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IHasmawok JI. B., Tepnoscebka T. K., AnToniok M. 3.
Hamionanpauii yHiBepcuteT «Kneo-MorumnsiHebka akagemisy (HaYKMA), Kuis, Ykpaina

CTIMKICTb POCJIMH 10 35YIHUKIB
SIK PE3YJIBTAT B3AEMO/II T'EHIB

Cyuacna iHghopmayis w000 eeHOMIKU POCIUH Ma 30YOHUKIG IXHIX 3AX80PI08AHb | OOCACHEHHS MOJle-
KyApHOi 6i0on02ii 0anu 3mMo2y KOHCmamy8amu yuacms npooyKmie 2etie, OiiKie, 8 OpeaHizayii CK1aOHUX
MONEKYAAPHUX KOMNAEKCI8, AKI 30uparomuvcs 01s peanizayii neenoi oznaxu ¢enomuny. O3naxa cmiii-
KICMb/4ymaugicms poOCiuHu 00 NeBHO20 OIOMUYHO20 YUHHUKA YIKAea wje 1 mum, wo 8i00y8aemuvcs
63A€MO0IS He TUULEe MIJIC 2eHAMU 0OHO20 OP2AHI3MY, A UL MIJC 2eHAMU OP2aHI3MI8, AKI HALeHCams 00
PISHUX Yyapcmes JHcuso2o.

Cmitixicmb pociun 00 namozeHie modice Oymu nacugHoio (3abe3neuyemovcs NepesadcHo O3HAKAMU
Mopgonozii pocaunu) i akmugHoro. AkmusHa cmitkicms popmyeEmovcsa 6HACAIOOK NPOHUKHEHHS 00 POCIU-
Hu 30y0HUKA abo 1020 enicimopie ma eghekmopie. AKMuUGHUL 3aXUCH POCTUHU HA MOLEKVIAPHOMY DI6HI
supasxcacmuvca 6 3anycky MAPK-xkackaoy, naxonuuenni akmusHux opm Kucwio, 30inbuleHHi nomoxy
HOHIB KAbYII0 00 KATMUHU. AKMUBHUI 3aXUCTN MOJICe Peani3o8y8amucs Ha 080x pisHax. [lepwuil pigens,
PTI (PAMP Triggered Immunity), pozeusaemucs y 6i0no6iob Ha KOHMAKM POCAUHU 3 WUUPOKUM CHEKMPOM
Headanmosganux namoeenie. Cmilikicme (imMynimem), wjo npu yboMy ¢opmyemucs, HA3UBAIOMb Hecneyu-
Giunor, abo copuzoHmMarbHo0, b0 KinbKicHow. MoneKyiapHuM IHCMPYMEeHMoM THIyiayii 3aXUcHux pe-
axyiu € peyenmopu PRR (Pattern Recognition Receptors). Adanmoegani namoeenu 30amui doramu PTI,
HAOCUNANYY 8 POCTUHHI KIimunu eghekmopu. Lle 6inkosi monexyiu, QyHKYieo aKux € CMmEopeHHs cepe-
OUHI KIIMUHU YMO8, Oinbiu nepmicusHux 01 30yonuxa. Egexmop mooace posniznasamucs cneyuivnum
peyenmopom pociunu NLR (Nod-Like Receptors), i mioic Humu 8i00ysaemuvcs komniemenmayis. € inwi
cneyuiuni pocaunni moaexyau, nonNLR, 3 inwum munom 63aemo0ii 6i1kosux npooykmis 0 po3nisHa-
sanms. B obox eunadxax pozeusaemuca opyeuil pieens zaxucmy, ETI (Effector Triggered Immunity). [le-
PeniK MONEeKYIAPHUX NPoYecie Ha OPYeOMY PIGHI 3aXUCmy He 8IOPIZHAEMbCA 810 nepeniKy nepuio2o pieHs,
npome npoyecu 8i00y8ar0Mvcs Oinbl THMEHCUBHO | CYNPOBOOICYIOMbCI 3A2UOENNI0 BPANCEHUX KITMUH.
L]e nepeuwtkodaicae nodarbUWOMy PO3NOBCIOOACEHHIO 30YOHUKA NO pocauni. Monekynsapui nodii nepuiozo
ma 0py2oeo piHis 3axucmy He € i301b08anuMu. B3aemooito misc Humu i3 3a1yUeHHAM NPOOYKMIE POCIUH-
HUX 2€Hi8 I 2eHi6 30YOHUKA ONuUcyomv Mooeni «zig-zag-zigy, «invasion modely, inmeeposana mooens
aticoepea. Bzaemodiro pociunnux eemie 0nsi po3nizuamHa egekmopa Onucyioms MOOeli «0XOPOHeYby
i «nosnosauy. s iniyiayii 3axucHoi peakyii pociunHi peyenmopu, siKi Moducymy iHo0i oughepenyirsa-
MUCA HA CeHCOpU Ma Xeanepu, Ymeopioms OiIK08I KOMNIEKCU, Pe3UCTOCOMU.

Kuro4uoBi cioBa: cTiliKicTh pOCIINH, POCIIMHHI TeHH CTIMKOCTI, €EKTOpHU MaToreny, R-Avr B3aeMOJis,

pe3ucTocoma.

Beryn
Bzaemonist TeHIB — OnHE 3 KJIACHYHHX IHTaHb

SIKII10 TOPIBHIOBATH TEKCTH Pi3HUX JKEPEI, IPUCBS-
YEHHX B3a€MOJIii T'€HIB, B OYi BMAJAIOTh JIBI PEYi:

reHeTuKH. Teopist B3aeMofii, (hopMyTIOBaHHS TTOHSTH,
TEPMIHOJIOTISI TIPO B3a€EMOIII0 TCHIB PO3BUBAIUCH
3 gaciB (hopMansHOi reHeTHKH. Lle muTanHs BUCBITIC-
HO B KOHIIENITyalTbHiH stiTeparypi 1970-1980-x pokis.

© Iasnwox [. B., Tepnoscora T. K., Aumoniox M. 3., 2024

TO-TIepIIIE, SISl OHUX 1 THX CAMHUX THITIB MIKT€HHOT
B3a€MOIIT (a THIIM B3a€MOJIIT OI[IHFOBATIMCH BUKITFOU-
HO Ha ()EHOTHITHOMY PiBH1) HABOAWIIN OJIHI i Ti cami
MIPUKJI]IH, 1 HIIKX Y JTITepaTypi 3HAUTH HEMOXKITHBO;

© Hauionanbuuii yHiBepceuteT «KneBo-MorussiHCbKa akaieMis» (3aCHOBHHUK 1 BUIaselp), 2024
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MO-ZIpyTe, ABTOPH TEKCTIB OINEPYIOTH ONUHUIIIMHU
anenb rexa. [IunryTs: anens A (Tepiioro reHa) BIjiu-
Ba€ Ha anenp B (Ipyroro reHa) TakUM UYWHOM,
o anenb A He mposiBisieThest. Lle — moMiHaHTHUNA
emicra3. Ha 3miHy epi opMalibHOT TEHETHKU TMPH-
HITa epa TeHEeTUKH MOJIEKYIISIPHOI, MpaBUJIbHIIIE
CKa3aTh — epa MOJEKy/sipHOi Oiosorii. CTano Mox-
JIUBMM TIEPEBECTH B3a€MOJIiI0 MK T€éHAMH B ILJIOIIH-
HY (DI3UKO-XIMIUHOI B3aEMOIIT MiX MPOIYKTAMH iX-
HBOI ekcrpecii — Oinkamu. Le cranocs 3aBasku nosisi
aJICKBaTHUX METOJIB MOJICKYJISIpHOT O10JI0Tii, SIKi
IIOPOKY TIOMOBHIOKOThCS. [IpuIyImienHs, mo cTifKicTh
pociuH 10 30y[AHWKA, MPHHANMHI 00JiraTHOTO 610~
Tpoa, popmyeThcs K pe3yabTaT KOMIUIEMEHTap-
HOT B3a€MOJIii TEHIB PI3HUX T'CHOMIB, 3 IBUJIOCS Ha-
npukiHni 1940-x pokiB, ane 3aralbHONPHHHATUM
TOTVISIIOM Ha (POPMYBaHHSI CTIHKOCTI Y POCIIMH CTaJI0
Habarato mizHime. bimxye 10 kiHng XX CTOMITTA
MOJICTTh B3AEMO/IIT T€HIB YCKIIQIHUIACh, TOMY IO JUTS
PO3BHUTKY PE3UCTEHTHOCTI POCIMHH 10 30yIHHKA
B3a€MOJIIFOTh TEHU HE JIMIIE POCIIMHH 1 TIATOTEHY, a i
BJIACHE POCIMHHI reHH. | 10Boi MBUAKO BifOyBAETh-
sl YCKIIAJTHEHHS I€T MOJISNI 13 3aTyYeHHSIM He JIUIIe
POCTIMHHUX TEHiB, 110 B3a€MO/IiIOTh, a i TeHIB MaTo-
reHy. [eHerwka (OpMyBaHHS CTIHKOCTI POCIHH
JI0O TIaTOTeHYy BHSIBWJIACH HAJ3BUYANHO IIKABHM
1 0araTuM Ha €KCIIEPUMEHTAIILHI MPUKITIAIU TTOJIEM
y TEHEeTUIi. Y HalmoMy OISl MU OOMEXHMOCS
PO3NISAIOM CTIHKOCTI POCIIMH JIUIIE 10 OONIraTHUX
6ioTpodis. BBaxkaemo, 1m0 Hakonu4YeHHs (HaKTH4-
HOT'O Marepiaiy i CTIHKICTh OJTHOTO BHJTY JIO 1HIIIOTO
CHiJi pO3MIAJATH OKPEMO JJsi PI3HUX MaTOTeHiB
1 MKIAHUKIB pociuH. Lle macth 3Mory 3rogoM BH-
SIBUTH BY3JI0BI MOMEHTH Ha IUISXY B3a€MOJii TeHiB
(1XHIX MPOJIYKTIB), IKUMH XapaKTepH3yeTbes (op-
MYBaHHsSI POCJIMHHOTO IMYHITETY A0 POCIMHHHX
MIATOTCHIB 3aTaJIOM.

Tunu cmiikocmi pociaun 00 MIKpOOHO20
30y0nuKa

VY NpupoIHUX CepelOBHINAX ICHYBAaHHS POCIHHA
MOCTIMHO TiCHO KOHTAKTYIOTh 3 O10T€HHUMH CTPEeco-
pamu, 30KpeMa 3 TaKAMH MIKpOOpraHi3MaMH, SK
rpubu Ta OakTepii. 3a CHiIBHOI €BOMIOLIT POCIUH
1 MIKpOOPT-aHi3MiB C(POPMYBAIIHCS CHCTEMH MOJICKY-
JISIPHO-TEHETHYHUX B3a€MOJIH MiXk MpeCTaBHUKAMHU
PI3HHX ITaPCTB, 3aBISKU SKUM POCIIHA MOKE PO3BH-
BaTé (DEHOTHI CTIHKOCTI 10 30ynHHKA/30yTHHUKIB,
a MaToreH — 3/[aTHICTh BpaKaTH POCIIHMHY, 00 BHKO-
pucTartH 1l BHYTPIIIHBOKIIITHHHI pecypcu sl Biac-
HOT penpoykiii [1-4].

Cepen cucteM 3aXuCTy, MO X PO3BUBAIOTH POC-
JIMHHA, PO3PI3HIIOTH CHCTEMH ITACHBHOTO Ta aKTHB-
HOTO 3aXHUCTy. EleMeHTH MacuBHOTO 3aXHCTy — L€
(izuko-ximiuHi Oap’epu, TOOTO BOCKOBa OCYyTa,

KIITHHHA CTIHKA, BTOPHHHI METAOOJITH 3 Pi3HOIO
npoTtuMikpoOHoto aktuBHicTiO [1,2]. IlacuBHi Me-
XaHI3MHM CTIMKOCTI 3arajoM € YHIBepCaJbHUMHU
JUISL POCJIMH, BapilOIOYM JIMILE 3aJIe)KHO BiJl TaKCo-
HOMIYHOTO CTaTyCy BHUY. [lacHBHUMMU 11i eleMEHTH
CTIMKOCTI Ha3MBAIOTh TOMY, IO PHCU CTIHKOCTI
(OpMYIOTECSI HE3aJIe)KHO BIJI TOTO, UM aTaKye poc-
TUHY natoreH [3,5].

AKTHUBHY CTIHKICTB, III0 PO3BUBAETHCS SIK BiJIIO-
BiJIb POCIIMHM Ha KOHTAKT i3 MAaTOTeHOM, MOAUISIIOTH
Ha HexXassichKy (non-host resistance), ado cTiHKICTh
HINPOKOTO CIIEKTPa, HeCTICNN(iUHY Y1 TOPHU30HTAb-
Hy CTiMKicTh [4,6-8], Ta xa3siiceky (host resistance),
a0o pacocrenudiuHy Ui BepTUKANBHY CTIHKICTb [4,9)].
AKTUBHA CTIHKICTh POCIIHMH JIO MATOTCHIB PO3BHBA-
€TbCS, SKIIO MIKpPOOpraHizM(u) po3Mi3HAE(10)ThCs
MEeBHUMH ITMTOIUIa3MaTHYHUME a00 BHYTPIIIHBO-
KIITHHHUMH PEIENTOpaMH, SKi B Pe3ysbTaTi LbOTO
aKTHBYIOTh IMyHHI BIAMOBI pociuHu [1].

Monexynapne niorpynms akmuenoi cmiiikocmi

INTatoreHHMii MIKpOOpraHizM, MHOTPAIUIAIOUN 0
POCIIMHH, MPOIYKYE 1 BULISE B POCIIMHHE CEPEIOBH-
mie (amomnact, KITHHN) NeNTUAM, Pi3Hi Hoicaxapu-
JTM, TICNTUAONTIKAHH, JIMiaH, (parMeHTH HYKJIeiHO-
BUX KHUCJIOT. 3a MOXOKEHHSM BOHU € 30BHIIIHIMU
IUTSL POCIIMHY, CTIPUMMAIOTHCS POCITMHOIO SIK TyKUHHI
MOJICKYJIH 1 Pa30M CTBOPIOIOTH KOHCEPBATHBHI MATO-
TeH-acoliioBani MoekynsipHi marepuu  (Patogen
Associated Molecular Patterns, PAMPs), abo MAMPs
(Microbe Associated Molecular Patterns). OrHo4acHO
pOCIIMHA BUALIAE B MO3AKITITHHHE CEepeloBHUIIE (amo-
TUIACT) MOJICKYJIM Ta iXHI YACTHHH, SIKi yTBOPIOIOTHCS
B pe3yNbTari MOMIKOKEHHSI POCIMHHUX KIITHH 1 JUIs
pocmuHE € curHaimamu HebOesmekw. Lli Momexymm
dopmytote Damage-Associated Molecular Patterns
(DAMPs) [10]. 3ramani MOJEKYJISApHI MarepHA poO3-
Mi3HAIOThCS  pOCIMHHUMHU penentopamu  PRRs
(Pattern Recognition Receptors) [11], 1 3amyckaeTbest
¢dopmyBannst PAMP-cnpsimoBaHoro  imMyHIiTETY
(PAMP Triggered Immunity, PTI a6o MTI) [11-13].
PRRs npencrapneHi penentopornofiOHuMy KiHa3aMu
(Receptor-Like Kinases, RLKs) Ta penenTtopomno-
nioaumu Oinkamu (Receptor-Like Proteins, RLPs).
Pocauani RLKS cxiiagaroTbes 3 MO3aKIIITUHHOIO
EKTOJIOMEHY, TPAaHCMEMOPAaHHOIO JOMEHY Ta IUTO-
TTa3MaTHYHOTO KiHa3HOTO IoMeHy. RLPs Ha Biami-
Hy Bil RLKSs KiHa3HOTO IOMEHY HE MaroTh [5].

Posniznarmmm PAMP, PRRs 3amyckaroth cwur-
HAJBHUN KacKaJ, IKHi aKTUBYE peakiii /i 3a6e3-
MICYCHHST 3aXHCTy POCIMHH BiJI IIaTOTCHY, OTXKE,
dopmyetsest PTI (Pathogen Triggered Immunity):
MAPK-kackaa, BHKH]I aKTHBHHX (OPM KHCHIO
(ADK), Bukug Ca*. Bci mi MoiekymspHi MOl
€ elleMEHTaMH 3axXHMCHOT peakiii pocmunm [12,14].
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OxcuaTHBHUN BUOYX € OHIEI0 3 TIEPIINX IMYHHHX
peaxiiii pociuH, BiH MOB’SI3aHUA 3 HATIYTIUBOIO
BimnoBiIro [15,16]. ADK €, cepen iHIIOTO, CHT-
HAJIBHOIO MOJIEKYJIOIO 3 aHTHMIKpDOOHHMMH BIIACTHU-
BocTsimu [15,17]. BTropuHHUMIT MeceHKep KabIlii
BiJIirpa€e BEIWYE3HY POJIb Y PO3BUTKY peakiiii poc-
muHM Ha ctpec. [llupoko Bimome HOro 3Ha4YeHHS
JUTSL aroNITO3Y, BiH PETYIIOE Mepeaady ASsSKUX CHr-
HaiB. Yci iepeniueHi MOJIEKyISIpHI MOJIii € CKIIa10-
BUMHU YaCTUHAMH PO3BHUTKY CHCTeMHOI HaOyToi
pesucrenTHOCcTi (Systemic Acquired Resistance,
SAR) [15].

OTtxe, pociimHa pearye (GopmyBanHsMm PTI Ha
Oyab-sikuid maroreH. llaTtoreHu, siki BHKJIMKAIOTh
PTI, nasuBaroTh HeajmanToBanumMu. Ha HeamanToBa-
Hi MATOTCHU POCIIMHA pearye HecnenngiaHowo ado
TOPHU30HTAILHOKO CTIMKICTO. [laToreH Mae MOXJIH-
BiCTh 3]10JIaTU TaKy CTIHKICTb, TOMAI BiH OTPUMYE
cTaryc amanTtoBaHoro naroreny [1]. Jlis Toro mo6
o0iiitu cuctemu 3axucty pocnux PTI, aganToBani
MIATOTCHU CEKPETYIOTh BEIHKY KiTBKICTH MOJCKYII-
e(eKTopiB, SIKi CIPSIMOBYIOThCS 0 pocauHH [18].
Edextopu MoxyTh OyTH TO3aKIITHHHHMH, TOJI
BOHM IIPOCTO YHMKarOTh KOHTakTy 3 PRRs, He po3-
Mi3HAIOThCS 1 He BUKIIMKaTh PTI 3 00Ky pocnuau
Ha ajganToBaHuid 30ynHuK [19]. Ti edexropu, sxi
MOTPAIUIAIOTh 10 KIITHHU, MOXKYTh BIUIMBATH Ha
KOMITOHEHTH IMYHHOI CHCTEMHU POCIUHH, IOJIATH
IMYHITET 1 CHpHUSTH Bpa3IuBii peakiii. ko poc-
JIMHA Ma€ TeHU CTIMKOCTI 10 Takoro 30ynHHKa
1 TIPONYKTH TaKWUX TI'eHIB PO3Mi3HAIOTH €PEeKTOop,
pO3BUBAEThCA  e(peKTOp-acoliiioBaHUI  IMyHITET
(Effector Triggered Immunity, ETI) [20].

Jns opranizamii 3axucTy BiJ aAanTOBaHHX
MaTOTeHIB POCIMHU MalTh BHYTPIIIHBOKIIITHHHI
NOD-nozioHi peuentopu (Nod-like receptors, NLR)
3 HYKJIICOTHI-3B’I3yBaJbHUMH CaiiTaMu Ta Oararu-
MU Ha JIEUIIMHOBI OBTOpH foMeHaMu. Came i pe-
LENTOPH, SKIIO PO3IMI3HAITH €(PEKTOPHY MOJIEKYITY,
aKTUBYIOTH e(exTop-acomuiiioBanuii imyHitet (ETI),
SIKM{ € IPYTUM PiBHEM aKTHBHOTO 3aXHCTY POCIUH
micist PTI. Pesyneratom aktuBanii ETL, sk 1y pasi
Hecnerudivnoi cTiiikocTi, € 3amyck MAPK-kacka-
ny, Bukun ADK, migsumienns pigas Ca’' ta 3minn
ropmoHajgbHoro Qony [21,22]. OnHak iHimiamis
samycky ETI mae BucokocnenudiuyHuii xapakrep,
PO3BUBAETHLCS SIK pEaKIlis Ha aJIaTOBAHOTO 30y/IHU-
Ka 1 9aCTO CYNPOBOKYETHCS HATUYTIUBOIO BiIIO-
BIJITFO Ta IPOTPAMOBAHOI0 CMEPTIO KIIITHH Y MICITSIX
ypaxeHnHs. L{e nepemnrkomkae NOMMUPEHHIO 1HPEKITIT
M0 POCIIMHI, TOOTO BiIOYBAEThCS OOMEXKEHHS OCe-
penky ypaxkenHs [23].

['enn pocnuH, siKi 37aTHI 3a0e31eYyBaTH CIICIH-
(biyHMiA 3aXMCT Big OJHOTO 4u Oijblle MTamiB
MAaTOTeHy, HA3WBAIOTh TCHAMH PE3UCTCHTHOCTI

(R-renamu), ab0 reHaMH BEPTHKAIBHOI CTIHKOCTI.
Xoua He Bci NLR KomyioThcst R-reHamMH, yci BOHU
BIJIITParOTh POJIb Y CTIHKOCTI POCIIWH JI0 PUHAWMHI
OJTHOTO IATOI€HHOTO opraHismy [12].

TepMiHu «Hexa3sichbKa CTIHKICTB)» Ta «Xa3sichKa
CTIHKICTBY, SIKI 4acTO TPAIULIIOTHCSA B JIITEPATypi,
CaMOCTIIfHOTO 3HA4YEeHHS HE MaIOTh, iX 3aMIHIOIOTH
Ha TEPMIHU «CTIMKICTh JI0 HEaJalTOBaHUX 30yTHH-
KIB — HEXa3shChbKa», «CTIMKICTH /10 aJanTOBaHUX —
xazgiceKka». Hexassiicbka CTIMKICTE (QOpMyeThCs
POCIIMHOIO B Pe3yJIbTaTi KOHTAKTY 3 MPEACTaBHUKA-
MH BCBOTO PO3MAiTTs MiKpOOHHX 30y/THHKIB, SIKi Bpa-
JKArOTh POCIIMHY (HecrnenrgiyHa CTIHKICTB), 1 3a0e3-
HEeYyeThCsl BCIM CHEKTPOM MOJEKYJISIPHHUX IOJiH,
SIK1 BXKe 3rajiaHo Juis Hecrierudivaoi criiikocti. J{o
TOIO K TOJAETHLCS ITACUBHA CTIAKICTD.

XasglicbKa CTIMKICTh — 1€ CTIMKICTb 10 a1aIlTo-
BaHUX IaTOreHiB, 3abesmeuyerhest ETI 1 merkxo
JOTAETHCS 30YTHIKOM, IOHHO PELENTOP POCIHHU
nepecTae po3mizHaBaTH edekTop 30yaHuka. ToOTo
CTIMKICTB JI0 aJaNTOBAHNX 30yIHIKIB PO3BUBAETHCS
B pe3yabTaTi B3aeMOAil MPOAYKTIB TCHIB, OJIUH
3 SIKUX € YaCTHHOI0 TeHOMY POCIUHHM, a IHIIHH —
YaCTUHOIO TeHOMY 30y/nHUKa. SK eexTop, Tak i pe-
[ETITOP MOXYTh 3MIHUTHCS 3aBISIKU BiIOMUM T'eHeE-
TUYHUM MpolecaM, IO PO3LUIMPIOIOTH MiHIMBICTh
opraHiamy. Kpim TOro, 3MiHa MOXXE€ TOPKHYTHCS
CMIreHeTHYHOTO0 PIBHA pealizamii TI'eHeTHYHOI
iH(popMarrii, ToOTO peryssmii 1 excrpecii. B 060x
BUIQJIKAX BTPAYAETbCS MOXKIIMBICTh peakilii pos-
Mi3HaHHSA eeKkTopa 3 00Ky MPOIYKTY TeHa CTIHKOCTI
1 pOCIIMHA CTa€ BPa3IUBOIO.

Hexasstiicbka CTIMKICTB, SIK 1 Xa3sgichbKa, MOXKE
BUPAXKATHUCS SIK PEAKIis TIepUyTINBOCTI 3 (hopMy-
BaHHSAM oOcCepenKy amonto3dy. [Ipore BBakaroTh,
10 HAAYyTINBA BIIIOBIAb y PE3yNbTaTi peakxiii
Ha aJIarToBaHi rPUOHI ATOTeHH TPUBAE JIOBIIIE, HIXK
Ha HeazaanToBaHi [4]. Came Xxa3siicbka CTIWKICTh
KOHTPOJIOETECS  3AE0UTBIIOT0 B3a€EMOIEI0  «TCH
Ha TeH» MK R-TeHaMM Ta TeHAMH aBipyJIEHTHOCTI
NaToreHiB (4vr-reHaMu), siKi MPOAYyKYHOTh e(heKTo-
pu [1,24,25].

byoosa monekyn, ujo 6epymeo yuacmeo 6 opzami-
3ayii cmiiikocmi

Mousekyiu 3 60ky pocauHu. Ha cboroni onu-
CaHO TIPUHANMHI YOTHPH TUITH MOJICKYII, K1 OepyTh
y4acTb B OpraHizaliii CTIHKOCTI pOCIIMH uepe3 aKTH-
Barito mexaHismiB PTI/ETI. Monekysiu Tumy 1 BH-
KJIIMKAIOTh pacocnenugiuny cridikicts, ETI. Bonn
MPEJCTABIICH] BHYTPIIIHBOKIITHHHAMA IMYHHHMHA
peuentopamu. [To-niepie, e NOD-noaiOHi penen-
topu NLRS 3 meHTpalmbHUM HYKJICOTHI-3B’SI3Y-
BaJbHUM JIoMeHOM (central nucleotide-binding and
oligomerization domain, NOD) [5]. 3aiexHo
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BiJl CTPYKTypu N-KIHIISI PO3PI3HSIOTH PELEHTOPH
CNLs (31 cmipansauM gomenom coiled-coil, CC),
TNLs (3 Toll-omi6HMM iHTepIielikiH-1 N-KiHIIeBHM
JIOMEHOM) Ta 3 JoMeHOM RPW8 — nomenom cTiiiko-
cTi 10 6opomHUcTOT pocu 8 (Resistance to Powdery
Mildew 8). [pyruii crispHMN A BCIX TakUX pe-
nentopiB jomeH — LRR (Leucine Rich Repeat)
Ha C-kiHmi. baratuii Ha JCHIMHOBI 3aIMIIKH,
MIHJIMBHH, BIJINIOBIJIa€ 3a PO3IMI3HAHHS edeKTopa.
Hyxneotun-3’s3yBansai  gomenun  (Nucleotide
Binding, NB) pasom 3 gomenamu APAF-1
(Apoptotic Peptidase Activation Factor 1), R-ome-
Hamu Ta CED-4 nomenamu (Cell Death Protein 4)
¢dopmyrots ueHtpanbHuii  NB-ARC gomen 3
AT®-3B’s13yBanbHO0  akTUBHICTIO [26]. Ilicns
posmizHaHHS edekropa 3 6oky LRR konpopmaris
(docdar-3B’s3yBanbHOl  TeT1i  gjomeHny NB-ARC
3MiHIOeTECS, AJID  dochopunroetscst 1o ATO
Ta BinOyBaeThes aktusamis NLR [27]. [To-apyre,
ne Mosiekyau non-NLR, siki MicTATb TaHIeMm
JnoMeHiB kiHaza-miceBaokinaza (Tandem Kinase
Proteins, TKP) [25,28]. Taki 0inku KOAYIOThCA
reHaMHU CTIHKOCTI 70 OopomHuctoi pocu Pm24
Tta WTK4, TeHOM CTIHKOCTI 10 CTeOI0BOT ipKi AU-
MEHIO Rpgl Ta TeHOM CTIHKOCTI MIICHUII 10 KOB-
toi ipxi Yri5 [29,30].

Tunu iMyHHUX MOJieKyn 2—4 BuKiIHKawoTh PTI.
Bonu po3ni3Hat0Th MONEKYNSIPHI HACTIKH METa0o-
JIIYHOT aKTUBHOCTI MATOTeHY B POCIWHI 4epe3 pe-
nenropu PRRs [21]. [lo Mmonekyn Tumy 2 Hanexarsb
penenropornonioni kiHasu (RLKSs) ta penenTtopo-
noxi6Hi Oinku (RLPs). RLKs MicTsTh ekTomomMeH
(ECD), TpaHcMeMOpaHHHMI JTOMEH 1 IMTOIIa3Ma-
THYHHAKA KiHa3HUK aoMeH, a RLPs ocTaHHBOro m0-
MEHY HE MaioTh. EKTO/OMEH MICTHTh HU3KY JOMe-
HiB (LRR, lysine motifs (LysMs), JeKTHHOBHIA,
malectin-like, epidermal growth factor (EGF)-like),
sIKI BUKOHYIOTh (pyHKIII0 po3mizHaHHsS PAMP-mo-
JIEKYJT, 30KpeMa CTepOiiB, MENTUIIB, ToTicaxapu-
JiB, nminomnomnicaxapuis [31].

IMyHHI MOJIEKylH THIy 3 — IIe TPaHCIOPTHI
OiKH, JOKani30BaHi Ha MeMOpaHi. ['enu criiikocTi
o OopomrHucToi pocu Pm38 ta Pm46 KOIyOTh
came Taki Monekynu [86,87]. I'en Pm38 xomye TpaHc-
moprep aOCIU30BOT KUCJIOTH, 1 ii Tepepo3noii
y POCIMHHUX KJIITHHAX 3aBISKH TAKOMY TPaHCIIOP-
TEpy CHPHUSE CTIHKOCTI POCIIHH JIO PI3HUX ITaTOTCHIB
[32,33]. CriiixicTs, 0 GopMyeThCs 3aBISKU QyHK-
[IOHYBAaHHIO TaKWX TPAHCIOPTEPIB, K Oyab-siKa
CTIHKiCTh, O po3BuBaeThes sk PTI, € yacTkoBOIO
ab0 KUIBKICHOI Ha TPOTHBAry pacocrenugianii
cTiikocTi, o cynposomkye nusix ETI Bracmigok
HAsSBHOCTI IMyHHHX MoJieKyn Tumy 1. ['ooBHa me-
peBara Takoi 4acTKOBOi CTIMKOCTI MOJISITAE B TOMY,
oo BOHAa (OPMYETHCS OO IIHPOKOTO CIHEKTpa

30yIHUKIB 1 TOMY € BKpai 0a)KaHOO SIK TeHETUYHHUN
acmekT criiikocTi [5,32].

IMyHHEME MOJEKyTaMu THIY 4 BH3HAHO IIPO-
nyktu rediB Mlo ta Edrl. YacTkoBa Hepacocmelu-
(iyHa CTIHKICTB, 30KpeMa J0 OOpPONTHUCTOI POCH,
3a0e3nevy€eThesl PEleCHBHUMH aJesiMH BKa3aHUX
TeHiB 13 BTpatoto GyHkil [5,34,35]. MLO e Mem0-
pauuuM npoteinom [36]. Moro C-tepminanbmuii
JIOMEH BIJIMOBIJIA€ 32 3B’SI30K 13 KaJIbMOJIYJIIHOM,
3anexHuM Bin KarioniB Ca*". To6To Gimok 3aiis-
HUH y IEBHOMY 3araJbHOKITITHHHOMY CHTHAIBHOMY
HIISIXY, peai3allist IKOTO BUKOHY€ POJIb HETATUBHOTO
peryisTopa CTiikocTi 0 OopomrHucToi pocu [37].
Jlo Toro »x BuCyHyTO mpumymieHHs, mo MLO HeoO-
XIJHAW TS TPaBHIILHOTO T€HE3UCY BE3UKYII, HEOO-
X1IHOTO AJIsl YCHIIIHOTO maroreHesy [38].

EDRI1 (Enhanced Disease Resistancel), muro-
wta3matryHa kiHaza (MAPKKK), Takox € yuacHH-
KOM 3arajbHOKIIITUHHHUX CUTHAJIBHMX ILIAXiB [39].
B apabingoncucy ueit 6110k HeratuBHO peryitoe PTI
gepes MOAYJISAIII0 3 00Ky IMyHHOTO KOMITIIEKCY, aco-
uiioBanoro 3 RLP53 [38]. Kpim toro, EDR1 npsimo
3B’s13yeThest 3 PAD4 Ta EDS1, kommonentamu ETI,
iHTepdepytoun B Takuii crocid ixHio yuacts B ETI
1 3HWKYIOUH pe3UCTEeHTHICTD [40].

Mousekyu 3 60Ky 30ynHuka. Ponb edexropis
BUKOHYIOTh Ti MOJICKYJH IIaTOTECHY, SKi MPOIYKY-
I0ThCSI HAM, HAJICHJIAIOTHCS 10 POCIMHHOT KIITHHH
1 BIUIMBAIOTh HA OyI0BY Ta (PYHKIIT KIIITHHU-TOCIIO-
Japst TAKMM 4MHOM, 1100 YMOBH iCHYBaHHS Marore-
HY B If KIITHHI CTaJX OJbII TEPMECHBHUMU
quis maroreny [21]. Edexropu moainsiors Ha dak-
TOpU BIPYJICHTHOCTI W aBipyJeHTHOCTI. DakTopu
BIPYJACHTHOCTI TiJbKH CIPHUSIOTH PO3BUTKY iH(EK-
1ii, a pakTopu aBipyJICHTHOCTI (KOXYIOTHCSI TCHAMHU
Avr) 31aTHI 3alyckaTy IMyHHY BiAIIOBiJb TOCIOAA-
ps tuny ETI [41].

