing data on post-harvestmetabolism
of pectic substances are inadequate and
contradictory. Data on the intensity of the
processes of pectic substance conversion during
the storage of pear fruitin general are absent.

From this point of view, the researche of post-
harvest metabolism of pectic substances under the
influence of antioxidant compositions during the
pear fruitrefrigeration is an actual one.

Analysis of literary data and problem statement.
Pectic substances have the properties of lyophilic
colloids and are high-molecular compound of

carbon nature. They are considered to be the main
components of the primary cell membrane matrix,
and are also contained in the intercellular
substance. This substance forms a middle blade
and glues the walls of adjacent cells [3].

Pectinic acid is in the basis of the pectic
substance molecule structure (Fig.1). It is formed
from the remnants of galacturonic acid coupled
with (41 = %) limks. Pectic acid can be found in
the cell wallsin a free state or in the form of salts
and ethers [4].

COOH 4 oM

=0—=/H I:H I:I H ===
rdH R YoM fh
COOH H OH COOH

Fig.1. Part of the pectic (polygalacturonic) acid molecule

Carboxyl groups of pectinic acid easily form
ethers with methyl alcohol. Methylated pectinic
acid is called soluble pectin. Due to the presence of
free carboxyl groups of galacturonic acid, soluble
pectinis capable ofbinding both heavy metals and
radionuclides, with the formation of insoluble
complexes that are excreted from the organism
[5].

Besides soluble pectin, pectic substances in
fruit are presented by propectine, pectin and
pecticacid.

Protopectin molecule consists of a large
number of polygalacturonic acid molecule
remnants, which are joined in long chains. These
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chains are interconnected through calcium and
magnesium ions. Replacing Ca2+i Mg2+ ions with
monovalentions of sodium and potassium leads to
a breakin the bonds between the chains and the
transition of protopectin into the soluble form -
pectin [6].

Unripe fruit are characterized by high content
of protopectin. As they ripe, protopectin transfer
into pectin under the action of enzymes, and the
fruit become softened. With the beginning of the
post climacteric period, the amount of pectic
substancesin the fruit significantly decreases and
theyacquire an unpleasantpuffy consistency [7].

When overripe and aged, the pectin under the
action of enzymes turns into pectin and pectinic
acids. As a result, the fruit become overly sour
taste [8].

When stored pectic substances take an active
part in the carbohydrate metabolism of fruit. At
the same time, they, together with hemicelluloses
and cellulose, undergo significant quantitative
changes in the direction of decline. Pectic
substance content reducing is connected with
their hydrolysis and the cost of respiration. [9].

It is known that pear fruit contain less pectic
substances than apple fruitdo. Along with this, the
conversion of protopectin into pectin in pears
occurs in a shorter time than in apples [10].

In fruit that genetically have high keeping
capacity, the transition of protopectin into pectin
occurs ata slower pace, due to the weakactivity of
pectolytic enzymes. Fruit of late term ripening
even after 4 months of storage were characterized
by a dominant content of protopectin over soluble
pectin, which is evidence of a high potential of
variety preservation [11]. )

Along with this, there are assertions that the
content of pectic substances during the fruif
products storage may increase.It occurs due to the
oxidation of monosaccharides to galacturonic
acid, as well as due to the complex compounds
decomposition, which include pectin, with the
activation of hydrolytic enzymes, for example,
protopectinase [12].

Pectic substances also serve as protective
colloids that regulate the transpiration process
rate during fruit storage, and cause the turgor to
be preserved.

Thus, the main task during fruit products
storage is to reduce the rate of pectic substances
post-harvest metabolism.

The dynamics of pectic substances changes
during the pear fruit storage was studied by Kaur,
K., Dhillon, W.S., & Mahajan, B.V.[1]. At the same
time, various packaging materials were used to
store pear fruit. The authors determined that the

best packaging material which promotes the
pectin solubilization rate reducing and which
prevents fruit softening are high density
polyethylene lined CFB boxes (see annotation
below).

A promising way of slowing down the pectic
substances conversion is the use of antioxidant
compositions. The antioxidant compositions
reduce the rate of post-harvest metabolism and
they will contribute to the valuable phytonutrients
preservation [13; 14].

The effect of edible coatings such as shellac and
Semperfresh ™ (sucrose-polyester based coating)
on the pectic substances metabolism in pear fruit
has been studied [15]. However, the authors do
not reveal the question of the regulation of after-
harvesting metabolism of the pectin complex
rates.

Thus, the analysis of literary sources showed
that many issues of after-harvesting metabolism
of pecticsubstances have not been studied enough
and remain controversial ones.

Purpose and objectives of the research. The
conducted studies aimed at determining the
patterns of changes in pectic substances of pear
fruit during their refrigeration after the
antioxidant composition treatment.

To achieve this goal it was necessary to solve
the following tasks:

to determine changes in the content of pectic
substances during the refrigeration of pear fruit;

to investigate the effect of antioxidant
compositions on the intensity of post-harvest
metabolism of pectic substances in pear fruit;

to determine the dynamic hardness of the pear
fruitatthe stages of storage;

to substantiate scientifically the correlation of the
pectic substances conversion intensity and
changes in the consistency of fruit during
refrigeration after the antioxidant composition
treatment.

Materials and methods

Experimental researches were carried out in
the laboratory of technology of primary
processing and storage of crop products by the
Research Institute of Agro-technologies and
Ecology of the Tavria State Agrotechnological
University (Melitopol, Ukraine). The objects of the
research were the pear fruit of medium term
ripening varieties Victoria and Conference and of
the late term ripening - Cure and Izyuminka
Crimea.

The fruit were processed by immersion in the
following antioxidant compositions (AOC): ACM - a
mixture of dimethyl sulfoscid, ionol and
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polyethylene glycols; AARL - a mixture of ascorbic
acid, routine and lecithin; DL - a mixture of
dimethylsulphoscide, ionol andlecithin. For control
(C) fruit was treated with water. The exposure was
10 seconds. The replicate was fivefold. The mass of
one replicate was 25kg.

The storage was carried out at a temperature of
0 = 1 °C, relative humidity of 90-95%. The shelf
storage of the fruit of the pear varieties Victoria,
Conference: control - 160 days, ACM - 210 days,
AARL and DL - 220 days; Cure and Izyuminka
Crimea Crimea varieties: control -- 215 days, ACM,
AARL and DL - 260 days.

The content of pectic substances was
determined by titerometric method, which was
based on alkaline titration of the pre-selected and
prepared pectic substances before and after
hydrolysis. The titration results are proportional
to the number of free esterified carboxylic groups
and when multiplied by the corresponding
equivalents, they indicate the content of
polyuronides in the pectic substances of the
product.

To determine separately pectin and
protopectin from the prepared median sample of
twohinges of 30-50 g each was taken. To degrease
the selected hinges, they were placed in a
cartridge of filter paperand dried at a temperature
of 70-80 °C. The dried sample was placedin a flask
of 250 or 500 cm3 volume with a slice, poured 30-
40 cm3 of ether and heated in a water bath at a
temperature of 40-50 °C with a reflux condenser
for 20-30 minutes. Then the ether was carefully
drained or filtered through a paper filter. Fat
separation was repeated four or five times. The
degreasing of the sample can be carried outin the
Soxhlet’sapparatus.

The fat-free remnants of the filtered sample
were added toa flask of the fat-free hinge, poured
100 cm3 of distilled water heated to 60-70 °C and
then the extraction of pectic substances was held.

To remove water-soluble pectin, the hinge of
the test product was placed in a flask of 250 or
300 cm3volume, poured 100 cm3 of distilled water
heated to 60-70°C and shaken for 30 minutes.
Then the contents were transferred quantitatively
to distilled water intoa volumetric flask of 200 or
250 cm3 volume, cooled, kept to the mark
carefully mixed and separated the liquid by
centrifugation. The resulting extract of water-
soluble pectin was transferred toa dry dish.

The total content of pectic substances was
determined in another hinge of the product after
hydrolysis of hydrochloric acid to convert
protopectin intoa soluble state. For this, the hinge
of the test material was placed in a flask of 250 or

300 cm3volume, poured 100 cm3 of a hydrochloric
acid solution at a concentration of 0.05 mol / dm3
(pH of the mixture 1.8-2.0) and heated in a water
bath for 30 minutesatatemperatureof85-90 °C.
Then the contents of the flask quantitatively to
distilled water was transferred to a volumetric
flaskof 200 or 250 cm3 volume, cooled, kept to the
mark, stirred and left for 1-1.5 h. to level the
concentration of pectic substances in the liquid
and solid phases. The extract was separated by
centrifugation and collected intoa dry dish.

The resulting solutions of pectic substances
were purified by precipitation with an alcoholic-
acid mixture. For this purpose, 25, 50 or 100 cm3
of extract (depending on the pectin content) were
added to the chemical bottle with a pipette, a
double amount of the alcohol-acid mixture was
added, carefully mixed and left for 1-1.5h. to form
a precipitate.

The precipitate was filtered through a funnel
with a porous plate with a layer of 0.5-0.7 cm
sand. The bottle and the precipitate were washed
with a solution of 70% ethyl alcohol acidified with
hydrochloric acid for three times at 15-20 cm3,
then with a solution of 70% ethyl alcohol to a
negative reaction to chlorine ion with silver
nitrous oxide. For one sample washing 90-100 cm3
of 70% solution of ethyl alcohol was spent.

The funnel with the washed precipitate was set
in a clean flask with a tube of 250 cm3 volume and
quantitatively dissolved the pectin containing
precipitate with water at a temperature of 60-
70°C. The bottle, where the precipitation was
conducted, was also washed twice or three times
with warm water. The solution was cooled to
room temperature; 6 dropsofthe Hinton indicator
were added and titrated with a solution of sodium
hydroxide in a concentration of 0.05 mol / dm3
before the transition of yellow coloration into the
crimson one, which did not disappear within 20-
30 seconds. Then to the solution in the flask with
the help of a pipette or aburette, 20 cm3 of sodium
hydroxide solution in a concentration of
0.1 mol /dm3 was added, corked and left for
30 minutes. Then, with a burette, the solution of
hydrochloric acid in a concentration of
0.1 mol /dm3 was added, the exact amount of
which was determined by preliminary titration of
20 cm3 of sodium hydroxide in a concentration of
0.1 mol / dm3with the same acid solution with the
Hinton indicator. The mixture in the flask was
again titrated with a solution of sodium hydroxide
in a concentration of 0.05 mol / dm3.

The mass concentration of polyuronides (X)
was calculated by formula 1:
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[y -1y +ma-Ta JeV 1
T
where V3, V2 are the volumes of sodium hydroxide
solution, which are spent on the first and second
titrations, cm3; V3 is the volume of the extract
selected for precipitation and titration, cm3; c is
the exact concentration of the sodium hydroxide
solution used for titration, mol / dm3 (0.05 mol /
dm3, multiplied by the correction factor); V is a
total volume of extract, cm3; mis the weight of a
hinge, g; m: is the molecular weight of
polygalacturonic acid chain, m1 = 176 g / mol;
mz is the molecular weight of the etherified chain

of polygalaturonicacid, m=190g / mol.

The degree of extracted pectic substances
etherification (€) in percentagewise is calculated
by formula 2:

X =

[
& =
I +15

=100
(2).

The amount of protopectin is determined by
the difference between the total content of pectic
substances and the content of water-soluble
pectin.

The calculations were carried out with three
significant figures. As the final outcome the
arithmetic mean of the results of two parallel
determinations, the allowable absolute difference
between which should not exceed 0.10% during
the determination of polyuronides and 4.0% in
determining the degree of etherification was
taken. To determine the dynamic hardness, at
least 30 fruit were selected and 3 punctures in the
equatorial region were made on each variant with

apenetrometer GY-3 with a cylindrical steel probe
of 11 mm.

The calculation of the conversion of pectic
substances rate constant was carried out using
formula 3, the mathematical calculation of which
is givenin the previous publications [16]:

In 5=t

PS

k= 2
T, =T

where Kk is a constant rate of pectic substances
conversion,% per day-1, PSy, PS;z is the initial and
final content of pectic substances, %, 71, T2 is the
initial and final moment of time, days.

The processing and analysis of the experiments
were carried out using standard methods of
variation statistics using the computer programs
“MSoffice Excel 2007”, the package “Statistica 6”
and the personal computer.

Results of the study of the antioxidant
compositions effect on the pectic substances
metabolism during the storage

When placed fruit in storage, the pear fruit of
late term ripening were characterized by the
highest content of pectic substances (Table1). The
average long-term content of pectic substances in
pear fruit of medium term ripening was 1.15%
and was 12% lower than that of late term ripening
pears. This indicator was characterized by low
variability, as evidenced by the coefficient of
variation V (see Table 1). The highest content of
pectic substances among all four varieties was
recorded in the fruit of pears of the Izyuminka
Crimea variety.

Table 1

The content of pectic substances in pear fruit when placed in storage

Pomological variety

The content of pectic substances, %

average value min V on an annual
max basis
Fruit of medium term ripening

Victoria 1,170+0,055 1,212 4,7
1,107

Conference 1,122+0,039 1,157 3,5
1,079

Mean for varieties 1,146+0,047 1,212 4,1
1,079

Fruit of late term ripening

Cure 1,285+0,058 1,327 4,5
1,219

Izyuminka Crimea 1,317+0,038 1,345 29
1,274

Mean for varieties 1,301+0,048 1,345 3,7
1,219

[t should also be noted that during placing on
storage the protopectin contentexceeded over the
soluble pectin content in the fruit of all the

analyzed varieties. During the first 30 days of
storage a slight increase in the content of the
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pecticsubstances amountin all control variants of
the fruit was observed.

In the fruit of the experimental variants, the
increase of pectic substance content lasted for 2 -
4 months (depending on the variety and variant of
treatment) longer than in the control ones.
Moreover, the increase in the total content of
pectic substances took place due to increased
protopectin content. According to some authors
[17, 18], such an increase is connected with the
transformation of the hemicellulose which
contains remnants of glucuronic and galacturonic
acids into protopectin.

In the further storage of both control and
experimental fruit, there was a decrease in the
content of pectic substances. This decrease takes
place due to the enzymatic hydrolysis of insoluble
protopectin intoa soluble form - pectin, which, in
itsturn, is consumed as a result of participation in
carbohydrate metabolism.

During storing fruit with AOC treatment, the
transition of protopectin into soluble pectin takes

place at a slower pace, as evidenced by the
calculated rate constants (Tab. 2). The highestrate
constants of protopectin hydrolysis were obtained
for all varieties of control fruit. Moreover, the
maximum values are setfor the fruit characterized
by less keeping capacity, that is, pears of medium
term ripening, somewhat lower - for fruit with
high keeping capacity - pears of late term
ripening.

The positive influence of antioxidant
compositions was expressed in the reduction of
3HMKEHHI Kkpp during the storage of pears of late
term ripening with treatment of antioxidant
composition ACM in 2.2 times, with AARL
treatment -in 3 times, with the DL treatment - in
5 times compared with the fruit of control
variants. The highest positive effect of antioxidant
compositions was observed for pear fruit of
medium term ripening. Atthe same time, the value
of kpp in pears was lower than in the control
variant, respectively,in 2, 3.4 and 9.3 times.

Table 2

Rate constants of the protopectin mass fraction reduction in fruit during storage with AOC treatment

Rate constants of the protopectin mass fraction reduction in fruit with different types

Pomological variety

of treatments, kpp, day'1, x-10-2

C ACM AARL DL
Pear fruit of medium term ripening
Victoria -0,81 -0,41 -0,24 -0,12
Conference -1,05 -0,51 -0,30 -0,07
Mean for varieties -0,93 -0,46 -0,27 -0,10
Pears fruit of late term ripening
Cure -0,77 -0,36 -0,24 -0,14
Izyuminka Crimea -0,61 -0,28 -0,20 -0,14
Mean for varieties -0,69 -0,32 -0,22 -0,14

After prolonged storage the pear fruit of late
term ripening varieties Cure and Izyuminka

1.4
1,2
1

pectin substances, %

Crimea were characterized by the the highest
number of pectic substances (Fig. 2).
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Fig. 2. The content of pectic substances in pears after prolonged storage after the antioxidant composition
treatment

The treatment of the fruit with AOC
contributed to the better preservation of pectic

substances during storage, which is explained by
the inhibitory effect of antioxidants on oxidative-
reduction processes, and first of all on respiration.
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The greatest positive effect for all varieties of pear
fruitis defined with using DL composition (Fig. 2).

Correlated analysis confirmed the
participation of pectic substances in the processes
of post-harvest metabolismofthe pear fruit of late
term ripening.

A strong correlated connection between the
content of pectic substances and the amount of
sugarsis defined only during the storage of pears
of Izyuminka Crimea variety with all antioxidant
composition treatment (correlation coefficients r
range from -0.66 to -0.8 depending on the
treatment variant) and Cure variety DL
composition treatment (r = -0.75). A strong
negative connection between the contentof pectic
substances and the intensity of respiration was
observed during the storage of the experimental
pear fruit of Cure variety with the DL composition
treatment (r = -0.84). Negative connections of
average strength between the indicated indices
were defined in the pear fruit of the other analysed
varieties.

So, the treatment with antioxidant
compositions balances the catabolic and anabolic
processes of the transformation of carbohydrates,
resulting in the use of pectic substances as the
main spare substance for the synthesis of sugars.
And negative correlated dependences between
the intensity of respiration and pectic substances
confirms the active involvement of the latter in the
respiratory metabolismofthe fruit.

The rate of interconversion of pectic
substances during post-harvest fruit ripening
affects their consistency. Hydrolysis of
protopectin into soluble pectin is accompanied by
softening of fruit, which is explained by the
separation of adjacent cells from each other.
However, with high content of soluble pectin, due
to its ability to swell and maintain alarge amount
of moisture, the turgidity of the fruit tissues
remains high. Atthe last stage of storage, with the
rapid consumption of soluble pectin, the fruitlose
their succulence and become friable.

According to some authors [19; 22], the
decrease in the dynamichardness of fruit is mainly
determined by the protopectin content ratio to the
soluble pectin, or the so-called protopectin index
(PPD).

The main tendency of dynamic hardness index
change of the fruit was the decrease in its
quantitative value throughout the shelf life,
regardless of the treatment variant. However, the
rates of decrease in control and experimental
variants were different (Table 3). They were the
maximum in the fruit of control variants with the
variation of rate constants k,» (PH - pulp
hardness) from -0.31:10-2 in pears of Izyuminka
Crimea variety, up to -0,58:10-2 in pears of
Conference variety, minimum - duringthe storage
of all sorts of fruit with DL antioxidant
composition treatment.

Table 3

Rate constants of fruit firmness reduction during storage with AOC treatment

Rate constants of fruit firmness reduction with different kinds of treatment, kph, day-1,

Pomological variety

x-10-2

C ACM AARL DL
Pear fruit of medium term ripening
Victoria -0,48 -0,19 -0,14 -0,07
Conference -0,58 -0,32 -0,14 -0,06
Mean for varieties -0,530 -0,255 -0,140 -0,065
Pear fruit of late term ripening
Cure -0,37 -0,14 -0,07 -0,05
Izyuminka Crimea -0,31 -0,08 -0,04 -0,03
Mean for varieties -0,340 -0,110 -0,055 -0,040

Correlated analysis confirmed the existence of
close feedbackbetween PPl and the percentage of
reduction in the firmness of fruit pulp with
correlation coefficients r = -0.95 -0.98
depending on the fruit variety and the variant of
treatment.

So, the results of our studies proved that the
content of pectic substances, including
protopectin, in the fruit treated with antioxidant
compositions, in comparison with the control
ones, was kept at a higher level throughout the

period of storage (220...260 days), which had a
positive effect on their qualitative properties.
The after-harvest processing of the fruit and
their preparation for storage were carried out
according to the developed technological scheme.
At the same time, during the fruit-picking
inspection, sorting and calibration were carried
out. Fruit-picking should be done carefully, always
with the stalk, in order to preserve the wax
coating. Fruit of the highest and first commercial
grade were selected for storage. Then the fruit
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were immediately transported to the refrigerator.
Delaying fruitin the garden for more than 3 hours
is notrecommended.

Processing products with antioxidant
compositions and their simultaneous pre-cooling
were performed in the preparatory section of the
refrigerator. Pre-cooling was carried out in 2
stages. At the first stage, pear fruit in boxes or
containers were loaded intoa bath witha working
solution of the antioxidant composition with a
temperature of 1.5 £ 0.5 °C and kept for 1.5 hours.
The temperature of the working solution and the
exposure time were determined by experimental
studies [14]. Baths with working solutions were
installed in refrigeratedrooms at a temperature of
2 ..5 °C. After the end of stage 1, the fruit in the
container were raised out of working solutions
and placed above the trays to drain the excess
solution for 10... 15 minutes.

The purpose of the second stage of pre-cooling
was to reduce the temperature of the fruitto 1 °C
and toremove completely the remaining moisture
from their surface. This stage was carried out in
the intensive cooling chambers with regime
parameters: temperature minus 2 ... minus 5 °C,
relative air humidity 95%, air velocity 3 m/s.

The composition of the AOC is determined by
the results of studies [21]. The consumption of the
preparation was 25 liters of working solution per
1 ton of fruit.

Then the fruit were transported to the storage
chamber where the following operating
parameters were maintained: temperature 0 = 1
°C, relative air humidity 90 ... 95%.

The application of the proposed technology for
the pear fruit storage with AOC processing
despite the additional explicit costs of the
preparation, contributed to an increase in the
yield of standard production, a reduction in costs
for losses, and, as a result, ensured a high
economic effect.

Thus, an increase in the profitability level
during the storage of pear fruit of medium term
ripening with ACM composition was 59% with an
economic effect of 8287.019 UAN /t, with an AARL
treatment - 77% with an economic effect of
10838.74 UAH/tand witha DL composition - 92%
with the economic effect of 12455.72 UAH /t.

When storing pear fruit of late term ripening,
profitability growth was for variants 27% with an
economic effect of 3864.095 UAH/t, 42% with an
economic effect of 5972.059 UAH /tand 52% with
an economic effect of 7034996 UAH/t
respectively.

Thus, the economic indicators analysis of fruit
storage has shown that the most effective is the

[2] Ksapauxemus B. H.

technology of fruit storage after the DL
composition treatment.

Conclusions

When put to storage, pear fruit of the late term
ripening varieties was characterized by high
content of pectic substances. During the first 30
days of storage a slight increase in the content of
pectic substance amount was observed in the
control samples. During further storage, a
decrease in the content of pectic substances was
registered.

During the fruit storage after the antioxidant
composition treatment, the growth of pectic
substance content had been lasting for 2 - 4
months longer than in the fruit of the control
variants, and the further transition of protopectin
into the soluble pectin wastaking place at a slower
rate. This provided for the better preservation of
pecticsubstances during the storage. The greatest
positive effect for all fruit varieties was achieved
by treating with the DL composition.

The main tendency of dynamic hardness index
change of the fruit was the decrease in its
quantitative value throughout the shelf life,
regardless of the treatment variant. However, the
rates of decrease in the fruit of control variants
were significantly higher. They were minimal
when storing all varieties of pear fruit after the
antioxidant DL composition treatment.

