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EFFECT OF BACTERIZATION ON THE GROWTH
OF PISUM SATIVUM L. WITH A CONTRASTING
PHOTOPERIODIC RESPONSE
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3 KOHTPACTHOIO ®OTOIIEPIOJJNYHOIO PEAKIIE€IO
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Field pea (Pisum sativum L.) is a major legume crop that plays
an important role in global food security and sustainable agriculture thanks
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to its ability to fix atmospheric nitrogen through symbiosis with rhizobia [1].
In the face of climate change and the need to reduce synthetic nitrogen
fertilizers, improving the efficiency of this symbiosis has become a key
research priority [4, 5].

Photoperiod sensitivity is one of the main factors controlling pea
development and the switch from vegetative to reproductive growth.
The genetic control of this trait is well understood: key genes include Sn
(photoperiod response), E (early flowering), Hr (high response), Lf (late
flowering), and the GIGANTEA ortholog LATE BLOOMER1 (LATEL),
which is involved in circadian regulation and de-etiolation [3]. Most modern
pea varieties are facultative long-day plants — long days (over 12—-14 hours)
speed up flowering, while short days’ delay it by several days depending
on the alleles present [3]. In contrast, day-neutral varieties show little
or no response to day length, making them more stable across different
latitudes and growing conditions.

Although photoperiod regulation and symbiotic nitrogen fixation are well
studied, their interactions, especially cultivar- and strain-specific ones,
remain poorly understood [5]. Genotypes differing in photoperiod sensitivity
may allocate assimilates differently between shoots and roots, which can
affect nodule formation and nitrogen-fixation efficiency [2, 5]. Investigating
this interaction in Ukrainian breeding varieties will help select the best
genotypes for use with bacterial inoculants in modern farming.

The aim of this work was to analyse the effect of bacterization with
a symbiotic diazotroph Rhizobium leguminosarum on growth processes and
nitrogen accumulation (measured as soluble protein) in five Ukrainian-bred
pea varieties with different photoperiodic sensitivity.

The plant material consisted of seeds of five varieties of field pea (Pisum
sativum L.) selected at the Yuriev Institute of Plant Production of the
National Academy of Sciences of Ukraine: Ataman, Oplot, Metsenat,
Tsarevich, and Haiduk. The symbiotic diazotroph used in this study was the
Rhizobium leguminosarum 250a strain, provided by the Institute of
Agricultural Microbiology and Agroindustrial Production of the National
Academy of Sciences of Ukraine. Field phenological observations to assess
the photoperiodic response were carried out under natural long-day
conditions. At the V3 stage, 50% of the plants were transferred to short-day
conditions for two weeks, and growth stages were recorded when more than
half of the plants in each replicate reached each stage. At the second stage,
a controlled experiment was conducted in a climatic chamber. The seeds
were bacterized with a suspension of Rhizobium leguminosarum with a con-
centration of 7.8 x 108 CFU/ml. In 35-day-old plants, dry biomass of shoots
and roots, as well as the content of water-soluble proteins, were determined
by the Bradford method. The results were statistically processed by the
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pairwise comparison method, and the significance of differences was
assessed at a value of p < 0.05.

In the field experiment, long-day sensitive varieties (Otaman, Oplot,
Mecenat) showed a clear delay in flowering under short photoperiod
(6-9 days), confirming their long-day response. Day-neutral varieties
(Tsarevich, Haiduk) were almost unaffected (delay of 0-3 days) (Table 1).

Table 1
Delay of flowering onset in pea (Pisum sativum L.) cultivars
under short-day conditions.

. Duration PGF, days iodi
Variety Do ) gh Delay, days zggtfopnezaog;\,c)
Otaman 4543 53-54 8-9 LDP
Oplot 51+4 58-60 8-9 LDP
Mecenat 47£2 53-54 6-7 LDP
Tsarevich 45+1 45-47 0-2 SDP
Haiduk 462 48-49 2-3 SDP

LD — lond day; SD — short day;
LDP — long-day plants; SDP — short-day plants

Bacterization affected biomass accumulation differently depending
on variety type. In long-day varieties the effect on shoot biomass was mixed
or negative, and root biomass remained stable or slightly decreased (Fig. 1).
In day-neutral varieties, Tsarevich showed a 9.7 % increase in shoot biomass
and a 23.5 % increase in root biomass; Haiduk had a 13.7 % increase in root
biomass despite a slight decrease in shoots.
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Otaman Oplot Mecenat Tsarevich Haiduk
Fig 1. Biomass of plants of Pisum sativum L. varieties
under the action of bacterization in the aboveground (A, B)
and underground (C, D) parts; — control; & — bacterization

Different letters indicate significant differences between control and bac-
terization.

Soluble protein content in roots increased markedly in day-neutral
varieties after bacterization: +4.9 % in Tsarevich and +20.0 % in Haiduk
(Fig. 2). Long-day varieties showed either a decrease or only a small
increase.

The results agree with earlier reports showing that Rhizobium
leguminosarum generally improves growth and nitrogen nutrition in pea.
The stronger response in day-neutral varieties, particularly the increase
in root biomass and protein content, is probably linked to more favourable
allocation of assimilates to the root system, which supports better nodule
development and nitrogen fixation. In long-day varieties, the transition
to flowering under the long-day conditions of the phytotron may have
limited resources available for symbiosis, resulting in weaker or even
negative effects of bacterization.

The results suggest a possible association between photoperiod type and
responsiveness to bacterization. Day-neutral pea varieties (Tsarevich and
Haiduk) responded more positively to bacterization with Rhizobium
leguminosarum strain 250a than long-day varieties. They showed the
greatest increase in root biomass and the highest gain in root protein content.
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Fig. 2. The content of water-soluble protein in plants of Pisum
sativum L. varieties under the influence of bacterization
in the above-ground (A, B) and underground (C, D) parts; =4 — control;
— bacterization

Different letters indicate significant differences between control and bac-
terization.

These results suggest that day-neutral genotypes are promising for
breeding programmes and for maximising the benefits of bacterial inoculants
in sustainable pea production.
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He3Baxkaroun Ha pPi3HOMAHITHI JOCIIAHUIBKI MPOEKTH 3 MIKBHIOBOT
ribpuausanii cepen npeacraBHukie pomy Capsicum L., ski mpoBoammucs
y 3aKOPJOHHHUX CCJICKIIHHUX IICHTpaX, BCE IIC 3AJMIIAEThCS KiJIbKa MpO-
TallH, SKi TEPEeIIKO/KAIOTh NMOBHOMY PO3YMIHHIO TOTO, SIKa 3 BHKOPHC-
TAHUX CTpaTerii IOJOJIaHHS IIOCTIaMHOI HECYMICHOCTI 1 OJepKaHHS
(hepTHILHOTO TOTOMCTBA MDKBHIOBHUX TiOpHIiB Oyia HaWOIIbII eeKTHB-
HOMO i BixTBOproBaHOMW [1, ¢. 33; 2, c. 141]. HagiTth skmo y ribpuamsanii
BUKOPHCTOBYBATH 3asBIICHI BHUXiIHI (opMu, JiHII a0 COPTH MEBHUX BHIIB
pocnuH, y SKHX OyJlO NPOIEMOHCTPOBAaHO IO3UTHBHI pE3yJIbTaTH, TO
KIIFOUOBUM TMTAHHAM 3aJIUIIAETHCA O KIiHISI HEBU3HAUCHA PEAKI[sl 1HIIMX
TeHOTHUIIIB POCIMH THX X€ BHIIB Ha 3aCTOCOBaHY METOAUKY CXPELIyBaHHS.
ABTtopu omyOiikOBaHUX POOIT NPOBOIMWIM MPOLEAYPY CXpellyBaHHS,
B OCHOBI sIKOi IpsiME HaHECEHHs MWIKY OJHOTO 3 MapTHepiB ridpuamsarii
Ha TMPUAMOYKH >KIHOYMX KBITOK IHIIOrO 0€3 Oymb-skuX Moaudikamii
[3, c. 3: 4, c. 762; 5, c. 61960]. [IpHHIUTIOBOIO BiAMIHHICTIO BiJl iCHYFOUHUX
aHaNOriB ITYYHOI riOpuan3anii HeCyMiCHUX BUIIB pociuH poais Capsicum
L., Ky BUKOPHCTOBYBAJIM aBTOPH TE€3 € JOJATKOBE BHKOPHCTAHHS PETYJIsi-
TOpIB POCTy PIi3HOTO CHEKTpy MopdodizionoriyHoi nii mms oOpoOku
JKIHOYHMX KBITOK MiJ 4Yac 3ammiieHHS. 30KpeMa, JaHUi eKCIIepUMEHTAbHIHA
MiAXiJ YCHIITHO BHKOPHCTOBYBAaBCS 3a MDKBHIOBOI TiOpuam3amii BHIIB
pociuH mpeacTaBHuKiB pomy Cucurbita L. [6, c. 15].

MikBumoBa ribpuamsaris mixx Capsicum annuum L. ta Capsicum
chinense Jacq. € ogaMM i3 HAMMOMIMPEHIMINX CIOCOOIB PO3LIMPEHHS T'€He-
TUYHOI pi3HOMaHITHOCTI nepuo. OcoOaMBO SKIIO MOBa Hie MPO pPO3IIK-
PEHHS TeHO(OH/Ty MEPIIO TipKOro. SIK MpaBmIilo NP CTBOPEHHI MIXXBUIOBUX
riOpuIiB OCHOBHA yBara IpHIUIETHCS 30€PEKEHHIO Y CTPYKTYPI MOMYJISIii
riOpUIHNX POCIMH TEHOTHINB 3 YCIAJKOBAHOI BHCOKOIO BPOJKaHHICTIO,
PaHHBOCTHIJIICTIO, TMOCYXOCTIHKICTIO, BHCOKHM BMICTOM KalcailMHy Ta
iHIAX O10JIOTIYHO-IIHHMX KOMIIOHCHTIB y TUIOJaX, 31 30UIBIICHOI TOBIIH-
HOIO TIEPHKApPIIiI0, BUCOKOIO JICKKICTIO IUIOJIB, CTIMKICTIO MPOTH XBOPOO.
He MeHbII BaxIMBUM € 30€pEeXSHHS BHCOKOTO aJallTUBHOTO MOTEHLIATy
riOpUIHUX POCIIMH 32 BUPOLIYBAHHS Y BIIKPUTOMY 1 3aXHIIEHOMY TPYHTI.

JHocnain 3 MiXkBHIOBOI riOpuan3aiiii mepito 0yiro 3akiaaneHo y 2024 porti
Ha CKCIEPHUMEHTaIbHIN 0a3i [HCTHTYTy OBOYIBHHIITBA 1 OalITaHHHUIITBA
HAAH, posramoBanomy B arpokmimMarnuHiii 30Hi CximHoro Jlicocremy
Vkpainu (cen. Cenekuiiine, XapkiBcbkoi o0n., Ykpaina). B sikocti marte-
PHUHCBKOT (OPMH BHKOPHCTOBYBACS COPT IMEPIIO TIpKOro XamanéHbio
(icn. Jalapefio) (Capsicum annuum L.) mMekcukaHcbkol cenekuil. 3a 6ath-
KiBCbKY (opMy ciyryBaB copT Scotch Bonnet (Capsicum chinense Jacq.)
sAMarchKol cernekuil. Jlocnmin mpoBomMBCs B YMOBax 3aXHUINEHOTO TIPYHTY
(cxmgHa Termms 0e3 00irpiBy 3 KpamenbHHM 3pOoIIeHHsM). Bcporo
BUBYAJIOCS [[Ba BapiaHTa CXpELIyBaHs POCIWH IBOX BHAIB neputo. [lepmmii,
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JIOCHIZIHUI BapiaHT, repeadavyaB oJep KaHHHS TOPUAHOTO HACIHHS LUISIXOM
KOMOIHOBaHOTO HaHECEHHsI MUJIKY OaThKIiBCHKOTO IapTHEPY Ha NPUIAMOUYKH
KBITOK Ta areHTty riOpuau3aiii Ha OCHOBY 3alJIIOBAHUX KBITOK MaTe-
PHHCBKOTO TapTHepy. ATreHT TiOpuau3amii CkiafaBcst 3 BOJHOI CyMili
PETyJIATOPIB POCTY 1 IHIIMX 010JIOTIYHO-aKTUBHHUX PEYOBHH, SIKY aBTOPH Te3
IUIAHYIOTh 3amaTeHTyBaTu. J[pyruii, KOHTPOJBHMH BapiaHT, Inependadas
TUTBKM aHAJIOTiYHE HAHECEHHS MWIKY OaThKIBCHKOTO MapTHepy. B pe3yis-
TaTi 3acTOCYBAaHHA JOCIIZHOTO BapiaHTy MIKBHIOBOTO CXPEIIyBaHHS
BJAJIOCS OTPUMATH IUTA 3 OJHAM TIOBHICTIO c(OpMOBaHUM TiOpHUIHUM
HaciHHAM. Y KOHTPOJHHOMY BapiaHTI Tpouenaypa CXpelryBaHHS Oyia
HEBJIAJIOI0 1 MPU3BOJAWIA 10 BCHUXaHHS 1 ONAQMIHHS 3alHUJICHUX KBITOK
Ha 5—7 100y micis 3aruieHHs .

3 oxepkanoro y 2024 poui exuHoro riopuaHoro Hacias y 2025 pomi
BJIaJIOCSl BUPOCTUTH TiOpUAHY pociuHy. Sk auis 11 omepaHHs, Tak i onxep-
JKaHHS POCIMH MAaTepUHCHKOro 1 OaThKIBCHKOTO IapTHEpiB TiOpuau3amii
BHUKOPHCTOBYBAJIACsl TEXHOJIOTIS BUPOILILYBAHHS 32 JOTIOMOT'OI0 TOPIIUKOBOI
poscanu. [lara nociBy HaciHHsS y ropmmku — 9.03.2025 p. B ymoBax IuIiB-
KOBOi Terummi 3 oOirpiBOM, JaTa Iepecagkd BHUPOIIEHOI pO3Caadl MEepIlio
IO CKIITHOI Terumii 6e3 00irpiBy — 10.05.2025 p.

VY ¢a3i 6ion0TiYHOI CTHIIIOCTI IJIOAIB OyIIO TPOBEACHO OioMEeTpHYHI
00OMIpH JOMIIHUX 3pa3KiB POCIMH MEpHo. 3a KIIbKICHUMH O3HAaKaMu
y MibkBuaoBoro riopuay F; cepeans maca ruony craHoBuna 34,75+1,0 T,
KUIbKicTh mioaiB — 116 wir., nponykrusHicts — 4031,0 r/pocn. BignosiaHi
MOKa3HAKH MATepHUHCHKOTO TapTHepy ribpummsanii copty XananéHpio:
61,89+2,71 r; 24,33+4,70 mT.; 1890,4+459,3 r/pocn. BignosigHi moka3HUKA
0aTBKIBCHKOT'O MaTpHEpy riopuausanii copty Scotch Bonnet: 25,0+£2,30 r;
54,33+4,06 mwr.; 1421,11£101,46 r/pocn. [aHi 3a TpPOSBOM KiITBKICHHX
O3HAaK NapTHepiB TiOpuausamii Oynmu onxepXaHi Ha MiJICTaBi OOYHCIECHB
5 mociimHUX 3pa3KiB POCIHH MIEBHOTO COPTY IEPIL.