T'0JI0BHMMHM ITaTOT€HAMH POCIIUH € OAHOKJIITHH-
HI TpubH, oominetu Ta OGaktepii. [lepmmii ren Avr
Oyl0 CEKBEHOBAaHO B OakTepiaJbHOMY 30YyJHUKY
Pseudomonas syringae y 1980-x pokax [42]. [ns
371aKiB, IO KyJIBTHBYIOTHCSI, OCHOBHHUMHU XBOpoOa-
MU € ip)ka i OopormmHucTa poca. OOHUIBI BUKIIHKA-
I0TbCA ~ OoOmiraTHUMU ~ 6i0TpopHHUMH  rpudaMu
Puccinia graminis f. sp. tritici Ta Blumeria
(Erysiphe) graminis f. sp. tritici ta f. sp. hordei,
BignoBigHO [23,43]. Xowa iHTepec A0 NPUPOIU
e(hekTopiB 1UX MaToreHiB OyB BUCOKHIA, JOCTIIKY-
BaTH eekropu oOmiraTHux 0i0TpodiB HaI3BHYAN-
HO ckJyaaHo. Jluine 3aBAsSKU PO3POOICHHIO HOBUX
METOHIB T€HOMIKM 1 IE€HETMKH BHAJIOCH IOCATTU
BIZJUYTHHUX YCHIXiB y I[bOMYy Hamnpsimi. Byno inenru-
(bikoBaHO e(heKTOPH BKa3aHUX IPUOIB, CCKBEHOBAHO
BianoBiaHi renu [44-47]. Edexropu rpuOHUX naro-
TeHIB MalOTh TaKi XapaKTePUCTUKU: MAJUN PO3MIp
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(63-314 aMiHOKHCIIOTHUX 3aJIMIIKIB), HAasBHICTh
CUTHAJy CEeKpelii, BHUCOKHHA pIBEHb TOMOJIOTIi
JI0 OUIKIB raycTopidi Ta BHCOKHH BMICT ITUCTECiHY.
VY Mmexax reHa HasiBHI TIOBTOPH, JaBHO BHU3HAHI Ta-
PAYMMHU TOYKaMHU peKoMOiHOTeHe3y [48].

Haiixpame Ha cbOrogHI BHBYEHO e(heKTOpU
30ymHUKa OOpOIIHUCTOT POCH, SKUH Mae OJWH
13 HalOIIBIINX cepel T'PHUOHMX MAaTOrCHIB TEHOM
(150—180 MinbitOHIB Map, TPAHCIIO30HH CTAHOBIISAThH
6mu3pk0 90 % reromy) [49]. 844 renu i3 3arajabHOI
KinmpkocTi 8470 reHiB y reHomi B.g. triciti, ToOTO
10 %, xoayroTh epexropu. Mix eQeKTop-KoayBaib-
HMMH TIe€HaMM MDKIEHHI JIJISHKH OUIBII, HIXK
MiX IeHaMH, OIJIKOBi MPOAYKTU SIKUX MAIOTh iHIIE
(dbyHKIIOHAEHE TIpU3HaueHHs. J[o Toro  1i reHu
YaCTO PO3TAIIOBAHI B KJIACTEPax, OaraTux Ha rapsdi
TOYKH peKOMOIHaIIi1, IKI MAIOTh, SIK BIJIOMO, BUCOKHIA
PEKOMOIHOTEeHHUH (MyTareHHuid) moTeHuian [47],
JOKEpEJIo TeHeTHYHOTO TotiMopdizmy. Hapasi cexBe-
HOBAaHO e(eKTOP-KOAYyBaJbHI T€HH OOPOIIHUCTOI
pocu: AvrPmla [50], AvrPm2 [49], AvrPm37,
AviPm3% AyrPm3® [14] Ta SwrPm3“/" [51].
AvrPma Mae BUCOKUI piBEHb TOMOJIOTIT 3 AvrPm2,
AviPm3%”2, AvrPm3%%* ta AvrPm3® [46,47]. dnsa
BCIX MPOAYKTIB [UX T€HIB XapaKTepHa CHUTHAJbHA
nochigoBHicTh, Y/FXxC-motuB Ha N-KiHIII Ta OAUH
KOHCEPBATUBHUI I[UCTCTHOBUU 3aJMIIOK  OLIA
C-xinng. Ha N-kiHII BOHM MAarOTh TakKOX OIHY
a-cripaib Ta Tpu abo votupu B-muctu. AvrPmla
€ OLIBIIMM 33 PO3MIpPOM Ta Mae€ JIPYyTy O-CIipajb.
AvrPm3*¥? cxnanaetses 31 130 aMiHOKHCIOTHUX
3aJIMIIKIB, 30kpeMa Y XC-MOTHBY Ta APYroro 1ucTe-
fHoBoro samumky Ha C-kimmi. SvrPm3*f! mpurui-
4qye pO3Mi3HABaHHS NPOAYKTIB reHiB AvrPm3 Bigmo-
BiTHUMH perentopaMu rocromapst. [Ipomykr mporo
reHa Mae puOOHYKJIea3Hy akTHBHICTH [24,50,52].

[IpomyKTH TeHIB aBipyJIeHTHOCTI Avr BBXKAIOTh
TOJIOBHUMH JICTEPMiHAHTAMH B3a€MOJIT MiXkK POCIH-
HOIO-TOCIIOZIapeM 1 TpHOOM, 110 BUKJIMKA€E OOpOII-
HHUCTY pocy. Ix 06’ennyrots y rpyny Candidate
Secreted Effector Proteins (CSEPs) [53]. Edbexropu
CEKPeTYIOThCS Kpi3bh CHIOIUIA3MAaTUYHUN PETHKY-
nyM rpuba. Jlesiki 3 HUX 3aJIHIIAaIThCs B POCITUHHO-
My amnoIuIacTi, IHII BXOIATH 10 POCIMHHOI KIIITHHA
1 CIIPSIMOBYIOTBCS /IO KJIITHHHUX OpraHell, 30KpeMa
Jo siapa [54]. Bijaku 3 BHCOKOK KOHIICHTPAII€I0
B 130JIbOBAaHHUX TayCTOPISIX YTBOPIOKTH TPYIy
Blumeria Effector Candidate (BEC) [55]. 3a nanu-
MU [56], Habopu CSEPs ta BECs Maiike MOBHICTIO
MEPEKPUBAIOTHCSI.

Cepen reni, mo konytotb CSEPs, Ha choromHi
BHOKPEMJIIOIOTH JBI Tpynu. [lo mepiioi Hamexarsb
rerd, ski koxyroTh PHKazamonioni edexropu
(RNase-like Effectors) [57], ski 3B’sI3yl0ThCS
3 imMyHHuMH penentopamu  NLR  [14,49,58].

YV reHomi Bgt Bxe 17ICHTH(DIKOBAHO ITOHAJT CTO TAKUX
reHiB [46,49,50,57,59]. fx npuxman MoxxHa HaBe-
et ren AvrPm?2 [49]. Horo mpoaykt Mae IuCyiIh-
(hiaHMI MiCTOK Mi’K KOHCEPBAaTUBHUMU ITCTETHAMH,
KOHCepBaTUBHUH Y (X)XC-MOTHB Ta MOTHB 3 apTiHi-
Hy, HEKOHCEPBaTMBHOTO 3alHUIIKY, (eHITaTaHiHy
a00 TUPO3UHY Ta NpoitiHy [49]. I'enu apyroi rpynu
KOAYIOTh OUIKH, SIKI MICTSIThH JIiMiJg-pO3Mi3HaBaIb-
HUH JIOMEH 31 CTPYKTYPHOIO TOMOJIOTi€r0 1o MD2-
related lipid-recognition (ML) domain, e ML-like
CSEPs [60]. ITpoTeinu 3 TakuM JTOMEHOM 3a3BUYail
OepyTb y4acTh y perynsiii Meta®omi3my JMmiaiB i,
SIK CTaJIO BIZIOMO, JIFOTh SIK KO(GAKTOpH B TpoIrieci
PO3Mi3HAHHA MAaTOT€H-acOI[IHOBaHUX JIMIIB Ta Te-
PEHECEHHS iX Kpi3b KIITHHHY MeMOpany [61].

'V 30y1HMKa OOPOIITHUCTOT POCH STUMEHI0, Blumeria
graminis f. sp. hordei (Bgh), epexropu Avr®!® a Avr*!
MalOTh HEXapaKTepHy A1 aBipYJICHTHHUX OLIKiB Oyro-
BY 4epe3 BIICYTHICTh CHUTHAJIBHUX IMOCITIIOBHOCTCH.
I'enn 1mmx edekropiB moxomsate Big LINE-perpo-
Tpancno3oHiB (Long Interspersed Nurclear Elements).
3 aBox mputamaHHux reHomy LINE-Tpancmosonis
BIJIKDUTHX pAMOK 34MTYBaHHs Jist TeHiB Avr!’ ta Avi*!
BUKOPHUCTAHO JIMIIIE MEPIIY, 110 KOAY€E TPAHCIIO3a3y.
Te, 0 IOCITITOBHICTH JBOX T€HIB AVr Pi3HA, CBITINTH,
mo BoHM moxoaaTh Big LINEs pisaux pomun [S1].
Llum BUpa3HO MiAKPECIIOETHCS 3HAYCHHS PETPO-
TPAHCTIO30HIB [T 301IbIICHHS TeHETHYHOTO OJIIMOP-
(bi3My TeHOMY ToCTIONapsI.

Jleski 6akrepianbHi eekTopu (PYHKIIIOHYIOTh K
TpaHCKpHUIIIIiiHI (pakropu. Bonn Hanexars 10 TAL
(Transcription Activator-Like) poaurm Ta MaroTh
koHcepBaTuBHUN TeHTpanbauil JIHK-3B’s3yBaib-
HUH JIOMEH i3 TaHJEMHUX TOBTOPiB y 34 aMiHOKHC-
moTH [62].

TounHwmii MexaHi3M JOCTaBKU e(eKTopiB 110 armo-
TUTACTY YW POCIUHHHX KIITHH J0CI HE BIJIOMMIA,
X04Ya JaBHO BCTAHOBJICHO, IO JJIS LbOTO ITaTOTeH
BUKOPHUCTOBYE TaycTopii abo ampecopu. MoXIHBO,
MIPOMOTOPOM TIEPEHECEHHSI e(EeKTOpiB Kpi3b KIli-
THHHY MeMOpaHy € KOHCEpBaTHBHA TOCIIIOBHICTb
HRxxH, sixa BxoauTs 10 cknaay 6inkis [51].

CHKBEHC TeHOMIB 30y/THUKIB OOPOIITHUCTOI pOCH
MIICHUI Ta SYMEHIO BUSBUB OJIHE U Te came: pe-
JIYKI[iF0 TEHHOTO BMICTY T€HOMIB TIOPIBHSIHO 3 HEOO-
JiraTHUMH OioTpodaMu cepes] aCKOMIIETIB Ta eKc-
MaHCiF0 HaOOpIB TeHIB, SIKI KOAYIOTh MOXKIIUBI
edexropu [53,63]. Cepen ycix 10ci CHKBEHOBaHUX
e(ekTopiB CHUIBHUM I BCIX € JIMIIE CHTHAI
qutst cexpenii [14,49-52]. Kpim HBOTO, OiNKH-edeK-
TOPH MAKOTh MAJIO PUC TOAIOHOCTI, TIOKH 110 3Haiiie-
HO JuIe ojuH criibHuil MotuB, YXC [64]. Ile mix-
TBEPIPKYE MPHITYIICHHS, 110 OUTKU-e(DEKTOPH MAIOTh
cepe/l POCIMHHMX OUIKIB Pi3HI 1Tl B3aEMOMil Ta
K edeKTopu peanizyroTh pi3Hi (yHKIT [63,64].
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3HauHUi MOMIMOP(}I3M TEHHHX TOCIIIOBHOCTEH
CIIOCTEpIraeThCsl HaBITH Ha MOMYNAIIHHOMY piBHI,
0 MPSIMO BKa3y€e Ha HE3aJIC)KHY EBOJIOIIIO PiI3HUX
aneniB e()eKTOPHUX T'EHIB 13 3aCTOCYBAHHIM Pi3HHX
MOJIEKYJISIpHUX MexaHi3MmiB [ 14,50,52,59,65,66].

B3aemooin zenie ons opeanizauii cminikocmi

B3aemonist reniB pocjuHu i naroreny. Po3su-
TOK Oy/Ib-SIKOT CTIMKOCTI JIO TATOTSHY 3aBXK/IH Bi10Y-
BAa€ThCS SIK PE3yJbTaT B3a€MOJil KIIBKOX TEHIiB
Ha piBHI ixHIX mponykTiB. [lepemoBciM ineTbes
PO MIKOPTaHi3MOBY B3a€EMOJIiI0 T€HIB, KOJIW OAMH
TeH 13 mapu nepeOyBae B TEHOMI POCIHHH, a Jpy-
TUI — y TeHOMi1 30yHHKA.

VY  kiacwuHid, 3amponoHoBaHid [apoibaom
®ropom mie B 1940-Bi poku, MOJIENi «T'€H HA TEHY,
sIKa OTHICY€ B3aEMOJIIIO POCIIMHH Ta TIaTOTEHY, peak-
isl CTIHKOCTI € HACHIAKOM pO3Mi3HaHHS eeKTopa
naToreHy perentopom rocroaaps [67]. I xoua aneni
R (peuenrtop po3mizHae edekrop) Ta Avr (edexTop
PO3MI3HAETHCS PEIENITOPOM) € TOMIHAHTHUMHU, B3a-
€MOJIisl POCJIMHA—TIATOIeH 32 YMOBH € TePO3UTOTHO-
CT1 OpPTaHi3MiB 3a IIUMH T'€HAMH JIa€ OJUH BUIIAJIOK
CTIMKOCTI Ha TPU BHUMAAKH TyTIHBOCTi, TOMY IO
CTIMKICTh PO3BHBAETHCS TUIBKH Y pa3i MOEIHAHHS
MPOAYKTIB anemniB R Ta Avr. A TpH iHILI TOE€THAHHS
aneniB (R-avr, r-Avr, r-avr) BUKIMKAIOTh PEAKIIiO
Yy TIUBOCTI.

lNnmoTe3a dopa «reH Ha TeH» omnucyBayia Oe3-
MOCEPETHIO B3a€MOJII0 MK MPOJYKTaMH POCINH-
HOTO Ta MIKpOOHOTO TEHIB: JIIraH/I, SKUH € TPOIYK-
TOM TeHa Avr, TPUETHYETbCA JO pELENTopa,
MIPOIYKTY TeHa R, y pe3ylbTaTi 90ro PO3BUBAETHCS
peakuisi criifkocTi. Taky CTiliKicTh Oys10 yCHIIIHO
OITMCAHO JIJIsI IECATKIB IMap rocrofap—IiaTorex, 0coo-
JIUBO KOJMU 30yIHUKOM € TpubH, mepeBaxkHO Oio-
tpodHi [68]. Ha Mexi XX—XXI cToniTh 3’ sBUIHCS
OLTBII CKJIAJHI MOJENI B3a€MOil T€HIB POCIUHU
1 30yHHKA: MOJIENTb «OXOpOHI» (guard) i Mojeb
«ynosmoBauay (decoy). Moaenb «OXOpOHIIsD OIMH-
Cy€ MeXaHi3M HeNpsMOTo PO3Ii3HaBaHHS e(heKTOPIB
npoaykramu R-reHiB. ToOTO po3mi3HaeThCS HE caM
e(ekTop, a NPOAYKT HOro GyHKIIOHYBaHHS. Y poJi
«OXOPOHIIS» TOCTae MpoaykT reHa R [68]. Edex-
TUBHICTh I1i€] MOJIENII MOPIBHSHO 3 TONEPEIHBOIO
BUABIISIETHCA Y ABOX acnekrax. Ilo-nepuie, nponyxr
reHa R MOKe pO3IMi3HaBaTH Pi3HI 1M (MOJEKYIH),
32 YMOBH, 1[0 BOHHU € MPOAYKTaMH (DyHKIIOHYyBaHHS
e(ekropa. Ilo-apyre, 3miHa epeKTOP-KOIYBaTBHOI
MOCJIIJTOBHOCTI BHACIIIJIOK MyTallii, Ika He PU3BO-
JIUTH JI0 BTpaTH (DyHKIIOHAIBHOT aKTUBHOCTI e(ek-
TOpa, He € e()EKTHUBHOIO 110JI0 BTPATH KOMILIEMEH-
TapHOCTI J10 eeKTOpa NPOAYKTY T'eHa R, TOMY IO
PO3MI3HAETECST HE NMPOAYKT reHa Avr (edexropa),
a TPOIYKTH HOro (yHKIiOHYyBaHHsA. Hanpukmnan,

eexrop Pseudomonas syringae AvrPphB € 611koM
13 MMPOTEa3HO aKTUBHICTIO. BiH posmiemntoe mpo-
teinkinazy PBSI Arabidopsis thaliana, roctionapst
JUTSE IIbOTO TaToreny. [IpoaykT rena criiikocti RPSY,
utst sikoro AvrPphB e edektopom, po3mizHae po3-
IICTUICHHs] MPOTETHKIHA3HM, a HE CaMy MOJIEKYIy
eekropa. To6TO ehekTop MOXKE 3MIHUTHUCS BHACITI-
JIOK sIKOich MyTallil, OJJHAK, SKIIO MpoTeas3a 3aiu-
MIATECS (PYHKIIOHAIBEHO CHPOMOYKHOIO, TMPOIYKTH
il misapHOCTI OyIyTh PO3Mi3HAHI MPOIYKTOM IeHa
CTIHKOCTI 1 CHCTEMH 3aXHCTy aKTUBYIOThCS [69].

Mopeib «yIIoBIIIOBaYay MOJIArae B TOMY, IO ITPO-
IYKT TeHa Avr ctae e)eKTOpoM JIHMIIe B TOMY pasi,
SIKIIIO POCIIMHA-TOCIIONAP Ma€ TeH R 1 TPaHCIIIOE TIPo-
IykT R jist posmizHanHs edekropa [70]. Edexrop
3B’SI3y€ThCS 3 HEMPSIMOIO IUIII0, TOOTO HE 3 MPO/YK-
ToM reHa R. SIkio rena R B TeHOMI HEMAe, Take 3B s-
3yBaHHS HE IHINIIOE IMyHHY peakmito. SIKio reH R e,
3B’SI3yBaHHA €(QEKTOpa 3 YIOBIIOBAYEM aKTHBYE
MIPOZTYKT T'e€HA CTIHKOCTI 1 pO3BUBA€ETHCS IMyHHA peaK-
wist [71]. [izHimre Oys10 3arpornoHOBaHO IHTETPOBaHY
MOJIETIb «YJIOBIIIOBaYay», sika JeTajbHO IOSCHIOBAJIA
pOJIb KOXKHOTO ii KOMITOHEHTa 0e3 BBEJCHHSI B Hel
HOBHUX TpaBiiiB [72,73].

BcranoBneHHsT MONEKYISIPHOI KAPTUHHU PO3BUT-
Ky peakIiii CTIMKOCTi 1 po3aiieHHs i Ha Hexassii-
CBKY Ta Xa3sHCHKY CIIOYaTKy BHIUIAJIO JIBA €TAIH
YTBOpPEHHsI iMyHITeTy: cmodatky PTI 3a paxyHox
PAMP (a60 MAMP, a6o DAMP), notim ETI, sikiio
3anmy4aetbesi edexrop [74]. Lli eTanu TimbKu crio-
Yarky po3NIAJaINA SK OUTBII-MEHII CaMOCTiHHI
i mocmigoBHi. 3’sCyBaHHS MOJEKYISIPHUX MpOIle-
CiB, sKi 3a0e3MeuyroTh (OPMYBaHHs JBOX €TaIliB
IMYHITETy, OJpa3y BHUSIBWIO B3a€MOIPOHUKHICTDH
ux nporecis s peanizanii PTI ta ETI. TTonans-
MU KPOK Yy PO3YMIHHI MOJEKYJSIPHOI KapTHHH
PO3BUTKY IMYHITETY — KOHCTATAIlisl TOTO, IO PO3Ii-
nenns imyHitery Ha PTI Ta ETI He € ctporum, etanu
nepeTuHarThes [75,76]. Lg B3aemois cTajia 0CHO-
BOIO IS CTBOPEHHS IIUPOKO B1IOMOT MOJIENI «Zig-
7ag-7zigy», sSiKa OMKCYyBaJla PO3BUTOK CTIHKOCTI B UO-
tupu daszu [21]: 1 — pocnuna peanizye PTI uepes
PRRs; 2 — sKIOI0 maTtoreH MoXKe KOAYBaTH CICHH-
¢iunnii edexrop, maroren momae PTI; 3 — sxmio
eekTop PO3IMI3HAETHCS POCIUHHUMH  OlITKaMHU
NLR, aktuByetscst ETI, sika Ha KIITHHHO-MOJIEKY-
JISIPHOMY PIiBHI pO3MIAJA€ThCSA K aMIutiikoBaHa
Bepcist PTI, sika mpu3BoauTh 10 peakiii rinepayT-
JIUBOCTI 3 OOKY YpaKeHHX KIIITHH; 4 — cepesl po3Ma-
TTS pac maToreHy HOOUpPAIOThCA TaKi, SIKi HE KOIy-
I0Th CHeNU(BIYHUNA PEeenTop, 1 CTIHKICTh POCITHHA
3HOBY MOXKe 3a0e3neuyBatucs nuie Ha piBHi PTL
JloGip crocyeTbess Takox anenmiB NLR-TeHIB JUIs
30epeKeHHST B MOMYJSAIIl TaKUX, SIKi PO3Mi3HAIOTH
HOBHI eekTop.
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PTI (MTI) ta ETI MmicTsath 6araro CrijibHUX KOM-
noHeHTiB [74]. Tomy Ha 3amiHy zig-zag-zig-mMofeni
Oyno c(hopMOBaHO OUTBII IHTETPOBAHY MOJIEIb,
invasion model. ¥V wiii Mozxen nepeMEeHOBYIOTHCS
rpagi, 1 Bxe depes e Mmexi misk PTI ta ETI ctupa-
10ThCsl. IMyHOTeHHI MOJIEKy/H, e(heKTOpH Ta eliciTo-
pu MAMPs, sKi CTBOPIOIOTH KapTHHY 1HBa3ii
(invasion patterns), HasuBaroTh [Ps. Momnekymnu,
skl po3mizHatoTh IPs, HaszBaHo IP-penentopamu
(IPRs). B3aemogist IPs ta IPRs npusBoauts 10 ¢op-
myBanHst IPTR (IP-triggered response, IPTR) [75].

Komnu B pyku HOCHIAHUKIB MOTPANUIN PE3yIib-
TaTH CCKBEHYBAHHS YHCICHHUX T'€HOMIB POCIHH,
Oyno copMoBaHO HalCydacHIilly MOJENIb — MO-
nenb aiicoepra (iceberg model). Xova, Ha Hamny
JTYMKY, 1[I0 MOJeNb C()OPMOBAHO TPOILIKH B IHIIIi
MJIOMIMHI 1 BOHA HE 3aMiHsIE MMOMEPEIHIO MOICIb.
3a mojemnto aiicOepra MOJISKYJISIpHI YMOBH, 3a
SIKHMH PO3BUBA€ETHCS CTIMKICTh a00 YyTIUBICTH
pociuHH, MOHITOpATHCS 3 00Ky NLRs 1 BcTaHOB-
JIIOEThCS TICBHA PIBHOBara MiK MOJICKYJISIPHUMH
TPaBISIMU 11010 MOXJIMBOCTI 3a0€3M1EYUTH 3aXHUCT
POCIHMHM Bijl maroreHy abo 3ajuIIMTH il 4yTiIu-
Boto. Llux MoOJeKyn — y4acHUKIB MpOIECy 3aXH-
CTy — 0arato, BOHU CTaHOBJISITh O1JIbIITY, HEBHIUMY
4yacTUHY aiicOepra. YacTnHa € HEBUIUMOIO, TOMY
0 MM He 0a4uMO Pe3yJIbTary — CTIHKICTh/qy TIIH-
BicTb. Pe3ynbTar BM3Hauae MEHIA 4acTUHA alic-
Oepra, sika CKJIaJa€ThCS 3 MOJICKYJ, MK SKUMH
piBHOBara He BCTAHOBIIOETHCS. 3aJIE€KHO BiJl KOH-
KPETHOTO CKJIaJy MOXKE PO3BUHYTHCS peakilis abo
3axucTy, abo uyTnmuBocTi. BaxknuBo Te, mo pe-
3yABTAT «CTIMKICTBY» MOKE BU3HAYATHUCS TPOIYK-
TaMu OfHi€el-equHOI mapu edexTop-penentop
(BepTHKabHA CTIWKICTD, sikicHa). Taki mapu Ha3u-
BalOTh 1HTEPAKTUBHUMHU OJUHULSAMH, a00 OJMHHU-
nsMu B3aemonii (interaction units) [77]. 3BicHo,
JUIs Oprasizamii CTIMKOCTI IIMPOKOTO CIEKTpa
ACOPTHMEHT KPUTHIHHUX MOJICKYJ PO3IIUPIOETHCS,
OJIMHUIb B3a€MOJii cTae Oiblie, MPOTe CIEeLHu-
(biuHICTh B3a€EMOJIiT BTPAYAETHCS 1 PEe3yIIbTAT KiJlb-
KICHO BHpa)keHHil ciabure (Topu3oHTalbHA CTii-
KICTh, KIJIbKICHA).

CydacHe YyCKIaJHEHHsS MOl «TreH-Ha-TeH»
BiJIOyBA€ThCSl HE JIMIIE Yepe3 Te, IO y B3aeMOIil
3 0OKy pociauHH OepyTh y4acThb KiJibKa I'€HIB 3a-
MICTh OJHOTO. 3’SCOBaHO, MO0 3 OOKy IaTOTeHY
KUIBKICTB I'€HIB, 3aIy4eHHX A0 peani3alii BipyaeHT-
HOCTI, TAKO’K HE OOMEXYEThCS OTHAM TSl KOHKPET-
HOTO BHIAJKy Trocropap—maroreH. B oGmiratHomy
0iotpodoBi Blumeria graminis ineHTH()IKOBAHO
T€HH-CYNIPECOPHU aBipyJIeHTHOCTI, SvrPm. IIpoxykT
TaKUX TCHIB CYNPECYIOTh PO3II3HAHHS crienugid-
HOro edexTopa 3 00Ky BiAMOBIAHOTO F'eHa CTIHKOCTI
pociuan. CTIHKICT J0 TATOTCHY pPO3BUBAETHCS

JIIIE 32 HAsIBHOCTI PEIICCHBHOTO AJIENS CYIPecop-
Horo reHa [51].

B3aemonist pociiunHux reiB. TpuBanwmii me-
pion yacy oOroBOpeHHsS MUTAHHS NPO B3AEMOIII0
TEeHIB Y pa3i po3ropTaHHs IMyHHOT BIJTOBII POCITH-
HU HA TPOHUKIUN 10 HEl MaTOreH CTOCYBAJIOCH
JIMIIE B3a€MOJIIT MK TeHAMH POCJIMHY 1 TeHAMH Ta-
TOoreHy. PerenbHe BUBYEHHS BCHOTO PO3MAITTS POC-
JIUHHHUX IMYHHHUX PELENTOPIB, SKE CIIOCTEPIraeThCs
ocTtanHi 20 pokiB, BUBEJIO HA MEPIINIA IIJIaH B3aEMO-
JIIF0 came POCITMHHUX TeHIB MK COOO0 JIJIsl OpraHi-
3arii iIMyHHOT BilMOBI .

Criouarky Oyno BcTaHoBieHO, 1o NLR-komy-
BaJIbHi F€HU € HAWOUTBII YHCICHHUMH 1 PI3HOMAHIT-
HUMH B reHoMi pociuH [79,80]. Jlami Oyio 3’scoBa-
HO, 1110 cepen mpoaykTiB PRRs € penentoponoaioni
kinasu RLK Tta penentopornonioni mporeinn RLP.
OctanHi Ha BiAMiHY Bil MEPIINX MOXYTh TIJIBKH
posmizHatn PAMP, a mns nepemadi curHany nami
JUTSL aKTUBAIi1 HEOOX1THOTO CUTHAIBHOTO LUIAXY 1M
notpideH Oiok-nocepeHuk. ToOTO CTPyKTypa Mo-
nexynu RLP pobuts 11 yHKIIOHANBHO 3aJIEXKHOI0
BiJl IHIIIOTO O1JIKA 1 3MYIIIY€E MPALIOBATH Y B3aEMOJIIT
3 HuM [81]. IuTomnazmaruyHi iMyHHI peLenTopH
NLR stk My/TbTHIOMEHH1 OUTKH TIOXO/ISITh, SIK TIPHUITYC-
KalOTh, BiJl OJHOJAOMEHHMX DPELENTOPiB MOBEPXHI
KIIITHH 13 PO3ITi3HABAJIBHUM JIOMCHOM Ta BHYTPIIII-
HBOKJIITUHHHUX PELENTOpPIB i3 calfT-3B’S3yBalbHUM
noMeHoM NB Ta crenudiuanM N-KiHIEM, SKHHA
crienianizyerbcsl Ha nepenayi curnaiy [82]. Takum
YUHOM MYyJbTHAOMEHHI penentopu NLR cramm
(yHKITIOHAIBHO CIIPOMOXKHUMU AJISL peastizarii 3a-
XHUCTY y BIJIMOBI/Ib HA IPOHUKHEHHS NAaTOTreHy abo
foro e(hekTopiB BCEpEUHY KIIITHHU.

Hapermri Oyiio BHUSIBIIEHO, IO TUTBKH YacTHHA pe-
nenTtopiB NLR mpaIroroTs siK iHIUBIyaIbHi TeHETHY-
Hi Ta (QyHKIIOHANBHI OMUHUIN. ['eHH, SKI KOMYyHOTh
TaKi peLenTopy, Ha3uBaroTh «singleton» [83]. Jlobpe
BHBYEHMM TIpUKIIaAoM Takoro perentopa € CC-NLRs
ZAR1 B apabinorncucy [84] Ta Sr35 [85] y nieHwIr.
ZAR1 po3mizHae BiANOBIIHI €PEKTOPH 32 MOJIEIUTIO
«OXOpOHEIb» ab0 «BIOBIIOBAY» 13 BUKOPHCTAHHIM
sk penentopa RLCKs (Receptor-like cytoplasmic
kinases) [86]. binbIua » yacTHHa IMyHHHUX PELIENTOPIB
yTBOprOE (DYHKITIOHAIBHY TIapy ceHcop (sensor NLR,
Bi/IUyBa€ HasBHICTH MaroreHy) — BukoHasens (helper
NLR, peanidye CUTHAJIIOBaHHS Ui IHILIFOBAHHS
iMmyHHOI peakuii). Hampuknan, mis rpubHOTO 3aXBO-
proBanHs pucy (30ymHuk Magnaporthe oryzae) Pik-1
€ cercopom, Pik-2 — xemmepom [87].

KpiM JTBOKOMIIOHEHTHHX (OIMH CEHCOP — OIUH
XeNIep) acowialiif, iCHyrTh 0araTOKOMIIOHEHTHI
acorianii (networks) pi3HMX THIIB: 0araTo-oIuH,
oJMH-0araTo, Jie Ha MEepUIOMY MICIli CTOITh CEHCOp,
Ha ipyromy — xenrep [88-90].
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[puxsag MHOKIHE CEHCOPIB TSI OJHOTO XeNepa
ormmmcano st Solanaceae: NLR-xenmep aktuByeThes,
SIKIIIO OTPUMAE CUTHAN Bifl acoIiallii KiTbKOX CEHCOp-
Hux NLRs Ta 111e 0JHOro nmoBepxXHEBOrO perenTopa.
Po3BuBaeThCSl IMyHHa peakilis IIUPOKOTO CIHEKTpa
Ha TpudH, OOMILeTH, BipycH Ta OakTepii, HeMarToq
1 komax [88,91]. IIpotunexxHa cutyartisi: NLR-ceHcop
riepe/iae CUrHAI JIMIIE 32 YMOBH 00’ €THAHHSI KIJTbKOX
xemmepiB. lle mokazaHo s apaGimoricucy Ta
Nicotiana benthamiana [92-94]. BcraHosieHo, 1110
NLRs B akTHBHOMY 1 HCAKTUBHOMY CTaHi repeOyBa-
I0Tb y PI3HIM BHYTPIIIHBOKIITHHHINA JOKaTi3aIii
[95,96], TOMy IO BiJl IIbOTO 3JICIKHUTh TXHS MOXKIIU-
BICTh KOHTAKTYBAaTH SIK 3 €()eKTOPOM 30yIHHKA, TaK i
3 JIOTIOMDKHHMH MOJIEKYJIaMH («OXOPOHEIIBY, «yIIOB-
nroBawy) rocriopaps [97-99]. ba Giiblie, 3MiHa JI0Ka-
Ji3amnii 3 MUATOIUIa3MaTHYHOT Ha MeMOpaHO-acoIliio-
BaHy XapaKTepHa TAKOX 1 IS MOOANHOKHUX (singleton)
NLRs, ToMy Taky 3MiHy BHYTPIITHBOKJIITHHHOT JIOKa-
mizarii NLRs posmisigatoTs Temep sk iXHIO CyTTEBY
ocoonusicts [100].