The results show that the antioxidant
composition DL balances the catabolic and
anabolic processes of carbohydrate
transformation, resulting in the use of pectic
substances as the main storage compound for the
synthesis of sugars and pectic substances take
place in the respiratory metabolism of the fruit
Along with this, the degree of pectic substances
participation is based on varietal features of the
fruit. From this point of view, there is a need to
conduct the research with a wider range of
varieties. This will be the task of our further
research.
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Abstract

The perspective way of reducing the cost of transport space operations is analyzed. It is shown that using propellant
tanks polyethylene covers as fuel is the most effective way to reduce the cost of launching a satellite to low near-Earth
orbits. The specific features of the incendiary (autophage) small launch vehicles are the possibility of their
implementation in the single-stage version and the lack of design of the tank compartments in the traditional
sense that seems promising for the development of launch vehicles for microsatellites. The influence of metal-
containing polyethylene fuels additives on the specific thrust impulse autophage engines is investigated.

Ultra high molecular weight polyethylene in combination with oxygen oxidants is a suitable material for the
production of incendiary small launch vehicles tank covers by criteria such as theoretical specific impulse, durability,
production and processing manufacturability, chemical resistance, safety for the environment, and ability to almost
100% thermal destruction with the formation of gaseous products. The mass and energy gains from the
implementation of the concept of the tank covers combustion will not be reduced because of the energy and other
characteristics of the fuel.

Keywords: launch vehicle; autophage launch vehicle; high molecular weight polyethylene; metal-containing additives;
hydrocarbon fuel; specific thrust impulse

OI[IHKA MO>K/IMBOCTEN 3ACTOCYBAHHSA TBEP/IUX BYTJIEBO/JIHIB B
ABTO®AXHUX JIBUTYHAX PAKET-HOCIIB JIETKOT'O KJIACY

Bitauniit B. Emens, Mukosia M. [lpons, Osnena C. KocinuHa

/JlHinposcbkuli HayioHaabHuli yHieepcumem imeHi Oaecsi ['onuapa, npocn. I'azapina, 72, [lninpo, 49010, Ykpaina

AHoTarniga

AHasti3y€eTbCcA NMepCNneKTUBHUM LUIAX 3HMKEHHS BapTOCTIi TPAaHCHOPTHUX KOCMiyHMX omepaniil. IlokasaHo, mo
BUKOPHCTAHHSA M0JIieTH/IEHOBUX 060/JI0HOK NAa/IMBHUX 6aKiB B IKOCTI Na/JIbHOTr0 € HAW6i/IbII epeKTUBHUM CIIOCOGOM
3HMKEHHsSI BapTOCTi 3amyCcKy CYNyTHUKIB Ha HHM3bKi HaBKoJio3eMHi op6iTu. CnenudiyHUMHU O0COGIUBOCTAMU
cnasimMux (aBTodaXHUX) paKeT-HOCIIB € MOXKIMBICTB iX peasi3danii B ofHOCTynneHeBOMY BapiaHTi Ta BiACyTHicTb
KOHCTPYKIil 6aKOBHUX BiACIKiB y TpaaguLiliHOMYy pO3yMiHHI, 10 BUAAEThCA NEPCOEKTUBHUM /JJisl PO3POGKU MaIuX
paKeT-HOCIiB A1 MiIKpOoCynyTHHKIB. /l0C/i>KeHO BIUVIUB MeTA/IOBMiCHUX HAalIOBHIOBA4iB NOJIieTUJIEHOBUX NAJIMB Ha
NUTOMHUI iMIyJIbC TATY aBTOPAKHUX ABUTYHIB.

Karouosi caosa: pakeTa-HOCIH; aBTodaXHi pakeTH-HOCIi; HaIBUCOKOMOJIEKYJISIDHUH TTOJIieTHIIeH; MeTaJI0BMIiCHi
Jl06aBKH; BYTJIeBO/IHEBe NajibHe; MUTOMUM IMIyJIbC TATH.
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OHEHKA BO3MOKHOCTU ITPUMEHEHUA TBEPABIX YITJIEBOAOPOAOB B
ABTO®AKHBIX IBUT'ATEJIAX PAKET-HOCHUTEJIEH JIETKOT'O KJIACCA
Butanuii B. Emen, Hukosait M. [lpons, Enena C. KocunimHa

JHunposckuli HayuoHabHbLl yHUsepcumem umeru Oaecs I'onvapa, npocn. l'azapuna, 72, lHunpo, 49010, YkpauHa

AHHOTanuga

AHaﬂnsnpyeTca HepCl’leKTPlBHLIﬁ nyTb CHUXKE€HHUA CTOMMOCTU TPAHCIOPTHBIX KOCMHUYECKHX orlepaum‘»'l. IlokasaHo,
4YTO MCNOJIb30BAaHHE NMOJIUITUIEHOBBIX 060/I0YEK TOIJIUBHBIX GAKOB B KauyecTBe roproydero ABJjiAdeTcCA HauboJiee
3(l)(l)eKTl/IBHLIM CIOCOG0OM CHHDKEHUSA CTOMMOCTH 3allyCKa CIIYyTHHUKA Ha HH3KHE€ OKO0JIO3€MHbIE 0p6PITl>I.
CHe].ll/I(l)I/l‘lECKl/IMl/I 0COGEHHOCTSAMHU CKUT'aeMbIX (aBTO(l)a)KH]:IX) paKeT-HOCHTeJ’Ieﬁ ABJIAETCA BO3MOXHOCTh HX
peasimdalilii B OJAHOCTYII€EHYATOM BapHAHTE MU OTCYTCTBHE€ KOHCTPYKIHH 6aKOBBbIX OTCEKOB B TPpAaAUIIMOHHOM

NOHUMAHHUH, 4YTO IpeACTaBJIsAETCA

NepCneKTUBHBIM  AJIA

pa3paGoOTKM MaJIbIX paKeT-HOCUTesel s

MHUKPOCIIYTHUKOB. HCCJIEAOBaHO BJ/IMSIHUE META/VIOCOJAEepiKalluxX HANOJIHUTEeJIeH MOJIU3TUIEHOBBIX TOIUIMB Ha

y,[leﬂbl-lblﬁ HMIIYJIbC TATH aBTO(l)a)I(Hle ABUraTeseu.

Kawuesvie caosa: pakeTa-HOCHUTEJIb;

aBTO(l)a)KHbIe PaKeTbI-HOCHUTEJIH,;

CBerBbICOKOMOHeKyﬂHprIﬁ INOJIM3THUJIEH;

MeTaJlJICoAeprKalre LLO6aBKI/I; yrjeBoJ0opogHOE roprdee; y,Z[eJIbeIﬁ HMIIYJIbC TATH.

Bctyn

CyyacHi 3aco6u 10CTaBKU KOPUCHUX BaHTaXiB
y kocMmoc - paketu-Hocii (PH) - cTBopeni 3a
TeXHOJIOTi€l0, 10 OyJsa po3pobsaeHa y 30-80-x
pokax XX-ro cropiyyd. BoHUM npusHadeHi JJid
3abe3nedyeHHs] BaHTaX0NOTOKy 3eMus - KocMmoc
o6’eMmoM nopsaaKy 103 ToH/pik (B mepepaxyHKY
Ha HU3bKY HAaBKOJIO3eMHY Op6iTy) 32 yMOBH, 1110
Bara OJWHUYHOTO BaHTaXy CTAaHOBUTb Bif
KisibKox TOH o 100 ToH. be33amnepedHo, cydacHi
pakeTHU-HOCIT HaW6iIbII NPpUAATHI JJ14 i€l 3a4a4i
i 3Morjy; HaBiTb; 3a0e3MeYUTH MOJIbOTHU
aBTOMaTUYHUX anapaTiB o miaaHeT COHAYHOI
CUCTEMHM, Cepil0 KOPOTKOYAaCHUX NiJIOTOBAaHUX
MOJIbOTIB Ha Micaub i, MO>KJIMBO,
3a6e3MeyyBaTUMYTh IJIOTOBAaHUK TMOJIT Ha
Mapc.

[IpoTe cy4acHi pakeTHU-HOCII He-pUAATHI AJ1d
pO3B’I3aHHA HOBUX 3a/iay, HaNpUKIaj, [AJd
MacOBOI0 BHUKOPHUCTAaHHA MaJUX CyINyTHUKIB
Barol B KiJbKa COTeHb TIpaMmiB, fAKi MawTb
NOTeHIliaJl CTaTH TAaKUMM K MNOLIMPEHUMHU Ta
JOCTYIIHUMH, SIK 1 Mo6isibHI Tesieponu. Lle Takox
33/ja4li  HA KIWITAJAT KOCMIiYHOro TypHU3Ma,
iHAycTpiasizalil HaBKOJIO3EMHOr'0 IPOCTOPY i
HaNOJMKIYMX HEOECHUX Tij (110 moTpebyBaTUMe
36i/IbILIEHHSI BAHTAXKOMOTOKIB Y KOCMOC Ha KiJIbKa
NOPsAAKIB) Towo. Y pi3HUX KpaiHaX HaMararThCs
po3po6UTH  HOBi  TexHoJOTiI  KOCMiYHOTrO
TPaHCIOPTYBaHHS, sIKi 6 [J03BOJUJIN PO3B’sI3aTH
HOBI 33jJla4yi, aje TMNOKW 10 MO3UTUBHUX
pe3ysbTaTiB HeMae. Pasom 3 THM, MacoBe
BUKOPDUCTAHHSI MaJlUX CYNyTHUKIB Majso 6
CTBOPUTHU HOBi NpUOYTKOBI rasy3i eKOHOMIKH, a
opbiTasnbHi COHAYHI esleKTpocTaHLii mociabuar 6
BCECBITHIO eHepreTuyHy Kkpusy. OpHiero 3
NepCleKTUBHUX HOBUX TEXHOJIOTIM MOXe CTaTH
3alpoONOHOBaHe Maibxke CTOJIITTA TOMY

BUKOPHUCTAHHSI KOHCTPYKTHUBHUX €JIEMEHTIB
pakeT B gKOCTi nasvBa. Ha Ham mnorsasag, mro
npo6JieMy MOXJIMBO PO3B’I3aTH 3a JAOMNOMOTOH0
PH, y AKUX 6aKOBI 000JIOHKH
BHUKOPHUCTOBYBAaTUMYTbCS B SIKOCTI MaJbHOIO
(aBTodakni PH) [1-3]. Izes BuKOpUCTaHHSA
KOHCTPYKTUBHUX eneMeHTiB PH B sdkocri
MaJIbHOTO BiZjloMa Iie 3 YaciB MioHepiB paKeTHOI
TexXHiKH, aje Ha ChOrOJHIIIHIA AeHb MOAiOHI
O3HayeHi pakeTH He iCHYIOTb i He po3p06IAI0ThCS
i3-3a 04eBUAHOI CKJAJZHOCTI 1X MNOpPaKTHYHOL
peasizauil. [IpakTryHa peasnizanisa cnaaumux PH
CTa€ MOXKJIMBOIO 3aBJASIKU OJIEPXKAHHIO IPOTATOM

OCTaHHIX JecATUpiYb HOBUX CHUHTETUYHHUX
MoJIiMepiB, 110 BUKOPUCTOBYKTBHCA B SKOCTI
KOHCTPYKILIHHUX MaTepiaJiB. Tomy Ha

CbOTOAHIIIHIN AeHb MOTpPiObHA Teopis cHaJuMux
PH, sika cTaHe HayKOBOI0 623010 /151 Bi/INOBIAHUX
JlOCJIi/PKEHb Ta NPOEKTYBaHHS.

BukopucraHusa aBTOQAKHUX PH €
MepCIeKTUBHUM HANpPSIMKOM /[IJIsl BUPilllyBaHHS
3a/lay BUBeJIeHHs 3ac06iB BifiBeJleHHSA KOCMiYHUX
00’eKTiB 3 HU3bKHX HABKOJIO3EMHHUX OPOIT, 110
aKTyaJIbHO /[IJiT 6GOpOTbOM 3 AHTPONOTEHHUM
3a6pyAHEHHSIM KOCMi4yHOro npocrtopy [4-7].

Oco6/IMBOCTI  BHMKOPHUCTaHHSA
NaJbHMX JJI CIAJIMMUX PaKeT-HOCIIB

[3 cyyacHUX aJIUB — AK PiKUX, TaK | TBEpAUX
- HEMOXJMBO BUIOTOBJIATM KOHCTPYKTHBHI
eJleMeHTH, TOMY OJHI€I0 3 3aZa4 peasizanil igei
cnajiuMoi pakeTd € Bubip MarepianiB, ski
MOEAHYBAIU 0 JOCTATHIO MIiLHICTB,
TEXHOJIOTIYHICTb BHUTI'OTOBJIEHHS i OOpPOGKH 3
BUCOKOI0  TeIJIOyTBOPIOBAJIBHOK  3JaTHICTIO,
HU3bKOK  TeMIlepaTypold Ta  TeIJIOTOM
nJ1aBJieHHs abo cy6uiManii Touo. Ha Hay ymMKy,
[V 6aKOBUX OOOJIOHOK CHAJUMHX pPaKeT

TBEpAHUX
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MOXJIUBO 3aCTOCOBYBAaTH MaTepiaay,
3anpoNoHOBaHi /i ri6puAHUX ABUTYHIB, a caMe:
MeTaJy, TiApUAU MeTasiB I TBepAi BYyrJeBOJHI
[8; 9].

MeTanu 3jaBHa LIMPOKO BUKOPUCTOBYIOThCA B
SKOCTi pakeTHoro nasbHoro [10-12]. Hanpuxknag,

IIJIIXOM /I0/lJaBaHHSA MOPOIIKONOAIGHUX MeTasliB
[0 pifKOro Ma/JbHOr0 MiABUILYIOTH HOro
TeINJIOYyTBOPIOBAJIbHY 3aTHICTB, OCKIJIbKHU
NPOJYKTH 3rOPSAHHA MeTaJiB MaloTb OiabLl
HU3bKI €eHTaJ/ibllii YTBOPEHHS, HiX MNPOAYKTHU
3ropsiHHS BYTJIEBOAHIB (Ta6u1.) [13].

Table

Enthalpy of the formation of some combustion products

Ta6bauys

EHTanbnii yTBOpEeHHA AeAKUX NIPOAYKTIB 3rOpsIHHA

Fuel Product of combustion, phase Enthalpy of formation (AH298), kl/kg
C COz, gas -8941
H Hz0, gas -13423
Mg MgO, condensate -14924
Al Al>03, condensate -16435
B B203, condensate -18293
Li Li20, condensate -20008
Be BeO, condensate -24365

3aBasaku LbOMY 36iJIbIIYETHCS
TEIJIOYTBOPIOBaJbHA 3JaTHICTh MajuBa, TOOTO
pisHUIA MK eHTabIiAMY 1 KT nanuBa (AH 298) Ta
1 Kr NpoAyKTiB 3ropsAHHSA Ha BHUXOJI i3 corluia
(AH®*x), i, BifgmoBigHO, 36i/bIIYETHCS WBUIKICTD
BUTiIKaHHS NPOAYKTIB 3ropsiHHA i3 comyia (w) 3a
HACTYIHUM CIIiBBiJJHOLLIEHHSM:

W = [2(Hgg-HE).

[IpoTe, cnasOBaHHA TIJIBKU MeTaJliB He €
JOILIJIbBHUM, OCKIJIbKHU BHMCOKa
TeNJIOYyTBOPIOBaJbHA 3JAaTHICTb NPUBOLUTHL [0
BHUCOKHMX TeMIlepaTyp y Kamepi 3ropsHHA |,
BHACJiJJOK LbOTO, [0 HENPUHHATHO BEeJUKOI
BUTpATX eHepril NpOAYKTIB 3ropsHHA Ha ix
JYCOoLialito.

HaiiBumii 3HayeHHS HaWOiJbIl BaXKJIMBOIL
XapaKTepPUCTUKH PaKeTHOI0 MaJiMBa — MUTOMOTO
iMmnysbcy TArU (Lnur) OCATaOTHCS, SIKIILO B MAJIUBI
KpiM MeTaJly Ta OKWUCHHKA NPUCYTHIA BOJEHb.
[Ipy 11LOMYy, OKHWCHHUK BHUTPAYAETLCA Ha
CcTexioMeTpUYHe CIaJIl0BaHHA MeTasy, a BOJeHb
JOJAETbCA [AJA JOCATHEHHS MaKCHUMaJIbHOTO
nutomMoro immysnbcy [8]. Came 3HMXKEHHSAM
MOJIEKYJISIPHOI MacH i, BiOBi{HO, 36i/1bllIeHHAM
MacoOBOI TeIJIOEMHOCTI NPOAYKTIB 3ropsAHHA 3a
PaxXyHOK 30i/bIIeHHS B HUX KiJIbKOCTi JIETKOTO
BOJIHIO OSICHIOETBCSA iIHTepec [0 TAKUX CIOJYK K
rigpug Gepusito, ajaOMOTiAPUAIB, GOpriApujiB
TOLLO. IMOBIpHO, L0 i3 JeAKUX TiAPULIB MOXKJIUBO
BUT'OTOBUTH 6aKOBY 0060JIOHKY Ta MOJABATH il 10
KaMepu 3ropsHHs Ticisd 1JaBJeHHd abo
lepeTBOPeHHA Ha Tra3 BHACAIJAOK TepMidHOL
JleCcTpyKuii. Ane, Ha Hall MOTJAJ, Mepll 3a BCe
NOTPiOHUM € BUBYEHHS] MeXaHiYHUX Ta Qi3UUHUX
XapaKTepUCTUK MOTeHI[iNHUX MaTepiaiB.

Haiibinbll AOCTYNHUMU Ta [JOLIJIbHUMM Ha
CbOTO/IHI MaTepia/laMy, Ha Hally LJYMKY, MOXYTb
BUCTYIIaTU TBEPJAi BYIJIeBOAHEBI MoJiiMepH, TaKi
dK, HalpUKJIa[, TIoJiieThuieH, MoJiNpomniJeH,
NOJIiICTUPOJI TOIWWO. IX XiMiYHUHI cKaaj 6JM3bKHUIM
Jl0 CKJIaZly TUIIOBOTO BYIJIEBOLHEBOTO NAJBLHOTO,
BOHM JIOCTATHBO MillHi [JII BUTOTOBJIEHHS 13 HUX
KOHCTPYKTHUBHUX €JIEMEHTIB, JIeTKO IJ1aBJIATbCSA
Ta rasudikyloTbCs, 110 CIPOLLYE BJALITYBaHHSA
CUCTEM Moaui.

B 4KOCTI OKHUCHUKIB MOKHA BUKOPUCTOBYBATU
Taki mouiMpeHi B pakeTHIM TexHili piiuHM sK
a30THUHW TETPOKCHJ, Ta TEepeKUuc BOJHIO.
BesyMmoBHO, HaWKpaliuM HETOKCUYHUM
OKHMCHHUKOM € piIKUH KuceHb. [IpoTe, Mailxe Bci
BYIJIEBOJHEBI IOJIiMEpHM MaKThb TeMIlepaTypy
CKJIyBaHHS 3HAa4HO BUIILY, Hi>K TOUKA 3aMep3aHHA
piakoro kucHio (-222,65°C), omxke, 06JacTh ix
3aCTOCOBYBaHHA 0OMEXYEThCS Julie
OKHWCHUKaMHU 3 BHUCOKUMMHU TeMIlepaTypaMHu
KUITIHHS. Bigomo, 110 BHCOKOMIilLIHUH
Ha/IBUCOKOMOJIEKYJIAPHUM NOJIieTUIEH HU3BKOTO
TUCKy (Hampukiaaza, wMapku 21506-000 3
MOJIEKYJIIpHOIO Macow Buiie 106) MokHa
BUKOPUCTOBYBaTH B IIUMPOKOMY iHTepBaJi
po6ouux Temnepatyp: Big -200 go 130°C [14].
Kpim TOrO, Ha/IBUCOKOMOJIEKYJIIPHUHN
noJlieTUJIeH Ma€ JOCUThb BUCOKI XapaKTepPUCTUKHU
MIITHOCTi, HU3BKUH KOeQilliEHT TEPTS, BUCOKY
CTiMKICTh [0 arpecMBHUX CepeJIOBHIL, BUCOKY
yAapHy B’a3kicTb [15-18].

JlolaTKOBUM apTyMeHTOM Ha KOPUCTb BUOOPY
BYIJIEBOJHEBUX  IIOJIMepiB €  MOXJIUBICTb
BUKOPHUCTAHHS iX pa3oM i3 MOpPOUIKONOAiOHUMHU
METaJOBMiCHUMU HaIllOBHIOBa4aMH, 110
Jl03BOJIUTD SIK YHUKHYTH Npo6JieM, OB s13aHUX i3
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BUKOPHUCTAHHAM MeTajsieBUX ab6o0 TipuAHuX
f6akiB, Tak | MOKpalUTH  eHepreTU4HI
XapaKTepUCTHUKU NajvBa. BigoMo, mo B JeiKux
TBepAUX MajJMBax BMICT NOPOIIKY aJIlOMIiHilO
ctaHoBuTh 15-20% (mac.), 1o [103BOJISIE
miABUIIUTH lr Ha 10-15% [10-12]. Ane B
piAKUX  maauBaxX  3aCTOCYBaHHA MeTaJliB
YCKJIaZJHEHO mpobJieMaMyd Horo 36epiraHHs Ta
1oJayi 10 KaMepy 3ropsHHA.

BBe/leHHs HaHOAUCIEPCHUX HAMOBHIOBAYiB
MPUBOAUTL [0 3MIHU CTPYKTYpU INOJIMepHO]
MaTpHULi, a OTXe [0 CYTTEBOrO IOKpalleHHA
eKCIJIyaTalliiHuX BjacTUuBocTed. HaHopo3MipHi
YaCTUHKHU Mo udikaTopy piBHOMIpHO
po3mnoAiffAlTbCcd B Maci  mnoJsiMepy  Ta
3a6e3MedyoTh HOr0 CTYKTYPYBaHHS 32 paxyHOK
aKTUBHOI MOBePXHi HAHOYACTUHOK [19-23]. Tak,
aBTOpOM [24] 6yJi0 BCTAaHOBJIEHO, 110 BBEJEHHS
2 % (mac.) a;nOMiHIMBMiCHOTO HaloOBHIOBada /0
Ha/IBUCOKOMOJIEKYJIAPHOTO NoJlieTUeHy
NPUBOLUTH [0 MiJBULLEHHA MILIHOCTI HAa PO3pHUB
Jo 30 %, 3HOCOCTIMKOCTI - Ha MNOpAJOK 3i
36epekeHHSM BiJHOCHOTO NOJOBXEHHS MiJ yac
pO3TSAryBaHHS Ta 3MeHIIeHHs Koeil[ieHTy TepTs
Ta TeMIepaTypu B 30HI KOHTaKTy. I[lpu npomy
YaCTUHKY HAllOBHIOBAa4a MOBOJAATHCA fK IUTY4YHI
3apOoJKHU CTPYKTYypYBaHH4, 110 CIpusie
YTBOPEHHIO GisbIII OpraHi3oBaHOI Ta
BIIOPAJAKOBAHOI HAZAMOJIEKYIAPHOI CTPYKTYpPH.