3a mochimKeHMMH KUTBKICHIMH O3HAaKaMH y MDKBHIOBOTO TiOpumy Fi
ICTHHHUH 1 TIMOTETHYHUHA T'eTePO3NC Ta CTYIiHb JOMIHYBaHHS IIPOSBUBCS
JdepeHIiiioBaHo SIK 332 BEJIMYMHOIO NPHUUHATHX 3HAYEHb, TaK 1 32 CIIPSIMO-
BaHICTIO y HBOTO 3HaKiB “+” abo “-”. Tak, 3a TakMMH O3HAKaMHU
K “Kinvkicmo nnodis na oouiti pocauni” (Fie; = 113,51 %, F;, = 194,94 %)
i “Ilpooykmusnicme oouici pocaunu” (Fie, = 113,24 %, F, = 143,45 %)
MaJI0 MiCIle BapifOBaHHs BHCOKOTO ITO3UTHBHOTO NPOSBY SIK ICTHHHOTO,
TaK 1 TIMOTETHYHOrO TETEPO3UCY. Y TOU KE Yac 3a TAKOK O3HAKOI, 5K
“Cepeonss  maca  nio0y”  TPOCTEKYBaBCS ~ HETaTWBHUHA  ICTHHHWH
(Fic: = -43,85 %) i rinorernunwii (F ., = -20,02 %) rerepos3uc. 3a o3HaKamMu
“Kinekicms n1odie na oouiu pocauni” i “Ilpodyxmusnicms 00Hiei pociunu”
Majlo Micue no3uTuBHe HajnominysanHs (hy = 7,90...10,12). 3a o3Hakoro
“Cepednsa maca nn00y” Mano Micue npomixae ycnankysanss (h, = -0,47).
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TpuBanicTh BereraiiiiHoro mepiogy y ribpumy Fi(copt Xamanéusiio
(Capsicum annuum L.) / copt Scotch Bonnet (Capsicum chinense Jacq.))
cranoBmwia 102 nobu, y copry Xamanéuwito — 112 ni6, y copty Scotch
Bonnet — 93 no6u.

Ha pucynky 1 BimoOpaxeni ruronu nepmto y ¢a3i 6i010riqHoi CTHIIIOCTI
K TapTHepiB TiOpuausamii, Tak 1 MOXiAHOTO BiJ HHUX MIXBHIOBOTO
riopuny F;.

7891123456789

780911234567

1 2 3
Puc. 1. Mopdoaoriuni ocoduBocti muoaiB y ¢asi diosoriunoi
cTuriocti: 1 — MmarepuHcbka ¢gopma, cOpT nepiio ripkoro XajianéHpiio;
2 — miskBuaoBHii riopua Fi(copt Xananéuwito (Capsicum annuum L.) /
copt Scotch Bonnet (Capsicum chinense Jacq.)); 3 — 6aTbKiBcbKa
dopma, copt Scotch Bonnet

3rigHo maHWMX pHUCYHKY | mogm MixBHAOBOro TiOpuay F; mamm mpo-
MDKHY MOpQOJIOTril0 3 O3HAaKaMU YacCTKOBOTO CHAJIKyBaHHS KOMILIEKCY
SKICHUX O3HaK Big 000X mapTHepiB TiOpuam3amii. 30Kpema, Big Mare-
pHHCBHKOI (popMu Oyia ycraakoBaHa MOB3JOXKHbS GopMma oLy 3 3a0KpYT-
JICHOI0 BepxiBKolo. Big 0OarbkiBchbKOi ()OPMHM YACTKOBO YyCINaJKOBaHa
3MOpIIKYBaTa NOBEPXHs IUIONY 3 HPUCYTHICTIO TPhOX JOJIEH Ha MOBEPXHI.
VY 2025 poui Braocst OTpUMaTH HaciHHS MDKBUIOBOTO riopuny Fi B mocrat-
Hill KUTBKOCTI JUTS TIPOBEICHHS ITOTANBIINX CENCKIIHHNX TOCIIIKCHb.
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Biiina B YkpaiHi npu3Bena 0 3HAYHOTO TEXHOI'CHHOTO HABaHTAXKEHHS
Ha JOBKULIA. PylHYBaHHS NPOMHUCIOBHUX OO’€KTIB 1 CKJIAliB MaJbHO-
MacTUIIPHHX MarepialliB, a TaKoXX BHKOPHCTaHHS BiHCHKOBOI TEXHIKH
CIPUYUHAIOTH 3a0pyAHEeHHs IPyHTIB 1 Bogu [2]. Ile mpu3Bomuth 1o min-
BUIIEHOTO HA/IXO/DKCHHS BAXKHX METalliB, 30KpeMa KaJMil0 — OJHOTO
3 HalHOLTBbII TOKCHYHUX €JIEMEHTIB aHTPOIOT€HHOTO TIOXO/PKEHHS, 3/JaTHOTO
HAKOTMYIYBaTHUCh Y )KUBUX OpraHi3Max. BHachiok mporo 3a0pyaHeHi 00’ k-
TH JIOBKIUISA CTAalOTh JDKEPEIOM IOTPAIUIIHHS KaJMII0 y Xap4oBi JIaHIIOTH,
II0 CHPHSE HOro HAKOIMMYCHHIO B TKAaHUHAX TBAPUH 1 3yMOBIIFO€ OTCHIUIHHI
pu3MKK A 300poB’s smonuHH. Kammiil  XapakTepH3yeTbecs BHCOKOIO
010aKyMYJISTUBHOIO 3[aTHICTIO Ta TPUBAIUM I1€PiooM Oi0JIOTIYHOTO HAlliB-
BuBeneHHs [1]. BiH HakonM4yeThCs B KICTKOBIH TKaHMHHI, EYiHIl, HUPKaX,
MOpYIIy€e KIITHHHUH TOMEOCTa3 uepe3 IHIYKII0 OKCHIATUBHOTO CTpECy,
JUCRYHKIIIO MITOXOHJAPIH Ta MNpUrHIYeHHS (EepMEeHTIB EHEepreTHYHOro
oOminy. OauH i3 MeXaHi3MiB TOKCHYHOCTI € KOHKYPEHTHE BHUTICHEHHS
eCeHIliaIbHNX Makpo- 1 Mikpoenementis (Ca*, Mg?*, Zn*', Fe*"), mo
MPU3BOJUTE 110 TOPYIICHHS MiHEpaJbHOTO TOMEOCTa3y Ta eHeprosabdes-
nedeHHs kmituH [7]. [Nopymenns cunaTesy AT® Qopmye eHepreTHIHUN
nepimuT KITHH Ta MeTaOoNivyHI TMOpymIeHHS. 3 Oy Ha TIIOCHIICHE
TEXHOTE€HHE 3a0pYyIHEHHS NOBKULIAL, MOCTIKCHHSA O0l0aKyMYJIAMii KaaMito
Ta HOro BIUIMBY Ha €HEPreTHYHUH 1 MiHepanbHUi 0OMiH HalbyBae 0co0-
JIMBOTO 3HAYCHHS.

Mema 0ocnidrsceHHA: BU3HAYNTH PIBEHb KaaMilO0 B 00’€KTax MOBKI/UIA
1 JOCTITUTH HOTO BIUIMB HAa C€HEPreTUYHUN OOMIH 1 MiHEpaNbHUI OanaHc
B OpraHax JJabOpaTOpHHUX TBapHH.

O0’eKTOM JOCIIIDKEHHS OyMd I'PYHTH Ta MUTHA BOJA, a TaKOX EKCIe-
pPUMEHTaIbHI TBapWUHM, SIKI BUKOPUCTOBYBAIKCH JJIsI MOJIEIIIOBaHHS Oioaky-
MyJISIil KaJMil0 Ta OMIHKA HOTO BIUIMBY Ha JKMBWH opraHizMm. Jlocmia-
JKYBaHMX TBapHH OyJIO MOiJIeHO Ha 2 rpynu: | rpyna — iHTakTHI TBapWHU;
Il Tpyma — TBapuHM, IHTOKCHKOBaHI KaaMid XJIOPHAOM. |HTOKCHKAIIitO
MOJZCIIOBAIM HACTYITHUM YHMHOM: KaJMIiH XJIOpHJ BBOJWINM BHYTPIIIHBO-
M’s13eBO B 11031 1,2 Mr/kr macu Tina tBapuau (1/10 LDsy).

Bubip mpo0 rpyHTy 1 BOOM 3OIHCHIOBABCS 3 YpaxyBaHHIM Di3HHX
MPUPOJHUX 1 AHTPOIOTCHHUX YMOB, CE30HHHX 3MIiH Ta IOTCHIIHHOIO
BIUIMBY TEXHOTEHHOTO 3a0pyAHEHHs. Makpo- 1 MIKpOEIEMEHTHHH CKiaj
BU3HAYaJM aTOMHO-a0copOminHuM MeTozoM (crekTpodoTtomerp C-115T1K).
Mapkepu KiCTKOBOrO MeTaboJli3My y IUIa3Mi KpOBI BH3HAuYaJld 3a CTaH-
JapTHUMH HabopaMmH peakTuBiB: KOHIeHTpawiro Ca ta ¢pocdati — “Simko”,
Mg — “Lachema”, rigpokcinpoininy — okucHennsm itoro H,O, no mipoiy
B JIyXHOMy cepenoBuiyi B mnpucytHocTi Cu®*. Jns BH3HAYEHHS KOH-
nenrpamii AT® Tta aktuBHOCTI AT®-a3u BHUKOPUCTAIHM CIEKTPOGOTO-
METPUYHUHN METOZ,.
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Pesynomamu  docnioscenns. CraH TIPyHTIB Ta BOIHHUX JDKEpEI
Oe3rnocepeIHbO0 BU3HAYAE EKOJIOTIUHY CUTYalil0 B PETiOHI, TOMY BaXKIIUBO
KOHTPOJIFOBATH pIiBEHb TOKCHYHOTO CIIEMCHTa KaaMilo Yy JOBKLLI [S].
JlocimKeHHsT TOKa3any, 0 BMICT KaJMilo y IpyHTax NepeBHIlye (OHOBI
moka3Huku B 1,1-1,5 pasza, ocoOMMBO y MepiogM aKTHBHOTO CE30HHOTO
HaKOMHMYEHHS. Y THUTHI BOAI BHSBIEHO IEPEBHIICHHS TI'PaHUYHO
JIOIyCTUMUX KOHIICHTpAIlii KagMmito B 1,6—2 pasa, IO CTaHOBHUTH 3arpo3y
JUIS KUBHX OpTraHi3MiB 1 3I0pOB’S JIOOWHH. B eKCIepuMEeHTaNTbHUX
JIOCTIDKCHHSAX Ha MIypax II0Ka3aHO, IO HAaBiTh IMOPIBHSHO HU3BKI JO3H
KaaMil0 BHKJIMKAIOTh CEPHO3HI MOPYMIEHHS MiHEpaIbHOTO Ta €HEepreTHd-
Horo oOmiHy [2, 6]. 3a yMOB KaaMieBOi IHTOKCHKAmii KOHIICHTpAIlis
HeopraHiyHuX ¢ocdariB y Ia3Mi KpoBi €KCHEPHUMEHTAIbHUX TBapuH
Ha 14-ty Ta 28-My m0o0u JOCTOBIpHO 3pocTana BiamoBimHo Ha 32,4%
ta 27,7% BITHOCHO PIiBHSI KOHTPOJIEHOI rpynu. KoHIeHTpalis 3araibHOro
kanbiriro (Ca) Ha 1-ury 700y Mmicist 3aBEpIICHHS TECATHICHHOT IHTOKCHKAIIIi
3HWKyBanacs Ha 17,1%, a B HacTymHI NepioAn EKCIEPUMEHTY CIOCTe-
piranacst criiika rinepkaisiuemis. Taki gaHi MOXYTb CBIIUUTH PO TOPY-
IICHHS MiHEPaJIbHOTO MAaTPHUKCY KiCTKOBOT TKaHUHM [4].

Takok CTaHOBJICHO IOCTYIIOBE 3pOCTaHHS KOHIICHTpALii B IJIa3Mi KpoBi
TiIAPOKCHIIPONIHY — MapKepHOI aMIHOKHCIOTH KaTaboli3My KOJareHy:
Ha 1-my 100y crocTepekeHHs KOHLEHTpaIlis il B ra3mi KpoBi Miagociij-
HUX TBapWH IEepeBHUILyBaja 3HaUYeHHsS iHTaKTHUX y 1,9 pa3u, a Ha 28-My —
y 2,5 pazis (P<0,005-0,001). Otpumani pe3ysbTaT BKa3ylTh Ha JECTPYyK-
I[iF0 KOJIATGHY Ta aKTHBAIil0 MpPOIeCy AeMiHepaizaiii KiCTOK, 30Kpema,
crnpuvrHeHy BIUMBOM ioHiB Cd Ha OamaHC MiX KaIbIIUTOHIHOM i mapart-
TOPMOHOM, a TaKOX NP0 aKTUBAIil0 KHCIOi (ochaTasd — MapKEpHOrO
€H3MMY OCTEOKIJIACTiB, 0 3abe3neuyioTh ii pesopbuiro [3, 4]. Ionu Mg
€ aKTHBAaTOpaMH IIbOTO CH3UMY, TOMY 3HIKEHHS KOHIEHTpamlii MarHiro
y mia3Mi KpoBi Ha 14-28-My m0o0u criocTepeskeHHs Ta MiJIBUIICHHS BMICTY
Horo y 301 CTETHOBHX KICTOK y meil mepiox (Ha 23,2-35,6 %) moxe
MiATBEPANTH aKTUBAIit0 KucIoi hocdarazu ocTeoknactis [4].

BusnauenHsi piBHS MarHito y paHHbOMY Ta IIi3HBOMY Iepiojax
KaaMi€BOI IHTOKCHKAIlI MOKa3aj0 HOro 3pocCTaHHS B KpoBi — y 2,5 pasa,
a y IeUiHIl — y 4 pa3u MOPIBHIHO 3 KOHTPOJILHUMH TBAPHHAMH.

Bigomo [2], mo mMarsiii € BayXJIMBHM DEryJsITOPHHUM MaKpOEIEMEHTOM
eHepreTuyHoro oominy. IlpoBeeHi HaMu nociimkeHHs KoHneHTpalii ATD
mokaszai ii 3pocTanHs y nedinmi y 3,0-3,5 pa3a BOpoJOBXK YChOTO MEPioy
EKCIIEPUMEHTY TOPIBHAHO 3 KOHTposieM. BojmHOwac HaMH BCTAHOBIICHO
3HWKeHHs BMicTy AT® y mmasmi kpoBi (y 4 pasu) BIPOIOBXK YCHOTO
nepioxy micis 3aBepLieHHs BBeAeHHA Kanmil XJIOpHIY MOPIiBHSHO 3 KOHT-
posbruMu TBapuHamu. Jocimkenns Na*, K*-axrusyrouoi, Mg®*-3anexuoi
AT®-aznoi aktuBHOCTI (AT®-asm), mo BignmoBimae 3a cuHTe3 ATO,
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MOKa3aly 3HIKEHHS LbOro IOKa3HWKa y mediHmi — y 4 pasu Ha l-y
Ta 28-y 1o6u iy 9 pasis Ha 14 o0y nopiBHSAHO 3 KOHTposeM [2]. ¥V mna3mi
KpOBI MU croctepiranu pizHocnpsimoBaHi 3MiHn ATd-a3HOT akTUBHOCTI:
3pocTaHHs y 2 pasu Ha 1-y noOy Ta 3HWKeHHs ii y 2 pasu Ha l4-y
Ta 28-y 100M JOCIiHKSHHS MTOPIBHSIHO 3 KOHTPOJIBHOIO IPYIOI0 TBAPHH.

