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PekoBelb J1.1., 2KyabmeHko J1.11.
OpHiTOoNnor BUCOKOro nonboTy

YMpupodHuyuti yHisepcumem, Bpounas, lNonbuia
2HixkuHcbkuti OepxxasHuli yHisepcumem imeHi Mukonu ozons, YkpaiHa

Y XUTTI HIKONM He npaursana... Uumm gewo He3BuYHMMM cnoBamMm Mu
XOTiNMM po3noYaTy YeproBy pPO3MNoBiAb MNpo npodecopky IHecy BitaniiBHy
MapucoBy B pik 1i yeproBoro toBinetwo — 95 pivysa. Tpu Kpanku BapTo
AOMOBHUTU CNoBaMu: Te, WO poduna — Oyna nuiue NPUEMHICTb. fKe TO
wacta B XuTTi! BukoHyBaTn cnyxboBi 060B’sI3kM i3 3a40BOSIEHHAM Ta
NPUEMHICTIO. | Npu LbOMY He BignpauboBYyBaTW NiYEeHI XBUNUHWN 00 3aKiHYEHHS
poboyoro 4acy, a BiggaBsaTn BCbOro cebe npadui, 9Ky 3Haew, BMieLl, noduLl,
noBaxaew 1i (a 3aogHO i cebe) i NOCTIMHO OTPUMYELL TiflbKM 3a0BOSIEHHS
Bi TOro, Wo € i wo 6yae 3pobneHo.

Tak! BoHa He npautoBana, y CBOIX CTPeMAiHHSX Ta 6GaxaHHAX BOHa
niTana nTawmHUM MoNbLOTOM (OPHITOSIOr BCE X TakW) Ha[ NpPOCTopaMun Kpato,
Hag 3aMKHYTUMUK TepeHamu KabiHeTiB, nabopaTopin i NeKUinHMX 3an Ta we "
He cama, a 3i CBOIMW BUXOBaHUAMU — CTyAEeHTaMu Big 4Yacy HaB4YaHHA ii B
yHiBepcuTeTi 3 cepeanHn XX cT. binbLw sk 70 piyHUn TBOPYMIA NONIT NPUHIC T
BU3HAHHA B HAYKOBMX Kofax KpalHW Ta 3a 1i Mexamu, Heabusaknin aBToputeT
cepef CTydeHTIiB Ta npauiBHWUKIB, noBary npauiBHUKIB Kadpeapu 300s0rii
(ni3Hiwe Gionoril), AKy BOHa oyontoBana mamxke 50 pokiB [8, 15]. Y KONeKTuBi
IHecy BitaniiBHy 3aBxgu BUPI3HANKM rMUOOKNI NpodoecioHaniaMm sk daxiBus-
3oonora, TanaHT negarora, BMIHHA ajdeKkBaTHOrO |  TONEepPaHTHOro
CnifikyBaHHS 3 Kosieramu [1]. Takow BOHa 3anuwaeTbCs i CbOroAHi B pik CBOro
95 piyHOro oBiNew i 9K 3aBxan, 3 NMOCMILLKOK Ta 3 ONTUMIBMOM TFOCTUHHO
3ycTpivyae BigBigyBayiB 3 HeCKiHYeHHMKM Becigammn Ta cnoragamu 3a Yaem 4m
KaBOlo.

€ LWo 3ragaTtu i HaM — aBTOpaM LbOro OMnucCy, SKi Ha CTYAEHTCbKIN nasi
npovwnn wkony MapucoBoi, ctanu 3oo5ioramu i negaroramu Ta, SIK i BOHa,
NOCTIMHO Hamaraemocs «He npautoBaTy. Y Halin CcrnifbHin NPodecCinHIn
AiSANbHOCTI BUMOINMBUM 0 cebe € NnoegHaHHsA 3ycunb Y BUPILLEHHI 3aBOaHb
HayKOBOro MOLWYKY Ta BMIHHS OEMOHCTpyBaTW nedaroridHy MamcCTepHIiCcTb i
coujianbHy KOMMNETEHTHICTb. LibOoMy MU BUMNUCS i HaMm Oyrio y KOro BYMTUCH —
A0CBIgYEeHNX Ta aBTOPUTETHUX BUKNagadiB-koner IHecu BitaniiBHM Taknx sk
ConpgartoB M.I., bapam O.M., Hasaposa J1.C., HaropHa I.1., Mynsapuyk C.O.,
Koudepra I.I. i 6arato iHwWnx. To 6yno aapo dakynbTeTy iHCTUTYTY, a NOTiM
YHiBepcuTeTy y HiXkuHi, opraHidauinHo nigkpinneHe nocagoro npopekropa, Ky
Aosrn yac 3anmana |.B. Mapucosa.

Ta i ©6yno ToAi 3 KMM npautoBaTh, agXe CTYAEHTIB HanivyyBanocb A0
75 0ci6 Ha Kypci. Buknagayi manu MOXMMBICTb aKTMBHO i Ha pesynbTaT
cnisnpautoBaT B rpoHax 3auikaBrneHuUX CTYOeHTIB Yyepes3 HayKoBi rypTku Ta
LinboBi poboui rpynu, BiANOBIAHO 0 3anuTy iX GaxaHb, ocobnueo B cdepi
BUKOHAHHSA  HayKoBMX TeM aunnomMHmx pobit  [3]. JlabopaTopHo-
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ekcriepumeHTanbHa 6asa Ong BUKOHaHHSA Takux pobiT 6yna BignosigHoO Ta
e W nigkpinfeHa HaBYanbHUMMK MpPakTUKamMu i HAyKOBUMKU eKcrneguuisimm 3
HacTynHUMK nybrnikauisMmu Nnpo npupoay pigHoro kpato [2, 4]. lNepeBaxHO TO
Oynnu  KOMNMEKCHI  gocnigkeHHss pasoM 3 6GoTaHikamu  (QOLEHTM
Mynsapuyk C.O. Ta  CemeHixiHa K.A.) Ta  3o0onoramm  (BMKNagaui
BobneHko O.C. ta Wewypak N.M. i iH.). |lHeca BitaniiBHa BMifno kepyBana
Takmmu poboTamMn CTyAEHTIB Ta rotyBarna OesKMX 3 HUX A0 NPOAOBXEHHS
HaykoBOI AisinbHOCTI 4Yepe3 acnipaHTypy (B. KyabmeHko, Jl. PekoBeup,
M. Camodpbanos, K. €sTyweHko, O. BobneHko, I1. Wewypak, J1. KyabMeHKo,
C. Macivnuk, B. JlorBuHeHko, J1. Aboma, O. CtagHuk, O. [NlapxomMeHKo Ta
iHLL).

Y Ti HEeNpocCTi Yacu apyroi nonoBuHM XX CT Yac Big Yacy i1 BOasanocs
nonitatu Hag nnadeTot Big HixkuHa oo Hosoil 3enanaii Ta Pigxki, BigBigatn
G6arato kpaiH Asil Ta Adpukn. Pasom 3i CTygeHTamMm OpraHisaoBaHOro Hero
knyby «Egenbeenc», nobyBaTn B HaWpi3HOMAHITHILLIMX KyTOYKax YKpaiHu Ta
€sponn [9]. A HaOyTi 3HaHHA Ta AocBig, Bigpasy cTaBanuM HagbaHHAM
cTygeHTiB, 3baradyBanuM X namMm'aTb €K30TMMHMMW  MOAIAMU  Yepes
BigeominbMn, BUKOHAHMMN TaKOX HEK Ha BOCbMW MiniMeTpoBin nnisui. Ha
TOM 4Yac ue Oyno yHikanbHe mKepeno Mi3HaHHA 3aMKHYTOro ToAi Ans Hac
CBITY NMpUpOAM i XUTTA CyCniNbCTB Ha nraHeTi. barato TpyaoBuX KONEKTUBIB
HiknHa Texx manu goctyn Ao uiel peanbHOl i 06’eKTUBHOI iHpopMalil, Ky
IHeca BiTaniiBHa Hecna OO HUX CBOIMM OSIMCKyYMMM Ta 3axOmnsioryYnuMum
BUCTYNamu i KIHO AeMoHcTpauismu [5, 6].

Bci Toai BigvyBanu ii Heabusiky 3aKOXaHiCTb y CBOIO CnpaBy — HayKOBeELb,
negaror, BUXOBaTeNb, NONynaApu3aTop, opraHizatop i cycnineHun giad. Ceol
000B’A3kM BOHA He BignpauboByBana, a NPOCTO MOCTIMHO i Uinogoboso
npautBana camMoBigOaHO | HarnpyXeHo, @axoBo | UinecnpssMoBaHo,
TONEpPaHTHO BUpillyBana Haspisli NUTaHHA MOTOYHWUX chpasB, BMISO
BUKOPUCTOBYBana HarasnbHi XUTTEBI cuUTyauil Ta aganTtyBana ix 3aans
peanisaudii noctasneHol MmeTu. NpautoBana He ANBSYNCH HA TOANHHUK (Xo4a
yacy, fIK 3aBXaW, He BUCTadarno), 3 Aywer, HaTXHEeHHSM, 3a40BOJSIEHHAM,
NPUEMHICTIO... Ta 3 MOBHOK BiA4a4y0K0 CBOIX CUM i eHeprii, K Tinbkn ue 6yno
MOXnusum [14].

Mu, cTygeHTM Ta npauiBHuMkM Oynn i 3anuwaemocsa cBigkaMn LbOro
MUHYOro Ta TUX YaciB XUTTA cycninbctea. Lle, nepw 3a Bce, ouaaKTuka B
CBOIX Pi3HMX MposBax, OpraHisauis Ta CTBOPEHHsS 300S10M4YHOro My3elo,
cycninbHa OiAnNbHICTL Ae IHIuiaTUBHICTL Ta pe3ynbTaTUMBHICTL A IHecu
BitaniiBun ©ynu nepwoydeprosumun [7, 15]. Takox ue 6yna edektMsBHa
poboTta kadeapu 3 NOCTiIMHUMMK BiA3HakaMmy Ta HaropogamMum pektopaTty, ue
peanisauia nporpam HaBYanbHUX NpakTuk y KapnaTtax um Ha GiocTauioHapax
yHiBEPCUTETY, Lie OpraHi3aLis LLOJEeHHOro XUTTA CTyAeHTIB | 6arato iHworo. [i
IHILIaTMBHY Npauto 3aBXau LiHyBanu Ta NigTpumyBanu pekTopu yHiBepcuTeTty
(B.M. INopbay, ®.C. Apsar, B.l. Akoseub, O.1. bonko, O.'. CamonneHko) 3
SKMMU 11 OOBENOCS chiBnpauoBaTh NPOTAromM CniflbHO NPONAEHOrO TBOPYOro

10



wnaxy [10, 11]. NpoTarom gecaATuniTb KOMNEKTUB YHIBEPCUTETY Ha MO3UTUBI
BigyyBaB npucyTHicTb |.B. MapucoBoi, a COTHi CTydeHTiB, K cTanm
Oionoramn Ta reorpadamu, HaneBHO i OO0 cborogHi nam’atalTb 1 §K
BMMOIMMBOro negarora ta 4obporo nopagHuka B xuTTi [12].

BubpaHi gpomo 3 xumms |.B. Mapucoeoi:

a — mucnuseub-rmovYamekieeypb (50-mi poku); b — 3 kiHokameporo o rnaHemi (60-mi
POKU); ¢ — 3i c80iM y4HeM rnipocp. J1. Pekosuem (1992 pik); d — ceped Konea
kaghedpu 300no0eaii, 1995 pik (3niea Hanpaso: dou. O.B. Kayarika, cm. 8UKI.

O.C. BobrneHko, npog. I.B. Mapucosa, npo. J1.I. Pekoseup).

HaykoBuin gopobok |.B. Mapucosoi Ta 1i OOCArHEHHs sK negarora i
AngakTta € 3Ha4YHUMU: LUK MoHorpadin, HaykoBUX Ta HAyKOBO-MOMYNAPHUX
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pobiT, BUCTYNM Ha dopymMax Ta nepen KonektuBamu, 3ycTpidi i3
XypHanictamu i iHwe. [aHi npo cyvacHy i BUMepy OopHiTodayHy YKpaiHu, il
CTaH, o0cobnMBOCTi, AWHAMIKy, MOHITOPUHI, NEepcrnekTMBM | i[HWe €
HeBiQ'EMHOI YacCTUHOK 3HaHb MNPO PiI3HOMAHITHICTL BiOTM pigHOro Kpato i
YkpaiHu. Bce ue BigobpaxeHo B enekTpoHHin 6ibnioteui HikMHCbKOro
YHIiBEPCUTETY | AocTynHe A0 o3HanomneHHs [13]. lNpaus IHecu BitaniisHu
OLliHeHa HaneXxXHUM 4YnHOM. BOHa Mae no4vecHi 3BaHHA Ta Haropoan Pi3HUX
PiBHIB, agXe i CcbOorogHi BoHa € i 3anuwaetbcsl 4o0puM nopagHUKOM Ans
MonoAwmnx daxisuiB-3oonoris, ManbyTHIX OOUEHTIB Ta npodecopis. i
XUTTEBUW LUMSIX Ta OOCBIQ € NpUKNagoM HeENUcaHux, ane iCHYK4YKMX, 3aKoHIB
Haworo OyTTs i pyxy Bnepea — rotyBaTu 3MiHy i 3abeaneuntn manbytHe ans
HacTynHMX nokoniHb. Taka inocoisa Haworo cbOrogeHHA Ta PO3BUTKY,
KOXXEH eTan € OCHOBOI Ta CTapToBUM 4SS BULWOI (crnogiBaeMocsa!) CXOANHKM
reHeTUYHOI | MEMETUYHOI EBOMOLLIT.

Mawxe BCe, WO N04aHO B LbOMY KOPOTKOMY OOMUCI, KM BMiLLYyE B COBI
wnax y 95 pokis, nigkpinnieHo peanbHUMKM Ta GaratMmm martepianamu 3
XWUTTEBOI i TBOpYOI Biorpadii IHecn BitaniiBHn MapucoBoi. Mu ix He cTanu
noBTOptOBaTU 3apas, amke ui i 6araTo iHWKMX gaHuX, NpPo NPOdECOPKY i
HEMMOBIPHY 0COBUCTICTb, OyNnK paHiwe onybnikoBaHi B 6araTtbox XypHanax
Ta gosigHukax. Ham 3anuwaetbcsa nuwe nobaxatn IHeci BiTaniiBHi gobporo
300pOB’Sl Ta We He Mano pPOoKiB LWACAMBOro XUTTA «He npautoBaTny,
HaMOBHEHOrro NuLe NPUEMHUMU NOLIAMN.
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UDK: 575.1:575.2:576.5:581.173.1

1zaiseva I.0., 2Bronnikova L.I., 2Bondarenko O.Yu.
Study of pigments in biotech tobacco plants

L OHinposckkuli HauioHanbHUl yHieepcumem imeHi Onecst [oHYapa, YkpaiHa
2JHcmumym ¢bizionoeil pocnuH i eeHemuku HAH YkpaiHu

Tobacco (Nicotaiana tabacum L.) plays a significant role in both practical and
theoretical terms. Tobacco is the main non-food agronomic crop on the planet.
Vegetative organs (leaves) are used as raw materials in the manufacture of a wide
range of consumer goods. From a theoretical perspective, tobacco is studied as a
relevant model object in experiments of various kinds. In both cases, the
guantitative composition of plastid pigments is taken into account. We analysed the
content of chlorophylls a and b in the leaves of tobacco genotypes Samsun and
Dubec of seed generations R1 and R2. Plants are the progeny of regenerants of
cell lines resistant to lethal doses of cadmium cations, Cd?* and barium cations,
Ba?*. The analysis was performed according to the method of A.Wellburn; DMSO
was used in the solvent system. Spectrometry was performed using a Specord
200 instrument. Wavelengths: Chl a — 480 nm and 649 nm; Chl b — 665 nm with
subsequent automatic calculation by the programme supplied with the analyser. As
a result of the experiment, it was found that the quantitative composition of
chlorophylls a and b in tissues under normal conditions dynamically fluctuates
within the normal reaction range. In any case, the ratio Chl a/ Chl b = 3:1 remains
stable.

No genotypic differences, as well as differences between the cations x which
formed the model systems during cell selection, were observed.

Key words: Nicotiana tabaccum L., pigments, seed generation of plants,
cadmium and barium

Photosynthesis is one of the key biological processes in green plants. At
the molecular and submolecular levels, a photochemical reaction takes place
to absorb light and then convert carbon dioxide and water (external inputs)
into organic components (internal components). The reaction is carried out
with the participation of pigments — mainly organisms — higher plants,
cyanobacteria, microorganisms [1, 10].

The structures of chlorophyll a and b molecules have been studied; their
features and individual functions have been investigated. Thus, chlorophyll a
is the main pigment. It is also part of the antenna complex, transmitting
resonant energy to auxiliary chlorophylls [7, 13]. One of the auxiliary
chlorophylls is chlorophyll b. This form of chlorophyll is present in the light-
harvesting complexes of phytosystem II; it is never found in the complexes of
reaction centres in nature.

Chlorophyll a differs from chlorophyll b by the type of residue group,
namely: the first form has a metal group in the molecule, the second — an
aldehyde group. The ratio of chlorophylls a\b is 3:1. This indicator is disturbed
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when the nitrogen content in the leaves decreases. Also, the content of
chlorophyll b increases in low light conditions due to its increased synthesis.

In the course of a number of experiments, we obtained special tobacco
plants. According to our hypothesis, the first step in the method was cell
selection using heavy metal ions, namely barium (Ba?*) and cadmium (Cd?*)
cations [3, 22]. Cell lines resistant to these stress factors were characterised
by special qualities. In view of this, the resistant cultures were subjected to a
regeneration procedure, which resulted in the production of RO regenerants
and seed generations R1 and R2. The appearance of the new forms did not
differ from the wild-type plants. Therefore, it was advisable to study the
pigment status of the new variants in comparison with normally vegetating
plants.

The experiment involved young plants, 60 days old and ~15.0-20.0 cm in
size. Plants were the R1 seed generation, the offspring of RO regenerants
resistant to cell lines obtained as a result of cell selection with heavy metal
ions (HMI). The chlorophyll a+b content was assessed for each line
individually to determine their genotypic characteristics.

Wild-type plants served as control. The control seeds were selected from
the total seed mass collected from several plants and mixed to evaluate the
standard parameters.

For the experiment, the plants were prepared as follows. Seeds were
germinated in vitro on moistened filter paper in Petri dishes for 60 days. As
the linear size of the plants increased, they were placed in a water-soil
suspension in plastic cups to prevent damage. At the set time, all variants
(whole plants) were randomly selected for pigment analysis.

The content of chlorophyll a and chlorophyll b was determined according
to the method of A. Wellburn, 1994 [4, 9]. The essence of the method is to
create a solvent system that is also a measurement system. The author
proposes diethylformamide; diethyl sulfoxide (DMSQO) with varying degrees of
affinity for the native solvent, water. For our experiment, DMSO was chosen
as the least harmful.

The assessment of pigment content involves the selection of one aliquot
(common). In this regard, we compared the parameters of analysers
(spectrophotometers) with different sensitivities depending on the
wavelength: 0.1 - 0.5 nM and 1.4 nM. Each device has its own software
package that automatically measures and calculates each pigment
separately. In our experiment, we used a Specord 200 spectrophotometer
(Germany).

Chlorophyll-containing tissue was excised from the leaves of the
experimental plants with a single cork drill (taking into account the total
weight). The tissue was transferred to test tubes and filled with the required
volume (V) of DMSO. After creating a solvent system, the tubes were kept in
the complete absence of light for 1.0 hour. At the end of the extraction time,
the reaction was stopped by heating. After cooling, an identical volume of

16



BboTaHika i (isionoris pocnuH

liquid was taken from each tube to determine the required dilution. In each
case, a fivefold (V/V) dilution was performed. After obtaining the analytical
mixture of the desired concentration, the required aliquots were taken into the
cuvette for pigment determination. Chlorophyll a was measured at 480 nm
and 649 nm; chlorophyll b at 665 nm. The analytical measurement was
performed in triplicate biological replicates and automatically statistically
processed according to the software attached to the spectrophotometer.

Quantitative assessment of the composition of photosynthetic pigments,
as well as their equilibrium interaction, are indicators of the activity of the
plant's integrated metabolism and its productivity. Numerous studies [2, 5, 6,
21] confirm the development of dynamic changes in these parameters
coordinated with various external influences. In this case, the key factor is the
intensity of insolation, since the activity of pigments is associated with the
perception of light flux quanta. At the same time, a separate phenomenology
Is specified.

It has been noted that plastid pigments respond to biotic and abiotic
damaging pressures [16, 17]. Trees of pine Pinus sylvestris L. responded to
the damage by the fungal pathogen Melampsora pinitorqua by changing the
biosynthesis of pigments. In severely damaged trees, the ratio between green
and yellow pigments decreased by 10.5-22.0% [18]. Pigment content
indicators are recommended for testing and designing various environmental
situations [19, 20]. Attention has begun to be paid to comparative studies in
natural communities and in vitro [11, 14, 23].

Researchers [8, 12, 21] argued that depending on the intensity of the
light flux in the FAR region and the spectral composition of light, the total
pigment content in plants in vitro varies by 15-20 %, and the Chla/car,
Chlb/car ratios by 1.5-2 times. The most stable values in in vitro plants were
Chla/Chlb, regardless of the conditions (light) of their cultivation. The data
obtained on the quantitative composition of the pigment complex were used
as a criterion — a marker for assessing the compliance of the in vitro plant
cultivation regime with their needs.

In other words, theoretical data are beginning to be processed as
biotechnological methodologies. It is clear that the study is correct only if we
use stable control indicators.

In our experiments, we analysed plants obtained using an alternative
biotechnology, namely cellular selection. To be more specific, we conducted
a preliminary comparative study of conventionally produced wild-type tobacco
plants from germinated seeds with ex vitro regenerants obtained from cell
cultures of the same wild type [6, 11, 23].
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Table 1.
Pigment content in tobacco plants under normal cultivation conditions
Genotipe Options Chl a Chl b Chl a+b

Samsun 1 1,898 0,758 2,666
(control) 2 1,899 0,758 2,646
3 2,962 0,890 3,372
Samsun 1 2,852 1,049 3,901
R(control) 2 2,724 1,074 3,79
3 2,145 1,118 4,326
Dubec 1 1,962 0,782 2,744
(control) 2 1,553 0,568 2,219
3 1,878 0,786 2,664
Dubec 1 2,67 1,077 3,748
R(control) 2 3,05 1,187 4,244
3 2,976 1,127 4,104

The data in Table 1 correspond to the nature of pigment synthesis.
Therefore, there is a sensitivity of this parameter to external pressure, i.e. its
dynamism. The probability of the appearance of a complex reactive mixture of
chlorophylls and carotenoids, which is analysed in one aliquot, was noted. In
these results, the range of fluctuations does not exceed the reaction norm,
which is taken into account by the calculation programme. No significant
difference was observed between the tissues of the variants differing in the
method of preparation. The Chl a/Chl b ratio of 3:1 is preserved, which, in our
opinion, may indicate the normal course of synthesis reactions. Thus, the
guantitative indicators can be correctly considered as a control in comparative
studies with other variants.

For further detail, the pigment status of tobacco plants of different seed
generations was analysed. Table 2 shows the comparison for the Samsun
genotype.

Table 2.
Pigment content in leaves of Samsun tobacco plants of seed
generations R1 and R2 under normal conditions

Samsung,
seed Options Chla Chib Chl a+b
generation R
1 1,835 0,720 2,556
R1 Cd? 2 2,003 0,770 2,774
3 1,876 0,750 2,626
1 2,790 1,360 3,926
R2 Cd?* 2 3,084 1,214 4,298
3 3,930 1,136 4,230
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1 1,794 0,720 2,514
R1 Ba* 2 1,880 0,742 2,623
3 1,734 0,730 2,464
1 2,984 1,118 4,103
R2 Ba* 2 3,018 1,151 4,169
3 3,240 1,260 4,507

The analysis of Table 2 shows the difference between seed generations
R1 and R2, namely: under normal conditions, the content of both chlorophyll
a and chlorophyll b in the tissues of R2 plants increases, regardless of the
type of cation. Thus, lethal doses of cadmium (Cd?*) or barium (Ba?*) cations
were used to create model systems for cellular selection (RCd?* and RBa?*
plants, respectively). Cd?* Cd?* ions were used to obtain forms resistant to
water stress; Ba2+ ions were added to isolate forms resistant to salinity. The
RCd?** and RBa?* plants were characterised by resistance to these osmotic
stresses [6, 23, 24]. The data obtained under stress conditions can provide
information on the nature of pigment synthesis (preservation/destruction) in
plants of seed generations. The current data in Table 2 indicate a stabilisation
of the Chl a/ Chl b ratio and may be the result of stable synthesis.

To establish the genotypic difference of plants of seed generation R2, the
results presented in Table 3 were obtained.

Table 3.
Pigment content in leaves of tobacco plants of Samsun and Dubec
genotypes of R2 seed generations under normal conditions

R”;';‘;‘;‘g:;ﬂ BapiaHT Chla Chlb Chl a+b
1 2,790 1,360 3,926
Samsun Cd?* 2 3,084 1,214 4,298
3 3,930 1,136 4,230
1 2,663 1,002 3,666
Dubek Cd?* 2 3,206 1,130 4,336
3 3,139 1,167 4,307
1 2.984 1,118 4.103
Samsun Ba?* 2 3,018 1,151 4,169
3 3,240 1,260 4,507
1 1,628 0,618 2,247
Dubec Ba?* 2 1,932 0,715 2,648
3 1,941 0,719 2,661

The data presented in Table 3 demonstrate the absence of genotypic
differences in the plants of generation R2 in terms of chlorophyll a and b
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content. This is an additional confirmation of the postulate that the reactions
of pigment synthesis are generally biological, genotype independent.

The data in Table 1, which establish the range of reaction norms, and the
comparison of the quantitative values in Tables 2 and 3 with them indicate
that cell selection with heavy metal ions (HMI), as a biotechnological method
carried out at the first - key stage of isolation of new plant forms, did not
cause any undesirable effects on the biological object. The in vitro system, in
our opinion, also did not have a negative impact.

The lack of information on the state of carotenoids impoverishes the
overall picture of the formation of the pigment status of new forms of tobacco
plants, but is an incentive for further research in this direction.

For the first time, the quantitative composition of green pigments —
chlorophylls a and b — in the leaves of tobacco plants was analysed, where it
was established that the seed generation R1 and R2 after in vitro (the first
stage of which was cell selection with cadmium Cd?* and barium Ba?*
cations) met the standard parameters. It has been proved that the different
nature of Cd?" and Ba?"* ions used in lethal doses in the formation of model
systems during cell selection also did not affect the pigment status of plants.
Cellular selection with HMI as a biotechnological method has confirmed its
environmental safety.
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boragan O. B., lNMpunnaeko C. O.

BnnuB koMmGiHaLUin meTaboniyHO aKTUBHUX PeYOBUH Ha PICT KOPEeHEeBOI
CUCTEeMU KYKYPYA3U LYKPOBOI

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu ['oz2ons, YKpaiHa

The article is dedicated to studying the impact of metabolically active
substances on plant development at early growth stages. Various approaches to
pre-sowing seed treatment using organic biostimulants and mineral elements are
discussed. It is shown that the combined application of these substances
contributes to the improvement of the root system development, which is crucial for
enhancing plant resistance to stress conditions and reducing resource
consumption. The findings confirm the effectiveness of an integrated approach to
improving growth and productivity in agricultural crops.

KnroyoBi cnoBa: Kykypyasa LyKpoBa, MeTabosniyHO akTUBHI pPeYOBWUHU, PICT
KOPEHIB, YPOXXaNHICTb.

Po3BUTOK MOTY)XHOI Ta eJqEKTUBHOI KOPEHEeBOl CUCTEMMU KYyKYpyA3u
LyKpoBOl (Zea mays L.) Ha paHHIX eTanax OHTOreHesy € BupilLlaNibHUM
YUHHMKOM (POPMYBaAHHSA BMCOKOI BPOXAWHOCTI, CTIMKOCTI OO0 abioTU4HMX
CTpeciB i 30aTHOCTI KynbTypu edekTMBHO 3acBotoBaTU OBMeEXeHi pecypcy,
ocobnueo B ymoBax gediuuTty Bosfiorn. Y cydacHoMy POCAWHHMUTBI Aedani
Ginbworo 3HayeHHA HabyBae iHTerpoBaHuUW nigxiq A0 NiABULLLEHHS
NPOAYKTUBHOCTI, KM nepeabadvyae noeaHaHHs TpaguuiHOro MiHepanbHOro
XUBIEHHSA 3 NepeanociBHOK BioxiMiYHOK cTuMmynsuieto HaciHHA. Obpobka
HaCiHHA MeTabosliYHO aKTUBHMMU CMONYKaMn — BiTaMiHaMK, aMiHOKUCIIOTamu,
BiocTMMynsaTopamMu Ta COMSIMU MarHito, CNpuUsie NPUCKOPEHHIO MPOPOCTaHHS,
CTUMYINIOE PICT i rany>XeHHsi KOpeHiB, L0 O0COONMBO BaXnMBO B YyMOBax
KniMaTUYHUX 3MiH | peCypCHUX OOMEXEHD.

EdekTBHa cuctema XunBMeHHA Mae BpaxoByBaTU MPUPOLHY POAOYICTb
PYHTIB, KMiMaTWUYHi  OCOONMBOCTI  perioHy Ta  TexXHOMOriYHi  yYMOBMU
rocrnogaptoBaHHsi. Ocobnuy ePeKTMBHICTb AEMOHCTPYE 3aCTOCYBaHHA TaKnx
PEYOBUH, AKi HE NULIEe MOKPAaLLYOThb PICT KOPEHEBOI CUCTEMM, @ U MiOBULLYIOTb
CTIMKICTb POCNUH OO0 CTpecoBux akTopiB Ta 30yaHMKIB 3axBOPIOBaHb,
3abesneyyoun ctabinbHUM PIiCT i bopMyBaHHS MPOAYKTUBHOrO CTebnoCTOo
[1, 2]. Takumn pevoBUHAMN MOXYTb BYTU MeTabOonNiIYHO aKTUBHI PEYOBUHMU, SKi
BUpObGNATE cami pocnuvHuM, a came BitamiHE, Y6ixiHOH-10, MeTioHiH,
[MapaokcnbeHsonHa kmucnota (MOBK) Ta MgSO.,.

3 MeTOo BUBYEHHS BMNAMBY KOMBiHaLi MeTaboniyHO akTUBHUX PEYOBUH
Ha POPMYBaHHS KOPEHEBOI CUCTEMW MOMOAUX POCIUH KYKYPyA3Wn LYKPOBOI
Hamu Oyno npoBeaeHe pocnigpkeHHa y 2024 poui Ha TepuTopii HaB4YanbHO
pocnigHol arpobiocTaHuii  HbKMHCBbKOro AepaBHOro yHIBEPCUTETY iMeEHi
Mukonu lNoronsa (YepHiriscbka 06n., YkpaiHa). O6’ekTomM JOCnigKeHHsT Oynu
MOMOAi POCINHN KYKYPYA3M LyKpoBoi copTy Crokyca.
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MeTaboniyHO aKTMBHI Ppe4YOBMHM BUKOPUCTOBYBASM Y Pi3HUX KOMBIHaLifx
LUNAXOM X 3aCTOCyBaHHA Ons nepeanociBHOI 0OpobKM HacCiHHS MeTo4oM
3aMO4yBaHHS B PO34MHAX, LLIO BKOYANM Taki BapiaHTu:

1. BitamiH E + Y6ixiHOH-10

2. Bitamin E + MeTioHiH + NOBK

3. BitamiH E + MeTioHiH + NMOBK + MgSO,
4. KoHTponb (gucTunboBaHa Boda).

HaciHHg BUTpUMyBanu y posymHax OOCHigXKyBaHUX PEYOBWH MPOTSAroMm
2rognH npu Temnepatypi 20+ 2 °C, nicna 4oro BuciBanun 6esnocepeiHbo Y
FPYHT Ha [OOCNIOHUX [LifIFHKaxX eKcnepuMmeHTanbHOro nond. PocnuvHu
KYKYPYZA3W YCiX BapiaHTiB BUPOLLYyBann 3a OA4HAKOBUX arpoTEeXHIYHUX YMOB
6e3 nooaTkoBOro BHECEHHSA J0OpMB Ta Nosnmey.

Y (pasi 3-5 nUCTKIB OUiHIOBaNN Taki MOKa3HUKN POCTY KOPEHEBOI CUCTEMMU
MOMOANX POCIIMH, $K KiNIbKICTb KOPEHIB, [OBXWHa KOpeHIiB, cupa maca
KOPEHIB.

OTtpumaHi paHi obpobnsanuca meTogamu BapiauiHOI  CTaTUCTUKM.
PesynbTatn nposeaeHux gocnigkeHb HaBeaeHi y Tadn. 1.

Tabnuuysa 1.

BnnuB komGiHauin meTabonivyHO aKTUBHUX PEYOBUH Ha picT
KOpeHeBOI CUCTEMU KYKYPYA3U LyKpoBoi (pa3sa 3-5 nucTkiB)

Kinbkicte | JosxuHa | Maca cupoi
BapiaHT gocnigy KOPEHIB, KOPEHIB, PEYOBUHU
LT, CM KOpEeHiB, I
10,75 64,255 0,337
KoHTpons (H,O)
+1,47 15,96 10,06
L . 8,95 43,905 0,365
BitamiH E + Y6ixiHOH-10
+1,41 15,14 10,04
. - 9,45 49,575 0,377
BitamiH E + MeTioHiH + [MTOBK
11,94 14,02 10,05
o - 12,95 73,280 0,419
BitamiH E + MeTioHiH + [TOBK + MgSO,
+0,33* +2,33* +0,03*

lMpumimka: * — pisHUYss docmosipHa rnopieHsIHO 3 KoHmMporsiem, p < 0,05

3a pesynbTartamu npoBefeHnX OOCHigKeHb MOXHa 3p0ObUTU BUCHOBOK,
Lo cepeq KoMbiHauin MeTaboniyHO akTUBHUX PEYOBUH MO3UTMBHUIA BMANB Ha
MNOKa3HUK KiSTbKOCTi KOPEHIB MOMOAMX POCHNH KYKYPYA3u LIYyKPOBOI Mana nuwe
kombiHauia 3 BitamiHy E + MeTioHiH + [TOBK + MgSO,. Takox 6yno BigmivyeHO
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NO3UTMBHY Ait0 L€l XX KoMBiHaLii Ha NOKa3HWKN OOBXWHM KOPEHIB Ta Macy IX
CUPOI PeyvyoBUHU. TaK OOBXMHA KOPEHIB POCIWNH KYKYPYA3U LyKpPOBOI y ¢asi
3-5 nucTkiB 3a Aii BkasaHol kKoMbiHauil 3poctana Ha 9,025 cm nopiBHAHO A0
3Ha4yeHb OTpUMaHuX y KoHTposni. Maca cupol peyYoBUHU KOPEHIB 3a BMNUBY
Liel kombiHauii 36inbwyBanacs Ha 0,082 r NOPIBHAHO 40 3HAYE€Hb Y KOHTPOTI.
Takum 4MHOM, KOMOIHaUis MeTabomniyHO aKTUBHUX PEeYOBUH Y cknagi
BitamiHE + MertioHiH + TIOBK + MgSO, 3a pesynbTaTamu npoBeaeHUX
AOChiIKeHb € edeKTUBHOI ONA HaKoNMyeHHs Biomacu KopeHeBOI CUCTEMN.
Taky pgito uiel CnonykM MOXHa TMOSICHUTU MNOEOHaHHAM  CKIajoBuX Y
komnsiekci. Cnonykn meTioHiHy, NMOBK i3 MarHieBUM KOMMOHEHTOM MOXYTb
BAAMBATU Ha CUHTE3 pbepMmeHTiB Ta OOMiH peyvyoBMH, WO MNpU3BOAUTbL A0
IHTEHCUBHILLOrO YKOPIHEHHS Ta 30ifbLUEHHA Macu CUPOI PEYOBUHU KOPEHIB.
Bitamin E y cknagi kombiHauil € NOTYKHUM aHTUOKCUAAHTOM, KU 3axuLiae
POCIIMHM BIi4 HaAKOMUYEHHS1 BiNbHUX pagukanisa. OTXe, AN MNOCUINEHHS
MOYaTKOBOIrO PO3BUTKY KOPEHEeBOI CUCTEMU KYKYpPyA3W LYKPOBOI AOLINbHO
3actocoByBatM Ons o6pobkM HaCiHHA MeTaboniyHO aKkTUBHI PevyoBUMHU Y
NOEAHaHHI SIK OpraHiyHMx GioCTUMYNATOPIB, TaK i MiIHEpPaANbHUX €feEMEHTIB
(3okpema Mg Ta S).

TakuMm 4YMHOM, KOMMSIEKCHMM nNigxia A0 MOKpaLEeHHS TeXHOMOorin
BMPOLLYBaHHSA LYKPOBOI KYKYpyA3W MNOBWHEH nepenbadatn nepennociBHy
00OpOobKy HaCiHHS pO3YMHaMW PEYOBUH Y MOEAHAHHI 3 OpraHiYHUMKU
BiocTumynsaTopamm Ta MiHepanbHUMKU enemMeHTamu. Lle [o3Bonde cyTTeBO
MNOKPALLUNTN PICT KOPEHEBOI CUCTEMU, WO OCOGAMBO BaXNMBO B YMOBax
HeLOCTaTHbOrO 3BOJSIOXKEHHA 0N 3HWKEHHS BUTpaT BOAW Ta MiHeparbHUX
pecypciB i MiHIMIZyBaTn HeraTMBHUW BNANB Ha OO0BKINNS.

Nitepatypa

1. MiHepanbHi gobpuea: knacudikauisi, BNacTUBOCTI, 3aCTOCYyBaHHS.
npakTukym 3 arpoximii / BonowwuH M. [., YepHeHko HA. M.,
IBaH4eHKo A. B., OninHnk M. A. IBaHO-®PpaHKiBCbK: |IBaHO-PpaHKIBCbKUN
HaLioOHanNbHUW TeXHIYHUI yHiBepcuTeT HadTu i rady, 2017. 120 c.

2. Cokonoscbka |. M., leM’saiHoBa . B. YpoxanHiCcTb Ta SKiCTb OCHOBHOI 1
A00AaTKOBOI  NPOoAYKUil  xap4yoBux nigBuaiB  Kykypyasu // BicHuk
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YK 581.5
Boxxko B.M.

MNMepBouBiTU TepuTOpIl NiBHOYI YKpaiHU: 3Ha4YeHHSA Ta npobrnemum
HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu ozons, YKpaiHa

Spring ephemerals, often called early bloomers or first spring flowers, are
among the first plants to appear after winter. They symbolize the awakening of
nature, hope, and renewal. Thanks to their ability to bloom before trees grow
leaves, they receive maximum sunlight. These flowers play an important ecological
role — they provide nectar for early pollinating insects. Many spring ephemerals are
listed in the Red Book of Ukraine due to a rapid decline in their populations
caused by over-picking and habitat destruction.

KnioyoBi cnoBa: nepsouBiTM, YepBoHa KHuUra YKpaiHW, PaHHbOKBITYMI
pocnunHu, MNiBHiYHa YKpaiHa.

[MepBoOUBITU — Le 3aranbHa Has3Ba rpynu PaHHbLOBECHSAHUX POCIIVH, SKi
UBITYTb oApasy NiCNa TaHEHHS CHiry, 4acTo B KiHUi JIIOTOrO — Ha rnoyaTky
B6epesHs. BoHn ogHMMM 3 MepLIMX MNOYMHAKOTL KBITyBaTWM MiCfsi 3MMOBOrO
CMOKOK, 4YMM CTBOPKOKTb 0OCOBNMBY aTMocdepy OHOBMEHHS, noYaTKy
BereTauivHoro nepiogy. OpgHak, nonpu CBOK Kpacy, BOHW € OOHUMKU 3
HanypasnmBILLMX POCIIMH Y Npupoai YKpaiHu.

[MepBouBiTM MawTb 3HayHy 6ionoriyHa ponb y npupodi. BoHu €
[DKEepPEenioM HekTapy Ans Neplumx BECHAHWX Komax: O0xin, mMKMenis, Pi3HUX
BuaiB MeTenukiB. Ix BBaxatoTb 6GionoriyHMMnM iHOMKatopamu 340POBOI
ekocuctemn. Y [fOedkin Mipi IXHA KOpeHeBa cuUcTemMa YTPUMYE T['PYHT,
3anobiratoumn epoasii NicnNa TaHEHHS CHIry.

barato nepBouBiTiB 3aHeceHO A0 YepBOHOI KHUMM YKpaiHu, WO O3Ha4yae
IXHIO OXOPOHHY KaTeropito Ha gep>xaBHomy piBHi [1]. 36upaHHs, Topriena abo
3HULLEHHS MiCUub IXHbOrO 3pPOCTaHHA KapaeTbCcs wTpadammn 3rigHO 3
NPUPOAOOXOPOHHUM 3aKOHO4ABCTBOM YKpaiHu [2].

[MepBOUBITU OMUHUNKUCH NI 3arpO30K 3HUKHEHHS Yepe3 HU3bKUN piBEHb
eKOmoriYyHol CBIOOMOCTI HaceneHHsa: X MacoBe 30upaHHsA Ha npoaax,
BUTONTYBaHHA Mif 4ac BECHAHMX MIKHIKIB Y MicUSAX X 3pOCTaHHA, BUPYOKY
nicie i 3aMiHy cepefioBuLLA IXHLOrO iCHyBaHHSA [3].

36upaHHa NepBOLBITIB MOXe MPU3BECTM A0 CEPWMO3HUX Hacnigkis. Npu
LbOMY MOPYLIYETLCA MNPOLEC iIXHbOrO PO3MHOXEHHS, OCKIiflbKM OiNbLlUiCTb
NepBOUBITIB  MalwTb TpuMBanun nepioa po3BuUTKY (4-7 pokiB 0O NepLlioro
LBITiIHHSA) [4]. BuprBaHHA pocnvH 3 umbynuHamm pakTUYHO 3HULLYE POCIIUHY
6e3 MOXNUBOCTI BiAHOBMNEHHA. 3MEHLUEHHS KifbKOCTI POCIVH Yy nonynsauii
MOX€e MNPU3BECTU A0 3MEHLUEHHA Nonynsdauin onumoBadiB, SKi 3anexaTb Bif
NEepBOLBITIB SIK MepLIOro mkepena Hektapy. Yepesa BuMbIpKOBE 3HULLEHHS
HanBINbWNX Ta HaWKpacMBILLMX EK3eMMNAspiB 3 4YacoM ChoCTepiraeTbes
BUPOXKEHHA reHeTUYHOro ooHAy.

3a ouiHKaMK eKonoriB, 3HULWEHHSI OOHIEI POCIIMHU MOXE CIPUYMHUTK
BTpaTy 10-15 HaACiHUH, aki Mornn 6 NPOpPOCTN HACTYMHOro PoKy. ToOTO oauH
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3ipBaHuin bykeT 3abeanedye 3MEHLLEHHS] YTBOPEHHS AECATKIB HOBUX POCINH Y
npupoAai.

KniMaTu4Hi 3MiHM OCTaHHI POKM CYTTEBO BNIMBAOTL | HA oriopy YKpaiHw.
BecHa TpuBae 3Ha4yHO MeHLWMW nepiog 4Yacy, TemnepaTypHi KONMBAHHS
3MiHIOIOTb TEepMiHM UBITIHHA nepBoUBITIB. PaHHIN npuxig Tensa 4acTto
30iraeTbCcs 3 nepiogamm 3amMOpPO3KiB — Lie MOLKOAKYE BpyHbKM pocnnH. bpak
CHIry B 3MMOBWIM Nepiog 3MeHLUye 3anacu BOSMOrMM B I'PYHTI, WO YCKNagHoe
npoLecu NpopoOCTaHHSA NepBOLBITIB HABECHI.

[MepBoOUBITU YyTNMBO pearylTb Ha 3MiHW cepefoBuulla, | came ToMy
BYEHi [Jefani 4YacTilwe BUKOPUCTOBYKOTb IX $IK OB'€KT (deHONOoriYHOro
MOHITOPWHTY.

[MiBHIYHA YKpalHa — ue TepuTopis, barata Ha NPUPOAHI nicKu, Sspy, BOSOTr
Ganku Ta nNyku, e OOCUTb MOLUMPEHi apeanun nepBouBiTIB. 30Kpema, Taki
obnacti sk KwuiBcbka, Xutomumpcbka, YepHiriBcbka, PiBHEHCbKa MatoTb
COpUATAMBI YMOBU AN 3POCTaHHA pPsiay PaHHbOKBITYYMX BuAiB. Ceped HUX
HanbiNbLW NOWNPEHUMW € TaKi BUOMW:

- MigcHixHuk BinocHixHuM [1] (Galanthus nivalis). KBiTye sik npaBuno y
BepesHi Ha nicoBux ransBuHax y Bosiornx 6ankax. 3aHeceHun 0O YepBOHOI
KHUMM YKpalHW.

- MNponicka gsonucTta (Scilla bifolia). Mae HiXHO-CUHI KBiITU. DOPMYE TYCTi
Knnumu B nicax. MNowmnpeHa B oybosux i rpaboBux nicax.

- Pact (Corydalis solida, C. cava). Moxe maTtu poxeBi, 6ini abo dioneTosi
kBiTW. [JocuTb NowmpeHun y nicax MNoniccs.

- MaTtu-n-mavyxa (Tussilago farfara). Keitn 3'asngawtbca Wwe [0 MOSIBY
nucTkiB. PocTe Ha BIgKpUTUX cunax, B3A40BX AOpir.

- Kpokyc (Crocus vernus). Y Oukin npupogi 3yCTpi4aeTbCa OOCUTb Pigko,
UacTiwe m™MoxHa nobauntn B OOTaHiYHMX cagax, napkax, BBaXKa€TbCH
cnpaBXHiM NepBOLBITOM.

- BecHsaHnuyga (Eranthis hyemalis). Mae sickpaBo-xoBTi KBiTW. LiBiTe gyxe
paHo, iHOAI LLe ToAi, MOKM He pO3TaHyB CHIr.

Takum 4YMHOM, NEPLUOUBITM BIgiIrpalOTb BaXNMBY pofib Yy 30EepeXeHHi
GiopisHOMaHITTA Ta MiATPUMAaHHI EeKONoriYyHol piBHOBarM B MPUPOOHMX
ekocuctemax. IXHe 3HUKHEHHA MOXe NPU3BECTU [0 MOPYLIEHHS LiniCHOCTI
NPUPOAHUX YrpynoBaHb. TOMYy OXOpPOHa PaHHBLOKBITYYMX BUAIB POCIIVH € He
nuuwe ecTeTMYHO Ta KynbTypHO 3HauYylwMMm 3aBOaHHAM, a W BaXMBUM
eneMeHTOM 3aranbHoAep)KaBHOI cTpaTerii OXopoHW OOBKiNA. PopMyBaHHSA
€KOJIoriyHOol CBIiAOMOCTI Ta Bi4MNOBIAANbHONO CTaBIfIEHHS OO NpUMpoOan cepefn
HaceneHHs € HeobxigHOK YyMOBOK Ans 306epeXeHHa umx BuaiB AN
ManByTHIX NOKONiHb.
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EcdekTUBHICTbL BNNMBY 0O6pO6OKU capgkaHUiB KOMOiHaUisMu meTabonivyHo
aKTUBHUX CMOJIyK HAa NPOAYKTUBHICTb CYHULi canoBoi
(Fragaria ananassa Duch.)

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu [ozons, YKpaiHa

The article presents the results of a study on the impact of treating seedlings
with combinations of metabolically active compounds on the productivity and yield
of garden strawberry (Fragaria ananassa Duch.). It was found that the combination
of Vitamin E + methionine + PBAC showed the highest efficiency in influencing the
strawberry berry mass, exceeding the control indicators by 80.8%. All studied
substances and combinations of metabolically active compounds contributed to an
increase in the yield of garden strawberry. These metabolically active substances
can be recommended for practical use in agriculture as an element of effective
technology for growing berry crops.

Keywords: metabolically active compounds, garden strawberry, strawberry
berry mass, yield.

CyHnusa cagoBa — ArigHa KynbTypa, WO Mae 4yygoBUA CMak i apomar, a
TakOX € OIETUYHUM MPOAYKTOM. Aroga Mae BUCOKMM BMICT (QPYKTO3N i
FNIOKO3U, NPU LIbOMY Mak4m HU3bKUA BMICT caxapo3un. Came Taka koMmbiHauis
LYKPIB € COpUATNIMBOKO AN CNOXWBaHHA. HuW3bKa KaropivHICTb  Arig
MOACHIOETLCA 11 BMCOKMM BMICTOM BOAMW. Aroan Bipi3HATLCA 3HAYHUM
BMICTOM OpraHidHUX KUCMNOT, MIKPOENEMEHTIB i MiHepanbHMX pevYoBUH. 3a
BMiCTOM BiTaMiHy C BOHM 3HA4YHO NepeBULLYIOTb anenbCuH. OgHUM 3 LiHHUX
KOMMNOHEHTIB BioXiMiYHOro cknagy CcyHuui € deHOomnbHi Crnomnyku, SKi B
OpraHiami NoaNHU BUABIAOTL P-BiTaMiHHI BTaCTUBOCTI, 3MILHIOKYN CYONHM i
MOKpaLLytO4YM 3aCBOKOBAHICTb ackopbiHOBOI kucrnoTu. [3].

CyHnusa cagoBa 3aMae oHe 3 nepLumx Micub cepep ArigHuUX KynbTyp Y
yinomy cBitTi. Lle nos’a3zaHO 3 i CKOPOCTUrNICTIO, NpPUOATHICTIO 00
BUPOLLYBAHHA B YCiX 30Hax POCIIMHHULUTBA, UIHHUMW i JiKyBanbHUMMN
BNaCTUBOCTAMU Aro4w.

Ana oTpymaHHA cTabinbHMX BUCOKMX YpoXaiB €KONoriYHO GesneyHmnx
nnoAdiB Uiel KynbTypu HeOobXiAHO MaTu  CAPUATNUBI FPYHTOBO-KNiMATUYHI

[MpO4YKTUBHICTb COPTIB CYHULLi 3aneXuTb  Bi4 TUMY TPYHTY, CXeMwu
nocagkn, a came Bif KifIbKOCTi POCAMH Ha OAUHULIO MNSIOLLi Ta 3aCTOCYBaHHS
perynaropis pocTy.

Tomy, Hamm ©6yno [gocnigxeHo BMMB 00pobkM camkaHuiB
kOMBiHauigsMn  MeTaboniyHO aKTUBHWMX CMOMYK Ha MPOAYKTUBHICTL |
BPOXaWHiCTb cyHUUi cagoBol (Fragaria ananassa Duch.)

[MonboBi gocnigXeHHS NPOBOAUNUCE Ha 3aBYaCHO MiAroTOBIIEHIN OiNAHLUI
Anst npoBefeHHA HaykoBol poboTu. [indHKy peTenbHOro rotyBanu Ao
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BUCAXKEHHS CYHULi, NpOBOAUMAN KyNnbTuUBaLito rpyHTy, obmipanu, poséusanu
Ha BapiaHTW, TakoX 06pPO6GNsANM KopeHi CyHWUUi cagoBOI AOCHIAXKYBaAHUMMU
peyoBMHaMU, a came:
— 006pobka KopeHiB cyHULi yBixXiHOHOM-10:
— 0b6pobka KopeHiB cyHuui BiTaMiHOM E + yBixiHOH-10;
— 06pobka KopeHiB cyHuui BiTamiHOM E + MeTioHIH+ napaokcubeH3onHa
kncnota (MOBK)+ MgSOa;
— 006pobka KopeHiB cyHULi BiTaMiHOM E + meTioHiH + MNMOBK;
— KOHTposb (6e3 06pobkn).
[ns npoBegeHHA OOCMIQKEHHS B YMOBaX BiAKPUTOro rpyHTy 6yno B3sTO
100 capxaHuiB. Yac 0O6pobkM KOPEHIB cagKaHLiB cknagas 3 roguHm.
HocnigxeHHs 6ynu npoBeaeHi y a3y NnogOHOWEHHS CYHUL cagoBol.
HamBuwmin nokasHMk edqekTUBHOCTI  BNNMBY MeTaboniyHO aKTUBHUX
pPeYoBUH Ha Macy €rig CyHuui  Mae kombiHauis BitamiH E + MeTiOHIH +
MOBK, wo Ha 80,8% nepeBuLLyE MOKA3HMKM KOHTPOMIO, LLO CBIgYMTb Mpo
3Ha4yHO NoKpaweHy edEeKTUBHICTb Y MOPIBHAHHI 3 iHWMMK KOMOIHaUiSMK Ta
KOHTpOMeMm.
IHWi kombBiHauiT mMeTaboniYHO aKTUBHUX CMOJSTYK TAKOX NOKasanun BUCOKY
eEKTUBHICTb, WO 30iNblUeHHA Macu srig CyHuUi CagoBOil, NepeBULLYHOYM
MNOKa3HWMKM KOHTposto Ha 19,6% , 21, 0 Ta 26, 2 % BignosigHo (Tabnuus 1).

Tabnuus 1.
Bnnue o6pobkn cagxaHuUiB MeTabosniyHO akTUBHUMM CMNOJSTyKaMu Ha
Macy frig cyHuui caaoBoi

BapiaHT Maca sarig, r % [0 KOHTPOIO
BitamiH E+ y6ixiHOH 5,1 +0,46" 119,6
Y6ixiHOH 5,18 +0,45 121,0
BitamiH E + meTioHiH + NOBK 7,74 +0,60 180,8
E'i\zzl\éigf + MeTioHiH + [NOBK 54 +0.63 126.2
KoHTponb 4,28 +0,46 100

*Moumimka. PisHuys docmosipHa rMopieHAHO 3 KoHmposiem (p<0,05)

HanBuLia ypoxXanHiCTb CyHULI cagoBOi 3anexHo Big o6pobku cagxaHuiB
MeTaboniyHo akTMBHUMM Cnosiykamu nepepn nocagkow crnocTepiranaca npu
BUKOPUCTaHHI kombBiHauii BitamiH E + meTioHiH + NMOBK i cknagana 9,2 1/ra,
LLIO NEPEBULLNIIO NOKA3HMKN KOHTpOMo Ha 24, 3 % (Tabnuua 2).

29




BboTaHika i (isionoris pocnuH

Tabnuusa 2.
BnnunB o6po6ku cagkaHuUiB MeTaboniyHo akTUBHUMM CroflyKaMu Ha
YPOXanHIiCTb CYHUUi canoBoi

BapiaHT YpoxanHicTb, T/ra % [0 KOHTPOSO
BitamiH E+ y6ixiHOH 8,5 +0,76 114,9
Y6BixiHOH 8,8 +0,65 118,9
BitamiH E + meTioHiH + [TOBK 9,2 +0,60° 124,3
-I?'i\zgl\gigf + meTioHiH + [TOBK 9.1 £0,63 122.9
KoHTposb 7,4 £0,46 100

*Mpumimka. PisHuus docmosipHa MopieHAHO 3 KoHMposieM (p<0,05)

Bci pocnigkyBaHi npenapatm Ta KombiHauii mMeTaboniyHO aKTUBHUX
CMOSYK CpUAnU MiABULLIEHHIO YPOXaWHOCTI CyHuUi cagoBol. Lli meTabonivyHo
aKTUBHI PEYOBMHU MOXYTb BYTM peKOMeHOO0BaHi 40 3aCTOCYBaHHA Y NpaKTuULi
CiNMbCbKOro  rocrnogapcrea  $K efieMeHT e@EKTUBHOI  TeXHOsorii  npu
BMPOLLYYBaHHI ArigHUX KynbTyp.
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Bnnue nepeanociBHOI 00pO6KM HACiHHA MeTaboniYHO aKTUBHUMMU
Crnosiykamum Ha BMIcCT 3eJIeHUX (POTOCUHTETUYHMX MIrMEeHTIB y TKaHMHaXxX
NNCTKIB NweHuui M’AKoi Apoi y ¢pasy Buxoay B TpyoKy

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu ozons. YKpaiHa

The study presents the results of investigating the effects of pre-sowing seed
treatment with combinations of metabolically active compounds on the content of
green photosynthetic pigments in the leaf tissues of spring soft wheat at the stem
elongation stage. It was found that metabolically active substances stimulate the
formation of green photosynthetic pigments in wheat leaf tissues during this growth
phase. The highest content of chlorophyll a and b, as well as their total amount,
was observed following pre-sowing seed treatment with a combination of vitamin E
and ubiquinone-10.

Keywords: pre-sowing treatment, metabolically active compounds, chlorophyll
a and b.

[MweHnuss — OCHOBHa XapyoBa KynbTypa B OiNbLIOCTI KpaiH CBIiTYy. Y
MIBHIYHIA  NiBKYNi MWeHUUA € OCHOBHOK MNPOLOBOSbYOK  KyNbTYpOlo,
ocobnMBO B CTEMNOBUX | NCOCTENOBMX pPanMoHax 3 MNOMIPHMM KNiMaToM.
B YKpaiHi BOHa € ogHielo 3 NPOBIAHUX 3€PHOBUX KyINbTYp B MOCIBHMX MioLwax |
B 3aranbHomy 300pi 3epHa CTaHOBUTb Mawke MofIoBUHY Bpoxato [1].
MwueHnua spa Mae 3epHO 3 BUCOKMMM XNiBonekapCbKuMu i Kpyn'sHUMMK
BNacTUBOCTAMU Ta MICTUTb Binblue BinKy, KNEeMKOBUMHW, HiXK 3€pPHO MLUEHWULUI
o3umol. Lle no3Bonde BUKOPUCTOBYBATU WMOro SK nosinwysay npu BUMiKaHHI
xni6a. Il 3epHO BMKOPUCTOBYIOTb AN BUTOTOBMEHHS KPaLLMX COPTIB MaHHOT
Kpynu, MakapoHiB [2].

BueHi poBenu, WO BpoOXaWHICTb € 6e3nocepeaHbol  HOPMO
POTOCUHTETUYHOIO npouecy abo pesynbTatom 6ioXiMiYHOMO NEpPeTBOPEHHS
NpoayKTiB (POTOCUHTE3Yy. 3erieHi nirmeHTn xnopodiny a i b BigirpatoTb
0COBnMBO BaXnuMBY poOSib Yy (POTOCUHTE3I Ta € YyTNMBMMW iHAMKaTOopamu
@izionoriYHoro ctaHy pocnunm [3].

Tomy, MeTow Hawoi poboTM 6yno BMBYMTM BMMAMB NepeanociBHOI
00pobkn HaciHHA KoMbiHauissMM MeTaboniYHO aKTUBHUX PEYOBUH Ha BMICT
3eneHnx POTOCUMHTETUYHUX MNIrMEHTIB Y TKaHWHaxX JUCTKIB MNWeHULi M’SaKol
Apoi y hasi Buxoay B TPYyOKy.

[MonboBi gocnign npoBOAMNM Ha TepuTopil HaB4aribHO-A4OCHIAHOI
arpobioctaHuii HibKMHCbKOro AepaBHOro YyHiBepcuteTy iMeHi Mwukonu
['oronsa. BignosigHO AiNsAHKM roTyBanu A0 MOCIBY: NPOBOAMNM KyrNbTUBALLO,
obmipsanun, po3bumBann Ha BapiaHTU Ta MOBTOPHOCTI, @ TakoX 0Opobnsanu
HaCiHHS NWeHuULi JoCnig4KyBaHUMUN peYOBUHAMM:

1. KoHTponb — HaciHHA ©0e3 o00pobku (0OpobneHe AUCTUNIbLOBAHOM
BOJOL0).

2. HaciHHs, o6pobneHe kombGiHauieto BiTamiHy E (108 M) Ta y6ixiHoHy-10
(107 M) - EQ.
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3. HaciHHs, 06poGneHe kombGiHauieto BiTamiHy E (10® M), meTioHiHy
(0,001%) Ta napaokcubeHsomHa kucrnota (MOBK) (0,001%) — EMI.

4. HaciHHfa, obpobGneHe kombiHauielo BiTamiH E (10% M)+ (MOBK)
(0,001%) + meTioHiH (0,001%) + MgSO4 (0,001%) — EMIMNMg.

5. HaciHHga, o6poGneHe kombiHauieo BiTamiHy E (108 M), MOBK
(0,001%) Ta MgSO, (0,001%) — ElNMg.

[Ans gocnigkeHHsa BUKOPMCTOBYBASIM HACIHHA MWeHUUi M’SIKoT 9poi CopTy
[MaHaHKa. Lle BMCOKOBpPOXaWHWW, CEePenHbOCTUMNUKA COPT, CTINKMAW OO
XBOpPO6, BUnsiraHHs, nocyxu Ta obcunaHHs [4]. Hac 06pobku HaCiHHA nNuweHuLi
MeTaboniyHO aKTMBHMUMKU peyoBMHaMK cknagae 2 rog. [licna obpobku
PO34YMHOM KOMOiHaUin MeTaboniyHO akTUBHUX PEYOBUH HACIHHSA MLIEHWUL
BMCIBanun By3bKOpSgHMM CocoboM (LumpuHa Mixpsagb — 15 cM) y I'pyHT nonsi.

Y dhasy Buxogy B Tpybky 6yno BM3HaA4eHO BMICT xnopodinie a i by
TKaHWHaX JNIUCTKIB MWEHULi M'SKOT Spol 3a MeToanKoo [5].

POTOCUHTE3 € OCHOBHUM MPOLECOM, L0 3abe3nedye poCnnHy eHeprieto
ANS pOCTy i po3BUTKY. Y hasi Buxoay B TPYOKy y NIEHULi Spol poToCMHTES
BiabyBaeTbCA Ha MNOBHY MOTYXHICTb. Y UEN nepiog pPOCrAnHA HaKonuyye
BESIMKY KiNbKICTb BYrfeBoaiB, ki HeobxiaHi in ona dopmyBaHHS Konoca [6].

[MepeanociBHa ob6pobka HaciHHA KombGiHauisMu MeTaboniyHO aKTUBHUX
CMOMyK NO3UTMBHO BMNJIMHYIa Ha BMICT Xropoinie y 3a3Ha4veHy dasy. Y uiu
drasi HaMBMLLMIN NOKa3HMK BMICTY CyMKn Xxnopodpinly a i b cnocrtepiraBcs 3a
nepeanociBHOi 06pobkn HaciHHA nweHuui kombiHauieto EQ, wo craHoBuB
19,76 mr/r cupoi macu i Ha 23,6% nepeBuLLyBaB NOKa3HUK KOHTPOSIO, KU
BignosigHO cTaHoBMB 15,99 wMr/r cupoi Macu. Bwmict xnopodiny a y
KOHTPOSIbHOMY BapiaHTi cknagas 11,83 mr/r cupoil macwu (tabn. 1).

Tabnuusa 1.
BmicTt xnopodiniB ai b y TkaHMHax NUCTKIB nweHuULi M’ AKOI Apoi
copty lNaHsHKa 3a nepeanociBHOI OOPOOKM HAaCiHHA KOMbiHaLUiaMK
MeTabonivYHoO akTUBHMUX cnonyk y a3y Buxoay y Tpyoky

BwmicT cymun Bwmict BmicT
BapiaHT xnopodinis ai b xfiopodiny a xnopodiny b
mr/r % no Mmr/r cnpoi % Do Mmr/r cnpoi % po
CUPOI Macu | KOHTPOIO Macwu KOHTPOSO Macwu KOHTPOIO

15,99 11,83 4,16

KoHTposb £0.02 100,0 +0.18 100,0 +0.07 100,0
18,81 13,94 4,87

EMNMg 0 5 117,6 £0 18* 117,8 +0.07* 117,1
19,61 14,82 4,79

EMIMMg +001 122,6 £0.18* 125,3 £0 05* 115,1
18,23 13,24 4,99

EMTI 40,25 114,0 +0.03* 111,9 0 06* 120,0
19,76 14,37 5,39

EQ £012" 123,6 +0.01 121,4 +0.02 129,6

Tlpumimka. PisHuus docmosipHa rnopieHsaHO 3 KoHmposnem (p<0,05)
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O6pobka HaciHHA nweHuui Apoi neped NociBOM KOMGiHaUieto pevyoBuH
EMIMMg pana moxnueicTb 36inbwnTn Ha 22,6 % NOKas3HWK CymMu Xropodinis
aiby TkaHMHax NUCTKIB NLWEHULi NOPIBHAHO 3 KOHTPOSBHUMMW NMOKa3HMUKaMM.

Y dasi Buxogy y Tpybky nepegnociBHa 06pobka HACIHHS nWeHWUL
komGiHauismm EMNMMg Ta EMIT TakoX BUSBUMANM BUCOKY €(EKTUBHICTD,
nepeBuLLYHOYM MOKA3HUKM BMICTY cymu xropodinis ai b Ha 17,6 % i 14,0 %
MNOPIBHAHO 3 KOHTPOSIbHMMU MOKa3HWKamMu BignosigHo (Tabn. 1).

EdekTnBHICTb AocnigkeHnx KombiHauin MeTabosniyHO akTUBHUX CMONyK
LWoAO0 NigBULLEHHS BMICTY XMopoginiB y TKaHMHaX JUCTKIB MLUEHWULU
MNOSICHIETLCA TUM, WO BiTaMiH E Ta ybixiHOH-10 GepyTb yyacTb Yy
GioeHepreTuyHux npouecax, a NOBK Aaie sk aHTMOKCUMAAHT i NPOOKCUAAHT,
CTUMYITIOE anbTepHaTUBHY okcnmgasy — Ta peryntoe aKTUBHICTb
aHTnokcmaaHTHNX doepmeHTiB [7]. Kpim Toro, NMOBK  BMKOHyE YHKLUitO
CUrHasnbHOI MOMeKynu nig vyac popmMyBaHHA 3axXUCHUX peakuil, Lo cnpude
NiABULLEHHIO CUCTEMHOI CTIMKOCTI POCMAMH OO0 HECNPUATINBUX YUHHUKIB
HaBKOSMLWHBOro cepepoBuwla [8]. MeTioHIH € nonepegHUKOM Yy CUHTESI
rOpMOHIB pocTy Ta 6epe ydacTb y perynsauii BigkputTa npoamxis [9].
[onaTtkoBe XUBMEHHs pocnunH 3abesnevye MiHepanbHe JOOPMBO — MarHito
cynbdat. MarHin Bigirpae Kro4oBy posib Y (POTOCMHTETUYHUX MpoLecax,
OCKiflbKM BXOOMUTb OO0 cKnagy xrnopoduiny, 6epe ydactb y cuHTE3i Binkis,
TpaHCcnopTyBaHHI ocopy, akTUBI3ye PEPMEHTM Ta pPerysitoe MorfiMHaHHA
BOAM KOpeHeBoto cuctemoto. Cynbdyp, noaibHo Ao marHito, BNnBae Ha picT i
PO3BUTOK pOCInuH, Gepe yyacTb y 6INKOBOMY CUHTE3I, (hepMeHTaTUBHUX
npouecax, perynioe meTaboniam, OKUCHO-BIAHOBHI peakuil, nigsuwye
CTIMKICTb POCINH O CTPECOBUX YMOB i CTUMYIOE NpoLecu BigHoBreHHA [10].

Takum 4YnHOM, MeTaboni4YHO akTMBHI CROSYKN, MO3UTUBHO BANMBAOTb Ha
BMICT 3efeHUX (POTOCUHTETUYHUX MNIrMEHTIB Yy TKaHMHaX JUCTKIB MLUIEHWUL
M’SKOI Sipoi, @ nepeanociBHa 0bpobka HacCiHHA 3a3HaYeHMMKU KoMBiHaLUiaMK
Moxe OyTM BUMKOpUCTaAHA $SK eneMeHT eqEeKTUBHOI TEeXHOMOorii npu
BUPOLLYBaHHI 3€PHOBUX KYNbTYp.

Nitepatypa

1. YkpaiHa nnaHye 3aciatTm Hanbinblly Moy Apol NWeEHWUi 3a OCTaHHI
12 pokie. UNN. 2023. URL: http://surl.li/mgabr.

2. Cyxomyg O. I'., JTlobuy B. B. Ypoxan i akiCTb 3epHa MweHuui Spoi 3a
PI3HNX YMOB MiHEpanbHOro XuBIeHHSA. BiCHMK YMaHCbKOro Hai,. YHIB.
cagisHmutea. 2013. Ne 2. C. 51-55.

3. Cracuk O. O., Kipizin [l. A. PerynaTopHi 38’a3ku i NiMiTyBanbHi YAHHUKN B
cuctemi (PpOTOCUHTE3 — MpPOAYLIMHMIA npouec Ta nepcnekTuBu IX

33


http://surl.li/mqabr

10.

BboTaHika i (isionoris pocnuH

onTumizauii. dusnonorms n OMOXUMMUA KyNbTYpPHbIX pacTteHun. 2011.
T. 43, Ne 3. C. 226-238.

MweHnnuya M’sika spa lNaHsaHka. URL: https://www.mip.com.ua/page/183-
pshenytsya-m-yaka-yara-panyanka

MpuuaenHko 3. M., NpuuaeHko A. O., Kapnenko B. . MeTtoan 6ionoriyHmnx
Ta arpoHOMIYHMX JocrigkeHb pocnuH i rpyHTiB. Kuis: 3AT «HIYJIABAY,
2003. 320 c.

Kyopssuubka A. M. Bnnue TpuBanoro 3acTocyBaHHS A06puB Ha
NPOAYKTUBHICTE (POTOCUHTE3Y Ta BPOXAWHICTb MeHuui apol. BicHuMK
arpapHoi Hayku. 2016. T. 94, Bun. 4. C. 24-27.

Rozhnova N. A., Gerashchenkov G. A. Effect of ubiquinone 50 and viral
infection on phytohemagglutinin activity in development of induced
resistance in tobacco plants. Izv. Akad. Nauk Ser. Biol. 2008. Ne35.
P. 442-447.

Jeong-Yong Cho, Jae-Hak Moon, Ki-Young Seong, Keun-Hyung Park.
Antimicrobial  Activity of 4-Hydroxybenzoic Acid and trans
4-Hydroxycinnamic Acid Isolated and Identified from Rice Hull.
Bioscience, Biotechnology, and Biochemistry. 2008. Ne62(11). P. 2273-
2276.

Monanynkos C. IM., Kobernb A. V. Pornb aMiHOKMCAOT y 3axXUCTi KynbTyp

Big CTpEcCiB. HIMK «KBagpart». URL:
https://agromage.com/stat_id.php?id=1086 (naTa 3BEPHEHHS:
16.02.2025).

CynbaT marHito, 9k JoaaTKoBe J)Xeperno Cipku Ta MarHito 451 pOCIvHM.
Agro One. URL: www.agroone.info/publication/sulfat-magniju-jak-
dodatkove-dzherelo-sirki-ta-magniju-dlja-roslini/ (naTa 3BEPHEHHS:
10.04.2025).

34


https://www.mip.com.ua/page/183-pshenytsya-m-yaka-yara-panyanka
https://www.mip.com.ua/page/183-pshenytsya-m-yaka-yara-panyanka
https://agromage.com/stat_id.php?id=1086
http://www.agroone.info/publication/sulfat-magniju-jak-dodatkove-dzherelo-sirki-ta-magniju-dlja-roslini/
http://www.agroone.info/publication/sulfat-magniju-jak-dodatkove-dzherelo-sirki-ta-magniju-dlja-roslini/

BboTaHika i (isionoris pocnuH

YK 58.082(477)
HsayeHko L.1., lWyminosa A.B.,lLUnan H.M.

IcTopia hopmyBaHHA Ta cKnag iCTOPUYHOI KOMeKLil
«ep6apin M.B. KnokoBa» (KW)

IHcmumym 6omakHiku im. M.I". XonooHoz2o HAH YkpaiHu

The paper briefly examines the history of the formation and current
composition of the historical collection of the 20th century "Herbarium of
M.V. Klokov" from the funds of the National Herbarium of Ukraine (KW) of the M.G.
Kholodny Institute of Botany NAS of Ukraine.

Knrouvosi cnoBa: M.B. Knokos, repbapin, KW

Mwuxanno Bacunbosud KnokoB (1896-1981) — BuaaTHUM YKpaIHCLKUN
HayKoBelUb, JlaypeaT OepXaBHUX MpemMin B ranysi Haykm Ta TexHIKu,
3acnyxeHun piay Haykm YPCP, akuii 3pobvB NOMITHUIA BKNag y PO3BUTOK
yKpailHcbKoi 6oTaHikm [1, 2]. WNoro nepy Hanexatb noHag 120 HaykoBux
npaub, TAKCOHOMIYHE oOnpautoBaHHA HU3KU pOoOUH ONa BuaaHHs «dnopa
YPCP», nigrotoBka nepworo «BusHayHuka pocnuH YPCP» (1950).
Po3pobneHi HAM MOHOTMMIYHA KOHUEeNUis BMAay, a TakoX iToenaonoriyHa
KOHLLENLis, B OCHOBI AAKOI NEXUTb BYEHHSA NPO reorpadivyHi pacun pocnuH, siK
6es3nocepeHin 06’ekT andpepeHuiauil BuaiB y npupoai, Manuv LWMpoKui BRNuBe
Ha PO3BUTOK CUCTEMATUKM BULLMX POCNMH B YKpalHi Ta TaKCOHOMIYHY
iHBeHTapm3auito ii dnopu. MNMomiTHUM Bknagom B GOTaHiKy € onmMcaHi HUM
6nm3bko 700 HOBMX TaKCOHIB KBITKOBMX pocnivH (Acinos eglandulosus Klokov,
Cirsium lipskyi Klokov, Stipa poetica Klokov, Thymus attenuatus Klokov, iH.).
[Mo3a gopykoBaHOK HAyKOBOK CnadllinHOK Baxnueum gopobkom M. Krnokosa
€ noro repbapin, wo 36epiraetbca B HauioHansHomy repbapii Ykpainm (KW)
[1-4].

dopmyBaHHs BnacHoi repbapHol konekuii M. Knokos poanoyaB y 1915—
1917 pp., Oyaoyum CTygeHTOM MNPUPOLHUYO-ICTOPUYHOrO  dhakynbTeTy
XapkiBcbKkoro yHiBepcutety (XAY), a no ToMy TMM4YacoBO Mpauoyn Ha
nocadi OotaHika 3anoBigHMka «AckaHis-HoBay. Npo ue ceigyaTb repbapHi
36opun 3 okonmub XapkoBa, 3 Kym'sHCbkoOro noBiTy Ta AckaHii-HoBa, siki B
noganbLLIOMYy BUKOPUCTaHI Npu onuci HoBMX TakcoHiB: Centaurea lavrenkoana
Klokov (KW000075836), Gypsophila stepposa Klokov (KW000017449),
Minuartia piskunoviii Klokov (KW000056752, KW000056753), Onosma
subtinctoria Klokov (KW000008130), iH. [TonoBHeHHS Konekuii maTepianamu 3
NiBobepexksa NpoaoBXUNUCL | B HACTYMHI poku, ockinbkn M.B. cywmiwas
eKCKypcii B npupoay 3 npaueto B KomicapiaTti HapogHoi ocsitn (1919) Ta
HaBYaHHSAM B acnipaHTypi XapKiBCbKOro iHCTUTYTY HapogHoi ocsitn (XIHO,
1921-1926). JocnigxeHHs donopu XapKiBLUMHN, JlyraHwmHu,
[HinponeTpoBLNHK, YepKawmHW, iH. CTano OCHOBHUM akLEHTOM B pobOTi
MOMOAOro BYEHOro 3 Y4acy 3apaxyBaHHA MOro HaykoBMM CHiBPOOITHMKOM
kacpegpi ©OotaHikm XIHO (1926-1930), a no ToMy 3aBigyBaya Bigainy
CUCTEMATUKN KBITKOBUX POCHNH HaykoBO-40CNIAHOMO IHCTUTYTY 6oTaHikn XY
(1930-1941) Tta npodecopa kadegpu cuctematvkm pocnunH XAY (1935-
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1941) [2]. Bci ui pocnigxeHHs 3adpikcoBaHi HU3KOK repbapHUX 3paskKiB:
CWU0050027, KW000006250, KW 000004967, KW 000115674, iH.

B poku BiHM (1941-1944), nepebyBatoun B eBakyauil B M. K3un-Opai
(KazaxctaH), M.B. KnokoB 3aBigyBaB kadegpot 6oTaHikn OBG’egHaHOro
yKpalHCbKOro yHiBepcuteTy [2]. B uen 4vac BiH 36upae uyucenbHi 3pasku
Kasaxcbkol donopu, nomnoBHIOKYM CBOK Kornekuito. [1Jo cborogHi cepen moro
maTepianiB 36epiraloTbCA aBTOPCbKi 360pu 3 noHu3ss p. Cup-Hap’i 6ins
3anisHu4Hol ctaHuil AHn-Kypran (cenuwe XXaHakopraH) Kuamn-OpanHCbKOl
obnacrti Kazaxctany (KW000119869, KW000119870, KW000119879, iH.).

[Micna noBepHeHHS 3 eBakyauil M.B. Knokos nepeis3antb Ao Knesa, ge 3
1944 | [o KiHUS XUTTS Npautoe cTaplumMm HaykoBuM crniBpobiTHMKOM Bigginy
cucTtemaTukmn Ta reorpadii BUWKMX pocnnH IHCcTuTyTy 60TaHikn AH YPCP [2].
B uen 4ac noro repbapHa Konekuisi NOMNOBHIOETLCA YNCENTbHUMN CEPIMHUMMU
MaTepianamm 3 pisHMX KyTOYKIB YKpaiHM Ta CyMiKHUX Teputopin. Ocobnusuin
akueHT aBTop pobuTb Ha Martepianu, WO cnyrysann Ana HanmcaHHs
AOKTOPCbLKOT ancepTauil «QHOeMU3M yKpauHckon dnopbl» (1948), a Takox
onpautoBaHb OKpeEMUX CUCTEMATUYHMX rpyn ans sugaHb «®Pnopa YPCP» Ta
«dnopa CCCP» (Hanpuknaa, okpemi poan Asteraceae, Rosaceae, Poaceae,
Polygonaceae, Caryophyllaceae, iH.) [2, 3].

3a nitepatypHummn gaHnmm repbapin M.B. Knokosa Ha nodaTtok 1990-x
pokiB cknagascs 3 6nm3bko 20 000 3paskiB CyaMHHUX pPOCAKUH [5, 6].
3Baxkaloun Ha iHTepec HaykoBLiB OO0 MemopianbHoro repbapito BYeHoro, y
nepiog 2016 — 2024 pp. 3a nNiaTpuMKK gep)xaBHoOI nporpamun HauioHanbHe
HaobaHHA, NpoBedEeHO MOBHE TexHIYHe onpauloBaHHA  Komekuil 3a
ctaHgaptamn KW Ta nepemilleHo 1i Ha nocTinHe micue 36epiraHHa [4]. 3a
Luen yac onpauboBaHo 18 153 repbapHi 3pasku, 3 akux 36opn M.B. Knokosa
cknanu 13 645 3paskiB, a 4 508 3paskiB CTaHOBUNX MaTepianu iHLWKNX
konektopie (O.M. [y6osuk, A.l. bapbapuya, T.l. binuka, ®.0. [puHs,
6.B. 3asepyxu, KO.[. Kneonosa, A.M. KpacHoBoi,  M.A. Kykana,
€.M. NNaBpeHka, C.C. Mopoastok, B.B. lMpotononosoi, B.I. Cobka,
B.B. Yonuka, iH.). B x0ai onpautoBaHHA BCTAHOBIIEHO, LLIO OCTaHHI MaTepianu
noTpanunuM OO Konekuii 3 iHwux 3ibpaHb, Hanpuknag, 3 «[epbapis
B. beccepa», «[lepbapin XK.E. XKinibepa», 3 konekuin «dnopa YkpaiHuy,
«®nopa ceity». Tomy 3ragaHi 3pasku Oynu MNoOBepHyTi OO0 BiANOBIAHUX
Konekuin [4].

[Mlicna ocTaTo4YHOro ykomnnektyBaHHs repbapHoi konekuii M.B. KnokoBa
BCi 13 645 3paskiB aBTOpCbKMX 300piB po3knaaeHi B abeTkoBoMy NopsaKy no
poauHaMm, podam i Bugam, Lo 3arasniom 3amHAno 286 nanok, po3milleHuX B
12 ctaHgapTHuX repbapHux wadpax KW. 3a nonepedHiMu gaHMMm B KOMeKUil
M.B. KnokoBa npeactasneHi matepianu 1 683 Buais 3 526 poais 98 poauH.
Cepen npencraBneHux B KOnekuil poais HambinbLuy KinbKiCTb BUAIB MaloThb:
no 36 — Euphorbia (Euphorbiaceae), Stipa (Poaceae), Galium (Rubiaceae);
31 — Thymus (Lamiaceae); no 29 — Centaurea (Asteraceae) Ta Veronica
(Plantaginaceae); no 26 — Asperula (Rubiaceae) Tta Viola (Violaceae), no 20 —
Trifolium, Vicia (Fabaceae), Dianthus (Caryophyllaceae). I[HWi poan
npeacTaBrieHi HeYncenbHOK KinbKiCTb BuAiB, a 223 poais — nuwe ogHUM
BNOOM. XapaKTepHOK PUCOID KONeKLUil € 3ibpaHHsA cepinHOro maTepiany HU3Ku
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KPUTUYHMX Y CUCTEMATUMYHOMY BIOHOLLIEHHI Fpyn CYOAWHHUX POCIWUH, SIKe
Bigjobpaxae BHYTPILHBLOBNOOBMA MoniMopdi3dM, 30KpemMa npeacTaBHUKIB
poais Euphorbia (Euphorbiaceae), Festuca, Stipa (Poaceae), Centaurea
(Asteraceae), Veronica (Plantaginaceae) Thymus (Lamiaceae) Ta iH. Kpim
LbOro 3a 4ac onpautoBaHHs Konekuii BusiBneHi 6mnmn3bko 150 aBTEHTUYHMX
3paskiB Pi3HUX KaTeropin, sKi nicna HaykoBOro onpautoBaHHA nepemilleHi 4o
Konekuii TuniB cyamHHux pocnuH (KW), ge 36epiraloTbCa iHWI TUMNOBI
matepianu Buaie, onucaHnx M.B. KnokoBum. Cepeg Hux: Carduus
bicolorifolius Klokov (isotypus), Centaurea protomargaritacea Klokov (sp.
authent.), Euphorbia bessarabica Klokov (holo-, iso-, paratypus), Paeonia
litophyla Kotov (isotypus), Peucedanum lubimenkoanum Kotov (paratypi),
Polygonum saporoviense Klokov (holo-, iso-, paratypi, sp. authent.), P. kotovii
Klokov (paratypi, sp. authent.), Rumex lonachevskii Klokov (holo-, isotypus),
Stipa asperella Klokov et V.V. Osychnyu (holo-, paratypi), iH.

Omxe, 3aBeplUeHHS HayKOBO-TEXHIYHOro oOnpautoBaHHA MaTepianis
konekuil M.B. KrnokoBa gano MOXMMBICTb BCTAHOBUTU TOYHY KiSIbKICTb Ta
AKICHAN CKrag UuUbOoro YHikanbHOro ictopuyHoro repbapito XX cToniTTS.
Mopganblia poboTta 3 komnekuieto nependavae CTBOPEHHS 11 €NeKTPOHHOro
KaTtanory, sikKMA He nuwe AacTb MOXIMBICTb YAOCKOHANUTU MOLUYKOBY
CUCTEMY UbOro 3ibpaHHs,, a W MNOKIMKaHUM 3abe3neunTn pes3epBHEe
3b6epexeHHs repbapHoi iHbopMalii, WO MICTUTbCA B Lin 36ipui 3pas3ki..
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YOK 581.5: 582.47: 635.9
3anuesa 1.0., KyprysiHa A.P.

ExonoriyHuin ctaH BuAiB poay Picea Dietr. B HacamKeHHAX XXUTNOBUX
TepuTopin M. [IHinpo

LHinpoeckkul HayioHanbHUU yHieepcumem imeHi Onecsi [oH4Yapa, YkpaiHa

According to the results of the study, it was found that in the green spaces of
residential areas of Dnipro. Dnipro, spruce trees are mainly represented by Picea
pungens (77.8%) and Picea abies (18.9%). Chronic exposure to urban factors in
multi-storey residential buildings leads to a deterioration in the vital condition of
trees, disruption of the processes of megastrobilization, which is expressed in a
decrease in the weight and size of cones. The greatest negative effect is observed
under the complex effect of unfavorable conditions associated with the direct
impact of a highway with heavy traffic.

Knwo4oBi crnoBa: snuHa Komnw4a, AfivMHa 3BWYanHa, reHepaTuBHI OpraHu,
ypbaHizoBaHe cepeaoBuLLe, CTENOBA 30HA.

[Mpy CTBOPEHHI LWTYYHUX KynbTYpIiTOLEHO3IB Ta 03efieHIoBaslbHUX
HacagkeHb B ymoBax [1paBobepexHoro Cteny YkpaiHM B SIKOCTi OCHOBHUX
nopig BUKOPUCTOBYHOTbCS oKpemi BUOM AepeBHO-4YarapHUKOBUX
IHTPOAYUEHTIB, AKi TpMBanuu 4Yac KySfibTUBYHOTbLCA B JAHOMY PerioHi, 30kpema
Robinia pseudoacacia L., Gleditchia triacanthos L., Acer negundo L.,
Fraxinus lanceolata Borkh., Ailanthus altissima (Mill.) Swingle, Populus
deltoides Marsh.., Populus bolleana Lauche., Populus italica (Du Roi)
Moench, Salix babilonica L., Ulmus pumila L., Juglans regia L., Laburnum
anagyroides Medik., Syringa vulgaris L., Lonicera tatarica L., Amorpha
fruticosa L. Ta iH. Lli nopoau NoBHiCTIO aganTyBanuca i aknimatmsysanucs oo
YMOB perioHy, a fesiki 3 HUX HaBiTb Habynu puc HebesneyHux iHBa3iIMHMX
a[lBEHTIB B HOBOMY KyNnbTUreHHOMY apeari.

[MpoTe 4O TenepiHbOro Yacy 4OCUTbL OOMEXeHEe BUKOPUCTAHHS XBONHUX
AepeBHNX MNopig B 03eNneHeHHI MICbKUX TepUTOPIN Pi3HOro goyHKUiIOHANBHOro
npusHayveHHs. lNepw 3a Bce Le 0OYMOBNEHO HEBIAMOBIAHICTIO KNiMaTUYHMX
YMOB pPErioOHY €KONoriYHnM BMMOram GinbLlUOCTi BUAIB XBOWHMX, NPO LLO
CBiOYMTb HasIBHICTb TiNbKM ABOX aboOpUreHHUX BUAIB rOfIOHACIHHUX Y CKnagi
npupoaHOI AeHapodiopy panoHy gocnimkeHbs — Ephedra distachia L. i Pinus
sylvestris L. [1], ane oOCTaHHiK BUA TpannseTbCsa Yy BUMNALI OKpPeEMUX
nokaniTeTiB Ha MiBAEHHIN MexXi CBOro npuvpoaHoro apeany. 36arayveHHs
dorIOPUCTUYHOTIO CKnagy 3esieHNX HacamXeHb XBOMHUMU nopoamMu 0O3BOMUTL
HE TiNbKA 3HA4YHO MiABULLNTU OEKOPATMBHO-ECTETUYHI Ta MIKPOKMiMaTUYHI
SKOCTI cepefioBMvLLA, ane W ONTUMI3yBaTWM WOro CaHiTapHO-TIMEHIYHMA Ta
€KOMNOriYyHUN CTaH.

Cepen npeactaBHUKIB XBOWMHMX nopig, a came poavHu Pinaceae,
HanbinbLW edekTUBHUMM B LibOMY BigHOLWEHHI € Buan poay Picea Dietr. [2].
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Buan anuH LWIMPOKO 3aCTOCOBYOTL B 03eneHeHHi ypbaHizoBaHMX TepuUTOpin B
ymoBax [lpaBobepexHoro Jlicocteny, lNoniccsa, YkpaiHcbkux Kapnat [3, 4],
npoTe Yy CTenoBiM 30HI BOHW 3a3HalOTb  KOMMJIEKCHOrO  BMIMBY
ypBbOTEXHOrEHHMX (PaKTOpiB Ta nocywnmBmx ymMoB. BHacnigok rnmbokux
KniMaTUYHUX 3MiH BiAOYBaETbCS MOripLUEHHS CTaHy, POCTY M PO3BUTKY SSIMH
[5], TOMY 3Ha4HOI aKkTyarnbHOCTI HabyBalTb LOCIIKEHHSA eKosloro-6ionoriYHmnx
ocobnuBocTeEN XBOWMHWUX IHTpOOYLEHTIB p. Picea y NpOMUCAOBMX MicTax
CTENOBOI 30HN YKpaiHW.

Pesynbtatn obcTexeHHS BWOOBOro cCknagy HacamkeHb LEeHTpPanbHOro
pavoHy M. [IHINpO nokasanu, Wo y4acTb XBOMHUX MOPI4 € OY)Xe HE3HAYHOIO i
B cepegHboMy He nepeBuwye 8,5%. Cnig Big3Hauitu, WO yainbHa Bara
XBOVHUX [OEepeBHMX  MOpig Ha OKpeMumx ob’ekTax O3eNneHEeHHs1 3Ha4dHo
BiAXMNAETBLCA Bif ycepeaHeHOoro nokasHuka B 3anexHoCTi Big 0cobnmBocTemn
naHgwadgTHOI  opraHisaudii Ta (yHKUiOHaNbHOro npu3aHadYeHHa OB6’eKTiB
cuctemMmn o3seneHeHHsi, pocsarawun 30-45% B HaCamKEHHSIX OKPeMUX
KaTeropin 3arasibHOro KOPUCTYBaHHA 3 MigBULLEHUMW  [OEKOPaTMBHO-
eCTETUYHMMU PYHKLIAMU, 30KpEMa Y CKBepax MeMOopianbHOro rnpusHayYeHHs,
Ha nnowax MICbKOro 3HadeHHd, B 0dOPMIIEHHI TepuTopin 6ins
aAMiHICTpaTUBHMX YCTaHOB, 06’eKTiB couianbHOT iHPPaCTPYKTYpW MiCTa TOLLLO.
[MepeBaxkatoumMmm XBOMHUMKU nopodamMn poauHm Pinaceae Ha o6GCTeXeHin
Micbknin Teputopii 6ynn npeactaBHukn poay Picea Dietr., i3 He3HayHow
yyacTio Buais pogy Pinus L. (P. sylvestris L., P. nigra Arn., P. pallasiana
D.Don) ta Abies Mill. (A. concolor Lindl. Et Gord., A. nordmaniana (Stev.)
Spach). Cepen SfIMH — OCHOBHUX XBOWHUX [epeB B O3eSfIeHeHHi Micta —
HanbiNbLUY KinbKiCTb CTaHOBNATb ABa Buan — P. pungens Engelm. (77,8%) i
P. abies (L.) Karst. (18,9%), pewTta 3,3% npunagatoTb Ha iHWi BMAW
(P. canadensis (Mill.)Britt. , P. engelmannii Engelm.). binbwictb BMAaiB poay
Picea xapakTepu3ylTbCsi HEBUCOKO CTIMKICTIO 40 YMOB Yp6OTEXHOrEHHOro
cepegosuwa [6]. Bigomo, WO B UINOMYy SAAWHM HeOoCTaTHbLO BUTpPUBani B
NOCYLWSIMBMX YMOBax CTenoBol 30HW. [locBig4 BWKOPUCTAHHA SNWH B
O3€efleHeHHi MICT niBAEHHO-CXiAHOI YKpaiHu nokasaB [2], wo HamnbinbLl
npuctocoBaHoto € P.pungens, ocobnueBo 1i gekopaTuBHi dopmn —
f. argentea, f.glauca, BigHOCHO cTikumMu € Takox P.canadensis i
P. engelmanii, HaMMeHLLO CTIMKICTIO XapakTepuayeTbcs P. abies.

AHani3 KOMMO3UUINHOI CTPYKTYpPU HacamMkKeHb Ha UuX Teputopiax
nokasas, L0 SMAWHW NpeacTaBfeHi nepeBaxHo Manumu rpynamm y HambinbLu
3HAYMMUX Micuax i (POKYCHUX ToYKax BWOOBMX MEPCMEKTUB, Ha BIOKPUTUX
MiCLAX BifIbHUX BiJ, iHWOT AepeBHOI POCNUHHOCTI. [JoCUTb NOWNPEHi COMiTepHi
nocagknm SnuH, sKi CRyryloTb akueHTOM B KOMMNo3uuil  naHawadTHOro
oopMmneHHss o06’ekTiB. [lpoTe OAMHOYHI  eK3eMnnsapu SAUH - 4acTo
3HaxoOATbCA cepel [OepeBOCTaHy, B OTOYEHHI JNUCTAHUX aepeB 11X
PO3MIiLLEHHA Ma€ OYeBUAOHO BUNAAKOBUN xapaktep. [NpakTMYHO BIiACYTHI Taki
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00’EMHO-MPOCTOPOBI €MEMEHTU AK MacuBuM 3 ANMHU Ta NiHIMHI  BYNWUYHI
Haca)KeHHs.

BUHATKOM € HacamkeHHS anuH Ha po3ainbHiM CMy3i NpocnekTy Hayku —
aBTomarictpasi MiCbKOro 3Ha4yeHHs 3 iHTEHCMBHMM aBTOMOOINIbHUM PYXOM.
PosginbHa cmyra npocnekty 3'aBunaca HanpukiHui 60X poKiB MUHYIIOro
CTOniTTA nig 4Yac 3abydoBM HOBOrO XXWUTMOBOMO MacuBy, Ha Micui TFifiku
3anisHn4ol Joporn, sdka npoxoawusa ys3goeX asTomarictpani oo IHCTUTyTty
iIHXXeHepiB 3ani3HM4oro TpaHcnopTy (3apas3 [JHINPOBCLKMIA YHIBEPCUTET HAYKM i
TexHonorin). MNMpoTSKHICTb 3ef1IeHOl CMYrM Ha NPOCNEKTi CTaHOBUTL GrIN3bKO
2 KM, wupuHa 8,5 M. Hanoyatky 70x pokiB Ha po3AinbHiN CMy3i NPOCMEKTY
Byno BucamKeHo AnnHKM Mmanumm rpynamm (no 3-5 wt.) Ha BigctaHi 20-30 m, y
NpoOMIKKax MK rpynamm 6yno CTBOPEHO SiICKpaBi KYPTUHM TPOSIHL Pi3HUX
COPTIB, Ha BCIW iHLWIN NMOLWi — ra3oHHE NMOKpUTTS. Hepes aekinbka Oecatunitb
TposiHaAn 6ynn BuaaneHi Yepes He3afoBINbHUA CTaH, a Ha CMy3i 3’aBUNUCA
CTpiykoBi OopalpHI nocagku TionNbnaHiB. BnpoooBX OCTaHHIX  ABOX
OECATUNITL OKpemMi rpynu i gepeBa snuH  6ynn  BuganeHi 4epes
He3a[oBINIbHUN CTaH i yCUXaHHA Ta 3aMiHEHI MOnoaAnMn ek3emnnapamu. Ons
30iMCHEHHS 3axoaiB gornagy, nepeBaXXHO MOSIMBY BIIITKY MOMOAMX POCHNH,
HaBKOMNO AepeB SMNWHU MiOTPUMYKOTbCA NPUCTOBOYPHI NYHKW, OiaMeTp AKUX
Npubnn3HO BignNoBigae AiameTpy KPoHU. B HacagkeHHi nepeBaxHy GinbLUiCTb
CTAHOBNATbL [epeBa SAMWHU  KOJMKYOI, OAUHUYHUMW  eKk3eMnsisipamMu
npeacTaBneHi AnvHa 3Bn4anHa Ta anvHa KaHaacbka.

TakMMm 4YMHOM, Ha pPO34ifibHIN  CMy3i npocnekTy Hayku iCHyTb
GaraTopiyHi HacamKeHHs SAnuH, 49K 3a3HalTb  XPOHIYHOro  BANUBY
HecnpuaTnuemx  ¢akTtopiB  ypOOreHHoro  xapakrtepy, cepegd  AKUX
nepeBaXxaluMMn € [HTEHCUBHUW aBTOTPAHCMOPTHUW pPYyX, 3anureHicTb i
3arasoBaHiCTb, B KOMMEKCi 3 IHTEHCUBHO iIHCONALIE BNPOLAOBX YCbOro OHSA
Ta nigBuLLEHUMN TeMnepaTypaMn, B OTOYEHHI TBepaMX NOKpUTTIB. BuBYeHHS
BioekonoriyHMx ocobnmBoCcTen SANWH LOO3BOMUTbL BU3HAYUTU BNAMB OAHOrO
dhakTopy Ta crneundiky 1oro NposiBy B KNiMaTUYHUX YMOBaX CTEMNOBOI 30HU —
HeOCTaTHbOI KiflbKOCTI onadiB Ta BUCOKUX TemrnepaTyp BereTtauivHoro
nepioay.

[locnigxeHHs1 NpoBOAMNM Ha TPbOX MOHITOPUHIOBUX AiNsiHKax, SKi
nokanisoBaHi B nNigBuLWLEHin  npaBobepexHin  4acTuHi  Mmicta i
XapakTepusyTbCcA BUCOKUM, cepeHim Ta HU3BbKUM piBHEM
ypBOTEXHOrEHHOro HaBaHTaXXeHHA — BiANOBIAHO, B 30HI pyXy aBTOTPaHCMNOPTY
BMCOKOI iHTEeHCcuBHOCTI (np. Haykn) (ainaHka Ne3), B ©GaratonoBepxosin
3abynoBi B LIbOMY XUTIIOBOMY pavoHi (ginsHka Ne2) Ta B ManonoBepxoBi
3abypoBi Ha okonuui Micta (gingHka Ne1, ymoBHWW KOHTponb). Cnig
3a3Ha4nTn, WO BCi AOINAHKM BigdaneHi Big NpoOMUCIIOBMX 30H MicTa, | 3a
CyMapHMM piBHEM 3abpyaHEHHs1 aTMocdepu XUTMOBUX panoHiB M. [Hinpo
HanexaTb OO0 TepuTopin i3 JonyCTUMUMM piBHEM 3abpyaHeHHs (B rpagadii
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PIBHIB: HU3bKUA — OOMNYCTUMUN — NOMIPHUA — BUCOKUNA — Oy>Xe BUCOKUN ) [7].
O6’ekTamn gocnigkeHHa cnyrysanu gsa Buaun sinnHu — Picea abies (L.) Karst.
i Picea pungens Engelm., gepeBa ofHi€l BIKOBOI KaTeropil, Lo 3HaxoaATbCs B
O[HaKOBMX YMOBaX OCBITMEHHS.