CnasuMi pakeTd, B SKHUX MeTaJOBMiCHUM
NOPOUIKONOAIOHUN HaNoOBHIOBAY BBOJATH [0
CKJIaJly MOJIiMepHOI OCHOBH ITij] Yac BUPOOHHUI[TBA
6akoBOi 00GOJIOHKH, JO3BOJISITb pPO3B’SI3aTH
npo6yieMy 36epiraHHs MeTaJOBMiCHHUX MaJUB.
KpiMm ToOro, mnoJsiiMmepHa 0CHOBa, IO-—IIeplle,
3axuilaTUMe rirpocKomniyHi Ta BHUCOKO-
peak1iiHO3/1aTHi rizpuau BiJ, BILJIUBY
HaBKOJIMIIHBOI'O CEpe/lOBUILE; [T0--ZIpyTre, BUCOKA
B’AI3KIiCTb pO3ILIaBJIEHOTO noJsiimepy
nepenKo/KaTUMe pO3LIapyBaHHIO MaJIbHOTO B
IJIaBUJIBbHIK KaMepi Ta MaricTpandax mnopadi
(Akwo yacTHHy mnoJjaiMepy He rasudikyBaTy, a
JiMlle IUIaBUTU 3 MeTOK IoJayi HaJbHOrO y
BUIJISAAI cycneHsii abo KOJIOIZHOrO pO34YHUHY).
BpaxoBy1o4ud 1ie; 3ayBaXXHMO, L0 B CHaJUMIH
pakeTi B  fAKOCTI cepejoOBHINA  JAOLIJBHO
BUKOPUCTOBYBAaTU IMaJjibHe B TIa3o0NoAi6HOMY
CTaHi.

TakuM 4MHOM, TBep/i BYTJIeBOAHEBI OJIiMepHU
€ nepCcreKTUBHUM MaTepiajioM A1
BUTOTOBJIEHHS O0OGOJIOHOK CHAJMMHX pakKer.
Oco6siMBy  yBary cig 3BEPHYTHU Ha
Ha/IBUCOKOMOJIEKYJISIPHUH MOJIieTUJIeH 3 OTJSy

Ha HOro BHCOKY €HepreTU4YHy eQeKTHBHICTb,
Oe3neky JJs JOBKiJIA Ta—#ere [JOCTATHIO
MILIHICTB /151 KOHCTPYKIi 6aKOBUX 000JI0HOK.

I3 Teopil TBepAUX paKeTHUX NAJIUB BiZJOMO, 1110
AJisi MiABUINEHHS lnur AOLIIBHO AOAABATH [0
TBEPAOr0 BYIJIEBOJAHEBOrO NaJbHOrO  Taki
MeTasid gk Li, Be, Mg, Al y Burssgi npoctux
pedyoBUH abo y cKaaZi crnoayk. MoxHa
IPUIIYCTUTY, IO B KaMepi JBUT'YHA BOHU OZpa3y
MOBHICTI0 OKUCHIOIOTBHCA 3 YTBOPEHHAM OKCUJIB
Li,0, BeO, MgO, Al;03. [l uux oKCcUZiB peakiiil
cybJiiManii 44 BHUIIAPOBYBAaHHS 3 YTBOPEHHSM
rasy TOro > XiMIYHOTO CKJaAay, WO 1 BUXigHA
pevyoBUHA, 260 3 PO3KJIaZIOM Ha O/IHOATOMHI rasu
B Jiialla30Hi TeMmIepaTyp pPaKeTHUX [BHUTYHIB,
XapaKTepU3yThCA yKe HU3bKUMU 3HAYEeHHAMU
KOHCTAaHT pIiBHOBaru, TOOGTO JAyXXe HU3bKUMU
TUCKaMM Hacu4yeHol mapy. ToOMy NpUNYCKawTh,
LII0 BUILIeHaBeJeHI OKCUAW Iicas YTBOPEHHA
IPAaKTUYHO BiZipa3y IMOBHICTIO IepexojATb y
KOHJIEHCOBAaHUN CTaH i MepebGyBalOTb B HbOMY
IIPOTATOM BChOTO NpPOLiECY B KaMmepi 3ropsaHHA i
cormi. 3 i€l npuYKMHU Oy Ab-SKi peaklii 3a y4yacTio
Li, Be, Mg, Al a6o ix crnoyiyk He BpaxOBYyBaJIUCA 3a
BUKJIIOUYEHHSIM MOBHOTO OKHUCHEHHS Ta
KOHJeHcallil, OCKIJIbKA BBa)KaJocd, 110 [Jif
MPOXO/P)KEHHS peakKllii HeOOXiAHUM € Tepexif ux
pPEYOBHH B ra3onoAiOHUM CTaH.

BignoBifHo gmo  [8], nOpUHHATHUM €
npunyileHHs, mo okcugu Li0, BeO, MgO, Al;03
3HAXO4ATHCA B KOHJAEHCOBAHOMY CTaHi y BUIJIAAI
MPOCTUX pPEYOBUH 0Oe3 YTBOPEHHsS PO3YHHIB,
TOOTO, AKIIO B MPOJAYKTaX 3TOPSAHHSA NPUCYTHI
OKCHUJHW KIJIbKOX MeTaJliB, TO KOXEeH 3 HHUX
YTBOPIOE OKpeMy da3y.

Po3paxyHku lnur 34iMiCHIOBa/IM BiAMOBiAHO [0
[8] mansa gBOx THUMIB masMB - KpiOreHHOro Ta
BHUCOKOKMIIJITYOTO — B IKMX y fIKOCTI MaJIbHOIO
O6yB 06paHUi MOJIieTHIIEH, @ B IKOCTI OKUCHUKIB —
KHCeHb Ta Nepekuc BoJAHIO. CHiBBiAHOLIEHHS
KOMIIOHEHTIB MNpUUMalu CTeXiOMeTPUYHUMH.
Thck B KaMepi 3ropsAHHA Ta Ha 3pi3i coma
ctaHoBMB BignoBigHo 25.3 Ta 0.02 MIla. B akocTi
HalNoOBHIOBAYiB, KpiM BHUIleHaBeJeHUX MeTaJliB,
6ysin po3rsHyTi ix riazpuau: LiH, MgH,, LiAlH,,
Mg(AlH4)>. 3a YMOB IIBU/IKiICHOL Ta
TeMIlepaTypHOI piBHOBaru reTeporeHHUux
NPOAYKTIB 3rOpsiHHS PO3pax0BaHO 3HAYEHHS [y,
HaBeJleHl Ha PUCYHKY y BULJIAAI 3aJI€KHOCTI lnur
BiZl MacoBOi 4YaCTKM HalOBHIOBaya B MaJIbHOMY

(m)- [Jnsa 3py4yHOCTI BHU3HAYEHHS MOPUPOCTY
IUTOMOr0 iMnyjabcy Inr HaBeZeHa IIKaJa
BiJICOTKIB.
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Fig. The theoretical specific thrust impulse Inur, his increase I*mur and decrease I-nur vs. the filler () and condensate
mass content (z) in combustion products: a - for polyethylene - oxygen propellant; b - for polyethylene - hydrogene

peroxide (98 %) propellant, 1 - max(I*mur - Inur) area

Puc. 3ajiexxHicTb TEOPeTHYHOro NUTOMOro iMmyjabcy Imur, Horo mpupocty I*muT Ta NpUGJIM3HOI OLiHKH
MaKCMMaJ/IbHUX BTpaT I-MMT BiA MacoBoi 4acTKH HaNOBHIOBAaya B MaJIbHOMY (1)) Ta MacoBOi YaCTKHU KOHJeHcaTy B
NPOJYKTaxX 3ropAHHA (Z): a - /14 Na/JMBa «N0JIieTU/IeH — KUCeHb»; b - /1 na/nBa «noJjiieTU/IeH - nepeKuc BoAHIo (98

%)»; 1 - o6s1acTh max(I*nuT - I-nuT)

[3 HaBe#eHOI 3aJieXXHOCTI OYEBUAHUM €
3HAaYHMM BILJIMB HaANOBHIOBAa4YiB Ha Inur. fAKio
NPUUHATH, 1[0 CHaJMMa paKeTa MOXe OyTH
peaJsiizoBaHa 3 BMiCTOM HanmoBHIOBada 1 = 0.2-0.3
(mpumycTrMo, 1[0 3a TAaKUX Ta GiJbIl HU3bKUX

3HAaYeHHsIX CUCTeMa TMojadyi e MaTuMe
33/I0BiJIbHI XapaKTEpPUCTHUKH, a MPHU OiIbLIOMY
BMICTI HamoBHIOBa4a 1 - HENPUWUHSTHO
VCKJAJAHUTBCS), TO HaBeJleHe 30i/blleHHsA

3HaueHHs [nur Ha 5-7 % B nepiuoMy BUNAJKy Ta Ha
3-5% y ApyroMy BHUNaJKy 3acJyroBye yBaru,
OCKIJIbKU KOXXHOMY [O0JATKOBOMY BiZCOTKY lnur
BignoBifjaTuMe npubausHo 4-6% BuUrpauly
KOPUCHOTO BaHTa>Xa Ha HU3bKUH HABKOJIO3EMHIN
opo6iTi.

BUCHOBKH

HaaBucokoMoseKyAApHUN  MOJlieTUIeH Yy
MOEHAHHI 3 KUCHEBUMHU OKMCHUKAMHM 32 TAKMMU
KpUTepiAMH, 9K TEOPETUYHUN NIUTOMUH IMITYJIbC,
MiIIHICTb, TEXHOJIOTiYHICTb BHPOOHHUIITBA Ta
006po6ku, xiMiyHa CTiliKicTh, 6e3MevyHicTb A4
JOBKIiJIJIA Ta 3JJaTHICTb [0 Mai>Ke CTOBiICOTKOBOI

TepMi4yHOI JecTpykKuii 3 YTBOPEHHAM
rasonofioHUX  MNPOAYKTIB €  NpUAATHUM
MaTepiajioM [ BUPOOHMLTBA  6GaKOBUX

060JIOHOK CITaJIMMUX PAKET.

[Ta;iMBa HA OCHOBI NOJIieTUJIEHY 32 OCHOBHUMH
XapaKTepUCTUKAMU Kpalli, HXK IaJIiBa Ha OCHOBI
TpaJ UL HOr0 Cy4aCHOTO PaKeTHOI'0 NaJbHOTO -
racy. MoxxHa MNpUNyCTUTH, L0 B MNOLAJBIIMX
JOCJIIP)KEHHAX MaCOBO-eHepreTUYHUN BUrpall
Bify peanizanii kKoHnenunii crnajgeHHsd 6aKoBOI
000JIOHKH He 3MeHIIyBaTUMeTbCs 3a PaxyHOK
eHepreTUYHHUX Ta iHIIHUX XapaKTePUCTHUK NMaJIMBa.

3aBJdKM BBEJEHHK /[0 TO0JIIETUJIEHOBOTO
NaJbHOTO MeTaJIOBMiICHUX HAIlOBHIOBA4iB [Jid
aBTOQaKHUX [IBUT'YHIB OZJHOCTYIIEHEBOI paKeTH-
HOCisl, 1[0 IPU3HavY€eHa /IJisl BUBEJEHHS KOPUCHUX
BaHTaXXiB Ha HM3bKi HaBKOJIO3eMHi O0pOiTH,
MOXJIMBE 3pOCTaHHSI BHUrpally KOPHUCHOTO
BaHTaKy Ha 17-21 %, K10 OKUCHUKOM € KUCEHB,
i Ha 12-23 %, AKIO0 OKUCHUK — IepeKHUC BOJHIO.
TeopeTHU4YHO TaKuUi BUIpall € CYTTEBUM. AJie
HeoOXiaHi MoJIaJibIli JOCJIiPKEHHS Ta
BpaxyBaHHsS BTPAT, NOB'I3aHUX 3 YCKJIaJHEHHAM
cuCTeMHU nojavi.

Cepen MeTaJIOBMiCHMX HAllOBHIOBAYiB MaJiiBa
AN aBTOdaKHUX JIBUTYHIB Hano6iabLI
MepCleKTUBHUM € BHUKOPHUCTAHHS a/lOMiHiIO0 y
BUIJIS/|I MOPOLIKY, OCKiJIbKA TEeXHOJIOTis Horo
BUPOOHHULITBA MoLIMpeHa y cBiTi Ta B YkpaiHi,

BiZJHOCHO JelleBa, TEOPETUYHO Ta
eKCIIEpUMEHTAJIbHO  JOCTAaTHbO  JOCJi[pKeHa
[12; 25].
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Abstract

The article shows what new possibilities can give the complex application of modern methods of express analysis of
material evidence in revealing and proving the circumstances of the investigated event in a criminal proceeding by
using modern advances in chemistry and other natural and technical sciences. The instruments for rapid analysis
used in the investigation practice are considered, including gas analyzers, chemical test systems (SIGMA set), X-ray
fluorescence analyzers («<EXPERT Mobile»), electronic microscopes, mass-analyzers (EMAL). The EVD-3000, which is
today the most recognized portable detector for explosives (including plastic explosives) and their traces, provides
an analysis of the result within 15 seconds. Portable gas analyzer of explosives vapor "EHO-M" is used to study
material objects at the scene, as well as the Kinovar analyzer and the "Molecule" portable set. To diagnose the
presence of drugs, specially made rapid chemical "spray-tests"” of the type "Narcotics identification kit" manufactured
by "Becton Dickinson" (USA) are used. Incorporated in expert and investigative practice, the portable set of chemical
reagents for express analysis of narcotics "SIGMA" is used to identify objects that contain suspicion of the content of
narcotic substances. Portable X-ray fluorescence express analyzer for alloys "EXPERT Mobile" allows non-destructive
operational analysis of material objects in the field. Mass-analyzers with laser source of ions EMAL, "SELMI" provide
the possibility of simultaneous detection of several dozen elements without destroying material objects.

Keywords: evidence; express-analysis; mass-spectral analysis; innovative technology; X-ray fluorescence analysis; gas
analyzer; test system

CYYACHMM CTAH EKCIIPEC-AHAJIITUYHUX METO/IB A0C/IIXKEHHA
MATEPIAJIbHUX OF’EKTIB Y KPUMIHA/IBHOMY IPOLIECI

Bosogumup M. Teptumnuk?, Osbra Jl. Cokosenko?*, Onekcangp B. Cauko?

1YHigepcumem MumHoi cnpasu ma ¢inamcis, 8y BepHadcvkozo, 2/4, [lHinpo, 49000, Ykpaina
2/IninposcbKull HayioHabHull yHigepcumem imeni Osnecsi F'oHuapa, npocn. I'azapiuna, 72, lninpo, 49010, Ykpaina

AHoTalis

Y craTTi noKa3aHo, AKi HOBI MO>K/IMBOCTI B BUAABJIEHHI Ta 0BeJeHHi 06CTaBMH pO3CcaijyBaHoi No/ii B KpUMiHA/IbLHOMY
NpOBa/pKeHHI MO)Ke AAaTH KOMIUIEKCHE 3aCTOCYyBaHHA Cy4YaCHHUX METOAIB eKclpec-aHasidy pe4oBHUX AOKasiB 3
3aCTOCYBaHHAM Cy4YaCHUX AOCATHeHb XiMii Ta iHIIMX NpUPOAHUYHUX i TexHiYHMX HayK. Po3rasaHyTti nmpwiaau Aasa
eKcnpec-aHaJi3sy, 1Ki BAKOPUCTOBYIOThCA B IPAKTHLi pO3C/aiAyBaHHA, B TOMY YHUCJi ra3oaHa/i3aTopy, XiMiuHi TecT-
cuctremu (Ha6ip «CIT'MA»), pentreHogayopecueHTHI aHaaizaTopu («KEXPERT Mobile»), esileKTpoHHI Mikpockomny,
Mmac-aHaJizatopu (EMAJI).

Katouosi caoea: nokasy; ekcrpec-aHaslis; Mac-ClleKTpaJbHUIN aHalli3; PeHTreHo(pIyopecleHTHUH aHasli3; ra3oaHasnisaTop;
TecT-cucTeMa

*Corresponding author: e-mail address: sokolenko2003dnu@ukr.net
© 2018 Oles Honchar Dnipro National University
doi: 10.15421/081907


http://chemistry.dnu.dp.ua/

66

Journal of Chemistry and Technologies, 2019, 27(1), 65-70

COBPEMEHHOE COCTOAAHHME 3KCIIPECC-AHAJIMTHYECKHUX METOZ0B
HCCJIEAOBAHUA MATEPUAJIBHBIX OB BEKTOB B YI'OJIOBHOM ITPOLIECCE

Bnagumup M. Tepteiunuk!, Osbra JI. Cokosnenko?*, Anekcanap B. Cauko?

1YHusepcumem mamosiceHHo20 deaa u puHaHcos, ya. Bepnadckozo, 2/4, [lnenp, 49000, YkpauHa
2/THenposckuli HAYUOHA/bHLLL yHUgepcumem umeHu Oaecs I'onuapa, npocn. I'azapuHa, 72, [Jnenp, 49010, YkpauHa

AHHOTanuga

B craTbe nokasaHo, KaKMe HOBble BO3MOXXHOCTHU B BbISIBJIEHUM U AOKa3aTeJ/bCTBe 06CTOSITE/IbCTB paccieayemoro
COGBITHA B Yro/JioBHOM NMPOHU3BOACTBE MOXKET AATbhb KOMIUVIEKCHO€ IPpUMEHEeHHEe COBpPE€MEHHbIX MEeTOA0B 3KCIpecc-
daHa/IM3a BeE€IIeCTBEHHbIX [J0Ka3aTeJIbCTB C INPHMEHEHHEM COBPEMEHHbIX AOCTHXKEeHMH XUMHMHU H APYrux
€CTEeCTBEHHbIX U TEXHUYE€CKHMX HAaYK. PaCCMOTPEHbl l'lpﬂ60pl:l AJIA KCIIpecC-aHa/IN3a, UCNI0JIb3YyIoIuecs B IPAaKTUKe

paccieaoBaHud, B TOM qyuciae

ra3oaHa’/iu3aTopsl,

XMMHYeCcKHe TecT-cucTeMbl (Ha6op «CHUI'MA»),

peHTreHodyopecueHTHble aHaau3aTtopbl («EXPERT Mobile»), 3/ieKTpOHHbIe MHUKPOCKOIBI, MaccC-aHaJIM3aTOPbI

(«IMAJI»).

Katouesvle caosa: AO0Ka3aTeJIbCTBA; 3KCIIpecC-aHa/ln3; MaCC-Cl'leKTpaIlebIIjl AHAJIN3; peHTFeHO(l)JIyopecLleHTHbII;'I AHaJIN3;

ra30aHaJIM3aTOp, TeCT-CUCTEMaA

Bcryn

Ilocmanoska npoé.siemu. 3abe3neyeHHdA
CrpaBe/JINBOr0 CYJ0YMHCTBA B Cy4aCHUX YMOBax
noTpebye 3acTOCYBaHHS HOBITHIX TEXHOJIOTIH
LIBUAKOIO i HaAIMHOrO OTPUMaHHS JOCTOBIpHOL
JloKa3oBoi iHpopMalii, 3acToCyBaHHA Cy4acHUX
MOXJMBOCTeN XiMiYHOro Ta iHIIOro eKcIpec-
aHaJlizy MaTepiaJbHUX O0O6’€KTIB, fKi MOXYyTb
MaTH 3HaYyeHHA PeYOBUX J0Ka3iB.

AxkmyanabHicmb  docaidxcysaHoi  npobsiemu
OOYMOBJIIOETBCA THM, IO PO3BUTOK Cy4acCHHUX
eKCIIpec-aHaJiTUYHUX METOAIB JOC/iIKeHHS
MaTepiaJbHUX 06’€eKTIB ENET LIMPOKI
MO>JIMBOCTI IJIf YA OCKOHAJIEHHH 1 MiJBULEeHHSA
edpekTUBHOCTI [0Ka30Boi JisibHOCTI y cdepi
CY[OYMHCTBA, aJjle JJid TOKpallleHHA TakKol
CYyCNiZIbBHO  BaXJIUBOi  poboTH  Joci  1ie
HeJOCTaTHbO BUKOPUCTOBYIOTbCA  HaZA0aHHA
cydyacHol Ximil Ta IHIIMX NOPUPOJHUYMX |
TEeXHIYHUX HAYK.

AHasi3 OCTaHHIX HAyYKOBUX JOCJiJKEHb
MOKa3ye, 0 NpobJieMi BUKOPUCTAHHS B CJiA4ii
JIAJIBHOCTI JJI1 PO3KPUTTA 1 po3CiifyBaHHA
3JIOYUHIB HOBITHIX JOCATHEHb HAyKH 1 TEeXHIKHU
NPUAINSETbCS 3HAYHA yBara HaykoBLiB [1-17].
Ane icHywoui ny6aikanii He BUYEpPNyOTH IO
CKJIaJHy Mpo6JeMy MOBHICTIO, HE PO3KPUBAIOTh
yCiX MOMXJIMBOCTEM Cy4aCHUX IHHOBaALiMHUX
TEeXHOJIOTIA JiJIs1 MiJABUILEHHS edeKTUBHOCTI
CJi4ol i cyn0BOI AigbHOCTI.

Mema daHoi po6omu - BU3HAYUTH OPIEHTHPHU
Ta KOHKpeTHi 3aco6u i GopMu BTiJIeHHSI OKpEMUX
JIOCAATHEHb CY4YaCHUX HAyKOBHX TEXHOJIOTIH Ta
NnpuIaZiB AN eKCIpec-aHali3y y
KPUMiHa/JiCTUYHY NIPAKTHUKY.

PesysbTaTH J0C/IAIAKEHHA
HoBi MOXKJIMBOCTI y BUABJIEHHI Ta JOBeJEHHI

06CTaBUH pPO3CJiyBaHol NoJii B KpUMiHAJIbHOMY
NpOBaJ KeHHI MOXe JaTu KOMILJIEKCHE
3aCTOCYBaHHAA Cy4YaCHHUX MeTOZIB eKcCIpec-
aHa/i3y pedyoBUX [OKas3iB 3 3acTOCyBaHHAM
nepefoBUX  JOCATHeHb  xiMil Ta  IHIIMX
NPUPOJAHUYMX | TEXHIYHUX HaAYK.

Y kpuminazsicTUli AJ1 NPOTUAIT 3JI0YMHHOCTI

4acTO  3aCTOCOBYIOTb  METOAM  LITYYHOTO
CTBOPEHHS YMOB nJs ¢(popMyBaHHSI peasibHUX
caifiB 3JI0YMHHOI MoJii, BCe yacTille

BUKOPHUCTOBYKOTbHCA TaK 3BaHi XiMi4HI NaCTKHU.
st po60TH NPAaBOOXOPOHHUX OPraHiB y 30Hi
ATO B cy4acHHX yMOBax NPaKTH4YHY KOPHUCTb
MOXXKe MaTH yHikaabHU# npunag EVD-3000, akuit
CbOTOJIHi € HalO6iJbll BU3HAHUM I[EPEHOCHUM
JeTEKTOPOM HAasBHOCTI BHOYXOBUX pPEYOBHUH
(30kpeMa mJIaCTUKOBUX BUOYXiBOK) Ta ix ciifiB,

3abe3neyye BUJA4y  pe3yJbTaTy  aHajisy
npotsiroM 15 cekyHg. /Jasa  pocaigpkeHHs
MaTepiasbHUX  06’€eKTiB Ha  Mmicui  mogil

BUKOPUCTOBYIOThCSI IEPEHOCHU I razoaHaJjiizaTop
napiB BUOyxoBUX pedyoBHH “Exo-M”, a Takox
a”ajsizatop “KiHoBap” Ta mopTaTUBHUH Habip

«Mosekyia».