OTpuMaHi HaMu pe3yNbTaTH AOCIIDKCHHS MOKa3HUKIB MiHEpaJIbHOTO
00MiHYy BKa3yIOTh Ha Te, IO B TIpOIeci KaaIMi€BOi IHTOKCHKAIIi criocTepira-
eTbest HakonmueHHsT Cd y CTErHOBMX KICTKaxX Ta IMEUiHIl i CYNPOBOIKY-
BaJMCh TOPYIICHHSAM ITOKAa3HUKIB KalbIliii-pocdarHoro oOMiHY y mimaszmi
KpOB1 Ta 3HAYHWM 3POCTaHHAM KOHIICHTpALii TiIPOKCHUIPOIIiHY, MO CBiA-
YUTh TPO AaKTHBALIIO0 TPOLECY KICTKOBOI pe3opOwii miJg BIJIMBOM 10HIB
kaaMito. 3a ymoB aii Kanmiro eHeprozadesneueHHs O1IbLIOK0 Miporo Bin0y-
BaeThCs aHaepoOHUM nursixoM [2]. I1po e cBiguuTh 3HIKeHHIM piBHS ATD
Ta 3HWKEeHHs akTUBHOCTI AT®d-a3u y mewiHni Ta KpoBi BIIPOIOBXK yCHOTO
Nepioy OCHTIPKEHHS MOPIBHIHO 3 KOHTPOJILHOIO IPYIIOI0 TBAPHH.

TakuM 4nMHOM, MiABUINEHUH PIBEHb KaJMil0 y I'PYHTI Ta BOJi MOTpeOye
KOHTPOJIIO Ta IMOJAJBIINX EKCIIEPUMEHTAIBHUX JOCIHIIKEHb HOTrO BIUIMBY
HAa JKUBI OpraHi3Mu.
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Insulin resistance is a major pathogenic factor contributing to metabolic
disorders, including type 2 diabetes mellitus, obesity, and cardiovascular
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diseases [1]. Increasing evidence supports the concept of developmental
programming, whereby adverse intrauterine conditions predispose offspring
to long-term metabolic dysfunction [2, 3]. Gestational diabetes mellitus is
associated with an increased risk of insulin resistance and metabolic
disturbances in offspring later in life [4]. In addition, maternal stress during
pregnancy has been identified as an important modifier of metabolic
programming through neuroendocrine and glucocorticoid-mediated
mechanisms [3, 5]. However, the combined effect of maternal social stress
and gestational diabetes on metabolic outcomes in offspring remains
insufficiently characterized. The aim of this study was to evaluate the impact
of maternal social stress on insulin resistance and lipid metabolism in adult
male offspring of rats with gestational diabetes.

Materials and methods. Maternal social stress (MSS) was induced by
transferring pregnant rats between social groups daily during gestational
days 2-8. Gestational diabetes (GD) was induced by a single intraperitoneal
injection of streptozotocin (45 mg/kg body weight) on gestational day 2.
The maternal cohort included control (C), MSS, GD, and MSS+GD groups
(n=25). Metabolic assessment was performed in male offspring (F1, n=32)
at 90 days of age. An intraperitoneal glucose tolerance test (GTT,;
3 g glucose/kg body weight) was conducted after overnight fasting. Fasting
blood samples were analyzed for glucose, insulin (IRI), non-esterified fatty
acids (NEFA), triglycerides (TG), and total cholesterol (TCh). Insulin
resistance was evaluated using the Homeostasis Model Assessment (HOMA-
IR), and insulin sensitivity was assessed using the Quantitative Insulin
Sensitivity Check Index (QUICKI), which are validated indicators
of metabolic dysfunction [6].

Results. Glucose tolerance was significantly impaired in offspring
of GD mothers and was further worsened in MSS+GD offspring
(AUC during GTT: 1022.7+19.3 and 1112.0+32.8 mmol/L/min, respec-
tively, vs 640.748.0 mmol/L/min in controls; p<0.001). Plasma insulin levels
and HOMA-IR were significantly increased in MSS+GD offspring
compared with GD offspring (by 22% and 34%, respectively; p<0.01) and
controls (by 140% and 292%, respectively; p<0.001), indicating pronounced
insulin resistance [1, 4]. Maternal social stress was associated with reduced
insulin sensitivity, as demonstrated by lower QUICKI values in MSS+GD
offspring compared with GD offspring and controls (p<0.001). Total
cholesterol and NEFA levels were significantly elevated in GD
and MSS+GD offspring compared with controls (p<0.001), reflecting
disturbances in lipid metabolism characteristic of metabolically programmed
offspring [2, 7]. Maternal social stress further aggravated lipid abnormalities,
contributing to increased triglyceride levels and enhanced metabolic
dysfunction.
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Conclusion. Maternal social stress during pregnancy exacerbates insulin
resistance and promotes dyslipidaemia in adult male offspring of gestational
diabetic rats. These metabolic alterations, including increased HOMA-IR,
decreased insulin sensitivity, impaired glucose tolerance, and adverse lipid
profile changes, confirm that maternal stress enhances the developmental
programming effects of gestational diabetes [3, 5]. These findings highlight
maternal stress as an important modifier of metabolic risk and contribute
to understanding mechanisms underlying the intergenerational transmission
of metabolic disorders [2, 4].
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Enepretnuni Hamoi cepej MOJIOAMX JIIOJEH BBaXKalOTbCsS HaWKpaIAM
MOPSITYHKOM BiJl BTOMH Ta HYZIBIH. 3apsj eHeprii, 0ajapopicTh, TapHe
CaMOIIOUYTTsI Ta MOXIJIMBICTH NPALIOBATH HA TIOBHY — CaMe TaK 3a3HAYa€ThCs
B peKJIaMHii kammaHii Haroto [1, €. 12]. Oxgna 6aHOYKa HAIIOIO MICTUTh TaKy
K KUTBKICTh Ko(eiHy, sk damka MminHoi kaBu. KpiMm kodeiny no ckiamy
HAaIlOI0 BXOJATH LIe TaKi PEeYOBHHH, SK: TAypHH, I'yapaHa, MaTeiH, IIIIOK03a,
BiTaminu rpymu B Ta Garato immmx [2, C. 8]. 3 miTepaTypHHX IXepel
BIZIOMO, IIIO CIO>KHUBAHHS €HEPrOHAIOIB MOXE BUKJIMKATH BTOMY, ACIPECIIO,
po3naau 3 OOKy CepleBO-CyIMHHOI Ta HepBOBOi cucteM [3, C. 32]. Kodein,
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110 BXOJAUTH JI0 CKJIQJly HAIlOI0 MOXKE MEPEIIKO/PKATH 3aCBOEHHIO 3ailiza
Ta HEraTUBHO MO3HAYUTUCH Ha POOOTI BHYTPILIHIX opraHiB BpaxoByroun
TaKi JlaHi, BAXJIMBUMH € TOCTIIKCHHS aKTUBHOCTI Y-TJIyTaMiaTpaHcdepasu
(I'T'T) ta piBHA 3ayi3a 1 MarHifo y KpoBi SK aKTHBaTOpiB JaHOTO CH3HUMY.
ITT — me eH3uM, SKUH MICTUTBCS B KIITHHHHX MeMOpaHaX 0aratbox
OpraHiB — MEYiHKU, HUPOK Ta MiANUTYHKOBOI 3ano3u [4, C. 6]. JocmimkeHHs
aKTHBHOCTI Y-TIIyTaMinTpaHcdepasn y KpOBI IIMPOKO BUKOPHCTOBYETHCS
y nmabopaTopHii MiarHOCTHMI SK IiHAEKC AUCQYHKIII MEYiHKH Ta MapKep
CIOXXMBAHHS aNKOToI0. OCKIIBKH €HeProHANol MIiCTSATh BEIHKY KUIBKiCTh
AKTHUBHUX KOMIIOHCHTIB, TOMY iXHE CIIOXMBAaHHS MOXKE MaTH HETaTUBHUI
BIUIMB Ha pOOOTY IMEUYiHKH — OCHOBHOTO OPTaHy JETOKCHKAIlli KCEeHOO10THKIB
[5, ¢. 63]. OuiHKy BIUIMBY €HEPrOHAMOI MOYKHA JiarHOCTYBATH 3MiHOIO
aktuBHOCTI [ T'T Ta BMiCTy perynsiTopHUX €JIeMEHTIB — 3aJ1i3a Ta MarHilo.

Meta. Jlocnmiguty 3MiHM aKTHBHOCTI y-TiIyTaminTpancdepasu Ta piBHS
3a)1i3a Ta MarHiro KpoBi IIypiB 32 YMOB BIUIMBY €HEPTOHATIOIO.

Marepiann i meroan. BB €HepreTHYHOrO HAMOK BHUBYAIU Ha
CTaTeBO3PUINX HIypax-caMmipix, Macoto 180-200 r. TBapuuu nepeGyBanu Ha
CTaHIAPTHOMY pAIliOHI BiBapif0 3a BIAMOBIATHUX YMOB OCBITIICHHS,
TEMIIEPaTYypPHOTO PEXUMY Ta BOJOTOCTi. EKcrepuMeHTanpbHUX TBapHH
MOMUTHIN Ha JIBi Tpynu: lma-rpyma (KOHTpOJIbHA) — IHTAKTHI TBApWHH, SKi
OTPUMYBaJU BOMy; 2-ra rpyna (IOCHiJHa) — TBapUHHU, SIKI OTPUMYBAIIU
EHeproHamiii BOPOJOBXK Micslls, 3a0ip MaTepiaiy 371HCHIOBAJIH il aHec-
Te31€10 Ha HEpIIMH JeHb Iicis 3aBEpIICHHS CIIOKMBAaHHSA EHEeProHaIolo.
Jocnign Ha TBapuHaX NPOBOIWIN 3 JOTPUMAHHSIM BHUMOT €BPONEHCHKOT
KOHBEHIIII TpO 3aXUCT XpeOETHHX TBAPHH, HIO BHUKOPHCTOBYIOTHCS IS
JOCHIHUX Ta IHIUX HaykoBux e (CrpacOypr, 1986). AxTHBHICTH
y-TiyTaminTpanchepasy BU3HAYAIH H3UMaTHYHUM MeToJ0M. PiBeHs 3aiiza
Ta MarHilo BHU3HA4YaJlMl AaTOMHO-aJCOPOLIHHMM METOJOM 3a JIOIIOMOTOI0
npunaxy «C-115TIK».

Pe3yabTaTn. Y pe3ynbTaTi IPOBEIEHHUX JOCTIHKEHb BCTAHOBICHO 3pOC-
TaHHS aKTUBHOCTI y-TiIyTaMinTpaHcdepasu Kposi mypiB y 1,7 pa3a mopis-
HSHO 3 KOHTPOJIBHOIO Tpynolo Ha meputy ao0y micins 30-TH JeHHOTro
CIIOKHBAHHS CHEPrOHAIo. TakoX 3MIHIOBaBCS BMICT 3ajli3a Ta MarHiro
Yy KPOBI: CIIOCTEpIranoch 3HWKEHHs piBHS 3aii3a B 1,15 pasza Ha T/ migBu-
IIEHHs BMICTy MarHiro y 3,2 pasa y ApyrTili rpyIii B OPiBHAHHI 3 IHTaKTHUMH
TBapUHAMHU.

BucnoBkn. OTpuMaHi pe3ynbTaTd BKa3ylOTh Ha MiJBUINEHHS aKTHB-
HOCTI raMMa-TJIyTaMiITpaHcdepasd Ta PpO3BHTOK IHCMIKPOEIEMEHTO3Y
[6, c. 88]. ITlinBuIICHHS aKTUBHOCTI €H3UMY MOXKE CBIAYHMTH IIPO IMOPYILCHHS
(hyHKIIIOHATBHOTO CTaHY MEYiHKHM Ta iHIIMX OPTaHiB, IO MOTpedye Moaab-
WX JOCIIIKEHD.
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[ukyra otpyitna (Cicuta virosa L.) € oqHiero 3 HAHOTPYHHIIINX POCTUH
dhaopu YkpaiHy, sfKa € I[IKaBOK 3a CBOIM XIMIUHHM CKJIaJIOM JIJISI MEIMYHOT
Ta (papMarieBTUYHOT raysi.

Llukyra otpyiiHa, abo Bix otpyinuit (Cicuta virosa L.) 3 ponmunu
cenepoBux (Apiaceae L.) e GaratopiuHO pocinHOO 3aBBHIIKA 50—150 cM
Ta € reoditrom. Llg pocamna pocte Ha Bosorux Oioromax: OonoTta, cupi
YarapHUKH, IpH, MYJIHCTI Oepern pidok Ta o3ep, Ounst kaHas [1]. Ilommpena
IIUKyTa OTPYIHA IO BCil TepuTopii YKpaiHH, ane MOTEeHIIHO-CHPOBUHHOIO
tepuropiero € [lomices [2].

Jis 1iel pocnuHM XapakTepHe MPSIMOCTOsS4E CTEOJO 3 MOPOIKHHUHOIO
BCEepe/InHi, roye, OOpO3HUCTE 1 Mae YepBOHYBaTUi BiATIHOK. JIMCTKK Benuki
2-3 mepwucri, sIK 1 cTe0No0 NpU pO3TUPAHHI MalOTh crenuGiuHui apomar.
CyuBiTTs, IO NpUTaMaHHE BCIM MpPEACTABHUKAM POJMHU — CKJIaJHHUIN
30HTHK 3 OutuMu JApiOHMMHU KBiTKamu. l[BiTe pocimuHa IIie JIiTO.
[TpuTamanHi OKPYIJ IUIOAM Ta TOJI, @ KOJM J03pPLii pO3MajaroThCs Ha J1Ba
mepukapmii. [Tiz3eMHa yacTHHA POCIMHU — TOBCTE Ta M'SICUCTE KOPEHEBHUILE
okpyrioi Qopmu, mo y po3pi3i Mae IEperopoikd i po3aiiase Horo Ha
KaMepH, SIKi 3aTI0BHEHI COKOM YKOBTOTO KOIbopy [1].

s pocnuHa € cMepTelnhbHO OTPYHHOIO i B CBKOMY, i B BHCYIICHOMY
CTaHi HE BTpadae CBOi TOKCHYHI BJIACTHBOCTi, SKi MOXYTh 30epiraTmcs
pokamu. BMmicT TOkCHMHY, a camMe LMKYTOKCHHY Y CBUKIH pOCIHMHHIN
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CHUPOBHUHI CTaHOBUTH NpuOIIM3HO 1,5%, a 'y Bucymenii — 3,5% Bix 3araibHOT
Macu pociuHd. OTpy#HI PEYOBHHHM € y BCId POCIHHI, ajie HaHOuIbIle
30cepemkeHo B koperesuini. Cicuta virosa L. — BUCOKOTOKCHYHA POCIIHHA,
a T TOKCHMYHICTH 3yMOBJICHa HasiBHiCTIO akTuBHMX Cl17 mosianeTHieHis.
Mexani3m ixHBOI nii momsrae B aHTaroHismMi g0 ['AMK-penenrtopis
Ta OJIOKYyBaHHI KaJli€BUX KaHAJIB, IO MPHU3BOIUTH N0 3YMUHKH IMXaHHS
Ta cMepTi. HalOimeIl MOMITHHM 3 IHX TOKCHHIB € IUKYTOKCHH, SIKHA
€ IPUYMHOIO0 BAXKKUX OTPYEHB TA CMepTeil Jrojell Ta TBapuH (BeJMKa porata
xyno0a, koHi, BiBmi) [3]. Takox nukyTa OTpyliHA MICTUTH (pabKapHHIION,
130IIUKYTOJ, LHKYTON, eQipHy OJif0, CTepoinu, OpraHiuyHi KHCIIOTH,
KyMapuH, diaBoHoinu, Bitamia C [2].

