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NICOBE NroCrnoaAPCTBO

YOK 630*116.64 https://doi.org/10.31548/forest2021.02.001

BIKOBI MEPIOAN PO3BUTKY 3AXUCHUX NICOBUX
HACAKEHb Y BIAHOBJIEHHI EPOJOBAHUX
APYXHO-BANNKOBUX 3EMEJb

B. M. MAJIFOIA, dokmop CinbCbK020Cn00apChKux Hayk, 0oyeHm
https://orcid.org/0000-0002-9786-0239, e-mail: malyuga@nubip.edu.ua
B. B. MIHQEP, kaHOudam cinbcbko020Cn00apchKux HayK
https://orcid.org/0000-0002-5213-2078, e-mail: vikaminder@nubip.edu.ua
HauionanbHul yHieepcumem 6iopecypcie i npupodokopucmyeaHHs1 YKpaiHu

Ha menepiwHil yac numaHHam pori, 3Hadyuwocmi, onmumasbHO20 8UKOPUCMaHHS rpyHMmIs,
iXHbOI OXOpOHU ma 6opombbu 3 Oezpadauicto npudinsome eenu4ye3Hy yeaey. Yxeantorwdu Llini
Cmarnozo Po3sumkKy Ha HayioHanbHOMY pigHi, YkpaiHa 30608 ’s13aHa erpoeadxysamu HO8i Mpo-
epamu ma npoeKkmu, SKi Ha fnpakmuyi eapaHmyeamumMymb MakpOeKOHOMIYHY cmabinbHicmb,
ekosoziqyHuUl 6anaHc i coyianbHy 32ypmosaHicme. [1id yac Haykosux 0ocrioxeHb bazamogyHK-
UioHanbHOI posi 3axucHuUx icogux HacaldXeHb, SIKi C8020 4Yacy cmeoproganu Ha epodo8aHux
mepumopisix, 00 cknady sKux 8x00simb sipyXHO-6ankosi 3emrii, 0nsi 8i0POOXKEHHS 8/1acmugoc-
medl rpyHmie rnpoeedeHo O00CNIOXeHHS 3 06rpyHmyeaHHs ixHboi 8i0HO8/108aIbHOI QOYyHKUYT.
[ns sukoHaHHs1 nocmasneHoi memu 3aknadeHo 90 rpyHmMOoicomunonoaiyHux nyHKmiIe y npomu-
epo3iliHUX HacadXeHHsIX pPi3HUX rnepiodie pocmy i po3eumky pocsuH i3 gidbopom 270 3paskie
rpyHmy. 30ilicHeHO AOCiOXeHHS iXHIX 800HO-(hi3UYHUX i a2poxiMiyHuUX enacmueocmeli i3 06-
pobreHHAM ompumaHux 0aHuUx cmamucmuyHumMu memodamu. Ha niOcmaesi aHanisy Haykosux
nimepamypHux Oepes, 8UBYEHHS yCrilWHO20 8upobHu4020 doceidy ma enacHux 00CNiOXEHb
npomueposiliHuX HacadXeHb i3 8U3HAYEHHS IXHbO20 8IM/IUBY Ha erlacmueocmi rpyHmy i Hagko-
nuwHe cepedosuuje, po3pobrieHo AKICHI emanu eKonogiyHo2o 8iOHOB8/IEHHA epodo8aHUX
rpyHmis. 3miHa gikosux rnepiodie pocmy i po3eumky 0epesHUX POC/IUH Yy 3axUCHUX J1icO8UX Ha-
CcalXXeHHsIX, CMBOPEHUX Ha SPY>KHO-6akosux 3eMrisix, npu3godums A0 MOCMyrnogo20 noemari-
HO20 €eKOs102i4HO020 8IOHOB8MIEHHS epodosaHux rpyHmie. OmpumaHoO Yimke crig8iOHOWEHHS 8i-
Kosux repiodie pocmy i po3gumky OepesHUX POCIIUH 3 SAKICHUMU emarnamu eKOs102i4H020
8iOHOBIeHHS1 epodosaHux rpyHmis. [Jobip ob6’ekmie docnidxeHb nepedbayas ypaxysaHHs 00-
HaKo80i mexHoso2ii CmMmeopeHHs MPOMUEepPO3iUHUX HacaoXeHb, 3pOCMaHHs i pO38UMOK 8 00Ha-
Kosux ymosax, siki 6 eidrnogidanu n’asmboM eikosum nepiodam pocmy i po3sumky depesHux
POCIIUH. Y KOXHOMY 8ikogomy rnepiodi 8i0bysarombcsi SKICHI 3MiHU 1i0 Yac pocmy i po3sumky
POCITUHHOZ0 MOKPUBY, @ MaKOX KinbKiCHi 3MiHU MOKa3HUKI8, W0 Xapakmepu3yomb 8r1acmueoc-
mi rpyHmy, siki npedcmasrneHi nopieHsIHO 3 KOHMpPoeMm, sikuM obpaHo eu2iH. HadaHo OCHOBHI
yHKUIT yux HacadxeHb. [NpudineHo yesazy ecim gikosum nepiodam pocmy i po38UMKy npomu-
epo3iliHUX HacaoxeHb y YaCmuHi npoeedeHHs nicisHuU4uUx 3axodig Ors yCriuHO20 8UPOULYy8aH-
HS1 IPoMuepOo3iliHux HacadxeHb ma ixHboi echekmueHoI dii. 3 sudineHUMu gikogumu repiodamu
YimKo y3200XXyI0ombCs emaru eKosi02idyHo20 8i0HO8MeHHs epodosaHux mepumopil. Bidkpusa-
IombCs1 Mepcrnekmusu Po3yMiHHA NMpouyecy 8i0HOBMEHHST 3aXUCHO20 POCITUHHO20 MOKpU8Y, 30-
Kpema nicosux HacalxeHb i IXHbo20 6e3rnocepedHbO20 8rU8y Ha ernacmueocmi epo0o8aHUX
rpyHmis.
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B. M. Mantea, B. B. MiHdep

Knro4oei cnoea: eposiliHi npoyecu, epodosaHi rpyHmu, npomuepositiHa porsib, nepiodu
po38UMKyY, SIKICHI emarnu, enacmusocmi rpyHmy, 2iopassniyHa wopcmkicme.

AKTyaabHicTh. HUHI UTaHHAM PO,
3HAYYNIOCTI # ONTHMAIBHOTO BHKOPHC-
TaHHS TPYHTIB, IXHBOI OXOPOHHU Ta 00-
pOTBEOU 3 Jerpanamielo MPUALIIIOTH Be-
nuuesny ysary (Pdivinen et al.,1994;
Manual on methods and criteria, 1994;
Lund, 1998; ISO/TR 14061, 1998;
Mayer, 2003; Johnson, 2004; Duran
Zuazo & Pleguezuelo, 2008; Prescott,
Katzensteiner & Weston, 2021). 3a oriH-
KaMU eKCIIEPTiB MIKHAPOJHUX OpraHi3a-
Lil, i JerpafoBaHUMU 3EMIIIMU TTepe-
oyBae 47,5 % cymni 3emii. YkpaiHa cra-
HoM Ha 2015 p. Mana 3arajbHy IJIOILY
gerpagoBaHux 3emenb 148,14 km?
(25,57 %). Ha Camiti OOH 3i cTanoro
po3BuTKy 2015 p. Oyiio HajaHO 3arajibHe
0aueHHsT HOBUX OPIEHTHUPIB PO3BUTKY
IJIaHeTapHoro cycnijibeTBa a0 2030 p.
(Let’s save the soil). Jlust mocsirHeHHS
ine#i Cranoro Po3BUTKY Ha HalliOHAIb-
HOMY piBHI YKpaiHa Ma€ BIPOBA)KyBaTu
HOBI IIPOTPaMU Ta MPOEKTH, SKi HA MPaK-
THIIl TAPAHTYBATUMYTh MaKPOCKOHOMIUHY
cTabUIBbHICTh, ekonoriunuil 6anxanc (On
the National Program, 2000) i comiansay
3rypToBaHicTh. OTKE, 3a0€3ICUCHHS pa-
LIOHAJIFHOTO BUKOPHCTAHHS, OXOPOHH Ta
MOJIINIIEHHs. TPUPOAHOrO CepeoBULIA,
30KpeMa BJIAaCTUBOCTEH €pOJOBAHUX
IPYHTIB, € aKTyaJIbHUM.

AHAai3 ocTaHHIX JOCJIiIKeHL Ta
nyoJaikauii. ['panniosni podboTu 31 cTBO-
PEHHsI MPOTHEPO3iMHUX HACAIKEHb B
Yxpaini npunapaiotb Ha 60-Ti pp.
XX cromitra. KoMIuiekcHe 10 CH1IKEHHS
iXHBOTO BIUIMBY Ha BiJHOBJICHHS BJac-
THBOCTEH €POJOBAHUX SIPYIKHO-OAIKO-
BHUX 3eMenb posmnodainocs 3 1980 p. 3a
pe3yibTaTaMu HAYKOBHX JOCIIIXKCHD
kadeapu BIATBOPEHHS JICIB Ta JICOBUX
memopaniii HYBill Ykpaiau nns Bcra-
HOBJICHHS IIOCJ1JIOBHOCTI JiKBimamii Ha-
CIiJKiB mpoleciB BoAHOI epo3ii Ha

SAPY)KHO-0aTKOBUX 3E€MJISIX OyIO 3arpo-
MOHOBaHI SKICHI €Tamy €KOJOTiYHOTO
BIJTHOBJICHHSI €POJOBAHUX TEPUTOPIH
(Maliuha, 1987, 2008). Exosoriune Bif-
HOBJICHHS 3[IHCHIOBANIOCS IIISIXOM 3a-
CTOCYBaHHS MPOTHUEPO3INHUX JICOBHUX
HacaJKCHb.

Bech KUTTEBUH LMK JIICOBUX KYITb-
TYp CKJIAZAETHCS 13 TMOCTITOBHOTO TOE-
HaHHSI NEBHUX (a3 poCTy i pPO3BUTKY.
[Ipu nbOMy TUMYACOBHIl CTaH JIiCOBHX
KYyJIBTYp BiZOWBAETHCS BINIMOBIIHUMU
erammamu. OTxe, aza 3pOCTaHHS 1 PO3-
BHTKY JICOBHX KYyJIbTyp — II¢ HIEBHUH
AKICHUH 1 KIIBKICHUH CTaH MPOTATOM
KOHKPETHOT'O Mepiofy KUTTsA. 3aCHOBHU-
KOM BUYECHHSI IIPO (pa3u pOCTy i PO3BUTKY
no npasy BBaxatoTs H. I1. KoOpaHnosa, a
HACTYIHI AOCTIPKEHHS Y LIbOMY Hampsmi
npoposxmin B. B. Oriescekuii, A. A. Xi-
pos, II. P. Tanbman, M. E. TkaueHko,
II. B. Boponanos, JI. H. I'pi6anos,
B. I. Arpoxin, A. A. Kaiiprokuric,
A. 1. YOonBanekic ta iH. (Merzlenko &
Babich, 2020). bynu orpumani pi3Hi iH-
Tepuperanii, oJHaK MeTa BCiX MoJsraia
y CHOPUSHHI NPOBEACHHIO TOCIOAAPCHKUX
3aX0/iB, HEOOXIAHUX JJIs ONTHUMIi3aIii
pocTy HacaJkeHb (JIICOBiTHOBJICHHS):
JIOTIOBHEHHS 1 OIIHKA KYJIBTYp, PEryiro-
BaHHS YMOB XHUTTS HUISAXOM 3aCTOCYBaH-
HA JOTJIAI0BUX PYOOK TOMIO.

M. A. JloxmatoB (1985) posrusimae
Taki Mepiou PO3BUTKY 3aXUCHHX JIiCO-
BUX HAacaJKeHb Ha SPYXHO-O0AJTKOBUX
3eMJIAX: | — yTBOpEHHA, 2 — aKTUBHOTO
PO3BUTKY Ta B3aeMoJii sipyciB, 3 — mo-
PIBHSIHO CTajiol CTPYKTYpPHU 1 B3a€MOBII-
JUBY ApYCiB, 4 — OCIA0ICHHS KUTTEMAI-
AIBHOCTI HACAKEHb, 1X CTapiHHSA, AeTpa-
Janii i po3naay AepeBOCTaHy Y KOHTEKCTI
ouinku ixHporo crtany (Lokhmatov,
1999). TloniOuMit po3rmoais 3a CTamisIMH
po3BuTKy Hazaae (Johnson, 2004).
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Jlicoge eocnodapcmeo

OcTaHHIM YacoM ITMM MTUTaHHSAM TpHU-
JTIIAI0Th YMMAaJIO yBaru pisHi HayKOBIIi
(Duran Zuazo & Pleguezuelo, 2008;
Prescott, Katzensteiner & Weston, 2021;
Johnson, 2004; Yukhnovskyi, Dudarets,
Maliuha & Khryk, 2013). 3nilicHeHo jio-
CIIIIDKEHHSI OKpEMUX MOMEHTIB Meliopa-
TUBHUX BJIACTUBOCTEH MapKOBUX Haca-
JUKCHb B yMOBAaxX CKJIQTHOTO penbedy
(Minder, Maliuha & Yukhnovskyi, 2019).
Ha sxanb, Takoro CpsIMOBaHOTO HATIPSIMY
JOCIIDKCHDb Ha SPYKHO-OATKOBUX 3EM-
JIIX HEJIOCTATHBO.

MeTa D0CHiTKeHHS TIOJISTAE y BUB-
YEeHHI MPOTUEPO3iHHOI poi JiCOBUX Ha-
CaJDKEHb 3a iIXHIMU BIKOBUMH TIEPiOIaMH
PO3BUTKY B YMOBaX SPy>KHO-0aTKOBUX
3eMelnb. Y CKJajli €polOBaHUX 3eMelb
nepeOyBae 4,5 MJIH Ta i3 CepeaHbLO Ta
CHUIIBHO 3MHTHUMH TIPYHTaMH, 30KpeMa
68 THC. TeKTapiB OBHICTIO BTPATHIIH TY-
MYCOBUIl TOpH30HT. BigkpuBaroThes nep-
CHEKTHBH PO3yMiHHS IpPOIECY BiTHOB-
JICHHSI 3aXMCHOTO POCIUHHOTO MOKPHBY,
30KpeMa JIiCOBUX HACaJKeHb 1 IXHbOTO
0e3mocepeTHBOTO BILTMBY Ha BIACTHBOC-
Ti €pOAOBAHUX IPYHTIB.

Marepiasiu i MeTogu AOCiIZKeHHSI.
OcHOBHUI 00’€M HAyKOBHX JOCIIKCHb
3nilicHeHo B 30Hi JlicocTeny ympoaoBxk
JeCATH POKiB. JloCTipKeHHS TPOBENCHO
Ha TEPUTOPIii JBOX KOIHUIIHIX TiAPOIiCO-
MeniopaTuBHUX cTaHIid — KaHiBChKoi
(1958) 1 Pxkumiiscwkoi (1964), ctBopeHHX
JUTsL JTIKBiAIii HACIiIKiB BOJHOI epo3il
TiPOTEXHIYHUMH Ta JTICOMETIOpaTUBHU-
MH METOJIaMH y 3aXHMCHil 30Hi p. JIHIimpo.
O06’ekTamMu JOCIHIKEHb 00paHO 3aXHCHI
JIICOB1 HACAKCHHS Ha €POJIOBAHUX SIPYK-
HO-0aJIKOBUX 3eMJISX.

[TinibpaHo 00’€KTH, SAKi MajH OJIHA-
KOBY TEXHOJIOTII0 CTBOPEHHS, 3pOCTAIN i
pO3BHBAIIMCS B OJJHAKOBHX YMOBax Ta
BiJIMTOBiIalik IT’SITH BIKOBUM IIepiogam
POCTY 1 PO3BUTKY JEPEBHHUX POCIHUH. Sk
KOHTPOJb 00OpaHO BHTIH.

3aknagaero 90 rpyHTOTICOTHITONOTIY-
HUX NYHKTIB i3 Bigbopom 270 3pa3kiB

rpyHTy BinOipaukom (Maliuha, Dudarets,
Yukhnovskyi & Harkava, 2006; Maliuha
et al., 2014).

Jns OIiHKH 3MIH TPOTHEPO3IHHHUX
BIIACTUBOCTEH TIPYHTY, OCKIJIIBKH HOTO
py¥HaIlis BiIOyBaEThCS KOHIICHTPOBAHUM
MOBEPXHEBUM CTOKOM, 00paHO MOKa3HU-
KH, SIKi XapaKTepPU3yIOTh: CTPYKTYPHICTb,
TBEPIICTh, BOAOIPOHUKHICTE. CTPYKTYp-
HUW aHali3 I'PyHTY BH3HAYEHO 3a METO-
nom CasBiHoBa (Astapov, 1958) nuisxom
CYXOro MPOCIIOBaHHS IPYHTOBOIO 3pa3ka
Baroro 10 1,0 xr Ha xomoHmi cut Big 10
10 0,25 mM. TBepaicTh IPyHTY BU3HAYCHO
npunagom lony0esa y 30-pa3osiii mo-
BTOpHOCTI. Bukopucrano mrkamy TBep-
JOCTi IpyHTY 3a M. A. KauyunHChKUM
(Berezhniak, 2013; Zrazhevskyi &
Lohvynenko, 1971). BusnadeHnHst Bono-
IPOHUKHOCTI IPYHTY 31i1HCHEHO 3a A0MHO-
MOTOIO CTAJEBUX LMIIHIPIB AlaMEeTPOM
80 MM 1 Bucororo 100 MM, AKi 3arodeHi
B HMO)KHIH YaCTHHI JJ1g JETKOr0 BCTAHOB-
JICHHS B TPYHTOBY TOBIIY. JloCITiKeHHS
BHUKOHaHO 3 oBepxHi 10-caHTUMETPOBO-
ro mapy rpyHry. L{uaiHapu HUKHBOIO
YaCTHHOIO HAIOJIOBUHY 3arIHOJIIOBATH B
IPYHT, a BepxHi 50 MM 3aIOBHIOBAJIU BO-
no10. CTOBMMUMK BOAM 3aBBUIIKK Y 50 MM
YMOBHO BiJIOBiJa€ PiBHIO BOAW MiA 4yac
MIPOXOJKEHHS PsICHOT 3muBU. CeKyHa0Mi-
POM BU3HAUEHO Yac MOTIIMHAHHS BOTH Y
10-pa3oBiii MOBTOPHOCTI.

OIiHKY 3MIHH POJFOYOCTI €POTOBAHMX
IPYHTIB 3I1lICHEHO 3a arpoXiMiYHUMH TI0-
Ka3HMKaMH METPOBOi ToBIIi. BmicT arpo-
XIMIYHUX MTOKa3HHUKIB OTPHMAaHO 33 Me-
TOJMKAMHM: a30TY, 1110 JIETKO TipOJIi3yeTh-
cs1, Mr/kr rpyHTy — Tropira—KoHnoHOBOT
(Workshop on agrochemistry, 2001);
pyxomoro ¢ochopy Ta 0OMIHHOTO Kaiio,
mr/kr 1pyHTY — Kipcanosa (Workshop on
agrochemistry, 2001); rymycy, % — Tio-
pina (Workshop on agrochemistry, 2001).
3a OTpUMaHUMH pe3yJIbTaTaMH 3 ypaxy-
BAaHHSM MIITBHOCTI CKJIAaJaHHS TIPYHTY
3MIMCHEHO PO3paxyHKH 3aIaciB MOXKHB-
HUX PEUYOBUH METPOBOI TOBIII.
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1. CniBBinHOmIeHHs BikOBHX IepiodiB pocTy i pO3BUTKY JepeBHHUX POCJIMH 3 SIKiCHH-
MH eTalaMH eKOJIO0ri4YHOro BilHOBJICHHSI €ePOJOBAHUX IPYHTIB

BikoBi | 3mict BikoBHX mnepioaiB pocty i | Etamn 3MiCT SIKICHUX €TaliB eKOJOTIYHOTO
Mepioay, | pO3BUTKY ACPEBHUX POCIHUH 3a- | BIIHOB- BIJIHOBJICHHS €pOJIOBAaHUX IPYHTIB
pOKiB XHCHHX JICOBHX HACaJKCHb JICHHS
TpuxuBsCHHs § 3iMKHEHHS [Touarox BIIMBY Ha epoJOBaHI IPYHTH,
Ho 7 TCOBHX KVIIET YIIOBUIBHEHHSI Ta pi3Ke 3MEHIIEHHS
YARTYP mpoueciB eposii
@dopMyBaHHS JICOBOTO HAMETY Tpusymuuenns eposii rpyntis,
8-15 MOCHJIEHHS] B HUX 010JIOTIYHUX
HacaKCHb
mpouecis
IurencrpHa THpepeHmiania CyTTeBE MOMIMIIEHHS (i3UKO-XIMIYHUX
16-30 . p BJIACTMBOCTEH I'PYHTIB, IIOBHE IPHIIU-
BUJIB JICPEBHUX POCIIMH ’
P p HEHHsI MIPOLECiB epo3il
Ekonoriune BiTHOBJICHHS €pOJOBaHUX
31-60 dopMyBaHHS J1iCOBOTO YMOB MiCIIe3POCTaHHS i CTBOPSHHS
OioreoneHosy TepeIyMOB ITOBEPHEHHS TaKUX 3eMelb
IO TOCTIOAAPCHKOTO 00iry
Touan |Edextnsra mis mepmoro IToBHE MOBEpHEHHS 3eMeJb HicCIs
60 OKOILIHHS niconafamxem, peabiniTamii B MOBHOI[IHHUI TOCIIO-
JAapChKHid 00ir

Craructnade oOpoOJIeHHS JaHUX 3/TiH-
CHIOBAJIM 13 BUKOPUCTAHHSAM TpadoaHalti-
TUYHOTO, KOPEJISIIHHOTO, perpeciitHoro
aHaJTi3y 13 3aTy4eHHSIM MPOTpaM CTaHIapT-
HHUX I[aKeTiB KOMII I0TepHO-iH(pOopMa-
niriHoro 3abe3neuenns Excel Ta Statistica.

Pe3yabraTtu gociaimkeHHs ta ix 00-
rOBOPEeHHs. 3MiHA BIKOBHX IE€PiOJIiB pOC-
Ty 1 PO3BUTKY JIEPEBHHUX POCIHH Y 3a-
XUCHHX JIICOBUX HACAJKEHHSX, CTBOpE-
HUX Ha SIPYyXHO-0AJIKOBUX 3EMIISX,
MIPU3BOJUTH JI0 MOCTYIIOBOTO TIOETAITHOTO
€KOJIOTIYHOTO BiJTHOBJICHHSI €POJIOBAHMX
IPYHTIB, 10 BinoOpaxeHo B Tabm. 1.

V nepiuunii BikoBUH nepiof xKUTTA (10
7-pidHOrO BiKy) BiJOyBa€ThCSI MPUKUB-
JICHHS 1 3IMKHEHHS JICOBUX KYJIBTYp, SIKi
CTBOPIOIOTHCSI HA €POJOBAHUX 3EMIISX.
Yemix y crpaBi 3aXMCHOTO J1iCOPO3BEICH-
HS 3QJIEXKUTD BiJl IKOCTI BUKOHAHHS TeX-
HOJIOTII 31 CTBOPEHHS J1iCOMENTIOPaTUBHUX
HACa/KCHb.

VY mepmmii BiKOBUH mepion 3aXHCHI
JiCOB1 HACAKEHHsI CTAaTUCTUYHO 3HAUY-
IIOTO BIUTMBY Ha BJIACTUBOCTI IPYHTY,
MOPIBHSHO 3 KOHTPOJEM, HE BUSIBISIOTh
(Tabn. 2). YV npoMy nepioni pocTy i po3-
BUTKY JICPEBHUX POCIHH MPOTUEPO3IHHUX

2. Iloxka3HUKH BiIHOBJIEHHS BJacTHBOCTell BepXHbOro 10-canTumeTpoBoro
Hapy rpyHTy MmiJ BIUIMBOM JIiCOBUX HacaJKeHb i 0e3xpedGeTHUX TBApHUH

.Hacamxemm. TBKSIE,SII\;"ZFL, BOHOF;?;.I;I::-(IHICTB’ Cpr;({ng;l, t:/zicmn
BIKOM 110 7 pPOKiB
xEtm
Yucrti 1y60oBi 19,3+ 0,4 6,5+ 0,4 27,8+ 1,0
Kounrtponn 20,4 £0,3 6,0 +£0,5 24,5+ 0,7
Mimani 1y6oBi 19,1 £ 1,0 7,0 +£0,7 32,1 £1,2
KouTtponn 20,1 £0,4 39+0,4 28,6 £ 1,1
YucTi cOCHOBI 18,7 £ 1,2 6,5+1,9 34,4 + 3,6
Kontpoin 19,0 +£ 0,6 6,3+0,3 26,6 = 0,6
Mimiani COCHOBI 19,0 +£ 0,4 5,6 £0,9 31,0+ 1,3
Kontpoan 20,5+ 0,5 43+04 25,8 +0,8
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3. 3anacu NOXKMBHHX PEYOBHH MeTPOBOIO IIAPY IPYHTY

3amacu MOKUBHUX PEYOBHH

HacamkeHHs BIKOM | OpraHidHa peqyoBHHA. A30T, IO JIErKo pyxomnuii O6MiH.HVHﬁ
. 8 > | rigponizyeThes dbochop KaJii
10 7 pOKiB Tra’! m
KI'Ta
xEtm

YucTi nydoBi 75 +42 274 £ 22,0 354 + 14,6 266 + 16,0
KonTpoin 57 +£3,5 201 +£2,3 200 £ 17,0 239 +14,3
Mimani 1y6oBi 77 £ 4,4 282 + 13,8 348 £ 13,4 276 £ 15,5
Kounrtponn 60 + 8,8 213 £4,0 212 +£4,6 238 +20,2
YucTi cOCHOBI 61 £ 6,1 204 £9,2 428 +£ 13,6 585 £33,6
KouTtponn 68 +2,1 202 + 7,5 418 £13,5 508 £ 19,7
Miiradi COCHOBI 74 £ 42 224 £ 9.4 458 +£ 24,4 564 + 20,5
KonTpoian 75+ 3,1 197 £ 3,0 400 + 10,4 507 +£ 23,9

HACa/DKeHb HasiBHI IPEACTaBHUKH JKUBO-
r0 TpaB’sTHOTO HAATPYHTOBOTO TOKPHUBY,
MEepEeBaXKHO CTEMOBI YW JIYUYHI BHIH. 3
OJTHOTO OOKY, TpaB’siHI POCIMHH CIYTY-
IOTh BKIIUBUMH CKJIAJOBUMH CIIEMEHTA-
MU MPHUPOTHOTO 3aXHCHOTO POCIUHHOTO
MTOKPUBY, SKI MMPOTH/IIIOTH IHTCHCHBHOMY
PO3BUTKY €pO3iHHUX IpOIEeciB, 3 1HIIO-
0 — CTBOPIOIOTH NOCTAaTHHO IOTYXHI
KOHKYPEHTHI YMOBH ISl TIPYKUBIICHHS
3aXMCHHUX JIICOBHX HACAIKEHb. IXHS Killb-
KICTh y IleH mepion cTaHOBUTH 100-—
300 mr.-m>.

Cepe IpeICTaBHUKIB TpaB’sTHOT poc-
JIMHHOCTI, SIKa IHTEHCUBHO PO3BUBAETHCS,
MOTPiIOHO Ha3BaTh: OEPi3Ky IMOJBOBY, I'O-
POIIOK BY3bKOJIUCTHH, ACpPEBii Oaaropos-
HHH, ecrmapieT BIKOJHMCTHH, 31pOYHUK
cepeiHii, KOHIOIIMHY PIBHUHHY, KyJib0a-
Oy OCIHHIO, JIOITyX IMaByTHHUCTUN, MOJIO-
Yail KUITapUCOBHUM, OCOT 3BUYAiHUH Ta iH.

[IpoBeneHNMHU TOCITiTKEHHSIMH BCTa-
HOBJICHO, 1[0 BiJIOYBAETHCS TIEBHE MO~
IICHHS, a 1HKOJIW W MOTIpIICHHS JCSKAX
MTOKA3HUKIB, SKi BU3HAYAIOTH BIACTUBOC-
Ti TPYHTY, 30KpeMa WOTO TBEPAICTh,
CTPYKTYPHICTh Ta BOJONIPOHUKHICTB. [1o-
Ka3HHKH, K1 XapaKTepPU3yIOTh arpoximiu-
Hi BIIACTUBOCTI, 30KpeMa BMICT 1 3amacu
MOKUBHUX PEYOBHH, TAKOX HE MAlOTh
CTATUCTHYHO 3HAUYIIOI Pi3HUIl, OCKIIb-
KM iXHI 3HAUCHHS CJIA0KO BiJIPI3HIIOTHCS

BiJI KOHTPOJIbHUX. 3aracy MOKUBHUX pe-
YOBHH METPOBOTO IlIapy IPYHTY HaBEICHO
B TaOI. 3.

[TopiBHSIHO c1a0OKW BILIUB JTICOBUX
HACa/UKeHb Ha BJIACTHBOCTI IPYHTY I1O-
SCHIOETBCS THM, I[0 IM HaJ3BHYAHHO
Ba)KKO aJIalTyBaTUCS 10 HEBIACTHBHX 1
JKOPCTKHAX YMOB MiCLI€3POCTaHHS, TOMY
BOHU MalOTh BEJIMKI CHEPreTHYHI BUTpa-
TH 1 3HAUHHUH MOKA3HWK HAIPYKEHOCTI
JKUTTEBOTO TipocTopy (Maliuha & Minder,
2020). [HTeHCUBHICTD BiAMany 3aJICKUTh
MepEeBaKHO BiJl JIOTPUMAHHS TEXHOJOTIT
CTBOPEHHS HACA/KEHb, & TAKOX Bifl TOTO,
HACKIJIbKM BJAJIO BJIAETHCS CTBOPHUTH
YMOBH JJISI IPUKHUBJICHHS POCIIHH, SKi Yy
MOJIOJIOMY BiIll YyTJIMBI Ta Pa3oM i3 TUM
MJIACTUYHI MOJI0 MPHIAMTOBYBAHOCTI.

HacamkeHHs TOTpeOyOTh TOTOMOTH
y BHIJISI/II CBOEYACHOTO MPOBEJICHHS ar-
POTEXHIYHUX AOTISAIB, IO HAaJa€e M
MOXJTUBICTh MO30YTHCS 3alBOT KOHKY-
peHIii TpaB’sHOT POCIMHHOCTI, Jiermie
MOJIOJIATH «CTPECOBI» CHUTYyaIlil IMiJ Yac
OPHKUBJICHHS. XapaKTepPHOK 03HAKO
MEPIIOTro BIKOBOTO MEPioAy y MPOTHEPO-
31HHOMY BiJJHONICGHHI € TOW (PaKT, MmO
HeMae CYIiJIBLHOTO MIapy JIicoBoOi mij-
cTuiki. ONTUMANIBHOK T'YCTOTOO HITYY-
HO CTBOPIOBAHHMX HAaca)KeHb MOXHA
peryioBaTi TPUBaJiCTh MEPioay TXHBO-
ro 3IMKHEHHS.
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[lix gac npyroro BiKOBOTO mepioxy
POCTY 1 PO3BUTKY JAE€PEBHUX POCIUH (Bix
8 1o 15 pokiB) BiIOyBaeThCs (OopMyBaH-
Hs JicoBoro HameTy. Croctepiraerbces
LIJIKOBUTE 3IMKHEHHS Ti10K y psaax i
MDKPSIAIIX, TPYHT MMOKPUBAETHCS CYIILTb-
HAM IIapoM TiAcTHJIKU. TpaB’sHHCTA
POCIMHHICTG i3 HacaJKeHb I'yCTOKPOH-
HUX BHJIIB JIEPEBHUX POCIUH, KOJIH OCBIT-
JICHICTh TPYHTY CTAHOBUTH HE OijbIne
HiX 10 % MOPIBHSAHO 3 BIAKPUTHM Mic-
LIEM y COHSIUHI JIHi, CYTTEBO OOMEXKYETh-
cs abo 1i 30BciM Hemae. Tpamiserncs
BOHA TIUJTBKH Y MICISX PO3PIKCHOTO JIe-
PEBHOTO HAaMETy Ta Ha Y3JICCIX y Kilb-
kocti 0—15 mT.-M?, @ B HacaIKEHHIX
MaroTh MicCL€ JIMIIE MOOAUHOKI TiHEBHU-
TPHUBaJi NMPEACTABHUKHU: TepaHb JydHA,
TOHKOHII NiOpOBHUH, 0COKa BOJOCHUCTA,
MeJIyHKa BY3bKOJIMCTA, KOMUTHAK €BPO-
MENChbKUN, ATIULS 3BAYAlHA, 3€IECHYYK
JKOBTHH TOIILIO.

OTxe, y Mipy pOCTYy Ta PO3BUTKY Jie-
PEBHHUX POCIHMH 3aXHCHHX JIiICOBHX Ha-
Ca/KCHb, 3aBASKH PO3POCTAHHIO KPOH i
3aTiHEHHIO IPYHTY BiJ0yBaeThCs 3MiHA
TpaB’sTHOTO POCIUHHOTO MOKpUBY. CBiT-
JTOBUOATIIHMBI BUIIN TPaB’THOT pOCIMHHOC-
Ti 3pIPKYIOTBCS 1 TOCTYNOBO 3HUKAIOTH,
a Ha 3MiHYy IM MPHUXOMIATH MPUCTOCOBAHI-
i TIHLOBUTPHBAJTI.

YTBOpEHHS CYyHIJIBHOTO MIapy Mif-
CTHUJIKH, iKa 00OMEXYy€e YMOBHU 1HTEHCHUB-
HOTO PO3BUTKY JYyYHOI TpaB’sHOI poc-
JTUHHOCTI, TMOCHJIIE il TiApaBIivYHY
IOPCTKICTh, CIPHSIE MEPEBEIACHHIO TMO-
BEPXHEBHX TaJHX 1 3JIMBOBHUX BOJ y IPYH-
TOBI1 Ta 30epirae BOJIOTICTh IPyHTY. Boo-
TOEMHICTh HEMOPYIICHOTO CTaHy JIiCOBOT
MiCTUIIKH, 3aJIe)KHO BiJ BUJOBOTO CKJla-
Jly HacamXeHb, MoXe mocsiratu 150—
200 %. IlopyuieHHsS cTaHy WiACTHIKA
BHACJIIJIOK MOXIIUBOTO MPOSIBY MTOBEPXHE-
BOTO CTOKY YH IPOTOHY XyIOOH CyTTEBO
3HIDKYE 11 BOJIOTOEMHICTD Y 1,4—1,9 pa3sy.
VY 1eit mepioJi MpOAOBKYETHCS B3aEMO-
MIPOHUKHEHHSI KOPEHEBUX CHUCTEM, a Ta-

KO OCBOEHHS MIMOOKHX TOPU3OHTIB
TPYHTY 3aJE€XHO BiJ TYCTOTH i CKJIamy
HacapkeHb (Pasternak, Shinkarenko &
Kravcova, 1974; Orlovskij, Podzharov &
Vorob’ev 1980; Maliuha, 1987; Minder,
Maliuha & Yukhnovskyi, 2019).

s uporo BiKOBOro mepiofy Xapak-
TepHE 30UIBIICHHS YUCEIBHOCTI TPYHTO-
BUX 0e3xpeOeTHUX: UYepB’IKiB, HOTOXBiC-
TOK, Hemaroj, kiimiB (Zonn, 1955;
Zrazhevskij, 1957; Zrazhevskyi & Loh-
vynenko, 1971; Gordienko, Nagornaya &
Kisten’, 1986), siki oKpiM OCHOBHOI PO-
00TH TOCHUIIIOTH BOIONPOHUKHICTH
rpyHTy. Ilicis mepeTBOpeHHs MiICTUIKA
iXHI €KCKPEMEHTH 3YMOBIIOKOTH MTPUCKO-
peHHs aisuibHOCTI OakTepiil (Kachinskij,
1975; Prescott, Katzensteiner & Weston,
2021). OcoGnuBa posb y MepeMilryBaHHi
Ta NMOJPiOHEHHI MiJCTHIKU 3 TNTUHUCTUMHU
YaCTHHKAMU IPYHTY HAJICKUTH TOIOBHM
yepB’sikam (Zrazhevskij, 1957; Zra-
zhevskyi & Lohvynenko, 1971; Kachin-
skij, 1975). Ixui ekcKpeMeHTH 3HA4YHO
Oaratmri Ha ¢ocdop, HIK IPYHT: BOHH
MmicTsaTh Ha 300 % OinmbIne po3dunHHOL Y
nakrtati gocdopHoi kuciotu i Ha 40 %
Oinpine azoty. JlomoBuM YepB’siKaM Io-
TpibeH noOpe HANOBHEHWH TOBITPIM i
BOJIOTOIO TPYHT 13 pH 5,8-8,3. 3aBasku
XOJIaM 4YepB’sIKIB IPYHT PO3MYIIYETHCS.
Taxox 3HaUHOIO MipOIO Ha PO3IMyNIyBaH-
HS 1 IepeMIlTyBaHHS IPYHTY BIUIMBAIOTh
mypaxu (Zonn, 1955; Pogrebnyak, 1955;
Zrazhevskij, 1957; Zrazhevskyi &
Lohvynenko, 1971).

JisnbHicTh 6e3XpeOeTHUX TBapUH Ta
IHOTUX 3eMJICPHIB MMO3UTHBHO IO3HAYa-
€Tbcsi Ha (DIBUYHUX 1 BOJHO-(DIZMIHUX
BJIACTHBOCTSAX IPYHTY, SIKi CBOEIO YEPTOIO
CIPUYHHIOIOTh 3MiHH ()i3UKO-XiMi4HHX
03HaK, IO CIPHUsSE YIOBUTFHEHHIO PO3BH-
TKy epo3sii. BmacTuBoCTI IpyHTY, OCHO-
BHUMHU 3 SIKHX BU3HAYCHO TBEPHICTb,
BOJIOTIPOHUKHICTh 1 CTPYKTYPHICTb, € CBO-
€PITHUMH MapKepaMu HOTo MpOTHEPO3iii-
HUX MOXJUBOCTEH (Tadm. 4).
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4. IToxka3HUKH BiJHOBJICHHSI BJIACTHBOCTell BepXHbOro 10-caHTUMETPOBOIO HIAPY
ITPYHTY HiJ BILIMBOM JIiCOBHX Haca/JKeHb i 0e3Xpe0eTHNX TBAPUH

Hacapkerss 'BiI(OM TB;FPEL;;ZL, Bou01'ifh212§H1CTb, Cpr;(}“yﬁll\{/Il’ ‘(;I/leTKI/I
8—15 pokiB
X £ m
Yucti nyboBi 16,7 £ 0,5 8,2+0,4 32,9 £3,0
Kontpoin 19,8 £ 0,6 6,5+ 0,6 25,1 +1,7
Mimiani 1y6oBi 172 +£0,4 8,5+0,2 384 +1,2
KonTpoin 19,5+ 1,0 4,2+ 0,7 29,0+ 1,3
Yucti COCHOBI 16,6 = 0,6 7,3+0,5 32,4+2,6
Kounrtponn 18,4 £0,9 6,5 +0,2 27,2 +0,9
Miiani COCHOBI 15,9 £ 0,7 8,3 £0,8 37,0 £ 2,1
KouTtponn 19,3 £ 0,8 5,0+0,5 26,7 £ 1,1

VY npyromy BiKOBOMY IEpiojii pocTy i
PO3BUTKY ACPEBHUX POCIHH JIiCOMEIIO-
pPaTHBHUX HacaKEeHb IIOMITHO 3MCHIIY-
€TBCS TBEpAICTH IpyHTY Ha 10-18 % 1o0-
PIBHSHO 3 KOHTPOJIBHUMH JITISTHKAMH, IO
CIIpUSIE TIOCHIICHOMY PO3POCTaHHIO KOpe-
HEBHX CHCTEM. BOIONIPOHUKHICTD, Maroun
13 TBEPIICTIO IPYHTY OOCpHEHY 3ajexk-
HICTh, HaBIaKW, 3pOCTA€E Bij 26 10 Mak-
xe 123 %. IpyHr HabyBae CTPYKTYPHHX
03HaK, 30KpeMa KiTbKICTh CTPYKTYPHHX
9acTOK JiaMeTpoM MmoHaj 1 MM 3pocTtae
Ha 19-38 %. 3BicHO, BCI IIi 3MIHU Bif-
OyBarOThCS 3AJICIKHO BiJ BUIOBOTO CKIIa-
Iy HaCaJKCHb.

[oxinmenHast Gi3UIHUX 1 BOAHO-Pi-
3UYHUX BIACTHBOCTEH CBOEI YEPTOIO
CIIPUYHMHIOIOTh 3MIHH arpoXiMiuHHX Xa-
pakTepucTuk rpyHry. CBi>KOyTBOpPCHHIA

TYMYC, CKPIIIIOIOYHM IPYHTOBI TPYIOYKH
Ta (POPMYIOUH BOIOTPHUBKY CTPYKTYpY, HE
JUIIE YIOBIJIBHIOE PO3BUTOK €po3ii, a
npunuHse i mposB. 3amacu OCHOBHUX
arpoxXiMiYHHX TMOKa3HHUKIB METPOBOTO
mapy IpyHTY HaBEACHO B Talm. 5.

JocmimpKkeHHIME BUSBIICHO, IO B APY-
TOMY BiKOBOMY I€PiOJii POCTY W PO3BUTKY
JICPEBHUX POCIHH JIICOMETIOPATUBHUX
Haca KEHb 1XHIH BIUIMB NOCHUIIIOETHCH.
3amacu opraHiuHOi pEYOBHHU 3POCTAIOTh
Ha 8-58 %, a30Ty, IO JIETKO TiApoizy-
€TbCs, — Ha 14-64 %, pyxomoro ¢ocdo-
py — Ha 18-124 %, oOMiHHOTO Kajifo —
Ha 23-48 % 3ajeXHO BiJ BHUIY POCIWH
Ta CKJIaay HACa/KCHb.

Ilepion iHAWBIIYAIBHOTO POCTY POC-
JUH TOCTYIIOBO IEPEXOANTH y Oe3moce-
PEIHIO B3a€EMOIiI0 Ta B3aeMOBILIHB. Poc-

5. 3anacu MOKMBHUX PEYOBMH METPOBOIO IIAPY IPYHTY

3anacu MOXKMBHUX PEUYOBHH
Hacamxkenus piKOM 815 gg‘zziiﬁi :?:;;ﬁ:ygigg Igljggg; 061;:[&11?1{1;“
poKiB rral S
X+ m
Yucri 1y00Bi 90 £ 6,2 339 £ 28,9 460 + 25,5 356 £ 27,8
KounTtponn 60 + 6,4 207 £2,0 205 £ 12,2 241 £ 10,9
Mimani 1y6oBi 103 + 7,3 362 + 23,8 456 + 14,0 362 + 12,5
KouTposis 65+17,0 218 £ 3,6 217 £ 10,3 245 + 15,7
YucTi COCHOBI 76 £2,0 235+2,3 473 £ 5,6 645 £ 12,2
Kontponn 70 £ 5,5 206 + 7,0 400 +£14,0 506 £ 16,1
Miiani COCHOBI 80 + 2,6 246 + 10,2 487 £ 15,2 624 £ 12,8
KonTponn 74 +£ 43 200 + 4,1 407 £ 11,3 508 £ 20,2
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JUHU TOYMHAIOTH TICHUTH OIHA ONHY Y
MPOCTOPi, KOHKYPYIOUH 3a CBITJIO, BOAY,
MOKHBHI PEYOBHHU IPYHTY TOmo. bo-
potn0a 3a xutTeBHi npoctip (Maliuha
& Minder, 2020) MOCHIIIOETLCS 10 KiHIIA
JIPYTOTO BIKOBOTO TIEPIOAyY K Yy HaJ3eM-
Hili, TaK 1 B HiJ3eMHIN YacTHHAX Haca-
IokeHb. Hamer nmepeBocTaHy cTae MIiib-
HIIUM 1 TOTY>XHUM MO BCid BHCOTI
po3MitnieHHs: KpoHHu. BigHocuHu Mix Jie-
PEBHUMH POCITUHAMH CTAIOTh HAIpyKe-
HUMH, [0 TPHU3BOJUTH 10 HEMUHYYOI
nudepeHianii Hacammepe MOpPiBHIHO
IIBUIKOPOCINX BHIIB ICPEBHUX POCIHH.

Hornsanosi pybaHHS y mpoTHEpO3iii-
HUX HACa/KCHHSX MAfOTh OyTH CIIPSMO-
BaHI Ha MOJIMIICHHS YMOB POCTYy Haca-
JOKEHBb (TiepelyciM TOJIOBHUX BUJIB Jie-
PEBHHUX POCIHH), Ha MOCHJICHHS iXHiX
MeniopaTuBHUX (YHKILIH 1 MiABUIICHHS
piBHS 010JIOTIYHOT CTIHKOCTI. 3 METOIO
MiBUIIEHHS TPOTUEPO3iifHOT pouti Haca-
JUKCHb TOPYOKOBI 3alMIIKH BapTO I0-
JIpiOHIOBAaTH Ta BUKOPHCTOBYBATH SIK
myisay (Lokhmatov, 1999).

[MocuneHHs MemopaTuBHUX (QYHKITINA
MIPOTHEPO3IHUX HACAIIKCHD JOCSATAETHCS
(dhopMyBaHHIM 100pe PO3BUHYTOTO 4a-
TFapHUKOBOTO IIJUTICKY Ta JIEPEBHOTO Ha-
METY; CYyLiTbHOI, JOCTaTHBO MOTYKHOI,
MyXKO1 MiJCTUIKH, IO B CYKYMHOCTI
301bIIy€e TiAPaBIIYHY MOPCTKICTH
(Orlovskij, Podzharov & Vorob’ev, 1980;
Teleshek, Cherneckij, Ivashchenko,
1985). HornsanoBi pyOaHHs, sSK 3a3Ha4a-
tot1b [1. C. Ilactepuak, 1. b. [llunkapen-
ko, I1. C. KpaBmoBa, mo3uTUBHO BILUTHBA-
IOTh Ha TOJIMIICHHS OCBOEHHS TPYHTY,
301JIBIICHHST 00’ €My I'PYHTY, IPOHHU3aHO-
ro xopiaaaM (Pasternak, Shinkarenko &
Kravcova, 1974). XapakTepHuM 3a TaKHX
YMOB € MIPUITUHEHHS PO3BUTKY €PO3IHHIX
MpoleciB Ha 3alHATIH HACA/PKCHHSAM Te-
pUTOPIii Ta MPU3YIHHEHHS Ha MPHICTIIiN
0 HBOTO. 3arpo3a IIOAO BiJHOBICHHS
IJIONIMHHOI epo3il 3aJUIIaeTbes y BUNIAI-
Kax HaIXOIKECHHsS TPAH3UTHOTO MOBEPX-
HEBOT'O CTOKY IO MiKpOTIOHM)KEHHSIX.