BusiBneHo, WO B ymMOBax BWUCOKOrO YpPOBOTEXHOrEHHOro HaBaHTaXEHHS
ANMHM 000X BMAIB 3HAX0OATbCA B MPUrHIMEHOMY — HE3adoBiNbHOMY CTaHi,
MalTb MEHLUI PO3MipU BUCOTU i AiaMeTpPy KPOHW, BCUXAHHA HWXKHIX TfIOK Ha
Bucoty 1/3 ctoBOypa, npuyomy Yy eksemnngdpie P. abies kpoHa 3Ha4HO
po3pigkeHa. [oBrosiYyHiCTb XBOI cTaHOBUTL 3-4 pokn. Ha iHWuMX AinsHkax
AepeBa AnMHU 3HaxXOASATbCSA Y 3aJ0BifIbHOMY i nepeBaxxHO A06pomy CTaHi,
MatoTb OiNnbLL BUCOKY OXBOEHICTb i AOBroBiYHICTb XBOI. [1poTe cnig 3asHaunTy,
LLI0O HaBiTb B YMOBaxX MEHLUOro aHTPOMOreHHOro HaBaHTaXEHHA ONdA [epeB
ANUHN 3BUYAMHOI XapaKTepHe NeBHE 3PIMKEHHS KPOHWU Ta BiAMUPAHHS HWKHIX
rinoK.

BioekonoriyHn noTeHuian BUAIB ANVH, WO € iHTpoayLeHTaMn y CTENOBIN
30Hi, 3HWXKYETbCA 3a KOMIMJIEKCHOrO BMSIMBY HECNPUATAMBUX KNiMaTUYHNX
yMOB Ta ypboTeXHOreHHUX ¢bakTopiB, TOMY reHepaTuBHa cepa Umx pOChnH
€ YyTnMBOK 00 3MiH goBkifna [8]. Y 3B'A3Ky 3 UMM Ha MOHITOPMHIOBUX
AiNAHKax BU3Ha4yann MOPEOMETPUYHI  MOKa3HMKM  [O3PiNuX  LUMLIOK
AocCnigXyBaHMUX BUAIB SnunHKU (puc. 1, 2).

B N21P abies B N92P. pungens B N23P.pungens & N23P abies

45,00

L

15,00 _i_

10,00 - B

5,00

0,00

Puc. 1. Baza wuwok P. abies i P. pungens Ha MOHimopuHa08uXx OifisiHKax, 2
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B N?1P.abies O N22Ppungens O N23P. pungens O N23P abies

15,0
120

120

10,0

40
20

0o

Puc. 2. [JoexuHa wuwok P. abies i P.pungens Ha MOHIimopuHao8ux OifisiHKax, cm

[MopiBHSAHHA NoKa3HWKiB WMLWOK Picea abies Ha ginaHui Ne3 (N=16) Ta Ha
AinaHui ymosHoro koHTposto Ne1 (N=55) nokasano 3HayHe 3HWKEHHA Barn —
Ha 68,3%, goBxumHn — Ha 39,5% Ta WwupuHM wnwok — Ha 25,0% 3a gil
cTpecoBux ypboreHHMx ¢bakTopiB Ha aBToMarictpani. Yepes He3aaoBinNbHUN
cTaH Ha ginaHui Ne3 3Ha4yHO nocnabneHe nnoaoHoweHHA Picea abies, wWo
MNO3HAYNNOCH Ha HEBENMUKIN KiNbKOCTI 06CTEXEHNX LLMLLIOK.

HeratnBHun BNNMB KOMMIEKCY €KOonoriYyHux dpaktopis Ha AinsHui Ne3
BiA3Ha4yeHo i ansa Ginbw cTinkoro Buay Picea pungens (N=57), nopiBHAHO i3
cepefHiM piBHEM ypOOreHHOro HaBaHTaXeHHd Yy XuTnosin 3abynosi (N=46).
CepeaHi 3Ha4YeHHs1 MOKa3HUKIB Baru LLUMLLIOK 3HWXYOTbCSA Ha 27,4%, OOBXUHU
—Ha 10,4%, WwnpuHu — Ha 16,7%.

Takum 4YMHOM 3a pesynbTaTamMu AOOCNIgKEeHb BCTAHOBMNEHO, WO B
3eNeHNX HacaKeHHSIX XUTMNOBUX TepuTopin M. [HINPO SnWHM nepeBakHO
npeacraeneHi sBugamm Picea pungens (77,8%) i Picea abies (18,9%).
XpoOHiyHUN BRNuB YypboreHHnx pakTopiB y 6GaraTonoBepxoBin XXUTIOBIN
3abynoBi Npn3BOAUTL A0 MOFIPLUEHHS XXUTTEBOrO CTaHy AepeB, NOPYLUEHHS
npoueciB popMyBaHHA MeracTpobinis, WO BUPAXKAETLCA B 3MEHLUEHHI Baru
Ta po3mipiB WuWokK. Hanbinbwmn HeraTuBHUN eddeKkT cnocTepiraeTbCa 3a
KOMMNSIEKCHOT [Ail HecnpuatnueBux YMOB, MOB’A3aHuX i3 6GesnocepenHim
BNAMBOM Marictpani 3 iHTEHCMBHUM aBTOMOBINIbHUM pyXOM.
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YK 581.1: 58.02
Kosanb A.I"., MannBoga FO.M.

dizionoriyHi Ta 6ioximiyHi mexaHiaMun cpopmMyBaHHA CONECTIMKOCTI
pocnuH

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu ['oz2ons, YKpaiHa

The article analyzes the harmful effects of soil salinization on agricultural
plants and investigates the physiological and biochemical mechanisms of plant salt
tolerance.

Keywords: salt tolerance, salt stress, osmotic regulation, ion homeostasis,
antioxidant mechanisms.

3HayHa KinbKicTb abioTMYHUX (PaKTOpiB HABKOSIMLLHLOIO CepenoBuULla,
A0 SKUX POCNVHM He afanToBaHi eBOMoUiNHO, MOXYTb BUKIMKATU CTPECOBY
Aito Ha opraHiam. [MnobanbHi KniMaTu4Hi 3MiHM B YKpaiHi Ta 30ifbLUeHHS
4acTOTU Ta IHTEHCMBHOCTI MOCYXM NPU3BOAATL 4O HECTadi Boau B rpyHTi. Le,
CBOEKD 4eprol, MNOCUE MoOINi3auilo Ta HaKOMUYEHHS CONen y BEpPXHiX
lapax IPyHTY i aKkTMBYE npouec MOro 3acosfieHHsa. B YkpaiHi rpyHTM 3
nigBULLEHUM BMICTOM COJSflien 3arMmatoTb NoHan 6,6 MnH. ra Ta IX nnowa
NOCTIMHO 3pocTae Yyepes HesbanaHcoBaHe 3eMIIeEKOpUCTyBaHHA. [1].

OCMOTUYHUI CTpEC, AKUN BUHUKAE Yepe3 BUCOKI KOHLUEHTpaLil conemn,
NOPYLUYE XUTTEBO BaXXnuBi OYHKLII, Taki K KIITUHHUIA NoAin, TpaHcnipauis,
acumingauis kapboHy, MOrnMMHaHHA MiHepanbHUX €efeMEHTIB |  MoXe
MNOLLKOKYBATU KMITUHHI MeMbpaHu Ta NpuUrHidyyBaTtn akTUBHICTb (DEPMEHTIB
[2]. Y pasi conboBOro CTpecy 3poCTae KOHLEHTpaLia akTUBHUX (OOPM KUCHIO
(A®K) y kniTMHax, WO MNOCWUMNIOE npoLecu nepokcuaauii Ta akTuBye
aHTMOKCNOAHTHY CUCTeMY pPOCnnH. Bucoki KoHUeHTpauii conen, sk i 6arato
IHLLIMX CTpecoBmMX (pakTopiB, NPUrHIYYOTb PICT POCnuH [3].

3Ha4Hi NSIOLWi CiflbCbKOrocnoAapcbkMx KyrbTyp B YKpaiHi 3HaXxoOAaTbCs
Ha TrpyHTax i3 pi3HMM piBHEM 3acofieHHA. TOMy BWBYEHHS MexaHi3MiB
CTIMKOCTI CiflbCbKOrocnogapCbknx pPOCSiiH 40 COfbOBOro CTpecy OONoMOXe
po3pobutTn edekTMBHI MeToaM nNiABULEHHSA X  CTINKOCTI [0 UbOro
CTPEeCcOoBOro YMHHUKA.

LUkignmBun  BNNMB  3aCONEHHA Mae KOMIMJIIEKCHUA  XapakTtep, Lo
00yMOBEHNI SK MOPYLLUEHHSIM OCMOTUYHOIO BanaHcy KNiTUHK, WO HeraTMBHO
BNNMBAE Ha BOAHUW PEXUM POCIAWH, Tak i NPAMUM TOKCUYHMM BMNSIMBOM iOHIB
Ha dpisionorivyHi Ta GioximivHi Npouecu B KNiTuHax [4].

Bucoknin piBeHb conen BUKIMKAE OCMOTUYHMI CTPEC | NepeLukoaXae
30aTHOCTI KOpPEeHeBUX KNITUH nornuHatn Bosiory [5, 6]. HakonuyeHHsa
ToKcn4HMX ioHiB CI- Ta ocobnueo Na* BnnvBae Ha KMiTUHHI MemMbpaHu Ta
npouecu B LMTO30Mi, MOPYLUYHOYN MOMfIMHAHHS Ta 3aCBOEHHSA MiHeparbHUX
eneMeHTIB, WO Bede A0 ioHHOro gucbanaHcy. Lle HeraTMBHO no3HavaeTbCcH
Ha MiHepanbHOMY romeocTasi Takux makpoenemeHTiB, ak K*, Ca?*, Mg?', i
NO?*-. Llein amucbanaHc NpurHidyye pict i oOMiH PeYoBUMH Yy POCIUH Yepes
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TOKCUYHICTb iIOHIB Ta OCMOTUYHUI cTpec. [1epBUHHI epeKkTn CoNbLOBOro cTpecy
3YyMOBSIOIOTb  BTOPUHHI  3MIHM  —  CMNOBISIBHIOETLCA  PICT  KITITUH,
POTOCUHTETUYHA aKTUBHICTb, PYHKLIOHYBaHHS MeMbpaH, MeTaboniam, Takox
PO3BMBAETLCA OKCUOATUBHUW CTPEC, LWO 3peLwTo MpPUrHidye pict Ta
NPOAYKTUBHICTb POCHUH [7, 8].

Y 6inblWoCTi KynbTYPHUX POCIAWH 4Yepe3 3aCofieHHSa rafibMyeTbCH
NpoOpoCTaHHA HaciHHA [9]. Len BAnMmMB nNposABNSAETbCA 4Yepe3 3HMKEHHS
OCMOTWYHOrO MOTEHLiany cepenoBulla Ta 3MiHU B aKTUBHOCTI MeTaboniuHnX
depMeHTIB, ropmMoHanbHoro ©GanaHcy Ta  BWKOPUCTaHHI  3amnacHUX
pedosuH [10].

KopeHeBa cucTema nepLloko 3a3Hae il CTpecoBnX yMOB, a TOMY i picT i
PO3BUTOK TAKOX MPUrHIMYETbCA 3i 30iNbLLUEHHAM KOHLEHTpaUil coni y rpyHTi [9,
11]. MigcuneHun cnHTe3 abCcum3oBOl KMCNOTK Nig Yac 3aCOSIEHHSA MPUrHivye
KNITUHHUIA MO4IN Y MEPUCTEMI KOPEHHA, a 3HWXEHHS KOHLEHTpaLil ayKCuHy
NPUrHivye oopmyBaHHs BiYHNX KopeHiB [12].

3aconeHHs MpUrHiyye i BereTaTMBHUW PICT pPocnuH. PicT naroHiB Ha
LbOMYy eTani Oinblw YyTAMBMMA OO0 COSIbOBOrO OCMOTMYHOIO CTpecy, aHix
PO3BUTOK KOPEHIB, LLO € TUNOBMM CUMMTOMOM BMNIMBY BOAHOro fediuuty
[13]. TMpurHiyeHHA BereTaTMBHOIO POCTY MnaroHa 3YMOBJIEHE OCMOTUYHUM
BMNJMBOM COfli Ha MNOrMMHaAHHA BoAM KopeHamMu [9]. BaxnmBum YMHHUKOM,
KOTPUMA BU3HA4Yae picTt cTebenl, € nepokCcua BOAHIO, reHepauis SKoro
3HMXKYETLCA B UMX ymoBax [14]. MuTTeBoto BignoBiga Ha TakMi BNAnMB, sika
TakOXX 3MEHLIye MOTIK IOHIB OO0 MnaroHa, € 3akpuUTTd MNpoaMXiB, 3HWKEHHS
LUBMAOKOCTI TpaHcnipauil n nornnHaHHa CO».. BHacnigok HakonnyeHHs Na+ y
OTOCUHTETUYHNX TKAHUHAX 3MIHIOETbCSI BMICT i CMiBBIAHOLWIEHHS MirMEHTIB,
3HMXKYETLCA aKTUBHICTb POTOCUHTETUYHUX eH3uMIB [11]. Bucoki koHueHTpauii
COJli  CMPUYMHAKOTL Pi3Ke 3HWKEHHS BMICTY (POTOCUHTETUYHUX MirMEHTIB.
OKcmpaTMBHUA  CTPEC, SKMA  PO3BMBAETbCA  3a  Ail  3aCOSIEHHS,
CYNPOBOLKYETbCA  MOPYLUEHHAM  LifiCHOCTI  MeMbpaH, NepeKkUCHUM
OKWUCHEHHAM ninigiB, NOpyLweHHAM poboTn TPaHCMOPTHUX CUCTEM BUBELEHHSA
ioHiB coni 3 uMTonnasmu Ta gerpagauieto xropodiny. Okpim Toro, ioHn Cl~
NPUrHivyoTb  nornuHaHHa NO®-  KOpeHeBOH CUCTEMOK, a 3HWKEHHS
NOrfIMHAHHSA HITpaTiB pa3oM 3 OCMOTUYHMM CTPECOM CHPUYUHAE NPUTHIYEHHSA
doTtocuHTesy [14].

B ymoBax conbOBOro CTpecy pPOCfvMHU BUPOBUNIM NeBHi i3ionNoriyHi
MexaHi3MW CONECTINKOCTI: peryritoBaHH OCMOTUYHOIO MOTeHLUiany, iOHHUK
romMmeocTtas, akTMBaLit0 aHTUOKCUAAHTHOI CUCTEMU Ta 3MiHK B [15].

OaHMM i3 OCHOBHMX MEXaHi3aMiB aganTtauil € OCMOTUYHA perynsauis, gka
[a€e 3MOry poCfnuHam 3HU3UTU BMAWB BUCOKMX KOHUEHTpauin ioHIB Y
HaBKOJMULLHBOMY CepefoBULL Ta YHUKHYTU aediunTy Boau. 3abesnedvyeTbes
LA perynsuis 3a paxyHOK HakKonWYeHHs OCMONITIB — HU3bKOMOMNEKYNAPHUX
cnonyk, 4ki gonomarakoTb nigTpUMyBaTuU BOOAHWW MOTeHUian KiTUHW Ta
3anobiratoTb iX 3HeBOAHEHHO [16]. [lo Taknx crnonyk HanexaTb NPosiH, LyKpu
Ta nonionu.
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lOHHMIN romeocTas Bigirpae BaXnUBY pPOSib Y MeXaHiaMax CTiMKOCTI
POCIMH 4O CONbOBOro cTpecy. HakonnyeHHs Hagnuwky Na* y KnitTmHax Moxe
BYyTWU TOKCUYHMM, TOMY POCIIMHM aKTMBHO PEryrolTb TPaAHCMNOPT iOHIB ANs
3HWKEHHs  wkignueoro BnnmBy. OOHUM 3  OCHOBHMX MEXaHi3MiB €
cekBecTpauia Hagnuwky Na* y Bakyonsx, sika 34iIMCHIOETbCS 3a paxyHOK
aktTuBHocTi Na*/H™ aHTunoptepa. Lle 3HWXKYE KOHLEHTpauilo HaTpilo B
uuTonnasmi Ta [O03BOSIIE  YHUKHYTW 3ryOHOro BMAMBY HA  KIMITUHHUK
meTaboniam. Kpim TOro, pocnuHu RNigTpUMyoTb BUCOKY KOHLEeHTpauito Ky
uuTonnasmi, aka HeobxigHa ans yHKUiOHYBaHHS hepMeHTIB i cTabinbHOCTI
MembpaH [17].

AHTMOKCMOAHTHA CuUCTeMa — LWe OAWH BaXMBUMA MexaHi3M, LWo
gonomarae pocnvHam [[onaTtM HeraTuBHI  Hacnigkn CONnbOBOrO  CTPECY.
Hapgnuwok ioHiB Na* i CI- cnpusie ytBopeHHio ADK, a ue B CBOW uyepry
Npu3BOaUTbL OO oOkucntoBanbHoro crtpecy [18]. Wo6 3HM3NTU HeraTUBHUK
BinuB A®PK, pOCrnMHU aKTUBYKOTb (PepMeHTaTUBHI Ta HepepMeHTaTUBHI
aHTUOKCMAaHTHi cuctemun. [1o doepmMeHTaTUBHUX aHTUOKCUAAHTIB HanexaTtb:
KaTtanasa, nepokcuaasa Ta cynepokcugamcmyTtasa, ki Hentpanisytote AOK i
3anobiraloTb MOLWIKOOKEHHIO KMITUHHMUX KOMMOHEHTIB. HedepmMeHTaTuBHiI
aHTUOKCMAaHTW, Taki K ackopbiHoBa KucnoTa, rnyTaTioH Ta KapoTUHOIAW,
TaKoX BigirpaldTb BaXNMUBY pPoOSfib Yy 3axXUCTi KMITUH Bi4 OKCMOATUBHOIO
NOLUKODKEHHS [19].

OcTaHHiIM, ane He MeHW BaXNMBUM MexXaHi3aMOM apanTtauili Aao
CONbOBOr0 CTPecy € 3MiHa ropMoHaribHoro 6anaHcy. [OpMOHW POCIVH, Taki
SIK caniunnoea, xxacmiHoBa, abcumn3oBa KMCNOTU Ta eTuneH 6epyTb yyacTb Y
dbopMyBaHHi CONECTINKOCTI pocnvH. ABCLUM30Ba KUCIOTa PErysritoe ekcnpecito
reHiB CTPECOCTIMKOCTI, 3MEHLUYE TpaHchipauito LWISAXOM 3aKpUTTA NPOAUXIB |
CTUMYIOE HAaKOMWYEHHA OCMOIIITIB, eTuneH Ta >acMiHOBa KucnoTa
PEerynooTb 3axXUCHI peakuil POCIIMH, ChpusyYnM aganTtauil g0 BUCOKUX
KOHUeHTpauin conen [20].

TakMMm  4YMHOM,  pPOCNUHM  BUKOPWUCTOBYKOTb  CKNagHy  cuUcTemy
gisionoriyHnx Ta BiOXiMIYHMX MeXxaHi3aMiB  QOPMYBaHHSI  COMECTINKOCTI
POCIVH.
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YOK 582.929.4:678.048
Kpyk B. C.

FopnsiHka noB3yya: 60TaHiYHa Ta eKosoriyHa xapakTtepucTuka
HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu 'ozons, YKpaiHa

The article examines the antioxidant potential of the creeping throat extract,
emphasising its multifaceted properties. This plant has many biologically active
compounds that give it medicinal properties. Since scientific data on this plant are
limited, the study of the effectiveness of its use is a necessary process. Having
learned more about the antimicrobial, antitumour, anti-inflammatory and analgesic
properties of the throat, in the future it will be possible to use it as a basis for the
manufacture of antibiotics, medicines, cosmetics.

KnroyoBi cnoBa: ropnsiHka nosayya, onaBoHoIAN,

Pig Ajuga, Skun HanexuTb 4o poauHu rybousitux (Lamiaceae), o6’egHye
noHag 40 BuaiB pocnuH, wWo 3aebinbworo nowupeHi B €sponi, Asil Ta
[MiBHIYHIN AMmepuui. opnsHka — ue 6araTopiyHa TpaBa, pigwe HaniBkyw, abo
OAHOPIYHUK, WO 3go06yna nonynsipHICTb 3aBAAKM CBOINM OEKOpaTWUBHIM Ta
nikapcbKin LiHHOCTI. OCHOBHOK XapaKTEepHOK PUCOK NpeacTaBHUKIB LbOro
poay € IX 34aTHICTb LUBMOKO PO3POCTaTUCH, YTBOPKKYWU TYCTi KUIUMKU 3
nuct4a. Buaun ropnsHkM MoXyTb MaTu pisdHi OpMu poCTy: Bi, HN3bKOPOCNUX,
pPO3eTKOBUX DOPM [0 BUCOKUX BUAIB, LLO YTBOPHOWTb BepTUKanbHi ctebna.
JlnucTa 3a3Buyan oBanbHe abo naHUETHe, iHKOMK 3 BUpPaXeHnmmn 3ybusamm no
Kpasx, Wo agodae IM gekopatmBHoro Burnsaay [1]. KsiTv ropnsHku maroTb
ocobnuey npueBabnueicTb — BOHW 30ebinbwioro aBocTaTteBi, 3ibpaHi vy
CyuBITTS, LLO HaragyTb KONOCKM abo BiHWYKK. Korip KBITOK BapitoeTbCs Bif
CUHBbO-hioneToBMx A0 BinNux, pigwe 3ycTpivaroTbCa XOBTi Ta POXEBI BIATIHKW.
Lli KBiTKM MalTb CUMbHMA apomart, WO NpuTAarye OOXin i MeTenukis, LWO
poOUTb FOPFIIHKY BaXXMMBOK POCIMHOK Ana NiATPUMKM BiOpiBHOMaHITTS B
neBHUX ekocuctemax. OKpiM CBOEI AeKkopaTUBHOI NpuBabnuBOCTI, pocnvHa
BilOMa TaKOX CBOE 34aTHICTIO 40 NPMPOAHOI aHTUBIOTUYHOI aKTUBHOCTI, WO
MOXe BYTV KOPUCHUM Y MiKyBaHHI Pi3HOMaHITHUX 3axXBOPIOBaHb [2].

B YkpaiHi ropngHka 3pocTae Ha BOJSIOrMX Ta POAKYMX IPYHTaX, 4acTo Ha
nicoBux rangeBmnHax, y3siccsax Ta B Mexax nicoBux 3oH. BoHa Hapae nepesary
MiCLIEAM 3 MOMIPHUM KIliMaToOM, e € LOCTaTHA KiNbKICTb BOSIOMN, i e I'pyHTH
Garati Ha opraHiyHi pedoBuHU. B YkpaiHi Hanbinbw nowmpeHi Taki Bugu, sk
Ajuga reptans Ta Ajuga genevensis. [lopnsiHka noe3y4ya € Hanbinbw BiZOMUM
BWOOM poAy Ta BUKOPUCTOBYETLCS Yy OEKOPATUBHOMY CafiBHUUTBI 3aBOSKU
CBOIM 30aTHOCTI YTBOPIOBATU TyCTi MOKPUBM Ha 3eMni. [I MOXHa 3ycTpiTn B
nicax, Ha nykax, B OONWHax pPi4YOK i B ripCbknx panoHax KapnaTt. Ajuga
genevensis € xapakTepHUM O BOMOrMX MiCLLEBOCTEN i 4acTO 3yCTPiYaETbCS
Ha 6eperax pivyok abo B 3abonoveHnx micusx. BogHo4vac iHLWIi BUOW rOprAsHKM
3ycTpivatoTbca B 6inbll obmexeHux apeanax [3].
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lopnsiHka gobpe aganTtoBaHa 40 XONOAHWX YMOB, i Le O4Ha 3 NPUYKH i
NOLUMPEHOCTI B NOMIPHUX KNniMaTU4HUX 3oHax. B YkpaiHi, 3okpema Ha [lonicci
Ta B KapnaTtax, ne 3uMoBi TeMnepaTypy MOXYTb JOCAraTh HU3bKMUX NO3HAYOK,
ropnisiHka 3bepirae CBOK aKTUBHICTb HaBiTb B YMOBaX CHiroBux 3uvm. [NpoTe
BOHA He NepeHOCUTb BESTMKMX MOCYX, TOMY B CyXUX perioHax YKpaiHu 1i pigko
MOXHa 3YyCTpITU. BaXnMBOK O0O3HAKOK € TaKOoX 30aTHICTb TOpPSIAHKW [0
BiAHOBMNEHHA MiCNs CEe30HHMX MOLWIKomMKEHb. Lle no3Bonse i1 edeKkTUBHO
NoKpuBaTK I'PyHT i BoOpoTUCA 3 epo3ield Ha cxunax Ta iHWKMX BpasfMBUX
TepuTopiax [4].

IcHy€e Kinbka nigBUAiB ropnsaHKK, SKi NPUCTOCOBAHI 40 Pi3HMX eKOMOrivYHNX
yMOB. B YkpaiHi pocnuHn pogy Ajuga 4acTto poCTyTb Ha BOSOrMMX niCoBUX
NigcTunkKax, Ha niCoBMX ranaBuHax, Oe piBeHb [PYHTOBUX BOA [AOCUTb
BUCOKMWN. BOHM € 4aCTMHOK €EKOCUCTEMW, L0 BKIIHOYMAE PI3HOMAHITHI BMAMU
pocnuH i TBapuH. [lpoTe B ymoBax 3MiHW KniMaTy i NOACLKOI AiSnbHOCTI
(Bunac xygobu, Bupybka niciB, 3abygoBa) ropfnsiHka Moxe noTpanuTtu nig
3arpo3y 3HUKHEHHHA, O0COBNMBO Ha TEPUTOPISX, A€ 3MEHLUYETbCS BOSONCTb
rpyHTY [5].

Ha cborogHiWwHin geHb B YKpalHi BUPOLLYHOTb FOPSMAHKY He Tifbku B
NpupogHMX ymoBax, a K y 60TaHiYHMX cagax i naHawadTHUX 30Hax.
[OpnaHKa € nonynaApHOK B CadiBHUUTBI 3aBOAKM CBOIM OeKOpaTUBHUM
SIKOCTSIM: BOHA igearibHO NigxoauTb ASs NOKPUTTS FPYHTY Ha CXunax, a Takox
MOXe BUKOPUCTOBYBATUCA AK efieMeHT naHawadgTHOro AM3anHy B TiHI Y/ Ha
COHUi. [esiki Buau ropnsiHkM, 3okpema Ajuga reptans, BMKOPUCTOBYHOTHCHA
TakoX B TpaguuivHin  MeauuMHi, 3aBAskM CBOIM npoTu3ananbHUM i
aHTMCENTUYHUM BRACTUBOCTSM [6].

BigsHaunMmo, WO HayKoBi  OOCHIDKEHHSA, NPUCBAYEHI  ropnsHuj,
aKLUEHTYOTb yBary He nuwe Ha 1l OeKopaTMBHUX SKOCTAX, ane M Ha
MOXINUBOCTSIX BUKOPWUCTAHHSI EKCTPaKTIB TOPfstHKA ANs po3pobKn HOBUX
nikapcbkux 3acobiB. 30aTHICTb TFOPNSHKM MOB3y4Ol MPOSIBASATU  LIMHOLLI
edekTn obymoBneHa ocobnmBmMM CKagom, Lo BKoYae onaBoHOIgW, edipHi
onii, opraHiyHi KNCNoTWU, PEHOSbHI CMOMYKN Ta iHLWWI aKTUBHI KOMMOHEHTU. L
PEeYOBUHM MalTb aHTUOKCUOAHTHY, aHTUCENTUYHY, npoTu3ananbHy Ta
NPOTUNYXSIMHHY aKTUBHICTb, LLO POOUTbL FOPNSAHKY BaxnnBuM O6’€KTOM Ans
drapmMaueBTUYHOT Ta KOCMETUYHOT NPOMUCIOBOCTI [7].

OOHUM 3 OCHOBHUMX KraciB 6i0oNoriMHO akTMBHWX CMOMyK Yy cknagi
roprnsHkn nos3yyoi € dnasoHoian. ®naBoHOIAW, 30Kpema Kemndyepor,
KBEPUETUH | PYTUH, HagaTb POCIIMHI NOTY>XHI aHTUOKCUOAHTHI BNacTUBOCTI,
LLIO 0O3BOSIAOTL HEUTpanidysBaTu BiNbHI pagukanu B opradiami nognHu. Le
Ba)XXnnBO Anda 3anobiraHHs po3BUTKY Baratbox XBOpob, 30Kpema cepLeBo-
CYOMHHUX 3axBOPOBaHb, a TaKOX [ANdA YMNOBIfIbHEHHS MPOUECIB CTapiHHS
KNITMH. ®naBoHOIOM TaKOX MaloTb MNpoTu3anaribHi BAaCTUBOCTI, 3HWXYHOTb
IHTEHCMBHICTb 3ananbHUX NPOLECiB B OpraHiami, WO Moxe OyTU KOPUCHUM
Npu niKyBaHHI apTpuTy Ta I(HWKX 3ananbHUX 3axBoptoBaHb [4]. IHWO
Ba)XNMBOO IPYMOK CMOMyK € PeHOsbHI peyoBMHU. [10 HUX HanexaTb TaHiHW
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Ta Pi3Hi KUCIOTKU, SKi HaOaKTb rOprisHLI BNAaCcTUBOCTI, KOPUCHI AN NiKkyBaHHA
LLNYHKOBO-KMLLIKOBUX 3axXBOPKOBaHb. TaHIH Mae CTArywody i npoTtusananbHy
Aito, WO [O03BOSISIE 3aCTOCOBYBATWM TOPMSIHKY MNPW MNPOHOCaXxX, racTputax,
BMpasKax Ta iHWKX NOPYLUEHHAX TpaBHOI cuctemu. eHornbHi CONyKM TakoX
BOSIOAiOTb  @HTUMIKPOOHMMM  BNAcTUBOCTAMW, WO pPodOUTb  POCANHY
eqeKTUBHOK AN 6opoTbOM 3 Pi3HMMK IHPEKLISMMW.

OkpiMm dnaBoHOIAIB | PEHONBbHUX CMOSYK, FOpfsHKa MnoB3yda MICTUTb
edipHi onil, aki HagaTb 1M apoMaTUyHI Ta uinowi BnacTneocTi. EdipHi onil,
WO BXOAATb [0 CKMagy pPOCAWHKM, BOMOAIKTb  aHTUCENTUYHUMKU  Ta
3acrnokiunMeMmMn  BNacTUBOCTAMM, AoromMararodm B JiKyBaHHI  Pi3HUX
3ananbHUX 3axBOPOBaHb LUKIPW, a TakoX Nosnerwyvym CUMANTOMU HEPBOBUX
po3najiB, Takux sk CTpec i Oe3COHHA. Y noeaHaHHi 3 iHWWMK BionoridyHo
aKTUBHUMM KOMMOHEHTaMK, eipHi onii pobnaTb ropnsiHKy KOPUCHOK A4
30BHILWHBLOrO 3aCTOCYBaAHHSA, HaNpuknag, y BUrNsa4i KOMNpecis Y HaCTOSHOK
[8]. Kpim TOro, ropnaHka noB3yya MICTUTb OPraHiyHi KUCINOTW, TaKi $K
ackopbiHoBa Ta dheHonoBa, AKi NATPUMYKOTb 3aranbHUN TOHYC OpraHi3my,
CrpUAI0TbL NoMNiNWeHHI0 MeTaboniamy Ta nigBuLLeHHIo iMyHiTeTy. AckopbiHoBa
KNCNOTa € MOTY)XHUM aHTUOKCUAAHTOM, SKMW Crpude 3MILUHEHHK CYOAWH i
3HWXYE PU3NK PO3BUTKY CepLIEBO-CYANHHNX 3aXBOPIOBAHb.

KocmeTornoria — we ogHa ranysb, e ropfisHka noB3yda 3Hauluna CBoOe
3acTocyBaHHA. EKCTpakTu ui€l poCnuHM BUKOPUCTOBYKOTLCSA B OOMNSIA0BUX
3acobax Onsa LWKipn 3aBOSKM CBOIM aHTMOKCUOAHTHUM, 3acroKinnueBuMm i
3BOJIOXKYBaASIbHUM BNacTMBOCTAM. Kpemu, mMacku i CMpoBaTKM 3 FOPHIAHKOK
MNOB3Yy4Y0l BUKOPUCTOBYIOTLCA AN NiKyBaHHA NPOONEeMHOl LWKipn, 3oKpema
Npu akHe Ta PIisHUX BUCUNAX, OCKIfIbKM poCNMHa Ma€e aHTUCENTUYHI
B1TACTMBOCTI. TaKkoXX BOHa 3aCTOCOBYETLCA B SIKOCTi KOMMOHEHTA B LLUAMMYHSX
Ta KOHOMUIOHEpaxX 3aBAsikM CBOIM  3aCrOKIMNMBMM | 3MILHIOKYUM
BNacTUBOCTAM A11s Bonoccs [5].

Y  CiflbCbKOMY rocnogapctBi ropfisHka noB3y4a €  BaX/MBUM
KOMMOHEHTOM €KOSOrYHNX | arpoTEXHIYHMX NPaKTUK. BOHa BUKOPUCTOBYETLCSA
K [eKopaTvBHa pocnvHa B naHgwadTHOMY [u3alHi  3aBOAKM  CBOIN
30aTHOCTI CTBOpPKOBATU TYCTi, 3eSieHi NOKPUBWU Ha AiNsHKax, Ae iHWi pocnuHu
HEe MOXYTb BUPOCTWU. TaKOX ropnsiHka BUKOPUCTOBYETLCA ONA MOKPaLLEHHS
CTPYKTYpU T[PYHTIB 3aBOAKM CBOIA 30aTHOCTI 3aTpumyBaTu BOJSIOTy Ta
3anobiratn eposii. BoHa moxe 6yTn KopucHow ans crabinizauii cxunis i B
Micusix, e HeobxigHO CTBOPUTU NPUPOLHUIA 3aXUCT Bif BITPOBOI epoa3il.

Y Xxap4oBi NPOMUCIOBOCTI ropsfisiHKka rnoB3yya He € LUMPOKO BiJOMOLO,
ane i BUKOpUCTaHHs 9K gobaBku A0 NpoayKTiB 3pocTae, 3aBasiKM 1i KOPUCHUM
BnactuBocTtaAM. PocnvHa BUKOPUCTOBYETBCA Y BUMSAl  CyweHoro abo
nogpibHeHOro NUCTA Ans NPUroTyBaHHA TpaB'AHUX YaiB. BoHa Takox moxe
O6yTn BMKOpPUCTaAHa B SIKOCTI iHrpedieHTa B HU3bKOKaNopiMHUX i opraHidHmnx
npoAaykrax, LWo [OoJalTbCA [0 OIETUYHUX nMNnaHiB - ONng  NoninweHHs
3gopos’d [9].
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['OprisHKa noB3y4a € YHiKanbHUM npeacTaBHUKOM oriopu, sika NoegHye
€KOMOryHy  UiHHICTb i3  WWPOKMMM  MOXIMBOCTAMU  MPAKTUYHOIO
BUKOPUCTaHHA. Lle pocnunHa 3 LWMPOKNMU MOXITMBOCTAMWN BUKOPUCTAHHS, SKa
Ma€e 3Ha4YHU NOoTeHuian y pisHUX rany3sax — Bi4 MeauumHn i dpapmaueBTUKK
0O KocMeTonorii Ta CinbCbKOro rocrnogapctsa. li KOpucHi  BnacTuBoCTi
poBnsATE FOPNSAHKY NOB3Yy4y BaXKNIMBUM KOMMNOHEHTOM Cy4acHMX BioTEXHOMOTIN
| BigKpMBaKOTb HOBI FOPU3OHTK A4 11 3aCTOCYBaHHSA B ManbyTHLOMY.
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YK 574.4:911.2556(477.5)
Jncenko .M., 1?MapxomeHko O.I.

CyyacHum ctaH yrpynoBaHb Nuphareta luteae, Nymphaeeta albae,
Nymphaeeta candidae Ta Utricularieta minoris 3eneHoi KHurm Ykpainum
Ha TepuTopii I[YHAHCHLKOro HauioHarnbLHOro NPUPOAHOro NapkKy B ymoBax
KIliMaTUYHUX Ta rigposioriYHNX 3mMiH

YlyHsaHebKUl HauioHanbHUU NpupodHUl napk, YkpaiHa
2HaujoHanbHull yHisepcumem «YepHiziscbKuli koneaiym» YkpaiHa
imeHi T.I". LLlesueHka, YkpaiHa

The article is devoted to the problem of protecting groups of hydrophytes
(Nuphareta luteae, Nymphaeeta albae, Nymphaeeta candidae, Utricularieta
minoris,), listed in the Green Book of Ukraine, against the background of changes
in the hydrological regime (using the example of Ichnyansk National Nature Park).
There is a rapid decrease in the area occupied by --- groups, which is associated
with changes in the hydrological regime of large areas.

However, the level of species and coenotic protection does not affect the
solution of the main problem. Today, there are no practical mechanisms for
combating global climate change. This problem is common to most protected areas
of Polissya and, especially, the Forest-Steppe of Ukraine, where aboriginal
hydrophilic vegetation is preserved. It remains only to monitor the current state of
hydrophilic groups to analyze the further course of succession processes with
taking into account correlations with the main climatic factors.

Knw4oBi cnoBa: rirpocdit, YepBoHa Ta 3eneHa KHUrKM YKpaiHW, 3MiHU
KniMaTy Ta rigponoriyHoro pexumy, [YHAHCbKUI HauioHanbHUN NPUPOLHUIA Napk.

[igpodiTn NnpeacraBnsATL COBOK BUCOKO CheLianiaoBaHy rpyny BogHMX
POCNWH, SKi UiflkoM abo OGinblo CBOEK YaCTUHOK 3aHypeHi y Boay.
B 3anexHocTi Big HanpaAMKiB aganTtauiv 4O YMOB cepeoBuLLa PO3pPi3HAIT:
1) renoitn — yKOpPIHEHi y IPYyHTI 3eMHOBOAHI POCAWHU; 2) HENCTOMITN — 3
nnasa4YMMm Ha NoBepXHi NUcTKkaMmn Ta 3) rigatodiTv — NOBHICTIO 3aHYpPeEHi y
Boay pocnuHu. ligpoditn BigirpaloTe Baxnuey posib Y YHKLUIOHYBaHHI
BOAHUX €eKOoCUCTeM (YTBOPHKTb 3HA4YHy KinbKiCTb 6iomacu, BuAINATb
KNCeHb, ePEeKTUBHO MOrnnHawTb MiHeparibHi Pe4YOBUHU, CTBOPKOKOTbL YMOBW
AN PO3MHOXEHHST | XUTTEQIANbHOCTI 6araTboX nNpeacTaBHUKIB  dhayHW,
TOLLO).

Cnig 3asHauuTn, WO 3Ha4yHa KiNnbKiCTb BUAIB-riapodiTiB 3aHEcCeHi [0
UepBoHOI KHUMM YKpaiHu [1] abo dopmyoTb PiAKICHI POCNMHHI yrpynoBaHHS,
LLIO BKMNKOYEHi 0O OCTaHHbOro BuAaHHA 3eneHol KHuru YkpaiHm [2]. Ha
TepuTopii  IYHAHCBLKOro HauioOHanNbHOro NPMPOAHOro Napky (4ani IMHAHCLKMIA
HIIT), wo xapakTepu3yeTbCs LUMPOKO PO3BMHEHOLO MapPOMoriYHO MEPEXELD,
3ycTpivaeTbCca pag Takux yrpynoBaHb — Nuphareta luteae, Nymphaeeta
albae, Nymphaeeta candidae Ta Utricularieta minoris, npuyomy BWOOM-
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AOMIHAHTOM OCTaHHbOro € BWA, 3aHeceHWn Ao YepBOHOI KHUIMKM YKpaiHn —
Utricularia minor L. [1].

OcTaHHIM 4Yacom KriMaTtonoraMmyn BigMiYaeTbCcs cyTTeBe 36inblLUEHHS
3aranbHoro TepmobanaHcy nnaHeTu B UifloMy. HaTtoMicTb y Mexax YKpaiHu
Ui 3MiHW NPOSABNAKTBECA HEe nuwe Yy CTPIMKOMY 3pOCTaHHi TemnepaTypHux
NOKa3HMKIB a N, BOAHOYAC, 3MEHLUEHHI KiNbKOCTi atMocdepHux onagis, WO
NpAMO BigoOpaxaeTbCA Ha 36iNblUeHHI 3aranbHol apuamsaudil knimaTy Ta,
nogekyan, Mamke KpUTUYHUX 3MiHax TrigponoriYHoOro pexmmMy 3HayvyHUX
TepuTopIn.

Knimat y mexax lyHsaHcbkoro HITT noOMipHO-KOHTUHEHTanbHUU, 3 M'SKOK
3MMOI0 Ta Tennum niTom. Teputopia napky postalioBaHa y Mmexax [liBHIYHOI
aTNaHTUKO-KOHTUHEHTAanNbHOI KniMaTMyHOI obnacTi [3] Ta xapaKkTepusyeTbCcs
NOMIPHOI 3BOJIOXKEHICTHO. CepefHs KiNbKICTb onagiB cTaHOBUTb 543,8 MM Ha
pik. [ONOBHOK TMPUYMHOKD X BUMNAJAHHA € TMNPOXOLKEHHS UMKMNOHIB |
NOB'A3aHMX 3 HUMU (PPOHTIB.

3a pesynbTtatamu cnoctepexeHb 3 2020 no 2024 pp. BCTAaHOBMEHO Pi3HY
KINbKICTb Ta IHTEHCUMBHICTb BWMNagaHHA aTtMocdepHux onagis (gadi
mMeTeocTaHuil lyHsaHcekoro HIIM) [4]. Hambinbwa iX KinbKicTe Npunagae Ha
Tennun (NiTHIN) nepiog. Hanbinbwy 0oboBy KiNbKiCTb onagis 3adikcoBaHO y
2023 p., BoHa cknana 35,1 mm (07 nunH4a). Bnpoaosx Lboro micausa sunana v
pekopgHa ix kinbkictb — 115,8 mm. Cyxuin nepiog (6e3 onagis) npunas Ha
noTun-6epeseHb 2020 p. Y Tennuu nepiog y Burnagi gowiB Bunagae
6m13bko 73 %, a y XonogHun y BUrNa4i cHiry — 27 % pivyHol Hopmu onagis.

[MpuHarigHO 3a3Ha4YnTK, WO PEeXMM Tenna BnMBaAE Ha riaponoriyHnm
pPeXUM NOBEpPXHEBMX | nNia3eMHux Bog. baratopiyHum  MOHITOPWUHT
TemnepaTypHUX MOKa3HUKIB CBIOAYUTb MPO IX KOpensauito 3 piBHEM [3epkana
Boa. 3okpema, y nunHi 2021 p. i3 cepegHboto TemnepaTtypoto + 23,8°C, a max
— + 33,1°C dikcyBanocs 3HWXKEHHS1 pPiBHA BoAu Yy P. l4eHbka nobnmay
c. pabiB Ha 125 cm (06.07.2021 p.), WO 3yMOBMNEHO CyxuM nonepesHim
nepiogom (3a ciMm micauiB (cideHb-nMneHb) Bunasno nuwe 31,8 Mmm).

Y 2022 p. pycno ldyeHbkn nepecoxno B3arani. Y nunHi 2023 p. piBeHb
Boan 6yB y Mexax Hopmu, Wwo 6yno 3ymoBreHO BunagaHHsaMm 266,1 mm
onagis BAPOLOBX CeMWU MicsLiB NOTOYHOro poky. Y 2024 p. i3 cepeaHbor
TemnepaTtypoto nunHa  + 24,3°C, a max — + 37,1°C Bigbynocsi 3HWXeHHS
piBHA BOoaAM nuwie Ha 20 cMm, WO 3YMOBSIEHO MOMIPHMM BUNagaHHAM onagis
BMPOAOBX CiYHA-4epBHS (225,9 MMm).

BaraTopiyHM MOHITOPUHI TeMnepaTypHMUX MOKA3HUKIB CBIgYMTb MPO 1X
Kopensuito 3 piBHeM aA3epkana Bog. BctaHoBneHo, wo y 2022 p. pycna pidvok
y Mexax gocnimkyBaHol Teputopil nepecoxnu (6es Bogun). Bnitky Ta BoceHu
ana teputopii I4HaHcbkoro HIM Oynu xapaktepHi TpuBani 3aTskHi goui
(BMNagiHHAM 266,1 MM onagiB BNpOAOBX CeMW MICAUIB MOTOYHOrO POKY),
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BHacnigok 4oro 36inblumMBCcs piBeHb BoAW Yy BOOHMX 06’ekTax. 36inbLUeHHS
TemnepaTtypu MNoBITPA MNPUCKOPHOE NPOLIEC BUMNAPOBYBAHHSA, LLO 3HaxXo4uUTb
BiqoOpaXkeHHs1 Yy 3HWXKEHHI piBHSA Boau Yy rigponoriyHmux ob’ektax napky. Y
2024 p. i3 cepegHbolo Temnepatypot nunHa + 24,3°C, a max — + 37,1°C
BiAGynocsa CyTTeBE 3HMXKEHHS PIBHA BOAMW.

OTxe, Ha OCHOBI aHani3y Kopensuii TemnepaTypHMX NOKa3HMKIB Ta PiBHSA
Asepkana Bog rigponoriyHnx oB’ekTiB I4HsAHCLKoro HIIM BcTaHoBMNEHO, WO i3
30iNbLIEHHAM TemMnepaTypu NOBITPA Y NiTHIM Nepiod NOMITHE 3HWXKEHHS PiBHA
BOOM, @ B OKpeMi nepioan M nepecuxaHHs pivoK. YNpoOoBX ICTOPUYHOro
nepiogy pidknm napky 3asHanm MOP(OMETPUYHMX 3MiH, WO MNOB'A3aHO 3
aHTPOMNOreHHNM BMANBOM 30KpeMa 3aperyribOBaHICTIO pycna pivyoK y BUMMAA
CNOPYPKEHHA NaHutora ctaBkiB Ha p. l4eHbka [9].

OcobnnBo SAcKkpaBO 3a3HayeHi TeHAEeHLUii NposiBAATLCA Ha TepuTopii
AO0CHiAKyBaHOro 3anoBigHOro 06’ekTy, sika 3a PEXMMOM 3BOSIOXKEHOCTI TAXIE
Ao obnacrten goctatHbol BoaHOCTI JliBoGepexHo-[HiNpoBCLKOro perioHy. Ha
UbOMY TN NpUMpoaHi BOAOTOKM a, OCO6fMBO, WTYYHO CTBOPEHI CTaBKM
XapakTepusyTbCs 3Ha4YHMM BOOHUM OediunTOM (3MEHLLEHHS NOBEPXHEBOIO
CTOKY, YMNOBINIbHEHHS Teuil, 3MeHLEeHHA nMOoLWi BOAHOro nneca Touwo).
3asHadeHi TeHOeHUil Npu3BoAsTb OO0 3MEHLUEeHHS niow, ax OO0 MOBHOro
3HUMKHEHHS ocenuw, (6ioToniB) rigpodiTiB. OcCobGNMBO KPUTMYHO [aHa
TeHaeHuis nposisnsaetTbca 6ina [3tobiscbkoro, Mucnmecbkoro, XvMYMHOrO,
CapiBcbkoro Ta bygsHcbkoro crtaBkiB. KopeHeBulla T[feYMKIB  KOBTUX,
natatta 6inoro Ta CHiKHO-OINOro BUABUNUCH BULE Ypi3y BOAW Ta 3rogom
3arvHynu.

B ocTaHHi poKM OCHOBHUW TpeH OXOpPOHWM BiorioriyHoro (y LUMPOKOMY
CEHCi) pisHOMaHITTA 3mictmeca Yy 6ik oxopoHn ocenuw, (OcenuwHa
KOHUenuis), agxe 30epiraTu Ta BiATBOpHOBATM BMAW Ta 1X YrpynoBaHHS
HEMOXNMBO 0e3 BpaxyBaHHA IX TepuTOopianbHOro MOWMPEHHA 3 YyciMma
npuTamMaHHUMM MOMY €KOTONiYHUMMK Xapaktepuctukamu. Lli gedpiHiuil 6ynn
BpaxoBaHi y AaHoMy pJocnimkeHHi. Tak, 3rigHO HauioHanbHOro kartanory
GioToniB YkpaiHu [5] y mexax gocnigpkyBaHol TepuTopii Hamu 3acdpikcoBaHa
HasBHICTb Takux GioToniB (ocenuiy), WO € TUNOBMMU ANA AaHOI NPUPOLHO-
KNiMaTU4YHOI 30HM Ta NiANsAiraloTb OXOPOHI:

B3 Bopgotokn B3.1 OnirotpocpHi BogoTtokn. B3.2 MesoTpodHi Ta
eBTPO(HI BoOOoTOKN. B3.2.2 Me30oTpoHi Ta eBTPOdHI BOAOTOKU 3 NOBISNIbHOK
Tedieto. B3.3 [linsHk1 BoOOTOKIB 6€3 BULLIOI BOAHOI POCIMHHOCTI.

B4 T[lpunbepexHi Giotonun. B4.1.2 [pubepexHi 3nakoBO-pi3HOTPaBHI
3apocTi B3OoBX BoAaoTokiB. B4.1.3 lNMpubepexHa me3oTpodHa POCIUHHICTb
Ha Mynuctux cybcTtpatax. B4.1.5 YrpynoBaHHS HiTpOMinbHOI OOHOPIYHOI
POCIMHHOCTI Ha MynNCTUX Beperax pivyok Ta obminmHax. B4.1.6 BucokoTpasHi
OKpaWnKoBi HITPOIiNbHi BIOTONU HU3UHHUX PIYOK.
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E Tpae’aHi 6Giotonn E2 Me3odgitHi Tpae’aHi 6Giotonn E2.11
KcepomesodiTHi 3annasHi nyku (Agrostion vinealis) E2.2 Me3odiTHi nyku
E2.3 lirpomesoditHi nykn. E2.31 Bonori eBTpodoHi Ta Me30TPOMHI JyKu.
E2.311 Bonori eBTpOdHI Ta Me30TPOdHI JIYKN MACOBULLHOIO BUKOPUCTAHHSA
(Deschampsion caespitosae). E2.312 Bonori eBTpodoHi Ta Me30TPOdHI JTyKn
ciHokicHOro BukopuctaHHa (Alopecurion pratensis). E2.32 Bonori oniroTpogHi
nyku (Molinion).

Kpim TOro, HaBogMMO nNepenik ocenuw, AN H9KMX BU3HA4arTbCs
TepuTopii CmapargoBoi Mepexi, XxapakTepHux Ansa AocnigXKyBaHol Teputopii
[6]:

C1.1 Permanent oligotrophic lakes, ponds and pools [locTinHi
oniroTpodoHi o3epa, ctaBkm Ta Bogoumun. C1.226 Floating Aldrovanda
vesiculosa communities BinbHonnaeatoudi  yrpynosaHHa  Aldrovanda
vesiculosa. C1.33 Rooted submerged vegetation of eutrophic waterbodies
BkopiHeHa 3aHypeHa pocCnuHHICTL eBTpodHMx Bogomm. C1.3413 Hottonia
palustris beds in shallow water 3apocTti Hottonia palustris Ha mMinkoBoagsix.
C1.4 Permanent dystrophic lakes, ponds and pools [MocTinHi gucTpodoHi
o3epa, ctaBkm Ta Bogommun. C2.33 Mesotrophic vegetation of slow-flowing
rivers Me3oTpodHa pOCSIMHHICTb MOBINIBHO TEKYYMX PIYOK.

D4.1 Rich fens, including eutrophic tall-herb fens and calcareous flushes
and soaks bararti 6onoTa, Bkntovaumn eBTPOdHI BUCOKOTPAaBHI Ta KapOoHaTHI
bonota. D5.2 Beds of large sedges normally without freestanding water
3apocCTi KpynHMX OCOK nepeBaxHo 6e3 3actot Boan. E5.4 Moist or wet tall-
herb and fern fringes and meadows Mokpi abo Bonori BMCOKOTpPaBHi Ta
nanopoTeBi y3niccs i JyKu.

F9.1 Riverine scrub lNpwupidkosi yarapHukn. G

1.11 Riverine Salix woodland NpubepexHi Bepbosi nicu.

X04 Raised bog complexes Komnnekcu BepxoBux 60niT.

HagiTb nobixHnin aHani3 6ioTonis (ocenuwy) BKasye Ha iX NPUypPOYEHiCTb
Ao rigpornoriyHoi mepexi lyHaHcbkoro HIMM, 3miHKM y aKkin npsamMo BRNUBaKOTh
Ha MOXIMBICTb 3POCTaHHA $SK OKpeMuUx BuAIB rigpodinbHOro KoMmMmekcy
(cepen fAkmx uUina HuM3ka BuAaiB YepBoOHOI KHUrKM YKpaiHu [1]), Tak i Ha
MOLLUMPEHHSA POCIIMHHMX YrpynoBaHb, 0COBANBO TUX, LLIO 3aHECEHI A0 3eneHol
KHUMM  KpaiHu [2]. LS cuTyauis BuMarae HeramHoro BTpyYaHHS Yy Xig
HeraTMBHMX npoueciB. Cnig 3asHauMTh, WO 3aranbHO BiQOMI MeToaM
30epexXeHHs1 Ta OXOPOHW OKpPeMMUX BUAIB Ta IX YrpynoBaHb 3a3HaudeHi y
INitonncax npupoau [7] Ta «[MonoxeHHi...» [8].

OpgHak piBeHb BMOOBOI Ta UEHOTUYHOI OXOPOHM HE BMNMBaAE Ha
BUPILLEHHA OCHOBHOI NpobnemMn. Ha cborogHi BiACYTHI NpakTUYHI MexaHi3aMu
npotuail rmobanbHUM KriMatuyHMM 3MiHam. [aHa npobrnema € 3aranbHo
ana GinbwocTi 3anosigHuX TepuTopin [Monicca Ta, ocobnueo, Jlicocteny
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YkpaiHn, pge 3bepiraetbCsl  abopureHHa rigpodpinibHa  POCIUHHICTD.
3anuuwaeTbca nuwe npoBOAUTU MOHITOPUHI Cy4aCHOro CTaHy rigpodinbHUX
yrpynoBaHb [O5s aHanisy noganblioro Xody CyYKUEeCinHMX npoueciB 3
BpaxyBaHHAM KOpenAuiHMX 3B'A3KIB 3 OCHOBHMMUW KIIIMaTUYHUMKU  Ta
rigpoNoriYyHUMM YNHHUKaMMW.
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MogsuaH B.O., lNMpunnaeko C.O., JoHeub H.B.

EHepris npopocTaHHA i cxoxicTb neputo oBoyeBoro copty Opcen 3a aii
MeTaboniTUYHO aKTUBHUX PEYOBUH

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu [ozons, YKpaiHa

The article presents the results of the influence of metabolically active
substances (MgSQO4, methionine, paraoxybenzoic acid, vitamin E, as well as the
combination of substances in the composition of vitamin E + methionine +
paraoxybenzoic acid + MgSQa,) on the germination energy and germination of
pepper seeds (Capsicum annuum L.). According to the results of the research, it
was found that in the last determination of germination energy in a Petri dish, the
best germination energy was in the variant using MgSOa4, which contributed to an
increase in the value of the indicator to 94%, which exceeded the value in the
control by 10%, and the value of the variant using Succinic acid by 13%. The
combination of metabolically active substances had the best effect on the seed
germination index, which contributed to an increase in the value of this index by 2%
compared to the control values.

Key words: Capsicum annuum L., metabolically active substances,
compositions, seeds, seed germination energy.

[Mepeub oBoyeBun (Capsicum annuum L.) — HaniB4arapHMKoBa pPoCinHa
POAWHM NacribOHOBMX, MOLUMPEHA oOBOYeBa KynbTypa. Y [OMKOMY CTaHi
3pocTae B TPOMiYHMX panoHax AMepukn. lNepeub K ropognHa cTtas BigoMuUmn
nicna BigkpnTTa AMepuku, 3BigTn noro npmeesnu Ao lcnadii, Itanii i bonrapii.
3 noniB octaHHbO! B XIX cToniTTi nepeub notpanme Ao YkpaiHu. [Jocutb
Binommn copt Opden Bia3HaA4YaeTbCA BUCOKOK  BpoXanHicTio. [pu
HaneXXHoOMy Jornsagi 3 O4HOro Kylla MOXHa oTpuMaTt 4O 5 Kr niiogis.

KopeHeBa cuctema neputo gobpe possuHeHa. OCHOBHa Maca KOpPEHIB
po3TalloBaHa y BEPXHbOMY Llapi r'pyHTY. HamMiHTEHCUBHIWIE KOpEeHi pOCTyTb
A0  no4yaTky  NSIOAOYTBOPEHHSA,  BiATaK TeMnu  POCTYy  MOCTYMNOBO
CMOBINbHIOKTLCA. KOpeHi — HandyTTeBila [0 Xonogy 4YacTuHa pPOCIVHM.
Ctebno neputo TpaB'sHUCTE, Y MONOAOMY Bili M'SiKe, y AOPOCMX POCHAVH
rpybe i 3gepeB'aHine. KBiTkn B nepuio yTBOPKOWTLCSA B Nasyxax fNUCTS Mo
OHIN, pigwe no ABi Ha KOXHoMY G6iyHOMY nmaroHi. LIBiTiHHSA nae nocTinHO Ao
camMux 3aMopo3KiB. [lepwnmMn po3KpUBAKOTLCA KBITKM Ha MaroHax MepLuoro i
APpYyroro nopsakis, NOTIM YXKe KBITKM Ha ronoBHOMY cTebi.

dopma nnogis neputo Ophen nogoBxeHO KyboBuaHa, YOTUPUrpaHHa,
Konip yepBoHu. COpT BIOOMUIN He TiNbKM CBOEK BPOXAWHICTIO, a i CTINKICTIO
A0 xBopo6 Ta aganTUBHICTIO A0 PI3HUX KNiMaTUYHUX YMOB, WO pobuTb MOro
npuBabnmemMm  Ans  BupowlyBaHHA B YKpaiHi  [1]. 3aBgskm  umm
XapakTepucTukam, HaciHHS LbOro COpTY LWMPOKO AOCTYNHE B arpapHux
MarasuHax Ta OHnanH-nnaTtgopmax.

[locnigHukn Ta arpoBMPOOHMKM MOCTIMHO npaulTb Hag npobnemoto
NiABULLEHHST BPOXaWHOCTI neputo. Po3B'a3aHHs uiel npobrnemn MoXHa
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3abes3neunTn LWNAXoM BNPOBAMKEHHS [0OOATKOBUMX €NEMEHTIB TEeXHOMOoril
BMPOLLYyBaHHSA. 3aCTOCYBaHHS PICTPEryOYNX pe4HOBUH MOoXe ByTN OgHUM 3
erneMeHTIiB Uiel TexHonoril. PicTperyntoorodi BfacTUBOCTI MakwTb  TaKoX
MeTaboniyHO aKTUBHI PEYOBUHU, SIKi CUHTE3YKOTb caMi pocnuHu. [logaTtkoBe
3aCTOCyBaHHA pPi3HUX KOoMOGiHaUin MeTabosniyHO aKkTMBHUX PEYOBUMH Mig 4ac
BMPOLLYYBaHHSA MepUio MOXe 3abes3neynTy MOKpaLLEeHHS NPOLECIB CXOXOCTI,
poCcTy Ta OBMiHY pPeYOBMH i, K pe3ynbTaT, BMAIMHYTU Ha BPOXAWHICTb L€l
KyNbTYypMW.

ToMmy, MeTOW Hawux AocnimkeHb Oyno BCTaHOBUTM  BMIYB
MeTaboniTUYHMX aKTUBHUX pe4voBuH (BiTamiH E (10%®), MapaokcnbeHsomnHa
kmcnota (0,001%), MgSO, (0,001%), MertioHiH (0,001%)) Ha eHeprito
NPOPOCTaHHSA HACiHHSA neputo oBoveBoro copty Opdhen.

HaciHHA npopoluyBanu y vyawkax [eTpi Ha inbTpyBansHOMY nanepi 3a
Temnepatypu 20 °C. EHeprito NpOpPOCTaHHSA HACiHHA BU3HaYyann 3 MOMEHTY,
AK TiNbKM noYanucsa 3'aBraTUCA nepLli NPOpPOCTKM 3 IHTepBaroM KOXHI 2 OHi
[0 MOMEHTY, KOJM KiflbKiCTb MPOPOCHOro HaCiHHA npunuHuMna 36insbwyBaTuCh
[2]. OTpumaHi pesynbTaTu BuUpaxanu y BiACOTKax Bif KiSIbKOCTi NPOPOCInX
HaCIHWH.

EHepria  npopoCTaHHA HaCiHHA XapakTepu3ye AOPYXHICTb MOSABU
HOpMarbHMUX MPOPOCTKIB 3a MEBHUN TEPMIiH, BCTAHOBMNEHUN ON11 KOXHOI
KynbTypW, @ TaKOX XUTTE3OATHICTb HACiHHA, Bi SKOI 3aneXuTb LBUAOKICTb
MOro NpopocTaHHs. HaciHHA 3 BUCOKOK eHeprielo NpopoCTaHHA da€e pPaHHi U
piBHOMIipHiI cxoau. PesynbTaTu BnnvBy MeTaboniyHO akTUBHUX PEYOBUH Ta 1X
KOMOiHaUin Ha eHeprilo NpopocTaHHA HaciHHA neput copTty Opden
Bigo6pakeHo y Tabnuui 1.

Tabnuus 1.
EHepria npopocTaHHA neputo oBo4yeBoro copty Opden 3a gii
MeTabosiYHO aKTUBHUX Pe4OBUH

. . EHepris npopocTaHHA HaciHHSA, %
BapiaHtn gocnigy
18.03.25 21.03.25 24.03.25 26.03.25

KoHTponb 2 19 45 84
BypLliTnHOBa KMcnoTa 3 30 45 81
MgSO, 3 34 38 94
MeTioHiH 3 20 40 59
MOBK 18 38 49 86
BitamiH E 8 35 68 76
BitamiH E + MeTiOHIH +

MOBK + MgSO, 11 40 63 74

Ak BnaHO 3 Tabnuui 1, Harkpawle Ha eHeprito NPOPOCTaHHA Ha nepiog
nepworo BuMmiptoBaHHa (18.03.2025 p.) uUbOro mnokasHuMKa BnnMBana
[MapaokcnbeH3onHa knucnota. KinbKiCTb NPOPOCHNX HACIHMH Y LIbOMY BapiaHTi
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ctaHoBuna 18%. Ha nepiog apyroro BumiptoBaHHA (21.03.2025 p.) Hankpalue
Ha 3Ha4YeHHs1 OOCNiAKYBaHOro nokasHuka BnnvBana kombiHauis peyoBuH Yy
cknagi BitamiH E + MeTioHiH + [NapaokcnbeHnsonHa kucnota + MgSO.,.

Ha TpeTio gaty BumiptoBaHHs (24.03.2025 p.) eHeprii npopocTaHHSA
Hawvkpalli pe3ynbtatn Oynn 3adikcoBaHi y BapiaHTi BUKOpPUCTaHHSA BiTaminy
E. UeTtBepTe BuMiHIOBaHHA (26.03.2025 p.) nokasano HamBWULLi 3HAYEHHS Yy
BapiaHTi 3actocyBaHHA MQgSO,. Mpn UbOMY 3HAYEHHA MOKa3HWKa eHepril
npopocTaHHA Byno Ha piBHi 94%, WO NepeBuLLyBano 3HAYEHHSI Y KOHTPONI
Ha 10%, a 3Ha4YeHHs1 BapiaHTy 3acTocyBaHHs bypTnHOBOI KMcnotu Ha 13%.

CXOXiCTb HaCiHHA — Lie NMOKa3HWK, KU NMoKa3ye, SIKUW BiACOTOK HACIHHS
NpopocCTe Bif 3aranbHOI KiNbKOCTI HACIHUH BUKOPUCTAHUX ONA NPOPOCTAaHHS.
Lle ogwH i3 ronoBHMX MNOKa3HUKIB SIKOCTi MNOCIBHOro Matepiany. Bnnue
MeTaboniyHO aKTMBHUX PEYOBMH Ha 3HAYeHHs MOKasHuka fabopaTopHOol
CXOXOCTi HaciHHA neputo oBoyeBoro copty Opdoen BigobpaxeHo y Tabnuui 2.

Tabnuugs 2.
CxoxicTb HaciHHs neputo copty Opdhen 3a ail meTtabonivyHo
aKTUBHUX PEYOBUH

BapiaHT gocnigy CxoxicTb, % % 00 KOHTPOIO
KoHTposb 96 100
BypwTuHOBa KucnoTa 97 101
MgSO, 95 99
MeTioHiH 96 100
MOBK 96 100
BiTamin E 94 98
BiTamin E + MeTioHIH +

MOBK + MgSO, 98 102

Ak BMagHO B Tabnuui 2 Hankpawe Ha MNOKa3HMK CXOXOCTi HaCiHHS
BANMBana KoMOiHauUis mMeTabomniyHO aKTUBHMX pPEeYOBUH, sKa crpusana
3POCTaHHIO 3HA4YeHHA UbOro nokasHmka Ha 2% nOpPIiBHSAHO A0 3Ha4eHb
KOHTPOSI0.

Takum 4MHOM, 3a pesynbTaTaMu gochnigkeHb Oyno BCTAHOBMEHO, WO
MeTaboniyHO aKTUBHI  PEYOBUHM BMNIMBAKOTb HA MOKA3HWKN  eHepril
NPOPOCTaHHSA Ta CXOXOCTi HACiHHA nepu oBoyeBoro copty Opden.

BukopucTtaHi gxxepena
1. nMepeub Conogkmn Opgen - OBodvi — CimenHnn Cag. URL:
https://ssad.com.ua/ovoshy/orfej/?utm_source=chatgpt.com?Iswp=1
2. BwusHayeHHA nNOCIBHMX SKOCTEM HaCiHHA. [lepxaBHa ycTaHoOBa
“XapkiBcbka obnacHa diTocaHiTapHa nadoparopis’. URL:
https://fitolab.kharkov.ua/?p=1023&amp;utm_source=chatgpt.com (garta
3BepHeHHs: 11.04.2025).

59



https://ssad.com.ua/ovoshy/orfej/?utm_source=chatgpt.com?lswp=1

BboTaHika i (isionoris pocnuH

YK 581.1:631.811.98:633.11
Cokonoscbka-CeprieHko O.I., Kipisin O.A., Ctacuk O.0.,
fono6opopa A.C., Tapactok M.B.

AKTUBHICTb (POTOCUHTETUYHOrO anapaTy 03UMOI niieHuLi
3a 06po6ku no6puBom EKOJIAUH docdcpitHum (K)

IHcmumym ¢bizionoaii pocnuH i 2eHemuku HAH YkpaiHu

The effects of foliar treatment with ECOLINE Phosphite (K) of winter wheat of
the Jamala variety on the chlorophyll (a+b) content, the flag leaf photosynthetic
activity and plant productivity were studied in a pot experiment. The treated plants
had higher activity of the photosynthetic apparatus of the flag leaf at the flowering
and grain filling stages.

KnwoyoBi cnoBa: Triticum aestivum L., xnopodin, dOTOCUHTES,
NPOAYKTUBHICTb.

[MpoTarom OCTaHHIX  AecAaATUniTb  AOCHIOXXEHHS PI3HOMaHITHNX
CiNbCbKOrocno4apCbKnX KyrnbTyp nNoKasanu, wo gocdith no3nTUBHO
BNSMBAOTb Ha PO3BUTOK KOpeHeBol cuctemun [1]. Ui pedoBuHM nerko
NPOHUKaIOTb Yepes NIMCTKOBY NOBEPXHIO, TOMY MNpenapaTn Ha iX OCHOBI YacTo
3aCTOCOBYKOTb 1A MO3aKOpeHeBOro MiMKMBNEeHHS. Takui nigxiga [0o03Bonde
NigBULWMTM CTIKMKICTb POCAMH [O rPUOKOBMX XBOpPOO, akTmeidyBaTu picT
KOPEHIB Ta MOKpawmTh BpoOXaunHicTb [2, 3]. Takox ©Oyno BusBMNEHO, WO
BHECeHHs1 pocdiTiB y cknaai docdopHmx A[o6pMB MNpU NO3aKOPEHEBIN
06po0bui NweHuui cnpuse NiaBULLEHHIO OTOCUHTETUYHOI aKTUBHOCTI, KpaLLlin
CTIMKOCTI (DOTOCMHTETUYHOrO anaparty 0O CTpPecoBUX (pakTopiB cepeaoBuLLa
Ta YNOBISIbHIOE 3HWXKEHHA (OOTOCMHTE3Y MpanopLeBoro JIMCTKa MPOTArom
OHTOreHesy [4].

MeToo Hawoi poboTn ©Oyno BMBYEHHS BMNIMBY MO3aKOPEHEBOrO
nipkueneHHs gobpusom EKOJIAMH  docoithum  (K) Ha  akTuBHICTb
JOTOCUHTETUYHOIO anaparty i NPOAYKTUBHICTb POCANH O3UMOI MLLEHULI.

O6'eKTOM OOCNIMKEHHA CryryBanu POCAVHU O3UMOI M'SIKOI MLIEHWULI
(Triticum aestivum L.) copty [kamana, opuriHaTopoM $IKOro € |HCTUTYT
doizionorii pocnuH i reHetukn HAH YkpaiHun. PocnuHu BupollyBanu y
BereTauiHMx nocyguHax, ski mictunm 10 Kr 4epHOBO-NIA30/IUCTOrO I'PYHTY.
[PYHT yoo6pioBanu HiTpoamodockoto Y Ao3i 10 ' Ha NOCYANHY, SKY BHOCWIM
PiIBHOMIPHO ABOMa eTarnamu: Npu 3arnoBHEHHI IPyHTOM (5 r) Ta B cepeauHi
da3n Buxogy B Tpydbky (BBCH 34, we 5 r). KinbkicCTb poCnvH y KOXHil
nocyauHi ctaHosuna 20 wt. Bnpogosx BereTaudil piBeHb BOJIOrOCTi FPYHTY
nigtpumyBann B Mexax 60-70% noBHOI BOMNOroemMHocti. PocnuHu
BUpOLLyBasiv 3a YMOB MPUPOLAHOro OCBITNEHHS.

MosakopeHeBe NiAKVWBREHHS 3AilicHioBanu npenapatom EKOJNAMH
docitHmn (K) y koHueHTpauii 1 n/ra. OBpobky nposoannu OBOPa3oBO: Y
KiHUi dpa3m Buxogy B Tpybky (BBCH 39) Tta y dasi ¢dopmyBaHHA 3epHiBKM
(BBCH 71). BusHayeHHA BMICTY (POTOCUHTETUYHUX MIrMEHTIB, a TaKoX
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napameTpiB ra3o06MiHy NpanopueBux NIUCTKIB 34iMCHIOBaNM y gasax LUBIiTiHHSA
(BBCH 65) Ta Mono4Ho-BockoBoi cturnocTti (BBCH 77).

BmicT xnopodinis i KapoTMHOILIB BU3HaA4anu CrnekTpooTOMeTPUYHO
nicna ekcTpakuii gumeTtuncynbgokengom 3a BenbypHom [5]. IHTEHCUBHICTD
OTOCMHTE3Y peecTpyBanM 3a KOHTPOJSIbOBAHMX YMOB Ha YCTaHOBLI,
3MOHTOBaHI Ha 6a3i oNTUKO-aKyCTUYHOroO iH(bpadepBOHOro raszoaHarnisatopa
NAM-5M, yBiMKHEHOro 3a aundepeHuinHo cxemoro [6]. CepefHi YacTUHK
[HTAKTHUX NpanopueBnX JUCTKIB FOMIOBHOrO naroHa (No 2 naparnesnbHo)
noMiwann B Kamepy 3 KOHTPOSibOBaHOW Temnepartypow (25 °C) i
ocBiTntoBanu ceitnogiogHnm npoxektopom TA-11 noTyxHicTio 50 BT 3
KonipHoto Temnepatypoto 5200 K. OcBiTneHicTb Ha piBHI kKamepun cTaHoBMNAa
1500 mkmonb/(M? ¢ ¢) ®AP. KoHavuioHoBaHe nosiTps (Bonoricte 10—11 m6ap)
npoayBanocb 4yepes3 kamepy 3i WwBnaKicTio 1 n/xB. IHTEHCUMBHICTL acuminsuil
CO2 pospaxoByBanu 3a 3HWXKEHHSIM NOro KOHLUEHTpaLil y noBiTpi Ha BUXOA4i 3
KamMepu NOPIBHAHO 3 aTMOCKEPHUM.

[ns BU3HaA4YeHHS MNOKa3HMKIB 3ePHOBOI NPOAYKTUBHOCTI paHOOMi30BaHO
BigGupanu no 20 pocnnH 3 KOXKHOro BapiaHTy Y pasy NOBHOI CTUMIOCTI 3epHa.

[MoBTOpHICTE pgocnigy — 5 nocyauH Ha BapiaHT, BUMIpHOBaHHSA
IHTEHCMBHOCTI (DOTOCUMHTE3Y — B 4-KpaTHIiN, a BMICTY Xnopodiny — B 3-KpaTHiu
NOBTOPHOCTI. EkcnepumeHTanbHi  gaHi  obpobnanu  CTaTUCTUYHO  3a
aonomoroto nporpamn Microsoft Excel. Ha pucyHkax HaBegeHo cepegHi
3HaYeHHA Ta IX CTaHgapTHi BiOXWNEHHA. 3HauYyLWiCTb Pi3HMUI  MiX
KOHTPONbHUMW | AOCNIAHMMKM BapiaHTamMu ouiHioBanu 3a gonomoroto ANOVA.
BiamiHHOCTI BBaXkanu goctosBipHumu 3a p < 0,05.

I B KOHTpOIb

docdit K

*

I

Xnopodoin (a + b), mr/r cup. p-Hu

BBCH 65 BBCH 77 dasa

Puc 1. Brinue nosakopeHeg020 nidXusrieHHs1 POC/IUH O3UMOI ruweHuuyi copmy
[xamana dobpusom EKOJIAMIH ®ocpimHuti (K) Ha emicm xmopogpiny (a+b) y
nparopuesomy niucmky 8 ¢ghasu ygimiHHss (BBCH 65) i Morio4HO-80CKO80I
cmuanocmi (BBCH 77)

* — pi3HUUS 3 KOHMposiem docmosipHa npu p < 0,05
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O6pobka pocnuH nweHuli copty [xamana npenapatom EKOJIAVH
docoitHmn (K) B hasy Buxoay B TpybKy HEICTOTHO BNnuBana Ha 3aranbHumn
BMICT XJIopooiniB i KApoOTMHOILIB B NpanopLeBoMy JINCTKY B (pasdy LBITIHHSA
(pnc. 1).

[BokpaTHa obpobka npenapaToM CNpUYMHANA OOCTOBIPHE NiABULLIEHHS
NMOPIBHSHO 3 KOHTPOSIEM CYMapHOro BMICTY Xxnopodinis y npanopuesnx
NMCTKax copTy B dpasy Morno4vHo-sBockoBol cturnocti (BBCH 77). 3aranbHum
BMICT xnopodiny 3a o6pobku npenapatom EKOJTAMH docoitHuin (K)
pocnuH copTy [kamana 3pic Ha 11,5 % y NOPIBHAHHI 3 KOHTPONEM.

BigMiHHOCTI MK pocnuHamMn [OCRIOHOrO i KOHTPOSIbHOrO BapiaHTiB Y
dra3y MOMOYHO-BOCKOBOI CTUIMOCTI CnocTepiranucs Ha goOoHi CTapiHHA NNCTKa
| OHTOreHETUYHO 3YMOBEHOrO 3HMKEHHA BMICTY xropodoiny. Omke, oTpumaHi
AaHi ceigyaTtb, Wo obpobka npenapaToMm chnpusina Kpawomy 36epexxeHHIo
POTOCMHTETUYHOrO anaparty npanopLeBOro fIMCTKa B Xo4i penpogyKTUBHOIO
PO3BUTKY POCIIUH. Y KOHTPOSbHUX POCIIVH copTy [Xamarna 3HWXEHHS BMICTY
xnopopiny 3a nepiog Big UBITIHHA OO0 MOJIOYHO-BOCKOBOI  CTUIMOCTI
ctaHoBuno 37,2 %, a B gocnigHunx 30,2 %.
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Puc 2. Brninue nosakopeHe8020 nidXXuereHHs pOCIUH 03UMOI MweHuuyi copmy
[xamana dobpusom EKOJIAMIH ®ocepimHuti (K) Ha gpomocuHmes y
nparnopuyesomMy nucmky 8 ¢pasu usimiHHs (BBCH 65) i morio4Ho-80CK080I
cmuenocmi (BBCH 77)

* — pi3HUYs 3 KOHMposiem docmosipHa npu p < 0,05

PesynbTatn BUMIptOBaHb NOKa3HWKIB ra3o0bMiHy npanopueBux IUCTKIB
BUSIBUMNK, WO 0Bpobka pocnuH npenapatom EKOJTAVH docdithun (K) y
daszy BBCH 39 poctoBipHO nigBuwmna iHTEHCMBHICTb (DOTOCUHTE3Y B hasy
uBiTiHHA (BBCH 65) y copty Dxamana (puc. 2). Lle nigBuweHHa cTaHOBUITO
16,2% nopiBHAHO 3 HeobpobneHnmn pocnmHamu. licna NoBTOpHOT 06pobKkM
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NO3NUTUBHUIN BMNSIMB Ha (POTOCUMHTE3 Yy (pady MOSTOYHO-BOCKOBOI CTUIMNOCTI ByB
BUPAXEHUN cunbHiwe. Tak, y pocnuH copty [Pkamana B uUen nepiog
nepeBULLEHHS OOCNIAHMX POCNUH Had KOHTPOSIbHUMWU 3a IHTEHCUBHICTHO
acuminauii CO2 ctaHoBuno 34,4%.

O6npucKyBaHHA pocnuH  copTy [xamana npenapatom EKOJTAMH
dochitHn  (K)  cnpuumHANO  TeHOEHUilo [0  3pOCTaHHA  3epHOBOI
NPOAYKTUBHOCTI UifOl pocnuHKn i okpemnx ernemeHTiB (Macn 1000 3epeH)
3€pHOBOI MNPOAYKTUBHOCTI rOfIOBHOro naroHa. Maca 3epHa 3 OAHIi€l pocnuHu
3a 00pobku npenapatom 3binbLyBanacsa Ha 12,3 % NOPIBHAHO 3 KOHTPOSIEM.
CTaTMCTMYHO pJocToBipHMM B gocnigi 6yno  30inblleHHA NpoayKTUBHOI
KYLLMCTOCTI POCINH, sike CTaHOBUITO 23,2 % [0 KOHTPOIO.

OTpumaHi pesynbTaTM BKasylTb, WO Mo3akopeHeBa 06pobka poCrvH
o3nMOi nweHuui npenapatom EKONAMH  docoituin  (K) cnpusna
NiABULLIEHHIO aKTUBHOCTI DOTOCMHTETUYHOrO anaparty npanopLeBoro JIMCTKa i
KpaLlomy Ti 36epexXeHHIo B nepios, iHTEHCMBHOIO HanmMBaHHSA 3€PHIBOK.
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YOK 581.1
LLleBueHko B.B., boHgapenko O.10.

3MiHM BMiCTY 3aXMCHUX XJTOPOMMAaCTHUX LWanepoHiB poanHu 20-22 k[ ta
aKTUBHOCTiI (pOTOCMHTETUYHOIO anaparty y Cy4aCHUX COpPTiB O3UMOI
NnweHuLi 3a OKpeMoIl Ta CnifibHOI Aii NOCyXMn Ta BUCOKOI TeMnepaTypu

IHcmumym ¢bizionoaii pocnuH i 2eHemuku HAH YkpaiHu

Changes in the content of protective low-molecular-weight chaperones of the
20-22 kD family, the main structural proteins PS Il, D1/D2, and chlorophyll
fluorescence induction indices under separate and combined effects of drought and
high temperature were determined in 4 varieties of winter wheat. Under the action
of drought, the content of protective proteins increased in all varieties, and the
content of D1/D2 proteins decreased. The protective effect of chaperones 20-22 kD
under the combined effects of drought and high temperature was shown in 3
varieties.

Knw4yoBi cnoBa: Triticum aestivum L., o3Mma nweHuusd, dOTOCUHTES,
doTtocuctema ll, waneponun 20-22 k[la, nocyxa, BucCoka tTemnepartypa.

MMiogBuWeEHHs TemnepaTypyu BHACNIAOK 3MiHWM  KniMaTy CTaHOBUTb
CEepWO3HYy 3arpo3y AOnA BPOXaWHOCTI CirllbCbKOrocnogapCbKux KynbTyp Yy
BCbOMY cCBITi [1]. AK npaBwuno, TensoBuM CTPeCc 4acTo BU3HAYAETbLCA SK
niaBuLLIEHHS TeMmnepaTypu Binblue 3a NeEBHUI piBEHb NPOTArOM Nepiogy vacy,
AO0CTaTHbOro Ang Toro, wob 3aBgaTtn HE3BOPOTHOI LLKOAM POCTY Ta PO3BUTKY
pocnnH [2]. Bucoki Temnepatypu MNOLWKOOKYKTb YETBEPTUHHY CTPYKTYpY
GinkiB, NiNign KNiTMHHUX MeMbpaH, TakMM YMHOM BMMMBAKOYM HA aKTUBHICTb
dEepMEHTIB XNOPONNacTiB i MITOXOHAPIN Ta UiNiCHICTb MembpaH. AK CunbHUi
TENSIOBUM CTPEC, TaK i TpuBanuMn BMSIMB MOMIPHO BUCOKUX Temnepartyp
MOXYTb MNPU3BECTM OO0 MNOLIKOMKEHHA KMITWUH i 1X 3armbeni. Xnoponnactu
POCINH CriyXaTb MeTaboniYyHMMKN LeHTpaMn Ta BidirparoTb KrOYOBY POSb Y
CNPUWHATTI TENMNOBOro CTpPecy Ta CTUMYSIOBaHHI BignoBigHMX oi3ioNOriYHnX
aganTtauinHmx peakuin. lNpouecu, noB’d3aHi 3 POTOCMHTE3OM, BKIIHOYAK4M
TpaHCcnopT enekTpoHiB, acuminsauito CO2, poTodocdopuntoBaHHs, iocuHTes
xnopodiny (Chl), nNUHHICTL TMNakoigHOT MemMBpaHn Ta POTOXIMIYHI peakui,
YYTNKMBI OO TENMOBOro CTpecy. 3a3Bmyan Ui OCHOBHI MeTabonivHi npouecu
ONTUMI3YOTb Qoikcauito Byrneut Ta picT [2, 3]. 3i BCix BINKOBUX KOMMIEKCIB
XnoponnacTHoi TunakoigHol membpanm OCIl € HanBINbL YyTNIMBOK MiLLIEHHIO
TennoBoro crpecy. POTOCUHTETUYHUM TPAHCNOPT E€fIeKTPOHIB i cnHTEe3 ATO
CUITbHO NOLIKOXKYETbCA, AKwo PSIl cTpaxaae Big CepNo3HOro TepMiYHOro
NOLKOLKEeHHS [1].

Ocobnunee micue cepef CTPECOBUX YMHHUKIB, SIKi BNAMBAKOTb Ha npouec
doTtocuHTedy, nocigae nocyxa [4]. OCHOBHOKW CTPYKTYPOK POCIMHHOIO
opraHiamy, LLO CTpaxaae 4yepes BrMB NOCYyxu, € POTOCUHTETUYHUIK anapar.
3a pfii nocyxu, B nepwy 4epry, BigOyBaeTbCA 3aKpUTTA nNpoauxis, WO
NPU3BOANTL 40 NOPYLUEHHS TpaHcnipauil [5]. TakoxX 4yyTnvemMMu 00 il NOCyxu
Ta NOB’A3aHUM i3 Helo NiABULLEHHSAM TeMnepaTypu nucTka € potocuctema ll,
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Pybicko-akTnBasa, KMCEeHb-BUAINAYNN KOMMJIEKC Ta €eneKTPOH-
TpaHCNOPTHUM NaHutor. MNopyLLIEHHA enNeKTPOHHOro TpaHCNopTy NPU3BOANUTL
A0 NPOAYKYBAHHA aKTUBHUX (POPM KUCHIO, SKi PYMHYKOTb (POTOCUHTETUYHUN
anapart. Y pOCIMHM € Kiflbka MexaHi3amiB gnga 3anobiraHHs Ail OCMOTUYHOro
cTpecy.

Takum 4YMHOM, BKpal BaKMBO, PO3pobnATU KynbTypu 3 MOKPAaLLEHOH
TEPMOCTIMKICTIO 3@  OOMNOMOrow  TensioBOl  aknimaTtm3auili  POCSIvH,
MONEKYNAPHOI cenekuii Ta reHHol iHxeHepil [6, 7]. Tak, ana pagy cy4acHux
COPTIB 03MMOI MLEHUL NnokasaHo (POPMYBaHHSA MepexpecHOl CTIMKOCTI npu
CninbHiW Ail nocyxu Ta nigsuweHol Temnepatypwu [8].

ICHYe psia pyHOaMeHTanbHUX KNiTUHHUX Mpouecis, siki nepenbadaloTb
TMMYacoBUM BMSIMB HAaBKONULLHLOIO CepefoBMLLa Ha B3aEMOAIOYi NOBEPXHI,
Taki K 3apsmxkeHi obnacti abo rigpodobHi gomenun. Lli npouecn BkntovaoTb
CUHTEe3 Binka, TpaHcnopTyBaHHSA Bifika, poboTy KOMMNEKCIB, TakMx SK Ti, WO
BepyTb yyacTb y pennikauil AHK, 30ipky komnnekcis opraHen i3 cyboanHuub,
CTBOPEHUX Y BinbLU Hi>XXK OAHOMY CYBKNITMHHOMY BifAini, Ta BigHOBIEHHS Micngd
ctpeciB. Cpn20, Hsp20 — xfoponnacTHU WanepoHiH, KPUTUYHUA perynaTop
onocepenkoBaHOro LwanepoHom donaunry 6inka, akmn 6epe ydvactb y
3ropTaHHi, gerpagauii Ta 3axuCTi HOBOYTBOpeHMX OinkiB nig 4ac ix
TpaHCMOPTYBaHHA B OpraHenu sik B ONTMMAarnbHUX TaK i B HECNPUATINBUX
ymoBax. Hsp (6inku TennoBoro LWOKY) SIK MOMEKYNAPHI LWanepoHn NOLLMPEHI B
PiBHOMaHITHUX OpraHiaMax i BigirpaloTb BupiWanbHy pPoSib Yy CNPUSHHI
donaunHry Ta 3anobiraHHi arperadii 6inka.

Hapasi, Takox, BigOMO, WO BOHW (YHKUIOHYIOTb Ha BCIX cTagiax
PO3BUTKY Ta pearyloTb Ha abioTU4YHI CTpecu, Taki ik HM3bka Temnepartypa,
nocyxa, 3aCOSfieHHs Ta CNPUYMHEHUW CTPECOM OKuUcnoBanbHU cTpec [9].
binbwicte 6inkiB gocaratoTe CBOro  YHKUiOHANbHO MPUPOAHOro CTaHy
CMOHTAHHO nicna Buxogy 3 pubocomu, ane MeHWicTb 6inkiB noTpedye
gonomorn wanepoHis ana donguHry. Ak npasuno, Hsp20 3anobiratoTb
HeoOOpPOTHIN arperauii AeHaTypytoumnx cTpec-6inkiB 3axonnioym cyobcTpaTHi
Ginkn AT®-HezanexHum cnocobom. OCKINbKM BUBINIbHEHHS Ta 3ropTaHHs
komnnekcie Hsp20—cybecTpaT He € CnoHTaHHuM, AT®-3anexHi LwanepoHu,
Bkntovatoum Hsp70s i Hspl00s, moxXyTb crniBnpautBaTM B LMX npouecax.
WSCP «knacy |l € Bogopo3umHHumn binkamn ~20 k[a, nicna 3B’A3yBaHHSA
MoJieKkyn xnopodiny i3 cniBBigHOLWIEHHAM NirMeHT/0inok oanHMus abo MeHLue,
YTBOPIOYM TeTpamepHy 30ipKy, BUABMAOTb BUCOKY (oOTOCTabinbHICTL Ta
TepMiyHy 3gaTHiCTb. PisionoridHa dyHkuia WSCP gocnigkyeTbes.

doTo3axmcHum b6inok PsbS, tex BigHocutbea oo WSCP. BiH B3aemogie i
3 Marno, i 3 rONOBHOK aHTEeHaMW CBITNO36MpanbHOro koMnnekcy | i Takox
moxe peryntoBatn yytnmeicte C3K Il 4o npoTOHiB, perynoBatv 3HAYEHHS
pKa Bigkputnx y ntomeHi 3anuwkis C3K Il i BnnmBatn Ha pyxnumBicTb GinkiB y
TMnakoigHin memb6pani [10]. MNMpocTopoBa peopraHizauia Ta KOH(opMaLinHi
3MiHu ronosHoro C3K Il y npucyTHocTi PsbS y TunakoigHnx membpaHax abo
3MiHW B Mopdosnorii  MmembpaHM  BOMBaK4M  Ha  KOHpopmauito

65



BboTaHika i (isionoris pocnuH

cBiTnosbupanbHoro komnnekcy Il i, MOXNMBO, iHAYKYOUM 3MiHY opieHTauil
ntoTeiHiB B C3K |, Bce we € npegmeTtom amckycin [11].

He AuBnsuMcb Ha BENUKY KiNbKiCTb AOChimpkKeHb yHKUil  6inkis
TENMnoBOro LIOKY, WO 3HA4YyHO 36iNblUMM0 PO3YMIHHA PerynsaTopHOi Mepexi,
SIka KOHTPOSKOE CUCTEMY peakuil Ha TennoBuM CTpecop, KapTuHa
3annaeTbCs Aarneko He noBHO [12].

TomMy MeTOH Halol poboTn Byno AOCNIAXKEHHS 3MiH BMICTY 3aXMCHUX
LuanepoHiB Ta (yHKUIOHaNbHOI aKTUBHOCTI (POTOCUHTETMYHOrO anapaty Yy
COPTIB 03MMOI MWEHWULI Pi3HOI CTIMKOCTI 3a Ail AeCATUAEHHOI NOCYXWN, BUCOKOI
Temnepartypu Ta ix cnifibHol Ail.

MaTepianu i meTogmn

Ons pocnigkeHb ©Oyno BUKOPUCTAHO 4 COPTU  O3UMOI  MLUEHWUL
[MoponsHka, lNoginecbka HuBa, HaTtanka, MNopagHuus. licna nepesnmisni y
BIOKPUTOMY TpPYHTI pocnuvHu Oyno nepecamkeHi y 10-Tm kr BereTauivHi
NOCyOAUHWN Ta MepeHeceHi nig nonieTurieHoBy MNOKpIiBM. [N KOHTPOSIbHUX
POCNWH 3dincHoBanNu nonue gnsa 3abesneyeHHst 60-70% BOMNOrocTi rpyHTY.
[na pocnigHUX pocnnH Ha dasi KONOCIHHA-LUBITIHHA CTBOpPHOBaNncb yMOBWU
nocyxu npotarom 10 gHiB npu 30% [MBI. KoHTponbHi Ta gocnigHi pocnvHn
Ana pocnigkeHb Bigbupanucbe Ha 10-n geHb nocyxu. Takox, Ha 10 geHb
NoCyxu npoBoAMNN TepMooBbpoObKy pocnuH. [Ons uboro 3pi3aHi pPOCHUHK
CTaBUNUCb Y CKIMAHUIM CTaKaH i3 BOOOK Ta nporpisannce y TepmMoctari npu 45
9C npotsarom 120 xB.

[ns BuaineHHs xnoponnacTiB Bigbupanun BepxHi, npanopuesi IMCTKU Ha
dasi  KONOCIHHA-UBITIHHA.  JINCTKM  romoreHidyBanuM 2 XBUIMHM  Ha
romoreHizatopi MPW — 302 (lNonbwa) B cepenoBuLli, wo mictuno 50 mM
TpyuuHy pH 7,6, 0,4 M caxapoau, 10 MM NaCl, 5 mM MgClz. licna 4oro
romMoreHaT nponyckanu 4yepes 2 wapu 643i Ta ueHTpudyryBanm Ha
ueHTpudysi K-13A (HimeydnHa) 5 xsunuH 3i weungkictio 400g ona ocagkeHHs
doparMeHTiB  KNITUH,  KpoxXmanbHUX  3epeH, Towo. CynepHaTaHT
ueHTpudyrysann Bgpyre npotdarom 10 xBunuH 3i  weuakictio 1000g,
oTpuMytouM B ocagdi pakuito xnoponnactis. Ocag pecycneHaysanu,
nponyckat4um noro 4epes kanpoH, B 10 mM TpuuyuHosomy 6ydepi pH 7,6 3
aopasaHHam 0,1 M caxaposun, 10 MM NaCl, 5 MM MgCl..

Enektpodopes  xnopodin-6inkoBmMx  KOMMMEKciB  npoBogunn 'y
nosliakpunamigHomy reni, ik onucaHo paHiwe [13]. Enektpodoperpamm
oumcpoByBanuck 3a gonomMmoroto nporpamu Gelobrob.

BumiptoBaHHa  iHAOYKUiT doniyopecueHuil  xnopodpiny npoBoauMnu  Ha
yctaHoBui LCpro-SD iFL Sntegrated Fluorometer and Photosynthesis
System, BenukobputaHia. PospaxoByBanu  BiOHOLWEHHS  BESIMHMUHM
BapiabenbHOI donyopecueHuil 4o MakcumanbHoi, Fv/Fm, ske, sik Bigomo, €
ouiHkol kBaHTOBOro Buxogy doTtoximii PCIll, BigHoweHHA Rr¢ = (Fm -
Fst)/Fst — Tak 3BaHuMi «index vitality», cniBBigHoweHHA Fpl/Fm, ke €
nokasHukom goni Qb-HesigHoBNtOOUMX LeHTpiB PCIl y 3aranbHin KinbKoCTi
ueHTpiB (Qb-HeBigHoBMOKOYI + Qb-BigHOBIIOKWOYI), LWBUOKICTL €NTEKTPOHHOIo
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TpaHCNOPTY Yy CBiTNoaganToBaHMUX NUCTKIB (NapameTp J) Ta KBAaHTOBUA BUXIA
doTocuctemu Il y ceitnoagantosaHux nuctkie (napametp Y(I), AF/Fm).

CTaTUCTMYHMA  aHania npoBOAMNM 3a CTaH4apTHUMM NporpaMamu
MicrosoftExel. CepefgHi 3Ha4yeHHs po3paxoByBanu 3a JaHUMK TPbOX AOCNIAIB
npwn 5 aHaniTM4HMX NOBTOPHOCTSAX. PiBeHb 3Ha4vywocTi 0,95.

Pesynbtatn Ta 06roBopeHHs

3MiHM BIOHOCHOIMO BMICTY 3aXMCHUX HU3bKOMOSMEKYNAPHUX MPOTETHIB
poanHun 20-22 k[l, a TakoX OCHOBHWX, HANBINbL HECTabIfbHMUX Ta YYTNUBUX
A0 AOi1 CTPecoBMX YMHHUKIB NMPOTETHIB peakuinHoro LeHTpy dotocuctemu i,
D1-D2, BuBYanucb posgineHHaM memopaHHux 6inkis xnoponnactis B MNMAAI
3a mogudikoBaHo MeTtoamnkoro AHagepceH. byrno npoaHanisoBaHO BapiaHTuU
XnoponnacTiB, BUAISIEHNX 3 KOHTPOSIbHUX POCANH Ta XJSIOPOnnacTiB POCIIVH,
nigoaHnx ait 10-tm geHHOI nocyxu, a TakoX BUAINEHUX 3 JIMCTKIB POCIUH,
nporpitux npotarom 120 xBunuH npu Temnepatypi 45 °C.

Pesynbtatm o64ncneHb BIiOHOCHOrO BMICTY MPOTEIHIB XfloponsacTiB
NUCTKIB  POCNWH MNWEHULI PI3HMX 3a MOCYXOCTINKICTIO COpPTIB, OTpUMaHI
MeToAoM obpaxyHKy nrioLy AeHcuTorpam, npeacrasneHi B Tabn. 1.

Tabnuusa 1.

BiaHocHuin BMicT (%) HU3LKOMOSEKYNAPHUX NPOTEIHIB NPOTEKTOPHOI Ail
poauHu 20-22 k[ B xnoponnacrtax npanopueBuX NUCTKIB POCNNH

nweHuyi, AKi BUpowyBariuCb B KOHTPOJIbOBaHMX YyMOBaXx

Boao3abe3ne4vyeHHsA, copTiB lNoaonsaHka, NMopaaHuusa, Moainbcbka HUBA,
Hatanka. BapiaHTu: KOHTponb (HopMmanbHe Bofo3abe3b6euyeHHs),
KOHTpOnb + nporpiB, nocyxa (HeaoCTaTHE BONOro 3abesnevyeHHs

rpyHTy), Nnocyxa+nporpis

KOHTPOIb nocyxa
KOHTPOIb + nporpis nocyxa | NpOrpis

MoponsHka 4,03+0,21 4,3+0,13 |4,840,18| 5,0+0,21
[MopagHnus 5,42+0,15 5,5+0,11 |6,8+0,20| 6,7+0,11
[Nopinbcbka HMBA 5,61+0,20 5,4+0,13 |6,7+0,18| 6,8+0,17
HaTtanka 4,1+0,06 4,05+0,04 |5,1+0,09| 5,0+0,12

Takox BU3Ha4anu HanoBHeHICTb nNpoTeiHaMmy D1/D2 (OCHOBHI CTPYKTYPHI
NPOTEIHN peaKkuiHOro LUeHTpy d)oTOCUCTEMU 2), MOPIBHIOKYM 3MIHU LbOro
NOKasHWKa 3 3MiHamMK HanoBHeHHS iHriGiTopy. [aHi npeacrasneHi B Tabn. 2.