OTpyeHHs y JIo/iel 4acTO BUHMKAIOTh YHACIHIZIOK MOMUJIKOBOTO CIIOXH-
BaHHS Yepe3 CXOXKICTh 3 MOPKBOIO, ab0 Celeporo, IO 1HOAI MPU3BOIUIO
no cmepri [3]. CuMITOMU OTPY€EHHS BUHMKAIOTH AY)KE€ IIBHJIKO, BXKE Uepe3
20 XBWIMH Ticist criokuBaHHs. CIIoYaTKy CIOCTepiraeThes Hy10Ta, OJIIOBaH-
HSl, CJINHOTEYa, CHIBHUH 0116 y )KHMBOTI, apuTMisl. 3T0I0M BTpaTa CB1JIOMOCT1
Ta MOTYXHI CyJJOMH, B PE3yJbTaTi SIKHX MOXCE CTATHCS 3yNUHKA JANXaHHS,
apTepianbHa TiIOTEH3is, TOCTpa cepIiieBa HeJOCTATHICTE Ta cMepTh [ 1, 3].

HesBaxkaroun Ha BHCOKHH pPIiB€Hh TOKCHYHOCTI IUKYTH OTpPYHHOI, ii
010JI0TI9HO-aKTHBHI CIIONYKH CTAaHOBIATH 3HAYHHUI iHTepec A (apMmaxo-
norii. [IpsiMe 3acTrocyBaHHsS y KIIHIYHI MEAWIMHI OOMEXEHE BHCOKOIO
TOKCHYHICTIO, aJé CIIOJIYKH IUKYTH MOXYTb OyTH OCHOBOIO JUIS CHHTE3Y
Oe3nevHux Ta e()eKTUBHUX JIIKAPChKUX 3aco0iB. Uepe3 HaJBHUCOKY TOKCHY-
HICTh y oQiuilHIi MENIMHI TPAaKTHYHO HE BUKOPHCTOBYEThCS. B HapoaHii
MEIMIMHI 1HKOJIA 3aCTOCOBYIOTH JIMIIC 30BHINIHBO (Ma3i, HACTOHKH) IJIs
JKYBaHHSI peBMaTU3MYy, IOJarpy, aAepMarosax [2].

BionoriyHO-aKTHUBHI CHOJXYKH HUKYTH OTPYWHOI B Malliii /1031 MOXYTh
YMHUTH CEIaTHBHY Ta TaJbMIBHY [il0. 3aBISKH BIUIMBY Ha DPELENTOpPH,
CHOJNYKM LMKYTH MOXYTb OJIOKyBaTW Teperady OOJNBbOBHX IMITyJIbCIB,
TpOsIBIIIIOUN GosesacmokiiimmBi Biactusocti. Cicuta virosa L. xou i € ox-
Hi€T0 3 HaifHEOE3MEeYHIMNX OTPYHHIX POCINH, aje B MiKpO03ax MoXxe OyTh
MEepCIeKTUBHA TIPH JIIKYBaHHI emijerncii (CKopo4yBaTH IMepioJ| IMPHIAJIKiB)
Ta BUKIMKAHUMH HEIO IOPYIICHHS KOTHITMBHUX (YHKINH, KOOpIUHAILI]
pyxiB, maM’sITi, TOCTpHil cTpec, cynomu [2, 3, 4]. Jliroui pe4OBUHH HUKYTH
OTPYIHOI MPOSIBISIOTH aHTHOAKTEPialIbHy aKTHBHICTB, a edipHa Ois TUIO/IB
NPOTHUIPHOKOBY aKTHBHICTS [2, 5].

VY mincymky moxHa ckasary, mo Cicuta virosa L. oxna i3 HaitneOe3-
MEYHIMNX OTPYHHHUX POCIWH B CBITi, 10 MICTUTh aKTHUBHI MOJIiHEHaCHYEH1
CIMPTH, 30KpeMa IMKYTOKCHH, IO HPHU3BOIATH A0 CEPHO3HHX HEHPOTOK-
cnuHHUX e¢exTiB. OCHOBHHUI PHU3UK IOB'A3aHUN 13 CHUCTEMHHMH CYIOMaMH
Ta 3arpo30r0 Uil JKHUTTA IIPU BUNAAKOBOMY BxHMBaHHI. Omxe, mpsme
3aCTOCYBaHHS IIUKYTH OTPYHHOI y KIIIHIYHIA MeIUIHHI 0OMeXeHe BHCOKOIO
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TOKCHUYHICTIO, ajie BPaxOBYIOYH ii XiMiuHHN ckiiaa Ta ii MequKo-0iosorivyHi
BJIACTHBOCTI, JlaHa POCIHMHA € MEPCHEKTUBHUM 00 €KTOM JUIS MOJaIbIINX
(hapMaKoIOTiYHUX Ta MEIMYHUX JOCIIKEHb.
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Beryn. YhpojioBk OCTaHHIX POKIB BIJI3HAYAETHCS CTifiKa TEHACHILISA
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TPYI HaceJeHHs, 30KpeMa Cepel CIIOPTCMEHIB, IUITKIB 1 CTYJCHTIB,
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SIKI BUKOPUCTOBYIOTB iX 3 METOIO ITiIBUIIEHHS MPaIe31aTHOCTI a0 KOMITEH-
carii gedinuty cuy [1, c. 469; 5, c. 295]. [lo ckiaay €HEpreTUYHUX HATOIB
BXOJSTh KO(eiH, TaypuH, MPOCTI BYIJICBOAX Ta iHIII Oi0JOTiYHO aKTHUBHI
CHOJyKH, 37aTHI BIUIMBATH Ha IHTEHCHBHICTb EHEPreTHYHOr0 OOMiHY,
AKTHBHICTh CHMIIATO-3/IPCHAIOBOT CUCTEMH Ta Iepedir OKMCHO-BiIHOBHHUX
MPOLECIB Y KIIITHHAX.

Oco0nrBoO1 aKTyalbHOCTI TIpo0IeMa CIIO)KUBAaHHS CHEPTeTHYHHUX HAITOIB
HaOyJla B YMOBaxX TPHUBAJIOTrO (Pi3MYHOTO Ta IICHXOEMOIIIHOTO HANPYKCHHS,
XPOHIYHOTO CTpecy W HecTaui CHy. 3a JaHWUMH CYYacHHX JOCIiIKCHb,
EHEepreTH4HI Hamoi aKTHMBHO BHUKOPHCTOBYIOTHCS BiHCHKOBOCTY)KOOBISAMU
JUIT KOPOTKOYACHOTO IIiJBHIIEHHS NHWIBHOCTI Ta 3MEHIICHHS BiTIyTTA
Bromu [4, ¢. 3; 7, ¢. 74]. 3 mo4aTKOM MOBHOMACIITAOHOT BiliHM B YKpaiHi
CIIOCTEPIraeThCsl IOMITHE 3POCTAaHHS iX CIIOKUBAHHS.

Ha nepenoBiii eHepreTHyHi HaIoi 3aCTOCOBYIOTHCS SIK 3aci0 MiATpUMaH-
HS BUTPHUBAJIOCTI Ta KOHIEHTpalii yBarm B yMOBax IIi/IBUIICHOTO HAaBaH-
T@KEHHS, TOAI SK Yy IUBUILHOTO HACEJICHHS BOHH HEPIJKO BHKOPHCTOBY-
I0ThCS SIK ANBTEPHATHBA KaBi B yMOBaX OOMEXEHOTO JOCTYITy 110 €JIEKTPO-
eHeprii i gac 6imekayTis [2, c. 1].

Pa3zom i3 TUM 3pocTaHHS MOMYJSIPHOCTI €HEPreTHUKIB CYIMPOBOKYETHCS
MiABUINEHASIM PHU3HKIB TS 30pOoB’sl. HU3Ka qocimiIKeHb CBITYUTD PO 3B’ 4-
30K MiX X pEeryJsipHHM CIIO)KUBAHHSM 1 PO3BUTKOM TPHBOXKHHX PO3JIaliB,
JIETIPECHBHUX CTaHIB Ta CEPIEBO-CYAMHHUX YCKIamHeHsb [2, c. 1]. Onnaxk,
He3’sSICOBaHUMH 3aJIMIIAIOTHCS MUTAHHS PEryJisiiii MeTaboNiuHUX IMPOLECiB
B OpraHi3mi 3a yMOB CHCTEMAaTHYHOI'O CIIOKMBAaHHS CHEPreTHYHHX HaIlOiB.
BaxknuBa posp y 1MX Ipolecax HaJEKUTh MaKpo- Ta MiKpoeJeMeHTaM, SIKi
3a0e3MeUy0Th CTPYKTYPHOT MIUTICHOCTI KIITHHHUX MEMOpaH, peryJsiii
IOHHOTO OOMiHY Ta aKTHBHOCTI €H3MMiB. HUpKHM BUKOHYIOTH KIIOUYOBY
(yHKIIIIO Y MATPUMaHHI MaKpo- Ta MIKpPOEIEMEHTHOTO TOMEOCTa3y, TOI SIK
EPUTPOLIUTH MOXYTh CIYTyBaTH UyTJIUBHM iHIMKaTOPOM CHCTEMHHX 3MiH
MiHepatbHOr0 00MiHY B opraHi3umi [3, c. 920; 6, c. 2].

Merta gociaimxennsi. OUIHUTH BIUIMB CHEPTETHYHOTO HAIIOIO HAa MaKpO-
Ta MikpoesnemenTHul cknan (Mg, Cu, Fe, Zn, Mn) TkKaHUHH HUPOK 1 €pUTpO-
IIUTIiB EKCIIEPUMEHTAILHUX TBapHH.

Marepiann i meroau. [locnmiUkeHHS NPOBEJCHO Ha CTAaTEBO3PLIMX
nrypax-camipix Macoro 180-200 r. TBapuH yTpuMyBalM Ha CTaHAAPTHOMY
XapuoBOMy paiioHi BiBapito. KoHTpombHa Tpyma oTpuMyBana BoOxy,
eKCIIepUMEHTalIbHa — eHepreTHYHUH Hamii ynponosx 30 nuiB. 3abip KpoBi
Ta HUPOK IPOBOAWIM IIiJ aHecTe3i€ro TiomeHTanoM Hatpito (60 Mr/kr).
VYci npouetypu BinoBizanyu BuMoraMm €Bporeichkoi KOHBEHIIT PO 3aXUCT
xpederanx TBapuH (CrpacOypr, 1986). Bmicr Mg, Cu, Fe, Zn ta Mn
BH3HAYaJIM METOJIOM aTOMHO-abcopOmiitHoi criekTpodoromerpii (C-115I1K,

30



Riga, the Republic of Latvia March 4-5, 2026

SHIMADZU AA-7000). Cratuctuuny 0OpoOKYy MPOBOIUIN 3 BHUKOPHC-
taHnsaM Microsoft Excel ra Statistica 8.0.

Pe3yabTaT Ta 00roBopeHHsi. Y TKaHMHI HUPOK €KCIIEPUMEHTAIBHUX
TBapUH BCTAHOBJICHO 3HIKEHHsSI BMICTY BCIX JOCTIJDKyBaHHUX Makpo- Ta
MIKpPOCIEMEHTIB TOPIBHIHO 3 KOHTPOJBHOI TPYIMO. 30KpeMa, pPiBCHb
KynpyMy 3MeHIIyBaBcs y 5 pasiB, IMHKY — y 13 pasiB, manrany —y 2,5 pasa,
depymy — y 3,7 paza, marHito — y 2,3 pa3a. Taki 3MiHH CBigYaTh MpO
PO3BHUTOK AMCMIKPOEIEMEHTO3y B OpraHi3Mi TBapWH, MIHOOKI MOPYIICHHS
HUPKOBOI peryisilii 010eIeMEHTHOTO TOMEOCTa3y Ta MOXKYTh OyTH TIOB’s13aH1
3 MiABUIEHUM MeTaOO0IIYHUM HABAHTAKEHHSIM 1 OKCHIATUBHUM CTPECOM.

B epurponurax eKCcHepHMMEHTalIbHUX TBapWH BUSIBICHO Pi3HOCIIPAMO-
BaHI 3MiHM Makpo- Ta MiKpPOEJIEMEHTHOIO CKJaay. BMICT MarHiro miaBuiry-
BaBcs y 1,1 pasa, umHky — y 1,9 pasa, Toxi SK KOHIEHTpAIii Kyrnpymy
Ta QepyMy 3HIKyBalucs BiamoBimHo y 1,8 Ta 3 pasu; s MaHraHy
XapakTepHUM OyIl0 He3HayHe IiJIBUIIEHHS HOT0 BMICTY MOPIBHSHO 3 KOHT-
POJNBHUMHK TBapuHaMu. TakWii KOHTpPAacT MK 3MiHAMH B TKaHHHI HHPOK
Ta EPUTPOLUTAX MOKE BiZOOpakaTH MOPYLICHHS MPOLECIB IIepepo3NOAiTY
Ta JICTIOHYBAaHHS CIIEMCHTIB B OPTaHi3Mi.

BucHoBku. BusBneHi mopymeHHs cBiqdaTh mpo (GopMyBaHHS AUCMIKPO-
€JIEMEHTO3y Ta MPOBIIHY pOJIb HHUPOK Yy TOPYUICHHSIX MIiHEPaIbHOTO
rOMEOCTa3y 3a YMOB TPUBAJIOI0 IIPUHOMY €HEProOHarnoiB.
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Results of studies on the effects of Epadol and Omacor (participation
in tissue metabolism processes [1-3]) on blood lipid spectrum indicators
in cardiovascular system pathologies, in particular ischemic heart disease
combined with hypertension, as well as in healthy individuals with dyslipo-
proteinemia.

Omacor is a medicinal product consisting of a mixture of ethyl esters
of omega-3 polyunsaturated essential fatty acids (84-90%): eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA).
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Epadol is a mixture with a high (at least 43.0%) content of omega-3
polyunsaturated fatty acid esters, as well as palmitic, linoleic, linolenic,
oleic, stearic, and other fatty acids.

These preparations have hypolipidemic properties [4]:

— mainly reduce triglyceride levels by increasing the amount
of peroxisomal B-oxidation of fatty acids in the liver, since EPC and DHA
inhibit the activity of enzymes responsible for their synthesis [4-5];

— reduce the content of very low and low density lipoprotein cholesterol
by accelerating their catabolism;

— reduce the amount of free fatty acids necessary for triglyceride
synthesis [5].

Thirty people participated in the study, including 10 women in meno-
pause (aged 45-55) — the first group, men aged 45-55 — the second group
and a control group consisting of 5 men and 5 women.

Patients in the first and second groups had ischemic heart disease:
exertional angina pectoris combined with stage Il hypertension and stage B
heart failure. The control group consisted of healthy individuals with
dyslipoproteinemia.