VY TpeThoMy BIKOBOMY Tepiofii BifOy-
Ba€ThCs iHTEHCUBHA nudepeHuiamis ae-
PEBHHUX POCIHUH JICOCTAaHIB MITYYHOTO
MOXOJKEHHS, 10 BIAMOBIJAE BIKYy XKep/-
HsKy (16-30 pokiB), i hopMyBaHHS B HUX
JTICOBOTO CEpEeIOBHINA Y KOPCTKUX YMO-
Bax KOHKYpEHIIii 3a icHyBaHHs. PociauHu
pPOCTYTh 1 PO3BUBAIOTHCS 3aBASKU Jii
CBO€ET1 aKTUBHOI MOBEPXHI, sKa NOTpeOye
MPOCTOPY, IO HEOOXIMHUHN sl 30171b-
IIEHHs PO3MIipiB HAJI3€MHOI YaCTUHHU
CTOBOYPIB 1 KPOH Ta MOLIUPEHHS KOpeHe-
BUX cucTteM. ToMy BHPIIIEHHS IPOCTOPO-
BOTO MHUTaHHS A OKPEeMHUX JepeB 1 Ha-
CaJDKCHHS B IIJIOMY € KHTTEBO HEOOXI1-
HuMm (Maliuha & Minder, 2020).
YHpomoBx bOro BIiKOBOTO MEpioay BCi
JiepeBa HE MOXYTh MPOJOBKYBATH I0-
JAJbIIUNA PICT 1 PO3BUTOK 32 OAHAKOBUX
yMoB. HemuHy4or0 cTae audepeHiiamis
JIepeB, sIKa MPOSIBISIETHCS Yepe3 Hampy-
JKEHY KOHKYPEHIIIIO 32 KHTTEBHH MpPO-
ctip. BinOyBarTbcst mporiecu iHTEHCHUB-
HOTO 3pIiJDKCHHS HAacaJKEHb, IO Hera-
THBHO MO3HAYAETHCS HA MTPOTUEPO3IHHHIX
BJIACTUBOCTAX, 30KpeMa TiIpaBiiduHii
IIOPCTKOCTI, III0 YaCTKOBO KOMIICHCYETh-
Cq BIIHOBJIGHHSM aKTHUBHOCTI KHBOTO
HaJIPYHTOBOTO MOKpUBY. TpaB’sHHCTa
POCIUHHICTD CTAHOBUTH 15-35 mIT. M.

Cepen mpeACcTaBHUKIB KUBOTO HaJ-
IPYHTOBOTO MOKPHBY Il 4ac IOTO Bi-
KOBOTO IEpioly HacaKeHb MEePEBAXKAIOTh
TaKi: OpJsK 3BUYAHUI, MElyHKa TEMHa,
MiAMApeHHUK 3aMallHuM, 31pOYHUK JaH-
LHEeTOBUAHUHN, KylnmuHa 0araTOKBITKOBA,
rpaBijaT MiCBKUH Ta iHII, IO MOMNPEH]
y CBDKHX yMOBax cyaibposu. B iHmmux
JTICOPOCIMHHHUX YMOBax (QOPMYIOThHCS
BIJIMIOB1/IHI 1HAMKATOPH 13 NIPEICTABHUKIB
JKUBOTO HAIIPYHTOBOTO ITOKPHBY.

YnpoaoBx TPEeTbOTo BIKOBOTO Hepiomy
CKOJIOTIYHOTO BiTHOBIICHHS €POIOBAHHUX
3eMeib HacaPKeHHS 1HTEHCHUBHIIIIE 3/111i-
CHIOIOTH BIIMB HA HaBKOJUIIHE CEpeno-
BUIIIE Ta, OCOOJIMBO, HA IPYHT. 3aBISKHU
iXHIM JIiCOMENiOpaTHBHUM BIACTUBOCTIM
BiIOYBaIOTHCS TaKi MPOICCU: OCBOEHHS
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6. IToxka3HUKH BiJHOBJICHHSI BJIACTHBOCTell BepXHbOro 10-caHTUMETPOBOIO HIAPY
IPYHTY il BILINBOM JIICOBHX HacaJeHb i 0e3xpe0eTHUX TBAPUH

Hacapkerss ]?iKOM TB;ﬁiL;;ZL, Boz[orll\fh(;ilgmcn, Cpr;(}“yﬁll\{/Il’ f:/zlcmn
16-30 pokiB
X £ m
Yucti nyboBi 14,0 £23 12,8 £0,9 52,6 £5,2
Kontpoan 19,0 = 1,1 7,0 +0,8 26,0 £ 1,2
Mimiani 1y6oBi 149 £ 0,7 11,4 +0,3 53,9 + 6,1
KonTpois 189 £ 1,3 53+1,0 30,1 £ 1,4
Yucri COCHOBI 15,7+ 0,6 9,4+ 0,8 46,2 £ 2,5
KounTtponn 18,0 £ 0,7 6,9 + 0,9 293+ 1,7
Miiadi COCHOBI 14,0 £ 0,5 10,3 +£0,4 46,8 £ 1,8
KouTtponn 18,8 +£0,8 5,8+1,2 284+ 1,3

KOPEHEBUMH CUCTEMaMH TIIMOMHHUX TO-
PH30HTIB, BIIMUpPAHHS Ta BiIHOBJICHHS
AKTUBHUX KOPEHIB, 10 CYIPOBOKYETHCS
301BIICHHSM yMICTY OpraHiuyHOi pedo-
BHHU Y TPYHTI; HArPOMaJDKCHHS OpTaHiu-
HOTO OMajy Ha MOBEPXHI, SIKHU 3aBISAKH
MiHepaJi3allii MOMOBHIOE TPYHT JIeTKO-
JOCTYITHUMU UIsI POCIUH MOKHBHUMU
PEYOBHHAMH, a TAKOXK TPOSB HACAKCH-
HSMH KOJIbMATyBaJIbHOT 31aTHOCTI. Y Tiei
nepiog 0coOIUBO aKTHBHUMH CTalOTh
IPYHTOBI 0e3xpeOeTHI TBapWHU, sKi pa-
30M 3 IHIIMMHU MPEACTaBHUKAME (IIOPH
Ta (ayHH BUCTYMAOTh Oe3mocepeaHiMu
YYacCHUKAaMH IPYHTOTBOPHUX IPOIIECIB.
IToxa3nuku (i3uuHHUX, BOAHO-(i3UY-
HUX, (I3UKO-XIMIYHHX, arpOXiMIUYHHX 1
0i0JIOTIYHUX BIIACTUBOCTEH TIPYHTIB
IILOTO BIKOBOTO Tepiofy HaOyBalOTh KOH-
KPETHOI CTaTUCTHYHOI 3HAYYMIOCTI, IO
CBIYUTHh MPO IXHIO aKTHBHY IPYyHTOYT-
BOPIOBANBHY poib. [lominmmenns BoxHO-
(GI3MYHUX BIaCTUBOCTEH I'PYHTY, HaCaM-
repe BOAOIPOHUKHOCTI, CIIPUSE SIKHAH-
MOBHIIIOMY MEpPEBEJCHHIO Talux 1
JOUIOBHX BOJ| Y BHYTPILIHBOIPYHTOBI
(Tabm. 6). TBepaiCTh I'PyHTY MiJ] YUCTHUMHU
1 MIIAHUMU HACAKEHHSMHU CTaHOBUTH
14,0—15,7 xr-cm?. TTopiBHSAHO 3 KOHTPO-
JIeM 3MEHIIeHHS BinOynocs Ha 13-26 %.
Lle HeBenuki 3HAYCHHS M 3TaJaHOTO
BIKOBOTO TEpioAy, IO MOPiBHSHO 3 TO-
MepeHIMH TIepioaMy CYTTEBO 3MEHIIH-
nucs. BogonpoHukHicTh 3pocia Ha 36—

115 %, BMICT CTPYKTYPHHUX 9acCTOK 30111b-
muBcs Ha 64—102 %.

OTxe, 3HaUHA 3MiHA BOAHO-(PI3UIHNX
BJIACTHBOCTEH IPYHTY 3YMOBIIO€ ITOBHE
OPUIIMHEHHS PO3BUTKY €PO3iMHUX MPO-
IIeCiB Ha IJIOMIAaX ITiJl JJICOMEIIOpaTHBHU-
MU HaCaKCHHSIMHU.

HacaokeHHS MOYMHAIOTH BCTYIATH Y
(azy ITOJOHOMICHHS, [0 MA€ TTO3UTUB-
HUIl pe3yabTaT 3 YyTBOPCHHS CaMOCIiBY Ha
BIIKPUTHX T030aBJICHUX JEPEeBHOI poc-
JUHHOCTI SIPYKHUX BIIKOCAX, IO BaYKIIH-
BO y NpoTUepo3iiiHoMy TutaHi. [lopiBHsH-
HJ 3aI1aciB MOKUBHUX PEUYOBUH BKA3aHO-
r'O BIKOBOTO MEpiofy HaBEeIEHO B Ta0m. 7.

3amacu OpraHiyHOi peYOBHHU 3pOCTa-
10Th Ha 22-51 %, a30Ty, 1110 JIETKO TiApo-
nizyerscs, — Ha 31-135 %, pyxomoro
¢docdopy — Ha 5-136 %, oOMiHHOTO Ka-
niro — Ha 42-68 % 3anexHo Big BUILY
pPOCIHH Ta CKJIaxy HACaJKCHb.

VY 1ue#t BIKOBHH mepiog HEOOXiTHO
MPOBOAUTH PYyOKH JOTISIAY, SIKi MAalOTh
BUKITIOYHO JU(PEPEHIIHOBAHUN iK1 10
KOXKHOTO OKPEMOTO JIICOCTaHy 3aJIeKHO
BiJl 0OCOOJIMBOCTEH POCTY i PO3BUTKY Jie-
PEBHUX POCIIHH.

Baprto 3a3HaunTH, 10 B 3aXHCHHUX
MPOTHUEPO3IHHUX HACAKEHHAX (0CO0IH-
BO y Billi 10 30 pokiB) AOMISAI0BI pyOaH-
HSl TTIOTPiOHO BUKOHYBAaTH 3 MEHIIOIO iH-
TEHCUBHICTIO, HI’)K B CKCILJIyaTalliiiHUX
micax. 3pyOaHy pOCIMHHY Macy JOLIIbHO
MOAPIOHUTH 1 PIBHOMIPHO PO3KHIIATH I10
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7. 3anacu NOKMBHUX PEYOBHH METPOBOIO IIAPY IPYHTY

3anacu MoKUBHUX PEUYOBUH

HacamkeHHs BIKOM | opraHiuHa pedyoBHHA A30T, 1O JCrKo pyxomitii O6MiHI.qVH i
16-30 pokis e >|  rigponizyerbes cboi(bop KaJii
Kr-ra
xEtm

Yucri 1y6oBi 103 £4,9 416 + 31,6 502 £ 19,4 421 £ 12,4
KonTpoin 68 + 3,3 209 + 3,0 213 +£ 8,9 250 £ 17,1
Mimani ay60Bi 104 £ 13,0 519 + 35,3 430 £ 15,2 411 + 67,8
KouTposb 70 £ 9.2 221 +£6,2 230 + 10,7 249 £ 18,0
YucTi COCHOBI 93+ 35 272 +£9,0 440 + 42,0 727 £31,9
KouTtponb 75 £ 5,1 208 £7,3 420 £13,7 512 £20,7
Mimrani cocHOBI 98 + 8,9 352 + 46,4 578 + 35,3 765 £ 25,3
KoHTposb 80 + 5.8 204 £ 5,6 414 £ 12,4 514 £21,4

teputopii. Takui 3axig Mae Ha MeTi
301MbIIyBaTH TiIpaBIidyHy MIOPCTKICThH
MTOBEPXHi, 3aM00IraTi MOKJIMBAM 3MHBaM
Ta PO3MHUBAHHIO TPYHTY 3a PSCHUX 3JIUB
1 TPaH3UTHOTO HAIXOKCHHS MOBEPXHE-
BOTO CTOKY IO MiKPOTIOHM)KEHHSX.
UYeTBepTHii BIKOBUI NEpiof], KUTTEBUI
IHTEepBaJ SKOTO OXOIre Biag 31 1m0
60 pokiB, mepenyciM XapaKTepHU3Yy€eThCS
3aBepIIeHHsIM (OpPMYBaHHS JIiCOBOTO Ce-
peIOBHINAa B JIiCOCTaHAX 3a yYacTiO
HIBUIKOPOCTYYUX BUIIB POCIUH Ta MPO-
sIBOM e(eKTHBHOI Aii TXHHOTO MEPIIOro
nokoiHHsa. CocHa 3BUyaiiHa Ta 1y0 3BU-
YallHUH, SK MPEJCTAaBHUKH JOBIOBIYHUX
TOJIOBHUX BHIIB POCJIHMH, BKa3aHi QyHKIIT
BCTHTAlOTh BUSIBUTH JIMIIE ITiJ] KiHEIh
3TraJIaHOTo TIEPIOAY PO3BUTKY JIICOCTAHIB.
Bpano cTBOpeHi 3axucHi JIicOBI Haca-
JDKEHHSI TIEPIIOTO TTOKOIIHHS 3 BUKOPHC-
TaHHSIM OIBUAKOPOCTYYHX BHIIB POCIIHH
32 YMOB HasiBHOCTi )KHTTEBOTO €HEPrope-
CypCcy He OOMEXYIOTh CBO€ ICHYBaHHS y
Biui 60 pokiB. @opMyBaHHS JTiCOBOTO
CepesIoBHIIA JOKOPIHHO 3MIHIOE JIiCOPOC-
JIMHHI YMOBH MOPIBHSHO 3 TEPUTOPISAMH,
[0 HE BKPUTI JIICOBOIO POCIUHHICTIO.
[IpoTuepo3siiiHi HacaKEHHS 1ILOTO Bi-
KOBOTO IIEpPioNy XapaKTEePU3YIOThCS I0-
YaTKOM 3piJKEHHS HAMETy 3a PaxyHOK
3MEHIICHHS KUTBKOCTI JUCTKIB 1 XBOT Ha
OJIMHUIII JOBXHUHU TaroHa, a TaKoXK 3a
PaxyHOK NPOBEACHUX AOTISIOBHUX PY-

0aHb, BIJIYYCHHS BIJICTAIMX Yy POCTI Ta
cyxux gepeB. Jlomisia 3a TaKUMHU Haca-
JUKEHHSIMH — TJIAHOBUH JTICIBHUYHHA.

Yepes 11e 3MEHIIYEThCS KITBKICTh Op-
TaHIYHOTO OMNafy, 301IBIIYEThCS OCBITIIC-
HICTh TPYHTY, 110 Y CYKYITHOCTI TIPHU3BO-
OATH O IHTCHCHBHOTO PO3pPOCTaHHS
TpaB’stHOT pocnuHHOCTI (35-50 mt.-m?).
HaciigkoM 1bOro cTa€ mosiBa IIij Hame-
TOM AyOOBUX HAacCalKCHb, KPIM TOHKO-
Hora J10POBHOTO 1 OCOKH BOJIOCHUCTOT, IIe
W STIUI 3BUYAlHOI, MAPEHKH Iaxydor,
KOITUTHSAKY €BPOIEHCHKOro; y poOiHIEBUX
— YUCTOTLTY; Y COCHOBHX — KOTSUUX Ja-
MOK JIBOJIOMHHX, OCOKH BEPECHSIKOBOI,
KOCTpHIli oBevoi Tomio. Kopenesa cucre-
Ma POCIIHH I[HOTO TIEPioy IHTEHCUBHIIIE
OCBOIOE BEPXHI FOPU30HTHU IPYHTY, IIO
MO3UTHUBHO TO3HAYAETHCS Ha BOJIOIPO-
HUKHOCTI, a OT)KE CHIpUsE NEPEBEACHHIO
MOBEPXHEBOTO CTOKY Yy IPYHTOBHI.

VY npoMy BiKOBOMY TeEpioji MpoJIO-
BKY€ThCSI IHTCHCHBHUI BIUTUB HACAXKCHb
Ha BJIACTUBOCTI IPYHTY, HOTO IPYHTOYT-
BOpCHHs. 3a CBOIMH BIACTHBOCTIMH
IPYHT CTa€ JIICOBUM i Mae CyTTeBi Bia-
MIHHOCTI BiJl IPYHTY CiJIbCBKOTOCIIOAAP-
CBKOTO TPU3HAYCHHS.

[lono cepenHix MOKa3HUKIB (i3UYHUX,
BOJHO-(I3MYHUX, (PI3UKO-XIMIYHHUX 1 0i0-
JIOTIYHUX BIACTUBOCTEH IPYHTY CHOCTEpi-
Ta€ThCs CTAaTUCTHYHO 3HAUYIIA PI3HUIS HE
JIMIIIE TTOPIBHSIHO 3 KOHTPOJIGHOIO JIUISH-
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8. IToka3HUKH BiJHOBJICHHSI BJIACTHBOCTell BepXHbOro 10-caHTUMETPOBOIrO HIAPY
ITPYHTY HiJ BILIMBOM JIiCOBHX Haca/JKeHb i 0e3Xpe0eTHNX TBAPUH

Hacapkerns giKOM TB;I?SLIC;[L, BOHOFIIV?;.I::;I—CIHICTB’ Cpr;c{ylgzl’ ‘:/:CTKI/I
31-60 pokiB
X £ m
UucTti nyboBi 14,5 £ 0,6 20,0 £2,9 66,2 £ 1,6
Kontpoan 18,7+ 0,9 7,4+ 0,7 26,9 +1,7
Minrani 1y0oBi 13,5+1,0 142+ 1,1 63,4 +3,2
KonTpoan 18,5+ 0,8 6,8+ 0,5 30,7 +£2,0
Yucti COCHOBI 154 +£0,2 12,8 £ 0,4 56,254
KounTtponn 17,6 £ 0,7 7,1 £0,8 31,3+ 1,9
Miiani COCHOBI 13,3+ 0,6 15,1 0,2 58,6 £ 3,3
KounTtponn 18,2 £ 1,1 6,2 +£0,9 298 £2,1

KOIO, a 1 3 MOTIEepEHIMU BIKOBUMH MEpio-
JIAMHU POCTY 1 PO3BUTKY JEPEBHHUX POCIIHH
JiCOMETOpaTHBHUX HacakKeHb. IloBepx-
HEBOTO CTOKY Ha JIICOBHX JIJITHKaX HEMAE.
JlocnigxkeHl MOKa3HUKW BIAHOBJICHHS
BJIACTUBOCTEN aKTUBHOTO TIOBCPXHEBOTO
rapy IpyHTy HaBeJCHO B TaOl. 8.

TBepaicTh IPYHTY 3MEHIIYETHCS HA
12-27 %, BOZOTIPOHUKHICTB MOCHITIOETH-
cst Ha 80—170 %, KUTBKICTD CTPYKTYPHHUX
Y4aCcTOK y TPYHTI 301ibIIyeThCs Ha 79—
146 % mOpiBHAHO 3 KOHTPOJBHUMH II0-
Ka3HUKaMHU 3aJIe)KHO BiJl BUJIB POCIHUH 1
CKJIJly JI€PEeBOCTAHIB.

HacamkeHHs: mpoloBXyIOTh MacoBO
IUIOIOHOCHTH, IO CIYTY€E OCHOBOIO ISt
MONIMPECHHS HACIHHS 1 MOSBH CaMOCIBY.
Moro KuTTe3naTHICTh Mae 0COOIMBOCTI
MpOSIBY HE JIMINE Ha JIJISHKAaX BiJIKOCIB

ApiB, SIKI 3aJIUIIATICS HE3aJiCHCHUMH Ta
MIPOJIOBXKYBAJIN BUIIOIOXKYBATHCS, a i i
HaMETOM YM Ha y3Jicci MPOTHEPO3iitHuX
HACa/KCHb, SIKi MPOJOBXKYBAIH 3PIIKY-
BAaTHCSI BHACIIAOK An(epeHmiarii 1epeso-
CTaHiB.

ATpoxiMiuHI BIIACTHBOCTI, 30KpeMa
Mpe/CTaBjiIeHl TyT Ha MPHUKJIaJi 3amacis
NOXHBHHUX PEYOBHMH IPYHTY, TaKOXK Ma-
I0Th TEPEKOHINBY CTATUCTUYHY 3HAUY-
IIICTh TIOPIBHAHO 3 KOHTpoJeM (Tadm. 9).

3amacu OpraHiuHOi peYOBHHU 3pOCTa-
10Th Ha 36—74 %, a30Ty, 1110 JIETKO Tiapo-
ni3yeTncs, — Ha 52—-132 %, pyxomoro
tdbochopy — na 43-138 %, oOMiIHHOTO
Kalito — Ha 56—75 % 3aneXHO BiJl BHIY
POCINH Ta CKJIaxy HACaJKCHb.

OTxe, 4eTBEepPTUH BiKOBHIl mepion
MOXe OyTH OXapaKTEpH30BaHHUH fK Ie-

9. 3anacu MOKMBHUX PEYOBMH METPOBOIO IIAPY IPYHTY

3amacu MOKUBHUX PEYOBHH
HacavkerHs Bikon opraHigHa a30T, IIO JIErKo pyxomuii 06MiHEHI7I
31-60 pokis peq()BI/-[lHa’ TiAPOTI3yETHCS (1)00(1)(_)1p KaJii
T°Ta Kr-ra
xEm
Yucri 1y0oBi 105+ 1,8 330+ 7,9 603 + 25,1 884 £40,0
KouTpoin 69 £4,5 217+ 7,8 422 + 14,7 518 £ 18,6
Mimani 1y6oBi 106 £ 2,9 438 + 45,7 619 £ 43,0 908 + 27,0
KouTposis 78 + 8,1 219 + 5,0 430 £ 11,3 520 £ 22,4
YucTi cOCHOBI 97 £ 10,6 426 + 38,3 439 + 10,9 401 + 65,5
Kontponn 67 5,4 220 + 6,3 217 £15,0 257 £ 19,3
Miiani COCHOBI 113 £ 32 499 + 29,7 527 £ 16,4 452 + 55,0
KouTtponn 65+ 8,6 215 +8,2 221 £ 13,6 268 +£ 23,2
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10. IToxa3HMKH BiAHOBJIEHHS BJIACTHBOCTell BepXHLOro 10-caHTHMETPOBOrO HIApPY
IPYHTY il BILINBOM JIICOBHX HacaJeHb i 0e3xpeGeTHUX TBAPUH

Hacaokerms BiI.<0M TB;rp.i[:\;IL’ BOHO]ESiiﬁHICTL’ Cpr;cfylgzl’ ‘O«I/?CTKI/I
noHax 60 pokis
X £ m
Uucti nyboBi 13,9 £ 0,4 26,2 £0,7 65,3 £4,1
Kontpoan 18,9+ 1,3 7,7+ 1,1 28,7+ 2,5
Mimrani 1y0oBi 132+ 1,1 27,5+0,3 77,1 £2,0
KonTpoin 18,6 £ 1,2 7,4 +£0,7 325+ 1,8
YucTi cOCHOBI 13,8 £0,5 21,7+ 0,9 62,6 £ 1,0
Kounrtponn 17,9+ 1,0 6,9 + 0,6 33,0+24
Miiani COCHOBI 14,2+ 0,3 26,0 £0,5 68,3+ 1,5
KounTtponn 18,0+ 1,4 6,5+ 0,8 33,7+ 1,7

piox MoYaTKy BiKy 3aXMCHOI CTHUIVIOCTI
MPOTHUEPO3IHHUX JIICOBUX HACAKEHb Ha
eponoBanux 3emisax (Pavlovskij, 1973).
Y 1mpoMy BIKOBOMY II€piofi MPUPOIHE
JIICOBITHOBICHHS TOUIMPIOETHCS 1 Ha
MPUJIETII CITbCHKOTOCTIONAPCHKI YT11JIA.

VY mei nepioq pocTy i pO3BHUTKY Jie-
PEBHUX POCIHH MPOTHEPO3IHHUX Haca-
JDKEHB 3aIlacu JIICOBOI IMIACTUIIKU KOJIH-
BaroThest Bix 2,5 no 8,5 tra! (Yukh-
novskyi, Dudarets, Maliuha & Khryk,
2013; Maliuha et al., 2021). Oco6nuBoc-
Ti BIJIMBY J1iCOBO{ MiJICTHJIKU MOJIATAIOThH
y TakoMy: 3MEHIIEHHS (Pi3UIHOTO BHUIIA-
POBYBaHHSI BOJIOTH 3 IPYHTY, HOTO YIIiJIb-
HEHHS Ta MPOMEpP3aHHs; CHPUSIHHS Ha-
TPOMAKCHHIO BOJIOTH 33 PaxXyHOK TaJIHX
BOJI 1 aTMOC(EPHUX OMaJiB, IO IEePeBO-
ISITBCSL Y TPYHTOBI, @ TaKOX 3pOCTaHHS
PIBHSA BOJIOTOEMHOCTI MiJCTHJIKH, SIKa
moxke gocsartu 300—400 %. BinOyBaeTncs
MMOCHJICHHSI IIPOTUEPO3IHHOTO BIUIUBY 3a-
XHMCHUX JIICOBUX HACa/DKEHb HE JIUIIE Ha
TEPUTOPIi, K BOHU BJIACHE OXOIUIIOIOTH,
a 1 Ha mpuIIerni.

[I’satuit BikoBU Tepion eheKTUBHOI
Jii TepIIoro MOKOMIHHS, IO XapaKTepH-
3YETBCSI BXOKCHHIM CEPEIHbOBIKOBHX
HacaJKeHb y (aszy caMoperyiroBaHHS,
OB’ sI3aHUH 13 BIKOBHM IHTEpPBAJIOM ITO-
Haj 60 poKiB AN BUAIB JEPEBHUX POC-
JIUH TPHUBAJIOTO JKUTTEBOrO nukiy. Jlico-
CTaHMW 3a y4acTI0 COCHHM 3BUYAHOI Ta
ny0a 3BHYAHOTO B Iei mepiox CBOTO

pOCTy 1 PO3BUTKY MAaIOTh LIJIKOM cop-
MoOBaHe ¢(DeKTUBHE JIiCOBE CEpeAOBUIIE,
B SIKOMY JTOKOPIHHO 3MiHIOIOTBCS JIiCO-
POCIUHHI YMOBU IMOPIBHSIHO 3 €pOIOBa-
HUMHU TEPUTOPISIMH, HE BKPUTHUMHU JIiCO-
BOIO POCIUHHICTIO.

OCHOBHI TTOKa3HWUKH BIHOBICHHS (i-
3UYHHUX 1 BOIHO-(DI3MYHUX BIACTUBOCTEH
AKTHBHOTO MIapy IPYHTY IPOTHEPO3iHHIX
Haca/UKeHb HaBexeHo B Tadi. 10.

TBepaicTh I'PYHTY B MilIaHUX 1y0O0-
BUX HACA/DKCHHSX BHUSBISIETHCS HAMCH-
o — 13,2 kr-cm?. 3aranbHuil e I0-
Ka3HUK TBEPAOCTI IPYHTY IyOOBHX 1 CO-
CHOBHUX JEPEBOCTAHIB 3MCHIIMUBCS Ha
21-29 % mnopiBHSHO 3 KOHTPOJIEM. 3Ha-
YeHHS MOKa3HUKa BOJOTPOHHUKHOCTI
3pocio Ha 214-300 %. HaiiGinbmmii mo-
Ka3HHUK BOJIOTPOHUKHOCTI MarOTh MilllaHi
ny6oBi HacakeHHS — 27,5 MM'XB™.

Taki pe3ynbTaTu BiANOBIIAIOTH, 3a
omiakoro H. A. KauynHCBKOTO, TIPOBAITBHII
BogonponukHocti (Kachinskij, 1975;
Berezhniak, 2013) 3a mepmy roauny
BCMOKTYBaHHsI, sIKa JIOPiBHIOBATUME I10-
"Hax 1000 mwm. IlosAcHIOETHCS 1€ aKTHUB-
HOIO Ji€I0 TPYHTOBHX TBapHH: KPOTIB,
4epB’sAKIB 1 0e3mivui 1HIMX OpiOHININX,
a TAaKOXX BIUIMBOM KOPEHEBHUX CHCTEM.
[pyHT i3 TaKHUMH TOKa3HUKAMM 3JaT€H
3a0€3MeunTH MOTITMHAHHS HABITH TpaH-
3UTHOI YaCTHHU MIOBEPXHEBOIO CTOKY, sIKa
MOX€ MMOTPAIISTH JI0 HACAKEHb 13 BOAO-
30ipHOi Twiomi. Jlo mboro BaxKJIMBO J0-
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11. 3anacu MOKUBHUX PeYOBHH METPOBOIrO 1IAPYy IPYHTY

3amnacu MoKUBHUX PEYOBUH
HacakeHHs. BikoM TOHa] OpramitHa | a30T, MO JCTKO pyXoMuii 06MiH.HVHﬁ
60 poxis peL[OB]/-IIHa, IiIpoJIi3y€eThCs (bocd)(_)lp Kain
Tra KI'ra
xEtm
Yucri 1y6oBi 121 £ 14,3 440 £ 15,7 798 + 34,1 1007 £18,8
KonTpoin 71 +7,2 224 + 6,3 423 +£17,2 523 £ 17,9
Mimani 1y6oBi 146 £3,8 417 £ 4,0 908 £ 23,6 1092 + 30,7
Kounrtponn 78 £5,2 230 £6,5 437 £ 16,2 527 £ 21,9
YucTi COCHOBI 115+27 494 + 26,6 545 + 12,0 497 + 53,8
KouTtponb 83 £ 6,0 228 £9,2 237 £ 13,8 261 £24.3
MimaHdi coCHOBI 128 £ 4,6 612 + 18,4 732 + 20,7 632 + 42,9
Kontpoin 85 +9,0 240 + 8,7 260 + 14,3 268 + 20,6

JIaTH TTO3WTHUBHI 3MIHH CTOCOBHO 301JIb-
[ICHHS YaCTKH CTPYKTYPHHUX arperariB Ha
90-137 %.

[Iporecu rpyHTOYTBOPEHHS Y MPOTHU-
€pO3iIHHUX HACaJDKEHHSAX MPOJOBXKYIOThH
HaOyBaTy IHTEHCUBHOTO IMPOSBY, & Cepe/l-
Hi 3HAQUCHHS PO3TISHYTHX MOKA3HUKIB
BJIACTUBOCTEH IPYHTY, SIK 1 y TONEpeaHIN
BIKOBH Tepiojl, MalOTh BaroMy CTaTHC-
THYHO 3HAYYIly PI3HUIIO HE JIMIIE T10-
PIBHSIHO 3 KOHTPOJBHOI IIJSHKOIO, a U
13 HACa/PKCHHSMH 1HIIMX BIKOBHX IEpio-
JIiB pOCTy 1 PO3BUTKY AEPEBHUX POCIIHH.

iz HaMeToM HacaKEHb, K1 3PIIKY-
FOTBCSI, JIOCTATHS KUIBKICTh OPTaHIYHOTO
omajay Ta ONTHMalbHA OCBITICHICTH 3Y-
MOBJIIOIOTh PO3BUTOK TpaB’sHOT POCIHH-
Hocti (50-150 mt.-m?). o ii ckimany
BXOJIATH SIK TIHEBUTPHUBAJII BUJN — KOTIUT-
HSIK €BPOICUCHKHI, 31ipOYHUK JIAHIETO-
BUAHUM, HNMTHAK YOJOBIUMH, STIMISA
3BHYaiiHA, MEIyHKAa TeMHA KyluHa Oara-
TOKBITKOBA, TaK 1 IOPIBHSHO CBITIIOBHOA-
IHUBI — aHeMOHA A10poBHa, (iaika AUB-
Ha, MOJOPOXKHUK JIAHIICTOTUCTUH, KYJIb-
6aba mikapcbka, KOHIOIIMHA IOB3Yy4Ya,
Oy3WHa TpaB’sSHUCTA, BOJIOIIKA Jy4YHAa,
rIyxa KpomuBa MypHypoBa Ta iHIII.
3’SBISE€THCS HE JUIIE CaMOCIB, a U Po3-
BHBAETHCS MIIPICT, TOCUITFOIOYH TiJIpaB-
JIYHY MIOPCTKICTb.

BiractTuBOCTI TpYHTY, IO CTaB JicO-
BUM, TPOJIOBXKYIOTh MOKpamryBaTucs. Pa-

30M i3 THM BapTO 3a3HAYHTH, IO y Il
nepiox (mpuHaiiMHi 10 Biky 70—80 pokiB)
MepIIOMY MOKOJIIHHIO HE BIAETHCS IO-
BHICTIO JIOCATTH PiBHS BIACTUBOCTEH 30-
HAJbHUX IPYHTIB, SIKi copMOBaHI Mif
MPUPOTHUMH JicocTaHamu. [lopiBHIHHS
3amaciB MOKUBHUX PEYOBHUH METPOBOI
TOBII IPYHTY IiJl JTICOBUMH HacCaKCH-
HSIMM HaBeneHo B Tabm. 11.

3amacu OpraHiyHOi pEYOBHHU 3pPOCTa-
10Th Ha 38—87 %, a30Ty, 110 JIETKO TiJIpO-
nizyerncs, — Ha 81-155 %, pyxomoro
bochopy — Ha 89-182 %, oOMiIHHOTO
kanito — Ha 90—136 % 3anexxHo BiJ BUIY
POCIIHH Ta CKJIaxy HACaIKCHb.

HacamxkeHHsT TpOJOBKYIOTh IJI0/I0-
HOCHUTH, 4 )KHTTE3JATHICTh CAMOCIBY Ta
oro 0i0JIOriYHA CTIMKICTh 3POCTAIOTh.
OTtxe, micng 60 pokiB 3aXUCHI IPOTHUEPO-
31f{H1 HacaHPKEHHS BU3HAYAIOTHCA K Ca-
MOPETYJIiBHI €KOJIOTIYHI CHCTEMH, TOOTO
HACTAa€ CKOJIOTIYHE BiTHOBJICHHS KOJUIII-
HIX €pOJIOBAaHUX 3E€MeJIb, IEPETBOPCHHS
iX Ha IPOXYKTHBHI, BAYKIIUBI JJIsI TOCIIO-
JapCHKOTO BUKOPHCTAHHS TEPHUTOPI.

Leit BikoBUMiI mepioa XapakTepusy-
€THCA MAKCHMaJbHUM IIPOSIBOM YCiX
(yHKIIH 3aXUCHHUX JICOBUX HACAIKCHb:
CHEPreTHYHOI, BOJOPETYIIOBAaIBHOI, BO-
JOIOTNIMHAIBHOI, IPYHTO3aXUCHOI, KOJIb-
MaTyBaJbHOI, IPyHTOYTBOPIOBAJIBHOI, Bij-
HOBIIOBAJIBHOT, peKpealiiHoi, caHitap-
HO-TIT1€HIYHOT, €CTETUYHOI, BUXOBHOI,
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KJIIMaTOPETYIIOBAIBHOT, €KOJIOroCcTad1Ii-
3yBasbHOI. Bka3ani (yHKIii qif0Th OHO-
4acHO Ta 3a0e3MeuyroTh MoJi(yHKIII0-
HaJbHY POJIb JIICOBUX HacaJXeHb
(Yukhnovskyi, Dudarets, Maliuha &
Khryk, 2013).

MakcumaiabHUN NpPOSIB yCiX HaBeje-
HUX Bulle (QyHKUIH Mae micue Juiie 3a
KUTTS JIiCYy YU MPOTUEPO3IHHMX Haca-
JUKEHb SIK MOTYXHOTO ¥ Halaro»keHoro
Oprasizmy, 110 i€ YiTKO.

BucnoBku i nepcnexktuBu. OTpuma-
HO YiTKE CHIBBIJHONICHHS BIKOBHX TEpi-
OJIiB POCTY 1 PO3BUTKY JACPEBHUX POCIUH
3 AKICHUMH eTallaMH eKOJOTiYHOro Bif-
HOBJICHHSI €pOJOBaHUX IPYHTIB. Y KOXK-
HOMY BiKOBOMY Tepioai BinOyBaroTbcs
SIKICHI 3MIHM M1/ 9ac POCTY 1 PO3BHUTKY
POCIIMHHOTO MOKPHUBY, a TAKOXK KIJIbKICHI
3MiHM MOKAa3HMKIB, 10 XapaKTePU3yIOTh
BIIACTUBOCTI IPYHTY, AKi IPEJCTaBICH] y
MOPIBHSAHHI 3 KOHTpOJIeM (BUTiH).

VY nepumii BiIKOBHIA Mepio 3aXHMCHI Ji-
COBI HACaPKeHHS CTATUCTUYHO 3HAYYLIOTO
BIUIMBY Ha BJIACTHUBOCTI IPYHTY, IOPIBHSIHO
3 KOHTpPOJIEM, He BUSBIIAIOTH. BoHM motpe-
OyIOTb JOTIOMOTH y BHUIVISII CBOEYACHOTO
MIPOBE/ICHHS arpOTEXHIYHUX JOIIAIIB. 3a
BJIQJIOTO CTBOPEHHS HACAKEHb JIICIBHU-
YUX JOMISAIB HE MOTPEOYIOTh.

Hpyruil nepiog BUPI3HAETHCS IMOJIM-
meHHsAM (I3UYHUX 1 BOJHO-(I3ZHYHUX
BIIACTUBOCTEH, SIKi COPUYMHIOIOTH 3MiHU
arpoxXiMi4YHUX XapaKTePUCTHK TPYHTY.
JliciBHMYI JOTISAM 3aCTOCOBYIOTH 3a
YMOB, SKIIO MaJId Miclle TPOPaxXyHKH i
yac migdopy BHUJIB AEPEBHUX POCIUH YU
3a HeIOTpUMaHHs TexHomorii. [y uboro

MPOBOJISITh OCBITIICHHS, 3 METOIO TOJIIN-
IIEHHS YMOB POCTY, TOCHJICHHS MeTiopa-
TUBHHX (DYHKIIIH, ITiIBUIEHHS CTIHKOCTI
HacapKkeHb. [l moCHIIeHHST IPOTHEPO-
31HHOT pOJIi HacaJKeHb MOPYyOKOBI 3a-
JUIIKKA MOTPIOHO TOJAPIOHIOBATH Ta BHU-
KOPUCTOBYBATH SK MYJIBIY.

VY Tpertiii mepioj] BiJIOyBa€ThCSA 3HAYHA
3MiHa BOJHO-()I3UYHHX BIACTUBOCTEH
TPYHTY, IO 3yMOBIIOE IIOBHE MPUITHHECH-
HsS PO3BUTKY €pO3iHUX MpoIeciB Ha
IJIOMAX ITiJT JICOMETIOpaTUBHUMHU Haca-
UKCHHSIMHU. PyOKM morisigy MaroTh BH-
KJIIOYHO AudepeHniioBaHuid miaxin, a
3py0aHy POCIMHHY Macy AOLIIBHO IO-
JIpiOHIOBATH 1 PIBHOMIPHO PO3KHJIATH
TEPUTOPIEIO ISl 301IbIICHHS TipaBIIiy-
HOI IIOPCTKOCTI y PeryiIioBaHHI OBEPX-
HEBOTO CTOKY.

YeTBepTHil mepios BiAPi3HIETHCS T10-
YaTKOM BiKy 3aXHCHOI CTHIJIOCTI MPOTH-
epO3iMHUX JIICOBUX HAacapKeHb. BinOysa-
€ThCSl TOCHJICHHSI IXHBOTO BIUTMBY Ha
IpoIecH IpyHTOyTBOpeHHs. CepenHi no-
Ka3HUKH (DI3UYHUX, BOAHO-(DI3UUHUX,
(hi3uKO-XIMIYHHUX, arpOXiMIYHHX 1 0i0JI0-
TIYHAX BIACTHBOCTEH I'PYHTY MalOTh Ba-
TOMY CTAQTHCTUYHO 3HAUYIy Pi3HHIIO HE
JIUIIE MOPIBHSIHO 3 KOHTPOIBHOIO IiJISTH-
KOIO, a ¥ 13 Haca/LKEHHSIMHM 1HIINX BIKO-
BUX IIEPIOJIIB POCTY 1 PO3BHUTKY IEPEBHIX
POCIHH.

ITicaa 60 pokiB, IO CTOCYETHCA
I’ SITOTO BIKOBOTO TMEPiONy, 3aXHUCHI MPO-
THEpO3ilHI HACaI)KCHHS BU3HAYAIOTHCS
SIK CaMOPETYJiBHI C€KOJOTIYHI CHCTEMH,
SKI XapaKTepU3YIOThCsI MPOSIBOM OCHO-
BHUX (DYyHKIIIH.
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Maliuha V. M., Minder V. V.

AGE PERIODS OF THE DEVELOPMENT OF PROTECTIVE FOREST PLANTATIONS
IN THE RESTORATION OF ERODED RAVINE AND RAVINE LANDS

At present, high-level attention is paid to the issues of the role, significance, optimal use of soils,
their protection and combating degradation. By introducing the Sustainable Development Goals at
the national level, Ukraine is obliged to introduce new programs and projects that, in practice, will
have macroeconomic stability, ecological balance and social cohesion. During scientific research
on the multifunctional role of protective forest plantations, which at one time were created on eroded
territories, which include gully-ravine lands, to revive the properties of soils, work was carried out
to substantiate their regenerative function. To achieve this goal, 90 soil-forest typological stations
were established in erosion control plantations of various periods of plant growth and development
with the selection of 270 soil samples. A study of their water-physical and agrochemical properties
was carried out with the processing of the data obtained by statistical methods. Based on the
analysis of scientific literary sources, the study of successful production experience and our own
research on anti-erosion plantations to determine their impact on soil properties and the environment,
qualitative stages of the ecological restoration of eroded soils have been developed. Changes in
the age periods of growth and development of woody plants in protective forest plantations created
on gully-ravine lands lead to a gradual step-by-step ecological restoration of eroded soils. Thus, a
clear correlation of the age periods of growth and development of woody plants with the qualitative
stages of ecological restoration of eroded soils was obtained. The selection of research objects
provided for taking into account the same technology for creating anti-erosion plantings, growth and
development in the same conditions, corresponding to five age periods of growth and development
of woody plants. In each age period, qualitative changes occur during the growth and development
of the vegetation cover, as well as quantitative changes in indicators characterizing the properties
of the soil, which are presented in comparison with the control, which is the pasture. The main
functions of these plantings are presented. Attention is paid to all age periods of growth and
development of anti-erosion plantings in terms of forest measures for the successful cultivation of
anti-erosion plantings and their effective action. The stages of ecological restoration of eroded
territories are clearly consistent with the identified age periods. The prospects for understanding
the process of restoring protective vegetation cover, including forest plantations, and their direct
impact on the properties of eroded soils are opening up.

Keywords: erosion processes, eroded soils, anti-erosion role, periods of development, qualitative
stages, soil properties, hydraulic roughness.
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®ITOAEKOPYBAHHS IHTEP’EPIB BYAUHKY YPARY YKPAIHW:
AHANI3 TA NPONO3KMUII

O. 10. CTPALLOK, kaHOuGam 6ionoaiyHuUx Hayk
https://orcid.org/0000-0002-2779-7692, e-mail: landscape_architecture@nubip.edu.ua
A. I1. MOPO3bKO, acnipaHmka’
https://orcid.org/0000-0002-0304-4450, e-mail: anmorozko@nubip.edu.ua
HauioHanbHul yHieepcumem 6iopecypcis i npupodokopucmyeaHHsi YKkpaiHu

Y cmammi HagedeHo pe3yrnbmamu docridxeHb bioecmemuyHUX xapakmepucmuk dekopa-
mugHux eniemMeHmie ¢himodusaliHy iHmep’epie oghicHUX nMpuMiujeHb. BcmaHoeneHo, wo ¢imo-
OeKopysaHHsI iHmep’epie € 8axUBOK KOMIMOHEHMOK (hOpMy8aHHS KOMGOPMHO20 cepedosulia
0nsa npauieHukKie pisHuUx ycmaHos. OcyyacHeHHs1 efleMeHmie gimodu3alHy 30ilicHoeanu 0ns
npumiwieHb ByduHky Ypsdy YkpaiHu, 6a3syryducb Ha pedynbmamax obcmexeHb ma aHaridy
8U008020 cknady mponiyHUX i CybmporniyHUX poOCUH, WO KyabmugytombCs y MPUMILLEHHSX uiel
ycmaHosu. 36upaHHs ma nepeuHHe o06pobrieHHs iHbopmauii nposodunu 3a O0MOMO20K Me-
mody mapwpymHo20 obcmexxeHHs. Bisyanizauii modenbHuUx ¢himokomno3uuiti ghoopmysanu Ha
OCHOSI crieyianisogaHoeo npoepamHoeo 3abesnedyeHHs Real Time Landscaping Architect.

[1id0 yac docnidxeHb 8UB4EHO HasiBHUU acopmMuMeHmM MpOoniYHuUx i cybmponiyHux pPOCIuH,
AKi 6ynu sukopucmati 0ns1 pimodekopysaHHs1 iHmep’epie ByduHKy Ypsady YkpaiHu, ma 3arpo-
MOHOBaHO Ui020 po3wupeHHsi. [lpoaHanisoeaHo epynu poc/iuH 3a hyHKUiOHanbHUM ma ecme-
MUYHUM MPU3HAYEeHHSM Y MPUMIUEHHSIX | po3pobrieHO Ha iX 0CHO8I NpoeKmHi npono3uyii wodo
nidsuwieHHs1 0ekopamusHocmi iHmep’epie ByOuHKy Ypsdy YKpaiHu.