3a gaHumm pospaxyHkiB, ©yno nokasaHo, wo Aaia 10 geHHoI nocyxu
nigBuLLYE CUMHTE3 NPOTEKTOPHMX BinkiB y BCiX AocnimxyBaHuX BapiaHTax. Y
NUCTKax pocnuH nuweHudi copTy [logonsgHka cnocrtepirany nNigBULLEHHS
BMICTY rpynu npoteiHiB 20-22 k[l B cepeaHbomy Ha 20 %, copTy lloginbcbka
HuBa — Ha 19%, copTy lNopagHnua — Ha 26 %, copTy Hatanka — Ha 25 % 3a
Aii nocyxn. AHania BMICTY KOMMJSIEKCY peakuiHoro ueHtpy dotocuctemu li
D1/D2 B Xrfoponmnactax npanopueBux JIUCTKIB POCVH MNWeHUUi, SKi
BMPOLLYyBaIMCb B KOHTPOJSIbOBAHNX yMOBax BOAO 3abe3neyeHHs, NokasaB
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Tabnuusa 2.
BiaHocHun BmicT (%) NpoTeiHiB KOMNJEKCY peakUuinHOro LeHTpy
¢dotocuctemu Il D1/D2 B xnoponnacrtax npanopueBuUX IMCTKIB POCIUH
nweHuyi, AKi BUpowyBanucb B KOHTPOJIbOBaHMX YyMOBaXxX
BoAo3abe3ne4vyeHHs, copTiB NoagonsaHka, NMopagHuus, NMoginbcbka HUBA,
Hatanka. BapiaHTu: KOHTponb (HopmMmanbHe Boao3abe3b6e4yeHHs),
KOHTPOJb + nporpiB, nocyxa (HepocTtaTtHE Boforosabesne4vyeHHsA
I'PYHTY), nocyxa+nporpiB

KOHTPOIb KOHTpor.'b nocyxa ”°°yx’°?
+ NporpiB + Nporpis

MNogonsiHka 9,4+0,31 7,240,223 | 8.1+0,21 6,9+0,35
MopagHuus 7,2+0,18 | 5,7+0,13 | 6,3%0,15 5,7t0,15
lNopinbcbka HMBA 7,5x0,14 | 5,6£0,15 | 6,5+0,11 5,6+0,14
HaTtanka 7,4+0,20 | 5,4+0,12 | 5,8+0,19 4,6+0,09

ICTOTHE 3HWXKEHHS LbOro nokasHWka B yMoBax Mocyxu. B nuctkax
pOCNUH nuweHuui copTty lNMogonsHka BMICT NpoTeiHy 3HmxyBaBca Ha 13 %,
copTy lNoainbcbka HMBa Ha 14 %, copTy lNopaaHunusa Ha 12 %, copTy Hatanka
—Ha 21 %.

HogaTtkoBun 2 -roovHHUA BNSIMB BMCOKOI TeMnepaTypu Ha POCINHU TUX
camMux BapiaHTiB MPaKTM4YHO HEe BMNSIMBAB Ha KiNbKiCTb MNPOTEIHIB obnacTi
20-22 k[l Ha enektpodoperpamax. [lo BcCix copTax MNOKa3HUK IULIaBCS
BiAHOCHO CTanunmM.

3 aHanisy BMICTY TMpOTEIHIB KOMMMEKCY peakuinHOro LUeHTpy
dgotocuctemn I D1/D2 B xnoponnacrtax npanopueBux JUCTKIB POCIIVH
NLWEeHWLi, SIKi BUPOLLYBanucb B KOHTPONbOBAHUX YMOBaX BOgo3abe3neyeHHs,
MOXHa NobaynTy TEHOEHLI0 3HWXKEHHHA, PYMHYBaHHS, LIbOrOo KOMMJSIEKCY B
BapiaHTax rnocyxa + nporpis (3HWKeHHs Yy Bcix copTiB 6ina 13-14 %),
MOPIBHAHO 3 TaKMM NPV NPorpiBax KOHTPOSIbHUX BapiaHTaX (3HWXEHHS BinbLu
icToTHe — 20-27 %). 3 4oro MoOXxHa 3pobuTn nonepenHin BUCHOBOK MpO
3aBYacHe YTBOpPEeHHA Oinbll  CTIMKOI  NPOTEKTOPHOI  cCUCTEMU  Ons
AOCniIKyBaHOrO KOMMMEKCY B JIMCTKAxX POCAMH BapiaHTiB, nigaaHux Aail
nocyxu y dpasy UBITIHHA, K HANBINbLL YyTNMBOI.

Y 1abn. 3 npencraeneHi 3MiHM MOKa3HWKIB iHOYKUIT donyopecueHuil B
NUCTKaX Pi3HMX COPTIB 03UMOI MNLUEHWLi 3a Aii nocyxu Ta npu nporpisi 45 °C
120 xB. Ha 10 — n aeHb nocyxu (Tabn. 3) NnokasHUK KBAHTOBOro BUXOAY AELLO
3HM3MBCA Yy cOopTy Hartanka, a y iHWKUX COpTiB MPaKTUYHO HE 3MIHUBCS.
[MapameTp Rrd  3HWXyBaBcsA y  copTy [lopagHuus, a y BCiX iHWMKX
36inblyBascs. Kinbkictb Qb-HeBigHOBMOWYNX LIEHTPIB 36inbLlyBanach nuwe
y copty [lopagHuusa. [MokasHukn aktmeHocTi PC Il Ta WBMAKICTb
€NeKTPOHHOro TpaHcnopTy OynuM 3HA4YHO HWXKXYMMW 3a Ail NOCyXW Yy BCiX
COpTIB.
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Tabnuusa 3.

3MiHM napameTpiB iHAYKUIT cpbryopecueHuii xnopoddiny y nucrkax
Pi3HMX copTiB 03UMOI NweHuui Ha 10-1 aeHb Nocyxu
npu nporpisi 45 °C 120 xs.

3pasok Fv/Fm Rrd Fpl/Fm Y (i) J
Haranka Kow. bea 0,77+ 0,02 | 2,49+ 0,04 | 0,65+ 0,03 | 0,173+ 0,014 | 110,2+ 3,4
nporpisy
Haranka floc. bes 0,75+ 0,01 | 2,83+ 0,03 | 0,66+ 0,03 | 0,150+ 0,015 | 95,4+ 2,7
nporpisy
?5535?28 KOHT. %1 0,63+ 0,02 | 2,02+ 0,04 | 0,77+0,04 | 0,113+ 0,014 | 72,2+3,4
ﬁj;f‘g};a oc. + 0,60+ 0,02 | 2,13+ 0,04 | 0,79+ 0,03 | 0,137+ 0,015 | 87,1+ 2,7
ron. 1mea KOHT. | 4 85, 0,02 | 2,41+ 0,04 | 0,60+ 0,03 | 0,200+ 0,017 | 127,4+ 4,1
6e3 nporpisy
[10A. HuBa Tlocyxa | g 614 0,02 | 2,91+ 0,04 | 0,63+ 0,03 | 0,093+ 0,016 | 59,2+ 3,1
6e3 nporpisy
.T;cflr'p?BMBa KorT. + 0,65+ 0,02 | 2,14+ 0,04 | 0,71+ 0,02 | 0,162+ 0,017 | 103,0+ 4,1
.Tgcflr' Huea floc. + 0,66+ 0,02 | 2,09+ 0,04 | 0,71+ 0,03 | 0,077+ 0,016 | 49,0+ 3,1
Moponanka KOHT. | g1, 002 | 2,46+ 0,03 | 0,61+ 0,03 | 0,195+ 0,019 | 123,9+ 4,2
6e3 nporpisy
Moponsnka  Tloc. | 4 g1, 001 | 319+ 0,04 | 0,61+ 0,03 | 0,122+ 0,018 | 77,5+ 3.1
6e3 nporpisy
Moponsnka KOMT. | g 67, .07 | 2,16+ 0,05 | 0,69+ 0,03 | 0,161+ 0,019 | 102,4+ 4,2
+ nporpis
Moponsanka 1 467,002 | 219+ 0,04 | 0,70+ 0,02 | 0,094+ 0,018 | 59,8+ 3.1
MNocyxa + nporpis
Mopapnuus KOHT. | g 551 407 | 2,49+ 0,05 | 0,60+ 0,03 | 0,232+ 0,017 | 1477+ 4.1
6e3 nporpisy
Q opamHvus  TI0C. | g1, 009 | 2,40+ 0,06 | 0,67+ 0,03 | 0,108+ 0,017 | 68,8+ 3,1
e3 nporpisy

rlopaniaus KOHT. | 734 0,02 | 2,25+ 0,05 | 0,73+0,03 | 0,106+ 0,017 | 68,7+ 4,1
nporpis

E',?S;‘?: u floc. * 0,74+ 0,02 | 2,26+ 0,06 | 0,71+ 0,03 | 0,178+ 0,017 | 113,3+3,1

3a gii nporpiBy y copTy Hatanka nokasHuk kBaHTOBOro suxogy, Fv/Fm,
3HMXyBaBCcA Oinblie Yy BapiaHTi CyMiCHOI Aii nporpiBy Ta BWUCOKOI
TemnepaTtypu, a y iHWKUX COPTIB LEeN NokasHWK OyB oAHakoBuMh B 060X
BapiaHTax, abo 3HWxyBaBCca HeOoCTOBipHO. KinbkicTb Qb-HeBigHOBMOKOYNX
LeHTpiB 6yna BULLOK HiXX OO0 NpOrpiBy, ane ogHaKoBOK AfA 000X BapiaHTIB
nporpisy. [MapameTp Rrs Takok 6yB ogHakoBMM Ansa obox BapiaHTiB.
MapameTpamu Y(II) Ta J 3a gii nporpisy 36inbwyBanucek y copTiB Hatarnka i
[MopagHuusa Ta ameHLwyBanuck y copTiB NogonaHka Ta lNoginbcbka HMBA.

Takum 4YMHOM i3 NpoBeaEeHNX AOCNIIKEHb BUAHO, WO 3a Ail MOCYXM Y BCIX
COpTiB NIiOABULLYETbCA BMICT 3axMCHUX LwWanepoHiB poauHn 20-22 «k[.
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OpgHoyacHo, 3a [Ail Nocyxu, CnocTepiranocb 3HWKEHHS BMICTY OCHOBHMX
NpoTeiHiB peakuinHoro ueHTpy D1/D2. Hanbinblwe 3HWXEHHSA BigMiYeHO Ans
copty Hatanka. [logaTtkoBuin nporpie nucTkiB npu 45 °C npotarom 120 x..
npu3BoamB A0 Jewo Oinbworo pynHyBaHHs npoTeiHiB D1/D2. Xoua
BiJCOTKOBE 3HMXEHHSA BMICTY uUMx 6inkiB npu nporpisi ©yno MeHWwuMm y
BapiaHTi nocyxa — nocyxa + MporpiB HiXX y BapiaHTi KOHTPOSb — KOHTPOnb +
nporpi., KiHLUEBUM BMICT LUX NpoTelHiB OyB NpakTUYHO OQHAKOBMM AJ151 COPTIB
[MopagHuusa Ta lNoainbCcbka HMBa Y BapiaHTax KOHTPOMb + MporpiB Ta nocyxa
+ nporpiB. [TOCUNEHHSA pyMHYBaHHS LbOro KOMMMEKCY Npu CNifbHIN Ail NOCyXu
Ta NporpiBy BigMiYaeTbCA nNuLle ana copTty Hartanka.

[Tocyxa npakTUYHO He BnnmMBara Ha nokasHuku kBaHToBoro smuxoay OC I
i 3aranom iHaykuii donyopecueHuii. Lle nos’sizaHo i3 TuMm, WO BigbyBaeTbCA
3ararbHe 3HWXeHHs BMICTY xJiopodoiny. HYactnHa oOTOCUHTETUYHNX OANHULb
Npy LUbOMY PYMHYETLCA ONS 3anobiraHHA CUHTEe3y HaO MLLKOBUX aCUMINATIB,
3anuUT Ha 4K Mig 4Yac Mocyxu 3HWXKYETbCA. [1po WO TakoX roBOpUTb
30inbweHHa BMicTy Qb-HeBigHOBNIOKOYMX KOMMMEKCiB. [lporpiB  NUCTKIB
NPU3BOAMB 00 3HWKEHHA MOKa3HMKIB IHAYKUIT doriyopecueHLil y BCix CopTiB.
[Mpy cymicHIn Ail nocyxu Ta BUCOKOI TemrepaTtypu MOCUIEeHHSA edekTy
crnocTepiranoch nvwe y copty Hatanka. Y iHWKX TpbOX COPTIB NOCUNEHHSA Al
He crnocTepiranocb, a, HaBMakW, crocTepiranacb TeHAeHUis [0 Ayxe
HEe3Ha4yHOro 3pOCTaHHS LUMX MOKAa3HWKIB Yy BapiaHTi nocyxa + nporpiB B
MNOPIBHAHHI 3 BapiaHTOM KOHTPOSb + NporpiB. Takum YMHOM, MOXHa 3pobutn
BUCHOBOK, WO Yy copTiB [llogongaHka, [loginbcbka HuBa Ta [lopagHuus
cnocTtepiraetbca 30inblUEHHA BMICTY npoTeiHiB poanHn 20-22 k[ 3a Al
NOCYXW i Ma€ NeEBHUN NPOTEKTOPHUN edpeKT Big Ail BUCOKOI TemnepaTypu. Ane
BOYEBUOb, LEN MexaHi3M He Ma€e BU3Ha4asribHOro eeKkTy, OCKINbKN Yy COpTy
Hatanka, He OMBNSYMCb Ha Te, WO 30iNblIEHHA 3aXMCHMX NPOTEIHIB 3a ail
nocyxu BigbOyBaeTbCHA, TUM HE MEHLU CMOCTEpPIraeTbCA A40OATKOBE 3HUMKEHHS
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Lekepa A.l, ['aBin B.M.

BnnnB metaboniyHo akTUBHUX PeYOBUH Ha €Heprio NPOpPOCTaHHA
HaciHHA NweHuLi TBepAaoi APOoi

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu ['oz2ons, YKpaiHa

The article presents the results of a study on the effect of metabolically active
substances on the germination energy of hard spring wheat seeds of the
"Nadyusha" variety. It was found that the highest germination energy was observed
in seeds treated with a composition of substances including vitamin E, methionine,
para-aminobenzoic acid, and magnesium sulfate. The use of metabolically active
substance compositions is recommended for seed treatment before sowing to
accelerate germination.

Keywords: hard spring wheat, germination energy, metabolically active
substances.

MweHnLs — ogHa 3 HANBAXKIMBILLMX MPOOOBONMLUMX KYNbTyp Yy CBiTi. Ii
HacCiHHS € OCHOBOK Ans BMPOOHMUTBaA OOpOLIHA, Kpyr, KOPMIB Ta iHWMX
npoaykTis[1].

[MokpalleHHS NMOCIBHOI AKOCTI HACiHHA, 30KpeMa eHepril NPOPOCTaHHA, €
BaXXNIMBMM hakTOpPOM N4 3abe3neyeHHs OpYXKHiX cxogiB, WO B noganbLluomy
NO3UTMBHO BMNSIMBAE Ha BPOXaANHICTb.

OoHMM i3  WNAaxiB  NiBULWLEHHS TMOCIBHUX HAKOCTEM HaCiHHA €
BUKOPUCTaAHHS MeTabOoNiYHOaKTUBHMUX PEYOBUH, SKi CNPUSIOTb akTuBidauil
BHYTPILWHIX MpoUeciB Yy HaCiHWHI, WO npu3BoANTbL [0 MPUCKOPEHHS
NPOPOCTaHHS.

MeTot Hawoi poboTn BGyno ocniguTyu BNAMB OKpeMux meTabonivyHo-
aKTUBHUX PEYOBUH Ha eHeprito NPOPOCTaHHS HACiHHA NweHuui TBepaol Apol.

[ocnigkeHHs npoBoaMNUCA B HaB4YalibHO-HayKoBin nabopartopil 3
GioxiMiYHNX Ta MeanKo-BaneonoriYHnx gocnigkeHb HiXXKMHCBLKOro aepkaBHOro
yHiBepcuteTy imeHi Mukonu ["orons.

[ns BMBYEHHSI BNNMBY METabOMIYHO aKTUBHUX PEYOBUH Ha EHeprito
NPOPOCTAHHA HacCiHHAY 4Yawkn [NeTpi BiAGMpann HaciHHA nweHuui TBepaol
Aapol y KinbkocTi 50 WwT., 3aMoyyBanu y po3dnHax SOCiaXKyBaHUX PpeHOBUH Ta
iX koMbiHauin. [na gocnigXeHHs BUMKOPUCTOBYBANWM HAaCiHHSA MLWEHUUi Apoil
TBepgoro copty Haawowa HociBCcbkol cenekuinHO-AoCcnigHOl  cTaHuil.
HocnigxeHHa nepeabadano BUKOPUCTAHHA 6 BapiaHTIB:

1. KOHTpOsb (OucTunboBaHa BoAa);

2. 006po6GKa HaciHHS po34MHOM YGixiHOHY-10 (108M) — Q;

3. 00po6ka HaciHHA po3ymHoM BiTamiHy E (108M) + yGixiHoH-10 (10-8M) -
EQ;
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4. 00pobka HaciHHS PO34YMHOM pe4voBuH: BiTamiH E (108M) + meTioHiH
(0,001%) + NMOBK (0,001%) — EMIT,;

5. o00pobKa HacCiHHA PO34YMHOM pe4oBuMH: BiTamiH E (108M) + meTioHiH
(0,001%) + NMOBK (0,001%) + MgS0O4 (0,001%) — EMINMg.

6. o0Opobka HaCiHHA PO3YMHOM peyoBuMH: BiTamiH E (108M) + meTioHiH
(0,001%) + MgS04 (0,001%) — EMMg.

[MoBTOpHiCTE gocnigiB 6yna 4oTupboxkpaTHa.Ha 3 geHb Bu3Ha4vanu
eHeprilo npopocTaHHs HaciHHA. [ oBpaxoBysBanu K BiJCOTOK MPOPOCIOro
HaciHHA [0 3aranbHOl KifbKOCTi HaciHWMH. CTaTUCTMYHO oOnpauboBYyBasu
mMatepian 3a OOMOMOrow  MeTOodiB MaTeMaTU4yHOI  CTaTUCTUKM 3
BUKOPUCTaAHHSM CTaHA4apTHMX BOYy4OBaHUX (PYHKLIM NakeTa cneuianiaoBaHoro
nporpamHoro 3abeanevyeHHss MS Office Excel-2010.

O6pobka HaciHHA nweHuui TBepaol spoi copTy Hagrowa kombBiHauigamm
MeTaboniyHO aKTMBHMX PEYOBWH  MigBULLMIIA EHEePrito NPOPOCTaHHA Ui€l
KynbTypy Ha 8,0-26,0 % nOpIBHAHO 3 MOKa3HUKaMu KOHTpomnwo. Hawmeuiiy
€Heprilo MPOPOCTaHHA Mario HaciHHA, 0bpobrieHe KOMMO3MWLIED PEeYOBUH 3
BiTaMiHy E, MeTiOHiHY, napaokCcMbeH30MHOI KUCAOTKU Ta MarHin cynbdary,
nepeBuLLYOYN NOKA3HUKM KOHTPOSO Ha 26% (Tabn.1).

Tabnuus 1.
EHepria npopocTaHHsA HaCiHHA nweHuui TBepAaol spoi copTy Haarowa 3a
BNJIMBY MeTabOMNi4YHO aKTUBHUX CNOSTYK

BapiaHT EHepria npopoctaHHs, %
KoHTpornb 42,0+£2,0
EQ 54,0£3,0
EMP 58,0£3,0
EMMg 54,0£2,0
EMPMg 68,0+3,0
Q 60,0+2,0

Taknin BNNMB 3a3HavyeHUX KoMOGiHauii MeTaboniyHO aKTUBHUX CMOMYyK
MOXHa MOACHUTM TuM, WO BiTamiH E Ta yb6ixiHOH-10 3anydeHi [o
GioeHepreTnyHMx npoueciB [2]. MNMapaokcnbeH3onHa KucrnoTa € NPUPOAHOKD
dEHONBLHOK CMOMYKOo, sika Bepe yyacTb y BGaraTbOX NaHKax POCIIMHHOIO
meTaboniamy (BMKOHYE pPONb aHTUMOKCMAAHTA Ta MPOOKCMAAHTA, iHAYKYE
anbTepHaTMBHY OKCUAA3y i Peryntioe akTUBHICTb KOMMMEKCY aHTUOKCUOAHTHUX
depmeHTiB) [3]. MeTiOHIH € nonepeaHUKOM CWUHTE3Y TFOPMOHIB pocTy [4].
Cknagosi coni MmarHin cynbcaty BigirpatoTb BaXXnuBy posib Yy MeTabonivHnX
npouecax KniTMHKW. MarHin € KodpepMeHTOM, WO BXOAUTb OO cKragy
depMeHTIB, 4AKi perynioTb npouec cuHTedy 6inkiB. BogHovac cynbdyp
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BXOAUTb OO CKnagy CIpKOBMICHMX aMIHOKUCNOT — METIOHIHY, UUCTUHY,
LUMCTEIHY, BiTaMiHiB (TiaMiHy, BIOTUHY), bepMeHTiB (gerigporeHas Ta iH.) [5].

OTpumaHi pesynbtaTtu ceigyaTtb npo NO3UTUBHUIA BB
MeTaboniYHOaKTUBHMUX PEYOBMH HA €Heprito MPOPOCTaHHS HACIHHSA MWeHuLi
TBEpAOoI sipol copTy Hagtowa. 3aszHayeHi KoMnosuuii MeTaboniyHO akTUBHUX
pevYoBMH MOXHa pekoMeHayBaTu OnA ObpobKkM HaACiHHA MweHuui nepepg
NOCIBOM AN NPUCKOPEHHSA MPOPOCTaHHS.
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3MiHU (POTOCUHTETUYHOI aKTUBHOCTI Ta NirMeHTHOro ckrnaay fIMCTKiB
npoca nig BNAMBOM 6ionoriYyHo akTUBHUX CNOJYK

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu ['oz2ons, YKpaiHa

The article analyzes theoretical aspects of the influence of biologically active
compounds on the photosynthetic activity and pigment composition in common
millet leaves. Particular attention is paid to mechanisms of action of chlorophyll and
carotenoid biosynthesis stimulators.

KnwoyoBi cnoea: Panicum miliaceum L., doTocuHTes, xrnopodin,
KapOTUHOIAN, BIONOrYHO aKTUBHI CMNOMYKW.

POoTOCUHTE3 € KIHYOBUM (Pi3ionoro-6ioxiMiMHMM NpPOLECOM Y BULLINX
POCMNH, €KUM 3abe3nevye CUHTE3 OpraHiyHMX Cnomnyk i3 HeopraHivyHuMx
peYoBUH 3a [OMOMOroOK CBITSIOBOI eHepril. EgeKkTUBHICTL uboro npolecy
3HA4YHOK MIpPOK 3anexnTb Bif BMICTY (POTOCUHTETUYHUX MIrMEHTIB, 30KpemMa
xnopoinie a Ta b, a Takox kapoTuHoigis. lNpoco 3Bu4yanHe (Panicum
miliaceum L.) € MOCyXOCTiNKOK 3MnakoBOK KySibTYpol, 34aTHOK 3bepiratu
NPOAYKTMBHICTb Y CKNagHUX KNiMaTU4YHUX ymMoBax, WO pobuTb Noro 06'ekTom
IHTepecy 4nsa arpapHOT HayKW.

Xnopoinn a i b € OCHOBHMMM nirMeHTamu, BignosiganbHUMK 3a
MNOrNWHaHHSA CBITNOBOI eHeprii, HeobxigHoI Ans doTocnHTely. Xnopoddin a
BUCTYNae K NEPBMHHUM akUenTop eHepril, Toai K xnopodin b poswwuptoe
CMEeKTp MOrnuHaHHA cBiTna. KapoTvHOIOM BUKOHYIOTH 3axUCHY (OYHKLlO,
3anobiratoun POTOOKUCIOBANTIbHOMY YLUKOLKEHHIO Xropoduinis Ta Gepyyun
y4yacTb Y npouecax gpotosaxucTy [3].

BionoriyHo akTtuBHI cnonykn (BAP), 3okpema rymiHOBIi peqoBUHW,
QITOroOpMOHN, CTUMYSIATOPU POCTY, 34aTHIi BMIMBATU Ha IHTEHCUBHICTb
BiocMHTE3y (POTOCUHTETUYHUX MirMeHTiB. ['ymaTn, SK NpoayKTn po3skragy
OpraHiyHOlI  PeYOBUHU, aKTUBI3YKOTb (EPMEHTAaTUBHY aKTUBHICTb Ta
nonerwyTb AOCTYyNn A0 MiHepanbHUX pe4vyoBUH. PITOrOPMOHM, TaKi SK
UUTOKIHIHW Ta ayKCWHU, CTUMYNIOTbL AudpepeHuiadito  xnoponnacTis i
30iNbLWYHTb BMICT Xnopodiny B TKaHWHaXx [4].

®dyHKUiOHYBaHHA doTtocuctem | i |, TpaHcnopTy enekTpoHiB Ta
docopunioBaHHa AP go ATO TicHO noB’sidaHi 3 NIrMEeHTHUM anapaTom
nnctkie. Mig Bnnueom BAP BiabyBaeTbCcs akTuBauis hepMeHTIiB, 3anyyYeHnx
A0 CUHTe3y XJopodiny — 30Kpema xnopodinas, cMHTasn d-amionesByniHOBOI
KNCNOTM Ta xnopodincmnHtasn. OkKpemi Cnofiykn, €K Hanpuknag 6-
6eH3nnamiHonypmH  (UMTOKIHIH), CTUMYNIOKTb  nNposnidepauito  KniTuH
Me3oiny Ta AaudpepeHuiauito  xnoponnactiB.  Lle cynpoBogaxyeTbcs
30iNblUEHHAM  KiNbKOCTI  Tunakoigis i rpaHiB y xnoponnacrax, Lo
6esnocepeHbO BNMBaE Ha POTOXIMIYHY e(PEeKTUBHICTb [5].
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BpaxoBytoun 3gaTtHICTb Npoca aganTyBaTUCA OO0 eKCTpeManbHUX YMOB
cepefnoBua, 3actocyBaHHs BAP BigkpuBae nepcnekTneu NiaBULLEHHST NOro
CTPECOCTINKOCTI Ta NPOAYKTUBHOCTI. 3a AaHMMK cyvacHuUx gocnigxeHs [1, 2],
obpobka HaciHHA abo BeretatmBHOl Macu BAP cnpuse nokpalleHHto
OTOCUHTETUYHMX XaPaKTEPUCTUK, BKINKOYAOYM 3POCTAHHSA KOHLUEHTpaLii
xJfiopodiny Ta nnoLli IMCTKOBOI MOBEPXHI.

Kpim 6ioximiyHMX 3pywleHb, 3actocyBaHHs BAP Moxe crnpnynHaTu
MOPQOSOriYHi  3MiHK: 30iNbLUEHHS TOBLUMHM NUCTKA, pPO3MIpiB  KIiTUH
Me30doiny, a TaKoX KiNbKOCTi xroponnacTtiB Ha oguHuu nnowi. Lle B
KoMnsiekci  nigBuwye  koeuiuyieHT  POTOCUMHTETUYHOIO  BUKOPUCTAHHS
ceiTna [6].

Y cydacHux ymoBax 3MiHW KnimaTy, Oe CcTpecoBi daktopu (3acyxa,
BUCOKa TemnepaTypa, Aediunt MIiKpoenemMeHTiB) CcTalTb YacTilumuy,
3actocyBaHHa BAP posrnsgaetbca sk agantvBHa TexHosoria. Ocobnveo
BaXXMMBOK € 30aTHICTb TakKMX pPeYoBMH aKTUBI3yBaTU aHTUOKCUOAHTHY
CUCTEMY POCIINH, 3MEHLLYIOYM NEePEeKUCHE OKUCIIEHHA MinigiB Ta 3axuiiaryu
XJioponnacTu.

Heski BAP akTuBylOTb CUHTE3 (DEHONbHUX CNOMyK, oriaBOHOIAIB, SKi
BUKOHYIOTb (POTO3axXUCHY (OYHKLitO, NOrnuHawyM HagnuuwkoBe CBITIO B
Y®-gianasoHi. Lle crnpuae 3mMeHLeHHI0 oToiHribyBaHHA dooTtocuctemu |l B
yMOBaXx iHTEHCUBHOI iHconsuii [7].

Tabnuuga 1.
Mpuknagn 6ionoriyHO aKTUBHMX Pe4YOBMH Ta IX BNJIUB Ha (pOTOCUHTE3
Ha3Ba cnonyku MexaHi3m pgii Bnnue Ha choTOCUHTE3
. MNoninwenHs goctyny Ao | lNigsuweHHs
['ymat kanito HAA foctyny A ABNLLICH
€NeMEHTIB XXUBJIEHHSA xnopodinis at+b
. Ctumynsuisa po3BuUTK 3pOoCcTaHHA MoLLi
6-beH3nnamiHonypuH ynsauis p y pocT H
XfioponnacTiB NMNCTKIB
IHAOYKLIA KNITUHHOrO MNigBULLEHHSA
AyKCuHU Ayku AsnL :
noginy NPOAYKTUBHOCTI
AKTuBauis
. 3MeHLWeHHs aerpagadil
CaniuunoBa kucnota AHTUOKCUOAHTHUX : .
: NirMeHTiB
depMeHTIB
. KodakTopu nirmenTHOro | CtTumynsuia yTBOpPEeHHS
LinHk, 3aniso ® P ynamia y P
CUHTE3Y xropoiny

Omxe, NiIrMEHTHUM cKnad NUCTKIB Npoca € BaXXNTMBUM MOKa3HUKOM NOro
POTOCMHTETUYHOI aKTUBHOCTI. BiONoriYHO akTUBHI PeYOBUHU MOXYTb CYTTEBO
BNNMBATU Ha IHTEHCUBHICTb DOTOCUMHTEZY Yepe3 3MiHY piBHA xsiopodinis Ta
KapoTuHOIAIB. TeopeTuyHi JaHi cBig4aTb NPO NepcrnekTUBHICTL BUKOPUCTAHHSA
BAP Onsa nokpaweHHs agantauiHuX BIlacTUMBOCTENM Npoca Yy CTPEeCOoBUX
yMOBax.
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YOK 598.2(477.51-22)
KysbmeHko J1.I1., Bakynik H.C.

OpHiToHaceneHHA cena XOTUHIBKa
y nepion BECHAHUX Ta OCiHHIX Mirpauin

HixuHcbKkul depxxasHull yHisepcumem imeHi Mukonu Moz2ons, YKpaiHa

The study of the bird population of the village of Khotynivka, Nizhyn district,
Chernihiv region, Ukraine was conducted in the spring and autumn periods from
2019 to 2023. Route and point surveys were used, during which birds were
identified visually. During the study, 69 species of birds from 14 orders and 29
families were registered (table 1). Among them, 61 species are migratory, 5 species
are stopover, and 3 species are nomadic.

Knrwo4oBi crnoBa: BeCHsHI Mirpauii, OCiHHI Mirpadii, nTaxm, ceno XOTWHIBKa,
YkpaiHa

CborogHi akTyanbHUM € BMBYEHHS MTaxiB TepUTOPIA pPIi3HOro piBHA
aHTponoreHHol TpaHcdopmauii. AKTUBHO OOCHIOXKYETbCA OpPHITOHACENeHHs
BENIMKMX Ta Manux MICT YKpalHW, BMBYEHHA BWOOBOro CKnagy nraxis
CiNIbCbKNX HacesieHMX TMyHKTIB € HeaoCcTaTHbO BuBYeHUMM. Came  Taki
AocCnigkKeHHs 3apa3s Ha Yaci.

PeTenbHe BMBYEHHS OpHITOHacemneHHsa cena XoOTWHIBKA HIKMHCBKOro
panoHy YepHiriBcbkol obnacTti nposogunuca 3 2019 no 2023 poku. MeToto
byno BcebiyHe BMBYEHHA BWMOOBOrO CKMagy MTaxiB cerla XOTWUHIBKA Ta
NpUNernmx TepUTopin y BECHAHO-OCIHHIN nepiogw.

B ocHOBI nexann mapLlipyTHUA Ta TOYKOBMK 0OfikM [2], nig 4ac SKux
nTaxu igeHTudikyBanucsa BidyanbHo. O6GRikKM nNTaxiB y MirpauinHnuin nepiog,
nposoaunucsa 3 21 niotoro go 14 keiTHA Ta 3 1 nunHa go 19 nuctonaga. Y
SIKOCTiI ONTUYHOIO NPUCTPOKD BUKOPUCTOBYBaBCA MOHOKynap Bushnell 3 16-tn
KpaTHMM 306inblieHHsaM Ta noAagiiHuM dokycoMm. [Ons Bu3HaveHHs Buay
KOpPUCTYBanuca nonboBMMKU BU3HaA4YHUKK [1, 3]. CucTeMaTUyHE MONOXEHHS
NTaxiB BKa3aHO 3a aHOTOBaHMM CMUCKOM YKPaiHCbKMX HAaYKOBMX Ha3B MTaxiB
dhayHu YkpaiHu [4].

Ceno XoTuHiBKa poaTalloBaHe Ha MiBHIYHOMY 3axofi Big micta HikuHa
Ta niBAeHHOMY cxodi Big micta YepHirosa, Ha npaBoMy 6epesi pidkn Octep,
ioro nnota 2 km2. CtaHom Ha 2018 pik TyT npoxuBano 564 meLukaHui [5].

Ha Teputopil cena XOTWHIBKA Ta Ha WMOro OKONMUAX Hamm ©6yno
3acpikcoBaHo 69 BuAiB Mirpyroumx nraxie, fki HanexaTtb 0o 14 psagis ta 29
poauH (tabn. 1).
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Tabnuusa 1.

BugoBun cknap ntaxiB mirpauinHoro nepioay, xapakrep Ce3oHHUX
nepeMileHb, Nnepioan BECHAHUX Ta OCiHHIX Mirpauiun

Xapakrtep Mepiog Mepiog
Ne Paa, poauna, Bug CE30HHUX BECHSIHUX OCIHHIX
nepemilleHb Mirpauin Mirpauin
Psap Gaviiformes (Faraponopi6Hi)
PoavHa Gaviidae ("araposi)
1. | Gavia arctica (Linnaeus, 1758) Mpn Il pek. kBiT. — | | |ll gek. »koBT.
O€EK. TpaB. — | gek. nucr.
Psap Ciconiiformes (JlenekonofiGHi)
PoawuHa Ardeidae (Yannesi)
2. | Botaurus stellaris (Linnaeus, 1758) Mep Il nek. Gep. Il gek. »oBT.
3. | Egretta alba (Linnaeus, 1758) Mep Il nek. Gep. Il gek. »oBT.
4. | Ardea cinerea (Linnaeus, 1758) Mep Il gek. Gep. Il gek. >koBT.
PoguHa Ciconiidae (JlenekoBsi)

5. | Ciconia ciconia (Linnaeus, 1758) Mep Il gek. Gep. Il gek. >koBT.
6. | Ciconia nigra (Linnaeus, 1758) Mep Il pek. 6ep. Il gek. Bep.
Psaa Anseriformes (l'ycenoAai6Hi)

PoauHa Anatidae (KaukoBi)

7. | Anser anser (Linnaeus, 1758) Mep Il nek. Gep. I-11l gek. nucr.
8. | Cygnus olor (Gmelin, 1789) Mep Il gek. Gep. I-11l pek. nucr.
9. | Anas platyrhynchos (Linnaeus, K | nek. 6ep. Il mek. »oBT. —

1758) | gek. nucr.
10. | Anas crecca (Linnaeus, 1758) Mep Il nek. Gep. | oek. OoBT.
11. | Anas querquedula (Linnaeus, 1758) Mep Il gek. Gep. | Aek. KOBT.
12. | Aythya ferina (Linnaeus, 1758) Mep | oek. KBiT. Il oek. Bep.
Psap Falconiformes (CokononopAi6Hi)
PoauHa Accipitridae (AcTtpy6oBi)
13. | Pernis apivorus (Linnaeus, 1758) Mep Il gex. KBiT. Il oek. Bep.
14. | Milvus migrans (Boddaert, 1783) Mep | oek. KBiT. lll gek. Bep.
15. | Circus  aeruginosus  (Linnaeus, Mep | oek. KBiT. Il gek. »oBT.
1758)
Psap Galliformes (KyponogibHi)
PoauHa Phasianidae (Pa3aHoBi)
16. | Coturnix coturnix (Linnaeus, 1758) | Mep | Illgek.ksit | | pgek. nucr.
Psap Gruiformes (XXypaBnenopgi6Hi)
PoauHa Gruidae (XXypaBnesi)
17. | Grus grus (Linnaeus, 1758) Mep | pek. 6ep. — | | Il gek. xoBT. —
JeK. KBIT. | gek. nucT.
PoauHa Rallidae (MacTtyLwkoBi)
18. | Rallus aquaticus (Linnaeus, 1758) Mep | oek. KBiT. | gex. nucr.
19. | Porzana porzana (Linnaeus, 1766) MMep [l gek. 6ep. | fek. XoBT.
20. | Crex crex (Linnaeus, 1758) Mep | gex. Tpas. Il oek. Bep.
21. | Fulica atra (Linnaeus, 1758) MMep | nekK. KBIT. Il nek. Bep.
Psap Charadriiformes (CuBkonogiGHi)
PopguHa Charadriidae (CuBkoBi)
22. | Vanellus vanellus (Linnaeus, 1758) | Mep | 1pek.6ep. | Il gek. Bep.
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MpoooBxeHHs Tabnuui 1

PopguHa Scolopacidae (bapaHueBi)

23. | Tringa ochropus (Linnaeus, 1758) Mep Il pek. 6ep. | nek. Bep.

24. | Gallinago gallinago (Linnaeus, 1758) Mep Il pek. 6ep. [l gek. cepn.

25. | Scolopax rusticola (Linnaeus, 1758) Mep | oek. KBiT. | Aek. KOBT.
PopuHa Laridae (MapTuHoBi)

26. | Larus cachinnans (Pallas, 1811) Mpn Il nek. 6ep. | nek. »KoBT.
27. | Sterna hirundo (Linnaeus, 1758) Mpn [l gex. KBiT. lIl gek. Bep.
Psap Columbiformes (FTonyb6onoaibHi)

PoauHa Columbidae (FTony6oBi)

28. | Columba palumbus (Linnaeus, Mep Il oek. 6ep. Il aek. >»oBT.

1758)
29. | Columba oenas (Linnaeus, 1758) Mep Il nek. Gep. | AeK. KOBT.
Psap Cuculiformes (3o3ynenoai6Hi)
PoauHa Cuculidae (3o3yneBi)
30. | Cuculus canorus (Linnaeus, 1758) | Mep | Il pek. keiT. | Il gek. cepn.
Psaa Caprimulgiformes (OpimnroronoaiGHi)
PoguHa Caprimulgidae (Opimntorosi)
31. | Caprimulgus europaeus (Linnaeus, Mep | oek. KBiT. Il oek. Bep.
1758)
Psap Apodiformes (CepnokpunbuenofibHi)
PoauHa Apodidae (CepnokpunbLeBi)
32. | Apus apus (Linnaeus, 1758) \ Mep | Ill pek. kBiT. | | pek. Bep.
Psaa Upupiformes (OayaonoAi6GHi)
PoguHa Upupidae (Oaynosi)
33. | Upupa epops (Linnaeus, 1758) | Mep | Il pex. kBiT. | |l gek. Bep.
Psap Piciformes (OaTtnonofiGHi)
PopguHa Picidae (OaTnosi)
34. | Jynx torquilla (Linnaeus, 1758) | Mep | Il gex. kBiT. | | gek. Bep.
Psap Passeriformes (TopobuenoaioHi)
PoauHa Hirundinidae (JlacTiBkoBi)
35. | Riparia riparia (Linnaeus, 1758) Mep [l gex. KBiT. [l gek. cepn.
36. | Hirundo rustica (Linnaeus, 1758) Mep Il gex. KBiT. | oek. Bep.
37. | Delichon urbica (Linnaeus, 1758) Mep [l gek. KBiT. | oek. Bep.
PoguHa Alaudidae (X)KanBopoHKOBI)
38. | Alauda arvensis (Linnaeus, 1758) | Mep | lnpek Gep. | Il gek. xoBT.
PoauHa Motacillidae (MnuckoB.i)
39. | Anthus trivialis (Linnaeus, 1758) MMep Il gek. KBiT. | pek. Bep.
40. | Motacilla flava (Linnaeus, 1758) Mep | oek. KBiT. [l gex. cepn.
41. | Motacilla citreola (Pallas, 1776) Mep Il gek. KBiT. | pek. Bep.
42. | Motacilla alba (Linnaeus, 1758) MMep Il gek. Gep. | fek. XoBT.
PoauHa Laniidae (Copokonyaosi)
43. | Lanius collurio (Linnaeus, 1758) | Mep | Il gex.keit. | |l gek. sep.
PoauHa Oriolidae (BuBinbrosi)
44. | Oriolus oriolus (Linnaeus, 1758) | Mep | 1pek.tpaB. | Ill gek. cepn.
PoauHa Sturnidae (LUnakosi)
45. | Sturnus vulgaris (Linnaeus, 1758) | Mep | Il gek. not. | |l gek. nucr.
PoguHa Bombycillidae (OmentoxoBi)
46. | Bombycilla  garrulus  (Linnaeus, Mep Il pek. 6ep. Il gek. »oBT.
1758)
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PoguHa Troglodytidae (BonoBoo4KkoBi)

47. | Troglodytes troglodytes (Linnaeus, K I-1l gek. 6ep. | I-ll gek. nucr.
1758)
PoauHa Sylviidae (Kponus siHKOBI)
48. | Acrocephalus schoenobaenus Mep [l gex. kBiT. [l gex. cepn.
(Linnaeus, 1758)
49. | Acrocephalus arundinaceus Mep [l gex. kBiT. [l gex. cepn.
(Linnaeus, 1758)
50. | Hippolais icterina (Vieillot, 1817) Mep [l gex. KBiT. Il gek. cepn.
51. | Sylvia atricapilla (Linnaeus, 1758) Mep Il gex. KBiT. | oek. Bep.
52. | Sylvia curruca (Linnaeus, 1758) Mep [l gex. KBiT. | nek. Bep.
53. | Phylloscopus trochilus (Linnaeus, Mep Il gex. kBiT. Il oek. Bep.
1758)
54. | Phylloscopus collybita  (Vieillot, Mep [l gek. 6ep. lIl oek. Bep.
1817)
55. | Phylloscopus sibilatrix (Bechstein, Mep [l gex. KBiT. Il oek. Bep.
1793)
PoguHa Muscicapidae (MyxonoBKoBi)
56. | Muscicapa striata (Pallas, 1764) Mep [l gex. KBiT. Il oek. Bep.
57. | Saxicola rubetra (Linnaeus, 1758) Mep [l gex. KBiT. lll gek. »koBT.
58. | Oenanthe oenanthe (Linnaeus, Mep | oek. KBiT.
1758)
59. | Phoenicurus  ochruros (S. G. Mep Il oek. Gep. Il gek. »oBT.
Gmelin, 1774)
60. | Erithacus rubecula (Linnaeus, 1758) K Il pek. 6ep. Il gek. »KoBT.
61. | Luscinia luscinia (Linnaeus, 1758) Mep [l gex. KBiT. [l gek. cepn.
62. | Luscinia svecica (Linnaeus, 1758) Mep Il gex. KBiT. Il gek. Bep.
63. | Turdus iliacus (Linnaeus, 1766) Mpn Il gex. KBiT. Il gek. »KoBT.
64. | Turdus philomelos (C. L. Brehm, Mep Il gek. Gep. Il gek. »oBT.
1831)
PoauHa Fringillidae (B ropkoBi)
65. | Fringilla coelebs (Linnaeus, 1758) Mep Il nek. Gep. | oek. OoBT.
66. | Fringilla montifringilla  (Linnaeus, Mpn [l gek. nioT. Il gek. Bep.
1758)
67. | Pyrrhula pyrrhula (Linnaeus, 1758) Mep Il nek. 6ep. Il gek. XoBT.
PoanHa Emberizidae (BiBcsiHKOBI)
68. | Emberiza calandra (Linnaeus, 1758) Mep Il gex. KBiT. Il gek. »oBT.
69. | Emberiza schoeniclus (Linnaeus, Mep Il oek. kBiT. | oek. Bep.
1758)

YmoeHi nosHaqyeHHs: [Nep — nepenimHud, K — kovosud, lNpn — nponimHul; 0ekK. —
Oekalda, nmrom. — nromud, bep. — 6epeseHb, K8im. — KeimeHb, mpas. — mpaseHb, cepr. —
ceprieHb, 8ep. — 8epPeCeHb, X08M. — X08MeHb, flucm. — iucmonao

HanuncenoHiumm 3a BuaoBMM cknagom € psg  Passeriformes
(CopobuenoaidHi) — 35 suaie (50,7 %), no 6 suais (8,8 %) BKMAOYAKOTL PSau
Anseriformes (I'ycenopgibHri) Ta Charadriiformes (CuBkonogibHi), no 5 suais
(7,3 %) wHaniwytote psgm  Ciconiiformes (Jlenekonogibri) Ta Gruiformes
(KypasnenopgibHi), Falconiformes (CokononoaibHi) oxonnwoTe 3 BUAK
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(4,3 %), Columbiformes (lony6onoaibHi) matotb 2 Buan (3,0 %), HaMMeHLUe —
no 1 suay (1,4 %) HanivytoTb pagu Gaviiformes (Maraponogi6Hi), Galliformes
(Kyponogai6Hi), Cuculiformes (8o3ynenopni6Hi), Apodiformes
(CepnokpunbuenogidHi), Caprimulgiformes (dpimntoronogioHi), Upupiformes
(Oaynonopni6bHi) Ta Piciformes (OatnonogioHi).

OTxe, Hamn 6yno 3adiikcoBaHo 69 BuAIB MirpylouMx nTaxie, LWO
HanexaTtb Ao 14 pagie Ta 29 poguH. [NepeBaxaloTb NpenCTaBHUKU paay
[lopobuenofibHi. 3a xapakTepoM CE30HHUX MepeMileHb MIrpytumnx nraxis
AO0CnigXyBaHOI TepPUTOPIl YMOBHO MOXHa MOAINUTY Ha: nepenitHux — 61 suAa
(88,4 %), nponitHux — 5 Buais (7,2 %) Ta ko4oBux — 3 Buan (4,4 %).

Nitepatypa:

1. Mapucosa |.B. Tannow B.C. ltaxu YkpaiHu. [MonboBuin BU3HAYHUK.
Kuie: Buwa wkona, 1984. 184 c.

2. Mukntiok A.FO. IBA nporpama. MeToaudHi pekoMmeHzauil 3 opraHisauil
obnikiB nTaxie. BuaaHHsa gpyre. Knis, 1997. 31 c.

3. ®eceHko [.A., bokoten A.A. T[ltaxu dayHn YKpaiHu: MONbLOBUN
BU3HaYHUK. K1IB: YKpaiHCbKe TOBAapUCTBO OXOPOHM nTaxie, 2002. 416 c.

4. ®eceHko .B., bokoTen A.A. AHOTOBaHMN CMNCOK YKPaAIHCbKMUX HayKOBUX
Ha3B nTaxis payHu Ykpainu. Kuis-Jlesis, 2007. 112 c.

5. XoTuHiBKa. HibxXKnHCbKkMn PaunoH. URL:
https://uk.wikipedia.org/wiki/%D0%A5%D0%BE%D1%82%D0%B8%D0
%BD%D1%96%D0%B2%D0%BA%D0%B0_(%D0%9D%D1%96%D0%
B6%D0%B8%D0%BD%D1%81%D1%8C%D0%BA%D0%B8%D0%B9
%D1%80%D0%B0%D0%B9%D0%BE%D0%BD)
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YK 575+591.3
PekoBeub J1.1., 2Kyabmenko J1.M., {OemelukaHT B.l.

AKTyanisauia nornsaaiB Ha iaero eBoOsOLUil Ta €BOJIOLIOHI3M

YpupodHuyuti YHieepcumem, Bpounas, lNMonbwa
2HixxuHcbKuti OepxxasHull yHisepcumem imeHi Mukonu ozons, YkpaiHa

CnputHamms roarisidie Ha e8orruito, mak
AK | OKpecrieHHs  3Mmicmy  mepMiHy
esosiUis, Mae Cc80K eeosluito ma
icmopito, a e8OosltoUIOHI3M SK Hayka i darni
KpOKye C80IM  mepHUCMUM  WIISAXOM
camMoB800CKOHAaIeHHS ma
camoymeepO)KeHHH.

The presented data represents an analytical understanding of views on
evolution and evolutionism at the current stage of biological science development.
A historical overview of the development of evolutionism is provided, along with
data on the transformation of views on the term "evolution" and its significance in
the advancement of science. The understanding of evolution as a system is
analyzed in more detail from the perspective of general systems theory. Attention is
drawn to the hierarchical nature of biological systems and the direct and feedback
loops in the process of self-complication of structure and function. The leading role
of the energetic (synergetic) factor of evolution in the functionality of systems at all
levels of its manifestation and the influence of singularity in evolution are
emphasized.

Knro4oBi cnoBa: eBonioLis, camoopraHisauisi, CACTEMHICTb, CUHEPreTuKa,

BcTyn Ta KOPOTKUN iCTOPUYHUN €KCKYPC

[na 3emHoOl uuBini3auii npobnemu nisHaHHS eBOnoUil XUTTA Ha 3eMni €
HEOCS)KHI | HEBMYEPIHI, a BUPILLEHHA KOHKPETHUX BUKITUKIB MOPOLKYE HOBI
(MOXNMBO B reOMETPUYHIN NPOrpecii) 3agadi Ta HoBi 3acobu X BUPILLEHHS.
3Ha4YHO  MeHWwe  JOoChiAKeHb  MPUCBSAYEHO  Mi3HAHHK  3aranbHUX
3aKOHOMIpHOCTEN eBoOnNKUil, a pe3ynbTatM OaraTtbOx i3 HWUX NiggarTbCs
NOBaXHiNW peBisil Ta OUCKyCil. Taka HeOAHO3HaYHICTb BUCTYMNaeE PYLUINHO
CUNOK TEMATMYHOro MOCTYyNy, a NigHATa B npaui Tema gna o0roBOpeHHSA €
YACTMHOIO LUMPOKOT NpobremaTuku, sika He € HOBOK YW OpuUriHanbHOK, BOHA
nuue 4acTKOBO MpeTeHAyE Ha akTyaribHe BNOopsAKyBaHHS HanpaubOBaHOrO.
Lle i cknano mety gocnimkeHHs.

OueBunaHi 3ragku Npo 3MiHM B NPUPOAI AK NPO PO3BUTOK (AOMNYCKAaEMO —
eBonoLit0), 3Haxoanumo B CeAToMy nucbMi CTaporo 3aBiTy Npo CTBOPEHHSA
CBITY, XXMBOrO i NogunHN. Tam e npuxoBaHi i nepLui BiAOMOCTi NPO  MOXINUBI
pPOOMHHI 3B’A3kn (kHurm pogosogis Agama Ta Hosi Crtaporo 3aBity Ta
€BaHrenie Big Matges), Wwo Bxe 6yno HaTaKkoM Ha OIfIOreHito sk ABULLE | SK
npouec. Lle mano micue Takox i B CTapoXUTHOCTI (KoHdoyuin, AHakcumaHap,
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ApucTtoTenb), 4Ki gonyckanu Ta BU3HaBanuM  Npouec  pPO3BUTKY i
BOOCKOHAreHHa y cycninibCTBi Ta npupogi. orngaan, wo HapomkyBanucs,
Oynu Hacu4YeHi NPOTMPIYYAMW Ta HaMaraHHsM MOSICHUTU MNPUYMHU  3MiH
BMSIMBOM PIi3HUX YMHHUKIB, NEPEBaXHO arbTepHATMBHOIO 3MICTy (CBITMIO-
TempsiBa; TEMNI0-X0104; BOroHb-BOAaA. .. ).

YTBEPAXKEHHA HayKOBMX NOMMsAiB Ha pO3BUTOK Ta BiofioriyHy eBonouito
BinbyBanoca i B cepeaHbOBIYYi, 0COBMMBO nMicnd BNPOBaMXEHHS [0
HaykoBoOro obiry TepmiHy «esosntouig» LWWapnem boHHe y 1762 poui. Bigomo,
LLIO LUen TepPMiH ToAi HIAKOro BiAHOLIEHHS OO eBontouil He maB, a Bigobpaxas
idel nepeBaxawumx Ha TOW Yac nornsais  Teopii npedopmisamy —
eMbpioHanbHOro po3suTKy. lMisHiwe BoOHM BynNu CNpoOCTOBaHiI CYTHICTIO Teopil
enireHe3y Kacnapa ®pigpixa Bonbda y 1759 p. (Teoria Generation) Ta
naHumm  [eHpixa Miwonnepa i Kapna bepa npo npoTikaHHA npouecy
embpioreHe3y. OcTtaTtoyHe POPMYBAHHS TEPMIHY A0 HUHILIHBOIO PO3YMiHHS
GionoriyHoi eBontouil Bigdynocs y apyrin nonosuHi XIX CT 3aBAsiKM npausam
epbepta CneHcepa Bxe nicna nosBu «lMoOXOMKEHHs BUAIB  LUMISIXOM
npupoaHoro gobopy» Yapnbsa HapsiHa y 1859 poui. Hagimb € gidomocmi
npo me, wo 8 o0brpyHmysaHHi ceoix noanadie [apsiH Hamaz2ascs He
Kopucmyesamucs uyum mepmiHoMm, abo exusag Uo2o0 documb OOMEXXEHO,
3aMIiHIOYU Ha iHWI 3a 3Ha4YeHHsM. CrieHcep WUpOKO mpaKmyeas e80sIouito
ma nporaayseag roasnsou coujiandapeiHiamy. € makox OaHi rnpo me, wo
griepwe mepmiH eegosiroyia bys yxumuu aHaniuyem Membio Xelriom
(Mattchew Hale) y 1667 poui 055 pO3yMIHHS1 3a2aribHO20 rpouecy po38UMmKy.

laerl GionorivHOro po3BUTKY, SIKi MM CbOrogHi TPaKTyeEMO SIK 3acagu Teopil
esonouii, 6ynn Hanbinbw obrpyHToBaHi B nornagax »KaHa batucta Jlamapka
y 1809 p., Xopxa Kios'e y 1812 p. Ta Yapnb3a [HapsiHa y 1859 p. BapTo
TakoxX nam’sitaty i Nnpo npaui Anbdpena Paccena Bonneca sk cniBaBTopa
igel npupoaHoro gobopy Ta obrpyHTyBaHHA MOro Aii y npupoai. Cnupanucs
BOHM abo Ha kaTacTpodu B npupogi sk gpkepeno 3miH (K. Kioe’e), abo Ha
ICHYBaHHA 3anexHux 3B’A3KiB opraHiamiB i cepenosuwia (brodpdoH, Jlamapk,
HapsiH). 3rigHO 3 nornagamMyM OCTaHHIX, NpoBigHa pornb Yy OOpPMYyBaHHI
MOPONOriYHMX 3MiH i, BIAMNOBIOHO, YTBOPEHHI HoOBUX dopMm (BMaiB),
HaneXxuTb ymoBaMm iCHyBaHHA. LlikaBo, wo ui nornagu, 9k Jlamapka Tak i
[apsiHa, rpyHTyBanucs Ha npuknagi wui xxmpadu, ae Mk cepeioBuLLEM Ta
Mopdonorieto [apsiH nocTaBuMB NpupoagHMn aobip, Yoro He Byrno y Jlamapka,
a posrnsgganaca Tinbkn npama TpaHcgopmauis mMexaHicTudHa. CnifibHo
HayKOBOK idE€€E B YTBEPMKEHHI LMX nornagiB Oyno BU3HAHHSA CTOCYHKIB
OpraHiaMm — cepefoBulle Ta ycnagkyBaHHA 3MiH Yy MepLioMy MOKOSIiHHI
(JTamapk) 4n y npoueci ictopnyHoro po3suTky (HdapsiH, Bonnec), xoua
NPUYMHN UbOro ABuLLAa He HasmBanucd, 60 6ynu Hesigomi [1]. Jewo nisHiwe
igel KioB’e npo katacTpodu B NpupoLi YyTBepLKyBanuca B Hayui K Nornsam
HeokaTacTpoiamy, HAKi Y3romXylTbCHA Tenep i3 canbTauioHisaMoMm, a igel
JlTamapka 4acTKOoBO 3Haxo4sATb CBOE MIOATBEPKEHHS Yy npauax Ta
eKcriepMMeHTax OOCIiAHUKIB-NMOCNIAOBHUKIB. Bigomi BOHM SIK Heonamapkiam,
nornsaun T.[. Jlucenka, O.B. MivypiHa Ta iHLKX.

Y TepMiH npupoaHun aodip (Bkntovatoun igei MaynepTiyca npo 60poTbby
3a iCHyBaHHs B Mexax Oiorpyn) abo HaTypanbHa cernekuis BKnagawTb
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3aranbHO 6ioSfloriYHNUKM 3MICT Ta PO3YMIlOTb K Mpouec BUAOYTBOPEHHSA i
dopMyBaHHSA GIOPIBHOMAHITTA B OCHOBI SIKOTO €: MPUCTOCYBaHHS, GopoTbba
3a iCHyYBaHHA Ta BWXMBAHHA Y MOCTIMHO 3MiIHHMX ymoBax. BuHukatodi npu
LbOMY 3MiHW B OpraHiami, TOPKamTbCA BCiX chep MOro poyHKUioOHyBaHHA Ta
CKOMMNpecoBaHi B NOHATTI Mopdo-disionoriyHnin nporpec O.M. CesepuoBa. Ll
TBEPOXKEHHS B Bionorii, xo4a i gewo nepedinblieHi B TpakTyBaHHAX, ©Oynn
(i sanuwatoTbca!) Sk napagurmMun, ane He € HENnOXUTHUMK Ta OO0 UbOro vacy
BUKNUKAOTb ANCKYCil 0COBNNMBO B NOACHEHHI MOPMOSIOrNYHOro Pi3HOMAHITTS |
AESIKNX IHLWINX He 3PpO3yMINnX NOKKU Lo NPUCTOCYBaHb. IHaganTMBHa eBOsoLIA
Bonognmupa KoBaneBCbKOro € MpukiagomM octaHHboro. Bece ue noknukaHo
BiANOBICTM Ha OAHE MUTAHHS — B SAKMA CMNOCIO yTBOPKKTLCA HOBI BUAWN?
OuyeBUOHO, OKpecrieHuUx MpuyMH Oyro He LOCTaTHbO, afKe MPOSICHUTU ue
TiSTbKW CTOCYHKaMW OpraHiam — cepefoBuLLE BUABUIIOCH HE MOXITUBO.

Ha noyatky XX CT Ha gonomory npuiwina cnepwy He npuriHATa Ta
NOBTOPHO BIAKPUTA reHeTuKa, sika «gonosHuna» nornaan HapsiHa-Bonneca
HU3KOK 3arepeyeHb Ha OCHOBI MyTareHe3dy Ta (OOpPMYSIOBAHHAM 3acaj
reHeTMYHOro aHTUAAapBIHI3MY, SIKi HA WACTa B HayLi NpOTpUManucsa He 4OBro.
Anxe y 1926 poui 6yna onybnikoBaHa npausa C.C. YetBepukoBa, «I1po geski
MOMEHTWN €BOJSIIOLIMHOIO Npouecy 3 TOYKN 30pYy CydacCHOI reHEeTUKU», SKa He
TiIbKM CnpocTyBana ui 3acagu, ane i noknana nodYaTok CUHTe3y igeun
npupogHoro pobopy Ta reHeTuUkM NONynsauin, 9Ka 3apomxysBanacs.
O6r'pyHTYBaHHSA UMX NornsgiB y npausax iHwux astopiB ([lobxaHcbkui, PanT,
XongewnH, diwep) BTINUMNOCA B CUHTETUYHIN Teopil esontouil (Evolution, the
Modern Synthesis), ysaranbHeHin [xyniaHom Xakcni y 1942 poui [2]. Uyum
OoCTaTO4YHO Byna 3akpinneHa gymka npo Te, WO Ha nepLuomMy Micui B eBOnNtoLil
BUCTYNae PO3MHOXEHHSA OpraHiaMiB i3 ycnagkyBaHHSAM O3HaK (rmonynsuinHa
reHeTuKa) Ta 3 HaCTyNnHMMKU Npouecam agantauin i BUKMBAHHA OCOOWH npwu
Aii npupoaHoro godopy. OgHMM cnoBoM — 6€3 PO3MHOXEHHA HE MOXe ByTH
noganblinMx po3ayMmiB Mpo eBonwuito. Ha uux nornggax Ttpumanuca i
po3BmBanuca igel nNpo 6GionoriyHy eBosoLil0 BNPOLOBX APYrol MOMOBUHM
XX cT.

3MiHMNuca nornaam Ha GionoriyHy eBosoLi0 NIiCNS BIAKPUTTS CTPYKTYpU
AOHK i PHK. Lle 3HayHO nposicHMno Ta nornnbuno 3HaHHA Npo ycnaakyBaHHSA
HabyTMx 3MiH B €éBONHOLIT, a rofoBHe — Ao3BoNuno G6inblw getanbHo (rnmbLue)
3pO3yMiTM caMe MOoYaTKOBIi eTann BUHUKAKYMX 3MIH Ta 3aKpinieHHsa IX Yy
nokoniHHsAX. OcHoBoto X BUCTYyNaTb nepekombiHauii AHK Ha monekynspHux
PIBHAX i 3MiHM B MOMINENTUAHWX NaHulrax npu cuHTesi Binkie. NpuynHKU
BUHUKHEHHSA TakMX KOMOIHALUiA pi3Hi, 9K BHYTPIWHI — CUHEPreTU4Hi, TakK i
30BHIlIHI — eHepris coHus i gi3nyHi BNnuBu. HeobxigHa eHepreTuka uUnX
npoueciB 6asyeTbca Ha ocdopHmMx ocHoBax PHK, okpecneHa sk cuHepris,
fKa i popMye CTPYKTYpYy B CUCTEMI, BflacHe reHeTUu4HUn Kod. [JonoBHIOThL L
TBEPKEHHA [OaHi iHpopMmauinHOI KOHUenuil eBonwuii nNpo nepegady
cnagkoBol iHhopmaLii Nno3a MOHOMINETUYHMMHI AiHISMKU. TOBTO Ha CbOroHi B
TepMiH OionoridyHa eBonioLUisi BapTO BKNagaTy MOCNIAOBHI B CBOIX NposiBax
npouecu: wmeTaboniamy (eHepreTuka), PO3MHOXEHHS1 (nonynsauinHa Ta
MOMeKynsipHa reHeTuMka) Ta apganTtaudioreHesy (npupogHun p[obip). bes
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aHaniITMKO-CUHTETUYHOIO MOEAHAHHA LMX CKMagoBUX PO3YMIHHA OionorivyHol
€BONoLii BUrnsgae HEMOBHMM Ta OAHOOIMHUM.

PO3MHOXeHHS NoTpebye 3Ha4YHUX eHEPreTUYHMX BUTPAT i BiA3HAYaETbCS
He abun sKOK PI3HOPIAHICTIO Npouecy Big NPOCTOro noAiny 4o XapakTepucTuk
B3aemogil crtaTi. BoHO Bkno4vae, nepw 3a Bce, 3MiHNW Ha TEeHETUKO-
MONEKYNAPHOMY PIBHSX, yCNaAKyBaHHI ICHY0MOro Ta HabyToro B MOKOSIHHSX,
a TaKoX HaKOMW4YeHHi MNOCTINHO BWHMKAKYMX MyTauinHMX 3MiH. | BXe Ha
LbOMY piBHi, nposiBnde cebe npupogHin [obip, SKkM 4Yepes eniMiHauito
OCOBMH 3 HEe KOPUCHUMM B CepefoBULLi ICHyBaHHS MyTauigaMmu, MoOXe
CKepoByBaTW B NEBHOMY HanpAMKY MyTauinHUA NpoLec | eBOMOLIKD LLMAXOM
aganTauioreHesy. Lle BucTynae sik nycKoBUi MexaHiam eBOoLil, ika 3 4Hacom
O6yne BigobpaxeHa B Mopdonoril opraHiamiB Ta ix TakCoHoMil. [pn ubomy
cnig nam’arati, WO €eBOMwuUia TBOPUTb BUKIKOYHO OCOBMHM 3 ramoro
BiAMIHHMX O3HaK, SIKi gonomaralTb HayKoBUSM yKnagaTtu ix B noAibHi abo
BiAMIHHI  CTpyKTYypu (rpynu), opmytoum, npu  UbOMY, TaKCOHOMIYHY
pisHopigHicTb. Taki 3acagu LwWe AoHegaBHa 6Oynu OCHOBOK NOGyO0BU
goinoreHeTUYHUX CXeM, a CbOroAHi NoAibHI PEKOHCTPYKLIiT POANHHUX CTOCYHKIB
30INCHIOITBLCA Ha niactasi TpaHcdopmauil 03HaK B MiHIIX MOHOMINETUYHUX,
IO CKflaae OCHOBY pPO3YMIHHS KNagUCTUKW, MNepeHeceHy Ha piBeHb
cekBeHuin OHK. Y ubomy cnig B6avatn noegHaHHs BCiX CKIagoBUX eBOSTHOLIT
Ae KOXXHa 3 HUX, 3BUYaNHO XX MOXEe po3rnsgaTtuca i 4ocnigKyBaTuca OKpeMo,
ane B CUMHTETMYHOMY BapiaHTi po3KpmBae iCTOTy OionoriyHOI eBontouil SK
cuctemun. Takmn nigxig CTaB OCHOBOK HOBOI HayKoBOI MapagurMu Ta
CBITOCMPUNHATTS.

CucrteMHicTb i eBOnoLis

3rigHO 3 MONOXEeHHAMW 3ararnbHol Teopil cucTeM BIOKPUTI BionorivHi
CUCTEMMU € iepapxito NiJCUCTEM PI3HONO PIBHA B OCHOBI AKUX € CKNagoBi
CTPYKTYPHUX KOMMOHEHTIB, MNOEAHAHUX EHEePreTUYHUMN (CUHEPTIYHUMN)
3B’A3kaMun B €OuHe Uine. B HexuBin npupodi BOHM cKnagawTb CTPYKTYpY
NAOC 1i BNACTUBOCTI, @ B XUBIN — CTPYKTYpY nntoc oyHKuito [3]. BionorivHi
CUCTEMU € CKNagHUMM CUCTEMaMM, LLO XapaKTepusyrTbCHa LUMKMIYHICTIO
NposBIB, 3aranbHUMK 3aKOHOMIPHOCTAMU Ta NOBTOPKOBASILHICTIO
((bpaKTanbHICTI0). X MOXHA TpakTyBaTU $K XOMICTUYHI  (XOMi3M)  LjinicHi
CTPYKTYypn abo cuctemum 3i CKNagHOK B3aeEMOIED X CKITagoBUX €fIEMEHTIB
(cuHeprield) Ta eMepoKEeHTHUMU abo cymapHO HenependbavyBaHMMU
BMAaCTUBOCTSIMMU.

Y noganblioMy noctae npobnema pO3yMiHHS pPiBHIB NiACMCTEMHOIO
noginy Biga (mMoxnueo) 6030HOBOro [0 6GiocdepHOro Ta METOAUYHUX |
TEXHIYHMX MOXITMBOCTEW X Ni3HAHHA. YCKMagHoTb Len npouec Yyacom He
nependavyBaHi pensuii Ha pi3HMX PIBHAX MiOCUCTEM, KOXHA 3 SIKMX MaE CBOI
0Ccob6nMBOCTI OYHKLIOHYBaHHA, OO0 NPUKNagy, Ha PiBHI KNITUHW, OpraHiamy,
emMbpioreHesy, nonynsuii, 6ioueHosy Ta iH. [4]. Y KOXHOMY BUNaaKy iepapxisa
3aKknagae, Wo CKnagoBuUn eflieMeHT CUCTEMU MOXe pOo3rnsgaTuca 9K okpema
cuctema.

CuctemMHnn  aHania  eBonwouil  nepegbadae, nepw 3a  BCe,
camMoopraHi3auito CTPYKTYpM Ha BCiX PIBHAX Ta MOTEHUINHY 30aTHICTb 00
cCaMOyCKNaZlHEHHs1 pa3oM 3 ycKragHeHHAM doyHKuUil. CamoycknagHeHHsa ue
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KOMMNfeKcHa Aia npoueciB reHeTUYHUX, MOPMOSOriYHMUX | CenekuinHuX,
o6’eQHaHNX eHeprield CUCTEMU i HANOBHEHUX BUMAAKOBOCTAMM, MOYUHAKOUU
BiA MyTauin [5]. Ha noyatkoBux eTanax uen npouec € KepoBaHUM
peanisauieto reHeTUYHOro Koy, a nisHiwe — gianbHicTio gobopy. EHepreTuka
CaMOYCKITaiHEHHS1 CMCTeMM cniB3BYyYHa 3 pntoigamu Jlamapka (BHYTpILLHE
NparHeHHs1) 3yMoBrieHe HeoOXigHICTIo peani3auil eHepril Yepe3 yHKuil. Ane
BOHa NoBWHHa OyTW ckepoBaHa B bik 30epexeHHsA Ta MigBULLEHHS CTINKOCTI
cuctemm B 11 iepapxii 4yepe3 camoycCKnagHEHHS dke BuMmarae 6inbLinx
eHepreTUYHux suTpar [6].

[[ApHMM npuKnagoMm MOXe BUCTynatu embpioreHes XxpebeTHux i3
MOXIUBICTIO O CaMOYCKNagHEeHHA B OHTOreHesi Ta  eBOMOUIMHY
[IOCKOHarICTb Yepe3 MOBTOPIOBaHICTb | OHOBMEHHs1 B inoreHesi [7, 8]. Ix
CTOCYHOK € npeameTom 6GaratopivyHumx HaykoBux guckycin [9, 10]. Tsopua
porb UMX napanefibHMX Ta B3aeMooOyMOBMeHMX npoueciB nofibHa 3a
CYTHICTIO (OOCKOHAsICTb) Ta pPi3HUTLCA 3a MexaHiaMamu peanisadii (mopdo-
reHEeTUYHi Ta CenekuinHi), a TakoX (PYHKUIAMU — iHTEerpoBaHi B OHTOreHesi
(opraHiam) Ta audepeHLiioBaHi B inoreHesi (pisHOPIAHICTL), WO BUCTyNae
AK KiHUeBMM pesynbTaT npouecis. IM BnactMeMin  aganTtauioreHe3 B
dinembpioreHesi Ta MNOBTOPIOBAHICTL Yy dinoreHesi 3 ppakTanbHUMK
nposisaMmn. Xo4a OHTOreHes ue siBuLle, a (pinoreHes ue npouec, ane uinicHo
Le pyHKUioOHanbLHa cMcTema XuBoi MaTepil, NoB’A3aHa eHepriel, CTPYKTYPOLo
| pyHKUIELD.

Mpobnemy cniBeigHOWeEHHA 6ionoriYHOT eBontouii Ta 3aranbHol Teopil
CUCTEM MOXHa nNPOAEMOHCTPYBATM TakKOX Ha ©Oaratbox npuknagax
BioLEeHOTUYHMX XapakTepuctuk [11, 12], TakcoHOMIl i cUcTeEMaTUKN —
BM3HA4YEHHA Micus 06’ekTy B cucTeMi Krnacudikadii Ym B cuctemi dinoreHesy
[13] Ta B 3aranbHin opradisauil »xutta B uinomy [14]. Lle o3Havae, wo
ob’ekTamun gocnigXeHb NOBUHHI OYTU LiNICHI (PyHKUiIOHANbHI CMCTEMU 3 MOKU
WO BiJOMUMW Ta He BIAKPUTUMWU 3araribHUMKU 3aKoHaMW PO3BUTKY Ta
npuHUunamn nepebiry esontouii. CUCTEMHICTb AOCNIAXKEHb HEe O3Havae ix
KOMMMEKCHICTb, Le [OOCMIIKEHHA B CTPYKTYpi PIi3HOro piBHA opraHisauii
CUCTEMM Ha OCHOBI BHYTPILLHIX B3aEMOOOYMOBIIEHNX 3B’A3KIB i CKNagoBuX
(Mpsami i 3BOpPOTHI 3B'A3km 3a LlmanbrayseHom), siKk ymoBa MigTpPUMaHHSA
romeoctasdy (piBHoBaru), CTIUKOCTi, MOTEHLINHMUX MOXIMBOCTEN [0
ycknagHeHHs Ta 3aibHoCTi Ao aganTadil.

Y wupwiomMy po3yMiHHI Ue TBEpOXEHHS BKMOYAE EHepreTuky,
PO3MHOXEHHS, aganTtauil Ta YHKUiT Ha PI3HUX CUCTEMHUX PIBHAX. Y LIbOMY
NPOSABISAETLCA CTPYKTYPHO-(PYHKUIOHaNbHa XapakTepucTuka esonwouii: 1l
CUCTEMHICTb CUHEpreTuyHa Ta CTpyKTypanbHa (CaMOBMNOPSAKOBAHICTD),
CUCTEMHICTb Yy nepepadi cnagkosol iHgopmadili (CTE), cuctemHicTb
agjanTauiiHa y TBOpPEHHi 6iopi3HOMaHITTA Ha Tni ymMoB cepefosuuia
(BapBiHi3M), CUCTEMHICTb €eBOSIlOLiNHA (CaMOBAOCKOHANEHHS), CUCTEMHICTb
He eHTponiMHa Ta eHTponinHa (TepMoaNHaMIYHA).

EBonwouis, cuHepreTuka

3B’A3YI0UYNM CMOSYYHUKOM LMX OBOX CNIiB MOXe BYyTU «Ta», «4m», «=»,
NpU UbOMY CYTHICTb BWUCMOBY He 3MIHUTLCH, a[Xe BOHW | MOB'A3aHi,
B3aEMOOOYMOBIEHI Ta MalTb CriflbHE [IKEPEeSsio MOXOMKEHHA — XaocC i
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CniflbHy MeTy — caMoopraHi3auis Ta caMoycKnagHeHHsd, 6e3 nornagy Ha Te,
WO Le MNpoTUpiuNTL 3akoHaM TepmoauHamiku. «Kepye» uumm npouecammu
CUHepria — eHeprisa BHYTPILWHbO-CUCTEMHUX 3B’S3KIB CTPYKTYPU Y BIOKPUTUX
HEeNiHIMHKUX cucTemax, SKUMW € TakKoX | cucTtemm OionorivyHi, HasBaHi
CKNagHUMN 3 eMEepoKEHTHMMKM BnacTuBoctaMu. CuHepria ue cymapHumn
edeKT KOMIMMEKCHOI Ail BHYTPILWHIX KOMMOHEHTIB cuctemn B npupoai [15].
30BHiWHE mKepeno — eHepria CoHusa BUCTynae sk perpetuum mobile B
egonouil. BoHa nepeknagaeTtbCa Ha MpoAyuUEHTIB Ta KOHCYMEHTIB Yy
HECKIHYEHHOMY naHUlry nepeTBOpPeHb | XapakTepusye, rnepw 3a Bce,
XUBJIEHHSI OpraHiamiB i3 HaACTYMHUMMU IX MOTEHUINHUMU MOXIMBOCTAMU O
PO3MHOXEHHS, 30inbLUEeHHA YUCENbHOCTI, TBOPEHHSA MIHMUBOCTI,
MOPOSIOriYHOI | TAKCOHOMIYHOT Pi3HOPIAHOCTI Ta iHWe. HeBig'eMHUM y LiIbOMY
npoueci, SK i eBonwouil B3arani, BUCTyNae [fia 3aKOHIB TepMOAWHaMIKM Ta
eniMiHauisi opraHiamiB i IXx BuMupaHHa [16].

Kntta ue yHKUioHanbHU npouec sikMi BiADYBaETbCS B AMHAMIYHMX
XMBUX cucTeMax Ta noTpebye cranoro mxkepena eHeprii gna nepebiry
npoueciB aHTuMeHTponil [14, 17]. bionorivHa eBonwUis Ue CcTanun
€HEeproBUTpaTHUM Npouec BNOPSAAKYBAHHSA CTPYKTYPU Ha Pi3HUX CUCTEMHUX
piBHAX 1i nposBy [18]. Ha ii noyaTtkoBux eTtanax — cragil XiMiYHUX peakuin
MOXYTb MOBCTaBaTW MOJSIEKYNM MyTaHTM Ta BigbyBatuca npouecu
aBToKartasnisy i 3MiHM XiMi4HOI piBHOBarm B OiKk yTBOpPeHHs OGiomonekyn
(6iomopchn abo epromu). Lle cknagHi BUCOKOMOSEKYMSIPHI CRONyKN (Tuny
KoauepBarTiB), SKi TBOPATb OYHKLUiOHanbHi BNOKN CXOXi 4O NPOTOKNITUH [14].
[bxepeniom Ta pe3epBOM eHeprii BUCTynakTb ByrneBoau i ninign, 6inku €
enemMmeHTaMn CTPYKTYpPU, a HYKITeIHOBI KACNOTM — cnagkoBol iHpopmauil. Ha
LbOMY eTani XiMiYHOI eBOSIoLii CKNagHICTb NPOTIKAHHA NPOLECIB Yy 3HAYHIN
Mipi 3anexana Bif yMOB cepefoBuLla NraHeTu i crneundikm ix nokasbHUX
nposBiB. Lli bakTopun (eHepria CTPYKTypu Ta CUHepris 3B’A3KiB NiC YMOBK)
6ynu NpoBiAHMMKN B CaMOBINIbHOMY BMOPSIAKOBYBAHHI B CKIagHUX CUCTEMAX,
TEOPETUYHOK OCHOBOK [ANA SAKUX BUCTYNanu 3akoHW pianektuku [ereng
(nepexig, KifbKOCTi B SIKICTb TOLLO).

3i 3MiHOK CTPYKTYypW 3MiHIOBanucs BRacTUBOCTI Ta PyHKUIT B iepapxil
cuctem, SKi Manu i MaltTb Pi3HI nNapamMeTpu eHepreTUYHO!l CTIMKOCTI
BiANOBIAHO YMOB i niggalTbCca «Aobopy Ta BuXKMBaHHIO». [lpy uboMy
ANHaAMIYHOK 3annwaeTbCs MOBINBHICTL 3B’A3KIB MK enleMeHTamMu CTPYKTYpu
4m IX By3namu, SKi 3poCTaloTb BIiANOBIAHO OO0 CKMagHocTi cuctemun. B
GionoriyHin eBontouii Le NPOSIBASETLCA 0COBNMBO YITKO Big MOSEKYNSAPHOro
no BiocepHoro piBHiB. Mpuknagom Mmoxe GyTy CTpyKTypa naneononynsuin
ApibHMX ccaBuiB abo X cyyacHi yrpynyBaHHS pidHUX reorpadidHmnx 30H [19,
20]. NosiBa HOBMX (BiNblW CKNagHUX) €NeMEHTIB CUCTEMU CMPUYUHSE 3MIHY
MexaHi3MiB caMmoopraHisauii 3a paxyHOK 404aTKOBOI 30BHIiLLHbOI eHepril [16].

3 TOYKM 30py CUHEpreTukM BecCb npouec 6ionoriyHol eBonouil €
NpoLEecoM CamoopraHisauil Ta CaMOYCKNagHEHHS, CYNpOBOMAKYETbLCA BIH
NOCTIMHMMU (PNYKTyaUisiMn (BUNagKoBOCTAMM) Ha BCiX PIBHAX CTPYKTypu. Llen
npouec 3anexuTb Big CyMapHOI HanpasBfieHOCTI il KOMMOHEHTIB CUCTEMMU
(CUHeprivHiCTb) Ta Ti PyHKUiOHANbLHOI eeKkTUBHOCTI. posB Aii NpUpoAHOro
Aobopy B LbOMY MpOLEC Le nuule HeBenuka YacTuHa yyacTi Takol Ail B
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3aranbHoMmy nepebiry 6GionoriyHOT eBosnoUii, SKYy MW SK napagurmy
TpaguuinHo obmexyemo nornsgamu HapsiHa-Bonneca. BnacHe, npupoaHui
Aobip 3 TOYKM 30py CUHEpreTukM € MpouecoMm  camoopraHisauil
HaAMOMNEKYNAPHMUX CUCTEM 30aTHUX OO0 KOHKYpeHUil B neBHMX ymoBax. L|
OCHOBHi cknagoBi  OiororiyHOiI  eBomouil  AK  cuctemn, ob’egHaHi
CUHEPreTUYHOK CHINbHICTIO, BUPaXXeHoH Yepe3 yHKUioHanbHiCTb. OcTaHHE
BiAPI3HSE Uen npouec Big HeBIONOriYHUX CUCTEM i3 npuTaMaHHUMKU M
CTPYKTYPOLO Ta BIaCTUBOCTSMM.

CuHepreTMyHUM Nigxig sk B eKCNepUMEHTI Tak | B NPUPOoAi 3yCTpivYaeTbCs
3 SABMLLEM KPUTUYHUX BY3NIB — CUHTYNSAPHICTIO SIK 404ATKOBE LXKepeno eHepril
[21]. lcToOpia npMpoam HacudeHa NepioaNYHMMKM KOPOTKO Ta 4OBroTpMBanmmm
nepeBaXHo TemnepaTtypHUMW  KaTakfismamn [22] Ta neperioMHUMMU
MOMeHTamMu (pas3oBi nepexoam), sKi MOXYTb 3MIHUTU HaNPSMOK MOXITUBUX
3MiH 4YacTo B cTpubkonoaibHmm cnocib (Teopist nepepmBYyacToi pisHoBarn). Lle
MOXe NPOSIBAATUCA TaKOX | 4yepe3 (inoreHeTU4Hy CUHrynsipHicTb (By3nu
ANXOTOMIT Y PINETUYHUX YN KNAAUCTUYHUX CXemax), Ta NPOLEMOHCTPOBaHO
Ha BaraTbOox Npuknagax, 3okpema eosntouil apsikonia (Rodentia), BigomMol sik
doeHomeH [23]. lpn uboOMy Takumn nepexig BU3HAYAETLCA PiBHEM B3aEMHOI
Y3roKEeHOCTi i eneMeHTiB B CaMih CUCTeMi, $Ka 3HaxoauTbCA B
ANHaAMIYHOMY CTaHi Y/ HaBiTb HecTabinbHOCTI. [apHUM NPUKIagoOM MOXYTb
ByTn TakoX cykuecii 6ioueHosiB nepurnsauianbHoOl 30HM €Bponun, Mirpadii
BUAiB Ta IX pedyriymm (pesepBati), WTYYHi KaTakniamu (ApanbCbke Mope) Ta
katactpocum (aBapis Ha YAEC) Ta iH. 3ragaHi Buwe nepurnsuianeHi abo
3MmiwaHi  OioueHo3n nnenctoueHy 6ynn B CcTaHi  BiOLEHOTUYHOrO
AEeTEPMIHOBAHOIO XaoCy eKOmnoriYHMX LUeHOo3iB 30HW TyHApPW, CTeniB Ta
HaniBNYCTUHb, @ TaKoX BNn3bKO BOAHUX HU3NH Me30dinbHoro tuny [19, 24].

Y BCiX UMX BUNagkax eBOMoUiss OTPMMYE 3Ha4Hi CTyneHi ceoboan Ta
wnaxm  ansg  camopeanisauii:  camoopraHizauigd, camMOBOOCKOHAaSIEHHS,
CaMOBIQHOBMEHHS, camo3banaHcyBaHHs, camocTabinisauis,
CaMOMOBTOPIOBASIbLHICTL (PpaKTanbHICTb), «CaMOHaBYaHHSA», aganTtauil Ta
camMoBWXKMBaHHA. [1py LbOMY eBOMOLIA Mae MOXIUBICTb BiAHANTU (LLUSISIXOM
Npob i MOMUIOK) Ta BKIIOYMTU HOBI MeXxaHiamu nepebiry 3aBOsKM 3MiHi
iHpbopMmaLil Ta eMepaXeHTHOCTI, MOBCTAE HOBa SKICTb LINIOro SIK nepeBara
Hag CcymMow 4YacTuH (xoniam). OcobuHM MatoTb OinNblli MOXNMBOCTI ANS
mopdooreHesy [25], ocobnuBo B 30Hax Oidypkauii, AnNa NigBULLEHHS
afanTUBHOCTI, POCTYy TaKCOHOMIYHOIMO  Pi3HOMAaHITTA Ta  36inblUeHHS
yncenbHOCTI nonynsuin Ta iH. [20]. Ui xapaktepuctukm ©ynu BnacTuBi
HENOBTOPHUM nepurnduiansHnM GioueHo3am Ta dayHaM MfEencToLeHy
€sponu [26].

B eBonwouii BuaineHo 6Garato TakMX YU CXOXUX KPUTUYHMX MYHKTIB
CUHIYNSIPHOCTI, AKi 36inbLlyBanu (4acoM 3HaAYHO) TI MOXIMBOCTI B OKPECIEHHI
FONIOBHUX HaMpsiMKiB NepeTBOopeHb. MOXIMBO, WO CUHIYyNspHiCTb Oyna
HanoBinbL ICTOTHUM YNHHMKOM B eBoftoUil. TinbKn noctae NUTaHHA — Wo 6yno
BU3HaYyanbHUM B YTBEPKEHHI LUMX KEepyHKiB B eBOMUil Ha cTagisax i
CUHTYNAPHOCTI, $Ki YMHHWKKW, ymOBW, BNMBN? [uTaHb OGinblle, a Hix
Bignosigen. EBontouis He 0BMeXyeTbCa TiflbKM MPOABOM aHTUEHTponil, B
KIHLEBOMY pe3yfibTaTi BOHA TaKOX € €HTPOMiNHOK, OCOBNMBO 3aBAsKM Ail
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BiONOriYHMX YMHHUKIB, AKUMU € peayueHTn, sKi € IpKepersioM Xaocy Ta BiflbHOI
eHeprii ik OCHOBM YeproBux nepeTBopeHb. [JogatnTbCa A0 LbOro npobnemu
OUIHKM Ta aHaniTU4HOro PO3YMIHHS pe3ynbTaTiB akTyanbHUX Ha CbOroAHi
pocnigxeHb esontouil Yepes AHK Bumepnux dopm (konaneHe OHK).
[MigcymoBykoumM 3anponoHOBaHi po3ayMn Mpo akTyasnbHICTb TPaKTyBaHHS
eBOMoLii cnig HaronocutTM Ha pPO3LWMPEHHI Ta NOrNMONEHHI PO3yMiHHSA
AapBiHIBCbKOI MapagurMmmn eBontouii Big «NpocTnx» 6ioUeHOTUYHNX CTOCYHKIB
OpraHiam — cepefosuLle 40 chepu reHeTUKO-MONEKYNSPHUX OCHOB Ta cdhepu
nornMbneHoro ni3HaHHS MNOYaTKOBMX €eTaniB  €BONMOUINHUX  3MiH |
EHepreTUYHMX pensauin B CUCTEMHUX PIBHAX 11 opraHidauil. EBOMOLIOHI3M SK
Hayka MNOBMHHA He TBOPWUTU, a BIOKPUBATWU ICHYKOYI 3aKOHW | NPUHLMNA
€eBOSIloUil Ta ni3HaBaTW 1X, BUKOPUCTOBYHOYM, MPU UbOMY, Pi3HIi MeToau
BUPILLEHHS KOHKPETHWUX i 3aranbHO 6ionoriyHMx 3aBAaHb, SiKi - NOCTIMHO
CYNpPOBOAXKYIOTb e TEPHUCTUM LLUSIAX CUCTEMHO-PIBHEBOIO Mi3HAHHS.
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YK 616-006:577.2
bakymeHko K., Muxannosa A., AHiubka J1.

MexaHi3mMun XiMiope3nCTEHTHOCTI NYXJIMHHUX KNiTUH: MONEKYNAPHi
acnekTu

HauionanbHut meduyHuu yHisepcumem imeHi O.0. bo2omorbus, YkpaiHa

Chemoresistance in cancer cells is one of the major challenges in oncology,
as it reduces the effectiveness of treatment for cancer patients. Several
mechanisms contribute to the resistance of cancer cells to chemotherapy, including
drug inactivation, inhibition of apoptosis, deregulation of the cell cycle and
checkpoints, enhanced DNA repair, and genetic and epigenetic changes in cellular
oxidative metabolism. Understanding these mechanisms is a crucial step in
developing new therapeutic strategies aimed at overcoming chemoresistance.

Knro4oBi cnoBa: XimioTeparnisi, pakoBi KNiTUHW, anonTo3, Pe3UCTEHTHICTb.

AKTyanbHiCcTb gocnigXeHHs1 3yMOBIieHa TUM, O XIMIOPE3UCTEHTHICTb €
OLHIED 3 TOMOBHUX MNPUYUH HeedeKTUBHOCTI TpaguuiHOro nikyBaHHS
OHKOJOriYHMX 3axBoptoBaHb. BoHa ycknagHwe Tepanito, MNoripwye nporHos i
obMexye edpekTUBHICTb CTaH4apTHUX npenapaTiB. OCKiNbKM CTiINKICTb pakoBUX
KNITUH NOB’Ai3aHa 3 HWU3KOK MONEKYNAPHUX MexaHi3MiB, Bi MNOpPYLUEHb
anonTo3y M KNITUHHOrO LKKIYy 00 nocuneHoro BigHosreHHa OHK, ix BUBYEHHSA
€ HeoOXiaAHO YMOBOK AN po3pobkn HOoBUX, Binbll pe3ynbTaTUBHUX METOAIB
NiKyBaHHA.

MeTta pocnipgxeHHs. BuMBUMTM MOnekynsapHi mMexaHiamu, Wo nexaTtb B
OCHOBi  CTIMKOCTi pakoBMX KNiTUH [0 XiMmioTepanili Ta oOrpyHTyBaTn
NepCnekTUBHI HanpsMu Ans po3pobkn HOBUX TepaneBTUYHMX CTpaTeriun,
CNPAMOBAHUX Ha NOAO0SIAaHHA XiMIOPE3UCTEHTHOCTI.

Martepianu Ta Metoau. Y poboTti 6yno 34inCHEHO KOMMIEKCHUW aHani3
HayKoBUX Qpxepen 3 Bigkputux 6a3 gaHmx (PubMed, Scopus, Web of Science),
LLIO CTOCYHTbCHA MOMEKYNAPHMUX MeXaHi3MiB XiMIOPE3UCTEHTHOCTI PaKoBUX
KNITUH.

PesynbTaTt. byno ineHTngikoBaHo pi3Hi MexaHi3amu, Lo 6epyTb yyacTb y
PO3BUTKY PE3UCTEHTHOCTI A0 nikiB. OAnH i3 HanbinbLL NOWMPEHNX MEXaHI3MIB
XiMIOPE3UCTEHTHOCTI — Ue iHaKTMBauia nikapcbkux 3acobiB. baraTto pakoBux
KNITUH 30aTHIi akTMBHO BWMBOAUTU XiMiOTepaneBTUYHI npenapaTtu 3aBasKu
nigBULLEHIN ekcnpecil TpaHCMeMbpaHHUX TPaHCMOPTHUX NPOTETHIB, Takux K P-
glycoprotein (P-gp). Ui npoTeiHn, BigoMi SK «MynbTU-IiKapCbKa CTINKICTb»
(MDR). BoHun peryniotote AT®-3anexHun BuUXig  LUIMPOKOro  CNekTpy
NPOTUNYXIIMHHUX NIKIB | HAOAKTb CTINKICTb MYXSIMHHUM KITITUHAM, 3HUXKYHOYM X
KOHLEHTpaLuito B uuTonnasmi, TMM caMmmm 3MeHLLY4Yn edpekTUBHICTb Tepanil.
BinbLw TOro, 3miHM B KNITUHHMX MeMOpaHax MOXYTb MPU3BECTU 40 3MEHLLEHHS
NPOHUKHOCTI Ans npenapartie abo 3MiHM MexaHiamiB 1X abcopbuii [1].
XiMIOPE3UCTEHTHICTb TICHO MOB'A3aHa 3 MOPYLEHHAM MeEXaHi3MiB anonTo3y.
AnonTto3 — ue NpuUpoaHUA Npouec KNITUHHOI CMepPTi, AKUA BUKOHYE BaXKInBY
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poSfib Y BUAANEHHI NOWKOMKEHNX abo MyTOBaHMX KIITUH. Y HOpMarbHUX
yMOBax, KOS KNiTUHA 3a3Ha€e NOLLKOPKEHb Yepes XiMioTepanito, BOHA akTUBYE
anonto3 Ansa 3anobiraHHa nodanbloMy PO3BUTKY MOLUKOMKEHUX KMITUH.
[MpoTe, y pakoBMX KNITUHAX Llen MexaHi3M 4aCcTo NOopYyLUEHUH, O A03BOMHE 1M
BWXKMBATM HaBiTb Nicna 3HadHux nowkomkeHb OHK. 3miHn B curHanbHux
LNaxax, WO KOHTPOSIOTL anonTo3, MOXYTb MNPU3BECTU O CTIMKOCTI MyXIuH
Ao Tepanil. Hanpuknag, aktneauisi aHTManonTUYHMX NPOTEIHIB, Takmnx sk Bcel-2,
abo pgediunT npoanonTUYHMX MPOTEIHIB, TakMx sk p53, MoOXe 3aBaxaTu
HOpMarbHiN akTuBaLil anonTo3dy HaBiTb NP BUCOKOMY piBHI nowkomxkeHb [QHK.
HocnigpkeHHa nokasanu [2], wo MyTauii abo 3MiHeHa ekcnpecis NpoTelHIB
Bcl-2, MOXyTb pi3KO 3MIHUTU 4YyTNAMBICTb OO0 NiKiB B eKCnepuMeHTanbHUX
Moaensix.

BUHMKHEHHS, PO3BUTOK i MeTacTasdyBaHHS MNyxXSIMH TiCHO MNOB’sI3aHi 3
MNOPYLUEHHAMW Y perynauil KIMTMHHOIO LUMKIY. Y HOpMarbHUX YMOBaX KITiTUHU
NPOXOOATb Yepes3 CyBOPO KOHTPOJSIbOBaHI KOHTPOSbHI TOYKM KNITUHHOIO LIMKNY,
LLIO O03BOSISE BYACHO BUSABMAATU Ta ycyBaTu nowkomkeHHs [OHK. OgHak y
pakoBUX KNiTMHaAX 4YacTo BUSABNAKTbCA MyTauil B KIOYOBUX reHax, Lo
BiANOBIAAlOTb 3a Li KOHTPOSbHI TOYKKM, 30kpeMa TP53 (reH 6inka p53) Ta RB1
(peTuHOGNacToma). BTpaTa (yHKUIA LMX reHiB Npu3BOAUTbL OO MOPYLUEHHS
MEXaHi3MiB KOHTPOJSIO, WO A03BOSSAE KNiTUHAM NMPoLOBXyBaTK nposidpepaLito
HaBiTb 3a HasBHOCTI 3Ha4HuX nowkomkeHb [OHK. Taka geperynauia crnpuse
reHeTUYHIN HecTabinbHOCTI 1 aganTauil NyXAUMHHUX KNITUH 0O CTPECOBUX YMOB,
30Kpema il NpoTUNYXIUHHUX MpenapaTtiB. AK Hacnigok, ue € OAHIen 3
FOSTOBHUX MPUYNH PO3BUTKY XIMIOPE3UCTEHTHOCTI — 34aTHOCTI PakoBUX KMiTUH
YHUKATU Aii UMTOTOKCUYHUX areHTiB, WO 3HA4YHO YCKNagHEe edeKTUBHICTb
nikyBaHHs [3]. OKpiM NOpYLLUEHHSA MPOXOKEHHSA KOHTPOSTbHUX TOYOK KINITUHHOIO
UMKy, LWe OAHMM BaXMBUM MexaHi3MOM CTIMKOCTI [0 XimioTepanii €
nocuneHe sigHoBneHHs [HK.

XimioTepania 3as3Buyanm cnpsiMmoBaHa Ha iHAYyKUito ywkompkeHb [OHK,
30KpemMa ogHO- Ta ABONaHLUIOroBMX PO3pUBIB, WO MaloTb BUKNUKATK 3armbernb
NYXIMHHUX KNITUH. poTe y BIgNOBIiAb HA TakMn CTPeC AesiKi pakoBi KITUHU
aKTMBYIOTb abo NOCUMIOITL MeXaHi3aMu penapadil, Wo 4O03BOSSE IM eEKTUBHO
ycyBath Ui MOLWKOMKEHHS Ta npoaosXyBaTu nposidepauito. OgHum i3
KNIYOBMX MEXaHi3MiB y LIbOMY npoueci € nigBuLleHa eKkcnpecis npoTeiHis,
BignosiganeHux 3a BigHoBneHHa [OHK, Takux gk PARP (poly ADP-ribose
polymerase), Wo 3anydeHun A0 penapaudii OAHOHUTKOBUX po3puBiB, abo
aKTMBYBaAHHS LUNAXIB penapauii gsonaHutorosmx pospusis JHK. 3aBaskm umm
aganTUBHMM MOXITMBOCTAM NYXJIMHHI  KIMITUHWM 30aTHI YHUKATKM fieTalribHUX
Hacnigkis Tepanil, Wo B NiACYMKY CNPUSE PO3BUTKY XiMIOPE3UCTEHTHOCTI [4].
[MpoTe XiMIOPE3UCTEHTHICTb HEe OOMEXYETbCHA Nue 3MiHaMU Y KIITUHHOMY
LUK YM mexaHiamax BigHoBneHHs OHK — BaxnuBy ponb y ubOMy MNpPOLECI
BidirpaldTb reHeTUYHi Ta  enireHeTU4YHi  3MiHM  KIITUHHOrO  OKMUCHOro
meTaboniamy. Hanpuknag, aktueauis aepoOHOro rnikonidy, Bigoma gk edekT
BapOypra, [osBonse KfniTMHaM  OTpMMyBaTW  €Heprilo  3a  paxyHOK
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dEPMEHTATUBHOIO  PO3LWLENNEHHS  [TIIOKO3W  HaBiTb nNpu  obMexXeHoMy
nocTayaHHi  KucHio. Okpim TOro, enireHeTU4Hi  mopgudikauii, 3okpema
metunioBaHHa OHK Ta 3MiHWM y CTpyKTypi XpomaTuHy, 34aTHi 3MiHIOBaTu
EKCMpecito reHiB, 3anydyeHuMx Ao MeTaboniyHoro romeocrtasy, WO A04aTKOBO
nigcune aganTtauinHan  noTeHuian nyxfanMHW. Yce ue pa3oM  Crpusie
NIABULLEHHIO KUTTE3OATHOCTI  KNITUH | 3HWXEHHK 1X YYyTNMBOCTI OO0
XimioTepaneBTUYHOrO BNIMBY [S].