Patients in the first group (coronary heart disease) were prescribed
Epadole: two capsules per day; patients in the second group were prescribed
Omacor: one capsule twice a day. The control group received omacor, one
capsule twice a day. The average blood cholesterol (CH) level in the study
group exceeded 6.2 mmol/L, triglyceride (TG) content exceeded
2.2 mmol/L, and the low-density lipoprotein cholesterol (LDL-C) content
exceeded 3.42 mmol/L. All study participants, except for the third group,
were prescribed basic therapy, which included: nitrates, antiplatelet agents,
and B-blockers. Before the study, the blood lipid profile was determined 4
and 12 weeks after the start of the study. The results were evaluated based
on laboratory, clinical, and instrumental studies. Blood pressure and liver
function tests (AST, ALT) were monitored. The hypoglycemic effect
[2-4, 6] was assessed as the percentage change in mean levels in the groups
before and during treatment.

It was established that during treatment, no side effects were observed
in individuals in group Il who did not have arterial hypertension. The use
of Omacor led to a decrease in systolic blood pressure by 3.2 mmHg
and diastolic blood pressure by 2.5 mmHg. Against the background
of therapy, both the main and control groups showed positive dynamics
in blood lipid levels (Table 1).

33



International scientific conference

Table 1
Blood lipid spectrum indicators while taking Epadol and Omacor
. Low-density
Lipid Total cholesterol |, - . .
spectrum (TC), mmol/L Ilpopro(tflgl_c_rg)lesterol Triglycerides
indicators Ty no| o | 1 ] i |
At the

beginning 6,8 6,4 6,2 | 345 | 3,12 342 | 2,10 | 1,92 | 2,20
of the study

After 4
weeks 6,2 | 6,0 58 | 3,20 | 3,00 332 | 192 1,80 | 2,13
After 12
weeks 58 | 5,6 52 | 3,00 | 2,90 312 1,72 | 1,74 | 1,84

Thus, against the background of therapy with drugs containing
polyunsaturated fatty acids, both in the main and control groups, the levels
of total cholesterol (TC) and very low density cholesterol (LDL-C)
decreased in both the main and control groups. The study did not reveal any
gender differences in the dynamics of lipid metabolism indicators. The
inclusion of Epadol and Omacor in the complex treatment of the first and
second groups of patients improved the blood lipid spectrum. Moreover,
their use in the third group showed not only a hypolipidemic but also
a hypotensive effect.
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CyuacHuit apceHan hapManeBTHUHUX penapaTiB OaraTuii Ha POCIUHHI
mpenapard, cepell SKHX eKCTPaKT IIOJOMHHIN OalKaabChKOl — SIKHUN
BUKOPHCTOBYIOTH JUISl JTIKYBAaHHS MAII€HTIB TP aCTCHOHEBPOTUYHUX CTaHAaX
1 3 apTepiaNbHOIO TIMEPTCH3IE, OCKUTBKY IIi CTAHW YaCTO B3a€MOIIOB’sI3aH1
[1, c. 294]. Ha choroanimHiii AeHp B YKpaiHi Ha mepeHiil miaH mpoO-
JIEeMHUX TINTaHb BUHOCATHCS ITUTaHHS BIUIMBY CTPECOBHX CHTYyamlid
Ha OpTaHi3M JIIOJWHU. BUXOISYM 3 1IOTO, aKTyaJIbHUM € BUBUYCHHS BIUIHBY
aJpeHaIiHOBOTO CTPECY Ta IMOIIYK ITiXO/iB J0 KOPEKIlil TAKUX CTaHiB.

MerToro maHoTO AOCTiIKEHHS OyNo OIiHUTH BIUMB eKcTpakty Illomom-
HUIll 6aiikaabChKOT HA METa0O0I3M JIMiAIB B OPTaHi3Mi eKCIIePUMEHTATLHUX
TBapHH y JUHAMIII aJpeHaIIHOBOTO CTPECY.

B ekcnepumenti Bukopuctano 40 Oiutux mrypiB  miHii  Bictap
Macoro 150-200 r. TBapuH yTpuMyBaliM Ha CTaHAAPTHOMY XapyOBOMY
parioni BiBapito [2, c¢. 65]. Jlis MozjemOBaHHS aIpEHATIHOBOTO CTPECY
BUKOPHCTOBYBaIM 1BopazoBe BBeaeHHs 0,18% po3umHy anpeHainy
rizpoxinopuny 3 pospaxyHky 0,05 mr/xr macu Tinma [3, c. 285]. 3 meroro
3MEHIIEHHS CTPECOT€HHOTO HAaBaHTa)KCHHS Ha OPTaHi3M, TBAPHHAM BBOJIMIIN
eKCTPaKT pIAKUHA KOPEHEBHINA 3 KOPCHSMH IIOJIOMHHUII OalKaibChKOi
(Scutellaria baicalensis) (1:5) (ekctparent — eraron 70%).

AnpeHaliH BBOIWIHA BHYTPIITHEOM 130BO (BHYTPIIIHS MTOBEPXHS 33HBOT
KiHIBKH). [I000BY /103y €KCTPaKTy IIOJOMHHIN ISl IIYPiB PO3PaxoByBalll
Ha OCHOBI €KBIBaJICHTHOI 03 MAJsl JIOJUHU, Ta BBOAWIN IIEPOPAIBLHO
3a 30 xB ;0 iH’ekuii agpenaniny (0,3 miu/kr). 3a6ip KpoBi, IEUIHKK Ta M sI3iB
npoBoannu 4yepe3 30 xB i 24 rox micis BBEISHHS aJpeHANIHY IUIIXOM
JIeKamiTanii miJi TIONCHTAJIOBUM HAapKO30M BIJIOBIMTHO M0 MupekTuBd €C
2010/63/EU o0 3axucTy eKcliepuMeHTalbHuX TBapuH [4, c. 33]. TBapun
posnoximmmy Ha 1Atk Tpym: | — iHrakTHHHA KoHTposs (0,9% NacCl);
Il — nBopasoBe BBeJeHHS ajpeHaNiHy 3 IiHTepBaJoM 1 Tox, 3abip
yepe3 30 xB; Il — agpenanin y ToMy K peXHUMi Ta €KCTPAKT LIOJIOMHHUIII,
BBeIeHHH ABidi 3 iHTepBaioM 1 rom 3a 30 XB 1Mo aapeHamiHy, 3abip
gepes 30 xB; IV — anpenaiin, 3a0ip gepe3 24 rox; V — anpeHaliH i eKCTPaKT
IIOJIOMHHMIII OafKaIbChKOI 32 aHAJIOTIYHOK CXEMOIo, 3alip uepe3 24 rox.
Txannau romorenizyBanu y 10% posunHi TpuxiopouroBoi kucioru (TXO)
y cmiBBigHomeHHi 1:10 (Maca/06’eM) 3 MOAaNbIINM HEHTPUPYTYBAHHIM [IPH
8000 00./xB. CTaTHCTUYHHI aHaJi3 BUKOHYBaJIM y nporpami «Statistica 7.0»
i3 3aCTOCYBaHHSM JBOCTOPOHHBIO t-kputepito CrblofieHTa. BinmminHOCTI
BBaXkaJu TocToBipHUMH TpH p < 0,05.

JUIs OLIHKM CTaHy CHMIIAaTO-3JPEHANIOBOI CHUCTEMM BHM3HAYald piBEHb
ajpeHaiHy B 1wiasmi kpoBi. Yepes 0,5 ron meil MOKasHUK 3ajMIIABCS
ONMM3BKMM 1O 3HAU€Hb IHTAaKTHUX TBapuH, ane OyB y 1,3 pasu Bummm
MOPIBHSHO 3 Tpymolo Oe3 monoMHUIi. Yepes 24 TOAWHM TaKoX HE
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BIZIPI3HABCS BijJi KOHTPOJIIO, NEPEBUIIYIOUN [MOKa3HUKU TPYNHU TOPIBHIHHSI
y 1,7 pasu.

BBejieHHS €KCTpaKTy LIOJIOMHHII CYTTEBO BIUIMBAJIO Ha MOKa3HUKH
mimigHoro oominy. Y masmi kposi piBeb TAI uepes 0,5 roj 3HMKyBaBcs
y 4,5 pa3u BigHOCHO KOHTpoyit0 Ta y 1,5 pasu Bix Ipynu NOPIBHSHHS,
adepe3 24 rox —y 19,2 ta 8,4 pasu BiAMOBIAHO.

VY mneuinmi, HaBmaku, piBeHb TAI migBumryBaBcs depe3 0,5 rox y 2,7
Ta 2 pasm, a depe3 24 rox — y 2,4 Ta 2,7 pa3u BIANOBIAHO IO KOHTPOIO
i Tpymu 0e3 MIOJIOMHHII.

VY M’g3ax BiA3HAYAIN JIMIIE HE3HAUHI 3MiHU: migBumeHHs y 1,1-1,4 pa3u
yepe3 0,5 rog ta y 1,2 pa3u uepe3 24 rox 0e3 iCTOTHHX BiJMiHHOCTEH
BiJl KOHTPOJTIO.

TakuM 4MHOM, 3aCTOCYBaHHS IIOJOMHHII CYNPOBOJDKYBAJIOCS 3HIIKEH-
HiM TAI y kpoBi mpu iX MiABUINEHHI B MEYiHI[ Ta MiHIMAIBbHUX 3MiHaX
y M’s3ax.

BaxnuBuM TOKa3HHUKOM JJIsI  XapakTEPUCTHKH JIMITHOTO OOMiHY
€ pIBEHb XOJIECTEpOINTy. AHali3 piBHS XOJIECTEPOJy IMOKa3aB, IO B IUIa3Mi
kpoBi uepe3 0,5 rom BiH 3pocTaB y 1,3 pa3su BIiZHOCHO KOHTPOIIO
Ta y 2,3 pasu Bin TpyIH, sSKi HE OTPUMYBAJIM MIOJOMHHII, a depe3 24 rox
HE BiJpi3HABCS BiJl IHTAaKTHUX TBAapHH, MIPOTE 3AIUIIABCA BUIUM Yy 1,7 pasu
MOPIBHSHO 3 Tpymor 0e3 Kopekiii. Y TeyiHli piBeHb XOJIECTEpOIy
3HmKyBaBcs yepe3 0,5 ronq y 7,5 pa3u BITHOCHO KOHTpOJIO Ta y 2,5 pasu
BiJl IpYITH MOPIBHSHHS, a yepe3 24 rox —y 9,3 Ta 6,8 pas3u BiAMOBIAHO.

Y M’s3aX TakoX BiA3HAYAJIIOCH 3HAYHE 3HWKEHHS: depe3d 0,5 rog —
y 10,3 Ta 5,3 pa3u, a yepe3 24 ron — y 10 ta 6,2 pasu mHOpiBHSHO
3 KOHTpOJIeM 1 TBapuHamu Oe3 IIOJOMHHMII. Pe3ynpTaTd mpoBeneHOro
JIOCITI/PKEHHST BKA3yIOTh Ha Te, IO y KJIITHHAX IEYiHKK Ta M’S3iB 3a YMOB
3aCTOCYBaHHS IIOJOMHHUII PiBEHb XOJIECTEPOITY CYTTEBO 3HIKYETHCS.

Jnst xapakTepuCTHKN MeTa0oIi3My JIiITi[iB HAMH BUKOPHCTAHO MOKa3HUK
KOHIICHTpAIlii KETOHOBUX TiJ, SIKUI JO3BOJISE OLIHUTH 1HTEHCHBHICTh
KaTabomi3My JKHPHUX KHCIOT 3 OJHOTO OOKy, 3 IHIIOrO — CTaH €Hepre-
TUYHOTO 00MiHy. OTpHUMaHi pe3ysbTaT BKa3yrOTh Ha Te, 0 KOHIIEHTpAlis
KETOHOBHX TUT y Iia3mi KpoBi depe3 0,5 rox mepeBuilyBajia KOHTPOJIbHI
3HaueHHs y 1,2 pasu Ta y 2,4 pasw Bil TBapWH IPYNU IOPIBHSIHHS,
yepe3 24 TroAWHHM pPIBEHb KETOHOBUX T 3aJIMINABCS Maibke HE3MIHHUM
M0 BiJHOIICHHIO JI0 iHTaKTHHX TBapuH, Ta y 1,6 pa3u BUIIMM BiJ TBapHH,
SK1 HE OTPUMYBaJIY IIOJIOMHHUIII.

TakuM 4YMHOM, 3aCTOCYBaHHS EKCTPAKTy UIIOJIOMHHII OalKaIbChKOT
32 yMOB aJIpCHAIIHOBOTO CTpecy cCHpuse crabimizamii piBHS aJpeHaiHy
Ta HOpMatizauii JimigHoro oOMiHy. Lle MpOsBISETHCS 3HIDKEHHSIM TpHa-
MIITIIIEPOITiB y TUTa3Mi KPOBi IpH iX MiJBUINEHHI B MEYiHI 06€3 CyTTEBHX
3MIiH y M’f3aX, 3MCHIICHHSAM BMICTY XOJIECTEPOIy B MEUiHII Ta M’ s3aX
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1 TIJBUIICHHSAM KETOHOBHUX TUI y KpPOBi, IO CBIAYUTH PO AaKTHUBAIIIO
KaTaboJ1i3My KUPHHUX KUCIIOT Ta ONTHUMI3allil0 eHePreTUIHOT0 OOMiHY.
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INTERACTION OF DOXORUBICIN WITH DEOXYRIBONUCLEIC
ACID SORBED ONTO NANOCRYSTALLINE TITANIA SURFACE

B3AEMOAIA JOKCOPYBIIIUHY
3 IE30OKCUPUBOHYKJEIHOBOIO KHCJIOTOIO,
AJICOPBOBAHOIO HA TIOBEPXHI HAHOKPUCTAJIIYHOI'O

JIOKCHUAY TUTAHY
Markitan O. V. Mapkirau O. B.
Candidate of Chemical Sciences, KaHOuOam XiMiMHUX HAYK, CMapuiutl
Senior Researcher HAYKO8ULL CRigpOBImMHUK
Chuiko Institute of Surface Chemistry Incmumym ximii nosepxmi
of the National Academy of Sciences imeni O. O. Yyiika
of Ukraine Hayionanvnoi akademii nayk Yxpainu

Kyiv, Ukraine m. Kuis, Yxpaina

[IpoTsromM ocTaHHIX AECATWIITH BEJIHWKY yBary IPHBEPTAE MOXKIHMBICTH
CTBODIOBAaTH INTY4YHI HAHOCTPYKTYpPH METOAOM MiAOOpYy alanToOBaHUX
MOCTIIOBHOCTeH HYKJICTHOBUX KHCIIOT, sKi oTpuMmamu HazBy «JIHK-
opurami» [1]. BoHM MOXyTh miATH SIK TepameBTHYHI 3aCO0H, CIyTyBaTH
wrathopMaMu JUTS JITaHIIB 94X pe3epByapamMu UIs JIIKAPCHKHUX MpenapaTiB
y cucTeMax JIOCTaBKM JIKiB [2], a TakoX BHKOPUCTOBYBATHCS IS
PI3HOMAaHITHUX HAYKOBUX Ta TEXHOJIOTIUHUX wineH [3].