BcmaHoerneHo, wo 0ekopyeaHHsI NpuMilieHb 3a ydyacmio ¢himokommno3uyit Ha mepumopii
docnidxysaHo2o 06’°ekmy 3’agunocs nuwe y 2003 p., npu ybOMy KOMMO3UUi i3 XU8UX POCIUH
3aMiHUMIU 8UKOPUCMAaHHS WMyYyHUX Keimis. BuseneHo, w0 acopmumeHm OeKkopamueHO-uC-
MSHUX | KpacueoKkeimy4ux POC/uH, siki 6ynu 3anydyeHi 0nsi ¢pimodekopysaHHsi iHmep’epie by-
OuHKy Ypsidy YKpaiHu, Hanidye 22 eudu. 38axaro4u Ha crieyudbiky 8HympiwHb020 riaHye8aHHs
6yadierni, po3pobrieHo ciM nNPoeKmMHuUX Mpono3uyit ¢imokomno3suyiti 0nsi dekopysaHHsI KiMHam
8i0roYuUHKY, 6xiOHOI ma mpaH3umHOI 30H, 3anu 3acifaHb, 3aau npecu ma XypHasicmuku i
Marnoi 3anu ByduHKy Ypsdy YkpaiHu. 3anpornoHo8aHo po3wupeHHsT acopmumeHmy dekopamus-
HO-TUCMSHUX | KpacusoK8imy4ux poOCHUH Ha cim eudis, a came npedcmasHUKi8 po-
OuH Araliaceae Juss., Araceae Juss., Arecaceae Bercht. & J. Presl., Begoniaceae C. Agardh,
Campanulaceae Juss., Nephrolepisaceae Pic. Serm., 3 ypaxy8aHHSIM iXHiX ecmemu4YHUX ma
ymurnimapHuUx yHKUit, a makox onmumarbHi eapiaHmu po3MiuyeHHs pimoKomMno3uyit i pos-
pobrieHo Ha ix ocHosi ModernbHi ghimokomno3uyii 0nsi dekopyeaHHs iHmep’epie ByduHKy Ypsidy
Ykpainu.

Knroyoei cnoea: sakpumuli npocmip, epomadckki 6ydieni, npoekmHi npono3uuii, pimodu-
3aliH, pimoepaoHoOMiKa, QQimOKOMMO3UY,si.

HayxkoBuii kepiBHHK — 10KTOp OiosoriuHux Hayk, npodecop O. B. KonecHiueHko.
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AkTyaabHicTh. QiTONEKOPYBAHHS €
HOBHUM HanpsAMoM y (OpMyBaHHI apXiTek-
TYPHOTO CEPEIOBHIIA 32 TOTTOMOTOI0 Tap-
MOHIHHOTO TOEJHAHHS POCIUHHOCTI 3
IpeaAMEeTHUM cBiToM. HuHI BUKOpHCTaHHS
pOCIUH JUIsi 00JalITyBaHHS 1HTEP €pPiB
PI3HUX MPUMIIIEHb 3yMOBIICHO MTOTPEOOIO
JIOAMHU OyTH OJIDKYE 10 IPUPOIH Yepe3
mupokoMaciuTadHy ypOaHi3alio MicT i
JIOKaJIbHE TEXHOTCHHE 3a0pyqHCHHS Ha-
BKOJIMIIIHBOTO cepenoBuma. s ycmimn-
HOTO BUPILICHHS UX Npo0ieM moTpioeH
KOMIDICKCHAN TIAXiA MO MIHPOKHX MOXK-
JTUBOCTEH 3aCTOCYBaHHS KOPUCHUX BJIac-
TUBOCTEH pociauH: (ITOHOUAOTEpAii,
KOJIBOpOTEpallii, ECTeTOTeparnii, apoMoTe-
pamii Ta 6araThboX IHIIUX (YHKIIIH.

JlronuHa IPOBOJIUTH Y 3aKPUTOMY Ce-
penoBuUli OUIBIITY YaCTUHY CBOTO KHUTTH,
TOMY 130JIbOBAHICTh BiJ HPUPOJIH MA€
OyTH KOMIICHCOBAHO 32 PaXyHOK CTBOPCH-
Hf y NPUMIIIEHHIX €JIeMEHTIB (opa-
1 diToau3aiiHy, SKi JOMOMAararwTh MiIBH-
IIUTH XYJIO0XKHIO BUPA3HICTh BHYTPIII-
HBOTO MPOCTOPY, YAOCKOHAJIUTH HOTO
(GYHKLIOHAIBHY OpPTaHi3alliio, CIPUIIOTh
MOJTIMIIIEHHIO CaHITAPHO-TITIEHIYHUX T1a-
pameTpiB MOBITPS.

PiBeHp koMOPTY 3aKpUTOTO Cepeji-
OBHIIA CTBOPIOETHCS MIISIXOM OIITUMAITb-
HOTO JJIS JTIOAWHY TTOE€THAHHS KOMIUICKCY
BaXXJIMBUX MMOKA3HUKIB, 110 3a0€3MEeUyI0Th
BHKOHAHHS TBOX TOJIOBHHUX (YHKIIIH: ec-
TETUYHOI — FapMOHIWHICTD, IITICHICTb,
BiJIMTOBIJTHICTh CEPENOBHUILY, CTUIIIO, TCH-
JCHISIM Ta YTUIITAPHOI — TeMIepaTypa,
YHUCTOTA, BOJIOTICTh 1 MBHUAKICTH PyXy
MOBITPS, 3BYKO- Ta IIyMoi3osimis. dito-
JIEKOpYBaHHsI 3a0e3reuye BUKOHAHHS T1e-
penideHux mapameTpiB 1 Ja€ 3MOTY BH-
pIIIMTH HU3KY NMHUTaHb, MOB’S3aHUX 13
BUKOHAHHSM IUX (QYHKITIH.

HayxkoBuii migxia mo o3ejaeHeHHs 3a-
KPUTHX TPHUMINICHB Tependadac Mmoej-
HaHHS €CTETHYHOTO CIPUHHATTS 3a0apB-
neHHs1, PakTypu, HOpMHU KBITOK 1 JTUCTKIB
POCIIHH 13 IHIIOK BaXJIMBOIO 0COOJIUBIC-

TIO — (QDITOHIIUJIHAMH BIACTHBOCTSMH, 110
€ aKTyaJbHUM, aJ)Ke OKpEMi eIEeMEHTH
iHTEep €py Ta JeKopy 3 ynakopapOoBUM
MOKPUTTSIM, BUPOOH 3 TUIACTUKY MOXKYTh
BHJIIJISITH OTPYTH W TOKCUHU. Kpim ToTO,
B MOBITP1 Oyb-KOTO IPUMIILIICHHS Oy/iB-
Ji MICTATBCA CHOPH TPUOIB, MATOTCHHI
MIKpPOOpTaHi3MH, MUJIOK, MIKPOYACTHHKHU
caxi Ta pi3Hi ximiuHi cnomyku. Tox pa-
IOHANBHUH TiA0Ip ACOPTUMEHTY POCIHH
Ut (iTonu3aitHy 3aKpUTOTO CepeOBHUINA
BUPIIIY€E HU3KY 3aBIaHb, [0 CTOCYIOTHCS
K KOMILIEKCHOTO €CTETUYHOr0 XapakTe-
Py, Tak i (iTOCAHITAPHOTO IJIaHY.

BuxopucTanHs nmpuHOUIIB (QyHKIIO-
HaJIbHO-JICKOPATUBHOTO O3CIICHEHHS B
oprasizauii iHTep €piB aAMIHICTPATUBHUX
Oy/iBeIb CIIPUsIE Bi3yallbHIM rapMOHi3arlil
cepenoBuIa, ONTUMizalii Horo QyHKIIi-
OHANBbHOI OpraHizamii Ta MONINIIEHHIO
SKOJIOTIYHHX TOKa3HHKIB. Lle, cBoero uep-
TOI0, 3HIKYBAaTUME CTOMIIIOBAHICTH JIFO-
JIMHY, 1110 TiepeOyBae y bOMY CEepEeIOBHU-
I1i, MiJBUIyBaTUMe ii Mpane3aaTHicTh i
IMO3UTUBHO BIUTMBAaTUME Ha (DI3WYHUN 1
TICUXOJIOT1YHHNA CTaH.

diTofeKopyBaHHs iHTEp €piB aMiHi-
CTpAaTUBHUX OyniBelb — crenudigyauit
HanpsiM GiTOIU3alHY, TOMY HUHI € aKTy-
aJTbHUM BUKOPUCTAHHS CJIEMEHTIB MPHU-
poau B 0(hOpMIICHHI 3aMKHYTHX apXiTeK-
TYpHUX KOMITO3HIIIH 1HTEp €piB Bynnuky
VYpsany VYkpainu.

AHAaJji3 oCTAHHIX JOCTiIXKeHb i my-
oaikanin. OQHUMU 13 HaAWBaXKJIUBILINX
MUTAaHb CHOTOJICHHS € CKOJIOTiuHa Oe3re-
Ka 1 3aXHCT JIIOAMHH, a TAKOXK CEPeOBU-
ma il KUTTEISIIBHOCTI Ta iICHYBaHHS B
YMOBax CTPIMKOTO PO3BUTKY ypOaHi3oBa-
HUX TEPUTOPiH 1 PO3MUPEHHS TPOMHUCIIO-
BHUX KOMIUIEKCiB. [IuTaHHS 03eJICHEHHS
3aKpPHUTOTO CEPEIOBUINA 3aI[iKaBHIIO Ha-
YKOBIIIB Ie Hampukinoi 1970-x pp. ¥
1981 p. J. I'poa3uHCHKMI 1aB BU3HAYCH-
H (iTOAN3alHY i OKPECIHB TEOPETHIHY
OCHOBY ISl BUKOPUCTAHHS POCIIUH y 3a-
KPUTUX CHCTEeMax, a TaKoX pPO3pOoOuB
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TEXHOJIOT1YHI acnekTu GopmyBaHHS ]i-
toxkommno3uniit (Grodzinskiy, 1986).

[IpakTUYHUM 3aCTOCYBaHHSAM IPHUH-
uuiiB QiTogu3aiflHy B iHTEp €pax Ta BU-
BUYEHHSM IXHBOTO €CTETUYHOTrO Ta (HyHK-
L1OHAJILHOTO 3HA4YEeHHs 3aiimanucs B.
Cuixko, B. Ilymkap, H. KpmxkaHniBcbka,
H. Uxaprimsinni, H. MxitapsH, M. Xan-
tep ta JI. Xecaiton. OcobnauBocti ¢ito-
OU3alHYy NPUMIIIEHb AOCHIIKYBaIU
JI. Mamuncekuii, O. CremaneHnko. bara-
TO mpailb OylI0 NPUCBAYCHO BU3HAYECHHIO
JIEKOPATUBHOI POJIi POCIUH Ta BUBYEHHIO
IXHIX XyJOXKHbO-€CTEeTHUYHUX ACIEKTiB Y
¢ditoguzaitai (Kryvonos, 2019; Kuznetso-
va & Stepanyuk, 2013; Hnatyuk & She-
pelyuk, 2019), BukopucTanHio jaexopa-
TUBHHUX POCJHMH 1 Cy4aCHUM TEHACHIIISIM
y ¢iroausaiini intep’epiB (Kosenko,
Hrabovyi, Opalko, Muzyka & Opalko,
2020; Cetti, 2014).

Meta gocJiikeHHs — aHaJli3 HasiB-
HUX (ITOKOMMNO3UIIMHUX pillleHb
iHTep’epiB y mpuMimieHHi bynunky Yps-
oy YkpaiHu Ta Ha iX OCHOBi1 HaJaHHs
MPOMO3ULIHN 100 MiA00PY ACOPTUMEHTY
POCIUH [ CTBOPEHHS HOBUX KOMIIO3H-
i}, TPU3HAYEHHUX AJISI IEKOPYBaHHS MpO-
CTOPIB agMiHICTpAaTUBHUX Oy/iBEb.

MatepiajJu Ta MeTOAU J0CJTiAKeH-
Hi. [lin yac mpoBeaeHHs HOCIIIKEHHS
Oy70 BUKOPHCTAHO TaKi METOAU il MeTO-
JUKU: MapIIpyTHOTO OOCTEKEHHS — 301-
paHHs 1 IepBUHHE OOPOOICHHS Marepia-
Iy; OL[IHFOBaHHS JEKOPATUBHOCTI POCIIHH.

Jnst cTBOpeHHs Bizyausizalii mpoek-
THHUX IPOTMO3UIliil BUKOPUCTOBYBAJHU CIIe-
1niaji3oBaHe NMpoTrpamMHe 3a0e3MeyeHHS
Real Time Landscaping Architect.

PesysbTaTn gociigkeHHs Ta ix 00-
roBopeHHsi. Y au3aiiHi iHTep’ €piB Tpo-
MaJICbKUX aJMiHICTpaTUBHUX OyJiBeIb
MepeBaXaroTh 1/1ei panioHanizMy i QyHK-
[[iIOHAJIBHOCTI HAJX €CTCTHYHHUM BUIJIS-
JI0OM, aJUKe, 3BaXKalouu Ha crenudiky
poOOTH y TaKMX TUTAX NMPHUMIIIEHb, TIe-
penyciM 3BepTaloTh yBary Ha mpobnemMu

KOHJTUIIIFOBAHHS TIOBITPS, 130JIA1iT Ta MIy-
MOIIOTIMHAaHHS. BcTanoBmeno, mo y
2000-x pp. mepmii iTokoMno3umii B
iHTep’epax bynumuky Ypsany VYkpainu
Oyiau c(hopMOBaHi 31 MITyYHUX KBITIB
(Saakov, 1983), 110 TiJIbKK 9aCTKOBO 3a-
0e3medyBasio BHKOHAHHS €CTCTUYHHX
¢ynkmii. Jlumre 2003 p. 3°SBHINACH XUB1
KBITH, IO TPUKpaNIaNy 3arajlbHUil BH-
DI pUMinieHs (puc. 1).

YV 2004 p. 3aBepIIHiIN PEKOHCTPYKIIIO
3amiB bynuaky Ypsay Ykpainu, a crerti-
AJICTH BIJUIUTY O3CJICHEHHS Ta (iTOACKO-
pyBaHHs chopMyBaiH mepii GiTokoMIo-
3uIii (puc. 2).

[Mepuri ¢iToKOMIO3MUITIT BETUKOT 3271
Knyoy Kabinety MinicTpiB Ykpainu
Oysu chopmoBaHi 3 pociuH Spathiphyllum
wallisii Regel (puc. 3).

[onoBHUM akneHTOM (iTONEKOPYBaH-
Hs iHTep epy 3anu KiyOy Kabinery Mi-
HICTpiB YKpaiHH 10 PEKOHCTPYKIIi CIy-
ryBajia KOMIO3HIIA 13 pociuH S. wallisii
ta Hedera helix L. (puc. 4).

VY cydacHHX (QITOKOMIO3ULISAX MPHU-
MmimeHnb bymuaky Ypsgy Ykpainwm npen-
CTaBJIICHO PI3HOMAHITHHHA aCOPTHMEHT
CyOTpPOMIYHUX 1 TPOMIYHUX POCIHH —
Aglaonema commutatum Schott, Aspara-
gus aethiopicus L., Epipremnum aure-
um (Linden & André) G. S. Bunting,
Dracaena deremensis Engl., H. helix,
Crassula arborescens (Mill.) Willd.,
Clivia nobilis Lindl., Monstera delicio-
sa Liebm., S. wallisii, Schlum-
bergera truncata (Haw.) Moran, Zamioc-
ulcas zamiifolia (Lodd.) Engl., Saintpau-
lia grandifolia B. L. Burtt,
Yucca gigantea Lem., Ficus benjamina
L., Oxalis acetosella L., Oxalis hedysa-
roides Kunth., Nolina longifolia (Karw.
Ex Schult. & Schult.f.) Hemsl., Hibiscus
rosa-sinensis L., Codiaeum variega-
tum (L.) Rumph. ex A. Juss., Chlorophy-
tum comosum (Thunb.) Jacques, Dieffen-
bachia seguine (Jacq.) Schott ta Buan
pony Phalaenopsis Blume (puc. 5).
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Puc. 1. 3aranpuuil BUrIsj 3auu 3aciganb bynunky Ypsay YkpaiHu 10 peKOHCTPYKLil
(http://inpress.ua/ru/economics/14281-zasedanie-kabmina-kommunalnye-tarify-ponizit-
chislo-turistov-povysit-osoboe-vnimanie-gorlovke)

Puc. 2. Odiuiina 3ana 3acimanb bynuaky Ypsay YkpaiHu miciasi peKOHCTPYKITT
(http://www.center.net.ua/news/396)

Puc. 3. 3aranpauii Burnsax Benukoi 3anu KinyOy Kabinery MinicTpiB Yipainu
(http://www.center.net.ua/news/396)
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Puc. 4. 3aranpuuit Burnsj 3anu KnyOy Kabinety MinicTpiB YKpaiHu 10 peKOHCTPYKIii
(http://www.center.net.ua/news/396)

Puc. 5. 3aranpuuit Bunsia 3anu Kiny0Oy KabGinety MinicTpiB YkpaiHu miciis peKOHCTPYKIIiT
(http://rian.com.ua/columnist/20151024/375735012.html)

EcTetuune odgopmiieHHS BiJIBHOTO
MIPOCTOPY B MPHUMIIICHHIX CTBOPIOETHCS
3a JJOTIOMOTO0 (iTOAM3alHY 3aKPUTOTO
CepelnoBHINa, IO A€ 3MOTY TOCITTH
MaKCHUMaJIbHOTO KOM(OPTY ¥ 3aTHIIKY.

Mu 3anpornoHyBaiiu cy4acHi (iTOKoM-
MO3UIIiT, TPUHOMH Ta 3aCOOU O3CIICHEHHS
JUIsl opraHizaiii Ta Bi3yallbHOT rapMOHi-
3arii iHTep’epiB bynuaky Ypsamy VYkpai-
HU, IO A3TyTh 3MOTY MiABUIIUTH €CTE-
THYHICTH 1 MOJINIIMTH CaHITAPHO-TIri€-
HIYHI MOKa3HUKHU CepeJoBHINA 3a
JOTIOMOTOI0 MPUBHECECHHS MPUPOTHUX
oOpwucis i BractuBocreid. [Ipoananizosa-
HO BHJIOBHUH CKIIaJ] POCIIUH, K1 OyJIO BHU-
KOPUCTaHO uIst (piTOMEKOpYBaHHS TPH-
MinieHb bynuaky VYpsay Ykpainu, ta

BCTAHOBIICHO, IO BiH Haliuye 22 BUIU
JIEKOPATUBHO-TTUCTSIHUX 1 KPACHBOKBITY-
yux pociivH. byno 3ampornoHoBaHo Horo
PO3IINPEHHS MIJIIXOM 3aTy4YCHHS JCSKUX
npeiacTaBHUKIB poauH Araliaceae,
Araceae, Arecaceae, Begoniaceae,
Campanulaceae, Nephrolepisaceae Ta Ha
iX OCHOBI PO3pOOJICHO MPOEKTHI MPOTIO-
3UIiT QITOAEKOPYBaHHS OKPEMHX MPUMi-
meHb bynunaky Ypsny Ykpainu.
Cy4acHi npuiiomu QiToau3aiiHy 1mo-
JSTAIOTH y TOMY, 10 BUKOPUCTAHHS POC-
JIUH Y XKUTIOBUX MPUMIIICHHAX, odicax,
kaOiHeTax joromarae popMyBaTd YMOBH,
HaOJIMXKEH] 10 TPUPOTHOTO CEPEIOBUINA,
10 TO3UTHUBHO BIIMBATHME SIK Ha Xapak-
TEp CIPHUHHATTS JIIOAWHOIO KOXKHOI KOM-
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MO3HIIT OKpEeMOo, TakK i 3arajioM Ha JI0-
BronunHIA mpoctip (Kniazeva, 2013).
Pocnunam, siKi BUKOPHUCTOBYIOTH JIJISI BHY-
TPIIIHBOTO O3CJICHEHHS, MAalTh OyTH
CTIIKUMH 710 YMOB OTOYCHHS Ta I'apMo-
HIHO TO€IHYBATUCH i3 3arallbHUM CTH-
neM ohOopMIICHHS 1HTep €py.

[MoTpiOHO 3ayBaxkuTH, 1m0 3a (par-
MEHTapHOro (piToaeKopyBaHHs iHTEp €piB
BHYTPIIIHIX MTPUMIIICHb JOIIEHO BUKO-
PHCTOBYBaTH COJIITEPHI POCIHHH a0o0 iX
rpynu. OCKiJIbKH POCIMHU MIPUBEPTAIOTH
10 cebe 0coOIMBY yBary, HE0OXiJTHO 00HU-
paru iM Miciie, BpaXOBYIOUH OCBITICHHSI,
TEeMIEepaTypy i BOJIOTICTh MOBIiTPs, HOTO
3a0pyAHEHHS MIKIJIMBUMH PEYOBUHAMU
(Popova, 2012). Kpim Toro, pociinHu Ma-
IOTh BIANIOBIJIATH YMOBAaM IMPUMIIICHHS
32 PO3MipaMH, CTPYKTYPOIO, CHIIYETOM,
MaJIFOHKOM, KOIBOPOM 1 3a0apBICHHSIM
nuCcTKiB. sl mboro THITY O3eJICHEHHS
BUKOPHCTOBYIOTh BEIHKI 32 PO3MipoM
POCIMHM 13 BEIMKHUMH JHCTKaMHu (TIpea-
CTAaBHHUKHU POAMHHU Arecaceae Ta pOHiB
Monstera Adans., Aralia L., Philoden-
dron Schott, Ficus L., Cordyline Comm.
Ex R. Br., Agave L., Sansevieria Thunb.),
JIOTTOBHIOIOYHM BHIaMH MCHIIIOTO PO3MIpy
(Aspidistra Ker Gawl., Aglaonema Schott,
Pilea Lindl., Chlorophytum Ker Gawl.,
Oxalis L., Begonia L. Hedera L. Ta iH.)
(Porubynovskaia, 1974). Kammo Ta xoH-
TEeHHEepPHU, B SIKAUX BUPOILYIOTh POCIHHH,
MarTh TaPMOHIIOBATH 3 apXITEKTYpPOIO
KOHKPETHOTO MPHUMIIIEHHS 3a (opMOIo,
po3MipoM, KOJIbOPOM, MaTepiajom,
a BEpPXHIN 1ap IPyHTY JOLIBHO JIEKOPY-
BaTH MOXOM, TaJIbKOI0, KEPAM3HUTOM, ITiC-
KOM a00 IPyHTOBO-IIOKPUBHUMHE PO CIH-
Hamu (Artiushyn, 1982; Orlova, 2011).

Mu cripoekTyBainu (HiTOKOMITO3HIIIIO
B bymunky Ypsany Ykpainu y npuMinieH-
Hi Majoi 3anu (puc. 6). ACOPTUMEHT
cKIagaeThes 3 pocauH C. comosum, SKAR
BHUPI3HAETHCS JIEKOPATUBHICTIO 1 (iTOCp-
TOHOMIKO0, KOMITOHY€EThCS 3a radiTycom
3 yciMa IHITUMH POCIHHAMU. A. commiu-
tatum CTBOPIOE BEPTHKAIbHY BiCh Maii-

OyTHBOI (PITOKOMIIO3HIIIT, € TOCUTH HEBH-
0arsMBHUM JI0 PIBHS OCBITJICHHS 1 HE TIO-
TpeOye yacTtoro monuBy. Nephrolepis
cordifolia (L.) C. Presl. npukpamarume
KOMIIO3HIIIT CBOEIO IMHIIMHICTIO, 3aBISKH
(hopMi axxypHHUX JTUCTKIB. [[10 KOMIIO3H-
I[il0 B MallOyTHbOMY Oyze pO3TallOBaHO
B neHTpi Manoi 3anu bynuaky Ypsay
VYkpainu. B npomy npuMinieHHi HU3bKHN
piBeHb OCBITJIEHHS, TOMY MU HimiOpanu
ACOPTUMEHT POCIWH, HEBHOATIMBUX J0
piBHa iHcomauii (Rak, 2009). Braxaemo,
III0 TaKa BUCOKOAEKOpaTUBHA (piTOKOMIIO-
3UIiA JOMOBHIOBATUME au3ailH Maioi
3anu bynunky Ypsany Vkpainu.

Puc. 6. [IpoekTHa POMO3HUILis 010
¢itonexopyBanus Mamoi 3anu Bynunky
Vpsany Ykpainu: 1 — A. commutatum,
2 — C. Comosum, 3 — N. cordifolia

@DiTokOMIO3UIIs 1151 0(GOPMICHHS
3anu 3acifans y npuminienti Kiay6y by-
JUHKY Ypsigy Ykpainu (puc. 7) € mpo-
CTOIO 32 aCOPTHUMEHTOM, HEBHOATINBOIO
JI0 CBITJIA, MTOJIUBY, IEKOPAaTUBHOIO Ta HE
noTpedye peTeabHoro Tonny (Smyrno-
va, 2015). ®iTokomno3unito oyae chop-
MOBAHO y MOAYJISIX MPSIMOKYTHOI hopMu
y PeryJisipHOMY CTHIIi. ACOPTUMEHT Mic-
tath BUAM S. wallisii Ta N. cordifolia.
Pocnunu BUPI3HAIOTECSA (PITOHIIUAHUMHU
BJIACTHBOCTSMM, a Pi3HI BiATIHKHU 3ele-
HOTO KOJIbOPY MO3UTHBHO BITMBATUMYTh
Ha eMOLIMHMUIA CTaH MpaliBHUKIB.
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Puc. 7. IIpoexTHa npomo3uIis
(diTomeKOpyBaHHS TPUMIIICHHS 3aTH
3aciganb KnyOy bynunky Ypsny Ykpainu:
1 — 8. wallisii, 2 — N. cordifolia

Puc. 8. [IpoekTHa npono3uiist
¢ditonexopyBaHHS BXiZHOI 30HU BynuHky
Vpsany Ykpainu: 1 — A. andreanum, 2 — N.
cordifolia

Takox MU 3apoeKTyBaiu (HiTOKOMIIO-
3UIIT I BXIHUX 30H byauHKy Ypsay
VYkpainu (puc. 8). ns cTBopeHHsa (iTo-
KOMITIO3HULii TPOMOHYEMO HEeBHOATIUBi
pOCINHH, sIKi J0Ope 3pOCTalOTh B yMOBax
obmexxenoi iHcomsuii (Fomyna, 2015):
N. cordifolia 1 npencTaBHUKH POJUHH
Araceae Juss. — Anthurium andraeanum

Linden ex Andre, 1110 3aBIsgKd CBOIM He-
3BHYHHUM YECPBOHUM TPHUKBITKOBUM TIOKPH-
BaJlaM BHCTYMAaTUMYTh 5K TOJIOBHI aKICH-
TH. BeTaHoBIeHO, MO 111 POCIMHM ITiJIBH-
IIYIOTh MpaIe3IaTHICTh, 100pe BIUTUBAIOTh
Ha HaBKOJHIIHE CepelloBHIIEe 1 T00pe
aJIalTOBaHI JIO 3aKPUTUX MPHMIIICHb.

Po3po0ieHO MPOEKTHY IPOTO3HUIIII0
o710 0(hOPMIICHHS 3aJIM MPECH 1 KypHa-
mictuky (puc. 9). ®opmyBaiu ii Ha OCHO-
Bl TpaBidHUX MiJJOHIB, 1 ACOPTUMEHT
MiIi0paHo Tak, 00 arpoTeXHiKa OISy
3a (piTOKOMIO3HUIIiE0 He mepeadavaia
CKJAMHUX 1 yacTuxX omepaniit. Jus il
CTBOPCHHSI JOOMpal HEeBUOATIHMBI poC-
JIMHHM, 10 MAOTh (ITOHIIUIHI BIACTHBOC-
Ti Ta 37aTHI MMO3WTHBHO BIIJIMBATH Ha
MikpokiiMar cepenouina (Tsvetkova,
2015), — Chamaedorea elegans Mart.,
S. wallisi, N. cordifolia 1 Begonia sem-
perflorens Link & Otto.

Puc. 9. IIpoexTHa npono3uuis
(iTomeKopyBaHHS 3aJIH IIPECH 1
KypHanicTuku bynuaky Ypsaay Ykpainu:
1 — C. elegans, 2 — N. cordifolia,

3 — S. wallisii, 4 — B. semperflorens

Jns noOpe OoCBITIEHHX NMPUMINICHB
bynunaky Ypsiay Ykpainu Mu mponoHyemo
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Puc. 10. ITpoexTHa npono3uuisa ¢iToAeKOpyBaHHS NPUMIIIEHHS KIMHATH BiIMIOYUHKY
bynuuky Ypsny Ykpainu: 1 — S. actinophylla, 2 — B. semperflorens

(hITOKOMITO3HILIT, SIKI KOMITIOHYIOTBCS 13
Schefflera actinophylla (Endl.) Harms,
o0 Mae HAaOIMKEHY O KOJOHOMOIIOHOT
bopmy kponu, ta B. semperflorens
(puc. 10). IlpencraBuuku poaunu Ara-
liaceae Juss. epeKTHO BUDIIANAIOTE Y KiM-
HAaTHUX MPUMINICHHAX, TXHI IIXPOKUU
ACOPTHUMEHT Ta PI3HOMaHITTS OYyIOBH,
(dbopmu Ta 3a0apBICHHS JIUCTKOBUX ILIacC-
TUHOK MIiJKPECIIOITh 1 HaJal0Th HEIO-
BTOPHOCTI iHTEp €py. B. semperflorens
BUPI3HIETHCS YCPBOHUMH OapBaMy KBiTiB
Ta sicKpaBo-3eieHnMU auctkamu (Shak-
hov, 2006).

Mu po3poOuiu NpoeKTHI MPOno3uLii
TPaH3UTHUX MPUMIIIEHB i3 BUKOPUCTAH-
HSIM 1€ OJHOTO MPEACTAaBHUKA POIUHU
Araliaceae — H. helix (puc. 11). Biuno-
3eJeHa JepeB’siHUCTa JiiaHa, W10
B’€TbCs, ab0O cllaHKa, y MPUPOJI MOXKE
nocsrate 30 M y TOBKUHY Ta MAa€ BEJH-
Ky KUIBKICTh KyJIbTHBapiB i3 pi3HUMHU
JIEKOPAaTUBHUMHU OCOOIHMBOCTSIMU (HETH-
MOBOIO (POPMOIO Ta 3a0aPBIICHHSM JIUCT-
KiB, XapakTepoM Kparo JIUCTKOBOI Ijac-

tuakn) (Volkova, 2012). I'nyuki, posra-
JTyXKeHi cTebJia IIIoma Ta YHCICHHI
MOBITPSIHI KOPEHI-TIPUCOCKHU 3J1aTHI, TIPH-
KPIIUTIOFOYHUCH J0 CTOPOHHIX MPEJAMETIB,
MiTHIMATH Ta YyTPUMYBAaTH POCIHHY Ha
BucoTi. PocnuHa € TiHEBHTPHUBAJOKO,
TOMy TOOpe 3pOCTaTUME Y HaIliBTiHI, 0115
BiKHA MIBHIYHOI YaCTHUHHU MPUMIIICHHS,
aJie He BUTPHUMYE IOTPAIULSTHHS MPSIMIX
conssunux npomeniB (Hriunvald, 2006;
Tsvetkova, 2011).

Jns obopmiieHHst BXigHOT 30HU By-
JIUHKY Ypsiny YKpaiHH MU NIPOIOHY€EMO
MOHOBHJIOBI KOMITO3HIIiI 3 BUKOPUCTAH-
HSM JiaH poauHu Araliaceae (puc. 11),
a TaKoX MOEJHAHI 3 HUM JIEKOPATHBHO-
JUCTSHI Ta JEKOPATUBHO-KBITYYl BUIU
pocnuH (puc. 12). Ilpu cTBOpeHHI TakuX
(hITOKOMIIO3HIIIH MTaroHu pociuH H. helix
HeoOXiHO 3aKpPIIUTIOBaTH Ha BCTAHOBJIC-
HUX OImopax abo KapKacCHUX KOHCTPYKIIi-
SIX, 3aBISIKH YOMY MOXKHA JTOCSITTH Oa)ka-
HOI popMu Ta 00’ €My KOMITO3UILI].

HacuyeHi, sckpaBo-3eJeHI JHCTKHU
H. helix mMatoTh OcBiXKaOUMN Kouip 1 3a-
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Puc. 11. IIpoekTHi npomo3uiii
(dhiTomexopyBaHHS MPUMIILIEHb
bynunky Ypsany Ykpainu
3 BUKOPUCTAHHAM pociiuH H. helix

CIIOKIMJIMBHI XapaKTep, BJIOBIIOIOTH i
MOTJINHAIOTH 3HAYHY YaCTKy IHIIY 3 IO-
BiTps. HaykoB1i /Ipe3aeHChKOTO YHIBEp-
cutety y 2009 p. moBiIOMIISUIA TIPO BH-
COKYy e(EKTHBHICTh IIi€] POCIUHHU MO0

MIOTVIMHAHHSI TOIYOXIY, OKTaHy, (opMains-
JIET1]1y, TPUXJIOPETHIICHY 1 O€H30ITy 3 TI0-
BITpSI, IO CHPHUSE TMOJIMIICHHIO HOTO
SIKICHUX XapaKTePUCTHK Y MPHUMIIICHHI
(Mayrand, Clergeau & Vergnes, 2018).

ditonusaitn iHTep’epiB mependavdae
eCTeTHYHE, XyJA0XKHE Ta (QyHKIIOHATbHE
MIPOEKTYBAHHS 3arajJbHOT0 BUTIISIIY TIPO-
CTOpY, JIe 3HAYHY POJIb BIJITPAIOTh JIEKO-
paTHBHI POCIIMHH, SIKi, CBOEI YEPTOIO,
MalOTh IEBHE IICHXOEMOIIiiiHe HaBaHTa-
JKCHHS, 10 34aTHE MO3UTHBHO BILTUBATH
Ha HAcTpid 1 mpare3TaTHICTh JTIOANHHU.
OTxe, MOOUpPalOIn aCOPTUMEHT JJISI Tap-
MOHIHUX (ITOKOMITO3UIii, TOTPiOHO
BpaxoOBYBaTH TaKi CKJIagoBi iXHBOI Oio-
€CTEeTUYHOI XapaKTEePUCTHKHU, K KOIIip,
KOHTPACT, IWHAMIKa, PHTM, IIPOTOPIis,
MacITad, CUMETPis.

BucHoBku i mepcnekTHBH. 3a pe-
3yJIbTaTaMH JOCITIIKEHb BCTAaHOBIICHO,
10 mepii (GiTOKOMITO3UIIIT 13 JKUBHX POC-
TUH B iHTep €pax bymuHky Ypsmy Ykpa-
THU 3’stBuucs y 2003 p., oo CBiIUUIO
npo HeoOXimHicTh GopMyBaHHS (QyHK-
iOHAJIBHO-ICKOPATHBHOTO O3EJICHEHHSI.

Puc. 12. ITpoekTHi mpono3umii cTuitizamii gep:kaBHOT CUMBOJIKH YKpaiHU 3 BUKOPUCTAH-
HSM JEKOpAaTUBHHUX pociuH: 1 — H. helix,
2 — E. aureum ‘Neon’, 3 — Campanula isophylla ‘Blue Bali’
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BugoBuii ckiiaj TpOmiyHHUX Ta CyO-
TPOIYHUX POCIIHH, SIKi € y cKiaji (ito-
KOMIIO3UIIN 1HTep epiB Bynuaky Ypsuy
Vkpainu, Hamiuye 22 BUIH IEKOPATUBHO-
JUCTSIHUX 1 KPACUBOKBITYYHX POCIIHH.
Mu pornoHy€eEMO PO3IIUPUTH Lieil acop-
THMEHT BHCOKOJCKOPATUBHHUX POCIHH
HLISXOM 3aJIyYCHHSI CEeMU BHUMIIB Tpe/-
CTaBHUKIB ponuH Araliaceae, Araceae,

Arecaceae, Begoniaceae, Campanulaceae,
Nephrolepisaceae.

BpaxoByroun HeoOXiIHICTh (hopMyBaH-
Hs IIJICHOT KapTWHHU O3J00JICHHS 1H-
Tep’epiB, MU PO3POOIITH CIM MOICITBHIX
(DITOKOMITO3HITIH SIS IEKOPYBaHHS BXiJJHOT
Ta TPAH3WTHOI 30H, 3aJH 3acCilaHb, 3aJIH
Ipecu Ta JKypHaJiCTHKH, Majoi 3amm Ta
OoKpeMHX KiMHAT bynnHky Ypsmy Ykpainu.
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Strashok O. Y., Morozko A. P.

PHYTODECORATION OF INTERIORS OF THE GOVERNMENT HOUSE
OF UKRAINE: ANALYSIS AND PROPOSALS

The article presents the features of bioaesthetic characteristics of decorative elements of
phytodesign of the closed environment. The analysis of groups of plants by functional and aesthetic
purpose in the room is carried out and on their basis project offers on improvement of features of
an interior of the House of the Government of Ukraine were developed. When decorating the premises
with the help of ornamental plants, the specifics of the interior design of the building and the carefully
selected range of plants were taken into account, taking into account the optimal options for their
placement. Aesthetic design of free space in the premises is created in order to achieve maximum
comfort and coziness and the phytodesign of the closed environment copes with it best. It actively
influences the nature of comfort and perception of the interior and is an important component in the
design of the environment, and with its help you can increase the artistic expressiveness of the
interior, improve its functional organization and, importantly, improve sanitation. The interior design
of modern public office buildings is characterized by the predominance of ideas of rationalism and
functionality over the aesthetic appearance of the premises. The Government House of Ukraine is
the administrative building of our capital, so phytodecoration of its interiors requires careful selection
of the range of plants of future phytocompositions. Today, the use of plants in the formation of interiors
of various premises is due to the need of man to be closer to nature due to large-scale urbanization
of cities and local man-made pollution. To successfully solve these problems requires a comprehensive
approach to the wide range of uses and applications of beneficial properties of plants: volatile therapy,
color therapy, aesthetic therapy, aromatherapy, ionization and many other functions.

Keywords: closed space, public buildings, phytocomposition, phytodesign, phytoergonomics,
project proposals.
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OEPEBOOBPOEBHI TA MEBJIEBI TEXHONOrIT
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LOAO AEAKUX MEXAHIYHUX BNACTUBOCTEMN
TEPACHOI JOLWKW 3 AEPEBUHHO-NMONIMEPHUX
KOMMO3UTIB I3 PI3BHUM HANMOBHIOBAYEM

H. B. BYUCbKMX, kaHOudam mexHidHUX HayK
http://orcid.org/0000-0003-3229-7235,e-mail: nataby@meta.ua
HauioHanbHul yHieepcumem 6iopecypcis i npupodokopucmyeaHHsi YKkpaiHu

OO0HuM i3 Harpsimie nepepobrneHHs1 depe8uHHUX 8i0X00i8 € IX BUKOPUCMAaHHS y 8UPObHUUMSI
OepesuHHo-nosimepHux komnozumis (AK). AkmyanbHicmb Oepe8uHHO-MoniMepHuUx supobie
3YMOB/IEHO WUPOKUM CMIEKMPOM 3aCmocy8aHHs ma sskocmsiMu Ubo2o mamepiany. Kl He eHue,
He YWKOOXyembCsl Komaxamu ma epubamu, He micmums wkidnueux &’sxy4qux. Bupobu 3 AlNK
He po3mpicKytombcs, He Xonobnsimbcs, éodocmiliki, Wo pobume ix 2apHuM mamepianom Ons
8u20moerneHHs mepacHoi Oowku. Pa3zom 3 mum, y mepacHoi dowkKu marome Oymu rnesHi me-
XaHi4Hi sKkocmi, wo dacmb 3Mo2y eukopucmosysamu ii 8 0ocumb XOpCmKUx ymosax — rid dieto
gosozu, Y®-eunpomiH8aHHS ma 3 MesHUM HagaHMa)KeHHsM.

Lle docnidxeHHs1 Mmano Ha Memi 8U3Ha4YeHHs OCHOBHUX (hi3UKO-MeXaHiYHUX Xapakmepucmuk
(winbHocmi, MiyHoCcmi Ha 32uH, MOOYIIS MPYXXHOCMI, 8000N0aIUHaHHs, meepdocmi, cmilikocmi
Ha cmupaHHs, 3MiHU JiHIOHUX po3mMipie npu 3MiHi ammocgepHo20 cepedosguuja) 3pa3kie me-
pacHoi 0owku, suzomoeneHoi 3 AlNK 3 pizHumu HarnosHosadamu. [ns docnidxeHHs: 6yno gidi-
b6paHo 3pasku 3 mycmominoi mepacHoi OOWKU, y SKUX SIK Harlo8H8ay 3acmocoeaHo nosiemu-
neH (ME) ma nonigiHinxnopud (M1BX).

Ha ocHosi nposedeHux ekcriepumeHmarsHUXx O0CiOXeHb 6yr10 6CmaHOB8MEHO, WO WinbHICMb
060x 3pasKie € 0ocmamHbO 8UCOKOI, b/U3bKOK 00 MaKcuMarsibHOI, Pi3BHUUST € HeCymmeegoro,
OO0HaK npu OocniOXeHHI MiKpOo3pi3ie Mid MIKPOCKOMOM y 3pa3Kkax, y IKUX SIK 8’sXKy4e 3acmoco-
saHo [E, cnocmepieaembcs binblwia KinbKicmb MOPOXHUH, WO C8I0YUMb PO HasisHicmb 3aleor
8os10eu abo Hecmady MiHepasibHUX HaroeHrs8adie. Takox ue Moxe bymu 03Hakoto decmpyKuyii
rnonimepy. BusHayeHo, W0 HU3Ka iIHWUX 8aXXITUBUX MOKa3HUKI8, SK-0om MiUHICmb Ha 32UH, Modyrib
npy>xHocmi, 8000M0anUHaHHs, cmilkicmbs 00 cmupaHHs, HalKpauwumMu 8usi8uUIUCS Y 3pa3Kax i3
HaroegHrosaqyeM i3 rosnisiHinxnopudy. Halibinbwa pisHuUys byna y nokasHuka MiyHocmi Ha 32UH —
35 %. Takox ecmaHoeneHo, wo 3a meepodicmio obudea 3pasKu 8USBUITUCS PIBHO3HAYHUMU.
lMpome modynb npyxHocmi y 3paska 3 HarnosHwoea4deMm 3 [1E nepesuujug MokasHUKU 3paska 3
HanosHroeauyem i3 [1BX matixe y 2,5 pady. Omxe, Ha 0cHO8i npogedeHuUx 00CIOXEHb MOXIIUBO
8UABUMU HU3KY Y4imKuX 3anexHocmed, fKi cgid4amb, W0 3acmocy8aHHs rosnigiHinxmnopudy sk
8’sXKy4020 3Ha4YHO MoKpawye isuKko-MexaHiyHi MOKa3HUKU mepacHoi OOWKU Ha OCHosi depe-
BUHHO-MOIIMEPHO20 KOMMO3UMmy.

Pesynsmamu nposedeHux 0ocnidxeHb 0adymb 3Moey supiulyeamu npobrnemu nokpauwjeHHs
MIUHICHUX XapakmepucmuKk 0epe8UuHHO-KOMMO3UYiliHo20 Mamepiany O PO3WUPEHHST acopmu-
MeHmy Ha OCHO8i 0epeBuUHHUX 8i0x00is.

Knroyoei cnoea: winsHicms, meepdicmb, MOOyrb MPYKHOCMI, 8000M021UHaHHS, cmilikicmb
00 cmupaHHsi.
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AKTyaJIbHiCTh Ta aHaJi3 OCTaHHIiX
aociaimkedb. OHUM 13 HalpsMiB Tepe-
poOJIeHHS JepEeBUHHUX BIIXOMIIB € iX BH-
KOPUCTaHHS Y BUPOOHUITBI JI€PEBUHHO-
noyiMepHux komno3utiB (JI1K). Axryanb-
HICTh JI€PEBUHHO-TOJIIMEPHUX BUPOOIB
3YMOBITIOETHCS IIUPOKUM CIIEKTPOM 3aCTO-
CYBaHHs, [MOYMHAIOUU BiJl BHYTPIIIHBOTO
031005eHHs OyauHKiB, odiciB, OyaiBHU-
LITBa aJIFTAHOK, Tepac 1 3aKiHUYIOUH JeTa-
JIIMU BUPOOIB aBTOMOOLIBHOT MPOMUCIIO-
BocTi. JIo He[OMIKIB HassBHUX aHAJIOTIYHUX
BUPOOIB MOXKHA BIZIHECTH BUCOKY BapTiCTh,
MOB’A3aHy 3 BUKOPUCTAHHSAM TUIBKU TIEP-
BuHHOI cupoBunu (Galiyev, 2015).

YpaxoByrouH Te, 10 OCHOBHA 4acTKa
BupoOiB i3 AIIK mpunanae Ha TepacHi
HAaCTWJIM, aKTyaJbHUM € 3aBJaHHS PO3-
pOOJIEHHS MiIIOTOBOTO HACTUILY y BUIJIS-
JIl JIOIIOK 1 TUTUT Ha OCHOBI JIGPEBUHHUX
B1IXOiB 1 BTOPHHHUX MOJIMEPIB, 110 BU-
TOTOBJISIIOTh TPAJULIHHUMU METOJaMHU
nepepoOsieHHs OJIMEPHUX KOMIIO3UTIB.
JepeBUHHO-TIONIMEPHUI KOMIIO3UT — Cy-
YacHUI Marepial, M0 MICTUTh JIEPEBUH-
Huii HanoBHIOBau (50-80 %), monmimMepu
Ta CcremiaibHi XiMIYHI JOMIIIKA (aUTH-
Bu). [lIBuakuii po3surok JAIIK 3ymosrne-
HO HM3KOK TIepeBar, 110 3ayBaX€HO Yy
podorax (Klesov, 2010; Safin et al.,
2014). BnactuBocTi, mo Mawtsh JITK,
3aJIe’KaTh BiJ] BIACTUBOCTEH MONIMEpPHOT
MaTpHIli, YaCTOUOK JIEPEBUHHU Ta Xapak-
Tepy 3B’s13Ky 1 B3aemomii Mixk HuMH. JIKIT
HE THUE, HE YUIKOKYEThCS KOMaxaMu Ta
rpubaMu, He MICTUTh MIKiAJIHUBHUX
B’ soxyuux. BupoOu 3 JIIIK He po3Tpicky-
IOTBCS, HE JKOJIOOISITHCSA, € BOAOCTINKU-
Mu. Huzka aBTOpiB 3a3Ha4yar0Th, 10 Ha
BOJIOTOCTIMKICTh OiNBIIOI0 MIpOIO BIUIH-
Ba€ BHUJ B’SKY4Oro, a He BiJCOTKOBE
CHIBBITHOIIICHHS JIEPEBUHHOTO HAIIOBHIO-
Baua (Khasanshin et al., 2011). Takox
BCTAHOBJICHO (PYHKIIOHAJIBHY 3aJIEXK-
HICTb, IO OIMKCY€E 3MiHH BOJOTOTIIMHAH-
Hs Ta nrbHOCTI JITTK 3aexHo Bij Kijb-
kocTi momimepy (Safin et al., 2014).