BpaxoByoun YncneHHi mexaHiamun, aki 3abe3nevyoTb XiMiope3UCTEHTHICTb,
cydacHa OHKOmoriyHa Tepanis 30CepedXyeTbCs Ha po3pobui HOBMX NiaxoAis,
CNpsAMOBaHUX Ha MOAdOMaHHS CTIMKOCTI Ta NigBUWEHHA ed)EKTUBHOCTI
APOTUNYXINIMHHOIO  fnikyBaHHA. OOHUM i3 TakMX pilleHb € 3acCTOCYBaHHS
KoMmbiHOBaHOI Tepanil, wWo nepeabadyae noegHaHHs XximionpenapaTtiB i3
iHribiTOpaMn KNIOYOBMX MeXaHi3MiB Pe3uCTEHTHOCTI. Hanpuknaa, noeaHaHHs
ximioTepanii 3 iHribitopamm PARP gossonde niacunutn TepaneBTUYHUA edekT
3a paxyHOK OnokyBaHHS MexaHiamiB BigHoBneHHa [OHK. IHwi cTtparterii
BKIMOYAKOTb BUKOPUCTAHHA MOSEKYN, 34aTHUX BiAHOBIIOBATU HOPMarbHi LSISXK
anonTtody, abo TapreTHUX areHTiB, WO BMOIPKOBO MPUrHIYYOTb MPOTEIHN,
3anyyeHi 40 popMyBaHHS CTIMKOCTI 40 NiKyBaHHSA [6].

BucHOBOK: Y3aranbHiOYM BUKMageHe, MOXHa CTBepaXysaTu, LLO
XiMIOPE3UCTEHTHICTb € HaraToakTopHMM ABULLEM, 3YMOBIIEHUM MOPYLLUEHHAMM
KNITUHHOrO UMKy, nocuneHnm  BigHoBneHHam  [OHK, meTtaboniyHumun
nepebygoBaMmn Ta IHWMMW MOMEKYNAPHUMU MeXaHisamamu. PO3yMiHHS LnX
NpoLEeCiB € KMoYeEM 4O PO3p0bKM edPEKTUBHUX CTPaTErin NiKyBaHHSA, cepen SKnx
ocobnMBY nepcrnekTnBy MaktTb KOMOIHOBaHI Ta TapreTHi nigxoaw, 34aTHi
noaonaTu CTINKICTb NYXNUHHUX KNITUH 40 Tepanil.
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BukopuctaHHa CRISPR/Cas9 ans BUBYEHHSA Ta KOPEKLii reHeTUYHUX
MyTauin npu cepueBO-CYyANHHNX 3aXBOPHOBAHHAX

HauioHanbHut meduyHuu yHisepcumem imeHi O.0O. boeomorbus, YkpaiHa

CRISPR-Cas9 offers a revolutionary approach to treating cardiovascular
diseases (CVDs) by directly targeting genetic mutations. This study explores its
potential in the treatment of various CVDs, including severe forms of
hypercholesterolemia, arrhythmias, cardiomyopathies, hypertension.  With its
precision and efficiency, CRISPR-Cas9 may not only treat but also potentially cure
inherited CVDs, marking a significant advance in precision cardiovascular
medicine.

KnwvoBi cnoBa: CRISPR/Cas9, reHHa Tepanis, pegaryBaHHA reHOMY,
MyTauii.

BcTtyn.

CRISPR/Cas9 - iHHOBaUiHa TexHosoria pefaryBaHHA TreHoMYy,
3anosndeHa 3 OakTepianbHOI iMyHHOI cuctemn. Y kapgionorii BoHa
BUKOPUCTOBYETbCA [N (PYHKUIOHANbHOIO aHanisy reHiB i  Kopekuil
cnagkoBux natonorin. Metoa rpyHTYeETbCA Ha CTBOPEHHI 4BOSIAHLIKOIOBUX
PO3PUBIB Y LiNbOBUX FTEHOMHUX CanTax, Lo iHiLUitoe MexaHiaMn penapaduii 3
MOXITMBUM IHAKTMBYBaHHSM ab0 3aMiHOO LifIbOBOro reHa.

OcHoOBHa YacTuMHa

Komnnekc CRISPR-Cas9 cknagaetbca 3 Hykneasn Cas9 i
Hanpasnsat4dol PHK (sgRNA), sika 3abesneyye cneunidHicTb 40 UinboBOI
ainaHkn QHK. KoMnoHeHTn cuctemmn OOCTaBnSATbLCS OO0 KITUH-MILLEHEN
3a [OOMNOMOroK BIipYCHMX BEKTOpiB (Hanpuknag, apgeHosipyciB) abo
HEeBIPYCHUX METOAIB -enekTponopadil Y MiKpoiH'ekuii. eHeTunYHi dhakTopu
3HAYHOK MIPOK CMNpPUSIOTb BUHMKHEHHIO OaratboX CcepueBO-CYyaUHHNX
3axBOPHOBaHb, WO pobutb X nepcnektuBHumu ob’ektamm ans CRISPR-
Tepanii. Y uUbOMYy OMMs4i po3rnsgaeTtbCs MNOTeHuian TexXHOMOoril Takux

naTonorin, K rinepxonecrepuvHeMis, apuTMmil, KapgiomionaTii Ta
apTepianbHa rinepTeHsis.
Cimenna  rinepxonectepuHemia  (CI) —  HaWnoOLWWMpPEHIWNM

MOHOIeHHUN po3naj, WO ChNpUYUHAE repefyacHi  cepueBO-CYyaUHHI
3axXBOPIOBAHHS, NepeBaXkHO 3yMOBIEHMN MyTauismu B reHi PCSK9, akun
peryntoe KinbKiCTb peLenTopiB NinonpoTeiHiB HMU3bKOI wWinbHocTi (JINHL) y
renatountax. ¥ 2014 poui Oyno nokasaHo, WO OO4HOPa30Be BBELAEHHS
CRISPR/Cas9 3 BignosigHoto guide-PHK y ne4iHky muwen cnpuyanHUno
myTauil y redi PCSK9 3 noganswot BTpaTowd noro dyHkuii [1]. Le
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NPU3BENO OO0 3HAYHOro 3HWXKEHHS piBHA npoTeiHy PCSK9 y nnasmi Ha
noHag 50% i 3HWMKeHHs xonectepuHy =30%. MeToa OEMOHCTpPYeE
Aosrotpmeany eqeKTUBHICTb Y 3HWXEHHI aTepOreHHoi rinepninigemii Ta
BXe TeCTYeTbCA Ha BinbLUMX TBAPUHHUX MOAENSX.

CRISPR/Cas9 pOeMOHCTpye 3HayHuMM noTeHuian Yy  nikyBaHHI
cnagkosux KapagiomionaTin — agunartauinHoi (AKM) i rinepTpodidHol
(CKMI). OKM, wo xapakTepusyeTbCs 30ifiblleHHAM i ocnabneHHsm
cepueBoro M’sisa, € OfHIE0 3 OCHOBHUX MPUYNH CEPLIEBOI HEOOCTaTHOCTI,
3a ouiHkamu, nowmnpeHictb ctaHoBuTb 1 3 250 oci6. [IKM yacTto nos’azaHa
3 myTtauigmmn y reHax RBM20 i TTN [2]. RBM20 kogye PHK-3B’asyiounin
NpOTEIH, BiANOBIg4ANIbHUA 3a CNSIANCUMHI CTPYKTYPHUX TreHiB cepus, TTN
KoOye TauTUH — KIKOYOBUK CTPYKTYPHUN NpOTeiH capkomepiB. MyTtauii y
RBM20 (Hanpuknag, R634/R636) nopylwytoTb CRAMNAWCUHT, CRPUYUHSIOYMN
avnaTauiio LWNYHOYKIB Ta cepueBy HefocTaTHICTb. Kopekuia umx myTauin
B iHOYKOBaHMX MNOPUMNOTEHTHMUX CTOBOYPOBUX KMiTMHAX | noganblue
3aCTOCYyBaHHA B MULLAYMX CepLEBUX TKaHMHAX Mpu3Besnvn 00 BiOHOBMEHHS
NpOAYKUiT TAUTUHY, 3HAYHO MOKPaLLMIN CKOpoYyBaribHy (PYHKLUiO cepus Ta
niasnwnnn smxunsaHicTtb [2]. lNnepTpodivHa kapgiomionatia (FKMIT) yacTto
BUKNMUKaHa wMyTauiamm B reHi MYH7, wo kogye B-naHulor Mio3uHy.
[omiHaHTHI MmicceHc-myTauil  (Hanpuknag, R403Q) acouitoloTbca 3
NOTOBLUEHHAM MioKapda Ta puU3MKOM panToBOI CMepTi Y MOSIoAoMY Billi.
MogernbHi muwi 3 mytadieto MYH7 imitytote TKMIT nioguHu, wo pae
MOXIMBICTb NPOTECTYBaTU reHHo-pefarysaneHi nigxoan. Tak, HewonaBHi
HayKOBI [OCHIIKEHHA [0BOAATb, WO anenb-cneuudiyHe penaryBaHHS
MyTaHTHOro anena MYH7 (Hanpwuknag, 3a gornomoroto ABE — adenine
base editing) 3anobirano po3suTKy Kapgiomionatii y muwen [3]. Ons
nogen nepcrnektmBHuM Moxe OyTtu nigxig “allele-specific knockout” —
Hanpuknag, 4yepes HarnpasneHy MyTauilo CTOM-KOAOHY B AedeKTHOMY
aneni MYH7 abo 3acTocyBaHHS1 eheKkTopiB.

[eHeTMYyHe peaaryBaHHA TakKOX Mae nMoTeHuian y  Tepanii
apTtepianbHol rinepteHsii. leH AGT, WO KOAY€E aHrNOTEH3UHOrEH, € OHUM 3
HanbiNbL AocnimpKeHnX akTopiB, LLO Crpude perynauil apTepianbHOro
Tncky. AGT € npoTeiHOM-nonepegHNKOM Yy PeHiH-aHrOTEH3MHOBIN CUCTEMI,
KU perynioe aptepianbHMi TUCK | 6anaHc pignHn. HagmipHa akTUBHICTb
LUbOro LWAAXy CNpusie pPO3BUTKY  CTiKMKOI rinepTeHsii. OgHum i3
nepcnektTnBHUX Nigxoais € CRISPR-iHakTnBauis AGT WNAXoMm pynHyBaHHS
€eK30Hy 2 B renatouutax. Y wypiB pegaryBaHHa AGT npusBerno Ao
3HAYHOro Ta TPUBASIOrO 3HWXKEHHA CUCTOSIYHOroO Ta [AiacTOoSYHOro
apTtepianbHOro TUCKY, LWO TpuBano MoOHa4 PpiK nicngd o4HOpa3oBOro
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BTpyYaHHS [4]. Xo4a ua TEXHONOrIA e He 3aCTOCOBYETLCA AJ1A JliKyBaHHSA
NIOAVHN, NapanenbHO akTUBHO OOCHIAKYITbCS anbTepHaTUBHI Nigxoan —
30Kpema, marneHbki iHTepdepytodi PHK Ta aHTMcMuMCnoBi oniroHykneotuau
AN NPUrHideHHs ekcnpecii reHa AGT y nediHWi BXe nponwnu
BunpobyBaHHA da3n |-l Ta nokaszann noctynoBe 6e3neyHe 3HMKEHHS
TUCKY [5].

CRISPR/Cas9 peMOHCTpye nepcrneKkTUBHICTL Yy Tepanil cnagkoBux
apuTMin, 30KpemMa KaTexonamiHepriyHol noniMopgHOI  LWITYHOYKOBOI
Taxikapaii (CPVT), cnpuunHeHoi myTauiamu B reHi RYR2. Li myTtauii
pobnsaTb piaHOAMHOBMI peuenTop "BUTiKaluMM" Ons iOHIB - KanbLito,
NPOBOKYO4YN apuUTMIl Mig 4Yac cTpecy i Qi3MYHOro HaBaHTaXeHHs. bes
nikysaHHs CPVT npm3BoguTb 4O CMHKOME Ta panToBOi CMepTi Yy MOSIogoMy
Biui. CTaHgapTHe nikyBaHHS (B-bnokaTtopw, iMnnaHTauis gedidpunsatopa)
YacTo HeeeKkTuBHe [6], TOMYy reHHa Tepania € MNOTeHUIMHO iaeanbHUM
pilueHHAM. Y 2018 poui BnepLue Byno nokasaHo, Lo 3a JOMOMOrow Bipycy
AAV9 moxHa pgoctaButn eHsum Cas9 (i3 6aktepii S. aureus) pasom i3
guide-PHK, gka HauineHa Ha wmytauito Ryr2-R176Q. Lle possonuno
BUOIPKOBO iHaKTMBYBaTM MYTaHTHUMA anenb Yy MULLIEN, He 3adinalo4u
HopmanbHy konito [7]. OgHopasoBa iH’EKLisi HOBOHAPOLKEHUMM MULLAM
3HM3uNa piBeHb MYTAHTHOro NPOTEIHY, MOBHICTIO NonepeamuBLUXA apUTMIl
npu ctpec-tecti. HocnigkeHHAa [OEMOHCTPYE MPUHLMUMOBY MOXITMBICTb
reHHoro nikyBaHHs CPVT y tBapuH 3a gonomoroto CRISPR. Hagani uen
nigxig Moxe OyTn pO3BMHYTUW AN NA04Een — Hanpuknag, Ans nauieHTiB 3
CPVT, pe3ncteHTHMX 0 nikiB, MOXXHa Byno 6 3acTtocyBaTu reHHy Tepanito,
LLIO «BUMUKAE» MyTaHTHUN RYR2.

BucHoBoOKk

CRISPR/Cas9 TexHonoria BiOKpUBae HOBI NepcnektMBn Ans
reHeTUYHOro NiKyBaHHS CepueBO-CYOMHHUX 3aXBOPKOBaHb, 30KpeMa Takux,
K ciMerHa rinepxofnectepuHeMisi, kapgiomionaTii Ta aputmil. 3aBagku
TOYHOCTI Ta edpeKTMBHOCTI peaaryBaHHA reHomy, CRISPR/Cas9 gossonse
ycyBaTU MyTaLil, WO CNPUYMHAIOTb Li 3axXBOPHOBaHHA, 3abesneyvyroun
MOXITMBICTb 3HAYHOrO MOKPALLEHHS NPOrHO3y Ta AKOCTI XUTTA NauieHTiB. Y
nikyBaHHI cnagkoBmx aputmin, Takux ak CPVT, TexHonorid nokasana
BUCOKY €(EKTUBHICTb Y Moaudikauil MyTaHTHUX anesnis, WO BiOKpuBae
LLUNAX 4O HOBUMX NigxoAiB y reHHOI Tepanii. Xo4a TexHonoriga we nepebysae
Ha eTani gocnigKeHb, Il NoTeHuUian y KNiHiMHOMY 3aCTOCYBaHHI € BESIMKUM i
MOXe 3MIHUTU NpUHUMNK  JliKyBaHHA 6HaraTbOX CcepueBO-CYAUHHUX
3axBOplOBaHb Y ManbyTHbLOMY.
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TpaHcKpunuinHa HecTabiNbHICTbL AAEPHOro Ta MiTOXoHApIanbLHOro
reHoOMy Sik MOJieKysriipHa OCHOBa CnagkKoBMX 3aXBOpPHOBaHb

HauioHanbHut meduyHul yHisepcumem imeHi O.0. bozomornbus, YkpaiHa

The paper presents a review of current research on the role of DNA
transcription disorders in the nucleus and mitochondria in the development of
hereditary diseases. The possible consequences of transcriptional disorders for
cells, including loss of gene function, mutational changes, and other molecular
abnormalities, are discussed. The importance of the interaction between nuclear
and mitochondrial transcription mechanisms for maintaining the energy balance of
the cell and ensuring its vital activity is emphasized.

KnruJoBi cnoBa: TpaHckpunuis, sgepHa OHK, mTOHK, miToxoHapin, cnagkosi
NOpYLUEHHS, MyTauji.

OcHOBHMM 3MicT. TpaHcKkpunuias — KA4YOBUM eTan  peanisauii
reHeTUYHOI iHdopmauil, O NeXuUTb B OCHOBI (OYHKLIOHYBaHHA KITITUHMW.
Byab-sKi NOpyLEeHHA B LIbOMY MPOUECi MOXYTb MaTW CEPMO3HI Hacnigkm Ans
KNITMHHOrO romMeocTasdy, 0cobnuBo Yy BMMagKy cNagkoBux naTtonorin. Y
cydacHin monekyndapHin 6ionorii  HabyBae akTyanbHOCTI BMBYEHHS SK
AOepHUX, Tak | MITOXOHApPIaNbHUX MeXaHi3MiB perynsuii  TpaHCKpUNUil,
OCKiSfTIbkn obuasa reHoMu B3aeMOSi0Th | MOPYLUEHHS B OOHOMY 3 HUX MOXYTb
BUKINUKATU CUCTEMHI epekTu.

Y eykapioTU4HOMY S4pi TPAHCKPUNLIS € CKITagHUM i YiTKO peryrnboBaHUM
npouecoM, y sikoMy ©OepyTb ydacTb Tpu ocHoBHi PHK-nonimepasun: PHK-
nonimepasa | (Pol I): TpaHckpubye renn pPHK (18S, 5.8S i 28S); PHK-
nonimepasa Il (Pol Il): cuntesaye MPHK, a Ttakox gesdki siPHK i mikpoPHK;
PHK-nonimepasa Ill (Pol Ill): Bignosigae 3a cuHte3 TPHK, 5S pPHK Ta iHWKnx
kopoTkmx PHK. KoxHa nonivmepasa Qi€ Yy KOMMMEKCI 3  HU3KOK
TpaHckpunuinHux daktopiB (TFs), aki 3abe3neyyoTb cneunidHiCTb, 3anyck
TPaHCKPUNUIT Ta perynsuito ekcrpecil.

[MopyweHHa dyHKuil Pol | MOXyTb CRpUYMHATM cuHOpoM Tpuyepa
Konnivza. e TCOF1 (Treacle Protein) kogoye HykneonsipHuin Oinok, Lo
b6epe yyactb y bioreHesi pPHK. Mytauii y TCOF1 cnpuyunHaoTe aediunt
pPHK, wo npu3sBogutb [0 nopyweHHa nposidepauil HeENPOKPUCTanNbHUX
KNITUH — KPUTUMYHUX Ans  opmyBaHHA o00nu4ys. BHacnigok uboro
po3BmBaeTbcs cuHapoMm Tpuyepa KonniHza (OMIM#154500), skun
XapakTepusyeTbCs KpaHiodauianbHMMmM Bagamu.
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AHaniz pocnigkeHb Ulhaqg, Z. S., Nurputra, D. K., Soraya, G. V.,
Kurniawati, S., Istifiani, L. A., Pamungkas, S. A. nokasas, wwo mytauil TCOF1
CNPUYNHSAIOTD 3HMXKEHHS ekcrnipecil Pol [-3anexHux reHis, aktnsyo4um npoTeiH
P53, AKMN iHILItOE anoNTO3 Y HEMPOKPUCTaNbHUX KNiTUHaX [1].

Pol Il € HanBinbLWw Bpas3nNMBOK 40 MyTauin Y TPAHCKPUMNUIMHNX baKTopax:
TFIIH, TFIIB, Mediator. AHani3 gocnigxeHb Lehmann AR. et al. 3acBigums,
wo mytauil B8 XPB/XPD (cyboamHuui TFIIH) cnpuynHATbe NPUrHiYeHHs
iHigiauil Pol |l Ta 3miHy TpaHckpunuil [2]. Taki nopyweHHS Npu3BoaATb OO
HenpoaereHepauii, oTo4uyTNMBOCTI i cnpunumHaoTe CuHgpom KokenHa
(Cockayne Syndrome), BuknukaHi pgedektamm  komnnekcy  TFIIH
(ERCC6/ERCCS).

MyTauii y POLR3A ta POLR3B - B cyboauHumusax Pol [l — cnpnynHsaoTb
POLRS3-acouinoBaHi neunkoeHuedanonartii (4H-cmHgpom: rinomieninisauis,
rinoAoHTIA, rinoroHagoTPONHUM rinoroHaguam). AHania gocnigxkeHb Bernard
G. et al. (2011) poBoanTb, wWo myTtauil B POLR3A/POLR3B npu3sogaTts 4o
nopyLeHHs TpaHckpunuiil TPHK, wo € KpuTtuyHMM dpakTopom Anis NigTPUMKK
meTaboniamy Hewnpornii. POLR3A/POLR3B BignosigatoTb 3a CMHTE3 Marnux
Hekogytoumx PHK, wo wmawTb BaxnvBe 3Ha4yeHHA AN KNITUHHOrO
YHKLIOHYBaHHSA, 0COBNUBO Y HENMPOHArbHUX KNiTuHax. [3].

MiToxoHapianbHUW rEHOM € KOMMAKTHUM, arie KPUTUYHO BaXKNMBUM OS5
eHepreTuyHoro metaboniamy. TpaHCKpunuia B MITOXOHAPISAX 34iINCHIOETHCS
miToxoHgpianeHoo  PHK-nonimepasoto  (POLRMT), y B3aemogii 3
ponomikHumu Ginkamu (TFAM, TFB2M). MNopyLlueHHsA Lboro npouecy MOXyTb
6yTn 3ymoBsneHi mytauigmm B POLRMT, TFAM; 3aMmiHamMu y saepHUX reHax,
L0  KOHTPOSIOTbL  MITOXOHAPIANbHY  TPAHCKPUNLIiKD;  OKUCIOBASIbHUM
CTpecom, LWo Yyuwkomkye MitoxoHapianeHy [AHK. BuBueHHA pesynbTaTtis
AocnigxeHb [4] cBiguMTb, WO KIiHIYHA Ta MONekynapHa npupoga myTauin
POLRMT BuKnukae 3aTpuUMKy PO3BWUTKY, FMNOTOHItO, HU3bKUI 3PiCT, MOBHO-
IHTenekTyarnbHy HegocTaTHICTb. AHani3 pesynbTaTiB OCNIIKEHHS JOBOAUTD,
O napanesibHe CeKBEHYBaHHA BCiX 3pa3KiB BKa3ye Ha peLecuBHI Ta
AOMiHaHTHI BapiaHTu reHa POLRMT. ®i6pobnactn knituH mawTb OedekT
CUHTe3y MiToxoHgpianbHol MPHK, ane He wmawTb pgeneuin mtOHK.
XapaktepucTtuka in vitro pekombiHaHTHUX POLRMT BusiBUNna pi3Hi HeraTusHi
eeKkTn Ha MiToXoHApianbHy TpaHckpunuito. [ocnigHMkamn gosBeneHo, Lo
MyTaHTHI BapiaHTh POLRMT in vivo Ta in vitro BUCTynawTb KMAHOYOBUM
MEeXaHi3MOM MaTosnoriYyHMx poanagis [4].

Mytauil B TPHK-reHax mitoxoHgpiansHoi OHK (Hanpuknag, MT-TL1)
NpU3BOAATbL O MOPYLUEHHA CUHTE3Yy NPOTEIHIB AMXanbHOro nadutora, Lo
3HMXKYE e(PEKTUBHICTb OKUCHOTO (bocopusitoBaHH4A. Y pesyrnbTaTi Taknx 3MiH
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MOXYTb PO3BMBATUCA TSXKI HenpoaereHepaTuBHI 3aXBOPIOBaHHSA, 30Kpema
cuHgpom  Jleq, SAKuMn  Moxe OyTU  CNPUYUMHEHUMA SK  MyTauisMy B
miToxoHgpianbHin OHK, Tak i B agepHuX reHax, wo koaywTb cyboanHudi |
KOMIMMeEeKCY AnXanbHOro naHuora.

CyyacHi metoam cekBeHyBaHHA HoBoro nokoniHHa (NGS) patoTb
MOXIIMBICTb BUABNATM MyTauil, 9Ki NOPYLWYOTb TPAHCKPUNLINHI MexaHiaMn y
aApi Ta B MITOXOHAPISIX, @ KOMBIHOBaHI nigxoan, 30KpemMa TPaHCKpUNToMika
Ta nNpoTeoMika, O03BONANTb IOeHTUdIKYBATU MNPUXOBAHI 3MiHU eKcrpecil
reHiB, MoOB’s3aHi 3 PIOKICHUMKM CNagkoBMMU 3axXBOPHOBAHHSAMW, HaBiTb Y
BMNagkax 6e3 4iTko BU3HAYEHOT KNiHIYHOT KapTUHW.

BucHoBoOK. TpaHckpunuiiHa HecTabinbHICTb, $SK MOPYLIEHHS YiTKO
KOHTpOnboOBaHoOro npouecy cuHTesy PHK, € ogHum i3 Ko4oBuX
MOMEKYIISPHUX MeXaHi3MiB, WO JNEeXUTb B OCHOBI pPO3BUTKY 6aratbox
cnagkoBux 3axeBoptoBaHb. OcobnuBy yBary npuBepTaroTb MNOPYLUEHHS Y
TPaAHCKPUMNLINHNX CUCTEMAX MITOXOHAPIN Ta a4pa, AKi TICHO B3aEMOAII0Tb MK
coboto 1 pasom 3abesneyyoTb KAITUHHMA Tromeoctas, ocobnMeo B
eHeprosanexHux TKaHWUHaXx, Takux 9K HepBoBa, M'A30Ba Ta cepLiesa.

[eHeTMYHi [fgedpekTn, WO BANMBAKTbL HA TPAHCKPUMNLUIiD, MOXYTb
nopywyBaTu €KCnpecito npoTeiHiB gmxanbHoro nadutora, TPHK, pPHK, a
TaKoX perynatopHux 6GiomMonekys, Wo OnocepenkoBYKOTb B3aEMOLII0 MK
A0epHUM | MiTOXOoHApianbHUM reHomamu. Lle npm3BoauTb 00 3HUXEHHSA
eEeKTUBHOCTI eHepreTUYHoro meTtaboniamy KIiTWH, 3anycky anonTto3y Ta
IHLUMX NaTONOriYHUX NPOLECIB.

CyyacHi BUCOKOMPOLYKTUBHI TEXHOSIOriT, 30KpeMa CeKBeHyBaHHS HOBOIO
nokoniHHa (NGS), TpaHckpunTOMika Ta npoTeoMika, BigirparoTb Kro4oBY
pOnb Y BUABIEHHI BIQOMMX Ta HOBUX MyTaUii, LLO MOPYLUYOTb TPAHCKPUIILHO.
BoHn pgo3BonsAldTb He nuwe  igeHTUdIKYyBaTU  MOSMEKYNAPHI  MPUYNHK
3axBOplOBaHb, a M JOCnigXyBaTh MPUXOBaHI 3MIHW B eKCrpecil reHis, LWO
paHiwe 3anuwannuca HenoMiYeHUMW 4Yepes CKMagHICTb B3aeEMOAINn  MixX
SAEPHUM | MiITOXOHAPIaNbHUM reHOMaMu.

TakmMm 4uMHOM, nodanblle BUBYEHHSA MeEXaHi3MiB TPaHCKPUMLUINHOI
perynauii  Ta HecTabinbHOCTI, a TaKkoX B3aeMOAil MK S4epHUMK i
MITOXOHApPIANbHUMN  TPAHCKPUNLINHUMKU  CUCTEMaMU €  MEPCNEKTUBHUM
HaNPAMOM PO3BUTKY CydacHOl mMonekynsipHol 6ionorii. Lle BigkpuBae wnsax
00 po3pobkn HOBUX MigxoAdiB 4O AiarHOCTMKM, MPOrHo3yBaHHS nepebiry Ta
NepcoHani3oBaHOro nikyBaHHA CMafKoOBUX 3axXBOPHOBaHb, 30Kpema Tux, SKi
CYNPOBOLKYIOTbCHA  MOPYLIEHHAM  eHepreTuyHoro  mMetaboniamy  Ta
HenpoaereHepaTUBHUMUN NpoLecamu.
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MpioHu AK iHPEKUINHI areHTU: WNsAXu NOWMPEHHA Ta MeXaHi3Mun
HenpoaereHepawii

HauioHanbHut medudyHuu yHisepcumem imeHi O.0.bocomorbus, YkpaiHa

The article discusses the molecular and biochemical features of the prion
protein, its conformational transition from normal (PrPC) to pathological (PrPSc)
forms, which underlies infectivity. Particular attention is paid to the mechanisms of
prion distribution in the central nervous system, including transport through axons,
endocytosis/exocytosis and intercellular structures. The ways of prion pathology
occurrence are analysed: spontaneous, hereditary and induced by external factors.
The article analyses the main molecular mechanisms of neurodegeneration,
including protein fibril aggregation, oxidative stress, proteasomal and autophagic
degradation, and the initiation of apoptosis in neurons.

Knrouosi cnoaa: NpioHw, KOHdpopMaLinHa TpaHcdopmauis,
HenpogereHepauisq, npoTeliHoBa IHPEKLINHICTD, arperaduis, aminoig,
OKUCNIOBarbHUIN CTPEC, anonTo3, NpioHONoAibHI NpoTeiHuN.

OcHoBHUM 3MicT. [piOHHI 3axBOPIOBAHHA HaneXxaTtb OO0 PiaKICHMX, ane
cMepTenbHO Hebe3neyHnx NaTosorin, Wo CynpoOBOMAXKYOTLCA NPOrpecyryoro
HenpoJereHepauieo. IX yHikanbHiCTb nonsrae B TOMy, WO 36YAHUKOM € He
Bipyc, 6akTepis abo iHWWW Knacu4yHMM NaToreH, a NpPOTEiH-NPIOH, 34aTHUN
iHOYyKyBaTU 3MiHY NPOCTOPOBOT CTPYKTYPU HOPMarnbHUX MPOTETHOBUX MOJIEKYN
6e3 y4yacTi HyKneiHoBMX KUCNOT. BoHuM cTanu mogennio Ans BUBYEHHS
GinKoBOI IHEKUIMHOCTI, NpoTe IX npupoda BCE LEe BUKIMKAE HAyKOBI
AWNCKYCIl.

AbpeBiatypa PrPSc noxoauTb Big aHrMiNCbKOro CKOPOYEHHS prion
protein (npioHHMK Binok) — PrP, Sc — ckopo4veHHsa Big scrapie, TOOTO ckpenni
— TnpioHHa xBopoba oBeub, fika Oyna nepwor OMUCaHOK MNPIOHHO
iHgekuieto B icTtopii (3 XVIII ctonitta). Tox, PrPSc o3Hayae naTonoridHy
isocbopmy npioHHoro npoteiHa. [Onsa nopisHsaHHA, PrPC — cellular prion
protein, TOBTO HOpMarbHUIA KITITUHHUKA NPIOHHWIA NpoTeiH; PrPSc — scrapie-
associated prion protein, naTtoreHHa (opma, 3gaTHa  BUKAUKATU
3axBoproBaHHA [1].

[MpioHHI NpoTeiHn € rnikonpoTeiHamMn, SKi CUHTE3YKTbCA Yy KhiTUHaX
XpebeTHMX oOpraHiamiB, nNepeBaXXHO B HEWPOHaX LEeHTpanbHOI HEepPBOBOI
cuctemun. [eH, Wwo koaye NpioHHUM npoTelH — PRNP — nokanisyetbcs y
nanMHn Ha KopoTkomy nnedi 20-i xpomocomu (20p13) Ta TpaHCKpNbYeETLCA 3
yTBOpeHHAM MPHK, sika TpaHCNIETLCS B NEPBUHHUI NOSINEeNTUA LOBXUHOK
6nmn3bko 253 amiHokmcnoT. Y  xodi nOCTTpaHcnAuinHOT  moaudikauii
BinOyBaeTbcA BiALLEeNSIeHHA CUrHaNbHOro nenTuay, AofaBaHHS
BYrfeBOAHEBUX 3anuLKiB (rNikO3UNoBaHHS), opMyBaHHA AUCYNbMIaHNX
MICTKIB, @ TakKOX NpUKpiNneHHs rnikosundgocdartnguniHosmtonsHoro (GPI)
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AKopsl, 3aBAAKM AKOMY BinoK fIoKkani3yeTbCsl Ha 30BHILLHIA CTOPOHI KNITUHHOI
membpanu [2].

HatuBHa, disionoriyHa ¢opma npioHa PrPC HanexuTb [0 BUCOKO-
KOHCEpBATUBHMUX Ta  (PYHKUIOHANbHO-aKTUBHUX. Y MO0  CTPYKTYpI
nepeBaxatoTb a-cnipani (6nnabko 40% BTOPUHHOI CTPYKTYPWU), TOAI SIK YacTka
B-ckrayacTux CTPYKTyp CTaHOBUTb nuwe 65m3bko 3%. PrPC € po3unHHUM y
BOOHOMY CepefoBULLi, YyTNMBMM OO0 Ail npoTeas Ta 34aTHMM BUKOHYBaATW
HU3KY KMITUHHUX QYHKUIA, 30KpeMa 6paTM ydacTb y MeTaboni3ami MOHIB
Cu?*(3aBOskM HasBHOCTI KYNpyMBMICHOro canTy 3B’A3yBaHHSA Ha N-KiHLUEBIl
AiNAHUI NpoTeiHa), 34iINCHI0OBATM 3axXUCT KIITUH Bid OKCMOATUBHOIO CTPECY,
perynsauito MKKMiTUHHOIO curHaniHry, 6epe noTeHuUiHy y4acTb y PO3BUTKY Ta
NIacTUYHOCTI HEPBOBOI TKAHMHU [3].

Min pieto neBHux Tpurepie PrPC mMoxe 3a3HaBatu KoHOpMaLinHOI
TpaHccopmauil y natonoriyHy opmy PrPSc, WO xapakrepusyeTbecd
CYTTEBUMMU CTPYKTYPHUMU 3MiHamu. Y PrPSc 36inbluyeTbCa NpUCyTHICTb -
cknagyactux cTpyktyp (oo 43%), Toai SK aQ-cnipani Mawmxe MNOBHICTHO
3HMKalOTb. Ui  3MiHM pobnatb nNpoTeiH HEpPO3YMHHUM, CTINKUM A0
NPOTEONITUYHOT Aerpajauii Ta CXurbHUM [[O arperauili 3 YTBOPEHHAM
oniromepis, ibpun Ta aminoigonodibHnx cTpykTyp [4].

AHani3 Ta BMBYEHHSA HAyKOBMX Mpaub Aa€ nigcrtaBuM OO BUCHOBKY, WO
BUHUKHEHHA NaTOMOr4yHMX i30dopm npioHHMX npoTeiHiB (PrPSc) moxe
BiabyBaTUCb LUNSAXOM TPbOX OCHOBHMX MEXaHi3MiB: CMOHTAHHOI KOHBEpCIl,
reHeTn4YHOI MyTauil abo iHdeKUiNHOro 3apaxeHHs [9].

3a HopManbHUX @Ii3ioNoriYHNX YMOB KMiTUHM CUHTE3YHOTb MPIOHHUN
npoteiH PrPC, sakui nepeBaxHO Mae a-cripanbHy CcTpykTypy. [lpoTe B
pidKICHMX BuNagkax BigbOyBaeTbCA CNOHTaHHa nepebyaoBa MOro TPETUHHOI
CTPYKTYpU 3 YTBOPEHHAM [-CKnagyacTux [LiNsHOK, WO Npu3BoanTbL [0
dopmyBaHHA PrPSc. Taka KoHBepcis € aBToKaTaniTU4HOK Ta MOXe
cnyryBatm MyCKOBUM MEXaHi3MOM MPIOHHOrO 3axBOPKOBAHHA HaBiTb 3a
BiZICYTHOCTI 30BHILLHLOrO Axkepesia iHgekuii [6].

Okpemi cnagkoBi opmMn nNpiOHHMX eHuedanonaTtin  0OyMOBEHI
MyTauiamn y reHi PRNP, o kogye npioHHU npoTeiH. Taki myTauil MOXyTb
3MiHIOBaTU aMiHOKMUCIIOTHY MOCHigOBHICTbL abo npocTtopoBy CTpykTypy PrPC,
NiABULLYIOYN MOrO CXUIbHICTb A0 CrOHTaHHOro nepexoay B PrPSc. [lo Takmx
3axBOpPKOBaHb Hanexarb, 30KpeMa, paTanbHe poanHHe Be3COHHSA, crnagkoBa
dopma xBopobu Kpeuntudenvara-Akoba Ta cuHApom [epcTMaHHa-
LUTponccnepa-LenHkepa [7].

TpeTin mexaHiam nependadvae notpannsaHHsa PrPSc oo opraHiamy 330BHi,
nicns 4Yoro naTtonoriyHa dopma npoTeiHa KOHTakTye 3 eHgoreHHum PrPC i
CMPUYMHSIE NOTO CTPYKTYPHY nepebyaoBy 3a NpMHLUMNOM «KOH(opMauinHoro
wabnoHy». Take 3apaxeHHs1 MOXNUMBE Nig Yac MeandyHux npoueayp (Yepes
HeCTepusibHi  IHCTPYMEHTW,  TpaHCMfaHTauild  TKaHWH, BUKOPUCTaHHS
eKCTpakTiB rinocpiza) abo BHacnigokK pigkicHOI MiXKACLKOT nepeadi [8].
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OpHieto 3 KIMYOBUX XapakKTepPUCTUK NaTOMOriyYHOl i30¢popMM MPIOHHOIO
npoTteiHa PrPSc € noro yHikanbHa 3gaTHICTb OO0 camopensikauil, sika He
nepegbayae y4vacTti HykneiHoBux KucnoT. MexaHiam camopennikauil
nepenbavae kinbka nocnigoBHux etanis. CnoyaTtky BigOyBaeTbCA YTBOPEHHS
arperatHoOro sgpa — nepBUHHOI CTPYKTypu PrPSc, sika BMKOHYE dyHKLUiO
KOH(popmauinHoro wabnoHa. MNpu disndHomMy koHTakTi 3 PrPC BigbyBaeTbCs
KOHpopmauiHa nepebygosa: a-cripani  3amillyroTbCca  [B-cknagyactumm
CTPYKTYpaMu, xapaktepHumn ans PrPSc. YHacnigok uboro HOBOYTBOPEHI
PrPSc HabyeawTb Takux camux qi3nKo-XiMIYHMX BNacTUBOCTEWN, SIK
NaToNoOrYyHMN MnpoTeiH — HEPO3YUHHICTb, PE3UCTEHTHICTb A0 MNpPOTEOoNi3y,
34aTHICTb 40 arperadii.

[Moganblie HakonudeHHst PrPSc y kniTuHi npnsBoantb 40 dOpMyBaHHS
oniromepis, aminoigHmx @ibpun Ta iHcyniHonogibHMx arperatie. Taki
CTPYKTYpPU He nuule nopywyTb PYHKUIOHYBAHHA KIMITUHHUX OopraHen, a u
MOXYTb (pparMeHTyBaTUCH, YTBOPIOKOYM HOBI YaCTMHM TPIOHIB, 3AaTHI
iHiLitoBaTM aHanoridyHy kKoHBepcito PrPC B iHWMX KniTMHax. Takum 4YuHOM,
npouec HabyBae eKCNOHEeHUianbHOro XxapakTepy, LO TMOSICHIOE CTpiMKe
NporpecyBaHHsA MPIOHHUX XBOPO6G nicnst AOCArHEHHA KPUTUYHOMO PiBHS
PrPSc.

deHoMeH 6inkoBol camopennikauii 6e3 y4yacTi HYKNeiHOBUX KUCMOT He
Mae aHanoriB y 6Gionoril Ta € BM3Ha4anbHUM Yy Knacudoikauil MNpioHIB $K
okpemoro Tuny iHdeKuinHnx areHTiB. Lle BigkputTsa, 3oincHeHe CTteHni
[MpysiHepom y 1980-x pokax, OOKOPIHHO 3MIHUIIO YABJIEHHS MPO MexaHi3Mu
iHbeKuinHOCTI Ta cTano ocHoBow Ansa HobeniBcbkol npemii B ranyai
MegmumHn y 1997 poui [9].

TakuMm 4YMHOM, MPIOHHI 3aXBOPKHOBAHHA MOXYTb MaTU (K CriopaguyHy,
cnagkoBy, TaK i iHQEeKUinHy npupony, WO pobuTb iX YHiKanbHUMKU cepeq
IHLIMX HeMpoLereHepaTUBHUX NATOMOrIN.

MaTtonorivHa opma 3paTHaA 4iSTU, 9K MONEKynsipHUiA - WabnoH,
CMPUYMHSAIOYM  CTPYKTYPHY  nepebygoBy  HopmanbHoro  PrPC  nipu
6esnocepeqHbOMY KOHTaKkTi 3 HuM. Llel npouec nexuTb B OCHOBI
MOJIEKYNSAPHOro MexaHi3my iHEeKLUiMHOCTI NPioHIiB, 9kM He noTpebye y4acTi
HYKNETHOBUX KUCNOT i € YHiKanbHUM cepepf ycix BigoMmux natoreHis [10].

Ha nigctaBi aHanisy BIgNOBIAHMX HAYKOBUX [XXepen HaBeaeHOo
NOpiBHANMBHY Xxapaktepuctuky PrPC i PrPSc (tabnuus 1, yknageHa
aBTOpamu)

Tabnuus 1.
MNMopiBHANbHa xapakTepuctuka PrPC i PrPSc

O3Haka PrPC PrPSc

KoHpopmauis a-cnipanbHa (QomiHaHTHA) | B-wapoBa (AoMiHaHTHA)

Po34ynHHicTb Bucoka Hwn3bka
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O3Haka PrPC PrPSc
CnpunHATNMBICTDL OO0 . .
Bucoka CTiknin 0o npoTeonisy
nporteas
. - YTBOpIOE arperaTu,
Arperauis He cxunbHun pro€ arp
aminoign
IHpeKUInHICTb BiocyTHs [MpucyTHS
. . . . . - [NaToreHHun,
BionoriyHa dyHKUis PizioNoriYHO akTUBHUN < o
HEMPOTOKCUYHNI

Takum 4MHOM, CTPYKTYpHa TpaHcopmMauis NPiOHHOro NpoTeiHa NeXuTb
B OCHOBi MOro iHgeKuUiMHMX BracTUBOCTEN Ta HeupogereHepaTUBHOIO
noTeHuiany. BnByeHHss MexaHi3MmiB Takoli nepe®ynoBu BigKpMBae WNSX A0
rMMOOKOro pPo3yMiHHA MNPIOHHMX XBOPOO Ta npioHoNoAibHMX npoueciB npu
naTonorisix (Hanpuknag, xsopobi Anburenmepa abo lNapkiHcoHa).

BucHoBKuW. [1piOHN CTaHOBMATb YHIKanbHUM Knac iHPEeKUiMHUX areHTiB,
AKI KapguHanbHO BIOPI3HAIOTLCA Bif YCIX iHWKUX oOpM naToreHiB — BipycCiB,
BakTepin, rpnbiB — CBOEK HE3BMYHOIO MOSEKYNSAPHOK Npupoaoto. Ha BigMmiHy
Bi, KNacWU4YHUX IHJEKUINHNUX areHTiB, MPIOHN HEe MICTATb [EeHETUYHOro
matepiany y dopmi JHK abo PHK, a iHeKUinHiCTb noB’a3aHa BUKMOYHO 3
aHOMarsbHOK NPOCTOPOBOK KOH)opMaLieto npoTeiHy. lNepexig HopmanbHO
JOYHKLIOHANBHOro KNITUHHOrO npioHHoro npoteiHy PrPC y naTtonorivny,
dopmy PrPSc € kno4yoBUM MOMEHTOM Y NaToreHesi NPioHHMX XBOPOO.

Po3rnsHyTi  MonekynapHo-6ioXiMiYHI  acnekTn BKasylTb, WO came
3paTHictb PrPSc oo camopennikauii 4epe3 MexaHiam KoHopmauinHoro
HacnigyBaHHSA, MOro CTIMKICTb OO MNPOTeOoni3y Ta CXUMbHICTb OO arperauil 3
YTBOPEHHAM aminoigHnx  CTPYKTyp € KPUTUYHUMU YMHHUKaMWU
HENPOTOKCUYHOCTI.  Arperauis  npiOHHUX  BiNkiB  nopywye  KIMiTUHHUKA
romeocTtas, Npu3BOAUTbL OO akTuBaLil OKUCHOro CTpecy, MopyLlieHb (PyHKLIN
eHOonNnasMaTnuyHoro peTukynymy Ta MITOXOHAPIW, iHiUitoe anonTtos |,
3pELUTO, MacoBy 3arnbenb HEMPOHIB.

BaxnmMBMm acnektom € TakOoX PI3HOMAHITTA MeXaHi3MiB BUHUKHEHHS
NPIOHHOI IHEKUIT: Big, CNOHTAHHOI KOHBEPCIT, FfeHETUYHO 3YyMOBJIEHNX MYTaLin
y reHi PRNP 0o iHgheKuinHoro 3apaxeHHs 330BHi. Llenn doeHoMeH nigkpecntoe
SIK CKMagHICTb NPIOHHOI NaTonoril, TaK i 11 NOTEeHUiNHY 3arpo3y 3 TOYKU 30pYy
enigemionorii, MeanuuHn Ta 6e3nekn GiomaTepianis.

KpiM TOro, aktyanbHiCTb OOCHigXeHb MPIOHIB 3HAYHO PO3LLUMPHOETLCH B
KOHTEKCTI  BMBYEHHSI  MPIOHONOAIBHMX  MEXaHi3MiB Yy  HM3Ui  iHWKX
HenpoaereHepaTUBHUX 3axBOPIOBaHb, TakMX $K xBopoba Anburenmepa,
[MapkiHCOHa, xBopoba [aHTiHrToHa Ta aMioTpodiYHMA CcKNepos. Y uux
BMNagKax TaKoX crocTepiraloTbCs KOHopmauinHi 3miHn 6Ginkis (tay, a-
CUHyKneiHy, TDP-43), aki yTBOPIOKOTb TOKCUMYHI arperatm 3a aHanorielo [o
MpioHIB, WO BiOKPMBAE HOBI HaMpPAMKM ANS po3pobKM AiarHOCTUYHUX
TepaneBTUYHMX MiOX0AiB.
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OTXe, OOCNIAKEHHS MpioHIB He nuwe cnpude rMbLIoMY PO3YMiHHIO

MeXxaHi3MiB BinKoBoT iHPEKUIMHOCTI, a 1 Bigirpae Krno4oBYy posib Y 3’ACyBaHHI
MOMEKYNSAPHMX OCHOB HaraTbOX CKMagHWUX NaTomnorin LeHTpanbHOI HEPBOBOI
CUCTEMM.

10.
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Mepcnektueu BukopuctaHHA MikpoPHK y aiarHocTuui, Tepanii Ta
NPOrHo3yBaHHi PO3BUTKY MeflaHOMM

HauioHanbHut meduyHuu yHisepcumem imeHi O. O. boeomorbus, YkpaiHa

Melanoma is a malignant tumor of melanocytes, primarily occurring in tissues
exposed to ultraviolet radiation. In recent years, there has been a steady increase
in melanoma incidence, highlighting the need for new approaches to its prevention,
early diagnosis, and treatment. Promising biomarkers for melanoma include short,
single-stranded non-coding RNA molecules that can remain stable in the
bloodstream. These molecules are secreted by cells within exosomes or protein
complexes and play a role in intercellular communication.

KnroyoBi cnoBa: menaHoma, MikpoPHK, 6iomapkepwu, giarHocTuka.

AkTyanbHicTb. LopiyHO peecTpyeTbes noHag 320 000 HoBMX BUNaaKiB
MenaHomu, 3 skux noHag 57 000 ocib nomupae [1]. Lle nigkpecntoe noTpedy
B pO3po0Li HOBMX METOAIB CKPUHIHIY Ta NPOrHO3yBaHHS PO3BUTKY MENTaHOMM.
OaHuMm i3 Takmx meToaiB € umpkyntorodi MikpoPHK. TTyxnuHHI KNiTUHWM akTUBHO
cekpeTytoTb  MIKpoPHK, saki BigobpaxatoTb  MOMEKYNspHUMA  nopTpeT
HOBOYTBOPEHHS |  3MIHIOIOTbCA  3aNeXHO  Big4  cKragy  KMiTMHHOIO
MIKPOOTOYEHHA Ta MeTaboniyHoi akTuBHOCTI nyxnuHu. Lle possongde
BUABNATM NYXINHY HA PaHHIX CTadisx, OUiHIOBATK 1 arpeCuBHICTb, NoTeHuian
A0 MeTacTa3yBaHHSA Ta NporHo3dyBaTu nepebir xsopobu.

Meta pobGotu. [lpoaHanisyBaTM CydvacHi  OOCHIOXKEHHS  LWoOo
BUKOPUCTAHHA UMpKyntodnx MikpoPHK 3 meTow giarHoCcTuku, Tepanii Ta
NPOrHO3yBaHHA PO3BUTKY MeTaHOMW.

MeToam Ta matepianu. 6yB npoBedeHUn aHani3 cyv4acHMxX OOCNigKEHb
Ha nnatdopmax PubMed, GoogleScholar.

Pe3ynbTatun. [iarHocTMyHMin noTeHuian mikpoPHK 6yB niaTBepoxeHumn
YUCNEHHNUMU OOCniMKeHHAMM, WO BuKopuctosyBanm RT-qPCR. Hanpuknag,
y cMcteMaTudHOMY Ornsiai Ta meTaaHanisi, onybnikosaHomy y BMC Cancer,
6yno npoaHaniaoBaHo 16 KNiHIYHWX AOCnigAXeHb, 3a yvyacTio 648 nauieHTiB 3
mMenaHomMor Ta 578 3gopoBux ocib. [Ana aHanidy 3actocoByBann GionorivHi
pianHn, Taki Ak KpoB Ta nimca. [lonpu posbikHocTi y Habopax
pocnigpxysaHmx MikpoPHK, 3aranbHuW fiarHOCTUYHMA Mpoinb BUSIBUBCA
BMCOKUM: cepeHs YyTnumBiCTb cTaHoBuna 87%, cneundiyvHicte — 81%.[2] Lle
CBIiAYNTb NPO BUCOKY TOYHICTb BUSIBIEHHA MESlaHOMKM 3a [JOroOMOrok
uupkynowdmnx  MiKpoPHK, HaBiTb Ha paHHiX cTagiax 3axBOpOBaHHS.
[logaTkoBY OiarHOCTUYHY UIHHICTb NIATBEPAKYE OOCHIOKEeHHA, NpoBeAeHe Y
pamkax eBioMedicine, B skoMy BuBYanacb ekcnpecia MikpoPHK y TkaHnHax
MenaHoMM Ta CUpoBaTLi KpoBi. Xo4ya OCHOBHOK MeTow 6yno gocniantu
NPOrHOCTUYHE 3Ha4YeHHA neBHUX MikpoPHK, pesynbTaty nokasanu, Lo NeBHi
MiKpOPHK matoTb BUpaxkeHy cneundivHiCTb O MeflaHOMMU, WO NiaTBEpPaKYE
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noTeHuian 3actocyBaHHAa MikpoPHK 3 wmetowo pgiarHoctuku. Lle oawuH
Ba)NMMBUN BHECOK Yy BUBYEHHS MiKpOPHK sk Giomapkepis 6yno 3pobneHo y
pamMkax ornsggy Ha PubMed. Y HbOMy nigkpecrneHo, WO eKCrnpecia neBHUX
MiKpoPHK, Taknx sik let-7a, miR-148, miR-155, TicHO noB’A3aHa 3 myTauismu y
kntodoBux oHkoreHax (NRAS, c-KIT), xapaktepHux gns menaHomu [3]. Le
aossongde creoptoBatn  MiKpoPHK-npodini, 3gatHi BUABNATM He nuwe
HasIBHICTb MyXMWHW, ane M il MOMEKYNSPHUA NiATUN, WO € BaXnMBUM LN
po3po0KM  noganbliol  TepaneBTUYHOI  cTpaTterii.  OgHMM 3 Takux
NepcnekTMBHUX AiarHocTuYHUX npodinis € MEL38 — Habip mikpoPHK, piBeHb
SKUX BIOPI3HAETbCA Yy nMauieHTiB i3 MenaHoMmoto Ta ©6e3 Hel. Wogo
NPOrHOCTUYHOrO noTeHuiany, OOCNIOHVKN 30CepenXyrTbCs Ha
imyHomoayntotoumx  MikpoPHK, Takmx dak  miR-150. Us  mikpoPHK
eKcnpecyeTbcsa nimgoumTamn, WO IHPINbTPYOTb NYXINHY, | BUBISIBHAETHCS Y
BiAgNoOBiAb Ha akTuBauito T-kniTMH. Takum 4YMHOM, BOHa Bigobpakae iMyHHY
BiONOBiAb opraHiamy Ha nyxnuHy. [ocnigpkeHHs, onybnikoBaHe y Molecular
Cancer (2025), npogeMoHCTpyBaro, LWo HU3bLKNK piBeHb ekcripecii miR-150 y
NYXMUHHIA  TKAHWHI  KOPENnioe 3i  3HWKEHUMMW [OKa3HMKaMu 3arasibHol
BMXMBAHOCTI NauieHTiB 3 menaHomoto |-V ctagii [4]. Lle cBigunTb npo posb
miR-150 He nuwe sk Giomapkepa, ane M sK MOTEHUIMHOrO perynatopa
ANYXJIMHHOIMO MIKPOOTOYEHHS, LLO MOXe AONOMOITU Yy NPOrHo3yBaHHi nepebiry
xBopobun. [aHi wono umpkynwotoumx dopm miR-150 y cupoBaTui KpoBi
3anuwarTbca  cynepeynmBMMmun.  30Kpema, [[Ba 3 TPbOX AOCHiOXeHb
nokasanu, Lo 3HWKeHun piBeHb Uiel MikpoPHK y kpoBi nos'azaHuit i3 ripimm
NPOrHO30M $K Ha MO4YaTKOBMX, TaK i Ha Mi3HIX CTagidXx MenaHoOMM, Lo
KOpente 3 BUCHOBKaMU MNPO 3HWXEHHS BMICTY Uiel MIKpOPHK B nyxnnHHIN
TKaHuHi. Lle BigkpuBae nepcnektmen AN BukopuctaHHa miR-150 gna
MOHITOPUHry nepebiry menaHoMu Ta iMyHHOI Bignosigi opraHiamy. MikpoPHK
TaKOX € MNEepCrnekTUBHUMM MilLEHAMW ONs Tepanii MefaHoMu 3aBOsKu
30aTHOCTI perynoBaTi KNoYoBi CUrHasnbHi Wnaxu. MNopyweHHs curHanbHOro
wnsaxy MAPK € ocHoBolo naTtoreHe3y menaHomu, i 6ynu suasneHi MikpoPHK
SKi 30aTHi BNIMBATU Ha aKTUBHICTb UbOoro wnaxy. Hanpuknag, miR-7 3Huxye
eKcnpecito peuenTopiB enigepmarnbHOro doakTopa poCTy Ta
iHcyniHonogibHoro ¢aktopa pocty 1 (IGF-1R), wo npusBoauts [0
NpuUrHiveHHs curHanbHux wnaxis MAPK Ta PI3K/AKT, wo B nepcnekTusi
MoXe OyTM BUKOPUCTAHO NS TapreTtHol Tepanii, CNpAMOBaHOI Ha
NPUrHIYeHHA pocTy Ta nposidepadii nyxnuHn [5]. Baaemogisa mixk miR-579-3p
Ta MITF (MikpodTanbMiYHUM TPaHCKPUNLUINHUM (bakTopom) peryntoe 6anaHc
MDK nposiidoepauieto Ta Pe3NCTEHTHICTIO A0 Tepanii B MeflaHoMax 3 MyTaLieto
BRAF(ocHoBHUIM oHkoreH MAPK) [6]. BTpaTta ekcnpecii miR-579-3p ta MITF
aCOLOETLCS 3 PO3BUTKOM PE3UCTEHTHOCTI Ao iHribitopis MAPK, wo cBiguntb
Npo Baxnuey ponb uiei MikpoPHK B natoreHesi menaHomu Ta BigKkpvBae
nepcnektTmBn Ans nojanblumx JOocrifkeHb. 3aranom, MoOyIoBaHHS
ekcnpecii neBHux MIPHK BigkpuBae HOBI MOXNMBOCTI ANs NigBULLEHHSA
e(EeKTUBHOCTI ICHYOUMX TepaneBTUYHUX NigXO4iB Mpu MenaHomi, 3oKkpema
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LUSIIXOM  MOAONAaHHA  PE3UCTEHTHOCTI [0 TapreTHMx npenapaTtiB  Ta
NnoKpalleHHA pe3ynbTaTiB iMyHOTepanil.

BucHoBKu: AHania cy4yacHux OOChiIKEeHb OEMOHCTPYE, WO BUBYEHHS
MikpoPHK € nepcnektnBHum Ta pesynbtatnsHuM. MikpoPHK Buasnsaoteca
edekTMBHUMIN Biomapkepamn AN paHHbOI AiarHOCTUKM MenaHOMWU 3aBasKU
CBOIN BWUCOKIN YyTNMBOCTI, HEIHBA3MBHOCTI Ta HU3bKINM BapTOCTI MeToAiB 1X
BuasneHHd. Kpim toro, okpemi MikpoPHK 3gaTHi BigobpaaTtn MOnekynsapHi i
MeTaboniyHi Npouecu B MyXfuHi, WO Mae NPOrHOCTUYHY LiHHICTb ONS OUiHKK
arpecyMBHOCTI  3axXBOpKOBaHHS Ta MeTacTa3yBaHHA. BuaBneHi Takox
MiKpOPHK, WO MOXyTb cTaTu OCHOBOK And po3pobkum HOBMX nigxonis 40
KoMBiHOBaHOI Teparnii MenaHoMu.
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YOK 581.143:577.175.1.05
raBin T.A., KyumeHko O.b.

OkucHa moaucpikauis 6inkiB y nauieHTiB 3 XpOHi4YHOKO cepLeBOO
Hea4OCTaTHICTIO

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu [ozons, YKpaiHa

The study presents the results of investigating the intensity of free radical
protein oxidation processes in patients with chronic heart failure at the stages of
decompensation and compensation. It was established that in patients with chronic
heart failure, conditions arise that promote the intensification of free radical protein
oxidation processes, leading to the development of oxidative stress. Following
treatment (during the compensation period), the level of free radical protein
oxidation processes in blood serum, in the total fraction of low-density lipoproteins
and very-low-density lipoproteins, as well as in the high-density lipoprotein fraction,
does not decrease, which may contribute to the further progression of heart failure
in these patients.

Keywords: free radical protein oxidation, chronic heart failure, low-density
lipoproteins, very-low-density lipoproteins, high-density lipoproteins.

Ha cbOrogHiwHin geHb cepueBo-CyaAMHHI 3aXBOPKOBAHHSA 3asnvLaTbCs
OCHOBHOH MPUYNHOK CMEPTHOCTI, @ XpOHiYHa cepueBa HegocTaTHICTbL (XCH)
€ OOHUM i3 HaMOLWMPEHINX yCcKrnagHeHb KapaioMmeTaboniyHMX NopyLUeHb.
BoHa icTOTHO BMANMMBae Ha piBeHb neTanbHUX BUNaAkiB, MOB’SA3aHUX i3
NaTomNoriel cepLeBO-CYaUHHOT CUCTEMMU, WO CBIAYNTb NPO T BUCOKY KITiIHIYHY
3Hauywictb. XCH xapakTepusyeTbCA TakuMy nposiBamu, $SK 3aguLlka,
HaKONWYeHHS PIOMHW B OpraHiami Ta 3MeHLUEeHHS (i3N4HOT BUTPUBANOCTI.
Hanyactiwe  XCH PO3BMBAETHLCA BHACNigOK  CTPYKTYpHMX  abo
dyHKLiOHaNbHMX 3MiH Y MiOKapai, eHaokapai um nepukapai [1, 2].

CepueBa HeOoOCTaTHICTb XapaKTepu3yeETbCHA XPOHIYHUM  3ananbHUM
npouecoMm. Lle 3ananeHHs mMae BupilwanbHe 3Ha4yeHHA Ona po3Butky XCH.
BoHo BUHKMKaE BHacnigok metabonivyHmx hakTopiB pU3nNKy, TaknX siK LlYKPOBUN
faiabet 2 Tvny, OXMPIHHA Ta riNepTOoHIs, 3a SKMX aKTUBYETbCA eHOOoTenin y
MiKpoUMpKynadil  Miokapaa. B pesynbTarTi LbOoro pPO3NBaETLCA
OKUCHIOBanNbHUN CTpec, NiasuLLyoTbed piBHI H20: [3].

Tomy, M™meTol0 pobOTM € BMBYEHHS  IHTEHCMBHOCTI  MpoueciB
BiNbHOpaAMKanbHOro OKUCHEHHs1 BinkiB 3a XpOHIYHOI cepueBOi He4OCTaTHOCTI
B CcTadil AekomMneHcaLlil Ta komneHcau,il.

HocnigpxeHHs nposoaunucbe Ha 6a3i KHIT «KopocTeHcbka ueHTpanbHa
Micbka nikapHa» KMP (M. KopocteHb Xutommpcbkoi obnacti). Y
AOCNiopKEHHS 6yno BKMoYeHO 96 nauieHTiB 3  XPOHIYHOK CepLEBOIO
HepocTaTtHicTio (XCH) Bikom Big 40 go 75 pokiB obox crtaten. Cepen
pocnimkysaHmx 0yrno 70 yonosikiB (72,9 %) Ta 26 XiHOK (27 %). 'pyny
KOHTposto cknaganu 30 NpakTU4HO 300pOBMX OCI6 BiANOBIAHOMO BiKYy Ta cTaTi.
[MoyaTKkoOM CnoOCTepeXeHHs BBaXkanu gaTty nepBWHHOI rocniTanisauil (nepioq
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AekomneHcau,ir). [pyre gocnigkeHHs1 BUKOHyBaroch yepes 7-10 gHiB (nepioa
KOMneHcau,ii).

KniHiyHM  giarHO3 BCTaHOBMOBABCA Yy BIAMOBIAHOCTI 00 YMHHUX
pekoMeHaauin €BponencbKoro ToBapuUCTBa Kapaiorniorie Ha OCHOBI 360py
aHaMHECTMYHMX OdaHuX, @isnkanbHOro OoB6CTEXEHHSs, OaHuX nabopaTopHO-
IHCTPYMEHTanbHMX MeTOAIB OOCTEXEHHS: 3ararbHOKMIHIYHMX — aHanisis.,
exokapaiorpadii, enektpokapaiorpadii.

BmicT npoaykTiB BinibHOpagukanoHoro okucrneHHa oinkis  (MBPOB) vy
CupoBaTLi KpOBi, CymMapHin pakuii ninonpoTeigiB H13bKoI winbHocTi (JITTHLL)
Ta ninonpoteigiB gayxe Hu3bkol winsHocTi (JINAHL), dopakuii ninonpoTeigis
Bucokol winbHocTi  (JIMNBLL) BU3Ha4Yanm cnekrpodoToOMETPUYHO 3a
meTogom [4].

3a akTmBau,il BinbHOpaamnKanbHUX NPOLECiB MOXYTb OKMCNOBaATUCS Binku
KNITUHHUX MeMbpaH, WO NpU3BOAMUTb OO0 MOPYLUEHHS 1X UiMICHOCTI, a TakoX
iIHaKTMBYBATMCA KNITUHHI Ta MeMbpaHHi doepmeHTH [5].

[MpoBeaeHi gocnimkeHHs nokasanu, wo Kinbkicte NBPOB B cupoBaTui
KpoBi 30inbweHa Ha 38,3 % y nauieHTiB 3 gekomneHcoBaHoto XCH Ta Ha 37,6
% y 3asHayeHux nauieHTiB 3 XCH B nepiog KomneHcauil MOpiBHAHO 3
KOHTpOsibHOW rpynoto (Tadn. 1). Bmict MNBPOB y dpakuii JINMHL + JINOHL,
30inbweHa Ha 72 % y nauieHTiB 3 XCH B nepiog gekomneHcauil Ta
3annaEeTbCs Ha UbOMY XX piBHI nicnsa nikyBaHHsA. Takox, BmicT NBPObB y
dpakuii  JIMNBL, 36inbweHa Ha 83 % y nauieHTtiB 3 XCH vy cragii
aekomMneHcauil Ta Ha 71,6% y 3a3Ha4yeHUX nauieHTiB B Nepioq KOMMNEHCoBaHOI
XCH (tabn. 1).

Tabnuuyga 1.
BmicT npoaykTiB BinbHOpaauKkanbHOro OKUCHEHHSA OinkiB B cmpoBaTtui
KpoBi Ta ppakuisx ninonpoTeiHiB y nauieHTiB 3 XCH.

XCH XCH
KoHTponb , .
(oekomneHcauis) | (komneHcauis)

NMBPOG B

cupoBaTLi KpOBi, 4,12 +0,16 5,70 £ 0,07 5,67 £ 0,06*
ym.og/mn

NMBPOG B

JINMHLW+MOHLL, 0,57 £0,05 0,98 £ 0,02* 0,98 + 0,01*
ym.oa./mr ninigis

NBPOB 8 NNBLL | 4 94 4 0,09 3,55 + 0,06* 3,33 £ 0,06*
ym.og/mn

lMpumimka: * — pisHuysi docmosipHa ropIi8HAHO 3 KOHMPOIIbHOK 2PYIroH
(p < 0,05).
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Lle cBigunTtb npo Te, wo y nauieHTiB 3 XCH B cTagil gekomneHcauil
BiA3HA4YaeTbCA aKkTMBaUia BiflbHOpaguKarbHUX OKUCHIOBaANbHUX MPOLECIB.
BogHouac, B cTtagil KomneHcauil He CnoCTepiraeTbCs CYTTEBOIO 3HMKEHHS
MOKa3HWKIB BMICTY MPOAYKTIB BiflbHOropagukanbHOro OKUCHEHHs1 6inkiB B
cupoBaTui KpoBi Ta B dpakuigx ninonpoTeiHiB, WO cBig4atb npo
IHTEHCMBHICTb OKMCHIOBanbHUX npouecis. Lle niaTBepaXyeTbca OOCTOBIPHO
BUCOKMMU PIBHAMW MPOAYKTIB OKUCHEHHs OinkiB y cupoBaTui KpoBi Ta
dopakuisix NinonpoTeiHiB Y NOPIBHAHHI 3 KOHTPOJSIbHO rpynoto. B pesynbTtarTi
PO3BUTKY OKUCHIOBASIbHOrO CTPEecy Ta HaKOMUYEHHA akKTUBHUX POPM KUCHIO,
NPOAYKTIB OKUCHEHHA MaKpPOMOJSEKyn MOXYTb NigcUnoBaTUCA npo3ananbHi
peakuii, Wwo 6yae CnpusiTU OKUCHOMY MOLUKOKEHHIO KMAITUHHUX CTPYKTYP,
30KpeMa, KIiTUH eHOOoTENit0 Ta YTBOPEHHS aTePOCKIEPOTUYHOI BRSLLKK, WO €
akTopoM  pPO3BUTKY  ilLEMIYHOI  XBOpoOM cepua Ta  cepueBoil
HeZocTaTHOCTI [6].

TakmM 4YMHOM, Yy MauieHTIB 3a XPOHIYHOI CepueBOl HeOoCTaTHOCTI
BUHMKAIOTb NepeaymMoBM AN NOCUNEHHSA MNPOLUECiB  BiflbHOpaaMKanbHOro
OKUCHEHHS, WO CrpUYMHAE pPO3BUTOK okcmagaTtueBHoro crtpecy. [licns
NiKyBaHHA UMX MNauieHTiB (nepiog KomMneHcauil) piBeHb BifibHOpaguKanbHUX
NpoLeciB OKUCIIEHHA B X OpraHiami, nNpo WO cBig4aTb BUCOKUW BMICT
NPOAYKTiB OKNCIEHHS BinkiB B cMpoBaTLi KpOBi Ta NinonpoTeiHOBMX dopakLisix,
He 3MEeHLUYETbCS, WO MOoXe ByTh NiArpyHTSM 40 NoAaribLIoro nporpecyBaHHS
cepueBOl HeOCTaTHOCTI Y LMX NaLieHTIB.
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YOK 577.2
apmaw B., Muxannosa A., AHiybka J1.

Ponb npoTteiHkiHa3z RIPK1 ta RIPK3 y mexaHi3amMi HekponTo3y
HauioHanbHut meduyHuu yHisepcumem imeHi O.0O. boeomorbus, YkpaiHa

Necroptosis, a caspase-independent programmed necrosis, plays a role in the
development of inflammatory, neurodegenerative, and oncological diseases. The
key mediators of necroptosis are the protein kinases RIPK1 and RIPK3, which form
a signaling platform for its activation. Their interaction triggers the phosphorylation
of the effector pseudokinase MLKL, leading to disruption of the cell membrane
integrity and cell death. Studying the mechanisms of necroptosis involving RIPK1
and RIPK3 opens new avenues for therapeutic targeting of this process.

Knru4oBi cnoBa. HekponTo3, RIPK1, RIPK3, npoTeiHKiHa3w.

AKTyanbHicTb. [opyLueHHs perynauii 3arnbeni KnitMH Yepes HEKPONTO3
NPUYETHO OO0 3ananbHUX 3axBOPHBaHb NMIOAUHU. PO3yMiHHA MeXxaHi3MmiB, L0
perynioTb Uen npouec, Ta posii peLenTop-B3aeMOitounX NpoTeiHKIHA3
RIPK1 i RIPK3 y noro aktuauil € Haa3BM4yanHO BaXKfMBUMM Ofs1 PO3pO6KU
HOBUX TepaneBTUYHUX cTpaTterin. [ocnimKeHHa uUMX MexaHi3MmiB [003BOSiSE
BUABUTN MNOTEHUIWHI MilleHi Onda JiKyBaHHS Takux 3axBOpPHBaHb, 9K pak,
HenpoaereHepauisa Ta XpOHiYHi 3anarbHi npouecw.

MeTta pocnimxeHHa. Hocnigntn ponb RIPK1 i RIPK3 y dopmyBaHHi
HEeKpOonTO3y Ta MOro Posib Y NaToreHesi 3anasnbHUX NPOoLECiB.

MeToaun pocnimXeHHA. aHani3 HayKoBUX Kepern.

PesynbTtatn: TpaguuivHO HEKPO3 BBaXaeTbCsA MNacCMBHOK (OPMOKD
3armbeni KNiTuH, sika He nigaaeTbca perynioBaHHio [1]. OgHak gocnioKeHHS B
obnacti KniTMHHOI CMepTi nokasanu, WO HEKPO3 MOXHa perynoBaTtu
3anporpamoBaHMM YMHOM 4Yepe3 CUrHanbHU WNaX, 3BaHUM HEKPOMTO30M.
HekponTos € perynboBaHUM MPOLLECOM HEKPOTUYHOI KITITUHHOI CMepTi, KU
BiOPI3HAETLCA Big, anonTo3y BIACYTHICTIO ydacTi kacrnas. Xo4ya HeKponTos |
anonto3 MalwTb OAHAKOBI  MOMEKYNSApHi  MexaHi3aMu, Hacnigkm  ix
Biapi3HaTLCA. MofgibHO OO0 HeKkpo3y, 3anporpamoBaHUii HEKPO3 NMPU3BOAUTL
A0 HabpsKy KMiTUH, pyNMHYBaHHA NnasmaTtU4HOl MemMOpaHu, BUTOKY KIiTUH Ta
akTMBauii IMyHHOI CMCTEMU 3 CUSTbHMM npo3ananbHuMm edektom [1]. OgHak
MEXaHi3M IMyHHOI aKTuBaLuil BiAPI3HAETLCA MK HEKPONTO30M i KNnaCcU4YHMUM
HEeKpo3oM. IMyHonoriyHa BiAnoBigb, BUKNUKaHa HEKPOMTO30M, He
0OMEeXyeTbCA MiCUEBMMM TKaHMHaMK, arne MoXe poswuproBaTuca Ta
iIHOYKYBaTWU CUCTEMHY iIMYHHY BiaMNOBiab.

HekponTos iHILIOETbCA aKkTuBaUiled cneundivHUX CUrHanbHUX LUNAXIB.
OOHMM 3 OCHOBHMX MeEXaHi3MiB MOro akTuBalil € 3B’A3yBaHHSA niraHgiB 3
peuenTopamMn CMepTi, 30Kpema 3 peuentopamm ¢aktopa HEKTOPY TKaHWH
(TNF). Llen npouec Bege 0o akTuBaLil peLenTop-B3aEMOLitounX NpoTelHKiHa3
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RIPK1 i RIPKS3, ski B3aemogitoTb MK coboto i (opMyloTb CUrHanbHy
nnatcopmMmy ansa iHigiadii HekponTody. RIPK1 € knwo4oBuM Megiatopom
nepenadi curHanis Big peuentopiB cmepTi. [licna aktmauil peuentopis TNF,
RIPK1 yTBOpOE KOMMNEKC 3 iHWMMWN CUTHANbHUMW MONEKynamu, BKIToHa4m
iHribiTopn anontosy (IAP), i 6epe yyacTb y nposananbHUX CUrHaNbHUX
wnaxax. OgHak npyv  nNeBHUX yMoBax, Konv  iHribitopy anonTtosy
npurHivdytotecs, RIPK1 mMoxe nepexoontn B akTUBHY dOpMY, iHILiOHYN
nepegady curHany npo KNiTMHHY 3armbernb. Kno4yoBuM eTanom Yy npoleci
HekponTo3dy € aktmBauia RIPK3, wo € Hacnigkom aktmBauii RIPK1.
YT1BOpeHHss komnnekciB RIPK1/RIPK3 possonsie doccopuntoBatn KiHasy
amiwaHol niHil  (MLKL), €9ka € OCHOBHMM €(EKTOPOM HEKPOMTO3Y.

docopunioBaHHa  MLKL npusBoguTb [0 WMOro oniromepusadil Ta
mMembpaHHOI TpaHcnokauii. [Micna Toro, sk MLKL nokanisyetbca Ha
nnasMaTtuyHin  MembpaHi, 1 KoHdopmauia 3MiHETbCH, 30inbwytoun i

30aTHICTb  3B’sA3yBaTUCA 3 nnas3MaTudHo MembpaHow. [ocnigkeHHs
nokasanm, Lo oniromepusosaHun MLKL MOXe 3B’A3yBaTUCS 3
docdatnguniHosntondgocdartom (PIP) i kapaioniniHom (CL) nnasamaTtuyHol
mMembpaHu Ta yTBOPHOBATM MNOPM, WO MOPyLye i LiNiCHICTb i CnpuinHAe
3armbenb knitmHu. Kpim Toro, komnnekc MLKL Ha uyuTonnasmaTtuyHin
MeMOpaHi Moxe 36inblyBaTV HaOXOMKEHHS IOHIB HATpild He3anexHo abo
yepes iHWi MeMbpaHHi Binkn, TMM caMmnm 36inNbLUYHOYM BHYTPILLHBOKITITUHHMIA
OCMOTUYHUM TUCK | 3PELUTO NPM3BOASAYN 0 HABPSKY KNITUHU Ta pyMHYBaHHSA
nnasMmaTu4yHol MembpaHu.

HocnigxeHHa nokasanu, wo RIPK3 € kno4oBuM  perynatopom
curHanisauii 3ananeHHsl, KUMKW MOXXE KOHTPOMBATM PIi3HI TUMNM LUNSAXIB
3armbeni  KNiTUH, PpoO3TallOBaHMUX HWX4YEe 3a Tedieww  peuentopis
cmepri. lNopyweHHa curHanbHoro wnaxy RIPK3 € BaxnuBow 03HakKow
BGaraTtbOX XPOHIYHMX 3ananbHUX 3axXBOPKOBaHb i NOB’A3aHe 3 BTpaTow abo
HaZMIpHOK CeKpeuieto UMTOKIHIB [2]. Hanpuknag, npwu  pesBmaToigHOMY
aptpuTi (PA) IL-18 cnpusie genonsapusauii MiToxoHApianbHOI MemMOpaHu Ta
NOCUNIOE iHOYKOBAHUM auuao3oM anonTto3 cyrnoboBux xoHapouuTiB. PiBHI
RIPK3 Haa3BuyanHO BUCOKI B eniTenianbHMX KNiTUHaAX nereHiB nauieHTiB 3
XPOHIYHUM OOCTPYKTUBHMUM 3aXBOPKOBAHHAM JiereHb. Kpim TOro, nigsuuieHa
ekcripecis RIPK3 y nauieHTiB 3 HeankoronbHum cteatorenatutom (HACT)
noB’si3aHa i3 3ananeHHam i dibpo3om nediHkn. [Npu cepueBO-CyaUHHNX
3axBoptoBaHHAX RIPK3 pie gk knioyoBur perynatop 3armbeni t1a HEeKposy
KnitnH [2]. Luedde Ta iH. (2014) BnepLue NpoAeMOHCTPYBanu, WO eKCnpecis
RIPK3 6yna BMCOKOK B ilIEMIYHUX KapgioMioumTax muwen 3 iHpapKkTom
miokapga [3]. byno nokasaHo, wo rnobansHun HokayT RIPK3 3meHwye
pPO3Mip iH(papKTy Ta MNoKpallye CUCTONIYHY (PYHKLiIO cepus Micns roctporo
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IPl. AbgomiHanbHa  aHeBpmama (AAA) — uUe CTaH aopTu, WO
XapakTepusyeTbCa  3ananeHHsM, BTpaTo  rMagkoM’si30BUX  KAiTWH,
peMogentoBaHHAM MO3akMiTUHHOIO MaTPUKCY Ta NPOrpecytyorn aunaTauieto
aoptn. HocnimkeHHs nigrBepaunn, wo RIPK3 HagmipHO ekcnpecyeTbeca
B AAA.

HewnpogereHepaTtmBHi po3nagn BMU3HAYalOTbCA PYMHYBAHHAM aKCOHIB,
BTpaTO MieniHy HeMpoHamMun (KMiTMHaMKM rofloBHOrO Ta CNMHHOIO MO3KYy) abo
™M i iHwuMm. [lokasaHo, wo RIPK1 i RIPK3 yTBOpIHOIOTL HEKpocomu,
docopuntorots MLKL i aktuytoTb MLKL-0onocepenkoBaHnn HEKPONTO3 Mpu
YUCNEHHNX HeupoaereHepaTUBHMUX 3aXBOPHOBAHHAX, BKMOYAK4M PO3CIAHUN
cknepos (PC), 6iyHnn amiotpodpivyHmin cknepos (BAC), xsBopoby [MapkiHCOHa
(MA4), xsopoby Nowe (') i xBopoby Anburenmepa (AQ) [4].

Takum 4umHoMm, RIPK3 BBaxaeTbca MNOTEHUIMHOK MiIlLEHHIO AOnS
3anobiraHHsa abo nikyBaHHSA 3anarbHUX 3axBOptoBaHb. Ha CbOrogHillHIn OeHb
BUSIBMIEHO YMCNEHHI iHribiTopn RIPK3 gnsa nikyBaHHA pPi3HUX 3axXBOPHOBaHb.
IHriGiTopn RIPK 1 BUABNAOTL NpoTU3anarnbHUA NoTeHUian, nepeLuKomxarym
nepegadi curHany 3ananeHHsi. Po3pobka iHribitopis RIPK1 B nepuy 4yepry
Byna cnpsiMmoBaHa Ha MOro akTUBHWUW LLEHTP, BKIIOYAKOYM CalT 3B’A3yBaHHSA
AT®. Takmm vnHoMm, KoMbGiHauisa iHribiTopie, HauineHnx Ha RIPK1 i RIPKS,
MOXe NiABUWNTY e(PeKTUBHICTb JlikyBaHHA. OHaK BaXXMBO 3a3Ha4YuTW, LLUO,
He3Bakaroumn Ha npoTmsananbHy Aito iHribiTtopie RIPK, npobnemn 3anexHocTi
RIPK1 i RIPK3 Big Tvny KniTUH BUHWKanNW B rnornepegHix ekcnepumeHTtax
[5]. Tomy HeobxigHMM noganblnMKW PO3BUTOK | YTOYHEHHS OOCHIIKEHb
NEPBUHHUX KIITUH JOAMHU (OCOONMBO KMITUH MOOMHW, BaXMBUX ONS
3ananeHHd), i Ham noTpibHO npoBecTM nodanblli AOCHILXEHHS BANUBY
iHribiTopiB RIPK Takox Ha 3aranbHUX MOAENSAX 3anasieHHs.

BucHoBKM.

Y3aranbHiowun pesynbTaTtn LOCNIIKEHHS, MOXHa CTBepaXKyBaTu, LWLO
RIPK1 i RIPK3 cTtaHOBMATL 3Ha4yHUA HAyKOBUMW Ta KNIHIYHUKA iHTEpec SK
MilLeHi AOns npoTtusananbHOl Tepanil. HesBaxawunm Ha NepcrneKkTUBHICTD,
KniHiYHe 3acTocyBaHHs iHribiTopiB RIPK1 Hapasi obmexeHe Yepes HasiBHICTb
TOKCUYHUX Ta HeLinboBux edekTiB. ToMy ManbyTHi AoCnifXeHHS MatoTb ByTu
CApAAMOBaHi Ha CTBOPEHHS Binblw 6e3nevyHnx, ePekTUBHUX Ta CENEKTUBHUX
iHribiTopiB, a TakoX Ha rnnbwe BuBYeHHA poni RIPK3 y nartoreHesi
3ananbHUx npouecie. Jlvwe KoMnnekcHWn nigxia Ao pPo3poOKM HOBITHIX
TepaneBTUYHMX CTpaTerin o3BONUTbL Yy MEPCneKTUBI LOCArTM pearibHOro
KNiHIYHOro NPOpu1BY B JiKyBaHHI 3anasibHMUX 3aXBOPHOBaHb.
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YOK 577.21:575.174
"epacumenko [.C., NoctepHak H.O., AHiubka J1.B.

CekBeHyBaHHA HacTynHoro nokoniHHsa (NGS): cy4acHU#M CcTaH i
nepcnekTuBun

HauionanbHut medudyHuu yHisepcumem imeHi O.0.bocomMorbus, YkpaiHa

Next Generation Sequencing (NGS) is a high-performance technology for
quickly and accurately reading genetic information. NGS allows you to
simultaneously analyze millions of DNA fragments, which radically changes the
approaches to genetic research. The technology includes DNA fragmentation,
fragment amplification, nucleotide sequencing and bioinformatic analysis. NGS is
actively used in the diagnosis of hereditary diseases, oncogenomics and
personalized medicine.

KniouoBi cnoBa: cekBeHyBaHHA [OHK; NGS; cekBeHyBaHHS HaCTYMHOrO
MOKOMIHHA;  MepcoHanizoBaHa MeguuMHa; TFeHETUYHUIM aHani3; MOMeKynsipHa
AiarHocTumKa.

OcHoBHMK 3MmicT. Cy4vacHi TexHonorii NGS 3Ha4yHO po3Wnpunmu
MOXIMBOCTI FEHOMHUX [OOCNigXeHb 3a paxyHOK BUCOKOI MPOLYKTUBHOCTI,
TOYHOCTI Ta 3HWXKeHHA BapTocTi. Knwodosi Hanpsamu po3sutky NGS
OXONSIKTL PiI3HI METOAOSONYHI Niaxoan, BNpOBaMKEHHA aBTOMaTu3auil Ta
LUTYYHOrO iHTEeNeKTy, nNigBULLEHHS LWBUOKOCTI N eEeKTUBHOCTI, a TaKoX
aKTMBHE 3aCToCyBaHHA B MeAuuuHi. PosrnaHemo ui acnektu getarnbHiwe.
AHani3 Ta BMBYEHHS axepenbHol 6a3un, ctaHom Ha 2023-2025 pokun, CBig4uUTb,
wo nposigHnmn TexHonoriamm NGS € lllumina, Oxford Nanopore, PacBio
(SMRT-cekBeHyBaHHs), lon Torrent, BGI/MGI [1].

CyyacHi nnatdopmun cekBeHyBaHHS HacTynHoro nokoniHHa (NGS) matTb
3HauYHi nepesaru, WO podbuUTb X HE3AMIHHUMM IHCTPYMEHTaMWN Yy FEeHEeTUYHUX
AOCNIMDKEHHAX Ta KMiHiYHIM - npaktuui. [natgopmu, Taki gk lllumina,
BUKOPUCTOBYIOTb MeTog cuHTe3y [OHK i3 donyopeCueHTHUM 34nMTyBaHHAM, WO
3abe3neyye BWCOKY TOYHICTb Ta MacwrabosaHicTb. |i 3acTOCOBYOTH Y
TPAHCKPUNTOMHUX, €K30MHUX Ta MOBHOreHOMHUX pocrigpkeHHax [2]. Oxford
Nanopore, 3 iHWOro ©OOKy, BWKOPUCTOBYE HAHOMOPOBY TEXHOSOriO, sKa
A03BOSISIE OTpUMyBaTU AOBri 34nTyBaHHSA (long reads) B peanbHOMY 4Yaci, WO
aae 3mory pgetektyBatu mogudpikauil OHK, Taki gk meTtunioBaHHA, 6e3
popatkoBux peaktumsiB [3]. PacBio (SMRT-cekBeHyBaHHS1) NPOMNOHYE BUCOKY
TOYHICTb Ta 34aTHICTb BUABMNATU CTPYKTYPHI Bapiauii, MyTauil Ta enireHeTUYHi
mMoaudoikauil, wo podbuTtb Ti KOPUCHOK ANS AOCMIAXKEHHS PIAKICHNX FeHEeTUYHUX
BapiaHTiB [4]. lon Torrent 3acTtocoBye eniekTpoXiMiYHUN MeTOo[ 34YUTYBaHHS
HYKNeoTuAaiB, WO [O03BOMAE YHUKHYTU BUKOPUCTaAHHA OnyopecueHTHUX
MapkepiB, WO pobuTb Moro edekTMBHUM Ans KNiHIYHUX AocnigXeHb [5].
Mnatdoopma BGI/MGI, € anbtepHatmBoto lllumina, 3abeaneyye BUCOKY
NPOAYKTUBHICTE MPU  3HWKEHUX BUTpaTax, WO A03Bonde eqeKkTUBHO i
BUKOPUCTOBYBATU AN BEMMKNX FreHOMHUX NPoekTiB [1,6].
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CyyacHi NGS-nnatdopmMn akTUBHO IHTErpyloTb METOAM MaLUMHHOIO
HaBYaHHSA Ta LUTYYHOro iHTENEeKTy Ans onTuMi3auil aHanisy Benukux obcsaris
AaHnx. BukopucTaHHA cneuianiaoBaHMX anroputMiB [O03BOMSE NiABULLNTU
TOYHICTb NPOrHO3yBaHHA, MOMErwyYn AOoJaBaHHA BapiaHTiB Ta 30opu
KOMMOHEHTIB. 3aBOsiKM IHHOBALisIM Yy TeXHOMOorii  AOBroro 34MTyBaHHS,
nnatopmMmn 3MeHLWyTb NOTPedy y cknagHux 36opax AaHuX i NPUCKOPIOKTb
npouec cekBeHyBaHHS reHomMiB. NGS TexHosorii akTMBHO TpaHCOPMYHOTb
AiarHOCTUKY  PiOKICHMX 3axBOPKOBaHb, OHKOreHeTUKy, Mikpobionorito Ta
MeTareHOMIKy, a TaKOX CrpUa0Tb PO3BUTKY TEXHOMONN MPSIMOro reHETUYHOro
TecTyBaHHS (direct-to-consumer genetic testing) [5].

BuBYyeHHA Ta aHanisa HaykoBuX [pKepesi JOBOAUTb, WO CEKBEHYBaHHA
HacTynHoro nokoniHHA (NGS) cTpiMKO pO3BMBAETHLCS, BiAKPUBAKOUYM HOBI
MOXITMBOCTI N9 Hayku, MeamuuHun Tta BiotexHosorin. NoganbluimMin po3BUTOK
TEXHOMOrI  CApsAMOBaHWMW  Ha  MiABULLEHHS  TOYHOCTI, LWBWAKOCTI Ta
PO3LUMPEHHS chep 3aCTOCyBaHHA.

OgHMM i3 TONMOBHUX BUKITMKIB 3anuULLIAETbCA 3HMXEHHS PIiBHSA MOMWUIIOK,
ocobnMBO Yy [OOBrUX 34MTyBaHHsX. HoBi anroputmum o06pobku paHux Ta
MOKpaLLeHHS XiMil CEKBEHYBaHHS JonoMararoTb YCyHYTU Noxmbku. Hanpuknag,
TexHonoril HiFi reads Big PacBio 0o3BonsA0TE OTPUMYBaTU OBI 34NTYBaAHHSA
3 BMCOKOI TOYHICTHO, LLIO KPUTUYHO ANs1 BUABNEHHS PigKICHUX MyTauin [4].

MeToan cekBeHyBaHHS 3 [JOBIMMM 34MTyBaHHAMKW, Taki Ak Oxford
Nanopore Ta PacBio SMRT, npogoBxylTb YyOocKkoHanoBatucs. BoHu
0OCODNMBO BaXnUBI ONA aHanidy ckrnagHux AOiNsiHOK reHomy, NoBTOPHOBAHUX
NocCnigoBHOCTEM Ta enireHeTUdHuXx Moaudikauin. OdikyeTbCs, WO B
ManbyTHbOMY AOBri 34MTYBAHHS CTaHYTb AOCTYMHILLMMW Ta LWBUOLLIVUMWN.

LBnaoke 3poctaHHa obcary gaHux, oTpumaHux Yy pesynbtaTti NGS,
noTpebye eqekTUBHUX anroputmie o6pobkn. BukopuctaHHA MaLUIMHHOIO
HaBYaHHS Ta LUTYYHOrO IHTENEKTY LOMOMOXE MPUCKOPUTU aHani3, NMoKpaLLnTm
ioeHTuikauito MyTauin Towo. Hanpuknag, anroputMn rnmbokoro HaBYaHHS
BX€ BUKOPUCTOBYKOTbCA [N PEKOHCTPYKUil reHoMiB Ta npeanKTUBHOI
MeauunHu [4].

TexHonoris cekBeHyBaHHSA HacTyrnHoro nokoniHHa (NGS) akTtueHO
IHTErPyeTbCA B KMiHIYHY NPaKTUKy, 30KpemMa B OHKOreHeTuui, Ae BOHa
A03BOSIIE€ BM3HAYaTM MyTauil, NOB'A3aHi 3 OHKOMOM4YHUMWN 3aXBOPOBAHHAMMN,
Ta 3gincHoBaTn Nigbip TapreTHOI Tepanii, OPIEHTYOYMCb Ha MOJSIEKYNAPHO-
reHETUYHI  XapakKTepucTuknm nyxnuH. [lpeHatanbHa Ta  HeiHBasMBHA
AiarHoctuka 3a gonomoroto aHanidy OHK nnoga B kpoBi maTepi 403BOssie
BUABNATM FEHETMYHI aHomanii 6e3 pusnky Ons 340poB's AUTUHWU. Y cdepi
dapmakoreHoMikn NGS cnpude iHausigyanisauil nigbopy nikis, BpaxoBy4u
reHeTU4Hi ocobnMBOCTI MauieHTa, WO A03BOMHAE NOKpPaWUTU edeKTUBHICTb
NiKkyBaHHA Ta 3HM3UTU pU3NK nNobiyHMx edpekTiB. NGS y noegHaHHi 3
TexHonoriamm CRISPR BigkpuBae HOBI MOXIMBOCTI Yy TEeHHIN Tepanil Ta
nepcoHanisoBaHin MeguuMHi. 3aBOSKM CEeKBEHYBAHHK CTa€ MOXITMBUM
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BU3HAYEHHA MyTauin, sKi NignaraoTe KOpPeKuil, i po3pobutn TepaneBTUYHI
cTpaTerii Ansa nikyBaHHA cNagKoBMX 3aXBOPHOBaHb.

BucHoBku. [lepcnektuen po3suTky NGS nos’d3aHi 3 NiaBULLLEHHAM
TOYHOCTI, OOCTYMHOCTI Ta LWBWOKOCTI aHanisy, a TakoX 3 iHTerpauieto vy
KNiHIYHY  npakTuky, 6ioiHbopmaTMKy Ta nepcoHanizoBaHy MeOuLnHY.
[MoganbLwi iHHOBaLiT 3pobNATE CEKBEHYBaAHHS reHOMY CTaHAAPTHOK YaCTUHO
AiarHOCTUKN Ta nikyBaHHA OaraTtbOX 3axBOpPKOBaHb, a TaKOX BIAKPUIOTb HOBI
MOXITMBOCTI Yy BioTexHosorii Ta gOCRiMKeHHI OO0BKINNA. Y Hanbnuxyi poku
PO3BUTOK TEXHOSIONMN LUTYYHOrO IHTENEKTY CApuATUME BOOCKOHANEHHIO
anroputTMiB aHanisy reHeTudHux gaHumx. OTe, CeKBeHyBaHHA HaCTYMHOro
MNOKOSTIHHSA € MOTYXXHUM [HCTPYMEHTOM Cy4acHOI HayKu, SSKUA BiOAKPUBAE HOBI
MOXINMBOCTI B MeauuuHi, Gionorii Ta 6ioTexHonorisx. MNMNoganbwnin po3BUTOK
TEXHOSIONN CNpUATUME PO3LUMPEHHIO X 3aCTOCYBaHHSA Ta BOOCKOHASIEHHIO
MeTO/iB aHanidy reHeTU4HOI iHpopmauil.
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BnnuB mikoTokcnHy T2 Ha BMICT 3aranbHuUX finigiB y TKaHMHaX Kapacs

HauioHanbHut yHieepcumem «YepHiziecbkut Koneaiym»
imeHi T.I. LLles4yeHka, YKpaiHa

The studies of the mitotoxin T2 effects on the total lipid content in the tissues
of Carassius Carassius are presented. Changes in total lipids in the liver, gills,
muscles, and brain were determined.

Keywords: mitotoxin, total lipids, crucian carp, biochemical adaptation

3a cyyacHuMn paHumm Bigomo Onmuabko 250 BuaiB rpubie, 3gaTHMX
npoaykysatn noHag 100 Tunie metabonitiB. baraTto arpapHux KynbTyp
MOXYTb  CnyryBatm npupogHumn  cybctpaTtamm  gnd  npoayueHTiB
MIKOTOKCUHIB. B ymoBax eKosioriyHol CcTabinbHOCTI reHeTU4YHi MexaHi3Mmu,
BignoBiganbHi 3@ CMHTE3 MIKOTOKCUHIB, 3annLaloTbCs HeakTUBHUMU. Jlnwie 3a
MNOPYLIEHHS EKOCUCTEMHOI piBHOBArM akTUBYETbCHA OIOCUHTE3 TOKCUYHUX
BTOPUHHUX MeTaboniTiB. Xo4ya BNAMB MIKOTOKCUHIB Ha XXWBi OpraHiaMmm mae
NeBHI cneuudidHi pucK, BiH He XapaKTepu3yeTbCS YiTKO OKPEeCSIeHO
KniHiyHOO  kapTuHoto [1]. Lle cyTTeBO YyCKNagHIOE [AiarHOCTUKY, sKa
'PYHTYETbCA Ha BUABMEHHI KOHKPETHUX TOKCUHIB Yy KOpMax, XapyoBuX
npoAaykKTax i nikapcbkux 3acobax [2].

Cepen BIiAOMMX MIKOTOKCUHIB T-2 BBaXaeTbCs OAHUM i3 HanbinbLu
TOKCUYHUX i nowmpeHnx y npupogi. Kpim Toro, AocnimkeHHsa 3acBigyumnu, Lo
T-2 TOKCMH Ma€e BUPaXeHWW HEraTUBHUM BMSIMB Ha IXTIONOriYHI MOKa3HUKK
koponosux puod. [3, 4]

Ninign € 4yyTnMBMM iHOMKATOPOM afanTauinHuUX 3MiH B opraHiami pub nig
BMSIMBOM TOKCUKAHTIB, OCKISIbKM BOHW BUKOHYIOTb KITHOYOBI QOYHKLIiT B OOMiHi
peyvyoBMH, eHepro3abesneyveHHi Ta 3abe3nedeHHi CTPYKTYPHOI LifiCHOCTI
KNiTUH. TOKCWYHI areHTU MOXYTb MopyLllyBatyv NiNigHUN OBMIH, 3MiHIOKYM
3ararnbHU BMICT MinNigiB y TKAHWHAX, WO CIyrye nokasHUKOM PiBHA CTpecy 1
aganTauiHOro noTeHLuiany opraHiamy.

MeTor AocnigXeHHs Byno BMBYEHHS BNIMBY MIKOTOKCUMHY T-2 Ha BMICT
3aranbHUX ninigiB y TKaHuMHax Carassius carassius. EkcnepvmeHTarnbHi
AOCNiMKEeHHA  npoBogunmucsa B nabopartopii  Gioximil  HauioHanbHOro
yHiBepcuteTy «YepHiriBcbknin  koneriym» imeHi  T.I. LeByeHka. Pwub
Binbupanu 3  npupogHoi  BOOVMMWM  (3MMyBanbHMM  cTaBok  BAT
«YepHirispubrocny). HdocnigHux pub apantyBanu O YMOB akBapiymy He
MeHwe 3 pfi6. [potdarom ycboro nepiogy AoChigdXeHb KOHTPOSIOBABCS
rigpoxiMiyHUM pexum Boau. BMicT KucH kKonueaeca y mMmexax 9,6-12,5
mr/om3; pH — 7,4-8,4; BmicT amiaky — 0,014 wmr/om3. BkasaHi ymoBu He
BUKNUKanNn po3BUTKY B OpraHiami kopona rifnokcii, rinepkapnHii, rinotepmil. 3a
AaHMMKM  IXTIONATONOrYHUX  JocCnigpkKeHb pub  HaWKipHUX  306yaHMKIB
napasMTu4HnXx xBopob He BuUsBMNeHO. CTPIYKOBUX MapasvTiB TaKoX He
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3acpikcoBaHo. EkcnepumeHTasnibHi yMOBU NO BUBYEHHIO BMSIMBY MIKOTOKCUHY
nposoannn B 200-x niTpoBux 6acenHax 3 BIiACTOSAHOK BOAOMPOBIAHOK
BOAOIO, B SAKi pnby posmillyBanu 3 po3paxyHKy 1 eksemnnsp Ha 40 n soaw.
Temnepatypy BuTpumMmyBanu 6nmsbkoldo [0 nNpupogHol.  [ocnigKeHHs
npoBoaunu npotsarom 6epesHsa 2025 poky. Maca pub konuBanacb B Mexax
300-400 .

HdocnigkeHHa npoBoaMnM 3 OOTPUMAHHAM  BUMOI  MiDKHApPOLHUX
npuHUMniB  [enbCiHCbKOI  geknapaudii  Npo  rymMaHHe CTaBflieHHs 4o
nabopaTtopHmux TBapuH [5]. Y SAKOCTi MIKOTOKCUHY BMKOpuCTOBYBanuM 12 B
KoHUeHTpauil 2 'OK. Ona gocnigKeHHs BUKOPUCTOBYBASM HACTYMHI TKAHUHM:
6ini M’a3n, 3a6pa, NeviHky Ta MO30K Kapacs. 13 3a3Ha4YeHNX TKaHWH roTyBanu
roMoreHaT Ha caxapo3Homy Oydepi (pH-7.4) y cniBBigHoweHHi 1:10.
BusHayeHHs BMICTY 3aranbHuUX ninigis y pnb npoBoaunn 3a CTaHOapTHOR
METOAMNKOI, BUKOPUCTOBYIOUN Habip peareHTiB dipmun «diniciT-[iarHocTrka»
(YkpaiHa).