AxTHBOBaHI edekTopaMu (IpsSiMa aKTHBALlis)
a00 MpoAyKTaMH iXHBOTO (DYHKITIOHYBaHHS (HENPsI-
Ma aktuBaris) NLRs oniromepusyorscst i 6epyTh
YYacTh y CTBOPEHHI BEJHKHX MMPOTEIHOBHUX KOMII-
JIEKCIB, SIKi Y POCIIMH Ha3WBAaOTh PE3UCTOCOMAMHU
[84,101-103]. Oniromepu3ariisi OrrocepeKOBYEThCS
NOD-gomenamu micns akTuBanii penentopis. Ha-
pasi 3aJI0KyMEeHTOBaHO (hOpPMYBaHHS IMEHTAMEPHUX
pesuctocom 3a ydactio CNL [85] Ta TeTpamepHux
pesucrocom 3a yuactio TNL [104]. Sxmo NLRs
JUIOTh TIAPOI0 CEHCOpP—XEJIep, B yTBOPEHHI pe3u-
CTOCOMH OepyTh ydacTb 1 ceHcop, 1 xenmep [102].
dopMmyeTbesl TyHENENoAiOHa CTPYKTYpa, siKa mepe-
MIIIYEThCS Ha TUTa3MaTHYHY MeMOpaHy, iHTerpye
B Hel Ta (ynkuionye sk Ca?'-MpOHUKIMN KaHa,
yepes KA HOHM KaJbIF0 HAJAXOAATH IO KIITHHH.
Toxi mounHA€ETHCS PO3BUTOK TiMEPUYyTINBOT peaxiii
1 cMepTh KIiTHHH. Y pasi penentopiB TNL terpa-
Mepu3allist TNPUBOAUTH 10 (OPMYBaHHS JIBOX
aktuBHUX calTiB y TIR-gomenax TNL-pe3ucroco-
mi [104,105], sxi airoTh gk ronodepmenta NADasu
1 Karaji3yloTh MPOAYKYBaHHS BTOPUHHHX MECCH-
mkepiB, pRib-AMP/ADP Ta di-ADPR/ADPr-ATP.
UYepes geski MPOMIKHI MOJICKYIIH JTisk TETpaMepHOL
PE3MCTOCOMHU BCE OJJHO 3aBEPLIYETHCS aKTHBYBaH-
HAM KajbllieBux KkaHaniB [102]. Pesucrocomu

(hopmyroTbes He nume Ha nuisaxy ETL, a i Ha nuisxy
PTI [106]. PizHuis Mi>k UMY piBHAMH (OPMYBAHHSI
IMYHITETY BUSIBIISIETHCS HA PIBHI Jii PE3UCTOCOM.

BucHoBkH

1. CTiHKiCTh POCIIHH 10 MATOTeHiB OyBae MacUB-
HOIO Ta aKTUBHOIO. Hexassiichka akTHBHA CTIHKICTH
(hopMy€eThCsI 10 IIMPOKOTO CHIEKTpa 30YTHHKIB, 5K €
HEaJaNTOBaHUMU TaTOTeHaMM. Xas3siChbKa aKTUBHA
CTIMKICTh PO3BUBAETHCS JI0 aJalITOBAHUX MATOTCHIB,
il Ha3uBarOTh pacocnenudivnoro. [TopiBHIHO 3 Hexa-
3AHCBKOIO CTIMKICTIO A€ O1IbII BUPA3HUIl 3aXUCHUH
e(eKT, ajie JIErKO JOTAETHCS MAaTOTeHOM 3aBIISKH J10-
60py BIpYJICHTHHUX pac MaToreHy.

2. PocnvHHMN IMyHITET pealli3yeThCsi y JiBa
eranu (piBHi). Ilepumii piBens, PTE, nepenbauae
posmi3HaBanHs PAMPs, mo cTBoproeThcs Heaaan-
TOBaHMMH MATOTEHAMU, 3 OOKY POCIUHHUX peIer-
topiB PRRs. Ile iHiIit0€ MOJEKYISpHI MPOIECH,
gkl 3abe3neuyroTh CTilikicTe pocamau: MAPK-
kackan, Bukuy Ca>” ta AOK.

3. AnanToBaHi MATOT€HW HAJCHIIAIOTh y POC-
JIMHHI KIIITUHYA e(EeKTOpH, SIK1 34aTHI MPUTHIYYBaTH
iMmyHHY BignoBiap pociauH PTI. Edextopu MoxyTsh
po3Mi3HaBaTUCs POCIMHHUME perentopamMu NLRs,
3aIyCKaro4Yl THM CaMUM JPYTHUH PIiBEHb 3aXUCTy —
ETI, pe3yasraTrom 4oro € Ti cami MOJIEKYJISIpHI TIPO-
IeCH, sIKi Bi10yBaIOThCS HA MEPIIOMY PiBHI 3aXUCTY.
Bonwu BifiOyBaroThcst Habarato e(h)eKTUBHIIIIE 1 TPH-
3BOJSITH JI0 PEaKIii rinepuyTIUBOCTI 1 CMEpTi KiIi-
THH, Y SIKI TIPOHUKITH eEeKTOPH 30y IHHKA.

4. PiBui 3axucty PTI ta ETI He € i301p0BaHu-
MU. B3aemotist Mi>k HUMH BiZIOYBa€THCS 13 3aTyYCH-
HSIM TIPOAYKTIB POCIMHHUX TCHIB 1 TE€HIB T€HOMY
30ynHUKa, 11 ONHCYIOTh MOJIENI «Zig-zag-zigy»,
«invasion model», a Takox iHTerpoBaHa MOJEIb
aiicoepra.

5. Bzaemonito poCIMHHMX TeHIB Uil OpraHizaii
peakinii po3mi3HaHHS e(eKkTopa OIMUCYITh MOJENi
«OXOpOHEIb» 1 «BIOBMIOBaY». HacTymHuil piBeHb
B3a€MOJIiT BiIOYBA€EThCSI, KO (PYHKIIisT pO3ITI3HAHHS
edexTopa Ta (YHKIS MPOMOIi 3aXHUCHUX peaKiii
HAJI)KATh PI3HUM PEIENTOpaM, CEHCOPY Ta XeIepy.
Jns 3amycky Kackamgy MOJEKYSSIpHHX HPOIIECIB,
SKI BeIyTh JO (OPMYBaHHS CTIHKOCTI POCIMHH
10 30ynHHMKa, POCIHMHHI PELeNnTOpH YTBOPIOIOTH
CKJIaJTHI MOJICKYJISIPHI KOMITJICKCH, PE3HCTOCOMH.
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PLANT RESISTANCE TO PATHOGENS
AS A RESULT OF GENE INTERACTION

Abstract

Modern information on the genomics of plants and plants’ pathogens as well the achievements of
molecular biology have made it possible to state the participation of gene products, proteins, in the
organization of molecular complexes that are assembled to implement a certain character of the phenotype.
The character of plant “resistance/sensitivity” to a certain biotic factor is also interesting because there is an
interaction not only between the genes of one organism, but between the genes of organisms that lie in
different kingdoms of life.

Plant resistance to pathogens can be passive (provided mainly by characters of plant morphology) and
active. Active resistance is formed as a result of the penetration of the pathogen or its elicitors and effectors
into the plant. Active protection of the plant at the molecular level is expressed in the launch of the MAPK
cascade, the accumulation of reactive oxygen species, and an increase in the flow of calcium ions to the cell.
Active protection can be implemented on two levels. The first level, RTI (PAMP Triggered Immunity),
develops in response to plant contact with a wide range of non-adapted pathogens. The resistance (immunity)
that is formed in this case is called non-specific, or horizontal, or quantitative. The molecular instrument for
initiating the defensive reaction is the PRR (Pattern Recognition Receptors). Adapted pathogens are able to
overcome RTI by sending effectors to plant cells. These are protein molecules whose function is to create
conditions within the cell that are more permissive to the pathogen. The effector can be recognized by the
plant’s specific NLR (Nod-Like Receptors), and complementation occurs between the two. There are other
specific plant molecules, nonNLR, with a different type of protein product interaction for recognition. In
both cases, the second level of protection, ETI (Effector Triggered Immunity), develops. The set of molecular
processes that occur at the second level of protection does not differ from the set of the first level, but the
processes occur more intensively and are accompanied by the death of the affected cells. This prevents the
further spread of the pathogen throughout the plant. The molecular events of the first and second levels of
protection are not isolated. The interaction between them involving the products of plant genes and pathogen
genes is described by the “zig-zag-zig”-model, invasion model, and the integrated iceberg model. The
interaction of plant genes for effector recognition is described by the “guard” and “decoy” models. To
initiate a defensive reaction, plant receptors, which can sometimes differentiate into sensors and helpers,
form protein complexes, resistosomes.

Keywords: plant resistance, plant resistance genes, pathogen effectors, R-Avr interaction, resistosome.

Mamepian nadiviwos 19.06.2024
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THE EFFECTIVENESS OF SURFACTANTS
AS COMPOUNDS FOR CREATING DISINFECTANTS
WITH A WIDE SPECTRUM OF ACTION

Abstract

Along with the use of antibiotics, the use of disinfectants is crucial in the fighting against multi-resistant
strains of bacteria that are dangerous not only for animals but also for humans. A new complex disinfectant
could be used as a prevention method. Therefore, the aim of the work was to evaluate the effectiveness
surfactants (anionic, cationic and non-ionic) as compounds for the creating of disinfectants with a wide
spectrum of action. Compositions with guanidine-containing oligomer (GCO) inhibited S. aureus and
C. albicans most effectively. At concentrations of 1000 and 100 ppm, 100 % of cells were inactivated. The
biocidal effect against representatives of Gram-negative bacteria was weaker, which should be considered
during creation of antimicrobial agents active against pathogenic strains of E. coli. With a rational
combination of effective components and their synergism, it is possible to significantly reduce the
concentration of the working solution compared to already used commercial disinfectants. For example, the
concentration of glutaraldehyde in composition containing 3 % GCO, 1 % Triton X-100, 1 % Trilon B and
1 % glutaraldehyde was in 9 times lower than of Lysoformin 3000. Also, most surfactants used were not
characterized by mutagenic activity, which is one of the main criteria for disinfectants usage since this
reduces the risks of developing bacterial resistance to antibiotics and other biocides. Thus, the development
and implementation of new disinfectants, which could help to fight against multi-resistant strains of bacteria,
is an indispensable part of comprehensive programs in controlling and prevention of common diseases in
animal husbandry and medicine, particularly, colibacillosis.

Keywords: anionic, cationic and non-ionic surfactants, bactericidal and fungicidal activity, disinfectants,
pathogenic E. coli.

Introduction

Microorganisms with multiple drug resistance
(MDR) are currently considered as a significant
threat to the health care system, agriculture,
veterinary medicine, and economy in general.
According to WHO forecasts, infections caused by
multiresistant strains of bacteria may lead to an
increase in the number of unpreventable deaths in
future [1,2]. It is assumed that over the next 30 years,
the world economy may suffer in lack of more than

100 trillion dollars due to the spread of MDR strains
of microorganisms. This primarily concerns low-
and middle-income countries [1-3].

Despite the variety of vaccination programs,
antibiotics are still being the most used strategy
for prevention and treatment in the agricultural
industry. For example, due to the growing
selective pressure and irrational antibiotic use
against pathogenic E. coli, the emergence of the
antibiotic multiresistant phenomenon has limited

© O. Nechypurenko, 1. Furtat, P. Vakuliuk, V. Lemeshko, M. Vortman, V. Shevchenko, 2024
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treatment options and increased public health
concern. The potential transfer of MDR genetic
determinants directly by contact and indirectly
into the food chain, water, and manure, among
others became possible [2,7]. Also, regarding the
fact that MDR strains of microorganisms are
becoming more and more common, it is very
important to investigate the cause and origin
of such cultures, as well as their possible habitats,
to assess the potential threat originating from MDR
microorganisms. In this context, disinfectants
and antiseptics are important factors in the
development of such microorganisms, since they
are widely used not only in medical practice,
industrial sector, but also in private households [4].
Moreover, the SARS-CoV-2 pandemic led to
a significant increase in the use of disinfectants
and antibiotics because it was one of the main
widely distributed ways to fight against the
disease [5,6].

In turn, this may pose a potential risk to human
health, as it is shown that the exposure of
disinfectants could be linked with antibiotic’s
resistance. For example, in some Gram-negative
bacteria, resistance to benzalkonium chloride
and chlorhexidine is linked with resistance to
ampicillin, cefotaxime, sulfamethoxazole and
ceftazidime, sulfamethoxazole, imipenem, cefo-
taxime, tetracycline, respectively [3,7].

One of the possible solutions to this problem is
the creation of multi-component disinfectant, the
individual substances of which, on the one hand,
allow expanding the number of targets of the
disinfectant, and on the other hand, are characterized
by a synergistic effect. In addition, it is desirable
that these agents prevent the initial attachment of
bacteria to various abiotic surfaces and the
subsequent formation of biofilm as a result totally
killed the bacteria [8,9]. Also, such multi-component
disinfectants should be included into the complex
program of control and prophylaxis of widely spread
veterinary ~ diseases such as colibacillosis,
salmonellosis, etc. Therefore, the aim of the work
was to evaluate the effectiveness surfactants as
compounds for the creation of disinfectants with
a wide spectrum of action.

Material and methods

Various classes of surfactants were used to create
compositions with wide spectrum activity. Explored
surfactants were synthesized at the Institute of
Macromolecular Chemistry of the National
Academy of Sciences of Ukraine (guanidine-
containing oligomer (GCO), surfactant 2 and
surfactant 3) [10]. Also, we chose characterized
compounds such as Trilon B (Netherlands); Triton
X-100 (Merk, Germany); glutaraldehyde, (Sigma-
Aldrich, USA), OP-10). Three versions of the
compositions were tested, which differed in the
composition of the components and their ratio. They
were designated as: composition 1 (1 % GCO and
1 % surfactant 2), composition 2 (1 % GCO, 1 %
surfactant 2 and 1 % Trilon B) and composition 3
(3% GCO, 1 % Triton X-100, 1 % Trilon B and 1 %
glutaraldehyde). As a comparison control, we used
Lysoformin 3000 (9.5 % glutaraldehyde, 9.6 %
didecyldimethylammonium chloride and 7.5 % of
glyoxal) for disinfection of all types of surfaces and
medical equipment.

Disinfectant activity was measured against Gram-
positive, Gram-negative bacteria and yeasts such as
Staphylococcus aureus CCM 209, Escherichia coli
BE and Candida albicans UCM Y-690, respectively.
The optical density of microbes’ suspension was
1.5 Mc Farland units [10]. The biocidal activity of
individual components and compositions were
determined by the Gould suspension method [11,12].
After counting the CFU on the agar medium, we
calculated the arithmetic mean values of the number
of cells/ml and established the number of viable cells
by the formula:

tk
where N, — the number of bacteria that survived
after contact with experimental surfactants;
N, — the number of bacteria that grew in the control
over the same time period.

Based on the obtained data, it was determined the
decimal logarithm and effectiveness of the
experimental surfactants due to the scale in Table 1. It
was taken into account that compound was considered
as effective only when the number of viable cells
decreased more than by -4.0 Ilg CFU/ml [12].

Table 1
The scale for evaluating the bactericidal activity of the test substances
Value of C Number of cells that died, %
From -2.0 to -2.9 99.000
From -3.0 to -3.9 99.900
From -4.0 to -4.9 99.990
From -5.0 to -5.9 99.999
From -6.0 and more >99.999
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The effectiveness of surfactants and research
compositions against test cultures was determined
at concentrations range of 10000-0.1 ppm (where,
1 part/million (ppm) = 0.9988590004 mg/L [13],
1 ppm = 0.0001 %) directly at the moment of contact
with the cells of microorganisms (0 min) and after
exposure for 15 and 30 minutes, respectively. After
the exposure time, the samples were sown to Nutrient
agar medium (NA, Himedia, India) using the Gould
technique [11]. As a control, we used standardized
suspensions of test-culture cells, which were not
exposed to the test compounds or compositions.

All variants of experiments were carried out in
three or more independent repetitions (n). The
obtained results were used to calculate arithmetic
mean values and root mean square errors. The data
were checked for normality of distribution, after
which appropriate criteria were applied for statistical
processing [14].

The mutagenic activity of experimental surfa-
ctants was determined in the Ames test [15-17]. It
was used Salmonella typhimurium TA98 and TA100
strains, which had been characterized by different
mutations in the histidine operon: 4isD3052 reading
frame shift and hisG46 base pair replacement,
respectively. These strains were grown on
Nutrient broth (NB, Himedia, India) at 37 °C for
making standardized suspension with optical
density 0.7—0.8 units at wavelengths A = 540 nm.
Then suspension was mixed in semi-liquid agar
with experimental surfactants in the concentration
range of 0.1; 1.0; 10.0; 100.0 and 1000.0 pg/plate.
The obtained mixture was applied to the surface of
the lower layer of agar medium at Petri dishes.
Distilled water served as negative control. The
solution of K ,Cr,0, was used as a model mutagen
and positive control, because the number of His™-
revertant colonies of S. typhimurium TA98 increased
in 22.6 times, and S. typhimurium TA100 in
8.7 times. This indicated the sensitivity of the test
strains to the action of mutagenic compounds.

After cultivation at 37 °C for 48 hours, the
number of His" revertant colonies was determined.
The mutagenicity ratio (MR) was calculated as the
number of His"-revertants in the treated sample to
the number of spontaneous revertants. If the value
of MR is higher than 2.0, then the sample was
considered as mutagenic; MR below 1.7 — no
mutagenic activity, MR — 1.7-2.0 characterized a
compound as a potential mutagen [18]. The presence
of a mutagenic effect was recognized by two
conditions. First condition was the presence of
a statistically significant difference between the
number of colonies of His*-revertants and the
negative control according to the Mann-Whitney

test (p < 0.05) [14]. Also, the number of CFU His'-
revertants in the experiment had to exceed the
spontaneous mutation background of' S. typhimurium
TA98 and S. typhimurium TA100 at least in 2.0 and
1.8 times, respectively.

Results and discussion

In our previous research [10] and the data of other
authors [19], it was found that the guanidine-
containing oligomer has antimicrobial activity
against various representatives of pro- and eukaryotic
microorganisms. Taking into account such feature of
GCO as spectrum of action, stability during storage,
lack of odor and relative simplicity of synthesis, we
assume that this oligomer could be promising for the
creation of broad-spectrum antimicrobial agents
possibly active against even multiresistant pathogenic
E. coli. In addition, we proposed to combine it with
anionic (Trilon B, surfactant 2, surfactant 3) and non-
ionic (Triton X-100 and OP-10) surfactant, as well as
glutaraldehyde in order to strengthen the general
antimicrobial activity and improve the cleaning
properties [20-22].

We determined the disinfectant activity of
individual compounds against S. aureus CCM 209,
E. coli BE and C. albicans UCM Y-690 before
creating the compositions. The guanidine-
containing oligomer proved to be effective against
staphylococcal cells (Fig. 1). At a concentration of
1000 ppm, regardless of the duration of contact
(0-30 min), a complete suppression of the viability
of S. aureus CCM 209 cells were observed. When
the concentration decreased to 100 ppm at the time
of adding the culture to the surfactant solution
(0 min), the viability of the cells decreased to
-4.41g CFU/ml, and after exposure for
15-30 minutes, cells of staphylococci under the
influence of GCO totally lost their viability, which
confirmed the effectiveness of the compound.
When the concentration of GCO was reduced to
10 ppm and the exposure time was 30 min, the
number of dead cells was 99.99 %, and with contact
from 0 to 15 min, the number of dead cells did not
exceed 99.0 %. Therefore, the last concentration
was ineffective.

It was also found that the E. coli BE strain was
more resistant to the influence of GCO. The number
of viable cells at the highest concentration and
longest exposure even did not reach -3.0 Ig CFU/ml
(Fig. 2), and thus, the biocidal effect was insufficient.
This fact indicated a crucial role of E. coli as a
marker of disinfectant activity. Therefore, regarding
high prevalence and negative impact of pathogenic
E. coli in poultry and swine farming it is necessary
to provide more careful disinfection of facilities.
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of 0.1 ppm, fungicidal activity was insufficient for
effective disinfection (Fig. 3).

After the comparison of guanidine-containing
oligomer and Lysoformin 3000 effect to S. aureus
CCM 2009 cells, it was found that they had similar

Instead, the guanidine-containing oligomer
showed significant inhibitory activity against cells
of the C. albicans UCM Y-690. The growth of these
yeast at 1-1000 ppm was not observed at all after
0-30 min exposure. However, at the concentration
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Fig. 1. The influence guanidine-containing oligomer to viability of S. aureus CCM 209 cells
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Fig. 2. The influence guanidine-containing oligomer to viability of E. coli BE cells
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Fig. 3. The influence guanidine-containing oligomer to viability of C. albicans UCM Y-690
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activity, as both inhibited the viability of
staphylococcal cells to 100 % at a concentration
of 100 ppm and exposure for 30 minutes. In the case
of Gram-negative bacteria, the number of dead cells
of the E. coli BE at a concentration of GCO of
1000 ppm and an exposure of 30 min was 99.0 %,
while Lysoformin 3000 inhibited the bacterial
growth to 100 %. The effect of the guanidine-
containing oligomer to C. albicans cells was the
most effective and inhabited their growth to 100 %
in 10 ppm solution. However, Lysoformin 3000 at
the mentioned concentration was not effective at all.

Therefore, it was necessary to improve the
disinfecting activity of the guanidine-containing
oligomer against Gram-negative bacteria by
combining it with other surfactants, which also have
antimicrobial activity. For that reason it was created
composition 1, which additionally to GCO contained
surfactant 2.

It was shown that after 0 min exposure of
composition 1 at a concentration 1000 ppm, the
number of viable cells of staphylococci decreased to
-4.0 1g CFU/ml. These data prove the effectiveness

-0,2

viability, Ig

0,4
0,6
0,8

-1
1,2

of the created composition (GCO and surfactant 2)
against S. aureus CCM 209 cells. The growth of
C. albicans UCM Y-690 was also absent under the
action of this composition, but at the concentration
100 ppm. However, we were unable to achieve a
significant effect on the viability of E. coli BE with
this combination of studied surfactants. At the
concentration of 1000 ppm, the number of E. coli
cells that died because of exposure to composition 1
were near 1.0 Ig CFU/ml (Fig. 4).

Also, to enhance the disinfecting activity against
Gram-negative bacteria, we created composition 2,
to which, in addition to GCO and surfactant 2, was
added Trilon B. It was established that under the
action of composition 2, with a final concentration
of 1000 ppm the growth of S. aureus CCM 209 was
completely inhibited. Thus, in the case of Gram-
positive bacteria, we again observed an increase of
the disinfecting activity compared to GCO.
Composition 2 and 1 also characterized by similar
effectivity against C. albicans UCM Y-690 strain.
Moreover, the growth of yeast was totally inhibited
at the concentration of 100 ppm.

15 30

exposition time, min

Fig. 4. The influence composition 1 to viability of E. coli BE cells
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Fig. 5. The influence of composition 2 to viability of E. coli BE cells
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Considering the disinfectant activity of
composition 2 against E. coli BE, it was established
that the required level of cell destruction efficiency
(-4.0 1g CFU/ml) was achieved only under 30 min
exposure and concentrations not less than
1000 ppm (Fig. 5). Lower concentrations and
shorter time intervals usage were ineffective. It
should be noted that additional washing abilities of
disinfecting composition could improve its
effectiveness against colibacillosis in veterinary
because of enhancing cleaning possibility.

The combination of three components in
composition 2 improved its disinfecting activity,
compared to composition 1, which at 1000 ppm and
similar exposure conditions inhibited less than 99 %
of E. coli BE cells. So, it was determined that
Trilon B is able to increase the effect of GCO and
surfactant 2 against Gram-negative bacteria.
However, the activity of both compositions was
significantly lower than Lysoformin 3000, that
inhibited the growth of all tested strains after
30 minutes exposure at 100 ppm.

On the basis of obtained results and literature
data, which prove the feasibility of combining
different classes of surfactants, as well as
regarding the wide spectrum of glutaraldehyde
activity [3,6,20-25], we tested multicomponent
composition based on GCO, Trilon B, Triton X-100
and glutaraldehyde. It was shown that at 1000 ppm
it totally inhibited the growth staphylococci
and yeast-like fungi cells. However, at 100 ppm,
the disinfection efficiency against S. aureus
CCM 209 slightly decreased, but the fungicidal
activity was preserved, because the growth of
C. albicans UCM Y-690 was inhibited to 100 %.
When the concentration was reduced to 10 ppm,

(=]

viability, lg

0 15
_2 I
-3

composition 3 lost its ability to inhibit the growth
of yeast-like fungi.

The Gram-negative bacteria were more resistant
to composition 3 comparing yeasts and Gram-
positive microbes. Nevertheless, it was observed
that it is quite possible to achieve significant
disinfection efficiency of this composition by
selecting the duration of exposure to bacterial
cells and optimal concentrations. The usage of
composition 3 at 1000 ppm concentration reduced
the number of viable E. coli BE cells to -4.0 1g and
-5.2 1g CFU/ml after 15 and 30 minutes of exposure,
respectively.  When the concentration of
composition 3 was increased to 10000 ppm the
number of viable E. coli cells were decreased to
-4.4 1g CFU/ml. Also, it was detected 100 % activity
after 30 minutes of exposure (Fig. 6).

The obtained disinfection efficiency against
E. coli BE fully responds to requirements of
disinfectants, since the number of viable cells
decreased by -4.01g CFU/ml or more. The
10000 ppm concentration of composition 3 and time
of exposure near 15-30 minutes considered to be
effective. Thus, during cleaning, preparation process
of facilities and biosecurity measure in poultry and
swine farming disinfectants based on surfactants
and aldehydes ought to be a part of complex
prophylaxis program against antibiotic resistance
pathogenic E. coli strains and colibacillosis.

Based on obtained data it was determined that
composition 3 characterized by highest rate of
disinfection activity against Gram-positive, Gram-
negative bacteria and yeasts among all tested
compounds. For example, after 30 min exposure
with concentration of 1000 ppm its disinfection rate
was in 3.5 times higher than activity of GCO. It was

30

exposition time, min

M comp. 3, 1000 ppm

B comp. 3, 10000 ppm

B Lysoformin 3000, 100 ppm

Fig. 6. The influence of composition 3 and Lysoformin 3000 to viability of E. coli BE cells
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also determined that, under similar conditions, this
composition completely inhibited the growth of
Gram-positive S. aureus CCM 209 cells, and at a
concentration of 100 ppm, it neutralized C. albicans
cells by 100 %.

One of important features that should be
considered during creation of new antimicrobial
agents is their mutagenicity rate, which indicates
the possibility of using this or that surfactant in
general [18]. After determining the disinfectant
activity of the compositions, we have been
investigating the mutagenic potential of individual
components by the Ames test. Compounds with
high mutagenicity are not desirable to use for
disinfection since mutations are the main source
of variability and acquired resistance of micro-
organisms to biocides [26,27].

It was found that GCO in the concentration
range of 0.1-100 pg did not have a mutagenic
effect relatively to both investigated strains of
S. typhimurium TA98 and TA100. The number of
His*-revertant colonies ranged from 34+8 to 48+2
for S. typhimurium TA98 and 99+18 to 143£25 for
S. typhimurium TA100. The ratio of the number of
revertant colonies in the experiment to the control
did not exceed 1.2 and 1.4, respectively (Table 2).
This is also confirmed by the absence of
a statistically significant difference compared to
the spontaneous mutation rate.

After studying the mutagenic effect of glutar-
aldehyde and surfactant 2, it was shown that the
last mention compound had a slight mutagenic
potential regarding S. typhimurium TA98 test strain.
The number of CFU His*-revertant for this strain
varied depending on the concentration and statically
differed compared to the spontaneous mutation
background. Confirmation of surfactant 2 mutagenic
effect was the ratio of the number of His*-revertant
colonies to the spontaneous mutations rate (Table 2).
However, this compound did not show mutagenic
activity against S. #yphimurium TA100 strain,
because of the ratio of the number of CFU in the
experiment to the spontaneous mutations ranged
from 0.9 to 1.7. Thus surfactant 2 could have a low
mutagenic potential to S. typhimurium TA98 and
did not influence to S. typhimurium TA100 at all.

Determination of the mutagenic activity of
glutaraldehyde was carried out in the range of
concentrations (10-0.1 pg), which did not inhibit
the growth of the test strains of salmonella
(Table 2). The number of His"-revertants to
S. typhimurium TA98 under the influence of
glutaraldehyde ranged from 2346 to 32+5 CFU,
and S. fyphimurium TA100 — 142+15 to 251+4.
The absence of mutagenic effect of glutaraldehyde

to S. typhimurium TA98 and TA100 also was
proven by the ratio of CFU in the experiment to
the spontaneous mutation rate, which ranged from
0.7 to 1.0 and 0.9 to 1.6, respectively (Table 2).
Under the influence of K Cr,0O, (positive control),
the number of CFU His*-revertant colonies of
S. typhimurium TA98 and TA100 was in 58.7 and
12.5 times higher, respectively.

Therefore, we found that the guanidine-
containing oligomer and glutaraldehyde did not
cause frameshift or base-pair substitution mutations
of S. typhimurium TA98 and TA100.

It should be noted that surfactant 2 was also
possible to use in antimicrobial compositions,
since it had bed characterized by high
antimicrobial activity and at the same time low
mutagenicity. If it is necessary to replace or
introduce additional components, mnonionic
surfactant OP-10 could be chosen, as it possesses
a high biocidal activity [10]. Also, OP-10 at
concentrations from 0.1 to 1000.0 pg did not
show mutagenic potential against S. typhimurium
TA98 and TAI100 strains. Instead, surfactant 3
was characterized by high mutagenic activity
against both mentioned strains, which made its
further use impossible. The study of the mutagenic
potential of Trilon B and Triton X-100 was not
provided because according to literature data that
feature had not been detected [28,29].

Conclusion

Compositions  with  guanidine-containing
oligomer was characterized by high biocidal
activity against Gram-positive bacteria and
representatives of the genus Candida. At the same
time, there is a need to increase its efficiency
against Gram-negative microbes such as
pathogenic E. coli, because colibacillosis is the
most widespread disease among poultry and
swine farming, and the appearance of
multiresistant strains harmful for humans is
sporadically recorded.

It was determined that the spectrum of action
and the disinfectant ability could be significantly
improved by introducing cationic, anionic,
nonionic surfactants and glutaraldehyde in various
combinations. With a rational combination of
effective components and their synergism, it is
possible to significantly reduce the concentration
of the working solution compared to already used
commercial disinfectants. For example, the
concentration of glutaraldehyde in composition 3
(3 % GCO, 1 % Triton X-100, 1 % Trilon B and
1 % glutaraldehyde) was in 9 times lower than of
Lysoformin 3000.
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Table 2
Mutagenic activity of composition components
Test- Compound Dosage Number of CFU surfactants
cultures P (ng/plate) His*-revertants to SM ratio
100.0 46-50 1.2
10.0 38-44 1.1
Geo 1.0 36-50 1.1
0.1 26-42 0.9
ES 100 505-623 18.2
= 10 188198 62
H .
§ Surfactant 2 N 3436 11
5 0.1 37-27 1.0
§ .
3 1000 gi —
5 100 gi -
v Glutaric aldehyde 10 37-27 1
1 29-17 0.7
0.1 31-21 0.8
control 200 1793-1849 58.7
SM — 40-22 -
100.0 95-147 1.2
10.0 99-119 1.1
Geo 1.0 81-117 1.0
0.1 118-168 1.4
8 100 169-151 1.0
< 10 276-254 1.7
= factant 2 '
g Surfactan 1 251231 15
£ 0.1 167-129 0.9
B 1000 gi —
§ 100 157-166 1.0
u Glutaric aldehyde 10 127-157 0.9
1 243-207 1.4
0.1 247-255 1.6
control 200 1923-2013 12.5
SM — 125-189 —

Remark. SM — spontaneous mutation; positive control — K,C

Also, guanidine-containing oligomer, surfactant 2
and glutaraldehyde were not characterized by
mutagenic activity, which is one of the main criteria
for disinfectants usage since this reduces the risks of
developing bacterial resistance to antibiotics and
other biocides.

Implementing  various  combinations  of
surfactants that are introduced into newly created
disinfectant, it is possible to enhance not only
the disinfecting activity (composition 3), but also
prevent the formation of cross-resistance in
different groups of microorganisms. That is why
Triton X-100 can be replaced by a non-ionic

r,O

,0.; gi — growth inhibition.

surfactant of industrial production — OP-10, that is
characterized by high biocidal activity and does
not show mutagenic effects. This would help to
improve washing features and increase overall
antimicrobial activity, which is especially
important for livestock farming with a low level
of management and biosecurity.

Thus, the development and implementation of
new disinfectants, which could help to fight against
multiresistant strains of bacteria, is an indispensable
part of comprehensive programs in controlling and
prevention of common diseases in animal husbandry
and medicine, particularly, colibacillosis.
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10.

15.