Ockinbku JITK yacTo 3aCTOCOBYIOTH
SIK KOHCTPYKLIHHI eJIeMEHTH, BayKITHBOTO
3HaYeHHs HaOyBalOTh iXHi (i3HKO-MeXa-
HIYHI sSKOCTi. B miteparypi € 10cuTh 00-
MEXEH1 B1ZIOMOCTI 00 3aleKHOCTI Pi-
3UKO-MexaHIgHuX BiaactuBocrer JITK Bixg
ixHbOTO CKiafy. Jleski aBTopH 3a3Havyalu,
10 JKOPCTKICTh 1 MIIHICTh € 3310BLIHHU-
MU TiJIBKH B TOMY BHUMAAKY, SKIIO 0
CKJaJy MaTepialy J0AaHO JOopore
B’sDKyue: 116 HeoOXiIHO Uit 301IbIIeHHS
CYMICHOCTI MIX JE€peBHUM OOPOIIHOM i
MoJIIMEpPOM, AKi B 1HIIOMY BUIAJKy HE
Manu O JKOIHUX MOAiOHOCTEH mepediry
BiMOBiHUX XiMiuyHUX peakmin (Lu et al.,
2005; Yang et al., 2012), i ans cTBOpeH-
HS €()EeKTUBHOTO TepelaHHs HaBaHTaKEH-
HSl MK IEPEBUHHUMH BOJIOKHAMHU Ta J10-
BKOJIMIIHIM ToJiMepoM (Mazzanti et al.,
2012).

Ockinbku JITK xpuxki, 10 IXHBOTO
CKJIa/1y 4acTO BXOJSATH JAOMIIIKH, 11O IiJ-
BUIIYIOTH yIapHY B’s3kicTh (Mazzanti et
al., 2019, 2019, 2020).

Matseyevich & Askadskiy (2017) mo-
mitiid, mo JAIK Ha 0cHOBI MaTpuuHOTO
nonimepy [IBX wmarote Habarato kpaiui
BinactuBocTi, Hix JI[IK Ha ocHOBI Takux
MaTPUYHUX MOJIMEpiB, SIK MOTIETUICH Ta
noninponineH. lle crocyeTbcs Takux
BaKJIMBUX IMOKA3HMKIB, SIK MIIHICTh Ha
3TUH 1 MOJYNb MPY>KHOCTI.

Ha ocHoBI aHanizy 3a3Hau€HUX JiTe-
paTypHUX JuKepeln OyJa0 BCTaHOBIIEHO, IO
JIEPEBUHHO-TIOJIIMEPHUN KOMIO3UT — Cy-
qacHUIl Matepian, skuili HaOyBae Bce
0171101 MOMYISAPHOCTI 3aBASKH CBOIM
aKocTsiM. OCHOBHUI HampsiM J0CIiIKEHb
— BUBUCHHSI ITOJIIMEPHOT CKJIaZI0BOI MaTe-
piamy Ta Horo BIIMBY Ha (i3MKO-MeXa-
HIYHI TTOKa3HUKH.

MeTo10 AOCTiAKEHHSI € BU3HAYCHHS
OCHOBHHUX (hi3MKO-MEXaHIUHUX XapakTe-
pucTUK (LIITBHOCTI, MIITHOCTI Ha 3THUH,
MOAYJS MPYKHOCTi, BOAOTIOTJIMHAHHS,
TBEPIOCTIi, CTIMKOCTI 10 CTUPAHHS, 3MiHU
TiHIHHUX PO3MIpIB y pasi 3MiHI aTMOC-
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a

0

Puc. 1. [locnigHi 3pa3ku TepacHOT JOMIKHU:
a — 3 HanoBHIOBaueM I1E, 6 — 3 nanoBHioBauem [1BX

¢dbepuoro cepenosuma) 3paskis AIIK i3
PI3HHUM HAIlOBHIOBAYEM.

Marepianu i MeToau A0CTiAKEHHS.
Juis nocnimxenHs Oyno BiaiOpaHO 3pa3Ku
IIyCTOTIiNOI TePacHOI TOUIKU 3 IEPEBUHO-
MOJIIMEPHOTO KOMIIO3HUTY 3 MONEPEYHUM
nepeTuHoM 23x128 MM TEMHO-KOpUYHE-
BOTO KOJIBOPY, IUIACTh i3 THJIBHOTO OOKY
piBHA, nMpo(iabOBaHa 3 JUILOBOI CTOPO-
HU 3 PiI3HMM HarlOBHIOBaueM. Y 3pas3ky 1
HamoBHIOBaueM OyB mousietunien (I1E),
y 3pa3ky 2 — momiBiHinxjopua (I1BX)
(puc. 1, a, 6).

Ockinbku JITIK — nocuth HOBUU Ma-
Tepial, AepKaBHOI HOPMATUBHOI 0as3u Juis
MPOBECHHS BUMPOOYBAHHS Ha MEXaHIuHI
BiacTuBocTi HeMae. L{inpHiCTh BU3HAYa-
1 3a MDKHapoJgHuM cTanmapTom I[SO
1183-1. Ilinenicts ais JAIK € poBiako-
BUM IOKa3HHMKOM 1 JJa€ HETNPAMY OI[IHKY
MOKAa3HUKIB MIIHOCTi, XapakTepus3ye Ha-
sBHICTh y cknaji JIIK minepanbHux Ha-
MMOBHIOBAUiB, 3aJICKUTH BiJl BUAY MOTiMe-
py # cknany xomnosuta. IloTpibno 3ayBa-
JKUTH, 10 3HWKEHA MIIILHICTh IPUCKOPIOE
nporec okucuenus 1K i € pesyasrarom
MiBUIIEHO] TOPUCTOCTI (HAABHOCTI IMO-
POXHUH) JOIIOK Yepe3 HasiBHICTh BOJIOTH
y Buxigaux kommnonentax JIIK (macam-
nepes1, JIePeBUHHUX BOJIOKHAX) 1 IeCTPYK-
IO MOJIMEpy MiJl Yac rnepepobiaeHHs (y
pasi meperpiBy, HAAMIpPHOTO 3CyBY #/abo
HecTavi aJuTHBIB).

HannumkoBa mopucTiCTh J1ae 3MOTY
kucHio mporukaru y JIIK marepiam «3ce-
penuHI», 3HAYHO 30UTBIIYIOUN JOCTYITHY
IUTONTY TMOBEPXHI MOPSA 31 HIBUIKICTIO
okucHeHHs. EQeKTHBHNM KaTanizatopom
OKHCHEHHS TOJIIMEpPiB € BOJIOTA.

)Iy)i(e BAXXJINBUM ITOKA3HUKOM JIsI TC-
pPacHOI IONIKU € TBEPIICTh, IO XapaKTe-
pHY3y€e KOHTaKTHY MIIHICTh BUPOOY, Ja€e
3MOTY OIIHWUTH OTip BIABIIOBAHHIO W
CTIMKICTh J0 MOApSANUH. BenwuwmnHa mo-
Ka3HUKa 3aJISKHUTh BiJI TUIY MOJIMEpPHOT
MaTpHIli, KITbKOCTI HAIIOBHIOBAYA, ITiJTh-
HOCTI TOTOBOTO KOMIIO3HUTa. TBEpaicTh
Bu3zHavanu 3a lllopom. 3acTocoByBanu
Metoauky, Bukianeny B [OCT 24621-91.
Jtst mocomiKeHHsT BUKOPHCTOBYBAIU 1H-
JIEHTOp s JropoMerpa Ty D (Big 20
10 90) y BUDISIAI CTAJIBHOTO CTPHIKHS
niamerpom 1,10-1,40 mm.

Merka MILHOCTI Ha 3TMH — OAUH 3 OCHO-
BHUX ITOKa3HHUKIB MEXaHIYHHUX BIACTHBOC-
Teit Marepiamy. XapakTepusye MpaBUIb-
HICTh 0OPaHOI KOMITO3HIIIT 1 TEXHOJOTYHHX
pEeXUMIB BUPOOHUIITBA, €()EKTHBHICTH PO-
00TH CyMICHHKa B KOMITO3MIIii. BenmnunHa
IIHOTO TIOKa3HUKA XapaKTepHu3ye 30aIaHco-
BaHICTh (DOPMYJIH ¥ MPABWIILHICT BEACHHS
TEXHOJIOTIYHOTO Tporecy. MilHICTh Ha
3THH BHU3HAYAIH 32 MCTOAWKAMH, HaBelle-
anmu B EN 310 Ta TOCT 10635.

Moaynb NMpPYXHOCTI NMpW 3THHAHHI
0e31mocepeIHbO MOB’ I3aHUH 13 TIPOTHHOM
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JOIIKY, IO PO3MiIleHa Ha Omopax, 3a
YMOB IIEBHOTO HaBaHTakeHHs. Ha Bix-
MiHY BiJl MIITHOCTi Ha 3TMH KOMIIO3UTHHX
JOIIOK, IO, SIK IPaBHIIO, 3HAYHO Tepe-
BHIIy€ BUMOTH OyliBeIbHUX HOPM 32 3a-
3BUYAl MPHUIHATOTO KPOKY BKJIATaHHS
nar (npubausHo 40 caHTHUMETpPIB
(16 mroiimiB) Bif MEHTPY), MOAYIb MPYXK-
HOCTI IIPW 3THHAHHI KOMITO3UTHUX JOIIOK
Ha TONIMEpHi# OCHOBI 4acTO HakIajzae
MeBHI 0OMEXEHHS Ha 1X MOHTaX: KPOK
BKJIQJaHHS JIar HE Mae€ MEePeBUIIYBATH
1/360 mporony. Lleit moka3HUK HE HOpP-
MYETHCSI, TIPOTE 32 TAKOT IMUILHOCTI Ma€
OyTu Oinmpimm 3a 1300 MITa.

BononormmHanHs XapakTepu3ye reome-
TPUYHY CTAOUIBHICTh 1 TIFPOCKOMIYHICTh
AIIK-mpodinto. Boma € ocHOBHUM arpe-
CHUBHHM (haKTOPOM atMoc(epHUX BIUIMBIB,
OCKIJIbKM CIIPUYUHSIE PO30yXaHHS Matepi-
ay ¥ HaKomW4eHHS Ae(eKTiB, 0COOIMBO
3a mepenajiB Temieparyp Bix (-) ao (+).
s BU3HAUEHHS BONOTOTIIMHAHHS 3aCTO-
COBYBAJIM METOJT JOCIIIDKCHHS, HABEICHHI
B EN 1087-1 ta TOCT 32399.

Bennunna mokasHuKa BOJOTOTITHHAH-
Hs1 3aJIC)KUTH BiJl PELENTYPH i TOMOTCHi-
3amii KOMIO3uIii, CBIAYNUTh, HACKIJIBKH
KOMIIOHEHTH PO3MOAUIHIINCS Ta CIIONYYH-
JIUCS B IOBHOMY 00CSI31 IEPEeBUHHOTO Ha-
MTOBHIOBAYA.

Boaonornmuaanns matepiainis i3 JATTK
MOX€e MPU3BECTU J0: AeHOpMyBaHHS J10-
0K, p0o30yXaHHS U CIydyBaHHS, TOIIH-
penHs usini. KpiM Toro, HacuueHHs 10-
mok /IIIK Bomoro iHOZI 3HMXKY€E MOIYIb
MPY’KHOCTI TIpU 3THHAHHI JIOIIOK, OTXKE,
CIpUYMHSE OUIBIINN MPOTUH MiJ] HABAH-
TaXeHHsAM. [lornmnHAaHHS BOAM MPHU3BO-
IUTHh TaKOX O MIBHIIIOTO PYHHYBAaHHS
JIOIIIOK, OKUCHEHHS (BOJIa € Karayi3aro-
pPOM OKHCHEHHS TOJIIMEpiB) Ta IHIIHMX
HeraruBHuX Hacihijakie. JAITK-marepianu
MOTIMHAIOTH BOJY 4Yepe3 IXHIO IOpHC-
TicTh (TOPOKHUHM).

3pasku TepacHoi gowmku 3 AIIK cro-
YaTKy KOHJHUIIOHYBaJ U JI0 TMOCTIHHOT
MacH, MoTiM BUTpuUMyBanu y Boxi (pH

7+1) 3a remnepatypu 20 = 1 °C npots-
roM 72 roguH. Y BOAl 3pa3Ku BCTAHOB-
JIOBAIIM HA KPOMKY TaK, 1100 JIO CTIHOK
i JHa €MHOCTI OyJ0 He MEHIIEe HiX
15 mm. Ilicns BUTpUMYBaHHS 3pa3Ku BU-
WManu Ta npoTtupanu QiIBTPyBaIbHUM
nanepoMm. Bucymieni 3pa3ku po3MinryBa-
JM Yy MOPO3WJIBHIN KaMmepi 3 Temrepary-
poro Minyc 12 °C Ha 24 rogmau. [lotim
3pa3Ky BUHMaIH 1 BCTAHOBIIOBAJIUA Y CY-
oIIbHy Kamepy Ha 70 TOIWH i3 Temie-
patyporo 70 °C. Ilicna BucylryBaHHSA 1
OXOJIODKEHHS 3pa3KiB MPOTATOM 4 TOJuH
IIUKJI [TOBTOpIOBaiu. Beporo Oyno mpo-
BEJICHO TPH LMKJIH BUMPOOYBaHHS.

BaxnmuBumu moka3HUKaMH TSI Tepac-
HOi JTOIIKK € IIBHUIKICTh 3HOIIYBaHHS
(cTupaHHS) Ta 3MiHa JIHIHHUX PO3MipiB
MpH 3MiHI aTMOC(HEpPHOro cepeaoBHUIIa
(BHCOKa BOJIOTICTh/HU3bKA BOJIOTICTH),
MM/100 MM noBxuHH. JlOCTIIKEHHS TIPO-
BOJMIIM 32 METOJMKOIO, HABEJAEHOIO B
I'OCT 9590. 3H0mIyBaHICTh BU3HAYATH
Ha poraniiHomy aOpasumetpi Taber
5155. 3pa3ku momnepeaHbO 3BaXKyBaIH 3
touHicTio 10 0,001 T Ta 3akpimiroBaIn
Ha npunani. [Ipu nocsraenni 500 06/xB
BUNIPOOYBAHHS 3YIMHHSIIN 1 3HOBY 3BaXKYy-
BaJu 3pa3ku 3 TouHicTiO 1o 0,001 r.
HIBUAKICTH 3HOLIYBAHHS PO3PaXOBYBAIU
3a GopmyIoro.

Ilepen BU3HAUYECHHSM 3MiHU JIHIHHUX
po3mipiB mpu 3MiHi atMocdepHoro ce-
peIOBUIIA TIOBKUHY 3pa3KiB BUMIPIOBAIH
3 TouHicTio 10 0,02 mMm. Ilo Tpu 3pas3ku
pO3MiNlyBaiu B CyHIHIbHY mady i BH-
TpuMyBaiu 3a Temneparypu 70 + 2 °C
IpOTAroM 24 TOAMH i TPU 3pa3KH B Kame-
pi 3 BITHOCHOIO BoJyioricTio 92 £ 3 % Ta
temneparyporo 40 + 2 °C mpoTsirom
96 romguH.

Pe3yabTaTn mociigkeHHs ta ix o00-
ropopenHs. L{inpHICTH 000X 3pa3KiB J10-
CTaTHBO BHCOKA, OTM3bKA JO MaKCHMAaJb-
HOT; PI3HUII HECYTTEBA, alie MPHU OCIi-
JUKEHHI MIKpO3pi3iB MiJ] MiKPOCKOIIOM 32
600-kpaTHOTO 301IBIICHHS ¥ 3pa3ky Ne 1
crocrepiraerbecs Oinbiia KiabKiCTh MO-
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MIKPOMOPOXHHHH

nonimep

OepesnHa

= NOPOMHUHM

nonimep

Puc. 2. 3uimku 3pizis AIIK-nomku nig mikpockornoMm 3a 600-kpaTHOTO 301JIbLICHHS:
a — 3pa3zok Ne 1, nomika 3 OiIbIIMMHU MOPOKHUHAMU;
6 — 3pa3ok Ne 2, nomka 3 MEHUIUMH MOPOKHUHAMHU

poxHUH (puc. 2a), MO CBIAYUTH TPO
HasiBHICTH 3aiiBO1 BOJIOTH B Joluii abo
HecTayy MiHepaJlbHHUX HAMOBHIOBAYiB,
a TAKOX JIECTPYKIIito moJimepy. Y 3pas3Ky
Ne 2, axuii Mae OBy WIITBHICTH HA
1,91 % 1 menmy mopucticts (puc. 20),
CIIOCTEPIraeThCsl HAaABHICTH METaly, LI0
MOX€ MPUCKOPUTHU MPOLEC OKMCHEHHS
JIOLIKK 32 BUCOKHX TeMIIEpaTyp.

VY T1abn. 1 HaBeaeHO pe3yabTaTu BU3HA-
yeHHs (Pi3UKO-MEXaHIYHUX MOKa3HUKIB
qoiok, surotosnenux i3 JIK. Sk 6aun-
MO, TBEpAICTb 3pa3ka Ne 1 He3Ha4yHO mepe-
BHIIY€ TBEPIICTH 3pa3ka Ne 2 — Ha 5,8 %.
Tomy MM mapaMeTpoM y KOMILIeKci 3pa3-
KM MOYXHa BBa)KaTW PiBHO 3HAYYIIMMHU.

IIpu gocaimkeHHI MIIHOCTI Ha 3TUH
OyJI0 BCTaHOBJICHO, 110 3pa3oK Ne 2 3Ha-
YHO TIEPEBUINYE MIIHICTH 3pa3ka No I,
3aJJ0BOJIbHSI€E HOPMATUBHUM BHUMOTaM
(25 MIla) i mae nepeBaru y 3Ha4HOMY
3amaci MIIIHOCTI Ha 3THH i/l 4aC eKCILTY-
aranii JOLIKH.

JlocmipKeHHST MOy ISl TIPY KHOCTI T10-
Ka3aJio 3HaYHE MMEPEeBHUILICHHS IHOT0 IO-
Ka3HUKa y 3pa3ka Ne 1 mopiBHAHO 31 3pa3-
koM Ne 2. 3HayeHHS MOIYJS MPYXKHOCTI
3paska Ne 2 MO)KHA BBayKaT 3a/I0BUTLHUM,
aJie HEeJIOCTAaTHIM Ul HAasIBHOT LIIJIBHOCTI.

VY mporeci eKCepuMeHTy 3 BU3HAYCH-
Hsl BOAOMOMIMHAHHS CIOCTEpiraiocs iH-
TEHCUBHE BUKPUIIYBaHHS 3pa3KiB JOLIKU

1. Pe3yJibTaTH eKCINIePUMEHTAJbHOIO BUSHAYCHHS

¢izuko-MexaHiuyHNX MOKa3HUKIB TepacHoi nomku 3 K

3HaueHHS MapaMeTpiB
ITokazHuk 3paszok Ne | 3paszok Ne 2
JIIK (TIE) JIIK (TTIBX)
[ineHICTB, T'CM™ (KT*M™) 1,258 (1258) 1,282 (1282)
Teepaicts 3a Hlopom (oa. Illopa 3a D /{ropome- 62.1 58 5
TpoMm Bix 20 o 90) > >
Minnicte Ha 3ruH, MIla (krc-cm?) 17,1 (174,42) 26 (265,2)
Mopnyans npyxuocTi (kopcTtkicts), MIla 2646 1053
Boponornunaunus, % 2,63 2,02
CrupanHs (WBUAKICTH 3HOIIYBaHHsA, Mr/100 00) 0,08 0,05
3MiHa JHIHHAX PO3MIpiB IPHU 3MiHI aTMOC(HEPHOTO
cepenoBHINa (BUCOKA BOJOTICTH/HU3bKA BOJNOTICTH), 0,72/1,6 0,5/0,3
MM/100 MM TOBXHHHU
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Ne 1, Ha BiAMIiHY BiJ IITICHOCTI 3pa3KiB
Ne 2. Takox miJ 4ac MiABUILEHHS BOJIO-
rocTi Ta TeMIEpaTypH, a TaKOXK 3a MeXa-
HIYHHUX MOILIKO/KEHb CHocTepiraiocs
BUJIJICHHS] CTIHKOTO HENPUEMHOTO CIie-
uudigyHoro 3amaxy i3 3pas3KiB JOLIKH
Ne 1. 3a uum nmoka3zHukKoM 3pa3zok Ne 1
3Ha4YHO TNepeBuuIye 3pa3ok Ne 2 (Ha
30,2 %), o BKa3ye Ha Te, 10 B YMOBax
I IBUIIIEHOT BOJIOTOCTI W arMocepHOTO
BIUTMBY Kpallli MOKa3HUKH 33 BOAOIMOIIIU-
HaHHAM 3a0e3neyuTh jgomka Ne 2.

I3 Tabn. 1 BUOHO, IO 3HOLIYBAHICTh
3pa3ka Ne 1 3HAUHO NEPEBUILYE 3HOIILY-
BaHICTh 3pa3ka Ne 2, 110 CBIJYUTH MPO
OLNBINY CTIHKICTH 10 CTUPAHHS JOIIKH
Ne 2. Ile 3yMOBIIIOETHCS] TAKOK apMyBaH-
HAM METaJIeBUMHU €JIEeMEHTaMH.

JocnikeHHS Takoro Ba)IJIMBOTO IO-
Ka3HUKa ISl TEPACHOI JOIIKH, SIK 3MiHA
NiHIKHUAX PO3MIpIB MPHU 3MiHI YMOB €Kc-
mryaTauii, mokasauo, 10 MOJOBXEHHS
100 mm gomku i3 JIITIK Ne 1 ckmano
0,72 mm 1 1,6 MM, a 3pa3ka Ne 2 — 0,5 Mmm
1 0,3 mm. OTxe, 3pa3ok No 2 BHSIBHBCS
OLTBII CTIMKUM JIO 3MiH JIHIWHUX PO3Mi-
piB B yMOBax BHCOKOI Bojorocti (92 +
3 %) Ta Temnepatypu cepegosuia (40 +
2 °C) 1 Bucokux temnepatryp (70 = 2 °C)
13 HU3BKOIO BOJIOTiCTIO. Tpeba 3ayBakuTy,
10 3arajoM Ied MOKa3HUK JOUIOK i3
AIIK 3HauHOW Mipow HemependOadyBa-
Hui. [ligBUIIEHHS TeMIepaTypH Ha KOX-
Hi 10 °F (=3,6 °C) mpucKoproe OKHCHY
nectpykuito AIIK npubausHo y TpH pasu.
CIeKOTHOTO COHSIYHOTO JIHS 3a TeMIiepa-
Typu nositpst 90 °F (32 °C) moBepxHs
Hactuny 3 JIIK-momox HarpiBaeTncs
npubnusao no 130-140 °F (54-60 °C).

ITpu 110 °F (43 °C) temmnieparypa noBepx-
Hi Hactuiy csrae 160 °F (70 °C), a tep-
MigHe oKHcHeHHs noiimepy B JITK mpu-
ckoproeThesi y 240 pa3. J[Ba moTyxHi
cTabuTi3y0ul (aKTOPH CIPUSIFOTH TPOJIO-
BXXCHHIO TEPMIHY CITy’)KOM KOMITO3UTHHX
TEpacoBHX JOMOK — Ii¢ muibHicTh JITK
1 BBEIEHHS aHTUOKCHUJIAHTIB.

BucnoBku i nepcnexktuBu. Otpuma-
Hi pe3ylbTaTH CKCICPUMEHTAIBHHUX J0-
CHIDKEHD TAIOTh MOKJIMBICTH OLIHUTH
(hi3UKO-MeXaHIYHI MTOKa3HUKHU TEePacHOI
qomku 3 JIITK 3 pi3HUM HalTOBHIOBAYEM.
3a pe3yapraTaMy JOCIHiHKEHHS BCTAaHOB-
JICHO, IO SIKiCHI TOKa3HUKHU TEPACcHOT I10-
KU 3 IEPEBUHHO-TIOIIMEPHOTO KOMIIO-
3UTy MarTh JOCTaTHHO BHCOKHH PiBCHb
Ta 3arajioM BiJIIOBiJalOTh BCTAHOBJICHUM
HOpMaM. BopHodac 3ayBaskeHO, 1110 Tepac-
Ha gomika 3 JII1K i3 B skydum Ha OCHOBI
I1E mae rTipini MOKa3HUKH, IO JESIKOI
MipOI0 MOYKHA TIOSICHUTH HasBHICTIO Be-
JIUKOT KIJIBKOCTI MOpOXKHUH. HasiBHICTH
MOPOKHUH CBITYUTH PO 3aiBY BOJIOTY B
ol abo HecTady MiHEpaJIbHUAX HaIlo-
BHIOBaUiB, a TAKOX JIECTPYKIIIO MOJIIMEpY.
OTXe, Ha OCHOBI NMPOBEJACHHUX JOCIHIi-
JUKCHb MOXKHA BHSIBUTH HHU3KY YiTKHX
3aNeKHOCTEH, SIKi CBIIYATH, IO 3aCTOCY-
BaHHS MOJIBIHUIXJIOPUAY SIK B’ SKYd4OTO
3HAYHO TOKpaIlye (pi3uKO-MeXaHiuHi 10-
Ka3HHKH TEPacHOi JOIIKU Ha OCHOBI Jie-
PEBHHHO-ITOJIMEPHOTO KOMITO3HTY.

PesynpraTté mpoBeneHUX I0CTiIKCHD
JOTIOMOXKYTh BUPINITYBaTH IPOOIEMH I10-
KpalleHHsI MIMHICHUX XapaKTePUCTHK
JEePEBUHHO-KOMITO3UIIIHHOTO MaTepiary
IUTS. PO3IIUPEHHS aCOPTUMEHTY Ha OCHO-
By J€PEBUHHUX BiJXOMIB.
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Buiskykh N. V.
REGARDING SOME MECHANICAL PROPERTIES OF TERRACE BOARD MADE
OF WOOD-POLYMER COMPOSITES WITH DIFFERENT FILLER

One of the areas of wood waste processing is their use in the production of wood-polymer
composites (WPC). The relevance of wood-polymer products is due to the wide range of applications
and qualities of this material.

WPC does not rot, is not damaged by insects and fungi, does not contain harmful binders.
Products from the duodenum do not crack, do not gouge, are waterproof, which makes them an
excellent material for manufacturing a terrace board. However, the terrace board must have certain
mechanical qualities, which will allow it to be used in fairly harsh conditions - under the action of
humidity, UV radiation and under a certain load.

This study aimed to determine the main physical and mechanical properties (density, strength at
static bending, modulus of elasticity, water absorption, hardness, abrasion resistance, changes in
linear dimensions with changing atmospheric environment) samples of terrace board manufacturing
from duodenum with different fillers. Samples from a hollow terrace board, which were filled with
polyethylene (PE) and polyvinyl chloride (PVC), were used for the study.

Based on experimental studies, it was found that the density of both samples is quite high, close
to the maximum; the difference is not significant, but when examining microslices under a microscope
in samples with PE as a binder, a larger number of voids is observed, indicating the presence of
excess moisture or lack of mineral fillers. It may also indicate the destruction of the polymer.

It was determined that a number of other important indicators such as strength at static bending,
modulus of elasticity, water absorption, abrasion resistance were the best in the samples with a filler of
polyvinylchloride. The greatest difference was in the bending strength index and was 35 %. It was also
found that the hardness of both samples were equivalent. However, the modulus of elasticity of the sample
with a filler with PE exceeded the performance of the sample with a filler with PVC by almost 2.5 times.

Thus, based on the research, it is possible to identify a number of clear relationships that indicate
that theuse of polyvinylchlorideas a binder significantly improves the physical and mechanical
properties of the terrace board based on wood-polymer composite.

The results of the research will solve the problem of improving the strength characteristics of
wood-composite material to expand the range based on wood waste.

Keywords: density, hardness, modulus of elasticity, water absorption, abrasion resistance.
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HauioHanbHul yHieepcumem 6iopecypcis i npupodokopucmyeaHHsi YKpaiHu

BusHayeHo npuyuHuU 30ewesrieHHs1 8ueomosrieHoi 3 depesuHu Oyba nameri — nNuUUyb08020
nokpummsi dowok 0ns nidnoau. BcmaHoeneHo, wo nid Yac cywiHHs depesuHu Oyba 3a HU3b-
KUX memrepamyp 8UHUKaE HaKOMUYeHHsI 80s102U y 30Hi bins noeepxHi — mak 3eaHe ymMosHe
Oxepero gonoau. Lle npu3sodums 00 ymeopeHHs ceimnux nnasm ycepeduHi nunomamepiaris,
SAKi dosaull Yac 3bepizanuckb 8 ymosax nidsuWeHo20 CMyrneHsi Hacu4eHHs1 nogimpsi ma manu
HU3bKY WweudKicmb gudasnieHHs 8osoeu. [nsi yHUKHEeHHS ubo20 0egheKkmy 3arporioHo8aHo iH-
meHcugbikyeamu npouec CywiHHS WIISIXOM 8UKOPUCMAaHHS iMyfbCHUX pexumis, siKi cknada-
tombcs 3 nepiodie  HaepieaHHsI ma OXON00XeHHs OepesuHu. Y nepiod HaspieaHHS memrepa-
mypa mamepiany nocmyrnoeo nidguwyemscs, 0epesuHa ompumye mennosul yoap i Hakonuyye
meno, cywiHHs 8i06byeaembcs nuwe 3a paxyHoK 2padieHma gonozocmi. [1i0 Yac 0Xx0nodxeH-
Hs memnepamypa cepedosula 3HUXYEMbCS, CMyiHb Hacu4eHHs1 3pocmac i, 8idrnogioHo, mnio-
suwyembcsi pigHogaxKHa gosioeicmb. Y pe3dynbmami nogepxHesi wapu mamepiany 3680510Xy-
tombCsl, 80/102a 10 MOBWUHI OepesuHU 8UPIBHIOEMbCS, 8i00y8acmbCsi penakcauisi CyuwunbHUX
HanpyxeHb. Y nabopamopHuUX ymosax [rpo8edeHO eKkcriepuMeHmaribHi O0CNIOXeHHS iMmyrb-
CHO20 CyWIHHS 3a20mo8oK i3 0epeguHu Oyba yepeoHo2o mosujuHor 30 mm i 50 mm. BusHa-
4yeHo amnnimyody konusaHHsi memnepamypu — 30 °C ma doyinbHicmb MpPoeedeHHs YUKiYHO20
HazpieaHHs nuwe 0o 0ocs2HeHHs1 cepedHboi sonozocmi mamepiany 20 %, nicris 4oeo Oepesu-
Hy nompi6bHo sucywysamu 0o HeobxiOHOI KiHUeg8oi eonoeocmi 3a cmasoi memmnepamypu Ha-
epieaHHs. 3arnporioHo8aHo Memod po3paxyHKy mpueasiocmi iMyIbCHO20 CYWIHHS, KUl epa-
xosye ocobnueocmi KiHemuku rnepiodie HazpieaHHs1 i OXOI00XXeHHS nuaonpodykuii 3 depeguHu
dyba yepgoHozo mosujuHo 30 mm i 50 mm. PekomeHOo8aHO po3aisidamu npouec KiHemuku
3MIHU memrnepamypu siKk CyMy rpouecie YUKIiYyHO20 HagpisaHHs, wWo 8idbysaembcs 3a MosiHo-
MiarlbHOK 3anexHICmI, ma YUKIiYHO20 OXO00XKEHHS, Wo 8i0byeaembCs 3a €KCrOHeHYialbHO
3anexHicmio. BusHa4eHo, wo criggiOHOWEHHST mpusanocmi YUKIiYHO20 HaepieaHHss 00 mpu-
s8aslocmi YUKITiYHHO20 OXOM0OXeHHST cmaHosumb 1/3. 3 aukopucmaHHsIM mernioMacoobMiHHUX
Kpumepiie ma 8u3Ha4eHo20 eKcrepuMeHmarnbHUM WIIAXOM KoegiuieHma 8051020npogidHocmi
depesuHu Oyba 4ep8oHO20 po3pobrieHo adeksamHy MOOerb Po3paxyHKy memnepamypu oepe-
B8UHU ma 8i0HOCHOI 80/1020CMIi 1108IMPSI MPOMS20M UUKI1i8 HazpieaHHs1 ma 0X0s00xeHHs1 depe-
8UHU. Ha ocHo8i ompumaHux pesyrnbmamie meopemuyHUX i ekcriepuMmeHmarnbHUX 00CiOXeHb
3arnpornoHo8aHo IMMYNbCHI PEXUMU CyWiHHS 3a20mog8ok Oyba 4ep8oHO20 Pi3HOI MOBUWUHU, SKi
3arnobieaomb ymeopeHHto binux rnasm ycepeduHi Mamepiasny. 3ay8axeHO CKOPOYEHHS rpoyecy
y 1,6-2,4 pasy ma 3aveHweHHs1 eHepeogumpam y 1,53 pa3y. BusHayeHi ekcriepumeHmarnbHUM
WIISIXOM OKa3HUKU 3a/lUWKOBUX HarpyXeHb, 8erluduHU rnepenady HarpyXeHb y 3a2omoeKax
nic1A CyWIiHHS ma 8eslu4UHU MeXi MiyUHOCMIi Ha cmamuYHUU 32UH rMoka3sasnu, Wo SKiCmb CyWiH-
HS ix sidnoeidae | kameeopii skocmi 32i0Ho 3 [JCTY 4921:2008. MopieHAHHS ompuMaHux 3Ha-
YeHb i3 MakcumaribHO O0MnyCmUMUMU 3HAYEHHSIMU MeXi MiyHOCMI Ha po3msie nornepeKk 80/T0KOH
y maHeeHuianbHomy Hanpsmky o, = 6,5 Mla nokasano 3anac miyHocmi 25 %, wo ceid4ums
PO MOXJIUBICMb 3aCMOCY8aHHS iIMMYIbCHUX PEXUMI8 CyWiHHS O SKICHO20 CyWiHHS 3a20mo-
80K i3 depesuHu dyba 4yep8OHOZO.

Knroyoei cnoea: 0y6 yepsoHuli (Quercus rubra), koegiuieHm 8051020Mpo8iOHOCMI, My k-
CHI peXuMu, SIKiCmb CYWIiHHS, MePMiH CYWIiHHS.
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AKTyaJbHicThb. Y BUPOOHHKIB I0-
KpUTTA AJs MAJIOTH ChOTOJHI HaOyBae
MOMYASPHOCTI MBHUIKOPOCTYYHH IHTPO-
OyueHt 1y0 uepBoHui (Quercus rubra).
Kynerypu 3 ydacTio 1y6a uepBOHOrO y
nicax aepxiichonny Kuiserkoro ITosmic-
cs1 3aitmaroTs oy 2251 ra (Poliakova,
1999).

Jlo MOKPUTTIB MiJIOTH BIAHOCATH SIK
HNapKeTHY 3aroTOBKY 3 MACHUBHOI JIepEBU-
HU, TaKl 1 TOKPUTTS Yy BUIJISAJI MMapKeT-
HUX JIOLIOK, IO CKJIATAIOThCS 3 JCKINb-
KOX IIapiB 1 MAOTh JIUIbOBE MMOKPUTTS Y
BHUIJISAII JIaMEJIeH 13 IepeBUHU TBEPAHX
JUCTSHUX TOpPiA. Y TEXHOJOTii BUTOTOB-
JICHHSI JJaMeJIe 3aCTOCOBYIOTh TaKi CITO-
coOu, K monepeaHii po3kpiil numonpo-
JYKITi1 Ha JIaMeb 1 IogasbIe 11 BUCYIITy-
BaHHS, 1[0 CYIPOBODKYETHCS 3HAYHUMU
TpynoBUTpaTaMu Ha (GOpMyBaHHS Cy-
IIWIBHKUX TaKeTiB, Ta MOTIEPETHE CYIITiH-
Hs TWIONPOIYKIT 3 MOJATBIIUM BUTO-
TOBJICHHSIM JIAMEJi.

JIist CynriHHs THITONPOAYKIIIT ChOTO/I-
Hi BUKOPHCTOBYIOTh KOHBEKIIIHHI KamMepH,
o 00IrpiBalThCS Tapsyor0 Bogoro. ITif
Yac CyIIiHHS JCPEBUHH 1y0a 32 HU3BKUX
TEMIIEpaTyp BUHUKAE HAKOTMYEHHS BO-
JIOTH y 30HI Oisl IOBEPXHI — TaK 3BaHE
yMmoBHe jkepeno Bosoru (Pinchevska,
Spirochkin, Sedliacik & Oliynyk, 2016).
Lle mpu3BOAUTH M0 YTBOPEHHS CBITIMX
IJISIM yCepenrHi MuioMarepiaiis, sKi J10-
Bruil yac 30epiraimuch B yMOBaX ITiJBH-
[IEHOTO CTYIEHs HACHYEHHS MOBITPs Ta
MaJI HU3bKY IIBUAKICTH BHIIAJICHHS BO-
JoTd. Y TBOPEHHS IUISIM 3HU)KYE BapTICTh
nameni. [1036aBUTHCH IIHOTO OpPaKy MOXK-
Ha 3a paxyHOK iHTeHcu(ikamii mporecy
CYUIIHHS IIJISXOM IiJBUIICHHS TeMIIe-
parypu cymuibHOro areHty. OmHak
TpUBalla i BUCOKOI TeMIepaTypu
!y > 00 °C Ha JIepeBHHY 3 BONOTICTIO
Oimpmie misk W > 30 % cnpusie piskoMmy
3MEHIIeHHIO i MinHOCTI. Yepes 1e mo-
cTaja HeoOXiJIHICTh PO3POOJICHHS pallio-
HAJIBHUX PEXKHUMIB TPOBEACHHS MPOIECY

CYIIiHHS MUIONPOAYKIi 3 JepeBUHHU
Jtyba 4epBOHOTO.

AHaJi3 ocTaHHIX A0CTiIKeHb Ta My-
Osmikaniii. BumaneHHIO BOJIOTH 3 TBEPIUX
JUCTSIHUX IOPiJ JEPEBUHHU IMpPUTAMaHHI
MEeBHI OCOOJIMBOCTI: 3HAYHA TPUBAIICTH
MpoIleCy; BHOATIMBICTh O PEKUMHHUX
mapaMeTpiB CYIIiHHS, 3yMOBICHUX TE€M-
IepaTypHO-BOJIOTICHUMH MEKaMH; PU3IUK
BUHUKHEHHS Opaky 4M 3MiHH KOJNbOPY y
npomeci cymriaas Tomo (Pinchevska,
Koval & Marchenko, 2012; Wegener &
Fengel, 1987). Ile nepeayciMm moscHIO-
€THCS aHATOMIYHOIO OYIOBOIO ICPEBU-
HU — PEYOBHHAMH, IO YTBOPIOKOTH Mi-
KpOCTpyKTYypy nmx mopin (Vintoniv &
Uholiev, 2007).

OnHUM 31 MISXiB iHTEHCHU]iKamii
MPOIECY CYIIiHHS MUJIOMPOAYKIi € BH-
KOPUCTAHHSI IMIYIbCHUX PEXHUMIB, CyT-
HICTh SIKAX TIOJISATAE Y YepTyBaHHI Iepi-
OJliB HarpiBaHHs Ta oxonomkeHHs (Milill
& Kolin, 2008; Remond & Perre, 2008).
[lix gac cynriHHs iIMIOYJIbCHUMHU PEXKHUMAa-
MU [HMKJIM HArpiBaHHS Ta OXOJOKCHHS
BIIITpaloTh Pi3HY pOJIb y Tpoliecax Te-
ninomaconepenecers (Lykov, 1956). V
nepios HAarpiBaHHS TeMIIepaTypa MaTepi-
aJIy TIOCTYIIOBO TIiIBUIIYETHCS, IEPEBUHA
OTPUMYE TETUIOBUM yAap 1 HaAKOMUYYE
TeIIO, CYIIHHS BiOYBa€ThCs JIHIIE 32
paxyHOK TpajieHta BosorocTi. Ilig gac
OXOJIO/PKEHHSI TeMITepaTypa cepeloBHUIIa
3HIKYETBHCS, CTYIIHb HACHYCHHS 3pOCTae
1, BIJIMIOBiTHO, TiIBUIIY€THCS PIBHOBAYKHA
BoJioTicTh. TeMIiepaTypa BCepenuHi je-
PEBUHH MEPEBUINYE TEeMIEpaTypy Io-
BEpPXHEBUX IIapiB. 3a paxyHOK Li€i pi3-
HUII B JEPCBUHI BUHUKAE TO3UTUBHUU
rpajiicHT TeMIepaTypH, IO 3YMOBIIOE
MIrparfiro BOJIOTH 3 OLIbII HATPITHX Ila-
piB 0 MEHII Harpitux. Y pe3ynbrari
MOBEPXHEB1 Mapu Marepiay 3BOJOXKY-
IOTBCS, BOJIOTA MO TOBIIHHI JCPEBUHU
BUPIBHIOETHCA, B1IOyBa€eThCS peslakcaris
cynnuibHUX HamnpyxkeHb (Pleschberger,
Hansmann, Muéller & Teischinger,
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2013). OCKITbKH Yy MEePiosi OXOIOKCHHS
JICPEBUHH HE BUTPAYAETHCS CHEPTisi, TO
I1e MPHU3BOAMUTD 10 3HAYHOTO 3MEHIIICHHS
11 Butpar (Kosarin, 2012; Milit & Kolin,
2008) Ta 3MeHIIeHHsT cO0iBapTOCTI MPO-
necy Ha 24 % (Kosarin, 2012). Illoxo
BILUIMBY TMEPIOAMYHOrO HArpiBaHHS Ha
TPUBAJICTh CYIIIHHS BUCJIOBIIOIOTH HEO-
JTHO3HAYHI TyMKH, 30KpeMa, CKOPOUCHHS
npouecy y 1,5-2 pasu misi gepeBUHHU
Oyka 1 ny0a 3azHadeHo y (Lubovitsly,
1986), mpOTHIIEKHY AYMKY BUCBITIIEHO Y
pobotax (Bond & Espinoza, 2016; Salin,
2003). Ilpote yci HOCTITHUKA 3ayBaxKy-
I0Th TIOKPAIIEHHS SKOCTI CYIIiHHS.

J171s1 BU3HAYEHHS KIJIbKICHUX 3HAYE€Hb
napaMeTpiB iIMIYJIbCHUX PEXUMIB CyIIiH-
HS TWJIONIPOAYKIIT OTPIOHO BpaxoByBa-
TH BEIUYHHY TEMIIEPATypH 1 BOJOTOCTI
CYIIMJIBHOTO areHTy Iij yac HarpiBaHH,
BH3HAYHUTH OC3MECUYHY IS SKOCTI CYIIiHHS
aMIUTITYy KOJIMBaHHS TEMIIEPATypH Ta
BIUIMB PiBHS TEMIIEPATypH HarpiBaHHs Ha
MEXaHIuHI BIACTHBOCTI MaTepiany. [lepi-
OJIMUHICTH ITUKIIB «HArpiBaHHS — 0X0JO0-
JOKEHHS» TT1J] 9ac CYIIiHHS JOIUIBHO MPO-
BOJIUTH JIMIIE Y MEPiof, KOJIU NePEeBHHA
MICTUTBH BUIBHY Bosiory. Ilogaibiie 3a-
CTOCYBaHHsI TAKHX IIMKJIIB HE BIUTUBAE HA
LIBUJIKICTh BUAAJICHHI 3B’ 3aHOT BOJIOTH
(Pleschberger, Hansmann, Muéller &
Teischinger, 2013; Miliii & Kolin, 2008).
[Ticnst mocsATHEHHS IEPEBUHOKO BOJIOTOC-
W =20 % TeMIEpaTypy CyLIHIbHO-
r0 areHTy CJIiJ MiATPUMYBATH Ha MOCTIi-
HOMY PIiBHI JI0 JOCATHEHHS MIIOIPOIYK-
i€ 3amgaHol KiHIEBOI BOJOTOCTI
(Welling, Riehl & Zerhau, 2004; Folvik
& Magnar, 2004).

B 0CHOBY CTBOpEHHS IMITyJIbCHUX pe-
JKFMIB TTOKJIAJICHO TIPUHIIUT TIepepUBUAC-
THUX TMPOILECiB, IO CIOCTEPIralThCs 3a
aTMoc(epHOro CymiHHsg abo CylrHHS 3
BHKOPUCTAHHSIM COHSIYHOI €Heprii y re-
miocymapkax (Tepnadze, 1986; Hasan &
Langrish, 2016), konu JepeBHHA BACHB
HarpiBa€eThCA, a BHOYl OXOJIOMXKYETHCS.
3acTOCYBaHHS IMITYJIbCHUX PEXHMIB, Ha

BIIMIHY BiJl CYIIIHHS B TI'eJIIOCYyIIapKax,
Jla€ MOXKJIMBICTD PETYJIIOBATU MAapaMeTpH
CYIIMJIBHOTO arcHTa 3aJIC)KHO BiJl Xapak-
TePUCTUKH BHCYIIyBAHOTO MaTepiaiy.
CxJIaHICTh MONIATae y BU3HAUCHHI palli-
OHAJIILHUX PEXKUMIB, OCKIJIBKH BiOMI
aHAJITUYHO PO3PaxOBaHi MapaMeTpu Bif-
PI3HSIOTBCS K 3a pIBHEM TEMIIepaTypu
Ta aMILTITYJ00 1i KOJIMBaHb, PIBHEM BiJl-
HOCHOT BOJIOTOCTi, TaK 1 3a TPUBAIICTIO
[UKJIIB «HATPIBAHHS — OXOJIOJDKCHHS»
HaBITh JJIs1 TUJIOMIPOAYKIIT OJHI€T mOpoau
i TopmmHM (Kosarin, 2012; Shyshkina,
2006). OTxe, Ha CHOTOIHI HEMae Teope-
TUYHO MiATBEPIKEHUX Ta SKCIECPUMCH-
TaIIbHO MEPEBIPEHUX PEKUMIB 1HTECHCH-
(hikoBaHOro CylIiHHS AepeBUHU Ayda
YEPBOHOTO, sIKi O HEe BUKITUKAINA YTBOPEH-
HS «YMOBHOTO JJKEpesia BOJIOTH», IIO0
CIPUYHMHSIE BHHUKHCHHS CBITIHX IUISIM Y
BHYTPIIIHIX IIapax MUIOMPOIYKITii.