CTBOpeHHsI HOBUX TEPANeBTUYHUX MarepiajliB Ha OCHOBI MOJIEKYI
HYKJIETHOBUX KHCJOT CIIOHyKae 1O iX KOMOIHyBaHHS 3 HPUPOJHUMH
MaTepiaiaM, IO 37aTHi aJcopOyBaTH Ili MOJCKYJIH. 3aBISKA HHU3BKIH
TOKCHYHOCTI, (i3uKO-XiMiuHii cTaOUIFHOCTI Ta BHCOKIH OiocyMicHOCTI
OIHUM 3 HAWICPCICKTUBHIMINX MaTepialiB Uil TaKUX MUIEH € HaHO-
KPUCTATIYHUH JIOKCH]] TUTAHY.

VY po6oTi IOCTIIKEHO 3MAaTHICTE IO B3aEMOII 1e30KCHPHOOHYKIICTHOBOT
KHCJIOTH, IMMOOiJTi30BaHOI Ha TOBEPXHI HAHOKPHUCTAIIYHOTO TiOKCHIY
TUTaHY, 3 TUTOTOKCHYHUM IMPOTUIYXJIMHHAM aHTHO10THKOM aHTPAIMKIiHO-
BOTO PSAY — JAOKCOPYOIIIMHOM (PUCYHOK, @). MexaHi3M il aHTHOIOTHKIB
IBOTO POy MOB’sA3aHUM 3 iX 3maTHicTIO B3aemomiatd 3 JIHK nursxom
IHTepKaJIsLii, BACTYNAIOYH B POJIi 1HTIOITOPIB CHHTE3y HYKJIETHOBUX KHCIIOT.
HenosikoM BHKOpHCTaHHS JOKCOPYOILMHY, SIK 1 OLIBLIIOCTI IUTOTOKCHYHUX
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npenapariB, € HOro HH3bKa CHElU(IYHICTh, KapIiOTOKCHYHICTh Ta
3HM)KEHHS KUJIbKOCTI JIEWKOLUTIB B 00’ €Mi KpoBi. BaxkiiMBUM Ta akTyallbHUM
€ nuTaHHS e()EeKTHBHOTO Ta IIECIPSIMOBAHOTO TPAHCIIOPTYBAHHS MOJICKYJI
JIAaHOTO TIperapaTy N0 JAUISHOK, SIKi MOTpeOyroTh JIiKyBaHHS, MiHiMi3amis
no0iuHUX e(eKTiB a00 BUAAIEHHS HOr0 HaUTMIIKOBUX KUIBKOCTEH.

C , MMOJB/T
anc

2,04
1,5
1,0
CH.
3 0,5
HO
NH,
0,0 . . . . . — C ., MKM
0 5 10 15 20 25 30 piBH
a o

Puc. 1. CrpykrypHa dopmyiia nokcopyOinuny ta i3orepma iioro
agcop6uii Ha moBepxHi JHK-BmicHoro giokcuay tTutany
npu pH=4.6 (6). Konuentpauis JHK
Ha moBepxHi xiokcuay Tutany 0.11 r/a

Cop6uiiiny Bzaemonito JIHK, iMmo06ini3oBaHOT Ha IMOBEpXHI HAHOKPHC-
TAJIIYHOTO JIOKCHJLYy TUTaHY, 3 JOKCOPYOIIIMHOM OYJIO JOCTIKEHO B 3aJIeXK-
HOCTI BiJ BHXigHOI KOHIIEHTpalii anTubiotrka npu pH=4.6 (pucyHoK, 6):
Ha TIOYaTKOBOMY eTalli CIIOCTEPIra€Tbesl TUTABHUN XiI KpUBOi amcopOmii
10 Cpig=20 MKM (Cppax/Crioxc=18). Ilpn migsuineHHi KOHUEHTpalii copbaTy
KpUBa 3aJIEKHOCTI IOCTYmoBO 3pocrtae. IlouaTkoBa Triika i30TepMHU
BIJINOBIIa€ MpOLIECY TNPOHUKHEHHS MOJIEKYJ JOKCOPYOIIMHY Yy KOJIOOKH
Ta IHTEpKAJALIi 3 eJEeKTPOCTATUYHMM 30BHIIIHIM 3B’SI3YBaHHSIM Ha I10YaT-
KOBOMY €Talli IpoLecy B3aeMOo/ii, a HACTYIHA — JIMIIE eJIeKTPOCTaTHYHOMY
3B’SI3yBaHHIO 3 JOCTYIHOK) YacTHHOIO 30BHIIIHBOI IMOBEPXHI MOJEKYIH
HyKkJeiHOBoI kuciotd. He BHKITIOYEHO, IO NpU MOJANIBIIOMY ITiJBHIICHHI
KOHILICHTpAIlil MOXXJMBa B3A€EMOJIS MK MOJIEKylaMu copOary, KOJIu
ToTiepeHbO 3B’s3aHa MoJseKyia Jokcopy6oinuny 3 JJHK cimyrye meHTpom
aacopOIii U1t HACTYIHOI HOTO MOJICKYJTH.

Byno po3paxoBaHO KUNBKICHI Ta TEpPMOAWHAMIUHI XapaKTEPHUCTHKU
azcopOIiifHOT B3a€MOJil, 0 BiAMOBINAIOTH MOYATKOBIN TNl i30TepMH, Ta
MPOaHANII30BaHO OTPUMaHI pe3yJbTaTH 3 BUKOPHCTaHHSIM DI3HHX i30Tep-
MiYHHX Moaeiel (tabmuig). Jlanuii mporec ancopOriiiHoi B3aemomii €
cnontaHHuM (AG°<0) i 31iHCHIOETBCS 32 I0HOOOMIHHUM MEXaHi3MOM, PO
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IO CBIAYMTH CEPEAHE 3HAYEHHs eHeprii ajcopOuii Ta TerIoTH ancopouii,
po3paxoBaHi 3a Moaemto JyoOinina-Pagynikesrua Ta ThOMKIHA BIAMOBIIHO.
[TapameTpu Mipu IHTEHCHBHOCTI cOpOLii, po3paxoBaHi 3a MOZIEISIMU
Opeiinamixa Ta JlenrmMiopa, BKa3yloTh Ha COPUSTIMBUIN XapakTep aacopOril
JOKC 3 IHK Ha moBepxHi AiOKCHIy TUTaHy Ta €HEPreTUYHO PiBHOMIpHHUH
pO3IIOJIN  aKTUBHHX COpPOLIMHMX IIGHTpIB Ha IIOBEpXHI OpraHo-
MiHepanpHOTOo copbenty TiO, —ITHK.

Tab6mums 1
KinbkicHi mapamerpu cop6uilinoi B3aemoaii y noTpiiiHiii cucremi
TlOZ—HHK—HOKC npu CﬂHK/CﬂOKCEIS

3HavyeHHA NapaMeTpiB
Moaens agcopouii Hanlzg;qee;ip " pH = :’ 6 S
log K 4.74
Anmax, MMOJIB/T 84.33
Jlenrmiopa A G°, xJI:x/MoIIb -26.58
Ry, (Cy, MosTB/MT) 0.31
R? 0.9777
K, r/moin 0.33
Opeitaanixa 1/n 0.61
R? 0.9854
Kpgr, Momb2/k Ik’ 0.0046
Jly6inin-Pagynikesnya AET&?KB/’ISEELF 11006.;1388
R? 0.9838
. log K+ 5.6
Troukina B+, k/[x/Momb 11.08
R? 0.9725

[Toxazano, mo momepenus axacop6bmis JJHK nHa moBepxHi miokcumy
TUTaHy (iMMOOLi3alis) He Nepelko/pKae ii B3aeMoil 3 AOKCOpYOIlMHOM
(JIOKC). Mexani3M 3B’s13yBaHHS TOKCOPYOILMHY 3 MOJICKYJIaMHu ancop0o-
BaHoi JHK 3anmexwuts Bim Bemmumam cmiBBigHOmeHHS Cpux/Croxc.
3B’ s3yBanns JJOKC 3 JITHK—BMicHUM JiOKCHIOM THTaHY € JOCUTh CHIBHUM
MPHU MaJWX BUXITHUX KOHIICHTPAIISX TOKCOPYOIIUHY, KOJIU € MOXIUBOCTI
JUTS. BXOJDKCHHI MOJICKYJT aHTHOIOTHKAa MDK TapaMH a30THCTHX OCHOB
cripaii — peanizalii iHTepKaIAIiiTHOT B3a€MOII.

Taki TiOpuaHi OpraHo-MiHepaJbHI COpPOEHTH MOXYThb CIYT'yBaTH
MOJICTBHUMH CHCTEMaMHU JJIs JIOCIHIIKEHb ¢(EKTHBHOTO Ta CENICKTUBHOTO
TPAHCIIOPTYBAaHHS TEPANICBTUYHUX PEUOBHH IO AUISHOK, SKi MOTpPeOyroTh
JiKyBaHHA, 00 MiHIMI3yBaTH MOOIUHI eQeKTH mpu iX BHKOpPHCTaHHI abo
JUTS BUIAJICHHS HAUIAITKOBHUX KUTBKOCTEH IMX IPETaparis.
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Magnetically responsive sorbents represent one of the most promising
classes of materials for water treatment processes. Their advantages include
facile and rapid separation, recyclability, and a reduced risk of secondary
pollution, which is often associated with the use of conventional powder
adsorbents [1, p.245]. Although bare magnetic nanoparticles possess
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the ability to capture certain toxic substances, they tend to agglomerate and
oxidize in aqueous media. Consequently, the fabrication of magnetic compo-
sites with inorganic or organic coatings is generally required to enhance their
physicochemical stability and sorption performance [2, p. 2]. Such materials
typically exhibit a “core—shell” architecture, where the magnetic core
ensures responsiveness to external magnetic fields, while the shell provides
active sorption sites for interaction with aqueous contaminants. Various
magnetically responsive materials have been prepared for water pollutant
removal: carbon-based sorbents were found to be effective in the elimination
of heavy metals [3, p. 22], pesticides [3, p. 25], dyes, organic compounds,
and radionuclides [3, p. 29]; magnetic polymers exhibit not only high
sorption performance toward dyes and heavy metals, but also efficiency
in oil-water separation [4, p.3]; and magnetic composites with metal-
organic frameworks inherit the advantages of both a large surface area
and easy recovery in the sorption of a wide range of water contaminants
[5, p- 23]. In general, scientific attention and applied interest in magnetic
composite materials have been increasing exponentially over recent years
[6, p. 66].

In the present study, a novel magnetically responsive material was
synthesized via the coordinative immobilization of metal ferrocyanide (FC)
structures onto citrate-capped magnetite nanoparticles covered by zeolitic
imidazolate framework (ZIF). The resulting FC/Cu_ZIF-8/Fe;04-COOH
hybrid combines the unique structural features of metal-organic frameworks
(high specific surface area and porosity) with the excellent affinity
of ferrocyanides toward metal cations. The porous structure
of FC/Cu_ZIF-8/Fe;0,-COOH was studied by low-temperature nitrogen
adsorption-desorption method. Magnetic composite exhibits a BET surface
area (Sger) of 261 mZ/g, a micropore area (Smicro) and volume (Vpicro)
of 233m’g and 0.09 cm¥g, respectively, total pore volume (Vi)
of 0.18 cm®/g, and wide pore size distribution. XRD analysis confirmed the
successful encapsulation of Fe;0,-COOH nanoparticles within the crystal-
line ZIF-8 lattice and the subsequent formation of the copper FC phase.
The diffraction patterns revealed characteristic peaks of magnetite, the SOD-
type lattice of ZIF-8, and additional reflections corresponding to mixed
metal ferrocyanides. According to the results of XRD analysis, FC/Cu_ZIF-
8/Fe;0,-COOH hybrid exhibits interconnected cavities (0.46 nm) and
channels (0.32 nm) in the crystal structure of FC component, compatible
with the size of dehydrated Cs* ions (0.33 nm). Since radionuclides possess
the same ionic dimensions as stable cesium ions, synthesized magnetic
composite also holds significant potential for the selective capture
of radioactive isotopes from aqueous solutions.
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The sorption efficiency of FC/Cu_ZIF-8/Fe;0,-COOH towards Cs* was
investigated in aqueous solutions as a function of solution acidity, contact
time, equilibrium adsorbate concentration, and the presence of competing
cations. It was found that variations in solution pH from 6 to 9 do not
significantly affect the sorptive removal Cs* by FC/Cu_ZIF-8/Fe;0,-COOH.
Kinetic studies revealed that Cs* removal occurs rapidly, reaching 86 %
uptake within the first 10 minutes. The sorption process was found to follow
a pseudo-second-order kinetic model, while equilibrium data were best
described by the Freundlich isotherm, confirming the interaction of Cs* ions
with energetically nonequivalent surface sites of the sorbent and yielding
a maximum capacity of 68.6 mg/g. To estimate sorption selectivity
of FC/Cu_ZIF-8/Fe;0,-COOH toward Cs*, competitive studies were carried
out from mixed solutions containing excess amounts of coexisting ions
(Na*, K*, or Ca’). The values of Cs* sorption on the magnetically
responsive composite and its distribution coefficient reach 54.6 mg/g
and 850 mL/g, respectively, and decrease slightly with the increase
of coexisting cations concentration in the series Na*<Ca?*<K*.

Overall, the synthesized FC/Cu_ZIF-8/Fe;0,-COOH composite
demonstrates exceptional potential for the selective removal of radioactive
cesium, enabled by the precise size-matching between the ferrocyanide
lattice and Cs*. High distribution coefficients and rapid uptake Kinetics,
maintained even in the presence of competing ions, confirm the material’s
structural robustness and chemical affinity. These results highlight
a probable pathway for advanced nuclear wastewater remediation,
combining high-throughput purification with the benefits of facile magnetic
recovery.
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AxrtyanpHicTs TeMu. CtpiMkuii po3BuTok Hayku y XXI cromiTti mia-
IITOBXYE 10 AKTHBHOTO BIPOBAPKCHHS IHHOBAIIfHUX METONIB Yy Taiy3i
¢izuku. Bona Buctynae ¢yHgaMeHTanbHOIO OCHOBOIO HayKOBO-TEXHIYHOTO
nporpecy. CydacHi [MOCTI[DKEHHS € OCHOBOIO JJIsI TEpelOBHX pillleHb
y ctepi 000OpPOHHOI HPOMHUCIIOBOCTI, €HEPreTHKH, MeIUIMHH, iH(opma-
[IfHUX TEXHOJIOTIH Ta IHIIMX rajy3ed CydyacHHMX TEXHOJIOTiH. Pesymprarn
X (QyHZaMEHTaIbHHUX JOCIHIIKEHh BH3HAYAIOTHCS B IHTETpamii i3 mpak-
TUYHAM 3acToCyBaHHAM. OcOOIMBOTO 3HaUYeHHS HaOyBarOTh TOCIHKCHHS Y
ray3i KBaHTOBOI MEXaHiKH, ()i3WKH TBEPJOTO TiJla Ta HAHOTEXHOJIOTIH, SKi
(hopMyIOTh HOBY MapalrMy TEXHOJOTIYHOTO PO3BHUTKY [3, ¢. 12]. B ymoBax
r100abHUX BUKIMKIB OCOOIHMBOrO 3HAYCHHS HAOyBarOTh PO3POOKH HA -
BUILIEHHSI eHeproeeKkTHBHOCTI, iH(popMamiiHOT Oe3MeKn Ta TEeXHOJOTIUHOT
aBTOHOMIT ZIep>KaBH.