[igpo6ioHTM MatloTb LUMPOKMK crnekTp BioxXiMiyHMX MexaHiaMiB aganTauil
A0 Oi1 TOKCUKAaHTIB, SAKI XapaKTepusyrTbCA PISHUM CTyNeHeM CKMnagHOCTI.
OgHuM i3 KNOYOBUX MexaHiaMiB  aganTtauil € nepebygoBa ninigHoro
meTaboniamy. CyyacHi JocnigKeHHs NiTBEPAXKYIOTb BaXIIMBY POSlb OKPEMUX
acnekTiB ninigHoro o6bMmiHy Yy rigpobioHTiB, 30Kkpema pud, y dopmyBaHHI
CTIMKOCTiI 4O TOKCUYHUX PEYOBUH Ta MPUCTOCYBAHHI 40 eKCcTpeMaribHUX YMOB
cepeposuLa.

Y Xxodi eKkcnepuMeHTanbHOro AOChigKEHHs Oyno OTpMMaHO  TakKi
pesynbTatn (puc. 1).
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Mosok
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Slleay 000000
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20 40 60 80 100 120

MikoTokcuH T-2 B KoHTponeHa rpyna

Puc. 1. Bmicm 3a2anbHux ninidie y mKkaHUHax Kkapacsi 3gudalHozo 3a 0ii
MIKOMOKCUHY T-2
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PiBeHb 3aranbHuX NiNigiB y pisHUX opraHax i TKaHuMHax pub Ta iHWKX
rigpoObiOHTIB BM3HA4Ya€ETbCA CKNagHOK B3AEMOAIEID MK MeTabonivyHMMK
npouecaMmu Ta YMHHMKaMN HaBKOJTULLUHBLOIO cepeoBuLLa.

[na obrpyHTyBaHHS aganTtauiHOro noTeHuiany opraHiamy kopona, a
TakOX AS19 OUIHKA YMOB MOr0 BUPOLLYBaHHA | CUCTEMU FOAiBSi, BaXXNUBOro
3HayYeHHs HabyBae BMBYEHHS MiNiAHOMO CKragy Kposi.

TOKCMYHMN BMONMB  MIKOTOKCMHY T-2 'y KpOBi Kapaca npu3BiB 00
3MeHLUEeHHS 3aranbHuX ninigie Ha 24% nNOPIBHAHO 3 KOHTPOSILHOK FPYMoto.
PiBeHb 3J1 y kposi 3a gii T-2 ctaHoBmB 59,33 r/n, B Ton 4ac sk y pub
KOHTPOSbHOI rpynu Len nokasHuk 6ys — 69,33 + 7,63 r/n.

3a [fil MIKOTOKCUHY Yy Binux M’sizax BMICT 3arasfibHMX ninigiB CTaHOBUB
56,13 £ 6,02 r/n. B Ton ke yac y pub KOHTPONbHOI rpynnu AaHumh MOKa3HUK
ctaHoBuB 108,67 + 11,88 r/n. CnocTtepiraeMo 3HMXEHHS BMICTY 3aranbHUX
ninigie Ha 48% nOpPIBHAHO 3 KOHTponem. Y 6inux m’sizax ninign € Baxknuesum
aKepenom eHeprii, 0cobnmeo B yMOBaXx iHTEHCMBHOI ¢0i3i0N0riYHOT akTUBHOCTI
abo CTpPecoBuX BMMMBIB. IX 3HWXKEHHS MOXe ByTW 3yMOBMEHe NiABULLLEHUMY
eHepreTMY4HMMKM BUTpaTaMu y BiANOBIAb HA TOKCUYHE HAaBaHTAXEHHS, a TaKoX
NOPYLLUEHHAMW NPOLIECIB HAKOMUYEHHA N yTUi3auil XXMPHUX KMCNOT.

34a6pa € ogHUM i3 KINKYOBUX opraHiB rigpobioHTiB, Wwo 6e3nocepeaHbo
KOHTaKTYlOTb i3 BOOHMM cepefoBuLLEM. YHACMIAOK LbOro BOHW MNepLinmMm
pearyloTb Ha [Ait0 30BHILLHIX YMHHUKIB i € iHpopmMaTMBHMM OO’€KTOM Ans
BUBYEHHA TOKCUYHMX HaBaHTaXXeHb.

[Mig Yac gocnigpkeHHs BMICTY 3aranbHuX ninigie y 3s6pax Carassius
carassius 6yno oTpumaHo Taki pesynbtatn. Y pub, wob nigaasanuch
TOKCMYHOMY BMSIMBY MIKOTOKCMHY BMICT 3aranbHUX ninigie ctaHosmB 53,33 +
5,86 r/n. B Ton Xe 4ac y KOHTpOnbHin rpyni — 65,33 £ 7,18 r/n. Ak moxemo
crnocTepiratm 3 pes3ynbTaTiB, BiAOYNOCb 3MEHLUEHHS KiNbKOCTI 3arafibHuX
niniaie Ha 18%.

[MeviHka € HaniHOopMaTMBHILLMM OpraHOM Ans1 OUIHKM PiBHA ninigis,
OCKINbKKM X MakCMmanbHa KOHLEHTpaLisi MnoB’si3aHa 3 BUCOKOK aKTMBHICTHO
CUHTE3y CTPYKTYpHUX ninigiB. [lopyweHHsa 11 (YHKUIOHanNbLHOro CraHy
HeraTMBHO BMMMBAE Ha afanTauiMHUA MOTeHUian oOpraHiamy, 3HWKYHUN
CTIMKICTb 40 Ail PiS3HOMaHITHMUX YNHHWKIB HABKOSULLHBOIO cepeaoBuLLa.

[ig, BNIMBOM MIKOTOKCUHY B NeviHui 6ynn 3adikcoBaHi Taki 3MiHWN.

PiBeHb 3aranbHuX ninigiB y uin TkaHuHi ctaHoBmB 89,33 = 12,3 r/n, ToAi
SK Y KOHTPOIbHin rpyni — 65,53 £ 7,32 r/n. Y NOPIBHAHHI 3 KOHTPOMEM BMICT
3aranbHux ninigis nigsuwmeca Ha 36 %.

BigMiHHOCTI y BMICTI ninigiB y pisHUX TKaHWHaX CBig4YaTb NPO 3anexHiCTb
ninigHoro oOMiHY Big IXHIX CTPYKTYPHO-PYHKUIOHANbHUX OCO6IMBOCTEN.
MeviHka Bigirpae knw4oBY porfb Yy 3abesnedeHHi eHepreTuyHux noTped
opraHiamy, 6epyun y4vacTb y perynsauii sik ByrneBoAHOro, Tak i ninigHoro
oOMiHYy. Y uUbOMYy opraHi BigbyBaeTbCA HaKonNUYeHHss Ta 36epexeHHs
eHepreTMYHMX pes3epsiB Yy BUMMAAI MMIKOreHy, a TakoX nepeTBOPEeHHSA Pi3HUX
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pKeper eHeprii — 30KkpemMa aMiHOKUCINOT, BifTbHUX XXUPHUX KACHOT, rMilepuHy
Ta MOJIOYHOI KNCNOTMW.

Takox 6yno gocnigXeHo BMICT 3aranbHUX AinigiB y TKAHMHaX rofioBHOrO
MoO3Ky. 3a Ail MiKoTokcuHy 6yno 3acpikcoaHo — 88,11 + 9,68 r/n. Y pub
KOHTpOSbHOT rpynn — 34,66 * 4,61r/n. 3adikcoBaHo 30ifbLIEHHSA MOKasHMKa
BinbLL HX Yy ABa pa3u.

Omxe, pesynbTaTu, OTPUMaHI B Xo4i OOCHIMKEHHS, cBigYaTb Npo Te, Lo
MIKOTOKCUH T-2 CyTTEBO BMNMBAE Ha BMICT 3aranbHUX ninigiB y pisHUX
TKaHWHaxXx kKapacsa 3BuyanHoro (Carassius carassius). 3HMXKEeHHs  1X
KOHLEeHTpauil y M’si3ax Ta 3a96pax Bkasye Ha nopyweHHss 0OMiHHMX NPOLECIB i
BUCHAXXEHHSA KNITUH, 3yMOBJIEHI TOKCUYHUM HaBaHTaXXEHHSM.

HaTomicTb nigBULEHHS BMICTY 3aranbHMX JinigiB y nediHui Ta
FOfIOBHOMY MO3KYy MOXE CBigYMTU NpO  aKTUBALil0  3aXUCHUX |
KOMMNEHCaTOPHNUX MEeXaHi3aMiB opraHiamy y BignoBigb Ha cTpec. 3okpema, B
neviHUi ue Moxe OyTu noB’s3aHO 3 MOCUMEHHAM CUHTE3y ninigiB K
afanTUBHOK  peakuieldo Ha nopylweHHa MeTaboniamy, HeobXxigHicTIo
HenTpanisauii TOKCUYHMX Cnoslyk abo HaKOMMYEHHSM eHepreTUYHNX pPe3epBiB
y pasi NOLIKOKEHHS KNITUH.

Takum YMHOM, NIgBULLEHHA BMICTY MiNigiB y nediHui Ta MO3Ky MOXe
po3rnsagaTtucsa K MokKasHWK aganTtauinHol BignoBigi opraHiaMmy, OfdHaK 3a
NEBHUX YMOB BOHO TaKOX MOXe CBiAYMTU NPO PO3BUTOK NATONOMNYHUX 3MiH.

NiTepaTtypa

1. A Review of Mycotoxin Types, Occurrence, Toxicity, Detection Methods
and Control / N. Zahra et al. Biological Sciences - PJSIR. 2019. Vol. 62,
no. 3. P. 206-218.

2. [OyxHuubkmn B. B., XmenbHuubkun . O., bouko . B. BeTepuHapHa
MiKOTOKCUKosoriqa : HaB4. noci6. Kuie. ArpapHa ocsita. 2011. 240 ¢

3. AganTuBHi 3MiHW iXTIONOMYHMX MNOKa3HUKIB KoponoBux pub 3a Aaii
MikoTokcuHy T2 / M. Xenawn Ta iH. Natural Resources of Border Areas
under a Changing Climate. The 7th International Scientific Conference. :
MaTtepianu HaykoBo-npakT. KoHd. 2023. C. 77-78.

4. MinnueicTb MOpPGOMOriYHMX MNOKa3HUKIB KoponosBux pub 3a BNMBY
MIKOTOKCUHY T2 / M. . A4Ha Ta iH. AnbmaHax «QN» : 36. Hayk. np.
ctyoeHtiB V.  Bceykp. CTydeHT. HayKOBO-MpPakT. iHTEPHET-KOHJ.
«CTyOeHT. HayK. BUMiIp npobrnemM npupogHMYO-MaT. OCBITU B KOHTEKCTI
IHTerpauil YkpalHu 0o €OuH. eBpon. i CBIT. OCBIT. npocT, M. [nyxis, 18
TpaB. 2023 p. nyxis, 2023. C. 27-30.

5. World Medical Association Declaration of Helsinki: Ethical Principles for
Medical Research Involving Human Subjects. UMS. 2002. P. 42—46.

126



Bioximist i monekynsipHa Gionoris

YK - 602.6
IBaHoBa M., Muxamnnosa A., AHiubka J1.

MexaHi3m i 3actocyBaHHA CRISPR/Cas-9-onocepeakoBaHoro
peaaryBaHHsi FeHOMY

HauionanbHut meduyHuu yHisepcumem imeHi O.0. bozomorbus, YkpaiHa

CRISPR is an advanced genome editing technology that opens up broad
possibilities in medicine and molecular biology. Its application allows for the
effective treatment of hereditary diseases, the prevention of antibiotic resistance in
bacteria, the modification of disease vectors—such as malaria-carrying
mosquitoes—and the development of new methods for combating cancer.

KnoyoBi cnoBa: CRISPR-Cas9, reHeTuyHuin MaTtepian, peparyBaHHs
reHoma, LLeHHa Tepanis.

AKTyanbHicTb. PeparyBaHHA reHOMYy 3a [OMNOMOro TEXHOMOril
CRISPR/Cas € ogHielo 3 HaWnepcnekTUBHIWKMX iHHOBAUIW Yy Cy4acHin
Gionorii Ta MeguuuHi. Llen IiHCTpyMeHT [O3BOSISE UinecnpsimMoBaHO
pegarysatv nocnigosHocTi [OHK, Wo BigkpuBae HOBI MOXIIMBOCTI Yy
niKyBaHHi CNagKoBUX Ta OHKOSOTNYHUX 3aXBOPKOBaAHb, @ TaKOX Y CTBOPEHHI
CTIMKMX 00 iHgeKuin opraniamis. 3pocTtatoya porib CRISPR y monekynsapHin
AiarHocTuui, reHHol Tepanii Ta 6ioTexHonoriYHnx po3pobkax BuU3Ha4Yae i
cTpaTeriyHe 3HadeHHs [Ond pPO3BUTKY MNepcoHani3oBaHol MeauuuHW Ta
BGiomeanyHnx OocnifgXeHb, WO 3YMOBSIKOE aKTyasibHICTb MoAarnbLIoro
BMBYEHHS LLIET TEXHONOTII.

OcHoBHa YactnHa. CRISPR (Clustered Regularly Interspaced Short
Palindromic Repeats) — ue ocobnuei noBTOpPIOBaHI nNaniHAPOMHI
NOCNIAOBHOCTI, BNepLue BUABIEHI B reHOMi MpOoKapioTUYHUX opraHi3mis [1].
AnoHcbknin BYeHUN IwiHo Ta noro komaHaa (1987) BunagkoBo 3adyikcyBaBs
He3BuyanHi ainaHkm OHK y 6aktepii Escherichia coli, siki cknaganuca 3
MOBTOPIB, pPO34iINIeHNX YHiKarnbHUMW BCTaBkaMn — TaK 3BaHUMWU
cnencepamn. 3rogom Byno 3’sascoBaHo, WO Ui cnencepu € 3anuwkamm OHK
BipyCiB, 3 skuMun GakTepis cTukanacsa paniwe. ¥ 2007 poui HaykoBLSIMU
byno posegeHo, wo cuctema CRISPR Bigirpae ueHTpanbHy ponb B
ajanTUBHOMY IMYHITETi MpOKapioTiB, 3axuwaryn IX Big MNOBTOPHUX
BipyCHUX aTak. llig yac imyHizauil kniTnHn G6aktepii BOyQOBYOTb KOPOTKI
dparmeHTn dyxopigHoi [OHK y cneuianisoBaHy o6nactb reHomy —
CRISPR-macuB. Lli dparMeHTn cnyryioTb CBOEPIOHOK TEHETUYHOR
naMm’aTTiO Npo  nonepeaHi iHgekuil. [lpn NOBTOPHOMY  3apakeHHi
BignosigHa PHK, TpaHckpmnboBaHa 3 CRISPR-macuBy, Hanpasnsie 6inok
Cas (CRISPR-associated protein) go BipycHoi OHK, 3abes3neuytoumn ii
po3ni3HaBaHHs i 3HUWEHHSA. [Npopus ctascs y 2012 poui, konu [hxkeHHidep
AynHa Ta Emmanyens WapneHTee npogemoHcTpyBanu, wo CRISPR/Cas9
MOXHa nepenporpamMyBatv ANS UinecrnpsiMoBaHOro peparyBaHHa Oyab-
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akoi nocnigosHocTi [OHK, BukopuctoByounm LWTYy4HO cTBOpeHy PHK-
HaBedeHHs. Llen BuHaxig 3aknaB OCHOBY Cy4YacCHOro reHOMHOro
penaryBaHHS.

KntowoBnmn komnoHeHTamun cuctemm CRISPR/Cas € Hanpasnsitoua
PHK (gRNA), wo Bignosigae 3a po3nidHaBaHHA UinboBoil ainaHkn OHK, Ta
eHOOoHyKneasa, ska 3aincHioe pospia OHK y 3agaHomy wmicui. gRNA
cknagaetbcs 3 ABOX OCHOBHMX enemeHTiB: CRISPR-PHK (crRNA), sika
MICTUTb MOCNIAOBHICTL AoBXMHOW 18—20 HykneoTuadiB i Bignosigae 3a
cneumdiyHe 3B’a3yBaHHA 3 MiweHH0 B [HK, i TpaHCKpUNLUINHO akTUBYHOYOI
PHK (tracrRNA), sika dopmye CTpyKTypHY nnatdopmy Ans 3B’si3yBaHHA 3
depmeHToM Cas9. Y npupogHMx ymoBax NpPOKapioTU BUKOPUCTOBYHOTb LIO
cuctemy AOns posnisHaBaHHS W HeuTtpanisaudii BipycHol OHK. [lpote y
nabopaTtopHMx ymoBax Ans pegaryBaHHa reHomy CrRNA i tracrRNA
00’eAHYIOTb Y WTYYHY oaHonaHutoroy Hanpasnstody PHK (sgRNA), sky
MOXHa 3anporpaMmyBaTy [ONs  HaUifloBaHHSA Ha nNpakTU4HO Oyab-siky
reHeTUYHy nocnigosBHicTb [2]. Binok Cas-9 mae cknagHy CTPYKTypy, LWO
CKnagaetbCA 3 [OBOX OCHOBHMX (PYHKUIOHANbHMUX YacCTWH: YacCTUHWU
poani3HaBaHHsA (REC) Ta yactuHm Hykneasn (NUC). CermeHT REC BKntovae
aomeHn REC1 i REC2, gaki BignosigatoTb 3a NpuegHaHHsS 4O Hanpasrisitovol
PHK (sgRNA). YactnHa NUC mictnte gomeHn RuvC i HNH, siki BUKOHYIOTb
doyHKUi0 posliensieHHa KoxHoro 3 nadutwris [HK, a Takok PAM-
cneumdivyHM  OOMEH, KM 3abesnedye B3aeMOAit0 3 MNOCIILOBHICTIO
Protospacer Adjacent Motif (PAM) — krto4oBO AN iHiuiauil 38’a3yBaHHS 3
AHK-MiLleHHto.

MexaHisam pegaryBaHHa reHoMy CRISPR/Cas-9 3aranom MoXHa
po3ginnMTn  Ha  TpM  eTanu:  po3Mi3HaBaHHA,  PO3LLENSIeHHA  Ta
BiaHoBneHHA. CkoHcTpynoBaHa sSgRNA cnpsmoBye Cas-9 i poani3Hae
LinboBY MOCMigOBHICTL y reHi. binok Cas-9 3anuwaetbcs HeakTMBHUM 3a
BiacyTHocTi sgRNA. lMicna aktueauii Cas-9 pobuTb ABOMAHLIOIOBI PO3pUBKU
Ha ginaHui 3 napm ocHoB BUwe 3a PAM. PAM — ue kopoTka (goBxuHa 2-5
nap OCHOB) KOHcepBaTMBHa nocnigosBHicTb OHK Hmx4e 3a Teuvieo Jo micud
po3pisy, i 1l po3Mip 3MIHIOETLCS 3anexHo Big Buay Gaktepii. HandyacTiwe
BUKOopucToByBaHM BapiaHT Cas-9 3 Streptococcus pyogenes po3ani3Hae
PAM y surnaai 5-NGG-3', ne N — 6yab-saka a3oToBMicHa ocHoBa. [1oTim
binok Cas-9 aktmByetbca ansa poswenneHHa OHK. HapewrTi BinbyBaeTbca
penapauis Wnaxom Lwnaxom 3’egHaHHAa dpparmedTie OHK [2].

Micna BigkputTta CRISPR/Cas9 6yno igeHTUdikoBaHO HU3KY iHLINX
edeKkTOpHUX BIinkKiB, KOXEH 3 $KMX Ma€e CBOI YHiKanbHi BRAacTUBOCTI:
CRISPR/Cas12 (paHiwe Cpf1) Ta CRISPR/Cas13. CRISPR/Casl12 cuctema
CTBOPIOE OOHONAHLUIOIOBI po3pmBK i He noTpebye pogatkosBux GinkiB ong
akTuBauil, Ha BigMiHy Big Cas9. Cas12 mae wwuvpwun cnektp PAM-
NOCNIAOBHOCTEN, WO PO3LLUNPIHOE MOXKITMBOCTI 1l BUKOPUCTAHHSA Y FTEHOMHOMY
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penaryBaHHi. CRISPR/Cas13 cuctema Ha BigMmiHy Big Cas9 i Casl2, Casl3
HauineHa He Ha [OHK, a wHa PHK. Le pobuts 1i Hag3BuyamHoO
NepCcnekTUBHOK An4 Tepanin, aki noTtpebyoTb TMMYyacoBoi Aii abo gngd
nikysaHHs PHK-BipycHoi iHdekuil (Hanpuknag, SARS-CoV-2). Cas13 Takox
BMKOPUCTOBYETLCS B MOJSEKYNSAPHIN  giarHocTuyi  (Hanpuknag, cuctemu
SHERLOCK i DETECTR).

CRISPR-Cas9 TexHomnorias Mae LUMPOKUA  CAEKTP  KMiHIYHOro
3acTocyBaHHA. |i  BUMKOPUCTaHHS  [03BONSIE  MiKyBaTW  rEHETUYHI
3axBoptoBaHHA. OOHUM i3 NepLUmX KniHiYHMX BUNpobyBaHb CcTano fikyBaHHSA
CEepnoBUAHO-KIITUHHOI aHeMil Ta [B-Tanacemii 3a 4ONOMOro pedaryBaHHS
reHa BCL11A y remonoeTu4HuX CTOBOYpOBMX KniTUHaX. PesynbTatn
nokasanu 3Ha4yHe NoKpalleHHS CTaHy NauieHTiB.

Ocobnuey yeary cborogHi npueBeptae noTeHuian CRISPR y ranysi
OHKOTepanil. 3aBOsKn 34aTHOCTI TOYHO pefaryBaTu reHu, Us TeXHOSOoris
BUKOPUCTOBYETbCA ONA  Moaudpikauil  IMyHHMX  KNiTWH, 30Kpema T-
nimgoumnTia, 3 METOK NiABULLIEHHS IXHBOI €(PEeKTUBHOCTI ¥ po3ni3HaBaHHI Ta
3HULLEHHI NYXIMHHUX KMiTUH.  Takun  nigxig BXe npogeMOHCTpyBaB
obHaginnmei pesynbTtatu Yy JiKyBaHHI pedpakTepHux GopmMm nemnkemil,
niMmgoMn Ta iHLIMX OHKOMOTYHMX 3axXBOpOBaHb [3].

OgHum i3 sckpaBux npuknagie BukopuctaHHs CRISPR cuctemu y
KNIHIYHIN MeOuUMHI € AOO0CNIMKEHHA B ranysi odpTanbMonorii, 3okpema
NiKyBaHHS pigKiCHOro reHeTUYHOro 3axBoploBaHHS, amaBpo3sy Jlebepa. Lle
cnagkoBe 3axBOPKOBAHHA CITKIBKM, $Ke nNpu3BOAUTb O CEepMO3HUX
NopyLUleHb 30py | 4YacTo 3aBepllyeTbCA cninotol. B ocHoBi amaBposy
Jlebepa nexaTb MyTauili B [OEKiNbKOX reHax, Wo BignosiganbHi 3a
HopMarbHe QYHKUiOHyBaHHA ciTkiBkM. Y 2020 poui komnaHia Editas
Medicine po3nodana neplie in vivo KfiHiYyHe BUNpobyBaHHA BUKOPUCTaHHSA
TexHonoril CRISPR gna peparysaHHs reHa CEP290, skuin € NpuYMHOO
amaBpo3sy Jlebepa y 20-25% nauieHTiB. [lNpouec peparyBaHHsi reHomy
BinbyBaBcsa 3a gonomorok iH'ekuin CRISPR/Cas9 B KMiTUHKU CiTKiBKM, LLO
A03BONUIIO  KopuryBatn  AeddeKTHUW TreH Ha  Micui, nigBuLLyrum
dYHKUIOHaNbHICTb CITKIBKU i, IK pe3ynbTaT, cTabinisytoum 3ip y nauieHTis [4].

CtpiMmknn possutok TexHonorii CRISPR BUKNUKaAe HU3KY €TUYHUX |
NpaBOBMX AOWUCKYCIM LWOAO HeOBXiAHOCTI BCTAHOBMEHHA npaBun  Ansd
BukopuctaHHsa CRISPR-Cas9. [yyuum npuknagom ctano "CRISPR-
HemoBnATkO" B Kutal (2018), WO CNpuUyYnHMAO MiKHaApoOOHUA cKaHgan i
MNOCUMEHHA perynsaudin. Y Bignosiab Ha MOXNMBI pu3nkm Barato KpaiH
3anpoBaXyloTb obMexeHHs abo MoBHI 3a60OpoHM Ha MogudiKauito KMiTUH
3apOoAKOBOI NiHIT 3 MeTol 3anobiraHHS 3MOBXUBAHHAM. 3HaYHi BUTpATU Ha
Tepanii, NoB'sA3aHi 3 pegaryBaHHAM reHOMY, MOXYTb NOrnmMbuTtn couianbHy
HepiBHICTb Y AOCTynNi 4O MeanyHoi gonomorn. OKpiM eTUYHKX Ta couianbHNX
acnekTis, BukopucTaHHa CRISPR y m™eandHux i  6GiOTEXHOMOrYHUX
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3aCTOCyBaHHAX CTaBUTb Le OAHEe BaXnumBe NUTaHHA — HenepenbadysaHi
Hacnigkn. Hanbinblly 3aHenoOKOEHICTb BUKIMKAE MOXNUMBICTb oOff-target
MyTauin — 3MiHM B iHWKX, HELINTbOBUX AiNsHKAaX reHoMy, WO MOXYTb MaTu
HebaxkaHi Hacnigkn ansa 3gopoB’st nauieHTiB. Ll dpakTtopu nigkpecntoTb
BaXXNUBICTb NPOBEAEHHA peTenbHUX OOCNIIKEHL Ta CYBOPOro KOHTPOSO 3a
BukopuctaHHsam CRISPR, wo6 3abesneuntn 6e3neky Ta edEeKTUBHICTb
TexHonoril. TexHonorii pegaryBaHHA TreHOMY MakwTb HEWMOBIPHUN
noTeHuian, ane anga ixX LWMPOKOro 3acTocyBaHHA HeobXiaHO BpaxoByBaTu
MOXJTMBI PU3NKK Ta HaACHIOKMW.

BucHoBok
PeparysaHHs reHis 3a gonomoroto CRISPR/Cas-9 BigkpuBae HOBY epy
B MOMeEKynsapHin 6Gionorii, 3abe3neyyoum YUCNEHHI MOXNUBOCTI — BIg

OCHOBHWX MOMEKYSAPHUX OO0CiAKeHb OO0 KNiHIYHUX 3acTocyBaHb. [NpoTe 1i
BMKOPUCTaHHS CYNPOBOOXKYETbCA PU3MKaMKU, TakMMK SK HenepeabadyBaHi
Hacnigkn peparyBaHHA reHoMy Ta HepiBHUW OOCTyn OO0 TexHonorin. [Ans
3abesneyeHHs 6e3nekn Ta eeKTUBHOCTI HEOOXiAHO MPOBOAMTWU AeTanbHi
AOCHIXKEHHS, po3poduTn eTUYHI HopMK Ta 3abe3neynTun piBHUIA JOCTYN 0
LIMX TEXHOMOTIN.
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YOK 577.24:616-092-085
INaBpuHeHko B.1., NoctepHak H.O., AHiubka J1.B.

MonekynsapHi mexaHiamu 3arubeni KnitTuHm
HauionanbHut yHieepcumem im. O. O. bozomornbus, YkpaiHa

Cell death is an important and complex physiological process that is an
integral part of the life of all living organisms. This process has a wide range of
functions, from critical stages of organismal development to maintaining
homeostasis, as well as regulating immune responses. During the development of
organisms, maintenance of their functions, and aging processes, cells die
according to a specific mechanism, but disruption or excessive cell death can lead
to the development of pathological processes.

Cell death is an important part of the body's response to internal or external
stresses, including infections, chronic inflammation, or tissue damage. Disruption of
cell death processes can lead to diseases such as cancer, neurodegenerative
diseases, autoimmune disorders, etc. The main mechanism that allows the body to
effectively control cell death is apoptosis. The study of various forms of cell death,
in particular necroptosis and pyroptosis, is of utmost importance for understanding
the pathogenesis of many diseases and developing new approaches to the
treatment of immune and inflammatory diseases.

Knro4oBi cnoBa: anonTtos, HEKPO3, MiponTo3, CMepTb KIiTUHU

Buknag ocHoBHOro wmatepiany. 3arubenb KMiTUH € BaXNUBUM
GionoriyHMM NpoLEeCcoM, LLO BMKOHYE $K i3ioNorivyHi, Tak i NaTONOrivHi
dyHKUil. Ona Hu3kn disionoridyHMX npoueciB 3anporpamoBaHa 3armbenb
KNITUH € KNIYOBUM  €fleMEHTOM IX peanisauii, 30kpema nig 4ac
eMbpioHanNbLHOro PO3BUTKY, a TaKoX y npoLecax NO3NTUBHOIO Ta HEraTUBHOIO
Bin6opy B- i T-nimcpouunTis.

Y romeoctatnyHMX ymMoBax B opraHiami NIOANHAU WoOeHHO BigOyBaeTbCA
3arnbenb MinbspAiB KNiTUH, SIKi CBOEYACHO PO3Ni3HAOTLCA Ta eniMiHYyTbCA
darounTapHumn  KnitTnHamn.  Llen npouec € BUcOKOoCNEUN@IYHUM i
KOHTPOSIbOBaHUM, WO 3abesnevyye nigTpMMaHHS TKaHWHHOI piBHOBarn Ta
CBigYMTb NPO edpeKTBHE PYHKLIOHYBAHHA CUCTEMU KMITUHHOIO KripeHCy.

BTim, 32 naTonoriyHnx ymoB, 30KpemMa npuv MacoBiini OgHOYaCHI 3arndeni
KNiTUH, IHOYKOBaHIN iHEKUIMHMMN areHTaMn, XPOHIYHMM 3ananeHHam abo
FOCTPUM MOLLUKOKEHHAM TKaHWH, OYHKUiOHanbHa 30aTHICTb dbaroumTapHol
cucteMm Moxe OyTM nepeBulleHa. Y Takumx CUTyauisix CnocTepiraeTbcs
HaKOMUYEHHS KINITUHHUX 3arULLKIB, L0 CYNPOBOLKYETLCA HEKOHTPOSTbOBAHNM
BMBISTbHEHHAM BHYTPILUHBOKMNITUHHOIO BMICTY Y NO3akniTMHHUIA npocTip. Le, y
CBOIO Yepry, MOXe iHilitoBaTV BTOPUHHY IMYHHY Bi4NOBIAb i CNPUATU PO3BUTKY
3ananbHOro npouecy. BwuBINbHEHI  BHYTPIWHBLOKMITUHHI  KOMIMOHEHTU
PYHKUIOHYIOTb 9K  CUrHamnbHi  MOJSIEKYNU, WO MOo3Ha4awTb  KIiTUHHE
YIWKOOKEHHS — MOJEKYNspHi naTtepHu, nos’dA3aHi 3 Hebeanekow (DAMP,
damage-associated molecular patterns) [1]. DAMP-CTpyKTypn akTuBYHOTb
BPOLKEHY iIMYHHY Bi4MOBiAb, CTUMYIIOOYN 3anydYeHHs Jo4aTKOBUX harounTis
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Ta IMYHOKOMNETEHTHUX KMITUH ONa eniMiHauil YLWKOOIKEHUX €efleMEeHTIB i
iHiLiauil npoueciB penapadii TKAaHWH. Y KOHTEKCTI iH(EeKLin aHanoriyHy posib
BUKOHYIOTb  MOJSEKyndapHi  natepHW, nos’'s3ani 3 natoreHamu (PAMP,
pathogen-associated molecular patterns), <€ki akTMBYHOTb CNeUNdIYHI
aHTMMIKPOOHI MexaHi3mMu 3axucTy.

3anexHo Big TUNy nogpasHuKa Ta KOHTEKCTY, KNiTMHU MOXYTb iHilitoBaTH
3anporpamoBaHy 3armbenb — MexaHi3M, SAKUA [O03BOSISE  perynoBaTtu
IHTEHCMBHICTb iIMYHHOI BignoBigi Ta 3anobiraTv HagMIPHOMY YLUKOOKEHHIO
TKaHWH. Hanbinbw gocnigxeHnmmn oopmamm nporpamoBaHol 3armbeni KnituH
€ arnorTos, HekponTo3 (MporpamMoBaHMA HEKPO3) Ta MiponTo3 — YCi BOHU
XapakTepuayrTbca  cneumdivyHMMKM  MOMEKYNsapHMMKM  Kackagamu — Ta
Hacnigkamun ans iMyHHol cuctemu [2].

CyyacHi yaBREeHHA npo MexaHiamn  3armbeni  KMiTUH  3HA4YHO
PO3LUMPUIINCA, 30Kpema 3aBadkM igeHTudikauil  HeanonTuyHMX  dopm
KNITUHHOT cMmepTi. OfHielo 3 Taknx (popm € HEKPONTO3 — 3anporpamMoBaHumn
HEeKpo3, SKMW, Ha BiOMIHY Big4 anonTo3y, He CYNpPOBOIKYETHCSA
dparMeHTauielo KNiTMHM Ha anonTUYHI TiNbus, a NpM3BOAUTL 40 HabyxaHHS,
niaucy membpaHu Ta BUMBINbHEHHST iIMYHOrE€HHUX KOMMOHEHTIB. BBaXkaeTbcs,
LLIO HEeKPOonTo3 eBOJIUIMHO CcopMyBaBCA 4K MexaHi3aM Bignosigi Ha
naToreHn Ta Ans CTUMynauii pereHepaTUBHUX NPOLECIB Y TKAHMHAX.

AKTMBaLisi HEKPONTO3Y OMnocepedKOBYETLCA HU3KOK peLenTopiB, cepen
AKMX peuentopu cmepTi (Hanpuknag, Fas/FasL), Toll-nogibHi peuenTtopu
(TLR3, TLR4), a TakoX peuentopy UUTO3ONbHUX HYKNEIHOBUX KUCHOT,
3okpeMa RIG-I Ta STING. OcTaHHi akTMBYOTb NPOAYKLito iHTepdepoHy | Tuny
(IFN-1) Ta dhaktopy Hekpody nyxnuH anbda (TNF-a), ki, y cBow 4epry,
IHOYKYIOTb 3anyck HekponTuyHoro kackagy. Kpim Toro, iHribyBaHHs kacnasn-8
— epMeHTy, Lo 3a3Buyanm Onokye HekponTo3 — nig Aieto  MIKpOOHUX
dakTopiB abo dapmakonoriyHMx iHribiTopiB TakoX CApUsie akTMBaLlii LbOro
LLNAXY.

MonekynapHuMM  MexaHiaMm  HekponTo3dy nepenbayae  akTMBaLilo
cepuH/TpeoHiHoBux kiHa3 RIPK1 ta RIPKS. llicnsa posnisHaBaHHS «curHany
cmepTi» npoteiH RIPK1 niggaetbca aeybikBiTMHyBaHHIO 3a ydacTi CYLD, wo
Ao3Bonsae nomy B3aemonifati 3 RIPK3, gpopmyoun HEKPOCOMHUI KOMMNekKe. Y
cKknagi uboro Komnnekcy BigbyBaeTbcs dhocdopuntoBaHHa npoTteiHa MLKL,
SIKUA, Y MPUCYTHOCTI BMCOKO hbocdopurniboBaHoro iHosutondocdaty (IP6),
oniromepuayetbes. OniromepmnsoBanHnn MLKL TpaHcnokye 0o cneundivHmx
AOMEHIB nrasmaTtu4Hol MeMbpaHu, baratux Ha
docaTnguninosmtondgocdatn (PIP), oe dopmye Benuki nopu. YTBOPEHHSA
TakMx NOp MOpywye OCMOTMYHMKA BanaHC KNiTUHW,  CNPUYUHAYN
HaOXOMKEHHS WMOHIB, KNiTUHHE HabyxaHHA Ta 3peLlTo — PYNHYBaHHS
nnasmaTtu4Hol MeMbpaHu 3 HEKOHTPONbOBaHUM BUBINTbHEHHAM
BHYTPILUHLOKITITUHHOIO BMICTY B MiXKKNITUHHMIA npocTip [3]. Llen npouec mae
BUPaXXeHUW npo3anarnbHUA noTeHuian i Bigirpae 3Ha4yHy posib Y PO3BUTKY SK
IHPEKLINHMX, TaK | CTEPUITbHUX 3anarnbHUX CTaHIB.
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Y KOHTEKCTIi CTEepunbHOro 3anarieHHsl, 30KpemMa Ha paHHIX eTtanax
PO3BUTKY 3MOSAKICHUX HOBOYTBOPEHb, HEKPOMNTO3 Bidlirpae KPUTUYHO BaXKunBy
porb Yy dopMmyBaHHI  edekTuBHOI  iMyHHOT  Bignosigi. LUen  Tun
3anporpamoBaHol KMiTUHHOI 3arnbeni cnpude BUBINbHEHHIO IMYHOMEHHUX
MONEKYNAPHUX NaTepHiB, $SKI aKTUBYIOTb KOMIMOHEHTU BPOMLKEHOro Ta
afanTUBHOIO IMyHITETY, CTUMYJIIOOYM  pO3Ni3HaBaHHA Ta  eniMiHauio
TpaHCcOpPMOBaHNX KNITUH.

KniHivyHi  gocnigpkeHHs cBigvaTb, WO 3HWMXKEHa EKCrpecis K4yoBOro
edekTopa HekponTody — npoteiHa MLKL (Mixed Lineage Kinase Domain-Like
Protein) — Kopentoe 3 HECNPUATAMBMM MPOrHO30M Y MNaLi€HTIB i3 Pi3HUMMK
BUgaMu paky, BKIIHOYaKYM KapuMHOMY MOJSIOYHOI 3ario3n, SIEYHUKIB, LUYHKa,
TOBCTOI KMLIKX Ta NigLWSTyHKOBOI 3ano3n. PesynbTatn JOCnigKeHb BKa3ylTb
Ha MOTEHUINHE 3HAYeHHs HEeKpOMnTO3y, AK aHTMOHKOreHHOro MexaHi3my, Lo
3abe3neyye akTMBI3aLit0 iIMyHHOro KOHTPOO 3a NYXSIMHHUMU KIITUHAMWN.

EkcnepumeHTanbHi Mogeni Ha TBapuHax NiATBEPAKYIOTb BaXIMBICTb
HEeKpoOnTO3y B  aKkTuMBauil  MPOTUNYXIIMHHOIO  iMYHiTeTy.  30Kpema,
BHYTPILUHLOMYXMHHE BBEAEHHS1 akTuBOBaHOI chopmn npoTeiHy RIPK3 abo
3aCTOCYBaHHA HEKPOTUYHMX KNITUH SK BaKUMHHOrO areHTa npus3Boguno o
opMyBaHHSA BUpPaXXeHo! NPOTUNYXIMHHOI iIMyHHOI Bignosigi Ta iHribyBaHHSA
POCTY NyXnuH [4].

[MipoNTO3 BUKOHYE BaXKNMBY 3aXMCHY (PYHKLi0 B yMOBaX iHpEKLiNHOro Ta
HeiHJIEeKLIMHOro CTpecy, Cnpuarym eniMmiHauil iHpikoBaHMUX YN NOLLUKOOKEHUX
KNiTUH, 3anobiratoum nOWMPEHHIO naToreHiB. [liponTo3 Hanexutb Ao
0CODNMBKMX TUMIB 3anporpaMmoBaHoOl KNITUHHOI CMEPTI, WO XapaKTepusyeTbCs
MNOPYLUEHHAM  UiNICHOCTI  nnasmatuyHol MembpaHum Ta  iIHTEHCUBHOK
nposananbHolo Bignosigaw. [lpouec niponTody akTUBYETLCA BHACIIOOK
CTUMYINAUIT BHYTPIWHBOKNITUHHMX peuenTopiB  3ananeHHs Nod-nogidHux
peuentopis (NLRsS), peuentopis uutosonbHoi AHK Ta peuentopis nipuHy.
[MpoTe, HagMipHa akTMBaLis LbOro MexaHiamy MoXe npusBoanTU 40 PO3BUTKY
NaToONOriYyHOro 3ananeHHs.

AKTuBaUia  niponTo3y  iHILIETECA  PO3Ni3HABaAHHAM  KITITUHHUMM
CeHcopaMu LLUMPOKOro CNeKTpa CUrHasiB — 30KpemMa MOJSIEKYIISPHUX MaTepHIB,
acouinosaHux i3 Hebesnekow (DAMP), natoreHamn (PAMP), nopyLueHHAM
LiniCHOCTI  KNiTUHHOI MemOpaHW, 3MiHaMM OCMOTMYHOro 6GanaHcy Ta
KOSIMBaHHAMW KOHLIEHTpaUin WOHIB. Y BIignNoBigb Ha Ui CUrHanNuM peuentopu
OpMYyIOTb MYSIbTUNPOTEIHOBI KOMMNeKcn — iHbnamacomun (inflammasomes),
SKi aKTUBYIOTb Kacnasu-1. AKTMBOBaHa Kacnasa-1 34iMCHIOE NPOTEOoniTUYHE
pO3LUENSIEHHSS HEeaKTUBHUX MnonepeaHukis iHTepneunkiHie IL-13 Ta IL-18,
nepeTBOplOOYM X Ha OionoriyHO akTmBHi popmu. Kpim Toro, kacnasa-1
akTuBye npoteiH rasgepmiH D (GSDMD), po3siienneHHs SKoro BuBinbHS€e N-
KIHLEBUN OOMEH, SKMW ONiroMepusyeTbCs Ta POPMY€E Nopu B NiasmMaTUYHIN
MemOpaHi. YTBopeHHA nop 3abeanevyye BuBiINbHEHHA IL-13 Ta IL-18,
CNPUYNHSE OCMOTUYHUI aucbanaHc, HabpsaK KNiTUH (edekT 6anoHyBaHHSA) i
3aBepLUeHHSA niponToay.
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Ha noyatkoBux etanax, nicnga yrBopeHHA nop GSDMD, knituHa aktuBye
MexaHi3aM penapauil mMembpaHu, WO KOHTPOMETbCS cuctemoio ESCRT
(endosomal sorting complexes required for transport). 3axMcHMn MexaHi3m
ESCRT cnpusic 0bMeXeHHI0 YLKOOXKEeHb, 3yMOBEHUX niponTto3om. [lpoTe,
SKWO BiOHOBMNEHHS MeMbpaHu BUSBMASAETbCA HeedEKTUBHUM, OCTaTO4vHE
NOPYLUEHHS Ti LiniCHOCTI Npu3BoauTb 40 3arnbeni KniTMHM 3a NipoNTOTUYHUM
TMnom [5].

Anonto3 € BUcokocneun@iyHuM | eHeprosasneXXHMmM MexaHi3MOM
3anporpamoBaHOl  KIiTUHHOI 3arnbeni, WO Bigirpae K4YoBy pofb Y
NiATPUMaHHI romeocTady TKaHUH, eMOpioHanbHOMY PO3BUTKY, IMYHHIN
BiAnoBiai Ta eniMiHauil KNITUH 3 NOLWKOMKEHHAMWU. BigMIiHHOK PUCOIO LIbOro
npouecy € BIACYTHICTb 3ananbHOl peakuil. Kno4yoBow nogieto anonrtosy €
BUBIMIbHEHHSA UMTOXpoMy C 3 MiKMeMBpaHHOro MNpocTopy MITOXOHAPIN Y
LMTO305b, LLO PErynoeTbCs AnMHaMiYHUM BanaHcoM MK MpoanonTUYHUMMU
(BAX, BAK) ta aHtTManontuyHumun (BCL-2, BCL-XL) npoTeiHamn cimencTea
BCL-2. Llen npouec KOOPOMHYETLCS iHiLiaTOPHUMKN Kacnasamu (Kacnasa-8,
-9, -10) Ta edekTopHMMM Kacnasamu (kacnasa-3, -6, -7). 3aBepLuanbHOK
nogieto  anonTo3dy € pPOo3WENfeHHs BHYTPILWHbOKMNITUHHUX  MNPOTEIHIB,
aerpagadis agepHoi MemOpaHun (4Yepe3 akTUBHICTb Kacnasu-6), a Takox
dparmeHTauia AHK Ha HyKrneocoMHi oanHuLi.

|HiLiauisa anonTo3y mMoXe BiabyBaTUCb ABOMaA CUrHaNbHUMU LUNSIXaMW:
BHYTPILWHIM  (MITOXOHApIaNbHUM) Ta 30BHIWHIM  (peuenTop-3anexHum).
BHYTPILWHIN WNAX akTUBYETLCA Y BiANOBIAb HA BHYTPILUHLOKITITUHHI CTpecopu,
3okpema nowkomkeHHs [OHK, okucnioBanbHUM CTpec Towo. 3a umx ymoB
BiabyBaeTbca oniromepusadis npoanonTuUyHux npoTeiHiB BAX Tta BAK, ski
GOpPMYIOTb MOPU Y 30BHILLHIM MeMBpaHi MITOXOHApPIN, WO Npu3BOAUTL OO0
Buxogy umtoxpomy C y umtonnasmy. Tam BiH 3B’A3yeTbcs 3 Ginkom Apaf-1,
YTBOPKOKOYM anonTocoMy 3a y4dacTi npokacnasu-9, Lo 3anyckae akTuBaLito
Kackagy eqeKkTopHMX Kacnas. 3O0BHIWHIA LWgX anonTto3y akTUBYETLCH
LWNAXoM B3aemofil niraHgie 3 mMeMOpaHHUMM peuenTopaMn, TakumMu siK
peuenTtop dakrtopa Hekposy nyxnvH 1 (TNFR1), Fas (CD95) a6o Toll-noaibHi
peuentopn (TLR). AkTMBauUis Uuux peuenTopiB iHOYKYE OOPMYBaHHS
CUrHaNbHUX KOMMNIIEKCIB, A0 cknagy sikux Bxoasatb npoteiHn TRADD (TNFR1-
acouinoBaHunin NpoTeiH gomeHy cmepTi), FADD (Fas-acouinoBaHui npoTteiH
AOMEHY CMepTi), peuenTop-3B’a3yBarnibHa CepuH/TpeoHiHOBa NpoTEIHKiHa3a 1
(RIPK1) Ta npokacnasa-8. YTBOPEHHSI LbOro KOMMSIEeKCYy Mpu3BOAUTL [0
akTmBauil kacnas-8 i -10, Wo iHiuitoe KackagHy akTMBaLito epeKTOpPHMX Kacnas
Ta CNPUYNHAE MOPAOMOriyHi Ta BioXiMiYHI 3MiHW, XapakTepHi A4Na anonTo3y.

TakmM 4YMHOM, anonTo3 € YiTKO KOHTPOSIbOBAHUMM MeXaHi3MOM, SIKUN
3abe3neyye cenekTMBHE BMAANEHHA KMITUH 6e3 LWKoan ANns OTOYYHUMX
TKaHWH, | Mae dyHOameHTarbHe 3Ha4YeHHA B HoOpMarnbHiM doisionorii Ta
naTonorii, 30Kpema B KOHTEKCTi OHKOJIOMNYHMX, HenpopaereHepaTtuBHMX Ta
ayTOIMYHHUX 3axBoptoBaHb [3].
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BucHoBkn. KnitmHHa 3armbenb € cknagHUM,  OUMHAMIYHUM |
B3aEMOMNOB’A3aHMM BiONOriYHMM MNPOLIECOM, Y SIKOMY anonTo3, HEeKPOMnTOo3 i
niponTo3 He nuwe (QYHKUIOHYIOTb OQHOYacHO, a W nepebyBaloTb Yy TICHIN
perynaTtopHin B3aemofil. BusHayanbHy ponb Yy CnNpsMyBaHHI KIITUHUM Ha
neBHUM WwnNax 3armbeni Bigirpae kacnasa-8, 4dKka, 3anexHo Big
NOCTTPaHCNAUIMHOT Moauikauii, BM3HA4Yae TOM UM iHWMA LWNAX 3arnbeni
KNiTMHKW. Taka iHTerpaTuBHa perynsuis 3abeaneyye 36epexeHHa romeocTasy,
KOHTpONb 3ananbHOl Bignosigi Ta MiATPUMKY TKAHWHHOI  LiNiCHOCTI.
[TopylleHHA piBHOBArM MK UMMMK LUNSXaMW MOXE CNPUYMHUTU PO3BUTOK
NaTONOriYHMX CTaHIB — Bif 3MNOSAKICHUX HOBOYTBOPEHb 40 XPOHIYHMX 3ananeHb
Ta aBTOIMYHHUX 3axBOplOBaHb. Y 3B'A3KYy 3 UMM, nojarnblue nornuvbneHe
BUBYEHHSI  MOJSIEKYNISIPHUX  MexaHi3aMiB  KMiTUHHOT  3arnbeni  Bigkpueae
NepcnekTnBn Anst CTBOPEHHSA HOBUX TepaneBTUYHUX CTPAaTErii, OpiEHTOBaHMUX
SIK Ha IHOYKUIIO NporpamMoBaHOol CMEPTI KNITUH Y BUNagKkax OHKONaTomMorin, Tak
| Ha Tl NPUrHIYeHHA NPU IMyHO3ananbHUX YPaXKeHHSIX.
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Ponb mutp53 B oHKkOreHesi
HauioHanbHut meduyHuu yHisepcumem imeHi O.0O.bocomorbus, YykpaiHa

The work is devoted to studying the molecular mechanisms of tumors caused
by mutations of the TP53 gene. Normally, the p53 protein regulates the cell cycle,
apoptosis, DNA repair, and genomic stability. Mutations (mutp53) lead to the loss of
the protective function of the protein, sometimes to the acquisition of new properties
that contribute to malignant transformation, proliferation and invasiveness of cells.
Special attention is paid the role of mutp53 in the formation of the aggressive
phenotype of tumor cells and prospects its use as a therapeutic target.

KntouyoBi cnosa: TP53, p53, mutp53, OHKOreHes, nyxsMHHWIA CcCynpecop,
anonTo3, KNiTUHHWUI LMK, MOSEKYNspHa OHKOMOTris.

OcHoBHUM 3MicT. HanbinbLl 4acTo MyTOBaHUIN FEH Y PaKOBUX MyXJIMHAX
noanHN € reH nyxnuHHoro 6inka TP53, wo kogye KMiTUHHWA NyXAUHHWUA
aHTureH p53 [1]. TP53 € ogHMM i3 HANBaXKMMBILLMX FEHIB-CYNnpecopiB NyXyuH,
SAKAN KOHTPOMIOE KIITUMHHWUM UMK, anonto3 i penapauito OHK. Mytauii B
UboMy reHi (mutpd3) € ogHMMKM 3 HaWnoWMpPEeHIWKnX cepen 3MOSKICHUX
HOBOYTBOPEHHAX, | X HAsIBHICTb CNpUSIE€ PO3BUTKY arpecmBHOro dpeHoTuny
NYXAUHHKUX KNiTUH [2]. TeH p53 3abe3nevye IHCTPYKLUii Ans CTBOPEHHSA Binka,
KU HA3MBaAETLCA NYXIUHHUM NpoTelHoM p53. BiH peryntoe noain KnituH, He
Aakudn KniTmHam pocTtu Ta nponidepyBat WBMAKO abo HEKOHTPONbOBAHO.
Llen reH koaye npoTeiH-cynpecop NyxSIMHWU, O MICTUTb AOMEHU akTusauil
TpaHckpunuil Ta 3B’a3yBaHHa [OHK. KogoBanHun npoTeiH pearye Ha
PiBHOMaHITHI KNITUHHI CTpecw, Wob perynioBaTy €KCNpecito LifIbOBUX TEHIB,
TAM CaMUM iHOYKYKOUYM 3YNUHKY KNITUHHOrO LWKIY, anonTto3, CTapiHHS,
BigHoBneHHA [JHK abo 3amiHn meTtabonismy [3].

[MpoTeiH p53, nokanisoBaHUM Yy KNITUHHOMY A4pi, 30INCHI0E NpAMY
B3aemogito 3 [1HK. Y Bignosigb Ha 1i NOLWKOOXEHHS, CMPUYNHEHI EK30r€HHUMMU
areHTamn, p53 Bigirpae uUeHTpanbHy pofb Yy MNPUAHATTI PilleHHA LWoao
noganbliol Aoni KNiTUMHKW: BigHOBNeHHA nowkomkeHol OHK abo iHaykuis
anonTtosy. Y Bunagky moxnueocTi penapadii OHK, npoteiH p53 iHiuyitoe
EeKCMpPEeCilo TeHiB, 3anydeHMx OO0 UubOoro npouecy. 3a HEMOXIIMBOCTI
BiQHOBMEHHSA, p53 iHribye KNiTMHHY nponidepauitdo Ta akTUBYE CUrHanbHi
LUNAXM anonTody. 3aBaskyn 34aTHOCTI 3anobiratu Noginy KniTMH 3 MyTOBaHOK
abo nowkomkeHow LOHK, p53 € Baxnueum aktopoMm Yy npoinakTul;
HeonnacTU4YHUX nNpoueciB, WO 3YMOBMIOE WOro0 HasBy HAK "OXOPOHUS
reHomy" [4].

[MepeBaxkHa BiNbLWICTb rEHETUYHUX arnbTepauin, siKi NoB’aA3aHi 3 reHOM
TP53 npencrtaBneHi MiceHc-myTauisMu, WO NPU3BOAATbL [0 TpaHcnauil
NOBHOPO3MIPHOI MyTaHTHOI doopmn p53 (Mutp53), KM XapaKTepusyeTbCs
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€OMHOI0 aMIHOKUCIIOTHOK 3aMiHOK Y MOPIBHAHHI 3 NPOTEIHOM OWKOro Tuny.
[MaTodpizionoriyHMM  HacnigkoM TakMx MyTauin € He nuwe BTparta
nputamaHHol p53 OuKOoro Tmvny PyHKUil cynpecii NyxNMHHOIro pocTy, ane wm
HabyTTa MyTaHTHMMM  NPOTEIHOBUMMKW  (bopMaMn  HOBUX  OHKOFEHHUX
akTuBHocTen. Lli HOBOHabyTi OyHKUii, WO CrApusioTb NPOrpecyBaHHIO
3M0SKICHOro Mpouecy HesanexHo Big4 NPUCYTHOCTI p53 AuKoro Tuny,
oTpUManu HOMEHKNaTypHe BU3HAYEHHA SK «MocuneHHs yHKui» (gain-of-
function, GOF). XapakTepHot 0COONUBICTIO KMiTKH, WO 3a3Hann 3nosikiCHOI
TpaHccopMauil, € TeHOeHUia [0 3HayHol akymynauili mutp53, wo
po3rnNAfacTbCad AK KPUTUYHUK PakTop ANna pearnisauil Moro OHKOreHHUX
edoekTiB [5].

Taki myTauil npu3BogAaTb [0 BTpaT (yHKUIM gukoro Tuny pS3. 3a
HOpManbHUX YMOB P53 KOHTPOSOE TPAHCKPUNUIIO reHiB, MOB’A3aHUX i3:
3ynuHKOK KniTuHHOro uukny (p21, GADDA45), anonto3om (BAX, PUMA,
NOXA), penapauieto OHK (XPC, DDB2). mutp53 BTpavae 3aaTHICTb
aKTMBYBATU Ui reHn, WO CNPUYMHAE HEKOHTPOBbOBAHY nposiidpepadito KIiTUH.

[MpoTeiH p53 y cBOIM HopManbHIN dopmi (WtP53) € KnoyoBuM
CynpecopoM nNyxfuWH, WO KOHTPOSIKE KAITUHHUA UMK, anonto3 Ta
BigHoBreHHa OHK, peryrniotoun ekcnpecio BignoBigHWMX reHiB (Takmx sk p21,
GADD45, BAX, PUMA, NOXA, XPC, DDB2). MytaHTHUA npoTeiH p53
(mutp53) He nuwe BTpadae 34aTHICTb akTUBYBATWU FeHW, BignosigarnbHi 3a
3YMNHKY KIITUHHOrO UMKIy, anonTto3 Ta penapauito OHK, cnpusoun takmm
YNHOM HEKOHTPOSIbOBAHOMY PO3MHOXEHHIO KIITUH, ane n Moxe MNposBIIATU
AOMIHAHTHO-HeraTMBHNUN edeKT, iIHaKTUBYOYN HassBHUN HOpPMarbHUW NPOTEIH
p53 [6].

OaHuM i3 byHOaAMeEHTarnbHUX MexaHi3MiB NpoTUnyxnuHHoIl ail wiP53 €
iIHOYKUiS anonTo3y, WO pearni3yeTbCa 9K Yepes3 TPaHCKPUMNUINHO-3anexHi, Tak i
TPAHCKPUNUINHO-HE3aneXxHi CUrHanbHi Wnaxu. Y a0epHoOMY KOMMApPTMEHTI
KNITMHKM p53 CTUMYNIOE EKCMpecito NpoanonTOTUYHUX reHiB poauHn BCL-2
(NOXA, PUMA, BID, BAD, BIK, BAX) T1a iHribye ekcnpecito
aHTnanontotmyHmx redis  (BCL-2, BCL-XL, MCL1), wo iHiyitoe
MITOXOHApIanbHUN WNAX anonTtody. [oaaTtkoBo, uuTonnasMaTuydHum pd3
3gatHuin  6e3nocepeaHbO B3aeMoiaTM 3 npoteiHamyn poanHn BCL-2 vy
MITOXOHAPIAX, TAKOX CNPUAOYM IHAYKUIT anonTo3y. HewonasBHi goCnigKeHHS
ineHTudikyBann reH SEPT4/ARTS, wo koaye npoanonTOTUYHUA MPOTEIH
ARTS, nokanizoBaHui y MITOXOHAPISIX, SIK HOBY Mill€Hb TPaHCKPUMNLINHOT
perynsauii 3 6oky p53 y BignoBiAb Ha reHOTOKCUYHWI cTpec. Baxnueo, wo
npoteiH ARTS, y cBow u4epry, Moxe BCTynatu Yy B3aemogito 3 p53,
CNpAMOBYBaTM WOro TpaHCroKauito [0 MITOXOHApIN Ta nigcunioBaTtu
B3aemogito 3 BCL-XL, wo nigkpecnoe CKnagHun xapaktep B3aEeMO3B'A3KY
MK pS3 Ta MexaHiamamu perynsuii anontoay [7].
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Y pocnigxeHHax Nguyen, T. A., Menendez, D., Resnick, M. A., &
Anderson, C. W. goBefeHo, Wwo Aeski BapiaHTn mutp53 HabyBaloTb HOBUX
BNaCTUBOCTEWN, CNPUSIOYMN NPOrpecil NyXNMHU: akTuBauia TpaHcdopMaLiHUX
LUNSXiB — B3aemogdist 3 haktopamun TpaHckpunuil NF-kB, HIF-1a, wo cnpuse
aHrioreHe3y Ta BWXMBAHHIO KIITWUH; TMOCUMEHHS MeTacTasyBaHHA —
ctumynsauis  EMT  (eniTenianbHO-Me3eHXiManbHOro  nepexoqy) 4epes
B3aemopaito 3 TGF-B curHanbHMM LWNAXOM; PE3UCTEHTHICTb A0 Tepanii —
mutp53 MoXe 3HWXKyBaTWM YYyTNMBICTb KNITMH A0 XiMioTepanii  Ta
onpoMiHeHHs [8].

BucHoBok. MyTtauil p53 € OfHielo 3 KIIYOBUX MOAIN Y PO3BUTKY
3M0SAKICHUX MyXNWUH, agKe BOHW MNPU3BOAATbL OO0 BTpaATU pPeErynaTopHUX
MexaHi3MiB KNiTUHHOrO UMKy, raribMyBaHHA anonTtody Ta Npu3BoAATb A0
reHOMHOI HecTabinbHOCTi. Mutp53 He nuwe BTpayae YHKLUiO cynpecopa
NyX"WH, @ N HabyBae HOBMX OHKOFEHHWX BIIACTUBOCTEWN, LLO POBUTL MOro
NOTY>KHUM panBepoM MyXIMHHOI NPOrpecii.

BinbLwicTe TpaguuiHMX TepaneBTUYHUX MigXoniB ManoegeKkTUBHI NpPoTH
NyXJSIMH, CNpuUYMHEHUX mutpb53, cyyacHa wMeguuuHa 30cepeXeHa Ha
po3pobui TapreTHux cTpaTerin  ansa Kopekuil abo ©OnokyBaHHS IMOro
naTonoriyHol akTmBHOCTI. O4HUM i3 NepCnekTUBHUX HaNpAMIB € pecTaBpauis
avkoro pS3 3a gonomoroo Manux morsekyn, Taknx 9k PRIMA-1 ta APR-246
[9], Aki BigHOBMNIOKOTH MpPaBWUITbHY KOH(OpMaLito MyTaHTHOro MpoTeiHa Ta
noBepTaTb NOMY (PYHKLOHaNbHY aKTUBHICTb.

lHWK  BaxknuBMM nigxig — iHribyBaHHA mutp53, cnpsiMoBaHe Ha
3HMXKEHHA Woro cTabinbHOCTI Ta NpUCKOpeHy Aerpagauio. Hanpwuknag,
Monekynu Ha 3pasok Ganetespib [10] npurHivyytoTe LWwanepoHn, Wo
NiATPUMYIKOTb a@HOMarnbHO [0Bre XUTTA mutp53 y NyXNUHHUX KIITUHAX,
cnpus4m noro posnagy [11].

Kpim TOro, akTMBHO poO3rnagacTbCs imyHoTepanis sk 3acib 6opoTbbu 3
NyxfiMHaMu, SKi BUKNunkaHi mutp53. Po3pobka BakUWH, HaUiNeHnx Ha MyTaHTHI
dopMmn  nNpoTeHy, abo BUKOPUCTAHHA T-KNITUHHOI Tepanii  MOXyTb
3abe3nevnTn BUBIPKOBE 3HULLIEHHS NYXIMHHUX KNITUH i3 MyTOBaHUM p53 6e3
BMNWBY Ha 340POBI TKaHWHU [12].

3aranom, He3Baxako4yM Ha CKMagHiCTb NPobremMu, cy4acHi AOCNiAKEHHS
mutp53 BIiAKPMBAOTb HOBI MOXIMBOCTI NS NepcoHarni3oBaHoi MeaUuUMHM.
[MoegHaHHA pecTaBpauiHKX, iHribylUMX N iIMYHONOrYHMX NiAXo4iB MOXe
ctatm edEeKTUBHOKW CTpaTterielo  aOns nikyBaHHA  LUMPOKOro crekTpa
OHKOJOrYHNX 3aXBOPKOBAHb, NOB’A3aHUX i3 MyTauigamu pS3.
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TepaneBTUYHE BUKOPUCTAHHA HAHOYACTUHOK Y NiKyBaHHi OHKOJTOTiYHUX
3axBOpHOBaHb

HauioHanbHut medudyHuu yHisepcumem imeHi O.0.bocomorbus, YkpaiHa

Cancer remains one of the leading causes of death worldwide, with
approximately 20 million new cases diagnosed each year, according to the World
Health Organization (WHO). Traditional treatments often lack specificity, are toxic,
and insufficiently effective. Nanoparticles (NPs), due to their unique
physicochemical properties and ability to selectively target tumor cells, are
emerging as promising tools for developing safer and more effective cancer
therapies.

KnroyoBi cnoBa: OHKONOrisi, HAHOYACTMHKN, CNeUniYHiCTb, BUBIPKOBICTb.

AxTyanbHicTb. BukopuctaHHa HaHo4dacTuHok (HY) BigkpvBae HOBI
rOpU3oHTM B BGOpOTbOI 3 pakom, AOCTaBASAYM MKMW NPSAMO A0 MNYXSIMHHUX
KNiTMH. Lle gae MOXNUBICTb 3MEHLUUTM HeraTuBHI BMAMBW Ha OpraHiam Ta
NiABUWNTM  edPeKTMBHICTb NiKyBaHHA. 3 Ornggay Ha Ui nepesaru,
TepaneBTUYHe BukopuctaHHa HY € HagssBuMyanmHO  NEePCneKTUBHUM
HanNPSIMKOM B OHKOJIOTiT, AKMA MOXe CcTaTu KITlo4eM [0 PO3B’si3aHHSA OLHIE0 3
Han3aragKkosilmnx xBopob noacTea.

MerTa. lNpoaHanisdyBaTtn noteHuian HY Ak iHHOBaUiMHOro TepaneBTUYHOIO
nigxony, wo 3abesnedvye niaBuLLeHy 6iOCYMICHICTb, 3HUXEHY TOKCWUYHICTb,
BMCOKY CTabinbHICTb Ta 30aTHICTb A0 rMMBLWIOro MPOHUKHEHHS B KITITUHW,
cnpusitoum BGinbll TOYHOMY HaUIMOBAHHIO Ha NYXJIMHHI KNITUHU NOPIBHSAHO 3
TpaguuinHnMn MmeTogamu nikyBaHHS.

MaTtepiann Ta metoan. byno npoaHanizoBaHO HaykoBi CTaTTi, po6oTK
Ta peueH30BaHi XXypHanu 3 6a3 gaHux, Takmx sk PubMed, Google Scholar,
ScienceDirect Ta SpringerLink, ski BAUCBITNIOKTb Cy4acHUA CTaH OOCHIAKEHb
HaAHOYACTMHOK Yy MiKyBaHHI paky. Takox Oyna 3finHeHa ouiHKa nepesar Ta
HeOonikiB BUKOPUCTAHHS HAHOTEXHOMOrNn 3 akueHTOM Ha NepCcrnekTuBu B
KNiHIYHOMY 3aCTOCYBaHHI.

Pesynbtatn. Y cdepi MeOuUyHMX  HAHOTEXHOMOrA  aKTUBHO
BUKOPUCTOBYIOTLCA MaTepiann 3 po3MipamMu B HaHOAiana3oHi — 3a3Buyan Big,
1 po 100 HaHomeTpiB. BOHM 3HaxoOATb 3acToCyBaHHA Yy CTBOPEHHI Ta
BUPOBHMUTBI nikyBanbHMX 3acobiB i MOXyTb OyTW 9K OpraHidyHUMMK, TakK i
HeopraHiyHUMK.  HeopraHiyHi  HaHomMaTtepianM 4acTo MalTb  BULLY
BioCyMiCHICTb Ta CTabifIbHICTb NOPIBHAHO 3 opraHiYHuMK. [Jo HanbinbLW YacTo
BukopuctoByBaHnx HY BigHocatbca nonimepHi HY, metanesi HY (3onoTa,
cpibna, wmigi) Ta ribpugHi HY, ki npoaemMOHCTpyBann MOKpaLLeHy
ePeKTUBHICTb [JO0CTaBkM nikiB [1]. 3MeHLWeHHA po3Mipy YacTUHOK [O
HaHOMacLlTaby Hagae maTepianamMm HU3KY YHIKanbHUX ONTUYHUX, MarHiTHUX
Ta EenekTPUYHUX BMacTUBOCTEN, WO BIAPI3HATbL X Big TpaguuinHUX
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Makpomonekyn. HaHomaTtepianu, Ak npasuno, MakTb BUCOKUM KOEILEHT
MAOLL NOBEPXHI no ob'emy, NigBULLEHY €eneKTPOonpOBIAHICTb,
cyneprnapamMarHiTHi BracTMBOCTI Ta BiAMIHHY donyopecueHUito. Y MeanyHin
chepi Ui maTepianM akTUBHO BMKOPUCTOBYHOTLCA AJSI OOCTaBKU NiKapCbKUX
3acobiB i KOHTPONbOBAHOrO BWBINIbHEHHS MpenapaTiB. Cepen OCHOBHUX
nepeBar € 3OaTHICTb NPOHMKATU 4epel3 OionoriyHi Gap’epn Ta BUCOKa
BiocymicHICTb [2]. 3aBOsikM CBOIM YHiKanbHUM BlaCTUBOCTAM HaHOMaTepianm
MOXYTb HakonuyyBaTMUCA B  MYyXJIMHHUX TKaHWHaX, LWO 3YMOBJIEHO
0CODNMBOCTAMM CYANHHOI opraHidauii NyxSfiMH, 30Kpema, IXHbO MiABULLEHOLD
NPOHUKHICTIO Ta HEeOOCTaTHbOK eEKTMUBHICTIO NliMaTniHoro gpeHaxy. Lle
saBuLLe, BigoMe 9K edpeKT NoCuIieHol NPOHUKHOCTI Ta yTpumaHHa (EPR), 6yno
Bnepwe onncaHe Maepgotw Tta Mauyypoto Kifibka OeCATUniTb TOMY i 3 TOro
Yacy CTano npeameToM akTMBHOrO BMBYEHHA Y KOHTEKCTi goctaBkum HY i
Tepanil OHKOSOriYHMX 3axBopoBaHb. loest UinboBOI OOCTaBKM Monsirae B
TOYHOMY HaLiNtOBaHHI Ha KOHKPETHI pakoBi KIMiTUHW, WO OOCAraeTbCa ABOMA
cnocobamun: nacvBHMM, abo aKkTUBHUM HauintoBaHHAM [3]. [MacuBHe
HaLiSTlOBaHHA BUKOPUCTOBYE eeKT NiaBULWEHOl NMPOHMKHOCTI Ta YTPUMaHHS
(EPR), TOooi K akTMBHE HauiNBaHHA OOCAraeTbCs LWAXoM npuegHaHHa HY
A0 cneundivyHNX Monekyn — Takux K aHTUTina, NentTuan Ym Mmarsi Mosekynu.
Y NOPIBHAHHI 3 BiNbHMMM NikapCcbknMM 3acobamu, LinecnpsimoBaHa gocTaBka
3abesneyye 3HMWKEHHA TOKCUYHOCTI Anst 300pOBUX  KNITWMH, 3axullae
npenapar Big nepegyacHoro posnagy, 30inbwye Yac uMpKynsauil B opraHiami,
a TaKOX MOKpaLlye PO3YUHHICTb | HaBaHTaXyBarbHy 30aTHICTb. Y NYyXIIMHHUX
TKaHWHaX CYOVMHHWUW eHAoTenin mMae Oinblly MPOHUKHICTb, HiXK Yy 300POBUX
TKaHWHaX, Wo OByMOBMEHO TiMNOKCIED Ta YTBOPEHHAM HOBUX, ane
HerepMeTuyHUX cyauH. Lle ctBoproe ymoBM AN nacmBHoOro tpaHcrnopTty HY
Yyepes Nopu B cyauHax g0 KITUH NyxnMHW. Yepes nopyleHHs nimgaTuyHoro
ApeHaxy Ui YaCTUHKM MOXYTb 3aTpUMyBaTUCA B MyXNUHI 3HA4YHO A0BLUE, Ha
BiAMIHY Bi, HWU3bLKOMOJIEKYSIAPHUX MpenapaTiB, SKi LWBWOKO BUBOOAATHCS 3
opraHiamy [4]. BapTo BigsHaumTu, wo edekt EPR He € yHiBepcanbHum gngd
BCiX TuniB nyxnuH. Lle o0cobnmBo CTOCYETLCSI HOBOYTBOPEHb BEJSIMKOrO
po3Mipy, e Yyepes 3Ha4yHy Macy YCKITagHKETbCA KPOBOTIK i COCTepiraTbCs
NOpyLWeEHHS Yy opMyBaHHI CyaAMHHOI Mepexi. [Ons 3abesneyeHHs
edeKTUBHOro HauintoBaHHS HeobxigHi ctabinbHi HY, 3gaTHi TpmBanuin yac
LUMPKYNioBaTU B KPOBOTOL 3aBAsKM MOAOBXEHOMY repiogy Hanisposnaagy.
bxoenb [1. Ctpéna (Joelle P. Straehla) 3 koneramn ctBopunu HY,
HaBaHTa)XkeHi nikapcbkumMn 3acobamu, i npoTecTtyBanu X 3 BUKOPUCTAHHAM
MoZeni NACbKol TKaHWHK, WO iMiTye rematoeHuedaniyHnin 6ap’ep (M'EB).
PesynbTatn pgocnigpkeHHA npoaemMoHcTpyBanun 3aaTHicTe HY  npoHukaTu
yepe3 MEB, gocaratm NyxnuH rofIOBHOrO MO3Ky Ta iHAYKyBaTu 3arnbernb
KNiTMH rniobnactomun. Monpy BWUCOKMKA NOTEHUian, iCHYE HMU3Ka BUKIWKIB,
NoB’A3aHMX i3 KNiHIYHUM 3acTocyBaHHAM HY, 30Kkpema LWoO0 IXHbOI
biocymicHocTi Ta TokcuyHocTi. [lpouec BurotoeneHHs HY  Hepigko
CYNpPOBOKYETLCS BapiaTUBHICTIO, WO Mpu3BOAUTL OO0 pPO3biKHOCTEN Y
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po3amipax, Popmi, XiMiYHHUX BNACTUBOCTAX MOBEPXHI Ta TOYHOCTI A03YBaHHS.
Taki BiAMIHHOCTI ICTOTHO BMNAMBAKOTb HA TOKCWUKOJIOTYHI XapaKTepucTuku Ta
TepaneBTUYHY edeKTUBHICTb, ocobnueo y Bunagkax, konu HY He 6ynu
HaneXHUM YMHOM (PyHKLiOHani3oBaHi abo HenpaBUbHO BBEAEHI B OpraHiam
[5]. Hanpuknag, HY 3onota 3aranom BBaxalTbCs 6GiocymicHMMM, ofHak
MOXYTb HenepeabadyBaHO B3aemMofisaTv 3 Biomonekynamu, wWo NoTeHUinHO
BUKINMKae HebaxkaHi NobivHi epekTw.

BucHoBok. Omxe, HY [OeMOHCTpylOTb 3HaAYHUM TepaneBTUYHUN
noTteHuian y 60poTbbi 3 OHKOMNOrYHMMW 3aXBOPIOBAHHAMMW 3aBOSKW CBOIM
YHiKanbHUM doi3nKo-XiMiYHUM BJTACTUBOCTAM: BUcokocneundgiyHomy
HaUifIlOBAHHIO Ha  NYyXJIMHHI  KNiTUHKM, cTabinbHocTi B GionoriyHomMy
cepenoBuLli, 3gaTHOCTI AgonaTtu disionoriyHi 6ap’epu Ta 34iNcHIOBATH
KOHTPOJSIbOBaHe BUBINIbHEHHSA JiKapCbKknx 3acobiB. oegHaHHA nacuBHOro Ta
aKTMBHOIO  MexaHi3aMiB  HaUiSIloBaHHA  CMpUAE  3HWXKEHHK  3arasibHol
TOKCUYHOCTI Tepanii, NOCUMEHHIO i e(PEeKTMBHOCTI Ta MiHiMi3auii no6ivHnX
peakuin. Hesaxawounm Ha HasiBHIi BUKIMKK, MOB’sA3aHi 3  BiOCyMiCHICTIO,
cTaHgapTu3auieto Ta 6e3nevHicTio HaHonpenaparTiB, Cy4YacHi LOOCHigKEHHS
NiATBEPOXYOTb JOUINbHICTb [ NepCNeKTUBHICTb BUKOPUCTAHHA
HaAHOTEXHONOriN 9K OAHOro 3 NPOBIAHUX HANPsIMIB ManbyTHBLOT OHKOTEpanii.

NiTepaTtypa
1. Stanley S. Biological nanoparticles and their influence on
organisms. Curr. Opin. Biotech. 2014, 28, 69-74.

DOI: 10.1016/].copbio.2013.11.014

2. Lim EK, Kim T, Paik S, Haam S, Huh YM, Lee K. Nanomaterials for
theranostics: recent advances and future challenges. Chem Rev.
2015,115(1), 327-394. DOI: 10.1021/cr300213b

3. Riley R.S., June C.H., Langer R., Mitchell M.J. Delivery technologies for
cancer immunotherapy. Nat. Rev. Drug Discov. 2019,18,175-196.
DOI: 10.1038/s41573-018-0006-z

4. Xu M., Zhang T., Xia R., Wei Y., Wei X. Targeting the tumor stroma for
cancer therapy. Mol. Canc. 2022,21,208. DOI: 10.1186/s12943-022-
01670-1

5. Timar J., Uhlyarik A. On-Target Side Effects of Targeted Therapeutics of
Cancer. Pathol. Oncaol. Res. 2022;28:1610694. DOI:
10.3389/pore.2022.1610694

142


https://doi.org/10.1016/j.copbio.2013.11.014
https://doi.org/10.1021/cr300213b
https://doi.org/10.1038/s41573-018-0006-z
https://doi.org/10.1186/s12943-022-01670-1
https://doi.org/10.1186/s12943-022-01670-1
https://doi.org/10.3389/pore.2022.1610694

Bioximist i monekynsipHa Gionoris

YOK 577.1:577.21:577.352
Mycinuyk O.€., lNMocTtepHak H.O., AHiubka J1.B.

Ponb eHaonnasmaTUYHOro peTuKynymy B iHidiauil anonTto3y
HauioHanbHut meduyHuu yHisepcumem imeHi O.0.bocomorbus, YkpaiHa

The paper analyzes the role of the endoplasmic reticulum (ER) in the initiation
of apoptosis, in particular in response to stress caused by the accumulation of
misfolded proteins. The mechanisms of activation of the corresponding UPR
response are described, the role of sensors PERK, IRE1l, ATF6 in cellular
adaptation and transition to apoptosis. Special attention is paid to the interaction of
the ER with mitochondria and the molecular mechanisms of apoptosis initiation
through calcium imbalance and activation of the caspase cascade.

KnroyoBi cnoBa: eHgonnasmatMyHMA peTukynym, anonto3, ctpec EP,
Kanbui€eBUN romeocTas, MiTOXOHAPIT, CUrHasnbHi WSXWU, rOMeocTas KniTUHW.

OcHoBHMM 3MiIcCT. KniTUHHI CTPYKTYpW, BigirpaloTb BaxXNMBY pPoOSfb Yy
npoueci anonTo3y, Xo4a He € OCHOBHMMMU YYaCHUKaMU LbOro MexaHi3my, siK
MiTOxoHApil. [poTe, 3 KOXHUM POKOM Bce Oinblue OOChiaKeHb BUSBNSAIOTD,
WO OesKi KNITUHHI  CTPYKTYpWU, €Ki He MalTb nNpsAMOro 3B'A3Ky 3
MITOXOHAPIAMW, aKTMBHO OepyTb y4yacTb Y iHiuiauil Ta BUMKOHaHHI npouecis
anonto3dy. [1o Taknmx opraHesn BIOHOCATLCA eHOonfasmMaTUd4HUN PEeTUKYNyM,
ni3ocomMu, NepokcMcomMmm Ta sapo.

EngonnasmatnyHmi petukynym (EP) € ogHuUM i3 BaXknuBux perynsaropis
anonTtody, o0cobnMBo 4epe3 CBOI QYHKUil Yy CTpecoBux BignNoBigsaX.
[MopyweHHa dyHKuil EP, Tak 3BaHMM «CTpec eHgonnasmaTuyHoOro
PETUKYNYMY», MOXe MPU3BECTU OO aKTMBauil CUrHarmbHUX LWNAXIB, LWO
BUKNUKaOTb anonto3d. OaHuM 3 Takmx WwnsaxiB € aktuBaudia 6inka CHOP, akunn
Cnpusie akTuBauii kacnas i, TakuMm YMHOM, iHiuitoe anonto3. Kpim TOro,
B3aemopaia Mmixx EP i miToxoHgpiammu Moxe npusBectn 40 3MiHM MeMBpaHHOI
nepmebinbHOCTI, WO cnpude BUBINbHEHHIO uuToxpomy C i 3anycky kackagy
anontody. Came nepmobinbHiCTb MeMbpaH (Big naT. permeare — NpoOXoauTH,
NPOHUKATN) € BaXIMBUM B KOHTEKCTI anonTosy Ta
Hekpo3y.EHaonnasMaTtnyHum peTuKynymM BUKOHYE HU3KY XUTTEBO BaXITMBUX
dyHKUIN, 30Kkpema cuHTe3 6inkiB, ninigis, a TakoX MNITPUMKY KanbLieBoro
romeoctasdy. BiH TicHO B3aemogie 3 IHWWMW KIITUHHUMU OpraHenamm,
30KpemMa 3 MITOXOHOPIAMW, YTBOPHOKOYM  KOHTaKTHIi 30HM — MAMSs
(mitochondria-associated membranes), ski € KpUTUMHUMW ONs nepeadi
CUrHarniB 3anporpamoBaHoOi KNiTUHHOI cMepTi [1].

Ctpec EP Moxe BMHMKATM YyHacnigoOK HaKOMWYEHHS HenpaBuiibHO
sropHyTux 6inkiB, Yy Bignosigb y npocsiTi EP aktueyetbcss UPR (Unfolded
Protein Response) — cuctema aganTMBHOINO pearyBaHHS, Aka Ma€ Ha MeTi:
3MeHWNTN 3aranbHe 6inkoBe HaBaHTaXeHHs (iHribyBaHHA TpaHcnsuin),
NiABULLINTK  eKcnpecito wanepoHis (Hanpuknag, BiP/GRP78), aktueyBatn
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MexaHisamn gerpagauii gedektHux Oinkie (ERAD) [2;3]. Takmm 4ymHOM, 3a
HopmanbHux ymoB Tpu ceHcopn UPR (PERK, IRE1, ATF6) 3B’a3aHi 3
wanepoHoM BiP/GRP78 Ta HeakTMBHIi, Npu HakKonMuUYeHHi aedekTHMX Binkis
BiP BuBINbHAE ceHcopu | IX aKkTuMBauis npu3BOAUTb OO0 3anycKy TPbOX
napanenbHUX CUrHanbHUX Wwnaxis (tadn.1) [4].

Tabnuusa 1.
CurHanbHi wnsaxu ctpecy EP
CeHcop OcHoBHa aiq KiHueBun edekt
docopuntoe elF2a — 3HWXKEHHSA BINKoBOro
PERK npurHivye rnobaneHy HaBaHTaXXeHH4,
TpaHCcnaLio aktmBauia ATF4 — CHOP

Cnnavicnir mRNA XBP1 —
IRE1 | Mae eHOoHyKneasHy akTUBHICTb aganTauisa abo anonTos Yepes

JNK
TpaHcnopTyeTbCa Ao anapaTty AKTUBaLis reHiB WanepoHis,
ATF6 :
["oNbaXi — aKTUBYETLCA yacTtkoBo CHOP

AKTMBaLif 3a3Ha4YeHUX CUrHaIbHUX LWSISXIB MOXE peani3yBaTUCb 4epes
KOPOTKOYaCHY aKkTuBaLlilo — aganTauito, abo XpOHiYHY akTMBaLil0 — anonTos.
Takum 4nHoM, aganTtauis Oyae BUABNATUCH Y NOCUSIEHHI CUHTE3Y LLanepoHiB
(BiP, calnexin), ctumynsuii 6inkosoi gerpagauii (ERAD) abo Tumyacosomy
ranbMyBaHHI TpaHcnAuil. XpoHiYHa akTuBauia npusBede OO0 anonTosy
wnaxom ekcnpecii CHOP, takox Bigomoro sk GADD153 — TpaHCKpunuinH1in
doakTop, SAKMA IHOYKYETbCA MNPU HagMIpHOMY CTpeci eHaonnasmaTuyHoro
peTvkynyma [5;6]. Mloro aktueauis € LeHTPanbHO0 NOAico Yy NepekmoYeHHi
UPR 3 agantauii Ha anonto3. CHOP 6yae npurHivyeaTtu Bcl-2 i ctumyntoBaTu
BuBinbHeHHs1 Bax/PUMA, wo npussege Ao BuBinbHeHHs Ca?t 3 EP, i, sk
Hacnigok — aktuauito JNK (c-Jun N-terminal kinase). BinbyBaeTbca macuBHe
BMBiNIbHEHHS Ca?* y uMTO30Mb, 3BiOKM BiH TPAHCMOPTYETBCA B MITOXOHAPII
yepes VDAC/MCU-komnnekc. HagmipHe  HakKOMWYEHHSs1  Kanbuito B
MITOXOHAPIAX CAPUYMHAE MNOPYLUEHHST MeMBpaHHOro noTeHuiany, BiOKPUTTSA
MmPTP  (MiTOXOHApianbHOT nopu nepexofy MNPOHUKHOCTI), WO cnpude
BMBINIbHEHHIO LmnToXpomy C i akTMBauil kackagy kacnas 9 Ta kacnas 3, sKi
IHILIIOIOTE  Jerpagauito  OCHOBHUX KITITUHHUX CTPYKTYp | NporpamoBaHy
3armbenb KnituHu [7;8].

OmxKe, MexaHi3mu, LLO perynioTb akTuBauilo Ta geaKTuMBauilo CTpecy
eHaonnasMaTnu4yHoOro peTuKynymMy, € OCHOBHUMMW perynaropaMmu rnpouecy
KNiTMHHOI cmepTi. CurHanbHa nnatgopma, yteopeHa EP i miToxoHgpiamn €
KPUTUYHO BaXIMBOK AJ19 BU3HAYEHHA [0 KMiTUHM B yMOBaXx CTpPecCy.
Baxnueum € Te, WO xo4ya apanTtauig o crtpecy EP possonde KniTuHi
30epiratm yHKUIOHaNbHY aKTUBHICTb, XPOHIYHUW CTpec npu3BOAUTb [0
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anonto3y, wWo 3abesneyye OanaHC MK BWXMBAHHAM | BUOANEHHAM
AeMEeKTHMX  KMiTUH. PO3yMIHHA MOJSIEKYNAPHUX MeXaHi3MiB  [O03BOSSE
BUABNATM  HOBI  MOTEHUINHI  TepaneBTU4YHI  MieHi AONnd  NiKyBaHHSA
3axBOpHOBaHb, NOB’SAI3aHUX i3 NOpPYLUEHHAM yHKUin EP i miToxoHOpin, Taknx
K HempoaereHepaTMBHI 3aXBOPHOBaHHS, CepLEBO-CYaUHHI XBOpoOu Ta pak.

Takum 4YMHOM, eHgonnasmMaTUyHUA  PETUKYNYM | MITOXOHAPII €
KNIOYOBMMU CTPYKTYpaMn AN NIATPUMKW KNITUHHONO romMeocTtasy, | IXHS
B3aEMO/is1, Y KOHTEKCTi CTpecy Ta iHiuiauil anonTo3y, Mae BaXnnBe 3HA4YEHHS
Anst  po3yMiHHA  naToreHedy OaraTbOX 3axBoptoBaHb. [ocnigkeHHS
MEXaHi3MiB, $Ki perynowTb Ui npouecu, [03BOSMSE pPo3podbnAaT  HOBI
TepaneBTUYHI CTpaTerii, CNpsAMOBaHi Ha KOPEKUil0 MOPYLUEHUX KITITUHHUX
doyHKLIN.

BucHoBok. EHponnasmatnyHuin petukynym (EP) € ueHTpanbHum
opraHerniomM y nigTpumLi KIiTMHHOrO roMeocTtasy, 30Kpema 4Yepes CBOI (PyHKLiT,
NoB’s3aHi 3 CMHTe30M OinkiB, ninigiB Ta NigTPUMKOK KanbuieBoro 6anaHcy.
OpHak npu NOPYLUEHHI HOPManbHOrO (YHKUiOHyBaHHA EP moXe BuHMKATK
Tak 3BaHuN «cTpec EP», Wo € nepegymoBoto akTuBaLii cknagHol aganTuUBHOI
Bianosiai — Unfolded Protein Response (UPR). s Bignosigb noknvkaHa
BiAHOBUTM HOpMarnbHi YMOBW (PYHKUIOHYBaHHA  KMiTUHW, TMpoTe npwu
XPOHiIYHOMY ab0 HagMiIpHOMY CTPECi MOXe CTaTu iHiLiaTOpoM anonTosy.

KritouoBuMn mexaHiamamu, WO 3anyckaloTb anonTto3 y Bignosidb Ha
cTtpec EP, € aktmBauis Tpbox ocHoBHUX ceHcopiB UPR: PERK, IRE1 Ta ATF6,
AKi BigirpaloTb BaXNUBY pofb y perynauil KNiTMHHOrO BMXMBAHHA 4epes
aKTMBaLi0 PIi3HMX CUrHanbHUX LWNAXiB. 30Kpema, Yy BIignoBigb Ha CTpec
BUBINbHAETbCA  TpaHCKpunuinHmm  aktop CHOP, sakuin € OCHOBHUM
perynaTopom nepexony Big aganTMBHOI Bi4MOBIAI 40 anonTody, B3aEMOiH0un
3 monekyrnamn Bcl-2 i Bax Ta iHiyitorouM noganblui MOSEKyndapHi noAil, wo
BeOyTb 0O aKkTuBaLil MITOXOHApianbHOro MexaHiamy anontosy. Lle, y cBoto
yepry, BKMKOYaA€E BUBINIbHEHHS KasbLil0o 3 eHAOoNMasMaTUYHOro PeTUKYIymy,
aktuBauito JNK i nopyleHHsa miToxoHApianbHOro MemMOpaHHOro noTeHuiany
Yyepes BigkputTa nopy mPTP.

Kpim Toro, B3aemopfia MiX eHAonnasmMaTtuyHUM pPeTUKynymomMm Ta
MITOXOHOPIAMW Yepe3 KOHTakTHi 30HM MAMS € KpUTUYHO BaXnuBOK AN
nepegadi curHanis CcTpecy Ta iHiuiauil nporpamoBaHOi KNITUHHOI CMepTi.
MiToxoHapil, 4Yepe3 BuMBINbHEHHA unTOXpoMy C Ta akTMBauilo Kacnas,
BUKOHYIOTb POSflb LIEHTpanbHUX PerynaTopis  anonto3dy. TakMM 4YMHOM,
eHaonnasMaTu4yHUA PEeTUKYNyM He nuwe Bigirpae ponb y 3abe3neydeHHi
HOpManbHUX KNITUHHUX QOYHKUIW, ane n 6esnocepedHbO BMMBAE Ha 3arnyck
anonTosy Y BignoBigb Ha CTPeCcoBi YyMOBW.

BigTak, eHgonna3MaTU4Hn PETUKYNYM, B3aemMogito4un 3
MITOXOHOPIAMW, CTBOPKE €EAUHY CUrHanbHy nMnaTtgopmy, WO KOOPAUHYE
KNITUHHY peakuito Ha CTpec, BKNKYatoum nepexig Big agantauil 4o anonToay.
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HocnigxeHHa uiel B3aemogii Ta 11 perynauil 4O3BOMSATbL NOrnmbdntn Hawe
PO3YMIHHS MOMEKYNAPHUX MEXaHI3MIB, SKi eXaTb B OCHOBI 6araTbox XBOpoO,
LLIO BUHUKAIOTb Yepes NopyLLUEHHS HOPManbHOro KMiTUHHOIO romeocTasy.
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MonekynapHoO — reHeTU4YHi MexaHi3MM CTapiHHA
HauionanbHut meduyHuu yHisepcumem im. O. O. boaomornbys, YKpaiHa

Currently, there are several theories explaining the aging of living organisms,
among which two large groups can be distinguished. These are theories that
consider aging to be a special program — programmed aging theory, and theories
which believe that aging is associated with the accumulation of certain damages in
the body that are manifested under the influence of the environment — damage
theory. Here, we describe the main views of the different aging theories due to their
molecular and genetic mechanisms.

KntoyoBi cnoea: CTapiHHA, MOJEKYNAPHI  MeXxaHi3aMW, reHeTuka, Teopil
CTapiHHA, 3anporpaMmoBaHe CTapiHHSA, TEOPIl YLWKO4KEHb, BiKOBI 3aXBOPIOBaHHA.

CtapiHHa saBnse cobot  cknagHui  BionoriyHuMM  npouec,  LWo
XapaKkTepUsyeTbCA MPOrPECUBHUM 3HWXKEHHAM i3ionoriyHMxX yHKUin, Lo
npu3BoANTbL [0 NiABULLEHOI BpPasnMBOCTI OO0 BIKOBUX 3axXBOPOBaHb.
[ocrnigpKeHHA MOSEKYNAPHUX MexaHi3MiB, L0 nexaTb B OCHOBI CTapiHHS, €
KNoYoBUM N9 pO3PO6KM IHHOBALIMHUX TepaneBTUYHUX Ta NpodinakTUYHNX
cTpaTerii NpoTK BIKOBMX MATOSIONN, a TakoX ANdA NOrnnbrneHoro po3ymiHHA
MexXaHi3MiB 0OBronittd. Ha cbOrogHilWHin geHb ICHYE CNeKTp TeopeTUYHUX
KOHUenuin, LWo HamaralwTbCs MNOACHUTU nNpoLecC CTapiHHA B KMBUX
opraHiamax. Lli Teopil yMOBHO noainsTbCA Ha OBi OCHOBHI Kateropii: Teopil
3anporpamMoBaHOro CTapiHHA, 4HKi  MOACHIOTb  ICHYBaHHA  reHeTUYHO
AeTEepMiHOBaHMX  MexaHi3MiB  (TeflomepasHa, CTOBOYypoBMX  KINITWH,
€HOOKPMHHA Ta iMyHHa Teopii), Ta Teopil YLWKO4XEHb, WO MOB'A3Y0Tb
CTapiHHA 3 KyMYnAUiE MOMEKyNAPHUX MOLUKOPKEHb Nig BAAMBOM (PaKTopiB
HaBKONMULIHBLOrO cepefoBulla (Taki sIK Teopid reHOMHOI HecTabinbHOCTI,
Teopis nepexpecHMx 3LMBOK Ta BiNbHOpagukanbHa Teopis). [loganbLumm
aHania byge npmMcBAYEHO X NOCMNiAOBHOMY pPo3rnsay.

TenomepasHa Teopis

TenomepHa Teopia CTapiHHA IPYHTYETbCA Ha MOCTYNOBOMY CKOPOYEHHI
Tenomep — 3aXMCHUX HYKIeOoNpoTEIAHMUX CTPYKTYP Ha KiHLUSX XPOMOCOM, L0
obmexye nponicepaTMBHY 34aTHICTb COMATUYHUX KNITUH (Mexa Xeundnika,
BCTaHoBreHa JleoHapgom Xewndpnikom). Onekcin OnosHikoB y 1971 poui
NOSICHMB LE siBULLE HEMOBHMM 3aBeplUeHHAM pensiikauil 3'-KiHLiB XpOMOCOM
AHK-nonimepasoto.

Tenomepn, WO cKNagawTbCad 3 MOBTOPHOBAHUX  HYKNEOTUOHUX
nocnigoBHOCTEN Ta acouinoBaHux 6inkiB, NiATPMMYOTE CTabinbHICTL reHoMmy,
3anobiratun 3NUTTAM Ta po3prMBaM XPOMOCOM. 3 KOXHMUM MOAINOM KIiTUHU
AOBXWHA TernomMep 3MeHLYETbCA. [JOCArHEHHS KPUTUYHOI OOBXWHU aKTUBYE
LWNSXU  KNITUHHOI Bignosigi Ha nowkomkeHHs OHK, wo npu3sogutb A0
KNITMHHOrO CTapiHHA (ceHaHcy), anonto3dy abo reHoMHOl HecTabinbHOCTI.
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[oBXuHa Tenomep iHauBIAyarnbHa i 3MeHLWyeTbea 3 BikoM (Big 15-20 Tuc. nap
HYKNeoTnaiB Yy HOBOHAPOMXKEHUX A0 5-7 TUC. Y CTapitoumx KniTMHax).

Kro4oBnM MOMEKYNAPHUM MeXaHi3MOM MPOTUAIT CKOPOYEHHIO Teriomep
(Man. 1) € cbepmeHT Tenomepasa — 3BOPOTHA TpaHCKpunTasa. Tenomepasa
Bukopuctosye BriacHy PHK-matpuuto (TERC — Telomerase RNA Component)
Ana  cuHTe3y TenomepHux nosTopiB Ha 3'-kiHUi OHK, kaTtanizoBaHoro
3BOpoTHOK TpaHckpuntasow TERT (Telomerase Reverse Transcriptase).
Llen npouec nogoBXye TerioMepu, KOMMEHCYOUYN IXHE BKOPOYEHHS Mig 4vac
pennikauil OHK.

AKTUBHICTb Tenomepasu BuUcoka B eMOpioHanbHUX, repmiHanbHUX Ta
Aesikux ctoBbypoBumx KriTuHax, 3abeaneyvyoun IXH0 30aTHICTb 4O TpMBaroro
noginy. Y 6inblOCTi COMaTUYHUX KIITUH aKTUBHICTb TenomMmepasun Hu3bka abo
BIACYTHS, LWIO 3yMOBIOE OOMEXeHY KiNbKiCTb IXHIX nogifiB Ta cnpusie
npouecam CTapiHHA Ha KNiTUHHOMY piBHi. [1].

Cell division u

4 Telomere length

Chromosome

Telomere Repeats

3
TTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGG
AATCCCAATCCCAATCCC

5

Puc. 1. BkopoyeHHs1 menomep. https://microbenotes.com/wp-
content/uploads/2025/04/Telomere-Shortening-1536x1075.jpeg

Teopisa cToB6YypOBUX KNITUH

Teopia cTBepAXYeE, WO CTapiHHA € HAcNigKoM ANCKYHKLUIT Ta 3MEHLLEHHS
KiMbKOCTI CTOBOYPOBMX KMiTMH, WO MNOPYLWYE TKAHMHHWA rOMeocTas 4epes
3HWXKeHY nponidgepadito Ta audepeHuiauito. MonekynapHi  MexaHismu
ANCYHKUIT BKIOYAKOTb HAKOMUYEHHS FeHOMHOI HecTabinbHoCTi (MyTauil,
nowkomkeHHss [OHK, TenomepHe BKOpOYEHHs, MOpYWeEHHA penapadil) [2],
enireHeTU4YHi 3MiHM 3 Jucperynsdauielo reHiB CTapiHHSA, 30Kpema pO3BUTOK
deHoTUNY, acouinoBaHoro 3i cTapiHHAM Ta cekpeuieto (SASP — senescence-
associated secretory phenotype), WO XxapakTepusyeTbCa BUAOINTEHHAM
nposananbHUX UMTOKIHIB, XEeMOKIiHiB, {bakTopiB pocTy Ta nporteas. Lle
NpPU3BOANTL OO XPOHIYHOrO 3anarieHHs, ke HeraTMBHO BMfMBAa€E Ha CYCigHi
KNITUHW, BKNOYaKuKM iHWi cTOBOYPOBI KMNITUHW Ta KNITUHW Hiwi. Takox [o
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MOJIEKYNAPHUX  MEeXaHi3MiB  HanexaTb MNOPYLIEHHs  rnpoTeoctasy 3
HaKOMWYEHHAM MOLUKOOKEHMX OinkiB, MiTOXoHApianbHa AUChYHKUIS 3
3HWKEHHAM AT® Ta oKucnoBarbHUM CTPECOM, 3MIHW Y Hili CTOBOYpPOBMX
KMITUH 3 MOPYLUEHHSIM CUrHaNbHUX WNAAXIB, @ TaKOX 3arasbHi NOpYyLEeHHS
MDKKIITUHHOT KOMYHikauii. [poTe cTapiHHa € 6GaratodakTopHuM, i posb
cTOBOYpOBUX KNITUH BapItOE 3aneXxHo Bif TKaHMHW Ta opraHiamy. [3].