MeTo10 A0CHiIAKeHHS € BU3HAUYCHHS
mapaMeTpiB PaIliOHATIBHOTO PEXUMY CY-
IIHHS TUJIONPOIYKINT 3 JIepeBUHU ay0a
YEPBOHOTO Y MpOIEci IMIYIbCHOTO CY-
NIiHHS, 0 3a0e3neyarh SKiCHEe CyIIiHHS
JEpPEeBUHU 31 30epeKeHHIM MEeXaHIUHHUX
BJIACTUBOCTEH.

Marepiaau i MeToAH T0CJi/TKEHHS.
Juis AOCHIKEHHS OCHOBHUX PEKUMHIX
napaMeTpiB 00paHO 3aroTOBKHU Jy0a uep-
BOHOTO 0e3 BUAMMHUX Ne()EKTiB TOBIIHU-
goro 30 MM 1 50 MM, 110 BiAITOBITa€ TOB-
IIMHI TIPOMHCIIOBUX TTHJIOMaTepiaiiB, sSKi
HaifyacTilie BUKOPUCTOBYIOTh Y TEXHOJIO-
rii BurotorieHHs yameni. [llupuHa exc-
MEepUMEHTAIBHUX 3pa3KiB CTAHOBHUIIA
85-90 MM, cepemHs TOYAaTKOBA BOJIOTICTh
kosnuBanacst y Mexax 45-50 %. 3pazku
BHUCYLIyBaju 10 Bojorocti 7-8 %. Cy-
NITHHS TPOBOAMIIN Y 1a00paToOpHOMY Cy-
MIHIBHOMY TIPUCTPOI, 0OCSITOM 3aBaHTa-
xenns 0,12 m® mineHOTO Marepiany,
OCHAII[CHOMY CHCTEMOIO0 aBTOMATHYHOTO
KEpyBaHHS IPOLIECOM 13 HiITPUMKOIO
MBUJKOCTI HMUPKYIANIT CYMHUIBHOTO
areHTa Ha piBHi 1,2 m/c. Temnepatypy
BCEPEMHI 3pa3KiB BUMIPIOBAIH 32 JOMO-
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MoOTroI0 TepMornap. [ yHUKHEHHS IIBUA-
KOTO BHUJAJIE€HHS BOJIOTH 1, BIATOBIIHO,
PO3TpiCKyBaHHS MaTepiaiy Iij 4ac Ha-
IpiBaHHS y KaMepy IOJaBajl HACHUYCHY
napy.

Jist 0OYrCIIeHHs TIOKa3HUKa BHYTPIIII-
HIX Halpy>XCHb BUCYIICHUX 3arOTOBOK 3a
BIIHOCHOIO jAedopMaliiero 3yOI1iB CHIIO-
BHX CEKIIiif BUKOPHUCTOBYBAJIH METOAHUKY
ACTY 4921:2008 Tta ENV 14464:2002.
BenuuuHu Moaynst Mpy»KHOCTI Ta MPYK-
HHUX jgedopMalliii BU3HAYAIH 3TiHO 3
meroaukoro (Uholiev, 2007).

BusHadueHHS MeXaHIYHHUX BIIACTHBOC-
Teil BUCYIICHOI JepeBUHH (MEXi MIITHOC-
Ti Ta MOAYJS MPY>KHOCTI 32 CTAaTUYHOTO
3THHY) BUKOHYBAJIH BiAMOBIAHO 10 BKa-
31BOK cTaHgapTtHol mertoauku (EN
408:2010) 3 BUKOPUCTAaHHAM BHUIPOOY-
BaibHOI MamwuHu P-5. BunpoOyBaHHS
MPOBOAMIIA Y MPHUMIIICHHI 32 BOJOTOCTI
noBiTps 65+5 % 1 Temmeparypu HaBKO-
numHbporo cepemonumia 2042 °C.

st po3paxyHKy pamioHalbHUX Hapa-
METpiB PEeXKUMY CYIIiHHS 3aIPOIOHOBAHO
rinore3y KiHETUKH OCIHIIFOBAIBHOTO CY-
LIiHHS, sIKa TOJISira€ B YSBICHHI 3MiHU
TEMIIEPaTypH MaTepially 3a CHHYCOinalb-
HUM 3aKOHOM:

2n

A td?’) +
Tper
+3 (ta = ti)Ki € Ko Lu,

B e e A sin( o

je f, — TeMIepaTypa IOBEPXHi ACPCBHHH,
o .

C;t  — cepenne ap}/l(bMeTHqu 3Ha-
YCeHb TEMIIEPATypH HArPiBaHHS Ta OXOJIO-
JokeHHs, °C;

A, — amIuTiTyza ocipitoBanus, °C;

T,,, — TPHBAITCTb OJIHOTO LUKILY (ma-
rpiBaHHS — OXOJIOJIPKEHHS), TOJI;

7, — TPHUBAIICTh NPONLECY CYIIiHHS,
TO;

t, — Temmeparypa cepenosuiia, °C;

t,, — TIOYAaTKOBA TEMIIEPATypa JIePEBH-
HH, °C;

Ki — xpurepiit Kipmiuosa (Lykov,
1956);

€ — KoeilieHT $pa3oBOro MepeTBOPEH-
Hs Bonoru (Horokhovsky, 2008);

Ko — xputepiit Kocosuua (Lykov, 1956);

Lu — xputepiii Jlukosa (Lykov, 1956).

JI1s1 BU3HAUCHHS KIJIbKICHUX 3HAYCHB
kputepito Jlukosa Lu i xpurepito Kipmi-
yoBa Ki HEOOXiJHO MaTH KUIBKICHI 3HAa-
YeHHs Koe(DIIiEHTIB BOJOTOMPOBITHOCTI
JEPeBUHU Ay0a, SIKi BUBHAYAIOTH EKCIIe-
PUMEHTAIbHUM IUISIXOM. J1Jis BU3HAYCH-
HS KOCQIIi€HTIB BOJOTOMPOBIIHOCTI BHU-
KOPUCTAHO METOJ] KOHTaKTHOTO 3BOJIO-
xkeHHs (Serhovsky & Rasev, 1987;
Alpatkina, 1970). Ins nsoro BimidOpaHo
3pa3Ky JIEPEBUHHM Ty0a YEPBOHOTO MOXO-
JoKeHHSM 13 3007 Iomicest — HalO1IbIIO-
ro apeany AyOoBux JiciB Ykpainu. 3a-
rajpHa KiJbKICTh JOCIIIB 3 ypaxyBaH-
HsIM oTpumaHoro (Alpatkina, 1970)
koedilieHTa Bapiarii Va,= 7,7 % craHo-
Buna 32 mr. IHmi ckilagoBi 3rajaHux
BHUIIIE KPUTEPiiB Ta Koe]ilieHT (ha30BOro
[IEPETBOPEHHS BOJIOTU BHU3HAYAIHU 32 Bi-
JoMUMH 3anexHocTsaMmu (Vintoniv, So-
pushynsky & Teischinger, 2007;
Horokhovsky, 2008; Kosarin, 2012; Shu-
bin,1990; Ozarkiv & Kopynets, 2006).

Pe3yabTaTn nociigkeHHs ta ix 00-
roBopeHHsi. BusHaueHHs mapameTpiB
PEKUMY IMIYIBCHOTO CYIIIHHS IPOBOIH-
TU eMIipuIHUM muisaxoM. [lapamerpn
CYUIMJILHOTO areHTa MpOTAroM HarpiBaH-
Hs OynW TakMMHU: TeMmIeparypa
t = 100 °C, BigHOCHa BOJIOTICTH —
¢ = 90-100 %. TpuamicTs HarpiBaHHs
3YMOBJICHO OCSATHEHHSM TEMIICPaTypu
UEHTPY 3aroTOBOK 7, = 85 OC. Jns Bu-
3HAYCHHsI PaIliOHAIBLHOI aMILTITYIH KOJIH-
BaHb TeMIIepaTypu OyJ0 MPOBEICHO J0-
CIIJKCHHST TPUBAJIOCTI Tpolecy y pasi
JOCSITHEHHSI Pi3HUX PIBHIB TEMIEpaTypH
(t,=25°C,t ,=55°Cit ,=70°C)
OXOJIO/KEHHS. BuszHaueHo, 1o HaniO1Ib-
[ra MBUJAKICTH BHUIAJIEHHS BOJIOTH 31
3pa3KiB XapakTepHa JJIs aMIUTITyau KO-
JMBaHb TEPIOy TEMIepaTypH 3pa3ka, Io
nopiBHioe 30 °C, aHAJIOTIYHO 3 OTpHUMa-
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100

Temueparypa, °C
Cryninb nacasenns nopirps, %

0

0 5 10 15

=—CTyni#p
HACHYEHHS

——Temmeparypa 3a
CYXHM
TepMOMETPOM

~—Temmeparypa 3a
3MOYEHHM

TepMOMETPOM

~=Temneparypa
3aroTOBKH

20 25 30

TpuBamxicTs cyminns, rox

Puc. 1. ®akTHuHi 3HAYCHHS MapaMETPiB PEKUMY CYIIIHHS Ay0a 4epBOHOTO 3aBTOBIIKH
50 MM Ha mo4aTKoBil cramii

Humu (Zakharzhevsky, 1948; Minhazov
& Kachalin, 1976) pesynbraramu.

BcTaHOBIIEHO HEBiAMOBIAHICTH TilO-
TE3U 3MIHH TeMIEpaTypH 3a CHHYCOi-
JATBHUM 3aKOHOM CKCIICPUMEHTAIbHUM
JaHUM, [IPH OHOMY TPHUBAIICTh Harpi-
BaHHS Marepialy € MCHIIOI Maiike y 3
pasu 3a yac OXoJIoJKeHHS (puc. 1).

OTpuMaHi eKCIepHMEHTANbHI JTaHi
KIHETHKH 3MIiHU Temreparypu (puc. 2)
MOKA3aJIH, [0 TepioJ] HarpiBaHHs Big0y-
BAETHCS 32 IMOJTHOMIAIBHOIO 3AJICKHICTIO,
a Tepio; OXOJIO/PKEHHS — 38 eKCIIOHEHII-
QIBHOIO. 3TiHO 3 BIAMIHHOCTSMH KiHe-
TUKU 3MIHH TeMIEpaTypy IOBEPXHI 3pa3-
KiB, 10 BiJITOBI/Ia€ TEMIIEPATypi MOKPO-
ro Tija, y mepioii HarpiBauus f, waap?
rojl, T2 OXONO/DKEHHA £, . TOJI, CKOPH-
TOBaHO BUCYHYTY TilOTE3y MIOAO CHHY-
coimajpbHOTO 3aKOHY ii 3MiHH. 3ampono-
HOBAHO PO3TIIIATH OKPEMO MEpioau Ha-
IpiBaHHS Ta OXOJIOJKCHHS:

1 ;
!m-s.mw- = 'rn.mw! 2.4 5 i {f{; - ru.nu:m) 2 KIMMOLHS

: @)

lon s = Ly + = (e =1y ) * K 6KoLH,

oG _oxor . ey 5
Zle_ tu vacp? Ly, ovon — TEMIIEPATYDA LCHTpaIIb-
HOT YaCTWHM 3arOTOBOK y TIEpioj Harpi-
BaHHS Ta OXOJOMKEHHS Bimmosiguo, °C.

3aranpHy TPUBAJICTh CYIIHHS T _ ,
cyut

rO/I, 32 3aIPOIIOHOBAHUM PEXUMOM J0-
LUTEHO BH3HAYUTH 32 3araibHOIO KUTBKiC-
TIO [IUKJIIB, IO CKJIQJAETHCS 3 CYMH Tepi-
OJliB HATPIBAHHS 7, TOJI, OXOJO/KCHHS
T ., TOM, Ta mepiofy Oe3mepepBHOTO Ha-

oxon’

T'p1BaHHA Tosm? rong (BIZ[ BOJIOIOCT1

W = 20 % no kxiHueBol BOJOTOCTI
W = 6-10 %):
Tcym =n- (Tnaep + TOX().[) + Tﬁe;m’ (3)

Jie N — KIJIBKICTh IUKIIIB MPOIIECY OCIH-
JTIOBAJIGHOTO CYIIiHHS, IIT.;
T —TpI/IBaJ'IiC”FL HarpiBaHHS, roJ;
o, — TPUBAIICTh IPOLECY OXOIO-
JUKEHHS, TOJ;

.. — TPUBAIICTh CyIIiHHA 3a Oe3me-
PEpBHOTO HArpiBaHHS IO SKCILTyaTalliii-
HOI BOJIOTOCTI Marepiaiy BiJl BOJOTOCTI
Wmm= 20 %, To.

1 BU3HAUEHHSI OCTaHHBOTO MEPiomy
CYWIIHHS 3a CTajoi TeMIepaTypu BHUKO-
pucrano piBasHHS (Serhovsky & Rasev,

1987):

.8 W . -W
Bem — 36020 S ] ( i PM} (4)
r*-a W, ~W,,

Je a’ — Koe]ilieHT BOJOTONPOBITHOCTI,
cM?/c;
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50 45 40 35 30 25 20
Bonoricte Marepiany, %

o = N W

TpuBanicTh LUKy, TOA

¥ TeopeTH4Ha TPUBANICTh LIMKITY
= EKcriepMMeHTabHa TPHBATICTD LIMKITY

a

=

g 10

=

=

a 0

8 50 45 40 35 30 25 20
;_}, Bonoricte marepiany, %
o,

=

¥ TeopeTH4Ha TPUBAIICTb LIMKITY
¥ ExcriepyMeHTaIbHA TPUBAJIICTD LIMKITY

o

Puc. 2. 3icTaBlIeHHs €KCIIEPUMEHTAIBHOI Ta PO3PAaXYHKOBOT TPHBAIOCTI LUKIIIB CYIIiHHS

3aroTOBOK TOBHIMHOIO 50 MM ay0a 4epBOHOTO: a — HArpiBaHHs; 6 — OXOJIOJKEHHS

1. Pe3yabTaTn nepeBipku ajleKBaTHOCTI MojeJieil 111 3HAYeHb TPUBAJIOCTI
3a pi3HuX nepioaiB cymiHHsA

) ) t-xkputepid CrprofenTa | F-kpurepiit ®@imepa
[Topona Ilepion cymiinHs
t t F F. .
posp Kpum posp mabn
JIy6 sepsommit HarpiBaHHS 0,20 2,09 2,13 2,82
IepBOHUIA
vo Hep OXOMOBKEHHA 0,41 2,07 1,31 2,82

WW, WKJ Wpi« — BIAMOBIHO BOJIOTICTH
MOYaTKOBa, KiHIIEBAa Ta PIBHOBaXxHa, %;
S — TOBIIMHA Marepiamy, CM.
JUis BU3HAUCHHS KUTBKOCTI IMKIIIB «Ha-
I'piBaHHS — OXOJIO/PKEHHSD) 3aJICKHO BiJl
TOBIIUHMA Marepiaixy Ta IMO4YaTKoBOi BOJIO-

TOCTI 3aIPONIOHOBAHO EMITIPUYHE PIBHIHHS:

n=(14-W,_ —85)-5-

- 0,333 ‘W, - 5,623. (5)

[TepeBipka omep)aHOTO PIBHSIHHS IS
piBHSA 3HauymocTi 5 % miaTBepauia
aJICKBaTHICTh MoOJeJi (3a KpUTepieMm
Crerogenra ¢t = 0,01 <t = 2.05; 3a

) posp, mabn
kputepiem ®@imepa F = 1,10 <
posp
< Fmaﬁn - 2’98) . .

3 ypaxyBaHHSIM OCOOJMBOCTEH KiHe-

THKH KB HArPIBaHHS 1 OXOJIOIKEHHS

perpeciiiHe piBHSHHS TPUBAJIOCTI CYIIIiH-

Puaep =10

1-(0,006+107° (120-£.)"* (1, ~nt,,

@DJO.‘I =

1-(0,006+107° (120—7,)"4¢ O

HSl MaTepianxy y Mmepiof iMIIyIbCHOTO Ha-
I'PiBy NPEICTABICHO y BUITISL:

£, = ((0,005- 5 —0,0012)- W, +0,65-5 +0,05)-1,, +
+(0,14-2,00-S)- W, +75,05-§ —6.54;

£, = ((1,65- S —0,069)- In(¥.)—10,17-§ +0,264) -1, + (6)
+(4,08— 86,48 §)-In(¥, ) + 47492 5—10,09,

ne W_— xinuesa BOJIOTICTh Matepiainy, %o;

sazp Loxon — TEMIICPATYPH HATPIBAHHS 1
OXOJIOJPKEHHsI BiAmoBigHO (3a Tabn. 1),
°C.

IlepeBipka TeOpEeTUYHHX PIBHSIHD TPH-
BAJIOCTI LMKJIB HarpiBaHHsS Ta OXOJIO-
JOKeHHS (puc. 2) miaTBEepAMIa aJeKBaT-
HICTh Mojnenel (tadm. 1).

J1st BU3HAUEHHS CTYIEHs HACHYEHHS
@ areHTa oOpoOIeHHs Yy pi3HI mepionu
IMITyJIbCHOTO CYIIiHHSI 3alIPOTIOHOBAHO
PIBHSIHHS:

1 : e CPTPPRNRY o i
P e }_Kiﬂsxaf‘")l,o?-lﬂn (146-12)

homt 3

1 ) ~17 7.77
+—'(|'c-f'°)-KJMSKGLH]I"]N“D (1461, )

> (D

GXO, o 2
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Je t — TeMIeparypa CepeloBHUINa Cy-
muiIsHO1 Kamepu, °C.

Ji1s po3paxyHKy BIAITOBITHHX KpUTEPi-
iB y piBHAHHAX (2) 1 (7) BUKOpPHCTaHO
OTPUMaHI EKCIIEPUMCHTATbHUM IIIIXOM
3HAYEHHsI CEPETHBOT 0a30BOT NIIIIBHOCTI Jie-
peBuHH 1y0a uepBoHOro — p_ = 570 Kr/M°,
a TaKOX 3aJIeKHOCTI Koe(iIlieHTiB BOJIO-
TOTPOBITHOCTI BiJl TEMIIEPATYPH y TaHICH-
[iaTbHOMY Ta paiallbHOMY HaIpsSMKax:
— s pamialibHOTO HAIMPSIMKY:

a' = (0,1491 - ¢ - 3,4210) - 10, (8)
— JJId TAHT'CHTAJIBHOTO HaHp}IMKyI
a' = (0,1203 - £ —2,9170) - 10 (9)

BinnoBigHO 10 OTPUMAaHUX pe3yibTa-
TiB TEOPETUYHHUX 1 EKCIIEPUMEHTAIBHUX
JIOCJIIJIKEHb 3alpOTIOHOBAHO IMITYJIbCHI
PEXUMU CYILIiHHS 3aTOTOBOK 3 JIEPEBUHU
ny0a yepBoHoOro (Tadm. 2).

3a pe3yabTaTaMH MPOBEACHUX CYIIiHb
3a 3aMPONOHOBAHUMHU PEKUMAMU BUSIBIIC-

HO, IO y 3arOTOBOK OOWIIBOX TOBIIWUH
HEJIOMYCTUMUX JC(PEKTIB HE CIOCTepira-
JI0CsI, KOJIp JICPEBHUHU CTaB TEMHIIIUM,
OUTBII YITKO MpOsBUIIACS TeKCTypa. ITicis
PO3KPOIO MUJIOMATepiaiB Ha JlaMesi OLTX
WIsiM He Oyto BUsIBIICHO (puc. 3).
[lopiBHAHHS OTpUMaHHUX PE3YIBTATIB
TPUBAJIOCTI CYIIIHHS 32 3aIIPOIIOHOBAaHUMH
IMIYTBCHUME PEKAMaMH 13 PO3pPaxyHKO-
BHMH 3HAYCHHSIMH TPUBAJIOCTI CYIIIHHS 32
TpaguiiHIMA Oe3IepepBHUMH peKUMa-
mu (Serhovsky & Rasev, 1987) moka3zaio
CKOPOUEHHSI TPUBAJIOCTI Tporecy y 1,5—
2,4 pasy 3aJISKHO BiJ] TOBIIMHU 3aTOTOBOK.
3a BIAHOCHOO JiehopMaIliero CHIIOBHX
CEKI[Iil BM3HAYEHO, IO BIAMOBIJIHO 0
OIIIHKK BHYTPIIIHIX HanpyxeHb 3a JICTY
4921: 2008 BuCyIIeHI 3aroTOBKH BIIO-
BimaroTh | Kateropii sikocti cymrinHs. J{s
KIJIbKICHOT OIIHKK HAmNpyXEHOr0 CTaHy
3pa3KiB Jay0a 4epBOHOTO TOBIIMHOIO 50 MM
Oyau moOymoBaHI €MIOPU HANpPYyXKCHb
(puc. 4) 1 BU3HAYCHI BEIMYUHM TIepenany
HAIPYKEHb IICJIS CYIIiHHS PSKAMOM, Ha-

2. PexomenioBaHi iMny/ibCcHi pe:KUMHU CyIIiHHSA lepeBUHU 1y0a 4epBOHOTO

Cep'eILHﬂ0 Pesumii napameTpu ToBmuHa mHIIOMaTEpialy, MM
BOJIOTICTB, % 30 50
Temmneparypa cepenosuma ¢, °C 100 80
230 Temmeparypa 3aroToBox 7, . °C 85 65
Temneparypa oxonomkenns ¢, , °C 55 35
Cryninp HacHYeHHS HOBITPA ¢, % 95 95
Temmneparypa cepenosuma ¢, °C 100 80
3095 Temmeparypa 3aroToBox 7, . °C 85 65
Temmeparypa oxomomkenns ¢, , °C 55 35
Cryninp HacHYSHHSI NOBITPA ¢, % 50 79
Temneparypa cepenosuma ¢, °C 100 80
2520 Temmeparypa 3aroToBox 7, . °C 85 65
Temmeparypa oxomomkenns ¢, , °C 55 35
CryniHp HacHYeHHs NOBITPA ¢, % 38 55
Temneparypa cepenosuma ¢, °C 100 80
20-13 Cryninp HacHYEHHS HOBITPA @, % 35 40
Temmeparypa cepenosuma ¢, °C 100 80
<15 CryniHp HacHYeHHsI NOBITPA ¢, % 35 38
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Puc. 3. TToBepxHsl Jlameneld i3 IepeBUHU Ay0a, BUCYIICHOTO PI3HUMH PEKUMAMHU: d — HU3bKO-
TEeMIIepaTypHHUM i3 HasSBHICTIO OUTHX IUISAM; O — IUKIIYHIM — 3 OJHOPIIHUM 3a0apBICHHIM

-1,50 ,A
|

gg 41,00
g 0,50 \ //
égom:»\456789/1;l//lﬁlz
. 0,50 ‘\\l““-/ J—_L\/

1,00

ToBIMHA 3ar0TOBKH, MM

Puc. 4. Emropa 3anumkoBux HanpykeHb 3pa3ka No 2

BeieHNM y Tabi. 2. [TopiBHAHHS oTpUMa-
HUX 3HAYEHb i3 MAKCHMAJbHO JOMYCTH-
MHUMH 3HAYEHHSAMH MeX1 MIIHOCTI HaA
PO3TAT MOTEPEK BOJIOKOH y TaHTEHITiah-
HOMY HanpsmMKy o = 6,5 Mlla nokasano
3arac MinHocTi 25 %, ToOTO BHCYIIeHI
3aroTOBKM HE TOBHMHHI 3a IOJAJbIIOTO
00po6eHHs nedopmyBaTucs.

[lin wac BumpoOyBaHHS BUCYHIICHUX
3aroTOBOK Ha CTaTHYHHIA 3TUH BUSBIICHO,
IO MiCJS JOCATHEHHSI MaKCHMAaJbHOTO
HaBaHTA)KCHHS 3pa3KH e NMEeBHUH dac
30epiranu ¢Gopmy mepeln OCTATOYHUM
pyiiHyBaHHSIM. MakcUMallbHE HaBaHTa-
JKEHHS TIiJ] yac pyHHYyBaHHS 3a (hakTHU-
HOI BOJIOTOCTI 3pa3Ka, BHCYIIEHOTO Kia-

CHYHUM O0e3MepepBHUM pPEXKUMOM Ta
pO3pOOICHUM IMIYIBCHUM, CTAHOBHUJIO
pigmosigHo 3,1 kH Ta 3,8 kH. Ot1xe, ko-
POTKOYACHUH BIUTUB IiABHIICHUX TEMIIC-
paTyp CYLIMIIBHOTO areHTy HE BIUIHHYB
Ha MeXaHiYHI BJIACTHUBOCTI 3pa3KiB TOB-
muHOo 50 MM 3 qy0a 4epBOHOTO.
BucnoBku i nepcnexktuBu. Ha ocHo-
Bl IPOBECHUX TCOPCTHYHHUX Ta EKCIIC-
PUMEHTAIBHUX JOCHTIKEHb IMITYJIbCHOTO
CYNIIHHSI 3arOTOBOK i3 JIepEeBUHU Jy0a
YEPBOHOTO 3alPOIIOHOBAHO pallioHATbHI
PEXUMHU, IO JAIOTh 3MOTY YHUKHYTHU BU-
HUKHEHHs OUIMX IMIISM yCepeIuHi 3aro-
TOBOK. Bu3HaueHO, 1m0 3HAYCHHS MEXi
MIIIHOCTI Ha CTATUYHHUN 3TWH BUCYIICHUX
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3aroTOBOK 13 JIEPEBUHU Iy0a 4e€pPBOHOTO
€ OlmpmuMy Ha 15,0 % BiJ 3HAYEHDL MEXKI
MIIHOCTI IS IEPEBHMHH, Ky BHCYIIyBa-
JIM 3 KJIACHYHUM HHU3BKOTEMIIEPATyPHUM
PEKUMOM.

PeairizyBatu po3poOiieHi OCIHITIO-
BaJIbHI PEKUMH JIOIILHO B GE3KaaopH-
(bepHHX CYNIMIBHHX yCTaHOBKAax, Iepe-
Baroro SKMX € MaJIOIHEPIIHHICTh 3a TeM-

nmeparyporo, ToOTO cymrapka IIBHIKO
HarpiBaeTHCS Ta OXOJOMKYEThCA. Buko-
PHUCTaHHS Ha MiANPHEMCTBAX PO3POOICHUX
PEXUMIB OCIMITIOBATBHOTO CYIITIHHS B O€3-
Kanopu(depHUX Kamepax, MepeBipeHux y
IIPOMHUCTIOBHX YMOBaX, 3a0e31eaye eKOHO-
MIYHY €(pEKTHBHICTb 32 PaXyHOK CKOPOYCH-
HSI TPHUBAJOCTI CYNIiHHS Ta 3MEHIICHHS
eHepreTuyHux Butpar 110 40 %.
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Pinchevska O. O., Spirochkin A. K.
OSCILLATING DRYING OF RED OAK WOOD BLANKS

The reasons for the reduction in the price of the lamella made of oak wood have been determined.
It is established that during the drying of oak wood at low temperatures there is an accumulation of
moisture in the near-surface zone, the so-called “conditional source of moisture”. This leads to the
formation of light spots in the middle of the lumber, which have long been in conditions of high air
humidity and had a low rate of moisture removal. To avoid this defect, it is proposed to intensify the
drying process by using oscillating schedules, which consist of periods of heating and cooling of
wood. During the heating period, the temperature of the material gradually rises, the wood receives
heat stroke and accumulates heat, drying occurs only due to the moisture gradient. During cooling,
the air temperature decreases, the degree of saturation increases and, accordingly, the equilibrium
moisture content increases. As a result, the surface layers of the material are moistened, the moisture
is leveled along the thickness of the wood, there is a relaxation of drying stresses. In the laboratory,
experimental studies of oscillating drying of red oak wood blanks with a thickness of 30 and 50 mm
were performed. The amplitude of temperature fluctuations is determined — 30 ° C and the expediency
of cyclic heating only until the average moisture content of the material reaches 20%, after which
the wood should be dried to the required final moisture content at a constant heating temperature.
A method for calculating the duration of oscillating drying is proposed, which takes into account the
peculiarities of the kinetics of the periods of heating and cooling of sawtimbers made of red oak
wood with a thickness of 30 mm and 50 mm. It is recommended to consider the process of temperature
change kinetics as the sum of the processes of cyclic heating, which occurs in polynomial dependence,
and cyclic cooling, which occurs in exponential dependence. It is determined that the ratio of the
duration of cyclic heating to the duration of cyclic cooling is 1/3. Using heat and mass transfer criteria
and the experimentally determined coefficient of moisture conductivity of red oak wood, an adequate
model for calculating wood temperature and relative humidity during wood heating and cooling cycles
has been developed. Based on the obtained results of theoretical and experimental studies, oscillating
drying schedules of red oak blanks of different thickness are proposed, which exclude the formation
of white spots in the middle of the material. The process was reduced by 1.5-2.4 times and energy
consumption was reduced by 1.53 times. Experimentally determined indicators of residual stresses,
the magnitude of the stress difference in the workpieces after drying and the values of the tensile
strength showed that the quality of drying corresponds to the | quality category according to DSTU
4921: 2008. Comparison of the obtained values with the maximum allowable values of tensile strength
across the fibers in the tangential direction om = 6.5 MPa showed a margin of safety — 25%, which
indicates the possibility of using oscillating drying schedules for high-quality drying of red oak wood
blanks.

Keywords: Red oak (Quercus rubra), moisture conductivity coefficient, oscillating schedules,
drying quality, drying duration.
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BNiavB YMOB MICLIE3BPOCTAHHA HA 3MIHY BUAOBOIo
CKNnAAY MIKOBIOTU HACIHHA COCHU 3BUYAUHOI

I. 0. BOMKO, kaHdudam cCinbCbKko20cno0apChKUX Hayk
e-mail: annaboyko31051990@ukr.net
H. B. MY3PIHA, kaHOudam cinbcbKo2ocrnodapChbKux HayK, 0oueHm
e-mail: npuzrina@nubip.edu.ua
HauionanbHul yHieepcumem 6iopecypcie i npupodokopucmyeaHHsl YKkpaiHu

LocnioxeHo eudosull cknad MiKpomiuemie HaciHHSI COCHU 38u4yaliHol, 3ibpaHo20 3 Haca-
OXeHb, WO 3pocmaromb y Pi3HUX JTICOPOCIIUHHUX yMoeax, ma 8idibpaHo2o 3 depes pi3HUX 8i-
Kosux epyrn. BcmaHoeneHo, wo Ha HaciHHi Hauyacmiwe mpanasnucs eudu Mikpomiuemie —
Alternaria alternata, Cladosporium cladosporioides, Fusarium oxysporum, Mycelia sterilia.
BusHavyeHo domiHaHmHiI sudu mikpomiuemis, 3okpema Penicillium cyclopium, Alternaria alternata,
Cladosporium cladosporioides, Fusarium sambucinum, siki Halibinbw Hebesne4yHi 0519 po38UMKY
300p0o8oeo cadusHoz20 Mmamepiany. |0eHmucghikogaHO Halbinbwy KinbKicmb MiKpomiyemis i3
HaciHHs HacadxeHb, W0 3pocmarme 8 ymogax 605102020 (A,) — 189 eudie ma ceixozo 6opy
(A,) — 103 mikpomiyemu, a HalmeHwy — ceixoeo (B,) ma cupoeo cybopy (B,), eidnosidHo 92 i
93 izonssmu. Halibinbwy Yacmomy mparnisHHs Ha 00CniOHUX 3pa3Kax HaciHHS COCHU 38U4aliHOI,
8i0ibpaHoeo 3 HacadxeHb cgixo20 bopy, manu mikpomiuemu Penicillium cyclopium, Alternaria
alternata, Trithothecium roseum, a HaumeHwy — Mortierella alpine, P. canescens, P. lanosum,
P. variabile, Fusarium sporotrichioides. 3a3HayeHo, wo Haliyacmiwe Ha HaciHHI, sike gidibpaHe
3 Oepes pi3Hux sikosux epyn, mpannanucs Mycelia sterilia (9,2 %), Fusarium sporotrichioides
(9,6 %), modi Ak HalmeHwy Yacmomy mparisiHHs Manu — Alternaria alternata, A. tenuissima,
Fusarium verticillioides, Trichothecium roseum — 1,9 %. [ocnidxeHo nodibHicmb 8udosoeo
cknady mikobiomu HaciHHS, 8idibpaHo20 3 MO/100uUX ma cepedHbOBIKOBUX HacalXeHb (MOKa3HUK
nodibHocmi — 84,2 %) ma cepedHbogikogux i cmuanux (noka3Huk nodibHocmi — 89,4 %). Men-
wy nodibHicmb criocmepieanu mMix sudosum ckrnadom epubis, ideHmMuhiKogaHUX Ha HaCiHHI,
8idibpaHomy 3 MOMoOUX ma cmueanux HacadxeHb (nokasHuk nodibHocmi cmaHosume73,6 %).
Haubinbw nodibHum 6yno HaciHHs cepedHbOB8IKOBUX i cmuaniux HacadxXeHb, HaluMeHwWw noodi-
6HUM — MOnodHsiKie | cmuanux. [Mpu YbOMy HaciHHS, gidibpaHe i3 pi3HUX 8IKOBUX 2pyrl, € Pi3HUM
3a sudosum cknadom mikpomiuemis (ModibHicmeb eapitosana y mexax 73,6-89,4 %).

Knroyoei cnoea: sikosi epynu depes, mikobioma, mur 1iCOPOCAUHHUX yMO8, MIKpomiyemu,
cocHa 3euyalHa.

AxTyaabHicTh. COCHA 3BHYaiiHa, sIK  XBOPOOM HACIHHS, MPUIIISIOTH OCOOIUBY
1 0araTo IHIIWX XBOWHHUX JEPEBHHX BH-  yBary B JIICOTOCIOAapChKOMY BHPOOHH-
JIB, Yy IPUPOJAHUX YMOBAX BIIHOBIIOETh-  IITBI, OCKIJILKH 1X MPUCYTHICTh HA HACIH-
Cs TUTbKM HacCiHHEBUM HuIsixoM. DiTona-  HI HABITH Y COTHX JOJSX BIJICOTKAa BiJ
TOFCHHUM TI'pubaMm, IO CIPHYHUHSIOTH  3arajibHOI YUCEIBHOCTI MIKPOOPTaHi3MiB
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CTaHOBHTH PEabHY 3arpo3y mija yac Horo
npopoctanHs. ToMy JOCIIKEHHS MiKO-
0i10TH HACiHHS € aKTyalbHUM, a HOro
KJIac SIKOCTi — 3alOpyKolo (popMyBaHHS
CTIHKHX 1 MPOAYKTUBHUX COCHOBHX Ha-
camkenb (Bojko & Bashta, 2015). Kiac
SIKOCTI HACIHHS MOXE 3HUXKYBATHCH,
SKII0 HACIHHS 3apa)KeHe MaTOTCHHUMH
Mikpoopranizmamu (Bilaj, 1984; Bilaj,
1998). Ha pocTyunx aepeBax HaciHHS 3a-
XHIICHE JTyCKaMH IMIXIIKA Ta, 32 CBOEYAC-
HOTO 30HMpaHHs, Maike HE 3a3HAE€ BILUTUBY
MaTOTEHIB 330BHI. HaciHHSA HEPO3KPUTHX
mumiok Ha 100 % 310poBe, ane Mae CBOIO
Mikpo¢uopy, 30KpemMa MNaTOTEHHY
(Rozenfeld, 2005).

[IIupoka exoJioriyHa MJIACTHUYHICTH
rpubiB 3a crrocOOOM KUBICHHS 1 3HAYHE
O10pI3HOMAHITTS Jar0Th iM 3MOTY 3aiiMa-
TH MIPAKTUYHO BC1 Hilli JicOBOTO iTOlLIe-
HO3y, 3a0e3MeuyBaT Kpyroooir peyoBUH
y OioneHo3i. Bizomo, 110 HalaBHILION
¢opmoro icHyBaHHS TpHOIB € carpoTpod-
HUU CITOCIO KUTTS, 1 Iepexija JIo napasu-
TU3MY Y HUX B1JI0yBaBCsl y IpOIECi TpH-
BaJIOTO €BOJIIOIIIIHOTO po3BHUTKY (Patyka,
2007). 3a crynenem napa3uTHYHOI aKTHUB-
HOCTI 1 crI0co0y *KUTTS BUAUISIOTH TPYITH
rpuOiB, SIKI PO3TAIIOBYIOTHCS Ha PI3HHUX
mabnax eBonmoouiiiHol apadbunu (Bi-
lokin, 1995).

OueBUIHO, i B IPUPOJAHUX YMOBAX BU-
JI0BE 1 JOPMOBE PIZHOMAHITTS MIiKOJIOT14-
HOTO Ta MIKpOOIOJIOTIYHOTO YrpynyBaHb
COCHHM 3BUYAaKWHOI 0Oe3mocepenHbo
OB’ sI3aHE 3 PEIKUMOM KUBJICHHS (32 1H-
IMX piBHUX yMOB). Bimomo, 1mo pocnuna
CEJICKI[IOHYE CBilf MiKO- Ta MiKPOKOMII-
JEeKC 1, IIJIKOM BIpOTiHO, IO I
OB’ S13aHO 3 JKUBJICHHSIM POCIHHU. MiKO-
Ta MIKpOOpraHi3MaM IpuTaMaHHa BHOIp-
KOBICTh JI0 THX YM THX OpPraHidYHHX 1
MiHEpAJbHUX CIONYK, a IXHE CIiBBiIHO-
IIEHHs 3HAYYIIO BIJIMBAE€ HA MIKOOIOTY
(Pidoplichko, 1977; Pidoplichko, 1991).

AHaJni3 ocTaHHIX J0CiIKeHb Ta My-
oaikaniii. 3a mocmimxenuamu Canmys
(2010), xyapTypH, CTBOPEHI 3 TEMHOTO

HAcCiHHS B OOpOBUX yMOBaX, XapaKTepH-
3YIOThCSI IHTEHCHBHIIIUM POCTOM, Kpariie
IPUCTOCOBAHI 0 3pOCTaHHS B HHX, €
3HAYHO MEPCIEKTUBHINIMMH JIJIS JTICOBIJI-
HOBJICHHS 1 JIICOPO3BEJeHHS. 3a JaHUMHU
Bojko & Puzrina (2015), nicopociuHHi
YMOBH CYTTE€BO BILUIMBAIOTh HA SKICHI IO-
Ka3HUKH KJacy SKOCTi HaciHHA. Hail0inb-
moro cxoxictio (91,0+2,1 %) BUpi3HsIIO-
csl HaciHHs, 310paHe B HACaKEHHSIX CBi-
xoro cybopy (B,). Bumoro Oyna i ioro
eHepris npopoctanss (81,3+1,5 %). Ha-
CiHH#, 3i0paHe 3 Haca/JKeHb CBIKOTO Ta
BOJIOTOTO 0OpY, MaJIO MMOKa3HUKU SHepril
MIPOPOCTAHHS Ta CXOKOCTI B CEPETHBOMY
Ha 4-15 % HWKYi, HI)K HACIHHS, 110 y
JOCIIDKEHHSIX TIPE3EHTY€E YMOBH CBIXKOTO
Ta Bojororo cybopy. Hacinus, BiniObpane
3 HacaHKeHb B YMOBAaxX BOJIOTOTO CyOOpy
(B,), xapaKkTepu3yBanocs BUCOKOIO €HEP-
rieto mpopocranus (83,1+1,1 %) Ta cxo-
xictio (89,2+1,5 %). Hacinus, onepxane
3 JIepeB, 110 3pOCTaIH B YMOBAaX BOJOIO-
ro 6opy A,, nocsramo CX0XoCTi
85,0+£1,8 % Ta mamo eHepriro mpopoc-
tanHa 78,4+1,7 %. Ilpu upomy He Oyio
BUSIBIICHO CYTTEBOI Pi3HUII 3a MPOPOIILY-
BaHHS HACIHHS 3 JIEpeB PI3HUX BIKOBUX
rpyn. 30KpeMa, eHEepris MpOopOCTaHHS
HACiHHS, BiAIOpPaHOro 3 MOJIOJIUX Haca-
JUKeHb, cTaHoBuia 76,5+2,1 %, cepen-
HBOBIKOBUX — 76,0+1,3 %, cTurnux —
79,3121 %, itoro cxoxicth — 85,0+1,8 %,
85,0+1,5 %, 87,5+1,8 % BianmoBigHO.
Hesixi aBTOpH, 30Kpema Antonova
(1990), 3a3HauaroTh, 10 HACIHHS 3 MOJIO-
IUX JepeB HE MOCTYMAEThCS HACIHHIO 3i
CTapIux 3a BIKOM HacaJpkeHb. lle min-
TBEPIUKYEThCA qociimkeHHsMu Reshetnik
(2010), B AKUX 3ayBa)XeHO, IO MPUHAM-
MHI B MOJIOJIOMY Bimi (70 25 pOKiB) €
Taka CIaJIKOBa BJIACTHUBICTh. 3a OJIepiKa-
HUMH HAyKOBIIEM pe3yJIbTaTaMH, CXO-
KICTh, CHEPTis MPOPOCTAHHS 1 Maca Ha-
CIHHS 3 MOJIOJNIX JE€PEB COCHH 3BHYAITHOT
BUSIBUJINCS BUIIMHU TIOPIBHSIHO 3 TAKHMU
CaMHUMHU TOKa3HHKaMH HaCiHHSA
100-120-piuHux nepes.
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Jlicosa ekornoeiss ma 008Kinns

[IpuponHoO, MO YMOBH, 3 SIKHX BiJi-
OpaHO HACiHHSA, CYTT€BO BIUIMBAIOTH HA
SKiCHI Ta KibKicHI mokasHuku (Bojko &
Puzrina, 2015). 3 omsgy Ha 11e MU IIPO-
BEJIM HAyKOBI1 JIOCIIIPKEHHS 1100 BU3HA-
YEHHS MIKPOMIIIETIB Pi3HUX JIICOPOCIIHH-
HUX YMOB Ta BiKOBHUX TIpyIH, fKi, 3a Ha-
UM JJAHUMH, MAIOTh PI3HUH BUJIOBUI
CKJIaI.

MeTta go0c/igeHHs1 — aHANi3 BHUIO-
BOTO CKJIQJly MiKOOIOTH HaciHHs, 310pa-
HOTO 3 Haca/JKeHb, UI0 3pOCTAIOTh Yy Pi3-
HUX JIICOPOCITUHHUX YMOBaX, Ta 3 JIEPECB
PI3HUX BIKOBUX TPYIIL.

06 ’exm docaidancenns — MikobioTa Ha-
CIHHS COCHM 3BHYaiHOI, BiJliOpaHa 3 Ha-
CIHHS PI3HUX JIICOPOCIMHHUX YMOB Ta
BIKOBHUX TPYTI JCPEB.

Ilpeomem Oocnioxcenns — BUTOBHM
CKJIaJ MiKOOiOTH HACIHHS COCHM 3BHYaM-
HOI.

3as0anusa docnidxcenns — BUSHAYUTH
BUJIOBUI CKJIaJ] ayTOMIKOOIOTH MapTiid Ha-
CIHHS COCHH 3BHYANHOI 3 PI3HUX JIICOPOC-
JIMHHUX yMOB (CBUKHMi Oip — A, BOJIOTMH
Oip — A,, cBikui cy6ip — B,, Bonoruit cy-
Oip — B,) Ta 3 nepeB pi3HUX BIKOBHX IpyTI
(MOJIOJTHSIKH, CEPETHBbOBIKOBI, CTHUIII).

Marepiasiu i MeTogu AOCJHiIKeHHS.
[lix yac mpoBeeHHs AOCIIHKCHHSI 0YII0
BHKOPHUCTAHO CIellialbHi HAayKOBI METO-
JI: MIKOJIOT14HI 1 (hiTOMATOIOTIYHI — ISt
130JTFOBaHHST MIKO- Ta MIKpOOPTaHi3MiB 3
HACIHHS Ta MOJAJbIINM BHBYCHHSIM Ia-
TOTCHHHX, KyJIbTypaJIbHUX, aHTaroHic-
TUYHUX BJIACTUBOCTECH.

MartepianomM JocCiKeHb OyJ0 HACiH-
HS COCHHM 3BUYaiiHoi (Pinus sylvestris L.),
3i0paHe B HACaKEHHSIX PI3HUX BIKOBHUX
rpyn (MOJOIHSKH, CEPEIHBOBIKOBI, CTH-
1) Ta pi3HUX THUNAX JICOPOCIUHHUX
ymoB (TJIY) (Bomoruit 6ip (A,), cBiXui
0ip (A,), cBixuii cy6ip (B,), Bonoruii cy-
6ip (B,).

JocnimpkeHHs: TpOBOIWIN y TIPOOIeM-
Hill aboparopii «DitonaTonorii Ta Mi-
KoJiorii» kadeapu ¢ironaronorii iM. aka.
B. ®@. Ilepecunkina HarionansHoro yHi-

BEpPCUTETY OiopecypciB 1 MPUPOTOKOPHUC-
TyBaHHS YKpaiHu.

Js mocmiKeHHS BUKOPHCTOBYBAIH
arapu3oBaHi TU(epeHIIIITHO-11arHO CTHY-
Hi TOXXHMBHI CepefoBHINa, ONTHMAIbHI
JUTSL POCTY 1 PO3BUTKY OKpeMHX (i3ioyo-
TIYHUX TPy MIKPOOPraHi3MiB: M’ ACOTeI-
toHHui arap (MIIA) — mna GakTepiii;
cepemoBuile Yarmeka — Ui MileiaIbHIX
rpu0iB; KapTOMISHO-TIIOKO3HUI arap
(KT'A) — s minenianbHUX TpHOIB Ta
JIPIKIKIB.

Jlns BUAIIEHHST MIKOOIOTH HacCiHHS
COCHM 3BHYaiHOT Ae3iH¢ikyBanu 0,5-Bij-
COTKOBUM PO3YMHOM MapraHIeBO-KUCIIO-
ro Kalito nmpotsrom 20 XBWIHH, BiIMHABa-
JU CTEPUIILHOIO BOJOTIHHOIO BOJOIO,
HIiCJIS YOTO B CTCPUIBHHUX YMOBaX BHCI-
Balll OCIIDKYBaHHH Marepianx Ha ara-
pHU30BaHI MOXHBHI cepenoBuia abo
po3kiaganu Ha QUIBTPYBAIBHUHN MAITip.
ITociBu iHkyOyBanu y TpPUKpaTHIN MO-
BTOPHOCTI 3a Temmeparypu 26-28°C
ynponoBx 5—7 mi0. [ligpaxyHOK KOJOHIH
noynHai u Ha 3—4 100y micis BUCIBY J0-
CIIIJDKYBAHOTO 3pa3kKa 1 MPOBOIUIH
2-3 o0uxiku 3 iHTEepBaJIOM 1—2 H00H.