Jns  [iarHOCTUKU HAdgABHOCTI HApKOTHKIB
BUKOPUCTOBYETbCA  CIleljiaJlbHO BUI'OTOBJIEHI
WBUJKI XIMiYHI «cnpel-TecTh», HaNpPUKJIAZ,
eKcrnpec-aHamiTHYHUN  6asmoHynk "HEROSOL"

NpHU3HaYeHUH JJIs BUSBJIEHHS] TepOiHy, a TaKOX
6amonunk "COCA-TEST", npusHayeHudl pjs
BUABJIEHHA CJIiAIB NPUCYTHOCTI KoOKaiHy. [lna
3a3HayeHUX IjiJleldl MOXYTb BUKOPUCTOBYBAaTUCh
HabopU XiMiYHUX PeaKTUBIB [IJisl eKCIpec-aHai3y
tuny "Narcotics identification kit" Bupo6HuITBa
¢ipmu "Becton Dickinson" (CILA).

B cmigyy npakTUKy — Bce  aKTUBHille
BTUIIOIOTBCS  PO3p006JieHi BYEHUMU-XiMikaMH
TeCTH, 3aCHOBaHI Ha KOJIbOPOBUX XIMIYHHUX
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peakuifix po34YMHiB peaKTUBIB 3 JOCAiPKYBaHUMU
006’eKTaMH.

Hab6ip TectiB a/1a nonepeanboi ijeHTHUdiKaIii
HapKOTUYHHUX PpPEYOBUH 1  MCUXOTPOMHUX
cy6CTaHIid B IMOJIbOBHX YMOBAax IIiJi HAa3BOIO
«BepTekc» npuaTHUM s TeCTyBaHHS Npob y
MOPOLIKOBOMY BUIJIALL

BTineHult B ekcnepTHY i cjaiuy NpaKTUKY
MOPTAaTUBHUN Habip XiMiYHUX peaKTUBIB AJs
eKcIpec-aHasIizy HapKOTUYHUX peyoBHH
«CITMA»  3acTOCOBYETbCS [/l  BUSIBJIEHHSA
00’€KTiB, y CKJaJli SKUX € IMiJo3pa Ha BMICT
HapKOTUYHHUX pe4vyoBHH. BUBYeHHA Ta aHaui3
BiTUM3HSAHOI Ta 3apy6i>KHOI JliTepaTypu J0BeJH,
[0 HaWGIJMbII pPO3MOBCIO/PKEHUMU 3ac06aMHu
BUSIBJIEHHS] HApKOTUYHHUX 3acobiB € TecTH,
3aCHOBaHI Ha KOJIbOPOBUX XIMIYHUX peakuiax. Y
pe3y/bTaTi BUHUKA€E XapaKTepHe 3abapBJ/ieHH:
peakLiiiHOi cyMilli, sike BUKOPHUCTOBYETHCH SK
MOKa3HUK  MOXJIMUBOTO  BMICTy  OKpeMHUX
HapKOTHUKIB abo rpyn HapKOTUYHUX PEYOBUH.
JlaHuM MeTOJOM MOXXHa BHKOHYBaTH aHaJi3
MaTepiasbHUX 06’€EKTIB Ha NMpeAMeT BUSBJIEHHS
HasiBHOCTI BMICTy HapKOTHKIiB, BUTOTOBJIEHUX 3
KOHOIJ (MapuxyaHH, rauuily, TraliiIIHOTo
MacJia), a TaKOXX HAPKOTUYHUX PEYOBUH 3 MaKy
CHOJIiIiHOT 0 (COJIOMKa MaKOBa, OIiM-CUpeIlb, OIiK
ekcTpakTHUH). EKcnipec-aHanis i3 3acTocyBaHHAM
npunany «Cirma», [J03BOJIIE [iarHOCTYBaTH
HasIBHICTh  OMIMHMX  asKkaJoigiB  (MopodiH
TeXHiYHUH, MoOpdiH OCHOBa, KOAEiH), TepoiHy,
CHHTETUYHUX aHaJsoriB omiatiB (mpomezoJy,
OMHOIIOHY, TpaMajoJy), KOKainy,
epeIpUHOTUAPOXIOPUAY, 6apbiTyparTis,
Ju3eprujiB (JIM3epruHOBa KUCJI0TA, AUEeTUAAMU/]
JusepriHoBoi kucaoTu); amderaminiB (PpeHamiH,

MeCKaJliH, IEePBUTHH), JUMeNpoJy Ta
6ynpeHopdiHy, ToOLIO.

[peHTudikanis  gocaifpkyBaHUX  00’€KTIB
BiOyBa€eThCA LIJIAXOM CIiBCTaBJIEHHSA
OTPUMAaHOI0 KOJIbOPY peakLiiHol cyMilli 3 TecT-
LIKaJI0K0. Y  3aJIeXKHOCTI Biz  cmocoby
3aCTOCYBaHHA peaKTUuBYy eKCIpec-TecTH

MOAIIAOTh HA KpalleJibHi, aep030JIbHi, aMIyJIbHI.

B uisomy Habip «CICMA» mnepeBepuiye
aHaJ/IOTiYyHI  TecTH, 1O  MiATBEPKYETHCA
BHCHOBKaMU NpOBeJeHUX JOCJi>KEeHb.

LleHTpa/ibHOIO MHUTHOIO JlabopaTopiero YKpaiHu
Oysd MpoBeJeHi Jocaigu A BU3HauYeHHH
HapKOTUYHHUX PEYOBHH 3 BUKOPUCTAHHAM TeCTIB
«CII'MA» Ta 6y/10 BUZAHO BUCHOBOK IIPO iX BUCOKI
eKCIJIyaTaliliHi BaacTuBocTi. TakoX oTpHMaHi
NO3WTUBHI BiI3UBU BifJily mo O60pPOTHOI 3
KOHTpabaH/ 010, CHiBpOGITHUKHU AKOI0
Oe3nocepeIHbO MPALIOTh i3 TectamMd. Habip
TecTiB «CITMA» Bignosigae TY Y 24.6-31062507-

001-2001.

Y cdepi BUAB/IEHHS 3JI0YMHIB Y AiJIBHOCTI
MUTHHUII Ta ONEePaTUBHUX CAYXKO AJs MIBUJKOI
JiarHOCTUKM HasBHOCTI JOPOTOLiHHHUX MeTaJliB
3aCTOCOBYETbCA  mnpuian “[lpo6a-M", akuit
J03BOJISE BU3Ha4yaTH BMicT 3oJi0Ta 333, 375, 500,
583,7501900 npobu, cpibsia 800,875,925 npoby,
a TakoX imeHTHdiKyBaTH MeTasyd INIATHHOBOI
rpynd. [Ipuinag «JeMon-10» 3acTOCOBY€ETHCS ISt
nudepeHIianii MOHET, TOPOTOIIIHHUX METaJIiB 1
CILJIaBIB.

[lopraTuBHUM peHTreHodIyopecueHTHUN
ekcnpec-aHasiizatop cmiaBiB «EXPERT Mobile»
J103BOJISIE 30IHCHUTH HeJleCTPYKTUBHUH
onepaTUBHUHN aHasi3 MaTepiaJbHUX 06'€KTIB B
[10JIbOBUX YMOBaX.

Cy4acHi MeTO U eKcIIpec-aHali3y J03BOJISIOTh
34iMCHIOBATU He TiJIbKM [JAiarHOCTWYHi, a H
imenTUdikaminHi JOCHiPKeHHS]. 3okpema
NepCleKTUBHUM € aHajli3 (3 MNepcrneKTUBOIo
HacTynHoi izenTudikanii) BigHalgeHUX Ha Micni
noaii pi3HOMaHITHUX pe4yoBUx JOKa3siB,
HallpUKJaJ, BOJIOCCA JIIOAUHU. BifoMo, 1110 KOXHa
JIIOJMHA L[0JIeHHO BTpaya€e B cepeAHbOMY Bif 50
fo 100 BoJsiocuH. lle f[03BOJIIE TOBOPUTHU MPO
BUCOKHU CTYHNiHb BipOTiIHOCTI 3HaWeHHs iX Ha
Micii ~ 6araTbox  3JI0YMHIB  (3rBa/JITYBaHb,
norpabyBaHb, KpaAiXKok Toulo). [lepciekTUBHUM
HaNpAMKOM € JOCJiPKEeHHd MIKpOeJIeMEeHTHOTO
CKJIaZly BOJIOCCS.

HocnimkeHHs, IpoBeJieHi B Pi3HUX KpaiHax,
MOoKasa/id, 10 BOJIOCCA 36Mpae Ta HAKOMHUYYE
MiKpoeJleMeHTH, fAKI MICTATbCA B OpraHismi, y
KIJIbKOCTSIX, 3HAaYHO Oi/IbIINX, Hi*K KOHLIEHTpallis
IX y KpoBi. BUsaBU/I0CS, HAIPUKJIAZ, WO Yy BOJIOCCI
mu30ppeHUKiB MeHIIle KaMik0 Ta MapTaHIIio, HiXK
y BoJIOCCI HOpMaJIbHUX JIIOZeH, ajie 6isblie
CBUHIIIO Ta 3aJ1i3a; y BOJIOCCI 0Cib, sIKi mepeHecau
iHQapKT, yABiUi HMKYa KOHIEHTpaLlis KaJbllilo, a
3a pe3yJIbTaTOM [OCJIJPKeHHA PI3HUX AIJISAHOK
BOJIOCCA HApPKOMaHIB MOHa BHU3HAYMTHU 4Yac i
[103Y BXKUBaHHS HADKOTUKY.

llikaBl BiZOMOCTI OTpUMaHi B pe3yJbTarTi
JOCJIiIKEeHb MIKpOeJIeMeHTIB y CKJIaZi BOJIOCCA 3a
JIONIOMOTOI0 HEUTPOHHO-aKTUBAL[IHOr'0 aHaJi3y.
CyTHICTb JaHOr0 MeTOAY NOJIAra€E Y BU3HAYEHHI
AKICHOTO Ta KiJIbKICHOTO eJIeMEHTAapHOTr0 CKJIaZLy
pEYOBHMHU 3a BUIIPOMIHIOBAaHHAM sJiep, UIO
[epeTBOPUJINCA HA paLioaKTHUBHI BHACIILOK
ONpoOMiHeHHs iX HeUTpoHaMmu [7].

JocniguBuiu 3a AOMNOMOrOK JJaHOTO METOAY
BOJIOCCS 3HA4YHOI KiJIbKOCTI JiloJel, HayKOBIi
BH3HAYMJIM ¥ BOJIOCCI JIIOAWHU BMICT JOMIIIOK 18,
a B JlesIKUX BUMNaJKax i 6isble, eneMeHTiB. Byna
po3paxoBaHa Bipori/JHOCTb 36iry eJieMeHTapHOTro
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CKJIaZly BoJsloccs y JBOX oci6. Buasuiocs, 1o,
SKIO 6paTH BMICT TiJIbKU N'SITU €/IeMEeHTIB, TO
BiporifiHicTh Takoro 36iry mgopiBHioe 1:26800,
JlecATH eJIeMeHTiB - OJWH Ha MIJIBHOH, a
I'ATHaALATH eJleMeHTIB - OJMH Ha CTO
MinbioHiB. Halbinbim  iHPopMaTUBHUMHU €
MIKpPOBMICTH LMHKY, MapraHulo, Miji, ceJsieHy,
cpibJsia, 3asisa, MHII'SKy, Kob6aJbTy. Ha3spaHi
BiporigHocTi 3arajiom 6JM3bKi A0 BiporigHocTi
BUIIa/IKOBOTO 36iry BiIOUTKIB Na/blliB PYK.

KoMmiekcHe fociipkeHHsS BoJioccCs, CJifiB
KpoBi Ta IHIIMX pevyoBUX  [JOKasiB 3
BUKOPUCTAHHAM JOCATHEHb F€HOTUIIOCKOIIYHUX
Ta IHIIMX eKcnepTU3 BoAHOYac i3 Oiabil
LIMPOKUM BUBYEHHAM MiKpoeJIeMEHTHOT' 0
CKJIaJly JaHUX 06’€KTIB 3a J0OMOT0I0 JIa3epHUX
Mac-ClieKTpaJibHUX  aHaslizaTopiB Morjo 6
CYTTEBO MiABULUTH iHPOPMATUBHICTL TaKHUX
JOC/i/KeHb, a iHKOJIM [103BOJIMJIO 6 BU3HAYUTH
TOTOXHICTb AOC/iPKyBaHUX 00’€EKTIB, 1[0 AyxKe
BaXXJIMBO /IS JOKAa30BOl  [JisiJIbHOCTI B
KpHUMiHaJIbHUX NPOBa/KEHHSAX.

CborogHi eseKTpoHHa MiKpocKomisg 3alMae
MpOBiJHE Miclle cepeJ, MeTOAIB JOCJiKEHHA
pi3HMX 3a TMNpU3HAYEeHHAM Ta CTPYKTYpPOIO
06’ekTiB. BoHa 103BO/IMIA Bllepllie BizyasidyBaTH
aTOMHy OYJOBY pEYOBMHHM, L0 MaJO BeJIMKe
HayKoBe Ta INpUK/JIaJHe 3HayeHHd. 3 4acy
CTBOPEHHA INepIIUX eJIEKTPOHHUX MIKPOCKOIIB
6yB MNpoWAeHMH 1IAX IX  MOCTYIOBOTO
YAOCKOHaJIeHHd, 1110 J03BOJIUJIO CbOTOJHI MaTH
6araTopyHKLiOHAJIbHI NpUIaAu i3 IIHUPOKUMH
MOXX/JIMBOCTSIMM OTPUMaHHs iHdopMauii He JiviIe
CTPYKTYPHOTO 3MiCTYy. a
6araToQyHKIiOHA/NBHICTL BUILJIMBAE 3 PIi3HUX
bi3sMYyHUX dBUIN, [0 BUHHUKAIOThL IiJ 4ac
B3a€EMO/IiI eJIEKTPOHIB 3 06’ €KTaMM JOCJIiPKEHHS.
PazoMm 3 TUM BupilleHHA Npo6JeMH OTPpUMaHHA
MMOBHOI, HaHOisbm nikaBoi 1  JocTaTHBLO
JoctoBipHOI iHpopMariii Ha OCHOBI AOCTiPKEeHD 3a
JOIIOMOIOK0  €JIEKTPOHHUX MIKpPOCKONIB  He
BTpaya€ CBOEI aKTyaJbHOCTI. be3 ejieKTpoHHOI
MIKpOCKOIIII ~ CKJAQJAHO  YABUTH  PO3BUTOK
Pi3HOMaHITHUX HAHOTEXHOJIOTIYHUX HANIPAMKIB i
Hayku 1npo xuTTd. Ilpy nboMy pactposa i
MPOCBiYyBaJibHA eJIeKTPOHHI MiKpockomii
npyubJU3HO OJIHAKOBOI Mipo 3aTpebyBaHi
Halpi3HOMaHITHIIIUMHU HAyKOBO-T€XHIYHUMU
raay3smu [10].

Cymcbke ToBapuctBo «Selmi»  (paHie
CyMcbKUU 3aBOJ, €JIEKTPOHHHUX MiKpPOCKOIIIB)
BUIIYCKA€ YHIKaJIbHI IpUJIaJiU — Mac-aHali3aTOpHU
3 Jla3epHUM [:KepeJsioM ioHIB Mapku «EMAJI».
[IpuHuMn Aii npuiaZy I'pyHTYETbCS Ha ioHi3auil
NEeBHUX JUIAHOK TBEPAOlI peYOBHHHM 4epes
MOTY>XHe iMIyJIbCHe BUMIPOMiHEHHS KBAaHTOBOIO

reHepatopa Ta BHUBYEHHI IUIa3MM, fKa
YTBOPHETHCH, 32 LONIOMOT O Mac-ClIeKTpoOMeTpa.

3acTocyBaHHA IOTY>KHOTO JIa3epHOTO
JKepesia iOHIB [J03BOJIIE TNPOBOAWTH aHaJi3
NPaKTUYHO BCiX TBEpAUX PEYOBUH 3a YMOBH
100 % ioHi3auii, yHUKHYTH BUIL PpaKLiAHOCTI,
TOOTO 3a6py/IHEHHS [JIa3MU PeYOBUHAMU CaMOTO
ioHizaTopa, 1110 Ma€ Micle npy iCKpPoOBiH ioHi3aljl.
OTxe nei MeToJ 3abe3nedyye BUCOKY PO3JiJIbHY
3JaTHICTb Ta TOYHICTb aHauizy. HagBHicTh y
npuiajii  ¢Gokycyoyoi ONTHYHOI CUCTEMU Y
CIOJIy4YeHHi 3i CKaHYIO4YUM IPUCTPOEM
3abe3ne4yye BHMCOKY JIOKaJbHICTb aHalidy 3
TOYHICTIO [10 liaMeTpa npoMeHs — MeHuIe 10 MKM.
3acTocyBaHHA Mac-ClleKTpoMeTpa 3 MOJBIHHUM
bOKyCcyBaHHAIM Ja€ MOXJIUBICTb BHUKOPHUCTATH
3HA4yHY YaCTHUHY 10HIB IIpU aHaJli3i pe4OBUHHY, 1110

NPUBOSUTL Yy MiACYMKY [0 MiJABUILEHHA
YyTJIMBOCTI aHaJIi3y.
binpuie  Toro, aHajiizaTop 3abe3meyvye

MOXJIMBICTb OJHOYACHOI peecTpanii Ha ekpaHi
a6o poTomiaTiBLi CUTHAMIB JEKIJIBbKOX AECATKIB
eseMeHTiB. Hapewri, npunag 3abe3neuye
LTICHICTD AOC/I>KYBaHUX 3pa3KiB Ta WUBUJKICTb
pocaimkeHHsa. i gaxkocti npuaagy EMAJ
PO3WUPKIOTL [J0Ka30Bi MOMXJIMBOCTI Ppi3HUX
CIOCO6IB AOC/iI)KeHb MaTepiaJliB, pe4OBHUH Ta

BUPOGIB, JI03BOJISIIOTh epeKTHBHO
BUKOPUCTOBYBAaTH HOro [Jjii BHU3HAYEHHS
NpUpoaAr JOCJIiI>KyBaHUX 00’€EKTIB,

BCTAHOBJIEHHS MIKpOeJIeMeHTHOI0 CKJIaAy CaifiB
I'PYHTY, BOJIOCCS, HalllapyBaHb, MIKpOYacTOK Ta
IHIIMX pedyoBHX [OKa3iB, y TOMYy 4YHCI U
MiKpOOG EKTIB.

3acTocyBaHHSA B €eKCHepTHIiM NpakTuli Mac-
CIEKTPaJIbHOI'0 aHaJli3y B CYKYNHOCTI 3 iHIIUMHU
Cy4yacHUMHU iHGOpMaLiiHUMH TEXHOJIOTiSAMHU B

O6araTb0X BHUNAJKaxX [J03BOJIIE  30iIBLIUTH
iHpOpMaTUBHICTD  JOCHIXKYBaHUX  pPEUYOBUX
JOKa3siB, a HEPIiAKO % 3a6e3MeYyuTu

inrenTudikaniro mocaimKyBaHMX O06’€KTIB, 10
BKpall BaXXJIMBO [Jis1 ePpeKTUBHOI POOOTHU LI0J0
NPOTUAIT 3JIOYUHHOCTI.

[leBHUM rajsbMOM /JJi HAayKOBOTO NPOPHUBY
Cy4aCHHUX HayKOBHX TE€XHOJIOTiH B IPOMHUCJIOBICTh
Ta iHWi UUBiIBHI ranysi 6ysna i 3aJUIIAETHCS
He/JOCKOHaJ/la NMpaBoBa 6a3a MaTeHTyBaHHS Ta
peasizanii BWHAaXo[iB, HaJaHHA OaraTboM
BUHAX0/laM peXHWMYy CeKpeTHOCTi Ta 30epiraHHsa
ix naa noTrped6 o60poHM 6e3 peasnizanii y
BUPOOHHULTBI. 3 pokamMu Ued HeJosaiK Tpeba
BUBaXXEHO yCYyBaTH, Y/0CKOHATIOI0YH
3aKOHOJABCTBO, BiKpHBaw4u iHHOBalL[itHUM
TEXHOJIOTIAM 6i/bLI MBUAKY i MIHUPOKY JOPOrY B
BUPOOHHLTBO Ta /AJs 3aJl0BOJIEHHS iHIIMX
noTpeb cycHisibcTBa.
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OnHi€elo 3 aKTyaJlbHUX Mpo6JEeM eKcIpec-
QHAJITUYHUX METOAIB [JOCJiJKEeHHH pedyoBUX
JOKa3iB y NpOTUJIl 3JI0OYMHHOCTI € BiACYTHICTb

JOCKOHaJIOl NpoLecyasbHOL dbopmu
3aCTOCYBaHHA JAHUX METOJIB JJif OTPHUMaHHA
nokaszoBoi iHdopmauii. [lopsg 3 icHyruuM

IHCTUTYTOM CYZOBUX NpoLeLyp Ma€E OTpUMaTu
daxoBy 3aKOHOTBOPYY pO3pOOKY Ta
3aNpoBa/PKEHHS1 B IPABOBY CHUCTEMY IHCTUTYT
eKCIIpec-/I0C/Ii/PKeHb MaTepiaJbHUX 00’€KTIB,
iKUK OYB OM 3aCTOCOBAaHUM SIK JJs1 BUSIBJIEHHS
3JIOYMHIB, TaK i AJiAd 3’iCyBaHHS HasBHOCTI IX
O3HaK Ha eTali 0C/AiA40ro NpoBaKeHHH.

BucHoBkH

Jana onTuMi3alil BHUKOPUCTAaHHSA B
KPUMIHa/JiCTUYHUX  JOCJHIPKEHHAX  Cy4aCHUX
HAyKOBHUX  TEXHOJIOTIH  HeOoOXiJHO  BXUTHU

3aKOHO/JABYMX | OpraHisalilHUX 3axO0iB 1100
NIPUCKOPEHHA BTIJIEHHA pe3yJbTaTiB HayKOBUX
JOCATHEHb B MpPaKTHUKy Po6OTH ciaifjyux i

KPUMIiHa/IiCTUYHHUX niApo3/iniBs
[IPaBOOXOPOHHHUX OpraHis, YA0CKOHAJIUTH
I0puuyHy GOpMy BHUKOPUCTAHHS eKcIpec-
aHaJITUYHUX METOAIB Ta IHIIUX HaJbaHb
HAyKOBO-TEXHIYHOIO Iporpecy B  NPOTHAIL
3JIOUMHHOCTI.

[lepcneKTUBA  NOJAQJBIIOrO  AOCJIKEHHA

npo6sieMd B6Ga4YalTbCs B po3pobLi HOBITHBLOI
OOKTPUHU  eKclepToJsiorii  Ta  HOPULAUYHOIL
npoueAypu  eKcnpec-AoCaiJKeHb [JI0Ka30BUX
MaTepiaJiB 3 ypaxyBaHHSIM OTPeOU BTiJIEeHHS B
CJiidy  NpPaKTUKYy  JIOCSATHEHb Cy4aCHUX
NPUPOAHUYHMX HAYK Ta IHHOBAL[iIMHUX TEXHOJIOTIH.
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Abstract

The conditional stability constants for various modifications of molybdenum heteropoly anions (HPAs) having
Keggin structure were calculated using the results obtained when constructing the molar ratio curves. A comparative
study of the stability of the main analytical forms of HPAs, which were used to determine phosphorus(V) and
gallium(III), was carried out including oxidized, metal-substituted, reduced and oxidized forms, as well as those
obtained in non-ionic surfactant medium. Based on the results of the study, molybdenum HPAs of phosphorus(V) can
be arranged in the next row according to the values of conditional stability constant: PM0120403- (in a non-ionic
surfactant medium) (B = (1.6£0.6)-104°) > H4PBi3+2M04VMo07"10406 ( = (5.6+1.6)-103%) > HaPMo04VMo0s"10403- ((B =
4.9+0.4)-1037) > PM0120403- (f = 103¢). The members of the series with n = 2-4 were the most stable in the series of
gallium molybdotungsten HPAs. The stability of various forms of molybdenum HPAs of phosphorus(V) is not very
different and is determined by the stability of the entire skeleton of Keggin heteropoly anion. When assessing overall
stability of reduced forms of HPAs, it is important to consider their Kinetic stability.