. Convert Part/million (ppm) to Milligram/liter.
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EOEKTUBHICTDb IOBEPXHEBO-AKTUBHHUX PEHOBUH
SAK KOMIIOHEHTIB JIJI1 CTBOPEHHSA JE3IH®EKIIMHUX 3ACOFBIB
IUPOKOT'O CIIEKTPA JIIi

Merta. [lopsia i3 BUKOPHCTAHHAM aHTHOIOTHKIB 3aCTOCYBaHHS JIe31H()EKTAHTIB Mae BUpIMIAIbHE 3HAYCHHS
B 00pOTHO1 3 MYJIBTUPE3UCTEHTHUMH IITAMAMH OaKTepill, HeOS3MEUHNMH HE JIUTIIE JJIsl TBAPHH, a U ST JTFOIHHH.
3 onmsty Ha 1Ie METOr poOOTH Oyiio OIHUTH eekTHBHICTh [TAP K cronmyk Juist CTBOPEHHS JIe31HPEKIITHIX
3aco0iB MIMPOKOTO criekTpa Jil. Meromu. [le3iH(piKyBaIbHY JIif0 JOCTI/PKCHUX KaTIOHHUX, aHIOHHUX Ta HEHOHO-
reHHuX [TAP 111010 mpeicTaBHUKIB IPaMITO3UTHBHHUX 1 TPAMHETaTUBHUX OAKTEPii, a TAKOXK MPHO1B BUBYAIIH IO
mramiB Staphylococcus aureus CCM 209, Escherichia coli BE ta Candida albicans YKM Y-690. bionmmay
AKTUBHICTh BW3HAYallM CycHeH3iHUM MeTofoM Gould nuisixoM mmigpaxyHKy KITTHH, IO BHXKHJIA ITICTIS
00poOku nocmimkernmMu [TAP Ta KOMIIO3MITISIMA, CTBOPEHUMH Ha iXHI OCHOBI, 32 KOHIICHTpAIIK y Jiarna3oHi
10000—0,1 ppm. MyTareHHy akTHBHICTb CIIOJTYK BHBYaJIH B TecTi ElimMca 1mioyto ect-muramis Salmonella typhimurium
TA98 1 TA100. Pe3yapTaT. KoMnosuiiii 3 TyaHiJMHOBMICHAM OJIITOMEpOM Hale(eKTHUBHIIIE TPUTHITYBATH
S. aureus ta C. albicans. 3a xornenrpanii 1000 i 100 ppm cnocrepiramacst 100 % 3aruOens KIITHH IUX ITaMiB.
Bionuauit eekT 11010 Npe/ICTaBHUKIB TPaMHETATHBHHUX OaKTepiit OyB JemIo clabIiM, 10 IOTPIOHO BpaxoBy-
BaTH TIiJT YaC CTBOPECHHS aHTUMIKPOOHUX 3ac001B, 30KpeMa aKTHBHHX IIIOJI0 TIATOTeHHUX mTamiB E. coli. CriekTp
nii Ta mesiHdikyBaibHA 3JATHICTH JTOCHIDKEHUX Y pOOOTI KOMITO3MITIHA 3alieyKald Bill CKJIaay KOMITOHEHTIB,
sIKi BUKOPHCTOBYBAITH JIIS iXHHOTO CTBOPEHHS. Takoxk mokaszaHo, 1o oibmiocti [TAP, BuBueHUX y po0OTI, sIKi BU-
KOPUCTOBYBAJIM JIUIS CTBOPECHHS AHTHMIKPOOHMX KOMIIO3MIIiKM, He Oylla NMpuUTaMaHHa MyTarcHHa aKTHBHICT.
BucHoBkn. Ha nipukiaji JOCTiHKEHNX KOMITO3HIIIH Pi3HOTO XIMIYHOTO CKJIa Ty, CTBOPEHUX HA OCHOBI T'yaHi v~
HOBMICHOTO OJIiITOMepy, TIOKa3aHO MEePCIEKTHBHICT HOTO 3aCTOCYBaHHS K OCHOBHOTO KOMITOHEHTa Ae3iH]IKy-
BaJIbHUX 3ac00iB. OTKe, pO3pOOIICHHS Ta BIIPOBA/KCHHS HOBUX JIe31H(DEKTaHTIB, SKI MOIIH O JOTTOMOTTH B 00-
POTBOI 3 MYJIBTUPE3UCTCHTHUMH ITaMaMH OaKTepid, € HEBIIOKPEMHOK YaCTHHOK KOMIUICKCHHX Iporpam
KOHTPOJTFO Ta TPOQITAKTHKH MOIMIMPEHUX 3aXBOPIOBaHb Y TBAPWHHUIITBI Ta MEITUIINHI, 30KpeMa KoJlibakTepiosy.

KurouoBi ciioBa: aHiOHHI, KaTIOHHI Ta HEHOHOTEHHI TTOBEPXHEBO-aKTHBHI PEYOBHUHH, OaKTEpUIIUIHA
Ta (yHrinmMaHa ais, ne3indikyBanbHi 3aco0u, naToreHHi £. coli.
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AHAJII3 OJHOHYKJVIEOTUJHUX ITOJIMOP®I3MIB
Y NOCIIJOBHOCTSAX I'EHIB Pina TA Pinb
JUNJIOITHUX MINEHWID Triticum monococcum 1 T. urartu

Ilypoinooninu (nypoindonin a i nypoiHoonin b) — HUZLKOMONEKVAAPHI OLIKU, WO BUSHAYUAIOMb TNEKCHLYDY
enoocnepmy 3epra 6udie mpub Triticeae ma Avenae. Memoro yiei pobomu 6y6 anaiiz 0OHOHYKIeOMUOHUX
nonimopgizmie (SNP) xodyrouux nocnidosnocmeti eenie Pina ma Pinb ounnoionux nwenuys Triticum
monococcum (A"A™) i T. urartu (AA) 3 6azu danux NCBI nopieusano 3 pegheperHcrumu nocaio08HOCMAMU
copmy nuenuyi m ’axoi Chinese Spring (CS).

3 6azu oanux NCBI 6yno 6idioparo 62 nocnioosnocmi eena nypoindoniny a T. monococcum (Pina-A"1),
22 nocrioosnocmi Pina T. urartu (Pina-Al), 32 nocrnioognocmi eena nypoinooniny b T. monococcum (Pinb-A"1)
i 13 nocrioosnocmeri Pinb T. urartu (Pinb-Al). Ak peghepencri nocnioogrocmi 6UKOpUcmosysaiu NOCIi008HO-
cmi eena nypoinooniny a (arevs Pina-D1a) DQ363911.1 copmy CS ma eena nypoindoniny b (arenv Pinb-Dlia)
DQ363913.1 CS 3 6asu danux NCBI. Tlocnioosnocmi supieriosanu 3 suxopucmantam npoepamu MEGA 11.
Bcvoeo 6 3acanvhitl 6ubipyi 84 nocrioosnocmetl Pina ounnoionux nuwenuys ioenmugixosano 34 SNP (13 curo-
HIMIUHUX 8IOMIHHOCMeEl, 21 HeCUHOHIMIUHUX, 3 AKUX 15 npu3eo0sims 00 PAOUKATLHUX AMIHOKUCIOMHUX 3AMIH,
6 — 00 KOHCEPBAMUBHILX), YACTNUHA 3 AKUX CNOCMEPI2ANUCD Y BCIX NOCTIO08HOCAX, 4 YACMUHA 6YIU NOOOUHOKU-
mu. Cepeo 45 nocrioosnocmetl Pinb mpannsemvcs 36 SNP, ane, na iominy 6i0 eena Pina, mym nepesadicanu
CUHOHIMIYHI 3aminu (22); 7 3amiH npu3eo0uny 00 paouKaIbHUX AMIHOKUCTOMHUX 3aMiH ma we 7 — 00 KOHCepaa-
TMUBHUX. 3AMIHU 8 ROCTIOOBHOCIIAX NYPOTHOONIHOBUX 2eHi8 BIOHOCHO 2eHig CS ModicHa po3nodinumu Ha (ikcosa-
HI 8 000X 8U0I8 OUNIOTOHUX NuteHUYb, mi, wo gixcosani ¢ T urartu i 3a akumu € nonimopgizm y T. monococcum,
ma cneyuiumi 011 KOJCHO20 8udy. Busigneno icmommi IOMIHHOCI 8 HACMOMAX MPANTISAHHS ATbIMEPHAMUBHUX
HyKIeomuoig y neenux nosuyiax (81, 318, 322 i 384 Pina ma 135 i 359 Pinb) y ouxopocioi nueruyi
T. monococcum ssp. aegilopoides i kKyromugosanoi 00nozepranku 1. monococcum ssp. monococcum.

KarouoBi caoBa: mypoinnonin, Triticum monococcum ssp. aegilopoides, T. monococcum Ssp.
monococcum, T. urartu, SNP, paqukanbHi aMiHOKUCIIOTHI 3aMiHU, KOHCEPBATUBHI aMIHOKHCIIOTHI 3aMiHHU.

Beryn

OJHI€RO 3 TOIOBHUX O3HAK SKOCTI 3¢PHA MIIICHHITI
M’sikoi  Triticum aestivum L. (reHoMHa ¢opmyna
AABBDD) € Tekctypa eHaocepMy, 3a KO COpPTH
TOALISIOTh HA TBEPJO3epHi Ta M siko3epHi [1-3]. Pi-
BEHb TBEPJ03EPHOCTI [4] BU3HAYAETHCS JOKycoM Ha
Ha xpomocomi 5D, a came ayensiMu reHiB mypoiH/Io-
niny a (Pina-D1) 1 nypoinnomniny b (Pinb-D1) [1,5].
ITypoiHmoniHn — OCHOBHI OUIKH 3 MOJCKY/SIPHOIO
Macoro 13 x/Ia, sixi MaioTh 10 UCTETHOBHX 3aJIUILKIB
ta TpunrodaH-Oaratuii goMeH [6], TOB’sA3aHUIA

© Cosinosa O. 1., Bom A. b., 2024

3 aHTHUMIKPOOHHUMH BJIACTHUBOCTAMH IUX OUIKiB [7].
JloBkrHa KOIYOUOi MOCIIIOBHOCTI MyPOIHIOMIHO-
BUX TeHiB — 450 n.H. (447 + cron-komoH). [TomioHO
JI0 TIPOJIAMIHOBHMX TEHIB BOHHM TaKOX HE MICTATh
iHTpOHIB [6]. [TypoiH0niHN CHHTE3YIOThCS 3 N-Tep-
MIHAJLHAM CUTHAJILHAM I[IE€NTUIOM, SKHH BiJI-
HICTUTIOETHCS TIPU 1X TEPEXOi B €HIOIIIa3MaTHUHUIA
PETHUKYITYM, TAKOXK 1€ JIOJATKOBO BiJIIICIUTIOOTHCS
(parmenTn 3 N- 1 C-kiHmiB [6]. Y nokyci Ha Takox
MICTHThCS I'eH, [0 Korye 0i1ok GSP-1 (grain softness
protein), TOB’sI3aHUH 3 M’AKO3EPHICTIO, XOo4a JUIs

© Hauionanbuuii yHiBepceuteT «KneBo-MorussiHCbKa akaieMis» (3aCHOBHHUK 1 BUIaselp), 2024
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HBOTO BIUIMBY Ha TEKCTYPY 3€pHA He MokazaHo [8,9].
VY T aestivum 1 T. turgidum (AABB) renu mypo-
1HJIOJIIHIB BiJICYTHI Ha XpoMocoMax 5A i 5B [10]
yepe3 Benuki reHomHi aeneuii [11], Toxi sik reH
Gsp-1 tam npucytHiit [9]. I'enu Pina-1 ta Pinb-1
€ Ha XpoOMOCOMi S5SA™ MIIEHUII-OAHO3EPHIHKU
T. monococcum (A™A™) [10,12], SA T. urartu (AA),
SA T. timopheevii (AAA™A™GG), npoTe BiACYTHI
B G renomi mworo Bumy [13]. YV T zhukovskyi
(AAA™A™GG) renu Pina-1 ta Pinb-I npucyTtHi
JiIe Ha xpomocomi SA™[13].

3arajoM, 3a BUHITKOM 1. turgidum, mypOiHAOMi-
HOBI reHu Pina ta Pinb a0o0 BiamoBiaHI 1HIOIIHOBI
reHu (TOPAOIH/IONIHIB Y SYMEHI0, CEKATOIHIOMIHIB Y
JKHTa, aBEHOIH/IONIHIB Ta BPOMIHJIONIHIB y BiBca) [14]
OpUCYTHI y BHJAIB 31akiB 3 Tpub Triticeae Ta
Avenae (Poae), mis skux xapakTepHa M’sika TEK-
CTypa CHIOCIEPMY: ETIONCIB, TUMEHIO, KUTA, BIBCa,
BUIB poay Elymus, Agropyron Ta iu. [10,13,15,16].
BBakaeThes, 110 MPEAKOBHUN MTyPOIHIOMIHOBUI TeH
BUHHUK SIK HOBHH TPOJAMIHOBHI T€H y CIJIBHOTO
npenka migpoguH Pooideae Tta Oryzoideae (syn.
Ehrhartoideae) micns ix Bimminenss Bix Panicoideae
Ta Oys BrpaueHuil y Oryzoideae [15]. Tomy mypo-
THJIOJIIHM 3apaxoBYIOTh JIO HAJPOJMHHU IMPOJIAMIHIB,
sIKa MICTUTb BJIaCHE MpoJaMiHu (IIiauHY 1 TIIFOTEHI-
HU), OUIKU-TICPEHOCHHUKH JIIIIB, THTIOITOPH €K30-
TeHHUX 0-aMij1a3 1 TPUIICUHY Ta o-To0yTiHu [ 14].

Jlo AUIUIOiAHMX MILIEHUIb HAJIEXKaTh JIBa BUIAU —
T. monococcum ta T. urartu [17]. T. monococcum
Mae JiBa maBunu: 1. monococcum ssp. aegilopoides —
JIMKOpOCTIa TIIEHHMIIS, fKa € MPeaKoBOr (hopmoro
JIOMECTHUKOBAHOTO  (KYJIbTHBOBAHOTO)  TIJIBUIY
T. monococcum ssp. monococcum. T. monococcum
ssp. aegilopoides TONIMPEHNH y TIBHIYHO-CX1THOMY
CepenzemHoMop’i Ta B 3aximHid Asil. [Hmmid Buz,
T urartu, sxuit € moHopoM reHomy A 7. turgidum i,
BiAMOBIZHO, 1. aestivum — TUKOPOCIHHA BUI, apeal
SIKOTO 30iraeThcs 3 apeajoMm 1. monococcum Ssp.
aegilopoides (BipmeHist, niBaeHHO-cxiqHa TypequnHa,
miBHIY [paky, miBHIYHO-3axijHa JacTuHa Ipany) [17].
[MieHUI-0MHO3EPHSAHKA XapPAKTEPU3YETHCS  SIK
ekctpam’siko3epHa [18,19]. CHHTETUYHI TeKcaruioimn
BiZl MDKBHIIOBOTO CXpelleHHs MbK 7. durum i
T. monococcum ssp. aegilopoides € M’ sixo3epaumu [20].
CexBeHyBaHHS ITypOIH/IONIHOBUX T'€HIB AMUIUIOIIHUX
TIIICHAIH OYJTO TIPOBE/ICHO B 0araTboX JAOCIIHKESHHIX
[12,13,21-23], a MOCHIJIOBHOCTI IIUX T'€HIB MOXHa
sHaiith B 0a3i manmx NCBI (National Center for
Biotechnology Information). Metoro Hamoi po6otu
OyB aHaJIi3 OMHOHYKJICOTHAHUX ToiMop(izmiB (SNP)
KOJYIOUMX MOCIiIOBHOCTeH TeHiB Pina Ta Pinb
T. monococcum i T. urartu 3 6a3u nanux NCBI nopis-
HSHO 3 peepeHCHUMHU TIOCIIJOBHOCTSAMH JUKOTO
THUITY copTy mreHu M’ skoi Chinese Spring.

Marepianu i meToau

3 6a3u ganux NCBI Oyno BigibpaHo Taki mocii-
JIOBHOCTI r'eHiB Pina 1 Pinb TAIIOIIHUX MHIIECHULb.
ITocaigoBuocti rewa Pina T. monococcum:
EU329377.1,EU329376.1,EU329375.1,EU329374.1,
EU329371.1,EU329369.1,EU329367.1, EU307592.1,
EU307591.1,EU329372.1,EU329368.1, EU329373.1,
EU329370.1,EU329366.1,EU329365.1,AY622786.1,
EU329362.1,EU329360.1,EU329359.1,EU329350.1,
EU329348.1, EU329344.1, EU329347.1, AJ302092.1,
EU329364.1,EU329363.1,EU329361.1,EU329358.1,
EU329357.1,EU329356.1,EU329355.1,EU329354.1,
EU329352.1,EU329353.1,EU329351.1,EU329349.1,
EU329346.1,EU329345.1,EU329343.1,EU329342.1,
EU329341.1,EU329340.1,EU329339.1,EU329338.1,
EU329337.1, EU329336.1, FJ898231.1, AJ302093.1,
HQ696585.1,HQ696587.1, HQ696586.1, EU268473.1,
EU307585.1, AJ242715.2, AJ249933.1, DQ269824.1,
DQ269823.1,DQ269822.1,DQ269821.1,DQ269820.1,
DQ269819.1, DQ269825.1. IlocmigoBHOCTI reHa
Pinb T. monococcum: AY622798.1, AY622797.1,
AY622799.1, EU268487.1, EF382940.1, EF382939.1,
EF382936.1, EF382935.1, EF382934.1, EF382933.1,
EF382932.1, EF382931.1, EF382930.1, EF382929.1,
EF382928.1,HQ696594.1, HQ696593.1, HQ696592.1,
HQ696591.1, HQ696590.1, FI1898262.1, EU307611.1,
EU307610.1, EU307608.1, AJ302102.1, AJ302101.1,
DQ269857.1,DQ269856.1,DQ269855.1,DQ269854.1,
DQ269853.1, DQ269852.1. TlocnigoBHOCTI TeHa
Pina T. wrartu: EU268495.1, EU329391.1,
EU329390.1,EU329389.1,EU329387.1,EU329386.1,
EU329385.1,EU329384.1,EU329383.1, EU329382.1,
EU329381.1,EU329380.1,EU329379.1, EU329378.1,
HQ696584.1, EU307590.1, EU307589.1, AJ302094.1,
AJ302095.1,DQ269828.1,DQ269827.1,DQ269826.1.
ITocnigosuocti rena Pinb T. urartu: EU268479.1,
EF382938.1, EF382937.1, HQ696589.1, HQ696588.1,
EU307613.1, EU307612.1, AJ302104.1, AJ302103.1,
DQ269861.1,DQ269860.1,DQ269859.1,DQ269858.1.

Sk pedepeHCHY MOCITIIOBHICTE BUKOPHUCTOBYBAJIH
TIOCITIIOBHICTh I'€Ha My poiHI0MiHYy a (anens Pina-Dla)
DQ363911.1 copry Chinese Spring (CS) Ta reHa mypo-
iHponiny b (anens Pinb-Dia) DQ363913.1 CS 3 6a3u
nanrx NCBI. TTocmiioBHOCTI BUPIBHIOBAIN 3 BHKOPHC-
tanHsiM niporpamu MEGA 11 [24]. AnanizyBamu SNP
(BiAMIHHOCTI BiJT pe)epeHCHOT TOCITIIOBHOCTI, SIKi JITst
3PYYHOCTI I1Ie HA3UBAIM «3aMIHI») JIUIIE B KOTYIOUMX
TIOCITIIOBHOCTSIX. [IJ1s XapaKTepUCTHKN HYKJICOTHTHUX
1 aMIHOKHCIIOTHHX 3aMiH BUKOPHCTOBYBAJIM Kilacu(ika-
1Tif0, HaBesieHy B [25]. Jliist aHawmizy BiMIHHOCTEH Yac-
TOT BUKOPHCTOBYBAJIH KPUTEPIH >

Pe3yabrarn i 00roBopenHs
3 6asu manux NCBI Oyno BiniOpano 62 moci-
JIOBHOCTI TeHa WypoiHaoiiHny a 7. monococcum
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(Pina-A™1) i 22 nocmnorocti 1. urartu (Pina-Al).
BupiBHIOBaHHS MOCITITOBHOCTEH a0 3MOTY OXapak-
TEpU3yBaTH BIJIMIHHOCTI B TIEBHHX TMO3MIIISIX HYKJICO-
Ui (SNP) nopiBHSIHO 3 peepeHCHOIO MOCTiI0BHI-
ctro rena copty CS (anens Pina-D 1 a, sikvii HA3UBaIOThH
aJleNieM «JTUKOTO TUITY») (Tab1. 1). Beboro B 3aranbHiit
BUOIpI 84 mociioBHOCTEH Oyino iIeHTH(IKOBAHO
34 SNP (13 cuHOHIMIYHUX BiMiHHOCTEH, 21 HECHHO-
HIMIYHHX, 3 SKAX 15 TpU3BOIATH 10 paIHKAIBHIX
AMIHOKHMCJIOTHHX 3aMiH, 6 — 10 KOHCEPBaTUBHUX ), 4ac-
THHA 3 SKUX CIIOCTEPITAUCH Y BCIX MOCIIOBHOCTSIX,
a yacThHa Oynu MOOAMHOKMMH. Bci mocnmizoBHOCTI
Pina T. monococcum 1 T. urartu Manu BiIMIHHOCTI
y 5 nosuuisx: 24 (A—C), 70 (G—A), 121 (G—C),
230 (A—T), 257 (G—A). 3amina B mo3uilii 24 € cu-
HOHIMIYHOIO, HECMHOHIMIYHI 3aMiHHA B Mo3uIigx 70
1 121 e xoncepparuparMHu (Val—lle Ta Val—Leu,
BIZIMOBIZIHO), TO/I K 3aMiHu B mo3uiisx 230 ta 257
TPH3BOMLITE 10 PAIUKAJIBGHOI 3aMiHH aMiHOKHCIIOT
(Gln—Leu ta Arg—Gln, BinnoBigHO). 3a MO3UIISAMA
3181322 3amian T—C 1 G—A, 3 IKux JIpyra npu3Bo-
TUTh 10 pagukaibHoi 3aminn Gly—Ser, mpucyTHi
Y BCIX MOCIIAOBHOCTSX 1. urartu Ta B OMIM3HKO TIOJIOBU-
HU nocniioBHOCTel 1. monococcum. 11le Tpu cHHOHI-
MiuHi 3aMiHU B TO3UIsAX 81, 249 1 384 TpamisoThcs
TUTBKM B Maibke TMOJNIOBUHU 3paskiB 7. monococcum.
Bkazani Tyt nosuitii 30irarotbest 3 SNP, inenrtrdikoBa-
HUMH B gociipkeHHs X Guzman et al. [23] i yac aHa-
nizy 21 3paska T. monococcum ta 7 3paskis 1. urartu.
[opiBHSHHS YaCTOT TPAIUITHHS aJbTEPHATUBHUX
HyKJIeoTH IIB y To3utlisx 81, 318, 322 i 384 mokazaio
ICTOTHI BiZIMIHHOCTI B JIMKOI 1 KyJIETUBOBAHOI OJHO-
3epHSHOK (Tadim. 2). 3amina B moswmiii 81 wvacrimie
TpaIUISiEThCs B MABUY aegilopoides, TO SIK 3aMiHH
B mo3uiisax 318, 322 i 384 Oumbin xapakTepHi Juis
KyJIBTHBOBAHOTO miBHay. ONHAK JIHIIE OHA 3 IIHX
3amiH (322) IpU3BOJMTH J0 AMIHOKHCIOTHOT 3aMiHH.
Kpim 3amiH, 1110 € (hikcOBaHUMH a00 TPaILISIOTHCS
3 BHCOKOIO YacTOTOIO, CEepel MOCIITOBHOCTEH TreHa
Pina € HU3Ka PIAKICHUX 3aMiH, SIKi MICTSTBCS B TIECB-
HUX ITO3ULIAX JUIIE B OIHIN [TOCIIIIOBHOCTI TeHa Pina
(tabm. 1). [lepeBaxkny Oinmbiricth Takux SNP ineHTH-
¢ixoBano Chen et al. [22]. ¥V T monococcum BusiBne-
HO 15 piakicHMX 3aMiH, i3 HUX 5 CHHOHIMIYHHX
1 10 HECHHOHIMIYHHX, 1110 MPU3BOJIATH JI0 8 paTUKaIb-
HUX 1 2 KOHCEpPBAaTUBHUX AaMiHOKHCIIOTHHMX 3aMiH.
Y T urartu TpaIuBIIOTECS 8 IOOTMHOKUX 3aMiH, cepel
SIKUX 3 CHHOHIMi4Hi, 4 MPU3BOAATH J0 PAAUKATBHUX
AMIHOKHCIIOTHIX 3aMiH, | — 110 KOHCEpBaTHBHOI.
CHiBBiTHOIIIEHHS PI3HUX BUIIB PIKICHUX 3aMiH € H0-
TIOHUM y TBOX BUJIIB TUILTOLIHMX ImieHuUIs (x> =0,1).
Take came CMiBBiTHOIICHHS 30€PiracThCs 1 B pe3ylib-
Tari aHaJTi3y 3arajJbHOI KUTBKOCTI HyKJICOTHTHHUX 3aMiH
y nociigoBHOCTsX (10 cuHOHIMIUHMX, 11 paankab-
HUX, 5 KOHCepBaTUBHUX Y 1. monococcum, 5, 8 1 3,

BiANOBIHO, Y 1. urartu). Hu3bka 4acToTa TAKUX 3aMiH
BKa3ye HAa BIMHOCHO HEMABHE BUHHUKHEHHS TaKHX
MyTaIii. 3pa3Ku 3 paauKaJIbHAMHI aMiHOKHCIOTHAMH
3aMiHAMH € TIOTCHIIHHUM JDKEPENOM ITypOiHAOMIHIB
3 HOBUMH BJIACTHBOCTSMHL.

Jls1 ananisy 3aMiH y TeHi Pinb poBeicHO BUPIBHIO-
BaHHA 32 nociigoBHOCcTer T, monococcum (Pinb-A™1)
1 13 mocminoBuocreit 7. urartu (Pinb-Al). Cepen Hux
TIO3HIIIH 13 3aMiHaMu Oyi1o 36, ajie, Ha BiIMiHY BiJI T'eHa
Pina, TyT mepeBaxanu CHHOHIMIYHI 3amiHu (22);
3aMiH, SKi TPUBOJIMIIHN JIO PaIUKaIbHUX 1 KOHCEP-
BAaTUBHUX aMiHOKHUCIIOTHHX 3aMiH, OYyJI0 M0 7 KOX-
HOro Ty (Ta0i. 3). Y BCiX MpoaHaIi30BaHKUX ITOCTi-
NOBHOCTSIX Pinb NUIUIOIMHUX MIIEHUIL 000X BHIIB
OyI1o 3aikcoBaHO 3aMiHH y 22 no3urisx: 96, 98, 120,
125,171,201, 228, 237, 259, 285, 294, 306, 307, 310,
323,339, 342, 357, 370, 411, 423, 426. CuHoHiMiuHa
3amiHa B no3utlii 24 (T—C) npucyTHs y BCiX moci-
TIOBHOCTAX I urartu Ta B TIOJIOBUHHU TIOCIIJOBHOCTEH
1. monococcum. B OTHO3EPHSHOK CIIOCTEPIraeThest
nomimopdizm y mosutiisx 135, 243, 359, ne nocratHbo
BHCOKAa YacTOTa ITOCIIIJOBHOCTEH 13 3aMiHOIO, SIKOI
HeMmae y 7. urartu. Y cBoro uepry, nuiue B 1. urartu
noniMopduuMu € nosunii 210, 290 Ta 3agikcoBaHa
3aMiHa B TIO3HIIT 75, 1 BOHM € CHHOHIMIYHUME. 3aMiHK
B no3uwisix 135 1 359 wacrinie TparmistoThesi B AUKOTO
MJBUIY, HIK Yy KyJIbTHBOBaHOTO (Ta0n. 2). Skmio
Tiepia 3amMiHa € CHHOHIMIYHOIO, TO JIpyTa € KOHCepBa-
tuBHOKO (Val—Ala). IlepeBakHy KUIBKICTh 3aMiH
y Pinb onucano Guzman et al. [23] y mpotieci ananizy
TIOCITIOBHOCTEH 28 3pa3KiB JWIDIOIIHUX IIICHUIIb.
JonarkoBo cepen HasBHUX y 0a3i NCBI mocninoBHO-
cTelt € piakicHi 3aminu B nosumisx 10 (T—A), 196 1
410 (G—A). 3arasiom, 3a CIIBBIJHOIICHHSIM Pi3HUX
THUITIB 3aMiH y TeHi Pinb oOWaBa BUIW JHILIOITHUAX
TIIEHHUIb IPAKTUYHO HE BiPI3HAIOTHCS.

OTXe, 3aMiHH B TIOCIIIOBHOCTSIX ITYPOIHOTIHO-
BUX T€HIB MO>KHA PO3MOAIINTH Ha (hikCOBaHI B 000X
BUIB, (hikcoBaHi B 1. urartu i Ti, 3a SIKHMH € TIOJi-
Mopdism y 7. monococcum, Ta cieridivHi As1s KOXK-
Horo Buay. KpiM Toro, aisi 000X BHIIB CITiBBiTHO-
IICHHS TPHOX THIIIB 3aMiH BiIPI3HAETHCS JJIs TEHIB
Pinata Pinb (*=13,6,P <0,01). 3a po3paxyHKaMu
Guzman et al. [23], HykJIeoTHIHA PI3HOMAHITHICTh
Pina € 3HaYHO HMKYOIO, HIXK OYIKyBaHE 3HAYCHHS
3a TECTOM Ha HEUTPaJbHICTh, HA BIAMIiHY Bix Pinb,
110, Ha JIyMKY [IUX aBTOPIB, CBIAUNTH PO Pi3HI ce-
JIEKTUBHI 0OMEXKEHHS B €BOJIOIIT IUX reHiB. Massa
and Moris [21] cepen caiiTiB reHa Pina, Mo Imiyis-
ragy MO3UTHBHOMY A000py, BUILMMIK caitu 121
(V—L) 1230 (Q—L) i Takox HE BHSBHIIH JIii TIO3H-
TUBHOTO n000py Ha reH Pinb. Taki BiAMIHHOCTI
ABTOPH TIOSICHIOIOTh MOJKJIMBOIO OLIBII BHCOKOIO
AQHTUMIKPOOHOIO aKTUBHICTIO IMyPOIHIOJNIHY a, YU
TpUNTO()AHOBUH JOMEH MICTHTH OIJIbIIIE 3aJIUIIKIB
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Tabruys 1

BigminHocTi B nocJiinoBHocTi rena nmypoingoainy a Pina T. monococcum (T.mon) i T. urartu (T.ur)
Bi1 pedepencHol nocainosHocti copty Chinese Spring (CS) Ta BinmiHHOCTI B aMiHOKHUC/I0THIl nocainoBHOCTI

To3nuist T.mon/ To3nuist KinbkicTs 3pa3skiB Yacrora

N B reti Pina cs Tur B KOJOHi T.mon i3 3amino10 y Tmon
1 11 t c 2 1 0,016
2 24 a c 3 62 1,000
3 56 c a 2 1 0,016
4 70 g a 1 62 1,000
5 81 t c 3 28 0,452
6 121 g c 1 62 1,000
7 158 t g 2

8 161 a g 2

9 164 g a 2 1 0,016
10 182 a g 2 1 0,016
11 213 g c 3 1 0,016
12 222 a c 3 1 0,016
13 230 a t 2 62 1,000
14 249 t c 3 25 0,403
15 253 a g 1 1 0,016
16 257 g a 2 62 1,000
17 273 a g 3 1 0,016
18 283 c t 1 1 0,016
19 318 t c 3 33 0,532
20 322 g a 1 37 0,597
21 348 t c 3
22 358 a g 1
23 362 t c 2
24 372 a g 3 1 0,016
25 380 a c 2
26 384 g a 3 32 0,516
27 392 g a 2 3 0,048
28 409 c t 1 0,016
29 410 c t 2 1 0,016
30 415 a g 1
31 416 a t 2 1 0,016
32 418 a g 1 1 0,016
33 421 c t 1 1 0,016
34 441 c a 3

tpuntopany. BogHouyac pesynbTaTH AOCHIKEHb
Kim et al. [26] cBigyaTh mMpo KOOMEPATUBHY Mit0
MypoiHONiHY a 1 b mmsa 3amobiraHHs po3many
MOJIAPHUX JIIMIJIB y TPOIECi JO3piBaHHS 3epHA.
Taxox Oyn0 MOKa3aHO B3a€MOAII0 MYPOIHIOMIHIB
13 BiacHe mposiamiHamu [27,28], 30KpeMa BILTUB
ITypOIHIOJIiHY a Ha arperariio IpojaMiHiB y mporie-
¢l PO3BUTKY 3epHa [29], 1110, Y CBOIO Yepry, MOXe
BU3HAYATH pIi3HE aJaNTHBHE 3HAUYCHHS [EBHHUX
3aMiH, 1 SIK pe3yJIbTaT — MyPOiHIOIIHOBUX aJIeliB.