PesysbTaTn pociigzkeHHs: Ta ix 00-
ropopenHsi. HaiiGinpmy KiIbKiCTh Mi-
KpOMIILETiB OyJI0 11eHTH(IKOBAaHO HA Ha-
CiHHI, 310paHOMY B HacCa/DKEHHSX BOJIO-
roro (A;) — 189 Buxie ta cBixoro 6opy
(A,) — 103 mikpominerH, Toai sAK Haid-
MeHIny 3i cBixkoro (B,) — 92 Buau Ta Bo-
nororo cybopy (B,) — 93 i3zonaris
(Tabm. 1).

Jlemo MEHIUM el mMoKa3HWK BCTa-
HOBJIEHO Ha HaCiHHi cBixOTro 60py (A,) —
103 i307aTH, Maike OJHAKOBA KIJIBbKICTh
BUJIB Oyna NMpUTaMaHHA HACIHHIO, BiJi-
OpaHOMy B HacaJyKeHHi cBixoro (B,) Ta
Bosiororo (B,) cy6opy.

Ilelt YMHHUK MOYKHA TTOSCHHUTH HasIB-
HICTIO BOJIOTH, OCKIJIBKH MIKpOMILICTH
00uparoTh HAHCTIPUATAUBIII YMOBU JAJIS
CBOTO PO3BHTKY, 3 JIOCTATHLOK KIIBKICTIO
BOJIOTH, HEOOXIIHOT IS IXHBOT JKUTTETi-
smbHOCTI. TrIn micopocuHumux yMOB (A,)
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1. Miko06ioTa HaciHHSI COCHHM 3BHYaiiHOI, 3ar0TOBJIEHOTO 3 /iepeB
y Pi3HHX THHAX JIICOPOCIUHHUX YMOB, %
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YacTOTa TPAIUISHHS, % 2
1 | Mortierella alpina 3,45 - - - 25,0
2 | Mucor globosus - 5,56 3,70 - 50,0
3 | M. hiemalis - 5,56 - - 25,0
4 | Rhizopus nigricans — - — 6,25 25,0
5 | Chaetomium botrychodes - - - 6,25 25,0
6 |Aspergillus niger — — 7,41 — 25,0
7 | A. versicolor 10,3 - - - 25,0
8 | Paecilomyces varioti - 11,1 - 6,25 50,0
9 | Penicillium canescens 3,45 - - 6,25 25,0
10 | P cyclopium 27,6 11,1 7,41 - 75,0
11 |P. expansum 3,45 - — 12,5 50,0
12 | P. funiculosum 6,89 5,56 — - 50,0
13 |P. lanosum 3,45 - - - 25,0
14 | P. variabile 3,45 - 3,70 - 50,0
15 | P. wortmannii - - — 6,25 25,0
16 | Alternaria alternata 10,3 - 22,2 18,7 75,0
17 | A. tenuissima 3,45 - — 6,25 50,0
18 | Cladosporium cladosporioides 3,45 — 3,70 12,5 75,0
19 |C. herbarum - - 3,70 - 25,0
20 | Fusarium graminearum - - 3,70 - 25,0
21 | F. moniliforme - 5,56 3,70 — 50,0
22 | F. oxysporum - — 14,8 - 25,0
23 | F. sambucinum 3,45 5,56 7,41 - 75,0
24 | F. sporotrichioides 3,45 - — - 25,0
25 | Trithothecium roseum 10,3 27,8 - - 50,0
26 | Gliocladium roseum - 16,7 7,41 - 50,0
27 | Acremonium strictum — 5,56 — 25,0
28 | Epicoccum nigrum — — 11,1 — 25,0
29 | Mycelia sterilia 6,89 — 12,5 50

3arajabHa KiJIbKIiCTh 130JI4TIiB, IIT. 103 189 92 93 -

3HAYHO BIJIPI3HSIETHCS CBOIM KUIBKICHUM

Ta BHUJIOBUM CKJIQJIOM MIKPOMIIICTIB.

Haiiuacrinie Tparmisiucs BUIA MIKpO-
MILIETIB Ha HACiHHI, 310paHOMY 3 PI3HHUX
micopocnunaux ymMoB. Lle Buau Alternaria

alternata (uacrora tpamnsuas (UYT) —
7,4-10,0 %, xoedilieHT 3aceJeHHS
(K3) — 10,0-83,3 %); Cladosporium
cladosporioides (UT — 1,7-12,5 %, K3 —
53,3-79,2 %); Fusarium oxysporum
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(4T - 2,5-6,7 %, K3 — 46,7-66,7 %);
Mycelia sterilia (UT — 3,0-40,0 %, K3 —
33,3-83,3 %).

Haii6inpmy 4acToTy TparsisHHS Ha
JOCIIHUX 3pa3Kax HACiHHS COCHHU 3BH-
YaifHoi, BiIIOpaHOTO 3 HACAKEHb CBIXkKO-
ro 6opy, Manu Mikpomiuetu Penicillium
cyclopium — 26,7 %, Alternaria alternata,
Trithothecium roseum — 10,3 %, a Hali-
Meniy Mortierella alpine, P. canescens,
P. lanosum, P. variabile, Fusarium
sporotrichioides — 3,45 %.

Hns Bonororo 6opy (A,) HaiGinbura
4acToTa TPaIUIIHHSA Oyna y Trithothecium
roseum — 27,8 %, Gliocladium roseum —
16,7 %, naitmenma — Mucor globosus,
M. hiemalis, Acremonium strictum,
Penicillium funiculosum, Fusarium
moniliforme — 5,56 %.

B ymoBax cBixkoro cybopy Haituacri-
me Tpamasnucsa Alternaria alternata
(22,2 %), Fusarium oxysporum (14,8 %),
Aspergillus niger, P. cyclopium, F. sam-
bucinum, Gliocladium roseum (7,41 %),
Haiimeniue Cladosporium cladosporioi-
des, C. herbarum, Fusarium gra-
minearum, F. moniliforme (3,70 %).

Haii0inpmry 4acToTy TpamisHHS Ha
JOCJIITHUAX 3pa3KaxX HAaCiHHS COCHHU 3BHU-
YyaifHoi, BiIIOpaHOTO 3 HACAKEHb CBIXKO-
ro 6opy, Manu Mikpomineru Penicillium
cyclopium — 26,7 %, Alternaria alternata,
Trithothecium roseum — 10,3 %, a Haii-
MeHiy Mortierella alpine, P. canescens,
P. lanosum, P. variabile, Fusarium spo-
rotrichioides — 3,45 %.

B ymoBax cuporo cybopy (B,) makcu-
MaJIFHOIO YaCTOTOIO TPAIUITHHS XapaKTe-
pusyBanucs Buau Alternaria alternata
(18,7 %), Cladosporium cladosporioides,
Penicillium expansum (12,5 %). Mini-
MaJbHUMU MOKA3HUKAMHU YaCTOTH BHPI3-
HsUIMCS BUAW Rhizopus nigricans,
Chaetomium botrychodes, Paecilomyces
varioti, Penicillium canescens (6,25 %).

[I{omo koedirieHTa 3aceIeHHS MiKPO-
MilleTaMH, TO JOMIHAHTHUMHU BUJIAMHU
oynu Penicillium cyclopium, Alternaria

alternata, Cladosporium cladosporioides,
Fusarium sambucinum (xoediuient 3a-
cenenus 75 %), sxi HaOLIBpIT HeOe3med-
Hi JUIS PO3BUTKY 370POBOTO CaJMBHOTO
Marepiaiy.

Takox ayxe HEOC3MEYHUMH € BHIU.
Trithothecium roseum, Gliocladium rose-
um, Fusarium moniliforme, Penicillium
expansum, P. funiculosum, Paecilomyces
varioti, Mucor globosus (K3 — 50 %).

OTxe, JIICOPOCIIMHHI YMOBH TIEBHOIO
MipOIO BILJIMBAIOTh HA BUIOBE Pi3HOMA-
HITTS CKJIQIHWKIB MiKOOIOTH.

VY BCiX IOCHIIHHX BapiaHTax Oyiau
i3onboBani Mortierella alpina (UT Bapi-
oBana y mexax 1,5-13,3 %, K3 — 6,6—
10 %); Mucor globosus (UT — 1,5—
16,7 %, K3 — 13,3-50,0 %); M. hiemalis
(YT nmopisuroBana 1,3—-12,5 %, K3 —
12,5-25 %); Rhizopus nigricans (UT —
1,7-6,25 %, K3 - 6,7-25 %);
Paecilomyces varioti (UT — y Mexax
0,8-11,1 %, K3 — 10,0-25,0 %);
P. lanosum (UT — 1,6-3,45 %, K3 13,3—
25,0 %); P. variabile (UT — 2,1-3,45 %,
K3 - 12,5~ 50,0 %), P. wortmannii (YT —
0,8-6,25 %, K3 — 13,3-25 %); Alternaria
alternata (4T — 7,4-10,0 %, K3 — 10,0—
83,3 %); A. tenuissima (UT — 1,9-16,7 %,
K3 - 33,3-50,0 %); Cladosporium
cladosporioides (UT — 1,7-12,5 %, K3 —
53,3-79,2 %); F. oxysporum (UT — 2,5—
6,7 %, K3 —46,7-66,7 %), F. sambucinum
(UT — 4,0- 6,7 %, K3 — 30,0-50,0 %);
F. sporotrichioides (UT — 6,2—-16,7 %,
K3 — 16,7- 60,0%); Mycelia sterilia
(UT - 3,0-40,0 %, K3 — 33,3-83,3 %).

VY mporieci JOCHTiIKSHHS] BUBYAIH Ta-
KWW BaXJIMBUU (aKTOp, SIK BILUIUB BiKY
HAacCaJ)KeHHS Ha BHUIOBE PI3HOMAHITTS
MIKpOOIOTH HACIHHS COCHHU 3BUYANHOI.
HaciHHsI 3aroTOBJISIIA B TOCIIOIAPCTBI Y
nepeBocTaHax pizHoro Biky I-II kiaci
OOHITETIB, AKi 3pOCTajld B yMOBax CBi-
xKux cybopis (Tadm. 2). Hacinus BigiOpa-
HE 13 PI3HUX BIKOBUX TPYI, € PI3HUM 3a
BHJIOBHM CKJIQJIOM MiKpoMmineTiB (momio-
HICTb BapitoBajia y mexax 73,6-89,4 %).
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2. Yacrora Tpanasinug (UT) ta koedinient 3acenenns (K3)
Mik00ioTH HACIHHSI COCHHU 3BHYANHOI 3 epeB pPi3HUX BikoBuX rpyn, %

Hacinus cocHu 3BHYaifHOI 3 JiepeB Pi3HUX BIKOBHX
. rpyn
Bunu rpubis P -
MOJIOTHSKH CepeaHbOBIKOBI CcTHII
uT, % | K3, % | YT, % | K3, % | UT, % | K3, %
1 | Mortierella alpina 3,7 13,3 1,6 6,7 2,5 10,0
2 | Absidia glauca 1,9 6,7 0,8 33 1,7 6,7
3 | Mucor globosus 4,6 16,7 4,0 16,7 34 13,3
4 | M. hiemalis 1,9 6,7 0,8 3,3 1,7 6,7
5 | Rhizopus nigricans 1,9 6,7 2,4 10,0 1,7 6,7
6 | Chaetomium globosum - - 1,6 6,7 - -
7 | Aspergillus. flavus 7,4 26,7 4,0 16,7 5,2 20,0
8 | A. fumigatus 3,7 13,3 3,2 13,3 4,3 20,8
9 | 4. nidulans 1,6 13,3 4,0 16,7 4,3 20,8
10 | A4. niger 3,7 30,0 6,4 16,7 7,7 37,5
11 |A4. oryzae 8,3 20,0 3,2 13,3 4,3 20,8
12 | A. terreus 5,6 13,3 2,4 10,0 5,2 25,0
13 | Paecilomyces varioti 3,7 6,7 32 13,3 - 12,5
14 | Penicillium canescens 1,9 6,7 4,0 16,7 2.5 10,0
15 | P. chrysogenum 1,9 6,7 1,6 6,7 0,8 3,3
16 | P. cyclopium 4,6 13,3 1,6 6,7 2,5 33
17 | P. expansum 1,9 6,7 2,4 10,0 2.5 10,0
18 | P. funiculosum 2,7 10,0 4.8 20,0 5,2 20,0
19 | P. lanosum 3,7 13,3 4,8 20,0 5,2 20,0
20 | P. variabile 1,9 6,7 - — - -
21 | P. wortmannii 1,9 6,7 10,0 12,5 5,2 13,3
22 | Trichoderma viride - - 16,7 95,8 2,5 20,0
23 |Alternaria alternata 1,9 6,7 10,0 83,3 34 10,0
24 | A. tenuissima 1,9 6,7 16,7 50,0 3,4 13,3
25 | Cladosporium cladosporioides - - 10,0 79,2 1,7 6,7
26 | C. herbarum — - - — 1,7 6,7
27 | Fusarium verticillioides 1,9 6,7 — — 1,7 37,5
28 | F oxysporum 3,7 13,3 13,3 66,7 2,5 6,7
29 | F. sambucinum 2,7 10,0 6,7 50,0 1,7 10,0
30 |F sporotrichioides 9,6 16,7 16,7 66,7 2,5 10,0
31 | Mycelia sterilia 9,2 333 40,0 83,3 5,0 233
32 | Trichothecium roseum 1,9 6,7 20,0 - 34 13,3
33 | Epicocum nigrum 3,7 13,3 16,7 - 2,5 10,0
3arajbHa KiJbKICTh 130JIATIB, LIT. 108 - 124 - 116 —

Haifuacrime Ha HaciHHI TParJIsIUCs
Mycelia sterilia (9,2 %), Fusarium
sporotrichioides (9,6 %), Toni S Haii-
MEHIIly 9aCcTOTy TPAaIUISHHs Maiu Alter-
naria alternata, A. tenuissima, Fusarium
verticillioides, Trichothecium roseum —
1,9 %.

Hacinns, BimiOpane y cepeqHbOBiKO-
BHUX HacaJDKeHHsX, Oyno HaiiOuibpiie 3a-
ceneHe crnopamu ITrichoderma viride —
95,8 %, Alternaria alternata, Mycelia
sterilia — 83,3 %, Cladosporium clado-
sporioides — 79,2 %, Fusarium oxyspo-
rum, F. sporotrichioides — 66,7 %. Haii-
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MEHIIUH MOKA3HUK 3aCEJICHHS CIIOCTEePi-
rajxm JUIsl MikpomineTtiB Absidia
glauca — 3,3 %, Mortierella alpine,
Penicillium chrysogenum, P. cyclopium —
6,7 %. Haiibinpma gacToTa TparssHHS
(nacinus, BigiOpaHe 3 cepeaHbOBIKOBUX
HacaJukeHb) — Mycelia sterilia — 40,0 %,
Trichothecium roseum — 20,0 %, Haii-
Hux4da — Mucor globosus, M. hiemalis —
0,8 %, Penicillium chrysogenum, P. cy-
clopium — 1,6 %, Absidia glauca — 4,0 %.

Hacinns, Bingibpane 3i cTurioro Ha-
caJDKeHHs, OyJio HalOUIbIIe 3acTIOpeHe
Aspergillus niger, Fusarium verticillioides
(37,5 %), Aspergillus terreus (25,0 %),
Mycelia sterilia (23,3 %). Haitnmwxunnii
KoeillieHT 3acelieHHS 3ayBa)KEHO cepejl
BUIIB Penicillium chrysogenum, P. cyclo-
pium (3,3 %), Mucor hiemalis, Rhizopus
nigricans, Cladosporium cladosporioi-
des, C. herbarum — 6,7 %.

MakcuManbHa 4acToTa TPATUISTHHS
nputamanna Aspergillus niger (7,7 %),
Penicillium funiculosum, P. lanosum
(5,2 %), Mycelia sterilia (5,0 %), miHi-
MajbHa YacToTa TPAIUIIHHSI — P. chrys-
ogenum (0,8 %), Absidia glauca, M. hie-
malis, Rhizopus nigricans, Cladosporium
cladosporioides, C. herbarum, Fusarium
verticillioides, F. sambucinum — 1,7 %.

JIOMIHAaHTHUMH cepeJl BCIX BIKOBHX
rpyn Oynu Buau Trichoderma viride
(20,0-95,8 %), Mycelia sterilia (33,0—
83,3 %), Alternaria alternata (6,7—
83,3 %), Cladosporium cladosporioides
(6,7-69,2 %).

BcranoBneHo moJiOHICTH BHOBOTO
CKJIaJly MiKOOIOTH HACiHHS, BigiOpaHOTO
3 MOJOIUX Ta CEPEIHHOBIKOBHX Haca-
JUKeHb (ToKa3HuK momioHocTi — 84,2 %)
Ta CEPEIHHOBIKOBUX 1 CTHIIIHX (ITOKAa3HUK
noxioHocTti — 89,4 %). Menmy monui-
OHICTB CITOCTEpIrajii Mk BUIOBUM CKJIa-
JIOM Tpu0iB, i1eHTU(IKOBAHUX HA HACIH-
Hi, BiIIOpaHOMY 3 MOJOAMX Ta CTUIIIHX
Haca/DKeHb (ITOKa3HUK MOJIOHOCTI CTaHO-
BUTH 3,6 %). HaliGinbi nmoniOHum Oyno
HACiHHS CEepeIHbOBIKOBHUX Ta CTHUTIIHX

HacaJKeHb, HAWMEHIN MOJIOHUM — MoO-
JIOMHAKIB 1 CTUITIHX.

BucHoBku i mepcnekTuBH. Sk mo-
Ka3aB aHaji3 MoJaiOHOCTI MIKPOMIIETIB
HACiHHS COCHHU 3BHMYaiHOI, BiiOpaHOTO
B HACAJDKCHHSIX, HAHOIIbINY KiTbKICTh
MIKpOMiLIeTiB OyJ0 i1eHTU(IKOBaHO 3 Ha-
CiHHS y HacaJ/DKEHHAX BOsororo (A,) —
189 Bupais Ta cBixoro 6opy (A))
103 mikpomineru, ToAi K HalfMeHIy 3i
cBixoro (B,) — 92 Buau Ta cuporo cy6o-
py (B,) — 93 i3on4TiB; HaibiNbImIA Kijb-
KiCTh BHIIB MIKPOMIIIETIB CIIOCTEPIracTh-
Csl Ha HACIHHI COCHM 3BHMYaiHO{, BiiOpa-
HOMY 3 CEpeIHbOBIKOBOTO HACAIKCHHS
(124 mramu). HaitGinpmmii xoedimieHT
3aCeJICHHs y HAaCiHHS, Bi1iOpaHOro 3 MO-
JIOAMX HACa/PKEHb COCHU 3BUYANHOI.

JIoOMiHAHTHHMH BUJAMH y BCIX THIIaX
JICOPOCIMHHUX YMOB OyJIM MIKpOMILIETH
Penicillium cyclopium, Alternaria
alternata, Cladosporium cladosporioides,
Fusarium sambucinum (xoediuient 3a-
cenenus 75 %), sxi HaOLIBIT HeOe3med-
Hi IS PO3BUTKY 3[JOPOBOTO CAJMBHOIO
Marepiaiy.

MikobioTa HaCiHHS COCHM 3BHYANHHOIT,
3i0paHoro B ymoBax cBixoro cyoopy (B,)
Ta cuporo cybopy (B,), € Haibinbu mo-
nioHoto (1,6 %). Mikob6ioTa HaciHHS 31
cBixkoro 6opy (A,) Ta Bosororo 6opy (A,)
332 BUJOBUM CKJIAJOM IOIi0HA.

Haii6inpIror 4acTOTO TPAIISHHS 1
koe(iIieHTOM 3aceyieHHs Ha HaCiHHI, Bi-
JIIOpaHOMY 3 PI3HUX YMOB, BHOKPEMIIIO-
Banuch Bunu Alternaria alternata (UT —
7,4-10,0 %, K3 — 10,0-83,3 %);
Cladosporium cladosporioides (UT —
1,7-12,5 %, K3 — 53,3-79,2 %);
Fusarium oxysporum (UT — 2,5-6,7 %,
K3 — 46,7-66,7 %); Mycelia sterilia
(4T - 3,0-40,0 %, K3 — 33,3-83,3 %).

Bcranosneno, mo HaiOigbma Kidb-
KICTh BHJIIB MIKPOMIIIETIB CITIOCTEPIraeTh-
Csl Ha HACIHHI COCHM 3BHMYaiHO{, BiiOpa-
HOMY 3 CEpeIHBOBIKOBOTO HACAIKEHHS
(124 mramu). Haitbinpmumii xoedimieHT
3aceJIeHHsI HAaCiHHSA, B1IIOpaHoro 3 MOJIO-
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JUX HacaJ)Ke€Hb COCHHU 3BHUYAIHOI, MpHU-
tamanuuit Mycelia sterilia (13,3 %),
Epicocum nigrum (16,7 %), Aspergillus

niger (30,0 %), maitmenmuit — Paecilo-
myces varioti, Penicillium chrysoge-
num — 6,7 %.
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Boyko G. O., Puzrina N. V.
INFLUENCE OF LOCAL GROWTH CONDITIONS ON THE CHANGE
OF SPECIES COMPOSITION OF MYCOBIOTS OF PINE SEEDS

The species composition of micromycetes of Scots pine seeds, collected from plantations growing in
different forest vegetation conditions and selected from trees of different age groups, was studied. It was
found that the most common species of micromycetes — Alternaria alternata, Cladosporium cladosporioides,
Fusarium oxysporum, Mycelia sterilia. Dominant species of micromycetes, in particular Penicillium
cyclopium, Alternaria alternata, Cladosporium cladosporioides, Fusarium sambucinum, which are the most
dangerous for the development of healthy planting material, have been identified. The largest number of
micromycetes from seeds of plantations growing wet birch (A,) — 189 and fresh beer (A,) — 103 micro-
mycetes, and the smallest — fresh (B,) and raw subir (B,), respectively: 92 and 93 isolates. The highest
frequency of occurrence on experimental samples of seeds of Scots pine, selected from fresh pine stands,
had micromycetes: Penicillium cyclopium, Alternaria alternata, Trithothecium roseum micromycetes had
the highest frequency of occurrence of Scots pine seeds taken from fresh pine stands, and Mortierella
alpine, P. canescens, P. lanosum, P. variabile, Fusarium sporotrich had the lowest frequency. It was noted
that Mycelia sterilia (9.2 %), Fusarium sporotrichioides (9.6 %) were the most common on seeds selected
from trees of different age groups, while Alternaria alternata, A. tenuissima, Fusarium verticillioides were
the least common. Trichothecium roseum — 1.9 %. The similarity of the species composition of mycobiota
seeds selected from young and medieval plantations (similarity index — 84.2 %) and medieval and mature
(similarity index — 89.4 %) was studied. Less similarity was observed between the species composition
of fungi identified on seeds selected from young and mature plantations (similarity index is — 73.6 %).
The most similar were the seeds of medieval and mature plantations, the least similar — the young and
mature. The seeds were selected from different age groups, are different in species composition of
micromycetes (similarity varied between 73.6-89.4 %).

Keywords: age groups of trees, mycobiota, type of forest vegetation conditions, micromycetes,
Scots pine.
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CONTENT OF THE MAIN COMPONENTS
OF ESSENTIAL OIL IN THE NEEDLES OF SCOTS PINE
GROWING IN GEOGRAPHIC CULTURES
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The aim of the research is to analyze the content of terpenes in the needles of trees of
climatic ecotypes of Scots pine growing in geographic forest crops and to reveal the differ-
ences in the level of essential oils. The object of the research is 17 Scots pine climatypes
growing in geographical plantations on the territory of the Negorelsk Educational and Experi-
mental Forestry Enterprise of the Minsk region in Belarus. Qualitative and quantitative analysis
of Scots pine needles essential oil was carried out by gas-liquid chromatography without pre-
liminary fractionation on chromatograph “Kristall 5000.1".

In the studied climatypes of Scots pine, different levels of essential oil content among
monoterpenes, sesquiterpenes and oxygen-containing groups were determined, as well as
significant differences in the content of a number of components within the studied groups were
revealed. The highest yield of essential oil is observed in the subspecies of the European
Western Scots pine — 1.9%, slightly lower than this indicator in the forest-steppe subspecies
(1.7%). This indicator was significantly lower in the European Eastern pine variety — 1.1% and
the Siberian subspecies — 1.0%.

The obtained data on the composition of essential oil and the ratio of a number of compo-
nents among subspecies and varieties of Scots pine (subspecies: Lapland, Siberian, forest-
steppe, European; varieties: European western and eastern) will further select the most prom-
ising climatic ecotypes and subspecies for selection resistance to biotic and abiotic
environmental factors, taking into account the growth and productivity of stands.

Information on the content of essential oil components in the needles of climatypes and
subspecies of Scots pine makes it possible to expand knowledge in the field of plant resistance,
their safety and growth, especially in the context of the outlined climate change.

Key words: component composition, extractives, monoterpenes, sesquiterpenes, diterpenes,
geographical plantations, climatic ecotype.

Supervisor — Doctor of Agricultural Sciences, Professor V. Yu. Yukhnovskyi.
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Introduction and analysis of recent
publications. The integrated and rational
use of plant resources involves the inclu-
sion of the entire biomass of the plant in
the production process. In particular, one
of the main directions of the chemical
processing of plant raw materials is the
production of extractive substances.
Among the extractives, it is customary to
distinguish compounds that are directly
involved in plant growth and compounds
that are not involved in growth and de-
velopment (Krasilnikova, 2004). The pri-
mary metabolites are carbohydrates,
amino acids, fatty acids, chlorophylls,
cytochromes, nucleotides, as well as
compounds that act as intermediates in
various metabolic reactions. In addition,
plants contain a huge amount of sub-
stances that are not involved in the main
metabolism. Such substances are usually
called secondary metabolites or substanc-
es of secondary origin. Unlike primary
metabolites present in all plant cells, sec-
ondary metabolites can be specific for
one or several plant species (Kretovich,
1986; Crozier, 2006). Secondary metabo-
lites include mainly low-molecular sub-
stances that are not part of the plant cell,
contained in the intercellular space. This
group of substances is extremely diverse
in chemical composition. By their chem-
ical nature, these substances are repre-
sented by terpenes and their derivatives,
resin acids, lipids, fatty acids, phytoster-
ols, polyphenols and tannins. Despite the
assignment of these compounds to secon-
dary metabolites, this is rather arbitrary,
since many of these substances are the
most important physiologically active
compounds that play a primary role in
the processes of respiration and photo-
synthesis. To date, about 20-30 thousand
plant species have been studied for the
presence of secondary metabolites, which
make up only a little more than 10% of
the entire flora of the Earth (Cheldt,
2011).

The variety of secondary metabolites
also determines the variety of functions
they perform (Kivang & Akgiil, 1986;
Teissedre & Waterhouse, 2000; Mardaro-
wicz, Wianowska, Dawidowicz & Sa-
wicki, 2004). But in general, we can say
that secondary metabolites in plants per-
form primarily ecological functions. They
protect plants from various pests and
pathogens, participate in plant reproduc-
tion (determining the color and smell of
flowers, fruits), and ensure the interac-
tion of plants with each other and with
other organisms in the ecosystem. In ad-
dition, this class of substances contrib-
utes to the formation of plant resistance
to unfavorable factors (Babkin, 2017,
Schmidt, 2005). Almost all of these sub-
stances also have biological activity,
which makes them indispensable sources
of raw materials in the production of
pharmaceuticals, food, and perfumery
products (Babkin, 2011; Plemenkov &
Tevs, 2014; Ponomoreva, Molochova &
Chochlov, 2015). Plant secondary com-
pounds can be divided into three groups
based on different biosynthetic pathways
of their origin: alkaloids, phenolic com-
pounds, and terpenoids (Plemenkov,
2001; Lovkova, 1981; Britton, 1986).

Terpenes are hydrocarbons formed
from varying amounts of isoprene
(C5HS). Without the participation of iso-
prenoids, processes such as the growth
and development of plants and animals
are impossible, since many plant hor-
mones (gibberellins, abscisic acid, brassi-
nosteroids) belong to this class of com-
pounds. However, most of the isopren-
oids known to date are substances of
specialized (secondary) plant metabolism,
which are involved in signaling process-
es and protection against phytopathogens.
Obviously, the main role of isoprenoids
specific for certain families, genera and
species of plants (these are mainly mono-,
sesqui-, di-, sisters- and triterpenoids) is
reduced to protecting plants from various
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adverse environmental influences, includ-
ing macro — and micro-pests. For exam-
ple, resinous substances, rubber and
gutta, heal wounds in the bark and wood
of plants, protecting them from pests.
Resins prevent animals from eating
plants. Essential oils also help to attract
pollinators. Many components of essen-
tial oils and other isoprenoids act as al-
lelopathic agents. It should be noted that
the reason for the formation of a huge
number of various isoprenoids in plants
still remains a mystery, the functions of
many of them remain unclear. The pro-
cess is carried out by absorbing the en-
ergy of sunlight, which is converted into
the energy of chemical bonds, and is ac-
companied by the release of free oxygen.
The resulting monosaccharides are con-
verted in plants into cellulose, hemicel-
luloses, starch, lignin, fatty alcohols,
acids, their esters, fats, amino acids,
waxes, vitamins, essential oils, alkaloids.

In the literary sources the information
is also given, which will be indicated in
detail below that depending on the content
of the components of the essential oil, the
resistance of plants to abiotic and biotic
environmental factors is determined.

In this regard, it is relevant to deter-
mine the content of essential oils in the
needles of various climatic ecotypes of
Scots pine growing in geographic forest
cultures.

Numerous articles are devoted to the
determination of the content of the com-
ponents of Scots pine essential oil. In
some of the works (Maksimov, 2004), the
composition of the monoterpene fraction
of the essential oil isolated from the nee-
dles of various subspecies of Scots pine
in their habitat was studied.

According to Russian scientists from
Forest Institute named after V.N. Su-
kachev (Kuzmin, 2019), more resistant
climatypes of Scots pine are those with
a higher ratio of a-pinene to 3-carene.

Finland researchers found out that
northern climatypes have a higher con-
tent of a-pinene in comparison with
3-carene, and these climatypes are more
stable in Finland (Manninen, Tarhanen,
Vuorinen & Kainulainen, 2002). Various
specialized terpenoidogenic structures
were found not only in needles, but also
in the primary bark, secondary phloem
and wood of the stem, roots and repro-
ductive organs (Vasiliev, 1977).

Determination of the content of the
share of essential oil in different parts of
the tree indicates unequal concentration
in the covered by needles shoots and
trunk (Stepen, 1999).

A study of the seasonal dynamics of
the release of essential oil in spruce
(Esyakova & Stepen, 2008), pine (Ste-
pen, 1995; Petrenko, 1967) and fir (Lo-
banov & Stepen, 2004) shows that there
are two peaks in the oil content in nee-
dles: spring — in May and autumn — in
September.

During the transition to the dormant
state of trees in the plantation, the es-
sential oil is enriched with oxygen-con-
taining compounds and sesquiterpenes
and reaches a maximum in the month of
December. The specificity was also not-
ed in the study of pine forests in Ukraine
(Poltavchenko & Rudakov, 1973).

The aim of the research is to analyze
the content of terpenes in the needles of
trees of climatic ecotypes of Scots pine
growing in geographic forest cultures and
to reveal the differences in the level of
essential oils.

Materials and methods of research.
The object of the research is 17 Scots
pine climatypes growing in geographical
plantations on the territory of the Neg-
orelsk Educational and Experimental For-
estry Enterprise of the Minsk region in
Belarus. Scots pine geographic planta-
tions were created in 1959 by V. Mishnev
and E. Mantsevich in collaboration with
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the Central Control Station of Forest
Seeds and the Belarusian Control Station
of Forest Seeds on an area of 8.7 hect-
ares. The seeds were obtained from 200
locations in the former Soviet Union.
However, most of them were excluded
due to typological heterogeneity. As a
result, 65 seed samples were selected
from the plantations of the group of for-
est types of the green moss forest, which
were sown in April 1958 in the nursery
of the Negorelsk Experimental Forestry.
The soil on the nursery is coherent sand
in terms of texture. To obtain the same
seedling density in one row, the same
number of viable seeds per 1 long m was
sown. After sowing, the ridges were cov-
ered with moss. Until mid-July, seedlings
were shaded with sieve shields. The seed-
lings were taken care of, which consisted
of weeding and loosening the soil three
times.

The area for geographic plantations
was set aside in the quarter 15 the forest
cultivation area was a clearcut of 1958,
with the correct configuration, stretched
from north to south. In the fall, the cut-
ting area was grubbed and leveled with
a bulldozer, then plowed to a depth of 25
cm. In April 1959, the area was re-lev-
eled with a bulldozer and harrowed with
disc harrows in two tracks.

The final leveling of the area was car-
ried out manually with gathering and
burning of the roots before planting. The
spatial distribution of plantations was
made according to the principle of alloca-
tion of large climatic regions. These areas
are located on the site in the direction
from north to south, and they are grouped
according to the greatest geographic dif-
ference from west to east. Each admin-
istrative region is represented by a plot
of planting with an area of 0.1 hectares.
These sections are bounded on all sides
by a 2-meter road and poles are set. On
the western side, a 4-meter road adjoins

the site. The work Kruk et al. (2019) pro-
vides information that this object as geo-
graphic forest plantations was the source
material for obtaining the Scots pine Ne-
gorelskaya variety for the first time in
Belarus, which is characterized by inten-
sive growth in height and resistance to
fusarium.

For a more convenient analysis of the
content of essential oil components in
needles, all studied climatypes of Scots
pine in geographical plantations are di-
vided into subspecies (races, varieties) in
accordance with the classification by
Pravdin (1964) (subspecies Lapland, Eu-
ropean, Siberian, steppe, hooked) with
some modification. The hooked subspe-
cies that grows in the Crimea and the
Caucasus is not represented in our expe-
rience. Since the steppe subspecies in
geographical plantations completely dis-
appeared at the age of 5 (Kustanai, Kok-
chetav, Akmola, Pavlodar climatypes of
Kazakhstan), we additionally introduced
the forest-steppe group of climatypes:
Belgorod, Kursk, Volgograd, Khmel-
nitsky, Poltava, Rostov. We also subdi-
vided the European subspecies into two
varieties — European western (Vologda,
Estonian, Latvian, Vitebsk, Minsk and
Grodno) and European eastern (Uly-
anovsk and Bashkir).

Method of selection of woody green-
ery. The woody greenery of Scots pine
climatypes in geographic plantations
were selected from 17 plots with 20-25
trees in each of them, taken by the ran-
domization method, in the crown of
which branches were cut evenly from
four sides. Woody greens were taken in
the month of February. According to the
literature, the release of essential oil
reaches its maximum value and its com-
position stabilizes in the winter months
(Stepen, 1995).

Metod of selection of middle sample.
The needles were separated from the cut
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branches of woody greens trees without
dividing them by age, and an initial sam-
ple of the material under study was ob-
tained. The formation of the middle
sample from the original was carried out
by quartering. The original sample was
poured onto a smooth surface and leveled
in the form of a square, and then simul-
taneously from two opposite sides it was
poured into the middle so that a roller
was obtained. After that, we grabbed the
needles from the ends of the roller and
also poured them into the middle. The
needles were again smoothed over the
area of the square and again poured into
the middle. Stirring was repeated in this
manner three times. After mixing, the
original sample was again smoothed with
a thin layer and divided into four trian-
gles. Two opposite triangles of the nee-
dles were removed, and the two remain-
ing ones were connected, mixed and
again divided in the indicated manner
until the mass of one triangle was ap-
proximately five times the weight of the
sample. From one triangle, a weighed
portion was taken for chemical analysis
(isolation of essential oil), and from the
opposite triangle, a weighed portion was
taken to determine the moisture content
of the sample (Deruma, 1983).

Method for the extraction of essential
oil from needles. Most of the components
of essential oils have a boiling point of
150 to 300°C and higher, however, all
the substances that make up their com-
position are distilled with water vapor.
The hydro distillation method is based
on the ability of oils to be distilled with
water vapor and on the determination of
the amount of oil that is released from a
plant sample (Pleshkov, 1985). The 150—
250 g of raw material crushed to a size
of 4—7 mm with known moisture content
was placed in a flask with a capacity of
500 cm?®, and it was poured with distilled
water so that the water surface covered

the plant material. The flask was placed
in a heating mantle, and then a nozzle for
collecting essential oils and a reflux con-
denser were attached. After the beginning
of boiling, the resulting vapor, carrying
with it the essential oil, entered the re-
frigerator, where it condensed into a lig-
uid consisting of water and small drops
of essential oil. The condensed mixture
passed into the receiver to collect the es-
sential oil. The intensity of boiling was
selected in such a way that 2-3 drops per
second flowed out of the refrigerator.
Otherwise, the refrigerator could be
“flooded” and ejection. Water, as a heavi-
er liquid, settled to the bottom of the
receiver and poured back into the flask,
and the essential oil floated to the sur-
face, where it slowly accumulated. The
process of hydrodistillation in the boiling
stage lasted at least 4 hours. During this
time, about 80% of the essential oil con-
tained in the plant was distilled off. After
the end of the distillation process, the
flask was cooled and the device was dis-
assembled (Figure 1).

Water «—— ={( )

Water —

Te X

1 - heating mantle; 2 - flask;
3 - nozzle; 4 - reflux condenser

Fig. 1. Installation for the extraction of
essential oil
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The essential oil was located in the
collector in the form of a thin layer (yel-
lowish) above the water surface. The se-
lection of essential oil was carried out
using a syringe with a long needle. The
essential oil was carefully poured using
a syringe into a pre-weighed small tight-
ly closing bottle, the name of the essen-
tial oil and the date of extraction were
signed.

The calculation of the essential oil
content in the needles was carried out on
an absolutely dry weight of plant mate-
rial. The calculation of the results in
mass percent was carried out according
to the formula 1:

c=""100%: (1
G

where C — essential oil content, % (mass);
m — the mass of the essential oil after
distillation, g; G — the mass of an abso-
lutely dry sample of needles, g.

The resulting essential oil was dried
with anhydrous sodium sulfate and then
used to determine its physical, physico-
chemical parameters, as well as for
chemical research.

Qualitative and quantitative analysis
of Scots pine needles essential oil was
carried out by gas-liquid chromatography
without preliminary fractionation on
chromatograph “Kristall 5000.1”. To
separate the components, a capillary col-
umn 0.25 mm in diameter and 60 m long
with a deposited phase of 100% dimeth-
ylsiloxane was used. Nitrogen was used
as a carrier gas. The air: nitrogen: hydro-
gen flow rate ratio was 10: 1: 1. The ni-
trogen flow rate through the column was
20 ml/min.

The conditions for chromatographic
analysis are as follows: isothermal mode
at 70°C for 20 min, then a programmed
temperature rise at a rate of 2°C / min to
150°C with holding at the final tempera-
ture for 40 min. Evaporator tempera-
ture — 250°C. The analyzed sample with

a volume of 0.2 pL was introduced with
a microsyringe into the dispenser-evapo-
rator.

The identification of individual com-
ponents was carried out using reference
compounds, as well as on the basis of the
known literature data on the retention
indices of individual compounds (Cheft-
man, 1986). The quantitative content of
the components was calculated by the
method of internal normalization accord-
ing to the peak areas. Statistical analysis
was performed in accordance with the
methods described in Ostakin et al.
(1989), Pen (1982) and Kolesnikov
(2003). To determine the required sample
size when performing the research, the
admissible error value Ax was taken
equal to 5% of the average value of the
indicator at a confidence level of
o = 95%. After the experiment, the vari-
ance S2 and the standard deviation S
were calculated. Next, the ratio Ax/S was
found, and the sample size was deter-
mined from the corresponding table (Pen
& Mencher, 1973). The results of each
series of parallel experiments were sub-
jected to statistical processing in order to
find gross errors (“blunders”) using the
Student’s test (Ostakin et al., 1989). In
this case, the dubious result was exclud-
ed from the sample, and the remaining
data were used to calculate the arithmetic
mean and the estimate of the reproduc-
ibility variance.

Results of the research and their
discussion. The obtained data on the
physicochemical parameters of Scots
pine essential oil of various geographical
origin indicate that among the studied
climatypes, grouped into subspecies,
there are differences in the mass fraction
of essential oil in terms of absolutely dry
weight, relative density and refractive
index at t = 20°C (Table 1).

The highest yield of essential oil is
observed in the subspecies of the Euro-
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1. Changes in the physicochemical parameters of Scots pine essential oil
of various geographical origin

Name of the climatype
(subspecies, varieties)
of Scots pine

Physicochemical parameters of essential oil of Scots pine climatypes

mass fraction of essential
oil, in terms of absolutely
dry weight, %

relative density,
g/cm?®

refractive index at
t =20°C

Scots pine subspecies

Lapland

Western

. 1,740,1 0,8639+0,005 1,4841%0,001
Leningrad, Arkhangelsk 1,940,1 0,8632+0,005 1,4836+0,001
By subspecies Lapland 1,8+0,1 0,8635+0,005 1,4838+0,001
Scots pine variety European western
Vologda, 1,4+0,1 0,8639+0,005 1,4840+0,001
Estonian, 1,840,1 0,8638+0,005 1,484440,001
Latvian, 1,940,1 0,8639+0,005 1,4850+0,001
Vitebsk, 2,040, 1 0,8632+0,005 1,4849+0,001
Minsk, 2,040, 1 0,8633+0,005 1,485040,001
Grodno 2,140,1 0,8628+0,005 1,4849+0,001
By variety European 1,9+0,1 0,8635+0,005 1,4847+0,001

Scots pine variety Europ

ean oriental

Ulyanovsk, 1,0+0,1 0,8638+0,005 1,4840+0,001
Bashkir 1,1+0,1 0,8639+0,005 1,4842+0,001
By variety 1,120,1 0,8639+0,005 1,4841+0,001
European oriental

By subspecies European 1,7£0,1 0,8636+0,005 1,4846+0,001

Scots pine subspecies forest-steppe

forest-steppe

Belgorodsky, 1.620.1 0.8634+0,005 1.483820.001
Kursk, 1.840.1 0.8633+0.005 1.484040.001
Volgograd, 1,6+0,1 0,8628+0,005 1,4846+0,001
Khmelnitsky, 1.7+0.1 0.8639+0.005 1.4846£0.001
Poltava, 1.80.1 0.8635+0.005 1.484040.001
Rostov 1.70.1 0.86330.005 1.4840£0.001
By subspecies 1.7+0.1 0.8634+0,005 1.4842+0,001

Scots pine Siberian subspecies

Tomsk

1,0+0,1

0,8639+0,005

1,4838+0,001

By subspecies Siberian

1,0+0,1

0,8639+0,005

1,4838+0,001

pean Western Scots pine — 1.9%, slightly
lower than this indicator in the forest-
steppe subspecies (1.7%). This indicator
was significantly lower in the European
Eastern pine variety — 1.1% and the Si-
berian subspecies — 1.0%. It is noted that
an essential oil content of 1% is typical
for pines growing in extreme conditions
of an urbanized environment (Lamotkin,
Hil, Romanyuk & Skakovskiy, 2019).
The relative density of the essential
oil of the studied subspecies of Scots

pine varies within insignificant limits —
from 0.8634 to 0.8639 g/cm?® (minimum —
in Grodno and Volgograd climatypes —
0.8628 g/cm’ each and maximum — in
Leningrad, Vologda, Latvian, Khmel-
nitsky, Bashkir and Tomsk climatypes —
0.8639 g/cm?each). In terms of the re-
fractive index, the variation ranges from
1.4838 (subspecies Lapland and Siberian)
to 1.4847 (European Western Scots pine).

The results of determining the content
of the main components of essential oil
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2. The content of the main components in the essential oil of various climatypes
of Scots pine growing in 61-year-old geographical plantations

The main components of the essential oil, %
[}
Name of j[he clirr'lat'ype 2 % 2 ] % é iﬁ: % % —®
(subspecies, Vgrletles) g < g % é = g g _g E‘% =
of Scots pine g_ g m? £ = § E $ $ g3 2
o - 8 =] & > 2
[}
Scots pine subspecies Lapland
. 302 3,6 (17,2124 (3,0 18|46 |24 ]| 64|22 |[74,0
Leningrad, Arkhangelsk | 433 | 3% | 59| 09 | 0.6 | 5.0 | 45 | 5.1 | 8.1 | 3.7 [802
By subspecies Lapland 36,8 34 (11,6 1,7 | 1,8 | 3,4 | 45|38 | 72|29 |77,
Scots pine variety European western
Vologda, 39,0 5,1 | 13,7 2,0 | 1,5]6,0| 30| 1,3 3,1 | 0,8 75,6
Estonian, 31,21 2,8 | 13,5 1,5 1,6 | 3,0 | 4,1 |46 | 79| 1,5|71,6
Latvian, 17,128 |242| 1,1 | 2,6 | 62| 65|32 7319 (728
Vitebsk, 180 2,6 232 2,1 |21 |6,77|55|4,7]82]| 1.8 |75,0
Minsk, 20,6 3,2 (24,0 2,1 | 2,6 73|43 |42]|69 | 1,2]764
Grodno 179 3,5 |24,1| 24 | 4,0 | 52 | 44 | 3,6 | 7,4 | 2,0 |74,5
By variety European 24033 [205] 1,0 | 24 | 57 | 46 | 3.6 | 6.8 | 1,5 | 743
Western
Scots pine variety European oriental
Ulyanovsk, 203119 |88 |25 | 1,537 |82|57]59]081593
Bashkir 16,8122 193|301 1,1 68| 54| 481(10,7| 1,0 [61,1
By variety 1862191 ]28|13]53|68]|53]83]09]602
European oriental
By subspecies European |22,6| 3,0 |17,6| 2,1 | 2,1 | 5,6 | 5,2 | 40| 7,2 | 1,4 | 70,8
Scots pine subspecies forest-steppe
Belgorodsky, 219 1,882 | 1,1 | 1,3 |53 |51 7,0 (12,6 1,3 |65,7
Kursk, 2121191193 |14 | 13|45 3,1 | 7,1 |13,1| 0,8 |63,8
Volgograd, 255 3.8(169| 1,2 | 2,5 (134|120 1,9 5,023 |744
Khmelnitsky, 152123 (13,7 1,7 | 1,9 | 88| 9,7 6,9 (10,9 1,7 |72,7
Poltava, 169 1,548 | 1,1 | 0,7 66| 7,6 | 8,1 |17,4| 1,5 |66,1
Rostov 27,024 (14,5 2,4 | 2,1 | 57| 3,749 9,1 | 1,6 |73,2
By subspecies 203 23 [ 11,2 1,5 1,6 | 7.4 | 52| 6,0 | 11,4] 1,5 | 69,3
forest-steppe
Scots pine Siberian subspecies
Tomsk 210 258722 1,5]36]50]59]96]1,5]61,5
By subspecies Siberian 21,01 25|87 (22| 15|3,6|50|59]|96]| 1,5 ]|61,5

in the needles of various climatypes of
Scots pine are presented in Table 2, the
group composition of monoterpenes — in
Table 3, the group composition of ses-
quiterpenes — in Table 4.