EHOOKPUHHA Teopis

CyyacHa eHOOKpWUHHaA Teopis cTapiHHA ©Oyna  cdopmynboBaHa
eHOOoKPUHONorom Tta repoHTonorom B. [linbmaHom y 1968 poui. 3rigHo 3 Ui€to
TEOpielo, TOPMOHM  BigirpaldTb  KAKYOBY pofb Yy  perynsadii - Temny
XUTTELIANBHOCTI Ta BCiX (PYHKLIOHANbHUX NpoLeciB B opraHiami. BikoBi 3MiHK
B €HOOKPWHHIM CUCTEMI, Taki K 3pOCTaHHS 3axXBOPHOBAHOCTI Ha LYKPOBUN
Aiabet 2 Tuny, HacTaHHA MeHonay3u Yy XIiHOK, NOPYLUEHHS cTaTeBol PYHKLUII Y
YOmOBIKIB, 3HWKEHHS CWHTEe3y TFOPMOHIB, WO BMJMBAKTbL Ha HACTPIK, Ta
NOrpLWeEHHA YHKUIT HagHUPKOBUX 3aro3, po3rnagarTbCsa SK  BaXUBI
YUHHUKN CTapiHHA [4].

OcobnuBy yBary B KOHTEKCTI CTapiHHA MPUOINAEeTbCA pPofi eCTPOreHis.
Hediunt ectporeHiB, ocobnMBo B NOCTMEHONaysanbHOMY Mepiogi, MoXxe
NPU3BOANTM O 3HAYHOIO MOTIPLUEHHA CTaHy LUKIPW, BKKOYaKYN 3HWKEHHS
BMICTYy KoflareHy Ta [MOCUMEHHSA TMpPOLECiB CTapiHHA 4epe3 akTuMBauito
MaTPUKCHUX  MeTanonpoTeiHas Ta  NigBULLEHHA  MITOXOHApianbHOro
OKMCIOBaNbHOro ctpecy Yy ibpobnactax wkipn. MeHonaysanbHa
ropMoHaribHa Tepanisd, WO BKNKOYAE €eCTpOoreHn Ta  MpPOrecTuHw,
BUKOPUCTOBYETLCS AN NIATPUMKA 340POB'A LWKIPW Y XKIHOK B NOCTMEHoMnays3i.

EcTporeHn Ha KMITUHHOMY PpPIBHI  BUABMAOTb  FepOnpOTEKTOPHI
BNACTUBOCTI, BANMBAO4YM Ha KOYOBI MOMEKYNAPHI Wnaxu. BoHn 3anobiratoTb
anonTtody, 6nokytoun aktuBauito ASK1 (dpepMeHTy KiHasn 1, Wo iHiujtoe
anonto3). ASK1 € ueHTparibHMM CEHCOPOM KITITUHHOIO CTPECY, KU aKTUBYE
kackag kiHas, Bkrtodaroum JNK i p38 MAPK, wo mMoXyTb npu3sBoauTtu A0
KNITUHHOT cmepTi. ECTporeHn nepewkompkaloTb LbOMY MpoLEecy, iHridytoun
ASK1. KpiMm TOro, ecrtporeHu nigBuwyoTb CTIKKICTb KapgioMiouuTiB [0
anonTto3sy, CMPUYMHEHOro aHriotTeHsMHom Il, ropmoHoM, noB'A3aHMM i3
CepLueBO-CYONHHMMUM 3axBOpPOBaHHAMK. Llen 3axmcHUin edeKkT 4YacTKOBO
pearnisyeTbCs 4Yepe3 aHTUOKCUOAHTHI MexaHi3MM eCTPOreHiB, siKi 3MEHLUYTb
OKMCIOBaribHUM CTPEC, WO € O4HUM i3 OCHOBHUX TpurepiB aktmauil ASK1 Ta
noganblloro anontody. TakMM YMHOM, €CTPOreHW, BnMBaK4YM Ha
ueHTpanbHun perynatop anontody ASK1 Ta 3MeHLWytun OKUCtoBaribHE
NMOLUKOKEHHS, CHPUSOTb BWXUBAHHIO KNITUH | MOXYTb YMOBINIbHIOBATU
npouecu cTapiHHSA [5].

IMyHHa Teopis

Mepwi noctynaTtu uiel Teopil npeacTaBMB aBCTPaNIMCbLKUM YYEHUN,
naypeat Hobeniscbkol npemii Cep ®peHk MakdapnenH bepHeTt y 50-Ti poku.
Mi3Hiwe noro iaeil possmneae npodecop Pon Jli Yondopa Ta iHWi JoCcnigHUKN.
IMyHHa Teopida CTBepaXye, WO B IMYHITET NOAMHN 3aKnageHo Uoro noctynose
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ocrnabneHHs, Wo B pes3ynbTaTi NpPM3BOAMTb OO MOYacTillaHHA XBOpPOO,
CTapiHHA Ta cmepTi. [Jlobpe BigoMO, WO edPekTUBHICTb IMYHITETY JOocsArae niky
B Mepiog crtaTeBOro A03piBaHHA Ta MOCTYMNOBO 3HMXYETbCA 3 BikOM. Konwu
NOAvHa CcTae CTapLlo, aHTUTINa BTpayaloTb CBOK €EKTUBHICTb | OpraHiam
ripwe 6opeTbCs i3 HOBUMM 3aXBOPOBAHHAMMU, BiAOYBaETLCS KNiTUHHUIA CTPeC,
AKMA MOXe npusBecTn A0 cmepTi. [loBedeHo, WO MopyweHHsa perynadil
IMYHHOT BIgNOBIgI MNOB'A3aHe i3 CepueBO-CYANHHUMW 3aXBOPHOBAHHAMMN,
3ananbHUMK npouecamm, Xxsopoboto AnbLrerimepa Ta OHKOSOTIEH.

Takox nepenbadaetbcs, WO 3 BiKOM IMyHHa cuUcTeMa CTae€
HeeEKTUBHOK Ta 3pOCTa€e WMOBIPHICTb B3aeMofil iIMyHOKOMMNETEHTHUX
KIiITUH i3 KOMMNOHEHTaMK BrnacHOro opraHiamy. [pu ctapiHHi cnocTepiraeTbcs
NiABULLIEHHS PIBHA aHTUTIN Yy KPOBI 340pOBUX NtoAen NPOTU CBOIX TKAHWUH, TOAi
SIK KiNbKICTb @aHTUTIN NPOTU 30BHILUHBLOT iIH(EeKLiT 3HMXKYETbCS [6].

Teopiss reHOMHOI HecTabinbLHOCTI

3rigHO 3 TeOopi€ln, 3 YaCoOM OpraHiaM BTpayae 34aTHICTb BigHOBNOBATU
nowkomkeHHs ceoel AHK.

[eHOMHa HecTabinbHICTb XapakTepuayeTbCs MigBULLEHOK YacTOTOH
MyTaui y reHoMi KIiTMHHOT NiHil. Lli myTauii MOXyTb NPOABNATUCH AK 3MiHU B
NOCNIAOBHOCTI  HYKNEIHOBMX  KMCMOT, nepebygoBnm  xpomocom  abo
aHeynnoigia. 'eHoMHa HecTabinbHICTb Bigirpae Kr4oBY poslb Yy PO3BUTKY
paky (KaHueporeHesi) Ta Aesikux HenpogereHepaTUBHUX 3aXBOPIOBaHb, Takux
SIK MiIOTOHIYHa gucTpodoid.

Jinwe HewopaBHO noyanu  3'dcoByBaTM  Kepena  reHOMHOI
HecTabinbHoCTi. OgHMM i3 HUX MOXe OyTM BUCOKA YacToTa 30BHILLHIX
nowkomkeHb [HK. Taki NOWKOMKEHHA MOXYTb NPM3BOAUTM 4O MOMMUIOK Nig
yac cuHTedy [JHK Ha nowkomkeHin ginaHui abo Ao HETOYHOrO BigHOBIIEHHS,
LLO CAPUYMHAE MyTauil. [HWKUM MOXNIMBMM XXepenom € enireHeTudHe abo
MyTaLliHe 3HWKEHHS aKTMBHOCTI reHis, BignosiganbHuUX 3a penapauito JHK.
Ockinbkn BHYTpIWHI nowkomkeHHs OHK, cnpuynHeHi metaboniamom, € ayxe
NOLIMPEHMMN (B FreHOMI KNiTUH MOAWHW BOHW BigOyBalOTbCs B cepeaHbOMY
noHag 60 000 pasiB Ha aeHb), byab-sike nocrnabneHHs npouecis BiAHOBNEHHS
AHK € BaxxnnBuM (pakTopom reHOMHOT HecTabinbHOCTI [7].

Teopifa Kpoc-crnony4yeHHA

Teopia KpOC-CMOMyYEeHHs, BrnepLle onucaHa bioximikom VoxaHoM
BrnopkcteHom y 1942 poui, po3rnagae MOSEKYnapHi MexaHisMu CTapiHHSA
yepes NPU3My HaKONMUYEHHS MDKMONEKYSISIPHUX Ta BHYTPILLHbOMOJSIEKYNAPHMX
3WMBOK. 3rigHO 3 Ui€l0 TiNOTE3010, YTBOPEHHSI aHOMAarbHUX KOBaNEHTHUX
3B'A3KiB MK 6Oinkamu nNpu3BOaUTb 00 CTPYKTYPHUX | PYHKLUiIOHANbHUX
nopyweHb Ha KNITMHHOMY Ta TKaHWHHOMY PIBHSAX, WO NPOABMISIETLCA Y
BUMMSA BiKOBUX 3MiH. CyyacHi OOCHIOKEHHS PO3LUMPIOIOTE LK KOHLENUito,
AEMOHCTPYIOYN YTBOPEHHS 3LUMBOK MK HYKIMEIHOBMMUM KUCIIOTaMu, 30Kpema
AOHK, wo moxe npm3BoguMTUM OO0 FEeHOMHOI HecTaliflbHOCTIi Ta MOpYyLUEHHS
eKcnpecii reHiB, xapakTepHux ans ctapiHHs [8].
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Ona npuknagy: arperadis aminoigHux 6inkiB  —  HaKONUYeHHSA
HEePO3YNHHUX aMinoigHux dibpun, 3okpema [-aminoigy B HEWPOHaX, €
NnaToOreHeTUYHOK O3HAKOK HeWpoaereHepaTUBHUX 3axXBOPHOBAHb, TaKUX K
xBopoba Anburenmepa. lNpouec nonimepusadii B-aminoigy Ta YTBOPEHHS
CEHiNMbHMUX BNAWOK CYNPOBOMKYETECA KOHMOPMAUINHUMWN 3MiHAMU  IHLUNX
MOHOMEPIB, CNPUSOYN NOLUMPEHHIO NaToNoriYHoro npouecy [9].

YTBOpeHHS KiHUeBuX npoaykTie rrikyBaHHA (AGEs): HedepmeHTaTnBHe
rnikyBaHHa 6inkiB, iHiLiMOBaHe peakuield MK amiHorpynamu nisvHy Ta
anbgerigHMMK rpynamMm rnoko3n 3 nofdanbluMm YTBOPEHHSM ocHoB Lndda
Ta npoayktis Amagopi, nNpu3BoAUTbL OO YTBOPEHHS pisHOMaHiTHUX AGES,
BKNtoYaroum rnwokosdenaH. Hacnigkom HakonuyeHHs AGEs € nopylieHHd
MEXaHiYHUX BNacTMBOCTENM TKAHWH, 30KpeMa 3HWKEHHSI enacTUYHOCTI
CYOWHHOI CTiHKM, a TakoX wMoaudpikauia dyHKUioOHaNbHOT aKTUBHOCTI
Ginkis [10].

BinbHopaaukanbHa Teopis

BinbHi pagukann MOCTINHO YTBOPKKTLCA B MNpoLeci HOpMasnbHOro
meTaboniamy, 30Kpema nig 4ac OKUCMoBaSNIbHUX peakuin y MITOXOHAPIsX.
Matoun HecTayy enekTpoHa, BOHM aKTMBHO HamaralTbCs 3abpatm noro B
IHLWMX MOMEKyr, TakMM YMHOM OKUCIIOKYM Oyab-aKi CMOMNyKW, 3 SKUMMU
KOHTaKTYOTb.

[loBeneHo, Wo Baxnuei KNiTUHHI monekynu, Taki ak OHK, PHK, ninign,
Byrnesoan Ta Oinku, € BpasnuBuMu OO0 Aii BiNbHUX pagukanis (Man. 2).
B3aemogitoun 3 HUMKU, pagukanu CnpUYMHAKTb YTBOPEHHS BHYTPILWHLO- Ta
MDKMOMEKYNApHUX 3wmBok. OcobnnBo 4yTnuBI OO0 BinbHOpaauKarbHUX
NOLWKOOXKEHb BHYTPILLUHBOKNITUHHI MEMOpPaHU, OCKINIbKM BOHW MICTATb BESIMKY
KINbKICTb HEHAaCUYEHUX XUPHUX KUACNOT. BinbHi paguvkanu BUKUKaKOTb
nepokcuMaauito LUMX KUCMNOT, WO MOoXe nopywyBatM poboTty mMembpaH.
KiHueBMM NpOAYKTOM MNOLIKOMKEHHA MemMbpaH € ninoycunH — pedoBuHa,
SKY KNITUHWM HE MOXYTb MOBHICTIO MeTabonisysaTu.

The Free Radical Theory of Human Aging

Free Radical

P

i 0&(& Lost electron
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% ee %

Puc. 2. BinbHopadukarnbHe okucrieHHsi. Fedarko (2009) / Healthplexus
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Konu BinbHWin pagukan 3abupae enekTpoH B iHLWOI MOSeKynun, BiH CTae
HEaKTUBHMM, ane OKUCIeHa Morlekyna, BTpaTUBLUM €NeKTPOoH, cama
NepeTBOPHETLCA HA HOBUK BINbHUIA pagukan i noYMHae BigbupaTtn eneKkTpoHn
B IHLUMX MOJIEKYSI, 3anycKaroum naHuwrosy peakuito [11].

BucHoBok: Y cTaTTi pO3rNsaHYyTO MONEKYNAPHO-TEHETUYHI MeXaHi3Mu
CTapiHHA B KOHTEKCTi OCHOBHUX TEOPETUYHUX KOHLEMLin, BKMYarun Teopil
3anporpamMoBaHOro crapiHHA Ta Teopil ywkomgkeHb (Cxema 1). OnucaHo
KITIOYOBI MpoOLEeCHM CTapiHHA, Taki 9K CKOPOYEHHS Tenomep, AUCHYHKLUIA
CTOBOYPOBUX KMiTUH, FOPMOHarnbHi 3MiHW, nowkompkeHHA [OHK, yTBOpeHHs
3LUMBOK Ta Aia BiNbHUX pagukanis, MiOKPECnoYM BaXKNUBICTbL OOCNIQKEHDb
Ans  po3pobku cTpaterini 6opoTbbU 3  BIKOBMMW 3axXBOPKOBAHHSAMM Ta
NOLOBXEHHS XUTTS.

CrapiHHA
MporpecuBHe 3HUKEHHA BpasnueicTte fo
dizionoriHHMx GyHKUIN BIKOBMX 3aXBOPIOBaHHb

[ HocnigXeHHA MONEeKYNApHUX MeXaHi3MmiB }

] |

Teopii Teopii
3anporpamMoBaHoro YLLIKOOX€EeHb
CTapiHHSA
¢ ™) g !
TenomepasHa [eHOMHOI HeCcTabinbHOCTI
. A L vy
o Ty - [ I
CTOBOYPOBUX KNITUH [NepexpeCHUX 3WNBOK
\ S " v
;" 4 i ]
EHgoKpuHHa BinbHOopagwukanbHa
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IMyHHa
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YOK [616.379-008.64:616.13-004.6]:546.172.6:577
Yepesko O.0., KyumeHko O.b.

CyuyacHi yaBneHHs Npo naToreHeTU4YHi MexaHi3aMu B3a€EMO3B’A3KY MiX
LykpoBum giadetom Il Tuny Ta o6niTepyrounm atepocKepo3om

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu ['oz2ons, YKpaiHa

Diabetes mellitus is a serious metabolic disorder that increases the risk of
atherosclerosis through complex pathogenetic mechanisms, including endothelial
dysfunction (associated with low nitric oxide bioavailability, increased oxidative
stress and inflammation, which leads to accelerated atherosclerosis), mitochondrial
dysfunction and insulin resistance. All of these factors create a vicious circle that
aggravates the course of the disease, emphasizing the importance of early
diagnosis and correction of metabolic disorders to reduce the risk of complications.

KnoyoBi cnoBa: uykpoBui giabet, obniTepylounin  aTtepoCKrepos,
OKCMOATMBHUMA CTPeC, IHCYNMIHOPE3NUCTEHTHICTb, OKCuA as3oTy, MITOXOHAianbHa
AVNCPYHKUiA, 3ananeHHs, akTUBHI OpMn KUCHIO, eHaoTenianbHa NO-cnHTasa.

Llykposun piabet (L) € cepno3HUM MeTaboniyHMM 3axXBOPHOBAHHSAM,
SiKe 3Ha4yHO MiABULLYE PU3MK PO3BUTKY 0bniTepytodoro atepockneposy (OA)
— XPOHIYHOro YypaXkeHHA apTepin, WO MNpu3BOoAUTb OO0 IX 3BYXEHHd Ta
obcTpykuil. llaToreHeTMYyHMin  B3aEMO3B'A30K MK UMMM CTaHaMn €
BGaraToakTOpHMUM | BKMIOYAE KiflbKa KNHOYOBUX MEXaHi3MiB, SAKi CrpuUsitoTb
NPUCKOPEHOMY PO3BUTKY aTepocKsiepody Yy nauieHTis 3 L.

EngoTteniansbHa gucdyHkuia (EL), paHHin  iHoukaTop AiabeTudHoro
ypaXkeHHA CyauH, € nowmnpeHum ssuwem npu UL 2 i HesaneXHo nporHosye
CepueBO-CYAUHHUA  puU3MK. Xo4ya TOYHI  NATOreHeTUYHi  MexaHi3mu
eHaoTenianbHol aucdyHkuii npu UO2 3anuwatroteca Hes'acoBaHuMmu. Ha
no4YaTKOBOMY  eTarni  BOHW  BKNKOYaKTb  PO3'€gHaHHA  aKTUBHOCTI
eHaoTenianbHOI CUHTa3nM OKCcuAy asoTy Ta MITOXOHApPIanbHOro OKUCHOro
docopusnoBaHHA, a  TakoX  aKTUBaLito  CYOMHHOI  HiKOTWMHaMmig-
ageHiHguHykneotnadgocdart-okemagasn.  OCHOBHUMKM  pakTopamu, L0
CNpUAIDTb LbOMY, € OUCIINONPOTEIHEMIS,, OKCUOATUBHUW CTPeC i 3anasieHHd

[1].

EngoTenin nigTpumye romeoctas cyauMH 4epe3 6GaratouyucenbHi Ta
CKnagHi  qoisionorivyHi  oyHKUil, Yy TOMY YUCNi BUBISIbBHEHHA  KiSTbKOX
Ba30aKTMBHUX (pakTopiB, $Ki  peryniowTb TOHYC CYAWH, PEeOnoriyHi
BNacTMBOCTI KPOBi Ta 3ropTaHHsA, of4HOYacHO obmexytoun nponidepadito
KNITUH rragkol Myckyrnatypu Ta 3ananeHHs [2]. OgHiel 3 HanBaMBILLNX
MOMEKyrn, wWo BupobnseTbca eHpoTteniem, € okcmg asoty (NO), xoya B
nigTpuMui yHKUIN eHgoTenito TakoxX 6epyTb yyacTb eHpgoTteniH-1 (ET-1),
aHrioteH3nH |l, npoctauukniH Ta eHgoTenianebHUA  iNeprnonaApu3yrymnmn
daktop (EDHF). Y BignoBiob Ha Hanpyry 3cyBy abo akTtuBauito
MYCKapUHOBUMX peLenTopiB akTUMBYETbCHA LWIMAX Mepefadi curHany 4yepes
G-6inok, skmn ctumynoe engotenianbHy NO-cuHTasy (eNOS) [3]. Y TicHo
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noB'a3zaHOMYy npoueci 3 L-apriHiHy, MONeKynsapHOro KMCH Ta BiAHOBIIEHOrO
HikoTMHamigy ageHiHannykneotnggocdaty (NADPH) ytBoptoeTbca NO Ta
untpynid (Puc. 1A) [3]. NO, Wwo BMBINBbHAETLCA B pe3dynbTaTi Lboro npouecy,
PYHKUIOHYE 4epe3 UuMKNiYHUMKM ryaHo3uH 3',5'-moHodocdat (urMdP), wo
npu3BoAnTbL OO0 BasoAunaTauil Ta iHridyBaHHS XemoTakcucy i arperauii
TpombouuTis.

EnooTenianbHa gucdyHKuia Bigobpaxae gucbanaHc Ba30aKTUBHUX
PEeYOBUH, WO BUPOONAKTBCA eHOoTenieM, siKi CcnpudaloTb Basogunartauil,
ocobnueo  6IOOOCTYMHOCTI NO, Ta BA30KOHCTPUKLII. 3HUKEHHS
biogoctynHocti NO nos'a3aHe abo 3i 3MeHweHHsaM cuHTedy NO, abo 3i
30inbweHHamM Aaerpagauii NO, abo 3 oboma ummMm daktopamum 4epes
NoCUNEeHe YTBOPEHHS eHgoTesnieM akTuBHux ¢opM kucHio (ADPK) [4]. 3a
PO3BUTKY OKCMAATMBHOIO cTpecy TeTparigpobiontepnH (BH4), kodakTop,
AKumn peryntoe npogykuito NO, OKUCIIETBCS, LLO NPU3BOAUTL A0 PO3'eaHaHHSA
eHpoTenianbHol NO-cuHTasn i 3HmxeHHa npogykuii NO [5-7]. BHacnigok
LbOro MOXYTb YTBOPKHOBATUCA PIi3HI OKCUOAHTWU, Taki SK Cynepokcupg i
NEePOKCUHITPUT, AKI MILCUMIOITE PO3BUTOK okcnaatueHum ctpec (Puc. 1B) [5,
6]. [ligBuweHUn piBeHb acumeTpuyHoro aummetunapriHiny (ADMA),
eHOOreHHoro iHribitopa engotenianbHoi NO-CMHTa3n, Yyepes3 KOHKYPEHLio 3
L-apriHiHOM MOXe [o4aTKoBO 3HWKyBaTu npoaykuito NO. EHgoTtenianbHa
AVNCAYHKLISA MOXe TaKOX BKIIHOMaTU 3MiHEHi pPiBHI BA30OKOHCTPUKTOPIB, TakuUx
K enpgoTteniH-1 i aHrioTeH3nH |l Ta BasogunartatopiB (eHaooTenianbHWUi
rinepnonsapusytoumnn oaktop (EDHF) i npoctauukniH) [4].

B Uncoupled eNOS
A Coupled eNOS

. Increased
Endothelial BH, oxidation oxidative stiess

cell

o, BH, L-citrulline ?BI_;L, L-citrullineﬁ H,0,
L-arginine N\, S < lL-arginine -2 N — o
/ e
eNOS 1NADPH INO — OONO:

NADPH NO

n N 4

Increased
redox potential

Puc. 1. A. MexaHismu eHOomenianbHoOI (byHKUiI 8 HOpMI ma eHOomernianbHOoI
oucyHKuUii npu yykposomy diabemi [1]. Okcud azomy (NO) supobrissembcs 3 L-
apaiHiHy ma moseKyrnsapHo20 KucHi (O2) eHOomeriasibHOK CUHMAa30K OKCUQy
aszomy (eNOS) y micHo rnog'azaHomy rpoueci 3a ydacmio mempaziopobionmepuHy
(BH4) ma HikomuHamid-adeHiHOUHykneomudgpocgamy (NADPH).

B. lNocuneHHs1 0KUCHO-8I0HOBHO20 ducbarnaHcy (Yepes nid8UUEHHS PIBHS
NADH/NADPH) i 3HuxeHHsi docmyrnHocmi BH4 (4epe3 okucrieHHs) npu3eodums 00
«p0o3’edHaHHA» supobHuumea NO. Lle npu3zeodumse 00 nepedayi eNeKMpPOHIi8 Ha
O2 3 ymeopeHHsim cyrniepokcudy (O2"). Cynepokcud, y ceoro yepeay, peazye 3 NO 3
ymeopeHHaM repokcuHimpumy (OONO".
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Bucoki BHYTPIWHBLOKIITUHHI  KOHLIEHTpaUil rnioko3n npu3BoaaTb OO
akTmBauii npoTeiHkiHa3an C i noganbworo yTBopeHHs APK 3a g4onomororo
NADPH-okcngasn Ta agantepHoro 6inka p66Shc. 3a okcmaaTtMBHOIO cTpecy
wenako iHaktueyeTbCcs NO, wWo npm3BoauMTb A0 YTBOPEHHS MPOOKCUOAHTY
ONOO, BignosiganbHOro 3a HiTpo3untoBaHHA 6inkiB [8]. 3HMXeHHSA
poctynHocti NO Takox noB'a3aHe 3 npoTelHkiHasza C-3anexHoro
aeperynsuieto  eHgotenianbHoi NO-cuHTasu. [incHo, npoTeiHkiHaza C
BUKNUKAE MOCUNEHHA perynsuii  pepmMeHTy, WO MOCUMNIE pPOo3'€aHaHHS
eHpoTenianbHoli NO-cuHTasm i Npu3BoAUTb A0 MNO4ANbLION0 HaKOMUYEHHS
BiNbHUX pagukanis. 3 iHWOro 6OKy, 3a rinepriikeMil 3HUXYETbCS aKTUBHICTb
eHpoTenianbHol NO-CMHTa3u, NpuUrHivyyryn aktusauinHe docgopunioBaHHSA
3a Ser1177. Pasom 3 Hectadeto NO, rnioko3o-iHOyKOBaHa akTuBauid
NpoTeiHKiHa3an C CNpuUYMHAE MOCUMNEHHS CUHTE3y eHAaoTeniHy-1, Wwo cnpusie
Ba30KOHCTPMKLIT Ta arperauii TpombouunTie. HakonnyeHHs cynepokcugHoro
aHIOHY TaKOX 3anyckae perynsaugito nposananbHux reHis MCP-1
(MOHOUMTApHUA XeMoaTpakTaHTHUK 6inok-1), VCAM-1 (monekyna agresii
cyamHHux knitnH-1) ta ICAM-1 (mornekyna BHYTPILWHBOKNITUHHOI agresil
KNiTMH-1) yepes3 aktmsauito curHanisauii NF-kB. BuweonuncaHi mexaHiamm
NpU3BOAATL A0 aAresii MOHOUMTIB, IX Mirpauii 3 yTBOPEHHAM MNIHUCTUX KNITUH
y cybeHgoTenianbHOMYy wapi. 3ananbHi  UWTOKIHW, WO YTBOPKOKTLCH
NiIHACTUMKM  KNiITUHaMK, NIATPMMYKOTb  3ananeHHs CcyauH, a  TakKoX
nponicpepauito rnagkom'ssoBuUX KniTUH, MPUCKOPHOKYN aTepPOCKIIEPOTUHHUN
npouec. EHpoTenianbHa AaucdyHKUia npu giabeTi TakoX € Hacrigkom
NiABULLEHOrO CMHTE3Y TPOMOOKCcaHy Az Yepes nocuneHHa perynsauii LLOIM-2 ta
iHaKTUBaUIl NPOCTAUMKNIHCUHTaA3N Yepes NiaBULLEHE HITPO3untoBaHHA. Kpim
Toro, A®K 36inblytoTb CMHTE3 MeTaboniTy rMOKO3XW MeTURrniokcanto, Lo
npussoanTb [0 aktmeauil curHanisauil AGE/RAGE (npogyktn KiHueBoro
[MIKO3WIMIOBaHHA Ta peLenTopyu 00 HUX) | MOTOKY NPOOKCUAAHTIB rekco3amiHy
Ta nosionis [9].

Platelots
‘Oc

Glucose Glucose Glucose

l
PKC \

L IPGL +— 1PGIS  tCOX2

Puc 2. MexaHi3amu rowKoOXeHHs1 CyOUH, CripuYuHeHi aineparikemieto [8].
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OKpemMOl BaXIMBOK NAaHKOK MaToreHedy CYAWHHUX YCKNagHeHb npwu
LYKpOBOMY AiabeTi € MiToxXoHApianbHa OUCAYHKLUiSA, KOTpa, Xoda M TIiCHO
noB'a3aHa 3 OKCUOATUBHMM CTPECOM, Ma€ HU3KY YHIKanbHUX MexaHi3MmiB
BANMBY. Y QisionoriyHMx ymoBax MIiTOXOHAPIl € mKkepernom eHeprii y doopmi
AT®, a TakoxX perynoTb KIITUHHY CUrHanidauito Yyepes3 KOHTPONbOBaHe
YTBOPEHHA  aKkTMBHMX dopm  kucHw. [lpu  piabeti  BigobyBaeTbcs
rinepnongapmsauis MiToOXoHApianbHOT MeMbpaHu, NiABULLYETBCA reHepauis
CYNepOKCUAHOro aHioHy, L0 NPM3BOAUTE A0 MOLLUKOOKEHHS MiTOXOHApIanbHOI
OHK, 3HWKEeHHA akTMBHOCTI pepMeHTIB AMXanbHOro fiaHutora Ta nopyLeHHs
GioeHepreTukn knitmH  [10-12]. Ui npouecn He nuwe MOCUMIOKTb
oKCuMAaTMBHUK CTpec, ane n bGe3nocepeaHbO BNNMMBAKOTb HA eHOoTenin —
yepes 3HMKEHHA BUPOOHULTBA ATD, NpUrHiYeHHS akTuBauil eHgoTenianeHoI
NO-C/HTa3n, HaKONMNYEHHSI TOKCUYHUX MeTaboniTiB Ta NOCUNEHHA 3ananbHOI
Bignosigi. Kpim Toro, giabeTt acouiloeTbCs 3 NOPYLUEHHAM MiTOXOHAPiIanbHOT
AVHaMIKM: 3MEeHLUYeTbCA npouec ysil, a dparmeHTauia Ta HeOOCTaTHICTb
aytodparii 3yMOBIIOIOTb HAKOMUYEHHA OUCPYHKLUIOHANbHUX MITOXOHAPIN. Taki
KNITUHX MalTb 3HWXKEHY >XUTTE3OATHICTb, nocuneHy npoaykuiro APK Ta
nigBuLLEHY anonToTUYHy akTuBHicTb [10,11]. [loBedeHo, WO y nNauieHTiB 3
piabeTtoM cnocTepiraeTbCs  3HWXKEHHS MiTOXOHApianbHoro 6GioreHesy B
eHpoTenii, ocobnMBo B apTepionax, WO MNpPsiIMO KOPENeE 3 MNOripLeHHAM
Basoaunartauil Ta NopyweHHsaM CyauHHOro romeoctasy [13]. Takmm 4YuMHOM,
MiTOXOHApianbHa AUCPYHKUIA BUCTynae He nuvwe mkepeniom ADPK, a wn
KNMOYOBUM  CaMOCTIMHUM  YMHHWKOM, WO nornmbnioe eHpoTenianbHy
ANCAYHKLIiID Ta NPUCKOPIOE PO3BUTOK OBMITEPYOYOro aTepocKneposy Yy
XBOPUX Ha LlyKpoBUI fOiaber.

[HCYNiHOPE3NCTEHTHICTb Npu AiabeTi 2 TUNy TakoX BBAXXAETbCA OAHUM i3
KITIOYOBUX UYMHHUKIB MNOPYLUEHHS eHaoTenianbHOl YHKUil, WO 3Ha4yHOo
NPUCKOPIOE PO3BUTOK aTepockrnepoldy. 30Kpema, naTosioris iHCYniHOBOro
curHaniiry 4vepes npurHiveHHsa PI3K/Akt-unaxy (docdaTnanniHosmton-3-
KiHasn/npoTeiHKiHa3n B) cynpoBOMXKYETbCA BTPATOK Ba30NpPOTEKTOPHOI Ail
iIHCYniHY i BogHo4ac akTtuauieto anbTepHaTMBHOro MAPK-wngaxy (miToreH-
aKTUBOBAHOI MNPOTEIHKIHA3N), WO CTUMYMIOE CUHTE3 MOJSIEKYN KNIiTUHHOI
agresii — ICAM-1, VCAM-1 Ta E-cenektuny [14]. Takum pgucbanaHc
CUrHanbHMX KackagiB Crpusie NPOJSIOHrOBaHOMY 3anarieHHK Ta MOCUITEHHIO
eHaoTenianbHol ANCAYHKUIT. KnioyoBuM hakToOpoM Yy MNOPYLUEHHI pefoKe-
romeoctasy CyOMHHOI CTiHKM BuUcTynae depmeHTHa cuctema NOX
(HikoTMHaMmig-ageHiHauHyKneoTnadocdar-okeuaasmn), Wo reHepye HagMipHy
KinbkicTe A®K B ymoBax rineprnikemil [15]. Hagnuwkose ytBopeHHA ADK Ha
TNi ocnabneHHst 3axncHoi poni eHaoTenianbHol NO-CMHTa3u Ta okcuay asoTy
nopyLye 6anaHc Mixx BaszoannaTyrouMmMm Ta Ba3OKOHCTPUKTOPHUMKM areHTaMu
(npoctarnaHguHn, NO npotn eHgoTeniHy-1 Ta aHrioteHauny Il), wo
NPU3BOANTL OO 3HWXKEHHS BAa30PErynaTopHOIl 3gaTtHoCTi eHaoTenito [16].
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Omxe, BCi Bule3a3Ha4yeHi (pakTopu He TiflbKU CNpuUsitoTb PO3BUTKY
LYKpOBOro Aiabety Ta o00OniTepyo4oro artepockneposy, a n YTBOPKKTb
NOPOYHE NaTONorivyHe Komo, Lo ycknagHe nepebir 3axsoproBaHb. Baxxnuneo,
WO came cuctemHi mMeTtaboniyHi pos3nagn npu aiabeti €  nyckoBuMm
MEXaHI3MOM Yy PO3BUTKY aTEepPOCKNEPOTUYHUX ypaKeHb. [lopylueHHs
€HepreTMYHOro roMeocTasy KniTMH Ta 3MeHLUEeHHS npoaykyBaHHA AT yepes
OANCKOYHKLIK0  MITOXOHAPIN  NOCUNIOKTE  CyauMHHY naTonorito.  OnucaHi
naTOreHEeTUYHI MexaHiamMu nigTBEPAKYITb NOTPeby paHHbOI OiarHOCTUKK Ta
KopekLil 0OMiHy pedoBuH. Lle Moxe mMaTu KniHiYHe 3HAYEeHHS OS5 3HUXKEHHS
PU3NKY yCKIagHeHb Ta CMEepPTHOCTI. Takun nigxig gae 3aMmory Kpaile 3po3yMmiTu
CKNagHiCTb  B3aEMO3B'A3KY MK  giabeTtomMm Ta  aTepOCKepo30M.
[ligcymoBytouK, IHTErpoBaHWM aHania MONEKyNApHUX MexXaHi3MiB  LuMX
naTonorin  BigKpMBaEe HOBI MepPCneKkTUBM AN MOWyKYy edeKTUBHUX
TepaneBTUYHMX CTpaTerin.
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YK 575.853:575.16
Yeyota K.O., Muxannosa A.l"., Axiubka J1.B.

EnireHeTYHe nepenporpamMyBaHHS KNiTUH AK LWAAX A0 peBepPCUBHOIO
CTapiHHA

HauioHanbHut medudyHuu yHisepcumem imeHi O.0.bocomorbus, YkpaiHa

Epigenetic reprogramming of cells is a promising approach to rejuvenation,
allowing for changes in the cellular epigenetic profile. Partial reprogramming, which
preserves cellular identity and reduces risks of genomic instability and oncogenicity,
is particularly valuable. The role of chemical inducers, hormonal regulators,
epigenetic clocks, and CRISPR/dCas9 systems for safe epigenetic modification is
discussed, opening new opportunities for regenerative medicine and the treatment
of age-related diseases.

Knwo4yoBi crnoBa: enireHeTuka, nepenporpaMyBaHHsl, OMOJOMKEHHS,
TeXHONOoril reHepaTnBHOI MeAULNHN

AKTyanbHicTb. CTapiHHA HaceneHHA Ta MNOoB’si3aHi 3 HUM  XPOHIYHI
3axXBOPKOBAHHSA CTAHOBMATb OAHY 3 HaAWCEPWO3HIWMX MeaMnKO-couianbHUX
npobnem XXI cToniTTa. Y UbOMY KOHTEKCTIi [AOCHIIKEHHS MexaHi3MiB
enireHeTUYHOro nepenporpaMmyBaHHs KIiTUH SIK 3acoby peBepCUBHOMO BNUBY
Ha  OGionoriyHMM  BIK €  HaA3BMYaAWMHO  akTyanbHMMW.  YacTkoBe
nepenporpaMmyBaHHsl  BiAKPMBAE HOBI  MOXMIMBOCTI Ans  6e3neqyHoro
OMOJSIOAXKEHHS KNiTUH ©e3 BTpaTK 1X i4EHTUYHOCTI, WO CTBOPHOE NEPCNEKTUBY
3aCTOCYyBaHH4A L€l TEXHONOTrIT B @aHTUBIKOBIM Ta pereHepaTuBHIN MeaNLUVHI.

MeTta. [lpoaHanidyBatm cyyacHi nigxogu OO  enireHeTU4YHoro
nepenporpaMmyBaHHA  KNiTUH,  BU3HAYUTU  e(PEeKTUBHICTb  YaCTKOBOIO
nepenporpaMmyBaHHsA, a TakKOX OUIHWTU NepcrnekTUBM NOro 3acToCyBaHHA B
aHTUBIKOBIN Tepanil.

Metoan pocnigXxeHHs. OrnsgoBa  aHanitTuyHa  pobota 3
BUKOPUCTAHHAM  aHIMIOMOBHUX  [IKEPErn (PubMed, Nature, Cell,
ScienceDirect).

Pesynbtatn. CrapiHHa € OAHMM i3 HambinbWw akTyanbHUX BUKITMKIB
cyyacHoi ©GiomeguuMHM, WO BNNAMBaAE Ha BCi PiBHIi OpraHisauii XXnBoro
opraHiamy. OOHUM 3 KNHOYOBMX MEXaHi3MIiB CTapiHHA € HaKONUYeHHS
enireHeTUYHNX 3MiH, 30Kpema nopyweHHs wmeTtunoBaHHa [OHK Ta
Moamdikauin ricToHiB, WO NpU3BOAUTb OO0 3MIHM €KCNPECil reHiB, reHOMHOI
HecTabinbHOCTI Ta NopyLeHHs YHKUIN KNiTKH. Lli npouecn nexartb B OCHOBI
BIKOBMX 3axBOPIOBaHb, TakUX SIK HeMpoaereHepauis, CapKoneHisi, cepueBo-
CYOWHHI NaTonorii, i 3HWKEeHHS pereHepaTuBHOI 30aTHOCTI TKaHWH.

OcTaHHiI gocnigkeHHA nokasanu, Wwo moaudikauis enireHeTUYHOro CTaHy
KNITUH MOXe CcTaTu MOTYXXHUM [HCTPYMEHTOM AN OMOSMOMXKEHHA KITITUH.
OaHuM 3 NpopuvBIB Y LIbOMY HanpsiMi CTano BiOKPUTTS (pakTopiB AmaHakm —
OCT4, SOX2, KLF4 ta c-MYC — 3gaTHuUX iHOyKyBaTU nepenporpamyBaHHS
COMATUYHUX KNITUH Y iHOYKOBaHI NNOPUNOTEHTHI cTOBOYpPOBI KNiTUHM (iPSCs).
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BukopuctoBytoun TexHonorito iPSC, [ocnigHuku oTpumanu MOXMAMBICTb
CTBOpPIOBATU HeobMexeHun pes3epB KNiTUH Ans notped pereHepaTuBHOI
MeaNUUHI, po3pobKn nikapcbkux 3acobiB i BUBYEHHA MEXaHi3MIB KIITUHHOMO
cTapiHHa. OgHak MoOBHE nepenporpamyBaHHs Ma€ BUCOKI PU3MKK, Taki SK
BTpaTa KNITUHHOI iAEHTUYHOCTI, reHOMHa HecCTabINbHICTL Ta nigBULLEHUI
KaHLeporeHHun noTteHuian [1].

Tomy Bce Oinblle yBarn nNpuaINAeTbCs 4acTKOBOMY ernireHeTUYHOMY
nepenporpaMmyBaHHIO, SKe [JO03BOSISIE MOBEPHYTU [esKi XapaKTepUCTUKK
MOMNOAOCTI KMiTUH 6e3 MOBHOro CKMAAHHSA IX enireHeTUYHoro naHawadrTy.
Llen nigxig cnpsiMmoBaHWW Ha BiOHOBMEHHS HOPMarbHOI €KCNpecil reHis,
nokpaweHHa meTaboniamy Ta YHKUIOHANbHOrO CTaHy KiTUH  Npwu
30epexeHHi Ix cneuianisauii. JocnigxkeHHs Ocampo Ta cnisasT. (2016) ctano
OAHUM i3 nepwmnx OokasiB edpeKTUBHOCTI Ui€l cTpaTeril in vivo: MULLi, 9KUM
nepioguyHO BBOAMNKN bakTopu HAmaHakn, LOEMOHCTpyBanu MoKpaLLeHHS
disioNoriyHNMX MNOKasHWKIB, 3HWKEHHSA enireHeTUYHoro BiKy ©0e3 BTpatu
TKaHWHHOI igeHTnyHocTi [1]. Lle cBiguMTb npo noTeHuinHy 6e3nedvHicTb Ta
e(PeKTUBHICTb YaCTKOBOro nepernporpaMmyBaHHSA Yy XXMBOMY OpraHi3mi.

HocnigxeHHa Lu Ta cnieaeT. (2020) poBoaATb, WO  BigHOBIIEHHS
enireHeTN4YHoI iHopMaLil MOXNMBE HaBiTb Y AUbepeHUiMOBaHNX TKaHMHAX:
nepenporpamMmyBaHHs CITKIBKA Yy CTapux MULLEN BIQHOBIIOE 30p, LLO BiAKpUBae
nepcnekTmBM AOns Tepanii BIKOBUX 3axBOPHOBaHb, TakUX $K rnaykoma Ta
aereHepauia citkiBkn [2]. Ak 3a3Hadae Horvath (2013), enireHeTUYHi 3MiHK
BiZirpatTb POSib «MOJIEKYNAPHOrO rOAUHHUKA», LLO HaKONU4ye curHanm BiKy
NPOTArOM XUTTS KNITUHU [3].

LLle ogHMM nepcrnekTMBHUM HanpsiMOM € BUKOPUCTaHHA XiMIYHUX areHTiB,
3okpema iHribitopie [OHK-metuntpaHcepas (DNMT) Ta ricTOHOBMX
auetuntpaHcgepas (HAT), aki cnpusaloTe pemMoaentoBaHHK enireHeTUYHOro
npodointo  KNiTMH. OCHOBHUMW NepeBaraMyM TakuMX CMOMyK € BigHOCHA
6Ge3neyHiCTb Ta MOXNUBICTb TOYKOBOro KOHTpont. KombGiHoBaHi nigxoaw i3
3aCTOCYBaHHSAM FOPMOHIB, pOCTOBMX bakTopiB Ta MeTabonivHNX perynaTopis
TakoX nokasanun obHapinnuei pesynbTatu. Hanpuknaa, Fahy Ta cniBasr.
(2019) nokasanu, wo kKoMbiHauis ropMoHanbHOI Tepanii Ta gakTopiB pocTy
3gaTHa  3HU3UTU  €ENireHeTUYHUM BIK 3@ MOKa3HMKaMM TakK  3BaHUX
«enireHeTUYHUX roguHHUKIB» [4].

EnireHeTnyHi rogmHHukn, 3okpema Horvath Clock aHanisyoTb piBHI
mMeTunyBaHHsa AingaHok OHK i TO4HO ouiHTE BI0NOriYHMIA BiK KMITUHKU, WO
[03BoSIiE 06’EKTMBHO BUMIptOBaATU €(PEKTUBHICTb aHTUBIKOBUX IHTEPBEHLIN.
Gill Tta cnisaBT. (2022) poBenu, WO HaBITb KOPOTKOYACHE YacTKoOBe
nepenporpamyBaHH4 3gaTHe Npu3BecTn no OMOOKEHHS
TpaHCKpMNTOMHOro npodinto 6e3 BTpatn KNITUHHOI ineHTUYHOCTI [5]. MNpoTe
AN KNiHIYHOro 3aCTOCYBaHHS TakMX NigxoAdiB HEOBXiAHO ONTMMI3yBaTU CXEMM
BBEOEHHA (pakTopiB, MiHIMI3yBaTU PU3MKM akTMBaUil MyXSIMHHOMO POCTYy Ta
3abesneunTtn pgosroTpmBany ctabifibHICTb gocarHytoro edoekty. Olova Ta
cnieaBT. (2020) nigkpecnoTb, WO TUMYacoBe Ta 0OesiHTerpaTuBHe
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BBeOEHHA (pakTopiB nepenporpaMmyBaHHA [OO3BOSMSAE YHUKHYTU TE€HOMHOI
HecTabinbHOCTI 1 3abe3nevye DaraToBEKTOPHUI OMOMO4XKYyBanbHUN ehekT. Y
ceBoto yepry, Olova Ta cnigaBT. (2019) pgosenn, WO YacTkoBe
nepenporpaMmyBaHHs 3MEHLUYE €enireHeTUYHUM BIK KNITMH 6e3  3MiHK
coMaTMYHOro oeHoTuny, pobuTb Len nigxig nepcnekTmBHUM ansa tepanii [6].
[MepcnektnBHuM Takox € BukopuctaHHa CRISPR/dCas9-cuctem ans
enireHeTn4HOI Mogudikauii 6e3 nopyleHHs nocnigosHocTi JHK.

BucHoBoOK. EnireHeTn4He nepenporpamyBaHHS KNiTUH € NEePCNeKTUBHUM
HanpsiMoM y GioMeguunHI, WO BiAKPUBAE HOBI MOXNMBOCTI ANst 6opoTbbU 3i
ctapiHHaM. [loganbwi AoCnipKEHHA MakTb OyTM  cnpsiMoBaHi Ha
ONTUMI3aLito PEXUMIB €KCNpecil reHiB, BUBYEHHS AOBrOCTPOKOBUX eekTiB
nepenporpaMmyBaHHsa Ta pPo3pobky 6e3neyHux KIiHIYHMX NPOTOKOMIB, LWO
A03BOSINTL  BNpPOBagKyBaTU Ui TEXHOMOrii B MPakTU4HY MeauunHy.
OuikyeTbCs, WO Y HANBXK4i 4ecATURITTA enireHeTU4YHe nepenporpamyBaHHs
CTaHe OCHOBOK MNepcoHarnizoBaHol Tepanii cTapiHHs, 06’€QHYO4YM TEeHOMHI,
enireHeTUYHi Ta cepeoBULLHI YAHHUKM ONA NOKPALEHHS 340POB’S Ta SIKOCTI
KUTTS.
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YK 581.1:58.02
12BponHikoBa J1.1., 2XomeHko J1.0.

Aia BnnuBy dinbTaTty rpuba Penicillium vitale Ta meTaboniam nponiny i
GioTexXHONOriYHUX POCIIUH MeHUUi 03MMol

L Hinposckkuli HauioHanbHUl yHieepcumem imeHi Onecsi FoH4Yapa, YkpaiHa
2JHcmumym ¢bizionoeil pocnuH i 2eHemuku HAH YkpaiHu

MweHnysa (Triticum aestivum L.) Bigirpae npoBigHY pornb Yy Xap4yoBOMY
3abes3neyveHHi noactea. 3aBOsKM E€KOSONiYHIA NNAacTUYHOCTI BOHA Ma€ LUMPOKUM
apearn poO3nOBCOOXEHHS | 3aMMae [OOMiHYHYI NMOLWi KynbTUMBYBAHHA Yy CBITI.
3Baxkaroum Ha gemorpaduivyHy, NPoOAOBOSIbYY, EKOSMOrNYHY CUTYyaUil Y CBIiTi 3HAYEHHS
MWeHUUi  HEeBMWHHO  3pocTaTuMe. CyyaCHMM  HanpsIMKOM  CTBOPEHHS
NOCYXOCTIMKOCTI COpPTIB MNUWEHWLi € 3aCTOCyBaHHA METOLIB FeHeTUYHOI iHXeHepil.
[ns reHeTUYHOro y4OCKOHANEHHs MWeHWUUi 3anyyarTb 6ioTexHonorii, nos's3aHi 3
BUKOPUCTAHHAM TeHiB, $Ki KOHTPONKTb MeTaboniam pocnuHu. OgHum i3
HanWNepcnekTUBHILLMX NiAXo4iB € igeHTudikauis Ta BUKOPUCTAHHSA reHiB, LWO
KOHTPOSOITb CMHTE3 | KaTtaboniam nponiHy. [Ona BNAMBY Ha NpoUEeC YKOPIHEHHSA
3BMYaAMHO 3aCTOCOBYKOTb KOMOIHALiO LMTOKIHIHIB Ta ayKCWUHIB, LLO HEe 3aBXau €
edpekTMBHMM. Mu gocnifkysanu HOBY AN CUCTEMU N Vitro pevoBUHY — Mikpouua,.
[itoya pevoBmHa € binbTpaTtom KynbTypanbHOi piagnHu rpmba Penicillium vitale.
AKTMBHUM  KOMIMOHEHTOM  MiKpoumuay BUCTYNae npoaykt depMeHTaTUBHOIo
OKUCNEHHS TIIIOKO3KN, a caMe O-NaKTOH [MNKOHOBOI KUCNOTU. B KynbTypi in vitro
4acTO 3acTOCOBYKOTb 3MiHM CKnagy BYrNeBOAIB [ONA KepyBaHHA npouecamu
AndbepeHuiadii/aegmndepeHruiadii. IMOBIpHO Le ABKLLE NOB’A3aHO i3 BNACTMBOCTAMU
AOil0YOK  pevyoBUHM Mikpouna. He BuMKNoveHa 3BOpPOTHA LWBWMOKA JIAKTOHI3auiqa
[MIOKOHOBOI KACIIOTH, sIka MOXe NPU3BOAUTU A0 YTBOPEHHSA/pO3Knaay rMoKo3un i TUM
camMuMMm BMAMBATU Ha BHYTPILWWHBOKNITUHHUM GanaHc ByrneBoaiB. He BMKAOYEHUN
iHWKM mexaHiam pgii. OgHak cnig 3asHaunMTh, WO BUKOPUCTaAHHS  Mikpouungy
AOUINbHO NPOJOBXUTN BUKOPUCTaHHS (PinbTpaTty B KynbTypi in Vitro Ans akTMBHOCTI
POCTOBUX NPOLECIB POCINUH MNLUEHWULI.

KnwoyoBi cnoBa: pro, nweHuua osuma, Mikpoung, [15KC, reHeTudHa
iIHXXeHepis, in vitro

HeratmBHun BnnuB Ha rnobanbHy npoaoBosibdy 6esneky KriMaTuYHMX
3MiH, AKi € pe3ynbTaToOM HeyXuIibHOro NiaBULLIEHHS PIBHA NapHUKOBUX rasis B
aTMocdepi NOCUNIETLCA 3HMKEHHAM LOCTYMNHOCTI HOBUX Ta AKOCTI ICHYOYNX
cinbcbkorocnogapcbkux yrigb. [donosiae MiXypssgoBOl rpynu ekcnepTiB 3i
3MiHM KniMaTy CBig4YUTb, WO KiNbKICTb TENNIMX OHIB | HOYEN, a TakoX YacTtoTa
XBWNb crekun 3pocna y 6aratbox yactuHax csity [1, 9]. Kpim Toro, amiHoeTbCA
po3noAin KinbkocTi onagiB. MigBULLEHHA TONEPaHTHOCTI POCAWH OO0 BNIMBY
HEeraTUBHUX YMHHMKIB HaBKOMWLLIHBOrO CcepedoBulla CTae 0cobnueo
akTyanbHUM Yy 3B'A3Ky 3 rnobanbHMMK 3MiHamun Knimaty. Y npupoaHux
KNiMaTU4YHNMX YMOBax POCMHM OCOB6MMBO 4acTo nigaarTbCs Ail NOCyxXu i
TEeNNoBUM CTpecaM, AKi 3HAaYHO 3HWXKYIOTb IX BpOXanHicTb [13, 15].
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MweHnus — € ogHielo 3 Hanbinbll BaXKMBUX CiflbCbKOrocnogapCbkux
POCIVH, TOMY LUMPOKO BUPOLLYETLCA NO BCbOMY CBITY. AK iHLI POCINHU BOHA
notepnae Bi4 Pi3HOMaHITHUX 6ioTMYHMX | abioTuyHux cTpeciB. Cy4yacHi
HanpaMKK BGioTeXHOOoriT CNPAMOBaHI Ha OTPUMAaHHS POCAWH (B TOMY YMUCA
AWeHuui), CTinknx [o abioTMYHMX CTpeciB [OOBKINNA, B nepwy 4epry
3aCoreHHs Ta nocyxu [2, 6, 13, 14].

B xopi 6ioTexHonoriyHMX ekcnepumeHTiB B pesynbTaTi Agrobacterium-
onocepenkoBaHol TpaHcdopmauil Oynn OTpUMaHi POCIIMHU KYKypyasu, B
FEHOM $IKMX MNEePEeHOCUNN reH-cynpecop (epmMeHTy nponiHaerigporeHasu.
Benu anani3 6ioxiMiyHnX nokasHukiB oTpumManux pocnuH TO i T1 [5, 8].

AMIHOKMCNOTa NPOMiH NOoCigae OKpeMe Micue cepen aMiHOKUCIIOT, SKi
BXOAATb 40 CKragy KniTuHW. BoHa xapakTepusyeTbCs 30aTHICTIO perynoBaTu
BflaCHMN piBeHb. B KkniTMHax CcwuHTE3 nponiHy KaTanisyetbCAa TpboMa
depmeHTamu: Al-niponiH-5-kap6okcunatcunHtetasot; (M5KC), Al-niponiH-5-
kapbokcunaTtpenyktasoo  [15KP,  opHitnHamiHoTpacdepasoo  (OAT).
Y Bunagky peakuin, onocepegkosaHnx [15KC i T[15KP, cuHTe3 ige i3
rmytamaTty; B OCTaHHbOMY BMWMagKy — i3 OPHITMHY. 3a YMOB CTpecy
peani3yetbCa nepwun Wwnax. B Ton e yac gerpagauieto nposiiHy Kepye
nuwe oanH oepMeHT, a came — nponiHgeriporeHasa (M140) [5, 8, 15].

Bigomo, wo nponiH € HecneundiyHMM CTPECOBUM MPOTEKTOPOM, PiBEHb
SKOro NigBULLYETLCA Y BiAMNOBIAL Ha Ait0 pisHMX cTpeciB [3, 12]. Takum YnMHOM
3a piBHEM BIfIbHOrO MPOMiHY B KITUHAX MOXHa OLUIHIOBATU XapakTep
dYHKLiIOHYBaHHA (PepMEHTHMX CUCTEM MOro cuHTesy/aerpagauii B HOpMi Ta
3a cTpecoBux ymos [4, 7].

3pini 3epHiBKM KyKYpya3n npopoLllyBanu g0 NoSBU AEKiNbKOX NMMCTOYKIB.
Monogi pocnmHkn TO i T1 nokoniHb nicna TpaHcdopmauil nepeHocunu y
BOOHY KynbTypy, €Ka cKraganacb i3 HaniBpo3BedeHOro MiHeparnbHOro
po34ynHy KHonny, 0O AKoro gogasanu coni Mopcbkol Boan (0 — KOHTPOSb Ta
2,0%). Bigpomo, WO 3aconeHHda € ogHUM 3 Hanbinbl LWKOOOYNUHHUX
OCMOTUYHUX cTpeciB. Ha 3-1 geHb fil cTpecy B JIMCTKaxX POCIWH BU3Ha4Yanvm
piBeHb BinbHOro nponiHy B Tabnuui HaBegeHO AaHi BMICTY BiflbHOrO MponiHy
B KNMiTUHaxX pPOCnWH, SKi niggasanu ail mogenboBaHoro crpecy. KoHTponem
B6ynun HeTpaHcdopMoBaHi pocnuHu nwenudi reHotuny YK - 065

3 Tabnuui BMOHO, WO PiBHI BINbHOMO MPOSIiHY B KMiTUHAX POCIIVH,
OTpUMaHuUX nicna TpaHcdopmaLil, Ta KOHTPOJSIbHUX POCNMHAX aHanorivHi.
ABCONIOTHI 3HAYEHHSA LbOro napameTpy TakoX HEBUCOKI.

Hunsbknn BMICT nponiHy B KniTUHax 3a HOpPMarnbHUX YMOB ajeKBaTHUM
HopManbHOMY (Qi3ioNoriMHOMY CTaHy OpraHiamy, Skun He noTpebye akTnBauii
depmeHTIiB cMHTe3y. B TOM Xe 4yac y pOCIvH, SKi pocnu B MPUCYTHOCTI
3aCoSfieHHs piBeHb NPOSiiHy He niasuyBaBcs. [1poTe, Ha Hawy OyMKy, Le He
€ HacrnigkoMm CTpecoBOro npurHiveHHs. Bigomo, WO Ha paHHiX eTanax
aganTauil B KNiTUHaAxX akyMymneETbCSA He MNPOfiH, a iHWi CyMIiCHI OCMOMITH,
30Kpema caxapo3sa. Lle sBuLe cnocTepiraetbcs i B HAWOMY BMMALKY.
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Tabnuus 1.
BmicT BinbHOro nponiHy B NIMCTKax POCAMH MLUeHULi
MponiH Mr%/r cnpoi macu
[[eHoTMN
Y2 KHonin Y2 KHonn+2,0% Mm.cinb
KoHTponb Ne1 4,07+0,56 3,2310,72
KoHTponb Ne2 6,11+1,40 13,27+0,56
KoHTponb Ne3 2,58+0,21 7,04+0,39
TO pBi2E Ne1 3,69+0,90 6,1410,59
TO pBIi2E Ne2 5,53+0,33 13,27+1,89
TO pBi2E Ne3 4,161£1,00 13,98+1,44
T1 pBi2E Ne1 5,61+£0,67 4,6810,56
T1 pBi2E Ne2 8,15+1,82 4,16+0,88
T1 pBi2E Ne3 7,22+1,64 9,77+0,63

Tomy cyauTtn npo BOYAOBYBaHHS /eKCMPECito TPaHC reHy Ha noYaTKoBUX
eTanax OCMOTUYHOrO CTpecy HeaouifibHO. 3 iHworo 60Ky BiAOMO, L0 piBEHb
BiNIbHOrO MposiHy KOPEente i3 cTagietd OHToreHedy pocnvH. B monogux
NPOpPOCTKax KyKypyasn, po3mip dkmx He nepesuwye 4,0 cm, Bigmivanm
CyTTEBE NiOABULLEHHA BMICTY MNPOAiHY, WO € MNOKa3HUKOM aKTUBHOIO
YHKUIOHYBaHHA epMeHTiB cuHTe3dy. O4eBmgHO, WO Ha Ui cragil
NPOPOCTaHHA AoUuifbHile niggasaTyu POCAMHW  CTPEecoBOMY BMMBY Ta
NOpiBHIOBATK NMOro GioxiMiyHi nokasHuku. KpiMm Toro iMoBipHO 3-4eHHMIA CTpec
TaKOX HeJoCTaTHIN ANga XapaKkTepusyBaHHS CTIMKOCTI TECTOBAHMX POCSIVH.

MweHnus € cknagHum ob’ektom Anga GiOTEXHONOrYHUX MaHINynsaUin
yepe3 obmexeHy abo 30BCiM BIACYTHIO peanisauito  MopdoreHeTU4yHOro
noTeHuiany. Tomy 3aBxau OyaoyTb akTyanbHMMU MOLIYK HOBMX NpUAATHUX
eKcnnaHTaTiB, a TakoX crnpobu nigBUWMTUN piBEHb TOTUMOTEHTHOCTI TKaHWUH.
[Mopsag i3 uMM HeOBXiAHO BMCYBaTW HOBI idel Ta Aocnig)XyBaTu HOBI Nigxoau.

Hanbinbw npugatHMM Ans  OOCNIdiB 3 TFEHEeTUYHOI  iHXKeHepii €
pereHepauis WnaxomMm npsmoro naroHoyteopeHHs [10, 11]. MeHw 6axaHum €
npouec embpioreHesy. 30BCIM HeraTMBHMUM (3 TOYKM 30py MNPaKTUYHOI
GioTexHonorii) — € npouec pusoreHesdy. PusoreHes, no cyTi, € Pi3HOBMOOM
opraHoreHesy, a npouec KOPEHEeYTBOPEHHA — MO3UTUBHUN MOPJOreHes.
Hepigko uen npouec HaBiTb CTUMYMIOKTb €K30reHHUMU peyoBMHaAMU ONs
NPUCKOPEHHS Ta MOMIMLWEHHS BMXXMBAHHA Ta KyNbTMBYBaHHS POCIMH N Vitro
[17, 18]. OgHak ue 34iNCHIOTL BUKITIOYHO Y BUNAAKY, KON € chopMoBaHUi
nariH. Akwo MoBa Wae TiNbKM MNP0 KOPEHEYTBOPEHHS, TO UK MO4ito
HamaralTbCa YNOBiNbHUTM abo 30BCiM 1i MO36YTUCb, OCKINbKWU pU30reHes
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rarbMye He TifbK/ nojanbliui opraHoreHes ane i nponigepadito Kanocy.
KynbTypanbHi cepepoBuwa € 3b6anaHcoBaHUMU TPOMIYHMMKM CUCTEMaMMK,
3pobuTtn uUe cknagHo. B pesynbTati noripwyetbcsa 3aranbHuin MeTaboniam
KynbTypWU, LLIO MOXE NPUBECTN O NeTanbHOro pesynbrarTy.

[ns BnnnBy Ha npouec YyKOPIHEHHA 3BUYANHO 3aCTOCOBYOTbL KOMBiHALiO
LMTOKIHIHIB Ta ayKCUHIB, WO He 3aBXau € edektnsHMM. Mu gocnigxysanu
HOBY AS1I9 CUCTEMM in Vitro pe4yoBuMHy — Mikpouuna. [Litoda pedyoBuHa €
ginbTpaTtoM KynbTypanbHOl piguHn rpuda Penicillium vitale. AKTUBHUM
KOMMOHEHTOM MiKpoumay BUCTYNae NpoaykT pepMeHTaTUBHOINO OKUCIIEHHS
[MOKO3N, a came O-NaKTOH [HOKOHOBOI KACNOTU. B KynbTypi in vitro 4YacTto
3aCTOCOBYIOTb 3MIHWM CKNagy BYIMEBOAIB ONS KepyBaHHS npouecamu
AndbepeHuiauil/aegndepeHuiauil.

3pini 3epHiBKN Kykypya3um reHotuny A-188, akunM XapakTepusyeTbCs
XOPOLLIOK pereHepauinHo 340aTHICTIO, NPOPOLLYyBanu B acenTUYHUX yMOBax.
[oBXuHa npopocTkiB He nepeBuwysBana 2,0 cMm. LiNAHKY pPoOCvHK, SKa
MiCTUNA@ MepUCTEMATUYHI KMiTUHKW, Ainunm Ha 4YactuHkn 1,5-2.0mMm  Ta
nepeHocunu y konbu, ob’emom 50 MmN, SAKi MICTUNKU: pigke >XUBUIbHE
cepepoBuwe FS-I (BapiaHT A), FS-I1 + 1/3 po3BegeHOro posymHy Mikpouuay
(BapiaHT B), 1/3 po3ssegeHun mikpoung (BapiaHT C). EkcnnaHtatn nweHuu;
CyOKyrnbTMBYBanuM Ha Kadanui npu MNOoCTiMHOMY CTpywyBaHHI BNpoaoBxX 1
rooMHn, a noTiM nepeHocunn B Yawku [leTpi Ha cepegosBulle AOns
noganbLloro po3sutky. KoHTponem OyB BapiaHT 6e3 cyOKynbTMBYBaHHS Ha
Kadanui.

Ha 3-n geHb Ha ekcnnaHTatax MoYMHaBCHA PO3BUTOK. B KOHTpOSibHOMY
BapiaHTi Ta y BUNagKy BapiaHTa A cnocTepiranu iHOYKUil0 KanycoreHesy Ta
no4YaToK NPSIMOro BigpoCTaHHA. B nopganbliomy B KymnbTypi poO3noynHaBCs
npouec MopdooreHesy, SKAN TpMBaB [eKiflbka nacaxiB, a nMoTiM
NPUrHiYyBaBCA akTUBHMM pu3oreHesoM. Y Bunagky BapiaHtis B 1 C
BiabyBanocb npsime BigpPOCTaHHA eKCrnriaHTaTy 3a Bi4CYTHOCTI KanycoreHeasy.
IHOYKUiS KanycoreHesy 3AiNCHIoBanacb 3HaA4yHO MisHiwe, a pereHepauinHum
noTeHuian reHOTUNY NigTpPMMyBaBCA OBLLUE.

IMOBIpHO Ue <£BuULLE MOB’SAAI3aHO i3 BRNacTUBOCTAMM Mikpoumay. He
BUKITIOYEHA 3BOPOTHA LUBWAKA NAKTOHI3aUisl FIIIOKOHOBOI KUCMNOTU, AKa MOXe
NPU3BOANTM OO0 YTBOPEHHS/pO3Knagy rnoKo3n i TMUM camMuMMm BMfAMBaTM Ha
BHYTPILUHBOKMITUHHWIA BanaHc ByrneBoiB. He BUKNIOYEHUI iHLINA MEXaHi3M
aii. OgHak cnig 3a3HauMTW, WO BUMKOPUCTAHHA Mikpoumay AouifibHO
NPOAOBXUTM Aani.

[[eHeTMYHa iHXeHepia cTae anbTepHaTUBHUM METOAOM OTPUMAHHA HOBUX
dopm pocnvH. OnTUMI3yBaTW BCi CKNAAoBi LbOro MetToay noTpibHO NOCTIMHO,
Mar4yn Ha yBa3i KOHKPETHUW POCNUHHMI reHoTun. OcobnmBo Le CTOCYEThbCA
TaKoro cknagHoro o6’eKTy AOCNIMKEHHSA Ta MaHINynauin sIK NweHuus.
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YOK 616.65
[y6osuk B. M,

Bnnue natonorii nepeamixypoBoi 3ano3n Ha penpoaykTUBHY (pyHKLUiO y
YOnoBiIKiB MOJIOA0r0 BiKY

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu ['oz2ons, YKpaiHa

The prostate gland is a vital organ of the male reproductive system,
responsible for producing seminal fluid that enhances sperm motility and viability.
Pathologies such as prostatitis, benign prostatic hyperplasia (BPH), and prostate
cancer significantly affect reproductive function. Chronic prostatitis is associated
with oxidative stress and immune responses that impair sperm DNA integrity. BPH
leads to mechanical and hormonal disruptions, affecting ejaculation and
spermatogenesis. Prostate cancer and its treatments, including hormonal therapy,
can cause testosterone suppression and fertility issues. Early diagnosis through
PSA testing, ultrasound, and biopsy, combined with innovative treatments like
targeted therapy and immunotherapy, are essential for preserving fertility and
improving quality of life.

Knwo4yoBi cnoBa: nepegmixypoBa 3anosa, penpoaykTuBHa  (DYHKLUis,
npoctatnt, [o6posikicHa rinepnnasia, pak nepeamixypoBol 3anosun, YoroBiKK
MONOAOro BIKY.

[MepeomixypoBa 3arsos3a € OAHUM i3 KITHOYOBUX OpraHiB 4oroBiyol
pPEenPOAYKTUBHOI CUCTEMU, SIKUA BUKOHYE BaXXnuBi OYHKLUIT Ans 3abe3nevyeHHs
depTunbHOCTI. BOHa po3TaluoBaHa HMXKYe CeYOBOro Mixypa i OTOHye BEPXHIO
YacTuHy ypeTpu, 3abesneuvyoun BUPOBEHHS CcekpeTy, WO BXOAUTb [0
cknagy cnepmu. Llen cekpeT MICTUTb (DEPMEHTU, LMHK, JIMMOHHY KUCIOTY Ta
IHLI KOMMOHEHTW, SKI CNPUSTbL PYXIIMBOCTI CNepMaTo3oiiB, X 3axXucTy Big
HecnpuUATANBUX YMOB Ta NigTpUMLUI onTuManbHoro pisHsa pH [3].

[MaTonorii nepeaMixypoBoi 3ano3u, Taki SK NpocTaTuT, AobposkicHa
rinepnnasia (4IMM3) Ta pak, MOXyTb MaT 3HA4YHUIA BNANB Ha PENPOAYKTUBHY
dyHKUil0 4YoroBikiB  mMonogoro  Biky. [lpoctatut, Hanpuknag, 4acTto
CYNPOBOKYETLCA 3ananbHUMW npouecamu, SKi 3HWKYIOTb SAKICTb Cnepmu
yepes nowkomkeHHs AHK cnepmatosoigis. O3 moxe BUKNUKATU MeXaHiYHi
nepeLwKkoan Ona HOpMasrbHOI esKynsuil, a pak nepeamixypoBoi 3anosun Ta
MOro nikyBaHHHA, 30KpemMa ropmMoHasibHa Tepanis, MOXYyTb NpU3BOOUTU A0
3HWXKEHHS PiBHS TECTOCTEPOHY, LLO HeraTMBHO BMNSIMBAE Ha criepmMaTtoreHes
[1, 2, 4, 5].

Okpim ¢pigionoriyHMx 3MiH, naTonorii nNepeamixypoBoOl 3ano3n TakoX
MaKTb MNCUXOMNOMYHUA BNANB, BUKIIMKAKYN CTPEeCc, TPUBOTY Ta 3HWXKEHHS
AKOCTi XUTTA. Lle pobutb TeMmy BNAMBY NaTonorin nepeamixypoBoi 3arno3n Ha
PENPOAYKTUBHY (PYHKLUiO Haa3BMYaMHO aKTyarnbHOK [Ond  OOCNIIKEHHS,
0COo6IMBO Y YONOBIKIB MONIOA0rO BiKY, SKi NfaHyoTb 6aTbKIBCTBO.
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MeToto pob0oTK € aHani3 OCHOBHUX NATOSOriN NepeaMixypoBoi 3anosu, ix
BNSIMBY Ha PenpPOAYyKTUBHY (PYHKLIO Ta Cy4acHUX Migxodis OO0 OiarHOCTUKM i
niKyBaHHS, siKi cnpsimoBaHi Ha 36epexXeHHs1 depTUNbHOCTI.

[MepeamixypoBa 3ano3a — Le HeBenukun opraH y opmi BOMOCBLKOro
ropixa, posTalloBaHMM Yy Tas30BiN MOPOXHUHI YOSIOBiKa, HWX4Ye CevYoBOro
MiXypa i HAaBKOSIO BEPXHbOI YaCTUHKN ypeTpu. BoHa cknagaeTbcs 3 3ano3ncTol
TKaHWHK, siIka BUPOOBNSE CEKpeT, Ta M'A30BOI TKaHMHU, dKa Aornomarae noro
BMBINbHEHHIO Nig Yac eskynauii. OpraH noginaeTbCca Ha TPU aHaTOMIYHI 30HMU:
nepudepuydHy, LUeEHTpanbHy Ta nepexigHy, KOXHa 3 4HKMX Mae CBOl
dyHKUioHanbHi ocobnueoctTi [3, 6].

OcHoBHa (yHKLis nepeamixypoBol 3ano3m — BUPOBEHHA CEKpPeTY, Lo
MICTUTb PEPMEHTU, LIMHK | IMMOHHY KUCMOTY, SKi 3abe3nevyoTb onTUMarbHy
PYXINUBICTb | XWUTTE3OATHICTL cnepmartosoigis. Kpim Toro, nepeamixyposa
3anosa Bigirpae KrYoBY porib Yy perynsauii  ropmoHansHoro 6anaxcy,
30KpeMa piBHS TECTOCTEPOHY [1, 6].

[lpocmamum — ue 3anaribHe 3axBOPHBAHHA MNepeaMixypoBOl 3arosu,
aKe Moxe 6yTu roctpym abo XpoHiYHMM. OCTaHHI AOCNIgAXEeHHS MOKa3ykTb,
LLIO NpOCTaTUT BMAMBAE Ha PENPOAYKTMBHY (PYHKLIi0 4Yepe3 OKCUOATUBHUM
cTpec, akun nowkompkye [HK cnepmaTosoifiB i 3HWKYE IXHIO pyXIMBICTb [4].
[AuncbanaHc Mikpodropu nepeamixypoBoi 3anosn, WO MOXe BnaMBaTh Ha
B'A3KICTb | KOHLEHTpauilo cnepMn, a TakoX ayTOIMyHHY peakuitlo, sKa
NpPU3BOANTL OO YTBOPEHHS aHTUCNepMarnbHUX aHTUTIM, WO BNAMBaKTb Ha
depTUneHICTb [4].

LobposikicHa zaineprnasia nepedmixypoeoi 3ano3u (ArMM3) - ue
naTonoriyHe 36inblUeHHA opraHy, sike CYNPOBOMKYETbCA MEXaHIYHUM Ta
ropMoHarnbHUM BMNSINBOM:

— 30iNblleHHs pOo3MIpiB  3ano3nM MOXe YCKragHBaTh  esKynsuito,
3HMXKyHoUM 06’em cnepmu;

—  rOpMOHanbHi 3MiHW, NoB’A3aHi 3i 30inbLLIEHHAM PiBHA
ONrigpoTECTOCTEPOHY, HEraTUBHO BMNSIMBaKOTb Ha CrepMaToreHes;

— YacTi no3vMBM [0 CEYOBUMNYCKaAHHS BUKIUKAKOTb  MCUXOSONYHUN
ONCKOMAOPT, SKUMA 0OOATKOBO BMMIMBAE Ha PENPOAYKTUBHY (OYHKLIO

[2, 5].
Pak nepedmixypoeoi 3a5103u € CEpMNO3HOI0 NaTonorieto, ska BNMBae Ha
penpoaykTMBHY  OYHKUIIO sK  pidionoriyHo, Tak | 4epesd nikyBaHHS.

[[OpMOHarnbHa Tepanis Ans 3HWXKEHHS PiBHSA TECTOCTEPOHY MOXE NPU3BOaUTU
Ao TumyacoBol abo nMOCTIMHOI asoocnepMii, a XpoHiYHe 3anarneHHs,
acouinoBaHe 3 pakom, BNsMBae Ha (PYHKLIOHANbHICTb KMiTUH NnepeamixypoBol
3anosun. [lcuxonoriyHMn cTpec, noB'A3aHMM i3 [iarHo3oM, noripwye
ceKcyaribHy Ta penpoaykTuBHY doyHKuito [1, 2, 6].

172



biomeguuuHa Ta phapmakonoris

CyyacHi mMeToau [giarHOCTMKM Ta JfiKyBaHHS [OO3BOSISAOTb  3HAYHO
NoKpawmMT NPOrHO3W AN nauieHTiB 3  natosioriasMn  nepeamixypoBoi
3anosu [7].

LliaeHocmuka:

— aHanis PSA: paHHe BUABEHHS NATONOri NepeaMixypoBoi 3anosu;
—  TpaHcpekTanbHe Y3[l: oetanbHa Bidyanisauist CTPYKTYpu 3anosu;
—  Bioncisa: nigTBepAKEHHS 3MOAKICHUX YTBOPEHD.

JlikysaHHS:.

—  MeOUKaMeHTO3He: aHTUBIOTMKM ANns npocTaTtuTy, anbga-bnokatopu
ona O M3, ropmoHanbHa Tepania ans paky;

—  XipypriyHe: TpaHcypeTparbHa pes3ekuia nepeamixypoBol 3anosu ans
A3, pagukanbHa npocTaTekToMist A4S paky;

— iHHOBauinHi  MeTOgM: TapretHa Tepanis, HDR-6paxiTepanis,
iMyHOTepanisa, pagiotepania 3 BukopuctaHHam PSMA.

Otxe, nartosnoril nepegMixypoBoi 3aro3v Yy 4YOroBiKiB MONOZOro BiKY
MalTb 3HAYHUM BMSIMB Ha PENPOAYKTMBHY (OYHKLIiO, WO NOTpedbye paHHbLOI
[OiarHoCTUKM  Ta  KOMMIekcHoro nikyBaHHdA. CyyacHi metogm  Tepanil
A03BOSISAOTb 3MEHLWIUTU HEraTUBHUM BMAWB NaToONOri Ha PEPTUNbHICTbL Ta
NOKPALWLNTU AKICTb XKUTTS NaLEHTIB.
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YUMHHUKN PU3UKY PO3BUTKY 3JT0SAKICHUX HOBOYTBOPEHDb Y XUTENiB
YepHiriBcbKoi obnacTi

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu ['oz2ons, YKpaiHa

The publication examines the main factors influencing the development of
cancer in the Chernihiv region. Among the key factors are the region's
environmental problems, the residual impact of radiation after the Chernobyl
accident, the low level of prevention, and late diagnosis of diseases.

Kno4oBi crnoBa: OHKOMOrYHi 3axBOPKOBAHHS, 3MNOSKICHI HOBOYTBOPEHHS,
UepHiriBcbka ob6nacTtb, KaHUEporeHw, pagiauisa, cnagkoBicTb, MpodinakTuka,
dpakTopu puU3unKy, TIOTIOHONASIHHS, BIPYCHI iHeKLil.

Pak — ue wupoka rpyna xBopob, akux ob'egHye ogHa cnifnlbHa O3HakKa:
BOHW 3'ABMIAIOTLCA, KOMM 3BUYaWHI KNITUHW NepeTBOPIOTLCH Ha pPaKoBi, KOTPI
PO3MHOXYHOTBCA Ta NOLUMPIOKTLCA MO OpraHiamy. ['eHn nepegatoTb iIHCTPYKLUIT
KNiTMHaM, Hanpuknag, Konu rnoyMHaTn Ta NPUNUHATKU NoAin Ta pict. 340pOoBi
KNITUHKX CRigYyTb UMM IHCTPYKLISIM, HATOMICTb pakoBi 1X irHopytoTb [1].

OcCKiNbKN pak BWUHMKAE BHACMILOK HE3BUYAWMHOrO pPOCTY Pi3HUX BUAiB
KNiTMH B oOpraHiami, € 6inbwe 100 pisHUX TUNIB paky, K CYTTEBO
PO3PI3HATECA 3a CBOEK MOBELIHKOK Ta peakuielo Ha nikyBaHHS.
Hansaxnmeilumm NUTAHHAM B OHKOMATONOrIT € PO3Pi3HEHHS A0OPOSIKICHUX Ta
3MOSAKICHMX NYyXIKH [2].

P0o3BUTOK 3M0SKICHMX HOBOYTBOPEHb — CKNagHuni, OGaratoeTanHun
npouec. Ha NMOBIPHICTb BUHUKHEHHST paky MOXe BnnmBatn 6e3niv dakTopis,
3oKkpema pagiauid, XxiMmikaTM Ta BIpyCW, S$Ki BUKIMKaKTbL pak $HK Y
nabopaTopHuX TBapuH, Tak i y nogemn [3].

Pagiauis Ta 6arato XiMiYHMX KaHUEPOreHiB BMMMBAOTb, YLUKOOKYHOUM
AHK Ta Buknukatoum MyTtadii. KaHueporeHu, 3as3Buyan, HasvBalTb
IHILIIOYMMN YUHHUKaMKW, apKe IHOYKYBaHHA MyTauin y KIIHYOBUX reHax-
MILLEHAX BBaXa€eTbCA MeEpPLIOD nodieln, Wo Bede OO0 PO3BUTKY paky.
[Mpuknagamn KaHueporeHiB, SAKi CNpUAIOTb PO3BUTKY Paky Y JOOUHKU, €
COHAYHe yrnbTpadionieToBe BUNPOMIHIOBAHHS (FOSIOBHA NpUYMHA paky LUKipn),
KaHUepOoreHHi XiMi4Hi Cronyku B TIOTIOHOBOMY AUMI Ta adoriaToOKCUHM [4].

KaHueporeHu, Lo MIiCTATbCA B TIOTHOHOBOMY AUMI, 3okpeMa 6eH3anipeH,
OUMETUNHITPO3aMiHA  Ta  CMOSIyKU  HiKemnw, BBaXalTbCA  OFIOBHUMU
NpuYMHaMM BUHUKHEHHS paky y ntogen. KypiHHs, 6e3nepeyHo, Buknnkae 80-
90% BunNagkiB paky nereHis, a TakoX pak poTa, ropsia, roptaHi, cTpaBoxoay
Ta iHWKWX opraHiB. 3aranoMm, KypiHHS € NPUYMHOI Mamke TPeTUHU BCiX
CMepTeN Bif paKy, WO BUKINKAE 3HAYHE 3aHENOKOEHHS [5].
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[lesiki  KaHUeporeHn CrnpusarTb  PO3BUTKY  paky, MPUCKOPHOKOYN
PO3MHOXEHHS KMiTUH, 3aMiCTb TOro, Wwob cnpuinHATK MyTauii. Taki pe4oBMHK
Ha3MBalTb NpPoMoyTepamu NyxsivH, 60 AN IXHbOI Ail NOTPIOHO 36inbLUEHHS
nonynaAuil KNiTUH, 9K OiINATbCA, Ha paHHIX eTanax BUHUKHEHHS MNyXIVHW.
[MokaszoBMMK Npuknagamun € pTopdyTupaTtu, SKi CTUMYNIOTb PO3MHOXEHHS
KNITUH WISIXOM akTuBaLil npoTeiHKiHa3 [6].

[[OpMOHK, 30KpeMa eCTPOoreHu, BigirparoTb KNKYOBY POSb Y BUHUKHEHHI
NeBHUX BUAIB paky Yy NOANHU. CKaxiMo, PO3MHOXEHHSA KNiTUH eHOOMETpIto
NiACUMNIOETLCA E€CTPOreHoOM, a BIIMB BUCOKUX [03 eCTporeHy CyTTEBO
30inblWye pPU3MK PO3BUTKY paky eHaomMmeTpito. TpuBane nikyBaHHSA
NOegHaHHAM ecTporeHy W nporectepoHy 3gartHe 36inblwnTi MMOBIPHICTb
BUHUKHEHHSA paKy MOSIOYHOI 3anoau [7].

Kpim ximikaTiB i pagiauii, NneBHi BUAW BIPYCU, TAKOX, CNPUYNHIOIOTL pPak.
[0 HannoLwMpeHiLWKnX BIpyCHUX BUAIB paKy B NOAEN HanexaTb pak NeviHku Ta
paKk WUk maTtku, Ha daki npunagae 10-20% ycix BunagkiB OHKOJoOril y
CBITi [8].

[10 YMHHWKIB PU3KKY PO3BUTKY 3MOSAKICHMX MyXJSIMH Yy MeELUKaHUiB
YUepHiriBcbkoi obnacTi, noaibHOo 40 iHWKWX perioHiB YKpaiHu, HanexaTtb:

—  30BHILWHI hakTopun, 3 KOTPUMK NIOAN B3aEMOAIOTb. Lle KaHueporeHw,
naniHHs.

— CnagkoBictb. BoHa Bigirpae BaxnvMBy pofb Yy BUMHUKHEHHI
OHKOMOriYyHMx Hepyr. HaaABHICTL  3MO0AKICHUX HOBOYTBOpPEHb Y
POAMHHOMY reHearnoriyHomy aepesi 36inbLUye pU3nK 3aXBOPIOBAHHS.

— HepoctatHe  oxonfieHHs  NpodinakTUY4HUMKU  Oornsigamu,  Mi3HE
BUABIMIEHHA XBOpPOOM, o0OOMEXeHurn [JocTyn Ao  KeanidikoBaHOI
MeOMYHOI [OONOMOrM 34aTHi  yCKNMagHUTU  pPaHHK  OiarHOCTUKY Ta
pesynbTaTUBHE NiKyBaHHS.

—  Bik nognHu. BctaHoBNEeHO hakTu 3poCTaHHS 4acTOTU paKy 3 BiKOM
opraHiamy. ik 3axBOpOBAHOCTI cnocTepiraeTbcs y BikoBin rpyni 70-79
pokiB. 3ayBaxeHo, wWo, noymHaoun 3 30-35 pgo 60-65 pokis,
dikcyeTbCca  36inblUEHHS MOKA3HWUKIB  3aXBOPKOBAHOCTI Y  KOXHIN
HacTynHin BikoBin rpyni B 1,5-2 pasu, €aKWO nopiBHIOBaTU 3
nonepenHbLOHo [4].

—  Hu3bKkun piBeHb XUTTHA, CTPECWU, HeOOCTAaTHE 3HaHHA CUMMNTOMIB
OHKOMOTiT Ta MOXNNBOCTEN NPOinakTuku.

— IngueigyanbHi pucn okpemux ocib. Lle ocobnmBocTi 06MiHY peyoBUH
Ta IMYHHOI CUCTEMMW, HASIBHICTb Yy JNIOAMHM CMNadKoBUX i HabyTuXx
XBOPOO, MOPYLUEHHS rOPMOHANbHOI  perynsauii  Towo,  KOoTpi
CAPUYNHAKOTE BUHUKHEHHA paky. binbwicte i3 HUX noB'a3aHi 3
BPOKEHNUMM IHOMBIAYaNbHUMU OCOBNMBOCTSIMU OpraHi3my.
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KnimaTtuyiHi ocobnmBoCTi.
HauioHanbHi Tpaguuil y NOBCAKOAEHHOMY XUTTI Ta XapyyBaHHI.
Lli YUHHMKM BM3HaYalOTb iICHYBaHHSA MEBHUX BiAMIHHOCTEW Yy MOKa3HMKaxX

3axBOPHOBAHOCTI Ha pi3Hi OpMU paky B Pi3HMX perioHax Ta KpaiHax cBiTy [9].
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YOK 577.115:[612.11:543.635.3]:616-002.33
MoxoHb J1. ., KyumeHko O. b.

Ponb KNiTUH iMyHHOI cMCcTeMu Ta LWKipu B NnaTtoreHesi akHe
HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu oz2ons, YKpaiHa

Inflammation plays a central role in the pathogenesis of acne. The early stage
of acne development is manifested by the formation of microcomedones and small
papules that do not have a disruption of the follicle wall. The change in the follicular
microenvironment in acne initiates the immune activation of skin cells.
Understanding the role of skin immune cells in acne pathogenesis may facilitate the
identification of biomarkers as well as the development of targeted therapies for
acne.

KrniroyoBi cnoBa: akHe, KNiTUHW iIMyHHOI CUCTEMU, KNITUHW LUKIPKU, 3ananeHHs,
npo3ananeHi uTokiHn, Cutibacterium acnes.

AKHe — € OOHUM i3 HaWMOLUMPEHILLIMX 3axXBOPHOBaHb LWKIipW, LLO ABNSE
CcobO0 XPOHIYHE 3ananeHHs1 BEePXHbOI YaCTMHN BONMOCUCTO-CarnbHOI OOMHULL
(BCO) 3i cknagHum nartoreHe3oM. B nartoreHesi akHe 3anarneHHs Bigirpae
LueHTpaneHy ponb. [lig Yac 3ananbHOro npouecy BpomKeHa Ta ajanTuBHa
IMYHHI CUCTEMW KOOPAMHOBAHO aKTMBYIOTBLCH, BUKIMKAKOYM IMYHHI peakuil.
ETionoria akHe € 6aratodakToOpHOI Ta CKNaaHOK, FOfIOBHUM YMHOM BKIOYaE
rinepcebopeto Ta 3MIHEHMM cCKNag WKipHOro cana, donikynsapHy
rinepkepaTuHi3auito, aHomanii MIKpobHoI riopn, 3ananeHHa Ta iIMyHHI
peakuii [1].

Cutibacterium acnes (C. acnes; paHiwe BigoMmunin sik Propionibacterium
acnes) — Ue KOMEHCanbHUM MIKPOOPraHiaM, SIKMM MELLKaE MNepeBaXKHO B
aHaepobHUX AdinsHKax Bonoco-canbHUX donikynis [2]. Xoda C. acnes
3yCTpiYaeTbCA SIK Yy HOPMarnbHiN, Tak i B akHenoaibHin Lwkipi, iHTEeHcMBHA
KOJTOHi3aLisi, NIMOBIpPHO, BUKINKAE 3anarbHi peakuil Ta pekpyTyBaHHSA iIMyHHUX
KNiTMH 4epe3 pgucbaktepiod Mikpobiomy LwWKipn Ta gucbanaHc pisHUX
dinoTtunis C. acnes [2]. C. acnes Bupobnse 6arato doepmeHTiB Ta 6ionoriyHo
aKTUBHUX MONEKyn gna CctuMynauil  iMyHHUX KNiTUH OO0 cekpeuil
nposananbHux UuTokKiHiB. Came iMyHHa Bignosigb Ha C. acnes, ane He cama
GakTepiq, Bigirpae Kno4oBYy posb y NatoreHesi akHe [3].

IMYHHUA Harnag 3a WwkipHuM 6ap'epoM € cKnagHuM. IMyHHI KniTUHU
ctaHoBNATb 7% KMiTUH LWKipY 3a HOpManbHUX YyMOB i 6epyTb ydacTb Yy
CNPUWHATTI CUrHaniB TPMBOMN Ta OpraHi3auil iIMyHHUX peakLuin, KONu BUHUKaeE
3ananeHHda. Yepes BIOCYTHICTb pPOroBOro Lwiapy, npuaaTku LWKIpU CTalTb
TOYKaMM MPOHUKHEHHA OS5 30BHILLHIX NaToOreHis, a MikpobioTa wWKipn Moxe
nowmnpoBaTUCA BCepeauvHi OepMu, B3aEMOiIH0YM 3 IMYHHOK CUCTEMOI
xasdiHa [4]. BCO knacudikyeTbCa AK MicLe peKkpyTyBaHHA iMyHHUX KNITWH,
OCKiflbK/M 3MiHM B MIKpOCEpPeLOBULL MOXYTb BnmMBaTU Ha iMyHOBIoMorito
WKipn [5, 6]. AHaepobHe Ta ninoginbHe Mikpocepenosuwa BCO cnpusatoTb
pocty C. acnes, ocobniMBo 3a akHe.
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PaHHa  cTagig  po3BUTKY  akHe  MpPOABMNSAETLCH  YTBOPEHHAM
MIKpDOKOMeOHIB Ta [ApibHMX nanyn, sKi He MalTb MNOPYLUEHHS CTiHKM
donikyna. 3MiHa MIKPOOTOYEHHA OONiKyniB MNpW  akHe iHILiloe IMYyHHY
aKTUBaLito KIITUH LWKipW. AKTUBOBaHI cebouunTu, KepaTUHOUUTU Ta pe3ngeHTHI
aHTUreH-NPEe3eHTYHi KNITUHWU LLKIpU CNpUsSoTb BUPOBMEHHIO Npo3ananbHUX
megiaTopiB, Takux sk IL-1B, IL-6, IL-12 Ta TGF-B. IL-6 Ta TGF-B iHayKylOTb
andgoepeHuiauito B KnNitmHn Th17, Tomi sk IL-12 kepye nporpamoto
andgoepeHuiauii Th1. Y 3goposBux ocié C. acnes iHaykytoTb IL-10- npoaykytodi
amTh17 kniTuHW, TOAI AK WTamMuK, NMOB'A3aHi 3 akHe, CrpuUAldTb PO3BUTKY N-
avTh17 KniTuH. amTh17 kniTuHM BuBINbHAKTL IL-17, IL-22, IL-26, IL-10 Ta
TETK, n-amTh17 knitvHn iHaykytoTb IFN-y. Treg BTpayatoTb CBOKO CYrnpecuBHY
dyHKUi0 Npun BigxmneHHax 6anaHcy Th17/Treg. Ty4Hi KNiTUHKM € QXepenom
IL-17A Ha paHHix cTagigax akHe. BigCyTHICTb BPOMKEHUX NIMMOIAHUX KNITUH
Npu3BOANTL OO rineprnsiasii canbHUX 3ar5io3 Ta 3MIHIOE pIiBHOBAry LUKIPHUX
KOMeHcanbHUX 6akTepin. HakonuyeHHs BHYTPILHBOKMITUHHUX ninigiB Ta
NpoAykTiB MeTaboniamy ninigie iHAyKye BUpOBNeHHA npo3ananbHUX LUMTOKIHIB
y Makpodpbarax. C. acnes 3anyckae gudepeHuiadito ibpobnactis gepmm Ta
NOCUSKOE EKCNPECIto KaTeniumaunHie [7].

C.acnes
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YpaeHHAa akHe MNOYMHaKTbCA 3 YTBOPEHHA  MIKPOKOMELOHIB.
donikynapHa enigepmanbHa rinepnponidepauisa, nigsuweHe BUPOBNIEHHSA
lWKipHoro cana Ta pict C. acnes y BCO cnpusitoTb YTBOPEHHIO
MIKPOKOMELOHiIB.

3aBasikM ekcnpecii unTokKiHiB knitTnHamn Th17 Tta Th1, agantmBHa Th-
ornocepeakoBaHa BiAMOBiAb Bigirpae KnNYOBY pPOSfib HA PaHHIA CTagil akHe.
BioxunenHa 6anaHcy Th17/Treg MOXyTb CNpuATW iHibiauil 3ananbHUX
npoueciB Ta HeraTMBHO BnnMBaTM Ha romeoctad BCO, pgectabinisytoun
BOPOHKY BosiocsiHoro doonikyna (puc. 1) [7]. CTiHKM onikyniB 3peLuToro
po3pMBaloTLCS, | HeUTpodpinu GepyTb Ha cebe iHiuiaTuBy, 306inbLUyHOYN
BUpobneHHa IL-17 Ha oCTaHHiM cTafil Ta 3anyckaluu LWBUAKY 3ananbHy
peakuito. PO3yMiHHA poni iMYHHUX KNITUH LUKIPU B NaTOreHesi akHe MoXxe
nonerwnTn igeHTudikauito Giomapkepis, a TakoX pPo3pobKy LifboBOI Tepanil
AN akHe.

Nitepatypa

1. CongT. X., Hao D., Wen X., Li X. H., He G., Jiang X. From pathogenesis
of acne vulgaris to anti-acne agents. Arch Dermatol Res. 2019. 311(5).
P. 337-349. doi: 10.1007/s00403-019-01908-x.

2. Dréno B., Pécastaings S., Corvec S., Veraldi S., Khammari A., Roques
C. Cutibacterium acnes (Propionibacterium acnes) and acne vulgaris: a
brief look at the latest updates. J Eur Acad Dermatol Venereol. 2018. 32.
Suppl 2. P. 5-14. doi: 10.1111/jdv.15043.

3. Dreno B., Gollnick H. P., Kang S., Thiboutot D., Bettoli V., Torres V.
Understanding innate immunity and inflammation in acne: implications
for management. J Eur Acad Dermatol Venereology. 2015. 29. Suppl 4.
P. 3-11. doi: 10.1111/jdv.13190.

4. Byrd A. L., Belkaid Y., Segre J. A. The human skin microbiome. Nat Rev
Microbiol. 2018. 16(3). P. 143-155. doi: 10.1038/nrmicro.2017.157.

5. Kabashima K., Honda T., Ginhoux F., Egawa G. The immunological
anatomy of the skin. Nat Rev Immunol. 2019. 19(1). P. 19-30. doi:
10.1038/s41577-018-0084-5.

6. Zhang C., Merana G. R., Harris-Tryon T., Scharschmidt T. C. Skin
immunity: dissecting the complex biology of our body’s outer barrier.
Mucosal Immunol. 2022. 15(4). P. 551-561. doi: 10.1038/s41385-022-
00505-y.

7. Huangl. Yang S., Yu X., Fang F., Zhu L., Wang L., Zhang X., Yang C.,
Qian Q., Zhu T. Association of different cell types and inflammation in
early acne wvulgaris. Front. Immunol. 2024. 15. P. 1275269. doi:
10.3389/fimmu.2024.1275269.

179



biomeguuuHa Ta phapmakonoris

YK 616.379-008.64-07-08:577.2
Cwmanbko A.lM.

BukopucTtaHHA eK30COoM Yy giarHocTuui Ta nikyBaHHi fliabeTty
HauioHanbHut medudyHuu yHisepcumem imeHi O.0. bocomorbus, YkpaiHa

Y poboTi po3rnsiHYyTO cydacHi nigxoguM QOO0 BUKOPUCTAHHA €K30COM Y
AiarHocTuui Ta nikyBaHHi LykpoBoro giabety. Ek3ocomn — Le MiKpoBe3uKynu, Lo
OepyTb yyacTb Y MIKKNITUHHIA KOMYHIKaUil, TpaHCNOPTYTb BGIiONOrYHO aKTUBHI
MOSEKynn Ta MOXYTb BUCTynaTu B poni 6iomapkepiB MeTaboniyHux MnopyLleHb.
[MpoaHanizoBaHO MOTEHUian €K30COM ANl PaHHbOro BUSIBMEHHS  aiabeTy,
MOHITOPUHIY Moro nepebiry Ta nporHo3yBaHHA YycknagHeHb. Ocobnuey yBary
NpuaineHo TepaneBTUYHOMY e€eqEKTY eK30COM, OTPUMaHMX 3 Me3eHXiManbHUX
CTOBOYpOBMX  KNITUH, €Ki CNpuUsiloTb  pereHepauii  NOLIKOMKEHUX  TKaHWH,
MOKPALLLEHHIO [HCYNIHOBOI YyTNMBOCTI Ta HopMmarnisauil mMeTaboniamy rroKo3Nn.
HaBeneHO nepcrnekTMBM KITHIYHOIO 3aCTOCYBaHHSA €K30COM 4K IHHOBaUiMHOIO
IHCTPYMEHTY Yy NepcoHani3oBaHiin MeguunHi Npu nikyBaHHi giaberTy.