BucHoBku

VY pesynbraTi aHami3y MOCiIOBHOCTEH MypoiH-
NONHOBUX reHiB 7. monococcum i T. urartu 3 6a3u
naanx NCBI 3aranom inentudikoBano 34 SNP

y reHi Pina 1 36 y reni Pinb, yacTuHa 3 kux Oynu
PIAKICHUMH, Ta OXapaKTEPU30BAHO YACTOTY iX Tpar-
JISHHA B 000X BHOIB. BCTaHOBIEHO BiAMIHHOCTI
B YaCTOTaxX TPAIUISHHS albTEPHATHBHUX HYKJICOTH-
niB y meBHuX nosumisx (81, 318, 322 i 384 Pina
ta 135 1 359 Pinb) y nuKkoi i KyJIbTHBOBAHOI OJHO-
3epHAHOK. ['enn Pina ta Pinb Bigpi3HAIOTBCS 3a
CIIBBIHOIICHHSIM CHHOHIMIYHUX, KOHCEPBATHB-
HUX 1 paguKanbHUX 3aMiH. OTXKe, BUSABIEHI 3pa3KH
NUIUIOIIHUAX MIIEHULb 13 HECHHOHIMIYHUMM 3aMi-
HaMH B ITyPOIHIOJIHOBUX TeHAX MOXKYTh CIyT'yBaTH
JOKepesloM  OIJKIB 13 HOBHMH  BJIACTHBOCTSIMH
JUIS PO3WIMPEHHS TeHO(POHAY NIICHMIN M’ SIKOI
IIOJI0 O3HAaK M’SIKO3EPHOCTI Ta AHTHMIKpOOHHUX
BIIACTHBOCTEH ITypOiHOIMIHIB.
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IIpooosoicenns mabn. 1

Ki‘m’.K icte Yacrora .H(Bl/ll.liﬂ - T.mon/ Xapakrep
N 3paskiB Lur B AaMIHOKHCJIOTHIM CS P,
i3 3amiHOI0 y Lur MOCJIiI0BHOCT Lur JaMIHH
1 4 L P pan
2 22 1,000 8 G G
3 19 A E pan
4 22 1,000 24 \Y% 1 KOHC
5 27 S S
6 22 1,000 41 \Y L KOHC
7 1 0,045 53 L R paxn
8 1 0,045 54 D G pan
9 55 R Q pan
10 61 D G pax
11 71 \\% C pan
12 74 G G
13 22 1,000 77 Q L pan
14 83 C C
15 85 S G pan
16 22 1,000 86 R Q pan
17 91 P P
18 95 R K KOHC
19 22 1,000 106 D D
20 22 1,000 108 G S pan
21 1 0,045 116 D D
22 1 0,045 120 K E pan
23 1 0,045 121 \Y A KOHC
24 124 E E
25 1 0,045 127 N T pan
26 128 L L
27 131 R K KOHC
28 137 P F pan
29 137 P P
30 1 0,045 139 N 1 pan
31 139 N 1 pax
32 140 1 \Y KOHC
33 141 P P
34 1 0,045 147 Y Y
* pax — paJuKalbHa; KOHC — KOHCEPBaTHBHA.
Tabruys 2
BiagminHoCTi B yacToTi TpanIssHHS HYKJI€OTHIIB
Y NeBHHUX NO3UNiAX reHa Pina i Pinb y nukoi i KyJbTYpHOI 0THO3ePHIHOK
T'en SNP subsp. aegilopoides subsp. monococcum e P
81T 6 25
81C 13 11 7 0,006
318T 13 11
Pina 318C 6 26 77 0,006
322G 13 J 10,2 0,001
322A 6 28 ’ ’
384G 15 11
3R4A 7 2 12,23 0,0005
135G 4 12
o 135A 9 1 10,4 0,001
39T 2 2 7,7 0,006
359C 11 4 ’ ’
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Tabnuys 3

BiaminnocTi B nocjiinoBHocti rena nypoinaoainy b Pinb 1. monococcum (I.mon) i T. urartu (T.ur)
Bl pedpepencHol nocaigoBHocti copty Chinese Spring (CS) Ta BinmiHHOCTi B aMiHOKHC/I0THIl nocaitoBHOCTI

Ilo3umnist B reni T mon/ Tlo3umist KinbkicTs 3pa3kiB Yacrora

N Pinb cs Tur B KO/IOHi T.mon i3 3amiHo10 y I'mon
1 10 T A 1 1 0,031
2 24 T C 3 16 0,500
3 75 C T 3

4 85 A G 1 3 0,094
5 96 C T 3 32 1,000
6 98 G C 2 32 1,000
7 120 T C 3 32 1,000
8 125 A T 2 32 1,000
9 135 G A 3 12 0,375
10 159 C T 3 3 0,094
11 171 A G 3 32 1,000
12 196 G A 1 1 0,031
13 201 C T 3 32 1,000
14 210 A G 3

15 228 C T 3 32 1,000
16 237 T C 3 32 1,000
17 243 T C 3 25 0,781
18 259 A C 1 32 1,000
19 285 A G 3 32 1,000
20 290 G T 2
21 294 T C 3 32 1,000
22 306 G A 3 32 1,000
23 307 C G 1 32 1,000
24 310 G A 1 32 1,000
25 323 G A 2 32 1,000
26 339 G C 3 32 1,000
27 342 C A 3 32 1,000
28 357 G T 3 32 1,000
29 359 T C 2 18 0,563
30 370 C A 1 32 1,000
31 410 G A 2 1 0,031
32 411 C A 3 32 1,000
33 414 C T 3 1 0,031
34 423 G A 3 32 1,000
35 424 T C 1 3 0,094
36 426 C A 3 32 1,000
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IIpooosoicenns mabn. 3

Ki‘m’.K icte Yacrora .H(Bl/ll.liﬂ - T.mon/ Xapakrep
N spaskis Lur B AaMiHOKHCJIOTHIi CS P,
i3 3amiHol0 y Lur MOCJIiIOBHOCTI Lur saMiiH

1 4 L 1 KOHC
2 13 1,000 8 A A

3 13 1,000 25 G G

4 29 N D KOHC
5 13 1,000 32 G G

6 13 1,000 33 G A KOHC
7 13 1,000 40 C C

8 13 1,000 42 Q L pan
9 45 P P

10 53 Y Y

11 13 1,000 57 R R

12 66 \% \Y

13 13 1,000 67 T T

14 5 0,385 70 T T

15 13 1,000 76 G G

16 13 1,000 79 H H

17 81 \'% \%

18 13 1,000 87 K Q pan
19 13 1,000 95 Q Q
20 4 0,308 97 R R
21 13 1,000 98 C C
22 13 1,000 102 R R
23 13 1,000 103 R G pan
24 13 1,000 104 \'% M pan
25 13 1,000 108 R K KOHC
26 13 1,000 113 L F pan
27 13 1,000 114 G G
28 13 1,000 119 E D KOHC
29 120 \ A KOHC
30 13 1,000 124 L 1 KOHC
31 137 G E pax
32 13 1,000 137 G G
33 138 A A
34 13 1,000 141 K K
35 142 F L pan
36 13 1,000 142 F F

* pax — paguKajgbHa; KOHC — KOHCEPBATHBHA.
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ANALYSIS OF SINGLE NUCLEOTIDE POLYMORPHISMS
IN SEQUENCES OF Pina AND Pinb GENES OF
THE DIPLOID WHEATS Triticum monococcum AND T. urartu

Abstract

Puroindolines (puroindoline a and puroindoline b) are low molecular weight proteins that determine the
endosperm texture of grain in the tribes Triticeae and Avenae. The aim of our study was to analyse single
nucleotide polymorphisms (SNPs) of the coding sequences of the Pina and Pinb genes of the diploid wheats
Triticum monococcum (A™A™) and T. urartu (AA) from the NCBI database in comparison with the reference
sequences of the common wheat variety Chinese Spring (CS).

For this, 62 sequences of the 7. monococcum puroindoline a gene (Pina-A"1), 22 sequences of 7. urartu
Pina (Pina-Al), 32 sequences of the 7. monococcum puroindoline b gene (Pinb-A"1) and 13 sequences of
T. urartu Pinb (Pinb-AI) were retrieved from the NCBI database. The sequences of the puroindoline a gene
DQ363911.1 of the variety CS (the Pina-DIa allele) and the puroindoline b gene DQ363913.1 of CS (the
Pinb-D1a allele) from the NCBI database were used as the reference sequences. The sequences were aligned
using MEGA 11. In total, 34 SNPs (13 synonymous and 21 nonsynonymous differences, of which 15 result
in radical amino acid substitutions and 6 in conservative ones) were identified in the total sample of
84 diploid wheat Pina sequences, some of which were observed in all sequences and some were rare. Among
the 45 Pinb sequences, there were 36 SNPs, but, unlike the Pina gene, synonymous substitutions
prevailed (22); 7 substitutions led to radical amino acid substitutions and 7 to conservative ones. Substitutions
in the sequences of the puroindoline genes relative to the CS genes can be divided into those fixed in both
diploid wheat species, those fixed in 7 urartu and polymorphic in 7. monococcum, and species-specific
ones. Significant differences in the frequencies of alternative nucleotides at certain positions (81, 318,
322 and 384 of Pina and 135 and 359 of Pinb) were found between the wild einkorn wheat 7. monococcum
ssp. aegilopoides and the cultivated wheat 7. monococcum ssp. monococcum.

Keywords: puroindoline, Triticum monococcum ssp. aegilopoides, T. monococcum ssp. monococcum,
T. urartu, SNPs, radical amino acid substitutions, conservative amino acid substitutions.
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OCOBJIMBOCTI BIIVIUBY PEKOMBIHAHTHUX IUTOKIHIB
HA ®YHKIHIOHAJIBHY AKTUBHICTD
I'EMOINIOETUYHUX KJIITUH-IIOIIEPE/THUKIB
HHPU MICJIOAUCIIVIACTUYHOMY CUHAPOMI IN VITRO

Honynayii ecemonoemuunux KimuH-nonepeoHuKi6 € HauOIUNCUUMU HAWAOKAMU CTNOBOYPOBUX KAIMUH.
Came Ha pieni yux KIMuH (2eMONOemMuyYHUX KAIMUH-NONEpeorUKis) 8i00yeacmvca peanizayis npoyecie
nponighepayii ma ougpepenyitosanus. Ha 6iominy 6io cmogdyposux KiimuH, 6OHU Yymausi 00 0ii Yyumokiuis,
AKI BUKUOQIOMbCA Y pa3i Hecmaui KIiMuH Kpoei Ha nepugepii. [Ipome 0ogeutl uac pons 2emonoemuyHux
KITMUH-NONEPeOHUKI8 y peanizayii namonoeiunozo npoyecy npu NOPYULeHHAX 2emonoesy 6y10 Hed0OYiHeHO,
B0HA BUABUILACS 8A2OMILOI0, HidiC 88adicanu pariute. OcobaUBo ye cmocyembCs Mi€100UCNIACMUYHO20 CUH-
Opomy, AKUll, He36adcaloyu HAa HA38Y, € KIOHANbHUM 3AX80PIOGAHHAM, AKe nepedyc cocmpiil JeliKkeMmii.
Memoto Oocnidsicenns 6yno eusnawenus ocobrusocmeli GyHKYiOHy8anHsa 2eMONOeMuyHUX KIimun-none-
DEOHUKIB Y HOPMI 1 NOPYUEHHAX 2eMOonoe3y Ha iHiyianvHux emanax snosakicnoeo npoyecy MJIC (MIC-IB)
6 YMo8ax Oii pi3HUX KOHYEHMPAayill YUMOKIHI8 018 OYIHIOBAHHA 2eMONOEMUUHO20 NOMEHYIATY YUX KIIMUH.
Busuanu ixurwo xononicymeoprosanvry axmusnicms (KYO) nayieumis 06ox epyn — konmponvroi (10 ocib)
i 0ocnionoi (20 oci6) y kynemypi in vitro. Bussurocw, wo KYO 36inbuiyemvcs 3 niosuweHHAM KOHYeHmpa-
Yii yumoxinie i nompedye 808iui OLILULO2O CIMUMYTY Y PA3T KYILIMUBYBAHHS 2eMONOSMUYHUX KAIMUH 810 na-
yienmig 3 MJ[C-IB. OnmumanvHoro koryewmpayicto ¢ kowmponi ons G-CSE, GM-CSF, IL-3 susasunace
20 ne/ma, a ons kaimun 8i0 nayicumis 3 M/[C-1B — 40 ne/ma. J{logedeno, wjo y pazi GUKOpUCmanHs KOMIIEKCy
yumoxinie (GM-CSF, G-CSF, IL-3) konoHi€ymeoproeaivua 30amHicms KiimuH-nonepeoruxie 6io nayicH-
mie 3 MJ[C-IB 3HauHO 3pocmae 6 NOPIiGHAHHI 3 MAKUMU NOKASHUKAMU OIs1 YUTNOKIHIB, WO OisiU OKPEMO
(28,743,2 00 18,3+1,8, 12,1+1,5 ma 24,5+2,1 6ionosiono). Y pobomi poskpumo npuxosauuti nomenyiau
00 nponigepayii knimun 6i0 nayieumise 3 M/C-IB, wo modice 6ymu UKOPUCTIAHUM K 8 eKCNEPUMEHMAb-
HUX QOCTIONCEHHAX, MAaK i 05l CIMBOPEHHsT NPOMoKonie aikysanus xeopux na MJ[C 6 iniyiareHiti cmaoii
3aX60PHOBAHHSI.

KarouoBi cioBa: MieqToAMCIUIACTUYHUI CHHIPOM, I'€MOINOCTHYHI KIITHHHU-TIONIEPEAHUKH, PEKOoMOi-
HAHTHI IUTOKIHHU, KOJIOHIEyTBOPIOBaJIbHA aKTUBHICTh, KYJBTYpa in Vitro.

Beryn

[emomnoe3 ccaBIiB — 1€ CKJIagHA i€papXidHa
cucremMa 6e3MepepBHOTO OHOBJICHHS KPOBOTBOPHHX
KITIITHH, 10 TPYHTYETHCS HA 30aJIaHCOBAHOCTI TPO-
L[eCiB IXHBOTO YTBOPEHHS 1 pyHHYBaHHs. Y g0pocC-
JUX OpraHi3Max OUTBIIICTh CTOBOYPOBHUX KIITHH
nepedyBatoTh y ctani GO (a3u KIITHHHOTO LUKITY.
3aBISKA IIbOMY BOHH € CTIMKIIIAMHU JIO ITOIIKO-
mxenb JIHK [1,2] Ta MOXyTh J0OBro 30epiratucs

B TCMOMNOCTHYHUX HilllaX, AKTHUBYIOUYHCH JIHIIEC
y pasi notpedu npomideparii [3]. g ocodbmuBicTh
«CIJISTYMX» CTOBOYPOBHUX KIITHH Ja€ MOXKJIHMBICThH
30eperTH «30JI0THH 3armacy JUTsl BIAHOBJICHHS MiCIIs
PI3HHX CTpeciB.

OxpiM CTOBOypOBUX KIJITHH, B OpraHi3Mi iCHY€E
i iHIIA MOMYNAIig — TeMOMOETHYHI KIIITHHU-TIONe-
penrnku. Came Ha IXHROMY PiBHI BiIOYBA€ThCS peati-
3a11is mpoueciB mpomideparii Ta audepeHiitoBaHHS,

© Ilaxapenxo M. B., Pyccy 1. 3., Binvko /. 1., Jlazoouwok 1. FO., Binvko H. M., 2024
© Hauionanbuuii yHiBepceuteT «KneBo-MorussiHCbKa akaieMis» (3aCHOBHHUK 1 BUIaselp), 2024
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aJKe BOHHW Yy TJIMBI JI0 Jii IIUTOKIHIB, K1 BUKHIA-
I0ThCS Y pa3i HecTadi KIITHH KPOBi B KpoBoToIi [3].
Posib  TeMOMOETHYHHX  KIITHH-TIONEPETHUKIB
Oyli0 HEIOOLIHEeHO B peajizalii MaTOJIOTi14YHOTO
mpoIecy TpH MOPYIICHHAX T'eMOIoe3y, BOHa
BHUSIBWJIACS Baromiliol, HIK BBaXKaju paHilie.
Ha mienogucrutacTHYHUE CHHAPOM 13 HAJUTHIIKOM
onactis (MJIC-IB) mnpunamae 40 % Bumankis
M/IC [4]. lTpuunny BunukHeHHss MJIC ocrarouno
HE BU3HAYEHO, alileé MOYKHA 3 BIIGBHEHICTIO CKa3aTH,
0 II¢ KJOHAaJbHE 3aXBOPIOBAHHS 31 3MiHAMH,
SIKI CTAJHMCS 3aBISKA MyTallisiM, 110 TPU3BEIH 10
[UTOTEHETUYHUX TOPYIIEHb 1 OXOILTIOIOTH BiJI-
Jin cToBOypoBoi kimituHu [5,6]. [Ipore emuHOTO
MOTISITY MIOJI0 POJTI TEMOMTOSTHYHUX KITITHH-TIOTIE-
PeAHMKIB, HAMOMMKYMX HAMAAKIB CTOBOYpPOBOL
KJIITHHHU, 1 TPOTHOCTHYHOT IIHHOCTI KJIOHAJIhHUX
KyJIbTypalbHUX METOMIB JOCIIIKECHb MPU Mi€Io-
mucrutactnaHomy cuaiapomi (MJIC) nemae [7].
[Monpu gy™MKy, 110 Mi€TOAUCTIIACTUIHUNA CHHIPOM
€ «3aXBOPIOBAHHSIM CTOBOYPOBHUX KIIITHH», Hapasi
HEMa€ BaroMux JI0Ka3iB Ha MiATPUMKY I[bOTO TBEP-
JokeHHs. KpiM TOro, cTymiHb YpaKeHHS KJIITHH
y CTOBOYpOBO-KIIITHHHOMY KOMIIAPTMEHTI MpH
M/IC 3aIuIIa€ThCsl HEB1IOMUM.

Mertorw nociimkeHHs Oyja0 BU3HAYEHHsS 0CO0-
nuBOCTEeH (DYHKI[IOHYBaHHS TEeMOMOCTUYHHUX KJTi-
TUH-TIONICPEIHUKIB Y HOPMI 1 TOPYIIEHHSX I'eMOo-
Moe3y Ha IHIIATBHNX eTarax 3JI0SKICHOTO MPOIECy
MJC (MAC-IB) B ymoBax aii pi3HUX KOHIIGHTpaIlii
LUTOKIHIB JUIA OLHIOBAHHSA I€MONOETUYHOIO I[O-
TEHIIaTy IUX KIIITHH.

Marepiaau Ta MeTOAU TOCTiIZKEHHS

JlocnikeHHsI, TpeACTaBIeHi B poOoTi, crps-
MOBaHO Ha BHM3HA4Y€HHS 0COONMBOCTEH (YHKIIiO-
HYBAaHHS TEMOIIOCTHYHHX KIITHH-TIONEPETHUKIB
y HOpMi 1 TOPYIIEHHSX TEMOTIOe3y Ha iHiliadIbHUX
eTarnax 3JI0SKiCHOTO MPOIeCy — MI€JIOIUCIIIIACTHY -
Horo cuaapomy (MZIC). Y poGoti Oyno mpoBeaeHo
aHai3 (pyHKIIOHATBHOI aKTUBHOCTI KIIITHH-TIONE-
pennukiB 20 namientis 3 MAC-IB (11 4omnoBikiB
1 9 XIHOK) y MOMEHT MaHidecTalii mpouecy 1o
nmikyBaHHs (gochigHa rpyma) i 10 ocif, y skux
MPU CTEPHAIBHINA MIarHOCTUYHINA MYHKIIT HE BH-
SIBJICGHO OHKOT'€MAaTOJIOTIYHOT MaTONOrii (KOHTPOIb-
Ha rpymna). /liarHo3 BCTAHOBJIICHO BIJIOBIIHO 10
cyuacHoil knacudikanii BOO3 nyxauH KpoBo-
TBOpHOT 1 JmiMdoinHoi Tkanuu [8-10]. Y nocni-
JPKEeHHs OyJ10 3aIy4YeHO TiNbKU MAalli€HTIB i3 BIep-
me BusBiieHuM MJIC.

VYei nanieHTH manu iHGOPMOBaHY 3rojly Ha BH-
KOPUCTAaHHS CBOTO Marepiaiay 3 JOCIITHUIBKOIO
METOIO0 BIJAMOBIJHO /0 HAIlOHAJIBHUX MPOTOKOJIIB
JKyBaHHS Ta 300py O10JOTIYHOrO Marepiaiy Tija

gac JiKyBaHHA. /liarHOCTHYHY CTEpHANbHY ITyHK-
[[iI0 Mali€eHTaM TPOBOAMIM MEIWYHI MpalliBHUKA
IHcTuTyTYy remarosorii Ta Tpancdysionorii HAMH
VYkpainu y nepion 3 2018 mo 2021 pik. liaruo3 6ymno
BCTAHOBJICHO Ha IM1JICTaBl 000B’I3KOBUX JIabOpaTop-
HUX JIOCIIJKEHb 33 MDKHAPOIHOK Kiacuikaiiero
XBOpOO (3 yTouHeHHsIM Biz 2016 poky).

Ilepen KynbTUBYBaHHSIM IIPOBOAMIIU PO3PaXyH-
KH KUTBKOCTI KJIITHH JJIS1 TOCTAHOBKH €KCTIEPHMEH-
Ty y 24-myHKOBOMY ITaHIIeTi. B ogHy myHKY 00°€-
MoM 500 MKJI BHOCWJIM CYCIICH3II0 TaKOTO CKIIaIy:
skuBmibHE cepenosuiie DMEM, i3 9 % FBS, 1 %
L-rnmyraminy (2MM) Ta 3 aHTHO10TUKAMU TTEHI Ui~
HOM 1 CTPENTOMIIIMHOM; POCTOBI (PAKTOPH 3TifHO
13 3aBIaHHSIMM CKCIICPUMEHTIB 1 arap y KOHIICH-
tpauii 0,33 %; kmitTuHHA cycneHsis. s gocro-
BIPHOCTI OTPUMAHUX PE3YJbTATIB JOCIIKSHHS
MPOBOAMIN y 3 MOBTOPAX, TOOTO BUKOPHCTOBYBAJIH
3 ayHKH. Y IyCTi JIYHKH 110 TIEPUMETPY BHOCHIIA
no 500 mxut po3uuny PBS s ctBopenHs Boioroc-
Ti. Ky/JIbTUBYBaHHSI KIIITHH KiCTKOBOTO MO3KY BiJI-
OyBasock y TepmocTari npoTsrom 14 1i6 B ymoBax
MPUCYTHOCTI 5 % BYIJIEKHCIIOTO Ta3y, 32 aOCOIIOT-
Hoi BosorocTi 1 37 °C.

PesyabraTn

Jnst BU3HAYCHHS ONTHMAJBHHX KOHIICHTPA-
i (akToOpiB POCTy IpaHyIONUTAPHO-MaKpOda-
ranpHOoro (GM-CSF), rpanynornurtapaoro (G-CSF)
i ixTepneiikiny-3 (IL-3) mis KyJabTHBYBaHHS
KICTKOBOTO MO3KY CIOYaTKy MOCIIIHIN KiCTKO-
BUI MO30K 0ci0 kOHTponbHOI rpynu. Kynbrusy-
BaHHS MPOBOJMIN 3 MOCTYIOBUM 30UIBIICHHSIM
KOHIIEHTpalii nux Tphox (axTopiB. MiHimMaNb-
HOIO ¢(DEeKTHBHOI KOHIICHTPAIIIEID BBAYXKAIH TY, 32
SKOT 3’ IBJISUTMCS TIEPI arperaTd reMOMOSTHYHUX
KIiTUH. L[s1 KOHIEeHTpaIis cTaHoBUIA 2,5 HI/MI
Ha 1x10° ekcraHTOBaHMX KIITHH. 3a IIi€l KOH-
IEHTpaIlii KiJIbKICTh KOJIOHIHM (arperariB MOHaJ
40 kniTuH) Ha 14-i 1eHb KyIbTUBYBAHHS CTAHO-
Buna 6,0+1,2, 5,3+0,8 1 8,5+1,5 gna GM-CSF,
G-CSF ra IL-3, BinmosiaHo. [lani KOHIEHTpAaIIi0
(hakTopiB pocTy moaBoroBaiM a0 5 Hr/miu. Lle
MPHU3BEJIO 10 3HAYHOTO 3POCTAHHS KOJOHIEYTBO-
penns: 12,0+£2,5, 10,3+1,5 1 14,1£2,3 koJioHi#
s GM-CSF, G-CSF rta IL-3, Bigmosigno. 3a
koHIeHTpaii 10 ar/mMa kiibkicth KYO-I'M (ko-
JIOHIEYTBOPIOBAJIbHUX OJIUHUIb TPAHYIOLUTAP-
HO-MakpodaraipHux)  craHoBmia  22,1+2.8,
20,6+2,5 1 27,5+3,2 s GM-CSF, G-CSF Tta IL-3,
BiANMOBiIHO. ONTHMaIBHOK  KOHIICHTPAIIEIO
Oyno BuzHaueHOo 20 Hr/mi, 3a SKOi KIJIBKICTh
KOJIOHIM cTanoBuaa 38,3+3,5, 34,0+4,3 1 42,5+5.4
nns GM-CSF, G-CSF ta IL-3, BigmoBigHO
(pucyHOK).
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Tabnuys

EdexTuBHicth kononicyrBopenns 'K Binx M/IC-IB 3a Bucokux 103 HUTOKiHIB
Ta ixHi koMOiHaLii B KyJBTYpI in vitro

Hasa nurokiny Konuenrpauist uuTokiny, Hr/mi KYO-I'M

GM-CSF 40 18,3+1,8*

G-CSF 40 12,1+1,5%

IL-3 40 24,54£2,1%

KombGinarris 40 28,7+3,2%
GM-CSF + G-CSF + IL-3 KOXKHHH hakTop

* Pi3HULA MK TIOKa3HUKaM¥ CTAaTUCTUYHO IOCTOBIpHA.

HactymauM KpoKoM CTano JOCIHiIKCHHS BILIH-
By pi3HHX (aKTOpiB POCTy Ta IXHIX KOMOIHAIiit
Ha KYO-I'M y 20 xBopux na MJC-IB in vitro.
Kynerypu KicTKOBOrO MO3Ky IUX HAaLi€HTIB y pasi
BUKOPUCTAHHS KOXKHOTO 3 TPhOX (DAaKTOPIB POCTY
B iXHIX ONTHMAJIbHUX KOHIICHTPAISX JIEMOHCTPY-
BaJI 3HAYHE MPHUTHIYCHHS KPOBOTBOPHOI (DYHKIIIi.
Kinekicte KYO-I'M cranosuina 4,0+0,5, 7,0+0,8
i 9,3+1,5 Ha 1x10° eKCIUIAHTOBAHMX KJITHH ISt
GM-CSF, G-CSF Ta IL-3, Bignosigno. Baxauso
3a3HaYMTH, MO Tepli JBa (aKTOpU BUSBUIHCA
MeHm edexTuBHUMH, HiX [L-3. L pisHuns Oyna
CTaTUCTUYHO JocToBipHOKO (P<0,05).

JHaui Oyao mpoBeNeHO 1Ba TUIH CKCIICPUMEHTIB!
y MepIIoMy KOHIICHTpaIlifo (haKTOpiB POCTY MOJBOI-
T, @ B IPyTOMY 1X BUKOPHUCTOBYBAJH B KOMOIHAIIII.
BusiBuiiocst, mo y pasi MOIBOEHHS KOHIEHTpAIii
(akTopiB pOCTy CPEKTHBHICTh KOJIOHICYTBOPCHHS
npu MJIC-IB 3HayHO 3pocTaja Ta CTaHOBHIIA
18,3+1,8, 12,1+1,5 i 24,5+2,1 pna GM-CSF, G-CSF
ta IL-3, BiAmoBiHO. BUKOpHUCTaHHS KOMILIEKCY 11~
TOKIHIB IpU3BeNo 110 yTBopeHHs 28,7+3,2 KYO-I'M,
0 CTAaTHCTHYHO JIOCTOBIPHO BHWINE, HDK Yy pasi

BUKOPUCTAHHS ITUTOKIHIB OKpeMo. [IpoTe 11el mokas-
HHUK BCE )X HE JIOCSAT 3HA4YCHb KOHTPOJBHOI IPYIH
(muB. TabnuIO).

Oo6roBopenHst

VY kicTkoBOMY MO3KY mpouidepariiss Ta aude-
PCHINFOBaHHS TE€MOTMOCTUYHUX KJIITHH KOHTPOJIIO-
I0ThCSI KDOBOTBOPHUM MikpooTodeHH:sM. Lle cknan-
HE CEPEITOBHIIIE, ITI0 CKIAJAETHCS 3 MC3CHXIMATIBHIAX
CTPOMAIIbHUX KJIITHH, & TAKOXK aUITOIHUTIB, OCTECO-
OnacrtiB, eHAOTEMATBHUX 1 PETUKYJISIPHUX KITITHH Ta
makpodaris [11]. Kiituau, ski popMyrOTh TeMO-
MOCTUYHI Hillll, CEKPETYIOTh O€3/1iu CHUTHAJIBHUX
MOJIEKYJI, IO IFOTh JIOKAJbHO (ayTOKPHHHO) 200 Ha
BiJicTaHi (mapakpuHHO). L[i curHamm BKIIIOYAIOTH
pocToBi (haKTOpH, XEMOKIHH, IUTOKIHU, MOP(HOTCHU
Ta MoJIeKynu anresii [12].

SIK BiTOMO, CHCTEMa KPOBOTBOPCHHSI, SIAPOM SIKOT
y JIOpPOCIJIOTO OpraHi3My € KICTKOBHH MO30K, Oe3-
TICPEPBHO OHOBIIIOE ITyJ CBOIX KiiTHH. Lleit mporec
MOXKJIMBUH 3aBISIKM HASBHOCTI MYNIBTHUIIOTCHTHHX
CTOBOYPOBHUX KIIITHH Ta TXHIX HAIIAAKIB — KITITHH-
noniepeHUKiB. Ha BijiMiHy BiJl CTOBOYpOBHX KIIITHH,
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SIKI MarOTh HEOOMEXKEHY 3JIaTHICTh JI0 CaMOBIJITBO-
PEHHSI, TeMOIIOETUYHI KIIITHHU-TIONEPETHUKN MAIOTh
MEHIIy THYUKiCTb. [XHS criemiamiszamis 6 Bupa-
JKEHA, a 3aTHICTh IO CaMOBIATBOPEHHS OOMEXEeHa,
TOX PETYIIAIIs KPOBOTBOPEHHS 3MIHCHIOETHCS 32 JI0-
MIOMOTOI0 POCTOBHX (DAaKTOpIB, SIKI MPOAYKYIOTHCS
MIKPOOTOYEHHSIM KiCTKOBOTO MO3Ky [13,14].
OtpumaHi HAMU JlaHi CBi4aTh MpO Te, IO MPU
MJIC BinOyBa€eThCs OPYIICHHS CIIPUAHSITTS CTHMY-
JIiB TEMOTIOCTUYHUMH KITITHHAMU: 3HUKYETHCS iXHS
YyTIUBICTh JIO IIUTOKIHIB. [IpoTe 31aTHICTh pearyBa-
TH Ha HUX 30epiraeTbes, Mo Oyno MpoAEeMOHCTPOBa-
HO in vitro. 11i pe3yabsTaTi 1at0Th 3MOTY IPUITYCTUTH,
10 TEeMOMOETHYHI KIITHHHU-TIONIEPEAHUKN Bijirpa-
FOTh BOXJIMBY poiib y miatoreHe3i MJIC. Lle miarBep-
JUKYETBCSI 3aTHICTIO TEMOMOCTUYHUX CTOBOYPOBHX
KIITHH Ta KIITHH-TIONEPEIHNKIB KICTKOBOTO MO3KY
pearyBaTy Ha BIUIMB IMTOKIHIB in Vvitro. Baxnuo

3a3HAYMTH, 10 MPOBEACHE JOCIIIKEHHS OXOILTIOE
mume panaoo cragiro MJAC (MAC-IB) i He nae
iHpOpMAaIli PO MOJANBINI €Tl 3aXBOPIOBAHHS.
[Ipore BoHO nemMoHCTpYeE, 110 3a miei popmu MJIC
MO)KHA JIOCSITTH TIEBHOTO TEPAINEBTHYHOTO eeKTy,
301IBIIYIOYH KOHIICHTPAIII0 IUTOKIHIB.

BucHoBkH

3Bakaroun Ha Te, 0 MPU MiEJTOANCIIIACTUIHO-
my cusapomi (M/1C) remonoeTiyHi KJITUHU-TIONE-
PEIHUKH MaroTh JIe(EeKTHY NPHUTHIYCHY PpPEeaKIlito
Ha IUTOKIHHM, ale BCE XK TaKU 3/[aTHI pearyBaTH
Ha IiJIBUIIICHI JO3W TpenapariB, 0COOJUBO B IXHIN
KOMOiHa1ii, pEKOMEHIOBAHO BUKOPUCTOBYBATH i€l
miaxij mig gac qociimkeras MJIC B ekcriepuMeHTi.
Kpim Toro, naHi, oTpuMaHi B JOCIIIKCHHIX KyJlb-
TYypH KJITHH in Vitro, MO)KHa BPaxOBYBaTH IiJl 4yac
PO3pOOIIEHHS TPOTOKOJTIB JTIKYBaHHS.
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M. Pakharenko, I. Russu, D. Bilko, I. Lahodniuk, N. Bilko
National University of Kyiv-Mohyla Academy (NaUKMA), Kyiv, Ukraine

PECULIARITIES OF THE INFLUENCE OF RECOMBINANT CYTOKINES
ON THE FUNCTIONAL ACTIVITY OF HEMATOPOIETIC PROGENITOR CELLS
IN MYELODYSPLASTIC SYNDROME IN VITRO

Abstract

Populations of hematopoietic progenitor cells are the closest descendants of stem cells. It is at their level
that the processes of proliferation and differentiation occur, since they are sensitive, unlike stem cells, to the
action of cytokines, which are released in the event of a shortage of blood cells in the periphery. However,
for a long time the role of hematopoietic progenitor cells in the implementation of the pathological process
in disorders of hematopoiesis was underestimated, while now it has turned out to be more significant than
previously thought. This is especially true of myelodysplastic syndrome, which, despite its name, is a clonal
disease that precedes acute leukemia. The purpose of the study was to determine the peculiarities of the
functioning of hematopoietic progenitor cells in normal and impaired hematopoiesis at the initial stages of
the malignant process of MDS (MDS-IB) under the conditions of exposure to different concentrations of
cytokines to assess the hematopoietic potential of these cells. Their colony-forming activity (CFU) was
studied in two groups of patients — control (10 people) and experimental (20 people) in culture in vitro. It
was found that CFU increases with increasing concentration of cytokines and requires twice as much
stimulus when culturing hematopoietic cells from patients with MDS-IB. The optimal concentration in the
control for G-CSF, GM-CSF, IL-3 was 20 ng/ml, and for cells from patients with MDS-IB — 40 ng/ml. It
has been proven that in the case of using a complex of cytokines (GM-CSF, G-CSF, IL-3), the colony-
forming ability of progenitor cells from patients with MDS-IB increases significantly, compared to such
indicators for cytokines acting alone (28.7+3.2 to 18.3%1.8, 12.1£1.5 and 24.5+2.1, respectively). The paper
reveals the latent potential for cell proliferation from patients with MDS-IB, which can be used both in
experimental studies and in the creation of protocols for the treatment of patients with MDS in the initial
stage of the disease.