It should be mentioned that the lowest
content among the group of monoter-
penes, sesquiterpenes and the oxygen-
containing group was noted in the latter,
while the proportion of bornyl acetate in

the essential oil does not exceed 3% —
from 0.9% in the European oriental va-
riety to 2.9% in the Lapland pine.

It was found that the largest share of
the identified components of essential oil
was in the variant of Scots pine of the
Lapland subspecies - 77.1%. In the vari-
ety of Western European Scots pine, the
share of recognized components was
slightly lower and amounted to 74.3%,
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3. Composition of essential oil monoterpenes in various subspecies of Scots pine
in 61-year-old geographical forest plantations

Geographical coordinates | Essential oil group — monoterpenes
Name of the climatype = o} 5 e % 5} 2
(subspecies, varieti}ells)) E é E :% § g:i § § é =
of Scots pine ‘§ :; § %0 S g E é .% 8

Scots pine subspecies Lapland
Leningrad, 61 34 458 | 5,5 | 26,1 | 3,7 | 4,5]|66,0
Arkhangelsk 62 43 74,0 | 5,4 | 10,1 | 1,5|1,0 58,5
By subspecies Lapland 61-62 34-43 59,9 | 5,5 | 18,1 | 2,6 | 2,8 | 62,3

Scots pine variety European western
Vologda, 59 40 53,4 | 7,0 | 18,8 | 2,7 | 2,1 ] 73,1
Estonian, 58 27 51,6 | 4,6 | 22,3 | 2,5(2,7]60,4
Latvian, 57 22 30,9 | 5,1 | 43,6 | 1,9 | 4,6 55,5
Vitebsk, 55 29 31,1 | 4,5 | 40,0 | 3,6 | 3,6 | 58,0
Minsk, 54 27 33,0 | 5,1 | 38,4 |3,3(4,2]62,5
Grodno 53 24 29,5 | 5,7 | 39,7 | 4,0 | 6,5|60,8
By variety European Western 53-59 22-40 38,31 53 (33,8 ]3,0[4,0[61,7

Scots pine variety European oriental
Ulyanovsk, 54 48 46,3 | 4,4 | 20,1 | 5,6 | 3,4 |43.8
Bashkir 54 58 37,71 5,0 | 21,0 | 6,7 | 2,4 | 44,5
By variety European oriental 54 48-58 42,0 | 4,7 | 20,6 | 6,2 | 2,9 | 44,2
By subspecies European 53-59 22-58 39,2 521305 |3,8(3,7|57,3

Scots pine subspecies forest-steppe
Belgorodsky, 51 38 57,4 | 48 | 21,6 | 2,8 | 3,3 | 38,1
Kursk, 51 34 52,3 | 4,7 | 22,9 | 3,5(3,1 40,6
Volgograd, 51 42 42,51 6,3 | 28,1 | 2,0 |4,2]60,0
Khmelnitsky, 50 27 36,1 | 54 32,4 |4,0|4,4(422
Poltava, 49 33 60,4 | 52 | 17,1 {3,9(2,5(27,9
Rostov 47 40 48,5 | 4,4 | 26,0 | 4,3 |3,8]55,6
By subspecies 47-51 27-40 | 49,5 | 5,1 | 24,7 | 3,4 (3,6 | 44,1
forest-steppe

Scots pine Siberian subspecies

Tomsk 57 85 47,6 | 5,7 | 19,7 | 4,9 | 3,3 | 44,1
By subspecies Siberian 57 85 47,6 | 5,7 | 19,7 | 4,9 | 3,3 |44,1

in the forest-steppe subspecies — 69.3%.
This indicator turned out to be signifi-
cantly lower in the variants of the Sibe-
rian subspecies and the variety of the
European Eastern — 61.5% and 60.2%,
respectively.

In terms of the content of a-pinene, a
component of monoterpenes, the subspe-
cies of Lapland pine has the highest
share — 36.8%. This indicator is at the
level of 21.0-24.0% in other variants of
subspecies and varieties.

In terms of the content of 3-carene,
an inverse relationship is observed — the
least of this component is in the Siberian,
forest-steppe and Lapland pine — 8.7%,
11.2% and 11.6%, respectively. The max-
imum is observed in the European west-
ern variety — 20.5%. In the Lapland pine,
the ratio of these components reaches
more than 3:1. This ratio is achieved in
the Siberian pine and the European east-
ern variety at the level of 2-3:1. A slight-
ly lower ratio of 2:1 was noted in the
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4. Composition of essential oil sesquiterpenes in various subspecies of Scots pine
in 61-year-old geographical forest plantations

Geographical coordinates | Essential oil group — sesquiterpenes
(]
Name of the climatype S o I § E % %
(subspecies, vqrieties) § g = = g k= k= =
of Scots pine g :; § %ﬂ § é '5 g I
§ 0 > )
Scots pine subspecies Lapland

Leningrad, 61 34 5,9 15,6 8,2 21,6 | 29,8
Arkhangelsk 62 43 13,6 | 12,3 | 13,9 | 22,1 | 36,6
By subspecies Lapland 61-62 34-43 9.8 139 | 11,1 | 21,9 | 332

Scots pine variety European western
Vologda, 59 40 242 | 12,2 5,1 12,6 | 24,7
Estonian, 58 27 8,5 | 11,8 | 13,3 | 22,6 | 348
Latvian, 57 22 152 | 159 | 7,9 | 18,1 | 40,6
Vitebsk, 55 29 17,7 | 14,5 | 12,5 | 21,6 | 37,9
Minsk, 54 27 21,5 | 12,7 | 12,3 | 20,1 | 34,1
Grodno 53 24 14,6 | 12,4 | 10,1 | 20,8 | 35,4
By variety European 53-59 22-40 17,0 | 13,3 | 10,2 | 19,3 | 34,6
Western

Scots pine variety European oriental
Ulyanovsk, 54 48 6,9 | 152 | 10,6 | 10,8 | 54,2
Bashkir 54 58 12,8 | 10,2 | 9,0 | 20,2 | 53,1
By variety 54 48-58 9,9 | 12,7 | 9.8 | 155 | 53,7
European oriental
By subspecies European 53-59 22-58 15,2 | 13,1 | 10,1 | 18,4 | 394

Scots pine subspecies forest-steppe
Belgorodsky, 51 38 9,0 8,6 | 11,9 | 21,4 | 59,1
Kursk, 51 34 8,0 5,5 12,5 | 23,1 | 56,8
Volgograd, 51 42 37,4 5,6 5,3 13,9 | 35,8
Khmelnitsky, 50 27 16,1 | 17,7 | 12,5 | 19,9 | 54,8
Poltava, 49 33 9,5 10,9 | 11,7 | 25,1 | 69,4
Rostov 47 40 139 | 90 | 12,1 | 22,3 | 40,7
By subspecies forest-steppe 47-51 27-40 15,7 | 9,6 | 11,0 | 21,0 | 52,8

Scots pine Siberian subspecies

Tomsk 57 85 8,4 11,6 | 13,7 | 22,1 | 43,4
By subspecies Siberian 57 85 8,4 11,6 | 13,7 | 22,1 | 434

forest-steppe subspecies and the Euro-
pean western variety.

A more detailed analysis of the com-
ponent composition of monoterpenes is
presented in table 3. The proportion of
monoterpenes in the total amount of es-
sential oils ranges from 44.1% (sub-
species Siberian and forest-steppe) to
62.3% (subspecies Lapland). Moreover,

in the Lapland subspecies, more than half
(59.9%) in this group is occupied by
a-pinene, and 3-carene is 3 times less
(18.1%). In the Siberian subspecies, this
ratio is 2.4: 1 (47.6% versus 19.7%), in
the forest-steppe subspecies — 2.0:1
(49.5% versus 24.7%).

Sesquiterpenes are also widely rep-
resented in Scots pine needles of various
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geographic origins. It should be noted
that in the pine needles of the European
Eastern variety, their content exceeds
the proportion of monoterpenes (53.7%
versus 44.2%). An excess of sesquiter-
penes (52.8% versus 44.1%) over mono-
terpenes was also noted in the forest-
steppe subspecies. This ratio is practi-
cally at the same level (43.4% versus
44.1%) in the Siberian subspecies of
Scots pine. In other variants, there is a
noticeable excess of monoterpenes over
sesquiterpenes — 62.3% versus 33.2% in
the Lapland pine and 61.7% versus
34.6% in the European western variety.
In general, for the European subspecies,
the content of monoterpenes exceeds
that of sesquiterpenes (57.3% versus
39.4%).

It is also important that the noted fact
that in various subspecies and varieties
of Scots pine in the group composition
of sesquiterpenes, there is an excess of
one component in the composition
d-cadinene — from 15.5% in the variety

of European Scots pine to 22.1% in the
Siberian subspecies.

Conclusions and future perspectives.
As a result of the work done, the compo-
sition of the main components of the es-
sential oil from the group of monoter-
penes, sesquiterpenes and the oxygen-
containing group was revealed,
inhomogeneous in content, among various
subspecies and climatypes of Scots pine
growing in geographical forest cultures
on the territory of the Negorelsk educa-
tional and experimental forestry enter-
prise (Minsk region, Republic of Belarus).
The data obtained on the composition of
the essential oil and the ratio of a number
of components within or from different
groups in it will make it possible in the
future to select the most promising cli-
matic ecotypes for breeding for resistance
to biotic and abiotic environmental fac-
tors, taking into account the productivity
indicators of climatic stands, quality of
trunks, assessment of the vital state of
trees in the plantation and their safety.
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Pe6ko C. B., Monnascbka J1. ®., JlamoTkiH C. A.,
Kimenuyk I. B., Xpuk B. M., FOxHoBcbkun B. 1O.
BMICT OCHOBHUX KOMMOHEHTIB E®IPHOI OJli Y XBOi COCHU 3BUYAHUHOI,
AKA POCTE Y TEOINPA®IYHUX KYNBbTYPAX

Memoto docnidxeHb cmarno nposedeHHs aHarni3y ckrnady meprieHie i e&cmaHoerneHHs 8ioMiHHocmed
3a pieHeM emicmy egipHUX Macesn y x80i COCHU 38uyaliHOI pi3HUX KIiMamuy4yHUX ekomurie, sKi
pocmyme y eeoepachidHux nicosux Kynbmypax. O6’ekm docnidxeHHs1 npedcmasneHuli 17 kniMamunamu
COCHU 38uYaliHOI, siki pocmymb y 2eoepagiyHUX Kyfbmypax Ha mepumopii He2opinbckoeo Hag4arnbHO-
docnidHoeo niczocny MiHcekoi obnacmi binopyci. SkicHul i kinbkicHul aHanis egipHoeo macna xeof
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COCHU 38uyaliHol 30ilicHeanu mMemodom 2a30piOUHHOI xpomamoepacpii 6e3 nonepedHb020
ppakyioHysaHHs1 Ha xpomamoepagi «Kpucman 5000.1».

Y OocniidxysaHux Krimamunie cocHU 38u4aliHOi 8CmMaHOBeHO Pi3HULl pieeHb 3a cKkrladom eghipHo20
maca ceped MOHOMePMeEHi8, CeCK8IMepPneHie i KUCeHb8MICMHOI epyrnu, a maKkox 8uUsi8/IeHO iCMOMHi
8iOMiHHOCMI 3a 8MiCMOM HU3KU KOMMOHeHmie ycepeduHi docnidxysaHux epyn. Haubinbwul euxid
eqipHoI onii cnocmepieaembcs y nidgudi cocHu 38uyalHol piaHosudy esporelicbka 3axiOHa — 1,9 %,
mpoxu Hux4e yel rnokasHuk y niosudy nicocmenosa — 1,7 %). lcmomHO HWx4uli MoKa3HUK 8uxody
eqipHOI onii susisuscsi y cocHU 3eu4aliHoi piaHosudy esponelicbka cxiOHa ma nidsudy cubipcbka,
skut cmaHosumb 1,1 % i 1,0 % 8i0nogioHo.

OmpumaHi daHi w000 cknady egipHoi onii i cniggiOHOWEHHSI 8 Hili HU3KU KOMMOHeHmie ceped
nidsudis i piaHosudie cocHu 3guyaliHoi (nidsudu: nannaHAcbKa, cubipckka, ficocmennosa, espornelicbKa;
pisHosudu: egponelicbka 3axioHa i cxioHa) dadympb 3moz2y 8 nodanbuomy rnposodumu eidbip Halbinbw
nepcrnekmueHUX KriMamu4Hux ekomunie i nidgudie Onsi cenekyii Ha cmitikicmb 0o 6iomuyYyHUX i
abiomu4yHux chakmopie cepedosuuja 3 ypaxyeaHHSIM MOKa3HUKi8 pocmy i npodykmueHocmi
depesocmatie.

Bidomocmi npo cknad komrnoHeHmi8 egipHOI onii y xeoi knimamunig i nidsudie coOCHU 38u4alHoOi
00rMoMOoXymb po3wupumu 3HaHHsI w000 cmilkocmi pocnuH, ix 36epexeHHs i pocmy, ocobnugo 8
ymosax 3MiHU Krimamy & Hanpsmi apudu3auji.

KnrouyoBi cnoBa: komMrnoHeHmHul cknad, eKkcmpakmueHi pe4o8uHU, MOHOMepreHu, ceckaimep-
neHu, dimepreHu, eeoepaiyHi Kynbmypu, KniMamuyHul ekomurl.

OmpumaHo: 2021-03-16
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3BEPEXEHHA NMPEACTABHUKIB POlY DROSERA L.
3 BUKOPUCTAHHAM BIOTEXHONOMN4YHMUX METOAIB

C. 0. BIIIOYC, kaHOudam 6ionoziyHuUx Hayk, 0oueHm
https://orcid.org/0000-0002-1682-5352, e-mail: forest_biotech@nubip.edu.ua
0. O. OJIIMHUK, kaHOUOam CinbCcbK020CN00apChKUX HayK
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0. O. N'YHbKO, cmydeHmka OC «Mazicmp»
e-mail: lena16_99@ukr.net
HauionanbHul yHieepcumem 6iopecypcis i npupodokopucmyeaHHsi YKpaiHu

Y pobomi nposedeHo OocidxeHHs ocobnugocmeli ompumMaHHs cadugHO20 Mamepiary pioKic-
Hux npedcmasHukie Drosera spatulate L. ma Drosera aliciae L. 3 sukopucmaHHsIM MIKPOKTOHaIlb-
HO20 PO3MHOXEHHST 3 MemMo\o ix 36epexxeHHs1 U nodasnbuoeo KyrnbmueysaHHs1 8 yMoeax ex Vitro.

BionpauybosaHo memoduky cmepunizayii ekcnnaHmamie D. spatulate ma D. aliciae 3 80—
90 % ompumaHHsIM acenmu4yHo20 Mamepiany. BusyeHo ennue pizHux eapiaHmie cmepurnizayil
Ha po38UMOK MiKpornazoHie. Hatlikpawumu po3yuHamu Onsi cmepunizauii eusHa4eHo dea: 0,1-8i0-
comkogul poz4yuH AgGNO, ma 12,5-gidcomkoguli posduH H,QO,.

HocnidxeHo ocobrusocmi op2aHo2eHe3y ma peaeHepauii Uirioeo opaaHiamy 3 Kyfibmugo8aHUX
mkaHUH ma opaaHie npedcmasHukie Drosera L. [1idi6paHo onmumarbHe XxusurbHe cepedosulle
Ha emarii 88e0eHHs1 y Kynbmypy in vitro D. spatulate ma D. aliciae (MC i3 dodasaHHam PVP
2 meTt). BusHayeHo onmumarbHi yMo8u rpsimo2o mopghozeHe3dy mkaHuH Drosera spatulate L.
ma Drosera aliciae L., ujo 0ano 3moey Macogo2o ompumMaHHsI 0300pP08/IEHO20, 2eHEeMUYHO 0OHO-
piOHo20 cadusHo20 Mamepiany. [loka3aHO 0il0 eK302eHHUX peaynsmopie pocmy Ha pi3HuUx ema-
nax MopghoeeHe3y poC/uH 8 ymosax in Vvitro. YOOCKOHaneHo yMoeu pu3ozeHesy in vitro.

3okpema 3a pesynbmamamu 0ocridxeHb Halsuwul KoegiyieHm po3MHOXeHHs (1:8)
ma ¢hopmysaHHs KopeHegoi cucmemu byrno ompumaHo Ha be320pMoHaribHOMy cepedosulyi
3 y08idi 3MEHWEeHUM 8MICMOM MaKpoesieMeHmie | XusunbHoMy cepedosuwii 3 dodasaHHSIM
0,5 me-r* IMK. 3a makux ymoe y 8cix po3MHOXYy8aHUX POCIUH criocmepieanu akmugHul Mop-
¢ozeHe3 i hopMysaHHSI pO3BUHEHOI KOpeHe8ol cucmemu.

3a pesynbmamamu nposedeHux AocnidxeHb 6yno po3pobreHo MeMOOUKY MIKPOK/IOHaslb-
HO20 PO3MHOXEHHS, ika 0ana MOX/ugicmb ompuMamu 2eHemu4YHo-cmabinbHi, 8inbHi 8i0 xeo-
pob pocnuHu-peeeHepaHmu D. spatulate ma D. aliciae 3 onmumarnbHO cghoOpMO8aHOK KOpeHe-
8010 cUCMEeMOK ma se2emamusHoro Macor. OmpumaHuli 00HopiOHUl cadusHuUl Mamepiarn
MOXHa esuKopucmosysamu y KeimHuKapcmei, cmeopeHHi mepapiymie, Onsi ¢hapmMakosio2ivyHux
yinel ma 3 Memoto iHmMpoOyKUii.

Knrovoei cnoea: Drosera L., MIKpOK/IOHarlbHEe PO3MHOXEHHS, MOPhO2EeHE3.

HaykoBuii kepiBHHK — KaHAnAaT Oionoriunux Hayk, goueHT C. 1O. Binoyc.
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AKTyabHICTh Ta aHaJi3 OCTaHHIX
AocJifkeHb. B YkpaiHi uepe3 npoBecHi
e y MUHYJIOMY CTONITTI MeliopaTuBHi
poOOTH 3 OCyIIEHHS TepuTopii 3abomoue-
HUX 3eMeJib 1 O0JIIT 3HAYHO 3MEHITHITUCS.
Kpim Toro, 3MiHM KJIiMaTy TakoX CIpH-
YUHSAIOTh BUCUXAHHS OOJIIT, BiJl YOTO I10-
TepnaTh 00J0THI pocnuuu. Ha tepuro-
pii BOTHO-O0TOTHUX KOMIUIEKCIB CyTTEBO
3MEHIINJIACh TUIONIA JIOKATITETIB YepBO-
HOKHIKHHUX BUAIB pociauH (Andrienko &
Protopopova, 2010; Umanets &
Moisienko, 2012; Chornobrov et al.,
2019).

30epexeHHs1 O10pI3HOMAHITTS € OCHO-
BHUM 3aBJaHHSIM B yMOBax IMIBHIKUX
3MiH HaBKOJHUIIHBOTO cepenoBuia. Oco-
OJIMBO TOCTPO CTOITH Mpoliema 30epe-
KCHHsI HaJ3BUYAlHO BPa3INBHUX CTCHO-
TonHUX BHIiB (iopu. Came BUAHM POAY
Drosera € iTHIUKaTOpaMu 3MiH KIIiMary i
YyTJINBI A0 KOJIMBAHHS PiBHS IPYHTOBHX
BOJI TOINO. YCi MPEACTaBHUKH POIY
Drosera € BuaMu, 110 3HHKAIOTh, KPIM
BHIIB pony Drosera rotundifolia, onHax,
3a nanumu BueHuX (Rak & Kachula,
2017), iX 3aHECEHO 10 HOBOTO BHaHHS
UepBoHOI KHUTH YKpaiHH B Kareropii
«BPA3NUBUI».

Ha Tteputopii Vkpainu € Tpu BUAH
pocuuok: kpyraonucrta (Drosera
rotundifolia L.), anrniiiceka (Drosera
anglica Huds.) ta pocuyka cepeaHs
(Drosera intermedia Hayne) (puc. 1).

D. rotundifolia nommpeHa B apKTud-
Hiil Ta OMIpHIA 30Hax €Bpasii Ta [liB-
Hignoi Amepuku (GBIF Secretariat,
2014). B €Bporri BOHA TpaIUIIE€ThCS Maii-
JKe TI0 BCIH TepuTOpii, alie ayKe HepiBHO-
MipHO. /IOCHTE psICHO BOHA TIpe/ICcTaBiIC-
Ha B [liBHIUHIN Ta ATIaHTHYHIN €Bpori,
3pinka B Cepenniit i qgyxe piako B I1iB-
JIeHHI# (KkpiM miBaeHHOTO cxony) (Melzig
& Krenn, 2011).

B Vkpaini me g0CUTh HEIaBHO
D. rotundifolia noBoJIi 4acTO Tparsiach
y JIICOBiH 30HI W Ha MIBHOYI JICOCTENO-
BO1, 3piJika Ha MiBAHI Jicocremny i B Kap-
matax Ta Jyxe pigko Ha miBHoui JliBo-
oepexxnoro crtemy (Andrienko, 2009;
Chorna, 2006; Kiraly, 2009). Oanak, 3a
OCTaHHIMH CIIOCTEPEKCHHSIMH, Ha ChO-
TFOJHI BEJHKY KIJBbKICTh MiCI€3HAXO-
JokeHb D. rotundifolia BTpadyeHo BHACII-
JIOK aHTPOIOTCHHOTO BIUIMBY U depes
ocymenHs Ooxit (Andrienko, 2009;
Umanets, 2012).

BukopucranHas 6i0TEXHOIOTIYHUAX Me-
TOJIB OTPUMAaHHSI POCIHHHOI CHPOBHHU
Drosera L. € HaI3BU4ailHO aKTyaJIbHUMH
HampsSIMOM sIK B O3€JICHCHHI, TaK 1 B dap-
maxororii (Egan & Man der Kooy, 2013),
OCKLUTBKH 3a0e3Ieuy€e OTpUMAHHS 0370-
POBJICHOTO, CTEPIJIBHOTO POCIUHHOIO
Marepiaiay y BEJIUKIH KiTbKOCTI He3aleK-
HO BiJl CE30HY.

OnTHMaIbHUM HAPSIMOM TSI PO3pPO-
OJieHHs cTpareriii 30epekeHHs BUIIB, SIKi

Puc. 1. llpencraBuuku Drosera L.: A — Drosera rotundifolia L.; B — Drosera anglica
Huds.; C — Drosera intermedia Hayne; D — BUIIISII pOCHYKH
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3HUKAIOTh, € IHTEIPOBAHMHI HAayKOBUU

MiJXiJ, 0 MO€EJHY€E 3aCTOCYyBaHHS 0i0-

TEXHOJIOTIYHUX HPUHOMIB JUIS KYIbTYpH

in vitro, pallioHaJbHE YIIPAaBIiHHS KOJICK-

IsSIMU 13 METOIO €(hEKTUBHOTO BiJTHOBJICH-

Hsl TIOMYJAMiA 1 BUJIB, IO 3HUKAIOTH

(Chornobrov & Bilous, 2021), Buxopuc-

TaHHA MOJIEKYJIAPHO-T€HETUYHUX MPHUiio-

MIB Ul JOKYMEHTYBaHHS Ta MiATPUMKA

kosteknit (Chung et al., 2013), orminro-

BaHHS IapaMeTPiB IeHETHYHOTO Pi3HO-

MaHITTS NPUPOJHUX 1 IITYYHO CTBOPEHUX

TOMYJISAIIHN, TOMTOBHEHHS KOJICKI[IH Ta iX

OOMiH.

BuxopuctanHs METORy KyIBTYpH in
Vitro € ONTUMAaJbHUM CyYaCHHM PillleH-
HSM, 110 HaJa€ MOXKJIHUBICTh:

— BIJTHOBJICHHS Ta PO3MHOKCHHS I[IHHUX,
PIIKICHUX 1 TaKHX, 10 3HUKAKOTh, BH-
JIiB KBITKOBHX POCJIHH, 5IKi B&XKKO PO3-
MHOXYIOThCA in Situ N ex Situ;

— CTBOPEHHS KOJEKLii reHeTUYHO-0IHO-
PITHUX POCIIMH y KYJIBTYpI in Vitro,

— OJep KaHHS 03TOPOBJICHOTO CaIUBHO-
ro marepiainy;

— MacoBe BUPOOHHUIITBO I[IHHUX T€HOTH-
MMB POCIHH 13 KOJEKIid OOTaHIYHUX
cazisB.

HoBwn3HOM0 1IFOTO HATIPSIMY € CTBOPEH-
HS TEHETUYHOTO OaHKy 3pa3KiB POCIHH-
HOT CHPOBHHH, 1110 € HE3aMiHHUM PeCyp-
COM JUISI XapaKTEPUCTUKHU 30EPeKEeHHS Ta
CTaJIOr0 BUKOPHCTAHHS 010pI3HOMAHITTS
POCIIMHHOTO CBITY, BUSBICHHS HAHOIBII
MIPOAYKTUBHHUX TEHOTHIIIB TOCIIOAPCHKUX
KYJABTYP 1 KyNbTYp 13 MiJBUIICHUM aJar-
TUBHUM MOTEHI[1aJIOM OO0 30BHIIIHIX
(hakTOpiB cepeoBHINA, KUTBKICHOTO OIli-
HIOBaHHS MapamMeTpiB FeHETHYHOT Pi3HO-
MaHITHOCTI IPUPOAHUX 1 IITYYHO CTBO-
PIOBaHUX ex sifu MOMYJALIHM, a TaKOX
KOJIeKIIil okpeMux TakcoHiB (Matthews,
1994; Chorna, 20006).

Merta npociigKeHHS] — BU3HAYCHHS
0CcoONMBOCTEH MPsMOI pereHepartii poc-
nuH Drosera spatulate L. ta Drosera

aliciae L. Ha pi3HUX eTanax MiKpPOKJIO-
HAJIBHOTO PO3MHOMKCHHS.

HoTtemnep Taki mpeacTaBHUKU BHUJIB
poxy Drosera ycHilIHO KYJITETHBYBAJIHChH
in vitro: D. binata La Billardier, D. na-
talensis Diels (Anthony, 1992; Caniato
et al., 1989), D. capensis L. (Curkovic &
Berljak, 1996), Drosera-regia Stephens
(Janssens, 1986), D. rotundifolia L. (An-
thony, 1992; Bonnet et al., 1984; Kuku-
Iczanka & Czastka, 1987; Simola, 1978)
ta D. spatulata Labill. (Blehova et al.,
1990, 1992). IIpote goci HE PO3pOOICHO
MPOTOKOIIB MiKPOKIOHATHHOTO PO3MHO-
JKCHHS 1 CKJIaly KUBIJIBHUAX CEpPEIOBHII
(KC) mnst D. spatulata (pocudka), 30Kpe-
Ma B Ykpaini. Uepes ne HallOinapm mo-
OIUPEHUM CIIOCOOOM PO3MHOXKEHHS Ha-
pasi 3anuimaerbest HaciHHeBUH (Fernan-
dez-Pascual, 2016), dyepe3 Jerkicts y
CTepUITI3aIlil ISl CTBOPEHHS IIEPBUHHIX
KYIBTYP.

BpaxoByroun 3HaYHUI TIOMUT HA XHKi
pocnunn (Baskin & Baskin, 2014) Ta
BIJICYTHICTb PO3POOJICHMX METOJIUK Mi-
KPOKJOHAIbHOTO PO3MHOXXEHHS, BCE
OUIBII aKTyaJIbHUMHU CTAIOTh 30€peKeHHS
Ta PO3MHOKCHHS PIAKICHUX 1 TaKKX, IO
3HUKAIOTh, BUJIB IIi€] TPy POCIHH ex
Sifu, a TAKOX CTBOPEHHS I€HETHUYHOTO
OaHky in vitro.

Marepiajau Ta MeTOAM AOCJiAAKEH-
Hel. Buxigaumu ekcriantaMu Oy yac-
THHU TEHEPATHBHOIO KOMILICKCY, SKi
(hopMyIOTBCSI 3 OpPYHBOK, BiTHOBIICHHX 32
OJIMH ITUKII BUIIUMOTO POCTY, SIKi MICTITh
cTe0I10, TUCTS 1 OPYHBKH, a TAKOXK KBITKY
abo CyIBITTS.

s 3HE3apaKyBaHHS BHXITHHUX EKC-
IJIAHTATiB JOTPUMYBAIKHCh 3arajibHO-
NPUAHATUX y O10TEXHOJIOTi] METOIB Ta
M IX0/1B, MOAU(DIKYOUH THAMBIIYaTbHO
st kokHoro reHotury (Chornobrov &
Bilous, 2021).

KynbpTuByBaHHS MEPUCTEMHHUX Iijs-
HOK 3A1HCHIOBaIM Ha MOAM(DIKOBAHUX
cepenoBumax Mypacire i Ckyra (MC)
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(Murashigey & Skoog, 1962) noaaroun
70 TXHBOTO CKJIaay (iTOTOPMOHM pi3HOT
koHueHTpanii (Aratjo et al., 2014;
Baranyai & Joosten, 2016; Clapa et al.,
2010).

JlomaTkoBO 10 cepeoBUINa JOAABATIH
aktuBoBane Byriwist (1 r') (ogHOpaso-
BO), SIK BYITICBOJIHEBE JKUBIICHHS — caxa-
po3y (30 r-!), mezoinozur (100 mr-t),
arap (0,7 %) 1 nBi xanarui popmu 3ainiza:
eTHJICHIaMiH-i-2-T1IpOoKCcHU-(eHIoI-
toBy kucinory (Fe-EDDHA) i etunenni-
aminTerpaonrtoBy kucinory (Fe-EJITA),
pH cepenoBuma 5,6-5,7.

ExcruranTi KyapTHBYBAIH 32 TEMIIE-
parypu 25+2 °C, 16-roquHHUM (hoTOIIE-
pioJI0M, 32 OCBITJIICHHS IHTECHCHBHICTIO
2000-3000 mx.

OCHOBHUM MOKa3HUKOM €(peKTUBHOC-
Ti CTEPUII3yI040i PeHOBUHU Oyna Kijib-
KICTh €KCILJIAHTATIB, 1[0 HOPMaJbHO PO3-
BUBAJIKCh.

Y poOoTi K POCIUHU-AOHOPU OyIu
BUKOPHUCTaHI mpencraBHuku Drosera
spatulate L. Ta Drosera aliciae L., B3sTi
3 KOHTEMHEPHOI KyNbTypH.

Pe3ysbTaTn gociigkeHHs ta ix 00-
ropopenHsi. Ha mouatkoBomy erari BBe-
JICHHS B KYJABTYPY in Vitro Ta pereHeparii
BHUKOPHCTOBYBAJIU JKUBUIIBbHI CePEIOBHUINA
Mypacire i Cxyra (MC) 3 moBHuUM abo
3MEHIICHUM YIIOJIOBHHY BMICTOM MiHe-
paTbHUX €JIEMEHTIB.

[lin 4ac ekcrepuMEHTAIBHUX POOIT
MiIOMPaTH CTEPHITI3YIOUNH PO3YUH, SIKUH
JIETKO BUMHUBABCSI 13 TKAHUH JHCTHIIHOBA-
HOIO BOZOIO, 100 MEHIIIE IITKOJUTH TKa-
HUHAM E€KCIUIAHTIB. 3 LI€I0 METO s
OTPUMAHHS CTEPUIIBHOTO BHXIIHOIO Ma-
Tepially BHKOPHCTOBYBAJIU 3arajibHO-
NPUUAHATI MeTOAHu. SIK cTepuiizyroui
PEYOBHHHU BUKOPHUCTOBYBAJIU PO3UUH
70-BiICOTKOBOTO €TUJIOBOTO CIHUPTY
(C,H,OH), 1,7-Bincorkoswuii Ta 1,25-Bia-
COTKOBH PO3YMHHU TIMOXJIOPUTY HATPitO
NaCIO, po34mHU TEPOKCUIY BOJHIO
(H,0,) pi3noi konuenTpanii — 12,5-Bia-

COTKOBMH Ta 25-Bigcorkosuii Ta 0,1-Bix-
COTKOBUH pO3YHMH HiTpary cpibia
(AgNO,). [lns 1OCATHEHHS MOCTABJIEHOT
METH pPEarcHTH BUKOPHUCTOBYBAIH SIK
OKpEMO, TaK 1 B KOMOiHaIlii 3 pi3HOIO eKc-
MO3UIII€I0 T4 PEKUMOM BiJIMHBAHHS.

KoxeH i3 cTeprITi3yIouux po34rHIB Ta
gac eKCIO3UIlii MPOsBISB PI3HY 0 Ha
excrutantu Drosera L. Crocib crepuiti-
3anii 3 BUKopuctanasm 70-BiJICOTKOBOTO
po3unny etanoiy (30 cex), MOTiM BUTPH-
MyBaHHA y 1,25-BiACOTKOBOMY pO3UMHI
NaClIO 3 excrniosuiiiero 20 XB i Tpupaso-
BHUM BIJIMUBaHHSM y CTEPHJIBbHIHN BOII HE
MOIIKO/)KYBaB TKaHWH 1 HE TIPUTHIYyBaB
PO3BUTKY POCIHH Ta 3a0e3leuyBaB CTe-
pPUIIBHICTh ekcrutanTatiB 60 %. Crin 3a-
YBa)KHUTH, 110 TTOCIIIOBHICTh Ta EKCITO3U-
I[i0 BUKOPUCTAHHS Pi3HUX CTEPHIII3YIO-
YUX pearcHTiB BH3HAYalll y Ipoleci
pOOOTH eMITIPHYHUM METOJOM 3aJICKHO
BiJl THIy €KCIUTAHTATy Ta CTYICHS HOro
1H(iKOBAHOCTI.

Pesxxum crepuiizatiii 3 BAKOPHCTaHHSIM
70-BiJICOTKOBOTO €TaHOINTy 1 BUTPUMYBaH-
HsM 30 cex iy 0,1-BiICOTKOBOMY PO3UMHI
AgNO, 5-7-10 XB i TpUPa30BUM BiIMH-
BaHHSM y CTEpHJIbHIHN Bozi Tpudi 1o 10 xB
BIUIMBAB Ha POCIHMHU MO-pizHOMY. CTepu-
Jizarist 3 ekcriosuiiiero 10 XB nmpu3Bena a0
MOBHO{ BTPaTH POCIMHHOTO MaTepiaiy, B
pe3ynbTari BCi pOCIMHH OylU CTEPHIIBHI,
ayie He JKUTTE3IATHI.

CBO€I0 YEprorw eKCIo3uilis 7 XB y
0,1-incoTkoBOMY po3uuni AgNO, nana
3Mory orpuMaru 50 % KHUTTE3TaTHUX
EKCIUIAHTIB, a €KCIO3UIlsA 5 XB BUSABH-
Jach HaWO1IBII ONTUMAJBFHOK. 32 TAKUX
YMOB KUTBKICTh ACEITHYHHUX Ta 3AaTHHX
no pereneparii pocnud cranosmia 80 %.

JI1st BUBHAYEHHSI HAHONITUMAJIbHIIIIOTO
crnocoOy cTepumizaiii, nmapaieiabHo i3
JBOMA TIOMIEPETHIMH cXeMaMu, OyJlo BH-
KopucTaHo 50-BiJICOTKOBHI PO3YMH Tie-
pokcuay Boauto (H,0,) y 1Box BapianTax
cmiBBimHOMIeHH:, 1:1 Ta 1:2, i3 pi3HUM
4acoM €KCHO3ULI.
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1. CkJyiag KOMIIOHEHTIB *KMBHJIBHOTO CepeI0BUINA /Ul iHAYKIIl opraHoreHesy

No Konmonenti JKC KoHieHTpaitist 1o BapiaHTax CepeoBUIIA, MI T
mnop. 1 2 3 4 5
1 Maxpoenement MC 100 100 30 100 100
2 Mikpoenementa MC 1,0 1,0 1,0 1,0 1,0
3 Bitamian MC 1,0 1,0 1,0 1,0 1,0
4 Fe xenat 10 5 5 10 5
5 BAII 1,0 - - 1,0 -
6 'K 0,1 - - - -
7 Jshassic - - - 1,0 -
8 Kinetnn - 0,25 - - 0,25
9 10K 0,5 - - - -
10 Me3soinosur, - 0,1 0,1 0,1 0,1 0,1
11 Iykpo3sa, r-u' 30 20 20 30 20
12 Arap, ! 6,7 6,7 6,7 6,7 6,7
13 PVP, ra! 1 - - 2 2
14 IMK - - 0,1 0,2 -

pH 5,6-5,7

3a yMOB BUKOPUCTAHHS PO3YHHY IIe-
pokcuy BomHIO 50 % y CIiBBiIHOIICHHI
1:2 BUXiJ aceNTUYHHUX €KCIUIAHTIB Ha Tpe-
TIO 100y Miclis BBEACHHS CTaHOBUB 80—
90 %. [1pu 1bOMy BiJIMUBAaHHS CKCIUIAHTIB
BiJl 3QJIMIIKIB CTEPHIII3YIOUOTO PO3UHHY
MOXXHa TPOBOJUTH OJHOPa30BO. Takuit
croci6 € HallMEHII TOKCHYHUM Ta e(ek-
TUBHUM JIJISl HE3JIEPEB’ IHIJIMX TaroHiB.

[HAYKIiFO OpraHoreHe3y 3 KyJIbTypH
MepucteM Drosera L. 3aiicCHIOBaIIN TS
XOM KYJIbTHBYBAHHSI OTPUMAHUX [TEPBHH-
HHAX MIKPOIAaroHiB 3 aCEeNTHYHHX EKC-
MJIAHTIB, OTPUMAHHUX TICHSA IX HoTmepe-
JTHBOT cTepuITi3allii.

Ha mocruil neHp KyJabTUBYBaHHS CIO-
CTepiraiu 1HIYKIIO Ma3ylHuX OPYHBOK,
ski Ha 10-14 nenp manu posmipu 0,2—
0,3 cm.

Buxin acenTHYHHX >XKHUTTE3NATHUX
ekcrranTariB cranoBuB 90-100 %. Uepes
2—3 no0u cnocTepiralid aKTHUBHE BUJIi-
JeHHsT (EHOJIBHUX CIIONYK, [0 HETaTHB-
HO BILUIMBAJIO Ha PICT 1 PO3BUTOK €KC-
miaaHTaTiB. s yHUKHEHHS IBOTO IO
JKUBUIIBHOTO cepenoBuia MC nomaBaiu
noniBiginmipiaigon (PVP) (1-2 ra'), aa-
COpOIifiHI BIACTHBOCTI SKOTO CIPHUSIIOTH

PIBHOMIpHOMY PO3MOALTY HOKUBHUX eJie-
MEHTIB y CEpeAOBHINI Ta 3MCHIICHHIO
HEraTHBHOTO BIUIMBY HPOJYKTIB BTOPHH-
HOTO MeTadoi3My.

Jnst imnyknii Mmopdorenesy maroHu
PO3IUTAIIN Ha CETMEHTH 1 IEPEHOCHIIN Ha
JKUBUJIBHI CEPEelOBHUIIIA, SIKI MiCTHIIU Pi3-
HUH CKJIaJ 1 KOHIIEHTPAIi0 (HITOTOPMOHIB
(Tabm. 1).

Ianykiis MopdoreHnesy 3HaAUYHOIO Mi-
poto 3anexana Big ckiaany JKC i1 Ha mo-
YaTKOBUX €Tamax pO3MHOXCHHS MPOXO-
Jla B OCHOBHOMY Ha 0a30BHX ceperio-
Bumax MC.

KysibTHBYBaHHS IPOBOIMIIH IPOTATOM
21 mus (puc. 2). Pesynbratu o0iiky Ha-
BeJIEHO B Tabm. 2.

AHaIi3y04H JIaHi, JT0XOJUMO BUCHO-
BKy, o Mopdorenes D. spatulate Ta
D. aliciae nalliHTEeHCHBHIIIE TPOXOINB
Ha CepeAOBHUIII 3 JONAaBAHHSIM KiHETHHY
0,25 mr-a! ta PVP 2 ra!, excrmantu
Manu po3mipu 2,5-2,8 ¢M i THIIOBO Ha-
CUYCHE 3elieHe 3a0apBIeHHs, (OpPMYyBaH
KOpeHi Mo 2—-3 mT. Ha eKCIUIaHTi, 3a-
BIOBXKKH 3,5-4,9 cm (puc. 3). CBoerw
4yeprorw Ha cepenoBumii 2 MC 6e3 no-
naBaHHs PVP 3ayBakyBamu BUIITCHHS
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Puc. 2. Pocnunu-perenepantu D. spatulate Ha MOP()OreHHOMY CepeaOoBUIIIL
Ha 21 neHb KyJIbTUBYBAaHHS

Puc. 3. Pocnunu-perenepantu D. spatulate ta D. aliciae
Ha MOpGOreHHOMY cepefoBHIi Ha 21 [eHb KyJIbTHBYBaHHS

(denoniB y 0azanpHili yacTuHI Ta OuUIsl  ociabieHHs ekciuiaHTiB, 0,4-0,6 cM, sKi
KOPCHIB. XapakTepu3yBajauch (HOpPMYBaHHHAM

[Ipu nonaranHi 10 cepenoBumnia bAIl  ocnabieHux, ne)opMOBaHUX JTUCTKIB, 110
1,0 mr-r'+ TK 0,5 mr-or! BusHayanu  Majm cBimie 3abapsienns. Ha cepenoBu-

2. Oco0auBOCTi PO3BUTKY €KCIJIAHTATIB HA Pi3HUX BapiaHTaxX cepeaoBHINA
(21 neHb KyJIbTHBYBAHHS)

No Cknan Konuenrpartis KinpkicTb YTBOpeHHs MaroHiB |YTBOPEHHS KOPEHIB

nop. PKC (PPP)| ropMoHiB, Mr-! | eKCIIaHTAaTIB, IIT. IIT. cM IIIT. M
BAII 1,0

1 'K 0,1 2 2,7+0,9 | 0,5+1,3 - -
10K 0,5

2 Kin 0,25 2 3,3+£0,56 | 2,3+1,1 [2,5+4,3 | 1,643,2

3 IMK 0,1 2 2,8+3,6 |0,62+0,8 |3,8+3,1 | 1,3£2,4
IMK 0,2

4 BATI 1.0 2 3,4+3,3 |0,26+0,5 - -
Kin 0,25

5 AK 5.0 2 4,9+1,5 | 2,6£1,5 |2,5¢1,5| 2,8+1,2

IIpumimxa: AK — ackop6inoBa kucinora; PPP — perynsatopu pocty pociaun: XKC — KUBUIb-
HE CEepeOBHIIE.
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3. Buiu peryasiTopis pocty pociuH Ha Mmopdorenes D. spatulate ta D. aliciae

Cepenonume JKurTe3naTHi Mikponaronu Koedimient HaﬂBP{iCTL KOpeHe-
IIT. % PO3MHOKCHHS BOI CUCTEMH
Besropmonansae MC 10 100 9 HasBHA
Y, MC 10 100 8 HasiBHA
MC + BAII 0,5 mr-! 2 20 8 HeMae
MC + BAII 1,0 mr-a! 3 30 3 HEMae
MC + BAII 1,5 mr-! 1 10 4 HEMae
MC + xinetus 1 mrr! 3 25 4 HEMae
MC + xinetun 2 mr-r! 3 30 3 HEMAE
MC + xinetus 3 mrr! 8 80 4 HEeMae
MC + IMK + 0,5 mr-a! 10 100 % 5 HeMae

mi 3 gomaBanusaM 0,1 mr-a!' IMK ekc-
IJIAHTH TaKOX OyJIH TOHKI, cirabki — 0,4—
0,7 cMm, anme mpu 1bOMy 30epiranu 3xaart-
HicTh (opMyBaTH KOpeHi (Ha OZHOMY
eKCIUIaHTari — 10 3—5 mT.).

Ha JKC npomosuenoro 0,2 mr-a!' IMK
+ 1,0 mrr! BAII He criocrepiraim cyT-
T€BOI PI3HUII B pO3Mipax €KCIUIAHTIB,
IIPU BOMY KOPEHi (GOpMyBaIUCh 3HAYHO
MEHII 3a po3mipamu. HaiontumanipHi-
[IMM BUSIBUJIOCS CEPEIOBUIIE 3 BUKOPHUC-
tagasM 0,25 mrr! KiHETHHY Ta J0j1aBaH-
M PVP 2 rr!, a Takox 6€3ropMoHalib-
He JKC MC 3 ynBiui 3MEHIICHUM CKJIaJ0M
MakpoeaeMeHTiB. Ha mpoMy cepenoBuii
CIOCTEpiranu akTUBHUHN PICT Ta IHIYK-
10 PU3OTEHERY.

Ha 21-28 no0y KynbTUBYBaHHS Oyii0o
oTpuMaHO c(hOPMOBaHI POCIUHU- pere-
HEPaHTH, 3arallbHUN PO3MIp SKUX CsraB
10 8 cM 13 100pe chopMOBaHOIO KOpEHE-
BOIO cucTeMoto. OxepikaHi pociIuHU-pe-
TCHEPAaHTH BUKOPUCTOBYBAIH IS II0-
Janbpimoi MacoBOi MYJbTHIUTIKALii in
vitro.

[licnsg ycminmrHOTO OTpHMaHHS CTe-
PUIBHUX KUTTE3ATHUX POCITHH-PEreHe-
pauTiB D. spatulate Ta D. aliciae mipo-
BOJIMJTH TTi7101p KOMIIOHEHTIB )KMBHIILHOTO
cepenoBUlIa A IHAYKLII pU30TEHE3Y in
vitro Drosera L. JIns nmporo crepuibHi
POCTIMHHU PO3AIISUIN Ha OKpeMi MiKpouac-
TUHKU # Bucamkysanu Ha JKC, pi3Hi 3a
ckiaagom: MC+IOK (0,5 wmr-at);

MC+IMK 0,5 mr-r'+ I0K 0,5 mrert;
MC+IMK 4 mr-a'+0,5 mr-a1!' BAII; 6/t
MC Ta Y2 MC (tada. 3).