Key words: heteropoly anion; conditional stability constant; phosphorus(V); gallium(III)

OI[IHKA BIL/IUBY PI3HUX ®AKTOPIB HA CTIHKICTh MOJIIBIEHOBUX
TETEPOIIOJIIAHIOHOB CTPYKTYPHU KETTIHA

Osena B. Buminikinal, Auapiit b. Bumnnikin?, H0sis B. Mex?, Onena A. JlixonaT?!

1YHigepcumem mMumHoi cnpasu ma @inancis, 8ya. Bosodumupa Bepradcwvkozo, 2/4, /lHinpo, 49000, Ykpaina
2/lninposcbKull HayioHabHull yHigepcumem imeHi Oaecsi 'oHuapa, np. azapiua, 72, [JHinpo, 49010, Ykpaina

AHoTalist

3 BUKOPHUCTAHHAM pe3y/ibTaTiB 100y J0BH KPUBUX HACUYE€HHSA PO3PaxoBaHi YMOBHiI KOHCTAHTH CTIMKOCTI 14 pisHUX
moaudikaniii Mosi6aeHoBuX rererponoJiadionis (I'MA) crpykrypu Kerrina. [IpoBeeHo nopiBHAIbHE AOC/TiIKEeHHS
cTifikocTi 0cCHOBHUX aHa/iTHYHUX ¢opmMm I'TIA, y BUrisaai skux BusHavawTb ¢ocdop(V) i ranii(Ill), Bkiwyawumn
OKHCJ/IeHi, MeTa/io3aMillleHi, BifHOB/IeHi i okucjeHi ¢popMH, a TakoK OTpMMaHi B cepeaoBuili HeioHHux IIAP.
Buxoasaum 3 pe3yjabTaTiB JociaigkeHHA MoJi6geHoBi I'TIA ¢ocdopy(V) mo crilikocTi MoXKHA po3TallyBaTH B
HACTynHUi psag: : PMo120403- (B cepeaoBuuli HeionHux IAP) > H4PBi3+:M04VM07V10406- > H4PMo04VMo0sg"10403- >
PMo0120403". B paay Mmoi6a0Boab¢ppamoBux I'lIA rasiro Hal6Gi/IbII CTINKUMHU BUSIBUIUCA YJIEHH PAAY 3 n = 2-4,

Karouosi csoea: reTepomnosiaHioH, yMoBHa KOHCTaHTa cTiikocTi, docdop(V), ranii(I1I)
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OILIEHKA BJIMAIHUA PA3/INYHBIX PAKTOPOB HA YCTOHYUBOCTh MOJIMBAEHOBBIX
TFETEPOIIOJIMAHHMOHOB CTPYKTYPbI KETTHHA

Esnena B. BuminukuHal, Augpei b. Buminukun?, I01usa B. Mex?, Enena A. Jluxonat?!

1YHugepcumem mamosceHHo20 deaa u puHaHcos, ya. Baadumupa Bepnadckoeo, 2/4, [Juenp, 49000, YkpauHa
2/lnenposckull HaYuoHa1bHbL yHUusepcumem umernu Oaecsi ['onuapa, npocn. I'azapuna, 72, [jnenp, 49010, YkpauHa

AHHOTaus

C wucnojb30BaHHEM pe3yjabTaTOB MNOCTPOE€HHsA KPHUBBIX HACBIIIEHUA PACCYUTAHBbI

YC/I0BHbIE€ KOHCTAHTHBI

YCTOHYMBOCTH JJIs1 Pa3/IMYHbIX MoAuPUKanMi MOIMGAEeHOBBIX rereponoauaHuoHoB (ITA) crpykrypsl Kerruna.
IIpoBeseHO CpaBHUTE/IbHOE HCC/IeJ0BaHNEe YCTOHYMBOCTH OCHOBHBIX aHa/IUTHYecKUX ¢popm I'TIA, B BJ€e KOTOPBIX
onpegenawt ¢ocdop(V) u rammii(lll), BkIwYas OKUCIEHHbIEe, MeTa/UI3aMelLeHHble, BOCCTAHOBJIEHHbIE U
oKuCJIeHHble GOpMBbI, a TaKKe NOJy4YeHHble B cpejse HeHOHHbIX IIAB. Hcxoas u3 pe3y/bTaTOB HCCIeA0BAaHUS
mosin6aeHoBblie 'MIA ¢pochopa(V) nmo ycTOMUYMBOCTU MOKHO pPacnoJIOKUTh B ciaeaywmuil psaa: PMo120403- (B cpeae
HenoHHBIX [IAB) > H4PBi3+2M04VM07V1040% > H4aPM04VMo0g"10403- > PM0120403". B paay momm6a0B0/ib¢pamoBeix I'TIA
ra/uiusi Hau6oJiee yCTOHYMBBIMU OKa3aJIMCh YIEHBbI psija ¢ n = 2-4,

Katouesvle cs106a: reTeponoIMaHUOH, YCI0BHAsA KOHCTAHTa ycToHduBoCTH, pocdop(V), raymmui(111)

Introduction

The study of changes in the stability of
molybdenum heteropoly anions (HPAs) with a
Keggin structure depending on the nature and
number of substituent atoms, the degree of
reduction, and the medium is still very important
in analytical chemistry [1]. Such changes include
the formation of metal-substituted [2; 3] and
mixed-ligand HPAs [4], the transition from
oxidized to reduced forms [5], and the influence of
an organized medium of non-ionic surface-active
substances (NSAS). Just the stage of formation of
HPA determines the optimal conditions of the
analytical methods using such complex anions or
their ionic associates with organic dyes [6; 7].
Therefore, it seems useful to undertake a
comparative assessment of the stability constants
for the corresponding formation reactions.
Despite the fact that the calculations carried out in
this work do not give the values of thermodynamic
stability constants, the obtained estimates of
conditional constants make it possible to arrange
the complexes in order of increasing stability and
evaluate the contribution of certain changes in the
structure or the medium to its change. The study
was conducted under conditions of constant ionic
strength and the solution acidity in order to
exclude the influence of these important variables
on the values of the constants.

The stability constants were calculated only for
HPAs of phosphorus(V) due to the fact that there
is a large amount of experimental data for these
complexes in the literature. The evaluation of the
stability constants for molybdenum heteropoly
complexes (HPCs) with other heteroatoms was
carried out only occasionally. The most
thoroughly studied, among others, is the P043- -

Mo04% - H* system [8; 9]. 12-molybdophosphate
is formed in aqueous solutions at pH <1.5. With
increasing pH, it undergoes alkaline hydrolysis,
which in dilute solutions (<103 mol/L) passes
through the successive stages:
PMo012040% + 60H- 5 PM0110397- + M004? + 3H20 (1)
PMo0110397- + 40H- 5 H2PM090347- + 2M0042- + H20 (2)
2H2PMo090347- + 170H- 5 HP2M05023% + 13M0042- +
10H20 (3)
HP2Mo05023%> + 90H" 5 2HP04% + 5M004% + 4H20  (4)
The stability constants for heteropoly
complexes, indicated in equations (1) - (4), and
their protonated forms have been determined by
Pettersson etal. [10; 11]. In addition, equilibriums
for molybdenum HPAs of As(V) were also studied

in  detail [10]. In  solutions, many
polyoxometallates are characterized by the
coexistence of several substances. The

equilibrium state depends on the pH and
addendum atom (Mo(VI), W(VI), V(V))
concentration. Establishing equilibrium in HPC
solutions takes from a few fractions of a second
(labile molybdate systems) to several months
(inert tungstate systems). Unfortunately, for most
of the HPAs, including the reduced ones, slow
establishment of formation or destruction
equilibria is typical. Nevertheless, the formation
of, for example, tungstophosphoric HPA was
studied in several papers [8].
12-molybdophosphoric HPA PMo0120403- (12-
MPA) is the basis of the structural series of
molybdenum HPCs of phosphorus(V) and belongs
to the complexes with medium stability. Its
formation becomes noticeable only in a relatively
narrow pH range close by 1.4 provided that the
sufficiently high concentration of molybdate-ions
is created in the solution [10; 11]. To ensure the
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completeness of the formation, a large excess of
molybdate ions is commonly introduced. This
often prevents to achieve a sufficiently high
sensitivity, reproducibility, etc. Under the
conditions typical for HPA formation, molybdate
ions can form isopoly anions, which absorb the
radiation in the same spectral region, can be
reduced with the formation of isopoly blues, or
form ion association complexes with dye cations
[5]. Stability constant of 12-MPA was calculated in
several papers [10; 11]. At the same time, for the
derivatives of 12-MPA, such data are practically
absent. Therefore, the stability of HPAs is often
evaluated and compared indirectly — with respect
to the decomposition by acid or hydroxy acids
[12], which is not a reliable basis for evaluation.
There is an opinion that the stability of
molybdenum HPAs increases by introduction of
metal ion into HPA. The very fact that a metal ion
replaces molybdenum in 12-HPA also indicates
this.

In micellar media of non-ionic SAS (nonionic
surfactants), like the aqueous-organic mixtures
[13; 14], the apparent stability constant of HPA
increases. Stability of HPA grows in organic or
water-organic media. It has been shown by
electrical conductivity method that such
heteropoly acids as H3PWi2040, H3zPMo01204,
H4SiW12040, H4SiMO12040 and H4PVMO11040 are
resistant to hydrolysis in ethanol, acetone and
acetic acid at 10> - 10 mol/L concentrations
[15]. Heteropoly acids having Keggin structure are
strong, completely dissociated polybasic Bronsted
acids in water. One or two protons of these acids
remain strong when dissolved in organic solvents.
Another consequence of the weakening of acidic
properties of heteropoly acid in the micellar
medium is the decrease in the number of cations
of basic organic dyes attached to the HPA because
weak protons lose their ability to be replaced by
dye cations.

The aim of this work is a comparative study of
the stability of oxidized form of 12-MPC in
aqueous and micellar media, as well as reduced
derivatives of 12-MPC, including metal-
substituted ones, under the conditions used in

chemical analysis. The effect of partial
substitution of molybdenum atoms in HPA by
tungsten atoms was studied using

molybdotungstic HPAs of gallium(III).

Experimental part

Reagents and equipment. The solutions of the
reagents used in the work were prepared in
distilled and bidistilled water and stored in a
polyethylene container in order to avoid

contamination with silicon(IV) impurities. A stock
solution of 0.01 mol/L potassium
dihydrophosphate was prepared by dissolving
pre-recrystallized “chemically pure” KHzPOs,
which had been dried for 3 hours at 120 °C. 0.01
mol/L solution of Si(IV) was prepared by
dissolving an exact weighed Na,SiO3x9H,0 p.a.
and standardized gravimetrically. 0.1 mol/L
solution of Ga(NO3); was prepared from metallic
gallium (99.999 %) by dissolving an exact weight
in concentrated nitric acid, standardized by back
complexometric titration with ZnSOs4. 0.1 mol/L
solutions of Na;Mo0O4 and Na,WO4 were prepared
from Na;Mo0042H,0 and Na;WO04x2H,0 with
“chemically pure” grade recrystallized from a
water-ethanol medium. 5 mol/L and 0.5 mol/L
H,>SO04 were prepared from concentrated H,SO4
(“chemically pure” grade). A hydrochloric acid
with “especially pure” grade was also used. SbCl3
solution was prepared by dissolving SbCls sample
in 10 mol/L HCL Its standardization was
performed by bromatometric method. 0.1 mol/L
solution of Bi(NOs3); was prepared by dissolving
Bi(NO3)3-5H,0 sample in 1 mol/L H,SOs and
standardized by complexometric titration with
Trilon B. 1% solution of neonol (analog of Triton
X-100) was prepared by dissolution of 1 mL of
reagent in distilled water by gentle warming.

Absorbance and absorption spectra were
measured on an SF-26 spectrophotometer (LOMO,
St. Petersburg, Russia). The pH was monitored on
a pH-150 MI pH meter with an ES-10601 glass
indicator electrode and an ESD-10101 silver
chloride reference electrode.

Results and its discussion

Evaluation  of the stability of 12-
molybdophosphate and 11-molybdophosphate
heteropoly blues as well as 12-molybdophosphate in
a micellar medium of nonionic surfactant. When
assessing stability of phosphorus(V) heteropoly
blues (HPBs), two representatives of these
complexes - products of reduction of 12-MPC and
its metal-substituted derivative - 11-molybdo-2-
bismuthophosphate HPC (11,2-MBPC) were
studied. According to [8; 16; 17] in both cases, the
product of reduction are four-electron heteropoly
blues. These substances are analytical forms
formed in the corresponding methods for
orthophosphate determination. The data for the
calculation were obtained from the molar ratio
curves as the concentration of molybdate was
varied. In the course of preliminary studies, the
range of molybdate concentration was found, in
which the degree of complex formation was
significantly different from 100 %. This was a
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prerequisite for calculating the stability constant.
The results of the experiment are shown in Fig. 1.

A
12 1 1
08 2
04 1

- .—.—4/./././. 3
0 i 1 1 1 1 1

1-10° 1.4-10° 1.8-10°
Cwo, mol Lt

Fig. 1. Influence of molybdate concentration on
absorbance of reduced 12-MPC (1), 11,2-MBPC (2) and
isopoly molybdates (3). Cp = 4105 M, Cu = 0.2 M,
Casc = 0.04%,1=1cm. 1,3 - A =820 nm; 2 - Cgiam = 1.6-10-
4M,A =716 nm. Time of reduction: 1, 3 - 40 min of boiling;
2 - 15 min of standing
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Fig. 2. Dependence of absorbance of 12-MPC on
molybdate concentration in medium of non-ionic
surfactant. Cp = 8:10-¢ M, Cx = 0.2 M, C(neonol) = 0.04%,
A=350nm,1=5cm

In the absence of bismuth(IIl) ions, even 15
minutes after the components mixing, the degree
of  12-molybdophosphate = formation  was
insignificant, so the solutions were heated until
equilibrium was reached (Fig. 1, curve 1). 11,2-
MBPC formation is almost complete already after
15 minutes of standing and the heating slightly
affects the character of obtained curves (Fig. 1,
curve 2). As can be seen from Fig. 1, for the
complete formation of both complexes, it is

sufficient to create a molybdate concentration of
about 1.5-10-3 mol/L.

We have shown in a number of works [18; 19]
that a much lower concentration of molybdate
ions is required in a non-ionic surfactant medium
for the quantitative formation of saturated
molybdenum HPCs of phosphorus and arsenic in
comparison with the formation of oxidized or
reduced phosphorus HPA in an aqueous medium.
Stability of 12-MPA in micellar media has not been
previously evaluated. A series of experiments was
carried out with the same acidity of the solution. It
can be seen that the quantitative formation of
12-MPA is observed at molybdate concentrations
> 7-10-4 mol/L (Fig. 2).

The calculation of HPA stability constant
requires the simultaneous consideration of
several possible equilibria. These are, firstly, the
equilibria of the formation of isopoly molybdate
anions [10] and in a strongly acidic solution of
cationic forms of molybdenum(VI) [20] (more
than 10 such compounds are known). Secondly,
these are the equilibria of the formation of
molybdenum HPAs of phosphorus(V) (equations
1-4) [10; 11]. The calculation of all these
equilibria is complex and often impossible.
Therefore, other simplified methods for
calculating the HPC stability constants have been
adopted in the literature.

Pettersson et al. showed [11] thatin a relatively
wide range of pH with an excess of molybdate ions,
the equilibrium of the formation of a saturated
complex of the 12th row dominates:

PO43- + 12M004% + 24H* S PM0120403 + 12H20 (5)
or for metal-substituted HPC

P043- + 11M0042 + Bi3* + 24H*+ 2AK S H4PBiMo011040%
+ 8H20 +2H2AK (6)

In a brief record, these equations can be
written in the form:

P+ 12Mo s PM012 (7)
P + 11Mo + Bi 5 PBiMoxs (8)

Hydrogen ions and ascorbic acid are omitted in
order to simplify calculations on the basis that
their concentrations were constant and high in all
solutions.

In this system, the only compound absorbing
light in visible region of the spectrum is
heteropoly blue. Since its molar absorption
coefficient can be easily obtained from the
absorbance data at the saturation region, this
makes it possible to calculate the equilibrium
concentration of the complex at all points.
Concentrations of other substances can be found
from the material balance conditions:
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[P] = Cp - [complex];

[Mo] = Cmo - 12(11)-[complex];

[Bi] = Csi - [complex] 9)
The stability constants of 12-

molybdophosphate and 12-MPC in the neonol

medium were calculated using equation (10), and

for 11-MBPC using equation (11):

_ [PMoypp] 10
Bia_rpc = [P}{Mo]L2 (10)
_ [PBiMoyq] 11
ﬁﬂ—MBPC N ( )

[PHBil (Mol

The absence of the drift in the stability
constants values (Table) indicates the correctness
of the model chosen for the calculation. The metal-
substituted complex is more stable than purely
molybdenum. This explains shift of the
equilibrium towards HPC formation according to
reaction (8). 12-MPC is even more stable in the
medium of nonionic surfactant.

B1z-MpC = (4.9+0.4)-1037; p11-MBPC =
(5.6 £ 1.6)-1039; B12-MPC(neonol) = (1.6+0.6)-104.

In the reference [21] the stability constant of
oxidized form of 12-MPC was calculated from the
results of a paper chromatography study using the
same formalism of writing the equations for
complex formation. It was equal to 2.5:1031, which
is noticeably lower than the values obtained for
metal-substituted HPA, as well as for 12-MPC in a
micellar medium. In another reference [20], the
conditional stability constant of 12-MPC was
estimated according to spectrophotometry data
with the same acidity (0.2 mol/L) as in this work
and equaled to 1.2:1029,

Higher stability of reduced forms compared to
oxidized ones was noticed long ago. These
substances are more stable not only to
decomposition by acid, but, in particular, are
kinetically stable to alkaline hydrolysis. Some of
the heteropoly blues are stable even in 1 mol/L
alkali [22]. This, however, is largely determined by
kinetic factors.

Table

The results of the calculation of the stability constants of the reduced 12-MPC,

Cp=4-10-5M, Cu = 0.2 M, Casc = 0.04%, Cgi = 1.6-10-4 M. Formation time 15 min, A = 716 nm, 1 = 1 cm, &Biue = 1.5-10%

11,2-MBPC and 12-MPC in non-ionic surfactant medium

mol-1-L-cm-1

CMo' 104, M A Ce-105,M [P]=[Bi]-105, M [Mo]-104 M Kstabiliy'10-3°
10 0.51 2.61 1.38 7.12 5.69
11 0.57 2.92 1.07 7.78 3.96
12 0.65 3.33 0.67 8.33 5.57
13 0.70 3.59 0.41 9.05 6.39
14 0.73 3.74 0.25 9.88 6.49

12-molybdophosphate heteropoly blue. Cp = 4:10-5 M, Cu = 0.2 M, Casc = 0.04%, 40 min
of boiling, A = 820 nm, 1 = 1 cm, £Bwe = 2.47-104 mol-1-L-cm'1

Cmo-104, M A Cp-105, M [P]-105, M [Mo]-104, M Kitability* 10-37
9 0.48 1.67 2.33 7.60 5.21
10 0.63 2.19 1.81 7.37 4.71
11 0.78 2.71 1.28 7.74 453
12 0.925 3.22 7.83 8.13 4.86
13 1.04 3.62 3.83 8.65 5.32

12-MPC. Cp = 8:10-¢ M, C(neonol) = 0.04%, Ch = 0.2 M,A =350 nm,1 =5 cm, € = 9.50-103

mol-1-L.cm-1

Crmo-10%, M A Cp-106, M [P]-106, M [Mo]-104 M Kstability10-40
4 0.075 1.58 6.42 3.81 2.62
4.5 0.12 2.52 5.47 4.20 1.55
5 0.19 4.00 4.00 4.52 1.38
5.5 0.255 5.37 2.63 4.86 1.19
6 0.315 6.63 1.37 5.20 1.23
Analysis  of the stability of gallium HPA, the conditions under which the absorbance

molybdotungstic heteropoly complexes with Keggin
structure. When determining the stability
constants of molybdotungstic HPAs, in particular
of oxidized yellow forms, problems arise
associated with the effect of absorbance caused by
an excess of reagent. When using molybdenum

of oxidized and reduced forms of HPA is selective
can be found quite simply. At the same time, the
stability of molybdotungsten isopoly anions is
much higher than that of molybdenum isopoly
anions; therefore, it is difficult to convert them
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into slightly colored cationic forms by
acidification.

Gallium HPA is obtained by heating in a boiling
water bath for a certain time until reaching
equilibrium. After cooling the solution, we get a
state of "frozen equilibrium", which reflects the

state of equilibrium at higher temperature. At

Igp

30 |

20 |

| I L I |

room temperature, equilibrium does not shift
more due to the inertness of the obtained HPA.
Therefore, if we separate the HPA by extraction,
then such an amount will pass into the organic
phase, which corresponds to the equilibrium
concentration of HPA at ~90 °C .

L I | I L

0 2 4 6

8 10 12

Number of Mo atoms in HPA

Fig. 3. Dependence between logarithm of conditional stability constant of HPA and number of molybdenum atoms
in a row of molybdotungsten complexes of gallium of general formula GaM0nW12-n0405"

Itis easy to calculate the remaining equilibrium
concentrations provided that the yield of HPA is
known. For example, the following equations are
valid for the formation equilibria of HPA
GaMO1oW20405-:

Ga3* + 10M0042 + 2W042- = GaMo10W20405- (12)
[TTIA] = Ceaqmy-yield; [Ga] = Ceaqm — [[TIA] (13)
[Mo] = Cmo - 10-[TTIA]; [W] = Cw - 2-[TTIA] (14)
B(GaMo10W2) = [TTIA]/([Ga]-[[Mo]1°-[W]?) (15)

For a number of combinations of Ga(IIl), Mo(VI),
and W(VI) concentrations, the degree of HPA
formation was determined using extraction, and
then conditional stability constants were
calculated taking into account the above
assumptions [23]. The stability constants help to
predict the substances concentrations under
conditions of analytical determination, as well as
roughly compare the relative stability of a series of
Ga(III) molybdotungsten HPAs and other HPAs. It
can be seen from Fig. 3 that the members of the
series, in which the number of molybdenum atoms
is 2, 3 or 4, have the maximum stability. It would
seem that these HPA should be mainly used in the
analysis. But together with the increase in the
number of tungsten atoms in the HPA, stability of
molybdotungsten isopoly anions goes up, which

significantly enhances the complexity of their
separation. Therefore, more simpler, reliable and
highly sensitive methods would be developed
when using HPA with 10 molybdenum atoms,
which, on the one hand, is rather stable, and, on
the other hand, allows completely separate excess
of molybdotunsten isopoly anions for one
extraction.