Keywords: myelodysplastic syndrome, hematopoietic progenitor cells, recombinant cytokines, colony-
forming activity, in vitro culture.
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OIIHIOBAHHA PEI'VJIATOPHUX EKOCUCTEMHUX ITOCJIYT
SEJIEHUX HACA/I’KEHDb B YPBOEKOCUCTEMAX

Y emammi nasedeno pesynomamu 0ocniodicenv 3 OYinIO8aAHHA eKOCUCEMHUX NOCTY2 0ePEeGHUX 3elleHUX
Hacaodicenb Ha mepumopii neputo2o akademiynoz2o micmeuxa Hayionanvrnozco ynieepcumemy « Kueso-Mo-
SWIAHCHKA akademisy 3a donomozoio incmpymenmy MyTree. Bcmanogneno, wo HAu8adciugiuumu cepeo
PecyIamopHUX nOCy2 6V NO2IUHAHHSA 8Y2NIEKUCTIO20 2A3Y, Pe2YII08AHNA MIKPOKIIMAmMY, eHepeo3bepedicet-
HA, ouuwents nogimps 6io ozony ma oiokcudy cipku. 3a pospaxynxamu incmpymennty MyTree, nokasano
PIUHY 8apmicms NOCaye 0epesHUX HACAONHCeHb Ha MePUmopii KamMnycy ma ii NpoeHO306aHe HAKONUYYBATbHe
spocmannsa 3a 20 pokis. Hasedeno oyiniosanus apmocmi okpemux ckaaoo8ux pezyiamopHux eKocucmem-
Hux nociye. Pesynomamu yboco docnioocenta moxicyms Oymu 6UKOPUCMAHi 8 MAUOYmMHboMY 051 NONINULEH-
HA 3aX00i8 3 NIAHYEAHH MA YNPAGNIHHS 3e/IeHUMU 30HAMU KAMNYCY YHigepcumemy i3 6paxy8aHHaM 3HA-
YEHHS IXHIX eKOCUCMEMHUX NOocaye. 3a2anom OOCHIONCEeHHS RIOMBEPOUNLO BANCIUBICIL MOHIMOPUHEY
Mma OYiHIOBAHHS eKOCUCEMHUX NOCTY2 3eeHUX HAcaodlceHb 8 ypboekocucmemax OJia YX8aieHHs: CIAuxX
piuterb wo0o po3eUMKY MiCbKUX mMepumopitl, niOmpumants 000podymy i 300p08’s HaceleHHS.

Ku1o40Bi cji0Ba: eKocUCTEMHI TOCITYTH, ypOOEKOCUCTEMH, IHCTpyMeHT My Tree, cTanuii pO3BUTOK MICT.

Beryn

30epekeHHs MPUPOIHUX OI0TOMIB y Merarodi-
cax € BaXIIMBUM 3aBIAaHHSIM ISl ITITPUMAHHS CTa-
JIOTO PO3BHUTKY MicT. lle 3aBHaHHS y3romKyeThCs
31 Crpareriero €C 3 GiopizHoMaHITTs 10 2030 poky
(o Hel Takox BXOAATH PexoMeHAalil moa0 miIaHy-
BaHHS 03€JICHEHHS MICT), 1110 IPYHTY€ETHCS Ha IPUH-
i 30epeKeHHsT eKOCUCTEMHUX MOCIyr. [0IoBHA
MeTa CTpaTerii — MoIoJIaHHSI OCHOBHHMX YHHHUKIB,
0 TPU3BOAATH JO 3HMKCHHS Oi10pi3HOMAHITTS,
Ta CIPUSHHS BIJTHOBJICHHIO 1 CTIHKOCTI €KOCHCTEM
3 MATPUMAHHAM MOCTIHHOTO 3a0€3IeUeHHs HUMHU
JKUTTEBO BAXKIUBUX IS JJOOPOOYTY Ta MPOIBITaH-
HS1 HACEIICHHST €KOCHCTEMHUX TOCyT [1].

[linBuieHe aHTPOTIOreHHEe HABAaHTAKSHHS B Mic-
TaxX TPHU3BOAUTH JIO0 EKOJOTIYHUX BHKIHKIB, SK-OT
TiIBUILICHUI piBeHb 3a0pyMHEHHS TIIOBITPS, BOIH,
IPYHTy Ta JIErpajiallisi CepeIOBHUIL ICHYBAaHHS JKHBUX
OpraHi3miB. YpOOEKOCHCTEMH OCOOIMBO CXWIIbHI
JI0 BIUIMBY DIOOAJBHHUX 3MiH KIIIMaTy 1 CTHKAOTHCA
3 TaKWMH SIBUIAMH, SK MICBKi TEIJIOBI OCTPOBH
Ta MICBKI 3JIMBOBI MaBOAKH. BomHouac 301IbIIEHHS

© Buwencoxa I. I, Menonux €. €., 2024

NIUTEHOCTI 3a0y/I0BU YacTo BiOYBa€EThCS 32 PaXyHOK
CKOPOUEHHSI TUIONI] 3eJIEHHX Haca/KeHb. 3eJeHi Haca-
JOKSHHsI 3a0€311e9y0Th KPUTUIHO BaXKITHBI €KOCHCTEM-
Hi OCIYTH Uil JOOpOOYTY MICBKHUX €KOCHCTEM, Mij-
TpPUMaHHsI OI10PI3HOMAHITTS, TIOM’ SIKIIICHHS BIUTHBY
KJTIMaTMYHUX 3MiH Ta 3a0pyIHIOBAJIbHUX PEUOBUH Ha
3IIOPOB’Sl JIIONIEH, a TaKOXK HU3KY €KOHOMIYHHUX, CO-
IiaJbHUX Ta KYJABTYPHHUX BUTOM IS HACCIICHHSI.

BujineHo MMpOKHN CIIEKTP €KOCHCTEMHUX TIO-
CIIYT, sIK1 MOAUIAIOTh Ha PECYPCHI, PErYSTOPHI, M-
TPUMHI Ta KyIbTypHi [2]. PerynsTopHi ekocucTeMHi
MOCIYTW — LI€ BUIOAU BijJ MPUPOIHHUX EKOCHCTEM,
IO JIOTIOMAararoTh PETYIIOBaTH YMOBH HaBKOJIHII-
HBOT'O CePEZOBUILA Ta 3a0€3MeUyI0Th 3aXUCT Bifl HOTO
HETaTHBHUX BIUTHBIB (30KpeMa CIIPHIMHEHUX aHTPO-
MIOTEHHOIO JIISUIBHICTIO) Ha J00poOyT Ta 340poB’s
monei. Y JochiukeHHsX [3-7] BUOKpEMIICHO Taki
PEryIIATOPHI MMOCIYTH 3€JIEHUX 30H y MicTaX: OuH-
IICHHS  TOBITPS, PETYIIOBAaHHA  MIKPOKITIMATy,
3a0I1a/PKEHHS] €HEeprii Ha OIaJIeHHI/OXO0JIO/HKEHHI,
3HIDKCHHS PiBHS IIyMY, PETyTIOBaHHS OBEPXHEBOTO
CTOKY, 3a1100iraHHs epo3ii IPyHTIB.

© Hauionanbuuii yHiBepceuteT «KneBo-MorussiHCbKa akaieMis» (3aCHOBHHUK 1 BUIaselp), 2024
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Ouuwyenns nogimpsi. 3eaeHi IpocTopH eeKTHB-
HO TTOM’SIKIITYFOTh IIKiUTUBHI BIUTUB XIMi4HUX 1 Oi0-
JIOT1YHUX 3a0pyIHIOBAYIB B aTMOcdepi, cTadiIi3yro-
YH B TaKUH CIIOCI0 MiChKi €KOCHCTEMH Ta 30epiratodn
iXHe O10pI3HOMAHITTA. POCIMHM 3aTpUMYIOTH 1 TIO-
IIMHAIOTH 3 MOBITPS TaKi PEUOBUHHU, SIK BYIJICKHCIUIA
ra3, OKCH] BYIJICIIIO, O30H, TIOKCHA a30Ty, IIOKCHI
CIpKH, TBEpAi ApiOHOANUCIIEPCHI YACTHHKH TowI0. ba-
raTo JOCTIHKEHb MiITBEPIIKYIOTh, 110 MIChbKe Hace-
JICHHS], SIKE MPOXKMBA€E B paifoHax 3 OinbImmM Koedi-
IIEHTOM 3€JIEHHX 30H, MCHII CXWIBHE 0 TaKHX
MOIIMPEHHUX 3aXBOPIOBaHb, CIPHYMHEHNX 3a0py/aHe-
HUM TIOBITPSIM y MicTax, K Jia0eT, pecripaTtopHi
Ta CepLEBO-CYAMHHI 3aXBOPIOBAHHSL.

Pezyniosanns  mixpoxnimamy.  PerymroBaHHS
MAPHUKOBHX Ta3iB, TEMIIEpaTypH, BOJIOTOCTI Ta I10-
BITPSTHUX ITOTOKIB Ha MICIICBOMY PiBHi. 3€JICHI 30HH
MICT 34aTHI TIOM SKIIyBaTH OCOONMBO BiAUYTHI
JUTS ypOOEKOCHCTEM HACIIIKA 3MiH KJTIMaTY, 30Kpe-
Ma 3aBISIKH TaKUM 010(i3UUHUM (QYHKITISIM:

* cexeecmpayis gyeneyio — MOIIMHAHHS ByTJIe-
KHUCJIOTO Tasy, 1[0 € MApHUKOBUM Ta 3aTPHMYE
TEIUTO B atMocdepi, 3 OBITPs 1 HOTO HAKOIIH-
YCHHS Y BUIVISIIII IEPEBUHU;

* 3abe3neyents MiHi Mma 0Xon00Jicens — 3yMOB-
JIFO€ 3aXUCT BiJ yNbTpadioNeTOBUX IPOMEHIB,
3HIKEHHS TEMIIEPATYpH Ta e(heKT «TETTIOBOTO
OCTpPOBaY.

3aowadoicenns enepeii Ha ONANeHHI/OXONOO0NCEHHI.
Il exocucTeMHa MOCITyra TICHO HOB’sI3aHA 3 PEry-
JIOBAHHSAM MIKPOKJIIMAaTy 3€JICHUMH Haca [KCHHS-
MH, 1[0 TaKOXX BIUIUBA€ HA TEPMOPETYISAIiI0 Oyi-
Beub. [IpuKItaoM MOYke CITYTYBaTH JIUCTSHE ICPEBO,
sike 3a0e3meuye TiHb i MPOXONOAy OymiBMI BIITKY,
a B3UMKY, KOJIM JIFICTS OTIAJIa€, TIPOMYCKAE COHIIHE
CBITJIO, sIKe 00irpiBae ii.

3uusicenns piens wymy. 3eJCHI HACAIKCHHS,
OKpIM OYHIIEHHS MOBITPSI Ta PETYIALIT MiKpOKIiMa-
Ty, TaKOK CIIPHUSAIOTH MTOTTIMHAHHIO Ta MEPEXOIUICH-
HIO [IyMOBOTO 3a0pyIHEHHS 3 HaBKOJUIIHBOTO
cepeioBUIIa (HANPUKIAA, BiJl TPaHCIOPTY) abo
MOXXYTbh BUKOHYBAaTH 0€310CEPETHIO POIIb 3ByKOi30-
TSI OyiBeIb.

Pezymosanns nosepxueeoco cmoxy. Y po3pisi
VIpaBIiHHS BOJHUMH pPecypcaMd MICBKi 3elieHi
Haca/HKEHHS 3/1aTHI NIEPEXOILTIOBATH JIOIIOBI OMa Iy,
3aTpUMyBard a00 YIOBUILHIOBATH 3JMBOBHH CTIiK
1 copuarta Kpamiiii iHQINeTpamii, 3MEHIIYIUYH
B TaKHi CIoci0 4acToTy MIChKUX MABOJIKIB 1 3HUKY-
FOYM BUTPATH HA OYMIICHHS 37IMBOBUX BOJ Ta OB sI-
3aHl 3 UM 30UTKH. BomHOYac 3MEHIIYETHCS Kilb-
KICTh BOJM, IO BIJIBOAMTHCS uepe3 KaHaJi3alliio,
HaBaHTA)XYIOUX OYHCHI CIIOpYIH. 30KpeMa, Taki eie-
MEHTH JaHAma(THOTO Iu3aifHy, SK AOIIOBI Caau
Ta OIOpETEHIIIiHI BaJIM, OKPIM PETYIIIOBaHHS 00’ €My

3IIMBOBHX BOJ, TAaKOX MO3UTHBHO BIUIMBAIOTH Ha
SIKICTb BOJIY 3aBJISIKH i (DiNbTpariil Ta OYUIIEHHIO.
3anobicanns eposii ipynmis. HassBHICTB 3ey1eHOT
iH(GPACTPYKTYpH CHpUSiE 3HAYHOMY 3MEHIIEHHIO
epo3iiHOT aKTHBHOCTI. POCTUHHHN MOKPHB MOXeE
MEPEXOIUTIOBAaTH JIOIIOBI OMagy 1 3MCHIIYBATH
MpsIMY BOJHY €pO3if0, CIPUYMHEHY MaIiHHIM Kpa-
nejb JOIly Ha MOBEPXHIO IpyHTY. KopiHHs nepes,
YarapHHKIB, TPaBW TOIMIO 3JaTHE YKPIIUIIOBATH Ta
cTabinizyBaTH CTPYKTypy IpyHTY. KopiHHs 3B’s13ye
YaCTUHKH TPYHTY Pa3oM, IiJBHIIYIOUH HOTO 3B’sI3-
HICTb 1 3MEHIITYIOUH HMOBIPHICTH €po3ii, CIpudHHe-
HOi BiTpoM 1 Bomoro. lle mpuponHe YKpiruieHHS
TAKOX 3/laTHE 3aTPUMYBATH BiIKJIaJCHHS IMOXHUB-
HUX PEYOBHH, IO MIATPUMYE POIIOUICTh IPYHTY.

Po3yMiHHS IIIHHOCTI €KOCHCTEMHHX TTOCIYT 3€eJIe-
HUX HAaca[UKeHb B ypOOEKOCHCTeMax CIIPHUATHME
YXBAJICHHIO OLIBII CTANMX PillleHb IOJI0 MiCHKOTO
TUTAaHYBAHHS Ta YIPABIiHHS HABKOJUIIHIM CepeJio-
BUIIEM, TIOCHJINTh HayKOBO OOIPYHTOBaHY aprymeH-
TaIlko MO0 iX 30epeKeHHS, PO3IIMPEHHS Ta YTPH-
MaHHsI 3€JE€HHX 30H y MICTaX, BUCBITIUTb LIMPII
BUKJIMKH JUIS CYCHUIBCTBA, IMOB’S3aHI 31 3MiHAMHU
B GKOCHCTEMAaxX, a TaKOX CHPHUSITUME 301UIBIICHHIO
IHBECTHIII B OXOpPOHY TPHPOAH, 3aBISKA YOMY
B JIOBFOCTPOKOBIN MEPCIEKTHUBI BiAOYIyThCS MO3HU-
THBHI 3MIHH SIK JJIsI JTIFOJIEH, TaK 1 JI7Is1 EKOCHCTEM.

MeTo10 ILOTO J0C/iIKEeHHs OyJI0 TpoaHai3y-
BaTH BXKJIMBICTh 3€JICHUX HACAJKCHb Y MICHKOMY
CEepEIOBHILI, JOCTIIUTH BUJH PETYISTOPHUX €KO-
CHUCTEMHHUX MOCIYT Ha TEPUTOPIi YHIBEPCUTETCHKO-
r0 KaMITycCy.

JlocmipkeHHsT eKOCUCTEMHHX TOCIYT € JTOBOJI
HOBHM HAmpsIMOM B YKpaiHi, IpoTe AuCKycii Ta
HayKOB1 po0OTH y cepi OLIHIOBAHHS €KOCUCTEMHHUX
MOCITYT CTAKOTh JeJiani OUIbII aKTyaJbHUMH y BIT-
YU3HSHOMY HayKoBOMY auckypci. Kpim Toro, moci
icHye mpoOiiemMa po3puBy MK HAyKOHO Ta MOJITH-
KOO, OCKUTbKHA HEMae MIKIUCIMITTIHAPHOT 0a3n Ta
METOMOJIOTIYHUX 1HCTPYMEHTIB, SIKi O CHPSMOBY-
BaJi TOJIITUKIB BiJl BU3HAYECHHS Ta BUMIPIOBaHHS
€KOCHCTEMHHUX IOCIIYT JI0 OLIIHIOBAHHS iX Ta mepe-
TBOPEHHSI TAKOTO OIlIHIOBaHHS Ha e(eKTHBHI iH-
CTPYMCHTH MOJITUKM Ta MEXaHI3MU YIPaBIiHHS
y cdepi 3eMICKOPUCTYBAHHS Ta OXOPOHH JOBKIIJIS,
(hopMyBaHHS TOJITHKH CTAJIOTO PO3BHUTKY, OLIHIO-
BaHHS CKOJIOTTYHHX KOMIICHCAIlIH Ta CTPaTerigHoro
IUIAaHYBaHHS PO3BUTKY rpoman [8]. IlopiBHsuibHA
mepeBara €KOHOMIYHOTO OIIHIOBaHHS ITOJISITAE
B TOMY, 1110 BOHO TIOKa3y€ BaXJIMBICTh 3MiH y 3a0€3-
MEUCHHI EKOCHCTEMHHX IOCIyr 0e3mocepeIHbo
3 OMIsiAy 10OPOOYTY JIIOIMHY 1 BUKOPHCTOBYE TPO-
IIOBI OJIMHUII, 11O Ja€ 3MOTY JIETKO IepellaBaTu
BapTICTh 1 6e3mocepeIHbO MOPIBHIOBATH ii 3 BapTic-
TIO 1HIIUX TOBApPIB, MOCIIYT, IHBECTHIIH Ta BIUINBIB
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B ekoHomimi [3,8,9]. Ilpore Bapro 3a3HAYUTH,
10 BUKOPUCTaHHS €KOHOMIYHUX MIAXO/IB JJIS OIli-
HIOBaHHSI €KOCHCTEMHHX TOCIYT Mae TIeBHI oOMe-
keHHs. Ha BinMiHy BiJl BUTpAT, OLIIHIOBaHHS BUTOJ1
13 3aCTOCYBaHHSM PHHKOBOTO TIJIXOMy MOXKIIUBE
JIMIIE 171 OOMEKEHOI YaCTHHU €KOCHUCTEMHHMX I10-
CJIYT, IO YCKIAJHIOE 1X KOMIUICKCHE BUPAKCHHS
B I'POIIOBOMY €KBiBaJIeHTi [2,5].

O0’eKTH | METOAU AOCTIIKEHHS

Jns mpoBeOeHHS OIIHIOBAHHS EKOCHCTEMHHUX
MOCITYT 3€JICHUX HACAJKEHb y MIChKIl €KOCUCTEeMI
Oys10 00OpaHO TepuTOpiro Kammnycy HamionamsHOTO
yHiBepcuteTy «KneBo-MOrusHCbKa akageMish», po3-
tamoBaHoro B [logischkomy paiioni micta Kuepa
(puc. 1).

3arajpHa Ioma A0CIIAHOI JIJISIHKH CTAaHOBUTD
4,58 ra, 3 AKMX BUCOKOIHTEHCHBHA 3a0y/10Ba 3aiiMae
2,16 ra (achanproBe MOKPUTTS), Oyaiii — 1,59 ra,
a 3elreHi HacamkeHHs — 0,83 ra.

VY tpaBHi 2024 poky OyJio pOBEICHO iHBEHTA-
puzaiiro 76 JepeB, po3TallOBaHUX Ha TEPUTOPIl
MepIIoTo aKaJeMiyHoro Micteuka HarmioHnaasHOTO
yHiBepcuteTry «KueBo-MoOTunsiHCbKa akaaeMisy.
BiamosigHo 10 mpoTokoiy 300py JNaHWUX 1HCTPY-
MeHTy MyTree, Oyno 3i0paHo Taki MOJNBOBI JaHi,
SIK BUJI KOXKHOTO JepeBa, BUMIPSHO OKPYXHICTh
cToBOYpiB (Ha BucOTI 1,43 M), 3a¢hikcoBaHO 0COO-
JUBOCTI PO3TaNIyBaHHS (BIUIUB COHSYHOTO OIIPO-
MIHEHHS, HAOIMKEHICTh Ta HAIIPSIMOK 710 Oy/IiBeb,
THIT MICIIsSI TIOCAJIKH), TIOKA3HUKH CTaHy 3J0pPOB’s

JepeB (IIPo30piCTh KPOHU, BIAMUPAHHS TUIOK, 3He-
OapBrieHHS 1 BIIMUPaHHS JIUCTS) T CAMIITOMH Ha-
SIBHOCT1 IIKIJHUKIB (TTOIIKOJKCHHS JICPCBUHH,
eKcyaalisi, THUTTS, BTpaTa Ta B SAJICTh JIHCTS,
CIMKOPMIYHI ITArOHH).

J1s oliHIOBaHHS €KOCHCTEMHHUX TOCHYT Je-
PEBHUX 3€JICHHX HAacaJKeHb OyJI0 BHKOPHCTAHO
iHcTpyMeHT MyTree sk uyactuHy Habopy iHCTpY-
MeHTIB i-Tree, po3pobieHux JlicoBoro ciyx0010
MinicTepcTBa cinbebkoro rocmonapctsa CIIA
(USDA). Ile xomIiekcHa mporpama, mpu3HaueHa
JJIA OHiHIOBaHHH C€KOCUCTEMHUX MOCIYT OKpEMUX
JepeB abo HeBENMKUX TIpyml jnepeB [6]. IHcTpy-
MEHT BHMKOPHUCTOBY€ HaJilHI HayKoBI Mojeni
Ta MiCL€EBl €KOJIOTIUHI AaHl JUI TOYHOTO OLIHIO-
BaHHs POJIi JepeB B exocucteMi. Ha ocHOBI BHU-
3HAUCHHUX [MapaMeTPiB IHCTPYMEHT pPO3PaxOBYE
€KOJIOTIYHI Ta €KOHOMIYHI BUTOAH, SIKI HAJalOTh
JIOCJIJDKEHI iepeBa 3a MOTOYHUHN PiK, Ta po3paxo-
Bye iXHi 3MiHHM 3a HacTynHi 20 pokiB. 30kpema,
BU3HAYEHI IIepeBark MiCTSATh 3arajbHy BapTicTh ($)
ekocucteMHux mocnyr, mnormuHanHs CO, ($),
CEKBECTpaliio Byriemo (kr), eksisaient CO, (kr),
peryiroBaHHs A0mOBOro cToky ($), 3arpumky
JOIIOBOTO CTOKY (i), ouuIineHHs moBiTpsa ($),
a came: 3arpumMky ab6o nornmunanns CO, O,, NO,,
SO,, PM, , (kr), 3a0mauxenns eneprii 3a pik ($),
30epexeHHs1 enekTpoeHeprii (kBT), ekoHOMiIO
najguBa JJis onajeHHs (M® MPUPOIHOTO rasy), 3a-
noOiraHHsi eHepreTndHuM Bukuaam ($), a came:
Co,, CO, NO,, SO,, PM, , (xT).

Puc. 1. Buznaueni mexi 10CaigHOT JISHKA
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Pe3yabraTu qociaigmeHHs Ta ix 00roBopeHHs

AHaJTi3 BHJIOBOTO PI3HOMAHITTS JCPEBHUX BUJIIB
POCJIHH YHIBEPCUTETCHKOTO KaMITyCy Ta IXHIH BHe-
COK y 3a0€3MeYCHHS PETYIATOPHAX EKOCHCTEMHHX
MOCIyT HaBeneHo B Tabi. 1. Beboro Oyio mpoBene-
HO 1HBEHTapu3alir 76 JepeBHUX HacaJKeHb. [le-
TaJIbHI 1aHi PO HUX (BUJ, CTaH I€peBa, OKPYKHICTb
cToBOypa (CM)), a TaKOXK BapTICTh SKOCHUCTEMHHUX
MOCIYT 3a pik Ta 3a HacTymHi 20 pokiB ($) st Kox-
HOTO JIepeBa CHCTEeMAaTH30BaHO 32 BHIAMHU B anda-
BITHOMY MOPAJIKY.

Haii6inpin nommpeHuMu iepeBaMu € Aesculus
hippocastanum (ripkokamTaH 3Buuaiinuii) — 20 3Ha-
X110k, Picea pungens (sumHa xonroda) — 7, Malus
pumila (s0nyHs paiiceka) — 7, Picea abies (snmuHa
eBporeiicbka) — 6, Paulownia tomentosa (1maBioB-
His moBcTHCTa) — 6 Ta Fraxinus excelsior (sceH
3BUYANHMIA) — 5.

HasBaicts 19 nepeBHHX BUJIIB POCIHMH Ha IJIOLII
4,58 Ta CBITYMTH PO BHCOKE BUJIOBE 0AraTrcTBO Ha
TepuTopii Kamirycy. Bucoke OiOpi3HOMaHITTS Mae
MOTEHITIAN JUIS CTIHKOCTI JI0 HEraTHBHOTO BIUIUBY
arMoc(epHUX 3a0pyIHEHb, a TAKOK MOM’ AKIIEHHS
BIUTMBY KJTIMATHYHUX 3MiH.

BinplricTh nepeB Ha TepUTOPIT MEPIIOro akaaeMiy-
HOTO MICTEUKA YHIBEPCUTETY HaJleXkaTb 0 THUILy Ce-
PEIHIX Ta BEJHMKUX JEPEB, 3 HAHOLIBIIOK OKpPYXHi-
CTIO B TIpeACTaBHUKIB Populus nigra (Tomons
qopHa) — 422 cM, Fraxinus excelsior (sceH 3BHYaid-
Huii) — 346 cM ta Robinia pseudoacacia (pobiHist 38U-
qaiiHa) — 307 cM. Kpim Toro, € mocajaka MOJIOAUX
JiepeB, cepesl SKMX Y BHIOBOMY CKJIaji IepeBaxac
Malus pumila (s0nyHsi paiicbka). IlepeBakHa Kijb-
KICTh IepeB po3TalloBaHa Ha BijgcTani 3—10 M Bix yHi-
BEPCHUTETCHKHX OyIiBesb, M0 3a0e3evye 3aTiHCHHS
1, SIK HACTiZIOK, PETYIIOE MICHEBHN MIKpPOKIIMAT Ta
niBuIye eHeproedexTuBHicTh KopiyciB HaYKMA.

BinbiricTh €eKOCUCTEMHUX MOCIYT, MPOaHai30Ba-
HUX 3a JIOTIOMOTor0 iHCTpyMeHTy My Tree, moB’si3aHi
3 IUIOLIEIO JINCTKOBOT MTOBEPXHI JIEPEB, SIKa 3aJI€KUTh
BiJl IXHBOTO PO3MIpYy, BHIY Ta IPO30POCTI KPOHH.
Jnst epekTHBHOCTI 3a0€3MeUeHHS OCTYT 3eJICHIMU
Haca PKEHHSIMH BXKIIMBO, 11100 JiepeBa Oyin 0coOiu-
BO CTilikuMH, 1100 BIKUTH B YMOBAx MicTa 3 BUCO-
KHM BIUTMBOM 3a0pyAHIOBAJBHUX PEUOBHH Ta 1HITHX
yuHHUKIB. [lami B MojpoBOMY JOCHIDKEHHI Oyio
OLIIHEHO MOKA3HUK! CTaHy 37I0pOB’S ICPEB Ta HasIB-
HICTh YIIKOKCHb, CIIPUUYNHEHHX IKiTHUKaMU.

Tabnuys 1

InBenTapu3auiiini faHi Ta oniHKka ekocucTeMHHUX OCayT ($) 32 noTO4YHMI pik
i HacTynHi 20 pokiB 3a BugaMu (B a)aBiTHOMY NOPAIKY)

. Bapricrs Bapricts peryasitopaux
Ne Cran OKpy:KHiCTH peryJasiTopHux
00’ekTa Bun nepeBa cToBOypa, cM €KOCHCTEMHHX CROCHETEMHIX NOCTYT
nocayr 3a pit, $ 3a HacTynHi 20 pokis, $

41 Acer platanoides Jo6pwuit 87 3,48 101,09
40 Acer platanoides Bigminuuii 166,3 5,99 133,42
76 Aesculus hippocastanum IIpuiinsaTHuit 179 20,97 431,67
75 Aesculus hippocastanum IpuiinsaTauit 137 19,01 391,37
74 Aesculus hippocastanum TpuiinsTHuit 244 24,31 499,76
73 Aesculus hippocastanum IpuiiasTHII 138,5 19,07 392,74
72 Aesculus hippocastanum [TpuitasaTHMA 183 21,16 435,68
71 Aesculus hippocastanum TpuitasTHII 210 22,52 463,43
70 Aesculus hippocastanum IpuitasaTHII 125 18,49 380,54
69 Aesculus hippocastanum [puitasaTHMiA 165 20,29 417,88
68 Aesculus hippocastanum TpuiiasaTauit 140 19,15 394,13
67 Aesculus hippocastanum [puitasTHIIT 163 20,21 415,92
66 Aesculus hippocastanum [puitHaTHUH 203 16,50 342,49
65 Aesculus hippocastanum TpuiiasTHII 178 15,25 317,03
64 Aesculus hippocastanum IpuitasTHuit 131 13,08 272,27
63 Aesculus hippocastanum [MpuiiHsTHII 161 14,44 300,35
62 Aesculus hippocastanum TpuitasTHMI 210,5 16,88 350,30
61 Aesculus hippocastanum IpuiinsaTanit 183 15,49 322,04
60 Aesculus hippocastanum [puitHsATHUI 247 18,79 389,39
59 Aesculus hippocastanum IIpuiinsarauii 202 16,45 341,43
58 Aesculus hippocastanum IpuiinsaTauit 197 16,18 336,28
57 Aesculus hippocastanum [puitHsTHUI 210 16,85 349,79
15 Betula pendula Jo06pwuit 162,4 22,05 457,11
14 Betula pendula Jo6puit 156,6 21,74 450,54

7 Betula pendula Bigminuuii 71,5 23,35 524,94
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Ipooosoicenns mabn. 1

. Bapricrs Bapricts peryisitopaux
Ne Cran Okpy:KHiCTh peryisiTopHux
00’exTa Bun epeBa cToBOYpa, cM €KOCHCTEMHHX CROCHCTEMHHX NOCTYT
nocayr 3a pik, $ 3a HactynHi 20 pokis, $
6 Betula pendula Job6pwuit 65 21,55 476,61
10 Catalpa bignonioides Jlobpnit 47 11,43 330,19
8 Catalpa bignonioides Biaminaunit 24 6,55 221,61
1 Fraxinus excelsior Bigminauii 16,5 5,98 233,53
34 Fraxinus excelsior Binmuparoue 2435 -1,88 -37,22
JIePEBO
31 Fraxinus excelsior Job6pwuit 112 2,41 55,46
29 Fraxinus excelsior Jo06puit 132 0,51 21,52
25 Fraxinus excelsior [puitHaTHU 346 22,25 446,73
50 Juglans regia Job6pwuit 201 9,13 203,94
48 Juglans regia [puiiasaTauit 201 16,95 356,73
52 Malus pumila Jlo6pwui 40,5 1,23 31,09
20 Malus pumila Job6pwuit 97,2 1,65 18,85
9 Malus pumila Jlo6pwmit 12,4 1,89 72,08
5 Malus pumila Bigminauii 23,5 3,35 94,76
4 Malus pumila Biaminauit 15 1,31 39,81
3 Malus pumila Bigminuui 17,3 2,65 87,31
2 Malus pumila Bigminnuit 23 3,43 98,96
39 Paulownia tomentosa Bigminauii 144.5 -2,68 -40,37
38 Paulownia tomentosa Binminno 146,2 -2,62 -39,10
37 Paulownia tomentosa Bigminauii 136,8 -2,96 -46,06
13 Paulownia tomentosa Jo6pwuit 129 5,20 137,22
12 Paulownia tomentosa Jo6puit 138.5 6,11 154,24
11 Paulownia tomentosa Jo6pwuit 102 3,41 91,24
46 Picea abies [puiitasaTHAit 86 28,98 645,29
33 Picea abies Jlo6puit 52,9 13,44 336,52
32 Picea abies JoOpwuit 168 33,06 666,49
28 Picea abies JoGpwuit 27,5 2,57 79,32
27 Picea abies Jo6pwuii 31,5 3,08 105,14
26 Picea abies Bigminauii 69,1 18,75 448 .81
56 Picea pungens JoGpwuit 54 3,56 85,97
55 Picea pungens Jo6pwuii 73 6,20 184,07
54 Picea pungens Jo6pwuit 103,5 15,42 353,60
53 Picea pungens Bigminuunii 81,5 8,68 249,73
18 Picea pungens [puitHaTHui 63 2,84 101,79
17 Picea pungens Jlobpnit 149 19,46 402,83
16 Picea pungens Jo6pwuit 108 3,63 98,13
43 Populus nigra [IpuitHaTHuit 422 8,82 173,53
30 Quercus robur [puitasTHUIT 65 -2,86 -14,68
44 Robinia pseudoacacia Jobpuit 307 18,42 365,41
49 Sorbus aucuparia Jo6pwuit 34,5 -0,05 1,25
22 Sorbus aucuparia JoOpwuit 65,2 17,57 494,08
36 Syringa vulgaris JHobpuit 53 1,46 38,17
35 Syringa vulgaris Job6pwuit 45 1,21 32,72
45 Tilia cordata Jo06pwuit 132 6,67 143,87
42 Tilia cordata JHobpuit 187 3,41 76,53
24 Tilia cordata Binminauit 191 25,61 534,83
47 Ulmus laevis IpuitasaTanit 79 3,90 157,07
23 Ulmus laevis Jlo6pwmi 88,5 24,53 552,66
19 Ulmus laevis BiaMinuui 103,5 13,66 269,32
51 Viburnum obovatum Job6pwuit 32 0,88 36,15
21 Viburnum obovatum Jo6puit 23 1,72 55,92
Cyma 843,17 18895,24
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Cran 43 % 13 76 DOCTiDKEHUX JICPEBHUX Haca-
JOKEHb OIIIHEHO sIK «100puit» (Hemae 1—-10 % nucts);
36 % — «upuiiHaTHui» (Hemae 11-25 % nucta);
20 % — «BiaMiHHHNY (Hemae MeHIe Hix 1 % naucTs);
1 % (omHE IepeBO) € «MEpPTBUM» — HEMae B3arali
JIMCTOBOTO TOKpHBY. Haiimommpenimmmu mpooie-
MaMH (30KpeMa OB’ I3aHUMH 31 IIIKiTHUKaMH) OKpe-
MHUX JICPEB € IMOIIKO/DKCHHSI JCPEBHHU y BHUIVISII
BUXIJTHMX OTBOPIB BiJi KOMaxX, BiAIIApyBaHHS KOPH,
eKcyAallisi (BUAUICHHS PEYOBMHU 3 IOLIKOHKEHOI
JUIISTHKY JIepeBa) Ta O3HAKW THUTTS (TUIACTHHYACTI
rpubu, 0 pOCTYTh HA CTOBOYPI).