InHoOBaIiiiHA CcKTagoBa ()i3WKK TONSTAE HE JIUIIE Y BIAKPUTTI HOBHX
3aKOHOMIPHOCTEH MpPUPOIH, a i y CTBOPEHHI TEXHOJIOTIYHHX pillleHb Ha X
ocHOBI. B ymoBax roGamizanii Ta mmdpoBoi TpancopMmariii eKOHOMIKH
HayKOBI1 iIHHOBaIlii CTAlOTh KJIFOUOBUM YHHHHUKOM KOHKYPEHTOCIIPOMOXHOCTI
JIepPIKaBH.

Merta Ta 3aBmaHHS mocruipkeHHS. [IpoaHamizyBaTH TepemoBi HampsSMHU
iHHOBallil y i3uIli Ta BHU3HAYUTH iX BIUIMB HA PO3BUTOK CYYaCHHUX
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TexHoyorid. Cepell KIIOUOBUX IHHOBAIIMHUX HANpsMiB PO3BUTKY (i3UKH
MOYKHa BUIUIUTH TaKi CKEpYBaHHS SIK:

1. KBantoBi texHosorii. PO3BUTOK KBaHTOBOi MEXaHIKH 3YMOBHB CTBO-
PEHHS IPUHIUIIOBO HOBUX iH(QOpMamiiHuX cucteM. KBaHTOBI 00UMCIICHHS
IPYHTYIOTBCSI Ha SIBUIAX CYINEpPHO3WIii Ta KBAaHTOBOi 3aILTyTaHOCTI,
10 ZI03BOJISIE BUKOHYBAaTH OOYMCIICHHS 3 €KCIOHEHI[IHHUM IPUCKOPEHHSIM
JUTS TIeBHUX 3a1a4 [3, c. 78]. Kpunrrorpadist Ta ceHCOprKa BiIKpHBAOTH HOBI
MOJIMBOCTI Uit 00poOkm iH(opMarii Ta 3a0e3medyroTh KiOepOe3meKy.
Lle 3yMOBIIOETBCSA 3aBISKH (I3MYHMM 3aKOHAM, SKi YHEMOXKJIHMBIIOIOTH
HETIOMITHE NepEeXOIIeHHs AAaHWX. PO3BHTOK IIbOTO HANpsMy € CTPATeridHo
BaYKJIMBHUM IS CHCTEM HAILIlOHAJIBHOI O€3MEKH.

2. Hanodi3uka Ta Marepialo3HaBCTBO € JOCIIIDKEHHS BIACTUBOCTEH
Ta CTBOPEHHsSI HAHOCTPYKTYPOBaHHMX MaTepiajiB i3 3aJaHHMHU eJeKTpodi-
3WYHUMH Ta MEXaHIYHUMH BJIACTHBOCTSIMH. HaHOCTpykTypoBaHi Marepianu
JIEMOHCTPYIOTh YHIKaJbHI €JEeKTPUYHI, MarHiTHI Ta MeXaHi4HI XapakTe-
PUCTHKH, IO BiPI3HAIOTHCS BiJ BIACTHBOCTEH MacwBHUX Tin [4, c. 112].
3aBISIKM PO3BUTKY HAaHOTEXHOJIOTiH CTBOPIOIOTHCSI BUCOKOUYTIIMBI CEHCOPH,
HOBI1 HAITIBIIPOBITHUKOBI CTPYKTYPH, HAANPOBITHUKN Ta KOMIIO3UTHI MaTe-
piamm. Yce e cpusie migBUIICHAIO e(heKTUBHOCTI €EKTPOHHNX MPUCTPOIB.

3. InHoBamii B enepreTrmi. [laHi iHHOBAIii MOXHA 0XapaKTePU3yBaTH K
BiZIHOBIIOBaHa eHepreTrka. CydacHi €HEepreTH4Hi BHUKIMKH CTUMYJIOIOTh
MOIIYK aJIbTePHATUBHUX [Kepel eHepril. Pi3ruka HaIIBIPOBIIHUKIB JICKHUTH
B OCHOBI CTBOPEHHS (DOTOCIEKTPHYHHUX MEPETBOPIOBAYIB COHSIYHOI CHEPTii
[1, c. 203]. IlepcrieKTHBHUM HAINpsSIMOM € JIOCII/PKEHHSI KEPOBAHOTO TEPMO-
SEPHOTO CHUHTE3Y SK MOTCHILIHO HEBUUEPITHOTO JyKepena eHeprii. Po3Bu-
TOK BOJIHEBOT €HEPreTHKH Ta CUCTEM HAaKONWYEHHS €Heprii TakokK 0azyeThbes
Ha JIOCSITHEHHSIX Cy4acHOI (Di3UKH.

4. Mennuna ¢isuka. MarHiTHO-pe30HaHCHA ToMorpadis, pamiamiiiHa
Tepamis Ta Ja3epHi TEXHOJIOTI] IPYHTYIOThCS Ha (yHIaMEHTaIbHUX (iznd-
HUX npuHOuNax [2, c. 189]. 3acrocyBanHs (Pi3MUHMX METOMIB y MEIHIMHI
3HAYHO MiABUIIAIO €(peKTHBHICTh, TOUYHICTH JIaTrHOCTHKH Ta JIIKYBaHHS.

5. di3uka BUCOKHMX €Heprid Ta (yHIaMeHTasbHi jociimkeHHs. Jlocia-
KeHHSA (YHIAMEHTAJbHUX YaCTHMHOK i KOCMIYHMX SBHII CIPHAIOTH IJIHO-
oMy po3yMiHHIO OymoBu BcecBity. Po3poOka [OeTEKTOpPIiB YaCTHHOK
1 HOBHX METOJIIB BUMIpPIOBAHHSI CTBOPIOE NMEPEAYMOBH JJIsI TEXHOJIOTTUHHX
IHHOBalil y CyMDKHHMX ranmy3six [3, c. 145]. dyHnameHTanbHi BiAKPUTTS
YacTO CTAlOTh OCHOBOIO ISl TPHUKIJIQJHUX TEXHOJIOTIH, II0 3’SBISIOTHCS
yepe3 JeCATHIITTS Micis IPOBeICHHS 0a30BHUX JIOCIIIKEHb.

Ponb dizukn y popmyBanHi iHHOBaniitHO1 ekoHOMikH. Diznka € 6a30BoI0
HAYKOIO JUTS MiATOTOBKHU (haXiBIiB TEXHITHOTO Mpodiinro. PO3BUTOK OCBITHIX
CTaHIAPTIB y Tady3i (i3WKH CIpSAMOBAaHUI HA (GOPMYBaHHS JOCITITHUIIBKUX
KOMITETEHTHOCTEH 1 3IaTHOCTI 10 IHHOBAIIHHOT isITbHOCTI [6, C. 5].
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CrpateriyHi TOKYMEHTH PO3BUTKY HayKH B YKpaiHi BU3HA4arOTh (hi3uKy
SK MPIOPUTETHUIH HanpsiM (yHIaMeHTaNbHUX JOCTipKeHb. HaykoBi iHHO-
Ballii y cdepi isuku € cTpaTeriyHuM pecypcoM TEXHOJIOTTYHOTO MPOrpecy.

BucHoBku. [HTerparis ¢yHaaMeHTaIbHUX TOCITIKCHD 13 MPHUKIIATHUMU
po3pobkamMu 3a6e3neuye hopMyBaHHS KOHKYPEHTHOCIPOMOXKHOT €KOHOMIKH
Ta CIPHSIE MiIBUIICHHIO PIBHA HAYKOBO-TEXHIYHOT'O TIOTCHINANY JICPIKABH,
€ OCHOBOIO MOEpHi3amii cycminbcTBa. KBaHTOBI TeXHONOTIi, HaHOMAaTe-
piany, ajnbTEpHATHBHA CHEPreTHKA Ta MeAu4yHa (i3uka € KIIOYOBUMHU
HaTpsMaM¥ iHHOBALiWHOI JisuTbHOCTI. |HHOBaLifHMIA TIporiec Beae 10 ¢op-
MYBaHHSI EKOHOMIKH 3HaHb.
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PROSPECTS FOR FINDING RARE EARTH MINERALIZATION
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B Vxkpaini Bigomo 6mm3pko 60 MiHEpadbHUX BHIIB PiIKiCHO3EMEIHHHUX
enemenTiB Ta itpito (REY) i ummamo ix pomoBum Ta pyIoOIpoOsBiB.
[TpoMuciioBe 3Ha4YeHHs MalOTh MEHINE AECSATKa BUIIB (OpPHUTONIT, anaHir,
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MOHAIIUT, KCEHOTHM, TONIO), OUIBLIICTE 3 SKUX € BaXKOPO3IUMHHHUMU
cuiikaramMu abo Qocdaramu. Cepel pOTOBHII JIHIIE OJHE HAICKHTH JI0O
CYTO pIIKICHO3eMEJIbHOrO, iHIN Kiacu(ikoBaHi SK PiIKICHO3EMEIbHO-
pinkicHoMeTaseBi. Yci po3BiaHi pyJONpOsBU 30CEPEIKEHI B KPUCTATIYHUX
nopoyax YKpaiHChKOTO IIHTA.

Ionno-ancopouiiini popoBuma REY. V cBiTi HuHI HaOyBalOTh MOITy-
JSIPHOCTI Tak 3BaHi i0HHO-aacopOmikHi poxosuma [10]. OgHi 3 HUX TOB’ -
3aHI 3 KOpOIO BHBITPIOBAHHS TPAHITIB B YMOBaX CyOTPOIIYHOTO KIiMaTy
[12], iHmi — 3 TIHOOKOBOMHUMH OKEAHIYHUMH MYJIaMH, B SIKUX IPOTHO-
3ytoTh BenndesHi 3amacu REY [9]. Xoua pogoBuIia Takoro THILY BUSBICHO
B 1960-x pp., iHTepec mo Hux 3pic jume B XXI cT. y 3B 3Ky 31 3pocium
nmornutoM Ha REY i Mmonomnomito Kutaro, e BOHM HalKpaIle BUBYCHI.

lonoBHMMH KOHUIEHTpaTopaMu ajacopboBanux REY e rimnucrti Bimkia-
U, M0 MICTATh KAOJIHIT, TiIPaTOBaHi CIIOJU, Talya3WTH, CMEKTUTH.
xepesnom REY ciryxats nepBuHHI 1 BTOPHHHI MiHEpaJIn-HOCIT IIUX eJIeMeH-
TiB, @ TAaKOX 1HIII MiHepanH, 1mo MicTaTh REY sk i3omMop¢Hi nomimku. lonn
REY3+, o0 BUBUTBHHJIMCA Y 30HI JE3iHTErpamii KpPUCTATIYHUX IOpi,
HAaJXOHATh y IPYHTOBI BOIH, ancOpOYIOThCS Ha HOBEPXHI TIJIMHUCTUX
MiHepaliB, 30KpeMa KaolliHITy, SKOMY HAaJEeKHTh IMPOBiTHA POIB Yy KOpi
BUBITPIOBAHHS TPaHITOIMHUX mopif [8, 12], Ta yTpUMyIOTECS Ha HOTO Hera-
THUBHO 3apsKEHIM MOBEpXHI (PI3SHUHUMH CHIIaMH — CJIA0KUM €IeKTPHYHHM
3apsoM. ToMy KaTiOHUM BHJIYTOBYBaHHs (HAIpHKIIAI, aMOHIIO NH4+) JIETKO
necopbyioTh iomHo 3B'm3ami REY®" 3 mosepxmi ramHMCTHX MiHeparis
Ta BUBUIBHSIOTH iX Y PO34MH 3a peakuicro ioHHoro oominy [11]. 3a HasB-
HOCTI i0HIB Qocdopy BiAMIYE€HO iCHyBaHHS XIMIiYHUX 3B’S3KIB Ha KIITAJIT
=Si-O—-REY?* [8, 13]. TTopiBHAHO 3 MAaTEPHHCHKOIO MOPOAoI0 BMicT REY
y TJIMHUCTOMY TOPHM30HTI KOPHM BHBITPIOBaHHS MOXKE 3pOCTAaTH JIO AECSITH
pasi [12]. B oxeaniunux wmymax REY TskiloTh 10 KONOImHUX (GopM
Fe, Mn, Al, ¢imincury i GiorenHoro amartuty [9]. PomoBuma 3 ioHHO-
angcop6oBanumu REY mpuBaOiroroTh BiZHOCHOIO JeTKicTio mecopoOmii REY
3 TJIMHUCTHX MiHEpajiB i, MOMPH BiZHOCHO HEBENWKHI BMICT Yy OO,
riraHTCHhKUMHU 3aIracamMu.

3Haxingka pigkicHO3eMeJIbHOI0 CWJIIKATy B CTapojAaBHiil kepamiui.
3BepHYTH yBary Ha TJIMHHCTI mopoau B Ykpaini sk mkepena REY nac
CIIOHyKaJla 3HaXigka aMop@HOro ¢ochaToCcwlikaTy Iepiro B Kepamilli
3 moceNieHHs OpoH30BOi mo6u moOimm3y M. KaniB. Emmipuuyna ¢opmyna
Q)OC(l)aTOCI/IHiKaTy Ce1‘78LaQ03Cao‘24AI1_29Feoy438i2,65P0,58012‘5. 3a XIMIYHUM
ckimagoM ¢asza mpoMmikaa Mk amaHitoM-(Ce) i Opuromitom-(Ce). Y mart-
puuHiii kepamini REY He BusBieno, mumme minsumenuit Bmict P,0;
(1-3 mac. %), mo nano 3MOry MpPUITyCTHTH, IO DKEPEIOM TOHYapHOI
TIAHU U1 Kepamika Oymn ¢GochOopUTOHOCHI BiAKIIAAM KaHIBCHKOI CBITH
HaJeoreHy.
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Homyk ionHo-agcopooBanux REY B Ykpaini. [ndopmamii npo pin-
KiCHO3EMeJIbHY MiHEpali3alilo B HEKPHCTAJIIYHHX HOpoxax YKpaiHu ayxe
Mayio. JlocmipKkeHHsT TIIMOOKOBOMHUX MyiiB YopHOTro Mops 1o mHpodiao
Snta — Barymi [5] y 1948 p. 3adikcyBanu B nuX BiIKiIagax KOHIEHTpALil
REY BnBiui Ounbmi 3a xirapk. Takox BimMmideHo, mo GochopuTH 0CaToBOTO
MOXO/KEHHS Hepinko 30araueHi Ha REY. Bynu noBigomiieHHs Ipo BUCOKHMI
BMmict REY B seBiriti (anyHiTi) 3 vacoBospcbkux rauH — 1,7 % [nuT. 3a 5].

Oco0nuBy yBary Mu npuaimiia GocpopUTOHOCHUM BiIKIIalaM, OCKLIb-
KM PiIKiCHO3EeMETbHUI CHIIIKAT y KepaMilli yTBOPUBCS B TIIHHI, 30aradeHin
Ha ¢ocdop Ha xaib, 3 11poro 6oky dochoputu Ykpainu maike He BUBYCHI
[2, 3, 6 Ta iH]. € mani [3] HamiBKUIBKICHOTO CIEKTPAJIbHOTO AaHATI3y
(docdopuriB y BinkiIagax BiJ BEHAY 0 MaleOreHy, 30KpeMa 1 KaHiBChKOT
CBITH, SIKi ITOKa3yIOTh BMICT Y HUX Y i Yb 6mmu3zbko 0,001 %. Ha npomy Ti1i
nepBuHHI (ochoputu KpeiasHoro Biky B IlpumHicrep’i BHIAOTHCS
36arauernmu Ha Y (0,01 %). I1po iHmI eneMeHTH He 3rajlaHo, X04a MOHa-
T TPAIUIIETBCS y BaxkKiil ¢pakmnii docdopuriB. Haiibinpmi 3HaveHHS
OTPHMaHO Uil MEprefMCTHUX >KoBeH 3 Po3monmbcbkoro poposumia [4].
B amopdHOMY Komodani BuzHaueHo ~0,15 mac. % REY,0s3.