Sk BHAHO 3 TaOJMINI, TOJABaHHS IO
JKC HU3BKMX KOHIIGHTpAIill IUTOKIHIHIB
BAII Ta xiHeTHHY MO3UTHBHO BIUIMBAJIO
Ha PICT POCIUH-PETCHEPAHTIB Ta CIIPHSI-
710 GOpMYBaHHS KOPEHEBOi CHCTEMH Yy
50 % pocnun. [logaBanus aykcuny IMK
y koumeHTparii 0,5 Mrr' Takox Mmo3u-
THBHO BIUTMBAJIO HA 1HAYKIIIIO PU30OTCHE-
3y TKaHWH EKCIUIAHTIB. Y)Ke depe3 IBa
THXKHI eKCIIAaHTH (POPMYyBaIA PO3BUHEHY
KOPEHEBY CHUCTEMY Ta BIBidi 30inblryBa-
JIU CBIil TIPUPICT.

V pesyibrati 0CIiKeHb, HAHBUIIHMA
koedimieHnt posmuoxeHHs (1:8) ta dop-
MyBaHHS KOPEHEBOI cHCTEMH OyII0 OTpH-
MaHO Ha 0e3ropMOHAIILHOMY CEepe0BHIII
3 yABIYl 3MEHIIICHUM BMICTOM MakKpoelie-
MmenTiB Ta Ha JKC i3 goxaBaHHAM
0,5 mr-r' IMK. Yci pocinuHu posBIIsiin
aKTHBHUU MopdoreHe3 ta (GopmyBain
KopeHi (puc. 4).

[igcymMoByIOUM OTpUMaHi Pe3yJabTaTH,
HaliepCeKTHBHIMHUM MOXHAa BBa)XaTu
KC 2 MC, sike MOXHa BUKOPUCTOBYBAaTU
SIK JIIs1 KYJIBTHBYBAHHS POCIIUH, TaK 1 IS
(hopMyBaHHS KOPECHIB, BUHITKOM € JIUIIIE
BUMYyIlIeHa 1HAYKLiA. 3a HeoOXigHOCTI
IIBUJKOTO KOPEHEYTBOPCHHS 3 METOIO
MIEPEHECEHHS POCINH Y IPYHT HalKpalie
BukopuctoByBatu JXC i3 momaBaHHSIM
0,5 mr-a' IMK.
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Puc. 4. ®opmyBaHHSA PO3BHUHEHOT KOPEHEBOI CUCTEMU Ta iHAYKIIs pOCTy
MmikponaroniB Ha JKC 2 MC

BucHoBku i nepcrnekTuBu. 3a pe-
3yJIbTaTaMu TPOBEJCHUX JOCIIKEHb
OyJIo po3pOOIEHO METOAMKY MiKpPOKIIO-
HAJBHOTO PO3MHOMKCHHS, SIKA JaTa MOXK-
JIUBICTh OTPUMATH F€HETHYHO-CTAOIIBHI,
BUIBHI BiJl XBOPOO POCIUHHU-PETEHEPAHTH
D. spatulate ta D. aliciae 3 onTHMaIbHO
c(hOpMOBaHOIO KOPEHEBOIO CHCTEMOIO Ta
BETETaTUBHOIO Macoi0. OTpUMaHHi OTHO-
PIIHUN CAJUBHHKM MaTepiajdl MOXKHA BH-
KOPUCTOBYBATH Yy KBITHHKApPCTBI, CTBO-
peHHi TepapiyMiB, s HapMaKOIOTIYHIX
[iJiel Ta 3 METOI IHTPOAYKIlii. Bimmpa-
IhOBAHO METOJMKY CTepruri3amii ekc-
mnantariB D. spatulate ta D. aliciae 3
80—90-BiICOTKOBUM OTPUMAaHHSM acerl-
THYHOI KyJIBTYpPH TKaHHH pOCHHH. Bu-
BUYCHO BIUIMB Pi3HUX BapiaHTIB CTEPHIIi-
3aIii Ha pPO3BUTOK MiKponaroHis. Bcra-
HOBJICHO, [0 HallePEeKTHBHIMUM €
crepuiizanis 3 Bukopuctanusm 0,1-Bij-
coTkoBoro posuuny AgNO, (5 xB) Ta
TpHpa3oBUM BiamuBaHHAM (5 xB) y dH,O,
a TaKOX CTEPIJIi3allisl 3 BUTPUMYBAHHIM

ekcranTiB 30 cek y pozuuni 70-Binco-
TKOBOTO €TaHoJy i 12,5-BiJICOTKOBOTO
poszunny H,O, 3 onHOpa3oBuM BiMHUBaH-
g 10 xB y dH,0. ExcnepumenTansno
3’sscoBano, mo JXXC MC 3 gogaBaHHSIM 2
rr! PVP e onTuMmanbHUM Ha eTari BBe-
JIEHHS Y KyJbTypy in vitro D. spatulate
ta D. aliciae. JIoCIiIKEHO pereHepaIrio
MikponaroHiB D. spatulate Ta D. aliciae
3aJIe)KHO BiJl THITY €KCIDIAHTY Ta CKIATy
JKC. HaiiedexktuHime MopdoreHes mpo-
xomuB Ha JKC i3 nomaBanuam 0,25 mr-a!
KiHeTHHY Ta Ha 0/ MC. Taki ymoBHU
KyJIbTUBYBaHHs 3a0e3neuniu 100-Bigco-
TKOBY pereHepallito poCIMH-PEreHEPaHTIB
13 KoedirienToM po3mHokeHHs 1:8. Ilic-
7Sl BABUCHHS BIUIMBY IIMTOKIHIHIB Ha Mi-
KPOKJIOHAJIbHE PO3MHOKEHHS D. spatulate
ta D. aliciae, 6yi0 BCTaHOBIEHO, IO
PO3BHTOK Ta iHIAYKIlisI MHOXHHHOTO ITa-
TOHOYTBOPEHHS in Vitro HallKpaie mpo-
xonuTh Ha O/T cepenoBummi MC. Jlus
IHIYKIii YTBOPEHHS KOPEHEBOI CHCTEMH
HeoOxinno nomasaru JKC 0,5 mrr! IMK.
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Bilous S. Yu., Oliinyk 0.0., Hunko 0O.O.
PRESERVATION OF REPRESENTATIVES THE GENUS DROSERA L.
USING BIOTECHNOLOGICAL METHODS

The peculiarities of obtaining planting material of rare representatives Drosera spatulate L. and
Drosera aliciae L. using microclonal propagation in order to preserve and cultivate them in ex vitro
conditions were studied.

The method of sterilization of D. spatulate and D. aliciae explants with 80-90% obtaining aseptic
material has been developed. The influence of different sterilization options on the development of
microshoots has been studied. The best mode of sterilization is 0,1% solution of AGNO, and 12.5%
solution of H,0,.

The features of organogenesis and regeneration of the whole organism from cultivated tissues
and organs of Drosera L. was investigated. The effect of exogenous growth regulators at different
stages of plant morphogenesis in vitro is shown. Improved conditions of rhizogenesis in vitro.

It was found experimentally that MS nutrient media with the addition of 2 g-I* PVP is optimal at
the stage of introduction into culture in vitro D. spatulate and D. aliciae. The regeneration of
microshoots of D. spatulate and D. aliciae depending on the type of explant and the composition of
nutrient media was studied. Morphogenesis was most effective on nutrient media with the addition
of 0.25 mg-I* kinetin and on the hormone free MS media. Such cultivation conditions provided 100%
regeneration of plants with a reproduction rate of 1:8. Studying the effect of cytokinins on the
microclonal reproduction of D. spatulate and D. aliciae, it was found that the development and
induction of multiple shoot formation in vitro is best performed on hormone free MS media. To induce
the formation of the root system, it is necessary to add into MS nutrient media 0.5 mg-I* IBA.

According to the results of the research, a method of microclonal propagation was developed by
cutting stem culture, which made it possible to obtain genetically stable, disease-free regenerating
plants of D. spatulate and D. aliciae with an optimally formed root system and vegetative mass. The
obtained homogeneous planting material can be used in floriculture, creation of terrariums, for
pharmacological purposes and for the purpose of introduction.

Keywords: Drosera L., microclonal reproduction, morphogenes.
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I. M. KULBANSKA, PhD in Biological Science
https://orcid.org/0000-0002-3424-8106, e-mail: i_kulbanska@ukr.net
A. F. GOYCHUK, Doctor of Agricultural Sciences, Professor
https://orcid.org/0000-0002-7770-9451, e-mail: ogoychuk@gmail.com
National University of Life and Environmental Sciences of Ukraine
M. V. SHVETS, PhD in Biological Science
https://orcid.org/0000-0002-1116-3986, e-mail: marina_lis@ukr.net
Polissia National University

Attention is focused on the fact that in recent years there has been epiphytotic dieback out
of many species of forest woody plants both in Ukraine and in other countries of the world,
which has a dynamic character and a tendency to grow. In the deep pathology of this phenom-
enon, phytopathogenic bacteria, which have high reproduction energy and can penetrate the
plant both from the outside and cause a pathological process as vital obligates, were left
without attention.

It has been established that the most common and harmful disease of common ash in
Ukraine is tuberculosis. The causative agent of the disease is the phytopathogenic bacterium
Pseudomonas syringae pv. savastanoi Gard. affects both trunks, branches and shoots, and
inflorescences of common ash. Bacteria Pseudomonas sp., Pseudomonas fluorescens Mig.,
Pseudomonas syringae Van., Erwinia herbicola Eh., Xanthomonas sp. were isolated from tu-
berculous pathology as a concomitant myco- and microbiota and micromycetes Cladosporium
cladosporiodes Fres., Ulocladium botrytis Preus., Mycelia sterilia (dark), Mycelia sterilia (orange),
Fusarium heterosporum Lin., Fusarium sp., W., Cylindrocarpon didymium Har., etc.

The mechanism of systemic relationships of the components of myco- and microbiota of
tuberculous pathology of common ash in the regulation (self-regulation) of pathogenicity and
aggressiveness of vital obligates has been investigated. Attention is focused on the prospects
and expediency of using the antagonistic properties of myco- and microorganisms and bio-
logical products based on them for the prevention and protection of tree plantations from
bacterial pathogens.

It is shown that the pathology of common ash is a multifaceted phenomenon with interre-
lated processes of an infectious and non-infectious nature. The need to distinguish between
the etiology and pathogenesis of this negative phenomenon is indicated, that is, not to mix the
factors that lead to the weakening of ordinary ash (factors catalyzing the disease) and the
factors that cause its epiphytotic dieback.

Keywords: bacteria, fungi, common ash, antagonism, Pseudomonas syringae pv. savas-
tanoi.

Introduction. Mico- and microorgan-
isms are an integral part of the forest
biocenosis, which determines its depth,
which is directly involved in all stages
of growth and development of woody
plants and the utilization of mortmass
and detritus. Among the systematic and

functional groups of myco- and micro-
biota, a special place is occupied by phy-
topathogenic endophytes of various tro-
phic specializations, capable of causing
significant ecological, economic and so-
cial damage under certain conditions,
which is confirmed by deep pathology
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with massive (epiphytotic) dieback out
of many species of woody plants (Scots
pine, spruce European, silver birch, com-
mon ash, in somewhat smaller volumes
common oak, white fir, aspen, common
hornbeam) both in Ukraine and abroad.

Analysis of recent researches and
publications. In particular, the degrada-
tion and mass dieback out of tree planta-
tions has reached a global level and has
been noted practically throughout the
entire range of many ash species, includ-
ing common ash, both in European coun-
tries and in the USA and Asian countries
(EPPO, 2020).

The pathology was first discovered in
Northern and Central Europe in the 1990s
(Kowalski & Holdenrieder, 2009), and
then was discovered in Germany and
Sweden (Langer, 2017), Norway (Talge,
2009), the Czech Republic, Slovakia and
Finland (Jankovsky & Holdenrieder,
2009), Austria (Halmschlager & Kirisits,
2008) and Hungary (Kirisits et al., 2009).
In 2008, the disease spread to France
(Husson, 2011), in 2009 it was Italy and
Greece (Ogris, 2010), which caused the
trees to dieback. The latest reports of
noted pathology of Fraxinus excelsior L.
were received from Belgium (Chandelier,
2009), Netherlands, England and Ireland
(COST, 2011). In Ukraine, pathological
dieback of ash has been reported since
2014 (Davydenko et al., 2013; Goychuk
& Kulbanska, 2014; Matsiakh & Krama-
rets, 2014). Ash is currently dieback in
30 European countries (COST, 2011).

From different parts of the planet,
there are reports of similar and different
etiology and symptoms of tuberculous
pathology. Based on scientific research,
many possible pathogens — fungi have
been put forward (Kowalski & Holden-
rieder, 2009; Lygis et al., 2005; Przybyt,
2002; Langer, 2017) (in particular, Hy-
menoscyphus fraxineus Bar., which was
identified in Ukraine (Davydenko et al.,

2013), bacteria (Cherpakov, 2012; Goy-
chuk et al., 2019), nematodes (John,
1967; Ryss & Polyanina, 2018), myco-
plasmas (Bricker & Stutz, 2004), repre-
sentatives of harmful entomofauna (Kor-
da et al., 2019), as well as the influence
of climatic and soil-hydrological indica-
tors (Goberville et al., 2016), however,
no consensus has been reached yet.

Materials and methods of research.
Material for the study of the peculiarities
of tuberculous pathology of common ash
was collected in fresh oak forests of
Western Podillia of Ukraine, which, as
you know, are optimal for the growth of
highly productive deciduous forests with
the participation of Fraxinus excelsior,
in particular, in natural conditions on the
territories of state forestry enterprises
(Chortkivske forestry enterprise, Terno-
pilske forestry enterprise, Buchatske for-
estry enterprise). In the study area, Frax-
inus excelsior usually grows in mixed
stands with Acer pseudoplatanus L., Acer
platanoides L., Quercus robur L., Tilia
cordata Mill., Alnus glutinosa (L.)
Gaerth., Prunus avium L., Carpinus avi-
um L. and Ulmus campestris L., U. gla-
bra Mill. However, there are also mono-
cultures of ash, which are also character-
ized by high productivity. The vast
majority of stands with Fraxinus excel-
sior have a stand density of 0.7-0.8. The
age groups are dominated by middle-age
and pre-matured stands, which account
for about 58 % of the area of stands.

Affected samples were taken accord-
ing to pathology of varying intensity,
from trees of different age groups (young,
by middle-age and matured stands) and
from different parts of the trunk in trans-
verse and longitudinal sections — from
the bark, from the affected bast part, on
the border of healthy and affected wood
and visually healthy tissue.

During the research, reconnaissance
and detailed methods of forest patho-
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logical examinations were used, as well
as methods of phytopathological, micro-
biological and mycological studies ac-
cording to generally accepted methods
(Patyka, 2017), due to which studies of
the pathogenic, anatomical-morphologi-
cal, cultural and antagonistic properties
of Pseudomonas syringae pv. savastanoi
and associated bacteria and micromycetes
in the tuberculous pathology of ash (Goy-
chuk, 2020a).

In the laboratory of the D. K. Zabo-
lotny Institute of Microbiology and Virol-
ogy of the NASU homogenized and
plated on potato agar (PA) pieces of af-
fected tissues. Bacterial cultures were
grown in a thermostat at a temperature
of 26 °C. The number of microorganisms
depending on functional and other traits
was tested for their growth on special
nutrient media (potato agar, meat-peptone
agar, meat-peptone broth, malt extract of
agar, a medium of Chapek, etc.). The
pathogenic properties of the isolates were
manifested in laboratory and field condi-
tions by artificial infection of vegetative
and generative organs of common ash
and indicator plants (Phaseolus vulgaris
L., Nicotiana tabacum L., Kalanchoe la-
ciniata L.) with a bacterial suspension
with a titer of 108-109 cellsxml! (ac-
cording to turbidity standard). Control —
sterile tap water. The placement and size
of bacterial cells, Gram staining, the mor-
phology of colonies of microorganisms,
their biological, biochemical and cul-
tural properties were studied using spe-
cial methods (Patyka, 2017).

To determine the ability of bacterial
isolates to ferment various sources of
hydrocarbons, the mineral medium of
Omelyansky was used. The following
organic compounds were used as sources
of carbohydrates: lactose, xylose, rham-
nose, trehalose, raffinose, L-arabinose,
maltose, sorbitol, salicin, sucrose, galac-
tose, fructose, glycerin, mannitol, citrate.

The enzymatic or oxidative pathway of
glucose uptake was determined by the
growth of microorganisms on Omelyan-
sky’s medium under anaerobic conditions
under a 1 cm layer of vaseline oil. The
indicator was an aqueous solution of bro-
mothymol blue. Milk and gelatin were
used to detect proteolytic enzymes in
bacteria. Interactions between microor-
ganisms were investigated by the method
of delayed antagonism. The test cultures
were a standard set of bacterial strains
from the collection of the Department of
Phytopathogenic Bacteria of the
D. K. Zabolotny Institute of Microbiol-
ogy and Virology of the NASU, as well
as isolated by us from vegetative and
generative organs of common ash.

The antibacterial activity of biopesti-
cides based on Bacillus sp. was investi-
gated by titration and on ash in vivo.

To assess the typicality of the species
of micromycetes and to determine their
position in the structure of dominance in
the biocenosis, we applied the criterion
of a spacious frequency of occurrence.
To study the typical diversity of fungi in
the biogeocenosis, we used the concept
of the seasonal frequency of occurrence
of the species. To characterize the species
composition of fungi in the wood sam-
ples under study, the Sorensen-Chek-
anovsky similarity coefficient was used.

Results of the research and their
discussion. Nowadays, practically all
systematic groups of myco- and micro-
organisms (as causative agents of dis-
eases) are known on ordinary ash — fun-
gi, bacteria, mycoplasma-like organisms
(MPO), viruses, viroids, as well as algae,
lichens, higher flowering plants, etc. Our
research is aimed directly at establishing
the species composition and mechanism
of systemic relationships of the compo-
nents of the myco- and microbiota of
tuberculous pathology of common ash to
regulate (self-regulate) the pathogenicity

Vol. 12, Ne 2, 2021

«UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE»

ISSN 2664-4452 83



bGionoeisi nicogux ma ypbaHizogaHux ekocucmem

Fig. 1. Symptoms of tuberculous pathology of common ash: @ — general view
of the affected Pseudomonas syringae pv. savastanoi tree; b — tuberculous formations
on the trunk; ¢ — the consequences of joint colonization of the ash trunk
with the causative agent of tuberculosis, nectriosis and wood-coloring fungi

and aggressiveness of vital obligate as a
permanent (inalienable, obligatory) pre-
sentation in a part of the plant organism.

The symptomatology of tuberculous
pathology of common ash in the study
region is typically infectious and mani-
fests itself on the branches, trunks, and
generative organs of ash. At the same
time, instead of a smooth greenish-grey
bark, small elliptical soft tumors are
formed due to local swelling of the bark
and filling the voids with an odorless
gray sticky bacterial mass.

Over time, the affected areas of the
trunk become flattered, crack, the cam-
bium and bast in the middle part die off
and collapse. In the center of tuberculous
formations, a crack forms, which over
time heals. However, complete over-
growth does not occur. From year to year,
new tumors form, which spread both
along the length and the perimeter of the
trunk (branch). As a result, specific long-
term lesions are formed, which outward-
ly resemble a “scab” (Fig. 1).

The number of wounds on a tree de-
pends on the degree of injury and the

age of the tree, but generally, on one
affected tree, dozens and even hundreds
of foci of tuberculosis can be counted.
The presence of lesions deep in the
trunk, which is overgrown with wood,
usually spread along with the annual
rings. Rotten areas on the trunk of an
ash tree are formed exclusively during
mixed infection with the formation of
open ulcers with the participation of
wood-destroying and wood-coloring
fungi, in particular from the Ascomy-
cota and Basidiomycota divisions. In the
formation of open wounds (ulcers), usu-
ally the causative agents of common or
stepped cancer, mainly Nectria galli-
gena Bres., are involved or Endoxylina
stellulata Rom. (anamorph — Libertella
fraxini Ogan.). And then the disease pro-
ceeds with symptoms characteristic of
these pathogens (stepped open ulcers are
formed).

To establish the etiology of this phe-
nomenon, we conducted special myco-
and microbiological analyzes, the result
of which is the identification of the
pathogen and the species composition of
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Fig. 2. Number of colony-forming units (CFU) bacteria isolated from vegetative
and generative organs Fraxinus excelsior

concomitant myco- and microbiota of
tuberculosis pathology.

As a result of determining the species
composition of the pathogenic micro-
flora of tuberculous pathology of com-
mon ash, 7 species of bacteria were iden-
tified. The analysis of the obtained re-
sults showed the similarity of the studied
samples with the following species:
Pseudomonas syringae pv. savastanoi, P.
fluorescens, P. syringae, Pseudomonas
sp., Erwinia. herbicola, Xanthomonas sp,
Bacillus subtilis Eh. and Bacillus pumilus
Eh. According to the results of artificial
infection, the isolates showed pathoge-
nicity both on ash-key, young ash trunks
(branches), and on indicator plants. At
the same time, they were non-pathogen-
ic to the leaves of common ash (only
minor damage to the leaf blade remained
at the sites of the introduction of the bac-
terial inoculum).

The average values of bacteria iso-
lated from the vegetative and generative
organs of Fraxinus excelsior ranged from
1 to 168 CFU (Fig. 2). The largest num-

ber (116, 168 CFU) of bacteria was ob-
tained by isolating Pseudomonas syrin-
gae pv. savastanoi.

Also, thanks to the results of artificial
infection of common ash by injection
into the trunks of a suspension of a dai-
ly culture of microorganisms (8.6—
9.97 CFUxml!") and by introducing a
pure bacterial culture under the bark
(14.1-21.27 CFUxml") (both in vivo and
in vitro), we confirmed the bacterial eti-
ology of tuberculous pathology (Fig. 3)
and isolated the pathogen — the phyto-
pathogenic bacterium Pseudomonas sy-
ringae pv. savastanoi. When carrying out
the above-mentioned works, circadian
rhythms of plant resistance (Gvozdyak,
2005) to bacteriosis pathogens were tak-
en into account.

The agent isolated by us has typical
features for the genus Pseudomonas.
These are non-spore-bearing mobile rods
0.4—0.8%1.3-3.0 microns in size, gram-
negative, placed singly, in pairs or in
short chains, sometimes in groups, lo-
photrichs, with 1-6 polar flagella. The
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Fig 3. The result of artificial infection of the organs of common
ash Pseudomonas syringae pv. savastanoi

ends of the sticks are smoothly rounded.
On the potato agar, colonies are grey-
white, smooth, round, transparent, with a
denser center, with an equal or slightly
wavy, sometimes with a blue tint, edge.
Colonies on meat-peptone agar are small,
2-3 mm in diameter, grow slowly, gray-
white, round, flat, or convex, with a notch
in the center, transparent, with an equal
or wavy edge. On meat-peptone broth, the
growth is moderate, bacteria form uni-
form cloudiness. No growth was found
on the Czapek and Omelyansky medium.
The strains are not homogeneous ac-
cording to physiological characteristics.
The aerobic, not fermenting glucose un-
der vaseline oil. Bacteria assimilate su-
crose, galactose, fructose, glycerin, man-
nitol, citrate; do not assimilate lactose,
xylose, rhamnose, trehalose, raffinose,
L-arabinose, maltose, sorbitol, salicin.
They do not reduce nitrates. They cause
a hypersensitivity reaction on the leaves
of Nicotiana tabacum and form a fluo-
rescent pigment on the potato agar.
Growth was noted at 37 ° C. Accord-
ing to the given signs, the causative agent
of tuberculous pathology is close to that
described in the literature (lacobellis &
Caponero, 1998; Cherpakov; 2012; Ra-
mos et al., 2012; Suresh & Rupert, 2016;

Caballo-Ponce et al., 2017; Goychuk et
al., 2019).

In particular, growth (no growth) on
most nutrient media, significant variabil-
ity with food sources, relationship in the
production of enzymes. The main differ-
ences are the absence of fluorescence in
liquid nutrient media and the slow ab-
sorption of carbohydrates and alcohols.
The heterogeneity and plasticity of this
species are associated with the possibil-
ity of expanding the spectrum of nutri-
tious plants.

In the course of our analysis of my-
cobiota, affected by tuberculous pathol-
ogy of ash branches in the region, of the
study in total (including identified only
to the level of the genus Fusarium sp.
and Phoma sp.). Were identified 7 genera
and 10 species of micromycetes. Usually,
the affected tissue samples had a mixed
infection (Fig. 4).

The analysis of the obtained results
showed the similarity of the studied sam-
ples with the following species: Acremo-
nium strictum, Cladosporium cladospo-
riodes, C. didymum, Fusarium spo-
rotrichiella Bilaivar. (Peck) Wol.,
Fusarium heterosporum, Fusarium sp.,
Mycelia sterilia (dark), M. sterilia (or-
ange), Phoma sp., Ulocladium botrytis.
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Fig. 4. Colonies of micromycetes isolated from vegetative and generative organs
of affected trees Fraxinus excelsior: a — Mycelia sterilia (orange),
M. sterilia (dark), Cladosporium cladosporiodes, Ulocladium botrytis;
b — U. botrytis, Phoma sp., C. cladosporiodes

Based on the results obtained, it is
possible to differentiate the identified
species into separate categories, in par-
ticular, to assert that Ulocladium botrytis
is a typical dominant species (spatial and
seasonal frequency of occurrence exceeds
60 %). Typical numerous species in-
clude — Phoma sp., Cladosporium clado-
sporiodes, Mycelia sterilia (orange). Fol-
lowing the types of rare species — Acre-
monium strictum, Cladosporium
didymum, Fusarium sporotrichiella,
F. heterosporum, Fusarium sp. and
M. sterilia (dark). There are no random
species. Ulocladium botrytis is character-
ized by a high occupancy rate (57.1 %),
while Acremonium strictum, C. didymum,
and Fusarium sporotrichiella are charac-
terized by a low one (14.3 %). F. heteros-
porum (Fig. 5).

Based on the calculation of the So-
rensen-Chekanovsky similarity coeffi-
cient (S > 0.5), we see that there are
significant differences between the spe-
cies composition of the compared stages
of the study. In general, the results of the
study showed that the mycobiota of in-
fected branches of common ash is char-
acterized by the presence of a complex
of pathogenic species, dispersedly local-

ized over the affected area. The results
obtained confirm the assumption of the
presence of a complex biological com-
plex, dieback of tree stands. We also
found a disease known as “ash dieback”
(“deadly disease” of ash, “peripheral
dying off”, “pathogenic dieback of ash™)
in the studied stands). It should be noted
that the symptoms have fundamental dif-
ferences in comparison with tuberculosis.
In affected plants, there is a rapid gradual
(sometimes sudden) crown death due to
the formation of local necrotic areas on
the shoot (trunk). The leaves above the
lesion site wither (starting from the top),
and by the end of summer they turn black
(like those burnt by fire) and do not fall
off for a long time.

Studies have shown that the micromy-
cete Chalara fraxinea Kow. is the caus-
ative agent of ash dieback (Kowalski,
2006; Davydenko et al., 2013; Matsiakh
& Kramarets, 2014). At the same time,
attention was focused on the fact that C.
fraxinea is an anamorph of Hymenosy-
phus pseudoalbidus (Kowalski & Hold-
enrieder, 2009). We have isolated sev-
eral species of anamorphic fungi from the
pathology of the ash dieback type (we
failed to isolate C. fraxinea) and bacteria,
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Fig. 5. Spatial and seasonal frequency of occurrence of micromycetes
of tuberculous pathology of common ash

in particular Pseudomonas syringae pv.
savastanoi, Erwinia horticola and Xan-
thomonas sp. Artificial infection of ash
organs with micromycetes did not lead
to symptoms similar to “ash dieback”,
and bacterial infections caused patho-
logical processes similar to ash tubercu-
losis.

To initiate processes related to the
activity of natural populations of hyper-
parasites, which are ecologically and tro-
phically combined with bacterial phyto-
pathogens, we investigated the relation-
ship, in particular antagonistic, in the
systems of “phytopathogenic bacteria-
hyperparasites” of tuberculous pathology
of common ash.

The study of systemic relationships,
primarily antagonistic, between different
types of myco- and microorganisms, in-
cluding saprotrophs and pathogens,
pathogens of infectious plant diseases,
including bacteriosis, in the context of
identifying active antagonists to patho-
genic components of myco- and micro-

biota is extremely important and relevant.
To study the antagonistic relationships in
the system “bacterium-bacterium” and
“bacterium-micromycete” in the labora-
tory, we used both isolated by us and
collection strains of bacteria Pseudomo-
nas syringae 8511, Pseudomonas savas-
tanoi 9174, as well as micromycetes
Ulocladium botrytis, Phoma sp., Clado-
sporium cladosporiodes, Acremonium
strictum, Cladosporium didymum, Fu-
sarium sporotrichiella, F. heterosporum,
F. sp.

All strains were used in cross-reac-
tions “basic culture-test culture”. A total
of 108 variants of reactions were deliv-
ered. During the research, we did not find
antagonistic relationships between test
cultures — pathogens of Fraxinus excel-
sior in the system “bacterium-bacterium”.
In contrast to bacteria, micromycetes iso-
lated from the vegetative and generative
organs of Fraxinus excelsior showed
some antagonistic activity against phyto-
pathogenic bacteria. The most active
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were Ulocladium botrytis and Cladospo-
rium cladosporiodes with mean sterile
zones of 5.8 and 4.9 mm, respectively.
They suppressed to varying degrees all
test cultures of phytopathogenic bacteria.
The activity of the other three micromy-
cete species, Acremonium strictum, Fu-
sarium heterosporum, and F. sporotrich-
iella, was selective. They did not inhibit
the growth of Pseudomonas sp. (“Kr4”)
and Pseudomonas syringae pv. savas-
tanoi (“Kr4”) and weakly inhibited Pseu-
domonas syringae pv. savastanoi (“H1”)
and the collection Pseudomonas savas-
tanoi 9174. Other species of micromyce-
tes did not show antibacterial activity.
Bacteria Pseudomonas syringae pv.
savastanoi (H1), Pseudomonas syringae
8511, Pseudomonas savastanoi 9174
were the most sensitive to all types of
micromycetes.

Regarding the reverse effect, phyto-
pathogenic bacteria on micromycetes, in
most cases their antifungal activity was
zero. Minor areas formed by the action
of bacteria on micromycetes are also vir-
tually zero. Such a result was obtained
in the laboratory on an artificial nutrient
medium, which differently affects the
growth and activity of bacteria and mi-
cromycetes. In particular, bacteria grow
intensively on the potato agar, and the

25
20

growth of micromycetes is inhibited. At
the same time, bacteria do not grow on
Czapek medium due to the presence in
these media of different nutrients for mi-
cromycetes and bacteria. Under natural
conditions, the interaction in the systems
“bacterium-bacterium”, “bacterium-mi-
cromycete”, “micromycete-bacterium”
can and obviously should be different,
because the micro- and microorganisms
are influenced by various factors (woody
plant at certain stages growth and devel-
opment, its physiological state, the pres-
ence of a pathology, meteorological (syn-
optic) factors, including as catalysts of
pathology, compliance of forest woody
plant with forest conditions, etc.). How-
ever, experiments with coniferous forest
woody plants have shown that phyto-
pathogenic bacteria (so-called vital obli-
gates) in natural conditions outside the
pathological process do not affect the
growth of micromycetes (Gvozdyak,
2005; Goychuk, 2020b). Studies of bio-
logical products (“Victant” and “P27ant”)
based on aerobic spore-forming bacteria
Bacillus sp. no high antimicrobial activ-
ity was revealed for all studied cultures
of microorganisms, and their activity de-
pended not only on the type of bacteria
but also on which organs of the ash tree
it was isolated from (Fig. 6).

—8—P27ant

1
. 12 13,5
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2 4 8
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Fig. 6. Antimicrobial activity of “Victant” and the strain “P27ant”
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It was found that bacteria of the genus
Bacillus sp. can suppress the adhesion
and survival of phytopathogenic P. syrin-
gae pv. savastanoi on the surfaces and
tissues of test plants, eliminating the
pathogen population or decreasing its
density with a possible attenuation of
properties, the mechanism of which re-
quires further research. Thus, our studies
in combination with the results of other
scientists indicate the presence of dis-
eased trees Fraxinus excelsior complex
biocomplex of pathogenic species, which
directly involved in the dieback of ash
stands. And, we found elements of an-
tagonistic relationships between compo-
nents of different systematic and func-
tional groups of myco- and microorgan-
isms indicate the possibility and
necessity of using this phenomenon in
the context of positive and negative feed-
back mechanisms to develop methods of
biological protection of forest woody
plants, including Fraxinus excelsior,
from pathogens of infectious diseases,
including bacteriosis.

Conclusions and future perspec-
tives. Currently, the deterioration of
phytosanitary conditions of plantations
with the participation of Fraxinus excel-
sior is associated with various biotic
(harmful entomofauna), biotic parasitic
(micromycetes, bacteria, nematodes,
mycoplasma factors, as well as adverse
climatic (synoptic, synoptic, and many),
including “ash dieback” and tuberculo-
sis, which indicates the need for com-
prehensive studies of pathologies of for-
est woody plants, including epiphytic,
in particular, diseases of forest woody
plants are currently associated with
exogenous infection.

Isolated by us the causative agent of
tuberculous pathology of common ash
Pseudomonas syringae pv. savastanoi on
the following grounds is close to that de-
scribed in the literature: growth (no
growth) on most nutrient media, signifi-
cant variability in relation to nutrient
sources, and so on.

Erwinia horticola, Pseudomonas sp.,
P. fluorescens, P. syringae, P. aglomer-
ans, Xanthomonas sp., spore-bearing bac-
teria Bacillius sp., as well as micromy-
cetes Acremonium strictum, Cladospori-
um didymum, Fusarium sp., Fusarium
sporotrichiella, F. heterosporum, Phoma
sp., Ulocladium botrytis and the like iso-
lated at different stages of tuberculous
pathology of Fraxinus excelsior. Affect-
ed plants at any age have hidden faults
in the wood (blackening, cracks, rotten
areas with a significant spread along the
trunk), which devalues it.

It was found that both isolated phyto-
pathogenic bacteria and concerning test
cultures of bacteria did not reveal antago-
nistic activity. In contrast to bacteria, mi-
cromycetes isolated from the vegetative
and generative organs of common ash are
characterized by a large antagonistic activ-
ity concerning phytopathogenic bacteria.
Thus, we found, like other researchers,
elements of antagonistic relationships be-
tween components of different systematic
and functional groups of myco- and mi-
croorganisms indicate the possibility and
necessity of using this phenomenon in the
context of positive and negative feedback
mechanisms for the development of means
and methods of biological protection for-
est woody plants, including Fraxinus ex-
celsior, from pathogens of infectious dis-
eases, including bacteriosis.
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Kynb6aHcbka I. M., loituyk A. ®., lWeeus M. B. .
MIKO- | MIKPOOPTAHI3MU TYBEPKYJIbO3HOI MATONOrI ACEHA 3BUHAMHOIO
B YKPAIHI TA B3AEMOBIAHOCUHU MDX HUMU

OcmaHHIiMu pokamu criocmepieaembcsi enigpimomitiHe ecuxaHHs 6acambox eudie ricosux
depesHUX POC/UH SIK 8 YKpaiHi, mak i 8 iHwux KpaiHax ceimy, sike mae OuHaMiyHul xapakmep i
meHOeHyito 0o 3pocmaHHs. Ocobrniugy ysazy HUHIi HeobxiOHO npudinumu Oeepadauii sceHesux
HacalxeHb, emuosiozisi namornoail sikoi noe’sizaHa i3 gpimonamozeHHoro 6akmepieto — Pseudomonas
syringae pv. savastanoi. 3azanbHa cxema docnidxeHb mybepKynb03HOI mamonoeii Fraxinus excelsior
nepedbayana maki emanu: pekoeHocyupyeasnbHi ma demarnbHi niconamono2idyHi 06CcmexXeHHs 3a
3azanbHonpuliHAMuUMU nicieHUYO-makcayilHuMu ma c¢himonamonozgiyHumu memodamu; 8i06ip
ypaxeHuUx opaaHie i mKaHuH; i3075Uisi MIKO- | MIKpOOp2aHi3Mie y qJucmy Kynbmypy; nepesipka
namoeeHHuUX enacmusocmel sudineHux izonamis ma ix ideHmucbikauyisi; OCiOKeHHs aHmMa2oHICMUYHUX
83aeMO8IOHOCUH y cucmemi «bakmepis—b6akmepisi», «bakmepis—MikpoMiuemy» siK MOXIUBUX YUHHUKI8
iHOyKUii 0emymaujitHux npouyecig y nicosuli 6ioyeHos. 36y0HuUK mybepKynbo3y eede 00 hopMy8aHHS
murnosux my6epKynb03HUX 8UPA30K Ha 8Be2emamuBHUX ma 2eHepamusHUX opaHax siceHa 38u4aliHo20.
Xapakmep namozeHe3y 3ax80pH8aHHS — XPOHIYHUU, 8a20MO 8rM/U8aE Ha OHMO2EeHe3 POCITUHU,
30Kkpema sede 00 hopMysaHHsI nomnimopghHUX munie 8ad depesuHu ma deghopmauil HaciHHS y depes
cmuernoezo eiky. [lepesa Morn00020 8iKy 2uHymb yHaciOoK CrinlbHOT iHGbeKuil 3 iHWuUMU iHgbeKyitiHumMu
aeeHmamu. [epesa nopocrie8o20 MOX0OXEHHS giOMuparomp y rnepwi poKuU Mic/si 3apaxeHHs.
JocnidxeHHs1 MexaHi3My CcuCmeMHUX 83aEMUH (30Kpema, aHmaz2oHICmu4YyHUx) cknadoeux MiKo- i
Mikpobiomu my6epKyrnbo3Hoi namosnoeii sceHa 38udyaliHo20 dae MOXIU8iCMb 8mpymumucs y npoyec
peaynauii namoeeHHocmi U azpecusHocmi gimanbHUX 06/liczamos, WASAXOM 3acmoCcy8aHHs
bionpenapamis Onsa npoginakmuku i 3axucmy 0epesHUx HacadxeHb 8i0 36yOHuUKie bakmepiosie. Ha
pisHUx cmadiax mybepkynso3Hoi namornoeii Fraxinus excelsior L. i3onbosaHi Erwinia horticola,
Pseudomonas sp., P. fluorescens, P. syringae, P. agglomerans, Xanthomonas sp., criopoHOCHi
b6akmepii Bacillius sp., a makox mikpomiyemu Acremonium strictum, Cladosporium cladosporiodes,
Cylindrocarpon didymum, Fusarium sp., F. sporotrichiella, F. heterosporum, Phoma sp., Ulocladium
botrytis mowo, AKi eukopucmaHi 8 00CiOXeHHsIX SIK «aHmurnod» 36ydHuka myb6epKynbo3y.
BcmaxosneHo, wjo 6akmepii pody Bacillus sp. 30amHi npuzHiyyeamu adeesito i 8uxusaHHs
gimonamozaeHHux P. syringae pv. savastanoi Ha MoeepxHsIX i 8 MKaHUHax Mecm-pOoCIIUH, eniMiHyr4U
nonynsyiro namozaeHa abo 3MeHwyroyu il winbHicmb 3 IMOBIPHOK ameHyuieto enacmusocmed,
MexaHi3m sikoi mompebye nodanbwux 00CiOXeHb.

Knroyoei cnoea: 6akmepii, epubu, siceH 3suyalHul, aHmazoHism, Pseudomonas syringae pv.
savastanoi.

OmpumaHo: 2021-03-19
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A0 YBAIN ABTOPIB!

Jo posrsany mpuiimMaloTecsi HayKoBi ctarti obcsirom 10—20 cTtopiHok TekceTy 6e3
BpaxyBaHHs 0i0niorpadiuHiX MOCHIIAHb 1 aHOTAIll] aHITIHCHKOI0 200 YKPaiHChKOI MOBOIO
(3anexHo Bix MoBu crarti). Popmar nanepy — A4, opieHTallis — KHIXKKOBA, MOJIS 3 yCiX
cTopiH — 20 MM, MDKpSAKOBHUH iHTepBat — 1,5, keris mpudty — 14, rapritypa — Times
New Roman, a63am — 1 cm (uime ams OCHOBHOTO TEKCTY CTATTi 1 aHOTAIliH).

CTpyKTypa HayKoOBOI CTATTI:

YAK (BUpiBHIOBaHHS I10 JiBOMY Kparo, MPUPT — 3BUUYANHHN);

— Ha3Ba cTarTi (BUPIBHIOBAHHS 10 LEHTPY, MPUPT — HAMIBKUAPHUHA, BETUKI JTITEPH);

— inimianm Ta npizBuIe aBTOPiB (BUPIBHIOBAHHA TIO LEHTPY, MIPU(T — HAMIBKUPHUN);
HAYKOBHMH CTYHNiHb i BUeHe 3BaHHd, ineHTH(dikaTop ORCID, esexTpoHHa agpeca
aBTOPiB, Mice IXHbOT po6OTH (BUPIBHIOBAHHS MO LIEHTPY, WPUPT — KYPCUB), KOXKEH
CHIBAaBTOP 3 HOBOTO PsIJIKA; CTYJACHTH 1 acIipaHTH JI0JaTKOBO BKa3yIOTh HayKOBOTO
KepiBHHKA B KiHII MMEPIIOi CTOPIHKU CTATTi y BHUIIISAII BUHOCKH;

— aHoTalisl YKpalHCHKOIO (aHTIIMCHKOI0) MOBOIO (KeTib mpupTy — 14, KypcuB, Mix-
psanxoBuii iHTepBanm — 1). OOcaT aHOTAIil YKPaiHCHKOIO 1 AHTIIIHCHKOI0O MOBAMH TI0-
BruHEH OyTu He MeHe 1800 3HaKiB;

— KJII040Bi cioBa (kerib mwpudry — 14, KypcuB, MDKpsIKOBHH iHTepBan — 1) —cioBo-
CHOJy4eHHS (CJIOBa), [0 BUKOPHUCTOBYIOTHCS JUISL IIOUIYKY CTAaTTi B €IEKTPOHHUX Oa-
3ax, OJHE 3 HUX He JQyOJIo€ ClioBa 3 Ha3BU CTAaTTi;

— TEKCT HAyKOBOI CTATTIi i3 3a3HAUYCHHSAM HACTYITHUX €JICMCHTIB:

e AKTYaJbHICTh — BUCBITIIOETHCSA BaXKIUBICTH MOCITIIKEHHA, ICHYIOUI TIpoOieMn Ta
HaINpsIMU X BUPILICHHS B KOHTEKCTI IIOCTABICHUX HAYKOBHX 3aBJaHb 13 3a3HAYCHHSIM
[ HEBHUPIIICHUX ACIICKTIB MUTAHHS.

e AmHaJi3 ocTaHHIX qoCaiIkeHb Ta myoaikamiii. [lomaeThcs KOPOTKUN aHAII3 PE3yib-
TaTiB JOCIII)KEHb HAYKOBIIB 3 TEMaTHKH HAyKOBOI CTaTTi. B KiHIIl BOTO pO3IiTy
CTHCIIO (OPMYIIOETHCS OCHOBHE 3aBIAHHS HAYKOBOTO JOCII/KEHHS Y BUINIsAAI MeTn
abo rimore3m crarri.

e Marepiaau i MeTOIH JOCTiAKEeHHsI — JICTAIbHO OMUCYEThCS CXeMa JIOCIHIJIKECHHS,
YMOBH 1 Miclie IPOBEJCHHS JJOCIily, OCHOBHI METOJM 1 METOAUKH JOCIIKEHHS TOILO.

e Pe3yabraTn gocaizkeHHsT Ta X 00roBOpeHHs — 3a3HAYAIOTHCS OTPUMaHi pe3ysbTa-
TH TOCIIDKCHHS Ta iX aHATI3 13 HaBEJCHUM MOPIBHSIHHIM IIOAO0 Bimomux (akTis (Oa-
JKaHO 32 OCTaHHI 5 POKiB).

e BucHOBKH i nepcneKTHBH — HEOOX1THO MPEACTABUTH KOHKPETHI pe3yabTaTh aHaAJi3y
Ta MEPCIEeKTUBHU MOJMAIBIINX JTOCIHIHKEHb.

o Ilogsikm (sixmo HeoOXijHi!) MonarThCs Hicis BUCHOBKIB mepes OiOmiorpadiyHuMu
TTOCHJIAaHHSIMH.

— CIIMCOK JIiTepaTypH MOAAETHCS y KiHII HAYKOBOI CTATTI Y MOPSIIKY 3ragyBaHHS a0o
y andaBiTHOMY TOPSAAKY, 0e3 HyMepamii (kernp mpudty — 14, MKpPSIKOBHNA iHTEp-
Bai — 1). Criucoxk siteparypu MOBHHEH MICTUTH He MeHIe 10 jJiTepaTypHHUX JKepet
i hopmyerncs 3a Bumoramu APA 7th Edition. ITocuianns y Tekcti HaBoIsAThCS 3a
3paszkoM (IIpi3Buiue, pik), Hanpukiaa: oauH asrop — (Vinson, 1997), nBa aBropu —
(Vargo & Laurel, 1994), ..., wicts i 6inbire asropiB — (Jones et al., 1978). leransHo
3 IpaBWJIAMU MOKHA O3HAHOMHTHUCH 32 TOCHIIaHHAM http://nbuv.gov.ua/node/929 abo
3a IPUKJIaJaMu Ha CalTi )KypHaIy.

Bci miTeparypHi mxeperna MOTpiOHO HABOAWTH AHIIIHCHKOI0 MOBOIO 1 HE MEHIIIE TPHOX
i3 HUX MoBUHHI Maru ineHTH(ikaTop DOI. Tpancairepanisi 1onycKaeTbes JuIIe TPi3-
BHII aBTOPIB, BUAABHULTBA 1 reorpadiyHuX Ha3B.

— inmimiaawm i mpi3BumIa aBTOpiB, TeMa, AHOTAIliSI Ta KJIKYOBI CI0Ba, SKi HaIAIOTHCS
aHMIiCchbKOI0 (YKPaiHCEKOI0) MOBOIO.
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