Ha 20 nepeBax HaWNONIMPEHIIIOTO B MTOCA/III HA
JOCTiAHIN AinsHII BURY — Aesculus hippocastanum
(riprokariTany 3BHYaiiHOT0) — BoceHH 2022 poky
Ta HaBecHi 2023 poky 0yio IpoBEAECHO KPOHYBAHHS
(MeTon paauKaIbHOT 0OPI3KH), 0 HEraTHBHO BILIH-
HYJIO Ha IXHE 37I0pPOB’4 1, SIK HACNIJ0K, HAa €(PEKTUB-
HICTh BUKOHAHHS HUMH Ba)KJIMBHX EKOCHCTEMHHX
¢byHKIiH. OKpiM AESKUX 13 HU3KH 3a3HAYCHUX BUIIE
mpo0JieM, Ha JepeBax TipKOKAITaHy 3BUYalHOTO
TaKOX PO3BHHYJIUCH €MiKOpMiyHi maronu. [laronu
YaCcTKOBO 3aMIiHHIIN ITONIEPE/IHI KPOHU JIEPEB, IPOTE
iXHSI eCTeTHYHa Ta PErylsTOpHa (YHKI] 3HAUYHO
3HU3UIINCE.

VY T1abn. 2 mpoAeMOHCTPOBAHO OIHKY €KO-
cucteMHHX nocuyr (y $) 3a pik Ta HaKOMYyBaIbHY
OIIIHKY 3a HacTymHi 20 pPOKiB 3a KOXXHHM BHJIOM
JIEpeB y MOPSIIKY CIAaTaHHs, a Ha PUC. 2 MOJAHO IM0-
PIBHSUTBHY JliarpamMy Ha OCHOBI JJaHHUX TaOJHIII.

Haiibinpioro € BapTicTb mocayr aepeB Aesculus
hippocastanum  (TipKOKalTaHy 3BHYAHHOTO) —
$365,09 3a pik ta $7544,49 3a nacrynsi 20 pokis,
Picea abies (smuHn eBporeicbkoi) — $99,88
ta $2281,57 BimnosigHo, Picea pungens (SauHU
konrouoi) — $59,79 Tta $1476,12, Betula pendula
(6epe3u moucnoi) — $66,64 ta $1452,09, Ulmus
laevis (B’s13a mamkoro) — $42,09 ta $979,05.

VY Tabn. 3 HaBeAEHO pe3yJbTaTH OI[iHIOBAHHS
BCIX €KOCUCTEMHHUX MOCIYT JIOCHIKEHUX JIEPEB-
HUX Haca/UKeHb. Bu3HaueHI mepeBaru Halexarhb
IO TI'SITH KaTeTopiil PeryasTOPHUX EKOCHUCTEM-
Hux nocayr: nornuHanus CO,, perynaroBaHHS
JOIIOBOTO CTOKY, OYHINEHHS IIOBITpPS, 3a0IIa-
JOKEHHS eHeprii Ta 3amo0iraHHs eHepreTHYHUM
BUKHAAM. 3a po3paxyHkamu MyTree, y 3araib-
Hill BaprocTi BOHM cTaHOBIATH $847,29 3a pik
1 32 CHpPUSATIMBAX YMOB 3a HacTynHi 20 pokiB
CrocTepiraTuMerbest  IX  3HA4YHE  3POCTAHHS
(y 22,3 paza) — no $18895,36.

Tabnuys 2

Omninka ekocucTeMHUX nocayr ($) 3a moTounuii pik i HacTynHi 20 pokiB 32 KOKHMM BHIOM
(Y MOpPSIAKY cHaaHHST)

Lo Cyma BapTtocTi Cyma Baprocti
Bun Kinbxicrs, €KOCHCTEMHHX MOCTYyT €KOCHCTEMHHUX MOCTYyT
jepen 3a pik, $ 3a HacTynHi 20 pokiB, $
Aesculus hippocastanum 20 365,09 7544.,49
Picea abies 6 99,88 2281,57
Picea pungens 7 59,79 1476,12
Betula pendula 3 66,64 1452,09
Ulmus laevis 3 42,09 979,05
Tilia cordata 3 35,69 755,23
Fraxinus excelsior 5 29,27 720,02
Juglans regia 2 26,08 560,67
Catalpa bignonioides 2 17,98 551,80
Sorbus aucuparia 2 17,52 495,33
Betula pendula 1 22,05 457,11
Malus pumila 7 15,51 442 .86
Robinia pseudoacacia 1 18,42 365,41
Paulownia tomentosa 6 6,46 257,17
Acer platanoides 2 9,47 234,51
Populus nigra 1 8,82 173,53
Viburnum obovatum 2 2,60 92,07
Syringa vulgaris 2 2,67 70,89
Quercus robur 1 -2,86 -14,68
3aranabHuii migcymoxk 76 843,17 18895,24
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Puc. 2. TTopiBHsUIbHA AiarpaMa BApTOCTI PEryISITOPHUX CKOCHCTEMHHX TTOCIyT ($)
3a BUJIaMH 32 TIOTOYHHH pik 1 HacTymHi 20 poKiB

Haii6inpury BapTicTh cepen yCixX peryasTOpHHX
€KOCHUCTEMHUX MOCIYT MalOTh MOCIYTH 3a0I1a1KEH-
ust eneprii ($485,08 3a pik i $10791,14 3a 20 pokis)
Ta normHanns CO, ($183,35 1 $4129,15 Bigmnosia-
Ho). [lopiBHsUITBHY miarpamy BapTOCTI JeTajibHIIIe
3a KaTeropisiMu HaBeIEHO Ha puC. 3.

Ho exocucremuoi nociayru nommuanus CO,
(ByIJIEKHCIIOTO ra3y) BXOASTh:

— CEKBECTpalis BymIemio (MOMIMHAHHS MapHH-
KOBOTO BYITIEKHCIIOTO ra3y 3 MOBITPs 1 HOro HaKonu-
YeHHS y BUDIAAI IepeBuHM) — 975,27 kr 3a pik
121963,55 xr 3a HactynHi 20 poKiBs;

— EKBIBAJIEHT CO2 (TIOKa3HUK, M0 JOIOMAarae
KUTBKICHO OLIHHTH BIUIUB JEPEB HA 3HIKCHHS
pieus CO, B armocdepi) —3575,97 kr i 80533,02 kr
BIJTOBIIHO.

ExocucreMHa mocmyra perymnoBaHHs JOIOBO-
ro CTOKY JiepeBaMu 3a pik cranoBuTh $41,05, a 3a
HactynHi 20 pokis — $898,02. IlepenoscimM BoHa
MOKJIa/la€TbCsl Ha 00’€eMH JIOIOBOrO CTOKY,
SIKi 3aTpUMYy€ KOpEeHeBa CUCTeMa. 3a PiK IIi TToKa3-
Huku craHoBuwin 17390,55 n ta 3poctyTh 10
380411,86 51 3arpuMaHHUX 3JIMBOBHUX BOX YIPO-
JOBX HacTynHuX 20 pokKiB.

ExocucteMHy TOCTyTy OUYHMINEHHS TIOBITPS
3a gonomororo MyTree Oymo ominero y $61,66
3a pik ta $1342,66 3a 20 pokie. I'padiuno naHi

OUMINEHHS MOBITPS ISl BCIX KaTeropiii 3a0pymaHIo-
BaJIbHUX PEUOBUH 3a HacTynHi 20 pokiB NOPIBHSIHO
3 2023 pokom pernpe3eHToBaHO Ha puc. 4. SIk BUIHO
Ha jaiarpami, HaOIIbIIE JepeBa MOMIMHAIOTH 3 aT-
mocdeproro nositps O, (030n) — 30,15 kr 3a pik
1 656,24 xr 3a nactynni 20 pokis. SO, (miokcun
CipkH) 3a oOcsiraMy TOTIIMHAHHS TOCIJae JIpyre
micue i3 5,40 kr ta 117,47 xr BinnosinHo. HactymnHi
3a obcsarom: NO, (miokcun asory) 2,50 kr (pik)
ta 54,45 xr (20 pokis), PM,, (apibHomucnepcHi
gactuHkH) — 1,57 kr (pix) Ta 34,26 kr (20 pokis),
1 HaiiMeHlie nepeBa nommHaoTh CO (vagHui
ra3) — e 0,63 kr (pix) Ta 13,78 xr (20 pokiB).

Jlo Haii011b1I BapTICHOT €KOCUCTEMHOT OCITYTH —
3a01Ia/KCHHS €HEePTii — BXOAATh MOKa3HUKU:

— 30epexxeHHs enekTpoeHeprii: 4617,19 kBt
3a pik 1 100448,21 kBT y HaKomu4eHHi 32 HACTYITHI
20 pokiB;

— eKOHOMIs masuBa Juts onaneHHs: 390 M® npu-
poxmHoro rasy 3a pik i 8032 m* 3a 20 pokis.

[Tocmyra 3aoriapkeHHs eHeprii 6e3nocepenHbo
MOB’A3aHa 13 3aMo0IraHHsAM EHEPreTUYHUM BHKH-
JaMm. 30Kpema, piuHy BapTiCTh Ii€l TOCIYTH OIli-
HeHo B $76,15, a 3a mactymui 20 pokiB BOHa
kymyssatuBHO cranoButume $1734,39. HaiiGinbrry
BapTICTh MAIOTh MOKA3HUKH 3a00iraHHs BUKUAAM
CO,: 1407,65 kr 3a pix i 32134,14 kr 3a 20 pokis.
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Tabnuys 3
PeryasitopHi exocucTeMHi IOCIYru 1epeBHUX HACAKeHb
Ha TepuTOPii mepmoro akagemiunoro micreuka HaYKMA 3a norounmii pik i Hactynni 20 pokis
Bun Ouinka HakonuuyBajibHa oLiHKa
€KOCHCTEMHHUX MOCJIYyT 3a pik 3a HacTynHi 20 pokiB

3aranbHa BapTicTh, $ 847,29 18895,36
Mornunanus CO,, $ 183,35 4129,15
CexkBecrpallist Byrjiewro, kr* 975,27 21963,55
ExsiBanent CO,, xr™ 3575,97 80533,02
PeryJiloBaHHsI 101IOBOIO CTOKY, $ 41,05 898,02
3arpuMKa JOLUO0BOTO CTOKY, JI 17390,55 380411,86
OunuieHHs moBiTps, $ 61,66 1342,66

CO, xr 0,63 13,78

O;, kr 30,15 656,24

NO,, xr 2,50 54,45

SO,, kr 5,40 117,47

PM, s, kT 1,57 34,26
3aomamkenns eneprii, $ 485,08 10791,14
36epexeHHs eleKTpoeHepril, KBT 4617,19 100448,21
ExoHOMist masmBa Juist OnajieH s, M° TIPUPOIHOTO rasy -390,00 -8032,00
3ano6iraHus eHepreTHYHUM BUKHAAM, $ 76,15 1734,39

CO,, xr 1407,65 32134,14

CO, kr 1,40 30,74

NO,, kr 0,30 6,72

SO,, xr 3,35 75,63

PM,s, xr 0,47 10,33

* s senukux aepes normuuands CO, smennryeTses yepes Brpary CO, mix gac omajy/obciryroBysanns (oOpisku abo

KPOHYBaHHS).

** ExgiBaient CO, OIHIOKOTH OOYUCIIEHHSM KiTbKOCTi atMocdeproro CO,, 0 OMIMHAETECS EPEBAMU JUIS 3a0€3MeUEHHS

BYIJIEIIIO, 30epPeXeHOr0 B TKAHHHAX OKPEMHX JEPEB.

**% To3UTHBHI 3HAUSHHsI €Hepril BKa3ylOTh Ha 3a0IIa/pKeHHs1 00 3MEHIIeHHs BUKUIiB. HeraTiBHI 3HaUeHHS BKa3ylOTh Ha
30UIBIICHHS] BUKOPUCTAHHS a00 BUKUAIB. Enexrpuka, BUKOpHcTaHa Ul OXOJIOMKEHHS Ta OOITpiBY, a TaKOXX MajMBO
(npupoaHuii ra3z abo Had)Ta), BUKOPHCTAHE A 00IrpiBy, 0a3yl0ThCsl HA THIIOBOMY BUKOPHCTAaHHI 11 00PaHOTO MICIISL.
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= 4000.00
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¥ EKOoCcHCTeMHI IOCTYTH 3a HOTOYHHIT PIK ¥ ExOoCcHCTeMHI IIOCITYTH 3a HacTyIHi 20 pokiB

Puc. 3. [TopiBHsibHA AiarpamMa BapTOCTI PEryISTOPHUX eKOCHCTeMHUX mociyr ($) 3a kareropismu
3a IMOTOYHMH ik 1 HacTymHi 20 pokiB
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Puc. 4. Jliarpama KiTbKiCHOT OI[IHKH €KOCHCTEMHOI MOCTYTH OYUIIECHHS MOBITPA (KT)
3a 3a0pyJHIOBAIbHUMH PEYOBHHAMU 32 TIOTOYHHH piK 1 HacTynHi 20 pokiB

BucHoBkH

[TpoBeneni MOCITIKEHHS TATBEPIMIN BayKJIU-
BICTh 1 I[IHHICTh PETYISTOPHUX EKOCHCTEMHHX IIO-
CITYT, K1 320€31e4YyIOTh 3eJICHI HACAJDKCHHSI IS I1ep-
[IOT0 aKaJIEMIYHOTO MICTEUKa SIK YACTUHU KaMITyCy
Harmionanmssoro yHiBepcutety «KneBo-MoruistHCbKa
akagemis». s e(peKTUBHOCTI €KOCUCTEMHUX T10-
CIIyT BOXXJIMBO, 1100 JiepeBa HA TEPUTOPIi KaMITyCy
OyJIU CTIHKUMU IO YMOB MICBKOTO CEPEIOBHIIIA 3 BU-
COKUM BIUIMBOM 3a0pyIHIOBAdiB Ta {HIINX CTPECO-
BUX YMHHUKIB. [IpoBe/icHA iHBEHTapH3aIisI MTiAKpec-
JIFO€ HEOOXIHICTh BIIPOBAKCHHS MPAKTHK CTAJTIOTO
03CJICHCHHS 1 IOy 32 JICPeBaMHU UL ITiIBHIICH-
HS CTIMKOCTI Ta EKOCHCTEMHHX MOCIYyT 3€JICHHX
HacakeHb Kamirycy. Clifi YHUKATH paJuKalbHHX
METOJIIB OOpI3KH, SK-OT KPOHYBaHHS, OCOOIMBO
Ha 37I0pOBUX JepeBax Oe3 MONepeiHiX O3HaK He-
00XiJTHOCTI TaKMX BTPydYaHb. Taka MpaKTHKa MOXE
CIIPHYMHHUTY 3HAYHHUH CTPEC 1 3HU3UTH S(DCKTUBHICTD
€KOCHCTEMHHUX MOCIyYT JiepeB. HaToMicTh MOXKHA 3a-
CTOCOBYBaTH CaHITAPHUI a00 OOMEKCHUI METOIH
00PIi3KH B ME¥kKaxX KOMILICKCHOTO MIIXOY JI0 JOTIISITY
32 HAaCa/KCHHSIMH. Y MIChbKOMY JIaHamadTi motpio-
HO HaJaBaTH TPIOPUTET BUCA/DKEHHIO JIEPEB, SIKI €
Haie(PeKTUBHIMINMH JIJISI MICLIEBOT EKOCHCTEMH ISt
MIPOTUCTOSIHHSL aHTPOIIOTEHHO 3yMOBJICHUM €KOJIO-
TYHUM IpoOsieMaM.

3a pospaxyakamu MyTree, 3arampHa pigHa Bap-
TICTh CKOCHCTEMHUX MOCIYT JAEPEBHUX 3CICHHX
HacapKeHb Kamiycy cranoButh $847,29. 3a crpu-
SITIIMBUX YMOB, 32 IIPOTHO3aMH, 1151 BAPTICTH 3HAYHO
3pocte —y 22,3 pasa npotsiroM HacTynHux 20 poKiB,
nocsirayBuin $18895,36. Haiibinbiiow € BapTicTh

CKOCUCTEMHHX IOCIYr TaKhX JCPCBHHUX BHJIIB,
K Aesculus hippocastanum (TipKOKallITaH 3BHYaK-
Huil), Picea abies (sinuHa eBpormeliceka), Picea
pungens (anmuHa 61akuTHA), Betula pendula (6epesa
nosucina) Ta Ulmus laevis (B’s13 Tiaaxuil).

Haii6inpmry BapTicTh cepes] yCix peryasTOpHIX
CKOCHUCTEMHHX MOCITYyI MalOTh MOCIYTH 3aolla-
JOKEHHSI SHeprii Ta MOIIMHAHHS TAPHUKOBOTO BYT-
JICKHCIIOro ra3y. Jlepesa BiIirparoTh BaXKIIUBY POIb
y PperyJIioBaHHI MIKpOKJIiMaTy, 3aBISKH YOMY
HOPOTUAIIOTh BIUYYTHUM HACTIIKaM 3MiH KIiMary
B MICTi, a TAKOX JAaF0Th 3MOT'Y 3a011aJI)KYBaTH €JICK-
TPOCHEPTi0, IO BUKOPHUCTOBYETHCS IS OXOJO-
JOKCHHSI Ta OMAaJCHHS. 3aBISKH 3MCHIICHHIO BHKO-
PUCTaHHS IPUPOTHOTO ra3y Ta HayTH IS OIIaJICHHS
3€eJIEH] HaCa PKEHHS TaKOK JIOIIOMAararTh 3aro0irtu
CHEPTCTUYHNUM BHKHIIAM.

3-moMiXK 3a0pyHIOBAIEHUX PEUOBHH aTrMochep-
HOTO TIOBITPS HAMOLIBIIIEC IepeBa MEePIIOro aKaIeMid-
HOTO MiCTEYKa MONIMHAIOTh 030HY Ta JTIOKCHJTY CIPKH.
[ist 030Hy 0COONMBO MIKIAIMBA B MPH3EMHOMY IIapi
1 MO)KE TIOTIpPIINTH JIETCHEBI 3aXBOPIOBAHHS, SIK-OT
acTMa, a JIOKCH]I CIPKU MOXKE YCKIIATHIOBATH JMXaH-
HsI, CIIPUSITH YTBOPEHHIO KHCJIOTHUX [IOIIIIB Ta CMOTY,
pearyroun 3 iHIIMMH pEYOBHHAMHU B TOBiTpi. OTKe,
EKOCHCTEMHa ITOCITyTa OYHIIICHHS ITOBITPsI Ma€e Oe311o-
CepeHil MO3UTUBHUIN BIUTHB Ha 30POB ST JTIOHHHL.

3aranoMm, JOCTIJDKCHHS IiITBEPIUIIO BaXKIIH-
BICTh MOHITOPUHTY U OIIIHIOBaHHS €KOCHUCTEMHHX
MOCHYT 3€JIeHUX Haca/UKeHb B ypOOeKocHcTeMax
UL YXBAJICHHS CTAJMX PIMICHb MIOAO PO3BHUTKY
MICBKHX TEPUTOPIiH, maATpuMaHHSI 100po0yTy i 310-
POB’sl HACEITICHHSI.



Buwencoxa 1. I, Menvnux €. €. OLiHIOBaHHS PETYISTOPHUX €KOCHCTEMHHX ITOCITYT 3€JICHUX HAacaPKeHb B ypOOeKoCHCTeMax 51

Cnucok nimepamypu

1. EU Biodiversity Strategy for 2030: Bringing Nature Back into 7. Song P, Kim G, Mayer A, He R, Tian G. Assessing the

Our Lives. Luxembourg: Publications Office of the European Ecosystem Services of Various Types of Urban Green Spaces

Union; 2021. 36 p. Based on I-Tree Eco. Sustainability. 2020;12(4):16-30. doi:10.
2. The economics of ecosystems and biodiversity: Mainstreaming 3390/sul2041630

the economics of nature: A synthesis of the approach, 8. Bacumox O, Bapyxa A, Kysemko A, Ta iH. Exocucremuwuii

conclusions and recommendations of TEEB. 2010. 39 p. 106po0yT: MeToMKa 00OpaXyHKY €KOCHCTEMHHX MOCIYT HeMpsi-
3. Costanza R, d’Arge R, De Groot R, et al. The value of the mumu Metofamu. YepHisni: [pyk Apr; 2023. 184 c.

world’s ecosystem services and natural capital. Nature. 9. Brander LM, de Groot R, Schidgner JP, Guisado-Goni V,

1997,387:253-60. doi:10.1038/387253a0 van’t Hoff V, Solomonides S, McVittie A, et al. Economic
4. My Tree. A tool for assessing individual trees [Internet]. i-Tree Values for Ecosystem Services: A Global Synthesis and Way

[cited May 10, 2024]. Available from: https://mytree.itreetools.org/ Forward. Ecosystem Services. 2024;66:1-13. doi:10.1016/].
5. Macha¢ J, Dubova L, Louda J, Hekrle M, Zarikova L, Brabec J. ecoser.2024. 101606

Methodology for Economic Assessment of Green and Blue 10. Conosiit 1. OrmiHka mociyr eKocucTeM, 3a0e3MedyBaHuX JIiCaMH

Infrastructure in Human Settlements [Internet]. Usti nad Labem; VkpaiHu, Ta TPOMO3MILi LIOA0 MEXaHi3MiB IUIATH 3a TOCIYTd

2019 [cited April 3, 2024]. 62 p. Available from: https:/www. exocucteM [lurteprer]. 2016 [tmroBano 9 tpasus 2024]. 90 c.

ieep.cz/wp-content/uploads/2019/08/Machac et al 2019 JocrtynHo Ha: https:/d2ouvy59p0dg6k.cloudfront.net/downloads/

Methodology Economic Assessment GBI-7.pdf evaluation of forest ecosystem services_and proposals on
6. Millennium Ecosystem Assessment. Ecosystems and Human Well- pes_mechanisms.pdf

being: Synthesis. Washington, DC: Island Press; 2005. 155 p.

References
1. EU Biodiversity Strategy for 2030: Bringing Nature Back into 7. Song P, Kim G, Mayer A, He R, Tian G. Assessing the
Our Lives. Luxembourg: Publications Office of the European Ecosystem Services of Various Types of Urban Green Spaces
Union; 2021. 36 p. Based on I-Tree Eco. Sustainability. 2020;12(4):16-30.
2. The economics of ecosystems and biodiversity: Mainstreaming doi:10.3390/su12041630
the economics of nature: A synthesis of the approach, 8. Vasylyuk O, Varukha A, Kuzemko A, et al. Ecosystem well-
conclusions and recommendations of TEEB. 2010. 39 p. being: a method of calculating ecosystem services using indirect
3. Costanza R, d’Arge R, De Groot R, et al. The value of the methods. Chernivtsi: Print Art; 2023. 184 p. Ukrainian.
world’s ecosystem services and natural capital. Nature. 9. Brander LM, de Groot R, Schigner JP, Guisado-Goii V,
1997;387:253-60. doi:10.1038/387253a0 van’t Hoff V, Solomonides S, McVittie A, et al. Economic
4. My Tree. A tool for assessing individual trees [Internet]. i-Tree Values for Ecosystem Services: A Global Synthesis and Way
[cited May 10, 2024]. Available from: https://mytree.itreetools.org/ Forward. Ecosystem Services. 2024;66:1-13. doi:10.1016/j.
5. Macha¢ J, Dubova L, Louda J, Hekrle M, Zankova L, Brabec J. ecoser.2024. 1016
Methodology for Economic Assessment of Green and Blue 10. Soloviy I. Evaluation of forest ecosystem services provided by
Infrastructure in Human Settlements [Internet]. Usti nad Labem; forests of Ukraine and proposals on PES mechanisms [Internet].
2019 [cited April 3, 2024]. 62 p. Available from: https:/www. 2016 [cited May 9, 2024]. 90 p. Available from: https://
ieep.cz/wp-content/uploads/2019/08/Machac et _al 2019 d2ouvy59p0dg6k.cloudfront.net/downloads/evaluation_of
Methodology Economic_Assessment GBI-7.pdf forest_ecosystem_services_and_proposals_on_pes mechanisms.
6. Millennium Ecosystem Assessment. Ecosystems and Human Well- pdf. Ukrainian.

being: Synthesis. Washington, DC: Island Press; 2005. 155 p.

I. Vyshenska, Ye. Melnyk
National University of Kyiv-Mohyla Academy (NaUKMA), Kyiv, Ukraine

ASSESSMENT OF REGULATORY ECOSYSTEM SERVICES OF GREEN PLANTS
IN URBAN ECOSYSTEMS

Abstract

The article presents the results of research on the assessment of ecosystem services of green tree stands
on the territory of the first academic campus of the National University of Kyiv-Mohyla Academy using the
MyTree tool. It is a part of the i-Tree tool set developed by the Forest Service of the United States Department
of Agriculture (USDA) of the comprehensive program, designed to assess the ecosystem services provided
by individual trees or small groups of trees. Research has established that the most important regulatory
services were carbon dioxide absorption, microclimate regulation, energy saving, air purification from
ozone and sulfur dioxide. Calculations by the MyTree tool show the annual cost of tree planting services on
campus and its projected cumulative growth after 20 years. According to the calculations of the MyTree
tool, this year’s cost of tree plantation services of the first academic campus of the National University of
Kyiv-Mohyla Academy was $847.29, and according to forecasts, after 20 years it will cumulatively increase
to $18,895.36. Estimates of the cost of individual components of regulatory ecosystem services are provided.
The cumulative estimate over the next 20 years for CO, sequestration was $4,129.15, which includes the
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sequestration of 21,963.55 kg of carbon. Air purification for 20 years is estimated at $1,342.66, which
includes absorption and neutralization of 656.24 kg of O,, 117.47 kg of SO,, 54.45 kg of NO,, and 34.26 kg
of solid dust particles PM, .. Energy savings are estimated at $10,791.14, which includes energy savings of
100,448.21 kW. The tree species Aesculus hippocastanum (Bitter chestnut), Picea abies (European spruce),
Picea pungens (Blue spruce), Betula pendula (Hanging birch) and Ulmus laevis (Smooth elm) provide the
highest value of services. The results of this study can be used in the future to improve the planning and
management of green areas of the university campus, taking into account the value of their ecosystem
services.

In general, the study confirmed the importance of monitoring and evaluating the ecosystem services of
green spaces in urban ecosystems for making sustainable decisions regarding the development of urban
areas, supporting the well-being and health of the population.

Keywords: ecosystem services, urban ecosystems, MyTree tool, sustainable urban development.
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! IIIT «JTicu Ykpainm» [IepkaBHOTO areHTCTBa JICOBUX pecypciB Ykpainu, Ykpaina

>HarioHabHU YHIBEPCUTET 6i0pecypciB i MpUpoAoKOprCTYBaHHs Ykpainu, Kuis, Ykpaina

BILIUB I HACJIIIKA BOEHHUX JIIA
JIJI IPUPOJOOXOPOHHUX TEPUTOPIN
TA OB’EKTIB ITPUPOJHO-3AITIOBIIHOI'O ®OHAY
B MEKAX 3EMEJIb JI1 «JIICU YKPATHW»

Y emammi nasedeno dani npo necamusHull 6NaUE 6OEHHUX 0Tl HA 00 €KMU NPUPOOHO-3ANOBIOH020 (POHOY
(I13D), wo nepebdysaromv ¢ ynpasninui /11 «/licu Ykpainuy, 6 medxcax nicosux oghicie cmanom na 1 bepesns
2024 p. Bnaus éoennux 0itl ha 06 'exmu [13® 6yno npoananizosano 3a oecsamvma YUHHUKAMU.

Bcemanosneno, wo i3 9 nicosux oghicie JI1 «Jlicu Yrpainuy necamusnuii 6niue 60€HHuX Oill Ha 06 '€K-
mu I13® suseneno na mepumopii Ilisdennozo, Cxionozo, Cnoboscancvkoeo, Ilisniunoco ma Cmoauuno-

20 aicosux ogicis.

Hezamusnozco enugy éoennux 0iil 3aznanu 45 06’ ’exmie npupooHo-3anosioHo2o GoHdy, po3maiosanux
Ha 3eMIAX JICO20CRO0APChKO20 NPU3HA4eHHs, ujo nepedysaiomov y nocmitinomy ropucnyeanni JI1 «J/licu

Yxpainuy, 3aeanvnoro nnowero 36441,0 aa.

Kurouosi cioBa: JlepxkaBHe mianpueMctBo «Jlicu Ykpainw», npupoaHO-3amoBiiHAN (HoHI YKpaiHu,
HACJIIJIKW BOEHHUX JIii, JIicOB1 0()icH, BILUTUB BOEHHHX JIiH.

Beryn

Arpecis pocilicekoi (eaepauii npotu Ykpainu,
1o posnovanacs y 2014 p., 3aBaaia BEIUKO1 KON
JIOBKUJIJIIO, 30KpeMa i JIICOBUM eKOCHUCTeMaM. 3 T10-
4aTKOM IMOBHOMACIITAOHOTO BTOprHeHHS Y 2024 p.
BIUIMB BOEHHHMX JIiH Ha JlicoBUid (hoH/T YKpaiHu cTaB
HaJ3BUYaHO pyHHIBHUM. OCOOIMBO HETaTHBHUM
€ BIUIMB BOEHHUX JIili HA 00’ €KTU TPUPOHO-3AIIO0-
BiTHOTO (DOHJTY, SIKi € OCOONMBO IIHHUMH Ta Bpa3-
JIMBUMHU JricoBuMH ekocuctemamu. HIT «Jlicu
YKpaiHny € HAHOUTHIIM JIICOKOPUCTYBaYEM YKpaiHH
1 OJHMM 13 HAHOUTBIIMX JIICOKOPUCTYBauiB €Bpory,
B YIpaBIIiHHI SKOTO 1epedyBae 6,6 MIIH Ta JICOBOTO
¢donny, 3 Hux 1,05 MiH ra npunagae Ha TePUTOPIi
MIPUPOJIHO-3AITOBITHOTO (POHTY.

MeTo010 IBOTO J0C/Ii/IzKeHHs OyJI0 BCTAHOBUTU
HACJIIJIKW BOEHHUX il Ui 00’€KTIB TPUPOIHO-
3aroBiAHOTO (POHTY, IO NepeOyBatOTh B yIPaBIiHHI

JIEPKaBHOTO CIIEI1aTi30BaHOTO TOCTIONAPCHKOTO TTi/I-
npuemcTBa «Jlicu Ykpainumy.

MeToau J0CTiIKEeHb

Byno ompankoBaHO aHi PO HETATUBHUIA BILUTHB
BOEHHUX [ii Ha 00 €KTH NPHUPOIHO-3aMOBIIHOTO
¢douny (I[13d), mo nepedyBarOTh B YIpaBIiHHI
AIT «Jlicu Ykpainu», B Mexax J1icoBuX oQiciB cTa-
HOM Ha 1 Oepesns 2024 p. BruiuB Bo€HHHX il Ha
00’extu [13® Oyno mpoaHasi3oBaHO 3a JecsATbMa
YUHHUKaMH, 3anpornonoBanumMu A. J[. Ky3ukom
i B. . ToBapstHcbkuM [1] (11i YUHHUKH BUKOPHCTO-
BYIOTH JUTS BU3HAYCHHS BIUTUBY BOEHHUX TiH Ha JIi-
COBI €KOCHCTeMH YKpaiHu):

1) BUOYXW Pi3HOMaHITHUX OOENpPHIIACIB, paKeT
Ta MiH;

2) Kyni Ta ¢pparMeHTH OOEMpHUIIaciB, MO po3i-
pBanucs;

© bonoxoseyw F0. B., Jluyyp 1. M., llepemem 1. M., Pax O. O., [lapmuxa H. B., 2024
© Hauionanbuuii yHiBepceuteT «KneBo-MorussiHCbKa akaieMis» (3aCHOBHHUK 1 BUIaselp), 2024
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3) mamiHHS MiAOUTHX JITATLHHUX arapariB 1 pakeT;

4) Bubyxu 1 3aliMaHHS BINMCHKOBOI TEXHIKH
BHACJTIJIOK BITyYaHHsI CHAPS/IIB, HAT3lIB HA MiHU;

5) TmoXkexi BHACIIJOK MiAnamy 4u BUOyXiB, 1O-
HKEXKI, SIKI HEMOYKITUBO OYJI0 OTIepaTHBHO JTIKBIIyBaTH
4yepe3 akTUBHI O0MOBI JIiT UM MOBITPSIHY HEOE3MEKy;

6) mepecyBaHHS BIICHKOBOI TEXHIKH;

7) OyAiBHUIITBO 1HXEHEPHHUX YKPIMJICHB;

8) HEKOHTpPOJIbOBaHI BUPYOyBaHHS JiepeB sk Oy-
JBEJILHOTO MaTepiay Ta MajuBa;

9) sanmIIeHI Ta 3aXOpPOHEHI TiIa 3aruOiIuX
JIONieH 1 TBapHH;

10) 3amuimeHe CMITTS, MajJbHO-MACTHIIbHI MaTe-
pianu, 3aMMIIKH TEXHIKH Ta 030POEHHS.