Keywords: diabetes mellitus, exosomes, biomarkers, therapy, diagnosis

OCHOBHMM 3MiCT. EK30COMUM € ManeHbKNMM MEMOPaHHMMK BE3UKYIaMMu,
SKi BMKOHYKOTb BaXJMMBY pPOJSib Y MDKKIITUHHIM  KOMYHIiKaUil, nepegaro4m
GionoriyHO akTMBHI MoMeKkynu, Taki gk npoTteiHn, MikpoPHK Ta ninign, Big
OOHIET KMiTMHM [0 iHWoOIl. BoHnM yTBOpHOWOTLCA B pesynbTaTti 3nuTTH
MYNbTUBE3UKYNSAPHUX TiNeub 3 nnasMaTtuyHo MeMOpaHOoK KNiTMHW, WO
[03BONSAE BUMBINIbHATM X BMICT Yy HaBKONMUWHE cepenosuile. OCKinbku
€K30COMU MICTATb MONEKYNN, ki MOXYTb BigobpaxaTu CTaH opraHiamy, BOHU
€ nepcnekTMBHMMK Biomapkepamn ANs AiarHOCTUKU Pi3HMX 3axXBOPHOBAHb,
BKNtoYatoum uykposun giabet (LII).

LlykpoBui giabeT € ogHieto 3 HanbinbLL pO3NOBCIOIKEHNX METABOMIYHNX
NaToMOriN, WO XapaKTepusyeTbCs NOPYLLUEHHAM MeTaboniamy rnoKko3n 4yepes
IHCYNiHOPE3UCTEHTHICTb abo HeaoCTaTHIO CeKpeuilo iHCYMiHy. XpOoHivHa
rinepriikemia CTUMYyJIOE 3anarneHHs, OKUCNBaNbHUN CTPEeC | MOLIKOOXKEHHS
KNiTUH, 30Kpema eHaoTenianbHUX KMiTWH, WO npu3BoAUTb A0 30iNblLUEHHS
BUBINIbHEHHSI €K30COM i3 PIi3HUX TWNIB KMITUH, Takux $K TpomoouuTw,
MOHOUMUTU Ta eHpoTenianbHi KNITMHW. BuBINbHEHI €K30COMW MICTATb
MOMEeKynu, SKi MOXyTb OyTWM BUKOPUCTaHI 9K GioMapkepu AOns OLHKK
MOLUKOI)KEHHS TKaHWH, 3ananbHUX npoueciB Ta nopyweHHa meTabonismy. Lle
poOOUTb EK30COMU NEePCNEKTUBHUM IHCTPYMEHTOM ANS AiarHOCTUKK aiabeTy Ta
NOro ycknagHeHsb.

HocnigpxkeHHs nokaszanu, wo MIKpoPHK, faki micTatbca B ek3ocomax,
MOXYTb OyTK cneumivyHUMM Mapkepamu s BU3HAYEHHSI PU3UKY PO3BUTKY
Aiabety abo nporpecyBaHHA 3aXBOPHOBAHHS, OCKINIbKM BOHW PETYIIOITL FEHN,
MNOB’sA3aHi 3 iHCYMIHOBOK YyTNMBICTIO Ta MeTaboniamMoM rnoko3n. 3aBasiku
BUCOKIN cTabinbHOCTI B BiONOriYHMX pianHax, Taknx 9K cupoBaTka KpoBi, ceva
Ta CMMHHOMO3KOBa pigMHa, eK30COMU € 3PYYHUM Ta HEiHBa3VBHUM )Xepernom
AN MOHITOPMHIY CTaHy nauieHTiB 3 UyKpoBuM gdiabeTom, WO pobutb ix
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e(PEeKTUBHUMN IHCTPYMEHTaMU OS19 paHHbOI AiarHOCTUKN Ta CMNOCTEpPEeXeHHS
3a pPO3BUTKOM XBOPOOW.

OpHieto 3 OCHOBHUMX npobnem npu AiabeTti € pPO3BUTOK YUCIIEHHUX
YCKNMagHeHb, Takux $HK CepueBO-CYAMHHI 3axBOPHOBaHHSA, AiabeTudHa
peTuHonaTia, HedponaTia Ta ypaxeHHa HepBoBOl cuctemu. Ek3ocomu
MOXYTb BiZlirpaBaTn BaXXSIiMBY posib y Teparnil LMX yCKiagHeHb, OCKISTbKU BOHM
MICTATb MONEKYNW, 34aTHi CTUMYNIOBATKN BiAHOBNEHHS NOLWIKOMKEHMUX TKAHWH,
30KpemMa eHgoTenianbHUX KNITUH, Kapa4ioMiounTiB | HEMPOHIB.

[locnigkeHHs nokasanu, Lo eK30COMW, OTPUMAaHI Bi4 Me3eHXiManbHUX
ctoBbypoBux KknituH (MCK), MOXyTb MaTu 3HaAYHUMA TepaneBTUYHUN eqoekT
Npn nikyBaHHiI giabeTUYHUX ycknagHeHb. Ek3ocomu, WO BUBINbHAKTLCA 3
MCK, MictaTb pakTopu, siKi CTUMYMOKTb aHrioreHe3 (CTBOPEHHSI HOBMX
CyauH), nponidepauito KMiTUH Ta MOKpalleHHs Mirpauil eHaoTenianbHUX
KNIiTUH, WO MPUCKOPIOE 3arOeHHS paH i nokpaigye kposoobir. Lli monekynu
MOXYTb OYyTW BUWKOPUCTaHI Ans MOKPALLEHHS pereHepauii TKaHWH npu
AiabeTnYHNX yCKNagHEeHHsX, TakumxX sIK 3arO€HHsl paH, BiAHOBIEHHS (PYHKUT
cepLeBO-CYANHHOI CUCTEMU Ta HENPOMPOTEKLIA.

OcobnnBo BaXnMBOI € POSib €K30COM Y KapaionpoTekuii. [JocnigpkeHHs
nokasanu, Lo eK30COMMU, OTPUMaHI Bif 300POBUX TBAPWH, 30aTHI akTUByBaTH
Kap4iONPOTEKTOPHI  WMSAXKW, WO 3axuwarwTb cepue Bid MNOWKOOXEHb,
CNPUYMHEHMX TIMNOKCIEWD Ta peokcureHauietn. HaTomicTb ek3ocomu Big
AiabeTnYyHNX TBapWH He MaloTb TaKOl akKTUBHOCTI, LLO BKa3ye Ha MOTEHLUinHI
oOMeXeHHs Npu nikyBaHHI cepueBO-CyaMHHUX YCKnaaHeHb giabety. [poTte
€K30reHHi ek30CoMu, OTpUMaHi Bif 340POBUX OOHOPIB, MOXYTb NoAosfiatu L
OOMeXeHHS Ta MaTu KapAionpoTEKTOPHI Bf1IaCTUBOCTI.

Ek3ocoMn MOXyTb TakoX BNAMBatM Ha MeTabosiam  rfoKo3Nn.
BuBiNbHEHHA €eK30COM 3 M'S30BUX KNITUH nig 4ac @isanvyHux BhApaB €
BaXXMMBUM MPOLECOM, AKMN CNPUSE MOKPALLEHHIO IHCYNIHOPE3UCTEHTHOCTI Ta
dyHKUIT B-KNITUH MigwiyHKoBOI 3ano3n. Ek3ocomu, WO BUBINBbHAKTECA 3
M'AI3iB, MICTATb MOMEKynu, 3aTHi CTUMYIOBATU TPAHCMOPTYBAHHA TITHOKO3N
yepe3 meMbpaHu KNiTUH, 3okpema 4epes3 TpaHcrnoptepu GLUT1 ta GLUTA4.
Lle posBongde nokpawumTn MOrfMHaHHA TAOKO3M KIITUHAMKU | CTUMYIOE
MMIiKONi3 y TKaHMHax, WO BaXNMBO AN KOpekKuil MeTaboniyHMx nopylleHb,
XapaKkTepHux ans giabery.

Lle BigkpuTTa Mae BenukuMM noTeHuian Aansg  po3BUTKY  HOBUX
TepaneBTUYHMX MigxoaiB, CNPAMOBAHUX Ha BUKOPUCTAHHA €K30COM [And
noKkpaweHHa meTaboniamy rnoKo3nM B MNaUieHTIiB i3 LykpoBuM AiabeTtom,
30KpeMa 4yepes BrnunB i3an4HOI aKTUBHOCTI Ta EK30COMHY Tepanito.

MeseHximanbHi ctoBOyposi knitnHn (MCK) € ogHum 3 Hanbinbw
NepCneKkTUBHUX [Kepesl eK30COM [Anda TepaneBTUYHUX Uuinen. Exksocomn,
oTpumaHi 3 MCK, MalTb HU3bKY IMYHOIE€HHICTb, WO 3HWXYE PU3UK IMYHHUX
peakuin npu ix BukopucTaHHi. Kpim Ttoro, MCK matoTb BMCOKMA noTeHuian
nponidepauil, Wo A03BONAE OTPUMYBaATM OOCTATHIO KiflbKICTb €K30COM Ans
TepaneBTUYHOro 3actocyBaHHs. Eksocomn MCK MOXyTb BUKOPUCTOBYBATUCH
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biomeguuuHa Ta phapmakonoris

Anst CTUMYNIOBaHHSA BiAHOBIIEHHA MOLLUKOOXXEHUX TKaHUH npwu giabeTi Ta noro
YCKNagHEHHAX, 30KpemMa Ons fiKyBaHHA CepueBO-CYAVUHHUX YCKNaLHEHb,
HerponarTil Ta iHWKX MeTabonivYHMX NOpPYyLUEHb.

TepaneBTUYHUI edekT ek3ocoM, oTpumaHux 3 MCK, 6asyeTbca Ha ix
NapakpuHHIA akTUBHOCTI, TOGTO 34aTHOCTI BANMBATU Ha HABKOMWULLHI KNITUHK
yepe3 BMBINbHEHHS GionoriyHO akTMBHMX Mornekyn. Lle pgosBonsie
nokpaLlyBat PYHKUiI0O TKAHWH | OpraHiB HaBiTb MPW MiHIMasribHIN KiNbKOCTI
TpaHCNNaHTOBaHUX KNITUH.

BucHoBKU. [EK3ocoMM € nepcnektuBHuMmu  Giomapkepamn — gng
AiarHOCTUKN Ta JiKyBaHHS LYKPOBOro Aiabety Ta MOro ycknagHeHb. BoHwu
MOXYTb 6YTN BUKOPUCTaHI OS5 paHHbLOI 4iarHOCTUKN, MOHITOPUHIY XBOpOobU, a
TaKOX NS NoKpaweHHA meTaboniamy rroKko3n Yyepes ix 34aTHICTb BANuBaTtu
Ha IHCYMIHOBY YyTNMBICTb Ta (YHKUilO B-KMiTUH. 30Kpema, TepaneBTUYHI
cTpareril, OpiEHTOBAHI Ha BUKOPUCTAHHA  €K30COM, OTPUMaHUX 3
Me3eHXiMaribHUX CTOBOYPOBUX KNiTUH, MOXYTb CTaTh e(PEKTUBHUM METOLOM
nikyBaHHsa giabety Ta MOro YyCKNagHeHb, CNpuAoYM  BiOHOBMEHHIO
MOLUKOKEHUX TKaHWH i MOKpaLLEeHHIO (PYHKLIT OpraHiB.
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Physico - chemical properties of the coastal waters of the Gulf of
Gdansk

Pomeranian University of Stupsk, Departament of Environmental Chemistry
and Toxicology, Poland

A pilot study was carried out in autumn 2021 to determine the levels of
electrolytic conductivity and chlorophyll a and phosphates dissolved oxygen
levels, water pH and water temperature along the coast of the Gulf of Gdansk
from Hel to Brzezno. The highest electrolytic conductivity was observed at the
mid-point of the Gulf of Gdansk near Jurata. Chlorophyll a concentration was
highest near Jurata and Rzucewo. Multivariate cluster analysis was
performed. Correlations were observed between chlorophyll a concentration
and electrolytic conductivity levels resulting from the effect of uneven mixing
of waters in the Gulf of Gdansk.

Keywords: Gulf of Gdansk, electric conductivity, chlorophyll

Introduction

Among the factors adversely affecting pollution and salinity levels in the
Gulf of Gdansk is its specific location. The Gulf of Gdansk is separated from
the open sea by the Hel Peninsula, below which is the smaller Bay of Puck.
The waters of the Puck Bay mix with the sea water to a limited extent, which
favours the accumulation of pollutants in the bay, and the salinity of the bay's
waters is much lower than in the Baltic Sea. The situation is aggravated by
the predominance of westerly winds which push the waters towards the Tricity
agglomeration (Sopot, Gdynia and Gdansk) [1]. The water quality status of
the Gulf of Gdansk is influenced by primary and secondary sources of
pollution, primarily atmospheric deposition, river transport (the river Vistula
and smaller watercourses), discharge of treated and untreated wastewater,
port and shipyard activities [2] as well as groundwater inflows [3].

Salinity levels in the Gulf of Gdansk are significantly influenced by inland
water inflows [1]. There are 20 rivers and streams that flow into the bay [4].
The largest river that flows into the Gulf of Gdansk is the Vistula River. It
brings water from a catchment area of 193 960 km?, which is as much as
12% of the catchment area of the entire Baltic Sea. It is the second largest
river draining into the Baltic Sea [5]. The Vistula River and local small rivers,
sturmens feed freshwater into the Gulf of Gdansk reducing its salinity. As a
result of the inflow of significant amounts of inland water, there is a decrease
in salinity of the seawater in the coastal zone especially in the southern bay
[1]. In the coastal zone, the decrease in salinity often correlates with local
freshwater sources. The exchange of water between the northern and
southern parts with higher salinity of the Gulf of Gdansk takes place during
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storms [1]. It is worth noting here that the most favourable climatic conditions
for recreation on the Polish coast are in the western part of the coast, i.e. in
the Pomeranian Bay and in the eastern part in the Gulf of Gdansk, and not so
favourable in the areas of Dartowo, teba and Witadystawowo [6]. Favourable
recreational conditions increase the anthropogenic pressure on the Gulf of
Gdansk.

The aim of the study was to analyse the levels of four important physico-
chemical parameters — electrolytic  conductivity, chlorophyll a,
orthophosphates and oxygen concentration, in the coastal zone along the
Gulf of Gdansk in autumn.

Materials and methods

A physicochemical study of the coastal water along the Gulf of Gdansk
was carried out in November 2021 after the end of the tourist season. Water
samples were taken at sites near the towns:

- Hel (sampling station 1),

— Jastarnia (sampling station 2),
- Kuznica (sampling station 3),

— Jurata (sampling station 4),

— Chatupy (sampling station 5),

- Swarzewo (sampling station 6),
- Puck (sampling station 7),

- Rzucewo (sampling station 8),
- Rewa (sampling station 9),

- Mechlinki (sampling station 10),
- Brzezno (sampling station 11).

Dissolved oxygen concentration in water samples was analysed by
potentiometric method using Martini Instruments Mi 605 dissolved oxygen
meter, water temperature, pH using Martini Instruments Mi 805 and
electrolytic conductivity using an Elmetron CC-315 apparatus. Chlorophyll a
concentration was determined by the method of Jeffery & Humphrey [7] using
a Hitachi U-5100 UV - VIS specrophotometer. Water samples for chlorophyll a
determinations were filtered using filtration kit connected to a vacuum pump.
The samples were then exfiltrated. P-PO4 concentration was performed using
the ascorbic acid method according to Hermanowicz et al. [8]. For the
samples obtained, basic statistical parameters such as arithmetic mean,
minimum value (min), maximum value (max) were calculated in the Past
software and the coefficient of variation (CV) was calculated [9].
Multidimensional cluster analysis was performed in Statistica 13 (Ward's
method, Euclidean distance) [10].

Results and discussion

At most of the sampling stations distributed on the Hel - Brzezno section
along the shores of the Gulf of Gdansk, comparable pH values reaching up to
8 were recorded at sampling station 9 Rewa, Mechliniki (sampling station 10)
and Brzezno (sampling station 11) (Figure 1).
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Dissolved oxygen values were similar at all sampling stations in the
range (10.3 - 11.0 mg dm3) with a slight decrease in oxygen concentration at
Chatupy (sampling station 5) (Table 1, Figure 1).

Table 1.
Basic statistical parameters for the tested samples

Minimum Maximum Coefficient of

Parameter Unit Mean .
value value variation [%0]
Temperature °C 9.5 7.7 10.8 10
EC mS 10.1 7.3 14.5 22.3
pH ° 7.7 7.4 8.1 2.6
02 mg dm3  10.7 10.3 10,8 2
Chlorophylla pg dm 4 2.6 5.6 25.4
P-PO4 ugdm=  23.6 11.8 31.2 27.2

Water temperatures ranged from approximately 7.7°C in Rewal
(sampling station 9) to a maximum of 10.8°C in Puck (sampling station 7)
(10.3 - 11.0°C) (Figure 2).

For electrolytic conductivity, there was considerable variability between
sampling sitations. The highest value of electrolytic conductivity was recorded
at the sampling station 2 in Jastarnia (14.5 mS) and it was about twice as
high as that recorded at the site with the lowest value of electrolytic
conductivity (sampling station 11 - Brzezno - 7.3 mS). A tendency of
decreasing values of electrolytic conductivity was observed between
sampling station 2 (Jastarnia) - 4 (Jurata), 5 (Chatupy) - 9 (Rewa) and also
10 (Mechlinki) - 11 (Brzezno) (Figure 2).

In the case of chlorophyll a, increasing trends were observed in the
sections from Hel (sampling station 1) to Jurata (sampling station 4), from
Swarzewo (sampling station 6) to Rzucewo (sampling station 8) and also
from Rewa (sampling station 9) to Brzezno (sampling station 11). The highest
value of chlorophyll a was recorded at Rzucewo (sampling station 8) and the
lowest at: Swarzewo (sampling station 6) and Rewa (sampling station 9) (2.6
ug dm3) (Figure 3).

Phosphate phosphorus concentrations were lowest at the Hel (sampling
station 1) and then an increase in P-PO4 concentrations was observed up to

the Chatupy (sampling station. 5), followed by a successive decrease in P-
PO4 concentrations up to the Brzezno (sampling station 11).
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Figure 1. Value of pH and concentration of dissolved Oz [mg dm=] in the
coastal zone of the Gulf of Gdansk on the Hel - Brzezno section
in November 2021.
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Figure 2. Water temperature [°C], electrolytic conductivity [mS] in the coastal
zone of the Gulf of Gdansk on the Hel - Brzezno section in November 2021.
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Figure 3. Concentration of chlorophyll a [ug dm] and P-PO. concentration
[ug dm™3] in the coastal zone of the Gulf of Gdarsk on the Hel - Brzezno
section in November 2021.

The data obtained from coastal waters correspond with data from other
studies conducted in various areas of the Baltic Sea coast. For comparison,
in the period November—April in the Pomeranian Bay (western part of the
Polish coast) the pH value was 7.91, the oxygen level was 11.25 mg dm and
the PO+* concentration was 0.08 mg dm= [11]. In the waters of the port
channel at the site in the central part of the port in Ustka, the pH was 7.27,
while at the entrance to the port channel it was 7.28, while the oxygen
concentration was 7.05 and 7.44, respectively [12]. The electrolytic
conductivity in the coastal sea water near the port in Ustka was 12.39 mS,
while in the waters of the port in Ustka the average value was 1.79 mS [13].
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Electrolytic conductivity provides information about the salinity level of
the reservoir [14]. It is used in assessing the mixing of sea waters with fresh
waters. It is visible in port waters, estuaries and sea bays, especially those
supplied by inland waters that dilute sea waters. Hence, in the waters of the
Gulf of Gdansk, lower salinity is observed, especially in coastal areas in the
southern part than in the open sea [1].

] 1

| PO+ ©O. pH EC chla Temp.

Figure 4. Multivariate cluster analysis (Ward's method, Euclidean distance).
The data includes results from all sampling stations in the coastal zone of the
Gulf of Gdansk on the Hel - Brzezno section in November 2021.

Figure 4 presents the results of multidimensional cluster analysis. Two
clusters are visible. The first cluster includes parameters such as: P-POs, O,
pH and the second cluster EC, chlorophyll a and temperature. Presumably,
salinity (represented by EC) in the studied area of the Gulf of Gdansk
significantly affected the occurrence of phytoplankton. This could be related
to the mixing of sea waters with inland waters and the occurrence of
phytoplankton with different preferences for salinity. Similar observations with
regard to heterotrophic bacteria were made in the work of Mudryk et al. [15]
regarding an estuarine lake Gardno. Usually, sea water masses are colder
than land waters, hence a close correlation presented study is visible
between chlorophyll a concentration and water temperature. This
corresponds to the information provided by Sobol and Szumilas [1] who
indicated that the exchange of waters between the northern and southern
parts of the Gulf of Gdansk occurs during storms. The good oxygen
conditions observed during the presented study could have favored the
mineralization processes of organic matter, which may explain the
relationship between P-PO4 and dissolved oxygen. The observed correlations
justify future studies of the physico - chemical properties the waters of the
Gulf of Gdansk.
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A study of the concentration of biogenic substances in the lower reaches of the
Stupia River was carried out. The study included concentrations of nitrate nitrogen,
ammonium nitrogen and orthophosphates. Concentrations of dissolved gases in water
were studied: carbon (V) oxide, oxygen. electrolytic conductivity and also water pH were
tested. It was observed that the concentration of biogenic substances increased with the
course of the Stupia River. In addition, the paper presents, by means of princypial
component analysis (PCA), the possibility of analysing hydrochemical parameters.
Relationships between the observed concentrations were shown: CO2, PO4* as well as
O2 and N-NOs.

Key words: Stupia River, multivariate analyses, biogenic substances

Introduction

The Stupia River is located in Pomerania in northern Poland. From its
source to the mouth of the Baltic Sea, it reaches 138.6 km in length. This river
Is an element of a post-glacial landscape [1]. Some stretches are
characterized by considerable river gradients [2]. Height difference in peak
moments reaching 120 m [1]. The difference in river stages between the
source (in Sierakowska Huta) and the mouth (in Ustka harbor flowing into the
Baltic Sea) of the river is 204 m and the average slope is 1.3 %o [3].
Catchment of Stupia River is influenced by human activity, including:,
urbanization, agriculture, deforestation, flow regulation, municipal sewage
discharge, hydroelectric power and retail centers and food and light industry
were situated along the river course. The largest part of the catchment area
are: grounds (62%) as soon as forests (32%) [4]. On the Stupia River from
the sources to the village of Krzynia are located flowing lakes with numerous
obstructions (dams and hydroelectric power plants, weirs). The bottom of
these lakes is a place of accumulation of nutrients flowing down the river [5].

The river provides a habitat for valuable anadromous fish: Salmo salar
and Salmo trutta m. trutta. During spawning time these fish travel from the
Baltic Sea to the Stupia River [3, 6, 7]. Stupia River is also inhabited other fish
sach as: Gobio gobio, Perca fluviatilis, Thymallus thymallus, Cottus gobio,
Phoxinus phoxinus, Rutilus rutilus, Leuciscus leuciscus and Gasterosteus
aculeatus [7]. The largest city through which the river flows is Slupsk. The
Stupia has ecologically unique character, has been protected as part of the
Stupia Valley Landscape Park [8] and Natura 2000 (part of the area).

The aim of the study was to demonstrate the relationship between
dissolved forms of biogenic substances: ammonia nitrogen, nitrate nitrogen
and phosphate phosphorus, as well as dissolved gases: oxygen and carbon
dioxide in the waters of the Stupia River in its lower reaches.
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Material and methods

Five sampling stations were located on the Stupia River.

Sampling station 1 — near the village of Lubun

Sampling station 2 — in Stupsk City,

Sampling station 3 — near the village of Wtynkowko,

Sampling station 4 — near the village of Bydlino,

Sampling station 5 — before entering to the seaport in Ustka.

Three water samples were collected from each test site in 2016. Water
samples were collected from 50 cm below the surface and collected in
polyethylene containers. The collected samples were transported to the
laboratory in a portable refrigerator. In the obtained water samples, the
concentration of biogenic substances was analyzed: nitrate nitrogen (N-NO3)
by the sodium salicylate method, ammonium nitrogen (N-NH4) by the direct
nesslerization method, and orthophosphate (PO+*) by the ascorbic acid
method. Analyses were performed using a Hitachi U-5100 UV - VIS
spectrophotometer. Standard scales were prepared for each analysis [9]. In
the acquired water samples, chloride ion concentrations were determined
using the argentometric method and carbon dioxide levels were determined
using the titration method [9]. An Elmetron CC-315 apparatus was used to
determine the level of electrolytic conductivity and an Elmetron CP-315 to
measure water pH. To determine dissolved oxygen using Martini Instruments
Mi 605 dissolved oxygen meter [9].

Results and discussion

Figure 1 shows the content of physical and chemical parameters,
namely: N-NH4, N-NOs, PO+* and in Figure 2 - EC, pH, CO2 and O: in the
tested water samples from five sampling stations located on the Stupia River
on the section from Lubun to the entrance to the seaport of Ustka. The
highest values of the studied parameters in most cases were found for the
sampling station located before the entrance to the seaport in Ustka, i.e:
NH4*, NOz, EC, O2. On the other hand, the lowest values were found for the
sampling station located near Lubuh (sampling station 1), i.e. for such
parameters as NOs, PO4*, EC, pH, CO; and Oz. For N-NH4 at the sampling
station located in before the entrance to the seaport of Ustka (sampling
station 5), they were nearly 2.5 times higher than for the other studied
sampling stations. For N-NOz and Oz, an increase in the concentrations of
these components was observed counting from the site located near Lubuni
(sampling station 1) to sampling station 5.

In the case of EC, the values at the sampling station located before
entering the seaport of Ustka were about 25 % higher than at the other
studied sampling stations.

The highest concentration dynamics for the studied waters from
sampling stations were found for PO4* and CO.. In the case of PO.*, the
highest concentrations were recorded for the sampling station 4 near the
village of Bydlino and the lowest near the village of Lubun (sampling
station 1).
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Figure 1. Concentrations of ammonium nitrogen, nitrate nitrogen, orthophosphate in
the waters of the Stupia River on the section to Lubun to the entrance to the port of
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Figure 2. Concentrations of dissolved oxygen, carbon dioxide (IV) and levels of
electrolytic conductivity and water reaction in the waters of the Stupia River in the
section from Lubun to the entrance to the seaport of Ustka. Standard deviations are

marked.
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For dissolved CO2, the highest concentration was found at sampling
station 3 near Wiynkéwko. The water reaction (pH) at all the studied sampling
stations was even and ranged between 7.3 and 7.7. This corresponds to a
slightly alkaline water reaction.
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Figure 3. Comparison of ammoniacal nitrogen, nitrate nitrogen, orthophosphate
concentrations in winter and spring (data from sampling stations 1 - 5, Stupia River).

According to a study by Korzeniewski et al. [10], it is noticeable that
rivers increase the load of transported pollutants with their course. This also
applies to biogenic substances. In addition, river waters, as they flow towards
the sea, collect run-off from the catchment area together with pollutants [10,
11]. According to Moczulska et al., [4] approximately 6 million m? of rainfall as
soon as melting waters flow into the Stupia River from the region of the city of
Stupsk. This would explain the increase in PO4+* and N-NOs; downstream of
the city of Stupsk.

Figures 3 and 4 show the relationships between the parameters studied
between the winter and summer seasons. For PO.* and CO, significantly
higher concentrations were recorded in summer. In contrast, N-NH4
concentrations were about 15 % lower in summer than in winter. This is
probably related to better oxygenation of the water in summer. The presence
of oxygen in the water favours nitrification processes [12].
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Figure 4. Comparison of oxygen and carbon dioxide concentrations and levels of
electrolytic conductivity and pH in winter and spring (data from sampling stations 1 - 5,
Stupia River).

For the other parameters studied, comparable values were found in
summer and winter. In microbiological studies of the Stupia River conducted
by Skorczewski and Mudryk [13], the highest number of heterotrophic
bacteria was found in spring and summer and the minimum was observed in
winter months. The high abundance of heterotrophic bacteria is probably
related to heavy rainfall and melting waters from spring thaws from terrestrial
systems [13]. These data correspond with the high carbon dioxide content in
summer, which is a product of decomposition of organic matter by
heterotrophic microorganisms.
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Component 2

Component 1

Figure 5. Princypial component analysis (PCA) plot for data from the Stupia River
from the village of Luburn to the river's entrance to the seaport in Ustka (data from
winter and summer seasons). S1 - S5 study sampling stations in summer, W1 - W5
results from study sampling stations in spring

Figure 5 shows the results of the PCA analysis. From the analysis of the
PCA plot, it can be observed that parameters such as CO,, POs* as well as
O. and N-NOs cluster around the data obtained at sampling stations 3 - 5
during summer (S3 - S5). This would explain, visible in Figures 1 and 2, the
accumulation of nutrients with the course of the Stupia River and that the
phenomenon of metery accumulation was more intense in summer.
Furthermore, it is likely that the CO2 and PO4* and pH concentrations may
indicate intensive metabolic processes by microorganisms. Phosphates are
essential for the development of phytoplankton [14]. Products of excretions
and secretions of phytoplankton can by metabolized by bacteria as a source
of nutrients and energetic substances [15]. The observed correlations justify
future studies of the transformation of biogenic substances along the course
of the Stupia River.
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The abstract delves deeper into the ecological problems arising from the
improper management of drug residues, which pose significant risks to
environmental health and biodiversity. It underscores the persistence of
pharmaceutical compounds in water bodies, soil, and air, leading to
bioaccumulation and potential toxicity to non-target organisms, including aquatic
life, wildlife, and even humans. The paper explores the sources of drug residues,
such as improper disposal of unused medications, agricultural runoff from
veterinary drugs, and excretion from humans and animals. The background of the
ecological problems associated with drug residues and their life cycle management
stems from the increasing global use of pharmaceuticals in human medicine,
veterinary practices, and agriculture. Pharmaceuticals are essential for treating
diseases and improving quality of life, but their widespread use and improper
disposal have led to the unintended release of drug residues into the environment.
These residues enter ecosystems through various pathways, including wastewater
treatment plants, agricultural runoff, landfill leachate, and direct disposal into water
bodies. The uncontrolled release drugs into the environment may be wastewater
and atmospheric emissions from enterprises producing finished drugs and
pharmaceutical substances. the environmental safety of such production is usually
regulated by law. However, accidental releases of drugs into the environment or
those that violate existing norms and regulations that occur in industry, are
nevertheless not systematic. Moreover, there is a general trend towards a reduction
in the environmental load on the part of pharmaceutical production, primarily in
developed countries of the world, due to a consistent increase in the technological
effectiveness and organization of the production process, the introduction of
increasing quality standards and environmental safety, and control by authorized
government bodies.

Keywords: Pharmaceuticals, ecological problems, environment, nature, drug
residues life cycle, management challenges.
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Introduction. Aim of the research was to study the profound
environmental contamination by pharmaceutical residues, their action on
ecosystems: risks, complex interactions, assessing risks, comprehensive
mitigation strategies and the imperative for enhanced risk evaluation.
Pharmaceutical residues in the environment have become a growing concern
due to their potential impact on ecosystems and human health. These
contaminants, often originating from human and veterinary medicine, are
found in water, soil, and air, and pose significant risks through their complex
interactions with other environmental pollutants. Despite their widespread
presence, current environmental risk assessments typically focus on
individual substances, potentially underestimating the broader ecological
implications. This study explores the profound environmental contamination
caused by pharmaceutical residues, emphasizing their effects on aquatic and
terrestrial ecosystems. It also discusses the risks associated with the
accumulation of these substances, their interactions with other pollutants, and
the potential for synergy or additive effects. Furthermore, it highlights the
urgent need for more robust and comprehensive risk assessments, including
the consideration of transformation products, indirect effects, and the long-
term consequences of pharmaceutical exposure. The paper advocates for the
development of improved mitigation strategies, such as enhanced waste
treatment technologies, better pharmaceutical disposal systems, and more
effective regulatory frameworks. Ultimately, this research calls for a
multidisciplinary approach to address the environmental challenges posed by
pharmaceutical contamination, aiming to safeguard both ecological and
human health in the face of growing global concerns. Pharmaceutical
contamination of the environment is an increasingly significant concern that
demands urgent attention. The presence of pharmaceutical residues in
natural systems, primarily from human and veterinary drug use, leads to
contamination of water, soil, and air, where their persistence can disrupt
ecological balance and potentially harm human health. Current environmental
assessments often fail to consider the complex interactions between
pharmaceutical residues and other pollutants, leaving many potential risks
overlooked. A key issue is the difficulty in predicting the cumulative effects of
these contaminants, especially when pharmaceuticals are mixed with other
toxic substances in the environment. The impacts are not limited to direct
toxicity but may include indirect effects, such as changes to microbial
communities and disruptions in ecological processes, like nutrient cycling.
Moreover, the transformation products of pharmaceuticals, which may be
more persistent or toxic than the original compounds, remain poorly
understood and under-researched. Given these challenges, the existing risk
assessment frameworks, which often focus on single-substance exposures,
are insufficient. A more holistic approach is necessary to account for the
Interactions, transformations, and cumulative risks posed by pharmaceutical
residues. Effective mitigation strategies will require a combination of improved
waste management practices, targeted regulatory policies, and advanced
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treatment technologies. Understanding the full scope of pharmaceutical
contamination and its ecological and human health implications is essential
for developing proactive, sustainable solutions [1-3].

The uncontrolled release drugs into the environment may be wastewater
and atmospheric emissions from enterprises producing finished drugs and
pharmaceutical substances. the environmental safety of such production is
usually regulated by law. However, accidental releases of drugs into the
environment or those that violate existing norms and regulations that occur in
industry, are nevertheless not systematic. Moreover, there is a general trend
towards a reduction in the environmental load on the part of pharmaceutical
production, primarily in developed countries of the world, due to a consistent
increase in the technological effectiveness and organization of the production
process, the introduction of increasing quality standards and environmental
safety, and control by authorized government bodies. It is also necessary to
take into account that pharmaceutical production is localized geographically,
and if an accident occurs at the enterprise or there are violations of
environmental legislation, then such emissions are exclusively local in nature
and pose a danger only to specific regions. For all the reasons listed above,
such sources are not the subject of analysis in this review, although they
contribute to environmental pollution. Other sources of drugs that are
practically uncontrollable and are formed mainly by people who use drugs for
medical purposes, as well as in animals, pose a great danger to the
environment. The contamination of the environment by pharmaceutical
residues presents a critical challenge to both ecosystem health and human
well-being. The widespread presence of these substances in water, soil, and
air underscores the need for a more comprehensive understanding of their
environmental fate and effects. Current risk assessment approaches, which
often examine individual compounds in isolation, are inadequate in
addressing the complex interactions and cumulative risks posed by
pharmaceutical pollutants, especially when combined with other
environmental contaminants. Furthermore, the potential dangers of
pharmaceutical transformation products, which may exhibit greater toxicity or
persistence, remain underexplored. To address these concerns, a paradigm
shift is required in environmental risk assessment, incorporating multi-
substance interactions, long-term ecological impacts, and the effects of
transformation products. The development of robust mitigation strategies—
such as advanced waste treatment technologies, improved pharmaceutical
disposal practices, and more stringent regulatory frameworks—must be
prioritized. By adopting a more integrated, precautionary approach to
pharmaceutical contamination, we can better protect ecosystems and human
health from the growing threat posed by these persistent pollutants. Future
research and policy initiatives should focus on improving our understanding of
these substances, developing innovative solutions to reduce their
environmental impact, and ensuring sustainable management practices for
pharmaceuticals [4-6].
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The environmental contamination caused by pharmaceutical residues is
an increasingly complex and critical issue that threatens the health of
ecosystems and poses risks to human well-being. The widespread use of
pharmaceuticals in both human and veterinary medicine, combined with
inadequate disposal practices, has led to the persistence of these substances
in various environmental media, including water, soil, and air. While
pharmaceuticals are essential for human health, their unintended release into
the environment raises concerns due to their potential ecological impacts.
These compounds, often present in trace amounts, can accumulate over time
and exhibit a range of adverse effects on aquatic and terrestrial organisms,
including the disruption of microbial communities, alterations in biodiversity,
and interference with critical ecosystem processes such as nutrient cycling
and soil fertility [7-8].

Pharmaceutical residues in the environment are particularly concerning
because they can have multiple modes of action, which can interfere with the
natural functioning of ecosystems. Some pharmaceutical compounds, such
as antibacterial, have been shown to affect soil microbes that play an
essential role in processes like pesticide degradation and manure
decomposition. The potential for synergistic or additive effects among
pharmaceuticals and other environmental pollutants, such as pesticides,
biocides, and industrial chemicals, adds further complexity to the issue. While
individual pharmaceuticals have been studied in isolation, little is known
about how they interact with other chemicals in the environment, which may
lead to underestimated risks [9-10].

Current environmental risk assessments often focus on single
substances, neglecting the combined effects of pharmaceuticals in the
environment. This approach may overlook the potential for greater toxicity
when multiple substances interact or the unanticipated consequences of
transformation products, which can be more persistent or toxic than their
parent compounds. For example, the breakdown products of some
pharmaceuticals may persist in the environment for extended periods,
increasing the long-term ecological risks. Moreover, the potential for these
transformation products to migrate through the food chain and impact human
health remains largely unexamined [11-12].

The lack of comprehensive understanding of pharmaceutical pollution in
the environment is further compounded by inadequate data on the long-term
effects of low-level, chronic exposure to these compounds. Despite significant
advances in detecting pharmaceutical residues in environmental matrices,
only a small fraction of the thousands of active pharmaceutical ingredients
used globally have been adequately studied. This gap in knowledge makes it
difficult to assess the full scope of the risks posed by pharmaceutical
contamination [13-14].

Goal. Aim of the research was to study and analyzed the some features
of ecological problems of the environment and rational nature of drug
residues management.
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Methodology. The material of the article was the data from scientific
publications, which were processed, analyzed, overviewed and reviewed by
generalization and systematization. Research studies are based on a
review/overview assessment of the development of critical visibility and
overlook of the modern scientific literature. Use the following databases: (for
extensive literature searches to identify the some features of ecological
problems of the environment and rational nature of drug residues
management.). PubMed, Medline, Web of Science, Scopus, Web of
Knowledge, Clinical Key, Tomson Reuters, Google Scholar, Cochrane library,
and Elsevier foundations, national and international policies and guidelines
were also reviewed and as well as grey literature.

Results and Discussion. Various policies need to be implemented
throughout the life cycle of pharmaceutical products, including source-
oriented, consumer-oriented and waste management-oriented activities. The
most effective solutions must be implemented at the source, before drugs
enter the environment. These measures include rational drug consumption,
prescribing more environmentally friendly drugs and developing harmless and
easily biodegradable drugs. Improved disease prevention, personalized
medicine, improved package sizes, and PC redistribution markets may go
some way to avoiding drug waste. The next step is to prevent unavoidable
waste from entering the environment. Therefore, correct collection and
disposal of is critical and must be adapted to national and local conditions.
Finally, education of health care professionals and the public, as well as
partnerships between environmental scientists and clinicians, paharmacists
are important at all stages of the pharmaceutical product life cycle. All joint
efforts must be guided by a One Health approach to combat pharmaceutical
waste and improve the health of people, animals and the environment, which
are closely linked. To reduce contamination levels when consuming
medicines should be: Creation of a system for collecting drug waste
generated by the population; Conducting awareness-raising work with the
population, employees of healthcare institutions and other target groups on
the topic of environmental pollution by drug waste; Taking into account
environmental factors when choosing and prescribing treatment. At the same
time, there is no need to put environmental protection above the human need
for treatment; Development and implementation of wastewater treatment
systems. It should be taken into account that urban wastewater has an
unstable composition in terms of names and concentrations of drugs. A
higher priority is to prevent drug residues from entering the city sewer system
[15-16].

Pharmaceuticals have been entering the environment for decades, and
researchers have only recently begun to quantify their levels in the
environment. Using information from different countries and uses, several
prioritization exercises have identified pharmaceutical products that are most
likely to end up in the environment. Annual veterinary drug use was combined
with information on routes of administration, metabolism and ecotoxicity to
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identify drugs that should be monitored under a national recognition
programme. New analytical techniques such as liquid chromatography
coupled with tandem mass spectrometry (LC-MS-MS) have provided a better
understanding of the behaviour of drugs in the environment and have
determined their concentrations in wastewater treatment plants, soil, surface
water [17-18].

In some studies have found low levels of a wide range of
pharmaceuticals, including hormones, steroids, antibiotics and parasiticides,
in soils, surface waters and waters. underground. Reported concentrations
are generally low, but what is even more alarming is that many therapeutic
substances have been found under a wide range of hydrological, climatic and
land use conditions, and many substances have been detected throughout of
the year. The study results raised questions about how this mixture of
veterinary and medicinal drugs, abundant in soil and surface waters, affects
beneficial organisms in the environment and human health [19-20].

Additionally, pharmaceuticals are not the only pollutants of environmental
systems. Aquatic and terrestrial organisms are exposed to a mixture of drugs
and other substances, including pesticides, biocides and common industrial
chemicals. A recent study discovered the antibacterial agent lincomycin in
combination with other additional chemicals. The study focused only on
selected compounds, so many other synthetic substances could be present.
Therefore, interactive effects are possible, such as the additivity of
substances with similar modes of action and synergy. Because current
environmental risk assessments focus on individual substances, it is possible
that these assessments underestimate exposure. It is also possible that the
environmental behavior of a substance changes in the presence of other
substances. For example, antibacterials have been shown to affect soll
microbes that play an important role in the breakdown of pesticides. For
example, research shows that veterinary antibacterial medications can
influence the reduction of sulfates in soil and inhibit the decomposition of
manure. If an antibacterial veterinary drug was applied as a slurry to an
agricultural field prior to pesticide application, it is possible that the
environmental impact of the pesticide would be dramatically altered [21-22].

Because very little is known about the effects of pharmaceuticals on
environmental health and the interactions of various compounds, some
workers are taking a precautionary approach and developing methods to
reduce releases of these substances into the environment . Various
approaches have been proposed, including source control of
pharmaceuticals, source separation, waste treatment to remove
pharmaceutical compounds, implementation of breeding practices, and
improvement of drug disposal systems. expired medicines and waste
containers. Source control includes marking, controlled disposal and
separation of urine. Separating sources of pharmaceuticals, such as hospital
wastewater, which are likely to be heavily contaminated with pharmaceuticals
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and antibiotic-resistant bacteria, should allow treatment resources to be
focused on the most contaminated waters [23-24].

Pharmaceuticals may be removed by treatment with physical processes
such as sorption or volatilization, biodegradation, or chemical reactions such
as ozone treatment. The significance of the different options is likely to be
very specific to each substance. For example, the antibiotic ciprofloxacin is
removed by strong sorption to suspended solids in sewage sludge, whereas
diclofenac and 17a-ethinyl estradiol undergo significant biodegradation in
aged activated sludge. A range of measures to reduce emissions is therefore
likely to be required. Many treatment methods that eliminate pharmaceuticals
may also produce transformation products that are more persistent and more
mobile than the parent compounds, some of which may also have similar or
increased toxicity. Little work has been done to assess the environmental
impacts of these transformation products. Clearly, a wealth of data on the
levels of pharmaceuticals in the environment and their effects on aquatic and
terrestrial organisms has become available in recent years. However, many
issues remain to be resolved before it can be determined whether residues in
the environment pose a threat to human health and the environment. First,
there are risks associated with substances that have not yet been studied.
Due to resource limitations, only a small proportion of pharmaceuticals in use
today have been studied, and there is an urgent need to understand how
other substances affect the environment. Second, we can better assess
ecotoxicity [25-27].

Current standard ecotoxicity tests are likely inadequate to assess the
effects of many pharmaceuticals. The use of more subtle parameters such as
behavioral changes, physiology, and biochemistry is of particular interest.
Further work is needed to identify these subtle effects. It is likely that many of
the technologies currently used by molecular biologists, such as proteomics
and genomics techniques or large-scale DNA or protein microarrays, can
make a significant contribution to this task. Third, ecotoxicity data are relevant
to the real world. Although many subtle effects have been demonstrated
following exposure to pharmaceuticals at environmentally realistic
concentrations, we need to establish the significance of these data in terms of
ecological functioning. Fourth, there are risks associated with mixtures.
Pharmaceuticals are unlikely to occur alone in the environment, so the
current single-substance risk assessment approach may underestimate
environmental impacts. This also includes potential indirect effects. Little has
been done to determine the absorption of pharmaceuticals into organisms
and throughout the food chain. Such studies are critical to determining the
potential indirect impacts of environmental exposure on the ecology and
human health. A related question is: should we be concerned about
transformation products? Much of the work to date has focused on the parent
compounds; however, we know that transformation products are produced in
the environment and during processing. It is important that we begin to
understand the potential impacts of these substances. Future work should
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therefore focus on understanding the biotic and abiotic processes underlying
the release, fate, and environmental impacts of pharmaceuticals. Finally,
certain environmental exposures lead to greater resistance to antibacterial
drugs. A wide range of antibacterial agents have been found in water and
soil, many of which persist for some time. It is possible that such exposures
could lead to the development of resistant microbes that could pose a serious
threat to human and animal health [28-29].

The future work should focus on understanding the biotic and abiotic
processes underlying the release, environmental fate, and effects of
pharmaceuticals. Such an understanding should ultimately enable the
development of new modeling approaches. A comparative plasma
concentration model linking mammalian and fish species, which could provide
useful information on the likely effects of pharmaceuticals on fish. Other
modeling approaches, such as quantitative structure-activity relationships,
could help estimate the environmental impacts of pharmaceutical products
based on their chemical structure. Read-across approaches, in which data
from closely related compounds are used to determine the effects of an
untested compound, can also help improve environmental assessment.
Improved tools should provide a better understanding of the environmental
impacts of pharmaceutical products. At the same time, we must strive to
improve the way we use, handle and process medicines to minimize their
release into the environmen [30-31].

The problem is that we do not have a comprehensive understanding of
what happens when these drugs are released into the environment, and
further characterization of possible pathways of human exposure is needed.
Residues of different types of drugs (hormones, anti-cancer drugs,
antidepressants, antibiotics, etc.) have been found in various environmental
elements, raising the question of whether this poses a risk to exposed plants,
animals and microbes or to the man [32-33].

This study characterizes the extent of the environmental impact of
pharmaceutical products outside of personal care products. The aim was to
identify non-legislative and legislative reasons for their presence in the
environment and to suggest ways to adapt legislation to address this
problem. 30 to 90% of an orally administered dose of the drug is generally
excreted as active substance in the urine of animals and humans. A large
proportion of medicines are flushed down sinks and toilets and end up in the
environment. Inappropriate and excessive consumption can also lead to
unnecessary emissions [34-35].

In the EU, the contribution of manufacturing facilities to emissions of
medicines and/or their residues is generally considered negligible.

Once in the environment, drugs are transformed and transferred
between its different parts (surface and groundwater, soil, air). Highly fat-
soluble drugs also have the ability to accumulate in the fatty tissues of
animals and can thus be introduced into the food chain. These products can
be broken down either through digestion and metabolism by organisms or
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through physicochemical processes in soil and water. Some degradation
products may persist even after wastewater treatment and cause concern
[36-37].

Impact of climate change on the use of medicinal pharmaceuticals in the
Northern Hemisphere. As climate change alters environmental conditions, the
prevalence and global distribution of human diseases will change. Climate-
related environmental changes are associated with an increase in chronic
diseases already common in the Northern Hemisphere, such as
cardiovascular disease and mental iliness. The increase in these diseases is
leading to an increase in the use of already widely used Western drugs.
People with respiratory diseases may experience a worsening of symptoms
due to changing environmental conditions, such as increased pollen counts,
leading to an increase in the demand for drugs used to control these
symptoms. Toxic substances and respiratory, waterborne, and foodborne
infections, including vector-borne infections, may become more common in
Western countries, Central and East Asia, and across North America. As new
disease threats emerge, a significant increase in the use of pharmaceuticals
seems inevitable, particularly for pharmaceuticals not currently in wide use
(e.g., antiprotozoal drugs). This study found that the use of drugs to treat
common symptoms, such as painkillers, may also increase. Understanding
which diseases, and therefore which drugs, may be used in the future is
important so that toxicologists, environmental scientists, policymakers and
legislators can focus their efforts, implement mitigation measures and plan
training, education and treatment [38-39].

The chemical pollutants such as pesticides, biocides or industrial
chemicals, the release of pharmaceuticals into the environment must be
regulated to ensure adequate information and transparency about the
environmental impacts of pharmaceuticals; adequate and reliable
assessment of environmental risks of pharmaceutical products; prevent
pharmaceutical products from entering the environment throughout their
entire life cycle and control releases of pharmaceuticals into the environment
when prevention is not possible [40-41].

Consumption of medicinal products for human and veterinary purposes
has impacts on terrestrial and marine environments and ecosystems.
Increased environmental awareness regarding pharmaceutical activities has
led to the development of policies and measures aimed at mitigating negative
environmental impacts. Various measures have been taken to promote
environmentally friendly production and practices, leading to the development
of alternative methods and processes benefiting both the environment and
industry. Distributors and pharmacists can make a difference by effectively
managing daily operations, including improving inventory and rotation,
consolidating supplies and reducing unused medications [42-43].

Pharmaceutical products are essential to human health, but they become
an environmental problem when they enter the environment, which occurs
when residues are excreted from the body after consumption or when unused

205



ExkonoriyHi npob6riemMn HaBKONMULLIHBOIO cepeaoBuLLa i pauioHarnbHe
NPUPOLOKOPUCTYBAHHS

pharmaceutical products are improperly disposed of. Although no method has
been developed to detect all drugs entering an ecosystem, certain groups
have been shown to have negative impacts on ecosystems, including
increased mortality of aquatic species and changes in physiology, behavior,
or reproduction. Particular attention is paid to these groups of drugs and their
impact on the environment. In this review, the authors propose measures to
reduce the amount of unused pharmaceutical products in the environment,
with a focus on prevention. Various policy measures are recommended
throughout the life cycle, including source-oriented, user-oriented and waste
management measures, to prevent the generation of household
pharmaceutical waste and ensure environmentally sound disposal of
household pharmaceutical waste. Preventive measures include rational drug
consumption, prescribing more environmentally friendly drugs or developing
safe and easily biodegradable drugs, better disease prevention, personalized
medicines, better packaging sizes and markets for the redistribution of unsafe
drugs. The next step is to prevent inevitable waste from entering the
environment. Therefore, it is extremely important to collect and properly
dispose of unused medicines. Finally, education of healthcare professionals
and the public, as well as partnerships between environmental scientists and
clinicians, are essential at all stages of the pharmaceutical life cycle.
Reducing drug levels in the environment will benefit human life [44-45].

Demographic, epidemiological and lifestyle changes, such as the aging
of the population, the increase in chronic diseases, the availability of cheap
generic treatments and easy access to a large number of over-the-counter
medications, have become key factors in the growth of the pharmaceutical
industry. The global increase in drug consumption has led to greater
international awareness of the problem of unused pharmaceuticals (UPs) in
households and the harmful environmental and health consequences of their
improper disposal. Drugs in the environment are challenging because they
are designed to interact with a living system and produce a pharmacological
response at low doses, making them dangerous to the environment even at
low concentrations. Secondly, drugs are designed to be stable in reaching
and interacting with their target molecules, meaning that they degrade very
slowly or that their continued use results in a constant, slower release into the
environment, that is, as quickly like decomposition. In addition, conventional
wastewater treatment plants are not designed to completely remove
pharmaceuticals from wastewater [46-48].

Pharmaceutical products enter the environment through two main routes:
excretion and insufficient elimination. In both cases, pharmaceuticals end up
in sewage treatment plants, which are generally not designed to remove
these pollutants from wastewater. Drugs have been found mainly in surface
water, but also in groundwater, soil, manure and even drinking water. The
presence of drugs in freshwater and terrestrial ecosystems can lead to the
release of drugs into wildlife with the possibility of bioaccumulation. People
are then exposed to drugs through drinking water and their residues in crops,
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fish, dairy products and meat. The effects of pharmaceuticals entering aquatic
environments are of increasing concern, with impacts ranging from molecular
changes to population-level effects [49-50].

The environment is everything that surrounds us: the air we breathe, the
water we drink, and the land on which all living creatures live, the plants we
use for food thrive. Development is what we do with these resources to
improve lives. Our actions to make our lives more comfortable change the
environment

One of the achievements of the United Nations in the field of
environmental protection is the Kyoto Resolution on the Climate Change
Convention (1997). In 2004, it passed into law, requiring countries to reduce
emissions of dangerous greenhouse gases by 5.2% by 2012. The United
Nations Convention on Biological Diversity (1992) obliges states to preserve
the rich diversity of plants and animals necessary for human existence.

Environmental pollution leads to the increase of toxic substances in the
human body and its environment - air, water, soil, animal and plant world -
beyond the permissible norm, which is followed by a sharp increase in
various chronic diseases [51-52].

The interaction between the organism and the environment takes place
in two main directions. One of them refers to those biochemical changes in
human organisms that are caused by the demands of environmental
conditions or arise in the process of human impact on the environment. It is
necessary to specify the impact processes of men, women, children and
entire groups. The environment is that part of living and non-living nature that
surrounds organisms and directly or indirectly affects their existence,
development and reproduction [53-54].

Pharmaceutical and personal care products (PPCP) in the environment
are a hot topic. Veterinary antibiotics, prescription drugs and cosmetic
products are discarded from a variety of sources and regularly enter the
environment, where they occur in small quantities in wastewater, surface and
ground water, silt-laden agricultural soils, aquatic and terrestrial biota, and
wet drinks Water. The public should become aware of this and is calling on
the scientific and regulatory community to assess the potential risks to human
health and the environment and take appropriate action if necessary [55-56].

Chemical pollutants are known to have specific effects on organisms, for
example: Organotin compounds (used in anti-fouling paints on ships) affect
marine life. However, there is another very diverse group of chemical
compounds that can be harmful but have received relatively little attention as
potential environmental pollutants. These include drugs, including drugs for
humans and animals, as well as illegal (recreational) drugs.

Thousands of tons of pharmacologically active substances are used
worldwide every year, but surprisingly little is known about the fate of most
drugs after their intended use. Most of the administered dose is excreted
unchanged from the body, and metabolites can be converted back into the
active ingredient by bacteria. In addition, the public often throws unused
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medicines down the drain. Based on published prevalence data, it is likely
that a significant portion of municipal wastewater is contaminated with
narcotic compounds that vary only in the type and content of substances
present [57-58].

Modern research has shown that many drugs are not completely
eliminated from the body in wastewater treatment plants. The presence of
drugs in surface systems, soil and even marine systems has been confirmed
in concentrations ranging from high ng/liter to low mg/liter, which are similar
to the concentrations of some pesticides. Pharmaceutical compounds
discarded in household waste can end up in landfills and pose a risk to
surface and ground water. Additionally, unlike more regulated contaminants,
which often have a longer half-life in the environment, pharmaceuticals can
become pseudopersistent due to prolonged exposure to wastewater, with
unknown consequences for aquatic organisms that may be continuously
exposed [59-60].

The potential consequences of the presence of pharmaceuticals in
aquatic systems are unknown and have therefore received increasing
attention as potential pollutants in recent years. The fact that an industrial
chemical can end up in the environment is not surprising in itself. What's
interesting about drug contamination is that it does not primarily arise from
manufacturing, but rather from the widespread and ongoing use, isolation,
and improper disposal of drugs for human and veterinary use [61-62].

Pharmaceuticals are potentially ubiquitous pollutants as they are present
in all human environments. There is currently little evidence that
pharmaceuticals are present in the environment in sufficient quantities to
cause significant harm, although their use is expected to increase as the
Human Genome Project is completed and the population ages. Drugs and
their metabolites are increasingly being found in water bodies in areas
adjacent to anthropogenic activities [63-64].

The biggest concern at the moment is that antibiotics in wastewater
treatment plants may lead to increased resistance of natural bacterial
populations. There are many isolates of microorganisms resistant to
antibiotics in the environment, and although the issue remains controversial,
the significant increase in the number of bacterial strains resistant to multiple
antibiotics is often attributed to the misuse of antibiotics and the increase in
their discharge into wastewater. Three known mechanisms of gene transfer
(conjugation, transduction, and transformation) are thought to occur in aguatic
environments; As a result, streams and rivers can become a source and
reservoir of resistant genes, as well as a means of their dissemination. In
addition, some non-target organisms (eg cyanobacteria) may be exposed to
antibiotics, which may have indirect negative effects on the aquatic food
[65-66].

The problem is further complicated by the fact that exposure to only one
drug or toxic substance at a time is likely to be a rare event. Laboratory
studies have shown that mixtures of just a few compounds have effects on
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ecosystems, but it is unknown what happens in the wider environment. Most
organisms are constantly exposed to various substances, the concentrations
of which vary little in time and space. Therefore, the limits of your tolerance
depend on the duration of exposure to chemical and non-chemical stressors,
many of which have the same mechanism of action and whose effects can
result in additive effects. Thus, risk estimates that ignore possible cumulative
drug effects will almost certainly lead to significant underestimation of risk
[67-68].

Increasing demand for global water sources will likely lead to increased
indirect and direct water reuse in the future. Drinking water is a direct route to
the human body, including drugs and other contaminants that may be present
there. Advanced water treatment technologies such as granular activated
carbon (GAC) and reverse osmosis (RO) can remove drugs from drinking
water until they are invisible, but these processes are not widely used. Due to
the lack of appropriate technology and the need for significant economic
investment, municipal wastewater is never treated in this way. In addition,
large-scale monitoring programs to test these compounds would be extremely
expensive and time-consuming due to the large number of different
compounds and the diversity of their properties and effects [69-70].

Given that the extent and consequences of the presence of drugs in
aquatic environments is largely unknown, more research is needed before a
clear picture of the true nature and importance of the problem can be formed.
Therefore, it would be unwise to claim that these compounds have significant
environmental impacts until convincing evidence is available. To this end,
future emphasis should be on adequate and sufficient scientific knowledge to
determine occurrence, exposure, sensitivity and consequences in order to
make informed decisions regarding human health and the environment
[71-72].

When evaluating drugs, benefits to human health must take precedence
over potential harm to the environment. Therefore, it may be beneficial to
focus on reducing or eliminating problems at their source by developing
clearer drug labeling and more effective guidelines for the disposal of
pharmaceutical compounds by patients and healthcare professionals. The
potential benefit of this approach would be improved consumer health
(by minimizing the consumption of active substances) as well as reduced
healthcare costs. Given the enormous importance of the pharmaceutical
industry to both human health and the economy, any increased control could
have serious economic and social consequences. If pharmaceuticals turn out
to be problematic contaminants, collaboration between health professionals
and environmentalists will be mutually beneficial, as much research remains
to be done before the problem can be fully understood [73-74].

Ecology, which directly affects the health of society, is one of the most
important factors in the modern era of civilization. Factors affecting population
health are the biggest social problem. The health and illness of society are
determined by the environment in which a living organism is located and
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develops. Man is a biosocial being. Environmental factors affect organisms in
different ways. It can be irritating, limiting or determining the existence of the
organism in specific conditions; the danger of disturbing the natural balance is
associated with pollution of the atmosphere, water, soil and food products
with nitrates, pesticides, radionuclides and other harmful substances. The
environment is saturated with psychotoxins, chemical waste, biological
damaging agents (drug-resistant bacteria, fungi, viruses, parasites resulting
from mutations). causing death of plants and animals and illness in humans.
Therefore, it is clear what a great danger an environmental disaster poses
[7,28,44].

An environmental disaster has a direct impact on public health. Society
and the environment are in constant relationship. Therefore, the health and
illness of society are determined by the environment in which a living
organism is located and develops. Factors affecting population health are the
biggest social problem.

There is a danger of disturbing the natural balance. Pollution of the
atmosphere, water, soil and food products with nitrates, pesticides,
radionuclides and other harmful substances leads to the death of plants and
animals and diseases of people. Therefore, it is clear what a great danger
ecological disaster causes [13,39, 47].

The most serious consequence of biosphere pollution is the
manifestation of genetic disorders. As a result of increased radioactive
background and chemical pollution of the environment, the number of
pathologies, malignant tumors, mental disorders, etc. increases. number.
Mutagens in the form of chemical compounds, ionizing radiation penetrate the
cell and cause disruption of the genetic program, causing mutations in
somatic cells [1,14, 39].

Diseases and conditions caused by climate change will also impact
demand in the healthcare system and pharmaceutical industry. The
pharmaceutical industry may see a change or increase in demand for drugs.
For example, an increase in temperature can trigger asthma due to increased
pollen levels. This increase in asthma cases will, in turn, lead to an increase
in demand for medications to control asthma. Changing demand for
medicines could create opportunities for the pharmaceutical industry to make
the most of climate change and incorporate green chemistry principles into
the development of new medicines [19,28,67].

The production and consumption of pharmaceuticals results in the
presence of active pharmaceutical ingredients (APIS) in the ecosystem.
Active ingredients enter the marine and terrestrial environment through
release from manufacturing facilities, into wastewater after consumption of
the drug in question, or through improper disposal of expired or unused
drugs. The use of medicinal products in veterinary medicine may also result
In the release of active substances into the environment, for example through
the use of wastewater for irrigation, agriculture, aquaculture or the disposal of
animal carcasses treated with veterinary drugs. The presence of APIs in the
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ecosystem can have a number of side effects, such as: Bacterial resistance
to antibiotics and changes in the activity of digestive glands in marine life,
reproductive toxicity in amphibians and feminization of fish. Another striking
example of the impact of APIs on the ecosystem is the sharp decline in
vulture populations due to the presence of diclofenac residues in cattle
carcasses [14, 43,71].

Based on data from the World Health Organization, an analysis of the
impact of environmental factors on human health was published, which
revealed large differences between countries and showed that human health
can be improved by reducing exposure to environmental factors such as:
pollution, ultraviolet radiation, noise, climate, ecosystem change and
dangerous work environment. More than 10% of deaths in 23 countries of the
world are related to the environment with two risk factors: 1) polluted air and
water; 2) low sanitary and hygienic indicators.

The industrial agriculture, municipal wastewater treatment, and the
introduction of municipal sewage sludge (biosolids) as major sources of
pharmaceuticals and personal care products in the environment. To
compensate for this, indicators of veterinary antibiotic use are provided by
both the agricultural industry and interested scientists. Personal care products
are divided into fragrances and musks, cleansers and disinfectants
[16,28,33].

Pharmaceutical products intended for human use are included in the
UNESCO list of emerging pollutants. Their identification and elimination
represent a decisive step towards achieving the goals of the Sustainable
Development Program. Concentrations of drugs found in the environment are
below therapeutic levels. In waters receiving treated wastewater, drugs are
found at concentrations below 100 ng/L. These low concentrations make it
difficult to assess their toxic effects on ecosystems and human health. The
vast majority of pharmaceutical products have not been adequately studied
regarding their long-term toxic effects, presence and fate in the environment.
However, certain classes of drugs, such as beta blockers, antibiotics,
anticancer drugs, and endocrine disruptors, have been shown to have
devastating effects on the ecosystem, including increased mortality and
disruption of the physiological and reproductive functions of aquatic species.
Moreover, since it is impossible to separate humans from nature, this has
devastating consequences for human health. However, the extent of the
problem remains largely unknown due to the large number of drugs available
and difficulties in assessing the risks associated with exposure to multiple
compounds at low doses over long periods of time. The drugs on the market
pose a potential risk to the environment. Although there is no established
method for detecting all pharmaceuticals entering an ecosystem, some are
widespread and have been shown to have negative impacts on ecosystems.
These groups include hormones, antibiotics, antidepressants, anti-
inflammatory and pain relievers, beta blockers and anti-cancer drugs
[14,25.56].
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Antibiotic resistance is a global public health problem, especially given
the increased use of antibiotics during the COVID-19 pandemic, which has
led to the exhaustion of the last line of antibiotics. It has been established that
the use of antibiotics in medicine, veterinary medicine and agriculture is
associated with pollution of various parts of the environment, which has
contributed to increased antibiotic resistance and the occurrence of
ecotoxicological effects. Failure to properly dispose of antibiotics through
sewers by patients also poses a growing environmental threat to public
health. Additionally, high levels of antibiotic contamination after long-term
exposure can negatively impact human health, especially in patients with
chronic diseases such as obesity, diabetes and asthma [11,19,41].

Antidepressant contamination has increased significantly worldwide
during the COVID-19 pandemic. To this day, antidepressants can be found in
urban and suburban water supplies. Many aquatic animal species
bioaccumulate various antidepressants in their tissues, resulting in
cytotoxicity, genotoxicity, impaired stress response, weight and length
gain/loss, and liver and kidney damage. Because there is significant overlap
between human and animal environments, exposure to antidepressants
(sertraline, fluoxetine) in the environment also affects human neurological
development and various mental illnesses. Although psychotropic drugs are
usually present in wastewater at subtherapeutic levels, they can have
biological effects at low doses, and combinations of multiple psychotropic
drugs are often present, especially in the environment, increasing the risk of
toxic effects.

Pharmaceutical compounds are used in modern society for various
beneficial purposes, but at the same time, the pharmaceutical industry
releases highly toxic pollutants into the environment either directly or after
chemical modification. Additionally, pharmaceutical compounds can enter the
environment through various routes such as treated wastewater discharge,
seepage into landfills, sewer pipes, animal waste, etc. Although a number of
physical and biological processes occur in an aquatic ecosystem, they can
lead to depletion of many lead to pharmaceutical compounds. Traces of
human and veterinary drugs and their metabolites were found in several
bodies of water. Objects such as surface water, groundwater and drinking
water sources. Several industries, including pharmaceuticals, chemicals,
paints, etc., are rapidly developing in India, with wastewater being discharged
into water bodies either directly or after partial treatment. Pharmaceutical
compounds have been found to be released into the environment and may be
considered environmental pollutants. Several pharmaceutical plants have
been found to be sources of much higher concentrations in the environment
than those resulting from drug use. Typically, the pharmaceutical industry
generates a large amount of waste during production and service. Drugs
have been found in sewage treatment plant wastewater and drinking water.
Trace amounts of drugs in drinking water can have serious adverse effects on
human health and aquatic life over long periods of time, even when drug
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concentrations in drinking water (in the nanogram per liter range) are orders
of magnitude below the minimum therapeutic dose [15,37,46].

Pathways through which drugs may be exposed to the environment
include manufacturing plants and hospital wastewater, land use (eg, biosolids
and water reuse), etc. Wastewater treatment services are not always
successful in removing active chemicals from wastewater. Therefore, drugs
enter the aquatic environment, where they have a direct effect on aquatic
organisms and can be absorbed into the food chain.

Higher concentrations of antibiotics can lead to changes in microbial
community structure and ultimately affect food chains. Nonsteroidal anti-
inflammatory drugs (NSAIDs), such as ibuprofen, naproxen and diclofenac,
are widely used and therefore often found in wastewater systems, both
surface and groundwater. Ibuprofen, ketoprofen, naproxen, indomethacin,
diclofenac, acetylsalicylic acid and phenazone were detected in the surface
water system. However, after clofibric acid, the most common drugs found in
aquatic environments are diclofenac, ibuprofen and propyphenazone.
Diclofenac has also been shown to be highly toxic to vultures and livestock.
NSAIDs such as ibuprofen, naproxen, and aspirin are the most commonly
used medications and are often found in effective amounts in municipal
wastewater.

Many pharmaceutical companies are responsible for the generation of
toxic wastewater during their operations. The wastewater generated from
these facilities contains solids, biodegradable and non-degradable organic
compounds, etc. Pharmaceutical wastewater provides basic information
about the reliability of the aquatic environment of the rivers and streams into
which it is discharged. An important indicator of industrial wastewater
contamination is the oxygen content of chemical oxygen demand (COD) and
biological oxygen demand (BOD), with nutritional status measured by the
amount of nitrogen and phosphorus in the wastewater.

Long-term exposure of coastal biota to lower concentrations of complex
drug mixtures can result in acute and chronic damage, behavioral changes,
tissue accumulation, reproductive impairment, and inhibition of cell
proliferation. Several studies have shown that fish exposed to sewage may
experience reproductive problems. In addition, fish exposed to trace amounts
of contraceptive drugs in the concentration range found in the environment
show dramatic reductions in reproductive success, suggesting that
population-level effects may be possible [19,55,37].

Around the world, the drug residues in the environment poses risks to
humans, aquatic animals and wildlife and is becoming a major concern for
both regulatory authorities and the pharmaceutical industry. Significant
progress on this issue is simply not possible with the current limited
knowledge about the transport, fate, and environmental impact of
pharmaceuticals. It is necessary to take into account the possible potentiating
effects of different drugs acting on the same receptors. Risk assessment of
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pharmaceutical chemicals involves identifying the hazards associated with
each step and assessing the risks associated with those hazards.

Currently, pharmaceutical compounds are regularly released into the
environment in extremely large quantities, and the current emission control
system is unable to control untreated or partially treated pharmaceutical
wastewater. The effects of drugs permeate and impact ecosystems, biota and
humans. Adverse health effects on humans, aquatic animals and livestock
should be investigated through careful toxicological and safety studies.
Serious efforts are needed to reduce this problem, and appropriate
regulations are needed to monitor and control it. Water quality guidelines in
India should include analysis of the most commonly used pharmaceutical
compounds in drinking water sources. In addition, pharmaceutical industrial
wastewater treatment plants need to implement new corrective measures to
prevent long-term environmental and health risks [7, 8, 34].

Water sources contaminated with pharmaceutical contaminants are
found in agricultural lands, surface water, groundwater, and drinking water.
Water flows to plants, which affects the quality of soil and crops grown using
this contaminated water. Pharmaceutical contaminants are considered
external environmental factors that affect crop quality. Drugs enter plants as
pollutants, either through the soil or the air. Pollutants enter the plant from the
soil through the roots and are transported through the stem. Plants also
absorb pollutants from the air, and leaves can absorb pollutants from the
atmosphere.  Pharmaceutical contaminants such as  B-lactams,
aminoglycosides, macrolides, tetracyclines, sulfonamides, herbicides
including sulfonylureas, triazines, imidazolinone, phenylurea and bisphenol
(BPA) have been found to cause toxicity in plants. Polychlorinated biphenyls
(PCBs) affect plant growth, reproduction and productivity [8,39,67].

Most pharmaceuticals we use are excreted via urine and feces in
unchanged form or as metabolites and eventually end up in the drain. The
pharmaceutical residues can then reach lakes, the sea and groundwater,
despite passage through wastewater treatment plants, as the wastewater
treatment plants are not built to clear pharmaceuticals. Pharmaceuticals
affect biological processes. They are also often designed to withstand
biodegradation and can therefore remain in the environment for a long time.
There are reports of effects on fish, as well as that measured concentrations
of antibiotics in wastewater treatment plants can select for antibiotic
resistance.

Chemicals play an important role in healthcare as they can be used as
disinfectants, cleaning agents, laboratory reagents, sterilants, pesticides,
pharmaceuticals, and in medical devices and equipment. They also offer
great animal welfare benefits. However, there is growing awareness and
concern about the consequences of mishandling drugs and chemicals on
human health and the environment [9,41,49]

Pharmaceuticals are also biologically active substances specifically
designed to provide pharmacological effects on living organisms. They affect
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the health of wildlife and ecosystems if not managed in an environmentally
sound manner.

Sources of drug release into the environment include direct emissions
from drug manufacturing, patient and animal feces, aquatic agriculture, and
disposal of unused or expired drugs. Medicines designed to degrade slowly,
or even non-degradate to resist chemical breakdown as they pass through
the human or animal body, pose a particular risk if ingested, stored, or
distributed into the environment. When released into the environment, the
biological activity of persistent pharmaceutical pollutants in the environment
can have direct negative effects on non-target organisms such as wildlife and
have long-term impacts on the health and sustainability of ecosystems. The
latter occurs through population-level reproductive effects that persist into
future generations of non-target organisms. Pharmaceutical contaminants
that are persistent in the environment are frequently and increasingly used in
consumer products. However, significant gaps remain in knowledge about the
environmental and health impacts of these pollutants [4,25,72].

Some pharmaceuticals have been found in low concentrations in drinking
water, which is a warning sign that the current handling of pharmaceuticals
may lead to health and environmental problems in the future.

Access to healthy water is a prerequisite for good health. Since society’s
use of chemicals, including pharmaceuticals, is continuously growing, the risk
is also increasing that these chemicals will return to us in our food and water
supply through nature’s ecocycle.

There are little knowledge of the long term effects that continuously
supplied trace quantities of pharmaceuticals and other chemicals could have
on our development, our ability to resist disease and wellness in general.
Therefore caution is advisable. The pharmaceuticals in nature can cause
health problems. According to the precautionary principle, measures can be
taken if there is reason to believe that a product or a method of production
involves unacceptable risks to the health of human beings, animals, plants
and the environment — even if there is no definitive scientific proof of such an
effect [9, 65,70].

Drug residues are found in various environmental components around
the world, and there is growing concern about the harm they may cause to
human health and the environment. In nature, drug residues were found in
urban wastewater, rivers and lakes. Effective measures must be taken to
prevent further contamination of the environment by drugs. First of all, it is
necessary to create a system for collecting drug waste from the population.
Undoubtedly, drugs enter the environment during the production process
through wastewater from pharmaceutical plants, municipal wastewater
through natural human excretion, wastewater and manure from the use of
veterinary drugs and as a result of improper handling of drug waste
[19,36,64].

The review defines each of these sources and steps that can be taken to
reduce drugs’ environmental impacts. In the European Union, since 2004, the
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obligation to organize a system for collecting drug waste from the population
has been established. For the successful operation of such a system,
information work with the population about how drugs affect the environment
and how to properly dispose of them is important. Residents of all European
countries can bring drug waste to a pharmacy or hazardous waste collection
point. However, in some countries there is a lack of widespread awareness-
raising, which leads to inefficient collection systems and most waste ends up
in the trash or drained into sewers. In some countries, drug waste generated
by medical and pharmaceutical organizations is neutralized in pharmacies,
clinics, hospitals and manufacturers. At the same time, pharmacies and
hospitals have the right to transfer expired medicines to the manufacturer
[36,57,69].

In most countries where the system operates successfully, the costs of
collecting and neutralizing drug waste are shared by pharmaceutical
companies, drug manufacturers and local authorities. The main problem is
the very existence of unused drugs. So, generally many patients buy more
medicines than they need. The best way to reduce their number is seen in
optimizing the practice of prescribing drugs, so that only the necessary
amount of drugs is prescribed, giving preference to more environmentally
friendly ones, as well as improving information interaction between doctors
and patients. The pharmaceutical industry must also provide for the
production of drug packaging adapted to various treatment regimens
[10, 19, 64].

Every participant in the drug supply chain, from the pharmaceutical
industry to the patient, plays an important role in reducing the environmental
impact of pharmaceutical activities. The International Pharmaceutical
Federation has highlighted the different roles that each person plays in the
pharmaceutical supply chain to minimize the environmental impact of
pharmaceutical products. The pharmaceutical industry plays an important role
in the environmental impact of pharmaceutical products.

Educating pharmaceutical personnel and the public is an important
aspect of helping to create a healthy environment and reduce activities that
contribute to climate change. The implementation of green practices in the
pharmaceutical sector is already included in the curricula of EU Countries
countries universities. Pedagogical input helps to recognize the importance of
such practice early in professional development.

The main source of drugs entering the environment is wastewater from
pharmaceutical enterprises (from product washing, waste acidic and alkaline
wastewater, wastewater from cleaning equipment and production facilities,
etc.) and liquid waste that is allowed to be discharged into the sewer system.
Currently monitored parameters in pharmaceutical wastewater are biological
oxygen demand (BOD), chemical oxygen demand (COD), total suspended
solids, ammonia and ammonium ions, phosphates, chlorides, sulfates,
petroleum products, iron, anionic surfactants and pH value. This list may
include other chemical compounds, including active pharmaceutical
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ingredients (APIs), but their content is not regulated or controlled at this time.
Currently, the countries of the European Union have prioritized the most
environmentally stable active pharmaceutical ingredients (APIs) - diclofenac,
hormonal drugs of the estrogen group (ethinyl estradiol), antibiotics of the
macrolide class (erythromycin, clarithromycin, azithromycin) and etc
[29, 57, 68].

Assessment of environmental risks of both original and generic drugs. In
European countries, for some drugs such an assessment is carried out, as
well as an assessment of the level of resistance, bioaccumulation potential
and toxicity. Currently, providing information about environmental hazards
when registering drugs in the countries of the European Union is voluntary. In
some countries has been created an online database of drugs, which
describes their environmental risks and expanding the responsibility of drug
manufacturers throughout the entire cycle from production to neutralization
[8, 46, 55].

After drugs enter the body, they are destroyed, neutralized, metabolized
and converted into new compounds. However, some of them are excreted
unchanged or in the form of metabolites, ending up in the sewer system.
Municipal wastewater treatment does not involve removal of APIs. Some of
them are concentrated in sewage sludge from treatment plants, which is
stored in filtration fields, while the rest ends up in rivers. The Challenges in
this matter are also hospitals, where there is a high level of drug
consumption. In the absence of an established system for collecting drug
waste generated by the population, it either ends up in the sewer or is thrown
into the trash. From landfills, drugs can be carried by animals, birds, or
migrate into the soil and groundwater.

To raise animals and fish on an industrial scale, hormonal drugs,
antibiotics and other drugs can be used, which can be excreted from the
animal’s body naturally. Hormones can be used in veterinary medicine and
animal husbandry to stimulate the development and growth of animals,
improve fertility, digestibility of feed, accelerate puberty, regulate the timing of
pregnancy, etc. According to studies in some countries, antibiotic residues
were found in manure, in plants grown in fields fertilized with manure, in soils,
and in small quantities in groundwater. The use of veterinary drugs in should
be regulated by veterinary and sanitary rules for the use, sale and storage of
veterinary drugs.

European experience in collecting hazardous waste from the population
shows that waste collection is carried out effectively if such collection is
organized by a company specializing in the collection of hazardous waste.
The same practice works in our country. In the EU, pharmacies are
considered only as an area for the installation of appropriate containers and
containers for collecting hazardous waste from the population. The containers
themselves are installed by specialized companies interested in collecting
hazardous waste. It is inappropriate to oblige pharmacies, healthcare
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institutions or other trade organizations to organize the collection of drug
waste from the population.

Pharmacies and medical institutions are places where consumers can
obtain the most complete information about drug waste, since these
organizations employ personnel with the relevant knowledge. In the country,
many pharmacies themselves are located on the territory of various retail
facilities, so there may not be places in pharmacies to install a special
container for collecting drug waste. When determining places for collecting
waste from the population, it is necessary to comply with the criterion of step-
by-step accessibility of such places from the places of residence of citizens.
In this regard, retail facilities should also be considered as places for installing
special containers for collecting drug waste. The decision to organize
collection points for drug waste from the population in pharmacies should be
made by Health care institutions in every countries.

Conclusions. Key conclusions include: Drug residues are a significant
and growing environmental concern due to their persistence,
bioaccumulation, and potential to disrupt ecosystems and biodiversity. The
presence of pharmaceuticals in water bodies, soil, and air poses risks to
aquatic life, wildlife, and human health, necessitating immediate action.
A rational and comprehensive life cycle management approach is essential to
minimize the ecological footprint of pharmaceuticals. This approach should
encompass eco-friendly drug design, responsible usage, advanced waste
treatment technologies, and proper disposal practices. Pharmaceutical
companies should prioritize the development of biodegradable and
environmentally benign drugs to reduce the long-term impact of drug
residues. Raising awareness among healthcare providers, patients, and the
general public about the environmental consequences of improper drug
disposal is crucial. Educational campaigns and clear guidelines can
encourage responsible behavior and reduce the release of drug residues into
the environment. Governments and regulatory bodies must establish and
enforce stringent regulations for the production, use, and disposal of
pharmaceuticals. Policies should promote the adoption of green chemistry
principles and support research into sustainable drug development and waste
management technologies. Addressing the ecological problems of drug
residues requires collaboration among scientists, policymakers, healthcare
professionals, industry stakeholders, and the public. A multidisciplinary
approach will ensure the development and implementation of effective
strategies to mitigate the environmental impact of pharmaceuticals.
Continued research is needed to better understand the fate and effects of
drug residues in the environment and to develop innovative solutions for their
removal and degradation. Investment in advanced treatment technologies
and sustainable practices will be key to achieving long-term environmental
protection. In summary, the conclusions highlight the urgency of adopting
sustainable and integrated strategies for managing the life cycle of
pharmaceuticals. By addressing the ecological problems of drug residues
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through collaborative efforts, innovative solutions, and robust regulatory
frameworks, it is possible to protect ecosystems, safeguard human health,
and ensure the responsible use of pharmaceuticals for future generations.
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PerioHanbHi ekonoriyHi npo6rnemMu y cnekTpi npnpoaooxXopoHHOI
po60Tn Me3nHCbKOro HauioHaribHOro NPUPOAHOro NapkKy

Me3uHcbKul HauioHanbHUU rnpupoOHUU napk, YkpaiHa

The article analyzes current environmental issues at the regional level and
outlines possible solutions based on the principles of sustainable natural resource
management. Particular attention is paid to the role of protected areas in
conserving biodiversity and maintaining ecological balance. The Mezyn National
Nature Park is highlighted as a successful example of an efficiently functioning
protected area that contributes to the stabilization of ecosystems and the
improvement of the overall environmental situation.

Knrw4oBi cnoBa: environmental issues, regional ecology, sustainable nature
management, biodiversity conservation, Mezyn National Nature Park, protected
areas, ecosystem stability.

EkonoriyHa cutyauisa B YkpaiHi, ik i B baraTboX KpalHax CBIiTY, BUKIMKaE
Cepuo3He 3aHEMNOKOEHHSA 4epes BMMMB  aHTPOMOTEeHHNX YMHHUKIB, SKi
npu3BogATbL OO  Aerpagaudii NpUPOAHUX  €KOCUCTEM,  3HUXKEHHS
Giopi3HOMaHITTA Ta MOpyLweHHs npupoaHoro 6anaHcy. Yepes BiVHYy,
po3B’A3aHy pocielo, Ona YKpaiHn us npobrnema crana e rocTpiloto.
Mpupopa cTpaxpgae Big GOMOBUX Ai, | MOKM O MW HE MOXEMO TOYHO
OUiHMTN BecCcb MaclwiTab ekonoridHmx BTpaTt. Ha ubomy Tni 3pocTae porb
pauioHanbHOro NPUPOAOKOPUCTYBAHHA Ta po3bynoBuM Mepexi NpupoaHO-
3anoBsigHoOro oHay $K OOHOM0 3 OCHOBHUMX MeEXaHi3MiB  eKOoJSoriYHol
cTtabinizauji.

CborogHi Mepexa TepuTopin  NpuUpoaHO-3anoBigHOrO  oHOY €
penpes3eHTaTMBHILLIOW, PIBHOMAHITHILLOK Ta Kpalwe aganToBaHOK A0
perioHanbHNX NPUPOaHMX ocobnMBocTeEN y NopiBHAHHI 3 1980-mu pokamu. Ha
UepHiriBLwuHi, 3rigHo gaHux [denapTameHTy eKonoril Ta NPUPOOHUX pecypcis
YUepHiriscbkoi BOA, 8,3 % Big 3aranbHol nnowi obnacTi (noHag 264 Tucadi ra)
OXOMNIeHO 3anoBigHUMK TeputopiamMu (682 o06’ekTn). 3a KiNbKICTIO TakuXx
o6’ekTiB YepHiriswmHa € nigepom B YkpaiHi. Cioan BigHeceHo 8 kaTeropin
M3, cepen aknx aBa HauioHanbHi npupogHi napku (HMM) — Me3nHcbkun Ta
[YHAHCBLKUW, TpY perioHarnbHi NaHaLwadgTHI Napkn, COTHI 3aKka3HUKIB, Nam ATOK
npupoan, geHaponapku, a Tako MeHCbK1 300napk.

Me3VHCLKMM  HauioHanbHUM  NPUPOOHMA  MapkK  BiAOMUKM  CBOIMU
YHiKanbHUMKN NpupogHMMK ob’ekTaMn Ta naHgwadtamm, baratcteom driopun
I payHW, a TakoX ICTOPUKO-KYNbTypHOW cragwuHow. Cteopenun HIM y
2006 poui 3rigHo 3 Ykasom [lpesngeHta YKpaiHM 3 MeTow 36epexeHHs
YHiKanbHuUX npupoaHunx komnnekcie YepHiroBo-CiBepcbkoro [llonicca. lMapk
Mae nnowy B noHag 31 Tuc. ra. Po3TaluoBaHnn y mexax reomoponoriyHoro
panoHy Hosropoa-CiBepcbKol epogoBaHOI PiBHMHM Ha npaBobepexoki [ecHn,
3annaBHa Tepaca $£KOI [OOCUTb LwWupoka (gocsarae 12 km), ckrageHa

225



ExkonoriyHi npob6riemMn HaBKONMULLIHBOIO cepeaoBuLLa i pauioHarnbHe
NPUPOOOKOPUCTYBAHHS
NepeBaXKHO 3 MiCKiB, iHOAI TMMHUCTUX MICKIB i CYrnuHKiB. 3annaBa piku Ha
BCbOMY NMPOTA3i A4OCUTb 3abonoyeHa. Teputopia Mae Mo3aiyHy CTPYKTypy Ta
BKIMOYAE 30HM 3aMoBigHOro peXxuMy, perynboBaHol i CTauioHapHOI pekpeauil,
a TaKOoX rocnofapcbKy 30HY.

Y 2023 p. npoBegeHa 3HadyHa poboTa LWOAO0 PO3LIMPEHHA Teputopil
ycTtaHoBW. Big ¢inii «KoptokiBcbke nicoBe rocnogapcteoy», OepxasHoro CITI
«Jlicn YkpaiHny, T[liBHIYHOrO MiKperioHanbHOro ynpasniHHA niCOBOro Ta
MUCIIMBCbKOro rocnogapcrtaa 6yno oTpMMaHoO y NOCTiHE KOPUCTYBaHHSA OJ1S
BeEHHA NiCOBOro rocrnogapcrea i NoB’a3aHuxX i3 HUM nocnyr 14 3emMernibHuUxX
ainsHok nnoweto 1855,0760 ra [1].

Me3MHCLKUIM NapK € OAHMM i3 HaNBINbLINX | HANBaXNUBILLXX 3aN0OBIAHNX
ob’ektiB obnacti. Lle nigTBepaxye Moro ocobnveBy pofib Y pPO3B’A3aHHI
cTpaTteriyHMx 3agad  3i  36epexeHHst OionoriyHoro i naHawadTHOro
pisHOMaHiTTas 4vactuHn Hosropoa-Cisepcbkoro [losiccsi,  MOHITOpPUHIY
AOBKINSs Ta oOpMyBaHHS HaLiOHAmNbHOI | 3aranbHOEBPONENCHLKOI €KOSOrYHOT
Mepexi. Napk cnpusie BUPILLEHHIO eKonoriyHnx npobrnem Ta opmMyBaHHIO
€KOJOoriYHOoI CBIAOMOCTI HaceNneHHs. 5

[Mapk Bigpi3HAETbLCA GaraTcTBOM BOAHWX pecypciB. Moro TepuTopieto
NpoTikae gpyra 3a BOAHICTIO npuToka [Hinpa — p. HecHa (53 KM y mexax
napky), ogHa 3 HebaraTbOX piYOK, Lo 30eperna CBi MPUPOLHUN PEXUM.
AinaHka 3annaBun [ecHNW Mae nepLlovyeproBe 3HAYeHHs And nepesniTHUX
BOOHUX MNTaxiB, WO 3OIMCHIOTb CEe30HHI nepemiweHHa no [HinpoBo-
[ecHsAHCBLKOMY MirpauiiHOMYy LUMAXY.

[MepeBaxatoumm TUMNOM pocnuHHocTi TepuTtopil HII € nicoBun, ae
npeacrasneHi aybosi, NnMNoBo-Ay06oBi, KNeHOoBO-NMMNoBO-Ay60BI ficK, B AKNX
Aayo6 3aBxan opmye NepLUmi Apyc i3 JOMILKaMM iHLWKMX nopig Ta 3i 3Ha4YHOM
KinbkicTio BikoBux 200-300 p. ay6iB (3akasHuK «PuxniBcbka gada»). Opyrun
ApYyC CTBOPKOIOTbL NiMna cepuenucta Ta KrneH roctponuctuin. B nicax gobpe
PO3BUHYTI ApyCcU Mignicky Ta TpaBoCcTow [2].

Teputopia HII mae 3HayHe Oiopi3HOMaHITTA, sike Hanidye 772 Bugu
CnoHTaHHOoI donopu Ta 194 Bnan kynbtMBoBaHOI donopu Ta noHag 300 smais
XpebeTHuX TBapuH. 3anoBigHa 30Ha napky cknagae 2450,9 ra i Bknwovae
8 BiJOKpEeMIeHnX 3akasHuKiB. Y AaHOMYy BUNALKy HauiOHaNbHUA napk — ue
pe3epBaT, Oe BMKOHYKOTbCA €KOJSIOrYHi BMMOIrM BMAIB OO YMOB MELUKAHHS |
3abesnevyeTbca epeKTUBHUIN 3aXUCT BIOPIBHOMAHITTS.

Take B6aratctBo ropu i hayHN NOSICHIOETLCA PIBHOMAHITTAM E€KOTOMIB.
Uepes Benuky KinbkicTb ApiB Ta 6anok (moHag 1 KMm/KM?) npupoaHa
POCINUHHICTL MapKy He YTBOPKE BENMKMX MacuBiB, a po3kugaHa no spax,
Gankax, 3annasHin YacTUHI, NiCOBI HaCagXEHHA MatOTb BUCOKY MO3aIYHICTb i
cKknagawTbCa 3 227 OKpeMux [LiNSHOK, TOMY i 30HyBaHHA TepuTopil 6yno
BifTlbHUM, @ HEe KOHUEHTp4HUM [1].

Y 3B’A3KYy 3 OOMEXEHHAMWN BOEHHOIO CTaHy B YKpaiHi, pO3nopsmXeHHsIM
ronosu Yepinirscbkoi OBA wwoao 3ab6opoHu BiaBiAYyBaHHSA TICOBUX TEPUTOPIN |
BOOHUX apTepin B Mexax obnacTi Ta BignoBigHNUX obmexeHb NPUKopAOHHOIo
aAMiHpanoHy, poboTn 3a HayKoBO-OOCMIAHUM Ta pekpeauiHO-TYPUCTUYHUM
HanpsiMmaMmn OeLo oOMeXeHi.
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3a nepiog pPOCIACBKOrO BTOPrHEHHA MNPSIMOr0  PYMHIBHOrO  BMMMBY
BilcbkoBux ain Teputopis HIIM He 3a3Hana. MacwTabHi 6onosi ail oOMUHYNK
NOro perioH, Lo BracHe BOeperno yHikanbHUN NPUPOLOOXOPOHHNIA KOMMITEKC
Bi 3HULIEHHA abo kaTtacTpoiYHMX pPyMHYBaHb, Ha BigMiHY Big GaraTbox
HauioHanbHUX O6’€KTiB NpMpPoAHO-3anoBiAHOrO doHAY, WO OMUHUINCL Ha
NiHiT PpoHTy. lNpoTe BiHaA BANWHYMA Ha KOXHWUA KOMMOHEHT AOBKINNA —
TBAPUHHUMA | POCNUHHWUA CBIT, BOA4Y, NOBITPSA, TPyHT. Hacnigknm uboro
HeraTMBHOro BMNMBY OyayTb AOOBFOCTPOKOBMMW Ta MaTMMYTb HE nulie
nokaneHMn, a N rnobanbHUM xapaktep. 3a TpU POKM NOBHOMAacLUTABHOro
BTOPrHEHHA  OOBOAWUSIOCA racuTuU MNOXEeXi, naTtpynoBatM TepuTopito,
aonomMaratiu BiCbKOBUM, MPUAMATU BHYTPILLHLO NepeMilieHmx ocib.

Cepep, ekonoriyHux npobnem, siki MOXYTb MaTW KPUTUYHMIA BMNSIMB Ha
ekocuctemm MeaunHcokoro HIMM, cnig Bia3HauYUTK:

—  OioTn4HI bakTopn: iHBa3INHI BMAWU, XBOPOOW, 3HUKHEHHS1 PiaKiCHUX
BUIB;

—  abioTuyHi dakTopun: NOBEHI, €p03isi, BITPONOMU;

—  @HTPOMOTreHHi YMHHUKK: 3abpyaHEeHHsl, GpakOHbEPCTBO, CaMOBIMbHI
pYOKN, Nnoxexi, rocnogapcbke nepeBaHTaXXeHHS.

Ons 6opoTbbM 3 UMMM BUKIMKaAMK NpPaUiBHUKA NapKy BMNpOBagXyHTb
KOMMMEKCHI  NPUPOOOOXOPOHHI  3axodu:  LWOopiYHe  niconartosioridyHe
obcTexeHHs y nicoBux HacampkeHHsix nnowleto 3000 ra, BnbipkoBi caHiTapHi
PYOKN, NPOTUMNOXEXHI 3axoan (BCcTaHOBMEHO 10 NPOTUMMOXEXHUX aHLunaris,
10 wnarbaymie Ta 38 iHOpMaLiMHO-OXOPOHHUX 3HAKIB; NapK Mae 2 NOXEXHi
aBTOMOOGIinNi), CTBOpPeHHs MiHepanizoBaHux cmyr (140 kM), LWOAOEHHI
naTpynioBaHHA Ta pengosBi BUI3an Cnyxbu [OepXOXOpOoHW napKy Wwoao
nepeBipkn BUMOI MNPUPOAOOXOPOHHOrO 3akoHogascTBa (54 3a 2024 p.),
BiOTEXHIYHI Ta CO30TEXHIYHI 3axo4u TUNy BRALWTYBAHHA LITYYHWUX [HIi3g,
rofiBHULb Ta COJSIOHUIB, @ TaKOX MPoOBeLEeHHSA nepoparnbHOl iMyHis3auil OUKNX
M'ACOIOHMX TBapWH LWAAXOM PO3MNOBCHOKEHHA MpuUHAL i3 BaKUWHOLO;
HayKOBUM MOHITOPUHI Ta BUBYEHHA PapUTETHOI KOMMOHEHTN donopun i hayHu
Ta aHani3 npeaCcTaBfieHOCTi B NapKy BUAIB HauiOHANbHOrO Ta perioHasibHoro
PIBHIB OXOPOHW; €KOJNOro-npoCBITHULLKY LiSNbHICTb, BUMBYEHHA BMNIIMBY
aHTPOMNOreHHOro HaBaHTaXXeHHA Ha BiopisHoMaHITTa Me3nHcbkoro HITT.

Me3MHCLKMMN  HaLioOHanbHUW MNPUPOAHUM NapK — npuKnag ycniwHol
CUHepril NPUPOOOOXOPOHHOT AiAnNbHOCTI Ta pauioHanbHOro
npupoaoKopucTyBaHHSA. oro doyHKUiOHYBaHHA OeMOHCTPYe edeKTUBHICTb
TepuUTOpin NPUPOSHO-3arnoBIiAHOr0 POHAY Y BUPILLEHHI Cy4aCHUX €KOJSTOriYHUX
npobnem, 36epexeHHi BiopisHOMaHITTA Ta 3abe3neyeHHi cTanoro po3BUTKY
perioHis. [Noganbwe poswunpeHHa Mepexi [13P, akTuBi3auia HaykoBMX
AOCHioXEeHb Ta MOCUMEHHST €KOSOro-npocCBiTHMLBKOI poboTU 3anuialoTbCs
KNOYOBUMM YMOBaMK 30epexxeHHs NpupoaHoil cnaalwmHmn CiBepcbKoro Kpato.

Nitepatypa
1. Jlitonnc npmpoan MesuHcekoro HIM, T XVII. — [decHsaHcbke, 2024. —
C. 345.
2. Kapnenko HJ.O. CyauHHi pocnvHun Me3nHCbKOro HauioHanbHOro
npupoaHoro napky. — YepHirie: [lecHa lMonirpad, 2016. — 100 c.: 8 c. in..
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MNMpo pouinbHiCTL BUKOpUCTaHHA TOpdy B NpunyubKoMy perioHi
lNpunyubkul Kpae3Has4yuu my3seu im. B. |. Macrnosa, YkpaiHa

The article considers an ecological and economic expediency of using peat as
an increase of the energy security level and as a raw material for various sectors of
the economy in the Priluki region.

Kritovosi crioBa: Topdy, nanueo, XiMivHi NPOAYKTU, pivka, TOPd AHUKMN.

3 paBHiX 4aciB Topd npuBepTaB yBary noguvHM 8K BGiocMpoBUHA.
BupoobyBanu i BukopuctoByBanu Topd B KpaiHax 3axigHol €sponu we B Xll
cTopivdi. Ha kiHeub XIX — novaTtok XX CTOpiYYS po3noyanocs nNpoMucrioBe
BUPOBHULTBO TOPdy.

Ha cborogHi 3pocTaHHs UiH Ha €eHeproHocii, 3acTtapini KOTesbHi,
eKonoriyHi npobnemn — yce uUe HaBOAUTb Ha AYMKY MNpO MOwWwyK 6inbLu
AeweBoro oTpumaHHa eHeprii. OgHMM i3 pilleHb € BUKOPUCTaHHA Topddy,
3anacu Akoro B YKpaiHi Benuki. BupilwleHHA ubOoro HanpamMKy noKpawuTb
cuTyauito BCiel eKOHOMIKM YKpalHu. [1]

Baxnueum iHTepecom 0O TOpdy € M Te, WO MOro POCIIMHHI BOJMOKHA
MIiCTATb Y COBi Yumarno KUCHI0. ToMy BiH MOXe ropiTy HaBiTb 6e3 404aTKOBOro
LWITY4YHOro nigayey nosiTpa. Y ®iHnauaii, e 6arato 6onit i pogosuwy, Topdy,
6nmn3bko 7% yciel eHeprii gepxaBu OTPUMYETbCA came 3 Topcdhy. Ans
NOPIBHSIHHSA: Y HAc B YKpaiHi 7% eHeprobanaHcy gae ycs rigpoeHepreTuka. [2]

Topd MOXHa BMKOPUCTOBYBATU He TiNbKW AK NanuBo, Le CUMPOBUHA OIS
XiMiYHOI MPOMWUCMOBOCTI, 3 SKOI MOXHa AobyBaTu 6arato Pi3HUX XiMIYHUX
NPOAYKTIB: OLTOBY KMUCIOTY, BUHHUW COMPT, ras, cmony, gobpusa towo. [Ans
LbOro NoTpibHO HarpiBatn Topd 6e3 gocTyny NOBITPS, i BiabyBaeTbCca MOro
posknag. I3 ogHiei TOHHM Topdhy MOXHa ofepxatn 450 Kkr HaniBkokcy, 1Kr
AEepeBHOro CrnupTy, 2 Kr OUTOBOI KUCIOTW, 3 Kr HaWaTUpHOro cnupty, 12 Kkr
Nerknx KpeosoToBMX Macen, 6 Kr napadiHy. 7 Kr BaseniHy, 3 Kr BepeTeHHUX
mMacen, 5 kr cmonu. [3, c.14]

Topd 3acTocoBYyOTL | B MeAUUNHI. Tak HU3UHHUIA | BEPXOBUHHUI TOPQ,
AKMA Mae nNigBUWEHWA CTyNiHb po3Knagy, NiaxoauTb Y Trpa3enikyBaHHI.
[MpocTOoTa 3acTtocyBaHHS MeTody TopdonikyBaHHS  3pobuna noro ayxe
LiHHUM 3acob0M Yy NpakTUYHIN MEOULINHI.