Conclusions

Various modifications of the molybdenum HPA
with Keggin structure lead to an overall increase
in the stability of these complex compounds,
which manifests itself, for example, in reducing
molybdate concentration necessary for the HPA
complete formation, or in an increase of the
stability to acid decomposition or hydroxy acids
action. The conditional stability constants were
calculated for various modifications of Keggin
molybdenum HPA from the results obtained by
construction of molar ratio curves. A comparative
study of the stability of the main analytical forms
of HPA used for determination of phosphorus(V)
and gallium(Ill), including oxidized, metal-
substituted, reduced and oxidized forms, and
those obtained in a medium of non-ionic
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surfactant was carried out. Based on the results of
the study, molybdenum phosphorus(V) HPAs can
be arranged in the following row according to the
decrease of stability constant:

PMo0120403 (in a non-ionic surfactant medium) >
Ha4PBi3+*2Mo4(V)Mo7(VI)040® > HaPMos(V)Mos(VI)Oao3
> PMo0120403".

The members of the series with n = 2-4 were the
most stable in the series of gallium
molybdotungsten HPAs, although even the
replacement of two molybdenum atoms with
tungsten increases the stability of gallium (III)
HPA to such an extent that they can be formed
quantitatively with a sufficiently large excess of
molybdate. It is worth mentioning that when
assessing the overall stability of the reduced forms
of HPAs, it is necessary to take into account their
kinetic stability.
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Abstract

The paper goal was to measure the content of bioactive substances, such as hypericins, some flavonoids and
hydroxycinnamic acids, and concentrations of chemical elements, including essential macro- (K, Mg, and Na),
microelements (Zn, Mn, Cu, Fe, Cr, Ni, and Co), as well as toxic metals (Pb and Cd), in samples of St. John's wort herbs
of four different producers. High-performance liquid chromatography and atomic absorption spectroscopy were
used; sample preparation was based on the procedures described in the State Pharmacopoeia of Ukraine. Significant
variation in the content of organic compounds was detected: the difference between the maximum and minimum
concentrations reaches a factor of 5 for hypericins, 10 for rutin and 2 for hyperoside. The concentration of quercetin
was more stable than those of other flavonoids, and its fluctuations did not exceed 30%. The measured
concentrations of hypericin and hyperoside regulated by the Pharmacopoeia, were found to be lower than the norms.
Elemental composition is also characterised by variability. Changes in the concentration of essential macroelements
(K, Mg and Na) and some of the microelements (Zn, Cu and Ni) do not exceed 30-40%. The concentration of other
essential microelements (Fe, Mn, Co and Cr) varies in much wider limits - from a factor of 2 (Mn) to 6 (Fe).

In most cases, the measured concentrations of Pb and Cd fluctuate in the ranges of 0.15-0.25 pg/g and 0.25-0.35 pg/,
respectively. However, some samples are enriched to 0.7-0.75 ug/g with both toxic metals. The measured
concentrations are lower than the WHO norm for Pb (10 pg/g) in all samples and exceed the norm for Cd (0.3 pg/g)
in three out of four studied samples. Statistically significant positive or negative correlations were found between the
concentrations of certain elements (K, Mg, Fe, Mn and Cd) and the content of organic substances (rutin, hyperoside,
hypericin and rosemary and chlorogenic acids). From a practical viewpoint, the most important are positive
correlations of Fe with rutin, as well as negative correlations between Mn and hyperosid, and Cd and chlorogenic
acid. Existing requirements and norms for medicinal plants in Ukraine do not guarantee the stability of the chemical
composition of plants that are sold in the pharmacy network and, accordingly, the stability of their therapeutic
properties.

Keywords: Hypericum perforatum, herb, St.John's wort, elemental composition, hypericin, rutin, hyperoside, atomic
absorption spectroscopy, high-performance liquid chromatography

BAPIAIIA XIMIYHOT'O CKJIAAY JIIKAPCBbKHX TPAB PI3BHUX BUPOBHHUKIB

Tetsana M. Jlepkaul, Osiena O. CtapikoBa?
1 Kuiscbkull HayioHa1bHUll yHi8epcumem mexHos02ill ma dusality, ays. Hemuposuua-/lanuenka 2, Kuie, 01011, Ykpaina
2 lepacasHa ycmanoea "[Hcmumym apmakoio2ii ma mokcukoozii HayioHaabHoi akademii meduuHux Hayk Ykpainu”,
eys. AumoHa Lledika, 14, Kuis, 03057, Ykpaina

AHoTarniq
MeTo10 cTaTTi 6y/10 BU3HAYUTH BMICT 610/10riYHO aKTMBHUX PEYOBUH, TAKUX SK rinepunuHy, Aesaki ¢p1aBoHOIgHN Ta
riApOKCUKOPUYHI KMCJIOTH, a TAKOXK KOHLIeHTpauii XiMiyHUX esleMeHTiB, BK/IIOYal0yl OCHOBHiI Makpo- (K, Mg, Na),
mikpoesieMeHTH (Zn, Mn, Cu, Fe, Cr, Ni, Co), a Takox Tokcu4yHi meTtanu (Pb i Cd) y 3pa3kax TpaBHU 3Bip06010 4OTUPbOX
pi3HUX BUPOGHMKIB. BUKOpucTaHO MeTOAH BUCOKOedeKTUBHOI piAUHHOI XpoMmaTorpadii Ta aToMHOI aGcopoLiiHOL
CNIEeKTPOCKoMii, Npo6oniAroToBKa NpoBoANJIacs Ha OCHOBI npoueayp, onucaHux y lep:xaBHiiit ®apmakonei Ykpainu.
BusB/ieHO 3HA4YHY BapiaTMBHICTh BMICTy OpraHiyHMX CHOJYK: pPi3HMIA MK MaKCHMMaJbHOK Ta MiHiMaJbHOIO
KOHLeHTpaLifgMHu cArae B 5 pasiB A rinepunyiis, 10 A1 pyTuHy Ta 2 A4 rinepo3uay. KoHneHTpanisa KBepueTuHy
OyJ1a GisibLI CTiHKOMW, HDXK y iHIIMX ¢1aBOHOIAIB, a ii Ko/IMBaHHS He nepeBuilnyBaau 30%. Bumipsani koHuneHTpanii
rinepunyHy Ta rinepo3uay, fAKi peryawlTbcs PapMakoneeo, BUABUINCA HIKYMMH 32 HOpMU. EsleMeHTHUI cKaaj
TaKOXX XapaKTepHUu3yeTbCA MiHJMBicTIO. 3MiHM KOHLleHTpauii ocHOoBHMX MakpoesiemeHTiB (K, Mg, Na) Ta pesakux
mikpoesieMeHTiB (Zn, Cu, Ni) He nepeBuy0Th 30-40%. KoHneHTpanis iHIIMX BaXKJIMBUX MikpoesiemeHTiB (Fe, Mn,
Co, Cr) BapiloeTbca y HabaraTo Gi/JbLI IIMPOKHUX MeXKax - Bif koedinienty 2 (Mn) go 6 (Fe). Y 6inbmocTi BUnajkis
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BUMipsHi KoHIeHTpaLii Pb Ta Cd kostuBaoThCs B Mexkax 0.15-0.25 mkr/ri 0.25-0.35 Mkr/r, BignoBigHo. [IpoTe geski
3pa3ku 36aradeHi 70 0.7-0.75 MKr/r 3a 060Ma TOKCHYHMMH MeTa/IaMu. BuHaieHi KOHUeHTpanii Hux4ye Hopm BOO3
Aast Pb (10 MKr/r) y Bcix 3pa3kax Ta nepeBUiyoTb HopMy Ajs Cd (0.3 MKr/r) y TpbOX 3 YOTUPBOX JOCTiIKEHHX
3pa3KiB. BCTaHOBJIEHO CTaTUCTUYHO 3HAYMMi NO3UTHUBHI a60 HeraTUBHI KopeJsAlii Mi>k KOHIEHTpaliIMU NeBHUX
enemeHTiB (K, Mg, Fe, Mn, Cd) Ta BMicTOM OpraHiyHMX pe4yoBUH (PyTHH, rinepo3uj, rinepuuyH, po3MapuHOBa Ta
XJIOPOTeHOBA KHUCJIO0TH). 3 NPAaKTUYHOI TOYKH 30py HaWGi/bIl BaXKJIMBUMHU € NMO3UTHBHI KopeasAnii y napi ®epym-
PYTHH, a TaKO>X HeraTHuBHi Kopesanii mi>k MaHraHoM i rinepo3uaom ta KagMieM Ta XJIOpOreHOBOI KHCJIOTOIO.
IcHy104i BUMOTH Ta HOPMH LLOA0 JiKapChKHX POC/IMH B YKpaiHi, 110 NpoAanThcA B aNTeYHi MepexKi, He rapaHTyIOTh
CcTa6i/IbHOCTI XiMiYHOTO CKJIaAy POC/IUHI, Ta, BiANOBiAHO, CTaGi/ILHOCTI iX JIiKyBa/IbHUX BJIaCTUBOCTEIl.

Karwuosi cnosa: Hypericum perforatum, TpaBu, 3Bipo6iif, eJleMeHTHUH CKJIaJ, TillepUIMH, PYTHUH, Tinepo3uj, aToMHa
abcopbuiiiHa cieKTpocKomis, BUCOKoedeKTHUBHA piMHHA XxpoMaTorpadis

BAPUALINA XUMHNYECKOT'O COCTABA JIEKAPCTBEHHBIX TPAB PA3HBIX
MPOU3BOIUTEJIEA

TaTtbsHa M. [lepkay?, Aséna A. CtapukoBa?
1 Kuesckull HayuoHabHbLil yHUSepcumem mexHoo2ull u ousaiina, ya1. Hemuposuua-/lanuenko 2, Kues, 01011, YkpauHa
2TocydapcmeeHHoe yupexcdeHue "MHcmumym papmakosoz2uu u mokcukosoz2uu HayuonaavbHoll akademuu MedUuyuHCKUX Hayk
Ykpaunwt", ya. AHmona Lleduka, 14, Kues, 03057, YkpauHa

AHHOTa M

Ilesibl0 cTaTbU OBbLIO ONpeAE/IUTh COAep:KaHMe OHOJIOTUYECKHM aKTHBHBIX BeIleCTB, TaKUX KaK TMIEepHIHH,
HeKOTOpble ({JIaBOHOU/Jbl M THAPOKCUKOPHMYHbIE KHCJIOTHI, a TaKKe KOHIEHTPAlUM XMMHUYECKUX 3/1eMeHTOB,
BKJIIOYasA OCHOBHBIe Makpo- (K, Mg, Na), mukpoasiemeHTh! (Zn, Mn, Cu, Fe, Cr, Ni, Co), a Tak:ke TOKCUYHbIE METaJLJIbl
(Pb u Cd) B o6pa3smax TpaBbl 3Bepo60si 4YeThIpeX pPa3JUYHbIX MNpousBoauTesield. Hcnosb3oBaHbl MeTOJbI
BBICOKO3(QPEeKTUBHONH  >KMAKOCTHOH  Xxpomartorpadpmu M  aTOMHOH aGCOPOGLMOHHOM  CIEKTPOCKOIHUM.
IlpoGonoAroToBKa NpoBOjM/Iach HA OCHOBe NMpOLEAyp, onMcaHHbIX B l'ocyaapcrBeHHON Papmakomnee YKpauHBbI.
OGHapy>keHa 3HA4uTe/lbHAasA BapUaTHMBHOCTb COJEPKaHUS OpraHUYecKUX COeJUHEeHHH: pasHuLa Mexay
MaKCHMMaJ/IbHOIl 1 MMHHMMAaJ/IbHOW KOHIEHTPAaLUsMM AOCTUTraeT 5 pas AJd rMnepunuHOB, 10 A pyTUHA U 2 A
runepo3uja. KoHueHTpanusa KBepueTrHa Gbljia 60/1ee yCTOHYMBOM, 4eM Apyrux ¢JIaBOHOUAOB, a ee KoJleGaHUA He
npesbimaau 30%. UsMepeHHbIe KOHIIEHTPaLY THNEPUIIMHA ¥ THNIePO3K/Aa, KOTOphIe peryaupyoTca Papmakoneei,
OKa3a/IuCb HI)Ke HOPMBI. JJIEMEHTHBIH COCTaB TaKKe XapaKTepusyeTcd HW3MeHYMBOCTbIO. H3MeHeHMsA
KOHIIeHTPaLli¥ OCHOBHBIX MaKpo3/ieMeHTOB (K, Mg, Na) 1 HeKOTOpBhIX MUKpPO3/ieMeHTOB (Zn, Cu, Ni) He npeBbIIAIOT
30-40%. KoHneHTpanus Apyrux BaXKHbIX MUKpo31eMeHTOB (Fe, Mn, Co, Cr) BapsupyeTcs B ropasfo 6o/iee IUPOKUX
npejesax - ot ko3¢pdunuenra 2 (Mn) go 6 (Fe). B GosbIIMHCTBe cjy4aeB M3MepeHHble KOHLeHTpauuu Pb u Cd
KoJje6aoTcs B mpeaenax 0.15-0.25 Mkr/r u 0.25-0.35 MKr/r, cooTBeTCTBEHHO. OJHAaKO HEKOTOpble 06pasIbl
o6oramens! g0 0.7-0.75 MKr/T 1o 060MM TOKCUYHBIM MeTa/lsiaM. OGHapy>keHHble KOHLleHTpanuu H1ke HopM BOO3
Ajas Pb (10 Mkr/r) Bo Bcex o6pasnax U npeBbImaoT HopMy A4 Cd (0.3 MKr/r) B Tpex U3 YeThIpex MccJieJOBaHHBIX
06pa3noB. YCTAaHOBJIEHbl CTaTUCTHYECKH 3HAYMMble MOJIOKUTE/IbHbIe UM OTPULIATeJbHble KOPpeJaslyu MeXAy
KOHIIeHTpPanusIMu onpeAeseHHbIX 31eMeHTOB (K, Mg, Fe, Mn, Cd) u coaepxaHueM opraHu4eckux BellecTB (PyTHH,
TUNepo3u/, rUNepynyH, po3MapruHOBas U XJIOPOreHOBasA KHMC/I0ThI). C MpaKTHYeCKON TOYKHU 3peHUsA HaubGoiee
Ba)KHbI MNOJIOKHUTE/IbHbIe KOppejsnuy B nape PepyM-pyTHH, a TaKxKe OTpHUIATe/JbHble KOPPeJISLUH MEXAY
MaHraHoMm M runeposujom, a Takke Kagmuem u xJ10poreHoBoi KUcaA0TOM. CylecTBy0lMe Tpe60BaHUS U HOPMBI
AJIsl JIeKapCTBEHHBIX pacTeHUH B YKpauHe, KOTOpPble NPOAAIOTCA B aTeYHOH CeTH, He rapaHTHPYIOT CTaGHJIbHOCTHU
HUX XUMHUYECKOr0 COCTaBa U, COOTBETCTBEHHO, CTA6GU/IBHOCTH UX JIe4eGHBIX CBOMCTB.

Katouesvle cnosa: Hypericum perforatum, TpaBbl, 3Bepo60ii, 3/1leMEHTHBIH COCTaB, THIIEPULIMH, PYTHH, TUIIEPO3U/, aTOMHAs
abcopbLMOHHAs CIEKTPOCKONUS, BbICOK03ddeKTHBHAsA XKUAKOCTHas XpoMaTorpadus.

Introduction

Saint John's wort (SJW) is one of the most
widely  distributed medicinal plants. Its
therapeutic action is associated with the presence
of at least seven groups of medicinally active
compounds [1]. The most typical classes include
phloroglucinols, flavonoids, naphthodianthrones,
some organic acids and essential oils [2; 3].
Infusions of SJW are used as antiseptic agents in
colitis; tinctures are applied for greasy gums and
mouthwashes; there are known preparations on
the basis of SJW with antibacterial, wound-
healing, anti-inflammatory, vitamin and
antidepressant actions [4-6].

SJW produces dozens of biologically active
substances, but two compounds, namely hypericin

and hyperforin, are usually considered as the main
active pharmaceutical ingredients (API) in SJW.
Hypericin is an anthraquinone derivative, which
belongs to naphthodianthrones and is naturally
found in the yellow flower of SJW. This compound
is characterised by antidepressant, potential
antiviral, antineoplastic and immunostimulating
activities.

Hyperforin (lipophilic phloroglucinol) may
give even a stronger therapeutic effect for
depression [5] compared to hypericin. It has only
been found in the Hypericum genus of which
Hypericum perforatum contains the highest
concentrations. The compound has also shown
antibacterial properties as well as anti-proliferate
and pro-apoptotic effects towards some cancer
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cells [6]. Adhyperforin, which differs from
hyperforin by replacement of a methyl group in
the isopropyl moiety with an ethyl group,
produces a similar effect to hyperforin. In general,
antidepressant activity was observed for
phloroglucinol derivatives, naphthodianthrones

and some flavonoids. The role and the
mechanisms of these different compounds are still
under discussion. However, the simplistic

explanation, like one plan - one active ingredient
- one mechanism is incorrect. The multiple
bioactive compounds contribute to the
therapeutic action of the plant in a complex
manner [3]. In other words, some indications
denote the synergistic activity of hypericins,
hyperforins and flavonoids, which may explain
why herbal preparations seem to have robust
effectivity in spite of their variable composition.

Some other compounds, including the
flavonoids rutin, quercetin and hyperoside, and
hydroxycinnamic acids, such as neochlorogenic,
chlorogenic, caffeic and rosemary acids, also
appear to have physiological effects.

Rutin, hyperoside and quercetin present in
many plant species. All these flavonoids are
natural antioxidants [7]. Hyperoside has a greater
reducing power than rutin because of possibly the
smaller sugar group attached [8]. Quercetin has a
higher reducing power than both rutin and
hyperoside, probably due to the lack of a sugar
group [8].

Rutin and quercetin act as metal chelators; they
can bind Cu, Fe, Al, Zn and Mn [9-11].
Complexation of rutin to metal ions influences its
antioxidant capacity. For example, the antioxidant
capacity of rutin-Cu complexes increased eight-
fold compared to rutin alone [10]. In contrast, the
antioxidant activity of Fe-based complexes is
much lower, in some cases approaching the
activity of rutin [10]. Moreover, Fe-rutin
complexes can also stimulate to some degree
spontaneous oxygen radical production.

Chlorogenic acid and its isomer,
neochlorogenic acid possess pronounced
antioxidative properties and also exhibit
antibacterial, antiviral, antipyretic and anti-

obesity activities [12]. In fact, the antioxidant
capacity of chlorogenic acid is higher than those of
vitamin C and vitamin E. Caffeic acid is reported to
have anticancer properties [13]; rosemary acid
(an ester of caffeic acid) is considered as potential
anxiolytic means.

At national levels, two fundamentally different
approaches to the quality of herbal medicines
exist in the world [14]. In many countries, for
example, the EU, herbal medicines used for

diagnosis, treatment or prevention are considered
as a medicinal agent, and all stages of their
circulation are regulated by pharmaceutical
legislation. An example of another approach is the
practice in the United States, where herbal
medicines are regulated by the relevant
documents for food supplements. Herbal
medicines often receive the status of dietary
supplements which does not require pre-clinical
research and clinical trials according to a pre-
approved protocol.

In both approaches, the most important factor
that determines the actual quality of herbal
remedies is the quality of crude medicinal plants
[15]. In accordance with international principles,
the process of standardisation of medicinal plants
should be based on the results of the research,
referring to the three main pharmacopoeial
definitions [16; 17] and should answer three
questions regarding:

1) Identity - is the plant what it is to be?

2) Purity - are there any pollutions (botanical,
microbiological or chemical contamination) and
do they not exceed the specified limits?

3) Content - is there an API within the specified
concentration limits?

Currently, there are no official generally
recognised rigorous approaches to the creation of
a quality assurance system in Ukraine. Such a
system should cover all elements that influence
the quality, efficacy and safety of herbal medicines
from the cultivation of medicinal plants through
drug development and to stages of production,
quality control, storage and use. Nevertheless,
some regulations refer to isolated stages of herbal

medicine production, including cultivation,
collection and processing of medicinal plants, and
production  storage, transportation  and

distribution of herbal medicines. All these
documents are recommendatory; their hierarchy
is described elsewhere [14; 18].

Those producers, who use their own
approaches to quality assurance in their
production, are usually based on their experience,
scientific research data, and documents of a
recommendatory nature. The analysis of
compositions of herbal medicines, which are listed
in the State Register of Medicinal Products of
Ukraine, corroborates such a conclusion [14].
Producers specify API content only for about 25%
of herbal remedies in their registration
documents. Usually, the available information is
limited to the name of the plant while information
on possible impurities and other constituents is
missed. Labels of herbs sold in pharmacies, as a
rule, do not contain any information regarding the
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chemical composition of the medicinal products.

At the same time, the chemical composition of
plants of different origins obviously varies
depending on the conditions of cultivation (soil,
water and harvesting period), as well as plant
variety and other factors. A consumer does not
know whether the herbs of different producers
have a stable composition in the API since this
does not follow from the information provided.

The goal of the work was to study the content
of API and elemental compositions of samples of
SJW medicinal herbs by four different producers,
as well as to find any correlations between the
content of API and the indicators of the
concentrations of chemical elements in plants of
various origins.

Materials and methods

Instrumentation.  High-performance liquid
chromatography (HPLC) according to the State
Pharmacopeia of Ukraine (SPU) [19, pp. 86-88]
was applied to identify and quantify organic
compounds. The research was carried out using a
Shimadzu LC-20 liquid chromatograph equipped
with a UV detector. Identification of the studied
components was performed by absorption spectra
and time of substance retention [20]. The
following experimental conditions were used:
column - Phenomenex Luna C18,
250 mm x 4.6 mm, 5 um; eluent A - 0.1 % solution
of trifluoroacetic acid in high purity water;
eluent B - 0.1% solution of trifluoroacetic acid in
acetonitrile P; column temperature - 35 °C; flow
rate of the mobile phase - 1 ml/min; the volume of
the test sample was 5 pl; chromatographic mode -
gradient; time of chromatography - 85 min; the
wavelength of detection was 368 nm.

Based on the requirements of the SPU [19,
pp. 131-132], the suitability of  the
chromatographic system was checked according
to the following indicators: the efficiency of the
chromatographic system by the number of
theoretical plates, the peak asymmetry coefficient
and the mean-square deviation.

Identification and quantitative determination
of total hypericins expressed as hypericin was
carried out by the spectrophotometry method
[21]. The absorbance of the test solution at a
wavelength of 590 nm was measured concerning
the compensation solution (methanol) using a
Hewlett Packard 8452A spectrophotometer. For
calculations, the specific absorption rate of
hypericin is taken to be 870.

The concentrations of K, Mg, Na, Cu, Zn, Fe, Mn,
Pb, Cd, Co, Ni and Cr were measured by the method
of flame atomic absorption spectroscopy (FAAS)

using a double-beam Solaar S4 AA Spectrometer
(Thermo Electron Co., USA), applying standard
conditions in air/acetylene flame and using D
correction. The quantification was carried out by
external calibration with the use of certified
reference materials for metallic ions produced by
Bogatsky Physico-Chemical Institute (Odesa,
Ukraine). The working range for each element was
within a linear range of the method. Calibration
intervals were adjusted according to the expected
concentrations of elements. The sensitivity of the
method concerning each metal was evaluated
using the resulted slope of the calibration curves.
Measurement of each sample was repeated three
times, and the mean value was calculated. Other
experimental details were described elsewhere
[22; 23].

The content of compounds and chemical
elements is given in pg/g. In some graphs, the
measured concentrations are reduced by 5, 10 or
100 times (see the corresponding inscriptions in
charts) to improve the visibility when comparing
the contents of different compounds/elements.