Bci 00’ekTH TipuUpoIHO-3aMioBIIHOTO (HOHIY 3a
HACITi/IKaM{ HETaTHBHOTO BILUIMBY BOEHHHUX JIiil OyJ0
MOJIIICHO HA YOTHUPH KaTteropii [1]:

1) o6’extu I13®D, Ha TepuTopii sIKUX BinOyBa-
JINCh aKTUBHI Ha3eMHi 00HOBI [ii;

2) o0’extu 13D, Teputopii KX 3a3HaIN ypa-
JKCHb aBlalliiHUMKU OOMOapIyBaHHAMH Ta 00CTpi-
JaMu fanexo0iinoi aprunepii, paketamu, BITIA;

3) o0’extu [13®, Ha TepuTopii SKUX Oa3zyBasH-
cs1 BIICHKOBI MiIPO3/IiIH;

4) o6’extu [13D, TepuTopii SIKUX 3aMiHOBaHI.

3aasi HepO3roMolIeHHsT 1H(OpMallii, Mo MOoxe
MICTHTH BIMCHKOBY TAEMHHUIIIO, MU HE BKa3yE€MO BILIHB
BOEHHUX UMHHUKIB HAa KOXXEH KOHKPETHHH 00’ €KT
[13®, a mpoananizyBamu iH(OpPMAILFO CyMapHO, Ha
OCHOBI MaTepiajiB, OTPUMAHUX BiJ TiCOBUX O(iCiB.

Po3paxyHok 30uTKiB Oyio 31ilicHeHO 3a «Me-
TOJMKOIO BU3HAYEHHS IIIKOIHU Ta 30MTKIB, 3aBIaHUX
TEPUTOPISIM Ta 00’€KTaM MPHUPOHO-3aMOBITHOTO
dbonny BHacmimok 30poiHOI arpecii Pociiichkoi
Ddeneparii» [2].

Pe3ysibTaTn 10c/iaKeHHs Ta iX 00roBOpeHHs

I3 9 micoBux odicis Al «Jlicu Ykpainm» Hera-
TUBHUM BIUIMB BOEHHUX Aik HA 00’ extu [13D BUAB-
neHo Ha tepuropii [liBnennoro, Cxignoro, Cno6o-
skancpKoro, IliBaiunoro ta CTONHMYHOIO JIICOBHX
odicis.

V T1abn. 1 "HaBeneno 00’extu 13D ITiBgeHHOIO
micoBoro odicy, 0 3a3Halld HETaTMBHOTO BIUITUBY
BOEHHUX JiH.

Sk BuaHo 3 Tabn. 1, y [liBneHHOMY J1icOBOMY
odici HEraTUBHOTO BIUIMBY BOEHHMX JIiil 3a3HaN
9 06’extiB 13D, 3 HUX 8 00’€KTiB pO3TAIIOBAHI
B MuxomaiBcekiii obmacti ta 1 — B Onechbkiid.
CymapHa 1ioma OXOpOHHUX TePUTOPiH, 1O IO-
CTpaxaaJIk B Mexax 3emeib [liBJIeHHOro JIiCOBO-
ro odicy, ctanoButh 14220,3 ra. Po3mip 30uTKiB,
3aBJaHuX 00’exram [13®D, po3paxoBaHo s Jico-
BOTO 3aKa3HUKa 3arajlbHOJCPIKABHOIO 3HAYCHHSI
«PanuHCBhKa Jada» Ta TapKy-Tam’sSTKH Ccaio-
BO—HapKOBOFO MUCTCLTBaA MiCIleBOFO 3HAYCHHS
«Banekpyu-Heraii» — CcTaHOBUTH CyMapHO
6503,04 Tuc. rpu. [lns 7 06’exriB [13® y mexax
[TiBnenHOTrO JicOBOro oicy cymy 30HMTKIB MOKH
10 HE PO3PaxXOBaHO.

Tabnuys 1
HeraTuBHuii BIinB BO€HHUX Jiii Ha 00’ exTH [13® IliBrenHoro jicoBoro odicy
Oobnactb, Po3mip mxoan/
Ne Ha3sga 00’exra dinis, B sxiit Kareropis Inoma, 30MTKIB, 3aBJaHUX
3/m m3o PO3TAIIOBAHU 3o ra 00’exty I130,
00’ext 3D THC. TPH
1 Mimkoso- MuxkomaiBcska 001. JIICOBUH 3aKa3HUK 180 ITOKH 1110
[Toropinose «MuxonaiBceke JII» MICIIEBOTO 3HAYCHHS HE PO3paxoBaHO
2 Muxaiino- MukosaiBcbka 001, OOTaHIYHMI 3aKa3HUK 14,8 ITOKH 1110
Jlapuncekuit «MuxonaiBceke JII» MiCILIEBOTO 3HAUYCHHS HE PO3PaXOBaHO
3 banabaniBka MukomaiBcbka 0071 JIICOBHI 3aKa3HUK 510 TIOKH 1110
«MuxonaiBceke JII» MICIIEBOTO 3HAUEHHS HE pO3paxoBaHO
4 ITerposo- Mukonaiscska 0071. TmaHIAaPTHAN 3aKa3HUK 150,5 TIOKH 1110
CONOHUCHKHN «MuxonaiBcbke JII» MICIIEBOTO 3HAYCHHS HE PO3paxoBaHO
5 AHpiiBCbKe MuxkosaiBcbka 001, 3aIOBiTHE YPOUHIIIS 1294,0 TTOKH 1110
«MuxonaiBceke JII» MICIIEBOTO 3HAYCHHS HE PO3PAXOBAHO
6 BinoGepexoks MuxonaiBcbka 0071. HalllOHAJbHUH 9205,2 TUMYACOBO OKYTIOBaHa
CasiTociiaBa «Muxkonaiscbke JII» MPUPOTHUH MapK TEPUTOPIs
7 KinOypHcbka Koca MuxonaiBcbka 0071. perioHaNbHUI 147.,8 TUMYACOBO OKYTIOBaHa
«Muxonaiscbke JII» na”madTHAR apK TEPUTOPIst
8 PanmHchbKa 1aga Mukonaiscska 0071. JIICOBUI 3aKa3HUK 1782 236,04
«Bo3snecencobke JII 3arajabHO/IEP/KaBHOTO
3HAUCHHS
9 Banekpyu-Herait Opnechbka 00, napk-rnam’siTka cajoBo- 936 6267
«banrceke JII™ MapKOBOTO MUCTEIITBA
MiCILIEBOIO 3HAYEHHS
Bceboro no ogicy 14220,3 6503,04
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V T1abi. 2 saseneno 00’ exru [13® CxigHoro Ji-
coBOTO 0QicCy, 110 3a3HAIM HETaTHMBHOTO BILIUBY
BOEHHUX Iii.

Sk BuaHO 3 Tabn. 2, y CxigHOMY JlicoBoMy odici
HEraTHMBHOTO BIUTMBY BOEHHHX JIil 3a3HaiM 7 00’ €KTIB
I13®, posramosanux y JIHINponeTpoBChKii 001acTi.
CymapHa IUIoIa OXOPOHHHMX TEPHMTOpIH, IO IIO-
CTpaXkJIaJii B Mexax 3emMelib CXiJJHOTO JTicOBOro odicy,
cTaHOBUTh 3437,9 ra. Po3mip 30UTKIB, 3aBIaHUX
o0’ektam [13®, pospaxoBaHo i JaHAA(THOTO

3aKa3HHUKa 3arajibHOJCPKABHOTO 3HaueHHs «J[iOpoB-
CBKHH JTiC», TTaM’ATOK MPUPOAX MICIIEBOTO 3HAYEHHS
«bimi Tomomi» Ta «HikomonmbChKi MIIaBHI» Ta perio-
HaJIbHOTO JIaHAImagTHOTrO napky «banka KodunsHay —
craHoBuTh 817272,44 tuc. rpH. s 4 06’exris [13D
y Mexkax CximHoro jicoBoro ogicy cymy 30UTKIB
TIOKH III0 HE PO3PAaXOBaHO.

V 1abn. 3 "asegeno 00’exru I13®D Crnoboxan-
CBKOTO JIiICOBOTO OQiCy, IO 3a3HAJU HEraTUBHOTO
BIUINBY BOEHHUX AiH.

Tabnuys 2

HeraruBuuii BiuinB BoeHHMX Aiil Ha 00’ exkTH [13® Cxignoro JaicoBoro ogicy

Oonactsb, Po3mip mxoan/
Ne Ha3Ba 00’exTa (hinis, B sxiii Kareropis Iloma, 30UTKiB, 3aBIaHUX
3/n 3o po3TanoBaHuii n3e ra 00’exry 13D,
00’ext 13D THC. TPH
1 J1i06poBChKHiA JTic JIHimponeTpoBCchKa 001 JIiCOBUIT 3aKa3HUK 1079 630651,400
«HoBomockosebke JII» 3arajabHO/IEP’KaBHOTO
3HAYCHHS
2 Camapceki mmaBHi | JIHIIponeTpoBchKa 001 | JTaHAMAQTHHN 3aKa3HUK 963,7 TTOKH IO
«Hosomockosebke JIT MiCIIEBOTO 3HAUEHHS HE PO3paxoBaHO
3 KomapiBmuna JlainpornieTpoBcbka o0M. | JaHAMIA(THUH 3aKa3HUK 288 MOKH 1110
«HoBomockoscrke JII» 3araJbHO/ICP)KaBHOTO HE PO3PaxoBaHO
3HAYEHHS
4 Mexupivqust JlainpornieTpoBcbka o0J. | JaHAMIA(THUH 3aKa3HUK 732,5 IIOKH 1110
«HoBomockosebke JII» 3arajibHO/IEP’KaBHOTO HE PO3paxoBaHO
3HA4YCHHA
5 bini Tomomi JlHinporneTpoBcbka 00JI. rnam’siTKa IpUpOIU 1 25
«/Irinposceke JII» MICIIEBOTO 3HAYCHHS
6 banka Ko6bunbHa JlainporieTpoBcbka 00JI. perioHanbHUN 376 180000
«ninposceke JII» TMaHTIAPTHAN MapK
7 Hikomnomnbcepki JlHinponeTpoBchKa 001 mam’siTKa MpUpoIu 3,7 93
IUIaBHI «ninposceke JII» MICIIEBOTO 3HAUCHHS
Bceboro no ogicy 3437,9 817272,44
Tabruys 3
HeratuBHuii BiuinB BoeHHUX Jiif Ha 00’ exkTH [13®D Cnodo:xancbKoro JicoBoro ogicy
Oduacrp, Po3mip mikonu/
Ne Ha3Ba 00’¢kTa dinis, B kit Kareropis ILnoma, 30MTKIB, 3aBIaHNX
3/m 3o PO3TalIOBAHUIA n3e ra 00’exry 13D,
00’exr 130D THC. TPH
1 [eyenisbke mone XapkiBcbKa 001 perioHaIbHUH 72 HOKH 1110
«YyryeBo-baduanceke JII» TMa"mma@THAN MapK HE pO3paxoBaHO
MiICIIEeBOTO 3HAYEHHS
2 ManuHaiBcbknit XapKkiBCbKa 00II. nasama@THUH 3aka3HuK | 2257,1 HOKH 1110
«YyryeBo-baduanceke JII» MICIICBOTO 3HAYCHHS HE pPO3paxOBaHO
3 [Teuenizpka XapkiBcbKa 001 nanamadTHUHA 3aka3HUK | 52988 IIOKH 1110
JicoBa Jjada «YyryeBo-babuanceke JII» | MiceBoro 3HauCHHS HE PO3PaxoBaHO
4 Koueronpka XapkiBcbka 0011 nanmmadTHAR 3aKka3HuK | 2163,3 MIOKH 1110
JlicoBa jjaqa «Yyryeso-babuanceke JID» MICIIEBOTO 3HAUCHHS HE PO3pPaxOBaHO
5 KynaxkiBcpkuii XapkiBcbka 0011 JIiCOBUIT 3aKa3HUK 455 MOKH 1110
«Yyryeso-batuanceke JII MICIIEBOTO 3HAYEHHS HE PO3PAaX0BaHO
6 MuxkosnaiBebKi XapKkiBchbKa 001 JicoBe ypounIne 248 MOKH 1110
HacaKeHHs «YyryeBo-baduanceke JII» HE PO3paxoBaHO
7 KpaBuiBchkuii XapkiBcbka 0011 €HTOMOJIOTTYHNI 6,4 MIOKH 1110
«Yyryeso-batuanceke JID» 3aKa3HUK MICIIEBOTO HE PO3paxOBaHO
3HAYCHHS
Bceboro no odicy 10800,6 MOKH 1110
He POo3paxoBaHO
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Sk BumHO 3 Tab0m. 3, y Crio0okaHCEKOMY JTiCOBO-
My 0(hiCi HETATUBHOTO BIUIUBY BOEHHUX JIiil 3a3HAIH
7 0o0’ekriB 13D, siki po3ramioBaHi B XapKiBChKii
obnacti. CymapHa IUIOIIA OXOPOHHHUX TEPUTOPIil,
III0 TIOCTPaXKIAJTH B MeKax 3eMelb CI1o00KaHCHKOTO
nicoBoro odicy, cranoButb 10800,6 ra. Po3mip 30ut-
KiB, 3aBnanux 00’ekram [13® y mexax CrnoboxaH-
CBKOTO JIICOBOTO 0(hiCy, OKH 1110 HE PO3PAXOBAHO.

V T1abin. 4 aseneno 060’ extu [13® ITiBHIUHOTO
nicoBoro ogicy, 0 3a3HaM HETaTHBHOTO BILIMBY
BOEHHUX JiM.

Sx BugHo 3 Tab6n. 4, y IliBHIYHOMY JIiICOBOMY
o(ici HeraTMBHOTO BIUIMBY BOEHHUX i 3a3HAJIN
3 00’ eKTH IPUPOHO-3AMOBIHOTO (POHITY, ABA 3 IKUX
posramioBaHi B YepHITiBCbKid oONacTi i OmuH —
y Cymcbkiii. CymapHa 1miolia 0XOpOHHUX TEPUTOPIi,
0 MMOCTPKAATIM B MEXax 3emMelb [liBHIYHOTO JTico-
Boro odicy, craHoBuTh 4330,1 ra. Po3mip 30UTKiB,
3aBaaHux 00’ extam [13dD y mexax [TiBHIUHOTO JTicO-
BOTO 0(iCy, IOKH III0 HE PO3PAXOBAHO.

V 1abn. 5 maBeneno 06’extu I[13® CromuuHoro
nicoBoro ogicy, 0 3a3HaM HETaTHBHOTO BIUIMBY
BOEHHUX M.

Sk BuHO 3 T 5, y CToim4HOMY JlicoBoMy odici
HETaTHBHOTO BIUIMBY BOEHHHUX [l 3a3Haiu 19 00’€k-
TIB TPUPOTHO-3AMOBIAHOTO (DOHIY, SIKI PO3TAIIOBAHI
B KuiBchkiii oonacti. CymapHa IioIa OXOpOHHUX Te-
PUTODI, 110 MOCTpaXkaalik B Mexkax 3eMestb Cronny-
Horo JicoBoro odicy, cranoButh 1797,9 ra. Po3mip
30uTKiB, 3aBnaHuX 00’ekTaMm [13D y mexax Cromuy-
HOTO JIICOBOTO 0(hicy, MOKH ITI0 HE PO3PaXOBaHO.

Ot:xe, HEraTUBHOTO BIUIMBY BOEHHUX il 3a3HAIN
45 00’€KTIB  TIPUPOJHO-3aIIOBITHOTO (POHJTY, PO3-
TAIIOBAaHUX HA 3eMJISIX JIICOTOCIOIAPCHKOrO MpH3HA-
YEHHS, [0 MepeOyBaroTh Y MOCTIHHOMY KOPUCTYBaHHI
I «Jlicu Ykpainny, 3aransHoto miornero 36441,0 ra.
3 Hux Ha Teputopii 20 06 ektiB 13D BinOyBasmch aK-
THBHI Ha3eMHi 60HOBI [ii; TepuTopii 37 00’ €KTiB 3a3Ha-
T ypaKeHb aBiallitHUMKU OOMOapIyBaHHSAMU Ta 00-
CTpijlamu Jlaneko0iitHoi apTunepii, pakeramu, BITJIA;
Ha Teputopii 40 00’exTiB I13d GazyBayics BifiCbKOBI
Tiapo3nimu i reputopii 27 06’ extis 113D 3amiHOBaHO.

3a yuHHMKamMH BIUMBY 17 00’ektiB [13® m0-
CTpaXXJau BiJl BUOYXiB Pi3HOMAHITHUX OO€IpHUIIAciB,
paket Ta MiH; 11 00’extiB [13d 3a0pynHEH] Kysamu
Ta (QparMeHTamMHu OO€NpUIAciB, IO PO3IPBAIUCS;
Ha Teputopii 11 00’exriB [13® micTaThes pparmMeHTr
MiIONTHUX JITAIBHUX arapartiB 1 pakeT; 3 00’€KTH Mo-
CTpaK/IAJU B pe3yJIbTaTi BUOYXIB 1 3aiiMaHHS BIHCHKO-
BOI TEXHIKM BHACHIJOK BITy4aHHsI CHApsI/IIB UM Hal3/iB
Ha MiHH. Yepe3s MokKexi, 0 BUHUKIIA BHACIIIOK TTi/-
naiy 4u BUOyXiB (puc. 1-2), moxesxi, ki HEMOXKJIUBO
OyJI0 OTIepaTHBHO JIKBIyBaTH Yepe3 aKTHBHI O0HWOBI
i um noBiTpsiHy Hebe3neKy (puc. 3—5), mocTpaxaano
6 00’exrtiB 13D [3]. ITo Teputopii 15 00’ekriB [13D
Oyno 3ahiKCOBaHO TepeCcyBaHHS BiHCHKOBOI TEXHIKHU;
Oy/MIBHHIITBO 1H)KEHEPHUX YKPIIJICHb BUSBICHO Ha Te-
puropii 11 06’exriB [13®. HekonTponsoBani BUpyOy-
BaHHS JIEpeB SIK Oy/IBEEHOrO Marepiaay Ta MajliBa
BusBIIeHO Ha 16 00’exrax I13®D. Cwmirrd, mamapHO-
MaCTHJIbHI MaTepialii, 3K TEXHIKA Ta 030po-
€HHS BUSBIICHO Ha Teputopii 7 00’exriB I13D. Indop-
Marlii Tpo 3aJIMIIEHI Ta 3aXOPOHEHI Tila 3aruonmx
Jroziei 1 TRapuH Ha TepuTopii 06’ exTiB [13D Hemae.

BrumBy TphoX 1 OUIbIIe YMHHUKIB BOEHHUX JIIH
3a3Hanu 19 06’exriB [13®, BrmmBy 6 1 OinIblle YHHHHU-
KiB — 8 00’€KTIB 1 BIUIMBY 9 YHHHHKIB — OJJMH 00’ €KT.

BucHoBkH

1. HeraTtuBHOTO BIUTMBY BOE€HHHX il 3a3HaJH
45 TepuTopiit Ta 00’€KTIB MPUPOTHO-3aMOBITHOTO
donay, mo mnepedyBaroTh Ha Oamanci HI1 «Jlicu
VYkpainny, 3aranpHoro 1uiomiero 36441,0 ra.

2. Haituacrime Teputopii 00’€KTiB MPUPOIAHO-
3amnoBiJIHOTO ()OHY 3a3HABAIM HETATUBHOTO BILIUBY
BOEHHHMX JIiil BHACHIJIOK ypa)keHb aBialliiHUMHA OOM-
OapmyBaHHSIMH Ta OOCTpiIaMU JaJIeKOOIHHOT apTH-
nepii, pakeramu, BITJIA (37 00’exTiB) Ta 6a3yBaHHS
BIHCHKOBHX MiAPO3/iIiB (40 00’€KTIB).

3. BrumiBy TpboX 1 Oinbllle HEraTUBHUX YWHHH-
KiB BOEHHHUX Jiit 3a3Hamu 19 06’exriB [13D, BrutuBy
6 1 Oinblre YUHHUKIB — 8 00’€KTIiB 1 BILIUBY 9 UMH-
HUKIB — OZIMH 00’€KT. Y pa3i criyibHOT Jii KUJTbKOX
HETaTUBHUX UYMHHMKIB BOEHHUX Ji  BHOYXH

Tabnuys 4

Heraruuuii BuiuB BoeHHHX 1iii Ha 00’exTH [13® IliBHiYHOTO JicoBOrO 0dicy

ObaacTp, Po3mip mkonu/
Ha3sga . - . .
Ne s dinis, B ki Kareropis Ilnoma, 30MTKIB, 3aBIaHUX
00’exTa . ,
3/m po3TanoBaHuii 3o ra 00’exty 13D,
3o ,
00’exr 13D THC. TPH
1 OnuriBceka gada UYepHiriBcbka 0071. JIICOBUII 3aKa3HUK 535 MIOKH 110
«UYepnirisebke JI» MICIICBOTO 3HAYCHHS HE pPO3paxoBaHO
2 OunuiiBCbKHAMR UYepHiriBcbka 001 0OOTaHIYHUI 3aKa3HUK 31,1 [IOKH 1110
«YepwiriBebke JII» MICILIEBOTO 3HAUCHHS HE PO3paxoBaHO
3 MonacTupcbkuii CymMcbKa 0071. naHAma@THUH 3aKa3HUK 864 IIOKH 110
JIic «Konororiceke JII» MICIIEBOTO 3HAYCHHS HE pO3paxoBaHO
Bceboro no odicy 4330,1 MOKH 110
He PO3pPaxoBaHO




bonoxoseyw FO. B., Jluyyp 1. M., Illepemem I. M., Pax O. O., [lapmuxa H. B. BIuB 1 HaCIIiIKH BOCHHUX [JiH... 57

PI3HOMaHITHUX OOEMPUIIACIB, PAKET Ta MiH Haifuac-
Tillle CYMpPOBOKYBAIUCS KyJIsIMU Ta (hparMeHTaMu
Ooenpunacis, MO PO3IPBAIKCS, @ TAKOK MaJIHHAM
NigOUTUX JIITATBHUX amapariB i pakeT — 8 pasis;
NepecyBaHHs BIMCHKOBOI TEXHIKM HaidacTiiie
CYNPOBOKYEThCS  OyIiBHHIITBOM i1HXEHEPHHUX
VKPITUICHb Ta HEKOHTPOJIILOBAHUM BUPYOyBaHHIM
nepes — 12 pasis.

4. Po3mip 30UTKIB JiJIsl 00’ €KTIB IPUPOIHO-3AI10-
BigHOTO (hOHIY po3paxoBaHo 11t 6 00’extiB I13D
Ha tepuropii IliBgenHoro ta CXIiIHOTO JICOBOTO
odiciB — cymapHo craHoBHUTh 817272,44 TuC. IrpH.
Just 39 0o0’extiB [13® po3mip 30UTKIB MOKH IO

HE PO3Pax0OBaHO Y 3B’A3KY 3 OOMEKEHHM JIOCTYIIOM
1 HEMOXKIIMBICTIO TIPOBEICHHS BiAMOBIIHUX 0OCTE-
JKCHb Ta EKCIIEPTU3 1 3aJUINAETHCS aKTyaJbHUM
3aBIaHHsIM.

5. Ju1st miKBigamii HACIIAKIB HEraTUBHOI'O BILIH-
By BO€HHUX il Ha 00’ektu [13® noTtpidHO po3pa-
XyBaTh 30WTKH, 3aBJaHl JOBKULTIO, MPOBOIUTH
PO3MiHYBaHHS Ta JOCIIKEHHS TEPUTOPil 00’ €KTIB
3aroBiAHOTO ()OH/Y Ha HassBHICTh BUOyXOHEOe31ey-
HHUX IPEIMETIB, a TAKOXK MPOBECTH HEOOXIHI caHi-
TapHi pyOkH, 100 3amoOirTH MacoBOMY PO3MHO-
JKEHHIO MIKITHUKIB Ha 3aru0iauMx Ta OcCialiIeHuX
JIepeBax, IO MOCTPAKIATH BHACTIIOK MOXKEXK.

Tabnuys 5
HerarusHmuii BiuinB BoeHHUX Aiii Ha 00’ exTH [13® CrotnuHoro Jicosoro ogic
A y
Odaacrp, Po3mip mkoau/
Haszsa .. - . .
Ne s dinis, B kit Kareropis IMoma, 30MTKIB, 3aBTaHUX
00’ekTa . s
3/m PO3TalIOBAHUIA n3oe ra 00’exry 13D,
n3e ,
00’ext 13D THC. TPH
1 Yaruis KuiBcrka 001, OPHITOJIOTTYHHI 3aKa3HUK 1,3 TTOKH IO
«IBankiBchke JII» MICIIEBOTO 3HAYCHHS HE PO3paxOBaHO
2 Yopuuii 1enexa KuiBcrka 001, OPHITOJIOTTYHHI 3aKa3HUK 3,2 TIOKH 1110
«IBankiBcbke JII MICIIEBOTO 3HAYCHHS HE PO3pPaxOBaHO
3 CocHoBO-/1y00B1 KuiBcbka 0051. nam’siTka IpUPOIN 3.8 MOKH 110
HaCca UKEHHS «IBankiBchke JII MICIIEBOTO 3HAYCHHS HE pO3pax0BaHO
4 JIBosipycHi Kuiscbka 00u1. nam’siTka pUpOIH 29 IOKH 1110
HacaDKESHHS «IBankiBchke JII» MICIIEBOTO 3HAYCHHS HE PO3paxoBaHO
5 CocHoBI KuiBcbka 0051 nam’siTka IpUpoIu 4,5 MIOKH 1110
HaCaHKCHHS «IBankiBchke JII» MICIIEBOTO 3HAUCHHS HE PO3paxoBaHO
6 CocHoBIi KwuiBcbka 0051 am’siTka IpUpoIu 3,8 IIOKH 1110
HaCa/HKCHHS «IBankiBchke JII» MICIIEBOTO 3HAUCHHS HE PO3paxoBaHO
7 JIBosipycHi KuiBcbka 00i1. rnam’siTKa IpUpoIu 6,2 TIOKH 1110
HACA/PKEHHS «IBanKiBCchKe JII» MICIIeBOTO 3HAYCHHS HE PO3paxOBaHO
8 CocHoBI KwuiBcbka 00i1. rnam’siTKa IpUpOIU 10 TIOKH 1110
HACA/PKEHHS «IBanKiBchke JII» MICIIeBOTO 3HAYCHHS HE PO3paxOBaHO
9 CocHOBI Kuisceka 001. rnam’siTKa MpupoIu 7 TIOKH 1110
HACA/PKEHHS «IBankiBchke JII'» MICIIEBOTO 3HAYCHHS HE PO3paxOBaHO
10 Mimani Kuiscbka 00u1. ram’siTKa MpUpOIH 3,1 OKH 1110
HACa/PKEHHs «IBankiBcbke JIT» MICIIEBOTO 3HAUYCHHS HE PO3pPAXOBAaHO
11 laiinamanpke KuiBcpka 00, nmaHmma@THAN 3aKa3HUK 751 TTOKH IO
60110TO «IBankiBcbke JIT» MICIIEBOTO 3HAUCHHS HE PO3pPAXOBaHO
12 KoOGnmuupkuit stic KuiBcpka 06:71. 3aIl0BiHE ypOUHIIe 148 MTOKH IO
«IBankiBchke JII» MICIIEBOTO 3HAYCHHS HE PO3PaxOBAHO
13 KyxiB xyTip KuiBcpka 001 JIiCOBUII 3aKa3HUK 622.5 MIOKH 110
«Kwuiscpke JII» 3araJibHO/IEPKABHOTO HE PO3PaXOBAHO
3HAYCHHS
14 Tlopenuubkuii Kuiscbka 0011, JIICOBHI 3aKa3HHUK 230,6 ITOKH 110
«Kwuiscpke JII MICIIEBOTO 3HAYCHHS HE PO3paxOBaHO
15 Kanursaceka naga Kuiscbka 0011, naHqIaPTHAN 3aKa3HUK 1162 MOKH 110
«Kwuiscoke JIIN» 3arajibHO/IEPKaBHOTO HE pO3paxoBaHO
3HAYCHHA
16 [InaxTsaHCcHKUI KuiBcpka 00m1. nmaHma@THAN 3aKa3HUK 2272 MIOKH 110
«Kwuiscpke JII» MICIICBOTO 3HAUCHHS HE PO3PaXOBaHO
17 KopuyBarnuk KuiBcpka 06m1. 3aMoBiHE YpOUHILEe 41 MIOKH 110
«Kwuiscpke JII» MICIICBOTO 3HAYCHHSI HE PO3PAaXOBAHO
18 [Tyxa KuiBcbka 0011 3aroBiIHE YpOUHIIIe 10 MIOKH 1110
«Kwuiscpke JII» MICIICBOTO 3HAYCHHS HE PO3PaXOBAHO
19 SIXHIBCBHKHIA KuiBchka 00:1. na"mmaGTHAN 3aKa3HUK 414 MOKH 1110
«Terepicpke JII» MICIIEBOTO 3HAUCHHS HE PO3paxoBaHO
Bceboro no odicy 3652,1 MOKH 1110
He PO3PaxoBaHO
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Puc. 1. Micue Biyyanss apTUiIepiicbKOro cHapsina Puc. 2. Hacminku noxexi, o BUHUKIA
B JTICOBOMY 3aKa3HMKY MiCIIeBOro 3HaueHHs «bamabanipka» B JiCOBOMY 3aKa3HMKy MiCLEBOTO 3HaeHHs «banabaniBka»
(doro: Gepesenb 2024 p.) B pe3yIbTaTi apTHIEePiHCHKOro 00CTpiry

(doto: Gepesenn 2024 p.)

Puc. 3. 3aru6mi BHACIIIOK MOXKEXKi KyJABTYPH COCHH B 3aIIOBiIHOMY YPOUHIII MiCLIEBOTO 3HAUCHHS
«Awnnpiiscbke» (¢poto: TpaBens 2024 p.)
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Puc. 4. Hacnixy HU30BOT TOXKEXKI B 3aIIOBIJHOMY YPOUHIL «AHJIPITBCHKE»

(dporo: TpaBens 2024 p.)

Puc. 5. Hacigku BepXoBOi IOKEKI B 3aIIOBITHOMY YPOUHILI MiCIICBOTO 3HAYCHHS

«Awnnpiiscbke» (¢poto: TpaBens 2024 p.)
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Cnucok nimepamypu

1. Kysuk AJl, Toapsincekuit Bl. Brum BoeHHUX 1iif Ha JticoBi 3. Pubanosa OB, Kouypa AC, SIpmona BA. Brums GoiioBux niii
EKOCHCTeMH YKpaiHU Ta iX HiCIIBOCHHE BiTHOBICHHS. BicHHK Ha yHiKanbHI npupoxHi o6’ext Yipainu. In: The XIV Inter-
JIAYBXL. 2023;27:16-22. doi:10.32447/20784643.27.2023.02 national Scientific and Practical Conference “Prospects for the

2. Meroauka BU3HAYCHHsI [IKOJH Ta 30UTKIB, 3aBIaHUX TEPUTOPI- development of science and the environment” [Internet];
sSM Ta 00’€KTaM IIPUPOAHO-3aMOBiMHOTO (DOHIY BHACITITOK April 10-12; Helsinki, Finland; 2023. p. 88-94 [cited May 20,
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IMPACT AND CONSEQUENCES OF MILITARY ACTIONS FOR NATURE
PROTECTION AREAS AND OBJECTS OF THE NATURE RESERVE FUND WITHIN
THE BOUNDARIES OF THE STATE ENTERPRISE “FORESTS OF UKRAINE” LANDS

Abstract

The study analyzed data on the negative impact of military actions on the objects of the nature reserve
fund under the management of the State Enterprise “Forests of Ukraine” within the forest offices as of
March 1, 2024. The impact of military actions on Nature Reserve Fund (NRF) objects was analyzed
according to ten factors. It was established that out of the 9 Forest offices of the State Enterprise “Forests of
Ukraine”, the negative impact of military operations on NRF objects was noted in the territory of the
Southern, Eastern, Slobozhansky, Northern and Capital forest offices.

45 objects of the Nature Reserve Fund, which are located on the lands of forestry purpose, and are in
permanent use of the State Enterprise “Forests of Ukraine” with a total area of 36,441.0 hectares, were
negatively affected by the military operations. Most often, the territories of the objects of the nature reserve
fund were negatively affected by military operations as a result of damage by aerial bombardment and
shelling of long-range artillery, missiles, UAVs (37 objects) and the basing of military units (40 objects).
The 19 NRF objects were affected by three or more negative factors of military operations, which included
explosions of various ammunition, rockets and mines, most often accompanied by bullets and fragments of
ammunition that exploded, as well as the fall of downed aircraft and missiles. The construction of engineering
fortifications and the uncontrolled felling of trees often accompanied the movement of military equipment.

The amount of damage to the objects of the nature reserve fund was calculated for 6 objects of the NRF
on the territory of the Southern and Eastern forest offices and totals UAH 817,272.44. For 39 NRF objects,
the amount of damages has not yet been calculated due to limited access and the impossibility of conducting
relevant surveys and examinations and remains an urgent task.

In order to eliminate the consequences of the negative impact of military operations on the NRF objects, it is
necessary to calculate the damage caused to the environment, carry out demining. An important task is to conduct
an inspection of the protected areas for the presence of explosive objects, as well as carry out the necessary
sanitary felling to prevent the mass reproduction of pests on the dead and weakened trees damaged by fires.

Keywords: State Enterprise “Forests of Ukraine”, Nature Reserve Fund, consequences of military
operations, Forest Offices, the impact of military operations.

Mamepian naoditiwos 21.06.2024
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