Ile 6inpmruii BMicT REY BHABIEHO Y KOPi BUBITPIOBaHHS KPHCTATIYHUX
MOpiA, Ta OTpUMaHi pe3ylbTaTH HE 3aCBiNUyIOTh HAasBHICTH caMe ajcop-
GoBanmx ionis REY®" Hi B camiii kopi, Hi B TOKPHBHHX YETBEPTHHHHX
IJIMHAX. 3 pe3y/bTaTiB aHali3y JKOPCTBH 3 KOPH BUBITPIOBAHHS CIEHITIB
A30BChKOTO popoBuina [1] MoXkKHa JIKIIIe 3pOOUTH BUCHOBOK, 110 OLIBIIICTD
REY mpezncrasneHa nepBUHHUMY 1 BTOPHHHUMH MiHepaJlaMU Ci€HITIB 1 JIMIIe
10—20 % 3B’43aH0 3 HAWTOHIIOKO (IIJIAMOBOIO) (PPAKILIEI0 )KOPCTBH.

Takuii camuii BUICHOBOK BHIUIMBA€E 3 pe3yJbTaTiB ONpoOYBaHHS IHIIMX
MEepCIeKTUBHUX AUHOK y IIpmazos’i [7]. BumsTkom € aprimiTu3oBaHi
BIZIKJIAIN HW)KHBOTO KapOOHY Y 30HI CTHKYBaHHS YKpaiHCBKOrO IUTa 3
Jonbacom. KaomiHIT-CMEKTHTOBHIA CKIIAJ apriTi3UTIB HA TJi ITiBUIICHOTO
BMicty REY 1 MOOOMHOKMX 3HAaXiIOK pPyIHUX MiHEpaliB JAlOTh 3MOTY
po3TISIIATH Il BiOKIagd SK IIUIKOM TIEPCIIEKTHUBHI IIOAO BHABICHHSA
azicopOoBaHoi MiHepastizallii Ha TJMHUCTHX MiHepaiax. Bucokuii BiICOTOK
BUJIYTOBYBAHHS 13 3aCTOCYBaHHSM CYJIb(ATHOI KUCIOTH MOXKE CBIAYHUTH PO
HAsBHICTh XIMIYHO 3B’sA3aHUX KapOOHATHHX KOMILICKCIB Ha IOBEPXHI
KaOJIHITY 1 CMEKTHTIB.

lonna pinkicHozemenbHa pyaa (IREO), sk yHikansHHN pecypc piakicHO-
3eMENbHUX €JEMEHTIB, Mae IiepeBary Iepe] TpaluliiHUMHU pPyTHUMHU
MiHepanaMu: GaraTi pecypcu, IIMPOKUI CIIEKTp EIEMEHTIB, 3a3BUYail HU3bKa
paliOaKTHBHICTh, BHIIMKA CTYMiHb eKoJorigHoi Oe3mekn. OueBUAHO,
mo MaiioyTHe 3a ponoBumamu IREO, momyk sikux B YkpaiHi 3aciyroBye
Ha yBary.
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MeTomONOTIYHOI0 CKIaI0BOI0 CYYaCHOI MEIMYHOI OCBITH € KOMITETEHT-
HicHuit miaxin. [lpu upomy mnpodeciiiHa KOMIETEHTHICTH OCOOMCTOCTI
PO3ITIANAETBCS HE JMIIE SK CYKYIHICTh HAaOyTHX HEIO 3HaHb, yMiHb
1 MPaKTUYHMX HABHYOK, & TAKOX 1 SIK IHTErpaTHBHA XapaKkTepucTuka (axis-
115, 10 BU3HA4Ya€ HOTrO 3JIaTHICTH 10 €(EKTUBHOIO PO3B’SI3aHHS CKIIAIHHX
npodeciiinnx 3aBaaHb y cdepi oxopoHu 310poB’s [1]. BopoBamkeHHs
KOMITETEHTHICHOTO MiAXiJy 10 MiATOTOBKM OakanaBpiB (i3uuHOI Teparmil
BIZIirpa€e KJIIOYOBY poib y 3a0e3NeueHHi CTAHOBJICHHS KBalli(hikoBaHUX
crnenianictiB [2; 3]. OGroBoprO0OYN MUTAHHS MPO BIPOBAHKEHHS CYYaCHUX
migxoniB 1o GopMyBaHHA TpodeciiHMX KOMIIETCHTHOCTEH B (axiBIliB
3 peaOimitariii, MOXKHa BHIUINTH PsA KIIOYOBUX AacleKTiB, Ha SKi BapTo
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3BEPHYTH yBary Uil MOKPANICHHS MiJrOTOBKA ChOTOMHIIIHIX CTYICHTIB,
30KpeMa: Ha MDKHapOJHY CTaHIapTHU3allil0 OCBITHBOTO IIPOLIECY; Ha BIPO-
Ba/DKCHHS KOMIIETCHTHICHOTO IiJXOIy; Ha CTBOPCHHSI YMOB Jjisi Oe3re-
pepBHOTO TpodeciiHOro po3BUTKY ocoOmcTocTi. [IpU MBOMY KOMIICTEHT-
HICHO OpI€HTOBaHA OpraHi3aiis HaBYAJIFHOI'O IPOIECY 3 BiAMOBIIHUX
JUCLUILIIH Ma€ OyTH CIIPSIMOBAHOIO Ha MIATOTOBKY (haXiBIls, CIIPOMOXKHOTO
J10 He(hOPMATBHOTO, TBOPUYOTO MOEJHAHHS TEOPETHYHHUX 3HAHD Ta MPAKTHY-
HUX HAaBUYOK y TpodeciiiHii AisSIbHOCTI, OCOOIMBO B yMOBaX BHUPIMICHHS
CKJIAJIHUX YM HECTAHIAPTHUX CUTYAIlil, [0 MOXXYTh BUHHKATH 3a MOTpeOU
y HazaHHI HeoOXimHOi MenmyHOi JormoMory namieHToBi [4]. TakuM guHOM,
BIIPOBA/DKEHHSI KOMIIETEHTHICHOTO MiIXOAy, IO 0a3yeThCs Ha CydacHHX
JIOCSATHEHHSAX TEIaroriyHol HAyKHW 1 MPaKTUKH, € HEBiJ €MHOIO CKIIAJI0BOIO
dbopMyBaHHS OCBiUeHMX (DaxiBI[iB y CHCTEMi BHUIIOI MEIMYHOI OCBITH.
SIkicTh iX mpogeciiHOl MiATOTOBKM 3HAYHOIO MIpOIO TOB’sS3aHa 3 HAYKOBO
BUBaXXCHUM 1 OOIPYHTOBaHMM 3MICTOBHM HAIIOBHCHHSM BiJIIOBITHIX
OCBITHIX TpOTpaM Ta BIPOBA/DKCHHSIM e(EKTUBHUX METOJIB HAaBYAHHS
3m00yBauiB BUIIOI OCBITH. Tak, KOMIUIEKC IHHOBAIIHHMX OCBITHIX TEXHO-
JIOTiH 32 X KOPEKTHOTO BUKOPUCTAHHS B OpraHi3ailii HaB4aIbHOTO MPOLECY
3 QUCIUILTIHA Ma€ CTpusITH (popMyBaHHIO B MaiiOyTHIX (aXiBHiB y ramysi
MeIUIUHA TpodecitHiX SKOCTEeH, TOTOBHOCTI O CAaMOCTIHHOI MPaKTHIHOI
ISTBHOCTI, TOCHJIIOBATH IMPAarHEHHS OCOOMCTOCTI A0 mpodeciiiHoro pos-
BUTKY Y TOJAJIBIIOMY.

OcaitHBO-TIpodeciiiHoro mporpamoro «Di3uyHa Teparis, eproTepanis
nepiroro (06akanaBpCchKOr0) PpIBHS BHUILNOI OCBITH 3a croewiaynbHicTio 17
«Tepamis Ta peabimitanisty (cneuiamizamis — 17.01 ®i3uuHuii TepamnesT)
raixy3i 3HaHb | «OxopoHa 370pOB’S Ta coliaibHE 3a0e3NeUeHHs,
IO BIPOBAKYEThCS B HalioHalsHOMY METMYHOMY YHIBEpCHTETI iMeHi
0.0. boromonplis, YiTKO BH3HAUYCHO KOMIUICKC 3araJlbHUX KOMIIETEHT-
HOCTEH, crenianbHuX ((axoBHX, MPEIMETHUX) KOMIICTEHTHOCTEH Ta iHTe-
rpajibHy KOMIICTEHTHICTb, SKUX MAlOTh HaOYTH CTYJCHTH 3a 4ac HaBYAHHS
[5]. Ilpoumec ¢opmyBaHHS TaKUX KOMIETEHTHOCTEH y 3100yBadiB BHIIOL
MEJIMYHOI OCBITH BiIOYBAa€ThCs IMOCTYNOBO, y XOJI IOCIIJIOBHOTO OIIaHy-
BaHHS IMepeAdaYeHUX BKA3aHOK OCBITHBO-MPO(ECIHHOW  MPOrpamMoro
KOHKPETHHX OCBITHIX KOMIIOHECHT, Cepel SKUX BaKIIMBE MICIIC ITOCIIAI0Th Ti,
IO BiJHOCATHCS JIO0 TPyNH TNPHUPOAHUYO-HAYKOBHX. J[0 HHMX HaJIeXHUTb,
30KpeMa, HaBYaJbHA JUCHUIUTIHA «MeauyHa OioJoTis», 10 BH3HAYCHA
3raJIaHoOI0 OCBITHBO-TIPO(ECIHHOI0 MPOrpamMoro SIK BUOIPKOBHH KOMIIOHEHT.
Jis 3a0e3mevueHHsT OBOJIOAIHHS HaBYAJIBHIM MaTepiajoM 3 i€l TUCIUIDTIHA
nependaveHi, 30KpeMa, JEKIii Ta NPaKTHYHI 3aHATTS IS CTYICHTIB,
BUKOHAHHS HMMHU CaMOCTiIHHOT po0oTH. BUKIajaHHS HaBYaIbHOI JHCIHII-
ninn «MenudHa Oiomoris» crupsMoBaHe Ha (QOpMyBaHHA B 3400yBadiB
BHUIIIOI MEIMYHOI OCBITH I[iJTICHOTO HayKOBOTO OA4YeHHS CBITY, Y TOMY YHCIi
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PI3HOIJIAHOBUX MEIUKO-010IOTTYHMX AaCIHEKTIB KUTTEMISIIBHOCT] JIFOIUHH
3 OKPEMHUM aKIICHTOM Ha ii FeHETUYHUX OCOOJIMBOCTSX 1 MOB’A3aHUX 3 HUMU
MUTAHHAX 1HJUBIAYJILHOTO PO3BHTKY OpraHi3My, Ha XapakTepi B3aeMo-
BiTHOCUH JIFOJUHH 3 OIOTHYHUMH YHHHHKAMH OTOYYIOYOTO ii HABKOJIMIII-
HBOTO cepenoBuina. L[pOMy CHpHSIOTE BUKOPHUCTAaHHS B HABYAIHHOMY
IpoLeci IMIATOTOBIEHUX 3a Yy4acTi HAyKOBO-TIEAAroTiYHMX IpaliBHUKIB
kadenpu Oiomorii HamioHampHOTO MEIWYHOTO YHIBEPCHUTETY iMEHI
0.0. boromomnblls HaBYadbHUX KHHUT [6; 7]. OBOJIOAIHHS BKa3aHOIO
HABYAJIHHOIO AWCIUILTIHOIO 0a3yeThCsl HAa THX 3HAHHAX 3 PI3HUX PO3ALUTIB
Giomorii (3arampHOi Giosorii, 6ionorii moawaM, Giosorii TBapwH, 0i0JOTii
pOCTHH), SIKi CHOTOMHIIIHI CTYJEHTH OTPUMAJM PaHIIIe B 3aKIagaxX OCBITH
JIOYHIBEPCUTETCHKOTO pIiBHSA. AJDKEe po3po0iicHa Ha IMiACTaBi IMOJOXKCHb
3raZlaHol BUIIE OCBITHBO-MPOdECiiiHOi Mporpamu, po3paxoBaHOi Ha Mij-
TOTOBKY OakanaBpiB (i3umyHOi Teparii, Oe3mocepelHbO podoYa mporpaMa
HaBYaJgbHOI aucHUIUTIHE «Menuuda Olodoriss» 3a CBOIM TeMaTHYHUM
HATIOBHCHHSIM € CTPYKTYpOBaHOI HAa TpPHU 3MICTOBI Moxyini: «OCHOBU
Oiosorii KIITMHM Ta IHAMBILYaJBHOTO PO3BUTKY», «OCHOBH TE€HETHKH
moguany, «biochepa i1 mromuHa. OCHOBH MapasWTONOTI(», OBOJOIIHHA
HABYAJILHUM MAaTepiajioM 3 SIKMX € CKJIaJ0BOI (OpMYBaHHS MPHUPOIHUYO-
HAYKOBOI KOMITETEHTHOCTI B 3100yBadiB BHINOi OCBITH. Y TMOHAIBIIOMY
[[e Ma€ COpPUSITH IM y KpalloMy 3aCBO€HHI 3HaHb Ta HAOYTTI MpaKTH4-
HUX HaBMYOK 3 KOMIUICKCY AMCIMIUIH K (YHIAMEHTaJbHOTO, TaK i MpO-
(heciiiHO-OpPIEHTOBAHOTO CHPSAMYBaHHS, [0 € 3alOPYKOI IMiArOTOBKU
kBaniikoBaHUX (axiBIiB.
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The project was implemented with the support of

CUESC

The Center for Ukrainian-European Scientific Cooperation is a non-
governmental organization, which was established in 2010 with a view to
ensuring the development of international science and education in Ukraine by
organizing different scientific events for Ukrainian academic community.

The priority guidelines of the Center for Ukrainian-European Scientific
Cooperation

1. International scientific events in the EU

Assistance to Ukrainian scientists in participating in international scientific
events that take place within the territory of the EU countries, in particular,
participation in academic conferences and internships, elaboration of collective
monographs.

2. Scientific analytical research

Implementation of scientific analytical research aimed at studying best practices
of higher education establishments, research institutions, and subjects of public
administration in the sphere of education and science of the EU countries
towards the organization of educational process and scientific activities, as well
as the state certification of academic staff.

3. International institutions study visits

The organisation of institutional visits for domestic students, postgraduates,
young lecturers and scientists to international and European institutes,
government authorities of the European Union countries.

4. International scientific events in Ukraine with the involvement
of EU speakers

The organisation of academic conferences, trainings, workshops, and round
tables in picturesque Ukrainian cities for domestic scholars with the involvement
of leading scholars, coaches, government leaders of domestic and neighbouring
EU countries as main speakers.

Contacts:

Head Office of the Center for Ukrainian-European Scientific Cooperation:
88000, Uzhhorod, 25, Mytraka str.

+38 (099) 733 42 54

info@cuesc.org.ua

WWW.Cuesc.org.ua
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