Sample preparation. The specimens of herbal
remedy, Hyperici Herba, commonly known as St
John’s wort and supplied by four different
producers, were bought at local pharmacies in
Kyiv, Ukraine. Producers 1, 2, 3 and 4 supply
medicinal plants collected in the central, eastern
and western parts of the country which are
separated by a distance of 400-500 km from each
other. Before analysis, the samples were ground in
a high-speed rotor mill to store homogeneous
samples with grain diameters of <1 mm in
polyethylene containers.

All chemicals purchased from commercial
sources were of analytical grade. Test solutions for
chromatographic and spectrophotometric studies
were prepared in accordance with the
corresponding monographs of the Ukrainian
Pharmacopoeia [19; 21]. In order to carry out
quantitative  measurements, the standard
solutions were prepared on the base of standards
of chlorogenic acid (product No 25700 of the
company Fluka), caffeic acid (No 6773 Fluka),
rutin (No 84082 Fluka), hyperoside (No 83388
Fluka), rosemary acid (No 44699 Fluka) and
quercetin (No 83370 Fluka).

Samples for FAAS were prepared in the
following way. Accurately weighed plant samples
(approx. 2 g) were placed into a Teflon reaction
crucible and treated with 10 ml of 30 % hydrogen
peroxide (H202) / concentrated 65 % HNOs (1:4,
v/v). Decomposition of the samples was
performed in a closed-vessel microwave digestion
system. The digestion program consisted of three
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stages and was as follows: 80% power for 15 min,
100% for 5 min and 80% power for 20 min. After
cooling, the clear digested solutions were
transferred quantitatively into clean volumetric
flasks and made up to 50 ml with twice distilled
water. Blank experiments were carried out in the
same way. Three independent digestions were
performed for each plant specimen.

Statistical analysis. Experimental results were
analysed by statistical methods using IBM SPSS
Statistics 20 software. All data were tested for
normal distribution with the Shapiro-Wilks model
and variance homogeneity with the Levene’s test.
The results were expressed as the means with
standard errors of the mean for data with a normal
distribution.

Any correlations between organic compounds
and element contents were examined with the use
of Pearson’s correlation coefficients.

One-way analysis of variance (ANOVA) was
used to analyse possible differences among the
mean concentrations. The significance level p was
set at or below 5% (p <0.05). If the significant
differences were found to exist among the means,
then post hoc pairwise multiple comparisons were
applied to make direct comparisons between two
means from two individual groups and determine
which means differ. Depending on the results of
Levene’s tests, either the least significant
difference or Tamhane’s T2 methods were used in
post hoc comparisons for equal or unequal
variances respectively.

Results
Hypericin is
Saint John's wort herbs;

among the main APIs in
its concentration is

shown for samples of different producers in
Fig. 1a. The names of producers are arranged
along the OX axis to provide a monotonous
decrease in the concentration curve. The herb of
producer 4 contains four times more hypericin
than the herb of producer 3 and more than twice
than the samples of producers 1 and 2. However,
even the highest measured concentration of
hypericin is lower than that regulated in the SPU
(0.08%) [21]. Thus, the content of API is not
stable; it varies in a wide range and may not
consist with the existing requirements for the
quality of medicinal plants.

Flavonoids are also essential components of
SJW herbs; concentrations of some flavonoids are
shown in Fig. 1b. The names of producers are
aligned in the same way as in the case of hypericin.
Rutin exhibits the most significant variability. Its
concentration ranges from 2700 pg/gto 200 pg/g;
the concentration range exceeds an order of
magnitude. In contrast to this compound, the
concentrations of quercetin and hyperoside
appear to be much more stable. Thus, quercetin
varies between 130 and 190 pg/g, and hyperoside
is between 600 pg/g and 1100 pg/g. According to
the SPU specifications, the content of hyperoside
should be at least 1.2% [21]. Similar to hypericin,
the measured content of one of the major
flavonoids in SJW was much lower than the
standard value regulated by the SPU. The herb of
producer 4 shows the highest levels of both
hypericin and rutin. As to the content of
hyperoside, the plants of producers 4 and 2 are
closest to the standards.
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Fig. 1. Concentrations of hypericin (a) and flavonoids (quercetin, rutin and hyperoside) (b) in SJW herbs of different
producers. For the sake of clarity, the rutin and hyperoside concentrations are reduced by factors of 10 and 5,
respectively, as inscribed in the legend of graph b
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The contents of four hydroxycinnamic acids that of chlorogenic acid (Fig. 2a), whereas some
studied in the given work are shown in Fig. 2. The signs of correlation are also observed between
content of neochlorogenic acid correlates with rosemary and caffeic acids (Fig. 2b).
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Fig. 2. Concentrations of chlorogenic and neochlorogenic acids (a), as well as rosemary and caffeic acids (b), in SJW
herbs of different producers

The herb of producer 4 is characterised by both
the highest concentrations of chlorogenic and
neochlorogenic acids and the actual absence of
rosemary and caffeic acids. On the contrary, the
herbs of producers 2 and 3 demonstrate maximal
levels of caffeic and rosemary acids, while the
contents of hypericin, flavonoids and chlorogenic
acids are minimal.
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In addition to bioactive organic compounds,
the content of some essential macro- and
microelements, as well as toxic metals, is
determined in the herb samples. The results are
shown separately for essential macroelements
(Fig. 3a), main microelements (Fig. 3b) and some
essential trace elements (Fig. 3¢), as well as toxic
metals (Fig. 3d).
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Fig. 3. Elemental composition of SJW herb samples of different producers: a - K, Na and Mg; b - Zn, Cu, Mn and Fe;
c - Ni, Co, and Cr; and d - Pb and Cd. For the sake of clarity, the concentrations of K and concentrations of Mg, Fe and
Mn are reduced by factors of 100 and 10, respectively, as inscribed in the legends of graphs aand b

The concentration of K in different herbs
remains relatively stable: The difference between
maximum and minimum levels does not exceed
30%. In contrast, the Na and Mg concentrations

can vary in a broader range (Fig.3a), the
maximum-to-minimum ratio is equal to 1.5. Also,
stability is demonstrated by Zn and Cu (Fig. 3b),
which was already found in previous studies [22].



85

Journal of Chemistry and Technologies, 2019, 27(1), 79-91

An anticorrelation between the concentrations of
Fe and Mn is observed in the samples of producers
1, 3 and 4, but is violated in the case of sample 2.

Concentrations of other essential
microelements (Co, Ni and Cr) range from 0.2% to
2% (Fig.3c) that is in agreement with the
literature data [24-26]. The content of toxic
metals is relatively stable for samples 2, 3 and 4 as
regards lead and 1, 2 and 4 concerning cadmium
(Fig. 3d). The concentrations of Pb and Cd increase
in samples of producers 1 and 3, respectively.

A detailed comparison of the experimental data
obtained with the literature data, carried out in
work [22], in general, indicates the consistency of
these results, although the concentration range
observed in the literature is much broader than
measured in this paper.

Discussion

The fact that the content of bioactive
substances in samples of different origins varies
widely is among the essential experimental
findings. Also, the measured concentrations do not
entirely comply with the requirements of the SPU.
The diversity in the chemical composition among
wild populations of plants can depend on
geographic origins and environmental conditions
[27, 28], population and genetics [28, 29]. Also, the
variation is affected by the floral development
stages and harvesting season [30-32]. The proper
storage of collected herbs is also of importance
because the concentrations of bioactive
compounds are sensitive to light, pH and
temperature [33]. Observed concentration ranges
together with pharmacopoeia standards and some
literature data are shown for some bioactive
compounds in Table 1.

Table 1

Concentrations of bioactive substances: measured in this work, available from the literature and standardised by
Pharmacopoeias of the EU and Ukraine

Name Concentration range Measured Pharmacopoeia of SPU, % (ng/g)
from the literature data, concentrations, EU, % (ng/g)
Hg/g He/g
Quercetin 300-1300 [32] 130-190
Hyperosid 5000-20000 [34] 560-1060 >1.2% (212000)
e
Rutin 3000-16000 [34] 200-2750 Extract: 26%
(60000)

Hypericin 500-3000 [34] 140-680 Extract: 0.1-0.3% >0.08% (=800)

(1000-3000)

Pharmaceutical production is based on the
construction of a pharmaceutical quality system.
Such a system is single and agreed set of measures
designed to ensure the quality of pharmaceutical
products unconditionally at all stages of their
production, as well as at subsequent stages of their
storage and distribution. In Ukraine, the
circulation of medicinal plants is regulated by a
series of guidelines that are recommendatory and
are listed in [14]. However, a single quality system
has not yet been developed and implemented.
Standardisation issues are also unresolved. A
similar situation is observed in other countries of
the world [35; 36]. The experimental data
presented here illustrate the possible
consequences of such a state of affairs when the
quality of medicinal plants is far from being stable.

At the same time, many people consider
medicinal herbs to be safer than synthetic
medicines despite a lack of good scientific
evidence for such a conclusion. For example, 85%
of respondents take one or more natural health
products, including medicinal herbs and herbal
medicines, and 47% consider them as safer than
prescription drugs [37]. In reality, herbal

medicines are always chemically complex, and
challenges remain to neutralise differences
between products made of the same medicinal
herbs and ensure safety and similar therapeutic
effects.

Another finding relates to the interaction of
bioactive compounds with metal ions. The
Pearson’s correlation coefficients were calculated,
and the related significance values p were
determined for all pairs of 11 metals and eight
bioactive compounds (Table 2). In total, eight
interacting pairs were found to demonstrate
statistically significant, either positive or negative
correlations. In four other cases, the values p < 0.1,
varying from 0.065 to 0.08, that is, the estimated
significances are at the level of statistical
tendency.

In addition to the metal ion - API interactions,
some statistically significant correlations were
recently observed between various organic
compounds, in particular between rutin and
hydroxycinnamic acids [38].

Four of the five metals, which are part of these
correlation pairs, are involved in the biochemical
processes in plants and are usually referred to as
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essential macro- (K and Mg) and microelements
(Fe and Mn). Cadmium belongs to a group of toxic
impurities which are not necessary for the
development of plants and often fall into them
from the outside in various ways [22]. As shown in
Fig. 3, the concentrations of toxic impurities and
microelements in SJW samples can vary in a wide
range. Iron shows a positive correlation with

rutin; therefore, the increased content of Fe can
contribute to increased rutin concentration in
medicinal herbs. In two other cases, the
relationships are negative. Thus, the increase in
Mn concentration from 60 pg/g to 120 pg/g
(Fig. 3b) is accompanied by a drop in the content
of hyperoside from 1050 pg/g to 580 ug/g
(Fig. 1b).

Table 2

The Pearson’s correlation coefficients are calculated for correlations between concentrations of bioactive
substances and chemical elements in SJW herb samples of different producers. The relevant significances (2-tailed)
are shown in parentheses

Chlorogenic  Rutin  Hyperoside Quercetin Neochloro- Caffeic Rosemary Hypericin
acid genicacid  acid acid

Mg 0.558 0.947* 0.350 0.033 0.935 -0.771 -0.951" 0.954"
(0.442)  (0.050)  (0.65)  (0.967)  (0.065)  (0.229) (0.049)  (0.046)

Zn -0.263 0.600 -0.085 -0.786 0.563 -0.084 -0.735 0.437
(0.737)  (0.402)  (0.915)  (0.214)  (0.437)  (0.916) (0.265) (0.563)

Cu 0.076 -0.871 0.46 0.119 -0.880 0.730 0.840 -0.419
(0.924) (0.13) (0.54) (0.881) (0.120) (0.270)  (0.160)  (0.581)

Na -0.372 0.094 -0.841 0.288 0.139 -0.350 0.032 -0.425
(0.628) (0.906) (0.159) (0.712) (0.861) (0.650)  (0.968)  (0.575)

K 0.089 0.961* -0.211 -0.174 0.959" -0.743 -0.960" 0.640
(0.911) (0.039) (0.79) (0.826) (0.041) (0.257)  (0.040)  (0.360)

Ni -0.885 -0.741 -0.53 -0.569 -0.750 0.870 0.659 -0.888
(0.115)  (0.259)  (0.47)  (0.431)  (0.250)  (0.130)  (0.341)  (0.112)

Fe -0.03 0.921 -0.315 -0.246 0.920 -0.683 -0.926 0.547
(0.97) (0.079) (0.685) (0.754) (0.080) (0.317)  (0.074)  (0.453)

Co -0.133 0.803 -0.559 -0.059 0.820 -0.719 -0.754 0.307
(0.867)  (0.197)  (0.441)  (0.941)  (0.180)  (0.281)  (0.246)  (0.693)

Mn -0.608 0.06 -0.960* 0.003 0.095 -0.179 0.019 -0.517
(0392)  (0.94) (0.04)  (0.997) (0.905)  (0.821) (0.981)  (0.483)

Cd  -0.993** -0.469 -0.768 -0.65 -0.474 0.654 0.395 -0.812
(0.007) (0.531) (0.232) (0.35) (0.526) (0.346)  (0.605)  (0.188)

Pb 0.368 0.094 -0.187 0.894 0.145 -0.598 0.097 -0.051
(0.632) (0.906) (0.813) (0.106) (0.855) (0.402) (0.903)  (0.949)

* All statistically significant correlations are marked with asterisks (* for p<0.05 and ** for p<0.01)

Similarly, the concentration of chlorogenic acid
is influenced by Cd: the twofold increase in the
concentration of this metal (Fig. 3d) leads to a 2.4
drop of the level of chlorogenic acid (Fig. 2b).

By the norms of the World Health Organisation
(WHO), the maximum values for heavy metals in
medicinal plants oral intake are as follows: less
than 10 pg/g and 0.3 pg/g for Pb and Cd,
respectively [39]. The measured concentrations of
Pb do not exceed the WHO norm (Fig. 3d). At the
same time, Cd levels exceed permissible limits
given by the WHO in several investigated samples
(Fig. 3d). Such a result agrees with other literature
data confirming the fact that Hypericum species
are hyperaccumulators of Cd [25, 40]. Therefore,
determination of toxic metals, especially Cd, in
Hypericum species used as raw material for herbal
medicines and dietary supplements is of high
priority.

The revealed correlations between the
concentrations of metallic ions and some bioactive

compounds give evidence to possible interactions
between them. According to [40], the interaction
of bioactive compounds and metal ions can be
reduced to three main processes.

Some studies showed links between the
content of secondary metabolites in SJW and the
elements in the growth medium. For example, Ni
exposure was found to suppress the production of
hypericin and pseudohypericin [41]. In contrast,
Cr treatment of the nutrient medium increases the
concentrations of some hypericins in seedlings of
SJW [42]. The most significant impact was
observed at a concentration of 0.1 mM Cr(VI):
pseudohypericin rose by +379% during seven
days of such a treatment and
protopseudohypericin increased by +404%. No
changes were detected in the content of hypericin.

Also, an interaction between elements and
bioactive compounds can alter their bioactivity,
for example, by the formation of metal-organic
complexes with flavonoids and hypericin [43; 44].



87

Journal of Chemistry and Technologies, 2019, 27(1), 79-91

Besides, the complexing of metal ions with organic
compounds controls their bioavailability [7; 9;
45].

Such effects could be used to enhance the yield
of bioactive compounds and thus to make herbal
medicines more potent, allowing for less product
being contained in a dosage. For example [9],
complexes of flavonoids and metal ions usually act
as antioxidants, which are often more potent than
the parent molecules. However, they may be pro-
oxidants as well. Such complexes may act as
chemoprotective agents, but sometimes they
enhance the oxidative damage of biomolecules.
Such examples illustrate a complicated
interdependence between the ligand, the metal
ion and the surrounding environment when
interactions between all these objects result in
specific properties of a given complex.

Medicinal plants usually represent complex
systems. Under conditions of the absence of
reference standards, instability in the chemical
composition can start from the stage of collection
of crude plants and further deepen during
processing and storage. Therapeutic results and
safety issues can vary significantly from product
to product, even within a single class of herbal
medication. All benefits and risks revealed in a
particular herbal remedy cannot be easy
extrapolated to other similar products, as is the
case for synthetic pharmaceutical substances.
Therefore, it is difficult to establish quality control
parameters and maintain consistent quality for
each batch of herbal medicines.

Nevertheless, all active pharmaceutical
ingredients are chemicals, whether synthesised in
plants or chemical laboratories, therefore, all they,
irrespective of their source, should be controlled
with the same accuracy and adjusted by similar
standards of quality regarding identity, purity, and
stability. Reliable and consistent quality is the
basis of efficacy and safety of herbal medicinal
products. For specific therapeutic purposes, it may
be useful to use purified extracts with one or two
of the major components. In any case, a more
thorough analysis of medicinal plants and
standardisation of the conditions of cultivation,
collection and drying of crude plants to ensure the
content of API of a specific concentration are still
topical challenges that lie before the modern
pharmacognosy.
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Conclusions

The content of bioactive substances, including
total hypericins, flavonoids, and hydroxycinnamic
acids, as well as essential micro and macro
elements and toxic metals, was studied in Saint
John's wort herbs of four different producers of
Ukraine by the methods of high-performance
liquid chromatography and flame atomic
absorption spectroscopy.

The content of total hypericins varies by a
factor of 5 from a sample to sample. The
Investigated flavonoids also show the variability
of their concentrations: The difference between
the maximum and minimum levels of rutin
reaches a factor of 10 and hyperoside - 2. The
concentration of quercetin varies from sample to
sample in a narrower range compared to other
bioactive substances: its fluctuations do not
exceed 30%.

The concentrations of hypericin and
hyperoside, regulated by the State Pharmacopeia
of Ukraine, appeared to be lower than the
standard values.

Elemental composition is also characterised by
variability. Changes in the concentration of
essential macroelements (K, Mg and Na) and some
of the microelements (Zn, Cu and Ni) do not
exceed 30-40%. The concentration of other
essential microelements (Fe, Mn, Co and Cr) varies
between samples of different origin in much
broader limits - from a factor of 2 (Mn) to 6 (Fe).

Some samples are enriched with both Pb and
Cd to the level of 0.7 ug/g, while, in most cases, the
Pb and Cd contents are in the ranges of 0.15-
0.25 ug/g and 0.25-0.35 pg/g, respectively. The
concentration of Pb does not exceed the WHO
norm (10 pg/g) in all samples, while the Cd
contentis higher than the WHO norm (0.3 pg/g) in
three out of four studied samples.

The presence of statistically significant
correlations between the individual elements (K,
Mg, Fe, Mn and Cd) and organic compounds
(hypericin, rutin, hyperoside, and neochlorogenic,
chlorogenic and rosemary acids) was found by the
method of Pearson’s pair correlations. From a
practical viewpoint, the most important are
positive correlations of Fe - rutin, as well as
negative correlations between Mn and hyperoside
and Cd with chlorogenic acid.

The experimental results obtained indicate that
the existing requirements and norms for
medicinal plants in Ukraine, which are sold in the
pharmacy network, do not guarantee the stability
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of their chemical composition and, accordingly,
the stability of their therapeutic properties.
Therefore, it is advisable to introduce a more
thorough analysis of medicinal plants, standardise
the conditions of cultivation, collection and drying
of crude plants to ensure the content of API of a
particular concentration, as well as a more
detailed description on the packaging of the
composition and effect of herbs on the human
body.
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Abstract

The regularities of the PbO:-polyelectrolyte and PbO:-surfactant composite coatings deposition have been
investigated. On a cyclic voltammogram (CV) several characteristic areas can be distinguished: at the anode region
of the CV at potentials higher than 1.4 V, the anode current is growing exponentially due to the simultaneous reactions
of Pb(II) oxidation and the evolution of oxygen. At the cathodic branch of a CV, a current maximum is observed at
potentials of 1.0-1.2 V, corresponding to the reaction of the reduction of lead dioxide. If the polyaminoguanidine
hydrochloride is present in the electrolyte, the electrodeposition of lead dioxide is inhibited. If the anionic polymer
additive Nafion®is in the electrolyte, one can see an increase in the peak of cathodic reduction of lead dioxide, which
indicates an increase in the formation rate of Pb0O:. The addition to the electrolyte of anionic surfactants leads to a
slight inhibition of the process of deposition of PbOz. As one can see from the experimental data, the adsorption of
anionic surfactants is described satisfactorily by the Langmuir isotherm. Values of the limiting adsorption and the
adsorption equilibrium constant were calculated. According to the results obtained, the anionic surfactants, cationic
polyelectrolyte polyaminoguanidine hydrochloride and anionic polyelectrolyte Nafion® can be used as additives to
the electrolyte during the deposition of the lead dioxide. It has been established, that they are being included into the
growing deposit by forming the composite coatings with different composition and various electrocatalytic activity
in the reaction of the evolution of oxygen. The content of organic compound in the oxide can vary from 2 to 16 w.%, a
surfactant-oxide and polyelectrolyte-oxide composite coating is formed. The overpotential of the oxygen evolution
decreases in the line C4F9S03K> C12H2504SNa> C16H29006SNa. It should be noted that the energy of adsorption on PbO:
increases in the same line.

Keywords: polyelectrolyte; surfactant; lead dioxide; nitrate electrolyte; oxygen evolution reaction.

CUHTE3 TA EJIEKTPOKATAJIITUIHA AKTUBHICTD PbO2-ITOJIIEJIEKTPOJIIT TA
PbO2-IIOBEPXHEBO-AKTUBHA PEYOBUHA KOMITIO3ULIUMHUX MIOKPUTTIB

TeTsaHa B. Jlyk’'sinenko, Osiekcanap b. Besiuenko® Osiecs b. lllMuukosa, Kaposina B. flHoBa,

Haraunis . KpuBoHoCcoBa
JABH3 «Ykpaincokuil depacasHull XiMiko-mexHo02iuHUll yHisepcumemy, npocn. ['azapina 8, m. [Jninpo, 49005 Ykpaina

AHoTarnjiqa

JocinigKeHo 3aKOHOMIPHOCTI eJIeKTPOoOcCaJKeHHs KOMMNO3uLiiiHuX NnoKpUTTiB PbO:z-mosienexkrtposit i PbO2-
NoBepXHEeBO-aKTUBHA pe4yoBHHA. Ha 1nuKIiYHIA BoJibTaMmeporpaMi MoO>KHa BHUJIJIMTH KijJibKa XapaKTepHUX
oGJ1acTeill: HA AaHOAHIH riyini 3a noteHuianiB Buie 1,4 B cTpyM 3pocTa€ eKCIOHEHLia/IbHO Yepe3 0AHOYaCHU M nepesir
peaxuiii okucHeHHs Pb(II) Ta BugineHns kucHio. Ha kaToAHii rijini BosibTaMneporpaMu cnocTepira€rbcsi MaKCUMyM
cTpymy 3a moteHuiaais 1,0-1,2 B, BigmoBigHo g0 peaknii BigHoBjeHHA maoM6yM(IV) okcuay. 3a HassBHOCTI
rizpoxysopuay mnoJiiamiHOryaHiJiHy B pO34MHi, eJeKTpoocaxeHHsA MawMGOyM(IV) okcuay iHriGyerbcs, ToAi sk
HasIBHICTh aHiOHHOI mosiimepHoi goGaBku Nafion® nmpuBOAUTH A0 36i/bIIeHHSA MKy KaTOJHOTO BiJHOBJIEHHS
mwioM6yM(IV) okcuay, o BKa3ye Ha 36i/IblIeHHs IBUAKOCTI yTBopeHHsA PbO2. JogaBaHHSA B €J1€eKTPOJIT aHIOHHUX
NOBEPXHEBO-aKTUBHUX Pe4YOBHH NPUBOJMTH A0 He3HAYHOro NpPHUrHiYeHHs nponecy ocaxeHHsA PbO:. Ik BujgHO 3
eKCllepUMeHTA/IbHUX JaHuX, aAcop6uisa aHioHHux IIAP 3amoBiibHO omucyeTbcsi i3oTepMmolo Jlenrmiopa. Bysm
po3paxoBaHi 3HaYeHHS IPaHU4YHOI aJcopoLii Ta KOHCTAHTH aACOpPO6LiiiHOI piBHOBaru. 3riiHO 3 OTpUMaHUMHU
pe3y/JbTaTaMM, aHIiOHHI NOBepXHEBO-aKTHMBHI pe4YOBHMHM, KaTiOHHMH T10JIieJIEKTPOJIT mNoJliaMiHOryaHiAiH
riazpoxysopup i aHioHHNH nosrieneKkTpoiT Nafion® MoXKyTh BUKOPHCTOBYBATHUCS B SIKOCTi J06aBOK [0 €JIEKTPOJIITY
ocamxeHHaA maMGYyM(IV) okcuay. BcraHOB/I€eHO, 10 BOHHM BK/IKYAKOTHCA B OKCHJ, YTBOPIOIOYHM KOMMNO3ULiHHI
NMOKPHUTTA 3 Pi3HUM CKJIAJOM i eJIeKTPOKaTa/IiTUYHOI0 aKTUBHICTIO B peakuii BUAiIeHHs KHCHIO. BMicT opraHiyHoi
CIOJIYKM B OKCHUAI MoOxke BapiloBaTHcs Bij 2 a0 16 Mac.%, yTBopwwo4Yd Kommno3suuiiiHe nokpurrta IAP-okcup i
noJiieneKkTpoJiT-okcuj,. [lepeHanpyra BUijieHHsI KUCHIO 3MeHIIY€EThCA B pAAY C4F9SO3K> C12H2504SNa> C16H2906SNa.
Cu1izx 3a3HAYUTH, 110 eHeprifa ajcop6uiliHol B3aeMojii 3 PbO2 36i/1b1Iy€ETHCS B TOMY XK pAAY.