Y cinbCbKOMY rocnofapcTtsi TOpd TaKOX 3HAMLLOB CBOE 3aCTOCYBaHHS.
3acTOCOBYHOTb MOro A4S BUFOTOBSIEHHA TOpdONeperHinHuX ropLumkie, ongd
MyNbYyBaHHA 'PYHTY, ONA nakyBaHHA N 36epiraHHa dopykTiB i oBOYIB, ANS
NIACTUNKN Yy TBAPMHHULUTBI. Tak oaunH Kinorpam topdy nornvHae go 20 nitpis
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Boau. Llle opgHielo kopucHoOw BnacTuBiCTO Topdy € unoro HakTepuunaHi
BNacTUBOCTI, WO 3anobirae xsopodam y xyaoow.

Mpuygancekmn  kpan 6GaraTum Ha Benuki  Noknagu Topduy, 4Ki
po3TalloBaHi B 3ab60no4eHin 3annasi piyki Yaan. Yaoam ssnge cobor TunoBy
TOpP’'AHO — 6ONOTAHY PpiyKy: LWMPOKa JonuHa i cnabo nonore pycno,
BHACIMIOOK YOro HaAa3BMYaMHO MOBifIbHA Tedisd pPiyvku, CTBOPKOKTb YMOBWU AN
YTBOPEHHA MO BCiM Tedil GaraTo 3aBogen, cCTapuub, 03eponofibHuX
pO3LLUMPEHb pycna i MNOBHICTIO i301bOBAHUX 03ep, KOTpi i € Micusamu
YTBOPEHHSA BENMKMX 3anacis Topquy. [4, c.448]

Topd — TBepaa roptoda KOpuUCHa KornasimHa OpraHiyHOro MOXOLXKEHHS.
ABnse coboK  CKyMYeHHs HaniBPO3KNageHUX POCIIMHHMX PEeLUTOK 3
AOMiLLKaMK rymycy i MiHeparnbHUX YacTUHOK (FMMHMK, nicky Towo). Mae Burnsg
3eMNUCTOI Macnm TeMHO — Oyporo, KopuyHeBoro abo 4YOPHOro Kosibopy.
YTBOPOETLCA B 6ONOTax NepeBaXKHO 3 PELUTOK BOMTOTAHMX POCAUH — MiMHOBUX
MOXiB, C(parHOBMX MOXiB, Jlenexm, OCOKW, OYepeTy TOowo B YMOBax
HagMIipHOro 3BOJNOXEHHSA W YTPyAHEHOro AOCTyny noBiTpsA. XiMiYHUMA cknag,
TOpdy 3anexuTb Bi4 XiMIYHOrO CKnagy pPOCIIMHHMX pPeLToK, CTyneHd
po3KnagaHHA Ta YMOB YTBOpeHHA. EnemeHTapHuin cknag topdoy: Byrnelb
(50-60%), kmnceHb (30-40%), BoaeHb (5-6,5%), asot (1-3%), cipka (0,1-1,5,
iHoAi oo 2,5%) Ha roptody macy. [5, cT.311]

TopgonobyBaHHS — Le CYKynHiCTb onepauin. CnovaTtky npoBOAUTbCA
po3Bigka Topg’ssHoro pogosuwa (bonota), NOTIM AiNsHKA OCYLLYETHLCS, 3 HEl
BNOANAKTb POCIANHHICTb, BMKOPYOBYHOTb MHi, PO3PIBHIOTL MOBEPXHIO W
TiNbKW TOAI NOYMHAETLCA pPo3pobka. [dobyBanu Topd pydyHMM crnocobom, 3a
A0NOMOror cneuianbHUX nonat, abo mawmHamu. MexaHizoBaHum criocobom
Topch AobyBaloTb Ha BCKO rMUBUHY 3ansaraHHs, Topd NoapiGHIOKTE HOXaMu,
nepemillyoTb, MPecylTb W Micna BUXOAy 3 MaWWHU PiKYTb BPY4YHY Ha
LermMnHKK, SKi NOTiM cyLllaTth Ha nosiTpi. [6, €.104]

Mepwwi Topdopo3pobkn Ha Yaai novyanuca B 1922 B MNpunykax HaBNpoTH
BUKOHKOMY.

20 nucrtonaga 1930 POKY «TopdBigain» [MpunyubKoro
«OkpMmenionicTopdcoo3y» peopraHisoBaHoO B OKpeMy oauHuuio: MNpunyubky
MDKPaMOHHY TOPMSAHO-NPOMUCIIOBY KOOMepaTuBHY apTinb «Topgkoony.
CBO€l0  fisnbHICTIO  apTinb oxonnoBana  [Npunyubkuin, [OpabiBCbkui,
Bepesopyacbkun, KoBaniBcbkun, CpibHAHCBHKMIA, ManogiBuubKui,
AGnyHiBCbKMA, MUPATUHCBKUIA, AroTUHCBLKMA p-HU [punyubkoro okpyry. Ha
Ygai 6yno pocnigxeHo TopdsHe 6onoTto Muporisui — CopoymHLi Ha nnowi
209,7 ra. Y 1924, 1926, 1930 npoBeaeHa po3sigka TopdsHoro bonota, Wo
mictunoca Ha Ypgal, Mix cenammn JlagaHom Ta XKypaBKkow, SKUM
KOpUCTyBanucs xuteni umx cin. Hanbinbwe 3ansraHHs Topdy — 2,2 m.
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Mpunyubkoto apTinno no Buaobytky Topdy B 1931 poui npoBeneHo
aocnigpxkeHHs 6onota 6ing c. [irrapi n Bigkputo LirtapiBCbky TOpdopo3podKy
3 nnaHom pobyBaHHs Topdy 3000 1. Ha 1932. lNpoBegeHa po3Bigka
Topd’'stHMKIB Mo pivui Ygam 6inga c. Obuyesa Ha nnowi 280 ra. Ha Hbomy
noyaBcs BUOoOyToK Topdoy nicns BiNHW.

3 1944 novano npautoBaTh Topdonignpnemcteo «l1onoHkn», ke B 1949
Bbyno npuegHaHe sK TopdoainbHMUA Ao TopdonianpuemcTsa «luporisui».
Y 1964 Ha Ypai npautoBanu B c. Jlenskax BapeuHcbke i B c. Obuuyesi
Manogisnubke TopdonianpuemcTso. [7, €.36-37]

Taknum YmHOM noknaam Topdy Hanpi3HOMaHITHILLMMK cnocobamMu MOXYTb
OyTn BMKOPUCTaHI B €KOHOMIYHIN cdepi. BenuyesHa KinbKiCTb OpraHivyHol
pPEeYoBUHM, LLO HarpoMagunacs npoTaroMm baraTboX TUCAY POKIB Y YNCIIEHHUX
bonoTtax, aBnse cobo Ayxe BaXMBUA pe3epB, palioHanbHe BUKOPUCTAHHS
SIKOro BigKpnBae HEOBMeEXEeHI MOXITMBOCTI.

Oxepena:
1. OcobnuBocTi po3BUTKY TOpcOBOI NpoMKUCIIOBOCTI BonuHcbkol obnacTi
(ENKTPOHHUN pecypc). Pexum AOoCTyny:

https://evnuir.vnu.edu.ua/bitstream/123456789/15228/1/10.pdf

2. Topd HIXTO He BIiAMIHAB (eneKTpOHHWW pecypc) Pexum goctyny:
http://agro-business.com.ua/ahrarni-kultury/item/16103-torf-nikhto-ne-
vidminiav.html

3. [loctynera B.[l. KpaesHaByi Hapucm ManogiBuyumHn. — HixkuH.,
BuoasHnutBo «AcnekTt-lNonirpadg», 2008. — 207 c.

4. Typos A.B. l'eonornyeckoe onncaHue NontaBckon rybepHumn. — XapbKoB,

1888, -476 c.

YPE. Tom 11. Knura nepwa. — K., 1984.

CaBoH O.A. MaTtepianbHa KynbTypa [Npunyydnnu. Npomucnn i pemecna.

— Mpwunyku, 2004. — 104 c.

7. CaBoH O.A. Ygan TtmxonnuvHHun. (MuHyne i cyyacHe pidkn Ta i
nputokiB). — HixxvH., BuagaBHmnutBo «Acnekt-lNonirpady», 2007. — 191 c.

o o

230


https://evnuir.vnu.edu.ua/bitstream/123456789/15228/1/10.pdf
http://agro-business.com.ua/ahrarni-kultury/item/16103-torf-nikhto-ne-vidminiav.html
http://agro-business.com.ua/ahrarni-kultury/item/16103-torf-nikhto-ne-vidminiav.html

ExkonoriyHi npob6riemMn HaBKONMULLIHBOIO cepeaoBuLLa i pauioHarnbHe
NPUPOLOKOPUCTYBAHHS
YK 676.16.022.6.031, 576.166.3, 544.032.72
TkaveHko T.B., rangain O.0., KopiHeHko B.B., 1?KameHcbkux [.C.,
3Py6aH C.B., *€snokumeHko B.O.

Lientono3Hi maTtepianu 3 3eneHL0 TeXHIYHOI KOHonli copTy Nnecia

YlHemumym 6ioopeaaHidHol ximii ma Hagbmoximii im. B.T1. Kyxapss HAH YkpaiHu
2JHecmumym HadmeepOux mamepianie im. B.M. Bakyns HAH Ykpaidu
3TOB HBI «P NMPOOAKLLIH PYI1»

Microcrystalline and fibrous cellulose were obtained from the firewood and
green fibre of industrial hemp of the Glesiya variety by the method of organo-
solvent cooking. The main physico-chemical characteristics of the obtained
cellulose materials were determined. It was shown that fibre is more attractive for
obtaining high-quality cellulose products.

Keywords: industrial hemp, zelenets, Glesia, microcrystalline cellulose and
fibrous cellulose

Y AKOCTi BUXIOHOI CMPOBMHW OOCHIQKEHO MOBITPAHO-CYXUN 3eneHelb
TeXHIYHOI KoHonni copty [necia Bpoxatw 2023 poky, BUPOLLEHOrO B
UepHiriBcbkin obnacti. MaTtepian HagaHO Yy Burnagi koctpu  (dopakuis
20-50 mm) Ta BonokHa (500-700 mm). Cknag BUXiAHOT CUPOBUHN HaBEOEHO Y
Tabn. 1, a HeopraHivyHUX cknagosux y Tabn. 2.

Tabnuus 1.
Cknap pisHMX YacTUH KoHonni 3eneHuo, % mac. a.c.p.
Koctpa [1] BonokHo
Llentonosa 48,4 85,8
['emiuentonosa 25,8 5,4
PoO34nHHI pe4yoBUHM 3,8 4,9
JTirHiH KnacoHa 20,9 2,9
Cmonn i xnpwm 0,7 0,8
3ona 2,7 2,2
IHWe 0,4 0,2
Beboro 100,0 100,0
Tabnuus.2.
Cknap 30nu pisHUX YaCTUH KOHOMNI 3eneHuo
BMicT OCHOBHUX KOMMNOHEHTIB, % (Mac.)
SiO2 K20 CaO TiO2 | Fe203 | SO2 | MnO2 | P20s Cl
KocTpa 29.299 | 6.741 |51.636|0.712 | 3.655 | 3.770 | 0.497 | 1.920 | 1.771
BornokHo 4916 |21.066 |55.461 |0.098 |1.324 | 2.953 |0.280 | 7.316 | 6.585
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LlentonosHi npoaykTy 3 KOHOMMAHOT KOCTPU Ta BOJSIOKHA OTpMMYyBanu
MEeTOQOM  OpraHo-cofibBEeHTHOMI  Bapkum  [1-4]. Bwmict  uentonosu,
reMmilentonosun, nirHiHy Ta (HWWX XIMIYHUX KOMMOHEHTIB Y LEentmo3HmxX
Bnpobax BM3Ha4ann cTaHgapTHMM XiMiYHUM aHaniaoMm, onucaHum padiwe [5].
Yci xiMiyHi aHaniau nposBoaunu ABidi, 0O3BOSIAIOYM poO3paxyBaTu cepeqHi
3HA4YeHHA Ta CTaHAapTHI BiAXMNEHHS, AKi He nepeBuLLyoTb 5 %.

Byno otpumaHo BosnokHUcTy uentonosy (BK) ta mikpokpucTtaniyHvy (MKLL)
3 HagaHol KOHOMMi 3eneHul Yy BUrNagi KoCTpu Ta BoOMokHa. OTpumaHi
Lentono3Hi NpoaykTn Manu Binuvin Konip Ta He mManu 3anaxy i cMaky. Buxig
LerntonosHoro npoaykty (Y) OyB po3paxoBaHui 3a piBHSAHHAM 1 onmMcaHomy
paHiwe B [3]. OCHOBHi XxapakTepuUCTUKN OTPUMaHUX MNPOAYKTIB HaBedeHO B
Tabn. 3. Ak BngHo 3 HaBegeHux y Tabn. 3 gaHux MKL Ta BL oTpumaHi 3
BOJIOKHA MaloTb BULLY SAKICTb MOPIBHAHO 3 TUMM, WO OTPUMAHO KOCTPW, WO B
neplly 4epry 3yMOBIEHO SKICTIO BUXIAHOI CUPOBUMHW. TOMYy LENHOMO3Hi
NPOAYKTM OTpUMaHi 3 KocTpu Binblue BignoBigatoTb TEXHIYHIN Lientonosi abo
BUMaratoTb YJOCKOHareHHs 3anpornoHOBaHOI TEXHOMOTII NMpu 1T BUKOPUCTaHHI
B LbOMY HanpAMKY.

Tabnuuga 3.
Cknap pi3HMX YaCTUH KOHoOMNi 3eneHuto, % mac. a.c.p.
Buxig (Y), | 3ona, | Uentonosa, TlirHin IK,
o o o KnacoHa, cn
JoMac. JoMac. JoMac. o %
oMac.
MKL, 3 kocTpu [1] 83,2 3,1 98,5 1,5 0,79 | 180
MKLl 3 BosfiokHa 90,0 0,2 99,2 0,8 0,84 | 160
BL| 3 kocTpu 89,1 9,0 97,1 2,9 - -
BL| 3 BonokHa 91,5 0,3 99,9 0,1 - -

OCHOBHI  (Di3MKO-XiMiYHI  XapaKTEPUCTMKN OTPUMAHUX  LENtONI03HUX
Martepianis  OOCNIMKEHO  Cyd4acHUMM  PI3UKO-XIMIYHUMW  MEeTOoJaMu:
Hu3bkoTEMNepaTypHot ag/aecopbuieto asoty, XRD, XRF, FTIR-ATR, AFM,
TGA T1a DSC. Metogom XRD nigtBepaxeHo, wo MKL mae 6inbw
BMOPSiAKOBAHY KpUCTarnivyHy CTPYKTYypy 3 iHgekcom kpucTtarnivHocTi (IK) 0,79 Ta
0,84 pnsa kocTpu Ta BOSIOKHA, BIAMOBIAHO, WO BiAMOBidAae BenuyMHam Ans
npomucnosoi MKLL [6, 7]. Cnektpu FTIR 3paskiB 0EMOHCTPYHOTb TUMOBI
dyHKUioHanbHI rpynu, wo signosigatote MKL, Ta BL, [7, 8]. Ha Tepmorpamax
(TGA) € aBi yiTki obnacti BTpaTM mMacu, 3 MakCUMyMaMn XapakTepHUMU OIS
aHanoriyHmnx NPOMMCIOBUX 3paskis.. OTpumaHi i3oTepmu
HU3bKoTEMNEpaTypHOl ag/gecopbuil  asoTy NiATBEPAXYOTb HEMOPUCTY
ctpykTtypy MKL, Ta BLY [9, 10].
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ExkonoriyHi npob6riemMn HaBKONMULLIHBOIO cepeaoBuLLa i pauioHarnbHe
NPUPOLOKOPUCTYBAHHS
YK 504.064+504.4.054
TopsaHuk B.M., ?AspoLuko €.M.

MOHITOPUHIoBiI AOCNIAKEHHA KOHLEHTpPaLil pO3YNHEHOro KUCHIO Y
noBepxHeBUX Bogax p. Cem yepe3s il TpaHCKOPAOHHE 3a0pyAHEeHHSA

CymcbKul OepxxasHul rnedazoaiyHul yHieepcumem
imeHi A.C. MakapeHKa, YKpaiHa

The results of measurements of the concentration of dissolved oxygen in the
surface waters of the river Seym are presented during the period of its
contamination from the territory of the russian federation in August-September 2024
in the observation points of the water and soil monitoring laboratory of the Regional
office of water resources in the Sumy region. From August 26 to September 10 and
from September 17 to September 23, the content of dissolved oxygen below 4
mgO?/dm? was recorded in water samples.

KntoyoBi cnoBa: MoHiTopuHr, p. Cenm, 3abpygHeHHs, NOBEpXHEBi BOAM,
PO34YMHEHUWN KNCEHD.

EkonoriyHnn ctaH Ta uuBinbHa 6e3neka BogHUX 00’€KTiB TICHO MOB’sA3aHi
Mi>K cODOM0, OCKifnbku 3abpyaHEeHHs BOOHMX OO’€KTiB BHACMigOK KaTacTpod
NPU3BOANTL 0O BUHUKHEHHS HAO3BMYAMHUX CUTYyaUil, WO MalTb HeraTuBHI
Hacnigkn ana «3gopoB’a» goskinns. OgHielo 3 Takux katacTpod crano
ek3oreHHe 3abpyaHeHHa p. Cenm y cepriHi-BepecHi 2024 poky. 3a gaHumu
MingoBkinns Ykpainu, aki 0ynu nigtBepaxeHi B IHCTUTYTI rigpobionorii HAHY,
Ta YKpalHCbKOMY rigpomeTeoposioridHomy iHCcTuTyTi [JCHC YkpaiHu ma HAH
YKpaiHu, 3abpygHeHHs1 Biabynochb i3 LyKpoBOro 3aBody Yy cerni TbOTKiHO Y
Kypcbkin obnacti: Ao BoAM 3 LYKPOBOro 3aBogy noTpanuio 65m3bko
5.7 TUCAY TOHH MpPOAYKTIB NepepobrneHHs uykpy. AK Hacnigok, y Bodi bynu
3achikcoBaHi MNOHaQHOPMOBI KOHLEHTpaLUil aMOHil0 Ta MaHraHy (3a AaHumu
MiHOOBKINNS nepeBuLLIEHHA HOPMU CTaHOBUIO 2.5 pa3au) [1].

Lle, y cBolo 4yepry, 3anycTuno npouecu, Lo CAPUYMHUIIN 3MEHLUEHHS
KOHLIEHTpaUil KACHIO Yy BOAI Yyepe3 Noro BMUTPaTW Ha Pi3Hi BUOU OKUCHEHHS
OpPraHiyHUX pe4vyoBuH: OBIONOriYHI (OMXaHHS >XMBUX OpraHiamie), GioXiMiyHi
(aKTUBHICTb OakTepi, poO3KNadaHHs OpraHiYHMX CromMykK) Ta  XiMiyHi
(OKMCHEHHs MoHiB Fe?*, Mn?*, NH,*, CH,, H,S). LUBuakicTb CnoxmBaHHS
KMCHIO NocumntoBasnacs BUCOKOK TeMnepaTyporo aTMOCKepPHOro noBsiTps, Lo
cnpusina akTMBHOMY [OMXaHHK BOJOPOCTEN Ta LiaHobakTepin. Yepe3 ue
noyana mMacoBoO rMHyTK puba. 3a ouiHkamu rigpobionoris Us katacTpoda mae
AOBroTpmMBanuin BNfMB Ha ekonoriyHy cuctemy p. Cenm i p. [ecHa, i ana
BiQHOBMEHHA 6GiopisHOMaHITTA Ta 6iopecypciB UMX PivYOK 3HAOOOUTLCS
2-3 poku [2].

Piuka Cenm — Hambinbwa niBa nputoka p. [ecHa, wo Bnagae B
p. AHinpo. Piyka Cenm € ogHieto 3 WEeCTU cepeHix pivokK, Lo NpoTikalTb B
Mexax Cymcbkoi obnacTi. Piyka noynHaeTbca Ha TepuTtopil benropoacbkol
obnacTi pd, npoxoantb Yepe3d Kypcbky obnactb pd i nepeTnHae ykpaiHCbKO-
pOCiMCbKMn KOpAoH nobnuady c. bospo-Jlexadi HoBocnobiacbkol CinbCbKol
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paan Cymcbkol obnacTi. NpoTskHICTb pivkm no Teputopii Cymcbkol obnacTi —
167 km [3].

Y nopagky pearyBaHHS Ha Hag3BuyamHy cCcuTyauito, noB'A3aHy 3
TPpaHCKOPAOHHUM 3abpyaHeHHAM p. CernMm HeBioOMUMU peyoBMHAMMU, B KiHLI
cepnHss Ha no4aTtky XOBTHA 2024 p. MOHITOPUHIOBI AOCHIgXEHHS
NoOBEPXHEBUX BOA PidkK Oynn NnpoBeaeHi, 3okpema, 1 daxisusmm nadopatopil
MOHITOPUHIY BOL Ta rpyHTiB PerioHanbHOro odpicy BOAHWX pecypciB Yy
Cymcbkin obnacti (POBP). B pamkax «Yrogu npo HayKoBy cniBrnpaul Mix
npUpoaHNYOo-reorpadivyHMM dakynbTETOM Cymcbkoro Aep>KaBHOIo
negaroriyHoro yHiBepcutety iMeHi A.C. MakapeHka Ta CyMCbkuM ob6fiacHUM
ynpaeniHHAM BogHux pecypcis Big 19 nwtoro 2018 poky» [4] OO0 umx
AocnifkeHb JONy4YUncsa i aBTopu Liel cTaTTi.

[na aHaniady rigpoxiMidHMX NokasHukiB Npobu Boau Biabupanucs 3 2-3-x
lapiB BOAM 3 YOBHIB Ta MOHTOHHOrO i aBTOOOPOXHIX MOCTIB LWOAEHHO B
nepioa 3 26.08.2024 p. no 02.10.2024 p. y TpbOX BU3HAYEHNX TOYKaX Bigbdopy
TPbOX HacerneHux nyHkTiB: c. Osapuyi, ¢. MytuH T1a c. Yymakose
KoHoToncekoro panoHy Cymcbkol obnacri.

OOHMM 3 MOHITOPUHIOBUMX MgpOXiMiYHUX MOKa3HUKIB Byna KOHUEeHTpauis
PO3YMHEHOIO  KUCHIO. PO34YMHEHWM Yy BOAI KUCEHb HaNeXuTb A0
HanmBaXXNMBILWKNX dI3NKO-XIMIYHUX MOKa3HUKIB, SIKi BMNMBAKOTb HA €KOSTONYHUN
CTaH BOAHOI E€KOCMUCTEMW, HeOoOXiAHWMM AN XUTTA POCAWH, pub Ta iHLWKX
rigpoObioHTIB, € ogHMM 3 Hanbinbll MOTYXXHUX NPUPOOHMX OKUCHIOBAUIB.
[Mpouecn 6GiOXiMIYHOrO CMOXMBAHHA PO3YMHEHOINO KUCHK  OpPraHidyHuMmn
3abpygHioBayamuy, WO NOTPannsaTb Yy  Piyvky, NpuM3BOAATb OO0 WMOro
KPUTUYHOIO 3HWXXEHHS, | K Hacniaok, A0 MacoBol 3arnbeni nepeaosciM pnon.

Pe3ynbTaTM  MOHITOPUHIY  KOHUEHTpauil PO3YMHEHONO  KUCHKO Y
nosepxHeBux Bogax p. Cenm, 3gincHeHoro POBP, y BkasaHui nepiog
npeacTasreHi Ha puc. 1.
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Puc.1. JuHamika koHueHmpauii po34uHeH020 KucHw (M202/0m3) y nosepxHesux
godax p. Celim 3 KiHUs cepriHsa 00 nodamky xoemHs 2024 p. (3a OaHumu
MoHimopuHay POBP)
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CtaHoM Ha 26 cepnHs, a ue 13- aeHb 3 gaTv nepLloi gikcauii 3Ha4yHoro
noripweHHa sikocTi Boan y p. Cenm, KOHUEHTpaLiss pO3YMHEHOrO KUCHIO Y
npobax, BigidbpaHux B c. O3apwudi, c. MyTuH Ta c. YymakoBe cTtaHoBuna Bif
0,17 no 0,27 mrO2/am® BianoBiAHO, NPW MiHIManNbHO AONYCTUMI KOHLIEHTpaLl
KUCHIO ONnsi BOAOWMM T[OCMO4AapPCbKO-NMOGYTOBOrO 3HAYEHHSI HE MeHLWe
4 mrO2/gm3, a ona Bogonm puborocnogapcbkoro npusHadeHHsa — 6 mMrOz/omd
[5]. ani 4o noBTOPHOro 3abpygHEHHS PiYKKN 3 TEPUTOPIT POCii, ke AaTyeTbCA
14-17 BepecHs, AMHaMiKa OaHOro nokasHuka 6yna nosutusHor. A came, A0
1 BepecHs cepefHE 3HAYeHHs1 KOHLUEHTpauil pO3YMHEHOrO KUCHIO Yy npobax,
BidibpaHux y TpboX cenax, 3pocno y 2,5 pasn, 10 BepecHs — nepeBuLLnNIIO
4 mrO2/gm3, 14-17 BepecHa [OOCArNO HaWBULLOIO pPiBHA — 6Ginblue
7,5 MrO2/gm®.  Llbomy cnpusinu  3axoau, 3anpoBaipkeHi  BianoBigHWMM
cnyxbamu opraHiB BWKOHaBYOl Bfagu Ta MiCLEBOro CaMOBpPsiAyBaHHSA 3
PO34YMCTKN NOBEPXHI BOAHOIO A3epKana Bif TBepAuX HaHOCIB ANs MiHiMmi3auil
aKepen [onaTtkoBoro 3abpyaHEHHSA, BCTAHOBMEHHSA CiTOK AfiI1  MacoOBOrO
BUMNOBY MepTBOi pubu, abcopbuii 3abpyHioBadiB. Aepauito p. Cenm He
NpoBOAUIM Yepes OCidaHHs OTPYNHUX PEYOBMH Ha AHi pivkm [6].

17 BepecHsa y npobax Boawu, BigibpaHux y c. Yymakose Ta c. MyTuH,
18 BepecHss y npobax Boaw, BigibpaHux y c. O3apuyi, KOHLEHTpaUis
PO34YMHEHOTO KUCHIO 3HOBY Pi3ko 3HM3unaca — o 0.1 mrO2/am3, BianoBiaHo.

[Moganblia AuMHaMika KOHUEHTpauil pO34YMHEHOro KUCHIO y npobakx,
BigibpaHmx y Toukax nobnusy c. Yymakose, c. MytnH Ta c. O3sapudi Byna
Pi3HOID, ane [0 noyaTKy XXOBTHA npu3sena [0 NigBULLEHHA KoHueHTpauil
PO34YMHEHOrO KUCHIO A0 CTaHOaPTHUX MOKA3HMKIB.

Y npobax Bogu, BigibpaHux y c. YymakoBe, 3 17 BepecHsi 4O no4vaTky
KOBTHS KOHLIEHTpaLis PO34YMHEHOro KMCHKO MOCTYNOBO 3pocTana. Y npobax
BOAM, BigibpaHnx y c. MyTuH, 3 17 BepecHs oo 19 BepecHs Bigbynocsa piske
3pOCTaHHA KOHLEHTpaLji po3dynHeHoro kucHio ao 2,4 mrO2/am3, 20 BepecHs
HaBnaku — piske ii 3HmkeHHA o 0,8 mrO2/am3, 23 BepecHs — 3HOBY pi3ke
3poctaHHa ao 3,2 mrO2/am® i gani nocTynoBe 3pOCTaHHA 3 [OCATHEHHSM
8,02 MrO2/aM® y neplumx 4yucrax XOBTHSA. Y npobax Boaw, BigibpaHux y
c. Ozapuui, 3 18 0o 19 BepeCHs1 KOHLEHTpaLUisl PO3YMHEHOIO KUCHIO 3pocra
no 6,8 mrO/am3, wWo BuWEe 3a MiHIManbHO [OMyCTMMY HOpPMY, arne
20 BepecHs pisko 3Hu3mnacs ao 0,51 mrO2/am3, i Ha uboMY piBHI 36epiranacs
no 23 BepecHsa. loTim novanocda i NOCTynoBe 3pOCTaHHS 0O HOPMOBaHMX
MOKa3HMKIB Ha NMNOYaTKy )XOBTHS.

OmKe, OO0 no4yaTKy >KOBTHHA KOHLEHTpauis pPO3YMHEHOrO KUCHK Y
nosepxHeBux Bogax p. Cenm nobnumsy c. Osapwmyi, c. MyTnH Ta c. Yymakose
noBepHynaca O HOPMaTUBHMX MOKA3HMKIB. 3a paxyHOK iHTeHcudikauii
npouecis CaMOOYMLLIEHHS, di3nKO-XiMi4HOT TpaHcopmadit Ta
rigpobionoriyHoro Konoobiry pevYoBMH [0 XOBTHS CYTTEBO NosinwmMnacs
AKICTb BOAW B pidui 3aranom. OpHak, Hacnigkn 3abpydHeHHst BOOOMMM Y
BUrNa4i BTpatn abopureHHux BuaiB BOAHOro OiopisHOMaHITTA Ta gerpagadil
€KOCUCTEMM 3anuunnncb. [Ona HaceneHHs npunernux TepuTtopin Ta
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TEpUTOpiIN B Mexax rigponoriyHoi mMepexi pidykn Cenm akTyanisyBanucb
nigBuULLEHI CaHITapHO-TiriEHIYHI PU3MKKM €KOMOoriYHOT Besneku.
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BionoriyHa Ta BaneonoriyHa ocBiTa y LUKOMI Ta 3aknagax BULOI OCBITH

YOK 37.01:613(2.064)
Bywmny B.I.

TeopeTU4Hi acnekT BUKOPUCTaHHSA 3[0pOB’A36epexyBarbHUX
TEeXHONOrin B OCBiTHLOMY npoueci

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu [ozons, YKpaiHa

The article demonstrates that the effectiveness of forming a healthy lifestyle
requires the active involvement of students in a health-preserving educational
process and the development of an active stance on strengthening and maintaining
their own health. Among health-preserving technologies, the following are
distinguished: medical and hygienic, physical education and wellness, ecological
health-preserving technologies; technologies ensuring life safety; and educational
health-preserving technologies. These technologies provide hygienic education, the
acquisition of life skills (such as emotion regulation, conflict resolution, etc.), the
prevention of injuries and substance abuse, and sexual education.

Keywords: health-preserving technologies, school, health-preserving
competence, educational process, pedagogical conditions.

300opoB'a3bepexyBaribHi TEXHOMNOrT B OCBITI — L CYKYMHICTb MeTOoAiB,
npumnoMmiB i 3acobiB, cnpsiMOBaHUX Hacamnepen Ha 36epexeHHs1 Pi3UYHOrO |
NCUXIYHOro 340pOB'A 3400yBaviB, CTBOPEHHS COPUATAMBUX YMOB AN X
HaBYaHHS | PO3BUTKY. TakoX, Lue KOMMMEKC 3axoAiB, AKi NOEAHYOTb Yy CObi
OCBITHi, MEOMYHI Ta couiarnbHi acnekTn, Mayn Ha METI CTBOPUTU CNPUATINBE
cepefosuLle A9 HaBYaHHSA Ta PO3BUTKY.

[ocnigpkeHHamMn  goBedeHo, WO camMe eqeKTUBHICTb (OOpMyBaHHS
300pOBOro Crnocoby XUTTS BUMMarae akTMBHOrNO 3arnyyvyeHHsa 3g00yBadviB go
300poB’A3bepexyBanbHOr0  HaBYanbHOro npouecy, (opMyBaHHA B HUX
aKTMBHOI NO3UUIT WOAO 3MILHEHHS i 30epeeHHs BNacHOro 34opoB’a. AHani3
300poB’a3bepexyBanbHOI  OiSNbHOCTI  3aranbHOOCBITHIX 3aknagiB  YKpaiHu
J03BONMB BUAINUTWU CKNagoBi Moaeni Liel OianbHOCTI.

TeopeTnyHe  3HaA4YeHHA  pesynbTaTiB  OOCMAIKEHHS  nondrae vy
NOrnMBNEHHI HAyKOBOrO pPO3YMIHHSI MOHATTA  «300pOB’A30epexyBarnbHi
TeXHOMOori» Ta IX posii B OCBITHbOMY npoueci wkonu. lNposegeHun aHanis
[03BONAE cucTemMaTu3yBaTu Ta YTOYHUTU MeaaroridHi yMOBW, SKi CMIPUSAOTb
eeKTUBHOMY BMPOBaKEHHIO 300pPOB’A3b6epexyBaribHUX TexHosorin, a
TaKoX BWU3HAYNTU TMCUXOSIOro-nefaroriyHi  YMHHUKK, WO BMNMBaKTb Ha
opMyBaHHS 340pOB’A306epexyBaribHOI KOMNETEHTHOCTI Y wkonapis [1].

3nopop’asbepiratodi  TEXHOMOrT MOXHa po3rnsgatM 9K OAHI - 3
HanakTyarnbHiWNUX OCBITHIX MigXo4iB Ta SK CYKYMHICTb MpuUMoMiB, OpM i
MeToAiB opraHidauil HaByaHHA 6e3 WwKoan Ana 300POB’St YYHIB, @ TaKoX $K
SKICHY XapaKTepuUCTUKy Byab-sKol negaroriyHol TEXHONOTrIT 3a Kputepiem 1i aii
Ha 300poB’st CyD’eKTiB OCBITU. TexHOMOorii HaBYaHHA 300POB’0 — e TirieHiYHe
HaBYaHHS, HaOYTTS XXUTTEBMX HABUYOK (KEpyBaHHS €MOLisiMU, BUPILLEHHS
KOH(MIKTIB  TOLWO), NpoduinaktMka TpaBMaTuaMy Ta  3MNOBXWBAHHSA
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NCUXOAKTUBHUMWN peYvYoBUHAMMK, CTaTeBe BMXOBaAHHA. Taki TexHonoril
peani3yloTbCA 3aBOSKM BKMAKOYEHHIO BIANOBIAHMX TeM 40 npeaMmeTiB
3aranbHO-HaBYanbHOrO UMKy, BBEOEHHS OO0 BapiaTMBHOI  YacCcTUHMU
HaBYanbHOro nMnaHy HOBWUX nNpeaMeTiB, opraHisdadii  J¢akyfbTaTUBHOIO
HaBYaHHSA Ta JO4AaTKOBOI OCBITH [2, C. 60].

Ha cydacHomy eTani iHTerpauii YKpaiHn y CBiTOBE €BpONencbke
TOBapPUCTBO Ta peopmaLinHMX NepeTBOpEHb 340POB’S rPOMaasH € O4HUM i3
BaXXMMBUX CKNAAHWUKIB  HAUiOHaNbHOro pPO3BUTKY. AKTyasibHICTb  Takol
AOiSnbHOCTI B KpaiHax €Bponencbkoro Cow3y nponmMcaHa Yy  HU3L
HOPMaTMBHO-MPaBOBUX [JOKYMEHTIB LLOLAO CHPUSHHS 3400pPOBOro Crocobdy
*untta («OTTaBcbka XapTis 3a 340poBMMA  CNOCIO XuTTay», [KakapTcbka
Aekrnapauia 3 nNuTaHb nponaraHgyM 340pOBOro Crnocody XUTTA Towo). AK
3asHayae A. Masapaki, B ymoBax MNOCTiHOYCTpianbHOro cycninbctBa Ta
NiABULLEHHS BMMOI A0 OCBIYEHOCTI Ta 340pOB’A NOAUMHK, 3acTapini nigxoam
Ao 36epexeHHs 340pOB’ OAUTUHM He BigNoBigalTb 3anuTam  AepXaswu,
cycninbcTBa, 6aTbkiB Ta BUMTENIB [3, C. 18]

300poOB’st — €AHICTb COMATUYHOrO, MNCUXIYHOro, AYXOBHOMO, couianbHOro,
IHTEeneKTyanbHOro Ta TBOPYOro acnekTiB 340POB'A, a He Nuwe BIACYTHICTb
XBopo6 abo isanyHux Bag. PisanyHe 300poB’SA CKNagae OpraHiam MONHU SK
GionoriyHy cuctemy: opraHu i CUCTEMU XuTTezabeanedeHHs, IxHi PyHKUiT Ta
300pOBUIA CTaH, (hidnyHa AisanbHICTb | GioxiMivHi Npouecw, ririeHa Tina, pyxosa
aKTMBHICTb, 300pOBE XapyyBaHHS, FEHEeTUYHe | penpoayKTMBHE 340pOB’H,
npodinakTnka xBopob, isn4HNN PO3BUTOK.

“‘MaTun rapHe 340pOoB’St — Lie MaTu NoYyTTS HamBuULLOro 6naxeHcTea, Lo
A03BOSISIE NIOAMHI TOBOPUTU i3 3a40BOSMEHHAM: ,,5 nodyBato cebe vygoso! A
XuBy 4yposo!” — nucaB TBOpeub OAHIEl 3 MOMNYyNAPHUX CbOrOAHI CUCTEM
0300poBreHHs bpeyd. Bigomo, WO OCHOBHA MeTa XWUTTS — wacTtda. Ane go
HbOroO Be4e OA4Ha Aopora — MilHe 340poB’d. 300poBa nognHa NMobuTtb XKUTTS.
BoHa pigko 6yBae Hewacnueow. Baxko yaButn cobi y 4YMCNi aKTUBHUX i
MOBHOLIHHMX YYAaCHUKIB HaBYaribHO-BMXOBHOMO NpoLecy ANTUHY abo BYUTENS,
y SAKMX MNOCTINHO BONMWUTb ronoBa, siki 3HAXOAATbCA Y MNOCTINHIN HEPBOBIN
Hanpy3i, BCbOro 6oaTbCS.

Cepepn 3a00poB’si3bepexyBanbHUX TEXHOMOrIN, SIKi BUKOPUCTOBYIOTLCS B
CUCTEMi OCBITU, Cy4acCHi JOCNIAHUKN NPOMOHYIOTL BUOINUTU AeKinbKa rpyn, y
SIKMX 3aCTOCOBYHOTbCA Pi3Hi nigxogu, dopmu i metoam poboTu: MeguyHo-
ririeHivyHi,  QIi3KyNbTYPHO-0340POBYI, €KOMOoriYHi  300poB’a3bepexyBasibHi
TEeXHOMOTrIl; TexHonoril 3abe3ne4yeHHs Oe3nekun XUTTEQIANBHOCTI;
3gopoB’a3bepexyBanbHi OCBITHI TexHonoril [4, ¢. 177]:

1.  MeagudHo-ririeHivHi  TexHonorii  cnpsiMoBaHi  Ha 3abe3neveHHd
MeOWYHOI O0NOMOrM B pamKax MEepBUHHOI Ta BTOPUMHHOI NPOMINaKTUKK;
KOHTPOMb 3a HaneXHWMU TirieHiYHMMU yMOBaMMU; MPOBELAEHHS LEermeHb,
HadaHHS KOHCYNbTaTMBHOI i HEBIOKNAAHOI 4OMNOMOIrM Yy MeanyHoOMy KabiHeTi;
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MOHITOPWUHI OWHaMIKX 300POB’'A Y4HIB; NPOodinakTUyHi 3axoan HanepenoHi
enigemin Ta iH.

2. OQi3KynbTYPHO-0340POBYI  TEeXHOMorili  cnpsMoBaHi  Ha  isn4HUI
PO3BUTOK Y4HIB, peani3yloTbCA Ha ypokax (idanyHol KynbTypu i B poBOTI
CNOPTUBHUX CEKLIMN.

3. EkonoriyHi 3g0poB’sa3bepexyBarnbHi  TEXHONOriT cnpsiMoBaHi  Ha
CTBOPEHHS NPUPOLOBIANOBIAHNX, €KOMNOrMYHO ONTUMAasribHUX YMOB XUTTH i
AiSNbHOCTI NoAen, rapMOHINHMUX B3aEMUH 3 NPUPOLOLO0 Ta iH.

4. TexHonorii 3abe3nevyeHHs 6e3nekn XUTTEQIANBbHOCTI, CPsIMOBaHI Ha
30epeXeHHs XKUTTS, WO 3abe3neyyoTbCa 3aBAsSKN BUBHYEHHIO YYHSIMWU NEBHUX
npeamerTiB.

300poB’a AUTUHMK, 11 couianbHO—MNCUXOSOrvyHa aganTtauisi, HopmMarsribHe
3POCTaHHA | poO3BUTOK HaraTo B YOMY BW3HAYalOTbCS CepeaoBULLEM, Y
SIKOMY BOHa XwuBe. [ns OuTuHuM 6 — 17 pokiB TakMMm cepefoBULLIEM € LUKOMa,
OCKinlbkn TyT auTuHa npoBoautb 70% 4Yacy. YuuTenb-npeameTHUK,
BOSIOAII0YM CydaCHMMUM nefaroridHUMM 3HaHHAMMW, Y MOCTIMHIA B3aemodil 3
YYHAMM, iXHIMM  BaTbkamMn, MeaUYHUMW  nNpauiBHUKaMK,  WKINbHUM
MNCMXOMOroM, KflaCHMM KEpPIiBHMKOM, MOBMHEH MiaHyBaTW Ta OpraHi3oByBaTu
CBOK [HiSANbHICTb 3 ypaxyBaHHAM MpiopuTeTiB 36epekeHHs Ta 3MiLUHEHHS
300pOB’Aa BCiX Cy0’eKTiB neaarorivHoro npowecy.
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MeToA npoeKTiB sIK iHHOBaLiHa TeXHOSOrisi BUKNapaHHA 6ionoril i
eKornorii y ctapLuin wkoni

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu ['oz2ons, YKpaiHa

The article considers the project method as an innovative pedagogical
technology that contributes to the formation of students' knowledge in the process
of teaching biology and ecology. The competencies it develops are named, the
features, advantages, and stages of its implementation are analyzed.

KnroyoBi cnoBa: meTtoa npoekTiB, Gionoria i ekonoris, cTapwa Lwkona,
iHTerpauisi, KPUTUYHE MUCIEHHS, KOMNETEHTHOCTI.

Cy4yacHa ocBiTa noTpebye BnpoBagKEHHHA iHHOBAUIMHUX MigxoaiB Ao
HaBYaHHs, AKi 6 3abe3nevyBanu PoO3BUTOK TBOPUMX 34iI6HOCTEN, KPUTUYHOIO
MUCMEHHS Ta HaBWYOK CniBpOBITHMUTBA Y4yHiB. OOHUM i3 Takux nigxonis €
MEeTOo[ NpOoekTiB, Aknin 3gobyBae aefnani Ginblue NONynspHOCTI B OCBITHIN
npakTuui. MeTon npoekTiB 6a3yeTbCsl Ha KOHUEMUii 3anyyeHHs Y4YHiB 40
NPakTUYHOI  OiANIbHOCTI, CNPAMOBAHOI HAa  [OOCATHEHHA  KOHKPETHOro
pe3ynbTaty Mig 4Yac pOo3B’A3aHHA BaXIMBOI MpakTUYHOI abo TeopeTU4HOoIl
npobnemn.

AHani3 BignoBigHWX gocnigkeHb Ta nybnikauin nokasas, O NPOEKTHE
HaBYaHHSA 3'aBunocs we B apyrin nonosBuHi XIX crtonitta B wkonax CLUA.
OcHoBononoxHukamn «meTtogy npobnem» 6ynu amepukaHCbKi negaroru
Ibx. Obtoil 1 1a B.X. Kinnatpuk. 3a vacis CPCP wmetog npoektiB ©6yB
3acympkeHnn i 3abopoHeHun i He BukopuctoByBasca [1]. B 90-x pp. XX cT.
METO[ MPOEKTIB MOBEPTAETLCA B YKPAIHCbKI LUKOSIN pas3oM 3 TEeXHOJSIOriEr
KOMM'IOTEPHOI TefleKOMYyHiKaLil. B KOHTEKCTI OCBITHIX peopM y He3anexHin
YkpaiHi 6yno BM3HAHO HeOOXiAHICTb BNPOBaMXEHHS OaHOro meTody, AKun
Biflirpae BaXXnuMBY pOSfb BMXOBAHHIO B YYHIB CaMOCTIMHOCTI, iHiULiaTnen,
TBOPYMX 34i6HOCTEN.

CbOrofiHi NPOEKTHMMA MeTO[, aKTUBHO 3aCTOCOBYETbLCSA B OCBITHIN
NpaKkTULi AN pO3BUTKY MNi3HaBanbHUX YMiHb Ta TBOPYOro noTeHuiany Y4HiB.
BuknagaHHa 6Gionoril i ekonorii, K NPUPOAHUYOI AUCUMNNIHW, BUAMarae
iHTerpauil TeopeTUYHUX 3HaHb, IX TMPaKTUYHOro 3acTOCyBaHHA, Ta €
ideanbHO NNaTOPMOK0 A9 BUKOPUCTAHHSA LbOro MeToAy.

Came TOMYy B pamMKkax CTaTTi MU pO3rfgHynM OcobnmMBOCTI MeToay
NpoekKTiB, cneundiky peanisadii, nepesarn Ta HeAOMIKM NOro BUKOPUCTAHHSA
Ha ypokax 6ionorii i ekosoril y cTapLimx Krnacax.

BukopuctaHHs MNpPOEKTHOro MeTody Ha ypokax Oionorii i ekonorii B
CTapwin LWKOSli € OOHUM i3 pe3ynbTaTUBHUX AOCHIOHUUBKUX nigxoais vy
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HaBYaribHOMY MpouecCi, OCKiNbKM  crnpuse  (OpMyBaHHIO B Y4HIB
3auikaBneHocTi 40 ni3HaBanbHOI Ta TBOPYOI [AiSNbHOCTI, PO3BUTKY
BIANOBIOHNX 3HAHb, YMiIHb Ta HaBWYOK. Y4Hi, Npauoym Hag npoekTtamu, He
NPOCTO BMBYAKTb BIOMOriYHI | €eKoNnorivyHi NpuMHUMNK, a W HaB4alTbCsA
nraHysaTu CBOI dil, npaulwBaTM B KOMaHAi, aHanidyBatM AdaHi Ta
npes3eHTyBaTU pe3ynbTatn cBoel poboTu. BaxnueicTb gaHoro metony B
CUCTEMI Cy4aCHOI YKPaIHCbKOI LWKOMN 3a3Ha4YeHOo Yy HaB4anbHUX nporpamMax 3
Gionorii i ekonorii [2, 3].

MeToa NnpoeKTiB HE OPMYE, a CNpUsSiE PO3BUTKY OCODMUCTOCTI Y4HS Yepes
CBiIOMO BMOTMBOBaHY IHOMBIAyanbHY [OiSMbHICTb Y KOMNEKTUBI  Ons
PO3B’AA3aHHSA  CNiNbHOrO 3aBAaHHA. Lle Hao4yHO [OEMOHCTpPyE  LUMPOKI
MOXIMBOCTI cniBnpaui, nig Yac Kol Y4Hi CaMOCTINHO BM3Ha4yalTb MeETY,
obupatoTb HamedekTMBHIWI cnocobu i AOCArHEHHs, pPO3MNoainsTb
00OB’A3KN, BUABMAOTb  BfAcCHY  KOMMETEHTHICTb,  BigNoOBigasbHICTb,
iHTenekTyanbHi 34i6HOCTI, MoOparbHi SIKOCTi Ta KOMYHIKATUBHI HaBUYKM.
BogHoyac BOHM OEMOHCTPYKOTb piBEHb 3aCBOEHHS MPUPOLAHUYNX 3HAHb,
3aranbHOHaBYanbHUX YMiHb, @ TaKOX 34aTHICTb A0 CaMOHaBYaHHS Ta
camopeanisauil.

Y NOPIBHAHHI 3 TpaguuitHUMN MeToAaMn BUKMALaHHA Yy CTapLUii KO
BiH BiQpI3HAETLCA CTAaHOBULLEM BUYUTENS Yy npoueci HaBvyaHHs. J1. boabko [4]
3asHa4ae npo 3MiHy poni BYMTENns. 3 HOCI rOTOBUX 3HaHb BYUTENDb
NepeTBOPKETLCA B OpraHidatopa nisHaBasribHOI AisnbHOCTI CBOIX y4yHiB. Lle
CrpUsie PO3BUTKY YYHIBCbKOI CaMOZISNIbHOCTI, ane He BUKIYae BUYUTEnNs 3
HaByYaribHOro npouecy. BuMtenb NOBUHEH HanpaBnaTU iSNbHICTb Y4HIB, ByTK
IXHIM MeHTOopOM. BaxnmBo He NpPOCTO PO3BUHYTU 3HAHHSA Y4YHIB 3 MNEBHOI
TeMu, ane " HaBYUTM IX CAMOCTIMHO npautoBaTu 3 axepenamm iHdbopmau,il.

MeTa BMKOPUCTaHHA METOAY NPOEKTIB nondrae B Tomy, Wwob 3pobutn
npouec HaB4YaHHSA IHTEPaKTUBHUM, MOTUBYKOYMM Ta OpPIEHTOBAHUM Ha
NPaKTUYHi pe3ynbTaTtn. KnovyoBuM y LibOMY nnaHi Mae 6yTn po3BUTOK B Y4YHIB
KPUTUYHOrO MUCMEHHS, POPMYBaHHA HaBWYOK cCniBnpaui, iHTerpauisa pisHux
HaBYarbHMX NpPeaMeTiB Ta PO3BUTOK TBOPYOro noTeHuiany y4dHis. B cBow
Yyepry, CYTHICTb AA@HOro MeToAy B OpraHisauil HaB4YanbHOro NpoLecy HaBKOMO
NPaKkTUYHOI OIANIbHOCTI  YYHIB, CNPSMOBAHOI Ha [OOCHIgKEHHS MNeBHOI
npobnemn abo BUKOHAHHA KOHKPETHOro 3aBAaHHS.

lpeeto € Te, WO Y4Hi CaMOCTIMHO 4Yu Yy Trpynax crTasndatb Uini,
po3pobnATb NfaH Aid, NpoBOAATb AOCMIMKEHHA Ta aHanidylTb OTPUMaHI
pesynbtatn. YTiM, Ans eqeKTUBHOCTI LbOro MeTody Woro noTpibHO
npasuIibHO BUKopucTtoByBaTu. PomaHoBcbka M.b. 3asHavana, wo B nepluy
Yyepry NOTpiGHO BpaxoByBaTW HaByarbHi Ta BiKOBI MOXMIMBOCTI AUTUHW [5].
TobTO, AnNs edeKkTMBHOI peani3auil MeTogy NpPoekTiB HeobxigHO niabupatu
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3aBOaHHS, SKi y4HI 3MOXYTb BMKOHATW. Ane ue He O3Hayae, Lo BOHW MaloTb
ByTn npocTUMu.

Takox cnig nam’atatv, Wo Ana eMEKTUBHONO BUKOPUCTAHHA MeToay
NPOEKTIB Ha ypokax Bionorii i ekonorii y cTapwux knacax HeobxigHo 6araTo
yacy. Mloro He MoxHa edeKTMBHO MPOBECTU B paMKax OQHOrO Ypoky. Tomy
yunTesnto NoTpibHO 3aBYaCcHO NnaHyBaTu, KOS BUKOPUCTAHHA SAaHOro MeToay
byne HamedektuHiwmnM. [ouinbHnM ©Oyaoe Moro  3acTocyBaHHA  AfIS
nigBegeHHa NiacyMKiB NEBHOI TEMM.

IHTepeCc [0 BWKOHAHHA Y4YHAMM UMX po6IT NIABUWNTLCH, SKLO
BUKOPUCTOBYBATWU Pi3HI POPMU MNPOEKTHOI LiASIbHOCTI, SK-OT PONbOBi irpw,
KOHdbepeHUil, ekckypcil Ta iH. [6]. [Ona [OOCArHEeHHs MaKCUManbHOI
edeKTUBHOCTI MeToay Kpalle NoeaHyBaTW PisHi TUNKM NPOEKTIB, 06’€aHy04n
KOpOTKOTpMBasi B O4VH LOBroTpuBanumn.

Akwo 6yno  JoTpuMaHo BCiX BUMOr [0 BMKOPUCTaAHHS OaHoro
iHHOBaUiMHOro MeTody, TO MOro 3acTocyBaHHA Oyaoe MaTu BEnuvKy KinbKiCTb
nepesar. Y nepuuy Yyepry, BUKOHAHHS MPOEKTIB MOXe MNO3UTUBHO MO3HAYNTUCSA
Ha BMOTMBOBAHOCTI YYHIB A0 HaBYaHHA. Lle [ossonuTb NigBULLNTU
pe3ynbTaTUBHICTb BMBYEHHS Oionorii i ekonorii Ta 3HU3UTb pPiBEHb BTOMMU
YYHIB Nig 4Yac HaB4YaHHA. Llboro MOXHa [OOCArHYyTM 3a paxyHOK 3MiHU
napagurMm B3aemofil yuutena Ta ydHiB. BopoHeHko T.lI. 3asHadana, wo
MeTo NPOoeKTiB nependavae cniBpobiTHULTBO Y4YHIB i Nnegarora, gae npocTip
Ang TBOPYOI iHiUiaTMBW, Ta CTBOPHKE MNO3UTUMBHY MOTMBALIO AOWUTUHU OO0
HaBYaHHSA [7].

TakoX y npoueci BWKOPUCTaAHHA MeToAy MpOoeKkTiB BigbyBaeTbCs
PO3BUTOK camopeanisauii yuHiB. [i yoockoHaneHHs J03BOMsE po3BMBaTU K
3ararnbHi, Tak i npegMeTHi KOMNeTeHTHOCTI B Yy4HiB. [lig camopeanisauieto
cnig po3yMiTM PO3BUTOK Ta 3a40BOSIEHHA Mi3HaBanNbHUX MNOTPED, YMiHb,
HaBW4YOK, CXUIbHOCTEW Ta noTeHuiany 3gobyeadviB oceiTu. [eHkan C. E.
3ayBaxkyBarna, L0 PO3BUTOK camopeari3auil y4HiB y Npoueci HaBYaHHA Mae
BKMNIOYATU  «MNOLUYKOBY, [OOCHIOHWULBKY, aHaniTU4Hy, KOMYHIKaTUBHY Ta
pediekcnBHy OianbHICTb» [8].

[MowykoBa AiSnNbHICTL YYHIB IPYHTYETLCA Ha BMiHHI MpautoBaTu Hag
BUKOHAHHSAAM NeBHOro 3aBAaHHsA. [ouinbHo, Wwob BOHU MICTUNIM €BPUCTUYHUNI
enemeHT. Lle 0o3BONUTE y4HSAM BigvyTn cebe cnpaBXHiMW SOCIOHUKAMWN |
cnpuaTMME  3anam'aToByBaHHIO  MaTepiany. [ocnigHuubka OiSnbHICTb
BKINIOYAE eKkcnepumeHTansHy poboTy, CnoCTEPEXEHHS 3a NEBHUMM 06'ekTaMm
Y MOHITOPUHI NEBHMX BIONOriYHMX CUCTEM.

AHaniTMyHa [ianbHICTb YYHIB MNPOSABNSAETLCA Yy BMIiHHI npautoBatn 3
oTpUMaHUMM pes3ynbTaTaMn Yy pamMkax npoekty. Baxnueo, wob BOHM
HaBYUIIUCA  MOpPIBHIOBATWM  OTpMMaHi  faHi, 34IMCHIOBATWM  CUHTE3 Ta
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y3aranbHeHHs. [lig  KOMYHIKAaTMBHOK LOiANbHICTIO PO3YyMilOTb  PO3BUTOK
HaBWYOK B3aEMOLil 3 OTOYYHUMMUN Ta YMIHHA Npe3eHTyBaTK pesynbTaTu CBOEI
AIANbHOCTI. BaXknnBmMM TakoX € BMIHHS NpauoBaT B KOMaHAi AN BUKOHAHHS
rPynoBOro NPOeKTY.

PednekcMBHa LOisiNbHICTb BKMKOYAE CamMoopraHisauito, caMoCBIiOOMICTb,
NposiIB TBOPYOI aKTUBHOCTI Ta CaMOBUPAaXXEHHS MiCNA BUKOHAHHA MNPOEKTY.
YYHi NOBWHHI NigcymMyBaTU CBOO 3aranbHy OiSSbHICTb Ta 1 pe3ynbtatn. Kpim
uboro, eHkan C. E. 3asHavanu, WO NPOEKTHa AisnbHICTL 3abesnedvye
PO3KPUTTA | 3pOCTaHHSA Mi3HaBaNbHUX MOXMAMBOCTEW Ta 34i6HOCTEN Y4HiIB,
NiACUNEeHH MOTUBALIMHOI CKITaoBOI NPOLIECY HAaBYaHHSA, CTBOPEHHS YYHAMMN
TBOPYOro OCBITHBOrO MPOAYKTY i aKTUBI3ye camopeanisauito §K Wnax go
HabyTTS KOMNeTeHTHOCTeN [8].

HaByanbHa nporpama «bionoris i ekosnoria» Ona CTapLloi LWKOMN BXe
ajanTtoBaHa OO BMpPOBaMKEHHSA MPOEKTHOI AiANbHOCTI, MPU LbOMY 3Ha4Ha
yBara npuaindeTbCad pPO3BUTKY Mi3HaABasrbHOro iHTepecy y4HiB. LLkonapi
aKTMBHO 3arny4aloTbCsa 40 CaMOCTINHOI pobOTK 3 PisHOMaHITHUMUK OXXepenamu
iHpopmauili — HayKkoBO-METOAMYHOK JliTepaTypoto, Bigeomarepianamu,
iHTepHeT-pecypcamun. EdekTMBHY MOTMBaLil0 A0 HaBYaHHS 3abe3nevyloTb
TaKoX Pi3HOMaHITHI MeToan, 30Kpema EHOSNOrNYHi CNOCTEPEXEHHS B
NpupoAdi, MNPOBEAEHHSI  EKCMEPUMEHTIB, pPO3B’SA3aHHA  TeMaTU4HUX |
NpobNeMHUX 3aBAaHb, @ TAKOXX CTBOPEHHS MiHINPOeKTIB [9].

BaxnunBoio nepearod MeTody MPOEKTIB € MOXIUBICTb IHTerpyBaTu
MDKNpeOMEeTHi  3B'A3kM. X HasBHICTb (OPMYE B  YYHIB  PO3YMiHHS
B3a€EMOINOB'A3aHOCTI HaBYasflbHOro Martepiany Ta Cnpusie 3anam'sToByBaHHIO.
IdbomiHa |. M. 3ayBaxkyBana, LLO BUKOPUCTAHHSA MDKMNPeoMETHUX 3B'S3KIiB
3HA4YHO PO3LLUMPKOE MOXIMUBOCTI BUNTENSA | CNPULAE KpeaTUBHOCTI, @ Y4YHi YacTo
MaloTb 3aBAaHHS, Y NPoLECi BUPILLEHHS AKMX OTPUMYIOTb NMPaKTUYHI HABUYKN,
HenepenbayveHi B TEOPETUYHIN YaCTUHI HaBYanbHoOro npouecy [10]

BucHoBkKU. MeToa NpPOEKTIB € HEOUIHEHHUM iHCTPYMEHTOM Yy CydacHin
LWKONi Ha ypokax 6ionorii i ekonoril. BiH gae y4HsaIM MOXNMBICTb aHanisysaTy,
eKCnepuMeHTyBaTn, nNpautoBaTi B KOMaHAi Ta Mpes3eHTyBaTU pe3yrnbTaTw,
pO3BMBaOYN TUM CaMUM KPUTUYHE MUCIIEHHSA Ta KOMYHIKaTUBHI HaBuyku. BiH
CrpuUsie rapMOHIMHOMY pPO3BUTKY OCOOUCTOCTI YYHSA, NIABULLEHHIO WOro
3aUikaBSIEHOCTI Yy HaB4YaHHI Ta MigroToBUi OO0 peanbHOro Xutta. Y pykax
TanaHoBMTOro negarora uem MeTtod € edekTMBHUM [0 dopMyBaHHSA
PI3HOMaHITHUX KOMMNETEHTHOCTEN.
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Linmban O.B., KyabmeHko J1.11.

TeopeTU4Hi OCHOBM Ta iCTOpUYHE NIAIPYHTA €KCKYpCin y npupoay
NPV BUBYEHHI NPUPOAHUYNX AUCUMUNITIH

HixuHcbKkul depxxasHul yHieepcumem imeHi Mukonu ['oz2ons, YKpaiHa

Modern education pays significant attention to the formation of natural science
competencies, environmental awareness and research skills. Excursion activities
are an effective form of integrated learning, contributing to direct knowledge of
nature, the development of a value-based attitude towards the environment. The
article examines the theoretical foundations, historical aspects and classification of
excursions in the study of natural sciences.

KrnroyoBi cnoBa: eKkcKypcCiiHa OianbHICTb, NPUPOLHUYI HaYKW, Knacudikauis,
ICTOPUYHI acnekTu.

CyyacHa ocBiTa, cnpsiMoBaHa Ha PO3BUTOK OCOBWUCTOCTI, 3HA4HYy yBary
npunainse dopMyBaHHIO NPUPOLHMNYO-HAYKOBUX KOMNEeTEHTHOCTEN,
€KOJI0riYHOI CBIAOMOCTI Ta NpakTUYHUX HAaBUYOK OOCNIAHMLUBLKOI OisinbHOCTI. B
ymMOBax iHHOBaUiMHOro nigxody QO nMigrotoBKM MaunbyTHIX yyuTenis
NPUPOAHNYMX AucuMnniH 0coBnuBOI akTyanbHOCTI HabyBae eKCKypcCiHa
AOISNbHICTL 9K ddOpMa iHTErpoBaHOro HaBYaHHS Ta BWUXOBAHHSA. EKcKypcil
CTBOPIOOTbL yYMOBM AN 6e3nocepefHboro MisHaHHA YYHAMU MPUPOLHOro
OTOYEHHSA, CrNpUAITb POPMYBAHHIO LIHHICHOrO CTaBfEHHA OO npupoau Ta
PO3BUTKY NPOdECINHNX KOMMETEHTHOCTEN Nefaroris.

AKTyanbHIiCTb TemMu nosidrae B TOMY, WO BMNPOBaMXEHHS EKCKypCin Yy
HaBYanbHUN Npouec He nuwe 36aravyye TeOpPeTUYHi 3HAHHSA MNPaKTUYHUM
AOCBiAOM, ane " CTUMYNIOE ni3HaBanbHy akTUBHICTb Y4HIB, ChpuUsie
BUXOBAHHIO BigNOBIgANbHONO CTaBIIEHHSA O HaBKOJSIMLWHBOIO cepenoBuLla.
EKkckypcis — uUe MeTod HaBYaHHSA, WO 0asyeTbca Ha 6HesnocepeHbOMY
CrnoCTepeXeHHi aBuL, npupoan abo o6’ekTiB y IX NpupogHMx ymosax [5].

MeTot gocnigKeHHs1 € aHani3 TeOpeTUYHMX OCHOB, ICTOPUYHMUX eTaniB Ta
Knacudikauil ekckypcin y npupogy npu BMBYEHHI gucuunnin 6ionoriyHoro
LMKIy.

BaxxnnBoto 4acTMHOK HaBYanbHOro Npouecy € eKCKypcii y npupoay, Lo
NoeaHylTb Yy cobBi TeopeTudHi 3HaHHA 3 ©0e3nocepenHiM BUBYEHHSM
HaBKOJTULLHBOIO cepenosuLLa. BoHu pO3BMBalOTb HaBUYKK
CNOCTEPEXNUBOCTI, aHanidy oTpumMaHol iHoopmauil, KPUTUYHOTO MUCIIEHHS, a
HaNronoBHille — BUXOBYIOTb 060OB OO Npupoau Ta POpMytOTb €KOSOridHy
KOMNETEHTHICTb. [0NOBHO OCOBMMBICTIO € Te, O eKCKYpCis NpoBOAUTLCS
nosa aygurtopieto. Bigomun neparor B. CyxOMAWHCbKMA nucaB npo
BUXOBaHHA Y4HIB 4Yepe3 npupoay. BiH HasuBaB OUTUHY AOOCAIAHUKOM, LLO
nparHe NopuHyTU B NPUroau i BUBYMUTU CBIT HABKOSO Hel caMocTinHo. Neaaror
TaKOXX HaronowysaB Ha TOMY, LLO 3BMYaAMHYy «NpuUrogy» MOXHa nos’sisatu 3
ycima HeobxigHUMK NpegMmeTamu HaBYaHHs [1].
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Ekckypcis — ue ¢opma opraHizauil HaBYanbHO-BUXOBHOI pobOTH, B
OCHOBI SKOI NEXWUTb CMOCTEPEXEHHS Ta BMBYEHHS Pi3HUX SABULL, OO’€EKTIB,
npouecis y MpPUPOOHUX YMOBax, My3edx, Ha BuctaBkax Towo. Lle
eekTUBHUIM 3acib HaB4YaHHA, SKUM 3a0XO4YYE OTPMMAHHS 3HAHb LUSIXOM
PO3BUTKY LOCAIAHULBKMX HaBMYOK Y4YHIB. OCBITHI BMI3OM OOCTYMHI B Pi3HUX
dopmaTax, BKOYaKuM  niwoxigHi, aBTOOYCHIi, BipTyanbHi, My3eWHi,
NpMpoaO3HaBYi Ta NPOMUCNOBI. 3pOOUTU Lie MOXHa SK Yy cKknagi BuntTens 3
Knacom, opraHi3oBaHOI rpynu 3 rigom, TaK i CcaMOCTiMHO 3a 3asganerigb
BM3HA4YeHUM MapLLpyToM. HesanexHo Big dopmaTy, eKCcKypcii nornmbniooTb
3HaHHA, PO3BUBAIOTb HABWYKM CMOCTEPEXEHHA Ta AonomMararTb 3pO3yMiTH
3B’AI30K MiXK TEOPIE0 Ta NpakTukoto [3].

ICTOPNYHO  eKCKypcCiMHa AOisnbHICTb  npuBepTana yeary 6Garatbox
neparoris Ta HaykoBuiB. [MepLi cnpobu BBeAEHHSA HaBYanbHUX MaHAPIBOK Y
OCBITHIN npouec Oynn cnpsiMmoBaHi Ha 3akpinfneHHs1 TEOPEeTUYHUX BiAOMOCTEN
Ha npaktuyi we y XVIII ct. HanpukiHyi XVIII — Ha nodaTtky XIX cT noyanu
dopMyBaTUCA eKCKYPCil, SIKi IHTerpyBanucs sk cknagoBa HaB4arnbHOI poboTw.
3HayHy posib Yy CTAHOBIIEHHI E€KCKYpCi Bigirpanu €Bponencbki negaroriyxi
Tpaguuii, LWo nigKkpecnoBann 3Ha4vywWiCTb NPegMEeTHOro  HaBYaHHS,
3acHoBaHoOro Ha 6eanocepegHboMy AocBigi. 3HaHi negaroru: A. KomeHCbKun,
K.-K. Pycco, K. YWKWHCLKMK, NepeKkoHyBanu, WO MaHAPIiBKM Ta NpsMum
3B’A30K i3 MpuMpoao CnpusioTb PO3BUTKY yBarm 1 Binbw edekTUBHOMY
3aCBOEHHIO 3HAHb Y4YHSAMMU [4].

Tak, y nepwwin nonoBuHi XX CT B YKpalHi akTUBHO pO3BMBANoOCs LUKifIbHe
MYy3eMHULUTBO, LLO CrpUANO BMNPOBALXEHHI0 HAOYHMX MeTOoAdiB HaBYyaHHA Ta
Kpae3HaB4doro nigxogy B ocsiTi. Cogis Pycosa, Muxanno bukoseup, 1aBno
CanyxiH, Hatana Mipsa-ABaksaHu, ®egip LWmit, doma benbcbkun,
nigKpecnoBann BaXNuUBICTb ©Oes3nocepefHbOro 0O3HAMOMSIEHHSI YYHIB 3
ob'ekTaMmn npuvpoan Ta KynbTypu ANS rMUOLOoro po3ymiHHA HaB4anbHOro
martepiany [8].

P0o3BUTOK eKCKYpCinHOT poboTn npoaoBXKyBaBCHA i B pafgsHCbKy A00y.
Y 1922 p. y Kogekci 3akoHiB Npo HapoAHY OCBITY HaB4varbHi Nnogopoxi 6yno
BUOKPEMSIEHO 9K OKpemMuin Hanpsm. Lle cnpuano CTBOPEHHIO eKCKYPCIMHUX
LEHTPIB, CTaHUiN | KONEKTUBIB, AKi OpraHisoByBanu TemMaTuU4Hi BUI3ON ONS
y4YHiB Ta cTygeHTiB. Y 1969 p. 6yno yxBaneHo NocTaHOBY LLOAO PO3LUMPEHHS
TYPUCTUYHO-EKCKYPCINHOT LIANbHOCTI, WO 3HAYHO 306iNblWKNo pecypcu angd
BNpOBaMXeHHS Ni3HaBanbHUX No13okK [4].

Y cyvacHuX [OOCNiIKEHHSIX TaKOoX HarofiowyeTbCsd Ha 3HaA4YeHHI
€KCKYPCIMHOT OiafbHOCTI B OCBITi. 30KpeMa, B ymMoBax BrnpoBagkeHHs STEM-
OCBITW, €KCKYpCil po3rnsgatlnTbCcs K edpekTMBHUI 3acib NiaBULLIEHHSA AKOCTI
HaBYaHHS, OCKINbKM CNPUAIOTL akTuBi3auil nisHaBasibHOI OiANbHOCTI YYHIB Ta
PO3BUTKY IXHiX OOCIIOHNLBKNX HAaBUYOK [7].

Ekckypcia y npupogy B OCBITHbOMY MPOCTOPi €BOMUioOHyBana Big,
NOOAMHOKUX MPOrynsaHOK A0 CUCTEMHOrO Migxo4y Y HaB4YaHHI, KU
rapMOHIMHO NOEOHYE TEOPETUYHI 3HaHHA 3 NPaKTUYHMM OOCBIAOM, CrpuUse
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PO3BUTKY Y4YHIB Ta 3anMWaceTbCA KMHOYOBUM €SfIeMEHTOM HaBYasribHOro
npouecy.

[MonboBIi  HaBYaHHA MalwTb BaroMe 3Ha4YeHHd AN PO3BUTKY
MDKNpeaMeTHUX 3B'A3KIB. Y MNpoUeci KOMMIEKCHUX eKCKYpPCIn  MOXHa
OAHOYacHO BMBYATU siBULLA Ta OO’eKTU, WO € npeameTom isnku, Gionorii,
Ximil Ta reorpadil, e cnpuse po3LLMPEHHIO KPYro3opy Y4HiB.

3MIiCT KOMMMNEKCHOI eKCKypCil CNpAMOBaHM Ha OOpPMyBaHHS CBiTOrNsay
Npo uinicHictb npupoan. OXonnoTbCA Taki TEeMMU. XapaKkTepucTuka
30BHIiLLHLOT 6y40BW, NOBEAIHKN Ta PO3BUTKY OpraHiaMy B KOHKPETHUX YMOBaX,;
3B’S13KM 3 XKMBOIO i HEXXMBOK NPUPOAOHD; BIOMNOriYHI 3B’A3KN XKUBUX OpraHi3miB;
BMNMB (paKTopiB NIOAUHM HA HaBKOMULLIHE cepefosuLe [2].

Ekckypcii 3a 3micTOM € ornggoBuMmm abo TeMaTUYHUMWK, 3anexHo Bif
3aBgaHb i opmu nopadi martepiany. Ornsggosi CnipAMOBaHI Ha MEBHY
obnactb, 06'ekt abo sABUWE Ta 3aranbHe 3HaMoMcTBO. BOHM oxonsoTb
LUMPOKNIK CnekTp iHhopMmauil Ta 403BONAKTL COOpMyBaTU 3aranbHi igel ans
NeBHOI TemMu. Taki eKCKypcCil 4acTO 3aCTOCOBYHTbCA Ha No4vyaTkoBOMY eTani
3aCBOEHHSA HOBOIro Martepiany, gonomMaratudm LKonsgpam 3arnnbutmuca B Temy
| OCMUCNUTN OCHOBHI acrnekTn OoChigKyBaHOro aAsuuwia. TemMaTudHi eKCKypcii
MatoTb BinbLL BY3bKy CMPSIMOBaHICTb Ta BUABMSAOTb KOHKPETHI npobnemu abo
acnektTn, nMoB'A3aHi 3 HaBYaNbHOK MNPOrpamoln. Y4YacHUKN  MOXYTb
3ocepeguTvCa Ha BaXnMBUX AeTansx, BUKOHYBaTW HAyKOBi 3aBOaHHS,
po3LUMpPOBATU CBOI MPAKTUYHI HABUYKM, LLIO CMIPUATUME KpaLloMy 3aCBOEHHIO
matepiany [1].

EKCKypcCil po3pi3HATbCA 3a MicUueM MpoBeAeHHS, MNOAINAYNCE Ha
nokanbHi Ta 3amicbki. JlokanbHi 3a3Buyan BigOyBalTbCA B Mexax
HaceneHoro nyHkTy, 6ina HaB4yanbHOI ycTaHoBM abo nobnunsy panoHy
NPOXMBAHHA y4acHuka. BoHM [o03BONAIOTH WBWOKO 3 MiHIManbHUMHK
BATpPATaMM CWUST O3HANOMWUTUCS 3 NPUPOAHIMM OCOBNIMBOCTAMM PEriOHY.
3amicbki ekckypcii nepegbavaloTb NogOPOXK 3a MexXi MiCTa uM cena ans
GinbWw geTanbHOro BMBYEHHA NpupoaHux o6’ekTiB. Taki ekckypcil 3a3uyan
NOTPeBYIOTb PeTenbHIWOro nraHyBaHHA TOMY, WO HagalTb MOXMAMBICTb
3aHypuUTUCA Yy NPUPOAHE cepenoBuLLe, AOCNIAUTU €eKOCUCTEMWU, 3OINCHUTU
npakTuyHi pobotn abo 6GesnocepegHbO O3HAMOMMUTUCA 3 OCOBNMBOCTAMMU
NeBHOI MicLeBOCTi [6].

3a ANOAKTUYHOK METOK EKCKYPCil MoAinatTbCA Ha BCTYMHI, MOTOYHI Ta
nigcymkoBi. BCTynHIi — o3Hamomui BUI3aN, AKi OpraHi3oBYHOTbLCA Ha no4yaTtky
BUBYEHHSA HOBOro mMartepiany Ona 03HaMOMSEHHS LUKOMApPIB i3 ABvLaMn Ta
ob'ektamun, wWo 6yaytb gocnigxyBaTtucs. NMOTOYHI — OCHOBHI €KCKypCii, siKi
NPOBOAATLCS 3 METOK MOrnnbreHoro BMBYEHHS OKPEMMUX acnekTiB TeMu Ta
CMOCTEPEXEHHA 3a 3MiHamu B npupodi. [liogcymMKoBi —  3aKMOYHI,
30IMCHIOKTLCA NIiCNSA 3aBepLleHHs po3rnagy martepiany gnda nigBeaeHHs
Ni4CYMKIB i BNOPSAKYBaHHA HabyTuX 3HaHb [1].

3a dopmoto opraHizauil ekckypcii € iHguBigyanbHi Ta rpynosi.
IHomBigyaneHi nepenbadaloTb CaMoCTiMHE O3HANMOMITEHHA 3 MicueBicTiO abo
ABMLLAMM, WO [Ja€ MOXIMBICTb Y4YaCHUKY 30CepeamTUCA Ha BacHUX
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3auikaBneHHsX, obupaT KOMMOPTHUN PUTM CMOCTEPEXEHHS Ta AeTarnbHiwe
3aHypioBaTUcA B AocnigxyBaHy npobnemy. Takuh dopmart 4acTto
3aCTOCOBYETLCA ANSA iHAMBIAyanbHOI poboTH, HAayKOBUX CMoOCTEpeXeHb abo
0COBUCTOro OCBITHLOrO PO3BUTKY. KONMEKTMBHI €KCKYPCil OpraHi3oByoTbCA 44
BU3HAYEHOI rpynn y4yacHUKIB i nepeabayaloTb MPUCYTHICTb KEpiBHUKA, AKWIA
CNpsIMOBYE yBary Ha KIOYOBIi MOMEHTM TeMW Ta [ornomarae cnyxadam
cuctematTmsyBat  OTpUMaHi  3HaHHA. BOHM  cnpusloTb  PO3BUTKY
KOMYHiKaLUinH1X 34ibHoCTen, cninbHOMY aHanisy nobadeHoro Ta B3aemogii
MDK y4YacHMKaMu, LLO Ma€e BaroMe 3HayYeHHA ON11 OCBiTHbOro MpoLecy.
[‘pynoBa doopma NpPOBELEHHSI €KCKYPCiM A03BOSISIE YPISHOMAHITHUTU TEXHIKK
nogadi iHgopmadii, BKIoYaTU IHTEPAKTUBHI BNpaBu, OUCKYCil Ta NPaKTU4HI
3aHATTH, WO pobuTb HaByanbHUM npouec 6Binblw HacUYeHUMM Ta
NPOAYKTUBHUM [6].

OTxKe, eKCKypCiMHa [isnbHICTb BUCTYNae edgeKkTuBHo  ¢OpMOLo
IHTErpoBaHOro HaB4YaHHS, cnpusaYM BesnocepeaHbOMY Mi3HAHHIO MPUPOAN,
PO3BUTKY LIHHICHOrO CTaBfeHHs A0 AOBKINNs.
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83%D0%BC

4. Mosanin T. J1. OpraHiszauinHo-eKCKypciHa AisiNbHICTb: KOHCMEKT nekuin /
yknag. T. J1. Moeanin. Cymu: CLY, 2022. 173 c.

5. CewmeHoBa K. Ekckypcia gk negaroriyHMi npouec. Bumoku nedazoaiqHoi
maticmepHocmi. 2021. Ne 28. C. 153-157.

6. CyxomnuHcekmn B. O. Cto nopapg yuntenesi. Kuis: Paa. wk., 1988. 304 c.

7. YnpoBamKeHHSA eKCKypCiHOI hopmu poboTM B HaBuvarbHY AisiNbHICTb
YYHIB 3aknafiB 3aranibHoi cepefHbOoi OCBITU SK dakTopy MigBULLIEHHS
akocTi STEM-ocsiTn. Kpmsuin Pir, 2019. 60 c.

8. LWkinbHi my3el i My3erHa neparorika B YKpalHi B NepLlin MONoOBUHI
XX ctonitta: nepconanil. ledazoaiyHut my3ed YkpaiHu. 2021. URL:
https://pmu.in.ua/virtual-exhibitions/school-
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BigomocTi npo aBTopiB

BigoMocTi npo aBTOpIB

Antonowicz Jozef Piotr, Pomeranian University in Stupsk, Pomeranian
University of Stupsk, Doctor of Biological Sciences, Professor,
Department of Environmental Chemistry and Toxicology, Stupsk, Poland.
Nana Gorgaslidze, MD, PhD, Doctor of Pharmaceutical Sciences,
Academician, Professor of Thilisi State Medical University, Head of The
Department of Social and Clinical Pharmacy, Thilisi, Georgia.

Nodar Sulashvili, MD, PhD, Doctor of Pharmaceutical and
Pharmacological Sciences in Medicine, Invited Lecturer of Scientific
Research-Skills Center at Thilisi State Medical University, Professor of
Pharmacology of Faculty of Medicine at Georgian National University
SEU, Associate Affiliated Professor of Medical Pharmacology of Faculty
of Medicine at Sulkhan-Saba Orbeliani University, Associate Professor of
Division of Pharmacology of International School of Medicine at Alte
University; Associate Professor of Pharmacy Program at Shota Meskhia
Zugdidi State University; Associate Professor of Medical Pharmacology
at School of Medicine at David Aghmashenebeli University of Georgia,
Associate Professor of Biochemistry and Pharmacology Direction at the
University of Georgia, School of Health Sciences. Associate Professor of
Pharmacology of Faculty of Medicine at East European University,
Associate Professor of Pharmacology of Faculty of Dentistry and
Pharmacy at Thilisi Humanitarian Teaching University; Thilisi, Georgia.
Margarita Beglaryan, MD, PhD, Doctor of Pharmaceutical Sciences,
Academician, Professor of Yerevan State Medical University, Head of
the Department of Pharmaceutical Management, Yerevan, Armenia.
Magda Davitashvili, PhD, Doctor of Biological Sciences, Professor,
Academician, Georgian Academy of Ecological Sciences, Program
Coordinator of Quality Assurance Office at lakob Gogebashvili Telavi
State University (TeSaU), Telavi, Georgia.

Marina Giorgobiani, MD, PhD, Doctor of Medical Sciences, Professor of
Thilisi State Medical University, Department of Hygiene and Medical
Ecology, Thilisi, Georgia.

ABpouwko €.M., 3006yBay ocBiTK, CyMCbKMin OepXXaBHUA negaroriyHum
yHiBepcuteT imeHi A.C. MakapeHka, YkpaiHa.

BakatiHa A.10., HauioHanbHnn  mMeguyHMM  yHiBEpCUTET  IMEeHi
0.0.boromornbus, YkpaiHa.

BakymeHko K.HO., 3gobyBay BuWOl Mean4HO! OCBiTW, HauioHanbHUK
mMeandHuin yHisepcuteT imeHi O.O.boromornbLs, YkpaiHa.

BoraaH O.B., acnipaHT, HiKXWMHCbKMA [OepXXaBHUMA YHIBEPCUTET IMEHi
Mwukonu Norons, YkpaiHa.
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29.

30.

31.

BigomocTi npo aBTopiB

Boxko B.M., marictpaHTka, HiXMHCbKMA OepXXaBHUM YHIBEPCUTET IMEHI
Mwukonu [Norons, YkpaiHa.

BoHpapeHko O.H0., kaHanaat 6ionoriYHNX HayK, HayKOBUIA CRIBPOBITHUK,
[HCTUTYT cpidionorii pocnuH i reHeTukn HauioHanbHOI akagemil Hayk
YkpaiHu, YkpaiHa.

Bywmuy B.l., marictpaHT, HPKMHCLKMN Oep>XaBHUW YHIBEPCUTET IMEHI
Mwukonu Norons, YkpaiHa.

BpoHHikoBa J1.l., acnipaHT, Monogwuin HaykoBUM  CMiBPOOBITHUK,
[HiNpoBCbkMI  HauioHanbHUKM yHiBepcuTeT iMeHi Onecsa [oH4apa,
IHCTUTYT dpisionoril pocnuH i reHeTukn HAH Ykpainum, Ykpaina.

Bapuu O.C., 3g06yBay  BuUWOI MeauYHOI  OCBiTM, HauioHanbHun
MeaundHum yHiBepenteT imeHi O.0. boromonbus, YkpaiHa.

BaciukiHa €.C., 3go6yBay BUWOI Megu4yHOI OCBITW, HauioHanbHW
MeaunyHum yHiBepeuteT imeHi O.0. boromonbug, YkpaiHa.

BinbxoBon B. A., 3000yBay BuULWOI Mean4yHOI ocBiTWM, HauioHanbHWR
MeaunyHum yHiBepeuTteT imeHi O.0. boromonbug, YkpaiHa.

BounteweHko K.C., 3g06yBad BULLOT MeaUYHOT OCBiTW, HauioHanbHUI
mMeaundHum yHisepcuteT imeHi O.0. boromonbug, YkpaiHa

BopoHa B.l., acnipaHT, HDKMHCLKMW [OepXaBHUM YHIBEPCUTET IMeHi
Mwukonu ['orons, YkpaiHa.

MaBin B.M., kaHgugaTt 6ionoriyHMx Hayk, AoueHT Kadegpwu Oionorii,
HiXXnHCbKknn gep>xaBHU yHiBepcuTteT imeHi Mukonu [Torong, YkpaiHa.
MaBin T.A., acnipaHTka, HPKMHCbKMIA OepXaBHUW YHIBEPCUTET IMEHI
Mwukonu [Norons, YkpaiHa.

Fampan O0.0., I[HCcTUTYT  OGioopraHiyHOl  XiMil  Ta  HadTOXiMil
im. B.I'. Kyxapa HAH Ykpainu, YkpaiHa.
Napmaw B.HO., 3106yBay BuwWoOi MeanyHol ocBiTW, HauioHanbHUR

MeaunyHum yHiBepeuteT imeHi O.0. boromonbug, YkpaiHa.

Fepacumenko A.C., 30o6yBay BULLOT MeanYHOT ocBiTH, HauioHanbHUI
MeaunyHum yHiBepeuteT imeHi O.0. boromonbug, YkpaiHa.

Fono6opopa A.C., [HCTUTYT dpisionorii pocnuH i reHeTnkn HAH Ykpainw,
YkpaiHa.

NoHyapos A.M., ctygeHT, HauioHanbHUM yHiBepcuTeT «YepHiriBCbKnm
koneriym» imeHi T.I". LleB4eHka, YkpaiHa.

Oaninkie M.O., 3gobyBay BuMLWOI MeguyHOI OCBiITW, HauioHanbHUK
mMeandHuin yHisepcuteT iMeHi O.0. boromonbus, YkpaiHa.

HOemewkaHT B.l., NpupogHnumin yHiBepcutet, Bpounas, lNonsbLua.
HeHuceHko K0.1O., marictpaHTka, HiKMHCbKMIN OepXaBHUIA yHiBEpCUTET
imeHi Mukonu "orons, YkpaiHa.

HoHeub H.B., gokTop dinocoii, 3aBiayBay arpobioctaHuii, HbxnHCcbkni
aepxaBHuUKM yHiBepcuteT imeHi Mukonu [orons, YkpaiHa.

Ay6oBuk B.M., marictpaHTka, HPKMHCBKUA [Oep)XaBHUM YHiBepcuTeT
imeHi Mukonu Norons, YkpaiHa.
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45.
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49.

50.

51.

BigomocTi npo aBTopiB

OadveHko L1, npoBigHuin iHXeHep, IHCTUTYT BoTaHikn iMm. M.I". XonogHoro
HAH YkpaiHn, YkpaiHa.

€saokumeHko B.O., [HCTUTYT 6ioopraHiyHOI XxiMiiT Ta HadTOXiMil
im. B.T1. Kyxaps HAH YkpaiHu, YkpaiHa.

3anuena 1.0., gokTop GionoridyHMx Hayk, npodecop, npodecop kKadeapu
doigionorii  Ta IHTpoAYyKUil poOCnvH, [HINPOBCbKUM  HaLiOHaNbHUN
yHiBepcuTeT imeHi Oneca NoHYapa, YkpaiHa.

3auHoB B.O., marictpaHT, HDKMHCBKMW Oep>KaBHUN YHIBEPCUTET iMEHI
Mwukonu Norons, YkpaiHa.

IBaHoBa M.B., ctygeHTka HauioHanbHUM MeOuYHU YHIBEPCUTET IMEHI
O.0. boromonbus, YkpaiHa.

KameHcbkux O.C., IHcTuTyT 6ioopraHiyHOl XiMil Ta  HadpTOXiMmil
im. B.I'l. Kyxapa HAH Ykpainu, YkpaiHa.

Kipizin [.A., IHcTuTyT dpisionorii pocnunH i reHeTukn HAH YkpaiHu,
YkpaiHa.

Kosanb A.I., cTyaeHTka, HIKMHCLKMW OepXXaBHUW YHIBEPCUTET iIMEHi
Mwukonu [Norons, YkpaiHa.

KopiHeHko B.B., IHcTuTyT  GioopraHiyHOi  XxiMii Ta  HadgTOXiMIil
im. B.T1. Kyxaps HAH YkpaiHu, YkpaiHa.

Kpyk B.C., ctygeHTKa, HiKMHCbKMIA [Oep)XaBHUA YHIBEPCUTET iMeHi
Mwukonu ['orons, YkpaiHa.

Ky3sbmeHko J1.I., kaHangat GionoriyHnx Hayk, goueHT Kadeapw Bionorii,
HiXXnHCbKknn gep>xaBHUKN yHiBepcuTteT imeHi Mukonu [Torong, YkpaiHa.
KyprysiHa A.P., 3006yBay cCTyneHs BuUWOI OCBiTM «BakanaBpy,
[HiNpoBCbkMI  HauioHanbHUK yHiBepcuTeT iMeHi Onecsa [oH4apa,
YKpaiHa.

KyumeHko O.B., poktop 6ionoriyHnx Hayk, npodpecop, 3aBigyBau
kacpegpun Gionorii, HiXXMHCBKUI OepxXaBHUA YyHiBepcuTeT iMeHi Mukonu
[orons, YkpaiHa.

JNNaBpuHeHko B.l., 3006yBay BMLLIOT MEOUYHOT OCBITM 2 POKY HaBYaHHS,
HauioHaneHnn megmnyHmin yHisepcuteT imeHi O.0O. boromonbus, YkpaiHa.
Jinnnancbka B.C., 30o6yBay BMLLOT MeOMYHOI OCBITU 2 POKY HaBYaHHS,
HauioHanbHuin megnyHmin yHiBepcuteT imeHi O.0O. boromonbus, YkpaiHa.
JIlncenko M., «kaHgugat 6GionoriyHMX Hayk, [OOUEHT, |YHSAHCLKUK
HaLuioHanNbHUW NPUPOLHUIA NapkK, YKpaiHa.

Ma3suno C.C., marictpaHTka, HPKMHCbKUI OepXXaBHUW YHIBEPCUTET iMEHI
Mwukonu Norons, YkpaiHa.

MiHuyeHko A.HO., 3g00yBad BuWOI Meau4vHOI OCBITWM, HauioHanbHMi
mMeandHuin yHisepcuteT iMeHi O.0. boromonbus, YkpaiHa.

MuxannoBa A.l'., cTaplia BuKNagayka 3aknagy BULLOI OCBITM Kadenpu
Mean4dHol Bioximil Ta monekynsapHoi Gionorii, HauioHanbHUN MeguyHnm
yHiBepcuTeT imeHi O.0. boromonbus, YkpaiHa.

MoBuaH B.O., marictpaHTka, HPKMHCBbKUW Oep>KaBHUN YHIBEPCUTET iMEHI
Mwukonu Norons, YkpaiHa.
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69.

BigomocTi npo aBTopiB

MoxoHb J1.l.,, acnipaHTka kadbegpwu 6ionorii, HiXMHCBKUMIN OepXaBHUI
yHiBepcuTeT imeHi Mukonu ['orons, YkpaiHa.

Mycinuyk O.€., 3000yBay BULLOT MeAUYHOI OCBITU 2 POKY HaBYaHHS,
HauioHanbHuin megnyHmin yHisepcuteT imeHi O.0O. boromonbus, YkpaiHa.
HanuBanko A.€., 3acTynHMK HayvanbHWKa BigA4inly €KONoro-ocCBiTHLOI
poboTn Ta pekpeauii, Me3MHCLKMA HauiOHanNbHUN NPUPOLHMIA nNapk,
YkpaiHa.

ManuBopa KO.M., goktop dinocodii 3a cneuianeHicTio 091 bionoris,
acucteHT kKadpenpw Gionoril, HPXKMHCLKMN aepXXaBHUM YHIBEPCUTET iMEHI
Mwukonu Norons, YkpaiHa.

MapxomeHko O.I., |4YHAHCbKM HauioOHanNbHUM napk, HauioHanbHUK
yHiBepcuteT «YepHiriBCbkun koneriym» imeHi T.I'. LLleByeHka, YkpaiHa.
MeTtpeHko B.B., 3g00yBady BuWOI MeaguyHOl OCBITW, HauioHanbHUM
MeaunyHum yHiBepeuteT imeHi O.0. boromonbug, YkpaiHa.

MoctepHak H.O., kaHgouaaT neparoriyHMX Hayk, [OOLEHTa, CTapLumin
BUKNagau, HavuioHanbHMI Mean4YHUNN yHiBEpPCUTET IMEHI
0O.0.boromorbus, YkpaiHa.

Mpunnaeko C.O., kaHAuZaAT CiNbCbKOrOCNOAAPCbKUX HayK, [OOLEHT
kacpeapun Gionorii, HiXXKMHCbKUMI aepxaBHUA YyHiBepcuTeT iMeHi Mukonm
['orons, YkpaiHa.

PekoBeub J1.l., gokTop GionoriyHMX Hayk, npodecop, Kadeapa ekonoril
XpebeTHux Ta naneoHTonoril, lNpupogHnumn yHiBepcuteT, Bpounas,
MNonbLa.

Py6aH C.B., IHCcTUTYyT BioopraHidHol ximil Ta HadpToximii im. B.I1. Kyxaps
HAH YkpaiHn, YkpaiHa.

Cmanbko A.ll., 3006yBay BuWOI MeanYHOI OCBITW, HauioHanbHMin
MeaunyHum yHiBepcuteT imeHi O.0O. boromonbus, YkpaiHa.

CrenaHeHko O.Il., cTapwuin HaykoBui CniBPOGITHUK, [MpMnyLbKUK
Kpae3HaBuun mysen im. B. . Macnosa, YkpaiHa.
CokonoBcbka-CeprieHko O.I'., kaHangat GionoriyHMx Hayk, CTapLinm
AOCNIAHWK, CTapLUMA HayKOBUI CRiBPOBITHUK, IHCTUTYT qoisionorii pocnuH
i reHeTukn HAH Ykpainum, Ykpaina.

Cracuk 0.0., IHCcTuTyT dbigionorii pocnuH i reHetkn HAH Ykpaiuum,
YkpaiHa.

Tapacrok M.B., IHcTuTyT dpisionorii pocnuH i reHeTnkn HAH Ykpaium,
YkpaiHa.

TopsaHuk B.M., kaHanaaTt 6ionoriyHmMx Hayk, goueHT kadeapw Gionorii Ta
METOAMKM HaB4vaHHsa Gionorii, CyMCbKMA Oep)XaBHUW negaroriyHuim
yHiBepcuteT imeHi A.C. MakapeHka, YkpaiHa.

TkayeHko T.B., kaHouMaaT XiMiYHMX HayK, CTapLUMW OOCNIAHUK, CTapLInm
HayKoBUM CNIiBPOBITHUK, IHCTUTYT 6GioopraHidHOI XiMil Ta HadpToXimil
im. B.T. Kyxapsa HAH YkpaiHu, YkpaiHa.

Tpubenb A.l'., acnipaHT, HiKMHCbKMA OepXaBHUW YHIBEPCUTET iMEHI
Mwukonu Norons, YkpaiHa.
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78.

79.

80.

BigomocTi npo aBTopiB

XomeHko J1.0., kaHOMOaT CinbCbKOroCcrnogapCbKMX Hayk, CcTapLliumn
HayKkoBUW cMiBPOBITHUK, IHCTUTYT pisionorii pocnunH i reHetukn HAH
YkpaiHu, YkpaiHa.

Uum6ban O.B., marictpaHTka, HKMHCLKMIA fep)XaBHUIN YHIBEPCUTET iMEHI
Mwukonu Norons, YkpaiHa.

YepeBko O.0., acnipaHTka, HiXKMHCBKMI OepXXaBHUA YHIBEPCUTET IMEHI
Mwukonu Norons, YkpaiHa.

Yeyota K.O., 3p000yBay BuWOI MeguyHOI oOCBITM, HauioHanbHUM
MeaunyHum yHiBepeuteT imeHi O.0. boromonbus, YkpaiHa.

LlleBYyeHko B.B., [oOKTOp OionoriYyHMX Hayk, CTaplwmn HayKoBUM
CniBpOBITHUK, IHCTUTYT dpisdionorii pocnuH i reHeTukn HauioHanbHOI
akagemil Hayk YKpaiHum, YkpaiHa.

Lekepa A.l.,, ctygeHTKa, HDKMHCBKMA [OepXXaBHUMA YHIBEPCUTET IMEHI
Mwukonu [Norons, YkpaiHa.

Wuvan H.M., «kaHgngat 6GionoriyHMX Hayk, CTapwui  HayKoBWUW
cniBpobITHUK, [HCTUTYT G0TaHikm iMm.. M.I'. XonogHoro HAH YkpaiHu,
YkpaiHa.

WWmapoBo3 €.P., wmarictpaHT, HDKMHCbKMMA [OepXaBHUW YHIBEpPCUTET
imeHi Mukonu "orons, YkpaiHa.

lyminosa A.B., IHXeHep I KaTeropil, I[HCTUTYT  BOTaHikM
im. M.T". XonogHoro HAH Ykpainu, YkpaiHa.

AHiubka J1.B., kaHompaTtka 6ionoridHMX Hayk, [OOUEHT, 3aBigyBauyka
kKadpeapn meguyHoi Bioximil Ta mMonekynspHol 6ionorii, HauioHanbHWn
MeaundHum yHiBepeuteT imeHi O.0. boromonbus, YkpaiHa.

AdvHa M.I'., cTapwuin Buknagad kadegpu 0Oionorii, 3acTynHUK gekaHa 3
HaBYanbHOl poboTn, HauioHanbHU yHiBEpcUTET «YepHiriBCbKUn
koneriym» imeHi T.I. LleByeHka, YKkpaiHa.
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HaykoBe BngaHHs

XI MDKHAPOOHA 3A04YHA
HAYKOBO-NPAKTUYHA KOH®EPEHLIIA

AKTYAJTbHI MUTAHHSA BIONOMNYHOI HAYKA
(0O 220-I PIYHMLI 3 OHA SACHYBAHHSA HIXXMHCBKOI BULLOI LLKOMN)

36ipHuUK cTaTen

17 keimHs1 2025 poky

TexHiuHnn pepaktop — I. I'. bopuc

Mamepianu HadOpykogaHi 8 a8mopchKili pedaKku,i

MignucaHo oo apyky 22.04.25 p.  dopmat 60x848/16 Manip odoceTHUI
"apHiTypa Arial O6n.-eng. apk. 16,5 En. Bua-Ha
3amoBneHHst Ne 573 YM. gpyk. apk. 15,3

HiKWHCLKMI OepXXaBHUWN yHIBEpCUTET
iMeHi Mukonu Norons.

M. HixkuH, Byn. BosasukeHcbka, 32
k. (04631) 7-19-72
b o E-mail: vidavn_ndu@ukr.net
S www.ndu.edu.ua
Dhﬂﬂnumﬂﬂﬂ CsigouTBo cyb’ekTa BUaaBHNYOI cripasu
Ha¥ m.M.B.FOr0NA 0K Ne 2137 Big 29.03.05 p.
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