Katouosi ca06a: io1ieeKTPOJIIT; TOBEPXHEBO-aKTUBHA PEYOBUHA; IJIIOMOYM 1i0OKCUJ; HITPaTHUHN eIeKTPOJIIT.
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CUHTE3 U DJIEKTPOKATAJIMTHYECKAA AKTUBHOCTD PbO2-IIOJIMDJIEKTPOJIUT
U PbO2-IIOBEPXHOCTHO-AKTUBHOE BEHIECTBO KOMIIO3ULITUOHHbIX IOKPBITUH

TatbsiHa B. JlykbssHeHKO, Anekcanap b. Beninuenko®, Onecs B. lllMmbrukoBa, Kaposinna B. AHoBa,

Harasba U. KpuBoHOCOBa
I'BY3 «YkpauHckuii 20cydapcmeeHHbll XUMUKO-meXHO102uYecKull yHugsepcumemy, npocn. 'azapua 8, 2. /[Hunpo, 49005,
Ykpauna

AHHoTanuga

UcciegoBaHbl 3aKOHOMEPHOCTH 3JIEKTPOOCAXKAEHUS KOMIO3UIUOHHBIX MOKPBITHI PbO2-m0/IM3JIEKTPOJIUT U
Pb02-I0OBEPXHOCTHO-aKTUBHOE BelecTBO. Ha HMK/IMYECKOil BOJIbTaMIIEPOTpPaMME MOKHO BBIAE/JIMTh HECKOJILKO
XapaKTepHbIX 06J/1acTeii: Ha aHOAHOW BEeTBM NpPH NMOTEeHIHaaxX Bbilie 1,4 B TOK pacTeT 3KCNOHEHIHAJIbHO H3-3a
OJHOBPEMEHHBIX peakuuii okucaenusa Pb(Il) u BelaeieHnsa Kucaopoaa. Ha kaToJHo# BETBU BOJIbTaMIIEPOTPaAMMBbI
Ha6JII0/jaeTcss MAKCUMYM TOKa MpH noTeHuasax 1,0-1,2 B, COOTBEeTCTBYWIMii peaKIiMHi BOCCTAHOBJIEHUA AUOKCHAA
cBuHLA. [Ipy HaJIMYMHU THAPOX/JIOPHAA MOJIMAMUHOTYAaHUAMHA B PACTBOpE, 3JIEKTPOOCAKJEHUE AUOKCHJA CBUHIA
HHTMGUPYETCs, TOTAa KaK Ha/lu4yMe aHUOHHON mosiMMepHOi go6aBku Nafion® mpUBOAUT K YBeJUYEHHUI0 MUKA
KaTOAHOTO BOCCTAaHOBJIEHUS AMOKCHJA CBHMHIQA, YTO yKa3blBaeT Ha yBeJMYE€HHE CKOPOCTH o6pasoBaHus PbO:.
Jo6aBjieHMe B 3JIEKTPOJIUT AHHUOHHBIX NOBEPXHOCTHO-aKTHBHBIX BELIECTB MNPHBOAUT K HE3HAYHUTEJIBLHOMY
HHIMGUPOBAHHUIO Mpouecca ocaxkAeHus Pb0:. Kak BUAHO U3 IKCIEPUMEHTa/IbHBIX AAHHBIX, aACOPOLUA aHUOHHBIX
IIAB yAOBJIETBOPUTEJBHO ONMMCBHIBAETCA H30TEPMOil JleHrMwpa. BbUIM paccyuTaHbl 3HAYEHUS NpeAebHOM
acopouuM M KOHCTAHTBhI aJACOPOLIMOHHOrO paBHOBecHs. COIJIAaCHO MNOJIy4eHHbIM pe3yJabTaTaM, aHUOHHBIE
NMOBEPXHOCTHO-aKTHBHbIE BeIIeCTBa, KATUOHHBIA MOJIU3JIEKTPOJUT TOJUAMHUHOTYaHUJUH THAPOXJIOPUJ |
AQHMOHHBIA MOJIN3/IeKTpoauT Nafion® MOryT McHnoJ/ib30BaThCsi B Ka4eCTBe A0GABOK K IJIEKTPOJIMTY OCAXKAECHUS
JMOKCHJA CBUHLA. YCTaHOBJIEHO, YTO OHHM BKJIIOYAKTCS B PACTYILIHIl 0Ca0K, 06pa3ys KOMIIO3UIUOHHbIE MOKPBITUS
C pa3/IMYHBIM COCTAaBOM U 3JIEKTPOKATAIMTHYECKOIl aKTUBHOCTBIO B PeaKIUM BblJeJIeHUs Kucjaopoja. CoaepxaHue
OpPraHM4YecKoro COeJMHEHUS] B OKCHJE MOXKeT BapbHpoOBaThcA OT 2 A0 16 mac.%, o6pa3ysi KOMNO3ULMOHHOE
nokpbiTie [IAB-0KCHA U MOJIN3JIEKTPOJIMT-0KCUA,. [lepeHanpskeHUe BblJe/IeHUs] KUC/I0Po/Ja YMEHbIIAETCA B PAAY
C4F9S03K> C12H2504SNa> C16H2006SNa. CiiegyeT OTMETUTD, UTO 3HEprus aJcopouoOHHOro B3aumoaeiicreusa ¢ PbO:
yBeJIMYUBAETCSA B TOM Ke psjy.

Kawuyesvle caosa: IOJIN3JIEKTPOJIUT; NOBEPXHOCTHO-AKTHBHOE BEIECTBO; AWOKCHU/] CBUHIIA; HI/lTpaTHbII‘/‘I 3JIEKTPOJIUT.

Introduction

Lead dioxide electrodes are of considerable
interest in their use at high anodic polarizations
[1-3]. They can be obtained by electrodeposition
from aqueous solutions and are characterized by
high electrical conductivity, low cost, suitable
corrosion resistance and high electrocatalytic
activity in reactions proceeding at high anodic
potentials with the participation of oxygen-
containing radicals [1; 4; 5]. At the same time, lead
dioxide-based materials have not yet had wide
practical application, because of unsuitable
mechanical properties, which are manifested
when the composite metal-based dimensionally-
stable anodes are being created, such as the bad
adhesion of the active layer to the substrate, in
particular. In this case, the rate of mechanical
destruction of the oxide layer of a dimensionally-
stable anode is proportional to the intensity of the
evolution of oxygen. One of the ways to solve this
problem is the surface treatment, the creation of a
transition layer, the deposition of a catalyst on the
another type of substrate, for example Ebonex®
[6]. Another way is to create a composite material
that would not be inferior in its properties to the
base oxide, but at the same time will have lower
internal stresses [7-11].

It is widely recognized, that the presence in the
solutions for the deposition of various additives of
ions and oxides of other metals has a significant

effect on the composition, physico-chemical
properties and electrocatalytic activity of the
obtained lead dioxide based materials [7; 12-15].
At the same time, in contrast to metal coatings, the
effect of organic additives on the regularities of
PbO; electrodeposition and the properties of
resulting materials remains virtually
uninvestigated. Since the electrodeposition of lead
dioxide is carried out at high anodic potentials, at
which most organic compounds oxidize at a
sufficiently high rate, the choice of additives is a
significant problem. Based on the general
considerations, water-soluble polymers
(polyelectrolytes) may have value for its usage as
an additive to the deposition electrolyte. The long
polymer chain and high molecular weight of the
polyelectrolytes would ensure the stability of this
class of compounds in the range of PbO;
electrodeposition potentials. In this paper, we
investigated the effect of a polymer additive on the
electrodeposition of lead dioxide, the composition
and the properties of the materials obtained.

Experimental and Methods

All chemicals were of the class of reagents. Lead
dioxide was electrodeposited from the nitrate
electrolytes which contained 0.1 M HNO3, 0.1 M
Pb(NO3)2.

Platinized titanium was used as a sheet. It was
treated as described in [7] before the platinum
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layer was deposited. The content of organic
compounds varied within: 1-10¢ to 0.01 M,
depending on the purposes of the experiment.
Electrolyte compositions and conditions of the
deposition of composite coatings were selected in
such a way that in all cases the current efficiency
of lead dioxide deposition was about 100%.

Electrodeposition regularities of doped lead
dioxide were studied on a Pt rotating disk
electrode (Pt-RDE, 0.19 cm?) by steady-state
voltammetry, chronoamperometry. For the RDE
experiments the voltammetry system SVA-1BM
was used. The rate of the scanning potential was
varied within 1+100 mV/s depending on purposes
of the experiments. Before an each experiment,
the electrode surface was treated with freshly
prepared mixture (1:1) of concentrated H,SO4 and
H;0; [7]. This preliminary treatment technique
permits to stabilize the electrode surface, which is
oxidized to a certain state under the action of
strong oxidizing medium (the phase and chemical
composition of the oxides on the surface is
defined), which determines the favourable
reproducibility in  obtaining the cyclic
voltammograms in the background electrolyte
(0.1 M HNOs3). Voltammetry measurements were
carried out in a standard temperature-controlled
three-electrode cell.

The reaction of the evolution of oxygen was
investigated by steady-state polarization on a
computer controlled EG & G Princeton Applied
Research potentiostat model 273A in 1M H,SOa.
All potentials were recorded and reported vs.
Ag / AgCl / KCl (sat).

Adsorption measurements were carried out
in 0.5 g of PbO, powder in 0.1 M HCI solutions
containing various amounts of additive. It should
be noted that the measurements were carried out
with the presence of the indifferent electrolyte
(0.1 M KCl), which shielded the electrostatic field
of the oxide surface. The time for establishing the
adsorption equilibrium was 24 hours. The content
of organic substance was determined by the
photocolorimetrical measurements after the
extraction of ionic associate with chloroform.

Results and Discussion

The development of a technology sets the task
of creating new composite polymer coatings or
films that combine both metal and /or oxide
properties and polymer properties (high elasticity
and strength). The electrodeposition method has
been well studied for the preparation of polymer
films [16-19]. Electrodeposition is also an
effective method in the manufacture of ceramic
materials, as well as organoceramic films [20-22].

Electrodeposition of ceramic materials can be
performed both in cathodic and anodic ways. At
the same time the nanostructured ceramic films
are formed. The main component of the formation
of films is one that is used for the electrophoresis
- aprocess in which the charged ceramic particles,
which are dispersed in a solution, migrate in an
electric field to the electrode. The formation of the
composite occurs by coagulation of particles on
the surface of the electrode. For a more successful
deposition of ceramic films the electrolytes
include various additives, such as polymers, which
influence the formation of colloidal particles [23].

[t should be noted that there are no data in the
literature discribing the effect of polyelectrolytes
on the regularities of electrodeposition and the
physico-chemical properties of oxide materials,
lead dioxide in particular.

In some cases, small amounts of ionic additives
are included in the growing oxide, forming the
micromodified materials based on lead dioxide [7;
12]. On this basis, it should be assumed that the
addition of organic substances will also affect the
electrodeposition, composition and the properties
of the oxide materials.

At  the beginning of investigation,
polyelectrolytes and surfactants of various classes
were selected.

Polyelectrolytes:

i) cationic

polyaminoguanidine hydrochloride;

acrylamide based polymer Magnafloc (Ciba);

ii) anionic

perfluorinated ionite Nafion® (Du pont).
Surfactants:

i) cationic

aethonium (1,2-ethylene-bis-(N-decyloxycarbo-

nylmethyl-N, N-dimethylammonium) dichloride);

ii) anionic

potassium

(C4F9S0O3K);

sodium dodecyl sulfate (SDS, C12H25S04Na);

sodium laureth sulfate (SLES, C16H20SOsNa);

iii) non-ionic

nonoxynol-3 (monoalkyl ether of polyethylene

glycol based on primary fatty alcohols).

Since the organic additives must be adsorbed
on the surface of the oxide, the adsorprion of the
compounds included in the PbO; has been
investigated.

It was established that the adsorption of
Nafion® (Fig. 1) and polyaminoguanidine
hydrochloride (Fig. 2) on the surface of lead
dioxide is described by an isotherm, similar to the
Langmuir isotherm. The nature of the adsorption
isotherm shows the high affinity of the adsorbate

nonafluoro-1-butanesulfonate
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to the surface. Even at low concentrations, the
magnitude of adsorption increases sharply and
quickly reaches an almost constant value. As a
result of potentiometric measurements, it was
established that the adsorption of Nafion® on PbO,
is accompanied by a shift of the zero charge point
of the oxide to a region of higher pH. This suggests
that the adsorption of polyelectrolyte at pH < pH,
is caused by not only the electrostatic attraction of
the polyanion to the positively charged surface of
lead dioxide, but also, apparently, as a result of
some specific interaction. This assumption is well-
supported by the data on the adsorption material
balance [24]. It was established that the
adsorption of the polymer is accompanied by the
release of OH- ions. If we assume that the
adsorption is carried out with the participation of
the SO3- groups of the polymer, the release of
hydroxide ions can be explained by the
coordinating interaction of the polyanion with the
lead surface cations on the surface of PbO;:
=PHOH + Rn(SO5)m —> =Pb(SO5)R(SO5)m1 + OH"  (1).
With a decrease of the pH of the solution, the
adsorption of Nafion® on PbO; increases
significantly (see Fig. 1), which can be associated
with both the increasing role of the electrostatic
factor, caused by the increase in the positive
charge of the oxide, and the transition of the
polymer to the protonated form.

(3 Swyy

1 T T T T T T
o 0.4 0.8 1.2 1.6

Ceqit Nafion®x16%/ %

Fig. 1. The adsorption of anionic polyelectrolyte
Nafion® on the lead dioxide in 0.1 M HCI (1) and Hz0

(2)

The adsorption of Magnafloc is also specific,
and its basic regularities are similar to those
previously described for Nafion®.

As one can see from the experimental data, the
adsorption of anionic surfactants is described
satisfactorily by the Langmuir isotherm (Fig. 3).

12

A/mg gt

T T T T T T T T T T T T T T T T 1
0 0.4 0.8 1.2 1.6

Polyaminoguanidine hydrochloride concentration/ %o

Fig. 2. The adsorption of cationic polyelectrolyte
polyaminoguanidine hydrochloride on the lead dioxide
in H20

In coordinates A-1=f (C-1), a linear dependence
is observed (correlation factor 0.998), from
which the values of the limiting adsorption and
the adsorption equilibrium constant were
calculated (Table 1).

A1107% f gmole?

60 ]
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Fig. 3. The Langmuir isotherm of SDS (a), SLES (b)
and potassium nonafluoro-1-butanesulfonate (c) on
PbO: in linear coordinates

The values of the energy of adsorption
interaction (-AG) are changed in line
C16H2906SNa> Ci2H2504SNa > C4F903SK and are
35.0; 34.1 and 31.5 k] mol?, respectively. The
obtained values indicate the electrostatic
adsorption of anionic surfactants on the lead
dioxide. This is also confirmed by a slight shift of
the pHo of the oxide, which is 0.71£0.1 Vin 0.1 M
HNOs [7; 24].



96

Journal of Chemistry and Technologies, 2018, 27(1), 92-100

Table 1
Adsorption parameters of anionic surfactants
Limiting Adsorption
Surfactant adsorption A 103, equilibrium
mole g1 constant
C4F9S03K 3.07 6022.1
C12H25S04Na 3.72 17162.4
C16H20SO6Na 4.15 24638.4

Non-ionic and cationic surfactants are not
adsorbed on the positively charged PbO; surface.

The next step was to investigate the
electrochemical stability of the organic additives
which have an impact on the PbO; deposition
potentials.

Cyclic voltammograms (CV) were taken on a Pt-
electrode in a 0.1 M HNO3 background electrolyte
with the included additives (potential scan range
0-1.8 V). It was found that the cationic
polyelectrolyte Magnafloc shows an
electrochemical activity, forming a phase film on
the electrode. In this regard, this polyelectrolyte is
not of our interest in further research. The
remaining additives, selected by the adsorption,
did not show an electrochemical activity in the
potential range under study. Thus, anionic
polyelectrolyte Nafion®, cationic polyelectrolyte
polyaminoguanidine hydrochloride and anionic
surfactants can be used as additives to the lead
dioxide deposition electrolyte.

To determine the effect of organic additives on
electrodeposition of lead dioxide qualitatively, the
cyclic voltammograms were obtained on a
platinum electrode. On the CV (potential scan
range 0.8-1.6 V) several characteristic areas can
be distinguished [7, 25] (Fig. 4). At the anode
region of the CV at potentials higher than 1.4 V, an
anode current is growing exponentially due to the
simultaneous reactions of Pb(II) oxidation and
oxygen evolution. At the cathodic branch of the CV,
a current maximum is observed at the potentials
of 1.0-1.2 V, corresponding to the reaction of the
reduction of lead dioxide:

PbO; + 4H* - Pb2* + 2H,0 + 2e- (2)

As it was established earlier [7; 25], the area
and size of the cathode peak characterizes the
amount of oxide formed on the electrode surface,
that allows one to use these parameters for a

qualitative assessment of  the PbO;
electrodeposition rate.

The addition of polyelectrolytes into the
deposition electrolyte affects the oxidation
process of Pb2+ (Fig. 4). At the same time, the
nature of the substance plays a significant role.
When polyaminoguanidine hydrochloride is
present in the electrolyte, the electrodeposition of
lead dioxide is inhibited. With the presence of
anionic polymer additive Nafion® in the
electrolyte, one can see an increase in the peak of
cathodic reduction of lead dioxide on the CV (see
Fig. 4), which indicates an increase in the

formation rate of PbOs,.

0.0 —
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Evs. Ag/AgCl/V

Fig. 4. Cyclic voltammograms cathodic branches (scan
range 0.8 to 1.6 V) on Pt-DE in solutions containing
0.01 M Pb(N03)2+0.1 M HNO3 (1) + 0.2% Nafion® (2) or
0.2% of polyaminoguanidine hydrochloride. v=100
mV/s.

The addition to the deposition electrolyte of
anionic surfactants leads to a slight inhibition of
the process of deposition of PbO; (Fig. 5).

It was established that the additives chosen for
further studies (anionic surfactants,
polyaminoguanidine hydrochloride and Nafion®)
are being included in the growing lead dioxide.
The content of organic compound in the oxide can
vary from 2 to 16 w.%, the surfactant-oxide and
polyelectrolyte-oxide composite coating is
formed (Table 2).
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I/ mA
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1.2 1.6

Evs. Ag/AgCl/V

Fig. 5. Cyclic voltammograms (scan range 0.8 to 1.6 V) on Pt-DE in solutions containing 0.01 M Pb(NO3)z+ 0.1 M
HNOs + 0.0003 M SDS (a); SLES (b); C4F9S03K (c). v=100 mV/s.

Table 2
The content of polyelectrolytes anf surfactants in
Pb0:-anodes due to deposition conditions

Solution, ja= 4 mA cm2 w.%

0.1M HNO3 + 0.1M Pb(NO3)2 + 0.02% 1.9
polyaminoguanidine hydrochloride

0.1M HNO3+ 0.1 M Pb(N03)2+0.05% 7.6
Nafion®

1M HNO3+ 0.1 M Pb(NO3)2+ 0.005 M C4F903Sl 16.2
0.1M HNO3+ 0.1 M Pb(NO3)2+ 0.0007 M C12H2 4.2
0.5M HNO3+ 0.1 M Pb(NO3)2+ 0.007 M C16Hz9! 4.8

The inclusion of organic additives into the
coating (like the ionic additives [12, 25]) can have
a significant impact on physico-chemical
properties of obtained materials, for example, on
their morphology and structure.

It should also be assumed that the composite
oxide-surfactant  and oxide-polyelectrolyte
materials will differ significantly in their

electrocatalytic activity from lead dioxide. Since
the vast majority of electrochemical processes at
high anodic potentials occur with the participation
of oxygen-containing particles which are adsorbed
on the electrode (so-called oxygen transfer
reactions), it is convenient to evaluate the nature
of effects by changing the reaction rate of the
evolution of the oxygen.

The rate of the process of the evolution of
oxygen on composite materials depends on both
the nature and the content of the additive in the
oxide (Fig. 6). Thus, the overpotential for the
evolution of oxygen decreases in the line
C4F9503K> C12H2504SNa> C16H29068Na. It should
be noted that the adsorption energy on PbO;
increases in the same row. The nature and content
of polyelectrolytes in lead dioxide also have a
significant effect on the reaction of the evolution of
oxygen (Fig. 7).
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Fig. 6. Steady-state polarization curves of the evolution of oxygen in 1 M H2S04 on the next electrodes: PbO: (1);
Pb02-2% C4F9SO3K (2); Pb02-2.2 % C12H2504SNa (3); PbO2-2.4 % C16H2906SNa (4).
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Fig. 7. Steady-state polarization curves of the evolution of oxygen in 1 M H2S04 on the next electrodes: PbO: (1);
PbO0:2-2% polyaminoguanidine hydrochloride (2); Pb02-6.6 % Nafion® (3)

Conclusions
Thus, according to the results obtained, anionic
surfactants, cationic polyelectrolyte

polyaminoguanidine hydrochloride and anionic
polyelectrolyte Nafion® can be used as additives to
the electrolyte during the deposition of the lead
dioxide. It has been established, that they are
included into the growing deposit and form the
composite coatings with different composition
and various electrocatalytic activity in the
reaction of the evolution of oxygen. The content of
organic compound in the oxide can vary from 2 to
16 w.% and the composite surfactant-oxide and
polyelectrolyte-oxide coating is formed. The
overpotential for the evolution of oxygen
decreases in the line C4F9SO3K> Ci2Hz504SNa>
C16H2006SNa. It should be noted that the

adsorption energy on PbO; increases in the same
line.
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